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AHoTanis

Y pobomi posensinymo nioxoou 0o onmumizayii enepeomeredtcMenmy 6 2iOpUOHUX MICbKUX asmobycax Ha
OCHOBI  MAMeMamuyHo20 MOOEN08AHH ((DYHKYIOHAIbHA —Onmumizayis). 3anponoHosano memooonoeio
Ppo3paxyHky Koegiyienma xopuchoi 0ii (KK/]) enepeemuunoi cucmemu 2ibpuonozo asmobyca Volvo 7900 Hybrid
3 OYIHKOIW eHepeOCHONCUBANHA MA GUMPAM NANbHO20. AHANI3 30ilICHEHO 3 YPAXYBAHHAM PEanrbHO20 MICbKO2O
YUKILY PYXY, WO O03605€ OYIHUMU eheKMUBHICMb BUKOPUCTAHHS eHepeli Y 3MIHHUX eKCHIYamayitiHux yMO8ax.
Ilpeocmasneno onmumizayitiny 6azamogakmopry Mmooeib po3nooily eHepPeOCHONCUBAHHS MIJC DIZHUMU
Ooicepenamu enepaii Ha 0cHoGi MHodcHuKa Jlaepansca ma ymoeu I aminemona, wo 3abe3nedye 3HUICeHHs 8mpam
nanvrozo Ha 42% ma ckopouenns cepednbo2o posxody 00 19 1/100 km. L]i dani modcyme Oymu UKOpUCmani ous
B00CKOHANICHHST AN2OPUMMIE YNPABIIHHA eHepeemUYHUMU NOMOKAMU Y 2IOpUOHUX agmobycax, wo cnpusmume
NIOBUYEHHIO eKONO2IYHOI Ma eKOHOMIYHOT eheKMUBHOCTI MICbKO20 MPAHCNOPMY.

KarouoBi ciaoBa: TiOpunauii aBTOOyC, CHEPrOMECHEIKMCHT, ONTHMI3alis eHeprocrnoxkuBaHHsa, KKJI,
MaTeMaTHIHE MOJICIIIOBAHHS, MiCHKUI LKL

[cHyIOTB pi3HI THITH TFOPUIHHUX CUCTEM, 1 IX e()eKTHBHICTH MOKE 3HAYHO BapilOBATUCS B 3aJICKHOCTI
BiJ] TOTO, SIK BOHM HAJIAIITOBAHI 1 BUKOPUCTOBYIOTHCS [1,2]. Po3rinsiHeMo Mozes THIIOBOTO IIOEHHOT
eKcIuTyaTamii aBToOyca, MapLIpyT SKOTO CKIAJAeThCsl 3 PI3HUX THUMIB pPyXy, KOXKEH 3 KOTPHX
MPOTIOHYETHCS IHTETPYBATH, OCKUJIBKH YMOBH PYXY € 3MiHHHUMH MPOTATOM 4acy: MiCbKHI pyX (3yIHHKH,
rajJbMyBaHHS, pEKyIepamisi eHeprii); IpUMicbKuil pyx (IUIaBHHH PyX, MEHILIE 3YMHHOK); dKOPCTKUI
Tpadik (4acTi 3yNMHKHM Ta Pi3Ki raJbMyBaHHs, BUCOKA YacTKa pekynepauii eneprii). Hexai Tty , Tsyp,
Ttraffic — 1€ 9acu, BIANOBIAHO, IS MiCHKOTO, IPUMICBKOTO Ta KOPCTKOrO PyXy Ha MapmpyTi [3,4]. B
TaKOMy BHIIQJIKy 3arajbHE PIBHSAHHS BMTPATH HAIbHOTO Myl rorqr B IHTErpanbHil popmi HalOyne
BUTJISIAY:

T . T . T L.
Mfuel,total = fo i Mfuel,city (t) dt + fo P Mfuel,sub (t) dt + fO frafrte Mfuel,traffic (t) dt» (1)

ne: Meyercity (), Meyersub(t), Mpyertrafric(t) — BUTpaTa HanbHOMY Yy PEXHMi MICBKOTO DXy,
MPUMICBKOTO Ta KOPCTKOTO TpadiKy BiAIOBIIHO.

HactynmHUM KpOKOM NMPONOHYETHCS OKPEMO IHTETPyBaTH BUTPATH MAJIBHOTO ISl KOXKHOTO PEKUMY
pPyXy IpOTSATOM MapLIpyTy. 3alUIIeMO yHIBEpCabHE PIBHSIHHS PYyXY AJIS PeXKUMY:

Mfuel,mode = fOTmOde [Thfuel(t) ! fload (t) ! fspeed (t) + Pdrag (U(t)) + Pgradient(t)]dta )

ze: Mgye (t) — BUTpaTH MambHOTO JUIs KOHKpETHOro asTobyca ([IB3, ribpua um miarid-riopun);
fioaa(t) — QyHKIiS 3aT€KHOCTI TOTYKHOCTI Bill HABAHTAKEHHS; fopeeq(t) — dyHKIiA 3amexHOCTI
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BiJ IIUTBHOCTI MOBITPS P; Koe(ilieHT aepoguHamiuHOro omnopy Cgu; miomli (poOHTaIbHOI YaCTHHU
aBrodyca A); Pyragient(t) = Mpys* g - h(t) - v(t) — BB penbedy (3a1eKUTH Bil Mach aBTOOyca
My,s; TPAdieHTy qoporu (migiomu, cmycku) h(t)).

3acTocyBaHHS ONTUMI30BaHOTO PO3PAXYHKY (TaK 3BaHOi (PYHKIIOHAIBLHOI ONTUMI3aIli]) JO3BOIMIO
3MEHIIUTH CEPEIHIO MOTYXKHICTh jaociimpkyBaHoro /IB3 3 98.5 no 85 kBt 3a paxyHOk po3yMHOro
EHeproMeHeKMEHTY riopuaHoi yctanoBku Ta 30insmeHHs KK/ IB3 o 0.37 Ha MicbkoMy MapuipyTi
31 cepeAHBOI0 MBHUIKICTIO 20 KM/TOI.

CITMCOK BUKOPUCTAHOI JIITEPATYPU

1. Roy, H.K.; McGordon, A.; Jennings, P.A. A generalized powertrain design optimization methodology to reduce fuel
economy variability in hybrid electric vehicles. IEEE Trans. Veh. Technol. 2013, 63, 1055-1070.

2. Wang, Q.; Duan, B.; Wang, P.; Gong, Y.; Zhu, Q. Optimization of powertrain transmission parameters of plug-in hybrid
electric vehicle. J. Jilin Univ. Technol. Ed. 2017, 47, 1-7.

3. Zan, S.; Qin, D.; Zeng, Y. A study on the parameter optimization of hybrid electric vehicle based on multiple driving
cycles. Automot. Eng. 2016, 38, 922-928.

4. Lei, Z.; Cheng, D.; Liu, Y.; Qin, D.; Zhang, Y.; Xie, Q. A dynamic control strategy for hybrid electric vehicles based on
parameter optimization for multiple driving cycles and driving pattern recognition. Energies 2017, 10, 54.

T'onenko Kocmanmun Edyapoosuu, kanouaaT TEXHIYHAX HAyK, CTapUIMK BHKIJIanad Kadenpu TpuOoIorii,
aBTOMOOUIIB Ta MaTepiajJo3HaBCTBA, XMEJIbHUIBKUN HAI[lOHAJBHUN YHIBEPCHUTET, M. XMEJIbHUIBKHMA.
holenkoke@khmnu.edu.ua

Jpau Inona Bonooumupiena, NOKTOp TEXHIYHUX HayK, JOLEHT Kadeapu TpuOosorii, aBTOMOOLTIB Ta
Marepiao3HaBCTBa, XMEIbHUIBKII HalllOHAIBHUH yHIBEpCHUTET, M. XMeNbHUIBKHUIL. cogitare410@gmail.com

T'opéait Opecm 3enonosuu, TOKTOp TEXHIYHUX HAYK, Mpodecop, npodecop Kaderpr NPOEKTYBAHHS MaIlIMH
Ta aBTOMOOUTEHOTO iHmkuHIpUHTY, HY «JIpBiBCHKA MONITEXHIKaY», M. JIBBIB. orest 60@yahoo.ca

Hanecnux /Imumpo Bacunvoeuu, acnipanT KadeapH TPOEKTYBaHHS MalIMH Ta aBTOMOOIJIBHOTO
imkunipuary, HY «JIpBiBchKa mosiTexHikay, M. JIbBiB. dmytro.nalesnyk@gmail.com

Axoeenko Eezenia Izopiena, xaHIUIAT TEXHIYHMX HAyK, JOLEHT Kadenpn  eJIeKTPOHHHX 3aco0iB
iHpOpManiHHO-KOMIT' FOTEpPHUX TEXHOJIOTIH, HY «JIpBiBCHKa TIOJIITEXHIKaY, M. JIbBiB.
yevheniia.i.yakovenko@lpnu.ua

ANALYSIS OF FACTORS INFLUENCE ON ENERGY MANAGEMENT OF HYBRID POWER
PLANT IN LARGE-SIZED VEHICLES

Abstract

The paper considers approaches to optimizing energy management in hybrid city buses based on mathematical
modeling (functional optimization). A methodology for calculating the efficiency of the energy system of the Volvo
7900 Hybrid hybrid bus with an assessment of energy consumption and fuel consumption is proposed. The analysis
is carried out taking into account the real urban traffic cycle, which allows assessing the efficiency of energy use
in variable operating conditions. An optimization multifactor model of energy consumption distribution between
different energy sources based on the Lagrange multiplier and the Hamilton condition is presented, which provides
a 42% reduction in fuel losses and a reduction in average consumption to 19 I/100 km. These data can be used to
improve energy flow management algorithms in hybrid buses, which will contribute to increasing the
environmental and economic efficiency of urban transport.

Keywords: hybrid bus, energy management, energy consumption optimization, efficiency, mathematical
modeling, urban cycle.
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