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E®EKTUBHI PEXXUMU POBOTHU TEIIJIOBUX HACOCIB 3
I'PYHTOBUMHU TEIIVIOOBMIHHUKAMMA

BiHHULIbKH HAI[IOHATBHUN TEXHIYHUNA YHIBEPCUTET

Anomauin

Oyineno nOKA3HUKU poOOmMU MENi08020 HACOCA 3 TPYHMOBUM MENLO0OMIHHUKOM OJisl PI3HUX MeMnepanmyp menio-
HOCIsL Ha 6ux00i 3 eunapuuka. Busieneno eghexmueni pesicumu pobomu menio8o20 HACOCA «800A-800a»3 IPYHMOGUM
MEeNI00OMIHHUKOM HA OCHOBI MEXHIKO-eKOHOMIYHO20 aHANI3Y ma 3 6UKOPUCHAHHIM MEeMOOUKU OYIHIOBAHHS JHCUMME-
6020 YUKy 6UpoOy, peanizoeanol 6 npoepamuomy npoodykmi Sima Pro.

KirouoBi ciioBa: TermioBuii HacOC «BOJAa-BO/Aa», €KOHOMIYHA €()EKTHBHICTh, OIIHKA JKUTTEBOI'O ITUKIY BHPOOY,
I'PYHTOBUH TEIIIOOOMIHHHK, PO3UMH ETUIICHTITIKOITIO.

Abstract

Estimates of the performance of the heat pump with a ground heat exchanger for different temperatures of the heat
carrier at the outlet of the evaporator. The effective modes of operation of the water-water heat pump with ground heat
exchanger on the basis of technical and economic analysis and using the method of estimating the life cycle of the product
implemented in the Sima Pro software product are revealed.

Keywords: water-water heat pump, economic efficiency, life cycle assessment of the product, soil heat exchanger,
ethylene glycol solution

Beryn

BukopucraHHs NOHOBIIOBAHHUX JKEpEN €HEeprii Al TeIUIONOCTaYaHHS B IPOMHMCIOBOCTI Ta >KHTIOBO-
KOMYHQJIFHOMY CEKTOpi Ha JIaHWH Yac CTae MeplIoueproBOl0 3aqaducio. BUKOpHCTaHHS TOHOBIIOBAHOI TeIl-
JIOTH IPYHTY MOXKEe OyTH JOCSTHYTO 3aBASKU BIIPOBA/DKEHHIO TEIIIOHACOCHUX TEXHOJIOTIH 3 IPYHTOBHM HU-
3bKOTEMIIEPATYPHUMH TEINIOOOMIHHUKAMU.

IpyHT siBJIsIE€ COOOKO TEMJIOBUI aKyMYJIATOP HEOOMEKEHOI EMHOCTI, TEIIOBMH PEXUM SIKOr0O (hOPMYETHCS
ITiJ] BIUIMBOM COHSIYHO{ pajiallii i MOTOKy pajioreHHoro Teria xo rimmbouan 10-20 merpis [1].

[pYHT MOBEPXHEBUX MIAPIB 3€MJIi, B 3B'A3KY 3 HOTO MOBCIOAHOI JOCTYIHICTIO i IOCHUTH BUCOKUM TeMIIEpa-
TYpHUM TIOTEHIIIaJIOM, € HalOLIBIII TIePCIIEKTHBHIM JPKEPETIOM TEIIOBOI €HepTii HU3bKOi TeMIlepaTypu s
BHITAPHHKIB PEBEPCUBHUX YJIIEPiB.

TemnepaTypHUi peXXUM IIapiB IPYHTY, PO3TALIOBAHUX HIDKYE MTMOMH MPOHUKHEHHS TEIUIA COHAYHOI pa-
Tiarii, MpakTUYHO HE 3aJISKUTh Bil CE30HHUX, a THM OUIbIIe JOOOBUX 3MiH NMapaMeTpiB 30BHIMIHBOIO KiliMa-
Ty. Takum YrHOM, Ha TIOPIBHSHO HEBENWKiN TTTMOWHI Bi TOBEPXHI € IMIapH IPYHTY, TeMIepaTypHHUI MOTEH -
iaj SKUX B XOJOAHY TOPY POKY 3HAYHO BHIIE, HIXK Y 30BHIMTHBOTO TOBITPS, a B )KapKy TMOPY POKY - 3HAYHO
HIDKYE.

[Ipu BnamTyBaHHI B TPYHTI BEPTUKAIFHUX a0 TOPU3OHTAIBHUX PEricTpiB TpyO (cucTeM 300py HU3BKO-
TEMITEPaTYPHOTO TEIUIOTH IPYHTY) 3 IUPKYIIOIOYAM B HUX TETUIOHOCIEM, BiIOYBAEThCS BiOIp TEIUIOBOT eHe-
prii Bix IpYHTY 1 Bi/IBEJICHHSI CIIO’KUBAYEBI.

OCKITbKH IPYHT € JIOCUTH CKJIAJHOIO 1 PI3HOMaHITHOIO CTPYKTYPOIO IIPU IPOEKTYBaHHI CUCTEM 300py HU-
3bKOTEMITEpaTypHOI TEIIOTH IPYHTY CJIiJ] BUKOPHCTOBYBATH paHilie po3poOieHi MeToauku [2, 3].

[Ipu MonmenroBaHHI TEMJIOBOTO PEKHUMY CHUCTEM HEOOXIHO TaKOX BPaXOBYBATH XIMIKO-MiHEPAJIOTIYHY
MIPUPOJLy TPYHTOBOT'O CKEJETa, HOro MEXaHIYHY CTPYKTYPY, KUTbKICHI CITIBBiTHOMIEHHS MK (ha3aMu cepeno-
BHIIA, 1110 3aMIOBHIOE MPOMDKKHA MK TBEPAWMH YaCTHHKaMH CKeJlleTa, 1 IX B3a€MHE pO3TAlIyBaHHS B IOPO-
BOMY IIPOCTOPI, a TaKOXk OaraTo iHIKMX (i3UKO-XIMIYHHUX MMapaMeTpiB IPYHTOBOI'O MAaCHBY.

BaxnBoro xapakTeprCTHKOIO TEIJIOBOTO HAcOca 3 IPYHTOBHM TEMJIOOOMIHHUKOM € TeMIIepaTypa TEeIIo-
HOCIsl Ha BUXOJIi 3 BUMApHUKA. Ll TeMmepaTypa BIUIMBAa€E HE TUIBKM Ha TEIMJIOOOMIHHI XapaKTEePUCTUKHU TPYH-



TOBOT'0 TEIUIOOOMIHHUKA, ajie 1 Ha Tiepenaj TUCKY Ha KOMITPECOpi TEIUIOBOr0 Hacoca Ta Ha HOro Koe(ilieHT
MIEPETBOPEHHSI.

Mera poboTH — BUSIBIICHHS e()EKTUBHUX PEKHUMIB POOOTH TEIUIOBOTO HACOCA «BOJA-BOJA» 3 IPYHTOBUM
TEIIOOOMIHHUKOM JJIsl PI3HUX 3HAYCHb TEMIIEPATYPU TEIUIOHOCIS Ha BUXOJIi 3 BUMIAPHUKA 3 BUKOPUCTaHHSIM
TEXHIKO-EKOHOMIYHOT'O aHaJli3y Ta OLIIHKH XUTTEBOTO IIUKITY BUPOOY B EKOJIOTIYHUX TTOKa3HUKAX.

Pe3yabTaTtu gociainkeHHs

B naHniit poOoTi po3risaaeThCsi BEPTUKAIBLHUN IPYHTOBUH TEMIIOOOMIHHHK, METOJMKA PO3PAXYHKY SIKOTO
HaBezieHa B [3] Ta peBepcuBHHE uimiep «Boaa-poga» DYNACIAT [4], skuii mpairoe B peKuMi TEIIIOBOTO
Hacoca.

PizHuns TEMneparyp TEMIOHOCIS B IPYHTOBOMY TEMJIOOOMIHHUKY mpHitHATa 2°C, po3paXyHKOBa TEILIOBA
MOTYXHICTh cuctemu onanieHHst — 100 kBt [5], Temneparypa TEIUIOHOCIS HAa BUXOJI 3 KOHJCHCATOPA peBep-
cuBHOTrO 4isutepa — 45°C, Tepmin pobotu cucteMu — 15 pokiB.

Hamu nipoBejieHe MOPIBHSIHHS PE3yJIbTaTIB 32 TEXHIKO-€KOHOMIYHHUM METOOM B TPOIIOBUX OJUHUIISX Ta
3a METOJIOM OIIIHKU BIUIMBY JKHUTTEBOIO IIUKITy CUCTEMH B MeToAi Impact-2002+, B sSIkoMy BUKOPHCTOBYETHCS
6e3po3mipHa BenmunHa Eco—indicator point (Pt). OctaHHs OIliHKa BpaXxoOBY€E BILUIMB Ha HABKOJIMIIHE CEpelo-
BHIIIE BCIX CKJIQJIOBUX CHCTEMH MPOTATOM BCHOTO Il )KUTTEBOTO NWKJIY, BOHA peali3oBaHa B MPOTPaMHOMY
KomIuiekci Sima Pro[6].

Pe3ynbraTi 4MCI0BUX IOCHTIIKEHb HaBECHI Ha puc. 1.
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Z ["pyHTOBWA TennooBMiHHMK i EnexTposHepria ANA komMnpecopa

Pucynok 1 — 3anexHicTb BUTpaT pu poOOTi TEIIIOBOIO HacOca «BOJA-BOJa» 3 IPYHTOBUM TEIIOOOMiH-
HUKOM BiJl TEMIIEPATYpH TEIJIOHOCISI HA BUXO/IIB 3 BUIIAPHHUKA B TPOLIOBHUX Ta €KOJIOTTYHHUX MTOKa3HUKAX

SIk BHIHO 3 pUC. |, eKOHOMIYHO JOLUIBHUM J[ialla30HOM TEMIIEpaTypH TEIUIOHOCIS Ha BUXOl 3 BUMAPHH -
ka € -8°C — 0°C, a owiHKa 3a €KOJOTTYHUMHU KPHUTEPIAMHU A03BOJIsI€ BU3HAYUTH 2°C sK eeKTHBHY TeMIIe-
paTypy po3uMHY €THJICHTJIIKOIIO Ha BUXO/I 3 BUIIAPHUKA.

Cain 3ayBaXkuTH, IO ISl TEMIIEPATYPH TEILIOHOCIS 5°C € MOXJIMBICTH BAKOPHCTAHHS OYUIIEHO! BOJIH, a
JUIS. MEHILIMX TeMIepaTyp — PO3UYMHY €THWJICHIIIIKOMIO. 3allOBHEHHS IPYHTOBUX TEIUIOOOMIHHHUKIB BOAOIO, 32
OpiEHTOBHUMH PO3paxyHKaMH, NO3BOJUTH 3MEHIIUTH BHUTPAaTH Ha CTBOpeHHsS Bciel cucremu Ha 1,0...1,5
MJIH. TPH.



AHani3z oTpEMaHuX pe3yNbTaTiB MOKA3aB, 0 3HAYHA YAaCTKa CKOHOMIYHUX BUTPAT BCi€l CHCTEMH IMPHIIA-
JIa€ Ha PO3POOKY BEPTUKAIBLHUX IPYHTOBHX TEIJIOOOMIHHUKIB. HaTOMICTh €KOJIOTIUHI OIIIHKH BKa3yHOTh Ha
CYTTEBHWH BILTUB BiJ BUPOOHUIITBA EIEKTPOCHEPTil I KOMITpecopa.

TakuM yMHOM, HE JUBIISTYMCH Ha ONM3BKI pe3ynbTaTH Mo eeKTUBHIN TeMrepaTypi TEIUIOHOCIS Ha BUXOAI
3 BUTNIAPHHKA, CJiJl 3BEPHYTH YBary Ha 3HauHy pO301KHICTH y CHIBBIJHOIIEHHI BUTPAT Ha CHCTEMY 3 TEILIO-
BHM HAcOCOM Ta I'PYHTOBHMH TEIJIOOOMIHHWKAaMH, PO3PaxOBaHUX 32 TEXHIKO-€KOHOMIYHUM METOJOM Ta
METO/IOM OILIIHKH BIUIMBY KHTTEBOTO [IUKITY CUCTEMH B €KOJIOT'TYHMX TOKA3HUKAX.

Taki po30DKHOCTI, HA HAllly JyMKY, BHKIIMKaHI, 3 OJHOIO OOKY, HEJOCTAaTHIM PO3BUTKOM TEXHOJOTiH
CTBOPCHHS I'PYHTOBUX TEIJIOOOMIHHUKIB JUIS TEINIOHACOCHOTO O0JIaHAHHSI, a 3 1HIIOro, HEJOCTATHIMU BU-
TpaTaMu Ha MOAOJaHHs EKOJOTTYHHMX HACIiIKIB BUPOOHUIITBA €IEKTPOCHEPTIi Ha TEIUIOBHX EIEKTPOCTAHIi-
sax. OTke, OIiHKa e()eKTUBHOCTI CHCTEM 32 EKOJIOTTYHUMU IMOKa3HUKaMH €, Ha HAIly JyMKY, OUIbII MepCeK-
THUBHOIO.

He nuBnsanch Ha 3HaYHI KamiTaJOBKJIAJICHHS TEIJIOHACOCHI TEXHOJOTI 3 IPYHTOBUMH TEIIOOOMIHHUKA -
MU MalOTh psijl TiepeBar mnepej TPAULiHHAMY JDKEpenaMu eHepTii: MepCreKTHBHICTh JaHWUX TEXHOJOTIH B
MaiiOyTHROMY, 3MEHIIIEHHS IIK{JITMBUX BUKHUJIIB B MICIIi pO3TalllyBaHHS OMAJIOBAHOTO 00’ €KTY, TOCTYITHICTh
ENEeKTPOCHEPrii, MPOCTOTa Ta 3PYUHICTh PETyIIOBaHH, BUCOKUI piBEHb aBTOMAaTH3allii, BUCOKa eHeproedex-
THUBHICTb.

BucHoku

B poboti npoaHanizoBaHO epEKTUBHI PSKUMU POOOTH TEIJIOHACOCHOTO O0JIaHAHHS 3 IPYHTOBUMH TEIl-
JIOOOMIHHHMKAaMH JUIs BiZIOOPY ITOHOBJIIOBAHOI Fe0TEPMaIbHOI eHepril.

BusiBiieHO BIUIMB TeMIIEPaTypu TEIJIOHOCIS HA BUXOJI 3 BHIIAPHMKA PEBEPCHUBHOIO Uijiiepa, BUKOHAHO
OI[IHKY BUTPAT Ha IPYHTOBUH TEIUIOOOMIHHUK Ta HA €IEKTPOSHEPTII0 Il KOMIIpEcopa PEBEPCUBHOTO HiJlie-
pa «BoJa-BoJay.

BusiieHo, 1o 3a €eKOHOMIYHHMH MOKa3HUKaMH PalliOHANIbHI TEMITEpaTypy TEIIOHOCIS Ha BUXOJI 3 BU-
MapHHUKa 3HaXOIAThCs B Mexax -8...0°C. A 3a exonoriunumu — 0au3bko 2°C. IlepeBarorw BapiaHTy 3 TeM-
repaTyporo 5°C € MOXKIIMBICT 3aIIOBHEHHS IPYHTOBHX TEIIOOOMIHHHKIB OYHIIIEHOIO BOJOIO 3aMiCTh BOJTHO-
T'0 PO3YMHY ETHIICHTITIKOITIO.

JIBa METOIM OIIHKHU CYTTEBO BiIPI3HAIOTHCS 32 OCHOBHHUM €JIEMEHTOM BHTPAT: JUISI €EKOHOMIYHOT'O aHAIII3Y
— II¢ BUTPATH Ha CTBOPEHHS TEIUIOOOMIHHHUKA; a JUIS €KOJIOrIUHOI OI[IHKA — TEXHOT€HHE HAaBaHTa)KCHHS Bij
BUPOOHMIITBA €JIEKTPOCHEPTii. BUIbIT MepCIeKTUBHUMHY, Ha HAIIy JTYMKY, METOIAOM OITiHIOBAHHS € METO.
OIIHKH BILTHBY >KUTTEBOTO IIHKITy BUPOOY y €KOJIOTYHUX MOKA3HUKAX.

He nuBnsamch Ha 3HAYHI KamiTaJOBKIIAEHHS B TEIIOHACOCHI TEXHOJOTII BIPOBADKYIOUH TaKi CHCTEMH
MOXKHA JOCSATaTH €KOHOMIii BUKOITHOTO TaJHMBA; MIKIIUTMBUX BUKUIIB B MICITi BUPOOHHUIITBA TEIJIOTH, 3MCH-
IIIEHHS BUTPAT Ha 00CIyrOBYBaHHS, BUPIBHIOBAHHSA I'padiKy CIIOKMBAHHSA €IIEKTPOSHEPTii.
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