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HNCCJIEJOBAHUE 2OPEKTUBHOCTU NIPUMEHEHUS TEINVIOHACOCHBIX YCTAHOBOK
VIS HY K] TEIINIOCHABXKEHMUS B YCJIIOBUAX YKPAUHBI

B Hacrosiiiee Bpems nepen YKpauHOW, Kak U IEpe BCEM MHUPOM, OCTPO CTOSIT IBE€ B3aMMOCBS3aHHbIE
poOJIeMbl: IKOHOMHS TOINIMBHO-PHEPIETUUECKUX PECYPCOB M YMEHBIICHHUE 3arps3HEHHsT OKPYIKaloled Cpebl.
B ycnoBHSX HCTOILEHHMS 3aI1aCOB OPTaHMYECKOTO TOIUIMBA M PE3KOTO MOBBILICHUS 3aTpaT HA OCBOSHHE HOBBIX
MECTOPOXKJCHUH CTAaHOBUTCS BCe Oosiee HepalMOHAIBHBIM CKUTaHKE YIIIs, Ta3a U He(TeNpOoayKTOB B MUJIIIHO-
Hax MaJOMOIIHBIX KOTEIbHBIX W MHIMBHIYaJIbHBIX TOMOYHBIX arperarax, BbI3bIBarollee OOJBIIOE KOJIHYECTBO
BPEIHBIX BEIOPOCOB B aTMOC(epy U CYIIECTBEHHOE YXY/IIEHUE SKOJIOTNYECKONH 0OCTaHOBKH B TOPOJax U MHpE.

OpanM n3 HambOomee 3PPEKTUBHBIX ITyTel SKOHOMHH TOIUIMBHO-YHEPTeTHYECKHUX PECYpPCOB SIBISETCS
HCTIONIb30BaHHUE 3KOJIOTHYECKH YHCTHIX HETPAIUINOHHBIX BO30OHOBIAEMBIX MICTOYHUKOB SHEPTHH, W B IIEPBYIO
ouepelb, COTHEUHON YHEPTUH, aKKyMYJIHPOBAaHHOH B TPYyHTE, Bojoemax M Bo3ayxe [1-3]. OmHako mepronnd-
HOCTb ACHCTBHUS M HU3KHH TEMIICpaTypHBIH TOTCHIIHAT 3THX HCTOYHUKOB HE MO3BOJISIOT UCIIOIB30BATh UX YHEP-
THIO HETIOCPEICTBCHHO, 0e3 mpeobpa3oBanus. B kadecTBe mpeoOpasoBaTeneil TEINIOBOW HEPTHH, OT TEIUIOHO-
CHTEJISl C HU3KOH TEMIIEpaTypoil K TEIIIOHOCHUTEIIO ¢ Oosiee BHICOKOH TEeMITEpaTypOH, HCHOIB3YIOTCS TEILUIOHA-
cocHele yctaHoBkU (THY)

Ienbto maHHOM pabOTHI ABJISAETCS ONpeneneHue IenecoodpasHoctu npumenenus THY ans vHyxn temn-
JIOCHA0KEeHUS MIPU CYIIECTBYOLIEM TEXHOJIOTHYECKOM YPOBHE MPOU3BOICTB M IIPEOOPa30BaHUs SHEPTUH.

JIJis OLICHKH DHEPreTUUECKOM 3P PEKTUBHOCTH TEIUIOBOIO HACOCA MCIMOJIB3yeTCs KOA((HUIIUCHT mpeo -
pa3oBaHus |l, MPEACTABISIONMKE COOOW OTHOLICHUE TEIUIOTHI, OTIABAEMOW HArpeBaeMOMY TEIUIOHOCUTENIO, K
3aTpavyeHHOM PHEPIUU Ha MPUBOJ KOMIpeEccopa.

Ha npaxtuke Benmuanna koddduimenta npeodpazoBaHus, B OCHOBHOM, 3aBUCHT OT Pa3HOCTH TEMIIEpa-
TYpBbI HICTOYHUKA U MTOTPEOUTETS, CTEIICHN 0OPaTUMOCTH IMKJIA, TEPMOAMHAMHIECKUX CBOHCTB paboyero rena u
Ipyrux (akTopoB. 3aBUCUMOCTH K03(h(HINEHTOB MPeoOpa3oBaHus TEIUIOBOTO HACOCA OT TEMIIEpaTyphl HU3KO-
MOTEHIIMAJIbHOTO NCTOYHNKA TEIUIOTHI M TEMIIEPATYpPhl HarpeBaeMoro TEIUIOHOCHUTEISI TPUBEACHBI Ha PUCYHKE 1.
Bo Bcex pacderax ucrons3oBanuch P-1 muarpamver ammuaka (R717).

Ha pucynxke 1 BuIHO, 9TO, HANPUMED, IPH TEMIIEPATYPE UCTOYHHKA TEIUIOTH Ha ypoBHE +10 °C u TeM-
neparype Harpesa TerioHocuTens Ha yposHe 60 °C kodduimenT npeobpa3oBaHus TEIUIOHACOCHOM YCTaHOBKU
nocturaeT 2,53. C yBelnuueHUEM TeMIepaTypbl HCTOYHUKA HU3KOMOTECHIIMAIBHOTO TEIUIa WM C YMEHBIICHHEM
TeMIlepaTypbl, HEOOXOMMOW TOTpeOUTENt0, KOAP(UIIMEHT TPeoOpa3oBaHus BO3PACTAET U MOXKET JIOCTUraTh 5 U
60BIINX 3HAYCHHH.

B kauecTtBe HU3KOIMOTCHIIUAJIBHBIX UCTOYHUKOB TEIVIOTHI MOT'YT MCITIOJIb30BATHCA:

a) BTOPUYHBIC SHEPTETHYECKUE PECYPCHI IPOMBIIIIIEHHOTO MTPOU3BOICTBA

— TEIJIOTa BEHTUIISLIHOHHBIX BEIOPOCOB;

— TEIJIOTa CepPhIX KaHAJIM3ALMOHHBIX CTOKOB,;

— cOpocHas TeTuI0Ta TEXHOJIOTHIECKHUX TIPOLIECCOB.

0) BO30OHOBIISIEMbIC UCTOYHUKU SHEPTUH:

— TEIJIOTa OKPYXKAIOIIEro BO3yXa;

— TEIJIOTa TPYHTOBBLIX BOJ;

— TEIJIOTa BOAOEMOB U MTPUPOAHBIX BOJHBIX ITOTOKOB;

— TEIUIOTA COJIHEYHON YHEPIUY;

— TEIJIOTa NMOBEPXHOCTHBIX CJIOEB I'PYHTA.

Bri0op xnaareHra Takxke umeet 0oJblIoe 3HaYeHHE B paboTe TeIuIoBoro Hacoca. [1oaTomy, xJiajareHt
HE JOJDKEeH OBITh JIETKOBOCIUIAMEHSIEMbIM, OKa3bIBaTh pa3pylIarollee BIMSHHE Ha OKPYKAIOIIYIO CPedy, ObITh
TOKCHMYHBIM. [IpH 3TOM OH OJDKEH MMETh paboyee AaBiIeHHe, OJM3Koe K aTMOC(EPHOMY U BBICOKYIO yIICNIBHYIO
TEIIOTY MapooOpa30BaHMs, IMETh COBMECTUMOCTD C MaTepHaIaMH, N3 KOTOPBIX U3TOTABINBACTCS XOJIOAMIbHAS
MalliHa, U IMeeT HU3KYH0 cebecTouMocCTh [2].

B Tabmune 1 mpexcraBieHBl 3aBUCHMOCTH Ko3(¢HIMeHTa NpeoOpa3oBaHUs TEIIOBOIO Hacoca OT
HauboJIee PaCIPOCTPAHEHHBIX XJIAJATEHTOB MPH MPOYKMX PABHBIX yCIOBUsIX (t,e = 10 °C, t,,, = 60 °C).

I/ICXO)IH N3 PE3YJILTATOB pacucTa NMPUBCIACHHBIX B Ta6J'[I/IL[e 1, BUAHO, YTO NPUMCHEHNE HECKOTOPBIX XJIa-
JITaT€HTOB CYIIECTBEHHO ITOBBIMIAET KOAPPHUIHEHT mpeodpa3oBaHus TeIoTh. Hanpumep, mpu cCpaBHEHHH ABYX
TEIJIOBBIX HACOCOB, UCIIOJB3YIOMINX B KauecTBe padouero tena R717 u R410A cooTBeTCTBEHHO, KOIPPHUIIHESHT
npeoOpazoBanus niepBoro Oyzaet Boime Ha 0,56 (28,6 %). [ToaTomy nipu BbIOOpE XJagareHTa He0OOX0IUMO YUH-
ThIBATh €ro TCPMOJUHAMUYICCKUC U TeHJ’[O(bI/ISI/I‘-IeCKI/Ie XapaKTCPpUCTHUKU. DTO MO3BOJIUT JOCTUYb MaKCHMaJIbHOH
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3¢ (hekTUBHOCTH PabOThI TEIIOBOTO HACOCA.
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Pucynok 1 — 3aBUCHMOCTH KO3 GHUIIIECHTA TPe0Opa30BaHuUs SHEPTHHA |
OT TEMIIEPATYPbl HU3KOMOTECHIIUATBHOTO HCTOYHUKA TETUIOTHI tye, U TEMIIEPATYPhI TEILIOHOCHTEIS tyy,
HArpeToro B TEIUIOBOM HAcOCe
TemriepaTypa TEMIOHOCHUTEIIS OCTIE TEILIOBOTO HACOCA!
1) 35°C;2) 40 °C; 3) 45 °C; 4) 50 °C; 5) 55 °C; 6) 60 °C; 7) 65; 8) 70 °C

Tabmmmna 1 — Brustare XomamareHTa Ha KO3 UIHEHT L

Xnajarent XHMH[{;%ZH bop- mn Haspanue
R410A R32/125 (50/50) 1,97 | XnopodropokapboHar
R22 CHCIF, 2,37 | XmopoudropmeTaH
R134a CH,FCF; 2,39 | Terpadropatan
R12 CCl,F, 2,48 | dudropauxiopMeTaH
R600a CH(CHas)3 2,52 | U306yran
R717 NH; 2,53 | AMmuak
R11 CCl3F 2,80 | Tpuxnopdropmeran

Ha pucynke 2 mpuBeleHa 3aBHCHUMOCTh DHEPTETUYECKON COCTaBIISIONIEH CTOMMOCTH BBIPaOOTaHHOM
TEIUIOTHI OT KO3 PHIMEHTa Mpeodpa3oBaHus U Tapu(OB HA IICKTPUUECKYIO dHEepruto. Tak xe, i CpaBHEHUS,
Ha pPHUCYHKE 2 yKa3aHa TOTUIMBHAs COCTaBIIONIAas cToMMOCTH 1 ['kaj TermoBoil sHEprum Mpu CTOMMOCTH NP HU-

posHoro rasa 2500 I‘pH/TI:IC.MS u KITJ] xotia 80 %.

Hcxonst n3 momydeHHBIX pe3ynbTaToB (puc. 2), 001acTb, pactoiaoxeHHas Hike ropuzonTtanu [1I0, sBis-
eTcsl Ha JaHHOM 3Tare YKOHOMHUYECKH 1eJIeco00pa3Hoi ¢ TOUKH 3pEHHMs 3aTpaT Ha SHeproHocutenu. Hampumep,
TIPY CpPeHEH CTOMMOCTH JJIEKTPUUECKOH 3Hepruu Ha ypoBHe 0,75 rpH/KBT 4 1 cpenHerogoBoM ko3¢ duirenTe
npeobpa3oBaHus | = 2,5 CTOUMOCTH BbIpaOOTaHHON TETIOTHI OyJeT MEHbIIIe, B CpeaHeM, Ha 12 % oTHOCHTEINb-
HO Ta30BOTo KOTJa. B cBsA3M ¢ 3THM [eiicTByIOIKE B HACTOAIIEE BpeMsI TapU (bl Ha TEIJIOBYIO YHEPTUIO 3aCTaB-
JISIFOT BCE Yallle 3aJyMBIBAThCS HaJ aJbTEPHATUBHBIMHU CIIOCOOAMHU TEIUIOCHAOXKEHUS, a TEIUIOHACOCHbIE CHCTe-
MBI IPECTABISIOTCS OTHIMH U3 HanOoee 3pPEeKTUBHBIX CPEACTB PEIICHHUs STOH TPOOIEMEI.

3¢ GEeKTUBHOCTD TEMIOBBIX HACOCOB B MOCJIEAHHE TOJbI 3HAUYUTENBHO BO3POCIA BCIECICTBHE M3MEHE-
HUH, BHECEHHBIX B KOHCTPYKIIHIO KOMIIPECCOPOB, TEIUIOOOMEHHUKOB W MHUKPOIIPOLIECCOPHBIX CHCTEM YIIpaBile-
Hus. [IpruMeHeHHne JBYXCTYNEHYAaTOro CXaTHs M BIPBICKA B KOMIIPECCOP KHUAKOTO ()peoHa MO3BOJSET cylle-
CTBEHHO YBEJIMYUTh JUANa30H JaBICHUN HCHApeHMsl U KOHACHCAINH, YTO B CBOIO OUYepeb MO3BONISET CHU3UTh
TeMIepaTypy UCHApeHHs U MOBBICUTh KOHEUHYIO TEMIIEpaTypy TemIoHocuTens. B pesynbrate Bo3aeicTBHE Ta-
KHX CHCTEM Ha OKPYXXAIOUIYIO Cpely CYIIECTBEHHO cHukaercs. CeroHs OHM CUMTAIOTCSl 0oJiee «UHCTBHIMU» B
9KOJIOTMYECKOM IUIaHEe, HEXKEJIM CaMble COBPEMEHHbIE BHICOKOA((EKTUBHbIE ra30Bble KOTIbI. IIpoBeneHHbIe He-
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cJeI0BaHUs MOMOTa0T MPOBECTU CPABHUTEIbHBIA aHaN3 BO3IEHCTBUS HA CPEely TEIUIOBBIX HACOCOB M Ta30BBIX
KOTJIOB 10 TOJOBBIM SKCIUTYaTallHOHHBIM MOKa3aTessiM cropanus u oobemam BeiOpocoB CO, B aTMocdepy (puc.
3).
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CronMoCTh BEIPaOOTaHHON TETUIOTHI,

PucyHOK 2 — 3aBHCUMOCTD SHEPreTHIECKOH cocTaBisromnIei B cedbectonmoctu 1 ['kax TerioBoit sHeprun
IIPU Pa3INYHBIX YCIOBHAX €€ MPOU3BOICTBA
1-4 — mpou3BOACTBO C MOMOIIBIO TEIUIOBOTO HACOCA IIPH CTOMMOCTH 3JIEKTPOIHEPTUH:
(1) — 0,25rpu/xBt-4; (2) — 0,5rpu/kBt-4; (3) — 0,75rpH/kB1-4; (4) — lrpH/kBT 4
ITI" — mpousBoacTBO B 3HepreTHyeckux kKotiax npu KIIJ xorensHoM 80 % ¥ CTOMMOCTH MPUPOJHOTO rasa
2500 rpu./1000 M*

Cpemumii mokaszarenb BeIOpocoB CO, mpu IMPOU3BOJCTBE AIIEKTPUICCKON SHEPTHH B YKpaWHE COCTaB-
mset 512,95 r CO,-axB/kT y.T. [4] [Ipu pacxozne 0,420 kr y.T./KkBT 4, KommdgecTBo BEIOpocoB paBHO 215,5 T CO;,-
9kB/KBT 4. Bei0opocsr CO; ipu cxxurannu npupoaHoro raza — 221 r CO,-3xB/KBT TemnoBoit sHeprun. [4]
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Koaddumment npeodpazoBanus

Pucynox 3 — CHukeHue BBIOPOCOB APHUKOBBIX ra30B B 3aBUCUMOCTH OT K03 duireHTa npeodpasoBaHust
SHEPruM U U KOAIPQUIIMEHTA UCIIOIb30BaHUS €JMHUYHON MOIIIHOCTH TEINIOHACOCHOW ycTaHoBKH K,
1) K, =60 %; 2) K,, = 80 %; 3) K,, = 100 %

Jiis mpuMepa: TeIIoBoi Hacoc ¢ KOA((GUIIMEHTOM CE30HHOW MPOU3BOIUTEIBLHOCTH — 2,5 TIO CpaBHe-
HUIO ¢ KOTJIOM, HMEIONINM K03()(QUIIMEHT TOJJOBOI NMPOU3BOUTEIBHOCTH Ha ypoBHE 80 % , BEIOpAchIBaeT B aT-
Mochepy CO, Ha 68 % MeHbIIIe, YeM Ta30BBIH KOTEN TOW K€ MOIIHOCTH 32 aHAJIOTUYHBIA BPEMEHHOH OTPE3OK.
CHmKeHne BEIOPOCOB U SKOHOMUS TOILTHBA HE €JUHCTBEHHOE JIOCTOMHCTBO TEIUIOBBIX HACOCOB. X HMCHOB30-
BaHUE MMPUBOJINT, TAKXKE, K CHIDKCHHUIO M IPYTUX BPEIHBIX coenuHeHnii: SOX, NOX, TBepabIX 4acTHil, (PTOPHCTHIX
coenuHeHUH. [loaTOMY NpHMEHEHHe TeIUIOHACOCHOI TEXHUKH MPEICTaBIsIeT cO00il He OUepeaHYI0 MOJICpHU3A-
IIUIO TPAAUIIMOHHBIX YHEPrOUCTOYHNKOB, a BHEAPEHUE OTHOCUTEIILHO HOBOTO, MPOTPECCUBHOTO, BHICOKOI(Pdek-
THBHOTO W JKOJIOTMYECKH YUCTOTO CIoco0a MmpeoOpa3oBaHUs SHEPTHH, TO3BOJSIONIETO HE TOJHKO YMEHBIIIHUTh
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3aTpaThl OPraHUYEeCKOro TOIIMBA MPH MOJTYYSHUH TEIUIOTHI, HO U CYIIECTBEHHO CHU3UTh 3arpsi3HEHUE OKpyXKa-
FOILEN Cpefbl.

BriBoasl

OnmHMM U3 BaXHBIX NMPEUMYILECTB TEIUIOBBIX HACOCOB SIBIAETCS BO3MOKHOCTBH HCIIOIBb30BAHUS HU3KO-
MOTEHIMAIbHBIX BO30OHOBISIEMBIX HCTOYHUKOB SHEPTHH, a TAK)KE€ BTOPHUYHBIX IHEPTETHUECKUX PECYPCOB MPO-
MBIIIIEHHBIX MPEANPUATHNA. DTO 3HAUYUTENBHO PACHIMPSIET PECYPCHYIO 0a3y TEIIOCHAOKEHUs, IENAcT ec MEHee
3aBHCUMOH OT TIOCTaBOK JAOPOTUX TOIUIMBHEIX PECYPCOB.

AHanu3 npencTaBICHHBIX MaTEPHAIOB ITOKa3all, 4To 3 (eKkTHBHOCTh pabOTHI TEIIIOBBIX HACOCOB OIIpE-
JIeIseTCs pAAOM (aKTOPOB: TEMIIEPATYPHBIM PEXUMOM padoTH (K03 dHuIneHToM nmpeodpa3oBaHus [L), BHIOM
XJIaJATeHTa, CTOUMOCTBIO JIEKTPHUUECKON dHEPTHH, 3aTpaurBacMoi Ha NMPUBOJ KOMIIpeccopa U IEeHOW MpUpo -
HOTO ra3a, UCIOJIb3YEMOr0 y allbTEPHATUBHOTO HCTOYHHKA TEIUIOCHA0XKEHUs! (IHEPreTHYECKOTO KOTJIa).

Pe3ynbTaTsl uccienoBaHus MOKa3ajiK, YTO IPHU CYLIECTBYIOIIMM YpPOBHE LIEH Ha MpUpOAHbIL ra3 (2500
TpH/TEHIC. M3) u snekrpudeckyro sHepruto (0,75 rpa/kBr-u), pabora THY nenecoobpasHa, ¢ TOUKH 3peHHS 3aTpat
9HEPrOHOCUTEIIS, IIPH KO3 PHUIMeHTE TpeoOpa3zoBanus 1L > 2,5.

[epexoxn mpou3BoACTBa TEIUIOBOW 3Hepruu Ha 06aze THY obecmeunBaer cHIDKEHHE BEIOPOCOB MapHU-
KOBBIX ra3oB Ha 35-90 %.

HecmoTps Ha oueBUIHBIE NPEUMYILECTBA, HEAOCTATKAMH TEILIOBBIX HACOCOB SIBIIETCS BBICOKAs CTOU-
MocTh 00opyznoBanus. [IoaToMy akTyanbHOH SBIISETCS 33/1a4a BRIOOPA PEXKUMHBIX M KOHCTPYKTUBHBIX ITapaMeT-
poB pabotsl THY, oOecneunBarommx 3KOHOMHYECKYIO 3(P()EKTHBHOCTh M MHBECTHUIHOHHYIO IPHBICKATEINb-
HOCTh B yCIOBHUSX YKpanHbl. K OCHOBHBIM HamlpaBleHUSIM HCCIEIOBAaHHH B JAHHOH OOIACTH MOXXHO OTHECTH
n3y4eHue paboThl KOMIUIEKCAa TEIUIOBOW HAcOC — BO30OHOBJISIEMBIH HCTOYHUK DHEPIHH, BO3MOXKHBIX CXEM HC-
MOJIb30BAHUS HU3KOMOTCHIHANBHBIX BOP mpu 0JHOBpeMEHHO!H BhIpaOOTKE TEIIOBOW M 3JCKTPHUCCKOU IHEP-
THH.
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JOCIIIAKEHHA EOEKTUBHOCTI 3ACTOCYBAHHSA TEIVIOHACOCHHUX YCTAHOBOK
JIJIS IOTPEB TEIIOMIOCTAYAHHS B YMOBAX YKPATHH

VY crarTi npencTaBieHi pe3yibTaTi TEOPETUIHOTO AOCIIKEHHsI e()eKTHBHOCTI POOOTH TEIUIOBUX HACO-
ciB. BuzHaueHO eKOHOMIYHY Ta €KOJIOTIYHY JOLIbHICTh BUKOPUCTAHHS 1IMX arperariB. BctaHoBieHI 3a51€KHOCTI
BIUTMBY TEMIIEPATYyp DKEpesa TeIUIOTH 1 TEIUIOHOCIS, 1[0 HArpiBaeThCs, Ha KoedinieHT Tpanchopmariii. [Tokasa-
HO, 10 3aCTOCYBaHHS TEIVIOBUX HACOCIB, J03BOJISE ICTOTHO CKOPOTUTH BUKHIM MAPHUKOBHX ra3iB B aTMmochepy.

Bikmaev S., Gubinsky M., Usenko A., Fedorov S., Foris S., Shishko Y.

THE RESEARCH OF HEAT PUMPS EFFICIENCY IN HEAT SUPPLY OF UKRAINIAN
CONSUMERS

The article presents the results of theoretical researches of heat pumps efficiency. Were identified eco-
nomic and environmental potential of these equipment. The influence of temperature heat source and cool heat-
transfer agent on transformation coefficient concerning Ukrainian consumers was established. It is shown the use
of heat pumps can significantly reduce emissions of the greenhouse gases in the atmosphere.
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