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TEIIO®HU3NYECKHAE CBOMCTBA CMECHA CMA30YHOI'O
MACIJIA I1SO 220U XJIAJAOHA R245fa

Jlanapoun HU., k. m.n., l'ennep B.3., 0.m.n., Odecca, Yxkpauna,
Odeccxa}l HAYUOHAIbHAA aKa()eMU}Z nuweesvlx me)CHOJZOZMIZ
E-mail: lapardina2004@mail.ru, vladimirgellerl1@gmail.com

Xnamon R245fa (1,1,1,3,3-neHradropnponan) sBIseTcs 030HOOE30MACHBIM, CBOOOJHBIM OT XJIOpa
XOJIOJIWJIbHBIM ar¢HTOM, OTHOCSIIIUMCS K TPYIIe TUApPOPTOPYIICPOAOB. DTOT XJIAJOH ObUT pa3paboTaH Kak
CETIeKTUBHBIA 3aMeHuTeNh MarepuaioB, ocHoBaHHBIX Ha CFC-113 m HCFC-141b, B menooOpasyrommx u
a3p030JIbHBIX pacTBopuTelsiX. OH siBisieTcst 0oJee ¢1adbIM BO B3aUMOJICHCTBUM ¢ OOJBITMHCTBOM TTOJMMEPHBIX
MaTepualioB, YTO JICNACT €r0 MPEANOYTUTEIBHBIM [T PUMEHEHUS TaM, TIe TPeOYyeTCs HEBOCIUIAMEHSIIOIIUICS
pacTBOpUTENh C HEOONBIIMM KOJIWYECTBOM OTXOmO0B, HyleBbIM ODP, W HE3KNM ypOBHEM TOKCHYHOCTH.
[lepcriekTrBeH B KadecTBe pabOUYero BEIIeCTBa B OPTaHUYECKOM IHKIJIE PeHKHMHA, KOTOPBINA SIBISETCS YaCThIO
KOTCHEPAIIMOHHBIX CHUCTEM W HCIOJIb3yeT BTOPHYHBIC U BO30OHOBJSIEMbIE MCTOYHHKH TEIUIA, B TOM YHCIIC
TeoTepMAITbHYIO U COTHEYHYO SHEPTHIO, B TAPOMKEKTOPHBIX XOJOAWIFHBIX MalllMHAX | T.1. B HacTostee BpemMs
paccMaTpuBarOTCS BO3MOXKHOCTY puMeHeHs R245fa B umiiepax HU3KOTO JaBICHUSI.

[lepcrekTHBBI TPUMEHEHHUS HOBBIX 3KOJIOTMUECKH 0E30MaCHBIX XJIaJAareHTOB B CHCTEMaX OXJIAXKICHUS
C BBICOKMMHU JHEPreTUYECKUMHU IOKAa3aTeNsIMU CBSI3aHBI C MCIOJb30BAHHEM HOBBIX CMa30YHBIX Macel. B
COOTBETCTBHH C TPEeOOBaHHUAMH, MPEABABISEMBIMH K XOJOIWIBHBIM KOMIIpECCOpaM M CHCTEMaM, OHH
JIOJDKHBI CMEIIMBATHCSA U PACTBOPATHCS B ajlbTCPHATHBHBIX XJIaJlareHTaX M 00JaJaTh B CMECAX C HUMHU
JIOCTAaTOYHOM BETUYMHON BS3KOCTH NaXXe MPU 3HAYUTEIHHOM IMOBBIIMICHUU TeMmmeparypbl. CHHTETUYECKHE
CMa304YHBIE Maciia, B TIEPBYIO OYepelh MOMHONA(UPHBIE, OTBEYAIOT ATHM TPEOOBAHHSAM W MOTYT OBITh
WCTIONB30BAaHBl B PA3IMYHBIX THUMAX BBITYCKAEMBIX MPOMBIILIEHHOCTBIO KOMIIPECCOPOB, a CBEICHHUS O
CBOMCTBax CMeECel CMa3Ka-XJIaJareHT CTAHOBSTCS BeChMa BaXKHBIMH W KpalHE HEOOXOIUMBIMU. DTUM
OTIpeIeIsIeTCS] aKTyaIbHOCTh MPOBEACHUS MCCICIOBAHUN TEPMOJUHAMUYECKUX M TPAHCIIOPTHBIX CBOMCTB
KaK pa3JeNbHO Macia U XJIaJIareHTa, TaK i CMECH Macjo-XJIaIareHT.

Hacrosimass pabota siBiiseTCs MPOJO/DKCHHUEM HCCIICOBAHUNA CBOWCTB CMECEH CHHTETHYCCKUX
CMa304HBIX Macen ¢ xuagarenramu cepuu R400 [1-5] m mocBsimeHa W3MEpPEeHUsM MapOKUIKOCTHOTO
paBHOBECHS U BA3KOCTH cMecu cMazoyHoro macna ISO 220 c¢ xmamorom R245fa. Ocoboe BHUMaHUE OBLIO
yaeneHo pa3paboTKe KOPPENSIUOHHBIX ypaBHEHHWH, OCHOBAHHBIX Ha IMOJyYEHHBIX 3KCIIEPUMEHTAIHHBIX
JAHHBIX, U TMEPEAIONTNX TEPMUYECKYIO U KOHIIEHTPAIMOHHYIO 3aBUCUMOCTh JABJICHUS KUTICHUS U BI3KOCTHU
MAacCJIOXJIaJIOHOBBIX CMECEH.

CxeMBbl PKCIEPUMEHTAIFHBIX YCTAHOBOK M WX TIOJPOOHOE OIMCaHKE IMPEICTaBICHBl B 0oJiee paHHUX
Hammx paborax [6-8].

DKCrepUMEHTAIBHBIE IAHHBIE O (DA30BOM PaBHOBECHH JKUJIKOCTh-TIAp CMeCH cMa3ouHoro macna 1SO 220
U xnajoHa R245fa GbutH MoMyYeHsl ¢ TOMOIIBIO SYCHKH MMOCTOSHHOTO 00BbEeMa, pa3sMEIeHHOH B TepMOCTaTe.
Omna 3anpaBisiach MacjioM W XJIQJIOHOM B TaKOM KOJIMYECTBE, YTOOBI MapOBOE MPOCTPAHCTBO BEPXHEH YacTH
STYEHKU ObLT0 MUHMMATBHO. [1o ypaBHEeHHMIO cocTosiHusi R245fa, npescrapinennomy B 6ase manHbix REFPROP
[9], paccunThIBasach Macca MapoB XJaJ0HA B 9TOM MPOCTPAHCTBE. J[aBieHwe OMpeneNsuioch MPHU MOMOIIN
UQpoBOro mpeodpazoBatelsl JaBlieHHUs. TemrepaTypa M3Mepsuiach 0OpPa3lOBBIM IUIATHHOBBIM TEPMOMETPOM
COIIPOTHBJICHUS. BasioBast KOHITEHTpAIKs CMECH HAXOIMIACh IO MACCe 3alpaBICHHBIX KOMIIOHEHTOB.

Bsi3kocTh cMecu HccneaoBaHa METOIOM Kamwsipa. McTedeHne MOTOKa >KUIKOCTU 4Yepe3 Kamuuisap
MIPOUCXOAMIIO IO/ JISHCTBHEM HEOOJBIIOTO Tepernaja MaBiieHUs. B ombITax U3MEpsuTuCh TeMIeparypa,
JABJICHUE, a TakXKe BpeMs MCTCUEHHUS OMNPENEICHHOTO KOJHMYECTBA cMecH. [lorpemHocTh W3MepeHui
BA3KOCTH He npeBbimana +1.8%.

ITnotHocTh cMecu cmaszounoro macia I1SO 220 u xmamona R245fa w3mepeHa ¢ MOMOIIBIO sSUCHKH
TTOCTOSTHHOTO 00BheMa, M3rOTORJICHHOM U3 carndupa U BBIACPKABAIOIIECH BEICOKOE MaBiieHre. OOheM saeiiku ObLT
TIpeABapUTEIHHO OTKAIMOPOBAH M0 NUCTUILIMPOBAHHOM Bozie. B sueiiky 3ampaBisiiach 3aJjaHHast Macca Macia 1
xJaioHa. [InoTHOCTE ompeernsiack N0 MpSIMbIM U3MEPEHUSM YPOBHS KMIKOCTH, HAXOAALICHCS BHYTPU STYECHUKH.
[penmonaras, 4rto B mapoBOil (a3e HAXOMICA TOJNHKO YHCTBIA XJIQJIOH, Macca KOTOPOTO MEHSIach ¢
TEeMIIepPaTypoH, JaBICHHEM M YPOBHEM JKHIKOCTH, KOHIICHTpAIusl >KUAKOW (aspl oTiMYaach OT HAYABLHOTO
BaJIOBOTO COCTaBa CMECH. YUeT MacChl XJIJOHA B MapoBOi (ase M M3MCHEHHE KOHLICHTPALMH JKHIKOH (Da3bl
TMOKa3aJI, YTO JJIs SKCIIEPUMEHTAIIBHBIX YCIIOBHI BIUSIHUE YKa3aHHBIX (DAKTOPOB MPEHEOPEKUMO MAJIO.
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[Ipr m3mepeHusix (Ha3oBOro paBHOBECHS KHUIKOCTh-TIAP HCCiIeqyeMod cmecH MaccuB P-T-x maHHBIX
TIOJTyYICH B ITUPOKOM JHara3oHe Temriepatyp 223 ... 423 K npu gasnermsx ot 0,0006 go 2,7MIla u maccoBoit
nom macia 0,7 ...0,95. DkcriepuMeHTa bHBIE H3MEPEHUsI BSI3KOCTH MPOBEACHBI B 00J1aCTH Temreparyp ot 233
10 393 K, mutotHoctu B uaTepBatie 223 ... 423 K u maccoBoit nomu Macna oT 70% mo 100%.

B 1abn. 1 — 3 npuBeneHb!I pe3ynbTaThl SKCIIEPHUMEHTANBHBIX N3MEPEHHH TABICHNS KUIIEHUS, BA3KOCTH
M IUIOTHOCTH cMecH cMmazounoro Macna 1SO 220 u xmamgona R245fa nmpu pa3nnuHbIX 3HAYEHHAX MACCOBOM
JI0JIM Macjia X W temneparypst T.

Tabnuna 1 — DxcnepruMeHTaIbHBIC 3HAUCHHUS IABJICHHS KUTIEHHsI cMecu cma3ounoro macna 1SO220 u xnagona R245fa

T K Janenus kunenus P, MIla
’ x=0,7017 | x=0,8171 [ x=0,8951 | x=0,9503
223,15 0,0022 0,0018 0,0011 0,0006
243,15 0,0086 0,0070 0,0041 0,0022
263,15 0,0260 0,0212 0,0124 0,0066
283,15 0,0649 0,0528 0,0309 0,0166
303,15 0,1402 0,1140 0,0668 0,0358
323,15 0,2704 0,2200 0,1288 0,0691
343,15 0,4776 0,3886 0,2275 0,1220
363,15 0,7861 0,6395 0,3745 0,2008
383,15 1,2254 0,9969 0,5837 0,3130
403,15 1,8283 1,4874 0,8710 0,4670
423,15 2,6465 2,1531 1,2607 0,6760

Tabnuia 2 — DKCnepUMeHTalIbHBIC 3HAUSHUST BS3KOCTU cMecH cMazouHoro macia 1SO 220 u ximanona R245fa

T K Ko drmneHT kuHeMaTHnIecKoii BI3KOCTH V, 10 m%/c

’ x=0,6985 | x=0,8006 | x=0,9010 | x=0,9518 | x=1,0000
233,15 12735 65988 363881 912011 2268721
253,65 1186 4169 16218 33574 65991
273,15 217,3 602,6 1832 3126 5495
293,15 64,69 147,1 352,4 572,8 894,3
313,15 24,56 51,43 105,2 147,2 218,8
333,15 12,27 23,44 43,85 58,61 82,22
353,15 7,244 12,59 21,18 28,38 38,02
374,65 4,074 6,895 11,78 15,10 20,42
393,15 2,888 4,666 7,244 9,333 11,61

Tabnuia 3 — DKCrepuMeHTaIbHBIC 3HAUYSHHS TIIOTHOCTH cMecu cMa3ounoro macia SO 220 u ximagona R245fa

T K T110THOCTB p, KI/M°
’ x=0,7007 | x=0,7997 [ x=0,9005 | x=1,0000

233,15 1144 1083 1037 1003
253,15 - - - 991,0
289,45 - - - 967,5
293,15 1086 1035 994,0 -

313,15 - - - 952,6
353,15 1015 - - -

393,15 - - - 898,0
423,15 897,8 905,2 893,1 879,9

B kadectBe rpaduueckoll MIUTIOCTPAIMH TOJTYYEHHBIX IKCIIEPHMEHTAIBHBIX JAHHBIX Ha puc. 1 - 3
[IOKa3aHbl JUarpaMMbl JaBICHUE KUIIEHUA—COCTAB, B3KOCTb—TEMIIEPATYPa U ILNIOTHOCTb—TEMIIEPATYPA.
OtMeTHM, 9TO JUIsl 0TOOpaXKeHUs1 M300ap Ha JUarpamMMe BsI3KOCThb—TEeMIIepaTypa, MPUBEIEHHON Ha pHC. 2,
HCIIOJIb30BaHbl PE3YJIbTAaThl UCCIECIOBAHUS JABJICHNS KUIIEHUs cMecH. Kak BHIIHO, BA3KOCTh HCCIEAYEMOM
CMECH SIBIACTCS CIOKHOM (PyHKIMEH TpeX NepeMEHHBIX U 3aBUCHT OT TEMIIEPATYypPhl, IaBICHUS H MACCOBOTO
COCTaBa CMECH.

Koppensaunonssie ypaBHEHUS

[IpuBeneHHBIE HIKE KOPPETALMOHHBIE YPABHEHNS MOJIYYEHB! alllIPOKCHMAIMEN HAIUX SKCIEPUMEH-
TaJbHBIX AAHHBIX. OHU NO3BOJIAIOT PAaCCUUTATh JABJICHUE KUIIEHUS BSI3KOCTh M CMECH CMAa304HOT0 Maclia
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ISO 220 u xmamona R245fa B ykasaHHBIX BEIIIE TIpeeNiaX AUala3oHa TEMIEpATyp W MHTEPBaIa MacCOBOM
KOHIICHTpAIMH Maca.

3 2 i ;
log P =i§j§0aij'(t/100) X’ (1),
3 2 i ;
i=0j=0 ’
p0°=3 éﬁij'(tlloo)i'xj @)

rne: P— naenenme xunenuss B MPa; t — Temmeparypa B °C, X — MaccoBas JoJis macia, vV —
M 62 3,
K03} HIMEHT KHHEMaTHYeCKO! BA3KOCTH, 107 M7/c; p — IIOTHOCTH B KI/M”;ajj, Djj, Cij— KO3 PUIMEHTSI.

Tabnuna 4 — Koadduuuentst ypaaenuii (1)—(3) amst cmecu cmazounoro macia 1SO 220 u xnagona R245fa

Kos¢ppunuents a;
j\i 0 | 1 | 2 | 3
0 -1,73207 2,17768 -1,21693 0,382511
1 17,4745 -0,329630 0,753666 -0,360215
2 -12,0086 0,175431 -0,407497 0,195443
KosdduunenTs! bjj
j\i 0 | 1] 2 | 3
0 -0,231801 -1,02981 0,529602 -0,141199
1 2,99715 -1,73634 1,71135 -0,829069
2 0,984652 -2,04016 1,39277 -0,281895
Kos¢pdunueHTs! Cjj
j\i 0 | 1] 2 | 3
0 1,84610 -0,353241 -0,101593 -0,141444
1 -1,49454 0,535456 0,206087 0,290850
2 0,626312 -0,246249 -0,107151 -0,148503

PacxoxaeHuss MEXIy HOJYYCHHBIMH SKCIICPUMEHTAIBHBIMU JaHHBIMU O JIABJICHUU KUIICHUS CMECH
cmazognoro macia 1SO 220 u xmagona R245fa, BsiskocTH, a Takke €€ TUIOTHOCTH, W PACCUYMTAHHBIMHU T10
ypaBaeHusM (1)—(3) BenmmumHaMu moKa3aHbl Ha puc. 4 - 6.

2.5 \ A X=0.9503
¢ X=0.8951

\\ O X=0.8171

20 O X=0.7017

T=403.15K

T=363.15K \

\\
—

Hapnerne P, MIIa

T=323,15K \V

T=303.15K

g}

0,7 0.8 0.8

Maccopad momdMacia X

Pucynok 1 — /luarpamma JaBieHne KUTICHHUA-COCTaB cMecH cMazouHoro macia |SO 220 u xnamona R245fa
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[IpoBeneHbl SKCHEPUMEHTAIIBHBIE H3MEPEHUS JABJICHHS KHUIICHUS, BSI3KOCTH M ITUIOTHOCTH CMECH
cmazogHoro macia ISO 220 u xmagona R245fa, cooTBeTCTBEHHO, B AMaa30He apaMeTPOB: TeMIIEpaTypa OT
223 no 423 K npu nasnenuu ao 2,7 MIla u maccoBoit nonu macna 0,7 ...0,95; 233 ... 393 Ku 223 ... 423 K
pu MaccoBoii Jonu macna ot 0,7 mo 1,0.

[pentoxkeHpl KOPPEISIIIMOHHbBIC YPaBHEHHS, KOTOPBIE C JOCTATOYHON TOYHOCTBIO OMHCHIBAIOT JIABJIe-
HUE KUTICHUS, BA3KOCTh M IUIOTHOCTh B YKA3aHHOM JIMAINa30He TEMIIEPaTyp U COCTaBa CMECH. AMIMPOKCHMA-
nus ypaBHeHHueM (1) JaHHBIX 1O JABJICHUIO KHUIICHUS CMECH TMPOBEJEHA CO CPEIHCKBAJPATHYHON
morpemHocThio 2,0% mpu MakcHMaibHOM OTKIOHeHWH 3,8%. 3aBucuMOCTh KOd(PQUIMEHTa KWHEMATH-
YeCKOW BS3KOCTH CMECH OIMCaHa ypaBHEHHEM (2) cO CpeaHeKBaJpaTHYHBIM OTKIOHeHueM 3,8%, a
MaKCUMalbHass TOTPENIHOCTh coctaBmwia 6,3%. TemmneparypHas W KOHIICHTPAllMOHHAs 3aBUCUMOCTh
IJIOTHOCTH OMKcaHa ypaBHeHHeM (3) ¢ oTkIoHeHUssMU B Kopuaope £0,1% 1 MakcMMabHON NOTPEITHOCTHIO
0,3% npu HaubompIIei TemmepaType 423 K.

x=0,95
x=0,7 x=1,0

*=08 x=09

1 —P=0,01MIIa

[

=—P=0.02 MIIa

1 \ 3 —P=0,05MIIa

4 —P=0.1 MIIa

1000
5 5 —P=0.2MIa
0 —Pp-0.3MIIa
7 —P=0.4MIa
8 —P=0.5 MIla
100

ol

Ko HipieHT KHHEMATHY€CKOM BA3KOCTH 1, 1078 M/¢

N
\

70 310 350 T.K

230

[

Pucynox 2 — Bsizkocth cMecu cmazounoro macia 1SO 220 u xnagona R245fa

1150

0\\ O X=0,7007
A~ \‘0\ A X=0,7997
2 0so \___\ \\ B X=09005 7
: © X=1.0000
8 ~— \ \
950 \(\'Q\ \\\\
\\\\
\Q

S

230 250 270 290 310 330 350 370 390 410 430

TevmepatypaT, K

Pucynok 3 — ITnotHOCTH cMecu cma3ouHoro Macia ISO 220 u xnagona R245fa
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o o T=22315K
3 B T=243.15K
5 % A T=26315K
X F X T=283,15K
\? 1
1 - t X X T=30315K
=3 o« A .
= 0 % A 9 O T=32315K
5 X hd + T=343.15K
g -l )
g . A T=36315K
£ * o) & T=383,15K
o = ¥ =383.15Kk
3 * T=403.15K
: *
\ X O T=423,15K

0,65 0,70 0,75 0,80 0.85 0,90 0.95 1,00
Maccopad JomdMaciaa X

Pucynox 4 — OTKJIOHEHHS pacCYUTAHHBIX 110 ypaBHEHUIO (1) 3Ha4eHUil OT HIKCIIEpUMEHTANBHBIX JaHHBIX TI0 JaBICHHIO
KUMNeHus cMecu cmazovynoro Macia [SO 220 u xnanona R245fa

(7]

& X=0,6985

6 s
s, 8 R 0 2 A X=0,8006
o o 0 X=0,9010
E 0 © + + + X=09518
s o - O O X=1,0000
E 2R g g °

-4 A A

g &

-8

230 250 270 290 310 330 350 370

TenvmepatypaT. K

Pucynox 5 — OTKJIOHEHHS pacCUNTAHHBIX 110 YPaBHEHHMIO (2) 3HAUEHHUIl OT 3KCIIEPHUMEHTAIbHBIX JaHHBIX 110 BSI3KOCTH
cMmecu cmaszounoro macia ISO 220 u xnagona R245fa

03
© o X=0.7043
0.2
\ A X=0.8006
S0l g S o
A oo o . 0 X=0,8981
= o _
D =
2 1o o _ X=1,0000
g 0 -
(= L
E o3 =

230 250 270 290 310 330 350 370 390 410 430
Tevmepatypa T, K

Pucynok 6 — OTKIIOHEHUSI pACCYUTAHHBIX 110 YpaBHEHUIO (3) 3HAYCHHI OT SKCIICPUMECHTAIBHBIX JaHHBIX 110 TUIOTHOCTH
cMecu cmaszounoro maciia ISO 220 u xnagona R245fa
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Biological technology (biotechnology) provides managed preparation of useful products for various
spheres of human activity, based on the use of the catalytic potential of biological agents and systems of
varying degrees of organization and complexity, micro-organisms, viruses, plant and animal tissues and cells
and extracellular substances and components of cells. The development and transformation of biotechnology
due to the profound changes that have occurred in biology in the last 25-30 years. The basis of these events
amounted to new ideas in the field of molecular biology and molecular genetics. At the same time, it should
be noted that the development and achievements of biotechnology are closely connected with the complex
knowledge not only of the science of biology, but also many others. The practical extension of the sphere of
biotechnology is also due to socio-economic needs of society. Such pressing issues facing humanity at the
threshold of the XXI century, as the shortage of clean water and nutrients (especially protein), pollution, lack
of raw materials and energy resources, the need for new, environmentally friendly materials, the
development of new diagnostic tools and treatment, can not be solved by traditional methods. Therefore, for
the sustenance of man, improving the quality of life and its duration becomes more and more necessary the
development of innovative methods and technologies.

Development of scientific-technical progress, accompanied by higher rates of material and energy
resources, unfortunately, leads to an imbalance in biosphere processes. Polluted water and air basins of cities,
declining reproductive function of the biosphere due to accumulation of dead-end products of the
technosphere violated global circulation cycles of the biosphere.

Biotechnology — the basis of scientific and technological progress and improving the quality of human
life. Biotechnology as a field of knowledge and dynamically developing industrial sector aims to address
many key issues, while ensuring the preservation of a balance in the system of relations "man — nature —
society", for biological technology (biotechnology), based on the use of the potential of the living is by
definition aimed at a friendly and harmony with the world around him. Currently biotechnology is divided
into a few most significant segments: it is "white", "green", "red", "gray" and "blue" biotechnology. To
"white" biotechnology include industrial biotechnology, focused on the production of products previously
produced by the chemical industry, — alcohol, vitamins, amino acids, etc. (subject to the requirements of
resource conservation and environmental protection). Green biotechnology covers the area, significant for
agriculture. This research and technology aimed at establishing biotechnological methods and products to
combat pests and diseases of cultivated plants and domestic animals, creation of fertilizer, improving plant
productivity, including using the methods of genetic engineering. Red (medical) biotechnology is the most
significant area of modern biotechnology. The production of biotechnology-derived diagnostics and drugs
using the technology of cellular and genetic engineering (green vaccines, gene diagnostics, monoclonal
antibodies, designs and products of tissue engineering, etc.). [1]

Grey biotechnology is developing technologies and products for the protection of the environment; it is
reclamation of soil, wastewater treatment and gas emissions, disposal of industrial wastes and degradation of
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