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AHani3 Tenno-eHepreTUYHMX CUCTEM 3 BUKOPUCTAHHAM TENNOBUX HAaCOCIB i3 iIHTerpoBaHMMM. ..
Analysis of heat and power systems with the use of heat pumps with ground-based heat ...

EHepro3bepexeHHs i anbTepHaTMBHA eHepreTuka
Energy saving and alternative energy

“ 4

YOK 631.22.019

AHani3 Trenno-eHepPreTUM4HNX CUCTEM 3 BUKOPUCTAHHAM
TensioBMX HacoCiB i3 IHTerpoBaHUMMU Yy hyHOAMEHT
'PYHTOBUMMU TENJSIO0OMiHHUKaMu

B.l. MenbHuk ', B.M. Liumban 2

! XapkiecbKkuli HaujoHanbHUli mexHiyHuil yHisepcumem cinbcbKozo 2ocriodapemea
imeHi lNempa BacuneHko (M. Xapkis, Ykpaita) victor_melnik@ukr.net
2 HauioHarnbHuil yHisepoumem uueinbHo20 3axucmy YkpaiHu (M. Xapkis, YkpaiHa)
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B YKkpaiHi, Sk 4acTuHi €Bponu, y 3B’A3Ky 3i 3Ha4HUM 36iNbLUEHHAM BapTOCTi EHEPreTUHHMX pPeCcypciB
BigOyBaeTbCA eHepreTUYHa KpU3a, sika NPU3BOAUTL L0 CKOPOYEHHS BUPOBHULTBA, NOripLUEHHS PIBHA Mi-
KpOKMiMaTUYHUX YMOB Y MPUMILLIEHHSAX, 36inbLUeHHSAM BapTOCTi roTOBOT NpoA YKLl Ta 0 BENUKUX 36UTKIB,
SK Y CiNbCbKOMY rOCNoAapcTBi Tak i B npoMucnoBocTi. OfHUM i3 HanpsAMKiB BUpILLEHHS Liei npobnemu €
NigBULLEHHSA PIBHA eHepro3bepeeHHa Ta eHeproedeKTUBHOCTI, @ TakoX KOMdopTHOCTI, byziBens Ta
cnopyg, 3a AONOMOrol ankTepHaTUBHUX AXKeper eHeprii, Tenno-eHepreTUYHUX CUCTEM 3 BUKOPUCTaH-
HSM TENMOBUX HACOCIB, I'PYHTOBUX TEMNOOOMIHHUKIB iIHTErPOBaHUX Y (PYHAAMEHT, EHEPreTUYHNUX narnk.

B paHiin poboTi NpefcTaBneHo aHania Ta Kracudikayia iCHYUMX TeNMo-eHEPreTUYHUX CUCTEM 3
BMKOPWUCTAHHAM TennoBux Hacocis. Byno BCTaHOBMNEHO, WO OAHWM 3 NepCnekTUBHUX HanpsMKIB 4Ocni-
IXKEHHS € TENNo-eHepreTUyHi cUCTeMU 3 I'PyHTOBUMM TENNOOOMIHHUKaAMK iHTErpoBaHi B pyHAaMEHT,
eHepreTuyHi nani. JaHi eHepreTUdHi cCUCTEMU MOXITUBO KnacudikyBaTu 3a TEXHOMOMNYHUMW Ta KOHCTPY-
KUiiHUMK NapameTpamu. Byrno BCTaHOBMEHO HeraTUBHI XapakTepUCTUKA LIMX CUCTEM, A0 SKUX MOXITMBO
BiJHECTU: 3anexHicTb Bif MWUOUHN NPOMep3aHHs I'PYHTY, CKNaAHICTb NpoLecy MOHTaXy, HU3bKa KOpo-
3illHa CTillkicTb MeTaneBuUx KapkaciB Ta TennoobmiHHuKIB. [1o nepeBar LUMX CUCTEM MOXIMBO BiJHECTU:
BMKOPWUCTaHHA BiAHOBIIOBaNTbHOIO AXXepena eHeprii, eHepril I'pyHTY, Nig3eMHUX Bog, TENMOBTPATH Kpidb
dyHOaMeHT Ta LoKkorb ByAUHKY, eHepreTUYHUX KOMYHIKaLiid, MOXIMBICTb BUKOPUCTaHHS, SK AN OXON0-
IKEHHS Tak | Ansa obirpiBy NpuUMiIlLeHb, iHTErpoBaHicTb y nani TennoobMIHHMKIB, 3 HLUMMU eHepreTuy-
HWMW CMCTEMaMK Ta rapsde BogonocradaHHsA. BukopuctarHs Lux cuctem y ByaiBnsax MonovHux pepm
BENUKOI poraToi Xyfobu € NnepcnekTUBHUM HanpsMKOM AOCHIgXEHHS.

KniouoBi cnoBa: 2eoceonekmopu, mennoobMiHHUK, eHepaemuyHa nand, mennoesull Hacoc,
MosouHi chepmu, senuka poeama xydoba, eHepao3bepexeHHs, eHepaoethexmueHicmb

BcTyn. [eoTepmanbHa eHepria 3eMni (Tennosa
eHepria rpyHTy) — Ue akymynboBaHa y Burngagi renna
€Hepria nig BepxHiMu Wwapamu 3emni. Ha rmnbuHi Big
1,2 M i Binblie B YKpaiHi 'PyHTU HE Npomep3aloTb
uinuii pik Ha rmmubuHi 10 M Temnepartypa I'pyHTy 3Ha-
XOAUTLCA MNPAKTUYHO 3aBXAW Ha OAHOMY PpIiBHI —
6nu3bko 10 °C, He3anexHo Big mopu poky, i 36inb-
LIyeTbCA Yepes KoxHi 100 m B cepeaHbomy Ha 3 °C.
YuMm rnmubLue npoHUKATWM B Hagpa 3emni, TUM Ten-
niwe crae HaBKONULLHIA r'pyHT. B CepeaHin €sponi
Temnepartypa rpyHty 36inbluyeTbCa B CepeaHbOMY
Ha 3 °C 4vepes koxHi 100 M. Ha CcborogHiwHin geHb
BiAOMO, WO TemnepaTypa B LEHTPI 3eMni carae Big
5000 pgo 6000 °C [1]. Lia TennoBa eHepriq, sika 36e-
piraeTbCa B LEHTPi 3eMni 3a NOACBKMMM MacLuTa-

© B.l. MenbHuk, 6.M. LUum6an, 2019
© V.l. Melnik, B.M. Tsymbal, 2019

Gamu HeBMYEpNHA. 3 Haap HaLWOT NnadeTu Ao ii no-
BepXHi nparHe nocTinHWiA TENNOBUI NOTIK. BogHovac
COHAYHE BUMNPOMIHIOBAHHA i onaan CnpusaloTb reHe-
pauii HOBOT TENNOBOT EHEPTii I'PYHTY.

Mpu BMAOOYTKY TENnOBOT €Heprii 3 Haap 3emni
ana obirpisy Ta oxonomkeHHs 6yauHkis i cnopya Bu-
KOPUCTOBYIOTLCS TENSI0BI HACOCHK, SKi TPaKTUYHO npa-
LIOKOTb 38 NPUHUUMOM NOOYTOBOIO XONOAMIbHUKA: Y
NPOAYKTY, SKUIA OXONOMKYETLCA 3a0MpacTbCa Tenno
i nepeaaeTbca Yepes TeNNOOOMIHHUK Y NPUMILLEHHA.
Tak, NpM BUKOPUCTAHHI TENNOTU FPYHTY Ana ona-
NEHHSA B I'PYHTOBIN NOBEPXHi 3abupaeTbCca TENMO Ye-
pe3 3amkHyTy cuctemy TpybonposoaiB. Mpu LbOMY
pianHa, aka 3HaxoauTbcA B Tpy60onpoBoAai BUCTYNAE B
SAKOCTi TennoHocia. OTpuMaHe 3a A0NOMOro Tenso



BOro Hacoca Tenno I'PYHTY KOHUEHTPYETLCS, | Tenso-
HOCi CUCTEMM ONaneHHs HarpiBaeTbca A0 HeobXxia-
HOT TemMnepaTypu i NOAAETLCA B HarpiBanbHU KOH-
Typ. Mpn UbOMY OCOBNMBO BUrIAHO BUKOPUCTAHHS
MOro 3 HM3bKOTEMNEPATYPHUMU CUCTEMAMU, K, Ha-
npuknaa, nianorose onasneHHs i TeMnepyBaHHA sapa
OyaiBenbHUX KOHCTPYKLiN. TOMY BUKOPUCTAHHSA aga-
NTOBaHMX reokonekTopie aAna obirpisy abo oxorno-
KeHHA ByaMHKIB MONOYHKUX hepM BENUKOT poraToi
xyaobu, a Tako rapsye BOAONOCTAaYaHHA Ta CTBO-
PEHHS napu Ang crepunisauia A0iNbHUX anaparie €
NepCneKTMBHUM HaNPSAMKOM JOCHIAKEHHS.

AHanis ocTaHHiX gocnimkeHb i nyonikauin.
Mpobnemamn reocucteMm 3anWMalOTbCa BYEHi 3
BCbOro CBIiTY. Peanizatopom igei rpyHToBux (3emns-
HUX) reoTepMmarnbHUX TENNOBUX HaCOCIB, AKi OTpU-
Manu B NnodanbloMy pearnbHe NpakTu4He 3acToCy-
BaHHSA 0COBNUBO AN MIBHIMHMX KPAiH, BBAXAETLCA
BUHaxigHuK-eHTy3iacTt Pobept Bebep (Robert C.
Webber). B cepeauHi 40-x pokie XX ctonitta Bebep
BUMAAKOBO AOTOPKHYBCA A0 rapayoi Tpybu Ha Bu-
X0A4i 3 MOPO3UNBLHOT KaMepu Ta 3pO3yMiB, L0 Tenno
NPOCTO BMKMAAETLCA HA30BHI. BuHaxigHuk 3agyma-
BCS HAA4 TUM, SIK BUKOPUCTOBYBAaTU L€ TeNno, Ta BU-
pilmnB nomicTuTn Tpyby B Bonep Ansa HarpiBy BOAMW.
B pe3ynbrati Bebep 3abesneunB CBOIO CiM't0 TaKoHO
KiNbKICTIO rapayoi BOAK, AKe BOHW (Pi3BUYHO HE MOrnu
BMKOPWUCTOBYBATK, MPU LIbOMY YacTMHa Tenna Bij
HarpiToi BoAM noTpannana B nosiTps. Lle niawrtoBx-
HYFO MOro A0 AYMKM, LLIO Bid OAHOrO AXepena Tenna
MO>KHa HarpiBaTu i Bogy, i NOBITPA 04HOYACHO, TOMY
BebGep yaockoHanuB CBil BMHaxig i novae npora-
HATKU rapayy BoAy no cnipani (4epes3 3MiloBUK) i 3a
JOMOMOTOK HEBENUKOTO BEHTUIIATOPA NOLUMPIOBATU
TENno no 6yanHKy 3 METOI WOro onarneHHs. 3rogaom
came y Bebepa 3'aBunacs inesa «BukadyBatu» TENMO
3 3emni, Ae TeMneparypa He 3aHaaTo 3MiHoBanacs
NpOTAromM poky. BiH MOMICTUB B I'PDYHT MiaHi TpyOu,
no AKUM LMPKynoBaB ppeoH. Ha cboroaHiLwHin AeHb
Taka TEXHOMOriS BUITyYEHHA Tenna 3 I'pyHTy HasuBa-
€TbCs 0e3nocepeaHiM KUMNIHHAM Ta BBAaXAETbCS
HanedeKTUBHILLO [2].

HocnigHuubKa rpyna 3 eHepreTUYHUX reocTpyk-
Typ (Jlaboparopia mexaHikm rpyHty LMS), ao qkoi
BXOOATb Taki BYeHi: Jlecce Jlanyi, Aneccio ®eppapi,
Menic CyTMaH, ska 3aiMacTbCs CNOCTEPEKEHHSM,
BUMIPIOBAHHAM, PO3YMIHHAM Ta NPOrHO3yBaHHSA TOrO,
AK €HepreTudHi reoCTpykTypu MOBOAATLCH 3 TOYKU
30py MyNbTUI3UKK. [OSTOBHOK METOIO LIMX BYEHUX €
3a6e3neunTn ONTUMAarnbHi EHEePreTUYHi, reOTEXHIYHI
Ta CTPYKTYPHI XapakTepucTuku uiei TexHonorii [3].

BuyeHi [OHKOHICbKWMI NOMITEXHIYHMI YHIBEPCU-
TeT: YxaH BeHke, AH XOHrCiH, Iy JliH BaoCKOHanunu
TEXHOMNOril0 HAa3eMHOro 3'eéJHaHHA TENMOBUX HAaCo-
ciB (GCHP), aka Mae BMCOKONPOAYKTUBHI Xapakre-
puUCTUKKN y cchepi eHeprozbepexkxeHHs, 3axucTy Ha-
BKOJIMLLUHBLOTO cepefoBuLla Ta MOB'A3aHUMMU 3 LUM
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nepesaramu. PO3BUTOK X AOCRiAXKeHb NpU3BIiB A0
CTBOPEHHS HOBOTFO TUMY 3EMMSHOr0 TENMOOOMiH-
Huka (GHE) nig Ha3Boo "eHepreTnyHa kyya". Cnipa-
NbHi TENNOOOMIHHUKM yKNaaeHi B nani yHAaMeHTy
OyaiBenb, TAKUM YMHOM iHTETPYIOUU HECYYY KOHCT-
pykuito OyaiBenb 3 KOMMOHEHTOM Tennonepeaadi.
MeBHa YaCTUHA HarpiBanbHOrO HaBaHTaXEHHs abo
OXONOPKYIOHYOr0 HAaBaHTAXEHHS BUKOHAHA TaKuM
YWUHOM, TUM CaMUM 3MEHLLYIOYM MEPBICHY BaApPTICTb
BCi€T CUCTEMM OXONOAXKEHHS Ta onaneHHs. Ix nonin-
LLIEHHA NonArae B TOMy, L0 chipanbHa nNiHia 3aMiHioe
BiAOKPEMMEHI KOTYLLKMW, TAKUM YAHOM, WO NOCMiaoB-
HICTb NOB'A3aHMUX KOTYLLOK 3 MEBHUM AiaMeTpPOM po-
3noAaindeTbca no rmubuHi nani. BianosigHo, 06po6-
NATLCA HE TiNbKKM KPOK KOTYLLUKK, & M KyTU chipani.
Takum YMHOM, MOAESNb NPOCOYYBaHHA chipanbHOro
Oxepena tenna epekTMBHO NOKa3ye TENNoBi nepe-
nuBaHHA 3 BiNbLUOIO TOYHICTIO | TOYHICTIO Mig 4Yac
KOMBIHOBAHOIO BKNaay sk B NPOBIAHICTb, TAK | B NpO-
XOAKEHHSA I'PYHTOBUX BOS [4].

Haykoseub LIHTI-piniany ¢OBY "PEA" MiHe-
Hepro Pocii MNeTtposcbknin Bonogumup lMNasnosud
CTBOPUB (pyHAAMEHTHyY nanio 3 BOyaoBaHUM B 3ani-
300eTOHHe TiNO nani TennooBMiHHUMK, AKa Kpim 3a-
6e3nevyeHHa OCHOBHMX NapaMeTpiB 3 MEXAHIYHOT Mi-
LLHOCTI i Hecy4oi 34aTHOCTI, 403BOMMNA BUPILLUTH
3aBAaHHA no yTunisauii HU3bLKONOTEHUINHOT TENNOBOT
eHeprii NOBepxHEeBUX LUAPIB I'PYHTY, | BUKOPUCTOBY-
BaTW il B aBTOHOMHUX CUCTEMAX TENMnonocrayaHHs i
rapsioro BoAonocTavyaHHs OyauHKIB | cnopya 3 Ten-
NOBMMW Hacocamu Ta NanboBux PyHAAMEHTIB, BUKO-
HaHOMY 3 nanb 3 BOyAOBaHUMKU TENNOOOMIHHMKAMM.
dyHOaMeHTHa nansg Mae KBagpaTHUW CyuinbHUi ne-
PETUH, LiNbHa, 3 MOMNEPEYHUM apMyBaHHSM CTOB-
Oypa, Wo cknagaerbcs i3 3anisobeToOHHOro nanbo-
BOro Tina i nanbHOI apMaTtypu, ska Biapi3HAETbCA
TUM, LLO B CepeauHi 3aniso0eToHHOro ctoBOypoBoro
Tina BcTaHoBNeHUn BOyaosaHuin U-nogibHUM nopox-
Hin TennooOmiHHMK, Tpybuacrtoi copmu, Heobxia-
HOTo NPOQINIO Ta KOHIrypauii, Npu LbOMY BHYTpILL-
Hin 06'em BOYAOBaAHOrO TENNMOOOMIHHMKA 3aroBHe-
HURA pigkum poBoYnM TiNnOM-TennoHociem. [5, 6].

Biokpute akuioHepHe ToBapucTBO "lHConap-IH-
BecT", Bacunbis Mpuropii MeTposudy, MNopHoB BikTop
depoposud, KOpyeHko Irop AHAPINOBKY 3anNPONOHY-
Banu BUKOPUCTOBYBATK TEMNNOAKYMYNALUiNHI BlacTu-
BOCTI I'PYHTY, a caMme I'PyHTOBiI repMETUYHI TENNo06-
MIHHUKW, TEPMOCBEPAMNOBUHU, MO SKUM LMPKYITHOE
TENMNOHOCIN Ta BUTAr 3 I'PyHTYy, abo/Ta ckuaaHHa B
I'PYHT HU3bKONOTEHUINHOT TENNOBOT eHepril. B rpyHTi
OpraHi3oBylOTb CNPAMOBaHY Te4Yelo 'PYHTOBUX BOA
3a AONOMOrOK BiAKPUTUX CBEPASIOBUWH, 3 AKMX AK Mi-
HiMyM oaHa Boao3abipHa Ta 0Ha HarHitanbHa, npu
LbOMY BUTATHYTY 3 I'PYHTY I'DYHTOBY BOAY Nepes Ha-
FHITAHHAM Ha3ag B I'PYHT MOXHaA OXONomKyBaTtw,
BiaOupatoun HM3bKOMOTEHUIHE Tenno, abo Harpi-
BaTW, CKMAAYM HU3bKOMOTEHUINHE TENNO B I'PYHT.
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B AKOCTi repmMeTn4HMX I'pyHTOBMX TennooOMiHHUKIB
Ta/abo BiAKpUTMX BOAO3abIipHUX Ta HarHiTanbHUX
CBEpPANTIOBUH BUKOPUCTOBYIOTH LLUMYHTOBI OFOPOXi KO-
TNOBAaHIB, sIKi po3pobnalTbCA nig pyHAAMEHTU i
nig3emMHi nosepxu GyaiBenb, NPU LbOMY B LLUMYHTO-
BUX OrOPOX MOXYTb YepryBaTUCA BigKpPUTI BOASHI i
repMeTu4YHi TepMOCBEPANOBUHM [7].

Binopycbke PecnybnikaHCbKe yHITapHe nignpu-
eMcTBO «lHCcTUTYT »mTna — HIMTICy» im. ATa-
esa C.C., JaHunescbkuii JleoHia Mukonanosuu, MNMu-
nuneHko Bonogumup MwuTtpodaHoBuY po3pobue
CMocib NpUCTPOIO eHePreTUYHOT nani, Npu S\koMy BU-
rOTOBNAKTL 3anis0beTOHHY nasnio LMASXOM ykna-
JaHHA apMaTypHoro kapkaca 1a U-noaibHoi TpyOku
ANS uMpKynauii TennoHocia B hopMy Ana 3anuBKu
OGeTOoHy, Npu UbOMY KiHUi U-noaibHoT Tpy6ku anga uu-
PKynALii TENNOHOCIS BUBOASATL 3 TOro 60Ky 3ani3o-
BGeTOHHOT nani, Aka 6yae 3HaXOAUTUCA HA MOBEPXHI
r'pyHTY, 3abuBaloTb BUIOTOBMEHY 3amni300eTOHHY
nanio B 'PYHT Ha 3agaHny rmubuHy, obpisaioTb 3ani-
300eTOHHY Nanto Ha HeoBXiAHOMY PiBHi, 3BINbHSOTb
Big OETOHHOrO NMOKPUTTA BMBEAEHI KiHLi U-noaibHoi
TpyOKM i ANg UMpKynauil TeNNoHociA, sIKi NOTiM Miak-
noYatoTb 4o Tpyb nogadi Ta BiaBeAEHHA TEMMOHO-
Cifl, L0 CTBOPIOE KOMNEKTOP KOHTYPY LMpKynauii Ten-
MOBOTO Hacoca, a apMaTypHUIA Kapkac Ta knac be-
TOHY BMOMpPaOTb BMXOASYN 3 HEOOXiAHOT MILHOCTI
3anizo6eToHHOT nani. [8].

YcTaHoBa 0CBiTU «Binopycbkuii Aep>kaBHUI TEX-
HONOriYHWI yHiBepcuteT» dinatos Cedarocnas One-
rOBUY BUKOHANU MOAEMNIOBAHHS BMNIMBY KOHCTPYKTUB-
HUX NapaMeTpiB eHepreTUYHUX Nanb Ha eHEePreTUYHi
napameTpu poboTM TEMMOBOrO Hacoca, pe3ynbTaTu
AKOro nokasanu, Lo nNpy NpoeKTyBaHHi cuctem Ten-
nonocTtayvaHHA Ha OCHOBI I'PYHTOBUX TENSIOBUX HACO-
CiB 3 €HepreTU4HO CUCTEMOIO Crig BpaxoByBaTu
KOHCTPYKTUBHI napameTpu. IHTEepec npeacTasnsae ao-
cnimxeHHa napameTpiBs poboTK TEMNMNOBIi HAcocu npu
noaanbLIoMy 36inbLUEHHI KiNbKOCTI TPYyD eHepreTuy-
HUX CUCTEM Ta PI3HMX CXEM BKITHOYEHHSA EHEPreTud-
HUX CUCTEM B LMPKYNALIMHUA KOHTYP [9].

KyHtuw Bonogumup Bopucosud, BonogiH Bik-
TOp |BaHOBMY BYEHI LIbOrO XX YHIBEPCUTETY, pPO3pO-
OMNM EHEPreTMYHy nasnio, Lo BKIIOYAE KOPNYC y BU-
rnagi 3aniso0eToHHOT BepTUKansHoT Tpybu kpyrnoro
NonepeYvHoro nepepiay 3 TENSIOHOCIEM, LLO Bigpi3HA-
€TbCA TMUM, WO CMIBBICHO B Hil Ha BCI OOBXWHY
BCTaHOBMEHa TpyDa 3 Hi3KOTENONPOBOAHOIO MaTe-
piany, 3 agekinbkoma Oi4HUMKM OTBOpPAMM HA HUXK-
HbOMY KiHL|i Ta ra3onoaibHUM TennoHocieM. Ha BHy-
TPILLUHINA NOBEPXHi CTIHKK KOPNYCY MICTUTLCA ABa CU-
METPUYHO PO3TaLLOBaHKMX MO340BXHIX Na3a Ansa 3a-
KpPiNNEeHHs1 B HUX MO3J0BXHiX pebGep Ha 30BHiLLHIN
NOBEPXHi TPyOM 3 Hi3bKOTENMNOMPOBIAHOrO Martepi-
any, NpU4OMy AOBXMHA NO340BXHIX pebep meHLwe
BUCOTU eHepreTuyHoi nani [10].
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MeTor pO60OTU € BUABMNEHHS HEBUPILLIEHUX pa-
Hiwe npobnem, HeAONIKIB TENNO-€HEPreTUMHUX CUC-
TEM 3 BUKOPUCTAHHAM TENNOBUX HACOCIB, I'PYHTOBUX
TENNOOBMIHHUKIB IHTErPOBAHMX Y (DYHOAAMEHT, EHep-
reTMMHUMX nane Ana X BAOCKOHANEHHs, BNpoBa-
[>KeHHA Ta aganTauii B Oyaisni Ta cnopyan MONOYHUX
dhepMepPCbKUX rOCNoAapCTB BENUKOT poraToi Xxyaobu.

IOna pocArHeHHA nocTaBrieHOl MeTu Tpeba
BUPILLMTK HACTYNHI 3a4adi: HagaTn xapakTepucTuky
Ta BUKOHATK aHani3 Ta knacudikauii TennoeHepre-
TUYHUX CUCTEM 3 BUKOPUCTAHHAM TEMMOBUX HACOCIB,
3 'PYHTOBUMM TENNOOOMIHHMKAMMU, IHTErPOBAHUMU B
dyHaaMeHT (3 nandmu), 3a TEeXHOMOrYHUMKM Ta
KOHCTPYKLINHUMKW napameTpamu, BUABUTU IX HESO0-
nikn Ta nepesaru.

FonoBHa YacTuHa. Knacudikauisg Tenno-eHep-
reTUYHMX CUCTEM 3 BUKOPUCTAHHAM TEMNNOBUX HACO-
ciB HaBeaeHa Ha pucyHky 1. Lli cuctemMm MOXNUBO
knacudikysatn 3a TakumMmu XapakTepucTukamu: no-
XOPKEHHA HU3bKOMOTEHUINHOIrO Tenna Ang Tenno-
BMX HAcOCiB, MiCLEM pO3TallyBaHHA TENNOBUX Ha-
COCiB Ta BUAOM 3aTpayyBaHoi eHepril.

MNoxomkeHHA Axepen HU3bKONOTEHUINHOro Te-
nna Ansd TENOBMX HACOCIB MOXe OyTu: NpUpoaHUM,
WTY4HUM ab0o 3miwanuM [11-12]. Jo npupoaHux mxe-
pen MOXMIMBO BigHECTU: reoTepmanbHi (BUKOpPUC-
TaHHA Tenna rpyHty abo niasemHux Boa (I'PYHTOBI,
apTesiaHCbKi Ta TepMmanbHi), BOAHI (EHepris BOAOWM,
PiYOK 03ep, Ta T. N.), COHAYHI Ta NOBITPAHI (BUKOPUC-
TaHHS Tenna noBiTPs HAaBKOMULLHBLOIO CepeaoBULLA).
OKpeMO MOXNMBO BUAINUTW TENMOBI HACOCH, LLIO BK-
KOPUCTOBYIOTb BTOPWUHHE TEMno iHLIOro TEmnmoBoro
npouecy, ke notpebye yrunisadii — Hanpuknag, Te-
N0 TEXHOMOrYHOro NPOLECY YU CTiYHI BOAM.

Benuke 3HayeHHsa 4NA NPOAYKTUBHOCTI Ta ede-
KTUBHOCTI TENMOBOr0 HAacoCy Mae TemrnepaTypa
xepena tenna. Npu BUKOPUCTAHHA reoTepManbHOi
eHeprii 060B’A3KOBUM € OOCTEXEHHSI 3eMENbHOT Aai-
NSAHKU ANS BUSHAYEHHS TUNY 'PYHTY, NOTo TEMMNOEM-
HOCTI, reonoriYyHMx 0Co6NMBOCTEN Ta MOXKIMUBOCTI PO-
3TawyBaHHs. Npu BUKOPUCTaHHI BOAM B AKOCTI ApKe-
pena Tenna — HeobxigHO MPOBECTM XiMIYHMIA aHani3
BOAMW. BCi Ui dhakTopu NoBUHHI ByTU BpaxoBaHi npu
NPOEKTYBaHHI CUCTEM TEMNNOMOCTa4aHHA Ha OCHOBI
TENnoBMUX HAcoCiB. [PYHT — HaMBinbLL ONTMMArnbHE
[>Keperno posciaHoro tenna. BiH akymynioe coHavHe
BUMPOMIHIOBAHHS, SIKe Nagae Ha MOro NOBEPXHIO Ta
NOCTINHO OTPUMY€E TEenno BiA 3eMHOro sapa. [pyHT
XapakTepu3yeTbeca CcTabinbHOK TEMNepaTypolo, Aka
Mano 3anexuTb Big norogu. Bxke Ha rmubuHi 5-7 me-
TpiB TEMNepaTypa I'PyHTY NPakTUYHO cTana NnpoTAarom
BCbOro poky i cknagae 10-12°C. TennoemHicTb Ipy-
HTY 3anexuTb Big AEKiNbKOX hakTopiB — TUNY I'PYHTY,
reonoriyHoro cknagy ta BOJSIorocTi.



B.l. MenbHuk, 6.M. Llumban
V.l. Melnik, B.M. Tsymbal

4<|{nacmpir<auiﬂ TENMo-eHePreTUHHUX CUCTEM 3 BUKOPUCTAHHAM TEMNNOBUX Hacoci5>

I —

4>[a) 33 MOXOMKEHHAM JXKEPEN HN3bKOMOTEHLAH

LIJTyI‘-IHe ] [npmplop,He ]]

oro tenna: [

[ I

4 1 L ~
6) 33 NOXOMKEHHAM | COHAYHA 30BHILLHE NoBepXHEBI nig3emHi Tenno 1
NpUMpOOHUX mKepen: | SHEPriA nosiTpA BOAYU BOOU 3emni
. p
|
a
B) 32 MOXOKEHHAM i i3aLifHi TGO GyTOBI
h A | BeHTANSLIAHE || KaHanisaWiiHi || rexuonoriukinx noGyTosi
LUTYYHNX [DKEPerT: no.iTps CTOKM npouecis | TENIOBUAINEHHR -
L 4
a ; f —
r) 3a BMOY TENNOHOGIA n .
— e )BXi,qH(')uI\B; i BuxigHomy |MOBITPA-|| BOAA- || rPYHT- || BOAA- |NOBITPA-| | IPYHT-
Y y y BOAa BOAa BoOa NOBITPA || nosiTps | | NoBiTPA
\_KOHTYpax:
f
—--E‘) 3a BUAOM 3aTpadyBaHoi exeprii: [ komnpeciini | (tennoisontoroui) ( TepmoenekTpri)

L 1) 32 MiCLIEM PO3TaLLYBaHHS:

(Crsewni_J——

Puc. 1. Knacudikauii Tenno-eHepreTuaHnX

Yum BULLA BOMNOTICTb — TUM BinbLUe TEMna MOXHa
oTpumMartu. Bonoruii rmmMHAHMIA I'pyHT Oyae mMaTtu Hawi-
KpaLLi TENSIOBI XapaKkTepPUCTUKK, a BENTMKUIA BMICT NICKY
3HAYHO 3MEHLLUYE KinbKiCTb BigibpaHoro Tenna [11].

3a npuHuMnom Aii TeENNOBI HACOCU PO3PI3HAIOTb
napo-KOMNPeCopHi (CNoXuUBalTb MEXAHIYHY eHep-
rito), abcopbuiniHi (aNns ogepXaHHA XONOAHOT BOAN),
TENNOI30NI0OMI (BUKOPUCTOBYIOTL TENMOBY EHEPrito
JXKepen Tenna) Ta TepMOenekTPUYHi (BUKOPUCTOBY-
I0Tb 6e3n0cepeaHbO enekTpudHy eHeprito) [13]. Mpu

CUCTEM 3 BUKOPUCTaAHHAM TEMSOBUX HACOCIB

knacudikauii 3a noegHaHHAM OXXepen HU3bKONOTEH-
LinHOro Tenna Ta cepeaoBulla, WO HarpiBaeTbCA,
PO3pPI3HAIOTL HACTYMHi BapiaHTWU: NOBITPA-NOBITPA,
noBiTPA-BOAA, I'PYHT-NOBITPA, I'PYHT-BOAA, BOAA-MNO-
BiTPA Ta BOAa-Boaa. 3a BMaammu eHeprii, WO BUTpaA-
YaeTbCA, PO3PI3HAIOTL TEMSOBI HACOCH, LLIO BUKOPU-
CTOBYIOTb €MEKTPOEHEPTIi0, NanuBo TOro abo iHWoro
BUINAAY, BTOPUHHI eHepreTuyHi pecypceu [12].
Knacudikauia TennoeHepreTMYHUX CUCTEM 3 Te-
NnooBGMiHHUKaMK NpeacTaBneHa Ha puc. 2.

—( Knacudikauisa TennoeHepreTMYHMX CUCTEM 3 I'PYHTOBUMU TENNOOBMIHHIKaMMW )
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Puc. 2. Knacudikauia TennoeHepreTUMHUX CUCTEM 3 I'PYHTOBUMU TENNOOOMIHHUKaMU
Ta 3 TeNNOOOMIHHUKAMM IHTErPOBAHMMU B DYHAAMEHT (3 Nnansmm)

Lli cuctemn MOXKNMBO KnacudpikysaTtu 3a Takumu
napameTtpamu: cnocobom nepeaadi eHeprii Ta pisHo-
BUAOM cuUCTeM TennoobmiHy. 3a cnocobom nepe-
Jadi Tenna TennooOMiHHUKM MOAINAITLCA HA Npo-
CTi, Wo Ge3nocepeaHbO BCTAHOBMIOKTLCA B I'PYHT
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Ta iHTerpoBaHi — BMOHTOBaHi 6e3nocepeaHbO B Ka-
Hanizauito, B nani gyHaaMeHTy Ta TENMOBi Mepexi.

3a pisHOBMAAMM CUCTEM TennoobmiHy: reoso-
HAW, SKi BCTAHOBIIOIOTLCA BEPTUKANBHO Ha rMUOWHY,
K npasuno, Big 50 4o 300 m; reotepmManbHi KONEKT-
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opu, LLO YKNagawTbCAa rOPU3OHTANbHO HA rMUOUHY
He meHLwe 0,5 M Hik4de rmnbuHN NpoMep3aHHS I'pyH-
Ty; Helix-30HAM, WO BCTAHOBMNIOTLCA HA MUOUHY
00 5 M Ta iHTerpoBaHi B apmokapkac KONeKTOpHi Tpy-
6oNpoBOAU ANS BUKOPUCTAHHA Temma OTOYYH4MX
Lapie 3eMni (Tak 3BaHi eHepreTuyHi nani) [1].

[e030HAM BCTAHOBNIOWTL Ha rmubuHy Big 50-
100 meTpiB, LWOG BUriAHO BUKOPUCTOBYBATM MOCTIlHI
TEMMNepaTypu HaBKOJMLUHBLOTO [PYHTY Ans OTpu-
MaHHS TENNOBOT eHepril, ane Taka Benuka rnubuHa
BMMAarae BUMCOKMX €HeprosaTpaTt Ta pecypciB npu
noro moHTaxi. Cneumdika ynx noasinHux U-noaid-
HUX re030HAIB NONArae B TOMy, LLO BOHU HE MAlOTh
3BapHUX 3'€4HaHb, Ta MOBOPOT TPYO B OronosLi 34in-
CHEHMI B 3aBOACLKUX YMOBaX. OronoBoOK reo3oHaiB,
BUKOHAHWUI 3 NOMiecTepoBOi CMONU, Lo 3abe3nevye
[O0AAaTKOBMI 3aXUCT BUIMHIB KOHTYpIiB TpyD. Takum
YUHOM, BUKITHOYEHUN PU3UK YTBOPEHHA HETEPMETUY-
HOro 3BApHOro 3'€gHaHHA Ta 3abe3nevyeTbecs BU-
coKa CTyniHb HaainHocTi. Kpim Toro, ui Tpybonpo-
BOAMW AYXE CTilKi 40 YTBOPEHHA TPIiLLUMH, NOAPANUH
Ta A0 BNAUBY TOYKOBMX HABAHTaxeHb. BypiHHA cBe-
PONOBWH, B AaHiN CUCTEMI Ayxe BuTpaTHe [1].

leoTepmarnbHi KONEKTOPU BCTAHOBOOTLCA MO-
6nu3y 6yaiBni, aka, Mae AOCUTb BENUKWIA BigKPUTUIA
MalngaHYnK Ta NPeacTaBnaAlTb Co60K igeanbHy
anbTepHaTMBy reo3oHgam. B HUX BUCoka npogyktu-
BHICTb, i X yKnagaHHsa He BUMarae npoBeAeHHs BU-
TpaTHux OypoBux pobit. MeoTepmanbHi KONEKTopU
BUTOTOBJISAKOTL 3 3LUMTOrO MOMETUNEHY, TaK AK Taka
Tpyba ocobnuBo CTiNKa A0 NOLLUKOAXEHb Ta TOYKO-
BUX HABaHTaXEHb, TO I'PYHT, AKUA OTPUMYIOTb MpK 1T
yKnagaHHi, Moxxe 0yTu BUKOPUCTaAHWUNA i AN 3BOPOT-
HOT 3acunku. Tak MOXNUBO 3MEHLUUTU BUTPATK Ha
OOpPOrii 3amiHi 'PYHTY | CKOPOTUTW BUTPATU NPU YK-
nagadHi. 3aBasikm nokpawleHin TennonpoBigHOCTI
3MiLIAHUX I'PYHTIB, B MOPIBHAHHI 3 NiCKOM, 36inbLuy-
€TbCA NPOAYKTUBHICTb re0TEPMarnbHOT YCTAHOBKM Ta
CKOpOYYIOTLCA eKkcnnyaTtauindi sutpatu. Konektop-
HUIA TPyBonpoBig Moxxe BYTU OCHALLEHUM A0 aTKOBUM
KWCHE3aXMCHUM LLAPOM Ta 3aXMCHUM LLIAPOM 3 nosie-
TUNEHY HU3bKOTO TUCKY. Tpybu 3 HE3LUMTOro nonietu-
neHy HeobXigHO yknagaTu Ha MillaHy MOAYLLKY, B iH-
LLUOMY BUMAAKY KAMIHHS, MOCTiMHO OyayTh BNNMBATU HA
TpyOy Ta 3MOXYTb NMPU3BECTM A0 ii 3namy. TpyOwu i3
3LUMTOrO NONIETUNEHY HECNPUARHATAMBI A0 TaKMUX Ha-
BaHTAXKEHb, i IX MOXKHA YKIagaTu B I'PYHTOBY OCHOBY
6e3 NPUCTPOIO A0AATKOBOT NiLLAHOT MiArOTOBKU. Yum
BULLIE TENSIONPOBIZHICTb I'PYHTY, TUM Kpallle Noro Te-
nnosigaaya. Takum 4YMHOM, 30inbLuyeTbCs Koediui-
€HT KOPUCHOI Ail TeNNOBOro Hacoca i CKOpo4vyeTbCA
crnoXknBaHHA eHeprii. Cyxuit Nicok Mae noraHy Tenno-
NPOBIAHICTb; 3MiLLIAHI 'PYHTH, B AKUX YTPUMYETLCS BO-
nora, 3Ha4yHO KpaLle NpoBOAATb TENNO.

CnipanbHi 30HAW nNpPW3HadeHi AnNsS BUKOPUC-
TaHHA gk npu OyAiBHUUTBI HOBUX OyaiBENb, HAcCaM-
nepea GyauHKIB 3 HU3bKMM CMNOXXMBAHHAM €EHepri,
TaK i NpM PeKOHCTPYKUIT cTapux cnopya. BoHn Buko-
PUCTOBYIOTECA B TOMY BMNAAKY, AKLIO € HEBEnuka
AinsiHka 3emMni Ta 6ypiHHA CBEPANOBUHU BUKITIOYEHO
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3 rigporeonoriyHmx abo reonoriyHuX MipkyBaHb. Oc-
HOBHa nepesara uiei cucteMu nonsarae B TOMy, LLUO
BOHa mae dhopmy cnipani 4oBXuHO 1,1 M, AKi BUTA-
rytloteca 4o 3,0 M. 3aBaskn LbOMY CKOPOYYIOTLCA
BUTpaTK Ha 36epiraHHa Ta TpaHCnopTyBaHHsA. Cne-
LianbHa nonieTuneHoBa nniBka giKCye BiACTaHb MK
BUTKaMK i giaMeTp 30H4a Ta Ma€ noraHy Tennonpo-
BigHicTb. CnipanbHUI 30H4 BUTOTOBNAIOTL 3 BUCOKO-
siKicHoro matepiany PE-Xa, wo 3abesnedvye goaat-
KOBY HaAiHICTb Ta 4OBrOBIYHICTb CUCTEMU, OCKISTbKK
NPAMUIA | 3BOPOTHUI TPybONpOBOAM BUIOTOBIEHI 3
OoaHiel cyuinbHOT TPyOuM, Ha OronoBUi 30HAA HEMaE
3'egHaHb. Takum YMHOM, chiparnbHi reo3oHan ABNs-
I0Tb CODOI0 ideanbHy anbTepHATUBY reoTepMarib-
HUM KOMEKTOpaM 3a paxyHOK CBOET ManorabaputHo-
CTi Ta ManumMu BUTpPaTaMu Ha yCTaHOBKY.

Y cyvyacHoMy OyaiBHMUTBI ANA NOMIMNLWEHHSA CTa-
TUKU HA NOTaHO HECYUil OCHOBI B hyHAaMeHT Oyaieni
3aknagarTbca OypoHabuBHi nani. AKLIO B Ui nani iH-
TErpyrThCs cneulianbHi TpybonpoBoan ANnst BUKOPUC-
TaHHA TeNnnoTU NOBEPXHEBOrO I'PYHTY, TO BOHWU Ha3u-
BAOTbCHA EHEPreTUYHi nansamun. 3a JONOMOrolo Takux
eHepreTUYHUX nanb 3 'PyHTY OCHOBM MOXE 3abupa-
TMCA Tenno And onaneHHsa Oydisni Ta HaBnaku noga-
BaTUCA B I'DYHT B LINAX OXONOMKEHHSA. [Npu iHTerpauii
KONEKTOPHOT CUCTEMMW BUHUKAIOTL NULLE HE3HAYHI A0-
Aatkosi BuTpaTu. Npu MOHTaxi, nopag 3 BUCOKOLO Me-
XKEK MILHOCTI TPyD, BaXKNMBOIO NMEPEBArolo € iX He-
3HA4Hi pagiycu BUrMHy. 3aBasku LbOMy 3abesnedy-
€TbCA TpuBana Ta HagiliHe BUPOBGNEHHs TennoBol
eHeprii. Mpu UbOMY iHTErpOBaHUIN B TPyOy KMCHE3a-
XWUCHWIA LLIAp nepeLlkogXae YTBOPEHHI0 KOposil cra-
NEBUX €NEMEHTIB, 3HaX0AATLCA Y BCil cuctemi [1].

Knacudikauia TennoeHepreTM4HUX CUCTEM 3 Te-
Nnoo6MiHHMKAMMW HTErpoBaHUMKU B PYHOAMEHT (3
nanamu) 3obpaxkeHa Ha puc. 2. Lli cuctemmn Mox-
nuBO KnacudpikysaTu 3a TakMMu npu3Hakamu: 3a
chepamu BUKOPUCTAHHA Ta TEXHIMHUMUK XapakTe pu-
CTUKaMu. BoHn MoXyTb ByTM BUKOpUCTaHi B 6ararto-
noBepxoBux GyauHkax, TyHensx (MeTpo), Tennu4-
HUX rocrnogapcreax, MONOYHUX hepmax BENMKOT po-
ratoi xygobu, nepepobHMX MianpuemcTBa, TpPaHC-
dopMaTopHMUX NiacTaHUisix Ta odicHUX Oyaisnax [3].
3a TexHiYHUMMK napameTpaMn BOHU OiNATbCA Ha Te-
XHOSOTIYHI Ta KOHCTPYKLiNHI XapaKTepUCTUKN.

Knacudikauia TennoeHepreTM4HUX CUCTEM 3 Te-
Nnoo6MiHHMKAMMW HTErpoBaHUMM B PyHOAMEHT (3
nansamMmu) 3a KOHCTPYKUIMHUMKW napaMmeTpamu npea-
CTaBleHa Ha PUCYHKY 3 Ta MOXYTb OXapaKTepu3o-
BaHWMW HACTYMHUMMW NapameTpaMu: 3a BUJOM KOH-
TypiB TpybonpoBoaiB, NepeTUHOM nanb, POPMOI0
TennooOmiHHMKA, NOEAHAHHAM KONEKTOpIiB, MaTepi-
arnom narnb, TEMMNOHOCIEM, 38 HABAHTAXXEHHSAM, BigK-
NUKOM FeOCTPYKTYP Ha HaBAHTAXEHHH, AXeperom
HaBaHTaXXEHHS, NOMOXEHHAM TENMOOOMIHHMKY, NO-
NOXeHHsIM TPyO, dhopmoto Tpyd, TMNOM, KNAcoMm Ha
CTUCHEHHS BEeTOHY, MaTepianomM apmaTtypu.
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B 3anexHoCTi Big NOTY>KHOCTi CUCTEMM EHepre-
TUYHA nans Moxe Oytu obnagHaHa iHAMBIAyanb-
HUMK abo 6araTOKOHTYPHUMM KOHTypamu, Tpybon-
posogamu [14]. Mani MOXXyTb MaTW: KBagpaTHWUW,
Kpyrnuin, poMOOBMAHWIA, NPU3MaTUYHUIA, Nipamigoi-
AanbHUA, TPUKYTHUIA, POMOOBMAHUIA, NMPSMOKYTHUNA,
TaBpOBUI, ABOTABPOBUI abo TpaneueiganbHuii ne-
pPeTuH, sikuin Byae BNNUBATM HA HECyYy 340aTHICTb
nani [15]. B 3anexHOCTi Big XxapakTepPUCTUK I'PYHTY
Ta XapakTepoM TEMMOBUX NOTOKIB TENNOOOMiIHHMKA
MOXXyTb Matu: U-nogibHy, rBMHTOBY (3MilIOBUKOBY),

www.mtf.khntusg.com.ua

KoakcianbHy ¢opmy Ta cknagHy opmy kaHanis
[10]. TennooBMiHHUKM MOXYTb 08’eaHYBaTUCA 3ara-
NbHUMK aB0 rpynoBMMK KonekTopamu. INani MoxXxyTb
OyTWU BMIOTOBMEHI 3 HACTYMHUX MaTepianis: 3aniso-
O€eTOHHI, MigHi Tpybu, imeTaniyni (HakaTHI antoMiHi-
€Bi pebpa), 3LIMTUI Ha MONEKYNAPHOMY PiBHi nonie-
TWUMEH, NOMIETUNEH HU3LKOTO TUCKY abo nonepek
3wmTunii nonietunen PE-Xa [16, 17, 18]. B aaHux cu-
CTEeMax MOXyTb BYTU BUKOPUCTAHI HACTYMHI Tenno-
HOCII: eTUNEHINIKONb, PO34YMH CNUPTIB, BOAHO-ETU-
neHrnikonesuit po3vuH, dpeoH abo nosiTp4 [8].

IHxeHepia npupogokopucTyBaHHs, 2019, Ne2(12), c. 6 - 16
Engineering of nature management, 2019, #2(12), p. 6- 16
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lNepBUHHOIO (DYHKUIE eHepreTUYHOT nani € ne-
pedava HaBaHTaXeHHs Big Oyaieni Ha 'pyHT. doaa-
TKOBO, Nan MOXXHa BUKOPUCTOBYBATMW B AKOCTI Ce-
peaoBuLa ang nepegadi TepMmanbHi eHeprii. Ha Bi-
AMiHY Bif iHLWIMX CUCTEM TepMaribHOT eHeprii, eHep-
reTUYHi nani MOXXHa BMKOPUCTOBYBATU B AKOCTI OC-
HOBHOT CUCTEMW Mepeaadvi HaBaHTaXXeHHsd. 3a noT-
pebu, nikoBi HAaBAHTAXEHHA NOBUHHI KOMMNEHCYBa-
TUCS 3@ PaxXyHOK BUKOPUCTaHHSA J0AATKOBUX CUCTEM
TepmManbHOK eHeprii. Akwo npu 6yaiBHUUTBI HEOB-
XiAHO BUKOPUCTOBYBATU (PyHAAMEHTHI nNani, To icHye
MOXUTMBICTb X TepManbHOK akTusadii. [laHe goaa-
TOK 40 OCHOBHOT (PYHKLT BUMArae MeHLUe iHBECTU-
Ui, ane npu LbOMY Bigirpae 3Ha4Hy ponb Y BCili eHe-
procucteMi ob'exra [18].

Bigknuk reoCTpyKkTyp Ha HaBAHTAXEHHS MOXe
OYTW: EHEPreTUYHUM, FE€OTEXHIYHUM T CUCTEMHUM.
Ibxepenom HaBaHTaXeHHS Ha Ui CUCTEMU €. I'PYHT,
rpyHToBi BOAM, OyauHku, BoAda-nia (dasoBui
nepexia) 6acenHy B nigeani OyauHky, cnopya (ix
TENNOBI BTPATU) Ta KOHCTPYKUii nanbs pyHaAamMeHTiB
(TennosTpartwn) [5-6].

Mono)keHHA TeNNOOOMIHHUKY MOXe BYTU: ropu3o-
HTasNbHWUM, BEPTUKANbHUM Ta NOXMIUM. MMONOXEHHAM
Tpy® uux cucrem Oyeae: napanensHi netni, B hopmi
MeaHapy, XpecT Ha XPeCT Ta cnipanbHo. Tpybu nogavi
Ta 000POTY EHEPreTUYHOT Nani MOXyTb OyTn 06'eqHaHI
3a JOMOMOrOI0 KOMEKTOpa OroyIOBKOM narii, 3 BUKOPUC-
TaHHAM Y-nofibHoro abo T-noaibHOro TPInHKKIB i 3rpy-
NOBaHi 3 iHLWMMK NansaMu B cuctemi [18].

EHepreTuyHi nani noginawTeCa Ha gBa TUNU, LLO
Bigpi3HAIOTLCA OAMH Big 04HOIMO NEPETUHOM Ta METO-
[OM BUrOTOBIEHHS BiOPOBaHI nani i3 CyuinbHUM KBa-
apatHum nepetuHom 250x250 Ta 350x350 mm i goB-
JKUHOO 6-12 M 3 NoNepeaHbO HaNpyeHUM abo HeHa-
NPY>XeHUM apMyBaHHAM. [ns BUKOPUCTAHHA nanb B
pisHUX pyHaameHTax nepeabadyeHo 4 TUNKU Oronos-
KiB: LLITUP, AOBIMiA BONT, ABA BONTa | METANEBUIA NUCT
(no nucra moxke 6yTu NpUBAPEHO 2 TMNA HArONOBHU-
KiB (3 ABOMA abo YoTupma BonTammu) abo NpuKpInneHi
donTamu, NponyLlEHUMK Yepes OTBIP B nani, AeTani
ONa KPiNneHHs BIATSXKOK); UeHTpudyrosaHi nani 3
KpYrnum nepeTuHom (UMniHgpUYHi NOPOXKHUCTI nani)
AiameTpom 420 Ta 560 Mm AOBXUHOK 7-13 M 3 none-
peaHbO HanpyXeHuM abo HeHanpyeHUM apmyBaH-
HAM. opma MOPOXKHUCTUX Nanb A03BONAE 34iIWCHUTH
CTUKYBaHHA OKPEMUX CEKLii (NMaHOoK) i, TAKMM YUHOM,
oTpuMaTu cknagoei nani 6yab-aKkoi goBxuHu. LLle oa-
HIED nepeBarold MNOPOXHUCTUX Manb € MOPIBHAHO
mana sara, TOMy BOHW HE BUMaralTb BaXKKOro ycraT-
KyBaHHS ANA 3aHYPEHHSA B I'PYHT. [NopoxkHUHA nani ni-
Cna 3aHYpeHHs 3anoBHIOETbCA OeToHOM. [Onsa umx
nanb nepeabaveHo 8 TuNiB HAaronoBHUKK [15].

EHepreTuyHi nani BUMroTOBMAAIOTLCA 3 BaXKOro
BGEeTOHyY Knacom Mo MiUHOCTI Ha cTuck: B25 — Bibpo-
BaHi HeHanpyxeHi, B30 — BibpoBaHi HanpyxxeHi, B40
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— UeHTpudyrosaHi HanpyxeHi. Npu ToMy, WO cnupa-
€TbCA Nanb Ha CKeMnbHi Ta BENUKOYNaMKOBI I'pYHTH
knac 6eTOHy Mo MILUHOCTI cnig NpUAMaTKU He HIK4e
B25 Hes3anexHo Bia X 40B»WHU. [ani 3ani3obeToHHi
€HepreTUYHi apMylTLCA Kapkacamu Ta cripansamu 3
nonepeaHbLO Hanpy>KeHo abo HEeHanpy>KeHOoW ap-
MaTyporo. [lo3goBXHA apmatypa BUKOPUCTOBY-
€TbCS: ANS HaNpy>XeHux BibpoBaHMX Ta LeHTpUdy-
rOBaHWX EHEPreTMYHMX Nasnb — rapsyekaraHa cranb
knacy A-l, A-1ll Ta A-V; ana HeHanpy>eHux BibpoBa-
HUX Nanb — rapsvyekataHa apMaTtypHa cranb knacy
A-lll. B sikocTi pobo40i Ta KOHCTPYKTUBHOT apmaTtypu
3aCTOCOBYETLCA CTPUXKHEBA rapayekaTaHa apmary-
pHa ctanb knacy A-l. Cnipani BUroToBnAlOTLCA 3i
3BMYANHOT apMaTypHOro ApOoTY NepioauYHOro npo-
into knacy Bpl. MoHTa)Hi neTni KOHCTPYKLUii BUro-
TOBNAKOTLCA 3 CTPUXKHEBMWI TNAJKOLO rapsyekaTaHoi
apmartypHoi ctani knacy A-l. [15].

Knacudikauia TennoeHepreTu4Hmx CUCTEM 3 Ten-
NOOBMIHHMKAMK IHTErPOBaHMMM B (PyHAAMEHT (3 na-
naMu) 3a TEXHOMNOTYHUMKW NapamMeTpamu NpeacTas-
neHa Ha puc. 4, 0O AKMX MOXIMBO BigHECTU: NpU3Ha-
YEHHS, Cnocib MOHTaXKy, CNocCid yCTaHOBKM, CNOCOBOM
BUKOHAHHA, (PYHKUIOHamMbHICTL Nanb Ta Buaamu nanb.

Lli cuctemun MoxnnBo 3actocoByBaTu and raps-
YOro BOAOMOCTAYaHHSA, TEMMOMNOCTa4YaHHA, OXOno-
IPKEHHS1, MigirpiBy A0pPiKOK, YCYHEHHA obneaeHiHHA
Ta nigirpisy nonis, TakoX NEPCNEKTUBHUM HanpsiM-
KOM € nocTadaHHa napy [2].

EHepreTuyHi nani BCTAHOBMIOIOTLCA ab0 3 BUKO-
PUCTAHHAM METOZiB NepeMILLEHHSA I'PYHTY, abo cuc-
TEMU 3eMnsiHuX pobit [14]. MoHTax nanb MOXe BU-
KOHYBaTUCS Takummn cnocobamu: OypiHHA CBEpAnoO-
BMHU, 3aDMBAHHA, YKPYYYBaHHSA, BAABIIOBAHHA Ta
komBiHoBaHMi. HalBinbLL nepcnekTMBHUM METOA0M
€ MEeTOA BAABMIOBAHHSA, B0 HOro MOXIMBO 3aCTOCO-
BYBAaTW Ha NpoBneMHUX TEXHIYHO AingaHkax, 6inga Ty-
HeniB, Nig3eMHUX nepexoais i T.M.

IcHye 6araTto cnocobiB BUKOHAHHS Manb: 3a [0-
NMOMOrOK MHEBMONPOBINHUKA, LUNAXOM 3aHYPEeHHSI
cBaebiNHOT YCTAHOBKM KOHIYHOT NpoBuBHOT Tpybu-
NPOBUBHOrO0 CepAeYHUKA, LUNSIXOM 0OnaLUTyBaHHS
PO3LLUMPEHOT OCHOBM 3 BTpPamMBOBaHOIo B AHO CBEpA-
MOBUHM XXOPCTKOTO MaTepiany, Wisixom 3abMBku Mo-
notom 06¢caaHoi Tpybu yaByHHUM abo 3anizo0eToH-
HUM KOHyca-BTpadyaemum BGalumMaky Ta wnaxom Oy-
PiHHA CBEPANOBUHM Ha 3agaHy rmubuHy [19]. do oc-
HOBHWUX HEAOSIKIB LIUX CUCTEM MOXINUBO BigHECTH:

- obmMexxkeHa 06racTb 3aCTOCYBaHHA TakMX nasnb
Yyepes NOpiBHAHO Hesenukui giametp o 0,14 Ta B
aeqakmx sunagkax Ao 0,26 m 1a rmubuHu BRaLTy-
BaHHSA 00 2-6 M, a TAKO>X HEMOXKMNBICTb BUKOHAHHS
B I'PYHTAX 3 HASABHICTIO NpoLuapkis abo HaBiTb MiH3 3
NiABULLEHOI LWLIMBHICTIO Ta MILHICTIO | TUM BinbLue B
TOBLLUi WifIbHUX I'PYHTIB
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i : Tpy6u yaByHHMM abo 3anizobeToHHUM G
BUKOHaHHA: LUMSAXOM DYypIHHA
KOHyca-BTpavaeMnm Balumary [ CBEPANOBMHM Ha J
LLUMSIXOM 3aHYpPEeHHA cBaebiliHoT 3af1aHy FUBHY
YCTaHOBKM KOHIYHOT NpoBuBHOT TpyBK-
npoBYBHOTO cepaeYHrKa
- .
e B
BypoHabueHi (MycToTini rOTOBI BETOHHI
UeHTpudyroeaHi nani) 3abueHi nani pO3pi3Hi CTiHKU
" 1) 33 BUOAMM:
nycToTINi LeHTPUYTo- MacuBHi HabuveHi nani
BaHi GeToHi 3abuBHI nani BeToHHI nani

b
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Puc. 4. Knacudikauia TennoeHepreTM4HMX CUCTEM 3 TENNOOOMIHHUKaMU
iHTerpoBaHumu B hyHAaMEHT (3 nanamu) 3a TEXHONOMYHMMU NapamMeTpamu

- HEenoBHE BUKOPUCTAHHS HEeCy4yoi 34aTHOCTI
I'PYHTIB Mig Topuem nani yepes3 many Moro nnowy,
o He nepesullye 0,002-0,018 M2; HeoBXIAHICTb BU-
KOpUCTaHHA ABOX BuAiB B6ETOHHOT CyMilli, a came
YKOPCTKOT OETOHHOT Ha KPYNHOMY 3anoBHIOBaYi Ans
BAABMNEHHA Ti B OiYHY MOBEPXHIO CBEPAITIOBUHU MPU
MO>KITMBOMY MOBTOPHOMY 3aHYPEHHI NpoBUBHOIO ce-
paeYvHuKa Ta NMTOro Ha ApiGHOMY 3amnoBHIOBAMi Npu
OGeTOHyBaHHI CTOBOYPY Nani; yTpyAHEHHS i 4acTo He-
MO>KIUBICTb NOBTOPHOTO 3aHYPEHHS NPOBUBHOIO ce-
pAEYHMKA B CBEPATIOBUHY, 3aNOBHEHY KOPCTKOI Oe-
TOHHOIO CYMILULLKO NPU HAABHOCTI NpoLlapkiB i NiH3
AOCUTb MIUHMUX i WiNbHUX, B TOMY YUCIIi ManoBoso-
MMX rIIMHUCTUX I'PYHTIB; HU3bKa Hecy4a 34aTHICTb Ta-
KUX nanb B rMUHUCTUX I'PYHTAX 3 NiABULLIEHOIO BONO-
ricTIO, @ TaKOX LWiNbHUX Ta ManoBOSIOrMX I'PYHTIB B
3B'A3KY 3 BIACYTHICTIO MOXNUBOCTI BAABEHHS XOp-
CTKOT 6ETOHHOT CyMiLLi B CTiIHKM CBEPANOBUHMU;

- BIICYTHICTb cneujianbHOro HaeiCHOro obnaga-
HaHHA Ha BAHTaXXONiAWOMHI Ta TPAHCMNOPTHI MexaHi-
3MU Ta HeOoBXiAHICTb MOro KyCTapHOro BUIOTOB-
NEeHHs;

- BiAHOCHO HM3bKa Hecy4ya 34aTHICTb Ha BEPTU-
KanbHi i TUM BinbLUe HA MOMEHTHI Ta rOPU3OHTAanbHi
HaBaHTaXEHHS;

- NPaKTUYHO NOBHE BUKINIOYEHHA B Nepeaadi Ha-
BAHTAXXEHHA Ha I'PYHT OCHOBU NO OOKOBIi NOBEPXHI
nani Ta no BCiK 1i 4OBXXWHI Ha BEPTUKanNbLHI i ropn3o-
HTanbHi HaBAHTAXEHHS, BHACMIAOK 40ro ui nani
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AO0UiNbHO 3aCTOCOBYBATU NULLE NPKU NPOPI3Li 3aTop-
POBaHHUX i iH. 'PYHTIB 3 HAABHICTIO B HUX NPOLUAPKiB
TOpQiB, a TaKkoX B CaMOYLLINbHIOWYMUX Bid BNacHOl
Baru rpyHtax 3 |l Tunom rpyHTOBMX YMOB i HE3MeXa-
NKUX HACUMHUX I'PYHTaX.

Kpim TOro, 3aranbHuUM HeAONIKOM YCix HaBeae-
HUX BULLIE CNOCOBIB BUKOHAHHS € 3Ha4Ha (0o 0,2-0,5
Micsli) nepepea y BUPOOHUUTBI poBiT HyNbOBOIO LN-
kny, HeobxigHa ana Habopy miuHoCTi 6eToHy Habu-
BHUX Nanb A0 HeobxigHUX 3Ha4YeHb, BHACNig0K Y0ro
iCTOTHO 30inbLUYOTLCA TEPMiHKM ByaiBHMUTBA [19].

Mani yux cucteMm BUKOHYIOTb HaCTYMHI (PYHKLIT:
nepegava HaBaHTaXXEHHS Big KOHCTPYKLIT B HECYLLWIA
wap (MexaHidHy MIiLHICTb Ta HeCy4y 34aTHICTb) Ta Te-
nNnoobmiH 3 rpyHTOM (HM3bKOMOTEHLUiHA TennoBa
eHepris NOBEPXHEBMUX Ta KOPIHHUX LIapPIB I'PYHTY).

dyHaaMeHTHI nani nigpo3ainaoTbes Ha Kinbka
Buaie: 6ypoHabueHi (nycToTini ueHTpudyroeaHi
nani, nycroTini ueHTpudyroBaHi OeToHi 3a0uBHI
nani, MmacuBHi OETOHHI nani, AKki BBOAATLCA NEepPeHo-
CHUM METOA0M, roToBi OeTOHHI nani, roToBi OETOHHI
3abuBHi nani, HabuBHI nani Ta po3pi3Hi cTiHM [18].

BucHOBKM.

1. Ha nigctasi aHanisy Ta knacudikauii Tennoe-
HEpPreTU4HUX CUCTEM 3 BMKOPUCTAHHAM TENOBUX
HacoCiB, 3 I'PYHTOBUMM TEMMNOOOMIHHUKAMU, IHTErPO-
BaHMMU B pyHAAMEHT (3 nansiMu), 3a TEXHONOriY-
HUMM Ta KOHCTPYKUinHMMK napaMmeTpamu 6yno
BCTAHOBIEHO, LLO 3aCTOCYBAHHSA TEMNMOBUX HAcOCIB
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AHanis Tenno-eHepreTu4HUX cCUCTeM 3 BUKOPUCTAaHHAM TennoBUX HacociB i3 iHTerOBaHMMM...

Analysis of heat and power systems with the use of heat pumps with ground-based heat ...

€ BUCOKOEdEKTUBHUM METOAOM Npu TepmocTabini-
3auii cyyacHux Oyaisenb Ta crnopya.

2. BcTaHoBnEHO, WO i3 BCIiET CYKYMHOCTI Tenno-
BMUX HACOCIB HAWOINbLL €DEKTUBHUMMU € Ti, LLIO BUKO-
PUCTOBYIOTb TEMMNOBI TEMNNOOOMIHHUKK IHTETPOBAaHI B
dyHOaMEHT Ta € NepcnekTUBHUMKM AN X BNpoBa-
[>KEHHS, MepLu 3a BCe, B Mano eTaxkHux OyaiBnsx i3
BENUKOI nrowyeto 3adyaosu.

3. I3 BCi€T CYKYNHOCTI iHTerpoBaHux B pyHaameHT
TENnooOMIHHUKIB € HaWbINbLL NepcnekTUBHUM BUKO-
HaHHA Ta MOAepHi3auig TENNOBUX CUCTEM 3 NaNsAMU.

4. OCHOBHMMW NepeBary eHepreTu4yHUx nanb €
HU3bKi 40AATKOBI iHBECTULINHI BUTPATU.
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AHanus Tenno-3HepPreTu4eCKNX CUCTemM C ucnonb3oBaHMem TenynoBbIX
HacoCOB C UHTErpyupoBaHHbIMMU B OCHOBaHUE TPyHTOBbLIMUA TennooOMeHHnKamMm

B.U. MenbHukK, B.M. Ubim6an

B YkpauHe, kak yactu EBponbl, B CBAA3M CO 3HAYUTENbHLIM YBENUYEHUEM CTOUMOCTMU BHEPTETUMECKUX pe-
CYPCOB MPOUCXOAUT SHEPTETUYECKUIA KPU3UC, KOTOPbIA NPUMBOANT K COKPALLEHUIO MPOM3BOACTBA, YXyLUEHUe
YPOBHSI MUKPOKINMMATUYECKUX YCMOBUIA B MOMELLEHUAX, YBEMUYEHUIO CTOMMOCTU TOTOBOW MPOAYKUMU U K
6onbLUMM YyBbITKAM, KaK B CENIbCKOM XO35IUCTBE, TaK U B MPOMBbILLNIEHHOCTU. OAHUM U3 HANPAaBEHUIA pPeLLeHUs
9TOIi Npobnembl SABNSIETCA NOBbILUEHWE YPOBHA 3HEProcbepexkeHnst U sHeproadpheKTUBHOCTH, a TaKxkKe KOM-
hOPTHOCTHU, 34aHUIA U COOPYIKEHWI, C MOMOLLIO anbTEPHATUBHBIX UCTOYHUKOB SHEPIUU, TENNOSHEPreTUYe-
CKWUX CUCTEM C UCNONb30BAHNEM TEMIOBbIX HACOCOB, IPYHTOBbLIX TEMNOOOMEHHUKOB UHTErPUPOBAHHBIX B (PyH-
JlaMEHT, S3HEePreTMYeCcKMX CBal.
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m AHani3 Tenno-eHepreTUYHMX CUCTEM 3 BUKOPUCTAHHAM TENNOBUX HAaCOCIB i3 iIHTerpoBaHMMM. ..
Analysis of heat and power systems with the use of heat pumps with ground-based heat ...

B naHHoi paboTe npeacTaBrneH aHanus u Knaccudmkauusi CyLLECTBYIOLLMX TENNOSHEPreTUYECKUX CUCTEM
C UCMOJb30BaHNEM TEMMOBbIX HACOCOB. BbINO YCTAHOBMNEHO, YTO OAHUM U3 NEPCNEKTUBHbLIX HANPaBMNEHUIA UC-
CNeaoBaHus ABNSETCA TENNOSHEPreTUYEeCKUe CUCTEMbI C TPYHTOBBIMU TEMNOOBMEHHUKAMU, UHTETPUPOBAHbI B
chyHAaMEHT, SHepreTuyeckue ceau. [JaHHbIe SHEPreTUYECKUE CUCTEMBI, BO3MOXHO, KNaccuuLupoBaThb No Tex-
HOMNOTMYECKUM U KOHCTPYKLMOHHBIM napameTpam. Bbino ycTaHOBMNEHO HeraTMBHbIE XapaKTEPUCTUKM STUX CU-
CTEeM, K KOTOPbIM MOXXHO OTHECTU: 3aBUCUMOCTb OT rMyBUHbI NPOMEP3aHUs TPYHTA, CMOXHOCTb NPOLIECCa MOH-
Tayka, HU3Kast KOPPO3MOHHAS CTOMKOCTb METaNMMYECKUX KapkacoB 1 TeNnoodmeHHUKoB. K npeumMyLLecTBam sTux
CUCTEM MOXHO OTHECTU: UCMONb30BaHNe BO30GHOBMSAEMbIX UCTOYHWUKOB SHEPriM, SHEPIUU NOYUBbI, MOA3EMHBIX
BOJI, TENNONOTEPL Yepe3 hyHAAMEHT U LLOKOMNb AOMA, BHEPTeTUYECKUX KOMMYHUKaLMIA, BO3MOXHOCTb UCMOSb-
30BaHuUs, KaK Ans oxnaXaeHus u ana oborpesa NoMeLLIeHUA, UHTErPUPOBAHHOCTbL B CBaW TEMNOOBMEHHUKOB, C
APYIMMW SHEPreTUYECKMMU CUCTEMAaMKU W ropsiyee BoAocHabxeHne. Mcnonb3oBaHue STUX CUCTEM B 34aHUSAX
MOIOYHbIX PEPM KPYMHOIO POraToro CKoTa sIBNSIETCHA NEepPCnekTUBHLIM HanpaBneHMeM UCCNea0BaHus.

KnroueBble CroBa: 2e0€0/1eKmopbl, MernnoobMEHHUK, IHepeemuyeckas ceas, mernnoeol Hacoc, MOsI0Y-
Hble chepmbl, KPpYrHbIL poeameilli ckom, aHepaocbepexeHue, IHepPa203thhekmugHOCMb

Abstract

Analysis of heat and power systems with the use of heat pumps
with ground-based heat exchangers integrated into the foundation

V.l. Melnik, B.M. Tsymbal

Ukraine, as part of Europe, is undergoing energy crisis due to the significant increase in the cost of energy
resources, which leads to a reduction in production, deterioration of the microclimatic conditions in the prem-
ises, an increase in the cost of finished products and large losses, both in agriculture and in industry. One of
the methods to solve this problem is to increase energy preservation and energy efficiency, as well as comfort
of buildings and structures with alternative energy sources, heat and power systems using heat pumps, ground
heat exchangers integrated into the foundation, energy piles.

This paper represents the analysis and classification of existing heat-energy systems with the use of heat
pumps. It was found that one of the perspective directions of the research is the heat-energy systems with
ground heat exchangers integrated into the foundation, energy piles. These energy systems can be classified
according to technological and structural parameters. The negative characteristics of these systems identified
may include: depth dependence of soil freezing, the complexity of the installation process, low corrosion re-
sistance of metal frames and heat exchangers. The advantages of these systems include: the use of a renew-
able energy source, ground energy, groundwater, heat loss through the foundation and the basement of the
building, energy communications, the possibility of use both for cooling and heating of premises, integration in
the heat exchanger pile, with other power systems and hot water supply. The use of these systems in dairy
cattle farms is a promising area of research.

Keywords: geocollectors, heat exchanger, energy pile, heat pump, dairy farms, cattle, energy saving,
enerqy efficiency
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