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Pedepar:

1. Y BCTymi BUCBITJIEHO aKTYyaJIbHICTh Ta AOCBIi[ 3aCTOCYBaHHS Cy4aCHUX TE€XHOJIOTII reHepallii TernysoTy Ha 6asi
TENJIOHACOCHUX LIMKIIB 3 BUKOpUCTaHHSAM eHeprii rpyHTy ([E), rpyHToBUX (I'B) i cTivHux Bog (CB). OGrpyHTOBaHO,
110 3aMIUTOM NPAKTUKHU € pO3pOOKa HAYKOBO-OOI'PYHTOBAHOTO iHCTPYMEHTAPIIO 1J1 BLOCKOHAJIEHHS] €HEPreTUYHUX,
€KOJIOTIYHUX, PEXXKUMHHUX i CXEeMHO-KOHCTPYKTUBHUX MapameTpiB TersioHacocHux cucrem (THC) Ha 6asi [E, I'B i CB,
SKi BiZITOBIIAI0Th €HEPro36ePiraloymm 3acaiam. YzarajibHeHuit iHCTpyMeHTapiit ynockonanents THC nHa 6asi [E, [B
i CB mae rapanTyBaTy e(peKTUBHUI NIepeodir NpoLecisB Mpy JOBrOTPUBAIiN €KCILIyaTallii, 0 € aKTyaJIbHOIO
HayKOBO-TEXHIYHOIO 3a/1a4eto. Y po3zisi 1 pucepTanifiHoi po60oTH BUCBITIEHO 3acaay e(peKTUBHOTO BUKOPUCTAHHS
Cy4yaCHUX TE€XHOJIOTil reHepallii eHeprii, BCTaHOBJIEHI iX IlepeBaru Ta HeJoJliky. [lokazaHo, 1o 1711 epeKTUBHOTrO
BIIPOBAPKEHHS CUCTEMHU TeI103a6e3nedeHHs 3 paioHaabHiuM Bukopuctaniam [E, [B i CB B THC 3amia BupimeHHs
po6sieM eHepro3depeskeHHs, 3 ypaxyBaHHSIM PEriOHaJbHUX MOKJIMBOCTEN i TOTPed CIIOXKUBAYiB, HEOOXIIHUM €

PO3pO6Ka MaTeMaTUYHOI MOZEJIi, sIKa CITPOMO>KHA BU3HAYUTY PalliOHAJIbHI PEXKUMU POOOTU CUCTEMU, SIKi



NONEePeKAI0Th MPOMEP3aHHS I'PYHTY — HETATUBHUI €KOJIOTIYHUI €(EKT, SIKUI MOKe BUHUKATU [IPY JOBrOTPUBAJIIN
excrutyatanii THC. OTxe, BUHUKaE akTyaJlbHe HAyKOBO-TIPAKTUYHE 3aBJJaHHS MifBUIIeHHS €(DEKTUBHOCTI i
3MEHUIEHHS TEIJIOBOrO 3a0pYAHEHHS NOBKIJJIS LIJISIXOM BILOCKOHAJIEHHS PEXKUMIB pOOOTH CUCTEMU
aJIbTEPHATMBHOIO TEMNJI03a0€31eYeHHs], o 3abe3euye 3pOCTaHHs KoedillieHTa 3aMillleHHsI BUKOITHOTO Na/IUBa.
AJbTepHaTHBHI TEXHOJIOTI] [J1s1 KJIIMATUYHNX YMOB YKpaiHi xapakTepHi HasiBHICTIO TexHiyHOro noteHujany ['E, B i
CB, sikuii nouinbHo yrumizysatu B THC i KoprCHO BUKOPUCTOBYBATHU [J1s1 TEIJI03a0€e31eYeHHsI Pi3HOPITHUX
CIIO>KMBauviB. PillleHHs IPO [OLiNbHICTb BIIPOBAIPKEHHSI TaKOi CUCTEMU €Hepro3abdes3neyeHHs IpUiMaeTbCs 3a
pe3yJsibTaTaMy BU3HAUYEHHS €(PeKTUBHOCTI pOOOTU TEIMJIOHACOCHUX YCTAaHOBOK, 3 BUKOPUCTAHHSIM €Heprii IPyHTY,
I'PYHTOBUX Ta CKUJHUX BOJ], 32 €EHEPreTUYHUMH, EKOHOMIYHNMU, €KOJIOTIYHMMU Ta COLliaJIbHUMU YMHHUKAMU.
HesBakalouu Ha HEOOXiHICTb 3aCTOCYBAHHS Ta YMCJIEHHI JOCHIIPKEHHS, SIKi CIIPSIMOBaHi Ha MPaKTUYHY peasisalliio
THC Ha 6a3i ['E, IB i CB nyist perioHanpHUX YMOB, 3aBaska€ HELOCTATHS €(EeKTUBHICTD iCHYIOUMX B TEIepiIIHii yac
pileHs, sKi JO3BOJIAIOTh IPOTHO3YBATH Ta 3anobiraTu (pa3oBOro nepeTBOPEHHS BOJIOTH B IPYHTOBOMY MacCHBi
HaBKOJIO I'pyHTOBOro KOHTYpY THC, TO6TO 6€3 MIKifJIMBOr0 €KOJIOTiYHOTO BIIMBY. [y BUpIlI€HHSs LIbOrO 3aBIaHHs
IOCJIiI)KEHHS 3aIIPOIIOHOBAHO IHCTPYMEHTAPil BIOCKOHaJIEHHS peXXUMiB poboTu pisHopigHux THC
eHeprosabesnedyeHHs Ha 6a3i ['E, ['B i CB, TexHiYHMi1 MOTEHIIias SKUX BU3HAYAETHCSI PEriOHAIbBHUMU yMOBamMu. Y
PO31iii 2 06IPYHTOBAHO YMOBU pallioHAJIbHOTO BUKOPUCTAHHS TEIIJIOHACOCHOI crcTeMu Ha 6a3i eHeprii IpyHTY
(TETHC) 11 Ljisie TenIonocTayat s, 3 BUKOPUCTAHHSIM iHCTPyMEHTapil0 MaTEMaTUYHOTO MOJIETIOBaHHS
HecTauioHapHUX TemoBux npouecis B [ETHC. 3a pesysibraTamu Y1CEIbHOTO MOZIETIOBAHHS PO3POBIEHO
pexkoMeHpanii mozo nigBuieHHs epeKTUBHOCTI i HafiHOCTI QYHKIIOHYBaHHS CUCTEMU, 63 MOTipIIeHHS
TEPMIYHOTrO CTaHy MaCUBY I'PYHTY HAaBKOJIO I'PYHTOBUX 30H/iB [IPY JOBFOTPUBAJIN €KCIIyaTallii. 3arporlOHOBaHUN
HaMU iHCTpYMEHTapiil HeCTallioHAPHUX TEIJIOBUX IIPOLIECiB B IPYHTOBOMY MacCHUBi JO3BOJIUB B 1,5 pasziB NiABUIMTH
TOYHICTb PO3pPaxyHKy KyMYJISSTUBHOI TEIJIOTH, SIKa HaIXOIUTD BiJl IPYHTY 10 BUIIapHUKA TETJIOBOTO HACOCY, 3
ypaxyBaHHSM pi3HOi iIHTEHCHUBHOCTI TEIJIOBiIBOAY Bifl I'PYHTY I10 BUCOTi I'PYHTOBOI Tpy6KU. OOIPyHTOBAaHO YMOBU
nifABUILEHHS €(EeKTUBHICTb pOOOTH I'PYHTOBOTO 30H1Y 32 PaXxyHOK 3MEHIIEHHs IIPOTSDKHOCTI 30HU TEIJIO00MiHI 3
IapoBoIO (Pa3olo, e iIHTEHCHBHICTD TEIIJIOO0MiHI BIBiUi MEHIIA Ta BCTAHOBJIEHA BiIHOCHA ITMTOMA IJIOLIA IPYHTOBUX
30HZIB Ha 1 M 2 onasoBaJbHUX MPUMileHb. Y po3aisi 3 06IPyHTOBAaHO YMOBHU PalliOHAJIbHOTO BUKOPUCTaHHS
TEIJIOHACOCHOI cucTeMu Ha 6a3i rpyHToBuX Boz ([BTHC) 1715t orasieHHs i KOHOUIIOHYBaHHS, 3 BUKOPUCTAHHSIM
iHCTPyMEHTAapil0 MaTEMaTUYHOTO MOJIE/IIOBAHHS HECTAL[IOHAPHUX TerIoBUX npotecis B IBTHC. 3a pesysbratamu
YHCEJbHOTO MOJEJIIOBaHHS pPO3pOo0JIeHO peKOMeH Iallii o0 nifABuIleHHs e(EKTUBHOCTI i HaliMHOCTI
¢byukuionysanus IBTHC B pexkumax OmajieHHs i KOHANUIIOHYBaHHS 6€3 IKOAX TOBKIJLITIO, [0 3a6€3MeYyeThCs 3a
PaxyHOK OpraHisatlii pereHepatiii TeIJIOTH IIPY 3HaKO3MiHHUX HAIPSMKax IIOTOKIB [PYHTOBOI BOJIY, a CaMe, IIpU
Bin6opi rensiotu [ B Bix CI'B miia uisneir onanenus i ckupi rerutotu [B B CI'B 14 wineit KOHAMI[IOHYBaHH, 10
crabiyidye TepMiyHMil CTaH MacuBy IpyHTY HaBkosio CI B, HaGmkarouu oro 10 GOHOBOTO, IPU JOBTOTPUBAJIOMY
dynkuionysaHHi THC 1151 MPOKOTO CIIEKTPY TEIJIOBUX CIIOXUBAYiB. Y Po3iji 4 06IPyHTOBAHO YMOBU
pallioHaJIbLHOTO BUKOPUCTaHHS TENJIOHACOCHOI cucTeMu Ha 6a3i eHeprii ckugnux Bog, (CBTHC) s ninei
TEIJIONIOCTA4YaHHS], 3 BUKOPUCTAHHIM IHCTPYMEHTApPilo MaTEMAaTUYHOTO MOZEJIIOBAHHS TEIJIOBUX ITPOLIECIB Y
BUIIApHUKY. 3a pe3ysibTaTaMy Y1CEeJIbHOTO MOJIEJII0BaHHS OOIPYHTOBAHO JoLinbHiCcTh BuKopucTanHsg THC Ha 6asi
CB npoMucioBoro i no6yToBOro Npru3HayeHHs. 3allpolIoHOBaHA HAMU METOMKA I03BOJISIE BUBHAYATH

eeKTUBHICTb po060TU BUNapHUKiB TH 6€3 KoY HABKOJUIIHbOMY CEPELIOBUILLY.

2. The introduction highlights the relevance and experience of applying modern heat generation technology based
on heat pump systems (HPS) using soil energy (SE), groundwater (GW) and wastewater (WW). It is substantiated
that the demand of practice is the development of scientifically based tools for improving the energy,
environmental, regime and schematic and structural parameters of the functioning of heat pump systems based on
soil energy, groundwater and wastewater, which meet energy-saving principles. The generalized toolkit for
improving heat pump systems based on GE, GW and WW guarantees the effective course of processes during
long-term operation. In the section 1 the principles of effective use, advantages and disadvantages of modern
energy generation technologies are established. It is shown that for effective implementation of a heat supply
system with rational use of GE, GW and WW for HPS to solve energy saving problems, taking into account regional



capabilities and consumer needs, it is necessary to develop a mathematical model that is able to determine rational
operating modes of HPS that prevent soil freezing - a negative environmental effect that can occur during long-
term operation of system. Therefore, there is an urgent scientific and practical task of increasing efficiency and
reducing thermal pollution of the environment by improving the operating modes of the alternative heat supply
system, which ensures an increase in the fossil fuel substitution coefficient. Alternative technologies for the
climatic conditions of the Ukraine are characterized by the presence of technical potential of GE, GW and WW,
which is advisable to utilize in HPS and usefully used for heat supply. The decision on the feasibility of
implementing of such HPS is made based on the results of determining the efficiency of HPS, using GE, GW and
WW, according to energy, economic, environmental and social factors. Despite the need for application and
numerous studies aimed at the practical implementation of HP based on GE, GW and WW for regional conditions,
the insufficient effectiveness of currently existing solutions that allow predicting and preventing the phase
transformation of moisture in the soil mass around the soil contour of HP systems, without harmful environmental
impact, hinders. To solve this research problem, a toolkit for improving the operating modes of HP systems based
on GE, GW and WW, the technical potential of which is determined by regional conditions, is proposed. In the
section 2 the conditions for rational use of a ground-source heat pump system (GSHPS) for heat supply purposes
are substantiated, using the tools for mathematical modelling of non-stationary thermal processes in it. Based on
the results of numerical modelling, recommendations have been developed to increase the efficiency and
reliability of the GSHP operation without worsening the thermal state of the soil mass around the soil probes
during long-term operation of the GSHPS. The proposed tools for non-stationary thermal processes in the soil
mass allowed us to increase the accuracy of calculating the cumulative heat coming from the soil to the heat pump
evaporator by 1.5 times, taking into account the different intensity of heat removal from the soil along the height of
the soil tube. In addition, the conditions for increasing the efficiency of the soil probe by reducing the length of the
heat exchange zone with the vapor phase, where the heat exchange intensity is half as much, are substantiated,
and the relative specific area of soil probes per 1 m2 of heated premises is established. In the section 3 the
conditions for the rational use of a ground water heat pump system (GWHPS) for heating and air conditioning are
substantiated, using the tools of mathematical modelling of non-stationary thermal processes in GWHPS. Based on
the results of numerical modelling, recommendations have been developed to increase the efficiency and
reliability of the GWHPS operation in heating and air conditioning modes without harm to the environment, which
is ensured by organizing heat regeneration with alternating directions of GW flows, namely, when extracting GW
heat from the well for heating purposes and discharging GW heat into the well for air conditioning purposes,
which stabilizes the thermal state of the soil mass around the well, bringing it closer to the background, during
long-term operation for a wide range of heat consumers. In the section 4 the conditions for the rational use of a
heat pump system based on wastewater energy () for heat supply purposes are substantiated, using the tools of
mathematical modelling of thermal processes in the evaporator. Based on the results of numerical modelling, the
feasibility of using HPS based on industrial and domestic wastewater is substantiated. The methodology we have
proposed allows us to determine the efficiency of the heat exchange surfaces of WWHS without harm to the

environment.
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Cdepa ynpaBitiHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odiliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OIOHEHTH
Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Yepnoycenko Ouibra IOpiiBHa



2. Olga Y. Chernousenko

KBasidikanis: n.1.1., npodecop, 05.05.16
ImenTudikarop ORCID ID: 0000-0002-1427-8068
JoparkoBa iHdopmamist:

IloBHE HalIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuTeT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN IHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoO KeHHS: npocnekT Bepecreiicbkuii, Kuis, 03056, Ykpaina
dopma BiracHoCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. TirmoB Onexkcangp CepriiioBud

2. Oleksandr Titlov

KBasigikamis: 1. 1. u., npodecop, 05.05.14

ImenTudikarop ORCID ID: 0000-0003-1908-5713

JoparkoBa indopmamnist:

IloBHe HaﬁMeHyBaHHﬂ IOpI/I,uH‘{HOi 0COOM: OpechKUil HalliOHAIBHUI TEXHOJIOTIYHUIA yHiBEpCHUTET
Kopg 3a €IPIIOY: 02071062

Micue3Haxoa KeHHS: Bys. KanatHa, Oneca, 65039, Vkpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBitiHHS: MiHictepcTBo oCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Peuensentu

BiacHe IIpi3Buie Im'sa ITo-6aTbKOBI:

1. Kpusga Bikropis IropiBHa

2. Viktoriia I. Kryvda

KBasidikamis: . t. u., gouenr, 05.14.14

InenTudgikarop ORCID ID: 0000-0002-0930-1163

JoparkoBa indopmamnist:

IloBHe HaﬁMeHyBaHHﬂ IOPUIUYHOL 0C00H: HanionanbHuii yHiBepcuteT "OfiechbKa MoJiTexHika"
Kopg, 3a €IPIIOY: 43861328

Micue3Haxoa KeHHS: np. llleyenka, Oneca, 65044, Ykpaina



dopma BiracHOCTI: JlepxasHa
Cdepa yllpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBume Im's Ilo-6aTbKOBI:

1. Ko3znos Irop JleoninoBn4

2. Igor Kozlov

KBasigikanis: x. 1. ., npodecop, 05.14.14
Imentudikarop ORCID ID: 0000-0003-0055-9042
JonaTkoBa iHdopmalist:

IloBHe HaﬁMeHyBaHHﬂ IOPUIUYHOL 0COo0M: HanjonanbHuii yHiBepcuret "OfiechKa MoJliTexHika"
Kopg 3a €IPIIOY: 43861328

Micue3HaxoaKeHHS: np. lllepuenka, Oneca, 65044, Ykpaina
dopma BracHOCTI: /lepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3ak1104Hi BiZOMOCTI
Bnacwue IpizBume Im's I1o-6aTbKOBI Banacansu 'ennaziii Anb6epToBrY

TOJIOBH pajgu

Biacue IIpizBume Im's [10-6aTbKOBI Banacausu I'enHapiit AnbGepToBud

TOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasibHUI 3a HiATOTOBKY [TaBsio IBaHOB
00JIiKOBHX JOKYMEHTIB

PeeCTpaTop IOpuenko TersiHa AHaToJiiBHA

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZINOBiZaJIbHUM 32 peeCTpallilo HayKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




