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The technique offered by authors allows to estimate operatively efficiency of application of a large number of
pure substances and mixes for refrigeration and heatpump units. In its basis the condition of equality of tem-
perature pressures between the heat-carrier and a working substance in the evaporator and the condenser with
rigidly set parameters of heat-carriers in heat exchangers lies.

On the basis of this technique it is settled an invoice also comparison of indicators of thermodynamic efficiency
of cycles for broad audience both individual, and mix working substances of refrigeration units.
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KnIO'IeBblecnOBa: TepMOAL-1HaML-14eCKa~3cj:Jcj:JeKTL-1BHOCTb,XOJlOAL-1JlbHbleyCTaHOBKL-1,TenJlOBbie HaCOCbl, XOJlOAL-1JlbHble
areHTbl.

B HaCT05lll.l,ee BpeM5I cYlUecTBYIOT pa3JH1'-1Hble

nO,lJ,XO,lJ,bI K oueHKe 3¢¢eKTHBHOCTM npHMeHeHH5I

Tex HJIH HHblX pa60'-lHX Bell.l,eCTB (PB), MCnOJIb3ye-

MbIX B XOJIO,lJ,HJIbHbIX H TenJIOHaCOCHbIX yCTaHoBKax

[1-3], KOTopble KaK npaBHJIO, Y'-lHTbIBaIOT 60JIbWOe

KOJIH'-IeCTBO ¢aKTopoB. AHaJIH3 JIHTepaTypbI [2-6]
n03BOJI5IeT C¢OPMYJIHpOBaTb OCHOBHble Tpe60BaHH5I,

npe,lJ,b5lBJI5IeMble K pa60'-lHM Bell.l,eCTBaM (PB) TenJIO-

HaCOCHblX H XOJIO,lJ,HJIbHbIX yCTaHOBOK:

3aKOHO,lJ,aTeJI bHble OrpaHH'-IeHM5I;

- TepMO,lJ,HHaMHyeCKa5l3¢¢eKTHBHoCTb;

- Tpe6oBaHH5I, npe,lJ,b5lBJI5IeMble K PB C TOYKM

3peHH5I npOMbIWJIeHHOrO OCBOeHH5I aJIbTepHaTHBHO-

ro XJl3,lJ,areHTa.

ConOCTaBJIeHHe TepMO,lJ,HHaMMYeCKOH 3<P¢eK-

THBHOCTH, HanpHMep, XOJIO,lJ,MJIbHbIX UMKJIOB yaCTO

npOBO,lJ,HTC5I TOJIbKO npH paBHbIX TeMnepaTypax B HC-

napHTeJIe yCTaHOBOK. Ha Haw B3rJI5I,lJ" Heo6xo,lJ,HMO

TaIOKe YYHTbIBaTb npouecc OXJl3)(()J.eHI151 napa nOCJIe

KOMnpeccopa C nOCJIe,IJ,ylOll.I,eH KOH,lJ,eHCaUMeH. YHM-

BepCaJIbHOH MOrJIa 6bl CTaTb MeTO,lJ,HKa conOCTaBJIe-

HH5I UHKJIOB npH 3a¢HKCMpOBaHHbIX TeMnepaTypax

TenJIOnpHeMHMKa H TenJIOOT,lJ,aT'-IHKa - 3JIeMeH-

TOB, Heo6xo,lJ,HMbIX ,lJ,Jl51peaJIM3aUHH JII06oro UHKJIa,

HO HaXO,lJ,5lll.l,I1XC5I 3a npe,lJ,eJIaMH caMOW yCTaHOBKH.

npH 3TOM ,lJ,OJDKHOC06JIIO,lJ,aTbC5I npaBHJIO paBeHCTBa

TeMnepaTypHbIX HanopOB B npoueccax nO,lJ,BO,lJ,aH OT-

BO,lJ,a TenJIOTbI (Me)l()l.y TenJIOHOCHTeJIeM M pa60'-lMM

TeJIOM B HCnapI1TeJIe H KOH,lJ,eHCaTope) ,lJ,JI5IBcero p5l,lJ,a

cpaBHHBaeMbIX Bell.l,eCTB, '-ITO n03BOJIMT 3a¢HKCHpO-

BaTb KOH¢MrypaUHIO UMKJIa ,lJ,JI5I K3)(()J.OrO pa6o'-lero

Bell.l,eCTBa H BbInOJIHHTb paC'-IeT XOJIO,lJ,MJIbHOrO (OTO-

nHTeJIbHoro) K03¢<PHUMeHTa.

npHHUMnHaJIbHble cxeMbI napOKOMnpeCCM-

OHHbIX XOJIO,lJ,HJIbHbIX H TenJIOHaCOCHbIX yCTaHoBOK

H,lJ,eHTH'-IHbI (pHC. 1). UMKJI B T, S-,lJ,MarpaMMe, COOT-

BeTcTByIOll.I,MW ,lJ,aHHOW npMHu,MnHaJIbHOW cxeMe, no-

Ka3aH Ha pHC. 2.
npe,lJ,JlaraeMa51 MeTO,lJ,HKa n03BOJI5IeT oueHMTb

TepMO,lJ,HHaMH'-IeCKyIO 3<p<peKTHBHoCTb npHMeHeHH51

60JIbWOrO KOJIWIeCTBa '-IHCTbIX Bell.l,eCTB H CMeceH

B XOJIO,lJ,HJIbHbIX HJIH TeflJIOHaCOCHbIX yCTaHOBKax.

AnropHTM MeTO,lJ,HKH:

1. 33,lJ,aIOTC5I HCXO,lJ,Hble ,lJ,aHHble,lJ,JI5l paCyeTa:

- TeMnepaTypa «rop5lyero,) TenJIOHOCHTeJI5I

Ha BXO,lJ,eH BbIXO,lJ,e B (M3) KOH,lJ,eHCaTop(a) yCTaHOBKM:

t~H H t~H COOTBeTCTBeHHO;

- TeMnepaTypa «XOJIO,lJ,HOrO,) TenJIOHOCHTeJI5I

Ha BXO,lJ,e H BbIXO,lJ,e B (M3) McnapHTeJIb(51) yCTaHOBKH:

t:rrH H t;" COOTBeTCTBeHHO;

- BHYTpeHHHH OTHOCMTeJIbHbIH Kna KOMnpec-

copa T]~i;

- MHHMMaJIbHbIW TeMnepaTypHblw Hanop B KOH-

,lJ,eHCaTOpe M~in , B HcnapHTeJIe M~in .

Puc. I. JIpUHIJ,UnUaJlbHGJI cxeMa napoKoMnpeccuoHHOU ycmaHo8-
KU: K-p - KOHaeHcamop; PT - peceHepamu8Hbiu menJl006MeIlHuK;

JJ.p - apOCCeJlb; H - ucnapUmeJlb; K - KOMnpeccop;
3JJ. - 3J1eKmpOa8UcameJIb



PUC. 2. lJ,UKfl merlfloeozo Hacoca U XOflOaUflbHOU MaUIUHbl, pa6ommow,ux:
a - Ha a3eomponHbiX CMeCflX U '1UCmbIX eew,ecmeax; 6 - fla liea3eomponHbIX CMeCflX;

(PK - aaefleflue KOHaeHcau,uu; Pu - aaefleHue uCnapeHUJI)

2. OnpeLJ,eJ151eTC51 6a30BO~ pa60llee Bell.l,eCTBO

11P5lLJ,Bew,eCTB, npeLJ,J1araeMbIX B KalleCTBe aJlbTepHa-

TI1Bbl.

3. PaCClII1TblBaIOTC5I 6a30Bbie TeMnepaTypHble

HanopbI B TenJ1oo6MeHHbIX annapaTax, a TalOKe xa-

paKTepl1CTI1KI1 :mepreTI1l1eCKoti 3<p<peKTI1BHOCTI1

yCTaHOBKI1, pa60TalOw,eti Ha 6a30BoM pa60lleM Be-

w,eCTBe [7].
CpeLJ,Hl1ti TeMnepaTypHblti Hanop B TeMoo6MeH-

HbIXannapaTax He peKOMeH,LIyeTC5I onpeLJ,eJl5lTb KaK cpeLJ,-

HeJ10rapl1<pMl1'-IeCKOe 3HalleHl1e, eCJ1l1 TenJ10eMKOCTb

TenJ10HOCI1TeJl5l 113MeH5leTC5I 6oJ1ee, lIeM Ha 10%, rro-

3TOMY npe)J,J1araeTC5I I1Cn0J1b30BaTb nOI1HTepBMbHble

paClIeTbl: BC51nOBepXHOCTb TeMOnepeLJ,alll1 pa36I1BaeT-

C5I Ha n yllacTKoB, lI11CJ10 KOTOpbIX LJ,OJDKHO6blTb LJ,OCTa-

TOllHbIM, lIT06bl ClII1TaTb, liTO TeMoeMKOCTb Ha KIDK,Ll,OM

113Yll3CTKOB npaKTI1l1eCKH He I13MeH5leTC5I, a TenJ10Boti

nOTOK Ha Bcex Yll3CTKax OLJ,l1HaKOB. CpeLJ,HI1M TeMrrepa-

TypHblH Hanop Ha i-M Yl/aCTKe C nflOll.l,aLJ,blO nOBepXHOC-

TI1I1E; onpeLJ,eJl5leTC51 KaK

a CpeLJ,HI1H TeMnepaTypHblM Hanop no Bceti nOBepx-

HOCTI1

I1T=_n_. (2)
" 1L~

1=1 !1T;

TaKl1M 06p330M, npeLJ,nOJ1araeTC5I, liTO )J,Jl5I Bcex

CpaBHI1BaeMbix XJ1aLJ,areHTOB npl1 paBHblx ycpeLJ,HeH-

HblX TeMnepaTypHblx Harropax !1T = Q / (kF) p33J1l1-

lII1e B K03<P<PI1Ul1eHTaX TerrJ10nepeLJ,alll1 k KOMrreHCl1-

pyeTc5I 113MeHeHI1eM nOBepXHOCTl1 annapaTa F.
OCHOBHoe LJ,onyw,eHI1e npl1 paClIeTe: I13MeHeHl1e

TeMnepaTypbl B npouecce 0XJ1IDK,Ll,eHI151 neperpeToro

napa pa60l1ero TeJ1a B KOHLJ,eHCaTOpe Onl1CblBaeTC51

J1I1HeHHOH 3aBI1CI1MOCTblO:

17;' 17;
rLJ,e a = --- - OTHOWeHl1e I13MeHeHI15I 3HTaJlbnl1l1

~a -17;

napmKI1LJ,KOCTHOH CMeCI1 K 06ll.l,eMy 113MeHeHI11O 3H-

TMbn1111 pa6ollero TeJ1a B KOHLJ,eHCaTope.

I1PI1 paClIeTe Ul1KJ1a OrpaHI1l1l1BaeTC51 MI1Hl1MMb-

Hblti TeMnepaTypHblti Hanop B KIDK,Ll,OM TenJ1oo6MeH-

HI1Ke Mmin (He MeHee 3°C).

OCHOBHOti xapaKTepI1CTl1Koti 3HepreTI1l1eCKOH

3<p<peKTI1BHOCTI1 X0J10LJ,I1J1bHOti yCTaHoBKI1 5IBJ151eTC5I

LJ,eticTBI1TeJ1bHblti X0J10LJ,l1JIbHbIH K03<P<PI1Ul1eHT:

% !z,,, -h4 (4)
EH = I: = (~ - hi) / T\~I

rLJ,e qo - yLJ,eJ1bHa51x0J1oLJ,Orrp0I13BOLJ,I1TeJ1bHOCTb yc-

TaHOBKH, K,1l,)I(/Kf;I: - LJ,eticTBI1TeJ1bHa51 pa60Ta KOMnpeccopa,

K,1l,)I(/ Kr;

hi' ~, h4, hy, - 3HTaJlbrrl1I1 PB TOLJKaX UI1KJ1a (CM.

PI1C. 1,2).
OCHOBHOH xapaKTepl1CTI1Koti 3HepreTI1l1eCKOH

3<p<peKTI1BHOCTI1 TenJ10HaCocHoti yCTaHOBKI1 5IBJ151eT-

C5I LJ,eHCTBI1TeJ1bHbIM K03<P<PI1Ul1eHT npeo6pa30BaHI15I

TeMOTbl (oTOllI1TeJ1bHbIH K03<P<PI1UI1eHT):

qK ~H-h2'~ ---
Jl - ': - (~-hl)/T\~I

rLJ,e qK - yLJ,eJ1bHa51TenJ10np0l13BOLJ,I1TeJ1bHOCTb yCTa-

HOBKH, K,1l,)I(/Kf;

': - LJ,eHCTBI1TeJ1bHa51 pa60Ta KOMnpeccopa,

K,1l,)I(/ Kf;

hi' h2, h2" h2H - 3HTaJlbllI111 PB B TOllKax Ul1KJ1a

(CM. pl1C, 1,2).
4, XapaKTepI1CTI1KH 3HepreTI1l1eCKoti 3<p<peK-

TI1BHOCTI1 yCTaHOBKl1, pa60TaIOll.l,eti Ha 6a30BoM

PB, CpaBHI1BaIOTC51 C aHMOrJ1llHbIMI1 nOKa3aTeJ151Ml1

yCTaHOBKI1, pa60TalOll.l,eti Ha aJlbTepHaTI1BHOM PB,

C Yl/eTOM paBeHcTBa nOJ1yqeHHblx TeMnepaTypHblX

HanopOB B TenJ1oo6MeHHI1KaX, nJ151 06eClleLJeHI151

TaKoro paBeHcTBa LJ,aHHa51 MeTOLJ,I1Ka Tpe6yeT peaJIl1-

3aUl111 npouecca I1TepaTI1BHOrO nOLJ,6opa LJ,aBJ1eHl1ti

B TellJ1006MeHHI1KaX LJ,J151Ka)l()J,OrO CpaBHI1BaeMOro

XJ1aLJ,areHTa,



IIpHMeHeHHe MeToAHKH AJUI onpeAeJIeHml TepMoAH-

HaMH'IeCKOH 3l1>lI>eKTHBHOCTHHCnOJIb30BaHml

pa60'lHX BelllecTB B XOJIOAHJIbHblX yCTaHoBKaX

B KalleCTBe 6a30BOrO PB rrpH aHaJIH3e3<p<peKTHB-

HOCTHnpl1MeHeHH51pa3JIH'IHhIX pa60lIl1x TeJI B XOJIO-
AHJlbHbIX yCTaHoBKaX rrpHHHMaeTC51XJla,ll,areHT R12.

3TO OAHH H3 HaH60JIee HCCJleAOBaHHhIXH AeilIeBhIX
XJla,ll,areHTOB,HCnOJlb3yeMhIM rrOBCeMeCTHOB XOJIO-

AHJlbHOHTeXHHKe B AOMOHpeaJIhCKHMrrepHoA. 06Jla-

AalOI..UHHBhICOKHMnOTeHUHaJIOMpa3pyureHH5l 030Ha

(ODP = I) 1160JIhilIHM rrOTeHUHaJIOM rJl06aJIbHOrO

nOTenJleHH51(GWP = 8500), <ppeoH R12 3arrpemeH

K npHMeHeHHIO BOBcex CTpaHax, nOAnHcaBWHX MOH-

peaJIbCKHH npOTOKOJI 1987 r. OAHaKo npH conOCTaB-

JleHHH 3<p<peKTHBHoCTHnpeAJTaraeMhIX K BHeApeHHIO
<ppeoHoB ilIHpOKO HCnOJlb3yeTC51B KaqeCTBe 06beKTa

cpaBHeHH5I.
I1cxoAHble AaHHble AJT5lpaCqeTa UHKJla XOJIOAHJIh-

HOH yCTaHoBKH Ha <ppeoHe RI2 H aJIhTepHaTHBHhIX
eMy BeI..UeCTBax:

- TeMnepaTypa «rop51qero» TenJIOHOCHTeJl51

Ha BXOAe B KOHAeHcaTOp yCTaHoBKH H Ha BhIXOAe

H3 Hero npHHHMaeTC51nOCT051HHOMH paBHOM KOM-

HaTHOHTeMnepaType B03Ayxa: I~H = I~H = 20°C;
- TeMnepaTypa «XOJIOAHoro» TerrJIOHOCHTeJI5l

Ha BXOAeBHCnapl1TeJIhyCTaHoBKHH Ha BbIXOAeH3 Hero
npl1HHMaeTC5I nOCT051HHOMH paBHOM 3a,l1,aHHOMTeM-

nepaType B XOJlOAHJIhHOMKaMepe: I:..rH = (fH = -20°C;
- BHYTpeHHHH OTHOCHTeJIhHhIHKIl,IJ: KOMnpec-

copa: T]~i = 0,65;
- MHHI1MaJIhHhIHTeMnepaWPHhIM Harrop B KOH-

AeHcaTope: llt~in = 3°C;
- MHHHMaJIbHhIM TeMrrepaWPHhIH Harrop B HC-

napl1TeJle: f,1~in= 0 °C.
Pac '-leT UHKJla XOJIOAHJIhHOMyCTaHoBKH Ha 6a30-

BOMpa60'-leM BeI..UeCTBeCy'-leToM 3a,l1,aHHhIXHCXOAHhIX

AaHHhIX orrpeAeJlHJI TeMnepaTypHhIM Harrop B KOH-
AeHcaTope llt

K
= 4,68 "" 4,7 °C. ,IJ:eMcTBHTeJIhHhIMxo-

JlOAI1JlbHbIHK03<P<PHUHeHTUHKJla COCTaBHJIrrpH 3TOM
tn = 3,19.

,l],aJIee, npH HeH3MeHHOM 6a30BoM TeMrrepa-

TypHOM Hanope, nOJIyqeHHOM AJI513TaJIOHHOrO Be-
I..UeCTBaR 12, 6bIJIH paCCqHTaHhI rrapaMeTphI TepMo-

AHHaMl1qeCKHX UHKJlOB yCTaHoBOK, pa60TalOmHX

Ha BemeCTBax 113 npeAJlaraeMOro p51Aa 3aMeHHTe-

JleH R12, nyTeM HTepaTHBHoro rroA60pa AaBJleHHH
aJIhTepHaTHBHhIX PB B TenJlo06MeHHhlx arrrrapaTax.

OTKJlOHeHHe OT 6a30Boro TeMnepaTypHoro Harropa

B KOHAeHcaTope HaxOAHJIOCh B AonycTHMhIX rrpeAe-

Jlax ±0,05 °C .

PaccMaTpHBaeMhIM aJIhTepHaTHBHhIH p51APB CO-

CT05IJIH3 '-Il1CTbIXBemecTB, a3eoTporrHhlx H Hea3eOT-

ponHhlx cMeceH.

B XOJIOAHJIhHhIXyCTaHoBKax CTpeM5lTC5106ecne-
'-IHThrrOCT05lHCTBOTeMrrepaTypbI B HcnapHTeJIe, KOTO-

poe AaeT npl1MeHeHHe qHCTbIXBemeCTB, a3eoTporrHhlx
HJlI1KBa3Ha3eoTporrHhlx CMeceBhlX XJla,ll,areHTOB.

TepMoAHHaMHqeCKOe rrOBeAeHHe CMeCH a3eOT-

ponHoro COCTaBarroA06Ho rrOBeAeHHIO qHCTOrO Be-

mecTBa, rrOCKOJIhKYCOCTaBnapoBoH H )I(HAKOH <pa3

y Hee OAHHaKOB, a AaBJIeHH51B TOqKaX KOHAeHCaUI1H
H KHrreHH51 COBrra,ll,aIOT. ,IJ:Jl51KBa3Ha3eoTponHhlx

KOMn03HUHH rrpH3HaKH a3eoTporrH3Ma npH pa60-

qeM AaBJleHHH KOHAeHcaTopa qame Bcero He np05IB-

JI5lIOTC51,11TaM n051BJI51eTC5I3aMeTHhIH TeMnepaTyp-

HhIM maHA.
KOHueHTpaUHH napOBOH H )I(J1AKOH¢a3 Hea3e-

oTporrHoH CMeCH B YCJIOBH5lXTepMoAHHaMl1qeCKOrO

paBHOBeCH51pa3JlH'-IaIOTC51,a H30TepMa rrOA 6HHoAa-

JIhlO Bp-h- KooPAHHaTax HMeeT HaKJlOH, T. e. KHrreHHe

rrpH rrOCT05lHHOMAaBJIeHHH npOI1CXOAHTnpH yBeJIH-
qeHHI1 TeMrrepawphI XJla,ll,areHTaOT 14 ,11,015'" a KOH-

AeHCaUH5l - rrpH rra,ll,eHHHTeMrrepaTyphI OT 12" )J:O12,
(PI1C. 3). 3TO He06xoAHMO yqHThIBaTh rrpl1 OnpeAeJle-

HHH CTerreHH rreperpeBa napa Ha BXOAeB KOMrrpeccop,

a TaIOKe npH oueHKe 3HepreTH'IeCKHX xapaKTepl1CTHK

XOJIOAHJIhHOHyCTaHOBKH.
fpa¢HKH TeMrrepaTypHbIX HarropOB AJT51pa3JIHq-

HhIX pa60qHX BemeCTB B KOHAeHcaTope XOJIOAHJIhHOM

yCTaHoBKH rrOKa3aHhI Ha pHC. 4.

OpH paCqeTe UHKJla XOJIOAHJIhHOHyCTaHoBKH
C HCrrOJlh30BaHHeM Hea3eoTporrHhlx BeI..UeCTBOT-

CJIe)l(J1BaJIaCbCpeAH5151TeMrrepaTypa B HcrrapHTeJIe

I
HCP

= (14 + 15") / 2 = -20°C CAonycTHMhIM OTKJlOHeHH-
eM±O,05°C.

Pe3YJlhTaThI paCqeTOB UHKJlOB XOJIOAHJIhHhIXYC-

TaHOBOKHa pa3JIHqHhIX PB rrpeACTaBJIeHhI B Ta6JlHue.
113 CMeceBhlX XJla,ll,areHTOBpaCCMaTpHBaJIHCba3eOT-

porrHble JIH60 6JIH3KHe K HHM (KBa3Ha3eoTponHble).
,IJ:JI5lpaCqeTa TepMOAHHaMHqeCKHX CBOHCTBPB HC-

rrOJIh30BaHa rrporpaMMa REFPROP 8.0.

IlpHMeqaHHe. IlpH anp06aUHH AaHHoH MeTO-

AI1KH paCqeT BeJIH'IHHhI rreperpeBa BcaCbIBaeMoro
rrapa npOH3BOAHJIC51TOJIhKOAJT5lBeI..UeCTBC nOJlO)l(J1-

TeJIhHbIM HaKJlOHOM rrpaBoH rrOrpaHHqHOH KPHBOH,

qT06hI 06eCrreqHTh pa60TY KOMrrpeccopa B 06JlaCTH
rreperpeToro napa. IlpH 3TOM TeMrrepaTypa Ha BXOAe

B KOMrrpeccop II OrrpeAeJI5lJIaCbH3 yCJIOBH51paBeHC-

TBa 3HTporrHH 51 = 52" rrpH HTepHpyeMhlx 3HaqeHH51X

AaBJIeHH5l HcnapeHH51 PH H KOHAeHcaUHH PK' B Ta-
KHX cJIyqa51x yqHThIBaJIOCh TaIOKe rrepeOXJl<oK,lJ,eHHe

PB Ha BhlxoAe H3 KOHAeHcaTopa B pereHepaTHBHoM

TerrJIo06MeHHHKe. TepMOAHHaMHqeCKHe napaMeTpbI

pa60qero TeJIa rrepeA APOCCeJIhHhIMBeHTHJIeM orrpe-

Puc. J. p-h-(JUQZPQMMQ XOflO(JUflbHOZO ~UKJlQ

(JJlIl Hea3eOmpOnHou CMecu



Puc. 4. TeMnepamypHblu HanOp 6 KOHaeHCamOpe XOflOaUflbHOU ycmaH06KU:
a - aflJi '1UCmbIX 6eUl,eCm6 U a3eomponHbiX cMeceu; 6 - aflJi HemeomponHbLX CMeceu

Bell.\eCTBO P", f
4
,0(: fy.,oC P., f2"oC f2",oC f2n, °C tifp'oC qQ' ,; , En

MfIa MfIa KJJ:)I(/Kr KJJ:)I(/Kr
RI2 0,1507 -20,00 -20,00 0,6159 23,00 23,00 51,00 0 121,57 38,08 3,19
R134a 0,1327 -20,00 -20,00 0,6300 23,18 23,18 48,11 0 154,59 49,51 3,12
R125 0,3373 -20,00 -20,00 1,3402 23,95 23,95 37,44 0 91,61 33,80 2,71
R143a 0,3154 -20,00 -20,00 1,2030 23,19 23,19 44,65 0 140,71 47,80 2,94
R218 0,2043 -20,00 -20,00 0,8503 24,26 24,26 32,98 13,46 61,12 23,63 2,59
RC318 0,0545 -20,00 -20,00 0,3038 24,12 24,12 36,56 14,62 85,54 29,35 2,91
R31-10 0,0463 -20,00 -20,00 0,2615 24,21 24,21 34,47 19,94 71,34 25,02 2,85
RI52a 0,1207 -20,00 -20,00 0,5429 21,86 21,86 61,33 0 254,85 76,17 3,35
R290 0,2445 -20,00 -20,00 0,9100 23,24 23,24 47,24 0 291,81 94,42 3,09
R600a 0,0725 -20,00 -20,00 0,3405 24,00 24,00 41,04 0 272,70 88,17 3,09
R218/SF6 0,2199 -20,55 -19,45 0,9189 23,07 25,25 34,09 12,91 62,07 23,97 2,59
(95/5 Macc.%)
R218/SF6 0,2365 -21,06 -18,95 0,9860 22,17 25,96 34,88 12,30 62,63 24,17 2,59
(90/ I0 Macc.%)
R404a 0,3025 -20,21 -19,80 1,1970 23,23 23,64 42,48 0 121,66 42,29 2,88
R4lOa 0,4000 -20,03 -19,96 1,4874 20,99 21,11 59,51 0 180,93 56,28 3,22
R507a 0,3145 -20,00 -19,99 1,2330 23,51 23,54 41,61 0 117,68 41,15 2,86
R152a/R600a 0,1380 -20,15 -19,80 0,6013 22,55 22,61 53,74 0 242,30 75,00 3,23
(80/20 Macc.%)
R152a/Rl34a 0,1254 -20,03 -19,94 0,5937 22,75 22,87 51,71 0 176,27 55,34 3,19
(20/80 Macc.%)

,lJ.eJUlJlI1Cbno 3HTaJIbTUlI1, HaM,ll,eHHoti 113ypaBHeH1151

TerrJlOBOrO 6aJIaHca: hz. - ~ = hi - hy, 11,lJ.aBJleHI1IOKOH-
,lJ.eHCal.J,l1l1P

K
,

AHaJI113 nO.rryYeHHbIX pe3YJlbTaTOB n03BOJl11Jl
C,lJ.eJlaTbBbIBO,lJ.,LITOO'IeHb He6oJIbiliOe lJl1CJlOPB MO-

)I(eT 6blTb npeB30MT11 R12 rro TepMO,lJ.I1HaMI1'leCKOM

3<p<peKTI1BHOCTI1.XOJIO,lJ.I1JIbHbIMK03<P<P11I.J,11eHTBbIllIe,

'IeM Ha R12, nO.rryYeHJI1111Ib,lJ../Ul<ppeoHoB R152a, R410a

H R152a/R600a (80/20), HO HH O,lJ.11H113paCC'IHTaH-

HblX I.J,I1KJlOBHa nepelJl1CJIeHHbIX <ppeoHax rrOJIHOCTblO
He COOTBeTcTByeT Tpe60BaHH5lM MeTO,lJ.11Kl1,I1pe)l(,lJ.e

Bcero, He C06Jl,IO,lJ.aeTC51YCJIOBl1e06eCrrelJeHH5l MHH11-

MaJIbHOrO TeMnepaTypHoro Harropa B KOH,lJ.eHCaTope:

M, ~ Mmin = 3 °C, fIpl1 BbITlOJlHeH11H 3Toro yCJIOBH5l

(CJIe,lJ.OBaTeJlbHO, npl1 YBeJlH'IeH11H TeMrrepaTYPHOrO
Harropa B KOH,lJ.eHCaTope) TepMO,lJ.I1HaMl1lJeCKOerrpe-

HMYIIIeCTBO COXpaH5leTC51JI1111Ib,lJ../UI<ppeOHa R152a.

Cpe,ll,Hel1HTerpaJIbHbIM TeMrreparypHblM Harrop B Terr-
Jl006MeHHOM arrrrapaTe COCTaBHTM

K
= 5,98 °C , ,lJ.etic-

TB11TeJlhHbIMXOJlO,lJ.I1JIbHbIMK03<P<Pl1l.J,l1eHT- En = 3,24 ,

CpaBHI1TeJIbHO BbIC0Kl1M11 XOJIO,lJ.I1JlbHbIMHKO-
3<P<PHl.J,l1eHTaMH06JI3,lJ.a1OTTaK)l(e <ppeoHbl R134a,

R143a, RC318, R290, R600a, R152a/R134a (20/80).
Ho ,lJ../UI<ppeoHa RC318 ,lJ.aBJleHHe I1CrrapeHH5I Hlof)I(e

0,1 MfIa, 'ITO BbI3bIBaeT HeKoTopbIe TeXHOJlOrHlJeCKl1e
rrp06JIeMbI. O,lJ.HaKOHeJIb35111CKJIlOlJaTbB03MO)I(HOCTb

rrp11MeHeHH5l ,lJ.aHHoro <ppeoHa rrpH 60Jlee BblCOKHX
,lJ.aBJIeHIDIX,HarrpHMep, B TerrJlOBbIX Hacocax. TaKl1e)l(e

rrp06JleMbi B03HHKalOT rrpH I1CnOJlb30BaHI111<ppeoHa

R600a, HO, KpoMe 3TOro, ,lJ.aHHbIM<ppeoH, KaK 11R290,

rOplO'I, JIerKO BOCrrJIaMeH5lTC51H B3pbIBoorraceH H, CJle-
,lJ.OBaTeJlbHO,CYIIIeCTBYIOT orpaHH'lJeHI15I rro 6e30nac-



HOt'!(lJ,onyCTi'IMOt'!) MaCCe3anpaBKM. OPYI paC'leTe U.I1K-

Jla XOJlO,IJ.Y1JlbHOHyCTaHOBKM Ha CMeCYI R152a/R134a

(20/80) He C06JlIO,lJ.aeTCHYCJlOBYle06eCne'leHI1H MI1HI1-

MaJIbHOrO TeMnepaTypHoro Hanopa B KOH,IJ.eHCaTOpe,

a ero BblnOJlHeHYle, Y1, CJIe,IJ.OBaTeJIbHO,yBeJIl1lJeHl1e

CpeLl.HeVlHTerpaJIbHOrOTeMnepaTypHoro Hanopa BTen-

Jl006MeHHOM annapaTe npl1BeLl.eTK CHIDKeHl1103Ha'le-
HMHXOJIOLl.VlJlbHoro K03<P<PI1u.Y1eHTa.

KpOMe paC'leTa U.I1KJlOB Ha npe,IJ.CTaBJleHHbIX

Bblwe pa6o'lVlx BeIJ..I.eCTBaX,np0I13BOLl.Y1JlCHTalOKe pac-

'leT MH <ppeOHOB R32, R407c, R600a/R290 (43/57

Macc. %), RC318/SF6 (95/5 Macc. %). OLl.HaKO60Jlb-
WOH TeMnepaTypHbIH rJIat'!LI.Ll.aHHbIX PB He n03BOJIH-

eT 06eCne'lYlTb 33,IJ.aHHble YCJIOBVlHpaC'leTa, a TalOKe

HBJIHeTCH npVl'lVlHOt'! cyureCTBeHHoro Y13MeHeHI1H
TeMnepaTypbl B XOJlOLl.I1JIbHOt'!KaMepe, 'lTO He Ll.onyc-

TYIMO npVl pa60Te XOJl0Ll.I1JlbHbiXyCTaHoBoK.

OpeLl.CTaBJleHHaH B pa60Te MeTOLl.VlKacpaBHeHYl5I
TepMOLl.VIHaMWleCKOt'! 3<p<peKTI1BHOCTYIXOJlOLl.I1JlbHbIX

VI TenJIOHaCOCHbiX yCTaHoBOK Ha pa3JIWIHbIX pa6o'll1x

TeJlaX 51BJlHeTCH,Ha Haw B3rJIHLJ.,06beKTYlBHOt'! 11Ha-
yqHO 060CHOBaHHOt'!, a TalOKe npYlrO,IJ.HOt'!MH one-

panlBHoro aHaJIVl3a TepMOLl.I1HaMVI'leCKOH 3<p<peK-

TYlBHOCTVIWVlpOKoro Kpyra XJl3,IJ.areHTOBB 3aLl.aHHOM

Y1HTepBaJIeTeMnepaTyp 06beKTa OXJl3)f()J.eHMH(TenJIO-

OTLl.aT'lYlKa)VI BHewHero TenJIOnpl1eMHYlKa.
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