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Cexkuin I

HJIAXHW ITIOKPAIIEHHA EKOHOMIYHUX TA
EKOJIOI'TYHUX ITOKA3ZHUKIB ABTOTPAHCIIOPTHHUX
3ACOBIB. EHEPI'O3BEPITAFOUI TEXHOJIOTII
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HIABUIIEHHA EKOJIOTTYHUX ITOKA3HHUKIB J1JIA CYUACHUX
ABTOTPAHCIIOPTHHUX 3ACOBIB

I'naToB A.B.l, byketoB A.B.z, [Matminc A.3, Kamkano A.A.4, MypoBanuii L.C.S
"XapkiBchknil HAIOHATBHAI aBTOMOGUTEHO-I0POXKHIi yHiBepcuTeT, YkpaiHa,
2X€pCOHCBKa JepKaBHAa MOpChbKa akajaemis, YKpaiHa,

’Pu3bKnil TeXHIYHHI yHIBepcuTerT, JIaTBis,

*BiHHMIBKYI HAIOHATBHMM TEXHIYHMN VHIBepCUTET, YKpaiHa,
>JTynpKuit HALIOHATBHAI TEXHIUHMIT YHIBepcHTeT, YKpaina

BCTYII

Po3BUTOK aBTOMOOUIHPHOI TPOMHCIOBOCTI CHPHSIB 3HAYHOMY 3pOCTAHHIO DIiBHS
MOOUIBHOCTI, OJHAK CYINPOBOJDKYETHCS CEPHO3ZHHUMH EKOJOTTYHUMH BUKIMKAMHU, TaKUMH SIK
3a0pyHEHHSI TIOBITPsI, BUKUM MAPHUKOBHX Ta3iB 1 BUKOPUCTaHHSA BUKOMHOTO nanuBa. CydacHi
aBTOTPAHCIOPTHI 3acO0M € OJIHUM 3 TOJIOBHUX JIKEpeN 3a0pyIHEHHS B MICTaX, IO CTUMYIIOE
PO3poOKY HOBHX DIllIeHb JJIsi 3MEHIICHHS HETaTHBHOTO BIUIMBY Ha HABKOJIUIIHE CEPEIOBHUIIIC.
[TigBUIICHHST EKOJIOTTYHUX ITOKAa3HWKIB JUIsi aBTOMOOUIIB BKJIIOYAE BIPOBA/HKCHHS HOBUX
TEXHOJIOTIH, IepexiJ] Ha aJbTePHATHUBHI JUKEepesla eHeprii, MOKPaIeHHs MaJUBHOI e()eKTUBHOCTI
Ta BUKOPUCTAHHS €KOJIOTTYHO YHCTUX MaTepiajiB y BUPOOHUIITBI [1].

[TuTaHHS €KOJOTTYHOCTI aBTOTPAHCIIOPTHHUX 3aCO0IB CTANO OJJHUM 3 OCHOBHUX BHKJIMKIB
IUIs. aBTOMOOWUTBHOT 1HIYCTpil Y 3B'A3KY 3 MOCHJICHHSM €KOJIOTTYHHX CTaHIAPTIB 1 3pOCTAI0u0I0
YBarow A0 mpoOieM 3MiH KIiMaTy. 3HWKEHHS IIK|UTHBUX BUKUIIB, 3MEHIICHHS CIIOKUBAHHS
BUKOITHOTO TaJIBa Ta BUKOPHCTAHHS BiJHOBIIOBAHUX JKEPEN €HEPTii € KPUTHUHO BaXIJIMBUMHU
IUISL IOCSITHEHHSI CTAJIOTO PO3BHUTKY Ta MOKPAIEHHS SIKOCTI MOBITPS B MiCbKHX paiionax [2-10].

OCHOBHI HAITPAMMU NMIJIBULHIEHHSA EKOJIOT'TYHUX ITOKA3HUKIB
1. Enextpudikamiss tpancnoprty: Cporoani 0araro aBTOBHPOOHHUKIB I1HBECTYIOTh ¥
PO3pOOKy eNeKTpOMOOLTIB, sSKI MPAMIOIOTh HA EJIEKTPOCHEprii, Mo Moxe OyTh BUpOOJieHa 3
BIZTHOBIIIOBAaHUX JUKepesl. EnexTpoMoOini MaroTh CYTTEBO MEHINI BHKHIW TMAPHUKOBUX Ta3iB y
MOPIBHSAHHI 3 TPaJAWIIHHUMHU aBTOMOOUISIMH 3 JABHTYHOM BHYTPIIIHBOTO 3TOPSIHHS, 0COOJIHMBO
SIKIIIO 3apsKaHHS 3IMCHIOETHCS Bill €KOJIOTIYHO YUCTUX JKepe, puc. 1.
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Pucynox! — Enexrpudikamist TpaHCIOpTY

2. TI'ibpuani TexHoorii: I'iOpuaHi aBTOMOOLUTI MOETHYIOTh €IEKTPOJIBUTYH 3 JBUTYHOM
BHYTPIIIHBOTO 3TOPSIHHS, IO JO3BOJISIE 3MEHIIUTH CHOXHUBaHHA nanuBa Ta BUKUIU CO:. Bonn
3a0e3MeuyloTh BUCOKY €(EeKTHBHICTh Y MICTi, OCOOJIMBO B yMOBaX 4acTUX 3yNMUHOK, TAKUX SK
pyx y 3aropax. Lls TexHousoris crae Bce OUIBII MOMIMPEHOIO 3aBISIKU 3AaTHOCTI MOEIHYBATH
nepeBary eJIeKTPOTPAHCHIOPTY Ta TPAAULIHHIX TaTMBHUX CHCTEM.
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3. BuxopucTaHHS aJbTEPHATHBHOTO NalMBa: ABTOMOOUIBHA IHIYCTpiS JOCIHIIKYE
MO>KJIMBOCTI BHKOPHCTAaHHSI aJIbTEpHATHBHHUX BHJIB MaJNMBa, TaKUX SK BOJIEHb, OIOMAIMBO Ta
CHHTETHYHE MMaJiBO. BOJHEBI MaTMBHI €IEMEHTH € MEPCIEKTUBHIUM HANPSIMKOM, OCKUTBKU TPU
iX BUKOpHUCTaHHI BiOYBa€Thcs BUKHUJ JIMIIEC BOJSIHOI mapu. biomanuBo Ta CHHTETHYHI MajiuBa
TAaKO’)X MAalOTh 3HAYHUM MOTEHIAN y 3MEHIICHHI 3aJIe)KHOCTI BiJl BUKOIHOTO TMalMBa Ta
3MEHIIICHHI BUKUIB TAPHUKOBUX Ta3iB.

4. TlonermeHHs KOHCTPYKII Ta aepoauHaMika: 3MEHIICHHS Baru aBTOMOOUIA i
MOKpAIIeHHsT HWOr0  aepoJAWHAMIYHMX  BIACTUBOCTEW  JIO3BOJNISIE  MIIBUIIMTH  TaJIHBHY
e(EeKTUBHICTB, 110, y CBOIO uepry, 3HIKY€e BUKUAN CO 2. [t IbOTO BUKOPUCTOBYIOTHCS JIETKI Ta
MIHI Marepiaiad, Taki SK aloMiHid, kapOoH Ta MarHid. IloJjermeni KOHCTPYKIli TakKox
CTIPUSIOTH 3MEHIIICHHIO CIIOKUBAHHS €HEPrii Ta 3HIKEHHIO BUTPAT Ha BUPOOHHIITBO.

5. TlokpamieHHs mNanMBHOI €(QEKTHBHOCTI JBHWTYHIB BHYTPIIIHBOTO 3TOPSHHSA:
BripoBapkeHHs HOBHX TEXHOJIOTIH, TaKUX SIK TypOOHAJIyB, CUCTEMH IPSMOTO BIPUCKYBAHHS
MajrBa Ta 3MiHHA T€OMETpisl KIamaHiB, T03BOJISIE 3MEHIIUTH CIOKWBAaHHS TAJIMBA 1 KUTBKICTH
IIKIUTMBUX BUKHUAIB. PO3poOKa HOBHMX MaJMBHHUX CHUCTEM 1 MOJIIMIIEHHS TEXHOJOTIl 3rOpsHHS
JI03BOJISIFOTH CYYacHUM JIBUTYHAM BiIMOBIIATH CYBOPUM E€KOJIOTTYHUM CTaHIApTaM.

6. PO3BUTOK pO3yMHHUX TPAHCIOPTHUX CHCTEM: [HTENEKTyalbHI CHCTEMH YIPaBIiHHS
PYXOM 1 TPaHCTIOPTHI MEPEeXi CIPHUSIOTh 3HMKEHHIO KUTBKOCTI 3aTOPIB 1 €KOHOMIi MaiuBa, M0
3MEHIIY€E IIKIUMB1 BUKUAW. HaBiramiitHi cucTeMu, o B PeXUMIi peallbHOTO 4acy BiJICTEKYIOTh
3aTOpH, JOMOMAararoTh BOMISIM YHUKAaTH TEPEBAHTAXEHUX [UISHOK JIOpOTH Ta oOuparu
OTNITUMAJIbHI MAPIIPYTH.

BUKJIMKHU TA OBMEXEHHS

1. Bucoka BapricTh iHHOBaIil: HOBITHI TEXHOJOTii YacTo MOTPEOYIOTh 3HAYHUX
(iHaHCOBUX IHBECTHUIIIH, IO MOKE YCKJIAJJHUTH iX IMIMPOKE BIIPOBAIKEHHS.

2. Hepocratus iHdpacTpykrypa: s enekTpoMoOLTIB 1 TpaHCIOPTHUX 3aco0iB Ha
BOJHEBOMY MaIMBI HEOOXiHAa po3BHHYTa IH(PACTPYKTypa 3apsAAHHUX CTaHIH, sKa IIe He €
JOCTaTHBO MOIIHUPEHOI0 B OaraThox perionax [11-18].

3. ExonoriuHi BHUTpaTH BUPOOHUITBA: BUPOOHMITBO eNeKTpPOMOOLTIB, 30KpeMa
aKyMYJISITOPIB, TAKOK MA€ €KOJIOTIYHUHN BILTUB, SIKUH NOTpeOye onTUMI3arlii.

BUCHOBKHA

3 PO3BUTKOM EKOJIOTIYHMX CTaHJApPTIB 1 TEXHOJOTIH MOXKHA OYIKYBaTH ITOCHIICHHS
IHTErparii eKOJIOTIYHO YHCTUX pillleHb Yy aBTOMOOUIbHY MNpOMHUCIOBICTh. [lomanbiie
BJIOCKOHAJICHHSI aKyMYJSTOPHUX TEXHOJIOTIH, PO3MIMPEHHs iHYPACTPYKTypH Ui €IEKTPUIHHUX
Ta BOJHEBHUX TPAHCIIOPTHUX 3aCO0IB 1 PO3BUTOK aBTOHOMHOTO TPAHCIIOPTY MOXYTb CYTTEBO
MOKPAIIUTH €KOJIOT1YHI MOKAa3HUKN aBTOTPAHCIIOPTY B MallOyTHEOMY.

[TigBUIICHHS EKOJIOTIYHMX TOKA3HUKIB JJIi aBTOTPAHCIIOPTHUX 3aCO0IB € OJHWM 3
TOJIOBHUX HAIPSIMKIB PO3BHTKY aBTOMOOLUTHHOI MPOMUCIOBOCTI. [lepexin Ha eKOJOTIYHO YHUCTI
TEXHOJIOTIi, BIIPOBA/PKEHHS aTbTEPHATUBHUX BH[IB IMAINBA, BUKOPHCTAHHS JIETKUX MaTepiatiB
Ta IHTEJEKTYyaJbHUX TPAHCIOPTHUX CHCTEM 3/aTHI CYTTE€BO 3HHU3UTH HETATUBHUH BILJIHB
aBTOTPAHCIOPTY Ha HAaBKOJIMIIHE CEPEelOBUIIE. 3aBISKU MOAAIBIIOMY PO3BHTKY TEXHOJIOTIH 1
PO3IIMPEHHIO €KOJIOTIYHOT 1HPPACTPYKTYPH, aBTOMOOUTPHUI TPAaHCIOPT MOXKE CTAaTH OUIBII
0e3MeYHUM JJIs1 JOBKULIS Ta CTIMKUM JUIsi MailOyTHIX MTOKOJIIHB.
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IMPROVING THE EFFICIENCY OF THE ELECTRIC POWERTRAIN OF AN
ELECTRIC VEHICLE

Hnatov Andrii', Uliamets O.A.!, Tvanov D.M.!, Maush Hakim?
'Kharkiv National Automobile and Highway University, Ukraine,
*National Polytechnic School of Algiers (ENP), Algeria

INTRODUCTION

As the demand for electric vehicles (EVs) rises, enhancing the efficiency of their electric
powertrains becomes crucial for increasing their range, reducing energy consumption, and
improving overall sustainability. The powertrain, comprising the electric motor, power
electronics, transmission system, and battery, is the core component of an EV that determines its
performance and energy efficiency. This work explores key methods to improve powertrain
efficiency, focusing on battery technology, electric motor design, power electronics, and energy
recovery systems [ 1-3].

Battery Technology

The battery pack is the primary energy source for electric vehicles, and its efficiency
significantly affects the vehicle’s range and performance. Improvements in battery technology,
particularly lithium-ion batteries, have made substantial progress in recent years. To further
enhance powertrain efficiency, researchers are exploring alternatives such as solid-state batteries,
which promise higher energy densities and improved safety, as they do not contain flammable
liquid electrolytes. This shift reduces battery weight and enhances energy storage, leading to
more miles per charge [4-6].

Another approach is optimizing battery management systems (BMS) that ensure efficient
use of the available energy. A sophisticated BMS maintains optimal charge levels, balances
energy across cells, and prevents overcharging or deep discharging, which can reduce battery
lifespan and efficiency. Advanced cooling and thermal management systems are also essential to
keep batteries within ideal temperature ranges, minimizing energy loss due to overheating and
enhancing battery life.

Electric Motor Design

Electric motors convert electrical energy into mechanical energy and are central to
powertrain efficiency. Innovations in motor design, such as high-efficiency permanent magnet
synchronous motors (PMSMs) and induction motors, have improved efficiency significantly.
PMSMs, which use permanent magnets to create a magnetic field, are widely used for their high
efficiency, lightweight design, and superior power output. However, their reliance on rare earth
metals has led to research into alternatives, such as synchronous reluctance motors, which offer
similar efficiency without requiring rare earth elements [7-9].

Enhanced winding configurations, improved rotor design, and optimized magnetic
materials reduce losses due to heat and friction. For instance, reducing the resistance of motor
windings can minimize heat generation, while improving rotor geometry can enhance magnetic
flux, resulting in greater power output and efficiency.

Power Electronics
Power electronics manage the flow of electrical energy between the battery, motor, and
other systems in the EV. They include components like inverters, converters, and controllers,
which convert DC (direct current) from the battery to AC (alternating current) for the motor and
regulate voltage levels. Using silicon carbide (SiC) or gallium nitride (GaN) materials in these
components significantly improves efficiency due to their higher thermal conductivity and
switching frequency, allowing for faster and more efficient power conversion [10, 11].
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SiC-based inverters, for example, have been shown to reduce energy losses by up to 50%
compared to traditional silicon-based inverters. Additionally, they allow for higher operating
temperatures, which reduces the need for extensive cooling systems, further improving
powertrain efficiency. By incorporating advanced power electronics, EV manufacturers can
reduce energy losses during power conversion, increasing the overall range and performance of
the vehicle.

Energy Recovery Systems

Energy recovery, or regenerative braking, is another critical factor in improving
powertrain efficiency. Regenerative braking systems capture the energy generated during
braking and convert it back into electrical energy, which is stored in the battery for later use.
This process reduces the energy demand from the battery, extending the vehicle's range.
Advanced regenerative braking systems can now capture up to 70% of the energy typically lost
during braking, making them a vital component in improving overall efficiency [12-14].

To further optimize energy recovery, EVs are increasingly incorporating sophisticated
control algorithms that adjust the braking force based on speed, road conditions, and battery
charge levels. This ensures maximum energy capture without compromising braking
performance. Additionally, coasting energy recovery systems capture energy when the vehicle is
decelerating but not actively braking, further improving the energy efficiency of the powertrain.

Transmission System and Drivetrain Efficiency

Although EVs often employ a single-speed transmission, which is simpler and more
efficient than multi-speed transmissions in internal combustion engines, there are still
opportunities for improvement. For instance, some EVs use multi-speed transmissions that
provide efficiency gains by optimizing motor performance across a broader range of speeds.
Advanced gear designs, lightweight materials, and low-friction lubricants in the transmission and
drivetrain also contribute to higher efficiency [15, 16].

Moreover, reducing drivetrain losses is essential for maximizing powertrain efficiency.
By improving bearings, using lighter materials, and designing optimized axle and driveshaft
systems, manufacturers can minimize the mechanical losses that occur during power transfer
from the motor to the wheels.

Advanced Software and Control Systems

The software and control algorithms used to manage the powertrain can have a
substantial impact on efficiency. Advanced software optimizes energy flow across the
powertrain, adjusting parameters like torque distribution, power delivery, and regenerative
braking intensity in real-time based on driving conditions. Artificial intelligence (AI) and
machine learning algorithms can analyze driving patterns, road conditions, and environmental
factors to improve energy efficiency dynamically [17, 18].

Predictive energy management systems that use Al to forecast driving conditions and
adjust powertrain settings accordingly are becoming more common. For example, an Al-based
system can optimize power usage when the vehicle is approaching an uphill stretch or preparing
to coast downbhill, thereby maximizing energy conservation.

CONCLUSION
Improving the efficiency of the electric powertrain in EVs is a multi-faceted challenge
that involves advancements in battery technology, electric motor design, power electronics,
energy recovery systems, and control software. By addressing each component's specific
efficiency challenges, manufacturers can create more sustainable, energy-efficient vehicles that
offer longer ranges, reduced environmental impact, and lower operating costs. These
advancements are essential for the widespread adoption of electric vehicles, enabling them to
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compete more effectively with traditional internal combustion engine vehicles and supporting
global efforts toward a more sustainable transportation system.
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NIJIBUINEHHA EOEKTUBHOCTI CUCTEMHU PEKYIEPAIII M'SIKOI'O
I''lBPUJIHOT'O ABTOMOBILJIA

JIBaiHEHKO B.s.', Oleksiy Antoshkiv?, Klaus Pfeiffer®, Johannes Schiffer’, Crenoscskuii A.A."
"XapkiBcbknii HAIOHATBHAI aBTOMOGLTEHO-I0POXKHIi yHiBepcuTet, YkpaiHa,
*Brandenburgische Technische Universitit Cottbus, Himeuunna

3HIWKEHHST BUTPATH TaJbHOTO Ta 3MeHIIeHHs BUKHIIB CO, — BaJIMBE 3aBIaHHS, SKE
CTOITh Tiepe]] BUpoOHMKamMu aBTOMOOLTIB. CyudacHi M'ski TiOpuaHI aBTOMOOUTI BHPINIYIOTH 1€
3aBraHHs. Taki aBTOMOOUTI MatOTh J1Ba NBUTYHH, /IB3 i TATOBUI €NEKTPOABHUIYH, aje Ha BIAMIHY
BiJl KJIACHYHOTO TiOpHJa BCTAaHOBJIIEHWH MEHII TOTYXHHHA E€JIEKTPOJIBUTYH 1 MEHII €MHUUN
aKyMYJISITOp, IO POOWTH M'SKHH TiOpugHUN aBTOMOOUT, nemeBmuM [1]. YV kmacuyHUX
riOpuIHIX aBTOMOOUISAX TSl CTApTy 3 MICHA 1 JOBOJI MIBHAKOTO HAOOPY MIBUAKOCTI HEOOX1THUH
MOTY)KHUH TATOBUN E€NEKTPOJABUTYH 1 BIAMOBIZHO OUIBII €MHUH 1 TOTYXHHH TATOBUI
akymyssTop. M'ski riOpuaHi aBTOMOOLTI HEe 3a0e3Medy0Th TOCTATHE I CYYacHOTO MICBKOTO
PyXy TPHUCKOPEHHS JIETKOBOTO aBTOMOOUIA. ICHYIOTH M'sKi TiOpwIHI aBTOMOOUTI, sIKi MarTh
MOJJIMBICTh Jy’K€ TOBUIBHOTO pyXy, TaK 3BaHUH «IIOB3Y4HMH PpEXHM», HENPUIATHUN JUIS
MICBKOTO TpadiKy, WOT0O BUKOPUCTOBYIOTH JIMIIE JJISi TOBUTBHOTO TEPEMIIIeHHS Y JABOpax,
MPUMIIIEHHSX 1 B 3aTopax [2].

Y pobGoti [3] oOrpyHTOBAaHO 3acTOCYBaHHsS TOPIBHSHO MAaJOMOTY)KHOT'O TSITOBOTO
€JIEKTPOJIBUTYHA B M'SKOMY TiOpHUIHOMY aBTOMOOLTI, SIKHHA MOXE 3aJMIIATHCS TIOBHOI[IHHUM
YY9aCHUKOM MicbKOT0 pyxy. Lle mocsiraeThes 3aMiHOIO KIIACUYHOTO alTOPUTMY PYXY TiOpHUIHOTO
aBTOMOOUIA Ha aNrOPUTM, Y SKOMY MOYATOK pyXy 3AilcHIOEThcs Ha J/IB3 i3 cuctemoro crapt-
CTOI, a MOTIM PIBHOMIPHHUH PyX y MICBKOMY peXuMi B iHTepBaii mBuakocteir 40-60 xkm/ron
BiZIOYBa€THCS Ha €NEKTPOABHIYHI 3a 3armymienoro J(B3. Takuii anroput™ rpyHTYeThCS Ha Malliid
HEOOXIJHINA MOTYKHOCTI IS MIATPUMKH PIBHOMIPHOTO PyXY 1 pyXy 3 MaJlUMH MPUCKOPEHHSIMH B
[IbOMY IHTEpBaJli MIBUAKOCTEH. 3a TaKOro alrOpuUTMy Kpaile BHUKOPHCTOBYETHCS EHEprisd,
OTpUMaHa 3a PAaxXyHOK pEKyIepaiii, OCKUIbKH I €HEprisi BUTPAYAEThCs He3abapoM IiCIis
pexynepariiiHoro rambMyBaHHA. [Ipy bOMy MOXHAa BHKOPHCTOBYBATH TSTOBHH aKyMyJIsiTOp
MOPIBHSIHO HEBEIMKOT EMHOCTI.

30ip pekynepariiiHoi eHeprii B M'skoMy riOpuaHOMy aBTOMOOLTI [3], opasy micis pyxy
Ha eJIeKTPOTPUBO/I, YCKIaAHEHUH. Po3riisiHeMO Bipa3 s 3apsaIHOTO CTpyMYy /s

=45, (1)
R
ne U — Hampyra Ha BUXOJI TSATOBOTO €JEKTPOJBUTYHA, IIO MPAIIOE B PEXHMI T'€HepaTropa B
pexyneparniiinomy pexxuMi, £, — EPC akymynsitopa, R — Omip 3apsaHOTO Kosia. Ane Harpyra
TATOBOTO €JIEKTPOJIBUTYHA B PEXKHMI TeHepaTopa HE MEpeBUIIyE 3a OJHAKOBOI KyTOBOi
mBHUAKOCTI Hanpyry npoTtu EPC enekrpoasuryHa:
Eq = okd, )
ne @ — MarHiTHUH MOTIK 30yKEHHS, K — KOHCTPYKTHBHHIA KOE(Illi€HT, ® — KyTOBa MIBHJIKICTD, i
s EPC Oyne MeHIoro, Hixk Hampyra akyMmyJssiTopa.

SIKIIo eNeKTpryYHa MallWHa MPAIioe K TeHepaTop, TO CTPyM 3apsnay Oyae Togi, KOJH,
srigno 3 (1), Hampyra, mo BUpoOsieThes, Oyne OUTBIIO, HK Hampyra akymynsropa. Ane EPC
Ey, 3rimHo 3 (2), 3a nux o0epTiB Oyne MeHIIO 3a Hanpyry akymynsaropa. Lo migasatu EPC, a
OTXe, 1 HaIIPYT'y B p&XKUMI T€HepaTopa, MepeMKHEMO (a3u reHepaTropa 3 «TPUKYTHHUKa», B SKOMY
BOHH OyJIM B PEKHMI €JIEKTPOJIBUTYHA, B «3IpKy». TaKuM YMHOM, SIKIIO HANpyra akymymsTopa i
nepeaaTHe YHCIO Bil €JEKTPOJBUTYHA JI0 KOJEC pO3paxOBaHE HA MAKCUMAJbHY IIBHIKICTH Y
pexuMi enekrpornpuBogy 50 KM/Toa, TO 30UIBLIEHHS HaOpyrd B +/3 pasd 3a0€3Me4uTh
3apsiDKaHHA aKyMyJIsITOpa B PeXKUMI peKymeparlii B pa3i 3HIKEHHs MIBUAKOCTI 10 28,8 KM/To[,
mo 3abe3nednts 30ip 10 66,7% KIHETUYHOI eHeprii aBTOMOOLIS, OCKUIBKM KiHETHYHA €Hepris
aBTOMOOUTS W nopiBHIOE

3K
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w=mby 3)

1e m — Maca aBToMoOuIs, V' — mBuAKicTh aBTOMOOUTA. [Ipu pexynepaTtnBHOMY rajibMyBaHHI JI0
IIBUKOCTI TOHA 28,8 KM/T01 30UpaeThbest Makike BCsl eHepris (KpiM BTpar).
[TepemukanHs (azHUX 0OOMOTOK 3/IHCHIOETHCS 32 JJOTIOMOTOIO0 CHJIOBUX PEJe 32 CXEMOIO

Ha PUCYHKY 1.
— —% i i
£ A

K ¢

I"‘-J

Lo

I

>_

[+
.

PHcyHOK 1 — Ilepemukanns pa3HUX OOMOTOK.

[lepemukanus ¢a3HUX OOMOTOK i3 TPHKYTHHKAa Ha 3IpKy BiZOyBaeTbCs IiJ dac
CTIpaIlbOBYBAaHHS CTOT-CUTHANY. [t 3an00iraHHs mepexiJHUM TpoliecaM NepeMHUKaHHs (a3HUX
00OMOTOK BiIOYBA€ThCS MPU 3HECTPYMIICHIN EIEKTPUYHIN MaIIHHI.

3anmponoHOBaHE TEXHIUHE PIMIEHHS Ja€ 3MOTY MPOCTO W EKOHOMIYHO TiIBHIIUTH
e(EeKTUBHICTh CHCTEMH pEeKyIepallii M'sIKoro riOpuIHOro aBTOMOOLIS.
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ONITUMIBALIA OCHOBHUX KOHCTPYKTUBHUX TAPAMETPIB
BATATOCEKIINHUX TPAMBAVHWUX BATOHIB

Boiitkis C.B.
HaykoBo-texniuauii ieHTp "Aptonomuinpom", Ykpaina

BararocekmiiiHi 3WwiIeHOBaHI TpaMmBaifHi BaroHW, K OJWH 3  THUIMIB EKOJOTIYHUX
TPAHCIOPTHHUX 3aCO0iB, IUPOKO 3aCTOCOBYIOTHCA Yy 0ararb0X BITUM3HSHHUX MICTaxX y CHCTEMax
MICBKUX TE€peBe3eHb MacaxupiB. IIpoTe, orisa i aHami3 KOHCTPYKLIH BITYM3HSIHHX MOJENeiH
TaKUX TMaCaXUPCHKUX TPAHCIIOPTHUX 3ac00iB IPOMaJCHKOTO KOPUCTYBaHHS IIOKa3aB, IO iX
eKCIUTyaTalliifHa e(eKTUBHICTh, sKa XapaKTePU3YEThCS iX PpO3MIPHUMH TapamMeTpaMmu,
napaMeTpamMu Mac, HaBaHTar Ha OCi KOJIICHUX BI3KIB Ta HOMIHAJILHOIO IMACaXXUPOBMICTHMICTIO,
CYTTEBO MEHIIIA Y MOPIBHAHHI 3 MOAEIISIMH €BPONIEHCHKUX BUPOOHUKIB.

Excrinyarariiiny e(eKkTHBHICTh 0araToCEeKI[IfHUX 34YICHOBAHWX TpPAaMBAWHHX BaroHiB
(3TB) MO’kHa OIIIHUTH 32 BEJIMYUHOIO KOCQIIIIEHTY, SIKUI BU3HAYAETHCS 32 BUPA3OM:

3
o 10 Ky Ny Ny W
cd LM,

K

ne k, — pO3MIpHHH KOE(DIUi€HT, M'KI/40I., N, — HOMIHAIbHA MACAKUPOBMICTUMICTb, YOJL;

an — KUIBKICTh OCEH Yy BCIX KOJIICHHX Bi3KaX TpaMBailHOTO BaroHa, oA.; L, — JOBXHHA

3WIEHOBAaHOI'O TPAMBAMHOIO BaroHa, M; M, — IIOBHA KOHCTPYKTUBHA Maca TPaMBalHOIO BaroHa, KT.

KoedimienTn excruryaramiifHoi eeKTUBHOCTI JIeTKUX Mojienei 6ararocekiiiianx 3TB
BITUM3HSHUX Ta €BPONEHCHKUX BUPOOHUKIB HaBeaeH1 y Tabmui 1.

Tabmuis 1 — KoedinienTn excruryaramiiftHoi eekTuBHOCTI Oararocekninaux 3TB

Monens Barona T344 B82202 T564  |ForCity Alfa
Bupobuuk Enextpon | Stadler | Enextpon Skoda
KinbKicTh CeKIlii, oI 3 2 5 3
JloBxxuHa/ IpUHA, M 19,5/2,5 (20,346/2,5| 30,2/2,5 31,4/ 2,5
KinpkicTh oceli KOJIICHUX Bi3KiB, OJI. 4 6 8
IToBHA KOHCTPYKTHBHA Maca, KI 38300 36750 57415 63700
HaBanrara Ha onHy Bich, kKH 939 90,1 93,8 78,1
HopMa CTOSMMX MaCaKHPIB, 40T/ M 8
[TacakupoBMiCTUMICTB, YOJ. 174 205 287 318
gq?eel‘};ﬁiifmﬂyamum‘*m 0,932 1,007 | 0,993 1272

I3 Tabmumi 1 3po3ymino, mo KoediieHT eKCIuTyaTalifHoi e()eKTUBHOCTI BITUM3HIHUX
Mozeneit 6ararocekuiiaux 3TB MeHmmii uepes 3HAYHO OLTBITY COPSIKEHY Macy MpH OIHU3bKii
noBXUHI BaroHiB (Ha 3658 kr y mogneni T344 y nopiBHsHHI 3 Monemmo B82202) ta menmny
KUTBKICTh JBOBICHHX KOJIICHUX Bi3kiB (y Mozeni T564 ix 3 ox., a ForCity Alfa — 4 ox.). Takox
MaCcaXHPOBMICTHMICTh BITYM3HSHUX MOJIENIell BaroHiB MeHINa Ha 31 9ol TpHU OJHAKOBIA iX
IIUPHHI y 2,5 M 1 IS0 MeHIiH JOBXKHHI, BIAMOBiMHO, Ha 0,846 M Ta 1,2 M. AJie HaBiTh 32 YMOBHU
BUKOPUCTAHHA IIi€i MOBXKWHU JUI PO3MILNICHHS BUKIIOUYHO CTOSYMX MACaXUPIB, PI3HUALS Y
MacaXKHPOBMICTHMOCTI BCE OJTHO CTAHOBUTHME, IIOHAlMeHIIe, 9-15 4oo.

OxpiM TOTO, HaBaHTara Ha BiCh KOJIICHUX BI3KIB y BITYM3HSHHUX MOJEJNIEH BAaroHIB TEX
Buma Ha 3,7-3,8 kH BimHOCHO Mozeni B82202 ta 15,7 — 15,8 kH BimnocHo mojeni ForCity Alfa.
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OTxe, OIHUM i3 HaNpPSIMKIB IIBUIICHHS KOE]Ii€HTY eKCIUTyaTamiiHoi e(peKTHBHOCTI
Oaratocexmiiaux 3TB sBaseThcs onTuMizailis iX JOBKHHH Ta HOMIHAJIBLHOI BMICTHMOCTI, a
TaKOX KUTBKOCTI KOJIICHUX Bi3KiB.

HowminanpHa mnacaxupoBmicTumicte Oaratocekuiiianx 3TB  oOMmexyeTbcs aBOMA
KOHCTPYKTUBHUMH NapaMeTpamMH — JOIMYCTHMOIO MOBHOIO MACOI0 Ta IUIOIIEIO MacakUPChKOTO
CaJIOHY, IPU3HAYCHOTO JUTSI PO3MIIIICHHS CHJIIHb 1 MACaKUPIB Y CTOSYOMY ITOJI0KEHHI.

HowminanbHa BMICTHUMICTh, OOMEXKEHa JOMYCTUMOIO IIOBHOIO MacOl TpaMBalHHUX
BaroHiB, BU3HAYAETHCS 32 BUPA3OM:

N:ﬂ — [Mn]_(Mcn +m800) , (2)
m

nac

ne [Mn] — JomycTuMa mHoBHa Maca Oaratocekuiiinux 3TB, xr; M, — Maca BaroHa y

CIIOpSJUKEHOMY CTaHi, Kr; m,, — Maca Bogis, kr (m,, = 75 Kr); m,, — pO3paxyHKOBa Maca

600 600

OJIHOTO TacaXupa, Kr (m,, = 68 Kr).

HowminansHa BMICTUMICTh, O0OMEKEHA IJIOMICIO MACAKUPCHKOTO CAJIOHY, BUSHAYAETHCS 32
BHPa30M:

S_
NH_ncu() s ?

S
+n +—= 3
KK An ( )

ae n,, — KUIbKICTh acaXUpiB, PO3MIIIEHUX Ha MACAKUPCHKUX CHIIHHAX, YOJ.; #,, — KUIBKICTb

cuo

HaCEDKI/IpiB, oo HepeBO3SITI>CSI y KpiCHaX-KOHHCKaX, YO0IJI., Scm — IJI0IIIa Haca)KI/IpCI)KOFO CaHOHy,
. . . 2

HpI/I3Ha‘ICHa JJIA pO3MlHIeHH$I HaCEDKI/IplB y CTOSI‘-IOMy IIOJOXEHH1, M | Ans — IIUuTOMA HOpMa

CTOSUMX MACAKHPIB, 40JL./M” (IpHiiMaeThes An'= 8 4oir./m°).

JlomycTriMa TOBHAa Maca 0araTroCeKIIHHUX TpaMBaiHMX BaroHiB OOMEXYETHCS
JOMyCTUMOIO HaBaHTAror Ha OJIHY BiCh KOJIICHOTO Bi3Ka, sika BigmosigHo 10 Bumor JICTY 4876
ckianae He Outbmre 80000 H (80 kH), Bu3Ha9aeThCs 32 KUTBKICTIO OCEH KOJIICHUX BI3KiB:

(6]

_ KO

(w,]=1%l (4)
g

ne [G,] — monyctuma HaanTara Ha oxHy Bich KoiicHoro Biska, kH; n,, — KinbKicTh oceii y

KOJTICHHX Bi3KaX, O/1.; g — IIPUCKOPEHHS BUTBHOTO TATIHHS Til, M/c’.
CrnopsimkxeHa maca Oaratocekiiitanx 3TB Bu3nagaeTncs 3a Bupasom [1]:

M,=Am"-L -B,_, (5)

s 2
ne Am’ —nuroma maca criopsikeHoro 3TB, kr/mM™; B, — mupuHa BaroHa, M.

3 Bupasis (2), (3), (4) ta (5) 3 ypaxyBaHHSIM TOTO, IO KUTBKICTh OJTMHAPHUX CHJIIHB Y
MacakKHPChKOMY CaJIOHI TPaMBAaHOTO BaroHa Mae OyTH HE MEHIIIOIO HIK

n(!ur} = O’ 9 : knc : LK ' BK > (6)

ne k,. — koe(illieHT IJIOII NaCaXKUPCHKOIO CAIOHY, IPU3HAYEHOT Ul PO3MIILIEHHS CTOSYMX
Macakxupis, 1/

3a YMOBH, IO IIIUPHUHA BaroHa 3a3/IajieTib 3a/1aHa ab0 MPUMAa€EThCS PIBHOIO 2,3-2,5 M,
OTPUMYEMO
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[M,]-m

L <

K

600 ) (7)

Jlis TpoBeNieHHST PO3pPaxXyHKOBHUX JOCTIKEHh PEKOMEHJOBAaHI HACTYIHI BEIHMYHWHU
napamerpiB: Am'= 525 Kr/M° [1]; k,= 0,5/ 0,52 ta 0,54 mns, BiANOBiAHO, JBO- TpU- Ta
gotupucekiiitanx 3TB. OkpiM Toro, BenwuuHA MHOTO KOE(DIiEHTY MOKe OyTH BHU3HAUYEHA
rpadiuHO JUTS MOJIENi TpaMBaifHOTO BaroHa-aHayora.

Po3paxynkoBa nomxuHa OararocekuiiiHoro 3TB, Bu3Hauena 3a Bupazom (7) npu
npuiiHATIH mwmpuHi 2,5 M craHoButh L < 15,7 M, a po3paxyHKOBa HOMiHaJIbHA

MaCaKUPOBMICTUMICTD 3a JIOTYCTUMOIO MACOI0 Ta TUIOMIEIO MAaCaKUPCHKOTO caloHy — 174 voo.
ITpu 3aganiit mupuni 3TB y 2,3 M, 10BkKHA Hioro Ky3oBa craHoButuMe L < 17,1 M npu Taxiii

’Ke HOMIHAJIBHIN BMICTUMOCTI — 174 4oL

Omxe, mpoekTyBaHHA TpucekmiiHuXx 3TB Ha OCHOBI 3aCTOCYBaHHS JBOX JBOBICHHX
KOJIICHUX Bi3KIB IPHU TOMYCTUMIH 1MOBHii Maci 32630 Kr sSBISIE€THCS €KOHOMIYHO HE JOIUIHHIM,
THUM I1aye Ha OCHOBI 3aCTOCYBaHHS KOMIIOHYBAJILHOT CXEMU T'€OMETPUIHOTO (YepeayBaIbHOTO)
TUITY, TPU SKI TUTPKU HEMapHI CEeKIlii OMUPArOThCS Ha KOJICHI BI3KH, ajpKe, Taki JOBXKUHU
KYy30BiB 3a0€3MEeUyIOThCSI 3aCTOCYBAaHHS JIBOX CEKI[Id Ta KOMIIOHYBAIHHOI CXEMH ITOCIIIOBHOTO
Tumy [2].

BUCHOBKHA

3anpornoHOBaHW BUpa3 IS BU3HAYCHHS JIOBXKHMHU KYy30BIB  0araToCeKIHHUX
3YJICHOBAHWX TpPaMBallHMX BAaroHiB TIOBMHEH 3aCTOCOBYBATHCS YXe Ha €Tali ecKi3HOTO
MPOEKTYBAHHS TMPU BUOOpPI KOMIIOHYBAIBHHX CXEM JJII CTBOPEHHS iX MEPCIEKTUBHUX 1
KOHKYPEHTOCIPOMOKHUX MOJIEJIEH.

OpiertoBHa nowxuHa Oaratocekuiitaux 3TB 3a ymMoBH HOmycTHMO1 HaBaHTard Ha OJHY
Bich KoJicHHX Bi3kiB He Oinbmie 80,0 kH, ska mepenbauena Bumoramu JJCTY4876, CTAaHOBUTS:
MpHU 3aCTOCYBaHHI JIBOX KOJICHMX Bi3KiB — 15,7-17,1 M mpu mmwmpuHi Ky30BiB 2,5-2,3 M; npu
3aCTOCYBaHHI TPhOX KOJIICHUX Bi3KiB, BiTMOBiNHO, 23,6-25,7 M a mpu 3acTOCYBaHHI YOTHPHOX
KOJIICHMX BIi3KiB, BiAmoBigHO, 31,5-34,2 M.

VY Oynb-SKOMY BHITaJIKy, HOMIHAJIbHA TACaXKUPOBMICTUMICTh OaraTocekiiitanx 3TB He
MOBHHHA TMEPEBUIIYBATH JIOMYCTUMY, OOMEXEHY JOMyCTUMOIO IMOBHOIO Macol0, OCKUIbKH, TPU
MIEPEBUIIICHHI iX ONTHUMAaJIbHOI MacH y CHOPS/KEHOMY CTaHi, sika 3aJIe)KHa BiJl IOBKUHH BaroHiB
MIpH 33JaHiii IMHUPUHI, CYTTEBO 3pOCTaTUME HABAHTAara Ha OJHY BiCh KOJIICHUX Bi3KiB, 110, HABITH
32 YMOBH TOTO/DKEHOI BETMYMHU HEraTHBHO BIUTMBATHME Ha PECypc KOJIC Bi3KiB Ta perok
TpaMBalHUX KOJIH.
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BAPIAHTH KOHIIEIIIIN CTBOPEHHS KOHCTPYKIIIA EJJEKTPOMOBLIIB
THUITY LMD

Boiitkis C.B.
HaykoBo-texniuauii ieHTp "Aptonomuinpom", Ykpaina

[TpoTAroM OCTaHHBOTO JECATUIIITTS B JIOTICTHYHUX CHCTEMaX MEePEBE3CHb PI3HOMAHITHUX
BaHTXIB BCe OUIBIIOrO MONIMPEHHS HAaOyBalOTh MaJIOBAHTAKHI KOJIICHI TPAHCIOPTHI 3aCO0H
turty LMD (anri. last mile delivery — moctaBka OCTaHHBOI MWIII) JJIsi JOCTaBISTHHS JPIOHUX
BAaHTQXIB KIHIEBUM CIOXXMBauyaM 1 TPUBATHUM 3aMOBHUKaM y MeXaX HACEJICHUX ITYHKTIB,
0COOJIMBO Y IICHTPAIBHUX YaCTUHAX MICT.

Ha ocHoOBi ornsiny ¥ aHami3y KOHCTPYKIIH CYy9acHHX MOJENECH KOJICHUX TPaAHCTIOPTHUX
3aco6iB Tunmy LMD wMoxHa BHIUTMTH JBI HaWOTBII XapakTepHi iX O0COONMBOCTI, SKi
CTOCYIOTBCSI:

- THUITY TSTOBOTO MPUBO/Y;

- BMICTHUMOCTI KaOiHH BOJIS.

3a TUIIOM TSTOBOTO MPUBOAY KOJIICHI TpaHCTIOPTHI 3acobu Tuny LMD moskHa 00’ eqHaTi
y JIBi TpyIH:

- rpyna fwbEV (anrn. four-wheeled bicycle Electric Vehicles) — 90TUpUKOIICHI
BesoenekTpoMoOini kareropii Lle-A [1], o6nannaHi cBoro poay riOpuIHUM TSATOBUM HPUBOJIOM
— MeJaTbHO-MYCKYJIBHUM Ta €JIEKTPUYHIM;

- rpyna BEV (anrn. Battery Electric Vehicle) — enekrpomoOini, o06namaHaHi
TATOBUMH aKyMynssTopHuMHu O6atapesmu (AKDB).

3a BMICTUMICTh. KaOiHM BOJISA 1, BIAMOBIAHO, ii mupuHOIO, enekrpomoOuti rpynu BEV
MOKHA 00’ €THATH TEXK y JBI TPYIIH:

- rpyrna wSC (anarn. with Single Cabins) — 3 OTHOMICHUMHU KaOiHAMHU, ITUPHHA KX
He nepeBuiye 1,2 m;

- rpynia wDC (aurn. with Double Cabins) — 3 nBOMiCHUMH KaOiHAMU IIMPUHOIO
noHan 1,35 m.

Oxpim Toro, enekrpomoOiuni rpynu BEV 3a pernamentom Regulation (EU) No 168/2013
[1] mominsitoThest Ha kareropii LSe-B (TpukoiicHi) Ta L6e-BU 1 L7e-CU ("wotupukodicHi), a
TaKoX Ha migkaTeropiro N1.

Ha HuHImIHIA 4Yac JUId JOCTaBJISHHS BAaHTAXIB KIHIIEBUM BITYA3HAHUM CIIOKHBadaM
(aKTHYHO 3aCTOCOBYIOTHCS JIMIIE JBOKOIICHI BEJIOCUIIEAN M CKyTEpH, 30KpeMa, 3 €JIeKTPUIHUM
MPUBOOM, Ta aBTOMOOLT Kareropii N1 3 6enznHoBuMHU abo0 nu3enbHuME JIB3.

Omxe, HEOOXiNHUM 3aBJAHHAM BITYM3HSIHOI C(epd BUPOOHMIITBA MAaJIOBAHTAKHUX
eJIEKTPOMOOLUTIB SIBIISIETHCS CTBOPEHHS W OpraHizallis ApiOHOCEPIHOTO BUPOOHMIITBA KOJICHUX
TpaHCHMOPTHHX 3ac00iB Tuy LMD.

Koncrpykiii enexrpomo6iniB tunmy LMD xapakTepu3yrOTbCcs 3aCTOCYBaHHSM DPI3HHX
KOMIIOHYBAJIBHUX CXEM 3a KUIBKICTIO (TpU- a00 YOTHPH) Ta PO3MILICHHAM KOJIC y TPHUKOJICHUX
mozenedd (1+2 Ta 2+1), THIOM TATOBOTO MPHUBOAY (MEpeHIM, 3aqHIM a00 MOBHONPHUBIIHUM),
MOBHOIO KOHCTPYKTHBHOIO MacOl0 1 BAHTaXOMAHOMHICTIO, HOMIHAJBHOIO Ta IKOBOIO
MOTYXKHICTIO €1eKTpUUHuX TAToBUX ABUTYHIB (TEJl), €HEproeMHICTIO TATOBHX aKyMYJISTOPHUX
6arapeit (AKB), mBHUIKICTIO pyXY, aBTOHOMHHUM NPOOIrOM TOIIO.

Tomy, 3BiCHO, KOHIIETIIIif CTBOPEHHSI 1X KOHCTPYKIIi Moke OyTu moBoui Oararo. Ane B
Oy/b-sSIKOMY BHUIIaKy BOHHU IOBWHHI 0a3yBaTHCs Ha aHaJi31 KOHCTPYKTUBHUX OCOOJIMBOCTEH Ta
TEXHIYHHUX TMapaMeTpiB CydyaCHHX MOJeNel, 30KkpeMa co0iBapTOCTi BUPOOHMIITBA Ta PUHKOBOI
BapTOCTI, Ta HA 3aCTOCYBaHHI MPUHIIMIIIB MOIYJIEHOTO MPOEKTYBAHHS TEXHIYHUX BHPOOIB.

OCHOBHI KOHCTPYKTHBHI, €KCIUTyaTalliiiHi Ta eKOHOMIYHI TapaMeTpu CydacHHX MOJEJeH
enekrpomoOutiB Tumy LMD rpynmu BEV HaBeneni y Tabmumi 1 (3 oqHOMICHUMHU KaOiHaMu
BoAis) Ta 'y Tabmmui 2 (3 ABOMICHUMU KabiHAMH BOIif).
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Tabmuus 1 — TexHiyHI mapaMeTpu CydacHHX Mojened eiaekTpomoOimiB tumy LMD 3

OJTHOMICHUMH KaOIlHaMU BOis

Mopens Beemods Neomor Zeromax Runhorse
Bee 1 D01 Cubo J12-C
Knacudikartis L7e-CU
Tun ky30Ba byprox O6opTOBHIA
JloBxnHa/ MpuHa 110 Ka0iHi, M 2,845/ 1,06 |3,495/1,2| 3,228/ 1,2 1(2,89/1,18
Komicua 6a3a 1,86 2,2 - 2,375
Crnopsiixena maca, Kr 575 615/630 |600 (6e3 AKB)| 500
BanTakomiaiioMHICTh, KT 350 330/ 315 500 330
IToBHa Maca, Kr 1000 945 1100 (6e3 AKB 830
Tum TAroBoro npuBo Ly 3aHIN
Tunoposmip wuH 155/65 R13 [135/70R12| 165/65R14 |135/70R12]
[otyxwnicte EJl HoMiHanbHa/ mikoBa, kBT 6,5/ 7,0 13,0/20,0| 11,5/ 15,0 5,0/ -
E€wmnicts Taroeux AKB, kBr-ron/ (A'ton) 7,7/ 10,4/ 15,4 9,98  [8,0/ 16,0/ 24,0 |(105/ 206)
MakcuMalibHa IIBHIKICTh, KM/TOJ 55 71 65 45
ABTOHOMHHIA TPOOIr, KM 70/ 100/ 150 112 99/212/312 | 100/ 190

Tabmuis 2 — TexHiuHI TapaMeTpu CydacHUX Mojelel enekrpomo0iniB Tury LMD 3

JIBOMICHUMH KaOiHAMU BOIist

Mopens E-TORS Pandora Neomor Neomor
Cargo TC.01| E-Trac Box D05 D08
Knacudikarris L7e-CU
Tun ky30Ba byprox byprox O6opTOBHIA byprox
JloBxnHa/ MpuHA 110 Ka0iHi, M 3,7/ 1,48 3,7/ 1,48 4,6/ 1,69 4,0/ 1,69
Komicua 6a3a 2,5 2,5 2,85 3,05
CrnopsipkeHa maca, Kr 950/ 1040 | 839/939 1210 1635/ 1595
BanTakomiaiioMHICTh, KT 500 611/511 885 1565/ 1605
IToBHa Maca, Kr 1450/ 1540 1450 2095 3200
Tum TaroBoro npuBoy 3a/IHIM
Tunopo3mip muH 155R13C 155R13LT | 185/65R15
[MoTtyxwuicte EJl HOMiHaBHA/ TTiKOBa, KBT 10,0/ 20,0 15,0/ 30,0 | 30,0/ 60,0
€wmHicTh TsroBUX AKB, kBT TOI 11,52/ 23,04 13,14/ 26,28 24.0 38,0/ 46,0
MakcuMalibHa IIBHIKICTh, KM/TOJ 75 71 90
ABTOHOMHHIA TPOOIr, KM 130/ 260 108 201/ 240

Bci mopeni enekrpomo6iniB Ty LMD, naBenmeni y Tabmumsax 1 i 2, cTBopeHi 3a
KOMIIOHYBAJIBHOIO CXEMOIO KallOTHOTO THITY i 00JIafHaHI MepeHbOI0 HE3aJEeKHOIO MiIBICKOIO
koxic Turmry McPherson Ta 3a/iHiM TATOBUM MOCTOM IHTETPAIbHO-0AJIKOBOTO THIY 3 PECOPHOIO

MiJBICKOIO KOJIIC.

3 ormsany Ha HeoOXimHi 0oOcsArw (iHAHCYBaHHS JOCIIIHO-KOHCTPYKTOPCHKHX POOIT 31

CTBOPEHHSI KOHCTPYKIIil

Ta TEXHOJOTTYHOT

enexkTpomMoOiniB Tuny LMD, npononyeTbest BapianT konuentii E1, sika mepen6avae:

nomyctumoro macoro 1000 — 1500 kr;

nomnyctuMoro Macoro 10 2000 — 2500 kr;
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MiATOTOBKK  ApiOHOCEPIHOTO BUPOOHMIITBA
Ha 1-My eTamni — MPOEKTYBaHHS €JIEKTPOMOOLIS 3 OTHOMICHOIO KaOiHOO 3 MMOBHOIO
Ha 2-My eTari — MPOEKTYBAaHHS €IEKTPOMOOLIS 3 TBOMICHOIO KaOiHOIO 3 TIOBHOIO

IITUPUHY OJHOMICHOT KabiHu — He Outkie 1,2 M, TBOMICHOT — He OutbIe 1,5 M;
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- MaKCUMAaJIbHY YHi(iKaIlito OJHOMICHUX 1 TBOMICHUX KaOiH BOJIiSl €IEKTPOMOOLTIB
3a HaWOITBII CKJIAJHUMU Yy BHPOOHMITBI JBEepHMMa Ta OOKOBUMH KpHJIAMHU 1 TNEpeaHIMU
Oammnepamu;

- 3aCTOCYBaHHS IIMH KOJIC €JIeKTPOMOOLTIB 3 TOBHOIO Macow 10 1500 xr —
tunopo3mipy xR13C, 3 moBHOI0 Macoro g0 2500 kr — xR14C.

Bapiant xonuenuii E2 nepen6ayae cTBOpeHHSI MaKCUMaJIbHO YHi(IKOBAaHMX KOHCTPYKIIiH
enekrpomoOutiB Ty LMD, o0OnagHaHuX TBOMICHUMHU KaOiHAMU, HA OCHOBI 3aCTOCYBaHHS JIBOX
pi3HUX KomicHUX dopmyn — 4x2.1 ta 6x4.1 3 moBHUMHU Macamu, BiamoBigHo, 1500 xr Ta 2250 kr

(puc. 1).

1940
1940

500 | 2500 | 205

3905 1500 «r o 4130 2500 kr

Pucynox 1 — Konueniisi cTBOpeHHSI MaKCUMaIbHO-YHI(PIKOBaHUX e1eKTpoMoOiLTiB Ty LMD
Ha OCHOBI 3aCTOCYBaHHS KOJIICHUX (popmyn 4x2.1 Ta 6x4.1

OcHoBHa cdepa 3aCTOCYBaHHS JBOMOCTOBUX EIIEKTPOMOOLTIB — JIOCTABJISIHHSI TOBapiB
KIHIIEBUM CIOXHBayaM, XO04a BOHHM MOXXYTh €KCIUTyaTyBaTHCh, HalPUKIAM, 1 K KOMYHaJbHi
enekTpomMoOuTi. TpUMOCTOBI €IEKTPOMOOLTI 3 MIABUIIECHOI MPOXITHICTIO 3aBISKH JTBOM 33 THIM
TATOBUM MOCTaM MOXYTh 3HAaWTH 3aCTOCYBaHHS y (EpPMEpPChKHX TOCIOAApPCTBAX Ta Y
KOMYHQJIbHUX TIAPHEMCTBAX.

3amporoHoBaHi BapianTH KoHmenuiii El maroTe MeToro cTBopeHHsS Ha 1-my erari
enekTpoMoOiiB Tumy LMD 3 BiTHOCHO HM3BKOIO PUHKOBOIO I[IHOIO y Mekax 15-25 tuc. €Bpo Ha
0a31 BUKOPUCTaHHS IMIOPTOBAHMX arperaTiB TpPaHCMICIH 1 XOJOBHUX YaCTHH, 30KpeMma
KEpPOBAHOTO MOCTa 3 HE3AJICKHOIO MiJIBICKOIO KOJIC Ta 33JHHOTO TATOBOTO MOCTA iHTETpajibHO-
GaIKOBOTO THUIy KHTAHChKOTO BHPOOHHITBA. IX OMycTHMa HAaBAaHTAara CTaHOBUTH 7,35 kH
(750 xI'c) mpu OBOI IPUKHHATHINA BapTOCTI.

3po3ymisio, M0 MapajeabHO 3 OCBOEHHSIM JPIOHOCEPIMHOTO BUPOOHHITBA 0a30BHX
MoJieNel eJIeKTPOMOOLTIB, TOBHHHI MPOBOJUTHCH KOHCTPYKTOPCHKO-TEXHOJOTTYHI poOOoTH 3i
CTBOPEHHS i OCBOEHHS BITYM3HSIHOTO BUPOOHMIITBA iX KOMITJIEKTYBAJIBHUX BHPOOIB TPaHCMICIH,
XOJ0BUX YaCTHH, TATOBUX MPUBO/IIB TOLIO.
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BILIVB ITO3JI0BXKHBOT'O YXIJIY JOPOTH HA BUTPATY EJIEKTPUYHOI
EHEPT'Ti TPAHCIIOPTHUMHY 3ACOBAMHM

HemoOinpkuii B.M.
Jlynpkuil HalliOHATBHUN TEXHIYHUH YHIBEpCHUTET, YKpaiHa

BCTYII

Ha cporomHimHiii aeHb, B €MOXy CTPIMKOTO PO3BHTKY EJIEKTPHYHUX TPAHCIOPTHHX
3ac00IB OJHUM 3 aKTyaJlbHHUX NHUTAaHb € BH3HAUCHHS X €HEProeeKTHBHOCTI, OCKUIbKU came
JaHW TOKAa3HHK JIEMOHCTPYE JOULUIbHICTh 3aCTOCYBAHHS TOTO YH 1HIIOTO BUIY aBTOMOOLIEHOTO
Tpancnopty. OcoOIMBO aKTyaJIbHUM JaHE MUTAaHHS TOCTAa€ U MAacaXUPCHKUX TPAHCTIOPTHUX
3ac00iB, OCKUIBKM BOHU PYXalOThCS B CKJIQJHUX YMOBAaX, 3 BEJHKOIO YaCTKOI MEepPEeXiTHUX
PEXKHMIB «pPO3TOHY — TalbMyBaHHs». SIK HEOJAHOpa3oBO jaoBeneHo HaykoBmsimu [1], [2], [3]
30BHIIIHI (PAKTOPU KOJOCATBHO BIUIMBAIOTH HA BUTPATH ENEKTPUYHOI €Heprii TpaHCTIOPTHUMU
3aco0amMu, TOMY OIIHIOBAaHHSI JAHOT'O MTapaMeTpa Ha OCHOBI CTaHAAPTH30BAHUX 13JOBHUX IUKIIIB €
HE 30BCIM AOHUTEHUM. Y poOOTi [4], aBTOpamMu MpOBEACHO MOJICIIOBAHHS BUTPAT €NEKTPUYHOT
€Heprii, 332 YMOB BUIIQJKOBUX 3MiH HEKEPOBAaHUX (DaKTOPIB. AHANI3YIOUM PE3YJIbTaTH, OTPUMaHIi
B po0oTi [4], BinMidueHO, 1110 BpaXyBaHHS 3MIHU MO3JJ0BXHBOTO YXWIIY JOPOTH, B MAaTE€MaTHYHIH
MO/IeJTi TOBHHHO TPYHTYBATHUCS HA MEBHUX 3aKOHOMIPHOCTAX. OTOX METOIO TAaHHUX JTOCIIKEHD €
BU3HAYCHHS BIUIMBY Ta BpaxyBaHHS I[O3JI0BXHBOTO YXHMIIy OIOPHOT MOBEpPXHI IiJ dYac
MO/ICTIOBaHHS BUTPAT €JIEKTPUYHOT €HEeprii Maca)KUPChbKUMHU TPAHCTIOPTHUMH 3aC00aMHU.

PE3YJbTATHU JOCJIIKEHb
Butpary enexTpu4HOi eHeprii TpaHCIOPTHOTO 3aco0y MOXHA BHU3HAYUTH BHUXOJISYH 3
PIBHSIHB CHJIOBOTO OanmaHcy aBTomoOins [5], [6], [7]:
- ISl PeXKUMY PO3TOHY Ta PyXY 3 MOCTIHHOIO MBUAKICTIO:

P.=P+F +F tF (1)
- IUISL PEXKUMY TAJIbMYBAHHS
B=PB+B+B<R, @
e f; — cwJia iHepIIii TpaHcnopTHOTO 3aco0y, H;

f} — cuia onopy pyxy, H;
P, — cuna onopy nosirps, H;
P, — cuna onopy nigiiomy, H;

P_ — ranemiBHa cuna tpancnoptHoro 3aco6y, H.
Cuuta omopy migiioMy Mij1 9ac pyXy TpaHCHOPTHOTO 3ac00y BU3HAYAETHCS 3a 3aJIEKHICTIO:
B=G,sina, (3)

ne O — KYT MO3JJ0BXKHBOTO MiTHOMY (YXHITy) JOPOTH.

TakuMm 9MHOM 3amava 3BOAMTHCS 10 BH3HAUEHHA KyTa « Ha MapIIpyTi CIiTyBaHHS
TPaHCIIOPTHOTO 3aco0y.
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3 METOI OTPUMAaHHS JaHUX IIOJO BEJIWYMHU TIO3[I0BKHBOTO MPOQUII0 JOPOTH,
BUKOPUCTOBYIOUM MOXJMBOCTI Google-kapTtu, Oyo BU3HAUYEHO BHCOTY JOPOTH HaJ pPiBHEM
Mopsi Ha TpoJieitoycHomMy MapipyTi Ne 12 uepes koxunx 100 m. (puc. 1).

b, m
an y=-2E-21x8 + 4E-17x7 - 6E-15x* - SE-092 + 2E-05:7 - 0,033%x + 43,042
R?=0,5064

35
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a 2000 4000 ao0a G000 10000 12000

L, wm

Eenrt MHE YAy aaeaeeaee MaaiHOMi anbHa KpKWBS

Pucynok 1 — 3HaueHHs O3/I0BXKHBOTO YXWITY JOPOTH Ha MapHipyTi Tpoieidyca Ne 12 m. JIyipk

3a OTpUMaHUMH 3HAUEHHSIMH TIO3/I0BXHBOTO YXWIY JOPOXKHBOTO TOJIOTHA, 3a
3aJIOKHICTIO, HAaBEJCHOI0 Ha PHUCYHKY |, BH3HAYeHO BUTpATy €JNEKTPUYHOI eHeprii
TpaHCHOPTHUM 3aco0oM kareropii M3. Ilig yac MonentoBaHHS BHUTpAT €JIEKTPUYHOI eHeprii
BUKOPHUCTAaHO METOAMKY, eIEMEHTApHUU T3MOBMM IMKI, a TaKOX TEXHIUHI XapaKTEPUCTHKH
TpaHCHOPTHOTO 3aco0y, HaBeleHi B poOoTi [4]. PesynbTatn MoJENMIOBaHHS HaBEeIEHO Ha
pucyHkax 2 ta 3.
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Pucynox 2 — BrijiiB mo370BKHBOTO YXWITY IOPOTH Ha BUTPATY €IEKTPUYHOT eHeprii
TPaHCIIOPTHUM 3ac000M

AHaII3YI0YM PUCYHOK 3, BCTAHOBJICHO, 1[0 BUTPATH ENEKTPUYHOT €HEeprii, BU3HAUEH] 3a
MaTEeMaTUYHOIO MOJICJIIIO 3 BpaxXyBaHHSIM BEIMUMHY YXWIIY MO3J0BXKHBOTO MPO(LIIO JOPOTH Ta
0e3 BpaxyBaHHS Binpi3HsOTECA B Mexax 4...10 %. Pazom 3 TuM, cmocrepiraerbcsi 4iTka
TEHJICHIIIST 10 30UTbIIEHHS JAaHOi PI3HUIl 31 30UTBIICHHSIM MPOOIry TPAHCIIOPTHOTO 3aco0y.
OxpiM 11OTO, HEOOXIIHO BpaxoBYBaTH, IO 3HAYHHH BIUIMB Ha BUTPATy €JEKTPHUYHOI €Heprii
Mae KoMOiHamis (akToOpiB: BENIWYMHU YXHIy, WOTO HANPSMOK, PEKUM B SKOMY PYXa€ThCS
TPaHCIOPTHHIA 3aciO.
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Pucynok 3 — JluHamika 3MiHH Pi3HHII MDK BUTpaTaMH €JIEKTPUIHOI eHeprii, oliHeHo1 6e3
BpaxyBaHHS BIUIMBY MO30BXHBOTO YXUIIY IOPOKHBOTO MOJIOTHA Ta 3 BPaXyBaHHIM BIUIUBY

BUCHOBKH

3a pe3yiapTaTaMH TPOBEJICHUX JOCHIPKEHb OIlIHEHO BIUIMB IO3J0BKHBOTO YXUITY
OTIOPHOI TTOBEPXHI HAa BUTPATY €NEKTPUYHOI €HepTii eNeKTpoOycoM, 3a YCiX IHIIUX IAEHTHYHUX
yMOB. EKCiepUMeHTaIbHUM METOJ0M BHU3HAUEHO BEIMYHHY IO3JI0BKHBOTO YXHIIY JTOPOTH ISt
Mapipyty TpoJieiidyca Ne 12. 3milicHEHO MOJICTIOBaHHS BUTPAT EICKTPUYHOT €HEeprii Ha JaHOMY
MapuIpyTi 3 BpaxyBaHHSM BIUIMBY CHJIM OMOpPY MifioMy (cmycky) Ta Oe3 BpaxyBanHA. [Ipu
I[bOMY BCTaHOBJICHO, 1[0 Ha mpoOiry 6au3bpko 3500 M, pi3HHISI MK OTPUMAaHUMU 3HAYCHHSIMU
BUTpAT eJEKTpUYHOi eHeprii craHoBuUTh 4...6 %, oOaHaK, 31 30UIBIMIEHHSM TIPOOIry
CTIOCTEpIraeThes UiTKe 30UTBIICHHS PI3HUIII MDK BUTPAaTaMH €JIEKTPUYHOI €Hepril, [UIs BUMAIKiB
BpaxyBaHHS BIUIMBY MO30BXHBOTO YXUIIY IOPOTH Ta 0€3 TAKOTO BpaXxyBaHHS.
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THHOBAIIIMHI TEXHOJIOI'TI CHCTEM PEI'YJIIOBAHHSI TEMITEPATYPH
AKYMYJATOPHUX BATAPEHW EJEKTPUYHUX TPAHCIIOPTHUX 3ACOBIB

Bypskisceknii B.A.', Barudov S.
1 . o . o . .o . .
XapKiBChKHI HAIIOHATBHHUI aBTOMOOUTEHO-JIOPOXKHIN YHIBEpCHTET, YKpaiHa,
2 . . . .
Technical University of Varna, bonrapist

BCTYII

3 PO3BUTKOM TEXHOJIOTIH €JIEKTPHYHUX TPAHCIIOPTHHUX 3aC00IB 3pOCTAIOTh BUMOTH JI0 iX
MOTY>KHOCTI Ta 3aracy X0y, BillIOBITHO, 30UTBIIYIOTHCSI EHEPTreTHYH1 XapaKTEPUCTUKU CHIIOBUX
CHEPreTUYHUX YCTAaHOBOK EJIEKTPOMOOUTIB Ta CHUCTeM 30epiraHHsi €Heprii — aKyMyJIsSTOPHHX
Oarapeii. OpHOYacHO HaOyBalOTh BAXJIMBOCTI CHCTEMH PETYIIOBaHHA TEMIIEpaTypu
aKyMYJISITOPHUX OJIOKIB, sIKi BiNIrpalOTh KIIOYOBY pOJIb y 3a0e3mneueHHi iX e(eKTHBHOCTI Ta
Oesnekn. OMHUM 3 OCHOBHHMX 3acTaHb CHUCTEM pETYIIOBaHHS TeMIepaTypu € MiATPHUMKaA
ONTUMANILHOI Temreparypu Oarapei, mo 3ale3nedye iX MakCHMajbHY NPOJYKTHBHICTH Ta
JOBroBiYHICTh. B yMOBax 3MIHHUX KIIMAaTHYHUX YMOB, 30KpeMa IMPH HHU3BKUX TEMIEpaTypax,
BKJIMBHUM 3aBJAHHIM € Po3poOka epeKTHBHUX 3aCO0IB /IS OXOJIOPKCHHS Ta HAarpiBy €JIEMEHTIB
Oartapei, 10 3MEHIIye BTpaTH €Heprii Ta MiABHIIYE€ aBTOHOMHICTh TPAHCHOPTHHX 3aco0iB. Y
IIbOMY KOHTEKCTI BaXXJIMBUMH € JIOCIHDKCHHS HOBUX MarepialiB Ta pIiauH, a TaKOX
3aCTOCYBAaHHSl IHHOBALIfHMX TEXHOJIOTIH, IO CHPUSIOTH IOKpAIIEHHIO TeIulonepeaadi Ta
3HIKEHHIO E€HEPreTHMYHHX BUTpPAT Ha IMIATPUMKY ONTHMalbHOi Temmeparypu. [lama poOota
30Ccepe/pKeHa Ha OTJIs/Il CYyJYaCHHX CHCTEM DPETyITIOBAaHHS TEMIIEpPaTypH JUIsl eeKTpOMOOUTB Ta
MEPCHEKTHUB 1X MOJANBIIOTO PO3BUTKY.

TexHous0rii peryJiloBaHHsl TeMIIepaTypH aKyMYJISITOPiB eJ1eKTPOMo0iiB

Y po3po0iIi cucTeM peryIroBaHHS TeMIIEpaTypH IS eIEKTPOMOOLTIB BaXKJIMBUMH € HOBI
TEXHOJIOTIi, 30KpeMa CTOCOBHO CHOCOOIB HArpiBy Ta OXOJIO/UKEHHS aKyMYJISTOPHHX OJIOKIB.
Cepen HaWOUTBIT PO3BUHEHWX TEXHOJIOTIH HA CHOTOJHINIHIA JEHb CiJ BKa3aTH CHUCTEMU
MOBITPSTHOTO OXOJIOJUKEHHSI Ta HEMPSIMOTO PIAMHHOTO OXOJIO/DKEHHS, siKi Oynu 3acTocoBaHi
enexktpomMoOusix. Hampukian, enektpomoOini, BunymeHi Ha noyatky 2000-x pokiB 1 HUHI 3HSATI
3 BuUpoOHuuTBa, Taki sk Honda Insight abo Nissan Leaf, BukopucroByBamm 37e0UTBIIOTO
CUCTEMH TOBITPSHOTO OXOJIO/KeHHS. OJHAK 3 4acOM TOBITPSHI CUCTEMHU OylW 3aMiHEHI Ha
pinuHHI, K, Hanpukiaa, y Nissan Ariya, e cucTeMa 0XOJIOJUKEHHSI BAKOPHCTOBYE TEXHOJIOTIIO
HENpPsIMOTO PIIMHHOTO OXOJIO/PKEHHs. Sk moka3aHo y Tabmumi 1, OUTBINICTP HOBHX
eJIEKTPOMOOUTIB HA PUHKY OCHAIIEHI caMe TaKUMHU CHCTEMaMH 4epe3 iX BUIIY e(EeKTHBHICTH,
30KpeMa 3aBJSKH BHIIOMY KOEQIIIEHTY TeIIonepeaadi MK OXOJO/HKYBATHHOI DPITUHOIO Ta
akymynsitopom [1,2].

CyudacHi TOCTIKEHHS Y TaTy31 CUCTEM OXOJIO/PKEHHSI TIOBHHHI 30CEPe/PKeHI Ha KUTBKOX
BAXJIMBUX AaCIEKTax, MOB'SI3aHMX 3 (a3zaMH OXOJIO/KEHHs Ta HarpiBy. [lepmmii 3 HHX —
TEIUIOBUI BHOIr, IO MOKE NPU3BECTH [0 TMOXEX abo BUOYXiB Oarapell uyepe3 BHCOKI
TemmepaTypu abo MeXaHiYHi MOIIKO/PKEHHs. J[pyruM Ba)JIMBUM NMUTAHHIM € BHIUICHHS TETUIa
M1 9ac 3apsay Ta po3psay, KOJIM YacTHHA XIMIUYHOI eHeprii B aKkyMyJIsTOpi MEPETBOPIOETHCS Ha
TEIUIOTY uepe3 mossgpu3amiiiHi BTpatu. CHCTEMH OXOJODKEHHS MalTh 3a0e3MeUuTH
MIATPUMAaHHS TEMIIEPATYpHOTO peXuMy OaTapei B ONTHMAIbHOMY Jiana3oHi 3a OyAb-IKUX yMOB
HABKOJIMIIHBOTO CEPEOBHIIA, 3MEHIIYIOUM €HEPTOCIIOKHMBAHHS Ta 30epiraroud aBTOHOMHICTh
aBTOMOOLIS.

Y XoNoAHy TOrOJIy BaXJIMBOI € 3AaTHICTb EINeKTPOMOOLIS 3amycKaTtucs B
eKCTPEMAJIbHUX YMOBax, 0coOnuBO 3a Temmeparypu Huwxkde —20 °C. Jlng mporo cucrema
peryaioBaHHS TEMIIepaTypd IOBMHHA MaTW 3JaTHICTh HarpiBaTh eleMeHTH Oartapei, mo0
3MEHIINTH XapaKTepHY Hee(pEeKTHBHICTh JITiH-IOHHUX OaTapedl NMpM HU3BKUX TeMIepaTypax.
Xoua GaraTto BHPOOHHKIB 3asBISIOTH IMPO MOXIIMBICTH €KCIUTyaTalii CBOiX aBTOMOOLIIB mpu
temmeparypax Big —10 °C go —30 °C, ofHUM 3 OCHOBHUX aCIIEKTIB € 9ac pO3IrpiBy, KM J0CI €
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HE JIOCTAaTHRO IMIBHJKUM. Hampukman, s Toro mo0 MiABUIIMTH TEMIIEPATypy akymyssTopa 3
=15 °C no 0 °C, cucremi notpibHo 61M3bK0 20 xBUIHH [3].

Tabmuus 1 — Ornsag cucteM OXOJIOPKEHHS €JeKTPOMOOLTIB

. : 3asiBIeHUN
3aranbHa ITotyxnicts | TexHomorisa .
: IiarnazoH
Mopeins Tun aBTO €MHICTb CUJIOBOTO OXOJIOKEHHS o —
aKyMyJsiTopa arperaty Ta 00IrpiBy TeMTIepaTyD
Audi e-tron | CnopTtuBHU# Henpsme Big — 30 °C
GT quattro aBTOMOOUTb 93 xBr/ron 390 kBr piivHHE 1o 50 °C
McLaren CriopTuBHMI 1647 ImepcuBHe
. ) 790 kBt . -
Speedtail aBTOMOOLIb kBt1/ron pinuHHE
Porsche CHOpTI/IBI.{I/II/I 93.4 350 kBt H;npﬁMe i
Taycan aBTOMOOUIb kBt1/ron plIMHHE
BMW 14 ABTOMOO1TB 84 kB1/rox 250 kBT H;HpﬁMe i
eDrive 40 ceslaH plIMHHE
Mercedes ABTOMOO1TH 90 xBr/rox - 245 kBt — Hemnpsime
EQS celan 107.8 385 kBt iIMHHE )
a kBt/roxg piA
Tesla Model Kpocogep 60 xBt/rox 220 kBt H.erHMe -
Y plInHHE
) 66 xBt/rox — 160 kBt — Henpsme
Nissan Leaf | Ilo3anuisxoBuk 87 KBr/rox 178 kBt piHHe -
Toyota 150 kBt — Henpsme Big — 30 °C
b74X [Mozamutsxosuk | 71.4 kBt/rox 160 kBT piuHHe 110 60 °C
Volkswagen >3 kBr/ron 109 kBt — Henpsime Big — 28 °C
D.4 ITo3anuistxoBUK kBt/ron — 150 B ) 60 °C
’ 82 kBt/ron KT PUIHHC i

3 MEeTOI0 MOJOJIAaHHA IUX MpoOIeM, JOCTIJHUKH Ta aBTOMOOUTEHI KOMMaHii MpaloTh
Ha/l HOBUMH CUCTEMaMH PETYJIIOBaHHS TeMIIEpaTypH aKyMyJISITOpHUX OaTapeid, ki BU3HAYAIOTh
HOBHI HAIPsIMOK BJIOCKOHAJIEHHS €JIeKTpOoMOOuTiB. [IpOorHO3yeThCs, 10 TEXHOJOTI] aKTUBHOTO
OXOJIO/DKEHHS Ta 00IrpiBy (TMOBITpsIHE, PIIMHHE) 3AJIUIIATUMYTHCS TIOMIHYIOUMMH Ha PUHKY, ITPH
[[bOMY B&KJIMBHM HOBOBBEIEHHSIM Oyle 3aCTOCyBaHHS HOBHX MaTepialliB €JIeMEHTIB Ta
panmiaTopiB, a TaKO)X BUKOPUCTAHHS HOBUX pIIWH 3 TONIMIICHHMH TEIJIoNepeaaBaJIbHIMH
BJIACTUBOCTSIMHU.

Cepen Takux HOBOBBEICHb € MIi€JICKTPUYHE MACJO, SKE€ TMOKH IO BHKOPHCTOBYETHCS
pimme dYepe3 BHUCOKHHA KoeQilieHT B'SI3KOCTi, aje Mae€ 3HAa4HO Kpamly e(eKTHBHICTb
TeIuIonepenayi, HDK TMOBITpAHA cHCcTeMa. [HIIUMU TEPCHEKTUBHUMU TEIJIOHOCIIMH €
HAaHOQUIIOIMKM — pIOUHYW, [0 CKJIAMy SKUX BXOJATH TBEPAl YACTHHKH, IO IiIBHIIYIOE
TEIUIOTIPOBIMHICTD, Ta PiJKi METAJH, SIKi MAIOTh BUIIY TEIJIONPOBIAHICT 1 MEHITY B'S3KICTh, HIK
TpaaUIiiiHI OXOJIOHKYBAJIbHI PiIHHH.

Tako BaXJMBUMH € HOBI pPO3poOKHM B OOJNACTI CHCTEM 3 XOJIOJI0OareHTaMH, SIK IIe
peanizoBano B BMW i3, 1e BUKOPUCTOBYBABCSI XOJIOI0areHT CUCTEMH KOHJIUI[IOHYBAHHS CAIOHY
IUIS. KEpYBaHHS TEMIIEPATypOIO aKyMyJsITopa 3a Oylb-sSKMX MOTOJHUX YMOB. PO3BUTOK Takmx
TEXHOJIOTI Ma€ 3HAYHHWH MOTEHIAN ISl TMiABUIIECHHS e(EKTUBHOCTI CHUCTEM OXOJIO/DKEHHS Ta
00IrpiBy 6artapeii.

OxpiM TOTO, OJHI€I0 3 HOBUX KOHILEMI[IA € BUKOPHCTAHHS TEPMOEIIEKTPUYHUX MOIYIIB,
AKi MOXYTh aKTUBHO TIEPETBOPIOBATH EJIEKTPOCHEPril0 B TEIJIOTY JUI KepyBaHHS
TeMIleparyporo akymyssitopa. L{i mpucTpoi XapakTepu3yrThCsl KOMIIAKTHICTIO, BIJICYTHICTIO
PYXOMUX YacTHH 1 37JaTHICTIO MIBHJIKO IEPEMHUKATHCS MDK PEKMMaMH OXOJIOKEHHS Ta HarpiBy,
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10 POOHTH X MEePCTIEKTUBHUMU JUIsl TIOJJANIBIINX PO3POOOK B ramy3i KepyBaHHS TEMIIEpaTypHUM
pexxuMoM Oarapeit [4-6].

BUCHOBKH

CucreMu peryiiOBaHHS TEMIIEPATypH € KPUTHYHO BAXKIUBUMH Ui 3a0€3TMeUeHHS
e(eKTUBHOT pOOOTH aKyMYISTOPHUX OaTapel eIeKTPHYHUX TPAHCIOPTHHUX 3ac00iB. HalOimbi
e(peKTUBHUMH Ha CHOTOJHINIHIA JeHh € CHUCTEeMH Ha OCHOBI PIAMHHOTO OXOJIOJDKCHHS, SKI
MOCTYITOBO 3aMIHWJIM MOBITPSHI CUCTEMH 3aBJISKH BUILIHN Teronepenadi. [Ipore, icHyI0Th NeBHI
npoOsemMH, Taki sIK TMOBUIBHHMIA MPOIEC HAarpiBy Ta OXOJIO/DKEHHS OaTapeil 3a eKCTpeMajbHHX
TEeMIepaTyp, IO CIOHYKaE A0 TNONAIBIIMX po3poOok y wiik ramy3i. IlepcriekTuBHUMEU
HanpsMKaMU € BUKOPHCTAHHS HOBHMX TEIUIOHOCIIB, TAKHX K HAHO(IIOIIM Ta piAKi MeTaiu, a
TaKO’X BIIPOBAPKEHHS TEPMOCTIEKTPUYHUX MOAYIIB, AKi TO3BOJISIOTh €PEKTUBHO KOHTPOJIOBATH
TEeMIepaTypHU pexuM 0e3 BEIMKHX eHepreTH4YHuX BTpar. [lojmanbiine BIOCKOHAIIEHHS CHCTEM
TEMIEPaTYpHOTO pPETyIIOBaHHS € HEoOXiqHMM st 3abe3nedeHHs cTabiipbHOI poboTh
EJIEKTPUYHHUX aBTOMOOUTIB y OY/Ib-SIKMX TIOTOJHIX YMOBAX.
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MPOIIO3UIIII IIOJI0 IMTPOJIOBKEHHA TEPMIHY EKCILTY ATAIIIL
BATAPEI EJIEKTPOMOBLIISA

Kypascerka H.M., [Tangenko A.M., 3apiunsik €.M., Mycaiposa FO.]1.
XapkiBcbkuii HarlioHanbHUN yHiBepcuTeT [ToBiTpsinux Cun imeni IBana Koxxemny0a,
VYkpaina

[Iporiec mepexomy Ha €NEKTPUYHHA TPAHCIIOPT HEMUHYYHH, HEBIABOPOTHHHA 1
BCEOCSDKHHIM:  TOKpamryerbcss  iHQpacTpykTypa,  30UTBIIYETBCS ~ MPEACTaBHULTBO  SIK
«ENEKTPUYHUX» OpEH/IIB, TaK 1 OKPEeMHX MoJeNeid. AJle unM OuTbIle iHTepecy Ta 3aHypCHHS B
TeMy, eJIeKTPOKapiB, TUM OiIbIle 3amuTaHb. BUIBIIICTH X MOB'SI3aHi 3 eKcIuTyarallieo OaTapeit
IUISL eIEKTPOMOOLTIB: SIK 30€perTu pecypc, MPOAOBKHUTH TEPMIH KHUTTS TOMIO.

Jns mowatky ciij posiOpartucs, skuMu OyBaloTh Oarapei, 110 BHKOPHCTOBYIOTHCS B
aBTOMOOLTIbEHOMY BUPOOHUIITBI.

SIk y cepenoBuii cMapT(OHIB HiIK HE MOXKYTh po3iOpaTucs, mo kpyrime, Android a6o
i0S, Tak 1 B TUTaHHI JpKEpeN >KUBIICHHS /IS €JIEKTPOMOOUIIB «TEpUTOpIs TMOJiIeHa» B
OCHOBHOMY MiX Jitiii-ionHuME (Li-ion) i mitiii-pocdaT-3anizaumu akymynsaropamu (LFP). V
KOKHOTIO iX € CBO1 IEPEBArH.

JIiTili-lOHHUH aKyMyJIATOp TUIY HiKelb-MapraHenb-ko0ansT (NMC) — Ha 1aHUI MOMEHT
Haiinommpenimmii THn axymynstopis (Ta6muus 1). Moro ocHoBHa mepesara B ToMy, 1O 3a
paxyHOK BUCOKOi miimbHOCTI eHeprii (mo 250 Bty / kr) Taka OaTtapes 3a0e3meuye OUTbIITY
JABHICTh TO137IKK. BoHa KOoMIakTHA Ta e)eKTUBHA, aJie B TIOPIBHSAHHI 3 JiTiH-(ochaT-3ami3HuM
KOHKYPEHTOM Ma€ MEHIIMWA TEePMiH CIIy>)KOM — pi3Hi BUpoOHWKK HazuBaioTh Bixg 1000 mo 2000
UKITIB ToBHOT 3apsaku (Big 0 g0 100%).

Tabmuns 1 — Bupo6auku NMC akkyMyInsiTOpiB /17151 aBTOKapiB

Kowmmnanis [TpumiTka

Panasonic Binoma cBoiMu BucokosikicHuMu NMC akKyMynisiTopaMu

LG Chem [TpoBinHuii BUpoOHUK Oarapel uIsl eIeKTpoMoOiTiB, BKmoyaroun NMC
TEXHOJIOTII.

Samsung SDI Bupob6iisse NMC akkyMmynasTopH s Pi3HHX MPHUCTPOIB, BKIIOYAIOUU
aBTOKApH.

BYD Kuraiicbkka kommaHis, sika Takox BHpoOmsie NMC akKymymnsTopu st
EJIEKTPOTPAHCTIOPTY

Taxox Ha penyranito NMC akymynsTopa MOXe BIUIMHYTH "CITiJl 3 MUHYJIOTO'": HalleBHO
raM’siTa€Te 10 B €JIEKTpOKapax, 110 camMo3aiMaiucsi - BUHOIO cTaBad akymyssitopu NMC.
3aiiMaHHs TOB'SI3yBaJlM 3 HU3bKOIO TEPMIUYHOIO CTAaOUIBHICTIO oOcepenkiB Oarapei, 10
MIPU3BOIUIIO JIO MEPETPiBy. AJle 1€ CIpaBy MUHYJIUX THIB: BAPOOHUKHU JOKJIATU BCIX 3YCHIIb JUIS
BJIOCKOHAJICHHSI 1bOTO THUMYy Oarapei. Bumbln cepio3HMM HEMOJIKOM BCcEe X Taku OyB i
3aITUIIAETHCS OUTBIIT MEHIIUN TEPMIH CITY>KOH, HIK y JiTii-pocdar-3anizuux OaTapei.

Axymynstopu Tumy Hikenb-koOanpT-amoMiHii  (NCA) wmaroTh (akTHYHO Taki X
nepeBaru i HenoJiku, sk NMC; miIpHICTS €Heprii, 0 BIUIMBAaE Ha 30UIBIICHHI 3amacy Xo1y,
OJIHAK TMOMYJSApHI aBTOMOOUTRHI Openan, sk NMC: B JaHMiA yac BOHH BUKOPHUCTOBYIOTHCS B
OCHOBHOMY Ha JesikuX Mojensix Tesla.

[MomynsipuicTs  nitiii-3anizo-pochataux axymynstopie (LFP) oGymoBieHa HMXYOIO
BapTICTIO 1X BHPOOHUIITBA, MPU LBOMY y HHUX JoBIIe TepMiH ciyx6m (monan 2000 mukiiB
3apsAKU), Ui HUX HE CTPAlTHUN Teperpis, M0 € JI0JAaTKOBOK TEpeBaror mpu amapii abo
KOpPOTKOMY 3aMuKkaHHI. [Ipum mpomy Taki Oarapei CHIIBHO TIIOCTYNAIOTHCS KOHKYPEHTaM 3a
HIUTBHICTIO eHeprii (B ocHOBHOMY 110 160 BT-rom/Kr), 1m0 iCTOTHO 3HMKYE 3amac Xoay, 1 Taki
aKyMYJISITOPH B OCHOBHOMY BHKOPHCTOBYIOTHCSI B MOJIEIISX, SIKI BBO)KalOTh MicbkUMU. [IpocTuii
npuknaa: skmo gocarty y LFP Takoro x o0'emy 3apsimy, sK JiTi-ioHHUX Oatapei, BOHa

31




IX midcnapoona naykoso-mexuiuna inmeprem-kongpepenyis, 21-22 mucmonaoa 2024 p.

MOBHHHA OYyTH BIBIYi OLTBIIOO 32 po3mipoM. Takox miTiii-3ami30-pochaTHi aKyMyIITOPU MEHII
MPUCTOCOBAHI J0 HHU3BKUX TEMIIEpaTyp — y XOJOJHY IOpPY POKY €JIEKTPOKapu 3 TaKHUMH
OarapesiMu 3apsKAIOTHCS JOBIIE.

PosrnsiHemMo Hikenb-mMetanoriapuani akymymnstopu (NIMH ), siki mupoko mommpeHi B
riopuaanx (HEV) monensax. Bonu He MaroTh «edekra mam'siti», 4epes Mo peryssipHi po3psaKi-
3apsiIKM HE BIUIMBAIOTH HAa €MHICTh Oarapei. Tako BOHU JOCUTH €KOJIOTiUHI. 3 MIHYCIB —
HU3bKa MUTBHICTH OaTapei, OUIbIIa Bara Ta TpUBATIIIA 3apsiiKa, HDK y IHIIHX OaTapei.

[TuTaHHs sIKi MOBMHEH 3agaT cO0l KOPHUCTYBad €JIEKTPOKAPOM MIOAO MPOJIOJOBKEHHS
TEePMIiHY eKCIUTyaTarlii 6arapei HaBeIeHO Ha PUCYHKY 1.

-

™

[IuranHs ki TOBUHEH 3a4aTH CcOO1
KOPHCTYBa €JIEKTPOKAPOM 010
MIPOJIOOBXKCHHS TEPMIHY
eKcIuTyararii 6arapet
"G

Pucynok 1 — [IutanHs siKi TOBUHEH 3a/1aTU CO01 KOPUCTYBAY €JIEKTPOKAPOM OO0
MIPOJIOZOBKEHHS TePMiHY eKcIITyaTaii 6aTapei

SoH (State of Health) — e Tax 3Banuii cran 310poB's 6aTtapei, TOKa3HUK TaKOXK BiTOMMIA,
SK CTYyNiHb 3HOCY. BiH 1ae 3HaTH, CKUTBKM €MHOCTI 3apa3 3aJHIIWIOCS B TOPIBHSHHI 3
MMOYaTKOBOIO. 3BHYaiiHO, unM Buile SoH, THM Kpaiie TpOayKTUBHICTH akymynstopa. Tomy
Ty’Ke BaXXJIMBO 3BEpTaTH yBary Ha 1€l NMOKa3HHUK B OIHIII MPOJIYKTUBHOCTI. SIKIIO BU KyIyeTe
HE HOBUH eIeKTpoMOOLIb, epeBiput SOH — o/1HE 3 IepIIovYeproBux 3aBAaHb.

VY JoKepen KUBJICHHS €IEKTpoKapa € JaBa MexaHi3Mu crapins. [lepmmii — mukiivHe
CTapiHHS, BOHO O€3MOCepeNHhO TOB'SI3aHE 3 EKCIUTyaTalli€lo, TOMY BaXKIMBO IMPABUILHO
BUTPUMYBATH IMKJI 3apsiIKU Ta PO3PAIKU (Mpo 1e Hukue). Jpyruil MexaHi3m — KaJeHIapHe
CTapiHHA: pyHHYBaHHS IPH CTaHi crokoro. Tomy 3BepTaiiTe yBary Ha yMOBH 30€piraHHs aBToO.

SoC (State of Charge) — OGe3nocepeqHbO TOKA3HHUK 3apsdy, SKHA BHUMIPIOETBCS Y
BIZICOTKaX Ta Jla€ 3HATH, KUIBKICTh HABHOTO 3apsiiy /sl BUKOPUCTaHHA. Big HHOTO 3aleXUTh
€MHICTh Ta TpuBajicTh pobotu. [Ipm HHU3BKOMY S0C akymyssITOp MOXe BUMKHYTHCH, a I,
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IIBUJIIIE 32 BCE, MPU3BEJE J0 BTPATU JAaHUX ab0 HENMpaBUIIbHOT pOOOTH MPUCTPOI0. AJe 1€ He
O3Hayae, 10 piBeHb 3apsny Tpebda MOCTIHHO TPUMAaTH BHCOKHM: HaBIAKH, L€ NMPHU3BEAC IO
3HOIIYBAHHSI Ta BTpaTH €MHOCTL. HeoOximHo miaTpuMyBaTH onTUMainbHHH piBeHb SoC : 1e
JOTIOMO>K€ 30UTBIITUTH HOTO TEPMIH CITy:KOH Ta 3a0e31medynTh HaAiiHy poOOTY MPUCTPOIB, AKi BiH
KHUBHTb.

SAxkum € onTuManbHMi 3apsa 6aTapei?

Bu HameBHO X094 pa3 3HAaHOMWIHMCA 3 TEXHIYHUMH XapaKTEPUCTUKAMHU SKOTOChH
eJIEKTpOKapa 1 MOBHUHHI Oy/M 3BEpHYTH yBary Ha OJMH i3 TTOKa3HMKIB: Yac MOTIOBHEHHS 3apsiLy
Bix 20 1o 80%. Ile onTuMmansHU# mianazoH, M0 TO3UTHBHO BIUTMBAE HA MPOJYKTHUBHICTH Ta
MIPOJIOBKEHHS KUTTEBOTO HUKITY. [IOBHICTIO 3apspkaTtu Oarapero peKOMEHIYIOTh NEepeBaXHO
nepes TPUBAJIOI0 MO3IK0I0. Y Oyab-SKOMY BUIIAJIKY JOTPUMYHUTECh pEKOMEH 1Al BUPOOHUKIB.
Jlesiki BUpOOHHKH, 1100 yOepertu BOJIIB, IO CYMHIBAaIOTHCS, BiJl HEKOPEKTHHX KpPOKIB TpHU
nocsraeHHi 80% 3apsiiy Ha MPWIAIOBIN MaHe i MO3UIIIOHYIOTh HOTO SIK IMOBHUU. AJle € i 1HIII
cutyarii: ckaximo, Tesla He pekoMmeHmye, a Hamoisrae, MO0 ii Mojem, B SKHX
BUKOPHUCTOBYeEThes Oatapest LFP, 3apsymxanu BukmouHo 10 100%.

o crocyeThcst MIHIMAIBHOTO 3apsity, CIIAKYHTE MI00 WOTO piBeHh He OyB HMXKYUM 32
o3ByueHi 20%.

Yu BapTO 3/10B:KUBATH IIBUAKOIO 3aPSIAKOI0 eJleKTpokapa?

Jly’xe BayKJIMBE TIUTAaHHS, SIKe HAOIMKYMM 4acOM PU3HMKYE YBITH O HAUTOMYISIPHIIINX
pUTOpUYHHX. BiAMoBiIe Ha HBOTO €, ajle B PsIy EKCIEpPTIB BOHA pi3HA, 1 KOXKEH 13 HHUX
MEPEKOHAHM y CBOIH MPaBOTI.

[IpOTMBHMKHK YacTOr0 BHKOPHCTAHHS CTAHINA IIBHIKOTO 3aps/DKaHHS IOCTIHHUM
CTPYMOM HE CIIePEYalOThCs, 10 MIBUITUTH piBeHB 3apsiay 10 80% 3a MIiBroJWHU — 1€ 3PYYHO.
Aute, Ha IXHIO IYMKY, ISl 3py4HICTh Ja€ HeOakaHe HaBaHTaKEHHs Ha CUCTEMY aBTOMOOLISI, TOMY
Ui ONTHMAJbHOTO  TEpMiHY CiayxkOum  OaTapei MIBHIKY 3apsiKy PEKOMEHIYIOTh
BUKOPHUCTOBYBATH TUTBKU B HEOOXITHUX CUTYaIlisIX (HAPUKIA/, y TPUBAJIHA MOT3/LII).

[IpencraBHuky iHIIOTO Tabopy He OadaTh HIYOTO KPaMOJIBHOTO Y HIBUAKIA 3apsaii
BEIMKMMH CTPYMaMH. IXHili apryMeHT Takuii: K0 BUPOOHMK [a€ MOKIMBICTh MpuitMaTta 150
KUTOBAT, a 3apsiIHA CTAHITSI 3 €0 YMOBOIO CIIPABIISETHCS, TO YOMY O HE CKOPUCTATHUCS IIAHCOM
CKOPOTHUTH Yac 3apsiay. Taki eKCIepTH BBaXKaIOTh, IO TEPMIH CIIY>KOH Oatapei e BIUIUBAE.

SIK JKe BYMHHUTH, KOJM OTPUMYEII JBI TPOTHUIIESKHI MO cyTi mopamu? € Tperid —
MEePIOMYHICTh MIBUAKOT Ta TOBUIBHOI 3apsiiKu. AJie ONTUMAaJbHHUIA BapiaHT — BPaXxOBYBaTH
pexoMeHalii BUpOOHHKa, Ha MPOIYKIi sIKoro BH 3ynuHWIM BHOIp. Lle Takox Harozomye Ha
BXJIMBOCTI MOKYNKH y OQIIIfHUX MOCTAa4albHUKIB: TUIBKM BOHU MOXYTh HaJaTH KOPEKTHY
iH(OpMaIlifo MO BallIOMy aBTOMOOLIIO.

Yu noTpidHO cTeXUTH 32 cTAHOM OaTapei nmig yac 30epiranas aBro?

SIKmo BW BUpIIWIM, IO SKUHCH TepioJ ydacy oOxoauTumeTecs Oe3 eleKkTpokapa,
nam'staiite, 0 NPU TPHUBAJIOMY 30epiraHHi PEKOMEHAYETHCS TOBOJUTH 3apsija A0 pIBHSA He
meHie 50%.

Sxuii aaropuTm Aiil mix yac nepenaay remmneparyp?

Ile muTaHHS aKTyaJdbHE SIK B3MMKY, TaK 1 BIITKY, OCKUIBKH aKyMYJATOpP OIHAKOBO
HETaTUBHO CTABHUTHLCS JI0 €KCTPEMAIbHUX TUIFOCOBHX Ta MIHYCOBHX TemmepaTyp. OnrtumanbHui
BapiaHT — BIIMOBHUTHCH BiJ TO{IOK y Taki mepiogu. SIKII0 HE BHXOIUTh, HaMaraurtecss He
MapKyBaTH aBTO Ha BYJUII B XOJIOAHY MOTOJY — rapa)k 4M KpUTE MapKyBaHHS BUPIIIAThH IO
npobsemMy. ONTHMAaIBHOIO TEMIEPATYpOIO Ui OyAb-IKOi TEXHIKH 3 aKyMYJISITOPOM BBAXKAETHCS
temneparypa Bix 15 no 20 rpamgycis.

[Ile ne 3a0yBaiiTe B3MMKY CTEXHUTH 3a THCKOM y muHax. Lle, mo peudi, yHiBepcaibHa
nopaja JuIs BIACHUKIB TPAHCHOPTHHX 3acO0IB SK Ha eNeKTpoTsisi, Tak i1 3 /IB3. Uepe3 HM3BKI
TeMIepaTypy MOBITPSI CTUCKAETHCS, 10 MPU3BOJUTH 0 BTPATH TUCKY. A UMM MEHIIIE THCKY, TUM
OlnbIe 3HAOOUTHCS E€Heprii enekTpokapy Ta manmBa g mamuH i3 JIB3. Tlopama mpocra -
KOPHUCTh OYEBHTHA.
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SIKIO y3araJIbHUTH BCE BUINECKa3aHe, MOpaau OyayTh KOPUCHUMH JJISi CBOTO aBTO I
9ac HEeCMPHUATINBUX KIIIMATUIHUX YMOB.

BUCHOBKH
3ampornaHoaBaHi TMPOTMO3UIIT IIOAO TPOJOBXKEHHS TEpPMIHY eKcruryarailii Oarapei
€JIIEKTPOMOOLUTS € TIEBUMH Ta KUTTEBOHEOOXITHUMHU.

JITEPATYPA
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2. Tom Dentom. Automobile Electrical and Electronic Systems, Fifth Edition
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ABTOMOBLIBHA EJIEKTPOHIKA — CYUACHI TEXHOJIOI'TI

Binam 1.0O., 'natoB A.B.
XapKiBChKHI HAIIOHATBHHUI aBTOMOOUTEHO-JIOPOXKHIN YHIBEpCUTET, YKpaiHa

BCTYII
CyuacHi aBTOMOOUTI CTaly CHIpaBXHIMU TEXHIYHUMH BUTBOPaMH, B SIKUX E€JIEKTPOHIKA
BiZlirpa€ KPUTUYHO BAXIMBY pojb. CHUCTeMM ynpaBiiHHA, Oe3rneku, KoM(opTy Ta 3B'I3KYy €
HEBII'€MHOI0O YAaCTHHOIO KOKHOTO HOBOTO aBTOMOOiNSA. 31 30UIbIICHHSIM BUKOPUCTAHHS
CJICKTPOHHUX KOMITOHEHTIB, TaKi TEXHOJOril HE TUIBKU TMOJICTIIYIOTh BOJIHHS, ajie W
MiIBUITYIOTH 3arajbHAUNA PiBEHb OE3MEeKH Ha I0porax.

Cucremu 0e3nexku

Cuctemu Oesrekyd B aBTOMOOUISX MOKHA PO3AUIMTH Ha aKTHBHI Ta MacWBHI. AKTHUBHI
cuctemH, Taki sk ABS (aHTHONIOKYBaJIbHA CHCTEMA TaJIbM), 3aM00IraroTh OJIOKYBAHHIO KOJIIC ITiJT
Yac pI3KOTO TaJbMyBaHHS, IO J03BOJIAE€ BOJMIEBI 30epiraTh KOHTpOJIb HaJ aBTOoMoOuTeM. Lle
0COOJIMBO BAXKIIUBO Ha ciu3bkux goporax. ESC (enexkTpoHHMIA KOHTPOJIb CTAOUTBHOCTI) aHaJi3ye
JaHi 3 JaTYUKIB MPO MIBHJKICTh, KyT OBOPOTY Ta HAXWJ aBTOMOOLIA, TOTIOMAararyu 3amno0irtu
3aHOCAM.

Hocnimkenuss Euro NCAP moka3yroTs, o0 aBTOMOOLTI, ocHamieHi cuctemamu ABS i
ESC, mMoxyTh 3MeHIUTH pH3UK cepio3nux aBapid Ha 30% [1-3]. Ile poOuTh iX KPUTHUYHO
BXJIMBUMH IS Cy9acHOT aBTOMOOLTHLHOT O€3eKH.

IndopmaniiiHo-po3BakaibHi cHCTEeMHU

CydacHi iH(oOpMaIliifHO-pO3BaXKabHI CHUCTEMH CTalld BAXJIMBUMH €JIEMEHTAMU
aBTOMOOUTBHOTO JIOCBiMy. BoHHM 3a0e3meuyioTh IHTEpaKTHBHICTH 1 3PYYHICTB, JTO3BOJISIOUH
BOJISIM MiAKIIOYaTH CBOT cMapTdoHu depe3 muardopmu, Taki sk Apple CarPlay Ta Android
Auto. Ile no3Bosisie OTpUMYBATH JOCTYIl O HaBIralifHUX HporpaMm, MY3HKH Ta I3BIiHKIB, HE
BiJIBOJTIKAIOYHCH BiJl JOPOTH.

3rigHo 31 craTHcTUKOIO Statista, Outeie 60% BOJIIB BUKOPHUCTOBYIOTH Ii CUCTEMH JUIS
nokpamieHHs: kompopty mix yac 3au [4]. Hanpuknax, GPS-Hairaimiss He TUIbKH JomoMarae
3HAWTH HAWMIBUAINIMKA MapuipyT, ajle # BpaxoBye MOTOYHI YMOBH Tpadiky, MpPOTOHYIOUH
aJIbTepPHATHBHI HIISXH.

ABTOHOMHI aBTOMOOLTI

TexHosorii aBTOHOMHOIO BOJIHHA € OJHAMHM 3 Ha3HAYHIINAX IHHOBAIll B
aBTOMOOUIBbHIN MPOMHCIOBOCTL. ABTOHOMHI aBTOMOO1TI BUKOPUCTOBYIOTH KOMOIHAIIIIO JTiIapiB,
KaMep Ta panapiB, MO0 OpIEHTYBaTHCS B HABKOJIUIIHbOMY cepepoBumli. L{i TexHomoril
JI03BOJISTFOTH MarmuHaM "0auuTu" 1 pO3yMiTH 00'€KTH Ha JOPO3i, BKIFOYAIOYH MIMIOXOIB, IHITUX
BOJII1B 1 MEPEIIKOTH.

Kowmmanii, Taki sk Tesla i Waymo, akTMBHO TecTyrOTh CBOi cucrteMu. Hampukmnan,
Waymo Bxxe Mae (pyHKIIIOHAJIbHI aBTOHOMHI TaKcCi, K1 MPAIIOI0Th y MEBHUX MiCTaX. 3TiIHO 3
nociimpkenassMm MIT Technology Review, TexHOIOTIT aBTOHOMHOTO BOJIHHS MOXYTh 3HH3UTH
KUTBKICTh TOPOKHBO-TPAHCTIOPTHUX TpuUro] Ha 90%, 1Mo CBIAYUTH MPO BEIMUYE3HUI MOTEHIlia
JUTsl TIOKpaleHHs 0e3neku [S].

Enexkrpomo0iii Ta riopuaHi Texnosorii
EnexrpomoOini (EM) Ta ribpuani aBToMOOLTI 3100yBalOTh MOIMYISPHICTE Yepe3 iXHIO
€KOJIOTIUHICTh 1 3MEHIIEHHS BUTPAT Ha majbHe. ['i0puaHi aBTOMOOLII MOETHYIOTH TPaaULiiHI
JIBUTYHU 3 E€IEKTPHYHUMH, IO J03BOJISE€ 3MEHIIUTH CIOKMBaHHS MaibHOTO Ta BUKUIH COs.
3rigHo 3 nporuo3amu BloombergNEF, no 2040 poky enekTpomMo0ini MOXyTh cTaHOBHUTH 110 50%
HOBUX MPOJaKiB aBTOMOOLTIB [6-12].
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EnextpomoOini, Taki sk Tesla Model 3 ta Nissan Leaf, nemoHCTpyloTh Bpakarodi
MOKA3HUKU JAJTbHOCTI XOAYy Ta IIBUAKOCTI 3apsjikd, HIO0 POOUTH iX MPUBAOIMBHMHU IS
crioxkuBadiB. Kpim Toro, 6arato kpaiH 3anpoBapKyIOTh IPOTPaMH JJIsl CTHMYJTFOBAHHS TIEPEX0Ty
Ha eJIEKTPUYHI aBTOMOOLTI, 110 111e OLTbIIe MiJBUILYE iX TOMYASIPHICTB.

TexHousorii 00cIyroByBaHHsl Ta 1iarHOCTUKHU

Cucremn piarnoctuku, Taki sk OBD-II (On-Board Diagnostics), 103BOJSIIOTh
aBTOMOOULIAM CaMOCTIHHO KOHTPOJIOBATH CBii CTaH 1 BUSBISATH TEXHIYHI HecmpaBHOCTL. Lls
TEXHOJIOTIs 3a0e3meuye TOCTyI 10 iHpopMarlii mpo poOOTy IBUTYHA, CHCTEMH BUKUIIB 1 OaraTo
IHIIMX mapaMeTrpiB. Bogii MOXyTh OTpUMYBAaTH TMOMEPEKEHHS TMPO HEOOXITHICTH
00CITyroByBaHHSI, 110 JOTIOMAarae YHUKHYTH CEpPHO3HUX TOJIOMOK.

BrpoBamkennst Intepuery peueit (IoT) B oOciayroByBaHHsS aBTOMOOLTIB JO3BOJIsIE
3MIMCHIOBATH MUCTAHIIMHUA MOHITOpHHT. Hampukian, aBTomapku MOXKYTb OTPUMYBAaTH JaHi
PO CTaH CBOIX aBTOMOOLTIB y PEKUMIi PEaTbHOTO Yacy, IO J03BOJISE 3MEHIIUTH BHTPATH Ha
obciyropyBanHs Ha 20% [13-15]. e 0coOIMBO BaXKIMBO ISl KOMITaHIH, 110 BUKOPUCTOBYIOTH
BEJIMKi aBTOTIAPKH.

Exouioriuni Texnosorii

CucrtemMu ynpaBiiHHS BUKHJAMHM, TaKi SK KaTali3aTopu Ta (QUIbTPU YACTOK, CIIPHUSIOTH
3MCHIIIEHHIO 3a0pYJAHEHHS TMOBITPS. ABTOMOOUTII CTalOTh OUIBII EKOJIOTTYHUMH 3aBJISKH
PO3BUTKY HOBHX TEXHOJIOTiH, TaKUX SK BOJHEBE MaJIMBO Ta OlomanwBo. BoaHeBi aBTOMOOLNTI,
HaNpUKJIIaJl, BUKHIAIOTH JIUIIE BOASHY Tapy, M0 pOOUTH iX AyKe MPUBAOIUBUMH 3 €KOJIOTIYHOT
TOYKH 30DYy.

Hocmimpxennss World Economic Forum migkpeciroe, 1o nepexij Ha YUCTi TEXHOJIOTII €
KPUTUYHO BXJIHMBHUM I 30€peeHHs HaBKOJIMIIHHOTO cepenosuma [8,17,18]. Crparertii,
CTIpSIMOBaHI Ha 3MEHILIEHHS BUKUAIB MAapHUKOBUX Ta3iB, MOXYTh CYTTE€BO MOKpAIIUTH SKICTh
MOBITPSI B MICTaX 1 3MEHIIUTH PU3HUKH, MOB'sI3aHi 31 3MIHOIO KJIIMATY.

BUCHOBKH
CyuacHi TeXHOJIOTii B aBTOMOOUIbHINM €JIEKTPOHILl HE JIMIIE MiJBUINYIOTh Oe3MeKy Ta
koMdopT, ajge ¥ 3MEHIIYIOTh HETaTHBHHWM BIUIMB Ha HABKOJMWIIHE cepenoBUIe. [HTerparis
HOBITHIX TEXHOJOTIH B aBTOMOOUIbHY NPOMHCIOBICTH OO0ilse Ime Ourblie IHHOBAId Yy
MaiioyrHeoMy. Lle, B cBOIO 4epry, MOXxe CYTTE€BO 3MIHHTH Halle YSABJICHHS MPO TPAHCIOPT Ta
MOOUIBHICTB, pOOJISTYM aBTOMOOLTI O1TbI e(peKTUBHUMU, OE3MEUHUMH Ta €KOJIOT TYHUMHU.
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JITIA-IOHI BATAPEI IEPEBATH, ITIPOBJIEMU TA YTIIIBAIIIS

barau P.B., Slmenko M.C.
XapKiBChKHI HAIIOHATBHII aBTOMOOLTBHO-JIOPOXKHIN YHIBEpCUTET, YKpaiHa

BCTYII

Jliriii-ionni 6arapei (Li-ion) cboroaHi 3aiiMaloTh EHTpaJIbHE Miclle B 0ararbox ramyssx,
MOYMHAIOYU 3 EJIEKTPOTPAHCHOPTY 1 3aBEPUIYIOYH MOOYTOBOIO EJIEKTPOHIKOIO Ta CHUCTEMaMH
eHeprosoepexeHHs. Bucoka eHepreTnyHa HITBHICTh, €()EKTUBHICTH Ta JOBIOBIYHICTH POOISATH
i Oatapei OJHUM i3 KIIOUOBUX KOMIIOHEHTIB Yy TeEpexoli A0 CTIHKOoi eHepreTuku. 3 ix
JIOTIOMOTOI0 Peasi3yloThcsi aMOITHI TUTAHM IOJIO0 PO3BHUTKY €IEKTPOMOOUIBHOTO TPaHCIOPTY,
IHTerpaIlii BiIHOBIIOBAHUX JDKEPET eHeprii Ta 3a0e3nedeHHs cTabiIbHOCTI enekTpomepex [ 1,2].

Opnnaxk pa3om 3 nepeBaramu Li-ion 6atapell BAHUKAIOTh 1 CEPHO3HI €KOIOTTYH1 BUKITHKH.
VY Mipy 301TbIICHHS KUTBKOCTI OaTapeii, o BUXOIATH 3 JIaay, 3pOCTaE i moTpeda B epeKTUBHUX
MeToax IXHbO1 yTriri3amii Ta mepepoOku. B poOOTI BUCBITIIIOIOTHCS SIK TEXHIUHI IEpeBary JiTii-
ioHHUX Oatapei, Tak 1 MeTOAM IXHBOI MEepepoOKH, SKi MAIOTh JAOMOMOITH 3MEHIIMTH BIUIHB
[[BOTO TIPOLIECY HA HABKOJIMIIHE CEpeNOBHINE. BpaxoByrOuM aKTyaJbHICTH TEMH Yy 3B SI3KY 3
rII00ATBPHOI0 €KOJIOTIYHOIO KpPH3010, pOo3poOKa Ta BIPOBAKEHHS TEXHOJOTIH EKOJOTIYHOT
nepepoOKH CTAIOTh MPIOPUTETOM IS TIOCSTHEHHS CTaJoro pO3BUTKY [3-5].

AKTyanabHicTh gociimkenHs. Jliriii-ionni 6arapei (Li-ion) 3aiiMaroTh KIIOYOBE MICIIe B
eHepreTHuHii cepi, 3a0e3meuyroun KUBJICHHS IS €IEKTPOMOOLTIB, MOPTATUBHOT €IIEKTPOHIKH
Ta CHCTEM 30epiraHHsi BiIHOBJIIOBAHOI eHeprii. 31 3pOCTaHHSAM MOIMUTY Ha E€JIeKTPOTPAHCIIOPT i
moTpeOO0 y CTa0UTBHUX Mepexax Ha 0a3l eKOJIOTIYHO YUCTHX JDKEpell, aKTyalbHHM CTa€e He
JIIE BJIOCKOHAJICHHS iXHIX TEXHIYHUX XapaKTEPUCTHK, a U po3poOKka e(EeKTUBHUX METOIIB
yruiizamii. MacoBe BIpPOBA/DKEHHS JITi-lOHHUX Oarapeld moTpedye CTBOPEHHS EKOJOTTYHO
0e3MeYHOi CUCTEMH IXHBOI IepepoOKH Il 3MEHILIEHHSI IIKITTMBOTO BIUIMBY Ha JTOBKLULIS.

Mera pociaigxeHHss. MeTol [bOTO JOCTIIKEHHS € aHali3 IepeBar JiTii-l0HHUX
Oarapeil Ta CydacCHUX TEXHOJIOTIH MepepoOKH, 10 CIPHUAIOTH 3MEHIIIEHHIO €KOJIOTTYHOTO BILIUBY,
a TaKOX BUCBITJICHHS BUKIIUKIB, 3 SKUMH CTUKAETHCS Tally3b I 4ac BIPOBAHKEHHS TEXHOJOT N
yTHJi3aIii.

OcHoBHI MaTepiaau 10CTiTxKeHb

1. IepeBaru miriii-ionHux Oarapeid. JliTiii-ioHH1 6aTapei cTaiu OCHOBHHUM BHOOPOM ISt
€JIIEKTPOMOOUTIB 3aBIIKM BUCOKI EHEpPreTHYHIM WIUTFHOCTI Ta 3JaTHOCTI 3abe3reuyBaTu
TpuBanuii npoOir Ha oxgHOMY 3apsai. Hampuxman, aBTomoOune Tesla Model 3 mae 6atapero
emHicTIO 82 KBT'TON, M0 n03BoJisie monatu A0 500 kM 6e3 moTpebu y mim3apsami. Bucoka
IIUTBHICTG €Heprii Ta HeBeNWKa Bara poOnsATh mi Oarapei MpPHIATHUMHU Ui HIMPOKOTO
3aCTOCYBaHHS y TPAHCIIOPTYBaHHI Ta MOOUTBHUX MPUCTPOSIX [6].

Kpim Toro, miriii-ionHi Oatapei 3a0e3medyroTh CTaOUIBHICTH EHEPreTUYHHX MEpex
3aBJITKA MOXJIMBOCTI 30€piratu HaJUIMIIKU €Heprii, BUpoOIeHOT BiTHOBIIOBAHUMH JKEpETIaMH,
TAaKUMHU SIK COHSYHI TaHeni Ta BiTpsiku. Hanpukian, y Ascrpaiii 6arapest Tesla Hornsdale Power
Reserve, sika € HallOLIBIIOO JiTiH-IOHHOIO OaTapeeto y cBiTi, 30epirae o 150 MBT ro eHeprii,
0 J103BOJIsiE 3a0e3medyBaTd CTa0UTbHE EJIEKTPOTIOCTayaHHS HaBiTh Wi 4Yac ITKOBHX
HaBaHTaXeHb abo nepedoiB [6,7].

2. BuxiMKM MacoBOro BIPOBA/UKEHHs. Xod4a JiTid-ioHHI Oarapei MaiOTh YMCIEHHI
NepeBaru, BOHM TaKOXK CTBOPIOIOTh BHUKIMKHM, MOB’s3aHI 3 yrwiizanieto. OcHoBHa mpoOiema
MOJISTAE 'y TOKCHYHOCTI JIESAKMX MarepialliB, 110 BUKOPUCTOBYIOThCS Yy OaTapesx, 30Kpema,
BOKKHUX METAJB, TAKUX SIK KOOAJIbT, HIKeNh Ta JiTid. HenpaBuibHa yTuimizailis Takux Oarapeit
MOJK€ MPU3BECTH JI0 3a0pyIHEHHS IPYHTIB 1 BOJHUX PECYPCIB, a TAKOXK J0 BUIAUICHHS TOKCUIHUX
rasiB ITiJ1 9ac 3ropsiHHA.

3a o1iHKaMu aHaITHKIB, 10 2030 poKy KUIBKICTh BiANpaIibOBaHUX JITiH-I0HHUX OaTapeit
MOXXE€ JOCATTH COTEHb THCSY TOHH IMOpidHO. TOoMy mHTaHHS yTWIi3alii Ta MEepepoOKH €
KPUTUYIHHUM JTsI 320€31eUeHHs CTIHKOCTI IIbOTO ceKTopy [8].
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3. TexHonorii nmepepoOKu NiTil-ioHHUX OaTapeld. 3pocTaHHs KUTBKOCTI BiAIparibOBaHUX
TMTIH-IOHHUX ~ Oarapeld  CTHUMYIIO€ PO3BHTOK  TEXHOJIOTIH 1X TepepoOkH, 30Kpema
ripoMeTanyprii, mpoMeTanyprii, BTOpHHHOTO BUKOPUCTAHHS Ta MEXaHIYHOT IepepOOKH.

Iimpomeranypris po3umHsie MeTanu (KOOAIbT, HIKENb, JITI) 32 JOMOMOTOK XIMIYHHUX
PO3YMHHHUKIB, BiTHOBIIOIOUYN 10 95% wmatepianiB. Kommanis Umicore y benbrii BUKOpUCTOBYE
el MeTOJT 1715l SMEHIICHHSI BUI0OYTKY HOBHUX PECYPCIB.

[Tipomeranypris nepeabadae BUCOKOTEMIIEpATypHE TUIABJICHHS JUIS BHJIUICHHS METaiB,
aie € eHeproButpaTHoro. Glencore y €Bpori nepepobisie 6aTapei Ha CBOIX 3aBOJax.

BropunHe BuKOpuCTaHHs OaTapeil 3HMKEHOI €MHOCTI JIO3BOJIIE€ X 3aCTOCYBaHHSA Yy
cranioHapHux cucremax. Nissan i Renault BukopucToByroTH cTapi Oarapei mis 30epiraHHs
€HepTii B )KUTIOBUX Ta KOMEPIIHHUX 00'€KTaX.

MexaHiuyHa mepepoOka mojpiOHIoe Oarapei 3 MiHIMaTbHUM BHUKOPHCTAHHSM XIMIKATiB,
3MEeHIIyIoun pu3uk 3a0pyaneHHs. Redwood Materials y CIHA 3actocoBye et meronm amis
BUT'OTOBJICHHSI HOBUX OaTapeii [9].

4. THHOBAIIMHI MiaX0AM 10 nepepoOku. OKpIM TpaaUIIHHUX METOIIB, 3'IBISIOTHCS HOBI
€KOJIOTIUHO Oe3meyHi TexHoJoril. BioBuiydeHHs MeTaniB. BUKopucTaHHsS MIKpOOpraHi3MiB st
BUJyYeHHS MeTaniB 3 Oartapeil 3HauHO 3MeHHIye mOTpedy B eHeprii Ta XiMmikaTax.
EnexrpoxiMmiuHa nepepoOka. EnekTpoxiMidHi IPOIECH T03BOJISIOTH BITHOBIIIOBATH YUCTHH JIITiH
1 K00anbT, sk e poduth Li-Cycle y Kanai, 3a06e3nedyrodn pecypc JUisi HOBHX OaTapeid.

5. BaxnuBicTh nepepoOKH JITiH-I0HHUX OaTapel A CcTiikoro MaOyTHbOro. Po3BHTOK
e(peKTUBHUX TEXHOJOTIH yTwiizamii Ta mepepoOKH IiTii-iloHHHX OaTapeil € BaXXJIMBUM
€JIEMEHTOM Y 3a0€3MeUYeHHI CTIHKOTO PO3BUTKY €JIEKTPOTPAHCIIOPTHOT Ta €HEPTreTUYHOI TaTy3ei.
[TepepoOxka 103B0OJIsIE€ 3HAYHO 3MEHIITUTH MOTPEOyY Y BUAOOYTKY HOBUX PECYpCiB, TAaKUX SK JIITIH,
KOOAJIbT 1 HIKeIb, KI € 0OMEXKEHUMHU W 4acTO BUAOOYBAIOTHCS 3 BEIHKHM €KOJIOTTUHUM CIIIJIOM.
3amicTh TOTro, MO0 BHAOOYBAaTH IIi MaTepiand 3 Hagp 3€MJ, iX MOXHA OTPUMYBAaTH 3
BIJIMpaIbOBAHUX OaTapei, 1Mo BiKe BIICIY)KUIIH CBilf TEPMiH.

6. ExoHomiuyHi mepeBaru mnepepoOku st Oi3Hecy Ta crmoxwuBauiB. [lepepoOka miTiii-
ioHHUX OaTapeil € eKOHOMIYHO BWTIJHOIO, 3HIKYIOUH BapTICTh HOBHX Oarapei 3aBIsIKH
MOBTOPHOMY BHKOpHCTaHHIO MetaniB. Hampuknan, Redwood Materials 3abe3nedye BUpoOHUKIB
€JIEKTPOMOOUTIB BIJTHOBJICHUMH MaTepiallaMi, IO 3HMWKYE BUTPATH Ha BUPOOHUITBO. Takox
nepepoOka 3MEHIIyE 3aJEKHICTh BiJ] HECTAOUIPHUX MOCTAYALHUKIB CHPOBUHU, IIBUIIYIOUN
eHepretuuny oOesneky. €C, y pamkax Green Deal, akTHBHO TiaTpuMye pO3BUTOK HepepoOHOT
1HPPACTPYKTYpH, CTBOPIOIOYM HOBI p0o00Yi MiCIld Ta MOCHIIOIYHA €KOHOMIYHY CTaOUIBHICTD y
perioHi.

7. CycninbHa CBIOMICTH Ta PO3BUTOK IHPPACTPYKTYpH Juis mepepoOku. PosButox
nepepoOHOT THPPACTPYKTYPH ISl JITIH-IOHHUX OaTaped 3alleXKUTh BiJ MIATPUMKH YpSIiB Ta
piBHS CycHuIbHOI cBimomMocTi. Y KpaiHax, sk Snonis ta [liBnenna Kopes, icHyroTh mporpamu
300py BiAmpalboBaHuX OaTapei, o CIpOIIyTh ix epepodky. Hanmpukiman, kommanis Honda B
SnoHii MpoMoHye 3HIWKKH HA HOBI MOJIEJNII aBTO 3a MOBEPHEHHS CTapwX Oarapeil, CIpusioun
BIJIMTOBIJATFHOMY CTaBJICHHIO JI0 YTHJII3aIlii Ta PO3BUTKY HUPKYISIpHOT ekoHOMIKH [ 10].

8. Buxnuku Ha nuiAxy 710 MacoBoi nepepoOku. Hespakarouum Ha 3HAYHUI IIporpec y
PO3BHUTKY TEXHOJIOTIH MepepoOKH, ICHYe HHU3Ka BUKIHKIB, SKI HEOOXIHO BHPIMIUTH IS
MacoOBOTO BIPOBAKEHHS MepepoOKu JiTiii-ioHHuX Oartapeit [11].

Exonomiuna edexruBHicTh. IlepepoOka OaTapeil Ha paHHIX eTanax poO3BUTKY TEXHOJIOTIH
€ BUTPATHOIO 1 6€3 epKaBHOI MIATPUMKHA MOKe OyTH HEBHUTIHOIO JUTSI MAJIHMX ITiITPUEMCTB.

CknanHicTe au3aiiHy Oartapeil. Pi3Hi KoHCTpyKuii Oarapeil yCKIaJHIOIOTH MEpepoOKy,
BHMAararoui yHiBepCaJbHUX TEXHOJOTIH st 00pOOKH Pi3HUX THITIB.

Henocrarus indpactpykrypa. bpak po3BuHeHOT iHOPACTPYKTYpH YyCKIagHIOE 30ip 1
00poOKy BimpalnboBaHUX OaTapeid, 0COONIMBO Yy BiJJIaJIecHUX pailoHax, Jie MOTPiOHI JIOTICTHYHI
pimeHHs U1 6e3MeYHOr0 TPAHCTIOPTYBAaHHS.
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BUCHOBKH

Jliriii-ionni  Oartapei cTaaMm BaXXJIMBUM  €IEMEHTOM EHEPreTHMYHOI PEeBOJIOLII,
3a0e3Meuyoud MOKIJIMBICTh PO3BUTKY €JIEKTPOTPAHCIOPTY Ta BiTHOBIIOBAHUX JPKEPEN €HEprii.
[Ipote ixHE MacoBe BIPOBAPKCHHS CTaBUTh HOBI BHKJIMKH y cdepi yTmiizamii Ta mepepoOK.
[HHOBAITIfHI TEXHOJIOTII, TaKi SIK TiIpPOMETaIypris, BTOPUHHE BUKOPHUCTAaHHS Ta HOBI METOIH
nepepoOKH, BIAKPUBAIOTH MOXIIMBOCTI JUIS CTBOPEHHS OUIBII €KOJIOTIYHO CTajoro JIaHIIoTa
MOCTaYaHHs. YCIINIHE BIPOBA/DKEHHS IIMX TEXHOJIOTIN HE JIMIIE 3HWKYE SKOJIOTTYHUHN CIif, a i
CTBOPIOE EKOHOMIUHI TIepeBaru Jjsi 013HeCy Ta CIIOKHUBAYiB.

Po3BuTok iH(pacTpyKTYypH s TepepoOKH JITiH-IOHHWX Oarapeld € Ba)XJIMBUM
3aBJAaHHSM JUIS YpsZiB, BUPOOHUKIB Ta cycmiibcTBa. CHUIbHI 3yCHIIIS J03BOJIATH 3MEHIIUTH
HaBaHTAXXEHHS HA TIPUPOJIHI PECYPCH Ta 3pOOUTH €IEKTPOTPAHCIIOPT I1Ie OUTBII MPUBAOIUBUM Ta
nocTynHuM Ui Beix. Ile, y cBOIO depry, copusTHME JOCSATHEHHIO KIIMaTHYHHUX IUIeHd Ta
CTBOPEHHIO CTINKOTO MailOyTHHOTO Il HACTYITHUX MOKOJIIHb.
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TEHAEHIII TA MAMBYTHE CUCTEM KOHTPOJIIO JITIN-IOHHUX BATAPEN

barau P.B., Herpebenko O.B.
XapKiBChKHI HAIIOHAIBHHI aBTOMOOUTEHO-JOPOXKHIN YHIBEpCHUTET, YKpaiHa

BCTYII

Jliriii-ioHHi GaTapei cTaiy OCHOBOIO ISl 6araTb0X Cy4acHUX TEXHOJIOTIH, 10 OXOIUTIOKTh
IIUPOKUH CIEKTP 3aCTOCYBaHb, BiJi MOOUTBHUX MPUCTPOIB 0 €IEKTPOMOOUTIB Ta CTAIlllOHAPHUX
cucteM 30epiraHHsa eHeprii. B ymoBax rio0anbHOTO MEpexojay 0 BiJHOBIIOBATBHUX JDKEPET
€Heprii Ta 3pOCTAoyoro MOIMUTY Ha EJIEKTPUYHY EHEPril0, CUCTEMH KOHTPOJIO JITIH-IOHHUX
Oarapeii HaOyBarOTh KPUTHYHOTO 3Ha4eHHs. Lli cucremu He nwie 3a0e3MEeYyIOTh ONTHUMI3AIIIO
pobotu OaTapeii, ane i TparOTh BaXIIMBY POJIb y 3ano0iraHHi aBapiiiHUM CHTYAIIisSIM, 1[0 MOXYTh
BUHHKHYTH BHACHIIOK HENPAaBWJILHOTO YHPaBIiHHA. Y Il CTaTTi pO3MIIAJAOTHCS OCHOBHI
TEH/ICHIIIi Y PO3BUTKY CHCTEM KOHTPOJIO JITii-ioHHOI Oarapei, mpukiagu iX 3aCTOCYBaHHs, a
TaKO MPOTHO3M 00 MaiOyTHROTO WX TEXHOJIOTH [ 1-3].

AKTyaJIbHICTh JOCTIIAKeHHs. 3 OISy Ha 30UIbIICHHS BUKOPHUCTAHHS EJIEKTPUYHUX
TPAHCIIOPTHHUX 3aCO0IB, CHEPreTUYHNX CUCTEM Ha OCHOBI BITHOBIIOBAIBHUX JDKEPEII Ta MOTPEOy Yy
BHCOKOSIKICHOMY 30epiraHHi eHeprii, CHCTEMH KOHTpOJIO JITili-ioHHMX Oartapeil cramm
HEBII’€MHOIO0 YaCTHHOIO Cy4aCHUX TEXHOJOTiH. 3rimHo 3 mporao3amu, 10 2030 poxy riio0ansHuN
PHHOK €eJIeKTpoMOOLTIB 3pocTe 10 moHax 30 MiIbHOHIB OJMHHUIL Ha PIK, MO Oe3MocepeaHbo
BIUIMHE HAa TIONMUT Ha HOBi, OUThII e(heKTUBHI Ta OE3MEeUYHI CUCTEMH YIPABIIHHS OaTapesiMH.
AKTYallbHICTh IIBOTO  JIOCTI/DKCHHS IMIJAKPECTIOEThCS HEOOXITHICTIO 3MEHIIEHHS PU3HKIB,
TMOB'SI3aHUX 13 BUKOPHUCTAHHSM JITIH-IOHHUX Oarapei, a TakoX MoTpe0or0 y MiIBUIIEHH] IXHBOT
MPOJIYKTUBHOCTI 1 TEpMiHY ciryxou [4,5].

Mera aocJizkeHHsl. MeTOIO JaHOTO JOCTI/DKEHHS € BUBYCHHS! CY4acHUX TEHJCHIIH y
CHCTEMax KOHTPOJIIO JIITiH-IOHHUX OaTtapel, iXHiil BIUIMB Ha MPOIYKTUBHICTH 1 O€3MeKy, a TaKoxX
MIPOTHO3YBAHHS iXHBOTO PO3BUTKY B HAHOIIKYOMY MailOyTHhOMY. 30KpeMa, MU MPOaHaJi3yeEMO
IHHOBAI[IITHI TEXHOJIOTIi, MO BIUIMBAIOTH HA YIPABIIHHS OarapesiMH, pPO3TISHEMO MPUKIAIN
YCIIIIHOTO BIPOBA/PKEHHS HOBHX PIllIeHb, @ TaKOX OOrOBOPUMO BHKIIMKH, IO CTOSATH TEpen
IHJTyCTpI€IO.

OCHOBHI MATEPIAJIA JOCJIAKEHb

Cucremu ynpasiniaasg 6atapesimu (BMS).

Cucremu ympaninHs Oatapesmu (BMS) € BaXiIMBHUM KOMIIOHEHTOM JIITiH-10HHHX
Oartapeii. BoHn BUKOHYIOTH pi3HOMaHITHI ()yHKIII1, BKIIIOYAIOUH:

- MOHITOpPHUHT mapameTpiB. BMS KoHTpoiIoe Hampyry, CTpyM, TeMIEparypy Ta CTaH
3apsay (SOC) koxHOTO 3 enemeHTiB Oatapei. L{e 103BosIsie BUSIBIISITA TPOOIEMH IITe JI0 TOTO, SIK
BOHHM ITPU3BENYTH JI0 CEPHO3HUX HACII/IKIB;

- yOpaBIiHHS 3apsaoM 1 po3psmoM. OnTuMmizarliss MPOIECIB 3apsSAKd Ta PO3PSIKU
T03BOJISIE TIOZOBXKHUTH TepMiH ciayx0Ou Oarapei. Cucremu BMS MOXyTh BH3HAauYaTH
ONTUMAIILHUH PEXKUM 3apSAIKH, BUXOSUU 3 TEMIIEPATypH Ta CTaHy €IEMEHTIB;

- 3axucT Big HeOesmeyHnx ymoB. BMS 3abesneuye 3axucT Bif TepeBaHTaXECHHS,
KOPOTKOTO 3aMUKaHHSI, IEPErpiBy Ta IHIINX HEOE3MEYHUX YMOB EKCILTyaTaIlil.

VY Tesla Model S peanizoBano oy 3 HaiicydacHimmx BMS, sika KOHTpOJIIOE HANIPYTy Ta
TeMIepaTypy KOXKHOTO 3 €JIeMEHTIB OaTapei, JaHHA IUIaTa MpejcTaBieHa Ha pucyHky 1. Lle
3a0e3rneuye ONTUMAaIbHUN PEXUM poOOTH Oarapei, Mo mpoaoBxkye ii Tepmi ciyxom. Cucrema
TaKOX 3J[aTHA IepeadadaTd MOTPeOW B 3apsili HA OCHOBI CTHIIIO BOJIHHS, IO ITiIBHIIYE
€(EKTUBHICTb.

BMS y BMW i3 Bkitouae B cebe (pyHKIIIIO MPOTHO3YBaHHS CTaHy 370pOB'sl Oarapei
(SOH). Lle nmo3Boisie BOAiSAM OTPUMYBATH TOYHI JaHI MPO 3aJIMIIKOBY €MHICTH Oatapei Ta ii
TEPMIH CITY)KOH, IO MiJBUIIYE TOBIPY A0 aBTOMOOLTS [6,7].
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Pucynox 1 — ITnara (BMS) kepyBannst ocHoBHOi O0aTapei REV03 Tesla model S

InTenexTyanpHi cucTeMu KOHTpOJt0. CHCTEMH KOHTPOJIO JITiH-IOHHUX OaTapeill Takox
BUKOPUCTOBYIOTh HOBITHI TexHoJorii mryuHoro iHtenekry (LI) ta mammHHOTO HaBYaHHS
(MH). Bonu 3a0e3nedyroTh aHalli3 BEIWKHX JAHUX JUIS  aJanTaiii yhnpaBiiHHS —Ta
MIPOTHO3YBAaHHS TEPMiHY cIykOu OaTapei, MOJIETIYIOUN TIIaHyBaHHS 00CITyrOBYBaHHS.

Kowmmanis Sila Nanotechnologies BukopucrtoBye LI mist omrumizamii 3apsaku Gatapeit
3aJIeKHO BiJl YMOB eKCIUTyaTallii, [0 TOKpamrye iX MpOXYKTUBHICTH 1 Oe3mexy. Kuraiichkuii
BupoOHuK NIO BrnpoBamkye LI B GarapeifHUX CTaHIIAX TSI aBTOMATUYHO1 JIarHOCTUKU CTaHy
OaTapei, 1110 3MEHIIYe Yac MPOCTOIO aBTO Ta MiJIBUIIYE HOTO TOCTYIHICTH [8].

IHHOBaIIiT B MaTepiaax Ta KOHCTPYKIIii OaTapeii. PO3BUTOK HOBUX MaTepiaiiB, TAKUX K
TBEP/i eJICKTPOIITH 1 rpad)eHOBI aHOIM, Ma€ 3HAYHUH BIUIUB HA €()eKTUBHICTH CUCTEM
KOHTPOJTIO:

- TBepAl eNeKTpoJiTH. TBepAi eNEeKTPOJITH TPOMOHYIOTh Kpamly Oe3leKy 1 BHILY
SHEepPreTUYHy WIUIBHICTh, TpoTe iXHA iHTerpamis B BMS mnoTpebye HOBUX NiAXOIIB 10
YIIpaBIIiHHS;

- rpadenoBi anomau. I'padeHoBi aHOAM 3a0e3MeUylOTh OUIBITY €MHICTH 1 IIBHIITY
3apsiaky. CHCTEMH KOHTPOJIIO TOBHHHI BPaxOBYBaTH HOBI XIMIUHI peakilii, sKi MOXYTb
BUHUKATH B TaKUX OaTapesx, /uis 3a0e3MeUeHHs CTabUIbHOCTI 1 Oe3MeKy.

Solid Energy Systems komma#nis po3po0uia 6aTapei Ha OCHOBI TBEPAHUX €IIEKTPOJIITIB, K1
3a0e3meuyroTh OUTbIly €MHICTh 1 IIBUAKY 3apsiaky. CHUCTeMH KOHTPOJIO B TaKUX Oarapesx
MIOBHMHHI aJIalITYBaTHCS 0 HOBHUX XapaKTEPUCTHK, 3a0e3meuyroun 0e3neKky i e(heKTUBHICTb.

Amprius Technologies kommaHis cTBoproe Oarapei Ha OCHOBI rpad)eHOBUX aHOMIB, SIKi
TIpe/CcTaBIeHi Ha PUCYHKY 2, fKi 3a0€3MeuyloTh BHILY €HepreTHUHY IIiTbHICTh. IXHS cucTema
KOHTPOJIIO Ta JI03BOJISIE aaNTyBaTH aJTOPUTMHU YIPABIIHHS 10 HOBUX (Di3MUHUX BIACTUBOCTEH
Oarapeii.
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Pucynok 2 — I'pacdenoBi anoam

CucrtemMu MOHITOPUHTY cTaHy Oatapeii. CydacHi CHCTEMH KOHTPOJIIO TaKOXK
BUKOPUCTOBYIOTH PI3HOMAHITHI TEXHOJIOTIi JUTsI MOHITOPUHTY CTaHy OaTapei, BKIIOYaroyu:

- loT-rexnomorii. Bukopucranns intepuer peueil (IoT) nmo3Bomsie BimmaneHo
KOHTpOJIIOBaTH cTaH Oartapeil. Hampuknan, xommanis Samsara mpomoHye miatdopmu uis
MOHITOPUHTY E€HEPreTUYHUX CHUCTEM Yy peaJbHOMY daci, [0 J03BOJISIE ONTUMI3yBaTH
BUKOPUCTAHHS PECYPCIB;
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- OnokueitH. BukopuctaHHs TexHOJOTl OJOKYEHH y CHCTeMax KOHTPOIIO MOXKe
3a0e3neuuTH Mpo3opicTh 1 Oe3neky manux. [Ipoext Energy Web mpamroe Han iHTerpamiero
OJIOKUYEHH-pIllIeHb Y CHCTEMH €HEPTreTUYHOTO MOHITOPHHTY, BKJIIOYAIOYH KOHTPOJIb OaTapeii.

BUCHOBKH

CucreMr KOHTpOJNIO JITii-lOHHUX Oarapeii € KIIOYOBUMH €JIEMEHTaMH, IO
3a0e3neuyloTh e(peKTUBHICTh, Oe3leKy Ta JOBroOBiYHICTH LuX Oartapeil. TeHneHmii, Taki sk
BIIPOBA/DKEHHS IHTEJEKTYAIIbHUX CHUCTEM YIPaBIIHHSA, HOBHX MaTepialliB 1 TEeXHOJOTii
MOHITOPHHTY, BIIKPUBAIOTh HOB1 MOKJIMBOCTI JJIsl ONITUMI3allii eKkcrutyaraitii 6atapei.

JlocmipkeHHST TIOKa3yloTh, IIO iHTErpaiis mrTy4yHoro inTtenekty Ta loT y cucremi
KOHTPOJIIO MO’KE€ 3HAYHO IMIIBUIITUTH IXHIO MPOAYKTUBHICTH Ta Oe3neky. OHaK BaXXIMBO TaKOX
BpaxoByBaTH MoTpeOy B JOTPUMAaHHI CTaHIAPTIB OE3MEKH Ta €KOJOTIYHOCTI, M0 € KPUTHUIHO
BKJIMBHUM JIJISI CTAJIOTO PO3BUTKY 1HIYCTPil.

VY HailOmmxyoMy MailOyTHPOMY MOXKHA OYIKYBaTH IOAAJBIINI PO3BUTOK CHCTEM
KOHTPOJTIO JITiH-I0HHUX OaTapeid, BKIIIOYa0uu:

- BIPOBAKEHHS TexHoJorih Ha ocHoBI Il Ta BenWKUX HaHWX, IO JO3BOJSTH
aBTOMATH3yBaTH Ta ONTUMI3yBaTH YIPABIIHCHKI MTPOLECH;

- po3poOKy HOBHX MaTepiaimiB Jyig Oarapeid, SKi MOXKYTh MiJBUIIATH iXHIO
MPOAYKTHBHICTB 1 0€3IeKy, a TAKOXK 3MEHIINTH BIUIMB HA HABKOJIMIITHE CEPEIOBUILE;

- BIPOBA/DKEHHS HOBHX CTaHAAPTIB Oe3rekH, siki 3a0e3rnevars HaAilHICTh 1 0e3NeUHICTh
TITIH-10HHUX OaTapelt y Beix cdepax 3acTOCyBaHHS.

TakuM 4MHOM, CHCTEMH KOHTPOJIIO JIITIH-IOHHUX OaTapeil MpoJoBKaTh €BOJIOIIOHYBATH,
CTalouM Ie OUTbII IHHOBAIWHMMU Ta €QEKTUBHUMH B YMOBaX MIBHJIKO 3MIHIOIOUOTOCS
TEXHOJIOTTYHOTO JIaHAIIadTy.
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PO3PAXYHOK ITAPAMETPIB JITHIMHOT O TEHEPATOPA JIJISI IOCJIJOBHOT'O
I''bPUIHOI'O EJTEKTPOMOBLJIA

3axoBaeB /[.€., Heuayc A.O.
XapKiBChKHI HAIIOHATBHII aBTOMOOLTBHO-JOPOXKHIN YHIBEpCHUTET, YKpaiHa

Y rTiOpuaHUX eNeKTpOMOOUISX, TOOYIOBAaHUX 3a TOCIIIOBHOIO CXEMOIK, JBUTYH
BHYTPIIIHBOTO 3TOPSIHHS BHKOPHCTOBYETHCS BUKIIOYHO SK JDKEPEIO MEXaHIYHOi eHeprii ams
reHeparopa, sKuid 3abesnedye 3apsj TATOBOI aKyMYJSTOpHOI Oarapei. SIk onuH 3 BapiaHTIB
MOKPAIICHHS! TMUTOMUX Ta HAJIMHICHUX XapaKTEPUCTHUK T'eHEPaTOpPHOI YCTaHOBKH OyIo
3alpONOHOBAHO 3aCTOCYBAaHHSI JIBUTYHA BHYTPIIIHBOTO 3TOPSIHHS 3 BUIBHMM mopiiHeM [1].
JIBUTYHH BHYTPIIIHBOTO 3TOPSIHHS 3 BUIBHMM TOPIIHEM 3a0e3NedyloTh Kpamli JUHAMIYHi
XapaKTepUCTUKH TOPIBHIHO 3 TPAAWLIHHUMH JBUTYHAMH BHYTPIIIHBOTO 3TOPSHHS 3
KOJIIHYaCTHUM BaJIOM, MOXYTh IPAIIOBATH 31 3MIHHUM CTYNEHEM CTHCHEHHS Ta MpH 0OMEXeHHI
TeMIepaTypy BCEPEINHI KaMepH 3TOPSHHS, BUPOOJISIOTH MEHIIE IIKIIJTUBUX BUKHUIIB. Y CYHEHHS
KPUBOIIUITHO-IIATYHHOTO MEXaHI3MY 3HAUYHO 3MEHIIY€E KUTbKICTh JAeTalel i CKIIaHICTh ABUTYHA,
1 I1e TOTESHITIHHO Ja€ PsiJT IepeBar.

1. Huspki BTpatu Ha TepTsa. MeHIIa KUTbKICTh PYXOMHUX YacTUH Y JBUTYHI 3 BUIBHUM
MOPIIHEM 3MEHIIy€e BTpaTd Ha TepTs. KpiM TOro, BiICYTHICTh KOJIHYACTOrO Baja BHKIIOYAE
BTpaTH TEPTS MUIITUITHUKIB KOJIIHYACTOTO Bajla, a YMCTO JIHIKHUN PyX TPHUBOIUTH IO TyXKe
HU3bKUX OIYHUX HAaBaHTaXEHb Ha MOpIIeHb. Lle TakoX 3MeHIIye BUMOTH IIOAO 3MallyBaHHS
[WTIH]IPIB.

2. 3HW)KEHHS BUTPAT Ha BHPOOHHUITBO. 3MEHIIEHA KUIBKICTh JAETalned y IBHUTYHI 3
BUIBHUM TOPIIIHEM NMPUBOHUTD JI0 3HIKEHHS BUTPAT HAa BUPOOHHIITBO.

3. KommakTHICTh. 3aBIsKH 3MEHIIEHIH KUTBKOCTI JeTaneil MOKHAa 3MEHIIUTH PO3MIp i
Bary JIBUTYHa, 110 AAaCTh OLTbII KOMITAKTHUI arperar.

4. Huspki BUTpaTd Ha OOCIYroBYBaHHS Ta 30UIBIICHUWH TEepMiH CiIykOu. 3MeHIIeHa
KUIBKICTh JeTajiel 1 3MEHIIeHI BTpaTH Ha TEpTs 3MEHIIYIOTh BHTpPATH Ha OOCIYroBYBaHHS
JBUTYHA 3 BUIbHUM TOPIITHEM.

JlJis BUKOPUCTAHHS y CKJIAJl CHUJIOBOI YCTaHOBKH TiOPHIHOTO EIEKTPOMOOUIS Oyu
JOCITIPKEH pi3Hi BapiaHTH NMOOYyJIOBH JHIKHUX reHepaTopiB. OpHaK OUTBII TPUHHATHOIO CITiJ
BBAYKaTH MPOCTIIIY KOHCTPYKIIitO, sika O Majia BUCOKY TE€XHOJIOTIUHICTh Ta Ha[IHICTb.

Jlo po3paxyHKy 3ampONOHOBAHO KOHCTPYKIIIO JIHIHHOTO TEeHepaTopa, HaBeJIeHY Ha
pucynky 1. Ha muriaagpuaHOMY ctaTopi reHeparopa / po3mimeHo (a3Hi 0OMOTKH, sIKi SBISIOTh
c00010 TapaJiebHO 1 OCTIIOBHO 3’€HaHI KOTymKU 2. Ha TpaHcnsaTopi reneparopa po3MilieHo
KUTBIIEBI TOCTiIdHI MarHiTd 3 paJialbHAM HaMarHideHHsM 3, SKi YepryroThCcs 3a
HaMarHiueHICTIO.
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Pucynox 1 — Mopens niHIITHOTO TeHepaTopa 10 pO3paxyHKy
[TonepenHpo OyO JOCTIIKEHO BIUIMB B3a€EMHOIO PO3MIIICHHS OOMOTOK cCTaTropa Ta

MOCTIHHUX MarHiTiB TpaHciusTopa Ha ¢opmy Ta BenmmunHy EPC reneparopa. PesymbraTu
JOCITIPKEHHS HaBeJIeHO Ha PUCYHKY 2 Ta y Tabmuii 1.
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Pucynok 1 — ®opma EPC renepaTopa Ta ii MOy 3a7I€)KHO BiJI B3AEMHOTO PO3MIIICHHS
00OMOTOK CTaTopa Ta MOCTIHHUX MarHiTiB TpaHCIATOpa

Tabmuus 1 — Pesympratn pospaxynky mnapamerpiB EPC s BHKOHaHB cTaTopHOT
0OMOTKH TeHeparopa

Bapiant 1d 2 ¢ (1/2) 2¢(m 3¢

E\, B.0. 33.6942 33.6942 33.6942 33.6942
E,, B.O. - 36.0545 33.6942 35.4792
E;, B.0. - - - 35.4792
E,., B.O. 98.5611 98.5611 98.5611 98.5611
E,p, B.O. - 87.0693 47.9048 77.4377
E,;, B.O. - - - 77.4377
K 0.3419 0.3419 0.3419 0.3419
Ky - 0.4141 0.7034 0.4582
K - - - 0.4582
Ecep.s, B.O. 33.6942 63.3422 67.3884 94.2476

Ha mixcraBi pe3ynpTaTiB MareMaTHYHOTO MOJIETIOBAHHS, 3pOOJIEHO BHCHOBOK IIPO
JIOUUIBHICT BUKOPHUCTAaHHA TpU(a3zHOI OOMOTKM CTaropa MpU IOMY, 3TiTHO HPUHHATHX
T€OMETPUYHUX Ta KOHCTPYKTUBHUX pillleHb, BEIMYMHA BHUIPSMIICHOT BHXIIHOT HamNpyru
reHeparopa J0CTaTHS JUIsl 3apsiay TAToBO1 akyMyssiTopHoi 6aTapei 400 B.

Takox Oyno [JOCTIHKEHO 3aleXHICTh HANpYrd TeHeparopa Bil YacTOTH pyXy
TPAHCIIATOPA f, pE3yIbTAaTH NOCIKCHHS HaBEACHI Ha PUCYHKY 2.
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Pucynox 2 — 3anexHiCTh HaPyry TeHepaTopa BiJl YaCTOTH pyXy TpaHCIsATOpa
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[Tpu pyci, TpaHCAATOP BigUyBa€ MPUTATAHHS JI0 MArHITOIIPOBOJAY CTaTOpa 3a PaxyHOK
B3aEMOJIIT MarHiTiB TpaHCIsATOpa 3 (epoMarHiTHUMHU 3yOIsiMu ctaTopa (e(eKT MarHiTHOTO
3anumanHs). Po3paxyHOK CHJI MarHiTHOi TPOTHBOAIl, a TaKOX peakIlii SKOps, I03BOJISE
MOTIEPEeIHO BU3HAUUTH KOe(illieHT KOpHucHOi aii reHepaTopa. Y BH3HAYEHHX yMOBaxX BiH
cknazgae 95,8 %.

BUCHOBKHA
OTtpumani JaHi B IIJIOMY BiJIOBIJAIOTh SK M0 €HEPIrEeTUYHUM TaK 1 IO Maco-TadapuTHUM
mapamMeTpaM BiIOMHM €KCIIEpUMEHTAJIbHUM 3pa3kaM Ta MPOTOTHIAM TOJIOHOTO POy
NPUCTPOiB, omucaHux B JiTeparypi. Cinig Big3HAUWMTH, IO TPU BH3HAYCHHI Koe(illieHTY
KOPHCHOI /i reHepaTopa He BpaXxOBaHi BTPATH Ha TEPTS Yy OMOpax TPAHCIATOPA, a TAKOK BTPATH
CYIPOTHBY TOBITPAL.
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PO3POBKA TA JOCIIKEHHA CUCTEMU KEPYBAHHSA TAT'OBUM
ABUI'YHOM EJIEKTPOMOBUIA

Heuayc A.O., Xinescrkuii B.C.
XapKiBChKHI HAIIOHAIBHHUI aBTOMOOUTEHO-JOPOXKHIN YHIBEpCHUTET, YKpaiHa

BCTYII
BBaxaroun, mo enekTpoMoOiab, SK TPaHCHOPTHHH 3acid, MOKe MaTH Ppi3HI MacoBi
XapaKTePUCTUKH, SIKi 00YMOBJICHI CTYIIEHEM HOTO 3aBaHTAXEHHS, a TAKOXXK KEPYETHCS JIIOTMHOIO,
sKa Ma€ HIUBIAyalbHI HABUYKU MO0 MPUHIUITB Ta XapaKTepy BOJIHHSA, CHCTEMa KEpyBaHHS
EJIEKTPUYHUM JIBUTYHOM MOBHHHA MaTH MEBHY THYYKICTh, TOOTO 3[aTHICTH MiJIalITOBYBATHCS
70 IOTped BOist, YMOB PyXy Ta MOTOYHHUX XapaKTEPUCTUK EIEKTPOMOOLIIS.

PE3YJbTATHU JOCJIIKEHb

VY po0oTi MpOBEAEHO aHaji3 Pi3HUX METOJIB Ta AJTOPUTMIB KEPYBaHHSI CHHXPOHHUMH
JIBUTYHAMH 31 30y/DKSHHSIM BiJ] MOCTIMHUX MarHiTiB, SK HAaHOUIbII MPUHHATHUX HA TETIEPILIHINA
gac JUIsi BUKOPHUCTAaHHS B SKOCTI TSTOBUX JBHUTYHIB enekTpomoOutiB [1-3]. HaitOinbm
MOIIUPEHUMH € TIpSIME KepyBaHHS MOMEHTOM Ta IOJIe-OpPIEHTOBaHE KEepyBaHHs. Y TEPIIOMY
BUIMAJIKY KEPYIOUHMHU 3MIHHUMH € MOTIK Ta KPYTHUH MOMEHT, a TOJIOBHUMH TIepeBaraMi MeTOTy
€ MPOCTOTA, MBUAKUNA JUHAMIYHUN BIATYK Ta 3aJIeKHICTh BiJl MEHIIOI KUTBKOCTI MapaMeTpiB
MOPIBHSAHO 31 CXE€MaMHM TOJIe-Opi€EHTOBaHE KepyBaHHS. TMM HE MEHII, OCHOBHOIO IpoOIeMOI0
METOJy € BU3HAUEHHS ONTUMAIBHUX 33/IaHUX 3HAYEHb IMOTOKY Ta KPYTHOTO MOMEHTY BiJIHOCHO
ontumansHOro KKJI Ta BpaxyBaHHsI 0OMEXEHb CTPYMY 1 HAIIPYTH.

OCHOBHUMH TIepeBaraMu I0JIe-OPIEHTOBAHOTO KEPYBaHHS € HOro BUCOKI JWHAMIUHI
XapaKTePUCTUKH, TIOMIpHE O00YMCITIOBAIbHE HAaBAHTAKEHHS Ta MOCTIfHA 4acTOTa MEPEeMHUKAHHS,
fAKa HE 3aJIeKUTh BiJ IMBHAKOCTI MammHU. Lleii meron 3abe3medye po3B’s3aHe KepyBaHHS
KPYTHUM MOMEHTOM Ta IMOTOKOM TIi/T Yac MepeXiJHUX MPOIIECiB Ta y CTAI[IOHAPHOMY CTaHI.

3araipHa CcXeMa KepyBaHHS [JBUTYHOM 3 BHKOPHCTAaHHSIM TII0JIE-OPIEHTOBAHOTO
KepyBaHHs HaBeJeHa Ha pUCYHKY 1. DioneToBUM KOJBOPOM TOKa3aHi BXiJHI CUTHAIH,
YEpPBOHUM KOJILOPOM IMOKAa3aHO CHTHAJIM 3BOPOTHOTO 3B'SI3KY Bill peajbHOi CHCTEMH, CHHIM
KOJIBOPOM 300pakeHi MPOMDKHI PO3PaXyHKH.
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Pucynox 1 — 3aranpHa GI0K-CcXeMa MMoJIe-OpiEHTOBAHOTO KEPYBAHHS CHHXPOHHUM JIBUTYHOM 3
30yIKEHHSM Bifl MOCTIMHUX MarHiTiB

Metoau kepyBaHHs MO>KHA TIOJIUTUTH Ha KiTbKa Tpym [4-8].
Jlo MeTo1iB MPSIMOTO 3B’SI3KY BiTHOCATH:
- METO/]I aHAJITUYHOTO MPSIMOTO PO3PAXYHKY;

- METO/JI IPSIMOTO PO3IMKHEHOTO IIUKITY 3 ekcriepuMenTansHumu [1T;
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- METOJl OJJMHOYHOTO PETYNIATOpPa CTPYMY.

Jlo MeTo/1iB 3BOPOTHOTO 3B’SI3KY BITHOCSTH:

- METOJI KepyBaHHS KPYTHUM MOMEHTOM i moTokom 3 I1T;

- METO/JI YHi(pIKOBAHOTO MPSIMOTO KEPYBaHHS BEKTOPOM MOTOKY B MarHiTOIIPOBO/II CTaTOPA;
- METOJT BEKTOPHOTO KEpyBaHHS CTPYMOM;

- METO/I peryJaIOBaHHS BEJIMYMHU HAMIPYTH.

KoxeH 3 mepeniveHHX METOMIB Mae CBOI OCOOJIMBOCTI 1, BIAMOBITHO, TMEpeBard Ta
HEJOJIKH, SIKi IPOaHATI30BaHO y POOOTI.

Buxozsiuu 3 aHamizy po3riiiHyTHX MaTepialliB, MOKHA 3pOOUTH BUCHOBOK, IO PETYIATOP
JIBUTYHA €, MO CYTi, PErylIsATOpoM IO BiaxwuieHHIO. OCHOBHMMH BXiJIHUMHU CHTHAJIAMH, SIKi
BU3HAYAIOTh AJITOPUTM HOTO pOOOTH, 32 BUKITIOUSHHSIM 3aMUTy BOJIIS Ta HAIIPYT'H aKyMYJISITOPHOT
Oarapei, € 3HaUEHHS CTPYMIB JIBUTYHA Ta HOTO HIBUIKICTH, K1 3 SBISIOTHCS MICHS MOAAYi Ha
JIBUTYH KEpYyI4oro BIUIMBY. T00TO OCHOBHI po0Oodi mapamMeTpu CUCTEMH KepyBaHHS
BU3HAYAIOTBCS Ta PO3PAxXOBYIOTHCS IIICHS TOTO, SK JABWTYH TIIOYMHAE TmpamoBatd. Jlns
PeryasTopiB MO BIAXMJICHHIO XapaKTepHA BHCOKA TOYHICTh KEPYIOUMX BIUIMBIB, OCKUIBKH B¥KE
BiZIOME BIIXWJIEHHS POOOYMX TMapameTpiB Bi 3aJaHUX 3Ha4eHb. [Ipu 1bOMy 3BiCHO € TeBHA
3aTpUMKa MK MOMEHTOM I0J1adi KEPYIOUOTro BIUIMBY 0 MOMEHTY HOTO KOPEryBaHHS, SIKIIO 1€
noTpiOHO, OCKITBPKM TMOTPIOHWH Yac Ui aHali3y peakilii CUCTEMH Ha TONEpeqHiid KepyrouHii
BILJIVB.

[TigBUIIMTH IIBHIKOIIO CUCTEMH KEPYBaHHS MOKHA 3aCTOCYBABIIH PETYIATOP TIO
30ypeHHI0, IKUi TOYMHA€e poOOTY Ha MiACTaBi BXiTHUX 30ypIOIOUM BIUIMBIB, HE YEKAIOYH PEAKIIil
Ha HUX OO0’€KTy KepyBaHHS. MM BBaXa€Mo, IO OCHOBHUM 30ypIOIOYUM UYUHHUKOM JIJIsi
€IIEKTPOMOOLUTS, SIKUI 3MIHIOETHCS BiI OJJHOTO TPAHCIIOPTHOTO IUKIY JO IHIIOTO, € caMe Maca,
Ky BH3HAuUa€ KUIBKICTh MAcaKMpiB Ta HASBHICTh BaHTaxy. lIpum 3acTocyBaHHI BiINOBITHUX
JAaTYMKIB, Maca eJIeKTPOMOOLIS, a TaKoX ii pO3MOUT MK KOJIeCaMH, MOXe OyTH BU3HA4YeHA 10
MOYATKy PyXy 1 BpaxoBaHa CHCTEMOIO KEpyBaHHS TSTOBUM JBUTYHOM.

Maca enekTpoMoOuIS OTOCEPEKOBAHO BPAXOBYEThCS MpH (POpPMYBaHHI KepyIOUHX
BIUTUBIB PETYIIATOPA Yepe3 MOMEHT iHepilii Ha Baimy nBuryHa. OJHAK, y BCIX MpOaHATI30BaHUX
BUMAJKAX IS BEMYMHA € KOHCTAHTOIO JISi CHCTEMM KepyBaHHS, siIka BH3HA4eHa JJIsl TEBHOI
CHCTEMH BHXOJSIUM 3 y3arallbHEHHX Pe3yJbTaTiB XOJIOBUX BHIPOOYBaHb NMEBHOTO aBTOMOOLIS.
Mu nponoHyeMo, BBRKATH 110 3MIHHY 3aJI€KHOIO BiJl BUXITHOTO 3HAYCHHS MacH €JIeKTPOMOOLIS
Ha TIOYAaTKy i3/I0BOTO LUKy, 1 MepeadayuTd KOperyBaHHS alTOPUTMYy pOOOTH peryastopa
3aJIeXKHO BiJ Hel.

JlocmipkeHHsT perynsTopa IBUTYHA Ta Horo mMoam¢ikoBaHOi Bepcii Oyno mpoBeneHe y
nporpamHoMy cepenoBuini Matlab/Simulink. OgauM 3 OCHOBHHX HaIlpsIMiB JOCTIHKEHHS OyI0
BU3HAYCHHS BIUIMBY MacH aBTOMOOUII Ha poOOTy CHUCTEeMHM KEpyBaHHS EHEPreTHYHOIO
YCTaHOBKOKO eJIeKTpoMoOiIs. PobOoTa cucTeMu KepyBaHHS OIIIHEHAa OTIOCEPEJIKOBAHO depe3
JOCTYIHI JUIS aHAITi3y MapaMeTpH MOJIENI.

Ha pucynky 2 HaBeneHO BIKHO Bi3yamizamii pe3ynbTaTiB mociimkeHHs. Ha mectn
ocumwiorpamax 300paxeHo rpadiku 3MiHHM JEIKHUX THapameTpiB enekTpomMoOurs. 30kpema Ha
nepurid ocumiorpaMi (pUCYHOK 2, a) TOKa3aHO MBUAKICTH aBTomMoOuti. Ilpu mpomy, xoBTa
KpHBa IIOKa3ye IIBHUJIKICTb, SKy BHMarae BoZid. TyT peanizoBaHO MJOCHIAHMNA IHKI 3
MaKCUMaJIbHUM TPUCKOPEHHSM, TMOYMHAIOYM 3 | CeKyHAW MICls MOYaTKy IUKIY. 3BICHO, IO
eJIEKTPOMOOUTE HE MOXE MHUTTEBO JOCITTH 33aHOl IMIBHAKOCTI, CHHS KpHBa TIOKa3ye ii
MOCTYIOBE 3pOCTaHHs. [lJI BU3HAUCHHS 4acy pO3rOHY €JIEeKTPOMOOLIA, CIIiJ] BIAHATH BiJ Hacy f,
1 cexynny. Ha 30 cexyHai MOCHiJHOTO UMKy, BOJIM 3AIHCHIOE E€KCTpEHE TallbMyBaHHS,
BHMAararoui MOBHOI 3YMHHKH €JIEKTPOMOOLIA, OJIHAK, 3BiCHO, IO MPOIEC TaJbMYyBaHHS TaKOX
BiIOyBa€ThCS HE MHUTTEBO, a 3aiimMae meBHMU uac. [l BU3HAYEHHS 4Yacy TaJbMyBaHHS
eJIeKTPOMOOUTS, CITil BIMHATH Bix yacy # 30 cexyH.

Ha pucynky 2, 0 moka3zaHO 3MiHYy CTYNEHS 3apsiay aKyMymiaTopHoi Oatapei
eJIeKTPOMOOUTS, KpUBa 3MIHM HIBUAKOCTI JBUTYHA, 300pa’keHa HAa PHCYHKY 2, B, 3MiHa CTPyMY
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aKyMYJISITOpHOI OaTapei HaBelleHa Ha PUCYHKY 2, T, OCTAHHS OCLMJIOTpaMa Ha PUCYHKY 2, €
MOKa3ye YMOBHY €KOHOMIIO MAJIMBA 32 PAXyHOK BUKOPHUCTAHHS €IeKTPHYHOI €HepTii.

a

Pucynox 2 — BikHo Bi3yauizaiii pe3yabTaTiB AOCITIHKEHHS

BUCHOBKHA
SIKmo  y3aragbHUTH pPE3yJAbTaTH JOCTIDKEHb, MOXHA 3pOOMTH BHUCHOBOK, IO
3alpoONOHOBaHa MOJUQIKAIis CUCTEMH KEpyBaHHS TATOBHUM  EJIEKTPUYHHUM JIBUTYHOM
€JIEKTPOMOOUTS, Ja€ TO3UTUBHUIN PE3yNbTaT MIOA0 MiJBHUINEHHS JHHAMIYHUX Ta €KOHOMIYHUX
MOKAa3HUKIB eIEKTPOMOOLIS TPU BpaxyBaHHI CTYIEHS HOTO 3aBaHTa’KEHOCTI.
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BJIOCKOHAJIEHHA CUCTEMMU JATUUKIB YACTOTHU OBEPTAHHSA YV CKUIAI
CUCTEMMU KEPYBAHHS EJJEKTPOMOBLIA

Heuayc A.O., Jo6poaeunkuii K.A.
XapKiBChKHI HAIIOHATBHHUI aBTOMOOUTEHO-JIOPOXKHIN YHIBEpCUTET, YKpaiHa

EnexTpoHHI cHCTeMH KepyBaHHS CyYaCHMX AaBTOMOOLTIB 3iHCHIOIOTH Oe3nepepBHUIA
KOHTPOJIb O€3714i mapaMeTpiB, SKi BU3HAYAIOTH AITOPUTMU POOOTH CHUCTEM, BY3JIIB, arperariB Ta
OKpEeMHX TPUCTPOiB aBTOMOOUIA. BrpoBa/pKeHHS Cy4acHHX CHCTEM JIOTIOMOTH BOIIO,
BKJTIOYAIOYM CHCTEMY aBTONUIOTY, peaji3allis CKIAJHUX CHUCTeM KepyBaHHS IPYHTYETbCS Ha
iH}opMmarlii, sika OTPUMYETHCS Bi PI3HOMAHITHUX MAaTYMKIB (i3SUMUHUX BEIWYMH, TPH IHOMY
BHMOTH JI0 TOYHOCTI, IIBUAKO/III Ta TOCTOBIPHOCTI JATYHKIB IMMOCTIHHO 3pOCTAIOTh.

[TpuBOMHI €NEeKTPUYHI NBUTYHH CyYacCHUX EJIEKTPOMOOLTIB MalOTh CKJIAJHI CHUCTEMH
KEepyBaHHs, SIKI MICTSATh 3BOPOTHI 3B’S3KM 1 IPYHTYIOTBCS Ha JIOCUTH CKJIQJHHX aJTOPUTMax
00poOku iH(opMmarii. Hampuxnaa, mone-opieHTOBaHE KepyBaHHS CHHXPOHHHM JBHUTYHOM 3i
30y/PKEHHAM Bil TOCTIMHMX MAarHiTiB. 3acTOCyBaHHS O€3/IaTUYMKOBUX CHCTEM KepyBaHHSA, SKi
BUJIUISIOTH KOPHCHY 1H(OpMAIlifo 3 ImapaMeTpiB HAPyrd Ta CTPYMY €NEKTPUYHOTO JIBUTYHA, MA€E
NeBHI OOMEXKEHHs Yepe3 HasBHICTh MOXHOOK, SIKi BUHUKAIOTHh MPH JTUHAMIYHUX 3MiHAX PEXUMY
poOOTH JBUTYHA, IO XapaKTEPHO caMe JUIs TPAHCIIOPTHHUX 3aco0iB. B Takomy pasi 3acTocyBaHHs
caMe JIaTYMKIB YacTOTH € OUIbII MPUHHATHUM DIlIEHHsSM, sike 3a0e3mnedye 3ajJaHy TOYHICTh Ta
HAIIWHICTH P BITHOCHO HU3bKil BAPTOCTI.

[TonosxeHHsST pOTOpa ENEKTPUYHOTO JBUTYHA MOKHA BUMIPIOBATH IIISTXOM BUMIPIOBAHHS
MarHiTHUX TIOJIB 3a JOMOMOTO0 JiHIHHMX AartyukiB Xoja. L[i Mar”itTHi TOJIS MOXYTh
CTBOPIOBATHCS SIK MarHiTHUMHU TOJIIMU TOJIOCIB POTOpa, TaK 1 CIEHiaIbHUMHU J0JaTKOBUMHU
MarHiTaMM pPO3MIIIEHUMH Ha poTopi abo #oro Bamy. OJHMM 3 TOJIOBHHX HEIONIKIB TaKOTO
pillieHHSI € CHUJIbHA HENIHIMHICTH, siIka OOYMOBIIEHAa CKJIaJHOIO (HOPMOIO MAarHiTHHUX TMOJIB, a
TaKOX MapaMEeTPUYHUMH HEBU3HAUYEHOCTSMH Yy T€OMETpIi Ta BIACTUBOCTAX MaTepiaiiB. Tomy y
HayKoBil nepioauui [1-4] BimMivaeTbcs moTpeda y 3aCTOCYBaHHI JOAATKOBUX 3aX0MIIB 00pOOKH
CUTHAJIIB JTJATYMKIB X0JIa, 0 YCKIAJTHIOE CUCTEMY KepyBaHHS.

[IponoHyeThbCs SIK  AJbTEPHATHBHE pIIIEHHS BHUKOPUCTOBYBAaTH TIPU BUMIPIOBaHHI
YaCTOTH Ta TIOJOXKEHHS 00EPTOBUX YACTHH Ta MEXaHI3MIB €JIEKTPOMOOLIS MarHirope3uCTUBHI
natunku. [lousaTrs MP-edextiB moennye edekt ['ayca y HamiBIpoBimHMKax Ta e JEKiTbKa
MAarHiTOPe3UCTUBHUX e(QeKTiB y pi3HMX Matepianax. Lli epexTn MaioTh y3arajibHEHY Ha3BY
XMR. Ilepma mitepa X mo3nauae Tunt MP-edexry:

AMR (Anisotropic magnetoresistance) — aHI30TPOITHHI MarHITOPE3UCTUBHUH e(eKT;

GMR (Giant magnetoresistance) — riraHTCbKHIi MarHiITOPE3UCTUBHUHN e(eKT;

TMR (Tunnel magnetoresistance) — TyHeIbHHI MarHITOPE3UCTUBHUIN €(EKT;

CMR (Colossal magnetoresistance) — K0JIOCaTbHHIA MarHITOPE3UCTUBHUH e(eKT;

EMR (Extraordinary magnetoresistance) — eKCTpaopaiHapHHI MarHITOPE3UCTUBHUIN e(DEKT.

[Mepmi Tpu 3 mepenidveHnx eekTiB Ha AaHUH Yac Oyau BIOPOBA/KEHI Y BUPOOHUITBO i
JOCUTHh IIUPOKO BUKOPUCTOBYIOTHCS y HOBITHIX CHCTEMax KOHTPOJI Ta KepyBaHHS. [HI —
nepeOyBaroOTh Ha CTAIT TOCTIHKCHHSL.

XMR-edexkTn MaroTh MOPIBHSAHO 3 JaTYMKaMU XOJja BUILY YYTJIMBICTH Ta HaAIHHICTB,
3aTHI TMpaloBaTH TMpH BHCOKMX TemmepaTypax. KpiM TOro, BOHM 37aTHI MpaIfoBaTH TNpU
OUIBIIMX MOBITPSIHHUX 3a30paxX Ta MAalOTh MEHIIHNH PiBeHb BJIACHUX HIyMiB [5-7].

[Mpunnun nii gatuukiB Ha 6a3i XMR-e]eKTiB pyHTYeThCS Ha 3aJI€KHOCTI EKTPUIHOTO
OTIOpY Y PI3HUX MaTepiajax Ta CTPYKTypax BiJ BEIMYUHH MAarHiTHOTO MOJIS.

AMR-edekT BUHUKaEe y pepOMarHiTHUX MaTepianax, Omip sIKUX 3MIHIOETHCS 3aJIEKHO Bil
HampsiMy Mar"iTHOro nojst (puc. 1, a). 3MiHa omopy CKIaaae MOPSAKY AEKUIBKOX BiICOTKIB, IO
JI03BOJISIE ACTEKTYBATH CJIa0Ki MarHiTHI MOJIS.

GMR-edekT crocTepiraeThcss y 0araTomapoBHX CHUCTEMax, SKi CKIATAIOThCS 3 IMapiB
(depoMarHiTHUX MaTepialiB, PpO3AUICHMX HEMarHiTHUMH npomapkamu (puc. 1, 06). 3a
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BIZICYTHOCTI 30BHIIIHBOTO MArHiTHOTO TMOJIA (EPOMAarHiTHI MIapd MAalOTh aHTHIIApaJielibHe
HaMarHiueHHs 1 XapaKTepPU3yIOThCS BEIUKUM €JIeKTPUYHUM OTIOPOM. 32 HasIBHOCTI 30BHIIITHBOTO
MAarHiTHOTO TOJs (epOMarHiTHi Mapu HAMarHi4ylThCS MapalieIbHO, MPH LOMY OTIp JaT4hKa
3mentryersest Ha 10 — 50 % 3anexHo Bif IHITUX YUHHUKIB.

Pucynox 1 — Jlo nosicaenns AMR- ta GMR-edexty

TMR-edext Mae wicne y mIapyBaTUX CHCTEMaX, $KI CKJIAQJAlOTbCs 3 MIApiB
(dbepomarHiTHUX MartepiaiiB, po3AiIeHUX 30JsmiiiHnMu npomapkamu (y GMR — HemarHiTHi).
[30mA1iiiHI Iapy BUCTYMAIOTh K TYHEJNbHUN Oap’ep, Kpi3h SKUN BiAOYBA€THCS TYHEIIOBAHHS
€JIIEKTPOHIB MK IIapaMH i JI€F0 30BHINTHLOTO MAarHiTHOTO ToJis. Omip JaTdyuka 9yTIMBHA J0
HanpsMy 30BHIIIHBOTO MAarHiTHOTO TOJIS.

Pemty XMR-edekTiB MOKHA BITHECTH IO TEXHOJIOTIH, III0 pO3BUBAIOTHCS. Ha TenepimHiii
Yac BOHU peaizoBaHi B TaOOPaTOPHUX YMOBAX 1 IATYMKU HA TX OCHOBI MOKU HE BUPOOJISIOTHCSL.

BUCHOBKH
Buxosiun 3 aHanizy NMpOMHCIOBHX 3pa3KiB JAaTYMKIB CIIJl BIAMITHTH, IO Cy4acHi 3pasKu
BUTOTOBJISIIOTECS Y IHTETpAIbHOMY BHKOHAHHI, TPH YOMY TMO€AHYIOTHh JEKUIbKa YYTJIMBUX
€JIEMEHTIB, CUCTEMH O0OpOOKHM BXIHUX CHUTHAJIB, a TAKOX MalOTh MOXKJIMBICTH MporpamyBanHs. 1o
repeBar MarHiTOPE3UCTHBHUX JAaT4YMKIB BITHOCSATH: BHCOKY YYTJIMBICTh, TOUHICTH Ta PO3JAUIBHY
3JIATHICTb, HA/IIMHICTh Ta HU3bKY €HEProeMHICTb. L{IHOBHIA Niara30H BBAXKAETHCS TPHUHATHHIM.
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DEVELOPMENT OF ENERGY GENERATING SYSTEM FOR
TRANSPORT AND ITS INFRASTRUCTURE

Hanna Hnatova
KIOS Research and Innovation Center of Excellence, University of Cyprus (Cyprus)

The rapid advancement in sustainable energy solutions has intensified the search for
effective methods to meet the growing energy demands in transportation infrastructure. As
urbanization and vehicle usage continue to rise, the need for renewable, low-emission energy
sources has become more critical. Many countries, including Ukraine and Latvia, are actively
integrating renewable energy to enhance energy security and reduce their dependence on fossil
fuels. In Ukraine, legislation such as the Green Tariff law supports renewable energy by offering
favorable tariffs for electricity generated from alternative sources. Similarly, Latvia’s National
Energy and Climate Plan sets ambitious renewable energy goals, aiming for 60% renewable
electricity consumption by 2030. These initiatives underline the importance of sustainable
infrastructure in achieving national energy objectives [1-4].

This study introduces a novel approach to address energy demands within transport
infrastructure by developing an energy-generating system that utilizes kinetic energy from both
pedestrian and vehicular movement. This system, employing stepper motors and piezoelectric
elements, is designed to convert kinetic energy into electrical energy, which can be stored and
used to power low-energy applications within the infrastructure. The modularity and scalability
of the proposed system allow for seamless integration into existing infrastructure, making it a
promising solution for urban areas with high traffic flow.

This article outlines the system’s architecture, including mechanical and electrical
components optimized for energy conversion. Experimental results confirm its effectiveness,
showing potential for energy savings and environmental sustainability in transport infrastructure.
The work demonstrates the feasibility of converting kinetic energy into usable electricity,
offering a practical step toward sustainable urban energy solutions.

The methodology for the development and testing of the energy-generating system focuses
on three major stages: system design, energy conversion mechanisms, and experimental
evaluation.

1. System design and component configuration. The design process began with the
selection of core components, including stepper motors (SMs) and a three-stage speed multiplier,
to maximize energy conversion from kinetic to electrical energy. The electric energy generation
system utilizes a modular structure allowing flexibility in component arrangement. The key
design elements include:

— three-stage multiplier: the multiplier plays a critical role in amplifying rotational speed,
enabling efficient energy conversion even with small movements [5];

— stepper motors (DSHI200 Type): two stepper motors were employed in generator mode
to capture kinetic energy and convert it to electrical output. Configurations were tested with
single and dual SMs to assess performance under different load conditions [6];

— return springs and platform structure: to ensure repeated use and reset, return springs
were positioned to return the platform to its initial position after each activation. The platform
movement was limited to avoid excessive displacement while still activating the multiplier for
optimal energy output.

2. Energy conversion mechanism. The system operates by translating the vertical force of
each step into rotational energy. As users step on the platform, the upper cover compresses,
transmitting force to a crank mechanism connected to the multiplier. This design ensures that the
linear motion of the cover translates into the rotational movement required by the stepper motors:

— multiplier functionality: the three-stage multiplier system uses meshing cylindrical
helical gears with a total transmission ratio of 9.8, carefully chosen to balance torque and speed
to optimize power generation. This setup significantly enhances the SMs' output by increasing
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the shaft’s angular velocity.

— current regulation: after energy conversion, the generated current is regulated and
stored. The system includes a rectifier that converts the alternating current produced by SMs into
direct current for storage in a capacitor.

3. Experimental evaluation. The system underwent extensive experimental testing to
assess its power generation capabilities, efficiency, and durability under real-world load
scenarios. Key elements of the experimental evaluation include:

— load testing: the system was activated under varying weights and frequencies,
simulating pedestrian and vehicular load conditions. Each trial involved ten consecutive steps per
test configuration, measuring the energy output of configurations with one or two SMs;

— power output measurement: voltage and current were measured across a set load
resistance of 18 Ohm to calculate power using Ohm’s Law. The voltage-time profiles obtained
during testing were analysed through the trapezoidal integration method, enabling an accurate
estimation of the total energy generated per step cycle;

- durability assessment: to ensure reliability, the system was subjected to multiple
activation cycles. Results indicated consistent performance across tests, showing less than a 5 %
decrease in power output after extensive use, demonstrating the system’s durability and
applicability in high-traffic areas.

This methodology provides a detailed approach to system configuration and testing,
ensuring that the energy-generating system achieves high efficiency, durability, and practicality
for urban transport applications.

RESULTS

The experimental results obtained for the energy-generating system provide insights into
the system’s efficiency, output, and suitability for practical applications in urban environments.

1. Energy output. The experiments demonstrated that each step on the energy-harvesting
tiles could generate an average of 1.16 W of electricity. This output is influenced significantly by
the speed and force of the step rather than the user’s weight, indicating that faster, sharper steps
yield more energy. This finding is crucial for determining optimal locations for deployment, as
areas with brisk pedestrian movement or repetitive steps (such as transit stations) could
maximize energy yield.

Table 1 — Value of generated power

Series of 10 steps
1 2 3 4 5 6 7 8 9 10

1 SM, W 2878 | 1667 | 3644 3126 | 2114 3542 4214 | 2886 | 3564 3226

2 SM, W 13845 5551 | 11403 | 12124 | 9856 | 13245 | 13856 | 9876 | 13541 | 12385

Amplification | ¢\ 35 | 3, 39 | 46 | 37 33 | 34 | 38 3.8
factor, k

2. Efficiency improvement with stepper motor configuration. Testing with different
configurations of stepper motors revealed that incorporating two stepper motors in the system
significantly boosted power output. Compared to a single motor configuration, the dual motor
setup achieved a nearly fourfold increase in electricity generation, with a gain factor averaging
3.9. This enhancement aligns with electromechanical principles, where parallel motor
configurations can increase current and consequently boost power output exponentially.

3. Durability and operational viability. Durability assessments indicated that the system
maintained stable performance even after repeated loading cycles. Over multiple activation steps,
the output power remained consistent with minimal degradation, showing less than a 5%
decrease in output after extended use. This durability supports the system's suitability for high-
traffic urban environments where frequent and continuous usage is expected.

4. Simulation results and scalability. Simulations performed on similar configurations
showed that, when integrated into road infrastructure like speed bumps, the system could
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generate rotational speeds of approximately 1350 RPM in the stepper motor’s rotor as a vehicle
traverses the bump. This rotational energy was successfully converted into electrical power,
demonstrating the potential for scaling the technology to accommodate vehicular traffic. The
system could store generated energy in batteries, providing a consistent source of power suitable
for low-demand applications such as LED streetlights and traffic sensors.

5. Practical applications and environmental impact. The results underscore the feasibility
of using the system as a decentralized power source in high-footfall or vehicle-heavy areas. By
capturing kinetic energy from pedestrian or vehicular movement, the system can contribute to
sustainable urban energy solutions. This technology offers a viable method for generating
electricity in an environmentally friendly way, supporting urban lighting, signage, and other
small infrastructure needs with minimal additional energy demand.

This data confirms that the energy-harvesting tiles, with the optimized stepper motor
configuration, provide a scalable, durable, and efficient solution for renewable energy generation
in urban infrastructure.

CONCLUSIONS

This research demonstrates the potential of stepper motor-based systems for energy
generation in transport infrastructure. Key findings include: the DSh 200-1 motor was identified
as particularly efficient for power generation at specific rotation frequencies; connecting two
stepper motors increased power output by about 3.9 times, averaging 1.16 W per step; energy
output depends more on step speed and sharpness than user weight, with brisk movement
maximizing yield; as a road bump, the system could generate around 22.471 Wh per vehicle,
making it viable for high-traffic urban areas.

These results provide insights into designing sustainable urban power sources,
highlighting the system's efficiency, durability, and broad application potential.
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SMART CITY: CUCTEMA IHTEJIEKTYAJIBHOI'O
OCBITJIEHH4 BYJIMIb

Heninsko 5.0., /I3r00enko O.A.
XapKiBChKHI HAIIOHATBHHUI aBTOMOOUTEHO-JIOPOXKHIN YHIBEpCUTET, YKpaiHa

BCTYII
BiiiHa B YkpaiHi CHUIBHO TIOcTIabuiia eHepreTHyHy iH(PaCTPyKTYypy KpaiHu, 10 IPHU3BEI0
10 nedinuTy eNeKTpOoeHeprii Ta HeOoOXIAHOCTI il eKOHOMIi, B TOMY YHCIi 1 3a PaxXyHOK
3HECTPYMJICHHS BYJIHIb Ta OO’€KTIB YNPaBIiHHS JOPOXHIM pyxoM. B cBorwo depry moBHa
BIZICYTHICTh OCBITJICHHSI BYJIMIb B TEMHY MOPY J00M NMPU3BOIUTH 1O 30UIBIIECHHS JOPOXKHBO-
TPAHCHOPTHUX MPHUTOI.

META TA TIOCTAHOBKA 3AJTAYI

Merta po6OTH — MiABUIIEHHS PIBHA O€3MeKH Ta KOM(POPTY TPOMAISH B YMOBAaX BOEHHOTO
CTaHy 1 3a0e3NeYeHHs eHepro30epeXeHHS Ta ONTHMI3alil BUTPAT Ha OCBITJICHHS BYJIHIIb.
Bupimenssim ganoi npobieMu Moke OyTH CHCTeMa IHTEIEKTYallbHOTO OCBITJIICHHS BYJIHIIb - 1€
KOMIUIEKCHA CHCTEMa, 1110 BKJIIOUA€E B ceOe PsiJl pi3HOMAHITHUX KOMIIOHEHTIB, IO CIIBIPAIIOIOTh
MDK c000t10, 00 3a0e3meunTH eheKTUBHE Ta EKOHOMHE OCBITJICHHS BYJIHIIb.

Inest poGoTu cucteMu mojsirae B TOMY, 00 OCBITIEHHS BYIHUIh 1 00°€KTIB JOPOKHBOT
iHpacTpykTypu Oyno AWHAMIYHUM 1 BimOyBajoch y MicUAX J€, B TOTOYHHA MOMEHT,
BiOyBa€eThCsl TOpOXKHiN pyx. Taka cucrema Moke OYTH SK JIOKaJbHOK, TaK 1 BKIIOYEHOIO B
3arajgbHy MEpexXy KepyBaHHs MICTOM 1 TOBHHHA MaTH MOXJIUBICTh MacCIITa0yBaHHS.

PE3YJIbTATHU TEOPETUYHUX JOCIIAKEHb

CucremMa OCBITJICHHS BYJHIIb B YKpaiHi Mae 6araTo rnpooiem, o BIUIMBAIOTh Ha Oe3MeKy
TPOMAJISIH Ta PIBEHb KOMPOPTY KHUTTs. OIHIEIO 3 TOJOBHUX MPOOJIEM € 3aCTapiIiCTh 00IaTHAHHS
Ta HOro HHU3bKa eHeproe(eKTUBHICTh. YacTo BYIHIII OCBITIIOIOTHCS 3aCTApUIMMHU JIIXTApSIMHU 3
HU3BKOIO CBITJIOBOIO BiJIadyero, MO0 TPU3BOJAUTH /O HENOCTAaTHHOI OCBITIIEHOCTI BYIHUIL Ta
MIZBUIIYE PU3UK BUHUKHEHHS HEOE3TEKH /IS )KUTENIB Ta TPAHCIIOPTHHUX 3ac00iB [1].

Kpim Toro, icHye mpoGiiema HeOCTaTHBOI KUTBKOCTI CBITIOPOPIB Ta iX BIACYTHOCTI Ha
JEIKUX NUISTHKaX JOpir, M0 YCKJIATHIOE PyX TPAaHCHOPTY Ta IMIIOXOMIB 1 MiABHIIYE PUZHK
BUHHUKHECHHSI aBapiii.

IHmoro mpo0eMor0 € HePIBHOMIPHICTh PO3TAlIyBaHHS CBITWJIBHHMKIB Ha BYJIHMISAX Ta iX
HenpaBWIbHA OpieHTallis. L{e mpuU3BOMUTE J0 TOrO, MO AESKi MUISHKA JOPIT 3aTUIIAFOTHCS
HE/IOCTaTHBO OCBITJICHHMHM, TOJ SIK IHIII — TEPEOCBITIIOIOTHCS, IO 30UTBIIyE BUTpPATH Ha
€IIEKTPOCHEPTII0.

Takox € mpoOiemMa HU3BKOT SIKOCTI €JIEKTPOKUBIICHHS, 110 BUKJIMKA€E HemependavyBaHi
BUMKHEHHS CBITJIa Ta IOPYIIEHHS HOPMAJIBHOTO PEXUMY poOOTH oOnagHanHs. BaxImBo Takox
3a3HaYUTH, M0 OaraTo MICT B YKpaiHi HE MarOTh LEHTPAIi30BaHOI CHUCTEMHU YIPaBIiHHSI
OCBITJICHHSIM, III0 TTPU3BOJIUTH J0 BUTPATH €HEprii Ta 3a0pyaHEHHS TOBKLULIS.

Po3poOka Ta BIPOBaKEHHS IHTEIEKTYAIbHOT CUCTEMHU OCBITJICHHS BYJIHIb y BOEHHHIMA
yac B YKpaiHi MOXe JJOIOMOTTH MiJIBUIUTH €HEProePeKTUBHICTh, 3HU3UTH HABAaHTAXXCHHS HA 1
0e3 Toro ocialieHy €HEeproCUCTeMY Ta MiJBUIIUTH O€3MeKy JOPOXKHBOTO PyXy Ta KoMdopr
MIPO>KUBAHHS.

OCHOBHI KOMIIOHEHTH CHCTEMU IHTEIIEKTYAIbHOTO OCBITJIICHHS BYJIUIlh: CEHCOPH PyXy Ta
OCBITJICHHS - BOHH PEaryrTh Ha PyX TPAHCIIOPTY Ta MIMIOXOIIB Ta 3a0€3MeUyIOTh AaBTOMATHIHE
BKJTIOYEHHS CBITJIa; KAMEPH BiIEOCMOCTEPEKEHHS — JJO3BOJISIOTH BUABIIATH MPOOIEMHI JIISTHKU
BYNUIll, HEOE3MEeKy sl MIIIOXO/iB, JOPOXKHI 3aTOPW TOLIO; KEPYIOUHH MPUCTPil — cucTema
KepyBaHHsI OCBITJIEHHsIM Ha Bynuili. Kepyrouuii mpuctpiii 0o0pobisie iHdopmariiro Bii ceHCOpiB
Ta KaMep Ta BIAMOBIHO PETYII0€ poOOTY OCBITICHHS; KOMYHIKALiHI MEpeXi — J03BOJISIOTH
nepeaaBaTy iHPOPMaILIilo MK PI3HUMUA KOMIIOHEHTaMHU CHCTEMH.
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VY CBIiTi iHTeNEKTyaJbHE OCBITICHHS BYIHUIb € MOMMUPEHUM siBUIIeM [2]. B po3BuHeHHX
KpaiHax, Takux sk Himewunna, IlIseris, SAmonis, CIIIA ta Kananga, cucTeMu iHTEIEKTYaaIbHOTO
OCBITJICHHSI BYJIMIIb B)XKE BIIPOBA/KYIOThCS Ha pi3HMX piBHiAX. Lli cucremu mnependayaroTb
aBTOMATHYHE YIPABIIiHHS OCBITICHHSM, 3AJIEXKHO BiJ PIBHS CBITJIa Ta MIOTOJJHUX YMOB, a TaKOX
MO>KJIMBICTh MOHITOPHHTY Ta JUCTAHI[IMHOTO YIIPaBIIHHS.

PO3POBKA CUCTEMMU SMART CITY

Konmenmiss cucreMu IHTEIEKTYaIbHOTO OCBITJIIGHHS BYJHIb TOJSATa€ B TOMY, 0O
3a0e3MeYuTH ONTUMAIIFHIIA piBEHb OCBITJICHHS HA BYJIHUIAX B 3aJI€KHOCTI BiJl MOTPeOU Ta yMOB.
JIns pOTO CHCTEMa BHKOPHCTOBYE pi3HI THIM CEHCOpIB, TaKi SK JATYUKH PyXy, JATUHKH
OCBITIICHOCTi, JaT4WKH Temmeparypu tomo. Ili ceHcopu 3abe3neuyloTh aBTOMATHYHE
peryaroBaHHS SICKPABOCT1 OCBITJIEHHS B 3aJIeKHOCTI BiJl TOTO, YH € HA BYJIHUII JIFO/IU, TPAHCIIOPT,
K1 ITOTO/IHI YMOBH, SIKa TIOpa 00H.

B poGoTi mnpomoHyeTbcs JAeKiTbKa BapiaHTIB MOJEpHI3allli CHUCTEMH BYIUYHOTO
OCBITJICHHSI 10 3a0€3MevyroTh MiJBUIIEHHS Oe3MeKr pyxy MIMIoXoAiB Ta BoiiB. Jlo Takux
CHCTEM BiTHOCSTBHCS:

- cHCTeMa IUHAMIYHOTO OCBITJIGHHS JOpPIr: Taka CHCTEMa CKIAJA€ThCs 3 JIXTapiB
OCHAIIIEHUX CHUCTEMOIO YIPABIIHHS 3 AaTYMKAMU PyXy, M0 (IKCYIOTh PyX TPaHCIOPTY 1 Horo
IIBUJIKICTh B 3aJIEKHOCTI BiJl YOTO BYJIHIS OCBITIIOETHCS HA 150 — 200 M y HampsiMKy pyxy
tpancnopty. I[lo Mipi mpoi3gy TpaHCHOPTY, SKIIO MOJAIBLIMKA pyX HE (IKCYeTbCS JIXTap
BUMUKAEThCA. YCi JTiXTapi 00’€1HaH] B €MHY MEPEXY 1 mepeaatoTh iH(GOopMaIlifo BiJl 0HOTO 10
HIIIOTO, TIOTIEPEHKAIOYH 3a34aJIeT1Ib PO HAOIMKEHHS TPAHCTIOPTY 1 PeXKHUM PYXY;

- cHCTeMa JMHAMIYHOTO OCBITJIEHHS TpPOTyapiB: CHCTeMa Iependadyae J10JaTKOBY
MIICBITKY TPOTYapiB CBITJIOMIOMHUMH CTpidKaMH a0o JXTapsSMU OCHAIICHUX JATYUKAMU PYXY,
0 (DIKCYIOTh PYX IMIIIOXO/IB 1 iX MIBUAKICTH B 3aJICKHOCTI BiJl YOTO BYIIHUIIS OCBITIIIOETHCS Ha 20
— 50 M y HanpsIMKy pyXy, MPU I[bOMY OCHOBHI JIIXTapi, M0 OCBITIIOIOTH JIOPOXKHE MOJOTHO HE
3aIisH1;

- CcHUCTeMa JMHAMIYHOTO BKIIFOUEHHS CBITIIO(MOPIB: Taka CHUCTEMa CKIAJA€ThCsS 3
PETYII0EMHUX TEPEXPECTh 3 AATYMKAMH PYXY, IO PIKCYIOTh PyX TPAHCIOPTY 1 HOTo MIBUAKICTH B
3aJISKHOCTI BiJl 4OTO CBITIIOPOPH MEPEXOAATh y poOOUnii peknuM NMpH HAOIMKEHHI TPAHCTIOPTY
Ha 150 — 200 M g0 mepexpecTs. 3a BiICYTHOCTI TPAHCIIOPTHUX 3ac00IB B MeXaX MEpPexpecTs
cBITIIO(OpH TMEepeXosITh y €Hepro3oepiratounii peskuM, 3HWKYIOUH SICKPABICTh 0 MIHIMAIBEHO
MOXKJIMBOT,

- cECTeMa TUHAMIYHOTO IMiJICBIYCHHS MIIIOX1THUX TIEPEX0/IiB: TaKa CHCTEMa CKJIAJaEThCs
3 MIMIOXIJHUX MEPEXO/IiB OCHAIIEHUX JaTYMKaMH pyXy 1 TpadaperHum rodo npoekropom. Ilpu
¢ikcamii mimoxoxa, MmO HAOIMKAETBCS 0 TEPEeXoly BMHUKAETbCA TPOCKINST PO3MITKH
MIIIOXIAHOTO Tepexo1y «3edpay, Ta 3HakiB 1.32 Ha JOPOKHE MOJOTHO.

BUCHOBKH

VY3arajgpHIOIOUM, CHUCTEMa IHTEIEKTYaJbHOTO OCBITJCHHS BYJIHMIb € IHHOBALIHHUM
TEXHOJIOTIYHUM PIIICHHSM, SIKE JO3BOJISIE 3HU3UTH BUTPATH HA €IEKTPOCHEPTII0 Ta MOKPAIIHTH
SIKICTh OCBITJICHHSI BYJIHIIb, 3a0€3MeUyr0Ur IPH IbOMY 0e3MeKy Ta KoM(OPT MEIITKAHIIIB MICTa.

B po6oTi 3anponioHoBaHa KOHIIEIIisS PO30YI0BH CUCTEMU IHTEIEKTYAIbHOTO OCBITJICHHSI,
IO CKJIQJIAETHCS 3 YOTHPHOX MIJICUCTEM 3B SI3aHUX B €IMHY MEPEXY CMapT MicTa, IO JI03BOJISIE
3abe3neuyBaTd €(EKTUBHE OCBITICHHS BYIWIb TNPH MIHIMAJbHOMY EHEPrOCIOXHBAaHHI Ta
IIMPOKHUX MOYKIIMBOCTSX KEPYBaHHS.

JITEPATYPA
1. CantukoB B.O. OcBitnenns mict: HaBu. mocionuk. — Xapkis: XHAMI', 2009. — 221 c.
2. IaTenexTyanpHi CHCTEMH OCBITIEHHs. - [EnexTponHuii pecypc]. - Pexum mocrymy:
https://electro-market.com.ua/uk/article/intelektyalni-sistemi-osvitlennya.html.
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BUKOPUCTAHHA ®OTOEJEKTPUUHUX MAHEJEHR Y T'TEPUJTHUX
ABTOMOBLIAX

JlatBuncekuii. B.J[., Moxonsko P.O.
XapKiBChKHI HAIIOHATBHHUI aBTOMOOUTEHO-JIOPOXKHIN YHIBEpCUTET, YKpaiHa

BCTYII

AKTyaJbpHICT 1i€i TEeMH 3yMOBIIEHAa THM, IO OJHHUM 13 TOJIOBHUX IMPIOPHUTETIB
TEXHIYHOTO PO3BUTKY YKpalHH € TepexiJi Ha eKOJOTIYHO YHCTYy Ta pecypcosdepiranody
SHEePTeTHKY, sika 0a3yeThCsl HA BITHOBIIIOBAHUX JpKepenax eHeprii. Llel Hampsm € Haa3BUYaitHO
BAXJIMBUM 3 OISy Ha HEOOXIAHICTh 3HIDKEHHS BIUIMBY Ha HABKOJMIIHE CEpPENOBUILNE Ta
MIABUIICHHS SHEPrOHE3aIeKHOCTI KpaiHu. ChOTO/IHI TPAHCTIOPTHA Tally3b BiJlIrpa€e 3HAYHY POJIb
y CIIOXXHMBaHHI MAJTMBHUX PECYPCiB 1 3a0pyJHEHHI TOBKULISA, OCKUIBKU OUTBIIICTD TPAHCIIOPTHUX
3ac00iB MPALIOIOTh HAa HAPTONPOAYKTaX, BAKOPUCTOBYIOUYH JIBUT'YHU BHYTPIITHHOTO 3TOPSHHS. 3
KOXXHUM POKOM II€ CTa€ MEHII PEHTA0CIbHUM, OCKUIBKH ITaIMBHI PECYpCH JTOPOKYAIOTH, a
€KOJIOTIYHI BHMOTH TOCWIIOIOTHCA. TOMy NHUTaHHA TIepexoay OO0 HOBUX TEXHOJOTIH Yy
TPAHCIIOPTI, TAKWX SIK EIEKTPOMOOLTI a0 TiOpHIHI aBTO, SKi 3MEHIIYIOTH 3QJICKHICTH BiJ
TpaJuIiHHUX NaauB, HaOyBae Bce OUTBIIOT akTyarbHOCTI [1,2].

30kpemMa, OJHMM 3 TEPCHEKTHBHUX BapiaHTIB € BHUKOPUCTAHHS aBTOMOOLUTIB 3
EJIEKTPOJABUTYHAMH Ta (POTOETEKTPUYHUMH TIaHENSIMH, MO JIO3BOJISIIOTH BHKOPHUCTOBYBATH
COHSTYHY €HEPTilo SIK JTOJAaTKOBE JHKEPeNo KHUBJIECHHs. Takuil miaxix ocoOMMBO aKkTyalbHUN s
pETioHIB, JI¢ COHAYHA IHCOJIALIS € JOCTaTHBOIO IS YacTKOBOTO 3a0e3ledyeHHs MoTped
enektpoMoOust. IlpoTe OaHMM 13 YMHHHKIB, IO CTPUMYIOTh PO3BUTOK €JIEKTPOMOOLTIB,
3aJIMIIAETCSA HEIOCTAaTHIA piBeHb HPPACTPYKTYPH 3apsSAHUX CTAaHLIH, [0 YCKIAJHIOE iXHE
MOBCIO/IHE BUKOPUCTaHHS [3,4].

BoaHouac, 3anmumaeTrbes  BIAKPUTHM — TUTAaHHS — JIOUUIBHOCTI Ta  e€(eKTUBHOCTI
BUKOPUCTAHHS €JIEKTPOMOOLUTIB Ta TIOPUAHUX aBTO 3 (POTOEIEKTPUUYHUMH MAHEISIMHU B perioHax
3 HHU3BKOIO IHCOJISIII€I0, 30KpeMa B cepedHid cmy3i YkpaiHu. Y miii poOOTi pO3TIsHYTO
MOJIMBICTh ~ BHKOPHCTaHHS  TiOpUIAHOTO  JIETKOBOTO aBTOMOOLIIS, 00J1a/1HaHOTO
(OTOCNCKTPUYHUMH TaHESIMU Ha Jaxy, IS yMOB cCepeaHboi iHcomsiii. JlocmimkeHHs
CTIpSIMOBAaHE Ha OILIHKY €(PEKTHBHOCTI TAKUX CHCTEM Yy 3a0e3Ne4eHHI aBTOMOOLUIS J0AaTKOBOIO
EHEpTi€l0 B yMOBaX OOMEKEHOTO COHSYHOTO BUIPOMIHIOBAHHS, II0 OCOONMBO aKTyalbHO JUISA
KpaiH 3 MOMIpHUM KJliMaTtoMm [4,5].

PE3YJbTATHU JOCIIIKEHHSA

Sk 1 riOpuaHU aBTOMOOLTH 3 aKyMyJIsITOpaMH, sIKi MOKHA MiI3aps/DKATH BiJ MEpexi,
aBTOMOOWIb 3 POTOENEKTPUYHIMH MAHENSIMHU 3[JaTHUH MPAIIOBATH K Y PEXKHUMI €IeKTPOMOOLIS,
Tak 1 B KOMOIHOBaHOMY pEXHMIi, 3aJy4aroud JBUTYH BHYTPIIIHBOTO 3ropsHHS. Ha pucyHky 1
MPEJCTAaBICHO KOHCTPYKTHBHY CXEMY TaKOTO TiIOpUIHOTO aBTOMOOLIS.

ABTOMOOITP TPUBOAMUTHECS B PyX 3a JOMOMOTOI0 MEPEIHIX KOJiC, sKi 00epTaroThbes
3aBJIIKM JBUTYHY BHYTPIIIHBOTO 3TOPSIHHSA, KEPOBAHOMY CIHELiaTbHUM OJIOKOM YITpaBIIiHHS.
JIBuryH (pyHKIIOHY€E BiIIOBIIHO 0 KOMaH/I, sIKi OTPUMYE depe3 OJOK KepyBaHHS, IO J03BOJISE
ONTUMI3yBaTH HOTO pOOOTY s 3MEHIIEHHS CIOKMBAaHHS IaJbHOTO Ta 3HWKCHHS BUKHUIIIB
IIKIUTMBUX PEYOBUH y JAOBKULIA. BakiuBy posb y miid cucTeMi Bifirpae mpOTOKOJBHUHN MUTIO3
cucremu O6optoBoi niarnoctuku (EOBD), sikuit Ge3mepepBHO KOHTPOJIOE KIIIOYOBI IMapameTpH
crany aBToMoOuTs. 3aBnsskn EOBD MoxHa BiICTEXKYBaTH IMOJIOKECHHSI TIENali akcelepaTopa,
MIBUJIKICTh pyXy, 00EpTH IBUTYHA, TUCK Y BIIYCKHOMY KOJIEKTOpi Ta iHIII Ba)KJIMBi MOKa3HUKH.
Taxuii KOMITJIEKCHUI KOHTPOJIb 3a0e3neuye e(eKTHBHE KePYBaHHS CHIIOBOIO YCTaHOBKOIO, IIIO
CTIpUSi€ MiABUIEHHIO €()eKTUBHOCTI pOOOTH aBTOMOOLIS.

3aps/pKaHHS aKyMYJIsITOpa 3IMCHIOETBCS K B1J 33HIX KOJIC, IO MPAIOITH Y PEKUMI
reHepanii i Jac rajxbMyBaHHA a00 pyXy HAaKaTOM, TaK i BiJ ()OTOENEKTPHUYHHX ITaHENeH,
pO3TalIOBaHUX Ha Jaxy aBTOMOOUIs. POTOETEKTPUYHI MTaHeli MEPETBOPIOIOTH COHSIUYHY €Hepriro
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B CJICKTPUYHY, IO JTO03BOJISIE 30UTBITUTH 3arajbHUN 3armac eHeprii, SMEHIINUBIIN 3aJICKHICTh BiJT
JBUTYHA BHYTPIITHHOTO 3rOPsiHHS [5,6].
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Pucynox 1 — Cxema KOHCTPYKIIii T10pHJHOTO aBTOMOOLIS
3 (hoToENEeKTPUYHIMH TTAaHETSTMH

Taka MABOCTOpPOHHS cCHCTEMa 3apsAKH HE JIMIIE [OKpallye eHeproeeKTUBHICTh
aBTOMOOUIA, aje W CTBOPIOE JOJATKOBI MOXKIIMBOCTI JJIsl 3HM)KEHHSI BHUTpAaT Ha NHallbHE Ta
3MEHIICHHS] BIUIMBY HAa HABKOJIMIIHE CEPENOBHINE, IO OCOOIMBO BAXKJIMBO Y KOHTEKCTi
CY4aCHHUX €KOJIOTTYHHX CTAaH/IAPTIB Ta MOTPEO y 3HWKEHHI BUKU/IIB.

JlocmipkeHHsT TIporiecy 3aps/DKaHHS TiOpUIHOTO aBTOMOOUIA 3 (OTOENEKTPUYHUMU
MaHeNIsIMU TIPOBOJIMIIOCS 32 JOMOMOTOIO IMITamiifHOTO MojemtoBanHs B Matlab/Simulink st
JIETKOBOTO aBTOMOOUTS JOBXKHHOIO 4 MeTpu Ta Mmacoro 1750 kr, 3 ypaxyBaHHSM CEPEIHHOTO
PIBHS COHSYHOT pajiallii 1ast yMOB cepeiHbo1 cMyTH YKpaiHu, skl ctaHoBUTH 5282 MIx/M? 3a
CepeHhOI XMapHOCTI.

Byno po3pobneHo cxemy iMiTamiifHOi MOJeNni Al aHali3y IMpolecy 3apspKaHHS. Y
MoJieNi KOHTpOJIepa BXITHHWH JIAHIIOT IMITYJIbCHOTO TE€PETBOpIOBaYa EHEprii MpeacTaBICHUI
KEPOBAaHUM JDKEPEIOM CTPyMY, a BUXIJHHH JIAHLIOT — KEPOBAaHUMH JDKEpeIaMH CTPyMy Ta
Hanpyru. Kontponep PDS SB y mpomeci MonentoBaHHS BHUMIPIOE BXIIHUN CTPyM 1 Hampyry
(I sxigumii Ta V_pxiguer) 1 BUXITHAA cTpyM 1 HAPYTY (I puxigumii T& V_pixigemin). Ha OCHOB1 1UX
TaHUX PO3PAXOBYETHCS BUXi/IHA MOTYXHICTh

PBHXinHHI‘z’I = VBI/IXiI[HI/Iﬁ BUXIHMIH - (l)
I BXiTHA MOTYXKHICTH
PBxinHHi’I = PBHXiz{HHP’I/ mn, (2)
7€ M — KoedilieHT KOPUCHOI il IMITyJIbCHOTO NEPETBOPIOBAYa SHEPTii.
Pesynbratu mMojenroBaHHS, MIPEICTABICHI HA PUCYHKY 2, TIOKa3aJH, 110 Yac 3apsKaHHsI
aKyMyJsITOpa Bifl (OTOENEKTPUYHUX TMaHeNeld cTaHOBUTH 570 XBWIHMH, NMPHU IOMY OaTapes

3apsipkaeThes Ha 92,59%, a moTyxHIcTh O6arapei ckianae 6,801 Br. Takox Oyno BUSBIIEHO, IO
qac 3apsiHKaHHA 30UTBIIYETHCS 3 3pOCTAaHHIM MacH aBTOMOOLIS.

BUCHOBOK
[IpoBenene OOCHiIKEHHS MPOAEMOHCTPYBAJO, MO JUIA  CEPETHBOCTATUCTHYHOTO
JIETKOBOTO aBTOMOOIUIS JAOBXHUHOIO 4 M Ta Macor 1750 Kr BUKOpPHCTaHHS TIOpUIHOTO aBTO 3
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(OTOENEKTPUYHUMHI TAHEISIMU B KIIMAaTHYHUX YMOBAaxX CEpPEeIHBOI CMYru YKpaiHH € LLIKOM
peanbHUM. NSl MOCATHEHHS Maibke MOBHOTO 3apsinty 3a 570 XBHJIMH TMOTYXHICTh COHSYHOL
Oartapei Mae CTAaHOBUTH He MeHIIe 6,8 BT.

THD

(discrete)
Ubat

Discrete
Total Harmonic
Distortion

Mag
p| Fourier
Phase [» 0.9259
e
1Discrete Percents
| Fourier1
Mean
"ldiscrete 5701
Time, minutes
Discrete
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Pucynoxk 2 — Pe3ynbratu MoJ1e1I0BaHHS
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RESEARCH OF ENERGY-SAVING POTENTIAL IN HYBRID VEHICLES USING
INTEGRATED PHOTOVOLTAIC SYSTEMS

Trunova 1., Filiarskyi O.
Kharkiv National Automobile and Highway University, Ukraine

The modern automotive industry is undergoing significant transformations driven by
global environmental challenges and rapid technological advancements. The increasing
emissions from vehicles compel governments and international organizations to implement
stricter ecological standards and requirements for automakers. Consequently, traditional internal
combustion engine (ICE) vehicles are gradually losing relevance, being replaced by more
sustainable solutions such as electric vehicles and hybrid vehicles. Hybrid vehicles, combining
the advantages of both conventional and electric transport, offer an effective solution to reducing
emissions and fuel consumption.

The relevance of this research lies in the urgent need to develop and implement
innovative technologies to enhance the energy efficiency of vehicles. A promising area of focus
is the integration of photovoltaic systems into the design of hybrid vehicles. Solar panels
installed on the roofs of cars can serve as an additional energy source to power auxiliary systems,
reducing fuel consumption and dependency on traditional energy sources [1].

In Ukraine, the importance of this topic is heightened by the significant potential for solar
energy across most regions. This, combined with the need to reduce energy dependence and
fossil fuel costs, creates favorable conditions for the active adoption of such solutions.
Additionally, the development of photovoltaic hybrid technologies can contribute significantly to
the establishment of sustainable transportation and energy independence in the country.

Global climate change and the imperative to reduce carbon footprints underscore the
necessity of utilizing renewable energy sources, particularly solar energy. Integrating
photovoltaic systems into hybrid vehicles improves their autonomy, economic efficiency, and
environmental performance. Research into the application of such technologies opens new
prospects for the automotive industry, particularly in the context of sustainable transport
development and minimizing environmental impact.

The advancement of hybrid vehicles equipped with photovoltaic systems is a key focus
area for the contemporary automotive industry. Research findings confirm the importance of this
technology in reducing carbon footprints, optimizing energy efficiency, and enhancing vehicle
autonomy.

Hybrid vehicles with integrated photovoltaic systems, also known as Vehicle-Integrated
Photovoltaics (VIPV), combine the benefits of traditional ICEs, electric motors, and renewable
energy sources. The core concept involves harnessing solar energy to support vehicle operation
and reduce fossil fuel consumption.

Photovoltaic modules integrated into the car body (roof, hood, wings) convert solar
radiation into electricity. This process uses semiconductor materials in solar cells that excite
electrons under light exposure (photoelectric effect), generating an electric current. The
generated electricity charges the onboard battery or supercapacitors. The stored energy powers
the electric motor and auxiliary systems, such as climate control, multimedia, and lighting.
During vehicle operation, the battery supplies energy to the electric motor, which propels the
vehicle or supports hybrid operation, reducing the load on the ICE. Some hybrid models feature
regenerative braking, where the electric motor acts as a generator, returning kinetic energy as
electricity to the battery, enhancing overall energy efficiency. Depending on lighting conditions,
photovoltaic systems supply energy to reduce fuel consumption, enabling the vehicle to operate
partially independently of external energy sources [2].

In August 2019, Hyundai announced the release of its Sonata Hybrid with integrated
solar panels. The vehicle can operate on gasoline, electricity, and self-generated solar energy
from its roof-mounted solar panels [2].
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Modern manufacturers such as Aptera Motors and Lightyear are actively incorporating
photovoltaic systems into their vehicles. These developments demonstrate significant progress in
energy saving and vehicle autonomy. Aptera vehicles can travel over 60 km per day using only
solar energy. As of 2019, the American company Aptera has received over 40,000 reservations
for its solar electric vehicles from clients in over 100 countries, with prices starting at $33,200
USD. Lightyear One emphasizes aerodynamics and enhanced efficiency of photovoltaic panels
to optimize energy generation [2]. This vehicle is now available to the public, albeit with a
waiting list, with prices starting at $50,000 USD.

Figure 1 — Examples of cars with solar panels: a — Aptera Motors; b — Lightyear

A review of scientific publications [1, 3, 4] revealed modern challenges and opportunities
for integrating photovoltaic systems into vehicles. Special attention was given to optimizing
solar panel placement, improving materials, and utilizing multifunctional systems that combine
energy generation with cooling. These aspects are critical for further enhancing the efficiency
and reliability of the technology.

Photovoltaic power
generation module

270mm

Figure 2 — Photovoltaic power supply system for EV based on the scissor mechanism [4]

The proposed portable auxiliary photovoltaic power supply system for electric vehicles,
built on a scissor-like folding mechanism, demonstrates significant potential for practical
application. The system includes an energy generation module and a transmission module, the
latter employing wireless energy transfer technology. Experimental results confirmed the
system's high efficiency, with a maximum output power of 1.736 W and an energy transfer
efficiency of 57.7% under load resistances of 5 Q and 10 Q. The energy generation rate of 2.033
GWh per year highlights the substantial potential for improving the autonomy of electric
vehicles.

At the same time, the findings of the presented studies underscore several aspects that
require further development. Specifically, the photovoltaic module area, limited, is insufficient
for significantly impacting the energy balance of an electric vehicle, given the available vehicle
body area. Thus, one direction for improvement is expanding the module area to increase energy
output. Further research should also address the long-term reliability of the system under natural
solar radiation conditions, allowing for an assessment of resistance to climatic variations and
material degradation.
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The presented studies confirm the technical feasibility of integrating portable
photovoltaic systems into modern electric vehicles, which could significantly contribute to the
development of autonomous transportation. At the same time, identified limitations open up
opportunities for further research to ensure even more efficient and reliable functioning of such
systems.

CONCLUSIONS

The research demonstrated the prospects of integrating photovoltaic systems into hybrid
vehicles as a means of reducing energy consumption and increasing the environmental
sustainability of automotive transport. Global experience shows that using solar energy in the
automotive industry contributes to energy consumption optimization, reducing dependence on
fossil fuels, and providing additional autonomy. Improvements in photovoltaic materials and
panel placement technologies enable effective use of the available vehicle space, increasing
energy generation.

Currently, in Ukraine, the integration of photovoltaic systems into hybrid vehicles is also
feasible. Thanks to the significant potential of solar energy in most regions of the country and the
growing interest in sustainable transport solutions, this technology could become an effective
tool for developing ecological transportation. In the context of rising energy costs and the need
to reduce oil imports, photovoltaic hybrids can contribute to the country’s energy independence.
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HETPAJIULIAHI JUKEPEJIA EJEKTPHYHOI EHEPTTI

Pyuxa O.0., boraanos P.B., I1asmtok E.O., Manunosuu O.O.
IHcTuTyT IMBLIBHOT aBianii XapKiBChbKOTO HallioHANBHOTO yHiBepcuTeTy [loBiTpstanx Crn
imeni IBana Koxeny0a, Ykpaina

BCTYII

Jlnist CBOET JKUTTENISUTBHOCTI JIIOAMHA MOBUHHA BUKOPUCTOBYBATH BiAMOBIIHY KUTBKICTh
eHeprii. L{s eHepris HeoOXxijHa aJis 3a0€3MEUEHHS KHUTTS, poOOTH, IOTpeOU B Xapyax, KUTII,
ons3i, komdopri Ta iH. EHepretmka SBISE€THCS TOJOBHHM pPECYpCOM MPOMHCIOBOTO i
CUTBCHKOTOCTIOAAPCHKOTO BHPOOHMIITBA, sIKe 3abe3neduye KOMQOPTHE ICHYBAaHHS JIFOAWHHU.
EHeprernkoro MpuifHATO BBaXAaTH Taly3b TOCIOAAPCTBA, IO MICTUTh y €00l €HepreTHyHi
pecypcu, BUpOOJICHHS, TIEPETBOPEHHS, Tepeiady Ta pPO3MOALUT Pi3HUX BHIIB eHeprii. Y cBoiit
MOBCSIKICHHIM JISUTBHOCTI JIIOJCTBO BHUKOPHUCTOBYE pi3HI BHUIHM EHEPrii: MEXaHIYHY EHEpriro
BOJM, TEIUIOBY, EJEKTPUYHY, EJEKTPOMAarHiTHy, XIMI4HYy 1 siAepHy. 3a OCTaHHId dYac Bce
OUIBIIOTO 3HAUEHHS HaOyBalOTh TaK 3BaHI HETPANUIIIAHI JDKEpena eNeKTPUYHOI eHepril,
OPUHOMN il SKAX 3aCHOBaHWI Ha BUKOPHUCTaHHI BIIHOBIIIOBAHUX JDKEpeN eHeprii(eHepris
COHSTYHOTO BHIIPOMIHIOBAaHHS, €HEPTiB BITPY, 0i0Tra30Bi yCTAHOBKH 1 T.1I.)

Mertoio poOOTH € BUpIIICHHS NUTAHHS MOXIIUBOCTI Ta €()EKTHBHOCTI BUKOPUCTAHHS
HETPAJUIIHHUX JHKEepes eHeprii.

OCHOBHUWM MATEPIAJI TA PE3YJbTATH JOCJIII)KEHb

Haii0inpm momupeHnM € BUKOPHCTAaHHS COHSYHOTO BHUIIPOMIHIOBaHHS JJIsi OTPUMAaHHS
enekTpudHoi eHeprii. COHIIE € MPaKTUYHO HEBHUSPITHUM JHKEPEIOM TEIUIOBOi 1 CBITIOBOT
eHeprii, AKy MpHu MPaBUILHOMY BUKOPHCTAaHHI MOXKHA MEPETBOPIOBATH B OY/b-IKHI 1HIIUN BH]
eHeprii. [[ng BupimeHHS BOTO MUTAHHS ICHYE IUIMK pSAA TEXHOJOTIYHUX PIlIEHb, TAKUX SK:
COHsYHI Oarapei, 3 JOMOMOTOI0 SKUX COHSYHA EHEPris IEepEeTBOPIOETHCS B EIEKTPUYHY,
TeJIiOKYXHI Ta Telionedi, 3 JOMOMOTOI0 SKHUX MiJIIrpIBAEThCS XOJIOIHA BOJA 1 B MOAAIBIIOMY
MO’K€ BHKOPHUCTOBYBATHUCS SIK JUIsS OMNMAJEHHS, TaK 1 /Ui IHIIMX MOTped B TEIUIOBIM eHeprii;
COHSIYHI OIPICHIOBAYi; TeNIOTEIUINII 3 aKyMyJIOBaHHSM TeIula Ta iH. YCTaHOBKAa 3 MPSMUM
MEPETBOPEHHSIM COHAYHOI €Heprii B eJIeKTpUYHY TNOBHHHA BHUKOHYBATHCS BIOMOBIAHO JI0
€KOJIOTIYHUX Ta €KOHOMIYHMX KpuTepiiB. IIpu CTBOpEHHI COHAYHMX HACOCHUX Ta EJICKTPUUHUX
YCTaHOBOK TiepeadadaeThcs iX poOOTH CIUIBHO 3 CHUCTEMaMH aKyMYJIIOBaHHS cHepril. Jlms
nodyroBux norped noctatHbo 5 — 10 kBt (pucyHox 1), ToMy MOXJIHMBE BUKOPHUCTaHHS
TEIUIOBOTO aKyMYJISITOpA.

2
[ .._.._.._/_..] )
: :  Enextpoenepris
JI0 CTIOKUBAYA

COHSIYHA
eHepris

Pucynox 1 — [IpuHmnoBa cxema COHIYHOI €HEPTreTHYHOI CTaHIIii cCepeIHbOT MOTY>KHOCTI:
1 — TypbiHa; 2 — reHepaTOp 3MIHHOTO CTPyMY; 3 — KOHAEHCATOP; 4 — BOJOMINHOMHMI HAcoC;
5 — KUBJISTYUIA HACOC; 6 — MUPKYISLIHHIN HacOC; 7 — COHSIYHUM KOJIEKTOP; 8 — BUITapyBau

JIxepesaoM Terula € rapsdya BOJa, siKa IUPKYIIOE B MEPIIOMY KOHTYPi KOJIEKTOpa Bij
Hacocy 6. Y BumapyBaui 8 3Haxomuthbes (ppeod mig tuckom 0,3... 0,4 MIla. ITapu dpeon
y pyB Y pu Ppeony
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PO3IIMPIOIOTHCS Ta TOTPAIIISIOTH HAa TypOiHy 1, sika o0epTae enekTporeHeparop 2, BUpOOISIoun
enektpoeneprito. Ilicns TypOiHn mapu GpeoHy KOHICHCYIOTBCS B KOHAEHCATOPi 3, MpH IbOMY
HarpiBaeTbcs migHATa BoAa. IlOTiM 3a JOMOMOror Hacoca 5 KOHJEHCAT 3HOBY IMOJAETHCS 0
Bumnapysaya 8. [Ipu oMy piIMHHUIN KOHTYp TePMETHYHO 3aMKHYTHH.

[Momanpmuii  pPO3BUTOK OTPUMAJIHM BITPOCHEPTeTHYHI YCTAaHOBKM (PHUCYHOK 2).
ExoHOMiuHa OIliHKa BUKOPUCTAHHS BITPY CTOCOBHO JI0 €HEPTOCHCTEM CKIIQIAEThCS B MOPIBHIHHI
3arajibHOi BapTOCTi BiTpo-eHeproyctanoBku (BEY) mmst eneprocucteM i3 cyMapHOIO TPOLIOBOIO
€KOHOMI€I0, OJICP)KYBaHOI B Pe3yabTaTi 3aMillleHHs €HepTii TEeIUIOBUX eJeKTpocTaHIliin. [Tpu
OWIHII €(EeKTUBHOCTI BITPOBOI EHEPreTUKU TMOTPIOHO, MO0 OKpIM BHU3HAYEHHS T'POIIOBOT
€KOHOMII, OJIep)KyBaHOi BHACIIIOK 3MEHIICHHS BUTPATH TaJMBa, Oyla TaKoX IMipaxoBaHa
J0JJaTKOBAa €KOHOMIs, II0 MOX€E OYyTH NOCSATHYTa B pe3yibTaTi 3MIHM BHUTpAT Ha NPHIOAHHS
TeHEPYIOYOT0 YCTaTKYBAaHHS TEIUIOBUX €JIEKTPOCTAHIIIH.

. nr

N
w

L W

e wm3Wwr—49—— NP 49— TH TUF { Zu

|| ——— —r |

‘ 4“. D'H PerynioeaHHs
BPW |

Hanpyr Uro
PyHkuioHansHa cxeMa BEY 3 BigLEHTPOBUM perynaTopoM WeKUAKocTi obepTie
Bana reHepaTtopa:
M- noBiTpaHWiA rBMHT, M3LU - MexaHiam 3MiHW wary reuHTa, BPLU - BigueHTpoBUiA
perynatop weuakoecTi, MNP - nigBuwyodmin pegyktop,l'H - reHepartop Hanpyru
(aCMHXPOHHWIA ab0 CMHXPOHHWIA), ZH - onip HaBaHTaXKeHHs (KopWCTyBadi
3MmiHHOro cTpymy), AH - aatunk Hanpyrv, PH - perynstop Hanpyri.

PH

lopuaoHTanksHa Bick 00epTaHHA BeptukaneHa sick obepTaHHa

Puag, kBm D .wm Pov, kBM D.m

5 5 5 6,5

10 6,5 10 7.5

CniBBigHOLIEHHS 50 13 50 15
HOMIHaNEHWX MOTY>KHOCTEN 100 18 100 21
Ta poamipie BK 200 2 200 28

Pucynox 2 — CtpyKkTypHa cxema Ta mapaMeTpH BITPOCHEPTeTHYHOI yCTaHOBKH

3HayHy YacTKy B HETPAJAMLIHHHUX JDKepelnax eHeprii 3aiiMaroTh 0iora3oBi yCTaHOBKH
(pucynok 3). [lns oTpumanHHs enekTpuuHOi eHeprii. BinOyBaerbcs mocTymoBe 3aMillleHHS
TPAIUIIHHUX EHEPreTHYHHX PECypCiB BiAMOBIIHUMH aHAJIOTaMH POCIMHHOTO 1 TBapHHHOTO
noxoukeHHs1. OCHOBHOIO CHPOBHHOIO JUIsI BUPOOHUIITBA OiomaivB B HamIiii KpaiHi BHCTYIae
CUTbCBKOTOCTIONIAPChKAa  MPONYKIisi. BingOyBaeThcs MOCTYNMOBE 3aMIIIEHHS TPaJUIIHHUX
SHEePTeTUYHUX PECYPCIB BIAMOBIJHUMH aHAJIOTAaMH POCIMHHOTO 1 TBAapWHHOTO MOXOJDHKEHHS.
OCHOBHOIO CHPOBHHOIO JIJIsi BUPOOHUIITBA Oi0TIANIMB € CUTBCHKOTOCIOAPChKA TPOTYKILis.

PamionanibHe BUKOpHCTaHHS OioMacu Moxe 3abesrmeunTH He MeHm 10 % croXuBaHHS
eHeprotociiB. OmgHak TOAIOHWN pPO3BUTOK OIOCHEPreTHKH MOXJIMBHIA JIMIIE 32 YMOB
3a0e3NeueHHs:

- TexHIYHO1 6a3u (3a0e3nedeHHs: po3poOKH, BUTOTOBIICHHS Ta €KCIUTyaTallii HOBHX OLIbII
JTOCKOHAUX 0i0yCTaHOBOK);

- €KOHOMIUHO1 0a3u (HagaHHA OE3NMPOLEHTHUX MO3MK, CTHMYJIB Y BHUIJISJI MUTBIOBOTO
OTIO/IaTKYBAHHS, BUIUICHHS JI0Talliil Ha OyAiBHUITBO 0i0yCTaHOBOK);

- TpaBoBOi 0a3m (po3poOKH BIMMOBIAHOI 3aKOHOJaBUOl 0a3W Ta UITKOI Jep)KaBHOI
MIOJIITUKH B 00J1aCTi HETPATUIIINHUX JDKEPEI eHeprii.
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OCHOBHUMK KOHCTPYKTUBHMU enemeHTamu biorasasol ycTaHoBKM:
1- kopnyc BI'Y; 2- enekrpoHarpiBanbHui NpucTpil; 3 - amilyeay Biomack; 4 - enekTponpueoa 3MilwyBaya diomacy;
5 - npwcTpin ansa nogadi Giomacn B BIY; 6 - npucTpii ans sigbopy raay 3 BIY;
Heo6xigHo BIAMITWTH, WO NPUCTPIA ANA noaavi GiomacK 5 cknagaeTbes 3 AEKiNbKOX KOHCTPYKTUBHWUX YaCTHH, & came:
7 - TpyGonpoeig ans nogadi Giomack B BI'Y; 8 - nivnneHWK po3xogy Giomack; 9 - BXigHWIA naTpyboK.
MpucTpiii BiaBopy rasdy 6 Tex cknagaeTses 3 AeKiNbKOX YaCTyMH:
10 - 3BOpOTHIil kNanaH; 11 - natpy6ok ona BinBoay raay; 12 - emHicT Ans 36opy Boaw; 13 - hinkTp MexaHiuHUX YaCTUHOK;
14 - pinsTp BIAGOPY AOMILLIOK CipkK; 15 - KoMnpecop; 16 — rasosui 6anoH; 17 - KpaH Anda 3N1By piakMx hpakuin Biaxoais.

Pucynok 3 — BynoBa 6iorazoBoi yCTaHOBKH

BUCHOBKH
Y po6oTi po3MIISIHYTI TUTaHHS, TIOB'sI3aH1 3 TIOXOHKEHHSIM, EKOHOMIYHICTIO, TEXHIYHUM
OCBOEHHSM 1 cItocO0aMM BHUKOPHCTAHHS HETPAIMLIHHIX MOHOBIIOBAHUX JuKepen eHeprii. [Ipu
pO3TJIIsii MPUHIMITB BHPOOHWIITBA 1 CIIOKHMBAHHSA €HEprii LuX JpKepen ocobOiuBa yBara
OPUIUSUIAcS aHajli3y TEXHIKO-eKOHOMIYHUX TOKa3HHUKIB TEHEPYIOUUX MPHUCTPOiB, 3 METOIO

onTuMizamii 3a KpHUTEpieM MiHIMaIbHOI BapTOCTI OJHOI KUIOBAaT-TOJUHH  BHPOOJICHOT
€JIEKTPOCHEPT 1.
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HIABUIIEHHA ECEKTUBHOCTI ABTOBYCHHUX IIEPEBE3EHD
HOJIITIIEHHAM ITOKA3ZHUKIB BUKOPUCTAHHSA PYXOMOI'O
CKUIAAY HA MICBKUX MAPIIPYTAX

Tapamenxo O.C., Anekceenko 1./1., bapanos 1.O.
Jlep;xaBHUM BN HaBYAJIbHUH 3aKJI1a]
«[TprazoBchkuii Aep:kaBHUI TEXHIYHUN YHIBEPCUTET», YKpaiHa

BCTYII

OCHOBHUM 3aBJIaHHSM TPAHCIIOPTY € 3a/I0BOJICHHS TOTPEO Jep)KaBH Ta HACEJICHHS B
pI3HUX BHAAX TepeBe3eHb. JI0 OCHOBHHMX XapaKTEpUCTHK TPAHCHOPTHOTO IPOLECY BXOJSATh:
AKiCTh, COOIBApTICTh, BApTICTh Ta HIBHJAKICTH NepeBe3eHb. Taki XK BHUMOTH BIJHOCSATHCS 1 JI0
MICBKUX aBTOOycHUX mepeBe3eHb [1,2]. IlacakupchKkuii TpaHCTIOPT BUKOHYE Pi3HI (QyHKIT A7
3aJJ0BOJICHHS MOTped HACEJeHHs B MEepeCcyBaHHI, BiIrpae 3HAYHY pOJIb Y KUTTI Jrojei. SKicTh
NepeBe3eHb BIUIMBA€ Ha 3arajlbHUN CTaH JIO/IEH, TMPOJIYKTUBHICTH IX Mpalli, BIAMOYHHOK.
Buxozstuu 3 11b0T0, MiABUIIEHHS €()EeKTUBHOCTI aBTOOYCHUX NIEpEBE3EHb Ma€ BAXKIIUBE JIEpPKaBHE
Ta CoIliaJlbHe 3HAUEHHS OCOONMBO /i yMOB YKpaiHW, JOe B 3arajbHiii OUIBIIOCTI MICT
BUKOPUCTOBYIOTBCSL JIMIIIE ABTOMOOUIbHI TepeBe3eHHs macaxupiB. CucteMa MiCbKOTO
MACaKUPCHKOTO TPAHCIOPTY € AMHAMIYHOIO Ta 3JaTHOIO O CAMOPO3BHUTKY. ISl MigBUIIEHHS
epeKTUBHOCTI ii (PyHKIIOHYBaHHS MOTPIOHO PO3TISNATH 3araJibHUH BIUTHB (PAKTOPIB (TEXHIYHI,
€KOHOMIUHI, COIliaJbHi, TPUPOJIHi), Ta OIIHIOBATH IX MapaMeTpH 3a JOMOMOTOI0 BIAMOBIIHUX
KUTBKICHMX KpHUTepiiB. HOBITHIMH 3aX0JaMu Mae peayii3oByBaTUCS €(PEKTHBHE BHUKOPHUCTAHHS
MICTKOCT1 aBTOOYCIB, a TAKOX MOJICPHI3AIlisl XapaKTEPUCTHUK 1 MapaMeTpiB PyXOMOTO CKIIATy JUIsI
PI3HUX aBTOTPAHCIIOPTHHUX MinnpueMcTB. Ha choromHimIHii AeHb 3HaYHA yBara J0CTIHKEHb Mae
OyTH mpHIiIeHa Po3poOKaMm, K1 CIIPSIMOBaHI Ha 33JJOBOJICHHS! BUMOT €KOJIOTTYHOT O€3MEeKH MICT
3 THUM, MO0 MIHIMI3yBaTH IIKiIMBI BHUKUIM aBTOTPAHCIIOPTHUX 3ac00iB, IIBUIIUTH
eeKTHBHICTH X poOOTH Ha MapIIpyTax MicTa.

PE3YJbTATHU JOCJIIKEHb

Y cyyacHMX pPHHKOBHX YMOBaXx TIpuW 3AIHCHEHHI aBTOOYCHUX II€pEBE3CHb
aBTOTpaHCHOPTHUMH  mignpuemctBamu  (ATII) 3  piBHUMEH  ¢dopMamu  BiacHOCTI i
rOCHOJJApIOBaHHS JTIOKOPIHHO Mae OyTH BIIOCKOHAJeHa METOJHMKa BHOOPY THMIB Ta MOJemnei
aBToOyciB [3]. Myninunaneni ATII Bxe 3BUIbHEHI BiI IIEHTPATi30BAaHOTO, HEPIIKO
MPUMYCOBOTO TIOCTAYaHHS PYXOMHUM CKJIQJIOM, a Uil HEMYHIIUTAIBHUX MAMPUEMCTB OJHIEO 3
YMOB YCHIIITHOT KOMEPIIHHOT iSITBHOCTI € ONTUMAIbHE (POpPMYBaHHS aBTOOYCHOTO TIApKYy.

3a ICHYIOUMMH METOAMKAMHU HaJaBaliocs 3aBJaHHSA 3a0€3MEeYUTH MiHIMaIbHI BUTpPATH
ATII Ha excrmyarariiro aBTo0OyciB. 3a pe3yibTaTaMu, IPOBEICHUX y poOoTi [4] TeOpeTHUHUX Ta
eKCTIEPUMEHTAIBHUX JOCTIHKEHb, CKJIaJIeHa KOHIIETIIiSl OLIHKHU SIKOCT1 epeBe3eHb, PO3BUBAIOYH
SKY, BU3HAHO JIOUUIBHUM IMOIIMPUTH Ha BUOIp THUITYy PyXOMOTO CKJIaay MPHHIHUI 33J0BOJICHHS
iHTepeciB He TUTbKHU nepeBi3HUKIB (ATII), ane i macaxxupiB Ta BCOTO HACEIEHHS MICTa.

Jnst BuOopy TuIy aBTOOYCIB OIIIHIOIOYMM pE3yJIbTAaTHUM IapaMeTpoM MPUHMAETHCS
MiHIMaJIbHE 3HAYSHHS CyMapHOi cOOIBAPTOCTI MEPEBE3CHHS OTHOTO MACAKHUPA:

Sn :Scou+Ser<c+Serm,z_)min (1)

ne  Scoy— cOOIBApPTICTH MEpEeBE3EHb OJTHOTO MACAKUPA 3 MOTJISITy COLIANBHUX 3aTpar, TpH/mac,
BU3HAYCHUX YHCENIBHO, BUXOISIUH 3 PIYHUX BUTPAT Yacy MAacaXHpIiB HA MEPECyBaHHs 1 BapTICTh
OJHIET TOIMHIU;

Sexe — COOIBApPTICTD MEPEBE3CHHSI OJTHOTO MACAXHUpa 3 MOTIISAY eKCIUTyaTalliiHUX BUTPAT,
rpH/mac, 3 00Ky aBTOTPAHCIIOPTHOTO MiIPUEMCTBA;

66



IX midicnapoona naykoeo-mexuiuna inmeprnem-kougepenyis, 21-22 nucmonada 2024 p.

Sexon — COOIBApPTICTH TIEPEBE3EHHS OJJHOTO Tacakupa 3 TMOTNISALY HAJIEKHOTO
BIJIIIKOAYBaHHS 30WMTKIB BiJ €KOJOTIYHOTO 3a0pyAHEHHsS MicTa IMpH TEepeBe3eHHI Macakupis,
rpH/mac.

3 KOXHOI 13 CKJIAJOBHX YaCTHH HAaBEJCHOTO BHpPa3y NPOBEICHO pPO3paxyHKOBE
JOCII/PKEHHS 3 METOIO OIIHKH BIUIMBY Ha HEi BUKOPHCTAHHS PI3HUX TUIIB aBTOOYCIB MpH YMOBI
ix pobotu Ha Mapmpyrax 3 macaxkupomnorokamu P Bin 0,2 mo 3,0 Tucsu mac/ron, 3amaHuX 3
piBHOMipHUM KpokoM 0,2 THC. ac/To.

Posrnsiz icHyI0UMX po3paxyHKOBHX (OPMYI HAJa€ MifCTaBU 3pOOUTH BHCHOBOK IPO TE,
10 HEOOXIJHO BCEMIPHO CHPHUSATH CKOPOYEHHIO 4Yacy MOT3AKM 1 ISl I[bOTO ONTHMI3YyBaTH, B
mepury 4epry, poOOTy pyXxoMOTo CKIady Ha JiiHii, 00 Yac Ha IMepecyBaHHS 3aJCKUTh Bij
eKCIUTyaTaIiifHOi MBUAKOCTI V, pyxy aBTOOYCIB i B3araii Bix mBuAKocTi V. cmomydeHHs. Ha
OCTaHHIO BIUIMBAIOTH CYMICHO MDK3YNHMHKOBI BiJICTaHI, TAaCaXXMPOOOMIH 3yMUHOYHHUX IMYHKTIB,
TaTbHICTh MiAX0Y (BiAX0TY) 10 3yHHHKH, (POpPMU pyXy i THIT aBTOOYCIB.

Jlia nmepeBoAy abCOIIOTHOTO Yacy MOI3KM y IPOLIOBHUM BUTJIA HOT0 MOMHOXYIOTh Ha
aJIMIHICTpaTHBHO BH3HAYeHUN HopmartuB. Hum € Bapricth B, OnHIE] TOIUHH, YMOBHO
MPUPIBHEHOT JI0 BAPTOCTI TOTO HAILIOHATBHOTO MPOIYKTY, SKUI CTBOPIOE UIS IEP’KABHU 32 OJHY
TOJIMHY KOKEH Tparie3/1aTHH TPOMaJASHUH. Y JTaHUKA MOMEHT B YKpaiHi BiTMyTHO 3MEHIINIACS
SK 3arajbHa KUTBKICTh MPALIOIOYMX JIFOAEH, TaK 1 MPOAYKTUBHICTH iX Mpali y MOpIBHSIHHI 3
MUHYIUMHU pokamu [4,5]. 3apa3 B YkpaiHi CHIBBIJHOUIEHHS MDK MOOYTOBHUMH 1 poOOYMMHU
MOT3JKAMHU CYTTEBO BIIPI3HAETHCS BiJ IHIIMX KpaiH, 00 ckiamae BigmoBimHO 49 Ta 51% Bin
3araJibHOT KUTBKOCTI MOT3/I0K.

Kpim po3rismgy moka3zHUKa COIaJbHUX BUTpAT MAcaKUpiB, PIBEHb SKOCTI aBTOOYCHHUX
MepeBe3eHb OIIHIOETHCS 3 TOUKH 30py Oe3rneku irojaeh. [lpu 1boMy 3anexHi Bi HEl HETaTUBHI
HaCHiIKK 0a)kaHO YMOBHO MOKa3yBaTH B TPOLIOBOMY OOUYHMCIIEHHI. 3arajioM BUpOOHUYI BTpaTH
yepe3 CMepTh, TPaBMH, KaJillTBa IO MOXHA TiJApaxyBaTH Ha OCHOBI HAaI[lOHATBHOT
CTaTUCTHKH. JIJI1 pO3rIsiAy IbOTO TOKAa3HMKA KOPUCTYBAIHMCS METOJOM KOHTHHTEHTY. Takum
YMHOM, OPraHi30BYIOUM aBTOOYCHI MepeBe3eHHs, MOCTIHHY 1 3HAYHY yBary HaJeKUTh IPUILUIATH
Oe3meri JOpPOKHBOTO pyxy aBToOyciB. (OOOB’SI3KOBO II€ CTOCYEThCS MIATPUMAHHS iX ¥
HAJICKHOMY TEXHIYHOMY CTaHI, a TakoXX TmepeAdadeHHs KOHTpaBapiiiHOI MiATOTOBKU
KBaJII()IKOBAHOTO CKJIAAy BOJIIB 3 OOOB’S3KOBHM iX KOHTPOJIEM IMepei] BHUI3OM Ta IiJ Yac
TiSITBHOCTI Ha JiHil. 3 iHImIoro OOKy, Ha COLIAJIbHI BUTPATH MACAXHUPIB MOCTIMHO BILTUBAaTHME
aJIMIHICTpaTHBHE BHpIIIEHHS MICHKHX Tapu(iB Ha MpOi3q B aBTOOycax Ta OKPEeMHX MUTBIOBUX
MUTaHb. BpaxoByrouwn Te, 10 OCTAaHHI JBI BUIICHA3BaHI BUTPATH HE 3aJICKATh BiJ BEITUYHHH
MACaKUPOTIOTOKY Ta THUITY PYXOMOTO CKJIaay, B pO3PaxyHKY COIIaIbHUX BUTpAT Hagaii
BU3HAYAJUCS JIMILIE BUTPATH, TTOB’s3aHi 3 YaCOM TepECYBaHHS MACAXKUPIB.

BUCHOBKH

Ha mincraBi pe3ynpraTiB  MpPOBEAEHOTO  JOCHIPKEHHS BCTAHOBJICHO, IO  JUIA
ONTUMI30BaHOT OpraHizamii pyxy aBTOOYCIB MO Mepexki MicTa € palioHAIbHUM MIMpIIe
BIIPOBAUTH DPi3HI popmu pyxy Ta ix moemnanus. Ilopsn i3 3BuUYaliHOIO (HOPMOIO PYXY,
paIioHaTBbHO BIIPOBAKYBATH EKCIPECHI pelick B roamHM “mik’. HaBmakw, Ha JeSIKuX
MapIpyTax 3acTOCOBaHI CyMICHO 3BHYaifHa Ta CKOpodeHa (Gopmu pyxy aBToOyciB. OqHOUYACHO
JOCSATHYTO PO30CEPE/PKEHHS MacaKUPONOTOKIB (32 TOAMHAMH J00M), IO TO3BOJMIIO 3MEHIIUTH
Ha 5 aBTOOYCIB 3ajisiHMI pyXOMHH ckiaa Ha 6 Mapmpyrax. 3 ypaxyBaHHIM (GOpM pyxy
MPOAHATI30BAaHO TUIH aBTOOYCIB Ta iX KUIBKICTh HAa MapumipyTax. Y CepeJHbOMY JOCSTHYTO
CKOpPOUYEHHS Yacy nepecyBaHHs nacaxupis Ha §...10%.

BcranoBneHo, o iCHyI04i METOIM OOTpyHTYBaHHSI aBTOOYCIB HE BpPaXOBYIOTh CYTHICTb
IpoIelyp Ta MPOIIECIB CTBOPEHHS MPOAYKTY TPAHCIOPTY Ta HOro GOpMH i, OTKE, MOKYTh OYTH
BUKOPHUCTAHI JIMIIE JJIs BUPINICHHS OpraHi3alliiHUX 3ajad. 3a JOMOMOTOI0 METOMIB Teopii
eHepropecypcHoi  e(eKTUBHOCTI aBTOMOOUISI  MOXHA  KOMIUIGKCHO  aHANi3yBaTh  Ta
OoOIpyHTOBYBaTH aBTOOYCHI MapKu pPI3HUX ABTOTPAHCIOPTHHX MiAMPUEMCTB 3 ypaxyBaHHIM
TEXHIYHOT HOBHU3HU PYXOMOTO CKJIaJly Ta BIUITMBY JOPOXKHIX yMOB. 3alpONOHOBaHA METO/AWKA
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YIIOCKOHAJICHHSI ICHYIOUOTO TIOPSIIKY IPOBEICHHS KOHKYpCY IO BHOOpPY IepeBi3HMKa Ha
MapuIpyT sfKa JO3BOJUTH CEpe]] TPAHCIIOPTHUX MIAMPHEMCTB OOpaTH Te MIANPHEMCTBO, MapK
aBTOOYCIB sIKOTO Oy/ie BIAMOBIIATH XapaKTEPUCTUKAM MapIIPYyTy Ta 3a0€3MeYUTh TEXHOJIOTTYHO-
SKiCHE 00CITyrOBYBaHHSI ITaCaKUPiB.
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POJIb AKYMYJIATOPHUX TEXHOJIOT'TH Y MIJIBUIIIEHHI
EHEPIOE®EKTHUBHOCTI

I'matoB A.B., Heno6aiino 1.1O.
XapKiBChKHI HAIIOHATBHHUI aBTOMOOUTEHO-JOPOXKHIN YHIBEpCHTET, YKpaiHa

BCTYII

CyyacHuil cBIT 1€ OuTbIIE 30CepeKYEThbcs Ha MpodiemMax eHeproe(eKTUBHOCTI Ta
3MEHIIIy€ HETaTUBHUU BIUIUB HA HAaBKOJIMIIHE ceperoBuiie. OIHIEI0 3 KIIOYOBHX TEXHOJIOTIH,
IO CHPUSIOTH BUPIMIEHHIO IIMX 3aBIaHb, € aKyMYJISTOPHI CUCTeMHU. PO3BUTOK 1 BIPOBaKEHHS
epEeKTUBHUX aKyMYJSATOPIB JO3BOJUTH 3a0€3MEUUTH  CTAOUTBHICTH EHEPromocTavyaHHS,
ONITUMI3yBaTH BUKOPUCTAHHS PECYPCIB 1 CIIPHUATH MEPEXOY A0 BiTHOBIIOBAHHUX JKEPEN €Heprii.
V wiii pedepatu po3riIsIaEThCs 3HAUEHHS aKyMYISATOPHUX TEXHOJIOTH Y KOHTEKCT IiIBUIICHHS
eHeproeeKTUBHOCTI, iX Pi3HOTO BIUIMBY Ha Taly3i Ta OCHOBHI IEPCIIEKTUBU pO3BUTKY [1,2].

AKYMYJISATOPHI TEXHOJIOTii CTaJl OCHOBOIO [UIS PO3BUTKY €JIEKTPOMOOLIBHOCTI.
Enextpuuni aBTOMOOLII, OCHAIIEH] CYyYaCHUMU OaTapesMu, He JIUIIE 3HIKYIOTh 3aJIeKHICTh Bif
BUKOITHOTO TMaJIMBa, a ¥ MIHIMI3ylOTh BUKHIM MMapHUKOBHX ra3iB. Pexymeparis eneprii mia yac
raJbMyBaHHS JIO3BOJISIE OAATKOBO MiIBUIINTHA €HEProeEeKTUBHICTh Ta O€3 TOT0, aKyMYJISITOPU
aKTHBHO BHKOPHCTOBYIOTHCSI B IHIIMX TPAHCHOPTHHUX 3ac00axX - EJIEKTPUYHUX BEJIOCHIIEIAX,
IpOHax, aBTOOycax, 0 TAKOX CHPHUSE €KOJIOTTYHO YUCTIH MOOUTBHOCTI Ta €Heprii.

3HMKeHHSsI BTPaT eHeprii

CyuacHi akyMyJISITOpPHI TEXHOJIOTIT 3HAYHO 3HIKYIOTh BTPATH €HEPril iz Jac ii mepenavi
Ta 30epiraHHs 3aBISIKM BHUCOKIA e(EeKTUBHOCTI TEpPETBOPEHHS Ta 30€peKeHHs eHeprii.
AKyMYJISATOpPH JTO3BOJISIIOTH HAKONWYYBaTH HAJUIAIIOK €HEprii B MOMEHTH HU3BKOTO IOIHUTY,
3arobirarou il BTpaTaM, i BUKOPUCTOBYBATH ii i Yyac MKOBOTO HABaHTa)XEHHS. BUKoprcTaHHS
JIOKaTbHUX CHCTeM 30epiraHHs 3MeHInye notpely y mepeaadi eHeprii Ha BEJHKI BiACTaHi, II0
MIiHIMi3ye BTpaTH depe3 OIip eIeKTPOMepeX. AKYMYIATOPHI YCTAaHOBKH JIOTIOMAararoTh
3rJIaJPKYBaTH KOJIMBAaHHS HANpPYrd 1 4acTOTH B MEPEXi, MO chpuse OUtbll e()eKTUBHOMY
BUKOPUCTaHHIO eHeprii, puc.1 [3-6].

InTerpanis 3 BiTHOBJIIOBAHUMU Jaepenamu eHepri'l'

B aBTOHOMHIX €/IEKTPOYCTAHOBKAX aKyMY/ISTOPHI CHCTEMH BiirpatOTh KIIOYOBY POIIb Yy
3a0e3neueHHi CcTabuIbHOTO CHEPrOTOCTAYAHHS. [XHIM OCHOBHHM 3aBJaHHSM € HAKOIHYEHHS
3reHepOBaHOI EHeprii, 10 TEeHePYEThCS BiIHOBIIOBAHUMH JDKEpelaMH, 1 3a0e3rnedeHHs i
0e3mnepeOiitHOr0 CHOKWMBaHHS B TEPiOJM, KOJM TeHepallis HeMOoXJimBa ab0 HeJOCTaTHS.
[TpaBunbpHmii BUOip Ta excruryaranis AKB € xputnunumu ans epekTuBHOI poOOTH CHUCTEMHU.
HeoOxigHo BpaxoByBaTW Taki mMapaMeTpu, SK €MHICTh Oartapeid, TepMiH IXHBOI CIIyKOH,
e(EeKTUBHICTh 3apsA/HKaHHS Ta PO3PAHKAHHS, a TAKOK YMOBH eKcIUTyartaii. SIkicHi akyMynsiTopu
3MaTHI 3a0e3MedyBaTi BUCOKY HAJIMHICTh 1 JOBTOBIYHICTH aBTOHOMHOI CHCTEMH, MIHIMI3YIOUH
IIpU [IbOMY BTPATH €HEPTii Ta BUTPATH HA TEXHIUHE 00cayroByBanHs, puc.l [7,8].

Poub y Tpancnopri

EneproedexTnBHI aKyMyJasSTOPH BifirpaloTh LEHTPaJbHY pOJb Yy TpaHcopmaii
TPAHCIIOPTY, POOJISTYN HOTO OLTBII €KOJIOTIYHUM, EKOHOMIYHUM 1 JTIOCTYITHUM. BOHU 103BOJISIOTH
TPAHCHOPTY 3AIMMIATHACS THYYKAM 1 TEXHOJIOTIYHO MPOTPECUBHUM, (HOPMYIOUH OCHOBY ISt
CTaJIOTO MICBKOTO XUTTS [9-12].

AKYMYJIITOPHI TE€XHOJIOTII VI JOMOT0CIIOAAPCTB i MiANPHEMCTB

AKyMYIIATOpHA CHCTEMa € KIIOYOBHM EJIIEMEHTOM Yy 3a0e3ledeHHi CTaOuThbHOI mojadi
€JIIEKTPOCHEPTil CHOKHUBAauUeBi, OCOOIMBO B HIYHWH Yac, KoM (DOTOBOJIBTATYHI CHUCTEMHU HE
TeHepYIOTh eHeprito. Jns minTpuMkd HaaiiiHOT poOOTH aBTOHOMHHUX €JIEKTPOYCTAaHOBOK
BaXJIMBO CYBOPO TOTPUMYBATHUCS EKCIUTyaTAI[IHHUX HOPM 75 aKyMYJIATOPIB 1 KOHTPOJIIOBATH
piBeHb iXHBOTO 3apsily, YHUKAIOYM TIUOOKOTO pO3psiLy Ta TepeBaHTaXeHb. PeryispHe
MIATPUMAHHS €MHOCTI aKyMyJSTOpiB Ha BCTAaHOBJIGHUX PIBHAX Y PI3HUX pEeKHUMax poOOTH
3HAYHO TMIJIBUIIYE€ EHEProePEeKTUBHICTh CHUCTEMH, 3aro0irarouyd MIBUIKOMY BHUYEPIIAHHIO
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SHepPreTUYHUX 3amaciB 1 3a0e3neuyroud HaJiifHe €HeprornocTrayaHHs B YMOBax 3MIiHHOTO
crioxxuBanHusg [13-15].

m

Pucynox 1 — IIpuknaam akyMyasTOPHHX cucTeM 30epiraHHs eHeprii

BUCHOBOK
CyyacHuil CBIT TiepeOyBa€ Ha TOpPO31 EHEPreTHYHOI pPEeBOJIOLIi, OCHOBOIO SKOi €
3pocTaroda morpedba B eHeproe)eKTUBHHUX pIMICHHSX. B TenepilmmHiX yMOBax, MOB’S3aHUX 31
3MIHOIO KJIIMaTy, HECTaOUIBHICTIO TPaAMLIHHUX JDKEpeN eHeprii Ta 3pOCTaHHSIM IOMHTY Ha
CIIEKTPOCHEPTII0, aKyMYJISTOPHI TEXHOJOTI] CTAM KIIOYOBHM IHCTPYMEHTOM Yy 3a0e3ledeHH1
€(EeKTUBHOCTI EHEPreTUYHUX CUCTEM.
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Cexuin 11

TPAHCIHOPTHA THOPACTPYKTYPA, PO3BUTOK MEPEXKI
3APSITHUX CTAHIIN JJ1SI EKOMOBLIIB.
TH®OPMAIIMHO-KOMYHIKAIIMHI TEXHOJIOT'Il HA
TPAHCHOPTI
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IMPROVING THE EFFICIENCY AND RELIABILITY OF LITHIUM
IRON PHOSPHATE BATTERIES BY OPTIMIZING THE BMS

Arhun Shchasiana', Dvadnenko Vladimir', Hnatov Andrii', Kunicina Nadezhda?,
Caiko Jelena®, Zhiravetska Anastasia®, Ribickis Leonids®
'Kharkiv National Automobile and Highway University, Ukraine,
*Riga Technical University, Latvia

INTRODUCTION

Lithium iron phosphate (LiFePO.) batteries have emerged as a preferred choice for electric
vehicles (EVs), renewable energy storage, and numerous consumer applications due to their high
thermal stability, long cycle life, and superior safety. However, to harness the full potential of
LiFePO. batteries, the optimization of the Battery Management System (BMS) is essential. The
BMS plays a critical role in monitoring, controlling, and protecting battery cells, thereby
enhancing both the efficiency and reliability of LiFePO batteries. This work explores how BMS
optimization strategies can improve LiFePO battery performance and longevity [1-3].

The Role of the BMS in LiFePO+ Battery Systems/

The Battery Management System is a sophisticated control mechanism tasked with
maintaining battery health by managing charge/discharge cycles, monitoring cell voltages and
temperatures, balancing cells, and ensuring safe operation. For LiFePO. batteries, which are
sensitive to overcharging and deep discharging, the BMS is indispensable. Unlike some other
lithium-ion chemistries, LiFePO. batteries do not typically suffer from thermal runaway, but
they require precise control to prevent overvoltage, which can degrade cell performance over
time [4-8].

A well-designed BMS enhances a LiFePO4 battery system in several ways, Fig. 1 [9-12]:

Protecting Battery Health: The BMS prevents scenarios such as overcharging and
excessive discharge, which can irreversibly damage LiFePO 1 cells.

Improving Efficiency: By optimizing charge cycles and monitoring real-time energy
requirements, the BMS reduces energy losses, thereby increasing battery efficiency.

Enhancing Reliability: By ensuring uniform cell usage and preventing imbalances, the
BMS minimizes the risk of cell failure, thereby increasing the reliability of the battery pack.

Fig. 1 - BMS functions for lithium iron phosphate batteries

KEY STRATEGIES FOR BMS OPTIMIZATION
Advanced Cell Balancing Techniques.
Cell balancing is critical for maintaining uniform performance across all cells in a
LiFePO. battery pack. If certain cells have significantly higher or lower charges, the efficiency
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and lifespan of the battery pack can be compromised. Traditional passive balancing methods
dissipate excess energy as heat but do not address energy imbalances effectively. However,
advanced active balancing techniques transfer energy between cells, maintaining an even state of
charge (SOC) without energy loss. By implementing active balancing, the BMS can extend
battery life and optimize energy use, which is especially beneficial for large LiFePO. battery
systems in EVs and grid storage [13-17].

Thermal Management and Temperature Control.

Temperature fluctuations can adversely affect LiFePO. battery efficiency and reliability.
An optimized BMS continuously monitors cell temperatures and activates thermal management
features, such as cooling or heating systems, to keep cells within an optimal temperature range.
Integrating thermal sensors with real-time feedback helps prevent overheating and ensures
efficient charging and discharging. Enhanced thermal management is particularly important in
environments with extreme temperatures, where LiFePO.: batteries might be prone to
performance degradation.

Enhanced State of Charge (SOC) and State of Health (SOH) Estimation.

Accurate estimation of SOC and SOH is essential for reliable battery performance. SOC
represents the remaining capacity of a battery, while SOH indicates the battery’s overall health
and aging status. Traditional estimation methods, like Coulomb counting, may lack precision
over time. Modern BMS solutions employ algorithms based on machine learning or Kalman
filters to improve the accuracy of SOC and SOH estimation. By accurately tracking battery
health, the BMS can adapt to changing battery conditions and suggest optimal usage patterns,
thereby prolonging battery life.

Dynamic Power Management and Load Distribution.

For LiFePO. batteries in EV applications, optimizing power management is essential to
handle sudden load changes effectively. A well-optimized BMS dynamically adjusts power
output to balance performance demands with battery longevity. By distributing the load across
cells and preventing rapid discharge cycles, the BMS can improve both efficiency and reliability,
enabling the battery pack to deliver consistent power without experiencing rapid degradation.

Data Analytics and Predictive Maintenance.

Advanced BMS solutions utilize data analytics to monitor trends and predict potential
failures. By analyzing operational data, the BMS can detect signs of wear or imbalance before
they lead to cell failure, enabling preemptive maintenance. Predictive maintenance supported by
machine learning algorithms can identify patterns in battery behavior and optimize performance
based on real-time usage patterns. This proactive approach helps reduce downtime and extends
the battery life by addressing issues before they impact reliability.

Benefits of BMS Optimization for LiFePO. Batteries

Extended Battery Lifespan: Effective BMS optimization minimizes stresses such as
overvoltage, temperature extremes, and capacity imbalances, which are major causes of
degradation in LiFePO: batteries. With enhanced cell balancing and thermal control, the BMS
helps extend the usable lifespan of the battery pack.

Increased Energy Efficiency: By reducing energy losses during charge and discharge
cycles and optimizing power output, a BMS can significantly improve the energy efficiency of
LiFePO. batteries. This efficiency boost is particularly valuable in EVs and renewable energy
storage, where every watt saved translates to extended range and better resource utilization.

Enhanced Safety and Reliability: A BMS ensures that each LiFePO. cell operates
within safe parameters, reducing the risk of failures and enhancing system reliability. With
precise SOC and SOH estimations, the BMS can detect and prevent issues like overcharging or
deep discharging, which improves the overall safety and dependability of the battery pack.

Optimized Performance in Diverse Applications: Optimizing the BMS allows
LiFePO. batteries to perform consistently in various conditions and applications, from the high
demands of EVs to the steady requirements of grid storage systems. With predictive maintenance
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capabilities, the BMS further supports long-term reliability, adapting performance based on
environmental and usage factors.

CONCLUSION

Optimizing the BMS is a key approach to unlocking the full potential of lithium iron
phosphate batteries. As LiFePO4 batteries gain popularity for their safety and stability, a well-
optimized BMS can improve their efficiency, reliability, and longevity. Through strategies such
as advanced cell balancing, enhanced thermal management, precise SOC and SOH estimation,
dynamic power management, and predictive maintenance, the BMS becomes an integral
component of an eco-friendly and sustainable energy solution. In conclusion, investing in BMS
optimization not only extends the life of LiFePO. batteries but also contributes to advancing
energy efficiency in diverse applications, making it a crucial step toward a greener and more
reliable energy future.

By focusing on the limitations of individual cells, we simplified the BMS design, which
allowed us to achieve faster charging times, reduce energy losses, and minimize heat generation.
Accounting for the battery's capacity constraints based on the weakest cell led to significant
improvements. A single relay was used for both charging and discharging, further enhancing the
system's reliability and simplifying its design. These enhancements were proven effective during
an 18-month trial, where the system consistently provided power to household appliances, even
during frequent and prolonged outages.
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EHEPTOT'EHEPYIOUYI CXOJIWHKMH, K JIKEPEJIA EJJEKTPOEHEPTII 1151
IHOPACTPYKTYPHU EJEKTPOTPAHCIIOPTY

T'matos A.B.!, Cyneiimanos JI.B.', Besliu Vitalie?, Pinzaru Natalia’, Ojegov Alexandr”
"XapkiBchknii HAIOHATBHAI aBTOMOGUTEHO-I0POXKHIi yHiBepcuTet, YkpaiHa,
?Alecu Russo Balti State University, Mogosa

BCTYII

CyyacHu#l pO3BUTOK IH(PPACTPYKTYPH EIEKTPOTPAHCIIOPTY MOTpeOye HOBHX JDKEpET
eHepril 1t 3a0e3MeueHHs 3pOCTaluMX eHepreTHIHNX noTped. OJHNUM i3 IHHOBAIIHHUX CIIOCO0IB
TeHepalii eJeKTPOCHePrii € BHKOPHCTAHHS EHEeProreHepyrounx cxoawHok. Lli cucremu
MEPETBOPIOIOTh  KIHETHMYHY €HEprilo pyxy JIoAeld Ha eIeKTpUYHYy eHEprilo, sKa MOXe
BUKOPHUCTOBYBATHUCS JUIS KMBJICHHSI €IEMEHTIB 1H(QPACTPYKTYPH €JIEKTPOTPAHCIIOPTY, TaKUX SIK
3apsiTHi CTaHIii, OCBiTJIIeHHS Ta iH(popMaliiiHi Tabmo. EHeprorenepyroui CXOIMHKHA MAalOTh
MOTEHITIANT 3pOOUTH HMPACTPYKTYPY OUIBIIT €KOJIOTIYHOI0, 3HU3UTHU 3AJISKHICTh BiJ TPAIUIIIHHIX
JDKEpel eNIEKTPOCHEPTIi Ta CIPUSATH CTAIOMY PO3BUTKY MIChKOT MOOLTRHOCTI [1, 2].

3pocTaHHs TMOMYJISPHOCTI EJIEKTPOTPAHCIIOPTY CTaBUTh TEpel MicTaMu 3aBIaHHS
CTBOPEHHSI JIOJIATKOBHX JDKEped €Heprii Juist MATPUMKH 3apsagHoi  iHGpacTpyKTypH.
BukopucTaHHs eHeproreHepyrYrX TEXHOJOTIH y MICIAX 13 BUCOKOIO MIMIOXITHOI aKTHBHICTIO,
TaKUX SIK TPAHCTIOPTHI BY3JIH, 3aJII3HUYHI CTaHIIi], aéPOMIOPTH Ta TOPTOBEJBbHI LIEHTPH, J03BOJISIE
TeHEepYBaTH EJIEKTPOeHepriro 0e3 KoM s HaBKOJIMIIHBOTO cepefoBHIna. Taki pimeHHs
BIJMOBIAIOTh TJIOOATHHUM TEHJEHINSIM MIOAO0 3HWKEHHS BUKUAIB TApHUKOBUX Ta3iB i
MiIBUIIEHHS eHeproedekTuBHOCTi [1, 3, 4].

EHEPTOTI'EHEPYIOUI CXOJIUHKH, SIK JKEPEJA EJIEKTPOEHEPTTI
IpuHuMn podoTH eHeproreHepyYUux CX0IMHOK

Eneprorenepyroui CXOAWHKM ©0a3ylOTbCS Ha I'€30€JIEKTPUYHHUX e€JIeMEeHTax abo
MEXaHIYHUX CHCTEMaXx, SIKi 371aTHI KOHBEPTYBATH MEXaHIYHUNA THUCK Y €JIEKTpHUHy eHeprito. [Tig
9ac KOYKHOTO KPOKY IMINIOX0/[a BUHUKAE TUCK Ha MOBEPXHIO CXOJIUHKH, KU MEPETBOPIOETHCS B
eNIEKTPUYHMIA CUTHAJ. 3i0paHa €Hepris aKyMYJIO€ThCS B HaKOMMWYyBauax a0 MepeaaeThesl JUIs
0e3rmocepeIHbOr0 BUKOPUCTAHHS Y MICBKill iHPpacTpykTypi (pucyHok 1). KinpkicTs BUupoOieHoi
€Heprii 3aJeXuTh BiJ IHTEHCHUBHOCTI MIMIOXIAHOTO pPyXy, KOHCTPYKIIi CHCTEMH Ta
BUKOPHUCTOBYBaHMX MarepiaiiB [5 - 13].

S &

Pucynok 1 — Eneprorenepyrodi CX0IUHKH, SIK JDKEpena eIeKTPOeHeprii
Buxopucranns edeprii 1jis iHppacTPpyKTypH eJIeKTPOTPAHCHOPTY

3apsiani cranuii 1Is eJlekTpoTpaHcnopTy: 3i0paHy eHeprito MO)KHa BUKOPUCTOBYBATH
IUIS JKUBJICHHS 3apsiIHAX CTaHIIN JUIs eNEeKTPUYHUX CKyTepiB, BejocumneniB abo HaBiTh
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aBToMOO1TiB. Ile 0coO0MMBO e€(hEeKTUBHO y MICIAX 13 BHUCOKOK KOHIIEHTPAIIEIO IMIIIOXOIB, J€
EHeproreHepallisi MoXe MOKPHUBATH YaCTUHY €HEPTeTUYHUX MOTPeO.

OcBitiienHs ta indgpacrpykrypa: EHepris Bii CXOIMHOK MOXE BHKOPHUCTOBYBATHCS
JUISL SKMBJICHHS BYJIMYHOTO OCBITICHHSA, iH(popMmamiiHux Ttabmo, Wi-Fi cranmiii Ta iHIIMX
1HPPACTPYKTYPHUX €JIEMEHTIB, M0 CIHpHUS€ TMIABUIICHHIO KOMQOpTy 1 Oe3meku MichKol
MOOLUIBHOCTI.

Indopmaniiini Ta nasirauniiini cucremu: Cucremu HaBiramii Ta indopmariitai Tadno,
AK1 HaAarTh iH(GOPMAIIIO PO MapUIpyTH ab0 CTaHIl 3apsAAKH, TAKOK MOXKYTh MpAIfOBAaTH Ha
€HepTii BiJ] CXOMHOK, 110 MiABHUIYE 3PYUHICTh KOPUCTYBAHHS €IEKTPOTPAHCIIOPTOM.

IlepeBaru eHeproreHepy4YuxX CX0AMHOK

ExoJioriynicTs Ta 3MeHIIEHH BUKUAIB: BUKOpHCTaHHS KIHETUYHOI €HEprii 103BOJIsIE
TeHEPYBATH €JICKTPOCHEPTit0 0e3 IMIKITMBUX BUKUIIB, 3MEHIIIYIOUN 3aJIS)KHICTh BiJl BUKOITHOTO
MAJIMBA Ta COPUSIOYH 3HIKEHHIO BIIMBY Ha HABKOJIMIIIHE CEPEIOBHIILIE.

EneproegextuBnicrs: EHeproreHepyroodi CXOJUHKH He TOTPeOyIOTh MOCTIHHOTO
TEXHIYHOTO OOCIIyrOBYBaHHS Ta MAalOTh BHCOKY TPHMBAJICTh €KCIUTyarallii. BoHHM mpaIioioTh
aBTOHOMHO, 3a0e3meuyroun Oe3nepepBHUN Mporiec reHepailii eHeprii.

InTerpaunis B Micbke cepegoBuiuie: CXOIWHKHU JIETKO IHTETPYIOTHCS B iICHYIOUY MICBKY
1HPPACTPYKTYPY 1 MOXKYTh OyTH BCTAHOBJICHI Yy MICIAX, JIe BHCOKA ITIIIOXiJHA AKTHBHICTH
JI03BOJISIE MAKCUMAJIbHO €(pEeKTHBHO BUKOPHCTOBYBATH 1X MOXKIIMBOCTI JUIS Te€HEpallii eHeprii.

Exonomiuna Buroga: 3aBAsky aBTOHOMHIA pOOOTI Ta 3HIKEHHIO BHUTpaT Ha
EJIEKTPOCHEPrit0, EHEProreHepyrvl CXOJWMHKH JIOTIOMAaraioTh 3E€KOHOMHUTH KOIUTH  JUIS
MYHIIUITATFHUX OF0JDKETIB, M0 MOKE OYTH BaXKIIMBO JIJISI MICBKUX IPOTPaAM CTAJIOTO PO3BUTKY.

Bukjauku Ta 00MeKeHHA

Bucoka BapricTh BcTaHoBJIeHHs: [IepBUHHI BUTpAaTH Ha BCTAHOBJICHHS Ta IHTErpaIlito
CHEPrOTeHEPYIOUMX CXOJAMHOK MOXXYTb OYTH JOCHTh BHCOKHUMH, IO BHMAarae 3ajydyeHHs
J0JaTKOBUX (PIHAHCOBUX pPECYpCIB.

HepiBHoMipHicTh eHepronorokiB: ['eHepamis eHeprii 3aleXuTh BiJ IHTEHCHBHOCTI
MIIOXIAHOTO PyXy, IO O3HAYa€ MOKJIHMBI mepeboi y BUPOOHUITBI eHeprii y TOJUHH HU3BKOT
aKTHBHOCTI.

HaBanTa:keHHs1 Ha MaTepiaiu: [HTEHCHBHE BUKOPHUCTaHHS CXOJWHOK MPU3BOAMTH IO
IIBUJIKOTO 3HOIIYBaHHS MaTepiajiB, IO MOXKE MOTpeOyBaTH 4YacTIIOTO OOCIYrOBYBaHHS Ta
3aMiHH €JIEMEHTIB.

IlepciekTHBH PO3BUTKY

3 pO3BUTKOM TEXHOJIOTIH, TaKMX SK OUTbII e(EeKTHBHI IT'€30€JIEKTPUYHI Marepiaiu Ta
aKyMyJISITOPHI CHCTEMH, MOKHA OWYIKYyBAaTH MiBHIIEHHS €()EKTUBHOCTI E€HEPrOTeHEPYIOUUX
CXOIMHOK. MaitOyTHI OCHIIKEHHS MOXYThb CIPHATH 30UTBIICHHIO €HEPrOePEeKTUBHOCTI LUX
CUCTEM, IO 3pOOUTH iX OLTBIN MPUBAOIUBUMHE JIJISi BETUKUAX MICT 3 IHTEHCUBHUM MIMIOX1THUM
pyXoM. VYIOCKOHQJICHHS JU3allHy Ta MarepiaiiB MOXKE TaK0X MiJBHIIUTH TPHUBATICTH
eKCIUTyaTallil Ta 3MEHIIUTH BUTPATH Ha 0OCITyrOBYBaHHSI.

BUCHOBKH

Eneprorenepyrodi CX0IMHKH € TIEPCIIEKTUBHOIO TEXHOJIOTIEIO JIJISi CTBOPEHHS €KOJIOTT9HO
gucTOol eHeprii, sKa Moxe OyTH BUKOPUCTaHA JUISl IMIATPUMKHA  1HOPACTPYKTYypH
€JIEKTPOTPAHCIIOPTY. 3aBISKU 3aTHOCTI MEPETBOPIOBATH KIHETHUYHY €HEpril0 Ha EJIeKTPUYHY,
TaKi CHCTEMH JIOTIOMAraroTh 3HU3UTH HAaBAaHTAKEHHS HA €HEPrOMEPEsKi Ta SMEHIIIUTH IIKIITTUBUI
BIUIMB Ha JIOBKULIA. BIpoBa/pKEHHSI €HEProreHEPyIoUNX CXOIUHOK y TPOMAJICHKi MICISl CIpuUsie
CTaJIOMy PO3BUTKY MICT Ta MiABHINYE iX €HEproe(eKTUBHICTb, POOJSUYM EIEKTPOTPAHCIOPT
OUTBII JOCTYIHHUM Ta 3pYYHHUM JUIs MEIIKAHIIIB.
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3APSIHA CTAHIIIA JJIS1 TPAHCIIOPTHHUX 3ACOBIB KATEI'OPII L1, IIIO
OTPUMYIOTH EHEPI'TIO BIJI CHHEHIAJIBHOI'O TJOPOKHBOI'O TIOKPUTTA

1 1 1 2
I'natoB A.B.!, Kosnos O.B.", Vissrens O.A.", Toxop Tomopos”, JTro6omup Bormanos”
1 . o . o . oy . o
XapKiBChKHI HAIIOHATBHHUI aBTOMOOUTEHO-JIOPOXKHIN YHIBEpCHTET, YKpaiHa,
2 .o o . o . .
Codilicekuii TexHIUHUH YHIBepcuTeT, bonrapis

BCTYII

Ha croroHi, BpoBa/KeHHs BITHOBIIOBAaHUX JDKEPEN €HEPTii B MIChKY iHPPACTPYKTypy
€ OJHUM 3 KJIIOYOBHX HANPSMKIB CTaJoOro pO3BUTKY. B yMoBax 3poCTaHHS MOMYJSPHOCTI
€JIEKTPOTPAHCIIOPTY, OCOOIMBO eJeKTpoBenocuneniB (TpaHcnoptHuil 3acid karteropii L1),
BUHUKAE MOTpeda B IMOIIYKY HOBHUX PIIEHb IS iX €KOJOTIYHOTO 1 JOCTYITHOTO 3apsHKaHHS.
OnHuM 3 Takux pilieHb € iHTerpamis (HOTOENEKTPUYHHX TaHeJIed y NOPOKHE TOKPHUTTS, IO
JI03BOJIUTh HE JIUIIEC BHUPOOISATH EIEKTPOSHEPril0 3 COHSYHOTO CBITJIA, aje U 3a0e3rmeuuTH
3pydHe Ta Oe3lepepBHE JKUBJICHHA IS EJICKTPOTPAHCIOPTY Ha BEJIOAOPDKKAX Ta
crenianizoBaHux Mapupyrax [1-6].

Taki cucreMu MOXKYTh 3HAUHO 3MEHIINUTH 3aJIKHICTh BiJl TPAAULIHHUX JDKEpEN eHeprii,
MIIBUITUTH €HeproeeKTHUBHICTh HPPACTPYKTYpH, IO HE abW SIK aKTyaJbHO Y TEMepilIHix
yMOBax B VYKpaiHi, Ta CHpPUATH 3HWKCHHIO BHKHIIB TAapHUKOBUX ra3iB. Kpim TorO,
BIIPOBADKEHHS (DOTOGNEKTPUYHUX TaHENeH Yy JOPOKHE TOKPUTTS CHPHUATAME PO3BHUTKY
«3eNIeHO» MOOUTBHOCTI, MOKPAINIUTh SKICTh MICBKOTO CEPeJOBHUINA Ta CTBOPHUTH JOJATKOBI
MOJIMBOCTI JUIS MIATPUMKM CTaliol €HepreTHKW. Taka IHHOBAIls BINNOBINAE CYYaCHUM
r7I00ABHUM IUTSIM 100 OOPOTHOM 31 3MIHOIO KJIIMaTy, i 1l pO3BHUTOK O0COOJIMBO aKTyaJlbHUH Y
MICTax, Jie¢ MiIBUIICHUN MOMUT Ha €IEKTPOTPAHCIIOPT 1 J€ BaXJIMBO MiHIMI3yBaTH HETaTHBHUL
BIUIMB TPAHCHOPTY HA JOBKLLIS.

JUJis )KUBJICHHS €JICKTPUYHUX TPAHCTIOPTHHUX 3ac00iB kareropii L1 moTpiOHa enekTpudHa
€Hepris, OTXe, pa3oM 3 PO3BUTKOM JaHOTO BHIY TPAHCIOPTY IMOTPIOHO pPO3BHUBATH 1 HOTO

3apsiiny iHppacTpykTypy [7-12].

3APSIHA CTAHIIIA OJI1 TPAHCITIOPTHUX 3ACOBIB KATEI'OPII L1

Jlnst oOMiHY eNeKTpOeHEprie€l0 MK €IeKTPUYHUM TPAaHCIIOPTHUM 3ac000M KaTteropii L,
Ta EJIEKTPOTEHEPYIOUNM JTOPOKHIM MOKPUTTSAM IMPOMOHYETHCS BHUKOPHUCTOBYBATH EJIEKTPHUHI
3apsiaHi cTaHIlii, (pucyHokK 1).

CoHsauHa nmazeb

Tepminan ommatu

3apsHi cTaHmii

Pucynox 1 — Cxema 3apsHoi CTaHIIil [UI1 TPaHCIOPTHHX 3ac00iB kareropii L1
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AxymynsaTopi 6arapei, 1110 HAKOMUYYIOTh €HEPTiI0 BiJl €MEKTPOTEHEPYIOUOTO IOPOKHBOTO
MOKPUTTSI 3HAXOIATHCA Yy TEXHOJIOTITYHOMY BiACIKY 300Ky mopikku. [lns po3BaHTakeHHS
3arajibHOi eNEKTPUYHOI MEpEXi eNeKTPOTEHEPYIOUOro JO0POKHBOTO TOKPUTTS BEIOIOPIKKH
MIPOTNIOHYETHCSI BCTAHOBIIIOBATH TOJIOHI TYHKTH 3apsny (OOMiHY eJeKTpOeHeprieo Mix
EJIEKTPUYHOTO TPAHCIOPTHOTO 3aco0y kareropii L1 3 eIeKTpOTeHepYIUuM JTOPOKHIM
MOKPUTTSIM) uepe3 KoxHi 5 kM (~3 mui). Lle nacte 3Mory 3MEHIIUTH €MHICTh aKyMYJISITOPHUX
Oarapeit AKB) Ha TpaHcmopTHHX 3acobax kateropii L1 (enekTpoBenocuIleN), a OTKe,
3/IEHIEBUTH 1X Ta 3MEHIIUTH iX Bary. bo He Mae MoTpedU KOMILJIEKTYBAaTH €JIEKTPOBEIOCUIIEAN
AKDB Benukoi eMHOCTI 3 3a11acOM aBTOHOMHOTO X0y Ha Bin 62 kM 1o 161 kM. JlocratHbo Oyze
emHocTi AKb Ha 10 50 kM aBTroHOMHOTO X0ay. Ilicns po3psny AKB #ioro MoxkHa MiAKITIOYUTH
70 3apsiIHOT CTaHIii (TMBUCH PUCYHOK 1).

[Tpu moOymoBi 6€3APOTOBUX 3aPSATHUX CTAHIIINA, (IUBUCH PUCYHOK 2, a), TOTPIOHO JIUTIIE
MOCTABUTH TPAHCIIOPTHHUM 3aco0iB Kareropii L; B cCHeliaibHe MICTO Ha CTaHINl 1 3apsij
MOYHEThCS aBTOMATUYHO. JIJis moOynOBM MOMIOHUX 3apsIHUN CTaHIi MOTpiOHO, MO0, MO0
MPUCTPIM IO Tepelae eNeKTPOSHEPrilo Ta MPHCTPid, mo il npuitmMae Oynu oOJagHAHHI
CTeUiaTbHUMU IHIYKIIHHUMHU KOTYIIKaMH PUCYHOK 2, 0.

a — 30BHINIHIH BUIIISA] 3apsHOI cTaHwil; O — IHAYKIiHHI KOTYIIKH JUist 0€3ApOTOBOI Nepeaayi eHeprii
Pucynok 2 — be3npoToBa 3apsiiHa CTAHIIIS IS eICKTPUYHUX
TPaHCIOPTHHX 3ac00iB Kareropii L1

Bubip ogHOTO 3 JBOX 3alIpONIOHOBAHUX BapiaHTIB 3aJIKUTH BiJl TOYATKOBUX IHBECTHIIIN
(iHayKUifHA TeXHOJOTIsA Toposxya, aeck Ha 10 % - 30 %, B 3anexHOCTI Big 001agHaHHS 1 HOTO
MOTY)KHOCTI) Ta HasBHUX YMOB IIOJO TOTY)KHOCTI €JIEKTPUYHHX MEPEXK Ta BU3HAUEHUX YMOB
KOM(OPTY 1 IPOCTOTH BUKOPHCTAHHS €JIEKTPUYHHUX ISl €JIEKTPUYHUX TPAHCIOPTHUX 3acO0iB
kareropii L1 Ta ix indpactpykrypu [13-15].

Hnst Toro moO posidpaTucst i OOTPYHTYBAaTH BiICTaHb MDK MHOMIOHUMH 3apsaHUMU
CTAHIIISIMH, TOTPIOHO JOCHIIWTH TaKi TapaMeTpH, SIK IIBHIKICT 1 JMalbHICTh MPOOIry
TPAHCHOPTHHUX 3aco0iB Kareropii L1 Ha onxHil 3apsAAmi Ta KOHCTPYKIIHHUMHU OCOOIHBOCTSIMH
TATOBUX €JIEKTPHUYHUX JBHUTYHIB.

BUCHOBKHA

3anpornoHOBAaHO KOHIENITyalbHE PIMIEHHS JOPOXXHBOTO TMOKPUTTS JUIsl TOOYIOBU
BEJIOJIOPIKOK, IO CKIIATAEThCS 3 0araroyHKIIIOHATBLHUX MaHeNel. 3 ypaxyBaHHSM BHSBICHHX
HEJIOJIKIB PO3TIISHYTHUX aHAJIOTIB, PO3MIUPEHO (HYHKIIOHAI TOPOKHBOT TAaHET.

JlocnipkeHo Tporiec 3apsAay eJISKTPUYHOTO TpaHCHOpPTHOro 3acoly kareropii L1 3
€JIEKTPOTCHEPYIOYNM JOPOKHIM MOKPHUTTSIM. 3aIIPOTIOHOBAHO JIBA BapiaHTH MOOYIOBU 3apsTHUX
CTaHIIIA JUTSI eNEKTPUYHUX TPAHCIIOPTHUX 3aco0iB kaTeropii L1: KOHTaKTHY Ta 0O€3IpOTOBY
(IHaYKUOidHY).

[TpoBeneHo po3paxyHOK TeHeparlil eleKTpoeHeprii 0araro(yHKI[IOHATLHUMU TTaHETSIMU
JOPOKHBOTO TIOKPUTTS ISl BEJIOJAOPIKOK.
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BIJHOBJIEHHS ICJISIBOEHHOI IOPOKHBOI IHOPACTPYKTYPH
YKPAIHHA

Apryn 111.B.
XapKiBChKHI HAIIOHAIBHHUI aBTOMOOUTBHO-JOPOXKHIN YHIBEpCHUTET, YKpaiHa

VYkpaina 3iTOBXHYIAcAd 3 MacCIITAOHUMH PYHHYBaHHSAMH iHPPACTPYKTYpH depe3 BiliHY,
sgKa TpHUBa€. BiJHOBJIEHHS JOPOXXKHBOI MeEpEeXi CTAaE BAXIMBHM €TalloM IICISIBOEHHOTO
BinOynyBanHs kpainu. Ha kimeup 2023 poky 3a omiHkamMu MiHiHGpacTpyKTypu YKpainu,
3pyitHoBaHo moHaa 24000 kM gopir ta 310 mocrtiB [1]. Lli mudpu BigoOpakaroTh TINOOKI
HacTiaku 00MOBHX il Al TPAaHCTIOPTHOI MEpeki KpaiHu, 1 MIJAKPECTIOITh HaralbHy MOTpedy y
BiJTHOBJICHHI Ta MOJIEpHi3aIlil KpUTUIHOT IHOPACTPYKTYPH.

BigHoBneHHs 10pokHBOT iHQpacTpyKTypu YKpaiHu Mmicist BifHM — 3aBJaHHS BETUYE3HOT
CKJIAHOCTI Ta MacmTaly, mo norpedye K 3HaYHUX (DIHAHCOBHUX PECYpCiB, TaK 1 JETaIbHOTO
IUTaHyBaHHs. llepioueproBuM BUKIMKOM € TOYHE OIIHIOBaHHS OOCSTIB MONIKO/DKEHb. Ha
OCHOBi TOTEpENHIX MiJApaxyHKiB, BapTiCTb MOBHOTO BiTHOBIIEHHS TIOIIKOKEHUX OpIT Ta
MOCTIB MOXe jocartd 0mn3bko $30 mups. TouHe ruiaHyBaHHS BUTPAT i CTpATETivuHE 3aTy4CHHS
pecypciB 3aIHIIAIOTHCS KIIOYOBUMHU JUTS peaiizalii i€l MacmTabHo1 BitOyI0BH.

[I{o6 edpeKTHBHO PO3MOAUTUTH PECYpCH, HEOOXIiTHO MPOBECTH IPYHTOBHHUU ayAuT YCiX
MOIITKO/KEHD 13 3aCTOCYBaHHAM Teoindopmartiitaux cucrem (GIS), siki JOMOMOXYTh CTBOPUTH
JeTanbHI KapTH pyHHYBaHb. L{e 103BOIUTH MPIOPUTETHO BU3HAYUTH HAWKPUTHUIHIII JUISHKA Ta
IUTAaHYBAaTH POOOTH, BPAXOBYIOUM MOTPEOU perioHiB Ta JoricTuky. OqHaKk MacmTadu pyiHyBaHb
BUXOJIITh 32 paMKH HasBHUX y KpalHU pecypciB. YkpaiHa nmotpeOye npubmuzno $60 mupa mis
BIZTHOBJICHHS BCi€i iH(pacTpyKTypH, 3 SKHX TOJOBHHA OyAe CIpsIMOBaHA caMe€ Ha JOPOXKHE
OyniBauITBO [2]. X0oYa iHO3eMHI mapTHepH, 30kpema €Bpomneiicbkuii Coro3, CIIA Ta CBiToBHIA
0aHK, BJK€ BUCIIOBIJIM TOTOBHICTh HAJaTH 3Ha4YHY (DiHAHCOBY JIOTIOMOTY, I[bOTO, HalIMOBIpHIIIIe,
Oyzne HemocTaTHRO. SIK MOKa3aHo B TaOMuIi 1, OCHOBHMMU JKepenaMu (hiHAaHCYBaHHS MOXKYTb
CTaT MDKHAPOJIHI JOHOPH, JI€p>KaBHI IHBECTHIIi Ta MPUBATHUIA CEKTOP, IO JTO3BOJIUTH CYTTEBO
HAOIM3UTHCA 710 HEOOXITHOTO 00CATY KOIITIB.

Tabmuus 1 — OcHOBHI Kepena Ta MOTEHMIHHI oOcsru (iHAHCYBaHHS BiIHOBIICHHS
JIOPOXKHBOI iHPpacTpyKTypu

Jlxepeno ¢dinaHcyBaHHS OuikyBanuii BHecok ($ mip)
€sporeiickuii Coro3 20
CIIA 15
CaiToBuii 0aHK 10
[MpuBatHi iHBecTHIIT 8
[HO1 MiXkHApOIHI OpraHi3amii Ta JOHOpH 7

MoxI1BOCTi Ta NepCNeKTUBHU BiIHOBJIEHHS 10POKHBOI iHppacTpyKTYpH

[Tpouiec BigOymoBH JOpPOXHBOI iH(pacTpykTypu B VYKpalHi CTBOPIOE YHIKaJIbHI
MO>KJIMBOCTI ISl TIOJIMIIEHHS €KOHOMIYHOTO Ta COIaJbHOTO KiIiMaTy B KpaiHi. 3amydeHHs
HOBITHIX T€XHOJIOTiH, IHTErparlisi y CBiTOBY TPAaHCTIOPTHY MEPEXY Ta CTUMYJIOBAHHS 3alHATOCTI
€ JIMIIe YaCTHMHOIO TMO3WTHBHUX AacleKTiB [bOT0 MacmTaOHOro mpoekTy. Himnkue HaBeneHO
OCHOBHI MOJKJIMBOCTI Ta IXHii MOTEHIIaJ JJIs1 TOBTOCTPOKOBOTO PO3BUTKY YKpaiHU.

1. IaTerparis B MbDKHapOIHI TPaHCTIOPTHI KOPUIOPH:

— iHTerparnis 3 mepexero Trans-European Transport Network (TEN-T);

— IIBUIICHHS CTPATETIYHOTO 3HAUEHHS YKpaiHu B €Bpori;
CTIPOIIEHHS JOCTYY YKPaiHCHKOTO Oi3HECY /10 €BPOIMEHCHKIX PUHKIB.

OHOBJIEHHS Ta PEKOHCTPYKIIisl JOPIr M03BoOJIsie YKpaiHi iHTErpyBaTHCS B MDKHApOIHI
TPaHCHOPTHI KopuaopH, Taki gk Trans-European Transport Network (TEN-T) [3]. Lle 3nauno
MOCWJINTh €KOHOMIYHI 3B's13kH 3 €BporneiicbkuM COI030M 1 MOJETIINTh PyX TOBApiB Ta JOJCH.
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Jnst Yipainu 11e 03Ha4yae He JIMIIe MOKPAIIeHHs BHYTPIIIHIX TPAaHCIIOPTHUX YMOB, aje i JOCTYI
710 €BPOTEHCHKUX PUHKIB JUIsI Oi3HECY, II0 CTBOPUTH HOBI €KOHOMIYHI MOMIJIMBOCTI JUISI MAJIOTO
Ta CepPEeHBOTO IMiIPUEMHUALITBA. [HTErpallis TakoXK MiABUIIUTH CTpaTeriuHe 3HAUYCHHS YKpaiHu
SIK JIOTICTUYHOTO Xaly Juis TOpriBii Mixk €Bpororo Ta A3i€ro, 3aIy4atoun J10JaTKOB1 IHBECTHIIII.

2. BpoBakeHHS HOBITHIX TeXHOJIOTiH [4-8]:

— BHKOpHCTaHHS ac(hanbTo0eTOHY 3 MOJIMEPHUMH JOMIIIKAMU;

— 3acToCyBaHHS (DOTOKATANITUYHUX MaTepialliB il 3MEHIICHHS 3a0pyAHEeHHS;

— BCTaHOBJICHHSI JATYMKIB MOHITOPHHTY CTaHy MOKPUTTSI;

— BIIPOBADKEHHS PO3YMHOTO OCBITJICHHS JJIsl eHEPro30epeKeHHS.

Pexonctpykiist iHQpacTpykTypu Hajae YKpaiHi yHIKaIbHY MOXKIIUBICTD BIIPOBAKYBATH
HOBITHI TexHoJjoril. Hampuknaa, BUKopucTaHHs acanbToOETOHY 3 MOJIMEPHUMHU JOMIIIKaMH
MiABUIINTHG JOBTOBIYHICTh JOPOKHBOTO TIOKPUTTS Ta WOTO CTIMKICTh IO TeMIIepaTypHHUX
KomBaHb. DoTOKATANITHYHI MaTepiany 3/1aTHI 3HIKYBATH PIBEHb 3a0pyIHEHHS, 110 MOKPAIIUTh
eKOJIOTIUHY CHUTYallil0 Ha XBAaBUX aBTOMAricTpayisix. J[aTYuku MOHITOPUHTY J03BOJISATH BYACHO
BUSIBIISITH TIOIIKOJDKEHHS JOPO’KHBOTO TIOKPHUTTS, IO 3MEHIIMTH BUTPATH Ha HOTO PEMOHT i
NPOJOBXKHUTh TEPMiH eKcruryatamii. TakoX «po3yMHE» OCBITJICHHS, $IK€ PErYIIO€ThCS
aBTOMATHYHO, 320€3MeYNTh EHePro30epekeHHs Ta MIBUIIUTE PiBEHb O€3MeKH Ha JIoporax.

3. CtBOpeHHS pOOOYHX MICIlh, PUCYHOK 1:

CTBOPEHHSI HOBHX pOOOYMX MICIIh JIJIsi OY/AIBEIbHUKIB Ta TEXHIYHHUX CIICI1AIIICTIB;

— 3amydeHHs (axiBIiB y cepi IHHOBAIIHHIX TEXHOJIOTIH Ta €KOJIOTTYHOT IHXECHEPIi

— MIATPUMKA €KOHOMIYHOTO 3pOCTaHHS B TIOCTPAXKIAINX PETIOHAX.

BigHoBneHHs iHGPACTPYKTYpH CIpHs€ CTBOPEHHIO 3HAYHOI KUTBKOCTI HOBHUX POOOYMX
MICI[b, TII0 OCOOJMBO BAXKJIMBO JIJIsi €KOHOMIYHO MOCTPaXIauX perioHiB. B pamkax BimOynoBu
OyayTh 3aiydeHi He JuIiIe OyAIBENbHHUKH, ajie ¥ CIeUialicTH 3 MPOEKTYBAHHS, apXiTEKTYypH,
iHpOpMaLiIfHIX TEXHOJIOTIH, a TakoX IHKeHepu y cdepi exoJsorii Ta criiikocTti. MacmrabHi
MPOEKTH IHPPACTPYKTYPHOTO BIiTHOBIEHHS JONOMOXYTh 3HU3UTH piBeHb 0€3po0iTTS Ta
CIIPUSATHUMYTb 3pOCTaHHIO €KOHOMIKH.

EkonoriyHa iHxeHepis

IHbopmMaLliiHi TexHonoril

|HHOBaLiNHI TexHonorii

byaisHuUTBO

MpoeKTyBaHHA

Pucynok 1 — Po3mopin ctBopeHHs! poO0YHX MICIlh Y IPOEKTAX
BIZTHOBJICHHS IHPPACTPYKTYpH

Ha pucynky | mpezacraBieHO KpYyroBy jiarpamy, sika UTIOCTPY€E PO3MOJUT 3aiHATOCTI y
MPOEKTAX BIAHOBJICHHS IHPPACTPYKTYPH 32 PI3HUMHU CEKTOpaMu: OyHiBHHIITBO, MPOEKTYBAHHS,
IHHOBAIIIfHI TEXHOJIOTil, eKOJIOTIYHA iHKeHepis Ta iHdopmamiiiHi TexHosorii. Takuil rpadik
MIIKPECIIIOE  COI[iaJIbHO-€KOHOMIUYHUI BIUIMB, TOKa3yIOUW, SK BIJHOBJICHHSA 1H(PacTpyKTypu
CTIpUSiE CTBOPEHHIO pOOOYMX MICIb 1 MIATPUMIlI EKOHOMIKH.
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BUCHOBKHA

BigHoBNeHHST J0pOXKHBOT IHGPACTPYKTYypH YKpaiHuW mmicias BiHM € MacmTaOHUM
3aBJIaHHSIM, SIK€ MOTpedye 3HAUYHUX PecypciB Ta IulaHyBaHHS. Lle BiIKpuBae MOMKIHMBOCTI st
iHTerpamii B €Bpomneichky TpaHcnopTHy Mepexy TEN-T, cTBOprorouM HOBI €KOHOMIUHI
NEPCHEKTHBH ISl KpaiHW. 3acTOCYBaHHA Cy4acHHX TEXHOJOTIH 1 cTaHAapTiB (€BpOKOIB)
MIBUIINTH SKICTh 1 JOBTOBIYHICTH iHQPACTPYKTYpH.

BigHOBIIOBaBbHI MPOEKTH CTBOPATH POOOUI MiCIs, CIIPHUSIOUN 3aiHATOCTI, OCOOIUBO B
MOCTPKIATNX perioHax. MbkHapogHa migTpuMKa Ta iHimiatuBu, sk bridgeUkraine,
JIOTIOMOXKYTh ~ YKpaiHi moOyayBaTH TpPAHCIOPTHY CHCTEMY, IO BiINOBiga€ Cy4acHUM
CTaHIapTaM, CIPHUSIOYH €KOHOMIYHOMY PO3BUTKY H iHTerpaii 3 €Bporioro.
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BIIPOBA/KEHHS BUCOKOBOJIbTHUX 3APSITHUX CTAHIIN
MOCTIMHOT'O CTPYMY B YKPAIHI

I'maroB A.B., Coxin I1.A., Viesrens O.A., BepxoBomos LLA.
XapKiBChKHI HAIIOHAIBHUI aBTOMOOUTEHO-JOPOXKHIN YHIBEpCHUTET, YKpaiHa

BCTYII

3pocTaroya MomyasipHICTh eNEKTPOMOOLTIB B YKpaiHi BUMarae po3BUTKY iHPPaCTPyKTypH
3apsiIHUX CTaHIIIN, 0 37[aTHI 3a0€3MeYNTH MIBUKE 1 3pydHE 3apspKaHHS aBTOMOOLTiB. OHIM
3 KIIFOYOBHX (PAKTOPIB, IO BIUTMBAIOTH HA PO3MOBCIOKEHHS €IEKTPOTPAHCIOPTY, € HASBHICTD
MOTY)KHUX 3apsAIHHUX cTaHIii nocriitHoro crpymy (DC) Bucokoi nHampyrm mo 800 B, ski
JI03BOJISTFOTH CKOPOTUTH Yac 3apspkanHs 0 15-30 xB. L{e 0coOMMBO BOXKIMBO TSI BEIMKHX MICT
Ta MDKMICBKMX MapuipyTiB, JI¢ IIBHIKICTh 3apsi/PKaHHS BU3HAYA€ 3PYYHICTh BHKOPHUCTAHHS
elekTpoMoOuUTsa. Y naHiii poOOTi PO3TIIIHYTO IEpeBard, TEXHIYHI OCOOIMBOCTI Ta BUKIHKHU
BIIPOBA/KEHHS TAKUX CTaHIiK B YkpaiHi [1-9].

OcHOBHa MeTa BIPOBAKCHHS TOTY)KHHUX 3apsIHUX CTaHIIA IOCTIMHOTO CTpyMy
Hanpyroro a0 800 B - 3abe3meunTu mBUAKE 3aps/DKaHHSA EIEKTPOMOOLUTIB 1 CKOPOTHUTH dac
nepeOyBaHHs Ha 3apsiani. Lle cnpusie momynsipusariii e1eKTpoTpaHCIoOPTY, 3MEHIIEHHIO BUKH/IIB
MApHUKOBUX Ta3iB 1 3a0pyIHEHHS MOBITPs, a TaKOX 3HMKYE 3AJICKHICTh Bl BUKOITHUX BHUJIIB
naymBa. BHCOKOBOJIBTHI CTaHIlIi TaKOX MOXYTh OOCIYroBYBaTH HOBI MOJENi €IEKTPOMOOLTIB,
AK1 MATPUMYIOTh TEXHOJIOTIIO IIBUAKOT 3apsiiky Ha Hanpysi 1o 800 B, mo BimoBigae cyyacHUM
BUMOTaM BHPOOHHKIB enekTpoTpancrnopry [10-12].

TexHiuHi 0co0MBOCTI 3apsiAHUX cTaHUiil Hanpyroo 10 800 B

1. IToTyxHicTh Ta MBUAKICTH 3apsa/pKkaHHs: Taki cTaHIii MOXKYTh JOCSITaTH MOTY>KHOCTI
Bix 150 kBT mo 350 kBT, 1110 3HaYHO CKOpOUYE Yac 3apsHKaHHS, JO3BOJSIOUN EICKTPOMOOLISIM
J0JIaTH COTHI KIJIOMETPIB MICJIsi KOPOTKOT 3YIIUHKH.

2. 3MaTHICTh MIATPUMYBATH Pi3HI CTaHAApTH: ButklricTs cTaHmiil 06manHaHi po3’eMamMu
CCS (Combined Charging System), 1m0 J03BOJSE 3aps/DKaTH OUIBIIICTh CyYacHHUX
€JIIEKTPOMOOLITIB.

3. IHTeneKTyanpHI CHCTEMHU YIpaBIiHHS: BUCOKOBOIBTHI CTaHIIIi 00MaHAHI CHCTEeMaMU
KOHTPOJIIO TeMIIEpaTypH 1 MOTYKHOCT1 IJisi 3amoOiraHHsl meperpiBy Oarapei Ta MminTpuMaHHS
CTaOUTFHOTO €HEPTOCIOKUBAHHS.

4. TaTerparis 3 BiTHOBIIOBAaHUMH JPKEpeTaMy eHeprii: barato 3 Takux CTaHIId MOXYTb
BUKOPUCTOBYBAaTH CHEPril0 3 BIJHOBIIOBAaHMX JDKEpENl, TaKUX SK COHSYHI a0o BITPOBI
€JIEKTPOCTAHILii, 10 POOHTH iX EKOJOTIYHIIIMMH.

IlepeBaru BnpoBa/skeHHs] BUCOKOBOJIBTHHX 3apsiAHUX CTaHUii B YKpaini

1. 3menmienHs yacy 3apsampkanas: [1oTyxHi 3apsaHi CTaHIiT JO3BOJSIOTH CKOPOTUTH Yac
3apsIKKA €TEKTPOMOOINIS, 10 0COOIMBO 3pyUYHO /IS BOJIIIB Ha JaJIEKUX MaplIpyTax Ta B yMOBax
Micekoro Tpadiky [13-16].

2. IlinBumienHs iHTepecy a0 enexTpomoOLtiB: [IBuaka 3apsaka poOUTH eneKTpoMoOimi
NpUBAOIIMBIIMMHU U1 KOPUCTYBAviB, IO MiJBHIIY€E IHTEPEC 0 TMEPEXOay Ha EKOJOTIYHUH
TPaHCIOPT.

3. CTumyntoBaHHST €KOHOMIKM: BIpoBa/pKeHHS 3apsiiHUX CTaHII CHpuse PO3BUTKY
PUHKY €IEKTPOTPAHCIIOPTY Ta CTBOPIOE HOBI pPoOOYI MiICIs B Talmy3i OOCIyroBYBaHHS
IHpacCTpyKTypH.

4. ExomnoriuyHa Oe3neka: 3MEHIIEHHS KUTbKOCTI aBTOMOOUTIB 3 IBUTYHAMH BHYTPIIIHHOTO
3TOPSTHHS CIIPUSE TIOTIMIICHHIO €KOJIOTIYHOT CUTYAIlil Ta IKOCT1 MOBITPs B MiCTaX.
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Buk/JuKH BNPOBa/skeHHS] BUCOKOBOJIBLTHHX 3apSI/IHUX CTAHLII

1. Bucoki mouaTkoBi BUTpaTu: BcTaHOBIEHHS 3apsHUX CTaHIIN 3 MOTYXHIicTIO 70 800
B moTpebye 3HaYHMX iHBECTHIII SK Ha i1HQPACTPYKTYpHI, TaKk i Ha EJIEKTPOCHEPTeTHUYHI
BUTpATH.

2. HaBaHTa)XeHHS Ha €NEKTPHYHI Mepexi: BUCOKOBOJIBTHI CTaHIIl CTBOPIOIOTH 3HAUHE
HABAaHTAXKCHHS HA EJIEKTPHYHI MEpexi, 10 MOXE BHMAaraTH MOJEpHI3allii eJIeKTPOMEepex Ta
BUKOPUCTAHHA JIOJATKOBUX JPKEPET €HEepril.

3. BigcyTHicTh perynaropHux craHgapTiB: J[ns edekTuBHOro poO3BHTKY Mepexi
MOTY)KHUX 3apsAAHUX CTaHLIA HeoOXiTHO pPO3pPOOMTH CTaHIAPTH, IO BHU3HAYAIOTH TEXHIYHI
BHUMOTH, MICIIsl pO3TalTyBaHHs Ta O€3MeKy eKCIUTyaTallil TaKuX CTaHIIiH.

4. IlutanHss Oe3mekH Ta OXOPOHM TMpali: BHCOKOBONBTHI CTaHIii MOTPEOYIOTH
CHelialbHUX yMOB JUIs 3a0e3leyeHHs Oe3lekd Mg dYac 3apsyDKaHHsA, a TaKoX
BHCOKOKBaJTi(hiKOBAaHOTO TIEPCOHAIY Uil 0OCIyrOBYBaHHSI.

IlepcnexkTuBYM PO3BUTKY 3apsiAHOI iHGpacTpyKTYypH B YKpaiHi

BripoBapkeHHST MOTY)KHUX 3apsiiHUX CTaHlid Hampyroro a0 800 B B VYkpaini €
MEPCHIEKTUBHUM KPOKOM JUIS IHTErpalii eJIeKTPOMOOLTIB y MOBCAKICHHE XUTTS. Po3poOka Ta
BIIPOBA/PKEHHS BiAMOBIMIHOT iH(PACTPYKTypH MOXYTh OYTH peayli3oBaHi 3aBISIKH JEp>KaBHUM
mporpamMaM MiATPUMKH, CIIIBIIpali 3 MDKHAPOAHUMHU OPTaHi3alliiMU Ta 3aTy4€HHIO MPUBATHUX
iHBecTopiB. OCOONMMBO TEPCIIEKTUBHUM € BCTAHOBJICHHS 3apsiIHUX CTaHIIH Ha OCHOBHHX
aBTOMATICTPAIAX, Y BEIMKUX MiCTax Ta OUIs TPaHCIOPTHUX BY3JIB, IO JO3BOJHTH CTBOPUTH
MEpexXy, 3/aTHY 3aJ0BOJBHHUTH MOTPEOM KOPHUCTYBAdiB €JIEKTPOMOOLTIB TO BCil TepuTopii
VYkpaiHu.

BUCHOBKHA

BripoBakeHHsT BUCOKOBOJIBTHHX 3apSTHUX CTAHI[IM MMOCTIHHOTO CTPyMY HAmpyror J0
800 B € cTpaTteriyHo BaXXJIMBUM JIJIsl PO3BUTKY €JIEKTPOTpaHCIOpTy B YkpaiHi. Lle cnpusitume
MOTMyJsIpU3alii eKOJIOTTYHO YHCTOTO TPAHCIOPTY, MOKPAIIEHHIO EeKOJIOTIYHOI CHTyamii Ta
3MEHIICHHIO 3aJIeKHOCTI BiJl BUKOTIHUX BHJIIB MaivBa. BUPIIICHHS TEXHIYHHUX 1 PETYISITOPHUX
BUKJTUKIB, & TAKOK PO3BUTOK MAPTHEPCTB 13 MDKHAPOAHUMH OPraHi3alisiMy JOMOMOKE CTBOPUTH
eheKkTUBHY IHOPACTPYKTYpPy 3apsiKH, IO BIIMOBIiZATHME CYYacHHM CTaHIApTaM Ta
3aJJ0BOJIBHUTH NMOTPEON KOPUCTYBAUIB y MIBHJIKICHOMY 3aps/DKaHHI €IeKTPOMOOLITIB.
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MOPIBHAHS EKCILTYATEIIMHUX XAPAKTEPUCTHK PI3HUX THIIIB
JIHIMHAX 130JISITOPIB

Puxyn B.I'., Kamumuncskuit O.M., Bacunbes M.C.
IHcTUTyT IMBLIRHOT aBiamii XapKiBCHKOTO HaIllOHANBHOTO YHiBepcuTeTy IloBiTpsaux Cu
imeni IBana Koxxeneba, Ykpaina

Ha mouarky XXI CTONITTS Ha MOBITPSHUX JIHISAX €JEKTporepenad YKpaiHu HMIMPOKO
BUKOPUCTOBYBAJUCH CKIISIHI Ta (apdopoBi 13014TOpH, a KUTBKICT MOJIMEPHUX 130JIATOPIB Oyina
JOCUTH HE3HAYHOIO. AJle B OCTaHHI POKH 3aCTOCYBAaHHS MOJIMEPHUX 130JIATOPIB HA TIOBITPSIHUX
JHISX eNeKTPOoTepeaBaHHsl 3HAYHO 3pOCiio 1 HaOwpae 3HaYHUX 00csriB. lle TMOsCHIOEThCS
IIBUJIKAM PO3BUTKOM MPOMHCIOBOCTI, CTBOPEHHSM HOBUX TEXHOJOTIH BUPOOHWITBA Ta
HAyKOBUMH JOCII/DKEHHSIMH, [I0 TPOBOJUTHCS 3 METOI0 BIOCKOHAJICHHS XapaKTEPUCTHK
noJriMepHuX i3ossitopi [1,2].

Mertoro poOOTH € aHaji3 mepeBar Ta HEIOJIIKIB MOJIMEPHHUX i30JIATOPIB 1 BUSBICHHS
JOLUIBHOCTI IX BUKOPUCTAHHS Ha MOBITPSHUX JIIHIAX €IEKTPOINepeJaBaHHs.

Haii0inpm nommpernMu i3oasTopamu € GpappopoBi Ta CKISHI, 0 TOTO XK 130JIATOPIB i3
3arapTOBaHOTO CKJIa B CYYaCHHX YMOBaxX BHUTOTOBJSIEThCS Outbmie, HiK ¢apdopoBux. Lle
MOSICHIOETBCSI TUM, IO 130JISITOPH 3 3arapTOBAHOTO CKJIa MAIOTh PSJI IIEpeBar Mo BiJHOIIEHHIO JI0
bapdopoBUX: TEXHOJOTTYHUHN TIPOIIEC IX BUTOTOBIICHHS MOXE OYTH IMOBHICTIO aBTOMaTHU30BaHUM
Ta MEXaHI30BaHWM; MPO30PICTh CKJa JO3BOJISE JIETKO BHUSBUTH TPH 30BHIIIHBOMY OTJISII
He3HayHi 1e(peKTH; 3aCTOCYBAaHHS CKIISTHUX 130JIATOPIB JTO3BOJISIE BITMOBUTHCS BiJI POBE/ICHHS B
mporeci eKcruryaraii mepioguuHuX Mpo(dUIaKTUYHUX BUIPOOYBaHb TIPJSHJ I HANpyroro,
TOMY IO KOXKHE TIOIIKOJPKEHHS 3arapTOBAHOTO CKJIA MPU3BOJHTH 10 PYHHYBAHHS 130JFOIOYOT
TapiIKH, 11€ Y CBOIO Yepry MOKHA JIETKO BUSBUTH IPH CUCTEMAaTUYHUX OTJISAIaX.

HaiiOinpmy mMexaHiuHy MIIHICTh MarOTh MOJIIMEpPHI (CKJIOIUTACTHKOBI) i30JSTOpH, IO
pOOHUTH iX 3aCTOCYBaHHS JOCTaTHBO MEPCHEKTHUBHUM. Jl0 mepeBar MoJiMEpHUX i30JIATOPIB
MOJKHA BIIHECTH — BHCOKY CTIHKICTh 0 aTMoc(hepHUX 3a0pyaHeHb, TiapopoOHICTh, 3pYUHICT
MOHTaXXy, BUCOKY CTIHKICTh IO TIEpEeHANpyr, BUCOKY BaHJAIOCTIHKICTh, @ TAKOX MEHIIY Bary B
MOPIBHAHHI 31 CKISTHUMU Ta (apPpopoBUMH 130IIATOpaMHU.

Opnak moJiMepHi i30JIATOPU MAIOTh ICTOTHUH HEMOJIK — TEXHOJIOTIS iX BUTOTOBJICHHS
III€ HEJIOCTaTHRO CTAH/IAPTU30BaHA Ta BIICYTHS 3arajJbHONPUIHHATA cUCTeMa BUpOOHUITBA. Kpim
TOTO, BIACYTHIM Marepian, SIKMM y JIOCTaTHIM Mipi 3aJOBUTPHUB OM BCi BHMOTH JIO I[bOTO
MaTtepiany. Takox BiICYTHII TOCBiI TPUBAJIOT €KCILTyaTallii I[bOTO BUY 1305 TOPA.

[HIIOTO 1 TOCUTH CYTTEBOIO MPOOIEMO, IO CTOCYETHCS MOTIMEPHOT 13071111, BUSBHIUCH
KOJIOHII Tpu6OiB. MiKoJoriuHa €KCclepTHh3a BUSBWIA TPU PIBHOBUAM MIKPOCKOMIYHMX TpHOIB.
Jlari MIKpoOOpraHi3Md CHOYaTKy pO3BHUBAIOThCS Ha TMOBEPXHI Marepiaixy, B TIpoOIeci
KUTTETISUTBHOCTI TPrOW BUIUIAIOTH OpraHiuHI KUCJIOTH, IO Bele IO iHTeHCHdIKalii mporecy
pyiHamii MaTepianiB i HPOHUKHEHHIO TPUOIB BCEPEIMHY MOBEPXHi [2].

[Ile onHi€0 ICTOTHOIO TPOOJIEMOIO SBIAETbCS (AKTOp CTapiHHA. MOXKIMBUMHU
NPUYMHAMH I[OTO SBHUINA MOXYTb OYyTH:

— BIUTMB COHSIYHOT paIiailii;

— py#HaIlis CKJIOIUIACTHKA 1 KOHTAKTHUX 30H TPHUBAJIO ICHYIOUMMH YaCTKOBUMH
po3psaIamu;

— Oararopa3oBi TeMmIepaTypHi KOJMBaHHS B TOE€JHAHHI i3 3HAYHAM MEXaHIYHUM
HaBaHTAKCHHSIM;

— MexaHluHa pyHHaIis Tima i307ATOpa B pe3yiabTaTi BUHUKHEHHS MIKPOTPILIHH
(0co6nUBO B MOETHAHHI 3 KUCJIOTHAM CEPEIOBUILEM Ta €IEKTPUIHUM ToJieM) [3].

Takox Ha CHOTOHIMIHINA I€Hb HEMa PIIIEHHS] CTOCOBHO KOHCTPYKIIii OTIOPHUX CTEP)KHEBHX
MOJIMEPHUX 130JIATOPIB, @ cCaMe BUKOPUCTAHHS CKIIOTIIIACTUKOBOTO CTEPXKHS Y TPYOH.

CtprxeHb Ma€ MPYXHY 1 3AIMIIKOBY JeopMarlito Mpu il MEXaHIYHUX HaBaHTaXEHb,
110 TIPU3BOAUTE JI0 TIOPYIIEHHS TeoMeTpil 1 pyHKIioHyBaHHs oOnagHanHs [2].
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Amnaii3 Ta 3po0JieHi BUICHOBKH 3aKOPJOHHUX (haXiBIIiB CBiAYaTh MPO TE, IO J0 MIMPOKOTO
BUKOPUCTaHHA TOJIMEPHUX I130JISATOPIB CIiJ] CTaBUTHCH JOCTaTHBO OOEpexHo. Y OaraTbox
CTeUiaNiCTiB HaHOUIBII aKTYaJIbHUM MUTAHHAM € JOBTOTPUBAIICTD €KCIUTyaTallii moJiMepHOTO
13011sITOpA.

CrorosHi B KpaiHax €BpOCOIO3y 3/IMCHIOIOTHCS JIOCIIAM B LOMY HAmpsAMKY. 3 IHX
JOCHTIIB CTaJI0 3pO3yMUIMM Te, IO JOBrOTPUBAJICTH EKCIUTyaTallil HampsMy IOB’s3aHa 3i
CTYIIEHEM 3a0pyIHEHOCTI TTOBEPXHI i30JIATOPIB, TOOTO, sl TIPOJIOBKEHHSI TEPMIHY eKCIUTyaTamil
HEOOXIJJTHO OYHIIYBAaTH MOBEPXHIO 130J1ATOPIB. OUHUIIYBaHHS 130JTOPIB 3IHCHIOETHCS PI3HUMHU
3aco0aM¥, HampUKIaJA, 3aCTOCOBYIOTh MHHKY TiJl BHUCOKHM THCKOM CYHUTBHOJIMTHUX Ta
MOJYJABHHUX TOJIMEpHHX i30yaTOpiB. KpiM TOTO, Benmka 4acTHHA KOHCTPYKIII MONIMEPHUX
130JIATOPIB 103BOJISIE 3aCTOCOBYBATH MEPIOANYHE CyXe OUHUIIYBaHHSA (MaTepialioM U OYHUCTKU
MOke OyTH 3BU4YAliHAa NpoOJieHa KyKypya3a). Y BUMAAKY CHUIBHOTO 3a0pyTHEHHS TOBEPXHI
3aXMCHOT 00O0JIOHKH 130JI5ITOPa MOXKHA 3aCTOCYBATH M’AKY IIITKY Ta BOJY.

Opniero 3 TmepeBar TMOJIMEPHUX 130JIATOpPIB € HAAIWHICT Ta 3PYYHICTH TpH
TpaHCHOPTYBaHHI. AJie i TYT € cBOi ocoOnuBOCTI. [lesiki 3 HUX: TpUBaJe 3HAXOLKEHHS pedep y
nepopMoBaHOMY CTaHiI MOKE TMPHUBECTH JIO BTPATH i30JIATOPOM TE€OMETPUYHOI KOHIryparii,
MIPOHUKHEHHS Ha 3aXHCHY O0OJIOHKY 130JIATOpA arpeCUBHUX Ta 3a0pYAHIOIOUUX PEUYOBUH, SIKI HE
XapakTepHi Ui eKCIUTyaTalifiHuX 3a0pyJHEHb, MOXYTh MPH3BECTH JO YAaCTKOBOi ab0 MOBHOI
BTpaTH EKCIUTyaTAI[IHHUX SKOCTEW, MEXaHIYHI BIUIMBH Ha 3aXHUCHY OOOJIOHKY MOXYTh CTaTH
MPUYMHOIO 11 po3repMeTu3allii 200 MOMIKOKEeHb, a TAKOXK PyWHYBAHHS CTPUXKHS 130JIATOPA.

Tomy HEOOXiTHO BHUKOPHUCTOBYBAaTH CIIEIialIbHYy Tapy, SKka O BUKIIOYana BIUIHB
arpecuBHUX PEUOBHH, a TAKOXK 3a0pyTHEHHS 1 TOMIKO/HKEHHS CKJIAJOBUX €JIEMEHTIB 130JIATOPIB.

3 nocBimy ekcruryaTamii Ta J1a0OpaTOpHMX BHIPOOYBaHb MOJIIMEPHHUX I30JIATOPIB,
JEMOHTOBAHUX MICIISI Pi3HOT TPUBAJIOCTI €KCILTyaTallil, 3p00JIeH1 HACTYITHI BUCHOBKH:

— 130sATOpH 30€piraloTh BHCOKI 3HAUYEHHS MMUTOMOTO TIOBEPXHEBOTO OIOPY, MOKA3HUKH
B 3 — 4 pasu BUILI, HDK Y CKJITHUX 130JIATOPIB B OJJHAKOBUX YMOBAX;

— BOJIOTOPO3PSAIHI HANPYTrH i30JATOpPiB, M0 Oynu B ekcrutyaraimii Bix 5 g0 12 poxkis,
Maibke BIBIUI BUINI, HDK y TIPJISH] CKISTHUX 130JIATOPIB, 3 TI€I0 5K JJOBKUHOIO HUISXY BUTOKY, 1110
eKCIUTyaTyBaJICS B TUX II€ YMOBAX;

— TOJIMEpHI 130JATOPH 30€epiratloTh BUCOKY €IEKTPHUYHY MIIHICTh IPU BIUIMBI TPO30BUX
1 KOMyTaIifHUX TIEpEeHAIPYT;

— MeXaHi4yHa MIIHICTh MOJIMEPHHUX 130JIATOPIB NMEPEBUIILYE HOPMOBAHY BEIHUHY;

— HaImpyr¥ 3arajioBaHHs KOPOHH HA KIHI[IBKAX 1 3aXMCHHUX €KpaHaX IMEepeBUIIye poOody
Hanpyry [1JI.

Taxo 10 OCHOBHHUX IepeBar MOJTIMEPHUX 130JTOPIB MOKHA BITHECTH OUTBII HUZBKUN Y
MOPIBHSAHHI 3 aHAJIOTaMM PIBEHb PaAiOTEPEIIKO, MEHIIa Bara, HiX y ¢paphopoBUX Ta CKISHUX,
rinpooOHICTE 000JIOHKH Ta 3pYYHICTh TPAHCIIOPTYBAHHS 1 IPOCTHH MOHTAX.

Opnniero 3 mpoOeM 3aCTOCYBaHHS MOJIMEPHUX 130JIATOPIB € SBHINE <JIAMKOTO 3JaMy»
CTPMXKHSA 30sATOpa. «JlaMKuii 37am» — sIBHIIE, PU SKOMY BiOyBa€ThCS XIMIYHA PeaKIis Mix
CKJIOTUTACTHKOM Ta aKTMBHMMHU XIMIYHHMH PEYOBHHAMH, OCOOJIIMBO 3 KUCIOTHUMHU PO3YHMHAMHU.
Jlamke pyiiHyBaHHS BiOyBaeTbcs MpU OOMiHI 10HAMHU CKJISHOI TPaTKU 3 10HAMH KHCIOT Y
MOEJHAHHI 3 JII€I0 MEXaHIYHOTO HAaBAaHTAKCHHS.

Coin Bim3HAUMTH ¥ Te, 10 aKTHBHI PEYOBMHH B Pi3HINA KOHIEHTpAIIii 3aBX 1 MPUCYTHI B
noBiTpi. Lli pe4oBHHN aKTUBHO BCTYMAIOTh Y PEAKIIil0 MPH 3BHYAIHOMY aTMOC(HEPHOMY BILIHBI.
Tak, HanmpukiIaa, BHACIIAOK MPOXOKEHHS ENEKTPUYHHUX PO3PAMIB Y 3BOJOKEHOMY MOBITpPi
(CTpyMH BHUTOKY), CTBOPIOETHCSI a30THA KHCJIOTA, sIKAa BCTYNA€ Yy PEAKII0 3 10HAMH CKIISHOT
I'PaTKH MOJTIMEPHOTO 130JIATOPA.

IIpu BBenmeHHI B eKCIUTyaTalil0 TOJIMEPHHX I30JIATOPIB BigMIYanuCs BUIAJKH
NEPEKPHUTTS IUX 130JATOpiB. TOMYy peKOMEHyeThCs 3AIMCHIOBATH BUIIPOOYBAHHS MOTIMEPHUX
130JIITOPIB - TIepe]T BBEACHHSAM B eKCIDTyaraiiro Hampyroo y 1,5 pasu Ouibiioro 3a
eKCIUTyaTaIliifHy Hanpyry [3.4].

B ymoBax mimmroBXyBaHHS BHPOOHMKAMH IMOJIMEPHUX 130JSATOPIB 10 OLIBII MAacOBOTO
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BUKOPUCTaHHA iX TPOXYKIii, y CIOXHBA4YiB CKJIAIOCA XWOHE YSBIEHHS NP0 MOJIMEpHi
130JIATOPH, 110 HAY€OTO MOJIMEPHUH 130JIATOP € YHIBEPCATBHUM Ta 00JIACTh HOTO BUKOPUCTAHHS
€ HEeOOMEKEHOI0, a KepaMiuHi Ta CKJISHI 130JIITOPH € 3acCTapuluMHU 1 BXXK€ HE BIIIOBITAIOTH
CyJaCHHM BHMOTaM. Y 3B’S3Ky 3 IIUM HEOOXIJHO 3a3HAYWTH, IO BiJIMOBA BiJ KEPaMiYHHUX Ta
CKJITHUX 130JIATOPIB, €KCIUTyaTallisl SKUX 3IMCHIOETHCS ACCATHIITTSIMH, MOXE IPU3BECTH JIO
TSOKKUX HACIIIKIB.

TakuM YMHOM MOJIIMEpHI 130JISTOPU TaK camo, K 1 ¢papdopoBi, MatOTh Psi HEIOJIKIB.
[Tpu 11pbOMY MTO3UTHBHUX O3HAK € BCE-TAKH OUIbINE Y KEPAMIYHHX 130JITOPIB.

[TopiBHIOIOYM TOMIMEpHI 130JIATOPH 31 CKISIHUMH Ta KEpaMiyHUMH i30JATOPaMH Y
BiJTHOIIICHH] 3HAXO/UKEHHS B €KCIITyaTaIlii, MO>KHa 3pOOUTH HACTYITHI BUCHOBKH:

- TIOJIMEpHI 130JIATOPU BUKOPUCTOBYIOTHCS B OCHOBHOMY B €JIEKTPOYCTaHOBKAaX KIIAciB
Hanpyr He Bumie 35 Ta 110 kB (90 %), a ckisiHi — Ha BCi KJIaCH HAIIPYT;

- KUTBKICTh CKJISTHHX 130JISITOPIB, IO €KCIUTYaTyIOThCsI, Habarato Oinblna y MOpiBHSHHI 3
MOJIIMEPHUMH, a 1€ 3yMOBIIOE€ i OUIBIIY KUIBKICTH BiAMOB. TOMY CTBOPIOETBHCS YsiBa TIPO
MIIBUIIEHY aBapiiHICTh CKISIHUX 130JISTOPIB;

- JOCBil eKCIuTyaTtalii MOJIMEpPHUX I130JTOpiB Habararo MEHIIWH y TOpIBHSIHHI 3i
CKIITHUMHU Ta KEPaMiYHUMH i30JITOPaMH, TOMY BIIEBHEHO T'OBOPHUTH NpO iX eKCIUTyaTalliiHi
nepeBaru HEMOXKIIUBO.

Ha mincraBi Buile HaBeEHOTO, MOYKHA CKa3aTH, II0 B CYYaCHHX YMOBaX Ta B OJM3bKIii
MEPCIEKTHBI MOJIIMEPHI, KepaMidHi Ta CKIISHI 130JTOpH OYyIyTh 3aCTOCOBYBATHCS MapajieibHO,
BPaxoOBYIOUH iX MepeBart Ta HeJOJIKH.

BUCHOBKHA

[TonimMepHi 130J9TOPH MAIOTh Psi MEepeBar B MOPIBHSAHHI 31 CKISTHUMU Ta (apdopoBuME
13osITOpaMu. AJte iCHYIOTh 1 TpoOieMu, HaBECHI BUIIE, 110 BUHUKAIOTH ITiJ] Yac eKCIuTyaTarlii,
SK1 CYTTEBO BIUIMBAIOTH HA HAJIWHICTH MOJTIMEPHUX 130JISTOPIB.

Takosx MOTPIOHO BIAMITUTH, IO HA CHOTOMHI BICYTHI JOCTOBIPHI METOAM JIarHOCTUKU
noJIIMepHUX 130JsTOpiB. TemnoBi3iiHuit Ta yabTpadioaeToBUl METOIU MEPEBIPKH MOXKYTh
BU3HAYHUTHU TUIBKH 130JIITOPH, IO BXKE BUAILIH 3 Jaxy. JKOJHMIA i3 ICHYIOUMX METO/iB KOHTPOIIIO
HE JI03BOJISE MPOTHO3YBATH POOOUHI pecypc MOIMEPHUX 130JIATOPIB 1, IK HACIIIOK, TUIAHYBATH
PEMOHTHI pOOOTH.

Ha nganuit MOMEHT mIMpOKe 3aCTOCYBAaHHS MOJIMEPHUX 130JISTOPIB HA MOBITPSIHUX JIHISAX
eJIeKTpOTIepe/laBaHHs HE € JIONUIbHUM, aJ/pKe BHHHKAE THTAHHA MPO 1X HAMIHHICTE 1
epeKTUBHICTb. AJie pa3oM 3 THUM, MOAAJbIIE BIOCKOHAJIEHHS 1 MOJEpHI3allisl MOJIMEPHUX
130JIATOpIB  3MOK€ CTBOPUTH KpallWii BapiaHT 130JsTOpa Ui TOBITPSAHUX  JIHIN
eJIEKTPOTepeIaBaHHSI.
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YIOCKOHAJIEHHS EKCILTY ATAIIIL EJTETA30BUX BUMHUKAYIB

Puxyn B.I'., Kamumnnacskuii O.M., I'puzoay6 I1.B.
IHcTuTyT IMBLIBHOT aBiamnii XapKiBChbKOTO HallioHAIBHOTO yHiBepcuTeTy [loBiTpsiHux Cui
imeni IBana Koxeneba, Ykpaina

BCTYII

Ha nouatky enexrpudikarii TAToBi MiACTaHIlii KOMIUIEKTYBAJIHCS OAKOBUMHU MaCITHUMH
BUMHUKAa4aMHd BHCOKOi Hampyrd, /€ Maclo CIYKWIO I30JALIHHUM Ta JyroracujIbHUM
Cepe/IOBUIIEM. 3 PO3BHUTKOM KOMYTAI[IfHOT TEXHIKM IIi BHUMHKAdi 3aMIHIOBAIHACA Ha
MaJIOMAacJIsiHi, e Macilo CIYKUTh TUIBKH TyrOTaCHIIBHUM CEpPEIOBHUILEM.

B cyuacHMX yMoBax MacisiHi BMMHKayi, HE PEKOMEHIYEThCS 3acCTOCOByBaTH B PV-
110(220) xB. Ilpu pexoHCTpyKiii Ta HOBOMY OYIIBHHMIITBI PEKOMEHAYETHCS 3aCTOCOBYBATH
eJIera3oBi Ta BakyyMHI BUMHKadi. [Ipy boMy yepe3 HEBEIMKHiI HOMIHAIBHUI CTPYM Ta CTPYM
BUMUKaHHS Y BAKYYMHUX BUMHKAYiB IX pEeKOMEHI0OBaHO BCTaHOBOBAaTH B PY-10-35kB.

MeTtoro pobOTH € aHali3 mepeBar Ta HEIOJIKIB €JIera30BUX BHUMHUKAUIB, BUSBICHHS
JOLUIBHOCTI iX BUKOPUCTAHHS B IPUCTPOSIX ENEKTPONOCTauYaHH 3aII3HUIIb.

[Tpuniun poGOTH enera3oBUX BUMHKAYiB 3aCHOBAaHMN Ha TaciHHI €NEKTPUYHOI JYyru
MOTOKOM eJierazy abo ra3oBOi CyMillli, SIKHI CTBOPIOETHCS 3a PaxyHOK Mepemnany THCKY, IO
CTBOPIOETBCS aBTOTEHEPAIII€I0, TOOTO TEIUIOBOIO CHEPTi€l0 Iyrd Ta MOPLIIHEBUM IPHCTPOEM B
JOyroracwibHiid kamepi [1].

Enera3 (SF¢ — mectudropucra cipka) sBisie coOO0 IHEPTHHH Ta3, MIUIBHICTh SKOTO
nepeBulIye y 5 pa3iB mibHICTH TOBiTps. Enekrpuuna MinHICTh enerady y 2 — 3 pasu
nepesurye minHicte noBiTps. Ilpu tucky 0,4 MIla ioro enekTpuyHa MIIHICTh MEPEBUILYE
MIITHICTh TpaHChopMaTopHOTO Macia. [lpu atMochepHOMY THCKY y enerasi ayra Moxe OyTH
JKBiZOBaHa 31 cTpyMoM, sikuil y 100 pa3iB mepeBHIye CTPyM, 110 BUMHKAETHCS Y MOBITPI MPU
THX K€ YMOBax.

Enera3 € «eIeKTPOHETaTHBHHM» Ta30M. MOro MONEKyIM MalOTh BIIACTHBICTE
3aXOIUTIOBATH €IEeKTPOHU. [Ipu 1IbOMY CTBOPIOIOTHCS MAJIOPYXOMi BaXKKi HETAaTHBHI 10HH, AKi 3
MaJIOI0 IIBHJKICTIO TIEPECYBAIOThCA B EJIEKTPUYHOMY TOJi. Taka BIACTUBICTH eJerasy
MOSICHIOETHCSI HOTO XIMIYHMMHM BJIACTHBOCTSIMH. BTpara enekTpoHiB poOUTH OYTry HECTIHKOIO i
BOHA JIETKO Toracae. Y CTpYMEHIO eJierasy, TOOTO IMpH Ta30BOMY JYTTi, TOTJIMHAHHS €JIEKTPOHIB
3 JYTOBOTO CTOBOYpa 3IIHCHIOETHCS e OUTBIN IHTEHCHMBHO. BHCOKa JieNIEKTpUYHA MIIHICTH
enerasy 3abe3nedye HeOOXIIHUI CTYIIHB 130JIA1iT TPU MIHIMAJIBHUX BiJICTaHSX.

B enera3oBux BUMHKa4ax 3aCTOCOBYIOTH aBTOITHEBMATHUYHI JYroracHi MPUCTPOT, y SIKUX
ra3 B TpOIECI BIAKIIOYEHHS CTUCKAETHCS MOPIIHEBUM TNPUCTPOEM Ta MPSIMYE O 30HU OYTH.
Eneras mocuth MOpOTHiA, TOMY TaciHHS IyTH Yy WOTO CTPYMEHI 3 BHXJIOIIOM B aTtMocdepy
HepeHTalenpHe. Enera3zoBuii BUMUKa4 € 3aMKHYTOIO CHCTEMOIO 0€3 BUKHUY ra3y Ha30BHI.

[TpuHIIMTIOBA CXEMa JyrOTacHOTO aBTOKOMIIPECIHHOTO MPUCTPOIO €JIeTra30BOr0 BUMUKaYa
HaBEJICHO HA PUCYHKY 1.

[Tpu BimkiIrOUeHHI MUIIHAP 3 pa3oM 3 KOHTAaKTOM 2 MEpeMIlaeThesi B KOPIYCl 5 BHU3,
YTBOPIOIOYM PO3PHUB MDK PyXOMUM 2 Ta HEPYXOMHM / KOHTaKTaMH, B Pe3yJbTaTi 4OTrO uepes
LEHTPAJIbHUI OTBIp, IO BIAKPUBCS, 3aropseTbes ayra. llopiieHs 4 3aiuIaeTbesi HEPYXOMHEM,
TOMY TIpH pyCi IIJIIHApPa BHU3 €JIera3 HaJl MOPIIHEM CTHUCKAETHCS, CTBOPIOETHCS TYTTS B 00'eM
KaMepu Ta MOPOKHUCTUNA KOHTAKT /. CTOBH AYrM IHTEHCHBHO OXOJIOJDKYETBHCS 1 MOTIK Tazy
racuth ayry. Ilpu BKIIOYEHHI IMIIHAP 3 MEPEeMIlIAaeThbCcs Bropy, KOHTAKT / ONUHSETHCS Y
BEpXHiii KaMepi MUITIH/pA 1 KOJIO 3aMUKAEThCA.

lopinHs nyrm B enera3i npu BUMHKaHHI OyayeTbCsl Ha TeHepalii Iyroro
BHCOKOTEMIIEPATYpPHOTO MPOBOHKYIOYOT0 cepenoBuia (Turazmu). s racinHs qyrd HeoOXiTHO
MaTH JyroracHiibHy Kamepy, sika 3a0e3neuye OJHOYACHO OXOJIO/DKEHHS Ta BUIYBAaHHS IUIa3MU
eJIera3oM ITiJi BUCOKUM THUCKOM. Y 3B’SI3KY 3 IIUM, Cy4acHI JyroracHJIbHI KaMEpH eJIera30BHX
BHMUKAYiB MAIOTh CKJIQJHY KOHCTPYKIIifO, 0 Ma€ OUIbII HDK 20 pyXOMHX MEXaHIYHUX YaCTHH.
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Pucynok 1 — Cxema 1yroracuiabHOTO NPUCTPOIO €JIEra30BOro BUMHKaya

[lepconan, sxuii 00CIyroBye BHMHKa4i MOBUHEH 3HATH KOHCTPYKIIIO Ta MPUHIUN [ii
nux amapariB. KpiM TOTO ekcruryaraifis ejiera30BUX BHUMHKA4iB ITOBHHHA 3I1iCHIOBATHCS
MIEPCOHAJIOM, SIKUI MPONIIIOB CHeNialIbHy MiATOTOBKY Ta 03HAHOMHBCS 3 1OAATKOBUMH 3aX0JIaMH
Oe3reku, IO BHKIAACHI B KEPIBHUITBI 3 eKCIUTyartamii JUIsi KOXXHOTO THITY €Jera3oBUX
BUMHKAYIB.

ITin gac ekcruryaTanii BUMHKa4iB TapamMeTpH, IO BHU3HAYAIOTh PEXHM pOOOTH He
MOBHHHI MIEPEBUIIYBATH JONYCTUMUX 3HAYCHbD.

Texuiune oOCIyroByBaHHS BaKyyMHHX BUMHKAuiB HE TPOBOJUTHECS MPOTATOM
KOMYTAIliIfHOTO pecypcy Ta TEepMiHYy eKcIuryatamii He Oiibime 25 poKiB 3 MOMEHTY
BiJ[BAHTA)XCHHSI BUMHUKaYa IiIMPUEMCTBOM-BUPOOHHKOM. He piamie ogHOTO pa3y B JiBa POKH
HEOOXIJJHO NEPEBIPSATH CIPAIbOBYBAHHS BAKYYMHOTO BUMHKAya Bi/l PEJICHHOTO 3aXUCTY.

Harnsin 3a moka3sHWKaMu CUTHaNi3aTopa THCKY B €JeTa30BUX BUMUKaYax 3A1MCHIOETHCS 3
MEPIOINYHICTIO, sIKa BKa3aHa B KEPIBHUIITBI 3 EKCIUTyaTallil €J1era3oBoro BUMHKAua.

CurHaiizatrop THCKYy 3 TEPMOKOMIICHCYIOUUM TMPUCTPOEM TIOKa3ye BEIMYUHY THCKY
eyierasa y KoJioHi, sika mpuBezaeHa 1o 20 °C. 3Baxarouu Ha Te, 1[0 TeMIIepaTypa ra3y B KOJOHI Ta
KOPITyCi CHUTHaJi3aTopa 3 TEPMOKOMIIEHCYIOUHM IPHUCTPOEM MOXKE CYTTEBO BIIPIZHATHUCS TPHU
pi3Kil 3MiHI TeMmmepaTypu OTOYYIOUOTO MOBITPs, MOMIJIHMBI HEBENUKI MEPIOJUYHI KOJMBAHHS
MOKa3aHb NpUJIaay, HABITh MPHU BIICYTHOCTI BHTOKY elierasy. 3 ypaxyBaHHSM ILIbOTO 3HATTS
MOKa3aHb TNPWIATY PEKOMEHAYEThCS 3IIHCHIOBATH B yMOBAaX, KOJIM TeMIleparypa MOBIiTps
MPOTATOM KUTBKOX TOJMH CTaOlIbHA, a HA KOPIYC CHTHAI3aTOpa HE MOMalaloTh MPsMi COHSYHI
MIPOMEHI.

B enerazoBux BUMHKauax HEOOXIIHO KOHTPOJIOBAaTH THUCK enerasy. llpum BuTiKaHHI
eyierasy Ta 3MEHIICHHI TUCKY ITOHA/I MIEBHOTO 3HAYEHHSI BUMUKAY BiJKIIIOYAETHCS aBTOMATUYHO,
a mojamnbiui omepamnii 01oKyroTbCs. KOHTpOJIb THCKY 3AIHCHIOETBCS CHUTHATI3aTOPOM THCKY,
BCTaHOBJICHOMY Ha KO)XHOMY TOJIFOCI.

ENeKTpOKOHTAKTHUI CUTHANI3aTOp THUCKY BKa3yIOYOTO THUIy OCHAIEHHH MPUCTPOEM
TeMIepaTypHO1 KOMIIEHCAIlil, 110 MPUBOAMUTH MOKa3aHHS THCKY 70 Temnepatypu 20 °C, i qBoma
napaMu HOPMaJbHO 3aMKHYTHX KOHTAKTiB. [lepia mapa KOHTAKTiB pO3MUKAETHCS MIPH 3HIDKEHHI
tucky g0 0,34 Mlla, momaroyn CHUTHaI TPO HEOOXIHICTH MOTOBHEHHS IOJIFOCA, Ipyra mapa
po3mukaeTscs npu Tucky 0,32 MIla mist GiokyBaHHS TOJa4i KOMaHIM Ha €JIEKTPOMATHITH
KEepYBaHHS.
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JInst BUKITIOUEHHSI TOMMJIKOBHX CHUTHAJIB TPU MOXIJIMBOMY CIPallbOBYBaHHI KOHTAKTiB
BiJl BiOparlii mpu KoMyTalii BUMHKaya, a TAKOX uepe3 IXHIO Majly MOTYKHICTh, Y KOJIi KOHTAaKTIB
MOBHHHO OYTH BKJIIOUEHE MTPOMDKHE pelie 4acy 3 BUTpUMKOIo 4acy Bin 0,8 ¢ 1o 1,2 ¢ [2].

ITpu 3HMxeHHi THCKy B KoJoHi a0 0,35 MIla koioHy HEOOXiZHO TOIMOBHHUTH JI0
HOMIHAJILHOTO TUCKY. KOHTPOJIIOI0UI THCK eera3y B KOJIOHaX CIIil MaTH Ha yBa3i HACTYITHE:

- BUMHUKa4 3a0e3mneuye J0Aep:KaHHS BCIX HOMIHAJBHHUX MapaMeTpiB MpPU THCKY raszy B
xojsioHax He Menie 0,32 Mlla;

- mpu tucky Hiwkde 0,32 Mlla BuMMKay 37aTHUH BUMHKATH HOMIHAIBHUK CTPyM, 3a
BUKITIOYEHHSIM BUMKHEHHS CTPYMY XOJIOCTO1 JIiHIi Ta IHIYKTUBHOTO CTPYMY;

- Ipu TUCKY enera3y Hmwk4de 0,32 MIla 3abe3nedyerbcsi He0OXiqHA ENEKTPUIHA MIHICTb
BHYTPIIHBOT 130JIA111i KOJIOH;

- NpPU TIOBHIA BIACYTHOCTI HAJUTMIIKOBOTO THCKY OITOpHA i30JsiMis BuUTpumye 1,15
HaOUTBIIOT (pa3HOT HANPYTH, a 130JIAIISI MDK PO3IMKHYTHMHU KOHTaKTaMH — HAHOUIbITY JHIHHY
HaTpyTy.

TpuBane 3Hax0oKEeHHS BUMHKaya ITiJ] HAPYTOO MPH MOBHIA BiICYTHOCTI HAaTUIIKOTO
THUCKY eJlera3y He peKOMEHIYEThCS.

Eneras nms 3amoBHEHHS BUMHKA4Ya MOBHHEH BIIMOBIZaTH HOpMaM, SKi HaBEJCHI B
KEepIBHUIITBI 3 eKCIUTyaTallii. B excruryaTarii mapameTpom, o KOHTPOJIIOETHCS, € TeMIlepaTypa
KoHIeHcarlii Bosioru. Bona moBunHa OyTtr He Bule — MiHyc 45°C npu aTMoc(epHOMY THUCKY.

BigomocTi ipo poGoTy enera3oBux BUMUKA4iB MPH BUKOHAHHI KOMYTALIHHUX PEXHUMIB,
a TaKOX pPe3yJIbTaTH MePiOANYHHX OTJISAIIB 3aHOCATHCS 10 )KypHAIY:

- HaJUTUIIKOBUH THCK (32 CUTHAII3aTOPOM THUCKY) Ta TEMIIEPATYpPy OTOUYIOUOTO TOBITPS;

- 3HAYEHHS CTPYMY KOPOTKOTO 3aMHUKaHHS a00 CTpyMy HaBaHTa)KEHHS, II0 KOMYTY€EThCS;

- BUJ] KOPOTKOT'O 3aMUKaHHS (OJHO-, IBO-, TpU(a3He);

- BUJI KOMyTaIlii (BUMUKaHHs, BMMKaHHS Ha KOPOTKe 3amMukanHs, AIIB);

- XapakTep BiIMOB Ta iX NPUYMHHU, NMPUHHATI 3aX0IU 3 TMPOQPUIAKTHKH MOPYLIIEHb Y
po0oTi.

ITix yac excruryatanii He0OXiTHO MEPIOAUYHO MPOBOIUTH TEXHIYHI OTJISIM BUMHUKAYIB Ta
BHUMIpPIOBAaHHS iX apaMeTpiB.

[Tpu orysiax BUMHUKAYiB HEOOX1THO TIEPEBIPATH:

- BIICYTHICTh BUTIKaHHS €Jiera3y B MPHUMIIICHHSAX €JIeTa30BUX PO3MOAUIBYMX HMPUCTPOIB
3a JOMOMOTOIO TeYenTyKaya;

- TIOKa3aHHS TMpUJIAiB KOHTPOJIO THUCKY enerasy abo IUICHICTh MeMOpaH Yy
repMeTUYHHX (HEpO30ipHUX) elIera30BUX BUMHKAYIB;

- 30BHINIHIN CTaH BUMHKaYa i HOTO MPUBOJIA;

- BIICYTHICTb 3a0pyIHEHb, BUIUMHUX BiJIKOJIIB, TPIIIHMH 1 CIi/iB IEPEKPUTTS i30SI,

- CIIPaBHICTh 3a3€MJICHb.

BUCHOBKHA
Enera3oBi BuMHKaui MOpsI 3 BaKyyMHHMH pO3IIISJAIOTBCA  SIK  HAWOUTBII
nepcneKTHBHI 0co0imBo Ha Harpyry 110 ta 220 kB.

JITEPATYPA
1. Kamumnacekuit O. M, OBumaHukoB B. €. Enexrpuuni cranmii ta mixcranmii
3ai3HUIb. Bunanus apyre nepepoOiene ta gomnosHene. [ Teker] — Xapkis: Llentp 29, 2015. —
586 c.
2. MnemxoB II. I'. EnexrpuuHe oOmagHaHHS MiACTAHII CHCTEM EJIEKTPOIOCTAYaHHS.

[Tekcr] LlenTpanbHOYKp. Hall. TexH. YH-T. — KponuBHuupkuii : Bugasens Jlucenko B.®., 2019.
—272c.
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EHEPTOE®EKTUBHICTD TA CTIMKICTh BUCOKOIIOTY KHHUX
3APSIHUX CTAHIIA 11 EJIEKTPOMOBLIIB

barau P.B., Crenpmax €.1.
XapKiBChKHI HAIIOHAIBHHUI aBTOMOOUTEHO-JOPOXKHIN YHIBEpCHUTET, YKpaiHa

BCTYII

3 pO3BUTKOM EJEKTPOTPAHCIIOPTY BUHUKAE TOTpeda B PO3LIMPEHHI MEPEXi 3apsiIHUX
CTaHIlil, 0COOIMBO BUCOKOTIOTYKHHX, SIKi 3a0€3MeuyloTh HIBUAKY 3apsKy, 3HIDKYIOUH 4Yac
OUIKyBaHHS Ul KOPUCTYBadiB. BucokomoTyxHi 3apsmHi ctanuii mis enexkrpomoo6iniB (3CE)
MalOTh ICTOTHE €HEPTrOCIIOKHMBAHHS, 1 3a0e3MeueHHs IXHBO1 CTa0LIbHOT Ta EKOHOMIYHOT pOOOTH €
KPUTHYHUM 3aBIAHHSAM JUIS iHIYCTpii. Y IIbOMY KOHTEKCTI €Heproe(eKTHUBHICTh 1 CTIHKICTBH
TaKUX CHUCTEM BIIIrpaloTh BaXIJIMBY poJib y (GOpMyBaHHI IHPPACTPYKTYpH, SKa CIPHITHME
MEePEex0,1y Ha eJIeKTPOTPAHCIIOPT 1 3SMEHIICHHIO BYTIIEIeBOTO ciiay [1,2].

AKTYyaJIbHiCTh JOCTiTKeHHsl. 32 mporHo3amu €Bporneiichkoi koMicii, 10 2030 poky
KUIBKICTh €JeKTpoMoOLTiB y €Bpomi 3pocte n0 30 MinbHOHIB, IO CTBOPUTH HaaMIpHE
HaBaHTAXXEHHS HA CHEPreTHYHy Mepexy. BogHodac crpareris €C crnpsiMoBaHa Ha CKOPOYEHHS
BukuaiB Ha 55% mo 2030 poxy, IO MiABUINYE IOMUT HA 3apsiiHI CTaHIli 3 BUCOKUM
KOoeQilieHTOM eHeproe()eKTUBHOCTI Ta IHTErpalild BiTHOBIIOBAHUX JDKEpEN EeHeprii.
Hanpuxkman, y mpoekrax Tesla, Fastned, ABB Ta iHmmx xommnaHiii 3aCTOCOBYIOTECS IEepPEIO0Bi
TEXHOJIOTII, TaKi SK MepeTBOpIoBaui 3 KapOily KPEeMHil0, HaKONMHMYyBaJIbHI CUCTEMH, COHSYHI
naHesi Ta TUHAMIYHUIA KOHTPOJIb MOTY>KHOCTI, 1110 I0TIOMarae 3HU3UTH €KCIUTyaTalliifiHi BUTpaTu
Ta MJBUIIUTH CTIMKICTh 3apsIHUX CTaHIiH [3,4].

Meta pocaimkenHsi. MeTOO NaHOTO JOCTIDKEHHS € aHalli3 Cy4acHUX MiAXOJIB [0
MIABUIICHHS €HEProe(EeKTUBHOCTI Ta CTIMKOCTI BHCOKOTIOTYXXKHUX 3apsIHUX CTaHIlid. Takox
PO3TIISAIAIOTHCS TEXHIYHI PINICHHS Ul 3HWKCHHS CHEPTrOCIIOKUBAHHS, afanTallii 0 3MIHHHX
YMOB Ta iHTerpaiii 3 BiTHOBIIOBaHUMH JPKEpeIamMu eHeprii [5,6].

OCHOBHI MATEPIAJIA JOCJIII)KEHb

1. EHeproeeKTUBHICTh 3apsJHUX CTaHIIH Ta BHUKOPHCTAaHHS KapOily KpeMHil0 Ta
mounitopuHrosux cucreM (ABB Terra HP, Himewyunna).Y mpoekri Terra HP komnanii ABB
3aCTOCOBYIOTHCS IHHOBAIIIfHI MepeTBOPIOBayi Ha OCHOBI kapOiny kpemHiro (SiC), AKi 10CATarOTh
e(eKTUBHOCTI TIepeTBOpPEeHHsI eHeprii 10 97%, 3HWKYIOUM eHepreTHYHi BTpaTH. JocCiimKeHHs
MOKa3aJIv, 110 BUKOPUCTAaHHS MmarepianiB 3 SiC 3MeHIIye HarpiBaHHS 0ONaJHAHHSI, MIIBUIIYE
CTIAKICTh Ta 3HIXKYE NOTpeOy B OXOJIOJUKEHHI, IO JOJAaTKOBO 3HI)KYE EHEproBHUTpaTu. Y
JoCTipKeHHl, mpoBeneHoMy Fraunhofer ISE, Oyno BusiBneHo, 1o Taki mepeTBOprOBadvi
JI03BOJISIFOTh 3HU3UTH BUTPATH HA MIATPUMKY TEMIIEPATypHOTO pexuMy Ha 25%, 110 € BaroMum
BHECKOM Yy MiIBUIICHHS eHeproedekTuBHOCTI cucteM. Kpim Toro, cranuii Terra HP ocHameni
CHCTeMaMH MOHITOPUHTY TEMIIepaTypud Ta HANpYyTH, sKi ONTHUMI3YIOTh poOOTy oOnajHaHHS,
3a0e3Meuyroud CTaOUIbHICTh y PI3HUX YMOBax EKCIUTyartallii Ta 3amo0iraioum IeperpiBy Ta
IHIITUM TIOIIKODKEHHSM [7].

2. CrilKicTh 0 30BHINIHIX BIUIMBIB Ta ONTUMI3aIlis KIIMATHYHUX PIMICHB IS 3apsIIHAX
craniiii (Siemens) Siemens peainizyBaiia psj iH)KEHEPHUX pIllleHb, 10 MiJABUIIYIOTh CTIHKICThH
3apsiIHUX CTAHIIN 0 CyBOPUX KIIMaTUYHHUX YMOB, TaKuX sIK TeMmepaTtypH Bin - 40°C no +55°C.
VY pocmipkeHHAX Siemens MOKa3aHO, IO MOKPHUTTS CTAHIIN CreNialbHUMU aHTHKOPO3IHHUMU
MaTepiaJaM#, po3poOJICHMMHM Ha OCHOBI JOCBiqy HaTO Ta Ta30BUAOOYBHOI NMPOMHCIOBOCTI,
MOJKE TIOJOBXHTH CTPOK CIIy:kOM oOnmaanaHHs Ha 15-20%. Kpim Toro, TemmnepaTypa BcepeanHi
CTaHIlii KOHTPOJIOETHCS CIENiATbHUMHU TEPMOCTATaMHU, 1110 TO3BOJISIE YHUKHYTH 3aMOPOKYBaHHS
YH MeperpiBy KOMMOHEHTIB. [laHi, OTprMaHi B X0/Ii MOJIp0BUX BUMIPpoOyBanb y Kanazi ta kpainax
[TiBHIUHOT €BpOMH, MIATBEPPKYIOTH, IO IIi PIIEHHS 3HAYHO 3HWKYIOTh BUTPATH Ha TEXHIUYHE
obciyroByBaHHs [8].
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3. InaTerparis 3 BiTHOBIIOBaHUMH JpKepenamu eHeprii Ta npoekt Fastned (Hinepmanmm)
Mepexa Fastned iHTerpye BiITHOBIIOBaHI JpKepena eHeprii, Taki SK COHSYHI TIaHeni,
Oe3mocepelHO HA JaxaX CBOIX 3apsAHMX CTaHIIHd, IO J03BOJSIE BUKOPUCTOBYBATH
BIZTHOBJIIOBAHY €HEPTi0 JUIA 3apsAaku enekTpomoOutiB. Jlociimkenns, nposeneni Fastned y 2020
pOL1i, TOKa3aJH, U0 TaKi PilIeHHs JO3BOJSAIOTH 3HU3UTH BUKUIH CO, Ha 25 — 30% y mopiBHSIHHI
3 3apsAJHUMH CTaHLISIMH, IO TPAIOITh Bl Mepexi. Kommanis po3pobuna mexaHi3Mm s
nepeaayi HaUIMIIKY eHeprii 10 HEeHTPabHOT MepexKi, 0 CIIpHsie OalaHCy eNeKTPOCTIOKHBAHHS.
B Hinepmangax ¢oToenekTpuyHi CTaHIII] 30UTHIINAIN KUTBKICT 3apsIOK 1 3HU3WIN CHEPTeTUIHE
HaBaHTAXXEHHS HA MEPEXKy B MIKOBI rouH# [9].

4. Cuctemu 30epiraHHsi eHeprii Ta AMHAMIUHE YIPaBIiHHA MOTYKHICTIO, Mepexa lonity B
€Bpormi sika mpecTaBieHa Ha pucyHKY 1. Mepexa lonity po3po0iisie BUCOKOMOTYKHI 3apsiiHi
CTaHIIii 3 IHTETPOBAHUMH CHCTEMaMHU 30epiranHs eHeprii [Uis 3MEHIIICHHS MIKOBUX HAaBAaHTAXECHb
Ha TEeHTpaIbHY Mepexy. Y 2022 pori iHctutyr Fraunhofer ISE nmocnmigueB BUKOpHCTaHHS
CYIEPKOH/ICHCATOPIB Y CKIIaJi cTaHIlii lonity, mo q03BoJIsIe 30epiraTv HaUTUIITKOBY €HEPT IO ITijT
9Yac HU3bKOTO HAaBAaHTAXXEHHS Ta BUKOPUCTOBYBATH il MijJ 4yac MIKOBHX MepiofiB. JocmimKeHHs
MIATBEPIMIIN, IO TaKi CHCTEMHU JOMOMArarloTh MiABUIIUTH €()EeKTUBHICTh 3apsAHUX CTaHIIINA Ha
15-20% 3a paxyHOK 3MEHIIEHHS NOTPEeOM y MpsIMOMY CIIO)KMBAaHHI 3 MEpeXi, a TaKoxX
3a0e3MeuyroTh CTabiIbHy pOOOTY HABITH IiJ] YaC BHCOKOTO HaBaHTaxeHHS. EnBW y HiMeuunni
Takok BrpoBamKkye HyperNetz i3 &IuHaAMIYHMM KOHTPOJEM TMOTYXHOCTI, IO JO3BOJISIE
aBTOMATHYHO 3HIKYBAaTH UM 30UTBITYBAaTH PIBEHb MOTY)KHOCTI 3apsIKU 3aJIS)KHO BiJ] IOTHUTY Ta
MOTOYHOTO CTaHy MEPEeXi, SHIKYIOUM THM CaMHUM PU3HK repeBanTaxeHHs [10].

Pucynok 1 — Cucrema HaKOTIMYECHHS €HEPTii Pucynok 2 — 3apsinHi craHIii

5. CoHsiuHa €HepTis AK KIOYOBUN €JIeMEHT aBTOHOMHUX 3apsaHUX cTaHlid, Tesla Solar
Supercharger (Kamidopnis) ska mnpeacraBneHa Ha pucyHky 2. Tesla po3pobuma Solar
Supercharger y KamnidopHii, 1e BUKOPUCTOBY€E COHSYHI TaHENTi s 3a0e3MeYeHHs] aBTOHOMHOT
3apsiaku  enekTpomoOuniB. CTaHIlisE BUKOPUCTOBYE HakomuuyBaiibHI Oarapei Powerwall, siki
30epiraloTh €HEprito Ui TIKOBOTO BUKOPHUCTAHHS, TO3BOJIIOUM 3apsDKATH EJICKTPOMOOLTI
HaBITh il YaC BUCOKUX HABAHTAXKEHBL 0€3 MPSMOTO CIOKWUBAHHS EJIEKTPOSHEPrii 3 Mepexi. Y
nocmpkenHi, nposeneHoMy Tesla y cmiBmpani 3 KamigopHiChKUM IIEHTPOM JOCIIIKEHD
cramoro po3Butky (CSRC), Oymo BCTaHOBIEHO, MmO BrpoBa/pkeHHS Powerwall mo3Bossie
3MCHIIIUTH 3aJCKHICTh Bi Mepexki Ha 60% Ta 3HM3UTH eKciuTyartaiiiiHi Butpatu Ha 20%. Y
MeXax [poro mMpoekTy Tesla Takok BHpoBaawiIa HOBY CHUCTEMY YIPaBIIHHS €HEPri€ro, sKa
aHaNli3ye TIOTOYHI JaHi TPO 3apsSAKd Ta PETYIIOE CIIOKUBAaHHS 3 METOI0 3a0e3MeveHHS
CTabUTPHOCTI pOOOTH CTaHIN HABITh y KPUTHUYHHUX cHTYyarlisx [11].

BUCHOBKHA

[TingBumieHHs: eHeproe(eKTUBHOCTI Ta CTIHKOCTI BUCOKOTIOTYKHUX 3apSTHUX CTAHITIA IS
eJIEKTPOMOOUTIB € KIIIOYOBUM HAIPSIMOM Yy CTBOPEHHI HaJiiHOI iH(pacTpykTypu Ui
enekTpoTpancniopty. Po3pob6ku kommaniii ABB, Fastned, Tesla, Ionity ta EnBW
MIATBEP/UKYIOTh [0 BIOPOBA/PKCHHS IHHOBAI[IWHUX pINICHb, TaKUX SK BUKOPHCTAHHS
HAIIBIPOBIIHUKIB 3 KapOidy KpeMHito, IHTerpallis BiTHOBIIOBAaHUX DKEpET e€Heprii Ta cucrem
30epiraHHsi €Heprii, a TaKoXX JAWHAMIYHE YMPABIIHHSA TMOTYXHICTIO, J03BOJIIOTH CYTTEBO
MIIBULITUTH €HEProeeKTUBHICTH 1 CTaOUIBHICT POOOTH 3apsAHUX CTAHIIIM.
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Hocsin ABB 3 BukopucTtanHsM kap0Oiny kpemHiroo y ctannisx Terra HP nemoHcTpye, sik
HOBI MarepiaJii MOXYTb 3HU3MTH TEIUIOBI BTPATH 1 NiJABUIIUTH 3arajbHy e(eKTUBHICTH
SHEepPTeTUYHUX TepeTBOPIoBadiB. Taki TEXHOIOTI CIPUSIOTH HE JIUIIE €KOHOMII €JIeKTPOeHEprii,
aJie 1 3HWKEHHIO eKCIITyaTaI[IfHIX BUTPAT HAa 0XOJIOKEHHs. JlocmipKkeHHs Siemens MoKa3yoTh,
o 3apagHi cTaHuii MOXyTh OyTH eQeKTHBHHMH Ta CTaOUIbHUMHU HaBiTh Yy CYBOPHUX
KIIMaTHYHUX YMOBaX, SKIIO BHUKOPHUCTOBYETHCS CHELIATbHAN 3axXHCT BiJ KOpoO3ii Ta
TEMIepaTypHO - PETYIbOBaH1 CUCTEMH.

IaTerpariss 3 BITHOBIIOBAaHUMH JDKEepelaMH eHeprii, sk y Bumagky Fastned y
Hinepnannax, 1eMOHCTpYe MOTEHIAN COHSIYHOT €HepTii A1 cTanoro GyHKIIOHYBAaHHS 3apsSaHUX
CTaHII 1 3HIKEHHS HABAHTA)XCHHS HA EHEepromMepexy. BuKopucTaHHs cucteM 30epiraHHs
eHeprii B Mepexi lonity mo3Bossie 30epiraTu HaUIMIIKOBY €HEPTiI0 IS MIKOBUX HABaHTa)KEHb.
ITpoextn Tesla 3 Solar Supercharger tTa Powerwall minTBep/KyroTh, 10 aBTOHOMHI 3apsaHi
CTaHIII MOXXYTh 3HH3UTH 3JICXKHICTh Bil IEHTPAILHOI €HEproMepexi, 0COOIMBO B paiioHaX 3
BHUCOKUMH PIBHSMU 1HCOJIALLI.

Ormxe, MaiOyTHE I1HPPACTPYKTYpHU 3apsIHUX CTaHIIl CTaHe Y BIPOBAKEHHI
IHHOBAITIMHUX TEXHOJIOTIH Ta BiTHOBJIICHHUX JDKEpET €Heprii, mo 3abe3neunTh HaAidHICTh Ta
€KOHOMIYHICTb ISl MIATPUMKH 3pOCTaHHS €JIEKTPOMOOLIIB Ta TOCSITHEHD.

JITEPATYPA
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oOciyroByBaHHs: Marepianu 14-1 MibKHapOAHOT HAayKOBO-TPAaKTU4HOI KOH(epeHii, XepcoH,
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PO3BUTOK TEXHOJIOT'TA OXOJIO)KEHHS TA YIIPABJITHHS TEILJIOM
Y HLIBUAKICHUX 3APATHUX CTAHUIAX 1JI EJEKTPOMOBLJIIB

barau P.B., Ko3zauenko €.M.
XapKiBChKHI HAIIOHATBHHUI aBTOMOOUTEHO-JIOPOXKHIN YHIBEpCUTET, YKpaiHa

BCTYII

3 pO3BUTKOM EJEKTPUYHOT MOOUTPHOCTI Ta 30UIBIICHHSM MOMYJSPHOCTI €IEKTPHYHUX
tparcopTaux 3aco0iB (ET3), moTpeba B e(eKkTUBHUX, MBHIKUX Ta HAMIWHUX 3apsIHUX
CTaHIIAX cTae ocobnmBo akryanbHOW [l1]. IlIBuake 3apsypKaHHS aKyMYJISTOPIB BEIMKHX
MOTY)KHOCTEH MOTpedye 3aCTOCYBAaHHS TEXHOJIOTIH, sIKi 3/1aTHI €()eKTHBHO YIPABISATH TEILIIOM,
SIKE€ TEHEPYEThCs MMiM Yac 3apsaakd. [loTyxHI 3apsjHi CTaHIii, 34aTHI 3a0€3MEYUTH IIBHJKE
MIOTIOBHEHHSI €HEPTii ISl eJIeKTPUIHUX aBTOMOOLTIB, MPALIOIOTh MPU BUCOKUX HAaBaHTAKEHHSIX,
10 MO’K€ MPHU3BOJIUTH JIO 3HAYHOTO HarpiBaHHsA. [|yis YHUKHEHHS TeperpiBy Ta 3a0e3neueHHs
cTabTbHOT POOOTH TaKMX CTaHIIH, HEOOXITHO BIPOBAIKYBATH HOBITHI METOI OXOJIOKEHHS Ta
yIpaBiiHHS TerioM [2,3].

AKTyaJbHiCTh JOCHiIKeHHsl. 3BaXAlOYd HA 3pOCTAI0Yi TOTOKH EJIEKTPHUYHHUX
aBTOMOOUTIB Ta 3HAYHUI PO3BHUTOK IH(PPACTPYKTYpU 3apsAIHHUX CTAHIN, MUTAHHS TEIUIOBOTO
VIPaBIIHHS CTa€ KPUTUYHMM JUis 3a0e3mneueHHs ix Oe3nepebiiftHoi poboTtu. Skmo He Oyne
HAJIKHUM YMHOM KOHTPOJIIOBATHUCS TEIUIOBHH PEXHUM, MOXKE BHHUKHYTH 3arpo3a IMeperpiBy
€JIEMEHTIB, 10 MPHU3BE/AE 0 3HIKEHHS e(PEeKTUBHOCTI 3apsi/IKU, MOIIKOKEHHs 00 HaHH, a
TaKOX CKOPOYEHHS TEpMiHy Horo ciry)xOu. 3aJ0BOJICHHS IIi€i MpOOJIEMHU HUISXOM PO3POOKH
e(eKTUBHUX TEXHOJIOTII OXOJIOKEHHS € OCHOBHOIO METOFO JTOCIIDKEHb Y I1iH ramy3i [4,5].

Mera pocaimkennsi. Metoro 1iei poOOTH € BHUBYEHHS CYYaCHHUX TEXHOJIOTIH
OXOJIO/DKEHHS Ta YIPABIIIHHS TEIJIOM, 110 BUKOPHUCTOBYETHCS IS BUCOKOIIBUAKICHUX 3apsITHUX
CTaHIlif, a TaKOXX aHaJi3 HOBITHIX PO3pOOOK y cepl OXONOMKEHHS JUTS MIBUAKHX 3apsSIHUX
CTaHIIH.

OCHOBHI MATEPIAJIA JOCJII)KEHHSA

1. IloBitpsine ~ oxoyojkeHHA.  [lOBiTpsiHE  OXOJIOJUKEHHA €  HAWMpoCTIUM 1
HANMOMIMPEHIIIMM METOJIOM, OCOOJIMBO JUIs 3apAIHUX CTAHILINA cepeqHbOi MOTYyKHOCT. OmHaK
IUTsS. BUCOKOIIBUIKICHUX 3apsiIHUX MPUCTPOIB, A€ MOTYXKHICTh JIOCATAE 3HAYHUX 3HAYEHb, Lei
METOJI HE 3aB¥JM JNocTarHiid. Taki craHIii 9acTO BHMAararmTh BIOCKOHAICHHS, HAIMPHUKIA,
BUKOPHUCTAHHSI JIOJIATKOBUX BEHTWISITOPIB YM KOHIUIIOHEPIB, MO0 MIATPUMYBATH TEMIIEPATypPy
B Mexax HopMmHu. [Ipukimazom € CTaHIii, IO BUKOPUCTOBYIOTH TPAAMIIiHE MOBITPSHE
OXOJIOJDKEHHS, AK y OaraThox 3apsaHux craHmiax Tesla Supercharger, ne edexTuBHO
MOEHYIOTHCS IEKUTbKa BEHTHIIATOPIB JUIs MoKpameHHs TeroBinsenenns (Tesla, 2022). 3rigno
3 gocmipkeHHsM Tesla, BUKOpHCTaHHS BEHTWIALIMHUX CHUCTEM 3 MiIBUIICHOI €(PEKTUBHICTIO
3abe3neuye 3HWKEHHs TeMiieparypu Ha 10-15% mopiBHSAHO 3 TpaauUiiHUMK MeToAaMu [6].

2. PimuaHEe OXOJOKEHHS. PimuHHE OXOJIOJKEHHS € OUThIl e(PEeKTUBHUM CIOCOOOM
VIpaBIiHHS TEIJIOM, HDK TOBITPSHE, 1 BBAXKAETHCS ONTHMAIBLHUM JUISI BUCOKOIIBHIKICHHX
3apsimHuXx craHiin. lle 3a0e3neuye 3HauHO Kpally TeIulonepeaady, M0 J03BOJISIE 3HHU3UTH
TeMIepaTypHi KOJIMBAaHHS MPH IHTEHCUBHOMY 3apspkaHHi. Hanpukian, cucrema 0XoJI0KeHHS
Hypercharger BUKOpUCTOBYE criemianbHi 0X0JIOKYBABHI PIIMHA 7151 €(DeKTUBHOTO BiIBEICHHS
TEIUIa Bil iIHBEPTOPIB Ta akyMmynsTopiB (Siemens, 2023). PiquHHE 0XOJO0HKEHHS 3aCTOCOBYETHCS
1 17151 KOMITOHEHTIB, SIKi TPAIIOIOTh TPU BUCOKHX CTPyMax, TAKMX SK MEPETBOPIOBAY] MOCTIHHOTO
CTpyMy B 3MiHHHHA cTpyM. OCTaHHI JOCTI/DKEHHS TOKAa3ylOTh, IO PiAWHHI CHCTEMHU 3JaTHI
3HU3UTH TeMnepaTypy Ha 20-30% mopiBHSAHO 3 MOBITpstHUMU [7].

3. Marepiamu 3 ¢azoBum nepexogoM (PCM). Onxnum i3 HaiicydacHIUX MIAXOIIB €
BUKOpUCTaHHA MatepiainiB 3 (azoBum mnepexogom (PCM). BoHu edeKTHBHO peryiaolTh
TEeMIepaTypy UUIIXOM TIOTJIMHAHHS Ta BHUBUIBHEHHS TeIUIa I Yac TMepexoay 3 OTHOTO
arperaTHOTO CTaHy B IHIIWH (3 pigkoro B TBepAwid abo HaBmaku). Hampukmaa, matepianu 3
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($a30BUM TEPEXOJIOM 3aCTOCOBYIOTHCS B HOBHUX MOJEISX 3apsIHUX TPHCTPOIB, TaKUX SK
yIbTpamBHAKiCHI 3apsani crannii Hyundai, ne PCM iHTerpoBasi B CHCTEMY OXOJIOJDKEHHS IS
nornuHaHHs HaaMipaoro Tteruia (Hyundai, 2023). JlocmikeHHS TOKa3ad, IO 3aBJSKH
BuKkopuctanHio PCM Mo’kHa 3HU3WUTH KOJIMBAaHHS TEMIIEPATypH B KUIbKa pa3iB 1 3a0e3MeuuTH
cTabiTbHY POOOTY HABITh MPH BETMKUX HABAHTAXKEHHSX [8].

4. T'iOpuaHiI CcHCTEMH OXOJIO/KEHHS. BuKoOpucTaHHA KOMOIHOBAaHUX CHCTEM, SIKi
MOEHYIOTH Pi3HI METOIM OXOJIOJKEHHS, HAPUKIIA, PIIUHHE OXOJIOJKEHHS Ta TEIUIOBI TPYOKH,
JI03BOJISIE CTBOPIOBATH OUThINI €(PEKTHBHI CHCTEMH IS IIBUIKUX 3apsaHUX CTaHmin. Taki
CHCTEMH JI03BOJISIIOTh MAaKCHMAaJbHO €(QEKTHBHO 3HIDKYBATH TEMIIEpPaTypy HaBiTh IpH
HaWBUIIMX HABAaHTAXXCHHSIX, 110 € 0COOIMBO BAXKIIMBUM JUISI HOBITHIX CTaHIIH, [0 TiATPUMYIOTh
notyxHicte nonay 350 kBr. Hampuknaza, BueHi po3poOwin riOpuaHy cHCTEMY sl 3apsSaHUX
CTaHI[ill Ha OCHOBI PiIIMHHOTO OXOJIO/KEHHS Ta TEIJIOBUX TPYOOK, IO 3aCTOCOBYETHCS B JIETKUX
HOBUX Mojensax EVgo i lonity (MDPI, 2024). Ile mo3Bossie 3HAa9HO MOKPAMUTH €PEKTUBHICTH
BiJIBEJICHHSI TEIIJIa B YMOBaX IHTEHCUBHOT 3apsIku [9].

5. HoBitHi TexHoJorii 0X0JIo/pKeHHS. HOBITHI METOOM KOHTPOJIO TEMIIepaTypH,
po3po0ieHi Ta MaloTh TMOTEHIAT 3HAYHO TOKPALIUTH TIPOLEC 3apsKaHHS eNeKTPHYHUX
aBTOMOOUTIB, IO MOKE MPUCKOPUTH BIIPOBAIKEHHS €IIEKTPOMOOUTEHOCTI. L[ HOBa TexXHOJIOTIs
HE JIMIIE MiABUIYE e(QEKTHUBHICTh TEIIOOOMiHY, 3a0e3Meuylodd MiATPUMKY ONTHMAaIbHHX
TeMIepaTyp IJIsl CUCTEM, ajie i JJ03BOJISI€ 3MEHIIUTH PO3MIPH Ta Bary anapaTHOTO 3a0e3IeYeHHSI.
OxpiM 1HOTO, BOHA MOXE 3pOOUTH 3aps/DKAHHS CYYaCHUX €JIEKTPOMOOUTIB OUTBII HAIIMHHUM.
Komanna min kepiBHuTBOM npodecopa Iccama Mynasapa 3 YHiBepcurery llepapio po3poouin
eKCTIEPUMEHT 3 KHIIIHHAM Ta KOHJEHCAlieo ABO(Aa3HOTO MOTOKY, 100 MPOBOANUTH JOCIIHKEHHS
TerIonepeiayi B yMOBaxX MIKpOTpaBiTailii, 0 BiIKPUBAE HOBI MOKJIMBOCTI JUIsl IHHOBAIIMHUAX
TEXHOJIOTIH y cpepi 0X0I0KEHHS.

Monayne mnotoky kuminHa FCBE ckiamaeThcst 3 TEIIOTEHEPYIOUHMX IPHUCTPOIB,
pO3TaIllIOBaHUX N0 TEPUMETPY MPOTOYHOTO KaHAIly, 4epe3 SIKH IMOJAEThCS OXOJODKYIoUa
pinmHa B piakomy craHi. Komm mnpucTpoi HarpiBaloThCs, TemIeparypa piIMHU B KaHaui
30UTBIIYEThCA, 1 piMHA, IO 3HAXOIUTHCA B 0OE3MOCEPEAHbOMY KOHTAKTi 3 CTIHKAMH, TTOYHHAE
KUIITH. Y TpOIleci KUTIIHHS YTBOPIOIOTHCS MaJIeHbKi OyIbOaIIKy, sIKi IIBU/KO BiIPUBAIOTHCS Bif
CTIHOK KaHally, IO CIPHS€E MOCTIHHOMY MEPEMIIIEHHIO PIIMHU 3 BHYTPIIIHBOI YaCTUHU KaHATy
1o #oro ctiHok. Llei mporec edhekTUBHO Iepenae Terio, BUKOPUCTOBYIOUU SIK TEMIIEpaTypy
pinuHU, Tak 1 Gpa30By 3MiHY 3 piIuHU Ha mapy. Temtonepeaaya 3pocTae, KOJIH PiIIMHA MMOJAETHCS
B TIEPEOXOJIOPKEHOMY CTaHi (HMXKYE TEMIIepaTypu KHWITiHHS). Takuii METOJ «KUIIHHSA B
MEPEOXO0JIOHKEHOMY TMOTOI» TPEACTaBICH Ha PHUCYHKY | SKU MigBUINye e(QeKTHBHICTh
TeruIonepenayvi i Moxe OyTH BUKOPUCTAHUHN TSl OUTBII TOYHOTO KOHTPOJIIO TEMIIEPATYpH.

Pucynox 1 — Kuminas B 1epeoxosioKeHOMY MOTOIT

HemonmaBHo xomanmaa MypaBapa 3actocyBajia MPUHITUIH "KHUITIHHS TIEPE0X0JIOKEHOTO
notoky", orpumani mix uac ekcrepuMeHTiB NASA FBCE, no mnpouecy 3apspkaHHS
eNIeKTpOoMOOUTiB. 3aBAsKM il HOBIM TEXHOJOTI, IIENEKTPUYHUN PIIKUNA OXOJIOIKYBad
[UPKYITIOE Yepe3 3apsAHui KaOelb, MOTJIMHAIOYH TEIUIO, K€ BUIAUISETHCS MTPOBITHUKOM ITiJ] Yac
MIPOXOJDKEHHS CTpyMy. KUTIIHHS PIIMHU B MEPEOXOJIOHKEHOMY CTaHi J03BOJISIE TEepelaBaTH Ha
4,6 pa3u Oimpiie CTpyMy, HDK Yy HaWIIBHIIIMX JOCTYMHHUX 3apsSAHUX MPHCTPOSX IS
eJIIeKTpOMOOUTIB, BimBomsun 1o 24,22 kijoBara Teruia. 3apsaHuii kabenb Purdue 3marHwmii
3abe3neuntn 2400 ammep, mo Habarato Outeie, HK 1400 ammep, siKi HOTPiOHI AT CKOPOUEHHS
qacy 3apsJIKd eIeKTPOMOOUIS 10 I'STH XBWIMH. BIpoBa/pKeHHS i€l TEXHOJOTIl 03BOJIMIIO
3HaYHO CKOPOTHUTH Yac 3apsDKaHHA Ta MOXE CTaTH BUPIMIATHbHUM KPOKOM BIIPOBAKEHHS
MIBUKICHUX 3apsAHUX CTAHIIIHA JUTS eIeKTPOMOOLTiB y MaliOyTHeoMYy [10].
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BUCHOBOK

OCHOBHOIO TIPOOJIEMOIO € MIATPUMKA CTAOUILHOI TeMIepaTyp KOMIIOHEHTIB 3apsiIHUX
CTaHIIl mNpH pI3KUX 3MIHAX TEMIIEPATypHOTO HABAaHTAXEHHS, 30KpeMa, IpPH BHCOKIN
TeMIepaTypi HaBKOJIMIIHBOTO CepeloBHIa a00 IHTEHCUBHIH poOoTi. s mbOro Ba)IJIMBO
BUKOPHUCTOBYBATH TPOTHOCTUYHI aNTOPUTMHU [UIs TependaueHHs 3MIHM TeMIlepaTypud Ta
KOPUTYBaHHS 3apsAHUX MapaMeTpiB y pealibHOMY uaci. JlocmimkeHHs MOKa3ylooTh, M0 HOBITHI
CHCTEMH MOXYTh 3HHU3UTH pu3uku mneperpisy Ha 30% 1 onrtumizyBatu e(EeKTHUBHICTH
sapsypkanas (SAME SKY DEVICES, 2024). V maiiOyTHbOMY PO3BHTOK IHTEIEKTYaIbHUX
CHCTEM, BKIIIOYAIOUM HITYYHUH IHTENEKT, JO3BOJHUTH CTBOPIOBATH «PO3YMHI» 3apsiHI CTaHII,
SIK1 aBTOMaTHYHO 3HIMAIOTh MapaMeTpH 3ajiekHO Bia TemreparypHux 3miH (MIT, 2024). Takox
ribpuani cucremu oxoiokeHHs 3 PCM Ta piqMHHMMHU CHCTeMaMH 3a0e3MeuyloTh e(heKTUBHE
BiZIBEICHHSI TEIUIA ISl CTa0UTEHOT pOOOTH MPH BUCOKUX TeMIIepaTypax.
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HNIABUIEHHA BE3IIEKA TOPOKHBOI'O PYXY BIITPOBA/UKEHHAM
CHACTEMHA KOMYHIKAIIII MI’K ABTOMOBLISIMHA

bonnoscekuii B.M.
Harmionansnuit aepokocmiunmii yaiBepceuteT iM. M.€. XKXykoBcbkoro «XAly», Ykpaina

BCTYII
3pocTaHHs KUTBKOCTI aBTOMOOLTIB Ha J0porax Ta CKJIAIHICTh TPAHCIOPTHUX ITOTOKIB
BHCYBAalOTh HOBI BUMOTH J0 Oe€3meku IopokHbOro pyxy [l]. BuxopucranHs cydacHUX
iHpopManiiHMX TexHoJorid, 30kpema Vehicle-to-Vehicle, (V2V-komyHnikaiii), m03BoIIs€
3a0e3neuuTH €(PEeKTUBHY B3a€EMOMII0 MDK TPAaHCHOPTHUMHU 3acO00aMH, 3MEHIIYIOUM DPU3HKH
BUHUKHEHHS J0pOXHBO-TpaHcnopTHux npurox (ATII). B poboti po3rasHyTO NepcrneKTuBU
BIIPOBA/DKEHHS B yMOBax YKpaiHM CHCTEM KOMYHIKamii MDK aBTOMOOUIIMHU SIK OJHOTO 3
KJIIOYOBUX IHCTPYMEHTIB MIABHIIEHHS O€3MEKH JOPOKHBOTO PyXy. AHATI3ye€ThCS BIUIMB TAaKUX
cucreM Ha 3MeHIIeHHs Kimpkocti JATII, minBuiieHHS eQeKTHBHOCTI ympaBiiHHS TpadikoMm Ta

IHTeTpaIliro 3 IHIIMMHA TEXHOJIOTISIMH "pO3yMHOTO MicTa'.

PE3YJIbTATHU JOCJIIKEHb

CucreMu KOMyHIKaIlii MK aBTOMOOUIIMU 0a3yIOThCsI HAa TPUHIMIIAX OOMIHY TaHUMH Y
peanbHOMY Yaci: mepefada iHpopmMarii mpo MBHIKICTh, MiCLIE PO3TAIIyBaHHS, HAPSMOK PyXy
Ta HIII TapaMeTpH TPAHCIOPTHHX 3aco0iB. KpiM I[bOr0 BHKOPUCTOBYIOTHCS CIICIiali3oBaHi
npoTtokoiu 3B’s3Ky: Hanpukiag, DSRC (Dedicated Short-Range Communication) abo C-V2X
(Cellular Vehicle-to-Everything). Takox BHUKOHYETbCS IHTErpailisi 3 IHITUMH CHCTEMaMH
0e3MeKu: aTanTUBHUHN KPYyi3-KOHTPOJIb, CHCTEMH €KCTPEHOTO TallbMyBaHHs TOIIO [2].

Ha panumit MoMeHT B yMoBax YKpalHM BIPOBADKEHHS CHUCTEMH KOMYHIKaIlii MDK
TPAHCHOPTHUMHU 3acO0aMH 3HAXOJHUTHCS Ha IOYATKOBOMY €Talli BIPOBAUKEHHSA. 3 METOIO
MiIBUIIEHHS OE3MEeKH JOPOXKHBOTO PYyXy TPAHCIOPTHUX 3acO0IB Ta MOKpameHHs Tpadiky B
MICTax HEOOXiHO BCE YacTille BUKOPUCTOBYBATH CHUCTEMY KOMYHIKAIliif, [0 B CBOIO Yepry
J03BOJUTH 3MeHIUTH KiTbKkocTi JITTI 3aBasku momnepemkeHHI0 BOIIIB Mpo HeOe3nevHi cuTyarlii,
HANPUKJIIAJ, pi3Ke TaJbMyBaHHs a00 MOSBY MEPEIIKO Ha JI0PO3i.

BaximBuM € Te, 1m0 BIPOBAKEHHS CHUCTEMH KOMYHIKaIlii JOTIOMOXKE ONTHMI3yBaTH
TPAHCHOPTHI MOTOKH 3aBASKH KOOPAWHAIT pyXy TPaHCIIOPTHUX 3ac00iB, YHUKHEHHS 3aTOPIB Ha
J0porax Ta 3MeHIIEHHs yacy nepeOyBaHHs B J0PO3i.

He cnix 3a0yBaty i mpo MOCTIHO 3pOcTarodi BUMOTH J0 €KOJIOTIYHOCTI TPAaHCTIOPTHUX
3ac00iB, BIIMOBITHO 70 IIOTO HASBHICTH CUCTEMH KOMYHIKaIliii MDK TPaHCIIOPTHUMH 3aC00aMuU
J03BOJIMTH 3MEHIIUTH 00’ €MU IIKIUIMBUX BUKHIIB 32 PaXyHOK pyxy 0e3 3ynHHOK y 3aTtopax [3].

Jnst eeKTUBHOTO BIIPOBAKEHHS CHCTEMH KOMYHIKAIIi M TPaHCTIOPTHUMU 3aco0aMu
HEoOXiHO 3abe3nmeuynTd Bci HEOOXigHI yMOBHM Ta 3aco0M, a camMe CTBOPUTH TEXHIUHY
1HPPACTPYKTYpY UTsl SIKOi HEOOXIJTHO PO3BMBATH MEPEXKi Mepeaadi JaHWX Ta CTaHAApTH3aIlil
TEXHOJIOTIH.

OxpiM mpOTO MOTPIOHO 3a0€3MEYUTH KOHQIMEHIIHHICTh JAHUX, TOOTO 3a0e3MeUYCHHS
3axucTy iH(popMaIlii Bix Kibep3arpos.

CyTT€BOIO TMPUYMHOIO JUIS CTPUMYBAaHHS IIBUAKOTO  BIIPOBA/DKEHHS CHCTEMH
KOMYHIKAI[Ii MK TPaHCIIOPTHUMH 3acO00aMU € BHCOKa BapTICTh, SIK OOJIaJHAHHS aBTOMOOLTIB,
TaK 1 MOJepHi3allil TOPOKHBOI IHPPACTPYKTYPH.

[Toennanns V2V-cucrteM 13 TakuMH I1HHOBAIliIMH, SK aBTOHOMHI aBTomoOimi (V2X-
KOMYHIKaIlis) Ta "po3yMHi" JOPOTH, CTBOPIOE MEPEIYMOBH JUIS MOOYIOBH 3HAYHO OE3MEYHIIIOro
TPAHCIOPTHOTO CEPEIOBUINA B HACIIIOK I[LOTO OYIyTh CIIOCTEPIraTUCh MOKPAIIEHHS B peXKUMax
PYXY TPaHCTIOPTHHUX 3aCO0IB B MEPIY YEPTY LI MICBKUX YMOB [4].
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BUCHOBKH
Cucremn V2V-KOMyHIKallii € TEPCHECKTUBHUM HANPSIMKOM PO3BUTKY TPaHCHOPTHOI
iHQpacTpyKTypH, M0 Ma€ TOTEHIAN CYTTEBO MiIBUIIMTUA OE3MEKy TOPOXKHBOTO PYyXy Ta
MOKPAIIUTH TOKA3HUKU EKOJIOTTYHOCTI TpW eKCIUTyaTamii TpaHCHOPTHUX 3aco0iB. [msa ix
e(eKTHUBHOTO BIIPOBAKEHHS HEOOXITHO BUPIMIUTH HU3KY TEXHIYHMX, EKOHOMIYHUX Ta €TUYHUX
NUTaHb Ta HAMaraTHCh BCE YacCTIlle 3aCTOCOBYBATH B YMOBaX JOPOXKHBOTO PYXy CHCTEMH
KOMYHIKaI[iif MK aBTOMOOUISIMH, a TAKOXK 3 IHITUMH TPAHCIIOPTHUMH 3aCO0aMHU.
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HNIABUINEHHA ECEKTUBHOCTI MIDKHAPOJHUX BAHTAXKHUX
ABTOMOBUIbHUX ITEPEBE3EHD

[lla6an B.€.", ®omin O.B.%, Bapanos 1.0.', Mipoursnkosa M.B.’
lﬂepxcaBHI/Iﬁ BUIINI HaBYAJIbHUH 3aKuaj «[Ipua3oBCchbKuii epKaBHUN TEXHIYHUNA YHIBEPCHUTETY,
M. [Hirpo, Ykpaina,
*JlepxaBHuil yHiBepCHTET iH(pPacTpyKTypH Ta TexHoorii, M. Kuis, VkpaiHa,
CxinHoykpaiHchKuit HALOHANBHIH YHIBepcuTeT iMeni Booaumupa dams, M. Kuis, Ykpaina

BCTYII

AKTyaJbHICTh I[BOTO JOCIIKEHHSI 3yMOBJIEHA THUM, III0 OCHOBHUM 3aBJaHHSM CHCTEMHU
HAQJIaHHS TIOCIYT 3 MDKHapOJIHHWX BAaHTAKHUX IMEPEBE3€Hb aBTOMOOUIBHUM TPAHCIOPTOM €
MiIBUIICHHS €(QEeKTHBHOCTI ii poOOTH WIIAXOM TMOJANBIIOT  ONTHMI3allii  CTPYKTYpH,
BIIPOBA/PKEHHS Cy4aCHUX OpTaHi3allifHuX (opM i TEXHOJIOTIH, yIOCKOHAIEHHS MPAaBOBUX HOPM
Ta TIOCHJICHHS POJIi KEPIBHUX OPTaHiB CUCTEMHU, SIKi IIOBUHHI Kpallle BiIOBiIaTH BUMOTAaM PHUHKY
nociyr. 3 KOXKHUM POKOM Yy KpaiHaxX CBITY MPHUCKOPEHUMHU TEMITAMH TIOIIHPIOETHCS TIEPEBE3CHHS
3 BUKOPUCTAHHSAM BaHTOKHUX MOAYNiB. OCHOBOIO TaKMX IEPEBE3CHb € TepMiHAJIbHA CHCTEMAa,
KJIIOYOBUM €JIEMEHTOM sKOi € TepMmiHan. /s minBuineHHs e(eKTUBHOCTI poOOTH MHUTHOTO
TepMiHaATy Ta MiABUIIEHHS e()eKTUBHOCTI MDKHAPOJHUX BAaHTAKHUX aBTOMOOUTFHIX NIepeBE3eHb
B IUJIOMY, MPOTOHYETHCS BUKOPUCTAHHS 3MIHHUX BaHTAXKHHUX MOAYIMIB. Taki TEXHOJOTII, sKi
320e3MeYy0Th MOJKJIMBICTH OOCITYrOBYBaHHS OJHHM aBTOMOOUIEM-IIAci KUTbKOX 3MIHHUX
BaHTKHUX MOJIYIIB PI3HOTO MPU3HAYECHHS.

MOKHBICTh 3aBaHTAXXEHHS 3MIHHOTO Ky30Ba, KOJIM CaM BaHTa)KHUI aBTOMOOLIb-11aci HE
nepeOyBae Ha 3aBaHTaKEHHI, CIIPUsE€ €KOHOMII pecypciB i 3MEHIIIEHHIO BUTpAT, 30KpeMa 1010
YHCENBLHOCTI MePCOHATY, Yacy BUKOHAHHS OIeparliii Ta 00csIry aBTOMOOUTHPHOTO TMapKy. 3HAYH1
TEXHOJIOTIYHI TepeBaru 3ade3rneuye OaraTOBAapiaHTHICTh BUKOPUCTAHHS KYy30BIB PI3HOTO
MpU3HAYCHHS HA OJHOMY IIaci (HalpHKIIa, KOHTeHHep, BaHTaKHA IaTGopma JUis IepeBe3eHHS
TEXHIKH, IIUCTEPHA, TOIO) Ta MOKIIMBICTh 3aCTOCYBaHHS OJJHOTO Ky30Ba Ha PI3HUX OJHOTHUITHHX
maci. KpiM Toro, TeXHOJIOTii BUKOPUCTAaHHS 3MIHHHUX KY30BiB Y aBTOMOOUIBHHX TEpEBE3EHHIX
JI03BOJISIFOTH BIIPOBAKYBAaTH €(DEKTUBHI JIOTICTHYHI pilieHHs, Taki sk «Just In Time» Ta «Leany.

['onoBHUM KpuUTEpieEM TpHU OIiHII POOOTH MHUTHOTO TEpPMiHATy € IX TMPOIyCKHA
CIIPOMOJXKHICTb, MiJ] IKOI0 PO3YMIETHCS «MOKIIMBICTD OJIHOYACHOTO PO3MILIEHHS TPAHCIIOPTHUX
3ac00iB Ha MalJaHYUKY, TIPU3HAUYEHOMY JUISI TPAHCIIOPTHUX 3aCO0IB 3 TOBapaMH, 10 PO3MIMICH1
Ha TUMYacoBe 30epiraHHs, a TaKoX TPAaHCIOPTHUX 3acO0iB 3 TOBapamH, IIO0 3HAXOAATHCS IIi[
MUTHHM KOHTpoJieM. [0 HIIMX KpUTepiiB OLIHKKA poOOTH MUTHOTO TEpMiHATY HaJleKaTh 0OCST
TOBApOIOTOKY, IJIOMNIA CKIAJCHKUX MPUMIIIEHb, TUIOMA CTOSHOK JUIsl TPAHCIIOPTHHUX 3aco0iB, a
TaKOX 3arajibHUH yac, HEOOXITHUH JIIsl BUKOHAHHS MUTHUX omeparliii [ 1, c. 245].

OnHuM 13 TOJMOBHUX YMHHUKIB, IO BIUIMBAIOTH Ha IIABUIIEHHS €()eKTHBHOCTI poOOTH
MUTHOTO T€PMIHAIY € YIOCKOHAJICHHSI HOPMATUBHO-TIPABOBOTO PETYIIOBAaHHS. Y CBOIO Yepry, 1ie
NPU3BOIUTH IO TOJIETIIEHHS JOKYMEHTOOOIrY 3a paxyHOK (OpPMYBaHHS YHIBEpCAIbHOTO
neperaBaIbHOrO0 JOKYMEHTa Ta CKOpOdye Yac Ha OQOpPMIICHHS HEOOXIIHUX JOKYMEHTIB.
CkopoueHHsi 4Yacy Ha OQOPMIICHHS IOKYMEHTIB Ja€ MOXKIUBICTh TEPMIHAITY BUBUIBHUTH
J0JJATKOBI PECypCH, IO OMOCEPENIKOBAHO BIUIMBAE€ HAa 3POCTAHHS MPOIYCKHOI Ta MPOBI3HOT
3IATHOCTI MUTHOTO TepMiHaiy [2, ¢. 100].

Y poisi HaCTYmHOTO YHMHHHKA, IO BIUIMBA€ HA TIIBUIICHHS €(QEKTHBHOCTI POOOTH
MUTHOTO TepMiHATy € ONTHUMI3allisl BUTPAT Yacy, sika Moxe OyTH 37iiiCHeHa KUTbKOMA HIISTXaMU.
[Nepmmii crocid onTuMizamnii € HalOUIBII OYEBUAHUM — II€ MEPEPO3NOILT JOCTYIHHUX PE3epBiB
Jacy y Mekax MepexeBoi mojneni. Komm Hemae HEOOXiTHOCTI y pPO3BaHTaXKEHHI TOBapYy,
3BUIBHSIOTHCSA 3HAYHI TUMYACOBI PE3epBH, Kl JOLUIBHO PIBHOMIPHO PO3MOIUTUTH MDK IHIIUMHU
3aBJIaHHSMH 200 BUKOPHCTOBYBATH JUIL POOOTH 3 IHIIMM TOBAPOM.

Hpyruii cmoci®é monsirae 'y 30UTBIIEHHI MOMJIMBOCTEH UIS OJHOYACHOTO BHKOHAHHS
KUTBKOX OTIepalliii Ta poOiT 3 OJHUM TOBAapOM, a TAaKOX Yy PO3IMUPEHHI MOXJIHBOCTEH poOOTH 3
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KUTbKOMa TOBApHHUMH TMapTiiMH ofHO4YacHO. OjHaK Iie BUMAarae 3ajly4eHHsS JOJaTKOBHX
CIIBpOOITHHKIB, 3a0€3MEUCHHS TEPMiHATY BEJHKOIO KUIBKICTIO TEXHIYHMX 3aco0iB Ta
30UTBIIIEHHS TIJION] TEPMIHAITY, 30KpeMa PO3MIUPEHHS 30H JiIs orysiy [3, ¢. 7].

Tperiii migxig mosArae y 3acTOCYBaHHI CYYaCHHUX TEXHOJIOTIH, $Ki JOMOMOXYTh
CKOPOTUTH YacoBi BUTpaTH. OcOONMBO aKkTyalbHUM € BUKOPUCTAHHS TaKUX TEXHOJOTIH Yy
mpoleci poOOTH CKJIay Ta BUKOHAHHS CKJIQJICHKHX OTlepalliii 3 ToBapaMu. B nanwmii yac oHi€ero 3
HAMMEpPCIeKTUBHIMINX TEXHOJOTIA y Tamy3i CKIQJCBKUX TIOCIYyTr € BHUKOPUCTAHHS
iH(ppaYepBOHUX MITOK, SIKi JI03BOJIAIOTH 32 JIUEHI CEKYH/IU 3aKOJyBaTH TOBAp, BU3HAUYUTH HOTO
MICII€3HAXO/DKCHHS Ha CKJIaJli Ta MepenaT 1o iHopmaliro 10 6a3u maHux. besmiu cydacHux
CKJIJ[iB aKTHBHO BIIPOBAKYIOTh TEXHOJIOTIi IITYYHOTO 1HTENEKTY U ONTHMi3allii YMCeTbHOCTI
MEPCOHAIY, 110, CBOEIO YEPTOI0, TO3BOJISIE CKOPOTUTH BUTPATH Ha oruiaty npaii. Kpim Toro, Taki
TEXHOJIOTIi 3HAYHO MPUCKOPIOIOTH IPOIEC TOIITYKY TOBapiB Ha CKJaai, Tak 1 Tpolec ix
po3mimieHHss Ha 30epiranHHs. Yci omepamii 3 BU3HAueHHS MICIb 30epiraHHs TOBapiB
BUKOHYIOTHCSI KOMII'FOTEPHOIO TPOTPaMoOI0, sIKa TeHepye KO Il CaMUX TOBapiB Ta MICIb iX
30epiranus [4, c. 127].

OCHOBHUM  TOKAa3HHUKOM TPUHHATTS pillleHb MIOJO0 TEPCIEeKTUBHUX  3aXOJiB
YIIOCKOHAJICHHSI TIEpeBE3eHb € EKOHOMIYHA €(DEKTHBHICTH, sIKa XapaKTePU3YEThCS 3MEHIICHHIM
BUTPAaT Ha JIOCTaBKy BaHTaXiB, TNPUCKOPEHHAM 4Yacy JOCTAaBKH, IJBHIIECHHIM pIBHSI
oOciyroByBanHs. [Ipy poOOTI MUTHOTO TepMiHANy XapaKTEpHi JEsKi CKJIAJOBi €KOHOMIYHOTO
edexry:

- 3MEHIIEHHA BHUTpAaT TEPMIHAJIBHOI CHCTEMH, SKi TIOB'SI3aHI 3 IHTEHCHBHHM
BUKOPUCTaHHAM TEXHIYHHUX Ta JIIOJCEKUX PECYPCIB;

- 3MEHIICHHS TPYJIOBHUTPAT 32 paxXyHOK ONTHUMAJbHOTO pO3MOIITy  BHUMOT, SIKi
BHHHUKAIOTH B pOOOTI MUTHOTO TepMIHAITY;

- 30UTbIIEHHS TPHUOYTKY BHACHIIOK IMiJBUIICHHS MPOIYCKHOI 3aTHOCTI MHUTHOTO
TepMiHaIy.

[Toka3HUKK BHUTpaT IO JOCTaBIlI BAaHTaXy 3 BUKOPUCTAHHSAM II€PEBAHTAXYBAIbHOT
JUISHKA Ha MUTHOMY TepPMIiHAI 3aJie)KaTh BiJi KUTBKOCTI aBTOMOOUTIB Ha MUISHKAX 1 KUTBKOCT1
BaHTKHUX MOJIYIIB, SIKi 3aCTOCOBYIOTHCSI.

PE3YJbTATHU JOCJIIKEHb

[IpoBenene mochmi/pKeHHS MOKa3ajo, M0 B JaHWW Yac OCHOBHUMH (DaKTOpamH, IO
MEPEIIKO/HKAIOTh PO3BUTKY TPAHCHOPTHOTO 3abe3neyeHHs y cdepi MDKHAPOIHUX TepeBe3eHb
VYkpainu, €: HEeCTPYKTYpPOBAHICTb CHUCTEMH JEPKABHOTO PETYITIOBAHHS, OCOOIMBO Y MPaBOBIii
rairy3i moJ10 KOHTPOJTIO Ha KOP/IOHI Ta 300py; BUCOKA BAPTICTh MOCIYT, 0 HATAIOTHCS MUTHUMHU
OpokepaMH Ta TPAHCIOPTHUMHU TEpMiHATAMH, HHU3bKa MIBUJKICTH JTOCTaBKM BaHTaXiB; Opak
KOMIUIEKCHOTO, BKIIIOYAlOuu iHpopMaIlliiiHe 0OCIyroByBaHHS JUIs OpTaHi3amii MDKHapOIHHUX
nepeBe3eHb; a TakoK Opak 1 BiJCYTHICTh HOPMAaTHBHO-IPAaBOBHX aKTiB, IO PETYJIIOIOTh
MDKHapO/IHI IEpeBE3eHHS Ta iX 00CIyroByBaHHS.

JlocmipKeHHS aKTyalbHOTO CTaHy OpraHi3allii Mi>KHapOAHUX BaHTA)KHUX aBTOMOOUTEHUX
NepeBe3eHb BHSIBUIIO, IO MIABHIIEHHS iX €()EeKTHBHOCTI Ta SKOCTI MOXK€ OYyTH JOCSTHYTO
[UISXOM BIPOBA/PKEHHST HOBITHIX TEXHOJOTIH, cepel SKUX BaXKIMBY pPOJIb  BiIirpae
BUKOPUCTaHHS TEPMIHAJIBHUX CUCTEM JIOCTAaBKHM BAaHTAXKIB i3 3MIHHMMH BaHTOKHUMH MOTyJISIMH.

3arallbHUM THUTaHHSAM €(QEeKTUBHOTO (YHKI[IOHYBAaHHS TEPMIiHAIIB Ta TEPMIHAIBHUX
cucreM mpucBsueHi pobotu Bopkyra A.l, UYerBepyxina b.M., Ilomimyka B.IL,
SAnxkiscekoro JLIO., Tlpoxynina I'.C., Koioka O.4., Jle6ins L.I'., Ilapait C.M., Kyaau H.T.,
€pecona B.1., Kupnu I'.H., 3aiionunka JL.I'. Ta inmmx. B X HayKoBUX mparsgx 3a3Ha4eHi OCHOBHI
ArOpUTMHU (DYHKIIOHYBAHHS TPAHCIIOPTHUX CHUCTEM, PO3pO0IIeHI MeToau (POPMYBAHHS CUCTEM 1
OpuHOMNH  e(EeKTHUBHOI opraHizamii BupoOHHITBA. [IpoGiemu pamioHambHOI B3aeMOIil
TPAHCHOPTHHUX Ta BUPOOHUYUX CUCTEM BUPIIIYIOTHCS B MEXKaX JIOTICTUHYHOTO MiIXOTY.

MaremaTHuHi METOJM ONTUMI3allii poOOTH TEPMIHAIBHUX CHCTEM 3 BUOOPOM TEXHOJIOT1i
oprasizamii mepeBe3eHb 13 3aCTOCYBaHHSIM IPOTPAMHOTO 3a0e3MeUeHHsT BUKOPHUCTOBYIOTHCS,
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(bakTHYHO, TUTPKM HAYKOBUMH KaJpaMd. MeTOIH, SKi BHKOPHUCTOBYIOTBHCS, TPYAOMICTKI, i
3a3BHYAll TOCTYITHI JIUIIIE PO3POOHHUKAM.

BUCHOBKH

VY pamkax mi€i poOOTH BH3HAYEHO OCHOBHI KpHTepil e(peKTHBHOCTI (YHKIIOHYBAaHHS
MUTHOTO TEpMIHATy B MDKHAPOJHUX BAHTAKHUX aBTOMOOLUIBHUX MEPEBE3CHHSIX, K1 MOJSTAI0Th
y 3MEHIIIEHH] Yacy MUTHHUX MPOIEIYp, 110, B CBOIO YEPry, MPU3BOIUTH JI0 3HWKEHHS 3arajlbHUX
BUTPAT y JIAHIIOTY JOCTAaBKM BaHTAXIB, MPH JOTPUMAaHHI BCTAHOBJIEHHWX CTAHIAPTIB SIKOCTI
oOciyroByBaHHs. BUKOpHCTaHHS 3alpONIOHOBAHUX KPUTEPIiB y MPAKTUYHINA AISITBHOCTI CIIPHSIE
onTuMizalii 00cATiB MepeBe3eHh BAHTAXIB Ta TEPMIHIB JJOCTaBKH.

B po6oTi BM3HAYeHI MiIXOAH IIOAO BJOCKOHAIEHHS CTPYKTYPU MHUTHOTO TEpMiHAIYy.
@OyHKI[IOHYBaHHA pPOOOTH MHTHOTO TEpPMIHAIY TMPEICTaBlIeHe B SKOCTI OaraTOKaHAIbHOT
CHCTEMH MAacOBOTO OOCIYrOBYBaHHSI 3 BHKOPHCTAaHHSIM HOBITHIX KOMIT'FOTEPHHMX Iporpam. 3a
pe3yibTaTaMH  pO3paxyHKIB pPEKOMEHIOBAHE ONTHMAajbHE 3HAUEHHS KUIBKOCTI ITYHKTIB
00CITyroByBaHHSI B CHCTEMI MacoBOTO OOCIIyrOBYBaHHS, sike NOpiBHIOE 1m’siTH. IlpeacraBienuit
ITOPUTM BU3HAYECHHS NapaMeTpiB poOOTH MHUTHOTO TepMiHaly 3ale3medye iX ONnTUMallbHHM
BUOIp 3a KpuTepieM MiHiMi3amii yacy OOCIYroByBaHHS BHMOT, IO JO3BOJHTH 3MEHIIUTH
BUTPATH MPH BUKOHAHHI MDKHAPOIHUX MTEPEBE3CHb.
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3ACTOCYBAHHA PEKJIOY3EPIB B PO3IIOAIVIBHUX MEPEXKAX

MIumyk J1.C., Kupnenko C.O.
[HCcTUTYT IMBLIBHOT aBiamii XapKiBCHKOTO HAI[IOHAILHOTO yHiBepcuTeTy IIoBiTpstHUX
Cun imeni IBana Koxenyba, Ykpaina

BCTYII

Cepen MOBITPSHUX JIIHIN eNeKkTpornepeaadi HalOUIbII BETUKY MPOTSHKHICTD MArOTh JIiHI1T
Hanpyrow 6 — 35 kB. I came Ha moBiTpsHi JiHIT HUX KiIaciB Hanpyru npunaaae a0 70 BiICOTKIB
BUMAJKIB aBapii 1 HEHOPMAaJbHHUX PEXKUMIB, MO MOTPEOYIOTH BIIKIIOYEHHS CIIOXHMBAYiB Bif
€JIEKTPOTNOCTAaUYaHHs 3 HACTYITHUM HEJIOBUITYCKOM NpOAYyKIii. ToMy BXHTTS 3aXOJiB MIOJ0
CKOpPOYEHHSI TEPMIHY BIJKIIIOUEHHS CIIOKMBAYIB € aKTYAIIbHOIO HAYKOBO-TEXHIYHOIO 3a/1a4€lO0.

OnHuM 3 pilIeHpb i€l 3a/1a41 € 3aCTOCYBaHHS CEKIIOHYBaHHS MPOTSHKHUX €JIEKTPUIHUX
MEpeX 3a JONOMOTOI0 CIEUiaIbHUX aBTOMATHYHUX KOMYTAIIHHUX TPHUCTPOiB, JOTiKa
CTIpAIfOBAaHHs SKUX JO3BOJISIE BIIKIIOYATH MOIIKOKEHY NUIAHKY. Takum crnenudigHuMH
BUMUKaYaMU € PEKIOY3epH, SIKi OCTaHHIM 4acOM Bce OiTbIlle BUKOPUCTOBYIOTHCS B €IEKTPHYHHUX
MeperKax.

Meta po6oru. Meroro poOOTH € MOXKIMBOCTEH IIOAO TMINBHINEHHS HAMIHHOCTI
€JIEKTPOTIOCTAa4YaHHs CIIOKUBAYIB 32 paXyHOK BUKOPHUCTaHHS PEKJIOY3€piB Ha MOBITPSHUX JIHIAX
eJIeKTpoTIepeaayi.

OCHOBHUWM MATEPIAJI TA PE3YJbTATH JOCJII)KEHb

[Mepmi pexnoysepu 3’sBuiucst e B 40-x pokax 20 cropiuus B CIIA. Tam xe B
cepenuni 1980-X pokiB BUHUKIIA i/1es1 IOJIUTY MEPEX Ha CEKIil 3 METOO MiBUINEHHS HAIIHOCTI
3a JIOTIOMOTOI0 PEKJIoy3epiB Ha 0a3i MIBUAKOJIIOUYMX KOMIIAKTHUX BAaKyyMHUX BHMHKAUiB, SK1
BCTaHOBJIIOIOTHCS MIPOCTO HA OMOpi MOBITPSHUX JiHIN enekTpornepenadi. KoMmiekTyBaHHS X
BUMUKAYiB MEPBUHHUMHU 3aco0aMH TpPOTHABapiiHOI aBTOMATWUKW (HANPHKIAL, aBTOMATHUKOIO
MOBTOPHOTO BKJIFOUEHHS) JO3BOJHMIIO BiIpa3y 3MEHIIUTH IEPEepBH B eJIEKTporocradyaHHi. B
TEMepilTHilA Yac 3aBIIKH 3aCTOCYBAaHHIO MIKPOTIPOIECOPHUX 3aCO0IB aBTOMATHUKU PEKIIOY3epH
3MaTHI BUKOHYBaTH HACTYMHI (YHKIIi: ONMepaTWBHI NMEpEeMUKAaHHS B PO3MOJAUIBHIN Mepexi,
ABTOMATHYHE BIIKJIFOUEHHS MOIIKOKEHOT IUITHKH, aBTOMATUYHE TTOBTOPHE ITiIKITFOYCHHS JIiHIT,
aBTOMATHYHE BHIUICHHS NOIIKO/KEHOI IUISHKH, aBTOMAaTHYHE BITHOBJICHHS >KUBJICHHSA Ha
HETIOIIKO/DKEHUX JUITHKaX Mepexi, 30ip, 0OpoOky Ta mepenmady iHdopmanii mpo mapameTpu
pPEeXUMIB poOOTH MepexXi Ta CTaH BIACHUX €JIEMEHTIB Ha BEPXHIi PiBHI i€papXi4HOTO KepyBaHHS
BignoBigHorO [TAT «Ob6neHeproy.

3MaTHICTH PEKJIOY3epiB  peanizyBaTH BKa3zaHi BHINEe (YHKII MpoiTocTpoBaHa
tabmumero 1.

Jloxamizarrist MIiCIsl TTOIIKOKEHHS HA PaJlialibHIN JIiHII, 31 BCTAHOBJICHHM PEKIIOY3ePOM
urrocTpyethes puc 1, ..., 4.

Tyr aBTOMaTHKa PEKIOY3epiB 37aTHA peani3yBaTH MaKCUMAJIbHUN CTPYMOBHUH 3aXHCT
(MC3), 3axuct Bin ogHO(Ma3HUX 3aMUKaHb Ha 3eMito (O33), aBToMaTHYHE MTOBTOPHE BKIIFOUSHHS
(AIIB).

CB MC3 IMC3 CB MC3| MC3] MC3 MC3] MC3]
COHAE =
Puc. 1. BumkHeHHs Puc. 2. BMukanus Puc. 3. IloBTOpHE Puc. 4. Cran
pexioysepa QR1 npu  pexnoysepa QR1 Bin BUMKHEHHS pexnoysepa QR1
K3 na minii AIIB pexioyszepa QR1 mpu  micns AIIB na K3,
K3 na minii micns 110 CAMOYCYHYJOCS
AIIB
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Tabmuus 1 — OCcHOBHI TEXHIUHI XapaKTePUCTUKHU pekoy3epa moneni PBA/TEL [2].

HalimenyBaHHs napameTpy 3HaueHHs napaMerpa
HowminanbHa Hanpyra, kB 10
Haii6inpia poboya Hampyra, kB 12
HowminaneHuii ctpym, A 630
HowminanbHu# CTpyM BIIKITIOYEHHS, KA 12,5
Pecypc 3 koMyTaIliifHOi CTIHKOCTi, HE MEHIIIE:
- IPY HOMIHAILHOMY CTpYMi, IUKIIB «BO» 30000
- IPY HOMIHAJIBHOMY CTPYMIi BIAKITFOUSHHS, ITUKIIIB 100
BrnacHuil yac BKITIOYCHHS] KOMYTAIIHHOTO MOJIYJIS, MC, HE OUITbIITe 60
BrnacHuit yac BiIKIIIOUEHHS! KOMYTaIlifHOTO MOJTYJIsl, MC, HE OLIbIe 15
[ToBHuii yac BinkmoueHHs Bix pynakimiin P3IA (6e3 ypaxyBaHHs yacy
poOOTH aJITOPUTMY), MC, HE OIbIIIE 50
MaxkcumanbHa noxu0Ka JjaTdauka cTpymy, % 1
MaxkcumanbHa noxu0OKa JaTyuka Haupyru, % 5
Maca KOMyTaliiHOTO MOAYJIsSI, KT 62,5
Maca madu ynpaBniHHs, KT 35
Tepmin ciryx0u, pokiB 25

Ha puc. 1 noka3ano, mo npu kopotkomy 3amukansi (K3) Ha miHii 3a pekioyzepom QRI1
BiOyBaeThCsl cenekTuBHE BimkmodeHHs QRI1, nmami BigOyBaeThcs cmpoba BKITIOYCHHS
pexioysepa aBromarukoio AIIB. B pasi mepnanoro AIIB QR1 3HOBY Bimkitodae JiHilO, a y
Bumnaaky camoycyneHHs K3 QR1 ocTaeThcst BBIMKHEHHM.

Jleno iHIIUM YWHOM peaNi3yeThCsl CEKIIIOHYBAaHHS KUTbLIEBUX JIIHIN (JIHIN 3 TBOOIYHUM
XKuUBJIEHHSAM) (puc. 5, ..., 10). IIpu HOMiHAaNBHOMY pexumi pekioysep QR2 Bumkneno. [lpu
nosiBi K3 cnopankoBye MC3 Ha peknoysepi QR1 (puc. 6). Uepez OGe3cTtpymoBy may3y
BinOyBaeThcsi BBIMKHEHHs pekioysepa QR2 Big AIIB (puc. 7). B pasi necriiikoro K3
HOpPMaJIbHUI peXuUM poOOTH JiHIT BIIHOBUTHCS, a B iHIIOMY Bunaaky MC3 3HOBY BIAKIIOYHUTH
pexnoyzep QR1 (puc. 8). Ane mpu bOMYy aBTOMAaTHKa MOBTOPHOTO BKJIIOYEHHS 32 HAIMPYrolo
pexioyzepa QR2 BusBUTH (pakT OJHOOIYHOTO MPOMAJaHHS HANPYTH 1 3AIMCHITH CHpoOy
BMuKaHHs (puc. 9). B pasi nasBHocTi K3 BinOyznerscs cnpairoBanas MC3 Ha pexioysepi QR2 i
cxeMma IpuiiMe BUIJISLI, HaBeAeHuH Ha puc. 10.

c3 MC3 MC3 MC3 MC3: MC3 MC3 Mc3 C3

033+ Q33+ Q33+ 033+ 033+ 033+ S 033+ 033+ 033+
AITB] |§| ﬁ QR3 IATIB |AIIB R1 K/3 QR2 QR3 |ALIB| JALIB] R 1 K/3 QR2 QR3 |ATIB]

4 4

® i o} 0 g oiE ] Bi®

05 o5t 05 s o5 s sy s

3MH 3MH 3MH ?1{/[”]—3[ 13&]\1;[[5 ?I{ADI}[ 3MH 3MH 3MH
Puc. 5. CraH KUIbIIEBOT CXeMH TIPU Puc. 6. Cran Puc. 7. Cran KinbIIeBOi CXeMH
BIZICYTHOCTI IOIIKO/PKEHb KUTBIIEBOT CXEMH TIPH npu cipo6i AIIB Ha criiike K3

K3

CB oS3 teFey 055 TR N b Me MC3 M3 MC3
s i ABP SR MG Mo (AR AlB AlB Vi, & Al AlB | [
03] - 033 et 3MH BP 3MH NS 3MH ABP 3MH 3
Qrl K3 R2 OR3 |ATTD! S Rl K3 Qr2 R LB O3 R K om2 R Jexx]
Q@ L] @I+ = @ ;
; Dl v g ACD)

[MC3- MC3-] [MC3-] [MC3- MC3- IMC3- N C3- ]
033- 033- 033- 8 e e eSS [0S rass-
AlIB AlIB AlB AIIB AIIB AIIB
3MH 3MH 3MH 3MH 3MH 3MH 3MH 3MH 3MH

fo) it

Puc. 8. Cran xinbueBoi Puc. 9. Cran KxinbplieBoi cXeMu pu Puc. 10. Cran kinbueBoi
cxemH micns cupoou AIIB cripo©6i AIIB Bin 3HUKHEHHS cxemH micns cripoo AIIB
Ha criiike K3 Hanpyru Ha ctilike K3 Ha criiike K3
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Bigomo, mo 3a cratucTukoro He MeHme HiK 60% KOPOTKHX 3aMHKaHb Ha TMOBITPSIHUX
JMHISX eJIeKTpoTepeadi € TaKuMH, 0 CaMOyCyBalwTbcs. ToMmy cam (akT ocHameHHs
pexiioy3epiB 3aco0amMM aBTOMATHKH IOBTOPHOTO BKIIFOYEHHS 3a0e3leuye 3MEHIIEHHS Yacy
3HECTPYMJICHHSI CIIOKMBAYIB (IMMOKAa3HUK Saidi) 1 9aCTOTH BIAKIIOYEHHS CIOXHBaYiB (MOKA3HHUK
Saifi).

Jlnst OiHKY e(eKTHBHOCTI 3aCTOCYBaHHS PEKJIOY3EpiB MPHU CEKIIOHYBaHHI eEKTPUIHHUX
Mepex HEOOXiJHO MaTH CTATUCTHUKY YHCJa BIIKIIOUEHHS KOXHOI i-1 JAUISHKH MPOTATOM POKY
(w;, pik’"), TPUBATICTh BiXHOBICHHS OIHOTO TOMIKOMKEHHs [, TOMMH, a TAKOXK KOCMIMIEHT Aye,
mo BinoOpaxkae nomro HecTikux K3. B [3] moka3aHo, mo 3aBIsSKH 3aCTOCYBAaHHIO PEKIIOY3€piB
BJIAETHCSI MTIIBUIITUTH HAIIHICTH €IEKTPOIIOCTAYaHHS CIIOKUBAYIB 3a TIOKa3HUKaMu Saifi 1 Saidi.

BUCHOBKH

[Toka3aHo, IO OCHAIICHHS PEKJIOYy3epiB 3ac00aMu peNeiiHOTO 3axHCTy Ja€ 3MOTY
3MIMCHIOBATH  CEJIEKTHBHY JIOKali3alii KOPOTKMX 3aMUKaHb Ha TIOBITPSHUX JIHIAX
eJIeKTpoTIepeaayi.

[TokasaHo, 10 OCHAIIEHHS PEKIIOY3epiB 3ac00aMH aBTOMATHKH MTOBTOPHOTO BKIIOYCHHS
71a€ 3MOTy 3aro0IrTH BiJIKJIFOYEHHIO CIIO’KMBAYIB MTPH BUHUKHEHH] HECTAJIHMX ITOIIKOHKEHb.

HasBHicTh Ha pekioy3epax iHPOpMamiiHOI CHCTEMHU HaJae IIUPOKI MOXKIUBOCTI s
JHMCTAHIIIMHOTO KepyBaHHS Ta Iepenadi iHdopmamii mpo CTaH JiHIA eJeKTporepenad siK IO
MPOBIAHUX, TaK 1 0€3APOTOBUX KaHAIaX.

JlomiibHE TPOBEACHHS OCIIHKEHD 10 A0 BUBUCHHS MOXJIMBOCTEH BU3HAYEHHS YHCTA 1
MICIIb BCTaHOBJICHHSI pPEKJIOY3epiB BIAMOBIJHO JO HAasgBHAX YMOB 1 0coOIMBOCTEiH
€JIEKTPONIOCTauYaHHs! KOHKPETHUX OO€EKTIB.
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NOCJILKEHHS POBOTH CTAHIIN IIBUAKOI 3APSIIKA EJTEKTPOMOBLIIB
HA COHSIYHOI EHEPI'Ii

JlarBuncbkuii B. /1., baray P.B.
XapKiBChKHI HAIIOHAIBHHUI aBTOMOOUTEHO-JOPOXKHIN YHIBEpCHTET, YKpaiHa

BCTYII

3pocTanHs  mpoOsieMH  3a0pyAHEHHS  TIOBITPSI ~ CTUMYJIOBAJIO  aBTOMOOLIBHY
MIPOMHUCIIOBICTH JI0 PO3POOKH TPAHCTIOPTHHX 3aCO0IB HA €KOJIOTTIHO YUCTHX 1 €PEKTUBHUX BHJIAX
MaJMBa, 30KpeMa eJEKTPOMOOLTIB, $Ki € ONTUMaJbHOIO AJIbTEPHATHUBOIO TPAJUIIHHIM
aBUryHaMm. [l MIMPOKOTO TMOIIMPEHHS €JIEKTPOMOOLTIB HeoOXigHI MIBUAKI 3apsaHi CTaHIIIi,
aJhKe yac 3apspKaHHs € KpUTUIHUM (DAaKTOPOM ISt 3pYYHOTO BUKOPUCTAHHS TAKMX aBTOMOO1TIB
[1,2].

PosrnsigaroTeest pi3Hi cTpaTerii po3MIleHHsT 3apSIHUX CTaHIIA Y TPOMAJICBKUX MICIAX 3
aKIIEHTOM Ha SIKICTh eJIEKTPOTIOCTaYaHHs Ta yIPABIIIHHSA HABAHTAXKEHHSAM MPH 3apsaui. Y poOoTi
MIPEJICTaBJICHO CXEMY MIBHJIKOT 3apsIIHOT CTAHIIIl TS eJeKTpoMoOiuTiB[3].

3apsaHi  CTaHIl, WIAKIIOYEHI MO0 Mepexi, 3a0e3nedyroTh CTaOUIbHY mepenady
eJIEKTPOEHeprii Ta MiHIMI3YIOTh TapMOHINHI cioTBOpeHHs. CTaHIlis BKIIIOYAE MEPETBOPIOBAY, 110
3'€eTHye MEPEeKY 3 IMIMHOI MOCTIHHOTO CTPYMy, N0 SKOi MiJKITIOYAIOThCS EIEKTPOMOOLTI.
Cuctema 1103BOJISIE JACUIEHTPATI30BAHO KEPYBaTH OKPEMHUMH IPOIECAaMU 3apsDKaHHSI, a TaKOXK
3abe3rneuye KOHTPOJb MOTYXHOCTI, IO MEPeJaeThCsl BiJ MEpexi 3MIHHOTO CTPyMy A0 IIMHU
MOCTIHHOTO CTpyMmYy [4].

JlonaTKOBO TMPOTIOHYETHCS  IHTErparisi COHSYHOI (POTOENEKTPUUHOT eHeprii Juis
MIABUIICHHS EKOJIOTIYHOCTI cucTeMd. BOHa 103BOJISIE 3MEHIIMTH 3aJCKHICTh Bil Mepexi
3aBIIIKM BUKOPWCTAHHIO BiIHOBIIIOBAaHUX JKepen eHepril. IlpuHiumnoBa cxema mnepenbaudae
3acrocyBanHs jumie ogHoro AC-DC meperBoproBava, MO0 TPAIlO€ 3 IMHHOK TOCTIHHOTO
CTpyMYy, MiIKII0OYa0uu enekTpomoOini gepe3 npoctuit DC-DC neperBoproBau g0 cuctem BJIE.
Taka cxema 3Ha4HO 3MEHIIIY€ BTPATH €Heprii y nmopiBHAHHI 3 AC-cuctemoro — 3 npubmmsao 32%
1o menire Hix 10% [5,6].

—— [oTik enenrii
-------  KanaJ 3B0D0THBROTO 3B'S3KY CTPYMY 1 HAnpyTH
Kanaa 38'A3KY
Kanan vopasainna
Towwa migwmwaesss iEgoTo 1
OOCTIEHGTO CTPYMY
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Pucynox 1— Cxema mBHAKO1 3apsHOT CTaHITIT ISl €IEKTPOTPAHCIIOPTY
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[TinkmroYeHHsT BETHKOT KITBKOCTI €TIEKTPOMOOLTIB 10 MEpEKi MOKE MOTAaHO BILUTMHYTH Ha
ii 6anaHc, CIPUYMHSIOYH KOJMBAHHS HANPYTH Ta 4acToTH. Lle BIMarae mocTiifHOro MOHITOPHHTY
CHCTEMH Ta 3aCTOCYBaHHS CTpaTeriii KepyBaHHS MOMUTOM. BHKOpHUCTaHHS BIIHOBIIIOBAHHUX
JpKepen eHeprii, Takux sk coHsiuHa enekrpocraHiuis (CEC), a TakoX ITBOCTOPOHHBOTO TOTOKY
eHeprii — Hanpukinaa, V2G (mepemaua Bix aBTo 10 Mepexi) 1 V2V (3apsmkaHHS MK
aBTOMOOUIAMH), MOKE 3HAYHO 3HU3WUTH HABAaHTAKEHHS Ha Mepexy. PoboTa mpomoHye cxemy,
sKa HTEerpye eHepronotoku Mix mepexeto, CEC 1 mBuakoro 3apsaHoro cTaHIiero [5,6].

PE3YJbTATHU JOCIIIKEHHSA
Jlnst po3paxyHKy HEOOXIJHOT IMOTYKHOCTI COHSYHOI (DOTOENEKTPUYHOI YCTaHOBKHU
BPaXOBYETHCS MOTHT 3apsAHOT CTaHIII{, BUXO/SIYM 3 TOTO, IO B CEPEAHBOMY 3a 00y Ha 3apsIKy
noBepTaeTbest Onm3bpko 100 aBromoOinmiB. Ilepenbauaerscsi, M0 piBEHb 3apsly aKyMylsiTopa
(SOC) y TpancnoptHux 3aco0iB npu B’i311 cranoButh 0—10%, a micns 3apsaku — 90—-100%.
AHai3 MpoBOAMUTHCS HA IT'SITH TUIAX aBTOMOOWIIB 3 PI3HUMHU XapaKTEPUCTUKAMHU CHOKHBAHHS
eHeprii [7,8].

120 T T T T T T T T T T
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Pucynok 2 — EnekrpoeHepris, oTpuMaHa BijI Pucynok 3 — Tlotpeba B 3apsaHii cTaHIii
CEC 3a 100y y OyaHiii 1eHb

BuxigHa MOTYXHICTh COHSYHOI YCTAHOBKM OOYHCIIIOETBHCS 3 YpaxyBaHHSM COHSYHOTO
BUINPOMIHIOBAaHHS Ta MapaMmeTpiB (oToeneKTpuyHoi cuctemMu. PospaxyHkoBa motyxkHicte CEC
JUIsl 3a0€3MeUeHHsT CIOXKUBaHHSA CTaHIii ctaHoBuTh 110 xBT. JloboBa jauHamika BHXIIHOL
MOTYKHOCTI COHSIYHMX €JIEMEHTIB MMOKa3aHa Ha MaoHKY 2. ['padik momuTy Ha 3apsDKaHHS
MPOTATOM JIOOM PHUCYHOK 3 TMOKa3ye, IO TMKOBI POKHU 3aps/HKaHHS 30IraloThCsl 3 MAKCUMAITLHUM
3aBaHTAKEHHSIM Y MEpexi, 10 30UIblIye 3arajibHe 3aBaHTaXEHHS cucteMu. OJHAK COHSAYHA
(oToeNeKTpUYHA YCTAaHOBKAa MOXKE YaCTKOBO TOKPUTH IIEW IMOMMUT, OCKUIBKU 1i MPOIYyKTUBHICTH
TI03BOJISIE€ 3a0€3MEUYNTH HABAHTAKEHHS i Yac MIKOBHX TOJUH. Y TEpPIiOJH HU3BKOTO IOMHUTY
HaJJTUIIIKOBA CHEPTisl MOXKE MMOCTAYaTUCS B MEPEXKi, IO 3a0e3mneuye eeKTUBHICT pOOOTH CUCTEM.

Kpim eneprii Bim CEC 1 wmepexi, HaJIMIIOK €HEPrii Moxke 3a0e3MeuyBaTUCh
EIIEKTPOMOOUTSIMH, JUTSI PO3PSAIKU. 3apsIka 3 OJHOTO aBTOMOOLIS HA HIIHUNA JT03BOJISIE YHUKHYTH
MEPETBOPEHHSI 3MIHHOTO CTPYMY B IOCTIHHUH, 10 3HIKYE BTPATH MPH Nepeaadi eneprii [7,8].

Ha pucynky 4 moka3aHa XapaKTEepHCTHKa JOCTYITHOI €Hepril s eleKTpOMOOLTIB Ha
3apsiHiN cTaHIil B OyIHIH JeHb.
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Pucynok. 4 — JlocTyrHa eMHICTB JUTS 3aps/DKaHHS Ha 3apsIHINA CTaHIii
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BUCHOBOK

Y po0oTi MpeacTaBIeHO MPOEKT MIBUIAKOT 3apsIHOI CTAHIIIT ISl €JICKTPOTPAHCIIOPTY, €
BUKOPUCTOBYETHCSI IIMHA MOCTIHHOTO CTpyMy, L0 MinkimodeHa ao mepexi ugepes AC/DC
neperBoproBad. Consiyna  enekrpocraniii  (CEC) xwuButh cuctemy uepe3 DC-DC
MEPETBOPIOBAY, IO JO3BOJISIE 3HU3UTH BTPATH €HEPril y MOPIBHSAHHI 3 BUKOPHCTAHHAM IIWHU
3MIHHOTO CTpyMy — 3 ipuOm3HO 32% mo 10%.

Jis  3amoOiraHHsS — OucOallaHCy HANMpYTH Ta  TOTYXHOCTI  4epe3  3pocTaroue
€HEePTOCIOKMBAHHS ENEKTPOMOOUIIMHI Tepe0ayeHo JBOHANpPABICHUH MOTIK €NeKTPOeHeprii:
BiJl TpaHCTIOPTHOTO 3aco0y Mo Mepexi (V2G) Ta 3apsaka mik aBromoOursimu (V2V). Lle nae
MOJKJIMBICTh €()EKTHUBHIIIE PO3MOALUISATH HABaHTAKEHHS HA MEPEKY.

VY mikoBi TOAWHHM, KOJIHM TIOTHUT Ha 3aps]l 30IraeThCs 3 MKOBUM HaBAaHTAKEHHSIM MEPEexi,
BcranoBiieHa CEC Moe MOKPUTH JOJNATKOBUH IMOMUT 3aBASKU JIOCTATHIM MOTYXHOCTI B IIl
nepioan. SIKIO0 TOMHUT Ha 3apsyDKaHHS 3HIDKYEThCs, HaummkoBa eHepris Bix CEC moxe
NepeaBaTUCs B MEPEXKY, 11O MiBUIIYE 3arajbHy €(PeKTHUBHICTh CHCTEMH.
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NEPIIEKTUBU BUKOPUCTAHHSA COHAYHUX BATAPEN JIUIA 3APAIKHA
EJIEKTPOMOBLJIB

JlarBuncekuit B.J[. Cep6inos L A.
XapKiBChKHI HAIIOHATBHHUI aBTOMOOUTEHO-JIOPOXKHIN YHIBEpCUTET, YKpaiHa

BCTYII
[TpoGnema exoiorii Ta aBTOMOOLUTIB BXe 06arato pokiB pO3TIISIIAETHCS CYCIUILCTBOM Ta
HAayKOBOIO CIUIBHOTOO, TIPHU I[bOMY 3 TIPUXOJIOM €JIEKTPOMOOLIIB Yy MacoBe BHPOOHHUIITBO Ta
CIIO’KMBAHHA 115 po0JiemMa cTajia He MEHII akTyajibHoto [1,2].
OnHuM 13 BapiaHTIB MOAAJIBIIOTO PO3BUTKY €EKTPOMOOUTIB € 3aCTOCYBAHHS COHSYHUX
naHesnel Ha Ky30Bi pUCyHOK 1.

Pucynok 1 — EnexTpomMoOiTb 3 COHSTYHIMH OaTapesMu

B npunmmmi, GoToenekTpuka Ta enekTpoMoOui — ieanbHe MoeTHaHHA. SIKIIo BIoOMa €
¢doToranpBaHiYHA CHCTEMa Ha Jaxy, TO MOKHA 3apspKaTH eJIeKTpoMoOuts Maibxe Ha 100%
€KOJIOTIYHO YUCTOI0 COHSYHOIO €HEPri€l0 MPOTIroM OUTBIIOI YaCTHHU POKY — 1 TAKUM YHHOM
BHUKOPUCTOBYBATH €HEPTiI0, 10 BUPOOISIETHCS EKOHOMIYHO PO3YMHHUM CIIOCOOOM.

PE3YJbTATHU JOCIIIKEHHSA

EnexktpoMoOiTi TakoX YacTKOBO BHPIMIYIOTH MpoOieMy 30epiraHHs eHeprii, OCKUIbKH
COHSIYHA €Hepris He JOCTYIHA MOCTIHHO. YBeuepi Ta BHOYI 3reHepOBaHy €Hepriro HeoOXiTHO
7ech HakomuuyBaTH. lle Mo)kHa 3pOOMTH 3a JOTIOMOTOI0 TPaIUIIMHUX eHepro3depiraroumx
cucteM ab0 BUKOPHCTATH aKyMylsTop enekrpomoOins. Texnonoris Vehicle-to-Home (V2H)
3a0e3rneuye JBOCTOPOHHIO 3apsiKy, IIO J03BOJISE HE JIMIIE 3apspKaTH aBTOMOOUTb, a i
nepeaaBaTy eHepriro Hazan a0 OyauHky. Ille oqun kpok Briepen poouts Vehicle-to-Grid (V2G):
I TEXHOJIOTIS IHTErpye ENIEKTPOMOOLTI B €HEProcucTeMy SIK JICIEHTpaizoBaHi Oartapei, 1m0
HAKOTMYYIOTh HAJUTMIIKOBY €HEpTil0 3 BiIHOBJIIOBAHHMX JUKEPEN 1 MOCTavaroTh ii 3a mOTpeOu.
ITpote o6uaBi TexHomorii, V2H 1 V2G, noku mo oOMexeHi yepe3 TEeXHIYHI Ta HOpPMAaTHBHI
TpyaHoi [3-5].

BonHouac TpuBarOTh JUCKYCii IMIOJO IHTErpaiii COHSYHHX MaHeneld Oe3rmocepenHho B
KY30B €JIEKTPOMOOIUTIB, OCOOIMBO KOJHM MOBa e mpo cepiiiHe BHpoOHMITBO. Hampukian,
KoMItaHiss Sono Motors akTHBHO pekiamyBajia Sion sk "aBTOMOOUT, Ha COHSYHIM eHeprii.”
Opnak Sion, MO CyTi, 3aJUIIAETHCSA EICKTPOMOOLIEM, 3JaTHUM 3apsDKATHCS Bil COHSYHHX
MaHesel Jnire Ha KijbKa KiJloMeTpiB. 3a 3asBaMu Sono Motors, 3a ijeaJbHIX YMOB aBTOMOOLIH
MOXXE€ OTPUMYBATH B cepeaHboMy 10 112 kimomerpiB 3amacy XOJy Ha THXKICHb 3aBISKH
coHsiuHil eHeprii. [IpoTe peanbHi TECTH TOKa3alnW, IO I MOKa3HUK CTAHOBUB JuIie 28
KUJIOMETpiB HA THX/I€Hb, TOOTO OMU3bKO 4 KUTOMETPIB HA JICHb.
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3rogoM Oyli0 YTOYHEHO, MO 3 KBITHS MO CEPHEeHb Sion Moe 3apsypkarucs Ha 150
KUIOMETpiB Ha THXJAEHb 3aBASKH BOYJOBAHUM COHSYHUM MOJYJSAM, SIKIIO aBTOMOOLIb
nepeOyBae Bech JeHb Ha coHii. lle ekBiBameHTHO Onu3bko 20 KUTOMETpiB Ha JCHb, YOTO
JIOCTaTHBO JUIS KOPOTKUX TOI3JOK. Alsile e(QEeKTHBHICTh pI3KO 3HUKYETHCS, SKIIO aBTO
3HAXOJMTHCS B rapa)kaX Yd Ha KPUTHX MMapKyBaTbHUX MaliJaHIMKAaX.

OpnHax 11e He 03Hauae, M0 Yepe3 KiTbKa POKIB eIeKTpOMOoOLTi He OyIyTh OCHAIYBATUCS
COHSTYHMMU TaHesiMu. Ho, 1o 1iporo vacy 1ie notpioHo 3poOuTH BEIHKY poOOTY, 00 BUTpaTH
1 mpuOyTKOBICTH MepedyBail y po3yMHOMY CITiBBiHOIIEHHI [6-8].

Tomy B nmaHWii MOMEHT Kpalle pO3TJISHYTH IHIIMKA BapiaHT BUKOPHUCTAHHS COHSYHHUX
MaHeNel, a caMe y BUTJISI 3apsTHUX CTaHIIIT ISl €JIEKTPOMOOLTIB.

Pucynok 2 — CoHsiuHa 3apsiiHa CTAHITIsA

ConsyHa 3apsjiHa CTaHIlSA JJIS €JICKTPOMOOLTIB CKIAAEThCSl 3 KIUTbKOX OCHOBHHUX
KOMIIOHEHTIB: COHSYHUX NaHeJeH, riOpuaIHoro COHIYHOTO IHBEpTOpa, aKyMYJISTOPHOTO OJIOKY,
PO3MIIIIEHOTO BCEpeNrHi KOJIOH HaBicy, 3apsIHOTO MPHUCTPOIO0 MOTyXHicTio 11 abo 22 kBt. ¥V
JICHHUH Yac MaHelNi FeHepyIoTh eJIeKTPUYHY €HEPTilo, sika TOTIM MEePETBOPIOETHCS IHBEPTOPOM 3
MOCTIHOI Hampyru B 3MiHHY. Ll eHeprisi BHKOPHCTOBYEThCA IS 3apsPKaHHS aBTOMOOLI,
AKIIO BIiH MIJKIIOUEHUH. SIKmo aBTOMOOUTb HE 3aps/DKaeThCsi, 3reHEpOBaHA EHEPTis
30epiraeTbcsi B aKyMyJISITOPHOMY OJIOIi. Y HIYHUNA 4Yac eIeKTPOMOOUTh 3apsKAEThCS caMme Bij
UX aKyMmyJsiTopis [9-12].

Y JOCHimKEeHHI PO3MVISIHYTO KUThbKa MOJENeH COHSYHUX TaHeNned Bi MPOBIIHUX
BUPOOHUKIB. BaXTMBOIO TEXHIYHOIO BUMOTOIO IS CKCIUTyaTamii € 3MaTHICTh ONoky 3 12
naHenel 3ade3nedyBaTH Hampyry mnpuommzao 550 B (mo 45,8 B Ha koxHY maHemnb). Yci
OTpHUMaHi JIJaH1 CHCTEMAaTU30BaHO B TaONHUIli 1 /7S MOJIer e HsT aHaTi3Y.

Tabmuus 1 — [opiBHSUIbHA XapaKTEPUCTHKA COHSYHUX MaHeNel

Mo aenb P, Bt P, Bt/kr P, Br/m® Uppp, B Jlerpanarisi, %/pix
EVPV410H 410 20 221,6 42,7 0,25
JKM610N-78HL 610 17,6 2182 45,6 0,4
4-BDV
TSM-DEG21C.20 665 17,2 214,1 38,2 0,45
CS7N-665MB-AG 665 17,5 214,1 38,5 0,45
SIL-490 HN 490 19 208,8 45,2 0,45
Q.PEAK DUO
XL-G11.3/BFG 585 17 213,5 45,1 0,45
570-585

VY tabnuii BBeeHO Taki mo3HadeHHs: P, Bt — notyxHicts maneni, P, BT/kr — noTyxHicTh

. 2 . .
HaHeNnl Ha OJuHUI0 Macu, P, BT/M™ — moryxHicTs Ha oauHuLio mwiont, Uny,, B — Hanpyra B
TOYII MAKCUMaJIbHOT OTYKHOCTI. CITill 3a3HAYUTH, IO MPEICTABICHI MOJIETI MOXKYTh BUIaBaTH
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notyxkHicte Ha 10 — 20% BuIIe 3a 3asBieHy B TaOJHIIl 32 ONTHUMAJbHUX MOTOJHHX YMOB i
pO3TalIyBaHHS.

BUCHOBOK

3 Tabmumi 1 MmoxxkHa moOaumtH, mo Momeiab JKMO610N-78HL4-BDV € HaiiOuibmI
ONTUMAIILHUM BUOOPOM I pO3B'SI3aHHS MOCTABJICHOTO 3aBAaHHsA. Lls manens cepen iHIIMX
JIBOCTOPOHHIX BapiaHTIB BUPI3HAETbCA HAWKpAIIUMHU MOKa3HUKAMU TOTY)KHOCTI Ha OJWHUIIIO
MacH Ta TUIONI], a TAKOXX Ma€ HalBHUIIlY HAIIPYTy B TOYIlI MAKCUMAJIbHOT MMOTYKHOCTI.

Opnak BapTO 3ayBaXWTH, IIO0 TECTOBI YMOBH, 3a SKHMH IPOBOAMIIACA OILlIHKA, €
iIeani30BaHUMHU, TOMY TMepeadaynuTH TOYHY TOBEHIHKY TaHeled B pealbHUX YMOBAax
excrutyaraiii ckiagHo. He BpaxoByroTbesi (DakTOpu BIUIMBY M'AKOI TiHI, a TaKOX SKICTb
MaTepiaiiB, 30KpeMa 3arapTOBAaHOTO CKJIa, SIKE 3aXWINAE OCEPEAKH BiJ MWIY 1 MEXaHIYHUX
MOIIKO/KeHb. Lle cimi BpaxoByBaTH Mpu 0CTaTOYHOMY BHOOPI.
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ABTOMATU3ALIA IEPECYBHUX IU3EJIb-T'EHEPATOPHUX
YCTAHOBOK

AnpnpeeBa A.Jl., YBapoB B.M., UepHokynbschkuii A.O.
XapkiBcbkuii HarlioHanbHUHN yHiBepcuTeT [loBirpstaux Cuit imeni IBana Koxeny0a,
VYkpaina

Jlnst 3a0e3nedeHHs] CHOXKHBAUYiB EJIEKTPUYHOIO EHEpriclo i3 3aJaHol0 HAIIHHICTIO Ta
AKICTIO y OUTBIIOCTI BUIAAKIB Iepen0avyaeTbcsi BUKOPUCTAHHS PE3EPBHUX JKEPEN KUBIICHHS.
YacTo B SKOCTI pe3epBHUX [DKEPEN JKUBIICHHS 3aCTOCOBYIOTh a00 IU3Eb-eIeKTPUYHI arperaTu
(cranii), abo GeHzoarperatu.

Jlnst 3a0e3nedyeHHs HalifHOCTI pOOOTH IU3ENb-€IEKTPUYHUX CTaHIli, MPUCKOPEHHS
peakiii Ha 3MIHM PEXHUMIB pOOOTH, BUKIIOUEHHS MOMUIOK OOCIYrOBYIOYOTO IEpCOHANY Ta
MIABUIICHHS JKUBYYOCTI CHCTEMH €JIEKTPOIIOCTAYaHHsI eJeKTPUYHI CTaHIlil OCHANIYIOTh
cHCTeMaMH aBTOMATHKH, sIKi 3a0€3MeuyI0Th BUKOHAHHS 3a/IaHUX (YHKITIH.

ABTOMATH30BaHI CHUCTEMH JIOBEIM CBOKO €(EKTUBHICTh 1 TOBHICTIO BHIIPABIAIN
CHOJIBAaHHS, MO0 OYIKyBAIMCh Big iX BHpoBakeHHs. OJHAK Ha TENEpilmHiid dac,
BUKOPUCTOBYIOUM PO3BUTOK TEXHIKM Ta TEXHOJIOTiH, OUIBLIICTh BHUPOOHUKIB €HEPreTHYHOTO
oOajHaHHs, 3 METOIO MiABHIEHHS KOHKYPEHTOCIIPOMOYKHOCTI CBO€1 MPOIYKIIil, OCHAIIYIOTH i1
NEePeOBUMH TEXHOJIOTTYHUMH PIIICHHIMH, SIKi TPYHTYIOTBCS Ha MIKpPOIIPOIECOPHIl TexHii [1-
5], BKIIOYAOYM HAaBITh TEXHOJOTil ITy4yHOro iHTenekTy. JlaHi pimeHHs, 3BiCHO, €
PUBAOIIMBUAMHU JJIS CTIOKUBAYIB TMPOJIYKILii, OJIHAK, BIATIOBIAHO, MAIOTh CBOIO I[iHY, SIKa BIUINBAE
Ha BapTicTh o0OnagHaHHs. JlesKi CHCTeMH KepyBaHHS KOIITYIOTh THCAY1 T0JIapiB.

B Toii e yac, aBTOMaTHKa TaKO1 €IEKTPOYCTAHOBKH, SIK TU3EJIbHA EIEKTPOCTAHIIISI, MOKE
Oytu peamizoBaHa Ha OUTBII JOCTYITHUX 3a BapTICTIO Ta MOTpedaMHM y HaJAIITyBaHHI Ta
TEXHIYHOMY CYIpPOBO/PKEHHI pilleHHsSX. 30KpeMa, MoOBa iiie Npo NpOorpaMoBaHi JIOTi4HI
KOHTpOJIEpH, JUIS SKUX BHPOOHHKH TPOIMOHYIOTh, B JEAKHX BHIIAJKaX, OE3KOIITOBHE
crerianizoBane abo yHIBepcaJlbHEe MporpamMHe 3a0e3nedeHHs [6], sKe I03BOJISIE IHXKEHEpY 3a
(axom 3AifiCHIOBATH CaMOCTIHHY NpPOIIMBKY Ta HAJAIITyBaHHS KOHTpOJepa Ui BUKOHAHHS
3aJJaHUX AITOPUTMIB.

SIKIIO TOBOPUTH PO JHM3ENb-TEHEPATOPHY YCTAHOBKY, CIIJl BiJ3HAYWTH, IO CHCTEMA
aBTOMATHYHOTO KEPYBaHHS €JIEKTPOCTAHIIIEI0 3a0e3Meuye:

— MICIIEBE Ta IUCTAHI[IHHEe KEPyBaHHS €JIEKTPOCTAHITIETO;

- MYCK Ta 3yIMMHEHHS arperariB, BMUKaHHs Ta BAMUKAHHS KOHTaKTiB BBOIY MEPEXi;

- mepexi JKUBJICHHS 3 arperaTiB Ha TNPOMHCIOBY Mepexy O0e3 mepepBd B
MOCTAa4aHHI eJIEKTPOCHEPTii 3 HACTYITHUM aBTOMATUYHHUM 3YIIMHEHHSM TPAIIOI0UNX arperaris Ta
3BOPOTHIN mepexi;

- aBTOMATHYHY CHHXPOHI3AIlil0 arperariB Mik CO000 Ta MPOMHUCIOBOIO MEPEKEIO;

- AaBTOMATUYHUI IyCK arperariB MpH aBapitHOMY BUMHKaHHI IIPOMHCIIOBOT MEPEXi;

- 3aXMCT arperatiB Ta YCTaTKyBaHHS €NEKTPOCTaHLIi TpW BHUHUKHEHHI
HECTIPaBHOCTEH aBapiiHUX PEKHUMIB.

[ToniObHa cucteMa KepyBaHHS peayli3yeTbCsl y BUIIIAI, TaK 3BaHHUX, (PYHKI[IOHATBHUX Ta
aBTOHOMHHUX OJIOKiB. DyHKIIOHAILHUMH OJOKaMU TPUHHITO HA3WBATH €JIEMEHTapHI MPUCTPOT,
K1 peasi3yloTh YaCTKOBI alTOPUTMU. ABTOHOMHHM OJIOKOM NMPUAHSATO HA3UBATH MPUCTPIH, KA
CKJIaZIa€ThCsl 3 Tpynmu (yHKIIOHANBHUX OJOKIB 1 peajidye 3arajlbHUN alrOpUTM pOOOTH,
MIOB’sI3aHUH 3 BUKOHAHHSIM CaMOCTIHHOTO 3aBJaHHS aBTOMaTH3allii.

Etanu cunTe3y (QyHKIIIOHAIBHOTO OJIOKY MOJISTAIOTh B HACTYITHOMY.

Kpok 1. ®opmynroBaHHsS yMOB poOOTH (PYHKIIIOHAIBHOTO OJIOKY B CIIOBECHIN (opMmi.

YMmoBH poboTH (PYHKIIOHATEHOTO OJIOKY MOXYTh (OPMYITIOBATHCS CloBaMH. BoHu
MOBHHHI TOYHO BinOuBatu crenudiky poOoTH (QyHKIIOHAIBHOTO OJIOKY, Ha MiACTaBi SIKOTO
(bopMyITIOETECS aNTOpUTM Horo poboTH. CKIIagaHHs alropuTMy (PYHKI[IOHYBaHHS 3aBEPIIYETHCS
TOYHUM CJIOBECHUM HOTO OIIUCOM.
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Kpoxk 2. [TogaBanHst yMOB poOOTH B CTaHIAPTHIH Gopmi.

3a chopMyabOBaHUMHU yMOBaMH poOOTH AMCKPETHOTO MPUCTPOIO CKIIATAETHCS TAOIUILT
CTaHIB, SKa € CTaHAApTHOIO (opMoIo 3amucy yMoB pobotw. [[mst dopmamizamii anropurmy
(GYHKIIOHYBAaHHS 3pYYHO BHKOPHCTOBYBAaTH MOBY JIOTTYHHX cxeM anroputmiB (JICA). Mosoro
JICA nerxo chopmymroBaTH TpaBwiIa NMepepoOKH BUXiAHOI iH(opmarii, chopMyTpOBaHOT Y
CIIOBECHOMY OITUCi aJITOPUTMY.

Ha 6a3i noriunux QyHKII mepexoay CKIagaloTh MaTpuuHy cxemy anroputmy (MCA).
Marpuyna cxema alropuTMy SIBJIS€ COOOI0 KBaJIpaTHY MATPHUIIO, KOXKEH PSAOK 1 KOXKeH
CTOBIIEIb SIKOT 3ICTaBJICHUH 3 onepatopoM. UineHamMu MaTpHIli € JIOTTYHI PYHKIT JIOTTYHIX YMOB.
MCA MoXHa iHTepIpeTyBaTH SIK MaTpPHUIIO MEpexo]y aBTomMara Mypa, y sIKOTO BHYTpIIIHI
CTaHW BiJI3HAYEHI OmNepaTopaMH, a JIOTIYHI YMOBH € BXoJamH aBToMaTa. CHHTE3 JUCKPETHOTO
MIPUCTPOIO TP IIBOMY 3BOJIUTHCS JI0 CHHTE3Y JIOTIYHOT Mepeki aBTomaTta Mypa.

Kpok 3. CkiagaHHsl N04aTKOBUX CTPYKTYPHHX (popmy.t.

[HTepnpeTytoun MUCKpETHUH NPUCTpiil K aBTOMar Mypa, 3HaXOAATh HOro (YyHKIi
Buxoay. OyHKIiAMUA BUXOAY OynyTh MU3’FOHKIIII, SIKi BU3HAYAIOTh CIIOCIO YTBOPEHHS CTOBIIIIIB
MCA. Bin ¢pyHKIIil BUXOAY IEPEXOIATH 10 TaK 3BAaHUX BIACHUX (YHKIIIH BUXOMTY.

Kpok 4. Minimizanis Biacuux pyHkuiii Buxoay.

Hani BrmacHi (QyHKIIT [UIS  KOXHOTO BHUXOJAY TIOBHHHI OyTH MiHIMi30BaHi abo
ONTUMI30BaHi, SKIIO MOTPIOHO BHKOPHCTATH TEBHUN Halip Oa3MCHHUX JIOTIYHHX EJIEMEHTIB.
3aBnaHHs MiHIMi3amii BIAacHUX (YHKIIM BHXOJY 3AIHCHIOEThCS Ha OCHOBI 3aCTOCYBaHHS
BIZIOMUX METOMIB, SIKi NMPUBOJATH IO AHAJTITUYHOTO 3amucy (YHKIIT MiHIMAIbHOI JOBXKUHH.
[Ticnst TorO, SIK BiIacHi GyHKIIIi BUXOTy MIiHIMI30BaHi, CKJIaIa€ThCs PO3IIHUpPEHa (TIOBHA) TaOIUIs
BIacHUX (QyHKIIH Buxomy. Ha 06a3i 1iei Tabmuii CkiIagaeTscsi CTHCHA TaOMUIs, sKa
BIJIPI3HSAETHCS Bi MepmIoi THM, IO B Hii BHUXOJH, SIKI MalOTh OJHAKOBI BIAacHI (YHKII,
OTOTOXKHIOIOTBHCS.

Kpoxk 5. Cxnaganns cTpykTypHOi (pyHKIIOHAIEHOT) CXEMH.

3a CTHCIOI TaONHUICI0 BHKOHYETHCS MMOOYIOBAa JIOTIYHOT MEpEki JUCKPETHOTO
npucTporo. Sk Ga3ucHI eneMeHTH Ui MOOYIOBH JIOTTYHOI Mepexki JOIUIBHO BUKOPUCTATH
noriyai enementu I, ABO, HE. Cunre3 3akiHuyeThCsi BHOOPOM THIy BHUKOPHCTAaHHX
MIPOMHUCIIOBHX €JIEMEHTIB 1 CKJIAJJaHHSAM CXEMHU JIOTIUHOT Mepexi PyHKITIOHATHLHOTO OJIOKY.

SIk mpuKIan, po3TISTHEMO CHHTE3 CHCTEMH aBTOMAaTHYHOTO TUCTAHIIIMHOTO KEpyBaHHS
CHJIOBHMH KOJIAMH €JIEKTPOCTAHIIIH MTPH 3YIHHIII arperary.

[lepmmii eranm cuHTE3y mnoisirae y Qopmanizamnii anroputMy. ANTOPHTM 3yMUHKA
arperaty 3aiaHuil y popmi BigoOpaxeHiit Ha pUCYHKY 1.

BiIKTHYEHHA KOHTAKTOPY arperaty LA

s OV.IO0V Ir'T wiovek M5

1 BPY IVIIHHKA

|

BP

P

npu K3 ma diz. pefika He E min aM TR 180 ¢ [peity s
mn

nepenai B Mepeki

npH neperpiei z BP

npr moxexi AIMOTT I'r?" 72 g
=8

He BI3amVCK

|

|

He CMPABHHE
arperat

Pucynok 1 — @yHKITioHATBHA CXeMa aNTOPUTMY 3yIIMHKH arperaTy

VY3arajgpbHEHUH cUTHaJ 3yMUHKY arperaty gpopmyerbes Ha miati [13:

— 3a koMaH/1010 oneparopa 3 [TV (IIJY) a6o 3 BPVY;

— npu K3 Ha ¢inepi — 3a curnanom i3 bP arperaty;

— IIpU TIepeBe/ICHH1 JKUBJICHHS Ha Mepexy — 3a curHasiom i3 bP arperary;
— IIpHU TeperpiBi arperary — 3a currajioM i3 bP arperary;

— TIpu TOXexi — 3a curHasiom i3 I[OI1.
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V3arasbHeHUH CUTHANl 3yIMMHKM HaAXOAWTh Ha ruiary 115, 3amam’aroByeThes i popmye
curHan «BIAKJIIFOUEHHSA KOHTAKTOPIB AI'PETATY», sxuit wagxoauts y [IIIA.
[am’site 3ymuuku uepes PU 180 c. dopmye curnan «BUBECTU PEUKY YV miny, sxwuii
HaaxoauTh y BP arperary. Jlnsi KOHTpOJIIO BUBEICHHS PEHKH B IMOJIOKEHHS HYJIHOBOI MoAavi
namuBa cayxuTh PY 20 c. ma mmari [15. Tlpu cmnpampoByBaHHI 1bOTO pernie Ha miati I15
dopmyetsest curnan «HE3ABEPIIEHHUHN ITYCK-3VIIMHKAY. Ileit curHan HaaxomuTh Ha
16, ne popmyetncst curaan «KHECITPABHICTD ATPETATVY».

@OyHKI[IOHATBHA CXeMa peajli3allii alropuTMy 3YNUHKH arperary, sika OTpHMaHa ITiCis
BUKOHAHHS OTepalliii, HABEJCHNX BHUIIE, 300paykKeHO Ha PUCYHKY 2.

S
e ([ = ﬁ
I

rh

Pucynok 2 — @yHKITiOHATBHA CXeMa pearizailii airOpuTMy 3YIMUHKH arperary

BUCHOBOK

Bukopucranuss 0a30BUX 3HaHb, fKi 3/100yBadi OCBITH 32  CHEHIaJIbHICTIO
Enextpoeneprernka, €leKTPOTEXHIKA Ta €JIEKTpOMEXaHIKa OTPUMYIOTh B paMKax IMPOTpaMu
MiATOTOBKHU, J03BOJISIE CAMOCTIHHO OIMaHyBaTH Ta 3aCTOCYBaTH Ha MPAKTHUIll MPOrpaMyBaHHS
MIPOTPaMOBaHUX JIOTTYHUX KOHTPOJIEPIB Ha IMIJCTaBl METOIUKH PO3POOKH (PYHKIIIOHATBHUX CXEM
QITOPUTMIB Ta 3a JIOTIOMOTOI0 BIIMOBIAHOTO TPOTPAMHOrO 3a0e3rnedeHHs. Peanizaiis
IHKCHepHUX 3HAHb Ta HABUYOK JIO3BOJISE CYTTEBO CKOPOTUTH (DIHAHCOBI BUTpATH Ha
BIIPOBA/KEHHS Ta TEXHIYHE CYNPOBOJPKEHHS eKCIUTyaTallii aBTOMaTH30BaHUX CUCTEM KepyBaHHS
BIIITOBIJATEHOTO MTPOMHKCIIOBOTO 00JIaTHAHHS.

JITEPATYPA
1. Diesel Generator Control Panels. — [Enekrponnuii pecypc] — Pexxum mocryry:
https://vitalpower.co.uk/blog/diesel-generator-control-panels/.
2. What is the Controller of a Diesel Generator Set. — [Enextponnuii pecypc]| — Pexxum
nocryiy: https://www.aggpower.com/news/what-is-the-controller-of-a-diesel-generator-set.
3. Generator Control Panel. - What it is and How it’s Used — [Enexrponnuii pecypc]

— Pesxxum noctymy: https://www.generatorsource.com/Generator Control Panel.aspx.

4. DEIF 2911500030 05 PPM-3 Marine Variant 05 PPM-3 EDG Emergency Diesel
Generator controller. — [Enektponnumii pecypc] — Pexumm pgocrtymy: https://instru-
measure.com/deif-2911500030-05-ppm-3-marine-variant-05-ppm-3-edg-emergency-diesel-
generator-
controller/?srsltid=AfmBOoqvSkRiRIfj8DcbAK2jgytHXchdnR4B7Y XcFCZmfBfvnT _irP8o.

5. PPM 300 Genset controller. — [Enexkrponnmii pecypc] — Pexum nocrymy:
https://www.deif.com/products/ppm-300-genset-controller/.

6. CODESYS Store International. — [Enmexkrponnwmii pecypc] — Pexum nocrymy:
https://store.codesys.com/en/.
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JTOCJIIKEHHS 3ACOBIB 3SMEHIIEHHS BILUIABY 3APSITHUX CTAHIIIA
EJEKTPOMOBUIJIIB HA MEPEKY KUBJIEHH

Heuayc A.O., [Terpaukos B.O.
XapKiBChKHI HAIIOHATBHHUI aBTOMOOUTEHO-JIOPOXKHIN YHIBEpCUTET, YKpaiHa

3apsiiHa CTaHIlA eNeKTpOMOOUTIB, BITHOCHO MEpeXi KUBJICHHS, BIIrpa€e poiib JOCHTH
MOTYKHOTO CIIOYKHMBaya eleKTpu4Hoi eHeprii. Kpim Toro, Buxoasun 3 GyHKIIIH, SKi BOHa BUKOHYE,
MICTUTh Y CBOEMY CKJIa i CHJIOBI HAIIBIIPOBITHUKOBI MepeTBOpIoBayi. TakuM YMHOM, TIPU CBOIH
po0OoTi, BOHa Ma€ 3HAYHMI BIUIMB Ha PEKUM pOOOTH Mepexi >KUBJIEeHHS. PO3PI3HAIOTH JEKiTbKa
OCHOBHUX BIUTHBIB 3 OOKY 3apsiTHOT CTaHIIii Ha eNeKTpruuHy Mepexy [1,2]:

- BTpPaTH TMOTYKHOCTI, sIKi 0OYMOBJICHI NEpPETIKaHHAM BEJIMKOI KUIBKOCTI €JIeKTPUYHOT
€HepTii y CHIIOBUX €JIeMEHTaxX MEpexKi;

- KOJIMBAHHS HamNpyTH, sKi 0OYMOBJICHI MIIKIIIOUEHHSIM Ta BiKIIOUYEHHSIM CIOXHBAdiB
BEJIMKOT MOTYXXHOCTI;

- HeCHIMETpIisl HANpYTH, sIka BUHUKAE MTPU BUKOPUCTAHHI MOTYXHHUX OJHO(DA3HUX 3apsAHUX
CTaHIII;

- BUKpUBJIEHHS (DOPMH HAINpyTu Ta CTPyMY y Mepexi, SIKi 00yMOBJIEHI pOOOTOI0 CHUIIOBUX
HAITIBITPOBITHUKOBUX MEPETBOPIOBAYIB.

Ilepmra, ngpyra i, YacTkoBO, TpeTs  MpoOieMH, TOBHHHI  BUPINIyBAaTUCA
€HEeprornocTadyaibHAMUA KOMITaHISIMHU, SIKi 3a0e31euytoTh 0OCIyrOBYBAHHS E€NIEKTPUYHHX MEpEK.
30kpemMa, BOHM TIOBHHHI 3a0€3MEeYUTH MOJCPHI3aIlif0 MEPEeK Ta iX OCHOBHOTO OOJIaJHAHHS,
BIIPOBADKYBATH 3aCOOM PETYIIOBaHHS Ta BIIMOBIMHI pe3epBH TOTYXHOCTI JUIsl 3a0e3redeHHs
KIHIIEBOTO CIIO’KMBAyYa CJIIEKTPUYHOIO €HEPrier0 3aaHoi SKOCTi y BIAMOBIIHIA KUIBKOCTI. 3 OOKY
PO3POOHUKIB 3apAJHUX CTaHIi, MOBUHHI BUPIIIYBATHCS YE€TBEPTA Ta, YACTKOBO, TPETS MPOOIEMHU.
Tpets BupilyeThCsl NUITXOM BUKOPUCTAHHS TPU(PA3ZHUX CXEM IEPETBOPIOBAUiB 3 OOKY Mepexi
KUBJICHHSI, @ Y€TBEPTA — SIBJISIE COOOIO IOCUTH BEJIMKUH MEPENTIiK MUTAaHb, OB’ I3aHUX 3 PO3POOKOIO
CHJIOBUX TEPETBOPIOBAYIB Ta iX CYMYTHHOTO OONagHAHHS, $Ki 3a0e3MeUYyIOTh Y3TODKEHHS
nmapamMeTpiB  €JNIEKTPUYHOT €Heprii Mepeki JKUBICHHS 3 BHMOTaMH EJEKTPHYHOI CHUCTEMH
eJIEKTPOMOOLTIB, 3a0€3MeUyIOTh SKICHI MOKA3HUKH €IEKTPUYHOI €HEeprii, a TAaKOXK 3aJaHuil piBeHb
eNIeKTPOOe3MeKH KOPHCTYBAYIB.

Crporena cxema 3apsiJHOT CTaHI] €JIeKTPOMOOLTIB HaBeIeHa Ha PUCYHKY 1.

Ho cxemu Bxomiath: BXimHud (P1) Ta Buxigamii (P2) ¢ineTpu, nepmmid Kackana
nepetBopeHHs 3MiHHOI Hampyru (AC/DC), npyruil Kackaj peryiroBaHHS ITOCTIHHOI Hampyru
(DC/DC). IlobynoBa Ta cxeMHi pillleHHs OO0 MOAIOHOTO POy MPHUCTPOiB HaBedeHi y [2-3].
3actocyBaHHs enekTpuuHUX QuIbTpiB @1 Ta D2 mo3BOINSIE 3a0€3MEUUTH 3aJaHl PiBHI SKOCTI
eNIEKTPUYHOI eHeprii sk 3 OOKy TAroBOi aKyMynaTopHOi Oarapei eneKkTpoMoOuIs yis
3abe3neueHHs ii JOBrOBIYHOCTI, TaKk 1 3 OOKy €HEepronocravyaibHOi KOMIIAHII 3 TOYKH 30Dy
3aJI0BOJICHHS HIIIMX CIIOKUBAYiB.

AC/DC DC/DC
HEepEeTBOPIOBaY HepeTBOPIOBaY
2—] ~ - -2
u,. g— ol L Cu o2 U pax
2— — == — —@

CucreMa KepyBaHHA

Pucynok 1 — CrpoiieHa cxema 3apsiTHO1 CTaHIIii eIeKTPOMOOLTIB

[lepcneKTUBHUMH pIIEHHSAMH 10O TOOYMOBH KacKady peryJIroBaHHA MOCTIHHOI
HAMpyTH 3apsIHO1 CTaHIii € i ABOHAmNpaBlieHe BUKOHAHHS 13 3aCTOCYBAaHHSIM BHCOKOYACTOTHOTO
TpanchopmaTopa y TpudazHOMy BUKOHAHHI 3 TIIBUIICHUMH 3HAYCHHSIMHU 1HYKTHUBHOCTI BHTOKY,
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sKa BIJIrpa€e poJib IHAYKTUBHOI CKIIQJ0BOI cuctemMu QinbTparlii Hanpyru [4]. 30UTbIIeHHS ITi€l
IHIYKTUBHOCTI JIOCATA€ThCS 30UTBIICHHSM 130JIS1IHHOT BiicTaHI MiX TIEpPBUHHOIO Ta BTOPUHHOIO
oOMoTKaMu TpaHChOpMAaTOpa, MO, CBOEI YEPTok0, 3MEHIITYE HOT0 €PeKTHBHICTh. B Takomy pasi
3a/1ava TPOCKTYBaHHS Ha0yBa€e O3HAK OaraTOKpUTEPIaabHOI ONTUMI3AIIfHOT 3a/1a4i, sIka BUMarae
JIOJTATKOBUX JIOCIII)KCHbB.

Jnst migsumenns KKJI Bciel ycTaHOBKM CITil BXKUTH 3aXOMiB OO 3HIKEHHS BTpaT y
neperBoproBayax Ta TpaHchopmaTopi. [IpoBeneHwii aHami3 CBITYUTH, IO BHU3HAYATHHUMU
YMHHUKAMH, 3 TOYKA 30py CHEPreTMYHWX XapaKTEepUCTUK, € YacToTa IepeMUKaHHS
MEPeTBOPIOBAYIB, MaKCHMMalbHa TyCTHMHA MAarHiTHOTO TIOTOKY B ocepai TpaHchopmaropa,
KoedilieHT TpaHchopmallii Ta IHIYKTUBHICTh BHTOKY. SIKIIO O3HAuYeHi mapaMeTpd BiioMi, TO
pemTy mapamerpiB MOHAa BU3HauuTH. OJHUM 3 IHIAWKATOPIB BTpPAT CHEPrii MOXHA BBAXKATU
TEMIEpaTypHUN PEXUM TpaHChopMaTopa Ta MEPETBOPIOBAYIB, OCKUTLKUA CaaMe TEIJIOBI BTPATH €
HeoOopoTHUMH. B TakoMy pasi 3amady omtumizamii mossrae y migbopi komOiHamii mapaMmeTpiB
MepeiueHuX paHile, TAKUM YUHOM MI00 MIHIMI3yBaTH akTHBHI BTpaT. s mboro AOIUTEHE
3aCTOCYBaHHS Cy4YaCHHX EBPHUCTHYHUX METOJIB, TakuX SK TeHeTwuyHuil amroput™ (GA),
mudepentiiina esomonist (DE),poro wactok (PSO) [5]. V cBoiii poboTi Mmu obpamu meton GA,
OCKUTbKH BIH BiJI3HAYAETHCS TPOCTOTOD Ta MOXKE OYTH pealli3oBaHWil Yy MTPOTrpaMHOMY
cepenouiii Matlab/Simulink.

BUCHOBKHA
3acTocyBaHHS CHEIIaIbHUX CXEM HAIliBIPOBIIHUKOBUX MEPETBOPIOBAYIB, a TaKOX
CHeUiaIbHUX KOHCTPYKIIH TpaHcopmaropiB y iX CKiIali, J03BOJSE 3HU3UTH BUMOTH JIO
BXIJIHOTO Ta BUXIHOTO (DUIBTPIB 3apsITHUX CTAHIIIM eleKTpoMOOiTiB, BOJHOYAC MIIBUIYIOUH iX
e(eKTUBHICTh Ta Maco-rabapuTHI MOKa3HUKH. OIiHKa TPUHHATHX TEXHIYHUX pilleHb TTOBUHHA
IPYHTYBAaTHUCS Ha pe3ylibTaTaX aHaji3y TEeXHOJOTIYHOI Ta EKOHOMIYHOT JOIUIBHOCTI iX
BIIPOBAPKEHHSL.

JITEPATYPA

1. Srivastava, Abhinav & Manas, Munish & Dubey, Rajesh. (2023). Electric vehicle
integration’s impacts on power quality in distribution network and associated mitigation
measures: a review. Journal of Engineering and Applied Science. 70(1), doi: 10.1186/s44147-
023-00193-w.

2. M. R. Khalid, I. A. Khan, S. Hameed, M. S. J. Asghar and J. Ro, "A Comprehensive
Review on Structural Topologies, Power Levels, Energy Storage Systems, and Standards for
Electric Vehicle Charging Stations and Their Impacts on Grid," in IEEE Access, vol. 9, pp.
128069-128094, 2021, doi: 10.1109/ACCESS.2021.3112189.

3. Musavi, Fariborz. (2014). Fundamentals of Chargers. In book: Advanced Electric Drive
Vebhicles (pp.439-464). doi: 10.1201/b17506-14.

4. Nguyen D-D, Bui N-T, Yukita K. Design and Optimization of Three-Phase Dual-Active-
Bridge Converters for Electric Vehicle Charging Stations. Energies. 2020; 13(1):150.
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PO3BUTOK 3APAIHOI IH®GPACTPYKTYPH EJJEKTPOTPAHCIIOPTY

Bonnapenko /1.1., J[3ro6enko O.A.
XapKiBChKHI HAIIOHATBHHUI aBTOMOOUTEHO-JIOPOXKHIN YHIBEpCUTET, YKpaiHa

BCTYII

HarmionanbHa eKOHOMIYHA CTpaTeris BU3HAE HEOOXINHICTh MOCATHEHHS KIIMaTHYHOT
HeitpanpHOocTi He mizHime 2060 p. Takox, 3MEHIIEHHS CyMapHOTO O00CATY BUKHUIIB B
aTMocgepHe TOBITPs 3a0pyIHIOIOYMX PEYOBUH Bij MEPECYBHUX JUKEpENl, YMOBHO HPUBEACHOTO
710 OKCHUY BYIJICIHIO 3 ypaxXxyBaHHSM BiJTHOCHOI arpeCHBHOCTI OCHOBHUX 3a0pyaHIOBadviB, 10 70
% (Bin piBas 2015 p.) € ogauM 13 ipiopurteTiB HarioHanpHOT TpaHCIIOPTHOT CTpaTerii Ha Tepion
1o 2030 p. [1].

[Ilo crocyerbcs enekTpudikamii aBTOmapky, OCTaHHIMH pokamMH B  YKpaiHi
CIIOCTEpIraeTbCsi 3pOCTaHHS OOCATIB MPOAAXKY €JIEKTPOMOOUTIB, YOMY CIPHSIIA CTUMYITIOIOYi
3axo/u JepkaBHOi momituku. Y 2016 p. MUTO Ha eeKTPOTpaHCHIOPT Oyino ckacoBaHe, a 3 2018
p. ckacyBanm akuu3 i [1/IB Ha iMmopt enexTpomobiniB. Sk Hachinok, y 2014 p. O6yno nmpogano
mume 62 enexrpomo6ini (0,07 % Bim 3arampHOi KinmbKocTi mpomaxiB), y 2016 p. — 1148
enexktpomoOiniB (1,5 %), y 2019 p. — 7012 (7,2 %). Hapasi Ykpaina cepen Tomn-12 eBponeiicbkux
KpalH 3a 3arajJbHOI0 KUIBKICTIO €NEKTPOMOOUTIB 1 AEMOHCTPYE OJIWH 13 HAWBHUIIMX TEMITIB
enextpuikamnii aBTomapky [1].

3a nanuMu [HCTUTYTY JOCHIIKEHHS aBTOPHUHKY, Juie B ceprnHi (2024 p. — nmpuM. aBT.)
yKpaiHii mnpuxdanu Maibke 9,4 THC. HOBHX Ta BXXKMBaHUX enekTpomoOinmiB. Lle cramo
aOCOJIIOTHUM MiCSYHUM pekopaoM Bix 2014 p., 3a yBech 4ac NMpoJakiB €IeKTPOaBTOMOOLUTIB B
Vkpaini. JIKmo paxyBaTH 3 MOYaTKy poKy, TO 3a BiciM MicsuiB Oyno npuabdaHo moHan 54,8 TwHc.
eJIEKTpOKapiB, M0 Bke OUTkINe, Hixk 3a yBech 2023 p. [2].

Texuniuni aciekTn

BinpmicTs aBTOMOOWTIB, SKi IMIIOPTYIOTBCA, 1I€ BXKUBaHI aBTOMOOLUTI 3 €Bponu, A3ii Ta
CILIA. Ilompu 3pocTaHHs TIOMHUTY, 3apsaHa iHdpacTpykTypa B YKpaiHi pO3BHHEHA HEJIOCTATHRO.
CranoMm Ha kiHenp 2021 p. HamiuyeThCsl ONEPaTOPIiB 3apAAHUX CTaHIINA — Outbiie 15, 3apsaaHuX
craniiil — 3244, TOYOK 3apsIKU/KOHEKTOPIB — 7661, 3 HuX «moButbHUX» AC < 22 kBT (Type 1,
Type 2, J 1772) - 5826 — 76 %; «mBuakux» DC > 22 kBt (CCS 1, CCS 2, CHAdeMO, GB\T) -
1835 - (24 %) [3].

[Ipy 1bOMy, OCHOBHY KIUIBKICTh 3apsIHUX CTaHIINA 30CEPEHKEHO B BEIMKUX MiCTax
(Kuis, JIsBiB, XapkiB, Omeca) Ta B3J0BX IeHTpadbHHX Tpac [4]. HasBumii nucOamanc B Oik
«MOBUTHHUX» cTaHIIN (1m0 22 kBt). I[poro HemocraTHbo st 3a0e3MeYeHHs TOTPed MOTOYHOTO
MapKy eJIeKTPOMOOUTIB, OCOOMMBO 3 ypaxyBaHHSIM TEMITIB HOTO 3poCTaHHS. Pi3HOMaHITTS
BUKOPUCTOBYBAHMX CTAaHMIAPTIB 3aPsAKH TEX YCKIAIHIOE CHUTYAIIIIO.

ExoHoMmiuHi Ta eK0JIOTiYHI acieKTH

Po3BuTOK 3apsaHO01 iHQpacTpyKTypH CTBOPHUTH HOBI po00Ui MiCIIs, 3a]yYUTh IHBECTHLI y
TPAHCIIOPTHHIA CEKTOp; TOIIMPEHHSI EJIEKTPOMOOLUTIB, SIK OJWH 3 HACTIIKIB, 3HIKEHHS
3a0pyIHEHOCTI MOBITPSI B MICTaxX 3 BEIMKUM PYXOM aBTOMOOUTFHOTO TPAHCHIOPTY Ta CKOPOYEHHS
BukuiB CO3:.

Taxkum YMHOM, PO3BUTOK 3apsiIHOT IHPPACTPYKTYPH € HE JHIIE HEOOXITHOI YMOBOIO IS
MOMYJSIpU3aIlii eIeKTPOMOOLTiB, ajle ¥ BaxJIMBUM (DAKTOPOM EKOJIOTIYHOT Ta EKOHOMIYHOT
CTabUTPHOCTI KpaiHu.

META TA IOCTAHOBKA 3ATAUI
MerTo1o JOCHiPKEHHS € po3poOKa MPOMO3UIli it yHidikalii mporecy 3apspKaHHS
eJIEKTPOAaBTOMOOLTIB B YKpaiHi, BpaXOBYIOUH CBITOBUH JOCBII.
Ile 103BOIUTH:
- 3a0€3MeUUTH CYMICHICTh PpI3HUX MOJENEH eJeKTPOMOOLTIB 13 3apsIHUMH
CTaHIIISIMH;
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- OPUCKOPUTH  aJanTallifo  IHHOBAIIHHUX TEXHOJOTiH y cdepi 3apsaHOi
iH]pacTpyKTypH;

- cpusiTH iHTerpamii YkpaiHu B THOOalbHY MEpEeXY EKOJOTIYHO YHCTOTO
TPaHCIOPTY.

Busnayena Mmera moTpe0ye BUPIIIEHHS HACTYNHHX 3aBJaHb Il 4ac BHUKOHAHHS
JIOCIIKEHHS

- MIPOBEICHHS aHANI3Y ICHYIOUMX CTaHIAPTIB 3apsIKU €IEKTPOMOOIUTIB y CBITi Ta B
VYkpaini;

- OIIIHKY IepeBar Ta HEIOJMIKIB KOXKHOTO CTaHIapTY;

- pO3poOKy peKkoMeHpalii Ui TOKpamleHHS 3apsAaHoi iHQpacTpyKTypu Ta
yHi(ikamii craHIapTis.

PE3YJIbTATHU TEOPETUYHUX JOCJIIIKEHb

Ha croronHi icHye JeKiIbKa CTaHIAPTIB 3apSTHUX CTAHI[IN eeKTPOMOOLITIB.

Cranmapt IEC 62196, mouarkoBo 3ampoBamkeHuit y 2003 p. MiKHAPOIHOIO
EJIEKTPOTEXHIYHOIO KOMICI€I0, OTPUMABIIH 3 YacOM HH3KY 3MiH, € TJI00aIbHUM Ta mependayae
BCi HasiBHI KOHQIryparlii 3apsJHIX aBTOMOOLTIB.

B wmeit cranmapr Bxoauth po3’em Tum 1, BBeneHU#M craHgapToM AMEpPUKAHCHKOTO
toBapuctBa imxkenepiB SAE J1772 y 2012 p., skuii po3nosctopkenuii B CLIA. Bin mMae m’saTh
KOHTAKTiB («da3za», «HYIb», 3a3eMJICHHs, KOHTAaKT «Proximity Pilot» mns 3amobiranHs pyxy
aBTOMOOWIA Min yac 3apspkaHHs Ta KOHTAakT «Control Piloty, mo 3a0e3nedye KOMyHIKaIiio Mix
aBTOMOOUTEM Ta 3apsSIHOI0 CTAHINEIO, BIJICTIIKOBYIOYH HASBHICTH TPaHCHOPTHOTO 3aco0y,
MOYATOK-3aKIHYEHHS 3apsAKH, PIBEHb 3apsay, MaKCUMalbHO JOIYCTUMHUH CTPyM 3apsDKaHHS,
TOIO), MEXaHIYHy CHCTeMYy OJOKYBaHHsS Ui 3amoOiraHHs BUIAJKOBOMY BIJKIIOUEHHIO Ta
nepeadadae 3apsiAKy oaHO(Aa3HUM 3MIHHUM cTpyMoM Harpyroio 120 a6o 240 B, moTyxHicTIO
1,92 a6o 7,68 kBr., BignosigHo [5].

Po3’em Tun 2, BBeaenuit nonoBHeHHsM 110 cTanaapty IEC 62196, craB 000B’13KOBUM B
€Bpori uis BCix HOBUX enekTpokapiB 3 2017 p. Mae ciM KOHTakTiB (Tpu (a3HUX KOHTAKTH,
«HEUTpanmby», 3a3emiieHHs, KOHTakT «Proximity Pilot», «onTakr «Control Piloty),
€JIEKTPOMArHITHE aBTOMAaTWYHE OJIOKYBAaHHS 3amoOiraHHs BHITAJKOBOMY BiJKIIOUYEHHIO Ta
3abe3neuye 3apsIKy 3MIHHUM OJIHO(a3HUM CTpyMOM Harpyroto 70 250 B, motyxHicTio Bix 5 10
17,5 kBt abo tpudaszaum ctpymom Harpyroio a0 480 B, moryxHictio Bin 7,60 1o 30,24 kBTt [6].

Crannmapram IEC 62196 ta SAE J1772 Bimnosinae crannapt GB/T 20234, nepernsayruit
ta oHoBNeHUH y 2015 p. YmpasninusaMm crannaprusanii Kurato, skuii miarpumye 3apspKkaHHSI
3MIHHUM OJIHO(a3HUM CTpyMOM 3 Hampyroro 10 250 B moTyxHicTio Bix 10 2,5 mo 8 kBt abo 3
Hanpyroro 110 440 B moryxHictio Bin 7,2 no 27,7 kBt. Konctpykiis po3’emy cxosxxa Ha Tun 2 o
craanapry IEC 62196.2 ane mae iHIIIe po3TalryBaHHs KOHTAKTIB [7].

Tpetto uwactuny cranmapty IEC 62196 Oyno omybmikoBano y 2014 p. ax 3 vacom
JIOTIOBHEHO Ta TiepeomnyoOiikoBano y 2024 p. [los’s3aH0 11e 3 JOCTYIHICTIO 3apsKaHHS
€JIEKTPOMOOUTIB TMOCTIHHUM CTPYMOM, IO JIO3BOJHJIO 3pOOMTH TpOIeC 3aps/PKaHHS OUIbII
e(pEeKTUBHUM, dYepe3 MOKJIMBICTh BUKOPHUCTaHHA CTpyMy OUIBIIOI MOTYXKHOCTI 0e3 Horo
KOHBEpTAallii arperaTaMd aBTOMOOUIS — MEPETBOPEHHS IMEPEMIHHOTO CTPyMYy Ha MOCTIHHUI
BiZOyBa€eThCs O6e3rmocepeIHbO B 3apsi/IHIN CTAHIII.

Po3’em Ty AA (3a cranmaprom IEC 62196), Binomuii Takox sik cucrema CHADeMO
(Bim «Charge de move») Oymno po3po6iero B 2010 p. AMOHCHKOIO aCOIIAIIEI0 aBTOBUPOOHUKIB.
Po3’emu CHAdeMO nepmioro nmokosninHas 3a0e3medytoTs 10 62,5 kBt npu 500 B. Crienudikartist
Apyroro mokoJiHHs g03Bosste 10 400 kBt Ha 1 kB, 400 A.

Po3z’em Mmae 10 KOHTakTiB (IBa MOTY)KHMX KOHTaKTH «1+» Ta «-» pPO3TAlIOBAaHO B
HEHTPaAJIbHIN YaCTHHI pOo3 €My, Ta JBi TPYIH IO YOTHPH KOHTAKTH MEHIIOI MOTYXHOCTI, cepen
AKX 3a3emiieHHs, «Proximity Pilot», nBa xoHTakTn «Start/stop charging», KOHTaKT BKIIOUYEHHS
3apsDKaHHSA, J1Ba KOHTakTH Jius mig enHaHHs 10 CAN-muHHM aBTOMOOUIS Ta pe3epBHUN
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KOHTAKT). ABTOMaTH4HE OJOKYBaHHS Ul 3aNI00IraHHs BUITAQJAKOBOTO BiKIIOUEHHS PO3’€MY ITif
qac 3apsHKaHHS TaKOXK MPUCYTHE.

B mepcnexTuBi po3poOka TPETHOTO TMOKOJIHHS CHUCTEMH, SIKE Mae poOody Ha3By
«ChaoJi» Ta Mmae Ha MeTi 3a0€3MMEUUTH 3apsPKAHHS CTPYMOM MOTYXHICTIO 10 900 kBT. Po3’em
Chaoli 6yne cymicanm 3 cuctremoro CHAdeMO Ta cranmaprom GB/T [8].

Po3’em tumy BB 3a crangaprom IEC 62196 Binmosinae po3’eMy, HaBeACHOMY B TpETiid
gyacTuHi kutaiicekoro cranaapty GB/T 20234 ta npu3HadeHuil 11 BUKOPUCTAHHS 13 3apsITHUMHU
CTaHIIIMH TOCTIHHOTO CTpyMy 3 MmiaTpuMKol0 3B’s3ky 1o CAN-muHi. 3apsmkaHHs
3MIACHIOETHCS TTOCTIMHUM CTPYMOM HAIPYror OJHO(GA3HUM CTPYMOM 3 Hampyroto Bim 750 1o
1000 B, motyxHictio 10 250 kBT. Po3’eM Mae 1eB’SITh KOHTAKTiB (OCHOBHI 3apsiiHI KOHTaKTH
«t» Ta «-», IBa KOHTaKTH Ui minkmodeHHs A0 CAN-muHH, JBa KOHTAaKTH JUIsl mepeaadi
HU3bKOBOJITHOTO TIOCTIHHOTO CTPyMYy, JBa KOHTakKTH «Start/stop charging» Ta 3a3emieHHs) Ta
aBTOMaTHYHE OJIOKYBaHHS Bijl BUIIAQJKOBOTO BiIKITIOUYEHHS.

BrpoBamkeni crangaprom IEC 62196 po3’emu tumy EE Ta tumy FF, me Bimomi mifg
HazBamu «Combo 1» Ta «Combo 2» a6o CCS 1 ta CCS 2 (Bim Combined Charging Standard),
BIJIMOBITHO, € KOMOIHOBAaHMMH Ta JO3BOJIAIOTH 3apsA/DKaHHS SK 3MIHHUM TaK W MOCTIHHUM
ctpymoM. Pozem EE («Combo 1», CCS 1) BukopuctoByerscs B IliBHIUHIN AMmepuili, Toai K
craggapt CCS 2 3anpoBaKeHO K TJI00ATIbHUM.

KoHCcTpykTHBHO 00MIIBa BUAM PO3’€MIB BUKOHAHO K KOMOIHOBaHi 3 BEpXHbOI YaCTHHU
sKa 3a0e3mneuye 3apspKaHHS 3MIHHUM CTPYMOM Ta BinnoBinaioTh po3’emam Tumy 1 ta Tumy 2 3a
crangaptoM [EC 62196 Ta HWKHBOI YaCTHHHU, sIKa CIY)KUTh ISl 3aps/DKaHHS TOCTIHHUM
CTPYMOM — CHJIOB1 KOHTAKTH «+» Ta «-».

Cranpmaptu CCS miaTpUMYIOTH 3apsiAKy OJHO(A3HMM 3MIHHHM CTPYMOM aHaJOTT4HO
po3’emy Tun 1 ta Tun 2 Ta nmocriitHuM cTpymom mipu Hampy3i Bix 200 1o 920 B ta moTyxHicTIO
1o 350 kBt 3a TexHoorier0 HammBHaKoro 3apsmkanas (HPC).

Yactuny pos’emy crapmgapty CCS 2, ska 3HaAXOOUTHhCS Ha Kabemi 3apsaHOi CTaHIii
(KOHEKTOp) M030aBJICHO KOHTAKTIB IS 3apspKaHHS 3MIHHUM cTpyMOM. Tak pilieHHs (a Takox
pIlIEHHS M0N0 BiICYTHOCTI MOXKJIMBOCTI 3aps/DKaHHS TpU(a3HUM 3MIHHUM CTPYMOM 4Yepes
po3’em CCS 1) MOSICHIOETBCS THM, IO 3apsDKaHHS 3MIHHUM CTPYMOM 3apa3 pO3TIISIAETHCS
oume Ui noOyTOBOTO  BUKOPUCTAHHS, TOMI SK IHQPACTPYKTYpHI 3apsiiHI  CTaHIi
MPONOHYBATUMYTh B MailOyTHHOMY JHINIE IIBHJKE 3aps/HKaHHS MOCTIHHUM CTPYMOM BHCOKOT
noTyxHocTi. OTxe, poz’em CCS 1 Mae ciM KOHTakTiB (IT’SITh KOHTAKTiB aHAJOTIYHUX PO3’€MY
Tun 1 Ta 101aTKOBO JIBa CHMIIOBUX KOHTaKTH «+» Ta «-»), a pozeM CCS 2 — neB’siTh KOHTAKTIB
(ciM KOHTaKTIB aHAIOTIYHUX po3’eMy TuI 2 Ta 10AATKOBO JBAa CHJIOBHX KOHTAKTH «1+» Ta «-»).
[Ipu upomy koHekTOp 3apsaHOl craHmii cranmapty CCS 2 wmae numie m'sTh KOHTAKTIB
(3a3emyieHHs, KOHTAKT «Proximity Pilot»; konTakt «Control Piloty, Ta 1Ba CHJIOBUX KOHTAKTH
«t» Ta «-»). Poz’emu crapmaptie CCS aBTOMAaTHYHO OJIOKYIOTHCS TPH 3apsyDKaHHI IS
3arno0iraHHs BUIAJAKOBOTO Bif € IHaHHS [9].

ABtoBupoOHuK Tesla ocHamrye cBoi ¢ipmoBi cranmii Tesla Supercharger yHikanbHUM
pO3’€eMOM, 3aBJISKH 3aps/PKaHHS Oyllo JOCTYITHE JHINE JUIsi aBTOMOOUII IIhbOTO BHPOOHUKA.
Opnnax 3 2001 poky crangapT OyB BiAKPUTHIA JJIs1 BUKOPUCTAHHS HIIMMH BUPOOHUKAMH 1 3apa3
Tesla Supercharger MoxyTh BHUKOPHCTOBYBATHUCS e€JeKTpoaBToMOOuUTsIMH «Fordy», kpiMm TOTO,
po3’eM € 3BOPOTHO cymicHHM 3 komOiHOBaHMM CCS 1, skmii po3noBcromkeHuit B [TiBHIUHINI
Awmepurni. Hosi aBtomo6ini Tesla Model 3 oGnamayrotscsi kombiHoBanum CCS 2 s
BUKODUCTaHHA 3 3apsOHUMHU craHoisMu B €Bpomi. Texuiuni xapakrepuctuku Tesla
Supercharger: motyxnicte 3apsinku g0 250 kBT (3anexwuts Bim mojeni), Hampyra mo 480 B
MOCTIHOTO cTpyMy. P0o3’e€M Mae I’SThb KOHTAakTiB: JBa CHJIOBHX «1» Ta «-», 3a3eMJICHHS,
KOHTAakT «Proximity Pilot», kontakr «Control Pilot». ABtomoG6ini Tesla posmizHaOTH
nigkmtodeHHs 10 Tesla Supercharger, 1o 3amyckae 3apspkanHs B peXKHMI, ONITUMI30BaHOMY JUTS
cunoBoi 6arapei [10].
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BUCHOBKHA

AHai3 iCHyIOUMX CTaHJApPTIiB, THITIB PO3’€MIB, 1[0 PETIAMEHTYIOTHCS HUMH, Ta 3apsSIHUX
NPUCTPOIB TOKa3ye, IO iX pI3HOMAHITTS CTBOPIOE TE€BHI MpOOJNEeMH I MacoBOTO
BIIPOBA/DKEHHS €JIEKTPOMOOUTIB Ta pPO3BUTKY iH(pacTpykTypu. Takum 4YHHOM, Ha MeETi
JOCIIDKEHHST Ma€e OyTH OILIIHKa TMEePCIEeKTHB BIPOBAHKEHHS IHHOBAIIIMHUX TEXHOJOTIH y cdepi
3apsiIHUX CTaHINi, po3poOKa peKOMEHJAIi JIsi TOKpalleHHs 3apsiaHoi iHdpacTpyKTypw,
BHUBYCHHS JIFOUYMX CBITOBHX CTaHIApTiB Ta (GOPMyBaHHS BHUCHOBKY IIOJO iX IMIJIEMEHTAIil B
VYkpaini 3 MeTor yHidikaiii npomeciB. JlocarHeHHS BH3HAYCHOI METH MOTpeOye MPOBEICHHS
JOJaTKOBUX JOCTIIKEHb. TakoX CIiJ MPUAUTUTH yBary KpUTEpisM, Ha MIJICTaBl SKUX MOXKHA
BU3HAYUTH HEOOXIJHICTh PO3MINIECHHS 3apsigHUX CTaHIId BIiAMOBIIHUX CTaHAApTiB 3a
TEPUTOPIATEHUM PO3IIOILIOM, SKi BIAMOBIAAIOTH OTpedaM aBTOTPAHCIOPTHOT MEpexi, a TaKOXK
BUPILIICHHIO NMUTaHb «IOTAIIHHUX» CTAHIIA — B PO3MIIEHH] SKUX ICHY€E MOTpeda aje He Mae
KOMEPIIIHOT CKIIaA0BO.
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Cexuia 111

MOIEJIOBAHHS NPUKJIAAHUX 3AJTAY Y
ABTOMOBUIEBYIYBAHHI TA TPAHCIIOPTHHUX
CUCTEMAX. IHTEJIEKTYAJIBHI CUCTEMMU KEPYBAHHA
TPAHCIIOPTHUMHU CUCTEMAMHA
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EHEPTOT'EHEPYIOYE JJOPOKHE IMOKPUTTHA 3 ® YHKIICIO AJTAIITUBHOI
3MIHM PO3MITKH B 3AJIEXKHOCTI BIJ JOPOKHBOI OGCTAHOBKH

I'naros A.B.', Jloiiko C.0.", Christos Manasis®, John Konstantaras’, Dimitris Enea Mele?
'XapkiBchKkuil HAIOHATBHIIT ABTOMOGLTEHO-IOPOXKHIi yHiBepcHTeT, YKpaiHa,
*National and Kapodistrian University of Athens, I'perris

BCTYII

CyuacHi TeHAEHIIIi PO3BHUTKY JOPOKHBOI 1H(PPACTPYKTYpH CHpPSIMOBaHI Ha iHTETpAIlifo
HOBITHIX TEXHOJIOTIH JUTsl MIABUIICHHS O€3MeKH, eHeproeeKTUBHOCTI Ta kKoMpopty. OmxHuM 3
MEPCIEKTUBHUX HAMPSIMKIB € po3poOKa IHTEIEKTYaIbHOTO JIOPOKHBOTO MOKPHUTTS, IO MOEIHYE
¢byHkuii eHeproreHeparii Ta AWHAMIYHOT 3MIHHM CBITJIOIOJHOI PO3MITKM BIANOBIIHO 10 3MiH
JIOPOXKHBOI 00CTaHOBKM. Taka TEXHOJIOTIS 37aTHA alanTyBaTH OPOXKHIO PO3MITKY B PEKHMI
pearbHOrO 4acy, IO MOXE 3HAYHO 3HM3UTH KUIBKICTh aBapifHUX CHUTYyalliil 1 MOJEeTHIINTH
HaBIraIliro JJs BOAIIB B yMOBaX IMOTAHOT BUJIUMOCTI a0o migBumeroro tpadiky [1,2].

P03BUTOK IHTENEKTYyaIbHUX TPAHCIIOPTHUX CUCTEM Ta €Hepro30epiraloumx TEXHOJIOTIH €
OJTHUM 3 TPIOPUTETIB CY4acHOI JOPOKHBOI IHPPACTPYKTYpH. [IMHAMIYHA TOPOKHS PO3MITKA 3
MO>KJIMBICTIO a/IalTUBHOT 3MIHU € aKTyaJbHUM PIlIEHHSIM JUTS TYCTOHACENICHUX MICHKHX pailOHIB
Ta Tpac 3 IHTEHCUBHUM PYXOM, OCKUTBKM BOHA 3/1aTHa 3a0e3MedyBaTu TOJATKOBY O€3NeKy s
BOJIIB 1 IMMIIOXOMIB, a TaKOX 3HHKYBATH CHEPrOCHOXKMBAHHS 32 PAXyYHOK BUKOPHUCTAHHS
BITHOBJTFOBAHO{ eHeprii[3-5].

EHEPTOI'EHEPYIOYE JOPOXKHE IMOKPUTTS 3 ®YHKUIECIO
AJIAIITUBHOI 3MIHU PO3MITKH

OcHoBHI QYHKIIIi Ta NPUHIUI POOOTH €HEProreHePyHYOro JOPOKHBOTO MOKPHUTTS, IO
CaMOCTIHHO MOYE 3MIHIOBATH CBITJIIONIOJHY JOPOKHIO PO3MITKY B 3aJI€KHOCTI BiJl JOPOKHBOT
o0cTaHOBKH [6-8]:

— eHeprorenepanisi. JJoposkHE TOKPUTTS IHTETPYETHCS 3 (POTOCTEKTPUIHUMU TAaHEISIMU
a00 TIT’€30€NeKTPUYHMMHU TeHepaTopaMH, sKi 3/aTHI BHpOOIATH enekTpoeHeprio. CoHsuHa
eHeprii abo0 MEXaHIYHWUN BIUIMB aBTOMOOLTIB Ha I1'€30€NEKTPHYHI MaTepiaid JI03BOJISIE
HAKOTIMYYBATH €HEPTilo, sIKa MOTIM BUKOPUCTOBYETHCS ISl )KUBJICHHS CBITJIOMIOAHOT PO3MITKH;

— IHTeNmeKTyanbHa 3MiHa po3mitkn (puc. 1) [6-11]. 3aBOsku BUKOPUCTAHHIO
CBITJIONI0/1iB, BOYJTOBAaHUX y IOPOKHE TIOKPUTTSI, MOKJIBE JUHAMIYHE BiTOOpaKEHHS PO3MITKH
B peairpHOMY 4aci. CrcremMa MOXe 3MIHIOBATH PO3MITKY B 3aJI€KHOCTI Bifl pi3HUX (aKTOpiB,
TaKuX K IHTEHCUBHICTh PYXY, MIOTOJHI YMOBH, iH(popMaIllis npo aBapii abo peMoHTHi poOoTH Ha
J0pOo3i;

[Ipoizna yacTuna IIpoisna yactuna
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a — JIOPOXKHS PO3MITKa JI0 3MiHH; O — TOPOXKHS PO3MITKa IMICIIs 3MiHU
Pucynox 1 — Cxema ciocoOy BUKOHAHHS JJOPOXKHBOT PO3MITKHU Ta 1 aanTUBHOI 3MiHU
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— JaTYMKH Ta aBTOMATH3aIlisl. |HTENeKTyalbHE IOKPHUTTS OCHAIIYETHCS AaTYHMKAMH
PYXY, TeMIIEpaTypH, BOJOTOCTI Ta IHPPACTPYKTYPOIO VIS MIAKIIOYSHHS IO CUCTEMH YIPABIIIHHS
nopokHiM pyxoM. Lle 103Bosie po3mi3HaBaTH CUTYAIlil0 Ha JOPO3i Ta aBTOMATHYHO 3MIHIOBATH
PO3MITKY, HaIPUKJIIJI, TIPU 3aTOPax, HEOE3NMEYHNX YMOBAxX pyxy abo aBapisx.

IlepeBarn BnpoBa/skeHHSI TAKOT0 €HEProreHepyvoro 10poKHbOro NOKPUTTS:

— Oesmeka Ha nopo3i. JluHamiuyHa po3MiTKa, MO 3MIHIOETHCS BiIMOBIIHO /O YMOB,
3a0e3reuye 4iTke Ta 3po3yMilie BOMISIM KepyBaHHS CMYTraMH, [0 OCOOJIMBO Ba)XJIMBO B yMOBax
HE/IOCTaTHROI BUAMMOCTI 400 eKCTPEHHUX CUTYAITii;

— eHeproeeKkTHBHICTh. EHeproreHepyroye MOKPUTTS J03BOJISIE 3HAYHO CKOPOTUTH
BUTPATH Ha EJEKTPOCHEPril0 Ui IIACBIYYBAaHHS PO3MITKH, 3HIDKYIOUM 3aJIeKHICTh Bif
30BHIIIHBOTO €JIEKTPOIIOCTAYaHHS;

— EKOJIOTIYHICTh. BUKOpPUCTAaHHS BITHOBJIIOBAaHMX JDKEpEN €HEeprii, TaKuxX sIK COHSYHA
€HepTis, J03BOJIIE€ 3MEHIIUTH BUKHUIM MAapHUKOBHUX Ta3iB 1 MIATPUMATH PO3BUTOK EKOJOTIYHO
YUCTHUX TEXHOJIOTI;

— THYYKICTh 1 QaNTUBHICTh: [HTENEKTyampHa CHUCTEMa MOXKE OTIEPaTUBHO pearyBaTH Ha
3MiHy OOCTaHOBKH, 3a0€3IeUyroud THYYKE KEPyBaHHS PYXOM B 3aJIKHOCTI BiJ 4acy J00W,
MOTOHUX YMOB Ta iHIINX (haKTOPIB.

Bukiaukun ta o0Me:KeHHSI 1100 BIPOBA/IKEHHSI 3a3HAYEHOT0 €HeproreHepyn4yoro
AOPOKHBOT0 MOKPHUTTH:

— BHCOKa BapTiCTh. BIIpOBa/PKEHHS TAKUX CUCTEM € JIOCHTDH JJOPOTHM 1 BUMArae 3HaUHUX
MoYaTKOBHX iHBecTUIliH. HeoOximHo 3a0e3meunTH CTaOLIBHY pPOOOTY MOKPUTTS B yMOBax
BHCOKHMX HABAHTA)XEHb Ta IHTEHCUBHOTO PYXY;

— HaJIAHICTH 1 JOBTOBIYHICTH. [HTETrpoBaHI €NEKTPOHHI KOMIIOHEHTH MOBHHHI OYTH
3aXUIIEH1 BiJl TIOIIKOKEHb, TIOTOIHUX BIUIMBIB 1 3HOITYBaHHS, IO € BAXKJIUBAM aCIIEKTOM JISI
3a0e3TeueHHs TPHBAJIOTO TEPMIHY CITYXKOH;

— HEOOXITHICTh TEXHIYHOTO 00CITyroByBaHHS: BrpoBa/keHHS TaKoi CUCTEMHU MOTpedye
PETYIISIPHOTO TEXHIYHOTO OOCITYroBYBaHHS JUIs 3a0e3MledeHHs 11 HaaiiHOi poOOTH, M0 MOXKe
30UTBIINTH EKCIUTyaTalliifHi BUTPATH.

BripoBamkeHHsT €HeproreHepyoyoro JT0POKHBOTO MOKPUTTS 3 aAalITUBHOIO PO3MITKOIO €
BAXJIMBUM KPOKOM JIO CTBOPEHHS OUIbII Oe3nedyHoi Ta eHeproeeKTUBHOI JOPOKHBOI
iHppacTpykrypu. [loganpmmii po3BUTOK I1i€1 TEXHOJOTI] MOKe OyTH TMOB'A3aHUN 3 IHTETpalieto
IITYYHOTO IHTEJEKTY JJIsl OUTBII TOYHOTO MPOTHO3YBAHHSA Ta aJarnTallii 0 yMOB pyXy, a TAaKOX 31
30UTBbIIEHHSIM e()eKTUBHOCTI eHeproreHeparii. TexHOJIOTiS Mae BENUKHNW TOTEHINAT s
MOIIUPEHHS Y BEJIMKUX MICTaX Ta Ha MariCTpaJisiX 3 BACOKMM HaBaHTaXeHHsM [12].

BUCHOBKH

Po3poOka eHeproreHepyrouoro TOPOKHBOTO MOKPHUTTS 3 MOYKIIUBICTIO TUHAMIYHOT 3MIHU
CBITJIONIONHOI PO3MITKM € IHHOBAIIHHUM TWIAXOJOM 10 MOJEpHi3amii  JTOpOKHBOT
iHpacTpykTypu. Lle He TUTBKH J03BOJISIE MIABUINUTH OE3MEKy Ta eHeproeeKTHUBHICTh, ane i
BIZIKpUBAa€ HOBI TMEPCIEKTUBU [UII PO3YMHOTO KEpPYBaHHS TPAHCIOPTHUMH TIOTOKAMHU.
He3Baxxaroun Ha BHKJIMKU Ta BHUCOKI BUTPATH, Taka TEXHOJOTIS Ma€ BENUKUH MOTEHIIAN s
BIIPOBA/PKEHHS Y MICTaxX MaiiOyTHBOTO Ta MOKE CTATH BAXJIMBUM €JIEMEHTOM CTaJOr0 PO3BUTKY
MICBKOT MOOUTBHOCTI.
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AJITOPUTM KOHTPOJIIO PEJTYKTOPA MOTOP-KOJIECA HA OCHOBI
BIBPAIIIMHOI JIATHOCTUKH

Aprys I11.B., Cxaspenko B.1O.
XapKiBChKHI HAIIOHAIBHHUI aBTOMOOUTEHO-JOPOXKHIN YHIBEpCHTET, YKpaiHa

KoHTposIb TEXHIYHOTO CTaHy pPEAYKTOpa MOTOP-KOJeca € KPUTHYHO BAXKJIUBUM IS
3a0e3neueHHs] HaIifHOCTI Ta Oe3MeKku eKCIuTyaTallii CydacHOTO eJEKTPOTPAHCIOPTY, SKUH
HaOyBae Bce OUTBIIOT MOMYISIPHOCTI Y 3B'SI3KY 31 3pOCTa0UO0I0 YBArow J0 €KOJIOTIYHOI CTaIOCT1
Ta eHeproedexkTuBHOCTI. HamiliHIiCTh pOOOTH TaKWX TPAaHCHOPTHHUX 3aCO0IB 3HAYHOIO MIPOIO
3aJIeKUTh BiJl CTAaOUIBHOCTI 1 Mpame3laTHOCTI KIOYOBUX KOMIIOHEHTIB, 30KpeMa peayKTopa,
KW TIEpeIae 1 MepeTBOPIOE MEXaHIUYHY €HEPTii0 Ha KoJieca.

3aBISKM BHUKOPUCTAHHIO METOMIB BiOpamiifHOI /JiarHOCTUKHM MOXHA HE TUIBKH
OTIEPaTHBHO BHUSBIISITH HECIIPABHOCTI HA paHHIX eTamax, ajie i 3MeHIIyBaTl BUTPATH HA PEMOHT,
o poOUTHh el MeTo] HAA3BHYAHO aKTyallbHUM Ui Tamy3i. PanToBi MOJOMKH MOXYTh
MPU3BOJAUTH JI0 3HAYHHUX (DIHAHCOBUX BTPAT 1 MPOCTOIB y POOOTI €IEKTPOTPAHCIIOPTY, IO €
HeOaXaHUM SIK JIJISl OTIEpaTOpiB TPAHCIIOPTHUX KOMIIAHIH, Tak 1 uid KopucTyBadiB. BibpariitHa
IiarHOCTUKA, SK e(eKTUBHUI IHCTPYMEHT IONEepEeIKYBATBHOTO OOCITYyrOBYBaHHS, JI03BOJISIE
YHUKHYTH HeTiepe10auyyBaHuX 3yIMUHOK, 3a0€3MeUNTH TPUBATIIIMA TEPMiH CITYy»KOH 001a HaHHS
Ta ONTUMI3yBaTH rpadikd TEXHIYHOTO 0OCIYrOBYBaHHSI.

AKTyaJIbHICTH TeMH OOyMOBJICHa TaKOXX THM, IO EJIEKTPOTPAHCIOPT CTAa€ OCHOBOIO
CYHacHHX MICBKMX 1 NPOMHCIOBUX TPAHCHOPTHUX CUCTEM, 1, OTXKE, NMUTAHHA €()EKTUBHOTO
MOHITOPUHTY Ta OOCIIyrOBYBaHHS HOTO KOMIIOHEHTIB € HEBIJ €MHOIO CKJIQI0OBOIO PO3BHUTKY
TPAHCIOPTHOT  iHPpACTPpyKTypu Ta  3a0e3MEUYCHHS BHCOKUX CTaHIIapTlB Oe3neku 1
HAIIHHOCTI. AITOPUTM KOHTPOJIIO PEAYKTOpa 3a JOTIOMOTOI0 BiOpAIliifHOT A1arHOCTUKU MICTUTh
JEB'ATh TOCTITOBHUX OJIOKIB, KOKEH 3 SIKUX CIPSMOBAHUN HA JETATbHUN aHAII3 1 IarHOCTHKY
OCHOBHHX KOMIIOHEHTIB PEIYKTOpa, PUCYHOK 1.

PosrnsiHemMo eTanbHO KOKHUHN 3 OJIOKIB.

1. Iloyarok miarHocTuku. Ha mepmomy erari BU3HAYaIOTHCS KIIIOYOBI MapaMeTpH, sKi
OyIyTh BIICTEXKYBATHUCS TiJ 9ac JAiarHOCTUKH. OCHOBHUMU MOKA3HUKAMHU € aMILTITY/a, 9acToTa,
CTeKTp BiOparliif Ta cTabUIbHICTH KONMBaHb y 4yaci. J[Is bOro BUKOPUCTOBYIOTHCS Pi3HI THIH
JAaTYMKIB, TaKl SIK aKCEJIEPOMETpPH, JATYMKU IIBUAKOCTI, Ja3epHi Ta ONTHYHI JATYUKH, SKi
BCTaHOBJIIOIOTHCS HA KPUTHUYHI TOUYKH peayKTopa (MiIMUITHUKY, 3y0UacTi nepeaadi, Bajau).

2. BcranoBnenHs oOnaaHaHHsA. Ha mpoMy eTami AaT4MKH MOHTYIOTHCS Ha PEIyKTOpP,
NEePeBIpsIEThCS  MPABWIBHICTh X BCTAHOBJIIGHHS Ta MPOBOAWUTHCS — KaliOpyBaHHS IS
3a0e3MeueHHsI TOUHOCTI BUMIPIOBaHb.

3. IlpoBeneHHs BuMipioBaHb. BuMiproBaHHs BiOpaiiii IpoBOJIATHCS Y PI3HUX pEKUMax
po0OTH pemykTopa: Mia 4Yac 3amycKy (ITyCKOBHU PEXUM), Y 3BUYAHOMY PEXHUMI EKCIUTyaTarii
(HOMIHAJTBHUIA pPEXHUM) Ta TPU IMiTamii CTpPEecOBHMX YMOB (peXHM TNepeBaHTaxeHH:). Lle
TI03BOJISIE BUSBUTH MOBEIIHKY PEIYKTOPA MPU PI3HUX HaBAHTAXKEHHSX.

4. 30ip Ta anamiz manux. OTpumaHi BiOpaliifHi CHUTHaMH OOPOOISAIOTHCS METOAAMHU
LIBHJIKOTO TIEPETBOPEHHS ®yp'e (FFT) nst po30UTTS HAa 4YaCTOTHI KOMIIOHEHTH, BEHBIIET-aHATIZY
IUIsS. OJTHOYACHOTO OLIIHIOBAHHS YacTOTH 1 yacy, aHaji3y OTHHAI04Y0i CHTHAIIY JUIsl BUSIBJICHHS
KOPOTKOTPHBAIMX JEPEKTIB Ta aHATI3y aMIUIITYJ 1 YacTOT MIKiB Ui BU3HAUYEHHS KPUTHYHUX
KOJIBaHb.

5. Ominka pesynbraTiB. Ha OCHOBI OTpuMaHMX mapaMeTpiB BH3HAYAETHCS, YH
BIJIMOBIAIOTh BiOpaIliifiHi XapaKTepPUCTUKU OIYCTHUMUM 3HAYCHHSM ISl KOHKPETHOI MoAemi
penykropa. Ko 3Ha4eHHs B MeKaX HOPMH, PEIYKTOP BBAXKAETHCS CIIPABHHM.

6. Inentudikamis nedexriB. I[lpu TepeBUIIEHHI OONMYyCTUMHX 3HA4YeHb BiOparii
11eHTH(IKYIOTbCS MOXIMBI JAe(eKTH, Taki SK 3HOIIEHHS MiAIIUIHMKIB, JedeKkTn 3ydyacTux
nepeaay, qucOanaHc BalliB Ta HEMPABUIIbHE 3MAIICHHS.
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7. IlpuitHATTA pimeHb. SIKo BusiBIEHO Ae(eKTH, MPUHAMAETHCS PIIICHHS PO PEMOHT
a00 3aMiHy MOIIKO/DKEHUX KOMIIOHEHTIB (IIIIIMITHUKIB, BaliB, 3yO4acTUX mepenay). SIKimio
nedekTr BiACyTHI, peyKTOp BBAXKAETHCS CIIPABHUM 1 MOXKE MTPOJIOBKYBATH €KCILTyaTaIlilo.

8. IIporHo3yBanHs. [|Ji1 MPOTHO3YBaHHS BHKOPHCTOBYETHCS ICTOPUYHUI Hallp NaHUX i
METOJM MAIIWHHOTO HABYaHHS, IO JO3BOJISIE OLIHUTH MOMJIMBHUH PO3BUTOK JAe(EKTIB i
BU3HAYUTH TEPMiHU OOCITyrOBYBaHHS.

9. Pexomenpganii 3 TexHIYHOTO oOciyroByBaHHs. Ha ocTaHHBROMY eTami, SKIIO
NPOTHO3YBAaHHS BKa3ye Ha MOXJIMBICTH PO3BUTKY Je(eKTy, TIUIAHYETbCS TEXHIUHE
oOcyroByBaHHs a00 3aMiHa KOMIIOHEHTIB.

1. ITouaToK &
JUAarHOCTIKH
6. Inentudikanis redexry
v (3HOMmIEHHS MUIINITHIKIB,
2. Bubip xmrou0BHX 3y0uacTi mepenaui, aucbananc
napaMeTpiB Ta BaJliB, 3MalleHHA)

BCTAHOBJIEHHS JIATUHKIB
b4

v
3. IlpoBenenna
BHMIPIOBAHE V PI3HIX [«

7. MoxknuBicTh
PEMOHTY

-

peKnMax i
& TAK
4. Amamis qaHnx 3a v
nonomoror mMetoaiB FFT, ; IposeeHus
BeilBIeT-aHAMIY. .. PEMOHTY
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,.//A.\“-.
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Pucynok 1 — ANropuT™M KOHTPOJIIO TEXHIYHOTO CTaHY PEeAYKTOpa MOTOp-KoJIeca

Bapro BiaMiTHTH, 1110 ICHYIOTB JesIKi TPYJHOIII peai3allii airopurMy, a came:
— CKJIQJIHICTh KaJliOpyBaHHS AAaTUYHKIB;

— BHCOKa BapTicTh 00IaqHAHHS Ta 0OCITYTOBYBaHHS;

— CKJIQJIHICTh aHANI3Y JaHUX;

— HecCTaOUIbHICTH BIOpaLiHHUX XapaKTEPHCTHUK.

Jlo mepeBar BUKOPUCTAHHS aJITOPUTMY MOJKHA BiTHECTH:

— paHHE BUSBJICHHS Je(EKTIB;

— TPOTHO3YBAHHSA Ta IJIAHYBaHHS TEXHIYHOTO 0OCITYrOBYBaHHS;
— 3MEHIIEHHS TPOCTOIB O0JIaHAHHS;

— MOXJIMBICTh aBTOMATHU3AIIil TIPOIIECY.

HenonikamMu aHOTO alropuTMYy €:

— 3aJeKHICTh Bl yMOB €KCILTyaTallii;

— HEOOXITHICTH y KBaJli(hikOBAHOMY MIEPCOHATII;

— BIJIHOCHA CKJIQJIHICTh BITPOBAHKCHHSI B MAJINX MiAMPUEMCTBAX.
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TakuMm 9MHOM, MIPU BIPOBAHKCHHI aJITOPUTMY BOKJIMBO BPAXOBYBATH SIK MOTO TIEpEBary,
0 CIPUSAIOTH MIIBUIICHHIO HATIMHOCTI OOJIAJHAHHS, TaK 1 MOMIJIHMBI HENONIKH, SKI MOXYTh
BHMAararty JI0JIaTKOBHUX PECypCiB 1 ajanTaiii 10 yMOB eKCILTyaTaIlii.

BUCHOBKHA
3anponoHOBaHU AITOPUTM BiOpalifHOT AIarHOCTUKHU sl KOHTPOJIIO TEXHIYHOTO CTaHy
pelyKTOopa MOTOp-KOJieca Ma€ YHUCIEHHI IepeBaru, 30KpeMa paHHE BUSBICHHS Je(eKTiB,
MO>JIMBICTh TMPOTHO3YBAaHHS 1 IJIaHYBaHHS OOCITYrOBYBaHHS, a TaKOXX 3HIDKEHHS MPOCTOIB
obOmagnanus. OgHaK Juis HOro BIPOBAPKEHHs MOTPIOHI 3HAYHI pecypcH, siK (piHaHCOBI, Tak i
JIOACHKI, MO MOXe OyTH NpoOIeMaTUYHUM JUIS MaluxX MmianpueMcTB. He3Bakaroun Ha
TPYIOHOII, MEeH MiAXiA BiIKpUBAE HOBI MOXJIMBOCTI I TIJABHINECHHS HAMIHHOCTI Ta
e(EeKTUBHOCTI POOOTH E€JIEKTPOTPAHCIIOPTY, POOJSYM HOTO BAKIMBUM IHCTPYMEHTOM JIJIS

3a0e3reyeHHs 0e3MeKH 1 eKOHOMIYHOCTI eKCIUTyaTalrii.
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TEXHOJIOT'TI ATATITUBHOI'O YIIPABJITHHA OCBITJIEHHAM
TPAHCIIOPTHOT O 3ACOBY

boraescekuii O.b., Tumenko J[.A.
XapKiBChKHI HAIIOHAIBHHUI aBTOMOOUTEHO-JOPOXKHIN YHIBEpCHTET, YKpaiHa

VY cydacHMX aBTOMOOUISAX aKTMBHO BUKOPUCTOBYIOTHCS Cy4acHI TEXHOJIOTII OCBITIICHHS,
SK1 3HAYHO MIIBUINYIOTH Oe3MeKy i KoM(OpPT Mmig Yac AOPOKHBOTO pyxy. OCBITIEHHS Bimirpae
BOXKJIMBY pPOJb Yy 3a0e3MeueHHi TapHOI BHIUMOCTI B Oyab-skuii 9ac JoOWM Ta 3a Oyab-SKHX
MOTOJAHUX YMOB (IMBHCH Ta0I. 1).

OpHiero 3 HaUMOMYNSAPHIMIMX TEXHOJIOTIH € CUCTeMa aJalTHBHOTO OCBITJICHHS, sKa
3a0e3reuye aBTOMATUYHE PETYIIOBAHHS CBITJIa 3aJIEKHO BiI YMOB Ha Jopo3si. Lls cucrema
BUKOPUCTOBYE JaTYMKH, SIKi BU3HAYAIOTh pIBEHb OCBITJICHOCTI Ta BIACTaHb JO IHIIUX
TPAHCHOPTHHUX 3aco0iB, IO Ja€ 3MOTy aBTOMATUYHO II€PEMUKATH CBITJIIOBI PEKUMH IS
HaWKpaIioi BUAMMOCTI Ta 3ao0iranHs 3acyiIIeHHs IHIIIUX BOIIiB.

[HIIOI0 BaXITMBOIO TEXHOJIOTIEI0 € CHCTEMa JMHAMIYHOTO OCBITJIICHHS, SIKa JIA€ 3MOTY
aBTOMOOUISAM aJanTyBaTH CBITJIOBI My4KH 327EXKHO BiZl pyXy Ta HOBOpOTlB Ile 3abe3neuye
IIMpIIE OCBITJCHHS Ha MOBOPOTAaX 1 BY)KYE OCBITIEHHS Ha NPSAMHUX IUISHKAX JOPOTH, IO
JI0TIOMarae BOJIi€B1 Kpallle OpiEHTYBATHUCH 1 3a100irae 3aciMjIeHHIO IHITNX YYaCHUKIB PYyXY.

[Ie oaHi€rO IIKABOIO TEXHOJIOTIEIO € CUCTEMa aBTOMAaTHYHOTO YBIMKHEHHS Ta BUMKHEHHS
JALHBOTO CBITJIA, SIKA JTA€ 3MOTY aBTOMOOUTIO CAMOCTIHO MEPEMUKATH CBITIIO Ha JaibHIN a0o
OMKHIN PEeXUM 3aJIeKHO BiJl BUSBICHHX TPAHCHOPTHHUX 3aco0iB. 3aBISKW I[i cHCTeMi BOMIN
OCBITITIOE JIOPOTY MAaKCUMaIbHO e(DeKTHBHO, HE 3aCIITUTIOI0YH HITUX BOJIIIB.

Tabmurs 1 — CygacHi TEXHOJIOTIT OCBITICHHS

Texnonoris Omnuc
AJanTUBHE OCBITICHHS ABTOMAaTHYHE PETYJIIOBAaHHS CBITJIA 3aJIEKHO
BiJl yMOB JJOPOTH
JluHamigyHE OCBITICHHS ApanTariisi CBITJIOBUX TMY4YKIB BiAMOBIAHO [0
PYXY aBTOMOOLIS
ABTOMaTHYHE BMUKAHHS Ta BUMUKAHHS Cucrema, mo TMEpeMHUKAE CBITIO Ha JANbHIii
JaTbHBOTO CBITIIA a00 OMKHINM PeKUM aBTOMATUIHO

Jlo mepeBar aBTOMaTHYHOTO aIAITHBHOTO YIPABIIHHA CJi/] BIIHECTH HACTYMHI QYHKIIIT:

- 30UIbIIEHHS BUAMMOCTI: OJHIEI0 3 TOJIOBHHMX II€peBar aBTOMATUYHOTO YIPABIIHHSA
CBITJIOM € MOJJIMBICTP MAaKCHUMaJbHO TONIMNIIMTA BHIUMICTP Ha JIOpO3l B PI3HUX yMOBax
ocBiTJIeHHs. TeXHOJIOTis aBTOMAaTHYHOTO YIIPABIIIHHS 37]aTHA aJaliTYyBaTHCS A0 PI3HUX IMOTOIHUX
1 IOPOXHIX YyMOB, BKJITFOYHO 3 JOIIEM, TYMaHOM abo cyrinkamu. Lle mae 3Mory BoieBi Oauntu
JOPOTY Ta BUSBIIATH MEPEIIKOM 3aBYaCHO, 3MEHIIIYIOUN PU3HK aBAPIMHUX CUTYAIlii;

- KoM(pOpPTHE BOJIHHA: 3aBJSKA aBTOMATHUYHOMY YIPABIIHHIO OCBITJICHHS BOMINH MOXKe
HACOJIO/DKYBAaTUCS KOMGMOPTHUM BOJIHHAM Yy OyIb-skuii wac mobu. Cucrema aBTOMaTHYHO
pEryiroe SCKpaBICTh 1 HANPSIMOK CBiTJIA, 3a0€3MeUyloYr ONTHMalbHE OCBITIIEHHS noporu. Lle
0COOJIMBO KOPHCHO B YMOBaxX HIYHUX MOT3J0K 200 MOTaHOT BUIUMOCTI, IO Ja€ 3MOTY BOJIEBI
3aNuIIaTues 0aJbOPUM i 30CEPEDKEHUM Ha JI0PO3i;

- €KOHOMIsl EHeprii: IIe OJHIEI0 MepeBarord aBTOMATHYHOTO YIPABIIHHS CBITIOM JUIS
BOJIS Ta OTOUYIOUMX € MOXKIIMBICTb 3HIKEHHS €HEpProCHOXHBAHHA. TEXHOJOTiA Jae 3MOTY
aBTOMATHYHO BUMHKATH (apu ab0 mepeMHUKaTHCsA Ha OUIbII €KOHOMHI PeXHMH CBITIA B pasi
BIZICYTHOCTI IHIIWX TPaHCIOPTHHUX 3aco0iB abo pyxy Ha aoposi. Lle kopucHO ansi eKOHOMIi
3apsily akyMyJIsITOpa Ta 3HIKEHHS HaBaHTAXEHHS Ha €JIEKTPHUYHY CUCTEMY aBTOMOOLISL.

- MIBUIIEHHS OC3MEKU: aBTOMATHYHE YIIPABIIIHHS CBITIIOM CIPHSIE 30UTHIIICHHIO OE3IeKH
BOJIS Ta OTOYYIOUMX YYaCHHUKIB JOPOXHBOTO pyxy. CucremMa MOXe aBTOMAaTHYHO BMHKATH
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JaJIbHE CBITJIO B pa3i BUSBIEHHS BIICYTHOCTI IHIIMX aBTOMOOLIIB y IMEBHOMY pajiyci, MO Ja€
3MOT'y BOJIEBI MaTW Kpally BUJIMMICTh Ha BEIHMKHUX BifcTaHsx. lle Takok jomomarae 3HH3UTH
MOTPAIUITHHS CBIiTJIa B OYi BOJISA IHIIMX aBTOMOOUIIB, IO CHpHUSE 3MEHIICHHIO TOPOXKHIX
KOH(DITIKTIB Ta OUTBIIINA Oe3meri Ha 1opo3i [1].

3arasiom, aBTOMAaTHYHE aJalTUBHE YIPABIiHHS CBITJIOM B aBTOMOOLTI MpPEICTaBIsE
pi3HOOIUHI TepeBaru JuUis BOJIB 1 OTOuylOUMX. BOHO cHpusie MONINIIEHHIO BUIMMOCTI,
3abe3neuye KoM(pOpTHE BOIIHHS Ta EKOHOMUTH €HEPTilo, a TAKOXK MiBUIIYEe OE3MeKy Ha J0pOo3i.
Taka TexHOJOTISI € BaXIMBUM (PAKTOPOM y CyYacCHHX aBTOMOOUISIX, CIPSIMOBAHUX Ha
3a0e3rneueHHs] HAUBUIOTO PiBHS O€3MeKH Ta KOM(POPTY VI BCIX YUaCHHUKIB TOPOKHBOTO PYXY.

3HayHa KUTBKICTh aBTOMOOUTBHHMX TPAHCHOPTHHX 3ac00iB, SIK HOBUX, TaK 1 BHITYCKiB
MOTIEPETHIX POKIB, 3 METOI0 MiABUIICHHS OE3MEeKH iX eKcIuTyarallii morpedye 3 OryisigoM Ha
Cy4acHi BUMOTH JI0 O€3MEKH 1 KOHCTPYKIIil yIOCKOHAJICHHS TaKOi eNEeKTPOTEXHIYHOT CUCTEMH SIK
cucreMa oOcBiTiAeHHA. OCTaHHIM YacoM BCE 4YacTille MOYald KOMIUIEKTYBAaTH aBTOMOOLTI
CHCTEMaMH aJJalTUBHOTO CBITIA.

MexaHiuHe MepeHeceHHsI KOHCTPYKIIil aJanTUBHOTO CBiTJIa Ha Oyab-sSKUH aBTOMOOUTH 3
METOI0 MOJIEpHIi3allii CHCTEMH OCBITJIICHHS MIPEJCTaBIsie COO0I0 HEMTPOCTHI 1 BapTICHUI Mpoliec.

Aue Ko oOMEXUTH MOJEpHI3aIlio JOAaBaHHAM OJIHIET a00 TBOX MOJATKOBHX (YHKIIIN
70 MTATHUX MOXKIMBOCTEH TPAJWIIIIfHOT CHCTEMH, TO MPOIEC YAOCKOHAJICHHS MOKHA 3HAYHO
CIIPOCTHUTH.

B po0ori 3amponoHoBaHui BapiaHT yJOCKOHAJICHHS IIISIXOM PO3IIUPEHHS OCBITICHHS
O00koBO1 30HH (y30i4dus) TpW MOBOPOTAX TPAHCIOPTHOTO 3acoOy BIiBo abo BmpaBo. Il
J0JJATKOBA OISl JIOCSATAEThCS BCTAHOBJICHHSAM Ha MEpeJHbOMY Oamriepi aBToMOOiIs 3iiBa i
crpaBa JOJATKOBHUX MasloradapuTHUX ¢ap Ha cBiTiogionax. KoOHCTpYKTHBHE pilleHHS
MpEACTABJICHE HA PUCYHKY 1.
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Pucynok 1 — [Ipukian BCTaHOBJICHHS JOJATKOBHX OCBITIIOBATLHUX MIPHIIAIIB

AnropuTt™M pobOTH MOJEpPHI30BaHO1 CCTeMH HacTymHHA. [Ipr KyTax OBOPOTY MEepeHiX
koJyic 10 10° B 0OMBI CTOPOHU MpAITIOE TUTHKHU IITATHE OCBITJICHHS. Boill Moe 3/iiiCHIOBATH
HEBEJIMKI MOBOPOTH, HANIPHUKIIAM, epeOyI0BYBaTHCA Ha IHITY CMYTY, 00" DK/DKaTH MpUNapKoBaHi
aBTOMOOLII, 3MIMCHIOBATH OOTIH.

[Tpu moBopoTI mepeaHixX Koutic Ha KyT moHaa 10° BMUKaeTbes mepiua foaaTkoBa ¢apa y
6ik moBopoTy. CeKTop OCBiTJIIEHHs 30UIBIIMTHCS MpuOmm3Ho Ha 15° Ilpm Benmukux Kyrax
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MOBOPOTY KOJIic 4yepe3 KokHi 10° BKIIFOUATUMETHCS HACTYIHA J0JaTkoBa ¢apa, 30UThIIyI0UH
ceKTop ocBiTieHHs Ha 15°. Ha cxemi BkazaHa MOJIHMBICTH 30UIbIIEHHS CEKTOpPA OCBITICHHS
y30iuust g0 45°.

Cuin 3BepHYTH yBary, o MiKpOIpPOIIECOPHUI OJIOK yIpaBIiHHI OTpUMYE HPOpMAaIIito
BiJl JIaTYMKa TOBOPOTY, BCTAHOBJIGHOTO Ha PYJIbOBIii KOJIOHII. JlJIi KOPEKTHOTO OOUYMCIICHHS
KyTa TIOBOpPOTY NEpeIHiX KOJIIC TOTpiOHO BpaxyBaTH KOe(]ilieHT TMepenadi pyabOBOTO
PenyKTOpa i KOHCTPYKIIIO PYJIBOBHUX TSI MOJIENI aBTOMOOUIS, KU MPOXOIUTH MOJIEPHI3AILIIO.
Bci mi MOMEHTH BpaxoBYIOTHCS MPOTPAMHO, HaJAIITyBaHHS MalOTh TEBHI OCOOJIMBOCTI, IO
BU3HAYAIOTHCS MApKOIO aBTO.

Kpim Toro, 3 MeTOIO 3HMKEHHS €HEPrOCIOKMUBAaHHS JI0 JIOKAJIFHOI CHCTEMH BKIIIOYEHO
JAaTYMK OCBITJCHHS, IO JO3BOJIE PETYIIOBAaTH 1€ W SICKPaBiCTh CBIYEHHS J[0JIATKOBOTO
oOnagHaHHs B 3aJEKHOCTI BiI mopu 100M (CyTiHKH, Bedip, Hid). TeXHOJIOTIS 1a€ 3MOry
aBTOMATHYHO BUMHKATH (apu ab0 mepeMHUKaTHCsA Ha OUIbII €KOHOMHI PeXHMH CBITIA B pasi
BIZICYTHOCTI IHIIMX TPAaHCIOPTHUX 3aco0iB abo pyxy Ha moposi. Lle kopucHo ans ekoHOMii
3apsily akyMyJIsITOpa Ta 3HIDKEHHSI HABAHTAXKEHHSI HA €JICKTPUYHY CUCTEMY aBTOMOOLIS.

BaxmBo BiMITUTH, 11O 3alpONOHOBAHA i/1esl 3aCTOCYBAHHS YKOPCTKO 3aKpIlUIEHUX Ha
Oamriepi /101aTKOBUX OCBITJIIOBAJILHUX MPHIIAIB Y BUTJISI1 MAaTPHIL, 1€ KOKEH MPUIIaJ] Ma€ CBIl
KYTOBUH CEKTOP OCBITJIICHHS, JIa€ 3MOTY pealli3yBaTH 3aBJSKU JIMIIE YIPABIIHHIO «IIOBOPOT»
CBITJIOBOTO TIPOMEHIO B OiK y30i4ust O3 3aCTOCYBAaHHS NMPUBIAHOTO JBUTYHA — akTyaTopa. ToOTo
OTPUMAaJM TOBOPOT CBITJIOBOTO MPOMEHIO 0e3 (I3UYHOTO TMOBOPOTY  JOJATKOBOTO
OCBITJIIOBAJILHOTO 0018 THAHHS.

JonaBanHs 1iei omiii (aganTHBHE PO3IMIMPEHHS OCBITJIICHHS Yy30i4dsl) 70 CHUCTeMH
IITaTHOTO TPAAMLIAHOTO YIMPaBIiHHS OCBITJIECHHSIM aBTO OE3MEPEYHO € aKTyaIbHUM HE JIHIIe
IUI TPAHCTIIOPTHUX 3acO0iB IMBUIBHOTO TPU3HAYEHHS, a W I BIHCHKOBOTO KOJICHOTO
TPAHCIOPTY, OCKUIBKH MPSMO BIUTMBAE HA MIIBHIIEHHS OE3MEKH pyXy B TEMHY Mopy J00H. A
BUKOPHCTAHHS 3aPOTIOHOBAHOI i/1e1 Ha AYMKY aBTOPIB 3HAYHO CIIPOCTHTH MPOIEC MOJepHi3allii
1 BHOCUTP NEBHUI BIIa/I B PO3BUTOK METO/IIB 13aC00IB eIeKTpUYHOT iHXKEHePii.

JITEPATYPA

1. ABTOMOOiITBHE OCBITIIEHHS — po0OOTa aBTOMATUYHOI CHUCTEMH YIpPaBIiHHSI. -
https://pro-sensys.com/info/articles/obzornye-stati/sistema-osveshcheniya.
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YIAOCKOHAJIEHHA CUCTEMMHJ KOHTPOJIIO ITPUCYTHOCTI BOAIA
B ABTOMOBLJII 3 ABTOHOMHUMM YIIPABJIIHHAM

Boraescwkuii O.B.", Ociue 0.B.2, AGoarx6ax Mamken
XapkiBcbknii HALIOHATBHAI aBTOMOGUTEHO-I0POXKHIi yHiBepcuTeT, YkpaiHa,
*HamuioHanpHuit TeXHIUHMI YHIBepcHTeT «XapKIBCHKMIA TIOTITeXHITHIIT IHCTHTYTY, YKpaiHa,
*TpuBaTHuii mignpremerts, Pecrryorika JliBan

PoGora crocyeThcst ramy3i  JOPOXKHIX TPAHCHIOPTHUX 3aco0iB 3 aBTOHOMHHM
YIIPaBIIIHHSAM, 1 BIIMOBIIHO /IO 3aX0/1iB KOHTPOJIIO MPUCYTHOCTI BOAISA Ha BOJIMCHBKOMY CHUJIIHHI Y
BUIIA/IKY, KOJIM YIIPABIIIHHS PYXOM 3/IHCHIOETHCS B aBTOMAaTUYHOMY PEXHUMI.

VY BIAMOBIAHOCTI 10 BUMOT O€3MEYHOCTI PyXy aBTOHOMHHX aBTOMOOUIIB MPHUCYTHICTH
omepaTopa — BOJisS Ha BOMIMNCHKOMY CHIIIHHI € 00OB’s3k0BO0. [Ipu 1bOMY BOJIifi TOBUHEH
TPUMAaTH PYKH Ha PYJOBOMY KOJIECi, OO B pa3i BUHUKHEHHS PEaJIbHOI 3arpo3M MacaKupam
TPAHCHOPTHOTO 3aco0y MiJ dYac JOPOXKHBOTO PYXy B aBTOHOMHOMY peXHMi, mepeOparu
yhpaBiiHHS Ha cebe 3 MeToro 3amoOiraHHs aBapiiHOI cWTyalii, 3 KO B THX YM IHIIMX
KOHKPETHUX YMOBaX HE 3MOIJIM TOKM IO BIIOPAaTHCh CHCTEMH ABTOHOMHOTO YIIPABIIiHHS.
3po3yminio, MO B SKOCTI omeparopa — BOJis, MOXKE OYyTH JIMIIE BIAMOBITHO MiATOTOBIICHUH
CIIELIATIICT 3 JOCBIIOM.

HaiiOinpm 6M3bKOI0 32 TEXHIYHOIO CYTTIO JIO CHUCTEMH, IO MPOTIOHYETHCS, € CUCTEMA
KOHTPOJTIO IPUCYTHOCTI BOJIiSl 1 MOHITOPHHTY Horo ¢izionorigynoro crany [1]. IcHyroua cucrema
€ YaCTHHOIO TPAHCIOPTHOTO 3ac00y 3 CHCTEMOI0 aBTOHOMHOTO aBTOMATHYHOTO YIIPABIIIHHS, 110
(GYHKIIOHYE B peKMMax HACTPOIKH, aKTUBHOTO BOIIHHS, O€3Me4HOT 3yMMHKM 1 pearyBaHHs Ha
HQ/3BUYAHI cuTyalii. Y pexuMi akTHBHOTO BOMIHHS TpPaHCIOPTHUH 3acid aBTOMAaTHYHO
PYXa€eThCsl 10 MApIIPYTY, 33JaHOMY B peXHMi HacTpoiku. CucTemMa BUSBICHHS BOJIS BHUSBIIIE
MPUCYTHICTh BOJISI Ha BOAIMCHKOMY CHJIHHI 1 KOHTPOJIOE HOro ¢izionoriunuii cran. Pexxum
aKTHBHOTO BOJIIHHS HE 3allyCKAa€ThCs O TUX TMip, NMOKH Ha BOJINCHKOMY CHIiHHI He Oyne
BUSIBICHMH BOMINA 1 1oro (i3ioNOTIYHMN CTaH He CIIBIagaTuMe i3 3a3fajierigb 3aJaHuM
HOPMAJIbHUM CTAHOM. Y PEXUMIi aKTUBHOTO BOJAIHHS pOOUTHCS BiIUTIK Yacy, BIPOJIOBX SKOTO HE
BUSIBJICHO TPHCYTHICTh BOJiA. Y pa3i MEpeBHUIICHHS IMEPIIOTO MOPOrOBOTO 3HAYEHHS Yacy
BOJI€BI HAMpPAaBISIOTh IMOBIIOMIIEHHS PO T€, IO PEXHM AaKTUBHOTO BOJIHHSI MOXKe OyTH
3aBepiieHuil. [Ipy mepeBHIEHHI IPYroro MOpPOrOoBOTO 3HAYEHHS Yacy 3aBEPUIYIOTh PEXHUM
aKTHBHOTO BOJIHHS 1 3aIIyCKAIOTh PEXHUM O€3MeYHOI 3YyMHHKH. Y PEXHMi aKTHBHOTO BOJIHHS
oTpuMaHy iH(popMaIlifo mpo (¢i3i0NOTIUHUN CTaH BOiS MOPIBHIOIOTH i3 3a3/alieTioh 3aJaHuM
KPUTHYHUM CTaHOM 1 y pa3i 30iry JaHuX 3HA4YeHb 3aBEPUIYIOTh PEKUM AaKTHBHOTO BOJIHHS 3
MOIANTBIIIMM 3aITyCKOM PEXHMMY pearyBaHHsS Ha HA/J3BHUAiHY cUTyallito. ['0JOBHUMH BHMOTaMH
70 CHUCTEMH BWSBIICHHS BOJisS € 3a0e3meueHHs Oe3BiIMOBHOCTI, MPOCTOTH BHKOPHCTAHHS,
MIZIBUIIEHHS HAIIMHOCTI 1 €(EeKTUBHOCTI pyXy B aBTOHOMHOMY pexkuMi. IcHyro4da cuctema mae
(GYHKIIiF0 KOHTPOJIIO SIK IPUCYTHOCTI BOJISI, TAK 1 CTaHy HOTO 37I0pOB's.

Jlyiss BUSIBIIEHHSI BOJIS HAa BOMIMCHKOMY CHJIIHHI 1 BH3HAYEHHS ()i310JIOTIYHOTO CTaHY
BOJISA TmepenbaueHa cCreliagbHa CHCTEMa JaT4dKiB. Y pEXHMI HaNAIITyBaHHA CHCTEMA
aBTOMATHYHOTO YIPABIIIHHS MMOPIBHIOE OTPUMAaHE 3a JOMOMOTOI0 JaTYMKIiB (Di31010TYHMA CTaH
BOJIIS 13 3a3JJJIEeTi/Ib 3aIaHUM HOPMAJTLHIUM CTaHOM.

J1Jis1 BUSIBIICHHST BOJIiSI HA BOJIMCHKOMY CHJIIHHI 1 KOHTPOJIIO HOTO ()i310JI0OTIYHOTO CTaHy B
aBTOMATHYHO KEPOBAaHOMY TPAHCIOPTHOMY 3ac00i BHUKOPHUCTOBYETHCS OJWH a00 JEKiTbKa
natyukiB. [|Jist BUSIBJICHHS BOJIiSl HA BOAIMCHKOMY CHIIHHI MOXHA BUKOPHUCTATH BIIOMY CHCTEMY
JIaTYuKiB Kiacudikarii macaxkupis, M0 BXOJUTh B CUCTEMY MACHBHOI O€3MEKH 1 IPUCTOCOBAHY
IUTsL BUSIBJICHHS TIACAXKHPIB HA MEPEIHIX CUIIHHAX.

Takoxx MOXyTh OyTH BHMKOpPHCTaHi 1 IHINI JAaTYMKH TPUCYTHOCTI, HANpPUKIAL]
iHppauepBoHUH JeTekTop HaOmwkeHHs. llomepemkeHHs BUBOAUTBHCS KOXKHOTO pa3y 3a
BIZICYTHOCTI BOJiS, KOJHM aBTOMAaTHYHO KEPOBAaHWU TPAHCIOPTHHUH 3aci0 He MpUNapKOBaHHA.
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SIKIIo 1 micIs bOTO BOJIIN He Oyjie BUSIBJICHU, TPAHCTIOPTHUH 3aci0 aKypaTHO CIPSIMOBYETHCS Y
Oe3reyHe Miciie, HapuKiIag Ha y30i9us, i 3yMHHSETHCS.

JInist KOHTPOJIIO (hi310JIOTIYHOTO CTaHy, CTaHy 3/I0POB'Sl 1 CAMOTIOYYTTS BOJIisA (HAPUKJIA,
YaCTOTH CEPACYHHUX CKOpPOUYEHb, IHTEHCHBHOCTI AMXAHHS, TEMIEpaTypu Tija, piBHA IYKpY B
KPOBI, apTepiaIbHOTO THUCKY 1 TaK Jajli) BUKOPUCTOBYIOTh Pi3Hi BiIoMi OIOMETPHYHI JaTYUKH.
Jlo HUX MO’XKHa BimHecTH BOYJOBaHI JAaTYMKHM (HANpUKIAJA, €MHICHI JaT4YMKH, BOYIOBaHI y
BOJINChKE CHIIHHS, SKI NpU3HA4YeHI JUIsi BUMIpY dYacToThu cepaednux ckopodenb (EKI) i
IHTEHCUBHOCTI JWXaHHSA, a00 €JEeKTPOJM Ha PYJIbOBOMY KOJIECi, SKi NMpPU3HAYEHI Uil BUMIPY
JaCTOTH CEpPACYHUX CKOPOUYEHBb, 3 JATYMKOM JMXaHHS Ha peMeHi Oe3meku) abo 0COOHuCTI
oOnamTyBaHHA BOJiA, $KI KOHTPOJIIOIOTH OCOONHMBI YMOBH 1 OOMIHIOIOTBCS JaHHUMH 3
TPAHCIIOPTHUM 3aCOO0M.

Taxox JuTst BUSIBIICHHSI BOJIisl HA CUIIHHI 1 KOHTPOJIIO HOTO (Pi310JI0TTYHOTO CTaHy MOXKYTh
OyTH BUKOPHUCTaHI BHYTPIIIHBOCATIOHHI JATYUKH 300paXeHHS, 10 BUPOOIISIOTH CIIOCTEPEKCHHS
3a 0IOMETpier0 0COOM, CTAHOM OYEH, YaCTOTOFO MYJIbCY 1 IHTEHCUBHICTIO JUXAHHS 32 JOTIOMOTOIO0
TEXHOJIOTIM aHai3y MIMIKA OONWYYs 1 MyJIhCOBOI OKCUMETpii. ICHYIOTH mpomosuilii, moo
MIPUCYTHICTH BOJIisl, HOTO YacTOTY CEpJCUYHUX CKOPOYCHD 1 IHTEHCUBHICTh AUXaHHS MOXHa OyJI0
0 KOHTpPOJIIOBATH 3a JIOTIOMOTOIO E€JIEKTPOMArHiTHUX JaTYMKIB JWCTAHIIHHOTO BUSBJICHHS,
HaNpUKIIaa 3a JOMOMOTOI0 PAioNoKalifHuX 1 JigapHuX aatdukiB. Ilin gac pyxy poOuThcs
Oe3nepepBHUIT KOHTPOJIb (i3i0NOTIYHOTO cTaHy. Y pasi BUSABICHHS OYIb-sIKOTO CEpHO3HOTO
CTaHY/BIIXWJICHHS y OIOJIOTIYHMX CHUTHAJIAX MOXYTh OyTH BXXHTI BIAMOBIIHI 3aXOJH, IO
KOPUTYIOTh, HAIIPHUKJIAJ TIEPEHAIIPABICHHS TPAHCIIOPTHOTO 3ac00y 3 aBTOHOMHHUM YIPABIIHHIM
Ha y30144s, IICIst YOT0 B €KCTPEHY CIYKOY MOKe OyTH CIpSMOBAaHE aBTOMATUYHE CIIOBIIIEHHS
PO HABBUYANHY CHUTYAIIF0 3 BKa3iBKOKO MICIS PO3TAIlyBaHHS TPAHCIIOPTHOTO 3ac0o0y 1 cTaHy
BOJIIS.

['oOBHUM  €leMEHTOM aBTOMOOUIA 3 aBTOHOMHHM VIPaBIiHHSAM € CHCTEMa
ABTOMATHYHOTO YIPABJIIHHSA, 10 3’ €JHAHA 3 MHOXXHHOIO MIJICUCTEM 1 KOOPJUHYE iX poOOTY, IO
JI03BOJIsIE 320€3MEYNTH aBTOHOMHE YIPABIIHHS TPaHCHOPTHUM 3acoboM. Cepen IUX IMmiacucTeM
3HAXOINTHCA JIOKAJIbHA CHCTEMA BUSABJICHHS BOIIS B CAJIOHI aBTOMOOLIA, sIKa BKJIOYAE OOUH a00
JICK1TbKa JTATYMKIB, BCTAHOBJICHUX Ha BOJICHKOMY CHJIIHHI Ta PYJIbOBOMY KOJIECi, BIaCHE OJIOK
BUSIBJICHHS BOJIis, KU OOpOOJisse CHUTHAIM JATYMKIB 1 mepemae iH(opmaliro B CHCTEMY
aBTOMATHYHOTO YIPABIIiHHS aBTOHOMHOTO aBTOMOOWIS, IO J03BOJISIE BUSBUTH MPUCYTHICTH a00
BIZICYTHICTh BOJisi Ha BOJIMCHKOMY CHJIHHI 1 KOHTPOJIOBaTH Horo (i3ioyIoOTiYHMN CTaH, 1 Ha
MiICTaB1 YOTO JTO3BOJIUTH 200 3a00POHUTH PEKUM aBTOHOMHOTO PYXY.

PosrmsiHyTa icHyroua cuUCTeMa BUSBIICHHS BOJISI B CaJOHI aBTOMOOUIS 3 aBTOHOMHHM
VIPaBIIIHHAM € JIOCUThH TOCKOHAJIOIO, & CHCTeMa KOHTPOJIIO MIPUCYTHOCTI BOAIS Ha BOAIHCHKOMY
culliHHi Oyne OOOB'I3KOBOIO CKIJIAZIOBOIO CHCTEMH ABTOHOMHOTO YIPABIIHHA HaWOIMKYUMU
POKaMH.

[Ipote icHyrOo4a cucTeMa HiSTKUM YMHOM HE MOXE 3aBaJIUTH MOTPAIUITHHIO HA BOJIICHKE
CHIIIHHS JIIOJAWHHU, II0 HE Mae HeoOXigHoi mpodeciiiHoi miaroroBku. Lle BaxiamBO SK 3
TEXHIYHOI, TaK 1 FOPUIMYHOI TOUOK 30py. ToMy 110 BOJii B caioHi 6€3MUTOTHOTO TPAHCTIOPTHOTO
3aco0y € BaXJIMBUM 3aCO00M CTpaxyBaHHS BiJl BHHUKHEHHS Hemepen0adeHuX CHUTYaIliil B
Hpouec1 JIOPOKHBOTO  PYXY, TO BIAMOBIAHO IIeH BOJIA MOBMHEH MaTH HEOOXITHUI JOCBiA
BOJIHHS, KBali(iKalilo 1 MPONTH BIANMOBIAHMN IIMKJI HABYAaHHS eKCIUTyaTalii Ta BOJIHHIO
KOHKPETHOTO THITy OE€3MUIOTHOrO aBTOMOOiIS, a00 AEKUIBbKOX THUMIB, AKIIO Taki OynyTh y
BIMOBiTHOMY aBTomnapky. [ToniOHMI miaxXin JO3BOJUTH ICTOTHO MIJHATH PiBEHb OE3MEKH PyXy
3a paxyHOK HEIOMYIICHHs 0 YIPaBJIiHHS BUMAJAKOBUX BOJIIIB.

B po6oTi mocTraBneHo 3aaavdy BIOCKOHAJICHHS CHCTEMH KOHTPOJIIO TMPUCYTHOCTI BOIIS Y
TPAHCIOPTHOMY 3ac001 3 aBTOHOMHUM YIIPABIIIHHSAM, MiIBUIEHHS €(PEeKTUBHOCTI Ta HaAIHHOCTI
il poboTH.

[TocraBnena 3amada BUPINIYEThCA 332 PaXyHOK TOTO, IO JO CKJIaay ICHYIOUYOI CHCTEMHU
KOHTPOJIIO MPUCYTHOCTI BOJISL Y TPAHCIIOPTHOMY 3ac00i 3 aBTOHOMHUM YIIPABIIIHHSIM JIOJTA€THCS
Omok imeHTudikanii ocoOucTocTi BOAIA (PUCYHOK 1), IO BKIIOYAETHCS MDK OCHOBHOIO
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CHCTEMOIO aBTOMAaTHYHOTO YIIPABIIHHS 1 ICHYIOUOIO0 CUCTEMOIO BUSBIICHHS MPUCYTHOCT1 BOJIIS B
CaJIOHI aBTOMOOLIS 3 aBTOHOMHHUM YIPABIIHHIM 3 MiHIMAJIbHUM BTPYYaHHSM B EIIEKTPUUYHY
cxeMy 1 0e3 BTpydYaHHS B MpOrpaMHe 3a0e3rmeueHHs] aBTOMOOLUTSI 3 aBTOHOMHHUM YITPABJIIHHSM.
3anpon0HOBaHI/Iﬁ 070K imeHTH}iKaIii 0COOMCTOCTI BOIis (1)yHKIIiOHy€ HE3JIeXKHO B poOOTH
icHyrouoi cucremu. YUepe3 010k ineHTH]iKaIii 0cOOMCTOCTI BOJis Oyae BiAOyBaTHCh OOMIH
CHUTHAJIaMU MDK OCHOBHOIO CHCTEMOIO aBTOMATHYHOTO ynpaBJnHH;I 1 ICHYIOUOIO CHCTEMOIO
BUSIBJICHHS BOJIiSl B CaJIOHI aBTOMOOUIS 3 aBBTOHOMHUM YIIPABJIiHHSM.

| — 2
9 1
| ‘ Crcrenma
1 /
]
b gl YTPaBIiHEA
Baok igenTidixamii
ocofucTocTi Bogin ] 10
-~ /J
I 70 2
]
' | Muo:xurEa miacHCTEM
| : ABTOHOMHOTO
i ABTOMODLIA
| —
I
| | 3
| : T 18
13
) hY
oo ;14
12 B 3 Soprosel e [
=128 | —
_Mepemi | [ =3B
=5 B| 5
, $P1 it
PRRENN— P | ’-Ioj MCU (T
| + I B ~ J|
3 B ] * -
5B _\\\_3.3_ N
Y17 16

1 — cucreMa aBTOMAaTHYHOTO YIPABJIiHHS; 2 — ICHYIOUYA JIOKaJbHA CUCTEMa KOHTPOJIIO MPUCYTHOCTI BOIS 1
MOHITOPHHTY Horo (i3100riYHOro cTany; 3 — OJIOK ieHTHdiKaIii 0COOUCTOCTI BOMisl, 4 — OJIOK BUSBJICHHS BOJIIS;
5 — pysaboBe Korneco; 6, 7 — naT4uky; 8 - BOAINCHKE Kpicio; 9 — By30s ynpaBiiHHs (KOMyTalii) KaHaimy oOMiHy
curHajgamu Mix enemenTamu 2 i 1; 10, 13 — npuctpoi untanas NFC-MiTOK pysIb0BOTo KoJeca i Kpicia Bomis
BianoBinHO; 11, 12 —aHTeHHI MOAYII BiIIOBIIHO PYJIHOBOIO Kojeca i Kpicia BOIist;

14 — iMIynbCHUI NEpETBOPIOBAY HANPYTH; 15 — BUXIHMNA CHIIOBHH KIFOY; 16 — MIKDOKOHTPOJIEP YIPaBIiHHS;
17 — NFC koMyHiKaIliifHUH KOHTPOJIEP
Pucynok 1 — Cxran 610Ky ineHTH}IKaIii 0COOUCTOCTI BOJIS 1 HOTO BKIIFOUEHHS J0 ICHYI0UYOT
CHCTEMH aBTOMATUYHOTO YIPABIIHHS aBTOHOMHOTO aBTOMOOLISA

Jns inentudikamii ocoOMCTOCTI BOIS BUKOPHUCTOBYIOTBCA DPAiO4acTOTHI MITKH 3
inTepgeticom NFC. NFC (Near Field Communication) - TexHoJOTiS 0€3qpOoTOBOI Tepemadi
JTaHUX MAJIOTO pajiycy jii, sika 3a0e3rneuye 0OMiH JaHUMHU MK IPUCTPOSIMH, IO 3HAXOSTHCS HA
BifcTani 6mu3pko 10 cM oauH Big oaHOro. J[ns HAAIMHOTO KOHTPOJIO TOJIOKCHHS BOJIS Ha
Kpichi Ta igeHTudikanii 0cOOMCTOCTI JOUUIBHO PO3MICTUTH AaHTEHY AKTUBHOTO 3YUTYIOYOTO
NFC-npuctporo B HIKHIM 4acTHHI CIUHKH Kpiciia. OCKUTBKM aHTEHAa BUTOTOBJICHA 3 ILIIBKH,
BOHA JIETKO MO>ke OyTH BIIMTA B 0OOMBKY Kpiciia, 1 He 3aBJaBaTUMe He3pyYHOCTI BOII€BI.

BinmosijHa macuBHA MiTKa PO3TAIIOBYETHCS Ha 015131 BOis. Taky MITKY MOKHA BIIIWTH B
0COOMCTHI CHIEIOAAT BOIisI, HAPUKIIAA, Y JOPMEHY KYPTKY.

JIns migBWIIEHHS HaAIfHOCTI MOTPIOHO (MOXIIMBO) PO3MICTUTH 1€ OIMH TPHUCTPIi
yutaHHs NFC-MiTok Ha pynboBOMY KoJieci. A BIANOBIAHI MACHBHI MITKH MOXYTh OYTH
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BCTaHOBJICHI, HAIIPUKIIAJ, Ha pPyKaBUYKaX, sIKI BOJIH ojsArae mix yac podotn, ObuaBa npuctpoi
yutaHH NFC-MITOK MaloTh aHAJOTIYHI eNeKTPOHHI MOJyYMi, BiIpi3HATHUMYTbCS TUIBKH
KOHCTPYKIii MpuiMabHO-TIEpeIalouiX aHTEH.

Ha pucynky 1 HaBemeHo ckian Onoky imeHTHdikarmii ocobucrocti Bomis 3 1 #oro
BKJIIOYEHHSI MDK CHCTEMOIO0 aBTOMAaTHYHOTO YHpaBiIiHHA 1 3 MHOXHHOIO MIiJICHCTEM
ABTOHOMHOTO aBTOMOOLIS 18 1 iCHYI0HYOI0 JIOKAJTIBHOIO CUCTEMOIO KOHTPOJIIO TPUCYTHOCTI BOIS 1
MOHITOPHHTY HOTO (i3i0J0TIHHOTO cTaHy 2 3 OJOKOM BHSBJICHHS BOJISL 4 1 BIIMOBITHUMHU
JaTdyukaMu 6 17, o po3TalloBaHi BiAMOBIIHO HA PYJILOBOMY KOJIECi 5 Ta BOJIMCEKOMY Kpicii 8.

o cknmamy Onoky imeHTH]IKaIii 0COOMCTOCTI BOJIS BXOISATh aHTeHHI momyni 11 1 12
BIZIMTOBIZTHO PYJILOBOTO Koseca 1 kpicna Boaist, mpuctpoi 10 i1 13 yutanns NFC-MiTok pyas0Boro
KoJieca 1 Kpicia BOJiSl BiMOBIIHO, a TaKOK BY30JI 9 ympaBiiHHA (KOMyTallii) KaHaay oOMiHY
curHaniamMu Mk enementamu 2 i 1. Takox 1mo ckimaay npuctpoiB yutanns NFC-mitox 10 1 13
BiitoueHi NFC komyHikaniiiauii koHTposnep 17, MIKpOKOHTpoJep yrpaBiiHHS 16, BUXiIHUI
CHJIOBHH KJTI04 15 Ta iMIynbCcHUH nepeTBoproBay Hanpyru 14.

Boaism, mo marote npodeciiine npaBo nepeOyBaTy Ha BOIIMNCHKOMY MiCIli i 9ac pyxy
BHUJIABATUMYTHCS TIEPE]l TMOI3KOI0 CHEIialbHI eJIEMEHTH eJIeKTPOHHOI imeHTHdikarii, sKi
MIPOYUTYBATUMYTHCS BIMOBITHIM CKaHEPOM.

SIkmo B Kpicii Boxgis Oyzae mpucyTHS He ineHTH(]ikoBaHA CKaHEpOM oco0a, TO 3aIycK
PEKUMY aKTHBHOTO aBTOHOMHOTO BOJIIHHS Oy/je OJOKOBaHMIA ammapaTHO €JIEeMEHTOM 9 IMUIIXOM
po3’eTHAHHS KaHATy OOMIHY CUTHAITY MK OCHOBHOIO CHCTEMOIO aBTOMATHYHOTO YITPABIIHHS 1
ICHYIOYOIO CICTEMOTO BHSIBIICHHSI BOJIisl B CAJIOHI aBTOMOOLISA 3 aBTOHOMHUM YIIPABIIIHHSIM.

EdexTuBHICT iCHYIOYOI CHCTEMHU MIIBUIIMTHCS 3a PaXyHOK JIOJATKOBOTO KaHATY
(xanamniB) imeHTH(ikanii ocoOHCTOCTI BOAIA, IO MPAKTUYHO BUKIIOYUTH TMOTPAIUISTHHS Ha
BOJIIliCbKe MicIle 0COOU 3 HEJOCTAaTHHOO MPOPECIHHOIO MiATOTOBKOO.

Ha nanmii yac aBTOpamMu BK€ pPO3pOOJIIEHO MAaKETHHH 3pa30K €JIEKTPOHHOTO MOJYIIS
npuctporo untanasg NFC-MITOK, 110 moka3aB CBOIO pOOOTO3IaTHICTb.

JITEPATYPA
1. ITarenr CHIA Ne 8874301 Bim 28 »xoBTHA 2014 p. «ABTOHOMHHI aBTOMOOLTH 3
KOHTPOJIEM TMPHUCYTHOCTI Bois 1 (pizionoriuHuM MoHiTopuHTOM» (engl. «Autonomous vehicle
with presence and physiological monitoring»).
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JIHIMHA YACTOTHA MOAYJISIA 31 CTUCHEHHAM
HUA®POBUX IMITYJIBCIB AJII BUMIPIOBAHHS BIICTAHI
10 ABTOMOBLIJIIB

3arpedaes M.C., 3Bonenpkuii M.C., C’saoB O.M.
JIHITPOBCHKUI Iep>)KaBHUHM TEXHIYHUN yHIBEpCUTET, YKpaiHa

BCTYII

PamioxBuii, Bimomi sK pajioioOKaliifHI CHTHAJIM, BUIPOMIHIOIOTH TiepeJaBad y
3a3Mayieriny BHU3HAYEHHMX HaNpsMKax pajgiosiokamiiiHoi cucremu. Lli BumpomiHioBaHi
paioNoKaliifHi CUTHAJIM B 3a3/aJIeTib BU3HAYCHUX HANpSIMKax MOTPAIUIAIOTH Ha 00 €KT, BOHH
3a3BMYail BiAOMBAIOTHCS B KUTPKOX HampsMKax 3aJie)KHO BiJ THIy MartepiajiiB i3 3HAYHOIO
€JIEKTPONPOBIIHICTIO, METaJlaMH, MOPCHKOIO BOJIOIO Ta BOJOTMMHU 3eMJIsIMU. DYHKI[IOHYBaHHS
panioNoKamiiHol cUCTeMH 3a0e3MevyeTbcsl HUIECPSIMOBAHUMH BiJOMTUMH CHTHAJaMH Ha
nepenaBay. binblny yacTuHy 9acy mpuiiMay i1 mepefaBay y paiooKamiiiHii cucreMi OyayTh
po3TaloBaHi B OJHOMY MICIi, 10 TapaHTye, IO HABITh HE3BAKAIOYM HA TE, M0 MPUHHATUN
BIIOMTHI pafapHuil CUTHAM € cabKuM, HOro MOYKHA TIICHIIMTH 32 JIOTIOMOTOIO MiJICHIIIOBAYiB, a
TaKO’ 32 JOIIOMOTOI0 METO/IiB 0OpOOKH CHTHAITy BIiJTHOBUTH HeoOXiqHi curHamu [1].

3amaua reHepariii CUTHaIY BHCOKOI MIKOBOI MOTYXHOCTI 3 MEHIIOIO TPUBAIICTIO, SKHA
BUKOPUCTOBYETHCS ISl BUSBJICHHS JIMILIE PYXOMHUX IIUIEH, BUPIIIY€ETHCS MUISIXOM BIPOBAKEHHS
HOBOTO METOJy CTHCHEHHS PaJioJIOKAIIfHUX IMITYJIBCIB i3 BUKOPHUCTAHHSM JIHIHHOI YaCTOTHOT
MOMYJIAIII 3 MOKPANICHOK PO3AUTFHOIO 3JATHICTIO 32 JMalbHICTIO 3 0a30BOK0 KOHCTPYKIIIEO
IMITYJIBCHOT OOpOOKH, aHAJIOTIYHOIO CTAHIAPTHOMY Y3TOKEHOMY (IIbTpy Ta mepepoOSeHOI0
BIZIMTOBIZTHO JI0 TpoTrpamMu. BUKOPHUCTOBYIOThCS KiJIbKA TUIIIB 1 JOBXKHUH KOy TOJOBHOI TPOrpaMu
3aBIIIKM THYYKOCT1 KOHCTPYKIIii, IKa 3MEHIIY€ HEBU3HAYEHICTh, CIIPUYMHEHY BHKOPHUCTAHHSIM
BHCOKHX YaCTOT MMOBTOPEHHS IMITYIILCIB [2].

Immynec mepenaui Mae JdiHiMHY (QopMy yacTOTHO-MOAynboBaHOro curHany (UM). 3a
JOTIOMOTOI0 METOJAY CTHUCHEHHS IMIYJIbCY MOIYTbOBAHUH IIUPOKUN IMITYIBCHHHA CHUTHAMT
MIEPETBOPIOETHC Y BY3bKHHM IMIYJIbC, B SKOMY JOOYTOK LIMPUHHU IMITYJIbCY Ha CMYTY
MpOIMyCKaHHs Ourblie onuHMIN. HaiiBuina BiJCTaHb BUSBJICHHS Ta pO3AUIbHA 3IATHICTH
MOKPAIIYIOThCS pPa3oM IIISXOM HE3aJIEKHOTO PETYIIOBaHHS HIMPUHHU IMITYJIBCY Ta CMYTH
nponyckaHas. CUTHAJM, 0 MalOTh BETUKUN TOOYTOK HIMPUHU IMITYJIbCY Ha IIUPHHY CMYTH, a
TaKOXX JIHIMHY YacTOTHY MOJYNALi0, MoxHa ctuckatu [3]. JliHiliHa 9YacTOTHa MOMYJSIIis
(JTUM) BupaxkaeTbcst MaTeMaTu4Ho [3, 4]:

s () = Acos (27rfct+7r£t2+fo), (1)
T

ne  A— amIUiiTyna cCurHany, f, —4acrtoTa-Hociif, B — IIMPUHA CMYTH, T — IIHPHHA IMIYIIbCY,

@, — movaTkoBa (haza.

Jnst Oynp-sIKOTO IMIYJABCHOTO pajapa i3 CTHCHEHHSM IMITYJIbCIB (akTHUHA cepis
IMITYJIBCIB € OJJHAKOBOIO K 1 B 3BHYAHHHMX pajapax, Ta BUIIIAJAE CXOXKOK Ha aMIUTITYAHO-
MOJYJIbOBAaHUN CHHYCOINaNbHUM curHaid. CHHyCOINalbHUM CUTHaAl TeNep MOMIYJIIOEThCS
9aCTOTOKO Pa3oM 3 aMIUTITYJHOK MOIYIAIIEr0 [S]. Moaynsiis BCepeauHi KOKHOTO IMITYJIBbCY €
HEOOX1THUM elleMeHTOM (OPMHU XBWJII CTUCHEHHS IMITYJIbCY Ta cama MOJYJIIALIS € OCHOBOIO TSI
PO3poOKH (HiTETPa CTUCHEHHS IMITYIIBCY.

Byna cTBOopeHa mMaremaTHnyHa MOJETh CHCTEMH CTHCHEHHS PaIioIOKaIllifHUX IMITYJIbCIB
Ha OCHOBI JiHIHOT dYacToTHOI Moxaymsamii (JIYM), sika O3BOJSIE TOYHO OMKCATH IIPOLIEC
MEPETBOPEHHSI MIMPOKUX IMITYJIbCiB Yy BY3bKi. Taka MOJETh BPaxOBYE IMapaMeTpH IIUPHHU
IMITYJIbCY Ta CMYTH TPOIYCKaHHS CUTHAIy, IO JIO3BOJISIE TIOKPAIIUTH PO3IUIbHY 3aTHICTH 3a
JaTBHICTIO Ta MiIBUIIUTH €()EKTUBHICTD BUSBICHHS PYXOMHUX IIiJieH (3aBa).
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PE3YJbTATHU JOCJII)KEHb
Xpuiist JIUM reHepyeThes mepeaBadeM, sk moka3zaHo Ha rpadiky (pucyHok 1), gactora
XBHJI1 HEOTHOPIHA 1 3MIHIOETBCS 3 YACOM.
Pucynkn 1 ta 2 wmictare nBa PRT. Koxen PRT mpencrasnsie 5 mineil, sk BUAHO 3
PUCYHKA, Y KOXHIA ITbOBIA mo3uiii MoxHa crnocrepiratu JIUM. lle curnan, oTpuMaHuid
pamapom, o MICTHTH iH(OpMaIIiFo PO MiCIIe3HAXOKEHHS ITUTeH.
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Pucynok 2 — [NoBepHeHa JIiHIHHO-9aCTOTHO MOy TbOBaHA XBUJIS

I'padixu Ha pucyHky 3 moka3yroTb Buxig mudposoro crucHeHHs immyibcy (LICI) i
iHnukaTopa pyxomoi minmi (IPL) i3 mymom i 3minoto ¢asu. lym pazom i3 pyxomMow HULTIO
i1eHTH(IKOBAaHO HAa BUXO/1 IHANKATOPA PYXOMOT Iii.
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BUCHOBKH

MiHiMi3alis HEJOMNIKIB IMITyJBCHOTO pajapa 3IIHCHIOEThCS 3a JOMOMOTOI0 TEXHIKH
U(POBOTO CTHCHEHHS IMITYJIbCIB Ha OCHOBI JIIHIMHOT 4acTOTHOT MOAYMSAIII, IO J03BOJMIIO
MOKPAIUTH PO3AUTHHY 3JaTHICTh 32 JANbHICTIO. Takox Oylio po3po0iieHo KoMIIeHCAaTOp OIYHUX
nemoctok (SLC) mis dinprparnii HeOakaHWX CHUTHANIB, CHPUYMHEHUX OIYHOIO TEIFOCTKOIO
aHTEHU pajapa. 3HWKEHO pIBEHb IIyMYy Ta BHKIIOYEHO HEPYXOMi IIijIi 3a JOMOMOTOI0 (imbTpa
MTI B moenHaHHI 3 TEXHOJIOTIEIO ITHU(PPOBOTO CTUCHEHHS IMIYJBCIB, IO MiIBUIIMIO TOYHICTH
BHUMIpPIOBAHb.

OCHOBHI MOKa3HUKU Ha OCHOBI pPE3yIbTaTIB PO3POOKH:

- MOKPAIIeHO TOYHICTh po3AuUIeHHS Iuted Bim 5 mo 10 MeTpiB, 1m0 BKa3zye Ha 3HAYHY
JeTai3a1ito MpH BUCOKIH YacTOTI MOBTOPEHHS IMITYIIBCIB;

- micnst 00poOKHM CUTHANy, NPUIYIICHHS IIyMy Jaocsrio piBHsS Omu3pko 20-30% Bin
MOYATKOBOTO IITYMOBOTO (hOHY;

- Bukopucranus KBII 3menmye BrumB 3aBan npuOmmszno Ha 15-25%, mo BugHO 3
3MEHIIICHHS aMILUTITY/l BITOWTHX CUTHAIIIB, SIKi HE HAJIEXKATh J0 IJIbOBUX 00'€KTIB.

JITEPATYPA

1. A. Thakur and D.S. Saini, “Mitigating peak side-lobe levels in pulse compression radar
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OIITHKA BJACTHUBOCTEM IMACAXKHUPCHKOI TPAHCIIOPTHOI CUCTEMHA
JIJIA I ONTUMIBAILIIT

Tapanenko M.E€.", KoOGpina H.B.', Mirams I'.B.
'HarionansHuit aepoxocMiunmii yriBepcuTeT iM. M. €. JKykoBchkoro «XapKiBChKuii
aBiaIiifHUI IHCTUTYTY», YKpaiHa,
*Hauionansauii yaiBepcuteT «JIbBIBChKA TIOTITEXHIKAY, YKpaina

Micbka nacaxxupcbka TpancrnoptHa cucrema (MIITC) € gyxe ckilaJHOIO CHCTEMOIO, IO
CKJIAJIA€ThCSl 3 YMCJICHHOTO YHCIa KOMIIOHEHTIB 3 iX pPI3HOMaHITHUMH OCOOJHMBOCTSIMH i
PUPOJI00 00TpyHTYBaHHA. ONTHMI3allii TAKUX CUCTEM MOJXKIIMBA TUTHKM Ha OCHOBI 00'€KTUBHUX
OI[IHOK BJIACTUBOCTEH CHUCTEMH B IIJIOMY Ta CKJIQJOBUX KOMIOHEHTIB. [ 1[bOTO MOTPIOHO
BU3HAYUTH OCHOBU iX BJIACTUBOCTEH Ta METOJ iX KUIbKICHMX OIHOK. [lam cuHTe3yBaTH
MaTeMaTU4YHy MOJENb YIPaBIiHHSI TAaKUMH BJIACTHBOCTSAMH Tpu (HOpMYyBaHHI TPaHCIOPTHOL
cUCTeMH (CTPYKTYpH Ta 3MICTy) JUIsi ONTHMI3Alil 3 IUIAMHU, aKTYaIbHUMH JIJIS XapaKTePHHX
YMOB.

[Tpu ananizi MIITC BcTaHOBIIEHO, IO MPIOPUTETHUMHU BIIACTHBOCTSIMH MOXYTh OyTH:
(Tpymu BIACTUBOCTEH pO3TAIIOBaHi 33 IPIOPUTETOM):

— TIpyma BIACTHBOCTEH TpH3HAYEHHS, BKJIIOYAIOYM BIIACTHBICTH THYYKOCTI, IO
PO3TISIIAETHCS K MOMIIMBICTH HMIBHJIKOT NEepeOyI0BH MapUIpYTiB pyXy Ta TepeHarpaBlIeHHS
MACaKUPOTIOTOKOM Y BIIOMI ITYHKTH JJOCTaBKH;

— Tpymna BIACTHBOCTEW HAJIMHOCTI, SKa BKJIIOYA€E BJIACTUBOCTI BIIEBHEHOCTI JIOCTABKU
MacaXupiB A0 Micls TPU3HAYEHHS B 3yMOBJIEHI TEpMiHHM, a TaKOX BIACTUBICTh
BiZJTHOBITIOBAHOCTI (PEMOHTONPUAATHOCTI) MPOTATOM MPHUHHATHOTO Yacy;

— TIpyma BIIACTHBOCTEH E€proHOMIYHOCTI Ta O€3MeKH; BIACTUBOCTI IHMX TPYI
PO3TISIIAETECSA B CHUCTEMI «IIOJMHA-TPAHCIIOPTHUN 3aciO-TOBKULIS»;IPH IBOMY Y Kareropii
«JTIOTMHA» HEOOX1THO MpUKWMAaTH BOJIis,lTacaKHUpa Ta MIMI0X0/1a;

— TpyIOU EKOJIOTIYHUX BIIACTHUBOCTEH;KUTbKICHI TIOKa3HUKH TaKUX BIIACTHBOCTEH
MOBHHHI PO3TJISAATUCS B BIJHOCHIM CHCTEMI pO3MOJUTY BHUTPATH/KUIBKICTH TPAaHCHOPTHOT
poboTH abo macaxwupa.

[IpiopUTETHOIO BIIACTHBICTIO TPYIMU EPrOHOMIYHMX BIACTUBOCTEH € BIACTUBICTH
«koMpopTHICTEY». ICHye Kilbka BH3HA4YEeHb Mi€1 BIACTHUBOCTI, IO BIIPI3HAETHCS CHCTEMHICTIO
y3arajibHeHb. ABTOpaMU MPHUIHSTO, 10 KOM(OPTHICTH — BIACTUBICTh YU CTaH, IO XapaKTepU3ye
CYKYITHICTh TO3UTHBHHUX MCUXO(QI3I0JOTIYHUX MOYYTTIB JIOAWHHU. J{HCKOMPOPT — HENpHEMHI
BIUYTTS. AHAII3YIOUH IO BJIACTUBICTh 3 €HEPreTHYHOI TOUKH 30py MOXKHA 3pOOUTH BUCHOBOK,
110 PO3IJIAJATH TOKAa3aHHS I1i€1 BIACTUBOCTI IOBHHHA JIFOJIHA, KA CHIUTH Y M'SKOMY 3py4YHOMY
Kpiclli y CHpPUSATIMBOMY HaBKOJIMITHBOMY CEPEIOBHIII, BUTpAda€e MEHIIEe 0ioxiMiuyHOI poOoTH
(3ycmip), po3yMOBOi Hampyrd 1 Tak Jaji, HDK Yy HECHPHUATIUBUX YMOBaxX Yy MKOPCTKOMY
XOJIOTHOMY KpiCITi.

Crin 3a3HaunTH,I0 BinoMuil 3akoH BebOepa-DexHepa, sKuii MOKa3zye, MIO 3aJEKHICTH
PIBHS 3apeecTpOBAHOTO MOYYTTS JIIOAWHU B 3HAUYEHBb MOJApa3HUKA y BUTISLAL JIOTapHPMIYHOT
3aJIeKHOCTI.

Miporo kKOM(OpPTHOCTI € MmapaMeTp CTOMIIOBAHOCTI. UMCIEHHUMH JOCHIKEHHIMH 31
CIOA Tta [lIBermii moka3aHO 3aJIeKHICTb CTOMIIFOBAHOCTI Bill Yacy y BHIUIAII TinepOOiuHOT
3anexxHocTi. [Tapamerpu 11i€i 3ameXHOCTI BU3HAYAIOTHCS BUAAMU POOOTH, KUIBKICTIO MEPEPB Y
Hil Ta mapaMeTpoM BTOMHOYTBOPIOIOYOTO YHHHHKA (TOpIBHSANTE: poOoTa omeparopa
KoMITtoTepa Ta KoBaysl). Jlnms KUTbKICHOT OIIIHKKM KOMQOPTHOCTI YYaCHHKIB TICPEBE3CHb
HEOOXIJJTHO OTPUMATH EMITIPUYHI 3aJI€KHOCTI IIUX ITapaMeTpiB Bij 4acy Ta yMOB.

Jus ontumizanii MITTC npu tutanyBanH1 ii 370iHCHEHHS MOXKIJIMBO BHUKOPHUCTOBYBATH
KOMIUIEKCHY KBATIMETPUYHY MOJIENb YIPABIIHHS AKICTIO.

OnTuManbHOI0 MOXE BBAXKATUCS CHCTEMa, IO BOJIOJi€ MaKCUMAaJbHOIO SKICTIO, IO
3aJIOKUTh Bl METH ONTHMI3allii B MaTeMaTHYHIA MOJENi yNpaBiiHHS. YTPaBIiHHS SKICTIO
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BXI/IHUX TapaMeTpiB € KUIbKICHI TPYMOBi MOKa3HUKHU (IIPHU AEPEBOMOMIOHIN CTPYKTYpl OI[IHKH
BJIACTUBOCTEH SKOCTi), BUXIJHI TMOKAa3HUKH — KOMIUIEKCHHW TOKa3HUK BJIACTHUBOCTEH TpyIH.
Kepyrounmu mapameTpamu € koeillieHTH BaroMOCTi TPy BIACTUBOCTEH a00 SIKICTh HMXKUOTO
yrpaBIiHHSA. 3HAUYEHHS KOCQIIIEHTIB BarOMOCTI 3a/Ial0ThCs (ITIIOMPAIOTHCS) SKCIICPUMEHTAMH,
3aJIeKHO BiJl METH ONTHUMI3allii.

[Tpu ontumizanii MITT3 HE0OXiTHO BUKOPHCTOBYBATH MOJIMBOCTI MEPEKEBUX METO/IIB
PO3paxyHKy Ta MITYYHOTO IHTENIEKTY.
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PO3POBKA CTPATEI'Tl KEPYBAHHS ATJAIITUBHUM KPYi3-KOHTPOJIEM JIJISI
I'PYIIM TPAHCIIOPTHUX 3ACOBIB

1 1 1 2
Cwmupnos O.I1.°, bopucenko A.O.", Kpacuns I1.B.", Kaky6aBa Pesa3
1 . o . o . .o . .
XapKiBChKHI HAI[IOHATHHUN aBTOMOOUTEHO-IOPOXKHIN yHIBEpCUTET, YKpaiHa,
2 o . o . .
I'py3uHCBHKUI TEXHIYHMI yHIBEpCUTET, I py3isa

BCTYII

TpancmopTHi 3acO0M € 3HAYHOIO MPUYHHOIO SK €KOJOTTYHHX MpobieM uepe3 HebakaHi
BHUKH/IM, TaK 1 yepe3 CIOKMBAHHS 3HAYHOT YACTHUHU BUKOITHOTO manuBa. [IpobieMu JOpoKHBOTO
PYXY, SKi 3MEHIIYIOTh BUKUHU, MIABUIIYIOTh €(PEKTHBHICTh BUKOPUCTAHHS €IEKTPUYHOI eHeprii
Ta MajuBa, 3MEHIIYIOTh 3aTOPH Ta MiJBHIIYIOTh O€3MeKy pyXy, 3Ha4HO 3pOCTAIOTh B OCTaHHI
POKH 31 MIBHJIKAM 3pOCTaHHSIM TPAHCIOPTHUX 3ac00iB, B TOMY 4YHCIi eleKTpuuHux [1].
BinnoBigHO, cTanuii po3BUTOK TPAHCHOPTHOI CUCTEMH CTA€ TOJIOBHOIO CTPATETIYHOIO METOIO B
Oaratbox KpaiHax ISl JOCATHEHHS IIJIe E€KOJIOTTYHOCTI, €Hepro30epekeHHs, MOKpalleHHs
MOOLUTRHOCTI Ta Oe3meku [2].

Po3pobka cTiiikoi TpaHCTIOPTHOT CUCTEMH 3aCHOBAHO Ha HOBITHIX po3poOKax B Tamysi
CydacHOTO  aBTOMOOineOynyBaHHa.  [liABHIIUTH  €HEPrOCPEKTHBHICTH  ENEKTPUIHHX
TPAHCHOPTHUX 3ac00iB pAaIliOHATBPHO 32 paxXyHOK ONTUMI3alil pEeXHMY pyXy aBTOMOOLIA
(IWBUIKOCTI Ta MPHUCKOPEHHS B KOHKPETHUX IOPOXKHIX YMOBax) 3a JOTIOMOTOIO IEPEeIOBHX
CHCTEM JIOTIOMOTH BOJI€BI, HANpPUKIAA, aJaNTHBHOTO KpPYi3-KOHTPOJS. ANANTHBHHNA KpYi3-
KOHTPOJIb, SIK Ba)KJIMBa YaCTHHA TPOIIECY peastizallii aBTOMaTU30BaHOTO BOJIHHS paIlioHAIBHO
BUKOPHUCTOBYBATH IS TPYIH TPAHCIIOPTHHUX 3ac00iB. Taki TOCIIIKEHHS € OCHOBOKO CTBOPEHHS
0€3MUJIOTHUX TPAHCIIOPTHUX 3ac00IB Ta MPU3HAYCHI IS MiABUIIEHHS Oe3MeKu Ta e(h)eKTUBHOCTI
TOPOXKHBOTO PYXY, OJHOYACHO JUIs 3MEHIICHHS 3a0pyIHEHHS HAaBKOJHIITHBOTO CEPEIOBHUINA Ta
320118 KECHHS CHEPTi.

Po3poOka Ta BHIpOBa/PKEHHS AJANTHBHOTO KPYI3-KOHTPOJS It TPYMU MIAKITIOYSHUX
€JIEKTPOMOOUTIB ONTUMI3y€ MIBHIKICTh, MPUCKOPEHHSI Ta MIHIMI3y€ CIIOKHBAHHS EJIEKTPUYHOI
eHeprii Bix akyMyssITopHUX OaTapeil. OnTUMaNbHUN MIBUIKICHHA PEXUM TPYNH eNEeKTPHUYHHX
TPAHCIIOPTHHUX 3acO0IB Yy CIEHapii Mpoi3Ay uepe3 mepexpectsi 31 CBiTIodopaMu Ta 3HAKAMHU
STOP nemoHCTpy€e BENHKI IepeBaru Jjsi eKOHOMIi Ta eKOJIOT1i.

PE3YJbTATHU JOCJII)KEHb

Ha ocHOBI 3B’s13Ky MK TpaHCIIOPTHUMH 3ac00aMHM Ta JOPOKHIM cepepoBuiieM V2X (Big
anra. vehicle-to-everything, V2X) mnpomnoHyeTbcss po3poOKa €KOJOTIYHOTO KOOTIEPATUBHOTO
aIaTUBHOTO Kpyi3-KoHTpoJs (Bim aHri. ecological cooperative adaptive cruise control, Eco-
CACC) mist Tpynu eNeKTpUYHUX TPAHCTOPTHUX 3aco0iB [3-6]. Taki po3poOku 00’€THYIOTH
nepeBaru eKOHOMIYHOTO Ta €KOJIOTIYHOTO BOIHHS TPYIH €JIEKTPUYHUX TPAHCIOPTHHX 3aC00IB B
MICBKHX YMOBax pyxy. Ctpareris KepyBaHHS €KOJOTIYHHUM KOOTIEPATUBHUM ATAalITUBHUM KpPYi3-
KOHTPOJIEM 3aCHOBaHA Ha PO3PAXYHKY ONTHMAJIbHOI MIBHIKOCTI Ta MPUCKOPEHHS JITUPYIOYOTO
TPAHCIIOPTHOTO 3acO00y Ta BCIX €NIEKTPOMOOLUTIB Y TPYIIi.

Crparteris KepyBaHHS KOOTIEPATUBHUM aJalITUBHUM KPYi3-KOHTPOJIEM, SKHIA HIITPUMYIO
€KO-BOJIHHS, TIOJISITa€ B TOMY, 1[0 TPAHCIIOPTHI 3aCO0M MalOTh KOMYHIKAIIIIO BiJ aBTOMOOUIS 10
Bchoro V2X Tta Big aBTOMOOuUIA a0 aBToMOoOuI1 V2V (Bim anrim. Vehicle-to-Vehicle, V2V),
OCHAIIIECHI BIAMOBIIHUM OOJIAJHAHHSAM Ta MPOTpaMHUM 3abe3nedeHHsM. CTparteris KepyBaHHS
BUKOPUCTOBYE JIaHI1 MPO JOPO’KHE cepeAoBUIe (3HAKH, (a3u MiAKIIOYCHHS YEPBOHOTO CBITIIA
cBITIIO(OPIB, CTaH IHMIMX 3aCO0IB JOPOKHBOTO PYyXy, TOIIO), 10O BU3HAYUTHA ONTHMAILHE
MPUCKOPEHHS Ta MBUAKICTh MiJKIIOYEHUX TPAHCIIOPTHUX 3aC00iB, K1 BCI€IO TPYIOIO MPOiXaH
70 HACTYITHOTO CHTHAIY CBiTodopa Ha 3elieHe CBITIO a0o TaibMyBaldW B HaWOUIBII
€KOJIOTIUHUH c11ocio.

CxeMa 3ampoOIlOHOBAHOi CTpaTerii KepyBaHHS KOOIEPATHBHUM aJaNTHBHUM Kpyi3-
KOHTpOJIEM, SKHHA MIATPUMYIO EKOJIOTIYHE Ta EKOHOMIYHE BOJIHHS TPYIU MiJKITIOUYEHUX
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TPAHCIOPTHUX 3ac00iB, IO MPODKIKAIOTh dYepe3 JAekiuibka cBimiodopie Ta 3Hak STOP
MPEJICTAaBJICHO HA PUCYHKY 1, Ha SKOMY HaBEJCHHUI MeTa CTPATErii Ta JIOTTYHUI 3B'SI30K KOKHOTO
OJIOKY yIpaBIIiHHS.
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Pucynox 1 — Crparerist kepyBaHHs aJallTUBHUM KpPYi3-KOHTPOJIEM
IUISL TPYIH TPAHCIIOPTHHX 3ac00iB

Crpareriss KepyBaHHS KOOTEPAaTHBHUM aJalTUBHUM KPYi3-KOHTPOJIEM Ma€ iepapXiduHy
CTPYKTYPY, IKa CKIaJa€ThCs 3 ABOX PiBHIB:

- BEpXHId piBeHb cTparerii — me pilleHHs I0J0 ONTHMAaJIbHOI IIBHIKOCTI TPYNH
aBTOMATH30BaHUX TPAHCIIOPTHUX 3aCO0IB, SKI PyXalOThCs Yepe3 JeKiIbKa CBITI0(OPIB Ta 3HAKIB
STOP, mo 3acHOBaHe Ha €KO-BOJIHHI;

- HIDKHIA piBeHb cTparerii — 1e CTpaTerisi KepyBaHHS KOHTPOJEPOM KOOIEPATHBHOTO
aIaTHBHOTO KPYi3-KOHTPOJIA, IO CIIIKYE 3a TPYIOI0 aBTOMOOLTIB Ta PO3PaxoOBYe ONTHUMAIbHY
MIBUJIKICTB TIEPIIOTO aBTOMOOLIS, IKUI € JIIEpOM.

Merta KOONEpaTHBHOTO AaJalTUBHOTO KpPYi3-KOHTPOJS TMOJSATae y ToMy, IoO yci
TPAHCIIOPTHI 3aCO0M MOTJIM MPOiXaTH HAa TMEPEeXPeCcTSAX i3 3eJICHHM CBITIOM, TOOTO OCTaHHIH
aBTOMOOUIb TPYMH TAaKOX MpPOiXaB MEPEeXpecTst A0 TOTo, SK BBIMKHEThCS uepBoHa (aza. Tomy
KOHTpOJIEp IIBUAKOCTI TPYMU aBTOMOOUIIB pO3paxoBye dYac MPOXO/PKEHHS Ha N-My
CHUTHAJILHOMY NIEPEXPECTi OCTAHHBOTO aBTOMOOLIA y TpyIi. SIKI0 OCTaHHIi TpaHCHOPTHHH 3aci0
MOXK€ TpOoiXaTW, TOJI KOHTpOJEp TMpHiiMae pilMIeHHS IIOAO0 ONTUMAIBHOI IIBHUAKOCTI
JIUPYIOYOTr0 TPAHCHOPTHOTO 3aco0y. B iHIIOMY BHIaIKy crcTeMa KepyBaHHS KOOTIEPATUBHOTO
aNaNTHBHOTO  KPYi3-KOHTPOJIS 3MIHIOE METy IUIAaHYBaHHS  IBHAKOCTI  JIAMPYHOUYOTO
TPaHCIIOPTHOTO 3aco0y.

[TopiBHSUIBHI pe3yNbTaTH BUKOPHCTAHHS KOOTIEPATUBHOTO AJANTUBHOTO KPYi3-KOHTPOJIS
y IPaKTHYHOMY CIIeHapii MicTa MOXHA MOOAYNUTH HA PUCYHKY 2.

TpancnopTHuii 3aci6 31 3BHyYaitHuM KepyBaHHsM Ticist curHainy STOP pyxascs 31 cBo€rO
3BHYAITHOIO BUCOKOIO HIBHJKICTIO Ta i iXaB JI0 MEpEeXpecTs Ha KpacHHWH CHUTHAJ CBiTIOdopa.
[ls 3ynuHKa TaKOXX MOXKE MPHBECTH JO TOTO, IO aBTOMOOLIb, SKIIO Aaji IIBHIKO HE
MPUCKOPUTHCS, TO 3HOBY BTpAalUTUME Ha YEPBOHHMHA curHan cBitmodopa. Ha pucynky 2
MOKa3aHO HOro BUCOKA MIBHJIKICTh, KA JO3BOJISIE HOMY MPOIXaTH Ha YKOBTE CBITIIO 3 BEIUKOIO
mBHAKICTIO. Takuii pyxX He TUIBKM MOTpedye ONATKOBY €JIEKTPUYHY EHEprilo  Bif
aKyMyJIsITOpHOT OaTapei, ane Moxe OyTH HeOe3NEUHNUM 3 TOUKH 30pY Oe3MeKn JOPOKHBOTO PYyXY.
SIKImo KpacHW CHUTHam CBiTIoQopa BKIIOYHTHCS Ha JEKUIbKAa CEKyHJ paHilie, ToOmi
eJIEKTPOMOOUTIO TpeOa BUKOPHCTOBYBATH €KCTPEHE TaIbMyBaHHS.

Crpareris  eKO-BOJIHHS JEMOHCTPYE €KOHOMHE MPHUCKOPEHHS, peKylnepaTHBHE
ralbMyBaHHS Ta TIOCTiHY exoJjioriuny mBuaKicTb. Ilicnms curnamy STOP  Bemyuwit
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TPAHCHOPTHHUH 3aci0 AEMOHCTPYE MOBUIbHE MPUCKOPEHHS Ta ONTHMAJIbHY MOCTIHHY IIBHIKICTh
PYyXy uist TOoro, mo0 0e3 3ymUHKU TPpyIi TPAHCIIOPTHHUX 3ac00IB MOTPAUTH HA 3€JIEHUI CUTHAI
cBiTIIO(hOpa HAa HACTYITHOMY ITEPEXPECTI.

Enexrpomodins Enexrpomodins 3

Esexrpomodin 1 Eaexrpomobins 4 Crparerin ontMansHoro

nnaHyBaKHA WekaKocTl Yepponuii curuan ceiraogopa
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Pucynox 2 — INopiBHsHHES rpadikiB MIBUAKOCTI IPpyNH TpaHCHOPTHUX 3ac00iB 3 Eco-CACC
Ta aBTOMOOLIS 31 3BUYAHUM KEepYBaHHAM

BUCHOBKH

[TokazaHo mepeBard BUKOPHUCTAaHHS PO3POOJICHOTO KOOTIEPATUBHOTO AalITUBHOTO KpYyi3-
KOHTpOJII B TOPIBHSHHI 3 3BHYAaHUM pPYYHHM BOJIHHAM i3 TIOJITHKOIO TOCTIHHOTO
npuckopenHs. HaiiOinpma eHepreThyHa Ta €KOJIOTIYHA €QEKTHBHICTh KOONEpaTHBHHUN
aJIanTHBHUNA KPYi3-KOHTPOJb OTPUMYE B YMOBAX HU3bKO1 KOHIEHTpalii Tpadiky TpaHCIOPTHHUX
3aco0iB. Jls1 rapaHTOBAaHOTO MPOXOJUKEHHS TPYNMU TPAHCIOPTHUX 3ac0o0iB Ha 3eneHiil ¢asi
cBimioopa 6e3 oty Tpynu, Oyna BUKOPUCTaHA JIOTIKA MEPEMHUKAHHS METH TJIAaHYBaHHS ISt
PO3paxyHKy panioHaJbHOI IIBUAKOCTI OCTAHHBOTO aBTOMOOLIS B IPYIi HA KOXKHOMY €Tarli pyxy.
OTtpumani pe3yabTaTd JeMOHCTPYIOTh BUCOKHH MOTEHIlia] eHEPro30epeeHHs 3 CIPUSTINBUMHI
XapaKTePUCTUKAMU MIBHIKOCTI TPYITH €EKTPOMOOLITIB.

Po3po0ka crparerii kepyBaHHS aJalTUBHUM KPYi3-KOHTPOJIEM JJISl TPYNH TPAHCIIOPTHHUX
3ac00IB € OCHOBOIO CTBOPEHHs OE3MUIOTHOTO TPAaHCHOPTHOTO 3aco0y Ta NpU3HAYeHa IS
MiIBUIEHHS Oe3Mekn Ta eQEeKTHBHOCTI JOPOKHBOTO pPyXy, OJHOYACHO Uil 3MEHIICHHS
3a0pyJHCHHS] HABKOJMIIHBOTO CEpPEJOBHINA Ta 3a0MAPKYIOUM eHeprito. Taki IOCITiKeHHS
JIEMOHCTPYIOTh BEJIHMKE 3HAUEHHS JJIS MiIBUIICHHS CTIMKOCTI IHTENEKTyaJlbHOI TPaHCIOPTHOT
CUCTEMH, EHEPro30epeKeHHsI, OE3MEeKH Ta eKOHOMIT Jacy.
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NIAXIA 11O BUBSHAYEHHIO HABAHTAKEHHA ABTOMOBIJIBHOI'O
TPAHCIIOPTY IIPU INTEPEBE3EHHSAX

Kirenbka O.B., Minaes O.1., Jlagmxkencbkuii E. /1.
[TprazoBCchKuUil IepKaBHUM TEXHIYHUI YHIBEpCUTET, YKpaiHa

BCTYII

ABTOMOOUTHHUI TPAHCIIOPT SBISETHCS OJHUM 13 OCHOBHHUX BHUJIB TPAHCIIOPTY Y CBITi Ta
3aliMa€e BaXJIMBY HIIly y JIOTICTHYHHX MpPOLECaX PyXy BaHTKOMOTOKIB 3 METOI 3’ €IHAHHA
BIJIMPaBHUKIB Ta OJiepKyBadiB mpoaykiii. Konnemnuis BUOOpy BUIY pyXOMOTO CKIIaay, METOMIIB
HOro HaBaHTa)XEHHS, IIISXIB CIiyBaHHS, HABHOCTI Ta BiICYTHOCTI MPOMDKHUX TEPEBATOYHUX
0a3 3aCHOBaHa Ha ONTUMAILHOCTI BUOOPY MaTeMaTUYHOT MOJIEII JIOTICTUYHOTO MOTOKY B JTAHHMA
MOMEHT 4acy ¥ mpu MOTOYHUX yMmMoBax. Kpurepiii onTHMambHOCTI HE 3aBXAM 3aCHOBAaHUH Ha
MIHIMAITBHIA BapTOCTI OJWHHMII MPOWAEHOTO INIISAXY, IO TIOB’S3aHO 3 PETiIOHOM EKCILTyaTarlii
(ToroIHI YMOBH, CTaH JOPIr, MOJITUYHI Ta BOEHHI MOJil), TEXHIYHAM CTAaHOM TPAHCIOPTY Ta
iHmuX yMoB. Bce 1me B ymMoBax HEBHM3HAYEHOCTI Ta PU3MKIB BHMAarae BijJ CIELIATICTIB 3
opraizailii INepeBe3eHb BaHTAXIB Ta TMAacaKUpiB OOpaHHSA JIAHIIOKKIB JOCTaBKU sAKi O
3aJJOBOJIGHSJIM  MOTOYHOMY pIBHIO O€3NeKH, HOpPMATHBHO-TIPABOBUM  aKTaM, 3aKOHaM,
MiZI3aKOHHUM aKTaM, MPaBWJIaM Ta BUMOTaM IIO PETYIIOIOTh (PYHKI[IOHYBaHHS aBTOMOOUTHBHOTO
TpaHCHOPTY B KpaiHi [1-2].

PE3YJIbTATHU JOCJIIKEHb

[Ipobnematuka BHOOpPY pYyXOMOTO  CKJIagy 3  BpaxyBaHHSAM  TPaHCHOPTHOI
iH(paCTPyKTypH, K OJHUX 3 OCHOBHUX CKJIAJIOBUX PO3BUTKY HAPOJHOTO rOCIOIAPCTBA, Maiike
MUTTEBO TIPUBEPTAE YBary BUEHUX Ta CHELIaliCTIB JaHOTO HampsAMKY. SK pe3ynbTaT
IHTENIEKTYIbHOTO IITYpMY 3aKOHOTBOPIIB, JIOTICTIB Ta HAyKOBIIB B «CBITOBIii Oi0mioTerri
3HaHbY 3 SBUIIOCH Oe3miu pKepen iHdopMallii cepen Skux ciin BigzHauntH [3-8]. Tak, B mxepeni
[3] mHPOKO BHUCBITIIOIOTHCS MHUTAHHS KOHCTPYKINI PI3HUX BHIIB aBTOTPAHCIOPTY, iX TATOBO-
€KOHOMIUHI XapaKTePUCTUKHU Ta OIMUC TPUYINHOro obnaaHaHHSI. Metoau oOpaHHS BIpHOCTI
JIOTICTUYHOTO MapUIpyTy CIiAYBaHHA, 1X KilacHQikallisi Ta MaTeMaTHYHI MOJIEN HaBEJACHO B
npaui [4]. KoHkpeTn3aiis BaHTaKHUX poOIT Ha aBTOTPAHCIOPTI, METOIB 3aBaHTAKEHb, PO3TIIS]
PI3HOBU[IB THITIB CKJIAJCHKOTO OONaJHAHHA HaBeACHO B jpkeperni [S5]. JlerampHuUil ommc
KOHKPETHUX TPHUKJIAIIB PyXy JOTICTUYHUX IMOTOKIB, PO3IIISJI MOKJIMBHX TEpPENOH Ha IUISAXY
CIIiIyBaHHs Ta METOJM iX yCYHEHHs 00pe po3risiHyTo B jitepatypi [6-8]. IIpoTte >xoneH 3 HUX
HE PpO3MIISJIa€ JETANLHO MPOOIeMy JOCTIHKCHHS ITIXO/IB 10 BHU3HAYEHHIO HaBAaHTAKEHHS
aBTOMOOLIBHOTO TPAHCIIOPTY MPH TIEPEBE3CHHSIX.

Jnst BUpIMIEHHS! TaHOTO MUTAHHS MPOTIOHYETHCS MiIX1 MO0 BU3HAYEHHIO PalliOHAIHLHOTO
HABaHTXXEHHS aBTOMOOUIS 3 mpuyenoMm. Tak, BUTpaTH Ha HaBaHTAXEHHS aBTOMOOLIHLHOTO
TPAHCHOPTY TMOB’s3aHI 3 METOJAaMU HaBaHTAKEHHs BaHTaXy (aBTOKapaM, py4HE, HACHIIHE,
HQJIMBHE, METOJIOM TepenajaiB THCKY, KpaHOBHUM OOJaJHAaHHSIM Ta IHIIUMH 3aco0ammu),
criocobamu (depe3 BEpXHi OTBOPH, 3aJIHI OTBOPH UM JIBEPi, OOKOBi OTBOPU UM MITHOMHI TEHTH),
IHTEHCHBHICTIO TapTii uYnM BenuyuH (00’€MiB Ta Mac, MIO0 OJHOYACHO MiUIATAIOTh
HaBaHTaXeHHIO). [lannBHO-eHepreTnyHa e(heKTUBHICTh B CBOIM OUTBIIOCTI 3aJIEXKHUTH Bill OpyTTO
aBTOIOI3ly Ta YMOB PYyXy, TO BUTPATH Ha 3HOIICHHS CKATIB 3aJIeKaTh Ie W BiJl pIBHOMIPHOCTI
pO3MONUTY BaHTaAXXY B BaHTKHOMY BUIIUICHHI OJWHUIN eKCIUTyatamii. BaxiuBicTh
pPIBHOMIPHOTO  3HOIIEHHS TIOB'A3aHa 3 TepeadadyBaHICTIO PErJIaMeHTIB  TEXHIYHOTO
00CITyroByBaHHs, MAaTEMaTHYHOTO TPOTHO3YBaHHS BEJIMYMHHU MPOCTOIB Ta MiJBUIIEHHS PECypCy
eKCIUTyaTaIlii 3a paXyHOK BiJICYTHOCTI MepeBaHTaKeHb. B po0OoTi OyB pO3MIISIHYTHI aBTOTOI3/T
IpU BHUKOPHCTAaHHI PI3HUX CTpaTerii HaBaHTa)KEHHS MPOAYKIII€I0 HEOJHOPITHOI HIUTBHOCTI.
Pesynpratu 3n0Ccy muH aBTromMoOutss DAF FX450 Ta npuyeny B 3a/Ie)KHOCTI BiJ] HABaHTa)KEHHS
HaBe/IeHo B Tabmwumi 1.
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Tabmuus 1 — BuObip cTpaTterii 3aBaHTaXeHHS pUYeIy Ipu (IKCOBAHUX 3HAUYEHHS 3HOCY
IIMH

DAF FX450 [Tpuyin (6pyrTO 60m)
Ne
Hasanraxeunus, % 3HOC IINH, M2/KM Hasanraxeunus, % 3HOC WINH, M2/KM

1 20 20,2 80 191,7

2 40 35,7 60 80,4

3 50 75,4 50 57,2

4 60 103,7 40 26,8

5 80 2441 20 15,1

B pesynbprari po3paxyHKiB OoTpuMaHi KpuBi 3HOCy miusi aBTomoOutst DAF FX450 Ta
npuyerna:

Gne =3156,3-Q*-8297,9-Q° +7902,5-Q* -3353,3-Q+607,6
@i =4143,2-Q*-9028,1-Q* +6993-Q’ - 2087,6 - Q +223,6

MaremMaTHYHUI TONIYK TOYKH ONTHUMYMY (TOYKH TEPETHHY [BOX KPHBHX) IMOKa3aB
BeNMUYUHY piBHY 46,8% HaBaHTa)XeHHS Ha TATad Ta 53,2% Baru Ha Bici mpuyeny.

BUCHOBKH
BukopucTaHHs 3alpoONOHOBAHOTO  MIAXOAY JO3BOJHTH BCTAHOBUTH ONTHUMAJbHI
IpomNopIii HaBaHTaXXEHHA Bicel mpHueny Ta TArada aBTOMOOUTBHOTO TPAHCHOPTY IpHU
NepeBe3eHHSX ISl MiHIMi3allii BUTpAT Ha TYMOBI1 CKaTH.

JITEPATYPA
1. 3akon Ykpaiau «I[Ipo aBTomoOuteHuil Tpancnopt» Bin 05.04.2001 p. Ne 2344-111
[Enextponnmii pecypc| // Bimomocti BepxoBuoi Pamm VYkpainu (BBP), Pexxum poctymy:
http://zakon3.rada.gov.ua/laws/show/2344-14#Text.
2. 3akon Ykpainu «IIpo tpancmopt» Big 10.11.1994 p. Ne 232/94-BP [EnexrpoHHwMIA
pecypc] //  Bimomocti BepxoBuoi Pamm  Vkpainm (BBP), Pexum  pocrymy:
http://zakon3.rada.gov.ua/laws/show/232/94-sp#Text.

3. ABToMOOLT. Teopis : HaBuanpHHM nociOnuk / B.I1. Caxuo, B.I. Cupota, B.M.
[Tomsixos [Ta iH.]. Omeca : BilickkoBa akanemis, 2017. 414 c.
4. Kpuxkascekuit €. Jlorictuka. OcnoBu Teopii: minpyuynuk. JIpBiB: HY «JIpBiBCchKa

nouirexHikay (Iapopmaniiino-sunaBununii nentp «IHTEJIEKT+» [acturyry micasaumiomMHoi
ocBiTH); «IHTenekT-3axiny, 2004. 416 c.

5. Cesepun O.0. BantaxHi po60TH Ha aBTOMOOUTEHOMY TPAaHCIOPTi: opraHizamis i
texnouoris. Xapkis: XHAY, 2006. 322c.
6. L.T. CmupnoBa, T.B. KocapeBa. TpancnopTra sorictuka. HaBuansHuii MociOHUK.

Kuis, nmentp yaboBoi nireparypu, 2008 pik., 220 c.

7. Kanpuenko A.I'. Jloricruka: [Tigpyunuk. - Bun. 2-re, 6e3 3min. - K.: KHEY, 2006.
—284c.

8. Anpkema B.I'., Cymens O.M. Jlorictuka. Teopis Ta mpakrtuka. HaBuambHmiA
nocionuk. - K.: «BunaBanunii gim «IIpodecionan», 2008. — 272 c.
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PO3BUTOK IHTEJIEKTYAJIbBHUX CUCTEM KEPYBAHHA
ABTOTPAHCIIOPTHUMMU 3ACOBAMH

I'maroB A.B., Yaesuens O.A. Cenimes M.C.
XapKiBChKHI HAIIOHATBHHUI aBTOMOOUTEHO-JIOPOXKHIN YHIBEpCUTET, YKpaiHa

BCTYII
CyyacHuii aBTOMOOUTBHUN PUHOK 3a3HA€ CYTTEBUX 3MiH, CIIPSMOBAHHMX Ha TOKPAIICHHS
0e3neku, KoMpopTy Ta eEeKTUBHOCTI TPAHCTIOPTHUX 3ac00iB. OJHUM 3 OCHOBHHX HAINPSMKIB
PO3BHUTKY € BIIPOBA/KCHHS IHTENEKTYyaJbHHX CHUCTEM KEpYyBaHHS, SIKi 3aCTOCOBYIOTH HOBITHI
TEXHOJIOTIl Il aHalli3y CHUTYyalliii Ha JOopo3i Ta MPUHHATTA pilleHb B peanbHOMY 4Yaci. Taki
CHCTEMH MAalOTh 3HAUHUI MOTEHIiaN [l 3HWKEHHS aBapiiHOCTI Ta MiBUIICHHS €(EKTHBHOCTI
BUKOPUCTaHHS TPAHCTIOPTHUX 3aco0iB [1-7].

OcHOBHi TeXHOJIOTII iHTeJIeKTyaIbHUX CHCTEM KepyBaHHSA

IHTENeKTYapHI CUCTEMHU KEepyBaHHS TPAHCIOPTHUMHU 3aco00aMu 0a3yloThCS Ha KITBKOX
KJIFOUOBMX TE€XHOJIOTiAX [8-11]:

— CEHCOpHI CHUCTEeMH — PI3HOMAaHITHI CEHCOpH (KamepH, JIiAapH, pagapu) 3a0e3MeuyroTh
30ip AaHUX MPO AOPOKHI YMOBH, PyX TPAHCIIOPTHUX 3aCO0IB Ta MIMIOXO/IB;

— CHCTEMH MAaIIMHHOTO 30pYy — TEXHOJIOTii KOMITIOTEPHOTO OadeHHS J103BOJISIOTH
0o0poOIIATH Ta IHTEPIPETYBATH Bi3yalbHy 1H(OpPMAIIiIO AJIs pO3TMi3HABAaHHS 00'€KTIB, TAaKUX 5K
JOPOXKHI 3HAKU Ta 1HII1 TPaHCTIOPTHI 3acO0H;

— aHaJi3 JaHUX Ta IITYYHHH HTENEKT — aTOPUTMHU MAIIMHHOTO HaBYaHHS Ta ITYYHOTO
IHTEJIeKTY aHaNi3yloTh 3i10paHi AaHi JUISI MPOTHO3YBAHHS CUTYaIlil Ha JOpPO3i Ta MPUUHATTS
pilIeHb.

Buau iHTe/IeKTyaJIbHUX CHCTEM KepyBaHHA

1. Cucrema amantuBHOTO Kpyiz-koHTposto (Adaptive Cruise Control) — perymioe
IIBUJKICTH aBTOMOOLTS 3aJIe)KHO BiJl TPAHCIIOPTHOTO MOTOKY, 30epiraroun 0e3rmeuHy JAUCTaHIIIIo
JI0 aBTOMOOUIS MTOTIepey.

2. Cuctema aBTOMaTHYHOTO TrambMyBaHHS (Autonomous Emergency Braking) -
aBTOMATHYHO 3YIHHS€E TPAHCIIOPTHUH 3acid y pa3i BUSBJICHHS NEPEIIKOJ U 3armoOiraHHs
3ITKHEHb.

3. Cucremu po3nizHaBaHHs nopoxkHixX 3HakiB (Traffic Sign Recognition) — po3mi3HaOTH
3HAKHM Ta MOBITOMIISIOTH BOJISI PO 0OMEKEHHS IBUAKOCTI, HAPSIMKH PYXY TOIIO.

4. AstominoTHi cucremu (Autonomous Driving Systems) — mepenoBi pimieHHS s
ABTOHOMHOTO YIIPABIIIHHS TPAHCIIOPTOM, 110 JO3BOJISIOTH aBTOMOOLUTIO IepecyBaThcs 0e3 ydacTi
BOJIIS.

[lepeBaru iHTENEKTYaTbHUX CUCTEM KepyBaHHA [12-17]:

— 3HmxeHHs KimbkocTi ATII — aBTOMaTHYHI CHCTEeMH pearyloTh LIBUAIIE 3a JIOIUHY,
3HIKYIOUH PU3HK aBapiid.

— 3MEHIIEHHS BUTPAT MajHBa — ONTUMI3allis pyXy A03BOJISIE 3HU3UTH BUTPATH MAITBHOTO
ta BUKUU CO>-.

— KOM}OPT Ta 3pYUHICTH JJIs BOJIIIB — IHTEIEKTYAIbHI CUCTEMHU CIPOINYIOTH KEPYBaHHS,
3HIDKYIOTh BTOMY BOJIiSI Ta ITIBUIIYIOTH 3arajibHUH piBeHb KOM(OPTY ITiJT 9ac pyxy.

BuK/IMKH Ta nepcneKTHBH PO3BUTKY
J10 0CHOBHMX BMKJIMKIB 110/10 PO3BUTKY IHTEIEKTYaJIbHUX CHCTEM MOYKHA BiJJTHECTH:
— TPaBOBI aCMEKTH — HEJOCTATHICTh PETYIIOBAaHHSI aBTOHOMHOTO TPAHCIIOPTY, MOTpeda
y BIIPOBA/DKEHHI CTAaH/IAPTIB Oe3MEKH;
— ©TUYHI MUTAHHA — HEOOXITHICTh BU3HAUEHHS BiIMOBIAATBLHOCTI Yy BUMAJAKY aBapii 3a
y4acTi aBTOHOMHHX TPaHCIIOPTHHUX 3aC00iB;
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— TEXHOJOTIUHI OOMEXEHHSI — TOKPAIICHHS CEHCOPIB, MITYYHOTO IHTEIEKTY Ta MEpPEexK
nepeaayi JaHuX JUTsi TOYHIIIOTO aHaji3y Ta peakilii Ha TOPOsKHI CHTYaIlii.

BUCHOBKH
[HTENeKTyabHI CHUCTEMH KEpyBaHHS aBTOTPAHCIIOPTHUMH 3ac00aMU MalOTh BEIMKUI
MOTEHITIAN YIS MiIBUIICHHS Oe3MeKH, eKOHOMIYHOCTI Ta KOM(POPTY TPAHCIIOPTHUX MEPEBE3CHb.
3 PO3BUTKOM TEXHOJIOTIH Ta BJIOCKOHAJECHHSM HOPMATHUBHOI 0a3u aBTOMOOUTRHHI TpaHCIOPT
MOCTYIIOBO CTaBaTWMe OUTbII aBTOHOMHHMM Ta E€KOJIOTIYHO YWCTHM. BUpIIIEHHS iCHYHOUHX
BUKJIMKIB Ta aKTMBHE JOCIIUKEHHS Y LIl cepi CIPUATUMYTh BIIPOBA/PKEHHIO IHTEJIEKTYAIbHUX
CHCTEM Y MOBCSAKICHHE KHUTTS.
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ABTOHOMHI CAMOKEPOBAHI TPAHCIIOPTHI 3ACOBH — BUKJIMKH TA
MOXKJIMBOCTI

1 1 2
Kapamyk B.O.", I'naguenxo M.A.", Ixyc O.B.
'TpuasoBcekuit nepKaBHUI TeXHIUHMI yHIBepcHTeT, YKpaina,
2 . o . o - .
JIbBIBCHKHIT HAYKOBO-IOCIIIHUI IHCTUTYTY CYJOBHX €KCIIEpTU3, YKpaiHa

BCTYII
ABTOHOMHI aBTOMOOITI, a00 CaMOKEepOBaHI TPAHCIOPTHI 3aco0u, € OJHi€ 3
HaBaXXJIMBIMIMX iHHOBaLii y cdepi TpaHcmopTy. BoHNM MaloTh MOTEHINAN PEBOJIIOLIOHI3YBATH
criocid mepecyBaHHS JIIOJEH 1 BAaHTaXIB, 3pOOUTH JOPOTH OE3MEYHIINMHU, 3MEHITUTH KUTbKICTh
3aTOpIB 1 CKOPOTUTH BUKHUIM IIKI[UIMBUX PEeYOBHH B aTMocdepy. OaHak, MONpH I OOIISHKH,
PO3BUTOK aBTOHOMHHUX aBTOMOOLTIB CYNpPOBOJKYETHCS YHCICHHUMHU BUKIMKaMH, 0COOJHMBO B
cdepi Oe3rneku.

PE3YJbTATHU JOCJIIKEHb
3a craructuyHumu gaHumu (2022-2023 p.p.), mopiuHo cTaeThes Onm3bko 21 Tucsdi
JIOpOKHBO-TPAHCTIOPTHUX TMPHUTOJ] HA aBTOLUIIXaX YKpaiHW B pe3ysbTaTi sSKUX € 3arudumi abo
TpaBMoBaHi ocobu. IllopiuHa kinbkicTh 3arubaux ocid B pesynbrati ATII ckinamae 6nm3pko 3
TUC. 0ci0 Ta Ourbmie 26 THC. 0Ci0 OTPUMYIOTH TpaBMU. AHami3 3a ocHoBHMMHU Bugamu JITII 3
nocTpaxAaaauMu B Ykpaini 3a 2023 pik HaBegeHo Ha puc.l.(3a nanumu [ 1]).
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KinbkicTs 0ci6
Kinbkicts Bunaakis JTI1 3 mocTpakIaauMH

BHH J0PO/KHBO-TPAHCIIOPTHHX TIPHIO

N 33rHHYI0 0Ci0 B TpaBMOBAHO 0Ci6 s JTTT1 3 3aruGIHMH Ta/a00 TPABMOBAHHMH

Puc. 1 — Anani3 3a ocHoBaumu Bunamu JATII 3 mocrpaxpannmu B Yipaini 3a 2023 pik

3 puc.l. moxHa no6aunty, mo ocHoBaumu Bunamu JTII e: 41,4% — 3itrkaenns, 27,5% —
Hai3 Ha mimoxoxa, 12,3% — Hai3n Ha nepemkony, 8,7% — nepekuaaHHs TPaHCIOPTHOTO 3ac00y,
6,1% — Hai31 Ha BeJlOCUIIEAUCTA, 1 MeHIIe 4% — IHIII.

OcnoBuumn npuunHamu  JTII e: mnepeBumienHs Oe3nednoi mBuAKocTi - 39%,
MOPYILLIEHHS TPaBWJI MaHEBpyBaHHS — 22%, MOpPYIIEHHs MpaBWI Npoi3ay mnepexpectb — 8,5%,
MOPYIIEHHST TPaBWI MPOI3AY WIMIOXIMHUX TepexoniB — 6,9%, HemoTpuMaHHS Oe3MeqHOi

muctaHiii — 4,9%, KepyBaHHS TPAHCIIOPTHUM 3ac000M y cTaHi ¢’ sHiHHS — 4 % Ta iHmri. ToOTo
OCHOBHOIO CJIAa0KOI0 JIAaHKOIO y 3a0e3MedyeHHi 0e3MmeuHOro JOPOXKHBOTO PYXY € <JTHOICHKUI
baxTop».

152



IX midicnapoona naykogo-mexwiuna inmepuem-kougepenyis, 21-22 aucmonaoa 2024 p.

ABTOHOMHI aBTOMOOUTI MOXYTh 3MIHUTH TapajurMy MepecyBaHHsS, 3pOOMBIIM HOTO
OUIBII JOCTYNHUM Ta e(QEKTHBHUM. BOHM 3/1aTHI YCYHYTH <CTIOACBKHU (DakTOp», SKUU €
NPUYMHOIO OUIBIIOCTI JOPOKHBO-TPAHCHOPTHUX TPUTOJ, 3MEHIIUTH dYac y J0po3i Ta
ONTUMI3yBaTH BUKOPUCTAHHA MICBKOTO TIPOCTOPY 32 paxXyHOK 3HIDKEHHS TOTpedu Yy
MapKyBaTbHUX MICIISX.

3aBasku OOMIHY MJaHWUMH MDK TPAHCIOPTHUMH 3acobamu Ta 1H(PaCTpyKTypoIo,
aBTOHOMHI aBTOMOO1JIi 3MOXKYTh KOOPAWHYBATH CBOT JIii Il yHUKHEHHS 3aTOPiB, ONTUMI3yBaTh
MapIipyTd Ta MIHIMI3yBaTh dac y jAopo3i. lle Takok Moxe TpH3BECTH 10 3HIKEHHS
CTMOXMBAHHA NaJIMBa Ta 3MeHIeHHs BUKHIIB CO;.

BrpoBamkeHHsT ~aBTOHOMHHMX ~ aBTOMOOUTIB  moTpedye  MojepHi3alii  iCHyruoi
TpPaHCHOPTHOI iH(pacTpykTypu. Hanpukian, Aoporu moBUHHI OyTH OCHAIEHI CEHCOpaMH Ta
3aco0amMu 3B’A3KYy JUISI B3a€MOJIi 3 TPaHCHIOPTHUMHU 3acobamu. TakoX MOXYTh 3MIHUTHCS
MAXOAM JI0 MICBKOTO TUTAHYBaHHS, 30KpeMa, MI0J0 PO3MIMICHHS MapKyBAILHUX 30H Ta
IPOMAJICBKOTO TPAHCTIOPTY.

ABTOHOMHI aBTOMOOUTI BIIKPHBAIOTH MOYKJIMBOCTI JUII HOBUX Oi3HEC-MOJEINeH, TaKuX SK
"MoOuUTBHICTH sIK Tocayra" (Mobility as a Service, MaaS), ne kopucTyBadi MOXYTh 3aMOBIISITH
TPAHCHOPTHI TOCTYTH 3a 3alHUTOM, 3aMIiCTh BOJIOJIHHA aBTOMOOUTeM. lle Takox crpuse
PO3BHUTKY KapIIEpiHTy Ta iHIIUX (OPM CIIUTBHOTO BUKOPHCTAHHS TPAHCIIOPTY.

Buknuku 06e3nexu BIPOBAKEHHS aBTOHOMHUX CAMOKEPOBAaHMX TPAHCHOPTHUX 3acO0iB
HaBeJICHO Ha puc.2.

BiamosigaIpHICTE
sa JITIT

Henependauypani

ETnuni ammemu .
. CHTYallll Ha JOpo31

CycriisHe
PP Buxmmkn A
KiGepbesmeka i OPHITHATTS Ta
OesrneKn :
ZI0BIpa

Puc. 2 — Buknuku 6e31eKu BIIPOBa/PKEHHSI aBBTOHOMHUX CaMOKEPOBaHUX TPAHCIOPTHUX
3aco0iB

KibepOesmeka. OckimbkH aBTOHOMHI aBTOMOOUII  3ajJekaTh BiJ MPOTPaAMHOTO
3a0e3MeueHHsI, CEHCOPIB Ta 3B’SI3KY 3 IHIIUMHU TPAHCIIOPTHUMH 3aco0aMu Ta iHPPACTPYKTYPOIO,
BOHU CTAalOTh BPA3JIMBHMH JI0 Kibeparak. Xakepw MOXKYTh BTpPyYaTHcs B pOOOTYy CHUCTEM
KEepyBaHHs aBTOMOOLIEM, IO CTAaHOBUTH CEPHO3HY 3arpo3y Ui Oe3leKku MacaxupiB i
MIIIOXO1iB. 3a0e3MeYeHHSI HAIITHOTO 3aXUCTY BiJl TAKUX aTakK € OJIHUM i3 TOJJOBHUX BUKITUKIB.

Etnuni guineMu. ABTOHOMHI aBTOMOOLUII CTHKAIOTHLCS 3 €THYHHUMM ITUTAHHSIMH, TaKUMHA
SK BHOIp MK MEHIIUM 1 OUTBIIUM 3JI0M Y pa3i HEMUHYYOTO 3iTKHEHHs. [IporpaMmyBaHHsI TakuX
pillieHb € CKJIaJHUM 3aBJaHHSIM, OCKUIBKA BOHO BHMAara€ BpaxXyBaHHS C€TUYHHX, NPABOBHX i
COIlaThbHUX aCTIEKTIB.

Henepen6auyBani cutyarrii Ha 10po3i. X0o4a aBTOHOMHI aBTOMOO1JII BXKE JEMOHCTPYIOTh
BHCOKY TOYHICTh y CTAaHIAQPTHUX CUTYAIlisIX, BOHH MOKYTh MaTH TPYAHOII 3 PO3IMi3HABAHHAM Ta
pearyBaHHSIM Ha HECHOJiBaHi MOJii HA JOPO3i, TaKi K Pi3Ki MaHEBPH IHIIKUX BOJIiB, MOTOMAHI
YMOBH 200 JOpPOXKHI poO0TH. BIoCKOHAIEHHS MITYYHOTO IHTEIEKTY Ta MallTMHHOTO HABYaHHS €
HEOOXITHUM JUIA MIABUILEHHSA HAIMHOCTI aBTOHOMHUX CUCTEM.
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Bignosinanenicts 3a JATII. ¥V Bumanky aBapii 3a y4acTIO aBTOHOMHOTO aBTOMOOLIS
BHHHKA€E TTUTAHHS, XTO HECE BIIMOBINAIBLHICTh: BUPOOHUK, BIACHUK TPAaHCIOPTHOTO 3ac00y abo
po3poOHUK mporpaMHoro 3abe3neueHHs. Lle Bukimkae motpedy B po3poOIli HOBHX MPAaBOBHX
HOPM 1 peryJIsIii.

CycninibHe CHOpUHAHATTS Ta JoBipa. Jlis IIMPOKOTO BIPOBAHKEHHS aBTOHOMHHX
aBTOMOOLTIB HEOOXIAHO, MO0 CYCHIILCTBO AOBIpsUTO Wil TexHojorii. HeraruBHi Bumagku abo
aBapii MOXYTbh CYTTEBO MilIipBaTH If0 JOBIpY, TOMY BaXKJIUBO 3a0€3MEUUTH BUCOKY SKICTH Ta
0e3MeKy CucTeM Iie JI0 IXHPOTO MacOBOTO BIPOBAKECHHSI.

[Tompy BUKJIMKH, PO3BUTOK AaBTOHOMHHUX aBTOMOOUIIB TPOJOBXKYETHCS IIBUIKUMH
temnamu. Kowmmanii, mo 3aiiMaioThCsi pO3pOOKOI0 CaMOKEPOBAHUX TPAHCIOPTHUX 3acO0iB,
aKTHBHO TECTYIOTh CBOI NMPOJYKTH B PEATbHUX YMOBaX, a YpsAOW KpaiH 1O BCbOMY CBITY
NpalIOIOTh HAJl CTBOPEHHSM HOPMATHUBHO-TIPaBOBOI 0a3u Uit IXHHOTO BHKOPHCTaHHSL
OuikyeThCsl, MO B HAHOMMKYI JECATWIITTS aBTOHOMHI aBTOMOOUTI CTaHYTh HEBIJ'€MHOIO
YACTUHOIO TPAHCIIOPTHOI CHUCTEMH BEJIMKUX MICT, IOCTYIIOBO 3aMIHIOIOYH TpPaIHIliiH1
aBToMoOum. Lle Moke mpu3BecTH A0 3HAYHUX 3MiH Y TPAaHCHOPTHIN iHPPACTPYKTYpi, PUHKY
mpari (30kpeMa, y cdepi TakCi Ta BaHTAKHUX TEPEBE3CHB), a TAKOXK Y MOBCAKICHHOMY KHUTT1
V(78

BUCHOBKH

ABTOHOMHI aBTOMOOUTI TMPEACTABIIAIOTh BEIWYE3HHHM MOTEHIan JUis TpaHchopmarii
TPAHCIIOPTHOT raiy3i, MiABUIICHHS OE3MEeKH Ha JOPOrax Ta MOKPAIIeHHS SKOCTI )KUTTA. OHaK,
nepes TUM SK BOHU CTaHYTh YAacTUHOIO TOBCSKICHHOTO JKUTTS, HEOOXiTHO BHPIIIUTH P
BUKITHKIB, 0cO0IMBO B cdepi Oe3neku. 3ade3neueHHs KibepOe3nekn, BUPIIICHHsT eTHYHUX JIUIEM
Ta ajanTaiis 3aKOHOJABCTBA € KIIOYOBUMH YMOBaMH ISl YCIIIIHOTO BIIPOBA/DKEHHS i€l
TEXHOJIOTil. ABTOHOMHI aBTOMOOLTI MOXYTh CTAaTH PEBOJIOLIHHOI 3MIHOK Y CBITOBOMY
TPAHCHOPTi, aje IXHE BIPOBA/KEHHS BHMAara€ pETENbHOTO IUIaHYBaHHS, TECTyBaHHS Ta
peryaroBaHHS.

JITEPATYPA
1. JlopoxHBO-TpaHcTiopTHI mpuroau 3a mepiox 3 01.01.2023 mo 31.12.2023.
[EnexTponHmMii pecypc]: [Be0O-caiit]. Pexum pocrtymy: https://patrolpolice.gov.ua/statystyka/
(mara 3BepHenHs 05.11.2024) Ha3ga 3 expana.
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MOJEJIOBAHHS CACTEMH BE3NEPERIMHOT O )KUBJIEHHS HA OCHOBI
JITIEBUX AKYMYJIATOPIB

barau P.B., JlarBuacekuit B. /1.
XapKiBChKHI HAIIOHATBHHUI aBTOMOOUTEHO-JIOPOXKHIN YHIBEpCUTET, YKpaiHa

BCTYII

VY cydacHOMY CBITi 3pocTae notpeda B cucteMax 0e3nepeOiifHOTo JKUBJIICHHS, 0COOINBO
IUIS BKIUBUX 00’€KTIB, TaKMX SIK MEIUYHI YCTaHOBH, iH(OpPMAIliifHI-IIEHTPH Ta MPOMHCIOBI
MiAPHEMCTBA. BUKOPUCTaHHS JIITIEBUX aKyMYJISITOPIB SIK JDKEPENT PE3EPBHOTO KUBJICHHS CTAJIO
MOMYJISIPHAM  3aBISIKM iXHI HaMifHOCTi, BUCOKIH €HEpPreTWYHId MIUTBHOCTI Ta TPHUBAJIOMY
TepMiHi ciyxkOu. 3okpema, 3a0e3ledyeHHs CTaOUIBHOTO JKMBIEHHA Ta (OpMyBaHHS
CHHYCOiTaibHOT (POPMU HANIPYTH € OCHOBHUMH 3aJjadaMH B po3po0Ii Takux cucteM [1-3].

AKTyaJbHiCTh J0CTiIKeHHA.BUKOpUCTaHHS JITi€EBUX aKyMyJATOPIB Yy CHCTeMax
0e3mepeOiitHOTrO KHUBIICHHS aKTyaJbHE Yepe3 iX rmepeBaru nepej iHIUMU THITaMU aKyMYJIsITOPiB,
TaKUMH SIK HIKEJIb-KaJIMi€B1 94X CBUHIICBO-KUCIOTHI. OmHak, cnenudika poOOTH iHBepTOpa 3
JITIEBUM aKyMyJISITOpOM TOTpeOye BHUPIMIEHHS KUIBKOX TEXHIYHUX 3aBJaHb, 30KpeMa
crabimizanii BUXIAHOI HANpPYru MiJ Yac po3psay aKyMyJjsiTopa, KOJU PIBEHb HANPYTH MOXKe
3MIHIOBAaTHCS CYTT€BO. {7 1bOTO BaXJIMBO PO3pOOMTH e(PEKTHBHI METOAM KEpyBaHHS Ta
GbuTbTpaIii, o A03BOIATH TOCITTH 3aJaHO1 TKOCTI eIeKTpOKuBIIeHHS [4,5].

Mera nocaigxeHHsi. MeTOO JaHOTO JOCTIDKEHHS € pOo3po0Ka KOMIT FOTEPHOI MOJeTi
cucTeMHu 0e3rnepeOifHOrO KUBIICHHS, SKa BUKOPUCTOBYE JITI€BI aKyMyJISTOPU Ta aBTOHOMHHUA
imBepTop 3 LC-dinmeTpom. OCHOBHI 3aBAaHHS BKJIIOYAIOTh CTAaOLTi3alil0 BUXIAHOI Hampyr,
3a0e3neueHHs YUCTOI CHHYCOINabHOT (POPMH Ta 3HIKEHHS TAPMOHIHHUX CIIOTBOPEHD JI0 PIBHS,
10 BiNIOBi/Ia€ MDKHAPOJIHUM CTaHaapTam [4,5].

OCHOBHI MATEPIAJIA JOCJII)KEHb

1. Criman cucremn. Cucrema 0e3nepeOiiHOTO KUBJICHHS CKIAAE€ThCS 3 JIITIH-IOHHOTO
aKyMyJIsITOpa, aBTOHOMHOTO iHBepTOopa Hanpyru, LC-dinbTpa Ta HaBaHTakeHHS. JIiTili-i0HHUH
aKyMYJISITOp MOCTa4a€e 3MIHHY HANpYyry MiJ 9ac po3psty, IO BUMarae crabimizailii Ha BHXOII
iHBepTOpA.

2. Crabinizamist BuXigHOi Hampyrd. Y maHiid cucTeMi cTaOuTi3allist JOCSTaeTbes 3a
JOTIOMOTOI0 aBTOMATHYHOTO PperyiaioBaHHS Koe(illieHTa MOIYJSHil y MIUPOTHO-IMITYJIbCHIN
moayssii (ILIIM) riGpuaHoro iHBepTOpa, IO T03BOJISE 3TIIAUTH BUXIIHY HANPYTy HABITh MPH
3MIHHUX PIBHAX BXIHOI HANPYTH Bix akKymyistopa [6,7].

3. ®opmyBaHHs CHHYCOimampHOi (opMU BUXiTHOT Hampyru. DopMyBaHHS YHCTOI
CUHYCOINaTbHOT (OPMHU BUXITHOT HAPYTH 3/IHCHIOETHCS 32 JOMOMOTOI0 cuHycoimanpHo1 [1IIM.
[IpoTe BuXigHa Hampyra aBTOHOMHOTO iHBepTropa B pexkumi LIIIM wmae 3HauHMi KoeQilieHT
TapMOHIHHHUX CIIOTBOpEHb — 10 68,57%, 1o mepeBuIlye AOMyCTUMHHA piBeHb y 12% 3a
MDKHApOJHUMHU CTaHaapramu. JIns 3HIDKEHHS TapMOHIMHUX CIIOTBOPEHb Yy CHCTEMI
BUKOpUCTOBYeThCSl  LC-unbTp, cxema SKOTO JO3BOJSE€ 3TJQ/DKYyBaTH BHUCOKOYACTOTHI
KOMIIOHEHTH HAlpyrH, CXeMa MpeICTaBiIeHa Ha PUCYHKY 1.

L

IC
E—

Pucynox 1 — Cxema LC-dpinpTpy
4. AHamni3 aMIUTITYAHO-49aCTOTHOI XapakTepucTuku. LC-pinbTp OyB ONTUMI30BaHHUN IS

po0OTH Ha YacToTaX, BIAMIHHUX BiJ] YaCTOTH OCHOBHOI rapmoHiku (50 I'm). Moro ammiityaHo-
YaCTOTHA XapaKTePHCTUKAa BHUCOKOYACTOTHOI TapMOHIKM €(EeKTUBHO TPUTHIUYIOTHCS, IO
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JI03BOJISIE 3HU3UTH KOE(DIIIEHT TapMOHIHHUX CIIOTBOPEHb BUXIAHOI HANpyrd 10 piBHS, IO

BIJINIOBI/Ia€ CTaHIAPTaM SIKOCTI.

5. MopnemoBannss B MATLAB. Po3pobneHa KoMm'toTepHa MOJENb IPEICTABJIECH Ha
pucyaky 2 cucremu B MATLAB, ckmamgaeTscsi 3 CcyO0OJOKYy aKyMyIsiTOpHHX Oarapeid,
tpudasznoro iHBepropa Hanpyru, LC-dinpTpa Ta RL-HaBaHTaXeHHS.

EE =
IR 1 )
@7 " %;1[ EE;‘[ - 'k L
a - = — o :J\M—W
I E } | |
S % i
1T

Pucynox 2 — Mogens riopugnoro inBepropa B MATLAB 3 Buxinaum LC-¢dineTpom, 110
KUBHUTHCS Bijl OJIOKY aKyMYyJIATOpPHUX OaTapeit

Mopnens J03BONWIIA CHMYIIOBAaTH TMporiecu (GopMyBaHHS CHUTHAIIB 1 cradimizamii
Hampyrd, a TakoX mnepeBiputd edexruBHicTh LC-dimbTpa y 3HWKEHHI TapMOHIMHHX
CIIOTBOPEHb.

3rifHO 3 pPHCYHKOM 3, BHXiJHa Hampyra micis QinpTpamii Mae Maibke ineanbHy
cunycoinanpHy (opmy. OmHak B ii CTpyKTypi BCe X MOHA BHSIBUTH BHCOKOYACTOTHI
KOJIMBAHHS, 10 € Pe3ylbTaTOM HIMPOTHO-IMIYIbCHOT MoAyssii. [yt 1miel BUXinHOT HAanmpyru
OyB MpOBENEHHUI aHANi3 3a JAOMOMOTOI0 IIBUAKOTO TepeTBopeHHs Dyp'e, pe3yabTaTH SKOTO
HaBeJ/IeH1 Ha pUCYHKY 4. SIK MMoKa3aHO Ha PUCYHKY 4, 3aCTOCYBaHHS IMaCUBHOI (hUIbTpalii 3HAYHO
3HU3WJIO PIBEHb T'APMOHIMHHMX CKJIQJOBUX 1 JO3BOJIMJIO JOCATTH Koe]illieHTa TapMOHIMHUX
CTIIOTBOPEHB Ha piBHI 2,23%, 110 BiANOBIAAa€ BCIM CTaHAAPTaM SKOCTI €JIEKTPUYHOT €HepTii.

Awmmutityna mepmioi TapMOHIKM BUXIZHOI Hampyrd craHoButh 310 B, mo BiamoBimae
BAMOTaM IIOAO KPUTHYHUX BIIXWJICHb pPIBHA Hampyru. 3rifHO 31 CcTaHAapTaMu SKOCTI
eJIEKTPUYHOI eHeprii, KoedilieHT TapMOHIHHUX CIIOTBOPEHb JKUBJISTYO1 HANPYTHd TIOBHHEH OyTH
He OunbIIe 5 %. Oke, po3podiieHa CUCTeMa BiIIOBIIa€ IIIM BUMOTaM.

S

. ;w// \\\ Vw)’/ \\\\\“gﬂ/ \\\N\vﬂ/,

gepes piTpTpalliro
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Pucynox 4 — AHami3z rapMOHIHOTO CKJIa/ly BUX1IHOT HAIIPYTH IHBEPTOpA ITICIIS 3aCTOCYBAHHS
¢inpTpanii

BUCHOBKH
Po3pobnena cucrema 0Oe3nepeOifHOTO IKUBJIGHHS 3 JITIEBUMH  aKyMYJISTOpaMu
JIEMOHCTPYE BHCOKUN piBeHb €(EKTUBHOCTI Ta BINMOBiNAa€ MDKHAPOJHUM CTaHIApTaM SIKOCTI
enekTpuyHoi eHeprii. Bukopucranus LC-dinbTpa 103BOIMIO0 3HU3UTH KOEPILi€EHT TapMOHIMHAX
CTIIOTBOPEHb 10 2,23%, 10 € HIKYE JNOMyCTUMOTO piBHA 5%. 3aBasgku crabinizamii Hampyru ta
(bopMyBaHHIO YHUCTOI CHHYCOIIaIbHOT ()OPMU BUXIHOT HAIIPYTH cHcTeMa 3a0e3neuye HafdliiHe Ta
CTa0UTbHE ETEKTPOKUBICHHS [Tl KpUTUYHUX 00 €KTIB.
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USE OF SIMULATION TECHNOLOGIES IN THE TRAINING OF STUDENTS FOR
THE DIAGNOSTICS OF ELECTRIC VEHICLES AND CHARGING STATIONS

Bahach Ruslan', Mohamed Bushara®
'Kharkiv National Automobile and Highway University, Ukraine,
*University of Gezira, Sudan

INTRODUCTION

The development of electric vehicles and charging infrastructure creates a need for new
knowledge and skills among specialists capable of providing maintenance and diagnostics of
high-tech equipment. An important aspect of training is familiarity with batteries, features of
charging systems of different levels, as well as diagnostic equipment that ensures effective
maintenance of these components. An important aspect of training is familiarity with batteries,
features of charging systems of different levels, as well as diagnostic equipment that ensures
effective maintenance of these components. Given the rapid development of the electric vehicle
industry, simulation technologies provide an opportunity for future specialists to master the
necessary competencies without the risk of damaging expensive equipment and reducing the cost
of educational resources [1-3].

Relevance of the research. As electric vehicles gain popularity, there is a significant
demand for specialists capable of diagnosing and servicing electric vehicle systems. Learning
using simulation technologies is becoming a mandatory component in higher education
institutions, as it allows you to gain knowledge in conditions close to real ones, but without the
risks associated with physical work with expensive equipment. Simulation platforms can
reproduce numerous scenarios such as battery failures, problems with charging stations,
overheating and other critical conditions.

The purpose of the study. The research is aimed at analyzing the possibilities of
simulation platforms in the educational process, as well as at evaluating their effectiveness in
preparing students for real working conditions with electric vehicles and charging stations.

BASIC RESEARCH MATERIALS

1. Modeling of electric car batteries. For working with batteries, it is important to
simulate the operation parameters of lithium-ion batteries, which are widely used in electric
vehicles:

- Li-ion Battery Simulation in MATLAB/Simulink. This platform allows you to
reproduce the operation of a battery under various conditions, such as charging and discharging
cycles, determining the rate of degradation of the battery and studying its thermal characteristics,
Figure 1. For example, a student can simulate overcharging and observe how a change in
temperature affects the life of a battery [4];

- Simcenter Amesim. This platform allows modeling of a Battery Management System
(BMS) that includes state of charge, temperature, and voltage monitoring, Figure 2. This is
important for students researching BMS battery protection against overloads and overheating.

£3
4

i

5
T
=

Figure 1 - MATLAB/Simulink Figure 2 — Simcenter Amesim
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2. Examples of electric vehicles in simulation environments. The use of simulation
platforms allows students to analyze the behavior of electric vehicles in various road conditions.
This makes it possible to study how various factors affect the operation of the electric motor and
the battery:

- Tesla Model 3 in the CarMaker environment. The platform allows you to study the
interaction between the electric motor, the battery and other systems of the car, Figure 3. For
example, students can simulate energy consumption when driving on a highway and in urban
traffic conditions, monitoring the change in battery parameters [5];

- Nissan Leaf in the PLECS package. The simulation allows students to experiment with
different driving modes, reflecting real-world operating conditions, Figure 4. Students can
simulate scenarios where the battery discharges in low temperature conditions and evaluate how
this affects driving range [6].

T 3. L, L, ¥, #, B, @190

Pl Advanced s
modeling 137 H w

Figure 3 — Tesla Model 3 in the environment Figure 4 — Nissan Leaf in the PLECS
CarMaker

3. Charging stations and simulation of charging processes. Electric cars use charging
stations of different levels — from slow charging (AC) to fast charging with direct current (DC).
The simulation of charging stations allows you to study charging processes under different loads:

- AC charging based on MATLAB/Simulink [7,8]. Using AC charging stations allows
students to understand how AC charging works by examining factors such as voltage, current
and energy loss, Figure 5;

- DC Fast Charging using LabVIEW [9]. A fast charging simulation allows students to
study the fast charging processes that occur in high power stations such as the Tesla
Supercharger and CCS Combo, Figure 6. This provides an understanding of the temperature
control processes and energy efficiency during charging. For example, students can observe how
fast charging increases the temperature of the battery and how the temperature management
system maintains optimal parameters;

- simulation of charging stations with monitoring. Simulation on platforms such as
PLECS reproduces the operation of charging stations with current, voltage and temperature
monitoring, enabling students to work with safety systems such as short-circuit and overload
protection important in real-world settings [10].

Improved Dedign .

Base Casa o e o

1 LabVIEW

: S Proposed Designs T L CESEE .
AEEET ] A w6 551 @)
Figure 5 — AC charging based on Figure 6 — Using LabVIEW

MATLAB/Simulink
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CONCLUSIONS
The overall effectiveness of simulation technologies confirms their feasibility in
preparing students for the diagnosis and maintenance of electric vehicles. Thanks to such
platforms, students gain knowledge and practical skills in the diagnosis of critical components, in
particular batteries and charging stations, and also gain access to research, which is extremely
important in the conditions of continuous technological development. This allows to ensure the
competitiveness of graduates on the labor market in Ukraine and other countries of the world.
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PO3POBKA CUCTEMMU KEPYBAHHSA ACUHXPOHHUM EJIEKTPOITPUBOJOM
JJIA JOCJITIKEHHSA PEXKUMIB POBOTHU B TPAHCIIOPTHHUX
3ACTOCYBAHHAX

[Merpymmuacbkuii A.P., JI3t06enko O.A.
XapKiBChKHI HAIIOHATBHHUI aBTOMOOUTEHO-JIOPOXKHIN YHIBEpCUTET, YKpaiHa

BCTYII

Ha cporogni mnuTaHHA TMOKpPAIICHHS EKOHOMIYHUX, EKOJIOTITYHUX Ta JAWHAMIYHHUX
noka3HuKiB AT3 BUPINIYIOTBCS HUISXOM pO3pOOKH TiOpUIHMX Ta EIEKTPUYHUX CHIIOBHX
ycranoBok (CVY) tpancnoptHuxX 3aco0iB. B Takux CY enexkTpomnpuBoja Maibke HE TMpaIlioe
okpemo Bin /B3, a numme npomomarae iomy B pi3HMX pexxkumax pobotu. Tomy B Takiit
KOHCTPYKIIIi iIeaTbHUM JJIsl 3aCTOCYBAaHHS € aCHHXPOHHMN ABUTYH (A/]), OCKUIBKU: € IPOCTUM Y
BUPOOHMIITBI, Ma€ HU3BKHI OIp XOJOCTOrO OOepTaHHS Ta MOXKE MpAlIOBaTH B PEXUMI
re’eparopa.

CyyacHHI TPaHCHOPT CTaBUTh BHCOKI BUMOTH JI0 XapaKTEPUCTHK MPUBITHUX CUCTEM, IO
3a0e3neuyloTh pyX, 0e3meky i KoMpopT macaxkupiB. AcMHXpoHHI enexkrponpuBomu (AE), mo
MalOTh MPOCTY KOHCTPYKIIFO Ta BHCOKY HAIMHICTh, LIMPOKO BUKOPUCTOBYIOTHCS Y
TPAHCHOPTHHUX 3ac00aX, TaKUX SK eNeKTPOMOOLTI, MOTATH Ta TpamBai. 3aBISKH BiICYTHOCTI
KOJIGKTOPHO-IIITKOBOTO MEXaHi3My Ta MIHHUM KOHCTPYKUIHHMM enemeHTaMm, AJl MOXyTh
MPALIOBATH JIOBTO 1 3 BUCOKOIO edekTHBHiCTIO. OnmHak A cTabiibHOI poOOTH aCHHXPOHHHX
NPUBOAIB B YMOBaX TPAHCIOPTY BAKJIMBO PO3POOHTH CHELiaNi30BaHy CHUCTEMY KepyBaHHS,
3/IaTHY aJanTyBaTUCS JIO PI3HUX PEKHUMIB €KCIUTyaTailii, 30KpeMa 10 3MIHHHX IIBUIKOCTEH 1
HaBaHTAXKEHb.

META TA IOCTAHOBKA 3ABJIAHHSA

Metoro poOOTH € aHali3 KIOYOBHUX AacleKTiB po3poOku cuctemMu kepyBanHia AE 3
ypaxyBaHHSM OCOOJMBOCTEN TPAHCIOPTHUX 3aCTOCYBAaHb Ta PO3poOKa cucreMu kepyBaHHs AE
UL JOCHIDKEHHST PEeXHUMIB pOOOTH B TPAHCHOPTHHX 3aCTOCYBAaHHSAX /ISl BU3HAYCHHS
HEOOX1THUX XapaKTEPUCTUK Ta AITOPUTMIB pOOOTH €IIEKTPOIIPUBOTY.

Jns peanizamii mocTtaBieHoi MeTH B poOOTI MpoaHaTi30BaHO MPHUHIUN poOOTH
ACMHXPOHHOTO TSATOBOTO EJEKTPONPUBOMAY, PO3IIITHYTO METOIU Ta 3acobu kepyBanHi AE,
0co0IMBOCTI POOOTH ENEKTPONPUBOAY B TPAHCIOPTHUX 3aCTOCYBAaHHSX, 3alpPOIIOHOBAHO
BUKOPHUCTOBYBATH IPOMUCIIOBI TEPETBOPIOBAYI YAaCTOTH KEPYBaHHS, BH3HAYEHO CTPYKTYPHY
CXeMy Ta CXEMOTEXHIYHI pIilIeHHS WI0J0 TMOOYJOBHM CHUCTEMH YIPABIIHHS YaCTOTHUM
neperBoptoBadeM AJl, po3poOJIeHO aIrOpuUTM B3a€EMOJIi  MIKPOKOHTpOJIEpAa CHCTEMH 3
MIKPOKOHTPOJIEPOM TIEPETBOPIOBaYa YaCTOTH BIANOBIAHO 10 mudpoBoro iHTepdeiicy mepenadi
TaHUX.

ACHUHXPOHHHUM EJEKTPOIIPUBOJ] Y TPAHCIIOPTI

AJl mpairoe 3a TPUHIUIIOM TEPETBOPEHHS EIEKTPUYHOI eHeprii B MeXaHiuHy 3a
JOTIOMOT0I0 00EPTOBOTO MAarHITHOTO TIOJIsA, SIKE CTBOPIOETHCS y cTraTopi aBuryHa. Lle obeprose
0JIe B3aEMOJII€ 3 OOMOTKaMH POTOpa, IHAYKYIOUH B HUX eNeKTpUIHHUNA cTpyM. Il miero mporo
CTpyMy Ha pOTOp BHUHHMKA€E ENEKTPOMAarHiTHE IoJe, [0 CTBOPIOE OOepTalbHUN MOMEHT,
HEOOXITHUU TSl pyXy. YMOBOIO OOEpTaHHS pOTOpa € Te, IO BiH 3aBXKIH JIEIIO BIJICTAE Bij
oOepTaHHs MarHiTHOTO TIOJIS, CTBOPIOIOYM KOB3aHHS, 3aBISKU sikoMy AJl i oTpuManu CBOIO
Has3BYy.

Y TpaHCIOPTHUX CHCTEMax AaCHHXPOHHI MPHBOAM MAalOTh HHU3KY IepeBar. 3aBIsSKd
BIZICYTHOCTI IIITKOBO-KOJIEKTOPHOTO MeXaHi3My, AJl € MEHII CXUIBHUM JI0 MEXaHIYHOTO 3HOCY,
110 3HAYHO 301LIbIIYe HOTO HAIWHICTD TA 3HWKYE BUTPATH HA TEXHIYHE 00cayroByBanHsa. OKpiM
toro, A/l MOXyTh 3a0e3meuyBaTH BHCOKY €(PEKTHBHICTh IMpPH PI3HUX HABAaHTAKEHHSX, IO
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poOUTH 1X €KOHOMIYHO BHTIJHHMH B yYMOBax MOCTIHHOI 3MIHM IIBHIKOCTEH 1 HABAHTAXKEHB,
XapaKTepHUX JUIsl TPAHCTIOPTHHUX 3aCO0iB.

[IpoTe kepyBaHHS aCHHXPOHHHUMH TPHUBOJIAMH € TEXHIYHO CKJIaJHHM IPOILECOM dYepes3
HENIHIMHMNA XapakTep iX eJNEeKTPOMAarHiTHUX XapakTepucTtuk. lle morpeOye 3actocyBaHHS
Cy4acHHX METOMAIB KepyBaHHS, 3JaTHUX TOYHO MIATPUMYBATH TNOTPIOHY MIBHIKICTH i
o0epTaibHUIf MOMEHT B yMOBaX IIBUIAKHUX 3MIH HaBaHTAXXEHb, [0 OCOOJIMBO BAKJIMBO B YMOBaX
TPaHCIOPTY.

METO/M KEPYBAHHSA ACUHXPOHHHUM EJIEKTPOIIPUBOIOM
JJISI TPAHCIIOPTHUX CUCTEM

JInss  KepyBaHHS ~ aCHMHXPOHHMMH  TPUBOJIAMH B TPAHCIOPTHUX  CHUCTEMax
BUKOPUCTOBYIOTBCS METOH, SKi JTO3BOJIIIOTH 3a0e3NnedyuTd CTalbuTbHYy pOOOTY IBUTYHA IPH
3MIHHHAX IIBHJIKOCTSX Ta HaBaHTAXCHHIX. OMHUM 13 HaWOUTBII €PEKTUBHUX IMITXOIIB €
BektopHe kepyBaHHs (Field-Oriented Control, FOC). Ileii Meron n03BOJsiE KOHTPOIIOBATH
MOMEHT JIBUTYHA 1 MIBHJIKICTh, PO3AUISIOUM CTPYMH CTaTOpa Ha JBi HE3aJEeKHI CKIIAJIOBi: OJHY
IUIE MOMEHTY, IHIIY JUIS MarHiTHOTO TOTOKY. BeKTopHe KepyBaHHS 3aCTOCOBYE CKIAQJHY
MaTeMaTU4Hy MOJEJb, IO JO3BOJIIE OTPHUMATH TOYHHH KOHTPOJIb 3a pEKHMaMH pPOOOTH
neuryHa. [le 0coOIMBO BaXKIIUBO ISl TPAHCTIOPTHUX 3aC001B, JIe MOTPiIOHA IIBHUJIKA AANTAIIIS IO
3MIHHUX YMOB.

Iammm migxonoMm e ckamsipue kepyBanns (Voltage/Frequency Control, V/F), o perymtoe
JIBUTYH dYepe3 MIATPUMKY MOCTIHHOTO CHIBBIZHOLIEHHS MDK YacTOTOIO 1 Hampyroro. Takuit
MeTOJ| € OUTBII MPOCTHM Yy peaiizaiii, ane 3a0e3nedye HIKYY TOYHICTH KOHTPOJIFO MOMEHTY i
IIBUIKOCTI TMOPIBHSHO 3 BEKTOPHUM KepyBaHHSAM. Y TPAHCIOPTHUX 3aCTOCYBAHHSX CKaJspHE
KEepYBaHHs BHKOPUCTOBYETHCS ISl OUTBII POCTUX 3aB/aHb, JIe HE MOTPiOHA BUCOKA TOUHICTb.

[Tpsime kepyBanus MmomeHTOM (Direct Torque Control, DTC) € meToom, sikuii 103BOJIsIE
MUTTEBO KOPUTYBAaTH MOMEHT 1 MIBUJKICTh 0OepTaHHA 0€3 BUKOPHCTAHHS CKJIAJHUX MOJEINEH,
TakuX SK y BekTopHOMY KepyBaHHi. DTC 3abesneuye nyxe MIBUAKY BIANMOBIIh HA 3MIHY YMOB,
0 € BEJIMKOIO0 TepeBaror Ui TpaHcrnopry. OJHaK 1ed MeTOoJ MEHII TOYHMM Ha BHUCOKHUX
MIBUIKOCTSIX 1 MOYK€ BHKJIMKATH MYJIbCAIlii MOMEHTY, 1[0 MOX€ OyTH HeOaXaHUM JUIS JESKHUX
TPAHCHOPTHUX CHUCTEM.

OCOBJIMBOCTI AOCJIIKEHHS PEXKUMIB POBOTH
ACHUHXPOHHOT O EJIEKTPOITPUBOJA B TPAHCIIOPTI

Jnst 3a0e3nedyeHHst cTadiTbHOI POOOTH AaCMHXPOHHOTO TMPHBOJA B yMOBAX PEaJIbHOTO
TPAHCHOPTY HEOOXiTHO JOCHIIKYBAaTH, K BiH pearye Ha 3MiHHI PeXHUMH HABaHTHXKEHHS Ta
MIBUAKOCTL. Y TpPaHCHOPTHUX 3aco0ax, TakuX K NOoTArn abo aBroOycu, AE migmaerbcs
JMHAMIYHUAM 3MiHaM, 30KpeMa yepe3 KOJMBAHHS HAaBAHTAXKEHHS TP 3MiH1 KUTBKOCTI MacakupiB
ab0 yMOB JIOpPOTH.

[Tpu mocnikeHHI peKUMIB pOOOTH MPHUBOIA BAXKIMBO BPaXOBYBATH MEPEXiIHI MPOLIECH,
TakKi SIK po3riH i ranbMyBaHHA. L{i pe’kuMHu 0cOOIMBO KPUTHYHI [T TPAHCIOPTY, OCKUIBKH BOHH
BU3HAYAIOTh IUIABHICTH PyXy 1 KoMdopT macaxkupiB. JlochmipkeHHs B J1aOOpPaTOpPHUX YMOBAax
JI03BOJISIIOTH MOJEIIOBATH Pi3HI clieHapii poOOTH MPHUBOA, BU3HAYATH ONTHMAJIbHI MapaMeTpu i
MOKPAIIyBaTH aJaIlTaIl{l0 CHCTEMU KEpYBaHHS.

PO3POBKA CUCTEMMU KEPYBAHHSA
ACHUHXPOHHHWM EJIEKTPOIIPUBOJIOM
Po3poOka cucremu kepyBanHsi AE ans TpaHcnopTy € 6araToKOMIOHEHTHUM IPOLIECOM,
KW BKIIOYAa€ BHKOPHCTAaHHS Cy4acHOTO OOJaTHAaHHA Ta AITOPUTMIB sl 3a0e3medeHHs
IIBUJIKOTO Ta TOYHOTO KepyBaHHS. OCHOBY CHCTEMHU KepYBaHHS CKJIaJal0Th BUCOKOTIPOIyKTHUBHI
MPOIECOpPH, SIKi 3JaTHI MIBUAKO 0OpOOIIATH BeuKi 00CsATH JaHuX 1 3a0e3redyBaTu BEKTOpHE a0
npsiMe KepyBaHHS.
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KrrouoBum acriektoM € BUOIp CEHCOpIB 1 JaTYUKIB, SKi 3a0€3MedyIoTh iH(OpMAaIio Tpo
napamMeTpu poOOTH JBUTYHA, 30KpeMa IIBUIKICTh OOEpTaHHS, CTPYM, HApyry Ta TeMIepaTypy.
JlaT4uK¥ JT03BOJIAIOTH CHUCTEMI KEpyBaHHS IIBUIKO pearyBaTH Ha 3MiHM B poOOTI OBUTYHA i
3MIACHIOBATH KOPWUTYBAHHS B PEXUMI pEalbHOrO dacy, Io 3abe3medye CTabUTbHICTH 1
e(eKTUBHICTh POOOTH.

ANTOPUTMH KEpYBaHHS PO3POOISAIOTHCS 3 ypaxyBaHHIM CHenU(}iKd TPAHCTIOPTHUX YMOB
1 JI03BOJISIFOTH ONTHMI3YBaTH CIIO)KMBAaHHSI €HEPTii, PEryiTioloud peKUM poOOTH MPUBOJA IIij
KOHKPETHI HAaBaHTXKEHHS Ta MBHUIKOCTL J[JI1 IbOTO BUKOPUCTOBYIOTHCS METOJIU ONTHMI3AIlil,
SK1 BpaXOBYIOTh MUTTEBI 3HAYECHHS IMapaMeTpiB 1 0OMParoTh HAEKOHOMIYHIIINHI peXUM poOOTH
0e3 3HIDKEHHS NPOAYKTUBHOCTI. TomMy aBTOpamu Oyio 3alpONOHOBAHO PO3IUIHTH CHUCTEMY
KepyBaHHs Ha 1B QyHKIIOHANBbHI YaCTHHH: OJIOK TPAHCIIOPTHOTO KEPYBaHHS Ta OJOK KepyBaHHS
AJl. 3aBIOsKu IIBOMY JIOCSTAEThCA CYTTEBE CKOPOYEHHS BHTpAT 4acy Ha PO3pOOKY CHUCTEMHU
KepyBaHHsI Ta OTPUMAaHHS pe3ybTaTIB IPU MPOBEIEHH] JOCIIKEHb.

bnok TpaHCIOPTHOrO KepyBaHHS peaji30BaHO Ha MIKPOKOHTposiepi 13 Habopom
HEOOX1THUX JTATYUKIB 1 PErysITOPIB, M0 3a0€3MeUyI0Th KOHTPOJIb MapaMeTpiB pOOOTH MPUBOY.
Ile#t Gnok BUKOHYE JIOTIUHE KEPYBAaHHS PEaTi3ylOud 33JaHUil aNrOpUTM pyXy TPAHCIOPTY Ta
pobotu AE.

brnox kepyBanHs AJ] peami3oBaHO 3a JIONOMOTOK MPOMHCIOBOTO YacTOTHOTO
neperBoproBada s AJ] 3 mudpoum iHTEepdeiicom. Uepes iHTepdeiic mepemadi JaHUX
MIKPOKOHTpOJIEp Kepye MOTOYHHUMH Hapamerpamu pobotu AJl Ta oTpuMye 3BOPOTHIH 3B'S30K
BiJl YaCTOTHOTO TepeTBOprOBayda. Takuil MiaXiJ T03BOJISE MIBUAKO 3MIHIOBATH Pi3HI alTOPHUTMHU
poboTH Ta OOMpaTH MEPETBOPIOBAY 3 HEOOXITHIUMH XapaKTEePUCTHKAMU HE MepepoOIIsioun yCcro
CHCTEMY KepyBaHHSI.

JInsi BUKOHAHHS CUCTEMH KepYBaHHS aCHHXPOHHHUM €JIEKTPOIIPHBOAOM JJIS OCIHIPKEHHS
pPeKUMIB poOOTH B TPAaHCIOPTHUX 3aCTOCYBAaHHSAX OyJO 3allpONOHOBAHO CTPYKTYPHY CXEMY
HAaBEJICHY Ha PUCYHKY 1.

U=Aa) RS- <—>U
HHHA MBK s 1 \V4 TAI[
< \\ >
JIIA J=1n # ¢
J10 f=1n) AKbB
71IB3

Pucynok 1 — Cxema ctpykrypHa cuctemu kepyBanHsa AE g T3

CxeMa cknaiaeTbes 3 MIKpOKOHTposiepHOro Osioky kepyBanHs (MBK), meperBoproBaya
gactotu (ITH), axymymsropuoi Oarapei (AKB), tsaroBoro acmuxponnoro asuryHa (TAH) i
HA0Opy JAaTUYWKIB: JATYMK TOJIOKEHHs menam akceneparopa (IIITA); maTdMk MBHIKOCTI
aBTomoOus (IIIIA); naruuk mBuaKOCTI 00epTaHHs KomiH4dactoro Bany JAB3 (IO /IB3).

MBK mnpencraBiisie co00i0 €IEKTPUYHY CXEMY sIKa CKIIATAEThCs 3 MIKPOKOHTPOJIEpA,
CXeMH cCTa0imizanii Hampyrd SKHBIEHHS, CXEMHM HOpMalli3alii Ta Y3TOJDKEHHS BXIJIHUX
iHTEepdeliciB, cXeMH HOpMamizalii Ta Yy3ro/pkKeHHS BuxigHuX iHTepdeiiciB. Ilpu mnomaui
xuBieHHss MBK nmpoBoauts iHimianizamito (monepeane HamamrtyBanHs) 1Y, onurtye natuumkw,
piBesb 3apsay AKD Ta BU3Haya€ HOTOYHHIA PeXUM POOOTH.

Jnst moBHOT B3aemoii 3 [TY: HanmamTyBaHHs, OTPUMaHHS IOTOYHUX 3HAYEHb ITapaMeTpiB
po0OTH, KepyBaHHS YacTOTOI, BUKOPHUCTOBYETHCS IMPOMHUCIOBHIA TOCTIIOBHHN iHTEpderic
nepenayi naanx RS-485 ta nporokon MODBUS.

3 MeTor yHpaBIiHHS YacTOTOK BHKOpUCTOBYeThes JIIIIA, oOckimbkum CHUTHAI
MPONOPIIHHUI YacTOTi 0OepTaHHS OCi ACHHXPOHHOTO ABHTYHA. 3HAIOUM YHCJIO Hap MOJIOCIB
cTaropa Ta KOE(QIMiEHT MPOMOPIIHHOCTI MDK YacTOTOK CHTHATY JaT4dKa [IBUIKOCTI
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aBTOMOOWISA Ta YaCTOTOIO 0OEPTAHHS BaJly aCHHXPOHHOTO €JIEKTPOJBUTYHA, YACTOTYy TpU(a3zHOT
3MIHHOT HamNpyrH, sIKy Tpeba MoJaBaTH Ha aCHHXPOHHUH eNEKTPOABUTYH, OTPUMYIOThH HIISIXOM
J0JJaBaHHSI HOMIHAJILHOTO a0COJIFOTHOTO KOB3aHHSI.

Takox BaXJIMBO BpaxyBaTH, IIO aCHHXPOHHI MPHUBOAM B TPAHCIOPTHUX YMOBAX YacTO
IHTETPYIOTbCA 3 IHIIUMH €JIEMEHTaMU TPaHCIOPTHOTO 3aco0y, HANpHKIAL, 3 CHCTEMOIO
ragpMyBaHHs a00 JKUBICHHSIM. TOMY 3alIpONIOHOBAaHA CUCTEMA € JJOCTATHBO THYUYKOIO 1 3[aTHOIO
70 iHTerpamii 3 eleKTPOHHUMH CHCTEMaMM YIPABIIHHS BCHOTO TPAHCIOPTHOTO 3acoOy. Jlis
1IbOr0 MiKpoKoHTposiep Mae anapaTauii CAN iHTepdeiic, mo 3a0e3neunTs nepenavy JaHux Mix
PI3HUMHE OJIOKAMH CHCTEMH B PEXKHMMI PEATbHOTO Yacy.

[Ile oHUM BaXJIMBUM acCIEKTOM € 3a0e3nedeHHs: 0e3nekd poOoTH mpuBoaa. OCKUTbKH
TPAHCIOPTHI CHCTEMH EKCIUTYaTYIOThCS y CKIaJHUX YMOBAX, 30KpeMa 3a BUCOKUX TeMIIEpaTyp,
BOJIOTOCTI Ta THJY, CUCTEMa KepyBaHHS MOBHHHA 6yT1/1 CTIMKOI0 O 30BHIIIHIX BIUIMBIB 1
3a0e3MneuyBaTi 3aXHUCT BiJ NepeBaHTaKEHb Ta meperpiBy. s mporo mepeadadyeHi anropuTmu,
0 KOHTPOJIIOIOTH TMapaMeTpu poOOTH MpHBOJAa 1 B pa3i JOCATHEHHS KPUTUYHHUX 3HAYEHBb
3HWXKYIOTh MIOTYKHICTh a00 3yNMHUHSIOTH JBUTYH, 1100 YHUKHYTH TIOJIOMOK Ta aBapiil.

TakuMm YWMHOM, 3alPONOHOBAHA CXeMa peali3alii CHUCTEMH KEepyBaHHS ACHHXPOHHUM
SJIIEKTPOTIPUBOJIOM JUISI TPAHCIOPTHUX 3aCTOCYBAaHb peali3ye KOMIUIGKCHHHM TMIiIXia, Mo
BKJIIOUAE!

- 00pOOKy BEIMKHUX 00CATIB JaHUX JJIS IIBUKOTO pearyBaHHs HA 3MiHHI YMOBH,

- HaJTAIITYBaHHS THYYKHUX aJlTOPUTMIB ONTUMI3alii /Uil 3HWKEHHSI €eHePTrOCIIOKUBaHHS,

- 3a0e3MedeHHs IHTerparii 3 iHIUMHU eJIEKTPOHHIUMHU CUCTEMaMH TPAaHCIOPTHOTO 3ac00y,

- 3aXHCT BiJl IEPEBaHTAKEHb 1 BIUTUBY 30BHIMIHIX (haKTOPIB.

3aBISKU IIbOMY CUCTEMA KEPYyBaHHs aCHHXPOHHHUM €JIEKTPOTIPHBOJIOM 37aTHA €(PEKTUBHO
NPAIIOBATH B yMOBaX BUCOKOI IHTEHCHBHOCTI pyXy Ta 3ale3medyBaTu Oe3meky i KOMQOpT
MacaXupiB.

BUCHOBKH

Po3poOka cucremMu KepyBaHHS Al aCHHXPOHHOTO €JEKTPOIIPHBOAA y TPAHCIIOPTHUX
3aCTOCYBAHHSAX € BAXKIUBUM €TaroM Ui MiABHINEHHS HAIIfHOCTI Ta e(QeKTHBHOCTI
TPAHCHOPTHUX CHUCTEM. ACHHXPOHHI €NeKTPONpPUBOAM MAIOTh 3HAYHI TepeBard B yMOBax
TPAHCIIOPTY 3aBJISKKA CBOTIA HAMIMHOCTI Ta EKOHOMIYHOCTi, aje e(eKTHBHICTh iX poOOTH
3HAYHOIO MIPOIO 3aJISKUTh BiJl SIKOCTI cucTeMH KepyBaHHS. CydacHi METO/H, TaKi K BEKTOpHE
Ta TpsME KepyBaHHS MOMEHTOM, JO3BOJISIOTH 3a0€3MeYdTH CTaOUIbHY pOOOTY ABHIYHA B
YMOBaxX TUHAMIYHOTO HABAHTAXXEHHS Ta 3MIHHHUX IIBUKOCTEH.

B yMoBax mMOCTIfHMX 3MiH, XapakTepHHX /sl TPAHCIOPTHOI EKCIUTyaTallii, KIYOBY
pOJb BiNIrpa€e 3JaTHICTb CHUCTEMH KEpYyBaHHS aJanTyBaTHCA N0 3MIHH PEXUMIB poOOTH Ta
3a0e3neuyBaTd 3aXUCT BiJ 30BHIMIHIX ()akTOpiB. 3aBASKH IIbOMY TPAHCIOPTHI 3acodu 3
ACMHXPOHHHUMH MPHUBOJAMU MOXKYTh JIOCSATTH BHUCOKOTO PIiBHS €HEproz0epexeHHsl Ta Oe3MeKH,
II0 € BAXXJIMBUM JUIS CY4aCHUX BUMOT €KOJIOTIYHOCTI Ta €EKOHOMIYHOT €(DeKTHBHOCTI.

HocnipkeHHss MeTOMIB Ta 3aco0iB kepyBaHHs AJl moka3ye, 1o IiCHYIOYiI YacTOTHI
MEPEeTBOPIOBAYl KEPYBaHHS ACHHXPOHHUMH JBUTYHAMH, HI0 TPU3HAYEHHI U TMPOMHCIOBHUX
JIeH, MOXYTh pealli3oByBaTu MOTPiOHI anroputmu Ta HanamrtyBanHs TEIl npu 30BHIIIHBOMY
KepyBaHHI. B 3B’s3Ky 3 4MM 3alponoHOBaHy cxeMy KOMOIHOBaHy cxemy kepyBaHHS AE mns
JOCIIPKEHHS PeXKUMIB pOOOTH B TPAHCIIOPTHUX 3aCTOCYBAHHSX.
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JOCIIIKEHHSA EOEKTUBHOCTI CUCTEMU KEPYBAHHSA
HA OCHOBI MOJEJII IEPEJBAYEHHSA

o 1 1 . 2
Toscrokopuiit M.I1O.", /I3t06enko O.A.", Antonowski T.
1 . o . o . e . .
XapKiBChKHI HAI[IOHATBHUN aBTOMOOLIFHO-AOPOKHINA YHIBEPCUTET, YKpaiHa,
2 . . . .
University of Warmia and Mazury in Olsztyn, [Tonbema

BCTYII

[Tpobnemu MOpoXHBOI Oe€3MeKkn CTaTh JAelani TOCTpiMMU 4Yepe3 Oe3nepepBHE
PO3IIUPEHHS TOPOXKHBOI 1HYPACTPYKTYpH Ta 3POCTaHHS KUIBKOCTI TPAHCHOPT-HHUX 3ac00iB. Y
BIIMOBI/b HA TJI00abHI BUKITUKH, TIOB’S13aH1 3 BAXKUMH JIOPOKHIMU aBapisiMU Ta €KOJIOTTYHUMHU
MUTAHHAMH, OYyJIO pO3pOOJCHO IHTENEKTyalbHI TPAHCIOPTHI CUCTEMH W CHUCTEMH JOTIOMOTH
BOJIi€Bl. BOHM cnpsiMOBaHI Ha IIBHINEHHS O€3-TIEKH Ta TOKPAINIEHHS YMOB BOJIHHS, OJHAK
OCTaHHIM 9acOM TaKi CHCTEMH BHKJIMKAIOTh 3aHETIOKOEHHS ITUPOKOTO KoJia KopucTyBauis [1].

AnanTHUBHUN KpPYi3-KOHTPOJb — OJHA 3 IHHOBAIIM y cdepi akTUBHOI Oe3reku, 1o craia
BO)XJIMBUM €TallOM Y PO3BUTKY CHCTEM JIONIOMOTH BoJi€Bi [2]. Ha BinmMiHy Bix 3BUYalfHOTO Kpyi3-
KOHTPOJIIO, AaJaNTHUBHUN KpPYyi{3-KOHTPOJIb MOXKE 3armodiraTé 3iTKHEHHAM Ta MiATPHMYBATH
0e3revHy IMCTAHIIIO IO aBTOMOOLIS MOTIepe Ty, BPaxOBYIOUYH BifICTaHb, IIBUAKICTH 1 MPUCKOPEHHS
IHIMMX TPAaHCTIOPTHUX 3aco0iB. Ycmix Ii€l TEXHOJOTIT MOXHA pO3MISIaTH SK 3Pa3oK JUIs
CTBOPEHHsI OUTbII KOMIUIEKCHHMX CHUCTEM AaKTHBHOI Oesmeku. CHCTEMHM aIanTUBHOTO KpYi3-
koHTposto (ACC) 3a3Buuail JAomoOMararoTh 3MEHIIMTH HABAHTAKCHHS HA BOJMIS 1 MiABUIIATH
Oe3rneKy pyxy 3aBASKH aBTOMAaTHYHOMY KOHTPOIIIO IMOB3JIOBKHBOTO PYXy aBTOMOOWUIS, a TaKOX
3a0e3MeuyIoTh MITPUMKY 32 paXyHOK 3pydHoro iHTepdeticy. CydacHi TOCTITHUKH, PO3POOIISTIOUN
crparerii g ACC, 30e0UTBIIOTO OPIEHTYIOTHCS Ha Oe3leuHe CIHiIyBaHHS 32 IHIINM
TpaHcopTHUM 3aco0oM [3]. Bomnouac Taki acmektH, sik KOM(OPT i €eKOHOMIYHICTh, TaKOX €
BOXJIMBUMH XapaKTePUCTUKAMU CHCTEeMH. TOMy MeTa YIpaBliHHS TOJISIrae y MiABHUIIEHHI
KOM(DOPTY Ta €KOHOMIYHOCTI MOT3AKH 3 OOOB'I3KOBUM JIO-TPUMaHHIM O€3MEeYHOT AUCTAHIIT MK
aBTOMOOUTSIMU. OCHOBHMH BHUKJIMK TIOJISITA€ Y CTBOPEHHI OaraTo(yHKIIOHAIBHUX CTpaTerii
YIIPaBIIIHHS, III0 OXOIUTIOIOTH O€3MeKy, EKOHOMIYHICTh 1 KOM(OPT.

META TA IOCTAHOBKA 3ATAUI

MeTo0 1BOro JOCHKEHHS € WiABHIIEHHS e(EKTUBHOCTI CHUCTEMH KEpyBaHHS
aIaTHBHOTO KPYi3-KOHTPOJIIO NUIIXOM BUKOPHUCTaHHS MPOTHO3YIOUOi MOJIENi, sika 3abe3neuye
OLTBII TOYHY AJAITAIlIO 0 3MiH y MOBEAIHIII aBTOMOOLIA MOMEepeay Ta MATPUMYE CTaOUIbHICTD
pyXy B TpaHCHOpTHOMY moTtoli. Ha BiqMmiHy Big TpaauuiiHUX KOHTpOJIEPIB, MPOTHO3yIOYa
MOJIENb JIO3BOJISIE aHANI3yBaTH MaHOYTHIO TPAEKTOPiI0 aBTOMOOLTS Ha 3aJaHW YaCOBUM
IHTEpBaJI, 10 Ja€ MOXKJIMBICTh ONTHUMAJIBHO pearyBaTH Ha 3MiHHI JJOPOXKHI YMOBH.

OCKUTbKM ~ TpaAMIifHI JHIAHI KOHTPOJIEPH YacTO OOMEXKYIOThCS pETYyITIOBaHHIM
IIBUAKOCTI Ta JUCTaHIii B TEBHUH MOMEHT, NpPOTHO3YIOYa MOJENIb HaJa€ MOXKIHMBICTh
OILIIHIOBAaTH MalOYTHIO TPAEKTOPII0 aBTOMOOLIA mormepeny, 3a0e3neuytoun OUTbII aJanTHBHE Ta
Oe3rieuHe yIpaBJIiHHS. 3aBIaHHS JOCHTIIPKCHHS BKIIOYAE aHaJi3 TOTEHINaTy Ta OOMEXCHb
Mojeliel rependadeHHs y BUPIICHH] 0araTo3agadyHuX BUMOT, 30KpemMa 0e3rneku, eeKTUBHOCTI
Ta KOoM(opTy BOMIHHA. JIOCH/DKEHHS TaKOXK 30CEPEHKCHO Ha po3podI MiAXOdiB, IO
J03BOJISIIOTh YHUKATH TOCHJICHHS KOJIMBAaHb y TIOTOLI, OCOOJMBO TIIiJ Yac panToOBUX 3MiH
IIBUJIKOCTI, HE MOTPEOYIOUM TOYHOTO MPOTHO3Y WOTO MOJOXKEHHS. 3aBIaHHs MOJSITae B TOMY,
o0 JOCIIAUTH MOTEHIIa]l TaKUX MOJeNell y BUpilIeHHI OaraTo3alayHuX IIiiell KepyBaHHS,
HacaMmIiepe] 3MEHIIYIOYH pPH3UK '"JTaHIIOTOBUX peakmii" 1 MiABUIIYIOYH aJalTHUBHICTh Y
peanbHUX JOpOKHIX ymoBax. OcoOnmBa yBara NMpHUIUIAETHCS BU3HAYEHHIO TOTO, SIK MOJIENb
MOXKE€ MIATPUMYBATH OajaHC MDK TOYHICTIO MPOTHO3YBAaHHS Ta CTPOKOBOIO CTiHKicTIO 0€3
HAJMIPHOT 3JIEKHOCTI BiJl 0OYMCITIOBAIEHUX PECYPCIB.
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PE3YJIbTATHU TEOPETUYHUX JOCJIIAKEHb

Ha BigMiHy Big JiHIHHUX KOHTpPOJIEPIB, SIKi PETYIIOIOTh BiCTaHb 1 HIBUAKICTH B
KOHKPETHHH MOMEHT 4Yacy, aJanTHBHHMHA KpYi3-KOHTPOJb HA OCHOBI YNpaBIIHHA 3
nepeadadeHHsIM aHaIi3ye OOMEXEHUIN YacOBHIl 1HTEpPBAJ, B MEXaX SIKOTO CHCTEMa MPOTHO3YE
pPyX aBTOMOOLIS Momepey i mpuiiMae onTUMaNbHE PIillIeHHS 1010 MaOyTHBOT TpaekTopii [5].
Taxuit miaxia J03BOJISIE BPaXOBYBATH KUTbKA IIIIEH OJHOYACHO, 30KpeMa 0e3neKy, e(heKTUBHICTh
1 xomdpopT BomiHHA. [IpuHIun nepexbaueHHs 1 onTUMI3amii poOUTH cHCTEMY OUITBII THYYKOIO,
J0JJAI0YU HOBI IIIIEOBI ApaMETPH TPAEKTOPIi Ta BUXOJSUM 32 PaMKU MPOCTOTO pEryTIOBaHHS
IIBHJIKOCTI Ta BiJICTaHi, 1[0 € BJIACTHBUM I JIHIAHUX cucTeM. Llel onTmMmizamidHui miaxi
TAaKO’)X CTBOPIOE HOBI MOXJIMBOCTI IS  TiABUIIEHHS TMPOJYKTUBHOCTI MOPIBHSHO 3
TPaIUIIHHUMU JTIHIKHUMU CUCTEMaMH.

CyuacHi BI/Ip06HI/IKI/I CHCTEM aJalTHUBHOTO KPYi3-KOHTPOJIIO, I/IMOBlpHO IIPOJIOBXATh
BUKOPHUCTOBYBAaTH MOJIeNi TepeadadyeHHss 4Yepe3 iX BHCOKY THYYKICTh 1 €(QEeKTHUBHICTH Y
BUpILICHH] CKJIATHKX 3aBaaHb. Hanpukian, kommanis Tesla mpoaemoHcTpyBana cBiil miaxin 1o
nepeabadenHs Ta ontumizanii Ha 3axoni Al Day y 2021 p. Onnak, He3BaXXarOud Ha YMCIEHHI
nepeBaru MoJieliel nepeadadeHHs B 3a0e3neueHHi OalaHCyBaHHS MHOKHHH I[1JIeH, BOHU MarOTh
MeBHI OOMEXKEHHS, 30KpeMa, MpoOJeMH i3 CTPOKOBOIO CTIHKICTIO, IO CKIAIHO ITIIA€ThCS
aHaIi3y dYepe3 HEeNIHIMHICTh Ta TPYAHOIII 3 TOYHICTIO TpPOrHO3yBaHHSA. CTpPOKOBa CTIHKiCTh
BH3HAYAETHCS K BIACTHBICTH JIAHIIOTA TPAHCIIOPTHHUX 3acO0iB a00 OYy/b-IKOTO TMOCIIIOBHOTO
MOTOKY 00'€KTIB, MIPH SIKiii KOJMBAHHS UM Pi3Ki 3MIHU MOBEAIHKU OJHOTO yYaCHUKA, HAPUKJIIA,
raJbMyBaHHs a00 MPUCKOPEHHs, He CIPUYMHSIOTH TOCUJICHHS [TUX 3MiH y HACTYITHUX YYaCHUKIB
nanmtora [6]. Hampuxiaa, SKo nepmumii aBToMOOUTh Y KOJIOHI 3MEHIITy€e IBUIKICTh, CTPOKOBA
CTIHKICTh TapaHTye, [0 HACTYIHI aBTOMOOUII HEe pearyBaTU-MYTh PI3KUM TaJlbMYBaHHSM, IO
3arobirae "NMaHIIOTOBIH peakuii” i 3a0e3medye TIaBHUN PyX BCHOTO MOTOKY. Y MPOTHIICKHOMY
BUMAJKY, KOJHM KOXHE HACTYIIHE aBTO pearye pi3Ko, 1€ MOXK€ TMPU3BECTH OO0 HeOaKaHHX
HaciakiB. TakuM YHHOM, CTPOKOBA CTIMKICTh € BaXKIMBOIO JUIsl 30€pEKEHHS CTaOUTBHOCTI Ta
3armo0iranHsl HAaKOTIMYESHHIO TOMUJIOK Yy CUCTEMaXx aJalTUBHOTO KPYi3-KOHTPOJIIO, 3a0e31euyoun
Oe3repepBHUH 1 TUIABHUH pPyX TPAHCIOPTHHX 3aCO01B.

Jns ontumizamii TpaekTopii pyxXy aBTOMOOUIS HEOOXiTHO MaTh TOYHHUH TMPOTHO3
noJiokeHHst Jinepa. OJHAK, SK TOKa3ylOTh Cy4YacHi JOCHIDKEHHS, Mepen0avyduTH TOBEIIHKY
Jizepa 3 BHCOKOIO TOYHICTIO € CKJIAIHMM 3aBaaHHsAM. Hampuxian, xommanii, taki sk Lyft i
Waymo, oprani3oBylOTh 3MaraHHs 3 MAalIMHHOTO HaBYaHHS, CIPSIMOBAaHI HAa TPOTHO3YBAaHHSI
TpaekTopiil sigepa. Jlas JOCSATHEHHS BUCOKOI TOYHOCTI NMPOTHO3YBaHHS BUKOPHCTOBYIOTHCS
rIMOOKI HEHPOHHI MepeXi Ta BEJIMKI 0OCATH Ma-HUX, ajie, He3BaKAIOUU Ha IIe, )KOJHA KOMIIaHisI
MOKH HE JI0CSTiIa 3HAYHUX YCIIXiB y BUPILICHHI I[i€1 TPOoOIeMH.

Y 1mbOMy KOHTEKCTI BHHUKAa€e MOTpeda B CHUCTEMI, IO HE 3aJCKUTh BiI MPOTHO3IB 1
3abe3rneuye CTPOKOBY CTIHKICTh MpH OyIb-SKUX MIBHIKOCTAX Ta KOJMBAaHHIX. Taka MOJeNb BKe
icHye B Teopii TpaHCHOPTHUX MOTOKIB. Y ii paMKax TpaeKTOpis Ha-CTYITHOTO aBTOMOOLISA
BHU3HAYAETHCS K THMYAcOBO-TIPOCTOPOBE 3PYIIEHHS TpaekTopii jimepa B MuHynomy. Lle
3a0e3reyye TapaHTOBAHY CTPOKOBY CTIMKICTh, IO O3HA4Ya€, IO KOJWUBaHHS Jijepa He
MOCHUJTIOIOTECST 1 HE TacsAThCS B JIAHLIOTY TPAHCIOPTHUX 3aco6iB. Kpim Toro, mst mMonens He
noTpedye MPOTrHO3YBaHHS MOTOYHOTO TOJIOKEHHS JIi/iepa, a BUKOPUCTOBYE JIUIIIE HOTO iCTOPIrO,
sKa MOke OyTH OTpHMaHa 3a JIOTIOMOTOI0 Cy9aCHUX JAaTYHKIB, TAKUX K pajap.

BUCHOBKH

AnanTuBHUHN KPYi3-KOHTPOJb € BAXKJIUBUM €TAallOM PO3BUTKY aKTUBHUX CHUCTEM Oe3IeKH,
OCKUTBKM  JIO3BOJISIE ~ QBTOMAaTH3yBaTH  YOPABIiHHS  IO3JOBXHIM  PyXOM, 3HHXKYIOUH
HAaBaHTXXEHHS Ha BOMIS Ta MOKpamryroun KomMdopT BomiHHSA. Ha BiaMiHy Bin TpaaMuiiHUX
KpYi3-KOHTpOJIIB, I CHCTeMa HE JIMIIe MIATPUMYE 3aJaHy MIBUJAKICTh, ane i BpaxoBye
IIBUJKICTh, TPUCKOPEHHS Ta BiJICTaHb JIO TOMEPEIHBOTO TPAHCIOPT-HOTO 3aco0y, IO Crpuse
3armo0iraHHI0 3iTKHEHb Ta MiATpUMIN Oe3mevynoi aucranmii. KitouoBoro ocoOnuBicTiO
aJIaTUBHOTO KPYi3-KOHTPOJIIO € BUKOPUCTAHHS IMPOTHO3YIOUUX MOJeNe ymnpaBiiHHA. Takuit
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MiIX1/1 T03BOJISE HE JIMIIE pearyBaTH Ha 3MIiHM B pealbHOMY 4aci, a i ONTUMI3yBaTH TPAEKTOPil
Ha OCHOBI NPOTHO3IB MOBENIHKM IHIIMX YYaCHUKIB AOPOXKHBOTO pyxy. Lle pobuts cucremy
OUIBII THYYKOIO, 3[JaTHOIO BPAaxOBYBaTH HE TUIbKH Oe3meKy, a W KoM(opT i eKOHOMIYHICTb
MOT3KH, 3a0€3MeUyI0UH IUIAaBHUN Ta €PEKTUBHUM PyX.

[MpuHIMT O6araTo3alavyHoOCTi Ja€ 3MOTY 3HAXOJWTH ONTUMATBHHUNA OaJaHC MDK PI3HUMHU
[UIIMU KepyBaHHS, TAKUMH SIK 3HWKCHHS CIIOKUBAHHS MaJMBa, MiHIMi3allis pi3KUX raJbMyBaHb
Ta MiABUIIEHHS KOMGOpTY Ui macaxupiB. OJHAK, HE3BaXKAIOUM Ha BCi IepeBaru, CUCTeMa
CTHKA€THCS 3 HU3KOIO MpodiieM i oOMexxeHb. OHI€I0 3 HAMOUTBIIMX TPYIHOIIIB € 3a0e3MeueHHS
CTPOKOBOT CTIHKOCTI B TPaHCMOPTHUX MOTOKaX. CTPOKOBA CTIMKICTh O3HAYAE, 110 KOJIMBAHHS B
pyci, HampuKiIaa, TaJbMyBaHHS OJHOTO aBTOMOOUISA, HE MOBUHHI IMOCHIIIOBATUCS B HACTYIMHHX
TPaHCHMOPTHUX 3aco0aX, a, HAaBIAKW, IOBHUHHI MOCTYIIOBO 3IJIa/PKyBaTUCS. BiACyTHICTB
CTPOKOBOT CTIMKOCTI MOXe MPU3BECTH JI0 TOTO, 0 KOXKEH HACTYIMHUN aBTOMOOLIL pearyBaTuMe
3 OUTBIIMM 3aIli3HEHHSIM a00 pi3Kille, 0 MOXKEe CIIPUYUHUTH YTBOPEHHS 3aTOpiB ab0 aBapii [7].

Kpim Toro, cucrema HaJ3BHYARHO 3aJCKUTHh BiJl TOYHOCTI MPOTHO3YBAHHS TMOBEIIHKU
IHITMX y49acHUKIB pyxy. [IporHo3yBaHHS MaHEBpPIB BOJIS MONEPEIHBOIO aBTOMOOLII MOXKe OyTh
BOXKMM 4Yepe3 YHMCIeHHI HerependauyBaHi (akTopu, Taki SK panToBi 3MIHH TpaekTopii abo
ManeBpr. OJHaK cHUCTeMa Ha OCHOBI NPOTHO3YBaHHS Mae€ IE€peBary, OCKUIbKA BOHA 3/aTHa
BUKOPHUCTOBYBATH TUIBKH iCTOPiIO PyXYy JIiepa, IO 3HWKYE 3aJEeXKHICTh BiJl TOYHUX MPOTHO3IB i
3a0e3rnedye OUTBHITY CTAOUTBHICTH Y CKJIQJHUX JIOPOKHIX CHTYAIliAX. 3aMiCTh TOTO, 00
nependayaTd TOYHY TIOBEMIHKY, CHCTEMa MOXKE BHKOPHUCTOBYBATH TPAEKTOPIO Jimepa 3
TUMYACOBHM 3PYIICHHSM, 1[0 MiHIMI3y€ HAKOTIMYCHHS IOMWJIOK 1 TIOKPAIILye CTPOKOBY CTIMKICTb.

OTxe, afanTUBHUM KPYi3-KOHTPOJIb € MOTYKHAM IHCTPYMEHTOM IS MIZBUIIICHHS O€3MeKn
Ta KOMQPOPTY Ha JOPOTax, MPOTe JJIsl MOJAIBIIOrO BIOCKOHAIICHHS HEOOXIIHO BUPIIIUTA HU3KY
CKJIAJIHUX 3aBJaHb. JIOCSTHEHHS CTPOKOBOI CTIHKOCTI, MOJIMIIEHHS TOYHOCTI MPOTHO3YBaHHS Ta
onTUMI3alis 0araTo3aJadHuX CTpATErid YHpaBIiHHS € BaXJIMBUMH HamlpsiMaMu Uil MaOyTHiX
JOCITIHKEHD 1 po3po00K. 3 MPaBHIBLHOIO HACTPOHKOIO, TaKi CHCTEMH MOXYTh 3HAYHO TIOKPAIIUTH
e(EeKTUBHICTb TPAHCIIOPTHHUX IOTOKIB 1 3HU3UTH aBapIMHICTH HA IOPOTax.
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OI'JISI I MIKPOITPOILIECOPHOI EJIEMEHTHOI BA3M JI)IsI CUCTEM
AKTHUBHOI BE3IIEKH EJJEKTPOMOEBLIIB

Heuayc A.O., Pyban €.0.
XapKiBChKHI HAIIOHAIBHHUI aBTOMOOUTEHO-JOPOXKHIN YHIBEpCHTET, YKpaiHa

AxTuBHa 0e3reKa Cy4acHOTO €JIEKTPOMOOLIS 3aJIeKHUTh, Cepej IHIIOTO, BiJ MEepeJoBHX
cucreM JonoMoru BofieBi (ADAS) — Habopy TEXHOJIOTI Ha OCHOBI €JEKTPOHIKH, pO3pOOICHUX
s 3a0e3medeHHs Oe3nedyHoi ekcruryararii aBTomoOins. [nnHoBamii ADAS momomaraiorh
3armo0irTd  aBapisM, YTPUMYIOYM aBTOMOOUTI Ha Oe3meuHid BifCTaHI OJWH Bi OJIHOTO,
MoTIepeKAI0YH BOIIIB PO HEOE3MEeYHi yMOBH, 3aXHUINAI0YH THX, XTO MepedyBae B aBTOMOO1TI Ta
Ha BYJIUIIL, BiJ] IIK{IJTABUX 3BUYOK BOJIIHHS Ta BUKOHYIOUH IHIII OTepaIrii, oB’s3aHi 3 0€3MeK0k0
TOpOoXKHBOTO pyxy. Y ADAS Takox nepenbaueHi GyHKIii, iKi B MaHOYTHBOMY OyIyTh CITY’KUTH
BOKJIMBUMH €JIEMEHTAMH aBTOHOMHOT pOOOTH, KEPOBAHOT KOMIT TOTEPOM.

ABTOBHUPOOHUKM HaBBHUIIEPEIKU BIIPOBADKYIOTH BCE OuIbIIEe 1 OLIbIIE MOMXKJIMBOCTEH
JIOTIOMOTH BOJII€EBI B HOBI aBTOMOOiII, MPU IIOMY JOCTYIHICTh 0aratboxX (yHKIIH Ha PHUHKY
3HaYHO 3pOCTAa€ 3 KOXHUM pPOKOM. ABTOBUPOOHHMKM TOKJIAJAIOThCS HA MPOBITHHUX
MOCTAa4YaJbHHUKIB HAIMIBIPOBIAHUKIB JJIS PSly MepernoBUX TexHouorii iHterpanpaux cxem (1C),
AKI MOXYTh TOYHO Ta HQJIHHO MATPUMYBATH Pi3HOMAHITHI 30BHIIIHI JTaTYMKH; OOMIHIOIOTHCS
JTAaHUMHU MDK PI3HUMH CUCTEMaMH aBTOMOOLISA Ta 3a0e3MeuyoTh BUCOKOe()EKTUBHY, PI3HOPIIHY
00poOKy i KOMIT'IOTEPHOTO 30py Ta NPUHHATTS pilieHb, HEOOXIAHUX JUIS HACTYIHOTO
nokoJiHHs ADAS Ta aBTOMaTH30BaHUX CHCTEM BOIIHHS.

Cranpmapr J3016 MixHapogHOTO TOBapucTBAa aBTOMOOUTbHUX iHKeHepiB (SAE)
Taxonomy and Definition for Term Related to Road Motor Vehicle Automated Driving Systems
— me cucrema kiacudikaiii, po3poOiieHa JuIsi 3a0e3MedeHHs 3arajlbHOi TEePMIHOJIOTII IS
aBTOHOMHOTO BOJiHHsS. PiBHI aBToMartm3arii BomiHHA SAE International mns mopoxHixX
TPAHCHOPTHHX 3aCO0iIB:

- piseHb 0 HE € aBTOMATHU3AIIIETO, 1 BXKE BBAKAETHCS BIIXOJIOM Y MUHYJIE.

- Ha piBHAX | Ta 2 cuctemu ADAS MOXyTb Ha KOPOTKHIA 4ac B3ATH Ha ceOe aKTUBHUIMA
KOHTPOJIb HaJl aBTOMOO1JIEM, 11100 TOTIOMOTTH TP MapKyBaHH1, 3aMI00IrTH pyXy 3a/IHIM XOJIOM 3a
HasBHOCTI OO’€KTiB, sIKi BOJAIA He 0auuTh, YHHUKHYTH 3ITKHEHb MUISXOM TajJbMyBaHHS abo
NMOBOPOTY. [HOII cHcTeMa AaKTHBHO KOHTPOJIOE IHIUBIAYyaJbHI OCOOJIMBOCTI aBTOMOOLI,
HaNpUKJIaJl, aBTOMATUYHY aJarnTaIliio mepeaHix ¢ap 10 MOBOPOTIB Ta IHITUX MIHIUBUX YMOB.

- piBeHb 3 mependadae HAMiBAaBTOHOMHY POOOTY; aBTOMOOLTE Oepe Ha cede KepyBaHHS
aBTOMOOLIEM 3a MEBHUX OOCTaBHH, aje BOJii MOBHHEH OyTH TOTOBHI BIIHOBUTH KEPYyBaHHS.
Opnniero 3 HamiBaBTOHOMHUX (DYHKITIH JUIS 1314 MO IIOCE € aJanTUBHUN KPYi3-KOHTPOJIb, STKUH
aBTOMATHYHO 3MIHIO€ MIBUAKICTh, 00 JOTPUMYBATUCH Tpadiky. [HITNM BapiaHTOM € JONOMOTa
B YTPUMaHHI CMYTH PYXY, SIKa BUKOPHUCTOBYE MEpeaHto abo 3aHI0 Kamepy, mo0 yTpuMyBaTH
aBTOMOOUTh TIO TIEHTPY CBOEI CMYrdM Ta Ha Oe3medHild BifcTaHi Bif iHmUX BoxiiB. Cucrema
JOTIOMOTH TIPU TAapKyBaHHI Oepe Ha cebe TOBHUM KOHTPOJIb TiI Yac TapKyBaHHS Ha
MEPENOBHEHNX NAapKOBKaX 1 B Trapakax, a KOHTPOJIb CTaHy BOJiSI MOXX€ BHUSBUTH HOTO
HEI€3/IaTHICTh Ta PO3MOYATH MAHEBP 3YIIMHKH aBTOMOOLIISI.

- piBHI 4 Ta 5 — aBTOMOOUII TEpeXOJATh HA MOBHICTIO aBTOHOMHY poOOTYy, Ha
BOJIMCHKOMY CHJIHHI MOK€ B3araji HiKOro He OyTH. €IMHUM MacaKUpoOM MOKe OyTH JII0JHA
MOXWJIOTO BiKYy a0o IoauHa 3 OOMEKEHHMH MOXIMBOCTSAMHU Ha 33JHBOMY CHIIHHI, a0o0
aBTOMOOUTE MOe OyTH TIOPOKHIM, KOJIH iIe 32 KHMOCH 32 BUKJIIHKOM.

KokeH 3 mux eTamiB TPYHTYETbCS Ha TOMEPEHIX, 00 €IHYIOYM ICHYIOUI CHCTEMHU
Oesmexn B HOBI, OlIpmr ckiamHi. CroromHi OUIBIIICTP HOBHX aBTOMOOLIIB 3 SBIISIIOTBCA 3
MAaCHBHUMH 1 HaBITh JIEIKUMH aKTUBHUMHU (yHKIiIMU Oe3nekn ADAS, 1 TOCTYNHICTh MIBHIKO
3pocTae.

Sk 1 maiixe y Bcix iHHOBanisnx, ¢GyHkmii ADAS, sik mpaBuiIo, CIOYaTKy BIPOBAIKYIOTHCS
B aBTOMOOLITI BUCOKOTO KJIacy, a MOTIM MepeX0AaTh A0 aBTOMOOUTIB CEpeAHbOT IIIHOBOT KaTeropii
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Ta EKOHOM-KJacy. Y JeSKMX BHIIaJKaX, TaKUX SK KaMepu 3aJHbOTO BHJIY, KOMEpIIHHI
TPAHCIIOPTHI 3aCO0M CTaJId TEPIIOMPOXIAISIMHA, OCKUIBKH i (YHKIIT OCOOJMBO IIHHI s
0e3MeYHO1 eKCIUTyaTaIlil BeTUKUX BaHTAXKIBOK.

Binbi BUCOKI piBHI MOKIIMBOCTEH aBTOMATH30BAHOTO Ta JOMOMDKHOTO BOJIIHHS, a TAKOK
BHUMOTH JI0 HAJIHHOCTI MOPOJUKYIOTh TOTPeOy B MYJIBTUMOJATBHUAX CUCTEMAX 3 BUKOPUCTAHHSIM
PI3HOMAaHITHUX JAaTYHMKIB, BKIIIOYAIOUM TEXHOJOTI yabTpa3BykoBux natunkiB, RADAR, LIDAR
Ta KaMep (KOJIOPOBOrO, MOHOXPOMHOTO, CTEpEO Ta IHPPAYEPBOHOTO HIYHOTO OAYCHHS).

CynyTHUKOBHUH 3B’S30K, @ TaKOXK pa/io3B’s30K 3 cycimHiMu aBTOMOOUTAMHU (vehicle-to-
vehicle) Ta otouyroummu oO0’ektamu  (vehicle-to-infrastructure) Takok HEOOXimHI IS
MO3UIIIOHYBAaHHS, BU3HAYCHHS CTaHy MapuIpyTy, Tpadiky Ta iHmoi ingopmarii.

VY ToOii yac sk moTpeda y miATpUMaHHi Bce OUTBIIOT KUTBKOCTI MYJIBTUMO/IATBHUX CUCTEM
3 IEKUTBKOMA JJATYMKAMH Ha CUCTEMY PO3IIHUPIOE MEXIi TSI TIOCTavYIbHUKIB MiKPOTIPOIIECOPHUX
CHCTeM, BUPOOHUKM aBTOMOOLUTIB CTHKAIOTHCA 3 MPOOJIEMOO iHTerpaiii HOBHX JaTYMKIB Yy
CHCTEMH aBTOMOOUIS Ta BIiAMOBIAHUX OJOKIB OOpPOOKHM Ta KepyBaHHsS 0€3 KO JJIsl AU3aiHy
aBTOMOOWIS Ta BHYTPIIIHBOTO MPOCTOPY CaJOHA.

Ha pucynky 1 HaBeneHO CTPYKTypHY CXeMy CHUCTEMH TOJIOBHOI BiJeOKaMepH
enekTpomMoOus, mpormoHoBany Texas Instruments [1].
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Pucynox 1 — CtpykTypHa cxema MiKpOIpoIleCOPHOI CUCTEMH TOJIOBHOI BileOKaMepu
€IIEKTPOMOOLIS

Jlo ckiamy cUCTeMH BXOAATH: | — MiAcMCTeMa 3axHcTy BXOAy OaTapei, OCHOBHHMH
(GYHKIISMU ITi€T MCHCTEMH € 3aXHUCT BiJl epeXiHUX MPOIECIB Ta 3BOPOTHUI 3axXHUCT Oarapei; 2
— TMiACUCTeMa KEpYyBaHHSIM >KHUBIICHHS CHCTEMH, JDKEPEJO JKUBJICHHS, MiIKIIOYEHE [0
aKyMYJISITOPHOT Oarapei TpaHCIOPTHOTO 3acoly, 3a0e3redye KiTbka HOMIHATIB HANPYTH, sKi
BUKOPHUCTOBYIOTBCS B CHUCTEeMi; 3 — mincucrema 30epiranHsa iHopmanii, ¢uem-nam'aste Ta
nam'stb DDR gnst poGoyoro mporiecopa, 4acTMHOIO Ii€l CHCTEMH MOXKYTh OyTH JpKepena
KUBJICHHS 1aM’siTi; 4 — mifgcucrema oOpoOku iH(opMarlii, BKIIFOUA€ TOJOBHUN MPOIECOp IS
0o0poOKku  300pakeHb Ta  (DYHKIIOHAIBHUX  alNTOPUTMIB, TakKOX MOXE  BKIIOYATH
MIKPOKOHTpPOJIJIEp sl OOCIyroByBaHHA ab0 3axucTy Ta oOpoOnse BCi KOMyHIKamii 3
iHTepdelicom aBTOMOOUTSI; 5 — TiAcHcTeMa NPUHOMY Ta Y3TO/DKEHHS iHQopMaIlii kamep
KOJIbOPOBOTO, MOHOXPOMHOTO Ta CTepeo 300pakeHb; 6 — OJOK JKMBJICHHS MPOLECOpa,
CTeliaNbHe JDKEPENo JKUBJICHHS Ipollecopa, ske 3ale3redye HEOOXiNHI HAmpyrd Ta TaKTOBY
q4acToTy; 7 — inTepdeiic aBToMOOLIS, BKITIOYAE iHTepQeiicH 3B’ 13Ky MiXK MEPEIHHOI0 KaMepPOIO Ta
IHIIAMH CUCTEMaMH aBTOMOOuUIs, 3a3Buuaii Bkiarouae CAN, a Ttakox Moxke mMatu Ethernet mis
JIarHOCTUKU Ta OHOBJICHHS a00 BIICOBUXIJ JIIS Mepenadi JaHUuX 300paKeHHS IHIIAM CHCTEMaM
aBTOMOOUIA; 8 — mizcHMCTeMa NIarHOCTHKAa Ta KOHTPOJIIO, 3a0e3redye KOHTPOJb HAamlpyrd Ta
TEMIepaTypd CHCTEMH, a TaKOX TOYHI OIOpHI 3HAa4YeHHs Hampyr; 9 — mijcucTeMa
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AQHTHU3aIOTIBAHHSA, KEPYE BUCOKOBOJHTHUM IEPEMHKAYeM, SKHH BMHKAE Ta BUMHUKAE
HarpiBaJbHUI €IEMEHT 00’ €KTUBY KaMEpH.

Jliss KOKHOT 3 TepeNideHuX IMiJcUcTeM HaBiTh oauH BHpoOHUK (Texas Instruments)
NPONOHY€E JEKiTbKa TEeXHIYHUX pimeHb. Hanpukian, a1 ocTaHHbOI migcucreMu 9
MIPOTIOHYETHCS:

- TPSIHC30-Q1 — aBtoMoOumpHHE, 30 MOM, OJHOKAHATHLHUHN IHTEICKTyaTbHUI
BHCOKOBOJIBTHUH IlepeMuKay 5 A;

- TPS1IH100-Q1 — 40 B, 100 mOwm, 1-xaHanpHHII aBTOMOOUTHHHN IHTEIEKTyaTbHUN
BHCOKOBOJIETHUH TIEpEMUKAY 3 PETYIIHOBAHIM OOMEKEHHSIM CTPYMY;

- TPS4H000-Q1 — 40-B, 1-Om, 4-kaHalbHUII aBTOMOOUTBHUN IHTENEKTYaTbHHMA
BHCOKOBOJIETHUH TIEpEMUKAY 3 PETYITHOBAHIM OOMEKEHHSIM CTPYMY;
- TPS2H000-Q1 — 40-B, 1-Om, 2-kaHadbHUI aBTOMOOUILHUN IHTENEKTYaTbHHMA

BHCOKOBOJIbTHUH TIEpEMHUKAY 3 PETYIHOBAaHUM OOMEKEHHSIM CTPYMY;

- TPS4H160-Q1 — 40-B, 160 MmOwm, 4-kaHanbHUI aBTOMOOUTEHUHN IHTENEKTYaTbHHH
BHCOKOBOJIETHUH TIEpEMUKAY 3 PETYITHOBAHIM OOMEKEHHSIM CTPYMY;

- TPS1H200A-Q1 — 40 B, 200 MOwm, l-kaHanbHUN aBTOMOOUTEHUI IHTEIEKTyalbHUII
BHCOKOBOJIETHUH TIEpEMUKAY 3 PETYITHOBAHIM OOMEKEHHSIM CTPYMY.

BUCHOBOK
BpaxoByroun pi3HOMaHITTS Ta UIMPOKUH AaCOPTHMEHT CYYacHOi MiKpOIpPOILEeCOpPHOi
TeXHIKM, BHOIp Ta TOJANbIIE Y3TOKEHHS MDK c000I0 Ta 3 ICHYIOUMMH CHCTEMaMu
aBTOMOOULTBHOT ENeKTPOHIKM MIKpPOTIPOLIECOPHOi €JIeMEHTHOI 0a3u € JOCHUTh CKIIAJHOIO0
IHKEHEePHOIO 3a/1auelo, sSika MoTpedye crelianbHOi (haxoBOi MiATOTOBKH.

JITEPATYPA

1. Front camera Products and reference designs. Enexrponnuiipecypc. — Pexum
nocrymy: https://www.ti.com/solution/front-camera?variantid=15002 &subsystemid=15042.
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PAJIOYACTOTHE AYBJIIOBAHHS JOPOKHIX 3HAKIB

I'puropenxo H.B.
XapKiBChKHI HAIIOHAIBHHI aBTOMOOUTEHO-JOPOXKHIN YHIBEpCHUTET, YKpaiHa

BCTYII

Po3BuTOK aBTOMOOUTBHOI IHGPACTPYKTYpH BHMAara€ BJIOCKOHAJIEHHS CHCTEM B3a€MOJIl
MDK JIOPO’KHBOIO IHPPACTPYKTYPOIO Ta TPAHCIOPTHUMH 3acobamu. PamiouactoTHe nyOmoBaHHS
nopoxkHix 3HakiB (RFID-3HakiB) € Cy4acHOI TEXHOJIOTi€0, IO 3abe3medye mepemaady
iHpoOpMamii Mpo MOpoKHI 3HAKH Oe3MocepesHbO 10 TPAHCIOPTHHX 3aco0iB. Takuil miaxin
MiIBUINYE O€3MEKy AOPOKHBOTO PYXY, 3MEHIIYE 3aJIeKHICTh Bifl MOTOJHUX YMOB 1 MOKpAILye
iHpOopMyBaHHS BOJIB. Y TIiif JOMOBiAI PO3TJISAHYTO TEXHOJOTIUHI AacleKTH, BHUKIUKU
BITPOBA/PKEHHS Ta TIEPCIIEKTUBU PO3BUTKY Pai0YaCTOTHOTO JyONIFOBaHHS JOPOKHIX 3HAKIB.

TexHosoriyHi acnekTn

Pagiouactorne nyOmioBanHsi Oasyerscsi Ha TtexHonorii RFID (Radio Frequency
Identification), sika BUKOPUCTOBY€E €JIEKTPOMArHITHI XBWIII sl mepeaadi iHpopmarii. OcHOBHI
KOMIIOHEHTH CHCTEMHU:

1. RFID-nepenaBau, BOy/m0BaHi y JOPOKHI 3HAKH a00 PO3TAIIOBAHUH IMOPYY i3 HUMH.

2. 3unTyBayi, BCTAHOBJICHI HAa TPAHCIIOPTHHUX 3ac00ax, 3/1aTHI OTPUMYBATH 1H(POPMAILiIO
3 IepeIaBayvis.

3. LlenTpanbHi cuctemMu OOpPOOKHM AaHUX, SIKIi IHTETPYIOTh OTpHUMaHy iH(OpMalio B
3arajibHy CHCTEMY HaBiraiii abo BioOpakKeHHs MiIKa30K BOJIEBI HA iHPOpMaLifHOMY TUCILIET
naHesi MpUIIaIiB.

Taka cuctema J03BOJISIE€ TPAHCIIOPTHOMY 3aC00Y OTpUMYBATH iHPOPMAIIiIO PO 3HAKU HA
BEJIUKIH BiJICTaHi, HE3aJEKHO B/l TOTOJHUX YMOB.

Buk/juKky BIpoBasKeHHS

1. TexuiuHi oOMexeHHsA: OOMEXKEeHa MaJbHICTh TepeAadi CHTHally, paaioCHUTHAIH
MOXXYTh 3a3HaBaTH TEPENIKOJ] BII IHIIUX JDKEPEN, TaKuX SK MOOUIbHHHM 3B’S30K 4YH
MIKPOXBHJIBOBI MIPHCTPOI.

2. Cranpmaptusamis: HeOOXigHICTb  pO3pOOKM  MDKHApOIHMX  CTaHAAPTIB Ui
3a0e3neueHHs CyMiCHOCTI 0OIaJHaHHS PI3HUX BUPOOHUKIB.

3. besmeka naHuWX: PU3MK HECAHKIIIOHOBAHOTO JOCTymy 10 iHdopmarii abo 1i
BUKPHUBJICHHSI.

4. CouianpHi: amanTaiis BOAIIB O HOBUX CHCTEM, OCBITHI 3aXOIH JUIA PO3’SICHEHHS
nepeBar TeXHOJIOT1.

IlepciekTHBH PO3BUTKY

1. IHTerparis 3 cuCTeMaMH aBTOHOMHOTO KepyBaHHS: 3a0e3redeHHs Oe3nepediitHoro
0oOMiHY TaHUMH MDX 1H(PACTPYKTYpOIO 1 TPAHCIIOPTOM.

2. EmneproedexruBni RFID-mepenaBaui: po3poOka nepenaBadiB, SKi MpamroTh 03
JO0JaTKOBUX JDKEPEN JKUBJICHHS, 1[0 3MEHIIUTh BapTiCTh BIIPOBAKEHHSL.

3. Pozmmpenns ¢yHkmioHanmy: BUKOPUCTaHHS CHUCTEM IS Iepeaadi iHpopmaii mpo
CTaH JOPO’KHBOTO MOKPUTTS, MOTOIHI YMOBH Ta iHIII KPUTHYHI (paKkTOpH.

4. TnobanpHA CTaHIAPTHU3ALIS: BIPOBAHKCHHS €UHUX MPOTOKOJIB OOMIHY TaHUMH.

BUCHOBKHA
PagiouacToTHe my0tOBaHHS JOPOXKHIX 3HAKIB € MEPCIEKTUBHOIO TEXHOJIOTIEI0, IO MOXKE
3HAYHO MIIBUIIUTH Oe3NeKy Ta epeKTHBHICTh JOPOKHBOTO pyxy. He3Bakaiounm Ha TEXHIUHI Ta
OpraHizaiiifHi BHWKJIWKM, 1i BIPOBADKEHHS CTaHE KIIOYOBUM €JIEMEHTOM  PO3BHUTKY
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IHTEJIeKTyaJIbHUX TPAHCIOPTHUX cHUCTeM. llomamnbimi JOCHIKEHHS Ta CTaHAapTHU3alis €
HEOOXITHUMH ISl IIUPOKOMACIITAOHOTO BUKOPUCTAHHS IIi€T TEXHOJIOT .

JITEPATYPA

1. I'nmatoB, A. B., Apryn, L. B. (2021). Enepros0epiraroui TeXHOJOTii Ha
TPaHCIOPTI.

2. [TaBmouenko, B., Makapenko, B. (2023). Bubip xondiryparitii Ta po3ranryBaHas
MmitTok RFID nns minBumieHHs Oe3nmekd pyxXy TpaHCIOPTHOI Mepexi Micta. BicHuK
KpemeHuyIpKoro HalliloOHaTBHOTO YHIBepcHUTeTYy iMeH1 Muxaiina Octporpancskoro, 162-168.

3. Roberts, C. M. (2006). Radio frequency identification (RFID). Computers &
security, 25(1), 18-26.

4. laitkoB, A. P., €BceeBa, O. II., bapanos, O. B., & bapanos, B. 0. (2014).
[HTEeNneKTyanpHi TpaHCHOPTHI cucTeMH B YKpaiHi. Exkcruryaramiss i TeXHIKO-€KOHOMIYHI
MOKa3HUKHM aBTOMOO1TIB Ta TpakTopiB. Bicauk HTY «XIII, (9), 1052.
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pyxy B Ykpaini. Marepiamu XII MixHapoaHOT HayKOBO-IIPaKTUYHOT KOH(DEpEHTIIii (B aBTOPCHKIN
penaxitii) ,,be3mnexa JOpoKHBOTO pyXy: MPABOBI Ta OpraHizamiiHi acriekty “, 14-16.
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INPECEJIEKTUBHA CUCTEMA JUIA ITPOTHO3YBAHHS 3ABAHTAXKEHOCTI
TPAHCHOPTHHMX IIJISIXIB 3 MOXKJUBICTIO HAJJAHHSA PEKOMEHJAIIIT
KOPUCTYBAYY

I'puropenxo H. B.
XapKiBChKHI HAIIOHATBHHUI aBTOMOOUTEHO-IOPOXKHIN YHIBEpCHUTET, YKpaiHa

BCTYII

CyyacHMI PpO3BHUTOK TPAHCIOPTHOI IH(PPACTPYKTYpHU CTUKAEThCA 31 3HAYHUMH
BUKIIMKAMH, TaKUMH SIK 3pOCTaHHS o0OCsriB Tpadiky, 3aTopH Ta EKOJIOTIYHI MpoOIieMHu.
Tpaguuiiini  MeToau  ympaBliHHS TPAHCHOPTHHUMM TIOTOKAMH  TIOCTYIIOBO  BTPayaroTh
e(eKTUBHICTb. Y IIbOMY KOHTEKCT1 IHTENEKTyaJbHI CHCTEMH CTAIOTh KIIOYOBHUM IHCTPYMEHTOM
IUIs ONTUMI3aIlil BUKOPHCTAHHS JOPOXKHBOI Mepexi. OZHMM i3 TMEepCHeKTUBHUX pPIlIeHb €
MIPECEIEKTUBHA CHUCTEMa, sIKa JO3BOJISIE HE JIMIE aHATI3yBaTH 3aBAaHTAXEHICTh TPAHCIOPTHHX
HUISAXIB Y peaJIbHOMY Yaci, ajie i MPOrHO3yBaTH ii, MPOMOHYIOYH BOIISM ONITUMAIIbHI MApIIPYTH.

TexHoJiorivyHi acnekTH

[IpecenexkTuBHA cHUCTeMa TPYHTYETbCA Ha IHTerpaiii MepeoBHX TEXHOJIOTIH 300Dy,
aHaJi3y Ta 00poOKH JaHUX:

1. 30ip nanux:

e Jhxepema: CEHCOpU JOPOKHBOI IHPPACTPYKTYPH, KaMepu BiIEOCIIOCTEPEKEHHS,
MoOUTRHI noaatku, GPS-Tpekepu.

e JluHamiuHEe OHOBJICHHS: OOMIH JaHUMU B peabHOMY 4aci uepe3 loT-mmardopmm.

2. IIporao3yBaHHs 3aBaHTa)KEHOCTI:

e 3acToCyBaHHS aNTOPUTMIB MAIIMHHOTO HAaBYaHHS Ui aHAT3y ICTOPUYHHX 1
MOTOYHUX JaHUX.

e  MoientoBaHHS TTOBEIIHKH TPAHCIIOPTHUX TIOTOKIB 32 JOTIOMOTOI0 METOJIIB BETHKUX
TaHUX.

3. Hanmanus pekoMeHaIliii:

e [uTepakTuBHI cepBicu: MOOUTBHI JOJMATKH, iHGOpPMAIlHI JUCIUIEi B aBTOMOOUIIX,
TOJIOCOBI MiIKA3KH.

e Po3paxyHOK ONTHUMaJbHOTO MapuIpyTy 3 ypaxyBaHHAM Yacy, BUTpPAT MaJIbHOTO,
MpiOPUTETIB KOPHCTYBaYa.

Bukiauku BIIPOBA/KCHHHA

1. TexHONOTIYHI BUKJIUKH:

e  Bucoki BUMOru 10 TO9HOCTI 300py 1 0OpOOKH TaHUX.

e 3al0e3neyeHHs NIBUIKOTO pearyBaHHs CHCTEMH Y PEKHUMI PETbHOTO Yacy.

2. ®DiHAHCOBI ACMIEKTH:

e  Bucoki BUTpaTu Ha BIIPOBAPKEHHS 00J1aTHAHHS Ta MPOTPaMHOT0 3a0€31eYeHHS.

e  JIOCTYImHICTh TEXHOJOTII /I MACOBOTO BUKOPHCTAHHS.

3. ComianbHi i IpaBOBi MUTaHHSA:

e  3axuWCT MEPCOHAIBHUX JAHUX KOPHCTYBAYiB.

e ApnanTamis 3aKOHOJABCTBA JO BUKOPUCTAHHS IHTENEKTYaJbHHX TPAHCIOPTHUX
CHCTEM.

IlepciekTHBH PO3BUTKY
1. TaTerpamis 3 «pO3YMHUMHU MiCTaMU»:
e Bzaemonis 3 IHIIUMU MICBKUMH 1HQPACTPYKTypaMH, TaKHUMH SK CHCTEMH
eHepro3ade3neyeHHs i eKOJOTiYHOTO0 MOHITOPUHTY.
2. Po3BHTOK aBTOHOMHOTO TPaHCIIOPTY:
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e IuTerpaimiss 3 aBTOHOMHMMH aBTOMOOUIIMHU Ui IXHBOT HaBiramii Ta onTuMizarlii
MapuIpyTiB.

3. TloxparieHHs anropuTMiB MPOTHO3YBaHHS:

e BuxopucranHs riamOOKOT0 HAaBYAHHS Ta IMITYYHOTO IHTEICKTY JUIS MOJICTIOBAHHS
CKJIQJIHUX TPAHCTIOPTHHUX CIICHAPIiB.

BUCHOBKHA
[IpecenexkTuBHA cUcTeMa JJIsi IPOTHO3YBAaHHS 3aBaHTAKEHOCTI TPAHCIIOPTHUX HUISAXIB €
KIIOYOBHUM KPOKOM y PO3BHTKY CYYacHHMX TPAHCHOPTHMX TEXHOINOTiH. Ii BIpoBamkeHHs
CIpUSTHME 3MCEHIICHHIO 3aTOpPiB, MIABHIIEHHIO €(QEeKTUBHOCTI JOPOKHBOTO pyXy Ta
MOKPAIICHHIO SKOCTI )KUTTS. BoHOYac yenix peanizallii TaKUX CUCTEM 3aJISKUTh Bijl BUPIICHHS
HU3KH TEXHOJIOTTYHUX, (PIHAHCOBUX Ta COLIAIBHUX BUKITUKIB.
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Cekunin IV
OBJIAJIHAHHS 1JIs1 BUPOBHUILITBA TA PEMOHTY

TPAHCIIOPTHUX 3ACOBIB. CEPBIC TA TEXHIYHE
OBCJYT'OBYBAHHA ABTOMOBLJIB
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PO3POBKA YACTOTHO-KEPOBAHOTI'O EJIEKTPOIIPUBOY 1JIsI KOHBEEPA
ABTOMOBUJIBHOI'O 3ABO1Y

I'natos A.B.', BoOputipkumii I[.C.l, Alina Crina Muresanz, Ton Ton?,
Fratita Michael”, Robert Madalin®
"XapkiBchknii HAIOHATBHAI ABTOMOGUTEHO-I0POXKHIi yHiBepcuTeT, YkpaiHa,
**Dunarea de Jos” University of Galati, Pymysis

BCTYII

ABTOMOOLUTPHA TPOMHUCIIOBICTE € OJHUM 3 OCHOBHHX CIIOKHMBAUiB aBTOMATHU30BaHUX
TEXHOJIOTIH, 30KpeMa Ha eTarax CKJIaJaHHs aBTOMOOLUTIB. BayXTMBOIO YaCTHHOO TEXHOJIOTTYHOTO
IpoIecy Ha aBTOMOOUIPHHX 3aBOJIaX € KOHBEEPH, II0 TPAHCIOPTYIOTh aBTOMOOUIBHI AeTali Ta
KOMITJICKTYIOUl MK poOounMu 30Hamu. Jljis 3a0e3nedyeHHs THYYKOCTi, TOYHOCTI Ta
eHeproe(eKTUBHOCTI HOTO MPOIECY BUKOPUCTOBYIOTHCS YaCTOTHO-KEPOBAHI €NEKTPOIPUBO/IN.
Po3poOka Ta BNpoBa/pKEHHS TaKMX MPUBOJIB JIO3BOJSE ONTHMI3YBaTH HIBHAKICTH 1 TOYHICTH
TPaHCIOPTYBAHHs JeTajeld, aJanTyBaTH pyX 1O PI3HUX CTaAid BUPOOHMIITBA, 3HU3UTH
SHEePTOBUTPATH Ta MiJBUIIUTH HATIHHICTH BUPOOHHUOTO IpOIiecy, puc. 1.

Pl/IcyHOI( 1 - KOHBeepHa TiHIA aBTOMO6lJIBHOFO 3aBoL1y

I3 3pocranHsIM aBTOMarM3allii HA aBTOMOOUIBHUX 3aBOJIAX ITBUIIYIOTHCS BHUMOTH [0
TOYHOCTI, MIBUIKOCTI Ta HAJIIMHOCTI CHCTEM, sIKi 3a0e3MedyloTh IMEepeCyBaHHS Ta CKIIAJaHHS
qacTHH. YacTOTHO-KEPOBaHI €NEKTPOIIPUBO/IH, IO J03BOJSIOTH PETYIIIOBATH YacTOTy 0OEpTaHHS
JBUTYHA, CHIPUSIOTH MIJIBHUIIEHHIO €Heproe(eKTUBHOCTI Ta THYYKOCTI BUPOOHUIITBA, adaNTYIOun
poboty koHBeepa 1m0 pi3HHX (a3. Taki CHCTEMH JO3BOJISIFOTH 3MEHIIUTH E€HEProCHOKUBAHHS,
30UTBIINTH TEPMIH eKCIUTyaTallii 00IaJHaHHs Ta MiHIMI3yBaTH BIUIMB 3HOIIYBAaHHS, 110 OCOOJIMBO
aKTyaJIbHO JIJII BUCOKOHABAaHTA)XEHUX BUPOOHUYMX YMOB aBTOMOOLTBHUX 3aBOIB. [ 1-6].

IpuHIMN po0OTH YACTOTHO-KEPOBAHOI'O €JIEKTPONPHBOLY

YacToTHO-KEpOBaHI TPHBOAM PETyJIIOIOTh HIBHAKICTH OOEpTaHHS AaCHHXPOHHHX abo
CHUHXPOHHHUX €JICKTPOJBUTYHIB 3a JONOMOTOI0 I1HBEPTOPIB, IO 3MIHIOIOTh YacTOTy 3MIHHOTO
CTpyMy, SIKUM TIOJA€TBCS HA JBUTYH. TakuM UYMHOM, IMIBHIKICTH HPUBOAY MOXKE OyTH TOUYHO
HAJIAIITOBAaHA IIiJ] BUMOTH NEBHOTO eTamy BUPOOHMITBA. OCHOBHHMH €JIEMEHTaMH YacTOTHO-
KEPOBAHOT'O IIPUBOJTY € iHBepTop, JIBUT'YH, TATYMKH IBHKOCTI Ta MO3MIII], CACTEMa KepYBaHHSL.

Cucrema ynpaBIiHHS €JEKTPONPHBOJOM MOXe OyTH IHTErpoBaHa B 3arajlbHy CHCTEMY
YIIPaBITiHHSA KOHBEEPOM, 10 JI03BOJIsE 3IIACHIOBATH MOHITOPHHT 1 pEryITIOBaHHS napaMeTplB
poboTu B pexxumi peansHoro vacy. Lle cripusie mifBuiieHHI0 e(peKTUBHOCTI Ta ajanTallii 7o 3MiH
BUpOOHUYIOTO TIportecy [7-11].
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IlepeBaru BNpoBa/IzkeHHS YACTOTHO-KEPOBAHOI'0 €JIEKTPONPUBOLY

EneproedextuBHicTh: PerymoBaHHs IIBHIKOCTI JBUTYHA BIIMOBITHO 10 HABAHTAKEHHS
JI03BOJISIE 3MEHIIMTH BHUTpaTH enekTpoeHeprii Ha 20-50% y MOpIBHSHHI 3 TPaJUIIHHUMU
MOCTIMHOMIBUAKICHIMY TIprBOIaMu [ 12-15].

IlnaBumii crapt i 3ynuHka: YacTOTHO-KEpOBaHI MPUBOIM 3HIKYIOTh MEXaHIYHE
HABaHT)KEHHSI Ha KOMIIOHEHTH KOHBeepa, 3a0e3Meuytour TUIaBHUI CTapT 1 3yMUHKY, 10 3MEHIITYeE
3HOC.

I'nyukicTh: Cucrema 103BOJIsIE HAJAIITYyBaTH MIBHIKICTH 1 HANpsIMOK pPyXy KOHBEEpa,
3a0e3MeYyr0ur MOKIIMBICTh IIBUAKOTO MEPEXO.Ly MIXK PI3HUMHU eTarnaMu BUPOOHHUIITBA.

MoHiTOpUHr i KOHTPOJbL: MOXIIMBICTH iHTErpamii 3 aBTOMAaTH30BAHUMHU CHCTEMaMHU
YIIPABJIiHHS J03BOJISIE BIICTE)KYBATH CTaH 1 MPOTYKTUBHICT PUBO/LY, 3/IHCHIOBATH IIarHOCTUKY Ta
TUTAHYBAHHS TEXHIYHOTO 0OCITyrOBYBaHHS.

Bukiuku npu po3podui

Bucoki mouarkoBi BUTpaTH: BCTaHOBIEGHHS YacTOTHO-KEPOBAHMX IPHUBOJIIB BHUMArae
3HAYHMX IHBECTUIIIH Y 00T JHAHHS Ta IHTETPAIII0 CUCTEM.

Cxkaagnicte HamamryBanusi: Po3poOka cHcTeMH, siKa aJanTyeTbes 0 CrenupiaHuX
BUMOI' KOHBEepa, TMOTpedye poO3pOOKM Ta HaJalITyBaHHS MPOTPAMHOTO 3a0e3MedeHHs IS
onTHMIi3aIlii poOOTH.

Bumorn 10 TexHiYHOro 00CJIyroByBaHHsi: XOYa YaCTOTHO-KEPOBAHI NMPHBOAM MOXKYTb
3HU3UTH YacCTOTY BiIMOB, BOHH MOTPEOYIOTh PEryJISPHOTO OOCIyroBYBaHHS JUIsi 3a0e3redeHHs
HaIIHHOCTI. [16].

BUCHOBKHA

3 orjsmy Ha PO3BUTOK TEXHOJIOTIH MPOMHCIOBOI aBToMmaru3alii Ta [HTepHeTy peueit
(IoT), uacTOTHO-KEpOBaHI TPUBOAM MOXKYTh IHTETPYBATUCS B CHUCTEMH 3 TMEPEIOBOIO
aHANMITUKOI JaHuX. lle M03BONUTH 3IIMCHIOBATH MPOTHO3HE OOCIYroBYBaHHS, aHai3yBaTH
BUPOOHMYI aH1 B PeXKHUMIi PEaJbHOTO Yacy Ta aBTOMATUYHO PErysioBaTH poOOTYy KOHBEEpa ITij
pi3HI eTany BUPOOHUIITBA, 3a0e31euyoun OibIl eheKTUBHY, THYYKY Ta HaIiiHY poOOTY.

YacToTHO-KEpOBaHI  €IEKTPONPUBOJIU Ui KOHBEEPIB aBTOMOOUIBHUX 3aBOMIB €
BaXJIMBOIO CKJIAJJOBOIO Cy4acHOi aBToMaru3allii BUPOOHMYMX mpoleciB. BoHu 3abe3nedyroTh
MiIBUIIEHHS €HEeproe(eKTUBHOCTI, THYYKOCTI 1 HAIIHHOCTI TpPAaHCIOPTYBAaHHS JeTalei, 10
0COOJIMBO BaKJIMBO Y BUCOKOHABAHTAXKEHUX YMOBAX aBTOMOOLILHOTO BUPOOHHMIITBA. [HBECTHIIIT
B pO3poOKY Ta BIPOBAKEHHS YaCTOTHO-KEPOBAHUX €JIEKTPOIIPHBOIIB CIPUATUMYTh 3HHKEHHIO
eKCIUTyaTal[ifHUX BUTpPAT, IOJOBXKEHHIO TEPMiHY CIyXOHM OONagHaHHA Ta TOKpaIleHHIO
€KOJIOTTYHUX TTOKA3HUKIB MAMPUEMCTBA.
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METOA JIATHOCTUKHU EJIEKTPUYHUX CUCTEM YIIPABJIIHHA
IMAJIMBHUMMU NTPOINECAMU

Aprys III.B.", IlIkoxin C.C.", Ghazwan Al-Haji’, Kenneth Asp”
XapKiBChKHI HAIIOHATBHHUI aBTOMOOUTEHO-JIOPOXKHIN YHIBEpCHTET, YKpaiHa,
2VHiBepCHTeT Jlinueninr, [Bemis

EdexTnBHa AiarHOCTHKA €NEKTPUYHMX CHUCTEM YIPABIIHHS MAJIWBHUMHU IPOLIECAMH €
KJIIOYOBUM €JIEMEHTOM 3a0e3redeHHsi cTadutbHOI poOOTH ABHWTYHA Ta ONTHMI3allii BUTpAT Ha
oOciyroByBaHHs. Y Cy4acHHX yMOBaX, KOJM BHMOTH JI0 €KOJIOTIYHOCTI Ta €KOHOMIYHOCTI
TPAHCHOPTHHUX 3acO0IB MOCTIHHO 3pPOCTArOTh, HAMIWHICTH 1 CTAOUIBHICTD MATUBHUX IPOLECIB
HaOyBarOTh 0COONMMBOI akTyanbHOCTI. CBO€UacHE BUSBJICHHS HECIPABHOCTEH Yy LUX CHCTEMax
7a€ 3MOTY YHHMKAaTH CEpHO3HHMX IOJOMOK, 3aroOiraTH pamnToOBHM BiIMOBaM 1 MiATPUMYBATH
ONTUMAJIbHY TPOAYKTHBHICTH JBHWIYHA, IO 3HAYHO 3HIKYE 3aralbHi BUTPAaTH Ha TEXHIYHE
o0cCITyroByBaHHSI.

CydacHi METO/IM JTIarHOCTUKH MMOBUHHI BIJIIOBIIATH ITIEBHUM BHUMOTaM JIJISl 3a0€3MEUCHHSI
TOYHOTO Ta MIBUJKOTO BHSIBIICHHS HecrnpaBHOCTe. OCHOBHI BUMOTH Ta KpUTEpii e(heKTUBHOCTI
Cy4JaCHHMX METO/IIB JIarHOCTHKHU HaBe/IeH1 y Tabmuii 1.

Tabmuus | — Bumoru 10 cydacHHX METOJIIB TiarHOCTHKH Ta KpUTEPii e(heKTUBHOCTI

Buwmora Onuc Kpwurepii epexruBrocti | [Ipuknan 3acrocyBaHHS
MeTo/1 TOBUHEH TOYHO .
. . [ToxuOKa miarHOCTUKU HEe  |[BusiBIeHHS mpoOieMu y
. ineHTH(]IKYBATH )
TouHICTH . MOBHHHA MEPEBUIILYBaTH  |(POPCYHKAX 3 TOUHICTIO
HecIpaBHOCTI 6e3 o o
. 5% 10 5 %
[MOMMJIKOBUX CUTHAJIB
MomMeHTalbHe BUABICHHS
. CucreMa Mae€ MIBUIKO e . .. .
LIBuaKICTH . Uac peakmii Bin 1 ¢ 102 ¢ 300iB y cucremi
BH3HAYaTH HECIIPABHOCTI
3araatoBaHHs
Meroa Mae pearyBaTi Ha CrnpaiiboByBaHHS NpU .
. AL MAc peary [PauboBy pH BusBiieHHS 3MIHH TUCKY
UyTinBicTh HE3HAYH1 BIIXMIJICHHS BIIXUJICHH] [TapaMeTpiB Ha .
. o/ y BIIYCKHOMY KOJIEKTOp1
[apameTpiB 10 % Bix HOpMHU
Mero/ MoOBHHEH OyTH . . .
L, [TinTpUMKa TPOTOKOITY [llarHocTuKa Ha BCIX
L CYMICHHUH 3 PI3HUMHU .
CyMicHICTh OBD-II mns 3untyBaHHS MOJIEIISIX 3 MIATPUMKOIO

MOJIEJIIMU aBTO Ta
CTaHJapTaMu

KOIIB OBD-II

PesynbTaTi MaroTh OyTH

. N [HTEpIpeTallist TOMUIIOK
3pO3yMiJli TS IIBUJIKOT

HasiBHICTH OSICHEHD 110 .
Ha eKpaHi

[IpunaTHICTH 710

iHTepnperanii OL[IHKH TEXHIYHUM koniB nommiiok (DTC) .
NiarHOCTUYHOTO CKaHepa
[epCOHAJIOM
BapTicTh niarHOCTHKH HE .
. Mertoa Mae OyTH JOCTYITHUM |_. P o/ . \Hdoctymni ckanepu OBD-
ExoHOMIUHICTD outbe 5 % Bijx BapTOCTI

1 EKOHOMIYHO BUTIIHUM I nms CTO

00CITyrOByBaHHS

Ha cporopmni icHye nexinbka OCHOBHHX IMIIXOMIB 10 JIarHOCTHKH E€IEKTPUYHUX CHCTEM
VIpaBIIiHHS TMaTUBHUMH TpoliecaMu. KoxkeH 3 HHX Mae CBOi mepeBarm Ta OOMEXEHHS, IO
HaBe/IeH1 B Ta0uI 2.

Po3poOka edeKkTHBHOTO METOMy MiarHOCTUKM ENEKTPUYHHX CHCTEM YIpPaBJIiHHS
MAJIMBHUMH TIPOLIECAMH BKJIIOYA€ BU3HAYCHHS KIFOUOBUX MapaMeTpiB, po3poOKy MOCTIIOBHOTO
ATOPUTMY, BUKOPUCTAHHS JaHUX CEHCOPIB Ta BCTAaHOBJICHHS NOPOTOBUX 3HAYEHb IS
BUSIBIICHHS HecmpaBHocTell. Llelt miaxix mo3Bosisge 3a0€3MeYUTH MIBUAKE Ta TOUYHE BU3HAUYCHHS
HECTIPaBHOCTEH, MIATPUMYIOUH ONTHMalIbHY POOOTY JABHIYHa Ta MIHIMI3YIOUM BHUTpPATH Ha
o0cCITryroByBaHHSI.
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Tabmuus 2 — OCHOBHI MiIXOQW A0 MIarHOCTUKU EJNEKTPUYHUX CHCTEM YHPaBIIHHSA
MTAJTMBHUMH TIPOIIECAMU Ta iXHI 0OMEXKESHHS

.. [Tpuxna
Iiaxin Onuc [lepeBaru OOMexeHHS P A
3aCTOCYBaHHS
34nTyBaHHS KOJIB . .
. 1IBuaKICTD, OOMexeHa TOUHICTh, |BUSBIICHHS KOy
Miarnoctuka 3a  [momuiiok (DTC) uepes . ) . LY
JTIOCTYIHICTb, 3aJICKHICTD B1J] P0171 ma 6igHOT
konamu oMok (OBD-II niist BusiBiieHHsS .
. MpocToTa obmexens ECU CyMilIIni
HeCIpaBHOCTEH
. Bumarae
Orinka peajabHOro CTaHy .
. . . CIeIiaIbHOTr0 BusiBiieHHS
AHaJIi3 TaHUX CUCTEMH Ha OCHOBI JJaHuX |BUCOKa TOYHICTb,
. . . . obnaHaHHS, 3Hocy MAF-
CEHCOpIB Bix ceHcopiB (MAF, TPS, |rHyukicTh
CKJIaJIHA ceHcopa
ECT) ) .
iHTEpIpeTalis
. . _ [lepesipka
. Bukopucranus ['nnbokuii ananis |TpynomicTKicTh, pepipka
Ocmtorpadiu- . . . CTaOLIBHOCTI
. ocrutorpadis A aHANIZy [poOOTH BHMarae BUCOKO1 )
HUW METOJT L . . e CUTHAIY BiJ
CUTHAJIIB BiJI KOMIIOHCHTIB |KOMITOHCHTIB kBaTiikariii
(dopcyHKH
Bukopucranus . Bucoka BapTicTh AHaJIi3 CTaHy
. S KommuiekcHuit "
Komm'toTepHa crierfianizoBanoro I13 mis B —. o0JIaTHaHHS, [MaTuBHOT
1arHOCTHKA KOMIUIEKCHOTO aHaJli3y o6 06}’(3 CKJIAIHICTh cucreMu Ha 113
JTAHUX JIBUTYHA P HaJIAlITYBaHb ODIS
BukopucTaHHs CTCHIIB JIIs Jlopore obaHaHHS, TecTvBamHs
Cumymsimiline imiTanii pobotu najguBHOi |Brcoka TOYHICTH, [HEOOXiAHICTH o cy HOK Ha
TeCTYBaHHS CUCTEMH y PI3HUX [PCANTICTUYHICTh  |CHIEIIAIbHOTO CTGFI){ };
peKUMax [POCTOPY a

Bu3HayeHHsT OCHOBHMX TIapaMeTpiB JIarHOCTHKH €JIEKTPUYHUX CHCTEM YIPaBIIHHSI

NAIMBHUMH TiporiecamMu. OCHOBHI MapaMeTpu TIarHOCTUKHA CUCTEM YIIPABIIHHS NaJMBHUMHU
mpoliecaMyd BU3HAYAIOTHCS HAa OCHOBI JAaHUX, fAKI 3YUTYIOTBCS 3 KIIOYOBHUX ceHcopiB. Lli
napamMeTpu JO3BOJISIIOTh OLIHUTH €(EeKTUBHICTh POOOTH CHUCTEMH Ta BYAaCHO BUSIBUTH
BigxuneHHs . OCHOBHI JIarHOCTHYHI TApaMETPH BKIIIOYAIOTh:

— Ttemnepatypa oxoJokyBansHoi pinuanu (ECT) mae indopmarito mpo pobouwmii cran
nBuryHa. Bigxunenus Bin HopmanbHoi Temmeparypu Big 80 °C mo 100 °C moxe Bka3yBaTH Ha
TIeperpiB YK HEJOCTATHINM MPOTPIB ABUTYHA;

— THCK Yy BIOYyckHOMY KoJekTopi (MAP) Bka3dye Ha TNpaBWIBHICTH NpOIECY
cymimoyrBopeHHs. OnTuManpauii gianazoH — Bin 20 klla no 105 kIla;

— MmacoBa Burpara noBitps (MAF) Bu3Ha4yae KUTBKICTb MOBITPS, IO HAAXOIUTH Y
nBUryH. HenpaBuiibHI MOKa3HUKK MOXKYTh BKa3zyBaTu Ha 3a0pynHenHss MAF-cencopa abo BHTIK
MOBITPS;

—  TOKa3HUKU JsiMOma-30HAa (A-30HI) CUTHAJ3ye MpPO CKIaJ MaTUBHO-TOBITPSHOL
cymimi (onTuManbHE cHiBBigHOIIEHHS — 1:14,7). BinxuneHHs MOXyTh BKazyBaTH Ha 3001 B
MAJIMBHIN CUCTEMI.

I1i mapameTpu KOHTpPOJIOIOTHCS B pPEATbHOMY Haci Ta OOpOONAIOTHCS EIEKTPOHHUM
6noxom ympasninas (ECU), mo m03Bosisie onepaTHBHO pearyBaT Ha OyIb-siKi BIIXWIJICHHS Bif
HOPMH.

ANTOPUTM JiarHOCTUKHU: CTPYKTypa Ta TOCITIIOBHICTh €TamiB (AMBHCH PHUCYHOK 1).
ANTOPUTM JIarHOCTHKH € 0araToCTyNneHEBUM MPOIIECOM, 1110 BKIIIOYAE KUThKa OCHOBHHX €TAITIB:

— 3YUTYBaHHS JaHUX CEHCOPIB;

— aHaJIi3 mapaMeTpis;

— TOpIBHSHHS 3 TOPOTOBHMMH 3HAYEHHSMH: OTpPUMAaHi 3HAYCHHS MOPIBHIOIOTHCS 3
BCTaHOBJICHUMH TTOPOTaMU;

— renepais koaiB mommiok (DTC);

— IHTepHpeTalis JaHHuX.
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Mouar ok giarHocTm

v

3unTyBaHHA AaHuX 3 ceHcopis (ECT,
MAP, MAF, A-3oHa)

v

. Temneparypa 0Xono AxyB anbHol pignHu
| (ECT)>100°C?

v
Tuck MAP y mexax 20-105 dl1a?

v

Macosa surpara nosiTpa (MAF) < 0,1
ricabo > 2ric?

;

CniesigHoLweHHA narMBeoMoBITpA Ay
mexax 1:13 - 1:157

v

enepayia koay nomwnku (DTC), Axp
3HaNAGHO BIAMINCHHA

v

IHTepnpeTayiA KoAIB NOMHUNOK T3 A3HWX

v

KiHeup giarHocrukn

Pucynox 1 — AIrOpuT™ JIarHOCTHKH €NEKTPUYHUX CUCTEM YIIPABIIIHHS
MaJJMBHUMM [IPOLIECAaMU

BuxopuctaHHs CEHCOpHUX MaHHUX JUIS JIAaTHOCTUKU Ta aHAT3y MapaMeTpiB CHUCTEMHU.
JlaHi, oTpuMaHi BiJ CEHCOPiB, € KIIOYOBUMH Ui JIarHOCTHKH TAJIWBHUX TIPOIIECIB.
BukopucTaHHs CEHCOPHHMX JaHUX [O3BOJISIE OMNEPAaTUBHO BHUSBIATH  BIAXWJICHHS Ta
3a0e3reuyBaTi HaleKHE (YHKI[IOHYBAHHS CHUCTEMH YIpaBiiHHA manuBoM. OCHOBHI eTamnu
BUKOPUCTAHHS CEHCOPHUX JaHUX:

— 3uuTyBaHHA Ta ¢inbTpanis curHaniB: ECU oTpumye CHTHamm BiJ CEHCOpIB Ta
BiZIQITBTPOBYE IIyM, 3a0€31eUyI0Yl TOYHICTh JaHHX;

— 1imentudikamis TeHaeHid Ta BinxwieHb: ECU nmpoBoauTh aHami3 TEHACHIIH y 3MiHI
JAHWX JIJIs1 BUSBIICHHS TIOTEHIIIHHUX TTPOOIIeM;

— CHHXpOHI3aIlil 3 IHIIMMHU TapaMmeTrpaMu: AaHi 3 pi3HHX ceHcopiB (MAF, MAP)
00’ €IHYIOTBCSI U1 KOMIUIEKCHOT OIIHKM CTaHy MaJUBHOT CUCTEMH.

[Tpuknaau JaHUX CEHCOPIB:

— naMOJa-30H] BUSBIISAE€ BIAXWIECHHS B CKIaAi CyMIilli, /J03BOJISIOYH ABTOMATHYHO
KOPUTYBATH T10/1a4y ITaJIHBa.

— MAP-ceHcop Bkazye Ha 3001 y BakyyMHIM CHCTeMi, [0 MOXKE BIUTUBAaTH Ha
e(EeKTUBHICTh IBUTYHA.

JInsi TOYHOTO BU3HAYEHHS HECIPABHOCTEW HEOOXiJHO BCTAHOBUTH IMOPOTOBI 3HAUCHHS
JUTS. KOYKHOTO 3 TTapaMeTpiB, Ha OCHOBI IKUX MOJKHA BUSIBUTH BiIXWiIeHHS. L{i TOporoBi 3HaYCHHS
JO3BOJISIFOTh IBUJKO 1MEeHTH(IKYBaTH MpoOJeMH, Tepll HDK BOHU BIUIMHYTH Ha poOOTY
JIBUTYHA, TaOIHIIS 2.

[IpakTnyHe BHOPOBA/PKEHHS JITHOTOMETONY JIarHOCTHKH JIA€ 3MOTY BHSIBIISATH
HECTIPaBHOCTI HA paHHIX CTalisfAX, ONTUMI3YI04H 0OCIIyrOBYBaHHS JIBUTYHA Ta MiABUIIYIOYH HOTO
eexTuBHICTh. Peanizamis METOqy BKIIOUAE YOTUPU OCHOBHI €TalM: MArOTOBKY OO0JaJHAHHS,
3YUTYBaHHS JITAaHUX 13 CEHCOPIB, aHAJi3 KOJIB MOMUJIOK Ta (JOpMyBaHHS 3BITY AJsl TOJATBIINX
nii. KirouoBHM €JIEMEHTOM € HTepIpeTalis JaHuX, sika JO3BOJISIE MEXaHIKaM TOYHO BU3HAYATH
OPUYMHM  BIIXWIEHb 1 ONEpaTMBHO HAJaBaTH PEKOMEHJamii MI0J0  HEeoOXiJHOTO
o0cCITryroByBaHHSI.
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Tabmuus 3 — [loporoi 3HaueHHs Ta KpUTepil Ui ineHTH(IKaIlil HECTPaBHOCTEN

Hopmanbhe . .
[Tapamerp IToporose 3HaueHHs MoxnuB1 HECIPABHOCTI
3HAaYCHHS
1 2 3 4
TemmnepaTypa . o MeperpisB IBUTYHA, HECTIPABHICTb
. Big 80 °C mo o
0XOJIO/KYBaJIbHOL 100 °C >100°C TepMocTaTa a00 BEHTHIISTOpA
pimuau (ECT) OXOJIO/PKCHHS
Tuck y ByckHomy  [Bix 20 xI[1A 1o < 20 kIla abo > BHTIK ITOBITPSI, 3aCMIYCHHS
kosiekropi (MAP) 105 xIIa 105 xIIa KOJICKTOPA, 3HOILICHHS KJIalaHiB
MacoBa BUTpaTa Big 0,1 r/c mo 3a0pyauennss MAF-cencopa, BUTIK
. P A A <0,1r/cabo>2,0r1/c Py . P
noBitps (MAF) 2,0 T/c [OBITPSI, HECIIPABHICTh CEHCOpa
CriBBiAHOIICHHS HeCIpaBHICTh (POPCYHOK, BUTIK Y
MaTUBO/TIOBITPS 1:14,7 (A =1) <1:13 a6o > 1:15  |[BUXJIONHII CHCTEMI, HECTIPABHICTh A~
(A-30HT) 30H1a
[Tonoxenus Bix 0 % no 100 % | Bigxunenus > 5 % BiJ [HEKOPEKTHE MOJIOKEHHS JAPOCEIIS,
NPOCENTBHOT 3aCIIHKU  [BIIIKPUTTS komanu ECU MexaHiuHe OJIOKyBaHHS ab0 3HOC
Hamnpyra Ha gaTumk . HECIIPABHICTH JIIMO1a-30H1a, BUTOKH
Py Y |pin 0,1 B100.9B | <0,1Ba6o>09B P AMONIa-S0Ra,
krcHIO (O:) BUXJIOIIHHUX I'a31B, HAJUIUILIOK I1aJIUBa

Jlnst 3a0e3medeH s BUCOKOI TOYHOCTI JTIarHOCTHKK BaXKJIMBE TPABWIbHE KaliOpyBaHHS
CEHCOpIB 1 HAIAIITYBaHHA IapaMeTpiB BIiIMOBIAHO JJ0 YMOB eKCIUTyaTalii, II0 MiJABHUILYE
HA/IIHHICTh CHCTEMH B PI3HUX pPeXUMax poOOTH. 3aBISKH NOEAHAHHIO TECTYBaHHS, afanTallii Ta
IHIMBIqyalbHUX HAJAIITYBaHb METOJ JI03BOJIIE€ 3HWKYBAaTH PU3UK BUHUKHEHHS CEPHO3HHUX
HECTIPaBHOCTEH, MATPUMYBATH CTAOUTEHY poOOTY NAJMBHOI CUCTEMH Ta MiJABHUIYBATH 3aTrajbHY
e(eKTUBHICTh IBUT'YHA B EKCILTyaTaIlii.

BUCHOBKHA

3aBASKM 3aCTOCYBAaHHIO CYYaCHHX CEHCOPIB 1 YITKO CTPYKTYpOBAaHOTO AQITOPUTMY
J1arHOCTUKY MOYKHA BHSIBIISITH HECIIPABHOCTI HA PaHHIX CTaisAX, IO JI03BOJISE 3MEHITUTH PH3UK
CepHO3HMUX TOJOMOK Ta 3armoOirTh HecmoziBaHUM 3ynuHKaM. OCHOBHUMH I€peBaramMu ILbOTO
MIIXOAY € BUCOKA TOYHICTH 1 IBHUJIKICTh BUSIBJICHHS HECIIPABHOCTEH, MOKITUBICTh IHTEpIIpETAIlil
JTaHUX TEXHIYHUM TIEPCOHAJTIOM 1 aIaNTUBHICTh J0 PI3HUX YMOB €KCIUTyaTallil.

IHTepnperamnis KOJiB MOMMJIOK Ta aHali3 JaHUX CEHCOPIB 3a0e3MeuyloTh CBO€YACHE
TEeXHIYHE OOCITYrOBYBaHHS, a HaJAIITYBaHHS MOPOTOBHX 3HAY€Hb JIO3BOJIIE TOYHO
KOHTPOJIIOBATH BIAXWIEHHS Yy poOoTi cuctemMu. Takum 4YMHOM, METOJ 3abe3nedye He JIHIIe
BHCOKY HaJlIHHICTh pOOOTH MAJMBHOI CHCTEMH, ajie i ONTHMI3ye BUTPATH Ha OOCIYrOBYBaHHS,
CTIPUSIOYH MIIBUIEHHIO €()eKTUBHOCTI €KCILTyaTallil JBUTYHA 3arajlOM.
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JOCIIIZKEHHSA METOAIB JIIAT'HOCTYBAHHA EJIEKTPOMOBLJIIB

I'matoB A.B., Coxiun I1.A., Yibsuens O.A.
XapKiBChKHI HAIIOHATBHHUI aBTOMOOUTEHO-JIOPOXKHIN YHIBEpCUTET, YKpaiHa

BCTYII

Enexkrpomo0Ouni (EM) craroTe Bce OUIBII TOMYJSIPHUMHU 3aBISIKM CBOIH €KOJIOTTUHIM
Oesreri, E€KOHOMIYHOCTI Ta 3HW)KCHHIO BUKWAIB MIKJIMBUX PEYOBUH Yy HABKOJIMIIHE
cepenosuie. OnHaK, 31 3pocTaHHsIM KimbkocTi EM Ha moporax 3’SBJISFOTHCSI HOBI BUKJIMKH B 1X
o0cCITyroByBaHHi Ta JiarHOCTHII. J{iarHOCTYBaHHS €JIEKTPOMOOLTIB CYTTEBO BiIpPi3HIETHCS Bij
I1arHOCTUKU TPATUIIHHUX aBTOMOOUIIB 3 JBUTYHAMH BHYTPIIIHHOT'O 3TOPSHHS, OCKUIBKH B iX
CTPYKTYpi BiZICYTHI TaKi KOMIIOHEHTH, SIK JBUTYH 1 TPAHCMICIsl, ajie MPUCYTHI €NEKTPOABUTYHH,
aKyMYJISITOPH Ta BHCOKOBOJIbTHI cucteMu [1-5]. V mpomMy HOCHiKEHI PO3TISTHEMO OCHOBHI
METOJM JIarHOCTUKU E€JIEeKTPOMOOUTIB, iX OCOONMBOCTI Ta CydacHi TEHJCHIi PO3BUTKY B Il

ranysi (puc. 1).

1 ~

Pl/IcyHOK |

MeTor NOCHTIIPKEHHS € aHaJl3 CYJacHHX METOJIB JIarHOCTYBaHHS €JICKTPOMOOLTIB, 1110
J03BOJISIIOTh  €(PEKTHBHO OIIIHIOBATH CTaH OCHOBHMX KOMIIOHEHTIB €JIEKTPUYHOI CHIIOBOI
YCTaHOBKH Ta JOTIOMDKHHX CHCTEM. 3aBIaHHSIM € BU3HAYCHHS IepeBar 1 HeJIOJIKIB X METOIIB,
a TaKOX TEpPCHEKTUB PO3BUTKY JIarHOCTMYHUX TEXHOJIOTIA IS TMiABUINCHHS HAIIMHOCTI Ta
e(EeKTHUBHOCTI €JIEKTPOMOOLTIB.

OCHOBHI eJ1eMeHTH JiarHOCTHKH eJIeKTPOMOOLIiB

EnexkTpoMoOib CKIAAAETHCS 3 PI3HUX CHUCTEM 1 MIICHCTEM, TaKUX SIK aKyMYJSTOpHI
Oarapei, eJIeKTPOIBUTYHH, IHBEPTOPH, CUCTEMa YIPABIIHHS Ta TepMasibHI cuctemu. KoxHa 3
[IUX CUCTEM BHMAara€ oCOOJIMBHX METOJIB JIarHOCTHKY JUIsl BU3HAUYEHHS TIOTOYHOTO TEXHIYHOTO
CTaHy, MOXJIHUBUX JePeKTiB Ta iX ycyHeHHS [6-9]. [lo KIFOYOBHUX KOMIIOHEHTIB JiarHOCTHKH
BITHOCSITBCSI:

— aKyMyJsTOpHa Oarapesi — giarHoctyBaHHsS craHy Oatapei (State of Charge, SOC ta
State of Health, SOH) nist BU3HauSHHS 3aJIMIITKOBOTO PECYPCY;

— EJIEKTPOJIBUTYH — IepeBipKa ePeKTHBHOCTI Ta BHUSBICHHS MOXXJIMBHX HECIIPABHOCTEH
00MOTOK a00 MarHiTiB;
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— IHBEpTOp — OIliHKa CTaHy HaNIBIOPOBIAHUKOBUX €JIEMEHTIB Ta EJIEKTPOHHUX
KOMITOHEHTIB;

— cHCTeMa YNpaBJIiHHA — JIarHOCTHKA IMPOrPaMHOTO 3a0e3MeYeHHs Ta ENEKTPOHHUX
MOJTYJiB;

— CcHCTeMa OXOJIOKEHHS — KOHTPOJIb TEMIIEPATYPH JUIs 3a1100IraHHs eperpiBy.

Metoam aiarHoCTyBaHHS eJ1eKTPOMOOLTIB

IcHye KinTbka OCHOBHHMX METOJIB iarHOCTYBAaHHSI €IEKTPOMOOUTIB, SKi JO3BOJSIOTH
BUSIBJISITH HECTIPABHOCTI Ta OIliHIOBaTH TexHIUHUHU cTaH [10-13]. [lo HUX HaIEkKaTh:

1. liarHocTHUKA aKyMYJISATOPHUX OaTapei

— immenancomertpis: BukopucToByeThes [uIs  OwiHKKM craHy 310poB's  (SOH)
aKyMYJISITOPIB, BUMIPIOIOYM €IEKTPOXIMidHMM immenanc. lle m03Bossie BUSBUTH 3HWKCHHS
eMHOCTI a00 Jerpaariiro 6arapert;

— METOJ BUMIpPIOBaHHS Hampyru i ctpymy: PerynsipHe BUMIpIOBaHHS HAapyrd 1 CTPyMy
I 9ac 3apsiy Ta po3psly JOTIOMArae BiJICTe)KyBaTH 3HHKEHHS €(DeKTHBHOCTI;

— TEepMaJbHUI MOHITOPHHT: 3MIiHM TEMIIEpaTypH BKa3yIOTh Ha MOXJHBI JaedeKTh
BcepenuHi 6arapei abo mpoOIeMHy 3 OXOJIOKEHHSIM.

2. JliarHOCTHKA eJIeKTPOABUIYHIB

— anani3 BiOpaiii: JlomoMarae BUSBISATA MEXaHIYHI HECIIPABHOCTI, TaKi sIK 3HOIITYBaHHS
MIIIAITHUKIB 200 AucOaianc 0OMOTOK;

— CHEKTpaJbHUM aHaji3 CcuUrHaiiB: Bu3Hadyae enexkTpu4Hi Ta MexaHiuHi aedexTu
[UIIXOM aHaJli3y CIEKTPY YacTOT, IO JO03BOJISIE BUSBUTH KOPOTKE 3aMHUKaHHSI OOMOTOK abo
HEPIBHOMIPHICTh MarHiTHOTO TOJIS;

— TeIJIOBi3iliHE NOCHiKEHHs: BusABIsA€ aHOMaNbHI TeMmmepaTrypHi 30HH, SKi MOXYTh
CBIUUTH TIPO TPOOIEMU 3 OXOJIODKEHHIM 200 eeKTHI KOMIOHECHTH.

3. JliarHocTHKa iHBepTOpa

— mepeBipka (QYHKIIOHYBaHHS HAIIBIPOBIAHUKIB: BHUKOHYeThCS Al OLIHKKA CTaHy
TPaH3HUCTOPIB 1 AIOAIB iHBEpTOpa, IO 3a0€3MEUyI0Th MEPEeTBOPEHHS MOCTIHHOTO CTPyMy 3
Oartapei B 3MIHHHIA JJIsl IBUT'YHA;

— aHaJi3 eJeKTPUYHMUX CUTHANIB: BUMIiproBaHHS BUXITHHX MapaMmeTpiB iHBepTOpa Ui
BUSIBJICHHS BIAXWJIEHb Y HaNpy3i YM YacTOTi, SIKI MOXYTh CBIJUUTH MpPO HECIPABHOCTI
KOMIIOHEHTIB.

4. JliarTHOCTHKA CHCTEeMH YIIPAaBJIiHHSA

— TeCTyBaHHS TporpamMHOTO 3abesmedeHHs: JliarHoctuka BOymoBaHoro II3 s
BUSIBIICHHS 3001B y po0OOTI KOHTPOJIEPIB 1 AATUHKIB.

— oOmin manumu yepe3 OBD-II nopt: 3unTyBaHHs Ta IHTEpHIpeTallis JaHUX Yepe3 HOPT
OBD-II no3BoJIsi€ BUSBUTH TIOMUJIKH, 110 OYyJIM 3aMMCaHi B CUCTEMI YIPaBIIiHHS.

3. TecTyBaHHA CHCTEMH 0XO0J10’KEHHHA

— TepeBipka TeMIlepaTypHUX ceHcopiB: JliarHOCTHKa CEHCOpIB Jyis 3a0e3MedYeHHS
ONITUMAIILHOTO TEMIIEPATYPHOTO PEKHUMY;

— rigpaBiiunuil Tect: OuiHka (YHKIIOHAIBFHOCTI Hacoca Ta TPYOONPOBOIIB CHCTEMH
OXOJIO/DKEHHS TS 3a0e3MeueHHs CTaOUTbHOTO OXOJIOPKEHHS! KOMIIOHEHTIB.

InnoBauiiini MeToaM 1iarHOCTYBaHHA
3 PO3BHUTKOM TEXHOJIOTIH 3'SBISIOTHCS HOBI MIAXOMM JIO JIQrHOCTHKH E€JIEKTPOMOOLUTIB,
cepes SAKUX:
— IOTYYHUH IHTENEKT Ta MalIMHHE HaBYaHHS: [|03BOJIAIOTH CTBOPIOBATH AITOPHTMHU, SIKi
3/IaTHI MPOTHO3YBAaTH MOJKJIMBI TIOJIOMKH Ha OCHOBI JaHHWX MpO eKcruryaraiito. Lle momomarae
BUSIBIISITH MTPOOJIEMH 1IE JI0 TOTO, SIK BOHU BIUTMHYTH Ha pOOOTY aBTOMOOLNS
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— inreprer peueir (IoT): 3abe3nmeuye MOXIHMBICTH BiIAaI€HOTO MOHITOPHUHTY CTaHy
aBTOMOOUIS B PEXUMI pealbHOTO Yacy, IO 3HAYHO MOKPAI[ye€ MOKJIHMBOCTI JTIarHOCTUKH Ta
00CITyroByBaHHS;

— mudposi ABiitHUKH: MojaenoBaHHA POOOTH peaJbHUX KOMIIOHEHTIB aBTOMOOUIS B
U(pPOBOMY CEpEIOBHILI J03BOJISIE TPOBOJUTH TECTYBaHHS Ta JMIarHOCTHKY O€3 BTpYYaHHS Y
¢bi3U4HI KOMIIOHEHTH.

BUCHOBKH

JliarHOCTYBaHHSI €JIEKTPOMOOLTIB — II€ CKJIATHUN TpOIeC, M0 BHMArae CHeIlialTbHUuX
METOIIB 1 TEXHOJOTIH, amalmTOBaHHX OO OCOONMBOCTEH iX KOMIIOHEHTIB. Y IOCKOHAJIECHHS
METOJIB JIarHOCTUKH JIO3BOJHTDH MiIBUIIMTHA HAIIMHICTH 1 Oe3NeKy eneKTpoMoOuTiB, 3HU3UTH
BUTpPATH Ha 0OCITYrOBYBaHHS Ta 3a0€3MeYUTH OUTHII TPUBATY eKCIuTyaTtalito. [HHOBaIil, Taki sK
mrygyHuit  iHTenekT, loT Tta mmdpoBi nABIHHWUKM, BIIKPUBAIOTH HOBI MOJMKJIMBOCTI JUTS
MIPOTHO3YBAaHHS Ta 3aro0iraHHs HECIPABHOCTEH, IO € BAXKJIMBHUM KPOKOM JO TOIIUPEHHS
€JIEKTPOMOOIUTIB 1 PO3BUTKY €IEKTPHYHOTO TPAHCHIOPTY B LIIOMY.
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METOAHN BJOCKOHAJIEHHA BOPTOBUX CUCTEM KOHTPOJIIO
TEXHIYHOI'O CTAHY ABTOMOBIIIB

Apryn 111.B., Isanos B.B.
XapKiBChKHI HAIIOHAIBHHUI aBTOMOOUTEHO-JOPOXKHIN YHIBEpCHTET, YKpaiHa

CyuacHi aBTOMOOiTI OCHAIIEHI MEPeJOBUMU OOPTOBUMH CHCTEMaMHU JiarHOCTHKH, IO
JI03BOJISIFOTH KOHTPOJIIOBATH TEXHIYHUN CTaH OCHOBHHX BY3JIB i CHCTeM B pealbHOMY daci. Lle
3abe3rneuye He JHIIE MiABHINEHY Oe3leKy, aje i mMokpamye e(peKTHBHICTh Ta E€KOJIOTIYHY
BIJMOBIANIBHICTD EKCIUTyaTallii TPaHCHOPTHHUX 3aco0iB. J[is 3abe3neueHHsT OUTBII TOYHOTO
KOHTPOJIIO Ta PAHHBOTO BHSIBJICHHS HECHPABHOCTEH B aBTOMOOUISIX aKTUBHO 3aCTOCOBYIOTHCS
HOBITHI TMIAXOAW, Cepel SKUX OCOOJMBY pOJb BIIrpalOTh IHTENEKTyalbHI AJITOPUTMH
MAIIMHHOTO HAaBYaHHS Ta MPOTHO3HE TeXHIUYHE 0O0CIyroByBaHHS. TOMy METOIO L€l CTaTTI €
JOCITI/DKEHHST Ta OOIPYHTYBaHHS METOMIB BIOCKOHAJEHHS OOpPTOBUX CHCTEM KOHTPOJIIIO
TEXHIYHOTO CTaHy aBTOMOOLTIB.

OnmHuM i3 OCHOBHUX HAIPSIMKIB BJOCKOHAJCHHS OOPTOBHUX CHCTEM MIarHOCTHKH €
IHTerpaIlisi HOBUX TEXHOJIOTIH, TAKUX K IHTEJIEKTYaJIbHI aJTOPUTMH, HOBI CEHCOPHI CUCTEMH Ta
aBTOMAaTH3aIlis MporieciB 00cmyroByBanHs. L{i BJOCKOHAIEHHS O03BOJISIFOTH 3HAYHO ITIBUIITUTH
TOYHICTH JIarHOCTUKU TEXHIYHOTO CTaHy aBTOMOOLIS, MPOTHO3YBAaTH MOKJIMBI HECTIPABHOCTI, a
TaKOX ONTUMI3yBaTH BUTPATH HA TEXHIYHE 0OCITYrOBYBaHHSI.

BrockonaneHHs1 00pTOBUX CHCTEM MOYKHA PO3TIISIIATH Yepe3 AeKiTbKa KIIOUOBUX €TalliB!

— BHUKOPHUCTaHHS IHTENEKTyalbHUX aJTOPUTMIB. AJTOPUTMH MAIIMHHOTO HABYaHHS,
3okpema Taki sk Random Forest Ta LSTM (Long Short-Term Memory), BAKOPHCTOBYIOTBCS IS
aHaI3y JaHWX, 10 HAIXOJATh 3 aBTOMOOUTRHUX JaT4wKiB. L{e 703BOJISE 3 BUCOKOIO TOYHICTIO
BUSIBIISITH aHOMaJTii y poOOTi KpUTUYHUX BY3IIIB, TAKUX SK JBUTYH a00 TpaHCMicisi. AJTOPUTMHU
MOCTIfHO OHOBIIIOIOTHCS HA OCHOBI ICTOPUYHUX JAHUX EKCIUTyaTallii aBTOMOOLIS, IO J03BOJISIE
MIIBUITUTH TOYHICTh MPOTHO31B. BIpoBa/kKeHHS IIUX aJTOPUTMIB CIIPHSIE HE JIUIIE CBOEYACHOMY
BUSIBJICHHIO MTOTCHIIIHHUX MPOoOJIeM, aje i iX MpOorHO3yBaHHIO;

— TpPOTHO3yBaHHS HecnpaBHOCTeW. [IporHo3ne TexHiuHe oOcmyroByBaHHs (Predictive
Maintenance) TIpPYHTYeThCS Ha aHajli3i ICTOPHYHUX JaHUX TPO POOOTY eNeKTPOHHHUX
KOMITOHEHTIB aBTOMOOUIs. L{elt miaxin mo3BoJisie mependadynT MOKIMBI HecripaBHOCTI 32 100-
500 roa. 1o iXHPOTO BUHUKHEHHS, 1[0 3HAYHO 3HMKYE PU3HMK aBapiiHUX CHUTYyallild Ta MPOCTOIB.
[Iporno3yBanHsi Ga3yeTbcsi Ha 0OpoOIi iH(oOpMaIlii MPo BIAXMIEHHS B Mapamerpax poOoTH,
TaKuX SK BiOpallii, TemnepaTypa 4u THUCK, IO JIO3BOJISIE BYACHO BXKUTH 3aXO0/IIB;

— aproMatu3amis  jgiarHocThku. CydacHi  aBTOMOOULTI  OCHAIIEHI  CHCTEMaMH
aBTOMATH3aIlil J1arHOCTUKH, SKI MOKYTh CAMOCTIHHO HAJCWJIATH JaHi MPO TEXHIYHUH CTaH B
CepBicHI IIeHTpH a0o0 0 MOOUTBHUX OJATKIB BOJis. Lle 3HAaUHO MPHCKOPIOE MPOIIeC TEXHITHOTO
oOCITyroByBaHHSI Ta [I03BOJIAE€ OIEPATUBHO pearyBaTd Ha BUSBJICHI HecmpaBHOCTL. Taka
aBTOMAaTH3aIlis 3a0e3Mmedye 3pydHICTh K IS BOAIIB, TaK 1 U CEPBICHUX IIEHTPIB, IO JI03BOJISE
IIBU/IIIE YCYBAaTH NOTEHIIHI 3aTpO3H;

— IHTerpaiis HOBUX CEHCOPHMX cucTeM. J[ns OUIbII IeTaqTbHOTO KOHTPOJIIO 32 CTAaHOM
aBTOMOOUISA IHTErpyIOTHCS HOBI CEHCOPH, TaKi K aKceJIepOMETPH JJIsi BUMIPIOBaHHS BiOpaiii
abo 1H(payepBOHI JATYUKHU JJIs1 BUMIPIOBAHHS TeMmeparypu. Lle m03BoJsie KOHTPOTIOBATH Taki
BaXJIMBI MapaMeTpH, K poOoTa IBUTYHA ab0 TemIieparypa raabMiBHHX AMCKiB. Taki cencopu
HA/Ial0Th TOYHIMII JaHi, 0 MiIBUIIYE e(EKTUBHICTh CUCTEMH JiarHOCTHKH.

BaxximBo 3a3HaunTH, IO BCI I1i BAOCKOHAJICHHSI Oe3110CepeTHhO BILIMBAIOTH HA IMiIBUILICHHS
HagiiHOCTI aBTOMOOUTL. KpiM TOro, BOHM J03BOJISIOTH 3HIDKYBATH BHUTpPATH Ha TEXHIUHE
00CITyroByBaHHsI 3aBJISIKH CBOEYAaCHOMY BHSIBICHHIO HECIPABHOCTEH, IIO JIO3BOJISIE YHUKHYTH
BEJIMKMX PEMOHTIB. 3aCTOCYBaHHS HOBHX CEHCOPIB Ta QJITOPUTMIB TaKOX CIIPUSE TTABUIICHHIO
Oe3nekn Ha JIOpO3i, a/pKe aBTOMOOUIb MOXKE CBO€YAacHO IH(GOPMYBAaTH BOJiSl MPO KPUTHYHI
HeCIpaBHOCTI 200 aBTOMAaTHYHO HAJICUJIATH JIaHi 10 CEPBICHUX LEHTPIB ISl IIarHOCTHKH.
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BaxJmBUM acrekToM € TakoX Te, [0 B TPOIECi BJOCKOHAJCHHS OOPTOBHX CHUCTEM
KITFOYOBY POJIb BiJirpae iXHs HTErpallis 3 NEHTPATI30BaHUMH 0a3aMH JaHUX CEPBICHHUX IEHTPIB,
10 3HAYHO TOJIETIIyE TEXHIYHE OOCHyroByBaHHs. TakuMm 4YWHOM, cHCTeMa He JuIIe (Qikcye
HECTIPaBHOCTI, a i popMye pekoMeHaaIlii o/10 HeOOXITHUX PEMOHTIB.

VY tabmumi 1 mpencTaBieHO OCHOBHI MTapaMeTpH BIOCKOHAJIEHIX OOPTOBUX CUCTEM KOHTPOJTIO.

Tabnuus 1 — OcHOBHI mapaMeTpH BJAOCKOHAJICHUX OOPTOBHUX CUCTEM KOHTPOJIIO

[Tapamerp Omnuc Tounicts//lianazon
KoHTposs THCKY B ralbMiBHUX
JlaTauku TUCKY P y +0,05 6ap, mo 250 6ap
crcTremMax
BibGpartiitai ceHcopu MOHITOPHHT IBUTYHA 1 TpaHCMicCii Yacrota 10 10 xI'1g
. BuMiproBanHs TemmiepaTypu -20°C no +1000°C
IndpauepBoHi ceHCOpU . . ’
(bpacp p raJbMIBHUX JIUCKIB +2°C
Peaxiist Ha aHOMAaTIT BusiBnenns anomaniii B peanbHomy yaci | Menme 100 mc
IIpornosyBanHs . . .
P B LSTM m1st aHamnizy yacoBHUX psiZiiB Tounicts 10 95%
MIOJIOMOK
InTerpartist yepes Oo6wmin nanumu mix ECU Ta IBuaxicts q0 10
CAN-muny CEpBICHIMH LIEHTPAMH Mobit/c

Sk BuaHO 3 Tabnumi 1, BIPOBa/PKEHHS HOBHX CEHCOPHUX CHUCTEM 1 IHTENEKTYaJbHHX
AITOPUTMIB JIO3BOJISIE 3a0€3MEYNTH BHUCOKY TOYHICTH JIarHOCTUKU Ta ONEPAaTHUBHE pearyBaHHs
Ha 3MiHH B po0oTi aBTOoMOOUIsA. Lli BIOCKOHANEHI CHCTEMHU HE JIUIIE MOKPAIIyIOTh 3arajbHy
MPOAYKTHBHICTB, aJie i MiIBUIYIOTh PiBeHb OE3MEKH BOJIS Ta MACaKUPIB.

Ha pucynky 1 mpencraBineHi OCHOBHI eTanu (pyHKIIOHYBaHHS 1HTEIEKTYaJlbHOT CHCTEMH
aBTOMOOLIS.

Pucynox 1 — ETamu po6oTu iHTENEKTYyalIbHOT CHCTEMH aBTOMOOIS

Pobora iHTeNneKTyaIbHOT CHCTEMH aBTOMOOLIS BKITIOYAE 301p JaHUX 3 CEHCOPIB, 00pOOKY
WX JIaHUX 32 JIOMIOMOTOK IHTENEKTYaIbHUX aJITOPHUTMIB, Tepeaaudy iHdopmailii BojieBi abo
CEpBICHOMY LIEHTPY, a TaKOXX MPUUHATTS PIlICHHS MO0 HEOOXiTHOCTI 0O0CIyroByBaHHs abo
MPOTHO3YBaHHs HecnpaBHOcTeH. KokeH 13 IUX eTamiB BiIirpae BaXIUBY pojb y 3a0e3MeueHH1
0e3mnexu Ta epeKTHBHOCTI aBTOMOOUTEHOT CHCTEMHU.

BripoBapkeHHST HOBUX CHCTEM KOHTPOJIIO CTaHy aBTOMOOLTIB CYIPOBOIKYETHCS
KUTbKOMa CEpHO3HIUMHU MTPOOIeMaMu, SIKi MOKYTh YITOBUTBHUTH MPOLIEC.

[lepma mnpobnema mossirae B TOMY, IO HE BCl Cy4acHI aBTOMOOUII TOTOBiI [0
BCTAHOBJICHHS HOBHX CEHCOpPIB 1 mporecopiB. Crapi Mojelni aBTOMOOUIIB TPOCTO HE
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OIATPUMYIOTH HOBI TEXHOJIOTIii, TOMY Ui TOTO, 00 iX IHTErpyBaTH, JOBEAETHCS 3HAYHO
OHOBUTH €JIEKTPOHIKY aBTOMOOLs. Lle miaBuiye 3arajgpHy BapTicTh, IO HE 3aBXKAU MPHHHATHO
1u1st 6araTboX aBTOBUPOOHHUKIB.

Jlpyra nmpobiema — 1ie BUCOKa BapTICTh BIPOBAKEHHS HOBUX cucteM. 11[00 BcTaHOBHTH
MOTYXKHIIII IPOIIECOPH Ta CEHCOPH, SKi MOXKYTh 3UNTYBAaTH W aHAIII3yBaTH JaHi, MOTPiOHI BEIHKi
¢inancoBi iHBecTHmii. J{ist 6araTh0X KOMMAHINA Il CTa€ HEMOCHJILHUM HABaHTAXCHHSM, TOMY
BOHH HE TOCHIIIAIOTh BIPOBAHKYBATH HOB1 TEXHOJIOT].

Kpim Toro, € 3arposa kibepoe3neku. OCKUIbKM CydacHi CUCTEMH KOHTPOJIIO TOCTIHHO
nepeaaTh naHi yepes [HTepHeT abo iHIII MepeXi, BOHM MOXKYTh CTAaTH MIIIEHHIO JJIsl XaKepiB.
SIKIIO 37TOBMUCHHUKH OTPUMAIOThH JJOCTYI JIO TaHUX a00 CHCTEM YIpPaBJIiHHSA, II€ MOXE MPU3BECTH
710 CepHO3HUX MPoOIIeM 3 OE3TMEKO0 aBTOMOOLIS.

Takox Ba)XJIMBO BPaxOBYBATH, 10 p0OOTa HOBUX CHUCTEM 3aJISKHUTh BiJl AKOCTI 310paHIX
TaHuX. SIKIO ceHcopH MepenaroTh HETNOBHI a00 HENpaBWJIbHI JlaHl, CHCTEMa MOXE 3pOOHTH
MTOMMJIKOB1 BUCHOBKH PO CTaH aBTOMOOUIS, IO MOXKE MPU3BECTH JI0 HETOTPIOHUX PEMOHTIB
a00, HaBMaKH, JIO MPOTTYCKY CePHO3HOT MOJIOMKH.

[Ile omgna mepemkoaa — 1€ HEOOXIMHICTh HABYAHHS MEpPCOHANTY. MeXaHIKH Ta TEeXHIKH
MOBHHHI BMITH MPALIOBATH 3 HOBUMHU CHCTEMaMH, 1[0 BUMArae JI0JaTKOBOTO Yacy i pecypciB s
HaBYaHHS. be3 boTo BIpOBaHKEHHSI HOBUX TEXHOJIOTIH Oy/e YCKIIaIHEHUM.

OTxe, BNPOBa/PKEHHS BJOCKOHAJIEHMX CHUCTEM KOHTPOJIO TMOTpedye He e
TEXHOJIOTIYHO1 ajanTaiii, age i BUpimIeHHs (pIHAHCOBUX Ta OpraHi3allifHUX MUTaHb, MO0 mi
HOBOBBEJICHHS MOTJIM CTAaTH PEANIbHICTIO ISl BCIX aBTOMOOLTIB.

BUCHOBKHA
[HTENeKTYyanpHI aNrOpPUTMH JIarHOCTUKH, BIIPOBADKEHHS HOBHX CEHCOPHHX CHUCTEM Ta
aBTOMATH3allisl MPOIECiB OOCTYyroBYBaHHsS JIO3BOJISIIOTH 3HAYHO TOKPALIMTH KOHTPOJb 32
TEXHIYHUM CTaHOM aBTOMOOLTIB. lle 3a0e3medye BYacHE BHSIBICHHS HECIPABHOCTEH, IXHE
MIPOTHO3YBAaHHS Ta OIEpAaTHBHE YCYHEHHs, IO MIJBHUINYE HAIIHHICTP aBTOMOOLIIB, 3HHUXKYE
BUTPATH Ha PEMOHT 1 TeXHIYHEe OOCIYrOBYBAaHHS, a TaKOX CHpuUsie Oe3MeuHimiii eKcrTyaTarii
TPAHCIOPTHHX 3aCO0IB.
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KOHTPOJIb EHEPTETITYHUX ITOKA3HHUKIB /IB3 3A 1OIIOMOI'OIO
JIATHOCTUYHOI'O CKPHUIITA «Px»

1 . 2 . 2 . 2
Boponenko F0. M., Stadkowski A.”, Kubica G.”, Witaszek M.
1 . o . o . .o . .
XapKiBChKHI HAIIOHATBHHUI aBTOMOOUTEHO-JIOPOXKHIN YHIBEpCHTET, YKpaiHa,
2 o . o .
Cinespkuii TEXHOJIOTUYHUH yHIBepcuTeT, [lonbiia

BCTYII

Hecnpasrocti /IB3 3a cTpyKTYpHOO 03HAKOIO MOAUISIOTEH Ha JIBa THUIIX — T1 IO TOB’s3aH1
3 €JEKTPUKOI0 aBTOMOOIUIS (JaTYMKH, BUKOHABYI MPHUCTPOi, OJOKM KepyBaHHA), Ta MeEXaHIuHI
(mporap KamnaHiB, HSMPABUIBLHO BCTAHOBJICHUI MEXaHI3M Ia30pO3IOIiUTy, KOMIIPECis, 3a0UTICTh
dbopcyHOK, 3a0UTICTh KaraiizaTopa). HasgBHICTH IUX Ta IHIIMX HECHpaBHOCTEH MOXke OyTh
BUSIBJICHO 32 JIOTIOMOTOI0 MOTOp-TecTepa 0e3 JeMOHTaXy elEeMEeHTIB cucTeMu. EnepreTnuynnMu
nokasHukamu J[B3 BBakaroTh mapaMeTpu, M0 XapaKTEepPH3yIOTh Ta30BYy IUHAMIKY B HOTO
[UJTIHIpax.

AJII)TepHaTI/IBHi METOHKH aiarHocTukH JIB3 (Tectn Anapis I_HyﬂbriHa) Ha BII3HAKY Bif
TPaIUIIHHUX, TPUCKOPIOIOTH 1 CIPOINYIOTH poOOTY. J[si BUKOHAHHS TECTIB HEOOXITHO 3HITH
OCLWJIOTpaMy CHTHAJIiB BH3HAUEHHWX IATYMKIB 1 3aIlyCTUTH BiAmoBigHi ckpunth. [Iporpama
(CKpUNT) aBTOMATUYHO 3MIMCHIOE yCi PO3paxyHKH Ta HaJa€ pe3ylbTaT y TEKCTOBOMY abo
rpadigHomy BuTIsAal. st peanmizarii 03HauUEHUX TECTIB, BUKOPHCTOBYIOTHCS MOTOP-TECTEPHU
(MT), mnoOynoBani Ha 6a3i USB-ocummnorpagiB (aBTOCKOMIB), sIKi BHKOHYIOTH (HYHKIIIT
VHIBepcampHOTO ociimiorpada, ocimiorpada 3amanroBanus 1 ananizatopa JIB3. [1, 2, 3]

Ha nanwmit wac BripoBampkeni Tpu ckpunrtu: EIPower (Hanpyra, ctpym, noTykHicTh); CSS
(Crank Shaft Sensor — martumk KoJsiH4acToro Baiy); Px (tuck y mmminzapi). B miit po6oTi
PO3TIISTHEMO JTOKJIAIHINIE METOIUKY JIarHOCTUKU 3 BUKOPUCTaHHAM ckpurrta «Px» Ta cmocid
aBTOMAaTH3AIlil Ipo1iecy TeCcTyBaHHs [4].

TecTyBaHHS 32 10MOMOTr010 cKpunTa «Px»

Ckpunt Px mnpusHaueHuil Ui aBTOMATHYHOTO aHami3y rpadika THCKY B IHIIHJIPI.
I'enepye Kkinbka BKIJIQJOK 3BITY 3 HU3KOIO JIOJAaTKOBHX IapaMeTpiB Ta xapakTtepucTtuk /(B3 i
CHCTEMH KepyBaHHS. Po3paxoBYIOTbCS THEBMATHYHI Ta TEOMETPHYHI XapaKTEPUCTUKU
[WITIHApA, TepeNTiK BUSBICHUX BIIXWIEHb BHBOJUTHCA Y (POPMi TEKCTOBUX MOBINOMIEHb. J[is
TIOJTIIIIICHHS 3pYYHOCTI Ta HAOYHOCTI JOCTDKEHHS (Da3 ra30po3moaity rpadik mepeTBOPIOETHCS
CKPHUIITOM Ha JliarpaMmy KUIbKOCTI ra3y B HMJIIHIPI 1 BUBOAUTHCS B IBOX (hopMmax HamaHHs. Kpim
TOTO0, OYAYETHCS Aiarpama IUKJIOBOTO HATIOBHEHHS LMIIHAPA HA TAKTI BITYCKY, IO XapaKTepU3Ye
poboTy Bchoro BmyckHOro TpakTy JIB3. BuBOomuThCs nmiarpama BUTpaT €HEprii Ha OYHUIIECHHS
WTIHpa Bix BianpansoBanux razie (BI'). 3a HasBHOCTI J0aTKOBOTO CUTHAITY CHHXPOHI3AIIT 3
iCKpOI0 3anasieHHsl, OyAyeThes Aiarpama Kyra Burnepekenns 3ananeHus (KB3).

Jlnst orpuManHs rpadika THCKY B HWTIHAPI 3aCTOCOBYETHCS NaTUMK THCKY [5]. [TanmuBHa
(dopcyHKa TOCTIKYBAHOTO MUJIHIIPA 3aMIIye€ThCS PE3UCTHBHUM EKBIBATCHTOM. J[aT4MK THUCKY
Px BCTaHOBNIOETBCS HA MiICIIe CBIYKM 3alajlOBaHHS JIOCHIHKYBAHOTO IHJIHApa Ta
migkmrodaeTeest 10 Bxoxy MT USB Autoscope. BHCOKOBOJNBTHHI TMPOBIA JOCTIIHKYBAHOTO
IWJTIH]IpA MIKITI0YAETHCS IO ICKPOBOTO PO3PSIHHKA. [6].

[Ticnst tecryBanns JIB3, pe3ynpTaté aHamisy BHUBOJAATHCS KUTbKOMa BKJIQJAKAMH 3
pisHUMHE popmamu npeacTaBieHHs iHopMmartii: «Reporty; «KinbkicTb»; «Da3u razopo3noainy»;
«Bunepemxennsny; «Bnyck»; « Bunmyck».

1. Bknanka «Report» Ha BiqMiHY BiJ NOKa3aHb KOMIIPECOMETPA, JO3BOJISIE BiAPIZHUTH
HEMIUTBHICTh IMTIHJPA BiJl HU3bKOTO CTYIICHS CTUCHEHHS, TaK SIK PO3PAaXOBYE OKPEMO BEIIMYUHY
BTpAT Ta3y, i OKPEMO BEJIMUMHY CTYIIECHSI CTUCHEHHS.

2. Brmagka «KinpkicTe» BimoOpaxkae miarpamy KiJIbKOCTI Ta3y B HMJIIHJPI 3aJI€KHO Bif
MIOJIOXKEHHSI TIOPIIHS 1 Bi TakTy pobotu muiHapa (puc. 1).
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npression v Power s Exhaust

L] ¥

a §)

Puc. 1. I'padiune 300parkeHHs KITBKOCTI Ta3y y IIIIHAPI:
a — BkJanka «KimpkicTby; 6 — Briagka «®Das3u razopo3mnoaiay»

[Tpu moOynoBi miarpaMu KUTBKOCTI Ta3y B IMIIIHAPI 3aCTOCOBYIOTHCS 4 KOJBOPH, IO
BiZIOOpakaroTh TakTU Horo poboTH. [1o0KeHHS MOPIIHS BiTOOpaKEHO 10 TOPH30HTAIIL: BEPXHS
meptBa Touka (BMT) BigmoBifae niBuii kpait giarpamu, HkHs MepTBa Touka (HMT) — mpaswuii.
KinpkicTh ra3zy B MHIIIHAP] BiIOMBAETHCS IO BEPTUKANL: YUM Y IIHJIIHAPI OUTbIIE ra3y, THM BUILE
po3ramoBaHuii (pparMeHT miarpamMu. 3TiTHO HABEJACHHUM JiarpaMaM KOJbOPOBE TMO3HAYCHHS
¢dparmeHTiB BimmoBimae Takram JIB3: 3eneHWil — BIYCK; CHHIA — CTUCHCHHSI, >KOBTHH —
PO3IINPEHHS; YePBOHUI — BUITYCK.

Takum 9mHOM, TO Jiarpami KiTbKOCTI Ta3y B IMJIIHAPI MOKHA BUSBUTH 1 BHUMIpSTH
MOMEHTH KIHIISl 3aKPUTTS BITyCKHOTO KJIallaHa i TOYaTKy BiAKPUTTS BUITYCKHOTO.

3. Bruagka «®a3u ra3oposmnojaury» BimoOpakae Ty K jiarpamy mio 1 y BKIaami
«KinpKicTh», ale BxkKe 3aJIe)KHO BiJ KyTa MOBOpOTY KoJiHdacToro Baiy (KB). KinekicTs razy B
WTIHAPI BUPAXKAETHCS SIK BIACTAHb BiI HEHTPY JiarpaMyd — 9uM OiUIbIe B IWIIHAPI razy, TUM
Jaji Bil HEHTY po3TamoBaHuii pparmMeHT aiarpamu (puc. 1, 6).

Mapxkepu Ha Jiarpami BU3HAa4alOTh KyTH, KOJIM BITYCKHHMI KJIaraH B)X€ 3aKPUBCS, 1 KOJIU
BUITYCKHUM KJamaH modvaB BinkpuBatucs. ns cmpaBHoro JIB3, posramryBaHHS MapkepiB
CUMETPHUYHO 11010 BEPTHUKAIBHOT JIiHIi.

4. Brmagka «Bunepemxenus» Oyaye mpiarpamy KB3 3anexxno Bim o00epriB i
HaBaHTaXXCHHs JIBUTYHA. [Ipu IboMy, I0IaTKOBO /0 Tpadika TUCKY B IIIIIHIPI e PEECTPYETHCS
1 cUTHaJl CHHXPOHI3allii 3 ICKPOIO 3amatoBaHHs (puc. 2, a).

_load20% y/load30% y/load 40% 7load 50 % 4/load 60 % .rload 70 % s load 80 %  yfload 0% y/load 40% ysload 50 % ysload 60 % y/load 70 % .sload 80 % y/load 80 %
va’ca'e b &Scale

e g u o~

= S

- - - s o0 A e - - s
a 0
Puc. 2. J/liarpamu cripaBHOTO JIBUT'YHA:
a —BKJaJKa «BunepepkeHHs»; 6 — Bkiaaka «Bmyck»

5. Brmagka «Boyck» BimoOpaxkae aiarpamy IMKJIOBOTO HANIOBHEHHS IMJIIHIPA TOBITPSAM
3aJIe)KHO BiI 00epTiB 1 BiJg HaBaHTakeHHs. Bucora rpadika BigoOpaxkae KUIBKICTh raszy, IO
3aJIMIIUBCS B IWIIHAPI MICHS 3aKPUTTS BIYCKHOTO Kianana. Kombopu (parMeHTiB miarpamu
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BiZIOOpakatOTh HABAHTAXKEHHS HA JIBUTYH, IO PO3PAXOBYETHCS 3a BEIWYMHOIO PO3PLIKEHHS B
IWITIHAPI HA TaKTi BIIYCKY (puc. 2, 0).

YepBoHUH (pparMeHT JiarpaMu J03BOJISE OLIHUTH BIUIMB KOMIIOHEHTIB BCHOTO TPAKTY
BIyCKY Ha HAINlOBHIOBAHICTH IMJIiHApa. UMM BUIlE pO3TalIOBaHUHM (parMeHT, THUM Oilblie
MaKCHUMaJIbHE HAITOBHEHHS IIWJIIH/IPA, 1 TUM BUIIIE BiJla4a IMIIIHApPA.

Uum Outbllle pEeUMpKYISIis Ta3iB, IO BiIOpalOBalM, 1, BIAMOBIAHO, IUKIOBE
HAIllOBHEHHS, TUM BHILE PO3TAIIOBYEThCS (parMeHT. BenuynHa 30BHINIHBOI pPELUpPKYISIii
perymoeTbest kinanmanoM EGR, a BHyTpimHBO1 — mmpuHOO (a3 MEepeKpuTTs KiamnaHiB. Yum
OlbIle eHeprii BUTpAva€eThCsl Ha OUMIIeHHS ra3y Big BI', TuM BuIe po3ramoByeTscsi (hparMeHT
miarpamu. I, HapemTi, unM Outelmmii BinOip moTyxHocTi Bix JIB3, TuM Oinbmie moTpiOHO
IIUKJIOBE HAIIOBHEHHSI.

6. Bruagka «Bumyck» BimoOpakae nmiarpamy BUTpar moTykHocTi /IB3 Ha ouHIieHHS
IWJTIH]IpA BiJ Ta3iB, IO BiAmpaloBany (puc. 3, a).

o

a 0
Puc. 3. Ocuunorpamu Bkiaaku «Bumyck»
a — OTIip BUITYCKHOI CUCTEMH Y HOpMI; O — cicTeMa 3a0uTa BHACTIZOK PYWHYBaHHS
KaTaJITHYHOTO HEWTpalizaropa

YuM MeHIII BUTpAaTH HAa BHITYCK, THM Jiarpama pO3TalIOBYeThcs HipK4e. I[loxwmma
YepBOHA JIiHIA BH3HAYa€ MAKCUMAIIBHO JIOIMYCTUMY MEXKY BHUCOTH PO3TAlIyBaHHS Jliarpamm.
[TonosxeHHs i€l iHii OyI0 BU3HAUYEHO €KCIIEPUMEHTAIBHO, IITXOM aHajli3y MHOXKUHU Jiarpam
3 CIIPaBHHUX 1 HECIIPABHUX aBTOMOO1IIB (pHc. 3, ).

ABTOMATH3allisl IpPoLeCcy TeCTYBAHHS

CrangapTHa METOJMKA TECTYBaHHs mepeadavae oreparii MiAKITIOYeHHS TPWIAIIB,
3aIKCy OCIUIIOTPAM 1 aHATI3y pe3ylIbTaTiB TECTYBaHHS. ABTOMATH3AIlII0 MOXHA 3allPOMIOHYBATH
Ha JIpyroMy eTalli TeCTyBaHHs, OB’ si3aHOMY 3 KepyBaHHsM J[B3:

- 3aIyCTUTH JIBUTYH aBTOMOOLIS 1 3aJIMIIUTH HOTO TparoBaTi Ha X X.

- uepes 3...5 cexyHx mmaBHO migHsTH 06epTH JAB3 10 3000 — 5000 xB™, a moTiM pizko
3aYMHUTH IPOCENIbHY 3aCIiHKY (BIITYCTHTH MEAIb aKCEIepPaTopa).

- micns ctaburizanii XX, BUKOHATH Pi3Ky MEpera3oBKy HMUIIXOM MaKCHUMAJIBHO PIi3KOTO
BIIKPUTTSI JpOCeNbHOI 3aciiHku. [licnmsi meperasoBKd Bipazy 3aKpUTH Jpocelb. Y SKOCTI
bTEPHATHBH 3aMICTh 3aKPUTTS JIPOCENii MOKHA BUMKHYTH 3alallfOBaHHS, a APOCENb TpHU
[[bOMY, YTPUMYBATH BiKPUTHM JIO TIOBHOI 3yITMHKH JIBUTYHA.

TpaauuiitHo, oneparii Ipyroro MyHKTY, 3TIIHO METOJUKH, BUKOHYIOTHCS OTIEPATOPOM.
Jlnst aBTOMOOWTIB, SKi OCHAIIEHI MIKPOIPOIIECOPHUMH CHUCTeMaMu iHxekTopHoro JIB3 3
IHTETPOBAHOIO CUCTEMOIO CaMOIarHOCTUKH, TIPOLIEC TECTYBAHHS MOKE OyTH aBTOMAaTH30BAHUM.
s mporo, Tpeba BukopuctoByBaTH USB-ocuunorpad, momnoBHeHH (YHKINIERO (TIPOrpaMoro)
IIarHOCTUYHOTO CKaHepa. YTBopeHudd y Takuii cmocid6 USB-MT 3paten aBTomMaTuyHO
aKTHBI3yBaTH BUKOHABYI MPUCTPOI CUCTEMU KEPYBaHHS JBUTYHOM [7].
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BUCHOBKHA
3anpornoHoBaHM CHOCIO aBTOMATH3ALlIl MPOLIECY TECTYBaHHS, JO3BOJSE CKOPOTHTH Yac
MOCTaHOBKH Jiarao3y. s peanizamii cmocoOy HeoOximHo a0 USB-ocmmnorpada momaru
nporpaMy JiarHOCTHYHOTO CKaHEpy 1 CKOpPEeKTYBaTH 1l ajlropuTM B dYacTUHI (QYHKITIH
«AKTHUBI3aIlis BUKOHABYUX MPHUCTPOiB» 1 «TecTyBaHHS.
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JABUI'YH BHYTPIIIHBOTI' O 3I'OPAHHSA TA EJIEKTPOJABUI'YH:
EBOJIIOIIA YU ITPOTUCTOSAHHA

Kypasceka H.M., Jlaryrin I'.I., YBapos B.M., Xa6oma C.M., Bopo6iios O.I'.
XapkiBcbkuii HarlioHanbHUHN yHiBepcuTeT [loBirpstaux Cuit imeni IBana Koxeny0a,
VYkpaina

ABTOMOOUTHHHI PUHOK CHOTOJIHI TIEPEKHUBAE CIPABKHIO PEBOJIOLII0 — aBTOBUPOOHUKH
BCE BIIEBHEHINIE OPIEHTYIOTh CBOI MOTYXHOCTI y OiK enekTpuyHHX aBToMoOuTiB. lle He
BHUIIAIKOBO, a/DKE TaKi aBTOMOOLTI CTaJIM JOCTYHHIIIUMH, €KOJOTTYHIIIUMU /7151 BUKOPUCTAHHS B
MICBKOMY CEpeIOBHIIIL.

Punox enekrpokapiB gocuth mmpokuii — Tesla, Nissan, BMW, Audi, Volkswagen Ta
Oarato iHmwux. Kpim Toro, kuTaiicbki komradii, Taki sk BYD Tta Geely, Takox akTUBHO
PO3BHUBAIOTH CBOT €IEKTPOMOOUTBHI JTIHIHKH.

OpnHi€ro 3 TOJOBHUX TIepeBar eIeKTPOMOOLUTIB € iXHS €KOJIOTIUHICTh. BOHU HE BUKHUIAIOTH
B arMoc(epy IIKiUTMBI pEeYOBHMHH, MO0 poOUTH iX Habararo OE3MEUYHINIMMH JUTS JTOBKLLIS.
3BHUaiiHO, MU 3HAHOMI 3 albTEPHATUBHOIO JYMKOIO, 1 JIECh 3TOJHI, 1[0 OIIHIOBATH €KOJIOTIYHY
CKJIQJIOBY 0e3 ypaxyBaHHS MPOIECY BHPOOHMIITBA TAKUX aBTOMOOLTIB HE 30BCIM KOPEKTHO.
OnHak y MOMEHTI €JIeKTPOIBUTYHA CIIPaB/Ii BIUIMBAIOTH Ha €KOJIOT1I0 MEHIIIE.

be3zactepexxHuil TUIOC - Taki MalllMHA BUMAaraloTh MEHIIOTo oOCiIyroByBaHHs. BoHu He
noTpeOyloTh 3BMYHOI HaM 3aMiHM Macja Ta IHIIUX pIiTUH I8 WOTO 3MallyBaHHS Ta
OXOJIO/DKEHHSI, a TaJbMIBHI KOJIOJKH 3HOIIYIOTHCS JAOBIIE 32 PaXyHOK pEKyIepartii.

Kpim Toro, enekrpomMoOili OJHO3HAYHO CTANM JOCTYMHIIIUMHU 3aBISKHA PO3BHUTKY
TEXHOJIOTI Ta 3HIKEHHIO BapTOCTi BUpOOHMITBA. Ha choroaHimHIiA AeHb 6araTo BHPOOHUKIB
MPOIMOHYIOTh  €JICKTPOMOOLTI 3a I[iHOI, TIOPIBHSAHHOK 3 aBTOMOOUIIMH JBUTYHAMU
BHYTPIIITHBOTO 3TOPSTHHSL.

Hapemri, enekTpokapu ctanu 3pydHIIIUME JJIs1 BUKOPHCTAHHS B MeKaX MICTa — THX1, HE
BHMAraroTh 3allPaBKH MMaJIMBOM 1 MOXKYTh OyTH 3aps/DKEHI BJoMa ab0 Ha TPOMAJICBKUX 3apsITHUX
crannisx. Jlo pedi, iHppacTpykTypa MICBKHX CTaHIIN 3apsIKU TUTBKK 3pocTaTuMe!

[IpoTe cTpax 3amumuTHCS 0€3 3apsAay B CepeluHi IIISAXY Y KOPUCTYBaUiB 30epiraeThCs.
[TuTaHHs ONTUMANEHOT JATBHOCTI X0y 3QJIUIIAE€THCS BITKPUTHM.

Bararo kpaiH 1o BCbOMY CBIiTY akTHBHO MIATPUMYIOTH IEPEXiJ O €IEKTPOMOOLTIB.
Heski, Taki sk Hopgeris Tta ['ommanmis, Be MOCATIIM 3HAYHOTO IMporpecy y il ramysi. Kpim
TOro, 0araTo JepkaB HAJalOTh MOJATKOBI MUIBIM Ta iHII (pIHAHCOBI CTUMYIH IJIsl TIOKYIKH
€JIEKTPOMOOUTIB. Y HAac, HANPUKIAA, OPTaHi30BaHI OE3KOIITOBHI MapKyBaHHS JUISl BIACHUKIB
€JIIEKTPOMOOLITIB.

KyniBas enekTpoMoOinss — e HE TUIBKK EKOJIOTIYHUH Ta COIiaJbHO-BIAMOBITAIEHUAN
BHOIp, a if EKOHOMIS Ha MAJTUBI Ta 0OCIYTOBYBaHHI aBTOMOOLISL.

OOcyroByBaHHsI aBTOKapa MoOXKe€ OyTH JOCHUTh CKJIQIHUM Yepe3 HU3KY TeXHIYHHUX Ta
omepauifHuX acrekTiB. Och KiTbKa KIIOYOBHX CKJIATHOCTEH, 3 SKUMU MOXHA 3ITKHYTHCS
(pucyHok 1).

Peryasipue TexHiuHe 00CJIyYroBYBaHHsI: TIOTPIOHO peryasipHO TEpeBIpATH Ta
00CITyroByBaTH pi3Hi KOMIIOHEHTH, TaKi SIK JBUTYH, TiIpaBIiuHy CHCTEMY, TalbMa, aKyMYJIATOP
TOLIO.

3HOIIEHICTh KOMIIOHEHTIB, BEJIMKE HABAHTAXKEHHSA, IO MPHU3BOIUTH 10 IIBHIKOTO
3HECEHHS JIeTalel, TAKUX K ITUHH, TMIIIUITHAKA Ta BaJIH.

CkJagHicTh AiarHOCTHKU: JESIKi MMOJIOMKH MOXYTh OyTH Ba)XKO JIIarHOCTOBaHMMHU 0€3
CHEIIaTbHOTO O0JIaTHAHHSI Ta JOCBIMY.

HaBuuku 00¢1yroBy040ro nepcoHasy: xoua icHye KapTu 00CIyroBYBaHHS ITiJ] KOXKHY
MOJIeNb €JIEKTPOKapy, aje BCE XK Taku € moTpeda B KBanli(hikoBaHMX MexaHiKax, siki O moope
PO3YMUTHCS Ha KOHKPETHIM MOJEN aBTOKapa Ta 3HAIOTh, SIK MPABHJILHO HOTO 0OCIIyrOBYBaTH.
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3anyacTHHU Ta BUTPATH: IHKOJM CKJIQJHO 3HAWUTH MOTPIOHI 3aM4acTHHU, 1 1€ MOXKE
3aHATH TOJUHY, & TAKOXK 30UTBIIINTH BUTPATH HA PEMOHT.

PeryasipHe TexHiuHe HaBunuku
00C/IyroByBaHHsl 00CJIyroBy1040ro
nencoHaav

3HOIIEHICTH

KOMIIOHEHTIB 3anyacTHHM Ta
BHTDATH

CkJiaaHicTh
MIarHOCTHKH

Pucynox 1 — ExcruryaTartiifHi BUKITMKH €JIEKTPOKapiB

CydacHuil pO3BUTOK TEXHOJOTIH Ta €KOJIOTii 1€ MUTaHHS, SKE TOPKAETHCS BaKIMBUX
acmekTiB. J[aBaiiTe po3risiHEMO Horo 3 000X OOKiIB.

EBoJsronis

P03BUTOK TEXHOJIOTI: ABUTYHU BHYTPIIHBOTO 3ropstaHs ([BC) npoiimm 1oBrui nuisx
3 MOMEHTY CBOTO BHHAxOJy, 1 CY4YacHI MoOJeni craau Habarato eQeKTUBHIMMHU Ta
eKOoJIOTIUHIMKMU. [HHOBAIT B Talmy3i MaTepialliB, KOHCTPYKIIiM Ta MaJMBa YMOKJIMBIIN 3HAYHE
3HIKCHHSI BUKUIB Ta TIOKPAIEHHS MTPOAYKTHBHOCTI.

EnexkTpoMoOiTi €IeKTPOABUTYHH € PE3yIbTaTOM TPUBAIOTO PO3BUTKY TEXHOJOTIH
EJIEKTPUYHHUX CHUCTEM. 3 KOXKHHM POKOM 3POCTA€ MPOAYKTHBHICTh aKyMYJISTOPIB, 30UTBIIYETHCS
iXHSI €MHICTB Ta MIBUJKICTB 3aps/IKH, IO POOUTH €NEKTPOMOOLUTi Bce OLTBII MPUBAOIUBUMH IS
MacoOBOTO PHHKY.

IIporucrosinus

Exouoriuni acnextu: EnexTpomMoOisii BBaKAIOTHCS €KOJOTIYHIMIUME, OCKUIBKH BOHH HE
BUKHUIAIOTh IMIKTUBAX PEUOBMH TMiI dYac ekcruryaramii. OpHak mporiec BHPOOHUIITBA
aKyMYJISITOPIB Ta T€HEpaIlis eNEKTPUKH JUIT HUX MOKYTh MaTH 3HAaYHUN €KOJIOTTYHHHA BILJIUB.

Exonomiuni Ta iHQpacTpykTypHi mnuTaHHA. EJeKTpoMoOLTi BHUMararoTh pO3BHHEHOT
Mepexi 3apsSAHUX CTaHIIIN Ta 3HAYHUX IHBECTHUIIIH Y BUPOOHHUIITBO Ta YTHITI3AIIII0 aKyMYJISTOPIB.
VY cBoto uepry, JIB3 Bxke mae noOpe HamaromkeHy iH(ppacTpykTypy Ta MOPIBHSHO JICHIEBY
eKCITyaTaIlito, 0COOIMBO y perioHax i3 HU3bKUMH LIHAMH Ha TAJTUBO.

BUCHOBKH

[TinTpuMka aBTOKapa y HaJIE)KHOMY CTaHI BHUMarae 3HauYHUX peCcypciB Ta yBaru 0
neraneit. Lle BaxumBo 1is1 3a0e3neueHHs 0e3neKku Ta epeKTUBHOCTI pOOOTH.

JIB3 Ta e’IeKTpoIBUTYHHU SIBISIOTH COOO0IO /IBA Pi3HI IIJISIXU PO3BUTKY TPAHCIIOPTY, KOXKEH
3 IKMX Ma€ CBOi IepeBaru Ta HeJoMiKU. B ieani i TEXHOJIOT1l MOKYTh CIIBICHYBaTH Ta B3a€EMHO
JOTIOBHIOBATH OJIUH OJHOTO, TPOTIOHYIOYM KOPUCTYBauaM pi3Hi BapiaHTH 3aJIEKHO Bif iX moTpeod
Ta yMOB €KCIUTyaTarlii.

OOciyroByBaHHsl [JIBUTYHIB BHYTpimiHbOTO 3ropsiHHs (/[IB3) Moxke OyTm JOCHTH
CKJIAJITHUM Yepe3 JEeKUIbKa MPHYUH:

1. Perynspua 3amina MacTui Ta (GuIbTpiB

Jlnst 3a0e3neueHHs] ONTUMANbHOI poOOTH JBUTYHA HEOOXITHO PETYISIPHO 3aMIHIOBATH
MOTOPHY MAacTWJIO Ta MacisHi, NOBITpsHI Ta manuBHi ¢GuibTpu. Lle momomarae yHHUKHYTH
3arps3HEHHS] KOMIIOHEHTIB Ta MiITPUMYBATH 3MaIlyBaHHS JBUTYHA Ha HAJIEKHOMY PIBHI.

2. JliarHOCTHKa Ta PEMOHT CHCTEMH 3aIaliOBaHHA

CBiukM 3amamioBaHHS, KOTYIIKH Ta KaOeil 3amalfoBaHHS ITIJAIOThCS 3HOIICHHIO 1
MOXXYTh BIUTUBATH HAa €PEKTUBHICTH POOOTH MBUTYHA. JliarHOCTHKA Ta 3aMiHa IUX €JIEMEHTIB
noTpedye TOCBIAY Ta CIeliaTbHOTO 00 HAHHS.

3. KoHTpob Ta HaTaTYBaHHS CUCTEMH T0/1adl MaauBa
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Imxexkropu abo kapOrOpaTOpu MOBUHHI OYTH YHCTHUMH Ta MPAaBHIBHO HAJAIITOBAHUMH
st 3a0e3neueHHs eQEeKTHBHOTO 3TOpSHHS mnanuBa. 3a0pyaHeHHs a0o HempaBHIIbHE
HAJIAIITYBaHHS MOYTh MPU3BECTH /10 30UIBIICHHS BUTPAT MajiBa Ta 3arPSA3HEHHS BUXJIOMHHUX
rasiB.

4. TexHiuHe 00CITYrOBYBaHHS CUCTEMHU OXOJIOKEHHS

CucremMa OXOJIOJDKCHHS, BKJIIOUAIOYM pajiaTop, MOMIy Ta TEpPMOCTaT, IMOTpedye
PETYISPHOTO KOHTPOJIIO Ta 0O0CITYrOBYBaHHS /ISl 3aI00IraHHs MEeperpiBy JBUTYHA.

5. 3HOITYBaHHS MEXaHIYHUX KOMITOHEHTIB

[MopmrHi, KUTBISI, KJIAlaHW Ta IHIII MEXaHIYHI KOMIIOHEHTH JBUTYHA IiJAr0ThCS
3HaYHOMY 3HOIIIEHHIO.

6. BuTtpaTty Ha 3alT9aCTHHU Ta PEMOHT

3anmyactuau s [IB3 mMoxxyTh OyTH HOpOTUMH, OCOOJIMBO ISl CY4acCHUX Ta CKIAJHHUX
Mmozeneld. Kpim Toro, peMOHT Ta 00CITyroByBaHHS 4acTO NOTPEOYIOTh KBamipikoBaHUX (axiBIIiB,
10 301IbIIIYE BUTPATH.

7. JloTpuMaHHS €KOJIOTTYHIX HOPM

Cyyacai /[IBC TmOBMHHI BIQNOBiZaTH CYBOPHM €KOJIOTIYHMM CTaHAapTaMm, IO
noTpeOyloTh BCTAaHOBJCHHA Ta MIATPUMKH B POOOYOMY CTaHi CKJIaJHUX CHUCTEM OYMIICHHS
BHUXJIOITHUX T'a3iB (HAMPUKIIAJ, KaTaai3aTopiB, GUIBTPIB Caxi).

O6cmyrosyBannst JIBC motpebye dacy, pecypciB Ta HaBHYOK, 10O MATPUMYBATH iX Y
poboyoMy cTaHi Ta 3a0€3MeYNTH iX JOBIOBIYHICT Ta €()EKTUBHICTE.

JITEPATYPA
1. Bob Braint, Sat Laytman. Your Own Electric Vehicle, Third Edition. 200
McGraw-Hill (2023).

2. Tom Dentom. Automobile Electrical and Electronic Systems, Fifth Edition 230.
McGraw-Hill (2017).
3. Tom Dentom. Automobile Mechanical and Electrical Systems, Third Edition.224

McGraw-Hill (2022).
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®YHKIIOHAJIbHA CXEMA ITEPECYBHOI MAMCTEPHI BIJHOBJIEHHS
3ACOBIB TPAHCIIOPTY HA BA31 ABTOMOBIVIBHOT'O ITACI 3 I'IBPUIHUM
CUJIOBUM ATPEI'ATOM

Porosin 1.B., HoBiuonok C.M.
XapkiBcbkuii HarlioHanbHUN yHiBepcuTeT [ToBiTpssaux Cui im. IBana Koxemny6a, Ykpaina

BCTYII

JlocBixn, Biznciui moBHOMacIITaOHOT arpecii pociiickkoi (enepanii Ta cydacHUX 30pOMHUX
KOH(ITIKTIB CBITYUTH PO HEOOXITHICTh HE JIMIIE IIBUIKOTO NEPEeCyBaHHS 030POEHHS Ta BiiCHKOBOT
texHiku (OBT), a i motpeOy y BiTHOBJIEHHI 0O€3aTHOCTI Yepe3 3pOCTaHHS KUIbKOCTI TEXHIYHHX
BiZIMOB Ta OOMOBHX MOIIKO/DKEHb. Pa3oM 3 HUMH, SIK TIPaBUIIO, TOTPEOYIOTH BITHOBJIEHHS, a TAKOX
MPOBEICHHS TEXHIYHOTO OOCIYyrOBYBaHHS 1 PEMOHTY iX 0a30Bi aBTOMOOUIBbHI ImIaci. 3pOCTaHHIO
noTpedr y IbOMY CIPHS€ PO3BUTOK Ta PO3MOBCIODKEHHS 3aCTOCYBAaHHS OE3MUIOTHUX JIITATbHUX
armapariB (briJIA) nepeBaxuno FPV (po3Bimnuku, "kamikamze" Ta iH.), IO JAO3BOJISIOTH 3 BiTHOCHO
HEBUCOKMMH BHTpaTamMH Momko ity ado 3uummt OBT. B TOil ke yac, mpakTU4HO BCi pyXxomi
3aco0m TexXHIYHOTO 00ciyroByBaHHS i peMoHTY (P3TOP), mo 3acTOCOBYIOTBCS [UIS BiTHOBIICHHS
3ac00iB TPAHCIIOPTY, MAIOTh y CBOEMY CKJIaJl MOTYXHI €eKTPUYHI MpHAMayi, SKi )KUBJIATHCS Bin
ABTOHOMHHX (III0 OTPUMYIOTh TPHBII BiI JIBUTyHAa aBTOMOOUIPHOTO IIaci) Ta/abo IMepecyBHUX
JDKEpEIT eNIeKTPUYHOT eHeprii (10 pO3TalIOBYIOThCS Ha MpUYeriax), a 32 HAsSBHICTIO T €JHAHHS —
BiJI IPOMHUCIIOBOT efleKTpoMepexi [ 1; 2].

[TocriiiHe BOOCKOHAJIEHHS Ta TOMIMPEHHS 3aCTOCYBaHHS 3aco0iB  PO3BIOKM Ta
BHCOKOTOYHOI 30poi BHKJIMKae MOTpe0y B 3MEHIIEHHI 4Yacy Ha BHUKOHAHHS oOIepamiid 3
3a0e3reyeHHs] OoMoBHX [iii (IepecyBaHHS OCOOOBOTO CKJIaJy Ta BAHTAXKIB, BUKOHAHHS
CHeUiaIbHUX OTepaliid TOomO) Ta 30UTbIIEHHS MIBUIKOCTI PyXy aBTOMOOUIBHMX mIaci s
3MEHIICHHsI BIPOTiIHOCTI MOTPAIUISIHHA TiJ yAap BHCOKOTOYHOI 30poi. Kpim 1poro, omHuM i3
crmoco0iB MPOTH/IIi 3aCTOCYBaHHIO BHCOKOTOYHOI 30poi € posocepemkenHs P3TOP y paiioni
3aCTOCYBAHHS 33 IPU3HAYCHHSIM.

dakTopi, M0 HaBeIeHI BUKIMKAIOTH MOTpeOy y 30UIbIIEHHI KUTBKOCTI Ta MOTY)KHOCTI
aBTOHOMHUX €JIEKTPUYHUX JKEpen Ui 3a0e3neueHHs creniansHoro oomagnanns P3TOP uepes:

- HeoOXiHICTh 3a0e3neueHHsI eeKTPUIHOT EHEPTIEI0:

a) 10J1aTKOBUX crcTeM 3paskiB OBT, ski neperkomkaroTs podoTi abo 3HUITYI0Th BriJIA;
0) TOTY)KHOTO EJEKTPUYHOTO OOJaJHAHHS M0 TMOTpiOHe  3abe3meueHHs s
BiJJTHOBJICHHS BEJIMKO1 KUTBKOCTI PI3HOMaHITHIX aBTOMOOUIBHUX MIaci;

- HEMOXJIUBICTh 3a0€3MeUeHHs eJIeKTPUKOI0 3a3HAYCHOTO 00JaHAHHS BiJ IPOMHUCIOBOL
enexkrpomepexi [1; 2].

Takum uYnmHOM, Ha Wil 4Yac, icHye moTpeba y 30UIBIIEHHS CIPOMOXKHOCTEH 3
BrupoOHHITBA enekTpoeHeprii P3TOP y monpoBHX ymMoBax siK mix yac pyxy, Tak il B paiioHax
BUKOHAHHS 3aBAaHHS 3a Npu3HadeHHsM. L{io moTpedy MoO’kHA 3aJOBOJILHUTH JEKiIbKOMa
nisaxamu [2].

OmuH 3 HUX — 30UIBIICHHS KUIBKOCTI a00 TIOTY)KHOCTI TIEpeCyBHUX JDKepen
€JIEKTPOKMBIIEHHS, 1110 BXOJATh 110 ckiany maiicrepenb P3TOP. JIpyrum Moxe OyTH CTBOPEHHS
abo MoxepHizamis (mig yac KamitambHOro pemMoHTy) P3TOP BcTaHOBIEHHSIM y TpaHcMicii
aBTOMOOUTBHOTO 1IIAci eJNEeKTPUYHOI MalmuHu (MOTOp-TeHeparopa), fKa i dac pyxy
3a0e3MeunTh INBHIKE MEpecyBaHHsS, a I 4Yac CTOSHKH MO)Ke OyTH 3acTOCOBaHa y SIKOCTI
JpKepelia aBTOHOMHOTO €JIEKTPOKUBIICHHS CIIEIIAIbBHOTO 00JIaIHaHHS ITUX 3ac00iB [2].

PE3YJbTATHU JOCJII)KEHb
[Mepmmii msx, oo mnependadae 30UTBIIEHHS KUTBKOCTI 200 TMOTY)KHOCTI TEpecyBHUX
IDKEpeT eTeKTPOKUBIICHHS, SIKi BXOJATH 110 ckiaay P3TOP mae HU3Ky HEOMIKIB:
- 30UIBIIEHHS MacH 00JIaTHaHHS, 110 TPAHCIIOPTYEThCs: aBTOMOOLTbHUM 1m1aci P3TOP;
- 30UTBILIEHHS KUTBKOCTI MAJbHO-MACTIIIFHAX MaTepialliB, M0 MOTPeOYIOTh TPAHCIOPTYBAHHS;
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- 3MEHIICHHS MIBUKOCTI epecyBanHs [ 1; 2].

VY nmomnoBimi OUTbII JOKJIAAHO PO3TIISIHYTO NUISX BUPIMICHHS IOCTAaBJICHOI MpoOieMu
yepe3 CTBOPEHHS TIEPEeCYyBHOI MAaMCTEepHI BiJHOBIEHHS 3aco0iB TpaHCIopTy Ha 0a3i
aBTOMOOLIBHOTO 1aci 3 TiOpuaHUM critoBuM arperarom tuity PHEV (nutsixom MonepHizanii miz
gac kamiraapHoro pemonty P3TOP).

Jnst pocsirHeHHsT MeTH Oyino mpoanamizoBaHo (QyHkmioHansHi cxemu P3TOP, sxi
BIJIMOBIZIAIOTh CyYaCHUM BUMOTaM A0 HUX. Po3poOieHi (yHKIIOHaNbHAa cXemMa KOMIOHOBKH
0a30BOro aBTOMOOUTBHOTO MIaci 3 TIOPUIHMM CHUJIOBUM arperaToM IepecyBHOI MaiicTepHi
BITHOBJICHHA 3aco0iB TpaHcmoptry (puc. 1), Ta (¢yHKmiOHaIbHAa CXeMa 3arajlbHOTO
KOMITOHYBaHHS 11i€1 MaiictepHi (puc. 2) [2; 3].

3uenneHHs

ar———n

'V MOBHI [103HaUCHHA:
TTinBeAeHHA KPYTHOTO MOMEHTY
IlinBe IeHHA eNeKTPOSHEPTil:
1 zapany AKDB.,  emexrpo-
MOTOpa MEPETHROTO  MOCTA,
EKCIOPTY (m0  30BHINHIX
CIIOKHBAYIR)

BII TeHEpaTopa, AKB,
eIIeKTPOMOTOpPA HIePETHEOr O
MOCTa (peKymepartis)

s 3apsaaka AKB Tommo

I11  KEpyBaHHSI  €IEKIPO-
MarHiTHIMI My ¢pTtamu (EMM)

Pucynok 1 — @yHkirioHanpHa cxema 6a30BOTO aBTOMOOUTHLHOTO IIACi 3 TIOPHIHUM CHIIOBUM
arperaToM IepecyBHOI MaiicTepHi BiTHOBJICHHS 3aCO0IB TPAHCTIOPTY

Jnst peanizanii oOpaHoro BapianTy (puc. 1) y TOTOBiAI TPONOHYETHCS MOAEPHI3yBaTH
aBTOMOOUTBHI maci 3 KOJICHOI ¢opMmyinor 6x6, mo € Ha 030poenHi 3C VYkpainu. Ilix gac
peamizallii 1aHOTO TMPOEKTy 3 CEPIHHOTO aBTOMOOUIA MPOIMOHYETHCS BUAAIUTH PO3JABAIBHY
KOpOOKY, KapJJaHHU# BaJl MPUBOY NIEPEAHLOTO MOCTA, TOJIOBHY Nlepeaady nepeJHporo Mocra. B
TOH JK€ 4Yac, TPOTIOHYEThCS BCTAHOBUTH B AaBTOMOOUTbHE Iaci IHINI CKJIQJOBi, fKI
PO3TAIOBYIOTHCS Y BU3HAUEHUX Ha (pyHKIIOHANBbHOI cxeMi (puc. 1) miciax. LTpuxoBkoro Ha
(GYHKIIOHATBHOI CXeMi TMO3HA4YeHl CKJIA/J0Bi, SKi MPOIOHYEThCS BCTAHOBHUTH EIEKTPOMOTOP-
re’eparop, nBi enekrpomarHitTHi mydpta (EMM 1, EMM?2), 6ok KepyBaHHS, HaKOIHMYyBay
enekrpoereprii (AKB), enekrpoMoTop MPUBOY MEPEAHHOTO MOCTa, po3noautbunid muT (PII),
SJIIEKTPUYHI IPOTH, TIEpEMHUKadi TOIIO. [HIIli eTleMEHTH MOIEPHI30BAaHOTO aBTOMOOUTLHOTO T1aci 3
riOpUIHIM CHIIOBUM arperatom 3ajJHIIaloThCs 0e3 3MiH.
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Hanani ¢ynkunionansHi cxemu (puc. 1 Ta 2) MOSCHIOIOTH BHPOOHWYI MOJKJIMBOCTI
MaiCTepHi 3 BITHOBJICHHS 3ac00iB Tpancnoprty [2; 3].

1 — 6a3oBe aBTOMOOLIBHE 1IACi; 2 — MPUCTOCYBAHHS MalCTEepHi; 3 — KOPCTKUN OyKCHD;

4 — HaBaHTaXXyBaJbHO-PO3BAHTAXKYBAJIHLHUM MEXaHi3M THITY "MyIbTUII(PT"; 5 — crierianbHui
KOHTeWHep; 6 — IBepi AOCTYIyY A0 yHIBEpCAIbHOT aKyMyJISTOPHOI OaTapei; 7 — cTenaxi ta
oOnaHaHHS MaicTepHi; 8 — BUpOOHHUUIH HaMeT; 9 — IepeHOCHU eNeKTPUYHUI TeHepaTop;
10 — yniBepcanbHa akymynsitopHa Oatapesi; 11 — nomkpar; 12 — nepecyBHHIA KpaH
13 — moBiTpsSIHUI KOMITPECOP
Pucynox 2 — @yHKIIOHaIbHA CXeMa 3arajlbHOTO KOMIIOHYBAaHHS IEPECyBHOT MaliCTEepHi
BiZTHOBJICHHS 3aCO0IB TPAHCTIOPTY

BUCHOBKH

CTBOpEHHSI MEePCIEKTUBHOI MEepeCyBHOT MaiicTepHi BiTHOBJICHHS 3aCO0IB TPAHCIIOPTY Ha
6a31 aBTOMOOUIBHOTO 11aci 3 TIOPUIHUM CUIIOBUM arperaToM MOXe 3HAYHO PO3LIMPUTH TEXHIUHI
moxknuBocTi P3TOP, Hagath MOXJIIMBICTH 3 3a0€3MEUeHHs MIBUIKOTO TIEPECYBaHHS Ta
30UTBIIEHHST aBTOHOMHOTO BHUPOOHHMIITBA €JIEKTPHYHOI €HEpTii, sIKICHO 1 B KOPOTKUH TepMiH
BUKOHATH PEMOHTHO-BIIHOBIIIOBaHI poOoTH 0e€3 3aiyueHHs JO0JaTKOBHUX CHJI Ta 3aco0iB s
BUKOHAHHSA MiIHOMHO-TPAaHCTIOPTHUX POOIT ab0 eBaKyarlii HeclpaBHUX (TIOIIKO/PKEHHX) 3ac00iB
TPAHCHOPTY 10 MICIl BUKOHAHHS PEMOHTY Ta iH.

JITEPATYPA

1. BoeHnHo-icTopu4yHMIA ONHC pOCIHCHKO-YKpaiHChKoi BiiHU: Bur. 23: ciuens 2024 poky.
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PO3BHUTKY BIHCHKOBHX TPAHCIIOPTHUX 3aCO0IB Ta MEPECYBHHUX JDKEPEN EINEKTPUYHOI EHEeprii.
30ipHUK HAayKOBUX Mpalb XapKiBCHKOTo HarioHanbHOTO yHiBepcuteTy lloBitpsaux Cui. 2024.
Ne 2(80). C. 144-152. https://doi.org/10.30748/zhups.2024.80.19.

3. IlepecyBHa MaiicTepHs BiITHOBJIECHHS 030pO€HHS 1 BificbKOBOi TexHiku. mar. 1270764
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JOCJIIZKEHHS BIIVIMBY METOJIB 3APAAY HA BIJHOBJIEHHSA
CBUHIEBO-KUCJIOTHUX AKYMVYJIATOPIB

JI3ro0enko O.A., borgan /1.1, ITmicko B.C.
XapKiBChKHI HAIIOHATBHHUI aBTOMOOUTEHO-JIOPOXKHIN YHIBEpCUTET, YKpaiHa

BCTYII

CBuHIIEBO-KHUCIOTHI akyMynsiTopu (AKB) mpoaoBXyIOTh IIMPOKO BUKOPHUCTOBYBATHChH Y
pi3HUX cepax, BKIIOYAIOUN aBTOMOOUIBHY MMPOMHUCIIOBICT Ta HAKOIMYYBadi B BiJIHOBIIIOBAHUX
JDKepeliax eHeprii, uepe3 iX HaJIMHICTh Ta BIIHOCHO HU3bKY BapTicTb. OqHAK, IXHINA KUTTEBHM
UK YacTO CKOPOYYETHCS uepe3 Jerpajainito, epekTH cynabdiTamii Ta HE3BOPOTHI BTpaTH
€MHOCTI, [0 BUHUKAIOTh Yepe3 HEAOCTATHIN 3aps/i y peKUMi eKCIuTyartailii, 0COOIHBO 32 YMOB
MICBKOTO PYXy 3 YaCTHMMHU 3yNMUHKaMH. BupimeHnns 1miei npoOieMu € akTyaabHUM 3aBIaHHSM,
ockitbk AKB moTpeOyroTh creniadbHUX METOIB BiTHOBIICHHS Ta €(QEKTHBHHUX 3apsSaHUX
MIPUCTPOIB TSI TTOIOBKEHHS KCILTyaTallifHOTO TEPMIHY.

META TA TIOCTAHOBKA 3AJTAYI

3 orsiAy Ha 3pocTaldy MoTpedy B eHEProeeKTUBHHUX Ta €KOJOTIYHO YUCTHX PIICHHSX,
ONTUMI3aIliI METOJIB 3apsiAy CBUHIIEBO-KUCIOTHUX aKyMYJSTOPIB Ma€ BEIHMKE 3HAUCHHS JUIS
30UTBIIEHHS iX JOBIOBIYHOCTI Ta 3MEHIIEHHs BIUIMBY Ha JOBKULIA. Bilblne TOro, mpaBUIbHO
BUOpaHi METOAM 3apsay MOXYTh 3HAUYHO 3HU3UTH BHUTpPATH Ha OOCIIyrOBYBaHHS Ta 3aMiHy
aKyMYJISITOPIB, 10 € KPUTHYHUM JUTSI PI3HUX Taimy3eH, sSKi MOKIaIaloThCs Ha Il aKyMYJISTOPH.

JlocmipkeHHST Ma€e Ha MeTi BU3HAYUTH €(QEeKTHBHICTh pi3HHX MeTofiB 3apsay AKbB s
noJoNIaHHs Cynb(diTarii Ta MiABHINEHHS BiJHOBIIOBAIBHUX XapaKTEPHCTUK aKyMYISATOPIB, a
TaKOX PO3POOUTH YHIBEPCATBHHUN 3apsiIHUM MPHUCTPIN 13 MIATPUMKOIO CIEHIATBHUX PEXUMIB
3apsany qiis AKb. BusHaueHHs ONTHUMalbHUX YMOB 3apsily TakKoXX JIO3BOJIMTH PO3POOUTH
peKOMeHallii JUTsi MPAaKTUYHOTO 3aCTOCYBAHHS B PI3HUX Taly3sfX, THM CAMHUM CIIPHUSIIOYN OLTbII
parioHaIbHOMY BUKOPHCTAHHIO PECYPCIB 1 3MEHIIIEHHIO €KOJIOTTYHOTO BILIUBY.

ABTOpaMH MMOCTABJICHO Ta BUPIIICHO HACTYIHI 3aBAaHHS JOCITIHKEHHS:

- OIS ICHYFOUMX METOJIIB 3apsily: MPOBEIEHO JETANbHHUHA aHalli3 iICHYIOYMX METOJIB
3apsily CBHHIIEBO-KUCIOTHUX aKyMYJIATOPIB, BKIIFOYAIOUH TOCTIHUIA CTPYM, MOCTIHHY Hampyry,
KOMOIHOBaHI METOJIM Ta IMITYILCHUIA 3apsi;

- aHaJi3 TepeBar Ta HEAONIKIB KOXXHOTO METONMY: OIIHKAa €(QEeKTHBHOCTI, MPOCTOTH
peadizaiii, BApTOCTi Ta 0E3MEYHOCTI KOKHOTO 3 PO3TIIIHYTUX METO/IB 3apsiy;

- IOCTIDKEHHS BIUTMBY YMOB €KCILTyaTallii Ha aKkyMyJIITOPHU: aHajli3 BIUTUBY Pi3HUX YMOB
eKCIUTyaTallii, Takhx sK TeMIlepaTypa, BOJIOTICTh, YacCTOTa MLHUKIIB 3apsay-po3psay, Ha
MPOAYKTHBHICTB Ta IOBTOBIYHICTH CBUHIIEBO-KUCIOTHUX aKyMYJIATOPIB;

- eKCIIepUMEHTalIbHE JOCITIDKEHHSI METOJIB 3apsiiy: MPOBEJCHHS cepii eKCIIEPHUMEHTIB
IUIS. TIEPEBIPKU BIUIMBY DI3HUX METOMIB 3apsAly Ha CTaH aKyMYJISITOPIB, BKIIOYAIOUM IXHIO
€MHICTB, BHYTPIIIHIH OM1ip, CTAOUTbHICTh HANIPYTH Ta 3araJIbHUI TEPMIiH CITyXOH;

- ¢dopMyIIOBaHHS BHUCHOBKIB Ta PEKOMEHJAI: HAa OCHOBI MPOBEIEHUX JOCIHIKCHb
PO3po0iIeHI peKOMEH Al 010 ONTUMAILHUX METOJIB 3apsay, SKi MOYKHAa BUKOPHUCTOBYBATH
IUISL PI3HUX TUTIB CBUHIIEBO-KUCIOTHUX aKyMYJISITOPIB.

IMAPAMETPH AKB TA IX 3AJIEXKHICTD BIJI EKCILTY ATAIIII
JI0o OCHOBHHX €KCILTyaTalifHIX apaMeTpiB aKyMyJIsSTOPIB MOXKHA BiTHECTH:
- EMHICTh aKyMyJsITOpa — IIe WOTo 3JaTHICTh 30epiratu eJIeKTpUYHy eHeprito. BoHa €
OJIHUM 3 HAWBKIMBINIMX MapaMeTpiB, 10 BU3HAYAIOTh €()EKTUBHICTH POOOTH aKyMYyISATOpA.
€MHICTh MOXE 3MIHIOBATHCS B 3aJIGKHOCTI BiJ] METOTy 3apsTy 1 yMOB ekcrutyaTaiii. Hampukar,
METO/IH, IO 3HMKYIOTh HarpiBaHH IMijl Yac 3apsiay, MOXKYTh CIIPUSATH MIATPUMII BUCOKOT EMHOCTI
IPOTSTOM OUTBII TPUBAJIOTO Tepioay yacy. KpiM Toro, HempaBMIBHUN 3apsii MOXKE TPU3BECTH 10
Jierpaialii akTHBHUX MaTepialliB aKyMyJIATOPa, 1[0 HETaTUBHO BIUIMBAE HA IOTO EMHICTH;
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- BHYTPIIIHIH OMip aKyMyJsTOpa BILTMBAE HA €(PEKTUBHICTH MPOLIECIB 3apsIy Ta pO3PSLY.
30iIbIIeHHS BHYTPIITHHOTO OMOPY MOXKe OYTH BUKJIMKAaHE TaKUMHU (PAaKTOpaMu, K Cylbdararlis
TUTACTHH, 3HIKEHHS PIBHS €JIEKTPOJiTy abo Aerpaiallis akTUBHUX MaTepiamiB. Merton 3apsay,
KW 3HIDKYE HarpiBaHHA 1 3amo0irae cymbarariii, MOXe CIPHUSATH MATPUMIII HU3BKOTO PIBHS
BHYTPIIIHBOTO OTIOPY, IO 3a0e3Meuye Kpally NpoJyKTUBHICTh aKyMYJISTOPA;

- CTaOUTbHICTh HANPYrd € BAXJIMBHM TOKAa3HHKOM CTaHy akymyistopa. HecraOinbpHa
Hampyra MOK€ CBIIUUTH NP0 MPOOJIEMH 31 CTAHOM ENIEKTPOAiB a00 eNEKTPOJITy, IO MOXKe
NpU3BECTH [0 TOTIpHIEHHS poOOTH akymynsTopa. Meronu 3apsmy, ski 3a0e3nedyroTh
PIBHOMIPHHUH 1 MOCTYIOBHIA 3apsiJl, CIIPHUSIFOTH MIATPUMII CTa0UIBHOCT1 HAPYTH, L0 € BAYKIMBUM
JUTS HaJIMHOT pOOOTH aKyMyJsTOpa.

- TEPMIH CIIY’)KOM aKyMyJIATOpa BU3HAYA€THCS KUTBKICTIO IUKIIIB 3apsily-po3psiy, SKi BiH
MOJKE€ MPOWTH /10 3HAYHOTO 3HIKEHHS €MHOCTI. MeToau 3apsiay, IO 3HIWKYIOTh HarpiBaHHS 1
3armo0iraroTe Ccynbdarailii, MOXYTh 3HAa4HO TPOJOBXKUTH TEPMIH CIY)KOM aKyMmyJsITopa.
Hanpuknan, iMoynsCHHIA 3apsii J103BOJIss€ 30epiraTH eIEeKTPOXIMIYHMKM OanaHC BcepenuHi
aKyMyJISITOpa, 10 IO3UTUBHO BIUIMBAE HA WOTO TOBIOBIYHICTE.

AHAJII3 METOJIB 3APAY AKB

Jlo OCHOBHHMX METO/IIB 3apsly CBUHIIEBO-KUCIOTHUX aKyMYJIITOPIB BITHOCSATHCS:

- MeTo/U Oe3MepepBHOTO 3apsay:

a) 3apsj MOCTIHHUM CTPYMOM — aKyMYJISITOpP 3apsKA€ThCS 3a PaxXyHOK IPOIYCKaHHS
yepe3 Oarapero CTabii30BaHOTO TOCTIHHOTO CTPyMY, IO 3MEHIIYETHCS B Mipy IiIBUIICHHS
Hampyrd Ha Oatapei mij yac 3apsmpkeHHs. Takuil MeTo] moTpedye MOCTIHHOTO MOHITOPHHTY,
0COOJMBO y KIHIIEBHX €Tarax, /Ie BiTOYBAETbCs «KUMIHHS EIEKTPOJITY Ta BUAUICHHS ra3is, 110
MOJKe CIIPUYMHHUTH NieperpiB Ta nourkoxeHHs AKB;

0) 3apsi1 MOCTIHHOIO HANIPYTOIO - KOJIM Ha OaTapei MiATPUMY€ETHCS TIOCTIHA HANpyra, 110
T03BOJIsIE OaTapei 3apspKaTHCS 10 TIEBHOTO PIBHS IICIS CaMOPETYIIOBaHHA cTpymy. IlepeBaroro
IIOTO METOJY € BiTHOCHA CTaOUIBHICTB, NMPOTE BIH HE MIIXOAMUTH JJIsI TIIMOOKO PO3PAHKEHUX
Oatapeil, OCKUIbKH, MPHU3BOJIUTH 1O BUCOKHX 3HAY€Hb CTPyMy, IO OyIyTh NPOTIKATH Ha
MOYATKOBHX €Talnax 3apsay Ta HEraTUBHO BIUIMBATH HA JECYab(aTallito IIacTHH.

- IMIyJIbCHHA METOJ 3apsifly — TIO€IHAHHS LUKIIB 3apsay Ta PO3psSAy JOIoMarae
3MEHIINTH piBeHb Cynab(iTamii CBUHIEBUX IUIACTUH, a TaKOX €(EeKTUBHO BiTHOBIIOE
aKyMYJISITOPH IIICIISE TPUBAJIOTO 30€piraHHs y po3psaKEHOMY CTaHi. IMIynbCHI MeTOau KOpUCHi
JUIL aKyMYJISITOPIB, IO 3a3HANU Cylb(iTallii, aje moTpeOyoTh CIeiabHOTO O0IaHAHHS IS
KOHTPOJTIO IMITYJIBCIB;

- KOMOIHOBaHMH METOJ] — BKJIIOYA€ CIOYATKy 3aps] MOCTIHHMM CTPYMOM, a TOTIM
MOCTIiifHOIO0 Hampyroro. Llel MeTos MIMPOKO BUKOPUCTOBYETHCS B aBTOMATH30BaHUX 3apsIHHUX
MIPUCTPOSIX, IO JIO3BOJISIE SMEHIIIUTH BILTUB JIFOJICHKOTO (haKTOpa Ta 3HU3UTH PU3HK Tepe3apsy.

B 3amaui AocCHiKeHHsS BXOJUTH MPaKTHYHA TMEepeBipKka 3a3HAYEHUX METOJIB Ta
BU3HAYCHHS CTYNEHI iX edQeKTHBHOCTI monao BigHoBIeHHS eMHOCTi AKB Ta mokpamieHHs
eKCIUTyaTal[IfHUX XapaKTePUCTHK.

PE3YJIbTATU NPAKTUYHUX JOCJILI)KEHb

AnropuTM HoCTimpKeHHs. [ eKkcriepuMeHTaIbHOr0 BU3HAUYEHHS BIUTUBY METOIIB 3apsTy
Ha CTaH CBHHIIEBO-KHCIOTHUX aKyMYJISTOPIB OyJO pO3pOOJICHO alrOpUTM JOCHTIIKEHHS, IO
TMOJISATAE B!

- miaroroBi AKb o TectyBanHs: BuKkopuctanus ctanaapTaux 12 B AKDB, tTunoBux st
aBTOMOOUTEHUX CHCTEM JXKUBJICHHS; Tornepeans oiinka ctany AKD, BKIrouarodn BUMip FOBaHHS
emHocTi, SOH, SOC, BHYTpIIIHBOTO OTMIOPY Ta PiBHS Cy/bQiTallii IIacTHH;

- BHKOHAHHS KOMOIHOBAHOTO 3apsijy MOCTIMHUM CTPYMOM Ta TOCTIHHOIO HAmpyrorw 3
BHUMIPIOBAHHSM NIapaMeTpiB Ha OYATKY Ta B KiHII 3apsy;

- po3psin Garapei no Hanpyru 10,5 B Ha BU3HAUEHHS TTOBHOI EMHOCTI;
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- BUKOHAHHS IMITYJIbCHOTO 3apsy CTPYMOM 3 BHMIPIOBaHHSM IapaMeTpiB Ha MMOYATKy Ta
B KiHIIi 3apsy;

- po3psia Garapei 1o Hanpyru 10,5 B Ha BU3Hau€HHS MOBHOT €EMHOCTI;

- TIOPIBHSIHHS €(PEKTUBHOCTI PI3HUX METOMIB 3apsi1y, MPOBOJUTHCS 32 KPUTEPISIMHU CTYTICHS
BiTHOBJIEHHSI EMHOCTI, 3MEHIIIEHHS CyJb(iTaIlii, a TAKOXK MBUIKOCTI BITHOBIICHHS OaTapei.

AHaii3 pe3ysbTaris:

- pe3ysbTaTH KOKHOTO METOAY MOpPIBHIOIOTHCS 33 TaKUMHU IapaMeTpaMu, K KiHIIEBa
emHicTh AKDB, piBeHb cynbdiTaiii Ta TEpMiH CITY>KOH MicHst 3apsiy.

ExcniepumeHTanbHi JOCTIKEHHs Oyl TpoBeAEHI Ha IBOX akymynstopax Energizer
EP45], emuictio 45 A-Ton, 1m0 TpPOTSIrOM JABOX POKIB MpaIfoBaidi B CHUCTEMi aBapiifHOTO
eHepro3zade3neyeHHs.

BumiproBanns napametpis AKb BukonyBanoch 3a gqornomoroto tecrepa AKb KONNWEI
KW-510, moBHa eMHICTh BU3HAYAJIACh IIJSIXOM MOBHOTO PO3PSIY €NEKTPOHHUM HaBAaHTAKECHHSAM
DL24M, ctpymom 0,1-C. Pe3ynbraTn ekcriepuMeHTY HaBeJIeHO B TaOIUIX 1-4.

Tabmuus 1 — Pesynpratn nmkiniB komOinoBaHoro 3apsany AKB Nel

Homep nuxmny ! - 2 - 3 -
Ho ITicns Ho ITicns Ho ITicns
Buytpinniii omip, MOM 8,74 12,62 8,78 12,68 9,13 13,24
SOH, % 95 66 95 66 91 63
IToBHa eMHICTB, MATOJ 2811 3918 4188
Tabmuus 2 — Pesynpratn nukiiB komGiHoBaHoro 3apsiny AKB Ne2
1 2 3
Homep tuity Ho [Micns Ho [Micns Ho [Micns
Buytpinniii omip, MOM 8,78 12,98 8,91 13,56 8,78 12,98
SOH, % 95 65 93 62 95 64
IToBHa eMHICTE, MA'TOJ 2494 3060 3342
Tabmuus 3 — Pesynpratu nukiiB iMmmynscHoro 3apsaay AKB Nel
Homep nuxmny I - 2 - 3 -
Ho ITicns Ho ITicns Ho ITicns
Buytpinniii omip, MOM 8,78 14,09 8,95 14,09 9,09 18,0
SOH, % 95 59 93 59 92 46
IloBHa emHicTh, A'TOx 4519 4733 4996
Tabmuus 4 — Pesynpratn nukiiB iMmynscHoro 3apsiny AKB Ne2
Homep nuxmny I - 2 - 3 -
Ho ITicns Ho ITicns Ho ITicns
Buytpinniii omip, MOM 8,82 13,24 8,78 14,78 8,69 15,67
SOH, % 94 63 95 56 96 53
[ToBHa emHiCTh, A'TOx 5267 5524 6061

3 TabnuIh BUAHO, IO MOKA3HUKU TecTepa HE HECYTh 0COOMMBOI iH()OPMATUBHOCTI MPO
cran AKD, nuiie noBHUH po3ps/ A03BOJIsI€ BU3HAUYNTH 3JIMIIKOBY €MHICTh Oatapei. [Ipu mpomy
BUJIHO, III0 IMITYJIBCHUHM METOJT 3apsiy 103BoJIsi€ Oi1h epekTuBHO BimqHOBIIOBaTH AKD.

BUCHOBKHA
JlocmipkeHHsT TOKa3ano, W0 IMIYJbCHMNA METOJA 3apsay Mae 3HauHi MepeBaru JUis
60pOT56H 3 cynb(blTauleIo OCKIUTBKHU TIEPioMIHUHI 3ap;1;[/p03p51z[ CTIpUsi€ OYUIIEHHIO TUTACTHH
BiJl Cynb(paTHUX BiIKIaJeHb, MOKPAIIYIOUYM TMPOBIHICTH 1 MiIBUIIYIOYH 3arajbHy €MHICTb
Oarapei.

202



IX midicnapoona naykoeo-mexuiuna inmeprnem-kougepenyis, 21-22 nucmonada 2024 p.

MOJEJIOBAHHS TA MOJAEPHI3AIISI TPAMBAVHNX BAI'OHIB

Tanexa B.X.!, Ckypixin B.I.', qyxko B.B.?, JIynenko M.IT.?
'XapkiBchKuil HAIOHATBHHIT YHIBEPCUTET MiCHKOTO
rocroapctBa imeHi O.M. bekeroBa, Ykpaina,

*KoMyHanbHe HianpreMcTBo «BiHHHIBKA TPAHCIIOPTHA KOMITaHis», Yipaina

B mepiog JKMATTEBOTO IMKIYy TpaMBalHUX BAaroHiB, OCOOJMBO TpH HAONMKEHHI
HOPMATHBHUX TEPMIHIB X BUKOPUCTAaHHA 3pOCTA€ AaKTYAJIbHICTh TMHTaHb MOJAIBIION
eKcIuTyaTallii 0e3 MOTIpIIeHHs SKOCTI TPaHCIIOPTHOTO 00CTyroByBaHHs HaceneHHs. Lli akTyanbHi
MUTAHHS Ha CHOTOHIIIHIN JIeHh B YKpaiHi BUPINIYIOTHCS B HACTYMHUX HampsimMkax [1 - 3]:

1. OHOBNIEHHS PYyXOMOTO CKJIQy 32 HAsBHICTIO BIAMOBIAHUX (DIHAHCOBUX PECYPCIB.

2. [TomoB>keHHS TEPMiHY eKCILTyaTallil BaroHiB 3a BACHOBKaMH KOMICii PO 1X TEXHIYHUH
CTaH.

3. MoepHi3arlisi BaroHis.

4. YTumizaris.

OHOBNIEHHA TapKy TpaMBalHMX BaroHiB MOBHHHO MPOBOJUTHCH 3aMiHOIO HOBHMH
TpaMBallHUX BaroHiB micis 15 pokiB ekcruryarartii. Lle MOXIMBO TNpH HASBHOCTI BIATOBITHUX
KOIITIB 3 PI3HUX JDKepen (iHaHCYBaHHS.

[TonoBsxeHHs TepMiHy eKcIuTyararii BaroHiB. [IpoBoANTHCS 3a BUCHOBKAaMH KOMICIT ITpo
TeXHIUHWH ctaH BaroHiB BiImoBigHO g0 ['CTY 204.04.05.001-2003. Cucrema po3poOieHHS Ta
MOCTaBJICHHSI TPOJAYKIii Ha BUPOOHMITBO. Baronm TpamBaiiHi Ta TtponeitOycu. Ilopsmok
OCBOEHHS KalliTaAJIbHUX PEMOHTIB Ta nepeoOnaananns [1].

Lle#t cTaHmapT yCTAHOBIIOE TMOPSAIOK OCBOEHHS PEMOHTHOTO BHPOOHHMIITBA Ta OLIHKHU
SKOCTiI KaIlTaTbHOTO PEMOHTY PYXOMOTO CKJIaJy MICBKOTO eJIeKTPOTPAHCIIOPTY, HOTO
CKJIaJIOBHUX YaCTHH, & TAKOXK TMepeoOIaHaHHs TpaMBallHUX BaroHiB Ta TPOJeHOyCiB.

Lle#t cTaHmapT MOMMPIOETHCS HA KaNiTaJbHUA PEMOHT PYXOMOTO CKJIagy MICBKOTO
€JIEKTPOTPAHCIIOPTY HMOTO CKJIAJOBHMX YAaCTHH, & TAKOXK TepeoOsiaiHaHHs TpaMBailHUX BaroHiB
Ta TPOJIeOyCiB, BUKOHYBAaHUX CIICIaTi30BaHUMH Ta HECTEI[iai30BaHUMH MIAPUEMCTBAMH.

Takox  TMOpPSAAOK  TPOJOBXKEHHS  TEPMiHY  eKCIUTyaTalii  pyXOMOro  CKJaxy
pernmameHTyeThesl ramy3eBuMm cranmaprom ['CTY 204.04.05.003-2004 Baronu TpamBaiiHi Ta
Tponeiidycu. ITopsaok mpoaoBKeHHS TepMiHy eKcIuTyaranii [2].

Le#t cranmapT BCTAaHOBIIOE MOPSAIOK MPOJOBKEHHS TEPMIHM EKCIUTyaTallii TpaMBaiHHX
BaroHiB Ta TpoJIeHOyCiB, MPU3HAYCHUN pecypc ad0 TEPMIH CIyKOU SIKUX BUYEPIAHHA.

[Mpu3HayeHnii TexXHIYHMIA pecypc abo TepMiH CIyKOM HECiBHOI CHCTEMH
BCTaHOBJIIOETHCS  MIANPUEMCTBOM-BUPOOHUKOM TPAHCIOPTHOTO 3aco0y Ta 3a3HAYAETHCS B
TEeXHIYHUX YMOBAaX 1 €KCIUTyaTalliiiHii JOKyMeHTalii. 3a BiICYTHICTIO JaHUX MPO MPU3HAUYCHUI
TEeXHIYHUN pecypc abo TepMiH CIyOW, 3a TepMiH eKCIUTyaTalii mpuiMaeTbes 15 pokiB uist
TpaMBaliHUX BaroHiB Ta 10 pokiB i TpoIeHOyCiB.

[Ticnst 3aKiHUEHHS NMPU3HAYEHOTO TEXHIYHOTO pecypcy abo TepMiHy CIIy:KOM TepMiH
eKCIUTyaTaIlii TPaHCTIOPTHOTO 3aco0y MOKe OyTH TPOJOBKEHUH MIJISIXOM PEMOHTY abo 3aMiHH
HECIBHOT CHCTEMHU TPAHCIOPTHOTO 3aco0y. HeoOximHicTh abo IOMUIBHICTH IMPOJIOBKEHHS
TePMiHY eKCIUTyaTalii TPaHCIOPTHOTO 3aco0y BH3HAYAETHCS ITIIMPHEMCTBOM, SKE WOTO
eKCIUTyaTye. PillIeHHS OO0 TPOJOBXKEHHS TEPMIHY EKCIUTyartallii TpPaHCIOPTHOTO  3acoly
MPUIMAETHCS 32 Pe3yIbTaTaMH OIIHKK (PaKTUIHOTO TEXHIYHOTO CTaHY HECIBHOT CUCTEMH.

MopepHizamiss BaroHiB. Buam oOmagHaHHsS Ta mepenik poOit, mo HeoOXimHi s
MojepHi3allii (GopMyIOThCS B TepioJ] excruryaTailii. PoboTu 3 MojepHiaiii BUKOHYIOTBCS, SK
NpaBUJIO, TiJI Yac KamiTaJbHUX pPEMOHTIB BiNMOBITHO 10 craHmaptiB Ta HopMm [1-3].
MopnepHizalis nepenbavyae OUTBII IMMPOKY 3aMiHy MallWH, arperaris ToOMmO, Ha HOBI
YIIOCKOHaJIeH1.30KpeMa TATOBUX €NEKTPOJABUTYHIB Ta iX CUCTEM KEpyBaHHs, TPaMBaHUX Bi3KiB,
TOIIO, a TAKOX HECIBHUX CHUCTEM JIJIsl IOHWKEHHS PiBHS Nimiord. [loHKeHHS piBHS MiUIOTH Y
KIT «Binaumneka tpancnoptHa kowmmadis» (KIT «BTK») MozemtoBamoch, po3paxoBYBaJIOCH,
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MPOEKTYBAJIOCH Ta MPOBOAMIIOCH JTOOMPAIIOBAHHIM HECIBHOI CHCTEMH — paMH Ta Ky30Ba MK
TpaMBaHUMH Bi3kaMU (pUCYHOK | Ta pHCYHOK 2), 1 BBEJCHHSAM JIOJJaTKOBOi CEpEAHbOT CEKIIii
(pucynox 3).

T

Pucynox 2 — MonepnizoBani TpamBaiiHi Baronn KT-4M ta KT-4Cy
B MicTi Binaumi

[Tpu mpoBeeHHI KaniTaIbHUX PEMOHTIB 3 Mepeo0IaHaHHIM BiTHOBIIOETHCS TCXHIYHUM
pecypc BaroHiB, BCTAHOBIIOETHCS OOJIATHAHHS, IO 3a0e3Mevye 3HWKCHHS PIBHS CIIOKUBAHHS
SIIEKTPOCHEPril Ha TIEPEeBE3CHHS TMACKUPIB Ta IMIBUIICHHS PIBHSI KOMMOPTAOEIBHOCTI iX
moi3AoK. TakoX MpH IbOMY BUPIMIYIOTHCS MUTAHHS CKOPOYCHHS Yacy BUCAJKH 1 TMOCAJKH
MacaKupiB, CTBOPEHHS HEOOXIAHMX YMOB JUIS IIEPEBE3CHHS IMAacaXUpiB 3 OOMEKCHUMU
(GIBUYHIMH MOJKJIMBOCTSIMH, 30KpeMa TOHI)KEHHSM pIBHA MUIOTH B LEHTPANbHIA YacTHHI
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BaroHy BiAMoBigHO 70 pucyHKy 1. ToMmy mis mpoBeleHHs MoJiepHi3allii HeoOxigHo Oyno 1me B
2016 pori BUKOHATH PO3PAXyHKOBO-TEOPETHUYHI JIOCHIPKCHHS MIIIHOCTI HECIBHOT YacTUHU
KaIliTaJIbHO-BIAPEMOHTOBAHOTO Ta IepeobiasHaHoro TpamBaiiHoro Barona tumy KT-4M (mo
monepHizanii KT-4UA). ITloganeine mnpoBeNeHHs MOJAEpHi3alii BKIIOYAIO 1 MOKpAIIeHHS
TU3aiiHy Ky30Ba BaroHa, 30kpema KT-4Cy, mpeictaBiieHOro Ha puc.2 crpasa.

Taxox KIT «BTK» mpun6ana i tpamBaiini Baroan Tpam2000 3 micta Llropix (Ha maHwii
Yac aJanToBaHO IS BHITYCKY Ha JIHIIO 1 YCHIIIHO eKCIUTyaTyroTbesi 22 BaroHu 3 35). Pemra
YeKaloTh MOZEPHI3alii Ta aganTanii .

Ha KIT «BTK» 32 TIPOMO3UINIEI0 CIEIIaTICTIB MiANPUEMCTBA Ta HAYKOBI[IB
3aIPONOHOBAHO MPOBOIUTH MOTIIMOIEHE iarHOCTYBaHHS Ta MOJEpHizalito BaroHiB Tpam 2000 3
MOHKEHHSIM PIBHS TUIOTH 3a paxyHOK cepeaHboi cekmii,. lle 3HauHO mOKpamrye
eKCIUTyaTalliifHi  BJacTUBOCTI BaroHa [l1-4] Ta Hamae MOXIMBICTH TPAHCIOPTHOTO
oOcyroByBaHHsI 0Ci0 3 oOMexeHUMH (HI3UIHUMH MOKIIUBOCTSIMH BIJIIOBITHO JIO CBITOBHX Ta
HaI[IOHAJIbHUX HOPMATUBIB [4].

MonepnizoBanuii Baron Tpam 2000M 3 MOHMXEHHSM PIiBHS MiIOTH CePeAHbOT CEKIIii
MPEJCTAaBICHO Ha PUCYHKY 3 IPaBOPYyY.

= = ‘ i 2 GRS
Pucynox 3 — TpamBaitauii Baron Tpam-2000 1o moaepHizarii Ta
TpamBaiinuii BaroH Tpam-2000 M miciist MOHWKEHHs PiBHS MIIJIOTH B CEPEIHIN
YaCTUHI BaroHa 3a paXxyHOK J0JaTKOBOT CEKITii

BUCHOBKH
TakuM 4YHHOM TIOJIOBKEHHS TEpMiHY eKCIUTyaTalii TpamMBailHMX BaroHiB Ta ix
MOJIEpHI3aIlii  Ha MIANPUEMCTBAX ENEKTPOTPAHCIOPTY YKpaiHM BiINOBIIHO [0 YHUHHHUX
CTaHJApTIB Ta HOPMATHBIB € EKOHOMIYHO JOIUIHHOIO 1 TOTPEOY€E y3araabHEHHS

JITEPATYPA
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im. O. M. bekerona [Ta iH. ; peakoi.: B. X. Jlaneka, H. I. Kyns6amna, O. B. [loners]. — Xapkis :
XHYMI im. O. M. Bekerosa, 2024. — C. 10-14.
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OIIHKA JTATHOCTUKHU I PEMOHTY ABTOMOBLIA

Bboknar LIO., Kypasceka H.M., Kypascekuit M.B., Tabynenko B.O., Xaboma C.M.,
Canpnauk O.B.
XapkiBcbkuii HarlioHanpHUHN yHiBepcuTeT [loBiTpsaux Cui im. IBana Koxemy0a, Ykpaina

CknamanHs JUQPEPEHIIHHOTO pIBHSHHSA IS TaKoi CKJIQMHOT 3amadi, sK OIliHKa
J1arHOCTUKHU 1 pEMOHTY aBTOMOOLISA, MOKe OYTH JOCUThH aOCTPAaKTHUM 3aBJIaHHAM, OCKUTBKHU IeH
MpoIleC BKJIIOYAe 0Oe3id mapamMeTpiB Ta KOMIOHEHTiB. OJIHAK MH MOXKEMO CTBOPUTHU
y3arajibHeHe DPIBHSHHS I ONMHUCY 3MIHM CTaHy aBTOMOOUIS 3 9acoM Il BIUIMBOM pPI3HUX
YHUHHUKIB.

PosrisiHeMo aBTOMOOUTh, SIK CUCTEMY, CTaH SKOI 3aJeKWUTh Bl 4Yacy, 3yCHIb 3
JiarHOCTUKU Ta peMoHTy. Hexail S(f) — craH aBTOMOOIIS y MOMEHT Hacy ¢, D(f) — 3ycwmis 3
IiarHOCTUKH, R(f) — 3ycuiuis 3 peMoHTy, E(f) — 30BHIIIHI YNHHUKK (HANPHUKIAJ, 3HOUIYBaHHS,
YMOBH eKcIuTyaTarii). Mu Moxemo 3anucatu audepeHIiiiiHe piBHSIHHS y HACTYITHOMY BUTJISII:

ds(s) _

5 —aE(t)+ BD(t)+yR(t)

9

ne 0, f, y — KOHCTaHTH, SIKi BU3HAYAIOTh BILIUB BIAMOBITHUX YNHHUKIB HA CTAaH aBTOMOOLIS;
oE(t) — noripieHHs cTaHy aBTOMOOLISA Yepe3 30BHIITHI YHHHUKHY;

SD(f) — moKpaleHHs CTaHy 3a paXyHOK J1arHOCTHKH;

yR(f) — NOKpaIlleHHS CTaHy 3a paXyHOK PEMOHTY.

Ie myxe cnpolieHa MOJIeNb, ajieé BOHa MOKE JaTH 3arajibHe YSBJICHHS PO BIUIMB PI3HUX
YMHHUKIB Ha CTaH aBTOMOOLI.

JInst OLIHKM TIOKpAIIeHHS CTaHy IICis PEMOHTY aBTOMOOUISI MOXHA CKIAcTh
mudepeHiiiiHe piBHAHHSA, K€ BPaxOBYBaTHME 3MiHM CTaHy aBTOMOOLUIS 3 YacOM IIiJ] BILUTHBOM
PEMOHTHHX pOOIT.

Hexait S(#) — ctan aBTOMOOWIS y MOMEHT uacy ¢. [Ipumyctumo, mo Mu MaeMo (GyHKITiFO
R(?), sixa mpezacTaBisie 3yciiIs a00 e(eKTUBHICTh pEMOHTHHUX po0iT. Takok BBEIEMO mapamerp
v, AKAN XapakTepusye ePeKTUBHICTh IUX PEMOHTHUX POOIT.

Toni nudepeniitae piBHSAHHS Oy/Ie BUTIISIATH TaK

ds(r)
2 Rt
o7 () |
ds(r) . . .
7 — IIBUJKICTh 3MIHAU CTaHy aBTOMO61JI$I 3 4aCcoM,

y R(t) — OKpaIeHHs CTaHy aBTOMOOLIS 3aBISIKH PEMOHTHUM pOOOTaM;

y— KOHCTaHTa, sIKa IIOKa3ye, HACKUIbKM €(QEKTUBHO pPEMOHT BIUIMBA€ HA CTaH
aBTOMOOLIS.

Hanpuknan, sSKmo peMOHT 3/iiCHIOEThCS Y KOHKPETHUI MOMEHT 4acy, To (yHKuis R(f)
MOXKe OyTH IMIyIbCHOIO (pyHKIIi€IO, MO Oyae BimoOpakaTh KOPOTKOYACHUH aje IHTCHCUBHHMA
PEMOHT.

JInsi KOHKPETHOTO BWIAAKY, SKIIO R(f) € TMOCTIHHMUM 3HAYeHHSAM R, pIBHSIHHA
CTIPOIIYETHCS 10

ds() _

R
a7
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Ile o3Hauae, moO cTaH aBTOMOOUI Oyde JiHIHHO TOKpAIIyBaTUCS 3 TOCTIHHOIO
MIBUKICTIO, TIPOTIOPIIHHOO /10 €(heKTUBHOCTI PEMOHTY.

HactymHuM etarom € OIiHKa MOKpAalIeHHs CTaHy 3a PaxyHOK TiarHOCTUKHA aBTOMOOLIS.
OmniHka MOKpaIIeHHs] CTaHy aBTOMOOUIS 3aBJISKU JIIarHOCTHUIII — II€ TMPOIeC BU3HAYCHHS
€(EeKTUBHOCT] AIarHOCTUYHUX 3aXOJIB, II0 MOXYTh BHSIBJIATH 1 yCyBaTH MOTEHI[HHI mpoOieMu
710 TOTO, SIK BOHU NMPHU3BEAYTh 70 CEPHO3HUX HECTIPABHOCTEH.

{06 3mMoaemtoBaTH IEeH MPOIEC, MOKEMO BUKOpHUCTATH qudeperuiline piBHsIHH. Hexaii
S(#) — cran aBTOMOOWIA Y MOMEHT 4acy ¢, D(f) — 3ycuiuis Ha I1arHOCTUKY Y MOMEHT 4acy f, a Ta
J — KOHCTaHTH, AKi XapaKTepu3yIoTh €(peKTUBHICTh NIarHOCTUYHHX 3aXO/IiB.

PiBHSIHHST MOKHA 3aMTUCaTH TaK

ds(t)
DU _ gp(e
= BD(@) |
ds(t) . . .
7 — IIBUJKICTh 3MIHU CTaHy aBTOMOGU’IH 3 4acoM,

[ D(t) — MoKpaIieHHs! CTaHy aBTOMOOLIS 3aBJITKU TIarHOCTHII];
[ — KOHCTaHTa, sKa MoKa3ye, HAaCKUTbKH e()eKTUBHI TIarHOCTHYHI 3aX0/TH.

SIKIIO iarHOCTUYHI 3aX0JH 3IIMCHIOIOTBCS PETYISAPHO 1 3 OJHAKOBOIO IHTEHCHBHICTIO,
Hanpukian, D(¢) = D (const), TO piBHSHHS CIIPOIIYETHCS JI0

a0 _ g,
dt

Ile o3mauae, MmO craH aBTOMOOUIA Oyae TOKpaNlyBaTUCSA JIHIKHO 3 TMOCTIHHOO
IIBUJIKICTIO, SIKa 3aJICKUTH BiJl €PEeKTUBHOCTI NIarHOCTHKHU. Taka MOJenb JoNoMarae 3po3yMiTH,
SK PEeryJsIpHI JIarHOCTUYHI 3aXOJW MOXYTh BIUIMBAaTH HA 3arajbHUA CTaH aBTOMOOLI,
MIATPUMYIOYH HOTO B poOOYOMY CTaHi Ta 3amo0iraroun cepio3HuM moiomMkaM. EdekTuBHICTH
PEMOHTY, SK Pe3yJIbTaT PETryISIPHUX PEMOHTHUX POOIT 3HAYHO MOKPAIIYIOTh CTaH aBTOMOOLI,
MPOJOBXKYIOUM HOTO CTPOK CIykOM 1 3a0e3neuyroun Oe3neky. CBO€YaCHHN PEMOHT JI03BOJISIE
YHUKHYTH CEpHO3HUX MOJIOMOK 1 3HWXKYE 3arajibHi BUTPAaTH Ha 00cIyroByBaHHs. JliarHocTHKa SIK
npo¢iIakTUKa, TOMY peryisipHa IiarHOCTHUKA JI03BOJISIE BHSBIIATH IMOTEHIINHHI MpoOiieMu Ha
paHHIX CTalisfX, IO 3HWXKYE PU3MK BUHUKHEHHS CepHO3HMX HecmpaBHocTeil. Lle momomarae
MIATPUMYBATH aBTOMOOLTH B ONITUMAIBHOMY CTaHi 1 3a0e3mneuye Oe3nepediiiny poooTy.

B cBo10 yepry, y KOMIUIEKCI JIarHOCTUKM 1 PEMOHTY JIa€ TapHUHM pe3ylbTaT ¢ PEMOHT
3HAYHO MIABUIIYETHCS MPU HASIBHOCTI SKICHOIT MiarHOCTHKH. J[iarHOCTHYHI 3aX0H JTAIOTh YiTKE
VSBJICHHSI MPO CTaH aBTOMOOUIS 1 HEOOXiAHI PEMOHTHI POOOTH, IO JIO3BOJISIE TUTAHYBATH
oOciyroByBaHHS 1 MiHIMI3yBaTH Hemepen0ayeHi BUTPATH.

ExoHomiuHa MOWIMBHICTE OyJe MOJNSAraTH y BUTpaTax Ha PEryisapH MIarHOCTHKY 1
npo(UIaKTUYHUN PEMOHT 3HAYHO HIKYi, HDK BHTPATH HAa PEMOHT Y BHIIQAKY CEPHO3HHUX
MOJIOMOK. [HBecTyBaHHsS y NpOQUIAKTHYHI 3axoau 3abe3rnedye TOBrOTPHUBATY E€KOHOMIKO 1
3HIWKYE 3arajibHi BUTPATH Ha 00CITyrOBYBaHHS.

3a0BOJICHHST BiJl BUKOPUCTaHHS: PerymsipHe oOCIyroByBaHHS Ta CBOE€YACHUN pPEMOHT
MIABUIIYIOTE KoM(opT 1 Oe3meky BUKOpHCTaHHsS aBToMoOuTsS. lle M03BOJsiE YHUKHYTH
Hernepea0aueHNX 3yMUHOK 1 3a0e31euye BIIEBHEHICTh Y HAIIHHOCTI TPAHCIIOPTHOTO 3ac00y.

VY mincyMmKy, CHCTEMHHIA MiAXi 10 TIarHOCTHKH 1 pEMOHTY aBTOMOOLIs 3abe3medye Horo
JOBTOBIYHICTh, O€3MeKy 1 €KOHOMIYHY €(pEeKTHBHICTh, IO POOUTH WOTO BUKOPHCTAHHS OUTBII
MPUEMHUM 1 HAIIHHUM.
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BUCHOBKHA

[Tigxin mudepeHIifHOTO PIBHSAHHS ISl OIIHKK JIarHOCTHKH Ta PEMOHTY aBTOMOOLIS
HA/Ia€ KiTbKa BaXKJIMBUX MIEpeBar:

1. KinbkicHa oninka: 103BOJsi€ KUTBKICHO OI[IHUTH BIUIMB PI3HHUX J1arHOCTUYHUX
Ta pEMOHTHHX 3aXOJIiB Ha CTaH aBTOMOOLTS. Ile Hamae 3MOTy TOYHO BU3HAYHTH, SIK 3MIHIOETHCS
CTaH aBTOMOOWUIS 3 4aCOM 3aJIeKHO BiJ] 3aCTOCOBAHUX 3aXO/IiB.

2. MopenwBanHs mpoueciB: nudepeHiiine piBHIHHS JTOTIOMAarae€ 3MOJCIIOBATH
CKJIaJIH1 B3a€MOJIii MK pI3HUMHU (aKTOpaMH, TAKUMHU SIK 3HOLTYBAaHHS, PEMOHT Ta JIarHOCTHKA,
10 BIUIMBAIOTh Ha CTaH aBToMoOuIA. Lle cmpusie OuIbIl riamOOKOMY pPO3YMIHHIO TMPOLECIB i
TI03BOJIsIE IPUAMATH OOTPYHTOBAHI PIllICHHS.

3. IIporno3yBaHHsl: BUKOPUCTAHHS JU(EPEHIIHHUX pIBHSHb Ja€ MOXIIUBICTD
MPOTHO3YBAaTH MaiOyTHIN CTaH aBTOMOOUIS HAa OCHOBI MOTOYHUX NMaHMX. Lle 103BoIIsIE BYACHO
TUTaHYBaTH OOCITyrOBYBaHHSI Ta MONEPEPKYBATH MOTEHINIHHI ITOJOMKH.

4. OnTtumizanis o00cJyroByBaHHsl: Ha OCHOBI OTpPHMaHUX MOJETeH MOXHa
ONTUMIi3yBaTH rpadik ITiarHOCTUKH Ta PEMOHTY, MiIBUIIYI0YH e(EeKTHBHICTH 0OCIyrOBYBaHHS Ta
3HWKYIOUHM 3arajibHi BUTPATH.

5. IopiBHsinHs edeKTUBHOCTI: TUdepeHITiiiHI PIBHSIHHS JO3BOJISIIOTH MOPIBHIOBATH
e(pEeKTUBHICTh PI3HUX METOAIB OOCITyroBYBaHHS Ta 0O0paTh HaWKpaumluii BapiaHT JUIs
MiATPUMAHHS aBTOMOOLUTS B HAJIG)KHOMY CTaHi.

3araiom, BUKOpUCTaHHS AU(EPEeHIIHHNX PIBHSAHB ISl OIL[IHKH TIarHOCTUKH Ta PEMOHTY
aBTOMOOUIA cropusie OUTBII TOYHOMY Ta OOIPYHTOBAHOMY MiAXOAy 1O OOCIyroBYBaHHS, IO
3abe3neuye HaliHICTD 1 IOBTOBIYHICTh TPAHCIIOPTHOTO 3aC00Yy.
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