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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.
JIJig monyyeHUsT oueHb HU3KHMX TeMIlepaTyp 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 TpeNJIOKEHHBIX XJIaJareHTOB TOJHKO aMMUak
(R717), nMeronuii caMble BBICOKHE TEPMOIAMHAMHYECKME U TEXHUKO-
3KCIUTyaTAIMOHHBIE MOKA3aTe/lM B IIMPOKOM HHTEpBaJIe TeMIIepaTyp
1O CpaBHEHMIO ¢ XiagareHTamu rpynn XPY u I'XDY, B HacTosiee
BpeMs IIMPOKO NMPUMEHSIOT B NMPOMBILLIEHHBIX XOJOAWIBHBIX YCTa-
HOBKax, OXJQJUTENsIX, aOCOpPOLIMOHHBIX KOHIUIIMOHEPAX U OBITOBBIX
abCOpPOLIMOHHBIX XOJIOAWIbHUKAX.

Onnako K 80-M roxaM, Koraa CrelHaIncThl psaiaa CTpaH Hayalu 3a-
HHMMAaThCA BorpocaMy usydeHMs BIusHUA XDPY u I'XPY Ha okpyxa-
IOLIYIO CPENy, 9TU XJI3AareHThl CTAJIM MpeaIMETOM DECOKONCTBA B CBSI-
34 C BOSHUKIIAMU [NIOOATBHBIMHU TIpOOIE€MaMHU: MOBBIILIEHAEM TapHU-
KOBOro 3¢ ¢eKra U BOZMOXHBIM pa3pylIeHHEM 030HOBOTO CJIOS.

IlapHuKOBBII 3 HEKT BO3HUKAET BCICACTBUE TOTO, YTO HEKOTOPHIE
rasbl 3¢eMHOH aTMocephl 3a1epXHBAIOT MHPpAKpacHOE H3JIyuYeHHE,
KOTOpO€ MCIYCKAET 3eMHasi MIOBEPXHOCTh, SIBIeHNEe MapHUKOBOrO 3¢-
(deKTa Mo3BOJISIET MOAJEPXKUBATh HA MOBEPXHOCTH 3eMIIH TEMIIEPATY-
py, NP1 KOTOPOX BO3MOXHO 3apOXICHHUE U pa3BUTHE XU3HU. Eciiu Obl
MapHUKOBBIA 3(hHEKT OTCYTCTBOBAJ, CPEAHSS TEMIIEpATypa IMOBEPXHO-
CTH 3€MHOrO Ilapa O6rer1a Obl IpuMepHO Ha 20 K HIDKe, yeM OHa ecCTb.

ViepxaHve HMHPPaKpacCHOTO M3Ay4eHHUS B INPUPOJE MTPOUCXOIUT
Gmarogapsi mapaM BOZBI, COAEPXAIIUMCSE B BO3ayxe U B obnakax. OmHa-
KO HE Jal0T PacCEeUBaThbCsl JAHHOMY M3JyYEHHUIO M JPYTrye rasbl, KOTO-
pbli€ TIPEJCTABASIIOT CODOM TIPOAYKTHI AEATECIbHOCTH YEJIOBEUECTBA, B
YAaCTHOCTH AHMOKCHI YTJepoJa U XiaaareHTbl Kareropuu XDV, B cBa3u
C TEM YTO HaJMYMe B atMocdepe auokcuaa yriepoaa U XDY (B ToM
YyyuCie) YBEJIMYMBACT 3(PPEKTUBHOCTh YIEPKAHUS 3eMHOro HHpa-
KPaCHOI'O M3ITYYEHUS M0 CPABHEHUIO C €CTECTBEHHOU MPUPOIHOUN 3d-
(pEKTUBHOCTBIO, CPEIHSS TEMIIEPATypa MOBEPXHOCTH 3€MJIM MOBHIIIA-
eTcsl GoJble, YeM HYXHO, 0OyCIOBIMBasi UCKYCCTBEHHBIN ITapHUKO-
BBIA 3(deKT, KOTOpBIA N00aBISETCS K MPUPOTHOMY. XOTS KOHUEH-
Tpalus Bcex BMecTe B3AThIXx XPY B aTMocdepe ropasno Huxe, yeM
KOHIIEHTpALMs TMOKCHUIA yriaepoaa, ux 3PEGEeKTUBHOCTH IO yAepXKa-
HUIO MHPPaKpacHOTO U3NYYeHHs BO MHOTO ThiCAY pa3 Beilie 3¢ dek-
THUBHOCTH IMOKCHIA YIJIEPOJA, B YACTHOCTH BCIEACTBUE UX OYEHD JJTU-
TeJIbHOTO Treprona xu3Hu (60 net g R11, 120 ner mis R12 u 250 ner
s R115, xoTopwi#i Bxoaut B coctaB R502).

Pa3pyiieHune ctpaTocepHOro o3oHa IpeAcTaBiseT coboil coBceM
IpYroe siBJieHNe, MOCKOJBKY OHO CBSI3aHO C YIbTPaQUOJETOBBIM U3TY-
yenueM ConiHua. Hanbornee ynaneHHbii oT 3eMam ¢jioif atMochephl —
cTparocdepa, KOTopas peacTaBiisieT cO00# apoBOM CJION TOIUHON
MpUMEPHO 35 KM, HAUMHAIOIIUICS HA BBICOTE 15 M 3aKaHUYMBAIOIITMIACS
Ha BBICOTE MPUMEPHO 50 KM OT MOBEpPXHOCTH 3eMiu. B 3TOM cioe Ha-
XOAUTCA O30H, Morjaomamumi 99 % yrprpadroleTOBOro H3IydeHUs
ConHiia, nagamoliero Ha 3eMJII0, BBIIIOJHAS POJIb 3aILIMTHOTIO 9KpaHa
JUTSL 36MHOM XXU3HU.

BnepBbie MeXaHHU3M MCTOIUEHMS 3aIUTHOIO CJIOSI 3eMJIM OIMCAJIM B
1974 r. amepukaHckue YydeHble KanmdopHHIACKOro yHHMBEPCHUTETA
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(CIIIA) Mapuo Moauna u lllenByn Poynsua, OHM noka3aid, 4TO MO-
JIeKyJia OKCHIA XJIopa M aTOM XJI0pa — CUJIbHEMIIMEe KaTalu3aTOpHI,
CMOCOOCTBYIOIIME pa3pylieHuIo o30Ha. ITyTh Monekyn xjopa B cTpa-
Tochepy 3aHMMaeT OAWH-IBaA rofa. JlocTuraroT crpatochepbl TOJBKO
XUMHMYECKU CTAOWIbHBIE MOJIEKYIbl, KOTOPbIC HE pa3pyIlLAlOTCS IO
JEUCTBUEM COJTHEYHBIX JIydyer, XUMHYECKHMX peakKLUii U HE pacTBOPS-
10TCS B Bode. VIMEHHO TakKMMUM KayecTBaMU 00JalaioT MOIEKYIel XDY.
Bpemst ux xXu3Hu — 6osee cra jieT. Monekyasl X®YV Tsokesee Bo3nyxa,
U YKCJI0 UX B cTpaTtocdepe KpaitHe Majo: TpU—IISTh MojieKya XPY Ha
JecsITh MILIUAPAOB MOJIeKy s Bo3ayxa. Ilox neictBueM ynbTpaduose-
TOBOro MaMy4eHus1 or Moyekyn XY oTpbiBaeTcsi aTOM XJI0pa, a OCTaB-
HIWICS PaguKall JIETKO OKMCISETCsl, co3MaBasi MOJIEKYJTy OKCHIa XJI0pa
H HOBBIM pasukald. ATOM Xjaopa U MOJIEKYJa OKCHIa XJIOPA aKTUBHO
BKJIIOUAIOTCS B KaTAJIMTHYECKUM LIMKJI pa3pyiieHUs o30Ha. OmHa Mo-
JeKyla XjIopa, OOcTUraiouiasi arMmocdepbl, CIOCOOHa pa3pylliUTh
(10...100) THIC. MOJIEKYJT O30HA.

K cepenune 70-x romoB mpou3BOACTBO (HPEOHOB JOCTUIJIO 3HAYM-
TeNbHBIX 00beMOB. B wacTHoCTH, K 1976 T. 00BEM TNipou3BoacTBa R12
poctur moutu 340 TeIC. T, U3 KOTOPLIX OKOJO 27 THIC. T MpeaHa3Hada-
JINCh VIS XOJOOMWIbHBIX cucreM. B 1986 T. cymMmMapHOe MpOH3BOACTBO
dpeoHoB cocrasmsiio 1,123 e T (Ha gomo CIIA npuxoaunocsk 30 %,
EBpomnbl — 20 %, Poccumn u Anouun — no 10 %).

[Ipobaema peryjiuMpoBaHUs MPOU3BOACTBA M IMOTPEOJIEHUS O30HO-
paspymaoix XOPY u I'’XPY B MexayHapoogHOM Maciutabe ObLIa
nogHsATa BeHCKOM KOHBEHLMEH MO 3ailluTe 030HOBOTO ¢Jiosg B 1985T.
JanpHeUITUM BaXHBIM LIATOM B PELICHUM 3TO# MpOOJIEMbI CTAJIO MO~
MUCAaHUE BCEMH WHAYCTPUAJBHBIMU CTpaHaMM MOHpeaibCcKoro mnpo-
Tokosa B 1987 r. ‘

Hng 3amensl R12 ¢ Hayana 90-X ronoB OCHOBHBIMM MUPOBBIMHU PO-
MU3BOIUTEIIMU XUMUYECKON MPOAYKLMHU ObUIN pa3pabdoTaHbl U BBIITYC-
KaioTcd OJHOKOMITOHEHTHBIM 030HO00e30MacHbi xaagareHT R134a u
aJIbTepHATUBHBIE CEpBUCHBIE (TTepexoaHbie) cmecH (R401A u ap.). dius
daMeHbl R502 u R22 co3gaHbl CEPBMCHBIE CMECH, OTHOCSIIMECSH K
rpynme I'X®Y (R402A u ap.), 1 030HOOE30MaCHbIE CMECH TPYIIIBI
ITdy (R407C u ap.). OnHako HU OOMH M3 M3BECTHBIX WIH HEIABHO
CUHTE3UPOBAHHBIX UHAWBUAYAJIbHBIX XJIaJareHTOB He 00JiagaeT K Ha-
CTOSAIIEMY BPEMEHHM B ITOJIHOM MEPE KOMIUIEKCOM CBOMCTB, KOTOPBIC
NPUCYIIM 3alPEIEHHBbIM XIaareHTaM.

3amnpeT Ha MPOU3BOACTBO U NpUMeHeHUe R12 mpuBes K yBeauye-
HUI0 MUpOBOI mpogaxu R22: B yacTHocTtH, B 1994 T. OHa cocTaBUjIa
207 515 1. 1 xotss XY B 3HAYUTENBHON CTENEHMU BHITECHEHBI U3 ObI-
TOBOH XOJOMWIBHOU TEXHMKH, TPAHCIIOPTHBIX XOJOAWMJIBHBIX YCTaHO-
BOK, TOPrOBOrO XOJIOJWIBHOrO 000pYIOBaHUS, MPOMBIIILIEHHBIX KOH-
IUIIMOHEPOB, B cTpaHax EBpocolo3a K HacrosiieMy BpeMEHHU B Aek-
CTBYIOILIEM XOJIOAWJIBHOM OOOpPYIOBAaHMU BCE €Ill€ MCIONb3yeTCs IO
110 teic. T XDY. B nociaenHue roasl XogoguIbHas MPOMBILIIEHHOCTh
aKTUBHO MILET 3aMeHy xJanareHTam rpynmnsl [ XPY. OcobeHHo ocTpo

6



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 XOJOAUIILHBIX CHC-
TE€M, B YACTHOCTH MOAPOOHO OCBEILEHbI ONEpaluu MO 3aMeHe (peT-
podhury) xnanarenta R12 na R134a, R401A, 409A, R401B; R500 Ha
R401B; R502 na R404A, R507, R408A, R402B; R22 Ha R407C u
JIpYTU€ XJIaoareHThl.

[Toapo6HO paccMOTpeHBI TEXHUYECKHE CPEICTBa IJIs CEpBHCA XO-
JIOOWIbHBIX CHCTEM, a TaKKe MNpaBwiaa 0€30MacCHOCTU NpH pabote ¢
aJbTEPHATUBHBIMHU XJIaJareHTaMHU, MOKAa3aHO WUX BO3JeMCcTBHME Ha opra-
HHU3M YEJTOBEKA.

B npuioXeHUM IpuUBeJeHbl (PU3UYECKHE XapaKTEPUCTUKH psia
TPAIULIMOHHbBIX U &JIbTCPHATUBHBIX XJIAJareHTOB.

CripaBOYHOE PYKOBOJACTBO MOMOXET MPOEKTUPOBLUIMKAM M CIICI[H-
aJMCTaM 110 MOHTAaXy H CEPBUCHOMY OOCITYXHBAHUIO XOJOIWIbHBIX
CUCTEM M CHCTEM KOHIMIIMOHUDPOBAHMS BO3[yXa CHEIATh [paBU/Ib-
Hblil BBIOOp @JIbTEPHATHMBHBIX XJIAHAT€HTOB C YYETOM MX CBOHCTB U
0COOEHHOCTEH IJIS1 pa3AUyYHBIX YCAOBUM pabOThl XOJOAWIBHOIO 060-
pYLOBaHUsl, YTOOBI 00ECIEUYUTh €r0 HALEXHOCTh B MPOLECCE IKCILTY-
arallMi ¥ CcoO3JaHHe TpebyeMO XOJOJONPOU3BOAUTEIBLHOCTA IIPU
MMHUMAJIBHBIX 3HEpro3arparax.



1. DKoAorHYecKas ieAecooOpa3HOCTh
NPpHUMEHEHUS aAbTEPHATHUBHBIX
XAAQAAQreHTOB B XOAOAHABHBIX
cuUcTeMax

Pemienuss MoHpeaibCKOro NpoTOKOJa KOPEeHHBIM 00pa3oM H3Me-
HWIM MOAXOA, K TPAIULIMOHHBEIM 030HOPA3pYLIAIONIUM XJIadareHTaM, U
HauuHast ¢ 90-X rogoB Ha OQHO M3 MEPBBIX MECT BBILIET BOIPOC 00
OIAaCHOCTHU U3MEHEHUST KJIUMATa U COXPAaHEHHUST SMUCCHHU MTAPHUKOBBIX
ra3oB, BbI3BAHHO# NPUMEHEHUEM TaKMX XJIagareHTOB.

ITo cTrenenu 030HOpa3pyIIaloIieil aKTMBHOCTH O30HOBOTO CJ10SI 3eM-
JI¥ TAIOMJONPOM3BOIHbIE YITIEBOLOPOIbI PA3AE/ICHbI HA TP [PYIIIIBL:

Xnadasenmust ¢ BbICOKOU 030HOPA3PYWarUell aKmusHOCIMbIO — ITO
xiopdropyrnepons (XPY) R11, R12, R13, R113, R114, R115, R502,
R503, RI12B1, RI13Bl (1M 1o MeXIyHapOIHOMY 0603HAYEHHIO
CFC11, CFC12, CFC13 u T. 0.) ¥ ap.;

XAa0aeeHmyl ¢ HU3KOH O030HOPA3PYWAIOWEH aKmuU8HOCMbK) — 3TO
ruapoxiopdropymiepoabl (IXDY) R21, R22, R141b, R142b, R123,
R124 (unu mo mexayHapomHoMmy obo3HayeHuio HCFC21, HCFC22,
HCFC141b u T. n.) ¥ ap., B MOJIEKYJIaX KOTOPBIX COAEPKUTCS BOAOPOI.
Jns1 3TUX BEIIECTB XapaKTepPHO MEHbIIEEe BPEMs CYIIIECTBOBAHUS B aT-
Mocdepe no cpaBHeHHIO ¢ XDV, U, KaK CJIECICTBHE, OHU OKa3bIBalOT
MEHbIIIEE BIMSIHUE Ha pa3pyllleHue O30HOBOTO Ciios1. Psa MHOrokKoM-
IIOHEHTHBIX pabOYUX TEJ, MPEAIaraéMbiXx B KadyecTBe aJbTEPHATHBBI
XDV, congepxar B cBoeM coctaBe I XDV, nanpumep R22;

XJIaareHThl, HE COJAepXKalllve aTOMOB xJjiopa [dTopyriepoasl PY
(FC), runpodropyraeponsl I'®Y (HFC), yrneBonopoas: (HC) u np.],
CUHUTAYOTCH HOIHOCMBIO 030HO6Ge30nacHbiMy. TAaKOBBIMHU SIBASIIOTCS
xiaagareHTtsl R134, R134a, R152a, R143a, R125, R32, R23, R218,
R116, RC318, R290, R600, R600a, R717 u np.

B KayecTBe ajbpTepHATUBBI 3allpEllIEHHBIM K IIPOM3BOICTBY XJIaj-
areHTaM MOoHpeasbCKUM TNPOTOKOJIOM PacCMaTpHMBAIOTCSl CJIEAYIOLIHE
KJIACCHI BEILECTB:

ruppoxyopgropyraepons (IXDY);

ruapodropymiepoant (I'dY);

MIPUPOAHBIE XJIadareHThl — aMMHAK, TUOKCUJ yIjepola, Boja, yr-
JIEBOJOPOIHL.

IIporokon Bcrynui B cuay ¢ 12 siHBapsa 1989 r. K HeMy mpucoemu-
auauck 150 rocynapcerB (1995 r.). B uioHe 1990 r. Ha KOHpepeHIIUHU B
JloHnoHe OBLIO IPUHATO pellleHUE O MPeKpaIleHUH HCIIOJb30BaHUA
BCEX BUIOB PPEOHOB IIPOMBILLIEHHO pa3BUTBLIMU cTpaHaMM K 2000 r.

MoHpeasbCKHii MPOTOKOJT YCTAHOBHUIT XECTKUE SKOHOMMUYECKHE OT-
paHWYEHUsI HE TOJBKO Ha IPOM3BOACTBO U nMpuMeHeHue XDV, HO 1 Ha

9



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
BenukoGpuraHus 0,84
ABCTpaIst 1,04

B cBolo ouepeab, aMUcCUA TUOKCUIA yriiepoaa [Kr/(kBt - 4)] mpu
MTPOU3BOACTBE 3ACKTPOIHEPTUHM 3aBUCUT OT MHOTHX (PAKTOPOB, ITPEX-
JI€ BCETO OT MCMOib3YEMOTO ChIPHS.

Yronb 1,12
Hedts 0,94
las 0,57
AnepHoe TOILTHMBO 0

Bonbliloe 3HayeHUE MMEIOT U IIOTEPU JIEKTPOIHEPTHUM IIPU €€ Iie-
penadye norpedutenio (puc. 1).

B nocnentee BpeMs I1s aHaU3a OBLLETO MMOTEHIIMAIA TAPHUKOBO-
ro 3@dexra, yIuTHIBAIONICTO M SHEPreTUUYCCKHAE, U IKOJOTHMYECKHE
akTophel, Bce GoJbIIE UCTIONB3YIOT MapaMeTp, Ha3bIBAEMBIA CymMMap-
HbiM 3KeUBareHmHbiM menaoesim eosdeticmeuem TEWI (Total Equivalent
Warming Impact). Metoauka pacyera TEWI Obiia paspaborana Mex-
JYHApOIHBIM MHCTHTYTOM Xosioga. Ilapamerp TEWI mist KOHKpeTHOTO
BEILIECTBA IIPEJCTABIAET CODON CYMMY HETIOCPEICTBEHHOIO MOTEHIIMA-
Jla MapHUKOBOro 3¢ @EKTa B pe3ynbTaTe IMUCCHUM 3TOTO BEIIECTBA B aT-
Mocdepy M KOCBEHHOT'O MOTEHLHAIa, O0YCIOBIEHHOrO 9MUCCHEN U~
OKCHIA YIJIEpOAA B MPOLECCE MPOM3BOACTBA EKTPOIHEPIHH, KOTOPast
HeoOXoauMa UIsl AKCIUTyaTalMK XOJOAUJIbHBIX YCTAHOBOK:

TEWI = GWP - M+ aBL,

rie GWP — noteHuuan riobaibHOro mortervieHuss; M — mMacca dSMHUCCUM XJ1afarcura B
atMocdepy; a — K03PPULIMEHT, XapaKTePU3YIOLIMI SMUCCHIO THOKCUAA YTJIEpoaa B aT-
Mocdepy 3emuu npu Beipabotke 1 KBT ' 9 37€KTPO3HEPrHM; B — KOMHUYECTBO 3JICKTPO-
9HEPrUM, NOTPeONeHHON 3a BCE BpeMsA IKCILIyaTallMM KOHKPETHOM XOJMOMIBHOMN ycCTa-
HOBKM;, L — BpeMsi 3KCIUTyaTaliuu obopynoBaHUs.

IIpH NpOU3BOACTBE AMEKTPOIHEPTUH THUAPOCTAHIMSAMM, BETPOBBIMU
JIBUTATEJIAIMUA U SIEPHBIMU 3HEPreTHYECKUMHU YCTAHOBKAMM BHIOPOCOB
JHUOKCHIA yrjepoaa B aTMocdepy He MPOUCXOaUT (Ko dPULIMeHT a pa-
BEH HYJIIO), a IIpH BLIPAOOTKE 3JIEKTPOIHEPTHM TEIUIOBBIMM 3JIEKTPO-
CTaHIMAMH B aTMocdepy BelOpachIBaeTCsi JMOKCH yrilepoaa. Ilo maH-
HbIM lleHTpa TeroBbeIX HaCOCOB MEXIYHApOIHOTO0 3HEPreTHYECKOro

3,3xBr.y 1,1 kBr.q| Ilepenavanu | | xBr.y

——— DneKTpOCTAHLHS [~ pacceuBanne — | [loTpeGurens
Dmeprd v . . 3BHEprHH

TOIUTHBA

Puc. 1. IloTepn 38eprud NpH e¢ TPAHCNOPTHPOBKE NOTpeOHTEMO
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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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3K0A02UYecKUe — 030HO0E3011aCHOCTh, HM3KHMII TIOTEHLMA] TJO-
0aIbHOIO MOTEIICHUS, HETOPIOUYECTh U HETOKCHYHOCTH;

mepmoouHamuyecKiie — OONbLIAs OObeMHAas XOJOTOMPOU3BOIUTE/b-
HOCTb, HM3Kasi TeMIlepaTtypa KUIICHUsSI IIPH aTMOC(HEPHOM IABJICHHUH,
HEBBICOKOE [aBJICHUE KOHICHCAIIUM, XOpOILIasi TETLIONPOBOIHOCT;
MaJjible TJIOTHOCTb M BSI3KOCTh XJIaJlareHTa, o0ecreyuBalolyue CoKpa-
IIeHUEe TUIPABIMUYECKMX MOTEPb HA TPEHHE U MECTHbIE COINPOTHUBIIC-
HUSI MPU €ro TPAHCIIOPTUPOBKE; MaKCUMasabHasi NMpHOIHMXEHHOCTb K
3aMeHsIEMbIM XJafareHTaMm (Iisl ajJbTepHATUBHBLIX 030HOOE30IMACHBIX
XJagareHToOB) 1O AABJECHUSIM, TeMIlepaTypaM, YeJbHOi 0ObEMHOM XO-
JIOZOIIPOMU3BOIMTEIBHOCTH U XOJOAWIBHOMY KO3(QQULIMEHTY;

IKCHAYAMALUOHHbe — TEPMOXMMUYECKasi CTaOUIBbHOCTb, XUMHYEC-
Kasi COBMECTHMOCTb C MaTepUajlaMd U XOJIOAMJIbHBIMU MacjiaMu, A10C-
TaroyHas B3aMMHasi paCTBOPUMOCTb ¢ MAacJioOM JJisl 00ecIieYeHHs €ro
LUUPKYAALUMHA, TEXHOJOTMUYHOCTH TPUMEHEHWs; HEroplodecTb U He-
B3PbIBOONACHOCTb; CMOCOOHOCTb PacTBOPSITh BOOY, HE3HAUMUTEIbHAs
TeKy4eCTh, HaJIMUME 3araxa, L[BeT U T. II.;

SKOHOMUYecKUe — HaJIUudyMe TOBApPHOro TMPOM3BOJACTBA, AOCTYIIHbIE
(HM3KUE) LICHBI.

X1agareHTbl, OTBEYAIOIIME MepeYUCiAeHHbIM TpeOOBaHUSIM, HAMTH
NPAKTHYCCKMA HEBO3MOXHO, TI03TOMY B KaXJIOM OTACIBHOM CJIydae Bbi-
OMpaloT XJIAAAreHT ¢ YYETOM KOHKPETHLIX YCIOBHUN pabOThl XOJOIUb-
HOM MalIMHBI, U MPEANOUYTEHUE CJieNyeT OTAABaTb TaKUM, KOTOpbIE
yIOBJIETBOPSIIOT IIPUHLIMMUATBHBIM U OIPEACSIONIMM TpeOOBaHUSIM.

AJIbTEpHAaTUBHBIMU BELLIECTBAMU MOTYT ObITb YHUCTHIE (MPOCThbIE) Be-
niecTBa U cMecH. llpennoureHue oTnaercsi mpeXxae BCEro YHUCTHIM Be-
IIECTBaM.

OcodeHHOCTH TepMOJMHAMHMKH CMeCeH XnajareHToB. B Moaexkynsp-
HOUWl TEOpUHM pPACTBOPOB DPA3/IMYAIOT 3€OTPOITHbIE (HEa3eOTPOIHbIE) U
a3e0TPOIHBIE CMECH.

TepMoaMHAMHUYECKOE TTOBEACHUE CMECH a3€0TPOMHOIO COCTapa I1o-
JOOHO TOBENCHUIO YHUCTOTO BEILECTBA, IMOCKOJbKY COCTAaB apOBOil M
XKMIKOM (a3 y Hee OAMHAKOB, A JABJICHHUS B TOYKAX POCHl U KUIIEHUS
COBMAJAoT.

KoHueHTpalu napoBoi v Xuakomn a3 3e0TpOITHOM CMeCH B yCJIO-
BUSIX TEPMOIMHAMWYECKOIO PaBHOBECHUS pa3IM4aloTCs, a U30TeEPMa Mo
OuMHOIaANbI0 B p—HA-KOOpAMHATAX MMEET HAKJIOH, T.e. KUIEeHWEe IpHU
MOCTOSIHHOM [JaBI€HUU MPOUCXOAUT IPU YBEIMUEHUH TeMIICPaTyphbl
XJIaareHTa oT fy; 10 fy, a KOHACHCAUUsl — IpH MMaJeHUU TEMNIEPATYPhI
OT 4 O t (puC. 2). DTO HEOOXOAMMO YUUTHIBATh IPU OIpeReeHUH
CTETIEHM MEPErpeBa Mapa Ha BXOAE B KOMIIPECCOD, @ TAKXKE TPU OLICH-
K€ DHEPreTMHYECKUX XapaKTCPUCTUK XOJOJUIBHOW YCTAaHOBKHM.

TakuMm oOpa3om, TeMnepaTtypy KMIIEHUS] MU TEMIIEpATypy KOHACHCA-
LMY CIACAYCT HAXOAMUTh MO-ApyroMy. TemnepaTypy KUNCHHS BbIYUCIISI-
10T KaK CPEIHIOI0 TEMIIEPATYPY fy MEXY TEMIIEPAaTypoOil TOYKH POCHI [y
IPU MIOCTOSTHHOM JaBJIEHUU BCACBIBAHUS Py, M TEMIIEPATYPOIi, IIPH KO-
TOPOM XJIAAAreHT MOCTYNAET B UCMIAPUTEb fy).
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Puc. 2. Inarpamma Ig p—h 11 3e0TponHBIX X131areHTOB

TemnepaTypy KOHAEHCAILIMU OMIPEAEISAIOT KaK CPEAHIOI TeMIepa-
TYPY ¢ cp MEXIY TEMIIEPATYPOR TOUKH POCHI %) (TeMIepaTypa Havala
npoiecca KOHAeHCAUUX TIIPYM MOCTOSHHOM JaBJI€HUM HarHeTaHUS p,;)
U TEMIIepaTypou f» XUAKOCTU HA BbIXOAE M3 KOHAeHcaTtopa. Pa3-
HOCThb TeMIiepatyp (a30BOro mnepexoaa IMpU MOCTOSHHOM IaBJI€HUH
(Ipy KMIIEHMHM WM KOHACHCAILMU) TOJNy4YhJia Ha3BaHUE Al MK
TeMIlepaTypHblil rmaifa! (or aHr. glide — ckoabXeHue). 3HaueHHE
Aly 3aBUCHT OT €OCTaBa PaboYEro Te/a U ABAAETCS BAXHBIM TEXHOJI0-
TUYECKUM IMapaMETPOM.

IleperpeB BcacblBaeMOTO I1apa BBIYMCASIOT KaK pa3HOCTb TEMIIE-
pPaTyphl f,, Ha BXOJ€ B KOMIIPECCOP U TeMIIEpaTypbl TOYKH POCH [y
XJIalareHTa TIpM JAaBJI€HUW BCACBIBAHUSL py.. [IpU peryimpoBaHUH
XOJIOAOTIPOU3BOAUTEBHOCTU XOJOJUIBbHBIX YCTAHOBOK C MOMOILBIO
PETYJIUPYIOUIUX BEHTHAEH BCE M3JIOXKEHHOE BbIIlIE HEOOXOIUMO YIU-
TBIBATh.

IepeoxnaxaeHUe XUAKOCTU BHIUMCISIOT KaK pa3HOCTb MEXIY Aei-
CTBUTEILHOM TEMIIEPaTypOil XUAKOCTU U TEMIIEPATYpOrd TOYKM KOHIIA
KOHJIEHCAIIUHU [, TIPH JABICHUU HATHETAHUS Dy,.

OcobeHHO BaXXHO INpH PETYJIMPOBAHHH JABJICHUS] YYUTBIBATH TEM-
nepaTypHbi DA CMECHM XJIAJareHTOB, HANPUMED XJ1aJareHTOB
407C, R410A u ap. KpoMe Toro, TeMIIepaTypHbIi maill — peillaroliui
¢dakTop mIpU OIpefeSeHUM Pa3MEpPOB TEIUIOOOMEHHBIX amlapaToB.

' TipuBenexHsle onpedeneHusi 6A3UPYIOTCS HA TEPMUHONOMMM, MPUHATOR HHCTHTYTOM
KOHIWUMOHUPOBAHHUA BO3NyXa M XOJOLWIbHON TeXHUKH (ARI), sBastomieiica yacThbio
TIpOrpaMMel pa3paboTKu ansTepHaTuBHBIX dpeoHoB (AREP).
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[loTepu naBiaeHUs] B CUCTEME CYILIECTBEHHO YBEJIMYMBAIOT TEMIIEpa-
TypHbI#t rnaiia. IlpeHeOpeXeHue NaHHBIM SBJIEHHUEM INPHU COCTaB-
JIEHMHU TEIUIOBOro OajaHca MOXET MPUBECTH K 3aHUXEHMUIO pa3Me-
POB TEIUIOOOMEHHBIX AlapaToB W APYTrUX 3JIEMEHTOB XONOAWIbHOMN
cucteMbl. BiugHue 3toro ¢akropa 0COG€HHO CYIIECTBEHHO, KOrAa
XOJIOAMJIbHASL CUCTEMA IKCIUIyaTUpyeTCs Ha Iipejesie CBOUX BO3-
MOXHOCTEH.

TakyM 00pa3oM, 3€OTPONHBbIE CMECU UMEIOT CBOM NIPEUMYIIIECTBA U
HegocTaTk. C OIHOW CTOPOHBI, U3MEHEHME COCTaBa pabouero Tesa
MIPU LUPKYISLIMY ero Mo KOHTYPY XOJOAUIBbHON CUCTEMBI MOXET IMPH-
BECTH K BO3PACTaHUIO XOJOAOTIPOM3BOAUTEIBHOCTU M XOJOJUIBHOTO
KO3 (}pHUIIMeHTa 110 CPaBHEHUIO C 3TUMH XapaKTepUCTHKAMM i YMC-
ThIX XJ1aaareHToB. C Opyroi CTOPOHbI, MPUMEHEHUE 3€0TPOITHBIX CMe-
ced MPUBOAUT K CHUXKEHUIO UHTEHCUBHOCTH TEeTUIOOOMEHa B UCIapH-
TeJle U KOHIEHCATOopeE.

Ellle o0¥H HEOOCTATOK 3€0TPOITHOI CMECH — MOTEHUMAJIbHAS BO3-
MOXHOCTb U3MEHEHMA €€ COCTaBa NpPH IMOSBJIECHUU YT€YEK B KOHTYpE
XOJIOAWJIbHOM CUCTEMBI, YTO BJIMSIET Ha TMOXapoOe30MacHOCTb U XOJ0-
JOMPOU3BOAUTEIbHOCTh YCTAHOBKU. UTOOBI CHM3UThL BEPOSITHOCTH U3-
MEHEHMSI cOocTaBa B 00JIaCTH KOHUEHTpAIUi, IIe MpeodagaeT moxa-
POOMACHBIA KOMIIOHEHT, B CMECh N00aBJISIOT HETOPIOYMIA KOMITOHEHT,
JJaBJICHHE HACBHILIEHHBIX MAapOB KOTOPOro OJ1M3KO K JaBJeHHUIO IapOB
M0KapOOMacHOro KOMIIOHEHTa WK Bbile Hero. Eciam cMeck comepXut
XOTS Obl ONMH TOPIOYMHA KOMIIOHEHT, TO HEOOXOOMMO IpH 3alpaBKe
u3beraTh NOMafgaHUs BO3yXa B CUCTEMY.

OCHOBHbBIE MEXaHU3MbI U3MEHEHUS COCTABAa MHOTOKOMITOHEHTHOTO
XJ1aJareHTa B XOJOAWIBHOI YCTAHOBKE CJEAYIOLIME:

MapOXUIKOCTHOE PA3[CJICHUE 3€OTPONHBIX CMECEH B KOMIIpeccope
Y TETUIOOOMEHHBIX arnaparax;

pa3uyHas PacTBOPMMOCTb KOMIIOHEHTOB CMECH B XOJOAMJIBHOM
MacJe;

CEJIEKTUBHAsI MTOTEPSI KAKOTO-JIMO0 KOMIOHEHTA M3-3a YTEYKH KOM-
TOHEHTA BCJIEACTBUE HETEPMETMYHOCTH CHUCTEMbI; U3MEHEHUS] MACChI
MHOTOKOMIIOHEHTHOTO paboyero Tejga B OTAEAbHBIX JJEMEHTaxX XOJO-
ITWJIBHOM CUCTEMBI NPU PA3IUYHBIX TEIUIOBBIX HArpy3Kax.

Ilpy mpakTUYECKOM MCIOJb30BAHUM 3€OTPOINHBIX CMECE peKo-
MEHyeTCS:

3ampaBiATh XOJOMWJIbHYIO CUCTEMY M3 Oa/UIOHA, 3arOJHEHHOTO
XHUAKUM XJ1aIar€HTOM;

CMECH C OTYCTJIMBO BHIPAXCHHBIM TeMIIEPATYPHBIM «IJIAiIOM» HE
ClelyeT peKOMEHIOBAaTh 1JIs IPUMEHECHHUS B XOJIOAWIBHbBIX YCTAHOBKAX
C 3aTOIUICHHBIM UCIIAPUTEIIEM;

YYUTHIBATh HEOAWHAKOBYIO PacTBOPUMOCTb KaXKIOro KOMITOHEHTA
CMECEBOIO XJIaJarcHTa B XOJOAWIBHBIX Macjax;

TIpYU pacyeTe XapaKTCPUCTUK XOJIOAUIbHON MAlIMHbI CJIEAYET IIPU-
HUMaTh BO BHMMaHHME H3MEHCHUE COCTaBa MHOTOKOMIIOHEHTHOTO
XJ1aJarcHra.
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Ob6o3navedns xnanarestoB. B Poccuu BHenpeH MeXayHapOmHBIN
cranpapt UCO-817 «Opranvueckue XjaanareHThbl», COMIACHO KOTOPO-~
My TpPEAYCMOTpeHbI UM(POBble ODO3HAYEHUS XJIaJaleHTOB B TEXHM-
YECKOM MOKYMEHTALMU Ha XJIAJareHThbl M Maca.

CTaHIapTOM [IOMYCKAETCS HECKOJBKO 0003HAUeHUM XJIaAareHTOB:
YCJIOBHOE {CMMBOJIMYECKOE), TOPTOBOE (MapkKa), XUMHUUECKOE U XUMMU-
yeckast popmyna. O003HaUEHUSA OCHOBHBIX XJI4IAaT€HTOB JaHEI B MPU-
noxeHuu 19.

YciaoBHOe 0003HAUECHUE XJIQIATEHTOB SIBISETCS MPEAIIOYTUTEBHBIM
M cocToMT M3 OYKBEI «R» uiu cnosa Refrigerant (xu1anareHT) U KoOMGU-
Hauuy uudp. Hanpumep, xmamoH-12 umeer ob6o3HavyeHne RI12
(CF,(Cly). Iudper paciiMdpoBbIBAIOT B 3aBUCUMOCTH OT XMMHUECKOU
dopmynsl xnanarenta. [lepsasi uudpa (1) ykaszbiBaeT Ha METAHOBHIH
psin, cieayiomias nudpa (2) COOTBETCTBYET YMCTY aTOMOB (TOpa B CO-
eIUHEeHUU. B TOM ciyyae, Korja B MpOM3BOIHBIX METaHA BOJOPOJA BhI-
TECHEH HE MOJIHOCTBIO, K IIEPBOU LMdpe N00aBASIOT KOIUYECTBO OC-
TaBIIUXCA B COEAMHEHHH aTOMOB BOAOpPOAa, HanpuMep R22.

11 3TaHOBOrO psina BHayale 3aMMMCBHIBAOT KOMOMHALMIO LUGp —
MHAEKC, paBHBIl 11, ais npormaHoBoro — 21, mns 6yranoBoro — 31. [Ins
TUX MPOU3BOAHBIX KO BTOPOM L(pe N0OABISIOT YUCIIO aTOMOB BOIOPO-
Jia, eCJId OHM €CTb, Haripumep TpudTopTpuxiopatad C,F,Cl; — R113.

B cnydae, eciu B cOCcTaBe COEAUHEHUsI UMeETCsI OpoM, B ero o6o-
3HaUYEHUM MOSBAsieTCs] OYKBA «B», 3a KOTOpo# ciieAyeT YMCIO aTOMOB
opoma, Hanpumep R13B1 — rpudropbpommeran, xumuyeckass ¢op-
myna CF;Br.

M3oMephl MpOM3BOAHBIX ITAaHA UMEIOT OOHY M Ty K€ KOMOMHALIMIO
uu@dp (LUPpPoOoBOIl UHAEKC), U TO, UTO JAHHBIM U30MED SBISACTCA IOJI-
HOCTBbI0O CUMMETPUUYHBIM, OTPAXKaeTCs €ro UU(POBHIM HHAECKCOM 6e3
KaKux-1ubo yrouHeHui. [lo mepe Bo3pactanusi 3HAYUTEIbHOU aCHM-
METpUH K HU(PPOBOMY MHIEKCY COOTBETCTBYIOLIETO M30Mepa A10DaBIsi-
I0T OYKBY «a», IpU OOJbIUECH aCUMMETPUM €€ 3aMEHSIIOT OYKBOMH «b»,
3areM «c», HanmpuMep R134a, R142b u 1. 1.

Cnioco6 undpoBoro 06003HAUCHUS HETIPEAE/IbHBIX YTIEBOAOPOIOB U
HX TaJOr¢HOMPOU3BOIHBIX AHAJTOTMUYEH PACCMOTPEHHOMY BBIIIE, HO K
uMdpaM, pacroyioXeHHbIM Iocsie OyKBbl «R», cneBa gobaBnsior 1 mis
0003HaYecHUA Thicad (HanpuMep, R1150).

st xJ1afareHToB Ha OCHOBE 1IMKIIMYECKHX VYTJIEBOAOPOIOB U HX
MPOU3BOJAHHIX TTOcie OYKBH «R» mepen LM(POBLIM WHIEKCOM BCTaB-
Js110T OykBy «C» (HanpuMep, RC270).

XJagareHTbl HEOPraHMYECKOro MPOMCXOXICHMS MMeEIoT HoMepa,
COOTBETCTBYOIIIME€ UX OTHOCHUTENBHON MOJIEKYJISIPHOM Macce, ILTIOC
700. Hanpumep, aMmMuak, xumuueckast popmyna koroporo NHs, 060-
3HayapT kak R717, Bogy (H,O) — xak R718.

XJlajareHTaM OpPraHW4eCKOrO IPOMCXOXICHHSI TNPHCBOCHA CEpHUs
600, a HOMep KaXIOro XJiaJareHTa BHYTPHM 3TOM CEpPUMM Ha3HA4aloT
[IPOU3BOJILHO (HAIIpUMEDP, METWIAMUH MMeeT HoMmep 30, ciaefoBaTelb-
HO, ero obo3HavyeHUe 3anmiueTcs 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 pa3za TsmKesee Bo3myxa. XapaKTEPUCTHKM Ha JIMHUM HACBILECHHS
IIpHBeAeHbI B nprioxeHn 1. OMUH U3 Hanbosee pacpoCTpaHEHHBIX U
0e30MacHBIX P 3KCIUTyaTallMM x1agareHToB. IIpu oO6beMHOM 10J1e ero
B Bo3myxe Oosiee 30 % HacTymaeT yaylibe M3-3a HEJOCTaTKa KUCJIOPOaa.
IlpenensHo nonmycrtuMas koHueHTpauusa (I[IJK) R12, B yactTHOCTH Ipu
IUIMTEJILHOCTH BO3IEHCTBHUSI 24, COOTBETCTBYET OOBEMHOM AOJE €ro
38,5...30,4 %. Hep3priBoomnaceH, HO IpH ¢ > 330 °C pa3naraeTcs ¢ odpa-
30BaHUEM XJIOpHIA BoHOpoaa, GTOPUCTOrO BOAOpOAA U CJIEAOB OTpaB-
Jaswouiero raza — ¢ocreHa. HeorpaHuueHHO pacTBopsieTcsl B Macie, He
MIPOBOAMT JIEKTPHUECKHI TOK U ¢1abo pacTBopsieTcs B Bone. O0beMHas
noss Biaary B R12 mis OBITOBBIX XOJIOAWJIBHUKOB HE JO/KHA ITPEBbI-
matp 0,0004 %. O6e3BoxeHHbII R12 HelTpadeH KO BceM MeTaliaM.
XapakKTepu3yeTcsl MOBBIIEHHOH TEKY4ECThIO, YTO CIIOCOOCTBYET ITIpO-
HMKHOBEHHIO €T0 Yepe3 MeJIbYalIlIue HETUIOTHOCTH U JaXe depe3 MOopbl
o0byHOTrO yyryHa. B To xxe BpeMst 6yarogapsi IoOBEILIEHHON TeKy4eCcTU
R12 xononuibHbIE Macia MPOHUKAIOT BO BCe TPYLIMECS JETaIHU, CHIDKasI
ux u3Hoc. ITockonpky R12 xopommii pacTBopuTe/ib MHOTHX OpraHHYeC-
KMX BELIECTB, NP W3TOTOBJICHHUM IPOKIANOK IPUMEHSIIOT CIELHAIb-
HYIO pe3WHY — CEBaHMUT WJIM IApoHMUT. B xonomwibHO# TexHuke R12
IIUPOKO NPUMEHSIM T TOJTYYEeHHUsI CPEAHUX TEMIIEpaTyp.

Xaagarenr R11. DropTpuxjiopMeTaH, Tsxkeabi ra3 (B 4,74 paza
TsXejee Bo3ayxa), oTHocuTcsl K rpymmne XY (CFC). Xapakrepusy-
€TCS BBICOKON o30HOpa3pyuawliei aktupHocTeio (ODP=1). Co-
I71aCHO MoHpeanbCKOMY TIpOTOKONY ¢ | sHBaps 1996 r. nmpekpalieHo
rpousBoacTBo R11 (Konenraren, 1992 r.). JIyiss opraHu3Ma 4ejI0BEKa
R11 Ge3BpeneH, OH HEB3PLIBOOIIACEH, HEOTPAHUYEHHO PACTBOPSIETCS
B MHUHepaJbHOM Macie. B Boae R11 HepacTBopuUM, gonmycTUMasi Mac-
coBasi mosisd Biaarn He 6osiee 0,0025 %. OO6e3BOXEHHBIN XaagareHT
HEWTpaJIeH KO BCEM MeTasUlaM, 3a UCKJIIOYEHHEM CIIIaBOB, CoAepXa-
mux Oonee 20% wmarnuga. HopmanbHag TeMmIiepatypa KMIIEHUS
23,8 °C. O6beMHas X0J0IONMPOU3BOANTEILHOCTL R11 Mana; npuMe-
HSIOT €ro B XOJIOAMJIBHBIX MAIIMHaX IPU TeMriepaType KUIEHUS 10
—20°C. Xapakrepuctuku R11 Ha JMHUM HacbllLEHMS] TIPUBEICHHI B
NpuioxXeHUH 2. XmamareHT R1l IIMPOKO NpPUMEHSIM B IPOMBIII-
JIEHHBIX KOHIMIIMOHEpaX, TYpOOKOMIIpeccopax CpedHUX UM OOJbLIMX
MOLIIHOCTEH.

Xnagarent R502. AzeorponHasis cMech xtagareHToB R22 u R115.
Maccosas gong R22 coctasusier 48,8 %, a R115 — 51,2 %. OtHOCHTCS
K rpynne X@Y (CFC), uMmeer cieayolliie 9KOJOTHUYeCKHE XapaKTe-
puctuku: ODP =0,33; GWP =4300. He3pniBoOTaceH, MaJOTOKCH-
YeH U XMMHYECKH MHEpPTEH K MeTaiaM. PactBopumocts R502 B Mac-
Jax, Ko3¢pdHUMEHT TEILUIOOTAAYU IIPU KUIIEHUM U KOHIeHCauuy O6J113-
KA K COOTBETCTBYIOIIMM 3HaYeHUAM Mg R22. XapakrtepHasi ocoO€H-
HocTh: RS502 manopactBopuMm B Bome. IlpeaenbHO momycTumast
KoHIlenTpauuss R502 B Bosmyxe cocrabiger 3000 mr/m>. OGbeMHas
XO0JIOAOTIPOU3BOIUTEIBLHOCTE €TI0 BBIIIE, a TeMIIepaTypa HarHETaHMS
HMXKe TTpuMepHO Ha 20 °C, yeM y R22, 4TO mOJIOXUTEJILHO CKa3bIBaeT-
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cs Ha TeMIiepaType OOMOTKH 2JIEKTPOABUTATENIsl TIPH SKCIUIyaTally
TepMETHYHOIO XOJOAMIBHOro Kommpeccopa. XnaaareHT R502 mmmpoko
TIPUMEHSUIH B HU3KOTEMITEPATYPHBIX KOMITPECCUOHHBIX XOJOAWIbHBIX
yCTaHOBKax. XapakTepUCTUKM XuagareHta R502 Ha JMHMM HachIllie-
HUS TIPEACTABICHB] B MPUIOXEHUH 3.

Xaangarent R22. [udropxiopMeraH OTHOCUTCA K rpynie I'XDY
(HCFC). MmMeer HU3KUI moTeHUMan paspymieHusi o3oHa (ODP=
=(,05), HEeBBLICOKHMi1I MOTeHUHaT MapHUKOBoro 3ddekra (GWP =
=1700), T.e€. 2KOJOrHYeCcKUE CBOMCTBA R2?2 3HAYUTENBHO Jyullle,
yeM y R12 u R502. D10 GecuBeTHBINA ra3 co cjiabbiM 3aMaxoM XJ0opo-
dopma, 6onee saaoBUT, yueM R12, Her3ppIBOOMACceH U Heroprwoy. Xa-
PaKTEpPUCTUKH XJanareHTa R22 Ha JMHUMM HACBILIEHUS U ero (pusu-
yecKue CBOMCTBA MpuUBeAcHH B nipuioxeHusix 4, 18. 1o cpasHeHMIO ¢
R12 xmamzareHT R22 XyXe pacTBOpPSIETCS B MacJje, HO JIETKO MPOHUKa-
€T yepe3 HEeIUIOTHOCTU M HelTpasieH K Metamnam. Jdnga R22 xonoaunib-
HO# TIPOMBILNLJIEHHOCTBIO BBIIIYCKAIOTCA XOJOAWJIBHBIC Macjia XOpo-
mero kadectea. [lpu temneparype Buitie 330 °C B IpUCYTCTBUHM Me-
taysioB R22 pasnaraercs, oOpa3ysi Te Xe BellecTBa, yto U R12. Xnan-
arenT R22 cnabo pactBopsieTcsi B BOAE, OObEeMHAs J0Jis Biaru B HEM
He nosxHa npesbinath 0,0025 %. KosdpduuueHT Temiootaayu npu
KWATICHUU U KoHjeHcauur Ha 25...30 % sbiie, yem y R12, ogHako
R22 umeet 6ojiee BHICOKMUE [IABJICHME KOHACHCALMU U TEMIIEpaTypy
HardHetanusa (B XOJOAWJIbHBIX ManimHax). [peaenpHo aomyctnmas
KOHLICHTPALINS R22 B Bo3ayxe 3000 mMr/M> npM AIMTEIbHOCTH BO3-
AEWCTBUSA 1 4. DTOT XJIaJareHT IIMPOKO MPUMEHSIOT UIA ITOJIyYeHHs
HHU3KHUX TEMIIEpaTyp B XOJOAWIBHBIX KOMIIPECCHOHHBIX YCTAHOBKAX,
B CHCTeMax KOHIMUMOHHPOBAHHUS M TEIUIOBbIX Hacocax. B xoomauib-
HBIX YCTaHOBKax, padortaroinux Ha R22, Heob6XoaMMO MCIONb30BaTh
MMHEpaJIbHbIE WM anKWwideH30NbHbIe Macia. Henb3sg cMemuBaTh R22
¢ R12 — obpasyeTcst a3eoTpornHass CMeCh.

I1o 3Heprernyeckoi 3¢ dekruBHocTy R502 11 R22 nocraroyHo 6sm3-
K1. XOJOAWIbHYIO YCTAaHOBKY, MCIOJB3YIOILUYI0 B KayecTBe paboyero
tesia R502, MoxHO amamTupoBarh K npuMmeHeHuio R22. Omnako, Kak
OTMEYaIoCh paHee, R22 uMeer 6oslee BBICOKOE AaBI€HUE HACBILIEHHBIX
MapoB M, KaK CJIeJCTBUE, Oosiee BHICOKYIO TEMIIEpaTypy HarHeTaHHs.

Juana3oHbl MpUMEHEHMs xjdaaareHta R22 B XOJOOWIbHBIX CHCTeE-
Max NpuBeAeHBI Ha puC. 3.

Xanagareut R123. OtHocutcs K rpynne I'X®Y (HCFC). TeMnepa-
Typa KMIIeHHsI TpU aTMocdepHbIX ycioBusix 27,9 °C. [ToreHuMan pas-
pyumieHuss o3oHa ODP = (0,02, moreHuuan INOBATLHOTO MOTEILTEHUS
GWP = 90. MonekyaspHasa Macca 152,9. XapakTepMCTHKH xJ1agareHTa
R123 Ha nuHMM HachliieHWS U ero (pU3MYeCKUe CBOMCTBA NPHUBEACHBI
B NIpUJIOKEHUSIX 5 1 17. XnajgareHT npeaHasHadeH Uit peTpodura (3a-
MEHA XJIAJareHTa Ha 030HOOE30MaCHbI) XONOAWIbHBIX YCTAHOBOK — BO-
nooxianureieit, paboraiomnx Ha R11. Teopernueckasi xonogonpous-
BOIUTEIBHOCTh HMKIA ¢ R123 cocraBaser 0,86 OTHOCHUTENBHO XOJI0A0-
MPpOM3BOAUTEIbHOCTH 1IMKkJa ¢ R11, TeMneparypa u JaBleHue KOHAEH-
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t.,°C l
60
55 ”
Puc. 3. /IvanazoHbl npuMeHeHHS
50 xuamarenta R22:
A — TeMneparypa BCachbIBaHUs
45 25°C; B— neperpes Bcachlpa-
W emoro mapa 20K; C— uepe-
40 B/ A rpes BcachiBaeMoro napa |1 K;
1y, fx — TECMIIepaTyphl COOTBET-
75 CTBEHHO KMUIIEHMST M KOHICH-
- canuu
30
L

25
25-20-15-10-5 0 5 ,,°C

cauuu HHUXe Ha 10...15 % 1o cpaBHenyio ¢ R11. B coveranun ¢ R123
PEKOMEH/IYETCS MCMOJIb30BATh AIKUIIOEH30JbHOE XOJOOUIPHOE MAcIo
WA CMECh MUHEPATBHOTO M alKWJIOEH30JILHOTO.

4. ArbTepHaTHBHEBIE
OAHOKOMIIOHEHTHbIE
XAaAareHTbl

Xnagarent R717. Xumnueckas ¢opmyna NH; (ammuak). OTHOCUT-
cs x rpyninie ['®Y (HFC). U3 «HaTypanbHbIX» XiagareHToB R717 cro-
WT Ha OJHOM W3 MePBBIX MECT B KauecTBe anbTepHaTBhl R22 u R502.
[TpouspoacTBO amMMMaka B Mupe aocturaer 120 MIH T, ¥ JULIb Majas
4acTh ero (10 S %) WCNOJb3yeTCs B XOJIOAMWIbHON TEXHUKE.

AMMHAK He paspyiaetr 030HOBHIH ciod (ODP =0) u He BHOCUT
MpSAMOro BKJIaJa B yBeJIMueHHe HapHHKoBoOro agdexra (GWP = 0).
a3 ¢ pe3kKUM YOYULIMBBIM 3a1laxOM, BPEIHBIH UIs OpraHu3Ma 4esio-
Bexa. lIpefenbHo gomycTUMAas KOHLIEHTpauus B Bozayxe 0,02 Mr/om?3,
4TO COOTBeTCTBYeT 00BeMHOM mose ero 0,0028 %. B coenuHeHuu c
BO3IYXOM TIpH 00beMHOHN Jone 16...26,8 % ¥ HAIUYHUU OTKPHITOTO
IJIaMEHYW aMMHaK B3phIBOOTAceH. TeMreparypa BOCILIAMEHEHMS C
BO3ayxoM 651 °C.

TTapsl aMMuaka Jierde BO3[yXa, OH XOpOLLUO PacTBOPSIETCS B BOJE
(oouH 00beM BOJIBI MOXET pacTBOPUTL 700 00beMOB aMMHKaKa, YTO UC-
KJII0UaeT 3aMep3aHie BJIaru B cucTeMe). MHUHepaIbHbIE Macjia 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 OXJIAAUTENU-YHILIEPDI C TUIACTUHYATHIMU all-
napataMu ¢pupMbl «Alfa-Laval», paspadoranubie ¢upmoii «York Refri-
geration», XapakTepU3yloTCsi MUHUMAAbLHLIM KOJIMYECTBOM 3aripaBlieH-
HOro xjagareHta. Tak, B BbICOKOTEMIepaTypHbix oxyuaauteasx HTLS
3allpaBKa xJlagareHTa cocTasiser 3,7...8,5 Xr MpH X0J0A0IPOH3BO-
JUTENBHOCTH COOTBETCTBEHHO 60...140 kBT M nmotpebissieMoli Mol-
HocTu 14...35 kBT, B cpenneremrnepatypHbix MTLS — 3,1...6 KT npu
XONOAONPOU3BOAUTENLHOCTH 32...63 KBT ¥ noTpebasgeMoil MOMIHOC-
™A 12...24 xBTt, B HU3KkoteMnepatypHbix LTLS — 2,6...4,5 Xr nipu xo-
JIONONPOU3BOAUTENLHOCTH 9...19 KBT M moTpebGsieMoii MOILHOCTH
7...17 kBrT.

B temnoseix Hacocax tuna HPLS 3ampaBka xmamareHTa paBHa
3...6,7 KT IIpY XOJIOMOIIPOM3BOAMTEILHOCTH COOTBeTCTBeHHO 37...87 KBT
U noTpebasieMoit MolnHocTy 12...31 KBrT.

PaccMoTpeHHbIE OXJagUTENM M TEMJIOBBIE HACOCHI UMEIOT He-
o6onbive rabapuTHbie pasMmepul (inHa 1170 MM, mmupuHa 800 MM,
BbicoTa 1550 MM).

Oxnpaercsi IpUMEHEHHEe aMMHMAaKa B MaJIbIX XOJOAWILHBIX Mally-
Hax JIJid KOMMEPYECKHUX YCTAaHOBOK.

Hcnonb3yeMbie B HACTOSIILIEE BPEMsSL Maclia HE pacTBOPSIOTCSI B aM-
MHAKe, TIO3TOMY B CXEMY XOJOAWIbHON MAIIMHBI IPUXOAMUTCS BKIIIO-
YaTh MAcCJOOTIAEIUTEIN, YTO YBEJIHUMBAET € CTOUMOCTb. B Tocnen-
HHME TOIbI BEIYTCSl MHTEHCUBHBIE MCCJIENIOBAaHUSA IO pa3paboTKe pacT-
BOPMMOI0 B aMMMake Macjla U CO3JaHMIO XOJIOIUIBHOIO 000pyI0oBa-
HUSI C <«CyXMM» HClmapureneM. PacTBopuMMOCTh Macjia B aMMHake
HUCKITI0YaeT 0Opa3oBaHME TUIEHKH Macia Ha TeIJIOOOMEHHBIX MOBEPX-
HOCTSIX, YTO IOBbIIaeT Ko3(p@duuueHT Tteruootaayn c¢ 2700 mo
9100 Br/(M? - K).

JOCTUTHYTBIN B MOCJIEAHHME TOABI MPOrpecc B pa3paGoTKe pacTBOpU-
MEIX B aMMuake R717 XONMOOWIBHBIX Macesl MOXET KapAUHAILHO U3Me-
HUTb TEHACHLWHY B Pa3BUTUH XOJOAMJIBHOTO MAaIHMHOCTPOSHHMS.

Xnanarent R744. Xumuyeckasi popmyna CO, (IMOKCHA yIJIepoaa).
OtHocurtcs K rpynne ['PY (HFC). [lemeBoe HETOKCUYHOE HETOployee
u 3Kojoruyecku yuctoe (ODP =0, GWP = |) BemectBo. CTOUMOCTb
muokeuaa yriepona B 100...120 pa3 Huxe, yuem R134a.

JInokcua yraepoga HMECT HM3KYH KPUTHYECKYIO TeMIlepaTy-
py (31 °C), cpaBHUTEJbHO BBICOKYIO TEMIIEpPATYpy TPOUHOH TOYKHU
(=56 °C), oonbluMe gasieHus] B TpoitHOM Touke (Oonee 0,5 MIla) u
kputudeckoe (7,39 MIla). Moxer ClIyKUTb aIbTEPHATHBHBIM XJIaJareH-
toM. ConlepXxuTcsd B atMochepe U OMochepe 3emin, uMeer Cleryro-
1€ MpeuMYyIllecTBa: HA3KAs LIEHa, MPOCTOe 00CIyXKHBaHHE, COBMEC-
TAMOCTh C MMHEPaIbHBIMH MacjlaMu, 3SJIEKTPOMU3OJALMOHHBIMUA H
KOHCTPYKIIMOHHBIMH MaTepuaiaMd. BmecTe ¢ TeM IIpU MCII0JIb30Ba-
HUH JTMOKCHJIA yIViepoaa TpebyeTcs BOOSTHOE OXJIaXIECHHE KOHACHCATO-
pa XOJIOAWJIBHOW MAlIWHBI, YBEIMYHUBAETCA METAL1I0eMKOCTh XOJI0-
JWJILHOU YCTAHOBKH (IO CPaBHEHMIO C META/UIOEMKOCTBIO YCTAHOBOK,
paboTaIIUX HAa TAIOMAOINPOU3BOIHBIX XJIadareHrax). Beicokoe Kpu-
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TUYECKOE AaBJIEHHE UMEET U MOJOXHTELHBIHA acCreKT, CBA3AHHBIA C
HU3KOM CTEIMEHbID CXaTWs, BCJACACTBUE 4ero 3M{HEKTUBHOCTH KOM-
Npeccopa CTAHOBUTCH 3HAYMTEIbHOU. BO3MOXHBI NEepCHEKTUBbI MPU-
MEHEHUS AUOKCHU/A YIJIepoaa B HU3KOTEMIIEPaTyPHBIX IBYXKACKAIHBIX
YCTAaHOBKAX U CUCTEMaX KOHAUIIMOHUPOBAHUS BO3IyXa aBTOMOOWICH U
noe3xoB. Ero npemraraior HCHoab30BaTh TaKXKe B OBITOBBIX XOJOIHIIb-
HMKaX ¥ TEILUTOBBIX Hacocax.

Xnanarent R728. Xumuueckast popmyna N,. OTHOCHTCS K rpynne
oY (HFC). Xuakuii a30T MPUMEHSIIOT B KAY€CTBE KPUOIEHHOIO OX-
JIaKJaKIIEro CpelacTBa B HEKOTOpbIX cTpaHax (AHrmusi, CIHA u ap.).
Ilpn armocpepHOM AaBIECHUH TEMIIEpAaTypa KUIIEHHUsSI a30Ta COCTABIIs-
eT —196 °C, a yaenbHas teruiora napoo6pazosanHua 199 x/x/kr. He-
TOKCUUYHBIN U 3Konorudeckd yucThii (ODP =0, GWP = 0) xnanareHT.
KpHoreHHbIi1 METOA OXJIAXKACHUSI XUIKUM a30TOM IIpeIyCMaTpUBacT
OJHOPA30BOE €r0 MCIO/b30BaHUE. DTOT METOI peajlu3yeTcsi B Oe3Ma-
UIMHHOM TPOTOYHOM CHCTEME, B KOTOPOM pabodee BEIHECTBO HE CO-
BeplllaeT 3aMKHYTOIr0 KpyroBoro mpoiecca.

B cBsizu ¢ oTkpbiTHEM B PoccuM 3HAYMTENBHBIX 3aracoB (0KOJIO
340 mapa M%) NoN3eMHBIX ra30B ¢ BEICOKMM COAEPXAHMEM a30Ta ce-
0ECTOUMOCTb TNPUPOJAHOTO a30Ta CTAHOBUTCS Ha TMOPSIIOK HHXE,
4eM a30Ta, MOJYYEHHOTO METOAOM CXHXKEHMSI M pa3deieHUs BO31y-
Xa, 4YTO MO3BOJUT NPUMEHSTH B IPOMBIIUICHHBIX MacluTabax 6e3ma-
HIMHHBIA crioco0 oxjaxjaeHus B amrmapartax Ajisi ObICTpOro 3aMopa-
XUBAHUS TMILIECBLIX IPOAYKTOB. 115t MOBBIILICHUS CTEIICHU UCITO/b-
30BaHMsl HU3KOTEMIepaTypHOro IMOTEHIIMaNa ra3oo0pasHoro asora
cneunanuctamMu MIVIIb npeanoxenHa cucteMa MOOHMIBHOIO XJja-
JIOCHAOXEHUA.

Xnagarent R290. Xumuueckas ¢opmyna C;Hg (nponaH). OTHO-
curcsa kx rpymne F®Y (HFC). TloreHnuan paspyimieHusi o30Ha
ODP =0, noreHuman rodaabHoro norterjeHuss GWP = 3, Xapakre-
PHU3YETCsI HU3KO CTOMMOCTBIO M HeTOKCHYeH. Ilpu ncnosib3oBaHuu
JAHHOTO XJajJlareHTa He BO3HMKAET MpobJjieM C BbiOOPOM KOHCTPYK-
LIMOHHBIX MATEPUAJIOB AETAICH KOMITpeccopa, KOHIEHCATOpa U UCTa-
putensa. [lponaH Xopolio pacTBOPSIETCSs B MMHEpPAJbHBIX Maciax.
Temnepatypa KuneHus npu atMocepHom aaBaeHun —42,1 °C. Ilpe-
HMMYILECTBOM IIpOIiaHa SIBJISACTCS TAKXKE HU3Kasg TEeMIIEpaTypa Ha BbI-
xojae U3 Komipeccopa. OIHAKO I1polaH KaK XJiaJdareHT MMEET ABa
NMPUHLIMITHATLHBIX HEMOCTAaTKa. BO-mepBbIX, OH MOXAapoomnaceH, BO-
BTOPBIX, pa3Mepbl KOMIIpeCcCopa JOXKHbBI ObITh OOJIbLLIE, YEM TIPU HUC-
M0JIb30BAHUHU B XOJOAMIbHOU MamuHe R22 3agaHHOM XOJ0J0MpPOU3-
BOJUTE/ILHOCTH.

B 1ipoMbIlIIEHHBIX XOJOAUAbHBIX YCTAHOBKAX MPOMNAaH MCIONb3Y-
IOT yX€ B TeYeHUEe MHOTUX JIeT. B nocnenHue roaps Bce valle Mpei-
J1aTaeTcs MPUMEHSTh MPOMAaH B XOJOAWUJIBHBIX TPAHCIOPTHBIX yCTa-
HOBKaX.

B IF'epmanuu B 1994 r. 66110 nipousseaeHo 6onee 1000 6BITOBBIX X0~
JIOMWJIBHUKOB HA TIpoTaHe, M300yraHe wWiM X 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. OcHosHbie pu3ndeckne coolicrsa R600a B cpasnerym ¢ R12 n R134a

T

MapaMetp ; R12 R134a R600a
HopMmaibHas TeMIieparypa KMIICHHUS —-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 BcacwlBaHUsA nipu —15 °C, MIla 0,182 0,164 0,089
PacTBOpHMOCTD B Macie He orpanunuena
PactBopuMoCTh Boabl B KOHTYpe (npH 0,005 0,015 0,0057
15,5°C), mac. %
IMorenuman paspyureHust ozoda (ODP) 1 0 0

M3o06yTaH ropioy [xnmagareHt 3-ro kiacca (It/DIN 8975)], nerko
BOCIUIAMEHSITCS M B3PhIBOOIIACEH, HO TOJIBKO TPH COCAUMHEHUHM C BO3-
OyXOM IIpyU 0O0BeMHOM none xajgareHTa 1,3...8,5 %. HuxHssi rpaHuia
B3peiBooniacHocTH (1,3 %) cootBetctByer 31 T R600a Ha 1 M3 Bo3myxa;
BepxHsis rpaHuua (8,5 %) — 205 r R600a na 1 M3 Bo3nyxa. Temmepary-
pa Bo3ropaHus paBHa 460 °C.

B nacrosiiiiee BpeMsi HTAIBSHCKUE U HEMELIKME PUPMBI TIPUMEHSI -
1or R600a B GBITOBOIT XOJOMWIBHON TeXHHMKE. B yacTHOCTH, (pUpMBI
«Necci compressori» U «Zanussi» MeXAYHapOIHOTO KOHIEpHa
«Electrolux compressors» BBIYCKAIOT KOMIIPECCOPHI, padoTaoiive Ha
n3obyrane. XoJoIWIbHBIe arperatbl ¢ R600a xapakrepu3yloTcss MEHb-
UIUM YPOBHEM IlIyMa M3-3a HU3KOrO JaBjJeHUSI B pabouyeM KOHType
XJIaIaTeHTA.

Mcnonp3oBaHue M300yTaHa B CYLIECTBYIOHIEM XOJOAUJIBHOM 000-
PYIJOBaHMHU CBS3aHO ¢ HeOOXOIMMOCTBK) 3aMEHBbl KOMITPECCOPOB Ha
KOMIIpECCOPBI OOJNbIIEH ITPOM3BOAUTEIBHOCTH, TaK KakK IO yIesb-
HOI 00BbeMHOI Xoyiomonpou3BoauTebHOCTH R600a 3HaYUTENBHO TpO-
WUTpBIBaeT xJiagareHTy R12 (npakTU4eckH B JBa pasa).

Xanaparenr R125. Xumuyeckas gopmyna CHF,CF; (nenradrop-
araH). OtHocutcsa K rpymie I'AY (HFC), He comepxut xiopa. [To-
TeHLMAaI pa3pylieHus o3oHa ODP = 0, noreHuunan rnodbanbHOIo IMo-
terieHuss GWP = 860. TeMmmnepatypa KWUIIEHMS IIpM aTMOCHEpHOM
napiaeunn —48,1 °C (npwioxenusa 7, 18). XiragareHT peKoMeHAyeTcs
MPUMEHSTh B YUCTOM BHJIE JIMOO B KaUYECTBEe KOMIIOHEHTA aJlbTepHA-
TUBHBIX cMeceil 11 3aMedbl R22, R502 u R12. Xnamarent R125 He-
noxapoomnaceH. Ilo 3HepreTM4ecKUM XapakTepUCTHKaM M Ko3(pdpu-
LIMEHTY TEIUI0O0TAAYM OH NMpourpseiBaeT xuanareHtraM R22 u R502. 1o
cpaBHeHUIO ¢ R502 umeer Gosiee KpyTylo KpPUBYHD, XapaKTepHU3YIO-
IIYI0 3aBUCHUMOCTb JIaBJIEHUsI HACBIIIEHHHBIX MTApOB OT TEMIIEPATYpHI,
HHU3KYI0O KpPUTHYECKYIO TeMIepaTypy U HEOOIBIIYIO YACIbHYIO TEILIO-
Ty napooOpa3oBaHUS, YTO MPUBOAUT K HEOOXOAMMOCTU IMOBEILLIECHHS
CTEeNeHU cxXaTusd. B CBsI3M ¢ 3TMM BO3MOXHOCTH NpUMeHeHHs R125 B
XOJIOOWIBHOM O0OpYIZOBAHUHN, UCIIO/Ib3YIOIIEM KOHIEHCATOPHI C BO3-
JOYIIHBIM OXJIAXJE€HHEM, BeCbMa OTpaHUYEHBI.
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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. Bausuue R134a Ha

t,,°C NMapHUKOBLIH 3(p¢deKT B

60 R 1300 pa3 cunbHee, 4YeM Yy

‘/ CO,. Tak, BHIOpOC B aT-

55 ,(§ N Mocdepy OZHOI 3ampaBKH

> R134a u3 OBITOBOTO XOJIO-

50 Q nuabHUKA (okono 140T) co-

% OTBETCTBYET BhIOpocy 170 Kr

45 7 CO,. B Erpone B cpemHeM

“ 43%/ P 448 r CO, obOpa3syercsi 1mpu

9% npousBoacTee 1 KBT -4 3HEp-

%/ MU, T.€. 3TOT BBIOPOC CO-

35 /’ OTBETCTBYET ITPOU3BOIACTBY
350 kBT - y aHEprUN.

30 Jng paboThl ¢ XJ1agareH-

5 toM R134a pekomeHaylorcs

=20 -15 =10 =5 0 5 ,,°C TOJIBKO TMOJU3(UPHBIE XO-

JIOoWIBHbIE Macja, KOTO-

pbIE XapakTEPHU3YIOTCA TIO-

11;1;34 4;,. JHanasoHel MPUMEHEHHA XJ1A)areHTa BBIIIEHHON TMIPOCKONMY-

: HOCTBIO.
A — temneparypa BcackiBanua 25 °C; B — nepe- R134a mupoko KCIOob-

rpeB BcacsiBaeMoro napa 20 K; C — neperpes _
BcaceiBaeMoro mapa L1 K; £, f — Temneparypsl 3yIOoT BO BCCMUMI/Ipe B Ka4e
COOTBETCTBEHHO KHMIICHUS M KOHICHCALIMH CTBE OCHOBHOM 3aMeHBbl R12

I XOJIOAWIBLHOTO 060py-
JOBaHUS, pabOTAOLIETO B CpelHETeMMEpaTypHOM auamaszoHe. Ero
IIPUMEHSIIOT B aBTOMOOWIBHBIX KOHAMLIMOHEPAX, OBITOBBIX XOJIOAUJIb-
HUKAaX, TOPI'OBOM XOJOAMJIBHOM CpEIHETEeMIIEpaTypHOM 00OpydoOBa-
HUU, TIPOMBILIICHHBIX YCTAHOBKAX, CHCTEMax KOHAWIIMOHUPOBAHUS
BO31yXa B 3MaHUSX W IPOMBIIIIEHHBIX TOMELLIEHUSIX, 4 TAKXE HA XO-
JIOAWIBHOM TpaHCIopTe. XJagareHT MOXHO WCIIOJIb30BATh U JUISt PET-
podura obopymnoBaHusi, paboraioiero npyu 6onee HU3IKUX TeMIiepa-
Typax. O@HaKo B 3TOM Clly4ae, €CJIM HE 3aMEHUTb KOMIIPECCOP, TO
XOJIOAWIbHAS CUCTeMa OyAET MMETb MOHUXCHHYIO XOJOAOMPOU3BO-
TUTEIBHOCTB.,

R134a coBMECTUM C PSAJOM YIUIOTHSIOUIMX MarepUajaoB, B 4acT-
HOCTU C MNpoOKJaAKaMM, CIHEeJIaHHBIMKM Y3 TaKUX MaTepUaloB, KakK
«byna-H», «Xaitnanon 48», «HeonpeH», «Hopaen», a Takxke co LuiaH-
ramu, GyTypoBaHHBIMH HeilloHOM. Kak mokasan aHanu3, NpoBeIcH-
HBIM dupMoit «Du Pont», M13MEHEHHE MAcChl W JIUHelHOe HaOyxaHue
TAKMX MATEPHATIOB, IPUMEHSAEMBIX B OTEYECTBEHHOM XOJOIWJIBHOM
000pyAO0BaHWH, KaK (DEHOIUIACTOBBIC M TMOJUAMMIHBIE KOJOAKH, TEK-
CTOJIUT, NIAPOHUT U MOJIM3TUICHTEpeTAIATOBbIE IUICHKU, NIPH CTape-
Huu B cMecu SUVA R134a ¢ nmoanapupHbM MacioM «Castrol SW100»
npu 100°C B TeueHune 2 Heaeap ObLIM HE3HAYUTEIBHBIMU.

AHaNM3 3apy0exHbIX MyOIMKAUMA M pe3ynbTaThl MCCIAeAOBaAHUM
OTEYECTBEHHBIX CIEIMAIMCTOB CBUIACTEIBCTBYIOT O TOM, YTO 3aMeHa
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R12 na R134a, umeromuyii BBICOKMH MOTeHUUA rno0aIbHOIO TMOTene-
HUss GWP, B X0MOAWNbHBIX KOMIIPECCOPAX COINpPSIKEHA C PelleHUEM
psla TEXHUYECKMX 3a[1a4, OCHOBHbBIE M3 KOTOPBHIX:

yJIyullleHHe OOBbEMHBIX M JHEPreTUYECKHMX XapaKTEpUCTHUK Tepme-
TUYHBIX KOMIIPECCOPOB;

VBEJIMYEHUE XUMMUYECKOM CTOMKOCTH 3Malb-IIPOBOJOB 3JIEKTPO-
IBUTATEJISI TEPMETUYHOTO KOMIIPECCOPA;

MOBBIILIEHUE BIArONOrJIOMIAIONIENH CIIOCOOHOCTH (DUITHTPOB-OCYLLIM-
TeJiel 1U3-3a BBICOKOW IMIPOCKOMAYHOCTU cucTeMbl R134a — cUHTETH-
4eCcKoe Maclo.

Bce 3To JOXKHO MPUBECTH K 3HAYUTEJIbHOMY YBEJIUYEHHUIO CTOMMO-
CTU XOJIOOWJIBHOTO 00OpynoBaHMsi. BMecTe ¢ TeM B BONOOXJIAAMTEh-
HBIX YCTAHOBKAaX C BHHTOBBIMM U LICHTPOOEKHBIMH KOMIIpECCOpaMH
npumeHeHue R134a uMeeT onpeaeaeHHbIE MEPCIIEKTHBEI.

Xnanarent R143a. Xumnueckasa ¢opmyna CF;—CH; (tpudrop-
ataH). OtHocutcs K rpynne 'Y (HFC).

R143a uMmeer noreHuuan paspyweHusi o3oHa ODP =0 u cpaBHU-
TEJIbHO BBICOKHH ITOTeHLMan riobanbHOro morervieHuss GWP = 1000,
HETOKCHUUYEH M IOXApOOITaceH, He B3aUMOJIEHCTBYET C KOHCTPYKLIM-
OHHBIMH M TNPOKJIAAOUYHBIMM MaTepuajiaMu. Hamuuue Tpex aTroMoB
BoAoponaa B Moiekyjae R143a cnocobCeTByeT Xopoiuiei pacTBOPUMOC-
TH B MHUHEPAJIBHBIX Macjax. YIejbHasi TeruioTa MapooOpa3oBaHust
19,88 xJIx/MoJIb TIPU HOPMAJILHOM TeMIiepaType KWUIIEHHSI, YTO He-
CKONBKO Bbiie, yeM wisi R125 (18,82 k/Ix/monb). TeMmmeparypa Ha-
rHetaHust Huxe, yeM y R12, R22 u R502. Kak noka3san skceprernuec-
KWl aHanmM3, aHepreTuueckasi 3¢h@peKTUBHOCTb JBYXCTYIIEHYATOTO LIMK-
jJa ¢ R143a 6amska K s¢pdektuBHOCTH 1UKIAa ¢ R502, Huxe, yeM y
R22, u Boille, yem y R125. XnagareHT R143a BXOIUT B cOCTaB MHOIO-
KOMIIOHEHTHBIX aJIbTEPHAaTUBHBIX CMECEH, MpeliaraeMbix UIsT 3aMeHbI
R12, R22 u R502.

Xnanarent R32. Xumuueckas ¢popmyna CF,H, (unbropmeran). Or-
HocuTtcs K rpyrne DY (HFC). Xapakrepuctuku R32 npuBeneHb B
npwioxeHud 9. R32 uMeeT nmoTeHLMan paspyiieHus o3oHa ODP =0
YU HU3KMH 1o cpaBHeHMIO ¢ R125 u R143a noreHnuam nmapHUKOBOTO
apdpexkra GWP = 220. HetokcnueH, noxapoomnaceH. MMeeT 6obliyio
yIeJbHYIO TeTLioTy napootpasoBaHus 20,37 k/>X/Mob IIpy HOpMab-
HOI TeMIiepaType KMIIEHHMSI U KPYTYIO 3aBUCUMOCTb IaBJIECHHSI HAChI-
IIIEHHBIX NapoOB OT TEMIEPATyphbl, BCaeACTBUE Yero st R32 xapakrep-
Ha BBICOKAsI TEMIIEpaTypa HarHETaHHUsI, caMasl BLICOKAsl U3 BCexX ajlbTep-
HATUBHBIX XJ1AJAareHTOB, 32 UCKJIIOYEHUEM aMMHakKa. R32 pacTBopuM B
MOJIMA3(PUPHBIX MacJiax.

st R32 nipu UCIOJAB30BaHUM €r0 B XOJOIMJIbHBIX YCTAHOBKAaX Xa-
paKTEpHHI BBICOKME XOJOMOIPOMU3BOAMTEILHOCTh M IHEPreTHdecKas
3(hbdeKTUBHOCTh, HO OH HECKOJbKO ycTynaeT R22 u R717. Breicokas
crerneHb cxXaTus R32 BbI3bIBaeT HCOOXOAUMOCTb B 3HAYMTEIBHOM H3-
ME€HEHUM KOHCTPYKUMH XOJOAWJIBbHOM YCTAHOBKH IIPHU pPeTpodUTE H,
CJIEIOBATEJIbHO, TIPUBOAUT K YBEJIMUCHUIO €€ METALIOEMKOCTH U CTO-
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umoctu. [losromy R32 pekoMeHayeTcs MCHONbB30BaTH B OCHOBHOM B
KayeCcTBe KOMIIOHEHTA ajJlbTepHATUBHBIX pabouyux cMeceid. Berneacreue
MaJibIX pasMepoB MOJIEKYJIbI R32 no cpaBHEHMIO C MOJIEKYJIAaMU XJIad-
areHTOB 3TAaHOBOrO pSAa BO3MOXHA CeJEKTHBHas yreuka R32 uyepes
HETUIOTHOCTH B XOJIOAWIBHOM CHCTEME, YTO MOXET M3MEHMTh COCTaB
MHOTOKOMIIOHEHTHOM pabodyeil cMecCH.

5. AApTepHAaTHMBHBIE
MHOTOKOMIIOHEHTHbIE XAAaAareHThl
Ha OCHOBE YIrA€BOAOPOAOB

Xuaparentr C1. B pesynbTaTe KOMILUIEKCHBIX HMCC/ICIOBAaHUI B
HHUH temnoBeix npoueccoB uM. B. M. Kennniira (Poccust) paszpabo-
TaH Psii. MHOTOKOMIIOHEHTHBIX 030HO0E30IMMAaCHBIX XJIaJareHTOB B3a-
MeH R134a B xauectBe ambrepHaTuBbl R12. HaubGosee mepcriekTus-
Hblid U3 Hux xnaparent Cl (azeorpomHas cmeck R152/R600a), mpen-
CTaBJAIIINHA coD0ii cMech yriaeBoIOpoIaOB U (TopyTiepodoB. Pe3yib-
TaThl MCCIEIOBAHMI CBUAETENBCTBYIOT O BbICOKUX TEILIO(PU3UYECKUX H
3KCIUTyaTaLIMOHHBIX CBOMCTBAX XJ1aJareHTOB MU HU3KOM 3HEPromnorpeo-
JIEHUM XOJIOAUIbHUKOB, II€ MCIOIb3YIOT 3TH XJIaJATCHTHI.

3aBUCUMOCTDb XOJIOAOMPOU3BOIUTEIBHOCTH M XOJOIUIIBHOIO KO3(-
¢duuUveHTa oT TeMreparypbl KuneHus mwist Cl, a takke mia R12 u
R134a npuBeneHa Ha puc. 5. DKCIIEPUMEHTH MTOKA3aAu, YTO XOAONO-
MPOU3BOIUTEILHOCTh U XOJOAWIBHBIN KO3GhDUIIMEHT KOMIIPECCOPOB

Q,, onm

150

100

50 )
--30 -25 -20 t°C 30 25 ~20 1°C

a 6

Puc. 5. 3asucuMocTtsb XonoaonpoussoauTeasnocty Qy (@) H x0n0auIsHOro Koadpduunen-
Ta € (6) OT TeMnepaTypu Kunenns npH paborte komnpeccopa V1040G Ha xianareHTax
R12, R134a u C1 npu temneparype kounencaumm 55 °C u pcacwsanna 32°C
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XKB-6 u V1040G, 3anpasieHHbix cMecbio Cl B IMana3oHe TeMIiepa-
TYp KUIEHHUS, XapaKTepHBIX VISl ObITOBBIX XOJIOOWJILHHKOB U MOpPO-
3WIBHUKOB, COOTBETCTBYIOT aHAJIOTMYHBIM NapaMeTpam s R12 U TeM
bonee mist R134a.

CpaBHUTEJIbHBIE MCIIBITAHUS XOJOOUIBHUKOB «bupioca-22» u Mo-
pO3WILHUKOB «buploca-14», paboTalolMX Ha pasHBIX XJ1aJareHTax,
MOKa3aiu, uyTo nepexol Ha cMech Cl mpuBes K MaJeHUIo MoTpedise-
MOM MOILHOCTH Ha 2,5...8.7 %.

B Tab6i. 4 npencraBieHbl CPaBHUTENbHBIE YHEPreTUUYECKHE U 3KC-
TUTyaTallMOHHBIE XapaKTePUMCTHUKHU MOPO3WIbHUKA «buproca-14» u xo-
nonwibHUKa «buploca-22», paborarommx Ha xiagareHrax Cl u R12,
MOJIyYeHHBIE TIpU TeMIIepaType HapyXHoro Bo3sayxa 25 °C.

4. DHepreTMueCKnE H IKCIUIYATAIMOHHDIE XAPAKTEPACTHEH MOPO3WILHAKA «Bupioca-14»
H X0JOIWILHHKA «Bupioca-22» npu uenpiranyu Ha cMecu C1 u R12

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

Pacxon snekTposHepruu, 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

JHeprornoTpedjeHre 3apyObeXHbIX XOJOAUJIBHUKOB TMPU MCMbITa-
Huu ux Ha cMecu Cl nokaszaHo Ha puc. 6. Ilocie 3amennr R12 cMecwio
C1 sHepronorpebneHue O6bITOBOrO XxonoauiabHuka AP807 cHmxanoch
Ha 16,9 %, a xononwibHuka AP716 —Ha 5,16 %.

[Monyyennbie B nabopatopuu CIIA skcnepuMeHTaJIbHbIC HaH-
Hble TIPU UCIIBITAHUU 3apyOexKHOro xojsoauibHuKa Ha cMmecu Cl mo-
Ka3aJii, 4YTO IIPU ONTUMAJILHOW 103€ 3allpaBKU €ro 3HEpPrornoTped-
neHue Ha 10 % MeHbuie, yeM Mnpu paboTe 3TOro0 XOJIOAMJIBHMKA HA
R12 (puc. 6, 6).

HNccnenposanus, nposegeHHble B HHMUM TeruioBeix mnpoleccon
uM. B. M. Kengpiia, Mo3Boydan CIeNaTh CIEAYIOUME BHIBOIBI:

OBITOBBIE XOJIOAUIbHUKM, 3ampaBieHHbIe xyagareHToM Cl1, pabora-
I0T YCTOMYUBO, X SHEPIETHYECKUE XaPAKTEPUCTUKHA HE XyXKe, UeM MpH
pabote Ha R12, n1axxe HECKOJIBKO NPEBOCXOIAT HX;

coBMecTUMOCTE C1 ¢ MUHEpaIbHBIM MacioM X® 12-16 u KoHCT-
PYKLIMOHHBIMM MaTepuaiiaMd IO3BOJISIET MAaKCUMAJIbHO VIIPOCTHTH
npoiecc nepexojga ¢ R12 Ha MHOTOKOMIIOHEHTHBIE XJIAJIaT€HThI;

KOMITOHEeHTHI, Bxoasiiuye B Cl, HETOKCUYHBI, MX MOTEHLIMAN DJIO-
SaibHOro noreruileHUs1 GWP HHM30K; OHU OCBOEHBI IPOMBIILIEHHOC-
ThIO PA3BUTHIX CTPaH;
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Puc. 6. Duepronorpedienne GBITOBBIX XOI0AHILHHKOB:

a, 0 — npy pabote 3apyGexHBIX Moe/el ObITOBBIX XOJOAWTBHUKOB Ha Xxnaaarentax Cl
u R12 (a — AP 807; 6 — AP 716); ¢ — 3aBUCHMOCTb OTHOLLEHHA pacxoJa 3IeKTPOIHEp-
MU N¢j NpH Henosb3oBanuM xiagareHTa Cl K pacxony a/meKTpoaHepri Nij; B 9TOM
e XOJIONMWIBHUKE TIpH 3anpaBKe ero xjagareHToM R12 mo no3bl 3anpasku Cl

xnagareHT Cl ropwod, HO, KaK CYUTAKT pa3pabOTIMKHU, HEOOXOIH-
Masi 103a [JIs1 3anpaBKU OBITOBBIX XOJOJMJIBHUKOB U MOPO3WJIbHUKOB
cToab Mana (28...56 1), 4yTo maxe mpu noyiHOM yreuke C1 u3 arperara
ero KOHLEHTpaUus (HalpuMep, B KyxHe o6beMoM 20 M3) GymeT Huxe
Nopora roployecTy B IeCITKU pa3.

OnHako Moxapo- M B3pbIBOOMACHOCTL x1agareHTa Cl menaoT Ipo-
O1eMaTHYHBIM TIPUMEHEHHE €ro sl JEMCTBYIOLIETO MapKa XOJI0I1)b-
HOro 060pyAOBaHUs.

CrnegyeT yYUTHIBATh TAKXe TO, YTO B paboyeM MHTEPBAJIC TeMII¢pa-
Typ aseorporHble cmecu Cl M3MEHSIIOT CBOK KOHIIEHTPAaLMWIO Ha
3...6 %, uTo 3aTpyIHAET TMPOLICAYPY 3aIlpaBKH, AO3arPaBKU M Iepe3a-
TIpaBKH XJ1aJareéHTOM XOJIONMJIBHOTO 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,

35



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.
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6. AAbTEepHATHUBHbIE

MHOTOKOMIIOHEHTHbIE XAAAQTreHThI
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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Puc. 7. 3aBHCHMOCTD AaBJIEHHS HACBHIIIEHHS OT

TemMnepaTtypbt 118 R401A

X0J1040MPOU3BOIUTEb-
HOCTb XOJIOOMJIBHOM CHC-
TeMbl, paboTtaiounieii Ha
R401A, conocTtaBrMa ¢ X0-
JIONOTIPOU3BOAUTEIBHOC-
ThIO cucTeM Ha R12 ripu
TeMIIepaTypax KMIEHHUS Bbi-
me —25°C. 3aBUCUMOCTb
JOABJIEHUS HACBILIEHUS OT
TeMieparyphl NpeacTaR/IeHa
Ha puc.7. B Tabu. 8§ npu-
BeleHbl PE3YJbTaTbhi CpaB-
HEHUSA TEOPETMUYECKHUX XO-
JIOOWIBHBIX LHUKJIOB T[IpH
pabote Ha R12 u R401A.

[Ipu sKcrulyarauumM xo-
JIOAUIBHONX CUCTEMBI JIIO-
Oas1 yTeuka xjiagareHra Jo-
XHa ObITb OBICTPO yCTpa-
HEHa&, YTOObl MOAAEPXATb
pabouue xapakKTepUCTUKH
XOJIOODWIBHOTO arperara. Te-
OpETHYECKHUE HCCJIEA0Ba-
HUS MO3BOJIW/IA CMOJAEIU-

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 aanupiv pupmpbl «Du Pont»)

XnamareHT
ITapamerp |
RIZ | R40IA 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.

38



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 yreu- TeMngﬁ:ﬁﬂI”HbM Hapnenue |Temneparypa| Xonomwib- | X0OAooonpo-
HAarHETaHus, | HarHETaHUs, | HBEIH KO3D- | H3BOAMUTEIb-

KH xj1azareq-
Ta ‘ kIa C QuULHeHT HoCTb, BT
KHMIEHUSL | KOHAEHCAUHH \ l !
I i

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. D10 3eoTpomHasi cMech CpeOHErO OABJIEHHS 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
000OpyIOBaHUS XOJNOMWIBHBIX TPAHCIIOPTHBIX CHUCTEM (HAIIpUMEp, OX-
JIaXXJAaeMbIX KOHTeHepoRB), padoraioniero Ha R12 (Tremneparypa Kumne-
Hus —20...—30 °C), a Taxke cpeaIHeTeMIIepaTypHOTO TOProBOro o6opy-
JIOBaHMS U OBITOBLIX XOJOAUJIBHUKOB.

IIpu perpodure AeACTBYIOIIETO XONOAMIBHOIO OOOPYIOBaHUS Cle-
OYeT 3aMEHUTh (PUIBTP-OCYIIMTENb, & XOJOMIWIBHYI CUCTEMY OXJIaX-
JNEHHST 3alpaBUTh AIKWIOEH30JbHBIM MaciioM. XOJIOIONPOU3BOIHN-
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
IdeHCTBYIOIIEM 000pYIOBaHMH.
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B Tabn.8 npuBeaeHbI

p.«lTafaGe.) CpaBHHUTEJIbHBIE TEOPETU-
2800 J YeCKHE XapaKTePUCTHKHU
2600 / XOJIOOWIBbHBIX CUCTEM, DPa-
2400 ," 6OTAIOIIMX Ha XJIaJareHTax
2200 "l R401B u R12. Kak BuaHoO
2000 l.'\ U3 Tabi. 8, X0JIOdONpOM3-
1800 BOIHUTEIHHOCTh XOJIOIWIb-
V/i HBIX CHCTEM, paboTaroIIMX
1600 //" Ha R401B, Bbilue, yeM Ha
1400 f Ri2.
12001 Hoconuennan —74L Xnanarenr R401C. Oto
1000}— udxocme ,'l 3€0TPOITHas1 CMECb Cpel-
800 ™~ l/' HETO JaBIeHUs C TeMre-
500 71 PATYPHBIM I7ailIoM Afy=
/1\ =4,5...5 K. Pusnueckue
400 " Haconuentord CBOMCTBA 3TOI CMECH IMpH-
200 i nap BeleHb! B Taou. 10. 3aBu-
_067:_"“’0' w7 2|0 J 6)):," 7 CUMOCTb [IaBJICHUS] HAChI-

LIEHUSI OT TeMIeparyphl
IpeacTaBleHa Ha puc. 9.
Puc. 8. 3asHCHMOCTb JaBieHHA BacbImeHHs OT
Temneparypsi ans R401B XJlalaTeHT mpeaHa3HayeH
ons perpoduTa IEHCTBY-
IOWUX XOJOIUNbHBIX aB-

pxllalabe) /; Tope)prKepaTopoB, padbo-

2200 ," Taroux Ha R12. TepMo-

2000 _ il AMHAMHYECKUE U buzu-

1800 A YeCcKME CBOMCTBAa XJIaj-

[ areHTa I[O3BOJISIIOT OCY-

1600 /f" LIECTBIATh 3DPEKTUBHYIO

1400 I! 1 6e30macHy1o 3aMeHy R12.

1200 /i Ilpu perpodure ycraHo-

1000\ Hacouuennas __f! BOK, paboraromux Ha R12,

HuBxkocme /i rnepen rnepexoaoM K xjaj-

800 IR areHTy R401C 3ameHstoT

600 7 Hac%‘gg”“""’ GWILTP-OCYILUTEL U MU-

400 A HepaJlbHOE€ MacJio Ha all-
200 WA KWIOEH30JIbHOE.

ol=T1 CpaBHEHHE TEOPETU-

—40-20 0 20 40 60 80t°C YECKOro LHKIa I XOJO-

JUJIBHBIX CUCTEM, paboTa-

Puc. 9. 3aBHCHMOCTD 1aBAeHHS OT TeMNepaTy- roux Ha R401C u RI12,
pui ans R401C JaHo B Tabn. 11.
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10. OcHosanie hu3mueckue cpoiicTea xaazarenroB R401A, R401B u R401C B cpasnenin

¢ R134a
[lapameTp R401A R401B R401C Ri34a

MousekynspHasi Macca, T/MOJb 94,4 92,8 101 102,0
TemnepaTypa KUIEHUs NPH aT- -33,1 —34,7 -284 -26,1
MOCGhepHOM faBjieHuu, °C
Kputuyeckas teMneparypa, “C 108 106 113 101,1
Kpurtuueckoe napieHue, 4604 4682 4366 4060
kHa (abc.)
Kpurrueckas 1I10THOCTh, Kr/M3 510,6 512.7 512,3 515,3
IMnotHocTs mipu 25 °C, kr/M>:

KHIKOCTH 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
npH 25 °C u atMochepHOM aaB-
neHuu, KJAx/(xr- K)
JlaBneHHe 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
BaHHS IIPU HOPMAJILHOM TeMre-
parype KuneHus, kKJx/kr
KoadpuuueHT TerwtonpoBogHoc-  8,4—9.0x  8,85-9.,0 x 8,68 x 8,2- 102
TH XKUAKOCTH Tpu 25 °C, x 102 x 10-2 x 102
Br/(M - K)
KoapdhuliueHT TerionpoBOiHOC- 0,0119 0,0119 0,0121 0,0145
TH napoB 1ipu 25 °C u armocdep-
HOM JaBieHuH, Bt/(M - K)
JuHaMudeckast BI3KOCTb KUIKOC- 0,194 0,191 0,212 0,202
T4 nipu 25°C, MIla- ¢
PacTtBOprMOCTb BOIB B X1a0areH- 0,10 0,10 0,10 0,11
Te nipH 25 °C, mac. %
ITpeden BOCILIaMEHSIEMOCTH B Her Her Her Her
BO3yXe TIpH aTMocdepHOM AaB-
JNeHyu, 06. %
IMoTeHuMan pa3pyLieHUd 030Ha 0,03 0,04 0,03 0,0
ODP (m1s1 R12 ODP = 1)
IMToteHuMan rnobaibHOro IMOTEIN- 0,22 0,24 0,17 0,28
geHus HGWP
[IpeaenbHO JonycTUMAas KOHUEH- 800 840 720 1000

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

Xj1agareHt
MMapameTp
R12 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 BcaceIBAHMM U MepeoxmaxaeHue 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
Ul CEPBUCHOTO OOCIYXUBAHUS XOJOIWIBHONA TEXHHKH — COIJIACHO
MEXIYHAPOTHOM KJIaCCU(MDUKALIMM, TEXHOJIOTUS ITIepexoaa Ha 3TOT XJ1ajl-
areHT KIacCH(pULIMPYETCs Kak «drop in», T. €. MpocTas 3aMeHa.

TexHosorns nepeBoJa ACWCTBYIOUIEH XOJONMIBHONH TEXHUKHU 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 TOJIbKO B OBITOBOM TEXHUKE, HO U B IPYTOM XONOIWIbHOM
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-
BaJId IO CpaBHUTENbHON mikaie. [Ipu 3ToM Hawrydilasi oLleHKa 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 ¢upmbl «Du Pont», xsagareHtet SUVA® MP He okaxyr cy-
[LIECTBEHHOTO BJIMSAHUS Ha MaTepual U30JSALUM DJCKTpOABUTaTeNei
COBPEMEHHBIX KOMIIPECCOpOB, paboTaromux Ha R12.

Pesynbrathl McnibiTaHui (0 JaHHBIM ¢upMbl «Du Pont») Ha cos-
MECTUMOCTDb XJIAZATE€HTOB C IOJIMMEPHBIMU MaTepHaIaMM-3J1acToOMepa-
MU, [IPUMEHSIEMbIMU B HOBOM U ACHUCTBYIOLUEM XOJOAUIBHOM 00Opy-
JOBaHWM, TIpeACTaBIeHbl B Ta01. 14 (MCNbITAHMS IIPOBOJWIM B TeUEHUE
YeThIpEX Helelb, IOMELIAs XJIAZareHT ¢ 3J1aCTOMEPOM B 3amnasiHHYIO
TpyOKy mipu Temieparype +80 °C). Ha ¢pakTudecKylo COBMECTUMOCTD
XJIAAAr€HTa ¢ MOJIMMEPHBIM MATEPUAIOM MOTYT MOBJIUATh pabouue yc-
JIOBUS KOHKPETHOIO peXMMa, IO03TOMY IIpUMEHsSIeMbili Matepuanl B
KaXJIOM KOHKPETHOM cjiyyae HeoOXoauMo IpoBepsith. [1o coBMecTn-
MOCTH ¢ 3JacTomMepamu xinanareHThl R401A, R401B u R401C aHano-
TAYHBI CMECU, PACCMOTPEHHOM B KadecTBe mpuMepa B Tadn. 14, Tak
KaK B 3Ty CMEChb BXOAAT Te X€ COCTaBHbIE KOMIIOHEHTHI.

14. CosmecramocTts xnanarenros R401A, R401B u R401C ¢ HekoTOPHIMH NIACTOMEPAMH

| XinamareHT + Macio AJIKUIIOEH30ABHOE MaCi0
0% T 50 Xnazarext ZEROL S00T
Dnactomep JIuHetHOE JIuHeltHOE JInHeiHOE
Ouexka | HaOyxaHHE, OueHka | Habyxadue, | Ouenka | HabyxaHwue,
% % %
HartypanbHblit 2 +48 0(2) +5 2 +56
Kay4yK
Byrun kayuyxk 2 +20 0¢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
CuUnmxkoH 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.

TMpumeuaunus: 1. Cocras xnagaredra, %: R22/R152a/R124(36/24/40). 2. Ouenku: O — cos-
MECTHMBIi1; 1 — COBMECTHMBIN Ha [PaHM IONYCTUMOro; 2 — HecoBMecTHMBIH. OlleHKa B cKOGKax
npuBeneHa ans R12 B uessix cpaBHeHHS.

6.2. XAapareHTsl BBICOKOTO AA@BACHMS

Xianarentel SUVA® HP80 (R402A) u SUVA® HP81 (R402B) 6bL1H
CIIEIIHAIBHO pa3paboTraHbl s JEACTBYIOHINX YCTAHOBOK, CIIPOEKTH-
POBAHHbLIX B pacueTe Ha nmpuMeHeHue R502, ¢ TeM 4ToOBl MX MOXHO
ObL1O MPOIOJLKaTh IKCIUTYaTHpOBaTh M MOCJHE BHIBOIA M3 OOpalleHHus
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R502. Tepmoaunamuueckue cpoiictBa cmeceii R402A u R402B cxon-
Hbl co cBoicTBaMH R502. BriGop TOM MM MHOH CEpBHCHOH cMmecH
IUKTYETCSI KOHKPETHOM 00JIACTbIO MPUMEHEHHS U XapaKTepHBIMU yC-
JIOBUSIMH 3KCILTyaTalluM.

CocTaB cepBHCHBIX CMeCcel NpuBeIeH B Tada. 15.

15. CocTaB MHOIOKOMIIOHEHTHBIX X1anareAToB R402A u R402B

Maccobast goss xomniotenTa, %
XnagareHt :
R22 | RI2S L R290
R402A 38 60 2
R402B 60 38 2

O06s1aCTh MPUMEHEHUS XJIAIAreHTOB I pETpOo(PUTA U 3alpaBKH HO-
BOro o0OpynoBaHusA npeacTasieHa B Tada. 16.

16. O6aacms npumenenus xaanarenros R402A u R402B

Bua xomonwieHOH ycTaHOBKH Petpodwmr j 3aMeHsieMBIi )IanareHT

XOnonWwIpHEIE YCTAHOBKY JUIA Xpa- R402A, R402B R502
HEHHUS 3aMOPOXEHHBIX MPOMYKTOB

npM Temiepatype Huxe —18 °C

Hu3koreMnepaTypHBIA XOJ0dM/1b- R402A R502
Hblii TpaHCHOPT

Xnagarentr R402A. D710 OGIM3KO3€OTpOITHASI CMECh ¢ TeMIepaTyp-
HbIM raiinoM MeHee 1,6 K. OcHOBHble (DM3MYECKME CBOWCTBA MpHBE-
JIeHbl B Tabn. 17. XnamareHT pa3pabotaH st peTpoduTa 060pydoBa-
Hus, 3anpasaeHHoro R502 u paboraolero npu HU3KON TeMneparype
kuneHus (—40 °C), rae HEOOXOAMMO TOCTUYb TEMIEpaTyphl HarHeTa-
HHs, cBoiicTBeHHOM RS502. B 3aBUCHMOCTHM OT YCJOBUM 3KCIIJlyaTa-
1IIMA XOJOAONPOU3BOAUTENBHOCTE 000pyaAOBaHMsI, padoTaloilero Ha
3TOM XJlaJareHTe, KaK NpaBuio, BhILIE, YeM y obopynoBaHHs Ha R502,
npuMepHo Ha 11 %. BHepronoTpebieHre TAKXKE HECKOIBKO GOTbLIE.
XnamareHT R402A o cpaBHeHHIO ¢ RS02 py oIHUX U TeX Xe€ yCJIO0BHU-
AX MMeeT NMOBbIIIEHHOE AaBneHue Ha 13...15 %.

R402A coBMecTUM ¢ MUHEPAIbHBIMHA MacjaMH, CO CMECSIMU MUIHE-
PAIBHOTO U aNKWIOEH30JbHOIO Macesl, a TAKXe ¢ aTKWIOEH30JIbHBIMU
u nonuddupHbiMu MacnaMu. PexkomeHayeTcs nmpumeHenude R402A
B COYETAHMM ¢ aNKWIOEH30JIbHBIM MaciaoM. Bo BpeMsi perpogura
(pUIbTp HEOOXOAUMO 3aMEHSTbD.

HeaseoTponHOCTE cMeCH MOXET IIPUBECTH K M3MEHEHUIO €€ COCTa-
Ba U COOTBETCTBEHHO K YXYIIIEHWUIO XapaKTEPUCTUKH XOJOTWIBLHOU
CHCTEMBI B MPOLECCE IMTEIBHOMU pabOTHI.

Xnangarent R402B. D1o 061M3Ko3eoTponmHas cMeCh ¢ TeMIlepaTyp-
HbIM Diaiaom MeHee 1 K. OcHoBHBIE (PU3MYECKHE CBOMCTBA XJ1anareH-
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 3KCIUTyaTallMOHHBIE 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 paswl =%:¢a3b1 (HHBepC;Vlﬂ)
Mac/1oM _60°C +73°C +80°C
C aIKMGEH30AbHbIM 2 a3nbl 1 pasa .
Mac0M ¢ bie b
-60°C -27°C +80°C
R-402B
C MHHED@IBHBIM ¢ 2 haspl 2 (a3pl (MHBEPCHs)
o Ll ] v
MaciaoM —60°C +68°C +80°C
C anKnIBeH30AbHEIM 2 sl e 1 dhaza .
MACIOM— _g0°C +16°C +80°C
C nomsdupHbM 1 pasa N
MacioM —60°C +80°C
R-402A ]
C MHHEPATLHBIM — 2 (pasbl ¢i<2 da3ni (MHBepCldﬂl
Mac/oM ~50°C +65°C +72°C
C aIKUNGEH30MbHBIM ¢ 2 baset =i2< (hasst (uHBepcus)
MaciIoM —50°C +66°C +72°C
C NOM3HUPHBIM -— t dasa .
MacjaoM ~50°C +72°C
R-404A
C MHHEPATLHBIM o 2 (paswl . 2a3bl (uHBEPCHA)
- 'l‘ L
MacjioM —60°C +52°C +80°C
C anKHIGEH30ABHBIM, 2 a3pl . 2 ®a3bl (MHBepcHsa)
MacjioM _600C +5'7QC +80aC
CnomuspupHeiM o | pasa >
MacjaoM —60°C +80°C

Kpome Toro, yMeHbIIIEHUE MACCHl 3aIIPaBKW BaXKHO YYUTHIBATH B Ma-
JIBIX YCTAHOBKaX, YTOOBI HE TOMYCTUTh [I€pe3anpaBKu Bo U3bexaHue 1pe-
BBbILIEHUs1 JABJICHUSI U NOTPeOIsieMoii MOLIHOCTH. B MaJibIx ycraHoBKax
CHIDKEHHUE 3arpaBKu MOXeT JocTurath 25 %, a B GosbIimx — 15 %.

20. OcHosHble pusuaeckme cBolicrsa R408A B cpaBHersm ¢ R502

Duarueckue CBOACTBA ‘ R502 { R408A
MonekynsipHas Mmacca, I/MOJb 111,6 87
TemnepaTypa 3amep3aHust, “°C —160 —
TeMnepaTypa KHIIEHHWS TIPH aTMOC(HEPHOM JaB- —45,4 —44 4
JeHuun, °C
TeMriepaTypHEIil [1aliA npy aTMoChepHOM IaB- 0 0,6
nenuy, K
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IIpodonscenue

e | R502 R408A
[TnoTHOCTL HACHILEHHOM XUAKOCTY MNpH 25 °C, 1,217 1,062
Kr/am?
T110THOCTB HACHILIEHHOrO Napa Ipy TeMIiepa- 6,22 4,77

Type KUIEHHUS, Kr/M>
Jasnenune napa, MIla:

npu 25°C 1,16 1,16
npu 50 °C 2,10 2,15
Kpurtuueckas Temnepatypa, °C 82,1 23,5
Kputuueckoe napinenue, Mila 4,07 4,34
Kputuyeckas IOTHOCTb, KI/AM3 0,566 0,403
YnenvHas TEIIO0Ta Mapoo6pa3soBaHMUS IIPU TEMIIe- 172,5 227

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

KUIKOCTH 0,065 0,077

napa npu 0,1013 MIla 0,012 0,012
[MoBepxHocTHOe HaTskeHue npu 25 °C, MH - M~! 5,9 6,5
Pacteopumocts (tipu 0,1013 MIla) sogs! B xn1aa- 0,058 0,070

areHre npu 25 °C, mac. %
YaenvHas TerwioeMKocTs TipH 25 °C, xIx/(xr - K):

KHIKOCTH 1,25 1,53

napa 0,70 0,80
OTHOILIEHHUE TEIUIOEMKOCTER MPU NOCTOSHHOM 1,129 1,146
AaBJE€HHUHU W MOCTOAHHOM 06BEME cp/cy MpH 25 °C
BocruiaMensieMocTh apoB B BO3IyXe Her Her
TeMnepaTtypa BCOBIILIKH Her Her
MoreHuman paspymenus: o3oHa ODP 0,34 0,026
ITorenuuan rnob6anbHoro noremneHua HGWP 4,01 0,025

Kak BunHo u3 Tabxa. 20, R408A Gonee rurpockonuyeH, 4yeM R502,
4TO CBSI3aHO C HEOOXOAMMOCTBIO TIIATEABHOTO COOMIONEHUS IpaBHJI
TepeKaykKy 3TOTO XJIaJareHTa, 3allpaBKM CUCTEM U T. . TeIioeMKOCThb
KMIKOCTH TPHU MOCTOSSHHOM JaBJieHUM OoJblie y R408A, yto npuso-
JIUT K 3HAYUTEIBHBIM NOTEPSM [PH APOCCEIUPOBAHUH. DTOTO MOXHO
130eXaTh, YBEIUUYHMB IEPEOXJKIACHHE XHUIKOCTU B KOHAEHCATOPE.
TeIu1ompoBOIHOCTh HACHIIIIEHHON XUAKOCTH TakxKe Oosblle y R408A.
D10 1mnoBbiaeT 3¢p¢GeKTUBHOCTL TEIUIOOOMEHA, a CJeJ0BaTe/bHO,
YIYYIIAeT TEPMOIUHAMMUYECKUE XAPAKTEPUCTHMKH YCTAaHOBKM, UYTO M
TIOATBEPAIA MCIILITAHUS.

IloTpeGisieMasi MOIIHOCTh IIpM OTPHMIIATEJbHBIX TEMIEpaTypax
HuXe Ha 7 %, 4TO BaXHO IpU peTpoduTe, TaK KaK yMEHBIIAET onac-
HOCThb 3aMbIKAHUSI WM CrOpaHUs 3jeKTpoiBuraress. Ilostomy mwis
npuMmeHeHUs1 R408A maxe B Manbix repMeTHYHBIX KOMITPECCOPAx HET
OTrpPaHUYCHUIA.

M3-3a BBICOKOH MOJSIPHOCTM MOJIEKYJ OIHOTO M3 KOMIIOHEHTOB
(R143a) xnagpareut R408A B3arMHO pacTBOPUM U C aKAJIOEH30/IbHbI-
MU, ¥ C MMHEPAIbHBIMM MaciaaMU. B KOMMAKTHBIX XOJOAWIBHBIX CHC-
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TeMax IMpHU CTAHAAPTHBIX YCIOBUSIX 3TOTO JOCTATOYHO, YTOOBI obecme-
YUTh BO3BpAT Macjia B KoMrpeccop. XnanareHT R408A MOXHO MCIIONb-
30BaTh TAKXE B COYETAHUM C MOAUIPUPHBIMHA MacIaMu.

Ilo oTHOWIEHMIO K YITOTHUTENbHBIM MaTepuaiaM R408A MeHee ar-
peccuBeH, 4em R502,

B kauectBe (MABTPOB-OCYLUUTENICH HCIOIB3YIOT MOJIEKY/ISIPHBIE
cuta, npuMeHseMsble 119 R502 u R22,

7. AAbTEepHaTHUBHBIE
MHOTOKOMIIOHEHTHbIE
XAapareHTsl rpymnnsl IOy

Xnanarent R404A. Dro 6iu3KkoseorporHas cMech R125/R143a/R134a
C COOTHOLIEHHEM MAaCCOBBIX H0jeil KoMmoHeHTOB 44/52/4. Temnepa-
TypHBIi raia MeHee 0,5 K. OcHOBHBIEe pu3nueckue cBorictBa R404A
npuBedeHbl B Tabj. 17, a XapakTepUCTUKUA HAa JUHUM HACBHILICHUSA —
B IIPMJIOXEHUH 13.

B 3aBrcHMMOCTH OT yCJIOBMI 3KCIUTyaTallMM 00eCTIeYMBalOTCS ITOBBI-
LIEHUE XOJIOAOIIPOM3BOAUTEILHOCTH Ha 4...5 % U CHUXEHUE TeMIlepa-
TYpbl HarHETaHUs B KOMIIpeccope 10 8 % 1o CpaBHEHUIO C aHAIOIHY-
HBIMM XxapaxkTeprucTukaMu R502.

Tlocne nmoctymienus: B poaaxy ¢ koHua 1993 r. R404A nepBoHa-
YaJIbHO MCIOJIb30BAJIM B HOBOM OOOpYIOBaHMM, PacCYMTaHHOM Ha
HM3KME U CpeIHME TeMIepaTyphl KuneHusd. B Hacrosimee Bpemsi R404A
IIPUMCHSIIOT B KayecTBe 3ameHMTeast R502 npu perpodure cucrem.
TIpu aTOM HeoOxoayvMa 3aMe€Ha MHUHEpPaJILHOrO Macja Ha moJmaup-
HOE€ U (PUIbLTPA-OCYILIUTES.

UsmeHeHre coctaBa cMecH (R404A), umpKyaupylolied B XO0J0-
JTUJIBHON CUCTEME, MOXET IPUBECTH K YXYIILICHUIO €e SHepreTU4eCKUuX
XapaKTEPUCTUK, OCOOEHHO B CXEMaX C PECUBEPOM WM IPH 3HAYUTEJIb-
HOM INIMHE KOMMYHUKALIMOHHBIX JIUHUM.

KoMmnoHneHtoM R404A cayxur Rl143a, KOTOprI/I B YHWCTOM BUME
CTQaHOBUTCS TOPIOYMM IIpH JIaBJICHUH 1 10°Tla u TeMmeparype
177 °C, a B CM€CH ¢ BO3IYXOM — NIpu oObeMHOM none 60 %. I1pu Hu3-
KWX TeMIlepaTypax IUISI BO3HUKHOBEHUS TOPIOYECTH TPeOylOTCS BBICO-
kue gaBneHus. [lostomy R404A Takke He cieayeT CMEIIMBATDh C BO3-
JIYXOM WJIM TOJb30BaThCAd M OOMYCKATh NMPUCYTCTBUS BBICOKMX KOH-
LICHTPALIMi BO3Myxa ¢ JaBJA€HHEM Bhillle aTMOCHEPHOTO WM TIPU BBI-
COKUX TeMIlepaTypax.

Xaanarent R407C. Toprosas mapka SUVA®9000. B kauectBe
aTbTepHATUBBI xJagareHTy R22 dupma «Du Pont» mis ucnonbs3oBa-
HMSI B CUCTeMaxX KOHAMLIMOHUPOBAHUS BO3Myxa pa3paboTaya xiamareHT
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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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BeuiecTe 0,2 % nonmadupHOro Macaa CHIZKAET KO3¢h ULIMEHT TeILI10-
nepenaud R407C na 2 %. Ilpu comepxaHuu 2 % Maclia B XJamareHTe
K03¢pdULMEHT Terutoniepenayyd yMeHbiaeTcs Ha 14 %.

6Xa5)eiu<repncmxn R407C B cpaBHeHuM ¢ R22 mpencraBieHbl B
Tabi. 21.

21. OcHoBHbie (pH3HIECKHE CBOHCTBA H IKCILTYaTAHOHHbIe XapakTepucTHkhA R407C
B cpaBHeHHH ¢ R22

Tlokazatens R407C | R22
CpenHsisi TeMnepaTtypa KMIIEHUs MPH aT- —43,56 —40,80
MocdepHoM aasnennu, *C
[aBjicHUE HaChIIIEHHON XUIAKOCTH 1174 1043
mpu 25°C
[110THOCTE ¥uAKOCTH npy 25 °C, xr/M3 41,98 44,21
IMoTeHnuan paspyluesuns ozoHa ODP 0 0,05
OTHOCHTENbHAS XONIOAOTPOU3BOAUTEE- 1,00 1,00
HocTb Qg raorc/Qor22
THoreHuman mobansHoro norervieHust GWP 1600 1700
XonoaunbHulil K03 GHIMEHT 6,27 6,43
Mpumevanus: 1. Temneparypa kunenus 7,2°C, rtemmeparypa KOHIAEHCALIUM

43,3 °C, TeMmeparypa rieperpesa Ha BcachlBAHMM B Kommpeccop 15,5 °C, temneparypa
nepeoxJaxiaeHusi nepel peryaupyioumM peutuiaem 40,6 °C. 2. Qg raorc, Qoray — X0J0-
JOMPOU3BOAUTENLHOCTD MPU paboTe cooTBeTcTBEHHO Ha R407C u R22.

Kak BumHO u3 Tabi. 21, o cpaBHeHuio ¢ R22 xnpamarent R407C
OKAa3blBaeT 3HAYMTEIBHO MEHEE BpPEIHOE BO3ACUCTBME HA OKpYXalo-
IyK cpeay (3HayeHUe MOTeHIMaja r1odanbpHOro noremwieHuss GWP y
R407 noutu Takoe xe, Kak u y R22, moTeHMan pa3pylieHHUs] 030Ha
ODP pasen Hym0).

Ilpu 6o1ee HU3KOM TeMIIepaType HarHeTaHUS U HEMHOTO 00Jiee Bbl-
COKOM JIaBJIeHUU HarHeTaHus 3HepreTudeckas 3¢gdextuBHocTh R407C
O1M3Ka K 3Hepreruuyeckon apdekTuBHoCcTH R22.

B T1a6i. 22 npuBeneHbl NeHCTBUTEIbHBIE CPABHUTECILHBIC XapaKTe-
PUCTUKH PA3TMYHOTO ODOPYIOBAHHS, N3TOTOBJIEHHOTO AJis1 paboThl Ha
R22, npu 3kcrtyaranmu Ha R407C Kak B peXuMe XOJOIWIbBHOH Ma-
LIUHBI, TAK U B PEXUME TETJIOBOro Hacoca (000pyaroBaHHUE HE IpeTep-
IeJJo HUKaKuX U3MeHeHUul npu nepepoiae Ha R407C).

22. CpaBHHTE/IbHBIC MOKA3ATEH TepMOTHHAMIIeCKOH HpderTHBROCTH paboThi
KOHAHIMOHepOB Bo3ayxa «MymbTu-cIIHT> Ha R407C u R22 («Du Pont»)

IMapameTp ‘ R407C

Paboma 6 pexcume oxaaxcdenus*

OTHOCHUTENIBHAS XOJI0OA0NPOU3BOAUTEILHOCTD, % 98...106
OTHOCUTENBHBIN SMEKTPUYECKHI XONoauabHbI Koaddunuent, % 93..97
H3meHeHue Temneparypsl HarHetanusi, °C —8,3..44
M3MeHeHue naBlieHUsl HarHeTaHus, Klla 103...276
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Ipodonsxcenue

IMapaMeTp ) I R407C
Patoma 6 pexcume nazpeea**
OTHOCHUTEeIbHAs NPOU3BOIUTENBHOCTDL, % © 93..106
OTHOCHTEIbHBIN JIEKTPHYSCKUIA XONMOOMWIbHBIN KoadduumnesT, % 94..97
H3meHeHMe TeMneparypsl HarHetaHus, “C -1..0
MaMeHeHMe naBieHMs HarHeTaHusd, Klla 62...234 .

*VcnoBus wcnbiTaHuit (A M B) npu pabore B pexuMe OXJaXIeHUA YCTAHOBJIEHH Mwu-
HUCTEepCTBOM 3HepreTku CLIA,
** Vcnosus ucnbitaduil (E u H) npu paboTe B pexxuMe Harpesa — TEM Xe BEXOMCTBOM.

MpuMmeuanue. 3a 100 % npuHaTH NokasaTeld npH pabote Ba R22.

M3 Tabna. 22 ciaemyeT, YTO XOJO0AONPOU3BOAUTEIBHOCTL 3TOH 3€0T-
POIHOMW cMecH MPUMEPHO Ha 2...5 % MeHblle, 4eM y R22.

Baxho, uro R407C He npenHa3HaueH Lisi paboOTEl B CMECH C ApY-
rumu xnanareHtamu. JJo6asnenue R407C k modomy ApyroMy xiai-
areHTy MOXET BBI3BATh CYILECTBEHHBIE M3MEHEHMS B I10Ka3aTeIsiX
3¢ dEKTUBHOCTH padOThI XONOMWIBHOM CUCTEMBI. JIMana3oHbl IpH-
MeHeHUs1 xnagareHTa R407C npenacrasaeHsl Ha puc. 10.

Ilepen nmpoBeneHMeM omepaldil MO 3aMeHe CMeCH TPaTULIMOHHBIN
XJIaJareHT + MHHepaabHoe Macio Ha cMech R407C + noauacdpupHoe
Macjio 00palllatoT BHUMaHUE Ha XMMMYECKYI0 COBMECTHMOCTD TOCIIe -
He# ¢ IUacTUKaMM M 3nacToMepaMu. Kax nokasaau UCCaeToBaHMs, HE
CYILUECTBYET HU ONHOM TPYTINLI 3JJaCTOMEPOB WU TLIACTUKOB, KOTOpas
6Bl MOAXOOWIa KO BCEM aJIbTepHATUBHBIM XJlagareHTaMm. PekomeHaoyet-
cs Tepel 3aMeHO# XJlagareHTa U BHECEHMEM KOHCTPYKTHBHBIX H3Me-
HEHMHA B XOJOJHWJIBHYIO CHCTEMY IO OTHOILEHHMIO K TAKUM €€ 3JIeMEH-
TaM, KaK TIPOKJIAJKH, YIUTOTHEHMUS W TIOpIUIHEBBIE KOJIbIIA, NPOKOH-
CYJIbTUPOBATLCS C IPOU3BOAUTENIEM OOOPYIOBAHUS.

X0oJ0AWIbHOE MAcyio MOAOHPAIOT C YUeTOM TpeX ¢aKTOpOB: BO3Bpa-
Ta Macjia B KOMIIPECCOP; CMasbIBaIOIIEH CIIOCOOHOCTA U COBMECTUMOC-

te» OC-"
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45 ]
3 8 A Puc. 10. /Iuana3oHbl npHMeHeHus

D R4O7C:

35 A — teMrnieparypa BcacbiBaHua 25 °C;
: B —neperpes  BCaCLIBAEMOTO Mapa

30 1 20 K; C— meperpeB BCacbIBAEMOIO

25 napa 11K; 1, f — TeMmmeparypsl
—25-20-15-10-5 0 5 10t,°C COOTBETCTBEHHO KOHICHCALMM H

o KHIEHHUS
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MaccoBas dons

50 100 150 200 250 1,4

Puc. 11. Tlornomenne Birarn noan3dupusiM Macaom (I) no cpasHe-
HHIO C MHHEPAJILHBIM (Z) B 4aCTAX HA MHJUIMOH MO Macce MPH TeM-
nepatype 25°C M OTHOCHTENbHOH BaaxHoCTH 50 % (Mo AaHHBIM
¢upmir «Copeland»)

TH C MaTepuajaMHU 3JIEMEHTOB XOJOAWIBHOH YCTaHOBKM. st Hc-
MoJib30BaHUs B coueTaHUM ¢ R407C pekoMeHIyrOTCs TTOIUIPUpPHBIE
Macia. [IpousBoauteneit mosinadupHLIX Macea MHOIO, MO3TOMY Ie-
ped BbIOOPOM Macjaa HeoOXoAMMO MPOKOHCYJIbTUPOBAThCS C MIPEACTA-
BUTENEM (PUPMBI—HU3TOTOBHUTEAS KOMIIpeccopa, a TakKXe IpYroro
000pynOBaHUs, BXOASLIETO B XOJOOWIBHYIO cUcTeMy. Tak, ¢upma
«Copeland» pekomenayeT Macia «Mobil EAL Arctic 22 CC» u «ICI1 Em-
karate RL 32 CF».

Henoctatok monua@uUpHBIX XOJNOMWIBHBIX Macel — OGIbIIas TUrpo-
CKOITHYHOCTB IO CPaBHEHUIO ¢ MUHEpanbHbIMU (puc. 11). Jlis morno-
IIEHUS BJArM MacjoM AOCTAaTOUYEH JIMIIb KPATKOBPEMEHHBIM KOHTAKT
€ro ¢ OKpyXalolliei Cpeoit, UTo AeJaeT MACJIO HETIPUTOAHBIM JUIS MC-
ITOJIb30BAaHUSI B XOJOAWIBHOHM cHcTeMe. [lockonbKy mnoauadupHoe
Macjio 0oJiee MpeapacioNoXeHO K YIEpXHBAaHUIO BJIarv, YeM MHHE-
paJbHOE, €€ ropasfo TpyaHee YAIUThL, TIpUMeEHss BakyyM. Iloatomy
PEKOMEHIYETCs1 3allpaBisITh CUCTEMY HOJII/IC-)(DI/IprIM MacJjIOM, Macco-
Basi JOJsl Blark B KotopoM He 6osee 50 muu~!. [Ipu nomomn Ppuabt-
pa-OCYLUUTENIS COOTBETCTBYIONIIETO pa3mepa MOXHO HO,II,I[Cp)KaTb Mac-
COBYIO JIOJIIO BJIATH B CUCTeMe Ha ypoBHe MeHee 50 MuH~!. Eciu comep-
XaHHE BJarM B MacJjie, 3arlpaBJI€HHOM B XOJIONWJIBHYIO CUCTEMY, IIO-
CTUTaeT HEAOITYCTMMO BBICOKOTO YPOBHSI, TO 3TO MOXET IPUBECTH K
TTOSIBIIEHUIO KOPPO3HMH M OCAXKICHUIO MeI Ha CONPSDKEHHBIX IETaNISIX.

Xopoliee BAKYyMUPOBaHHME CHUXKAET OCTAaTOYHELIE c1ebL BJIary 10
10 na~!. CucreMy Bakyymupyior no nasieHusi 0,3-102I1a wiu
Huxe. Ecny Heu3BECTHO, KaKoe KOJIMYECTBO BJAard IMPHUCYTICTBYET B
CHUCTEMeE, CJieyeT B3ATh MpoOy Maciaa M MpOBEPUTh €ro Ha Haluyue
BJIary.

OOBIYHO CMOTPOBOE CTEKJIO (MHIMKATOpP BJIard), KOTOpOE €CTh B
JEeHCTBYIOLLEH YCTAaHOBKE, MOXHO MCIIOJIb30BaThb C HOBBLIMM XJIaJareH-
TaMM U MacjamMd. OQHAKO MHIMKATOP BJIaTM MOXET JaBaTh Hempa-
BWIbHEIE TTOKa3aHMA. [1eCTBUTENbHEIN YPOBEHDb BJlard B Maclie OyaeT
BBIIIIE, YEM BUAHO B CMOTPOBOM CTEKJIE. DTO IPOUCXOAUT B PE3Yb-
TaTe BBICOKOUN IMI'POCKOMMYHOCTH MOMUI(DHUPHOIO Macia.

59



Tak Kak nmoauagpupHbIe CMa304yHble Macja 00JagaloT TMIPOCKOITHY -
HOCTBIO U aOCOpPOUPYIOT BOAY, OCOO0€ BHMMAaHHUE CIEAYET YACISITh UX
TPAHCIIOPTUPOBAHUIO U XpaHeHUIO. KOHTAKT 3THX Macesl ¢ BO3AYyXOM
JOJXeH OBbIThb CBEAEH K MUHUMYMY, XpaHUTb UX CJIeyeT B repMeTHy-
HBIX MeTa/UTMYecKuX eMkocTax. [Ipu 3ameHe BO BpeMsi perpodura
cmecn R22 + MuHepanbHOe Macio Ha cMech R407C + nmonuadupHoe
MAcCJIO IJIsi JOCTHXXKEHMSI SKBUBAJIEHTHON paCTBOPUMOCTH XJIadarcHTa U
Macjia OCTaTOYHOE KOJIMYECTBO MUHEPAIbHOIO Macjia B CUCTEME HE
JOJDKHO TPEBBIIIATh 5 % o0lIero KoJMyecTBa Macia B cucreme. Jory-
CTUMOE OCTaTOYHOE KOJIMYECTBO MHUHEPAILHOIO Macja B XOJOAWJIbHOMU
CHUCTEeME 3aBUCHUT OT e¢ KOH(pUTypallMu U OT paboumnx ycaoBuii, Ecau B
XOJIOMUJIBHOM KOHTYpE IOSIBJISIOTCS NMPU3HaKU MaJIcHUsI UHTEHCUBHO-
CTU TEIUIOOOMEHa B HCHApUTeNie WM HaOMIOAaeTcs yxXyAuleHHe BO3-
Bpara Macja B KOMIIPECCOp, TO, BO3MOXHO, TpeOyeTcs aalibHeillee
CHIDKEHHME KOJIMYECTBAa OCTAaTOUHOr0 MUHepaJbHOro Macia. Ilocie npo-
BEIeHHMs psilla CMEH Macjia ¢ MCIIOJb30BaHUEM IMOJUIDUPHOro Macia
OCTaTOYHasi KOHLUEHTPAllUsl MMHEPAIbHOTO Macjia OObIYHO CHHXKAETCS
J0 MMHMMAIBHOTO YpOBHS. B Hacrosiuee BpeMs MPOU3BOAMTEISIMU
Macia pa3paboTaHa MeTOIMKa OMNpeNeeHUsI B «IOJEBBIX» YCIOBHSIX
colepXaHUsi MUHEPATbHOIO Macjia B MOJU2QUpPHOM.

Kak yxe Obu10 cKa3zaHo, CHIKeHUE 3MOEKTUBHOCTU paboThl X010~
JOVWIBHOM CUCTEMBI MOXET IMPOUCXOAMTb M3-3a YTEUEK XJIaJareHTa.

Ecnu B paboTaroliieit XoJMoawIbHOM CUCTEME IIPOUCXOAUT YTEeUKa U
xkunakoctd, U mapa R407C u3 To¥ 4yacTH, A€ HAXOAUTCS TapOXUI-
KOoCTHast cMech (TemoobMeHHMKHM wiud TPB), coctaB ocrtaBiueiics
YacTH XJIAZAreHTa IIPaKTUYECKM OCTAETCSA TaKUM Xe€, KaKUM OH ObL1
nepBoHavyanbHO. [locne no3arnpaBKu 10 NepBOHAYATBHOIO KOJIUYECT-
Ba XJIaJlar€HTa B CUCTEME €€ IPOMU3BOAUTEILHOCTh BOCCTAHABIMUBAETCS.
OnHako ecJiv NMPOUCXOIUT YTeyKa Iapa U3 MapOoXUAKOCTHON 30HBI He-
paboTarollieii CUCTeMbI, COCTaB OCTABLICHCS YaCTH XJ1aJlareHTa U3MEHS -
eTcs. B ocTaBileiics YacTH IMOBBIIIAETCS KOHIICHTPALIMSI BBICOKOKUTIS -
mero koMmrioHeHTa (R134a), KoHlieHTpalMsd HU3KOKUIMSALWIUX KOMIIO-
HeHTOB (R32 u R125) monuxaercsa. CiaeacTBUEM U3MEHEHUS KOHIIEH-
TpaUMiA KOMIIOHEHTOB, COCTAaBJISIOIUMX XJIaZareHT, SIBJISIETCS M3MEHe-
HHue cocTtaBa cMec R407C u 3aBUCSILMX OT HETO MapaMeTpoOB pabOTHI
XOJOAUABHOM cucteMsl (Tabi. 23). JJaHHbIe, MIpUBEACHHBIE B Ta0m. 23,
OTHOCATCSI K paboTe XOJNOMWIBHOU KOMIIPECCMOHHOM MAIMHBI, THE
xaagareHToM ciayxuil R407C, nmo TeopeTHUYECKOMY LMKy, TIPUYEM
nociie 50%-Hoit (1o Macce) yTeukH U3 napoBoi ¢a3sl ObLIM IpOBeJe-
Hbl MHOTOKpAaTHBIE J103aIIPaBKH.

Ha ocHOBaHMM HCCIeIOBaHUS MPOIIECCOB YTEYKM M A03aIpaBKH
R407C, npoBeneHHoro ¢upMoii «Du Pont», ciesaHbl Tpy BaXHEHILIUX
BBIBOJIA:

P4 yTEUYKe M3 MapoBO#l (a3pl YMEHBIIACTCS KOHUEHTpalusi R32
(BOCIIaMEHSI€MOT0 KOMIIOHEHTA CMECH ), IIO3TOMY CMECh OCTAeTCS HE-
roproyei;

B Ipoleccax yTeYKUd M A03anpaBKy 3IHEpreTudeckas 3¢dekTuB-
HOCTb CHCTEMBI OCTAETCSl HEM3MEHHOM, a TeMIiepaTypa U JaBIeHUE Ha-
rHETaHUSl YMEHBIIAIOTCS;
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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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CoBMecTHMOCTD ¢ 1acToMepaMu. Kak mokaszasiu JlabopaTOpHBIE MC-
cnemoBaHus, nmposeacHHble pupMoit «Du Pont» (cM. Tabn. 24), y anac-
TOMEPOB, KOTOpBIe YCHELIHO paboTaniu B coueTaHUM ¢ R12, Kak rpaBu-
JIO, XOpOoIlIasi COBMECTUMOCTh U C CCPBUCHBIMU CMECSMU CPEIHEro J1aB-
nenust (R401A, R401B n R401C) — cm. 1abn. 14.

OoHako CTeneHb BO3AEWCTBMSL XJIANATeHTOB HA 3J1aCTOMEPBI MOXET
M3MEHSATECS B JOCTATOYHO ILIIMPOKOM IMAra3oHe B 3aBUCMMOCTH OT TOIO,
KaKde TIacTU(UKATOPhl, HATIOJHUTENM U APYTME WHIPEAUEHThl ObLIU
UCIIOJIB30BAHBl B PELENTYPE PE3MHOBOM CMECH, IMOITOMY JUTSI KAXKIOTrO
KOHKDETHOIO CJIydasi HEOOXOAMMO MNPOBOAUTL HUCMBITaHUA. OCOOEHHO
BHUMATEJIBHO HYXHO IPOBEPSTh COBMECTUMOCTb C XJTaJlareHTaMMU Mare-
PUATOB KOJIBLIEBBIX YIUIOTHEHUH Kpyraoro ceyeHus. I1poBepKy oObIMHO
MPOBOMISAT B JIAOOPATOPHBIX YCJIOBHSIX, IMOTpykast 00pasLbl 3J1acTOMEpa B
KUOKUAM XJTaJareHT IIpU KOMHATHOM TEMITEpATYpPE U BBIACPXKHBAsA €ro TaM
JI0 JOCTHKeHHUST MaKcuMasibHoro Habyxanus. Mzgenus ¢ BeICOKOIA cTerne-
HbBIO HabyXaHUsI He PEKOMEHAYIOTCS ISl MCITOJIb30BAHWS B XOJIOIUIBHBIX
CHCTeMAXx, 3arpaBlIeHHbIX xiafareHTaMu SUVA®.

CoBMeCTHMOCTh € METALIAMHM. DOJIBIIMHCTBO M3 IIPUMEHSIEMBIX
KOHCTPYKIIMOHHBIX META/JIOB, TAKUX, KaK CTaJlb, UYyTYH, OpOH3a, MEIb,
0JIOBO, CBMHEII U aIOMHUHMI, XOpollo padoTawT ¢ XiagarcHTaMu
SUVA® npu HOpManbHBIX YCIOBUAX 3KCILTYaTallMK, KaK TOKa3all 1C-
clleloBaHMsI, IpoBeaeHHBIe hupmont «Du Pont».

I1pu oyeHb BBHICOKHUX TeMIlepaTypax (HallpuMep, TIpH JIY)KEHUU) He-
KOTOPBIE METaJ/UIbl MOTYT JIEMCTBOBAaTh KaK KaTaJIM3aTOPbl, YCKOPSIO-
1mMe pasnoxeHue dropcoenuHeHUid. CIutaBbl MarHusi U aJllOMUHMS,
comepxaile bonee 2 % MarHusi, He CleaVET MCMOAb30BaTh B CUCTE-
Max, 3anpaBieHHbIX xjaagareHTaMU SUVA®, 0cobeHHO ecnu BO3MOX-
HO MOSIBJIEHWE BJIATH.

BoapinHCcTBO x1amareHToB rpyrn [ XDY u T'®Y MoryT 6ypHO pe-
arupoBaTh C BBICOKOAKTMBHBIMM MET/LIAMU, HAIIpUMEpP CO WIEJI0Y-
HBIMU U 1LIEJOYHO-3€MENbHBIMU (HATPpUMA, Kanuii, 6apuil u ap.), Ha-
XOOSAUIMMHUCS B CBODOOOHOM COCTOSHUM. MeTaljbl CTAaHOBATCS €lle
0oJsiee aKTUBHBIMH B MEJIKO3EPHUCTOM MJIM MOPOLIKOOOpa3HOM BHUIE.
AJIIOMUHUI U MarHU# MpU 3TOM MOTYT pearupoBath Co ¢GTopcomep-
KalIMMM COCOUHEHHUSIMU, OCOOEHHO IpPU IOBBILLIEHHON TeMmepaType.
Takue BbICOKOAKTUBHBIE MaTepuasbl HEb35 MPUBOIUTHL B COMPUKOC-
HOBeHMe ¢ xyagareHTamu rpynn [ X®VY uau T'DY, noka ux peakuus
He OyAeT TLWAaTeIbHO U3ydeHa U HEe OYIYyT IPUHSATHI COOTBETCTBYIONINE
MEpbI MPEAOCTOPOXKHOCTH.

9. AAbTEepHaTHBHbIE XAAaAAreHTbI
AASI XOAOAHABHOTO TPaHCHOPTa

OcHoBHble cBeenns. PedprxepaTopHbIii TPAHCIIOPT 00ECIIEYMBAET
MEPEBO3KY IPY30B OT MECTa MX IPOM3BOIACTBA [0 MECTa PO3HUYHOMN
Nnpojaxu. PasBUTUE HAOEXKHBIX BUAOB pePUXKEPATOPHOTO TPAHCITIOP-
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Ta MPHUBEJIO K PAcCIIMPEeHUIO cephl ero npuMeHenus. B Mupe ceromHs
OCYILECTBIISIETCA MePEBO3Ka LIMPOKOTO aCCOPTUMEHTA ITHUIIEBBIX H He-
MULIEBBIX IPOAYKTOB. TakK, MO OLIEHKE CIEIIMAINCTOB, TOJIBKO KOHTEM-
HEPHBIX peppHUXKEPATOPOB HAXOAUTCS B IKCIUTYaTallMM 0KoJi0 400 ThIC.
IMosiBeHUE cCrelMAIU3UPOBAHHBIX AaBTOMOOWICH-pedpHKEPATOPOB
3HAYUTEIBHO YTIPOCTIIIO KaK MEXKOHTUHEHTAJIbHYIO, TaK M MEXIyHa-
POIHYIO TPAHCIIOPTUPOBKY I'PY30B.

I'py3oBbie cyna, UMewLe pePpUKEPATOPHBIE TPIOMBI, COCTABSIOT
3HAYUTEJIbHYIO 4acThb pedprKepaTOpHOro (uiora, mpeaHa3HauY€HHOTO
JUTSL TIEPEBO3KMU IPY30B Ha AAJIbHUE PACCTOSHUSA. AMMUAK ObLT IePBbIM
XJIaJareHTOM, KOTOPBIH MCITONB30BAIM WIS 3Toi 1enu. OgHako K 80-M
rogaM OH oKasajicsid B OoJbliiei CTereHH 3aMeHeH R22 B OCHOBHOM
M3-3a TOTO, YTO paboTa ¢ aMMUAKOM TIOBBINIAET PUCK BO3HUKHOBEHUS
aBapUUHBIX CUTYallMH.

B 70-xromax BCe HOBBIE KPYITHOTOHHAXHBIC pedpHKEepaTOpHHIE
cyna 6bUTM 000pYIOBaHBI XOJIOAWIBHBIMU CUCTEMAMM, MCIIOJIb30BaB-
IIMMU B KayecTBe xitamareHTa R22. B pedprokepaTopHbIX KOHTEHHEPaX
K 3TOMY BpeMeHH yXe IIMPOKO npuMeHsuiM R12. B cuctemax Hazem-
HBIX TpeiUIepHBIX NIEpeBO30K B 60Jjice MO3MHMUE TOAbl IIMPOKOE PaCIIpo-
ctpaHeHMe nonydmns Takke R502. IloatanmHoe cokpailieHHe MpOU3BOJI-
ctBa XDPY B coOTBeTCTBUU ¢ MOHpEasbCKHUM IIPOTOKOJIOM 0Ka3ajlo ce-
pbe3HOE BIMSAHME Ha TIPOMBIILIEHHOCTDb, BBITYCKAIOLIYIO pedpuxepa-
TOPHBIE KOHTEHMHEpPHI, TpEiIEpHbIE aBTOpe(pPHKEepaToph U pedpH-
XepaTopHblie cyna. B HacTosiiee BpeMsi B KaueCTBE XJ1aJlar€HTa B ped-
pHXepaTOPHBIX KOHTEHHEPaxX IMPOKO MCIoAb3yloT R134a.

B nocsienHee BpeMsl NMOSIBUWIKMCH COOOIUEHMS O CO3IaHUM IBYX
HoBBIX X1amareHToB (R413A u R407D), ocHoBaHHBIX Ha DY, y Ko-
TOPBIX HET HEJOCTAaTKOB, XapakTepHHX Wisi R134a B cpaBHeEHUM C
R12. Hoswiit ximagareHT R407D coBMecTUM € moau3¢pUPHBIMH XO0JI0-
JWIBHBIMM MacjiaMUd MU MMEET 3HAYMTEJbHO 0oJiee BBICOKOE IaBiie-
HHe KOHIeHcauuy, yem R12 nau R401B.

Xaanarentol, aapTepHaTuBibie R502 u R22. Korga 3anper Ha XDY
o(pUIIMAIBHO BCTYIMWIJI B CHJy, pa3paboTKa BEILIECTB, aJlbTepHATHBHBIX
R502, moiina o AByM HalpaBJICHUAM:

Bo3BpaT K R22. BT0 pa3paboTKa HOBBIX THUIIOB KOMIIPECCOPOB
(Bmoyast AByxcTyreHuarnie). CUCTEMBI ¢ 3TUMU KOMIIPECCOPAaMH JO-
pOXe M XapaKTepHU3YIOTCH MEHBIIECH 3HEPreTUdecKoil 3¢deKTUBHOC-
ThIO, YEM OTHOCTYTIEHYATbIE CHCTEMBI;

pa3paboTka xjJagareHToB-uMMTaTopoB R502. IlepBhie Takue UMUTA-
TOPHBI NIPEACTAB/ISLUIH CO00I CMECH XJlaJareHToB Ha ocHoBe R22. B cBs-
31 ¢ TeM 4To Iia ' XDY takxke 6bUIM YCTAHOBJAEHBI CPOKH ITOITAIIHOIO
TIpEKpaLleHHs NPOM3BOACTBA, ITH BELIECTBA XOTS U OBUIM IIMPOKO
pacIpoCTpaHEHbl B KayeCTBE CEPBUCHBIX XJIAJAr€HTOB, HO B HOBOM
o0opynoBaHUM UX OOJIBITIE HE UCITOIB3YIOT.

Pa3paGoTka xnamarenta R404A, mpeacTapisioiiero coboilt cMech
HecKoAbkUX ['DY, 3KCIUyaTallMOHHBIE XapaKTEPUCTUKH KOTOPOM
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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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3aME€HOM TIIATEJIbHO IIPOMbIBA-~

0T CUCTEMY C LEIbI0 yIATEHUS Qg
OCTAaTKOB MacJjia, TaK Kak €CJIH 1,3
OHHU COCTaBiAT Gosee 5%, TO ;‘; /————
MOTYT IIPOM30UTH CEphE3HbIE ME- r 1
XaHUYECKME TIOBPEXICHUSI XO- 0.9
JIONWJIBHOTO 000py10BaHMS. 08| 2
B Hacrosiniee BpeMsi Lid 3a- 0,7
MeHBl R12 B XOJOZWIbHBIX CHC- g'g
TeMax KOHTEHHEPOB MCIIONb3Y- 50 40 -30 -20 -10 0 10
for R401B, KoTopblit npexncras- f, °C

JIIeT OcCOOBIi HMHTepeC BCIIEd-

CTBME TOI0, YTO XOJOAOIIPOU3-  Puc. 12. 3aBHCHMOCTb OTHOCHTENBHOM XO-
BOZIUTEILHOCTS CTO T HUSKIX  Sotembomtressuoens (o, (o0 i,
TEMIIEpaTypax COOTBETCTBYET XO-  R401B u Rl34ra[p0fl“l’)l‘CMllepaTypbl KHIIEHHS:
JOIONIPOU3BONUTENILHOCTH R12 71— R40IB: 2— R134a

(puc. 12).

s peTpoduTa XOJMOIUIb-

HBIX CUCTeM aBTOpedpuxepaTopoB, paboramniux Ha R12, npumeHs -
10T R401C, a R402A 1 R403B ucnosb3yioT npexkae BCEro Lisl 3aMeHbI
R502. TIpuMeHeHHE TaKMX CEPBMCHBIX CMECEii 3KOHOMMYECKH 3(-
(beKTHBHO B pedprKepaTOpHBIX KOHTeHepax, a TaKxe B aBTopedpu-
XepaTopax CTapbIX TUIOB 0 UCTEUEHUS] CPOKa UX 3KCILTyaTallMOHHO-
ro pecypca.

R413A, npennaraeMblii Ha phiHKE KaK COBMECTUMBIM ¢ MUHEpaJIb-
HBIM MAacJIOM CEepBMCHBIN XJIadareHT, IMpeaHa3HauYeHHBIN IS 3aMEHBI
R12, B cBoeli ocHOBe cocToMT U3 R134a u B 006/1aCTH HU3KUX TEMIIE-
paTyp UMeeT 3KCIIIyaTallMOHHbIE XapaKTePUCTUKU, TIPUCYIIUE 3TOMY
XJ1aJareHTy.

B cnayyae mpUHYAMTEILHOM MOAAYM XJIaJareHTa B UCIApUTeNb (Uc-
MapuTe/b 3aTOIUIEHHOTO THUIIA) MEPCIEKTUBHBIM XJIadareHTOM ISl pa-
GOTBI B 00JIaCTM HU3KMX Temrieparyp cuurtaetca R404A. Oxumaercs,
YTO 3TOT XJIaJareHT OyAeT UIpaTh Bce OOMBIIYIO POJib IPH OXJTAXKICHUU
IPy30B Ha Cylax.

Cneunduueckue TpebOBaHusl, TNpeaAbsIBIseMble K pedpuxepa-
TOPHOMY TPAaHCHOPTY, BKJIIOYAIOT HE TOJBKO TEXHUYECKME ACTEKThI
3KCILJIyaTallMOHHBIX TOKa3aTejlei, HO Takxe M He MeHee BaXKHbIe
COO0paXeHUSA OpPraHu3alUy MaTepUAJIbHO-TCXHUYCCKOTIO CHabxe-
HMSI. DTO MO3BOJISIET MPEOIOJOXHUTH, YTO B 0003pHUMOM OyaylieM
R134a, R404A u R407C, oTBeualonine XeCTKUM SKOJIOTUYECKUM U
TEXHUYECKUMM TpeOOBaHHUSM M HOCTYIIHBIE BO BCEM MHpeE, 3aUMYT
Beaylllee MOJOXEHUE CPEeIM XJIadareHTOB ISl CYOOB-pedpUXKepaTo-
pPOB, KOHTEMHEPOB-pePPUKEPATOPOB U TPAHCHOPTHBIX CPEACTB C
OXJIaXIEHHUEM [PY30B.

ITostanHoe npexparienue npoussoactsa [ XPY yckopuio paspa-
OOTKY CYIOBBIX XOJOOWJIbHBIX YCTAHOBOK HOBOro TMma. Ecau 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 3J1aCTOMEpPA YBEJIMYMUBAET UX XKECTKOCTh, YTO MO-
XKET YXYAIIUTh UX CIIOCOOHOCTD IMOIJIOIIATH HIYMbI M BUOpAIIUM.

Tak kak R134a 6onee tekyd, yem R12, To wis ycraHOBOK, paboTalo-
mux Ha R134a, caemyeT MCIONB30BaTh PETYIMPVYIOLIVIO aIlllapaTypy C
NMasHBIMU COeTMHEHUSIMHU. M3roTOBIEHHE repMEeTUYHBIX XOJOANIbHBIX
KOHTYPOB IIO3BOJISIET M30€XaTh YT€YEK M OJAaroTBOPHO CKa3bIBaeTCA U
Ha COCTOSIHUM OKPYXAaIOLIEW Cpeibl, M Ha 3aTparax.

[Ipu maiike ciaeayeT NPUHATb MEPBI, YTOOBI UCKJIIOUMTDL 0Opa3oBa-
HHME OKCHUIOB BHYTPH TpyOOnpoBoaoB. /I 3TOro Bo BpeMs MaiiKu UX
MpOAYBAIOT a30ToM. KpoMe Toro, KOHIIBI Tpy® U ApPYrue OTBEPCTHS
JOJDKHBI ObITh 3aKpHITHI 3ariylIKaMM BILJOTH A0 MOMEHTAa Hadajia
MOHTaXa.

3. B Teruioo6MeHHMKaX BO3IEHCTBUME Macjia Ha KOHCTPYKLIMOHHBIE
MaTepUayIbl, OCOOEHHO MEIHBIE, HYX/IAeTCI B 3KCIIEPUMEHTAJbHOM
IIPOBEPKE.

4. B perynstopsl He TpeOyeTCs BHOCUTb CEPbEe3HBIX UBMEHEHUH, Ol-
HaKO OIpeleICHUE NapaMeTPOB WIM HACTPOMKY CeayeT NMPOBOLUTE C
y4E€TOM BO3MOXHOIO M3MEHEHUS pacxoa.

5. [Ipoxkiagky U3 Marepuana, UCMob3yeMmoro aasd R12, Heobxonam-
MO 3aMeHATb. B HacToslilee BpeMsl NMPOKJIANKH, MPUTOIHBIE UISI TIPU-
MEHEHHUSI B COYETAHUM C MHOTMMM XJTadar€HTaMM, U3TOTOBJIAIOT U3 I10-
nuaTuieHoBoi TkaHU (EFDM) Wi xinopcomepxaliero nojiu3THICHa,
KOTOPBIM XapaKTEPHU3YETCS BBICOKOH CTOMKOCTBIO B Cpele TOJUMEP-
HBIX Macel M aJIbTEPHATUBHBIX XJIaZareHTOB. []OCTaTOYHO CTOMKUM
CUMTAIOT TaKXKe MaTepHUal Ha OCHOBE MOJMXJIOPIIPEHOB.

6. AncopOeHThbl, MPUMEHSIEMBIE B (DHUIBTPAX-OCYUIMTEIAX, JOJKHBI
COOTBETCTBOBAaTb BHIODAHHOMY Xj1aJareHTy. Tak, (WIbTP-OCYLUUTEb,
paboraromuii ¢ R12, He MOXET MOJTHOCTBIO 00ECIIEYUTh YIAJICHHUE Ba-
ri U3 R134a. Y HEKOTODPBIX BELLIECTB, MOSIBUBHIMXCSI B HACTOSIIIEE BpE-
Ms Ha PBIHKE, CIIOCOOHOCTD K TIOMJIOIIEHUIO Biiark MpuMepHo Ha 10 %
HMXE, YEM Y BEIIECTB, NTPUMEHSEMBIX B (DMILTPAX-OCYLUIUTENAX LIS
R12. B cBsI3u ¢ 3TMM HX Maccy HEOOXOOHWMO YBEJUYUTH NPUOIU3M-
TeJibHO Ha 20 % WM MCIONAB30BaTb B CUCTEME (DUIBTP-OCYUIMTEND C
ancopOeHTOM — MOJIEKY/ISIPHBIM CUTOM, PACCYMTAHHBIM Ha CTPYKTYPY
MoJieKyasl R134a.

7. IIpp TexHUYECKOM OOC/IYy>XMBaAaHMM KOHTPOJb IIOJHOTHl 3a-
npaBky mis cucteM ¢ R134a Gonee cinoxeH, yeM mns cucteMbl R12,
TeM 00Jiee 4TO BO3MOXHBIE yTeYKU R134a Henb3ss 0OHApYXUTh C MO-
MOII[bIO OOBIYHBIX CPEACTB, KOTOpHIE pearupyrT Ha xjop. HoBwie
TeYEUCKATEAU NOJXKHB peardpoBaTh Ha ¢TOp, M WIS JTOCTHXCHUS
YPOBHSI, HauMHasAi C KOTOpOro oOHAapyXWBalOTCS YT€YKH, UX UYB-
CTBUTEJBHOCTD JOJXHA OBITh 3HAYMUTEIbHO BBIIIEC YYBCTBUTEIbHOC-
TH OOBIYHBIX JETEKTOPOB.

8. JleiicTByOIIME YCTAHOBKM MOXHO 3allpaBUTh XJIadareHTOM
R134a BMecTo R12 63 neMOHTaXxa OCHOBHBIX arperaToB (KOMIIpecC-
COpa, KOHAECHCATOpa, UCMAPUTENS), HO C 3aMEHOM TepMOPETYIMPYIOLIE-
ro BEHTW IS, TaBJI€HHE B KOTOPOM JOJIXKHO OBLITH pAaCCYMTAHO Ha MC-
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nons3oBanue R134a. Mapkupos-

Ka TEpMOPETrYJIUPYIOLIETO BEH- Q, kBm
TUIA JOJDKHA OOJHO3HAYHO yKa- 30
3bIBATh Ha TO, YTO OH IIpeaIHa3-

HayeH st R134a. 20

9. B He0OBIIMX TIepMETHY-

HbIX XOJIOAWJIBHBIX YCTaHOB- -~
Kax, padortaionimx Ha Rl34a, 0l
KanwisspHas Tpybka [IOJIKHA
ooith Ha 10...15% miuHHee,
yeM B cJiydyae mpuMeHeHus R12. 5
KpoMe TOro, mpuM HCIOIBL30- 0 0102030405Ap10°/a
BaHuu Rl34a HeoOxommmo
MMpaBUJIbHO pacCYUTaTh pas- Puc. 14. Ilorepn aanjienns B KianaHe THna
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
OBITb OTIPAZyMPOBAHbI MOI 3TOT XJIAOAreHT, €CJIM XOJIOAWIbHAS yCTa-
HOBKa paboTajia Ha IpyroM XJIaIarcHre.

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
NMoJu3pUPHBIX Maciaax, CHabXalT COOTBETCTBYIOIIEH MapKUPOBKOIA.
DTy OCHACTKYy M HaOOp MPUHAMICXKHOCTEH PEKOMEHAYETCS MCIIOJIb30-
BaTh TOJIBKO A7s1 paboTel ¢ R134a.

Jg moucka yredyek B KOHTYpe, 10 KOTOpoMy LMPKYaupyeT R134a,
CYLLIECTBYET HECKOJIBKO CIOCO00B. MHOIrMe pa3paboTYMKHU 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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BakyymupoBaHue X0JIOIHIbHONH CHCTEMBI H NPOBEPKA €€ HA repMeTHY-
HocTb, YTOOBI yI&TUTH BO3IYX M APYTUE HEKOHIACHCHUPYIOLIUECS Ta3Hl,
CHUCTeMY BaKyyMUpyloT a0 nasieHus 0,14 kIla u ybexnaioTcsi B oTCyT-
CTBMHU YTE€UYEK B cUcTeMe. Haunyduiero pesyjbrata MOXHO TOOUThCS,
UCIONB3YA IBYXCTYII€HYAThI BAaKYYMHBIA HAcOC, COBMECTUMBIH C
xyamareHToM Rl134a. 3ampemaercss npUMEHSITH HACOChl, KOTOpBIE
paHbllie CJOYXWIH 1151 BAKYYMHUPOBAaHHSI KOHTYPOB C XJIOPCOAEpXKalIM -
MM XJAJareHTaMyd WIKM MOOYEPEIHO HCIIOJAb30BAUTUCH ISt paboThl C
pPa3IMYHbIMM XJIaJareHTaMH.

3anpaBka XoJIOAHILHOM cHCTembl xjazareHToM R134a. Cucremy
3anpaBisioT xjaanareHToM R134a B razoo0pa3HOM WM XHUIKOM CO-
CTOSIHUM U3 O6auioHa. bamnoHsl ¢ R134a MHOroKpaTHOro moJjib30Ba-
HUS O0OpYJOBaHbI TOTPYXXHBIMU TPyOKaMHM. BTO CO3IAE€T YCJIOBHUS
IUTs1 U3BJICYEHUS XHUAKOCTH U3 Oa/UI0OHA, HAXOASUIETOCSI B BEPTUKAND-
HoM Tmonoxenuu. OnHopasosblie OayioHbl (13,6 KT) He OCHALLIEHBI
MMOrpyXHbIMH TPyOKaMH.

Macca Rl134a, tpeOyeMass mist 3apsiakd XOJOOWUIBHOM CHCTEMBI,
MeHblI¢, 4yeM y R12. OnrtuManbHas 3arpy3ka 3aBUCHUT OT YCJIOBHMH
JKCILIyaTallMK, pa3MepoOB HMCIIapHUTENsl, KOHIEHCATOpa U pecuBepa, a
TaKXKe OT JJTMHbI COEAUHUTEIBHBIX TPYO B cucteme. s 60IbIIMHCTBA
TUIOB 0OOPYNOBaHNMS ONTUMAIBLHOE KOJMYECTBO XJaJar¢éHTa COCTaBIIsI-
eT 75..90 % nepBoHayaTpbHOI 3apsaku R12, KOTOPYIO OCYIUECTBIUI
MMPOM3BOIUTEb 000OPYIOBaHHS.

3ampaBKy CHUCTEMBI IMPOBOAAT B HECKOJIbKO 3TanoB. Ha mepBoMm
aramne pekoMeHayeTcs: BBectu R134a B konnyecTtBe okono 75 % niep-
BOHayajibHOU 3apsaaku R12. Buavane xyamareHT R134a BBOOSIT Ha
JUHUM HarHetaHus (IpU 3TOM KOMIIpeccop He paboTaer); Imocie
BbIPABHUBAHUS IaBJICHUSI B CUCTEME U B OAJUIOHE 3ampaBJIsIIOT CUC-
TeMy OCTA&JbHOM YacThl0 XJalareéHTa Yepe3 JIMHMI0O BCACBIBAHMS
KOMIIpeccopa (IIpd 3TOM KoMmIipeccop pabortaer). XKuakuit xmai-
areHT HUKOIJa He IOJKE€H IOCTYNaTh 4Yepe3 JIMHUI0 BCAaChHIBAHUS
KOMIIpeccopa M3-3a ONacHOCTH I'MApPaBIMYECKOro yrapa B KOMIIpec-
cope. [Ipy HEOOXOMUMOCTHU 3ampaBKU XJIaJar¢HTa yepe3 JIMHUIO BCa-
ChIBAHUS KOMIIpECCOPA MOXHO BOCITOJIb30BaThCs XPOCCEIUPYIOLINM
BEHTHWJIEM, YTOOBI 1O MOCTYILJIEHUSI B CUCTEMY XUIKOCTb 00513aTEb-
HO IpeBpaulajach B map.

IIyck Xo0J0qu/IbHOM CHCTEMBI, peryIMpoBaHie 103bl 3aNMpaBKH XJiaj-
areHTa M (MJIH) PeryJHpyOIAX YCTPOHCTB 15 oDecrniedeHHs 3aJaHHOTO
pexkuma padotel. [IpoBomsar nyck cucteMsl. [locie crabmimsauuu 3a-
IMHCBIBAIOT 3HAaYEHUs pabouux napaMeTpoB. Eciiu 3HaueHust pabouux
NapaMeTPOB CBHACTEJIBCTBYIOT O TOM, 4TO OOOpyAOBaHHWE HEIO3apsi-
XeHo, no6aBisoT R134a HeGonpmuMu nopuusiMu (3...5 % nepBoHa-
YaJbHOM 3apsiIKu), MoKa paboyue napaMeTpbl HE JOCTUTHYT XKejlae-
MBIX 3HaYe€HUH. [JIs1 cpaBHEHHUST NaBJIEHUH U TeMIepaTryp Ha JUHHUHU
HachbllleHUst pu paboTe Ha R134a u R12 MOXHO BOCMOJIb30BaTbCS
tabi1. 26. B 11e710M mamjieHUe BcachbiBaHus npu padbore Ha R134a Gymer
Ha 7...12 kIla Huxe, yeM npu pabote Ha R12. [Ipu 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 nam R507

XnamareHT R404A umiMpoKo MNpU3HAH B KayeCTBE aJlbTepPHATHUBBI
R502 B HoBoM 06opymoBaHMH. OH MOXET ObITh MCIOJB30BAaH TaKXe
IUTST 3afpaBKU HEKOTOPHIX CHCTEM, padoTtaowux Ha R502, Takux, Kak
TOPrOBO€ XOJIOAWJIBHOE 00OpYIOBaHHE OOJBIIMX YHHUBEPCAJIBbHBIX Ma-
ra3yHOB, XOJIOAWIbHbBIC YCTAHOBKU MPEANIPUATHN MUIICBOH ITPOMBbILLI-
JICHHOCTH, TPAHCIIOPTHBIE XOJI0AWIbHbIE YCTaHOBKHU. [1o cBOoMM xapak-
tepuctukaM R404A, xak ObUI0 cKa3aHO paHeEe B I1aBe 7, Haubosee co-
orBeTCTBYeT XyagareHTy R502 u3 Bcex XY, ¥ ero MOXHO NIPHMEHSTH
BO BceM paboueM aMara3oHe TeMIepaTyp M JaBJ€HUH, XapaKT€PHBIX
g R502. TemriepaTypbl HarHETaHUS KOMIIpeccopa, paboTraloliero Ha
R404A, H1xe, yeM mpu ncnonb3oBaHuu R502, yTo cmocoGCTBYeT 110-
BBIILIEHUIO HAJEXHOCTU U CpoKa CIyXKObl KOMIIpeccopa.

XnamareHT R507 Takke Cay:UT aJibTepHaTUBOM xnagareHTy R502 B
HOBOM OOOPYAOBAaHMH, M €r0 MOXHO MCIIOJb30BaTh IS peTpodura
cucteM, paboraromux Ha R502. Xapakrepuctuku R507 Takxke OJM3KH
K xapakrepuctukam R502, paGoume nuana3oHbl MX COBNANAIOT. TeM-
TepaTyphl HaTHETAHUSI KOMIIPECCOpa, A€ XJIadareHToM ciyxut RS507,
HMKe, 4eM B KoMrpeccopax ¢ R502.

CocrtaB napoB R404A u R507, Haxomsmuxcs B OaJUIOHE, HE3HAYH-
TEJbHO OTJIMYAETCSI OT COCTABa XUAKOrO XJIAJAreHTa. OTU HEOObIINE
OTJIMYMSI MOTYT BJMATH Ha 3(H(HEKTUBHOCTb pabOTBl CUCTEM C 3aTOMN-
JIeHHbIMH HCTHAPUTEISIMU.

Kak noka3pIBaeT MpakKTUYECKUi OIbIT, B HEKOTOPBIX CUCTEMAX, e
R502 3ameHen Ha R404A wmm R507, ypoBeHb yTe€Ue€K MOXET CTaTh
BbIIIIE BCJIEACTBME MPUMEHEHUSA VILUIOTHEHUI M3 3J1aCTOMEPOB. 3aMeHa
X€ 37aCTOMEPOB MOXET BHI3BATH AOMOJHMTEIbHbIE PACXOIAbl W MPUBEC-
TH K 3aTpaTaM BpeMeHHM Ha NHepeocHalleHHue.

Metoauka perpoduTa XOJOAWILHBIX CHUCTEM IIpH IIepexoje ¢
R502 Ha R404A vnu R507 aHanoruyHa MeTOOUKE 3aMeHBI XJlagareHTa
R12 na R134a.

XnmagareHtbl R404A u R507 xopoio coyetarorcs ¢ Moau3pupHLIMU
maciaamu. [Ipu 3anpaBke B CHCTEMY XUIKMIL XJIaJareHT CleayeT Halu-
BaTh TOJIBKO U3 3allpaBOYHOro 6autoHa. baJjutoHbBI OCHALEHbI TTOTPYX-
HBIMH TPYOKaMH, C ITOMOIIbIO KOTOPBIX MOXHO CJIHUTH XHIKOCTb M3
0a/UIoHa, HAxXOISILUErocss B BEPTHKAJIbHOM IOJOXeHUH. IIpaBUiIbHOE
MOJIOXEeHNE OAJUIOHA MNP CJIMBE XHUAKOCTHM TI0OKA3aHO CTpeIKaMX Ha
Oa/uToHe M Ha SLUKe 171 OajuioHa. XJlagareHT MOXET ObITh 3alpaBieH
B CUCTEMY JUOO B BUIE XMAKOCTH, OO B razoodpasHoM Buze. Eciau
HEOOXOMMMO TEPEBECTH XUIKOCTb B ra3o00pa3sHOE COCTOSIHUE, HC-
MOJB3YIOT BEHTHJIb KOJIIEKTOPHOTO MaHOMETpa JIUOO IpOCCeTUpYIO-
1mee yctpoicTBo. OmHopas3oBbie 6a/UtoHBI ¢ R507 He MMeloT norpyxHoi
TPYOKH, U I1I03TOMY JUISl CIMBA XUIKOCTH MX CJIELyeT IEePeBEPHYTh.
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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

Jarrenue, Temneparypa Nannerme, Temneparypa

xla RS2 | R44A | RSO7 kIla RS02 | R404A | RSO7
25 =72 -71 =72 1000 19 17 16
50 -60 -59 —61 1050 21 19 17
75 -52 -52 -53 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 | 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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YT00bl 1OOUTHCS ONTUMAIbHBIX PE3YJIBETATOB, PEKOMEHAYETCS Tep-
BOHAYAJIBHO 3aITPaBIATh CUCTEMY XJIaJareHTOM B KOJIMYECTBE, COCTaB-
nsmomeM 75 % Maccel ucxoaHoro xjaamaredTa. Ilpu 3amene R500 Ha
R401B cnemyet HauuHaTh ¢ nopuuu B 100 % Macchl HCXOOHOro XJIaa-
areHra (R500).

Ilpu nepBoHAYaJBLHOM 3aMpaBKe XJIAAATeHT ClenyeT MOAaBaTh B JIU-
HHIO BBICOKOTO NAaBJICHHUSI CUCTEMBI (KOMITpeccop He paboTaeT) 10 Tex
1op, ITOKA JaBfieHUE B CHCTEME He CTAHET PaBHLIM JABJICHUIO B OaLji0-
He. Ilocsie 3TOro NoACOeAUMHSIOT JUHUIO HU3KOTO JaBJIeHUSI CUCTEMBI,
ITyCKaIOT KOMIIPECCOP U MEMICHHO CIMBAIOT OCTABIIYIOCS YacTh KMI-
KOro xiafareHTa u3 OamioHa. CiuB XMAKOCTh U3 OawioHa, ciAemyer
[IPOBOAMUTH 3aIIPaBKy MEIUIEHHO, YTOOBI JaTh BO3MOXHOCTD XJIaJareHTy
MIepEeUTH B ra3zoo0pa3HOe COCTOSTHUE (MCHOAPUTHCI) O TOro, KaKk OH
TIOCTYIIUT B JJMHUIO BCACHIBAHMS KOMIIPECCOpa, M TEM CaMbIM U30€XAaTh
BBIXOJIJa KOMIIpECCOpa U3 CTPOSL.

IIycK X00aWIbHOM CHCTEMbI M peryaMpoBaHue 103bl 3anpaBku. I1po-
BOJAT IIYCK CUCTEMBI M XJYT, MOKa pabo4yuii pexXruM HE CTaOWIU3UDY-
etcs. Ecau cucrema HemosanpasjieHa, A00aBASATh XJIAAAreHT HYXHO
HeOOIBIIMMHM TOPUMAMHU (TIPOAOJXKAsA CIMBAaTh XHAKOCTb M3 3allpa-
BOUYHOro 6aj/u10Ha) A0 TEX Mmop, Moka paboyue napaMeTpbl HE JOCTHUT-
HYT XejaeMbIX 3HaueHui. Ilpy cpaBHEHUU JAaBIEHUH H TeMIepaTyp
caemyeT Moab3oBaThes Tab. 29...31.

29. Cpasauresbanie noka3aTeas xaanaredros R12 1 R401A

R12 R401A

CpeL[Hﬂ(g TeMrie-

apneHue, klla Temneparypa Temneparypa parypa (a3osoro

A Hgg:&z%algp?c Hacmu%ﬂ?{,gﬁ Hacmmgﬂ;ygro agg::?ﬁ:g;g;_

’ KuakocTH, "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
50 452 —47,7 —413 —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 —333 -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 =224
150 -20,1 —23.8 -17,1 -20,7
160 —18,5 =222 -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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Ilpodoaxcenue

CpenHaa TeMne-
patypa $a3oBoro
nepexona xaai-
areHTa B KOHJCH-
carope (chrgpu-

—
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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 TeMIe-

apneHue, Klla Temnepatypa T patypa asosoro

. Tewmeot | ol | macmegioro | [P0 L

XHIOKOCTH, *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 53,3
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 Cpenﬂﬂé’lTemne—

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 [ Terepsnps | Tewnepompa | panna dwosor
Hacbimerus, °C xuakocTH, “C rxag;, °C ﬂe}?cal‘élge (ucna-
[ 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 43,7 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 48,4 548 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-
aBneHue, Kl1a Temniepatypa emIepaTypa eMreparypa paTypa ¢a3o0Boro
sachlg, C | JaCHemicl | weHicero | iepcioms £iot
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-
niepaTypa azo-
e T e T [ | MR e
b ° o -
L ) BILUCHHUS xuaxoctu, °C mapa, °C pe (;lgnapnTe-
ae), °
10 -73,1 -76,1 =759 —69.,5 =727
20 —-62,1 —65,2 —65,4 -59,0 —62,2
30 —55,0 —58,2 —58,5 -523 —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 -338 -349 -28,9 -31,9
110 -27.8 -31,6 -32,7 -26.8 -29,8
120 =257 -296 -30,7 —249 -27,8
130 -23.8 =27,7 -28,9 —23,0 —26,0
140 -21,9 —25,9 -27,1 -21,3 -24,2
150 -20,1 —24,2 —25,5 -19,7 =226
160 —18,5 -22,6 -23,9 —-18,1 -21,0
170 —16,9 -21,0 -22,4 —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

BOTO Iepexona
ne), °C

B KOHIEHcaTo-
pe (Mcrapure-

CpenHsis TeM-
eparypa ¢a3o-

1T

|

Temmeparypa
napa, °C

HacCBbILLICHHOTO

Temreparypa
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Temmneparypa

RI12

HachimeHus, *C | HacHleHuA, *C

Temnepatypa
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Ipodoaxcenue

R12 R500 R401B

CpenHsis Tem-

Temneparypa | Temmepatypa | cPalypa bazo-

Jasnenue, klla
HACILIEHHOH | HachlileHHoro | BOTO Mepexola

Temnepatypa | Temmeparypa
HaceieHus, ‘C| HaceieHus, “C

XHIKOCTH, “C | napa, "C g:?;ggé{g:_fg:

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 23,1 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 | R40IB T R409A

WUsmenenue narnenus, klla;

HaTHEeTAHUS 137.9 206,9 172,4

BCAChIBaHMS OcTtanock 13,8 OcTanoce

HEeU3MEHHHM HEeMU3MEHHBIM

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

BCaCcbIBaHNH

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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onpefaeneHue paboyux MapaMeTpoB ACHCTBYIOLIEH XOJOTWIBHOMN
cucteMbl IIpu pabore Ha R502;

yanasiende R502 u3 cuctemMbl U ero yruiaudsauus. s yazaneHus
xJlagareHTa HeobxoguMo co3naHue Bakyyma 30...35 kIla. [ins yrunu-
3alMU HEOOXOIUMO UCIIOIb30BaTh GAJUTOH (HEJMb3sl BHITTYCKATh XJIa-
areHT B atMocdepy);

CJIMB Macjia 3 KOMIpeccopa (eC/IM TONbKO B KOMIIPECCOPE YXKE HE
HCITONB3YIOTCS aNKWIOEH30/IbHBIE Mac/ia) U UBMEPEHUE €T0 KOJIMYECTBA;

3aII0JIHEHYE XOJMIOAWIbHOM CUCTEMBI aTKWIOEH30IbHBIM WIH TIOJIHU-
3¢pUpPHBIM CMa30YHBIM MacioM. KonuyecTBo Macia, 3anpasisieMoro B
CHUCTEMY, JOJDKHO OBITb PAaBHO KOJMUYECTBY CAUTOIO;

ITOBTOPHBIN MOHTaX KOMIIpeccopa (eClU €ro JeMOHTHPOBAJIN);

3aMeHa (WIbTPA-OCYUIMTENSI HAa HOBBIA, KOTOPBLIA paspeuraeTcs
UCITOJIb30BaTh M ocylmiky xitaaareHToB R402A, R408A u R402B.
IIpumenstior aBa THUna (GpUILTPOB-OCYIUUTENIEN: ¢ BHYTpeHHeH Kacce-
TOH, cofepxalleid ancopOeHT; C HACHIITHBIM HAIOJIHUTENEM-aaCcopOeH-
toM XH-9, MS-594 unu 3KBUBaJICHTHbBIE UM;

BAKYYMHPOBAHHE XONOIWIBHOW CHCTEMBL. OTKAYKY BaKyyMHBIM
HAacoCOM clienyet BecTu 1o 66,5 I1a;

IPOBEPKA XOJOIWIbHONW CHUCTEMBI Ha I'e€pMETHMYHOCTDb (110Cje Ipo-
BEPKHM €llle pa3 0TKayaTb CUCTEMY);

3arpaBKa CHUCTEMbI XJ1aMareHTOM. 3arpaBKy IPOBOIAT XJIaJareHTOM
B XHUAKOH (pa3e, MpUUEM XHIKOCTb CACOYET CIUBATh TOJIBKO U3 Bauio-
Ha. BHauasie 3anpapistior 75...80 % (1o macce) UCXOMHOIO KOJAUYECTRA
R502. 3anuceiBalOT Maccy 3allpaBiI€HHOIO XJ1adarcHra,

IYCK XOJIOTWJIbHOM CHCTEMBI U TO3AMpPaBKa €¢, C TEM YUTOOHI TOJIY-
YUTh HYXKHbIE padoume ycinosus. [IpU mo3ampaBke XUAKOCTH CIMBa-
10T TOJIBKO U3 OainoHa. Ecny 3anpaBieHHas IOpLUMs Masia, TO XUI-
KW XJIafgareHT claeayeT 1o0aBisiTh 103aMHu 1o 2...3 % ucxomHoH mac-
cbl R502. 3anmuchiBalOT Maccy 3alpaBlieHHOro xjiagareHta. IlonHyio
Maccy 3anpaB/ieHHOrO XJlaJareHTa IOoJydaloT IyTeM CIOXEHHUS IIpe-
IBIAYIIUX PE3YIbTaTOB;

MAapKMPOBKA XOJIOAWIbHOM CHCTEMBI 3TUKETKAMHU C YKa3aHMEM THIIa
XJIalareHTa ¥ CMa304yHOoro Mac/a (aIKmibeH30/1bHOS WIH MOJU3(UPHOE).

IIpu mycke misi OUEHKM PabOTHI XOMOAWILHOM CUCTEMBI CIACOYET
Monb30BaTbes Tabm. 33...35.

33. CpasanTebBble MOKA3aTeMH XaanarenroB R502 u R402A

RS502 R402A

Hasnetime, kIla 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 -53,1 -56,4 —54,3
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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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Haenenue, xI1a

550
560
570
580
590
600
610
620
630
640
650
670
680
690
700
710
720
730
740
750
760
770
790
800
810
820
830
840
850
860
870
880
890
900
910
920
940
950
960
970
980
990
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

95



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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Hpooorncenue
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Jlarnenue, klla

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
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
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Ilpodoaxcenue

Haenenue, kla

R502

R402B

Temnepatypa HacbiLile-

Temneparypa HachI-

Temneparypa Hachbl-

98

HHS, LWeHHOM XHakocTH, “C HieHHoro napa, "C
950 17,4 14,7 16,1
960 17,8 15,1 16,5
970 18,1 15,5 16,8
980 18,5 15,8 17,2
990 18,9 16,2 17,6
1000 19,3 16,6 17,9
1050 21,1 18,3 19,7
1100 22,9 20,0 21,4
1150 24,6 21,7 23,0
1200 26,3 23,3 24,6
1250 27,9 24,9 26,1
1300 29,4 26,4 27,6
1350 30,9 27,8 29,1
1400 324 29,3 30,5
1450 33,9 30,7 31,9
1500 35,3 32,0 33,2
1550 36,7 33,3 34,5
1600 38,0 34,6 35,8
1650 39,3 35,9 37,0
1700 40,6 37,1 38,2
1750 41,8 38,3 394
1800 43,1 39,5 40,6
1850 44,3 40,7 41,7
1900 45,5 41,8 42,8
1950 46,6 429 43,9
2000 47.8 44,0 45,0
2050 48,9 45,1 46,1
2100 50,0 46,1 47,1
2150 51,1 47,1 48,1
2200 51,2 48,2 49,1
2250 53,2 49,2 50,1
2300 54,2 50,1 51,1
2350 55,2 51,1 52,0
2400 56,2 52,0 53,0
2450 57,1 53,0 53,9
2500 58,1 53,9 54,8
2550 59,1 54,8 55,7
2600 60,0 55,7 56,6
2650 60,9 56,6 57,4
2700 61,8 57,5 58,3
2750 62,7 58,3 59,1
2800 63,6 59,2 60,0
2850 64,4 60,0 60,8
2900 65,3 60,8 61,6
2950 66,1 61,6 62,4
3000 66,9 62,4 63,2
3050 67,8 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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[Ipodonxcenue

R408A

Temnepatypa HacChl-
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IIpodoancenue

R502 R408A
Naprerve, klla : TeMnepaTypa Haceille- | TemnepaTypa Hachl- W TemrepaTypa Hachi-
Hua, *C IEHHOM #MIKOCTH, "C \ nieHHoTro 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 324 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 43,1 429 43,1
1850 443 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

Hasnenne, klla

Temneparypa Haceiie- | Temmeparypa Hachl-
Hus, °

LIEHHOU XHUaAKoCTH, °C

Temnepartypa Hachbl-
weHHoro napa, °C

2250
2300
2350
2400
2450
2500
2550
2600
2650
2700
2750
2800
2850
2900
2950
3000
3050
3100
3150
3200
3250
3300
3350
3400
3450
3500

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
68,6
69,4
70,1
70,9
71,7
72,4
73,2
73,9
74,6

52,6
53,6
54,5
55,5
56,4
57,4
58,3
59,2
60,1
60,9
61,8
62,7
63,5
64,3
65,1
65,9
66,7
67,5
68,3
69,1
69,8
70,6
71,3
72,0
72,7
73,4

52,8
53,8
54,7
55,7
56,6
57,6
58,5
59,4
60,3
61,1
62,0
62,8
63,7
64,5
65,3
66,1
66,9
67,7
68,4
69,2
70,0
70,7
71,4
72,2
72,9
73,6

OxunaeMoe U3MEHEHHWE 3KCIUTyaTallMOHHBIX TapaMeTPOB XOJI0AU1b-
HO# cucteMbl nociae 3ameHbl R502 Ha R402A, R402B, R408A npen-

CTaBJIE€HO B Tabi. 36.

36. OxnaaeMoe U3MEHEHHE 3KC)

ATAIHOHABIX NOKA3aTe el OXIaKIaI0mell CHCTeMbI
nocJje 3aMennl R502 na R402A, R402B, R408A

Mokasatens | Re0A R402B | Ra0sA
HN3menenue nasneHus, klla:
HarHeTaHus 275,8 206,8 34,5
BCACBIBAHUS 34,5 34,5 345
H3MeHeHHE TeMIlepaTypbl -2,8 2,3 11,1
HarHeTtaHud, °C
HM3MmeHeHue neperpesa Ha -2,2 -2,2 -1,7

BCaCblBAHUH
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10.5. 3amena R22 na R407C

OcHosHuble cBeneHua. Huxke paccMarpuBaeTcs IopsiioK 3aMeHbl R22
B XOJOIWIBHON CHUCTEME aTbTepPHATUBHBIM XjaagareHToM R407C. AHa-
JIOTUYHO IIPOBOJSAT 3aNpaBKy XOJOAWIBHOU cucreMel R410 u npyrumu
AJIbTEpPHATUBHBIMHU XJ1aJlar€HTAMU.

[lepen nmpoBencHUEM OIlEpallMii MO 3aMEHE TPAIULIMOHHOH CMECHU
XJagareHT + MUHepaibHOe Macjio Ha cMmech R407C + nommagpupHoe
Macjio HeoOxoauMo 00s3aTeIbHO oOpalaTh BHUMAaHWE HAa XHMMYEC-
KYI0 COBMECTMMOCTD MOC/ENAHEN ¢ NMPUMEHSAEMBIMH YIUIOTHUTEIbHBIMH
MaTepyajgaMu (IUIACTHKAMU U 3J1aCTOMEPaMM ).

PekoMeHayeTcsT mepel 3aMEHOM XJagareHTa M BHECCHHUEM KOH-
CTPYKTUBHBIX U3MEHEHUI B XOJIOAMJIBHYIO CUCTEMY IO OTHOIIEHHIO K
TaKMM €€ DJIEMEHTaM, KakK NMPOKJIaIK/A M YIUIOTHEHHUS, IPOKOHCYJIbTU-
pPOBAaThCS C TIPOM3BOAUTEIEM OOOPYIOBAHUS.

IIpu 3ampaBke oOopymoBaHusA XxiaamareHToM R407C ucnonb3yor
MepHble IWIMHAPHL. LuiuHaps At R407C oGopynoBaHbl XHUAKOCT-
HBIM U MTAPOBBIM BEHTWISIMU. KMAKOCTHBIN BEHTU/Ib CMOHTHUPOBAaH Ha
narpyoke, 3aKpervieHHOM B [IHUIIE LMWJIUHJApPA TaKUM 00pa3oM, YTOOH
B TOM CJlyyae, KOrja LIWIMHIP HAaXOAUTCA B BEPTHKAIBHOM IT10JIOXE-
HMH, XJIaJar€HT U3 HEro MoJaBaics B XXUIKOH (ha3se.

B neicTByrollIEM XOJIOOMJIBHOM OOOpPYIOBAaHMM XJanareHT R22
MOXHO 3amMeHuTh Ha R407C ¢ ucnonbp3oBaHueM OOBIYHOro Habopa
TIPUCIIOCOOIEHUI U MHCTPYMEHTOB, UCIOJIb3yeMBIX B MPAKTUKE Cep-
BHCHOTO OOCJIyXXIBaHMSI.

B 0OJBIIMHCTBE XOJMOIWJIBHBIX CUCTEM AQCTATOYHO IPU TIepexoie
OT TpamuMUMOHHoro xnanareHtra Kk R407C Tonbko 3aMEHHUTh Macjo B
KOMIIpeccope, (GPUIbTP-OCYILIUTEb Y, BO3MOXHO, U3MEHUTb TEMIEpa-
Typy IeperpeBa xjagareHTa Ha BcacbiBaHMU (mwigd cucteM ¢ TPB). Ile-
pell MpOBEACHKUEM OIEpalMid 10 3aMEHEe XJIalareHTa B CUCTeMax, KOTO-
pbI€ HAXOASTCS Ha FapaHTUH, CJeAyeT OOpaTUTbCS K IPOU3BOIUTEISAM
KOMIIpeccopa U Apyroro o6opynoBaHus, TaK KaK TapaHTHS Ha HEKOTO-
pbi€ BHIbI XOJIOMUJIBHOIO 000pYAOBaHMS, IEPBOHAYAIBHO MpeaHAa3HA-
YEHHOTO /11 paboThl HA TPAAUMLIMOHHAIX XJIaAAreHTE H MacJje, Mocie UX
3aMEHbI MOXET YTPAaTUTh CBOIO CHUIY.

Onpenenenne padboYMx napaMeTpoB XOJOAWILHOH CHCTEMbl, paboTaro-
mieit Ha R22. 3anuchiBaloT JaHHBIE MO padoTe cucTeMbl Ha R22 (TeMre-
paTyphl M JaBJIEHUS] B KOHIEHCATOpE, ucnapurene, nepea TPB u T. 1.).
[pegBapuTeNbHO yOEXKTAIOTCA B TOM, YTO CUCTeMa MPaBHJIBHO 3alipaB-
JIEHAa XJ1aJareHTOM, a TAKX€ B TOM, YTO OHAa pabOTaeT B HOPMAJIbHBIX
pabouyMx yCJIOBMSIX.

3amMeHa MHHEPAILHOr0 WM ANKHJIOEH30JLHOro Macja Ha noauddup-
Hoe, [ ciMBa macjga MOXET NMOTpeOOBaThCs NEMOHTHPOBATH KOM-
npeccop. OcobBeHHO 3TO OTHOCUTCS K MaJIbIM T€pMETHUYHBIM KOMIIPEC-
copaM, KOTOpble HE MMEIOT OTBEpCTUsl IUIA ciauBa 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, [pumeuanne
) 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-
RS503 6 KUM (DJIAHLIEM Ha BBIXOIE
Ob6opomnan mapa
9 12 304 x 348 R12 12 CoeauHeHME ¢ [LIOCKUM

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 %).

107



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
XrtagareHT MHHP[MBJ'II:HOC- i N;g‘;gg‘lﬂ:zo MHHHMBJ'leOC- hﬁ?)'r(glg'br{:ﬁ;go
)laBJ'ICHHCMP[(l:_II'[LI | cTemeHs 3arnon- )ZlaBJ'lCHHer\L/}%'IbI CcTereHb 3amo/-
ramms, WA |  HeHud, Kr/7 Tanud, Mita HEHUs, KT/

RI2 1,7 1,17 1,8 1,15
RI12B1 1,0 1,64 1,0 1,61
R13 12,0 0,95 10,0 0,83

25,0 1,10 25,0 1,10
R13BI1 4,2 1,13 42 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
R115 2.4 1,10 2,5 1,06
R124 1,2 1,20 1,2 1,20
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
R500 2,2 1,02 2,2 1,02
R502 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, TexnnuecKHe XapAKTEPHCTHEH BAKYYMHO-3apsaHbIx craunmif ¢upvbi 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, | cota| wa
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. IlepenocHas cranuus 10805-RD-4 nng BaKyyMMpOBAHHA M 3aPAJIKH XJIafareH-
TOM XOJIOAM/ILHOH CHCTEMBI:

1 — BakyyM-Hacoc; 2 — ra3o0aju1acTHbIil BEHTWIb, 3, 12 — npenoXpaHUTebHbIC Kiamna-
HBl; 4, 8, 17, 18, 21 — BeHTWIH; 5 — BaKyyMHBIIA OJI0K; 6 — BAKyyMMeETp; 7 — pyuka; 9 —
MaHOBaKyyMMmeTp; /0 — cMoTpoBoe crekio; 11, 13 — maHoMeTpbl; 14— ofparHbiit Kia-
naH; 15— wwiMHIp ais xnagarenta; 16 — wkana uWiaMHapa; 19, 22— wiryuepa; 20—
ctaHuHa; 23, 24 — tymOaephl; 25 — 3MeKTpUUECKU 1UTOK

BCTPOCHHOTO 3JICKTpOHArpeBaTeId; MaHOMETpUYecKoro OJIOKa ¢
MaHOMETPOM M MaHOBaKyyMMETpPOM (HMMCIOIIMMMU LIKaJbl TeMIIEpa-
Typ ¥ paBiieHuit xaagareHToB R12, R22, R502 B cocTossHHM Hachl-
LIEHMA), CMOTPOBOIO CTEKJIa, BEHTHJIEH CO IUTYyLIEpaMH IS IIPUCO-
eIUHEHUA IIJIAHTOB;, BaKyyMHOTO 0Ji0OKa C BaKyyMMETPOM, BCHTH-
JIEeM U MpPEXOXPAHUTENbHBIM KIAMaHOM; IIMTKA C 3JEKTPUYECKUM
KOHIeHCcaTOpoM, TyMOJiepaMu Ui BKJIIOYEHUS BaKYYMHOIO Hacoca
M 3JEeKTpOHarpeBaresss UMJIMHIpPA U KJIEMMHUKA JJIg IIpHCOeIUHE-
HHA 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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3apsansan crammn 11705 dupmbl REFCO. Ota 3apsanHas craHums yc-
TAHOBJIEHA Ha JABYXKOJIECHOH CTaHMHE. BO3MOXHBI pazTuiHbIe UCTIOTHE-
HHMS B 3aBUCUMOCTU OT UCTIOJb3yeMoro xiagareHta — R12 win R134a.

YuurteiBasi, yTo IS cCUCcTEM, padboTamommux Ha R134a, ocobeHHo Ba-
X€H TIPOLIECC BAKYYMUPOBAHUS, YCTAHABIUBAIOT B 6A30BOI1 KOMILIEK-
TALUU TOJBKO JBYXCTYHEHYAThIA BaKYyMHBIA HACOC.

KoMruiekTaumsi pa3mUYHBIX 3apsSaHblX CTAaHUMH MAHHOU cepuu

npuseacHa B Tabm. 41.

41. Komnnexraius 3apaaHpx cramnmsi 11700, 11705, 11800 a1 11805

KoMMoHeHTHI

11700
(R12, R22,
R502)

11705
(R12, R22,
R502)

11705
(R134a)

11800
(RI2, R22,
R502)

11805

(R12, R22,

R502)

11805
(R134a)

JBYXCTYyTieH4aThblil BaKyyM-
npit Hacoc RD-4
OAHOCTYNEHYATHIA BakKy-
yMHBbI# Hacoc RS-4
3apsaAHBIA LHUAMH/ID
10750-10H ¢ nogorpesomM
BMECTHMOCTBIO 2 KI
3apsAHBIA UUAVHAD
10760-10H ¢ momorpesoM
BMECTHMOQCTBIO 4 KT
YeThIPEXCTOPOHHUHA Ma-
HOMETPHYECKUI KOJUTEK-
TOp € MacC/l03afl0IHEHHBIM
CcHIbDOHHBLIM MaHOMET-
poM (auameTpoM 80 MM)
Bakyymmetp 19801 (1mna-
meTpoM 100 MMm)
CepBMCHEIM KJ1allaH
CX-Auto /4

CHHETO LIBETa

KpPaCHOro 1IBeTa
Inanr CL-24-Y xentoro
upeTa (1Ba)
Inaur CL-36-Y Xxentoro
LIBETA
inaur CL-72-B cuH”ero
LBeTa (/1Ba)
Inanr CL-72-R xpacHo-
ro uBeTa (1Ba)
Macno DV-06 pns BakyyM-
Horo Hacoca (1 1)

3apannas cranums 10905-S-R134a ¢upmei REFCO. PaspatGorana
TSI CEPBUCHOIO OOCTYXMBaHUSI ABTOMOOWIBHBIX XOHIMIIMOHEPOB.
Ons ymoOGcTBa CTaHIIMS CMOHTMPOBAaHA Ha TPEXKOJECHOW CTaHHUHE.
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OHa COCTOUT U3 CIEAYIONIMX DJIEMEHTOB: CTAIbHON paMbl; JABYXCTY-
MEeHYaToOro BakyyMHOro Hacoca RD-4; 3apsgHoro uvaumHapa mis
R134a ¢ nogorpeBoM 00JIbUIOI EMKOCTH BMECTUMOCTBIO 4 KTI'; MacCJ/J0-
3amnOJITHEHHBIX MAHOMETPOB auaMeTpoM 80 MM co mkanoi ang R134a
(mpegycMoTpeHa 3amMTa OT U30BITOYHOrO AaBJICHHS); BAKYYMMETPOB
19801 nuametpom 100 MM CO BCTPOESHHBIM IPEAOXPAHMUTEIbHBIM Kila-
MIAHOM U CTPEJIKOM; cepBUCHBIX ki1anaHoB CX-Auto !/, cuHero u kpac-
HOTO LIBETOB; BceX HEOOXOAUMBIX 3apSIHbIX LIJJAHTOB.

Cranunua FAST6-R12 ¢upmbl REFCO nas pereHepauuu, BaKyyMH-
poBanMs H 3apanku. IlpenHasHauyeHa 1A paboThl C XJagareHTaMU
R12, R22 1 R502. CocTOUT U3 repMETUYHOTO KOMIIpeccopa CO CMOT-
POBBIM CTEKJIOM JIsI Macjla, MacJIOOTIAEIUTENIsI, BEHTUIATOpa, MAHO-
MeTpa, pejie HU3KOro M BBICOKOIO JaBICHMUH, BceX HEOOXOMUMBIX Cep-
BUCHBIX KiaraHoB. Bce 0060pynoBaHUe pasMelieHO B TPOYHOM ajiio-
MMHMEBOM KOpIIyce ¥ IOTOBOTrO K 3KCITyatauuu. CtaHuus paboraer
oT ceTu ¢ HampspkeHueM 220...240 B (50 I'u). AHanoru4yHasi cTaHIIUS
FAST6-R134a npeaHa3HayeHa misi paGoThl ¢ x1agareHToM Rl134a.

ABTOMaTHYECKasl CTAaHUMUSA TIpocTa B dKcrutyatauuu. [IpemycMot-
peHa BO3MOXHOCTb pereHepaldM XJjagareHTa ¢ IOBTOPHOH ero 3a-
PSIIKOM B XOJIOAMIBHYIO cUcTeMy. BcachiBaHMe xJ1agareHra, ero pere-
Hepalusi U BAKYyMHUPOBaHUE YCTAHOBKY NMPOUCXOAAT aBTOMAaTUUYECKHU
B YKa3aHHOM nopsifnke. O6 OKOHYaHUH NMEPBOM ONEpaLyi CBUACTENb-
CTBYET 3aropaHue JaMIIOYKM Ha KOHTpOJbHOW maHeaud. M3-3a Toro
YTO BCE OINEpaluy ITPOUCXOASIT aBTOMATHUYECKH, PUCK TOMAadaHMs
xJlagareHTa B atMmocgepy cBelieH K Hy110. KOHTpoJIMpoBaTh IpOUCXO-
JSIIIMe OTepalMy MEeXaHUK MOXET I10 BCTPOEHHBIM MaHOMeETpaM Ha
JUHMUAX BCAaChiBAaHUS M HarHETaHUSI.

Texuuyeckue xapakrepHcTHkH cTakuun FAST6-R12

MaccoBslii pacxom XJ1anareHTa Yepe3 KOMIIPECCop, Kr/u 16
T1pOM3BOAUTEILHOCTE BAKYYMHOTO HAcoca, J1/MHH 32
HanpsokeHue 220...240 B (50 Tn)
BMecTUMOCTD 3apsALHOro UWIMHApPA, KU o 4
Tlone3Hblit 06bEM MacIOHAKONUTENA, CM> 750
Macca ycTaHOBKU, KT 85
T'abapuUTHBIC pasMephl, MM:
JUTMHA 880
LIMPHHA 500
BBICOTA 1310

YcraHoBKy BbimyckaioT B AByX BapuaHTax (SECUMAT R12 u
SECUMAT R134a) B 3aBUCHUMOCTH OT MCIIOJIb3YEMOTO XJIaJarcHTa.

3apannas cranuua 10854 ¢pupmer REFCO. I1penHa3HaueHa IS cep-
BHCHOTO OOCITY:KMBAaHMS OBITOBBIX XOJIOOIWILHUKOB U MOPO3WILHHUKOB,
pabotaromx Ha R600a mnu R134a. CtaHIMsa COCTOMT U3 CIEAYIOLIMX
3JIEMEHTOB: BBICOKOBAKYYyMHOro Hacoca ROYAL-2; 3J€KTpOHHBIX Be-
COB C auamna3oHoM usMmepeHuil oT 0 no 2000 r ¥ ¢ eIMHULEH U3MeE-
peHus | T; CTPeJIOYHOro BakyyMMeTpa auameTpoM 100 MmM; MaHOBa-

114



Puc. 16. 3apannpie nuausaps 10760

KyyMMeTpa IraMeTpoM 68 MM ¢ TeMIiepaTypHO# 1iKaioi wna R134a; 3a-
psaaHoro kiaanaHa aas R134a; nmoaMaMuaHOrO KanwuIIpHOIO IIUIAHTA;
MOIEePKMBAIOLIETO YCTPOHCTBA Il 3anpaBKu xuakoro R600a; Bcex He-
00XOOMMBIX 3apSIAHBIX IUTAHTOB, BKAIOYas OAMH CIEIMAIbHBIN HLIaHT
IUIMHOM 5 M, KOTOPBIH cOrfacHO TpeOOBAaHMAM TEXHUKM 0€30IIacCHOCTU
UCKITIOYAET IonanaHue razooopasHoro R600a B pabouyio 30HY.

3apaanbte nwiHHIpH pupmbt REFCO. TIpenHasHauensr wist padboTsl
¢ xianareHTamMu rpynn XY, I'XOY u I'®Y. 3apsaanbie HWIMHIPHI
(puc. 16) MMEIKT BLICOKONPOYHYIO KOHCTPYKLIMIO, YTO IO3BOJISIET B
TI0JIEBBIX YCIIOBUSIX OOCTyXHMBaHUA 00eCNIeYUTh MX 0€30TKa3HYlo pado-
Ty. CyuiecTByioT 60/blIME LWJIMHAPH M MMHU-LWIMHAPHI, MPUYEM
MUHU-LIMHAPHI MPUOAM3UTEIbHO HAIlOJOBUHY (110 BBICOTE€) MEHb-
me, yeM Oosblive TMAMHIPHE., O003HauYeHUE 3apsAHBIX LWIMHIPOB
JonoHUTeNbHON OykBoi «H» o3Hauyaer, 4To OHM 0GOPYIOBaHbBI 3J1€K-
Tpooborpesatenem (220...240 B, 50 I'u). PaccuutanHrie Ha R134a u
R404A 3apsinHble UMIMHAPLEL MO TpeOOBaHUSM 0€30MaCHOCTH HE pas-
pellaeTcsl MCIMOAb30BaTh AJIS 3allOJHEHHUsS YCTAHOBOK XJaJareHTaMu
R12, R22, R502 u HaobopoT.

3apsiiHble LWJIMHAPH OTKAJIUOPOBAHBI I10J METPUUECKYIO CUCTEMY
Mep. B 1abn. 42 nokazaHbl TeXHUYECKUE XapaKTEPUCTUKU 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 JUIUHY.

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

116



3apsiaHble LIJAaHTH, MTOCTaB/IseMble B KOMILIEKTE (roiayboi, Kpac-
HBI{ M XeJIThIN), UMEIOT CICAYIOLIYIO [UIMHY.

O6o3HaueHHe JiuHa, MM
CCL-36 900
CCL-48 1200
CCL-60 1500
CCL-70 1800

3apsinHble UIJIaHIM TPUTOOHBI 1A BCEX XJIAJareHTOB U HMEIOT
pe3pdy 1/4".

Bakyymnbie Hacocsl ¢upmMbl REFCO. BbicOKONpOM3BOIUTE/IbHBIE
JIETKME IBYXCTYIIEHUYAThIE BAKYYMHbIE HACOCHI MMEIOT HANEXHYIO Jiona-
CTHYIO KOHCTPYKIIMIO M MIEATBHO MOIXOMAT IISi OOCTYy:KUBaHUS OBITO-
BOH XOJIONMJIBHOM TEXHUKHU M CMCTEM KOHIUIIMOHMPOBAaHMS. CUCTEMBI,
paboraroiue Ha xianareHtax rpynrnsl HCEFC, MoryT ObITh OTBaKyyMH-
POBAHLI 10 HAMMEHBILUETO 3HAYECHMSI OCTAaTOYHOIO JaBJIEHMS, PABHOTO
0,1 kIla win gaxe elie MeHbILE; CUCTEMBI, PabOTAIOLIME Ha XJIaJareHTax
rpymnsl HFC, — no 0,04 xI1a win MeHbure. 3HadeHUe BaKyyMa 3aBUCHUT
OT IIKATHl U3MEPEHHUI, TO3TOMY PEKOMEHIYETCS IIPUMEHSTh 3JeKTPOH-
HBbIH CYETYMK BakyyMa (Moxeiab DV-150 Vacu Test).

TexHNYeCKME XapaKTEPUCTHKU OJHO- U NBYXCTYIIEHUATHIX HACOCOB
ROYAL-2, RS-4, RD-4...RD-8 mnpusenenbr B Tabn. 43, napaMeTpsl
3J1eKTPOIBUTaTENsT — B TabJ. 44.

43. TexuuaecKne XapAKTEPUCTHKH BAKYYMHBIX HACOCOB

Mokasate |[ROYAL2| Rs-4 | RD4 | RD-5 | RD6 RDS

IIpon3BOANUTENLHOCTD:

M3 /MMH 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 3/1EKTPONBHTATEA BAKYYMHRLIX HACOCOB
\

Monens Hacoca w Hanpspxenue, B i Yacrora, I'ul \ 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-4 220/240 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
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DJIEKTPOHHbIE ABTOMATHYECKHE TIaJIOTeHHblE TEYEHCKATENH (PupMbI
«TIF Instruments Inc.» (CIIIA). I[Tpubopsl npeaHazHayeHbI LISt 00-
HAPYXEHUST YTeYKH XJaJareHTa B XOJOQMJIBbHBLIX arperarax. Ilocie
BKJIIOUEHUS TIpHbopa cpasy Xe HauMHAETCAd MTOMCK YTEUKU XJTagareH-
Ta. PacCYMTaHHBIN KOMIIBIOTEPOM TeJeMETPHYECKHH CHUTHAJI YBEJIH-
YHUBaAETCsl KaK MO CKOPOCTH, TaK M MO 4YacTOTe, KOrma NMpUOIMKaeTcs
UCTOYHHMK yTe4yKHU. ['anoreHHbI€ T€YEUCKATEIN OOHAPYXMBAIOT yTeu-
KM KakK MHIMBHUIYaJIbHBIX, TAK U CMECEBHIX XJ1agareHToB — R11, R12,
R500, R503, R22, R123, R124, R502, R134a, R404A, R152, AZ-50,
R402A, R402B, R507.

B T1abn. 45 mpencraBieHbl TEXHHMYECKHME XapaKTePUCTUKU TaJIOTeH-
HBIX 3ME€KTPOHHBIX TeYeHcKaTenei, cepTugHUIIMpoBaHHbIX 10 SAE J1627,
g xiaagareHToB R12, R22, R134a, R507 u R404.

45. DNIeKTPOHHEbIE ABTOMATHYECKHE IJIOTCHHbIC TEICHCKATE/H

XapakTepHcTHKA TIF5050A | TIF5450 | TIFS550A TlF5650A‘1TlF5750A TIFHI10A

Hacrpotika:

aBTOMaTH4ecKas + + + +

pyJHast + +
3BYKOBOI CHUTHa + + + + + +
CpeToBasi MHAWKALMUSA + + +
KHornka nepesanycka + +
BcTpoeHHBIN Hacoc + + + + +
[ubkwuit Wyn gaTyuka + + + + +
yTeyek
Butoit rubxuii nposon + + + + +
UyRCTBHTEIBHOCTE HPH >7 >7 >7 >7 >3 >14

HETIOABVKHOM IaTYHKe
YTE4KH, I/TOx

[Mvrtanue [2 Garapen TH- + + + + + +
nma C o 1,5 B, anexrpo- :

ceth 220 B (50 I'm))

DNEKTPOHHBIE TATOTEHHBIE TEYEUCKATENAM KOMILIEKTYIOT TMOKUM
IIIYIIOM, 4 HEKOTOpble ¥ BUTHIM I'MOKWUM NpPOBOAOM, IMO3BOJISIOLIMMU
TI0IBOAWTH HAKOHEYHUK ¢ YYBCTBUTEJNbHBIM 3JIEMEHTOM K TPYIHOIOC-
TYNHbBIM MecTaM. B pyuKy 1Iyna BCTpOSH MeXaHH4YEeCKHMH Hacoc, co3aa-
JOLIM#A HalpaBIeHHBIA MOTOK ra3a K YYBCTBUTCIBHOMY 3JIEMEHTY, YTO
YCKOPSIET ITOMCK MeCTa YTEUKH.

Y HauGonee coBepuieHHBIX Mozenei TIF5650A u TIF5750A Ha
pYyyKe IIyma pacIioJoXeHa KHOMKA Iepe3amnycka, MpeaHa3HauyeHHas
JUIS1 HACTPOHKHU MpubOopa Ha pa3Hble YpOBHHU (OHA.

Teueuckarenb TIF5650A npuMeHSIOT Wisi OGHAPYXEeHUS X1aJareH-
toB XDV (R11, R12, R22, R502), T®Y (R134a, R404A, R507) u ap.
IToMHMO BCTPOEHHOTO Hacoca OH CHabxeH CBETOBbIM MHIMKATOPOM
ypOBHSI yTeyeK. TouyHOCTh UHAMKALUUMU 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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Texnuueckde XapaKTEPHCTHKH MeXxaHH4YecKoro TepMometrpa 15165

Juana3oH u3MepeHMid TeMneparypsl, “C Ot —40 o +40
PasMephl HIKTBI, MM 15x 30

JITMHa KanwuispHO! TPYOKU, M 1,5

PasMepbl mpoeMa U1l MOHTaXa, MM 26 x 58

Tepmoctar SP-ST. [IpenHa3HaueH Mg XOJOAWIBHOTO 00OPYAOBaA-
HMS ¢ JMaNa3oHOM peryJIMpoBaHMs TeMmmneparyp oT —35 mo +35°C.
TepMoCTaT MOCTABIAIOT ¢ MOAKIOYeHUEM HanpsokeHus 250 B (16 A)
w 380 B (10 A).

DJeKTPOHHBbIE BEChl B aA03aTepbl. Psin 3apyOexxHbix GpupM mpensiara-
€T HEeJOPOTHUe, HacTpauBaeMbI€ BPYYHYI10 31eKTpOHHbIE Bechl TIF9010,
TIF9015 u TIF9025 u cynepcoBpeMEHHbIE MPOrpaMMHUpYEMEBIE 103a-
topbl TIF9050, TIF9050A, TIF9075 u TIF9075CR (CLLUA), npuMeHs-
eMble TIPH 3aMOIHEHUM XJIaJareHTOM XOJI0AMIBbHOrO KOHTYpa WX Oa-
J0HOB. Bce Bechl HEUYBCTBUTEIbHBI K HEPOBHOCTSIM ITOBEPXHOCTEM, Ha
KOTOPYIO MX YCTaHaBJIUBAIOT.

IMopratusHeie 3xeKTpoHHbEe Bech TIF9010 Slimline, ucmonnaye-
MBble ITpY 3aMOJJHEHHH Ga/UTOHOB cTaporo ofpasiia, MMesl TOJIIUHY
BCEro 5 cM, MO3BOJISAIOT B3BCIIMBATh OAIOHBI MAaccOd A0 34 KT, 4To
COOTBETCTBYET CTAHIAPTY 3alloJiHeHUs OaIOHOB xiagareHToM. LeHa
JeJleHUs WIKAIBl BeCoB 25 I, MOrpeliHoCTh U3MepeHust 2 %.

OnexktpoHHble Bechl TIF9025.. TIF9075CR npenHazHadyeHbl 1
U3MepeHHust Maccel A0 68 kr. MeeTcss BO3MOXHOCTh BIBOE YBEJTHYUTH
IIpeIeJIbBHO JOITYCTUMYIO Maccy.

ABTOMAaTHYECKH IPOrpaMMUPYEMBIE 103aTOPhl TOYHO BBHITIOIHSIOT
BCE BHECEHHBIE B IIPOTPaMMy KOMAaH/bI, TO3TOMY HET HEOOXOIMMOCTH
ITOCTOSSTHHO Ha0JII0JaTh 33 MPOLIECCOM 3aMpPaBKH XOJOAWIBHOIO KOHTY-
pa wiy 6auoHoB xi1agareHToM. Jo3atop TIFS075 naroroBisior ¢ aBy-
Msl pa3aebHBIMU BXOJaMU IS HECOBMECTHMBIX XJ1aJar€eHTOB (Halpu-
Mep, R12 u R134a).

TexHuyeckre XapakKTepUCTHKU 3JIEKTPOHHBIX BECOB W aBTOMAaTH-
YeCKHX [103aTOPOB MpHUBEIAEHBI B Tal. 47.

47, TexnndecKHe XapaKTepHCTHKH 3/IeKTPOHHBIX BeCOB H ABTOMATHYECKHX JI033TOPOB

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
HMS, T

Pyynas nosupoBka + + +

ABTOMAaTHUYECKAS J10- + + + +

3UPOBKa

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

Yucno coicHOMAOB — — — 1 1 2 2
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Puc. 17. HInnopi-npoxoaka 14210 ang ycTaHOBKH LITYHepa ¢ Kiaana-
Hom Illpenepa

HIunupi-npokoska 14210 nis YCTAHOBKH WITYHEpPa C KJANMAHOM
Hlpeaepa. D10 MU3aeaMe NMpeaHA3HAYECHO IUISI HEMEMICHHOIO Bpe3a-
HHS B T€PMETHUYHBIE OBITOBbIE XOJOAWJIBHUKH U MOPO3UJIBHHUKH.
[unusl-nmpokoJika (puc. 17) U3roToBjleHb U3 BBICOKOKAYECTBEHHOM
XpOMOBAaHAAUEBOM CTajl ¢ 3aMEHSEMBIM HAKOHCYHUKOM M Kiama-
HoM Ipenepa. [Ipouecc Mcnoab30BaAHUS WHILOB-TPOKOJKU MPOCT:
IIPOBOASIT BPE3KY AUAMETPOM 6 MM Yy BcachIBaloOlllero narpyoka u ue-
pe3 3apsaaHblA HUIAHT yIandl0T XJagareHT. [locie OKOHYaHUA Ipo-
necca o0CAyXMUBaHUSI C TTOMOUIbIO UIMIILIOB OTCOEAUHSIOT LUTYLIED U
MPUIIAaUBAIOT €ro K Tpyoe.

13. IpaBmAa Ge30MacHOCTH
npu pabote ¢ aAbTepHaTI{BHblMH
XAaAaI‘eHTaMH

ANbTepHAaTUBHbIE XTaZareHThl HEOTHEOMAacHbI M HEB3PBIBOOIIAC-
Hbl. OOHAKO MX HEJb3sl CMEUIMBATh C JIOOBIMUY BOCIIAMEHSIOIINMMU -
Cd ra3aM WM XUAKOCTSIMM, KAKUMHU OBl IpUYMHAMU 3TO HE OBLIO
BBI3BAHO, ITOCKOJBKY 3TH CMECH MOTYT IIPUOOPECTH HEMpenckKasye-
Mble CBOMCTBA, CTaTh CIIOCOOHBIMM K BOCIIaMEHEHMIO M, CJIEJ0Ba-
TeJIbHO, OMMACHBIMH.

XJ1aJareHThl HeJlb3sl MOABEePraTh BO3AEHCTBUIO OTKPBITOrO IVIAMEHHU
JIN0O MEKTPUYECKUX HarpeBaTeIbHbBIX 2JIEMEHTOB. Bricokue TeMrepa-
TYpbl M IJIaMsI MOTYT BbI3BaTh Pa3jIOXEHHUE XJIAAAr€HTOB C BBIACJIEHU-
€M TOKCHYHBIX M pa3jiaraioiux nbiMoB. [loMuMo 3Toro rmiams ropei-
KA MOXET pe3KO YBEJUYHMTLCS B pasMepax Jubo U3MEHUTh OKpacky B
MPUCYTCTBUM MHOTMX O30HOOMNACHBIX XJamareHToB, BKio4as R500
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uin R22, a Takke MHOTHMX aJIbT¢pHAaTUBHBIX XJ1aIar¢HTOB IIPY YCJIOBHUHU
MX BBICOKMX KOHIIeHTpanuii. Takoe yBeJMUYeHUE ILUITAMEHHA MOXET BbI3-
BaThb MCIYT y MepcoHajlla WIM Jaxe MPUBECTU K TpaBMe. MHorue
xjaagareHTsl IXPY u 'Y Moryt cTaTh roployUMH, €CJIM UX CMEIIATh
C BO3IYXOM, a 3aTe€M pa3orpeTh M yBEJIWYUTH AAaBICHHME. B mpoiuioM
npu padote ¢ XPY oObIYHBIMU OBUIM MCTBITAHUS CMECEW BO3OyXa U
XJIaJlare€HTa ¢ Bo3pacTaHueM daBieHus. OaHako mpu pabore ¢ [ XDY
win ['DY Takux MCNBITAHUN CiaeayeT u30eraTh, TaK Kak, HarpuUMeEp,
R134a MoxeT BOCIUIAaMEHUThCS TpHU abCcooTHOM gaBieHuu 139 klla
u Temnepatype 177 °C, ecnu ero cMelaTth ¢ BO3IYXOM B KOHLIEHTpALIU-
X, 0ObIYHO TpeBbILaOIIMX 60 % (mo o6veMy Bo3myxa). ITpu Gonee
HU3KMX TeMIlepaTypax WIS IpHOaHUsI CMECHU TOpIOYECTH TpeOyloTcs
0osiee BBICOKME NaBMeHUA. R22 TakKe MOXET BOCILIAMEHMTLCS TpHU
JaBJIEHUSX, MPEBBILIAIOIINX aTMOCHEpHOE, €CIM CMeIlIaTh €ro ¢ BO3-
JYXOM NpPH BBICOKMX KOHIeHTpauMsAX. [TOCKOJbKY aibTepHATUBHBIC
XJ1agareHTsl comepxar KoMrnoHeHTsl [ XPY wnu I'OY, npeanonaraer-
Csl, YTO UX TTOBEJEHHE OKaXeTCs aHAJOTUYHBbIM. [1o 3TO# npuynHe UX
He caedyem cMemueams ¢ 8030YX0M HU 8 KAKUX KOHYEHMPAyusx 045 npo-
8e0eHUs UCNbIMAHRULL ¢ Yeavio 0bHapyxcenus ymeuek. Henb3sg nonyckars,
YTOOBI 3TH XJIaJareHThl HaXOIWUIUCh MO JaBJeHHWEM, MTPEBHILALINM
aTMocgepHOE, B CMECH C BO3IYXOM.

13.1. Bo3aeilicTBHe XAajAareHToOB
Ha OpraHm3M 4YeAaoBeKa

TennoBoe pasJioxeHne. XJlaoarcHThHl pas/arajoTcs MO BO3OCHCTBU-
€M BBICOKMX TEMIIEpaTyp, BbI3BAHHbIX OTKDBITHIM ILIaMEHEM JIM0O
3JIEKTpUYECKHMU HarpeBaTte1aMu. IIpu pa3ioxeHUU MOTYT BBIAC/ISITh-
CA TOKCUYHBIE U pa3dpaxarolide COeAMHEHUsI, B YACTHOCTU XJIOPHUABI
Bogopona U ¢propa. CHIBHBIN 3amax, UCIyCKaeMbI pa3ioXUBIIUMCS
XJIaJareHTOM, BhI3BIBAET y OOCAYXKHMBAIOIIETO TIepCoHaia pasapaxeHue
CIU3UCTOM OOOJOUKM HOCa W ropJia. BeuiensieMble KHMCIOTHBIE Maphbl
OMacHBI, U BO M30eXaHWE UX BO3IECUCTBUS Ha IEPCOHAT MPOU3BOA-
CTBEHHOE TTOMEIIIeHHe HEOOXOOUMO HEeMEMIEHHO OCBOOOIUTH OT JO-
e U mpoBeTpUTh. YesoBeka, MoABEPTIUErocss BO3ACHCTBUIO MPOIYK-
TOB pa3AOXEeHMS XJIaJareHTOB, HEOOXOIMMO BBIBECTH Ha CBEXHH BO3-
IyX ¥ HEMEIUIEHHO 0Ka3aTh €My METULIMHCKYIO moMoilb. He caedyem
npodoaxcams pabomy 8 npuCymcmeuy maxKux napog, NOCKOAbKY 3Mo0 MO-
dHcem Hanecmu éped 300p06bi0 nepcoHana.

ANbTepHaTUBHLIE XJIaJareHThl HE BBI3BIBAIOT OCTPBIX WJIM XPOHM-
YEeCKMX OTPAaBJIEHUM MpU paboTe ¢ HUMH, €CIU UX KOHLIEHTpAllUA HE
NMpEBLIILIAET PEKOMEHIYEMBIX YPOBHEW MPENEAbHO AOMYyCTUMOIO BO3-
JEHCTBUS, HAIPUMEP NMpeacnaa momyctuMoro Bosaeiicteusa (AEL), yc-
TaHOBJEHHOro gupmoi «Du Pont», 1100 I10MyCTHMOrO NOPOrOBOTO
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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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MBI MOTYT IIPOSIBJISITLCS TIPY BO3JIEMCTBMM CaMbIX PA3IMYHBIX KOHIICH-
TpaLlyii, a II03TOMY TIPU NOSIBJIEHUHU JII0O0T0 U3 3TUX CUMIITOMOB Clie-
IyeT HEMEUIEHHO ITOKMHYTh IIPOU3BOACTBEHHOE ITOMELUECHHE, Haxe
€CJIM y IPYruxX pabOTHUKOB, HAXOASILUMXCSl PSIAOM, 3TU CUMITOMBI HE
[IPOSIBNISIIOTCS.

B xome 3kcnepUMEHTANBHBIX MCCJIEIOBAHMMA NOAOMNBITHBIX XXMBOT-
HBIX TTOIBEPTajv BO3JEHCTBUIO MapaMH XJ1aJareHTOB Pa3jIMYHbIX KOH-
LIEHTpAlIMii, MOCJIE YEr0o UM AT UHBEKIIMY alpeHAIUHA IJIsT MOJe-
JIMPOBaHUS CTPECCOBBIX peaklivil cepala ueaoBeka. HapyiieHue cepa-
LieOMeHUsI IMOJ BO3IECHCTBMEM KOMIIOHEHTOB AJIbTEPHATHUBHBIX XJIAI-
areHToB HabiogaeTcs npv KoHLeHTpauusx or 20 mo 150 muu—! wim
6oJiee, UTO 3HAUUTEIBHO ITPEBBILIAET OXKUAAEMBIN YPOBEHDb BO3ACHCTBHUS
Ha pa60qu MecTe. [ cpaBHEHUMsI HATOMHUM, YTO NOAOOHAs peakuus
rox Bo3aciictBueM R11 u R12 HaG.IIIOHaeTCH COOTBETCTBEHHO ITPH KOH-
LEHTpauMsax 0Koj1o 5 ¥ 50 MuH~!. B CBsI3M ¢ BOBMOXHBIMY HApyLIEHMUS -
MU CEepIEeYHOTO PUTMa KaTexOJaMHUHOBBIC IIperapaThbl, B YACTHOCTH ai-
peHaTINH, MOXHO HCHOJIb30BaTh TOJBKO B KayeCTBE ITOCJICOIHEIO Cpej-
CTBa B CUTYallMsIX, KOTAA XU3Hb HAXOIUTCH MOI PEATbHOM YTPO30id.

ITpu 6osblIOM BBIOpOCE XJ1aflareHTa IMapbl MOTYT CKOHIIEHTPUPO-
BaThCsl Y TTIOBEPXHOCTH I10JIa WJIM Ha HU3KOPACTIOJOXEHHBIX y4acTKax
M BBITECHUTh UMECIONLIUICS TaM KUCJIOPOI, YTO BBI3BIBAET aCHUKCHUIO.
B cnyuae, eciau BbUIbETCS OOJIBLIOE KOJTMYECTBO XUIKOTO XJIaJareHTa
WIM TIPOM30MAET 3HAYMUTEIbHAs YTeUKa, HEOOXOAUMO HANETh COOTBET-
CTBYIOILME CPEeACTBA MHAUBUAYAIbHOM 3amuThl. IIpu padote B 3aKpbl-
THIX TIOMEIIEHUSX, HAlIpUMep B NOABANIAX, TA€ MOTJIU CKOIUThCS Iaphbl
XJIaJareHTa, cjaeayeT Moab30BaThCsi ABTOHOMHBIMU [BIXaTEIbHBIMU all-
rapaTaMu Jub0 pecnMpaTopaMu C BHELIHeH nogaueit Bo3xyxa. Ilepen
BXOJIOM HEOOXOIMMO TIPOBEPUTH BCE MPOM3BOACTBEHHBIEC ITOMEILEHUS
Ha HAIMYUE KUCIOpOoAa C IMTOMOLIBI0 COOTBETCTBYIOIIETO KOHTPONIBHO-
ro obopynoBaHusi. Korga nepBblii paOOTHMK BXOZUAT B MOMEUICHHE,
BTOPOM HOJIKEH OCTaBaThCS CHApPYXH, M MEXIY HUMHU NOJIKEH OBITh
MIPOTSHYT CMacaTeJIbHbINA Jieep.

Jna obecrneyeHus: LUPKYJISUMM BO34yXa Ha YPOBHE MoOJa U B JIIO-
OBbIX MOABAJBHBIX Y PACIIOJOXEHHBIX HU3KO MTOMELIEHHSIX MOXHO BOC-
T10JIb30BATLCS BO3AYXOAYBKAMM MW BEHTHIISLIMENA.

BOJBIIIMHCTBO XJ1aJarT€HTOB MMEET TaKOM CJIalblil 3arax, 4To ero
TPYAHO OOHAPYXKHTb AaXe IPH ONACHBIX KOHUEHTpauusix. He cienyer
paccuMThIBATh Ha OOOHSIHME IJI OLIEHKHM O€30MacHOCTH IPOM3BOI-
CTBEHHHIX MOMELULECHUN, MpeaHa3HAYEHHBIX I IepcoHana. EauH-
CTBEHHO HaJEXHBIMHU CIIOCODAMU CJIyXaT PETY/ISIPHBIE IPOBEPKM Ha
yT€4Ky U MOHMTOPHUHI KayeCTBa BO3IyXa.

Co3HareJibHOE BIBIXaHME MAPOB XJIaJareHTOB MOXET MPUBECTH K
CMEPTH.

Ilonananne Ha Kox(y u B ria3a. [Ipyu xomHaTtHOMI TeMIIepaType napbl
xnanareHToB SUVA® He 0Ka3bIBalOT CEpPhE3HOTO BO3IEHCTBHS Ha KOXY
WIM rja3a. EcaM cyuiecTByeT OMacHOCTb MONANAHUS XHUIKMX XJal-
areHTOB Ha KOXY, HYXHO 00s13aT€/IbHO HOCHUTH 3aLIMTHYIO OJEXAy, 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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JUIS1 XKM3HEACSATEAbHOCTH. ISl KOHTPOJSI 33 HaIUIMEM KHCJIOpoda B
MPOU3BOACTBEHHBIX MOMELIEHUSIX JOKHbBI ObITh IIPEAYCMOTPEHBI CIIE-
LMAIbHBIE MPHUOOPHI.

IIpaBuna Oe3onacHocTH nmpu padore ¢ cocyaamu moa aasjeHHeM. K
HEKOTOPHIM M3 OMacHbIX (aKTOpOB, BO3HMKAIOIIMX MPU paboTe C co-
CydaMM MOA JAaBJACHUEM, OTHOCSTCS CIEAYHOLIUE:

B MEpPenoJHEHHBIX KOHTEHHEpE, eMKOCTH WIM TPyOOIpOBOAE TIPH
MOBBIILIEHUN TEMIIEPATYPhl MOXET MPOU3ONTH OMACHBIA MOABEM TMI-
POCTAaTUYECKOrO [aBJICHHS, 4YTO, B CBOIO OYepelb, MOXET BbI3BaTh
YTE€YKH TOJ BBICOKMM JAaBJIEHUEM WM JaXe pa3pblB €MKOCTH;

B cJly4ae, €CJIM IpaBWJIbHO HAIIOMTHEHHBINA BO3BPAaTHHINA WM Pa30BbIA
OaJ/UTOH pas3orpeBacTcs OO0 TEMIEPATyphl, MPEBBILIAIOLIEN PEKOMEHIYE-
My1o (52 °C), 3TO MOXeT TIIPUBECTU K IMOAbEMY JABJIEHUSI 10 OMACHOTO
YPOBHSI, NIPEBBILLIAIOLIETO JABJAECHUE, HA KOTOPOE pacCUYMTaH OaJUIoOH;

BO3BpaTHbI WIM pa3oBbIil OAJUIOH Ui XpaHEHMsI XJIaAareHTOB, CO-
€IMHEHHBIM C JIMHHUEH HArHeTaHMSI XOJOMWIBHOM CUCTEMBI, MOXET
MOABEPTHYTbCS BO3IEHCTBUIO JAaBJICHUI, HA KOTOpbIE HE paccuMTaHa
MPOYHOCTb MPEAOXPAHUTENbHBIX KJIAMMaHOB Oa/JIOHA, UTO MOXKET BbI3-
BaTh pa3pylleHHUe DasIoHa.

OOmue Mepbl NMPeIOCTOPOKHOCTH NPH OOPAIMEHHH C XJIANATEHTAMH.
Henb3s1 noBbILLIATE £aB.r1eHne B CHUCTeMax WJIM €MKOCTSX, COIepXKallluX
xnagareHTl SUVA®, Bo3myxoM IUIsl IPOBEACHUS UCIILITAHUM Ha yTeu-
Ky WM B JIOOBIX MHBIX LEJIsIX. 3alpeliaeTcss HarpeBaThb Oa/UIOHBI 10
Temneparyp cBoille 52 °C, a Takxke pa3MellaTh MX PSLIOM ¢ MCTOUYHM-
KaMHM TUIaME€HM WIM TeMIOoThl, OpocaTh B oroHb. Heab3sg XxpaHuTh Oan-
JIOHBI IOA NPSMBIMU COJTHEYHBIMM JIydaMH, TlIe TeMIIEpaTypa MOXET
npeBbIcUTh 32 °C. He cieayeT moib30BaThbCsl FOpPEIKaMU WIM OTKpbi-
ThIM IUIAMEHEM [UISI pa3orpeBa 0auioHa BO BpeMs paboT mo 3arpaBKe
xj1anareHTa. Henb3st 0e3 HeoOXOOMMOCTH TPOraTh KilallaHbl WM YCT-
poucTBa cOpoca HaBieHuUs . 3alpelliacTcs 3aroyHATh TOBTOPHO pa3o-
Bble OaJLUIOHBI OTPaOOTAaBLIMMU XJIaJareHTaMM WIM CMa30YHbIMUM Marte-
pyajaMM, a TaKXe yem Obt mo Hu 6viro. JIroOble OCTATKU XJIAMAreHTOB
He0O0XOAMMO MCIIOJL30BaTh WM INEPEJUTh B COOPHBbIE KOHTEHHEPHI;
MyCTOM OalIOH MMOAJEXUT COOTBETCTBYIOLIEH YTWJIM3alMu. TpaHC-
MOPTUPOBKA HCXOHHBIX Oa/UIOHOB, 3aIOJHEHHBIX OTpPabOTaBIIUMU
XJlajareHTaMu, 3alpeliecHa 3aKOHOM.

3anpewaemen ucnoav3ogams pazoevie OANIOHB 048 X1A0A2eHMO8
Kauecmee emxocmeli 045 cocamoeo 6030yxa. baJUIOHBI ¢ XJlagareHTamMu
HE UMEIOT COOTBETCTBYIOLIETO BHYTPEHHErO IIOKPHITHS, B CBSI3U C YEM
BJIara, COAEpXKallasicsl BO BJIaAXHOM BO3Iyxe, IPUBEAET K BOBHUKHOBE-
HHUIO KOPPO3UHU. DTO MOXET OCJIaOUTh IIPOYHOCTh Oa/lIOHA U BbI3BATh
B3phIB. Jlo paspyumieHuss OaIJIOHA CAEAKOB OCIa0JeHUs ero MpoYHOCTU
MOXeT U He OOHapyXUThCH.

Heob6xonuMo Bcerma XpaHUTb OaUTOHBI C XIagareHTaMM B CYXOM
MOMEeNIeHUU. XPaHeHUE BO BIAXHBIX ITOMELIEHUSIX MOXET IPUBECTU K
BO3HMKHOBEHHUIO KOPPO3UH, KOTOpasi CO BpeMEHEM IIPHUBEIET K 0C1a0-
JIEHUIO TTPOYHOCTU OAJLJIOHOB.
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Ipu pabote ¢ 6amoHaMHu CIEAYET MEAJIEHHO OTKPBIBAaTh BEHTHIIH.
HeobxonuMmo ybeauThCst B TOM, YTO 3THKETKa XJIaJarc¢HTa COOTBET-
CTBYET LIBETOBOMY KOy JinOO 3TMKeTKaM Ha obopynoBaHuu. He cie-
JIyeT TMbITATbCS PEryJIupoBaTh 0€3 MOJKHOU IMOJATOTOBKM JIKOObIE Mpe-
JOXpaHUTEJIbHBIE YCTPOMCTBA Ha Oa/TOHaX, pPACIONOXEHHBIX PSIIOM C
XOJIOOWJIBHBIM 000pynoBaHUeM. Henb3st poHsiTh Oa/UIOH, JOMYCKAaTh
MOSIBJIEHHWS BMSITUH M APYTMX MeXaHU4YeCcKHX MoBpexjacHuil. Henb3s
3aKpeIUIsITh COCAWHEHHUS] ¢ ycuiaueM. Kareropmyecku 3amnpeiniaeTcs
MMOJB30BATHCS OTKPBITHIM IUTAMEHEM [UISl pa3orpeBa 0a/LT1OHOB.

14. CoBpeMeHHOe COCTOSIHHE
U IEepCHeKTUBbI NPVMeHEeHUd
aAbTEPHATHUBHBIX XAAAareHTOB

IMpoBoauMble ITPABUTEJBLCTBAMH MHOTHMX CTPaH MEPOIPUATUS TI0
BBHIIIOJIHEHHMIO pellleHUM BeHckoit koHBeHUMHU (1985r1.), Monpeain-
CKOro mnpotokosyia (1987 r.) ¥ mocjaeaymoiyx MomnpaBoK K HAM I103BO-
JWIA 3HAYMTEbHO COKPATHTh IIPOM3BOACTBO M MOTpebIeHHE XJI0p-
dropyrneponoB (XPY). Tak, eciu B 1986 r. cyMmMapHO€e ITPOU3BOACTBO
(¢peoHoB B Mupe coctaBasuio 1,123 MiH T, To B 1994 r. mpou3BOACTBO
U norpedseHue XPVY cHu3mwmch 6osee ueMm Ha 50 %. OnHako B CTpa-
Hax EBpoco103a K HacTos1ieMy BpeMEHH BCeE ellle UCIIOIb3YeTCsl B Aeii-
CTBYIOIIIEM XOJOOWILHOM obopynoBaHuu a0 110 teic. T XDV,

B Poccuu cexTop X0I0aWIbHOM MPOMBILUIEHHOCTA BKJIFOYaeT 15 3a-
BOJIOB IO BBIMTYCKY OBITOBBIX XOJOMMJIBHBIX IIPHOOPOB U KOMILIEKTYIO-
IIMX K HUM, 3 3aBoJa, NMPOU3BOISIUMX TOPrOBO-XOJOIUIBHOE 000DY-
IOBaHHWEe, U 6 3aBOMOB, M3rOTOBJISIIOIIMX ITPOMBIIIUIEHHBIE XOJIOIM/Ib-
HBIE MAIIMHBI U KOMIIPECCOPHI.

EnunHoBpeMenHas 3anpaBka XPVY Bcero AeicCTBYyIOILEro rnapka
XOJIOAWIBHOTO 000OpYyAOBaHMs, MO olleHKaM Poccuiickoro HayyHoro
nentpa «flpukinagnas xumust», coctasaster 30..35 erc. T (1996 1.).
PaccMmarpuBas npobyieMy 3aMeHbl TPAIMLUIMOHHBIX XJIADATCHTOB IPYII-
nel XDV (Tonbko B ctpaHax EBpocolo3a tpebyetcsa okoio 30 ThIC. T),
cleayeT OTMETHTb, YTO (PUPMaMU-TIpDOM3BOAMTENSIMA B IIOCJIEOHME
roasl pa3paboTaHO 3HAYUTEIbHOE KOJMYECTBO AJbTEPHATUBHBIX
XJ1aJareHTOB, 3(P(PEeKTUBHHX B OTHOCHTEJIBHO Y3KOM JMara3oHe pabo-
YUX TeMIIEpaTyp.

CylllecTByeT TaKoe KOJMYECTBO XJIAMAreHTOB, YTO B HEKOTOPBIX
clyyasx IOTpeOUTeNI0 CI0XHO BbIOpaTh TpeOyemblll XJTafareHT I
KOHKPETHBIX YCJIOBUM MTPUMEHEHHUS.

Hnsi 3ameHbl R12 0CHOBHBIE MUPOBBIE TTPOM3BOAMTENM XMMMUYEC-
KO mpoaykKuuu pekomeHayoT 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.

129



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- |

Ha4YCHUeE 1o

XjlagareHr Xumuyeckas Gopmya

MexmyHapoaHo- |

MY CTaHIApTy J

Boamyx R729 —

Bona R718 H,0

Juoxcun yriepoaa R744 CO,

AMMHaK R717 NH;

CepHHUCTBIR aHrua- R764 SO,

pra

Bomopon R702 H,

lenuit R704 He

Heon R720 Ne

A3zor R728 N,

Kucnopon R732 0,

Apron R740 Ar

Liectudropucras R846 SFe

cepa

Meran R50 CH,

Iran R170 C,Hg

INponan R290 C,yHg

BYTaH R600 C4H|0

Hzo6ytan R600a CH(CH3);

STnieH R1150 C;H,

Iponunen R1270 CsHg

®peonbl R10 CcCl,
RI11 CCIsF
R12 CCl,F,
R13 CF;(Cl
R14 CF,
R13BI CF3Br
R20 CHCl,4
R21 CHCLLF
R22 CHCIF,
R23 CHF,
R30 CH,Cl,
R31 CH,CIF,
R32 CH,F,
R40 CH;Cl1
R41 CH,F
RI110 C,Clg
RI11 C,FCl;s
R112 C,F,Cly
Rl112a CCI,CCIF,
R113 CCL,FCCIF,
Ril3a CC13CF3
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XnanareHT MeXIyHapoHO- Xumuyeckas $opmyia
MYy CTAHIapTy
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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