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C MOMeHTa nmumeHlUI R-22 B 1928 r. H opraHH3al\HH
ero rrmpoKoro npOH3BO~CTBa B 1936 r. 3TOT XJIMareHT

npHMeHIDICH B pa3Ho06pa3HbIX cHcTeMax OT CaMbIX

MarreHbKHX OKOHHbIX KO~Hl\HOHepOB ~o KpynHbIX
qHJUlepOB H TeIUlOBbIX HaCOCOB, BKJIIOqaH CHCTeMbi MH

paHoHHoro l\eHTpanH30BaHHoro oxn~eHHH H

OTOIUleHHH. Xono~onpoH3Bo~HTenbHOCTb OT~enbHbIX

B~OB 060py~oBaHHH, HCnOnb3YWIl\HX 3TOT

YHlfBepcanbHbIIt XJIMareHT, Kone6neTCH OT 2 KBT ,no 33

MBT(C 3anpaBKoH R-22 OT 0,5 ~o 9500 T). R-22

HCnOnb3YeTCH B nopmHeBbIX, pOTOpHbIX, CllHpanbHbIX,

BHHTOBbIX H l\eHTp06e:>KHbIX KOMnpeccopax Ii
3KCnepHMeHTanbHO - B a6cop6l(HOHHbIX cHCTeMax. HIi

O~HH ~pyroH XJIMareHT He ,nOCTIiran TaKoro

pa3H006pa3IiH KOMMepqeCKOrO npHMeHeHHH H TaKoro

umpOKoro ~Hana30Ha xono,nonpOH3BO~HTeJIbHOCTR.
O~HaKO R-22 HBJUIeTCH O,nHHM H3 XHMHQeCKHX

BemeCTB KnaCca XJIOpIflTOpyrneBo~opO~OB (HCFCs),
npoH3Bo~crno KOTOpbIX npeKpamaeTCH B COOTBeTCTBHHC

MOHpeanbCKHM npOTOKonOM no BemecrnaM,

pa3pymaWmHM 030HOBbIH cnOH [1, 2]. PeryJmpYWmIie

MepbI TIpoToKona HanparmeHbI Ha nOTpe6neHIie, KOTopoe

CKnMbIBaeTCH H3 npoH3BO~CTBa Ii HMnopTa 3a MHHYCOM

3KcnopTa Ii YHgqTO:>KaeMoro KOJIgqeCTBa R-22. TIPOTOKOJI

He orpaHgqIiBaeT IiCnOJIb30BaHHe B 6y.nymeM Y:>Ke
H3rOTOBneHHbIX HJIIi HMIIopmpOBaHHbIX XHMHqeCKHX

BemeCTB, a HMeHHO, XJIMareHTOB, KOTopbIe Y:>Ke HJIH
nOBTopHO HCnOJIb3YIDTCHHJIH 3arOTOBneHbI ,no npHIJj{Toro

cpOKa JIHKB~al(HH. TIpOTOKOJI TaK:>KeHe OrpaHHqHBaeT
IiCnOnb30BaHHe XHMgqeCKHX BemeCTB B Kaqecrne

nepepa6aTbIBaeMoro CbIpbH (nOJIynpo.nyKTa IIPH
npOH3BO~CTBe~Pyrnx XHMHKaTOB).

B Ta6JI. 1 YKa3aHbI npe~enbHbIe CpOKH npOH3Bo~cTBa

H BB03a R-22 COrJIaCHO MOHpeanbCKoMy npOTOKOJIY H
nOTpe6HOCTH B HeM B KaHa.ne H B CIlIA. YKa3aHHbIe

CpOKH OTHOCHTCHK nOJIHOMY npeKpameHHW, XOTHH 60JIee
paHHee IIpeKpall\eHHe npoH3Bo~crna HJIH marH no ero

nOCTeneHHOMy COKpall\eHIDO B03MO:>KHbI. HeKOTopbIe

CTpaHbI, oc06eHHO B EBpone, BbffiOJIHHIOT rpalflHK
6bICTpee.

y!:3-3a mHpOKoro npHMeHeHHH R-22 060pY~OBaHHe,

cnpOeKTHpOBaHHoe Ha 3TOM xnMareHTe, 6y~eT
HCnOnb30BaTbCH eme He O,nHO ~eCHTHJIeTHe, nOCJIe Toro

KaK ero npOH3BO~CTBOIIpeKpaTHTCH.

,lVur 3KcnJIyaTal\HH 060PY~OBaHHH Ha R-22 6y.nyT
HCnOJIb30BaTbCH orpaHHqeHHbIe JIHMHTbI ero

npOH3BO~CTBa, 3anaCbI, HMeBffiHeCH ~O npeKpameHHH ero

npOH3BO~CTBa, H xnMareHT R-22, KOTOpbIH 6y~eT
H3BneqeH H3 nepenpOIflHnHpOBaHHoro HJIH BbIBe,neHHoro

H3 3KcnJIyaTal(HH 060pY~OBaHHH. HMeWTCH BapHaHTbI

HCnOJIb30BaHHH3aMeHHTeneH R-22, npgqeM HeKOTopbIe H3
HHX Cnel\HaITbHO pa3pa60TaHbI, qT06bI ynpocTHTb

nepexo~rn nepHO,n, H He npeMa3HaqeHbI ~JIj{
HCnOJIb30BaHHHB KaqeCTBe OCHOBHbIXXJIMareHTOB.

B eBponeHCKHX cTpaHax CYmeCTBYWT 60JIee :>KeCTKHe

orpaHHqeHHH. B pMe CTpaH Y:>Ke 3anpeTHnH
HCnOJIb30BaHHe H pa60TY C R-22 HnH3anpeTHT K

onpe~eJIeHHOMy CPORY, HCXO,X(j{H3 THna HJIH ra6apHTOB

060py,nOBaHHH. B TO :>KeBpeMH MOHpeaITbCKHH npOTOKOJI
pa3pemaeT pa3BHBaIOmHMCH CTpaHaM, 0603HaqeHHbIM B

CTaTbe 5(1), B 3aBHCHMOCTH OT ypOBIJj{ HcnOnb30BaHmI

KOHTpOJIHpyeMbIX BemeCTB npo,non:>KHTb npHMeHeHHe R­
22 ~o 2040 ro~a.

BapMaHTb13aMeHb1R-22

He CymeCTBYeT HH O~Horo qHCTOrO XJIMareHTa,

KOTOpbIH 6bI Mor npHMo 3aMeHHTb R-22. TIpoH3Bo,nIiTenH

Y:>Ke npe,nJIaraIOT BoceMb CMeceH XJIMareHTOB ,nJlj{

3KcnJIyaTal(HH CYmecTBYWmero 060PY~OBaHHH (npH ero
cooTBeTcTBYIDmeM nepenpolflHnHpoBaHHH) H HeCKonbKO

~OIIOJIHHTenbHbIX CMeceR ~nSl HOBOro 060Py,noBaHHH.

qHcno CMeceH npeBbIcHT 20 ,X(JIj{KOHBepcHH H 60JIee 10

,X(JIj{HOBoro 060Py~oBaHIiH, eCJIH npHlJj{Tb BO BHHMaHHe

XJIMareHT R-502 (paHee mHpoKo Hcnonb3yeMaH CMeCb

MH HH3KoTeMneparypHbIX Ii KOMMepqeCKHX CHCTeM,
co~ep:>KamaH R-22). 3TH CMeCIi npe~CTaBJIeHbI B Ta6JI. 2.
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3aMemieMbIe
3aMeHIDO~He xna,nareHTbI ~JUI

XJIa~areHTbI
cy~eCTByro~ero o6opY,1J,oBaHml HOBoroo6opy~oBaHHH

R-22

R-407C, R-411A, R-417A, R-407C, R-407E,

R-419A, R-421A, R-42lB

R-41OA, R-41OB

yrneBo~opO~bIR-502

R-402A, R-402B, R-403A, R-407 A, R-404A,

R-403B, R-404A, R-407 A,

R-507 A, R-509A,

R-407B, R-408A, R-41lB,

YrJIeBO~OpO~bI

R-422A, R-507 A

cPHpMbI, 3aHHMaIOmHeCJI HH3KoTeMlIepaT)'pHbIMH

CHCTeMaMH H CHCTeMaMH KO~HIIHoHHpOBaHHJI B03~YXa,

opraHH30BaJIH COBMeCTHbrn lIOHCK anbTepHaTHB R-22. Hx
YCHnHJI ~OlIonHHnH 06IIIHpHbIe Hccne,n:OBaHHJI H

pa3pa60TKH OT,n:enbHbIX lIpOH3Bo,n:HTeneH XJIa,n:areHTOB H

060Py,n:oBaHHJI, lIpOBo,n:HMbIe B YHHBepCHTeTax H ,n:Pyrnx
HCCne,1J,OBaTenbCKHX opraHH3aIlmIX, a TalOKe B

na60paTOpHJIX, lIOnb3ytOmRXCJI rocY,1J,apCTBeHHoH

IIOMep)l(l(OH. 3Ta Me~HapO,1J,HaJI lIporpaMMa

Ha3bIBaJIaCb «IIporpaMMa OIleHKH XJIa,n:areHTOB,

aJIbTepHaTHBHbIX R-22 (AREP)>>. B Hee Bomen H
JllIOHCKHH ,n:BOHHHKJAREP. 3a,n:aqeH lIpOrpaMMbl 6bIJIO

HCKllIOqIfTb ,1J,y6nHpOBaHHe pa60T H pacTpaqHBaHHe

orpaHHqeHHbIX pecypcoB lIPH OIleHKe BapHaHTOB 3aMeHbI.
B pa60Te lIpHHHMaJIH yqaCTHe 39 KOMlIaHHH - H3

EBpOlIbI, 5llIOHHH H CeBepHoH AMepHKH. OHH ,1J,enHnHCb

TeOpeTHqeCKHMH pe3ynbTaTaMH H 3KClIepHMeHTaJIbHbIMH
,1J,aHHbIMH,lIonyqeHHbIMH KaK lIPH KaJIOpHMeTpl{qeCKHX

OIIbITax H HClIbITaHHJIX 060PY,1J,oBaHHJIlIO cxeMe «drop-in»

(MHHHMaJIbHbIe lIepe,1J,enKH), TaK H lIPH pa3pa60TKe

KOHCTpYKIIHH, OIITHMH3HpOBaHHbIX IIO,1J,xna,n:areHT.
AREP paccMoTpeJi 14 XJla,n:areHTOB, oT06paHHbIx B

KaqeCTBe lIOTeHIIHaJIbHbIX KaH,n:H,1J,aTOB,1J,JIJI3aMeHbI R-22.

B ClIHCOK BOmJlH: R-134a; R-32/R-125 (60/40 Macc. %);

R-32/R-134a (20/80,25/75,30/70 H 40/60); R-32/R-227ea

(35/65); R-125/R-143a (45/55); R-32/R-125/R-134a

(10/70/20 [R-407B]), (30/10/60) H (24/16/60); R-32/R­
125/R-290/R-134a (20/55/5/20). TaIOKe B ClIHCOK 6bIJIH

BKllIOqeHbI R-290 (lIpOlIaH) H R-717 (aMMHaK), XOTJI

peaJIbHO KOnHqeCTBO TeCTOB C HHMH 6bIJIO orpaItl{qeHo.

,I.(olIOJlHHTeJlbHO B ClIHCKe Ka~H,1J,aTOB eCTb qeTbIpe
3aMeHbI R-502, a HMeHHO: R-125/R-143a (45/55); R-32/R­

125/R-134a (20/40/40 [R-407A]); R-125/R-143a/R-134a

(10/45/45) H R-125/R-143a/R-134a (44/52/4 [R-404A]).
OCHOBblliaJICb Ha ,1J,aHHbIX 3Tom lIOHCKa,

60JIbIIlRHCTBO npOH3BO,1J,HTeneHMaJIbIX KOMnpeccopoB R

arperaTHpOBaHHoro 060pY,1J,OBaHRJIBbl6paJIH 6HHapHYIO
CMeCb R-32/125, KOTOpaJI HMeeT COCTaB R-32/R-125

(50/50) [R-410A], qT06bI MaKCHMaJIbHO YBeJIH'-lHTb

3cpcpeKTHBHoCTb H B TO )l(e BpeMJI, H36e)l(aTb
BOClIJIaMeHJleMOCTH. 3Ta KBa3H-a3eOTpOlIHaJI CMeCb

pa60TaeT npH 60Jlee BbICOKHX ,1J,aBJIeHHJIXKO~eHcaIIRR

(lIpH6ml3lHeJIbHO Ha 60 % BbIIDe, qeM Y R-22 B cHcTeMax
C B03,1J,yIIIHbIM OXJlIDK,1J,eHHeM), HO o6eCneqHBaeT

CHH)l(eHHe ra6apHTOB 060PY,1J,OBaHHJI.TpexKoMlIoHeHTHaJI
CMeCb R-32/R-125/R-134a TO)l(e KOHKYpeHTOCnoc06Ha,

eCJIH HCnOJlb30BaTb COOTHOmeHHJI KOMnOHeHTOB,

BbI6paHHbie TaK, qT06bI lIpH6J1H3HTbCJI K KpliBOH
HaC~eHFIJI xna,n:areHTOB R-22 H R-502. B CBJl3H C 3THM

CMeCb R-32/R-125/R-134a (30/10/60) IIpe,n:CTaBJIJleT

60JlbmOH HHTepec KaK TaKTHqeCKHH BapHaHT 3Toro
pa60qero BemeCTBa, HO lI03,1J,HeeCOCTaBCMeCH H3MeHHJIH
Ha R-32/R-125/R-134a (23/25/52) [R-407C], qT06bl

yMeHbmHTb OlIaCHOCTb BOCIIJlaMeHJIeMOCTH lIPH

cppaKIlHoHHpOBaHHH.

IIporpaMMa AREP 6bIJia HalIpaBJleHa JlHIIIb Ha
lIpe,1J,BapHTeJlbHYIOoIleHKY 3aMeHHTeJleH R-22. PM cpHpM-
H3roTOBHTeJleH OIleHHJlH KOHKYpeHTOClIOC06HOCTb

MeTo,n:oB lIpoeKTHpoBaHHJI H OlITHMH3aIIHH

cymecTBYIOmero o60PY,1J,OBaHHJI. EX. MHHOp [3]

IIy6J1HKYeT HCqepilbIBaIOmHH JlHTeparypHblH 0630p
HClIbITaHHH H Heo6xo,1J,HMbIXH3MeHeHHH B ,1J,eHCTBYIOmeM

o60PY,1J,OBaHHH, B qaCTHOCTH, B KOHCTpYKIImIX

KOMIlpeccopOB, TelIJl006MeHHHKoB, peryJlHpYIOmHX

YCTpOHCTBH CMa3KH. IIpoBe,n:eHHbIe HClIbITaHHJI lIOKa3aJIH,
qTO R-41OA HMeeT O,n:HHaKOBYIO HJlH JI)'qIIIYIO

3Hepr03cpcpeKTHBHOCTb lIO cpaBHeHHIO CR-22.,I.(JIJ! CHCTeM
OXnIDK,1J,eHHHHa6JIIO,1J,aJIOCbee YBeJlHqeHHe Ha 1 - 7 % H

,1J,JIJICHCTeM 060rpeBa - OT YMeHbmeHHJI 3cpcpeKTHBHOCTH
Ha 3 %,1J,OIIOBbImeHRJI Ha 7 %.

HHcppaCTpYKT)'pa cepBHca KOMlIpeccopoB H

peryJlHpYIOmHX YCTpOHCTB ,1J,nJlKOMMepqeCKHX CHCTeM

IIpaKTHqeCKH YHHcpHIIHpoBaHa, O,1J,HaKO,1J,JIJIKPYlIHbIX

YCTaHOBOKHMenHCb oc06eHHocTH.
Xna,n:areHT R-134a JlBnJleTCJI CaMOH

paClIpOCTpaHeHHOH 3aMeHOH B qHJInepax, HMeIOmHX

BHHTOBbIe KOMilpeccopbI xono,n:OlIpOH3BO,1J,HTeJlbHOCTbIO

175 - 1500 KBT (c 3alIpaBKoH 50 - 400 T xna,n:areHTa) KaK

C B03,1J,yIIIHbIM, TaK H C BO,1J,JlHbIMoxnIDK,1J,eHHeM.,I.(pyrne

BapHaHTbI HCIIOnb30BaHRJI BKllIOqaIOT R-4IOA H

orpaHl{qeHHO (lIpe)l(,1J,eBcero, B EBpoIIe) R-717 (aMMHaK)
R R-1270 (npOIIHneH). IIocTelIeHHo oCna6eBaeT lIpe)l(HHH

HHTepec K YCKopeHHoMY BbIBO,1J,yHa pbIHOK R-407C H
,1J,a)l(eR-404A. PaCCMaTpHBaIOTCJIH ,n:Pyrne CMeCH, TaK)l(e

I'IClIOJIb3YIOml'le R-134a, qT06bI 3aMeHI'ITb IIopmHeBoH 1'1

BI'IHTOBOH KOMlIpeccopbI OqeHb KOMnaKTHblM

I1eHTpo6e)l(HbIM KOMnpeccopoM, lIpHBO,1J,HMbIMB ,1J,eHCTBl'le

I'IHBepTOpHbIM npe06pa30BaTeneM, qTO ,1J,aCT3HaqHTenbHO
60nee BbICOKYIO 3cpcpeKTliBItOCTb npH o,n:I'IHaKOBOH
MOmHOCTI'I.

COXpaHJleTCJI I'IHTepeC, oc06eHHo B EBpolIe, K R­

407C ,1J,JIJIqHJlnepOB C BO,1J,JlHbIMoxnIDK,1J,eHl'leM.XOTJI ero
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3c1JclJeKTIlBHOCTb,KaK npaBHJIO, MO)KeT 6bITb HH)Ke (no 7

%), 'IeM Y R-22 B Tpa,n.H~HOHHbIX KOHCTpY~IDIX,

paccMaTpHBalOT ,nBe pa3pa60TKH. TaK, HCnOJIb30BaHHe

pereHepaTHBHoro TenJIo06MeHHHKa MO)KeT nOBbICHTb

3cIJilleKTHBHOCTb Ha 2 %. bOJIbIII)'lO 34141eKTHBHoCTb

MO)KHO nOJIY'IHTb, eCJIH BOCnOJIb30BaTbCJImlTeHCHBHbIM

Tel\meparypHbIM rJIaH,noM R-407C OT 4 ,no 5 °C (B

npo~eccax KHneHHJI H KOH,neHca~H). ,l(o 5 % pOCTa

34141eKTHBHocTH MO)KHO nOJIY'IHTb, HCnOJIb3YJI

npoTHBOTO'lHbIe TenJIo06MeHHHKH, 'IT06bI npH6JIH3HTbCJI

K TepMo,nHHaMH'IeCKoMY ~HKJlY JIopeH~a, KOTOpbIM

1l03BOJlJleT HCllOJIb30BaTb TeMlleparypHbIM rJIaH,n .nJIJI

HCllapHTeJIeM H KOH,neHcaTOpoB llpOTHBOTO'IHOrO THUa.

B03AeMCTBMe Ha OKpy>KaIOI.I.\YIOcpeAY

XOTJI pemeHHe HCKJIlO'IHTb HCnOJIb30BaHHe

xrra,n.areHTa R-22 OCHOBaHO Ha ero clloco6HOCTH

pa3pymaTb aTMoc4IepHbIM 030HOBbIM CJIOM, llPH IlOHCKe

aJIbTepHaTHB CJIe.nyeT TaK)Ke llpHHHMaTb BO BHHMaHHe H

,npyrHe aClleKTbI, CBH3aHHbIeC B03,neMCTBHeMxrra,n.areHTOB

Ha OKpY)KaIO~lO cpe.ny. B Ta6JI. 3 CpaBHHBaIOTCH CpOK

CYmeCTBOBaHRJI xrra,n.areHTa B aTMocillepe 3eMJIH ('taTIf)'

1I0TeH~HaJI pa3pymeHRJI 030HOBoro CJIOH (ODP) H

1I0Te~aJI rJI06aJIbHOrO nOTellJIeHHJI (GWP) MJI R-22 C

TeMH )Ke 1I0Ka3aTeJIHMH MJI aJIbTepHaTHBHbIX
xrra,n.areHTOB.

BpeMH 'taTM YKa3bIBaeT BpeMJI IIpe6blBaHRJI

xrra,n.areHTa B aTMocillepe 3eMJIH ,no Tex 1I0p, nOKa OH He

pa3JIO)KHTCJI, He cpearHpYeT C ,nPYrHMH XHMH'IeCKHMH

BemeCTBaMH, He 6y,neT BbIMbIT ,nO)K,nJ[MHRJIH He 6y,neT

y,naJIeH KaKHM-JIH60 HHbIM Clloc06oM. 3Ta BeJIH'IHHa

npe,nCTaBJIHeT C060H, TaKHM 06Pa30M, cpe,nHee BpeMJI

IIpe6bmaHRJI xrra,n.areHTa B aTMocillepe H, CJIe,nOBaTeJIbHO,

B03MO)KHOCTb ero HaKOnJIeHHJI. ,l(mneJIbHbIH CpOK

CymeCTBOBaHHJI XJIa,n.areHTOBB aTMocillepe He HCKJllO'IaeT

nOCTeneHHoe BOCCTaHOBJIeHHeOKpy)KaIOmeH cpe,nbI, KaK

BceMH H3BeCTHbIMH cnOC06aMH, TaK H TeMH, KOTopbIe

MOryT nOJlBHTbCJI B 6y.nymeM, O,nHaKO, xrra,n.areHTbI C

KOpOTKHM CpOKOM CYmeCTBOBaHHJI B aTMocillepe

npe,nnO'ITHTeJIbHbI.

CTporo rOBOpJl, npo,nOJI)KHTeJIbHOCTb «)KH3HH»

xrra,n.areHToB, IIpHBe,neHHbIX B Ta6JI. 3, pa3JIH'lHa ,nJIH

Tpolloc4IepbI (HH)KHero aTMocillepHoro CJIOJl, B KOTOpOM

MbI )KHBeM), CTpaTOc4IepbI (CJIe,nYIOmero CJIOJl,B KOTOpOM
HCTOmeHHe 030HOBOro CJIOH BbI3bmaeT oc060e

6ecnoKoMcTBO) H 60JIee BbICOKRX CJIOeB, nOCKOJIbKY
OCHOBHbIeMexaHH3MbI H36aBJIeHHJIOT XJIa,n.areHTOBB 3THX

CJIOJIXHeo,nHHaKOBbI.

KaK H3BeCTHO, ODP - CTaH,napTH30BaHHbIH

6C3pa3MepHbIH nOKa3aTeJIb (OTHoCHTeJIbHO R-II),

XapaKTepH3YlOmHH cnoc06HoCTb XJIa,n.areHTOB H ,nPYrHX

XHMH'IeCKRX BemeCTB pa3pymaTb MOJIeKYJIbI

CTpaTocillepHoro 030Ha. ITpHBe,neHHbIe ,naHHbIe »BJlJllOTCJI

BeJIH'IHHaMH, npHHHTbIMH Me~Hapo,nHoH HaY'IHOM

3KcnepTHoit o~eHKoH. 3HaqeHRJI ODP ,nJIH cMeceit

onpe,neJIHlOTCH KaK cpe,nHee 3Ha'leHHe ODP KOMnOHeHTOB

C yqeTOM HX MaCCOBbIX,nOJIeH.

IToTeH~HaJIbI ODP H GWP paCC'IHTaHbI C Y'IeTOM

'taTM, a TaK)Ke 110 ,naHHbIM H3MepeHHH XHMH'leCKHX

CBOMCTBH ,nPyrHX aTMoc4IepHbIx napaMeTpOB. 3Ha'leHHH

'taTM, ODP H GWP MH XJIa,n.areHTa .D;OJI)KHbI6bITb KaK

MO)KHO HH)Ke, O.D;HaKO OHH .D;OJI)KHbI CO'leTaTbCH C

o~eHKaMH 3KCIIJIYaTa~HOHHbIX Ka'leCTB XJIa,n.areHTa, ero

6C3onacHoCTH, XHMH'leCKOH H TellJIOBOH cTa6HJIbHOCTH

IIPH HCIIOJIb30BaHHH [4].

CpaBHeHMe 3cpcpeKTMBHOCTM

,l(JIJI cpaBHeHRJI 34141eKTHBHocTH XJIa,n.areHTOB
BbI6paHbI IIJITb 41aKTopoB:

TepMoouHBMulfecKue c8oiicm8B

1. HaCKOJIbKO .D;aJIeKO OT KpHTH'leCKOH TO'lKH

peaJIH30BaH XOJIO,nHJIbHbIH ~HKJI (3TO BJIHHeT Ha
OTHomeHHe CKpblTOH TenJIOTbI nap006pa30BaHRJI K

y,neJIbHOH TellJIOeMKOCTH )KH,nKOCTH npH 1I0CTOJlHHOM

,naBJIeHHH).
2. HaKJIOH KpHBbIX HaCbIII~eHHJI)KH,nKOCTHH llapa, 110

KOTOpOMY Ollpe,neJIHlOT pC3YJIbTaTHBHOCTb neperpeBa,

lIepeOXJIa)K)I;eHHJIH .D;pOCCeJIHpOBaHHJI.Ha HaKJIOH KpHBbIX
CymeCTBeHHO BJIHHeTMOJIbHaJITenJIOeMKOCTb.

TaOJlHna 3. HeKoTopbIe CBOHCTBaxrra,nareHTa R-22 H ero 3aMeHHTeJIeH [4-6]

Xna,nareHT CPOK CYmeCTBOBaHIDI B aTMoc<pepe, 'tOTh<ODPGWP (,nJIH 100 JIeT)

R-22

120,0341780

R-134a

1401320

R-407C

-01700

R-407E

-01400

R-4IOA

-0
.

2000

R-32

4,90543

R-3~-600(95/5)

-0520

R-32/R-600 (90/10)

-0490

R-290 (npollaH)

-0~20

R-717 (aMMUaK)

-0<1

R-744 (.D;HOKCH,D;vrJIepo.D;a)

>500I

R-1270(nponUJIeH)

-0~20

ITpuMe'laHUe: 'tOI'MCMeceH He YKa3aHbI (-), TaK KaK B aTMocillepe OHH pa3.D;eJIJIlOTCHHa KOMIIOHeHTbI.
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Oco6eHHocmu npuMeHeHufl

Ceoiicmea nepeHOCa

3. TerrJlOrrpOBO~HOCTb H BJI3KOCTb, KOTopble

o6YCJlOBJIHB3IOTTerrJlo06Men H flf,L(paBJIWleCKHe rroTepH.

4. BJlHJIHHe Ha HHTeHCHBHOCTb

TeMrreparypHoro
TerrJlo06MeHHHKa.

5. B03MO){(JIOCTb OrrTHMH3ar(HH ~HKJla rryTeM

peryJlHpOBaHHJI rreperpeBa, rrepeOXJIIDK.ll:eHHSI,

HCrrOJlb30BaHHJI 3KoHoMaihepa H TaKHX 3J1eMeHTOB, KaK
TerrJlo06MeHHHKH Ha )f(H~KOCTHOM HJlH BcaCbIB3IOrn;eM

Tpy60rrpoBo~ax.

Ha pHC. IrrOKa3aHbl,n:HarpaMMbI T - s ~JlJI R-22 H ero

3aMeHHTeJleH, KOTopble ~OJI)f(Hbl 06JIer'lliTb

KaqeCTBeHHYIO o~eHKy B03,n:eHcTBHJITepMo,n:HHaMWleCKHX

cBoikTB Ha XOJlO~HJIbHblH K03IjJqlH~eHT. KpHBbie

HaCbIrn;eHHJI rrOKa3aHbI KaK 6C3pa3MepHble BeJIWlHHbI,

HMeIOrn;He o~HHaKoByro llmpHHY ,n:ByxljJa3HOrO KyrroJla (TO

eCTb, MR HaCblrn;eHHOH )f(l{,n:KOCTH s* = 0, MJI

HaCblrn;eHHoro rrapa s* = I). 3aMeTHM, qTO KpHTHqeCKaS!

TeMrreparypa MJI R-134a BbIIDe, 'IeM ~ R-22. TIO~06HaS!

Kapnma Ha6JIIO,n:aeTCJI ,n:JlSI KpHTR'IeCKHX TeMrreparyp

XJlMareHTOB R-4IOA H R-125. TIpH O,n:HHaKOBbIX

TeMrreparypax KHrreHHJI H Kon,n:eHCar(RH ~HKJI,

HcrrOJlb3YIOrn;HU R-134a, llaxO~HTCJI ~anbllle OT

KpHTH'IeCKOU TOq)(H, qeM ~ na R-22, R ropa3,n:o HFI)f(e,
qeM I.(HKJlblHa R-4IOA H R-125.

Ha pHC. 2 H306pa)f(eH I.(HKJI rrapoKoMrrpeccFloHHbIU

XOJlO~HJlbHbIH YCTaHOBKH B ,n:HarpaMMe T - s.

XOJlO~OrrpoH3Bo,n:HTeJIbHOCTb IWKJla rrpe,n:CTaBJIeHa

rrJIOlliMbIO rro,n: J1RHFleU KHrreHHJI, a pa60Ta llHKJla -

rrJlOrn;a,n:bIOrro,n: KpHBblMH Kon,n:eHCar(HR H rreperpeBa, 3a

MHH)'COM o6J1acTH, 0603HaqaIOrn;eH

XOJlO~OrrpOH3Bo,n:HTeJlbHOCTb.ECJlH cpaBHHTb 3TOT I.(HKJIC

I.(HKJlOM KapHO, TO He06paTHMOCTb, B03HHK3IOrn;aS! rrpH

~pOCCeJ1JilpOBaHHH,YMeHbIllaeT XOJlO~HJlbHbIU 31jJljJeKTHa

BeJlWlHH)' rrJlOrn;MH, pacrrOJlO)f(eHHOH rro~ J1HHHeH4C-4R.

3Ta rrJlOrn;Mb TaJ<)f(e YKa3bIBaeT Ha ~OrrOJlHHTeJlbHO

3aTpaqeHH)'IO pa60ry H3-3a ~pOCCeJlHpOBaHHJI

(rrOTepJIHFlaS! pa60Ta paCnmpeHHJI). ):(orrOJlHHTeJlbHaS!

pa60Ta R3-3a Heo6paTHMOCTH rreperpeBa rrapa

0603HaqaeTCJI 06J1aCTbIO 2-2C-2R. Ha Heo6paTHMOCTb

rrpOlieCCOB .n:pOCCeJIHpOBaHflRfI rreperpeBa rrapa TaK)f(e

BJlHSleT HaKJIOH KpHBbIX HaCblll\eHHJI. TIoTepH OT

He06paTHMOCTH 3Ha'lHTeJIbHO BblIlle B6J1H3RKpHTWleCKOH

TOq)(H, r,n:e J1JiIHFlHHaCblrn;eHFIJI rrOCTerreHIIO CTaHOBJITCJI

60Jlee rrOJlOrHMH, 1jJ0pMHpYJI~ByxljJa3HbIH KyrroJl.

KpHTHqeCKaS! TeMrreparypa R-4IOA IIH)f(e, 'IeM Y R­

22. TIo 3TOH rrpH'lliHe, lle06paTHMOCTb H3-3a rreperpeBa

rrapa H Heo6paTHMOCTb, BbI3BaHHaS! ~pOCCeJlHpOBallHeM,

BbIllie ,n:J1S1R-4IOA, qeM ,n:J1S1R-22. J13 ~BYX KOMrrOHeHTOB

CMeCH R-4IOA XJIMareHT R-32 ~aeT 60Jlee BblCOKyIO

TepMO~HHaMHqecKyIO 31jJIjJeKTHBIlOCTb, qeM R-125 ~JIJI

HHTepecyrorn;HX Hac YCJlOBHU. B CBOIO Oqepe,n:b R-125

HHBeJlHpyeT BOCrrJlaMeHJIeMOCTbR-32. XJlMareHT R-125

TaK)f(e rrOBbllllaeT GWP CMeCH. ):(pyrHe CMeCH C R-32

TaK)f(e BbI3bIB3IOT HHrepec. TaK, R-32/R-600 (95/5) H R­

32/R-600a (90/10) BKJlIOqeHbI B Ta6J1. 3 H 4 ~J1S1

CpaBHeHHJI. 3TH a3eOTporrHble CMeCH R-32 C n-6YTaHOM H

H306yraHoM HMeIOT rrpeBocxO~CTBO B

xOJlO~OrrpOH3BO~HTeJlbHOCTH [7] H MOrJlH 6bl

HCrrOJlb30BaTbCJI C MHHepanbHblMH MaCJlaMH. K

CO)f(aneHHIO, 3TH CMeCHJ1erKOBOCrrJlaMeHJIIOTCJI.

TerrJlo06MeHa

KOHlIHITYPar(HHrJlaH~a

105

9075

~ " 60
~"'"..=:s 45.. r,..

30
160

b
0".20:40:60.8

3R1J10nRn

311TpOBRSI

PHC. l. ):(HarpaMMa T-s MJI R-22 Hero 3aMeHHTeJleU PHC. 2. TIapoKoMrrpeccHoHHblU XOJIO~HJlbllbIH IWKJI B

~HarpaMMe T-s (TOqKH: I, 2R, 3, 4R -rrapoKoMrrpeccopHblH

XOJlO,n:HJlbHbIUllHKJI; TO'lKH: I, 2C, 3, 4C - llHKJI KapHo)
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TepMo,n:MHaMMQeCKOe Mo,n:eJIMpOBaHMe n03BOJIj[eT

O~eHHTb 31j1Ij1eKTIlBHOCTb, KOTOpym MO)!(HO ,n:OCTf(qb B

TeOpeTM'leCKMX l.\MKJlax, MrHopMpYj[ BJIIDnIMe CBOHCTB

nepeHOCa, npaKTII'leCKMX oc06eHHOCTeH M CMaJO'IHblX

MaCeJI. B Ta6JI. 4 M 5 npe,n:CTaBJIeHblpe3YJIbTaTbl paC'leTOB

31j11j1eKTIlBHOCTII Bbl6paHHbIX 3aMeHMTeJIeH R-22 ,n:JIj[

CMCTeMarperaTMpOBaHHblX KOH,!\Ml.\MOHepOBM 'lMJIJIepOB C

BO,n:j[HbIM mma)!(,!\eHMeM B o,n:HocryneIf'JaTblX l.\MKJlax. B
Ta6JIMl.\ax ,n:aHbl 3Ha'leHMj[ XOJIO,n:MJIbHOrOK03Ij1Ij1Ml.\MeHTa

M rrOKaJaTeJIM l.\MKJla, KOTopble '1aCTO MCrrOJIb3)'lOTcj[ rrpM

Ol.\eHKe 31j1Ij1eKTMBHoCTM.
Xna,Il.areHTbl, MMelOll.\Me He3Ha'lMTeJIbHble

K031j1Ij1Ml.\MeHTblTerrJIOOT,n:a'lM,He MOryT pa60TaTb TaK)!(e

XOpOIllO, KaK Te, Y KOTOpblX K031j1Ij1Ml.\MeHTblTerrJIOOT,n:a'lM

Bblllle, HeCMOTpj[ ,n:~e Ha TepMo,n:MHaMM'IeCKOe

rrpeMMYll.\eCTBO. O,n:HaKO YCOBepIlleHCTBOBaHMe

KOHCTpYKl.\MMMO)!(eT HMBeJIMpOBaTb3TO pa3JIM'IMe. TO'lHO

TaK)!(e CMeCM C 60JIbIllMM maH,n:OM, HarrpMMep, R-407C,

MOryT He ,n:OCTMraTbrrpOM3Bo,n:MTeJIbHOCTM,YKaJaHHOH .D:JIj[
KOHCTpYKl.\MHTerrJIo06MeHHMKOB C rrOrrepe'IHblM rrOTOKOM

(HarrpMMep,.D:JIj[ B03.n:yxa M, pe)!(e,.D:JIj[ BO,n:bl,,n:BM~ll.\eHCj[

rrepneH,!\MKYJIj[pHO nOTOKY XJIa,Il.areHTa), HO MOryT

rrpeB30HTII ee B TenJIo06MeHHHKax C rrpOTMBOTOKOM.
I1crrOJIb30BaHMe R-134a B '1MJIJIepax ,n:aeT 60JIee

BblCOK)'lO 31j1Ij1eKTIlBHOCTb, '1eM R-22. liTO KaCaeTCj[

,n:PYrMX 3aMeHMTeJIeH, rrpOM3BO,!\MTeJIM CYMeJIM
YCOBepIlleHCTBOBaTb KOHCTpYKl.\MMo6opy.noBaHlUl, 'lT06bl

KOMrreHCMpOBaTbrrOTepM 31j1Ij1eKTMBHOCTII.

06paTIlMCj[ KJIMTeparypHblM MCTO'lHMKaM. B [8, 9]
rrOKaJaHbl HeKOTopble BapMaHTbI 60JIee HM3KOH

TeOpeTM'IeCKOH 31j1Ij1eKTIlBHOCTM.113 [10] BH,!\HO, '1TO Y
XJIa,Il.areHTa R-41OA Ha6JIIO,n:aeTCj[ OTHOCMTeJIbHOe

yxy,n:weHMe 31j11j1eKTIlBHOCTIIrro cpaBHeHMIO C R-22 rrpll
BblCOKMX TeMneparypax KOH,!\eHCal.\lIM, XOTj[

npOM3Bo,n:MTeJIbHOCTb R-41OA cpaBHMMa C

rrpOM3Bo,n:MTeJIbHOCTblOR-22 npM TMITlI'IHblX pa60'lMX

pe)!(flMax. B [11] paccMaTpMBaeTcSI BJIMSlHMe rrepena,Il.a
,n:aBJIeHHSI M TerrJIo06MeHa Ha rrOBblllleHMe

31j1Ij1eKTMBHocTM. Ilpe,n:JIO)!(eHbl lIHTepecHble cnoco6bl

,n:OCTM)!(eHMSI 60JIee BblCOKOH 31j11j1eKTMBHoCTM npll
MCrrOJIb30BaHHH aJeoTporrHblX MJIM KBaJMaJeoTponHblX

CMeceH R-32 C yrJIeBo,n:opo,n:aMM M B03BpameHMe K

MCnOJIb30BaIlMlO MMHepaJIbHblX CMaJO'lHblX MaCeJI, XOTSI
rro,n:06Hble CMeClI j[BJISIlOTCSIJIerKO BOCnJIaMeHSIlOIl.\MMlICj[

[7].
CYll.\eCTByeT MHoro rrpoTMBOpe'lllBblX pa60T ITO

31j11j1eKTIlBHOCTM,n:MOKCH,!\aymepo,n:a (R-744, CO2), O,n:Ha
M3 rrpM'IMH 3Toro COCTOllT B TOM, '1TO B 60JIbWMHCTBe

CJIY'IaeB He06xo,n:lIM CBepXKpHTM'IeCKlIH, a He
Tpa,!\Ml.\lIOHHbIH rrapoKoMrrpecclIoHHblH l.\MKJI. 3TOT ,n:aBHO

lI3BeCTHblH XJIa,Il.areHT ,n:eHcTBHTeJIbHOnpe,n:nO'lTMTeJIeH B

HeKoTopblX CJIY'laSIX. IlpHMepoM SlBJISleTCj[ HM)!(HSIj[

cryneHb KacKa,!\HoH XOJIO,n:MJIbHOHYCTaHOBKM, r,n:e 'lame

Bcero ,n:lIOKCH,!\yrJIepo,n:a 3aMeHSIeTaMMMaK. 8 pa60Te [12]
,n:eTaJIbHO Ol.\eHMBaeTCSI rrpMMeHeHMe CO2 B )!(lIJIblX
1I0Mell.\eHM»X, r,n:e HCnOJIb3YlOT Mo,n:eJIM KaK

Tpa,n:Ml.\lIOHHblX napOKOMnpeCCHOHHblX, TaK H

Ta6J1H~a 4. CpaBHeHMe 31iJliJeKTIlBHOCTHXJla,Il.areHTOB )I.JIj[ arperaTHpoBaHHblx KOH,!\Hl.\HOHepOB

fIapaMeTlJbl l.\HKJIa H.neaJIbHblH l.\HKJI*THHoBble YCJIOBJ.Ij[**

Cpe,n:J{j[j[ TeMnepaTVpa KHneHJ.Ij[, °C

1010

fIeperpeB, °C

05

Cpe,n:J{j[SITeMnepaTYpa KOH,n:eHCal.\HH,°C

35,046,1

fIepeOXJIa)!(,!\eHMe, °C

05

l1303HTponHblH KIT,l( KOMnpeccopa, %

10070

KILU,n:BHraTeJIj[,%

10090

XJ/aoazeHm

XOJ/OOWlbHbIU lw3l/Jl/JulJueHm

R-22

9,854,60

R-32

9,553,84
R-134a

9,864,13

R-290 (nponaH)
9,684,05

R-407C

9,603,97

R-407E

9,674,00

R-410A

9,293,77

R-32~-600(95/5)
9,543,85

R-32~-600a(90/IO)
9,433,81

* Pe)!(J.IMbl COOTBeTCTB)'IOT ~apTHblM HOMHHaJIbHbIM ,n:aHHbIM )I.JIj[ arperaTHpOBaH-HbIX KOHJ(HlIHoHepoB H

TenJIOBblX HaCOCOB [13]. HOMHHaJIbHbIH CTaHJ(apT OrOBapMBaeT TeMneparypbl B03.n:yxa Ha Bxo,n:e: Hapyxmyro (35,7

0c) H B nOMelI{eHHH (26,7 °C), Ha npaKTIfKe TeMneparypa KHneHHSI CHJ.I)!(aeTCj[ ,n:o 10°C )I.JIj[ ocymeJ{J{j[ B03.n:yxa.

PaC'IeTbl c,n:eJIaHbI no nporpaMMe CYCLE D_3.0 [14].

** Pe:)!{J.IMbl npH6JIH)!(aIOTcj[ K xapaKTepHblM .D:JISIIJ;HKJIa. fIpHBe,n:eHHble THnH'IHble KIT,l( MOryT 6blTb

npeBblweHbl OllTHMH3al.\HeH nepeOXJIa)!(,!\eHHj[ H neperpeBa, HCnOJIb30BaHHeM HeCKOJIbKHX cryneHeH HJIH ,n:pyrHMH

no,n:06Hb1MH BH,!\OH3MeHeHJ.Ij[MH HKJIa. IIrrOXaSl KOHCTpYKIJ;J.Ij[MO)!(eT npMBeCTH K CHJ.I)!(eHHIO npOH3BO,!\HTeJIbHOCTH.

XapaKTepHblH neperpeB H nepeOXJIaJK,!\eHHe 3aBHCSlT OT XJla,n:areHTa, npMBe,n:eHHble 3HaQeJ{J{j[ .naHbI B Ka'leCTBe

npHMepa )I.JIj[ cpaBHeHJ.Ij[.
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Ta6JIHna 5. CpaBHeHHe 3<p<peI<THBHOCTHXJIa,n;areHTOB .nIDI 'IHJIJIepOB C BO.l(JlHbIM OXJIa)K):(eHHeM

~n 1~2
R-32 10,64

R-123 11,42

R-134a 10,93

R-407C 10,69

R-410A 10,42

R-717 (aMMHaK) 11,21

R-1270 (npOnHJIeH) 10,72

* Pe)KHMbI COOTBeTCTBYIOT CTaHJJ:apTHbiM HOMHHaJIbHbIM AaHHbIM AJI~ 'IHJIJIepOB C BOA~HbIM OXJIa)K):(eHHeM

[15]. Pac'IeTbI CAeJIaHbI no nporpaMMe CYCLE_D 3.0[14].

** Pe)KHMbI npH6JIH)KIDOTC~ K xapaI<TepHbIM .nIDI lUfKJIa. IIpHBeAeHHbIe THnH'IHbIe KI1,[{ MOryr 6bITh

npeBbImeHbI OnTHMH3aIJ,lIeU nepeOXJIa)K):(eHIDI H neperpeBa, HC-nOJIb30BaHHeM HeCKOJIbKHX cryneHeu HJIH ApyrHMH

nOA06HbIMH BHAOH3MeHeHH~MH IJ,lIKJIa. I1JIoxa~ KOHCTpYKIJ,lI~ MO)KeT npHBeCTH K CHH)KeHHIO npOH3BOAHTeJIbHOCTH.

XapaI<TepHblU neperpeB H nepeOXJIa)K):(eHHe 3aBHC~T OT XJIa,n;areHTa, npHBeAeHHble 3Ha'leHH~ AaHbI B Ka'leCTBe

npHMepa .nIDI cpaBHeHIDI.

fueaJIbHbIU lUfKJI*

6.2.7
o

2~4
o

100

100

XOJlOOUJIbHblU K03

TmIOBbIe YCJIOBIDI3* *

51.0
1

3~0
5

80
95

uuueHm

6,18

5,97

6,52

6,24

6,09

5,90

6,24

6,10

TpaHCKpHTH'IeCKHX U;HKJlOB.ABTOpbI ynoM~HYThIX pa60T

npHXO.l(JlT K BbIBOAY, 'ITO AHOKCHA yrJIepOAa npHBOAHT K

3Ha'lHTeJIbHO 60JIee HH3KOH 3q.q.eKTHBHOCTH, KorAa
HcnOJlb3YIOTCli paBHou;eHHbIe TenJIo06MeHHHKH.

B03MO)KH0 npe.r\nOJIO)!(HTb, 'ITO JIyqUlHe CBOHCTBa

nepeHoca H qaCTO npOB03rJIameHHOe YBeJIHqeHHe

H303HTponHoro Kl1)l; KOMnpeccopa He KOMneHCHpYeT

TepMO.r\HHaMHqeCKHH ymep6. 3TOT He.r\OCTaTOK,BHAHMO,
6Y.r\eT eme 3aMeTHee B 6YAYmeM.

YrneBO.r\opOAbI npe.r\CTaBJIeHbI npOnaROM (R-290) H

npOnHJIeHOM (R -1270), 3q.q.eI<THBHOCTh npHMeHeHHII

KOTOpbIX npeACTaBJIeHa B Ta6JI. 4 H 5. rJIaBHbIM

OrpaHH'IeHHeM ):\JIll yrJIeBo.r\opoAa ~BJIlleTC~
6e30nacHoCTh.

3q.q.eKTHBHOCTh yrneBoAopO.r\OB paCCMaTpHBacrCJI

no .r\BYM co06pa)!(eHHJlM. Bo-nepBbIX, 3TO BHHMaHHe K
rJI06aJIbHOM)' H3MeHeHHIO KJlHMaTa, KOTopoe nOTpe6ycr

3Ha'IHTeJIbHOrO ynyqmeHHJI 3q.q.eKTHBHOCTH, '!T06b1

CHH3HTh CBJl3aIIHbIe C rrpoH3Bo.r\CTBOM 3HeprnH BbI6poCbI

rrapHHKoBbIX ra30B. BO-BTOPbIX - MHHHMaJIbHbIH ypOBeHb

3q.q.eKTHBHOCTH, KOTOpblU .r\OnyCTHM ):\JIJI

arperaTHpoBaHHoro o60PY.r\OBaRIDI (HMeHHO TaM, r.r\e
60JIbIIIe Bcero HCnOJIb3YeTCJIR-22),

B CIlIA YBeJIHqHTCJIHa 30 % 3a TO BpeMJI, nOKa HAeT

OTKa3 OT HCrrOJIb30BaRHJIR-22 B HOBOM060pY.r\OBaRHH.
B pa60Te [16] .r\aHa ou;eHKa 3q.q.eKTHBHOCTH MJI

KaH.r\HAaTOB Ha 3aMeHY R-22 H3 pAAa rHAPoq.Top3q.HpOB
(HFE), BKJlIO'IaJI CMeCH rHAPoq.TOp3q.HpOB C

XJIOpq.TopyrJIepo.r\aMH (HFE + HFC), KOTopbIe

npe):\JIO)!(eHbl M~ 3aMeHbI R-22. ABTOpbI [16] rrpHlliJIH K

BbIBOAY, '!TO paC'IeTHbJe nOKa3aTeJIH IJ:HKJlOB3aMeHHTeJIeH
COCTaBJIJlIOTOT 80 .r\0 90 % OT ypOBH~ .r\JI~R-22. HaH.r\eHo,

qTO RE-125 (CHF20CF3) Hero TpeXKOMrrOHeHTHbJe
CMeCH C R-32, R-134a HJIH R-152a IIBJlJIIOTCIi caMbIMH

nepcneKTHBHbIMH KaHAHAaTaMH Ha 3aMeHY R-22, HO .r\R)!(e

B 3TOM cnyqae 3q.q.eKTHBHOCTh U;HKJlaHe rrpeBbJCHT 90-93
% OT rrOKa3aTeJIeHMJI R-22.

C006pa>KeHMSI 6e30naCHOCTM

XJIa):\areHTbI H3 q.TopopraHH'IeCKHX coe.r\HHeHHH
6bIJIH C03.r\aHbJ, 'IT06bI rrOBbJCHTb 6e30nacHocTb.

COKpamaJI npoH3Bo.r\CTBO 3THX OCHOBHbIX xna,n;areHToB,
BKJIIOqaJI R-22, yqeHbJe BepHYJIHCb K paccMoTpeHHIO TaK

Ha3bIBaeMbIX «rrpHpo.r\HbIX XJIa,n;areHTOB». K HHM OTHOCJlT
aMMHaK, yrJIeKHCJIbJH ra3 H yrJIeBo.r\0poAbI. AMMHaK (R­

717) OqeHb nepCrreKTHBeH 6JIarOAapJl ero BbICOKOH
3q.q.eKTHBHOCTH H HH3KOH CTOHMOCTH (CM. Ta6J1. 5).
AMMHaK - caMbrn HCnOJIb3yeMbIH XJIa):\areHT npH
TeXHOJIOrHqeCKOH o6pa60TKe rrHmeBbIX npoAYKToB,
lIanHTKOB, B XOJIOAHJIblIOM XpaHeHHH. TOKCH'IHOCTb
(oco6eHHo pa3be.r\aIOmee .r\eHCTBHe Ha KO~) H
BOCIIJIaMeHlleMOCTb aMMHaKa AeJIaIOT rrp06JIeMHbJM ero
HCnOJIb30BaHHe B KOMq.OpTHbIX cHcTeMax. YrJIeKHCJIbJH
fa3 (R-744) - O.r\HHH3 HCTOpH'IeCKH nepBbIX xna,n;areHTOB

HCnOJIb3YeTcJI B npOMbIIIIJIeHHbIX XOJIO.r\HJIbHbIX

YCTaHOBKax. O.r\HaKo R-744 pa60TaeT npH ropa3Ao 60Jlee
BbJCOKHX AaBJIeHHJIX, qeM R-22 H Tpe6yeT peaJIH3aU;HH
cBepxKpHTHqeCKHX l\HKJlOB, TaK KaK 06blqHaJI
TeMneparypa KOH.r\eHCal\HH npeBbIIIIaeT ero KpHTHqecKYIO
TeMIIeparypy. YrneBoAopo.r\bJ, oco6eHHo 3TaH (R-170),
nponaH (R-290), n-6YTaH (R-600), H306YTaH (R-600a),
3THJIeH (R-1150) H npOnHJIeH (R-1270), HMeIOT xopoIll)'lO
3q.q.eKTHBHOCTb H npHAaIOT TaKHe )!(e cBoHCTBa
HeKOTopbIM q.TopcOAep)!(aIlIHM coeAHHeHHJlM.
YrJIeBOAop0.r\bI HMeIOT .r\OBOJIbHO HH3KYIO u;eHY H
C'IRTaIOTCIi rrpHeMJleMbIMH C TO'lKH 3peHRJI OKpY)!(aIOmeH
cpe.r\bI, O.r\HaKO KpaHHe JlerKO BOCnJIaMeHJlIOTCJI, H
C03AaIOT cepbe3HbJe np06JIeMbI 6e30nacHocTH.
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liICrrOJIb30BaHHe yrJIeBO,L\OpO,L\OBCOnpJl)/(eHO C OC06LIM
BHHMaHHeM K 06eCneqeHHlO 6e30naCHOCTH.

ITpHMeHJlIOT yrneBO,L\OpO,L\LI B OCHOBHOMB EBpone,

KaK B MaJILIX YCTaHOBKax (HanpHMep, LIJIR3aMeHLI R-12 B
,L\OMarnHHX XOJIO,L\HJILHHKax H OXJJa,L\HTeJIRX ,L\JIR

HanHTKoB), TaK H B 60JILIIIHX cHCTeMax. AMMHaKH

npOnHJIeH HCnOJIL3YlOT B qHJIJIepax C BO,L\JIHLIM
OXJI~eHHeM H C 3am;HI~eHHLIMH MalllHHHLIMH

OT,L\eJJeHHJlMH. PLIHOK TaKHX CHCTeM CpaBHHTeJILHO

CKpOMeH. IToBLIllleHHag onaCHOCTh orpaHHquBaeT HHTepec

K HX HCnOJIb30BaHHlO B CeBepHoH AMepHKe H pa3BHTLIX

CTpaHax MHH. CTaH,L\apT 15 ANSUASHRAE «HopMa
6c30nacHocTH ,L\JIRXOJIO,L\HJILHLIXCHCTeM», JIHMHTHPYeT

Maccy BOCnJIaMeHRIOll(HXCR XJJa,L\areHTOB, KOTOpyro

MO)f(HO 3anpaBHTh B 60JILIIIHe CHCTeMLI. IT03TOMY

H3rOTOBHTeJIH06pall(aroT BHHMaHHe B nepByro Oqepe,L\LHa

XJJa,L\areHTLI, KOTopLle no CTaH,L\apry 34 ANSUASHRAE

OTHeCeHLI K KaTeropHH AI (HMelOll(He HH3Kyro
TOKCHqHOCTL H rrperrRTCTBYlOll(He pacnpocTpaHeHHlO

nJIaMeHH B npe,L\nHCaHHLIX YCJIOBHRX), oc06eHHo ,L\AA

CHCTeM, rrpHMeHReMLIX B )/(HJILIX rrOMell(eHMJIX H B

TOprOBJIe.

COBMeCntMOCTb MaTepManoB

ITpH HCrrOJIL30BaHHH3aMeHHTeJJeHR-22 He06xo,L\HMLI

COOTBeTCTByroll(He CMa30qRLIe MaCJIa. B CHCTCMax,

pa60TaBIIIHX Ha R-22, 06LIqHO HCnOJIL30BaJIHCL
HallITCHOBLIC MaCJIaC rrpHCa,L\KaMH.XJIOplIITopyrJIepO,L\HLle

3aMeHHTeJIH (HFC) Tpe6yroT OC06LIX CHHTeTHqeCKHX

MaCeJJ.HOBLIMH MaCJIaMH RBJJj{lOTCRnOJIH3!jJHpLI (POE) C

cooTBeTCTByroll(eH BR3KOCThlO, aJIKHJI6eH30JILI (AB) H

nOJIHBHHHJI3!jJHpLI (PVE). lllHpoKo HCl10JIb3yeMLrn B

rrepe,L\BH)f(HLIX KOH,L\H~HoHepax H cHcTeMax OXJI~eHHR
Ha TpaHcnopTe, pa60Taroll(HX Ha R-134a,

nOJIHaJIKHJIeHrJIHKOJIL (P AG) He pacnpOCTpaHeH B

CTa~HOHapHLIX cHcTeMax.

BLI60p MaCJIa - CJIO)f(Hoe ,L\eJJO. ITOJIb30BaTeJJH

,L\OJI)/(HLI CTporo CJIe,L\OBaTL peKOMeH,L\~HRM
H3rOTOBHTeJICH 060pY,L\OBaHHR HJIH npOH3BO,L\HTeJIeH

KOMrrpeccopOB. BLffiOJIHeHHe Tpe6oBaHHR, qT06LI BJlara

HJIH ,L\pyrne 3arpR3HHTeJIH He nOna,L\aJIH B CHCTeMY
OXJJ~eHlfJI, oco6eHHO Ba)f(HO rrpH HCnOJIL30BaHHH
CHHTeTHqeCKHX MaCCJI.

MO,L\epHH3a~MJI H rrepeXO,L\ C R-22 Ha ,L\pyrne

XJJa,L\areHTLI Tpe6YlOT Cne~HaJILHLIX MeTO,L\OBy,L\aJIeHHR

cmpOH CMa3KH. HeKOTopLIe H3rOTOBHTeJJHXJJa,L\areHTOB

npeLlJlararoT aJILTepHaTHBLI R-22, nO,L\06paHHLle TaK,
qT06LI OCYll(eCTBHTL rrcpcxo,L\ Ha ,L\pyroH XJJa,L\areHT6e3
3aMeHLI MaCJIa.

XJJa,L\areHT R-22 JICrKO ,L\OcryncH B HaCTORll(ec

BpCMJI. TaK, BHLlHMO, 6Y,L\eT H B 0603pHMOM 6y,L\Yll(eM.

EOJILIIIHHCTBY rrOJIL30BaTCJIeH rr03TOMY HC nOHa,L\06lITCR

MCHRTLXJJa,L\areHTR-22 B cyll(eCTByroll(eM 060PY,L\OBaHHH,
H ,L\a)f(e, MO)/(eT 6LITh, B TOM 060PY,L\OBaHHH, KOTopoe

6Y,L\YT rrpOH3BO,L\HTLB 6y,L\Yll(eM rrpH YCJIOBHH rrOJIHoro
OTCYTCTBHJIYTeQCKHJIH HX CBoeBpeMeHHOM YCTpaHCHHH.

HCrrpOCThI rrp06JIeMLI, CBJl3aHHLIeC COBMeCTHMoCTLlO
MarepHaJIOB. Crrel1HaJIHCTLI XOJIO,L\HJILHOHTeXHHKH H

KOH,L\Hl1HOHHpOBaHMJIB03,L\yXa OCyll(eCTBHJIH rrporpaMMY
HCCJIC,L\OBaHHH, KOTOpag Ha3LIBaeTCR «ITporpaMMa

34

HCCJIe,n:OBaHHRCOBMeCTHMOCTH MaTepHaJIOB H CMa30K
(MCLR)>> LIJIg Ol1eHKH COBMCCTHMOCHI3aMeHHTeJICH R-22

C MaTepHaJIaMH, HCrrOJIL3yeMLIMH ,L\JIR H3rOTOBJICHHR
XOJIO,L\HJILHLIX YCTaHOBOK. <I>HpMLI-rrOCTaBll(HKH

060pY,L\OBaHMJIBMeCTC C H3rOTOBHTeJIRMH XJIa,L\areHTOBH
MaCeJI npOBeJIH co6CTBeHHLIe ,L\OnOJIHHTeJILHLIe

HCCJIC,L\OBaHHRMaTepHaJIOB ,L\JIR 3aMeHHTeJIeH R-22, H

CCrO,L\HRBorrpOCLI COBMeCTHMOCTHnpaKTHQeCKH pellleHLI.

KOHCTPYKTOpLI JIHllIL ,L\OJI)/(HLI BHHMaTeJILHO BLI6HpaTL

COOTBeTCTByromHeMaTCpHaJILi.
AMMHaK - YHHKaJILHLIH 3aMeHHTCJIL R-22. O,L\HaKO

HCnOJIb3yeMoe LIJIR R-22 060PY,L\OBaHHe CYmeCTBCHHO
OTJIHQaeTCJIOT aMMHaQHOrO, TaK KaK aMMHatJ.HLIeCHCTeMLI
H3rOTaBJIHBaroT LlJlJI HecMeurnBalOlI{HXCJI MaCCJI. AMMHaK

COBMeCTHMC Me,L\LlO,HO 3TO HCKJlrotJ.aeTCRB rrpHCYTCTBHH

BJIarH. IT03TOMY rrpH H3rOTOBJICHHH TcnJIoo6MCHHHKOB,
06MOTOK 3JIeKTpO,L\BHraTCJIJI H Tpy60rrpOBO,L\OB B

aMMHatJ.HLIX cHcTeMax 06L1QHO He HCnOJIL3YlOT CnJIaBLI,

CO,L\ep)/(all(He Me,L\L. ITepCBO,L\CHCTeM C R-22 Ha aMMHaK
06L1qRO HCB03MO)f(eH.

YrJICBO,L\0p0,L\HLle XJJa,L\arCHThI COBMCCTHMLI C

MaTepHaJIaMH, HCnOJIL3yeMLIMH B cHcTeMax ,L\JIRR-22, npH

3TOM MoryT 6L1TL HCnOJIL30BaHLI TC )/(e HJIH no,n:06HLle
CMa30qRLIe MaCJIa. O,L\HaKOnpH 3aMeHe Ha yrJICBO,L\OpO,L\LI
Heo6xo,L\HMO BHHMaTeJILHO OTHCCTHCL K np06JIeMaM
6e30nacHoCTH.

OCHOBHble 3aMeHMTenM R-22

OCHOBHLlM 3aMCHHTCJlCMR-22 Ii arpcraTHpOBaHHLIX

KOHLIHLWOHCpax H TCnJIOBLIX Hacocax RBJIReTCRR-410A.

3aMCHY Ha R-4IOA HCJIb3J1rrpOH3BCCTHHCnOCpC,L\CTBCHHO.

Pa3JJHQHR MC)f(,L\y 3THMH ,L\BYMJI XJIa,L\areHTaMH

CYll(CCTBCIIHLI H TpC6YlOT Cne~HaJIbllOrO nOLIXO,L\a.

EOJILillHIICTBO KpynllbIX npOH3BO,L\HTeJJCH060pY,L\OBaHHR
y)f(C pCaJIH3YCT rrpO,L\YKl1HIO, pa6oTaroll(YIO Ha R-410A,

rrpH'lCM CaMLIX pa3H006pa3HLIX MO,L\H!jJHK~HH.

ITpH6JlH3HTCJIbHO 10 % arpcraTHpOBaHHOH npO,L\YKl1HH

HCnOJIb3yeT R-4IOA y)/(C cero,L\WI. BepORTHO, HX ,L\OJIJIB
COe,L\HHCHHLIX lllTaTax npcBLIcHT 80 % K KOH~ 2007

ro,L\a H IIpH6JIH3HTCR K 100 % K KOH~ 2009 ro,L\a.
XJJa,L\arCHT R-4IOA - HaH60JIcc rrCpCrrCKTHBHag

3aMCHa LIJIj{ pCKOHCTpYHPOBaHHLIX OKOHHLIX
KOH,L\Hl1HOHCpOB, arpcraTHpoBaHHLIX YCTaHOBOK

KOH,L\Hl1HOHHpOBaHHJI,TCrrJIOBLlX HaCOCOBrCOTCpMaJIbHOro

THna HJJH pa60Taroll(HX Ha BO.n.CB KaQCCTBe HCTotJ.HHKa
TenJIa HH3Koro rrOTeHl1HaJIaH MaJIora6apHTHbIX tJ.HJIJJepOB.

Bbl60p 3aBHCHT OT pa3MCpa 060PY,L\OBaHHJI, OC06CHHO B

cJIYQac KOH,L\H~HOHCpOB, HCnOJIb3YlOll(HX BHHTOBble

KOMnpeccopbl. B KOH,L\Hl1HoHepax cpe,L\HHX ra6apHToB

HaH60JIcc llIHpOKO HCnOJIb3YCTCJIR-134a, XOTJIHCKOTOpLIC
rrpoH3Bo,L\HTeJIH nOJIb3yroTCJI R-410A H HeKoTopLIMH

.n.pyrnMH XJIa,L\arCHTaMH.
XJJa,L\arCHT R-134a rrpHMCHJleTCJI rrpH 60JICC HH3KHX

,L\aBJICHHRX,a R-410A - rrpH 60JICC BLICOKHX, rr03TOMY
KOHCTpYKTHBHO XOJIO,L\HJILHOC o60pY,L\OBaHHe

CYll(CCTBCHHOpa3JIHtJ.aCTCJI.liI3rOTOBHTCJlH rrpCKpaTHJlH B
60JIbillHHCTBC CJlyqacB HCrrOJIb30BaHHC R-22 B OtJ.CHb
60JlbUTHX quJIJlCpax, KOTOpLIC HCrrOJIb30BaJIH

l1CHTp06C)f(JILIC KOMrrpcccopbl. BLI6HparoT CHCTCMbl,

HCnOJIb3YlOll(HC R-123 H R-134a. B HaCTOJlll(CC BpCMJI
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60JlbIlIe npeL\nOqHTaIOT R-123. Ero TO)J(e KpHTHKYIOTc
TOqKH3peHIDI B03L\ei%cTBHJIHa 030H, KaK H Bce HCFC, HO
60Jlee n03L\HHHCpOK ero 3anpeTa, qeM R-22, 6J1aroL\apJl
60Jlee HH3KOM)'ODP L\aeT eMYBa)J(HoenpeHM)'IlIeCTBO[9;
17; 18].

B Ta6J1. 6 npHBOLIJITCJIOCHOBHbIe3aMeHHTeJlHR-22
L\Jlj{pa3J1H'lHbIXBHL\OBH THnOB060pYL\OBaHIDI.

COBpeMeHHoe npOH3BOL\CTBOR-22 B CIIlA MeHbIlIe
KBOTbI,Bbl,l{eJleHHOiiH3rOTOBHTeJlj{M.MaJloBepoJITHo, 'lT0

B 6YL\YIlIeM 6YL\eT CYIlIeCTBeHHOHe XBaTaTb R-22.
~eqIHQHTa YL\aCTCj{H36e)J(aTb 6J1aroL\apJl pa3peIlIeHHIO
npOH3BO,l{HTbR-22 ,l{JIj{cepBHCa, HMeIOIQHMCj{3anacaM R­
22, CYlQeCTBOBaHHIOaJlbTepHaTHBHbIXcepBHcHbIX CMeceH
H B03MO)J(HOCTH nOBTopHoro HCnOJlb30BafrnJl Y)J(e
OTpa60TaBIlIerO R-22. JII060ii L\eqIHQHT B 6YL\YlQeM
npHBeJl 6b1 K nOBbIllleHHIO QeH Ha R-22, YCKOpHJI6b1
nepeXO,l{K 3aMeHHTeJlj{M- aJlbTepHaTHBHblMXJla,l{areHTaM
H pocry YTHJlH3aQHHR-22.

BblBOAbl

Bce rOBopHT 0 TOM,'lT0 nepeXOL\ Ha 3aMeHHTeJJHR­
22 6YL\eT nJlaHOMepHbIM, XOTj{ HH OL\HOrO
O,l{HOKOMnOHeHTHOrOaHaJlOraHe 6b1J1o onpe,l{eJJeHO. B
KaqeCTBe nO,l{XO,l{JllQeHaJlbTepHaTHBbl ,l{JIJI60JlblllHHCTBa
npHMeHeHHHeCTb 60JTblllOHBbl60p CMeceH. XOJlO,l{HJlbHaJl
TeXHHKaH HHL\YCTpHJIKOH,l{HQHOHHpOBaHIDIpa3pa60TaJJH
060PYL\OBaHHe, KOTopoe nO,l{XOL\HT ,l{JIJI CMeHbl
XJla,l{areHTOB H nOBblll1aeT :meprOJ<p<peKTHBHOCTbHX
HCnOJlb30BaHHJI. 6J1arOnpHJlTHble pe3YJlbTaTbI H OnblT
nOCTeneHHOH 3aMeHbl <pTOpxJlOpymeBOL\opOL\OB(CFC)
npeL\nOJlaraeT, 'ITO COKpaTQeHHeHCrrOJlb30BaHHJIR-22
6YL\eT yrrpaBJIJleMblM H rrO,l{CTerHeTpa3pa60TKY HOBblX
TeXHOJlOrH'leCKHXpellleHHH. TIpH BblTeCHeHHH CFC-
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XJla,l{areHTOBHe O)J(HL\aeTCj{3HaqHTeJlbHoro L\e<pHQHTaR­
22 L\Jlj{ HCrrOJlb30BaHIDI B 6YL\YIlIeM, HeCMOTpJl Ha
npeKPaTQeHHeero npoH3BOL\cTBa.
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