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3aMeHa XJIa,n;areHTa R22 Ha aJIbTepHaTI1BHbIH B perI1oi-rax
C BbICOKOH TeMIIepaTypoH OKp)')KaIOI.IJ;eH Cpe,n:bI

KaHa. meXH. HayK A. II. lI,OM, A. c. <l>I1JIATOB, )J,. A. lI,OM
MMamuHcKuu mexHollo2u"tecKuu yHueepcumem

Pecny61luKa KaJaxcmaH, 050012, 2. AilMambl, yll. TOile6u, 100

The refrigerant R22 as a result of its influence on the ozone layer of the earth (ODP = 0,05) cannot be used in
the long-term perspective in accordance with the government regulation of the turnover of ozone depleters and
goods containing them. Based on the research performed the most appropriate substitutes for R22 are Refrig-
erants: R404A, R407, R507 and R134a.
Reviewed refrigerants R404A, R407B, R507 used on the refrigerating machines operating on the condensa-
tion temperature of t = 650 DC have the condensing pressure higher than of refrigerant R22 for approximately
19 %. Therefore in th"eCgiventemperature it is recommended to use refrigerant R134a, which has the 30 % lower
condensation pressure than R22.

Keywords: ozone depletion potential (ODP), ozone depleters, hydrofluorocarbon, haloid free, chlorine free (HFC).

IUlIo'lesble cnosa: nOTeHLJ,l-1ano30Ho6e30naCHOCTl-1 (ODP), o30Hopa3pywalOll(l-1e Bell(eCTBa, rl-1APoxnopqnopyrnepoAbl,
6e3ran0l-1AHble, xnopHeCOAep>Kall(l-1e (HFC).

B HaCT05Iw:ee BpeM5I XJIa,LJ:areHT R22 5IBJUIeTC5I

O,ll,HHM H3 OCHOBHhlX XJIa,LJ:areHTOB, HCrrOJIh3yeMhlX

B XOJIO,ll,HJIhHhIX CHCTeMax. O,ll,HaKO ,ll,aHHhIM XJIa,LJ:a-

reHT BBH,LJ.yero BJIH5IHH5I Ha 030HOBhIM CJIOM 3eMJIl1

(rrOTeHUHaJI 030H06e30rraCHOCTl1 ODP = 0,05) He MO-

)I(eT 6hITh HCrrOJIh30BaH B ,ll,OJIrOCpO'iHOM rrepCrreKTl1Be

B COOTBeTCTBHl1 C rocy,ll,apCTBeHHhIM peryJIl1pOBaHl1eM

060pOTa 030Hopa3pyrnalOW:HX Bew:eCTB H CO,ll,ep)l(a-

w:eM HX rrp0,ll,YKUHl1 [1, 2].
B ,ll,aHHoM CTaThe rrpe,ll,CTaBJIeH CTPYKTYPHhIM 06-

30P, a TaK)l(e aHaJI113 OCHOBHhlX rrpel1MyrnecTB O,ll,HO-

KOMrrOHeHTHhlX 11CMeceBhlX XJIa,LJ:areHTOB C OD P, paB-

HhIM HYJIIO, KOTopble 5IBJUIIOTC5I aJIhTepHaTl1BoM R22
B per110HaX C BhICOKOM TeMrrepaTYPoM OKpy)l(alOw:eM

Cpe,ll,hI (Pl1c. 1). TaK)l(e rrpl1Hl1MaeTC5I BO BHl1MaHl1e

rrOTeHUl1aJI B03,ll,eMCTBH5I Ha m06aJIhHOe rrOTeIlJIeHl1e

(GWP), orrpe,ll,eJUIIOW:l1M cYMMapHoe 3KBHBaJIeHTHOe

B03,ll,eMCTBl1e Ha rrOTeIlJIeHl1e - TEWI (total equivalent

warming impact).

ComaCHO CTaH,ll,apTY 34-1997 ASHRAE «KJIac-

Cl1<pl1KaUl15I rro rpyrrrraM 6e30rraCHOCTl1», BBe,ll,eHhI,ll,Be

KaTerOpl1l1 XJIa,LJ:areHTOB rro TOKCl1'iHOCTl1 (A, B) 11Tpl1

rpyrrrrhI rrO)l(apHOH: 6e30rraCHOCTl1 B Ka)l(,ll.oM 113 3THX

r<'aTeropHM. IIepBYIO rpyrrrry B Ka)I(,ll.OM KaTeropHH co-

CTaBJUIIOT HerOplO'lHe XJIa,LJ:areHThI (A), BTOPYIO - XJIa-

,ll,areHThI C «YMepeHHoM» BOCIlJIaMeH5IeMOCThlO (A2),
TpeThlO - BhICOKOfOplO'lHe XJIa,LJ.areHThI (A3). TOK-

CWlHhIM XJIa,LJ:areHTOM C'lHTaIOT HH,ll,eKC B 1. )J,JUI CMe-

ceBhIX XJIa,LJ:areHTOB BBO,ll,l1TC5I,ll,BoMHa5I HH,ll,eKCaUl15I.

IIepBhIH: l1H,ll,eKC ,ll,aeTC5I ,ll.Jl5ICMeCH HCXO,ll,HOrO COCTa-

Ba, BTOPOH: HH,ll,eKC 03Ha'laeT OueHKy 6e30rracHoc-

TH ,ll.JI5IXY,ll,llIeM Cl1TYaUHH rrpH <ppaKUHoHHpoBaHHH

AnbTepHaTHBHble

xnaJJ,areHTbl

XnaJJ,areHTbl JJ,JUIcpeJJ,He-

H JJ,OJlTOCP01-1HOHllepClleKTIlBbl

HFC - xnop-

HeCOJJ,ep)f(all.{l1e

OJJ,HOKOMIlOHeHTHble:

R134a, R1234yf,
R125, R32, R143a,

R152a, R161

CMeCH:

R404A, RS07 A
fpyrrlla:

R407,R410A,R417,R419

CMeCb:

R723

OJJ,HOKOMllOHeHTHble:

NH3, R1270, R170
R290, R600a, R744



CMeCI1. HaJIl1'-II1e y CMeCI1 I1H.n:eKCa 6e30naCHOCTI1,

K npl1Mepy All A2, 03Ha'-IaeT, '-ITO B03MO)l(}{a cl1TYa-

UIDI, Kor.n:a BOCIIJIaMeHeHMe CMeCM CTaHOBMTC5I pe-

aJIhHhIM.

Xrta,nareHT R161. ITo TepMo.n:MHaMlf'-IeCKMM napa-

MeTpaM XJIMareHT R16l no.n:06eH R22, HO 51BlliIeTC5I

030H06e30nacHhIM (ODP = 0) M I1MeeT HM3KMM no-

TeHUMaJI fJI06aJIhHOrO nOTeIIJIeHIDI (GWP = 12). O.n:-

HaKO .n:aHHhIM XJIMareHT 51BlliIeTC5I JIerKOBOCIIJIaMeH51-

IOIUMMC5I (KaTeropIDI A2).

Xrta,nareHT R152a. YKa3aHHhIM XJIMareHT )')ICe

B Te'-IeHMe HeKOToporo BpeMeHM paCCMaTpMBaeTC5I

KaK aJIhTepHaTMBHa51 3aMeHa R134a B aBTOM06MJIh-

HhIX KOH.n:MUMOHepax B03;:r,yxa.

O.n:HaKo XJIMareHT R152a JIerKO BOCnJIaMeH51eTC5I

M3- 3a HM3KOro co.n:ep)KaHIDI <pTopa 11KJIaCcM<pMUMpyeTc5I

no KaTeropMM onaCHOCTM A2. He.n:ocTaTKoM B cJIY'-Iae

60JIee BhICOKOMCTeneHM C)KaTIDI 51BJI51eTC5IcpaBHMTeJIh-

HO BhICOKa5I TeMneparypa HarHeTaHIDI B KOMnpeccope,

JIe)KaIUa5I Me)K.LJ:yYPOBH5IMlI TeMneparyp .LJ:JI5IR134a

M R22, M3BeCTHoro CBoeM BhICOKOM TeIIJIOBOM Harpy3-

KOM (pMC. 2) [3].

Xrta,nareHTbI R32, R143a, R125. ,L(aHHhle XJIa-

.n:areHThI TaK)Ke OTHOC5ITC5I K XJIopHeco.n:ep)KaIUMM

(ODP = 0) aJIhTepHaTMBHhIM. Xr!opHeco.n:ep)KaIUMM

(HFC) XJIMareHT R32 nepBOHa'-IaJIhHO paCCMaTpl1-

BaJIC5I KaK aJIhTepHaTMBa .LJ:JI5IR22.

fJIaBHhlM npeMMyrnecTBoM R32 51BlliIeTC5I '-Ipe3-

BhI'-IaHHO HM3KMM nOTeHUMaJI B03.n:eMcTBIDI Ha fJIO-

6aJIhHOe nOTeIIJIeHMe (GWP = 650). Xr!MareHThI R32

M R143a OTHOC5ITC5I K JIerKO BOCIIJIaMeH51IOIUMMC5I

(KaTeropIDI onaCHOCTM A2), CJIe.n:OBaTeJIhHO, He MO-

ryT 51BJI5IThC5Inp5lMhIMM 3aMeHMTeJl5lMM R22. KpOMe

Toro, R32 xapaKTepM3yeTc5I BeChMa BhICOKllMM ypOB-

H51MM.n:aBJIeHIDI KOH.n:eHcaUMI1 (Pl1c. 3) [3].

XnMareHT R125 51BlliIeTC5I HeBOCIIJIaMeH51IO-

IUI1MC5I, TeMnepaTypa ero KMneHIDI COCTaBlliIeT MMHYC

48,5 DC, a nOKa3aTeJIh MMa6aThI cpaBHMTeJIhHO HI1-

30K. He.n:OCTaTKaMM R125 51BlliIIOTC5I Kpyra51 KpMBa51

.n:aBJIeHIDI KOH.n:eHcaUMM (pMC. 3), Tpe6YIOIUa51 60JIee

BhlCOKOH CTeneHM C)KaTIDI, M BeChMa HM3Ka51 KpMTM-

'-IeCKa5I TeMnepaTypa, paBHa51 66°C. B CB5I3M C 3TMM,

06JIaCTh era npMMeHeHIDI B yCTaHoBKax C KOH.LJ:eHCa-

TopaMM B03.n:yrnHoro OXJIa)K.LJ:eHIDIOrpaHlf'-IeHa, a 3<p-
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Puc. 2. Cpa6HeHue meMnepamyp HaZHemaHUJl
6 KOMnpeccope OM XJlaOaZeHm06R22, R 152a, R134a

<peKTMBHOCTh OXJIa)K.LJ:eHIDInpl1 BhIGOKMX TeMnepaTy-

pax KOH.n:eHcaUMM OTHOCI1TeJIhHO HeBeJIMKa.

Xrta,nareHTbI R600a, R170. ITponaH npeMaraeT-

C5I B BM.LJ:eCMeCM C M306YTaHOM (R600a) MJIM 3TaHOM

(R170), n03ToMY 3TM XJIMareHThI 51BlliIIOTC5I JIerKO

BOCIIJIaMeH51IOIUMMMC5I.

Xrta,nareHT R1270. ITpOITllJIeH «BhlcOKOropIO-

'-Il1M» R1270 OTHOCMTC5IK rpyrme A3 no nO)Kapoonac-

HOCTM; lIMeeT MeCTO '-IaCTI1'-IHOe orpaHlf'-IeHlle npllMeHe-

HIDI BBI1.LJ:Y60JIee BhICOKOM TeMIIeparyphI HarneTaHIDI.

Xrta,nareHT R290. B Ka'-IeCTBe XJIMareHTa-3aMeHI1-

TelliI MO)KeT MCnOJIh30BaThC5I TaK)Ke M R290 (nponaH),

npe.n:cTaBlliIIOIUMM C060M OpraHM'-IeCKOe BeIUeCTBO

(yrJIeBo.n:opo.n:). ,L(aHHhIH XJIMareHT He 06JIMaeT 030-

Hopa3pyrnaIOIUMM nOTeHUMaJIOM, a TaK)Ke KaKMM-JIM-

60 cyrnecTBeHHhIM np5lMhIM B03.n:eMcTBMeM Ha fJIO-

6aJIhHOe nOTenJIeHMe.

YpOBHI1 .n:aBJIeHMM KOH.n:eHCaUI1M aHaJIOrl1'-I-

HhI R22 (pMC. 4) [4].

BBI1.LJ:YBeChMa 6JIarOnpM5ITHOH xapaKTepl1CTMKM

.n:aBJIeHIDI KOH.LJ:eHCaUMMBIIJIOTh.n:O TeMnepaTyp Mcna-

peHIDI OKOJIO MMHyC 40°C B yCTaHoBKax C R290 MOryT

npI1MeH51ThC5I o.n:HOCTyrIeH'-IaThle KOMnpeCCOphI.

He.n:ocTaTKoM yrJIeBo.n:opo.n:OB 51BlliIeTC5I BhICO-

Ka5I rOpIO'-IeCTh, n03TOMY OHM OTHeceHhI K KaTeropMM

onaCHOCTI1 A3. TaK KaK.LJ:JI5IyCTaHOBKM, pa60TaIOIUeH

Ha R290, Tpe6yeTc5I npMH5ITMe Mep nO)KapOB3phIB06e3-
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onaCHOCTI1, nepeBO,a: CyuJ.eCTBYIOllJ;lUC yCTaHoBOK lle-

JIeC006pa3eH JII1111bB I1CKJIIOl.JI1TeJIbHbIX CJIy'-IaIDC.

X.ml)J,arCHT R723. ,UaHHbIH. XJla,a:areHT 51BJUIeTC5I

TOKCI1l.JHbIMI1JIerKO BOCIlJIaMeH51I0111I1MC5I. OTHOCI1TC5I

K rpyrrne OnaCHOCTI1 B2 I1I1MeeT no cpaBHeHl110 C R22

BbICOK)'lO TeMnepaTYPY HameTaHl15I (Pl1c. 5) [3].

XJ1a)J,arcHT R717. He)l,OCTaTKoM R717 (NH3)

51BJUleTC5I BbICOKHH. a,a:l1a6aTl1l.JeCKHH. nOKa3aTeJIb

(NH3 = 1,31; R22 = 1,18), l.JTO 0TPaxaeTC5I Ha TeM-

nepaTYpe HarHeTaHl15I, KOTOpa51 CyuJ.eCTBeHHO BbIllle,

l.JeM y R22 (Pl1c. 6). AMMl1aK 51BJUIeTC5ITOKCl1l.JHbIM

11 OTHOCI1TC5IK rpyrrne B2, n03TOMy B CB5I311C JIerKOH.

BOCIlJIaMeH51eMOCTblO 11 TOKCl1l.JHOCTblO no KaTerOpl1-

51MA2, A3, B2 npl1MeHeHHe XJla,a:areHTOB R32, R161,

R143a, R152, R600a, R170, R1270, R290, R723, R717

TPe6yeT Cnelll1aJIbHoro paCCMOTPeHIDI.
XJ1a)J,arCHT R419A. ,UaHHbJH. XJla,a:areHT 51BJUIeTC5I

cMecblo 6a30BbiX KOMnOHeHTOB R125 11 R134a C 60-

JIee BbICOKl1M CO)l,ep)((aHl1eM R125 11)l,I1MeTl1Jl3qll1pOM

(R-E170) B Kal.JeCTBe TpeTbero KOMnOHeHTa BMeCTO

6YTaHa. CJIe)l,yeT npl1H5ITb BO BHI1MaHl1e Kpl1Tepl1l1,

Onl1CaHHbIe )l,JUl R125 paHee. AHaJIOrl1qHbI TaK)((e

11 TepMO)l,I1HaMI1l.JeCKl1e CBOH.CTBa C BbITeKalOllll1MI1

113Hl1X CJIe)l,CTBl15IMI1.

XJ1a)J,arCHT R410A. ,UaHHbIH. XJla,a:areHT npe)l,-

CTaBJUIeT C060H. a3eOTponH)'lO CMeCb (GWP = 1720).

CyuJ.ecTBeHHOH. oc06eHHocTblO 51BJUIeTC51 y)l,eJIb-

Ha51 XOJIO)l,Onp0I13BO)l,I1TeJIbHOCTb, KOTOpa51 nOl.JTI1

Ha 50 % BbJllle, 'JeM y R22, O)l,HaKO npOI1CXO)l,I1T npo-

nopu.110HaJIbHOe nOBbIllleHl1e pa60l.Jl1X )l,aBJIeHI1H.

B CI1CTeMe (CM. PI1C. 6) [4]. BBI1.n.y He3Hal.JI1TeJIbHOrO

TeMnepaTYpHoro CKOJIb)((eHl15I « 0,2 K) npaKTI1l.JHOCTb

npl1MeHeHl15I CMeCI1 npe)l,CTaBJUIeTC5I aHaJIOrl1l.JHOH.

O)l,HOKOMnOHeHTHbIM XJla,a:areHTaM. O)l,HaKO CJIe.n.yeT

yl.JI1TbIBaTb ypOBHI1 ,a:aBJIeHl15I KOH)l,eHcau.1111 11 60JIee

BbICOK)'lO y)l,eJIbH)'lO Harpy3Ky Ha Y3JIbI CI1CTeMbI.

BblcoKHe ypOBHI1 )l,aBJIeHl15I KOH)l,eHCalll1l1

)l,JUl R410A Tpe6YIOT BHeCeHH51 KopeHHbJX 113MeHe-

HI1H. B KOHCTPYKllI1I1 KOMnpeccopa, TeIlJIo06MeHHI1-

KOB, opraHOB yrrpaBJIeHl15I, Tpy60K I1llJJlaHrOB Hap5lJJ:Y

C 06pallleHl1eM oc060ro BHI1MaHl15I Ha 06111l1e npaBl1Jla

6e30naCHOCTI1, perJIaMeHTl1pYIOllll1e Kal.JeCTBO 11 pa3-

Mepbl llIJlaHroB 11r116Kl1X 3JIeMeHTOB ()l,JUl TeMnepaTY-

pbI KOH)l,eHcau.1111 OKOJIO 60°C, )l,aBJIeHl1e 38 6ap).

,Upyrl1M Kpl1Tepl1eM 51BJUIeTC5ICpaBHI1TeJIbHO HH3-

Ka51Kpl1Tl1'-IeCKa5I TeMnepaTYPa, paBHa5l73 0c. TeM ca-

MbIM, He3aBl1Cl1MO OT KOHCTPYKllI1I1 Y3JIOB Ha CTopOHe

BblCOKoro )l,aBJIeHIDI, CyuJ.eCTBeHHO orpaHHl.JI1BaeTC5I

TeMrrepaTYpa KOH)l,eHCalll1l1.

XJ1a)J,arcHT R744 (C02), ,UaHHbIH. XJla,a:areHT CTaJI

MeHee nonyJUIpeH 11 npaKTI1l.JeCKH I1Cl.Je3 C pbIHKa.

OCHOBHbIMI1 rrpl1QI1HaMI1 51BJUIIOTC5I OTHOCI1TeJIbHO

He6JIarorrpl15lTHble )l,JUl 06bI'-IHbJX rrpl1MeHeHI1H. B XO-

JIO)l,l1JlbHOH. TeXHI1Ke 11 yCTaHoBKax KOH)l,l1llI10Hl1pO-

BaHl15I TepMO)l,I1HaMI1QeCKHe xapaKTepl1CTI1KH. ,UaBJIe-

Hl1e HarHeTaHl15I CO2 l.Jpe3BbIQaH.HO BbICOKoe, a Kpl1-

TI1l.JeCKa5I TeMnepaTYPa, paBHa5I 31°C npl1 )l,aBJIeHI1I1

74 6ap, - CJII1111KOMHI13Ka5I.

XJ1ll,lJ,arCHTbI R404A, RS07. CMeceBble XJla,a:areH-

TbI R404A, R507 A 5IBJUIIOTC5I XJlopHeCO)l,ep)((aIllI1MH

(ODP = 0) H n03TOMy )l,OJIroCP0l.JHbIMH aJIbTepHaTI1-
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Puc. 6. Cpa8HeHue YPo8Heu oa8neHUfl KOHoeHcau,uu XJlaOaZeHmo8

BaMH R22. Oc06eHHocTblO Bcex Tpex I1Hrpe)l,l1eHTOB

(R143a, R125, R134a) npl13HaH l.Jpe3BbIl.JaMHO H113-

KHH. rrOKa3aTeJIb a,a:l1a6aTI1l.JeCKOrO C)((aTl15I, l.JTOBbJpa-

)((aeTC51 HI13KOH. TeMnepaTYPoH. HarHeTaHl15I. II03TO-

My 3<:j;><:j;>eKTI1BHOCTbnpl1MeHeHIDI O)l,HOCTyrreHQaTbJX

KOMnpeccopOB npl1 HH3KHX TeMnepaTypax I1CrrapeHI15I

rapaHTl1pOBaHa.

DJIarO)l,ap5I O)l,I1HaKOBbIM TOl.JKaM KHrreHl15I R143a

11 R125 11 OTHOCI1TeJIbHO MaJIOMy CO)l,ep)((aHI1IO R134a

TeMnepaTYpHoe CKOJIb)((eHl1e TpeXKOMnOHeHTHOH.

CMeCI1 R404A B 3Hal.JI1MbJX 06JIaCTIDC npl1MeHeHl15I

MeHbllle O)l,HOro rpa.n.yca KeJIbBI1Ha. II03TOMy rro-

Be)l,eHl1e 3TOH. CMeCI1 B TeIlJIo06MeHHl1KaX MaJIO OT-

JIl1'-IaeTC5I OT rrOBe)l,eHIDI a3eOTporrOB.

XJrll,lJ,arCHTR507 A. ,UaHHbIH. XJla,a:areHT - )l,ByxKOM-

nOHeHTHoe COl.JeTaHl1e, 06Hap~BalOlllee a3eOTpOIl-

Hoe nOBe)l,eHl1e B CpaBHI1TeJIbHO 111l1pOKOM)l,l1ana30He.

HeKOTopoe npell5ITCTBl1e npe)l,CTaBJUIeT OTHOCI1TeJIb-

HO BbICOKHH. IlOTeHlll1aJI B03)l,eH.CTBl15I Ha rJI06aJIbHOe

IlOTeIlJIeHl1e (GWP = 3260 ... 3300), OIlpe)l,eJUIeMbIH.

rJIaBHbIM 06pa30M HaJIl1'-Il1eM R143a 11R125.

XJrll,lJ,arCHTbIR407A, R407B. B Kal.JeCTBe aJIbTepHa-

TI1BbI paHee onHcaHHbIM 3aMeHl1TeJUIM 6billl1 pa3pa60-

TaHbI)l,OIlOJIHI1TeJIbHble pa3HOBl1JJ:HOCTI1 CMeCeH. Ha oc-

HOBe R32, KOTopble He CO)l,ep)((aT XJlopa (ODP = 0).

B3)((HbIM <:j;>aKTOpOM5IBJUIeTC5I 3HaQl1TeJIbHOe TeMIle-

paTYpHoe CKOJIb)((eHHe (2-3 K), KOTopoe MO)((eT OT-

pl1llaTeJIbHO BJIl15ITb Ha IlP0I13BO)l,I1TeJIbHOCTb 11 pa3-

HOCTb TeMrrepaTYP I1CnapeHl15Il1 KOH)l,eHCalll1l1.



XrIll,lJ,areHTR407C. CMeCHQ:>TopyrJIepO,lJ,OBR32,R125

H R134a HaH60JIee rrpe)J,IIO'-ITHTeJIbHbI)l.JUI KpaTKO-

CPOqHOH3aMeHbI R22, TaK KaK l1XrrpOH3BO,lJ,HTeJIbHOCTb

H3Q:>Q:>eKTHBHOCTbBeCbMaCXO)KJ1.

He,lJ,OCTaTKOMrrpH 06bI'-IHOM rrpHMeHeHHH 5IBJUI-

eTC5IBbICOKOeTeMrrepaTypHoe CKOJIb)l(eHHe, '-ITOTpe-

6yeT COOTBeTCTByIOIl.(erO rrpOeKTHpOBaHl15I CHCTeM

H MO)l(eT OTpHuaTeJIbHO BJIH5ITb Ha 3Q:>Q:>eKTHBHOCTb

TeIIJIo06MeHHHKOB.

XrIa,llareHT R134a. AaHHbIH XJIa,lJ,areHT 5IBJI5I-

eTC5I rrepBblM BCeCTOpOHHe rrpOBepeHHbIM XJIOP-
HeCO,lJ,ep)l(aIl.(HM (HFC) XJIa,lJ,areHTOM C ODP = 0

H GWP = 1300. B HaCT05IIl.(ee BpeM5I OH ycrreuIHo

HCrrOJIb3yeTC5IBO MHOrHX XOJIO,lJ,HJIbHbIXyCTaHoBKaX

H CHCTeMaX KOH,lJ,HUHOHHpOBaHH5I B '-IHCTOM BH,lJ,e,

a TaK)l(e B Ka'-IeCTBe KOMrrOHeHTOB MHO)l(eCTBa CMe-

ceH.

BceCTopOHHHe HCrrbITaHH5I rrOKa3aJIH, '-ITOrrpo-

H3BO,lJ,HTeJIbHOCTbR134a rrpeBbIlliaeT TeOpeTH'-IeC-

KHe rrporH03bI B llIHpOKOM ,lJ,Harra30He pe)l(HMOB

pa60TbI KOMrrpeccopOB. YpOBHH TeMrrepaTyp Ha-

rHeTaHH5I H MaCJIa cyIl.(eCTBeHHO HJ1)I(e, '-IeM y R22,

rr03TOMY WHpOK crreKTp ero rrpHMeHeHH5I B CHCTe-

Max KOH,lJ,HUHOHHpOBaHH5IH Cpe,lJ,HeTeMrrepaTypHbIx

XOJIO,lJ,HJIbHbIXyCTaHOBKax. AJI5I 3KOHOMH'-IeCKOH

3Q:>Q:>eKTHBHOCTHrrpHMeHeHH5I 6JIarOrrpH5ITCTBYlOT

xopOWHe rrOKa3aTeJIH TerrJIOrrepe,lJ,a'-IH B HcrrapH-

TeJl5IX H KOH,lJ,eHCaTOpaxB OTJlH'-IHe OT 3eOTporrHbIX

CMeceH, HarrpHMep R407C, HCrrOJIb3yeMblx B HaCTO-

5IIl.(ee BpeM5I KaK 3aMeHHTeJlb.

B perHOHax C BbICOKOH TeMrrepaTypoH OKpy-
)I(alOw:eH Cpe,lJ,bIrrpe,lJ,rrO'-ITHTeJIbHee 3aMeH5ITb R22

Ha R134a (tK = 101,1 0C), TaK KaK ,lJ,Harra30H rrpH-

MeHeHH5I R22 B rrO,lJ,06HbIX yCTaHoBKax orpaHH-

qeH BbICOKHM ypoBHeM ,lJ,aBJIeHH5I KOH,lJ,eHCaUHH

(Pl1c. 7) [4].
O,lJ,HaKO 60JIee HH3Ka5I y,lJ,eJIbHa5I 06beMHa5I

XOJIO,lJ,Orrp0I13BO,lJ,HTeJIbHOCTbR134a Tpe6yeT rrpH-

MeHeHH5I KOMrrpeccopa 60JIbllIeH 06beMHoH rrpo-

H3BO,lJ,I1TeJIbHOCTH,'-IeM rrpH rrpHMeHeHI1H R22. He-

06XO,lJ,HMOTaK)l(e rrpHHHMaTb BO BHI1MaHHe orpa-

Hl1qeHl15I, I1MelOIl.(He MeCTO B yCTaHoBKax C HH3KOH

TeMrrepaTypoH HcrrapeHH5I.

KaK y)l(e rrOKa3aJI orrbIT, R134a XOpOlliO rro,lJ,-
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Puc. 7. Cpa6HeHue YPo6Heu Oa6AeHUJI KOHOeHCal1UU
OMI XfIaoazeHmo6 R22 U R134a

XO,lJ,I1T11,lJ,JI5IrrepeBO,lJ,aHa Hero CYlllecTBylOIl.(HX YC-

TaHOBOK, pa60TalOIl.(HX Ha R22, O,lJ,HaKOrrpl1MeHe-

HHe rrpOue,lJ,ypbI TaKoro peTpOQ:>HTaHe BCer,lJ,aB03-

MO)l(HO, rrOCKOJIbKY He Bce paHee YCTaHOBJIeHHble

KOMrrpeccopbI rrpHrO,lJ,Hbl ,lJ,JI5Ipa60Tbi Ha R134a.

KpOMe TOro, rrepeBO,lJ,Ha R134a Tpe6yeT rrpOH3Bo-

,lJ,HTb3aMeHy MaCJIa, '-ITO He rrO,lJ,XO,lJ,HT,HarrpHMep,

,lJ,JI5I60JIbllIHHCTBa repMeTH'-IHbIX KOMrrpeccopOB.

B03HHKalOT TaK)l(e H 3KOHOMHqeCKHe coo6pa-

)I(eHH5I, oco6eHHO B OTHoweHHH CTapblX yCTaHo-

BOK, ,lJ,JI5IKOTOpbIX 3aTpaTbI Ha rrepeBO,lJ, Ha R134a

cpaBHHTeJIbHO BbICOKH. XHMH'-IeCKa5I cTa6HJIbHOCTb

TaKHX yCTaHoBOK qaCTO He,lJ,OCTaTOqHa, '-ITO CTa-

BHT rro,lJ, Borrpoc ycrrewHoCTb rrepeBO,lJ,a. TI03TOMY

cyIl.(eCTBylOIl.(He yCTaHoBKH, pa60TalOIl.(He Ha R22,

6e3 3aMeHbI BcrrOMOraTeJIbHbIX Y3JIOBMoryT 6bITb rre-

peBe,lJ,eHbIHa R134a TOJIbKO OrpaHH'-IeHHO. TIPH Tex-

HH'-IeCKOM 06CJI)')KI1BaHHH KOMrrpeccopa (He CqHTa5I

3aMeHbI MaCJIa) TerrJIoo6MeHHHK H cocy,lJ, BblCOKoro
,lJ,aBJIeHl15IrrpHrO,lJ,HbI ,lJ,JI5Ipa60TbI Ha R134a, O,lJ,HaKO

XOJIO,lJ,OrrpOH3BO,lJ,HTeJIbHOCTbH rroTpe6JI5IeMa5I MOIl.(-

HOCTb rrpH TOH )I(e 06beMHOH rrpOH3BO,lJ,HTeJIbHOCTH

KOMrrpeccopa rrOCJIe rrepeBO,lJ,ayCTaHOBKH Ha R134a

cyIl.(eCTBeHHO YMeHbllIalOTC5I. Pa3HOCTb TeMrrepa-

Typ HcrrapeHH5I H KOH,lJ,eHCaUHH6Y,lJ,eT3HaqHTeJIbHO

MeHbwe.

KpOMe TOro, Heo6xo,lJ,HMO BCTPaHBaTb B XOJIO-

,lJ,HJIbHbIHKOHTyp OTHOCHTeJIbHOKpyrrHble Q:>HJIbTPbI-

oCyllIHTeJIH, KOTopble ,lJ,OJl)l(HbITaK)l(e COOTBeTCTBO-

BaTb 60JIee MaJIOMy pa3Mepy MOJIeKyJI R134a.
XJIa,llareHT R1234yf. He,lJ,aBHO CHHTe3HpOBaH

HOBbIH XJIa,lJ,areHT - TeTpaQ:>ToprrpOrrHJIeH R1234yf

(ODP = 0), HMelOIl.(HH HH3KHH IIOTeHUHaJI fJI06aJIb-

Horo rrOTerrJIeHH5I GWP = 4.

B HopMaTHBe EC yKa3aHo, qTO C 1 5IHBap5I

2011 r. Bce TpaHcrropTHble Cpe,lJ,CTBaHOBOH MO,lJ,eJIH

,lJ,OJI)I(HbIHCrrOJIb30BaTb ,lJ,JI5ICHCTeM KOH,lJ,HUHOHH-

pOBaHH5I B03,lJ,yxa XJIa,lJ,areHTR1234yf, KpHTHqeCKa5I

TeMIIepaTypa KOToporo tKP = 95,65 DC, II03TOMY OH
MO)l(eT 6bITb peKOMeH,lJ,OBaH,lJ,JI5IrrpHMeHeHH5I B pe-

rHOHax C BbICOKOH TeMrrepaTypoH OKpy)l(alOIl.(eH

Cpe,lJ,bI.3TOT HOBbIH ra3 co BpeMeHeM 3aMeHHT Tpa-

,lJ,HUHOHHbIH R134a, KOTOpbIH 6y,lJ,eTeIl.(e HCrrOJIb30-

BaTbC5I KOHuepHaMH - rrpOH3BO,lJ,HTeJI5IMH.n:o 2017 r.

B TpaHcrropTHbIX Cpe,lJ,CTBaXCTapbIX MO,lJ,eJIeH.XJIa-

,lJ,areHTR1234yfrrpOllIeJI Bce Ha,lJ,30pHble HHCTaHUHH

B CIIIA H peKOMeH,lJ,OBaH,lJ,JI5IaBTOM06l1JIbHbIX KOH-

,lJ,HUHOHepOB.

TIOCKOJIbKY XJIa,lJ,areHT R1234yf OKa3bIBaeT

MeHbllIHH Bpe,lJ, OKpy)l(alOIl.(eH cpe,lJ,e, TO ero rrPH-

MeHeHHe Tpe6yeT paCCMOTpeHH5I Ha ,lJ,OJIrOCpOqHylO

rrepcrreKTHBy HCrrOJIb30BaHH5I, TaK KaK B 6Y,lJ,yIl.(eM

EBporra rrJIaHHpyeT rrpHMeH5ITb XOJIO,lJ,HJIbHbleareH-

TbI C GWP He 60JIee 50. O,lJ,HaKOR1234yf6bIJI rrpH-

3HaH KaK JIerKOBOCrrJIaMeH5IlOIl.(HHC5I.AaHHbIH Q:>aKT

Tpe6yeT rrpHH5ITH5I CrreUHaJIbHbIX KOHCTPYKTHBHbIX

pellIeHHH, BO H36e)l(aHHe rro)l(apa. AJI5I 3Toro Ha,lJ,O

HMeTb cHcTeMy BbICOKOHarropHbIX BeHTHJI5ITOpOB

60JIbllIOH rrpOH3BO,lJ,HTeJIbHOCTH,'-IT06bI HCKJIlO'-IHTb

B03MO)I(HOCTb 3aCTaHBaHH5I ra3a BHyTpH rrOMeIl.(e-

HH5I.



TaKl1M 06pa30M, Ha OCHOBe rrpOBejleHHOrO 06-

30pa MO)«HO CjleJIaTb 3aKJIIO'-IeHl1e, '-ITOB HaCT05l\..Uee

BpeM5I Ha1160JIee rrpl1eMJIeMbIMl1 B per110HaX C BbI-

COKOH TeMrrepaTypoH oKp~aIOIUeH CpejlbI B Ka'-IeC-

TBe aJIbTepHaTl1BHbIX jlJI5I R22 5IBJI5IIOTC5IXJIajlareH-

TbI R404A, R407, R50711 R134a.

OrrTl1MaJIbHble TeMrrepaTypHble 06JIaCTl1 rrpl1-

MeHeHl151 XJIajlareHTOB rrOKa3aHbI Ha Pl1C. 8 [3].

TepMOjlHHaMHQeCKHH paCQeT 3l!>l!>eKTHBHoCTH pa3-

HblX XJlajlareHTOB C Y'leTOM yCJIOBHH 3KCnJlyaTallHH

TepMOjll1HaMI1'-IeCKl1e rrapaMeTpbI Ul1KJIa XOJIO-

jll1JIbHOH MaIUI1HbI, pa60TaIO\..UeH B pe)«l1Me KOHjll1-

UI10Hl1pOBaHI151 (TeMrrepaTypa Kl1rreHl151 to = 10 °C,

paC'-IeTHa51 TeMrrepaTypa KOHjleHCaUl111 t = 65 °C)
p.K

jlJI5I pa3JIl1'IHb1X XJIajlareHTOB, rrpl1MeH5IeMbIX jlJI5I 3a-

MeHbl XJIajlareHTa R22, rrpl1BejleHbI B Ta6JI. 1.

'PaC'-IeT OTHOCl1TeJIbHbIX TepMOjll1HaMl1'-IeCKl1X rra-

paMeTpOB rrp0l13BejleH OTHOCl1TeJIbHO 3aMeH51eMoro

XJIa/lareHTa R22. B Ta6JII1ue jlaHbl cJIeJlYIQ\..Ul1e 0603-

Ha'leHl15l: OTHOCHTeJIbHbrn YjleJIbHbrn 06beM v" OTHO-

Cl1TeJIbHbIH 06beM V, OTHOCl1TeJIbHbIH MaccOBbIH

pacxOjl (;. XOJIOjll1JIbHbIH K03cPcPl1Ul1eHT E y Bcex

XOJIOjll1JIbHbIX areHTOB, KpoMe R134a-MeHbllIe,

'1eM y R22. MaccoBa51 YjleJIbHa51 xOJIOjlOrrp0113BO-

jll1TeJIbHOCTb y Bcex XOJIOjll1JIbHbIX areHTOB MeHbllle

ejll1HJ.1UbI, HO Hal160JIee 6JI113Ka51 K R22 y XJIajlareH-

Ta R134a (go = 0,92). CpaBHemle Ul1KJIOB C pa3JIl1'I-

HbIMI1 XJIajlareHTaMl1 rrOKa3aHO Ha Pl1C. 9.

YjleJIbHa51 06beMHa51 XOJIOjlOrrp0I13-

BOjll1TeJIbHOCTb 113MeH5IeTC5I OT gv 0,65
jlO ejl 11Hl1UbI. CaMa51 H113Ka51 06beM-

Ha51 XOJIOjlOrrp0113BOjll1TeJIbHOCTb y R134a

(gv = 0,65). ,L(aBJIeHl1e KOHjleHCaUl111 y Bcex XJIa-

jlareHTOB BbIllIe, '1eM y R22 KpOMe R134a. MaKCI1-

MaJIbHOe jlaBJIeHl1e KOHjleHCaUl111 PK = 1,19 y XJIa-

jlareHTOB R404A, R407B 11 R507 11 MI1HI1MaJIbHOe

P
K

= 0,70 y R134a. YjleJIbHa5I pa60Ta e y Bcex XJIa-

jlareHTOB OTJII1'1aeTC5I He3Ha'll1TeJIbHO 11 113MeH5I-

eTC5I OT 0,78 jlO 0,91. IlOTpe6JI5IeMa51 MO\..UHOCTb N
y Bcex MaIlII1H, pa60TaIOIUI1x Ha paCCMaTpl1BaeMbIX

XJIajlareHTax, rrOBbIllIaeTC5I OTHOCl1TeJIbHO R22 OT 17

jlO 44 %.
B pe3YJIbTaTe rrpOBejleHHOrO TepMOjll1HaMl1'1eC-

Koro pac'IeTa 3cPcPeKTl1BHOCTl1 pa3JIl1'1HbIX XJIa/la-

reHTOB C yqeToM YCJIOBl1H 3KCIlJIyaTaUI111 6bIJIl1 Cjle-

JIaHbI CJIejlYIO\..Ul1e 3aKJIIO'IeHl15I:

1. Bce paCCMaTpl1BaeMble XOJIOjll1JIbHble areH-

TbI (R404A, R407B, R507 11 R134a) 3a l1CKJIIO'IeHl1-

eM R134a l1MeIOT jlaBJIeHl1e KOHjleHCaUl1l1 BbIllIe,

'1eM y cymecTByIO\..Uero XJIajlOHa R22, Ha 19 %.
2. PeKOMeHjlyeTC5I rrpl1MeH5ITb XJIajlOH R134a,

y KOToporo rrpl1 3a/laHHOM TeMrrepaTypHoM pe)((J1Me

jlaBJIeHl1e KOHjleHCaUl1l1 Ha 30 % HJ1)((e, '1eM y XJIajlO-

Ha R22 (rrp113ajlaHHbIX YCJIOBl151X3KCrrJIyaTaUl1l1).

3. Ilpl1 pa60Te Ha XJIa/lOHe R134a rro cpaBHe-

Hl1IO C R22 rrOBbIllIeHl1e rroTpe6JI5IeMOH MO\..UHOCTl1

Ha 28 % CB5I3aHO C YBeJIl1'1eHl1eM 06beMHOH. rrp0113-

BOjll1TeJIbHOCTl1 KOMrrpeccopa. YjleJIbHa5I 3Heprl151,

3aTpaQl1BaeMa51 Ha C)«aTl1e rrapa, Ha 9 % MeHbllIe,

a XOJIOjll1JIbHbIH K03cPcPl1Ul1eHT Ha 1 % 60JIbllle.

Ta6JlUlfa 1
OTHOCHTeJIbHble TepMOJI.HHaMHlJeCKHe xapaKTepHcTHKH

XOJIOJI.HJIbHOH MaUJHHbI

Tim V (; NE go v, gv po e
R22 1 1 1 1 1 1 1 I 1

R404A 0,69 0,60 0,722 0,842 1,187 1,19 0,875 1,644 1,44

R407B 0,76 0,59 0,888 0,668 1,497 1,19 0,781 1,686 1,32

RS07 0,85 6,66 0,666 0,996 1,004 1,19 0,781 1,507 1,17

RI34a 1,01 0,92 1,416 0,646 1,547 0,70 0,906 1,092 1,28

TeMn eparypa, ·C
o -20 -40

R22

R124; Rl42b

R134a

R404A; RS07A;
R407B

R407A

R407C

R410A

PUC. 8. OnmUMaJlbHbte meMnepamypHbte o6Aacmu npUMeHeHUfi
XltaaaZeHmoe: _ - OnmUMaJlbHafi 30Ha; ~ - npUMeHeHue

C OZpaHU'1eHUflMU; c::=:J - HenpuZOaHO

PK --R22 .•. ·R507
--R404A ····.·RI34a
--- R407B

q = 0,59
q =060
~o=0,66
q =092
q =01

MaKCl1MaJIbHble TeMrrepaTypbI KOHjleHCaUl1l1

jlJI5I pa3HbIX Tl1rrOB KOMrrpeCCOpOB rrpl1 rrpl1Me-

HeHl1l1 pa3JIl1'1HbIX XOJIOjll1JIbHbIX areHTOB jlaHbI

B Ta6JI. 2 [3].

C yqeToM yCJIOBl151, '1TO XOJIOjll1JIbHble MallIl1HbI

pa60TaIOT rrpl1 paC'IeTHOH TeMrrepaType KOHjleHCa-

Ul1l1 t = 65 °C, 06eCrre'll1BaeTC5I cTa611JIbHa51 11 ra-
K. p

paHTl1pOBaHHa5I pa60Ta KOMrrpeccopa, 3arrpaBJIeHHO-

ro TOJIbKO XJIa/lareHTOM R134a:

- rroplllHeBOH KOMrrpeccop pa60Tocrroco6eH

jlO t
K

max = 80 °C;
- Crrl1paJIbHbIH KOMrrpeccop pa60Tocrroco6eH

jlO t
K

max = 70 °C;
- Bl1HTOBOH. CaJIbHl1KOBbIH KOMrrpeccop pa60-

Tocrroc06eH jlO tKmax = 70 °C;



BI1HTOBOH rrOJIYrepMeTI1QHhIH KOMrrpeCCOp

pa60TOCnoc06eH)],0 IKmax = 65°C.

Ta6JlUlfa 2

MaKCHMaJlbHble TeMnepaTYPbI KOH,lJ,eHCaUHH

AIISI KOMnpeccopoB C pa3HbIMH XJUl,lJ,areHTaMH

HaHMeHOBaHHe THIl t
Kmax

KOMllpeccopa XJIa,nareHTa
R22 62

R407C 62

[lopwHeBoM
R404A 55
R507A 55
R717 55

R134a 80
R22 65

R407C 65
CIlHPaJIhHhIM R404A 55

R507A 55
R134a 70
R404A 55

BHHTOBOM R507A 55CaJIhHHKOBhIM
R134a 70
R404A 55

BI1HTOBOH R507A 55
1l0JIyrepMeTwIHhIH R22 60

R134a 65

B pe3YJIhTaTe 0630pHoro 11paCQeTHO-TeOpeTI1'-1eC-

Koro aHaJII13a aJIhTepHaTI1BHhIX )J,JUIR22 XJIa)J,areHTOB

B pefl10HaX C BbICOKOH TeMrrepaTypoH OKp)')KalOll.I,eH

cpe)],bI Hal160JIee OrrTI1MaJIbHbIM B HaCT05lIuee BpeM5l

5IBJUIeTC5I XJIa)J,areHT R134a C KaTerOpl1eH rro)((apoo-

rraCHOCTI1 AI; ODP = 0; GWP = 1300; IKP = 101,1.

B )],oJIrOCpO'-lHOH rrepCrreKTI1Be, )J,JUII1CrrOJIb30Ba-

Hl15I B XOJIO)],l1JIbHbIXMaIllI1HaX 113113BeCTHbIX Ha cero)],-

H5IIIIHI1H )],eHb XJIa)J,areHTOB Hal160JIee npl1eMJIeMbIM

5IBJUIeTC5IXJIa)J,areHT R1234yf C KaTerOpl1eH rrO)f(apOO-

rraCHOCTI1 A2. ODP = O· GWP = 4· I = 95 65., , , Kp ,
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