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Yyuxo C.II. 3HMKEHHS €HEproeMHOCTI aBTOOyCIB KaTeropii M3 Ha MICBKHUX
mapuipyTtax. — KBamidikaiiina HayKoBa mpaiisi Ha paBax pyKOIHCY.

Huceprariiss Ha 3100yTTS HAayKOBOTO CTYINEHS JOKTopa ¢imocodii 3a
crieriaiipHicTIO 274 — ABTOMOOUIBHMM TpaHCmopT. Jluceprariito BHUKOHAHO Y
HepxaBHomy yHiBepcuteTi «2Kutomupcebka momitexHika», Kutomup. Ilogano mo
3axucTy y HamnionanbHOMy TpaHcriopTHOMY YHiBepcuTeTi, Kuis, 2021.

Micpki aBTOOYCHI MepeBe3eHHs B HAMOMMKYINA MEPCIEeKTHB] 3alUIIAThCS IS
OUTBIIOCTI MICT YKpaiHM OCHOBHUM BHUIOM NACaXUPCHKUX MEPEBE3€Hb 1 MarOTh
BEJIMKE COLIIaJIbHE 3HAUYEHHS.

3HM>KEHHSI EHEPrOEMHOCTI IEPEBE3EHB 3a0€3I1eUy€EThCsl HAO1IbII PAlllOHAIBHUM
(eexTMBHUM) BUKOPUCTaHHSAM NaJMBHUX pecypciB. IIpu mpomy 3a3HaueHa Mmera
MOJKE€ JIOCSTaTUCS JIMIIE 32 YMOBH, IO BCTAHOBJIEHA HOpPMa BUTPATH MajuBa AJis
KOXHOI Mapku aBToOyca OyJie B JOCTaTHIA Mipl OOTPyHTOBAaHOIO.

OueBHIHO, IO JOCKOHANICTh IUIAHYBaHHS 1 po3poOKa HAYKOBO OOIPYHTOBAaHUX
HOPMATHUBIB BUTPATH MaJIMBa CTAIOTh BAYKIMBUM HAIPABICHHSIM pecypco30epekeHHs
Ha aBTOMOOUIEHOMY TPAHCIIOPTi Ta 3HMXKEHHS COO1BAPTOCTI MIEPEBE3ECHb.

3Ba)karouu, 110 HAa TEHEepillHIA Yyac y HOPMAaTUBHUX JOKYMEHTaxX YKpaiHu He
nepen0ayeHo HOPMYBAHHS MIKPOKJIIMATY B aBTOOYCax MICBKMX MApUIPYTIB 1 BUTPATH
najgvuBa 3aJIeKHO BiJ MIKPOKJIIMATy B CaJiOHI, BUHHMKA€ TOCTpa HEOOXIAHICTH Yy
JOCIIIJIKEHH] 3HW)KEHHS €HEeProeMHOCTI aBTOOyciB Kareropii M3 mnpu poOoti 3
KOHJIUIIIOHEPOM.

Bnacuuku aBTOOYyCIiB ycix (popM ToCmofaproBaHHS, IO JIFOTh HAa TEPUTOPIi
VYKpainu 1 eKCIulyaTyloTh IX Ha MaplipyTax, IPOBOISATH PO3PAXyHKH HOPMATHUBHOI
BUTPATH TIaJWBa BIAMOBIAHO 70 [JIIOYMX Ha TEMEpINHIA dYac METOIUYHUX
pexomenanii «Hopmu BUTpaT najamBa i MACTHIIBHUX MaTepialliB HA aBTOMOOUTEHOMY
TpaHCHOPT1», 3aTBEPAKEHI Haka3oM MiHicTepcTBa iHPpacTpykTypu Ykpainu Ne 411
Bi1 07.10.2011 p. 3rigHo 3 HTaHUMH HOPMATUBAMH, BUTPATY MMaJIMBa, PYU BUKOPUCTAHHI
KOHJUIIOHEpa, 30UIbLIyI0Th 10 S5 % Bia 0a30BOi JiHIHHOT HOPMU 32 OJHY TOAUHY
IIPOCTOIO 3 MpaIlOI0YUM IBUTYHOM. Ha oxonomkeHHs canony aBTo0yca mij yac pyxy,

y pa3i BUKOPUCTAHHS KOHIMITIOHEPA, TIepeidayeHi Haa0aBKy O BUTPATH MMAJIMBA TIPU



(dbaxkTUYHIN 30BHINIHIN TemMnepaTypi HoBiTps, mounHarouu Big +20 *C. HapgbOaBka npu
BUMYIICHOMY YBIMKHEHHI1 KOHIUIIIOHEpa, 4Yepe3 TMOTIPIICHHS TeMIEpaTypHOro
CepeloBHILlAa B CaJOHI, B TOAMHMU MiABUINEHOT MAaCaXUPChKOi AaKTHUBHOCTI, HE
nependayeHa.

Pazom 3 TuM, 10CBim eKcIUTyaTalli MICBKMX aBTOOYCIB, OCHAIICHUX
KOHJUITIOHEPOM, CBIAYHTH, IO BEIMYMHA PEKOMEHJOBAHMX HAA0AaBOK € SBHO
HEKOPEKTHA, OCKUIbKM HE 3a0e3leuye BCTAHOBJIEHUX 00 €KTUBHUX HOPM BHUTpPATU
najanBa 1 He MOBHOIO MIPOIO CIIPUsiE MAIMBO30EPEKEHHIO HA MIANPUEMCTBI, SIKE HaIa€
MapUIpyTHI TaCaKUPCHhKI MOCIYTH.

JocnimkeHHs, sK€ BUKOHaHE B MeXax [JaHOi Jucepranii, NoKasye, IO
EKCIUTyaTallll0 CyYaCHMX MapIIPyTHUX aBTOOYCIB, OCHAIIEHUX KOHIHUI[IOHEPOM,
JOLIIBHO PO3IJSAaTH AK CKJIaJHYy JAWUHAMIYHY CHUCTEMY, (DYHKIIIOHYBaHHS SIKOi
B1JI0YBAETHCS MPH 111 CTOXaCTUYHUX (haKTOPIB, 110 BILTMBAIOTH HA BUTpATY manuBa. Lle
MOETHAHHS BHYTPILIHIX MPOIIECIB y CAJIOH1 aBTOOYCa Ta BILIUB 30BHIIIHIX (DAKTOPIB.

3HayHa poJib y I[bOMY HAMpsAMi B1JIBOJUTHCS MPOBEJCHHIO CHEPTETUYHOTO ayIUTY
TEIJIOHABAHTA)XEHb CAJIOHY aBTOOyca K (akTopa BIUIMBY Ha TPUBAIICTH POOOTH
KOHJIUITIOHEPA 1 BIJMOBITHO HA BUTPATy TaJIUBA.

Oco0MBO MaJOBUBYEHOIO € TpOoOJieMa 3HMKEHHS €HEPrOEMHOCTI aBTOOYCIB
MICBKUX MapUIPYTIB, IO MPALOIOTh 3 KOHAUIIOHEPOM. O4eBUAHOIO € HEOOXIIHICTh
BpaxyBaHHS Cy4YaCHMX KOHCTPYKTHBHUX OCOOJHMBOCTEHl aBTOOyca, BIUIMBY
TEIUIOHAAXOIKEHb MPH BIIKPUTHUX ABEPSX Ta NOTPEOU B MONEPETHBOMY OXOJIOKEHHI
CaJIOHY Ha KIHI[EBUX 3YNHUHKAX Mepe]] BAKOHAHHSM pEiiCy.

Ile cyTTeBO MiAKPECTIOE AaKTyalbHICTh HAYKOBHUX JIOCHIIPKEHb 3 METOIO
MiBUIICHHS €(EKTUBHOCTI BUKOPHUCTAHHS MaJBa MpH 3a0e3nedeHH1 KoMpopTy.

3ajaya EKOHOMIYHO CHPSMOBAHOI €KCIUTyaTalii KOHAMIIIOHEpAa MICHKOTO
aBToOyca TpU BHUKOHAHHI TEXHOJOTIYHOTO TIPOIECY TMOBMHHA BUPINIyBATUCS
METOJAMH CHUCTEMHOTO 1 TE€XHIKO-EKCILTyaTal[lfHOro aHajizy 3 ypaxXyBaHHSM YCIX
eKCIUTyaTallliHUX 0COOIMBOCTEIA.

AKTyalbHMM TIOCTa€ TUTaHHSI MAXOAy, TMpPH SKOMY 3a JOMOMOTOIO
iHpopmamiiinux Texnosorii GPS wagirarii (Global Position System), kpim 3BudHOTO

y’)K€ MOHITOPUHTY MICBKOTO TMEPEBI3HOTO MPOIECY, TaK0X OCy4aCHEHO



BIIPOBAKYBATH KOHTPOJIb 32 BUTPATOIO MAJIMBA 3 YPaXyBaHHIM OOJIIKY MepeBe3eHUX
MacaKUpIB.

TakuM 4MHOM, BU3HAUYEHHS ONTHUMAJIBHUX PIIICHb 31 3HIKEHHS €HEPTrOEMHOCTI
aBTOOYyCIB M3 3 KOHAMITIOHEPOM, SIK1 MPAIFOIOTH HA MICBKUX MapIIpyTax, € BaKJIUBOIO
HAyKOBO-TMPUKIIATHOIO 3a/1a4€l0.

HaykoBa HOBH3HA onepKaHUX Pe3yIbTaTiB JOCHIKEHHS IMOJSITaE B TOMY, ITO:
BIIEpIIE OOTPYHTOBAHO MO3WTHUBHHUM BIUIMB MOMNEPEIHHOIO OXOJIOKEHHS CaJOHY
aBTOOyCa KOHAMIIIOHEPOM Ha MaJIMBHY EKOHOMIYHICTH MPH POOOTI HA MapUIpyTi;
BCTAHOBJICHI 3aJ€KHOCTI BUTpaTH TMajiuBa aBToOyca 3 KOHAMIIIOHEPOM Bij
TEMIIEpaTypyd 30BHIIIHBOTO TOBITPS 1 KUIBKOCTI TEPEBE3CHUX IMACaKUPIB;
3alpOINOHOBAHO BBEJICHHS OXOJIOKEHHS! KOHIMIIIOHEPOM CaJIOHY MICBKOT'O aBTOOyca
3aJIEKHO B1Jl MACAKUPOMPHUCYTHOCTI B TOJMHU MIABUIICHOT TACAKUPCHKOT aKTUBHOCTI.
VY 10CKOHAJIEHO IMITalliHy MOJIENIb BU3HAYEHHS TOBITPOOOMIHY Uepe3 BIIKPHTI JIBEPI
Ha 3YMUHII B JITHIM NEepioJ1 0 HEUTpaIbHIN IUIONIUHI MTepepi3y JBEpei.

OTpumalio moJaNbIIUN PO3BUTOK 3aCTOCYBAHHS IUCTAHIIIITHOTO CYITyTHUKOBOTO
monitopuary GPS/TJIOHACC 3a BurpaTo0 mnanuBa MICBKHX aBTOOYCIB 3
ypaxyBaHHSAM TEMIIEPATypPHHUX 3MiH 30BHIITHHOTO CEPEIOBHUIIIA.

[IpakTruHe 3HAYCHHS OJIEP>KaHUX PE3yJIbTaTIB BAXIIMBE B TOMY, 1110 1X peaizaris
JOL[IbHA B~ MareMaTMYHOMY  aHadi3l Ta  MOpOrpaMHOMYy  3a0€3MeYeHHI
aBTOMIAMPUEMCTBA, K CKIJIAJ0BOI TEXHOJIOT1i Cy4aCHOTO KOMIUJIEKCHOTO MOHITOPUHTY
poOOTH aBTOOYCIB MICBKMX MapLIpyTiB. 3alpONOHOBAHO AJTOPUTM 1 HPOrpaMu
pPO3paxyHKy TEIJIOBOTO HABAHTAXKCHHS HA CAJIOH 1 HOPMATUBHOI BUTpATH MajiMBa 3
ypaxyBaHHSAM TeMIEPATypPHUX MOKA3HUKIB Ta KUTLKOCTI MepeBe3eHUX macaxupis. Lle
JTIO3BOJISIE PO3MISTHYTH MOKJTUBICTh BUKOPHUCTAHHS TAHUX T1IXO0/I1B JI0 THIIUX MOJIeen
aBTOOyCIB 1 (hopmyBaTu iH(pOpMaIliHy 0a3y naHux mianpueMctBa. [lpu mpomy
BUKOPHCTAHHS 3alIPOITOHOBAHUX METOIUYHHX ITiIXO/IiB I03BOJISIE€ 3MCHIIIUTH BUTPATY
najguBa OJHUM aBToOycoM 10 3 % 3a 3MiHYy npu 3a0€3MEUEeHHI ONTHMAJIBHOTO
MIKpOKJIIMATy B CaJIOHI.

Marepianu aucepTaniiHoi poOOTH JT03BOJISIIOTH PO3TJSHYTH MOMKJIUBICTD
BUKOPUCTAHHS METOJUYHOTO IMTIXOAY JO IHIIUX MOJIeNIel TPAaHCTIOPTHUX 3aC001B AJIs

3HIKEHHSI €HEPrOEMHOCTI MEPEBI3HOTO MPOIECY 3 KOHAMIIIOHEPOM. 3ampOrOHOBaH1



MIIXOMU CIYTYIOTh METOJWYHUM 0a3ucoM HJisi TEPeriisiy ICHYI0UOi MPaKTHKA
dhopMyBaHHs JTIHIKHUX HOPM BUTpPAT MAJIMBa aBTOOYCIB 3 KOHUIIIOHEPOM Ha MICBKHX
MapmipyTax 13 ypaxyBaHHSM BH3HAaYaJIbHUX YMOB €KCIUTyaTallii, 10 TPyHTOBHO
MOKpally€e€ HOpPMYBaHHS Yyepe3 HAOIMKEHHS 10 peaJIbHUX EKCIUTyaTalliifHUX BUTpPAT.

KirodoBi crmoBa: MichbKUi aBTOOyC M3, eHEpProeMHIiCTh, KOHJIMIIIOHED,
MIKpOKJIIMAT, BUTpaTa MaJiBa, TETUIOHAAXOMKCHHsS, HOPMYBAaHHS, OXOJIOJKCHHS
CaJIOHYy.
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In the coming years public bus transportation remains the main type of passenger
transportation for most cities of Ukraine and is of great social importance.

Reducing the energy consumption of transportation is ensured by the most rational
(efficient) use of fuel resources. At the same time, the specified goal can be achieved
only under the condition that the fuel consumption rate for each brand of a bus is
sufficiently justified.

It is obvious that the perfection of planning and the development of scientifically
based fuel consumption standards are becoming an important area of the resource
conservation in road transport and reducing the cost of transportation.

Taking into consideration the fact that at present the regulation of the
microclimate in buses of city routes and fuel consumption, depending on the
microclimate in the passenger compartment is not stipulated by the regulatory
documents of Ukraine, there is an urgent need to study a decrease in the energy
consumption of M3 buses when working with air conditioning.

Owners of buses of all forms of business entities on the territory of Ukraine who
operate them on public routes, carry out calculations of the standard fuel consumption
in accordance with the current methodological recommendations “Rates of fuel and
lubricants consumption in road transport” approved by the order of the Ministry of

Infrastructure of Ukraine under No.411 from 07.10.2011. In accordance with these



standards, fuel consumption when using an air conditioner is increased to 5% of the
base linear rate for one hour of inactivity with the engine running. Surcharges are
provided for fuel consumption at the actual outside air temperature for cooling the
passenger compartment of the bus while driving, when using an air conditioner, starting
from + 20°C. The surcharge for the forced activation of the air conditioner, due to the
deterioration of the temperature environment in the passenger compartment during the
hours of increased passenger activity, is not provided.

At the same time, the experience of operating public buses M3, equipped with air
conditioning, shows that the value of the recommended allowances is clearly incorrect,
since it does not provide the established objective rates of fuel consumption and does
not fully contribute to the fuel saving at the enterprise that provides route passenger
services.

The study carried out within the framework of this dissertation shows that the
operation of modern public transport buses equipped with air conditioning is advisable
to be considered as a complicated dynamic system, the functioning of which occurs
under the action of stochastic factors affecting the fuel consumption. This is a
combination of internal processes in the bus passenger compartment and the influence
of external factors.

A significant role in this direction is the energy audit of heat-loaded bus interiors
as a factor of influence on the duration of the air conditioner operation and, thus, on
the fuel consumption.

The problem of reducing the energy consumption of buses that operate with air
conditioning on public routes is poorly understood in particular. It goes without saying
that it is necessary to take into account the modern design features of the M3 bus, the
effect of heat input when the doors are open and the need for forced cooling of the
thermal state of the passenger compartment at the final stops before the run.

This significantly underscores the relevance of the scientific study to improve the
fuel efficiency while ensuring comfort.

The problem of economically directed operation of a public bus air conditioner,

when performing a technological process, should be solved by the methods of the



systematic and technical and operational analysis, taking into consideration all
operational features.

The question of the approach becomes relevant, where with the help of
information technologies GPS navigation (Global Position System), in addition to the
usual monitoring of the public transportation process; it is also modernized to introduce
control over the fuel consumption based on the accounting of the transported
passengers.

Thus, the determination of ultimate solutions to reduce the energy consumption
of air-conditioned buses operating on public routes is an important applied scientific
task.

The scientific novelty of the study is as follows:
first presented an argument for the influence of pre-cooling of the passenger
compartment of the M3 bus with air conditioning on the fuel efficiency on the public
routes during working hours; the dependences of the fuel consumption of the M3 bus
with air conditioning on the outside air temperature and the number of passengers
transported have been established; the introduction of air conditioning cooling of the
public bus interior, depending on the presence of passengers during the hours of the
increased passenger activity is suggested. The simulation model for determining heat
fluxes through an open door along the neutral plane of the door section at a bus stop in
summer has been improved.

The use of GPS/GLONASS remote satellite monitoring of the fuel consumption
of public buses, considering the temperature changes of the environment, was further
developed.

The advanced practical bearing on the obtained results is that their implementation
is expedient in mathematical analysis and software of the automobile enterprise as a
part of the modern complex monitoring technology of the operation of buses on public
routes. The proposed algorithm and program for calculating the heat load on the
passenger compartment and the standard fuel consumption, taking into account the
temperature indicators and the number of passengers transported. This allows us to
consider the possibility of using these approaches to other models of buses and to create
an information database of the enterprise. Moreover, the use of the proposed



methodological approaches makes it possible to reduce the fuel consumption of the one
M3 bus by up to 3% per shift while ensuring an ultimate microclimate in the passenger
compartment.

The materials of the dissertation allow us to consider the possibility of using a
methodological approach to other models of vehicles to reduce the energy consumption
of the air-conditioned transportation process. The proposed approaches is a
methodological basis for the review of the existing practice of the development of the
linear fuel consumption rates for air-conditioned buses on public routes, taking into
account the main operating conditions, that significantly improves the rates due to the
approach to real operating costs.

Keywords: M3 bus, energy consumption, air conditioning, microclimate, fuel
consumption, fuel efficiency, heat input, rationing, interior cooling.
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