AHOTANIA

leanoe 11.0. HinBumenns e(peKTUBHOCTI aJIbTePHATHUBHOI'0
TEIJIONOCTAYAHHS 32 PAaxXyHOK €Heprii I'PpyHTY, I'PYHTOBHX Ta CTiYHMX BOJX. —
Kpaniikariitna HaykoBa mparis Ha MpaBax pyKOIIUCY.

Juceprairist Ha 3M00YTTS HAYKOBOTO CTYIIEHS JOKTOpa (imocodii 3a cremiaibHICTIO
144 — Tennoenepretuka. — Hamionaneuuii yHiBepcuteT “Onecbka nomitexHika” MOH
VYkpainu, Opneca, 2026

Y BcTymi BHCBITIEHO akKTyalbHICTh Ta JIOCBiJ 3aCTOCYBaHHS CY4YacCHHX
TEXHOJIOT1i reHeparlii TerIoTH Ha 6a31 TEIUIOHACOCHUX LUKIIIB 3 BUKOPUCTAHHSIM €HEprii
rpyuty (IE), rpyntoBux (IB) i criunux Box (CB).

AnbTepHATHUBHE TETJIONOCTaYaHHs 3a pPaxyHOK BUKOPUCTAHHS
HU3bKOIIOTEHLIHHOT €HEpPTii IPYHTY, IPYHTOBUX Ta CTIYHUX BOJI AJIsl MAPOKOMIIPECITHOTO
terioBoro Hacocy (TH) HanexuTh 70 €HEpProomagHuX I1HHOBAIIMHUX TEXHOJOT1H
3aBJSKH 301IbIICHHIO €HEPreTUUHOi e(eKTUBHOCTI LUKy TH Ta 3MeHIIeHHI0 MIKOIu
JOBKIJITIO 32 PaXyHOK JAeKapOOHi3allii TEXHOJIOTIYHUX MPOIIECIB B CUCTEMI.

Ha mizicraBi aHanizy pe3yJsbTaTiB Cy4yaCHUX CBITOBUX Ta BITUM3HSIHHUX JOCIIIKEHb,
3BaKalOYM Ha TOCTPY NOTPedy Yy 3acTOCyBaHHI I1HHOBAI[IMHUX METOMAIB TeHeparlii
TEIUIOTH, MOXXHAa 3pOOWMTH BUCHOBOK, IO 3allMTOM MPAKTUKUA € PO3poOKa HAyKOBO-
OOTPYHTOBAHOTO 1HCTPYMEHTAPIIO ISl BIOCKOHAJICHHS CHEPreTUYHUX, €KOJIOTTYHHX,
PEKUMHUX T4 CXEMHO-KOHCTPYKTHBHUX MapaMeTpiB (PYHKIIIOHyBaHHS TETNIOHACOCHHUX
cucteM Ha 0a3l eHeprii IPyHTY, IPYHTOBUX Ta CTIYHHUX BOJI, SIKI BIANOBIIAIOTH
eHepro3oepirarounM  3acajamM 1 MOXYTh OyTH 3acTOCOBaHI IIMPOKUM CIIEKTPOM
CIIO’KMBAYIB Taly3l.

JIist oOTpyHTYBaHHSI JOLUIBHOCTI 3aCTOCYBaHHS 1HHOBAIIMHUX TETUIOHACOCHHUX
METO/I1B TeHepallil TerI0TH Ha 6a31 eHeprii IPYHTY, IPYHTOBUX Ta CTIYHUX BOJ, Ma€e OyTH
3aCTOCOBAaHUM  1HCTPYMEHTapid, 3 BHUKOPUCTAHHAM METOJIB MaTEMaTHUYHOIO
MOJIETIIOBAHHS, L0 JI03BOJISIE MiJABUILUTH EHEPTreTHYHY 1 €KOJOTiYHy e(eKTUBHICTbH
TEXHOJIOTITYHUX 1 CXEMHO-KOHCTPYKTUBHUX PIIIEHb JJIs iX MPaKkTUYHOI peanizailii, 3a

yMOB, IO MPUMHATI JO yBark €HEPreTMuyHa CIPOMOKHICTh HU3bKOMOTEHIIIHHUX



BIJTHOBJIIOBAaHUX JDKEPEN €Heprii g HaAlHOro TEeri03a0e3MeuyeHHs, 3 ypaxyBaHHIM
KJIIIMAaTHYHUX OCOOJIMBOCTEH.

Ane, He3BaKalOUW Ha aKTyaJdbHICTh MOTped Yy 3acTOCYyBaHHI 1HHOBAIIMHUX
TEXHOJIOT1] TEeTu103a0e3MeYeHHs] Ta YHUCENbHI JIOCIHI/DKEHHS B BKAa3aHOMY HAampsMKY,
MIMPOKOMY PO3MOBCIOPKEHHIO TEIJIOHACOCHUX TEXHOJIOT1i, 3 BUKOPUCTAHHSM EHEeprii
IPYHTY, IPYHTOBHX 1 CTIYHUX BOJI, 3aBa)Ka€ BIICYTHICTh y3araJlbHEHOTO 1HCTPYMEHTapiio
OOTpYHTYBaHHSI PiIlIEHb, CIPSIMOBAHUX HA yIOCKOHAJIEHHS CHEPIeTUYHUX 1 €KOJIOTTUHUX
YUHHUKIB (DYHKI[IOHYBaHHSI CHUCTEMHM, 3JIaTHHX 3a0€3MEYUTH CTaUi TEPMIYHUN CTaH
JOKEpeN albTEpPHATUBHOI €HEprii JJig TEMJIOHACOCHUX CHUCTEM IMpHU iX JOBrOTPUBAIIIM
eKCIUTyaTarii.

Takum dYMHOM, IJIsi OOIPYHTYBaHHSI PEXKUMIB PAI[lOHATILHOTO BUKOPHUCTAHHS
TEMJIOHACOCHUX CHUCTEM Ha 0a3l eHeprii IPYHTY, [PYHTOBHUX Ta CKUJIHUX BOJ HEOOX1ITHO
3aCTOCOBYBAaTH Yy3araJlbHEHUW 1HCTpYMEHTapiii, 3 BUKOPHCTAHHSIM METO/IIB
MaTEMaTHYHOTO MOJEIIOBAHHS, HA OCHOBI BU3HAYaTH YMOBH (DYHKIIIOHYBaHHS CHCTEMH,
o0 HE IIKOAATh JOBKULIIO, 1l CXEMHO-KOHCTPYKTHBHI, TEIUIOBI Ta PpPEXUMHI
XapaKTEPUCTHUKH, 3 ypaxyBaHHSIM KIIIMATUYHUX YAHHUKIB T PET10HATLHOTO TEXHIYHOTO
MOTEHI[1aTy HU3bKOMOTEHLIMHUX anbTepHaTuBHUX Hkepen eneprii (HAE), ski 3matHi
HaJlliHO 3a0e3leuyBaTd TOTPEeOM CIOXHBAYIB 3 MaKCUMAJIbHUM KOE(IIIEHTOM
3aMiILEHHS] BUKOITHOTO MajIKBa.

Takum  yuHOM,  y3arambHeHuM  1HcTpymeHTapid  (YI)  yaockoHaneHHs
terionacocHux cucteM (THC) Ha 6a3i eHeprii IpyHTY, IPYHTOBUX Ta CKHJIHUX BOJ Ma€
rapaHTyBaTu e(dekTuBHUI mepedir mpoiieciB B enementax THC mpu moBrotpuBaiii
ekcrutyaTanii 0e3 tepmiunoro sucHaxkenus HAJIE, npu Bimbopi IE, IB i CB mis
Bunapauka TH, 110 € akTyanbHOIO HAYKOBO-TEXHIYHOIO 33]1a4€0, SIK1i IPUCBSIUEHO JlaHe
JIOCITIKEHHS.

VY BcTyni aucepTariiitHoi poOOTH BU3HAYEHO O0'€KT, MpPEAMET, 3a/Jadi Ta METOIU
JOCTI/DKEHHS; HABEJACHO HAYKOBY HOBH3HY Ta NPAKTHYHY 3HAYMMICTh OTPUMaHHUX
pe3yJIbTaTiB JOCIII)KEHHS; BUCBITIIEHO OCOOUCTHI BHECOK 37100yBaya.

Y posnpini 1 guceprarmiiinoi poOOTH BHCBITJICHO 3acaid  €(PEKTUBHOTO

BUKOPUCTAaHHSI CYYaCHMX TEXHOJIOTIM reHeparllii eHeprii, BCTAaHOBJIEHI iX MepeBaru Ta



Heaomiku. [Tokazano, 1m0 1711 epeKTUBHOTO BOIPOBAHPKEHHS CUCTEMH TEII03a0e3meueHHs
3 pallioHaJTbHUM BUKOPUCTAaHHSIM B TeIUIOHAacocHUX yctaHoBOK (THY) eneprii rpyHrty,
IPYHTOBUX Ta CKHMJIHUX BOJ 3aJJI1 BHUpPIUIEHHS MpOOJEeM eHEepro30epekeHHs, 3
ypaxyBaHHSM pETiIOHAIBHUX MOXKJIMBOCTEH 1 TOTped CHOXKMBadiB, HEOOXITHUM €
po3po0Kka MaTeMaTUyHOI MOJEII, SIKa CHPOMOKHA BU3HAYMTH PALIOHAIBHI PEKUMU
po0OTH cHCTEMH, K1 MOTEPEIKAIOTh MPOMEP3aHHS IPYHTY — HETAaTUBHUI €KOJIOTTUHUN
edekT, IKUi MOKe BUHUKATU IpU AoBrotrpuBaiiit ekcruryaramii THC.

OTxe, BHUHUKAE aKTyajJbHE HAYKOBO-NPAKTHUYHE 3aBIaHHS  IIJIBUIICHHS
€()EeKTUBHOCTI 1 3MEHIIIEHHS TEIIOBOTO 3a0pyIHEHHS JOBKULIS LIISTXOM BJIOCKOHAJIEHHS
pPEXUMIB pOOOTH CUCTEMH aJbTEPHATUBHOIO TEIUI03a0e3NeUeHHs, 10 3abe3neuye
3pocTaHHs Koe(illieHTa 3aMIIIeHHs] BUKOITHOTO TaIuBa.

AnpTepHATHBHI TEXHOJOTII A KIIIMATUYHUX YMOB Y KpaiHl XapaKTepHI HAsSBHICTIO
TEXHIYHOTO MOTEHIIay €HEeprii IPyHTY, IPYHTOBOI Ta CKUJHOI BOJH, SKUI JIOLIJIBHO
YTUII3YyBaTd B TEIUIOHACOCHUX YCTAHOBKAaX 1 KOPUCHO BHUKOPUCTOBYBATH IS
TEIJI03a0€3MEeUEHHs  PI3HOPIIHUX  CHOXKMBayiB.  PilllleHHS  Tpo  JOIUIBHICTH
BIIPOBA/KEHHSI TaKOi CHCTEMHU €Hepro3ade3NeueHHs MpHUilMaeTbes 3a pe3ysbTaTaMu
BU3HAYECHHS €(QEKTUBHOCTI POOOTH TEIUIOHACOCHUX YCTAHOBOK, 3 BHUKOPHCTAHHIM
eHeprii IPyHTY, I'PyYHTOBMX Ta CKHUIHHX BOJ, 3a CHEPreTUUYHUMH, EKOHOMIYHHMH,
€KOJIOTIYHUMU Ta COLIaIbHUMU YUHHUKAMH.

Crnin 3ayBaKuTH, 110, HE3BaKAIOYM HA HEOOXIJIHICTh 3aCTOCYBAaHHSI Ta YHMCJICHHI
JOCIIKEHHS, K1 CIIpsIMOBaH1 Ha pakTu4Hy peanizaimito THC Ha 6a31 eHeprii rpyHTYy,
I'PYHTOBOI Ta CKMIHOI BOAM IS PETIOHAIEHUX YMOB, 3aBa)Ka€ HEAOCTATHS €(PEKTUBHICTh
ICHYIOYMX B TEMEPINIHIA 4Yac pIlieHb, K1 TO3BOJSIOTh MPOTHO3YBAaTH Ta 3amoOiraTh
(a30BOro MepeTBOPEHHS BOJOTH B IPYHTOBOMY MAacHBI HAaBKOJO I'PYHTOBOTO KOHTYpPY
THC, T0o0TO 0€3 WIKIAJIMBOrO €KOJOTIYHOrO BIUIMBY. JIJsl BUpIilIEHHS LbOTO 3aBAAHHS
JIOCIIJIKEHHST  3allPOTIOHOBAHO 1HCTPYMEHTapiil BJOCKOHAJIEHHS PEXUMIB pOOOTH
pizHopigaux THC eneprozabe3nedeHHs Ha 6a31 €Heprii IPYHTY, IPYHTOBOI Ta CKUAHOI
BOJM, TEXHIYHUI MOTEHLIAT IKMX BU3HAYAETHCS PETIOHATBHUMHU YMOBAMH.

Cdopmynvosano nepwuii nynHkm HAyKo80i HOBU3HU, KA TOJSATaE B

HACTYITHOMY: [UJIsi MIJABUIIEHHS €(GEeKTUBHOCTI CHCTEM €Hepro3abe3reueHHs, 3



pallioHaJbHIM BUKOPHUCTAaHHSM TEIUIOHACOCHOI cUcTeMH Ha 0asi pizHopiaux BJIE
(eHeprii rpyHTy, TpPYHTOBOi Ta CKHJHOI BOJM), HEOOXIHO 3aMpOIOHYBaTH
IHCTpYMEHTapid  MaTeMaTUYHOrO  MoJentoBaHHsS  (yHkmionyBanHs THC 3
BUKopUcTaHHAM pizHopigHUX HAJIE, 3 ypaxyBaHHSAM iX TEXHIYHOTO MOTEHLIATy Ta
pErioHaNbHUX KIIMAaTUYHUX YMOB, SIK 3ac00y €HEpro30epekeHHs, 10 MNpu3Bene 10
KOPUCHUX €(EKTIB: €HEPreTUYHOrO (3MEHIINTh YacTKy BHKOPUCTAaHHS TPAAUIIMHUX
NEPBUHHUX EHEPreTHYHUX PEecypci) Ta EKOJIOTIYHOTO (3MEHIIMTh TEIJIOBY UIKOIY
JOBKULTIO) TIPU TOBIOTPUBAJIM eKCIUTyaTallii BKa3aHUX TEIUIOHACOCHUX CUCTEM.

Y posaiai 2 006IpyHTOBAaHO YMOBH PalliOHAJIbBHOTO BUKOPUCTAHHS TETJIOHACOCHOI
cuctemu Ha 6as3i emeprii rpyary (IETHC) s wmineil TemmonmocrayaHHs, 3
BUKOPUCTAHHSM 1HCTPYMEHTapil0 MaTeMaTHYHOTO MOJEIIOBaHHS HECTalllOHApHUX
ternosux npouecis B IETHC. 3a pe3ynbTaTaMu YUCENbLHOr0 MOEIIOBAHHS PO3POOIIEHO
peKOMeHalii o0 miaBUIeHHs eGekTUBHOCTI 1 HamiliHocTi pynkuionysanns ITHC,
0e3 MOTipIIEHHS TEPMIYHOTO CTaHy MAacCUBY IPYHTY HABKOJO I'PYHTOBHMX 30HJIB IPH
noprorpuBaiii  po6ori IETHC. 3anponoHoBanuii  HamM  iHCTpyMeHTapiid
HECTAI[lOHAPHUX TEIUIOBUX TMPOIECIB B IPYHTOBOMY MacuBi J103BOJWB B 1,5 pasiB
MiABUIIATH TOYHICTh PO3PAXYHKY KyMYJISITUBHOI TETUIOTH, SIKa HAIXOIUTH B IPYHTY 10
BUIIAPHUKA TETUIOBOTO HACOCY, 3 YpaxyBaHHSIM Pi3HOI IHTEHCUBHOCTI TETUIOBIIBOAY BiT
IPYHTY TIO BUCOTI IpyHTOBOi TpyOku. KpiM TOro, oOrpyHTOBAaHO yMOBH IIiJIBUILEHHS
e(eKTUBHICTh POOOTH I'PYHTOBOI'O 30HJY 3a PAXyHOK 3MEHIIEHHS MPOTSKHOCTI 30HU
Ter1000MiHI 3 mapoBorO (a3o0r, J¢ IHTCHCHUBHICTH TEIJIOOOMIHI BJABIUI MEHINA Ta
BCTAHOBJICHA BiJHOCHA NUTOMA IUIONIA IPYHTOBMX 3OHMAIB Ha 1 M? ONAIIOBAILHHUX
MIPUMIIIEHB.

Jlpyeuit nynkm HayKo60i HO8u3Hu TIONSTAE B HACTYITHOMY: BU3HAYEHO paIliOHAIbHI
yMOBHU (DYHKI[IOHYBaHHs TEIUIOHACOCHOI cucTeMu Ha 0Oasi eneprii rpyuty (IETHC) B
peXMMax TEIUIONOCTAYaHHs, 3 BUKOPUCTAHHSIM 3allPOIIOHOBAHOTIO 1HCTPYMEHTAapil0
MaTEeMaTUYHOTO MOJICTIOBAHHSI HECTalllOHAPHUX TEIUIOBUX TMPOIECiB B eleMeHTax
TETHC na 3acagax enepro30epirato4nx TeXHOJONIH, 3 ypaxXyBaHHAM KJIiMATHYHHX YMOB.
3anponoHOBaHO CXEMHO-KOHCTPYKTHBHI, TEXHOJIOTIUHI Ta pexxuMui napamerpu IETHC,

SIK1 336631’[C‘IYI-OTL €KOJIOTTYHI nepesBarn CUCTEMHU 3aBAAKH IOMNCPCIPKCHHIO CTaHy



(azoBOro mepexoAy B MacuBl IPYHTY HaBKOJIO TPYHTOBUX 30H/IIB MPH JTOBIOTPUBAIOMY
(YHKI[IOHYBaHH1 TEIUIOHACOCHOI CHUCTEMH. 3ampONOHOBAHWUN HAMHU 1HCTPYMEHTapii
HECTAI[lOHAPHUX TEIUIOBUX MPOIECIB B IPYHTOBOMY MAacHBiI J103BOJMB B 1,5 pasiB
MiBUIIUTH TOYHICTh PO3PaXyHKy KYMYJISITUBHOI TETUIOTH

Y po3nini 3 00rpyHTOBaHO YMOBH palliOHATHLHOTO BUKOPUCTAHHS TEIJIOHACOCHOT
cucremu Ha 0asi rpyntoBux Box (IBTHC) mis omanmeHHS i KOHAMIIOHYBaHHS, 3
BUKOPUCTAHHAM 1HCTPYMEHTapil0 MAaTeMaTUYHOTO MOJCIIOBAHHS HECTalllOHAPHUX
TerutoBux npouecis B IBTHC. 3a pe3yibraTaMu YMCELHOT0 MOJETIOBAHHS PO3POOIEHO
pPEKOMEHIAIIiT MO0 MiABUIIEHHs e(pEKTHBHOCTI 1 HamilHOCTI QpyHKionyBanus [BTHC
B PEKMMax OIaJICHHs 1 KOHAULIOHYBaHHs 0€3 MIKOIU JOBKULIIO, 10 3a0e3Meuy€eThes 3a
paxyHOK oOprasizaiii pereHepaiii TEIJIOTH MPU 3HAKO3MIHHUX HaIpsMKax MOTOKIB
IPYHTOBOI BOJIH, a came, pu Binbopi Tertory I B Bix CIB mist 1ineii onaneHss i ckui
terutor I B B CIB 14 1iieii KOHAMIIOHYBaHHi, 0 cTa0iIi3ye TEpMiYHHMiA CTAaH MACHBY
rpyuty HaBkono CIB, HaOmmbkarouu iHoro 10 (DOHOBOTO, HPU JOBFOTPHUBATIOMY
(YHKLIOHYBaHHI TEIJIOHACOCHOI CHUCTEMH  JJIA IIUPOKOTO CHEKTPY TEIJIOBUX
CIIO’KHMBAYIiB.

Tpemiit nynkm HayK0680i HOGU3HU TIOJISATAE B HACTYITHOMY: BU3HAYEHO palliOHAJIbHI
yMOBY (DYHKI[IOHYBaHHs TEIUIOHACOCHOI cucTeMH Ha 6asi rpynrosux Box (IBTHC) B
peXKMMax ONAJEHHS 1 KOHAMIIIOHYBaHHS, 3 BUKOPHCTAHHSM 3alPONOHOBAHOTO
THCTPYMEHTAP1I0 MAaTEMATUYHOTO MOJIEJIFOBAHHS HECTALIIOHAPHUX TEIUIOBHUX IMPOIIECIB B
enementax IBTHC Ha 3acamax eHepro30epiraloumx TEXHOJIOTiH, 3 ypaxyBaHHIM
KJIIIMATUYHUX YMOB. 3alpOlNOHOBAHO CXEMHO-KOHCTPYKTHBHI, TEXHOJIOTI4HI Ta
3HAKO3MiHHI pesxuMHi 1k pobotr IBTHC, ski 3a0e3meuyroTh €KOJIOTIYHI IepeBaru
CHCTEMH 3aBISKH HOpMai3allii TepMiuHOTO cTaHy MacuBy IpyHTy HaBkosno CIB,
HAOMMKaOUM MOro 10 MPUPOAHOrO CTaHy MNpU JIOBFOTPUBATIOMY (PYHKIIOHYBaHHI
CUCTEMH TP 3HAKO3MIHHUX HAIPSIMKax MOTOKIB IPYHTOBOI BOJIH.

Y posaiai 4 061pyHTOBaHO YMOBH PalllOHAJIBHOIO BUKOPUCTAHHS TETJIOHACOCHO1
cucteMu Ha 0asi eHeprii ckuaHux Boa (CBTHC) ang uinedt TemionoctadyaHHs, 3
BUKOPHUCTAHHSM 1HCTPYMEHTAPII0 MAaTEMAaTUYHOTO MOJICIIOBAHHS TEIJIOBUX IMPOIIECIB B

TCHJIOO6MiHHI/IKy-BI/IHapHI/IKy. 3a pe3yiibTaTaMU YHUCCIBHOI'O MOACIIIOBAHHSA



OOTPYHTOBAHO JONUIbHICTh BAKOPUCTAHHS TETUIOHACOCHUX CUCTEM Ha 0a31 CKUIHUX BOJT
MIPOMUCIIOBOTO 1 MOOYTOBOTO MpU3HAYEHHS. 3alpOIIOHOBaHA HAMH METOJIMKA JO3BOJISIE
BHU3HAYATH €PEKTUBHICTh POOOTHU TEIJIOOOMIHHUX MOBEPXOHb TEIMJIOHACOCHOT CUCTEMU
0€3 K01 HABKOJHUIIHHOMY CEPEIOBHUIILY.

Yemeepmuil nyHKmM HAYKOBOI HOBU3HU TIOJISITAE B HACTYITHOMY: 3aIlpOIIOHOBAHO
IHCTpyMEHTapii  YHMCETbHOTO  MOJETIOBaHHA  €()EeKTHBHICTH  3aCTOCYBaHHS
TEIIOHACOCHUX CHUCTEM Ha 0a3i CKUIHHUX BOJ] IPOMHCIOBOTO 1 MOOYTOBOTO MPU3HAYEHHS
0e3 mKoau AOBKULIO Po3pobiieHO pekomeHaalrli 100 omnTUMIZallli mapameTpiB
BunapuukiB CBTHC, ski 3a0e3neuyrors 3aminieHHs1 Bukonuux [1EP

Kniwuosi cnosa: MmareMatuyHe MOJICIIOBAaHHS, HECTAIlIOHAPHI TEIUIOBI MPOIIECH,
IHCTpYMEHTapid  MoOJentoBaHHs, (a3oBl  NEPETBOPEHHS, TEPMIYHUN  CTaH,
HU3BKONOTEHIIIIHI JKepena eHeprii, eHepris IPyHTYy, IPYHTOBI BOJAM, CKHIHI BOJH,

TGHJIOO6MiHHI/IKI/I, TCILNIOHACOCHA CUCTCMA, KYMYJIITHBHA TCIIJIOTA, CHGpFOC(i)eKTHBHiCTL.

HaykoBi mpani, B sfiIkMX OmIyO/JiKOBaHI OCHOBHI HAYKOBi pe3yJIbTaTH
aAMcepTAanii:

1. Denysova A.A., Ivanov P., Mazurenko A.S., Zhaivoron O.S. Perfection of an
Energy-Economic and Environmental Parameters of the Ground Source Heat Pump
Systems with Preventing Freezing of the Soil around Ground Pipes// PROBLEMELE
ENERGETICII REGIONALE 2(62) 2024. — P. 108 -120. - Available from: DOI:
https://doi.org/10.52254/1857-0070.2024.2-62.10 (Indexed in SCOPUS)

2. Denysova A.E., Ivanov P.O. The toolkit of numerical modelling of the operating
modes of the geothermal heat pump for heating and cooling with the account of climate
conditions // Refrigeration Engineering and Technology, 2026 . — P. 1 — 14. - Available

from: https://journals.ontu.edu.ua/index.php/reftech/article/view/3380

(Peecmp naykoeux gaxosux euoanv Yxpainu, kamezopis «by).
3. HenucoBa A.€., IBanop I1.0. MaTematnuHe MOJI€JIFOBaHHS HECTalllOHAPHUX
TEIJIOBUX MPOLECIB B IPYHTOBIA TeruioHacocHIM cuctemi// BicHuk HamionamsHOTO

Texuiuynoro VYuiBepcurery «XIII». Cepia: InHOBamiiiHi JOCHIIKEHHS Yy HAyKOBHX


https://doi.org/10.52254/1857-0070.2024.2-62.10
https://journals.ontu.edu.ua/index.php/reftech/article/view/3380

pobortax crymentiB, 2023, No 2 (1366). C. 11- 17. — Pexum poctymy: DOI:
https://doi.org/10.20998/2220-4784.2023.02.02

(Peecmp naykosux ¢haxoeux suoanv Ykpainu, kamezopis «b»).

4. Denysova A.E., Ivanov P. A. Modelling of thermal processes in vertical heat
exchangers of ground-source heat pump / Herald of Advanced Information Technology
2023; Vol.6. No.4. P. 352-362. —  Pexum JOCTYITY: DOIL:
https://doi.org/10.15276/hait.06.2023.23

(Peecmp Haykosux ¢haxoeux suoanv Ykpainu, kamezopis «by)

5. Alla Denysova, Svitlana G. Antoshchuk, Pavlo O. Ivanov, Olena O. Arsirii,
Anastasiya S. Troynina. Modelling of the temperature field in the soil massive for
different operating modes of the ground source heat pump // Applied Aspects of
Information  Technology. 2024, N7 (3): 242-254. Pexum  JocTyIy:
https://doi.org/10.15276/aait.07.2024.17

https://tests.hait.od.ua/index.php/journal/article/view/15

(Peccmp naykosux gpaxosux suoamsv Yxpainu, kamezopis «by).

6. A. Mazurenko, O. Klymchuk, G. Luzhanska, P. Ivanov, I. Sergeiev. .Ensuring
increased reliability and efficiency of heat supply systems due to the use of microturbines
in conditions of unstable power supply// Proceedings of Odessa Polytechnic University,
Issue 2(66), 2022 — P.58-63. Pesxxum noctymy: DOI: 10.15276/0pu.2.66.2022.07
https://doi.org/10.15276/0pu.2.66.2022.07

https://pratsi.op.edu.ua/index.php/pratsi/article/view/33/33

(Peeccmp naykosux gpaxosux suoaunsv Ykpainu, kamezopis «by).
HayxkoBi npaui, siki 3acBiTuy0Th anpodauil MarepiajiB quceprauii:

7. IBanoB I1.0., MunoB I1.0. EdexTtuBHICT, POOOTH TEIJIOBOTO HACOCY Y
MOCJIIIOBHO- MapaliebHii cxemi cucTeMu onaieHHs// [npopmaniiiii TEXHOJIOT1i: HayKa,
TEXHIKa, TEXHOJIOT1sI, OCBITa, 310pOB’s: Te3u Aomnosineir X XXIII mixuapogHOT HAYKOBO-
npakTuaHoi KoHpepeHiii MicroCAD-2025, 14-17 tpasus 2025 p. / 3a pen. npod. Cokona
€.1. — XapkiB: HTY «XIII». — C. 751. Pexxum noctyny: https://ndch.kpi.kharkov.ua/wp-
content/uploads/2025/05/Zbirnik-tez-2025.pdf



https://doi.org/10.20998/2220-4784.2023.02.02
https://doi.org/10.15276/hait.06.2023.23
https://doi.org/10.15276/aait.07.2024.17
https://tests.hait.od.ua/index.php/journal/article/view/15
https://doi.org/10.15276/opu.2.66.2022.07
https://pratsi.op.edu.ua/index.php/pratsi/article/view/33/33
https://ndch.kpi.kharkov.ua/wp-content/uploads/2025/05/Zbirnik-tez-2025.pdf
https://ndch.kpi.kharkov.ua/wp-content/uploads/2025/05/Zbirnik-tez-2025.pdf

8. IeamoB I1.0., Yaban A.O. IlinTpuMmka yMOB MIKpOKJIiMaTy Ha 3acajax
eHepro3oepirarounx TexHojoriii // IHdopmarmiiiHi TexHOJOrii: Hayka, TeXHIKa,
TEXHOJIOTIsA, OCBiTa, 370poB’s: Te3u gomoBigerd XXXIII wmikHApoIHOI HayKOBO-
npaktuaHoi KoHpepeHtiii MicroCAD-2025, 14-17 tpasns 2025 p. / 3a pea. npod. Cokomna
€.1. — Xapkis: HTY «XIIl». — C. 750. Pexum noctymy: https://ndch.kpi.kharkov.ua/wp-
content/uploads/2025/05/Zbirnik-tez-2025.pdf

9. HenncoBa A. €., IBanoB II. O. Excepretnuna e)eKTHBHICTh TEIJIOHACOCHHUX
TEeXHOJIOTIH 1Jia KoreHepariinux notped// Proceedings of XI International conference
"Informatics. Culture. Technique". InHOBaI1liHI eHepreTu4Hi TexHozorii, Oxeca, 16—17

#&oBTHS 2025 p., No2.—C.548-554.  https://doi.org/10.15276/ict.02.2025.82

10. IBanoB I1.O. Meronuka BU3HA4YEHHsI TeMIIEpaTypH TEIUIOHOCIS HA BUXOAL 3
I'PYHTOBOTO Tem100OMiHHUKA TeruioHacocHoi cuctemu // VIII International scientific and
practical conference VIII International scientific and practical conference «Scientific
Research as a Mechanism of Effective Human Development» (January 31-February 2,
2024) Sofia, Bulgaria, International Scientific Unity. 2024. C.341-344. — Pexum

nocTymy:  https://isu-conference.com/wp-content/uploads/2024/03/Scientific-research-

as-a-mechanism-of-effective-human-

development Jan 31 Feb 2 2024 Sofia Bulgaria.pdf

11. A.€ lenucona, I1.0.IsanoB. Monenp HecTalioHapHUX TEIJIOBUX IMPOIIECIB B
IpYHTOBI TeroHacocHid cucreMi // Proceedings of X International conference
"Informatics. Culture. Technique" . InHOBariiiHi eHepreTuuni TexHonorii, 2024, Vol. 1,

N1.-P.315-322. DOI: https://doi.org.10.15276/ict.01.2024.49

12. IBanoB I1.0., Mazypenko A.C. 3abe3neueHHs1 e(EKTUBHOCTI TEIJIOHACOCHOT
cuctemu // [HpopMaIIiitHI TEXHOJIOTII: HAayKa, TEXHIKa, TEXHOJIOTiS, OCBITa, 3JI0POB’A:
te3u gonoiaert XXXII MikHapoIHOT HayKOBO-pakTHuHO1 KoH(pepeHuii MicroCAD-
2024, 22-25 tpaBusa 2024 p. / 3a pen. npod. Cokomna €.1. — Xapkis: HTY «XIII». — C.
583. Pexum JOCTYMY: https://science.kpi.kharkov.ua/wp-
content/uploads/2024/05/Zbirnik-tez-MicroCAD-2024.pdf

13. Ma3zypenko A.C., IBanos I1.O., IllaBpoB B.B. IlepcriekTuBH BUKOPUCTAHHS

BOJIY CBEP/IJIOBHH JIJIsl TEIJIOHACOCHBIX CUCTEM Teruionoctadanns // Proceedings of the


https://ndch.kpi.kharkov.ua/wp-content/uploads/2025/05/Zbirnik-tez-2025.pdf
https://ndch.kpi.kharkov.ua/wp-content/uploads/2025/05/Zbirnik-tez-2025.pdf
https://doi.org/10.15276/ict.02.2025.82
https://isu-conference.com/wp-content/uploads/2024/03/Scientific-research-as-a-mechanism-of-effective-human-development_Jan_31_Feb_2_2024_Sofia_Bulgaria.pdf
https://isu-conference.com/wp-content/uploads/2024/03/Scientific-research-as-a-mechanism-of-effective-human-development_Jan_31_Feb_2_2024_Sofia_Bulgaria.pdf
https://isu-conference.com/wp-content/uploads/2024/03/Scientific-research-as-a-mechanism-of-effective-human-development_Jan_31_Feb_2_2024_Sofia_Bulgaria.pdf
https://doi.org.10.15276/ict.01.2024.49
https://science.kpi.kharkov.ua/wp-content/uploads/2024/05/Zbirnik-tez-MicroCAD-2024.pdf
https://science.kpi.kharkov.ua/wp-content/uploads/2024/05/Zbirnik-tez-MicroCAD-2024.pdf

XVIII International Scientific and Practical Conference “Theoretical and applied
aspects of the development of science”. Bilbao, Spain. May 09 — 12, 2023. — C.471-
474. Pexxum noctymy: https://isg-konf.com/uk/theoretical-and-applied-aspects-of-the-

development-of-science/

14. Maszypenko A.C., Jlyxxanceka ['.B., IBanoB I1.O., I'adpinuyk B.M.,XaBapa
FO.I1. BukopuctanHs MiKpOTYypOiH aBTOHOMHOTO €Hepro3abe3rnedeHHs B MIChKOMY Ta
cinbebkoMy rocrogapctsi // 1l MixknapoaHa HayKoBO-TIpakTHUHA KoH(epeH s “Modern
education using the latest technologies™, 17-20 ciuns 2023 p., Jlicabon, [TopTyramnis. —C
468— 470. Pexxum poctymy: https://isg-konf.com/uk/modern-education-using-the-latest-

technologies/



https://isg-konf.com/uk/theoretical-and-applied-aspects-of-the-development-of-science/
https://isg-konf.com/uk/theoretical-and-applied-aspects-of-the-development-of-science/
https://isg-konf.com/uk/modern-education-using-the-latest-technologies/
https://isg-konf.com/uk/modern-education-using-the-latest-technologies/

ABSTRACT
Ivanov P.O. Increasing the efficiency of alternative heat supply through soil,
groundwater and wastewater energy.

Thesis for the degree of Doctor of Philosophy in the Specialty 144 Heat power
engineering. — Odessa Polytechnic National University of the Ministry of Education and
Science of Ukraine, Odesa, 2026

The introduction highlights the relevance and experience of applying modern heat
generation technology based on heat pump cycles using soil energy (SE), groundwater
(GW) and wastewater (WW).

Alternative heat supply through the use of low-potential soil energy, groundwater
and wastewater for the vapor compression heat pump (HP) is an energy-saving innovative
technology due to increasing the energy efficiency of the HP cycle and reducing
environmental damage due to decarbonization of technological processes in the system
elements.

Based on the analysis of the results of modern global and domestic research, given
the urgent need for the application of innovative heat generation methods, it can be
concluded that the demand of practice is the development of scientifically based tools for
improving the energy, environmental, regime and schematic and design parameters of the
functioning of heat pump systems based on soil energy, groundwater and wastewater,
which meet energy-saving principles and can be used by a wide range of industry
consumers.

To substantiate the feasibility of using innovative heat pump methods for heat
generation based on soil energy, groundwater and wastewater, tools should be used using
mathematical modelling methods that allow increasing the energy and environmental
efficiency of technological and schematic and design solutions for their practical
implementation, under the conditions that take into account the energy capacity of low-
potential renewable energy sources for reliable heat supply, taking into account climatic
features.

But, despite the relevance of the needs for the application of innovative heat supply

technologies and numerous studies in this direction, the widespread use of heat pump



technology using soil energy, groundwater and wastewater is hindered by the lack of a
generalized toolkit for substantiating solutions aimed at improving the energy and
environmental factors of the system's functioning, capable of ensuring a stable thermal
state of alternative energy sources for heat pump systems during their long-term
operation.

Thus, to substantiate the modes of rational use of heat pump systems based on soil
energy, groundwater and wastewater, it is necessary to apply a generalized toolkit using
mathematical modelling methods, based on determining the operating conditions of the
system that do not harm the environment, its schematic and constructive, thermal and
operating characteristics, taking into account climatic factors and the regional technical
potential of low-potential alternative energy sources (LPAES), which are capable of
reliably meeting the needs of consumers with the maximum fossil fuel substitution
coefficient.

Thus, the generalized toolkit (GT) for improving heat pump systems (HPS) based
on soil energy, groundwater and wastewater should guarantee the effective course of
processes in HPS elements during long-term operation without thermal depletion of the
LPAES, when selecting SE, GW and SV for the HPS evaporator, which is an urgent
scientific and technical problem to which this study is devoted.

The introduction to the dissertation defines the object, the subject, the objectives and
the research methods. It presents the scientific novelty and practical significance of the
research results; highlights the personal contribution of the applicant.

In the section 1 of the dissertation highlights the principles of effective use of
modern energy generation technologies, establishes their advantages and disadvantages.
It is shown that for the effective implementation of a heat supply system with rational use
of soil energy, groundwater and wastewater in the heat pump systems (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 the system that prevent soil freezing - a negative environmental effect that can

occur during long-term operation of the HPS.



Therefore, there is a pressing scientific and practical task of increasing the 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 substitution
coefficient of fossil fuels.

Alternative technologies for the climatic conditions of Ukraine are characterized by
the presence of the technical potential of soil energy, groundwater and wastewater, which
is advisable to utilize in heat pump installations and usefully used for heat supply of
heterogeneous consumers. The decision on the feasibility of implementing such an energy
supply system is made based on the results of determining the efficiency of heat pump
installations, using soil energy, groundwater and wastewater, according to energy,
economic, environmental and social factors.

It should be noted that, despite the need for application and numerous studies aimed
at the practical implementation of HPS based on soil energy, soil and wastewater 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 the HPS, i.e. without harmful environmental impact, hinders.
To solve this problem, the research proposes a toolkit for improving the operating modes
of heterogeneous HPS of energy supply based on soil energy, soil and wastewater, the
technical potential of which is determined by regional conditions.

The first point of scientific novelty is formulated, which is as follows: to increase
the efficiency of energy supply systems, with the rational use of a heat pump system based
on heterogeneous LPAES (soil energy, groundwater and wastewater), it is necessary to
propose a toolkit for mathematical modelling of the functioning of HPS using LPAES,
taking into account their technical potential and regional climatic conditions, as a means
of energy saving, which will lead to beneficial effects: energy (reduce the share of use of
traditional primary energy resources) and environmental (reduce thermal damage to the
environment) during long-term operation of the specified heat pump systems.

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 the GSHPS. 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 m? of heated premises is established.

The second point of scientific novelty is as follows: rational conditions for the
functioning of a heat pump system based on soil energy (GSHPS) in heat supply modes
have been determined, using the proposed toolkit for mathematical modeling of non-
stationary thermal processes in GSHP elements on the basis of energy-saving
technologies, taking into account climatic conditions. The schematic, design,
technological and operating parameters of the GSHPS have been proposed, which provide
environmental benefits of the system due to the prevention of the phase transition state in
the soil mass around the soil probes during long-term operation of the heat pump system.
The toolkit for non-stationary thermal processes in the soil mass that we have proposed
has allowed us to increase the accuracy of the calculation of cumulative heat.

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 modeling, 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 groundwater 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 of the heat pump system for a wide
range of heat consumers.

The third point of scientific novelty is as follows: rational conditions for the
functioning of a ground water heat pump system (GWHS) in heating and air conditioning
modes have been determined, using the proposed tools for mathematical modeling of non-
stationary thermal processes in GWHS elements on the basis of energy-saving
technologies, taking into account climatic conditions. Schematic-constructive,
technological and regime GWHSs have been proposed, which provide environmental
benefits of the system due to the normalization of the thermal state of the soil mass around
the GW well, bringing it closer to the natural temperature field during long-term operation
of the heat pump system.

In the section 4, the conditions for the rational use of a heat pump system based on
wastewater energy (WWHS) for heat supply purposes are substantiated, using the tools
of mathematical modeling of thermal processes in a heat exchanger-evaporator. Based on
the results of numerical modeling, the feasibility of using heat pump systems 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 a heat pump system
without harm to the environment.

The fourth point of scientific novelty is as follows: a numerical modeling toolkit
has been proposed for the effectiveness of using heat pump systems based on industrial
and domestic wastewater without harming the environment. Recommendations have been
developed for optimizing the parameters of the WWHS evaporators, which ensure the
replacement of fossil fuels.

Keywords: mathematical modeling, non-stationary thermal processes, modeling
toolkit, phase transformations, thermal state, low-potential energy sources, soil energy,
groundwater, wastewater, heat exchangers, heat pump system, cumulative heat, energy

efficiency.
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