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1. TligBuIleHHS! eHepreTM4HOI €(PeKTUBHOCTI TEIJIOHACOCHUX CXEM OIlaJIeHHs i KOHJIMLIOHYBaHHS Ha OCHOBI

I'PYHTOBUX TEIJIOBUX HACOCIB

2. Increasing the energy efficiency of ground-source heat pump systems for heating and air conditioning

Pedepar:

1. Ha cboropHiuHil eHsb icHye roTpebda B CTBOPEHHS Ta yIOCKOHAJIEHH] eHepreTHYHUX TeXHOJIOrii Ta
KoMbiHoBaHuX cxeM OB i K 3 HU3bKMMU BUKHJAMU BYTJIEKMCIIOTO Ia3dy Ta BUCOKOIO eHeproedeKTusHicTio. i
iHHOBaIIiliHi pillleHHs TOMOMOXYTb BUPIIINTY HAarajbHi I7100a/1bHi IPOOJIEMH, [IOB'SI3aHi 3 EHEPreTUYHOI0 6E3IEKOI0,
3MiHaMU KJIiMaTy Ta CIIPUSITUMYTb €KOHOMIYHOMY PO3BUTKY. 3aXMCT HABKOJIMIIHBOTO CEPENOBUILA Ta 3HMKEHHS
BUKHUJiB TOKCUYHUX rasiB Ta CO2 3aBISKU BUKOPUCTAHHIO TH CcTanu OCHOBHMMY T€MaMy Ha OCTaHHIX CBiTOBUX
KOH(QepeHLigx Ta nporpamax MixkHapogHoro EHepreTuyHoro Arentctsa. OfiHaK, BUpilIeHHs Liei 3a7a4i MOXKJINBE
JivIIe 32 KOMIIEKCHOTO MiJX0/y Ta CUCTEeMATUYHOTO aHasli3y BCiX pakTOpiB, SIKi BIIMBAIOTh HA POOOTY CUCTEMU Ta

ix Kom6iHanio. OliHI0IYY MOTOYHUI CTaH CIPaB, MOSKHA BCTAaHOBUTY, 1[0 BIPOBakeHHs TexHosorii TH B Ykpaini



€ €IMHUM IIJISIXOM PO3BUTKY, ajie IPOTITrOM HanOIMKunX 4-6 poKiB Lieil nmpolec 6yJie NepeBaKHO 3/1iiCHIOBATUCS
3a IOIIOMOT010 iIMITOPTHOTO 06J1aHaHHS. Bike 3apa3 yKpaiHChKuil puHOK HacudyeHuit TH Bif 6araTbox CBITOBUX
OpeH/IiB, i BXKJINBO AOOPE O3HAOMUTH BITYM3HSIHOTO CIIOKMBaya 3 yMOBaMU €(PEKTUBHOIO BUKOPUCTAHHS
TENJIONIOCTaYaHHS Ha OCHOBI TaKUX cUCTEM. KOKeH MPOeKT NoTpedye peTeNbHUX TEXHIKO-EKOHOMIYHUX
PO3paxyHKiB [1J1s1 BUBHAYEHHS IOLIIJIBHOCTI BIIPOBAI)K€HHSI KOHKpeTHOro Ttumy TH 171 eBHOro CroXKuBaya 3
[I€BHUM BUJIOM HU3BKOIIOTEHIiIIHOrO TeryioHocis. CrpolueHui nifxin go nigbopy NOTy>KHOCTEH, KOMITJIEKTYIOUUX,
BUOip CX€MHUX pillleHb Ta IIPOLLEC MOHTAXY i 06C/IyroByBaHHS JoporosapTicHUx TH Moke HeraTuBHO [1O3HAUYUTHCS
Ha CIIPUMHATTI BITYU3HAHUM CIIOXKUBayeM camoi ifei Bukopucranusa TH. Tomy Ha CbOTOIHINIHINA IE€HDb BaXKJIMBOIO
CTae po3pobKa i BIIpOBapKEHHs1 HOBUX cXeM BukopucTaHHs TH. PuHOK notpebye crneniaicTis, sSKi BOJIOAiI0Th
HeOOXiIHUMU 3HAHHSMU Ta KOMIIETEHIiSIMU [J151 CTBOPEHHSI IPOII03ULlii B KOHKYPEHTOCIIPOMO>KHHUX PillleHHSIX, a
TaKOX 3[aTHi 3aXMILIATH 1ii pillleHH 1 YCHILIHO iX peani3oByBaTu. [IpOBIBIIYM OIJIA JliTEpATyPHUX IPKEPEI 3a JaHOI0
TEMAaTHUKOIO, O6YJIO BUSIBJIEHO, 110 LOCiI)KeHHS iHO3€MHUX Ta BITYM3HSIHUX HAyKOBLIiB CIIPSIMOBAHI Ha BUPILIEHHS
IIMTaHb KOHCTPYKLiN I'PYHTOBUX TEIIJIOOOMIHHUKIB, ix GOpMU Ta pO3MipiB, aHasi3y MaTepiasis, 10
BHUKOPHCTOBYIOTBHCS [IJ1s1 BAPOOHMIITBA YCTATKyBaHHS, EKOHOMIYHOI'O aHasli3y yMOB BUKopUcTaHHs TH B TUX un
iHmux KpaiHax. [IuTaHHS KOMIIJIEKCHOTO MifgX0y 4O BUPilleHHS 3a/1a4i Ha €Talli IPOEKTYBAaHHS 3 TOUKU 30PY
TEPMOAVNHAMIYHOTO Ta €eHEPTEeTUYHOTO aHaMi3iB edeKTUBHOCTI BUKopuctanHsa TH npu 3miHi dakTopis, mo
BILJIMBAIOTh HA I0r0 po6OTY paHillle He IPOBOJUJINCS, TOMY € aKTyaJIbHUMHU [1J1 BUPIllIeHHs] KOHKPETHUX 33134
CbOTOZ,EHHS. ayKOBa HOBU3HA IIPOBELEHOTO NOCIIiIKEHHSI I10JIIra€ B HACTYITHOMY: - 1711 KOMOiHOBaHOI
TEIJIOHACOCHO-PEKYIIEPATOPHOI CXEMU OIIAJIEHHS Ta BEHTUJISLII 3 BUKOPUCTAHHSM TEIUIOTU CTIYHUX BOJ,
BU3HAYEHO 3aJIe’KHOCTi KpUTEPiiB eHeproedeKTUBHOCTI Bif, OCHOBHUX MapaMeTPiB CXEMU Ta CITiBCTaBJIEHO iX
3HAYEHHS 3 TAKUMU X 71 CXeMU 6€3 BUKOPUCTAHHS NOJIaTKOBUX JPKEPeJl eHEPrii; - TpoaHasi3oBaHO BILJIMB
BM3HAvyaJIbHUX IapaMeTPiB Ha €(PEKTUBHICTb POOOTHU TEMIIOHACOCHOI CUCTEMU OMNAJIEHHS Ta BEHTUJIALII 3
BUKOPHMCTAHHSIM TEIJIOTU IPYHTY Ta CTiYHUX BOJ, BU3HAYEHO Ta [IPOAHAJi30BAHO 3aJIEXKHICTh TMTOMOTO
HaBaHTaXE€HHSI [PYHTOBOIO TEINIJIO0OMiHHMKA Bifl 30BHIIIHbOI TEMIIEPATYPH, YACTKHU TEIJI0BOro IOTOKy Ha I'BIT Ta
BEHTWJIALIIO B 3arajIbHOMY TEIIJIOBOMY IOTOLi HAa ONIAJIEHHS; - 3aIIPOIIOHOBAHO PO3PAXYHKOBY MOZEb IS
BM3HAYEHHS TEPMOAVHAMIYHOI e(DeKTUBHOCTI BUKOPUCTAHHS KOMOIHOBAHOI CUCTEMH OTIAJIEeHHS Ta BEHTUJIALII Ha
0a3si ocyiioBHO BCTAHOBJIEHUX I'PYHTOBOrO Ta NMOBiTpsiHOro TH; BU3HaYeHO CTyNiHb yTUi3allii TeIJIOTH AJis
IOCSITHEHHS MTO3UTUBHOTO €HEPTreTUYHOro e(eKTy [P BUKOPHCTaHHI 3alIpOIIOHOBAHOTO PillleHHS]; - pO3pO06JIEHO
CXeMy KOHAMIIIOBaHHS TIOBITPs Ha 6a3i I'PYHTOBOTO TEIJIOBOT'O HACOCY 3 BUKOPUCTAaHHSIM rOPU30HTATIBHOTO
I'PYHTOBOTO TEIJIOOOMiHHUKA [1J11 POGOTU B aKTHBHOMY Ta IIACMBHOMY PEXXMMax KOHIMI{IOBAaHHS; BUBHAYEHO MeXi
pobOTH cUCTEMU B 060X PEKMMAX; TOKA3aHO YMOBHU JOCSITHEHHS CyTTEBOTO IIO3UTHMBHOTO e(EeKTy 3aCTOCYBaHHS
CXEMU, IOPIBHSHO 3i CIJIIT-CUCTEMOI0; - OTPUMAHO Ta IIPOAHaJi30BaHO 3aJIe>KHOCTI €eHEPreTUYHOi e(PEKTUBHOCTI
BHMKOPHCTaHHS TEIJIOBOTO HACOCY Ha 6a3i BEPTUKAJIIbHOTO I'PYHTOBOTO TEIJIOOOMIHHUKA 151 KOHANLIIIOBAHHS
MIOBITPSl; BU3HAYEHO ONTUMAJIbHI NIapaMeTPpUu BUKOPUCTAHHS 3alIPOIIOHOBAHOTO PillleHHS. 3aIPONIOHOBAHI PillleHHS
IO3BOJISIIOTH MiJBULIUTY €HEPreTUYHY €(PEKTUBHICTb BUKOPHCTAHHS TEIJIOBUX HACOCIB [J1s1 ONaJIEHHs], BEHTUJISL]
Ta KOHJMIiI0BaHHS MOBITPS, IUM CAMUM MOXXYTb CIIPUSTU OisIbIll IMPOKOMY BIIPOBA)KEHHIO aJIbTEPHATUBHUX
IKepeJl eHeprii B KOMyHaJIbHOMY CEKTOpi YKpaiHu. [Ipy BUKOPUCTaHHI OTPUMaHUX 3aJI€SKHOCTEN J151 aHAJi3y
TepMOJMHaMiYHOi epEKTUBHOCTI Ha eTalli IPOeKTyBaHHSs TEIJIOHACOCHUX CUCTEM JJ1s1 6y[iBeJIb Pi3HOTO TUITY
MOXJIMBO JOCSITTY NMO3UTUBHOTO €HEPTreTUYHOro e(eKTy Ta EKOHOMII Ha KalliTaJbHUX Ta €KCILTyaTaliiHAX
BUTPATax Npu NoOYAOBI, iHCTasALil cucTeMU. 3aCTOCYBaHHS 3alIPOIIOHOBAHNUX MiIXOMiB MOXKe MaTU MicLie B
cIlelliasli3oBaHUX [porpamax Jjisi Mifoopy Ta MPOEKTyBaHHS CUCTEM OIajleHHs], BEHTUIISLI Ta KOHIWLIOBAaHHS

NOBIiTps Ha 6a3i 'PYHTOBUX TEIJIOBUX HACOCIB.

2. Today, there is a need to create and improve energy technologies and combined HVAC schemes with low carbon
dioxide emissions and high energy efficiency. These innovative solutions will help solve urgent global problems
related to energy security, climate change and contribute to economic development. Environmental protection
and the reduction of toxic gases and CO2 emissions through the use of HP have become the main topics at the
latest world conferences and programs of the International Energy Agency. However, solving this problem is
possible only with a comprehensive approach and systematic analysis of all factors that affect the operation of the



system and their combination. Evaluating the current state of affairs, it can be established that the introduction of
HP technology in Ukraine is the only way of development, but during the next 4-6 years this process will mainly be
carried out with the help of imported equipment. The Ukrainian market is already saturated with HP from many
world brands, and it is important to thoroughly familiarize the domestic consumer with the conditions of effective
use of heat supply based on such systems. Each project requires careful technical and economic calculations to
determine the feasibility of implementing a specific type of HP for a specific consumer with a specific type of low-
potential coolant. A simplified approach to the selection of capacities, components, the choice of circuit solutions
and the process of installation and maintenance of expensive HP can negatively affect the perception of the
domestic consumer of the very idea of using HP. Therefore, today it is important to develop and implement new
schemes for the use of HP. The market needs specialists who have the necessary knowledge and competences to
create an offer in competitive solutions, as well as able to defend these solutions and successfully implement them.
After conducting a review of literary sources on this topic, it was found that the research of foreign and domestic
scientists is aimed at solving the issues of soil heat exchanger structures, their shape and size, analysis of materials
used for the production of equipment, economic analysis of the conditions of use of HP in certain countries. The
issue of a comprehensive approach to solving the problem at the design stage from the point of view of
thermodynamic and energy analyzes of the effectiveness of the use of HP when changing the factors affecting its
operation has not been carried out before, therefore it is relevant for solving specific problems today. The main
novelty of the conducted research is as follows: - for the combined heat pump-recuperator scheme of heating and
ventilation using the heat of waste water, the dependence of energy efficiency criteria on the main parameters of
the scheme was determined and their values were compared with the same values for the scheme without the use
of additional energy sources; - the influence of the determining parameters on the efficiency of the heat pump
heating and ventilation system using the heat of the soil and waste water was analyzed, the dependence of the
specific load of the soil heat exchanger on the external temperature, the share of the heat flow on hot water and
ventilation in the total heat flow for heating was determined and analyzed; - a calculation model is proposed for
determining the thermodynamic efficiency of the use of a combined heating and ventilation system based on
sequentially installed soil and air HP; the degree of heat utilization is determined to achieve a positive energy
effect when using the proposed solution; - an air conditioning scheme was developed based on a ground heat
pump using a horizontal ground heat exchanger for operation in active and passive air conditioning modes; the
limits of system operation in both modes are defined; the conditions for achieving a significant positive effect of
the application of the scheme, compared to the split system, are shown; - obtained and analyzed the dependence
of the energy efficiency of the use of a heat pump based on a vertical soil heat exchanger for air conditioning; the
optimal parameters of using the proposed solution are determined. The proposed solutions make it possible to
increase the energy efficiency of the use of heat pumps for heating, ventilation and air conditioning, thereby
contributing to the wider introduction of alternative energy sources in the utility sector of Ukraine. When using
the obtained dependencies for the analysis of thermodynamic efficiency at the stage of designing heat pump
systems for buildings of various types, it is possible to achieve a positive energy effect and savings on capital and
operating costs during the construction and installation of the system. The application of the proposed approaches
can take place in specialized programs for the selection and design of heating, ventilation and air conditioning
systems based on ground heat pumps.
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