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Ileped eamu youeumeavHo ceoespemMeHHAs KHUL2A,
NOCBAWEHHAA NPUMEHEHUI0 030H06e30nACHbIX XAa0-
azenmos. B cmamvax u duckyccusnx éce ewge npodoa-
wcaromcs cnopbt 06 3Ko0a02udeckoll  Gezonacrocmu
xAadazenmos, a cneyuaiucmos, pabomarnougux ¢ 00-
aacmu X0400UAbHOU U KpPUO2EHHOU MEXHUKU, CUC-
mem KOHOUUUOHUDPOBAHUS, MPAHCNOPMHBIX X0A0-
OUABHBIX CUCEM, YHCe WCOYM Heoma0XNCHble 60npo-
cbl, CKpbimble nod mepmunamu <retrofit> u «drop-in»,
60NpOCHL COBMECMUMOCIU A1bMEPHAMUGHDIX PA6O-
YUX Geuiecme ¢ Macaamu u 6000, co «Cmapbimu»
xaadazeHmamu, CO6MeCMUMOCIU ¢ Mamepuaiamu
U 3aacmomepamu HApaeHe ¢ MOKCUHHOCMbBIO, NO-
wcapo- u e3pwigobesonachocmoro. Cneyuaiucmot
delicmeumeavHo Haludym 6 3moi KHuze omeemvt Ha
8bICOKONPOPECCUOHAALHOM YPOGHE, 00 MeabHaliuux
nodpobrocmelii kacarowuecs ycmpoiicmea u cepsuca,
Komopbule u36ecmHbl, nox¥caiyi, Auwd Y3Komy Kpyey
NOCGAULEHHDIX.

KHuea unmepecna KoMno3uuuoHHo u no cooep-
NCAHUIO, BKANOMAA U NpUAONCeHUs K Hel. Cmyoden-
mol U AcCnuUpanmol, UHMCEHEPHO-MeXHu4eckue pa-
6omHuuxu x0400uUAbHBIX cneuuaivHocmell, Ha Mol
632480, — 3M0 UMEHHO ma ayoumopus, Komopas
dcoem 3my KHuzy.

Mooxcno nosdpasums asmopoes, uzdameavcmeo
«Koa0c» u muozoMucrennoix wumameaeii ¢ 8b1x00om
3moii 6e3 npeyeeiuveHuna 60CMpeHOGAHHON 6peme-
HeM KHuau.

Bune-npesuaent MAX
I-P TeXH. HayK, Ipogeccop
0.5, [IBETKOB



IlpepncaoBue

C cepenunbl XVIII u no Havyana XX B. B KaueCTBe XJIaJareHTOB
JUTSL XOJIOMWIBHBIX CUCTEM IIPMMEHSIM pPa3/IMUHbIE BELIECTBA: BOIY,
JUSTUAOBBIA U METWIOBBIM 3UpbI, aMMHaK, IMOKCHI YIJIEpoIa, cep-
HUCTBIM aHTHAPHUI, METWIXJIOpUI U Ap. IlepBbIM Xj1agareHTOM cTajia
Boa — B 1755 1. ee MCMOJIB30BAJIM B 3TOM KayeCTBE B J1aOOpaTOpHO
yCTaHOBKE, KOoTopylo co3man Buiabam Tlaten. Ilosonee, B 1834 .,
Ax06 IlepkuHC U3TrOTOBIWI KOMITPECCHOHHYIO MAalIMHY, pabOTaBIIYIO
Ha OUATUIOBOM 3¢dupe, a B 1844 r. IxxoH ['oppu — MalllMHy CO CXa-
THEM M pacludpeHueM Bo3ayxa. B 1859 r. @epmuHana Kappe cozman
a0COpOLIMOHHYIO XOJOIWIbHYIO MallIMHY, padOTaBIIyl0 Ha aMMMUAKeE,
a yeThipe roaa cnyctsa Yapan3 Tesmnep ucnblTan KoMmpeccop, pabora-
IOIUUHA Ha METWJIOBOM 3(HpeE.

B cBs13u ¢ aktuBHOI# opranu3auueil B CIIIA cepuifHOro nmpou3BoOI-
CTBa OBITOBBIX XOJOAWIBHUKOB B Ka4e€CTBE XJIaIareHTOB 4O KoHHa 20-x
roaoB XX B. IIIUPOKO MCIIOJb30BAJIM CEPHUCTBIM aHTUAPHI U aMMHAK.
Ilocne Beimycka B 1930r. xomnanmeit «KumHetnk Kemukans HMHk»
(CILIA) nepBBIX napTuil IUXJIOPAUGTOPMETaHA, OTHOCALIETOCH K
rpymnmne xjaopdropyrieponoB (XPY), U opraHU3alMU €ro MPOMBILLICH-
HOTO MPOU3BOACTBA B 1932 r. MHOrne paboyue BelIECTBa, KpOME aM-
MMaKa, TMOYTH ITOJTHOCTBIO MCUE3JIM C PBhIHKA XJagareHTOB. DTa Xe
KOMITaHMS BBeJia B OOpallleHHe TOProBoe HauMeHOBaHHE (peoH-12.
O6o3HaueHne xagareHTa OykBoil R, Tak Xe kak U HauUMEHOBaHUE
dpeoH, cTano oOIIENPHUHSTBIM,

B cepenune 30-x rogoB ObUIO HajlaXX€HO IIPOM3BOACTBO B ITPOMBILI-
JIeHHBbIX MacmTabax xnagareHToB R11, R113 u R114. Xnamgarent R11 B
JAJbHEHWIIEM Ha4Yalud UIMPOKO IPUMEHSITb B CUCTEMAaX KOHAWUIIMOHM-
poBaHMsi Bo3ayxa. C 1935r1. ObUI OopraHu30BaH BBIMYCK XJIajareHTra
R22, otHocsamerocss Kk rpymne ruapoxiopdropyriaeponoB (I'XDY).
IlpuMeHsutn R22 B HU3KOTEMIIEPATYPHBIX XOJIOAWIBHBIX YCTaHOBKAX.
B 1952 r. 6bu1 nosyyen xnagareHT R502, 3ameHuBuuit R22 B HU3KO-
TeMIIEpaTypHbIX XOJOMWIbHBIX YCTAHOBKAaX, YTO TIO3BOJIWIO CHU3UTH
TEMIIEPATYPY HarHeTaHUs B KOMIIpeccopax, XapakTepHylo mLisa R22.

MOJIyYeHUsI OYeHb HU3KUX TEMIIEpaTyp 3aTeM ObUIM pa3paboTaHbI
xnagareHTsl R13, R503 u R13B1.

Hauunas ¢ 60-x rogoB xiagareHTel R22 u R502 ctanu ogHumu u3
OCHOBHBIX XJIAAr€HTOB B MIPOMBIIILIEHHBIX U TOPTOBBIX CPeIHE- U HU3-
KOTeMTIEpAaTyPHbBIX XOJOAWIbHBIX YCTAHOBKAX, KOHAUIIMOHEPAX U TEH-
JIOBBIX HacocCax.

Ho Hauana 80-x rogoB XY u '’XDY 3ansu1M 1o0MUHUpYIOLIEE T10-
JIOXEHHE B XOJIOAWIHLHOM ITPOMBIIIIEHHOCTHA (OBITOBOE, TOProBOE M
IIPOMBILIUIEHHOE XOJIOIMJIBHOE oOopyaoBaHue). Mx paccMarpuBaiu
KaK BEIIeCTBa, 00JIaJaloye TOJbKO IPEUMYLIECTBAMU 10 CPABHEHHUIO
C APYTUMMU XJIafareHTaMHu.
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W3 Bcex paHee MNpeaNiOXEHHBIX XJIaJareHTOB TOJHKO aMMuak
(R717), nMeroninii caMble BHICOKHE TEPMOIAHMHAMHYECKME U TEXHUKO-
3KCIUTyaTAIMOHHBIE MOKA3aTeNu B ITMPOKOM HHTEpPBaIE TeMIIEpaTyp
MO CpaBHeHMIO ¢ XiagareHtamu rpynn XPY u I'XDY, B Hacrosinee
BpEMS IITUPOKO NMPUMEHSIOT B NMPOMBILLIEHHBIX XOJOAWIBHBIX YCTa-
HOBKax, OXJQJUTENsIX, aOCOpPOLIMOHHBIX KOHIUIIMOHEPAX U OBITOBBIX
abCOpPOLIMOHHBIX XOJIOOWJIBHMKAX.

Onnako K 80-M rompaM, Koraa CrelMaJIrCThl psiaa CTpaH HavaiH 3a-
HHMMAaThCsl BOIpocaMU u3ydeHus BaMgHUS XDY u I'XDY Ha okpyxka-
IOLIYIO CpeNly, 3TH XJIaAar¢HThl CTajIM MpeaIMETOM DECOKONCTBA B CBSI-
34 C BOZHMKHIUMHU TNOOAIBHBIMH ITPOOJIEMAMHU: ITOBBIIEHUEM TApHHU-
KOBOro 3¢@deKra U BO3MOXHBIM pa3pylIeHMEM O30HOBOIO CJIOS.

IlapHuKOBBII 3 PEKT BOZHUKAET BCICACTBUE TOTO, YTO HEKOTOPHIE
rasbl 3¢eMHOH aTMoc(ephl 3aaepXMBAIOT MHPpPAKpACHOE H3JTyYyeHHE,
KOTOPO€ MCIYCKAEeT 3eMHast MIOBEPXHOCTh, SIBIeHNEe MapHUKOBOro 3¢-
(bexTa NMO3BOJISIET MOMIEPXKUBATh HA MOBEPXHOCTH 3eMJIM TEMIIEPATY-
py, NP1 KOTOPOX BO3MOXHO 3apOXICHHUE U pa3BUTHE XU3HU. ECiu ObI
MApHUKOBBIA 3(PPEeKT OTCYTCTBOBAJ, CPEAHSSI TEMITEPATYPA TOBEPXHO-
CTH 3eMHOro 1mapa 6euia 6s1 TpuMepHO Ha 20 K HMXe, 4eM OHa eCTb.

ViepxaHue MHPpaKpacHOrO M3Ay4eHHS B INPUPOJE MTPOUCXOIUT
Gyiaronapsi mapaM BOZBbI, COAEPXAIIIUMCSI B BO3Ayxe M B obnakax. OmHa-
KO HE JalOT pacCeMBaTbCs JAHHOMY M3JyYEHHUIO M JPYTHe€ ra3bl, KOTO-
pbi€ TPENCTaBJSIOT CODOM ITPOMYKTHI AESATEJbHOCTH YEJIOBEYECTBA, B
YAaCTHOCTH AHOKCHI YTJepoJa U XiIaaareHTol Kareropuu XDV, B cBa3u
C TEM YTO HaJMuMe B atMocdepe muokcuaa yriepoaa u XPY (B ToM
yyclie) YBEJIMYMBACT 3(PPEKTUBHOCTb YIEPXAaHUS 3€EMHOro HHpa-
KPACHOT'O M3TYyYEHMS MO CPABHEHUIO C €CTECTBEHHOU MPUPOIHON 3d)-
(pEKTUBHOCTBIO, CPEIHSS TEMIIEpaTypa MOBEPXHOCTH 3€MJIM MOBHIIIA-
eTcsl OoJIblle, YeM HYXXHO, 00YCJOBIMBasi MCKYCCTBEHHBIN ITapHUKO-
BHIA 3QdeKT, KOTOpEIA M00ABISAETCS K NMPUPOAHOMY. XOTSA KOHLEH-
Tpalus Bcex BMecTe B3AThIX XDY B arMocdepe ropazno HuXe, yeM
KOHIIEHTpALUsl AUOKCHIA yriepoaa, uX 3(PpdexTUBHOCTH MO yaepxka-
HUI0 MHPPaKpacHOTO U3NYYeHHs BO MHOTO THICSY pa3 Beille 3¢ dex-
THUBHOCTH JIMOKCHIA VIJIEPOJa, B YACTHOCTH BCIECACTBUE UX OUEHDb JLTU-
TeJIbHOTO Treprona xu3uu (60 net mwia R11, 120 ner mnst R12 u 250 ner
g R115, xotopwiii Bxoaut B coctaB R502).

Paspyiienne crpatocdepHOro o3oHa IpeAcTaBiseT coboil coBceM
JpYTro¢e siBJIeHUe, MOCKOJBbKY OHO CBSI3aHO C VJILTPAQUOJIETOBBIM HU3Y-
yenuieM ConiHuia. Hanbornee ynaneHHbii oT 3eMam ciioi atMochepbl —
cTparocepa, KOTopas MpeacTaBisieT cOO0M apoOBOM CJION TOIMHON
MpUMEPHO 35 KM, HAUMHAIOIIUICA HA BBICOTE 15 M 3aKaHYMBAKOIIUICS
Ha BbICOTE MPUMEPHO 50 KM OT MOBEPXHOCTH 3eMau. B 3ToM cioe Ha-
XOOUTCA O30H, MOrIoamImui 99 % yaprpadHoIeTOBOrO M3IydeHUs
CosHua, najgapoliero Ha 3eMJI0, BBIIIOJHAS POJIb 3alIMTHOIO 3KpaHa
JUTS1 36MHOM XU3HMU.

BrniepBble MeXaHH3M MCTOILIEHUS 3AILUMTHOTO CJIOSI 3€MJIM OMMCAIH B
1974 . amepukaHckue YydeHble Kaim@opHHIACKOro yHHMBEpPCHUTETA
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(CIIIA) Mapuo Moauna u lllenByn PoyrsHa, OHM Toka3aiu, 4TO MO-
JleXyla OKCHIA XJIopa M aToM XJIOpa — CWIbHEMIINE KaTalu3aTOphI,
crnocoOCTByIONIME pa3pylieHuio o3oHa. ITyTe Monekyn xjiopa B cTpa-
Tocepy 3aHMMAET OAMH-ABA roja. locturaior crpaTtochepsl TOJBKO
XUMHMYECKU CTAOWIbHBIE MOJIEKYIbI, KOTOPbIe HE pa3pyllaloTcs MO
JEHUCTBUEM COJTHEYHBIX JIydei, XUMHYECKHMX peaKLUif U HE pacTBOpS-
10TCs B BoAe. MIMeHHO TakMMM KayecTBaMM 00JIafaloT MOJIEKY Il XDV,
Bpemst ux xXu3Hu — 6onee cra jetr. Monekyasl X®V Tsokesnee Bo3nyxa,
U YUCJIO UX B cTpaTocdepe KpaitHe Majio: TpH—IISITh MosieKya XY Ha
IeCITh MWIIAAPIOB MOJIEKY) Bo3ayxa. Ilox nefictBueM ynbTpaduose-
TOBOrO MaNy4yeHUsi oT Mojekya XDV orpbiBaeTcst aTOM Xxj10pa, a OCTaB-
HIWICS PaJuKall JIETKO OKMCIISETCSl, cO3MaBasi MOJIEKYJTy OKCHIa XJIopa
M HOBBIM pagukajgd. ATOM Xi0opa M MOJEKYJa OKCHIa Xj0pa aKTUBHO
BKJIIOYAIOTCS B KaTAUIMTUYECKUM LIMKJ pa3pylicHUsT o30Ha. OaHa Mo-
JeKyjaa Xxiopa, OOcCTurarwomas atMocdephl, CIOCOOHa pa3pylIUTh
(10...100) ThIC. MOJIEKY/T O30HA.

K cepenune 70-x romoB mpou3BOACTBO (HPEOHOB JOCTUIIIO 3HAYM-
TeJIbHBIX 00BeMOB. B wacTHocTH, K 1976 T. 00BbeM Tnipou3BoacTBa R12
Joctur nmo4ytu 340 TeIC. T, U3 KOTOPLIX OKOJO 27 THIC. T MpeaHa3Hayda-
JIUCh IS XOJOOWIbHBIX cucreM. B 1986 T. cymMmMapHOe MpOH3BOACTBO
¢peoHoB cocraBisuio 1,123 miaH T (Ha nomo CIIA npuxoaunocsk 30 %,
EBpornbl — 20 %, Poccuu u Anonuun — no 10 %).

[Ipobaema peryJiMpoBaHUsI MPOU3BOACTBA M TMOTPEOJIEHUS O30HO-
paspyuiaomx XPY u I'’XPY B MexayHapooTHOM MacliuTtabe ObLIa
nogHsira BeHCKoW KOHBEHLIMEH MO 3allliTe 030HOBOTO ¢Jiosg B 1985T.
JanpHEe UMM BaXXHBIM IIAaTOM B pEIIEHUH 3TO# MPOOJIEMBI CTAJIO MO/~
NMUCAaHUE BCEMU WHIYCTPUAIBHBIMU CTpaHaMU MOHpPeaIbCKOro Impo-
Tokosa B 1987 . ‘

Hnga 3amenbl R12 ¢ Hayana 90-X rogoB OCHOBHBIMM MUPOBBIMHU MPO-
MU3BOIUTEIIMU XUMUYECKON MPOAYKLUMHU ObLIU pa3paboTaHbl M BEHITYC-
KaloTCcsl OJAHOKOMIOHEHTHBI 030HOOe30MacHbIi xnagareHT R134a u
aJlbTepHATUBHBIE CEpBUCHBIE (TIepexoaHbic) cMecH (R401A u ap.). s
3ameHbl R502 u R22 cos3maHbl CepBHUCHBIE CMECH, OTHOCALIHECS K
rpynme I'X®Y (R402A u ap.), 1 o30HOOE30MaCHbIE CMECH TPYIILI
ITdy (R407C u ap.). OogHaKO HU OOMH M3 M3BECTHBIX WJIW HEIaBHO
CUHTE3WPOBAHHBIX UHAUBUIYAJIBHBIX XJ1aJareHTOB He 00JagaeT K Ha-
CTOSIIIIEMY BPEMEHHM B MOJHOM MEpe KOMIUIEKCOM CBOMCTB, KOTOPBIC
NPUCYIIM 3alpEIEHHbIM XIajareHTaM.

3arnper Ha MPOU3BOACTBO M mMpuUMeHeHUe R12 mpuBen K yBejadue-
HUIO0 MHUpOBOM mpodaxu R22: B yacTHocTH, B 1994 1. OHa cocTaBuia
207 515 1. A xotss XPY B 3HAYMTENBLHOMN CTENEHU BBITECHEHBI K3 Obl-
TOBOM XOJOAWIBHOW TEXHMKH, TPAHCIIOPTHBIX XOJONMJIbHBIX YCTAHO-
BOK, TOPTrOBOTO XOJIOAWIBHOTO 000pYNOBaHHUS, MPOMBILLIEHHBIX KOH-
JUIMOHEPOB, B CTpaHax EBpocolo3a K HacTosmieMy BpeMEHM B leii-
CTBYIOIIIEM XOJOOWJIBHOM OOOPYIOBAaHHMM BCe €I€ HCIOJb3YETCSA IO
110 teic. T XDY. B nociaenHue roasl XonoguabHas MPOMBIILIEHHOCTh
aKTUBHO MIIET 3aMeHy xnaaareHTaMm rpyinsl [ XDPY. OcobeHHo ocTpo
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sToT Bonpoc crouT B CHUA, roe FX®PY ucnoap3yioTcsa B GOJIbIIMH-
CTBE CUCTEM LEHTPAIM30BaHHOIO KOHIAULIMOHUPOBAHHUS U TEMJIOBbIX
HAacOCOB, a TAKXE BO MHOTMX XOJ0AWIbHBIX cucTeMax. B CHIA noutu
80 % HOBBIX JOMOB, pacCUMTAHHBIX HAa OIHY CEMBIO, 0OOpPYIOBAHEI
LIEHTPAJIM30BAHHOM CUCTEMON KOHAMLIMOHUPOBaAHMSA, paboTarollei
Ha I'XDY.

ITpunsteie B Kuoto (AnoHust) B 1997 r. pemenuss KoHBeHLMH O
COKpAIllEHUU IMUCCUHN NAPHUKOBBIX ra3oB ellle 60siee OCI0XHHIU BbI-
60p 10JrocpoYHON anbTepHATUBBI R22.

s uccaenoBaHusi ¥ pa3dpabOTKM ajJbT€PHATUBHBIX XJIAJAreHTOB,
CIOCOOHBIX 3aMeHUTh xJagareHT R22 (IF'X®Y), chopmuposana Mex-
JyHapoAHasi MporpaMMa OLIEHKHM ajJbTEePHATUBHBIX XJIadareHTOB —
AREP (Alternative Refrigerants Evaluation Program). B mporpamme
NpUHUMAIOT yyacTue 40 KpynHeHmux GUupM Co BCETO MUpa.

B pa3paboTKy a/JbTepHATMBHBIX XJIaJareHTOB pPSJOM TOCYIapCTB
BJIOXEHBI 3HAYUTE/IbHbIE (PMHAHCOBBIE CPEICTBA, U OHHU, MO HEKOTO-
pPbIM OLIEHKAaM CIIELIMAJUCTOB, 3a MOCJENHME IIECTh JIET COCTaBWIM
cBbilie 2,4 muipa qosul. TojibKO 3aTpaThl Ha M3y4eHHE TOKCUYHOCTHU
R134a, no naHHbIM MeXAyHAapOIHOTO MHCTUTYTA XOJIOAA, COCTABWIN
0K0JIO 4,5 MJIH J0JU1. TIPH JLIMTEJIbHOCTH UCCIE€I0BaHUM 7 JIET.

AJlbTepHATUBHbBIC 3€OTPOTHbIE CEPBUCHbIE CMeCH cpeaHero MP
(middle pressure) 1 Beicokoro HP (high pressure) naBneHuii 1 cMeceBbIX
xJiagareHToB rpyrmnbl 'Y uMeror psaa ocobeHHOCTEH, KOTOphbie HEOO-
XOIUMO YYUTBIBATh TPU IMPOEKTUPOBAHUU U IKCIUTyaTallUU XOJIOIW/Ib-
HOro OOOpYIOBaHMS. DTO HAJMYME TEMIIEPAaTYpHOro «Ijaiga» (pas-
HOCTb TeMmIepaTyp (ha3oBOro Iepexoja I[PU IMOCTOSIHHOM JIaRIEHHH);
HM3MEHEHUE COCTaBa CMECH B CJIy4ae YTEYKH OJHOIO U3 KOMITOHEHTOB.
B yacTHOCTH, MpU MeUIEHHOU yTeuke xjJagareHTa 0oJiee JieTydre KOM-
MOHEHTHI BCKUIMAKT U BHITEKAIOT B MEPBYIO OUepeab, 4 MEHEE JIETYUUe
OCTAIOTCS, YTO MOXET U3MEHUTb CBOMCTBA XJIafareHTa MepBOHAYAIbHO-
ro cocrasa. Eme ongHa npobiemMa — HeCMELIMBAEMOCTh psilla XJagareH-
TOB C MMHEPAIbHBIMU MacjlaMU, KOTOpasi NMPUBOAUT K HEOOXOAUMOCTH
3aMEHBI UX Ha NONIM>(UPHBIE AOPOrOCTOSILME TUTPOCKONTMYHbBIE Maca.

B npeanaracMoM cripaBOYHOM PYKOBOJCTBE aBTOpaMu OblLia npen-
[IPUHATA TONBITKA ¢OOpaTh HCOOXOAUMBIC CBEICHUSA O TPaAMLIMOH-
HbIX U aJIbTEPHATUBHBIX XJ1a1ar¢HTaX, IPUMEHACMBbIX B ICHCTBYIOIIMX
XOJIOAWJIbHBIX YCTAHOBKAX B OOJIAaCTH YMEPEHHO HHU3KHUX TeMIIEPATYP.
[ToapoOHO paccMOTpeHBI abTepHATUBHBIE OHOKOMIIOHEHTHbBIE XAa-
areHTbl U cepBUCHBIE cMecH rpynmr ['XDY, DY mis xoa0IMIbHbBIX
CUCTEM M CHCTEM KOHIMILIMOHMPOBAHHUS BO3dyxa, pedpukepaTopHOro
TPaHCIIOpPTa; UX COBMECTMMOCTh C XOJIOAWJIbHBIMU MacjaMu, MeTal-
JIJaMM, IUlacTMaccaMuM M 3JacToMepaMu. JlaHbl peKOMeHAalluU 1O
MPUMEHEHUIO DPAa3JIMYHBIX TUIMOB XOJIOAWJIbHBIX MAacCe€J C ajbTepHa-
TUBHBIMU XJIaJareHTAMH.

PaccmoTpeHbl eMKOCTH ISl XpaHEHHUSI U TPAHCIIOPTUPOBKH ajIbTeP-
HaTUBHBbIX XJaaareHToB. [IpuBeleHbl HEOOXOAUMBIE CBEIEHMUS O MeE-
PONPHUSITUSIX MO NMPEAOTBPAIICHUIO YTEUEK XJIaldareHTa.



3HAYUTEJIbHOE BHUMaHUE YIEJEHO CEPBUCY XOJOAMIIBHBIX CHUC-
TE€M, B YACTHOCTU IMOJPOOHO OCBEIEHbI ONMEpalluy M0 3aMeHe (peT-
podhuty) xnanarenta R12 Ha R134a, R401A, 409A, R401B; R500 Ha
R401B; R502 na R404A, R507, R408A, R402B; R22 Ha R407C u
JIPYrue XJiagareHThl.

[Toapo6HO paccMOTpeHB TEXHUYECKHE CPEICTBa IJIA CEPBHCA XO-
JIOOWIBHBIX CUCTEM, a TaKK€ MpaBWjia 0€30ImacHOCTH npu pabote ¢
aJbTEPHATUBHbLIMHU XJIaJareHTaMU, MOKa3aHO UX BO3[eMCcTBUE Ha Opra-
HHU3M YEJTOBEKA.

B nOpwiIoXEeHUM MpUBEIEHBI (PU3UYECKHE XapaKTEpPUCTUKHM psaa
TPAOIULIMOHHbBIX U &JIbTCPHATUBHBIX XJIaJare¢HTOB.

CripaBOYHO€ PYKOBOACTBO IMOMOXET IMPOEKTUPOBIIMKAM U CTIELIM -
aJMCTaM I10 MOHTAaXy ¥ CEPBUCHOMY OOCITYXHBAHUIO XOJOIWIbHBIX
CHUCTEM M CHCTEM KOHAMIIMOHUPOBAHUS BO3AyXa CHEIATb IIpaBWJIb-
HbIii BBIOOp @JIbTEPHATHMBHBIX XJIAJal€HTOB C YYE€TOM MX CBOHCTB U
0COOEHHOCTEH ISl pa3AUyYHbBIX YCAOBUM pabOThl XOJOAUWIBHOIO 060-
pydOBaHUs, 4TOOBI 00eCNEYUTh €ro HAIeXHOCTh B MPOLIECCE IKCILTY-
arauMyM ¥ CO31aHMe TpeOyeMOH XOJIO0HOIPOM3BOIUTEIABHOCTH IIpU
MHHUMAaJbHBIX 3HEepro3arparax.



1. IKoarornuyeckas 1eaecooO0pa3HOCTh
NPUMEHEHUSI AaAbTEPHATHUBHBIX
XAAAQreHTOB B XOAOAMABHBIX
cCHCTeMax

Pemienusi MoHpeanbCKOro MpoTOKOJa KOPEHHBIM 00pa3oM HM3Me-
HWIM NOAXOMA, K TPaJULMOHHBIM 030HOPA3pYLIAIONIUM XJIadareHTaM, 1
HauuHasi ¢ 90-x rogoB Ha OOHO M3 MEPBBIX MECT BBILIET BOIPOC 00
OITACHOCTU M3MEHEHUS KJIUMAaTa U COXPAHEHUSI SMHCCUU TTAPHUKOBBIX
ra3oB, BbI3BAHHO# NMPUMEHEHUMEM TAaKHMX XJIaNareHTOB.

ITo creneHn 030HOPa3pyLIAIONIEH aKTUBHOCTH O30HOBOTO C/IOS 3eM-
¥ TANIOMONPOM3BOIHbIE YITIEBOIOPObI PA3/IENIEHbl HA TPH [PYIIIIBL:

xnadazeHmuvl ¢ B8bICOKOU 030HOPA3DPYWAIOWEl aKmMUBHOCMbIO — 3TO
xinopdropyriepons (XPY) R11, R12, R13, R113, R114, R115, R502,
R503, RI12B1, RI13Bl (umu mo MeXIyHApPOIHOMY 0603HAYEHHIO
CFCl11, CFC12, CFC13 u 1. 1.) v ap.;

xnadazeHmyl ¢ HU3IKOU O030HOPA3PYWAKUWEH aKMUBHOCMBH — 3TO
ruppoxiopdropyriaepoasl (IXPY) R21, R22, R141b, R142b, R123,
R124 (unmu mo mexayHapomHoMmy obo3Havennio HCFC21, HCFC22,
HCFC141b u 1. 1.) v Ap., B MOJIEKYJIaX KOTOPBIX COAEPXKMUTCS BOIOPOII.
Jns1 3TUX BEIIECTB XapaKTepPHO MEHbIIIee BPeMs CYIIIECTBOBAHUS B aT-
Mocdepe no cpapHeHUIO ¢ XDV, U, KaK CJI€ACTBHE, OHU OKa3bIBaIOT
MEHbIIIEC BIMSIHUE Ha pa3pyllieHHe O30HOBOTO Ciios. Psii MHOrokoM-
TIOHEHTHBIX pabOYMX TEJ, MPenaraéMbiX B KadyecTBE aJIbTEPHATHUBBI
XDV, conepxat B cBoeM coctaBe [ XDV, Hanpumep R22;

XJ1allareHThl, HE COAepXallle aTOMOB xJjiopa [dropyriepoasl PY
(FC), runpodropyriepons I'®Y (HFC), yrnesonopoast (HC) u ap.],
CUMTAIOTCSE HOAHOCMbIO 030HOOe30nacHviMu. TaKOBBIMU SIBASIOTCS
xnagareHTel R134, R134a, R152a, R143a, R125, R32, R23, R218,
R116, RC318, R290, R600, R600a, R717 u ap.

B kayecTBe anbTepHATMBBI 3allpellIeHHBIM K IIPOM3BOACTBY XJIajI-
areHTaM MOHpeanbCKUM MPOTOKOJIOM PaCcCMAaTPHBAIOTCS CIIENYIONIME
KJIaCChl BEILECTB:

ruapoxiaopdropyriaepoab (IXPDY);

runpodropyrieponbl (I'DY);

MIPUPOIHbIE XJIANAreHThl — aMMUaK, TUOKCUJ, yIyepojaa, Bona, yr-
JIEBOJIOPOIHI.

IIpotokon Bctynui B cuay ¢ 12 siHBapsa 1989 r. K HeMy mpucoemn-
nvanck 150 rocymapers (19951.). B utoHe 1990 r. Ha KoHbepeHLIMHU B
JloHnoHe ObLIO NMPUHATO pellieHHe O MPeKpalleHUH HCIOJb30BaHUSA
BCEX BHUJOB PPEOHOB IIPOMBILLIEHHO Pa3BUTHLIMU cTpaHaMM K 2000 r.

MoHpeasbCKHI MPOTOKOJ YCTAHOBHUII XECTKUE SKOHOMMYECKHE Or-
paHHYeHUsl He TONBKO Ha MIPOM3BOACTBO M NpuMeHeHre XDV, Ho U Ha
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TOPTOBJIKD, 3KCOOPT U UMMOPT J0O0H XOJOAMABHON TEXHUKHU, COAEP-
xaueit XPY. MowHbIM IBUXYIIMM (PaKTOpOM OTKa3a OT O30HQpa3-
PYIHAIONIMX XJIaZareHTOB CIYXHUT TakKe BHYTPEHHEE rocylapCTBCHHOE
peryaupoBanue. Tak, B ctpaHax EC nmpousBoactBo XPY mnpekpaiieHo
yxe ¢ 1 aHBapst 1995 r. B psine crpan, Hanmpumep B CLLA, norpebutenn
BBIHYXXIEH MpH TokKynkKe XMV 3amnatuth rocyrapCTBEHHBIH HAJIOT,
MPEBBILIAIOIIMI CTOUMOCTh CaMOTO XJIaJarcHTa.

H3BecTHO, uTO HenpepblBHOE NpuMeHeHre XMDY B TeueHHe roga mo
BO3JEMCTBUIO HAa OKpyXawllyw cpeay 3kBuBaleHTHO 10...50 ropam
MpUMEHEHHUsI TaKUX aTbTCPHATUBHBIX XJIaJareHToB, Kak [ XDY.

Ha mexnyHapoaHoMm coBelllaHMM B KoneHrareHe (Hos6pb 1992 r.)
y4acTHUKaMu MOHpeanbCcKoro npoToKosa ObU10 HPUHSTO pPELIEHUE O
MpeKpallcHUM MPOU3BOICTBA 030HOOMNAcHHIX XiaaarecHToB R11, R12 u
R502 ¢ 1 auBaps 1996r. Ha 1 sauBaps 1994 r. BhiMyCcK COeAUHEHUI
X®DY cocraBisi1 B COOTBETCTBUM ¢ MOHpeaIbCKUM TTPOTOKOJIOM TOJIb-
Ko 25 % Boinycka 1989 r. beiBuimit CCCP noanucan MoHpeanbcKui
npotokoia, U B 1991 r. Poccusi, YkpauHa u benopyccust noarsepanin
CBOIO NPEEMCTBEHHOCTh 3TOr0 PCILICHMS.

JlelcTByIONIME CPOKMA OTpAHUYEHUST IPUMEHEHUS BEIIICCTB, MPUHS-
Thie Ha BeHckoi koHpepeHiuu B 1995 1., npencrapieHsl B Tadd. 1.

1. T'paduk npexpamesms npoussoacTea XPV

Crpausl — y1act- Pa3ssuparolumecs
Tpyma XY g Mospear | EC Crpans
CFC (1o/JHOCTbIO 3aMeLEHHEIE 1.01.1996 1.01.1995 1.01.2006
XDY)
CCl, 1.01.1996 — 1.01.2006
Metunxiopodopm 1.01.1996 — 1.01.2006
HCFC (runpatupoBaHtble XPY) 1.01.2030 — —

* CTpaHbl — YYACTHHIBI MOHpEaIbCKOTO MpoTOoKOAa npoussenan B 1987 r. 80 % mupoBoro obbe-
Ma XDV,

Psin rocynapctB EBpornbl ornepexaroT ycTaHOBIICHHbBIE CpOoKU. Tak,
IIseuusa 3anperusna npuMeHeHue ['’XDPY B HOBOM 00OpyAOBaHUHU C
| auBapsg 1998 1. u obOCayxXMBaHUE CEPUIHOIO OO0OpPYIOBAaHUSA — C
1 auBaps 2002r., JaHus —c¢ 1 sgHBapsa cooTBeTcTBeHHO 2000 u
2002 rr. B MTanuu 3aKkoHOAATENIBHO YCTAHOBJIEHO, UTO ¢ 31 mekabps
1999 r. 3anpeniaeTcss NPOM3BOACTBO, UMIIOPT U 3KcHopT I XDV, npo-
aykiusa ¢ ['XDY momxHa UMETh Y€TKO PasIMYMMYIO CIIELMAIbHYIO
METKY U ObITh 00s13aTe/IbHO BO3BpaillcHA MOCTAaBIIMKY B KOHLIC CpOKa
3KcIulyaTallud. ['epManusa HaMepeHa 3arnpeTuTh IpuMeHeHue ['XDY
B HOBOM XoJioauiabHOM o6opynoBaHuu ¢ 2000r., [lBednapusa — ¢
2005 r. CIIA mutanupyroT oTkaszaTbesi oT R141b ¢ 2003 1., ot R22 — ¢
2010 r., ot R123 — ¢ 2020T.
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B Poccuu B 3TOM HalpaBieHUU IACUCTBYET psii MOCTAaHOBJIEHUMH
IIpaButenbctBa P®, B yacTHOCTH noctaHoBieHue [1paButennctBa PO
oT 24 Masg 1995. No 526 «O nepBoouepeIHbIX Mepax 10 BbIIIOJIHEHUIO
BeHCKOH KOHBEHLIMM 00 OXpaHE O30HOBOIO Cj10s U MOHpeanbCKOTo
MPOTOKOJia TI0 BEIECTBAM, Pa3pyIIalolUM O30HOBBINA CJIOM», COAEp-
JKalllee MporpaMMy Tiepexoaa TIPOMBIIIIEHHOCTH Ha MPOM3BOACTBO U
IIPUMEHEHHE O30HOOE30MAaCHBIX BEUIECTB, [IOCTPOCHHYIO Ha O0OLIEeNpU-
HATBIX B MUpe npuHuunax. OAHaKo OHO HE MOJIYYWIO CTATyca rocy-
JapCTBEHHOM MPOrpaMMBbl U MO3TOMY HE (DUHAHCUPYETCS U HE BBIITOJI-
HsieTcsa. M3 Bcex IOMOXEHUI IOCTAaHOBAECHUS JEHWCTBYET TOJNBKO
OIHO — 3aIPETUTEIBHOE.

IMoctaHoBneHueM IlpaBurensctBa PO Ne 563 «O peryaupoBaHuU
BBO3a B Poccuiickyio @enepaurio ¥ BeiBo3a U3 Poccuiickoii Meaepa-
LMK O30HOPa3pyIIAIIIMX BEIIECTB U COAEpXKAIIEHd UX MNPOLYKLIMU»
3alpelIacTCs IKCIMOPT 030HOpaspyuiarolnx seumiects (OPB) u comep-
Xallled WX MPOAYKILIMM B CTpaHbl, HE MOANMcaBIIMe MOHpPeanbCKOro
nporokoaa. K HUM, B 4aCTHOCTH, OTHOCATCSI MHorue crpaHbl CHI
(Ka3axctaH, A3sep0OaiimxaH, Kuprususi u ap.), B KOTOpble TpaauLlH-
OHHO 3KCIOpPTHUpOBanuM U3 PoccuM 030HOpaspyluaoliue BelleCTBa,
XOJIOMUJIbHOE 000pyIOBaHUE W APYTYI0 MPOAYKIMIO, COAepXKallylo
9TH BELIECTBA.

Poccust K MOMeHTY MPUHATHSI MOHPEanbCKOTO MPOTOKOJIa HAXOIH-
JIACh B YMCJIe KPYNHEMNIINX MUPOBBIX MPOU3BOAUTEAEH U mOTpedUTe-
e o3oHopa3pyuapiux BeulecTtB. 1Mk ux npoumsBoncTsa B Poccuu
npuiencsa Ha 1990 1. u cocrasasin toraa 20 % MupoBoro ypoBHsi. Bbi-
TOJIHSISI TIPUHSITHIE HA ceOs1 00s13aTeNbCTBA M0 MEXIyHAapOAHBIM COra-
1eHusAM, Poccus HEYKJIOHHO CHMXKaeT oObeM mnpousBoactBa XDY.
Tak, B 1996 1. 06beM mpou3sBoactB XPY cocraBwi 17 122 T npu ux
npousBoacTBe B 1990 ., paBHoM 110 140 T. CorytacHO pelleHHUIO Crieln-
ATbHOW MeXBeTOMCTBEHHONW KOMUCCHUM MO OXpaHe 030HOBOIO CJIOS B
1997 r. noaroToBjeH rpaduk moaranHoro orkasza or XMY: B 1998 r. —
4500 T, B 1999 1. — 2800 T 11 B 2000 . — c 01.07 nonHoe npexpaiieHue
npousBoacTBa XPY Ha Tepputopuu Poccuu (mocraHobiaeHue Ne 490
ot 1999 r. IlpaButenscrea P®).

J1si aHamuM3a  9KOJIOTMYECKOW 1IeJIECOOOPa3HOCTH IPUMEHEHUSA
XJIaAAreHTOB UCIOJIBL3YIOT CIEeIYIOLIMEe MapaMeTphl: NMOTEHUUAT pa3py-
nreHusi o3oHa ODP (Ozon Depletion Potential); moreHmuan riodaib-
HOro norteruieHusi (mapHukoBoro 3¢dexkra) GWP (Global Warming
Potential) miu HGWP (Halocarlon Global Warming Potential).

Tlomenyuan paspywenus ozona ODP onpeagensiercs HanuuueMm arto-
MOB XJIOpa B MOJIEKYJIE XJalareHTa W MpUHAT 3a equduny s R11 u
R12. Jna xnapareHtoB rpymmsl XY noTeHIMan paspyllieHus O30Ha
ODP=1, mia TXPY ODP<0,1, a s T'PY ODP =0.

Ilomenyuan anobanvroeo nomennenus GWP NpUHAT 3a eAMHULLY JUIA
auokcuna yraepona (CO,) ¢ BpeMeHHBIM ropu3ontoM 100 ner, a no-
teHuMan HGWP noacuuTeiBaloT OTHOCUTENIBHO 3HAYEHUS ATOTO Mapa-
MeTpa sl R11, TakKe NPUHATOrO 3a ¢AWHULLY.
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CornacHo MeXIYHAapOIHBIM MPOTrHO3aM TIPH CYIHECTBYIOLIMX TEM-
Max pocTa MapHUKOBOTO 3(PpdexTa cpeaHssi Temmneparypa atMocdepsl
3emun K 2050 1. MOXeT yBeJIMUMTECA Ha 3...5 K, UTO MOXeT nmpuBecTH
K YBEJIMYEHHUIO YPOBHS MupoBoro okeaHa Ha 2(0) CM M BbI3BaTh TEM Ca-
MBIM HeoOpaTHMble IKOJIOTHYECKHE MOCJIeACTBHSI.

HU3BecTHO, YTO raJOMIONMPOMU3BOIHBIE YIICBOIOPOAbI HMEIOT 3HA-
YUTEJBHO OOJIBIINI, YEM THOKCUI YIJIepoaa, MOTeHUHAa I100aibHOro
notemwieHus: GWP, OnHako KoJIM4eCTBO MOMNAJaloiHero B aTMochepy
TUOKCHIA YIJiepoaa CYLIECTBEHHO IpEeBBINIAET 0OBEMBI YTeUeK rajio-
WIIONMPOU3BOIHBIX YIJIEBOAOPOIOB, U IIO3TOMY IMPSIMOE BJIMSIHUE T1OC-
JIETHUX Ha BO3pacTaHWE MapHUKOBOIO 3(dexTa paHee CYHTATH He3Ha-
yuTeJIbHBIM. OCTaHOBUMCS Ha 3TOM MOMEHTE OoJiee moapooHoO.

Beanunua nmapHUKoOBOro 3¢@ekra MpornopLUOHAIbHA KOJIUYECTBY
IWOKCHA yriiepoaa, coaepxaiuerocsi B atMocdepe 3emun. Ha mpo-
MBIIUIEHHbIX MPEONpPUATHSIX MHUpa €XEerogHO CXHIAaeTCsi CBBIIIE
15 - 10° T yCIIOBHOTO TOILIMBA, YTO NMPUBOAUT K BHIGpOCY B aTMocdepy
26,5 - 10° T nMokcuaa yriiepona. 3HaAUMTEIbHAS YacTh MONANaloIIeEro B
aTMoC(epy TUOKCHIA YIIEpONa BBIAESIECTCS HAa TEILIOBBIX 3JIEKTpHYEC-
KHX CTAHLUSIX IIPY CXKUraHUU Ma3yTa, ra3a ¥ yris. 310 KOJHYECTBO IO
Pa3UYHBIM OLIEHKaM cocTamiseT (2,2...7,2) ' 10° 1/ron. Macca nonu-
XJIOPBUHWIOB M XJIalalr€HTOB, €XETrOJHO BbIOPACHIBAEMBIX XMMHUYECKOMN
MPOMBIILIEHHOCTHIO, COCTaBIsieT 2 - 10* T/rol, Yro IpH mepecuere ye-
pe3 ycpeaHeHHbIH Mokasarteab GWP coOTBEeTCTBYET KOJIHMYECTBY JUOK-
cuna yorepoaa 4,3 - 10° t/ron. Tonbko 20...25 % 5MMCCHH €XETOXHO
MIPOU3BOAMMBIX XJIAJIAT€HTOB SKBUBAJIEHTHO BKIIAAY AMOKCHIA YIJEpPO-
la B MapHUKOBLIH 3¢ dexT, paBHoMy (5,1...5,5) - 106 1/ron. Bknan pas-
JUYHBIX Ta30B B NAaPHUKOBHIN 3¢ deKkT (%) npencTaBieH HUXE.

Hyokcua yrnepona 55
XomanareHT R12 17
MeTtaH 15
Hpyrue xnagaredts rpynnesl XPY (CFC) 7
OxcHa aszora 6

Kak BUOHO M3 3TUX JaHHBIX, HauboJiee CylIeCTBEHHA B atMoc(epe
3eMulM IOJISI AMOKCHAA YIJIepolda, KOTopasi COIJIACHO MeXIyHapol-
HBIM MCTOYHHKaM WHbOpMalMH MOXeT gocTturath 81 %. Eciu sMmuc-
cuio CO, yaactcs cTabDWIM3MPOBaTh Ha ypoBHE 1994 r., To M TOTHA
colepxaHue JUOKCHOA yriepona B atMochepe K 2100 r. MOXeET cTaTh
IIOYTH BABOe OO0JIbLIE, YEeM TMepen HAYyaIoOM 3pbl MPOMBIIUICHHOTO
pasBuTus (¢ 1750 r.).

OmuccHus OUoKcHMAa ymiepona [kr/(xBr-u4)] mpuM mpoumsBoacTBe
SJIEKTPO3HEPTUM B psale NTPOMBINUIEHHO Pa3BUTHIX CTpaH NMpeICTaBiIe-
Ha HIXE.

Dpannus 0,12
IBenus 0,14
KaHana 0,26
Snonus 0,42
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Hranus 0,60

lepmanus 0,66
CIIA 0,72
BenukobGpuranus 0,84
ABCTpaynsg 1,04

B cBolo ouepeab, aMucCcUa AUOKCHaA yriepoaa [Kr/(kBt-4)] mpu
MTPOU3BOACTBE 3ACKTPOIHEPTUN 3aBUCUT OT MHOTHX (PAKTOPOB, ITPEX-
JIe BCETO OT MCITOJIb3YEMOTO ChIPbS.

Yrons 1,12
Heds 0,94
las 0,57
AnepHoe TOIIHBO 0

bonbliioe 3HaYeHUE MMEIOT U TIOTEPU JIEKTPOIHEPTUM TIPU €€ Tie-
penaue norpedurenio (puc. 1).

B nocnenxee BpeMs ans aHamn3a 061ETo MOTEHIIMAIA TAPHUKOBO-
ro 3ddexTa, yIATHIBAIOIIETO ¥ JHEPIeTUYCCKHME, M IKOJOTMYECKUE
(akTOphl, Bce OoJIbllIE UCTIONB3YIOT MapaMeTp, Ha3blBAEMBIA cymmap-
HbIM IK6uBareHmHbiM menaosoim eosdeiicmeuem TEWI (Total Equivalent
Warming Impact). Metoauka pacyera TEWI 6b11a paspaborana Mex-
JIYHApOAHBIM MHCTHTYTOM Xosioga. Ilapamerp TEWI nist KoHKpeTHOTO
BELLECTBA MPECTABIAET CODON CYMMY HETIOCPEACTBEHHOIO MOTEHIIMA-
JIa TTApHUKOBOrO 3PdeKTa B pe3ynsTaTe SMMCCUM 3TOrO BELIECTBA B aT-
Mocdepy M KOCBEHHOTO TOTeHIHAIa, OOYCIIOBIEHHOTO 9MUCCUEN -
OKCMJIAa YTJIEpOoaa B IIPOIECCe TMPOM3BONCTBA BICKTPOIHEPIVM, KOTOPast
HEeoOXoauMa IJisi IKCIUTyaTallK XOJIOIMJIBHBIX YCTAHOBOK:

TEWI = GWP - M+ aBL,

rie GWP — noreHuyan riobaibHOro norerieHus; M — macca SMMCCHUM XJTanareHTa B
atMocdepy; a — KOapPUUMEHT, XapaKTepU3YIOLIMH SMUCCHIO AMOKCUAA YI/Iepoaa B aT-
Mocdepy 3eman 1ipu Beipabotke 1 KBT - 4 3/1eKTpo3HEpruM; B — KOMUYECTBO 3JIEKTPO-
9HEPrUM, NOTPeONEHHON 3a BCe BpeMsl DKCILTyaTallMKM KOHKPETHOM XOJMOMIWIBHOMN ycTa-
HOBKM; L — BpeMsi O3KCIUTyaTaliuu obopynoBaHug.

ITpu 1IpoM3BOACTBE 3JIEKTPOIHEPTUH THAPOCTAHIHMAMU, BETPOBBIMU
JIBUTATEJISIMU U SIIEPHBIMU 3HEPreTHYECKUMHU YCTAHOBKAMM BHIOPOCOB
JUOKCHIA yIjiepoaa B aTMocdepy He MPoUcXoauT (KoadduLUeHT a pa-
BEH HYJIO), a IIPH BBIPAOOTKE 3JI€KTPOIHEPIHU TEIUIOBBIMU 3JIEKTPO-
CTaHUMSAMMU B aTMOochepy BbIOpachIBaeTCsl AUOKCUA yriaepona. 1o maH-
HbIM lleHTpa TermnoBbIX HacOoCOB MEXIYHapOAHOro 3HEPreTUYECKOro

3,3kBr.y 1,1 kBr-u| Ilepenavau | 1 xBr.u

—— DeKTpocTaHIms [~ paccensanne ™| IloTpeburens
Sneprus . . BHepruu

TOTHBE

Puc. 1. IloTepn 38eprud NpH €€ TPAHCNOPTHPOBKE NOoTpebHTEMO
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areHTcTBa 3a 1992 r., npu BbipaboTKe 1 KBT * U 31¢KTpOo3HEepruu B EB-
porie BbIOpPOC OUOKCHIA yriepoaa cocTaBui B cpeaHeMm 0,52 kr (a B
psine ctpad EBpornbl BOBOe Oouiblile cpeaHero 3HayeHwusl), B CeBepHoi
Amepuke — 0,67 kr. Cpok ClykObl XOJOAHWIBHOIO 000PYAOBAHUST MO-
KeT aocturath 15...20 jieT, MOo3TOMY BTOpOE ClaraéMoe, OTpaxaloiiee
KOCBEHHOE BO3JICHCTBUE, CTAHOBUTCS MNpeodaalailuuM B OOIIEH
oueHke, nocturas 0,95...0,98 TEWI.

B Hopeeruu, Hanpumep, 99,6 % Bceil 27A€KTPOIHEPTMH MPOU3BO-
JIUTCSI HA TUAPO3ACKTPOCTAHLMAX, [TI03TOMY BBIOPOC JHOKCHIA YIJIEpO-
na cocrapisieT B cpeaHeM 0,005 kr va 1 kBt - 4. B To Xe BpeMms B JlaHUH
91 % >MeKTpO3HEPIUM BHIPAGATHIBAIOT NMPU CKUTAHUU YIUISA, YTO CO3/]a-
€T SMHUCCUIO, paBHYIO 1,1 Kr n1MokKcuIa yriaepoja Ha 1 kBT - 4 sHepruu.

ITo nporHo3y MHcTuTyTa Npobsiem Ge3011acHOrO Pa3BUTUSI AaTOMHOM
sHepreTukM PAH, BO3MoXHOe€ CyMMapHoe TEIUIOBOE BO3JeiCTBHE
XDY u ux 3aMEeHUTENCH Ha KITMMAT 3eMiIM He TNpeBuICUT 10 % 3Hade-
HMS TIOJHOTO paguallMoHHoOro ¢opcuHra. IloHAaTHE paaHallMOHHOTO
(popcunHra o603HaYaeT M3MEHECHUE TLUIOTHOCTH JIYYMCTOIO TEILUIOBOIO
MOTOKAa Ha BHEIIHEH rpaHMlie TpoIrochepnl MO CPAaBHEHUIO ¢ HAYallb-
HOH (B JouHAYCTpUANbHYIO 310Xy — A0 1800 T.). I10 OlieHKEe UTAILSIH-
CKOTO OoTaejeHUs I'puHIMCcCa, BKIaad B NapHUKOBBINA 3PdEKT TOIBKO
I'DY cocraBut B Oyaymem 6osee 13 %, a Mo ApyruM JaHHBIM BKJIaa
XV mpessicut 20 %.

Kondepenuus OOH no okpyxalounied cpeie M pa3BUTHIO B
Puo-ne-XKaneiipo o6Hapogosasa PaMOYHYIO KOHBEHIIUIO 10 U3MEHE-
Huio ximMara. KonBenumo noamucany 6onee 160 rocynapcers, gecsr-
KM TocyIapcTB yxe ee patuduuupoBaid. CIIA B anipene 1994 r. 06bsi-
BUJIM O HAUMOHAJIBHOM 00s13aTebecTBE COKpaTuTh K 2000 r. BEIOpOCHI
MapHUKOBBIX Ta3oB A0 ypoBHs 1990 r. KoHBeHuus tpeGyeT 3TOro ot
BCEX MPOMBILLICHHO Pa3BUTHIX CTPAH.

[Tonoxenuss KonpeHumu, npuasaTteie B 1997 1. B 1. Kuoto (Ano-
HHUA), elle 6oyiee OorpaHUIMBaOT BEIOPOCHI TAPHUKOBBIX IA30B.

Hopserust BBea Hajior Ha BRIOPOCH! Auokcuzaa yriepoda ¢ 1991r. B
0603prMOM OyayLIEM TO XK€ A0/DKHBI CIE/IaTh CTPAHbI, YbH IMAPJaMEHTHI
PaTUOULUMPOBAIA PaMOUHYIO KOHBEHIIMIO. JTO KacaeTcss U Poccuu.

Ilo ouleHke 3apyOexXHBIX CHELMAIUCTOB, YPOBEeHb ©O€30ITacHOM
AMUCCUU AMOKCHIA yraepoja paBeH 1,1 T B roag Ha aymny HacejieHus. B
HACTOSILIEE BPEMSI YPOBEHb BLIOPOCOB JUOKCHIAA yIiiepoda B EBpone Ha
JIViIY HaceJIeHUsI cocTaBisieT 7,3 T B ToJ.

2. O0mime CBEA€HHuS 0 XAaAdareHrax

TpedoBanus K xnaaarentam. Ilpexmne yeM paccMaTpuBaTh CBOMCTBA
X/JadareHTOB, OCTAHOBUMCSI Ha OCHOBHBIX TPE€OOBaHMSX, NPEAbIBIIsC-
MbIX K HUM. TpeboBaHHUs K Xj1aAareHTaM NMOAPA3AC/ISAIOTCS Ha CIAeAylo-
[LME TPYMIIBL:
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3K0A02UYeCcKUe — 030HOOE301IaCHOCTb, HM3KUII TIOTCHLMAA TJO-
DaJIbHOTO MOTEIUIEHUSA, HETOPIOYECTh 1 HETOKCHUYHOCTD;

mepmoourHamudeckiie — OOJblLIass OObEMHAs XOJOTOMPOU3BOIUTE/b-
HOCTb;, HU3Kas TeMIepaTypa KMIIEHUSI MPH aTMOC(EPHOM AABJEHMHU,
HEBBLICOKOE [aBJICHUE KOHICHCAIlUM; XOpOILIas TEeIUIONPOBOIHOCTD;
MaJjible TJIOTHOCTb M BSI3KOCTh XJIaJlareHTa, oOeclieyrBalolide COKpa-
IIeHWE TUIPABJIMYECKMX TMOTEePb HA TPEHHE U MECTHbIE COITPOTHUBIIC-
HUSI TIPU €ro TPaHCIIOPTUPOBKE; MAKCUMaIbHasi MPHOIMXKEHHOCTb K
3aMEHsIEMbIM XJafareHTaMm (Iisl ajJbTepPHATUBHBIX O30HOOE30MAaCHBIX
XJAagareHToB) N0 AABJECHUSIM, TeMIlepaTypaM, YIeJbHOU OObEMHOM XO-
JIOAOMPOU3BOIMTEILHOCTH U XOJOAWJIBHOMY KO3(D@ULUEHTY;

IKCHAYAMAYUOHHbIe — TEPMOXIMUYECKasi CTaOUIBbHOCTh, XUMHYEC-
Kasi COBMECTUMOCTb C MaTepUajlaMd U XOJIOAMIBbHBIMU MacJIaMHu, A0C-
TaTOYHAasi B3aMMHasi PaCTBOPMMOCTb € MacJIOM il 00eCIieyeHUs ero
LUPKYASALUMHA, TEXHOJOTMYHOCTH TPUMEHEHHUSs; HErOproyecTb U He-
B3PBIBOONACHOCTb; CMOCOOHOCTb pPacTBOPSITb BOLY, HE3HAYUTEJIbHAsS
TEKY4YeCTh;, HaJIUUME 3araxa, LUBET U T. A.;

IKOHOMUYecKUe — HaJTU4yre TOBAPHOrO NPOM3BOJACTBA, AOCTYITHBIE
(HM3KUE) LIEHBI.

XnagareHThl, OTBedalolIe nepeyrucieHHbIM TpeOGoBaHUAM, HAUTH
NPAKTHYCCKMA HEBO3MOXHO, TIO3TOMY B KaXJIOM OTACJIBHOM CJIy4ae Bbi-
OMPAlOT XJIAJAreHT C YYETOM KOHKPETHBIX YCJIOBUN paboThl XOJIOAUIIb-
HOM MalllMHbI, U TMPEANOYTEHUE ClienyeT OTAABaTb TaKUM, KOTOpbIE
YIOBJIETBOPSIIOT NIPUHLIMMUATBHBIM U ONPEAESAIONIMM TpeOGOBaHUSIM.

AJIbTEPHATUBHBIMHU BELLIECTBAMH MOTYT OBbITb YHUCThIE (MPOCTHIE) Be-
niectsa U cMecH. [IpenmoyteHue oTnaeTcsi MpeXiae BCEro YMCThIM Be-
IIECTBaM.

OcoOeHHOCTH TepMOAMHAMHKH CMeceH XJaJareHToB. B Mosexkynsp-
HOW TEOpHH pacTBOPOB pPa3TMYalOT 3€OTPOIHbIE (HEA3eOTPOITHbIE) U
a3e0TPOITHBIE CMECH.

TepMoaHaAMHUECKOE MMOBEJEHUE CMECH a3€0TPONMHOTIO COCTaBa Mo-
N0OHO TMOBENCHUIO YHUCTOTO BEILECTBA, MOCKOJbKY COCTAB MapoOBOM M
XMIKOM (pa3 y Hee OAMHAKOB, 4 JABJICHHUS B TOYKAX POCHl U KUIIEHUS
COBMAJAIoT.

KoHueHTpauuu napoBoii v Xuakoi a3 3e0TpOITHOM CMECH B yCJIO-
BUSIX TEPMOIMHAMUYECKOTO paBHOBECHSI PA3IM4alOTCsl, a U30TepMa 1o
OuMHOMaNblI0 B p—A-KOOpOUHATAX MMEeT HaKJIOH, T.€. KUIIEHHE TpHU
MOCTOSIHHOM [JaBI€HUU MPOUCXOAUT IPU YBEIUUYCHUH TeMIICPATyphbl
XJlalareHTa oOT fo; A0 fy, a KOHACHCALIUS — IIPU NMaJICHUU TEMIIEPATYPhI
OT I OO I, (pHUc. 2). DTO HEOOXOAMMO YUUTBIBATh MPHU OINpPEAEICHUN
CTETIEHM TEPErpeBa Mapa Ha BXOAE B KOMIIPECCOD, & TAKXKE MPU OLECH-
K€ DHEPreTMHYeCKUX XapaKTePUCTUK XOJOIUIBHOW YCTAHOBKM.

Takum obpa3oM, TemmepaTypy KUIIEHUS] U TEMIIEpaTypy KOHICHCA-
LMY CIACAYET HAXOIUTh Mo-ApyroMy. TemMnepaTypy KUNCHHS BbIYUCISI-
10T KaK CPEAHIO TEMIIEPATYPY #; MEXIy TEMIIEPAaTypOi TOUKM POCHI )
IPU MTOCTOSTHHOM JaBJIEHUM BCACBIBAaHUS Py, U TEMIIEPATYPOM, IIPU KO-
TOPOM XJIAJAarcHT MOCTYNACT B UCTIAPUTEID fy).
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Puc. 2. Inarpamma Ig p—h 11 3e0TponHBIX X131areHTOB

TemnepaTypy KOHACHCAIIUM OIPEALISIOT KaK CPEIHIOK TeMIiepa-
TYPY # cp MEXIY TEMIIEPATYPO# TOUKH POCHI %) (TeMIepaTypa Havala
npoiecca KOHACHCAUWX MIPYU MOCTOSHHOM JaBJI€HUM HarHeTaHUA p,;)
U TEMIIepaTypou f; XKMAKOCTU HA BbIXOAE M3 KOHAeHcaTtopa. Pa3-
HOCTb TeMIepaTtyp (a3oBOro mepexojaa IpY MOCTOSHHOM [aBJI€HUU
(Ipy KMIIEHMHM WM KOHAEHCAlMH) MONy4Ylsia HA3BaHWE Al WK
TeMIIepaTypHBI maia! (or aHmil. glide — ckonbXeHue). 3HauyeHUe
Aly 3aBUCUT OT COCTaBa pabovero Te/1a ¥ AB/ISETCS BaXXHBIM TEXHO10~
TUYECKUM IMapaMETPOM.

IleperpeB BcacklBaeMOro I1apa BBIYMCASIOT KaK pa3sHOCTb TeMIle-
paTyphl 4, Ha BXOJ€ B KOMIIPECCOP U TEeMIIEpPaTypPhl TOYKHU POCHI Iy
XJIaflar€HTa TIpM JABJICHUM BCACBIBAHUSL pp.. [IpU peryiuMpoBaHUU
XOJIOAOTIPOU3BOAUTEBHOCTH XOJOJUIBHBIX YCTAHOBOK C MOMOILBIO
PETYJIUPYIOLIUX BEHTHIAEH BCe M3JIOXKEHHOE BbIIlIE HEOOXOIUMO YyUU-
TBIBATh.

TlepeoxiaxnaeHUe XUIKOCTH BHIUMCISIOT KaK pa3HOCTb MEXIY AEW-
CTBUTEIBHOU TeMIepaTypou XUAKOCTU U TEMIIEpATYpOrd TOYKM KOHLA
KOHJICHCAIIUHU f, IPU JABJIEHUU HATHETAHUS Py,

Oco06eHHO BaXXHO NPH PEryJUPOBAHMH JABJCHMS YUUTHIBATH TEM-
NEepaTypHLIA [Jaig CMECH XJIAJareHTOB, HANPUMEpP XJ1aJareHTOB
407C, R410A u gp. KpoMe Toro, TeMIrepaTypHbliil iaiia — pellialolui
¢akTop mnpu ONpeAeacHUUM pa3MEpOB TEIUIOOOMEHHBIX arlapaToB.

! TipupeaeHHbIe onpeAeieHns 6a3sHpyIOTCs HA TEPMHHONOIMM, NPHHATOH WHCTHTYTOM
KOHAMUMOHHUPOBAHUA BO3AYyXa M XOJOAM/ILHOM TexHWKM (ARI), genstouleiics yacTeio
TporpaMMel pa3paboTKH anbTepHAaTUBHBIX (peoHoB (AREP).

16



[loTepu naBiaeHUsI B CUCTEME CYIIIECTBEHHO YBEJUYMBAIOT TEMIIEpa-
TypHbIi rnaiia. [lpeHeOpexXeHue NaHHBIM SIBJIEHUEM NPU COCTaB-
JIEHUU TEIJIOBOro OajaHca MOXET MPUBECTH K 3aHUXEHUIO pa3Me-
POB TEIUIOOOMEHHHBIX aIIapaToB W OPYIrUX 3JIEMEHTOB XONOAWIbHOM
cucteMbl. BiugHue 3Toro ¢gakropa 0oco0EHHO CYIIECTBEHHO, KOraa
XOJIOAMJIbHASL CHCTEMA JKCIUIyaTMpyeTCs Ha Iipejesie CBOUX BO3-
MOXHOCTEH,

TakuM 00pa3oM, 360TPONMHBIE CMECU UMEIOT CBOU NPEUMYILIECTBA U
HepoctaTkid. C OQHOUM CTOpPOHBI, U3MEHEHUE cocCTaBa pabouyero Tena
MPYU LMPKYISLMU €r0 TI0 KOHTYPY XOJIOAWIBLHOM CUCTEMbI MOXET IPH-
BECTU K BO3PACTaHUIO XOJIOAOTPOU3BOAUTENBLHOCTU U XOJOAMIBHOTO
K03 }UIIMEeHTa TI0 CPaBHEHUIO C 3TUMH XapaKTEPUCTUKAMM Ul YUC-
ThIX x1aaareHToB. C Apyroii CTOpOHbI, IPUMEHEHUE 3€0TPOIHBIX CMe-
ceil NpUBOAUT K CHMUXEHUIO MHTEHCUBHOCTU TEIUIOOOMEHA B UCIAPH-
Tejle U KOHICHCATOPE.

Ellle 0OI¥H HEJOCTATOK 3€0TPOIHOI CMECH — MOTEeHIIMAIbHAsA BO3-
MOXHOCTb M3MEHEHHS €€ COCTaBa IpH IOSBJICHUM yTE€YeK B KOHTYpe
XOJIOAWJIbHOM CHUCTEMBI, YTO BJIMSIET Ha TMOXapoOe30MacHOCTb U XOJ0-
JOIMPOU3BOAUTENLHOCTh YCTAHOBKU. YTOOBI CHU3UTh BEPOSITHOCTD U3-
MEeHEHHUS CocTaBa B 00JIACTH KOHIIEHTpALMi, Tae MpeodaagaeT rmoxa-
POOINACHBIAH KOMIIOHEHT, B CMECh JOOABIISIIOT HETOPIOUMI KOMITOHEHT,
JJaBJICHHE HACBHILLIEHHBIX MapOB KOTOPOro OJM3KO K JaBJeHUIO IApOB
M0XXapoOIaCHOI0 KOMITOHEHTa WM Bbillle Hero. Eciv cMech CONEPXKUT
XOTS Obl ONUH TOpPIOYM KOMITOHEHT, TO HEOOXOOMMO IpH 3alpaBKe
n30eraTh NomajgaHus BO3ayXa B CUCTEMY.

OCHOBHBIE MEXaHWU3MBI U3MEHEHUS COCTaBa MHOTOKOMITOHEHTHOIO
XJ1aJlareHTa B XOJOAWIBHOI YCTAHOBKE CJIEAYIOLLME:

MapOXUIKOCTHOE pa3leICHHE 3€0TPONHBIX CMECEH B KOMIIpeccope
Y TETUI00OMEHHbIX armnaparax;

pa3iMyHas PpaCTBOPMMOCTH KOMIIOHEHTOB CMECH B XOJOAMJIBHOM
MacJe;

CEJIEKTUBHAS MOTEPs1 KAKOT0-JIMO0 KOMIMOHEHTA M3-3a YTEYKH KOM-
TOHEHTA BCJIEICTBUE HETEPMETUYHOCTH CUCTEMbI; U3MEHEHUS] MACCHI
MHOTOKOMIIOHEHTHOro paboyero Teja B OTAEIbHBIX IEMEHTax XOJo-
ITWJIBHOM CHUCTEMBI NPU PA3IMYHBIX TEIUIOBBIX HArpy3Kax.

Ilpy mpakTUYeCKOM MCIIOJb30BAHMM 3€OTPOINHBIX CMECE peKo-
MEHAYETCH:

3aTpaBJISTh XOJIOAWIbHYIO CHUCTEMY W3 Oa/UIOHA, 3aTllOJHEHHOTO
XHUIKAM XJadareHTOM;

CMECH C OTYETJIMBO BBHIPAXKCHHBIM TeMNEpaTypHBIM <«IJIalIOM» He
ClelyeT peKOMEHIOBAThb UIsl TPUMEHEHHUS B XOJIOAWIBHbBIX YCTAHOBKAX
C 34TOIUVICHHBIM UCIIAPUTEIIEM;

YYUTBIBATh HEOAHWHAKOBYIO PacTBOPUMOCTb KaXKIOro KOMITOHEHTA
CMECEBOIO XJIaJarcHTa B XOJOAWIbHBIX Macjax;

MpY pacyeTe XapaKTEPUCTUK XOJOAWIbHOW MAallMHbI CIEAYET MpU-
HUMaThb BO BHMMaHHE HM3MEHCHME COCTaBa MHOTOKOMIIOHEHTHOTIO
XJIaIar¢HTA.
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Ob6o3navedns xnanarestoB. B Poccuu BHenmpeH MeXAyHapOIHBIH
crangapt UCO-817 «OpraHuueckue xj1agareHTbl», COMIACHO KOTOPO-
My HpEAYCMOTpeHbI UM(POBble ODO3HAYEHUS XJIAJalreHTOB B TEXHU-
YeCKOM MOKYMEHTALMK Ha XJIAJareHThl M Macla.

CTaHgapToOM JOITyCKAETCS HECKOJbKO O0O03HAYeHMH XJIaJareHTOB:
YCJIOBHOE {CUMBOJIMYECKOE), TOPTOBOE (Mapka), XMMHUUECKOE U XUMM-
yeckast popmyna. O603HaUEHUSA OCHOBHBIX XJIaJaT€HTOB JaHEI B MPU-
JoxeHuu 19.

YcnoBHoe 0003HAYCHUE XJIAHATEHTOB SIBISIETCS MPEANIOYTUTEIBHBIM
M cocToMT M3 OYKBEI «R» uiu cnosa Refrigerant (xy1agareHT) U KOMOU-
Haupmyd uudp. Hanpumep, xmanon-12 umeer oboszHaueHue RI12
(CF,yCly). llndps paciiMdpoBbiBaIOT B 3aBUCUMOCTU OT XMMUUYECKOU
dopMmynel xnamarenta. I[lepBas uudpa (1) ykas3biBaeT Ha METAHOBBIM
psin, cieayioias nudpa (2) COOTBETCTBYET UMCTY aTOMOB (TOpa B CO-
eIUHEeHUU. B TOM ciyyae, KOrja B MPpOM3BOIHbBIX METAHA BOJOPOX BBI-
TECHEH HE MOJIHOCTBIO, K IIEPBOU LM pe N100aBASIOT KOJIMYECTBO OC-
TaBHIMXCA B COEAMHEHHH aTOMOB BoAOpoOAa, Hanpumep R22.

st 21aHOBOrO psina BHayajle 3aMMKMCBIBAOT KOMOMHALMIO UUbp —
MHJIIEKC, paBHBIA 11, g nmponaHoBoro — 21, mist 6yranoBoro — 31. st
TUX MPOU3BOAHBIX KO BTOPOM L(pe 100aBIISIIOT YHUCIO aTOMOB BOIOPO-
Jia, eCciii OHM ecThb, Harnpumep tpudToprpuxiopatad C,F,Cl; — R113.

B cayuae, eciu B cocTaBe COCIMHEHUsI UMeeTCs OpoM, B ero 0bo-
3HaYEeHUM MOsIBsieTCsl OYKBa «B», 3a KOTOpOii cieayeT 4ucio aTOMOB
opoma, Harnpumep R13B1 — tpudropbpoMmMmeTaH, xumuueckas ¢op-
myna CF;Br.

M3oMephl MpOM3BOAHBIX ITAaHA UMEIOT ONHY U Ty XK€ KOMOMUHALIUIO
undp (UHPpPOBOHA MHAEKC), U TO, YTO JAHHBIA M30OMEDP ABJSIETCA HOJI-
HOCTBbI0O CUMMETPUUYHBLIM, OTPAXKaeTcs ero LMMPOBHIM HHAECKCOM 6e3
Kakux-aubo yrouHenui. I'l'o Mepe Bospactanysl 3HaYUTEIbHON acyUM-
METpUH K HUGPPOBOMY MHACKCY COOTBETCTBYIOLLETO U3oMepa J1o0aBsi-
10T OYKBY «a», [p¥ OOJblIEif aCUMMETPUM €€ 3aMEHSIIOT OYKBOMH «b»,
3areM «c», HampuMep R134a, R142b u 1. 1.

Cnioco6 undpoBoro 0603HAUCHUS HETIPpEAEIbHBIX YTIEBOAOPOIOB U
MX TaJOr¢HOMPOU3BOIHBIX AHAJTOTMUYEH PACCMOTPEHHOMY BBILLE, HO K
uMdpam, pacIoJoXeHHbIM Mocie 6ykBbl «R», cneBa mobarisiior 1 ams
0003HaYecHUA Thicad (HampuMep, R1150).

s xjJagareHTOB HAa OCHOBE LIMKJIMYECKHX YIJIEBOJAOPOAOB M HX
MPOU3BOIHHIX ITOcie OYKBH «R» mepen uM(pPOBbIM MHIEKCOM BCTaB-
Js110T OykBy «C» (HanpuMep, RC270).

X1aJareHThl HEOPraHMYEeCKOro MNPOMCXOXICHUST HMMEIOT HOMepa,
COOTBETCTBYIOIIIME MX OTHOCHUTEJIBHOM MOJIEKYASIPHOU Macce, IUTIOC
700. Hanpumep, aMmMuak, xuMmueckast popmyna koroporo NHj, 06o-
3HayapT Kak R717, Bogy (H,0O) — xak R718.

XnagareHTaM OpPraHUMYeCKOTO ITPOMCXOXICHHUSI FIPHUCBOCHA CEpMs
600, a HOMep KaXIOro XJiajareHTa BHYTPHM 3TOM CepvMM Ha3HA4yaloT
[IPOU3BOJILHO (HAIIpUMEDP, METWIAMUH MMeeT HoMmep 30, ciaefoBaTeslb-
HO, €ro o0o3HaueHue 3anuinercs kak R630).
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3e0TpOIHBIM, WA HEa3COTPOITHBIM, CMECSM IpUcBoeHa cepus 400
C IIPOM3BOJIBHBIM HOMEPOM LISl KaXKIOTO XJIaJlar€HTa BHYTPU 3TOH ce-
puu, HaipuMep R401A.

XJ1agareHThl Ha OCHOBE NPEACHbHBIX YINIEBOAOPONOB, COACPKALIUX
OpoM, UMEIOT IBOMHOE 0003HAYEHHE. DTO 0003HAYEHUE UMEET B CBO-
eM cocTtane O0ykBy «B», Hanpumep R13B1, wm 6ykBy «H», 3a kotopoi
caenyioT uMdps | ¥ 3, HO Jajee K HUM J00ABJSIOT ellle ABe IIHPPHI,
NepBasi M3 KOTOPBIX YKa3bIBAaeT Ha YUCJIO aTOMOB XJlopa, BTopas — Ha
yuciao aroMoB 6poMa. HanpuMep, tpudpropopoMmetaH (CF;Br), y xo-
TOPOTO YMCJIO aTOMOB Xj10pa paBHO 0, a aToMOB OpomMa — 1, MoXer
ob6o3Hauatbea 160 R13B1, 1u6o HI1301.

B Hacrosimiee BpeMsi TOSIBUJIACh TEHIEHIIUMS NPH OOO3HAYEHUM
XJIaJaT€HTOB NPEeABapATh UMPPOBOIM UHAEKC HE OYKBOH «R» win «H»,
a ab0peBUaTypOi, YKa3bIBAOUICH HEMOCPEICTBEHHO HA IpyIly, K KO-
TOPOH OTHOCAT XJaJareHT B 3aBUCUMOCTH OT CTEIIEHW BO3NEUCTBHS
€ro Ha OKpyXalomyio cpeny. Hanpumep, npeanaraiorcs 0003HAYECHUS:

CFC12 nns xnaparedra R12, mpunHannexamero K rpynme CFC
(XDY), B KOTOPYIO BXOIST XJAJAreHTHI, BpelHbIe IS OKpyXalolleh
Cpelbl;

HCFCI125 nna xnamareHta R125, otHocsierocs x rpynie HCFC
(I'XDY), cocTogileit U3 xJagareHToB, MeHee BPeAHBIX I OKpYXalo-
LIEN cpensl;

HFC134a nng xnagarenta R134a, Bxoasmero B rpyny HFC (I'®Y),
COCTOSILLYIO U3 XJIaJar¢HTOB, Oe3BpeHBIX JUISI OKPYXAIOIIEH Cpeibl.

Kaxnas ¢dupma — npou3BOIUTEb XJIAJar€HTOB BHITYCKAET B MPOAA-
XY CBOIO TIPOAYKLIMIO MOA COOCTBEHHBIM HAMMEHOBAHUEM, HAIIPUMED:

Pupma Topeosasn mapka
«Du Pont de Nemour» ®peon (Freon) wm Cysa (SUVA®)
«EIf Atochem» ®opan (FORANE®)
«Solvay» Kanbtpon (Kaltron)
«Montedison» Anbrodpes (Algofrene)
AZSO Allied Signal
ICI Kinea (Klea)
«Daikin Kogyo» Haitcdnon (Daiflon)

Iloatromy, Hanmpumep, R407C MOXeT mocTymmaTb HAa PbLIHOK I101
Mapkamu FORANE® 407C, SUVA® 9000 u T. 1.

3. TpaAMLIMOHHBIE XAAAAreHTHI
rpynn XPYV un I'XPY

Xnagarenr R12. IudropauxiopMeraH OoTHOCUTCS K rpynie XDV
(CFC). Xapakrepu3yeTcs BHICOKMM IOTCHIIHAIIOM pa3pyuieHUs 030-
Ha (ODP=1) 1 OOnblIUM MNOTEHIMAIOM [IOOAILHOTO IOTEIUIC-
U (GWP = 8500). becuBeTHBIN ra3 co cnelluprIeCKUM 3aIl1axoM, B
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4,18 paza TspKesJee BO3IyXa. XapaKTEPUCTHKM Ha JIMHUM HACBILIECHHS
NIpUBEAeHBI B NpHiIoxeHnu 1. OnUH U3 Hanbosee pacIpoCTpaHEHHBIX H
©€e30IacHBIX MPH IKCIUTyaTalluM XIagareHToB. IIpu oObeMHOM 10J€e ero
B Bo3nyxe Oosee 30 % HacTymaeT yayllibe M3-3a HeIOCTaTKa KUCIoponaa.
Ilpenensno monmycruMasi KoHueHTpauusa (I[IJK) R12, B yactTHOCTH Ipu
IUTUTEJIBHOCTH BO3NEHCTBHSA 24, COOTBETCTBYET OOBLEMHOM O0JIE €r0
38,5...30,4 %. Hep3priBoomnaceH, HO IpH ¢ > 330 °C pa3znaraercs ¢ obpa-
30BaHUEM XJIOpMAA BOIOpoaa, (pTOPHUCTOrO BOAOpPOAA U CJIEAOB OTpaB-
Jswouiero raza — ¢ocreHa. HeorpaHuueHHO pacTBOpsieTCsl B Macie, He
MIPOBOAMT JIEKTPHUYECKUI TOK H c1abo pacTBopsieTcs B Boae. O0reMHas
noss Biaary B R12 mis ObITOBBIX XOJIOAWJIBHUKOB HE JOJDKHA IIPEBbI-
mate 0,0004 %. O6e3poxeHHbli R12 HeitTpaleH KO BCeM MeTajljiaM.
XapakTepu3yeTcsl MOBBIIEHHON TEKYYECThIO, YTO CIIOCOOCTBYET TpO-
HUKHOBEHHIO €70 Yepe3 MeTbYaiIIie HEIUIOTHOCTH U JaXe Yepe3 MOpbl
00bdHOrO yyryHa. B To xe Bpemst Giaronapsi MoOBBILLIEHHOU TEKYYECTH
R12 xonoawibHbIe Mac/ia IPOHUKAIOT BO BCe TPYILMECS ACTATU, CHIDKAs
ux u3Hoc. INockonpky R12 xopommii pacTBopuTe/ b MHOTUX OpraHHUYEC-
KHX BEIECTB, NPH H3TOTOBJIEHUH MPOKIANOK IPUMEHSIOT CIIELUATb-
HYIO pe3WHY — CEBaHMT WM IMapoHUT. B xonoawibHON TexHUKe R12
IIIUPOKO TPUMEHSLIM T TIOJTYYEeHHUsI CPEAHUX TeMIIepaTyp.

Xanagarenr R11. DropTpUxiiopMeTaH, Tskeabii ra3 (B 4,74 paza
TSXeJee Bo3ayxa), oTHocurcs K rpymme XPY (CFC). Xapakrepusy-
€TCSl BBICOKOH o030HOpaspymalolieid akTuBHOCThi0O (ODP =1). Co-
r71aCHO MoHpeanbCKOMy NpoTOKOay ¢ 1 sHBapsa 1996 r. npekpailieHo
npou3ssoactBo R11 (KomnenrareH, 1992 r.). [lnst opraHM3Ma 4€J0BEKA
R11 6e3BpeneH, oH HEB3PBIBOOIIACEH, HEOTPAHUUEHHO PACTBOPSIETCS
B MUHepaJbHOM Macie. B Boae R11 HepacTBopuM, OoMycTUMas Mac-
coBag poinsd Biaarw He 6Gonee 00,0025 %. O6e3BOXEHHBIN XJIaJareHT
HEUTpaJieH KO BCEM MeTaJUlaM, 3a UCKJIIOUEHHUEM CILJIaBOB, CoAepXa-
mux 6onee 20% Maruuga. HopmanbHas Temriiepatypa KMIIEHHS
23,8 °C. O6beMHast XoJM0IONMPOU3BOANTENbHOCTL R11 Mana; npume-
HSIOT €ro B XOJIOAMJIBHBIX MAaIIMHAaX IpU TemriiepaType KUIEHUS J0
—20°C. Xapaktepuctuku R11 Ha JMHMM HacCbIILEHUS MPUBEICHH B
NpUIoXeHUH 2. XmagareHT R1l LIMPOKO IPUMEHSIM B IPOMBIIII-
JIEHHBIX KOHIMIIMOHEpaX, TypOOKOMIIpeccopax CpeIHUX UM OOJbLIMX
MOILIIHOCTEH.

Xnamarent R502. AszeorpomHassi cMech xiamareHToB R22 u R115.
Maccosas gonst R22 cocrtasiser 48,8 %, a R115 — 51,2 %. OTHOCUTCS
K rpynne X@Y (CFC), uMmeer cieayolliie 3KOJOTHYECKUE XapakKTe-
puctuku: ODP =0,33; GWP =4300. Hes3priBoomnaceH, MaJTOTOKCH-
YEH M XMMHYECKH WHEpTeH K MeTauiaM. PactBopumocts R502 B Mac-
j1ax, k03¢ GUIIMEHT TEIUIOOTAAYH IIPA KUITEHUW U KOHOEHCAUUM On3-
KA K COOTBETCTBYIOIIMM 3HaueHUAM i1 R22. XapakrtepHasi ocoOeH-
HocTh: R502 ManopactBopuMm B Bone. IlpeaenbHO momycTumasi
KoHLleHTpauuss R502 B Bo3smyxe cocraBnger 3000 mr/m>, OObemHas
XOJIOMOIIPOM3BOIUTEILHOCTE €r0 BBIIIE, a TeMIlepaTypa HarHETaHMs
HXe nTpuMepHO Ha 20 °C, yeM y R22, 4TO m0JIOXKUTEIBHO CKa3bIBaeT-
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CA Ha TeMIlepaType OOMOTKH 2JIEKTPOABUTATENsl NIPH SKCIUIyaTalluu
TepMETHYHOIO XOJOAMIBHOro KoMmipeccopa. XaagareHT R502 mmmpoko
MPUMEHSUIM B HU3KOTEMITEPaTypHBIX KOMITPECCUOHHBIX XOJOAWIBHbIX
yCTaHOBKaxX. XapakTepUCTUKM XiagareHta R502 Ha JMHMM HacChbIllie-
HUS TIPEACTABIEHBI B MPUIOXECHUHM 3.

Xaangarent R22. [udropxiopMeraH OTHOCUTCH K rpymnie I'XDY
(HCFC). MmMeer HU3KUI moTeHUMan paspymieHuss o3oHa (ODP=
=(,05), HEeBBHICOKMII MOTEHUHMAJ1 MapHUKOBoro 3¢dekra (GWP=
= 1700), T.€. 3KOJOTAYECKHE CBOMCTBA R22 3HAYMTENILHO Jy4llIE,
yeM y R12 u R502. D10 GecuBeTHBIH ra3 co cjabbiM 3amaxoM XJopo-
dopMa, Oonee siaoBUT, yeM R12, HeB3PLIBOOMACEH U HETOPHOY. Xa-
PaKTepUCTUKM xJjanarcHta R22 Ha JMHMM HaCBILIEHUS U €ro (pusu-
yecKue CBOMCTBA NMpUBEACHHI B NIpWwioxeHusix 4, 18, [1o cpaBHeHMIO ¢
R12 xnagareHT R22 XyXe pacTBOpsieTCsI B MacJie€, HO JIETKO NMPOHUKA-
€T Uepe3 HEeIUIOTHOCTU M HelTpaneH K MeTamaaM. Jdna R22 xonoaunb-
HOH TMPOMBILLICHHOCTBIO BBINIYCKAIOTCA XOJOAWJIBHBIC Macjia XOpo-
mero kadectsa. [lpu temneparype Buitie 330 °C B IpUCYTCTBUH Me-
tajuioB R22 pasznaraercs, obpasys Te xe BelectBa, yto U R12. Xnaa-
arenT R22 cnabo pactBopsieTcs B Boje, oObeMHasi J0Jis1 Biaru B HEM
He pomxHa npesbimath 0,0025 %. KosdpduuueHT Temiootaayu npu
KWTIEHUM U KOHjeHcauur Ha 25...30 % sbiie, yem y R12, ogHako
R22 umeet 6ojiee BHICOKMUE IAaBJICHHE KOHIEHCALIMU U TEMIIEpaTypy
HarHeTaHus (B XOJOOWIbHbIX ManiuHax). HpeaenbHo aomycTumas
KOHLICHTPALINS R22 B Bosnyxe 3000 Mr/M> npy AIMTEIbHOCTH BO3-
AEHUCTBUS 1 4. DTOT XJIaJareHT IIMPOKO MPUMEHSIOT [UIA ITOJIyYeHUs
HHU3KHUX TEMIIEpaTyp B XOJOAMWIBHBIX KOMIIPECCHOHHBIX YCTAHOBKaAX,
B CUCTEMax KOHAMUMOHUPOBAHHS M TEIUIOBBIX Hacocax. B xomoauib-
HBIX YCTAHOBKax, padortaromux Ha R22, Heob6XxoaMMoO MCIOJIb30BaTh
MMHCpAJIBHbIE WK alKuIdeH30MbHbIe Macia. Henb3sg cMmemuBath R22
¢ R12 — obpasyeTcst azeoTponHass CMecChb.

Ilo 3Hepreruueckoit 3a¢pdexruBHocTy R502 1 R22 nocraroyHo 67113-
K1, XOJOAWIbHYIO YCTAaHOBKY, MCIOJB3YIOIIYI0O B KadyecTBe paboyero
tesa R502, MoXHO aganTvpoBarh K npuMeHeHu0 R22. OgHako, Kak
OTMeYaIoch paHee, R22 uMeer 0ojiee BLICOKOE JaBJieHHME HACHILIEHHBIX
MapoB M, KaK CJIeJCTBUE, Oosiee BBICOKYIO TeMIIEpaTypy HarHeTaHHs.

Juana3oHbl MpUMMEHeHUs xJjaaareHta R22 B XOJOAWIbHBIX CHCTE-
Max NpuBeAeHbI Ha puC. 3.

Xnanareut R123. OtHocutcs K rpynne I'X®Y (HCFC). Temmnepa-
Typa KuIleHHs npyu atMocdepHbIX yeaoBusax 27,9 °C. [ToreHuMat pas-
pymieHuss o3oHa ODP = 0,02, noreHuuan IOGATBHOTO TOTEILIEHHUS
GWP = 90. MonekyaspHas Macca 152,9. XapakTepUCTHKH x1aareHTa
R123 Ha nuHMU HaceileHus U ero GpU3rIecKrue CBOHCTBA MPHUBEACHBI
B MPWIOXEHUsIX 5 U 17. XnaaareHT npeaHa3HadeH LIt perpodura (3a-
MEHa XJ1aJareHTa Ha 030HODE30MACHBIN ) XONOIWIBHBIX YCTAHOBOK — BO-
gooxaamutesen, padoTtarominx Ha R11. TeopeTuueckass Xxo,1000Ipon3-
BOIUTEIHLHOCTh LMKIA ¢ R123 cocraBaser 0,86 OTHOCHUTENBHO XOJIQA0-
MPOU3BOAUTEILHOCTH LKMKIa ¢ R11, Temneparypa v naBjieHHe KOHJIEH-
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cauud Huxe Ha 10...15 % no cpaBHenmo ¢ R11. B coueranuu ¢ R123
PEKOMEH/IYETCS MCTIOJNb30BATh AIKUIOEH30JbHOE XOJOONIEHOE MAacIo
WM CMECh MUHEPATBLHOTO U aJIKHJIOEH30JBHOrO.

4. AAbTEpHATHBHBIE
OAHOKOMIIOHEHTHbIE
XAaAareHThl

Xnagarenr R717. XuMmuueckas dopmyna NH; (ammuak). OTHoOCUT-
cs1 x rpyniie DY (HFC). 3 «HarypanpHbix» xitanareHToB R717 cro-
WT HAa ONHOM M3 TIEPBBLIX MECT B KauecTBE anbTepHaTuBbl R22 n R502.
[Tpou3BoncTBo aMMMaka B Mupe JocturaeT 120 MIH T, ¥ JAULIb Majas
4acThb ero (10 5 %) WCnojb3yeTcsl B XOJIOAMIBHON TEXHUKE.

AMMHAK He paspyiuaer 030HOBHIH ¢jod (ODP =0) u He BHOCUT
MPSMOTro BKJ1alla B yBeJHWYeHHE HapHHKOBoro sggexra (GWP = 0).
a3 ¢ pe3kuM yOyUUIMBBIM 3afiaxoM, BPENHBIH I OpraHu3Ma 4esio-
Bexa. IpenenbHo HOMyCcTUMAas KOHLEHTpauus B Bozayxe 0,02 Mr/om3,
4yTOo COOTBETCTBYET 00BeMHON mose ero 0,0028 %. B coenuHeHuu ¢
BO3IYyXOM mpH oObeMHOH gone 16...26,8 % u HAIMUMU OTKPBITOIO
IJIaMEHW aMMuakK B3pbIBOOIIaceH. TeMIieparypa BOCILUIAMEHEHUS C
BO3ayxoM 651 °C.

Tlaps aMMuaxa jerde BO3AyXa, OH XOpOLIO pPacTBOPSIETCS B BOJE
(oauH 00BEM BOJBI MOXET pacTBOPUTH 700 06beMOB aMMHaKa, 4TO UC-
KJII0YaeT 3aMep3aHire BJIAru B cUcTeMe). MHUHepaIbHbIE Macjla aMMUaK
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MOYTU He pacTBopsieT. Ha yepHbie MeTaLbl, altoMUHMA U pocdopuc-
TYI0 OpOH3Yy He ACHCTBYET, OJHAKO B IPUCYTCTBUM BJIard pa3pyliaeT
IBETHbIE METAJLTbI (ULMHK, MEMIb U €€ CIIaBbl). MaccoBasl 10Ji BiAaru B
aMMuake He J0JiKHa npesbiuiath 0,2 %.

[lo TepMOOTMHAMHYECKHM CBOMCTBAM aMMHaK — OIMH M3 JIYYLIHX
XJIAJareHTOB: M0 OOBEMHOM X0JIOJOINPOU3BOJUTEJIBLHOCTH OH 3HAYM-
teabHOo npeBbiniaeT R12, R11, R22 u R502, umeeT 60nee BHICOKHI KO-
3¢ GULMEHT TEIJIOOTAAYM, UTO MO3BOMASIET MPUMEHSTh B TEILIOOOMEH-
HBIX arrapartax TpyObl MEHbIIEro AUaMeTpa IpH 3aJaHHOK X0JI0J0-
MPOU3BOAMTEABHOCTH. XapaKTepUCTUKHU XagareHTa R717 Ha nuHuuM
HACBIIICHUS TIPUBEICHBI B NpWIoXeHUU 6. M3-3a pe3koro 3amaxa am-
MHaKa TOSIBJIEHUE TeYW B XOJOAWIbHOH CUCTEMe JIETKO OOHapyXUBa-
eTCs OOCIyXHMBAKOIIUM TepcoHaioM. UMEHHO mo 3TWUM NpuYMHaM
R717 Hawiel WMPOKOE TMPUMEHEHUE B KPYIHBIX XOJOOWIBHBIX yCTa-
HOBKax. XuagareHT R717 umeeT HU3KYIO CTOUMOCTD.

OauH U3 HeJOCTaTKOB aMMHMakKa — 0ojiee BBICOKOE 3HaYeHME MOKa-
3arens aguadarsl (1,31) mo cpaBHeHHUo ¢ R22 (1,18) u R12 (1,14), uTo
MPUBOIUT K 3HAYUTEIBHOMY YBEJUYCHHUIO TEMIEpaTypbl HarHETaHUS.
B cBs3U ¢ 3TUM TpPEIBSIBISIIOT XECTKUE TPEOOBAHMUSI K TEPMUYECKOM
CTaOWIBHOCTU XOJIOAM/IBHBIX MAacCes, UCIIOAb3yeMbIX B COUETAHHHU C aM-
MHAKOM B TE€UCHHE THUTEIHLHOTO BPEMEHM MNMPU 3KCIUTyaTAIMM YCTa-
HoBKU. KoHeHcaTop JOMKEeH UMETh Pa3BUTYIO NMOBEPXHOCTh TEIUIO00-
MECHa, B pe3yJbTaTe Yero BO3pacTaeT €ro METALIOEMKOCTD.

XapakTepucTUKM xaagareHta R717, oTHocaueroca K rpymne ['®Y,
a TaKkKe HEKOTOpbIX XaagareHToB rpynm X®Y u ['’XPY Ha n1uHUM Ha-
CBILLICHUS TIPUMBEIEHBbI B Ta01. 2.

AMMHAK MMeET 4Ype3BbIYallHO BBICOKOEC 3HAYC€HHE TEIUIOThI Mapo-
00pa30BaHusi, BCJACACTBUE YEr0 CPaBHUTEIBHO MaJl MACCOBBII pacxof
nupKyaupylouero xaamareHra (13...15 % no cpasHenuio ¢ R22). Oro
OJIAaTONTPUATHOE KauyeCTBO 11 KPYMHbIX XOJOAUJIbHBIX YCTAHOBOK, HO
3aTPYOHSET PEryJIMPOBKY MOJAYd aMMHUaKa B MCTIAPUTEJIb TIPH MaJTbiX
MOILIHOCTSIX.

JONOJIHUTEIbHBIE CJOXHOCTU IPU CO3MAHWU XOJOJIMIBHOIO 000-
PYIOBaHMsI BbI3bIBAET BBICOKAsi aKTUBHOCTh aMMMAKa MO OTHOLIEHHUIO K
MeIU U MEIHBLIM CIUIaBaM, IIO3TOMY TPYOOIIpOBOIbI, TEILIOOOMEHHHKH
M apMaTypy BBITIOJHAIOT U3 cTalu. M3-3a BBICOKOH TOKCUYHOCTHU U TO-
pIOUECTH aMMMaKa CBapHbIE COCAMHEHMS TIIATEJIbHO KOHTPOJIUPYIOT.
BcaeacrBue BBICOKOM 37€KTponpoBoAHOCTH R717 3aTrpyaHeHo co3aa-
HUE NOJIyTepMEeTUYHBIX U TepPMETUYHBIX KOMIIpeccopoB. Bmecte ¢ Tem
JUIS TIPOMBIIUIEHHBIX XOJIOAWJIBHBIX YCTAHOBOK MOILIHOCTBIO OoJice
20 kBt aMMuak — j1ydiiiasi anbTepHaTMBA.

Ha ammuake paboraroT MHOTUE TellsioBble Hacochl. Tak, B Hop-
Beruu padoraeT TeIUIOBOM Hacoc MoliHocThio 200 kBT, B cucreme
HUPKYIUpyeT 0KoJ0 30 KT aMMMaka, UCIIOJb30BaHbl MOJYyTepMeTUY -
HbI KOMITPECCOP U IIaCTMHYAThIEe TeIJIo0OMeHHbIe annaparthl. I1pe-
INYCMOTPEHBbI CHCTeMa KOHTpPOJISI YyTeUKHM aMMuaka H 3(PdeKTHUBHASA
BEHTUJISILIUA.
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AMMMHaYHbIE BOASIHBIE OXJIATUTENU-YHIUIEPDI C TUIACTUHYATHIMU All-
napataMu ¢GupmMsl «Alfa-Laval», paspaborannbie ¢upmoii «York Refri-
geration», XapakTepU3yioTCsi MUHUMAAbHBIM KOJIMYECTBOM 3aTipaBlieH-
HOro xjagareHta. Tak, B BbICOKOTEMIeEpaTypHbix oxyuaauteasx HTLS
3alpaBKa xJaJareHTta cocTasjseT 3,7...8,5 Kr MpHU XOJOAOIIPOU3BO-
JUTEJbHOCTU cooTBeTCTBeHHO 60...140 kBT M moTpebisgeMoi Mol-
Hoctu 14...35 kBt, B cpenHetemnepatypHbix MTLS — 3,1...6 KT npu
XONOAOTIPOU3BOAUTENLHOCTH 32...63 KBT U noTpebagemoit MomHoc-
Th 12...24 kBT, B HM3koTeMnepaTtypHbix LTLS — 2.,6...4,5 Xr ipu xo-
JIONOINPOU3BOAUTENLHOCTH 9...19 KBT M moTpebisisieMoil MOILIHOCTH
7...17 kBrT.

B temnoBeix Hacocax tunma HPLS 3ampaBka ximamareHTa paBHa
3...6,7 XT 1ipK XOJIOXOMPON3BOAUTEILHOCTH COOTBETCTBEHHO 37...87 xBT
M noTpedysieMoit MolnHocTy 12...31 kBT.

PaccMoTpeHHblEe OXJTAgUTENU W TENIOBBIE HACOCH MMEIOT HE-
oonbmue rabaputHbie pasMepbl (iMHa 1170 MM, mupuHa 800 MM,
BbIcOoTa 1550 MM).

Oxupaercsd IpUMMEHEHHE aMMHMAKa B MaJlbiX XOJOJWIbHBIX MallM-
Hax [JIsi KOMMEPYECKHUX YCTAaHOBOK.

HMcnonb3yeMbie B HACTOSIIIIEE BpeMsl Maclia He pacTBOPSIOTCS B aM-
MHaKe, TI03TOMY B CXEMY XOJOJWILHONH MAIIMHBI MPUXOAUTCS BKIIO-
YaTh MACJOOTACIIMTENIN, YTO YBEJHUYMBACT €€ CTOMMOCTb. B mochnen-
HHME TOABI BEIYTCSl MHTEHCUBHBIE MCCJIENOBAHMS MO pa3paboTKe pact-
BOPMMOIr0 B aMMMakKe Macjia U CO3[JaHHIO XOJIOAUIbHOrO 000pynaoBa-
HMSI C «CyXHM» HCMapureneM. PacTBopuMoOCTh Macjia B aMMHake
HCKJTIOYAeT 00pa30oBaHMe ILUICHKH Maclia Ha TEMJI0OOMEHHBIX TTOBEPX-
HOCTSIX, YTO MOBbIIIAeT KOPPUIHEeHT Teruootaayn ¢ 2700 mo
9100 Br/(M? - K).

HOCTUTHYTBIN B MOCIEAHUE TOABI MPOTPECC B pa3paboTKe pacTBOPH-
MBIX B aMMuake R717 XxonoowIbHBEIX MAceal MOXET KapAUHAIbHO U3Me-
HHUTbh TEHIECHIIUM B Pa3BUTUM XOJOAMJIBHOTO MAIHUHOCTPOEHHSL.

Xnanarent R744. Xumuueckas ¢popmyna CO, (IMOKCHUA yIJiepona).
OtHocuTtcs K rpynne ['PY (HFC). [lemmeBoe HETOKCMYHOE HEropioyee
U 3Kkosoruyecku yuctoe (ODP =0, GWP = 1) BemecrBo. CTOUMOCTD
muokeuaa yriepona B 100...120 pa3 Huxke, uem R134a.

Juokcua yriepoaa HMEET HHM3KYH KPHUTHYECKYIO TeMIleparTy-
py (31 °C), cpaBHUTEJbHO BBICOKYIO TEMIIEpPATYpy TPOUHOH TOYKHU
(=56 °C), 6onbiuue gaBiceHUS B TpoiiHOM Touke (Oonee 0,5 MIla) u
kputudeckoe (7,39 MIla). Moxer CiIy>KUThb albTePHATUBHEIM XJIaJareH-
toM. Comepxutcsa B atMochepe U OMochepe 3eMiin, UMEET CleNyIo-
IIH{€e MPEeUMYIIEeCTBa: HU3KAA LEHa, MPOCTOe OOCIyXHUBaHHUE, COBMEC-
TAMOCTb C MMHEPaIbHBIMH MacjlaMu, 3JEKTPOHU3ONSALUOHHBIMU H
KOHCTPYKIITMOHHBIMH MaTepuaiaMd. BmecTe ¢ TeM IIpH MCIIO0JIb30Ba-
HUM TUOKCHJIA yriepoaa TpeOyeTcs BOOsSTHOE OXJTaXACHHE KOHIEHCATO-
pa XOJIOMWJIBHOW MAIIMHDBI, YBEJIMYHUBAETCA METAL1I0eMKOCTh XOJIO0-
JUJIBHOU YCTAHOBKM (IO CPaBHEHMIO ¢ META/UIOEMKOCTBIO YCTAHOBOK,
padoTaloIIMX Ha TalOMIONPOU3BOAHBIX XJaaareHrax). Beicokoe kpu-
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THYECKOE AaBJIEHME HMMEET M TOJIOXHTEJBHBIA acNeKT, CBS3aHHBIHA C
HU3KOU CTEIMEHBbIO CXAaTHs, BCACACTBUE 4ero 3M{HEKTUBHOCTH KOM-
npeccopa CTAHOBUTCS 3HAUYMTE/NbHONW. BO3MOXHBI MepCHeKTUBbI MPH-
MEHEHUS AUOKCHUIA YIJIepoaa B HU3KOTEMIIEPATYPHbBIX JIBYXKACKAIHBIX
YCTAaHOBKAX U CUCTEMaX KOHIWIIMOHUPOBAHUS BO3IyXa aBTOMOOWIEH U
noe3zoB. Ero npemnaraior HCHo/ab30BaTh TAKXKE B OBITOBBIX XOJI0ZHUJIb-
HMKaX ¥ TEIUTOBBIX HAacocax.

XnanareHt R728. Xumuueckas dopmyna N,. OTHOCUTCA K rpyrnie
TOY (HFC). Xuakuii a30T NIPUMEHSIIOT B KA4eCTBE KPUOTEHHOIO OX-
JIAXAAOWEro cpeacTBa B HEKOTopbiX crpaHax (Anrmusi, CIUA u ap.).
Ilpn armocpepHOM AaBICHMH TeMIIepaTypa KUIIEHHUsI a30Ta COCTABIsI-
et —196 °C, a ynenbHas terora napoo6paszosanus 199 x/Ix/kr. He-
TOKCUYHBIU U 3konormdecku yucThii (ODP =0, GWP = 0) xynazareHr.
KpHOreHHbIil MeToA OXJIAKIEHUST XKUAKUM a30TOM IpelycMaTpuBacT
OHOPa30BOE €r0 UCIMOJb30BaHUE. DTOT METOI pealu3yeTcsi B Oe3Ma-
UIMHHOM TIPOTOYHOI CUCTEME, B KOTOpPOM pabouyee BEIHECTBO HE CO-
BeplliaeT 3aMKHYTOr0 KPyroBOro Ipoiecca.

B cBs3u ¢ orkpeiTieM B PoccuM 3HAYMTENbHBIX 3anacoB (0KOJIO
340 mapa M%) noa3eMHBIX ra30B ¢ BEICOKMM COAEPXAHMEM a30Ta ce-
0ECTOUMOCTb MPUPOAHOTO a30Ta CTAHOBUTCS Ha TIOPSIOK HHXKE,
4eM a30Ta, NOJYYEHHOTO METOAOM CXHXEHHsl U pa3leeHUsl BO31y-
Xa, 4YTO TIO3BOJIUT IPUMEHSTh B IPOMBIIILUICHHbIX MacluTabax 6e3ma-
HIMHHBIN cTIoco0 OoxJIaXaeHUs B armaparax Ajasi ObICTpOro 3amopa-
XUBAHUS TUILIEBLIX IPOAYKTOB. [lisi TIOBBIILIEHMS CTEIIEHM UCIONb-
30BaHMsl HU3KOTEMIIEpATypHOro IMOTEHIIMaNa ra3oo0pasHoro asora
cneunanucramu MI'VIID npeanoxeHa cucreMa MOOWJILHOIO XJna-
JIOCHAOXEHMSI.

Xnanarenr R290. Xumuueckas ¢popmyna C;Hg (nponaH). OTHO-
curcss k rpymne F®Y (HFC). IloreHuuan pa3pylwieHusi o30Ha
ODP =0, noreHuuan rmobdanpHoro noterieHuss GWP = 3. Xapakre-
PHU3YETCsI HU3KOH CTOMMOCTBIO M HeTOKCHYeH. Ilpu ncnosb3opaHuu
JAHHOTO XJajareHTa He BO3HUKAaeT TMpobJieM ¢ BbIOOPOM KOHCTPYK-
LIMOHHBIX MAaTePUAJIOB AETAICH KOMIIpeccopa, KOHIAEHCATOPpa U UCTIa-
purtens. IIpomaH XOpolO pacTBOPSIETCS B MUHEPAJIbHBIX Maciax.
Temnepatypa KuneHus npu atMocdepHom gasiaeHun —42,1 °C. Ilpe-
HMMYILECTBOM [IpoIlaHa SABIACTCSH TAKXKE HU3Kasg TEMIIEpaTypa Ha Bbi-
xoAe u3 Komripeccopa. OaHaKo TpoIlaH KaK XJagareHT MMeeT ABa
NPUHIUNUANBLHBIX HEJOCTaTKa. BO-TIEpBbIX, OH MOXAapoONaceH, BO-
BTOPBIX, Pa3Mepbl KOMIIpECCOpa JOKHbBI ObITh OOJIbLLIE, YEM TIPU HUC-
N0JIb30BAHUHU B XOJIOAMWIbHOW MaluHe R22 3apaHHOMA XOJ040TIPOU3-
BOJAHUTEJILHOCTH.

B npoMBbIliJIEHHBIX XOJOAUIBHBIX YCTAHOBKAX MTPOTAaH UCIOJb3Y-
I0T yX€ B TeUCHUE MHOTMX JeT. B nocienHue roabi BCce yaule npei-
JlaraeTcs MPUMEHSTh MPOMAaH B XOJOAWJIBHBIX TPAHCIIOPTHBIX yCTa-
HOBKaX.

B I'epmannu B 1994 r. 651010 nipousseaeHo 6oiee 1000 GbITOBBIX X0~
JIOMWJIBHUKOB HA TIpoTiaHe, M3o0yraHe WiIM MX cMmecsix. I1omoOHbie xo-
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JOOWABHUKHU M3roToBasioT B Kutae, bpa3zunuu, ApreHtuHe, HH-
auu, Typuuu u Yunau. Ilo oueHKaMm co3matelied 3TOM TEXHUKM, XO-
JOAUIbHbIA KO3GPUUUEHT IPU HCHOJIb30BAHUM YIJIEBOJOPOIOB
MpakTUYECKM Takoil ke (X1 %), kak npu pabote Ha R12. Tpeoyiot-
Cs TOJIbKO HeOOJbIINE U3MEHEHUs] B KOHCTPYKIMM KOMIIpeccopa.
IlpumensawoTCA T€ )€ MUHEPAJbHBIC Macja, Ta X€ 3JIEKTPOU30A-
Us, T€ XE YIUIOTHSIOIIME MATepUajibl, TPYObl TOro X IMaMeTpa,
MPAaKTUYECKH HE H3MEHSETCS Ipolieaypa CEPBUCHOIO OOCIYyXMBa-
HuA. Temneparypa HarHeTaHUsl CTAHOBUTCA HUXE, YEM MpPHU padoTe
Ha R22 unu R502. [TpomnaH MoXHO cpa3y 3anpaBUTb B CUCTEMY, TlI€
10 3TOTO OBbLJI 030HOOMACHLIN XyagareHT. Kak mokasaau ucciaenoBa-
HUS, B 3TOM ciayuyae Tepsercs 10 10 % x01on0npou3BoaAUTEIbHOCTH,
eciM B cucteMe paHee Obl1 R22, u 15 %, eciu R502. Paag cneuua-
JIMCTOB CUMTAIOT, YTO M 3TOTO CHUXEHHUS MOXHO ObLIO OB U30e-
XaTb, 100AaBUB K MPOIAHY MOJUIIPOITUJICH.

B CIIIA xe 3anpelieHO MCIOJIb30BaTh YIVIEBOAOPOJbI B OBITO-
BbIX XxoJyioauwJibHUKax. AreHTcTBo CIIJA mo oxpaHe OKpyxaioluei
cpeabl TMPOTHO3UpPYET B ciyyae ux npumeHeHuss ao 30 000 moxa-
pPOB B TO.

B HoBoit 3enanauu yriaeBoaopodbl pa3pelieHO UCIOIb30BaTh B
TOPTOBOM XOJIOAUJIbHOM O0OpPYIOBaHUM.

Ilpu pasMellieHUM TOPrOBOIO XOJOAWJIBHOIO 00Opy1OBaHus, pado-
TAIONIEr0 Ha IpoIaHe, B OOLIEAOCTYNHBIX MOMEIIEHUSIX HeOOXOAUMO
coOJioaaTh MpaBuia 0€3011aCHOCTU. B ciiyuae mpeBbILUEHHUS YKa3aH-
HBIX HOPM 3anpaBku (6osee 2,5 kr R290) xonoawibHoe 000pyaoBaHUE
crelyeT YCTAHAaBIMBAaThb B OTAE/IBHOM, CIleHMaIbHO OOOpPYIZOBAaHHOM
MOMEIICHU U, YTO YBEJTMUYMBACT KAITUTAJBHBIC 3aTPaThl.

IlponaH nmpuMeHsIIOT U B TEILIOBBIX Hacocax. B JInmiexammepe
(HopBerus) pa®oraeT TemjoBOil HAacoC Ha IIpONaHe MOUIHOCTHIO
45 kBT ¢ moayrepMeTUYHbIM KOMIIPECCOPOM U TUIACTUHYATHIMM TeEIl-
JooOMeHHUKaMM. B cucTeMe TeIuioBoro Hacoca Macca IMporaHa
4yTh Oonbie 1 Kr, 000pymoBaHME HAXOAUTCS B OTOEIIbHOM 3IaHUM.
ITo MHEHMIO CIELUMATUCTOB, KOHTPOJIb 32 IOXapOOINaCHOCTBIO BO3-
MOXEH.

Xaaaarear R600a. Xumuueckas dopmyna C4H,, (u306yran). Ilo
cpaBHeHUIO ¢ xjagareHTaMu R12 u R134a u300yraH umMeeT 3HAUU-
TeJbHBIE JKOJOTUYECKHME IIPEUMYIIECTBA. DTOT IPUPOLHBLIA ra3 He
paspyuiaet 030HOBbIM cinoil (ODP =0) u He criocoOGcTBYeT MOsIBIIE-
HMI0O napHukoBoro 3gdexkra (GWP =0,001). Macca xnagareHra,
LIMPKYJIUPYIOUIET0 B XOJOAWJILHOM arperate Mpu HCHOJb30BaHUU
M300yTaHa, 3HaUUTEIbHO coKpalaercs (mpumepHo Ha 30 %). Ynenn-
Hasi Macca M300yTaHa B 2 pa3za Oouibliie yaeJIbHOM MacChl BO3ayXa —
razoo6pasneiit R600a crenercs mo 3emite. M300yTaH XOpollo pacTBO-
psieTcsi B MMHEPAJIbHOM MacJjie, uMmeeT 0oJjiee BBICOKHIA, yem R12, xo-
JONWIBHBIA KO3(PEOUUMEHT, UTO YMEHBLLIAET IHEProIoTpediieHue.
®dusuueckue cpoiictBa R600a B cpaBHeHUM C xjagareHTaMd R12 u
R134a npuBeneHsl B TaOI. 3.
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3. OcnosHbic prsHIecKHe cpoiicTsa R600a B cpasnenyn ¢ R12 n R134a

T

Mapametp ; R12 R134a R600a
HopMmasbHas TeMIieparypa KMIICHHs —-29,8 —26,5 -12
{(r=10,1 MITa), °C
Temneparypa 3aMep3aHust, °C —158 —101,1 —159
Kpurtnueckas temneparypa, *C 122 101,15 135
Kputnyeckoe mapieHue, MITa 4,11 4,06 3,65
Hasnenue BcacwlBaHUA npu —15 °C, MTla 0,182 0,164 0,089
PacTBOpHMOCTD B Macie He orpanunuena
PacrBopuMoOCTh Boabl B KOHTYpe (NpH 0,005 0,015 0,0057
15,5°C), mac. %
IMotenuuman paspyiieHus ozona (ODP) 1 0 0

M300ytaH ropiod [xnagareHT 3-ro kiacca (It/DIN 8975)], nerko
BOCILIAMEHSITCSI M B3PBIBOOITACEH, HO TOJBKO MPH COSAUHEHHUM C BO3-
OyXOM IpH 00beMHOM noje xnaamareHTa 1,3...8,5 %. HuxHsst rpanuiia
B3peIBooracHoct (1,3 %) cootsercTByer 31 T R600a Ha 1 M3 Bo3myxa;
BepxHsia rpaHuua (8,5 %) — 205 R600a Ha 1 M? Bosayxa. Temmepary-
pa Bo3ropaHus paBHa 460 °C.

B nacrosiiiee BpeMsi MTAIbSHCKUE M HEMELIKUE PUPMBI IIPUMEHSI -
1oTr R600a B OBITOBOI XOJOMUIBHOW TexHMKE. B YacTHOCTH, (pupMBI
«Necci compressori» M «Zanussi» MeXJyHapOAHOTO KOHIIEpHA
«Electrolux compressors» BBIITYCKAIOT KOMIIPECCOPHBI, paboTaloIyue Ha
n3obyraHe. XoJoIUIbHBIE arperatbl ¢ R600a xapakTepu3yloTcss MEHb-
UIMM YPOBHEM IlIyMa M3-3a HU3KOrO JaBjeHUSI B pabouyeM KOHType
XJIamareHTa.

Mcnonp3oBaHue M300yTaHA B CYLIECTBYIOHIEM XOJOIUJIBHOM 000-
PyJOBaHMHU CBS3aHO ¢ HEOOXOZMMOCTBIO 3aMEHBl KOMIIPECCOPOB Ha
KOMIIpeCcCOopbl OOJIbIIIeHl TPOMU3BOAUTEIBHOCTH, TaK KakK IO YAEb-
HOI 00BeMHOI xosiofonpou3BoauTebHOCTH R600a 3HaYUTENBHO TpO-
WUTPHIBAET xJiagareHTy R12 (npakTuvyecku B JiBa pasa).

Xaagarenr R125. Xumuyeckas ¢opmyna CHF,CF; (nenragrop-
ataH). OtHocutcsa Kk rpymnie DY (HFC), He conepxut xiopa. [To-
TeHLMaa pa3pyuieHus o30Ha ODP = 0, noreHuuan rnodbanbHOIo IMo-
terieHuss GWP = 860. Temmeparypa KulleHHA IIpU aTMOchepHOM
nasiaeHun —48,1 °C (npwioxeHus 7, 18). XimagareHT peKOMeHIyeTcs
IIPUMEHSITh B YUCTOM BUJIE JIMOO B KaUYECTBe KOMIIOHEHTA aJibTepHA-
TUBHBIX cMece st 3aMeHbl R22, R502 n R12. Xnagarent R125 He-
noxapoomnaceH. [1o sHepreTuyecKUM XxapakTepUCTUKAM U Ko3PpPpu-
LIMEHTY TEIUIO0TAAYU OH MpourpeiBaeT xuanareHraM R22 u R502. 1o
cpaBHeHUIO ¢ R502 umeer Oosiee KpyTylo KpHUBYIO, XapaKTepHU3YyIO-
LIy 3aBUCUMOCTH JaBJIEHUSI HACHIIIEHHBIX IMAPOB OT TEMIIEPATYPHI,
HHU3KYI0 KPUTHYECKYIO TEMIIEpaTypy U HEOOIbIIYIO YACIbHYIO TEILIO-
Ty napoobpa3oBaHUs, YTO NMPUBOAUT K HEOOXOJIMMOCTU ITOBBILIEHHS
CTEeNeHU cxXaTusd. B CBsI3M ¢ 3TMM BO3MOXHOCTH npHUMeHeHHus R125 B
XOJIOOWJIBHOM O0OpYJOBaHMY, UCIIOIb3YIOIIEM KOHIEHCATOPHI C BO3-
JOYIIHBIM OXJIAXJE€HHWEM, BeCbMa OrpaHUYEHBI.
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Bmecte ¢ TeM R125 umeer 6osee HU3KYIO (O cpaBHEeHUIO ¢ R22 u
R502) TeMnepaTypy HarHeTaHUsl M BBICOKHII MacCOBBLIH pacxol IpH
HHU3KMX JaBIEHUSIX BcachiBaHuisi, IlopimiHeBbie XONOAMJIBHBIC KOM-
npeccopsl, paboratomne Ha R125, xapakTepusyroTcsi ONTHMAIbHBIM
HAMoJHEHUEM LIMJIMHIApPA, a CJIEA0BATEIbHO, UMEIOT 0ONbIION KO3(D-
QULMEHT MOJAYH.

Xaagarent R134. Xumunueckass popmyna CF;CFH, (rerpadtop-
aTraH). Monekyna Rl134a uMeer MeHbLUME pa3Mepbl, YEM MOJIEKYNIA
R12, 4to genaet 60see 3HAYUTEIBHOM ONACHOCTD yTe4YeK. OTHOCUTCS K
rpynre ['DY (HFC). IMorenunan paspyumenus o3zoHa ODP =0, mo-
TeHLMal miobanbHoro rnoreniaeHuss GWP = 1300. dusnueckne cBoii-
ctBa R134a npuBeneHsl B Ta6J1. 9, a XapaKTepUCTUKM Ha JIMHUU HACHI-
HIEHUS — B NPUIOXEHUH 8.

XnagareHT R134a HETOKCHUYEH U HE BOCILJIAMEHSIETCSI BO BCEM JIMa-
Ma30HE TeMIepaTyp 3KCIuTyaTauuy. OOHAaKO NpH nMonagaHuM BO3IyXa
B CUCTEMY M CXAaTHMH MOryT o0pa3oBbIBaThCS ropioune cMecu. He cie-
ayet cMelnBath R134a ¢ R12, Tak kak 00pa3yeTcsl a3e0TpOITHAsl CMECH
BBICOKOTO JAaBJIE€HHUSI C MAaCCOBBIMHU JOJSIMH KOMMNOHEeHTOB 50 U 50 %.
JlaBJeHHe HACBILIEHHOTO Mapa 3TOr0 XJIaJarcHTa HECKOJbKO BBIIIIE,
yeM Y R12 (cootBeTcTBeHHO 1,16 M 1,08 MIla nipu 45 °C). Ilap R134a
pasjiaraercsl Moj, BIWSiHMEM IUIAMEHHM C 00pa30BaHUEM OTPABJISIIOLINX
Y pa3apaxarmlIvx COeIUHEHHU, TaK1X, KaK (hTOPBOIOPOI.

ITo xinaccupukauuu ASHRAE 3TOT npoaykKT OTHOCHUTCSI K KJlaccy
Al. B cpenHeTeMnepaTypHOM 000pydOBaHUM (TeMIlepaTypa KUIICHMS
—7°C u Boiie) R134a pMeeT 3KCIulyaTallMOHHBIE XapaKTePUCTHKHU,
omu3kue K R12.

His R134a xapakTepHbl HEOOJIBIIAs TEMITEpaTypa HarHETaHUs (OHa
B cpenHeM Ha 8...10 °C Humxe, yeM pis R12) v HEBBICOKME 3HAYCHUSA
JIaBJICHUS] HACBILLIEHHBIX T1apOB.

B XoJIODWIBHBIX YCTaHOBKAX, pabOTAIOMIMX NPU TEMIIEpaTypax KH-
nmeHus Huxke —15 °C, sHepreTuyeckue nokasareau R134a xyxe, yeM y
R12 (Ha 6 % Menbllle ynesbHass OOBEMHAs XOJOJOIPOH3BOIUTEb-
HocTb npu —18 °C), ¥ xonoguibHbIA Ko3(dhuureHT. B TaKux yCTaHOB-
Kax 11eJ1eCo00pa3Ho MPUMEHSATh XIaJdareHThl ¢ 001ee HU3KOU HOPMab-
HOM TeMIIEpPaTypOl KUIIEHHUA JTUOO0 KOMITPECCOP C YBEIUYECHHBIM 4aco-
BBIM OOBEMOM, OITMCHIBAEMBIM MOPLIHSAMU.

B cpeaHeTeMnicpaTypHBIX XOJIOAWJIbHBIX YCTAHOBKax U CHUCTEMax
KOHIWUMOHUPOBAHUS BO3MyXa XOJOAWIbHBIH Ko3(pduuueHnt Rl134a
paBeH ko3¢ duiteHTy mis R12 unu Bble ero.

B BBICOKOTEMMEPATYpHBIX XOJOMWIbHBIX YCTAHOBKAx YyiAeJbHasi
00BbeMHasl XOJ0IOIPOU3BOIUTEILHOCTL MpU padote Ha R134a Takxke
HECKOJIbKO BHIlIe (HA 6 % npu #,=10°C), yem y RI12. /Iuama3oHsl
NMpUMeHeHus xaanareHTa R134a npuBeaeHs! Ha puc. 4, a 3aBUCUMOCTD
XOJIOAOTIPOU3BOAUTEBHOCTH U XOJIOOUIBbHOIO KO3(P(PHUIIUEHTa OT TEM-
repaTyphl KHIICHUS MOKa3aHa Aajiee Ha puc. 5.

W3-3a 3HaYMTEIBHOIO MOTeHUaNa miobanibHoro norernexnuss GWP
peKkoMeHayeTcsl IpUMEHITh R134a B repMETUYHBIX XOJMOIUIBHBIX CHUC-
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Temax. BaugHue R134a Ha

t,°C NapHUKOBLIA 3hdeKT B

60 1300 pa3 cunbHee, 4YeM y

/ CO,. Tak, BHIOpOC B ar-

55 ,(é Mocdepy omHOH 3anpaBKU

N R134a 13 GHITOBOrO XOJIO-

50 A JUAbHUKA (okoso [40T) co-

% (():TBCTCEB)E:T BbIOpOCY 170 KT

45 0,. BpOME B CpeoHEM

/Bé?/ P 448 r CO, oOpa3yeTcst npu

40 % 7 npou3BoaCcTBe 1 KBT -4 3HEp-

g/ T'MH, T.€. 3TOT BHIGpPOC CO-

35 /’ OTBETCTBYET IIPOU3BOJACTBY
350 kBt -y aHeprum.

30 Jnst paboThl C XJ1amareH-

Tom R134a pekomeHayiorcs

5

~20 ~15 =10 -5 0 5 t,,°C TOJIBKO TMOJU3(GUPHBIE XO-
JJOIWIbHbIE Macja, KOTO-
pbI€ XapakTepU3YIOTCAd TIO-

Puc. 4. Jlnanazonsl NpUMEHEHHS XJIa1areHTa BBILIEHHOH TUIPOCKOIMMUY-
Ri34a: HOCTBIO,
A — Temniepatypa BcackiBanua 25 °C; B — nepe- R134a mupoKo UCIONb-

rpeB BcacsiBaemMoro napa 20 K; C — neperpes _
BcaceiBaeMoro mapa L1 K; £, f, — TeMneparypsl 3yI0T BO BCCMUMPIpe B Ka4¢C
COOTBETCTBEHHO KMUIECHHUS M KOHIEHCALIMH CTBE OCHOBHOIA 3aMeHbI R12

IS XOJIONMJIBHOTO 000py-
JOBaHUs, pabOTAOLIETO B CpeIHETEeMIEPAaTYpHOM guamnasoHe. Ero
MIPUMEHSIIOT B aBTOMOOWIbHBIX KOHAMLIMOHEPAX, OBITOBBIX XOJOAWJIb-
HHUKAaX, TOPI'OBOM XOJOAWJIBHOM CpeIHETEMIIEpaTypHOM 0OOpydoOBa-
HUM, TIPOMBILUIEHHBIX YCTAHOBKAX, CHCTEMax KOHIWIMOHUPOBAHUS
BO3/yXa B 3JaHUSX U IPOMBIIIJICHHBIX MOMEIIECHUAX, a TAKXEe Ha XO-
JIOAWJIBHOM TpaHCHOPTE. XJ1adareHT MOXXHO MCIIOJIB30BaTh U IS PET-
poduta obopynoBaHus, pabOTAKIIETO MPU 00JIE€ HUIKUX TeMIiepa-
Typax. OQHAKO B 3TOM CJiydac, €CJIM HE 3aMEHUTh KOMIIPECCOp, TO
XOJIOAWJIbHASE CUCTeMa OyaeT MMEThb NMOHMXCHHYIO XOJIOAOIPOU3BO-
TUTCIIBHOCTD.,

R134a coBMecTUM C PSIOM YIUIOTHAIOUIMX MaTepHajoB, B 4acT-
HOCTU C MNpOKJaAKaMM, CIHECJIAaHHBIMH W3 TaKUMX MaTEpUaTIOB, Kak
«byHa-H», «Xaiinanon 48», «HeomnpeHn», «Hopnen», a Takke co 1uiaH-
ramu, GyTypoBaHHBIMM HeiloHoM. Kak mokasan aHajiu3, NpoBeIeH-
HBI dupmMmoit «Du Pont», u3MEHEHHE MACChl U JIUHEHHOEe HaOyXxaHue
TAKMX MATepHanoB, TPUMEHSEMBIX B OTEUECTBEHHOM XOJIOAMJIBHOM
000py10BaHWH, KaK (DEHOIUIACTOBBIE M MOJUAMUIHBIE KOJOOKH, TeK-
CTOJIMT, TIAPOHUT U MOJIUITHJIEHTEepe(TAIaTOBbIE TUICHKU, NIPH CTape-
Huu B cMecu SUVA R134a ¢ nonnadupHbiM MacioM «Castrol SW100»
npy 100°C B Teuenme 2 Hexeslb ObLIM HE3HAYUTEIBHBIMH.

AHanu3 3apyOexHbIX MyOJMKALUUMi M pPe3ylbTaThl UCCIeTOBaHUM
OTEYECTBEHHBIX CIEIMAIMCTOB CBUIACTEIBCTBYIOT O TOM, YTO 3aMEHa
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R12 na R134a, umeromyii BLICOKMY MOTeHUUAN rNOOAIBHOIO MOTernie-
HuUst GWP, B XOJOAWIbHBIX KOMIPECCOpax COIPSDKEHA C PelIeHUEM
psiia TEXHUYECCKHUX 33134, OCHOBHBIE U3 KOTOPBIX:

yJyullleHHe OOBEMHBIX M 3HEPreTUYeCKMX XapaKTEpUCTHUK IepMe-
THUYHBIX KOMIIPECCOPOB;

VBEJIMUEHUE XUMUUYECKOW CTOMKOCTH 3Mab-TIIPOBOMOB 3JIEKTPO-
IBUTATENs] TEPMETHYHOTO KOMIIPECCOpa;

MOBBIILIEHUE BIArONOrJIOLIAIOIIEH CITIOCOOHOCTU (DUIBTPOB-OCYLIU-
TeJleil U3-3a BBICOKOW IMIPOCKONMUYHOCTU cucTteMbl R134a — CUHTETH-
yecKoe Maclo.

Bce 3T0 10MKHO MPUBECTH K 3HAYUTEJIbHOMY YBEJIUYEHUIO CTOMMO-
CTU XOJIOOWJIBHOTO 00OpynoBaHMsi. BMecTe ¢ TeM B BOHOOXJIAAMTEh-
HBIX YCTAHOBKAxX C BMHTOBBIMM U LICHTPOOEKHBIMH KOMIIpECCOpaMu
npuMeHeHue R134a umeeT omnpeneneHHble NEPCIEKTUBHI.

Xaanarentr R143a. Xumuueckas ¢opmyna CF;—CHj (tpudtop-
staH). OTHocutcd K rpynme 'Y (HFEC).

R143a uMmeer norteHuuan paspylueHuss o3oHa ODP =0 u cpaBHU-
TEJIbHO BBICOKMM MOTeHLIMan rimobdaibHoro noterwieHus GWP = 1000,
HETOKCHYEH M ITOXApOOoIlaceH, He B3aUMOACHCTBYET C KOHCTPYKLIH-
OHHBLIMH U TIPOKJAIOYHBIMH MaTepHaaMHu. Hanuuume Tpex aToMoB
Bogopona B Moiekyjae R143a cnocoOGCTBYET XOpoliei pacTBOPUMOC-
TM B MHUHEPAIbHBIX Macjiax. YesjibHasi TeruioTa napooOpa3oBaHust
19,88 kJIX/MoJib IIPU HOPMJILHON TeMIiepaType KWUIIEHHUSI, YTO He-
CKOJBbKO Bbime, ueM w1l R125 (18,82 x[Ixx/Monb). Temmeparypa Ha-
rHetaHus Huxe, yeM y R12, R22 u R502. Kak noka3san akcepreruuec-
KHii aHaJIM3, dHepreTuueckasi 3¢hPeKTUBHOCTb JIBYXCTYITIEHYATOTO LIMK-
Ja ¢ R143a 6n1u3ka K spdexTtuBHOCTH LiMKIa ¢ R502, Huxe, 4yeM y
R22, u Brille, yeM y R125. XnagareHT R143a BXOIUT B cOCTaB MHOIO-
KOMITOHEHTHBIX aJIbTEPHATUBHBIX CMECel, MpeliaraeMbix IS 3aMEHbI
R12, R22 u R502.

Xaanarent R32. Xumuueckas dopmyna CF,H, (nndropmeran). Ot-
Hocutcs K rpyrne 'Y (HFC). Xapakrepuctuky R32 npuBeneHb! B
npwioxeHud 9. R32 uMeeT nmoTeHiMan paspymeHust o3o0Ha ODP =0
U HU3KU# 1o cpaBHeHMIO ¢ R125 u R143a noreHumMan mapHUKOBOTO
apdekra GWP = 220. HetokcunueH, moxapoomnaceH. MmeeT 6onbliyio
yIeJbHYIO TeIioTy napootpasoBanusi 20,37 k/>X/Mob TIpy HOpMaJb-
HOI TeMmIieparype KMIIEHHUSI U KPYTYIO 3aBUCUMOCTb IaBJICHHSI HACHI-
IIEHHBIX MAapOB OT TEMIMEPATYpPhl, BcJeacTBUE Yero Uil R32 xapakrep-
Ha BBICOKAsI TeMIIepaTypa HarHeTaHHUsl, caMasl BbICOKasi U3 BCeX albTep-
HATUBHBIX XJIAJAreHTOB, 3a UCKJIIOUEHUEM aMMHUaka. R32 pacTBopuM B
MOJIMA3(PUPHBIX Maciiax.

Hust R32 ripu UCIOJABb30BaHUM €0 B XOJOJHIbHBIX YCTAHOBKAX Xa-
paKTEpHHI BBICOKME XOJOMOIPOU3BOAMTEILHOCTh M IHEPreTUYECKast
3(hdeKTUBHOCTh, HO OH HEeCKONbKO ycTynaeT R22 u R717. Boeicokas
cTerieHb cXaTthst R32 BbI3bIBaeT HCOOXOAUMOCTDb B 3HAYMTEIBHOM H3-
MEHEHHUHU KOHCTPYKUMH XOJOAWJIBHOM YCTAHOBKHM IPH peTpodUTE H,
CJIeIoBaTe/IbHO, TIPUBOAUT K YBEJIMUEHUIO €€ META/LIOEMKOCTH U CTO-
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umoctu. [lostomy R32 pekoMmeHayeTcs MCcnonb30BaTh B OCHOBHOM B
KayecTBe KOMIIOHEHTa ajJlbTePHATUBHBIX pabouyux cMeceid. BeieacTeue
MaJTbIX pa3MepOB MOJIEKYJIbl R32 1o cpaBHEHMIO ¢ MOJIEKYJaMM XJIa-
areHTOB 3TAHOBOIO psAa BO3MOXHA CeJIKTHMBHas yreuka R32 uepes
HETUIOTHOCTU B XOJIOAWJIBHOM CHCTEME, YTO MOXET M3MEHMUTHb COCTaB
MHOTOKOMIIOHEHTHO# pabodeil cMecH.

5. AAbTEepHAaTHBHBIE
MHOTOKOMIIOHEHTHbIE XAAAAreHThI
Ha OCHOBE YrA€BOAOPOAOB

Xuaparentr C1. B pesynbTate KOMILUIEKCHBIX HMCCJICIOBAaHUI B
HHH teroBsix nmpoueccoB uMm. B. M. Kenasira (Poccust) paspabo-
TaH PsAJl MHOTOKOMIIOHEHTHBIX 030HOOE30IMaCHBIX XJ1aJareHTOB B3a-
MeH R134a B KauecTtBe anbrepHaTvBbel R12. Haubonee nepcrnekTuB-
Hbpid U3 HUx xnagareHT Cl (aseorpomHas cmeck R152/R600a), npen-
CTaBJISAIONINHA cOO0i cMecCh YIIeBOAOpPOIOB U (TopyriiepoldoB. Pesyib-
TaThl MCCIETOBAHUI CBUACTENBCTBYIOT O BBICOKUX TETUTO(DHU3NYECKUX H
3KCIUTyaTallMOHHBIX CBOMCTBAX XJ1aJareHTOB U HU3KOM 3HEPronoTpeo-
JIEHUM XOJIOAWIbHUKOB, II€ MCITOJB3YIOT 3TH XJIaJATeHTHI.

3aBUCUMOCTD XOJIOAONIPOU3BOIUTEIBHOCTH M XOJOIUIBHOTO KO3(h-
¢dunvenTa or temmeparypbl kuneHusa wist Cl, a takke wisi R12 u
R134a nmpuBeneHa Ha puc. 5. DKCIIEPUMEHTHI ITOKA3a1u, YTO XOJO40-
MPOU3BOIUTEIBHOCTD U XOJOAWABHBIN KO3(hDUIIMEHT KOMIIPECCOPOB

30 —25 ~20 1°C  ~30 25 ~20 1,°C
T a 6

Puc. 5. 3asucHMOCTh X01010npoH3BOAMTEALHOCTH () (@) 1 X010AMIbHOTO K03 duLmen-
T2 ¢ (6) OT TEMNEPATYPH KHNeHHA NpH padore KoMmpeccopa V1040G Ha xiapareHTax
R12, R134a u C1 nopu temneparype kounencaumu 55 °C w peacwisanna 32°C
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XKB-6 u V1040G, 3anpasienHbix cMecbio C1 B IMaria3oHe temiepa-
TYp KUNEHHUS, XapaKTePHBIX VISl ObITOBBIX XOJIOOWJIBHHKOB U MOpPO-
3UJbHUKOB, COOTBETCTBYIOT aHAJIOTMYHBIM MapaMeTpaM aias R12 u TeM
bosiee st R134a.

CpaBHUTEJIbHBIE MCIIBITAHUS XOJONUIBHUKOB «buploca-22» u Mo-
po3uNbHUKOB «buploca-14», pabotarolmux Ha pa3HBbIX XJ1aJareHTax,
MMOKA3aJiv, YTO nepexoJ Ha cmech Cl mpuBen K nmageHuo MnorpeobJse-
MOI1 MoILIHOCTH Ha 2,5...8,7 %.

B Tab6n. 4 npencramieHbl CpaBHUTEJbHBIE YHEPreTUUYECKHE U 3KC-
TUTyaTallMOHHbIE XapaKTepUCTUKHU MOPO3UNIbHUKA «buproca-14» u xo-
JonwibHUKa «buploca-22», paborarommx Ha xiagareHrax Cl u R12,
MOJIyYeHHbIE TIpA TeMIIepaType HapyXHoro Bo3sayxa 25 °C.

4. DHepreTHYECKHE H IKCIVIYATAIHOHHbIE XAPAKTECPUCTHEH MOPOSHWILHHKA «Buploca-14»
H X0JIOIWIbHHKA «Bupioca-22» npu uenprranyu Ha cMecu C1 u R12

«buproca-14» «Buptoca-22»
TTokazaTtens
R12 Cl R12 Cl

Pacxon snekTposHeprum, 1,37 1,25 1,64 1,6
KBT - u/cyT
Temneparypa, °C:

B HU3KOTeMIEepaTypHOH —18 —18 —18 —18

Kamepe

B XOJIOAWJBLHOI KaMmepe - - 0..5 0...5
KoadduuneHTt padouero Bpe- 0,53 0,47 0,56 0,55
MEHH

BJHepronoTpebdaeHre 3apyOekKHbIX XOJOAWJIbHUKOB MPU MCIIbITA-
HuU ux Ha cMecHu Cl nokaszaHo Ha puc. 6. Ilocie 3amennr R12 cMecwio
C1 sHepronotpebyieHUe OBITOBOrO XxononuwiabHuka AP807 cHuXanoch
Ha 16,9 %, a xononwibHuKa AP716 —Ha 5,16 %.

[Tonyyennbie B nabopatopuu CIIIA s3kcnepuMeHTajbHbIE HaH-
HbI€ TIPU UCITBITAHWH 3apyOeXHOro xouoauabHuKa Ha cMecu Cl mo-
Ka3ajiu, YTO IIpU ONTUMAJbHON 103€ 3aIllpaBKU €ro 3HEProloTped-
nenue Ha 10 % MeHbuie, yeM Npu pabdoTe 3TOTO XOJOJHIBHUKA Ha
R12 (puc. 6, 6).

Hccnenopanusi, nposeneHHble B HMMUM TermnoBwix mpoiueccos
uM. B. M. Kengpiia, Mo3BoJIMAM COEIATh CIEAYIOUIME BHIBOIBI:

OBITOBBIC XOJOIMNIBLHUKM, 3arpaBieHHbIe xaagareHToM Cl, paborta-
10T YCTOMYUBO, UX SHEPIETUUYECKUE XapAKTEPUCTUKU HE XYKe, YEM IIPH
pabote Ha R12, maxe HECKOJBKO NPEBOCXOOSAT MX;

coBMecTUMOCTh Cl ¢ MuHepaibHBiM MaciioM X® [2-16 U KOHCT-
PYKIIHOHHBIMM MaTepuaiiaMM IO3BOJSIET MAaKCUMAJIbHO YIIPOCTUTH
npoiecc nepexonaa ¢ R12 Ha MHOTOKOMITOHEHTHBIE XJIAJATEHTHI;

KOMITOHEHTHI, Bxomsiiupe B Cl, HETOKCUYHBI, MX IMOTEHLIMAN IJIO-
6anbHoro noreruieHUsI GWP HHM30K; OHU OCBOEHBI IPOMBIILIEHHOC-
ThIO PA3BUTHIX CTPaH;
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Puc. 6. DuepronorpedieHne OHITOBBIX XOJIOAHILHHKOB:

a, 6 — npu padoTe 3apyOeXHBIX MoACIEH ObITOBLIX XOJIOOWIBHUKOB Ha xiagareHtax Cl
u R12 (a— AP 807; 6 — AP 716); ¢ — 3aBUCHMOCTb OTHOLLEHHSA PacXoia 31eKTPOIHED-
M N¢; IpH Henosb3oBaHuu xiagareHTa Cl K pacxomy a/meKTpodHepru Ngj; B 3TOM
Xe XOJOMWIbHUKE TIPH 3anpaBKe ero xiaagareHToM R12 go nosel 3anpasku Cl

xnagareHT C1 ropwod, HO, KaK CYUTAXOT pa3pabOTIMKU, HEOOXOIU-
Masi 103a [UISL 3anpaBKM OBITOBBIX XOJOAMJIBHUKOB U MOPO3WJIBHUKOB
cTob Mana (28...56 1), uyTo gaxe mpu nojHo yreuke Cl u3 arperarta
ero KOHLEHTpaUus (HalnpuMep, B KyxHe o6beMoM 20 M3) 6ymeT HUXe
Topora ropioYyecTy B IeCcSITKM pas.

OnHako Moxapo- M B3pbIBOOMAcHOCTh xIagareHTa Cl menaioT Ipo-
OJIeMaTHYHBIM TTPUMEHEHHE €ro sl NeMCTBYIOLIEro TTapKa XOJI0/11JIb-
HOro 000pyNOBaHMS.

CremyeT YYUTHIBaTh TAKXKE TO, YTO B paboyeM MHTEpBaJie TeMIIepa-
Typ a3deorpomHble cMmecu Cl H3MEHSIIOT CBOK KOHLIEHTpAaLHMIO Ha
3...6 %, 4TO 3aTPydHSET TPOLICAYPY 3aIllpaBKH, A03aIPaBKU M Iepe3a-
TIpaBKH XJ1aJareHTOM XOJIOJMWJIBHOTO arperara.
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B Poccum B 1995 1. Ha 3aBoje x0100MIbHUKOB «buproca» Obina us-
TOTOBJIEHA ONbITHAsA nMapTtus U3 100 XoJO0AMIBHUKOB C CEPUMHBIM Tep-
METUYHBIM KOMITPECCOPOM Ha yrieBomopoaHon cmecu Cl.

Cwmech npoman—O0yraH. 1o pesynsratam Mcciea0BaHUM Mpeaiaraer-
Csl TAKXX€ KCIOJb30BaTb B OBITOBBIX XOJOAWIBHUKAX B KAUeCTBE XJIal-
areHTa CMecCb NMpomaH—OyTaH: IpU 3TOM U3MEHEHUM B KOHCTPYKLHMIO
OBITOBOrO XOJOAWIbHMKA HE BHOCSIT, 4 B KAUE€CTBE MAc/1a UCMOJb3YIOT
0ObIYHBbIE MMHEPAIbHbIE MacJia, paboTtaroiiue ¢ R12.

3a nepuoa OJKCIUlyaTalMd OBITOBBIX XOJOAWJILHUKOB B Teye-
HHUE 5 JIeT HE OTMEYEHO MMPU3HAKOB U3MEHEHUS XJ1adareHTa U MacJa.
B Taba. 5 npuBeaeHb! 3KCIUlyaTaUMOHHBIE XapaKTEPUCTUKUA OBITOBBIX
xonoawibHUKOB TS135 1 TS175 (ITonbina) 065eMOM COOTBETCTBEHHO
135 u 175 am3.

5. DKcTyaTAIMOHHbIE XAPAKTEPHCTHEH GRITOBBLIX XOTOMWILHHKOB, PAGOTAIOMMX HA CMECH
nponaH—0yTaH

TS 135 I TS 175
TToka3arenb CMech rpo- Cwmech npo-
RI12 ‘ naH—GyfaH RI2 naH——GyTp;H
Pacxod 3/eKTpO3HEpPruHu, 1,01 1,0 0,1 0,1
KBt u/cyT
Hasnenne, MTlla:
BCACBIBAHUS 0,1 0,1 0,1 0,1
HarHeTaHUs 0,82 0,80 0,80 0,80
Temneparypa, "C:
B HU3KOTEMIEPaTyPHOMH -17..—-19 —12...-20 -11..—-12 =7..—16
Kamepe
B XOJOAUIBHON KaMmepe +1...0 -1...0 —1...+1 +1...+3

ITo 3HepreTUYECKHUM XapaKTepUCTUKAM TEOPETHYECKOTO XOJIOIUIb-
HOTO LIMKJAa CMECh NponaH—OyTaH Mpy aHAJTOTUUYHBIX YCIOBUSIX YCTY-
naet R12. B 'epMaHuu yXe HECKOJIBKO JIET BHINMYCKAIOT HEGOABLIUMU
NapTUsSIMM  XOJIOAWJIbHUKK, padoTaioiiMe Ha gaHHoOK cMecu. CMech
npornaH—oOyTaHa 3€0TpOITHasl.

Kak 6bL10 CKa3aHO paHee, TaKHE€ CMECH KMIIST TpH MMepeMeHHBIX
TeMmepaTypax, HO Mpy NMOCTOSSHHOM AAaBJE€HUH, T. €. 3TO CBOUCTBO MO-
XeT ObIThb PEajM30BaHO B XOJOAWJIbHMKAX C IBYMSI HCIApUTENSAMH,
KOrZa KUIMEHHUE 3€O0TPONMHON CMeCHM HAauMHAEeTCsl B HU3KOTEMITepaTyp-
HOM OTIEJIEHUM, a BbIKUTIAHWE TIPOMCXOAUT B UCIIAPUTENIE XOJNOANIIb-
HOW KaMephl Ipu 60j1ee BBICOKUX TeMIIepaTypax.

Ilpennaraemasi cMech nponaH—u3o6ytaH (43 % R600a) ropioya, HO
Macca XJaJareHra, HaxoAsIlerocsi B OBITOBOM XOJOIMJIbHUKE, Maja
(20...401). DT0i1 CMeChIO 3anpapIgdIOT ObITOBbIE XOJOAWILHUKU B I'ep-
MaHUHY, LUAPOKO BHeApsitoT ee B Kutae u MHoun. BmecTte ¢ TeM ame-
PUKAHCKOE areHTCTBO M0 OXpaHe oKpyXarouied cpeani (EPA) BBeno
MpaBWJIO, 3alpellapllee UCIOAb30BaHHEe CMeCH IpolaH—H300yTaH
(HC-12a) B xauectBe anbTepHaTHBbi R12,
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Xumanareur CM1. 3Btot xsmagareHT paspaboraH B MOM (coc-
taB R134/R218/R600), npencrasiser coboi 3€0TPONHYIO, NOXapo-
U B3pBIBOOE30IACHYID CMeECh, IO TepMOAMHAMUYECKHM XapakrTe-
puctukaM oau3kyw K R12 u pactBOopuMy1o B MHHEpajbHBIX Mac-
nax. He TpeGyercst U3BMEeHeHUsT KOHCTPYKLUMM XO10AUIbHBIX MAILIMH,
MPUMEHEHHST HOBBIX CMa304YHBIX Macel U TEepeOCHAIleHUs MpOoH3-
BOJCTBA.

B T1a61. 6 mpuBeneHb CPaBHUTENbHBIE PE3YIBTATH MCTILITAHUM OBI-
TOBBIX XOJOAMJIBHUKOB «3WJI», «Mup-101», «Oka-6M» 1 MOpO3WIb-
nuka «Cusra-106» (MBH).

6. CpaBaNTe/bHBIE PE3YAHTATHI HCNBITAHHIH GLITOBBIX X0M0JWILHHKOB H MOPO3WILHHKOB
Ha Xjaazarenrax R12 u CM1

Mapa cromure- R ﬁ o

HHKA, M - .

HMKa Macca 3anpaBku, T Paf(ng .3:'/66‘;2"“‘ Macca 3anpasku, T P"?};’f ,al?/ecpy':r""’
| |

3UJT 110 1,3 81...100 1,25...1,6

Mup-101 112 1,79 86,5...130 1,62...1,85

Oka-6M 116 1,37 85...116 1,51...2,41

Csusra-106 100 1,4 70...85 1,45...1,6

Kak mokasanu ucnbiTaHust, xi1agareHT CM1 MOXHO HCITI0b30BaTh
B OBITOBBIX XOJIOAWJIbHUKAX BMecTO R12.

CyTOYHBI# pacxol 3JIEKTPOIHEPTMU B OBITOBBIX XOJOJUJIBHHUKAX,
3anpasieHHblx CM1, Boilie Ha 4...9 %, yeM B XONOAWIbHUKAX, pado-
Talomumx Ha R12.

JAns moBHIIEHUWST 3HepreTHUecKoil 3pPeKTHBHOCTH peKOMEHIYET-
cs1 obecrnieyuBaTh MMOJIHOLIEHHBINH pereHepaTUBHBIN TEILIOOOMEH B X0JI0-
IOWIBHEBIX arperaTax (MeXIy XMIKOCTHBIM M BCAaChbIBa€MbIM IOTOKaMM
XJIaJareHTa).

XnagareHT CM1 mpeanaraetcsi Takke UCMONIb30BaThb B TOPTOBOM
A TIPOMBIIUIEHHOM XOJOAMJIBHOM OOOpDYIOBAHHH, BBHIITYCKaeMOM B
HacTosiiuee BpeMst Wi padboTel Ha R12, a Takxke wi1s peTpoduUTa 4acTu
JIEHCTBYIOIIETO ITapKa XOJOIWIBHBIX MalllVH.

[pumepHas notpebHOCTHL XyagareHTa CMI1 (B HOBOM MpOHM3BOI-
ctBe U nipu perpodute) B 2000 r.:

B OBITOBOI X00aMnbHON TexHuke 900 T;

B TOPTOBBIX XOMOMWIBHBIX MAlIMHAX C BO3AYITHBIM OXJIAXIECHUEM
KoHaeHcaTtopos 600 T1;

B TIPOMBIIIICHHBIX XOJOMMIBHBIX MAIIMHAX C BO3AYUIHBIM OXJaX-
JeHueM KoHaeHcaropa 500 T.

BMecTe ¢ TeM IpM HMMeEIOLIEHCS ChIpbeBOil 0a3e MPOMBILLICHHOE
Mpou3BoICcTBO xjagareHta CM1 noka He OpraHM30BaHO.

36



6. AAbTEepHATHUBHbIE
MHOTOKOMITIOHEHTHbIE XAAAAreHThI
rpynnsl I'XPY

6.1. XArapareHTbl CpepHero AaBAEHHMS

Hns 3amennl R12 u RS00 dupmoit «Du Pont» pazpabotaH psig cep-
BHCHBIX MEpeXOaHBIX cMeceit cpentero gasiaeHusa SUVA® MP, SUVA®
MP39 (R401A), SUVA® MPS52 (R401C) u SUVA® MP66 (R401B). Ta-
KUE€ CMECH MOTIYT OBITh MCIIOB30BAHBI B CUCTEMAaX KOHIULIMOHHUPOBA-
HMS BO3IyXa 30aHMI U Ha TpaHCIopTe, B BhICOKO- (Bbiite 0 °C) u cpen-
HETEMIIEpPATYpPHOM TOPTrOBOM OOODPYAOBAHHWH, OBITOBBIX XOJOMWIBHU-
KaXx U MOPO3WIbHMKAX, KPYIMHOraGapUTHBIX OXJIaAMTEJIsIX, TOPTOBHIX
aBTOMATax MPOIaXH NMHBA U 0€3aIKaroJIbHBIX HAIIMTKOB.

CepBucupie cmecu SUVA® MP uMmewT ciaeayolmuil cocTas
(tabxa. 7).

7. CocTas MHOTOROMIIOHERTHLIX XaaarenTos R401A, R401B n R401C

MaccoBast 10419 KOMIIOHeHTa, %

XnamareHT T
R22 { RIS52 R124
R401A 53 13 34
R401B 61 11 28
R401C 33 15 52

XnanaredT R401A. D10 3e0TpONHAs CMEChb CPEAHErO JMABACHMS C
TEMIIEPaTYPHBIM IMainmoM At =4...5 K. ®dusnueckue cBOMCTBa 3TOi
CMECH MpPUBENCHBI B TaOJI. 10 u 12, a XapakTepMCTHKH XJIaJareHra
R124 Ha nuHWAM HacHIEHUS — B npwioxeHuu [1. JaBiaeHue HAChI-
nieHHoro rapa R401A HeckosibKo Bbile, 4eM Y R12 (COOTBETCTBEHHO
1,27 n 1,08 MIla nipu 45 °C).

B 3aBUCHMOCTH OT YCIOBHI1 3KCILTyaTalMH XOJI0I0IIPOU3BOIUTE -
HOCTb XOJOOWUJIBHOW CUCTEMBI, B KOTOpOH paHee Obu1 R12, yBesnuuBa-
ercs Ha 5..8 %. XmamareHT R401A HeCOBMECTMM C MMHEPAIbHBIMHU
MacjlaMu, TI03TOMY BO BpeMs peTpoduTa HeoOXONMMO 3anpaBisiTh XO-
JOOVIBHBIA arperar agkuiIOCH30MbHBEIM MacioM. TpedyeTcs Takxke 3a-
MeHa (UIBTPa-OCYIIHUTEIS.

XnagareHT peKOMEHIyeTCsl TIPUMEHSTh Uit peTpOo(dHUTa B BHICOKO-
(Boitie 0 °C) m cpemHeTeMNEPaTYPHBIX TOPrOBBIX XOJIOIHJIBHBIX YCTa-
HOBKax (repMeTHYHbIe, 6€CCATLHUKOBEIE KOMIIPECCOPHI M KOMIIPECCO-
PBI C OTKPBITHIM IPUBOIOM), OBITOBBIX XOJOIWJIBHHKAX H CTAUHMOHApP-
HBIX KOHIULHOHEpaX BO3ayxa Wis 3aMeHbl R12.
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X0J1040MPOU3BOIUTEb-

p.klTafabe )| /,, HOCTb XOJIO,H,HJIbHOﬁUCPIC-
2400 ; TeMbl, paboTtaiounieii Ha
2200 /',r R401A, conocTtaBrMa ¢ X0-
I // JIONOTIPOU3BOAUTEIBHOC-
2000 /f Thio cucteM Ha Rl12 npu
1800 1 TemIeparypax KUIeHUs! Bbi-
1600k b 1 i me —25°C. 3aBHCUMOCTD
[ acoiuentan // JNaBJICHMSI HACBILICHUS OT
1400 udkocme 7 TeMIIepaTyphl TIpeICTaRIeHa
1200 ] Ha puc.7. B Tabu. 8§ npu-
1000 N BelleHbl pe3yJbTaThi CpaB-
/ HEHHUA TEOPETMYECKMX XO-
800 77 JIOAWIBHBIX LMKJIOB [IpH
600 AA pabote Ha R12 u R401A.
// \ ) Tpu 3KCIUTyaTaLUu XO-
400 7 H"Cbggsﬂ’“”“ JIOOWILHOH CHUCTEMBI JIIO-
200 G Oast yTeuka xj1agareHTa IoJ-
0 z” I l XHa ObITb OBICTPO yCTpa-
—60—-40-20 0 20 40 601°C HEeHa, YToObl MOAAEPXKAaTh
pabouue xapakKTepUCTUKH
Puc. 7. 3aBHCHMOCTD AABJIEHUS HACBHIIIEHUS OT xonomupHoro arperara. Te-
TeMnepaTypni A1s R401A Ope€THYECKHE HCCJIECI0Ba-

HUSI MMO3BOJIUIM CMOJEIMU-
poBaThb peabHbI IPOLECC, NMPH KOTOPOM B XOJOAMJIBHON CHUCTEME
fMpy HepaboTaIIEeM KOMIIPECCOpe IIPOMCXOAMT psil yTeyeK mapa
(ms1Th) € Mmocienymoolieil go3anpaBkoit xnamareHToM R401A. Kaxnas
yTeuyka cocraBiasyia 20 % IepBOHAuaJbHOM 3alpaBKM, a KaxIylo
3anpaBKy IPOBONMIM XJIaAareHTOM B XUIKOH ¢aze. B taba. 9 npen-

8. CpapnHTe/IbHbIE Pe3Y/ITATH TEOPETHIECKHX X0I0MUbEBIX mHKiop R12, R401A
H R401B (no nanmup upmbl «Du Pont»)

XnamareHT
ITapamerp |
. R | Ra0iA T R401B

OTHOCUTENBHAS XOJ0A0TIPOH3BOIUTENBHOCTD 1,00 1,08 1,16
(B cpaBHeHuH ¢ R12)
XonoaunbHbiit K03 ULHEHT 1,46 1,48 1,47
CreneHb cxatus 10,20 11,73 11,48
Temneparypa HarHetanms, °C 156 169 174
HasneHue HarHeraHus, klla (a6c.) 1340 1530 1620
TemnepaTypHbiit aiin Aty, K:

KUMeHus 0 5,2 4,9

KOHAEHCAallMU 0 4,5 4,2

MMpumeuanue Temneparypa kunenus —23 °C, teMneparypa KoHaeHcauuu 54 °C.
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CTaBJI€Hbl XapaKTEPUCTUKHU XOJOIUJILHOM CHUCTEMBI MOCJE KaXIOH
3allpaBKHU, M XOTS COCTaB XJaJareHTa M3MEHSUICA, XOJOIMJIbHAsl
CUCTEMA MO XapaKTEpUCTUKaM OCTAaBaJaCh COIIOCTABUMOM C CUCTE-
Moii, paboratonieii Ha R12. McneiTanue NnpoBOOWIM HA HENPEPHIB-
HO pafoTawlleM CpeIHETEMIIEPATYPHOM TOPrOBOM XOJOIMJILHOM
000pyIOBaHMH, YTO IO3BOJISJIO OCYLIECTBIATh XOpolllee CMELMBa-
HUE CMECH.

9. Bmusmue yreuek xnagarenta R401A na paGoty xonomumaol cHeTemsl («Du Pont»)

Howmep yreq- TeMngﬁ:ﬂﬂI”HbM Hapnenue |Temneparypa| Xonomwib- | X0OAooonpo-
HAarHETaHus, | HarHETaHUs, | HBEIH KO3D- | H3BOAMUTEIb-

KU Xﬂaaaren-
‘ KkIla °C QULIMEHT HocTb, BT
KMIICHUS KOH.HCHcaLlHM\ l !

Xradazerm R401A

0 4.9 4.6 990 95,3 3,29 2619
1 4.9 4.6 967 94.9 3,28 2537
2 4,9 4,6 944 93,9 3,30 2491
3 48 45 929 93,5 3,30 2445
4 4.8 4,5 916 93,5 3,30 2409
5 4.8 4,5 905 92,9 3,30 2372
Xnradazcenm R12
0 0 0 908 85,8 3,25 2391

[TpumewaHnune Pexum paboTH XOJOZUJIBHON CHCTEMLI: TeMriepatypa KumeHus —6,7 °C;
TeMMepaTypa KonaeHcaunu 37,8 °C; temnepaTypa BcackiBaeMoro mapa 18,3 °C; temnepatypa ne-
peoxnaxiaenus 5,6 °C.

Xnanarent R401B. BT10 3eoTpomHasi cMech CPEIHETO NaBJICHUS C
TEMIIEPATYPHBIM INaiaoM Af,~5 K. ®usndeckue CBOICTBa 3TOi cMe-
cu npuBenaeHsl B Tabi. 10. /laBneHue HachluieHHoro mapa R401B
(puc. 8) HeckosbkO Bhillle, YeM y RI12 (cooTBeTcTBeHHO 1,36 u
1,08 MIla nipu 45 °C).

XJamareHT pa3paboTaH Uil peTpoUTa HUIKOTEMIIEPATypPHOTO
000pyIOBaHUs XOJOAWIbHBIX TPAHCIIOPTHBIX CUCTEM (HalpUMEp, OX-
JIaXXJAaeMbIX KOHTeHepoRB), padoraioniero Ha R12 (Tremneparypa Kumne-
Hus —20...—30 °C), a Taxke cpeaIHeTeMIIepaTypHOTO TOProBOro o6opy-
JIOBaHHS U OBITOBBIX XOJOAUJIEHUKOB.

IIpu perpodure IeACTBYIOLIETO XONOAUIBHOIO 000OpYIOBaHUS CliE-
IyeT 3aMEHUTh (PUIBTP-OCYIIIUTEIb, & XOJAOAWIBHYIO CUCTEMY OXJIaX-
JIEHUS 3aMlpaBUThb AIKWIOEH30JbHBIM MaciaoM. XOJIOA0MpPOU3BOIHU-
TEJILHOCTh CUCTEM, padoTaroniux Ha xnanareHTe R401B, comocrasnima
C XOJIOMOTIPOU3BOAUTENBHOCTBIO HA R12 1pu TemmepaTtypax KureHus
Huxe —23°C,

XmagareHT R401B MOXHO TakKe UCIO/Ib30BaTh WId 3aMeHbl R500 B
JeHCTBYIOIIEM O00OPYIOBAHUU.
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Puc. 9. 3aBHCHMOCTL n1aBAeHHA OT TEMNEPATY-
pu iag R401C

40

B T1abn.8 npuseneHsl
CpaBHUTEJIbHbIE TEOPETU-
YeCKME XapaKTEePUCTHKU
XOJIOMWIBHBIX CUCTEM, pa-
60TaIOIIMX Ha XJIaJareHTax
R401B u R12. Kak BuaHo
U3 Tabi. 8, X0JIOdONpOM3-
BOIUTEJIBHOCTh XOJIOOWIb-
HBIX CHCTEM, paboTarommx
Ha R401B, Bbillle, 4yeM Ha
R12.

Xnagarent R401C. Dt1o0
3€0TPOMHAsI CMECh Cpel-
HEro OaBJIEHUSI C TEMIIE-
PaTypHBIM [JalaOM Afy =
=4,5...5 K. {dusunueckue
CBOWMCTBA 3TOU CMECU IpH-
BedeHb! B Ta6j. 10. 3aBu-
CUMOCTD JaBJIEHUSI HACHI-
LIEHUsI OT TEeMNEPATyphl
IpeacTaBleHa Ha puc. 9.
XJlagareHT mpeaHa3HayeH
ons perpoduTa IEHCTBY-
IOIIMX XOJOJWIbHBIX aB-
Tope)prKepaTopoB, padbo-
Taroux Ha R12. TepMo-
JHHAMUYeCKhue U (pusu-
YECKME CBOMCTBa XJaid-
areHTa I[O3BOJISIIOT OCY-
LIECTBJISITh 3PPEKTUBHYIO
1 6e30macHy1o 3aMeHy R12.
Ilpu perpodure ycraHo-
BOK, paboraromux Ha R12,
repel NMepexoioM K XJiaj-
areHty R401C 3ameHsioT
GUIBTP-OCYIIUTEND U MU-
HepaJlbHOE€ MacJio Ha all-
KWJIOEH30JILHOE.

CpaBHEHHE TEOPETU-
YECKOro IHKJIa JJid X0J0-
JUJIBHBIX CUCTEM, paboTa-
forux Ha R401C u R12,
JlaHo B Tabu. 11.



10. OcHoBabie pu3mueckue cBoiicTea xaazarenroB R401A, R401B u R401C B cpasnennn
¢ R134a

[apametp R4AIA R401B ﬂ R401C Ri34a
MousekynspHasi Macca, T/MOJb 94,4 92,8 101 102,0
TemmepaTypa KHUITEHHsI TPy aT- -33,1 —34,7 -284 -26,1
MOCGhepHOM faBjieHuu, °C
Kputuyeckas teMneparypa, “C 108 106 113 101,1
Kputuueckoe napnesue, 4604 4682 4366 4060
kHa (abc.)

Kpurrueckas 1I10THOCTh, Kr/M3 510,6 512.7 512,3 515,3
IMnotHocTs mipu 25 °C, kr/M>:
XHIKOCTH 1194 1193 1211 1206
HACHIILEHHBIX MTAPOB 29,0 30,7 25,9 32,5
YieabHas TEIIOEMKOCTD XUl - 1,3 1,3 1,28 1,44
kocTH mipu 25 °C, kIx/(kr - K)
YiennHas TerI0eMKOCTh MapoB 0,734 0,724 0,745 0,852

nipH 25 °C u atMochepHOM aaB-
JneHuu, KJx/(xr- K)

JaBneHye NapoB HACHIILEHHOM 772.9 819.2 655,7 666,1
xuakoctd mpu 25 °C, kIla (abc.)
YaenwHasi TemioTa napoo6pa3o- 227.,4 229 4 216 217,1

BaHMS ITPU HOPMAILHOM TeMrme-
paType KUTeHHs1, KJx/Kkr
KoadduuueHT TemonposogHoc- 8,4-9,0x  8,85-9.0x 8,68 x 8,2-10°?

TH XUIKOCTH TIpH 25 °C, x 102 x 1072 x 102
Bt/(M - K)
KoappullUeHT TENIonpoBoOaHoOC- 0,0119 0,0119 0,0121 0,0145

TH napoB 1ipu 25 °C u armocdep-
HOM aAapieHuH, Br/(M - K)

JuHaMudeckast BI3KOCTb XMAKOC- 0,194 0,191 0,212 0,202
TH nipu 25°C, MIla- ¢

PactBoprMOCTb BOOB B X1agareH- 0,10 0,10 0,10 0,11
te ipu 25 °C, mac. %

[Ipeaen BOCILIaMEHSEMOCTH B Her Her Her Her

BO3/yX¢ NPH aTMOCHEPHOM J1aB-

JNeHyu, 06. %

IMoreHuMan paspyuieHUs 030Ha 0,03 0,04 0,03 0,0
ODP (m1s R12 ODP = 1)

IToreHuMan r106a1bHOIO MOTEN- 0,22 0,24 0,17 0,28
aenus HGWP

[IpenenbHO AOMyCTHMAS KOHUEH- 800 840 720 1000
Tpauug npy BasixaHuu (1K),

MAH !
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11. Pe3sy/bTaTsl CpaBHEHHA TEOPETHIECKHX XOI0oMAbLHBIX MHKI0B 1A R401C 1 R12
(no nanuem pupmel «Du Pont»)

Xj1agareHt
MMapameTp
RI2 R401C

OTHoOCHTENBHAS XOJOIONPOU3BOAUTENBHOCTD 1,00 0,96
(B cpaBHEHHH ¢ R12)
X0N0AUNBHBIA KO3 GULIMEHT 1,46 2,43
CreneHb cxaTus 10,20 5,33
Temneparypa HarneTaHus, “C 156 92
JapiaeHue Harderanus, xIla (aGc.) 1340 1500
TemneparypHblil miaia Al

Npd KUMEHHH 0 4,7

IPH KOHAEHCALMHU 0 4,5

Mpumevaunue TeMmmepatypa KuneHua —2 °C; teMnepaTtypa koHaeHcauuu 60 °C, neperpes
Ha BCACBIBAHUM M NepeoxnmaxaeHue 2,8 °C.

Xnanarent R409A. Tpeacrapnser coboii cMech Ha ocHoBe [ XDY:
R22, R124 u R142. MaccoBble 10JM KOMIIOHEHTOB COCTABJISIIOT COOT-
BeTcTBeHHO 60; 25 u 15. TeMmmeparypa KuIleHHs IpU aTMOC(EpHbBIX
ycnoBusix —34 °C. XapakrepucTuku xjamareHta R409A Ha auHMH
HacblllleHMsl TNpuBeneHbl B npwioxeHuu 10. MonekynapHas macca
97,4 r/monb. TloteHuman pa3pymenus o3ona ODP = (0,05. XunamareHT
HEropioy ¥ HesiMOBUT, COBMECTHM C MUHEPATbHBIMH, a TAKXKE C AJIKHJI-
OeH30/IbHBIMU MacnaMH. [IpegHa3zHayeH st peTpodHTa XOJIOIWIbHBIX
CHUCTEM MOOWIBHOIO TOProBOIO TPAHCIIOPTHOTO 00OPYAOBAHMS, OBITO-
BBIX XOJIOAWJIBHUKOB, IIPOMBINUICHHBIX XOJOIWIBHBIX YCTA2HOBOK C
TOPUIHEBBIMU ¥ BUHTOBBIMUM KOMIIPECCOPAMHU.

Xnagarenr C10M1. Xnagarent C1I0MI1(TY 2412-003-32837395—98),
paspaboraHHbIli koMIlaHueit «<ACTOP» u nmpou3BoIuMBIi 104 3a-
peructpupoBaHHoi Mapkoit ACTPOH™ [2, — 570 TpeXKOMITOHEH-
THasi CMECh Ha OCHOBe ruapoxjgopdropyrieponoB R22/R21/R142b,
HMEIOIIMX OrpaHUYEHHBIA CpoK npuMmeHeHusd. I[IpemHa3HauyeHa
cMmech CLOMI ans perpoduTa XOJMOAMABHBIX CHUCTEM, paboTtato-
mux Ha R12.

Beimmyckaior cMecu AByX Mapok (A U b), paznuyaroniuxcs MacCcoBbI-
MU JOJSIMU KOMIIOHEHTOB: B cMecu Cl10M1 Mapku A — R22, R21 u
R142b MaccoBble 10U KOMIOHEHTOB COOTBETCTBEHHO 65; 5 u 30%; B
cmecu C10M1 mapku b —65; 15 u 20%.

Cocrap cMecu noaodpaH TakuM o0pa3oM, 4ToObl 3KCILTyaTaLIMOH-
HBIE XapaKTEPUCTUKH OOOpYIOBaHMSI C 3TUMM XJagareHTaMd MHUHM-
MaJIbHO OTJIMYAQMCh OT IoKa3aTeJieil, JOCTUTAEMBIX MpH padboTe ¢ 3a-
MeHsIeMBbIM XJ1agareHtoM R12.

XnagaredTsl C10M1 HETOKCHYHBI, HETOPIOUM U TIO OCHOBHBIM -
3UKO-XUMHYECKHMM, TEPMOOMHAMHUYECKHM M 3KCILTyaTaUMOHHBIM
CBOIICTBaM CXOIHBI ¢ XjiazareHToMm R12.
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B kayecTBe 3aMeHuTes1 R12 xyiamareHTHl MpOLLIM TpeXJIETHUE MC-
MBITAHUS B OTEYECTBEHHOM TOPTrOBOM XOJIOIWJIbHOM OOOpYI0OBaHMHU, B
TOM YUCJIe B OBITOBBIX XOJIOOWIBHUKAX ITPOU3BOACTBA 3aBOHOB «AT-
aaHt», 3WJ1 u nop.:

C10M1 mapku A — B pedprxepaTopax Xene3HOIOPOXHOIo TpaHc-
nmopta (5-BaroHHble pedpuxkepaTopHeie cekuuu 11b-5 mpousBoacTpa
3aBoda «eccay» u PC-4, Beinyckaembsle Ha BM3), KoHIMLHOHeEpaxX
XeJIe3HONOPOXHOTO TpaHCIopTa (ycTtaHOBKM TUa MADB-II);

C10M1 mapku b — B TOpropoM Xo/j0QW1bHOM 00OpPYyIOBaHUM (XO-
nogunbHble arperatel BCp400, BC500, BC3800, ®AK-1,65M3,
OAK1,5M3, AK-4,5, AKOM-4M u ap.); B OBITOBBIX XOJOAWIBHUKAX
(3UJ1-64, 3WUJ1-227, MXMI152, KI11[1270/280 u ap.).

Xnagarentsl rpynnel C10MI mo TerutopusMyeckum CBOMCTBAM
om3ku kK R401A (tada. 12).

12. Ochopurie pH3HIeCKHE CBOHCTBA H IKCIUTYATANMOHHBIE MOKAZATENH X/IARATEHTOB
C10M1 n R401A

MNokasartenn \ C10M1 mapkn AlClOMl MapKH Bl R401A
MonekynsapHaa Macca, I/MOnb 91,0 91,2 94.4
Temnepatypa kuneHus, ‘C -32,8 -31,5 -33,1
TemmnepaTtypHblit rnaiia npy nasine- 7,2 8,5 6.4
Huu 0,1 MIla, °C
Kputuyeckas Temnepatypa, "C 110,9 - 114,35 108
Kputnyeckoe aasneHue, Mlla 48 4.6 46
KpuTHyecKas MIOTHOCTb, Kr/M3 496,0 503,0 510,6
KoaddpuumeHT cxxumaeMocTu 0,271 0,272 —
IMnotHocTs npu maenennu 0,1 MIla,

Kr/M3:
HacblllIEHHbIX MapoB 4,1 41 4,2
KHIKOCTH 1390,2 1390,1 1376
YaenbHas tennora napoobpasoBa- 231,8 2328 2257
Hust nipy 0,1 MIla, kIx/kr
INpenensHo JONMycTHMAash KOHLEHTPa- 3000 3000 —
uus [IK, mr/m3
[MoreHuman paspyierns ozoHa ODP 0,05 0,05 0,04
IMpumMeHseMoe X0JO0JUIBHOE MacIo MuHepanbHoe MuHepaibHOe  AJKIWIOEH-
XP12-16 XD12-16 30/JIBHOE
Hanuyue nMpoMbIULIEHHOTO MPOU3- Hmeercs Hmeetcs Her
BOICTBa B POD
IMoxapobezonacHOCTb Heropiou
Anpczgaunﬂ B XOJOIUIBHOM TEXHU- Bonee 2 nter  bonee 2 net Het
ke P
TexHosorusg 3aMeHb! XJagareHTa IMpocras 3aMeHa Perpodur
(oT aHrn. drop in) {OT aHrA. retrofir)

Mpeumymectsa xnagareuta C10M1 (ACTPOH™ 12) no orHoue-
HUIO K 3apyOeXHBIM aHAJIOraM CJIEAyIOLIHe:

OTHOCHUTE/IbHAA JellIeBU3HA — XJIadareHT COCTOMT U3 KOMIIOHEHTOB,
BBITTYCKAaeMbIX 3aBolaMHu Poccuu, a ero mpoM3BOACTBO OpraHM30BaHO
komnaHueit <ACTOP» Takxke Ha Tepputopun Poccuu;
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TPAaHCIIOPTHPOBATh XJIaJJATeHT MOXHO B KOHTeHHepax U DaJlIoHaX,
TIPEAHA3HAYCHHLBIX Ui niepeBo3ku R12;

MepeBol XoJoAuabpHOro obopynoBanusi ¢ R12 Ha cmecu C10M1
OCYIIECTB/SIIOT MCKIIOUUTEJbHO TYTEM 3aMEHBI CaMOrO XJ1aJareH-
Ta 6€3 KakKo-1ubo MOAEpHHM3ALMU XOJOAUIBHOrO 0OOpYJIOBaHUS,
0c3 BHeECCHMSI W3MEHEHUW B KOHCTPYKUMIO XOJNOIWJIBHOM Ma-
IWUHBI U 0€3 3aMeHbl KOMIPECCOPHOIo Maciaa (B XOJOIWJIbHOM
o0opynoBaHuu, padoratonieM Ha R12, UCTIONB3YIOT MUHEpaIbHOE
Macio XP12-16);

niepexod Ha xiagareHT C10M1 He npeaycmarpyBaeT AONOTHUTEIb-
HOW MNOATOTOBKY XOJOAWJIBHOM CUCTEMBI K paboTe, IepeoOydeHust mep-
COHajla, MPUMEHEHUS CITEIUATBLHOTO 000PYI0BAHUS WU/IM UHCTPYMEHTA
IJIs1 CEpBUCHOIO OOCIYXHBaHHUSA XOJOMWJIBHOM TEXHUKH — COIJIACHO
MEXIYHAPOTHOM KJIaCCU(MDUKALIMM, TEXHOJIOTUS ITIepexoaa Ha 3TOT XJ1ajl-
areHT KJiacCU(PUUMPYeTCs KakK «drop in», T. €. IIpoCcTasi 3aMeHa.

TexHonorvsi mepeBoia NCUCTBYIOUIEH XOJNONMJIBHOM TEXHUKM C
xnagareHTa R12 Ha cmecn C10M1 oTtpaGoTaHa M ONTHUMHU3UPOBAHA B
MIPOLIECCE ONBITHOM IKCILTYaTallMd COOTBETCTBYIOLIETO OOOPYIOBAHUS.
O6s13aTeIbHOE YCJIOBUE NIPUMEHEHUS CMECEH — 3arpaBKa obopyroBa-
HHUS XJaJareHToM B XUIkol (asze. B ciayyae yreuyku go 30...35%
xinagareHTa C10M1 U3 cHCTEMBI B IPOLIECCE IKCIUIyaTAllUM MPOBOMST
J103aITpaBKy CMECBIO TOTO X€ COCTaBa.

OcHoBHbIE 3Tallbl TMepeBola XOJOIWIbHOU TeXHUKHM Ha CI10MI1
II0 TEXHOJOTHH TPOCTOM 3aMEeHBI BBHIIIOJIHSIIOT B TAKOM IOC/IEI0Ba-
TE€JbHOCTH:

OlLICHKAa MoKa3arejieii 00OpyIOBaHMS, B KOTOPOM ITpEAIonaraercs
3aMeHUTb R12 Ha albTepHAaTUBHBIA XJIAJAreHT — U3MEpPEHUE JaBICHUN
HAarHeTaHUsl U BCACBIBAHUS B KOMIIPECCOP, a TAKXKE TeMITepaTyp B WC-
rapuTene U KOHACHCATope,

OCTaHOB MalllMHBI, yaaneHue R12, ornpeneneHue MacChl (B3BEIIMBA-
HVE) U3BJEYEHHOIO XJIajareHra,

oTOOp NMpOOBI Macjaa U KOHTPOJIb €r0 Ka4ecTBa (KMCJIOTHOCTD, BlaX-
HOCTh, HAIMUME MEXaHUUECKUX MPUMECEN); B Clydae OTPULATEIbHBIX
pe3YJIbTaTOB 3aME€HA MacJjla Ha CBEXee;

TepMETHU3alMs YCTaHOBKHM, BaKyyMUpPOBaHUE CHCTeMbl LIs yhasje-
HUS ocTaTKoOB R12;

3anpaBka cucteMbl xiagareHToM CIOM1 B xuikoi da3se —
80...90 % maccer R12;

BKJIIOUEHME KOMINpeccopa, BEIBOJ €ro Ha pabouKe nmapaMeTphl,

OlLICHKA XapaKTepUCTHK OOOpyHOBaHMSI IIpM paboTe Ha CMeECH
C10M1.

Cmecp R22/R142b. XnagareHT mpencTaBisieT cobO0M HETroprovyio
3€OTPOITHYIO0 CMECH, KOMITIOHEHTHI KOTOPOM MMEIOT OrpaHUYEHHBIN
MoHpeanbCKUM NPOTOKOJIOM CPOK TPUMEHEHMsI. XapaKTEPUCTHKH
R142b Ha 1MHWHK HACBILIEHUS TTPUBEICHBI B TIPHJIOXEHUH 12.

PesynpTathl UCTIBITAHMI OBITOBHIX XOJIOAMJIBHUKOB, 3allpaBiICHHBIX
cMechio R22 u R142b ¢ MaccoBbIMU Z0JIIMU cooTBeTCTBeHHO 0,6 1 0,4,
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MpOBeACHHbIE B ACTPaXaHCKOM TOCYAapCTBEHHOM TEXHOJOTHYECKOM
yHUBepCUTETE U MOCKOBCKOM 3HEPreTUYECKOM MHCTUTYTE, INOKa3a-
JIM, YTO IHCPronoTpedeHNE OCTAIOCh NMPAKTUUYECCKN HA TOM X€ ypOB-
He, UTO U Ipy ucnoab3oraHum R12. TIpuMeHenue 3101 cMecH Liese-
co00pa3Ho TIpU peTpodUTE NEHCTBYIOLIETO XONOAUIBHOTO 060pyno-
BaHUA; TIPU 3TOM He TpebyeTcs: 3aMeHbl Maces, (PUIbTPOB-OCYIIUTE-
JIei, a TakKe BHECEHUS] U3MEHEHUI B KOHCTPYKLMIO XOJOAUJIBLHOTO
arperata. Cmecb R22 u R142b MoXeT CIyXUTh NEPEXOAHBIM XJIaj-
areHTOM He TOJBKO B OBLITOBOM TEXHUKE, HO U B APYTOM XOJOOWIBHOM
000pyaOBaHUH.

B3aumogeiicTBHe X/1aJareHTOB CpeJHEro [aBJAeHHA C MeTALIaMM.
Term1oBbie UCIIHITAHWA HA YCTOWYUBOCTD XJIANAaIleHTOB NIPU KOHTAKTE C
METa/UIaMH{ BBIITOJHSIOT, KaK IIPaBIWIO, B IIPUCYTCTBUU XOJOIMJIBHBIX
Maces. Pe3ynpTaThl TEILIOBBIX MCIIBITAHUM XJIaJAar€HTOB Ha YCTOMYH-
BOCThb B KOHTaKTe ¢ MarepuanoM Tpy0, ucrnonab3yeMbix wist R12, B ipu-
CYTCTBUM MMHEPAIbHBIX MAacel CBUIETEAbCTBYIOT O CTaOWILHOCTH
cmeceit xianareHTos SUVA® MP ¢ MaciamMu B KOHTaKkTe C MEIbIO W
ATIIOMUHUEM B ACUCTBYIOIIMX XOJOAWIBHBIX CUCTeMax (Tab. 13).

OTMeuYeHO, UTO BO BCEX CJIydasiX JIyyYllleé MCII0JIb30BaThb aJKMIOEH-
30JIbHBIE W TOIM3¢upHBIE Macna ¢ xmapareHtamMmu SUVA® MP, gem
MUHEpaJIbHbIE Macaa ¢ R12.

TeMrepatypHblil O1Mana3oH, B KOTOPOM XJAaIareHT U Macjio CMe-
LIXBalOTCsA, oOpa3ys eauHyIo XuaKyw ¢asy, aro —50...+93 °C. CBoii-
CTBa CMECEH XTagareHTOB U Macejl B KOHTAKTe C METaLIAMU, U3YYEH-
HBIE TIPU ONpedeNeHHOW XoMOuHaluy xiagareHtoB SUVA® MP +
+ Mmacyo (Hanpumep, R401A ¢ ZEROL 150DL), oTHOCcATCA KO BCeM
xnagareHTaM SUVA® cpeaHero gaBieHuUs, Tak KaK OHM [IpeICTaBJIsI-
10T COOOI pazIMUHBIE COYETAHHUS TEX XKE CaMBIX TPEX KOMITOHEHTOB
(R22, R152A n R124).

CoBMecTHMOCTb XJIaIATEHTOB CpeAHET0 IABJIEHHA C MaTepHAaMH
anekrpoasuratenei. I[Ipu padore xo10aAMIBLHOTO 000pPYIOBaHUS GOJb-
1I0€ 3HaYeHHE MMEET COBMECTUMOCTb MAaTepHAIOB, UCITONb3YEMBIX LIS
U3rOTOBACHUS M3OASIIMUA B 3JIEKTPOABUTATENAX TE€PMETUUHBIX KOM-
TIPEeCCOPOB, CO CMECHIO XJlagareHTa W XOJOMWILHOIO Macia. B ¢Bsi3u ¢
otuM pupmoit «Du Pont» npoBeneHbl UCNBITAHUS Ha COBMECTUMOCTD
cmecu xiamareHTa SUVA® MP u HadTeHOBOro ankwiOeH30JbHOIO
Macjia ¢ NMoAu3(PUpPHBIMH MaTepHAIAMH U30JISILIMU 3JIEKTPOABUTATENS.
Marepuan UCIIBITBIBAIA Ha U3TUO U NPOBEPSUIM Ha HATMYUE TPELIUH Y
Pa3pbIBOB, YTOOB! OLIEHUTh YPOBEHb €r0 XpyNKOCTH. OOpa3lbl OLICHU-
BaJIM TIO CpaBHUTEJNbHOU wmikane. [Ipu 3ToM Hauydiasi oueHKa MpH-
HMMaJach 3a HOMb (€CAM HE OTMEYUANIOCh HUKAKUX M3MEHEHUH Xapak-
TepUCTUK). Kaxk nokasaiu pe3ynbTarbl MCNBITAHUM, IPOBEAEHHBIX TIPH
temriepatype 121 °C B tedenme 30 cyr, KOMOMHALMg M3 XjaJareHTa
R401A u ankunbGeH30/bHOTO Macjia COBMECTUMA C MaTepHAJIOM U30JIs1-
uMd. Kak npaBuito, OOJBIIMHCTBO 3JIEKTPOABUTATENEH COBPEMEHHBIX
KomIpeccopoB (10—15-neTHeit maBHOCTH), pabdoTalomux Ha R12, co-
BMecTuMBI U ¢ R22. Tlo npenrnosnoxeHUsiM, CIeIaHHBIM CIIEHAIMCTA-
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mu ¢upMel «Du Pont», xnamarentst SUVA® MP He okaxyr cy-
LLIECTBEHHOTO BJIMSIHUSE Ha MaTepual HU30JSALUM DJCKTpOABUIaTenei
COBPEMEHHBIX KOMIIPECCOPOB, paboTaoiuux Ha R12.

PesynbraTthl ucnbiTanuit (1o gaHHeiM ¢upmbl «Du Pont») Ha coB-
MECTUMOCTb XJIAIATCHTOB C IOJIUMEPHBIMU MaTepHaiaMH-3JIaCToMepa-
MU, [IPUMEHSIEMbIMHA B HOBOM U AEUCTBYIOLIEM XOJOAUIbHOM 00OpY-
JIOBAHUM, TpEACTaBIeHbl B Ta0J. 14 (MCNBITAHMS IIPOBOIWIM B TEUEHUE
YeThIpeX Henellb, NIOMEIas XJIaZareHT ¢ 3J1aCTOMEPOM B 3amasiHHYIO
TpyOKy npu Temreparype +80 °C). Ha ¢pakTudecKylo COBMECTUMOCTD
XJIAJATeHTA ¢ MOJUMEPHBIM MATEPUAIOM MOTYT IOBJIMSATh paboyue yc-
JIOBUA KOHKPETHOIO peXuMa, IOITOMY IpUMEHsSieMbili Matepuan B
KaXIOM KOHKDETHOM cjiyyae HeoOxoauMo IpoBepsitb. [1o coBMecTH-
MOCTH C 3Jjiactomepamu xianareHThl R401A, R401B u R401C aHano-
THYHB! CMECH, PACCMOTPEHHOM B KadecTBe mpuMepa B Tadn. 14, Tak
KaK B 3Ty CMEChb BXOAAT Te X€ COCTaBHble KOMIIOHEHTHI.

14. CosmecTmocTh x1anarenroB R401A, R401B u R401C ¢ HekoToOphIMY NACTOMEPAMA

| XiamareHT + Macito AJNKUIGEH30IbHOE MAco
0% T 50 Xranaresr ZEROL 500T
Dnactomep JIuHeiHOE JunetiHoe JInHeHOE
Ouexka | HaOyxaHue, Ouenka | Habyxanue, | OueHKa HabyxaHue,
% % %
HartypanbHblit 2 +48 0(2) +5 2 +56
Kay4yK
Byrtun kayuyk 2 +20 0 +1 2 +30
Heonpun W 0 +7 1(0) <+1 0 +70
SBK 2 +22 1(1) +2 2 +26
NBR Hutpun 1 +9 2(0) +16 0 <=~1
HPALON*48 0 +3 0(0) <+1 0 +3
VITON 2 +12 2(1) +17 0 -1
CHINKOH 2 +48 2(2) +31 2 +27
¥Yperan 1 +11 2(2) +29 0 <+1
Thiokol FA 2 +12 0(0) +2 2 +13
NORDEL** 2 +19 0(0) < -1 2 +31
EPDM

* AnkuinoensoabHoe Macio ZEROL 500T.
** JaperucTpupoBatHas Toproeag Mapka «Du Pont».

TMIpumeuanus 1. Cocras xnangaredra, %: R22/R152a/R124(36/24/40). 2. Ouenku: § — coB-
MECTHMBbIH; 1 — COBMECTUMBIH Ha IpaBMW IOIYCTUMOro: 2 — HecoBMecTHMBbIH. OlleHKa B ckoOKax
npuBeneHa ans R12 B uessix cpaBHeHHS.

6.2. XAaAareHTb! BBICOKOTO A@BAE€HHSA

Xunanarentel SUVA® HP80 (R402A) u SUVA® HP81 (R402B) 6p11u
CrelIMaIbHO pa3paboTaHbl JiJist JEACTBYIOHINX YCTAHOBOK, CIIPOEKTH-
POBaHHBIX B pacuere Ha npumeHeHue R502, ¢ TeM 4TOOBI MX MOXKHO
ObL10 MPONOJLXATh IKCIUTyaTHpPOBATh W MOCJE BHIBOJA U3 OOpalleHus
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R502. Tepmoannamuueckue coiictBa cMeceit R402A u R402B cxon-
Hbl co cBoicTBamMu R502. Bribop TOil maM MHOW CepBUCHOM CMeECH
IUKTYETCSI KOHKPETHOM 00JIACTbIO NMPUMEHEHUS U XapaKTEepHBIMU yC-
JIOBUSIMH 3KCILTyaTalluM.

CocTaB cepBHCHBIX CMeCel NpUBEICH B Taod. 15.

15. CocraB MEOrOKOMIORERTHHX XJanarenTos R402A n R402B

MaCCOBaﬂ AOAA KOMITIOHEHTA, %
XnanareHT ,
R22 | RI2S L R290
R402A 38 60 2
R402B 60 38 2

O6sacTh IPUMEHEHUS XJIaJareHTOB ISl PETPO(PHUTA U 3alpaBKH HO-
BOro o0OpynoBaHus MnpeAcTaBieHa B Taou. 16.

16. O6aacms npumenenms xnagarenros R402A u R402B

Bua xomonwibHOM YCTAHOBKH Petpodur j 3aMeHsAe MBI XTaaareHT

XONnogWwiIpHBIE YCTAHOBKY [UTSL Xpa- R402A, R402B R502
HEHHUS 3aMOPOXEHHBIX IPOAYKTOB

npM Temiepatype Huxe —18 °C

HuskoreMmnepaTypHbIA XOJ00W/b- R402A R502
Hblii TpaHCHOPT

Xnagarentr R402A. D710 OGIM3KO3€OTPOIIHASI CMECh ¢ TeMIlepaTyp-
HbIM I1aitnoMm MeHee 1,6 K. OcHOBHbBIE (pU3UYECKUE CBOWCTBA TPUBE-
JeHbl B Tabs. 17. XnamareHT pa3paboTaH 1is1 peTpoduTa 00OpynoBa-
Hus, 3anpabaeHHoro R502 u paboraroliero npu HU3KOM TeMIeparype
kuneHusa (—40 °C), rae HeoOXoIUMMO AOCTHYb TEMIlepaTyphl HarHera-
HHs, cBoiicTBeHHOM RS502. B 3aBUCHMMOCTH OT YCJIOBUH 3KCrijyaTa-
LIMU XOJOAONPOU3BOAUTENBHOCTE 000pyaOBaHus, paboraioillero Ha
3TOM XJjlalareHTe, KaK NpaBuio, BBILIE, YeM y obopynoBaHHs Ha R502,
npuMepHo Ha 11 %. BHepronoTpebieHUe TaKKe HECKOIBKO OOJTbLIE.
XnagareHT R402A 1o cpaBHeHHIO ¢ R502 npu ogHUX U Te€X X€ YCAOBU-
AX UMeeT NoBbIIIEHHOE AaByienue Ha 13...15 %.

R402A coBMecTUM ¢ MUHEPAJIbHBIMHA MAcCJlaMH, CO CMECSIMA MUHE-
PAIBHOTO U aNKWIOEH30JbHOIO Macesl, a TakKXe ¢ alKWIOEH30JIbHBIMU
u nonuddupHeiMu MacnaMu. PexoMmeHayetcss npumeHeHue R402A
B COYETAaHMM C aJKWIOCH30JIbHBIM MacjioM. Bo BpeMsi perpodurta
(pUIbTp HEOOXOAUMO 3aMEHSTbD.

HeaszeoTponHoOCTs cCMECH MOXET MPUBECTH K U3MEHEHUIO €€ COCTa-
Ba M COOTBETCTBEHHO K YXYINIEHWUIO XapaKTEPUCTUKH XOJOTWIBLHOUN
CHUCTEMBI B IPOLIECCE LIMTEIbHOM pabOThI.

Xunagarent R402B. D10 61M3K03e0TponHass cMeCh ¢ TeMIlepaTyp-
HbIM naiizoM MeHee 1 K. OcHoBHBIE pU3MUECKHE CBOMCTBA XJlagareH-
ta R402B npuseness B tadin. 17.
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17. OcHosnble dH3uaecKHe CBoiCTBa XiuaaarenToB R402A, R402B u R404A

IMapamerp ] R402A R402B R404A

MoekyasipHasa Macca, I/MOob 101,55 94,71 97,6
TeMmepaTypa KUIIEHHS IIPH aTMOChepHOM -49,2 —47,4 —46,7
napiaeHnn, “C
Kputuueckas Temneparypa, ‘C 75,5 82,6 72,7
Kpuruueckoe masnenue, klla (abc.) 4135 4445 3735
KpuTH4ecKas IUTOTHOCTb KHMIKOCTH, KI/M3 541,7 530,7 485,1
TLiotHOCTH NIpH 25 °C, KI/M:

KHIKOCTH 1132 1143 1048

HaCHIILIEHHBIX MapoB 19,93 16,50 18,04
YienpHass TeITOEMKOCTD XHIKOCTH IIPH 1,313 1,273 1,502
25 °C, xIx/(xr - K)
YienpHas Ter10eMKOCTh NapoB Iipu 25 °C 0,757 0,726 0,871
u atMocdepHoM gamteHuu, KIx/(xr - K)
JapjieHHe MapoOB HACKIIIEHHOW XHUIKOCTH 1353 1267 1257
npu 25 °C, kITa (abc.)
Ternnora napoo6Gpa3oBaHusi IPH HOPMAJIhb- 194 210,7 198,7
HOM TeMIlepaType KMIIeHUs, KIIX/Kr .
Ko3hGHUUEHT Term1onpoBOAHOCTH XMl - (4,48...9,0) x (8,13...9,0) x 7,46 x
kocTy npu 25 °C, Br/(M - K) x 102 x 102 x 1072
KoadpHUMEHT Ter10npoBOIHOCTH [apoB 1,21-10°2  1,1-10-2 1,2-10°2
npu 25 °C ¥ atMochepHOM JaBleHUH,
Bt/(M - K)
PacTBOpMMOCTD BOABI B XJIaAAreHTE TIPH - — —
25°C, mac.%
IIpenen BOCILIAMEHSAEMOCTH B BO3IyXe Her Her Her
(0,1 MIla), 06.% ,
ITotennuan paspyienus o3oHa ODP 0,02 0,03 0,0
IToreHuman rnmoSanbHOro MOTEIVIEHHSA 0,63 0,52 0,94
HGWP
[MpenenbHO OOMycTUMas KOHLIEHTpAIIUs 1000 1000 1000

npy Basixanny (IJIK), maa—!

XnagareHT pa3pabotaH kak 3aMeHuTeslb R502 mis perpodurta
XOJIOAUJIBHOTO O0OpYZOBaHHUs, B KOTOPOM HEOOXOIMMO ONTHUMM3H-
pOBaTh XOJOAMWJILHBIM KO3 PHUiMeHT. B Tex ciyyasx, Kkorma coobpa-
XeHUS1 9HepreTuyecKoi 3PpPeKTUBHOCTH ABJISIOTCS OTNpPEAEISIOIIH -
MH, npeanouyTeHue otnaercs xnagareHTy R402B, xoToprlit nmpeBoc-
xoauT R502 mo sHepreTHYecKUM XapakTepucTHKaM (Tabi. 18). Xmnan-
areHT IePCIIEKTUBEH IJIsi NIPUMEHEHUS B TOPrOBOM XOJIOAMJIBHOM
0060pya0OBaHNH, B OXJIaXIaeMOM O00BEME KOTOPOTO TEMIIEpaTypa KU-
neHus He onyckaeTcss Huxe —30 °C. BaxHo, 4To €ciIM TeMIeparypa
kuneHuss aAocturaet —40 °C, To TeMmIepaTypa HarHeTaHHsI MOXET
ObITh Ha 15 °C Boimie, yeM y R502. Takoe noBeIlIEHUE TEMIIEPATYpPhI
MOXET OTPUIIATEIbHO MNOBIMATH HAa CUCTEMY CMa3KHd U COKPATHUTh
CPOK CJIYXOBl KOMIIpECCOpa.
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18. DnepreTHyeckHe H FKCIUTYATAMOHHDLIE XAPAKTEPHCTHEH X/anarcHToB R402A n R402B
B cpaBHeHns ¢ R502 u R404A

[Mokaszatens R502 R402A R402B R404A
YiaensHas X01040NpPOU3BOAU- 85,37 91,12 110,51 89,43
TeNbHOCTD, KIX/KL
XonoawibHbl K03 PpHULHEHT 1,19 1,14 1,25 1,09
CrerneHpb CXKaTUA 10,61 10,41 10,62 10,61
Temneparypa HarHetaHus, ‘C 128,1 128,6 1422 118,9
Iasnenue HarHetaHus, MIla 1,677 1,936 1,806 1,824
ITpumevaHne Temnepatrypa kuneHus 4 =—34,4°C, TeMneparypa KoHaeHcauuy fx =—40,0°C,
TeMIlepaTypa BCacblBaHUSA I, = —18,3 °C, mepeoxnaxieHus Af,, =2 K.

XJlagareHT COBMECTMM C MHHEPAJIbHBIMH MAacCJaMH, CO CMECSIMHU
MUHEepaIbHOTO U aIKMJIGEH30JbHOTO Macesl, a TakKKe ¢ alKUA0eH30J1b-
HBIMM U TMOAUM3GUPHBIMU MaciaaMu. Bo Bpemsi perpoduta GUIBTp-
OCYIINUTEb HEOOXOAUMO 3aMEHSTh.

BcnenctBue TOro 4To COCTaB XJIaAareHTa MHOTOKOMITIOHEHTHBIM,
MOTYT IIPOU3OMTH CEJIEKTHBHAS ITOTEPS KAKOTO-TH00 KOMITOHEHTA H3-
3a YTeYyKM, BBI3BAHHOW HErepMeTUYHOCTBHIO XOJOAWIBLHOM CHCTEMBI,
WY U3MEeHeHHe MacChl B OTAEJBbHBIX €€ 3JIeMEHTaX, YTO BBI3OBET YXYiI-
LIIeHUe IHEPreTUUECKUX XapaKTePUCTUK O0OPYIOBaHUSA.

CpaBHUTEIbHBIE TEOPETHIECKME U 3KCIUTYaTallMOHHBIE XapaKTepHC-
TUKHU xsiagareHToB R402A, R402B u R404A mnpexncrasieHsl B 1abi. 18.

Terutodpuamueckiie XapakTepucTuku xiagarentoB SUVA® HP sriiue,
yeM y R502, mosToMy mobas He3HaunTenbHas noteps KII Ha cxaTtue
MOXeT OBbITb BO3MEILIEHA 3a cUeT 00Jiee HHTEHCUBHOIO TEILI00OOMEHA.

CoBMeCTHMOCTD XJIAJATEHTOB BbICOKOro namjenusa u R502. XnamgareH-
Tel R502 1 SUVA® HP xuMuyecky COBMECTUMEL, T. €. OHU HE pearupy-
IOT OOMH € APYTMM U He 06pasyloT APYrux coeauHeHUH. OQHAaKo eciu
pa3IMyHbIe XJ1aJareHThl CMEIaTh CAy4aifHO WJIM HaMepeHHO, TO TaKas
CMeCh MOXET OBITh TPYIHOPACTBOPUMOM U €€ MOXHO OyleT pa3aenuThb
TOJIBKO IIPU CXaTUU. K TOMy Xe 3KCIUTyaTalMOHHBIE CBOMCTBa CMeCH
R502 u xnanarentroB SUVA® HP otinyalorcst or TeX, KOTOphIE Xapak-
TEPHBI JUTSL KAKIOTO OTAEJBHO B3SITOro xjiagareHta. [1o3ToMy He peko-
MeHayercs cMernusaTh R502 u xiagareHThl SUVA® HP B mo6bI1X cuc-
TeMax. CHayayla HyXHO B COOTBETCTBUU C YCTAHOBJEHHOM TEXHONOTH-
e yoamuth R502, a 3aTeM 3anpaBUTh CUCTEMY HOBBIM XJIaJAareHTOM.

PacTBOPHMOCTD XJIAJATEHTOB BbICOKOTO JABJIEHHA ¢ XOJOAWIbHBIMH
mMacjamMH. B GOonbLIMHCTBE KOMIPECCOPOB Hamwiexalwas padota aBU-
XYIIMXCS YacTeil obecrieynBaeTcs C MOMOILBIO CMa3Ku. B pexoMeH-
Jauusix 3aBOAa—M3TOTOBUTENSE KOMIIpeccopa OOBIYHO COAEpXKaTcs
THUII Macjla ¥ €ro BA3KOCTb. PeKOMeHIAalUMK OCHOBAaHBl HAa COBOKYII-
HOCTH TaKMX HEOOXOOUMBIX CBOMCTB Macjia, KakK pacTBOPMMOCTb B
CMeCH C XJIaJareHTOM, COBMECTUMOCThL C MaTepHalaMy KOHCTPYKIIUH,
TEPMOYCTOMUYMBOCTE U YCTONYMBOCTh IO OTHONIEHUIO K APYTMM BH-
JaM maceJl.
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BaxHO MMeTh B BUAY CiAEAYIOLIME peKOMEHIAUUH (GUPM — TIpO-
W3BOOUTEICH XOJOOUIBHBIX Maces. Takue xilagareHTbl, Kak R402A
u R402B, conepxatr B cebe HEMHOro xjopa ¥ MOTYT B MEHbIIEH
CTENCHU PACTBOPATh OOBIYHBIE Macja, MCHOJb3yeMble B COYETa-
Huu ¢ R502.

XOoTs pacTBOPUMOCTb U MHMHEPAJIBbHOIO, U AJIKMIOCH30JbHOTO
Macesq B xuamareHTax R402A u 402B noHuxeHa, peKOMeHayeTCs
BCE X€ MCMOJb30BaTh alKWJIOEH30JbHBIE Macja, KOraa JeHCTBYIO-
uiee ooopynoanue nepepeneHo ¢ R502 na R402A wiu R402B. T1pu
HU3KUX TEMIIEpaTypax BA3KOCTh alKWAOSH30JLHOTO Macja, HacChl-
meHHoro R402A unu R402B, 3HauMTeIbHO HUXE, YEM MUHEpPab-
Horo B cMecu ¢ R402A unu R402B, uro 6yaeT cnoco6CTBOBATh BO3-
BpaTy Macja B KOMIIPECCOP.

B HOBOM 000pynOBaHHMHM, pPacCUMTAaHHOM Ha TPUMCHECHUE XJIal-
areHTa R402A, TpebyeTcs UCNoNb30BaHUE MOJU3IPUPHOro Macaa.

B 1a611. 19 npencrtaBieHbl cyMMapHbIe TaHHbBIE TECTOB HAa PaCTBOPH-
MOCTh XJIaJAar€HTOB C XOJOAWIbHBIMHA MacJiaMy, IPOBEACHHBIX B IITH-
POKOM IMana3oHe TeMIIepaTyp NPU COOTHOLIEHUH OOBEMOB XUIKOTO
xJagareHTa ¥ macia 50:50.

T'oprovecTr X1a7areHTOB BLICOKOTO AaBjieHHsl. Bce paccMOTpeHHEBIE
BbILIE XJIaAareHThl BBICOKOIO OABJICHUS OMpe/esieHbl KaK HEBOCILIA-
MEHSIIOIIMECS TIPU aTMOCGhEPHOM NABJIEHUM M TeMIIEpaType BbIlIE
80 °C. OpHako TeCThl MOKA3bIBAIOT, 4TO Xi1agareHT R22 MoxeT cTaTh
ropoYMM Npy aasieHuu 5,15 10° [Ta u oxpyxXaiouleil TeMneparype,
KOTJa OH HaXOJIUTCS B CMECHU C BO3JIYXOM IIPU OOBEMHOW JOJIE XJIal-
areHTa 65 % unu Goaee. I103TOMY Henb3s MOIMYCKaTh, YTOOBI Xial-
areHThl R402B u R402A npu omnpeneneHUH yTeueK CMEILIMBAJIUCH C
BO3IYXOM, OCOOEHHO B BBICOKMX KOHLIEHTPAaLlMSIX IIPH OABJIEHUH
BbIllle aTMOC(EPHOTO.

Xnanarent R408A. Toprosag mapka FORANE FX10. Pazpa6oraH
KoHuepHOM «Elf, Atochem» B KadectBe atpbTepHaTuBbl R502 npu petpo-
(buTe B ACHUCTBYIOLIMX XOJOXMJIBHBIX cHcTeMax. BHM3K0a3eoTporiHas
CMeECh, cOCTOMT M3 koMmnoHeHTOB R22, R143a u R125. CocraB no mac-
ce (%) cootBeTcTBeHHO 44; 4 u 52. [IpenHa3Ha4YeH i MPUMEHEHMUS B
MOOMJIbHBIX TPAHCTIOPTHBIX XOJOAWIBHBIX CUCTEMAX, a TAKXE B MpPO-
MBILIEHHBIX XOJIOIUIbHBIX YCTAHOBKAX C MOPLIHEBLIMH M BUHTOBBIMH
koMmpeccopamMu. Xapaktepuctuku R408A Ha JMHMM HaCBILLIEHUS
MpUBEIEHBI B MTPWIOXEHUH 14.

Y R408A u R502 npu ogHON M TOM X€ TeMIMepaType AaBJCHUS
61M3KM, TeMneparypa KoHaeHcauuu Beiie Ha 10 K. Xoxomonpowus-
BOIMTEJIbHOCTh LMKIA MpUMepHO Ha 1...10 % BhIlle, yeM TIpU pabdo-
Te Ha R502.

IlnotHocte xumkocth R408A Huxke, yeM y xmagareHTa RS502
(tab:. 20), a, cnemoBaTeabHO, TpeOyeMas Macca 3arnpaBkH, T. €. HMEIO-
L1Mecss B YCTAHOBKE PECUBEPHI, TPYOOIIPOBOALI M HACOCH], ITpEeaHA3HA-
yeHHble 118 R502, MmoxHO ucronb3oBarh Wit R408A.
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19. PaCTBOpHMOCTb XJAJAreHToB ¢ X0/10JH/IBHBIMH MacCIaMH

R-502
C MUHEPATbHbIM — 2 pa3bl =%:¢a3b1 (HHBepC;Vm)
Mac/IoM _60°C +73°C +80°C
C aNKUNOEH30ALHBIM 2 (pasnl » 1 paza o
Mac0M A i »
—60°C -27°C +80°C
R-402B
C MHHEDAIBHBIM 2 daser *2 (baser (MHBEpCHS)
MacioM —60°C +68°C +80°C
C anknnGeH30AbHBIM_ 2 dasbl e I dasa N
MACIOM— _g0C +16°C +80°C
C nomsdupHbIM o 1 pasa N
MacioM —60°C +80°C
R-402A ]
C MHHEpTLHbIM — 2 dasnl ¢i<2 (azbl (MHBepCldﬂl
MacI0M -50°C +65°C +72°C
C aIKUNGEH30NbHBIM ¢ 2 basel =i2< (hasst (uHBepcus)
MacJioM _SOOC +660C +720C
C NONH3OUPHBIM — | pasa N
MacjIoM ~50°C +72°C
R-404A
C MUHEDATBHBIM ¢ 2 casnl e 2 (hasel (MHBEPCHA) .
MacioMm _60°C +520C +800C
C alKHIOEH3ONBHBIM 2 (aspl . 2 ®a3bl (MHBepcHsa)
) R L d
MacaoMm —60°C T5°C 180°C
C noinapvpHeIM | pasa >
MacjioM —60°C +80°C

Kpome Toro, yMeHbIIICHAE MacChl 3alipaBKU BaXHO YYMUTHIBATH B Ma-
JIBIX YCTAaHOBKAaX, YTOOBI HE IOMYCTUTD I€pE3anpaBKu BO U30exaHue Ipe-
BbILIIEHUS JABJIEHUSI W MOTPEOIsieMoil MOUIHOCTH. B ManbIx ycraHOBKax
CHIDKEHHUE 3amnpaBKu MoXeT gocturathb 25 %, a B Gosbiinx — 15 %.

20. OcHosHble usuaeckme caolicrsa R408A B cpaBrermm ¢ R502

Dduanyeckue cBORCTBA ‘ R302 { R408A
MonekynsipHas Mmacca, I/MOJb 111,6 87
TemnepaTypa 3amep3aHust, “°C —160 —
TeMnepaTypa KHIIEHHS TIPH aTMOCHEPHOM JaB- —45,4 —44 4
JeHuun, °C
TemmepaTypHrlii I1aiia npy atMochepHOM 1aB- 0 0,6
nenuy, K

33



IIpodonscenue

Du3nyeckue cBoiicTBa : R502 L R408A
[TnoTHOCTb HACHIEHHOM XUaKOCTH Npu 25 °C, 1,217 1,062
Kr/om3
T110THOCTh HACBILIEHHOTO Mapa Ipyu TeMIiepa- 6,22 4,77

Type KMIIEHHUS1, Kr/M>
JHasnenue napa, MIla:

npu 25°C 1,16 1,16
npu 50 °C 2,10 2,15
Kpurtuueckas temnepartypa, °C 82,1 23,5
Kpurunueckoe gasnenue, MIla 4,07 4,34
Kpuruyeckasd mwoTHOCTB, Kr/aM> 0,566 0,403
YneneHas TEIJIOTa Mapoo6Gpa30BaHUS TP TEMITe- 172,5 227

paType KuneHus, kKJx/Kr
TemnonpoeonHocTs Tipu 25 °C, Br/(m - K):

KHUIKOCTH 0,065 0,077

mapa npu 0,1013 MIla 0,012 0,012
[MoBepxHocTHOE HaTskeHue 1pH 25 °C, MH - M~! 5,9 6,5
Pacteopumocts (tipu 0,1013 MIla) sogs! B xnai- 0,058 0,070

areHTe npu 25 °C, mMac. %
YieneHas TemwtoeMKocTb NpH 25 °C, xJIx/(kr - K):

KHIKOCTH 1,25 1,53

napa 0,70 0,80
OTHOILUEHHE TEIUIOEMKOCTEH TP [TOCTOSHHOM 1,129 1,146
AABJIEHUH W MOCTOSAHHOM 06BeME Cp/cy NipH 25 °C
BocruiaMeHsieMoCTh apoB B BO3IyXe Her Her
TeMIepaTypa BCNBIILKH Her Her
ToreHuman paspymenus ozoHa ODP 0,34 0,026
TloteHuuan rnobanbHoro norerweHuas HGWP 4,01 0,025

Kak BunHo u3 taon. 20, R408A 6onee rurpockonuueH, yeM RS502,
4TO CBS3aHO C HEOOXOAMMOCTBIO TIIATEABHOIO COOJIOAEHUS IMpaBWII
IepeKauky 3TOrO XJaJareHTa, 3alpaBKU CUCTEM M T. . TerioeMKoCThb
KMIKOCTH TPHU MOCTOTHHOM JaBiieHUM 6oJblie y R408A, uyto npuBo-
JIUT K 3HAYUTEIBHBIM NOTEPSIM MPH APOCCEIUPOBAHUH. DTOTO MOXHO
n3bexaTb, YBEIMYHUB IlepeoXJaXAcHUe XKUIKOCTU B KOHAEHCATOpe.
TermnonpoBOOIHOCThL HACHIIIIECHHON XUAKOCTH TaKxXe Oonplie y R408A.
D10 mnoBbIAeT 3hGEeKTUBHOCTh TEIUIOOOMEHA, a CJeJ0BaTe/IbHO,
YIYYIIAeT TEPMOAMHAMMYECKME XAPAKTEPUCTUKU YCTAHOBKH, YTO M
MOATBEPAIIM MCIIBITAHUS.

INoTpebGiisieMasi MOIIHOCTh IIpM OTPHMLATEJNBHBIX TEMIEpaTypax
HuXe Ha 7 %, 4TO BaXHO IpM peTpoduTe, TaK KaK YMEHBLIAET OIac-
HOCTb 3aMbIKAHWSI WM CrOpaHUs 3JeKkTpoiaBuraress. Ilostomy mwis
npumeHeHUs1 R408A gaxe B Manbix repMETHYHBIX KOMITPECCOpPAX HET
OTrpPaHHUYCHUIA.

M3-3a BBICOKOH MMOJAPHOCTA MOJIEKYJ OJHOTO M3 KOMIIOHEHTOB
(R143a) xnagparedt R408A B3aMHO pacTBOPUM U C aJIKAIOEH30IbHbI-
MM, ¥ C MUHEPAIbHBEIMM MaciaMU. B KOMNAKTHBIX XOJOAWIBHBIX CHC-
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TEMax I[IPU CTAaHIAPTHBIX YCJIOBUSIX 3TOTO JAOCTATOYHO, YTOOLI obecre-
YUTH BO3BpAT Macjia B KoMIipeccop. XnanareHT R408A MoxHO MCToNb-
30BaTh TAKXE B COYETAHUM C MOAUIPUPHBIMUA MaCIaMU.

Tlo oTHOWIEHMIO K YILIOTHUTENLHBIM MaTepuaiaM R408A MmeHee ar-
peccuBeH, 4em R502.

B kayectBe GWIBTPOB-OCYLIMTENEH HCIONb3YIOT MOJIEKYISIPHBIE
cuTa, npuMeHseMsble 119 R502 n R22.

7. AAbTEpHAaTUBHbIE
MHOTOKOMIIOHEHTHbIe
xAajpareHTsl rpynnsl QY

Xaanarent R404A. Dro 6mm3kozeotpornHas cMech R125/R143a/R134a
C COOTHOLIEHHEM MAaCCOBBIX JOJIeil KOMIMOHEeHTOB 44/52/4. TeMmrmepa-
TypHbIA Thain MeHee 0,5 K. OcHoBHBIe pu3nueckue cBorictBa R404A
npuBeAeHBl B Tabj. 17, a XapaKTepUCTUKU Ha JIUHUU HACBLILICHUSA —
B IIpMJIOXEHUHN 13,

B 3aBrCcHMMOCTH OT yCJIOBMI 3KCILTyaTallMM 00€CTIEeYMBAIOTCS TTOBBI-
IIeHUE XOJIOAOIIPOM3BOAUTELHOCTH Ha 4...5 % U CHUXEHUE TeMIlepa-
TYpbl HarHETaHUS B KOMIIpeccope A0 8 % 10 CPaBHEHMIO C aHAIOTHY-
HBIMU XapakrepuctukaMu R502.

Tlocne nmocrymienust B mpoaaxy ¢ koHua 1993 r. R404A mepBoHa-
YaJibHO MCIIOJIb30BAJIM B HOBOM OOOpYIOBaHMM, PAacCYMTaHHOM Ha
HHU3KHME U CPEIHME TeMIleparypsl KurneHus. B Hacrosimiee BpeMs R404A
IIPUMEHSIIOT B KadyecTBe 3aMeHUTeast R502 npu petpodure cucrem.
IIpu 3TOM HeoOXomMMa 3aMeHa MHUHEPAAbHOIO Macja Ha moJu3gup-
HOE U (PUWIbTPA-OCYILINTEIS.

UsmeHeHne coctraBa cMecu (R404A), uMpKyIupylolIiei B XOJO-
TUTBHOM CUCTEME, MOXET IPUBECTH K YXYIIICHHUIO €€ HePreTU4eCKUX
XapaKTepUCTUK, OCOOEHHO B CX€MaXx C PECHUBEPOM WM IIPH 3HAYUTEIb-
HOW JUTMHE KOMMYHUMKALIMOHHBIX JIUHUM.

KoMmoHneHtoM R404A cayxur Rl143a, KOTOprI/I B YHUCTOM BUME
CTQHOBUTCS TOPIOYMM IIpH JIaBJICHHUU 1 10°Tla u TeMmnepaType
177 °C, a B cMeCH ¢ BO3AYXOM — npu o6 beMHoit none 60 %. Ipu HU3-
KHX TeMIlepaTypax IUISI BO3HUKHOBEHUS TOPIOYECTU TPeOyloTCS BBICO-
kue nasineHus. [Toatomy R404A takke He cieqyeT CMELIMBATh C BO3-
JIYXOM WJIA TOJb30BaThCs U IOMYCKATh NMPUCYTCTBUS BBICOKMX KOH-
LIEHTpallMii BO3ayxa ¢ JaBJ€HWEM Bhillle aTMOCGHEPHOTrO WM MPU BbI-
COKHX TeMIlepaTypax.

Xnanarenr R407C. Toprosas mapka SUVA® 9000. B kauecTBe
anpTepHaTUBLI Xa1agareHTy R22 dupma «Du Pont» mwig vcnosab3oBa-
HUMSI B CUCTeMaxX KOHAMLMOHUPOBAHUSA BO3[Ayxa pa3paboTasia xiaamareHT
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R407C, y koToporo 3HaueHUs NaBJI€HUI KWIIEHUS W KOHACHCAIMM
OJIM3KM COOTBETCTBYIOIIMM 3HaueHUSM i1 R22. OCHOBHBIE XapakTe-
puctuku R407C npuBeaeHbl B IPWIOXKEHUH 18, a XapaKTepUCTHKHU Ha
JUHHUHM HacbIUIEHUS — B IPUJIOXKEHUH 15.

Xnagareut R407C — zeatponiHass cMech R32/R125/R134a (macco-
Bbl€ JOJU KOMIIOHEHTOB COOTBETCTBEHHO 23/25/52 %). BHauane GbL1
co3maH xjaaareHt ciaeayiwoiero coctaBa: 30/10/60 %. IMosaHee ¢ Leabo
YMEHBUICHUS IT0XapOONacCHOCTH MacCOBBIE JOJM KOMIIOHEHTOB ObLIH
usmeHensl: 23/25/52 % (R407C); 20/40/40 % (R407A); 10/70/20 %
(R407B); 10/45/45 % (FX40).

(OCHOBHOE TIPECUMYIIECTBO 3aKJIKQYAETCS] B TOM, YTO IIPH MEpPEXOJIE C
R22 na R407C He TpebyeTcsi 3HAUUTEIbBHOTO U3MEHEHUS XOJOAUTBHOM
cucrembl. B HacTosiiee Bpemsi R407C paccMaTpuBaloT Kak ONTHMAJIb-
HYy10 aibTepHaTUBY R22 110 XOJOAOTIPOU3BOAUTCIBHOCTHA U AABICHUIO
HACBIILIEHHBIX TAPOB.

Ha poiake xmagareHToB R407C 1mypoKo mpeacTaBjieH H MOKYTaT
€ro B T€X Cjy4yasix, Korjga HeoOxoauMo 0o 3aMeHUTh R22 B AeiCTBy-
1o111eM 000pYAOBaHUM (IIPH HE3HAUYUTEIbHBIX W3MEHEHMSIX), JTUOO T10-
no0paTh XJ1agareHT BMecTo R22 njiss HOBOro o60pyAoBaHMUSI.

BMecte ¢ TeM OOJIBIIMHCTBO KOMIIAHUK 03a004eHbl OOJBLIUM
TEMIIEPATYPHBIM LIainoM Az, = 5...7 K, xapaktepHeim misi R407C,
MO3TOMY MacCOBbI€ A0JIM KOMIIOHEHTOB MpeajiaraeMbiX CMeceil Baphb-
UPYIOT B IIMPOKUX Mpenenax. JaHHbIA HETOCTaTOK 3HAYUTENbHO 3a-
TPYAHSIET OOCIYXHMBaHUE XOJOAWJIBHBIX CHCTeM. Tak, B CHCTEMax C
HECKOJIbKUMU HUCTIApUTEISIMU BO3MOXHO HapyIIEHUE UCXOTHON KOH-
[IECHTpallUi paboyero BEILECTBa, 3alPaBJIEHHOIO B CUCTEMY. AHAJIO-
TMYHBIE TPYAHOCTH BO3HUKAIOT U B XOJOAMIIBHBIX CUCTEMAX C 3aTOII-
JICHHBIM UCIApHTENEM.

IMpu ucnospzoBaHun R407C He TpebyeTcsi BHOCUTD CYIIECTBCHHBIE
U3MEHEHUSI B KOHCTPYKIIMIO XOJOAW/IBHOU YCTAHOBKH — TIPUXOAUTCSH
JIMIIb 3aMEHUTh XOJOAWIBHOE MacCiIO Ha MOJU3(GpUPHOE, a TAKXe 3J1ac-
TOMEpPHI, aacopOeHTHl (PHIBTPOB-OCYIHUTENIEH U TpEIOXPaHUTETbHbBIC
wianaHbl. CoBmectumbie ¢ R407C monuadupHbie Macia 4pe3BbIYaiiHo
TUTPOCKOIUYHBIL, DTO MpEABABISIET XKECTKUE TPeOOBaHUS K TEXHOJIO-
rud cOOpkyu xonoawibHoK MamuHbl, Kpome Toro, misi R407C xapak-
TepHbl o4eHb HU3KHME (Ha 25...30 % Huxe, yem i R22) 3HaueHusa
Ko3ddulMeHTa Teronepeaayy, Mo3TOMy TeIIOOOMEHHBIEC aniapaTthbl
XOJIONMABHBIX cHCcTeM, paboTaroumux Ha R407C, okaspiBatoTcs 0osice
METa/UIOEMKHMH.

YTeuky u3 XoJI0AWIbHOW CUCTEMBI OYAyT IPUBOAUTH K M3MEHEHUIO
COCTaBa XJ1aJlarTeHTa U €ro paCTBOPUMOCTH B XOJIOAWJIBHOM Macie, YTo
OTPA3UTCA Ha IHEPreTuueckor 3PGMEKTUBHOCTH U YCIOBUSAX TETLIO00-
MeHa B MCIlapuTesie U KoHaeHcaTtope., M3MeHeHHe cocTaBa xjiafgareHTa
B MpOLIECCE 3KCIUTyaTalliM 3aTPYIHHMT PETYJIMPOBAaHUE MU YCIOXHMT
MpoLeAYpY JHo3anpaBku. (QTCYTCTBHE KOHTPOJS 3a KOHILEHTpanuei
Macjia B MCIapuTesie MOXET OTpa3uThCs Ha 3(PEeKTUBHOCTU MPOTEKa-
IOIIMX B HEM IIPOLIECCOB TeIUIOOOMEHA. Tak, MpUCYTCTBHE B pabouyeM
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Beutectse 0,2 % noan3UpHOro Maciaa CHIXaeT KO3(pPULIMEHT TeIL10-
nepenaun R407C na 2 %. Ilpu comepxanuu 2 % Macja B XIagarcHTe
K03(pdHULMEHT TeIUIONepenauyy yMeHbiIaeTcsa Ha 14 %.

XapaktepuctTukd R407C B cpaBHeHuMM ¢ R22 mpelacraBiieHbl B
tabi. 21.

21. OcHoBHble pH3HIECKHE CBOHCTBA H IKCILTYyaTAIMOHHBIE XapakTepucTHKH R407C
B cpaBHeHHH ¢ R22

Tlokazatens R407C | R22
CpenHsisi TeMnepaTtypa KMIIEHUs MPH aT- —43.56 —40,80
MocdepHoM aasnennu, *C
JlaBjieHWE HACBIILIEHHON XUAKOCTH 1174 1043
mpu 25°C
[rotHOCTH ¥MakocTH npu 25 °C, kr/m3 41,98 4421
IMoTeHnuan paspyluesuns ozoHa ODP 0 0,05
OTHOCHUTEJIbHASA X0J0J0NMPOU3BOAUTEb- 1,00 1,00
HocTb Qg raorc/Qor22
Torenuuan raobaisHoro norervieHusas GWP 1600 1700
XonoaunbHulil K03 GHIMEHT 6,27 6,43
Mpumeuanus: | Temneparypa kunenuss 7,2°C, Ttemmeparypa KOHIAECHCALIUM

43,3 °C, TeMneparypa neperpesa Ha BcachlBaHHM B komrmpeccop 15,5 °C, teMmnepatypa
nepeoxJaxiaeHuss nepea peryaupyioumm beutuiaem 40,6 °C. 2. Qg raorc, Qoray — x0J10-
JOMPOU3BOAUTENLHOCTS MPHU paboTe cooTBeTCTBEHHO Ha R407C u R22.

Kak BugHo m3 T1a6xa. 21, nmo cpaBHeHuio ¢ R22 xnamarent R407C
OKAa3blBaeT 3HAYMTEJIBHO MEHEE€ BpPEIHOE BO3ACUCTBME HA OKpYXalo-
IyK cpeay (3HauyeHUe MOoTeHIMala rodanbHOro noremieHuss GWP y
R407 nourtu Takoe xe, Kak u y R22, moTeHIMan pa3pyllueHUs] 030Ha
ODP pasen Hym0).

Ilpu 6o1ee HU3KOM TeMIIepaType HarHeTaHUs U HEMHOTO 60Jiee Bbl-
COKOM JaBj€HUM HarHeTaHus 3Hepretudeckas 3¢ddextuBHocTb R407C
6n13Ka K 3Hepreruueckon s3ddexruBHocty R22.

B Ta6i. 22 nipuBeneHbl AECTBUTEbHBIE CPAaBHUTEIbHBIC XapaKTe-
PUCTUKH PA3TMYHOTO 0DOPYIOBAHMS, U3TOTOBJIEHHOTO AJ1s1 pabOTHl Ha
R22, npu 3kcrtyaranMu Ha R407C Kak B peXuMe XOJOLWIbHOM Ma-
IIUHBI, TAK U B pEXMME TEIJIOBOro Hacoca (000pyaoBaHHUE HE IIpETEp-
I1eJJ0 HUKaKuX U3MeHeHUuH npy nepeBoae Ha R407C).

22. CpasuHTe/IbHBIE NOKA3ATEH TepMoxmaMmieckoil pdexmnBROCTH paboTsi
KOHAHIHMOHepoB Bo3ayxa «MyabTH-ciiimT» Ha R407C u R22 («Du Pont»)

IMapameTp ‘ R407C

Paboma & pexcume oxaaxcoenus ™

OTHOCUTENIBHAS XOJIOA0NPOU3BOAUTENLHOCTD, % 98...106
OTHOCHUTENIBHBIA AJ1EKTPUHMECKHI X0NoaWIbHBIA Koabduiment, % 93..97
H3meHeHue Temneparypsl HarHetanusi, “C —8,3..44
M3MeHeHue naBiieHMsl HarHeTaHus, Klla 103...276
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Ipodoaxcenue

IMapaMeTp A 1 R407C
Paboma e pexcume naepeaa **
OTHocHUTeIbHAs NPOU3BOIUTEIBHOCT, % ©93,.106
OTHOCHTEIbHBIN TCKTPHYCSCKUI XOJOMMIbHBIA Ko dULIMeHT, % 94...97
HN3meHeHne TemMnepaTypbl HarHetaHus, “C -1..0
MameHeHue aaBneHus HarHetaHus, klla 62...234 .

*Vcenosus wucnwiTaHuit (A M B) npu pabore B pexuMe OXJaXIEHUA YCTAHOBJIEHH Mu-
HHCTepcTBOM 3HepreTku CLIA,
** Venosust uenbiTaiui (E u H) nipu pabote B pexxuMe Harpesa — TeM Xe BEXOMCTBOM.

Npumeuvanne, 3al00% npuHATH NoKa3aTend npu pabore Ha R22.

M3 Tabna. 22 ciaemyeT, YTO XOJOAONPOU3BOAUTEIBHOCTL 3TOM 3€0T-
POIHOMW cMecH MpUMepHO Ha 2...5 % MeHblue, 4yeM y R22.

BaxHo, uro R407C He npegHasHaueH Misi pabOTHl B CMECH C OAPY-
rumu xnagareHtamMu. Jlodasnenne R407C k mwobomy npyromy xiai-
areHTy MOXET BBI3BATh CYIUECTBEHHBIE M3MEHEHHS B IOKA3aTeIsiX
3¢ QEeKTUBHOCTH pabOThl XOJNOOUIBHON CUCTEMBI. Juamna3oHbl mpu-
MeHeHUs1 xsagareHTa R407C npencrasieHsl Ha puc. 10.

Ilepen nmpoBeneHWEM OMeEpaldil MO 3aMeHe CMeCH TPaTULIMOHHBIN
XJIaJlaTeHT + MUHepaabHoe Maciao Ha cMmechk R407C + nmoauadpupHoe
MacJjio 00paIarT BHUMaHUE Ha XUMMYECKYI0 COBMECTHMOCTD TOC/Ie -
Hell ¢ IU1acTUKaMU U 3iacToMepaMu. Kak nmokasanu MCccAeIoBaHUs, He
CYLLECTBYEeT HU OTHOM TPYTIILI 3J1aCTOMEPOB WM TUIaCTUKOB, KOTOpast
6Bl MOAXOOWIa KO BCEM aJIbTePHATUBHBIM XJiagareHTaMm. PekomeHnyer-
Cs Tepel 3aMeHO# XJIagareHTa U BHECEHMEM KOHCTPYKTHBHBIX H3Me-
HEHUI B XOJIOOUIBHYIO CUCTEMY MO OTHOILEHUIO K TAKUM €€ 3JIeMeH-
TaM, KaK TIPOKJIAOKH, YILTOTHEHMS W IIOPIIHEBBIE KOJIblia, MPOKOH-
CYJbTUPOBATLCS C TIPOU3BOAUTENIEM OO0OPYIOBAHMS.

XO0JOTWJIBHOE MACIo NMOAOHUPAIOT ¢ YYeTOM TpeX (HaKkTOpOB: BO3Bpa-
Ta Macjia B KOMIIPECCOp; CMAasbIBAIOIICH CITIOCOOHOCTH U COBMECTUMOC-

te» OC-"
55 4
50
45
3 B A Puc. 10. /Iuana3onbl npHMeHeHHsA
917 R407C:
35 1 A — TeMmrnieparypa BcacbiBaHus 25 °C;
: B —neperpes BCachIBAEMOTO Mapa
30 I 20 K; C— neperpeB BCacbiBaeMOIo
5 nmapa [1K; #, fy— TeMnepaTypsl
—25-20~15—10~5 0 5 10t,°C COOTBETCTBEHHO KOHNEHCALUMH H
o KAMeHUs
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Puc. 11. Ilornomense Baarv noanddupHeM Maciom (I) no cpasHe-
HHIO C MHHEPAILHLIM (Z) B 4aCTAX HA MIWUIMOH MO Macce MNMPH TeM-
neparype 25°C H orHOCHTeNbHOH BaakHOocTH 50 % (MO0 A2HHBIM
bupmpt «Copeland»)

TU C MaTepuajaMy 3JIEMEHTOB XOJOAWIBHOW YCTaHOBKM. s uc-
110JIb30BaHUA B coyeTaHHU ¢ R407C pekoMeHIyIOTCS TOJUIPHUPHBIE
MacJia. [Ipoussogureneit mosua3UPHLEIX MacejJ MHOIo, MO3TOMY Ie-
ped BbIOOPOM Macja HeoOXoAMMO MPOKOHCYJIbTUPOBATHCS C MIPEACTA-
BUTENEM (PUPMBI—HU3TOTOBUTEA KOMIIpeccopa, a TakKXe ApYroro
000pynOBaHHUs, BXOMSIIETO B XOJOAUJIBHYIO cUcTeMy. Tak, ¢dupma
«Copeland» pekoMenayet Macyia «Mobil EAL Arctic 22 CC» u «ICI Em-
karate RL 32 CF».

Hexocrarok monua@upHBIX XONOMWIBHBIX Macea — OGIbIIas TUrpo-
CKOITMYHOCTB IO CPaBHEHUIO ¢ MUHEpaIbHbIMU (pUc. 11). list norno-
ILIEHUST BJard MacJioM HOCTAaTOYEH JIMIlIb KPAaTKOBPEMEHHbBI KOHTAKT
€ro C OKpyXarollieil Cpenoit, YTo AeJIaeT Macjao HEMPUTOAHBIM ISl UC-
1I0Jb30BaHMSI B XoJoawiabHOM cucteMe. I[lockonbky mnoansgupHoe
Macjio 6osiee MpeapacioNoXeHO K YIepXWBaHUIO BJIarv, YeM MHHeE-
paTbHOE, €€ ropasllo TpyaHee YIaIWTh, IPUMEHsA BakyyM. I[loatomy
PEKOMEHIYETCS 3aIpaBisTh CUCTEMY MOJM3(PHUPHBIM MacjOM, Macco-
Bas JOMS Bjaru B KOTopoM He 6osee 50 maH~!. [Ipu noMowy Puist-
pa-OCYLUMTENIST COOTBETCTBYIONIETO pa3Mepa MOXHO TOAIEpXKaTb Mac-
COBYIO JIOJIIO BJIArM B CUCTeMe Ha ypoBHe MeHee 50 muH~!. Eciu conep-
XaHWE BJard B Macje, 3alpaBJieHHOM B XOJIOAWIbHYIO CUCTEMY, IO-
CTUTaeT HEAOITYCTMMO BBICOKOTO YPOBHSI, TO 3TO MOXET IPUBECTH K
TTOSIBJICHUIO KOPPO3UHU U OCAXJICHHIO MEIM Ha CONPSKEHHBIX ICTANISX.

Xopollee BAKyyMUPOBaHHE CHMXKAET OCTaTOYHbLIE CJE€Abl BJIarud a0
10 Mna~!. CucreMy Bakyymupylor o aapiaeHus 0,3-102T1a wiu
Huxe. Ecny Heu3BecTHO, Kakoe KOJIMYECTBO BJIAard TMPUCYICTBYET B
CHUCTEME, ClieqyeT B3ATb MpoOy Maciaa M NMPOBEPUTH €ro Ha HaJINYHME
BJIary.

OOBIYHO CMOTPOBOE CTEKJIO (MHIMKATOp BJIard), KOTOpPOE €CTh B
JNEeHACTBYIOLLEH YCTAaHOBKE, MOXHO MCIIOJb30BaThb C HOBBIMM XJIaJareH-
TaMM 4 MacjamMd. OQHAKO MHIMKATOP BJIaTM MOXET HaBaTb Hempa-
BWJIbHEIC TI0Ka3aHMs. [lelCcTBUTEbHBINA YPOBEHb Bjlard B Macie Oyner
BBILLIE, YEM BHUOHO B CMOTPOBOM CTEKJIE. DTO MPOUCXOMUT B PE3Yib-
TaTe BBICOKOUN IMI'POCKOMMYHOCTHU MOMM3IPUPHOTO Macia.
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Tak kak noaus¢gpUpHbIe CMa30yHble Maciia 00/1aJaloT TMTPOCKOITUY -
HOCTBIO M aOCOpPOUPYIOT BOAY, 0CO00e BHUMAHHUE CIEAYET YAECSITh UX
TPAHCIIOPTUPOBAHUIO U XpaHeHHI0. KOHTAKT 3THX Macesj C BO3AyXOM
JOJXeH OBIThb CBEAEH K MUHUMYMY, XpaHUTb UX CJIEAYET B repMeTUY-
HBIX METAUIMYeCKUX eMkocTax. [Ipu 3ameHe BO Bpems perpodura
cMecu R22 + muHepanpHOe Macio Ha cMech R407C + nmonuadupHoe
MAacJIo JJIsi JOCTHXKEHUSI SKBUBAJIECHTHOM PaCTBOPMMOCTH XJIaJareHTa U
Macjla OCTaTOYHOE KOJIUYECTBO MMHEpPATLHOIO Macjia B CUCTEME HE
JOJDXKHO MpeBBIATh 5 % obuiero KoJIMyecTsa Macia B cucteme. [Jomy-
CTUMO€E OCTAaTOYHOE KOJIMYECTBO MHUHEPAJIBHOIO Macjia B XOJOAWIbHOMU
CHUCTEME 3aBUCUT OT €€ KOH(PUTYpalluu U oT paboyux yciaoBuid. Eciu B
XOJIOAUJIBHOM KOHTYpE MOSABASIOTCA MPU3HAKY MaJCHUA UHTEHCUBHO-
CTH TerUIoO0OMEHa B UCHAapuTeNle Wid HaOMIogaeTcs yXyALICHHE BO3-
Bpara Macja B KOMIIPECCOpP, TO, BO3MOXHO, TpeOyeTcsl JaibHeMLee
CHIDXEHHME KOJIMYECTBA OCTATOYHOrO MUHepaabHOro Macia. [locie npo-
BeIEeHHs psila CMEH Macjia C UCMOJb30BaHUEM IMOJIU3()HPHOro macia
OCTaTOYHasi KOHLUCHTPAllUsl MUHEPAIbHOIoO Macja OOBIMHO CHUXKAETCS
J0 MHMHUMAaIBHOIO ypoBHA. B Hacrosimee BpeMs MpPOM3BOAMTENSIMH
Macia pa3paboTaHa MeTOAMKa OIpelde/eHUSI B <«IMOJIEBBIX» YCJIOBUSIIX
colepXaHUsI MUHEPATBHOTO Macia B MOJIUIGUPHOM.

Kak yxe ObUIO cKa3aHO, CHYDKeHUE 2MHEKTUBHOCTU paboThL X0JI0-
OWJIBHOM CUCTEMBI MOXET MPOUCXOMUTh M3-3a YTEUEK XNaJarcHTa.

Ecnu B paboraioiueit X0JMOaWIbHON CUCTEME ITPOUCXOAUT YTEUKa U
kuakoctd, U napa R407C u3 Toif yacTH, rae HaXOMMTCS TApOXHI-
KocTHass cMech (TemnooOMeHHMKHM wiuM TPB), coctaB ocrtaBiuelica
YacTH XJ1agaleHTa IIPAaKTUYECKU OCTAeTCSd TaKUM XK€, KaKUM OH ObLI
nepBoHavanbHoO. [Tocine no3anpaBKu 10 ITepBOHAYAIBHOTO KOJUYECT-
Ba XJIajareHTa B CUCTEME €€ MPOU3BOAMTEILHOCTh BOCCTAHABAUBACTCS.
OnHako ecsiv IMPOUCXOIUT YTeuKa IMapa U3 MapoXUAKOCTHON 30HbI He-
paboralollieil CUCTEMBI, COCTAaB OCTaBLICHCA YaCTH XJIaZareHTa U3MeHS -
eTcs1. B ocTaBLUECS YaCTU MOBBILIAETCS KOHIIEHTPALMST BBICOKOKUTIS -
mero xomroHeHTa (R134a), KoHlLieHTpallusl HU3KOKUIISLIUX KOMIIO-
HeHToB (R32 u R125) nonmxkaercs. CrneACTBUEM U3MEHEHUS KOHIICH-
Tpaluii KOMIIOHEHTOB, COCTaBJISIOIINX XJIaJareHT, SBISETCS M3MEHe-
Hue coctaBa cMecu R407C u 3aBUCSIIIUX OT HErO MapaMeTpPOB pabOTHI
XOJIOAUIbHON CUCTEMBI (Tabu. 23). /laHHbIe, IpUBENCHHLIC B Tabs. 23,
OTHOCATCA K paboTe XOJOAWIBHOU KOMITPECCUOHHOW MalllMHBI, TAE
xjaagareHToM ciayxun R407C, mo teoperrhyecKOMy LUKy, TPUYEM
nociie 50%-Ho# (o Macce) yTeukH U3 napoBoil ¢a3sl ObLIH ITpoOBee-
HbI MHOTOKpATHbIE€ J03alPaBKH.

Ha ocHOBaHMM HCCIE€IOBAaHMUS MPOIIECCOB YTEYKU U N03aIIpaBKH
R407C, nposeaeHHoro ¢pupmoii «Du Pont», caenaHbsl TpY BaXXHEHIIMX
BBIBOJIA:

IpY yTE€YKe M3 MapoBoil (a3bl YMeHbIIAeTCs KOHLIEHTpalus R32
(BOCIUTAMEHSIEMOTO KOMIIOHEHTAa CMECH ), ITIO3TOMY CMECh OCTAETCS He-
roployen;

B Ipolieccax YTeYKU M AO3amnpaBKH 3HEpreTudeckas 3¢dekTuB-
HOCTb CHCTEMBI OCTAeTCSI HEU3MEHHOM, a TeMIiepaTypa U JaBleHUe Ha-
THETAaHUS1 YMEHbLIAIOTCS;
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23. TeopeTHueCKAS NPOHIBOAMTEILHOCTh XONOAWILHON MAIIHHB Hocae 50%-noi
yTeuKkH u3 naposoi $asni 1 Ao3anpaBku (no JaunbiM ¢upmul «Du Pont»)

‘ OTHOCHTEIbHBIN OTHocHUTEAbHAS
Howmep : > Temriepatypa [lapnenue Harue-
N03arpaBKu ; Kog%im%?ﬁj{% X%?{I}l)(}){l‘é%(])_rggo%w HarHeTtaHus, °C Tanus, klla
0 100 100 81,1 1903
1 101 95 80,6 1800
2 101 93 80,6 1751
3 101 92 80,6 1731
4 101 91 80,6 1724
5 101 91 80,6 1724

* OTHOCHTENbHBIHA XONOAWIbHbIN Ko3(bHLINEHT pu NepBoHaYaibHOM 3anpapke R407C
npHHAT 3a 100 %.

** OTHOCHTENbHAS XOI0AOMPOU3BOINTENBHOCTh NMPK MEPBOHAYAIbHON 3arnpaBKe MpH-
uaTa 3a 100 %.

Iocjae YeThbipeX HUKIOB 50%-Hoit yTeuyKH W HO3alpaBKU IPOM3BO-
JUTEBHOCTb CHUXKAeTCst Ha 9 %.

JaHHbie, MpuBedecHHBIC B Ta0J. 23, OTHOCSITCSI K TEOPETHYECKOMY
HCCJIEIOBAHUIO PabOThl XOJIOAUABHOM CHUCTEMbI B HAUXYIILIUX YCJIIOBHU-
ax. Ha mpakTuke Xe NMpOUCXOISIIUKE C XJIAZareHTOM HU3MEHEHUs], KaK
IIpABWJIO, MEHEee 3HAYHUTEJbHbl. ECTh 3KCIIepUMeHTaNbHblE TaHHBIE O
TOM, YTO JUISI TETJIOBOrO HAacoca MOCJI€ BTOPOH MO3alpaBKU ITPOM3BO-
JUTEJIBbHOCTh CTAOWIM3UPOBaNaCh Ha 3HaYeHUM, HA 4 % MEHBIIEM, YeM
IIpH TTIEpBOHAYAIbHOM 3ampaBKe.

Xunanarenr R507. Toprosast mapka «Genetron AZ50» («Allied Sig-
nal»). CocraB cMecu: R125 u R143a coorBeTcTBEHHO Mo macce S50 u
50 %. Temmepartypa xuneHusi —46,7 °C (npwioxeHue 16). Moieky-
JsipHast Macca 98,86 r/mMonb. [MoTeHuuan paspyieHust ozoHa ODP = 0,
MoTeHIMal riaodaibHoro rnoreHuyansa GWP = 3900. XnanareHT paspa-
0oraH sl peTpoduTa HM3KOTEMITEPATYPHBIX XOJOIMJIBHBIX CHCTEM,
pabotatomux Ha R502, u a1s1 3anpaBku HOBOro o60pya0BaHUs B COYE-
TaHMH C MPUMEHEHHEM IOJIU3(PUPHBIX Maces. XapakKTepUCTHKHM XJ1al-
areHta R507 npuBeneHbl HUXe:

MonekynspHas Macca, I/MOjb 98,86
Temneparypa napa npu gasieHuu 0,1013 MIla, °C —47,1
JasneHue napa npu 25 °C, MIla 1,29
IT10THOCTb XMAKOCTHU npH 25 °C, xr/am3 1,04
Kputuyeckas temmeparypa, ‘C 71
Kputnueckoe napienue, MIla 3,72
VaenbHas TeIuioTa napoobpasoBaHus npu gasiaeHuu 0,1013 MIla, kIx/kr 196
IMoreHKMan paspyineHHs o3oHosoro cjosi ODP 0
TloreHuMan rinobansHoro noterwieHus HGWP 1

[To xapakTeprcTUKaM a3zeoTponHbi xagareHT R507 6ansok xk R502.
[Mpu ucnonb3oBanuu R50O7 xonomunbHbI KO3 DUUMEHT LIMKIA MEHb-
nre Ha 8...11 %, a X0J0dOoNpPOU3BOINTEILHOCTL — Ha 1...3 %, 4eM B X0-
JOIWIBHBIX cHUCTeMax, paboratommux Ha R502. OgHako Oosiee HU3KHE
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(Ha 6...9 °C) 3HayeHUA TeMIlepaTypbl HarHETAHHUA IO3BOJIAIOT IPHMe-
HSTb 3TOT XJAJAreHT B T€X HU3KOTEMIIEPATYpHbIX CHUCTEMax, TOE MC-
nonb3oBaHue R502 BcTpevaer orpanndeHus. bimskue K R502 3HaueHust
IDIOTHOCTY aJIbTepHATUBHOTO xjanareHta R507 Ha Bxone B KoMmpeccop
U CTEMEHM CXaTus YKa3blBalOT Ha HEOOXOAMMOCTb CAMBIX MUHUMAJb-
HBIX U3MEHEHHI B KOHCTPYKIUH AeHCTBYIOILMX KOMIIPECCOPOB.

Xnanareut R410A. Toprosast mapka SUVA®9100. [IpeacrasasieT
co00if IBOMHYI0 a3€OTPONHYID cMech ruapodTopymieponoB R32 u
R125 npu paBHEBEIX MacCOBBIX AOJsIX KOMIOHEHTOB (50 u 50 %). Ilo-
TeHIIMan paspyuieHuss o3oHa ODP =0. [ToreHuuan modaibHOro mo-
teruieHust HGWP = 0,45. Ol cnyXuT X1a1areHToM, ajlbTepHaTUBHEIM
R22, u npenHa3HayeH IS 3alIpaBKU HOBBIX CUCTEM KOHAWLIMOHUPOBA-
HMSL BO3yXa BBICOKOIO AaBJIEHUs. YIeJbHas XOJOZOMPOU3BOAUTENb-
HocTh R410A npumepHo Ha 50 % Gosbine, yeM y R22 (1ipu TeMnepary-
pe KoHaeHcauuu 54 °C), a pabodee mapneHue B 1uMkie Ha 35..45%
Boire, 4yeM y R22, yTo npuBOAUT K HEOOXOZHMMOCTH BHECEHUS KOH-
CTPYKTMBHBIX MU3MEHECHUI B KOMITPECCOP U TEIUIOOOMEHHUKM, a CJe-
JOBAaTeJIbHO, K BO3PACTAHMUIO KAINMTAJIBHBIX 3aTpaT. XapaKTepHUCTUKU
xnagareHTa R410A Ha JMHUM HACHILLEHUS B ero (pu3ndeckue CBOI-
CTBa TNpUBeIEHBI B npuaoxeHusax 17, 18.

Ilockonbky mnotHOocTh R410A BbE, yem R22, kommpeccopsl,
KOMMYHUKALIMOHHBIC TUHUU U TeTIOOMEHHMKHU JOKHBI UMETh MEHb-
1IKE pa3MepBHL.

B xonomuneHEIX cHcTeMax, padoTtawuinx Ha R410A, pekoMeHayeT-
Cst MCIIOJIb30BaTh MOTU3(MUPHBIE Maca.

Xnanarent R508B. Toprosas mapka SUVA® 95, TIpeacrasiser co-
60i1 azeorponHyro cMechb R23 u R116 1pu COOTHOIIEHUH MaCCOBBIX
Jojeit KoMmoHeHTOB 46 u 54 %. TeMnepatypa kunenusa —88,3 °C. Ilo-
TeHUMa1 paspyuieHuss o3oHa ODP = 0. IlpenHa3HauyeH A1 3aMEHBI
R503, R13 u R23 B HU3KOTeMniepaTypHOM 000pynoBaHuHU. B kauecTse
XOJOOWIBHOIO Macjla pexoMeHmyeTcs nonusdupHoe. Pusmueckue
cBorictBa R508B mpuBeaeHsl B npioxXeHUH 18.

8. CoBMeCTUMOCTh XAQAQreHTOB
C nmAacTMaccaM, 3AacToMepaMu
M METaAAaMH |

CosmecTuMocTh ¢ maacTMaccamu. JJaHHbIE O COBMECTUMOCTY XJIal-
arentoB SUVA® R11, R12, R22 u R502 ¢ miactMaccaMu MpUBEAEHBI
B Tabj1. 24, OHAKO IUIS1 KAXIOro KOHKPETHOIO Ciaydas TpMMeHeHUs
HEOOXOIUMO TPOBOIUTh UCIBITAHUS HAa COBMECTUMOCTD, ITOCKOJIBKY
ILJIACTMACChI OHOTO ¥ TOTO XK€ THIIA MOTYT UMETh Pa3HYI0 MOJIEKYJISAp-
HYI0 Maccy, CTPYKTYpY MOJMMEDPOB, Pa3Hble ILUTACTU(DHKATOPHI, a TEM-
neparypa u apyrue (akTopbl ClIOCOOHB CHU3UTh CTOMKOCTh IUIaCTMac-
Chbl K BO3JICUCTBHMIO XJ1aIareHTOB.
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CosmecTUMOCTB ¢ 3acToMepamMu. Kak 1rmokasaiu JJabopaTOpHBIE HC-
caenoBaHus, npoBeacHHbIE prupmMoit «Du Pont» (cM. Tabn. 24), y anac-
TOMEPOB, KOTOpbIE YCIIEIHO paboTaiu B COYETaHUM ¢ R12, Kak NpaBu-
JIO, XOpOlllasi COBMECTUMOCTb U C CEPBUCHBIMU CMECSIMU CPEIHETO JaB-
Jnenust (R401A, R401B n R401C) — cm. Taba. 14.

OnoHako cTerneHb BO3NEWCTBUSI XJIANAreHTOB HA 3J1aCTOMEPBI MOXET
HM3MEHSITECS B JOCTATOYHO LLIMPOKOM JAMAIa30He B 3aBUCMMOCTH OT TOIO,
KaKu€ TIacTU(PUKATOPHI, HAMOJHUTEIU W APYIUe WHIPEIUEHThl ObLIH
UCTIOJIB30BAHBI B PELIENTYPE PE3UMHOBOW CMECH, MO3TOMY UL KaXIOro
KOHKDETHOIO CJTydyasi HEOOXONMMO NpPOBOIUTH HCIBITAaHHSA. OCOOEHHO
BHUMATE/IbHO HYXXHO TPOBEPSITh COBMECTUMOCTh C XJIaJlareHTAMU MaTe-
PHATIOB KOJIBLIEBBIX YIUIOTHEHUH Kpyrioro cedyeHust. IlpoBepKy oOBIMHO
MPOBOST B J1aOOPATOPHBIX YCIOBUSIX, MOTPyXKas oOpaslibl 3/1acToMeEpa B
XMIKMHU XJIagareHT IIpU KOMHATHOM TeMITepaTrype M BhIIEPXKHUBas €ro TaM
JIO TOCTHXXEHUSI MAaKCUMAJIbHOTO Habyxanusi. M3nenust ¢ BBICOKOM CTerie-
HbIO HabyxaHUs He PeKOMEHIYIOTCS ISl UCITOIb30BAHMS B XOJIOAWIBHBIX
cucTeMax, 3arparieHHbIx xuagareHTamu SUVA®.

CoBMECTHMOCTh ¢ MeTA/1IaMH. DBOJIBIIMHCTBO M3 NPUMEHSIEMBIX
KOHCTPYKIIMOHHBIX METAJIOB, TAKHUX, KAK CTaJlb, YyTYH, OpPOH3a, MEIb,
0JIOBO, CBMHEII M AIOMWUHHUH, XOPOILLO pa60Ta10T C XJajJareHTaMu
SUVA® MPU HOPMANBHBIX YCAOBUAX BKCIUTYaTalUK, KaK T10Ka3alu UC-
cJieloBaHUSI, IpoBeaeHHbie (hupmoii «Du Pont».

IIpu oyeHb BEICOKHX TeMIlepaTypax (HalpUMep, NP JYXEHUU) HE-
KOTOPBIE METaJ/UIbl MOTYT JIEMCTBOBATh KAaK KaTaJM3aTOPHI, YCKOPSIO-
1IMe pasnoxeHue ropcoearnHeHnid. CIuiaBbl MarHUsl U aJTIOMUHMS,
comepxalilve bonee 2 % MarHusi, He CJleayeT UCMIOJAb30BaTh B CUCTE-
Max, 3anpabjieHHbIX xiagareHTaMu SUVA®, 0coGeHHO eciM BO3MOXK-
HO TOSIBJICHUE BJIATU.

BonbuinHcTBO xaagareHToB rpynn [ XPY u I'®Y moryt 6ypHO pe-
arupoBaTh C BBLICOKOAKTMBHBIMM METaJUIaMU, HAIlpUMeEp CO UIEI0Y-
HBIMU U ILIEJOYHO-3€MENbHBIMU (HATpUi, Kanun, 6apui u ap.), Ha-
XOISAIIAMHUCSA B CBODOOHOM COCTOSSHMMU. MeETajibi CTAaHOBATCA €llie
0oJsiee aKTMBHBIMH B MEJIKO3EPHUCTOM WJIM MOPOLIKOOOpa3HOM BUIE.
AJIIOMUHUI U MarHU# MpU 3TOM MOIYT pearupoBath COo (GHTOPCOAED-
KalIMMM COEOUHEHHUSIMU, OCOOEHHO TpM ITOBBIILIEHHOH TeMIeEpaType.
Takue BbICOKOAKTHUBHBIE MaTepuaibl HEJb35 MPUBOAUTL B COMPUKOC-
HoBeHHe ¢ xyamareHTamu rpynn I'XDY wiu T'DY, nmoka ux peakuus
He OyJeT TLATeJIbHO U3yYeHa U He OYIOyT MPUHSTH COOTBETCTBYIONINE
MEPBI MPEAOCTOPOXKHOCTH.

9. AAbTEepHaTUBHBIE XAAAAreHThI
AASL XOAOAMABHOIO TPaHCIOPTa

OcHoBHble cBefennsi. PedprxepaTopHbIii TPAHCIIOPT 00eCIIEYUBAET
MEPEBO3KY IPY30B OT MECTA MUX IMPOMU3BOIACTBA [0 MECTAa PO3SHUYHOMU
NpofaxHy. Pa3BuTHe HANEXHBIX BUAOB pepPUXKEPATOPHOrO TPaHCHOP-
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Ta MPHUBEJIO K PacIIMPEeHHUIO c(ephl ero mpuMeHeHus. B Mupe ceromHs
OCYILIECTBJISIETCA MEePEBO3Ka LIMPOKOIO aCCOPTUMEHTA ITHUIIEBBIX M He-
MUALIEBBIX MIPOXYKTOB. TakK, MO OLIEHKE CIELIMAINCTOB, TOJIBKO KOHTEH-
HEPHBIX pePpUAKEPATOPOB HAXOAUTCS B IKCIUTYaTallMH 0Ko0Ji0 400 ThIC.
IlosiBieHUE CHELMAIU3UPOBAHHBIX AaBTOMOOWICH-pedpHKEPaTOPOB
3HAYMUTEIBHO YIIPOCTIJIO KaK MEXKOHTUHEHTAJIBbHYIO, TaK M MeXIYHa-
POAHYIO TPAHCIIOPTUPOBKY I'PY30B.

I'py3oBbie cyna, MewIUe pepUKEPaTOPHBIE TPIOMBI, COCTARISIIOT
3HAYUTEJIbHYIO 4acThb pedpuxepaTopHOro (¢iora, nmpeaHa3Haue€eHHOTO
JUTSL TIEPEBO3KMU IPY30B Ha AaJIbHUE PACCTOSHUSA. AMMUAK ObLT IEPBBIM
XJIaJar€e HTOM, KOTOPBIM UCMOJIB30BAIN Ui 3TOM 1enu. OgHako K 80-M
rogaM OH okKasajicsia B 0oJjbllei cTerneHM 3aMeHeH R22 B OCHOBHOM
M3-3a TOro, YTO paboTa ¢ aMMHMAKOM ITOBBINIAET PUCK BO3HUKHOBEHUS
aBapUUHBIX CUTYallMH.

B 70-xromax Bce HOBBIE KPYIMHOTOHHAXHBIE pedpHKepaTOpPHLIE
cyza ObUTM 000pYHOBaHBI XOJOAWJIBHBIMM CHUCTEMaMH, MCIIOJIb30BaB-
UMU B KayecTBe xi1anareHTa R22. B pedpinkepaTopHbIX KOHTEHHEPaX
K 3TOMY BpeMEHHU YyXe€ IIUPOKO npuMeHsUIM R12. B cucteMax Hazem-
HBIX TPEMJIEPHBIX NIEPEBO30K B 00/1€€ MO3IHUE T'OJbl IIIMPOKOE pacIpo-
cTpaHeHue noayyua Takke R502. IToatamHoe cokpaliieHue TpOM3BOMI-
ctBa XPY B cOOTBeTCTBMM ¢ MOHpEIbCKNM IIPOTOKOJIOM 0Ka3ajo ce-
pbe3HOE BIMSHME Ha TIPOMBIILIEHHOCTb, BBITYCKAIOLIYIO pedpuxepa-
TOPHBIE KOHTEHMHEpPHI, TPEIIEpHBIE aBTOpe(pPHKEepaTophl U pedpH-
XeparopHble cyna. B Hacrosiuiee BpeMsi B KaUeCTBE XJIajiareHra B ped-
pHXKEpaTOPHBIX KOHTEHHEPaX LMPOKO MCIOoAb3yloT R134a.

B nocsenHee BpeMS MOSBHUIUCH COOOLLUEHMUS O CO3JaHUU JABYX
HoBBIX x1amareHToB (R413A 1 R407D), ocHoBaHHBIX Ha DY, y KO-
TOPBIX HET HEAOCTAaTKOB, XapakTepHbIX misi R134a B cpaBHeHUM C
R12. Hossiii xmagareHT R407D coBMeCTUM C mOau3¢pUPHBIMH X0J0-
IWIBHBIMM MacjaMUd U MMEET 3HAYMTEJbHO 0oJiee BBICOKOE IaBiie-
HHe KOHOeHcauuH, yeM R12 uau R401B.

XuanarenTol, aapTepHaTuBHbie R502 u R22. Korga 3anper Ha XDY
o(pUIIMAIBHO BCTYIMWJI B CHIy, pa3paboTKa BELIECTB, aJIbTEPHATHBHBIX
R502, nona no AByM HampaB/ICHHUSIM:

Bo3BpaT K R22. OBT10 pa3paboTKa HOBBIX THUIIOB KOMIIPECCOPOB
(Bxumouast gByxcryneHyarbie). CUCTEMBI ¢ I TUMU KOMIIPECCOpaMH JO-
pOXe M XapaKTepHU3YIOTCS MEHbIICH 3HEPreTudecKoil 3¢ @eKTUBHOC-
ThIO, YEM OTHOCTYIICHYATBIC CUCTEMBI;

pa3paboTka xnagareHToB-uMuTaTopoB R502. IlepBhie Takue UMUTA-
TOPHBI NIPEACTABISLUIH CO00I CMECH XJ1aJareHToB Ha ocHoBe R22. B cBs-
31 ¢ TeM 4TO 11 [ XDY Takxe ObLIM YCTAHOBJIEHBI CPOKH ITOITAIIHOTO
TpeKpalleHHsI TIPOM3BOACTBA, 3TH BELIECTBA XOTS U OBLIM IIHMPOKO
pacIpoCTpaHeHbl B KayeCTBE CEPBUCHBIX XJIANAr€HTOB, HO B HOBOM
o0opynoBaHUM UX OOJIBITIE HE UCITOIB3YIOT.

Paspabotka xmagareHta R404A, mpeiacTaBisioliero coboil cMech
HecKodbkux ['DY, skcrutyaTallMOHHBIE XapaKTePUCTUKH KOTOPOW
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CXOAHBI ¢ xapakrtepuctMkamu R502 (ta6a. 25), nama BO3MOXHOCTb
3aMeHMTh KaK R22, tak u R502 B HM3KoTeMIepaTypHOM XOJIOAWJIb-
HOM O0Opy/0BaHUU.

25. HekoTopnie cpaBHMTE/bHbIE NAPAMETPH XJIAJATCHTOB

TlapameTp [ R22 I‘ R502 R404A R410A
JHapjieHHE NPU TEMITEPATYpE 2,09 2,26 2,49 3,33
55°C, MIla
CrelneHb cxXaTus 18,5 16,2 17,2 17,4
TemnepaTypa naruetanua*, °C 167 113 103 151

* B uvkie ¢ TeMmeparypaMu kuneHus fy = —40 °C u koHaeHcauuu f, = 50 °C.

HekoTopblM Npou3BOAUTE/IAM pedpUXepaTOPHBIX KOHTEHHEPOB
YHAJIOCHh K HACTOSIHIEMY BpeMeHM mnpHucriocodoute R404A B KayectBe
CTAHIAPTHOIO XJajareHTa AJs paboThl B 00JIaCTM HU3KUX TeMIiepa-
Typ. Elmte oaux xnagareHt R507, cxoanniii ¢ R404A no xapakrepuc-
THKaM, TaKXKe MOXET ObITh MCIOJIb30BaH B MOJOOHBIX YCIOBUSX. On-
Hako R507 umeer Oosiee BBICOKOE IaBJIEHME, KOTOPOE HECKOJIBKO
BbllIe, YeM cTtaHaapTtHoe (2,5 MIla npu temneparype 55 °C). Tpoii-
Hble CMeCH, oCHOBaHHBIE HA R32 u cocTasisiomue cepyio XJaaareH-
toB R407, noka He NPUHATH BeAYIIMMH MNPOM3BOAMTEASAMM TpaHC-
TOPTHOTO pedpuXepaTOpHOro o60pPyIOBaHHS B KayeCTBE XJIaJareH-
TOB JUISI CTAaHHAPTHOM 3alpaBKH.

HoBblit xmanareHT Ha ocHoBe ['PY (R410A) nepBoHaYaIbHO ObL1T
paspabotaH mis 3amMeHbl R22 B ycTaHOBKax KOHAMILIMOHMPOBAHMUS
BO3AyXa U ObLI MpeAcCTaBJIeH Ha PbIHKE B KayecTBe XjajareHTa sl
TpeiiepHbIX aBTopedpuxepatopoB. [lockoiibky R410A sBasiercs
XJTaHAaTeHTOM BBICOKOTO IaBJI€HHUS, KOMIIOHEHTHI XOJOAMJIBHBIX CHC-
TEM MIOJDKHBI ObITh CHEIIMAIBHO pacCyMTaHbl Ha paboTy MpU TaKHUX
YCIIOBHUSIX.

Xnanarentnol, aabrepHaTuBHbie R12. boibUIMHCTBO pa3iUyHBIX BU-
JI0B pedpuxepaTopHOro tpaHcrnopra padoraer Ha XDPV. Te U3 Hux,
4TO UCMOAB3YIOT R12 mng moaaepKaHUs HU3KUX TeMIIEpaTyp, CTAIKU-
BalOTCSI C OCODEHHO CEPbe3HOU ITpoOJieMOM, MOCKOABKY XJIadarcHT
R134a, 3ameHgiomuit R12, uMeer cymecTBeHHO 601ee HHU3KUE 3KC-
TJ1yaTallMOHHBIE MTOKA3aTEIM NMPU HU3KUX TeMIepaTypax KUIIEHHUS.

Ha npakTuke HeKOTOpbIe CIENUATUMCTBI MMPUHUMAIOT KOMITPOMMUC-
cHoe pemteHue: 3aMeHAT R12 va R134a B XononujbHOM YCTAHOBKE,
TIepBOHAYAJIbBHO CMOHTHPOBAHHOM B KOHTEHHepe Oosbliiero oobema, a
3aTeM MOMEILAKOT 3TY XOJOAWIbHYIO YCTAHOBKY B KOHT€HEp MEHbIIIe-
ro oobeMa. 3aMecHa xe R502 Ha R404A He cBsi3aHa ¢ HECOOXOAUMOCTBIO
OpOBEACHUS MMOAOOHBIX MEPOTIPUATHH.

B oboux ciayyasx misi nepeBoja XOJMOIUJIBHONM YCTAHOBKM C XJIa/l-
areHra, oTHocsierocsi K rpymnne XV, Ha xj1agareHT Ha ocHoBe DY
TpeOyeTcss 3aMeHa MUHEpaIbHOTO Macia Ha cUHTeTHyeckoe. [lepen
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3aMEHOM TILATEJIbHO IMpPOMbIBA-
10T CUCTEMY C LEIbIO yIATCHUs - Qporn

OCTAaTKOB MacJia, TaK KakK €CJIu ,
OHM COCTaBJsIIOT 6Gojee 5 %, TO ;f /,_—_—
MOTYT NIPOM30MUTHU CEPbE3HBIE ME- r 1
XaHUYECKUE TIOBPEXICHUS XO- 0.9
JIOTWJIBHOTO 00OpYIOBaHUSI. 08| 2

B Hacrosiliee BpeMs Lid 3a- 0,7
MeHBl R12 B XOJOAWIBHBIX CUC- g'g
TeMax KOHTEHHEPOB MCIIONb3Y- 50 40 -30 -20 -10 0 10
1oT R401B, xoTopblif npencras- t,°C

JAeT OCOOBI HHTepec BCIe-

CTBHME TOI0O, UYTO XOJOAOIIPOU3-  Puc. 12. 3aBHCHMOCTb OTHOCHTENBHOM X0-
BOTITETHOCTS €10 TIDU HUSKIX | SONmbotmtesioens G, (0 i,
TeMIIEpaTypax COOTBETCTBYET XO-  R401B u R134a 0T TemnepaTyphl KHIIEHHS:
JOIONPOU3BONUTENILHOCTH R12 1 R40IB; 2— Rl3da

(puc. 12).

s peTrpoduTa XOJOAUIb-

HBIX CUCTEM aBTOpedpHUXKepaTOpoB, paborawmiux Ha R12, npumeHs-
10T R401C, a R402A u R403B MCIOIB3yIOT NIpeXkae BCETo TSI 3aMEHBI
R502. IIpuMeHeHHE TaKMX CEPBUCHBIX CMecei 3KOHOMMYECKMU 3(¢-
(heKkTHBHO B pedpyKepaTOpHBIX KOHTeHHEpaX, a TAKXKe B aBTOpedpH -
KepaTopax CTapbIX TUIOB J0 UCTEUEHUS] CPOKa uX 3KCILTyaTallMOHHO-
ro pecypca.

R413A, npennaraeMblii Ha pbiHKE KaK COBMECTUMBIM ¢ MUHEpaIb-
HBIM MAacjIOM CEPBUCHBIH XJIQAATeHT, TpeIHa3HAYEHHbBINA I 3aMEHbI
R12, B cBoeli ocHoBe cocToUT U3 R134a u B 006/1aCTH HU3KHMX TeMIIe-
paTyp MMeeT 3KCIUTyaTallMOHHbBIE XapaKTEPUCTUKU, IIPUCYIIIUE ITOMY
XJIaJlareHTY.

B cnayyae mpHHYIUTEILHOM IMOAAYM XJIaJareHTa B UCIApUTelb (MC-
TapuTeNb 3aTOIUIEHHOTO THUIIA) MEPCIIeKTUBHBIM XJIadareHTOM IS pa-
00TBI B 00JIACTH HU3KMX TeMnepatyp cuuTaeTcsl R404A. Oxunaercs,
YTO ITOT XJIaJAreHT OyleT MIpaTh Bce OOMBIIYIO POJIb IPH OXJIAXIEHUH
IPYy30B Ha cyxax.

Cneuucpuueckue TpeOOBaHUs, NpedbsBiasieMble K pedpuxepa-
TOPHOMY TPaHCIOPTY, BKJIIOYAIOT HE TOJBKO TEXHUYECKHE ACIEKTHI
3KCIIyaTAllMOHHBIX ITOKa3aTejell, HO Takxe M He MeHee BaxXHbIe
COOOpaXeHUSE OpraHu3aliu¥ MaTepHAIbHO-TEXHUYECKOrO CHabxe-
HHMsI. DTO MO3BOJISIET MPEOIOJOXHUTH, YTO B 0003pHUMOM OyaylieM
R134a, R404A u R407C, orBevalouiue XeCTKUM 3KOJOTMYECKUM U
TEXHUYECKUMM TpeOOBaHUSIM M AOCTYIIHbIE BO BCEM MHpeE, 3aUMYT
Belyllee IOJOXEHHE Cpedd XJ1aJareHTOB s CYAOB-pedpuxeparo-
POB, KOHTEHHEPOB-pePPHKEPATOPOB U TPAHCHOPTHBIX CPEACTB C
OXJIaXIEHHUEM [PY30B.

IMostanHoe mpekparienue npoussoactsa [ XPY yckopuiao paspa-
OOTKY CYIOBBIX XOJOIWJIBHBIX YCTAHOBOK HOBOro TMma. Eciu mwig ox-
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JIAXIEHUS Ipy3a TPEOYIOTCS CpelHMe WM BBICOKME TEMIIEPATYPhl, KC-
MOJIb3yEMBbI€ B HACTOSIILIEE BPEMS XOJIOAW/IbHBIE YCTAHOBKY C OOJIBIIMM
00BbEMOM 3ampaBKH 3aMEHSIOTCS KOMITAKTHBIMM YMJUTEPHBIMH YCTa-
HOBKaMH. B mogoGHBIX yCTaHOBKAaX HaOJII0AAETCsl BO3BpaT K MCIIOJIb30-
BaHUIO aMMMaKa. AMMHAYHYIO XOJIOIWIbHYIO YCTAHOBKY MOXHO pa3-
MECTUTb B U30JIMPOBAHHOM IOMEILEHUH, OCHAILLEHHOM CKpy0OepHOii
CHUCTEMOM IS MOTJIOLIEHUSI BO3MOXHBIX yTe4eK aMMMaKa.

10. CepBuC XOAOAHUABHBIX CHCTEM
10.1. 3amena R12 ma R134a

OcnoBnbie cBenenusa. [Ipu 3ameHe (petpodure) R12 Ha Rl34a
cieayer oOpamaTh BHHMaHHE Ha BO3MOXHOCTb HM3MEHEHHS XOJIO-
IOMpPOU3BOAUTENLHOCTH. Ha puc. 13 nmoka3aHo M3MEHEHHE Hayalb-
HOM X0JI0IONPON3BOINTENBHOCTH ycTaHOBKY (Monenp «L’Unite Her-
metiquc»), paboraBmer Ha R12 u nepeseseHHor Ha R134a, B 3a-
BUCHMMOCTH OT TeMIepaTypbl KulleHMs. Kak BHIHO M3 puc. 13, ¢
MMOHWKEHUEM TeMIIEpaTyphl KMIIEHHS XOJOAONPOM3BOIUTEIBHOCTD
yMmeHbinaeTcsi. CHUXXEHHE XOJIOAOIPOU3BOAUTEILHOCTH MOXHO Mpe-
JIOTBPATUTb ABYMS IyTSIMU:

YBEJIMYCHUEM 00beMa LIUJIMHAPOB KOMIIpECcopa LIS KOMIIEHCALIUU
MaJeHUST XOJIOA0IPOU3BOIUTEILHOCTH;

noBblIEHHEM 3G PEKTUBHOCTH pabOThl YCTAHOBKH C LIEJIbIO BOCCTA-
HOBJICHUSI HA4YaJdbHOH XOJOJONMPOU3BOIUTEIBHOCTH WIH MaKCHUMAaJb-
HOTO K Hell IpUOJINKEHHUS.

OnHAaKO MOXET CJIYYHMTHCS TaK, YTO XOJOLONPOMU3BOAMUTEBHOCTD
CHUCTeMbI NpH paboTe HA HOBOM XJIaJareHTe OyAeT BbllIEe XOJI0J0IIPOU3-
BOIUTEIBLHOCTH Ha cTapoM. B 3TOM ciiyyae He06X0AMMO OrpaHU4MBaTh
€€ BEJIMYUHY, LIS Yero CYHIECTBYIOT pa3jIM4YHBLIC NPUEMBI.

K XonmomunbHBIM cUCTEMaM, 3ampaBiseMbIM XiamareHToM R134a,
MIPEeXbSBIISIOT psill TPeOOBaHMIA.

Q

101m Puc. 13. 3aBHCHMOCTb OTHOCHTEJIBHOI X0-

1,05 JIOAONPOH3BOIMTENLROCTH (g,r, (11O CpaB-
nennio ¢ R12) npu paGore na R134a or

0.95 1 2 TeMIEPATYDbI KHIIEHHS:

i 1— HU3KOe [OaBieHUE KHUIEeHUs, 2—

075 cpefiHee M BBICOKOE NABNEHUS KUIIEHUS

.35-30-25-20-15-10-5 0 5 1015 20
t °C
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1. B neiicTByIOLIEM KOMIIpECCOPE HEOOXOAMMa 3aMeHa MUHepaslb-
HOTO MacJjia Ha CUHTeTHYeCcKoe noauadupHoe. CUHTETUYECKHE Macia
JOJIXKHBI MMETh COOTBETCTBYIOWIYIO BSI3KOCTb, KOTOpasi AOCTUTAETCs C
TIOMOILUBIO MPUCANOK, H ObITh CTAOWILHBIMU B T€YCHHE IJIMTEIBHOTO
Teproaa BPEMEHH.

Bb160p XOJOAMIBHOTO Macjia 3aBUCHUT OT HECKOJbKMX (PaKTOpOB,
B TOM YMCJIE OT BO3MOXHOCTYU BO3BpaTa €ro B KOMIIPECCOP, CMa3bl-
BalOLICH CMOCOOHOCTH, @ TaKXe€ OT COBMECTUMOCTH MAaTE€pHAJIOB.
IMonuadupHBIe Macia BBIMTYCKAIOT, Hanpumep, bupMel «Kactpoi»,
«Mobun», «Jlabpuson», «Xerkejib» U Ap. PekoMeHOalum o TOM, Ka-
KO€ MacJio CJeAyeT MPUMEHSITh B XOJOAWJILHOM O0OOpyTOBaHUH, Clie-
AyeT MoJIyMaTh Ha 3aBOJIE — U3TOTOBUTEJIE XOJIOIUIBHOTO 000pynoBa-
Hus1. IIpu pabote ¢ MONU3IPUPHBIMM MacjaMu HEOOXOIUMO COOJIIO-
AaTh 0COOYI0 OCTOPOXHOCTb B CBSI3U C MX TEHAECHUUEH K MOIJOoIe-
HMIO BJIaTH, YTO CO3JaeT OIpeAC/ICHHYIO MpobjieMy NMpH MOHTaXe M
CEepPBHCE XOJONWIbHBIX YCTAHOBOK. KpoMe TOro, OHM arpecCCHMBHEI 110
OTHOIUEHHUIO K MEAHBIM JETAJISIM M PAaCTBOPAIOT Mellb, KOTOpas 3aTeM
OTKJIAJbIBACTCSl HAa JAPYIUX 3J€MEHTaX KOHCTPYKIMH BCIEeICTBUE 00-
pasoBaHUs XMMMYECKHX COeAUHEHUU. CHUXEHUE CTENEHH TUIPO-
(GUABHOCTU Maces MO3BOJUT OAHOBPEMEHHO YMEHBIUUTbH arpecCHB-
HOCTh MX IO OTHOLUEHUIO K MEIH.

HeobxonnmMo CBOOAMTE K MHHHUMYyMY COIIPMKOCHOBEHHE Macen C
BO3/IyXOM; XpaHUThb MacJja cjeayeT B repMeTUYHOM KOHTeHHepe. Tlo-
JU3(UpHBIE Macjia He CMELIMBAIOTCS C MHUHEPAJIBHBIMHU, IO3TOMY
npu peTpodute obopynoBaHus (paborarouiero Ha R12 u MuUHepaib-
HOM MacJe) ¢ ucnoap3oBanueM R134a u nmonmagupHoro macna B ue-
JSIX JOCTUXEHUS 3KBHUBAJECHTHOM CMEUIABAEMOCTH OCTAaTKM MUHE-
pPaJIbHOTO Macjia IOJKHBI COCTaBIsAITb HE Oonee 5 % obuiero Koju-
4yecTBa CMa3KH, BBEIEHHOH B CHUCTEMY. DTO TpeOOBaHME LejlaeT He-
ODOXOOIMMBIM BKJIOUYEHUE B TIpoUenypy perpodura MHOTOKpaTHOM
MIPOMBIBKHM CHCTEMBI, YETO He MPUXOAUTCS AenaTh TP HCTIOJIh30Ba-
HWH CEPBHCHBIX CMeced CpemHero naBlIeHHA W AJIKWI0eH30JBbHOTO
Macia. JdoImycTHMoe OCTaTOYHOE CoAepXaHHe MUHEpPaJbHOTO Macia
B 3HAYMTEIbHON CTeMeHM 3aBHCUT OT KOHCTPYKLIMM CUCTEMbBI U yC-
JoBui 3KCcruryaTalimy. ECIM B XOJ0AUJIBHOM OOOpPYIOBAaHUHU HaOIO-
JArTCS MPU3HAKKA HU3KOM TEILIOOTAAaYMd B MCIIapMTEJie WIH HEZOCTa-
TOYHOIO BO3BpaTa Macja B KOMIIPECCOpP, TO MOXET BO3HUKHYTh He-
00XOIMMOCTL B JajbHEHIIEM YMEHBIIEHHH OCTATOYHOIO COAepXKa-
HHUsI MHUHepaJbHOro macia. CepHsi OC/I€IOBATENbHBIX IIPOMBIBOK C
MPUMEHEHHEM CJIOXHBIX 2(pHUPOB MOXET, KaK IPaBUJIO, CHHU3UTH
KOHLIEHTPALIMIO MUHEPAJTIBHOrO Macja 10 HU3KHUX YPOBHEH.

2. HeoOxonyMbIM TpeOOBaHHEM SBISIETCA T€PMETHUHOCTb KOHCT-
PYKLHMOHHBIX 3JIEMEHTOB XOJOJWJIbHON MAalUMHBI M3-32 [MOBBILLIEHHON
TeKyuecTH R134a.

Jo HacTosilllero BpEMEHHM HE pelleH BOIpPOC O TOM, Kak Ipe-
AOTBpaTUTh yTeuKy R134a yepe3 cTeHKM TMOKMX LIUIAHTOB TpyOO-
nmpoBoAoB. [loKpeiTHe BHYTpeHHHUX CTEHOK IIJIAHTOB IIJIEHKOHW Ha
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OCHOBE HEIJIOHA U 3JaCTOMEpa YBEJIUUYMBAET UX XKECTKOCTh, YTO MO-
XKET YXYIIIUTh UX CIIOCOOHOCTh MOIVIONIATh IIIYMbl M1 BUOpAlIMU.

Tak kak R134a 6onee tekyy, yem R12, To m1a ycraHOBOK, paboTaio-
mux Ha R134a, cieayeT MCIIOIB30BaTh PETYIUMPYIOLIYIO aIlllapaTypy C
MassHBIMU COeIMHEHUSIMH. M3roToB/IeHHE repMeTUYHBIX XOJJOAUIbHBIX
KOHTYPOB IT03BOJISIET M30eXaTb YTeYeK U O1aroTBOpHO CKa3bIBaeTCs U
Ha COCTOSIHUM OKPYXAaIOLIEW Cpesbl, M Ha 3aTpaTax.

IIpu maiike cieayeT NPUHSTh MEPBI, YTOOEI UCKIIOUMTH 00pa3oBa-
HME OKCHUIOB BHYTPH TpyOOnpoBoaoB. il 3TOro BO BpeMs MailKu UX
MPOAYBAIOT a30TOM. KpoMe TOro, KOHIIbI Tpy® U Ipyrue OTBEPCTUS
JOJDKHBI ObITh 3aKpHITHI 3ariylIKaMM BILIOTH OO MOMEHTA Hayaia
MOHTaXa.

3. B Terutoo6MeHHMKaX BO3IEHCTBME Macjia Ha KOHCTPYKLIMOHHBIE
MaTepUayibl, OCOOEHHO MEIHBIE, HYXIAETCS B 3KCIIEPUMEHTAJbHOMN
IIPOBEPKE.

4. B perynsttopel He TpeOyeTCsl BHOCUTb CEPLE3HBIX U3MEHEHUIA, OlI-
HAaKO OIlpeleIeHUE NTapaMeTPOB WIM HAaCTPOMKY CAeAyeT IMPOBOLUTH C
Y4E€TOM BO3MOXHOIO U3MEHEHHUS pacxoia.

5. IIpoxiagky U3 MatepHana, UCroyb3yeMoro aasa R12, Heobxonam-
MO 3aMeHATb. B HacTosilee BpeMsl NMPOKIAAKH, MMPUTOIHBIE IS MPU-
MEHEHHUS B COYETAHUM C MHOTMMM XJIaJar€HTaMM, U3TOTOBIAIOT U3 I10-
JuatuiaeHoBor TKaHM (EFDM) win xiopcomepxaiiero mojus3TUICHA,
KOTOPBIM XapaKTEPHU3YETCS BBICOKON CTOMKOCTBIO B Cpele NMOJUMEp-
HBIX Macel M aJIbTEPHATUBHBIX XJIagareHTOB. J1oCTaTOYHO CTOMKUM
CUYMTAIOT TaKK€ MaTe€pUall Ha OCHOBE IMOJIUXJIOPIPEHOB.

6. AncopOGeHThl, MPUMEHSIEMBIE B (PUIBTPAX-OCYIIMTESAX, AOIKHBI
COOTBETCTBOBATh BHIOpAHHOMY XjlamareHTy. Tak, (MIBTP-OCYIIUTEb,
paboTaromui ¢ R12, He MOXET MOJTHOCTHIO 00ECIIEUUTD yIaJICHUE BJla-
i U3 R134a. ¥ HEKOTOPBIX BEILECTB, MOSIBUBHIMXCSI B HACTOSIIIEE BpE-
Ms Ha PBIHKE, CIIOCOOHOCTH K IIOTJIONIEHUIO Biiar MpuMepHo Ha 10 %
HMXE, YEM Y BEIIECTB, IIPUMEHSIEMBIX B (DHUIBTPAX-OCYLIUTENSIX IS
R12. B ¢BsI3M C 3TMM HX MacCy HEOOXOAHMMO YBEJAWYMTb NPUOIU3H-
TeJIbHO Ha 20 % WIM MCIIONb30BaTh B CUCTEME (PUIBTP-OCYLIHUTEID C
ancopOeHTOM — MOJIEKY/ISIPDHBIM CUTOM, PACCYMTAHHBIM Ha CTPYKTYPY
MoJieKyasl R134a.

7. IIpy TexHMYECKOM OOCIYy>KMBAaHMM KOHTPOJb IIOJHOTH 3a-
npaBky 1S cucteM ¢ R134a Gosee cioxeH, yeM ans cucteMbl R12,
TeM OoJiee uTO BO3MOXHBIE yTedKH R134a Henb3sg 0OHapyXuUTh € MO-
MOIIbIO OOBIYHBIX CPEACTB, KOTOpHIE pearupyroT Ha xyuop. Hoswie
TeYEeUCKATeJU TOJXKHHB pearupoBaTh Ha (GTop, U IISI TOCTHXEHUS
YPOBHSI, HayMHasi ¢ KOTOPOro OOHapyXMBalOTCSI YTE€YKH, MUX YYB-
CTBUTEJILHOCTh JOJIXKHA OBITh 3HAYMTEJIBHO BBIIIE YyBCTBUTEJIbHOC-
TU OOBIYHBIX JETEKTOPOB.

8. deiicTByolllMe YCTAaHOBKHM MOXHO 3allpaBUTh XJIAJar¢HTOM
R134a BMecTo R12 6Ge3 meMOHTaXa OCHOBHBIX arperatoB (KOMIIpecC-
copa, KOHAEHCATOpa, UCMApUTENA), HO C 3aMEHOM TepMOPETYIMPYIOLIE-
ro BEHTWJIsA, JaBJIEHUE B KOTOPOM JOKHO OBITh pacCYMTAHO Ha UC-
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nons3oBanue R134a. Mapkupos-

Ka TepMOpPEryJIMpYIOUIEro BEH- Q. xBm
TUIA JOJDKHA OOJHO3HAYHO yKa- 30
3bIBaTh HA TO, YTO OH IIpEIHAa3-
HaueH mis R134a. 20

9. B He0OBIIMX TIepMETHY-

HbIX XOJIOAWJIBHBIX YCTaHOB- -~
Kax, padortaionimx Ha Rl34a, 0l
KanuasipHass TpyOKa [IOJDKHA
ooith Ha 10...15% miuHHee,
yeM B cJiydyae mpuMeHeHus R12. 5
KpoMe TOro, mpu HCIoiab30- 0 0102030405A4p10°a
BaHuu Rl34a HeoOxommmo

MpaBUJILHO PACCYUATATh pPa3-  Puc. 14. Tlorepn aBjenys B KranaHe THNAa
MEPbI U HEKOTOPHBIX APYTUX YCT-  EVR6, ycranornennom na Tpybonposoaax
POMCTB: 3JeKTpOKJIaNaHoB, 00- A1 Rl34a (huR12 (2

paTHBIX KJIAlaHOB, PETYJISATO-

POB IaBJIEHMSA, C YYETOM HOBBIX 3HAYEHHUU pacxodoB M MOTEph AaB-
neHusi. Ilotepu naBnenusi B 3nekTpokiamaHe EVR6, mnpemHas-
HayeHHOM cooTBeTcTBeHHO a4 Rl134a u R12, mpuBeaeHbl Ha
puc. 14. B To Xxe BpeMs nogasisiiouice 6OJbITUHCTBO MPHMEHSIEMBIX
peryaMpyrIIuX MmpubopoB, HAIpUMEpP MPECCOCTAThl, TEPMOCTATHI, a
TaKXe CMOTPOBbIE CTEKJIa, MOXHO MCMNOJIb30BaTh M B YCTAaHOBKAaX
11 paboThl Ha xyamareHte R134a.

10. TTepen ucnonb3zoBanueM R134a mKainpl MaHOMETPOB JOJXHBI
ObITh OTIPAZyHMPOBAHbBI MOA 3TOT XJIAOAreHT, €CJIM XOJOAWIbHAS yCTa-
HOBKa paboTajia Ha ApYyroM XJIaJarcHre.

3anpaBoyHble €MKOCTH M TPHHAMICXKHOCTH IS CAMBA JOJDKHBI
OBbITb HOBBIMM M YUCTBIMU. Henb3si MOIb30BaThCS MHCTPYMEHTOM, Y
KOTOPOTO ObLT JaXe HE3HAYUTEIBbHBII KOHTAKT ¢ R12 wiu MuHepaib-
HbIM MacjoM. I'ubkue nutanru mwisg R134a 0oKHBEI UMETD MOBBIIIEH-
HYI0 TepMeTUYHOCTb. IIpM MOHTaXe M AEMOHTAXE CHELHMAIbHBIC
pa3beMHBIE COEIUHEHUSI OBICTPOro JACUCTBUS 0OECIEYHMBAOT COXPAHE-
HME XJaJareHra B IUIaHrax. BeCcb MHCTpYMEHT, MCIIOJb3yEeMbIA INpH
TEXHUYECKOM OOCIyXMBAaHUM YCTAaHOBOK, pabortarmommx Ha Rl34a u
MOIM3(UPHBIX Macjax, CHAa0XaloT COOTBETCTBYIOIEH MapKUPOBKOIA.
DTy OCHACTKYy M HaOOp MPUHAMICXKHOCTEH PEKOMEHAYETCS MCIIOJIb30-
BaTh TOJIBKO A7s1 paboTel ¢ R134a.

Jg moucka yredyek B KOHTYpe, 10 KOTOpoMy LMPKYaupyeT R134a,
CYIIIECTBYET HECKOJBKO CIOCO00B. MHOTHE pa3pabOTYMKU MOCTABJISIOT
3JIEKTPOHHBIE TEUEHCKATE/NIU, KOTOPBIC TIPHU BHISIBIEHUH YTeYKH MOja-
IOT 3BYKOBOU CHUTHajl. B Apyrux TedeucCKaTeassX MCIIONb3YIOT YJbTpa-
¢uonerToBbie mammbl. B xi1agareHT 100aBISIIOT MPHCAAKY, KOTOpasl CMe-
IIMBAETCS C MOJIM3(PUPHBIM MaciaoM. B ciydae yreuku BbiTekaoliee U3
KOHTYpa MacJjo C MPUCAIKOH B yabTPadHrOIETOBBIX Jy4ax CTAHOBUTCS
BUIMMBIM. YILTpaUOIETOBLIE JTaMMbl T€YEUCKATENIClH cTaporo oopas-
ua st R134a He roasrcsi.

|
|
|
|
(-
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Xotst R134a HerokcuyeH M 6Ge3BpeJieH I 0O30HOBOIO CJIOSI, 1iEfie-
CcoOOpa3Hbl (MO IKOJOTHYECKUM M 3KOHOMHYECKUM COOOPAXKEHUSIM)
ero pereHepainusi ¥ MOBTOPHOE MCIIONb30BaHHE. B HacTosluee BpeMs
HU3TOTORNSIIOT TIEPeABMKHBIE arperatbl s M3Bieuehus Rl134a w3
KOHTYPOB MPHU UX BaKYYMUPOBAHUMU U BOCCTAHOBJICHUS XJIaJarcHTa ¢
LIe/IbI0 TOBTOPHOTO UCIIONIb30BAHUSA. ArperaTr COAEpPXUT BCTPOCHHBIN
MOIIHBIN BaKyyMHBIA HAcoC, 0OeCIIeYMBaKOIIUi IITyOOKHI BaKyyM.

[TepeBon XOJOOMABHOM cHCTeMbI, pabotaronieif Ha R12, Ha xnan-
areHT R134a MoXeT OBITh MPOBEAEH C MCIIOJIb30BaHHEM OOBLIYHOIO
CEepPBUCHOTO 000pPYAOBaHHUSI U OOBIYHOM MPAKTUKK CEPBUCHOIO 0OCIIy-
KUBaHUS XOJOIWIHLHOTO 000pYIOBaHMS.

s nipoBeneHus perpodura HeOOXoAuUMO cilenywouiee 0dopyaoBa-
HHE: paboyure MHCTPYKUMU, CPEICTBA TEXHUKM 0e30MacHOCTH (Iepyar-
KH, OYKH H T. I.); H3IMEPHUTENBHBIE MPUOOPEI, pa3MELICHHBIE HA TPYOO-
MMPOBOJAX; TEPMOMNAPHI; BAKYYMHBIH HACOC; TeYeHUCKATeNH; BECHI; y3es
g cbopa XJ1afareHTa; MepHbI IIMJIMHAP JUIS 3allpaBKHA XOJOAWILHOM
CHCTeMBbI; KOHTeHHEp Iagd cOoOpa Macjia; Macjlo — 3aMeHUTENb; Xaaa-
areHT — 3aMEHUTEb, HOBBEM (uiabTp-ocyliuTenb, TPB; 3Tuxketku ¢
yKa3aHueM NMpUMEHSAEMBIX Maclia U XJIafarcHTa.

Jlanee npuBeIeHBI OCHOBHBIE 3TAMbl peTpodUTa XOJIOAUABbHBIX CUC-
TEM MPH IepeBoae ¢ xuagareHra R12 Ha R134a.

Omnpeneyienne padoYnx napamMeTpoB AeHCTBYIOIEH X0JOIMWIBHOM CHC-
TeMbl. OTIpeae/saioT U 3aluChiBAlOT IapaMeTpbl XOJOOWIBHON CUCTE-
MbI, pabotaromieii H2 R12. B 0COOEHHOCTH 3TO peKOMEHIYETCS TEM,
KTO TOJIbKO HAYMHAET 3aHUMaThCsi peTpodpuTOoM 00opynoBanus. JaH-
HBIE O IaBJICHUM U TeMTepaType (B UcapuTene, KOHAEHCAToOpe, ApOC-
CEJIMPYIOILEM YCTPONCTBE, Ha BCAChIBAHHM M HArHETAHUU KOMIIPECCO-
pa 4 T. I.) OpY Pa3IMYHBIX TEMNEPATYpax OKPYXKaIOWICH cpeabl U B OX~
JaxnaeMoM o0beMe MOTYT OKa3aThCsl MOJIC3HBIMHM ISl ONTUMU3AUUMN
paboThl XOJIOMWIBHOM CHCTEMBI TOCIe IepeBoaa Ha xyagareHT R134a.

3aMeHa B XO0JIOIMJILHOH CHCTEMe MHHEPAJBHOTO MM aJKMIDEH30/ib-
HOI0 Macjia Ha noJud¢pupnoe. B GONbIIMHCTBE XOJOAUIBHBIX CUCTEM,
paboralommx Ha R12, ucmonb3yeTcss MUHEPAIbHOE WM aIKWJIOEH-
30JIBHOE Macjo. DTH Macja He cmeliuBaloTcss ¢ R134a U JOaXHBI
ObITh 3aMeHeHblI Ha noauadupHoe. [1pyn 3aMeHe MHUHEPAIBHOTO WU
ANKWJIOEeH30ILHOTO Macja B CHUCTEME OCTaBIAIOT XjaaagareHt RI12.
B cucreMax ¢ HeOONBIIMMU TEPMETUYHBIMH KOMIIPECCOPAaMHU, TIE HET
OTBEPCTHUS [UIA CIMBA Macia, Uik U3BJIEYEHUSI Macjla U3 KOMIIpeccopa
MOXET NMOTpeOOBaTLCA ero JeMOHTaX. B momoOHBIX ciyyasix Macjo
MOXHO CJAHUTh C NMHUM BCachiBAHUSL KoMIIpeccopa. B OONBIIMHCTBE
HEOOJIBIIMX CHUCTEM TAKUM o6pa3oM ymaerca yganuth go 90...95 %
Macna. Eciu crhcTeMa BKITIOYAeT MAacjOOTAEHHUTENb, TO BCE HAXOIS-
1Ieecss B HEM MacJjo CIIMBAIOT.

ITocae 3TOro M3MepsIIoT KOJMYECTBO COOpPaHHOro Macia (He MeHee
50 %) u cpaBHUBAIOT €r0 CO 3HAYCHUEM, TIPUBEICHHBIM B CrieIM(pUKaA-
MK Ha oDopynoBaHue, YTOOB yOCANTHCS, YTO OCHOBHAsi YacTb Macja
CJIMTA M3 KOMIpeccopa. 3anrchiBaioT, CKOJIBKO MAac/ia YIAICHO U3 CUC-
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TeMbI. 3aTEM 3aMpaBiIAIOT KOMIIPECCOp MOIUa(PUPHBIM MACJIOM B He-
00XOOMMOM KOJIMYECTBE, PABHOM KOJIMYECTBY Macia, yIAJIECHHOMY Ha
npeablaylieM atamne. Eciu oTCYTCTBYIOT KaKHMe-JIMOO HOIMOIHUTENb-
Hbl€ PEKOMEHJALMK 3aBOJA-U3TOTOBUTENSI, MCIOIb3YIOT MOIUIDUP-
HOE€ MAacJjio C TOM XK€ BS3KOCTBIO, YTO U Y MUHEPAJIbHOTO WIH aJIKWI-
OE€H30IbHOTO Macya (B X0J0dWIbHOM obopynoBaHuM ¢ R12, paboraio-
IIIEM B UHTEpBaJie }’MepeHHbIX TEMIIEPATYP, TUIIMYHON BS3KOCTBIO SIB-
asierca 32 -107%mZ/c). UYrobbl mOGMTbCA CMEIIMBAEMOCTH, 3KBHMBA-
JIEHTHOH cMelnnBaeMocTH R12 ¢ MUHepallbHBIM WM aJKUJIOEH30JIb-
HbIM MAacJiOM, OCTaTOK MHUHEPAJIbHOIO WIM aJIKUI0EH30JbHOIO Maciaa
IOJDKEH COCTaBJIsATh He 6ojiee 5 % oblLuero KoinyecTsa Macia, puMe-
HsieMoro B o6opynoBaHuu (1 % no pekoMeHmauuMm pupMsl «Danfoss»).
Takoil OCTaTOYHBI YPOBEHb AOCTHUTAETCS MYyTEM MHOTOKPATHOM MpO-
MbIBKHA MOJM3(PHUPHBIM MAacjoM; IIpU 3TOM MOXET HOTpeOOBaThCS IO
TPEX MPOMBIBOK.

[IpoMbIBKa XOJMOOWJIBHOW CHUCTEMBI NMpPeayCMaTPUBACT:

CJIMB Macjia U3 CUCTEMBI IO TEXHOJIOTMHU, OITUCAaHHOM BHILIE,

BbIOOp MOJMAIMHUPHOro Macja, BI3KOCTb KOTOPOTO IOJKHA OBITh
paBHA BA3KOCTM MMHEPAJIbHOTO WM aJIKWJIOCH30JIbHOIO Macia, CIu-
TOTO U3 CHUCTEMBI;

3aIpaBKy CHUCTeMbl TIOJIMAIMUPHBIM MACIOM B KOJAYECTBE, PABHOM
yIaJ€eHHOMY MHHEPAJbHOMY WJIH AJIKMJIOEH30JIbHOMY Maciy;

BKJIIOUCHHE CUCTEMBI B paboTy ¢ R12 /1151 TILATEIbHOTO MEPEMELLM -
BaHUA MOJUIPUPHOTO U MUHEpaIbHOro Macesl. CUCTEMa OKHa IIpo-
pabotath 6onee 24y,

Bce nepednciaeHHbIe 3Tambl MOBTOPSIOT eliie ABa pa3a. IIpu mocien-
Hel mpombiBKe 3aMeHsAI0T R12 Ha R134a. Ha 3TOM Xe 3Tamne ycrtaHaB-
JIMBAIOT HA MECTO KOMIIPECCOP, €CJIM OH ObLT CHAT C XOJOIWIBHOIO ar-
peraTa Ui CJIMBa Macia.

Ynanenne xnanaredta R12 u3 x0J0I1/1bHOH CHCTEMbI H €70 YTHIIH-
3aumMa. R12 ynansior M3 cucteMbl M coOHMparoT B OaioH aas cbopa
xjanareHTa. CylIeCTBYIOT pa3JIMYHbIE BapUaHTbl YCTPOKMCTB, MO3BO-
JISIOLUIMX MPOBECTU 3Ty NPOLEAYPY M CO371aTh HEOOXOAUMBIA BaKyyM
B cucteme (34...67 kIla). Ha 3ToM 3Tare B3BeIIMBAIOT yIAJC€HHBIN
XJIAAAreHT (B OCOOEHHOCTU €CJIM HEU3BECTHO KOJMYECTBO XJIaJareH-
Ta, KOTOPOE PEKOMEHAYETCSl 3anpaBuTh B cucTeMy). HauanbHyo 3a-
PSIIKY CEPBHCHOM CMECH ONpENesiIoT, UCXodsd M3 KoiudecTtBa R12,
yIaJe€HHOTO U3 cucTteMbl. OcTaTouHoe comepxXaHue R12 B KOHType HE
JomxHo npesbiats 0,02 %.

3amena ¢wibTpa-ocynmrens U TPB. 3ameHa dwibrpa-ocyiuurens
Ipu peTpoduTe MPEACTaBIsSIET CO00H OOBIYHYIO IPOLIEAYPY, KOTOPYIO
MPOBOJSAT B MPOIIECCE TEXHUYECKOTO OOCTy>KMBAHHUA XOJOAWIbHON CHUC-
TeMbl. BeiOHpaloT QMIbTp-0CyIIUTENDb ¢ ACOPOECHTOM, COBMECTUMBIM C
xnagareHToM R134a (Hanpumep, Tuna XH-9 win XH-7 dupmer UOP).

TPB nosmxeH MMETh MapKMpOBKY, OTPaxalOUlyl0 BO3MOXHOCTH
pabotnl Ha R134a; naBieHue DOXHO ObITh paCCUYUTAHO HA MCIIOJb-
3oBanue R134a.
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BakyymHpoBaHHe X0JI0IUIbHOMH CHCTEMBI H TPOBEPKA €e HA repMeTHY-
HocTb, UTOOBI yoaIUTh BO3AYX M JAPYTME HEKOHJACHCUPYIOLIMECS ra3hl,
CUCTEMY BaKyyMUpYIOT 10 napieHus 0,14 kIla u y6exaaloTcsi B OTCyT-
CTBMHU yTe€UYeK B cUcTeMe. Haunyuuiero pesyjbrata MOXHO TOOUTBCS,
UCIONB3YyA IOBYXCTYIEHYATHI{ BaKyYyMHBIA HAacoC, COBMECTUMBIH C
xynagareHToM Rl134a. 3amnpemaetcss npHUMEHSITB HACOChl, KOTOpBIE
paHblIe COYXWIH IS BAKYYMHUPOBAHHUSI KOHTYPOB € XJIOPCOAEpXKalIH-
MM XJIaJAr€HTaMM WU TMOOYEPEMHO HMCMOJb30BATUCH s paboThi ¢
pa3IMYHBIMU XJIaJareHTaMH.

3anpaBka XoJIOJWIbHOH cHCTembl xjazareHtoM R134a. Cucremy
3ampaBisaioT xjaagareHTomM R134a B razoo0pa3HOM WJIM XHAKOM CO-
CTOsIHUM U3 OautoHa. bawioHsl ¢ R134a MHOTOKpaTHOrO MoJib30Ba-
HUS OOOpYAOBaHbI TOTPYXHBIMU TPyOKaMHM. BTO CO3IAE€T YCJIOBHUS
IUIST U3BJIEYEHUS XUIKOCTU U3 Oa/IOHA, HAXOMSUIErOCsi B BEPTUKAJIb-
HOM nosioxeHuu. OnHopasoBbie Oa/UIOHBI (13,6 KI) He OCHAUIEHBI
MOTPYXHBIMH TPYOKaMH.

Macca Rl134a, TtpeOyeMast mns 3apsiakd XOJOOWIBHOW CHUCTEMBI,
MeHblIe, 4yeM y R12. OntumManbHas 3arpy3ka 3aBUCHT OT YCJIOBHM
AKCILIyaTalWU, pasMEpOB MCIIApHUTENsl, KOHIEHCATOpa U pecuBepa, a
TaKXe OT JUVIMHbI COEAUHUTEIBHBIX TPYO B cucTteMe. I 60IbIIMHCTBA
TUIOB 0OOPYIOBAHNMS ONTUMAIBHOE KOJMYECTBO XJ1aJar¢éHTa COCTaBIIs-
er 75...90 % nepBoHayanbHOM 3apsaku R12, KOTOPYIO OCYIIECTBIUI
IPOU3BOAMTEL O00PYIOBaHHS.

3ampaBKy CHCTEMBI MPOBOASAT B HECKOJIbKO 3TanoB. Ha mepBoMm
aramne pekoMeHayeTcs: BBectu R134a B konuyecTtBe okono 75 % niep-
BOHayaygbHOU 3apsaaku R12. Buavane xiamarent R134a BBogsT Ha
JIMHUHM HarHetaHus (IIpU 3TOM KOMIIpeccop He paboTaer); Imocie
BbIpAaBHUBAHUS IaBJICHUSI B CUCTEME U B OAIOHE 3ampaBJisIIOT CUC-
TeMy OCTA&JbHOW YacTbl0 XJIalareHTa Yepe3 JIMHMUI0O BCACBIBAHMS
KoMIIpeccopa (IIpy 3ToM KomIipeccop pabortaer). XKuakuii xJyami-
areHT HUKOIJAa He IOJKE€H ITOCTYIaTh 4Yepe3 JIMHUI0 BCAaChHIBAHUS
KOMIIpeccopa M3-3a ONaCHOCTHM I'MApPaBIMYECKOro yrapa B KOMIIpeC-
cope. [Ipy HEOOXONUMOCTH 3aTpaBKU XJaJareHTa 4epe3 JIMHUIO Bca-
ChIBAHUSI KOMIIpECCOPA MOXHO BOCITOJIb30BaThCSI APOCCEIUPYIOLIUM
BEHTHJIEM, YTOOBI 1O MOCTYIICHUSI B CUCTEMY XUIKOCTh 00513aTEIb-
HO MpeBpauiajiack B map.

ITycK X0J0IUIBHONH CHCTEMBI, peryJidpoBaHue A03bl 3alPaBKH XJIaa-
areHra M (WIHM) PeryJIMpyIOmMX YCTPOHCTB M obecnedyeHus 3aJaHHOTO
pexkuma padotel. [IpoBomsar myck cucteMsl. [locie crabuinzauuu 3a-
IMHCHIBAIOT 3Ha4YeHMs pabounx mapamMeTpoB. Eciu 3HaueHuUs pabouux
NapaMeTPOB CBUAETEIBCTBYIOT O TOM, 4TO OOOpYyAOBaHHUE HEN03apsi-
XeHo, no6aBisaoT R134a HeGonpmmmu nopuusaMu (3...5 % nepBoHa-
YaabHOW 3apsAKH), MOKa pabouue mapaMeTpbl HE JOCTUTHYT XKeEjae-
MBIX 3Ha4YeHUH. JJ1 cpaBHEHMS AaBJIeHH M TeMIepaTyp Ha JUHUM
HacblllieHUst Tpu pabore Ha R134a u R12 MOXHO BOCIOJIb30BaTbCSI
tabi1. 26. B 11e710M maBjeHue BcachbiBaHust Mpu padbore Ha R134a Gynet
Ha 7...12 kIla Huxe, yeM npu padote Ha R12. [TIpu pabore Ha R134a
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(o cpaBHeHH10 ¢ R12) 6ynyt Habmonatbcst 60yi€€ BBICOKOE TaBJACHUE
1 Oojiee HA3KAst TeMIEparypa HarHeTaHusl. TUIMMMYHBIA POCT AARJICHMS
HarHetaHusi coctaBuT 103...172 xI1a, a THMMYHOE TageHUE TEMIIEPATy-
pBl HarHeTaHus coctasurt 0...5,6 °C.

26. Cpasuurepbubie noxa3aTes xiuanarenros R12 n R134a Ha nvim HachLOMEHWA

Temmneparypa TeMmneparypa
Hasnenue, kIla Hapnenue, klla
R2 | RiMa R12 R134a

25 -59 -53 650 25 24
50 —45 -40 700 28 27
75 -37 -35 750 30 29
100 =30 -26 800 33 31
125 —24 =21 900 37 36
150 =20 -17 1000 42 39
175 -16 —13 1200 49 46
200 -12 —10 1400 56 52
225 -9 -7 1600 62 58
250 -6 —4 1800 68 66
275 —4 -2 2000 73 67
300 —1 1 2200 78 72
325 2 3 2400 82 76
350 4 5 2600 86 79
375 6 7 2800 90 83
400 8 9 3000 94 86
450 12 12 3200 98 89
500 16 16 3400 101 93
550 19 19 3600 104 95
600 22 22

KOHTpOIMpoBaTh KONMYECTBO 3alPaBJICHHOIO XJIaJareHTa MOX-
HO TaKXe€ Yepe3 YpOBHEMEphI (CMOTPOBBIE CTEKJIA), YCTAHOBJICHHbBIC
Ha XWIKOCTHOM JIMHMH, OJJHAKO OAHOBPEMEHHO CJIEAYET ONpPEACIATh
paboyre napameTpbl CUCTEMBI (CHJIa TOKA, MOTPebIsIEeMOro 3J1eKTpo-
JIBUTAaTEJIEM KOMIIpECCOopa, CTereHb IreperpeBa 4 T.4.). IlombiTka
3alpaBUTb CUCTEMY JO YPOBHS, IPU KOTOPOM CMOTPOBOE CTEKJIO OKa-
XETCSl MOJHOCTBIO 3AJIMTHIM XJIaJAar€HTOM, MOXET IPUBECTH K Iiepe-
IPY3K€ CUCTEMBI.

MapkupoBka xojoauiibHoO# cucTeMbl. Ilocie perpodura Mapku-
PYIOT CUCTEMY, MJISI TOTO 4TOOBI B MOCJEOYIOLIEM IS CEpBUcCa UC-
MOJIb30BAIUCh T€ X€ CaMbi€ XJIAar€HThI U Maciaa. ITO HEOOXOIUMO
caeflatb BO M30€XaHUE B JajbHEHILEM CMELIMBAHUA Pa3IUYHbIX
XJIaIareHTOB. Takue CMeCH MOIYT MMETh HelpeackKa3dyeMbie TEPMO-
OIWHAMMYECKUE XapaKTEePUCTUKHU, YTO NPUBEAET K YMEHBLIEHUIO XO-
JIOAOTIPOMU3BOAMTEIBHOCTA U NMaAeHUIO 3((MEKTUBHOCTH PabOTHI CH-
CTEMBI.
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10.2. 3amena R502 Ha R404A uan R507

XnamareHT R404A umIMpoKo MNpHM3HAH B KayeCTBE aJlbTepPHATHUBBI
R502 B HOBoM 060pynoBaHMH. OH MOXET ObITh MCMOJB30BAH TaKXKE
IUIS 3afpaBKU HEKOTOPHIX CHUCTeM, paboTtamux Ha R502, Takux, Kak
TOProBO€ XOJOAWIbHOE 000pynoBaHHE OOJBLUMX YHUBEPCAIbHBIX Ma-
ra3yHOB, XOJIOAWJIbHbBIC YCTAHOBKU MPEANIPUATHN MUILEBOHA MMPOMBbIILI-
JICHHOCTH, TPAHCIIOPTHBIE XOJOIWIbHbIE YCTaHOBKHU. [10 CBOMM xapak-
tepuctukaM R404A, kak ObLI0 CKa3aHO paHee B I1aBe 7, Haubosee co-
orBercTByeT XiaaareHTy R502 u3 Bcex XDY, u ero MOXHO NIPUMEHSITH
BO BceM paboOyeM aMara3oHe TeMIepaTyp M JaBJ€HUMA, XapaKTePHBIX
st R502. TemnepaTypbl HarHeTaHUsI KOMIIpeccopa, paboTarolero Ha
R404A, HMXe, 4yeM MpHu KUcIionb3oBaHuu R502, yTo cnocoOCcTBYET 1mo-
BBIIIIEHUIO HAJEXHOCTH U CPOKa CIYXKOBbI KOMIIpeccopa.

XnamareHT R507 Takxke CayxuT ajibTepHaTUBO# xnagareHTy R502 B
HOBOM OOOPYIOBAaHMHM, M €TI0 MOXHO HMCIOJb30BaTh WIS peTpodHUTa
cucteM, paboraromiux Ha R502. Xapakrepuctuku R507 Takxke O1U3KH
K xapakrepictukaM R502, paGoune nuMana3oHbl MX COBMNANAIOT. TeM-
nepaTypbl HATHETAHUSI KOMIIPECCOPA, riae XjaagareHToM ciyxut R507,
HIZKE, 4YeM B KoMIipeccopax ¢ R502.

Cocras napoB R404A u R507, Haxoasiuuxcss B OaJJIOHE, HE3HAYM -
TEJbHO OTJIMYAETCH OT COCTABAa XUAKOTO XJIAJAreHTa. T HEOOMbIre
OTJIMYMS MOTYT BAUATH Ha 3PPEeKTUBHOCTb pabOTHI CMCTEM C 3aToMN-
JIEHHBIMH HCTHIAPUTEISIMU.

Kak nokasbiBaeT NpaKTUYECKHUI OIBIT, B HEKOTOPBIX CUCTEMAX, Tiae
R502 3ameHeH Ha R404A wnu RS507, ypoBeHb yTedeK MOXET CTaTh
BbIIIIE BCJIEACTBUE MIPUMEHEHUS VIUIOTHEHUI M3 3J1aCTOMEpPOB. 3aMeHa
Xe 3J1aCTOMEPOB MOXET BBI3BaTh JONOJHHUTEIbHbIE PACXOAbl Y MIPUBEC-
TH K 3aTpaTaM BpeMeHM Ha IepeocHallleHHE.

Metoauka petpoduTa XOJOAWILHHIX CHCTEM IIpH IIepexoje ¢
R502 Ha R404A win R507 aHanornuHa MeTOAMKE 3aMeHBI XJlagareHTa
R12 na R134a.

XmagareHTel R404A u R507 xopomo coderarorcs ¢ NOIM>HUPHBIMU
macjami. [Ipy 3anpaBke B CUCTEMY XUIKHIA XJIaJareHT CIE€AyeT Hajlu-
BaThb TOJILKO U3 3allpaBOYHOro OajutoHa. baJjutoHB! OCHALEHbI NOTPyX-
HBIMH TPYOKaMH, C IIOMOIIbIO KOTOPBIX MOXHO CJIHUTb XHUIKOCTb M3
OaJUTOHa, HAaXOAAIErocsi B BEPTHKAILHOM IOJOXeHHH. IIpaBuibHOe
MOJIOXXEHHWE OAUIOHA MpU CJIMBE XUIKOCTH MOKA3aHO CTpeJKaMu Ha
Oa/UToHe U Ha ALUKe 1715 6aIoHa. XJIagareHT MOXET ObITh 3alpaBieH
B CMCTeMy MO0 B BUIAE XUIKOCTH, JMOO B razoobpasHoM Bune. Eciu
HEOOXOMMMO IIEPEBECTU XUIKOCTb B ra3o00pa3sHOE COCTOSSHUE, HUC-
MOJB3YIOT BEHTW/Ib KOJIIEKTOPHOTO MaHOMETpa JIUOO OpOCCEeIUpyIo-
miee ycTpoiicTBo. OnHopa3osbie 6a/utoHbI ¢ R507 He MMEIOT NOrpyXHOK
TPYOKH, U II03TOMY JUISl CJIMBA XUIKOCTH HUX CIIeIyeT MepeBEPHYTD.
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OOBbIYHO /1S 3aTIpaBKH XOJIOAWIBHOH CUCTEMBI TpeOyeTCcss MEHb-
e (o macce) xuagaredta R404A miu R507, yem R502. Ontumans-
Hasl Macca 3arpy304HOM MOPIIMH 3aBUCUT OT KOHCTPYKLIMA CHCTEMBI
U YCIIOBHI €€ 3KCmlyaTauuu. Jist 00JbLUIMHCTBA CUCTEM ONTHMAJIb-
Hasl Macca ajbTepHATUBHOIO XJaJareHTa IpU 3arpy3ke COCTaBJISET
75—90 % macchl UCXOOHOTO.

[Ipy mycke CUCTEMBbI KOPPEKTUPYIOT OOBEM 3alipaBiseMOro XJaj-
areHra. g cpaBHEHMS JaBJICHHN U TeMIiepaTyp UCXOJHOIO XJajarcH-
Ta M aJIbTEPHATUBHEBIX XJ1aJareHTOB ClelyeT MoJib30BaThes Tabil. 27.

27. CpasarTebHBE NOKA3aTeMH XaaaareHToB R502, R404A v R507 Ha /MeAH BACHINEHHS

[annetue, Temnepatypa Nannerme, Temneparypa

kIa RS2 | R44A | RSO7 kITa RS02 | R404A | RSO7
25 =72 -71 =72 1000 19 17 16
50 -60 -59 —61 1650 21 19 17
75 -52 —52 -33 1100 23 20 19
100 —46 —46 —47 1150 25 22 21
125 —41 —41 —43 1200 26 24 22
150 -37 =37 -39 1250 28 25 24
175 -33 -34 =35 1300 29 27 25
200 =30 =30 =32 1350 31 28 27
225 27 —28 -29 1400 32 30 28
250 -24 =25 -26 1450 34 31 30
275 =22 -22 —24 1500 35 32 31
300 -19 =20 -22 1550 37 34 32
325 -17 —18 —19 1600 38 35 34
350 —15 —16 —17 1650 39 36 35
375 -13 —14 ~15 1700 41 37 36
400 -11 -12 —14 1750 42 38 37
425 -9 —-10 —-12 1800 43 40 38
450 -8 -9 -10 1900 46 42 41
475 —6 -7 -9 2000 48 44 43
500 —4 -6 -7 2100 50 46 45
550 —1 -3 —4 2200 52 48 47
600 2 0 =2 2300 54 50 49
650 4 2 1 2400 56 52 51
700 7 5 4 2500 58 54 53
750 9 7 6 2600 60 56 54
800 11 9 8 2700 62 57 56
850 13 11 10 2800 64 59 58
900 15 13 12 2900 65 61 59
950 17 15 14

OxuoaeMble 3HAYCHHUS 3KCIUTyaTaAUMOHHBIX ITapaMeTPOB XOJIOIIb-
Ho# cucTteMbl nociie 3aMeHbl R502 Ha R404A wi R507 npuBeneHbl B
tabJ. 28.
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28, OxnnaeMoe H3MeHeHne IKCIUTYATAHOHHABIX NOKA3ATENeH X0M0MHILHON CHCTEMBI IOC/Ie
3amedbl R502 Ha R404A wu R507

TTokazatens Tl R404A { R507
Usmenenue nasnenms, klla:

HarHeTaHUs 137,9 206,8
BCachIBaHUS OcTas10Cch HEN3MEHHBIM
HM3MeHeHHe TeMIiepaTypbhl HarHETAaHUS -5,6 8,3
H3meHeHHe neperpeBa Ha BCACbIBAHUM 1,1 2,2

10.3. 3amena R12 Ha R401A, R409A,
R401B. 3amena R500 na R401B

Onpeaenenune padoUnX MapaMeTpPoOB AEHCTBYIOILIEH X0JOAMIbHOM CHC-
TeMbl. 3aMMCHIBAIOT 3KCILJIyaTallMOHHBIE ITapaMETPhl CUCTEMBI, [TOKa
OHa paboTaeT Ha ucxoaHoM xiagareHTe (R12 wan R500). Onpenensi-
10T TeMIEpaTyphl U 1aBACHUS B MCIIapuTeie, KOHIEHCATOpE, Ha Bca-
ChIBAHMM M HarHETaHUM KOMIIpECCOpa, CTEIIEHDb NeperpeBa U nepeox-
JaXXOECHHUS U T. II.

VYnanenue xjanarenta R12 (wam R500) u3 xonoamibHOH CHCTEMBI M
ero yrimsauusa. XmagareHT R12 (R500) cauBaroT B 6aJLUTOH € ITOMOIIBIO
npucnocobyieHus, 00eCeYnBalOIIero 0TKa4kKy 10 CO3MaHUsl OCTaTOu-
Horo aaBiaeHus (Bakyyma) 30...35 xIla. Ecin Macca xjlagareHra, KoTo-
PYIO PEKOMEHIYETCSI 3alpaBUTh B CUCTEMY, HEM3BECTHA, B3BEIIMBAIOT
cauteiil xdagareHT. [lo JaHHBIM B3BEIIMBAHUSI MOXHO OIPEACINTH
Maccy albTepPHATUBHOTO XJIalareHTa, KOTOPbIM OyAeT mepBOHAYAIbHO
3aIpaB/IEH B CUCTEMY.

CimB MMHEPATBHOTO MACJIA W3 CHCTEMbI M H3MEPEHHE €r0 KOJNYECTBA.
Ecnu B cucTeMe MCHOJBb30BATTH MUHEPATBHOE MACJIO, TO €ro HeoOXxo-
JuMo cauTh. OIHOKpaTHas MpoLeaypa 3aMeHbl Macia o0ecrieurBacT
yIaleHHe NOCTaTOYHOTO KOJMYECTBA Macjia U3 cucTeMbl. Kak yxe
OBbLIO CKAa3aHO, B CUCTEMaX ¢ HEOOJIbLUIMMU FEPMETUIHBIMU KOMIIpEC-
copaMu, TA€ HET OTBEPCTUSA IUIS CAMBA Macla, MOXET MoTpeOoBaThHCSA
JEMOHTaX KoMmpeccopa. B aToM ciiyyae Mac/io CIMBAIOT Y€pe3 JIMHUIO
BCAChIBAaHMSI KOMIIPECCOPA, UTO AAET BO3MOXHOCTb YIaAUTh OOIbIIYIO
yacTh Macia. B 6osee KpyImHBIX CMCTEMaX MOXET BO3HUKHYTh HEOOX0-
JUMOCTb JOTIOJHUTEIBHOIO CJMBA U3 JPYTUX TOUEK CUCTEMBI, B 4acT-
HOCTH M3 HU3KOPACHOJOXECHHBIX 30H UCIIApUTEIISI; B 3TOM ClIydae yIa-
etcd cauTh 50...80 % Macna. Eciu cucteMa BKITIOYAET MAacCIOOTHEH-
T€Jb, TO BCE MACJI0, HaXoAslleecsS B HEM, CJIMBAIOT.

B 11060M ciiyyae U3MEpPSIOT KOJIMYECTBO Macia, CIUTOr0 U3 CUCTeE-
MBI, ¥ CPaBHMBAIOT [OJIYYEHHBIM PE3YJIbTAT C TTACTIOPTHBIMU JIAHHBIMU
KOMIIpeccopa, 4YTOObl YOeIUThCSI, UTO OCHOBHAS YacTh Macja CJIHTA.
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Ecau nipu nycke Oynet HabGmonaThCsd HU3KasA 3PPEKTUBHOCTh pabOTHI
CHCTEMBI, TO MOXET IOTpeOOBaTLCS ITOBTOPHAs 3aMeHa Macia. OIbIT
dupmbl «Du Pont» mokKa3biBaeT, YTO YUCJIO TAKUX CIYYAEB COCTABISIET
MeHee 1 % oOlllero KoauyecTBa MPOBEACHHBIX 3aMEH.

3aMeHa B XOJIOAWJIbHOW CHCTEME MHMHEPAJILHOrO0 Macja AJKWI0eH-
30JpHBIM. CHCTEMY 3AIOJHAIOT AIKUIOEH30JbHBIM (MJIU MOJU3PUP-
HbIM) MacjioM, 00beM KOTOPOTO J0JIXKEH ObITh paBeH 00beMy Macia,
CJIUTOTO TPU BBHINOJIHEHUM Npeabiayniei onepauuu. [Ipu 3ToM uc-
MOAb3YIOT MAaCJ0 TaKOM BI3KOCTH U TAKOrO KauyecTBa, KOTOPbIE pe-
KOMEHIYIOTCSI 3aBOJOM — U3TOTOBUTEIEM KOMIIpEccopa IS ajlbTep-
HaTMBHOTO xjaagareHTa. Ecinu e Takasa uH¢popMalus 0 KOMIIPECCO-
pe€ OTCYTCTBYET, TO BSI3KOCTb HOBOTO MacJja J0JkHa ObITh 6JIM3Ka K
BSI3KOCTU CJIMTOr0 MUHEpaibHOro macnia. s OOJIbIIMHCTBA KOM-
MIPEeCCOPOB TUIIMYHAS BA3KOCTh COOTBETCTBYET cTaHaapTaM 150 SUS
wmu ISO 32.

Onepauuy cJiMBa M 3aMEHBI MacJia CJIeIyeT NpPOIyCTUTh, €CJIH CUC-
TeMa yxXe ObLIa 3aIpaBjieHa aJIKMJIOEH30bHBIM MACJIOM WX B Clydae,
KOT/Ia MUHEPAIbHOE MaC/O HE MEHSIOT.

3ameHa ¢uabTpa-ocymurTesa. JTa onepalds — OoObIYHAsE IIPOLEAY-
pa, KOTOPYIO NPOBOAST IPU TEXHUUYECKOM OOCIY>KMBAHMM CHUCTEMBI.
s 3aMeHbl MCTTOJIb3YIOT aACOPOEHThI, COBMECTUMBIE C XJIaJlar€HTAMHU
R401A, R409A u R401B.

BakyymupoBanne x0NM0IHIbHON CHCTEMbI U MPOBEPKA €€ HA repMeTHY-
HocTh. [Ipy BakyyMHUpOBaHMM NPUMEHSIOT CTAHAAPTHBIE METOIbI TEX-
HUYeCcKoro obcnyxupaHusi. YToObl yaajiuTh BO3AYX U Apyrue HEKOH-
NEHCUPYIOLIMECS BEelIeCTBA U3 CUCTEMBI, €€ cleyeT OTKayaTh 1O BaKy-
yMa (66,5 ITa).

JanpaBka XOJOIWIbHON CHUCTEMbl XJ1aJareHToM. KHOKOCTb ciieayeT
HaJIUBaTh TOJIbKO M3 OajioHa. BalioHBI ¢ XJIagareHTaMu OCHalIEHbI
MOTrPYXHbBIMU TPYOKaMu, C MOMOIIBK KOTOPBIX MOXHO CJIHUTh XWI-
KOCTb U3 0a/IoHA, HAXOASIIErocsi B BEpTUKaJbHOM mnojoxeHuu. I1pa-
BU/IbHOE MOJIOXEHHE OaJUIOHA TIPU CIMBE XKHUIKOCTH MOKa3aHO CTPEJI-
KaMHu Ha Oa/uloHe M Ha sliuKe 11 6arioHa. XIagareHT MOXET ObITb
3anpapjieH B CUCTeMY JUOO B BUAE XMAKOCTU, TUOO B razooOpa3HOM
COCTOSIHMM B 3aBUCMMOCTU OT TOro, 4To Tpedyercs. Eciu Heobxoaumo,
TO TIPU IEPEBOAE XUAKOCTU B ra3000pa3HOE COCTOSIHUE CJIeAyeT UC-
MOJIb30BATh BEHTUJIM KOJUIEKTOPHBIX MAHOMETPOB JIMOO APOCCEUPYIO-
11ee YCTPOMCTBO.

OOGbIYHO TS 3aMPaBKU XOJOAWIBHOM CUCTEMBI TPeOyeTCsl MEHbILLAS
Macca aJlbTEPHAaTUBHOTO XJlaJarcHTa MO CpaBHEHHUIO ¢ Maccoil R12.
OnTuManbHas Macca IMOPLMH, KOTOpasi, Kak yXKe ObLJIO CKa3aHo, 3aBU-
CUT OT KOHCTPYKUMHM CUCTEMBI U YCJIOBUH €€ IKCIUTyaTalluu, s
R401A, R401B u R409A cocrasiser 75...90 % Macchl UICXOIHOM 3apsii-
ku xjsagareHToM R12. Ilpu 3ameHe R500 Ha R401B mnsa 3anpaBku xo-
JIOOUJIBHOM CUCTEMBI NTOTPeOYeTCA UyTh OGbILAS TTOPLIUS, COCTABISIO-
mas npubausuresbHo 105 % Maccwl McxonHoro xiagareHta R500, 3a-
IIPABJIEHHOIO B CUCTEMY.
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YT00BI JOOUTHCSI ONITUMAJIBHBIX PE3YJIETATOB, PEKOMEHAYETCS Tep-
BOHAYaJbHO 3aIPaBIsATh CUCTEMY XJIAIATEHTOM B KOJTHUYECTBE, COCTAB-
qgomeM 75 % macchl ucxoaHoro xiagareHTa. IIpu 3ameHe R500 Ha
R401B caemyetr HaunHate ¢ nopuud B 100 % Macchbl HCXOOHOIO XJ1aa-
areHTa (R500).

Ilpu nepBoHaYaILHON 3ampaBKe XJIAJareHT CJIeAYeT I0AaBaTh B JIU-
HHIO BBICOKOIO JaBJICHUSI CUCTEMBI (KOMIIpECCOp He paboTaeT) 10 Tex
Mop, TTOKA JaBfieHUE B CHCTEME HE CTAHET PaBHBIM JABJICHUIO B 6aL10-
He. Ilocsie 3TOro NoACOeIMHSIOT JUHUIO HU3KOTO JaBJCHUSI CUCTEMBI,
ITyCKalOT KOMIIPECCOP M MEIJICHHO CIMBAIOT OCTABLIYIOCS YaCTh XHI-
KOro xiafareHTa u3 OamioHa. CiuB XMAKOCTh W3 OaioHa, Cfemyer
TIPOBOAMUTH 3aIIPaBKy MEIUIEHHO, YTOOBI AaTb BO3MOXHOCTD XJIaJIareHTy
TIepeUTH B ra3zoo0pa3HOe COCTOSIHME (MCHApPUTHCS) O TOro, Kak OH
TIOCTYIIUT B JMHUIO BCACHIBAHMS KOMIIPECCOPA, U TEM CaMbIM U30€XATh
BBIXOJIJa KOMIIpECCOpa U3 CTPOSL.

IIycK X0JM0AWNbHOM CHCTEMbBI H PEryAMpoBaHMe 103bl 3anpaBku. IIpo-
BOJAT IYCK CUCTEMBI M XJIYT, MOKa paboyUuil pexXuM HEe CTabMIU3UDY-
erca. Ecim cucteMa HemosamnpaBieHa, NOOaBASTh XJIaOareHT HYXHO
HEOOJBIIMMH TTOPLUMAMHU (IIPOJOJKAsA CAUBaTh XKMUAKOCTb M3 3ampa-
BOUYHOro 6aj/u10Ha) A0 TEX Mop, NMoka paboyue napameTpbl HE JOCTHUTI-
HYT XenaeMbIX 3HaueHui. IlpyM cpaBHEHMH HABJICHUII U TEMIIEPATyp
caemyeT Moab3oBaThes Tab. 29...31.

29. Cpasauresbanie noka3aTeas xaanaredros R12 1 R401A

RI12 R401A

Cpenusis TemMne-

Ha e, K[1 Te a Temmeparypa paTypa ga3oBoro

TR Townepans, | vacumcwon | macswenoro | PO uat

: xuaxocTH, °C napa, °C catope (Werapi-
[ Tene), °C
10 —73,1 —74,7 —67,9 -71,3
20 —62,1 —64,0 —~57.,4 —60,7
30 —55,0 -57,1 —50,6 -53,9
40 , —49,6 —51,9 —45.4 —48,7
50 —45,2 —47.7 —-41,3 —44.5
60 —41,4 —44,1 -37,7 —-40,9
70 -38,1 —40,9 -34,6 -37,8
80 —35,2 -38,1 -31,8 -35,0
90 -32.5 —35,6 -293 -32,5
100 -30,1 —33,3 -27,0 -30,1
110 -27.8 -31,1 —-249 -28,0
120 —25,7 -29,1 -22.9 -26,0
130 -23.8 27,2 -21,1 —24,2
140 -21,9 -25,5 -19.3 -22.4
150 -20,1 —23,8 -17,1 -20,7
160 —18,5 =22.2 -16,1 —19,2
170 -16,9 -20,7 -14,6 -17,7
180 —15,4 -19,3 -13,2 -16,2
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IIpodonxcernue

R12 R401A

CpeaHsia TeMrie-

asretie, U1 | Tounpars | Toumeprmes | Temepenra | Rl

et C | ouoem, 'C | napa,C | SRR Ko
J Tene), °C
640 244 18,4 23,7 21,0
650 24,9 18,9 242 21,5
660 25,5 19,4 24,7 2,1
670 26,0 19,9 252 22,6
680 26,6 20,5 25,7 23,1
690 27,1 21,0 26,2 23,6
700 27,7 21,5 26,7 24,1
710 28,2 22,0 27,2 24,6
720 28,7 22,5 27,7 25,1
730 29.3 23,0 28,2 25,6
740 29,8 23,4 28.6 26,0
750 30,3 23,9 29,1 26,5
760 30,8 24,4 29,6 27,0
770 31,3 24,9 30,0 27,4
780 31,8 25,3 30,5 27,9
790 32,3 25,8 30,9 28,4
800 32,8 26,3 31,4 28,8
810 33,2 26,7 31,8 29,3
820 33,7 27,2 32,2 29,7
830 34,2 27.6 32,7 30,1
840 34,7 28,0 33,1 30,6
850 35,1 28,5 33,5 31,0
860 35,6 29.9 34,0 31,4
870 36,0 29,3 34,4 31,9
880 36,5 29,8 34,8 32,3
890 36,9 30,2 35,2 32,7
900 37,4 30,6 35,6 33,1
910 37,8 31,0 36,0 33,5
920 38,3 31,4 36,4 33,9
930 38,7 31,8 36,8 343
940 39.1 32,2 37,2 34,7
950 39,6 32,6 37,6 35,1
960 40,0 33,0 38,0 35,5
970 40,4 33,4 38,4 35,9
980 40,8 33,8 38,8 36,3
990 41,3 34,2 39,1 36,7
1000 41,7 34,6 39,5 37,1
1050 43,7 36,5 41,3 38,9
1100 45,6 38,3 43,1 40,7
1150 47,5 40,1 448 42,5
1200 49,3 41,8 46,5 44,1
1250 51,1 43,5 48,1 45,8
1300 52,8 45,1 49,7 47,4
1350 54,5 46,6 51,2 48,9
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Ipodonxcenue

RI2 R401A

Cpenﬂﬁg TEMIIe-

apneHue, Klla Temnepatypa T patypa asosoro

. Tewmeot | ol | macmegioro | [P0 L

Xunakocety, °C napa, °C catope (HCTapH-

Tene), °C

1400 56,1 48,1 52,6 50,4
1450 57,7 49,6 54,1 51,9
1500 59,2 51,1 55,5 533
1550 60,7 52,5 56,8 54,7
1600 62,2 53,9 58,2 56,0
1650 63,6 55,2 59,5 57,3
1700 65,1 56,5 60,7 58,6
1750 66,4 57,8 62,0 59,9
1800 67,8 59,1 63,2 61,1
1850 69,1 60,3 64,4 62,3
1900 70,4 61,5 65,5 63,5
1950 71,7 62,7 66,7 64,7
2000 72,9 63,9 67,8 65,8
2050 74,1 65,0 68,9 67,0
2100 75,3 66,1 70,0 68,1
2150 76,5 67,2 . 71,0 69,1
2200 71,7 68,3 72,1 70,2
2250 78.8 69,4 73,1 71,2
2300 79,9 70,4 74,1 72,3
2350 81,0 71,5 75,1 73,3
2400 82,1 72,5 76,1 74,3
2450 83,2 73,5 77,0 75,3
2500 84,2 74,5 78,0 76,2
2550 85,3 75,5 78,9 77,2
2600 86,3 76,4 79,8 78,1
2650 87,3 77,4 80,7 79,0
2700 88,3 78,3 81,6 79,9
2750 89,3 79,2 82,5 80,8
2800 90,2 80,1 83,3 81,7
2850 91,2 81,0 84,2 82,6
2900 92,1 81,9 85,0 ‘ 83,5
2950 93,1 82,8 85,8 84,3
3000 94,0 83,7 86,6 85,2
3050 94,9 84,5 87,4 86,0
3100 95,8 85,4 88,2 86,8
3150 96,7 86,2 89,0 87,6
3200 97,6 87,1 89,8 88,4
3250 98,4 87,9 90,6 89,2
3300 99,3 88,7 91,3 90,0
3350 100,1 89,5 92,1 90,8
3400 101,0 90,3 92,8 91,5
3450 101,8 91,1 93,5 92,3
3500 102,6 91,8 94,3 93,0
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30. Cpaspurenbubie Doka3aTe/m XaaaarenTos R12 n R409A

RI2 R409A
I - T T Cpenﬂﬂlg TeMIe-
apneHue, klla Temrieparypa eMrieparypa emnep:z%% ggrgg aa:?zgrr}i
Hacsimenus, °C ;{:&béglc?:{l,{?g Hailb;glae, °C nex—ll)caTgpe (ucna-
putene), ‘C
10 -73,1 -76,1 —67,3 -71,7
20 —-62,1 —65,5 -56,8 -62,1
30 —-55,0 —-58,6 -50,1 54,4
40 —49,6 —-53,4 —44.9 —49,2
50 —45,2 —49.2 —40,8 —45,0
60 —41,4 —45,6 -37,2 —41,4
70 -38,1 —42.5 -34,1 -38,3
80 -35,2 -39,7 -31,3 -35,5
90 -32,5 -37,1 —28,8 -33,0
100 -30,1 -34.8 -26,5 -30,7
110 -27.8 -32,7 —-24.4 —28,6
120 =25,7 -30,7 -22,4 -26,6
130 —23,8 —28,8 -20,6 —24,7
140 =219 27,0 —18,8 =229
150 -20,1 -25,4 -17,2 21,3
160 —18,5 -23,8 —15,6 -19,7
170 —-16,9 =223 —-14,1 —18,2
180 —15,4 —20,8 —-12,7 —16,8
190 -13,9 —-19,4 -11,4 -15,4
200 —-12,5 —18,1 -10,0 —14,1
210 —11,2 —16,8 -8,8 -12,8
220 -9,9 —-15,6 -7,6 -11,6
230 -8,6 —-144 —6,4 -10,4
240 -7,4 -13,3 -5,3 -9.3
250 —6,2 12,1 —4,2 -8,2
260 -5,1 -11,1 -3,1 -7,1
270 -4,0 —10,0 -2,1 —-6,1
280 -2,9 -9,0 -1,1 =5,1
290 -1,9 -8.,0 -0,1 —4,1
300 -0,8 -7,0 -0,8 -3,1
310 0,2 —6,1 1,8 -2,2
320 1,1 -5,2 2,7 -1,3
330 2,1 —-4,3 3,6 -0,4
340 3,0 -3,4 4,4 0,5
350 3,9 -2,5 5,3 1,4
360 4,8 -1,7 6,1 2,2
370 5,7 -0,9 6,9 3,0
380 6,5 -0,1 7,7 3,8
390 7,4 0,7 8,5 4,6
400 8,2 1,5 9,2 5,4
410 9,0 2,3 10,0 6,2
420 9,8 3,0 10,7 6,9
430 10,5 3.8 11,4 7,6
440 11,3 4,5 12,1 8,3
450 12,1 5,2 12,8 9,0
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Hpodoancenue

1 Rrn R409A

Cpemrsisi TeMne-

JaBnenue, xfla Temneparypa TEMnepaTyp§ Temnepartypa partypa ¢azoBoro

C HaCBILICHHONA HaCBILIEHHOTO nepexosa B KOH-

HACBILUEHWS, xuakoctH, “C napa, ‘C JeHearope (ucna-

purene), "°C

460 12,8 5,9 13,8 9,7
470 13,5 6,6 14,2 10,4
480 14,2 7,2 14,8 11,0
490 14,9 7,9 15,5 11,7
500 15,6 8,6 16,1 12,4
510 16,3 9,2 16,7 13,0
520 17,0 9,8 17,4 13,6
530 17,6 10,5 18,0 14,3
540 18,3 11,1 18,6 14,9
550 18,9 11,7 19,2 15,5
560 19,6 12,3 19,8 16,1
570 20,2 12,9 20,3 16,6
580 20,8 13,5 20,9 17,2
590 21,4 14,0 21,5 17,8
600 22,0 14,6 22,0 18,3
610 22,6 15,2 22,6 18,9
620 23,2 15,7 23,1 19,4
630 23,8 16,3 23,7 20,0
640 24,4 16,8 24,2 20,5
650 24,9 17,4 21,7 21,1
660 25,5 17,9 25,2 21,6
670 26,0 18,4 25,7 22,1
680 26,6 18,9 26,2 22,6
690 27,1 19,5 26,7 23,1
700 27,7 20,0 27,2 23,6
710 28,2 20,5 21,7 24,1
720 28,7 21,0 28,2 24,6
730 29,3 21,5 28,7 25,1
740 29,8 22,0 29,2 25,6
750 30,3 22,4 29,6 26,0
760 30,8 22,9 30,1 26,5
770 31,3 23,4 30,6 27,0
780 31,8 239 31,0 27,5
790 32,3 243 31,5 27,9
800 32,8 248 31,9 28,4
810 33,2 25,2 32,4 28,8
820 33,7 25,7 32,8 29,3
830 34,2 26,1 33,2 29,7
840 34,7 26,6 33,7 30,2
850 35,1 27,0 34,1 30,6
860 35,6 27,5 34,5 31,0
870 36,0 27,9 34,9 31,4
880 36,5 28,3 354 31,9
890 36,9 28,7 35,8 32,3
900 37,4 29,2 36,2 32,7
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Hpodoaxcerue

| RI2 R409A
I \‘ | CpeHsas Temre-
Aassenie, K18 | Teuneparyg [ Tonepemps | Texnepompe | panna dwoor
Hacbimerus, °C mﬁ(ﬂm, °‘C rxag;, °C ﬂe}?cal‘élge (ucna-
B putene), °C
910 37,8 29,6 36,6 33,1
920 38,3 30,0 37,0 33,5
930 38,7 30,4 37.4 33,9
940 39,1 30,8 37,8 343
950 39,6 31,2 38,2 34,7
960 40,0 31,6 38,6 35,2
970 40,4 32,0 39,0 35,5
980 40,8 32,4 39,3 35,9
990 41,3 32,8 39,7 36,3
1000 41,7 33,2 40,1 36,7
1050 43,7 35,1 42,0 38,6
1100 45,6 37,0 437 40,4
1150 47.5 38,8 45,5 42,2
1200 49,3 40,5 47,1 43,8
1250 51,1 42,2 48,8 45,5
1300 52,8 43,8 50,3 47,1
1350 54,5 454 51,9 48,7
1400 56,1 46,9 53,3 50,1
1450 57,7 48,4 54,8 51,6
1500 59,2 49,9 56,2 53,1
1550 60,7 51,3 57,6 54,5
1600 62,2 52,7 58,9 55,8
1650 63,6 54,1 60,2 57,2
1700 65,1 55,4 61,5 58,5
1750 66,4 56,7 62,7 59,7
1800 67,8 58,0 64,0 61,0
1850 69,1 59,3 65,2 62,3
1900 70,4 60,5 66,3 63,4
1950 71,7 61,7 67,5 64,6
2000 72,9 62,9 68,6 65,8
2050 74,1 64,0 69,7 66,9
2100 75,3 65,2 70,8 68,0
2150 76,5 66,3 71,9 69,1
2200 77,7 67,4 72,9 70,2
2250 78,8 68,5 73,9 71,2
2300 79,9 69,6 75,0 72,3
2350 81,0 70,6 75,9 73,3
2400 82,1 71,7 76,9 74,3
2450 83,2 72,7 77,9 75,3
2500 84,2 73,7 78,8 76,3
2550 85,3 74,7 79,8 77,3
2600 86,3 75,7 80,7 78,2
2650 87,3 76,6 81,6 79,1
2700 88,3 77,6 82,5 80,1
2750 89,3 78,5 83,4 81,0
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Ipodoaxncenue

R12 R409A
I - I T Cpe;:[mgl TEMITE-
ABJICHHUCE, Klla Temme paTypa eMnepaTypg eMnepfg{ypa lr_;a'rypa -A30BOTO
sachlicAs, C | ACMLENMOR | mHIEiOro | repeomm bkt
purene), °C
2800 90,2 79,4 84,2 81,8
2850 91,2 80,4 85,1 82,8
2900 92,1 81,3 85,9 84,1
2950 93,1 82,1 86,7 84,4
3000 94,0 83,0 87,6 85,3
3050 94,9 83,9 88,4 86,2
3100 95,8 84,8 89,2 87,0
3150 96,7 85,6 89,9 87,8
3200 97,6 86,4 90,7 88,6
3250 98,4 87,3 91,5 89,4
3300 99,3 88,1 92,2 90,2
3350 100,1 88,9 93,0 91,0
3400 101,0 89,7 93,7 91,7
3450 101,8 90,5 94.4 92,5
3500 102,6 91,3 95,1 93,2
31. Cpasnurenbuble nokazarens xaanarenro R12, R500 u R401B
R12 R500 R401B
. Cpenssast TeM-
Rasierse, KITa| Toyneparypa | Tewmeparypa | Tonepamypa | Tewneparypa | bl
HacoliueHus, *C | HacoieHust, "C KAIKOCTH, *C mmapa, °C ge K(();{gg;—lggg_—
ae), °
10 -73,1 -76,1 -75,9 —69,5 —72,7
20 -62,1 —65,2 —65,4 -59,0 —62,2
30 —55,0 —58,2 —58,5 -52,3 —55,4
40 —49.6 -52,8 -53,4 —47,2 -50,3
50 —45,2 —48,5 —49,2 —43,0 —46,1
60 —41,4 —44.8 —45,6 -39,5 —42,6
70 -38,1 —41,6 —42.5 —36,4 -39,5
80 -35,2 —38,8 -39,7 —33,7 —36,7
90 -32,5 -36,2 -37,2 -31,2 —-34,2
100 -30,1 —33,8 -349 —28,9 -31,9
110 -27.8 -31,6 -32,7 -26,8 -29,8
120 —25,7 -29.6 -30,7 -24.9 -27.,8
130 -23,8 =277 -28,9 —23,0 —26,0
140 =219 -259 -27,1 —-21,3 —24,2
150 -20,1 —24.2 -25,5 —19,7 -22,6
160 —18,5 -22,6 -23,9 —18,1 -21,0
170 —16,9 -21,0 -224 —16,7 —19,5
180 —15,4 -19,6 -21,0 —15,2 —18,1
190 -13,9 —-18,2 —19,6 -13,9 —16,8
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Ipodoaxcenue

R401B

BOrO Inepexona
1e), °C

B KOHAEHCATO-
pe (ucriapure-

CpenHsis TeM-
eparypa ¢a3o-

1T

|
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HacCBbILLICHHOTO
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HachimeHus, *C | HacHleHuA, *C
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Ilpodoaxcenue

R12 R500 R401B

CpenHsist TeM-

Temneparypa | Temmepatypa | cparyba azo-

o BOTO Mepexoaa
HaChILIEHHOU | HACBIUCHHOrO | [* nlh oo

Hasaetivie, kT1a | Teymeparypa | Temneparypa

HaceiueHus, “C| Hachienus, "C

XHIKOCTH, “C | napa, °C pe (scTiapyre-

1 ne), °C
640 24,4 18,5 16,3 21,3 18,8
650 24,9 19,0 16,8 ) 21,9 19,4
660 25,5 19,6 17.4 22,4 19,9
670 26,0 20,1 17,9 22,9 20,4
680 26,6 20,6 18,4 23,4 20,9
690 27,1 21,1 18,9 23,9 21,4
700 27,7 21,6 19,4 24,4 21,9
710 28,2 22,1 19,9 24,9 22,4
720 28,7 22,6 20,4 25,3 22,9
730 29,3 23,1 20,9 25,8 23,3
740 29,8 23,6 21,4 26,3 23,8
750 30,3 24,1 21,8 26,7 243
760 30,8 24,6 22,3 27,2 24,8
770 31,3 25,1 22,8 27,7 25,2
780 31,8 25,6 23,2 28,1 25,7
790 32,3 26,0 23,7 28,6 26,1
800 32,8 26,5 24,1 29,0 26,6
810 33,2 26,9 24,6 29.4 27,0
820 33,7 27,4 25,0 29,9 27,5
830 34,2 27,8 25,5 30,3 27,9
840 34,7 28,3 25,9 30,7 28,3
850 35,1 28,7 26,3 31,2 28,8
860 35,6 29,2 26,8 31,6 29,2
870 36,0 29,6 27,2 32,0 29,6
880 36,5 30,0 27,6 324 30,0
890 36,9 30,5 28,0 32,8 30,4
900 37,4 30,9 28,5 33,2 30,8
910 37,8 31,3 28,9 33,6 31,2
920 38,3 31,7 29,3 34,0 31,6
930 38,7 32,1 29,7 34,4 32,0
940 39,1 32,6 30,1 3438 32,4
950 39,6 33,0 30,5 35,2 32,8
960 40,0 334 30,9 35,6 33,2
970 40,4 33,8 31,3 36,0 33,6
980 40,8 34,2 31,7 36,3 34,0
990 41,3 34,6 32,0 36,7 344
1000 41,7 35,0 324 37,1 34,8
1050 43,7 36,9 34,3 38,9 36,6
1100 45,6 38,7 36,1 40,7 38,4
1150 47.5 40,5 37,9 42.4 40,1
1200 49,3 423 39,6 440 41,8
1250 50,1 43,9 41,2 45,6 43,4
1300 52,8 45,6 428 47,2 450
1350 54,5 47,2 44,3 48,7 46,5
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[Ipodonncernue

RI12 R500 R401B

CpeﬂHﬂﬂ&[)‘eM-

Hapnenye, kIla Temnepatypa | Temneparypa I;;,?&%i;}[’gg L?I':Iﬁgf[;yg’; rx‘a%%%;exﬁ%

HacwleHus, *C| HacseHus, *C XHIKOCTH, °C napa, °C gex?;lgggggig:

ne), °C

1400 56,1 48,7 45,9 50,1 48,0
1450 57,7 50,2 47,3 51,6 49,4
1500 59,2 51,7 48,8 52,9 50,8
1550 60,7 53,1 50,2 54,3 52,2
1600 62,2 54,5 51,5 55,6 53,6
1650 63,6 55,9 52,9 56,9 54,9
1700 65,1 57,2 54,2 58,2 56,2
1750 66,4 58,5 55,4 59,4 57,4
1800 67,8 59,8 56,7 60,6 58,6
1850 69,1 61,1 57,9 61,8 59,8
1900 70,4 62,3 59,1 62,9 61,0
1950 71,7 63,5 60,3 64,1 62,2
2000 72,9 64,7 61,4 65,2 63,3
2050 74,1 66,9 62,6 66,3 64,4
2100 75,3 67,0 63,7 67,3 65,5
2150 76,5 68,1 64,8 68,4 66,6
2200 77,7 69,2 65,9 69,4 67,6
2250 78,8 70,3 66,9 70,4 68,7
2300 79,9 71,4 68,0 71,4 69,7
2350 81,0 72,4 69,0 72,4 70,7
2400 82,1 73,5 70,0 73,4 71,7
2450 83,2 74,5 71,0 74,3 72,7
2500 84,2 75,5 72,0 75,3 73,6
2550 85,3 76,5 72,9 76,2 74,6
2600 86,3 77,4 73,9 77,1 75,5
2650 87,3 78.4 74,8 78,0 76,4
2700 88,3 79,3 75,8 78,9 77,3
2750 89,3 80,3 76,7 79,8 78,2
2800 90,2 81,2 77,6 80,6 79,1
2850 91,2 82,1 78,5 81,5 80,0
2900 92,1 83,0 79,4 82,3 80,8
2950 93,1 83,9 80,2 83,1 81,7
3000 94,0 84,7 81,1 83,9 82,5
3050 94,9 85,6 81,9 84,7 83,3
3100 95,8 86,4 82,8 85,5 84,1
3150 96,7 87,3 83,6 86,3 84,9
3200 97,6 88,1 84,4 87,1 85,7
3250 98.4 88,9 85,2 87,8 86,5
3300 99,3 89,7 86,0 88,6 87,3
3350 100,1 90,5 86,8 89,3 88,1
3400 101,0 91,3 87,6 90,1 88,8
3450 101,8 92,1 88,4 90,8 89,6
3500 102,6 92,8 89,2 91,5 90,3
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B 1a6:. 29...31 BkatoyeHa rpada, rae rnpuBeaeHa CpeaHss TeMIepa-
Typa ¢a3oBoro nepexoaa B ucnapureie (KoHIeHcatope). Pabouue xa-
PAKTEPUCTHKH UcIIapuTes (KoHIeHcaTopa) OynyT TaKMMHM, KaK Oyaro
OH paboTaeT MpHU 3TOM MOCTOSIHHOM TEMMEpPAType U COOTBETCTBYIOLLIEM
JIaBJIEHHHU. DTy CPEAHIOI TeMIIEpaTypy MOXHO MCIIOIb30BaTh WA
CpPaBHEHUS XJIaJal¢HTORB.

XnamareHTol [ XDY (R401A, R401B u R409A) 6onee uyBCTBUTE b-
HBI K KOJIMYECTBY 3allpaBJIEHHOIO B CUCTEMY BEIIECTBA, YEM XJ1aJareH-
el XPV. [Ipu U3GLEITOYHON MM HEOOCTATOUHOM 3arpy3Ke Xapakre-
PHUCTUKHK PabOTHI CUCTEMBI U3MEHSIIOTCS OYeHBb ObicTpo. KoHTponb 3a
paboToit CHCTEMBI MOXHO OCYILUECTBIISITh MO KOJMUYECTBY XJadarcHra,
3alpaBIICHHOTO B CUCTEMY.

ITocne 3amennl xyagareHra R12 Ha R401A, R409A, R401B akcruty-
aTallMOHHBIE TIApaMeTPbl OXJaXHalouled CUCTeMBbl MOTYT NPUHUMATh
cienywoue 3HadyeHus (tabn. 32).

32. OxugaemMoe H3MEHEHHE 3KCILTYATAIMOHABIX NMOKA3aTe el XoI0muIbHON CHCTEMBI I0CJIe
3amenbl R12 Ha R401A, R401B wm R409A

Mokasatens | R40IA | R401B T R409A

WUsmenenue narnenus, klla;

HaTHEeTAHUS 137.9 206,9 172,4

BCAChIBaHMS OcTtanock 13,8 OcTanoce

HEeU3MEHHHM HEeU3MEHHBIM

HaMeHeHne TeMriepaTypel 13,9 16,7 16,7
HarHetaHms, “C
HameHeHune neperpesa Ha -1,7 -0,6 =22
BCaChIBAHUH

OmngrT pa6otel ¢ R401A, R409A u R401B cBHIETEILCTBYET O TOM, YTO
B CHCTEMaX, 3allpaBJIeHHBIX OJHHUM M3 3TUX XJIAJlal€HTOB, MOXHO YC-
TMELUIHO MCITO/Ib30BaTh MUHEPAIbHOE MACI0 B TeX Clydasx, KOrja BO3-
BpaT Macja M3 UCIIAPUTEIs. B KOMIIPECCOP HE UrpaeT OOJIbLION PONH.
K TakuM cHcTeMaM OTHOCSITCSI, HAllpUMep, KaMepHbIE XOJOMWILHUKH,
XOJIOOWIbHBbIE BUTPUHBI, TOPTOBBIE XOJIOIMIbHbIE aBTOMATHI (B TOM YHCJIE
I10 POVIMBY HAIIMTKOB) ¥ OBITOBEIE XOJIOMWIEHMKH. OIHAKO B CUCTEMAX C
IUTOXMM BO3BPaTOM MacJjia 3aMeHa MMHEPAJIbHOIO Macjia Ha CHHTeTHYeC-
KO€ MOXET OKa3aThCs HEOOXOOUMOi, 0CODEHHO eC/TH UCTIapUTelTb yaaleH
OT KOMIIpeccopa JU00 OH HAaXOAUTCS HIDKEe KOMIIpeccopa, JIM60 B cucTe-
Me €CTh YYaCTKH C MaJIoil CKOPOCTBIO MBHXKECHHS XJ1anareHTa.

10.4. 3amena R502 Ha R402A,
R408A, R402B

Metonuka 3amenbl xymagareHTa R502 Ha R402A, R408A, R402B
agasornyHa Metoarke 3aMeHbl R12 Ha R401A, R409A, R401B. Huxe

MIPUBOIUTCS TEpPeYeHb oMepaluii no 3aMeHe xjagareHTa R502 Ha
R402A, R408A, R402B:
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onpencaeHe padOYMX IIApaMETPOB IEUCTBYIOIIEH XONOTWIHLHOMN
cucteMsbl Ipu pabore Ha R502;

yoaneHue R502 w3 cucTeMb! U ero yrtwiausauus. [ns yaaaeHus
XJIazareHta HeobxoauMo co3naHue Bakyyma 30...35 kIla. {ng yrunu-
3aLMU HEOOXOIUMO UCTIONB30BATh GAJUTOH (HEJMb3Sl BHITTYCKATh XJal-
areHT B atMocdepy);

CAMB Macjia ¥3 KOMIIpeccopa {€CiIM TONBKO B KOMIIPECCOPE YK€ HE
HCITONB3YIOTCH aTKWIOEH30/IbHBIE Mac/ia) U UBMEPEHUE €r0 KOJIMYECTBA;

3aIMI0JIHEHUE XOJOIWIbHON CUCTEMBI aIKWJIOEH30IbHBIM WM TMOJIU-
3¢UpPHBIM CMa304YHBIM MaciaoM. KonuyecTBo Macia, 3anpaBisieMoro B
CUCTEMY, JOJIXKHO ObITb PABHO KOJMUYECTBY CAUTOIO;

MOBTOPHBIA MOHTaX KOMIIpeccopa {eCAu ero JeMOHTHPOBAJIN);

3aMeHa (WIbTPa-OCYIIUTEAS Ha HOBBIN, KOTOpBIM paspeinaercs
KCITONB30BaTh M1 oCylikKu xitaaareHToB R402A, R408A u R402B.
IIpumenstior aBa THUna (pUIBTPOB-OCYILUTENEN: ¢ BHYTpeHHeH Kacce-
TOH, colepxaleid ancoOpOeHT; C HACHIITHBIM HAIOJIHUTENEM-aaCcopOeH-
ToM XH-9, MS-594 unu 3KkBUBAJICHTHbIE UM

BAaKyYMHDPOBAHHE XONOJMJIBHOM CHCTEMB. OTKauky BaKyyMHBIM
HacocoM clienyeT BecTtu g0 66,5 I1a;

IPOBEPKA XOJOIW/IbHOW CHCTEMBI Ha I'e€pMETHMYHOCTDb (110Cjie Ipo-
BEPKH €III€ pa3 OTKayaTh CUCTEMY);

3allpaBKa CUCTEMBI XJIamareHToM. 3aIpaBKy MPOBOIST XJIaJareHTOM
B XMJIKOH (a3e, MpUUEM XUAKOCTh CIEOYET CIMBATh TOJILKO U3 Oajlio-
Ha. BHauasie 3anpapistior 75...80 % (1o macce) UCXOMHOTO KOJAUYECTRa
R502. 3anuceiBalOT Maccy 3aIlpaBlIeHHOTO XJ1agareHra;

MYCK XOJIOAWJIbHOU CHUCTEMBI U TO3AaMPaBKa €¢, C TEM UTOOHI ITOJIY-
YUTh HYXHbIE padoune yciaosus. [IpU mo3ampaBke XUAKOCTH CMBaA-
10T TONBKO U3 OainoHa. Ecnam 3ampaBieHHas mopuus Majia, TO XHUI-
KWM XJIafare’T cieayer no0aBasiTh 103aMHu 1o 2...3 % ucxomHo# mac-
cbl R502. 3anuceiBarOT Maccy 3alpaBlieHHOTo xjiagareHta. IlonHyio
Maccy 3anpaBJiCHHOIO XjaJareHTa IOJydaloT IyTeM CIOXEHHUS IIpe-
IBIAYIIUX PE3YIbTaTOB;

MapKMPOBKA XOJOAMIbHONW CUCTEMBI STUKETKAMHU C YKa3aHUEM THUIIA
XJTaIaTeHTa U CMa30yHOro Mac/ia (aIKWIO0EeH30/IbHOES WIH MMOJU3(UPHOE).

[Tpu mycke i OUEHKM padOTHl XOJOOWILHOM CUCTEMBI CACHYET
Monb30BaTbes Tabm. 33...35.

33. Cpasanrebable MoKa3aTeH xianarenros R502 u R402A

RS502 R402A

Hasnenne, klla L Temneparypa TemMrepatypa Hackl- TeMmepaTypa Hackl-
HacoieHus, “C LUEHHOM XMIKOCTH, “C uIeHHOro napa, "C

10 —85,5 —88,3 —85,4

20 -75,2 -78,1 -75,6

30 —68.,6 -71,6 —69,2

40 —63,6 —66,7 —64.4

50 -59,5 -62,7. —-60,5

60 -56,1 -594 —57,2

70 -531 ~56.4 —543
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IIpodoaxcenue

R502 R402A
Hasnenue, Klla Temneparypa Temneparypa HachI- TeMriepaTypa Hachli-
HacwilleHus, “C ILEHHOMN XuakocTH, °C mIeHHoro napa, °C
80 —50,4 -53,8 -51,7
90 ~47.,9 -51,4 —49.4
100 —-45,7 —492 —47.2
110 —43,6 —47,2 —45,2
120 —41,7 —45,3 —43.4
130 -39,9 —43,5 —41,7
140 -38,3 —41,9 —40,0
150 -36,7 —40,3 -38,5
160 -35,1 —38,8 -37,0
170 -33,7 -36,4 =357
180 -32,3 -36,1 —34,3
190 -31,0 —-34,8 -33,1
200 -29,7 -33,5 -31,8
210 -28,5 -32,3 -30,6
220 -27,3 -31,2 -29,5
230 —26,2 -30,1 -28,4
240 -25,1 -29,0 -273
250 —24,0 -27.9 —26,3
260 -23,0 —26,9 -25,3
270 -22,0 =259 -24.4
280 -21,0 —25,0 -234
290 -20,1 —-241 -22,5
300 -19,2 —23,2 -21,6
310 —18,3 =223 —20,7
320 -17,4 -21,4 -19,9
330 —16,5 -20,6 —-19,1
340 —15,7 —19,8 —18,3
350 —14,9 -19,0 -17,5
360 -14,1 —18,2 —-16,7
370 —13,3 -17,4 —16,0
380 -12,5 -16,7 —15,2
390 -11,8 —15,9 —14,5
400 -11,0 —15,2 -13,8
410 —10,3 —14,5 -13,1
420 -9,6 —13,8 -12,4
430 -89 —13,1 —11,7
440 -8,2 —12,4 —11,0
450 -71,5 11,8 —10,4
460 —6,9 —-11,1 -9,7
470 -6,2 -10,5 -9,1
480 -5,6 -9.9 -8,5
490 —-4.9 =92 -7,9
500 —4.3 —8,6 =73
510 -3,7 -8,0 —6,7
520 -3,1 —7,4 -6,1
530 =2,5 —6,8 -5,5
540 -1,9 —6,3 -5,0
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550
560
570
580
590
600
610
620
630
640
650
660
670
680
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
1000
1050
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IIpodoaxmcenue

R502 R402A
Hapnetue, klla Temneparypa Temneparypa Hachbl- TeMrmepaTypa Hachl-
HaceleHus, "C LICHHOM XMAKOCTH, ‘C uleHHoro napa, °C
1100 22,9 17,7 18,7
1150 24,6 19,3 20,3
1200 26,3 20,9 21,9
1250 27,9 22,4 23,4
1300 29,4 23,9 24,9
1350 30,9 25,4 26,3
1400 324 26,8 27,7
1450 33,9 28,1 29,1
1500 35,3 29,5 30,4
1550 36,7 30,8 31,7
1600 38,0 321 33,0
1650 393 33,3 342
1700 40,6 34,5 354
1750 41,8 35,7 36,6
1800 43,1 36,9 37,7
1850 44,3 38,0 38,8
1900 45,5 39,1 39,9
1950 46,6 40,2 41,0
2000 47,8 41,3 42,1
2050 48,9 42,4 43,1
2100 50,0 434 44,1
2150 51,1 44 .4 45,2
2200 52,1 45,4 46,1
2250 53,2 46,4 47,1
2300 54,2 47.4 48,1
2350 55,2 48,3 49,0
2400 56,2 493 49,9
2450 57,1 50,2 50,8
2500 58,1 51,1 51,7
2550 59,1 52,0 52,6
2600 60,0 52,9 53,5
2650 60,9 53,8 54,4
2700 61,8 54,6 55,2
2750 62,7 55,5 56,0
2800 63,6 56,3 56,9
2850 64,4 57,1 57,7
2900 65,3 57,9 58,5
2950 66,1 58,8 59,3
3000 66,9 59,5 60,0
3050 67,8 60,3 60,8
3100 68,6 61,1 61,6
3150 69,4 61,9 62,3
3200 70,1 62,6 63,1
3250 70,9 63,4 63,8
3300 71,7 64,1 64.5
3350 72,4 64,8 65,3
3400 73,2 65,6 66,0
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34. CpasanrenbEbie NoKA3aTeH XaanarenTos R502 u R402B

R502 R402B
Hasnetiue, kIla Temneparypa Haceile- |  Temreparypa Hacbl- TemnepaTypa Hachl-
Hus, *C IIEHHOM XKUAKOCTH, °C ueHHoro mnapa, “C
10 —88,5 —86,8 —83,7
20 75,2 —76,6 -73,8
30 —68,6 -70,1 -67,4
40 —63,6 —65,1 —62,5
50 -59,5 —61,1 —58,6
60 —56,1 -57,7 ~55,2
70 -53,1 -54,7 -52,3
80 -50,4 -52,0 —49.7
90 —47.9 —49,6 —47,3
100 —45,7 —47,4 —45,1
110 —43,6 —45,4 —43,1
120 —41,7 —43.5 —41,3
130 -39,9 —41,7 -39,5
140 —38.3 -40,0 -37.9
150 —36,7 —38,5 ~36,3
160 -35,1 -37,0 -34.9
170 —33,7 -35,5 -33,5
180 -32,3 -34,2 -32,1
190 -31,0 -32,9 -30,8
200 —29,7 -31,6 —29,6
210 -28.5 -30,4 -28.4
220 -27,3 -29,2 —27,3
230 -26,2 -28,1 —26,2
240 —25,1 -27,0 -25,1
250 ~24.0 —26,0 ~24,]
260 —23,0 -25,0 -23,1
270 -22,0 —24,0 -22,1
280 -21,0 -23,0 -21,1
290 -20,1 -22,1 —20,2
300 —19,2 —21,2 -19,3
310 —18,3 -20,3 —18,4
320 -17,4 -19.4 -17,6
330 -16,5 —18,6 —16,8
340 —15,7 -17,7 —15,9
350 —14,9 —-16,9 —15,1
360 -14,1 -16,1 —14,4
370 —13,3 —15,4 —13,6
380 -12,5 —14,6 -12,8
390 -11,8 —-13,9 -12,1
400 —-11,0 —13,1 —-11,4
410 -10,3 —12,4 -10,7
420 -9,6 -11,7 -10,0
430 -89 -11,0 -9,0
440 -8,2 -10,3 —8,6
450 -7,5 -9,7 -8,0
460 -6,9 -9,0 -7,3
470 —6,2 -8.,4 —6,7
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Ilpodoaxcenue

Haenenue, kla

R502

R402B

Temnepatypa HacbiLile-
Hus, °C

Temneparypa HachI-
LWeHHOM XHakocTH, “C

Temneparypa Hachbl-
HeHHoro napa, “C

98

950
960
970
980
990
1000
1050
1100
1150
1200
1250
1300

2300
2350

2750
2800

2900
2950
3000
3050

17,4
17,8
18,1
18,5
18,9
19,3
21,1
22,9
24,6
26,3
27.9
29,4
30,9
32,4
33,9
35,3
36,7
38,0
39,3
40,6
41,8
43,1
44,3
45,5
46,6
47,8
48,9
50,0
51,1
51,2
53,2
54,2
55,2
56,2
57,1
58,1
59,1
60,0
60,9
61,8
62,7
63,6
64,4
65,3
66,1
66,9
67.8

14,7
15,1
15,5
15,8
16,2
16,6
18,3
20,0
21,7
23,3
24,9
26,4
27,8
29,3
30,7
32,0
33,3
34,6
35,9
37,1
38,3
39,5
40,7
41,8
42,9
44,0
45,1
46,1
47,1
482
49,2
50,1
51,1
52,0
53,0
53,9
54.8
55,7
56,6
57,5
58,3
59,2
60,0
60,8
61,6
62,4
63,2

16,1
16,5
16,8
17.2
17,6
17,9
19,7
21,4
23,0
24.6
26,1
27,6
29,1
30,5
31,9
33,2
34,5
35,8
37,0
38,2
39,4
40,6
41,7
42,8
43,9
45,0
46,1
47,1
48,1
49,1
50,1
51,1
52,0
53,0
53,9
54.8
55,7
56,6
57,4
58,3
59,1
60,0
60,8
61,6
62,4
63,2
64,0



Ipodoaxcenue

RS502 | R402B

Hapsenue, kTla Temneparypa Hacbile- TeMnepaTypa Hacbl- TeMneparypa Hacbl-

Hus, °C eHHoW xunkoctH, *C 1weHHoro napa, °C
3100 68,6 64,0 64,7
3150 69,4 64,8 65,5
3200 70,1 65,6 66,2
3250 70,9 66,3 67,0
3300 71,7 67,0 67,7
3350 72,4 67,8 68.4
3400 73,2 68,5 69,2
3450 73,9 69,3 69,9
3500 74,6 70,0 70,6

35. CpapnuTe/bHBIE NOKA3ATEH X1anareHToB R502 n R40SA

R502 R408A
Hasnenve, klla TeMriepaTypa Hachllle- | TeMmepaTypa Hacbl- :  TeMIepaTypa Hachl-
Hus, "C weHHoH xuakocty, °C . weHHoro napa, "C
10 —88,5 —83,7 —83,1
20 -75,2 -73,6 -73,1
30 —68,6 -67,1 —66,6
40 —63,6 —-62,2 -61,5
50 -59,5 —58,2 -57,7
60 —56,1 -54,8 —-54.3
70 -53,1 -51,8 -51,3
80 —50,4 —49,1 —48.7
90 . —479 —46,7 —46,3
100 —45,7 —44,5 —-44.1
110 —43.,6 —42.5 —-42.0
120 —41,7 —40,6 —40,1
130 -39,9 -38,8 -38,4
140 -38,3 -37,1 -36,7
150 -36,7 -35,5 -35,1
160 -35,1 -34,0 -33,6
170 —33,7 -32,6 -32,2
180 =323 -31,2 -30,8
190 -31,0 -29.9 -29,5
200 -29,7 —28,7 -28,3
210 —28,5 -27,5 -27,1
220 -27,3 -26,3 =259
230 -26,2 -25,2 -24,8
240 —25,1 -24,1 -23,7
250 -24.0 -23,0 -22,6
260 —23,0 -22,0 -21,6
270 -22,0 -21,0 -20,6
280 -21,0 -20,0 -19,7
290 -20,1 -19,1 —18,7
300 —19,2 —18,2 -17.8
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310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
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IIpodoancenue

: R502 R408A
Napnenue, klla * TemnepaTypa Hacelie- | TemnepaTypa Hackl- W Temneparypa Hachl-
Hua, *C NIEHHOM ¥UIKOCTH, “C \ 1ieHHoro napa, °C
780 10,3 10,9 11,2
790 10,8 11,4 11,7
800 11,2 11,8 12,1
810 11,6 12,2 12,5
820 12,1 12,7 12,9
830 12,5 13,1 13,4
840 12,9 13,5 13,8
850 13,3 13,9 14,2
860 13,8 14,3 14,6
870 14,2 14,7 15,0
880 14,5 15,1 15,4
890 15,0 15,5 15,8
900 15,4 15,9 16,2
910 15,8 16,3 16,6
920 16,2 16,7 17,0
930 16,6 17,1 17,4
940 17,0 17,5 17,8
950 17,4 17,9 18,1
960 17,8 18,2 18,5
970 18,1 18,6 18,9
980 18,5 19,0 19,3
990 18,9 19,3 19,6
1000 19,3 19,7 20,0
1050 21,1 21,5 21,8
1100 22,9 23,2 23,5
1150 24,6 24,9 25,2
1200 26,3 26,5 26,8
1250 27,9 28,1 28,3
1300 29,4 29,6 29,9
1350 30,9 31,1 31,3
1400 32,4 32,5 32,8
1450 33,9 339 342
1500 35,3 35,3 35,5
1550 36,7 36,6 36,9
1600 38,0 37,9 38,2
1650 393 39,2 394
1700 40,6 40,4 40,7
1750 41,8 41,7 41,9
1800 43,1 42,9 43,1
1850 44,3 44,0 44,2
1900 45,5 45,2 45,4
1950 46,6 46,3 46,5
2000 47,8 47,4 47,6
2050 48,9 48,5 48,7
2100 50,0 49,5 49,7
2150 51,1 50,6 50,8
2200 52,1 51,6 51,8
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IIpodoaxmcenue

R502

R408A

Hanneunwne, x[1a

Temmneparypa Hacbiue-

Temmneparypa Hachl-

Temnepartypa Hachbl-

HUS, LIEHHOW XHUIKOCTH, "C reHHoro napa, °C
2250 53,2 52,6 52,8
2300 54,2 53,6 53,8
2350 55,2 54,5 54,7
2400 56,2 55,5 55,7
2450 57,1 56,4 56,6
2500 58,1 57,4 57,6
2550 59,1 58,3 58,5
2600 60,0 59,2 59,4
2650 60,9 60,1 60,3
2700 61,8 60,9 61,1
2750 62,7 61,8 62,0
2800 63,6 62,7 62,8
2850 64,4 63,5 63,7
2900 65,3 64,3 64,5
2950 66,1 65,1 65,3
3000 66,9 65.9 66,1
3050 67,8 66,7 66,9
3100 68,6 67,5 67,7
3150 69,4 68,3 68,4
3200 70,1 69,1 69,2
3250 70,9 69,8 70,0
3300 71,7 70,6 70,7
3350 72,4 71,3 71,4
3400 73,2 72,0 72,2
3450 73,9 72,7 72,9
3500 74,6 73,4 73,6

OxunaemMoe U3MEHEHHUE 3KCIUTyaTallMOHHBIX [1apaMEeTPOB XOJI0ANIb-
HO# cucTteMbl nmociae 3ameHbl R502 Ha R402A, R402B, R408A npen-

CTaBjJIe€HO B Taobi. 36.

36. OxuaaemMoe H3MEHEHHE JKC

ATAIMOHABIX NOKA3ATENCH OXIAKIAIIMEH CHCTEMBI
nocue 3aMeHs! R502 na R402A, R402B, R408A

Mokasatens | Re0A R402B | Ra0sA
HW3MeHenue narnenus, klla:
HarHeTaHus 275,8 206,8 34,5
BCAChLIBAHUS 34,5 34,5 34,5
H3MeHeHHe TeMIIEpATYpPbl -2,8 2,3 11,1
HarHetaHud, °C
HM3meHeHue neperpesa Ha -2,2 -2,2 -1,7

BCaCbIBAHUH
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10.5. 3amena R22 na R407C

OcHoBHbie cBeaenns. Hike paccMaTpuBaeTcsl ITOPSAOK 3aMeHBI R22
B XOJIOAWIBHON cHCTeMe aTbTepHAaTUBHBIM XxaagareHToM R407C. Ana-
JIOTMYHO IIPOBOJSIT 3alIpaBKy X0J0AWIbHOW cucteMbl R410 u ppyrumu
AIbTEPHATUBHBIMU XJIaJlar€HTAMH.

[lepen npoBeneHMeM onepallyii IO 3aMEHE TPAIULIMOHHOH CMECU
XJ1aJareHT + MUHepaiTbHOoe Macjio Ha cMech R407C + nmonuadupHoe
Macjio HeoOXxoauMo 00s3aTejibHO oOpalllaTh BHUMAHUE HAa XHMHYEC-
KYI0 COBMECTUMOCTbD TOCAECAHEN ¢ NPUMEHAECMBIMU YIUIOTHUTEILHBIMU
MaTepualaMu (TUTaCTMKaMH U 3/1aCTOMEPaMU).

PexoMeHOyeTcst mepen 3aMEHOM XJIamareHra M BHECCHUEM KOH-
CTPYKTUBHBIX U3MEHEHUI B XOJOAWILHYIO CUCTEMY MO OTHOLIEHHIO K
TaKWM €€ DJIEMEHTAaM, KaK MPOKJIAAKN M YILUIOTHEHHS, IPOKOHCYIbTH-
pOBAaThLCA C MPOU3BOAUTENEM OOOPYAOBAHUS.

IIpu 3ampaBke obopymoBaHuA xjaagareHToM R407C Mcnonab3yioT
MepHbie IIWIMHApHL. LuwiuHaper a1 R407C o6opynoBaHbI XHIKOCT-
HBbIM U MApOBBIM BEHTWISAMU. JKMAKOCTHBIN BEHTWUJIb CMOHTHPOBAH Ha
narpyoke, 3aKperuieHHOM B JHUIIE LMJIMHAPA TaKUM 00pa3oM, 4TOOH
B TOM CJy4yae, KOrja LIWIMHAP HAaXOAUTCS B BEPTHKATBHOM I1OJIOXKE-
HUHU, XJ1aJar€HT U3 HEro NoaaBajics B XUIKOMU ¢ha3ze.

B neicTByromeM XOJIOOMJIBHOM OOOpPYIOBAaHMM XJdagareHt R22
MOXHO 3aMeHuTh Ha R407C ¢ ucnonb3oBaHUEeM OOBIYHOro Habopa
MPUCIIOCOOJIEHUIT U MHCTPYMEHTOB, UCIOJIb3yEMBIX B MPAKTHKE Cep-
BHMCHOTO OOC/IY>KMIBaHMSI.

B G0JBIIMHCTBE XOJOIMIBHBIX CUCTEM JIOCTATOYHO IPU TIEpexone
OT TpamuMUMOHHoro xnagareHta Kk R407C TonbKO 3aMEHUTh Macjlo B
KoMIIpeccope, PUIbTP-OCYLINTEIb U, BO3MOXHO, U3BMEHUTb TeMIIepa-
Typy NEperpesa xjagareHTa Ha BcacbiBaHuM (mas cucteM ¢ TPB). Ile-
pel MpOBEACHUEM ONEpallMil 0 3aMEHE XJIALAreHTa B CUCTEMax, KOTO-
pbl€ HAXOASTCS HA FapaHTUH, ClieyeT OOpaTUTbCS K IPOU3BOIMTEISIM
KOMIIpECcopa U Apyroro o6opynoBaHusl, TaK KaK TapaHTUs HA HEKOTO-
pbl€ BUIbI XOJOAWIBHOIO 000OpYNOBaHUSI, MEPBOHAYAIBLHO MpeIHa3Ha-
YEHHOTIO U1 pabOoThl HAa TPAOAULIMOHHBIX XJIaJareHTe U MacJje, Iocae Ux
3aMEHBI MOXET YTPaTUTh CBOIO CHIY.

Onpenenenne padovMX MapaMeTpoB XOJOAWILHOH CHCTeMBl, padoTaio-
meii Ha R22. 3anuchiBalOT AaHHBIE 1O padoTe cUCTeEMBI HA R22 (TeMIte-
paTyphl M AaBjieHUs B KOHIEHCATOpe, ucnapurene, nepea TPB u . 1.).
[1penBapuTebHO yOEXTAIOTCA B TOM, YTO CUCTEMA MMPABWIBHO 3alipaB-
JIEHA XJIAIar€HTOM, a TAKXE B TOM, YTO OHAa paboOTaeT B HOPMaJIbHBIX
pabouyMx yCIOBMSAX.

3amMeHa MHHEPAILHOr0 WM ANKHJIOEH3O0JLHOro Macaa Ha noauddup-
Hoe, /{14 civBa Maciaa MOXET NoTpeOGOBaThCS IEMOHTHUPOBATH KOM-
npeccop. OCoBEHHO 3TO OTHOCHUTCS K MAIbIM T¢pMETHYHBIM KOMITPEC-
CcopaM, KOTOpble HE MMEIOT OTBEPCTUS UIA ciuBa Macia. M3 takux
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KOMIIPECCOPOB MAacC/I0O MOXHO CIWTh 4epe3 JUHWI0 BCACHIBAHUA.
B OOJBUIMHCTBE CHCTEM Majloi MPOU3BOAUTEIBHOCTH OIMMUCAHHBIM
cnoco6oM MoxHO yaamuTk 90...95 % Macna. B Gosiee KpyIHBIX cHCTE-
Max JUIsi CJIMBa OOJIblIe YacTH Macjia MOXET NMoTpeGoBaThCS TOTMOJIHU-
TEJbHOE YIAJIEHUE €r0 M3 APYTHUX 3JACMEHTOB XONOAUIBHONW CUCTEMBI,
0COOEHHO M3 HMXXHUX 4acTel, pacroj0oXEHHBIX PSIOM C MCIapuTe-
JeM. B cuctemax, rae €cTh MacjlooTAEIUTENL, HEOOXOAUMO CJIMThL Mac-
JI0 TaKkxe M u3 Hero. TIpu Becex cmocobax M3MepsiioT KOJIMYECTBO Mac-
Jla, yIansaeMoro U3 CUCTEMBI. 3aTeM CPaBHUBAKOT MONYUCHHBIA Pe3yJib-
TaT C MACMOPTHBIMU AAHHBIMU CUCTEMbI, UTOObI YOSIUTHCS B TOM, UTO
OoJiplIee KOJIMYECTBO Macjia M3 CHUCTeMBI ciauro. YToOBl pacTBOpU-
MocTh noamddpupHoro Macra B R407C B cucteMe ObUla SKBUBICHT-
HOI pacTBOPHUMOCTH yAaJieHHOro Macia B R22, ocraroyHoe Koauue-
CTBO MHUHEPAJIBHOIO WK alKWIOEH30JIbHOIO Macjia He JOJIXHO Tpe-
BbILIATh 5 % 00LIEro KoJaM4ecTBa Macja B cucteMe. B KpyTIHBIX crcTeMax
JOOUTBECSE HEOOXOOMMOTO OCTATOYHOrO CONEPXAaHWS MUHEPAJIbHOTO
WY anKWIOEH30JIBHOTO Macjaa MOXHO C MCIOJIb30BAaHUEM TaK Ha3bIBa-
eMOM METOAMKHU NPOMBIBKH.

IlpoMbIBKa BKIIIOYAET CIAEAYIOLUME OIEpaLlvuu:

yAQJIeHHWE M3 CUCTEMbl MHHEPAJbHOIO WIM ANKMIOEH30AbHOTO
Macna;

moa60p MOAU3(GUPHOro Macia, BSI3KOCTb KOTOPOTO 3KBUBAJICHTHA
BSI3KOCTH YIaIsiEeMOro Maca;

3aMpaBKa B CHCTEMY NOJIMPUPHOro Macja B KOJIWYECTBES, PaBHOM
KOJIMYECTBY Y/IaJIEHHOT'O Macha;

MycK cucTeMbl ¢ R22 mis THIATENBHOTO TEPEMEIIMBAHUS TIOJIH-
3(QUPHOTO Macja C MUHEPAIBbHBIM WK aTKWIOEH30bHBIM (151 3TOTO
MOXeT rorpeboBathbes oT 48 1o 72 u).

BriieonvcaHHbIe AEHCTBHS TIOBTOPSIOT elile ABa pa3za. ITocie nmoc-
JneaHel npoMbiBKM R22 3aMeHsiior Ha R407C.

VYianenne xjganareHta R22 3 X0401WIbHON CHCTEMBI H €10 YTHIH3A-
mast. XoiamareHT R22 ypansioT M3 CUCTEMB U COOUPAOT B LWIWHAD
(6autoH) IS YTWIM3allMM C TIOMOMIBIO CIEMAIBHOTO YCTPOWCTBA
(pa3zBuBaeMblil BakyyMm 34...67 kI1a).

Ecnyu HeoGxoguMMoe KoJaMyecTBO 3alpaBieHHOro R22 HewsBecTHO,
TO HEOOXOAMMO B3BECUTh OAJUIOH C YAAJEHHBIM XJIAZareHTOM, IIpU
3TOM HadaJbHOe KoJnuecTBO 3anpabigemoro R407C cnenyer onpene-
JISTh 1O KOJMUYECTBY yaajieHHoro R22.

TloBTOpHBIN MOHTAXK KoMmpeccopa. Eciu xoMmpeccop ObLT CHST, TO
€r0 MOHTAX OCYILECTBIAIOT TIO OOBIYHON METOIMKE.

3amena ¢uwibTpa-ocyminTeNs. 3aMEHY ITPOBOIST B COOTBETCTBMU C
MPAaKTHKOM 3aMeHbI (PUIBTPOB-OCYILHUTENEH, TPUHSITON ITPU CEPBUCHOM
00CITy>XMBAHUU XOJMOJWIBHBIX cucTeM. B ofopynosanuu Ha R22 wuc-
TTOJIB3YIOT [IBa TUIA PWILTPOB-OCYLIUTENEH: C HACHIITHBIM HAIlOMHUTE-
JIeM — aJcopOeHTOM; C BHYTPEHHEH KacceToM, cogepxalluel ancopOeHT.

Ancopbent tuna XH mist QuiIbTpOB ¢ HACHITHBIM HAMOJHUTEIEM
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MOHO TipUMeHsTb ¢ R407C (nanpumep, XH-11 ¢pupmer UOP). Ha-
MOJHUTEH, KOTOPHIE MCIOJB3YIOT B cHcTeMax ¢ R22, mpuMeHsTh
B cucteMax ¢ R407C, kak nmpaBMJIO, HEJb3sd, TaK KaK OHM IIOIJIO-
maiwT R32.

BakyymupoBanMe X0J0IHJIbHOH CHCTEMbI H NMPOBEPKA ee HA repMe-
THYHOCTh, YTOOBI yIAMUTh M3 CUCTEMBI BO3IYX M JIPYIM€ HEKOHIEH-
CUpPYIOILIIMECS] Ta3bl, CUCTEMY BaKYYMHUPYIOT OO OCTAaTOYHOIO OaBJi€-
Hus 0,14 klTa. ITpu npoBepke CUCTEMBI HAa T€PMETUYHOCTh MPUME-
HSAIOT OOBIYHYIO METOAUKY, MPUHSITYIO MPU OOCIY>KMBAHUM XOJIO-
JWIbHBIX CHCTEM.

3anpaska cucremsl xaaaareHToM R407C. 3anpaBKy MpoBOIAT XJIal-
areHToM B Xxuakoi ase. baionsl wis R407C obopynoBaHbl Crieiu-
QTbHBIM MaTpyOKOM, BMOHTUPOBAHHBIM B THUIIE, KOTOPHIH MO3BOJISET
1oJaBaTh U3 HEro XXMIKOCTb B TOM CJIydyae, KOTrda OH HaxOJWUTCsl B BEpP-
TUKAILHOM IOJIOXEHUU. U3 oaHopa3oBbix 6amioHoB (13,6 KI) Takxe
MOXHO MPOBOIUTD 3ATIPABKY XUIKHUM XJIATar¢HTOM.

Ecin HeoGXx0AMMO NPOBOAMTL 3alpaBKy M3 ITapoBON ¢a3bl, MC-
MOJIB3YIOT PEAYKTOP CO CMOTPOBBIM CTEKJIOM (3TO HYXHO IS TOTO,
yTOoOBl NP 3ampaBKe ITyTeM II0AaYM XJaJareHTa BO BCAChIBAIOILUMA
naTpybOK KOMIIpECCOpa B HEr0 HE Momnajia XMIKOCTb). XJIaJareHT
R407C u3 6annoHa cieayeT noaaBarhb TOJbKO B XUAKOHU (ase.

O6b1yHO Macca R407C B cucteme MeHblIe Macchl R22. Ontumasse-
HO€ KOJIMYECTBO 3ampaBiseMOro XjajarcHTa 3aBUCUT OT MHOTUX (ak-
TOpOB; padoOuyMX YCJIOBMH, pa3MEpPOB MCIIAPUTENST M KOHJIEHCATOpa,
pa3Mepa pecuBepa (eciii UMeeTcsi), ITUHbI TPYOOTIPOBOAOB B CUCTEME.
Jnst 60JbLUIMHCTBA CUCTEM OINTHMMAJIbHASI Macca 3arlpaBisieMOoro XJal-
areHta cocrasiaseT 90...95 % maccel R22, peKOMEHIOBaHHOR 3aBO-
JOM — U3TOTOBUTEJIEM O0ODPYIOBAHMSI.

PexoMmeHnayercsi BHavazne 3anpaBuTh 80 % Mmacchl xjlagareHra,
Kotopasi onpenensercs Maccor R22. IlepBoHayalbHO CUCTEMY 3a-
MpaBJAIT XJIaJareHTOM Ha JIMHUM BHICOKOTO JAaBJIEHUS (KOMIIpeC-
cop BeiKiIloueH). Ilociae Toro kak maBiieHUsS B CUCTeME U Oajo-
HE CTaHYT PaBHbI, IOJAIOT OCTABIIMKCS XJIaZareHT BO BCACHIBAIO-
LIYIO JUHUIO KOMIIpeccopa (KOMIIpeccop BKaUYeH). Henbss gonyc-
KaTh MOIMAJaHUs XUJIKOTO XJIaJareHTa BO BCAChIBAIOIIMM MaTpydboK
KOMIIpeccopa.

Ilyck u Hanagka cucrembl. [1ycKaloT cCUCTEMY M XIYT, MOKA PEXUM
He cTabunmsupyercsa. Ecniu cuctema 3ampapiieHa HEIOCTaTOYHBIM KO-
JIMYECTBOM XJIaJIar¢HTa, €€ J03anpanisifoT HeOONbIIIMMHU MTOPUUSIMHU 10
TEX I0p, MOoKa He OyayT AOCTUTHYTHI 3aJaHHbIE MapaMeTpbl PabGOThI.
Ilpu 3anpaBke xn1amareHTa CAeAyeT MOJIb30BaTbCA TaOAMLICH OaBlIeHUI
U TeMIepaTyp Ha JMHUM HacbilieHUs: a1 R407C, 4ytobbl cpaBHUTH
JaBJICHUE BCACBIBAHUS U TEMIICPATypy KMIICHHS ripu pabore Ha R22 u
Ha R407C. O6p1yHO yBeIMYEHHUE AaBIeHHUSI HarHETaHUS 10 CpaBHEHHUIO
¢ R22 cocraBasier 103...276 kI1a; yMeHblIIcHHUE TEMIIEPATYphl HarHeTa-
Hust — 0...10 °C.
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MapkupoBka 31eMeHTOB cucTeMbl. [locie mpoBeneHMsi omnepauuu,
CBI3aHHBIX C 3aMEHOM HKCXOMHOTO XJaJareHTa Ha ajlbTepHATHUBHBIN
R407C, Ha BUIHOM MECTE PUKPETUISIOT OUPKU C yKa3aHUEM TOTO, Ka-
KHMe XJIAHATCHT U CMa304YHOE MAaCJIO COIAEPXKATCS B CUCTEME. DTO MTOMO-
KT MPaBWIbHO NPOBOAUTh OMEPAIlMU IO CEPBUCHOMY OOCTY:XKMBaHUIO
CHUCTEMBI B JAJTbHEUIIIEM.

11. EMKOCTH AASI XAQAQreHTOB

XJ1amareHThl pa3jivBalOT B CICLIMATIbHBIE €MKOCTH (OaJJIOHBI, ITUC-
TEPHBI ¥ T. I.), BBIIOJIHEHHBIC U3 cTaT¥. OQHAKO B HACTOSIIIEE BpeMs
DSl U3TOTOBUTENEH MOCTABJISIET CBOIO MPOAYKLIMIO B EMKOCTSIX U3 aJlio-
MUHMA. Takue eMKOCTH (0a/UTOHBI) He YCTYIIAIOT MO ITPOUYHOCTH CTaIb-
HBIM, UMEIOT MEHBIIYI0O MAacCy U YIOOHBI P BBIMOJIHEHUH CEPBUCHBIX
pa6otr. x npumeHsoT s pacoBaHUsS HEOOMBUINX KOJUYECTB XJIaj-
areHTa. XapakKTepUCTUKU HEKOTOPBIX CTAIBHBIX €MKOCTEH TSI YHUCTHIX
XJIaJar€HTOB M HOPMBI MX 3aIl0JIHEHUS IpYBeAeHBI B Tabn. 37.

37. XapaKTepHCTHKH CTATBHBIX COCYAOB A THCTHIX XJIAJNATCHTOB, N0 JAHHBIM (hHPMBI
«Primagaz»

. Macca
Bmectu- | Pasmepsl cocyna i
Macca co- Bua xman- | xnan-
c;ﬂa?;r Mg;;;’ c;— (uuég‘;zgp;{‘;“' areHTa | areHTa, Tpumesarme
) b i Kr
IIpodasaemas mapa

0,18 1 80 % 270 R12 1 Hcnonb3oBaHue COOTBET-
R22 1 CTBYIOILErO BEHTHIS C BBI-
R502 1 XOIHBIM Pe3LOOBBIM IITY-

uepom 1/4” mon pa3bop-
TOBKY

4.4 6,2 204 x 315 R12 7 To xe
R22 8
R500 6

16 6,7 138,7 x775 R13 6 IMpocToit BEHTHIE C IUIOC-
R503 6 KuM (hyiaHLIEM Ha BbIXOZE
Ob6opomnan mapa
9 12 304 x 348 R12 12 CoenMHeHMe C IUIOCKUM

R22 12 dna”uem
R500 12
R502 12
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IIpodoaxcenue
Macca co- Bmectu- | Pasmepnl cocyna Bua xiaa- Ig]ag_a
cyla, K Mg;;; (j?— (ﬂuggg‘gp; N?u- arenTa areHTa, Ipumevarue
e y K]-
13 26,5 304 x 562 R12 30
R22 25
R500 25
R502 25
28,5 61 34x1134 R12 70  BeHrtunb 0bopynoBaH ABY-
R22 62 MSA BbIXOAaMU: A1 XHI-
R500 57  KOCTH M mapa
R502 64
37 88 34 x 1535 R12 100 To xe
R22 90
R502 95
500 860 800 x 2213 R12 989  BhIXOA: KOHUYECKAs WIH
(uMCTepHA) R22 886 HMAMHOpHYecKas TpyOHas

R502 903  pespda (1)

K 4YHCTBIM OTHOCSIT XJlaar€HThI, HE HCIOJbL30BABIIMECS TMOCIe
'M3TOTOBJCHMSA, U XJadareHThbl, MOCTYIIUBIIUE IOCJTIE pereHepaiuiu.
3arpsAsHeHHbIMU CUMTAIOT XJlaJareHTbl, W3BJIEYCHHbIE U3 XOJIOAUJIb-
HOM YCTaHOBKM. EMKOCTH, npelHa3HaYeHHbIE I CJIMBAa B HUX XJIaj-
areHTOB, MOIjieXalluX pereHepaluu, OKpalluBarT 3ejIeHoi dJoopec-
uMpywollei Kpackoil. EMKOCTH 10711 HEUCITOJib30BaHHBIX WM DETe-
HEPUPOBAHHBIX XJ1aJareHTOB OKpallMBalOT B pa3jiMYHbIC IIBETa B
3aBHCHMOCTH OT MapKM XJIaJareHTa.

RI2 6nenHo-cepnlit R401A KOPa/LI0BO-KpacHBI#

R22 APKO-3€TEeHbIA R401B CBETJIBIHA CepO-3e/IEHbIN
R134a OnenHo-ronyboi R401C CHHE-3eJIeHbli (aKBaMapH-
R142b PO30BLIH U Ap. HOBBIIA)

HOna oOcayXMBaHMS MalbIX XOJOAMJIbHBIX YCTaHOBOK ¢dHpMa
«Du Pont» noctaBnaseTr ¢acoBaHHbIC B 0a/UIOHBL XJlaAareHThbl TPYII
XDY u Ioy.

XJagareHT R22 R401A  Rl134a R402A R404A R407C
Macca xnanareHTa, Kr 13,5 12; 13,4 13,6 12,2 9,8 11,6

banioHBl OT MOCTaBUIMKOB XJIaJareHTOB K INOTPEeOUTEISIM T1OCTaB-
JSIIOT OTBAKYYMUPOBAHHBIMU. BojblIMHCTBO Oa/lIOHOB CHA0XEHO IBY-
Ms BEHTWISAMY CO CTAHAAPTHOM pe3n0oil !/, moiMa, Ipy 3TOM XUI-
KOCTHBIM BEHTHJIb COCAUHSETCS C IOrpYyKHOU TPyOKOM, JOXOAALICH 10
MaKCHMAIbHOrO YPOBHA 3amonHeHus 6amtoHa (80 %).
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CrerneHb 3aMoJHEHUS Oa/LTOHA JOXKHA COOTBETCTBOBATH MEXAYHA-
POAHBIM WJIM HAlMOHAJbHLIM TpPeOOBAaHUSM; €€ YCTAaHABJIMBAIOT B 3a-
BUCHUMOCTHU OT 00beMa, 3aHUMAEMOTO XHUIKHUM XJ1aJar€eHTOM, U daBJe-
HHS, pa3sBUBaIONIErocs NpM JaHHOM TeMIieparype.

EMKOCTHM 1S Xx1aJareHTOB MCHBITHIBAIOT HAa IMPOYHOCTL. B Ta6. 38
TIpYBEIeHBl MUHUMAJIbHBIC 3HAUEHUS JABJICHUH UCIIBITAHUS OQJJIOHOB
U1 pa3/IMYHBIX XJIaJareHTOB, @ TAKXXE MAaKCUMAJIbHO JONYCTUMBIE CTE-
TIEHU 3aIOJHEHUS.

38, MunyMa/bAbIe JARICHHA HCMBITAHHA OA/LI0HOB 1S XPARCHHA XAAJATEHTOB,
2 TAKKe MAKCHMAILHO JONMYCTHMbIE HOPMbI 3aNPABKH coracHo HopMam RTMD
(IIpaBuna nepeso3ku onacHuix rpy3oB) U ADR (Esponeiickoe cornamenne

0 MEXIYHAPOIHLIX MPABKIAX TIEPEBO3KH ONACHLIX TOBAPOB MO Aoporam)*

RTMD ADR
| MaxkcumanbHO MaKCHMANBLHO
XnagareHt ﬂggg:r:g{z‘;‘ﬁ_ | nonycrimas ﬂg/lﬁ'}’j’gga‘:’:{‘g{ﬁ_ IOMYCTHMAs!
Tanus, MIa ; cr:gs;; 321[‘/?1“' Tanusi, MMa cr:g::; 3::;[/(})111-

RI2 1,7 1,17 1,8 1,15
R12BI 1,0 1,64 1,0 161
R13 12,0 0,95 10,0 0.83

25,0 1,10 25,0 1,10
RI3BI 4,2 1,13 4,2 1,13

12,0 1,50 25,0 1,60
R22 2,9 1,05 2,9 1,03
R23 6,0 0,35 19,0 0,87

25,0 0,95 25,0 0,95
R114 1,0 1,32 1,0 1,30
RIIS 24 1,10 2,5 1,06
R125 4,0 0,95 3,6 0,95
R134a 2,2 1,04 2,2 1,04
R142b 1,0 0,99 1,0 0,99
R152a 1,7 0,80 1,8 0,79
R300 2,2 1,02 2,2 1,02
R302 3,0 1,05 3,1 1,05
R503 25,0 0,90 10,0 0,66

*W3pneueHue u3 crannapra NF E29-795, Hos6ps 1992.

Bce cocynnl (eMKOCTH) HOJDKHBI OBITH IPOMapKMPOBaHBI U CHabXe-
HBI TaOJIMYKOM C YKa3aHMEM THIIA XJ1adareHTa, KOTOPbIA MOXET B HUX
XPaHUTbLCA, MACChl HE3aloJHEHHOIro cocylda, odbeMa (3ampaBKH IO
BOJIE€), NABJIEHUS MCIIBITAHHUS, IOPUAMYECKOTO Ha3BaHUS TMPEINPUATHS
A UMETBb KileiiMo cimyk0nl I'ocroprexHaasopa.

Maccoil He3armoHEHHOTO cocyla CYUTAIOT Maccy COOCTBEHHOIO CO-
Cyda W 3aKpeILICHHBIX Ha HEM IpUHaIeXHOCTeH 6e3 BeHTWIA. [Ipn
YKa3aHHH 3TOI MacChl HA MapKHPOBOYHOMH TabaHUKe Iepel LuppaMH,
O3HAYaIlIMMH Maccy, cTaBaT OykBy M. Maccoii Tapbl CUMTAIOT CyMMY
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MacCCHhl He3anmoJIHEHHOTO COCYyJda, MAacChl 3aKpeIUICHHBIX Ha HEM IpH-
HAUIEXHOCTE M BEHTWISA, 00OPYOOBAaHHOIO IIOTPYXHOM TpPYOKOM.
[1pu ykazaHuM 3TOM MacChl Ha MapKHPOBOYHOM TaOJUMYKE ee 3Haue-
HUIO TNIpenuecTByer 6ykna T.

B 1aba. 39 B KauecTBe mpuMMepa JaHbl TEXHUYECKHUE YCIOBHUS MPHU
MpOJAaXe HEKOTOPBIX XJIaJar€HTOB, MOCTABISIEMBIX B eMKOCTSX. YacTo
TEXHUUYECKHUE YCJIOBUS ObIBAIOT TOpa3no 0oJjiee XECTKUMHM, YEM 3TO
JEHCTBUTEIBHO HEOOXOAMMO JUISl BMOJHE HOPMAILHOI paboOTHI XOJIO-
JUJIBbHON YCTAaHOBKH.

3%. Texn;necxne YCIOBHSA NIpH MPOJAXKe HEKOTOPBIX XJIANAreHTOB (N0 JAHHLIM QHPMBI
«Dehon»

TexHHYECKHE YCIOBUS TIPH NPOJAXe R22 R23 Rl134a J R142b
MakcumanbHas MaccoBast LOJI 10 25 10 10
Bjaru, MiIH"!

MaxcumanbHasa oGbeMHasA 10 1,5 1,5 1,5 1,5

HEKOHIEHCHPYIOIUIMXCA XUIKOC-
Te# (B razosolt dasze), %

MakcuManbHOe OTKJIOHEHHUE 0,5 0,5 0,3 0,5
HOpPMAaJIbHOM TeMIIepaTyphl Ku-

nenus, "C

Conepxanne HCI He nomyckaertcs

Yucrota, % 99,8 99 99,7 99,8

12. Texunyeckue CpeAcCTBa
AASI CEpBHUCA XOAOAUABHBIX
CHCTEM

Munn-3apsaansie craHuui ¢pupmsl REFCO (IlIBeitmapns). D10 jer-
KO€ TIepeHOCHOE 000pymoBaHME IpeAHA3HAYEHO Il BaKyyMHpOBa-
HMS U 3apsaaky xianareHToB rpynn XOY, IXPY u I'dY ¢ remmnepa-
TypHbIMM IIKa1aMu ist R12, R22 u R502 unu R134a, R404A. Cran-
UM CcHabXxeHa IBYXCTYIIEHYAaTBIM BaKyyM-HacOCOM, BCTPOE€HHBIM
NpeIOXpPaHUTEJbHBIM KIanaHOM, BCIIOMOTraTe/JibHbIM MOHTaXHbBIM
000pydoBaHHUEM C 30JJOTHUKOBBIMU KJIallaHaMM (BBICOKOBaKYYMHO-
IUIOTHBIE), MAaHOMETPaMK Ha CTOPOHE BCACHIBAaHMSI MU HarHeTaHUs,
anekrpoaBuraresem (220...240 B, 50 I't), 3apsaaHBIMH LAJTUHIPAMM.
BMecTMMOCTD 3apsiAHOrO LIWAWMHIApA IS pa3jMYHBIX BapUaHTOB
CTAHIIMU MpPHUBEIEHA HUXE.
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Mapka cTaHuUHH BMecTHMOCTh 3apsia-

(XJ1amareHr) HOro UWIWHApa, T
12505 (R12) 550
12605(R12) 1100
12505(R134a) 550
12605(R134a) 1100

BakyymHo-3apaaunbie cranuud 10505, 10605, 10705 u 10805. Pas-
paboTaHbl A1 BAKYYMHUPOBaHUSA U 3apSiIKU FepMETHUYHBIX XOJIOIUIb-
HbIX KOMIIpeccopoB, paboTtaroiiux Ha R12, R22, R502 u R134a. Ux
MIPUMEHSAIOT TIpeXae BCEro NpH TEXHUYECKOM OOCTYKMBAHUM XOJIO-
IUJIbHBIX YCTAaHOBOK. OCHOBHBIE IIPEUMYIIECTBA 3THUX CTAaHLIUI — He-
3HAYMTE/IbHAS Macca, BbICOKasl IIPOM3BOAMTEIBHOCTh Hacoca, IIpoc-
TOTa B 3KCILIyaTal[MH.

Cranuuu (tabs. 40) ocHailleHBI MAHOMETPaMU CO CTOPOHBI HarHe-
TAHUS U BCAChIBAHMS, 3aIIOJIHEHHBIMU ITMLIEPUHOM, HATPEBAEMbBIM 3a-
PAIHBIM LWIMHIPOM, TPEMs 3apSUITHBIMM ILIJIAHTaMM U1 BaKYYMHPO-
BaHMS M 3apsAIKHM YCTAHOBKU O€3 CMEHBI LUTaHroB. I1ocTaBisitoT cTaH-
LIMM B KOMIUIEKTE C 3alIMTHHIMU OYKAMHU M OJIHON €MKOCTBIO C MacjioM
IUIS1 BAKYYMHOTO Hacoca.

40. Texanueckne XaApAKTEPHCTHKH BAKYYMHO-3apAIHbIX cTanmmit pupmel REFCO

Mpous- Pa3mepel
BMmecTH- Boﬁg_' Tas- MM
MOCTB 3a- ;gCTb n? Mac-
Mapka psUIHOTO | XoanareHt pakyyM- | Hirie J ca. Kr
LL";THW;' ! Horo  klla Bbi- | Tnu- |
’ Hacoca, | coral ma
JI/MHH |
C odnocmynenyamsim 6aKyyMHbiM Hacocom RS-4
10505-R12 550 R12, R22, R502 58 0,03 620 500 18,5
10605-R12 1100 R12, R22, R502 58 0,03 620 500 19
10705-R12 2200 R12, R22, R502 58 0,03 620 520 20,5
10805-R12 4400 R12, R22, R502 58 0,03 620 520 21,5
C dgyxcmynenwamoim saxyym-uacocom RD-4
10505-RD-4-R12 550 R12, R22, R502 58 0,005 620 500 22
10605-RD-4-R12 1100 R12, R22, R502 58 0,005 620 500 22
10705-RD-4-R12 2200 R12, R22, R502 58 0,005 620 500 23
10805-RD-4-R12 4400 R12, R22, R502 58 0,005 620 500 24
10505-RD-4-R134a 550 R134a-R404A 58 0,005 620 500 22
10605-RD-4-R134a 1000 R134a-R404A 58 0,005 620 500 22
10705-RD-4-R134a 2000 R134a-R404A 58 0,005 620 500 23
10805-RD-4-R134a 4000 R134a-R404A 58 0,005 620 500 24

Cranuus 10805-RD-4 (puc. 15) cocTOUT M3 CleaylOIuX 3JeMEH-
TOB, CMOHTUPOBAHHBIX Ha CTaHHMHE. IBYXCTYHNEHYAaTOrO0 BAKYYMHOIO
Hacoca; UMJIMHApPA C IMOBOPOTHOM MIKAJIOM;,; MaHOMETpA CO IKAJIOHU
temneparyp misi R12, R22, R502; npenoxpaHHUTE/JbHOroO KJjaraHa U
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Puc. 15. IleperHocHas cravuus 10805-RD-4 nas BAKYYMMPOBAHMA M 3APAIKH XIaAATeH-
TOM XOJIOIM/ILHOH CHCTEMBI:

I — BakyyM-Hacoc; 2 — ra3odajuiacTHblii BEHTWIb; 3, 12 — npeqoxpaHUTE/IbHbIE Kiana-
HBl; 4, 8, 17, 18, 21 — BeHTWIHU; 5 — BaKyyMHBIIA OJI0K; 6 — BaKyyMMETp; 7 — pyuKa; 9 —
MaHOBaKyyMMeTp; 10— cMoTpoBoe ctekio; 11, 13 — ManoMetphl; 14 — ofpartHblii Ka-
nawn; 15— wwiMHap uta xiafarenta; /6 — wikana uMiaMHapa; 19, 22— wiryuepa; 20—
ctauuHa; 23, 24 — TyMOJIEpbl; 25 — 3NeKTPHIESCKUA 1UTOK

BCTPOCHHOTO 3JICKTpPOHArpeBareisl; MaHOMETpUYECKOTOo ©J0Ka ¢
MaHOMETPOM M MaHOBaKyyMMETpPOM (MMEIOUIMMHU LIKaAbl TEMIIepa-
Typ H naBiaeHu# xaazareHtoB R12, R22, R502 B cocTossHHM Hackl-
LIEHHUS), CMOTPOBOTO CTEKJAa, BEHTWIENA CO WITyLEepaMHU ILJIST IIPUCO-
€IMHEHUS IIJIAHTOB; BaKyyMHOTO 0/0Ka ¢ BaKyyMMETPOM, BE€HTH-
JIEM U MPEXOXPAHUTEIbHBIM KIAMaHOM; IUMTKA C 3JEKTPUYECKHM
KOHAEHCAaTOpoM, TyMOJiepaMu 11 BKIIOUYEHUS BaKYyMHOIO Hacoca
M 3JIEKTpOHarpeBaTeas UWJIMHApPA M KIEMMHHKA JJd ITpHCOECINHE-
HHUSA CTAaHUHMH K DJIEKTPOCETH.
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J1s1 3anoJIHEHUST LIMJIMHApA CTAHLIMU XJ1aTareHTOM K BEHTWII0 Oal-
JIOHA € XJ1aJJarCHTOM MOIKIIIOYal0T (PWIBTP-OCYLINUTEN b, KOTOPHIA TH0-
KHUM LIUTAHTOM COEOUHSIOT ¢O mTyuepoM 22, I1pu OTKPBITBIX BEHTWISX
4, 8, 18 u 21 TyMOnepoM 24 BKITIOYAIOT BaKYYMHBIN HAacOC U BaKyyMH-
pyloT HWIKMHIAp. [10 JOCTHXXKEHMHM OCTAaTOYHOIO [IaBJIEHMSI, PABHOTO
51a, 3akpniB BeHTWIU 4 U 21, 0OCTaHABIMBAIOT BaKyyMHBIM Hacoc. Ot-
KpBIB BEHTWIb Oa//IOHA, a TAKXe BEHTWIX &, 17 1 18 CTaHLIWH, 3aI10JI-
HSIOT UWIMHAP XJ1aJar€eHTOM, KOHTDPOJIMpYsl ero ypoBeHb. UToOBI U3
OaIoHa B LWIMHAP IOCTYIMWIO OOJbIIE XMIKOTO XJaJareHTa, e€ro
Mapbl BHIITYCKAIOT Yepe3 o0paTHbINA KjlanaH.

I'mOKKMMHU HU1aHramMy 1Tyliepa CTAaHLUM COEIMHSIOT CO ILITyliepa-
MU Ha BCachIBAaIOIIEM M HarHETaTeJIbHOM BEHTMIISIX KOMIIpECccopa Xo-
JIODWIBbHOM YCTaHOBKHM. BK/IIOUMB BaKyyMHBIH HAacOC CTAaHUMHU TyMO-
JIEpOM 24 TIpM OTKPHITHIX BEHTHIAX 4, §, 18 u 17, BAKyyMHPYIOT XO-
JIOIUNIBHYIO YCTaHOBKY IO ocTtatoyHoro masineHus 5 Ila. Cnycrs 14
paboThI MPHU 3TOM OCTAaTOYHOM JAABJIEHUMM BaKYYMHBIH HAacoC BBIKJIIO-
4aloT W BBIAEPXUBAIOT CUCTEMY IIOJ BAKyyMOM B TeueHue | 4. 3arem,
3aKpbIB BEHTWIM 4 U 2] U OTKpbIB ra300a/U1aCTHBIM BEHTWIb U BEHTH-
au 8, 17 u 18, BBOIAT U3 LMAMHApA CTAHUMH B XOJOAMJIBHYIO YC-
TAaHOBKY OCYLICHHbBIH XJAaHAreHT A0 JOCTHXKCHHUS M3ObITOYHOTO HaB-
neHus 30...50 kIla, Hapymag BakyyM, 4TO TIpeIOTBpAIIlaeT pEKOHAEH-
cal{io IapoB BOIbI, HCIIAPUBIIENCS MPU BAaKyyMHUPOBAaHUM, M CIIO-
COOCTBYET UX ITOJTHOMY yIAJIEHUIO.

Takum xe 0O6pa3oM MPOBOAST BTOPOE BAKYyMUPOBAaHHE XOJIOAWIb-
HOM YyCTaHOBKM M BHOBb HapyIlalOT BaKyyM.

ITocne TpeThero BaKyyMHPOBAaHUS XOJOOWIbHYIO YCTAHOBKY 3a-
TIOJHAIOT HEOOXOAWMBIM KOJMYECTBOM XJlagareHTa M3 IWIMHIpa
CTaHLMM. [1JIst 5TOro 3aKpbIBalOT BCE€ BEHTW/JIMU CTaHLMU, Kpome &, 17
u 18 Korna gaBieHUsl XJIafareHTa B XOJOAMJIbHONW YCTAHOBKE U 1IH-
JUHIpEe CTAaHLMKA CpaBHAIOTCA (4TO OydeT BUAHO IO IpeKpallieHUIO
LIMPKYJIALIMU XJaJareHTa 4epe3 CMOTPOBOE CTEKJ0), TyMOiepom 23
BKJIIOYAIOT 3JIEKTPOHArpeBartelib, BCTPOCHHBI B LUIUIMHAP CTAaHLMH.
B pesynbTaTe DaBieHME B LIUJIMHIPE MOBBILIACTCS U XOJIOAWIbHAS yC-
TaHOBKA IPOJIOJIKAeT 3aIOJHATbCA xJagareHToM. KojudyecTBo xian-
arcHTa, MOCTYIIMBLIET0 B XOJAOAWIbHYIO YCTAHOBKY, OIPEIENsIOT I10
[IKaJle HWIMHApPA, KOTOpas UMeeT KOPPeKTUPOBOUHYIO CeTKY IO AaB-
JIEHUIO XJIaJareHTa B LIMUIMHIPE.

TexHnaeckne xapakrepucTukn craHumn 10805-RD-4

Hpou3BogUTENbHOCTL BaKyyM-Hacoca 3,5

(1o BO3myXy), M3/u

JoctxuMelit BakyyM™, Ha S
BMeCTHMOCTD 3apsSaHOTO UWJIMHIpPA, KI 4,4
ITorpebasiemaa MOIIHOCTE, KBT 0,3
HanpsixeHue ogHodasHoro Toka, B 220
Cwia notpebaseMoro Toxa, A 2,3
TaGapHTHBIE pa3Mepbl, MM 500 x 150 x 620
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3apsannas crammn 11705 dupmbr REFCO. Ota 3apanHas craHums yc-
TAHOBJIEHA Ha ABYXKOJIECHOM CTaHMHE. BO3MOXHBI pazTUYHbIe UCTIOTHE-
HMS B 3aBUCUMOCTM OT HUCTIOb3yeMOro xiagareHta — R12 win R134a.

YuureiBas, yto s CUCTEM, padboTamomux Ha R134a, ocobeHHo Ba-
XE€H MpOLIECC BaKYYMUPOBAHUS, YCTAHABIUBAKOT B 0A30BOM KOMILICK-
TallMM TOJBKO ABYXCTYIECHUYATHIA BaKyyMHBIA HaAcoC.

KoMmekraius pasIM4HBIX 3apsSAHBIX CTAHUWH JAHHOU CepUM
npuseacHa B Tabm. 41.

41. Kommexranns 3apsaaubix cranmuai 11700, 11705, 11800 a 11805

11700 11705 11705 11800 11805 11805
KoMIoHeHTH (R12, R22, | (R12, R22, (R134a) (R12, R22, | (R12, R22, (R134a)
R502) R502) R502) R502)
JIBYXCTYMeH4YaThlil BaKyyM«- * * * *
npit Hacoc RD-4
OAHOCTYNEHYATHIA BakKy- * *
yMHBbI# Hacoc RS-4
3apsaHBIA LHIMHAD * * *

10750-10H ¢ nogorpesomM

BMECTHMOCTBIO 2 KI

3apsAHBIA UUAVHAD * * *
10760-10H ¢ momorpesoM

BMECTHMOQCTBIO 4 KT

YeThIPEeXCTOPOHHHH Ma- * * * * * *
HOMETPHYECKUI KOJUTEK-

TOp € MacC/l03afl0IHEHHBIM

CcHIbDOHHBLIM MaHOMET-

poM (auameTpoM 80 MM)

Bakyymmerp 19801 (aua- * * * * * *
meTpoM 100 MMm)

CepBMCHEIM KJ1allaH

CX-Auto /4

CHUHErO LBETa *

KpacHoro 1iseta *
Enanr CL-24-Y xentoro * * * * * *
upeTa (1Ba)
Iranr CL-36-Y xentoro * * * * * *
LiBETa
Illnanr CL-72-B cuHero * * * * * *
LBeTa (/1Ba)
Inanr CL-72-R xpacHo- * * * * * *
ro uBeTa (1Ba)
Macno DV-06 s BakyyM- * * * * * *

Horo Hacoca (1 1)

3apsannas cranums 10905-S-R134a ¢upmel REFCO. PaspatGorana
IUISI CEPBUCHOTO OOCTYXWBAaHWSI aBTOMOOWJIBbHBIX KOHIWIIKOHEPOB.
Jia ymobcTBa cTaHLMSI CMOHTMPOBAHA Ha TPEXKOJECHOW CTaHMHE.
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OHa COCTOUT U3 CIEAYIONIMX 3JIEMEHTOB: CTAIbHOM paMbl; ABYXCTY-
MeHYATOr0 BaKyyMHOro Hacoca RD-4; 3apsaHoro uvivHapa aas
R134a ¢ nogorpeBoM 00JIbLION €MKOCTH BMECTUMOCTBIO 4 KI'; MacC/iO-
3aMoJHEHHBIX MaHOMETPOB auaMeTpoM 80 MM co wmKanoi ninsa R134a
(nmpegycMoTpeHa 3amMTa OT U30BITOYHOTO HABJIECHMS); BAKYYMMETPOB
19801 nuamerpom 100 MM CO BCTPOEHHBIM TMPEAOXPAHMTEAbHBIM Kla-
MAHOM U CTDPEJIKO#A; CepBUCHBIX KianaHoB CX-Auto !/, cuHero u kpac-
HOTO LIBETOB; BceX HEOOXOAMMBIX 3apsIHbIX LIJIAHTOB.

Cranuusa FAST6-R12 ¢upmbl REFCO ans pereHepauuu, BaKyyMH-
poBaHMs W 3apankd. IlpenHasHaueHa M1 paboThl C XJagareHTamu
R12, R22 u R502. CocTouT U3 repMETUYHOTO KOMIIPECCOpPa CO CMOT-
POBBIM CTEKJIOM JJIsI Macjia, MacJIOOTIAEIUTENsI, BEHTUIATOpa, MaHO-
METpa, peJie HU3KOro M BBICOKOIO JaBICHUM, BCeX HEOOXOOUMBIX cep-
BUCHBIX KilaraHoB. Bce 0O60pynoBaHUE pasMELICHO B IPOYHOM ajiio-
MHUHUEBOM KOPITyC€ W r'OTOBOTO K 3KCIUTyaTauuy. CtaHuus paboTaeT
oT ceTu ¢ HanpspkeHueM 220...240 B (50 I'u). AHanoruyHasi craHI s
FAST6-R134a npenna3HavyeHa a1s1 paboThl ¢ xagareHToM R134a.

ABTOMaTHYeCKas CTaHLMS TpocTa B 3Kcrayatauud. IlpemycMmor-
peHa BO3MOXHOCTb pereHepallMy XjajareHta ¢ MOBTOPDHOW ero 3a-
PSIIKOM B XOJOAMIBHYIO cUcTeMy. BcackbiBaHMe x/1afgareHTa, ero pere-
HepaluKusa U BAKyyMHUPOBaHUE YCTAHOBKY MPOUCXOAAT aBTOMAaTUUYECKHU
B YKa3aHHOM nopsiike. O0 OKOHYaHWHU MEPROM OMEpalU CBUIETE/b-
CTBYET 3aropaHue JIaMIIOYK¥M Ha KOHTPOJbHOM mnaHenu. M3-3a Toro
YTO BCE OIlEpaluy ITPOUCXOASIT aBTOMATUUYECKH, PUCK TMOMadaHMs
xJ1azareHTa B aTMocdepy cBeleH K HyA10. KoHTpOoJIMpoBaTh NpoUCXo-
JSIIME OTEpallM¥M MEXaHUK MOXET I10 BCTPOSHHBIM MaHOMETpPaM Ha
JMHUAX BCaCbiBaHUS M HarHETaHUSI.

Texuuwyeckue xapakrepucTuku cTakuun FAST6-R12

Maccorniit pacxon xi1anareHTa yepes KOMIIPECCOp, Kr/y4 16
I1pou3BOAUTENLHOCTE BAKYYMHOTO HAcoca, J1/MUH 32
HanpsokeHue 220...240 B (50 T'n)
BMecTUMOCTD 3apgIHOro UMIMHApPA, KI Ho 4
TlonesHblit 06beM MacTOHaKOIMTENA, CM 750
Macca ycTaHOBKM, KT 85
TabGapuTHBIC pa3Mepel, MM:
JJIAHA 880
LIMPHHA 500
BBICOTA 1310

YcraHoBKy BbhimyckaioT B aByx BapuaHTax (SECUMAT R12 u
SECUMAT R134a) B 3aBUCMMOCTH OT UCIIOIb3YEMOIO XJ1aJareHTa.

3apsannas cranuua 10854 ¢pupmer REFCO. IlpenHasHayeHa s cep-
BHCHOTO OOCITY>XKMBAaHUS OBITOBBIX XOJIOOAWIBHUKOB U MOPO3WILHHUKOB,
padotatoiux Ha R600a mnu R134a. CtaHIMs COCTOUT U3 CIEAYIOLIMX
3JIEMEHTOB: BbICOKOBAaKyyMHOro Hacoca ROYAL-2; 3J€KTpOHHBIX Be-
COB C auamna3oHoM usMmepeHuil oT 0 n1o 2000 r ¥ ¢ eTMHULEH U3MeE-
peHus 1r; cTpeIoYHOro BakyymmeTpa nuaMerpoMm 100 MMm; MaHoOBa-
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Puc. 16. 3apaonpie wusaps 10760

KyyMMeTpa IhaMeTpoM 68 MM ¢ TeMIlepaTypHO# 1iikanoit 1ma R134a; 3a-
psagHoro kaamnaHa mjis R134a; monMaMuaHOro KanwuISIPHOIO IIUIAHIA;
MOIEePKUBAIOIIETO YCTPONCTBA LI 3anpaBKy xkuakoro R600a; Bcex He-
O0OXOOUMBIX 3apSAOHbBIX IILUIAHIOB, BKJIIOYAs OAWH CIEITHATLHBINA ILIaHT
IJIMHOM 5 M, KOTOpPBIA COracHO TpeOOBAaHMAM TEXHUKMU 0€30IacHOCTH
MCKIIFOYAeT IornagaHue razoodpasHoro R600a B pabouyio 30Hy.

3apsanuble nwHHApst pupMbt REFCO. TIpenHa3HaueHsl i paboTsl
¢ xiagareHtamMu rpyin XOY, I'XOY u I'®Y. 3apsaaHbie HUWIMHIPHI
(puc. 16) UMET BBLICOKOIIPOYHYIO KOHCTPYKLIMIO, YTO MO3BOJIAET B
TIOJIEBBIX YCIOBUSIX OOCIYXMBaHMsI 00eCIeYnTh UX O€30TKa3HY10 pabdo-
Ty. CyllecTByloT GO/JbLIME LWIMHAPHL U MHUHU-LUWIMHIAPLI, MpUYeM
MUHU-LWIMHAPLL TPUOIM3UTENBLHO HAMOJOBUHY (IO BBICOTE€) MEHb-
e, yeM Oosbluve UMAMHAPBL, O003HayeHUE 3apsSAHBIX LIWIMHIPOB
JOOIOJHUTENbHOM OyKBO# «H» 03HauaeT, 4yTO OHU 0OOpPYIOBaHBI 3JIEK-
TpooborpeBatenem (220...240 B, 50 I'm). PaccuutanHrie Ha R134a u
R404A 3apsinHble UMIUMHAPLEL MO TpeOOBaHMUSIM O€30MaCHOCTH HE pas-
pELIAETCsA MCIOJb30BaTh Ui 3allOJHEHMST YCTAHOBOK XJIaJareHTaMM
R12, R22, R502 u HaoGopoT.

3apsimHble LWIMHAPH OTKAIMOPOBAHBI IOA METPUUYECKYIO CUCTEMY
Mep. B Tabn. 42 nokasaHbl TEXHUYECKUE XapaKTCPUCTUKU 3apsIAHBIX
LWJIMHIPOB.
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42, TexanvecKkHe XapaKTEPUCTHEH 3apAIHbIX [HIHEAPOB

Mapka ‘ BMeCcTHMOCTD, I XnapareHT
10440-R12 550 R12, R22, R502
10440-H-R12 550 R12, R22, R502
10440-R134a 500 R134a, R404A
10440-H-R134a 500 R134a, R404A
10445-R12 1100 R12, R22, R502
10445-H-R12 1100 R12, R22, R502
10445-R134a 1000 R134a, R404A
10445-H-R134a 1000 R134a, R404A
10550-R12 550 R12, R22, R502
10550-H-R12 550 R12, R22, R502
10550-R134a 500 R134a, R404A
10550-H-R134a 500 R134a, R404A
10650-R12 1100 Ri2, R22, R502
10650-H-R12 1100 R12, R22, R502
10650-R134a 1000 R134a, R404A
10650-H-R134a 1000 R134a, R404A
10750-R12 2200 R12, R22, R502
10750-H-R12 2200 R12, R22, R502
10750-R134a 2000 R134a, R404A
10750-H-R134a 2000 R134a, R404A
10760-R12 4400 R12, R22, R502
10760-H-R12 4400 R12, R22, R502
10760-R134a 4000 R134a, R404A
10760-H-R134a 4000 R134a, R404A

3apsaaHbie ULIaHIA. X MOCTaBIsSIOT cO BCTPOEHHBIMU TE(PIOHOBBI-
MH ITPOKJIagKaMH, Oaromapss KOTOPBIM CPOKH MX CJIYXOBI yBeIMYMBa-
10TCS OYTH B 10 pa3 mo cpaBHEHHUIO CO CPOKOM CITYXKObI OOBIYHEIX 3a-
PSAIHBIX LIJTAHTOB, KOMIUICKTYEMbBIX HEOIPEHOBBIMU IMPOKIAAKAMM.

3apsimHbIC LIUIAHTH, ITOCTABISIEMbBIE TT0 OTAEABHOCTH, UMEIOT CIIedy-

IOLIYIO [UIUHY.

0O603HayeHHE JnunHa, MM
CL-6 150
CL-12 300
CL-24 600
CL-36 900
CL-48 1200
CL-60 1500
CL-72 1800
CL-120 3000
CL-144 3650
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3apsiaHble LIJaHTH, MOCTaBsSeMble B KOMILIEKTE (roayboi, Kpac-
HbIIl M XeJITbI), UMEIOT CACAYIOLIYIO LUIMHY.

O6o03HaueHHe JiuHa, MM
CCL-36 900
CCL-48 1200
CCL-60 1500
CCL-70 1800

3apsinHble UIJIaHIM TPUTOOHBI U1 BCEX XJAJareHTOB U MMEIOT
pe3pdy 1/4".

Bakyymubie Hacocsl ¢upmMbni REFCO. BbicOKONpOM3BOAUTE/ILHBIE
JIETKME IBYXCTYIIEHUYAThIE BAKYYMHbIE HAaCOCHI MMEIOT HAIEXHYIO JioNa-
CTHYIO KOHCTPYKIUHIO M HICATHHO MOIXOAST WIS OOCTYXUBaHUS OBITO-
BOH XOJOIUIBLHON TEXHUKU U CUCTEM KOHAMUMOHMPOBaHUA. CUCTEMBI,
pabotaroniue Ha xuamareHTax rpynnbsl HCFC, MoryT ObITh OTBaKyyMH-
POBaHbI 10 HAUMEHDLIIETO 3HAYEHUSI OCTATOYHOIO JABJIEHHUSI, PaBHOIO
0,1 kITa win gaxe ele MeHbIIE; CUCTEMBI, PabOTAIOLIME Ha XJIaJareHTax
rpyrmsl HFC, — mo 0,04 xI1a uiu MeHble. 3HayeHHE BaKyyMa 3aBUCHUT
OT IIKATHl U3MEPEHHUI, TO3TOMY PEKOMEHIYETCS IIPUMEHSTD 3JIeKTPOH-
HBbIM CUeTUMK BakyyMa (Momesib DV-150 Vacu Test).

TexHNYeCKME XapaKTEPUCTHKU OAHO- U IBYXCTYIIEHUYATHIX HaCOCOB
ROYAL-2, RS-4, RD-4...RD-8 mnpusenensl B Tabn. 43, nmapaMeTphl
31eKTPOIBUTATENsT — B Tabj. 44.

43, Texnwaeckne XAPAKTEPHCTHKH BAKYYMHBIX HACOCOB

Mokasate |ROYAL-2| RS-4 | RD-4 | RD5 | RD-6  RDS

IIpon3BOANUTENLHOCTD:

aM3/MuH 30 58 58 58 92 142

M3/ 1,8 3,5 3,5 3.5 6 8,5
Yucno cTynexei 2 1 2 2 2 2
YacToTa BpallleHUs, MUH ! 2800 2800 2800 1450 2800 2800
JocTHXUMBIH BakyyM, Kila 0,005 0,03 0,005 0,02 0,005 0,005
3anpaeka Macna, J 0,2 0,3 0,4 0,5 0,4 0,4
Macca, xr 8,2 11 12,3 17,3 12,3 19
I'abapuTHblE pa3MeEDPBI, MM:

BBICOTA 175 215 224 235 224 242

IUIMHA 315 293 350 400 350 383

LIMpUHA 170 158 174 155 174 174

44, I1apamMeTpnl 31EKTPONBHTATEA BAKYYMHBIX HACOCOB

Monens Hacoca w Hanpspxenue, B ! YacroTa, 't \ Cwuna Toka, A ]l MoutiHocTh, KBT
ROYAL-2 220/240 50/60 1 0,2
RS-4 220/240 50/60 1,9 0,2
RD-4 2207240 50/60 2,3 0,3
RD-5 220/240 50/60 1,9 0,3
RD-6 220/240 50/60 2,3 0,3
RD-8 220/240 50/60 2,3 0,5

117



DJIEKTPOHHbIE ABTOMATHYECKHE TaJIOTeHHblEe TEYEHCKATENH (upMbI
«TIF Instruments Inc.» (CIITA). [Ipu6Gopsl npeaHa3HayeHbI LISt 00-
HApyXEHUsST YTEUKM XJalareHTa B XOJONMJbHBIX arperartax. [locne
BKJIIOYEHUS TIpubopa cpasy Xe HauMHAETCS MOMCK YTEUKU XJTaaareH-
Ta. PacCYUTAHHBIN KOMIIBIOTEPOM TeJEMETPHYECKHI CUTHAN YBEIM-
YUBAETCSl KaK IO CKOPOCTH, TaK M MO 4YacTOoTe, KOoraa npubamxkaercs
UCTOYHMK yTeuyKHd. ['anoreHHble TeYeHCKATEIM OOHAPYXKMBAIOT yTeU-
KU KaK UHIUBUAYAJIBHBIX, TAK U CMECEBBIX X1agareHToB — R11, R12,
R500, R503, R22, R123, R124, R502, R134a, R404A, R152, AZ-50,
R402A, R402B, R507.

B Tabn. 45 npencrtamieHbl TEXHUYECKHUE XAPAKTEPUCTUKM TajlOTeH-
HBIX 3ME€KTPOHHBIX TeYeHcKaTenei, cepTHHUIIMpoBaHHBIX 10 SAE J1627,
g xinagareHToB R12, R22, R134a, R507 u R404.

45. DneKTPOHEbIE ABTOMATHIECKME [AJIOTEHHbIE TCICHCKATEIH

XapakTepHCcTHKA TIF5050A | TIF5450 | TIF5550A TlF5650A‘1TlF5750A TIFHI10A

Hacrpoiika:

aBTOMAarHyecKas + + + +

pyJHast + +
3BYKOBOI CHTHAN + + + + + +
CBeToBas MHAWKALWA + + +
Kronka nepesamycka + +
BcTpoenHeIil Hacoc + + + + +
[nbKwuit Wyn 1aTyuka + + + + +
yTeyek
Buroit rubxmnii nposon + + + +
UyRCTBHTEIBHOCTE TIPH >7 >7 >7 >7 >3 >14

HETIOABHXHOM IaTYHKE

YTEYKH, I/TOx

[MvrtaHue [2 6atapey TH- + + + + + +
na C no 1,5 B, snekrpo- :

ceth 220 B (50 I'u))

DNEKTPOHHbBIE TaIOTeHHBIE TEUYEUCKATeJM KOMILIEKTYIOT TMOKHUM
IIIYTIOM, a HEKOTOpble ¥ BUTHIM I'MOKWUM TMPOBOAOM, IMO3BOJISIIOLIMMU
TI0JBOAWUTH HAKOHEYHUK ¢ YYBCTBUTEJNbHBIM 3JIEMEHTOM K TPYZHOIOC-
TYNHbIM MecTaM. B pyuKy 11yna BCTpOSH MEXaHH4YECKHUH Hacoc, co3na-
IOIIMI HalpaBlIeHHBIA MOTOK ra3a K YYBCTBUTEIBHOMY 3JIEMEHTY, UTO
YCKOPSIET [TIOMCK MeCTa YTEUKH.

Y HaubGonee comepiieHHHX Mozenei TIFS5650A u TIF5750A Ha
pYuKe IIyma pacliojoXeHa KHOIMKA Iepe3anycka, MpeaHa3HauyeHHas
JU HacTpoiKHU NMpubopa Ha pa3Hble YpoBHU PoOHa.

Teueuckareab TIFS650A npuMeHSIOT Wist OOHApYXeHUs X1alareH-
toB XDV (R11, R12, R22, R502), TDY (R134a, R404A, R507) u ap.
IToMMMO BCTPOEHHOrO Hacoca OH CHalGXeH CBETOBBIM MHIAKATOPOM
ypoBHSs yTeyeK. ToyHOCTh MHAMKALMKU 20 r/Tox.
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Mogaens TIF5750A wMeeT cneuMaibHO pa3pabOTaHHBI pPEXUM
(Super Scanner), MOBBIIAIOIINK YYBCTBUTEIbHOCTh TEUEHCKATENS B
HecKoabKo (10 10) pa3. DToT Teueuckaresib 000pyI0BaH YCTPOMCTBOM
aHAIM3a U CKAHMPOBAHHS, TIO3BOJSIIOLIMM TIPOBOAMTH OBICTPBIA U
Ype3BblYafHO YYBCTBUTE/IbHBIA MOUCK YTCYEK.

YabrpassykoBble TedeHcKatean ¢upmbl «TIF Instruments Inc.»
(CIIA). B 3710if cepuM Te4yeHUCKaTe i€l IPHUMEHEHa COBPEMEHHas
JIEKTPOHMKA JIJISI YJIaBJIMBAHUS YJbTpPa3ByKa, BOZHUKAIONIETO MIPH MC-
TE€YEeHUH raza (B BaKyyM WJIH ITOA BO3IACHCTBUEM JaBJIEHMS); TIPU 3TOM
MPUHLIMIT ACUCTBUST TTIPUOOPOB HE 3aBUCUT OT THIIA rasa.

Bce Tedeuckareaud oOcCHalleHbl FMOKUM IIYIIOM [UTHHON OKOJIO
400 MM, uMelOT aBTOHOMHOE OatapeiiHoe nmuTanue (9 B) n nHamkaTop
nutaHus. Y teyeuckarens TIF6600 ecTb MHAUKATOp TEYH, a TaKXKe
py4YKa HacCTPOWMKHU YYBCTBUTENLHOCTH, Y TTpubopa TIF6500 — kHomn-
Ka mepesanycka aas orcedkud ¢oHa. Mcnosib3oBaHue BMecTe C Teye-
uckarensiMu TIF6500 u TIF6600 BbICOKOYACTOTHOIO MepeaaTyMkKa
TIF6501 no3BosisieT OOHApY:KUTb HETEPMETHYHOCTh B XOJIODMJIBHBIX
KaMepax, pe3epByapax M T. [I.

TexHWMYEeCKUe XapaKTepUCTUKU YIbTPa3BYKOBBIX TeuyeHcKaTellei
TIF6500 u TIF6600, a Takke Teuenckareiass TIF6500 ¢ BbicokodacToT-
HBIM TiepenatyukoM TIF6501 nmpencraBneHsl B Tabi. 46.

46. YIsTpa3BYKORbie TEUEHCKATEMH

XapakreprcTuka ! TIF6500 TIF6600 TIF6500/6501

ABTOMaTHYECKHIi BLIXOX Ha pabo- + +

YMHA BBIXOJ

PyuHas HacTpoiika +

THOKHH 1IyT ¢ 9YBCTBHTEIBHBIM + + +
3/IEMEHTOM

3BYKOBOM CHTHan + +
CpeToBasi MHAMKALIUSA + +
BRICOKO4YACTOTHBIN MepeIaTuuK +

Hctoynux nuranus (Garapes Ha- + + +

npsokeHneM 9 B)

OnekTpoHHoe cmorpoBoe crekno TIF-4000A. OHo naeT BO3MOX-
HOCTb 3arISIHYTh BHYTPb TPYOBI C XJIalar€HTOM IMPU MOMOIIM YIbTpa-
3ByKa. IIpy 3TOM MCMONB3YIOT /1Ba AATYMKA: OAUH B KAYECTBE MCTOY-
HMKa CHTHaJla, a IpYyroi isg ero npuema. JJaTYMKH BBIMOJHEHHI B
BHUIE KJIEMM, KOTOPHIE MOXHO MPUKPENUTh K J0O0H METAIMYECKON
TpyOe. 3BYKOBOM NpEepBIBUCTHIA CUTHAI MpUGoOpa yBEIUYUBAETCS TIO
4acTOTe MpHU O6GHAPYKEHUU TTY3bIPbKOB B XXUIKOCTHON TUHUM WIH Ka-
neb B ra3oBoit IMHUM. KpoMe Toro, psii MHAMKATOPOB CUTHATU3UPY-
€T O IBMXEHHWHU Ty3bIPBKOB B TpyOe.

C MoMOLIBIO 31EKTPOHHOTO CMOTPOBOTO CTEKJIA MOXHO ONTHMU3U-
pOBaTh 3alPaBKy XOAOAMIBHON CHCTEMBI XJIaJareHTOM U1 ee paGoTh
C MaKCUMaIbHON 3(@MEKTUBHOCTbIO M OTKa3aTbCs OT YCTAHOBKH
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OOBIYHOTO CMOTPOBOIO CTEKJIA, KOHTPOJMPOBATh paclpeleieHue 110-
TOKa B MHOTOCEKLIMOHHBIX MCITAPUTE/ISIX, IIPOBOAUTbL HACTPOMKY TEp-
MOPEryJIMpYIOLIETO BEHTWIS U T. II.

Onekrpounsiii  TepMorurpomerp MIK-3000. DtoT TepMorurpo-
MeTp ¢ UM poBOM UHAMKALIUE UMEeT clenylouine TeXHUYECKUe Xa-
PaKTEPHUCTUKH.

Texnudeckne xapakrepuctuku TepMorurpomerpa MIK-3000

Jyana3oH U3MepeHHIt:

OTHOCUTENIbHOM BIaXHOCTH, % (0...100) = 1

Temneparypsl, ‘C (=20...+80) £ 0,2
HcTounvk nuTanus barapefixa* nanpsxeunem 9 B
labapuTHBIe pa3sMepbl, MM 54 x 43 x 265
Macea, r 270

*OteuecTBeHHBIH aHaor — Darapeiika «Kopyun» wian «KpoHas.

IIpn6op WM-150 nias u3mepeHusi TemMneparypbl. DTO Majorabapurt-
HbIil 1IpUbop ¢ nu@ppoBor uHANKauuei. IpuMeHsioT Takie ipudoOpbI
TIPU BBITIOJTHEHHH PEMOHTA OBLITOBBIX XOJOIMILHUKOB ¥ MOPO3HILHM-
k0B. IlocTaBnstoT MpuOOp B KOMILIEKTE C NPOBOAHUKOM [UTMHOM 1 M U
AATYMKOM TEMITEpaTyphl.

Texnuueckue xapaxrepucTHku npudopa WM-150

HAuana3zoH u3MepeHus remmeparyp, “C —50...+150
TouHocTh M3MepeHus, "C +0,5
[TpoaomxuTeBHOCTE:
HU3MEPEHHA, C 12
HENPepHIBHOW padoThl, 4 200
HaripsixeHue BCTpoeHHOro a/eMEHTa MUTaHKus npubopa, B 9
Jinvda COSMHUTEABHOrO TIPOBOMA, M 1
T'abGapuTHBIEe pa3Mepsl, MM 120 x 72 x 30
Macea, T 160

Daexrtponnsiit TepMoMerp ROF-80. TepMoMeTp cHAGXeH JaTYUKOM
¥ 1udpoBOH CBETOAMOIHOM MHIMKaLMeH, oOeCiieYMBalonie# pocToe
CUMTbIBaHHE. BBICTPBIIT MOHTAaX Ha NMaHesb OCYILECTBIseTCs Ojaroaa-
Pl UIMEIOLIUMCS 3alIC/IKaM.

TexHuyeckue XapaKTepUCTHKH 3JTeKTpoHHOro tepmometpa ROF-80

Juamna3on u3MepeHuit reMneparypei, “C Ot —50 mo +935
Tun garyuka RTC D6
Hanpsxenue anemeHta nuraHus (barapeiika), B 12

PasMmepbl mpoeMa 11 MOHTaXa, MM 57,5x24,5x 52

Mexannueckuit Tepmomerp 15165. Mmeer kanwnsapHyio Tpyoky ¢
TEPMOYYBCTBUTEJIbHBIM OQ/UIOHOM, 4 TaKXe PeryJMpOBOYHBIA BHWHT.
IIpubop M3MepsieT TemriepaTypy ra3oB U XUAKOCTEH.
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Texnuyeckde XapakTepHCTHKH MeXaHHYECKOTo TepMomerpa 15165

Juana3oH u3MepeHMt TeMneparypul, “C Ot —40 1o +40
PasMephl HIKTBI, MM 15x 30

JITMHa KanwuispHO! TPYOKU, M 1,5

PasMepbl mpoeMa U1l MOHTaXa, MM 26 x 58

Tepmocrar SP-ST. [IpenHasHayeH A1 XOJOAMJIBHOTO 000OpyIOBa-
HUS C JHUAlNa30HOM PEryJIuMpoBaHMs Temriiepatyp or —35 mo +35°C.
TepMocTaT MOCTaBIMIOT ¢ NOAKIIOUYeHUeM HanpsokeHusa 250 B (16 A)
w 380 B (10 A).

DaeKTPOHHBbIE Bechl M mo3arepbl. Psan 3apyOexHbix ¢pupM mpeniara-
€T HEAOPOTHUE, HACTpauBaeMbI€ BPYYHYIO 3JIeKTpoHHbie Bechl TIF9010,
TIF9015 u TIF9025 u cynepcoBpeMeHHbIC MporpaMMHUpyeMBle 103a-
topbl TIF9050, TIF9050A, TIF9075 u TIF9075CR (CLLA), npuMeHs -
€Mbl€ MPH 3aMTOTHEHUU XJIAIare HTOM XOJOAWILHOIO KOHTYpa WM Oai-
70HOB. Bce BeCbl HEUYBCTBUTEIbHBI K HEPOBHOCTSIM ITOBEPXHOCTEH, Ha
KOTOPYIO WX YCTaHaBJIUBAIOT.

IlopratuBHbie 3:1eKTpoHHBE Bech TIF9010 Slimline, ucmonnaye-
Mbl€ IIpY 3alOJHEHHWH Ga/lIOHOB cTaporo ofpasiia, MMesl TOJIIUHY
BCEro S5 cM, IO3BOJSAIOT B3BEIIMBATh OAUIOHB Maccoi A0 34 Kr, 4YTO
COOTBETCTBYET CTAHIAPTY 3alloJHeHUs OAIOHOB xiagareHToM. LeHa
JeJIeHUST WIKAILl BeCOB 25 I, MOrpeiHoCTh U3MepeHust 2 %.

DnektpoHHble Bechl TIF9025.. TIF9075CR npenHa3HadeHbl s
U3MepEeHMsT Macchl 10 68 kT, IMeeTcsi BOSMOXHOCTh BABOE YBEJHYMTh
IIpe/IeJIbBHO JOITYCTUMYIO Maccy.

ABTOMAaTUYECKHM TPOrpaMMUPYEMBIE 103aTOPbl TOUYHO BHIMOJHSIOT
BCE€ BHECEHHBIE B IPOTPaMMy KOMAaH/AbI, TO3TOMY HET HEOOXOIMMOCTHU
MOCTOSIHHO HabI1I04aTh 32 IPOLIECCOM 3aNPaBKM XOJOJWIbHOIO KOHTY-
pa uny 0ajutoHoB xitagareHToM. Jo3atop TIF9075 naroroBisior ¢ aBy-
Ml pa3Ae/JbHBIMUA BXOJAMU I HECOBMECTHMBIX XJIaXar€HTOB (HaIpu-
Mep, R12 u R134a).

TexHuYeCKne XapaKTepUCTHKU 3JIEKTPOHHBIX BECOB W aBTOMAaTH-
YeCKMX J03aTOpPOB NMPUBEIACHHI B Ta0s. 47.

47, TexunyecKHe XapaKTEPHCTHKH YIEKTPOHHBIX BECOB H ABTOMATHUECKHX [I033TOPOB

T
XapaKTepUCTHKY TIF9010| TIF9015 | TIF9025 | TIF9050 | TIF9050A | TIF9075 | TIF9075CR

MakcuManbHO U3Me- 34 16,65 68 68 68 68 68
psAeMasi Macca, Kr

TOYHOCTh B3BEIIMBA- 25 12,5 25 25 25 25 Y25
HHS, T

Pyynas nosupoBka + + +

ABTOMaTHYECKAs [10- + + + +

3UpOBKa

PasMep nipucoeauHsas-  — — — 1/4 1/2 172, 1/4 1/4
€MBIX TPYO, LOHMBI

Yucno coneHOUIOB — — — 1 1 2 2
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Puc. 17. Hlnnosi-npoxkoaka 14210 pisg yCTAHOBKM LITYHEpa C KJIana-
Hom Illpenepa

Hlumupi-npokosaxa 14210 nas ycTaHOBKH INTyHepa ¢ KJIANaHOM
Hlpeaepa. BT0 MU3geaMe MpeaHA3HAYECHO IUISI HEMEIEHHOTO Bpe3a-
HHS B T€PMETHUUYHBIE OBITOBBIE XOJOAWJIBHUKH U MOPO3UJIbHHKH.
[unusl-nmpokosika (puc. 17) U3roroBiaeHbl U3 BHICOKOKAYECTBEHHOMU
XpOMOBAHaIWEBOM CTajly ¢ 3aMEHRCMbIM HAKOHCYHUKOM M KJilama-
HoM Illpenepa. [Ipouecc UCMOIB30BAHUS WHMLOB-IPOKOJKHU TMPOCT:
MpOBOAAT BPE3KY AMAMETPOM 6 MM Yy BCAaChIBAlOIIIEro MmaTpyoka u ye-
pe3 3apsaAHbIA NUJIAHT yIausioT XjaagareHT. Ilocie OKOHYaHUSA Ipo-
1ecca OOCIYy>KMBaHUSI ¢ TTOMOULIBIO IIUIILIOB OTCOEAMHSIOT IUTYLIEP U
IIPUTIAMBAIOT €T0 K Tpyoe.

13. IIpaBMAa Ge30MacHOCTH
npu padore c aJ\bTepHaTHBHbIMH
XAaAareHTaMH

AJbTepHAaTUBHBIE XJTaZareHTbl HEOTHEOINAacCHbI M HEB3pBIBOOIAC-
Hbl. OOIHAKO MX HEJIb3sl CMEUINMBATh C JIOOBIMUY BOCIIAMEHSIOUIMMMU -
¢S razaMy WM XMAKOCTAMM, KaKUMM OBl MpUYMHAMMU 3TO HE OBLIO
BBI3BAHO, ITOCKOJBKY 3TH CMECH MOTYT IIPHUOOPECTH HEIMpenckasye-
Mbl€ CBOMCTBA, CTaTh CIIOCOOHBIMM K BOCILUIaMEHEHMIO M, CJIEJ0Ba-
TEJIbHO, OMACHBIMU.

XJ1agareHTh! HeJb3sl MOABEPIraTh BO3AEHCTBHIO OTKPBITOTO IJIAMEHH
OO0 >JEKTPUUECKHX HarpeBaTeJbHBIX 2J1eMeHTOB. BhicoKue TeMIiepa-
TYpbl ¥ IJIaMs MOTYT BbI3BaTh Pa3lOXEHHUE XJIAJAr€¢HTOB C BBIACIEHU-
€M TOKCHUYHBIX M pa3jiaraiolux abiMoB. [loMuMo 3TOro riamsi ropel-
KA MOXET pe3KO YBEJIMYHMTLCS B pasMepax Jubo U3MEHUThL OKPacky B
MPUCYTCTBUM MHOTMX O30HOOTMNACHBIX XJagareHToB, BKIo4as R500
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uin R22, a Takxke MHOTUX aJIbT¢pHAaTUBHBIX XJ1adareHTOB NIPH YCJIOBHHU
UX BBICOKMX KOHIIeHTpauui. Takoe yBeJMUYeHHUE IITAMEHHA MOXET BbI3-
BaThb MCHYT y [epcoHajlla WIM Aaxe MPUBECTU K TpaBMe. MHorue
xjaagareHTsl IXPY u 'Y Moryt cTaTh roploYUMH, €CJIM UX CMEIIATh
C BO3QYXOM, a 3aTe€M pa3orpeTh M yBeJIWYWUTh HaBiAcHHE. B mpoiuioM
npu pabdote ¢ XPY oObIYHBIMU OBUTM MCIBITAHUS CMECEN BO3dyXa U
XJ1aJareHTa ¢ Bo3pacTaHueM JapneHus. OmHako npu padore ¢ [ XPY
win ['DY Takux MCNBITAHUN CiaeayeT M30eraTh, TaK KakK, HampuMeEp,
R134a mMoxeT BOCIJIAMEHUTBLCS TIpU abCOMIOTHOM aaBieHuu 139 klla
u temniepatype 177 °C, eciM €ro cMeuarh C BO3IYXOM B KOHLEHTpALIU-
X, OOBIYHO TpeBbIILaOIIMX 60 % (mo obveMy Bo3myxa). ITpu Gonee
HU3KHUX TeMIlepaTypax MWid INPUIaHUSI CMECU TOpIOYECTH TpeOyloTcs
0oJiee BbICOKME aaBieHHUS. R22 Takxke MOXET BOCILUIAMEHMTLCS TMpH
JaBJIEHUSIX, MPEBBIIIAIOIIUX aTMOCGHEPHOE, €CJIH CMENIaTh €ro ¢ BO3-
JIYyXOM NpPH BBICOKMX KOHLEHTpalMsAX. [ToCKOJNbKY aibTepHATUBHBIC
XJIaJareHThbl colaepXar KOMNOHeHThl [ XDV unu I'PY, npeanonaraer-
Csl, YTO MX TTOBEICHUE OKAXETCA aHATOrMYHBIM. 1o 3TO# npuymnHe UX
He caedyem cMeuueams ¢ 8030YX0M HU 8 KAKUX KOHUEHMPAYUAX 0415 npo-
8e0eHUs UCNbBIMAHUIL C Yeabio oOHapyxcerus ymevek. Henb3s Domyckars,
YTOOBI 3THU XJIaJareHThl HaXOOWUJIUCh MO JaBJeHHUEM, MTPEBHIILALINM
aTMOC(EpHOE, B CMECH C BO3IYXOM.

13.1. Bo3pelicTBHEe XAaAareHTOB
Ha OpraHM3M 4YeAOBeKa

TennoBoe pa3zjioxkeHHe. XJIagareHThHl pas3jiaraloTcs MOA BO3NCHCTBU-
€M BBICOKMX TEMIIEpaTyp, BBI3BAHHBIX OTKDPBITHIM ILIaMEHEM JM0O
3JEKTPUYCCKUMU HarpeBaTe/sIMU. [1py pasioxeHUU MOTYT BBLICISATD-
CA TOKCUYHBIE M Pa3Ipaxaroliue COeAUHEHUs, B YACTHOCTU XJIOPUIbI
BoAopoxa U (propa. CWIBHBIN 3anax, UCIyCKaeMbI pa3ioXUBIIMMCS
XJIAJAT€HTOM, BBI3BIBACT y OOCAYKHMBAIOIIETO IIepcoHaIa pa3apaxeHHe
CIU3UCTOM OOOJOUKM HOCa W ropJsa. BeuaensieMble KHCJIOTHBIEC TIaphl
OTIacHBI, U BO M30€XaHUE UX BO3MEHUCTBUS Ha MEPCOHAT MPOM3BOI-
CTBEHHOE IMOMEIIEHUE HEOOXOOUMO HEeMEMIEHHO OCBOOOIUTH OT JIIO-
el ¥ MpoBeTpUTh. HestoBeka, MOoABEPTIIerocss BO3IEUCTBUIO TPOMLYK-
TOB Pa3i0XEHUS XJIadareHTOB, HEOOXOIUMO BBIBECTH Ha CBEXHI BO3-
IyX ¥ HEMEIJIEHHO 0Ka3aTh €My METULIMHCKYIO moMollb. He caedyem
npoooaxcams pabomy 8 npUCymcmeuu maKux napos, NOCKOAbKY 3M0 MO-
dcem Hanecmu éped 300p06bi0 nepcoHana.

ANbTepHaTUBHLIE XJIaAareHThl HE BBI3BIBAIOT OCTPBIX WJIM XPOHM-
YeCKMX OTPaBJIEHUM MpU paboTe ¢ HUMM, €CIU UX KOHLIEHTpallUs He
MpEBHIIIAECT PEKOMEHIYEMBIX YPOBHEN MpEACAbHO NOMYCTUMOIO BO3-
JEeUCTBUSI, HalIpUMep npeaena momyctuMmoro BosaencTsus (AEL), yc-
TaHOBJEHHOro ¢upMoil «Du Pont», 1ubo monmycTiMoro moporoBoro

123



3Hauenusi (TLV), ycTaHOBI€HHOTO AMEpPUMKAHCKOW KOHpepeHuuei
TOCYIapCTBEHHbIX CIHELUAJMCTOB TI0 TIPOMBIIUIEHHOM TUMTHUEHE
(ACGIH). YcraHOoBI€HDBI TaKXe IIpeles KPaTKOCPOYHOIO BO3ACUCTBUSA
STEL u aBapuiiHbtii npeaen BosacicTeus EEL.

Yposenb AEL omnpenensier cpenHeB3BeHICHHYIO BO BpeMEHM KOH-
LICHTPALMIO XJIadareHTa B BO3AyX€, BO3IEHCTBUIO KOTOPOM MOTYT
HEOJHOKPATHO HOIBEPTraThCSA HOYTH BCE PAaOOTHUKU O3 HEraTUBHBIX
addekToB B TeueHue 8- unu 12-yacoBoro paboyero ans aubo 40-ya-
coBoi pabouyeid Heaeau. Ha mpakTUKe KpaTKOCPOYHBIE BO3AEHCTBUS
He JOJIXHBI IpeBHIlIATh 0oJiee YeM B TpM pasa Ipeaesa BO3ACHCTBUS
(AEL, PEL, TLV unu vHON MHIEKC), YCTAHOBJIEHHBIX HUPMON-U3-
roToutesieM, Ju6o 1250 ppm (4acteit Ha MWIIMOH) B 3aBUCHMOCTH
OT TOrO, KaKOW YPOBE€Hb OKaXeTcAd HuxXe. MHOTOKpaTHOE BO3IEli-
CTBUE TApPOB XJIAJIATEHTOB IPH yPOBHE KOHIIEHTpPAlIMii, MpeBHILLAIO-
ILIEM TpEACIbHBIE 3HAYECHUS], PEKOMEHIYEeMbIE (PUPMOMN-U3TOTOBUTE-
JIEM, MOXET HaHECTU Bpel 3J0POBbIO [IEPCOHAJA, @ TIO3TOMY €FO Cle-
ayet u3beraTh. IIpy OOHapyXeHMM YTEU€K CJEAYET HEMEIJIEHHO
ITPOBECTH PEMOHT M B JAlbHEHILIEM CIeAUTh 3a YTe4KaMU M3 XOJIO-
OWJIBHOTO O0OpPYAOBaHUS TSI MAaKCMMaJIBHOTO CHHUXEHUSI KOHLEHT-
palivii Xx1agareHToB Ha paboyeM MeECTe.

IIpenen kparkocpoyHoro Bo3aercTtBusg STEL omnpenensier cpenHe-
B3BEHICHHYIO BO BpEMEHM KOHLIEHTpAalLIMIO, BO3ACHCTBYIONIYIO B Teue-
HHUe 15 MMH, KOTOPYIO HeJib3s IpPEeBbILIATh B J1I000€ BpeMS B TEYECHHUE
pabouero gHs.

ABapuiiHble npeaennt Bo3aercTBuss EEL omnpenensiioT KOHLIEHTpa-
LMK B BO3/IyXe B T€YCHHE KOPOTKOTO BPEMEHHU B aBApUIHBIX CUTYALIU-
SIX, KOTOPbIE HE JTOJDKHbI BBI3bIBATH YCTOMYMBBIX HAPYIIEHUHA 300pO-
Bbg. 3HaueHus EEL ycraHasauBawoTcs pupmoit «Du Pont» Ha mepuon
BpeMEeHM [0 |4 ¢ IMOpOroBbIM TMpENeaoM, KOTOPbIA HEIb3sl IPEBBI-
1maTh. DTU NPeNebHbIE YPOBHU CIEAYET pacCMaTpUBaTh B KaueCTBE
OpPHEHTUPA TIPU TLIAHUPOBAHUM NEHCTBUM HaA clydaidl aBapUilHBIX CU-
Tyallui, OJHAKO OHM HE MOIYT 3aMEHUTb HEOOXOAUMBIX TEXHUYECKUX
cpeacTB kontpoasi. B orHomennu xnagareHTa R123 EEL ycranosnen
Ha yposHe 1000 Man~! ¢ mOporoBbIM IpesiesioM Ha ypoBHE 2500 MaH~!.

Bapixanue mapos xiagareHTa SUVA® B 60bIIMX KOHIEHTPALIMSX
MOXET BBI3BaThb BPEMEHHOE MMONABJICHHE HEATENBHOCTU LEHTpaJIbHOU
HEPBHOM CHUCTEMBI, COIPOBOXIAIOUIEECS COHJIMBOCTLIO, JIETAprUEi U
cnaboctho. K ApyruM BO3MOXHBIM 3(pPeKTamM MOXHO OTHECTH TOJIO-
BOKpVXEHHUE, TIPUATHOE OIUYILIEHKE OMbSHEHUS, 4 TAKXKE MOTEpIO KO-
OpAMHALIUM JBHXEHUN. UTUTENbHOE BbIXaHUE MMAPOB XJIaJAreHTa MO-
’KeT BbI3BaTh HAPYIIICHUS CeplLeOUEeHMs, MOTEPIO CO3HAHUS, a BAbIXa-
HHME OYEHDb OOJbLIMX J03 MOXET AaKe IMPUBECTH K CMEPTENIbHOMY HC-
xony. YenoBeka, TOYYBCTBOBABIUETO .1/000# W3 TIePBOHAYATIBHBIX
CAMIITOMOB, HEOOXOIMMO HEME/UICHHO BHIBECTH Ha CBEXMH BO3AYX U
00eCIIeYuTh €MY TTOKOM U HEMOABMXXKHOCTb. IIpy OCTAHOBKE JbIXaHUS
HEOOXOAUMO ClIejlaTh MCKYCCTBEHHOE AbIxaHue. Ec/iM apIxaHue 3aTpyi-
HEHO, JaTb KHMCJIOPOA U HEMEAJIEHHO BHI3BaTh Bpaya. Takue CMMOTO-
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Mbl MOTYT TPOSIBISATHCS MPH BO3AEHUCTBUM CaMbIX PA3JIMYHBIX KOHIICH-
Tpauui, a II03TOMY IIPU MOSIBJICHUH JII000T0 U3 3TUX CUMIITOMOB CJie-
IyeT HEMEUIEHHO IOKHMHYTh IIPOM3BOICTBEHHOE IOMEILEHHUE, Iaxe
€CJIM y IpYruX pabOTHUKOB, HAXOASILUIMXCS PSIAOM, 3TH CUMIOTOMBI HE
IIPOSTBIISTIOTCS .

B xome skcniepuMeHTaNbHBIX HUCCJIEAOBAHUI MOJOIBITHBIX XHWBOT-
HBIX [TOABEPTAIM BO3AECHCTBUIO NIAPAaMM XJI4Jar€HTOB Pa3JIMYHBIX KOH-
LIEHTPaLMK, TOCJIE YETO UM AENTAJIM UHBEKLIMHU allpeHAIMHA ISl MoJe-
JIMPOBaHUs CTPECCOBBIX PeaklMii cepalla yenoseka. HapymeHnue cepa-
LeOMeHUs IMOJ BO3NECHCTBMEM KOMIIOHEHTOB AJIbTEPHATHUBHBIX XJIAI-
areHToB HabJiomaeTcs Mmpu KOHLeHTpauusx or 20 mo 150 muu—! wm
6oJiee, UTO 3HAYUTEIBHO IPEBBIIIAET OXUAAEMBIA YPOBEHDb BO3ICHCTBUS
Ha pabouyeM Mmecte. [1st cpaBHEHUST HATIOMHUM, 4TO NORZO0HAsI peakius
ror Bo3neictBueM R11 u R12 Habmomaercs cOOTBETCTBEHHO IIPH KOH-
LeHTpauusx 0Koo 5 u 50 MuH~!. B ¢Bsi3M ¢ BO3MOXHBIMU HapylLEHUS -
MU CEpAECYHOTO PUTMa KaTe€XOJIaMUHOBBIC TperapaThl, B YACTHOCTH ajl-
peHaJTMH, MOXHO MCHOJb30BaTh TOJBKO B Ka4eCTBE MOCJIECOHETO Cpei-
CTBa B CUTYyallUsAX, KOFAA XW3Hb HAXOAUTCS MOI PEAbHOM YIpO30i.

IIpu 6osblioM BbIOpOCE XJ1agareHTa Iapbl MOTYT CKOHLIEHTPUPO-
BaTbCsl y TTOBEPXHOCTH 1014 WM Ha HU3KOPACIIOJIOXEHHBIX y4acTKax
Y BBITECHUTb UMEIOLIUICS TaM KMUCIOPOI, YTO BBI3BHIBAET aCHUKCHIO.
B cnyuae, eciu BbUIbeTCS OOJNBLIOE KOJMYECTBO XHUAKOTO XJIaJAareHra
WIM NIPOU30MAET 3HAYUTEIbHASA YTeUKa, HEOOXOAMMO HAleTh COOTBET-
CTBYIOLLIME CPEICTBA MHOWBMIOyalbHOM 3amuTel. [Ipu pabore B 3aKphI-
ThIX MOMEILEHUSAX, HAIpUMEDP B MOABAJIAX, [JIe MOIJIU CKOIUTHCS Maphbl
XJlagareHTa, CJIedyeT I0JIb30BaThbCs aBBTOHOMHBIMM [bIXaTEAbHBIMU all-
raparamu Ju00 pecriuparopaMM C BHELIHel nojayei Bo3xyxa. [lepen
BXOJIOM HEOOXOIMMO TIPOBEPUTH BCE MPOM3BOACTBEHHBIEC ITOMEILEHUS
Ha HAUIMYME KUCIOpOAa C ITOMOLIBI0 COOTBETCTBYIOIEN0 KOHTPOJIBHO-
ro obopynoBaHud. Korza mnepBblif paOOTHHMK BXOZMT B ITOMENICHHE,
BTOPOH MOJXKEH OCTaBaTbCS CHApPYXH, U MEXAY HMUMU IOKEH OBITh
MIPOTSHYT CMacaTeJIbHbINA Jieep.

s obecneyeHus LIMPKYJSIUMM BO34yXa Ha YPOBHE MOJa U B JIIO-
OBbIX MMOABAaJIbHBIX U PACIIONOXEHHBIX HU3KO MTOMELLEHUSIX MOXHO BOC-
T10JIb30BATHCA BO3AYXOAYBKAMU MM BEHTWISLIMEH.

BONBUIMHCTBO XJIaJaTeHTOB MMeEET TaKOW CIabblil 3alax, YTO €ro
TPYAHO OOHApYXHWTh AaXe MPHU ONACHBIX KOHUEHTpauusix. He cinenyer
paccuMThIBaTh Ha OOOHSHME IJI OLEHKM 0e30MaCHOCTH IPOM3BOMI-
CTBEHHBIX NMOMELICHHWM, INMpeIHa3HAaYeHHBIX IS NepcoHana. EmnmH-
CTBEHHO HAJEXHBIMHM CIOCO0AMH CiIyXKaT pEryJisIpHbIE MPOBEPKH Ha
yT€4Ky U MOHMTOPHUHI KayeCTBa BO3IyXa.

CosHarenpHOE BABIXaHUE MAPOB XJAJAareHTOB MOXET IMPUBECTH K
CMEpTH.

ITonananne Ha KOXy M B rma3a. [Ipy KkomMHaTHOM TeMmIiepaType naphl
xnanareHToB SUVA® He 0Ka3bIBalOT Cepbe3HOIO BO3IEHCTBUS HA KOXY
WM rnasa. Ecay cyliecTByeT OMacHOCTh MOMAZAHMWSL XHUIKMX XJIamd-
ar¢HTOB Ha KOXY, HYXHO 0053aTeJIbHO HOCHTH 3ALUUTHYIO OHEXIY, B
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TOM YMCJIE C JVIMHHBIMU pyKaBaMU, U nepyatku. Cpenu CpeacTB UHAU-
BUIYaJIbHOM 3aLMTHl Y II€PCOHATIA JO/LKHB ObITh 3alMTHBIE OYKU U
JIMIIEBOM LIMTOK /IS 3aIMTHI I1a3. B cilyyae momamaHus B IJ1a3za Xuz-
KOIro XJaJareHTa Uux CiaeayeT OOWIbHO MPOMBITh BOAOM, a 3aTeM ODOpa-
TUTBCS 33 MEAUIIMHCKON IOMOIIBIO.

Obmopoxenue. [lornanaHve Ha KOXY WiIM B IJla3a XHIKOTO XJIaa-
arenta SUVA® npuBoauT K MX pe3KOMY OXJIaXKAEHHIO, BhI3bIBas 06MO-
poxeHue. Eciy Ha pabOOTHHKA BBIIUIECHYJICS XWIKMH XJ1aJareHT, He-
00X0IMMO HEMEIJIEHHO CHSTH BCIO OAEXIY, Ha KOTOPYIO MOMal XJIaji-
areHT, 4ytoObl U30exarsh 6osee o6LIMPHOro oomMopoxeHus. IIpoMbITh
MOpaXeHHBIH YyIaCTOK TEILIOHM Bomoil (He XoJIomHOM U He ropsiueii). He
cJieqyeT HaKJIaablBaTh MOBSI3KM WIM UCTOIb30BaTh Ma3u. Heob6xonumo
HEME/LIEHHO O00paTUTBLCS 32 MEAUIIMHCKOU ITOMOIIBIO.

13.2. OGecneuenue 6e30NACHOCTH
npu padoTe C XAajareHTamu
H COCYAaMH IIOA AABACHHEM

TpeboBanua K MAIIMHHOMY 3aiy. B MalnMHHOM 3ajie JOJIXKEH OBITh
YCTAHOBJIEH MOHUTOpP KadeCTBa BO3AYyXa, CIIOCOOHBINA OIpeneasiTh
KOHIEHTpPAaLMU NPUMEHSEMBIX XJagareHToB a0 ypoBHeil EEL uiu
STEL. Heo6xoaguMo Takke NMpeayCMOTPETh COOTBETCTBYIOLIME CHUT-
HaJIbHBbIE CUCTEMBI, CpabaThIBalOLIME TIPU JOCTUXEHUU ypOoBHS AEL
KOHILIEHTpAalyM XJIafareHToB JU00 npu ypoBHe HUXEe AEL u omnoBe-
1IallIe TepcoHal 3a TpeldesiaMM MalIMHHOIO 3ajla O HAJIWYHHU
yTeudKu. Pa3rpy3ouHsle KOJUIEKTOPHI IIPENOXPAaHUTEIbHBIX KJIallaHOB
U CIIYCKHBbIE BEHTUJIM JOJKHBI ObITh BBIBEJEHBI 3a Tpejacabl MalllMH-
HOTO 3ajla YU OTKJIIOYEHBI OT BCEX BO3AYyX03a0OPHUKOB, COEIMHEH-
HBIX CO 34aHUeM. B ciyyae yxydllIeHUsI KauyecTBa BO3dyxa CJeIyeT
BOCIIOJIb30BAaTbCSl MECTHOM BBITSDKKOU AJIsi BEHTWISILIMU ITPOU3BOI -
CTBEHHOTO TMOMELIECHHUS.

IIpaBuia Ge3omacHocTH mpu padote ¢ 000OpyIOBaHHEM B 3aKPBITBIX
nomemenuax. [lepen HauyaaoM paboThl yOEXIAIOTCA B TOM, YTO Pa3rpy-
304YHbIE€ KOJUIEKTOPHI MPEeIOXPAHUTEIbHBIX KJIAIIAHOB U CIIYCKHBIC BEH-
TWIMA BBIBEIECHBI 3a Mpeaesibl IOMELIEHUS U OTKJIIOYEHBI OT BCEX BO3-
IyX03a00PHMKOB, COCAUHEHHBIX €O 31aHueM. [1poBepsIOT, XOpOoLIo JIu
BEHTWJIMpYeTCsi nToMeuleHre. [1py HeoOXomuMOCTH AJIsi paccerBaHUsA
MapoB XJI1aJar¢HTOB MOXXHO BOCIIO/Ib30BaTLCSI BCIIOMOTaTeIbHBIMU BEH-
TUWIALIMOHHBIMU CUCTEMaMM (HaIpUMeEpP, BO3MyXOQYBKAMM IWIA BEHTHU-
aatopaMu). Tlpexne yeM BOMTHU B 3aKPbIThble ITOMEIICHMSI, IIPOBEPSIOT
€ro Ha HaJM4ue Kuciaopona. /s ucnbimanus HQ Haiuvue Kuciopoda
HeAb3sl NOAb308AMbCS MOHUMOPOM HAAUYUSA ymeyeK, TaK KaK C €ro IIOMO-
LIbI0O HeJIb3sl YCTAHOBUTh, JOCTATOYHO JIM B IIOMEUICHUH KMCIOpoaa
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JUIS XKU3HEAESATENbHOCTH. 11 KOHTPOJIS 3a HaJIMYMEM KHCJIOpola B
MPOU3BOACTBEHHBIX ITOMEILIEHUSIX TOJDKHBI ObITh IIPEXYCMOTPEHBI CIIe-
LHUATBHBIE MPUOOPHI.

IlpaBuna GesonacHocTH nmpu paboTe ¢ cocyaamu moj AasjienueM. K
HEKOTOPBIM U3 ONACHBIX (PAKTOPOB, BO3HUKAIOLIUX IpU paboTe ¢ co-
CylaMHu [0/ AABJ€HUEM, OTHOCSTCS CJICAYIOLIUE:

B NEPENOJHEHHBIX KOHTEHHEPE, EMKOCTU WIM TPyOOIIPOBOAE IIpU
MOBBILLIEHUN TEMIIEPATYPH MOXET MPOU3OMTHU OIMACHBIA MOABEM TMA-
pPOCTAaTUYECKOTO AABJEHMS, YTO, B CBOK OYEpeab, MOXET BbHI3BaThb
YTE€YKH I101 BBICOKMM OAaBJIEHUEM WM JaXe pa3pblB EMKOCTH;

B CJIyyae, eCJIY IIpaBWIbHO HAITOJTHEHHBINA BO3BPATHHIA WA Pa3OBBIN
6a/UTOH pasorpeBaeTcsl 0 TeMIIepaTyphbl, IMPEBbILIAIOLIEH PEKOMEHIye-
My10 (52 °C), 3TO MOXET NPUBECTU K MOIBbEMY JIABJIEHHUS 10 OMACHOIO
VYPOBHSI, NIPEBBILLIAIOLIETO JABJAECHUE, Ha KOTOPOE pacCUUTaH OaJUIOH;

BO3BpAaTHbIN WIM Pa3oBbIil OAJUIOH IUISI XpaHEHUS XJIaareHTOB, CO-
€AMHEHHBIN C JIMHMEH HarHeTaHWsl XOJOMWIBHON CHCTEMBbI, MOXET
IOABEPTHYTHCS BO3IEMCTBUIO AaBJICHUN, HA KOTOpPbIE HE paccuMTaHa
IPOYHOCTh MPEAOXPAHUTENbHBIX KJIAlMaHOB Oa/sIoHa, YTO MOXET BbI3-
BaTh pa3pylleHHUe DajIoHa.

OOume Mepbl NPeaOCTOPOKHOCTH NMPH OOPALIEHHH C XJIAJATEHTAMHU.
Henb3g nmoBbllIaTh JaBieHUE B CUCTEMAaX WM €MKOCTSX, COAEPXKALLIUX
xagareHTel SUVA®, Bo3myxoM IUIsi TpOBENCHUS UCTIBITAHUM Ha yTey-
Ky WIM B JIOOBIX MHBIX LIEJSX. 3alpellaeTcsi HarpeBaTb Oa/UIOHBI 10
Temrieparyp cBoille 52 °C, a Takxke pa3MelllaTb MX PSIOM C MCTOYHM-
KaMHy TUIaME€HU WIM TEeIUIOThI, OpocaTh B OrOHb. Henb3ss XpaHUTH Oa-
JIOHBI IIOJ NPSIMBIMU COJTHEYHBIMM JIydaMH, TlI€ TEeMIIEpaTypa MOXET
npeBbICUTDh 52 °C. He ciieayeT moib30BaThbCsl FOpeIKaMu WIM OTKpbi-
TBIM TUIAMEHEM [UISI pa3orpeBa 0ajuioHa BO BpeMs paboT mo 3armpaBKe
xjagareHta. Henb3s 6e3 HeoOXOAMMOCTH TPOTaTh KJlamaHbl MM YCT-
powicTBa cOpoca AaBjieHUs. 3ampelaeTcsl 3aroJHATh ITIOBTOPHO pa30-
Bble¢ OALUIOHBI OTPaOOTAaBLIUMU XJ1aJareHTAMM WIM CMAa304YHbIMU Mare-
pyasiaMM, a TaKXe yem Obt mo Hu Obviro. JIioOble OCTAaTKU XJIAMAar€HTOB
HeoOX0AMMO HCIIOJB30BaTh WK NEPEIUTh B COOpPHBIE KOHTEHHEPHI;
MYCTON Oa/JJIOH MOAJEXUT COOTBETCTBYIOLICH YTHJIM3alMU. [paHC-
MMOPTUPOBKA MCXOAHBIX OaUIOHOB, 3aMOJHEHHBIX OTPAOOTABIIMMU
XJlajareHTaMu, 3alpeleHa 3aKOHOM.

3anpewaemcn ucnonv3ogamsv pazoebie 0ANIOHb. 048 XAA0A2eHmMO8 6
Kauecmee emxocmeli 045 cocamoeo 6030yxa. baJUIOHBI C XJlagareHTamu
HE UMEIOT COOTBETCTBYIOLIEIO BHYTPEHHETO MOKPLITHS, B CBSI3U C YEM
BJIara, cojepxallasicsi BO BJaXXHOM BO3Iyx€, IPUBEAECT K BOBHUKHOBe-
HUIO KOPPO3UHU. BTO MOXET OCJIa0UTh NMPOYHOCTh Oa//IOHA U BbI3BaTh
B3phIB. Jlo paspyumieHuss OaIJIOHA ClAeiAOB OCiabieHus ero MpOYHOCTU
MOXET U He OOHapYyXHUThCS.

Heobxoaumo Bcerga XpaHUTh OAJUTOHBI € XJIagareHTAaMM B CYXOM
MOMEIUEHUM. XPAHEHHUE BO BJAXHBIX IIOMELIEHUSIX MOXET IPUBECTU K
BO3HUKHOBEHHUIO KOPPO3UH, KOTOpasi CO BpeMEHEM IPHUBEIET K 0C/1a0-
JICHUIO IMPOYHOCTU OAJUIOHOB.
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IlIpu pabote ¢ 6amnoHaMu ClIeIyeT MEIJIEHHO OTKPBIBATh BEHTHIIN.
Heobxonumo ybGenuThbcst B TOM, YTO 3THKETKA XJIadarcHTa COOTBET-
CTBYET LIBETOBOMY KOy JiIHOO 3THMKETKaM Ha obopynoBaHuu. He cie-
JOyeT MBITAaTbCA PETyJIMPOBaTh 6e3 JOJKHON TOATOTOBKM JIIOOBIE Tpe-
JOXpAaHUTEJIbHBIE YCTPOMCTBA Ha Oa/TOHaX, pPACMONOXKEHHBIX PSLIOM C
XOJIOOWJIBHBIM 00opynoBaHueM. Henb3si poHsiTh Oa/UIOH, IONYCKAaTh
TOSIBJIEHUSI BMSITHH M IPYTUX MeXaHU4YeCKMX ToBpexacHuh. Henpss
3aKpeIUISsiTh COCAMHEHMs C yCWiaueM. Kareropuuecku 3amperuaercs
MTOJIb30BATLCS OTKPBITHIM IUIAMEHEM ISl pa3orpesa 6a/iOHOB.

14. CoBpeMeHHOe COCTOSIHHE
U NEepCHeKTUBbl NPVMEHEeHU
aAbTEPHATHUBHBIX XAAAAreHTOB

IpoBomMMBIE ITPABUTEJBLCTBAMH MHOTHUX CTPaH MEPONPUSTUS IO
BBHIIIOJIHEHHIO pelleHUi BeHckoit KoHBeHUMHM (1985T.), MoHpeain-
CKOro 1npotokosa (1987 r.) ¥ mocjaeayolux MonpaBoK K HUM I103BO-
JWIA 3HAYMTEbHO COKPATHTh IIPOM3BOACTBO M TMOTpebIeHHE XJI0p-
dropyrneponos (XPY). Tak, ecin B 1986 r. cyMmMapHO€e ITPOU3BOACTBO
(peoHoB B MUpe cocTaBisuio 1,123 MiH T, TO B 1994 r. npon3BOACTBO
U norpedieHue XPVY cHusmwucek 6osee ueM Ha 50 %. OnHako B CTpa-
Hax EBpoco1o3a K HacTos1ieMy BpeMEHH BCe eLle UCTIONb3YyeTCs B AeH-
CTBYIOILIEM XOJIONILHOM 00opynoBaHuu 10 110 thic. T XDYV.

B Poccuu cekTop X0a0aWIbHOM TTPOMBILUIEHHOCTA BKJIFOYaeT 15 3a-
BOJOB IO BBIMTYCKY OBITOBBIX XOJOMMJIbHBIX IPUOOPOB U KOMILUIEKTYIO-
KX K HAM, 3 3aBoJa, NMPOU3BOMSIUMX TOPrOBO-XOJOIUIbHOE 000DY-
JIOBaHUe, U 6 3aBOIOB, U3rOTOB/ISIIONIMX NMPOMBIIUIEHHBIE XOJOIW/Ib-
HbIC MAIIMHBI U KOMIIPECCOPHI.

EnvnoBpeMmenHasa 3anpaBka X®PVY Bcero meHCTBYIOLIETO MapKa
XOJIOAWIBHOTO 000OpYAOBaHMS, MO olleHKaM Poccuiickoro HayyHoro
nentpa «Ipukinannas xumust», coctasaster 30..35 erc. T (1996 1.).
PaccMarpuBas npo0eMy 3aMeHbl TPAIMUIMOHHBIX XJIaZar€HTOB TPYII-
el XPY (tonbko B crpaHax EBpocoroda TpeGyeTcs okojo 30 ThiC. T),
CJIeAYET OTMETHTb, YTO (PUPMaMU-TIPOM3BOAMTENSIMU B TIOCJIEIHUE
roasl pa3paboTaHO 3HAYUTEIbHOE KOJMYECTBO AJbTEPHATUBHBIX
XJ1aareHTOB, 3¢ (eKTUBHBIX B OTHOCUTEJILHO Y3KOM HUana3oHe pado-
YYX TeMIeparTyp.

CyuiecTByeT Takoe KOJMYECTBO XJIALAareHTOB, YTO B HEKOTOPBIX
clyyasax IMOTpeOUTeN0 CI0XHO BbIOpaThb TpeOyembld XTagareHT Iid
KOHKPETHBIX YCJIOBUM MPUMEHEHHUS.

Hnsi 3amenbl R12 ocHOBHBIE MMPOBBIE TTPOM3BOAMTENM XMMMYEC-
Kol mponykuuu pekoMeHayioT R134a u anprepHatuBHble cMecH Cl u
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CMI, B TOM 4yHMcle M TIEPEXOIHBIE, COIEpXKAlllMe B CBOEM COCTaBe
R22, — R401A, R401B, R401C, R409A, a Takxe NIpHUpPOIHbIE XJIal-
arentol R600a, R290, nponan-6yranoBeie cMecu U R717.

R134a mupoko MCIIOJb3YIOT BO BCEM MHMpPE B Kauye€CTBE OCHOBHOM
3aMeHbl R12 114 X010auIbHOr0 000pyI0BaHHsA, pabOTAIONIETO B CPefl-
HeTeMIlepaTypHOM auana3oHe. [IpumeHsior R134a B aBTOMOOWIBHBIX
KOHIUILIMOHEpaX, OBITOBBIX XOJOOWIbHUKAX, TOPTOBOM CpeIHETEMIIC-
paTypHOM 00OpPYIOBaHWH, MPOMBILLIEHHBIX YCTaHOBKAX, CHUCTeMax
KOHIULIMOHMPOBAHHUS BO3AyXa 3JaHUM M IIPOMBILIUIEHHBIX IOMELIE-
HMI, a TAKXXE Ha XOJIOAWIbHOM TPAHCIOpPTE. DHEPreTUYEeCKHE 10KAa3a-
tenv R134a uuxe, yeM y R12; nina pabotsl ¢ R134a tpe6yiorcs 1opo-
TOCTOSIIUE CUHTETUYECKUE Macia, OTJUYAIOMIMECS BBICOKOW T'MIpo-
CKOMUYHOCTBIO, XJIaJareHT UMeeT BeICOKUI mapamerp GWP.

B nocnegHue roabl Ipou3BOACTBO U IoTpebnenue R134a B mpo-
MBIIIEHHO Pa3BUTBHIX CTpaHaX NMPOMCXOIIT MEMLJICHHEE, YeM IMPEATIo-
JIarajiocb B IIPOTHO3aX, MPH 3TOM OJHOM M3 IMPUYMH TAKOTO MeIJIEH-
HOTO pOCTa CUMTaeTcs HeaeralbHblM 3kcropr XPY. B CIIA u crpa-
Hax 3amanHoit EBponsl oH coctaBnser 10...15 teic. T B roa. [Ipous-
BOACTBEHHBIE MOHIHOCTM MO BbipaboTKe R134a B mpOMBILLIEHHO
Pa3BUTHIX CTpaHax ouLeHUBaIH B 1997 r. B 170 ThiC. T IPH MHPOBOM
cnpoce 85 Thic. T. CepBucHble cMecu R401A, R401B, R401C, R409A
rpynnet I'XPY pexoMeHIyeTCs NMPUMEHATh W peTpoduTa B AcH-
CTBYIOILIMX BBICOKO-, CpEHE- U HU3KOTEMMEPATyPHBIX XOJOZWILHBIX
cuctemax. OHM HE CMEIIMBAIOTCSI C MUHEPAJTbHBIMU MacjaMH (3a HC-
kmodeHneM R409A) u npeqHa3zHadyeHH! Ui pabOThl ¢ CHHTETHYECKH-
MH MacjaMm.

XnagareHT Cl peKOMEHAYETCSl AJISl UCITOJIb30BAHMS B OBITOBOM XO-
JIONWIbHOM TE€XHUKE, OH COBMECTUM C MUHEPAIbHBIMH MacCJIaMH, I10
TEPMOIAMHAMHUYECKHM CBOMCTBaM 3KBMBaJicHTeH R12, omHako u3-3a
MOXAapOOIIaCHOCTH XJIajareHTa TpeOyeTcss BHECEHHE KOHCTPYKTHMBHAIX
U3MEHEHUN B XOJIOAUNbHbIE MAalIMHB. XnamareHT CMI1 npeamnosnara-
€TCs UCIMOJIb30BaTh B OBITOBOM, TOPTOBOM M NMPOMBILUIEHHOM XOJIO-
JIWIBHOM o0opynoBaHMHU. [IpMMeHEHHe ero He CBS3aHO ¢ HEOOXOIM-
MOCTBI0O M3MEHEHHMS KOHCTPYKIIMU XOJOAWIbHBIX MaluvMH, CMI1 co-
BMECTUM C MUHEPAJIbHBIMU MacjiaMH, 10 TEPMOIMHAMHYECKUM CBOM-
cTtBaM 030K K R12, Heropioy.

B OBITOBBIX XOJOMUIBHBIX IIPUOOpPAX M TOPrOBOM XOJOIWJIBHOM
obopyroBaHMU cTpaH 3anaaHoi EBpomnbl Bce LIMpE HUCMOJB3YIOT TaK
Ha3plBaeMble «pUpoaHbie» xianareHTsl R290, R600a 1 cMmecn Ha ux
OCHOBe. B HacTosiliee BpeMs pacxoll yrjieBOJOPOIOB COCTABISAET OKO-
70 0,07 kr Ha 1 KBT X071000MPOU3BOIUTENBHOCTH M IIPOCIEXUBAETCS
TEHACHLUMS K JaJIbHEHIIEMY €ro CHUXEHMIO. DTO 3KOJOTHYECKH YMUC-
ThI€ XJ13JareHTbl, PaCTBOPUMBIE C MHUHEpAIbHBIMU MaciaMHU MU IO
SHEPTeTUYECKHUM IIOKA3arejsAM OHM cpaBHMMH ¢ R12. Bmecre ¢ Tem
TpedyeTcss BHECEHHE HW3MEHEHMH B KOHCTPYKLHMIO KOMIIpeEccopa.
XJIaJareHThI MMOXapOB3PHIBOONIACHHI M II03TOMY TpeOyeTCsl CTPOro co-
OnmoaaTb Mepbl MPEIOCTOPOXHOCTH.
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HMnsa perpodura R502 B neCTBYIOLIMX XOJOAMIBHBIX CUCTEMAX pe-
KOMEHIYETCS HCIIONB30BaThL XoMomwibHble cMecu R402B, R402A,
R404A, R507 u R408A. TepmomuHamuueckue cBoicTBa R402A u
R402B cxonHwel co cBoiicTBamu RS502. XmamareHTbl pacTBOPUMBI C
CUHTETUYECKMMHU MaciaMH. BeiOop THMa XOJOAWIBHOM CMECH AUKTY-
€TCS KOHKPETHBIM NPUMEHEHUEM M XapaKTePHbIMU YCJIOBHUSIMU IKC-
IIYaTUPYEMOTO XOJIOAWIBHOIO 000pYIOBaHHS.

XnamareHT R404A mpenmosaraeTcs NPUMEHATb st peTpoduTa
JeICTBYIOIIETO CPEIHEe- U HU3KOTEMIIEpaTypHOro obopydoBaHHMs, pa-
boraromero Ha R502 1 R22, a Taxke 11 3anpaBKiA HOBOTQ XOJOAWIb-
Horo obopyaoBaHusi. COBMECTUM C CUHTETHYECKMMHU MacjiaMHi, OTHO-
cutcsa Kk rpymnne ['OY. IlepcnextuBeH miss NpUMEHEHUS B 00JacTU
HM3KHX TEMIlepaTyp Ha CydoBOM pedpIrkepaTOPHOM TPAHCIOPTE.

XmagareHT R507 paspaboraH misi peTpoduTa HHU3KOTEMIIEPATYp-
HBIX XOJIOMWJIBHBIX CUCTEM, paboTatouiux Ha R502, mo cBouM xapakrte-
puctukaM 61u30Kk K R502, pacTBOpuUM B CUHTETHYECKHMX Maciaax, OT-
HocuTcs K rpymme ['PY.

IIpumenenue xnamnareHTa R22, xopouio 3apeKOMEHIOBaBHIETO Ce0s
B CHCTeMax KOHIWLIMOHUPOBAHUS BO3dyXa, TOPrOBLIX U TPaHCIOPT-
HBIX XOJIONMJIBHBIX YCTAHOBKAX, a TakKXX€ B BO3AYXOOXJIQMMUTENbHbIX
CUCTEMAX M TEIUIOBBIX HAcOCaX, HE OTBEYAET IOJATOCPOYHBIM HEPC-
MEKTUBAM PAa3BUTHUSL XOJIOAWIBHON TEXHUKM B CBSI3M C pELICHUEM
Momnpeanbckoro nporokoa. Kpome Toro, no sHepreTMH4ECKUM MOKa-
saresigM R22 yctymaer R12 B cpeaHereMIiepaTypHbIX XOJIOIMJIBHEIX
yCTaHOBKAX, IIO3TOMY HE OTBEYAE€T MHUPOBBIM TEHIEHLMSAM IOBBIIIC-
HUSI 3HEPreTUYeCKOi 3PHEeKTUBHOCTH O00OpYIOBaHUS U IOJOXEHU-
am KoupeHuuu (r. Knoto, 1997) mo orpaHM4€HUIO BHIOPOCOB IapHH-
KOBBIX ra3oB.

B Hacrosimiee Bpemst npou3BoACTBO R22 HaxomMUTCSI B COCTOSTHUM
3HAYMTEJILHOTO TIPEBBIILICHHUS MPEIOXEHUST HAl CPocoM. B 4acTHO-
CTH, MOILHOCTU IO mpou3BoacTBy R22 B 3amanHoii EBpone oneHuBa-
1o1cs B 150 ThIC. T B roa, a norpebiaeHue — B 100 ToIC, T B roa. B Oyny-
IeM OyIeT MPOCAEXUBATbCS TEHAECHUMS K COKPAILICHUIO €ro IpOM3-
BoacrBa. i 3ameHnl R22 pexoMmeHayiorcsi xmamareHTHl R404A,
R407C, R410A, R407A, R290 u R717.

XnagareHT R410A cayxur ana 3aMeHbl R22 B HOBBIX CHCTeMax
KOHIMLIMOHHUPOBAaHHS BO3AyXa BBHICOKOIO AABJAEHUSI, MPU 3TOM Tpeby-
€TCsS BHECEHHE KOHCTPYKTHMBHBIX M3MEHECHUI B KOMIIPECCOD U TEIUIO-
OOMEHHMKH. PacTBOpMM B CHMHTETMYECKHMX Macjax. B nepcriextuse
R4]10A MOXeT CIyXUTb aJbTEPHATUBHBIM XJIAMAreHTOM JUISI 3aMEHBI
R22, NOCKONBKY MMEET BBICOKYIO YACAbHYIO OOBEMHYIO XOJIOAONPOU3-
BOIMTEJBHOCTh U HU3KYIO KPUTUUECKYIO TeMIIEPATypy.

XnamareHT R407C no sHepreTuyeckor 3¢GheKTUBHOCTH OJH30K K
R22 u paccMmaTpuBaeTcsl Kak ONTHMajbHasg anbTepHaThBa R22. B Ha-
CTOSIIIEE BPEMS €ro IIMPOKO UCTIONB3YIOT B CUCTEMAaX KOHAMITUOHUPO-
BaHHUs Bo3ayxa. He TpeOyercsi BHOCUTh 3HAUMTEIbHBIX U3MEHEHHUI B
XOJIOAWIBHYIO CUCTEMY.
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IMpu skcIUIyaTaly 3€0TPOIHBIX CMeceit TTOSIBUIICS psill TTpoOJIeM.
DTO HaANWYHE «TEMIEPATYPHOro Iiaiaa», U3MEHEHUE COCTaBa CMECH
B CJIydae YT€YKU OJHOTO U3 KOMIIOHEHTOB, HECMEILUMBAEMOCTb psla
XJIaJareHTOB ¢ MHHEPaJbHBIMH MacjaMH, NMAapOXUIKOCTHOE pasiele-
HHE 3€0TPOIMHBIX CMECEH B KaXIOM 3JIEMEHTE CUCTEMBI: KOMIIpeccope,
TEIJI000OMEHHBIX arrapaTax, KOHAeHcaTope U UCIapuUTene; pa3iuyHas
pPacTBOPUMOCTh KOMIIOHEHTOB CMECH B XOJIOAWIBHOM Macie.

B HacTtosee BpeMs 70 % XonomWIbHBIX YCTAHOBOK U1 OBOLUE- M
dpykTOoXpaHWIMII paboTtaloT Ha R717, 60 % — B MSICHOU TpPOMBILI-
JeHHocTH, 50 % — B KOHAUTEpCKOM npousBoacTse; 80 % — B mpous-
BOJICTBE NMBa U HAIIUTKOB.

Ha6niomaetcsi Bo3Bpar K ripuMeHeHU1o R717 B cynoBoM pedpuxe-
pPaTOpPHOM TPAHCIIOPTE, BAXHCHILEM 3BEHE XOJOAWJIBHOM LEIMH.
O6beM MOpCKMX TepeBo3oK K 2005T. JOMKEH COCTaBUTh 64 MJIH T.
Bo3apacTaeT 06beM TPaHCIIOPTUPOBKH TPY30B B OXJAXIAaEMbIX KOHTEH-
Hepax, paboraromux Ha R134a u R404A, mosisi KOTOpPBIX COCTaBIISIET
42 % oO1eif Macchl UCTIOJIb3YEMBIX KOHTCIHHEPOB.

IlepcieKTMBHO NMPUMEHEHUE XHUIKOTO M ra3oo0pa3HOro asora B
MPSAMOTOYHBIX OXJIAXJAIOIIUX CHCTEMAaX.

YpoBeHb NOTpeOAEHUSI SHEPTUHM XOJOAUJIBbHOR CHCTEMON — OOUH
M3 BaXHEWIIINUX [TapaMeTPOB, OIpene/IsiolInX €€ BO3AeHCTBUE Ha CTe-
TeHb II00anbHOro rnoreruieHus. B Hacrosuiee Bpemsi HaGimiomaeTcs
TEHACHIIMS COTJIAaCOBAaHUSI B3HepreTudeckoil 3PPeKTUBHOCTU XOJIO-
IWIbHOTO OOOpYNOBaHUS C TOJHBIM B3KBUBAUICHTOM I[NIOOAJILHOTO
norerwieHuss — TEWI, npennoxeHHbIM MeXIyHapOOHbBIM HWHCTUTY-
TOM XOJIOA.

B HacTtos111e€e BpeMsi B CO3IaHUU XOJOAUIbHBIX CUCTEM M3-3a OIac-
HOCTM M3MEHEHMS KJIMMAaTa HauMHAIOT Npeob/aaarh CICIyIOLIUe TEH-
JEHLINU:

MPEUMYILLIECTBEHHOE TIpUMEHEHME XJIaJareHTOB C HU3KHWM IIOTEH-
LIMAJIOM JIOOATBHOTO MOTerUieHUs1. K HUM OTHOCSITCS YI€BOAOPOIBI,
aMMMakK, a30T U JUOKCUJ YIJIEpOoa;

COBEPILICHCTBOBAHUE TEXHOJOTMYECKHMX MPOLIEAYyp CEpBUMCHOrO 00-
CIIY>XKMBaHMST XOJMOIWIBHBIX CUCTEM,

CHUXXEHHE BBHIOPOCOB XJIaJar€HTOB U3 XOJOAWIBHBIX CUCTEM;

YMEHbIIEHHE KOJIMYECTBA XJ1aJareHTa, 3alipaBjsicMOro B CUCTEMY,

MOBBILIEHKE TPeOOBaHUM K Ka4eCTBY COOPKH XOJOAWIbHBIX MAaLUMH
Y anmnaparyphl;

COBEPIICHCTBOBAHUE AEMCTBYIOIIMX XOJMOAWIbHBIX MAIlIMH B LIEJIAX
MOBBILIEHUSI UX SHEPreTUYeckor 3pPeKTUBHOCTH U pa3paboTKa HO-
BBIX XOJOAWIbHBIX MAIIWH.
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l YcnoBHoe 0603- |
Ha4YeHHEe Nno

XjlagareHr MexyHapoHo- Xumuyeckas Gopmya

MY CTaHIApTy J

Boamyx R729 —

Bona R718 H,0

Huokcun yriepona R744 CO,

AMMMAK R717 NH;

CepHHUCTBIR aHrua- R764 SO,

pna

Bomopon R702 H,

lenuit R704 He

Heon R720 Ne

A3zor R728 N,

Kucnopon R732 0,

Apron R740 Ar

LectudTopucras R846 SFe

cepa

Mertan R50 CH,

Iran R170 C,Hg

INponaun R290 C,yHg

BYTaH R600 C4H|0

H3006yraH R600a CH(CH3);

STnieH R1150 C;H,

Ilponunen R1270 CsHg

®peonbl R10 CcCl,
RI11 CCI3F
RI12 CCl,F,
R13 CF;(Cl
R14 CF,
R13Bl1 CF;Br
R20 CHCl,4
R21 CHCLLF
R22 CHCIF,
R23 CHF;
R30 CH,Cl,
R31 CH,CIF,
R32 CH,F,
R40 CH;Cl
R41 CH;F
R110 C,Clg
RI111 C,FCl;s
RI112 C,F,Cly
Rl112a CCI,CCIF,
R113 CCLFCCIF,
Rl 138 CC13CF3
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R114 CCIF,CCIF,
Rl14a CCL,FCF;
R114B2 CBI'F2CBI'F2
R115 CCLF,CF;
R116 C,Fg
R120 C,HCl;
R123 C,HCL,F;
R124 C,HCIF,
R124a CHF2CC12F2
R125 CHF,CF;
R133a CH,CICF;
R134a CF;CFH,
R140a CH;CCl,
R142b CH;CCIF,
R143a CH3CF3
R150a CH;CHCl,
R152a CH;CHF,
R160 CH;CH,Cl
R218 C;Fg
RC316 C,CLFg
RC317 C,CIF;
RC318 4Fs
R500 CCLF, (73,8 %) + C,H4F; (26,2 %)
R501 R22(75 %) + R12 (25 %)
R502 R22 (48,8 %) + R115 (51,2 %)
R503 R23 (40,1 %) + R13 (59,9 %)
R504 R32 (48,2 %) + R115 (51,8 %)
R505 R12 (78,0 %) + R31 (22,0 %)
R506 R31 (55,1 %) + R114(44,9 %)
R507 R125 (50 %) + R143 (50 %)
R508 R23 (46 %) + R116b (54 %)
3e0TponHbIE CMECU R401A R22 (53 %) + R152 (13 %) + R124 (34 %)
rpyansl [XDY R401B R22 (61 %)+ R152 (11 %) + R124 (28 %)
R401C R22 (33 %) + R152 (15 %) + R124 (52 %)
R409A R22 (60 %) + R124 (25 %) + R124b (15 %)
CioM] R22 (65 %) + R21 (5 %) + R142b (30 %)
R402A R22 (38 %) + R125 (60 %) + R290 (2 %)
R402B R22 (60 %) + R125 (38 %) + R290 (2 %)
R408A R22 (44 %) + R143a (4 %) + R125 (52 %)
R403B R22 (56 %) + R218 (39 %) + R290 (5 %)
3eoTporiHble CMECH R404A R125 (44 %) + R143a (52 %) + R134a (4 %)
rpyrnsl [PY R407C R32 (23 %) + R125 (25 %) + R134a (52 %)
R407A R32 (20 %) + R125 (40 %) + R134a (40 %)
R410A R32 (50 %) + R125 (50 %)
R413A R134a (88 %) + R218 (9 %) + R600a (3 %)
FX40 R32 (10 %) + R125 (45 %) + R143a (45 %)
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