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Pedepar:

1. BortunmuH HOpiii IBanoBuu. [TokpauieHHs e(eKTUBHOCTI ONlaJieHHs Ta IOBITPOOOMIHY casloHy aBTobyca. —
KBanigikaniiiHa HaykoBa npalisl Ha IpaBax pykomnucy. Jlucepralist Ha 30,00yTTsI HAQyKOBOTO CTYII€HS JOKTOpa
¢dinocodii (PhD) 3a cnenianshicTio 133 - T'anyseBe mamnHOOyAyBaHHs. HanjionanbHuii yHiBepcuTeT «JIbBiBCbKa
noJiiTexHika», MiHicTepCTBO OCBiTH Ta HayKu YKpaiHu, JIbBiB — 2025. Y gucepTauiiiHiii po60Ti BUKOHAHO psf,
IOCJIiIKeHb, 1110 MAIOTh 33 METY MifBULIeHHS e(PeKTUBHOCTI pOOOTU CUCTEMHU ONaJIeHHS Ta IIOBITPOOOMIHY CasloHy
MiCbKOro aBrobyca. Y nepuomy po3sfijli IpoBefeHO BCeOIYHMI aHali3 METO/IiB OLiHIOBaHHS Ta CIIOCO0iB
3a6€e3Me4YeHHs KIiMaTUYHOTO MIKpOKJIiMaTy B casioHi T3 Ta Ha po6oyoMy Miclii oriepaTopa. K cruigye 3
MIPOBENIEHOTO aHali3y JIiTepPaTypPHUX [KEPEJ NOCHiTHUKY aHali3yBaay TEIJIOBi BTpaTy, TEMIONepenavy,
LAPKYJIALIIO i SIKiCTh MOBITPSHOIO CEPENOBUILA, YMOBU JOCIATHEHHS HOPMAaTUBHOIO MIKPOKJIIMAaTy B CaJIOHI.
JocnimKyBanucs 0co6IMBOCTI iX eKCITyaTalii Ha pisHUX TEMIIEPATyPHUX PEKMMAX i HAaBAHTAXKEHHSX JJ1s1 Pi3HUX
tumiB T3, He TiNbKY JIETKOBUX, BAHTAKIBOK, aBTOOYCIB, C/T TEXHIKH, ajie i y BaroHax TPamBaiB, MOi37iB,

MeTpOI0JliTeny. [jisi MOJeoBaHHS TepMOQi3iooriyHMX apameTpiB JII0JICbKOTO Tijla BUKOPHUCTOBYIOTh JIOKaJIbHI



Ta 3arajibHi MOJEJI TEIMJIOBOTO BifdyTTd i KOMPOPTY, ceper, IKUX BiIaloTe nepesary mogesnsm Taniguchi i Zhang,
HaiinockoHamimmum edbaraTocerMeHTHNN TelioBril MaHekeH FIALA-FE, akuil 3gaTHUI BUSBJISATY TEIJIOBUI BILJIUB B
ACMMETPUYHOMY TEIIOBOMY CE€PELOBUILI. Y OPYrOMYy PO3Liji MPOBEAEHO aHaJli3 HE TiJIbKU OCHOBHUX [1APaMETPiB
HABKOJIMIIHBOTO CEPELIOBUINA, SIKi BIVIMBAIOTh HA (POPMYBaHHS MIKPOKJIIMATy y CaJIOHi i HA poO0YOMY MicCLli BOAid
(TemnepaTypa, IIBUIKICTb Ta BOJIOTICTb MOBITPSI, CEPENHs pafialiliHa TeMIeparypa, KiJIbKiCTb CBKOIO IOBITpS,
iHTEHCUBHICTb COHSIYHOI pagialiii), a Tako>X Bpax0BaHO TEPMIiUHY i30J11i10 OJATrY Ta PiBEHb aKTUBHOCTI i
[IPOaHai30BaHO PU3UKY IXHbOI'O HEIOTPUMAHHS. 3alIPOINIOHOBAHO OOJIALITYBAHHS Yy CUCTEMi ONIaJIEHHS [IPUCTPOIO
BiZOOPY rapsi4oro NoBiTpsl Bif 30BHIIIHBOI IOBEPXHi BUIYCKHOTO KOJIEKTOPA, TeMIeparypa sKoi € Big 200°C Ha
[IPOrpiTOMy IBUTYHI, 1110 JO3BOJIUTH OTPUMATH A0 80% KiNbKOCTI TENI0TH, HEOOXimHOI AJ1s1 06IrpiBy CcasloHy IIpU
MiHyCOBHUX TeMIIEpaTypax. Y JIiTHi! nepiof A0 4 % MO>KHA 3MEHIIUTY TEIJIOHABAHTAXXEHICTb CAJIOHY 3aCTOCYBABIIN
3aXMCHY IJIIBKY [I7Ig BiKOH. Y TPETOMY PO31iJi MapaMeTpy MiKpOKJIiMaTy NpOMOAEIb0BaHO PMV-MeTOn0M 3rifHO
cranpapTtiB ASHRAE. OTpuMaHO 3a71€;KHOCTI KOMIIOHEHTIB BTPAT TEIJIA Ta IBUIKOCTI ITOBITPS B 3aJI€KHOCTI Bif,
pobouoi TemnepaTypH, TEIJIOBOTO 6ajlaHCy, Ta TEIJIOBOi eHeprii, 1110 BUAI/ISIETbCS BHACIILOK METab0Ii3My
nacaxupis i Bofiist aBTobyca. Yreplue JOCIiIpKEHO PO3II0oAia TEMIIEPATypU 10 CaJIOHy aBTobyca Ipu
IepeIHbOMOTOPHI, y 6a3i i 33IHLOMOTOPHI KOMIIOHOBKax JIB3, sIKi pO3MIIllyIOTbCSI OMTO3UTHO i y BEPTUKAJIBHIN
Tymbi. logaTKOBUI BEHTUJIITOP BCTAHOBJIIOETHCS HA CTiHLI MOTOBIZICIKY i 3a6e3nedye Tpyu pesKuMu POGOTH.
3aIpoIrIOHOBAHO BCTAHOBJIEHHS HA CTiHIIl MOTOBIJCIKY 1OJATKOBOT'O BEHTUJISATOPA, IKUH IIEPEMIIIATUME Y CAJIOH
TEIJIOBMI NOTIK y IOBITPOIIPOBO/Ii HA PiBHI HIr, OCKiJILKY BUSIBJIEHO, 1110 KabiHa BOJisl € HAIMEHII OOIrpiTOo0 111
HaNOiIb1I PO3NOBCIOIPKEHOrO0 y 6inbocTi Kpaid €C HU3BbKOMIAJIOrOBOrO TUITY MiCBKOTO aBTOOYyCa 3
3aIHbOMOTOPHOIO KOMIIOHOBKOIO i PO3TalllyBaHHSIM JBUT'YHA FOPM3OHTAJILHO B MOTOBiZCIKY. Briepie
3aIIPOIIOHOBAHO BCTAHOBJIEHHS Y MiCbKUX aBTOOYCaxX FOPU30HTAIBHO , BEPTUKAJIBHO Ta BHU3Y PO3MIllIEHUX
006irpiBadiB TUIly «IIOBIiTPsIHA 3aBica». BUSBUIOCS, 10 PO3MillleHHS LIbOTO TUILY O0IrpiBaviB HAJl ABEPMMA MEHII
edexruBHe 40-50%, HiXX rOpU30OHTaJIBHO 61 nBepet 50-60%, a po3MileHHS BHU3Y i KyTOM Ma€ HaWHIKIY
edektuBHicTb 10 30-40%. Y yeTBEpTOMY pO3/iJi [IpOaHasi30BaHO Ta HAaBe[I€HO Pi3Hi TUIIM aBTOOYCIB, SIKi
€KCIUIyaTyIOTbCs Y MicTax YKpaiHi. 3a JOIIOMOro €KCIIEPUMEHTAJIBHOI allapaTypy Ha OCHOBI Arduino mpoBefeHo
€KCIIepUMEHTaJIbHi BUMIPIOBAHHS B KabiHi BOlisl (TeMIepaTypa, BOJIOTICTb, KiIBbKICTh NOBITPs Ta piBeHb CO2) Ta
caJioHi aBTobyca (TemrepaTypa, BOJIOTiCTb, KiIbKiCTb NOBITPsI). BUMipioBaHHS IPOBOAMIINCDH B TEIJTY Ta XOJIOIHY
IIOPY POKY B YMOBaX MiCbKOro LIMKJY i341 aBToO6yca Ha MapuipyTi y M. JIbBOBI. B kabiHi Boiis BUMipy IIPOBOJUJINCD B
30Hi Hir, IONIEePeKy Ta I0JI0BY, @ TAKOX B 30Hi 33JyBY XOJIOJHOTO /TapsyO0ro MOBITPSs 61t KBATUPKU BOJis. Y casloHi
BMMipIOBaHHSI IPOBOAWJIMCH HA PiBHI HIr Ta roJIoBY B YOTUPHOX 30HAX CAJIOHY aBTOOyCa HaT, epegHiMu ocsiMy, Ha
HAKOINWYyBaJIbHIl Mo, Haj, 3aHiMK OCSIMU Ta B 3a/1Hil 4acTUHI aBTob6yca. Ha rpadikax mociuimkeHb
BigoOpakasach 3MiHa TEMIIEPATyPH B MIE€BHI TOULli caJlOHy aBTobyca Ha npoTs3i 30-40 xB. B pesysabTarti
€KCIIepUMEHTY 0yJI0 BU3HAYEHO, 110 B XOJIOJHY IIOPY POKY B CaJIOHI aBTOOYyCa € TOYKH, [I€ € 3aHIKEH] TeMIIepaTypu
Ta 3aBUIIEHA BOJIOTiCTb IIOBITPS, a B TEIJTY IIOPY POKY Y 3aHil YacTuHi aBTOOyCa € Miclis, Jie TeMIlepaTypa csarae
33...35°C, a BosIOTiCTb MOBITPSI € 3aHM>KEHA BiJl HOPMATUBHOTO 3Ha4YeHHs1. KitouoBi cioBa: Mickkuil aBToOyc, poboue
Miclie BOZisl aBTOOYCa, MiKDOKJIIMAT CaJIOHy, KOM(OPT IepeBe3eHb, CUCTEMA ONaJIeHHs, cuctema BeHTusLii, CFD-

MO/IETIOBAaHHSI, ITOBITPSIHI TOTOKM, TETJIOBUH 6aJlaHC, TEIJIOBi BTPATH.

2. Voichyshyn Yurii Ivanovych. Improvement of the efficiency of heating and air exchange in the bus interior. -
Scientific work on the rights of the manuscript Thesis for the degree of Doctor of Philosophy (PhD) in specialty 133
-Industrial Engineering. Lviv Polytechnic National University, Ministry of Education and Science of Ukraine, Lviv -
2025. The thesis presents a number of studies aimed at improving the efficiency of the heating and air exchange
system of a city bus interior. The first chapter provides a comprehensive analysis of assessment methods and ways
to ensure a climate microclimate in the vehicle interior and at the operator's workplace. As follows from the
analysis of the literature, a number of parameters and design characteristics must be used to quantify the
performance and energy efficiency of HVAC. To do this, researchers analyzed heat loss, heat transfer, circulation
and air quality, conditions for achieving a standardized microclimate in the cabin, but there is no comprehensive
approach to analyzing the impact of external and internal factors on the cabin microclimate. We have investigated
the peculiarities of their operation at different temperature conditions and loads for different types of vehicles, not



only cars, trucks, buses, agricultural machinery, but also in tram, train, and subway cars. To model the
thermophysiological parameters of the human body, local and general models of thermal sensation and comfort
are used, among which the Taniguchi and Zhang models are preferred. The most advanced is the FIALA-FE multi-
segment thermal manikin, which is capable of detecting thermal effects in an asymmetric thermal environment.
The second chapter analyzes not only the main environmental parameters that affect the formation of the
microclimate in the cabin and at the driver's workplace (temperature, air speed and humidity, average radiation
temperature, amount of fresh air, intensity of solar radiation), but also takes into account the thermal insulation of
clothing and activity level and analyzes the risks of non-compliance. It is proposed to equip the heating system
with a device for extracting hot air from the outer surface of the exhaust manifold, the temperature of which is
from 200°C on a warmed-up engine, which will allow to obtain up to 80% of the heat required to heat the cabin at
subzero temperatures. In the summer, the heat load of the cabin can be reduced by up to 4% by using a protective
foil for the windows. In the third chapter, the microclimate parameters were modeled using the PMV method
according to ASHRAE standards. Using the CBE Thermal Comfort Tool, the dependencies of the heat loss
components and air velocity were obtained as a function of the operating temperature, heat balance, and heat
energy released by the metabolism of the passengers and the bus driver. For the first time, the temperature
distribution in the bus interior was studied for front-engine, base-mounted, and rear-engine layouts of the
internal combustion engine, which are placed in opposition and in a vertical cabinet. It was proposed to install an
additional fan on the wall of the engine compartment to move the heat flow into the cabin through the air duct at
the level of the legs, since it was found that the driver's cab is the least heated for the most common low-floor city
bus in most EU countries with a rear-engine layout and a horizontal engine in the engine compartment. For the
first time, horizontal, vertical, and bottom-mounted “air curtain” heaters have been proposed for city buses. It
turned out that the placement of this type of heaters above the door is less efficient by 40-50% than horizontally
near the door by 50-60%, and the placement at the bottom at an angle has the lowest efficiency of 30-40%.
Chapter 4 analyzes and presents different types of buses that are used inUkrainian cities. Based on this analysis, a
12-meter low-floor bus of the Electron A185 brand was selected for further experimental research. Experimental
measurements were made in the driver's cab (temperature, humidity, air volume, and CO2 level) and the bus
interior (temperature, humidity, air volume) using Arduino-based experimental equipment. The measurements
were carried out in warm and cold seasons in the conditions of the urban bus cycle on the route in Lviv (ATP No. 1-
HorodotskaoLevandivka-Riasne 1-“ElectronMash” plant). In the driver's cab, measurements were made in the area of
the legs, lumbar and head, as well as in the area of cold /hot air blowing near the driver's window. Key words: city
bus, bus driver's workplace, vehicle interior microclimate, comfort transportation, heating system, ventilation
system, CFD modeling, air flows, heat balance, heat losses, air temperature.
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Bnacue IlpisBume Im's [T0-6aTbKOBI Bikosu1 Irop AnzipifioBu

TOJIOBH pajgu
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