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3ATAIBHA XAPAKTEPUMCTHKA POBOTH

AxryanpHicth _Temu. Cepem 3axomiB, 10 NpPUItMAIOTHCH CBITOBHM CIiBTOBA-
PHCTBOM LIOJO PEryIIOBAHHS BUPOGHHUTBA i CIIOXMBAHHA 030HOPYHHIBHMX Peyo-
BHH, FOJIOBHMM € BUMOTa NOBHOI BiaMOBH 10 2000 pOKy Bifi BUKOPHCTAHHA
xnoppropsyriteniB (X®B) y BCiX BHAAX XONOAMIBHOTO yCTaTKyBaHHS. He-
06XiHiCTh 3aMiHM LHX PEUOBHMH, SKi 3HANIITM MMPOKeE 3aCTOCYBAaHHS K TEIUIO-
HOCii, PO3YHHHUKH T4 3niH00Yi 4reHTH, CTana NPUYHHOIK MOLIYKY HOBUX albTep-
HATUBHUX 3’€HaHb, OMMIbkHX 00 XPB 3a Gi3sHKO-XIMIYHHME BIACTHBOCTSMH.
PoswupeHns rpyr# anbTePHATHBHUX XOTOJATEHTIB € MOKIMBHM 33 PaxyHOK CTBO-~
PEHHA KOMNO3MLIH, 5Ki YaCTO CTAIOTh GUILII  eeKTUBHMMH POGOUMME TinaMu
TOPIBHAHO 3 IX YUCTHMM KOMMOHEHTaMH. [TDOBECHHS ONIHKM eEKTHBHOCTi BH-
KOPHCTaHHA HOBUX POGOYMX TN B iCHYIOUOMY T4 TOMY, IHO PO3POBIIOETHCS, XONO-
AMIBHOMY YCYATKYBAHHI, 3 TAKOK OCBOEHHS HOBHX TEXHONOTH, SKi BHKOPHCTOBY-
H0Th 030HOGE3NeuHi XOIOTATEHTH, € MONUIMBMM H2 OCHOBI iHQOpMaui PO TEPMO-
JWMHAMIigHi BIACTHROCTI, HaiGimbLr HanjiiuM 3aco6om ONEPKAHHA SIKOI 3aiH-
IIAEThCSH EKCIEPHMEHT.

: Auceprauiiiny po6oTy BukOHAHO y Bigmosimsocti mo Ilporpamu byHnamen-
TAILHUX TA MOLIYKOBUX HOCHIIDKEHb JIEPKKOMITETY 3 HAYKM TA TeXHIKH Vkpainu
Bix 07.08.92 p. Ne {epx. peecrpauii 0193U017916.

Mero10 pOGOTH € eKCEpUMEHTATbHE TOCTHDKEHHS TEPMiYHUX BIACTHBOCTEH, y
TOMy yucai napamerpiB $pa3zoBoi PIBHOBAIM T8 KPHTHYHHX TapaMeTpiB, 030HO-
Gesnewnnx xomojarentis R134a, R125, R23/R116 i R22/R142b 3 Hacrynuum ysa-
PATLHEHHAM HOCHIIHNX JaHUX Y BULIS PiBHSHL CTaHy JUISl PO3PAXYHKY TEPMOMIH-
HAMIYHHX BJIACTMBOCTEH; PO3POGKA METONMKM DPO3PAXYHKY TEPMiYHMX BIACTH-
BOCTEH HeacoLifOBaHMX PEYOBHH Ha JiHil PIBHOBATH PinMHA-Ta3.

4YKOBA HOBU3HA i HAYKOBI PE3YILTATH:
1. CnpoekTOBAHO i CIBOPEHO YCTAHOBKY, K4 PEailye METON I1’€30METPa 3MIHHOTO
00’eMy, ATt MOCTIMKCHES TEPMiYHUX BIIACTHBOCTEH B OMMO(A3HNX 30HAX, CTAHi
(a3oBoi piBHOBArM i KPUTHUHHMX MAPAMETPIB YMCTHX PEHOBHH TA cymimei B

inTepaani Temnepartyp 240+400 K i npu tucky 10 6.5 MITa.

2. Onepxano ekcriepumentanbii PVT xaui:
- B onHodasnux sonax mm: R134a npu temneparypax 212+368 K i Tuckax
0.48+20.7 MIla; R125 npu 258+360 K i 0.23+5.5 MIla; cymimi R23/R116 y
CbOMY Hianas’oHi XoHUeHTpauid npu 240+304 K i 0.64:6.3 MITa; cymiui
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R22/R142b 3 xouueHTpauiclo R142b 0.45 moms/monme mnpu 304+337 K i
0.59+1.9 MTIla;

~ y crani pisHoBaru piomHa-ras mmi: Rl134a npu 212+364 K; RI125 npu
258+332 K; cymiwi R23/R116 wa Bciii noeepxai npu 240 K+Tc; cymiwmi
R22/R142b (x=0.45) npu 304+337 K;

— B XPMTHYHHMX Toykax R134a ta R125 i Ha xpuTuuHi#l kpusiit cymimi R23/R116.

BUTHLWIICTD i3 BKa3aHUX JAHUX ONEPXKAHO BIEPLUE.

w

. Busnaueno, o cymiw R23/R116 Mae mo3suTHBHHI a3e0Tpor, CKiax SKOro B

inTeppam 180+285 K 3MiHoeThea Bix 0.33 10 0.39 MombHuX yacTok R116.

=

P03p0o6neHo PisHAHHS CTaHy UIsl HOCTI/DKEHHX XOJIOIATEHTIB.

W

. Po3paxoBano Tabimui TEPMOOMHAMIYHMX BIACTMBOCTEH cymime#t R23/R116 Ta
R22/R142b (x=0.45) B rasosiii ¢asi Ta Ha TiHiIX PiBHOBArK pPigMHa-Ta3.

(=

. Pozpo6neno METONMKY DO3paxyHKy TEPMiYHHX  BJIACTHBOCTEM  Hea-
COLHOBAHMX PEYOBMH HA JiHii PIBHOBArM piMHAa-ras, ska BUKODHCTOBYE HOBI
aCMeKTH Teopii TEPMOAMHAMIYHOT MOXIOHOCTI.

7. TTiXTBEPIDKEHO NEPCMEXTHBHICTb BHKOPHCTAHHA a3¢0TPONHOi cymiwi R23/R116 B

HH3bKOTEMIIEPATYPHHUX XOJTOMMWIbHUX YCTAHOBKAX.

Mo pesynbraTamM poboTH cHOpPMYTbOBAHO HAYKOBE IOJI0KEHHA:

['yCTMHH PIOMHH ¥ napH HeacoUiHOBaHMX PEYOBHH H2 TiHii $a3oBoi piBHOBArH
NANOPAAKOBYIOTBCA NMPOCTHM CTEMEHEBHM 3AJIEKHOCTAM, AKi MICTATH MpH 110-
Ka3HHKOBI CTeNeHs XpocoBepHi QYHKIUl, 10 3IMIHIOKOTHCSA YHIBEPCAILHO.

ABTOD 3aXMIIAE:

1. Pe3ynsTaTH EKCMEPHMEHTATLHOTO JOCTIDKEHHA TEPMiYHUX BIACTUBOCTEH, na-
paMeTpis $a30Boi PIBHOBArW Ta KPHTHYHHX NAPAMETPIiB XONOMWIbHMX AreHTiB
R134a, R125, R23/R116, R22/R142b.

2. PiBHaHHA cTaHy, po3pobeni wma R134a, R125, R23/R116, R22/R142b.

3. Ta6muui TepMoanHaMiyHux BaacTisocTeii R23/R116, R22/R142b.

4. MeToaMKy pO3paxyHKy TEPMiYHMX BJIACTHBOCTEH HEACOLiOBAHWX PEYOBHH Ha
JTiHii pIBHOBArH PiIMHA-Ta3.

[paxTyyna yinsicte pobotn. CTBOpeHa y Mexax Li€i pOGOTH EKCIIEPHMEHTAb-
HA YCTRHOBKA 3aCTOCOBYETbCA Yy JOCTIIDKEHHAX, WO NPOBOAATHCA HA Kadempi
ixenepHoi Terutoiznku OJAX.

5
Hasenena B muceprauii inpopMmallis Npo TEPMOAMHAMIYHI BJIACTHBOCTiI O30HO-

6e3meyHuX XOMOMATLHIX areHTiB MoXe OyTH 3aCTOCOBaHA NPH TPOCKTYBAHHI XO-
JOMWIBHOTO YCTATKYBAHHS, IKE MA€ NPALIOBATH HA HOBHX €KOIOTIYHO HMCTHX T4
edepreTuuHo eGeKTUBHUX POGOUMX TiIax.

3uaynuil iHTEPEC CTAHOBUTL METOIMKA PO3PAXYHKY TEPMIuHHX BJIACTHBOCTEH
HEacOLiffOBAHNX PEYOBHH, SIKA IO3BOJAE NPOBOMMTH PO3PAXYHKH [YCTUHH Ha
JiHisSX KMMiHHA | KOHHeHcauUii Ta THCKY HACHYEHOI NapH Ha OCHOBI 0GMEXeHO] mo-
4aTKoBOI iHdOPMALi, a8 TAKOXK 3iHCHIOBATH KPUTHYHHH aHAJIi3 eKCNEPHMEHTAIb-
HUX YH PO3DPAXYHKOBMX JaHMX. JIOKYMEHTH, WO MiATBEPIDKYIOTh BHKOPHCTAHHA
o6y THX pe3ynbTaTiB, NPHBEACHI B AOXATKY nucepTauii.

Anpobauis pobots. OcHOBHI pe3ybTaTH PobOTH JOMOBINATUCS Ha: IX i X Bcee-
cor3unx Terwobiznunnx mkonax, m.Tambos, 1988, 1990 pp.: VIIl Bcecorosniit
KoHdepeHuii no TenaodisHyHUM BAACTHBOCTAM DPEUOBHH, m.Hosocubipcbk, 1988
p.; 1T i IV Bceecorosunx KOH(pEpEHUisX MOTOAMX nocninxukis, M.HoBocubipcek,
1989, 1991 pp.; Beecoro3Hili HaAYKOBO-TEXHIUHIA xoHpepeHuii “Xo0a - HAPOHOMY
rocrionapersy”, M. leninrpan, 1991 p.; PoGouié rpyni “BracruBocTi XOMOAMILHHX
arentis i Temnmouociis” Haykosoi Pamn PAH mo komniexcHid rpoGiemi
“Tennodisnka i TEMIOEHEPTeTHKa”, m.Cankt-TTeTep6ypr, 1989, 1992 pp.; XII
€pponeiicbkiii KoHpepeHLii N0 TENIOPI3HIHAM BIACTUBOCTAM, m.JliccaGon, [Top-
tyrams, 1993 p.; {/ i VI MixHapoaHux KOH(EpPEHLIAX Mo XOMOoMy, YHiBEpCHTET
Purdue, CILIA, 1994, 1996pp.; IV Asiatcbkiii kondepenuii no Termodizuunnm
pinactueocTaM, M. Tokio, SInonis, 1995 p.

[TyGnikauii. 3a Temoro aucepTauii omy6mikoBaHo 12 gpykoBauux poOiT.

CrpykTypa ta_ofcar poboru. [uceprauifina pobora CIazacTbes i3 BCTYNY,
I'ATM PO3MiNIB, 3arafbHHX BHCHOBKIB, CIMCKY BMKODHCT2HHX [DKEpENT Ta 2 mo-
narxis. OcHOBHHIi TeKCT ckIaae 128  CTOPIHOK  MAIUIMHOMUCHOTO  TEKCTY i
micTuTh 45 pucynxis, 30 Tabauus.



3MICT POBOTH

Y BeTymi  OGrpyHTOBAHO aKTYambHICTL TEMH QUCEPTAii, chopMyILOBAHO METY
JIOCILDKEHHS, BUKIAIEHO HAyKOBY HOBH3HY T4 HAyKOBi PE3y/ILTATH, HAYKOBi MO-
JIOXEHHs: POBOTH i PaKTHYHE 3HAYCHHS OEPXKAHHX PE3YIIbTATIB.

Y_NepuioMy po3iili PO3IISHYTO CTaH MpoGiieMy 3aMiHu 030HODYiiHiBHUX X DB
Ha anbTepHATHBHI pedosuHM. HaBemeHo NaHi Mpo CraH O30HOBOrO MIapy Ta
HACTIKH HOTO PyHHYBaHHS. g

Buxonsuu 3 nepemiky xononarentie, 3aboponennx MonpeanscbkuM [IpoToxo-
JIOM, BH3HAYEHO 06’exTH nocmimkenns: R134a - peyosuna, Haiibirpin 61u3bka mo
TEPMOMHAMIYHUM BIIACTHBOCTAM 10 R12; R125 - moxumsa ansreprarusa R22 ta
R502; cymim R23/R116 - xomoparenT, nepcneKTUBHUE mis 3aminu R13 i R503;
R22/R142b - cymill mepexiIHHX PEYOBHH, AKAa Mae Giibll BHCOKY EHEPIETHYHY
€(EKTUBHICTh MOPIBHAHO 3 YUCTUMH KOMITOHEHTaMM i 3MaTHA 3aMiHMTH ix Ta R502
Y BXE€ [I0YOMY XOJOAWJILHOMY YCTATKYBAHHI Ta TEILTOBHX HacocaxX. OCKimbKH
BMPOBA/UKCHHS HOBHMX XOJIOAWIbHMX &ICHTIB € HEMOXUIMBUM 0e3 NOoCTOBipHOL
inpopmanii npo ix TemodizHuni BIACTHBOCTI, METOI0 POGOTH BU3HAYEHO PO3POBKY
TabmuLp TEPMOAMHAMIYHAX BIACTHBOCTEH NEPENiYEHHX PEUOBMH. DKCIIEPHMEH-
TANbHO-PO3PAXYHKOBUM METOA, fAXHE OyI0 MOKIAAEHO JO OCHOBH LbOTO
JOCTIKEHHS, € HabLB I €(eKTHBHMM NPH BHPillleHH] NOXIGHOTO POTy BAXIMBHX
JUI XOJIONMIIbHOT TEXHIKH 3a/1ay.

Kpim excriepumenTamshyx Bumipoosans PVT samexnocti, napamerpie (pa3oBoi
PIBHOBArH T2 KPUTHYHHUX NAPAMETPIB XONOJATEHTIB i AHANITUYHOrO y3araabHeHHs
uMx naHux y BUDAAL piBHsHb ctady (PC), B poGori npuaineso 3Hauxy ypary
PO3pO6Li PO3PAXYHKOBHX METOMMK, sKi 6a3yroThes Ha exuHOMY opManismi 106y-
JOBH MAJOKOHCTAHTHUX DPiBHAHb IS PO3PaxyHKY TEPMiYHMX BIIACTHBOCTEi Ha
6inomani. X

Y _Opyromy_posmimi npuneneuo.aﬂanb miteparypHoi inpopmanii npo cxcnepﬁ-
MEHTaNbHi NOCI/DKEHHs TEPMOANHAMIYHKX BIacTUBOCTel R134a, R125, R23/R116
Ta R22/R142b. Bu3HaueHO 30HU NapaMeTpiB CTaHy, B AKUX BHMATANOCH MPOBENEH-
HS BITACHAX BUMIPiB TEPMi4HUX BJIACTHBOCTEH.

Y_Tperbomy po3mimi O6rpyHTOBaHO BHGIp METONB  EKCIIEPUMEHTATBHOTO
mociiokeHHs. ONMCaHO eXCIIEPHMEHTAIbHI YCTAHOBKH, SIKi BUKOPHCTOBYBAIHCS.
Brixiazeno meronuky nposenents nociizis. Haeneno pesynbTati suMipoBaHb T2
iX 3iCTaBNIeHHA 3 JAHMMM IPYrux asTopis. [IpoBemeHo oniHky nexu6ok BUMIPSHUX
BEJTHYHH.

i
ExCriepMMeHTaNbHA yCTAHOBKA, fKA DEANi3ye METOZH I'€30MeTpa 3MiHHOIO

o6’emy, Gyna cTsopeHa creuiaNbHO 1A BUKOHaHHs wiei po6oru. ITpuunwmnosy
CXeMy YCTaHOBKH 300paxeno Ha puc.l. [Tesomerp 9 BB c060I0 TOBCTOCTIHHY
aMIyJy, BUIOTOBICHY 3 MONIOIEHOBOro ckna, fKa CKIAJanach i3 By3bKoi (3
BHYTpilHIM miamerpom dss=3.4 MMm) T8 WHPokoi (dsw=9.6 MM) wacrun. V
nm'e3oMerpi nepenbaveno nepemilltyBaHHS PEYOBHHH 33 HOTIOMOIOK KYJbKH, IO
TIPUBOIMTLCA Y PyX NocTifinum MarniTom 1. O6’em, axuii 3aliMaBcs PeYOBHHOIO B
E€KCIEPHMEHT], BU3HAYABCA 32 IOTIOMOFOIO TIOTIEPENHLO OZIEPXKAHOI TAPHPYBATLHOI
3aJIEKHOCTI 3 ypaxyBaHHsM TepMiunoi Ta Gapmunoi medopmauiii 1r’czomerpa.
Pimunnnii TepMocrar 14, B sikoMy posmimascs m'e3omerp, 6ys obmammanuii Me-
XaHiyHOW Mimankoio 17, posrinuuM 16 Ta perymosanbsuuM 15 Harpisauamu. Oxo-
JIOXKEHHS TEPMOCTATA 3/1iHCHIOBAIOCS 33 JOMOMOIOIO PillKOro a30Ty, napa AKoro
nponyckanacs 4epes TenmooOMiHHuK 21. Jlns Bi3yanbHOTO CIOCTEPEXEHHS 3a
M'€30METPOM y CTIHKAX TEPMOCTATA PO3MIIIEHO ODIAOBI BikHa. Temmeparypa
HiATPHMYBAIach NOCTiHHOW (3 xonuBanHsMu He 6inbuwe 0.005 K) 3a gonomoroio
aBTOMATHYHOI CHCTEMY PEryITIOBAHHSA, 10 CKIANANACA 3 NaTyuxa 6 (IIaTHHOBHIA
TEPMOMETP ONOPY), MOCTY NOCTiiiHOTro cTpyMy MO-62 i BHCOKOTOYHOrO PEryasro-
pa BPT-2, sixuii ynpasiss NOTYXHicTIo HarpiBaya 15. BumipiosaHus Temriepatypn
3MICHIOBANIOCA 38 JONIOMOTOX0 TUIATHHOBOTO TepMoMeTpa onopy 5 tuny ITTC-10.
Onip TepMoMeTpa BUMIDIOBABCA 33 KOMIICHCAUIHHOX CXEMOK 3 BHKODHCTAHHAM
notexuiomerpa P-308 wracy 0.002 Ta 3paskoBoi xotyuku onopy R321 xmacy 0.01.
CucremMa CTBODEHHS THCKY CKIafagacs 3 6amoHa 4 3i CTUCHEHMM a30TOM, Iaso-
MAacIHOro 3 i PTyTHO-Ta30BOrO 2 PO3AINLHMKIB 3 BIKHAMHU T4 BEHTHIIA TOHKOTO
perymoBanns B12. Haamipauii THCK y cucTeMi BUMIDIOBABCA TPy30NOPLIHEBUMHU
maHomerpamu 7 tany MII-6 Ta MIT-60 xnacy 0.02. A6comoThuil THCK BH3HAYABCA
sx cyma nokasans MI1, 6apomerpa i nonpaBoX Ha BUCOTY CTORMIB PTYTi Ta Macna,
a TAKOX Ha KaniispHy Aempecio. BakyymyBaHHs I11'€30MeTpa 3MiHCHIOBAIOCH 3a
nonomorolo Hacocis 13 (BM-461) ta 18 (LIBJI-100) 3 BUKOPHCTAHHAM OXOIOIXY-
Banux nacrok 20. Tuck BHMIpPIOBABCY TEPMOTIADHUMM nNepeTBOpooBauamu 19. 3a-
TMOBHEHHS  I1'€30METPa  NOCHI/DKYRAHOK  PEYOBMHOIO  3filicHIOBANOCH i3
cneuianpHoro 6anona 12 yepes posainbhuk 11. Maca 3anpasnenoi peyoBHHH BH3-
HaYanaca X PisHALA MK Pe3y/bTaTaMu 3Ba)KyBaHHA OAIOHA 10 i MiCHs 3anpasKu.
3micT cymili 3HAXOMMIM MO MAcaM 3MilIAHUX KOMIOHEHTIB. 3BaXyBaHHS NMpOBO-
JIMIOCA Ha aHamiTHuHuk Tepesax AJIB-200 3 moxubkow 410+ r. Excriepument no
BU3HAYECHHIO I'yCTHHH NPOBOAMBCS No i3orepMam. [ToynHa0YM 3 MakcHMalILHOTO
3HAYCHHS, THCK NOHMXKXYBAIIM 3 NEBHUM KPOKOM, 9KUI 3MEHWIYBAIY MO Mipi Habu-
XKEHHS 10 Touok (asoBoro nepexomy. IIpu dikcoBaHOMy THCKY B ymMoBax HO-



8
CATHCHHA TEPMONMHAMIYHOI piBHOBarHW 3a OonoMorol kareromMerpa KM-8

BHMIPIOBaJIH BHCOTY PiBHA PTYTi B M'€30METpi, 8, oTXke, i 006’€eM OCTaHHLOrO.
PiBHOBaXkHHMI1 cTaH BBaXKaly NOCATHYTHAM, SKLIO 00’€M PEYOBMHH HE 3MiHIOBABCA HA
nporasi 20-30 xeumun. [TapameTpu Ha MiHiAX KMNiHHA | KOHIXEHCALT BH3HAYAIMCS B
TOYKAX NepeTHHy Apoda3Hoi AiTAHKY i30TEPMH 3 il PIAMHHOIO Ta ra30B0O IiIKaMH.
BuMipioBaHHA KPUTHYHHX NapaMerpiB NPOBOIWIMCH 1O TPaJUUiiiHiI# MeTomMui,
Aka 6a3yeThCs Ha Bi3yalbHOMY CITOCTEPEXKEHHI 38 MTOBEXIHKOX MeXi po3airy das.

MO-62/—P116 — BPT-2

o
KS

Puc.! TlpuHuunosa cxema ycTaHOBKM

9
3 METOI0 PO3LUMPEHHSA 30HU (1aPAMETDIB JOCTIDKEHHS i MiABKIEHHA HaiHHOCTI

OJIEPXKYBAHMX JaHUX OyJiO0 DPOBEAECHO HONATKOBI BMMIpIOBaHHA rycTHru R134a »
pinmki¥i asi a ycraHoBui, IO peanizye METOX I’ €30MeTpa NOCTiHOro 06’eMy. Jo-
KiagHuil onMc uici ycraHoBxM HapeneHo B poborax €.I.Ilopiwamcexoro Ta
B.K.Pomanosa. :

Sik 06’exTH HOCII/DKEHHA BHKODHMCTOBYBAIMCh PedYoBHMHH, cHHTesosaHi HBO
JUTIX. BMicT OCHOBHOrO MPOXYKTY B 3paskax ckmapmas (MoiL%): R134a - 99.90;
R125-99.95; R23 - 95.79; R116 - 99.80; R22 - 99.82; R142b - 99.80.

Pe3ynbTaTOM HPOBENEHOTO JOCIIKEHHs CTaM Taki nani. Merojom n’esomerpa
3MiHHOrO 06'eMy BUMIpSHO rycTuny R134a na 8-Mu isorepMax B iHTepBaii Temrie-
patyp 262+364 K npu Tucky sin 4.5 MIla Zo THCKy HacuyeHoi napu Ps B pinkii
dasi i Bin Ps mo 0.77 MIa B rasosiii dasi. KinexicTs mocnignux 3uauens: 53 B
pimuHi i 67 B rasi. Meronom n’e3oMerpa nocTiiiHOro 06’eMy BEMIpsiHO 25 3Ha4CHb
IyCTHHM PilMHM HA 7-MM “KBa3iizoxopax”B iHTepBanax 212:368 K i 0.48+20.7
MITa. B mianasoni 307364 K onepxaso 6 3uadess Ps. B mocninax onmepxaHo Taki
3HAYECHHS KPHTHIHUX napaMerTpis R134a: T=(374.2510.04)K,
P=(4.05910.008)MI1a, p:=(509:3) kr/m3.

Jms R125 ma S-tu isorepmax B intepsami 258+339 K omepxano 37 3HaueHsb
FyCTHHHM DifuHM B inTepBami Pi+5.5 MIla i 103 3nauenus rycTuHu rasy npu 0.23
MIla+P;. Bumipsui 3Ha4YeHHs KPHTHYHHMX mapamerpip RI25  cxmama:
Te=(339.25+0.04)K, P.= (3.6214+0.008)MIla, pc=(566.5+3) xr/m>.

PVTx sanexsicrb cyMimi R23/R116 mocnimkeso s 7 koHueHTpauii: x=0.1015;
0.2234; 0.3600; 0.4736; 0.5624; 0.7010; 0.8767 B inTepsanax 240+304 K i 0.64+6.3
MTTa. Beboro ogepxano 396 3HaYeHb TyCTHHH PitMHH i 351 - rycTuny rasy. 3naii-
7IeHO napameTpH (asoBoi piBHOBaru Ha 4-x isorepmax. [ToOymoBani no uuM faHAM
niarpamMu P-x 306pakeno Ha PHC.2, 3 SKCTO BUAHO, 110 R23/R116 Mae no3uTHBHAN
43€0TPOI 3 MOCTIMHUM y JOCTIDKEHOMY Aiana3’oni mapamerpis ckmagom x=0.36.
Jlna niei cymiuti kpuTnuHi napamerpu 6yn0 BUMIPSHO HA BKA3aHUX BHILE KOHLICHT-
pauisx i we goaaTkoso Ha 3-x: x=0.4991; 0.7508; 0.9009. OnepxaHi KpUTHYHI JTOKY-
cu 306paxkeHo Ha puc.3.

Jins cymimi R22/R142b 3 x= 0.45 ua isorepmax 304.61K, 323.75 K, 336.78 K
ONIepXaHo 8 3HaueHb rycruHu pimunu npu 0.85+1.9 MIla i I8 3HayeHb rycTHH#
rasy npu 0.59+1.5 MIla.
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Temneparypa BuMipwBanack 3 noxudxomw 0.015 K, tuck - 0.06%, cknaa cymiuwi -

8104 TToxubku mOCHiIHKMX DaHux 6e3 ypaxyBaHHA MOXHOOK BIIHECEHHA HE nepe-
BHILYIOTh TAKMX 3HA4eHb: B pizmui - 8p=0.18%, 8p’'=0.20"%, B rasi - 3p=0.18"%,
8p"=0.35%. Jns moxubGox Bu3HaueHHs napamerpis (a3oBoi piBHOBaruM CyMmitueii
omepxkano ouinku: 8p'=0.25%, SP’'=0.20%, 8p"=0.40%, &P"=0.30%.

B 4eTBepTOMY PO3iNi BHUKIAAEHO po3pobiieHy B AHCEPTaUii METOAMKY poO3pa-
XYHKY TEPMi9HMX BJIACTMBOCTEH HeaCOLIOBAHHX DPEYOBMH Ha JIiHil PiBHOBAru
pimuna-ras. 3pobieHo aHai3 BiZOMHX METO/B PO3PAXyHKY TyCTHHH Ha GiHojani.
Bigmiueno ix HaHOUThil XapakTepHi HEMOMIKH: 3aJIEKHOCTI, WO NPONOHYIOTLCA, He
3aBXIM TEPMOOMHAMIYHO y3TOIDKeHi; GUILIICTh KOpensuid HOCHTh eMIIPHYHHA
xapakTep; ix mobynosa 6a3yeTbes, sK [PABHIO, HAa OTHOMAPAMETPHYHOMY 3AKOHI
BiINOBIHKX CTaHIB; BMOIP /IeAKMX KPUTEPiiB MOMIOGHOCTI TEPMOAMHAMIYHO He 06-
[PYHTOBAaHO; NOXUOKa pPO3PAXyHKy HE 34BXKIM 3a10BinbHA, 4 HAAOLIbLUI
BiXMWIEHHA PO3PAXYHKOBUX BEJIMYMH CIIOCTEPIranThes No6IM3y NOTPIHHOI TOUKH i
B JOCTATHLO HIMPOKOMY OKOJIi KPUTHYHOI TOUKH.

B reopii $pa3oBux riepexomis 38ePTaOTh Ha cebe yBAry MMOJIOXEHHS, PO3BHHYTI B
po6orax B.K.CemenueHKa, 3riHO 3 IKHMH XapaKTEP 3MiHEHHS TEPMOIMHAMIMHKUX
BEJIMYMH NEPLIOTO Pony (eHeprii, eHTpormii, 06’eMy i T.1.) 06YMOBIIOETLCA iX (uiyk-
Tyaniamu. Take po3yMiHHS BU3HAYaIbHOI POTi QIIYKTyalii Ja€ NiicTaBy BBAXKATH,
1110, SIKIHO JESKHil KIAC PEYOBHH MAE 3arajbHy 3aKOHOMIPHICTbL y nosediHui ¢uryk-
Tyauid TepMOMMHAMIYHOI (QYHKUi, TO I8 OCTAHHLOI iCHYE NPHHUMIOBA MOX-
JIMBiCTh TOOYIOBH YHIBEPCANbHOI 3aJI€XKHOCTI. BukoHaHi B mcep1anii po3paxyHkH
I ANy HEacoUiOBAHMX PEYOBHH CBilaTh MPO HasBHicTe nogibuocri y no-
Beminui QiaykTyauiit rycTuHE Ha GiHopai.

Jpyruii acrexT, 1o JKUTb B OCHOBI METOJHKH, SKa NPOMOHYECTHLCSH, CTIMPAETLCA
HA PE3YJILTATH, ZOCATHYTI MPH OMHCY TEMTOGi3UYHHX BJIACTHBOCTEH Y LIMPOKOMY
OKONi KPHTMYHOI TOuKH. [IpAINycKaeTbes, WO TOBEMiHKA TEPMOAMHAMIYHMX
byHxuii Ha GiHOHANI MIXNOPAIKOBYETLCA MPOCTUM CTENEHEBUM 3atexHocTam. On-
HAK 110 Mipi BIAZATEHHS BiJl KPUTHYHOI TOYKH epEKTHBHHUI MOKAIHUK CTEICHIO He
36epirac MOCTIHOro 3HA4€HHs i 3MIHIOETLCS MO YHIBEPCAIbHIA 3AIOXHOCTI, AKA
BU3HAYAETHCH KPOCOBEPHOW0 (yHxuicw. /s omHcy rycTHH pIIMHW | mapu Ha
6iHO/1AITi MPOTIOHYIOTHCS TaKi 3AJIEXKHOCTI

no'=B'OP/ (1)

Ino"=-B"@" 2 j (2)
ne B’, B/, B”, B” - inauBinyanbHi KOHCTaHTH; @ = -Inv; f), 2 - yniBepcasibHi is He-
4COLIIHOBAHUX PEYOBHH KPOCOBEPHi (yHKuUIi.
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LInaxom 06pobku Haibimb HaNiHHKUX KAHUX IS PNy PEYOBHH (cepen SKHX -

inepTHi rasu, syrnesogni, N2, Oz, COy, ranoinosamimeni Byriesomsi) 6yno onep-
MAHO TAKI aNPOKCHMAaUiiiHi 3ATeXHOCTI 13 KPOCOBEPHUX byHKUiM:

f,=l—l.ll3—®—ai. f2=l+4.86l—®—0: 3)
n® n®

Bim3HausMo, 1O KOXHa i3 3anexHocreit (1) i (2) Mae mvme Bi ivMBinyanbai
KOHCTAHTH, SKi BiIOOPaXaloTh CTeNiHb TePMOIMHAaMIYHO] nomibnocTi peyosuy. Lle
Ja€ MiACTaBH POITIANATH iX AKX KpUTEpii TepMomuHamiuHoi noxibrocti. Kpim Toro,
B, B” i B’, B” MIOTb 3MIiCT KPHTUYHHX aMIULITY)] T2 KPHTUYHHX {HZEKCIB, OCKITBXH
npu T-T. byuxuii fi->1, 21, i, oxe, Bupasu (1) i (2) HabysawTh BHIIALY 3BU-

4yaHHUX CTENEHEBHX 3aJIEXHOCTEM, 10 NOCTYIIOIThCA TEOPI€I0 KPUTHYHHX TBHLU.
JIns onKcy THCKY HacH4eHoi napu B poboTi MPOMOHYETHCA MAIOKOHCTAHTHA 33~

JIEXHICTB
1{3 - 2@+ b0° )

e ar, b, ¢ - inmuBinyanehi koncranTu. JudepennioBanns (4) nokasye, wo napa-
MeTp ar € kpurepiem Pimesst. Jipyruii unen piBasuns (4) BUOGpaHO TaXUM YHHOM,

w06 BUXOHYBANIACh YMOBA

d* Inn N

==t ~(ln—) { ®
d(inv) T

To6TO peamizyBanack GH MOXIMBICTb MEPEXOY O CTENEHEBOI 3ANEKHOCTI, B AKil

kxoHctauTa (C-2) ssnsna 6 cob6010 KPUTHIHME IHIEKC.

BaraToyxcebHi po3paxyHKH (B TOMY YHCII JUIA PEYOBUH, A8HI PO AKi HE BKIO-
gamucs B 06pobKy NMPH 3HAXODKCHHI 3aIEKHOCTEH (3)) MOKA3YIOTh, L0 PiBHAHHA
(1) moxe 6yTH pexomennoBaHnMm s inrepsany 0.35<t<I, a piBHanua (2) - W
0.75<1<1. PisusHus (4) Moxe 6yTH 3aCTOCOBAHMM NPAaKTHYHO IUIA BCi€l 30HU Na-
paMeTpiB iCHYBaHHA ABCX(A3HOI CHCTEMH. Y BKa3aHMX IHTEpBANax BiZXWICHHA
JOCTIAHMX J&HUX BiZl PO3PAaXyHKOBUX HE NEPEBMILYIOTH, SK NPABHIIO, EKCIEPUMEH-
TabHUX NOXHOOK.

PeanicTuynicTh ogepxauux 3HaueH» napamerpis B’, B’, B”, B" minrsepmkyerscs
3ICTABNEHHAM i3 3HAYEHHSMM KPUTHYHHX iHOEKCIB | AMIUTITYA, BUAUICHHX IPYTUMM
aBTOpaMH npu 06pOGUi HOCHIZHWX HaHWUX I8 KPHTUYHOI 30HM. Lle# dakr
BiOKPHBAE MONUTHBOCTI JUIS MPOTHO3HHUX PO3PAXyHKIB TEPMOTMHAMIYHMX BEJIUYHMH,
y TOMY YMCIi ¥ KATOPHYHHMX, 3 BAKOPUCTAHHAM BiIOMHX i3 TEOPii KPUTHYHHX SBUIL
YHIBEPCATLHMX KOMIUIEKCIB KPUTHYHMX IHICKCIB | aMmuniTyd. Pisuanns (1), (2) i (4)

”m
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MAKTh XOPOLUi €KCTPANOISUiiHI MOXUIMBOCTI, IO NTTBEPIDKYETHCA HABEIEHUMH B

muceprauii pospaxynkamu. Kpim Toro, ui piBHAHHA MOXYTb GyTH BUKOPHCT@HHMH
IUIs @HATI3Y KOCTOBIPHOCTI EKCNIEPUMEHTAIBHHX i PO3PAXYHKOBHX HAHHMX, Y TOMY
YHCITi 3HAYCHb KPUTHYHHX I18DAMETPIB. '
ITaTnit po3iyr NPUCBAYECHO ysaraaneHmo Pe3yNbTATIB BHMIDIB.
Jaui na minii pisnosaru onycano pisHaHuAMH(1), (2) i (4). Tepmiuni BnacTuBocTi
pinxoi ¢a3u onucaHo ‘PC I1.M.KeccennMana, axe 6a3yeTbca Ha KOMip4aHii Momeri
DiIUHM 3 BHKOPHUCTAHHAM €(pEKTHBHOTO MiKMOIEKYIAPHOro noTeHuiamy. Lie

PIBHAHHS Ma€ BHL

sy 1.744%((1;,,,;;)2 3 0.4654(b0,p)2). ®)

g : 2 3 3 ( th)
e £ =0.795T; expC/(1 - 7)) by ==nN 407, or=Ylag+—-]|.
o K ¢ l( )) FAaASl ] / S
Jlng y3araibHEHHS BChOTO 06’€My ONEPXKAHHX B LiH i APYrUX poboTax maHMx

npo PVT 3anexuicts R134a Bukopucrano equne PC y popmi

N M; (,l)i
Z=1+ 234 5 @
i=tj=t T
LimM e piBHsiHHEAM anpokcumosano PVT xani mwa razosoi gasu R125.
Jlna xomomwrsumx arentis R134a, R125, R23, R116, R22 i R142b nobynoeano
KyGiuni piBHSHHS, AKi 6Y7I0 BUKOPUCTAHO UIA PO3PAXYHKY BIACTHBOCTEH CyMilueH,
%Ki MICT#TD BKa3aHi peyosusu. [Ipy LbOMY JaHi HA JiHil PIBHOBArH ONMCYBAIHCh

PiBHAHHSM BUILY

1 ag
PRyt b DaE BIEH 8
T(v—bK v(v+cK)) il

a PVT naui B ra3osiii ¢pasi - piBHAHHAM

i 1 g (%
P—RT{v—bK v(v+c,<)+dK]’ ©)

1€ Ay, by, Cx, dx - KoediuienTd, AKi 3aI€XaTh Bilk TEMNEPATYPH.

3a gonomorolo pisHaHb (8) i (9) po3paxoBano TabHUi TEPMiYHMX BIACTHBOCTEH
cymimni R23/R116 i TepMomuHaMidHHX BIacTHBOCTE# Cymiwi R22/R142b y schomy
xiana3oHi KOHUEHTPaLiH.

Jiyis po3paxyHKy TEPMOAMHAMIHHX BIAcTHBOCTEH cyMiwi R23/R116 3 kOHUEHT-
pauiero x=0.36 suxopucrano piBHsHHs (1), (4) i PC Buay

pe AL HARRTICE]
V=b e v—-b

nobynosane Ha ocHosi 06pobxu PVT nanux B rasosii dasi.

) 10)
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3a pesynb7aTaMH BMKOHAHHX IO PC (8) po3paxyHKiB YCTaHOBJIEHO, L0 a3€0-

Tponumit cxran R23/R 116 3mMiHIOETsCst B iHTEPBAN TEMMEPATYP 180+285 K »inx 0.33
10 0.36 MombHux gacrok R116.

ITposeneHi B po60Ti PO3PaXyHKH EHEPIETHUHMX XapaKTEPHCTHK JBOXKACKATHOI
HH3bKOTEMINEPATYPHOI XONIOMMILHOI MAUIMHH BKasylTbh Ha MEPCIEKTHBHICTH
3acTOCYBaHHs aseoTponnoi cymimi R23/R116.

BMCHOBKH

1. CTBOpEHO YCTAHOBKY U1l NOCIIDKEHHS TEPMiMHHX BJI4CTHBOCTEH YHCTHX PEYC-
BHH i Cymillieii B LIMPOKiif 30Hi NapaMeTpiB CTaHy.

2. OnepxaHe eKCIIPUMEHTAIIbHI [aHi npo TepMiYHi BIACTHBOCTI, asoBy piBHOBAry
i xpuTHuni napamMerpyu R134a, R125, R23/R116, R22/R142b.

3. Onepxani PVT naHi onucaHi piBHAHHIMH CTaHY, AKi O3BOJIAIOTH PO3PAXOBYBa-
TH TEPMOJIMHAMIYHI BIACTHBOCTI y LUIMPOKiii 30Hi MTApaMeTpiB CTaHy,

4. Jina cymiwi R23/R116 BHsiBIIeHO 30HY a3€0TPOMHHX CKITafiB.

5. Po3paxoBaHO TEPMOHHAMIYHI BIACTHBOCTI CyMilicH R23/R116 i R22/R142b.

6. Po3p06IeHO METOAMKY PO3PAXyHKY TEPMid4HMX BIACTUBOCTEH HEacoLi#OBaHUX
PedOBHH Ha JTiHii piBHOBAIM PiMHA-Ta3.

7. KOMIUIEXC MPOBENEHUX JOCIDKEHb MITBEP/DKYE NEPCHEKTHBHICTL BUKOPHCTAH-~
HA a3eoTponHoi cyMitti R23/R116 B HU3bKOTEMNEPATYPHHUX XOJOMMIBHHX yCTa~

HOBKAaX.
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YMOBHI ITO3HAYEHHA

T - Temneparypa; P - THCK; p - rYCTHHA; V - THTOMUI 06’eM; v - MOJIbHHI 06'¢eM; X -
KOHUEHTpALis APYroro KOMMOHeHTa cymiwi; R - yHiBepcanbHa rasosa crana; Z -
daxTop cruciusocti; Na - unciio Aporampo; k - crana Bonbumana; 1, m,0 - Temne-
PATYpa, TUCK, [YCTHHA, MPHUBEACHI IO KPUTHYHUX 1aPAMETPIB.
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IHAEKCH

"

" - HaJIOKHICTh OO0 KMUIUIAYOl PifWHM; ” - HAJEXKHICTh OO HACHYEHOI MapH; s - Ha-
JIEXKHICTb JI0 TiHii HACHYEHHS; € - HAJIEXHICTb 10 KPHTHYHOI TOYKH.

AHHOTAILHM S

Cemenxox FO.B. TepMomuHaMudeckue CBOACTBA 030HOGE30MACHBIX XOJOAMIbHBIX
ATCHTOB R134a, R125, R23/R116 u R22/R142b
(9KCTIEpMMEHT | METOABI pacyera). J{uccepTanus Ha COMCKaHUE Y4EeHOH crerne-
HH KaHIugaTa TEXHHYECKHX HAyK 10 crienuanbHOCcTH 05.14.06 — Texnuueckas
temwtopusuxa. Onecckas rocyaapcTBeHHas akajeMus xomona, Onxecca, 1997.

Hccnenopaxbl TepMuyeckne caoiictea R134a, R125, R23/R116 u R22/R142b 8
onHOPA3HBIX 00IACTAX, B COCTOSHAM (a30BOr0 PaBHOBECHS M B KPHTHYECKOH TOU-
ke. [TocTpoens! ypaBHeHus coCTOSHMS MEPEYHCIECHHBIX XJIa[l~aIeHTOB. PaccunTanel
TepMoauHaMuyeckue ceoiicrsa R23/R116 u R22/R142b. Paspaborara meromuka
pacyeTa TEPMHYECKUX CBOMCTB HEACCOLMHPOBAHHBIX BEIECTR Ha OMHOMAIIH.

Kmouesbie c10Ba: 030HOBE30MaCHbIE XIANATCHTD, TEPMOIUHAMHYECKHE CBOICTBA,
a3, XHIKOCTh, (a30BOe PABHOBECHE, YPABHEHHE COCTOSHHMSA.

SUMMARY

Semenyuk Yu.V. Thermodynamical Properties of ozone-safe refrigerants R134a,
RI125,R23/R116 and R22/R142b (experiment and methods of calculation)/ The
dissertation to achieve the degree of candidate of Engineering Sciences on
speciality 05.14.06 — Technical Thermophysics.

Thermal properties, vapour-liquid equilibria and critical parameters of
refrigerants R134a, R125, R23/R116 and R22/R142b have been measured. An
equations of state for these refrigerants have been developed. Thermodynamic
properties of R23/R116 and R22/R142b have been calculated. A method for
calculation of thermal properties of normal substances have been elaborated.

Key words: Ozone-safe refrigerants, thermodynamical properties, gas, liquid, phase

equilibria, equation of state. M
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