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1. Inceprariiina po60oTa CIIpsIMOBaHa Ha AOCIiIKEHHs [TOTEHIialy TaCUBHUX iH)KEHEPHUX CHUCTEM SIK
iHHOBALiTHOTO HANPSIMy PO3BUTKY Oy1iBeJIbHOI rajysi, 31aTHUX 3a0€3M1eYnTH CKOPOUYEHHS €HEPTOCIIOKUBAHHH,
3HIDKEHHS] BUTPAT Ha €KCIUIyaTalilo Ta CTBOPEHHS KOM(POPTHUX YMOB Y MOAYJIBHUX OYZiBJISIX 6JI0YHOTO TUITY
pi3HOro (PyHKIIOHATILHOTO NIPU3HAYEHHS. Y NIepHUIOMY pO3[ili pO6OTH 3[iliCHEHO aHaJIi3 Cy4aCHOTO CTaHy Ta
TEHJIeHI11i}1 pO3BUTKY MOJyJIbHOTO OYZiBHUITBA B KOHTEKCTi eHeproedeKTUBHOCTI Ta CTaJIOT0 pO3BUTKY. OKpemMa
yBara pujijieHa CUCTEMaM €Hepro3adbesreyeHHs! MOIyJIbHUX OyAUHKIB, 30KpeMa aHajli3y JKepeJl eHeproHociiB
L7151 TEeTJI03a0e3eYeHH s Ta JOCiTKEeHHIO MOXKJIMBOCTEN 3aCTOCYBaHHS O0JIafHAHHS [J151 IEPETBOPEHHS €HEPrii 3
aJIbTepHATUBHUX JiKepeJsl. Y poOOTi po3IJIsIHYTO NePCIeKTUBY BUKOPUCTAHHS COHSYHOI €Heprii B KOHTEKCTi
YKPaiHChKUX KJIIMAaTUYHUX YMOB. BUKOHAHO OLIiHKY JOLiJIbBHOCTI BIIPOBAIPKEHHS BiTHOBJIIOBAHUX JIKEPEJI €HEPril B
OKpEMUX perioHax YKpaiHu Ta BUBHAYEHO iXHil OTEHLial [JI NiIBUILIEHHS €HEPIOHE3AJIEKHOCTI MOAYJIbHUX
CIIOPYZ. Y IPpYroMy PO3AiJi NPOBELEHO MAaTEMATUYHE MOJIEJIIOBAHHS TEIJIOBUX IIPOLECIB Y ITOBITPSIHOMY

TepMOCUPOHHOMY KOJIEKTOPI SIK OCHOBHOTO €JIeMEHTa TeIJIOBEHTUJISLIMHOI CUCTEMU 32 YMOB (PYHKLIIOHYBaHHSI B



PEKUMax OomnasieHHs, BEHTUJIALII Ta 0XO0JI0IKEHHS. [I711 MOJie/II0BaHHS Ta ifeHTU(iKallil TENI0BUX PEKUMIB 6YJI0
BHKOpHCTaHO Teopito rpadis. el ninxin nas 3Mory epeKTUBHO PO3B’sI3yBaTH NPsIMi i1 0bepHeHH] 3amaui
TEIJIONIEPEHOCY B YaCTUHI MOJeJII0BaHHY, ineHTudikalii TennoTexHiuyHuX, ¢piznyHux npouecis. OKpim Toro,
BMKOHAHO €KCIIEPMMEHTAJIbHI JOCIIIIPKEHHSI IIOBITPSIHOTO TEPMOCU(POHHOTO KOJIEKTOPA B JIA0OPAaTOPHUX YMOBAX, Ta
BCTaHOBJIEHO MOT0O TEIJIOBY IIOTYKHICTh 38 3MIHHMX [TapaMeTPiB TOBIIMHY IOBITPSHOIO MPOIIAPKY Ta IO
BEHTWJISLIIHMX OTBOPIB y TPhOX peKMMax MOro poboTH: BEHTUJISLL, oajieHHs! (115 [epexifHoro nepiony poky) Ta
OXOJIOJPKEHHS (IJ1s1 TEIJIOTO NIepiofly POKY). Y TPETbOMY PO3[ijli 3aCTOCOBAaHO KOMITIOTEPHE MOJEIOBAHHS 1J1s1
aHasi3y Ta nepeadadeHHs SIBUI TeIlonepeadi Ta TeIIOBUX NIPOLECIB y CUCTEMaX TeII000MiHy. JlaHi
JIOCIIiIPKEHHS OXOIUIIOIOTh aHajli3 CUCTEM OIaJIEHHS, OXOJIOIKEHHS Ta BEHTUJIALI, 110 Jla€ 3MOT'y HaJIarOOUTH
pobOTy cucTeMu 3abe3ne4eHHs MIKpOKJIIMATY /1711 OTPUMaHHS MaKCUMaJlbHOI €(PeKTUBHOCTI Ta €KOHOMII eHeprii.
3anponoHOBaHO CXeMY TEIVIOBEHTUIISILITHOI CUCTEMHU, 3aBASIKA YOMY € MOXUJIMBICTb BUBYATU NTAPAMETPU
BEHTWISLITHIX CUCTEM JJ1s1 3a06e31edeHHs HaJIe)KHOTO PiBHS KOM(MOPTY Ta €eHEpPro3oepekeHHs.
TensoBeHTUIISALiIIHA cCUCTEMa MOXKe 3abe3evyBaTy OTPiOHI NapaMeTpy MOBITPOOOMIHY ITPOTSITOM YChOTO POKY,
CTabisIi3yl0uy N0JJaBaHHs CBIKOTO MOBITPS 3aBISKU IPUPOIHiN KOHBEKLII. Y nepexigHuil nepion poKy BOHa 3[jaTHA
YaCTKOBO IiZirpiBaTy MOBITPA B IPUMIlll€HH], BUKOPUCTOBYIOUN COHSYHY €HEPTII0, 10 HAIXOOUTh Ha IIOBEPXHIO
HOBITPSIHUI TepMOCU(OHHUU KOJIEKTOpP. Y UeTBEPTOMY PO3[Iijli HA OCHOBI ITPOBEIEHUX JOCiIKEHb BUSBJIEHO
BapiaHTH QYHKIIOHaTIbHO-KOHCTPYKTUBHOIO BUKOPUCTAHHS MOJYJIbHUX OYyIMHKIB Ta 3alIpOIIOHOBAHO KOHCTPYKIii
MOJYJIbHUX OJIOKIB. Y pamax LIbOrO PO3Aisy PO3IJISIHYTO TakKi KOHCTPYKLi, SIK MOZlyJIb MOTEJIb, MOAYJIb KOTEIXK,
MOZYJIb Ka3apMa, MOZyJIb iIasbHS Ta MOAYJIb aMOyaTopis. JJOoCiIKeHHs CIpSIMOBaHe Ha aHali3 PyHKLiOHAJIbHUX
rapaMeTpiB MOAYJIbHUX OYIMHKIB i3 aKLJEHTOM Ha iXHIO TPaHCIIOPTabesIbHICTh Ta MIBUIKOMOHTOBAHICTB.
[TligTBEpIKEHO, 10 €PEKTUBHICTh KOHCTPYKTUBHUX PillleHb BUBHAUAETHCS HE JIMIIE €HEPTOOLANHICTIO Ta
KOM(OPTOM eKCIUTyaTalii, a I OIePaTUBHICTIO PO3rOPTAaHHS TAKUX CIIOPY[ Y Pa3i BUHMKHEHHS Ha/I3BUYallHMX
CHTYyalliil, 30KpeMa BOEHHUX Jill abo MpHUPOAHUX KaTakyi3aMiB. OTpUMaHi pe3ysbTaT HilTBePIKYIOTh NOLiNIbHICTD
IIMPOKOTO BIPOBAIKEHHS MOJYJIbHUX OyIMHKIB K YHiBEpCAIbHUX, aJalITUBHUX i TEXHOJIOTTYHO e(PEeKTUBHUX
pilleHb cy4acHOro OyAiBHULTBA. Y I'ITOMY PO3[iJi IPeICTaBI€HO PE3YIbTAaTH aHAJIITUYHUX Ta
€KCIIepUMEHTAJIbHUX JOCTiKEeHb, CIIPSIMOBAHUX Ha OOIPYHTYBAaHHSI KOHCTPYKTUBHUX i (PYHKIIOHATIbHUX pillleHb
MOBITPSIHOTO TEPMOCU(POHHOTO COHSIUHOIO KOJIEKTOPA, iIHTErPOBAaHOTO B TEIJIOBEHTUIISILIIMHY CUCTEMY
3a0€31e4eHHs MIKpOKJIIMaTy MOZIYJIbHOIO OyIMHKY. 3aIIPOIIOHOBAHO KOHCTPYKILIO MOBITPSIHOIO TEPMOCU(OHHOTO
KOJIEKTOPA, 3[aTHY e(EeKTUBHO MIPALlOBAaTA B YMOBAX TPbOX OCHOBHUX €KCILIyaTalitHUX PEKUMIB — OIaJIeHHS,
OXOJIOIKEHHS Ta BEHTUJIALLL, [0 la€ 3MOry 3a6e3MeynTy MiKpOKIIMAaTUYHI IapaMeTpH B IIPUMIlleHH] yIIPOJOBX
POKy. Y IIOCTOMY pO3[iJli BCTAHOBJIEHO €KOHOMIUHY €(PEeKTUBHICTb IBOX CUCTEM OIaJIeHHs [1J11 MOAYJIbHOTO
Oy[IMHKY: TPaAMLIMHOI €JIEKTPUYHOI CUCTEMU Ta iIHHOBALiTHOI CCTEMH 3 BUKOPHUCTAHHSIM IOBITPSIHOTO
TepMOCU(POHHOTO KOJIeKTOpa. JOoCiIKeHHs I'PYHTYBaJIOCs HA aHalli3i KaliTaJbHUX Ta €KCILTyaTalilHUX BUTPAT,
CTPOKY OKYIIHOCTI, 4nCTOi IpuBeaeHoi BapTocTi (NPV) Ta iHIMX KII040BUX €KOHOMIYHUX TIOKa3HUKIB. Y mpoleci
IIOCJIiIKEHHS BCTAHOBJIEHO TEXHIYHi Ta eKOHOMIYHi XxapaKTepUCTUKU 000X CUCTEM. Po3paxoBaHoO KamiTanbHi
BUATPATU Ta [IPOrHO30BaHI €KCIIJIyaTaliliHi BUTPATH Ha BECh TEPMIH eKCITyaTalii cucremu. Kio4osi cioBa:
MOJYJIbHI OyAMHKY, eHepro3abesrnedeHHs, FeOMeTPUIHO-TI0Zi6Ha MOieJIb, TEIJIOBI IIPOLIeCH, TOBITPSIHUI

TepMOCUPOHHU COHSIYHUN KOJIEKTOP, IaCHBHI CUCTEMU, KOMITIOTEPHE MOZEJIIOBAHHS.

2. The dissertation is focused on investigating the potential of passive engineering systems as an innovative
direction in the development of the construction industry, capable of reducing energy consumption and operating
costs while ensuring comfortable indoor conditions in block-type modular buildings of various functional
purposes. Chapter 1 provides an analysis of the current state and development trends of modular construction in
the context of energy efficiency and sustainable development. Particular attention is paid to energy supply
systems for modular buildings, including an analysis of energy sources for heat supply and an assessment of the
potential application of equipment for converting energy from alternative sources. The prospects for the
utilization of solar energy under the climatic conditions of Ukraine are considered. The feasibility of implementing
renewable energy sources in selected regions of Ukraine is assessed, and their potential contribution to improving
the energy independence of modular buildings is determined. Chapter 2 presents mathematical modelling of



thermal processes in an air thermosyphon collector as the key component of a combined heating and ventilation
system operating in heating, ventilation, and cooling modes. Graph theory was employed to model and identify the
thermal operating conditions. This approach enabled the efficient solution of direct and inverse heat-transfer
problems related to the modelling and identification of thermal and physical processes. In addition, experimental
studies of the air thermosyphon collector were conducted under laboratory conditions. Its thermal performance
was determined for varying air-gap thicknesses and ventilation-opening areas under three operating modes:
ventilation, heating during the transitional season, and cooling during the warm season. Chapter 3 employs
computational modelling to analyse and predict heat-transfer phenomena and thermal processes in heat-
exchange systems. The research covers the analysis of heating, cooling, and ventilation systems, enabling the
operation of the indoor microclimate control system to be optimized in terms of efficiency and energy savings. A
configuration of the combined heating and ventilation system is proposed, providing a basis for investigating
ventilation-system parameters required to ensure an appropriate level of indoor comfort and energy efficiency.
The system is capable of providing the required air-exchange parameters throughout the year by maintaining a
stable supply of fresh air through natural convection. During the transitional season, it can partially heat the
indoor air by utilizing solar energy incident on the surface of the air thermosyphon solar collector. Chapter 4
identifies functional and structural applications of modular buildings based on the conducted research and
proposes corresponding modular-unit designs. The chapter considers the following configurations: motel module,
cottage module, barracks module, canteen module, and outpatient clinic module. The research focuses on
analysing the functional parameters of modular buildings, with particular emphasis on their transportability and
rapid assembly. It has been established that the effectiveness of structural solutions is determined not only by
energy efficiency and operational comfort but also by the ability to rapidly deploy such buildings in emergency
situations, including military operations and natural disasters. The obtained results substantiate the feasibility of
the widespread implementation of modular buildings as versatile, adaptable, and technologically efficient solutions
for contemporary construction. Chapter 5 presents the results of analytical and experimental studies aimed at
substantiating the structural and functional solutions of an air thermosyphon solar collector integrated into a
combined heating and ventilation system for maintaining the indoor microclimate of a modular building. A design
of the air thermosyphon collector is proposed that can operate effectively in three principal operating
modes—heating, cooling, and ventilation—thereby enabling the required indoor microclimate parameters to be
maintained throughout the year. Chapter 6 establishes the economic efficiency of two heating systems for a
modular building: a conventional electric heating system and an innovative system incorporating an air
thermosyphon collector. The study is based on an analysis of capital and operating costs, payback period, net
present value (NPV), and other key economic indicators. The technical and economic characteristics of both
systems are determined. Capital expenditures and projected operating costs over the entire service life of the
systems are calculated. Keywords: modular buildings, energy supply, geometrically similar model, thermal
processes, air thermosyphon solar collector, passive systems, computational modelling.
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