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A study was carried out to justify the use of a heat pump for hot-water supply with the account taken of the re-
gional cost for electric and heat power for the industrial plants of Belarus and the population of the Kaliningrad
region. A diagram of a pilot heat pump system is represented.
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B mnueBOM npOMbIlIIJleHHOCTM BecOMyro ,lJ,OJIIO

B CTOI1MOCTM KOHe'lHOM rrp0,lJ,YKIJ.MI1 COCTaBJUIIOT

3HeprOHOCI1TeJII1, B TOM 'lMCJIe M TeIIJIOBa513HeprM5l.

«EPOCOBble» TerrJIOBble rrOTOKI1 B TeXHOJIOrM'leCKMX

npoueccax MoryT 6bITb HarrpaBJIeHbI ,lJ,JI51rrOBTopHO-

ro I1CrrOJIb30BaHI151,BKJIIO'la5111co6CTBeHHble H)')KAbI

rrpe,Unpl151TI151.3TI1 Tpe6oBaHM51 BbITeKaJOT M3 yCJIO-

BMM CHlUKeHM51 CTOI1MOCTI1KOHe'lHOM rrpO,UYKUMM

npl1 yCTOM'lI1BOM TeH,UeHUMI1 pOCTa perMOHaJIbHbIX

ueH Ha 3HeprOHOCMTeJIM. ITp06JIeMa rrOBbIllIeHM51

K03<p<pI1Ul1eHTa I1CnOJIb30BaHI151 TOrrJIMBa (KI1T)

OCTaeTC51oco6eHHO aKTyaJIbHOM B CB513MC o6pa-

30BaHI1eM e,UI1HOrO 3KOHOMMyeCKOrO npocTpaHc-

TBa POCCI151-EeJIapYCb-Ka3axCTaH M rr03TarrHbIM

BCTyrrJleHMeM 3TI1X cTpaH B BTO. ITpeo6pa30BaHMe
«6pOCOBbIX» TerrJIOBbIX rrOTOKOB ,lJ,JI51co6cTBeHHblx

H)')KA npe,lJ,rrpl151TMMrrOBbIlliaeT KlfT.

B 2008 r. ,1l,MpeKTMBoM EBporreMcKoro COIO-

3a (EC) TerrJlOBble HaCOCbI OTHeceHbI K CMCTeMaM,

MCnOJIb3yroIUI1M B0306HOBJI51eMble MCTO'lHMKM

3Hepfl1M, rrpMCOBOKYIIMB MX K COJIHetIHbIM 6aTa-

pe51M 11 BeTpoycTaHoBKaM [1]. CJIe,lJ,yeT OTMeTMTb,

YTO B EeJIapycM 11POCCMI1TeIIJIOHaCOCHble yCTaHoB-

KI1 nOKa He HallIJlI1 1lII1pOKOrO npI1MeHeHM5I. ITo Ha-

llIeMy y6e)(()l,eHI1IO B yaCTHOCTI1 3TO CB513aHOC Tapl1-

<paMI1Ha 3HeprOHOCI1TeJII1.

no MHeHl110 aBTopOB ,lJ,JI5I060CHOBaHM5I BHe,lJ,pe-

HI1513Heproc6eperalOIUI1X TeXHM'leCKMX rrpe,lJ,JIO)l(e-

HI1M y,lJ,06HO nOJlb30BaTbC5I BeJIl1tIl1HaMI1 y,lJ,eJIbHOM

ueHbl 3HeprOHOCI1TeJIeM ($ /f,1l,)I() [2].

B EeJIapycl1 B ,lJ,eKa6pe 2011 r. HaMeTMJIaCb OT-

HOCI1TeJlbHa51 cTa611JIbHOCTb KYpca 6eJIOpyccKoro

py6JI51 rro OTHOllIeHl11O K I1HOCTpaHHbIM BaJIIOTaM,

KOTOpa51OKa3bIBaeT BJII151Hl1eHa oTrrycKHble ueHbI
3HeproHOCMTeJIeM. B Ta6JI. 1 rrpl1Be,lJ,eHa cpe,lJ,H5151

ueHa 3HeprOHOCI1TeJleM B Pecrry6JII1Ke EeJIapycb.

HaM60JIbllIee 3Ha'leHMe y,lJ,eJIbHOMueHbI I1Me-

eT 3JleKTp03HeprM5l AJUI 6lO.lJ,)I(eTHbIX rrpe,lJ,rrpM5lTI1M

(41,1 $/f,1l,)I(). HaMMeHbllIee 3HatIeHI1e - npMpO,lJ,HbIM

ra3 (7,48$/f,n)l().,lLJuI 6lO.lJ,)I(eTHbIXrrpe,lJ,rrpM5lTI1MOT-

HOllIeHMe y,lJ,eJIbHOMueHbI 3JIeKTpl1'leCKOM 3Heprl111

K TerrJIOBOM paBHO 41,1/16,64 = 2,45. CTOI1MOCTb

3HeproHOCMTeJIeM AJUI CBo6o,lJ,HOM 3KOHOMHYeCKOM
30Hbl «fP0,lJ,H0I1HBecT» rrpl1Be,lJ,eHaB Ta6JI. 2.

CpeAHJUI QeHa ,meproHOCHTeJleu ,lI,illI 61O)l,)KeTHbIX npe,lJ,-

npIDIrnH B Pecny6J1HKe lieJlapycb npH paC'IeTHOM KYPce

Br/$ USA = 8380 no COCTOJlHHIO Ha 24.12.11.

HaHMeHOBaHHe 3HeprOHOCHTeilll, U;eHa, U;eHa,
YJI,eJIbHaH

eWfHHl(a H3MepeHIDI Br $USA
l(eHa,

$/r,ll,)J(

IlpHP0Jl,Hbrn ra3 (noK)'IIKa B P<1» 2095000 250 7,48
3a 1000 M KY6.: JJ,JIH61OJ),)J(eTHbIX 2765400 330 9,90
npeJJ.TIPIDIllrii

TeTIJlOBaH 3HeprIDI, rKaJI: 584331 69,73 16,64
JJ,JIH6IOJI,)J(eTHbIX npeJl,npIDITHH

3JIeKTp03HeprnH, KBT . q: 1239 0,148 41,1
JJ,illI 61OJ),)J(eTHbIX npe,lUIpIDITIDI

CpeAHJUI QeHa 3HeproHocHTeJleU B CB060,lJ,HoU 3KOHOMH-

'1eCKOU 30He «IP0,lJ,HOHHBecT» npH paC'IeTHOM KYPce

Br/$ USA = 5749 no COCTOJlHHIO Ha 15.06.11.

HaHMeHoBaHHe 3HeprOHOCHTeilll, U;eHa, U;eHa,
YJI,eJIbHaH

eJl,HHHl(aH3MepeHIDI Br $USA
l(eHa,

~
IlpHpo.n:Hhrn ra3 (noKYITKa B P<1» 1437250 250 7,50
3a 1000 M 1<)'6.: JJ,illI 61O.n:)J(eTHhIX 1897170 330 9,90
npeJl,npIDITHH.

TenJIOBaH 3HeprIDI, rKaJI: 303717 52,84 12,6
.n:illI 61O.n:)J(eTHhlx npe.n:npIDITHH.

3JIeKTp03HeprIDI, KBT . q: 977 0,17 47,2
JJ,illI 6lOJI,)J(eTHblx npe.n:npIDITHH



113 Ta6JI. 2 CJIe.n;yeT, qTO OTHOllIemre Yll:eJIhHhIX

u;eH 3JIeKTpWleCKOH 3HeprHH K TeIlJIOBOH paBHO

47,2/12,6 = 3,75.

B POCCHH 6a30BhIe orrTOBhIe u;eHhI Ha ra3 yCTa-

HaBJIHBalOTCJI ll:JI5IKIDK,D,OrOperHOHa IlpaBHTeJIhCTBOM

P<I>, u;eHhI Ha oTrrycKaeMhIe HaCeJIeHHIO 3HeprOHO-

CHTemr (ra3, 3JIeKTp03HeprHlO H TeIlJIOBYlO 3HeprHIO)

YCTaHaBJIHBalOTCJI perHOHaJIhHhIMH 3HepreTWlec-

KHMH KOMHCCl15IMH (P3K) ll:JI5I KIDK,D,oro rrOCTaBI.U;H-

Ka. IlPH 3TOM u;eHa Ha TeIlJIOBYlO 3HeprHlO 3aBHCHT

OT u;eHbI HCrrOJIh3yeMoro rrOCTaBll.(HKOM TeIlJIa TOIlJIH-

Ba. lI,eHhI Ha Ma3YT H yrOJIh orrpell:eJI5IIOTCJI CJIO)l(l1B-

IlIHMHCJI PhIHOqHhIMH u;eHaMH H BO MHorOM 3aBHCJIT

OT MHPOBbIX u;eH Ha He<pTh H reorpa<pWlecKoro pac-

rrOJIO)/(eHl15I perHOHa. ,UJur rrpOMbIllIJIeHHbIX rrpell:-

rrpl15ITHH u;eHhI Ha ra3, 3JIeKTp03HeprHlO H TeIlJIOBYlO

3HeprHlO orrpell:eJI5IIOTCJI ll:OrOBOpHhIMH OTHOllIeHl15I-

MH Me)f(lJ:y rrpell:rrpl15ITl15IMH H rrOCTaBll.(HKaMH 3Hep-

rOHOCHTeJIeH, KaK rrpaBl1JIO, OHH BhIllIe, qeM ll:JI5IHa-

CeJIeHl15I. B Ta6JI. 3 rrpHBell:eHhI u;eHhI Ha 3HeprOHO-

CHTeJIH B KaJIHHHHrpMcKOH 06JIaCTH ll:JI5IHaCeJIeHl15I

H rrpHpaBHeHHhIX K HeMY 61OlJ:)f(eTHbIX rrOTpe6HTeJIeH.

113 Ta6JI. 3 CJIe.n;yeT, qTO OTHOllIeHHe Yll:eJIhHhIX

u;eH 3JIeKTpWlecKoH 3HeprHH K TeIlJIOBOH B KaJIH:-

HHHrpMCKOH 06JI. paBHO 2,35.

B fRY «01I35I1I-COCHhI» HAH neJIapycH

6hillM pa3pa60TaHhI cxeMbI rrpe06pa30BaHl15I HH3KO-

rrOTeHU;HaJIhHhIX TerrJIOBbIX rrOTOKOB ll:JI5I pa3JIWlHhIX

06beKTOB [3,4].

B Ta6JI. 4 ll:JI5I060CHOBaHl15I rrpHMeHeHl15I TeIlJIO-

BhIX HaCOCOB rrpH HCrrOJIh30BaHHH B KaqeCTBe HCTOq-

HHKa TeIlJIa «6POCOBbIX» TeIlJIOBhIX rrOTOKOB rrpHBell:e-

HbI paC'IeTHhIe xapaKTepHCTHKH TeIlJIOBOrO U;HKJIa Oll:-

HOCTYIIeH'IaTOrO rropllIHeBoro arperaTa Ha XJIMareHTe

R134a B 3aBHCHMOCTH OT TeMrrepaTYPhI Kl1rreHl15I XJIa-

ll:areHTa rrpH TeMrrepaTYPe KOHll:eHCaU;HH 60 DC H ll:aB-

JIeHMM B KOHll:eHCaTOpe 1,68 MIla.

113 Ta6JI. 4 CJIe.n;yeT, qTO BeJIWlHHa TeIIJIOBOrO KO-

3<pq:mU;HeHTa U;HKJIa E
T

yaeJIHqHBaeTCJI C pOCTOM TeM-

rreparyphI Kl1rreHl15I XJIMareHTa to B HcrrapHTeJIe.

IlPM perHOHaJIhHhIX u;eHax Ha 3HeprOHOCHTeJIH B Pec-

rry6JIHKe neJIapych HCrrOJIh30BaHHe TeIlJIOBhIX HaCO-

COB 3KOHOMWleCKl1 OrrpaBll:aHO TOJIhKO B HHTepBaJIe

TeMrrepaTYP Kl1rreHl15I XJIMareHTa to 60JIee 5 DC, KOrll:a

BeJIWlMHa E
T
60JIee 3,79. Yll:eJIhHaJI u;eHa rrpe06pa30-

Ta6Jluu,a 3

CperotIDllI,eHa ::meproHOCUTeJIeH nO)J.aHllbIM P3K IIpaBu-
TeJIbCTBa Ka.mtmmrp3,1J,CKOH 06JIacm (KYPC RU /$ USA = 32)

no COCTOmm:ro Ha 24.12.11.

HaHMeHOBaHHe
Cpe,ll,IDUI

Cpe,ll,IDUI Y,ll,eJIhHaJI

3HeproHocHTeJUl, l.\eHa, $ l.\eHa,

e,ll,HHHl.\aH3MepeHlliI
l.\eHa, RU

USA $/r,lJ,)I(

I1PHPO,ll,HhIH ra3, 4520 141,25 4,24
Hcnonb3yeMbJH ,ll,JU1OTOnJIeHlliI

3a 1000 M K)'6.:

,ll,lliIHaceneHlliI

TennoBali 3Heprllil, rKan: 1428,3 44,6 10,65
,ll,lliIHaceneHlliI

3neKTp03Heprllil, KBT . LI: 2,88 0,09 25,0
,ll,lliIHaceneHlliI

BaHHOH TeIlJIOBOH 3HeprHH B ll:aHHOM cnyqae 6Yll:eT

paBHa 41,1/3,79=1O,84$/f,lJ:)/(, KOTOpaJI Hl1)f(e yCTa-

HOBJIeHHOHll:JI5I perHoHa 16,64$/f,lJ:)/( (CM. Ta6JI. 1).

,UJur CB060ll:HOH3KOHoMWlecKoH30HhI «fPOll:HO-

HHBeCT» HCrrOJIh30BaHHe TeIlJIOBhIX HaCOCOB 3KOHO-

MWleCKl1 OrrpaBll:aHO TOJIhKO B HHTepBaJIe TeMrrepaTYP

Kl1rreHl15I XJIMareHTa to 60JIee 10 DC, KOrll:a BeJIWlHHa E
T

60JIee 4,22 (Ta6JI. 4). Yll:eJIhHaJI u;eHa rrpe06pa30BaH-

HOH TeIlJIOBOH 3HeprHH B ll:aHHOM cnyqae 6Yll:eT paB-

Ha 47,2/4,22 = 1l,30$/f,lJ:)/(, Hl1)f(e yCTaHOBJIeHHOH

ll:JI5IperHOHa 12,6$/f,lJ:)f( (CM. Ta6JI. 2).

,UJur KaJIHHHHrpMCKOH 06JIaCTH HCrrOJIh30Ba-

HHe TeIlJIOBhIX HaCOCOB 3KOHOMWleCKl1 OrrpaBll:aHO

~e rrpH TeMrrepaTYPe Kl1rremrn XJIMareHTa to = 1 DC,

KOrll:a BeJIWlHHa TeIIJIOBOrO K03<pqmU;HeHTa U;HKJIa

E
T
= 3 (CM. Ta6JI. 4). Yll:eJIhHaJI u;eHa rrpe06pa30BaH-

HOH TeIlJIOBOH 3HeprHH B ll:aHHOM cnyqae paBH5IeTCJI

25,0/3 = 8,33$/f,lJ:)/(, qTO Hl1)f(e HOPMhI, yCTaHOBJIeH-

HOHll:JI5I pemOHa 1O,65$/f,lJ:)/( (CM. Ta6JI. 3). C yqeToM

3Toro, B KaqeCTBe HCTOqHHKa HH3KorrOTeHU;HaJIbHOrO

TeIlJIa MO)f(HO HCrrOJIh30BaTh TeIIJIory BOll:hI naJITHHC-

Koro MOpJI, peK Hll:Pyrl1X HCTOqHHKOB.

PeHTa6eJIbHOCTh TeIlJIOHaCOCHoro 060pYll:OBaHl15I

MO)/(eT 6bITb rrOBbIllieHa B qaCbI JIbrOTHOro TapH¢a

Ha 3JIeKTp03HeprHIO. CPOK OKYIIaeMOCTM 3Heproc-

6eperalOll.(l1X rrpeMO)/(eHHH ll:0JI)f(eH orrpell:eJI5ITbCJI

Ha OCHOBaHHH T30 C yqeToM TeMrrepaTypHoro rro-

TeHU;HaJIa HH3KOTeMrreparypHoro TeIlJIOBOrO HCTO'I-

HHKa H ll:eHCTBYlOll.(l1X u;eH Ha rrOKYIIHhIe 3HeproHo-

CHTeJIH. IlpHHHMaJI pellIeHHe 0 u;eJIeC006pa3HocTH

rrpHMeHeHl15I TeIIJIOHaCOCHoro 060pYll:OBaHl15I, He-

06XOll::M:MOyqHThIBaTh He TOJIhKO 3KOHOMHIO rrepBWl-

HOH3HepmH (opraHWlecKoro TOIlJIHBa), HO Hll:pyrHe

COCTaBJI5IIOll.(He, a HMeHHO: yaeJIWleHHe KarrHTaJIOB-

JIO)/(eHHH, rrepHOll: HCrrOJIb30BaHl15I H T.ll:. CJIe.n;yeT

06paTHTb BHHMaHHe Ha TO, qTO rrpH HCrrOJIb30BaHHH

TeIIJIOHaCOCHoro 060pYll:OBaHl15I ll:JI5I u;eJIeH OTOIlJIe-

Hl15I rrporrMaeT CTaTbJI 3aTpaT Ha TpaHcrropTHpOBaHHe

TOIlJIHBa H BhIB03 rrpOlJ:YKTOB CrOpaHl15I, OTcYTcTBHe

CKJIMOB ll:JI5I XpaHeHl15I TOIlJIHBa, OTCYTCTBHe CHCTe-

MbI B0ll:0rr0ll:rOTOBKl1 ll:JI5I KOTeJIbHOH, qTO B HeKOTO-

pbIX CJIyqa5IX MO)/(eT JIBJI5ITbCJI pellialOll.(HM ¢aKTOpOM

ll:JI5I l1X HCrrOJIb30BaHl15I [5]. TeIlJIOHaCOCHoe 060py-

ll:OBaHHe TaK)f(e 06JIMaeT TaKl1MH rrpeHMyll.(eCTBaMM

rro cpaBHeHHIO C ll:pyrHMH CHCTeMaMH, KaK OTCYTC-

Ta6Jlulja 4

TeMrreparypa
,l],aBneHHe

TeIInoBoHXJIa,LJ.areHTa
K03epepHIJ;lfeHTKlfrreHlliI

B HcrraplfTene Po'XJIa,LJ.areHTa to' DC IJ;lfKJIa E
MTIa T

1 0,20 3,00

5 0,35 3,79

10 0,41 4,22

15 0,49 4,74

20 0,57 5,40

25 0,65 6,26



TBJ1e Bpe,lJ.HhIX BhI6poCOB B aTMoc¢epy, OTCYTCTBJ1e

He06xo,lJ.J1MOCTJ1B TpaHCrrOpTJ1pOBaHJ1J1J1J1CrrOnh30-

BaHJ1J1rro)l(apo- J1B3phIBOorracHoro TOrrnJ1Ba B )I(J1JIhIX

MaCCJ1BaX.TerrnOHaCOCHOe 060pY,lJ.OBaHJ1eHe HBJUIeT-

CH orraCHhIM rrp0J13BO,lJ.CTBeHHhIM06'heKTOM, rrO,lJ.Be-

,lJ.OMCTBeHHhIMPOCTeXHaA30py B P<1>.

I1pJ1Be,lJ.eHHhle BhIllle peKOMeH,lJ.aU;J1J1 rro J1C-

rronh30BaHJ1lO TerrnOHaCOCHoro 060pY,lJ.OBaHJ15I
,lJ.OJl)l(HhI YTOY:HHThCH ,lJ.n5IpeMhHhIX ycnOBJ1I1 3KC-

rrJlyaTaUJ1J1.

B npeCTCKOM 06naCTJ1 ,lJ.eMCTBYJOT60nee COTHJ1

TenJlOHaCOCHhIX yCTaHoBOK C J1CrrOnh30BaHJ1eM reo-

TepMMbHbiX J1CTOY:HJ1KOB.O,lJ.HaKO OTCyTcTByeT RH-

¢OpMaU;J1J1 rro 3KcnnyaTaURoHHhiM ,lJ.aHHhiM 3TJ1X

CJ1CTeM. Mhl npOBenR pacy:eThi 3¢¢eKTJ1BHOCTR

J1CnOJlb30BaHJ1H TennOHaCOCHoro 060py,lJ.OBaHRH

OT reOTepMMhHhiX RCTOY:HJ1KOBTerrnOBOM 3HeprRR.

nblJlO nOKa3aHO, ':ITO 60nhlllJ1e 3aTpaThi 3neKTpo-

3HeprJ1J1 npJ1XO,lJ.HTCHHa rrO,lJ.'heM Terrnwx rpyHTo-

BhIX COJleBhIX paCTBopOB C 06paTHOH J1XnO,lJ.3eMHOH

3aKa':lKoM. 3TO 3HaY:RTenhHO CHJ1:)I(aeT 3¢¢eKTRB-

HOCTb TerrnOHaCOCHoro 060pY,lJ.OBaHJ1:5IC uenhlO no-

JlyqeHJ1H rOpH':IerO BO,lJ.OCHa6)1(eHRH[6].

.nJlH aKTJ1BJ13aUJ1J1BHe,lJ.peHJ1HTerrnOHaCOCHoro

06py,lJ.OBaHJ15I C u;enblO rrpe06pa30BaHRH 6pOCOBhIX

TenJlOBhIX nOTOKOB fHY «OH351H - COCHhl,) HAH

neJlapycJ1 npe,lJ.naraeT C03,lJ.aHJ1e ,lJ.eMOHCTpaU;J10H-

HOt! nJ1JlOTHot! TerrnOHaCOCHOH yCTaHOBKJ1 Terrno-

np0J13BO,lJ.J1TenhHOCThlO 120 KBT (IlTHY-120).

CxeMa IlTHY-120, KOTopaH rrpe06pa3yeT 6po-

COBoe Terrno rpa,lJ.J1pHJ1,MO)l(eT 6hITh CMOHTRpOBaHa

B KOHTeHHepe (PJ1c. 1). .nnH nO,lJ.BO,lJ.aJ1OTBO,lJ.a6po-

COBoro TennOBoro nOTOKa rrpOKJla,lJ.WBalOT,lJ.BeTpy6hI

.ny = 60 MM . .nnH nOTpe6J1TeJl5I rrpOKJla,lJ.WBalOT ,lJ.Be

TenJl0J130nJ1pOBaHHhle Tpy6bl .ny = 60 MM Ha C06CT-

BeHHhie H~hl J1Tpy6y .ny = 15 MM ,lJ.n5InO,lJ.rrJ1TKJ1

XOnO,lJ.HOH BO,lJ.OHpaBHoH rroTpe6neHJ1lO Vo. Terr-

nOBaH MOru;HOCTh yCTaHOBKJ1 TRrra IlTHY ,lJ.On)I(Ha

6hITh rrpRBH3aHa K peMhHoMy 06'heKTY.

IlTHY -120 rrpe06pa3yeT 6POCOBhIM TennoBoM

nOTOK, KOTOphiH rrocTynaeT Ha rpa,lJ.l1pHlO C pacxo-

,lJ.OMG1 rrpJ1 TeMrrepaType 25°C. qacTh 3TOro nOTOKa

C paCXO,lJ.OMGo HarrpaBnHlOT B J1Crrapl1Tenh (H) Ten-

nOBoro Hacoca. TaM ero oxna)l(,lJ.alOT ,lJ.0TeMnepaTy-

PhI ts2 = 20°C 3a cy:eT KJ1rreHI15I xna,lJ.areHTa R134a

rrpR TeMrrepaType t4 = 15°C 11 B03Bparu;alOT B rpa-

,lJ.RpHlO. 3TO YMeHhlllaeT c6poc TenJla B OKp~alO-

ru;YJO cpe.n.y R paCXO,lJ.rrO,lJ.nRToY:HoM BO,lJ.bIHa rpa-

,lJ.J1PHlO,lJ.nH KOMneHCaU;J1J1 yHoca Ha J1CnapeHJ1e.

KOMnpeccop (KP) B npou;ecce C)I(aTJ15Ixna,lJ.areHTa

OT PI = 0,49 MIla,lJ.o P2 = 1,68 MIla rrOBhIlllaeT era

TeMnepaTypy OT t1 = 15°C,lJ.0 t2 = 68,2 0c. B KOH,lJ.eH-

caTope (K) xna,lJ.areHT KOH,lJ.eHcl1pyeTC5I npl1 TeM-

rrepaType t2 = 60°C J1 rrocne TepMoperyJlJ1pylOru;e-

ro BeHTRnH (TPB) ero HarrpaBnHlOT B I1cnapRTenh

rrpJ1 TeMrrepaType t4 = 15°C. Bo,lJ.y Ha C06CTBeHHhIe

H~hI npe,lJ.rrpR5ITI15I nO,lJ.OrpeBalOT B KOH,lJ.eHCaTO-

pe (K) OT TeMnepaTyphI tWI = 45°C ,lJ.0 tW2 = 50°C.

URPKYn5IU;RlO BO,lJ.hI 06ecrreY:RBaeT ceTeBOH Hacoc

(CH2) OT aKKYMynJ1pylOru;eM eMKOCTJ1 (AEl) y:epe3

KOH,lJ.eHCaTOp (K). CeTeBoH Hacoc (CH2) TaK)l(e BhI-

nOnH5IeT rrO,lJ.ay:y ropHy:eH BO,lJ.hIV C TeMrrepaTypoH
p

t,= 50°C Ha c06CTBeHHhie H~hI J1OTOnJIeHJ1e.

IlO,lJ.rrI1TKY XOnO,lJ.HOMBO,lJ.bIVo rrpl1 TeMnepaTy-

pe to = 10°C BhlIIonHHlOT B CMeCRTene (CM) rro KO-

MaH,lJ.e OT ypoBHeMepa (YI). CeTeBot! Hacoc (CHI)

113 nOMOHa rpaARpHR HanpaBJIHeT BO,lJ.yC TeMrre-

paTypoH t,{J = 20°C Ha TeXHOJIOrJ1y:eCKJ1H rrpou;ecc

rrpe,lJ.rrpJ1HTJ1:5I.

IlO,lJ.BO,lJ.-OTBO,lJ.6pocoBoro Terrna

.ny 60 Ilo,lJ.ay:a 06paTHOH BO,lJ.hI

t, P, P, t, t., ll.y 60 ~:. J

IlO,lJ.nJ1TKa XOnO,lJ.HoJ;tBO hI

.ny15

Puc. I. CxeMa ycmaHoBKU IITHY-120:
if - ucnapumeAb, KP - KOMnpeccop, K - KOHaeHcamop, TPB - mepMopezYAupYI014UU BeHmUAb, AEI - aKKyMyAupylO14Gf1 eMKocmb,
CHI U CH2 - cemeBble HaCOCbl, CM - CMecumeAb nOanumKu XOAOaHOU BOabl; VO' ~, ": - nOaalfaxoAOaHOU, ZOpJllfeU o6pamHoUBOabl;
GJ, GO' Ga, Gx - coomBemcmBeHHO pacxoa BOabl Ha zpaaUpHIO, B ucnapUmeJLb, Ha XAaaazeHm B menAOBOM Hacoce, B cucmeMe peu,upKY-

AJlu,uu; PI' P2 - U3MepUmeJLU aaBAeHUJI XAaaazeHma ao u nOCAe KOMnpeccopa; 10' II' 12, 13' I", IsO' IsI' Is2' IwI' Iwp I" lrO - mepMonpeo6pG3o-
BameAU aAJI KOHmpOAJI meMnepamypbl B IlTHY; yO' Y1 - ypoBHeMepbl zpaaUpHU U aKKyMYAUpYI014eu eMKocmu AEI



HaHMeHOBaHHe 0603Ha'leHHe Pa3MepHOCTb BenH'IHHa

TennOBlUI MOll.\HOCTb yCTaHoBKH QT KBT 120

TeMnepaTYPa no,Ua'lH BO,UbI Ha co6cTBeHHble lfY)K.lIbI I
r °C 50

Cpe,UHJUI TeMnepaTYPa o6paTHoH BO,UbI 1M) °C 45

Pacxo,U BO,UbIB ceTeBOM KOHTYPe V M3/'I 1,0
p

PaC'ieTHbIH pacxo,U BO,UbIHa co6cTBeHHble lfY)K.lIbI VO M3/'i 0,375

TeMnepaTYPa HCTO'iHHKa Bo,UocHa6lKeHIDI 10 °C 12

MOll.\HOCTb CeTeBoro Hacoca CH2 NcH2
KBT 2,2

AKK)'MYmrp)'lOll.\lUI eMKOCTb AEI M3 3

IlOTpe6lli1eMaJl MOll.\HOCTb KOMnpeccopoM 6F-50.2V
N KBT 32,54

TennOBoro Hacoca "P

TeMnepaTYPa KHneHIDI xna,UareHTa B HcnapHTene II °C 15

)J,aBneHHe xna,UareHTa Ha Bxo,Ue B KOMnpeccop PI Mila 0,49

)J,aBneHHe xna,UareHTa Ha Bblxo,Ue KOMnpeccopa P2 Mila 1,68

TeMneparypa xna,UareHTa Ha Bblxo,Ue KOMnpeccopa 12 °C 68,2

Pacxo,U xna,UareHTa Go Kr/c 0,081

Pacxo,U BO,UbIHa HcnapHTenb Go Kr/c 1,0

Cpe,UHIDI TeMnepaTYPa BO,UbJHa Bxo,Ue B HcnapHTenb IS! °C 25

TeMnepaTYPa BO,UhIHa BbIXo,Ue HcnapHTellil Is2 °C 20

OCHOBHhle rrapaMeTphI IITHY -120 rrpHBeAeHhI
B Ta6JI. 5.

M3 Ta6JI. 5 BHAHO, '!TO rrOTpe6lliIeMIDI CYMMapHIDI
3JIeKTpJ1'ieCKIDI MOIIIHOCTh IITHY -120 COCTaBlliIeT Nc =

N + N
CH2

= 34,74 KET. TeI1JIOBOM K03<P<PllUHeHT rrpe-
o!5ProoBaHlUl 6pOCOBOro TeI1JIOBOro rrOTOKa paBeH lOT =
3,45. 3ToT K03<P<PllUHeHT rrpH BhI6paHliOM MOIIIHOCTH
KOMIlpeCCopa H CeTeBOro Hacoca rro Be.TIWll1He MeHhIJle
MOIUHocrn, rrplffieAeHHoM B Ta6JI. 4, B KOTOpOM lOT = 4,74
rrpH to = 15°C. OAHaKO YAeJIhHIDIueHa Bhlpa6aThmaeMOM
TeI1JIOBOM3Hepnrn )l)Ul 6IO)J,)KeTHhIXrrpe.n:rrpIDI'fl1i1 Pec-
rry6JIHKH oeJIapYCh 6YAeTpaBHa 41, 1/3,45 = 1l,91$/f,[bK,
KOTOpIDI HIDKe 16,64$/f,[bK (CM. Ta6JI. 1). TaKHM o6pa-
30M, 3KOHOMJ1'ieCKH 060CHOBaHO propa6oTKa yCTaHOBKH
AaHHoro THIla C Ilplffi5l3KOM ee K peaJIhHOMY o6'heKTY.

PaCl.feT C Yl.feTOM perHOHaJIhHhlX ueH B CBo6oA-
HOM 3KOHOMJ1'ieCKOM 30He «fpOAHOHHBeCT» rrOKa-
3hIBaeT, l.fTO rrpHMeHeHHe TeI1JIOHaCOCHoro o6oPYAO-
BaHH5I C rrapaMeTpaMH THrra IITHY-120 H TeI1JIOBhIM
K03<P<PHUHeHTOM lOT = 3,45 rrpHBOAHT K rrOBhIIJleHHIO
YAeJIhHOM ueHM rrpeo6pa30BaHHoM TeI1JIOBOM 3Hep-
rHH AO 47,2/3,45 = 13,7$/f,[bK rro cpaBHeHHIO C rro-
KYI1HOM 12,6$/f)l,)f( (CM. Ta6JI. 2).

AHaJIOrHl.fHhIM paCl.feT C Yl.feTOM perHOHaJIhHhlX
ueH Ha 3HeprOHOCHTeJIH JJ:lliI HaCeJIeHH5I KaJIHHHHr-
PMCKOM 06JIaCTH rrOKa3hIBaeT, l.fTO rrpHMeHeHHe Terr-
JIOHaCocHoro 06oPYAoBaHH5I C rrapaMeTpaMH IITHY-
12011 TefUIOBhIM K03<P<PHUHeHTOM lOT = 3,45 rrpHBOAHT
K CHH)f(eHI1IO YAeJIhHOM ueHhI rrpeo6pa30BaHHoM Terr-
JIOBOM 3HeprHH AO 25,0/3,45 = 7,25$/f)l,)f( rro cpaB-
HeHHIO C rroKYI1HoMlO,65$/f)l,)f( (CM. Ta6JI. 3).

TaKHM o6pa30M, BHeApeHl1e TeI1JIOBhlX HaCOCOB
JJ:lliI rrpeo6pa30BaHH5I 6pOCOBOro TeI1JIa Tpe6yeT Yl.feTa
era TeMrrepaTYPhI, perHOHaJIhHhlX ueH Ha 3HeprOHO-
CHTeJIH, a TaK)f(e Yl.feTa TeXHJ1'ieCKl1X xapaKTepHCTHK
TeI1JIOHaCOCHoro o6oPYAoBaHH5I B CHCTeMe Terro-
JIocHa6)f(eHH5I.
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