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NMPOrHO3UPOBAHME TMNOBEPXHOCTHbIX CBOWUCTB XIAOATEHTOB HA OCHOBE
rPAODUEHTHOU TEOPUU C KYBUYECKUM YPABHEHUEM COCTOAHUA

B cmamve npeonosicena nosas memoouka npocHO3UpOBAHUs NOBEPXHOCMHOLO HAMSINCEHUS, NP O-
Quns niomHOCMU U MOIWUHBL HOBEPXHOCIIHOZ0 CLOSL HCUOKOCIU ONU3U SPaHuybl pazoena a3z ¢
UCNONb30BAHUEM 2PAOUEHMHOU meopuu. B kauecmsee 00beKMoO8 UCCIEO008AHUSL PACCMOMPEHbL
XnadazeHmol. AGMopwvl 6 areopumme paciema NOBEPXHOCMHbIX CEOUCME UCNOb3YIOM HOBVIO MO-
ougpuxayuio Kyouueckoeo ypastenus cocmosnus Ilenea-Pobuncona, komopas e mpebyem un-
Gopmayuu o kpumuueckux napamempax. Ilpeonosicena Hosas memoouka pacuema napamempd
enuanus. Ilposedennas eepugurkayus mMemoouku NPOSHO3UPOBAHUS NOBEPXHOCMHBIX CBOUCME
HCUOKOCmel NOKA3bleaem, Ymo paccyumanHvle 3HAYeHUs NOBEPXHOCMHO20 HAMANCEHUS XAa0a-
2eHMO8 CO2NACYIOMCS ¢ OOCMAMOYHOU O NPAKMUKU MOYHOCMbIO C UMelowelcs 8 aumepamype
ungopmayuei.

Knroueeswvie cnoesa: I paouenmuas meopus — Ypasnenue cocmosnus — Ilapamemp enusnusa — Ilo-
sepxnocmuoe namsicenue — Ipoguns nromnocmu —Tonuuna no8EpXHOCMHO2O CLOS.

NMPOrHO3YBAHHA TMNOBEPXHEBUX BIACTUBOCTEW XOJIOOOATEHTIB HA OCHOBI

FPALIEHTHOI TEOPII 3 KYBIYHUM PIBHAHHSAM CTAHY

Y cmammi 3anpononoeano Ho8y Mmemoouxy npocHO3Y8aHHA NOBEPXHE8020 HAMA2Y, NPOQPino
winbHocmi | MOBWUHU NOBEPXHEB020 wiapy piOuHU nobauzy KopooHy po3diny ¢az 3
BUKOpUCMAHHAM — 2padienmnoi  meopii. B axocmi o00'exmie  Oocniosxcenns  posenanymi
xonoooazenmu. A6mopu 8 ancopummi po3paxyHKy no8epxXHesux 61acmueoCcmelt BUKOPUCHOBYIOMb
HO8Y MOOuQixayito Kybiunoeo pieuanus cmany Ilenea-Pobincona, sika He sumazae inghopmayii npo
KpumuyHi napamempu. 3anponoOHO6AHO HOGY MeMOOUKYy PO3DAXYHKY HaApamempa 6niusy.
IIpogedena sepughixayia memoouxu npozHo3y8aHHsA NOGEPXHESUX GlACUSOCHell PiOuH NOKA3YE,
Wo pO3pPaxo6aHi 3HAUEHHS NOBEPXHEBO20 HAMAZY XON000A2EHMIE Y320024CYIOMbCA 3 00CMAMHBOIO
OJIsL NPAKMUKY MOYHICMIO 3 HASIBHOIO 8 Aimepamypi ingopmayiero.

Knirouosi cnosa: I'padicumna meopia — Piguannus cmany — Ilapamemp enauey — Ilosepxnesuil
namse — IIpoghine wjinonocmi — Toswuna nosepxmnesozo wapy.

PREDICTION OF REFRIGERANT SURFACE PROPERTIES BASED ON THE GRADIENT THEORY

WITH STATE CUBIC EQUATION

New prediction methods of the surface tension, density profile and liquid surface layer thickness
closed to the vapour-liquid interface based on the gradient theory is proposed in this paper. Re-
frigerants are considered as research objects. New modification of Peng-Robinson’s cubic equa-
tion of state is used by authors in calculation algorithm for surface properties, which doesn’t re-
quire information about critical parameters. A new method for calculation of influence parameter
is offered. Being carried out verification of methodology for prediction of liquid surface properties
shows that the calculated values of surface tension of refrigerants are in agreement with presented
in the literature information with enough accuracy for practical applications.

Keywords: Gradient theory — Equation of state — Influence parameter — Surface tension —
gradient profile — Surface layer thickness.

I. BBEJIEHUE

[ToBepxHOCTHOE HATSHKEHHE HA TPaHUIIE pa3jiena
(a3 sABISIETCS OJHMM M3 BXKHEHIIUX TEPMOJIUHAMH-
YECKHX CBOWCTB, KOTOPOE BIMAET HA MOKa3aTen d¢-
(DeKTUBHOCTH Pa3NIUYHBIX TEXHOJOTMYECKHX IpOIec-
coB. MHdopmamust 0 TOBEPXHOCTHOM HATSDKEHUH
HEo0XoIuMa TPH MPOSKTHPOBAHUN TEXHOIOTHIECKUX
MPOLIECCOB ITUIIEBOH, (hapMaleBTUYECKOW MPOMBILI-
JICHHOCTH, TEXHOJIOTHH 00pabOTKM MaTepHajoB, NpH
pa3paboTke MECTOPOKAEHUH M NepepaboTKe ChIpbS B
He(TSHOM NPOMBIIUIEHHOCTH, NMPHU TPOSKTHPOBAHUHU
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TETIOOOMEHHBIX aIapaToB B KPHOTEHHON TEXHUKE U
XOJOAWIHHOM 00OPYIOBaHHH H T.II.

HecmoTpst Ha Go0JpIIoe KOMHYECTBO OITYOJIHKO-
BAaHHBIX JKCTIEPUMEHTANIBHBIX M TEOPETHUECKUX pa-
00T, TOCBSIICHHBIX HW3YYCHHUIO IOBEPXHOCTHOTO
HATSOKCHHS KHIKOCTEH, 3TO CBOMCTBO SBJIACTCS OJ-
HUM U3 HauMeHee n3ydeHHbIX. OCTaloTcs He B TIOJTHOU
Mepe HCCIEIOBAHHBIMU BOMPOCH O TeMIEpaTypHOU
3aBUCUMOCTH IOBEPXHOCTHOTO HATSKEHHS BO BCEM
HWHTEpBAJIC MMapaMETPOB CYNICCTBOBAHHS >KUAKOU (a-
3bl, 0 KOHLIEHTPAIIMOHHOW 3aBUCUMOCTU MOBEPXHOCT-
HOTO HATSDKCHHS PacTBOPOB, 00 M3MECHEHUH COCTaBa
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MOBEPXHOCTHOTO CJIOSI PacCTBOPOB B 3aBHCHMOCTU OT
apaMeTPOB COCTOSIHUS.

B Hacrosmee BpeMs CyIIeCTByEeT MHOTO pacyeT-
HBIX METOJIWK OIIPEAEICHUS MOBEPXHOCTHOI'O HATA-
JKEHHST YHCTBIX JKHUIKOCTEH M MX CMECENW. DTH METO-
JUKH MOXXHO pa3feinTh ABE KaTErOpUH: IIHPOKO
MPUMEHSEMbIE SMIIMPUIECKHE KOPPETALUHA U METOIBI,
OCHOBaHHBIC Ha CTATHCTHYECCKOM TEPMOIWHAMHUKE, B
KOTOPBIX YYUTHIBAIOT HAJIU4YUE IPAJUEHTa IJIOTHOCTH
Ha IpaHHIle pa3jiesla COCYIIECTBYIOINX PaBHOBECHBIX
(a3. BoJIBIIMHCTBO SMIMPHYECKUX KOPPEISLHUHA Oc-
HOBaHBl Ha UCTOJb30BaHUM CTPYKTYPHO-aJJUTUBHBIX
METOZIOB  pacyeTra IOBEPXHOCTHOIO  HATSDKEHUS
(manpumep, Metox mapaxopa [1-2]), mmbo MeTonos,
TEOPETUYECKOW OCHOBOW KOTOPBIX SBISIETCS 3aKOH
COOTBETCTBEHHBIX cocTosHUi [3-4]. [IpemmosxeHHBIE
KOPPEIAINH, KaK IPaBHIIO, HEJOCTATOYHO TOYHO YUH-
TBIBAIOT WHAWBHUIyalbHBIC CBOICTBA BELIECTB M HE
OTJIMYAIOTCA JIOCTATOYHOH TOYHOCTBIO pacyera IIo-
BEPXHOCTHOTO HATSDKCHHS COCIMHEHMH, 00JIaJaronmx
CHJIBHBIMHU BOJIOPOJHBIMU CBS3SIMU.

K Meronam OCHOBaHHBIM Ha CTaTHCTHUECKOM
TEPMOJAMHAMHUKE MOTYT OBITh OTHECEHBI: TEOpPHs BO3-
MylIeHud [5-6], Teopust GyHKIMOHAA TIOTHOCTH [7-
8] u rpaauentHas teopus [9-17]. HakoruieHHBIH OIMBIT
BBITOJIHEHMSI PACYeTOB TEPMOAMHAMUYECKIX CBOWCTB Be-
IIIECTB HA JIMHWM HACBHIECHUS METOAMU CTaTHCTUYECKOH
TEPMOIMHAMUKH TIOKa3bIBACT, UTO JI0 CHX IIOp HE YIaeTcst
MOJTyYHTh JOCTATOYHO TOYHBIX JAHHBIX. [IpwduH, 00bsc-
HSIOIINX CJIOKHBIIIEECS TOJI0KEHNE, HECKOIIBKO.

Bo-niepBbIX, 111 M3y4aeMbIX 0OBEKTOB, KaK MPaBHIIO,
Hem3BecTHa (popMa paaranbHON (YHKIMK paciperesieHUs
Y TIOTEHIMalla MEeXMOJIEKYJIIpHOro B3anmozeictaus. [lo-
MPEXKHEMY OCTAIOTCSI HEZIOCTATOYHO N3YIEHHBIMH BOIIPOCHI
W3MEHEHHUS CTPYKTYPHI JKUIKON (hasbl OT TeMIepaTypsl s
CIIO’KHBIX MOJISIPHBIX COSIMHEHNH.

Bo-BTOpBIX, OCTaeTCsI HEPEIICHHBIM BOIPOC O BO3-
MO>KHOCTH OIPaHMYEHHSI YMCIIa HE3aBUCHMBIX TTapaMeTpOB
TOTEHIMANIA CHJI  MEKMOJIEKYJIIPHOTO  B3aHMOICHCTBIIS.
Kpome Toro, oTCyTCTBYIOT KOpPEKTHBIE METOMIBI YUeTa He-
AJUIMTHBHOCTH  MHOTOYAaCTHYHOTO  MEXKMOJIEKYIIAPHOTO
B3aUMO/ICHCTBUSL.

HecmoTps Ha mepedncieHHble HEAOCTaTKU TEO-
PETUYECKHX METOJOB pacdeTa TEPMOJANHAMHYECKHX
CBOWCTB, B IOCJIEZIHEE BpeMsI MHTEHCHUBHO Pa3BHBACT-
Csl TpaJMeHTHAs TEOPHUs HEOTHOPOAHBIX KHUIKOCTEH,
KoTopasi Obuta BhepBble pa3paborana Paneem [9] u
Ban-gep-Baanscom [10] B 1908. TlozgHee 3ta Teopust
6buta mepecmoTpena B 1958 rony Kanom u Xunmap-
jJoM [11]. B pamkax 3TOH TeopHU CTaTHCTHUYECKas
MeXaHHKa HEOJHOPOHBIX KHJIKOCTEH Mpeodpaszyercs
B HEJIMHEHHYIO KpaeBYIO 33j1ady, KOTOPYI HEoOXo-
JUMO PEIIUTh Al paclpe]esieHus] MIOTHOCTH B IO-
BepxHOCTHOM cioe. Kapu u ap. [12] B 1978 rony npe-
00pa3oBay TPafUeHTHYIO TEOPHIO MIPUMEHHUTEIBHO K
3aJa4aM  MOJTYIMIIMPHYECKOTO  MPOTHO3MPOBAHUS
Mex(}a3HOro MOBepXHOCTHOTO HaTshKeHUs. Hambonee
MIOJTHO O3HAKOMHTHECS C OCHOBHBIMH TOJIOKEHUSIMHU
TpalMeHTHONW TeopuHu MOXHO B paborax Kana m Xu-
muappa [11], bormkopro u ap. [13-14], IsBuca u ap.
[15], nuccepraunu Kopu [16] winu monorpaduu J{pu-
ca[l7].
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ENMHCTBEHHBIMH  UCXOIHBIMH  TapamMeTpaMu
IPaJMECHTHON TEOPHH SBJISIOTCSA IUIOTHOCTH CBOOOJ-
HOH 3Hepruu I'enbMrosnbia 0OJHOPOIHON KUAKOCTU U
TaK Ha3BIBAEMBIH IMapaMeTp BIUSHUS HEOIHOPOIHO-
ctu cpensl. [110THOCTE cBOOOAHOM 3Hepruu [empMm-
rojblla MOXXET OBITH BBIYHCICHA B paMKax IO0OH
TePMOAMHAMHYECKON MOJENH. 3a4acTyl0 B KadecTBE
TaKoil MOJENH WCIONB3YIOT KyOWYeCcKHe ypaBHEHUS
cocrostHuH. CyIIECTBEHHBIM MPEUMYIIIECTBOM TaKOTO
MOJIX0/1a SIBIISICTCS OJHOBPEMCHHOC MOJCITHPOBAHUC
MMOBEPXHOCTHOTO HATSKCHUSA M MapaMeTpoB (pa30oBOro
paBHOBecus. [lapamMeTp BIUSHHS PACCUUTHIBACTCS U3
MOJIEKYJIIPHO-TCOPETUYCCKUX  MPECTABICHUM. B
OOJIBIIIMHCTBE CITyYacB TOJYYCHHOC BBIPAXKCHHUE IS
mapaMeTpa BIHUSHHSA, SBISCTCS CIHIIKOM CIIOKHBIM
JUI WCIIONB30BaHMS Ha TpakTuke. OTHUM W3 CHOCO-
0OB TPEOJOJICHUS 3TOW TPYTHOCTH B TPaIUCHTHOU
TEOPHH SIBIIICTCS UCIIOIb30BAaHIE TTOTYIMITUPUICCKIX
BEIpaKCHUH, pa3pabOTaHHBIX HA OCHOBE CYIIECTBYIO-
el nHpOpPMAIMK O TOBEPXHOCTHOM HATSXKCHHU Be-
ILIECTB.

Llenbro HacTosimel paboTHI sBIsIETCS pa3paboT-
Ka Koppenﬂunn JJIs napaMeTpa BIINSIHUA HeOL[HOpOL[-
HOH cpenpl Uil IPOTHO3UPOBAHMS IIOBEPXHOCTHOIO
HaATSKCHHUSA YUCTBIX BCLICCTB B I_HI/IpOKOM JAuara3oHe
apaMeTpOB.

1. OCHOBHBIE ITIOJIOKEHUSL
T'PAJIMEHTHOM TEOPUH

I'pangueHTHas Teopus OCHOBaHA Ha IIPEAIIOINO-
KCHHH 00 OMpEeNeTIONIeM BIUSHUN HA ITOBEPXHOCT-
HOE HATSHDKCHHE JKUIAKOW (a3l M3MEHEHHH pacCTos-
HUU MEXAY MOJIEKYJIaMHU B Mex(pa3zHOM ciioe. JTa r'u-
IoTe3a MO3BOJIIET pacCMaTpUBATh IUIOTHOCTh p U €6
MPpOMU3BOJHBIC KaK HE3aBUCUMBIC IIEPEMEHHBIC. Hcxo-
Jisl U3 3TOTO, CBOOOHASI SHEPTHS | ebMroJiblia MOXKET
OBITh pasnokeHa B psin Teiinopa (yceueHHOro Tmocie
BTOPOT'O YJIeHA PAJa), YTO IPUBOIUT K BBIPAKESHUIO

1
F:jv fo(p)+zi1j5ki'ijinj dv | 1)

rae Vp, — COOTBETCTBYET JOKAJIBHOMY TPalUeHTyY
IUIOTHOCTH KOMITOHEHTA |.

Takum o00pa3oM, IpH YCIOBHH OTCYTCTBHUS
BHEIIHETO IMOTEHIINAala, TUNIOTHOCTh CBOOOMHOW 3HEp-
run ['enbMronbia reTeporeHHON KHUIKOCTH MOXKET
OBITh 3amMCaHa KaKk CyMMa JBYX BKJIQJIOB: CBOOOJTHOM
sHepruu ['ensmroneua fo(p) romorenHo# cpensl, npu
JIOKQJIBHOH MOJIIPHOW TUIOTHOCTH pO, M KOPPEKTUPY-
omeld QyHKIMH TpajgueHTa JIOKAIbHON IJIOTHOCTH.

Koaduuuenter K; ; HasplBarOTCs NapaMeTpamu BIu-

aaus. OHM HecyT HWHGOPMAIMIO O MOJEKYISIPHON
CTPYKType TpaHMIBI pa3iena (a3 W Mo CyIecTBY
OTIPENIeNIAIOT TPATUCHTHI IUIOTHOCTH COOTBETCTBYIO-
M€ JIOKAJFHBIM OTKIOHCHHAM XHMHUYECKHX IOTECH-
[HAJIOB OT UX 3HAYCHUH B 00beMHOH (aze [14].

Kak n3BecTHO, COCTOSHHIO TEPMOAMHAMHUYECKO-
rO PaBHOBECHS COOTBETCTBYET MHHUMYM CBOOOIHOM
sHepruu ['empmromeia. Torma mpoduiap IIIOTHOCTH
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p(Z) B TIOBEPXHOCTHOM CJIO€ YIOBICTBOPSIET CIICIYIO-
HieMy ypaBHeHHIO Diinepa-Jlarpanxa:

e} d dp;

a %q dp 4y
op, T\ a2

, (@)
Op; dz dz

1
_Ezkzj'

e Q= f,(p)- Zi Pilis - OOINBIION TepMOINHAMHU-

YECKUH TMOTEHIHUAN, a iy — XUMHUYECKUH TMOTEHIIHAI
KOMIIOHEHTa | B 00beMHO#T (a3e, Z — MPOCTPaHCTBEH-
Hasl KOOpJMHATa, NepIEeHANKYJIIpHas IUIOCKOCTH pa3-
JieJia COCYIIECTBYIOIUX (a3.

[IpeHeOperast 3aBUCHMOCTBIO NapaMmeTpa BIHs-
HHS OT IUIOTHOCTH, IIOCJIE HEKOTOPHIX MpeoOpa3zoBa-
HUM ypaBHeHHE (2) MOXHO MpEICTaBUTh B CIEAYIO-
IIEM BHAE!

1, dp dp;
ZiZjEkijd_Zlgzg(p)_QS' ®3)

rae (x=-Ps, Ps - naBneHne HAaCHIIICHHBIX TapOB 00b-
eMHOI (a3bl.

CremoBareibHO, MOBEPXHOCTHOE
MOJKET OBITh PAaCCYUTAHO IO (hopMyJIe:

HaTsXKCHUC

o= IZ'\/fo(p)—ZpiﬂisJFPsdp- (4)

W3 ompeneneHus IUIOTHOCTH CBOOOAHOW 3HEp-
ruu [enbMrobia AJsi TOMOTEHHBIX JKHIKOCTEH, BbI-
paxxenue s pacuera fo(p) Moxker OBITH 3amucaHo
KaK

fo(p)=p-u(p)-P(p). (5)
Takum o0pa3zom, moiydyaeM BBIpaXEHHE IS

pacu€ta MNOBCPXHOCTHOI'O HATAXKCHHUA YHUCTBIX BE-
IIECTB:

P
o= | J2k{p-[u(p) - us]-[P(p) - PsT}dp, (6)
Javi

TJie Py, pL — PABHOBECHBIE 3HAYEHHSI TUIOTHOCTH Mapo-
BOH M )XUAKOU (a3 COOTBETCTBEHHO.

Takum o0pa3om, Tiepes] BHIYHACICHUEM ITOBEPX-
HOCTHBIX CBOWCTB BEIIECTBA HEOOXOAWMO 3apaHee
paccumuTaTh IDIOTHOCTh PABHOBECHBIX (a3, MEXKIY KO-
TOPBIMH 00pa3yeTcss TpaHWIA pas3jena, a TaK ke
IUIOTHOCTHE CBOOOAHOM 3Hepruu ['enpmroibpia. Bei-
IeyKka3aHHbIe TTapaMeTPbl MOTYT OBITh OTIPEZICNICHBI C
MOMOIIBI0 OJIHOM W3 YK€ CYIIECTBYIOIIUX TEPMOJIH-
HAMHYECKUX MofeNed (MHKPOCKONMYECKUH ITOAXO:
MEXMOJIEKYJIIPHbIE B3aMMOJACHCTBUS, MAaKPOCKOIIH-
YEeCKHH TOAXOM: YpaBHEHHUsS cOCTOSHHUS M ap.). Ilpm
BBIOOpE MOJIENIN JODKHBI YYUTHIBATHCS Takue (pakTo-
PBI KaKk: TEPMOJAUHAMUYECKUE YCIOBUS, TOUHOCTD IO-
Jy4yaeMBbIX JaHHBIX, IPUPOJA UCCIENYEMON KUIKOCTH
U IOCTYITHOCTh HMCXOJHON HH(MOPMAIIMH O HEH.

I1l. KYBUYECKOE YPABHEHHUE
COCTOsAAHUA

Jlis BBIYHCIICHNS TTapaMeTPOB PaBHOBECHS 00B-
eMHBIX (a3 U MIIOTHOCTH CBOOOTHOMN 3Heprun I enpMm-
TOJbIIa MOXHO TIPHMEHATh KyOWYEeCKHe ypaBHEHHS
cocrosinust (Ilenra-Pobuncona, Pemnuxa-KBonra wu

Coage-Pennmixa-KBonra). K nocronHcTBam yka3aHHO-
ro Tuna YC cienyeT OTHECTH MX OYEBHIHBIA TEpMO-
JUHAMWYECKUI CMBICI, IMPOCTOTY W BO3MOXHOCTh
MIPeACKa3blBaTh MapaMeTpsl (Ha30BOTO PaBHOBECHS
YHUCTBIX BEIIECTB U PacTBOPOB. COBMECTHOE HCIONb-
30BaHHE TPAJWCHTHON TeopmH M KyoOmueckoro YC
[lenra-Po6uHCcOHA BriepBhIe OBLUTO MPUMEHEHO B pabo-
te Kopu [14] u ¢ Tex mop HEOTHOKPATHO HCIIOIH30BA-
JIOCH JUISl pacyera MOBEPXHOCTHOTO HATSIKCHUS YH-
CTBIX BELIECTB M MHOTOKOMIIOHEHTHBIX CMECeH U Apy-
rumu uccienosatensimu [18-20].

Krnaccuueckoe Beipaxenue Y C Ilenra-
Po6uncona [21] umeeT cneayromuii BUA:

o RT a(T)

v-b V'+2bv—b*
rae T — temneparypa, K; P — nasnenue, Ila; v - Moib-
HbII 06BEM, M>/MOJIb; R — yHHBepcanbHas ra3oBas mo-
crosigHasg, JIx/(Monb-K); a — TemmepaTypHas 3aBu-
CHMOCTb, YUYHUTBHIBAIOIIAS CHJIBI NPHUTSDKEHHUS MEXITY
Monekynamu, b —kosdpduiment YC, koTopsiii pas-
JMYHBIMHA aBTOPaMHU HHTEPHPETHPYETCS MO-Pa3HOMY
(momnpaBka Ha 00beM MOJEKYI, 3(h(EeKTUBHBIN MoIe-
KyISPHBIH 06EM, HCKITIOYEHHBII 06BEM), M*/MOJIb.

JI1g 9ucThIX BelecTB 3TH napaMeTpsl Y C MoryT
OBITh ONpEJeNICHbl U3 JaHHBIX O KPUTHYECKUX Iapa-
MeTpax:

O

RT
b =0,07780—%, (8)

Cc

2
T
a(M)=<1+m-| 1- T_ , 9

C

rae T, — KpuTHYecKas Temieparypa, P, —kputuueckoe
naBieHue, kodpounmeHT M — dakrop Coapa, 3HaYe-
HHE KOTOpPOTO OIpenelsieTcs BEIHMYUHOH (akTopa
ALICHTPUYHOCTH W CIICAYIOLIMM 00pa3oM:

ec W<0,49 , To

m=0,37464+1,5422w-0,26992w?,  (10)

npu W>0,49 ¢akrop CoaBa cieayeT pacCUUTHIBATH
o popmye:
m=0,379642+1,48503w-0,164423w*+0,01666w°. (11)

OueBHIHO, YTO JUIl KaueCTBEHHOTO OIMCAHUS
(a30BBIX paBHOBECHH BeIIECTBA HEOOXOAMMO pacmo-
JaraTth WHGOpPMAIMeil 0 KpUTHIECKUX Mapamerpax T,
P. u dakrope anentpumunoctn W. Ecimu st gucThx
BEIIECTB 3Ta MH(OpMAIUsS B OOJBIIMHCTBE CIIydaeB
ABJISIETCS JOCTYITHOM, TO B CIy4ae U3yUCHHUS CIOKHBIX
WIA MYJTbTHKOMIIOHEHTHBIX TEPMOJUHAMUYECKHUX CH-
CTeM Takasi WH(popManus, KaK MPaBmiIO, OTCYTCTBYET.
Bonee Toro, ans MHOTHX TePMHYECKH HECTaOMIBHBIX
BEIIECTB BO3HUKAET JOMOJIHUTEIbHAS JIOCTATOYHO
CIIOXKHasi TpoOJieMa OIpeesIeHUs] TICeBIOKPUTHYE-
CKHuX mapamerpoB. [l e€ pemenus TpeGyercs ymbo
60JIbIION 00BEM 3KCIIEPUMEHTAIBHBIX JaHHBIX 110 (a-
30BBIM PaBHOBECHSIM pAacTBOPOB (METOJ MHHHUMH3A-
LUU OTKJIIOHEHUH pacCUMTAaHHBIX TEpMOJUHAMUYE-
CKUX (DYHKIHMH OT SKCIIEPUMEHTANIBHBIX JaHHBIX), JIH-
060 maHHBIE O TEIUIOGU3NIECKUX CBOMCTBAX KOMIIO-
HEHTOB PAacTBOpA Ha JIMHUHM KUIECHHSA B JIOCTATOYHO
IIMPOKOM HHTepBasie Temmepatyp [22]. Tak xe 3tu
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OTpaHMYEHUs] aKTyaJbHBl W B CIIydae HCCIICHAOBAHUS
HOBBIX BEILECTB, KOTOPHIE M3-32 CBOEH MaJIOM3Yy4EH-
HOCTH HE MMEIOT MH(OPMAILMH O KPUTHYECKHUX Iapa-
METpax.

VIMeHHO TIOATOMY B TaHHOH paboTe I ompene-
JICHUSI TapaMeTPOB TMAPOXKUAKOCTHOTO PABHOBECHS U
IUIOTHOCTH CBOOOIHOHM 3Heprum [empmroisbiia OynmeT
UCTIONb30BaHa paHee pa3paboTaHHAs aBTOPaMU METO-
quka [23], Ans ompenesneHus MapamMeTpoB KOTOPOH
TpeOyeTcsi MUHUMAJIbHBIH 00BbEM JOCTYIHON HH(OP-
Manuu. B kadectBe Takoll mHQpopMauuu s KOMIIO-
HEHTOB pacTBOpa MOTYT pacCMaTpHUBaThCs JlaHHBIE
npuBeneHHsle CAS registry number, wiu orpaHH4eH-
Hast TH(GOPMaI¥s O IUIOTHOCTH JKUIKOH (a3l B orpa-
HUYEHHOM MHTEpBAJIC TEMIIEpaTyp.

B ocHOBe 3TOM METOAMKE JIEKUT HCIOIb30BAHHE
(yaknnoHanpHOTO BHIa KyOmueckoro YC Ilenra-
Pobuncona (7), Ko3pPHUIHEHTH KOTOPOTO PaCCUHUTHI-
BAIOTCS 10 CIEAYIOIUM (HOpMyIaM:

COOCTBEHHBIN 00BEM MOJICKYIT

b = 06423 . an (12)

T Vyp - MOJIBHBIA 00BbEM IIPpHU HOPMaJIbHOW TeMmIepa-
Type KHUIICHUS;

TeMIiepaTypHas 3aBucuMocTs a(t):

a(t) = (A+B-exp (1)’ (13)

rae t=1-T/Tc— npuBeneHHas TeMneparypa.
Hins ko3 durmenta 4 ypasuenus (13) B pabore
[25] mpennoxena cnenyromasi KOppeasuus

Tnb 2
A=-0.048+0.019- ————-78414 .y~ +

In(Typ) . (19

+635.176 -

rne Tp, — HOpMalibHAs TeMIeparypa KHICHHS, i —
(hakTOp CIONKHOCTH MEXMOJIEKYJIIPHOTO B3aMMOMAEH-
ctBus [24]. 3HaueHme Y-(hakTopa U Pa3IMIHBIX Be-
IIECTB MOXET OBITh PAacCUUTAaHO 0e3 MCIOIb30BAHUS
KPUTUYIECKHUX MapaMeTPOB IO YPaBHEHHUIO:

w =0.1-In(T,,)-0122-In(v,, ) +0.006. (15)

Hcnonb3oBanue y-(hakrtopa MO3BOJISET HpPUME-
HATh JIAaHHYIO METOJMKY IUISl ONMCAaHUsl (ha30BBIX PaB-
HOBECHH BELIECTB C PA3IMYHON CTENEHBIO IOJISIPHO-
cTH 0e3 CyIIECTBEHHOTO IIOBBIIICHHS IOTPELIHOCTH
pacueTa.

Koa¢pdunuent B u3 ypasuenus (13) Haxonsar Ha
OCHOBE JIaBJICHHSI HACHIMIEHHBIX ITapOB MPH HOPMAaJIb-
HOW TeMIlepaType KUIEHUS T p.

Takum ob6pa3om, A MIPOTHO3UPOBAHUS MAPO-
KHUJIKOCTHOTO PaBHOBECHS] B paMKax HPEeIOKEHHOM
B pabore [23] MeTOIUKN HEOOXOMMEI TAHHBIE TOJIBKO
0 TAKMX XapaKTepPUCTHUYECKUX MapaMeTpax Kak: Mo-
JeKyJIsipHasi Macca BemlecTBa — M; MOJBHBIH 00beM
KUJIKOW (asbl MpU HOPMAIBHOHM TeMIepaType Kuie-
HUS — Vpp; HOPMaJIbHASI TEMIIEpaTypa KUIEHUS — T pp.
Kak npaBuio, sta nHpopManus Jyuisi YUCTHIX BELIECTB
conepxwurcs B CAS registry number. B omybnmukoBaH-
HOW HEeIaBHO aBTOpaMH cTaThe [23] mpuBeACHBI Ia-
paMeTpsl ypaBHEHHS COCTOSTHHA (7) U psifa Tanou-
JIOTIPOM3BOJHBIX yriieBoopoaoB. IlpoBeneHHas Be-
puduKanysg TMoKazajga BBICOKOE KAa4eCTBO IPOTHO3M-
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pOBaHUs JABIICHHS HACHIIICHHBIX MApOB YHCTHIX Be-
OIECTB B HUHTCPBAJC IPHUBEICHHBIX TEMIICPATYpP
0.1<t=1-T/T,<0.5 ¢ OTHOCHUTENLHLIMH OTKIOHEHUSIMU
He npebimatonmu 2-4 %.

IV. HAPAMETP BJIMSIHUSA HEOJHOPO/-
HOCTH CPEJBI

[IpornosupoBanue B paMKax rpaJlueHTHONH Me-
TOJIUKH IOBEPXHOCTHOTO HATSDKEHUS, pacdyeT Mpodu-
JISl TFIOTHOCTH B TIOBEPXHOCTHOM CJIO€ JKHIKOW (ha3bl
U TOJNIIMHBl TOBEPXHOCTHOTO CJIOS MpeArojaraet
MIPUMEHEHNE OJHOW M3 METOJMK pacdeTa mapamerpa
BIIMSIHHUS HEOTHOPOIHOMN Cpebl.

B 1976 rony bonmxopuo u np. [14] paspabo-
TaJIN TEOPETUYECKH OOOCHOBAaHHOE BBIPAXKCHHUE IS
rapaMeTpa BIMSHHUS Ha OCHOBE HCIOJIB30BaHUS MpS-
MOM KOPPEISIIMOHHOHN ()yHKITHH:

k ="BTT [ric,(r.p)dr, (16)

rane C,(r,p) — mOpAMas KOPPEIANUOHHAS (yHKIHL

TOMOTCHHOM KUAKOCTH NPH IUIOTHOCTH P, Kg — mocTo-
siHHas bonblMaHa, I' — MPOCTpaHCTBEHHAs KOOpAWHA-
Ta.

OnHako, Kak IOKa3alin pe3yibTaThl psija BbI-
MOJIHEHHBIX MCCIEN0BaHUM [25], MPOrHO3UpPOBaHUE B
paMKax TrpaAleHTHON TEOPHH IOBEPXHOCTHOTO HATS-
XKEHUsI C TOMOIIBIO MTapaMeTpa BIMSHHA, pACCUNTAH-
HOrO O opmyre (16), IPUBOIUT K TOIYICHUIO 3a-
BBIIICHHBIX 3HAYCHUH.

Kpome Toro, 11 GONBIIMHCTBA CUCTEM, MPEA-
CTaBJIAIOIIMX IPaKTHYECKUIl HTEpec, HHOpMALUs O
HPSIMBIX KOPPESIIMOHHBIX (DYHKLUIX SBISIETCS HEI0-
CTYIHOH, YTO CTaJI0 MPUYMHONW Pa3pabOTOK pa3iuy-
HBIX METOJIMK OLICHKHU IIapaMeTpa BIHUSHUS Yepes JApy-
T'He U3MEPEHHbIE WM PACCUUTAaHHbIE BEIMIUHEL. Tak,
B 0030pHOH yacTH paboTel Muké€ m ap. [26] Obuth
TIPECTaBICHBl HEKOTOPbIE BBIPAKEHUS AJISI TapameT-
pa BIMSHUS, HauWHAs C OPUTMHAIBLHON Monenu Ban-
nep-Baannca [10].

Uro kacaeTcs NMPUMEHEHHs T'PaJleHTHOH Teo-
puu B xomOunaumu ¢ YC Ilenra-PobuHcona, paHee
pa3paboTaHHbIE KOPPEIAIMH A TapaMeTpa BIHSHUS
K pasnu4HBIMEH aBTOpAMH MOKHO HAWTH B 3TOH Ke
pabore [26]. PazpaboTke koppensuuii s mapameTrpa
K mocBsiteH 1 psix HemaBHuX pabor [25, 27-29].

Kaxnprii u3 aBTOPOB B CBOMX paboTax MPUBO-
JUT JOBOIBI O BBICOKOH TOYHOCTH pa3pabOTaHHBIX
METOJMK pacyeTa IOBEpXHOCTHOro HaTspkeHus. Og-
HaKo OOIIMM HEJZOCTaTKOM IPEIOKEHHBIX MOAeIeH
pacueTa mapameTpoB BiIMsHHS K sBIseTCS HEOOXOAHU-
MOCTb HMCHOJIB30BaHUS IIPU pacueTe MOBEPXHOCTHOTO
HaTsDKeHUsT MHGOPMAIMM O KPUTHYECKUX MapameT-
pax, KOTopas Nmpu PeLIeHHH 3aad MPOrHO3MPOBAHUS
CBOMCTB MaJIOW3y4YEHHBIX BEUIECTB U MYJIBTHKOMIIO-
HEHTHBIX PAaCTBOPOB, KaK MPaBMIIO, OTCYTCTBYET.

C y4eToM M3JI0)KEHHBIX BbIIIE 3aMEUaHUi aB-
TOpPHI B HACTOAMIEH paboTe MpemyarailoT HOBYIO MO-
JIeTb TIPOTHO3UPOBAHMS MMOBEPXHOCTHOTO HATSKEHUS
YHUCTHIX BEIIECTB. B pamkax 3Toil mMoxenu, Ui mpo-
THO3MPOBAHMS MOBEPXHOCTHBIX CBOWCTB YHCTHIX Be-
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IIECTB, B KOMOMHAIIMK C TPaJUEHTHOH Teopueil uc-
MOJIB3YeTCsl HOBass MoJIudUKaus KyOU4ecKoro ypas-
HeHusa cocTtosHus Ilenra-Pobuncona [23], mis ompe-
JeneHnsT Ko3((UIIEHTOB KOTOPOTO HE TpeOyeT HH-
(dopMmarma 0 KpUTHYECKUX mapamerpax. [Ipm Takom
MOOX0Ne K TIPOTHOZUPOBAHHIO  ITOBEPXHOCTHBIX
CBOWCTB BEUICCTB OYECBHIHO, YTO TIPH OTIPEICIICHUH
mapamMeTpa BIUSHHUA TaKKe JOIDKHA OBITh MCKIFOUEHA
UCXOAHAs MHPOPMAIM O KPUTUYECKHX MapameTpax.

[Ipu pa3paboTke HOBOW KOppEJISILHS ISl OTIpe-
JITICHUs] NapaMeTpOB BIMSIHUSL C HCIIOJIb30BAaHHEM
ypasuenuii (7), (12)-(15) 6buti paccUuTaHbI TapaMeT-
PBl IAPOXXMIKOCTHOTO PABHOBECHS ISl PAa3IMYHBIX
YIJIEBOJOPO/IOB M UX TaJOMJONPOU3BOJIHBIX, & TaKXKe
TUIOTHOCTH cBOOOAHOM 3Hepruu [ empmronena. [Tapa-
METp BIMSHHUS ST KOKIOTO M3 PACCMOTPEHHBIX Be-
mects (R11, R12, R13, R14, R113, R114, R115,
R116, R125, R134a, R142b, R152a, R21, R22, R23,
R32, R218, RC318, R600a, 6yran) paccuuThIBaICS U3
COOTHOIICHUS

2

1 o
k=—

2 PL
[ o [utp) - us1-[P(o) P Jop
Y
rae ps, Ps — XuMudeckuil NMOTEHIMAN M JaBJICHHE
HACBILICHHBIX MapoB o0beMHOU dasel, u(p), P(p) -
XMMHYECKHH MOTEHIMA M JaBJICHUE B MOBEPXHOCT-
HOM cJloe, O — TaONW4YHBIE CIIPaBOYHbBIC NAHHBIC IO
MOBEPXHOCTHOMY HaTspkeHHio [30].
[MpoBeneHHble HCCHEIOBaHHUS IOKa3bIBAIOT,
YTO MapamMerTpbl BIUSHHUS AJsI Pa3lIMuHbIX BELIECTB
3aBUCAT OT TEMIeparypbl W  HHIMBUAYaJIbHBIX
cBOMCTB BellecTB. [103TOMY CTaHOBUTCS aKTyalbHON
3a7a4a pa3pabOTKH METOIWKH IPOTHO3MPOBAHMS I1a-
paMeTpa BIMSIHUS C HIPHUBICUYCHHEM MHHUMAIBHOTO
00BeMa IMIUpHIECKON HH(OPMAITHH.
Jnist pemieHns 3ToH 3aadM aBTOPHI HCCIIEI0BaA-
JM TEMIIEPaTYPHYIO 3aBUCHMOCTb JUISl CJIEIYIOLIEro

KOMILJIICKCA.
k(T/
anb

2
a(T)vbA T,
roe k(T) — mapamerp BnusHHA Hpu Temnepatype 7,
Krnp — mapaMeTp BIHSIHHSI TIPH HOPMAaJbHON TeMIepa-

Type KUTeHus Ty, @, b — koaddunmentsr Kybuuecko-
ro YC.

(17)

w

K = , (18)

Pesynbprarel  IpPOBEAEHHOTO  pacyeTa
KoMmIuiekca K J1s1 HEKOTOPBIX BEUIECTB MTPECTaBICHEI
Ha pucyHke 1.

AHanu3upysi IpUBEJCHHYIO Ha PUCYHKe | WH-
(hopmario, MOKHO NPUITH K 3aKIIIOUYEHHIO, YTO TEM-
neparypHasl 3aBUCUMOCTb KOMIUIEKca K TPaKTHYeCKH
NpsSIMOJIMHEWHA B Mana3oHe NMPUBEJICHHBIX TEMIIepa-
typ  0.35 <t=1-T/T,< 0.95. Jlns anmpokcuMariuu
TEeMIIepaTypHOH 3aBUCHMOCTH KoMmIuiekca K peko-
MEHJIyeTCsl HCIIOJIb30BATh CIIEyIollee ypaBHEHHeE:

K:exp(A+BAt+%) , (19)
t

rne A, B, C — xo3ppunneHTs ypaBHEHUS, 3HAUCHUS
KOTOPBIX MHAMBHIYaJIbHBI I KaKIOTO U3 PACCMOT-
PCHHBIX BEILIECTB.

10

—v—R11
—e—R13
—e—R21
—e—R22
. —A—R23
~A.
A-5 o |—*—Butane

A-Aa
A Aa,

44 @9 ®-0-9_

2{ et e0eeeq,, oty

—k—d—d— *-0-0-9_
/* *—K—%k- K= —d—k— . * -0

* TRk k—k—k—k—k—k
G00000000000000000000¢

0 T T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

t=1-T/T,
Pucynox 1 — TemnepamypHas 3a6ucumocms KOM-
nnexca K

OueBuaHO, YTO eciu At 3THX Kodddunuen-
TOB OyAET yCTaHOBJIEHa 3aBUCHMOCTb OT KPUTEPUEB
oJ00us (He CoiepkKaMX KPUTHIECKUX TapaMeTpOB)
WIN JPYIHX XapaKTePUCTHYECKHX I1apaMeTpoB, TO
NpeIUIOKEHHAs] MOJENb pacyeTa rnapaMmerpa BIHSHHS
MOXKET PAacCMaTpUBaThCi B KayeCTBE MPOTHOCTHYE-
CKOIl M1 IIMPOKOTrO Kiacca MallOM3YYCHHBIX Be-
LIECTB.

BEINONHEHHBI aHAU3 MTOKA3bIBAeT, YTO KO-
a¢¢unmeHt A B ypaBHeHHH (19) MokeT OBITH paccyu-
TaH C UCIOJb30BaHHEM HH(OPMAIMU O HOPMAaIbHON
TeMIeparype KUeHus Tn, 1 y-(hakrope

A=19.443-3.393-In(T, ) +11.002 . (20)

Hccnenosanue 3aBucumoctr (19) mokassiBaer,
410 K03 duimenT C BHOCUT 3aMETHBII B KJaJ( B 3HA-
YeHUe KOMIuIeKca K TOJIbKO B OKPECTHOCTU KPUTHYE-
ckoit Touku (t> 0.95), a mpu Gojee HU3KUX aOCOIOT-
HBIX TeMIIepaTypax UM BOOOIIEe MOKHO MpeHeOpeyb.
DTOT BBIBOJ| MO3BOJSIET ONPE/CIUTh 3HAUCHHE KOI(D-
¢urenta B u3 ypasuenwii (18), (19) ecnu B kagecTse
UCXOJHOW HMH(pOPMAIMU PacCMaTPUBAECTCS HOPMallb-
Hasl TeMIIepaTypa KUIICHUs

1 A
B=A-In N

2
a(Top) b7 Top
3Hauenne mocuenHero kodddummenta C B
ypaBaeHnu (19) MokeT OBITH ONPEAEICHO U3 YCIOBUI
PaBEHCTBA HYJIO TIOBEPXHOCTHOTO HATSIKCHUS B KPU-
TUYECKOM TOUKE.

Takum o0pa3om, H00AaBHB K HCXOJHBIM Iapa-
METpaM METOJUKH IMPOTHO3UPOBAHUS ITaPOKHIKOCT-
HOT'O PAaBHOBECHS JKCIEPUMEHTAIFHOE 3HAYCHHUE T10-
BEPXHOCTHOTO HATSDKEHUSI P HOPMAJBHON TemIiepa-
Type KUIECHUS, aBTOPbI 3TOH pabOThHI MOTYYHIH HA OC-
HOBEC Fpa}:[PIeHTHOfI TCOPUN NMPOTHOCTUYECKYIO METO-
JIUKY OIIpPEAENICHUS IIOBEPXHOCTHBIX CBOMCTB pa3iud-
HBIX BEIIECTB B IIUPOKOM JIHAIa30HE TEMIIEPATYP.

(21)
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V. PE3VYJIBTATBI PACUETA 110 MOJEJIN

Juns mpoBeneHus BepuduKanum pazpaboTaHHON
MOJICTI pacyeTa MOBEPXHOCTHBIX CBOHCTB ObLI BbI-
MOJIHEH pacyeT MOBEPXHOCTHOTO HATSHKEHHS pa3iind-
HBIX TaJOWJONPOU3BOIHBIX yrieBomoponoB. Ha pu-
CYHKax 2 W 3 mpe/cTaBICHbI aOCONIOTHBIE AC U OTHO-
CUTEIIbHBIC OO0 OTKJIOHCHHS PACCUMTAHHBIX 3HAYCHUI
MOBEPXHOCTHOTO HATSDKCHUS JJIsI HECKOJNBKHUX Be-
IIECTB OT JaHHBIX MPHUBEICHHBIX B 0aze maHHBIX [30]
MPU Pa3IMYHBIX 3HAYCHUSIX NMPHUBEACHHON TEMIepaTy-
poI t=1-T/T..

0.0006

0.0004 4

0.0002 4

0.0000

Ao, N/m

-0.0002

-0.0004

*

—eo—R114
—A—R21
——R32
—*—R152a
—v—RC318
—0— Butane

-0.0006 . . .
0.0 01 0.2 03

0.6 0.7

Pucynok 2 — Abcontomuvle OMKIOHEHUs PACCHUMAH-
HbIX 3HAYEHULl NOBEPXHOCIMHO20 HAMANCEHUsL He-
CKOJIbKUX 8elyjecms om OaHHbIX npusedennbvix 6 [30]

4
34
2 N A
d
1 A /,
AT X .
A /oM
X 04 /A/A ~
°7 S E-n-u- Ky
£ 4] K*/A(:'t..\o\ e |-m—R11
D e’ %0 0| e Ri14
2 —A—R21
—e—R32
-3 1 —*—R152a
] —e—RC318
—O— Butane
'5 T T T T
0.0 0.2 0.3 0.4 0.5 0.6 0.7
t=1-T/T¢

Pucynox 3 — Omnocumenvuvie OMKIOHEHUs paccyu-
MAHHBIX 3HAYEHUU NOBEPXHOCMHO20 HAMAJNCEHUs He-
CKOJIbKUX 8ewyecme om OaHHblx npusedennuvix 6 [30]

W3 npuBeneHnHoi Ha pucyHKax 2 u 3 uHpOpMa-
UK CIEyeT, 4TO MPEUIOKEHHAas B CTaThe MOJAENb
MIPOTHO3MPOBAHUS IMOBEPXHOCTHOTO HATSIKEHUS Be-
IIECTB MO3BOJISIET C MCIIOIB30BAHNEM MUHHMAIBHOTO
o0peMa WCXOTHOH WH(pOpMAIMK (JIaBIEHHE HACHI-
IICHHBIX MTApOB, MOJIEKYISIpHAs Macca BemiecTsa — M,
MOJIBHBI 00BEM XKHUAKOW  (a3bl MpH HOPMAIbHON
TeMIepaType KHIEeHUS — Vp,; HOpMaJIbHAsI TeMIIEpaTy-
pa kuneHust — Tn,, 3HaYEHHE MOBEPXHOCTHOT'O HaTs-
JKEHUS TIPU TEeMIIepPaType HOPMAIBHOTO KUIIEHHS - O)
paccunThIBaTh JJAHHOE CBOMCTBO B IIMPOKOM HHTEP-
Bane Temreparyp t=(0.1-0.55) ¢ morpemHocThIO CO-
U3MEPUMON € TOYHOCTBIO IKCHEPUMEHTAIBHOIO HC-
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cienoBanust. [1oJydeHHBIH pe3yibTaT MOJ4EpPKUBACT
YHUBEPCAJIBHOCTh M KOPPEKTHOCTH IPEJIOKESHHOMN
METOJMKH TMPOTHO3UPOBAHUS MapaMeTpa BIUSHHS C
MPUBJICYCHHUEM MHHHMAIBLHOTO 00beMa SMIUpUYe-
CKOM HHPOPMAIIHHL.

B Tabmume | nmpuBeneHs! 3HaueHHS K03 GUIH-
eHToB ypaBHeHHs (19) m 3HaueHHWS OTHOCHTEIHHOTO
mokazarens kauectBa ADD paccumTaHHBIX JaHHBIX B
nurana3oHe npuBeneHHbx Temmneparyp t=(0.1 — 0.5).

C HCHONB30BaHUEM TPaJAMEHTHOH TEOPUH TMO-
MHUMO MOBEPXHOCTHOTO HATSDKEHUSI MOXKET OBITh pac-
CUMTaH NMPOQHIb IVIOTHOCTH O BBICOTE MOBEPXHOCT-
HOT'O CJIOS KHJIKOW (as3bl

Z=127.+

p(2)
+ kM dp (22)
oz V24P (u(p.T) — g ) = (P(p.T) - B, )}
rJie Z« - MPOM3BOJILHO BBIOpAHHASI KOOpAMHATA
[0 BBICOTE CIIOS, KOTOpas BBIOMpAETCS] B KauyecTBE
TOYKH OTCYETa. DTOT BHIOOP HE BIHUSICT HAa MPOQHIHL
IUIOTHOCTH, & TIPUBOJUT JIUIIb K H3MCHEHUIO KOOPIH-
HAT.

Crenyer 3aMeTuTh, 4T0 HH(pOpMAIUsI O mpodu-
Jie TUIOTHOCTH B TMOBEPXHOCTHOM CIIO€ >KHUIKOCTEH
“MeeT Ba)KHOE 3Ha4YeHHe IS JajbHEeHIero pa3BuTus
METOJIOB pacyeTa MOBEPXHOCTHOT'O HATSDKCHHS MYIb-
TUKOMITOHEHTHBIX PACTBOPOB B paMKaX IPeIJIOKCH-
HOW HENABHO I ITHX Heield Tpex(dazHOW MOIemn
[22, 31].
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Pucynok 4 — Ipoghuns niomnocmu 8 NOBEPXHOCMHOM
croe HCUOKOU haszvl npu pasHvlX memnepamypax ojis
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Ha pucynkax 4 u 5 mpuBeneHbl pacCUUTAHHBIE
1o ypaBHeHHIO (22) (C MCIONb30BaHUEM HH(pOpPMAIUU
nosydeHnoi u3 popmyin (7), (12-15) u (18-21)) mpo-
(UM MIOTHOCTH TPH Pa3IMYHBIX TEMIepaTrypax A
nmByx xmagareHToB: R11 m R114.

W3 mpuBeeHHOTO PHUCYHKA CIIEAYET, YTO IUIOT-
HOCTb B IIOBEPXHOCTHOM CJIO€ Ha H30T€PMax MOHO-

TOHHO M3MCHSATCS OT 3HAYCHHI Ha JMHHU KOHICHCA-
Ul — p”/ 10 3HAYEHWH HA JIMHUHU KUMNEeHUsA — p . D¢-
(eKTHBHAST TONIIMHA TMOBEPXHOCTHOTO CIIOS JKHIKON
(ba3bl oTIMYACTCS ISl PA3TIMYHBIX BELIECTB U 110 Mepe
BO3pACTaHHs TEMIEPaTyphl YBEIHYUBACTCS (CM. pH-
CYHOK 0) OT HECKOJBKHX HAaHOMETPOB 10 OECKOHEU-
HOCTH B KpUTHUECKOM Touke [32].

Tabsuma 1. 3nauenus koapowmmumenta b VC  (7), xosdpdummentoB ypasuenmit (13) u (19),
100 8|0 e, — 0 [30]

3Hayenus ADD =— ] Y 3HAYCHUS KPUTUYCCKUX aMIUIUTY]T IS MOBEPXHOCTHOI'O HATSKCHUS
n o o130

Op U [JIs1 TOJIIMHBI IOBEPXHOCTHOI'O CJIOS Zg

BerectBo Awus Bus b, Awus Buz(19) | C*10°uz | ADD | zo, um Co,
(13) (13) cM*/Monb (19) (19) o MH/M
R11 0.881 0.344 63.857 0.3737 | 0.7562 -0.190 0.19 | 0.7090 | 68.760
R12 0.745 0.292 55.796 1.0074 | 0.7648 0.096 0.98 | 0.7466 | 61.600
R13 0.608 0.236 47.252 1.7821 | 0.7938 -0.251 1.16 | 0.7349 | 55.115
R14 0.474 0.179 37.371 2.7207 | 0.7565 -0.175 0.79 | 0.4925 | 61.240
R113 0.975 0.466 84.554 -0.194 0.8854 -0.157 0.80 | 0.5470 | 67.320
R114 0.854 0.414 76.454 0.2760 | 0.8919 -0.177 0.58 | 0.3944 | 75.021
R115 0.737 0.362 68.395 0.8296 | 0.9741 -0.011 0.67 | 0.5231 | 54.881
R116 0.625 0.299 58.044 1.4398 | 0.8845 -0.327 0.83 | 0.4582 | 66.226
R125 0.629 0.288 53.439 1.2145 | 0.8286 -2.300 4.45 | 0.7078 | 60.611
R134a 0.703 0.296 49,517 1.0972 | 0.6565 1.669 4,07 | 0.6795 | 53.580
R142b 0.792 0.316 57.570 0.7728 | 0.7562 -0.576 1.28 | 0.6335 | 48.940
R152a 0.674 0.278 44.208 1.2478 | 0.6171 -1.334 0.94 | 0.7617 | 50.130
R21 0.769 0.330 50.850 0.8102 | 0.6941 -0.174 0.54 | 0.6723 | 45.500
R22 0.626 0.264 42.204 1.4917 | 0.6550 -0.176 1.45 | 0.6177 | 71.301
R23 0.502 0.233 33.469 2.2570 | 0.6546 -0.776 0.51 | 0.5496 | 62.587
R32 0.534 0.216 29.793 2.0820 | 0.5437 -1.307 1.86 | 0.6077 | 62.140
R218 0.674 0.436 77.762 0.5899 | 0.9559 0.001 5.55 | 0.7085 | 48.260
RC318 0.784 0.487 82.222 0.2288 | 0.9260 -0.329 0.55 | 0.7144 | 54.718
Byran 0.842 0.343 66.090 0.5155 | 0.8077 -0.153 1.35 | 0.6973 | 59.876
R600a 0.817 0.344 62.862 0.5941 | 0.5657 -0.290 2.82 | 0.6418 | 56.645
6

(23)

—n—R11
—e—R12
—A—R114
4 —e—R21
—x—R134a

C

TIoe Zp ¥ V - aMIUTUTYJa U KPUTHYSCKUN MHACKC VIS
TOJIIMHBI TIOBEPXHOCTHOTO CJIOS YKUAKOCTH.

Onnako 3Ta hOopMyJa He MOXKET OBITh HCHOJIb-
30BaHa I OnucaHus 3(PGEKTHBHOW TOJIIMHBI I10-
BEPXHOCTHOTO CJIOSl BIAJTH OT KPUTHYECKOW TOYKH.
BwMmecre ¢ TeMm, U3BECTHO, YTO KPUTUYECKUH HMHICKC L
CBSI3aH C KPUTHYECKUM HHJEKCOM V COOTHOIICHHEM
4#=2v [32]. TlosTOMYy ISt alIpPOKCHUMAIIMKM TEMIIEpa-
TYpHOW 3aBUCHMOCTH 3(P(EKTUBHOM TOJIIIMHBI MO-
BEPXHOCTHOTO CJIOSl >KUAKOCTH MOXXHO BOCIIOJB30-
BaThCsI MPENIOKEHHBIM B paboTe [31] 1ByXKOHCTaHT-
HBIM KPOCCOBEPHBIM yPaBHEHHEM PpaCIIMPEHHOTO

—e—RC318
—o— Butane

nm
w
1

0T3 0:4
t=1-T/T,

0.7

Pucynok 6 — dpghexmuenas moawuna no6epxXHOCM-

HO20 €051 AHCUOKOU (Pa3bl OJisk PA3IUYHBIX BEUeCmE

N3BeCcTHO, YTO B OKPECTHOCTHM KPUTHYECKOH
TOYKH (P (HEKTHBHAS TOJIIMHA TOBEPXHOCTHOTO CIIOS
MOJKET OBITh aNMPOKCHUMHUPOBAHA MPOCTHIM yPaBHEHH-
eM ckeiinuara [32]

CKeHJIMHTa

o =0y 4#TO

(24)

rae f(t) — yauBepcanbHast 11 HOPMAJIBHBIX BELIECTB
KpoccoBepHas QyHKIHs
{15 {2 £
f(t)=1-003534.— —0.31656-—+034246- — - (25)
Int Int Int
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DTy YHMBEPCAIBHYIO U1l HOPMAJILHBIX BEIIECTB
¢byukuuro aBTop [33] pekoMeHAyeT HCOIB30BATh IS
OIMCaHUsI TEMIEPATypPHOH 3aBHCUMOCTH ITOBEPXHOCT-
HOTO HAaTSDKCHUS] B MHTEPBAJIC NMPHUBEACHHBIX TEMIIC-
paryp 0<t<0.6.

l'umoreza 00 yHHMBEPCATHLHOCTH KPOCCOBEPHOM
(yHKIMM TpU KPUTHYECKOM IOKa3aTelie (/ JJs Heac-
COILIMMPOBAHHBIX BELIECTB HOAPOOHO paccMaTpHBa-
Jach B CTaThsx [33, 34] 1 ycHenHo NPUMEHSIIaCh IS
MPOTHO3UPOBAaHMUA IUIOTHOCTH M IOBEPXHOCTHOTO
HaTSDKEHHUS.

[TockonbKy BOJHM3M KPUTHYECKOW TOYKU BBI-
TIOJIHACTCS. COOTHOILICHUE MEXIY KPUTUYECKUMHU HH-
JIeKcaMH =2V, B HacToAmed paboTe aBTOPHI Tpen-
NPUHSJIM TIOTBITKY MWCIIOJIb30BAHUS YHHBEPCAIBHOM
¢ynknuu (23) mpu  anmpoKCHMAalMK  HONYyYEHHBIX
3HaYeHUH 3()()EKTHBHOW TOJIIMHBI TMOBEPXHOCTHOTO
CJIOSL IS Pa3NIMYHbIX BELIECTB

V(1)
72=12,-t . (26)

Pe3ynbraThl MpoBeIeHHONW BepU(HKAIINK Tpea-
JO)KEHHOW MOJIENN  allIpOKCUManuu 3G PEKTUBHON
TOJIIMHBI TIOBEPXHOCTHOTO CJOSI AJSI PAa3IWYHBIX T'a-
JIOUJIOTIPOM3BO/IHBIX YTJIEBOJOPOJOB JIEMOHCTPUPYET
pucyHok 7. Ha 3TOM puCyHKe 3HayKaMH YKa3aHbI
paccuntanHeie 1o ¢opmyne (22) 3HaueHus dPdek-
TUBHOM TOJIIIMHBI MOBEPXHOCTHOTO CJIOS, & JMHHUSIMHU
aNmpPOKCHMHUPOBAHHbIC TI0 ypaBHEHHIO (26).

AHanu3upysi IpUBEICHHYIO Ha puc. 7 uHOOp-
Malnuio, MOXXHO KOHCTaTHPOBAaTh JOCTOBEPHOCTH
MPETI0KEHHOH THUITOTE3bl 00 YHHBEPCATBHOCTH KPOC-
coBepHOH (yHKIMHU (25) AN ONHCaHWUA W TPOTHO3H-
POBaHMSI TIOBEPXHOCTHOTO HATSHKEHHS M 3(PHEKTHB-
HOHM TOJIIMHBI ITOBEPXHOCTHOTO CIJIOSI KUIKOH (has3bl
YHCTBIX BELIECTB.

*CCHF

ccurn

® CCIF2CAr2

& CHCLE

* CHIFCF3

I, nm

A CF2CFICFICT?

CaHI0

1T
Pucynok 7 — Pezynomamoi onucanust 5Qppexmusnou
MOUUHBL NOBEPXHOCMHO20 CNLOS ypaghenuem (26)

Kosdpdunmentsr ypaBuennii (24) u (26) tarxke
MpUBEICHbI B Ta0nwuIe 1.

V1. BAK/IIOYEHHUE

AHanu3upys NpeACTaBICHHYIO BBIIIE HHpOpPMa-
LU0 MOXXHO KOHCTaTHpPOBAaThb, YTO IPEIIOKEHHAas
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Mo u(UKaKs TPAJUEHTHOW TEOPUH IO3BOJISIET C HC-
MOJIb30BAaHUEM OTPAHUUEHHOrO 00beMa HCXOIHOM
nHpopManuu (MOJNEKYISIpHas Macca BemectBa — M,
MOJIBHBI 00BEeM JKUAKOH  (a3bl TpH HOPMAIBHOM
TeMIIepaType KUICHUS — Vpp; HOpMaJbHas TeMIepaTy-
pa KuneHust — Tqp, SKCIIEPUMEHTAIBHOE 3HAaYCHHE MO~
BEPXHOCTHOTO HATSDKCHHUS IIPH TeMIlepaTtype HOp-
MaJIbHOTO KHUIIEHUSI — O) IO03BOJISIET NMPOTHO3UPOBATH
napaMeTpsl MOBEPXHOCTHOTO CJIOS (IIOBEPXHOCTHOTO
HATSDKSHUS,, TOJIIMHBI IIOBEPXHOCTHOTO CIIOA M IIPO-
(GuiIs TIIOTHOCTH Ha TpaHMle pasgena (a3) YMCTBIX
BEIIECTB B IIMPOKOM AMarna3oHe Temmneparyp. Jlanb-
HeWIIne HCCIeIOBaHus aBTOPOB OYyAyT HaIlpaBiICHBI
Ha aJanTanuio NpeIoKeHHOH METOIMKH pacyeTra Mo-
BEPXHOCTHBIX CBOMCTB YHCTBIX BEIIECTB IPUMEHH-
TENBHO K MPOTHO3MPOBAHHIO (ha30BBIX PABHOBECHH H
MOBEPXHOCTHOTO HATSXKEHHS CJIOXKHBIX TEPMOJHHA-
MHYECKHX CHCTEM.
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