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ɺɺɽɼɽʅʀɽ 

 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʮʠʢʣʘ ʧʘʨʦʚʦʡ ʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʥʝʦʙʭʦʜʠʤʦ ʪʱʘʪʝʣʴʥʦ ʠʟʫʯʠʪʴ ʦʪʜʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʚʭʦʜʷʱʠʝ ʚ 

ʥʝʛʦ, ʘ ʪʘʢʞʝ ʩʚʷʟʠ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʠ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ ʢʘʢʦʤ-ʣʠʙʦ ʧʨʦʮʝʩʩʝ ʮʠʢʣʘ ʥʘ ʚʩʝ ʜʨʫʛʠʝ ʧʨʦʮʝʩʩʳ 

ʜʘʥʥʦʛʦ ʮʠʢʣʘ. ʕʪʦ ʠʟʫʯʝʥʠʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʤʦʞʥʦ ʫʧʨʦʩʪʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʜʠʘʛʨʘʤʤʳ ʠ ʩʭʝʤʳ ʩ ʛʨʘʬʠʯʝʩʢʠʤ ʠʟʦʙʨʘʞʝʥʠʝʤ ʮʠʢʣʘ (ʩʤ. 

ʨʠʩ. 1). ɻʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʭʦʣʦʜʠʣʴʥʦʛʦ ʮʠʢʣʘ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʟʣʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʩʪʦʷʥʠʠ ʭʣʘʜʘʛʝʥʪʘ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʪʝʯʝʥʠʝ ʮʠʢʣʘ, ʠ ʚʣʠʷʥʠʝ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ʮʠʢʣ ʙʝʟ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʚ ʧʘʤʷʪʠ ʨʘʟʣʠʯʥʳʭ ʮʠʬʨʦʚʳʭ ʚʝʣʠʯʠʥ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʮʠʢʣʦʤ [1]. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʚ ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʝ ʷʚʣʷʝʪʩʷ ʜʠʘʛʨʘʤʤʘ i ïlgP*  (ʫʜʝʣʴʥʘʷ ʵʥʪʘʣʴʧʠʷ  - ʜʘʚʣʝʥʠʝ) ʢʘʢ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʘʷ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʠʭ ʪʝʧʣʦʚʳʭ ʨʘʩʯʝʪʦʚ.  

ʉʦʩʪʦʷʥʠʝ ʭʣʘʜʘʛʝʥʪʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʣʶʙʦʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʚʠʜʝ, ʤʦʞʝʪ ʙʳʪʴ ʧʦʢʘʟʘʥʦ ʥʘ ʜʠʘʛʨʘʤʤʝ ʚ ʚʠʜʝ ʪʦʯʢʠ, ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ ʣʶʙʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʘʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ. ʇʨʠ ʵʪʦʤ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʦʩʪʳʝ ʠʟʤʝʨʷʝʤʳʝ 

ʧʘʨʘʤʝʪʨʳ: ʪʝʤʧʝʨʘʪʫʨʘ (ʚ Áʉ ʠʣʠ ʂ); ʜʘʚʣʝʥʠʝ (ʚ ʇʘ ʠʣʠ ʚ ʧʨʦʠʟʚʦʜʥʳʭ ʝʜʠʥʠʮʘʭ: 1 ʢʇʘ=10
3
 ʇʘ, 1 ʄʇʘ=10

6
 ʇʘ=10 ʙʘʨ), ʘ ʪʘʢʞʝ ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ 

v (ʚ ʤ
3
/ʢʛ) ʠʣʠ ʧʣʦʪʥʦʩʪʴ ɟ=1/v, ʢʛ/ʤ

3
. 

ʂʨʦʤʝ ʧʨʦʩʪʳʭ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʞʝ ʩʣʦʞʥʳʝ ʨʘʩʯʝʪʥʳʝ ʧʘʨʘʤʝʪʨʳ. ʅʘ ʜʠʘʛʨʘʤʤʝ i ïlgP ʪʘʢʠʤ (ʦʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ) ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʫʜʝʣʴʥʘʷ ʵʥʪʘʣʴʧʠʷ i, ʢɼʞ/ʢʛ. ʕʪʦ ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʭʣʘʜʘʛʝʥʪʘ I, ʦʪʥʝʩʝʥʥʘʷ ʢ ʝʜʠʥʠʮʝ ʤʘʩʩʳ. 

ɺ ʪʝʨʤʦʜʠʥʘʤʠʢʝ ʫʜʝʣʴʥʫʶ ʵʥʪʘʣʴʧʠʶ i ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʚʠʜʝ ʩʫʤʤʳ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ u, ʢɼʞ/ʢʛ, ʠ ʧʨʦʠʟʚʝʜʝʥʠʷ ʘʙʩʦʣʶʪʥʦʛʦ ʜʘʚʣʝʥʠʷ 

P, ʇʘ, ʥʘ ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ v, ʤ
3
/ʢʛ. 

i=u+Pv 

 

ɺ ʵʪʦʤ ʚʳʨʘʞʝʥʠʠ ʧʨʦʠʟʚʝʜʝʥʠʝ Pv ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʜʘʚʣʝʥʠʷ P, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʩʦʚʝʨʰʝʥʠʝ ʨʘʙʦʪʳ. 

ʈʘʩʯʝʪʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʠ ʵʥʪʨʦʧʠʷ S. ɺ ʨʘʩʯʝʪʘʭ ʠ ʥʘ ʜʠʘʛʨʘʤʤʘʭ ʠʩʧʦʣʴʟʫʶʪ ʫʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʪʨʦʧʠʠ s, ʢɼʞ/(ʢʛĿʂ). 

ʊʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʵʥʪʘʣʴʧʠʠ, ʜʣʷ ʨʘʩʯʝʪʦʚ ʚʘʞʥʦ ʥʝ ʟʥʘʯʝʥʠʝ ʵʥʪʨʦʧʠʠ çʚ ʪʦʯʢʝè, ʘ ʝʝ ʠʟʤʝʥʝʥʠʝ ʚ ʢʘʢʦʤ-ʪʦ ʧʨʦʮʝʩʩʝ, ʪʦ ʝʩʪʴ 

ȹs=ȹq/Tm, , ʛʜʝ ȹq ï ʪʝʧʣʦʪʘ, ʦʪʥʝʩʝʥʥʘʷ ʢ ʝʜʠʥʠʮʝ ʤʘʩʩʳ ʭʣʘʜʘʛʝʥʪʘ, ʘ Tm , ʂ ï ʩʨʝʜʥʷʷ ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʪʝʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ 

ʤʝʞʜʫ ʭʣʘʜʘʛʝʥʪʘ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ [2]. 

ɼʣʷ ʨʘʙʦʪʳ ʩ ʜʠʘʛʨʘʤʤʦʡ ʥʘʜʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʦʥʘ ʜʝʣʠʪʩʷ ʥʘ ʪʨʠ ʟʦʥʳ: 

¶ ʧʝʨʝʦʭʣʘʞʜʝʥʥʦʡ ʞʠʜʢʦʩʪʠ ï ʩʣʝʚʘ ʦʪ ʢʨʠʚʦʡ ʥʘʩʳʱʝʥʥʦʡ ʞʠʜʢʦʩʪʠ (ʥʘ ʜʠʘʛʨʘʤʤʘʭ ʢʨʠʚʘʷ ʯʝʨʥʦʛʦ ʮʚʝʪʘ, ʠʤʝʶʱʘʷ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʪʦʣʱʠʥʫ), ʛʜʝ ʩʪʝʧʝʥʴ ʩʫʭʦʩʪʠ ʧʘʨʘ x=0; 

¶ ʧʘʨʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ ï ʤʝʞʜʫ ʢʨʠʚʳʤʠ x=0 ʠ x=1 ï ʥʘʩʳʱʝʥʥʳʡ ʧʘʨ; 

¶ ʧʝʨʝʛʨʝʪʦʛʦ ʧʘʨʘ ï ʩʧʨʘʚʘ ʦʪ ʣʠʥʠʠ x=1. 

ʃʠʥʠʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʥʘʩʳʱʝʥʥʦʡ ʞʠʜʢʦʩʪʠ (x=0) ʥʘʟʳʚʘʶʪ ʣʝʚʦʡ, ʠʣʠ ʥʠʞʥʝʡ, ʧʦʛʨʘʥʠʯʥʦʡ ʢʨʠʚʦʡ, ʘ ʣʠʥʠʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʥʘʩʳʱʝʥʥʦʤʫ ʧʘʨʫ (x=1), ʥʘʟʳʚʘʶʪ ʧʨʘʚʦʡ, ʠʣʠ ʚʝʨʭʥʝʡ, ʧʦʛʨʘʥʠʯʥʦʡ ʢʨʠʚʦʡ. 

ʃʠʥʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ï ʠʟʦʙʘʨʳ ï ʥʘ ʜʠʘʛʨʘʤʤʘʭ ʧʨʦʭʦʜʷʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʘ ʣʠʥʠʠ ʧʦʩʪʦʷʥʥʦʡ ʵʥʪʘʣʴʧʠʠ ï ʠʟʦʵʥʪʘʣʴʧʳ ï 

ʚʝʨʪʠʢʘʣʴʥʦ (ʩʝʨʳʝ ʪʦʥʢʠʝ ʣʠʥʠʠ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʝʪʢʠ). 

ʇʨʦʮʝʩʩʳ ʢʠʧʝʥʠʷ ʠ ʢʦʥʜʝʥʩʘʮʠʠ ʭʣʘʜʘʛʝʥʪʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ ʧʨʦʭʦʜʷʪ ʤʝʞʜʫ ʧʦʛʨʘʥʠʯʥʳʤʠ ʢʨʠʚʳʤʠ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ 

(ʧʦʩʪʦʷʥʥʦʡ) ʪʝʤʧʝʨʘʪʫʨʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʩʳʱʝʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ. 

 

-------------------------- 
 

* ʃʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʦʩʴ ʜʘʚʣʝʥʠʷ ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʮʝʣʷʭ ʫʤʝʥʴʰʝʥʠʷ ʤʘʩʰʪʘʙʘ ʜʠʘʛʨʘʤʤʳ [3]. 
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ɻʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʮʠʢʣʘ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ (1Ÿ2Ÿ3Ÿ4) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

            0                                                                                    i, ʢɼʞ/ʢʛ 
q0 Ó i1' ï i4 , ʢɼʞ/ʢʛ ï ʫʜʝʣʴʥʘʷ ʭʦʣʦʜʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

qʢ Ò i2 ï i3 , ʢɼʞ/ʢʛ ï ʪʝʧʣʦʦʪʚʦʜ ʚ ʢʦʥʜʝʥʩʘʪʦʨʝ 

l  = l2 ï l1 , ʢɼʞ/ʢʛ ï ʨʘʙʦʪʘ ʧʨʦʮʝʩʩʘ ʩʞʘʪʠʷ ʢʦʤʧʨʝʩʩʦʨʘ 

ʈʠʩ. 1 

 LgP, 

ʙʘʨ 

 

Pʢ 

 

P0 
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1'

 ɻ
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2 
 

2' 
 

3' 
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Tʚʥʝʰʥʝʡ ʩʨʝʜʳ 

Tʚʥʫʪʨʝʥʝʡ ʩʨʝʜʳ 
 

Ū ʢʦʥʜʝʥʩʘʪʦʨʘ 
 

Ū ʠʩʧʘʨʠʪʝʣʷ 
 

Tʠʩʧʘʨʝʥʠʷ 
 

Tʢʦʥʜʝʩʘʮʠʠ 
 

ʭ=ʦ 

ʭ=1 

ʇɾ 

ɾ+ʇ 

ʇʇ 



 5 

R11, CCl3F, Trichlorofluoromethane [4] 
T critical = 198.01 ÁC, p critical = 44.02600 Bar, v critical = 0.00182 m

3
/kg 

 



 6 

R113, CCl2FCClF2, Trichlorotrifluoroethane   
T critical = 214.10 ÁC, p critical = 34.37000 Bar, v critical = 0.00174 m

3
/kg 

 



 7 

R114, CClF2CClF2, Dichlorotetrafluoroethane 
T critical = 145.70 ÁC, p critical = 32.59000 Bar, v critical = 0.00172 m

3
/kg 

 



 8 

R1150, CH2=CH2, Ethene (ethylene) 
T critical = 9.50 ÁC, p critical = 50.75000 Bar, v critical = 0.00462 m

3
/kg 
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R12, CCl2F2, Dichlorodifluoromethane 
T critical = 112.00 ÁC, p critical = 41.57600 Bar, v critical = 0.00179 m

3
/kg 
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R123, CHCl2CF3, Dichlorotrifluoroethane 
T critical = 183.68 ÁC, p critical = 36.68000 Bar, v critical = 0.00182 m

3
/kg 

 



 11 

R1270, CH3CH=CH2, Propene (propylene) 
T critical = 91.75 ÁC, p critical = 46.13000 Bar, v critical = 0.00441 m

3
/kg 
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R13, CClF3, Chlorotrifluoromethane 
T critical = 28.80 ÁC, p critical = 38.65000 Bar, v critical = 0.00173 m

3
/kg 
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R134a, CH2FCF3, 1,1,1,2-tetrafluoroethane 
T critical = 101.10 ÁC, p critical = 40.67000 Bar, v critical = 0.00195 m

3
/kg 

 



 14 

R14, CF4, Tetrafluoromethane 
T critical = -45.70 ÁC, p critical = 37.41000 Bar, v critical = 0.00160 m

3
/kg 

 


