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ɴ˔˖ ʵʽʰʲʱˋʶʽ ˁʰʽ ˁʰˍʰ˄ˇʺˋʶʽ ˍˇˎˌ ˁʰ˄ˈ˄ʶˌ ʴʽʰ ˍʹ ˂ˇʴˇˁ˂ˇˉʺ ˁʰʽ ˍˇ˄ ˍˊˈˉˇ ˋ˖ˋˍʺˌ 
ʰ˄ʰ˒ˇˊʱˌ ˍ˖˄ ˉʹʴ˗˄ ˉˇˎ ˉʶˊʽʷ˔ˇ˄ˍʰʽ ˋˍˇ˄ ˇʵʹʴˈ ˋˎʴʴˊʰ˒ʺˌ ɲʽˉ˂˖˃ʰˍʽˁ˗˄ 
ɳ́ ʴʰˋʽ˗˄Φ ɲʹ˂˗˄˖ ˈˍʽΣ ʰˉˈ ˈˋʰ ʴ˄˖ˊʾʸ˖Σ ˍˇ ˉʶˊʽʶ˔ˈ˃ʶ˄ˇ ˍʹˌ ˉʰˊˇˏˋʰˌ ɲʽˉ˂˖˃ʰˍʽˁʺˌ 
ɳ́ ʴʰˋʾʰˌ ʶʾ˄ʰʽ ˉˊˇʿˈ˄ ʵʽˁʺˌ ˃ˇˎ ʶˊʴʰˋʾʰˌ ˁʰʽ ˎˉʱˊ˔ˇˎ˄ ʰ˄ʰ˒ˇˊʷˌ ˋʶ ˈ˂ʶˌ ˍʽˌ ˉʹʴʷˌ 
ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʰΦ 

ʁʽ ʰˉˈ˕ʶʽˌ ˁʰʽ ˍʰ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ˉˇˎ ˉʶˊʽʷ˔ˇ˄ˍʰʽ ˋʶ ʰˎˍʺ ˍʹ ɲʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ 
ʶʾ˄ʰʽ ˍˇˎ ˋˎʴʴˊʰ˒ʷʰ ˁʰʽ ʵʶ˄ ˉˊʷˉʶʽ ˄ʰ ʶˊ˃ʹ˄ʶˎʻʶʾ ˈˍʽ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏˇˎ˄ ˍʽˌ ʶˉʾˋʹ˃ʶˌ 
ʻʷˋʶʽˌ ˍʹˌ ʅ˔ˇ˂ʺˌ ɾʹ˔ʰ˄ˇ˂ˈʴ˖˄ ɾʹ˔ʰ˄ʽˁ˗˄ ʺ ˍˇˎ ɳʻ˄ʽˁˇˏ ɾʶˍˋˈʲʽˇˎ ʃˇ˂ˎˍʶ˔˄ʶʾˇˎΦ 
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ɳɼʆɹɾɶʅɶ ɮɿɸʄɮɼɹɼʁʇ ɮʃʁʆʇʃʍɾɮʆʁʅ ʅʆʄʁɰɹɽʁɼɹɿɶʆɶʄɮ 
 ɼɮʆɮ ʆʁɿ ɼʇɼɽʁ ɵʍɶʅ ʆʁʇ 
ɲʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ 
ʊʄɮɱɼʁʅ ʃɮɿɮɱɹʍʆɶʅ 

ɳˉʽʲ˂ʷˉ˖˄ Υ ɾɮɸɹʁʇɲɮɼɶʅ ɼʍɿʅʆɮɿʆɹɿʁʅ 
 

ʃʶˊʾ˂ʹ˕ʹ 
 
ʅˍʹ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʹ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ʰ˄ʻˊʰˁʽˁˇˏ 
ʰˉˇˍˎˉ˗˃ʰˍˇˌ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊ˖˄ ʴʽʰ ˍˇ˄ ˁˏˁ˂ˇ ʸ˖ʺˌ ˍˇˎˌΦ ʁ ˁˏˁ˂ˇˌ ʸ˖ʺˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ 
ˍʰ ˋˍʱʵʽʰ ˁʰˍʰˋˁʶˎʺˌΣ ˂ʶʽˍˇˎˊʴʾʰˌ ˁʰʽ ʰˉˈˋˎˊˋʹˌΣ ʶ˄˗ ˍˇ ʰ˄ʻˊʰˁʽˁˈ ʰˉˇˍˏˉ˖˃ʰ ʰ˒ˇˊʱ 
ˍʽˌ ʶˁˉˇ˃ˉʷˌ ʰʶˊʾ˖˄ ˉˇˎ ʶˉʽʵˊˇˏ˄ ʰˊ˄ʹˍʽˁʱ ˋˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˍˇˎ ʻʶˊ˃ˇˁʹˉʾˇˎΦ  
 
ɱʽʰ ˍˇ ˋˁˇˉˈ ʰˎˍˈΣ ˇ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʰˌ ʰ˄ʰ˂ˏʶˍʰʽ ˋˍʰ ˉˊˈˍˎˉʰ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌ ˁˏˁ˂ˇˎ 
ʸ˖ʺˌΣ ˖ˌ ʷ˄ʰ ˉˊˇʿˈ˄Φ ʆʰ ˉˊ˗ˍʰ ʲʺ˃ʰˍʰ ˍʹˌ ˃ʶ˂ʷˍʹˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʹ˄ ˇˊʽˇʻʷˍʹˋʹ ˍˇˎ 
ˋˎˋˍʺ˃ʰˍˇˌ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʰˁˇ˂ˇˎʻˇˏ˄ ˇʽ ˉˊˇˋˉʱʻʶʽʶˌ ʴʽʰ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍ˖˄ 
ˊˇ˗˄ ˃ʱʸʰˌ ˁʰʽ ʶ˄ʷˊʴʶʽʰˌ ˉˇˎ ʶʽˋʷˊ˔ˇ˄ˍʰʽ ˁʰʽ ʶ˅ʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ʰˎˍˈΦ ɮˎˍˈˌ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ 
˃ʶ ˍʹ˄ ʶˏˊʶˋʹ ˍʹˌ ˁʰˍʰ˄ˇ˃ʺˌ ˍʹˌ ˃ʱʸʰˌ ˍˇˎ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʰΣ ˍ˖˄ ˁʰˍʶˊʴʰˋʽ˗˄ ˍ˖˄ 
ˍ˃ʹ˃ʱˍ˖˄ ˍˇˎΣ ˍ˖˄ ˍˊˈˉ˖˄ ˃ʶˍʰ˒ˇˊʱˌ ˍˇˎΣ ˍ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˂ʶʽˍˇˎˊʴʾʰˌ ˁʰʽ 
˔ʶʽˊˇˍʷˊʶˎˋʹˌ ˍˇˎΣ ˍ˖˄ ˃ʶʻˈʵ˖˄ ʰˉˈˋˎˊˋʹˌ ˍˇˎ ˁʰʽ ˍ˖˄ ʶʽʵ˗˄ ˍ˖˄ ˁʰˎˋʾ˃˖˄ ˁʰʽ 
˂ʽˉʰ˄ˍʽˁ˗˄ ʶ˂ʰʾ˖˄ ˉˇˎ ˁʰˍʰ˄ʰ˂˗˄ʶʽΦ  
 
ɮˉˈ ˍʹ˄ ʶʽʵʽˁʺ ˃ʶ˂ʷˍʹ ˍˇˎ ʴ˄˖ˋˍˇˏ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʰ CFM56, ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʷ˄ʰ 
ˎˉˇ˂ˇʴʽˋˍʽˁˈ ʶˊʴʰ˂ʶʾˇ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ʷ˄ˇ ˋʶ ʴ˂˗ˋˋʰ Visual Basic. ɴˍˋʽΣ ʹ ʵʽʰʵʽˁʰˋʾʰ ˉˇˎ 
ʰ˄ʰˉˍˏˋˋʶˍʰʽ ˃ˉˇˊʶʾ ˄ʰ ʴʶ˄ʽˁʶˎʻʶʾ ˗ˋˍʶ ˄ʰ ʴʾ˄ʶʽ ʹ ˃ʶ˂ʷˍʹ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊ˖  ˄
ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ʶˉʽʵˈˋʶ˖˄ ʺ ˍʶ˔˄ˇ˂ˇʴʾʰˌΦ ɶ ʲʽʲ˂ʽˇʴˊʰ˒ʽˁʺ ʰ˄ʰʸʺˍʹˋʹ ˋʶ ʷ˄ˍˎˉˇ ˍˏˉˇ ˁʰʽ 
ˋˍˇ ʵʽʰʵʾˁˍˎˇ ʶ˃ˉ˂ˇˎˍʾʸʶʽ ˍˇ ˎˉˇ˂ˇʴʽˋˍʽˁˈ ʶˊʴʰ˂ʶʾˇΣ ʵʾ˄ˇ˄ˍʰˌ ˍˇˎ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ 
ʶ˅ʷ˂ʽ˅ʹˌ ˁʰʽ ˔ˊʺˋʹˌ ˋʶ ʱ˂˂ʰ ˉˊˇʿˈ˄ˍʰΣ ʶˁˍˈˌ ʰˉˈ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʶˌΦ  
 
ɶ ˃ʶ˂ʷˍʹ ˇʵʹʴʶʾ ˋʶ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ˉˇˎ ʶˉʽʲʶʲʰʽ˗˄ˇˎ˄ ˍʹ˄ ʰ˄ʹˋˎ˔ʾʰ ʴʽʰ ˍˇ ˃ʷʴʶʻˇˌ ˍʹˌ 
ʶˉʽˊˊˇʺˌ ˍ˖˄ ʰʶˊˇ˃ʶˍʰ˒ˇˊ˗˄ ˋˍʹ˄ ˁ˂ʽ˃ʰˍʽˁʺ ʰ˂˂ʰʴʺ ˁʰʽ ˍʹ˄ ʰ˄ʱʴˁʹ ʴʽʰ ˍʹ˄ ˎʽˇʻʷˍʹˋʹ 
˃ʶʻˈʵ˖˄ ʰ˄ˍʽˋˍʱʻ˃ʽˋʹˌ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄Σ ˈˉ˖ˌ ʶʾ˄ʰʽ ˍʰ ʲʽˇˁʰˏˋʽ˃ʰ ˁʰʽ ʹ ˉˊˇ˗ʻʹˋʹ 
ʰʶˊˇˋˁʰ˒˗˄ ˃ʶ ˎʵˊˇʴˈ˄ˇΦ  
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Abstract 

 
In this thesis, the carbon footprint assessment of turbine engines for their life cycle is 
carried out. The life cycle includes the stages of construction, operation and disposal, while 
the carbon footprint refers to the emissions of gases that have a negative effect on the 
greenhouse effect. 
 
For this purpose, the turbine engine is analyzed in the life cycle analysis standards, as a 
product. The first steps in the study involve delineating the system, followed by efforts to 
determine the fluxes of mass and energy into and out of it. This is achieved by finding the 
mass distribution of the turbo engine, the methods of processing its parts, its 
transportation methods, its operating and deterioration characteristics, its withdrawal 
methods and the types of fuels and lubricating oils it consumes. 
 
From the primary case study of the well-known CFM56 turbofan engine, a computing tool 
programmed in the Visual Basic language is created. Thus, the procedure developed can be 
generalized to study various turbine engines of different performance or technological 
advancements. Researching relevant bibliography and scientific papers may enrich the 
computational tool, enabling it to be improved and used in products other than turbine 
engines. 
 
The study leads to conclusions that confirm the concern about the magnitude of the 
influence of aviation on climate change and the need for the adoption of methods to offset 
emissions, such as biofuels and the promotion of hydrogen-powered aircraft. 
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ɳˎ˔ʰˊʽˋˍʾʶˌ  

 

 

 

 

 

ɸ  hʺʻʶ˂ʰ ˄ʰ ʶˎ˔ʰˊʽˋˍʺˋ˖ ˍˇ˄ ʶˉʽʲ˂ʷˉˇ˄ˍʰ ˁh ʻʹʴʹˍʺ ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌΣ ˍˇ˄ 
ˁˏˊʽˇ ɾʰʻʽˇˎʵʱˁʹ ɼ˖˄ˋˍʰ˄ˍʾ˄ˇΣ ˇ ˇˉˇʾˇˌ ʰˊ˔ʽˁʱ ˃ʶ ʶ˃ˉʽˋˍʶˏʻʹˁʶ ʰ˄ʰʻʷˍˇ˄ˍʰˌ ˃ˇˎ 
ʰˎˍʺ ˍʹ˄ ʶˊʴʰˋʾʰ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˃ʶ ˁʰʻˇʵʺʴʹˋʶ ˗ˋˍʶ ˄ʰ ˁʰˍʰ˒ʷˊ˖ ˄ʰ ˍʹ˄ 
ˇ˂ˇˁ˂ʹˊ˗ˋ˖Φ  

ɳˉʾˋʹˌ ʶˎ˔ʰˊʽˋˍʾʶˌ ˋˍʷ˂˄˖ ˋˍˇˎˌ ʴˇ˄ʶʾˌ ˁʰʽ ˋˍʹ˄ ʰʵʶ˂˒ʺ ˃ˇˎΣ ˇʽ ˇˉˇʾˇʽ ʷ˔ˇˎ˄ ˋˍʰʻʶʾ 
ˉ˂ʱʽ ˋʶ ˁʱʻʶ ˉˊˇˋˉʱʻʶʽʰ ˃ˇˎΦ  

ʆʷ˂ˇˌΣ ʶ˂ˉʾʸ˖ ʰˎˍʺ ʹ ʶˊʴʰˋʾʰ ˄ʰ ʰˉˇˍʶ˂ʷˋʶʽ ʲˇʺʻʹ˃ʰ ˁʰʽ ʷˊʶʽˋ˃ʰ ʴʽʰ ˄ʷʶˌ ˃ʶ˂ʷˍʶˌ ˁʰʽ 
ʽʵʷʶˌΦ  

ʊˊʱʴˁˇˌ ʃʰ˄ʰʴʽ˗ˍʹˌ 
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ɮˊˁˍʽˁˈ˂ʶ˅ʰ - ʅˎ˃ʲˇ˂ʽˋ˃ˇʾ 

A.P.U. : Auxiliary Power Unit 
A.S.T.M. : American Society for Testing Materials 
A.T.J. : Alcohol-to-Jet 
B.A.D.A.: Base of Aircraft Data 
Bio-SPK: Bio-derived Synthetic Paraffinic Kerosene 
C.A.D. : Computer Aided Design 
C.A.M.A.C.M.Υ /ƻƳƳŜǊŎƛŀƭ !ƛǊŎǊŀŦǘΩǎ aƛǎǎƛƻƴ !ƴŀƭȅǎƛǎ Computational Model 
CH4 : ɾʶʻʱ˄ʽˇ 
CO : ɾˇ˄ˇ˅ʶʾʵʽˇ ˍˇˎ ʱ˄ʻˊʰˁʰ 
CO2 : ɲʽˇ˅ʶʾʵʽˇ ̱ ˇˎ ɦ ˄ʻˊʰˁʰ 
C.D.A. : Continuous Descent Approach 
C.D.O. : Continuous Descent Operation 
C.N.C. : Computer Numerical Controlled 
E.F.C. : Engine Flight Cycles 
E.F.H. : Engine Flight Hour 
E.G.T. : Exhaust Gas Temperature  
E.U. E.T.S: European Union Emissions Trading System 
F.E.G.P. : Fixed Electrical Ground Power 
GH.G. : Greenhouse Gases 
G.W.P. : Global Warming Potential 
H.E.F.A.: Hydroprocessed Esters and Fatty Acids 
I.A.T.A: International Air Transport Association 
I.C.A.O.: International Civil Aviation Organization 
I.J.E.A.B. : International Journal of Environment, Agriculture and Biotechnology  
I.L.C.D. : International Life Cycle Database 
I.P.C.C. : Intergovernmental Panel on Climate Change 
L.C.A. : Life Cycle Assessment  
L.T.O. : Landing and Take-Off (Cycle) 
M.I.T. : Massachusetts Institute of Technology 
NOx : ʁ˅ʶʾʵʽʰ ̱ ˇˎ h ʸ˗ˍˇˎ 
O.E.F. : Organisational Environmental Footprint 
P.A.S. : Publicly Available Specifications 
P.E.F. : Product Environmental Footprint 
SOx : ʁ˅ʶʾʵʽʰ ̱ ˇˎ ̒ ʶʾˇˎ 
S.F.C. : Specific Fuel Consumption 
W.A.T.E. : Weight Analysis of Turbo Engine 
Z.F.W. : Zero Fuel Weight 
ɳΦɾΦʃΦ Υ ɳʻ˄ʽˁˈ ɾʶˍˋˈʲʽˇ ʃˇ˂ˎˍʶ˔˄ʶʾˇ 
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1. ɳʽˋʰʴ˖ʴʺ 

 
 
 
 
 
 
 
 
 

 

ɶ ʰ˄ʻˊ˖ˉˈˍʹˍʰ ʷ˔ʶʽ ʷˊʻʶʽ ˉˇ˂˂ʷˌ ˒ˇˊʷˌ ˋʶ ˋˏʴˁˊˇˎˋʹ ˃ʶ ˍˇ ˒ˎˋʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄ ˁʰˍʱ 
ˍˇ˄ ʰʵʽʱˁˇˉˇ ʰʴ˗˄ʰ ˍʹˌ ʴʽʰ ʶ˅ʷ˂ʽ˅ʹΦ ɶΣ ˋʰ˒˗ˌ ˋˉˇˎʵʰʾʰΣ ˉˇˊʶʾʰ ˍʹˌ ʰˉˈ ˍʹ˄ ʶˉˇ˔ʺ ˍˇˎ 
˂ʾʻˇˎ ʷ˖ˌ ˍʹ ˍ˖ˊʽ˄ʺ ˕ʹ˒ʽʰˁʺ ʶˉˇ˔ʺΣ ʷ˔ʶʽ ʵʹ˃ʽˇˎˊʴʺˋʶʽ ˉˇ˂˂ˇˏˌ ʶ˔ʻˊˇˏˌ ˍʹˌ ˒ˏˋʹˌΣ 
ˈˉ˖ˌ ʹ ʰˉˇ˕ʾ˂˖ˋʹΣ ʹ ˊˏˉʰ˄ˋʹ ˍ˖˄ ˎʵʱˍ˖˄ ˁʰʽ ʹ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˊˏˉʰ˄ˋʹΦ ɴ˄ʰ ʰˉˈ ˍʰ ˉʽˇ 
ˋʹ˃ʰ˄ˍʽˁʱ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʱ ʸʹˍʺ˃ʰˍʰ ˉˇˎ ˁʰ˂ʶʾˍʰʽ ˄ʰ ʰ˄ˍʽ˃ʶˍ˖ˉʾˋʶʽ ʹ ˋˏʴ˔ˊˇ˄ʹ ʴʶ˄ʽʱ 
ʶʾ˄ʰʽ ʹ ˁ˂ʽ˃ʰˍʽˁʺ ʰ˂˂ʰʴʺΣ ʹ ˇˉˇʾʰ ˇ˒ʶʾ˂ʶˍʰʽ ˁʰˍʱ ʲʱˋʹ ˋʶ ʲʽˇ˃ʹ˔ʰ˄ʽˁˇˏˌ ˉʰˊʱʴˇ˄ˍʶˌΦ  

ɼʰʻ˗ˌ ʹ ʰˉʶʽ˂ʺ ˍʹˌ ˃ʶʴʰ˂˗˄ʶʽΣ ʹ ˉʰʴˁˈˋ˃ʽʰ ˁˇʽ˄ˈˍʹˍʰ ʶˉʽ˔ʶʽˊʶʾ ˄ʰ ˍʹ˄ ˁʰˍʰˉˇ˂ʶ˃ʺˋʶʽ 
ˉʶˊʽˇˊʾʸˇ˄ˍʰˌ ˍʽˌ ʵˊʰˋˍʹˊʽˈˍʹˍʶˌ ʶˁʶʾ˄ʶˌ ˉˇˎ ˍʹ˄ ʶ˄ʽˋ˔ˏˇˎ˄ ˁʰʻʹ˃ʶˊʽ˄ʱ ˁʰʽ 
ˉˊˇˋˉʰʻ˗˄ˍʰˌ ˄ʰ ʶˎʰʽˋʻʹˍˇˉˇʽʺˋʶʽ ˍʽˌ ˔˗ˊʶˌ ˇʽ ˇˉˇʾʶˌ ˒ʷˊˇˎ˄ ˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ˃ʶˊʾʵʽˇ 
ʶˎʻˏ˄ʹˌΦ ʆˇ ʶʽcost̍  ʷˁˍˇ ʅˎ˄ʷʵˊʽˇ ʴʽʰ ˍʹ˄ ɼ˂ʽ˃ʰˍʽˁʺ ɮ˂˂ʰʴʺ ˍ˖˄ ɶ˄˖˃ʷ˄˖˄ ɳʻ˄˗˄ 
(United Nations Climate Change Conference) ̒ ʷˍʶʽ ˍˇˎˌ ˉʰˊʰˁʱˍ˖ ˋˍˈ˔ˇˎˌ ʴʽʰ ˍˇ ˃ʷ˂˂ˇ˄ Υ  

¶ ɳ˅ʰˋ˒ʱ˂ʽˋʹ ʶ˄ˈˌ ʽˋˇʸˎʴʾˇˎ ˋˍʰ ˉʰˊʰʴˈ˃ʶ˄ʰ ʰʷˊʰ ˉˇˎ ˉˊˇˁʰ˂ˇˏ˄ ˍʰ ˒ʰʽ˄ˈ˃ʶ˄ʰ 
ˁ˂ʽ˃ʰˍʽˁʺˌ ʰ˂˂ʰʴʺˌΣ ʷ˖ˌ ˍˇ нлолΦ 

¶ ɮˉˇˍˊˇˉʺ ʰˏ˅ʹˋʹˌ ˍʹˌ ˃ʷˋʹˌ ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˍˇˎ ˉ˂ʰ˄ʺˍʹ ˁʰˍʱ ʶ˄ʱ˃ʽˋʹ ʲʰʻ˃ˇˏˌ 
ɼʶ˂ˋʾˇˎΦ 

¶ ɳ˄ʶˊʴʺ ʵˊʱˋʹ ʴʽʰ ˍʹ˄ ˉˊˇˋˍʰˋʾʰ ˍˇˎ ˇʽˁˇˋˎˋˍʺ˃ʰˍˇˌ ˍ˖˄ ˉʶˊʽˇ˔˗˄ ˉˇˎ 
ʰ˄ʰ˃ʷ˄ˇ˄ˍʰʽ ˄ʰ ʶˉʹˊʶʰˋˍˇˏ˄ ˋˇʲʰˊʱ ʰˉˈ ˍʹ˄ ˁ˂ʽ˃ʰˍʽˁʺ ʰ˂˂ʰʴʺΦ 

¶ ʋˊʹ˃ʰˍˇʵˈˍʹˋʹ млл ʵʽˋʶˁʰˍˇ˃˃ˎˊʾ˖˄ ʵˇ˂ʰˊʾ˖˄ ʶˍʹˋʾ˖ˌΣ ʰˉˈ ˍʽˌ ʽˋ˔ˎˊˈˍʶˊʶˌ 
˔˗ˊʶˌΣ ˗ˋˍʶ ˇʽ ˉʰˊʰˉʱ˄˖ ˋˍˈ˔ˇʽ ˄ʰ ˃ˉˇˊˇˏ˄ ˄ʰ ʶʾ˄ʰʽ ʶ˒ʽˁˍˇʾΦ 

¶ ɼʰ˂˂ʽʷˊʴʶʽʰ ʶ˄ˈˌ ˉ˄ʶˏ˃ʰˍˇˌ ˋˎ˄ʶˊʴʰˋʾʰˌ ˁʰʽ  ˍʺˊʹˋʹ ˍ˖˄ ˁʰ˄ˇ˄ʽˋ˃˗˄ ˍʹˌ 
ʅˎ˃˒˖˄ʾʰˌ ˍˇˎ ʃʰˊʽˋʽˇˏ όParis Agreement) [1]. 

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ʹ ʅˎ˃˒˖˄ʾʰ ˍˇˎ ʃʰˊʽˋʽˇˏ ʰ˒ˇˊʱΣ ˉˊˇˌ ˍˇ ˉʰˊˈ˄Σ ˍʰ ˁˊʱˍʹ-˃ʷ˂ʹ ˍʹˌ 
ɳˎˊ˖ˉʰʿˁʺˌ ɴ˄˖ˋʹˌ ˁʰʽ ʷ˔ʶʽ ʰˉ˗ˍʶˊˇ ˋˁˇˉˈ ˄ʰ ˃ʶˍʰˍˊʷ˕ʶʽ ˍʹ˄ ɳˎˊ˗ˉʹ ˋˍʹ˄ ˉˊ˗ˍʹ 
ˁ˂ʽ˃ʰˍʽˁʱ ˇˎʵʷˍʶˊʹ ˇʽˁˇ˄ˇ˃ʾʰ ˁʰʽ ˁˇʽ˄˖˄ʾʰ ʷ˖ˌ ˍˇ нлрлΦ ɱʽʰ ˄ʰ ˋˎ˃ʲʶʾ ʰˎˍˈΣ ˇʽ ˔˗ˊʶˌ 
ˇ˒ʶʾ˂ˇˎ˄ Υ 
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¶ ɿʰ ˋˍʰ˃ʰˍʺˋˇˎ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˂ʽʴ˄ʾˍʹ ˁʰʽ ˄ʰ ʶˉʶ˄ʵˏˋˇˎ˄ ˋʶ ʰ˄ʰ˄ʶ˗ˋʽ˃ʶˌ 
ˁʰʽ ʶ˄ʰ˂˂ʰˁˍʽˁʷˌ ˉʹʴʷˌ ʶ˄ʷˊʴʶʽʰˌΦ 

¶ ɿʰ ˒ˊˇ˄ˍʾˋˇˎ˄ ˗ˋˍʶ ˄ʰ ˃ʹ˄ ˁʰˍʰˋˍˊʷ˒ˇ˄ˍʰʽ ˇʽ ʵʰˋʽˁʷˌ ʶˁˍʱˋʶʽˌ ˁʰʽ ʹ 
ʲʽˇˉˇʽˁʽ˂ˈˍʹˍʰΦ  

¶ ɿʰ ʶʵˊʰʽ˗ˋˇˎ˄ ˍʹ˄ ʹ˂ʶˁˍˊˇˁʾ˄ʹˋʹ [2]. 

ʁʽ ˂ˈʴˇʽ ʴʽʰ ˍˇˎˌ ˇˉˇʾˇˎˌ ˇʽ ˃ʶʴʱ˂ʶˌ ˔˗ˊʶˌΣ ˈˉ˖ˌ ˇʽ ɶ˄˖˃ʷ˄ʶˌ ʃˇ˂ʽˍʶʾʶˌ ˁʰʽ ʹ ɼʾ˄ʰ 
ʰˊ˄ˇˏ˄ˍʰʽ ˄ʰ ˋˎ˃˃ˇˊ˒˖ʻˇˏ˄ ˃ʶ ˍʽˌ ˉˊˇˍʱˋʶʽˌ ˍʹˌ ɳˎˊ˖ˉʰʿˁʺˌ ɴ˄˖ˋʹˌ ʶʾ˄ʰʽ ˁˎˊʾ˖ˌ 
ˇʽˁˇ˄ˇ˃ʽˁʺˌ ˒ˏˋʶ˖ˌΦ ɶ ʰ˄ʱˉˍˎ˅ʹ ˍˇˎˌ ʷ˔ʶʽ ˋˍʹˊʽ˔ʻʶʾ ˋʶ ˋˎ˃ʲʰˍʽˁʷˌ ˉʹʴʷˌ ʶ˄ʷˊʴʶʽʰˌ ˁʰʽ 
ˋʶ ˇˊˎˁˍʱ ˁʰˏˋʽ˃ʰΦ ɶ ʰˉʶ˅ʱˊˍʹˋʹ ʶʾ˄ʰʽ ʵʰˉʰ˄ʹˊʺ ˁʰʽ ʵʽˈ˂ˇˎ ˋˎ˃˒ʷˊˇˎˋʰΦ ʁʽ ʰˉˈ˕ʶʽˌ 
˃ʱ˂ʽˋˍʰ ʵʽʾˋˍʰ˄ˍʰʽ ʴʽʰ ˍˇ ʰ˄ ˍʶ˂ʽˁʱ ʹ ˁ˂ʽ˃ʰˍʽˁʺ ʰ˂˂ʰʴʺ ʻʰ ˇʵʹʴʺˋʶʽ ˋˍˇ ʵˎˋˇʾ˖˄ˇ 
˃ʷ˂˂ˇ˄ ˉˇˎ ˉˊˇʲ˂ʷˉʶˍʰʽΣ ˎ˕ʹ˂˗˄ ʻʶˊ˃ˇˁˊʰˋʽ˗˄ ˁʰʽ ˒ˎˋʽˁ˗˄ ˁʰˍʰˋˍˊˇ˒˗˄Σ ˁʰʽ ʴʽʰ ˍˇ 
ʰ˄ ʵˏ˄ʰˍʰʽ ˄ʰ ˍʹ˄ ʰˉˇˍˊʷ˕ʶʽ ʹ ʰ˂˂ʰʴʺ ˋˍʽˌ ˃ʷ˔ˊʽ ˍ˗ˊʰ ˋˎ˄ʺʻʶʽʶˌ ˍʹˌ ʲʽˇ˃ʹ˔ʰ˄ʾʰˌΦ  

1.1 ɮ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍʹˌ ʶˊʴʰˋʾʰˌ 

ʁ ˋˁˇˉˈˌ ˍʹˌ ʶˊʴʰˋʾʰˌ ʰˎˍʺˌ ʶʾ˄ʰʽ ʹ ˃ʶ˂ʷˍʹ ˁʰʽ ˇ ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ˍˇˎ 
ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ ʶ˄ˈˌ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʰΦ ʆˇ ˂ʶʴˈ˃ʶ˄ˇ 
ʰ˄ʻˊʰˁʽˁˈ ʰˉˇˍˏˉ˖˃ʰ ˒ʰ˄ʶˊ˗˄ʶʽ ˍʰ  ˉˇˋʱ ˉʰˊʰʴˈ˃ʶ˄˖˄ ʰʁ ˊʾ˖˄ ˍˇˎ ʻʶˊ˃ˇˁʹˉʾˇˎ 
ʶ˅ʰʽˍʾʰˌ ˍʹˌ ˁʰˍʰˋˁʶˎʺˌΣ ˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˁʰʽ ˍʹˌ ʰˉˈˋˎˊˋʹˌ ʶ˄ˈˌ ˉˊˇʿˈ˄ˍˇˌΦ ʁʽ ʻʶˊ˃ʽˁʷˌ 
ˋˍˊˇʲʽ˂ˇ˃ʹ˔ʰ˄ʷˌ ʰ˄ˍʽ˃ʶˍ˗ˉʽʸʰ˄ ˂ʽʴˈˍʶˊʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ˄ ˉˊˇˋˍʰˋʾʰ ˍˇˎ 
ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ʵʽˈˍʽ ˁʰˍʱ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎˌ ˉʰˊʱʴˇˎ˄ ˂ʽʴˈˍʶˊˇˎˌ ˊˏˉˇˎˌ ˋʶ ˋ˔ʷˋʹ ˃ʶ 
ˍˇˎˌ ʶ˃ʲˇ˂ˇ˒ˈˊˇˎˌ ˁʽ˄ʹˍʺˊʶˌΦ ʂ˃˖ˌ ˉ˂ʷˇ˄ ʹ ʰˉʶʽ˂ʺ ˍʹˌ ˁ˂ʽ˃ʰˍʽˁʺˌ ʰ˂˂ʰʴʺˌ ʵʹ˃ʽˇˎˊʴʶʾ 
˄ʷʶˌ ˉˊˇˁ˂ʺˋʶʽˌ ʴʽʰ ˍˇˎˌ ˃ʹ˔ʰ˄ʽˁˇˏˌΣ ˇʽ ˇˉˇʾˇʽ ˁʰ˂ˇˏ˄ˍʰʽ ˄ʰ ˂ʱʲˇˎ˄ ˋˇʲʰˊʱ ˎˉˈ˕ʹ ˍʹ˄ 
ʶˉʾʵˊʰˋʹ ˍ˖˄ ʰʷˊʽ˖˄ ˍˇˎ ʻʶˊ˃ˇˁʹˉʾˇˎ ˁ ʰˍʱ ˍˇ˄ ˋ˔ʶʵʽʰˋ˃ˈ ˍ˖˄ ˃ʹ˔ʰ˄˗˄ ʰˎˍ˗˄. 

ɶ ʶˊʴʰˋʾʰ ˉʶˊʽˇˊʾʸʶˍʰʽ ˋˍʽˌ ʶ˒ʰˊ˃ˇʴʷˌ ˍ˖˄ ʻʶˊ˃ʽˁ˗˄ ˋˍˊˇʲʽ˂ˇ˃ʹ˔ʰ˄˗˄ ˋˍʹ˄ ˉˇ˂ʽˍʽˁʺ 
ʰʶˊˇˉˇˊʾʰΣ ʶ˄˗ ʴʾ˄ʶˍʰʽ ˁʰʽ ʰ˄ʰ˒ˇˊʱ ˋˍˇˎˌ ʰʶˊʽˇˋˍˊˈʲʽ˂ˇˎˌ ˃ʹ˔ʰ˄ʽˁʺˌ ʽˋ˔ˏˇˌ ˇʽ ˇˉˇʾˇʽ 
ˉʰˊˇˎˋʽʱʸˇˎ˄ ʵˇ˃ʽˁʷˌ ˇ˃ˇʽˈˍʹˍʶˌ ʰ˂˂ʱ ʷ˔ˇˎ˄ ˋʹ˃ʰ˄ˍʽˁʷˌ ˂ʶʽˍˇˎˊʴʽˁʷˌ ʵʽʰ˒ˇˊʷˌΦ ɲʶ 
ʴʾ˄ʶˍʰʽ ˃ʶ˂ʷˍʹ ˍʹˌ ˔ˊʺˋʹˌ ˍˇˎˌ ˋʶ ˉ˂ˇʾʰ ˈˉˇˎ ˖ˌ ʶˉʾ ˍˇ ˉ˂ʶʾˋˍˇ˄ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋʶ 
ˋˍˊʰˍʽ˖ˍʽˁʷˌ ʶ˒ ʰˊ˃ˇʴʷˌΦ ɳˉʾˋʹˌ ʵʶ ʴʾ˄ʶˍʰʽ ˃ʶ˂ʷˍʹ ʴʽʰ ˍʰ ʱ˂˂ʰ ʶʾʵʹ ʶ˃ʲˇ˂ˇ˒ˈˊ˖˄ 
˃ʹ˔ʰ˄˗˄ ʶˋ˖ˍʶˊʽˁʺˌ ˁʰˏˋʹˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋʶ ˔ʰ˃ʹ˂˗˄ ˍʰ˔ˎˍʺˍ˖˄ ʰʶˊˇˋˁʱ˒ʹΦ  

ʅˍʹ˄ ʶˊʴʰˋʾʰ ʶˊʶˎ˄˗˄ˍʰʽ ˈ˂ʰ ˍʰ ʲʺ˃ʰˍʰ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ˉʰˊʰʴ˖ʴʺˌΣ ˂ʶʽˍˇˎˊʴʾʰˌ ˁʰʽ 
ˍʶ˂ʽˁʺˌ ʰˉˈˋˎˊˋʹˌ ˍ˖˄ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊ˖˄Σ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʰ ˉˊˈˍˎˉʰ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌ 
ˁˏˁ˂ˇˎ ʸ˖ʺˌ όlife cycle assessment)Φ ɱʽʰ ˍˇ ˋˁˇˉˈ ʰˎˍˈΣ ʰ˅ʽˇˉˇʽˇˏ˄ˍʰʽ ʲʽʲ˂ʽˇʴˊʰ˒ʽˁʷˌ 
ˉʹʴʷˌΣ ʶˉʽˋˍʹ˃ˇ˄ʽˁʷˌ ˃ʶ˂ʷˍʶˌ ˁʰʽ ʰ˄ʰˉˍˏˋˋʶˍʰʽ ˁʰˍʱ˂˂ʹ˂ʹ ʶ˒ʰˊ˃ˇʴʺ ʶˉʶ˅ʶˊʴʰˋʾʰˌ 
ʵʶʵˇ˃ʷ˄˖˄ ˋʶ ˎˉˇ˂ˇʴʽˋˍʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄Φ  
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1.2 ɮ˄ʰˋˁˈˉʹˋʹ ˍʶ˔˄ˇ˂ˇʴʾʰˌ ʰʶˊˇˋˁʰ˒˗˄ ˁʰʽ ˋˍˊˇʲʽ˂ˇʰ˄ˍʽʵˊʰˋˍʺˊ˖˄ 

ʆʰ ˋˏʴ˔ˊˇ˄ʰ ʰʶˊˇˋˁʱ˒ʹ ˍʹˌ ˉˇ˂ʽˍʽˁʺˌ ʰʶˊˇˉˇˊʾʰˌ ʶ˅ˇˉ˂ʾʸˇ˄ˍʰʽ ˃ʶ 
ˋˍˊˇʲʽ˂ˇʰ˄ˍʽʵˊʰˋˍʺˊʶˌ ʵʽˉ˂ˇˏ ˊʶˏ˃ʰˍˇˌΣ  ˂ˈʴ˖ ˍ˖˄ ˉ˂ʶˇ˄ʶˁˍʹ˃ʱˍ˖˄ ˉˇˎ 
ˉʰˊˇˎˋʽʱʸˇˎ˄Υ 

¶ ɾʶʴʰ˂ˏˍʶˊʹ ʱ˄ʶˋʹ ˋʶ ˉˍʺˋʶʽˌ ʵʽʰ˒ˈˊ˖˄ ˍʰ˔ˎˍʺˍ˖˄Σ ˎ˕ʹ˂˗˄ ʺ ˔ʰ˃ʹ˂˗˄Φ 

¶ ɹˋ˔ˎˊʺ ˗ˋʹ ˃ʶ ʰˋʻʶ˄ʷˋˍʶˊʹ όˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇˎˌ ˁʽ˄ʹˍʺˊʶˌ ʰˉ˂ˇˏ ˊʶˏ˃ʰˍˇˌύ ˁˏˊʽʰ 
ʵʷˋ˃ʹ ˉˊˈ˖ˋʹˌΣ ʱˊʰ ˃ʽˁˊˈˍʶˊʹ ʹ˔ˇˊˏˉʰ˄ˋʹΦ 

¶ ɾʶʾ˖ˋʹ ˍʹˌ ˁʰˍʰ˄ʱ˂˖ˋʹˌ ˍˇˎ ˁʰˏˋʽ˃ˇˎ όfuel consumption) ˔ʱˊʹ ˋˍˇ˄ ʶˉʽˉ˂ʷˇ˄ 
ʰʷˊʰ ˉˇˎ ˉʰˊʰˁʱ˃ˉˍʶʽ ˍˇ˄ ʻʱ˂ʰ˃ˇ ˁʰˏˋʹˌ ˁʰʽ ʵʹ˃ʽˇˎˊʴʶʾ ˍʹ ʵʷˋ˃ʹ ˗ˋʹˌΦ 

¶ ɾʽˁˊˈˍʶˊˇ ˃ʷʴʶʻˇˌΣ ʶʽʵʽˁʱ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇˎˌ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʶˌ ʰˉ˂ˇˏ ˊʶˏ˃ʰˍˇˌ 
ˉʰ˂ʰʽˈˍʶˊʹˌ ˍʶ˔˄ˇ˂ˇʴʾʰˌΦ 

ɼˏˊʽˇʽ ˊˏˉˇʽ ˍˇˎˌ ʶʾ˄ʰʽ ˍˇ ˃ˇ˄ˇ˅ʶʾʵʽˇ ˍˇˎ ʱ˄ʻˊʰˁʰ (CO)Σ ˍʰ ˇ˅ʶʾʵʽʰ ˍˇˎ ʰʸ˗ˍˇˎ (NOx) ˁʰʽ 
ˍʰ ˇ˅ʶʾʵʽʰ ˍˇˎ ʻʶʾˇˎ όSOX)Φ ʁ˅ʶʾʵʽʰ ˍˇˎ ʻʶʾˇˎ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ʰ˄ ˍˇ ˁʰˏˋʽ˃ˇ ˉʶˊʽʷ˔ʶʽ ʻʶʾˇΣ 
ˉˇˎ ˋˎ˃ʲʰʾ˄ʶʽ ˋˍʹ ˁʹˊˇʸʾ˄ʹΦ ɳˉʶʽʵʺ ˍʰ ˇ˅ʶʾʵʽʰ ʰˎˍʱ ʶʾ˄ʰʽ ʶˉʽˁʾ˄ʵˎ˄ʰΣ ˁʰˍʱ ˍʹ ʵʽˏ˂ʽˋʹ 
˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˃ʷˍˊʰ ˗ˋˍʶ ˄ʰ ʰ˒ʰʽˊʶʻʶʾ ˃ʶʴʱ˂ʹ ˉˇˋˈˍʹˍʰ ˍˇˎ ʻʶʾˇˎ ʰˉˈ ˍˇ ˁʰˏˋʽ˃ˇΦ ʁʽ 
ˎˉˈ˂ˇʽˉˇʽ ˊˏˉˇʽ ʰ˄ʰˉˈ˒ʶˎˁˍʰ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˃ʶ ˍˇ ˉʷˊʰˌ ˍʹˌ ˁʰˏˋʹˌ Φ ɶ ʵʹ˃ʽˇˎˊʴʾʰ ˍ˖˄ 
ˇ˅ʶʽʵʾ˖˄ ˍˇˎ ʰʸ˗ˍˇˎ ʶˎ˄ˇʶʾˍʰʽ ʰˉˈ ˍʽˌ ˎ˕ʹ˂ʷˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌ όˉʶˊʾˉˇˎ мΦулл ̌ɼʶ˂ˋʾˇˎύ, 
ʶ˄˗ ˍˇ ˃ˇ˄ˇ˅ʶʾʵʽˇ ˍˇˎ ʱ˄ʻˊʰˁʰ ˁʰʽ ˇʽ ˎʵˊˇʴˇ˄ʱ˄ʻˊʰˁʶˌ ʰˉˈ ˍʹ˄ ʰˍʶ˂ʺ ˁʰˏˋʹΦ ɾʷˍˊʰΣ 
ʶˉˇ˃ʷ˄˖ˌΣ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹˌ ˍˇˎˌ ʶʾ˄ʰʽ ʹ ˕ˏ˅ʹ ό˃ʶ ˄ʶˊˈύ ʺ ʹ ˁʰˏˋʹ ˋʶ ˋˍʱʵʽʰ ό˗ˋˍʶ ʹ 
ʻʶˊ˃ˇˁˊʰˋʾʰ ˄ʰ ʶʾ˄ʰʽ ʶˉʰˊˁʺˌ ʰ˂˂ʱ ˍʰˎˍˈ˔ˊˇ˄ʰ ˈˋˇ ˍˇ ʵˎ˄ʰˍˈ˄ ˔ʰ˃ʹ˂ʺύΦ ɳˉʾˋʹˌ 
˖˒ʷ˂ʽ˃ʹ ʶʾ˄ʰʽ ʹ ˁʰˍʱ˂˂ʹ˂ʹ ʵʽʰ˃ˈˊ˒˖ˋʹ ˍˇˎ ʻʰ˂ʱ˃ˇˎ ˁʰˏˋʹˌ ˗ˋˍʶ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ 
ʲʷ˂ˍʽˋˍʹ ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹ ˍ˖˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄ ˃ʶˍʰ˒ˇˊʱˌ ˍʹˌ ˁʰˏˋʹˌΦ ɶ ʶˉʾˍʶˎ˅ʹ ˍ˖˄ 
ˉʰˊʰˉʱ˄˖ ʲˇʹʻʱ ˈ˔ʽ ˃ˈ˄ˇ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ʰ˂˂ʱ ˁʰʽ ˍʹ˄ ˁʰ˂ˏˍʶˊʹ ʰˉˈʵˇˋʹ ˍ˖˄ ˃ʹ˔ʰ˄˗˄Σ 
ˇˉˈˍʶ ˍˇ ˁʷˊʵˇˌ ʶʾ˄ʰʽ ʵʽˉ˂ˈΦ  

ʅˎ˄ˇ˂ʽˁʱΣ ˇʽ ʻʶˊ˃ʽˁʷˌ ˋˍˊˇʲʽ˂ˇ˃ʹ˔ʰ˄ʷˌ ʷ˔ˇˎ˄ ʵʷˁʰ ˒ˇˊʷˌ ˃ʽˁˊˈˍʶˊˇ ʶˉʾˉʶʵˇ ʶˁˉˇ˃ˉ˗˄ 
ˊˏˉ˖˄ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʽˌ ʶ˃ʲˇ˂ˇ˒ˈˊʶˌ ˃ʹ˔ʰ˄ʷˌ ʶˋ˖ˍʶˊʽˁʺˌ ˁʰˏˋʹˌ [3]Φ ʅˍʹ˄ ɳʽˁˈ˄ʰ 1-1 
˒ʰʾ˄ʶˍʰʽ ʹ ˋ˔ʷˋʹ ʶˁˉˇ˃ˉʺˌ ˍ˖˄ ˊˏˉ˖˄ ˃ʶ ˍʽˌ ʶˉʽʵˈˋʶʽˌ ˍ˖˄ ʵʽʶˊʴʰˋʽ˗˄ ˋˍˇ˄ ʻʱ˂ʰ˃ˇ 
ˁʰˏˋʹˌΦ  ʁʽ ʶ˄ʰ˂˂ʰʴʷˌ ˍʹˌ ʽˋ˔ˏˇˌ ʶ˅ʰˊˍ˗˄ˍʰʽ ʰˉˈ ˍʽˌ  ˁ ʰˍʰˋˍʱˋʶʽˌ ˋˍʽˌ ˇˉˇʾʶˌ ˃ˉˇˊʶʾ ˄ʰ 
ʲˊʾˋˁʶˍʰʽ ʷ˄ʰ ʰʶˊˇˋˁʱ˒ˇˌϊ ̱˄́ ʰˉˇʴʶʾ˖ˋʹ όtake-off), ˍ́  ˄ʱ˄ˇʵˇ (ascent), ˍ́  ˄ˉ˂ʶˏˋʹ 
(cruise), ˍ́  ˄ˁʱʻˇʵˇ όdescent) ˁʰʽ ˍ́  ˄ˉˊˇˋʴʶʾ˖ˋʹ όlanding). ʂ˂ʶˌ ˃ʰʸʾ ʰˉˇˍʶ˂ˇˏ˄ ˍʹ˄ 
ʰˉˇˋˍˇ˂ʺ όmission) ˍˇˎ ʰʶˊˇˋˁʱ˒ˇˎˌΦ ɳʾ˄ʰʽ ˋʰ˒ʷˌ ˈˍʽ ˁʱʻʶ ʶʾʵˇˌ ʰʶˊˇˋˁʱ˒ˇˎˌ ʷ˔ʶʽ 
ˁʽ˄ʹˍʺˊʶˌ ˃ʶ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˉˊˇʵʽʰʴˊʰ˒ʷˌ ʰ˄ʱ˂ˇʴʰ ˍʹ˄ ʰˉˇˋˍˇ˂ʺ ˍˇˎ ό˃ʰ˔ʹˍʽˁˈ 
ʰʶˊˇˋˁʱ˒ˇˌ ʺ ˉˇ˂ʽˍʽˁˈ ʰʶˊˇˋˁʱ˒ˇˌύΦ ʁʽ ˉˊˇʵʽʰʴˊʰ˒ʷˌ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ʹ ˃ʷʴʽˋˍʹ ʵˎ˄ʰˍʺ 
ˍʰ˔ˏˍʹˍʰ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˉˇˊʶʾʰˌΣ ʺ ˇ ˊˎʻ˃ˈˌ ˃ʶˍʰʲˇ˂ʺˌ ˍʹˌ ʰ˄ˈʵˇˎΦ ɳʾ˄ʰʽ ʶˉʾˋʹˌ 
ˋʰ˒ʷˌ ˈˍʽ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ʰ˄ˈʵˇˎ ˁʰʽ ˍʹˌ ˁʰʻˈʵˇˎ ˇʽ ʶ˅˖ˍʶˊʽˁʷˌ ˋˎ˄ʻʺˁʶˌ 
ʰ˂˂ʱʸˇˎ˄ ˊʰʴʵʰʾʰ ˂ˈʴ˖ ˍʹˌ ʵʽʰ˒ˇˊʱˌ ˎ˕ˇ˃ʷˍˊˇˎ. 
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ɳʽˁˈ˄ʰ 1-1 Υ ʅ˔ʷˋʹ ˉʰˊʰʴ˖ʴʺˌ ˊˏˉ˖˄ ˃ʶ ˍʹ˄ ˉˇʽˈˍʹˍʰ ˁʰˏˋʹˌ όʃʹʴʺ Υ Ϧɽʶʽˍˇˎˊʴʾʰ 
ɮʶˊʽˇˋˍˊˈʲʽ˂˖˄ ˁʰʽ ɮˍ˃ˇˋˍˊˇʲʾ˂˖˄Ϧ1 ). 

ʅʶ ̝h˃ʹ˂ʷˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌ ό˂ˈʴ˖ ˎ˕ˇ˃ʷˍˊˇˎύ ˇʽ ʶˁˉʶ˃ˉˈ˃ʶ˄ˇʽ ˎʵˊʰˍ˃ˇʾ ˋˎ˃ˉˎˁ˄˗˄ˇ˄ˍʰʽ 
ˋ˔ʹ˃ʰˍʾʸˇ˄ˍʰˌ ˍʹ ʴ˄˖ˋˍʺ ˄ʶ˒˗ʵʹ ˇˎˊʱ ˍ˖˄ ʰʶˊˇˉ˂ʱ˄˖˄Σ ˉˇˎ ˇ˄ˇ˃ʱʸʶˍʰʽ ʾ˔˄ˇˌ 
ˋˎ˃ˉˏˁ˄˖ˋʹˌ όcontrail). ʁ ̔ ˋˎ˃ˉˎˁ˄˖˃ʷ˄ˇʽ ʰˍ˃ˇʾ ʷ˔ˇˎ˄ ˃ʶʴʱ˂ʹ ʵˎ˄ʰˍˈˍʹˍʰ 
ʰˉˇˊˊˈ˒ʹˋʹˌ ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ ˋˍˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ˉˇˎ ˉʰˊʰ˃ʷ˄ˇˎ˄ ˋʶ ʰˎˍʺ (ʃʾ˄ʰˁʰˌ 
12-2)Φ ʁˉˈˍʶ ˇʽ ˁʰʻʹ˃ʶˊʽ˄ʷˌΣ ˔ʽ˂ʽʱʵʶˌ ˉˍʺˋʶʽˌ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ˍʰʽΣ ˋˎ˄ʶʽˋ˒ʷˊˇˎ˄ 
ˋˍʹ ˋˍʽʴ˃ʽʰʾʰ ˎˉʶˊʻʷˊ˃ʰ˄ˋʹ ˍˇˎ ˉ˂ʰ˄ʺˍʹ ʰ˂˂ʱ ˁʰʽ ˋˍʹ ʵʽʰ˃ˈˊ˒˖ˋʹ ˍˇˎ ˍˇˉʽˁˇˏ ˁʰʽˊˇˏ 
όˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ˄ʶ˒˗˄ύ.  

 

ɳʽˁˈ˄ʰ 1-2 Υ ʄˏˉˇʽ ʶ˄ˈˌ ʰʶˊˇˋˁʱ˒ˇˎˌ ˃ʶ ʵˏˇ ˁʽ˄ʹˍʺˊʶˌ ʵʽˉ˂ˇˏ ˊʶˏ˃ʰˍˇˌ όʃʹʴʺΥ ɳˎˊ˖ˉʰʿˁʺ 
ˎˉʹˊʶˋʾʰ ʰˋ˒ʰ˂ʶʾʰˌ ʰʶˊˇˉˇˊʾʰˌ2) 

ɶ ɳʽˁˈ˄ʰ 1-2 ʵʶʾ˔˄ʶʽ ˍˇ ˉˇˋˇˋˍˈ ˍˇˎ ˁʱʻʶ ˊˏˉˇˎ ˉˇˎ ʶˁ˂ˏʶʽ ˋˎ˄ˇ˂ʽˁʱ ʷ˄ʰ ʰʶˊˇˋˁʱ˒ˇˌ 
ό˃ʶ ʵˏˇ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʶˌύ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ʶ˄ˈˌ ˍʰ˅ʽʵʽˇˏ ˃ʾʰˌ ˗ˊʰˌ ˃ʶ ʶˁʰˍˈ ˉʶ˄ʺ˄ˍʰ 
ʶˉʽʲʱˍʶˌΦ  

 

 

1 ɀŬɗɘɞɡŭɎəɖɠ Ⱦ., ȿŮɘŰɞɡɟɔɑŬ ȷŮɟɘɞůŰɟɞɓɑɚɤɜ əŬɘ ȷŰɛɞůŰɟɞɓɑɚɤɜ, Ⱥ.ɀ.Ʉ., 2016 
2 https://www.easa.europa.eu/eaer/topics/overview-aviation-sector/emissions (ɇŮɚŮɡŰŬɑŬ ˊɟɧůɓŬůɖ: 22/12/2021 

https://www.easa.europa.eu/eaer/topics/overview-aviation-sector/emissions
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1.3 ɴˊʶˎ˄ʰ ˋˍˇ ˉʶʵʾˇ ˍ˖˄ ʰ˄ʻˊʰˁʽˁ˗˄ ʶˁˉˇ˃ˉ˗˄ ˍʹˌ ʰʶˊˇˉˇˊʾʰˌ 

ɶ ʷˊʶˎ˄ʰ ˉʱ˄˖ ˋˍʹ ˃ʶʾ˖ˋʹ ˍ˖˄ ʰ˄ʻˊʰˁʽˁ˗˄ ʶˁˉˇ˃ˉ˗˄ ˍʹˌ ʰʶˊˇˉˇˊʾʰˌ ʷ˔ʶʽ ʵˏˇ ˁ˂ʱʵˇˎˌΥ 

¶ ɲʹ˃ʽˇˎˊʴʾʰ ʰʶˊˇˋˁʰ˒˗ ˄ˉ˂ʺˊ˖ˌ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ˍˇˎ ʱ˄ʻˊʰˁʰ όcarbon free)Φ ʁ 

ˋˍˈ˔ˇˌ ʰˎˍˈˌ ʶʾ˄ʰʽ ʶ˒ʽˁˍˈˌ ʰ˄ ˇʽ ˁʽ˄ʹˍʺˊʶˌ ʶʾ˄ʰʽ ʹ˂ʶˁˍˊʽˁˇʾ ʺ ʰ˅ʽˇˉˇʽˇˏ˄ ˖ˌ 

ˁʰˏˋʽ˃ˇ ̱ ˇ ˎʵˊˇʴˈ˄ˇ.  

¶ ɰʶ˂ˍʾ˖ˋʹ ˍʹˌ  ˎˉʱˊ˔ˇˎˋʰˌ ˍʶ˔˄ˇ˂ˇʴʾʰˌ ˍ˖˄ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊ˖˄, ˉˊˇˌ ˃ʶʾ˖ˋʹ ˍʹˌ 

ˁʰˍʰ˄ʱ˂˖ˋʹˌ ˁʰˎˋʾ˃ˇˎ ˁʰʽ ˍʹˌ ˉˇˋˈˍʹˍʰˌ ˍ˖˄ ˊˏˉ˖˄Φ ɮ˂˂ʹ˂ʷ˄ʵʶˍʹ ʶʾ˄ʰʽ ˁʰʽ ʹ 

ˉˊˇˋˉʱʻʶʽʰ ʵʹ˃ʽˇˎˊʴʾʰˌ ˄ʷ˖˄ ˍˏˉ˖˄ ʰʶˊˇˋˁʰ˒˗˄. 

ʅˍˇ ʶʵʱ˒ʽˇ ʰˎˍˈ ʻʰ ʶ˅ʶˍʰˋˍˇˏ˄ ʶˉʽˋˍʹ˃ˇ˄ʽˁʷˌ ˃ʶ˂ʷˍʶˌ ˉˇˎ ʶ˃ˉʾˉˍˇˎ˄ ˋˍˇ˄ ʵʶˏˍʶˊˇ 

ˁ˂ʱʵˇ ˁʰʽ ʰ˒ˇˊˇˏ˄ ˍˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌΦ ɶ ˃ʶ˂ʷˍʹ ˍˇˎˌΣ ˋʶ 

ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʽˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˍ˖˄ ˉˊˇʹʴˇˏ˃ʶ˄˖˄ ˁʶ˒ʰ˂ʰʾ˖˄ ʻʰ ʰˉˇˍʶ˂ʷˋˇˎ˄ ˍʹ ʲʱˋʹ 

ʴʽʰ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˍˇˎ ˎˉˇ˂ˇʴʽˋˍʽˁˇˏ ˍ˃ʺ˃ʰˍˇˌ ˍʹˌ ʶˊʴʰˋʾʰˌ ˁʰʽ ʻʰ ʰ˄ʰʵʶʾ˅ˇˎ˄ ˍʹ˄ ʰ˅ʾʰ 

ˍʹˌΦ 

ɱʽʰ ˍʹ˄ ʰʶˊˇˉˇˊʾʰΣ ˇʽ ˉˇˋˈˍʹˍʶˌ ˉʰˊʰʴˈ˃ʶ˄ˇˎ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ ʶʾ˄ʰʽ ˋˎʴˁˊʾˋʽ˃ʶˌ 

ʴʽʰ ˈ˂ʶˌ ˍʽˌ ˔˗ˊʶˌΦ ɶ ˁʰˍʹʴˇˊʽˇˉˇʾʹˋʹ ˍˇˎˌΣ ˃ʱ˂ʽˋˍʰΣ ʰ˄ʱ ˔˗ˊʰΣ ʵʶ˄ ʷ˔ʶʽ ˉˇ˂˂ʺ ˋʹ˃ʰˋʾʰΦ 

ɶ ˉʰˊʰʴ˖ʴʺ ʶ˄ʷˊʴʶʽʰˌ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ ˃ʶ ˉˇ˂˂ˇˏˌ ˍˊˈˉˇˎˌ ʰ˄ʱ˂ˇʴʰ ˍʽˌ ʶˉʽʻˎ˃ʾʶˌ ˍʹˌ 

ˁʱʻʶ ˔˗ˊʰˌΣ ʶʾˍʶ ˃ʶ ˋˎ˃ʲʰˍʽˁʷˌ ˃ʶʻˈʵˇˎˌΣ ʶʾˍʶ ˃ʷˋ˖ ʰ˄ʰ˄ʶ˗ˋʽ˃˖˄ ˉʹʴ˗˄ ʶ˄ʷˊʴʶʽʰˌΦ ɶ 

ʶˉʾʴʶʽʰ ˃ʶˍʰˁʾ˄ʹˋʹ ˃ˉˇˊʶʾ ʶˉʾˋʹˌ ˄ʰ ʴʾ˄ʶʽ ˃ʶ ʰˊˁʶˍˇˏˌ ʵˎ˄ʰˍˇˏˌ ˍˊˈˉˇˎˌΣ ˋʶ ʰˍˇ˃ʽˁˈ 

ʶˉʾˉʶʵˇ όʲʱʵʽˋ˃ʰΣ ˉˇʵʺ˂ʰˍˇΣ ʰˎˍˇˁʾ˄ʹˍˇύ ʺ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʰ ʵʹ˃ˈˋʽʰ ˃ʷˋʰ 

˃ʶˍʰ˒ˇˊʱˌ.  

ɱʽʰ ˍʽˌ ʶ˄ʰʷˊʽʶˌ ˃ʶˍʰˁʽ˄ʺˋʶʽˌ ˍˇˎΣ ˖ˋˍˈˋˇΣ ˍˇ ʶˉʽʲʰˍʽˁˈ ˁˇʽ˄ˈ ʵʶ˄ ʷ˔ʶʽ ʶˉʽ˂ˇʴʺ ˁʰʽ 

ˋˍʹˊʾʸʶˍʰʽ ˋʶ ʽʵʽ˖ˍʽˁʷˌ ʰʶˊˇˉˇˊʽˁʷˌ ʶˍʰʽˊʶʾʶˌΦ ʁʽ ʶˍʰʽˊʶʾʶˌ ʰ˂˂ʱ ˁʰʽ ˇʽ ˁʰˍʰˋˁʶˎʰˋˍʷˌ 

ʰʶˊˇˋˁʰ˒˗˄ ˉˊʷˉʶʽ ˄ʰ  ʰˁˇ˂ˇˎʻʺˋˇˎ˄ ˃ʽʰ ˁˇʽ˄ʺ ʴˊʰ˃˃ʺ ʴʽʰ ˍˇ ˃ʷ˂˂ˇ˄Σ ˉˊˇˁʶʾ˃ʶ˄ˇˎ ˄ʰ 

ʰˉˇ˒ʶˎ˔ʻˇˏ˄ ˇʽ ʵˎˋʱˊʶˋˍʶˌ ˋˎ˄ʷˉʶʽʶˌ ˍˇˎ ˒ʰʽ˄ˇ˃ʷ˄ˇˎ ˍˇˎ ʻʶˊ˃ˇˁʹˉʾˇˎΦ ɴ˄ʰ ˉˊ˗ˍˇ 

ˋˎ˃ˉʷˊʰˋ˃ʰΣ ˍˈˍʶΣ ʶʾ˄ʰʽ ˈˍʽ ʹ ˃ʶʾ˖ˋʹ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ˍʹˌ ʰʶˊˇˉˇˊʾʰˌ ʶʾ˄ʰʽ ˋʶ ˃ʶʴʱ˂ˇ 

ʲʰʻ˃ˈ ʶˎʻˏ˄ʹ ˍˇˎ ʾʵʽˇˎ ˍˇˎ ˃ʹ˔ʰ˄ʽˁˇˏ ˉˇˎ ˋ˔ʶʵʽʱʸʶʽ ˍˇ ʰʶˊˇˋˁʱ˒ˇˌ ˁʰʽ ʶʽʵʽˁˈˍʶˊʰ ˍʹ 

˃ʹ˔ʰ˄ʺ ˉˇˎ ˍˇ ˁʽ˄ʶʾΦ ɱʽʰ ˄ʰ ʶʾ˄ʰʽ ʶ˒ʽˁˍʺ ʹ ʵʽʰˁˊʽˍˇˉˇʾʹˋʹ ˍʹˌ ʶˎʻˏ˄ʹˌ ˉˇˎ ˒ʷˊʶʽ ˍˇ 

ʶˉʽʲʰˍʽˁˈ ˁˇʽ˄ˈ ˁʰʽ ˇ ˋ˔ʶʵʽʰˋˍʺˌΣ ʻʰ ˉˊʷˉʶʽ ʹ ʵʽʶˊʶˏ˄ʹˋʹ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ˄ʰ ʴʾ˄ʶʽ ˉˊˇˌ 

ʷ˄ʰ ˋˍˇʽ˔ʶʾˇ ʰ˄ʰ˒ˇˊʱˌΣ ˉˇˎ ʴʽʰ ˍʹ˄ ʶˊʴʰˋʾʰ ʰˎˍʺ ʰˉˇˍʶ˂ʶʾ ˇ ʾʵʽˇˌ ˇ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʰˌ.  

ɮˌ ʶ˅ʶˍʰˋˍʶʾ ˉˊ˗ˍʰ ʹ ˋˎ˄ˇ˂ʽˁʺ ʶʽˁˈ˄ʰ ˍʹˌ ʰʶˊˇˉˇˊʾʰˌΣ ʰˉˈ ˍʹ ˋˁˇˉʽʱ ˍʹˌ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹˌ 

ˍˇˎ ˒ʰʽ˄ˇ˃ʷ˄ˇˎ ˍˇˎ ʻʶˊ˃ˇˁʹˉʾˇˎ. ɶ ˃ʶ˂ʷˍʹ ˉʶˊʾˉˍ˖ˋʹˌ (case studyύ ˍˇˎ Glenn Baxter 

ʴʽʰ ˍˇ ʃʰʴˁˈˋ˃ʽˇ ʃʶˊʽˇʵʽˁˈ ʃʶˊʽʲʱ˂˂ˇ˄ˍˇˌΣ ɱʶ˖ˊʴʾʰˌ ˁʰʽ ɰʽˇˍʶ˔˄ˇ˂ˇʴʾʰˌ όI.J.E.A.B.) [4] 

ʵʶʾ˔˄ʶʽ ˉ˖ˌ ˇʽ ˋˏʴ˔ˊˇ˄ˇʽ ˒ˇˊʶʾˌ ˍʹˌ ʰʶˊˇˉˇˊʾʰˌ ʰ˄ʰʴ˄˗ˊʽʸˇˎ˄ ˍʽˌ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʷˌ 

ʰ˄ʹˋˎ˔ʾʶˌ ˍ˖˄ ˁʰʽˊ˗˄ ˁʰʽ ˉˊʱˍˍˇˎ˄ ʰ˄ʰ˂ˈʴ˖ˌΦ ʅˍˇ˄ ˈˊˇ ζ˒ˇˊʶʾˌ ˍʹˌ ʰʶˊˇˉˇˊʾʰˌη 
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ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˈ˂ˇʽ ˇʽ ˉʰˊʱʴˇ˄ˍʶˌ ˉˇˎ ʰˉˇˍʶ˂ˇˏ˄ ˁˇ˃˃ʱˍʽ ˍˇˎ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ʶ˄ˈˌ 

ʰʶˊˇˋˁʱ˒ˇˎˌ  ̃ ˁʰˍʰˋˁʶˎʰˋˍʷˌΣ ʰʶˊˇʵˊˈ˃ʽʰΣ ʶˍʰʽˊʶʾʶˌ ˃ʶˍʰ˒ˇˊ˗˄ ˁʰʽ ʶˍʰʽˊʶʾʶˌ 

ˉˇ˂ʽˍʽˁʺˌ ʰʶˊˇˉˇˊʾʰˌΦ ʅʹ˃ʰ˄ˍʽˁˈ ʶˊʴʰ˂ʶʾˇ ʰˉˇˍʶ˂ʶʾ ʹ ˃ʶ˂ʷˍʹ ˍˇˎ ʰ˄ʻˊʰˁʽˁˇˏ 

ʰˉˇˍˏˉ˖˃ʰˍˇˌΣ ʹ ˇˉˇʾʰ ʰ˄ʰ˂ˏʶˍʰʽ ʶˁˍʶ˄˗ˌ ˋˍˇ ˍˊʾˍˇ ˁʶ˒ʱ˂ʰʽˇ ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ 

ʶˊʴʰˋʾʰˌΦ  

ɶ ˉʶˊʽˉˍ˖ˋʽˇ˂ˇʴʽˁʺ ˃ʶ˂ʷˍʹ ʰ˄ʰ˂ˏʶʽ ˍʽˌ ˃ʶʻˈʵˇˎˌ ˃ʶ ˍʽˌ ˇˉˇʾʶˌ ˇʽ ˒ˇˊʶʾˌ ʶˉʽʵʽ˗ˁˇˎ˄ ˄ʰ 

˃ʶʽ˗ˋˇˎ˄ ˍˇ˄ ʰ˄ʻˊʰˁʽˁˈ ˍˇˎˌ ʰˉˇˍˏˉ˖˃ʰΦ ɮˎˍʷˌ ʶʾ˄ʰʽΥ 

¶ ɾʶʾ˖ˋʹ ˍˇˎ ˉˊˈˋʻʶˍˇˎ ʲʱˊˇˎˌ ˍˇˎ ʰʶˊˇˋˁʱ˒ˇˎˌ,  ˃ʶ ˍˇ˄ ʲʷ˂ˍʽˋˍˇ ʶ˒ˇʵʽʰˋ˃ˈ 

ˍˊˇ˒ʾ˃˖˄Σ ˄ʶˊˇˏΣ ˉˊˇˋ˖ˉʽˁˇˏ ˁʰʽ ʱ˂˂ˇˎ ˎ˂ʽˁˇˏ ˉʰˊˇ˔ʺˌ ʶ˅ˎˉʹˊʷˍʹˋʹˌ ˍ˖˄ 

ʶˉʽʲʰˍ˗˄Φ ɮˎˍˈ ˋˎ˄ʶˉʱʴʶˍʰʽ ˁʰʽ ˃ʶʾ˖ˋʹ ˍˇˎ ˒ˇˊˍʾˇˎ ˉˇˎ ˁʰ˂ˇˏ˄ˍʰʽ ˄ʰ ˁʽ˄ʺˋˇˎ˄ 

ˇʽ ˋˍˊˇʲʽ˂ˇʰ˄ˍʽʵˊʰˋˍʺˊʶˌΦ 

¶ ʋˊʺˋʹ ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄ ό˃ʶˍʰ˒ˇˊʱˌ ʰˉˇˋˁʶˎ˗˄ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰύ ˋˍʰ 

ʰʶˊˇʵˊˈ˃ʽʰ ˗ˋˍʶ ˄ʰ ʲʶ˂ˍʽ˖ʻʶʾ ʹ ˉˇʽˈˍʹˍʰ ˍˇˎ ˍˇˉʽˁˇˏ ʰʷˊʰ. ʁˉˈˍʶ ʶʾ˄ʰʽ 

ʰˉʰˊʰʾˍʹˍʹ ʹ ʵʽʰˁˊʽˍˇˉˇʾʹˋʹ ˍʹˌ ˋˎ˄ʶʽˋ˒ˇˊʱˌ ˍ˖˄ ʰʶˊˇʵˊˇ˃ʾ˖˄ ˁʰʽ ˍ˖˄ 

ʰʶˊˇˋˁʰ˒˗˄ ˋˍʽˌ ʶˁˉˇ˃ˉʷˌ ˍʹˌ ʰʶˊˇˉˇˊʾʰˌ όˁʰʽ ˋˍʹ ˃ʶ˂ʷˍʹ ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ 

ʶˊʴh̀ ʾʰˌύΦ  

 

ɳʽˁˈ˄ʰ 1-3 Υ ɳˉʾʴʶʽʰ ʅˍʰʻʶˊʺ ɶ˂ʶˁˍˊʽˁʺ ɹˋ˔ˏˌ όʃʹʴʺ Υ Aviation Benefits3) 

 

¶ ɰʁ ˂ˍʽˋˍˇˉˇʾʹˋʹ ˍ˖˄ ʵʽʰʵʽˁʰˋʾ˖˄ ʰˉˇʴʶʾ˖ˋʹˌ ˁʰʽ ˉˊˇˋʴʶʾ˖ˋʹˌ ˉˊˇˌ ʶ˂ʱˍˍ˖ˋʹ 

ˍ˖˄ ʶˁˉˇ˃ˉ˗˄Φ ʋʰˊʰˁˍʹˊʽˋˍʽˁˈ ˉʰˊʱʵʶʽʴ˃ʰ ʶʾ˄ʰʽ ʹ ʶˉʾˍʶˎ˅ʹ ʵʽʰʵʽˁʰˋʾʰˌ  

ˋˎ˄ʶ˔ˇˏˌ ˉˊˇˋʴʶʾ˖ˋʹˌ όC.D.O. : Continuous Descent Operation). ʂˍʰ˄ ˍˇ 

ʰʶˊˇˋˁʱ˒ˇˎˌ ʶˉʽ˔ʶʽˊʶʾ ˃ʾʰ C.D.O., ˉˊˇˋʴʶʽ˗˄ʶˍʰʽ ˃ʶ ˍˇˎˌ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʶˌ ˋʶ 

˃ʹʵʶ˄ʽˁˈ ˒ˇˊˍʾˇ όˊʶ˂ʰ˄ˍʾύ ˁʰʽ ˃ʶʽ˗˄ˇ˄ˍʰʽ ˇʽ ʰ˄ʻˊʰˁʽˁʷˌ ʶˁˉˇ˃ˉʷˌΦ ʃˊˈˁʶʽˍʰʽ ʴʽʰ 

˃ʽʰ ʵʽʰʵʽˁʰˋʾʰ ʲʷʲʰʽʰ ˉˇˎ ʰˉʰʽˍʶʾ ˁʰ˂ˈ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈ ˁʰʽ ˋˎ˄ˍˇ˄ʽˋ˃ˈ ˉˏˊʴˇˎ 

ʶ˂ʷʴ˔ˇˎ ˁʰʽ ˉʽ˂ˈˍ˖˄Φ   

 

3 https://aviationbenefits.org/case-studies/fixed-electrical-ground-power/ (ɇŮɚŮɡŰŬɑŬ ˊɟɧůɓŬůɖ : 31/3/2022) 

https://aviationbenefits.org/case-studies/fixed-electrical-ground-power/
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¶ ʋˊʺˋʹ ɳˉʾʴʶʽʰˌ ʅˍʰʻʶˊʺˌ ɶ˂ʶˁˍˊʽˁʺˌ ɹˋ˔ˏˇ̩  όF.E.G.P. : Fixed Electrical Ground 

Power) ʴʽʰ ˍʽˌ ʵʽʰʵʽˁʰˋʾʶˌ ˁʰʻʰˊʽˋ˃ˇˏ ˁʰʽ ˁ˂ʽ˃ʰˍʽˋ˃ˇˏ όˉˊʽ˄ ˍʹ˄ ʰˉˇʴʶʾ˖ˋʹύ ˍˇˎ 

ʰʶˊˇˋˁʱ˒ˇˎˌΣ ʹ ˇˉˇʾʰ ˉʰˊʷ˔ʶˍʰʽ ʰˉˈ ˍˇ˄ ʰʶˊˇ˂ʽ˃ʷ˄ʰ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇʷˊ˔ʶˍʰʽ 

ʰˉˈ ʰ˄ʰ˄ʶ˗ˋʽ˃ʶˌ ˉʹʴʷˌ ʶ˄ʷˊʴʶʽʰˌ. ɶ ˔ˊʺˋʹ ˍʹˌ ʴʾ˄ʶˍʰʽ ʴʽʰ ˉʶˊʽˇˊʽˋ˃ˈ ˍ˖˄ 

ʶˁˉˇ˃ˉ˗˄ ˍʹˌ ɰˇʹˍʽˁʺˌ ɾˇ˄ʱʵʰˌ ɹˋ˔ˏˇˌ όA.P.U. : Auxiliary Power Unit). 

ʅʹ˃ʶʽ˗˄ʶˍʰʽ  ˈˍʽ ʶ˅ʶˍʱʸˇ˄ˍʰʽ ˁʰʽ ˃ʷʻˇʵˇʽ ʰ˄ˍʽˁʰˍʱˋˍʰˋʹˌ ˍʹˌ ʵʶˏˍʶˊʹˌ ˃ʶ 

ˁˎ˕ʷ˂ʶˌ ˎʵˊˇʴˈ˄ˇˎΦ ʅˍʹ˄ ɳʽˁˈ˄ʰ 1-3 ̄ ʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ʶʴˁʰˍʱˋˍʰˋʹ F.E.G.P. 

¶ ɼʰʻˇ˂ʽˁʺ ʶ˒ʰˊ˃ˇʴʺ ˃ʶʻˈʵ˖˄ ʵʽʰʴ˄˖ˋˍʽˁʺ ̩ˁʰʽ ˋˎ˄ˍʺˊʹˋʹˌ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊ˖˄. 

ʁʽ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʶˌ ˍ˖˄ ʰʶˊˇˋˁʰ˒˗˄ ʶˁˍʾʻˇ˄ˍʰʽ ˋʶ ʲ˂ʰʲʶˊˇˏˌ ˉʰˊʱʴˇ˄ˍʶˌ 

ˈˉ˖ˌ ˋˁˈ˄ʹΣ ʱ˂ʰˌΣ ʰʽʻʱ˂ʹ ˁʰʽ ʷ˄ˍˇ˃ʰΦ ʁ ʶˉʽ˃ʶ˂ʺˌ ˁʰʽ ʷʴˁʰʽˊˇˌ ˁʰʻʰˊʽˋ˃ˈˌ ˍˇˎˌ 

ˇʵʹʴʶʾ ˋʶ ˁʰ˂ˏˍʶˊʶˌ ʶˉʽʵˈˋʶʽˌ ˁʰʽ ˃ʶʾ˖ˋʹ ˍʹˌ ˁʰˍʰ˄ʱ˂˖ˋʹˌ ˍˇˎ ˁʰˎˋʾ˃ˇˎΦ  

ɳˉʽʵʾ˖˅ʹ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˍ˖˄ ˊˏˉ˖˄ ˋʶ ʰʶˊˇʵˊˈ˃ʽˇ ʴʾ˄ʶˍʰʽ ˋˍʹ˄ ʶˊʴʰˋʾʰ ˍ˖˄ Chilongola 

ˁʰʽ Ahyudanari, ʹ ˇˉˇʾʰ ʲʰˋʾˋˍʹˁʶ ˋˍʹ ˉʰ˂ʰʽˈˍʶˊʹ ˃ʶ˂ʷˍʹ ˍ˖˄ Vujovic ˁʰʽ Todorovic. 

ʃʰˊˇˎˋʽʱˋˍʹˁʶ ˋˍˇ ɲʽʶʻ˄ʷˌ ʅˎ˄ʷʵˊʽˇ ʴʽʰ ˍʹ˄ ɮʶˊˇʵʽʰˋˍʹ˃ʽˁʺ ˁʰʽ ˍʹ˄ ɮʶˊˇˉˇˊʾʰ 

(International Conference on Aerospace and Aviation) ̱ ˇ нлмф [5]Φ ɶ ʶˊʴʰˋʾʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ 

ˍˇ˄ ˍˎˉˇˉˇʽʹ˃ʷ˄ˇ ɼˏˁ˂ˇ ʃˊˇˋʴʶʽ˗ˋʹˌ ˁʰʽ ɮˉˇʴʶʾ˖ˋʹˌ όL.T.O. : Landing and Take-off 

Cycle) ˍˇˎ ɲʽʶʻ˄ˇˏˌ ʁˊʴʰ˄ʽˋ˃ˇˏ ʃˇ˂ʽˍʽˁʺˌ ɮʶˊˇˉˇˊʾʰˌΦ ʁ ɼˏˁ˂ˇˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍˇ˄ 

ʶˉˈ˃ʶ˄ˇ ˉʾ˄ʰˁʰ (ʃʾ˄ʰˁʰˌ 1-1) ˁʰʽ ʰ˒ˇˊʱ ˈ˂ʶˌ ˍʽˌ ʶ˄ʷˊʴʶʽʶˌ ˍˇˎ ʰʶˊˇˋˁʱ˒ˇˎˌ ˁʱˍ˖ ʰˉˈ 

914 ˃ ʷˍˊʰ (3.000 ̄ ˈʵʽʰύΦ 

ʃʾ˄ʰˁʰˌ 1-1 Υ ɼˏˁ˂ˇˌ ʃˊˇˋʴʶʾ˖ˋʹˌ ˁʰʽ ɮˉˇʴʶʾ˖ˋʹˌ4 

ɽɳɹʆʁʇʄɱɹɮ ɰɮɸɾʁʅ ʍʅɶʅ (%) ʋʄʁɿɹɼʁ ɲɹɮʅʆɶɾɮ ʅʆɶ ɽɳɹʆʁʇʄɱɹɮ [min] 

ɾɶɲɳɿɹɼʁ ʊʁʄʆɹʁΣ 

ʆʄʁʋʁɲʄʁɾɶʅɶ 
(TAXI/ IDLE) 

100 26 

ɼɮɸʁɲʁʅΣ ʃʄʁʅɱɳɹʍʅɶ 30 4 

ɮɿɮɰɮʅɶ 85 2,2 

ɮʃʁɱɳɹʍʅɶ 100 0,7 

ʃʹʴʺ : ζ!Ǿƛŀǘƛƻƴ ŀƴŘ !ƛǊŎǊŀŦǘ 9ƴƎƛƴŜ 9Ƴƛǎǎƛƻƴǎ ŀǘ WǳŀƴŘŀ [5]η 

ɱʽʰ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʹ ʶ˅ʾˋ˖ˋʹΥ 

 

4 ɇŬ ŭŮŭɞɛɏɜŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɧˊɤɠ Ŭəɟɘɓɩɠ ŮɑɜŬɘ ůŰɖɜ ŮɟɔŬůɑŬ Űɤɜ Chilongola əŬɘ Ahyudanari 
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◖▒ В╣╘╜▒▓Ͻ Ͻ 
 ╔╕╒╞Ͻ╕╒▒▓Ͻ╝▒        (1.1) 

ʂˉˇˎ Υ  

TIMjk : O ˔ˊˈ˄ˇˌ ˉˇˎ ʷ˄ʰ ʰʶˊˇˋˁʱ˒ˇˌ j ˉʶˊ˄ʱ ˋʶ ˂ʶʽˍˇˎˊʴʾʰ k, ̀ ˏ˃˒˖˄ʰ ˃ʶ ˍˇ˄ ʃʾ˄ʰˁʰ м-
1 (ʃʾ˄ʰˁʰˌ 1-1) (min). 

FCjk : ɶ ˁʰˍʰ˄ʱ˂˖ˋʹ ˁʰˎˋʾ˃ˇˎ ˋʶ ˁʱʻʶ ˂ʶʽˍˇˎˊʴʾʰ k ʁ ˄ˈˌ ʰʶˊˇˋˁʱ˒ˇˎˌ j (kg/s). 

Nj : ɮˊʽʻ˃ˈˌ ˋˍˊˇʲʽ˂ˇʰ˄ˍʽʵˊʰˋˍʺˊ˖˄ ʵʽˉ˂ˇˏ ˊʶˏ˃ʰˍˇˌ όturbofan) ̀ ˍˇ ʰʶˊˇˋˁʱ˒ˇˌ j. 

EFCO2 : H ˉʰˊʰʴˈ˃ ʶ˄ʹ ˃ʱʸʰ ʵʽˇ˅ʶʾʵʽˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ ʰ˄ʱ ˔ʽ˂ʽˈʴˊʰ˃˃ˇ ˁʰˎˋʾ˃ˇˎ ˉˇˎ 
ˁʰʾʴʶˍʰʽ (g/kg). ɶ ˉˇˋˈˍʹˍʰ ʰˎˍʺ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍˇ ˃ˇ˄ˍʷ˂ˇ ˍˇˎ ˁʽ˄ʹˍʺˊʰ ˉˇˎ ˃ʶ˂ʶˍʱˍʰʽΣ 
ʰˉˈ ˍˇ ʰʶˊˇˋˁʱ˒ˇˌ ˁʰʽ ˍʽˌ ˋˎ˄ʻʺˁʶˌ ˂ʶʽˍˇˎˊʴʾʰˌΦ ʆˇ ˁʰˏˋʽ˃ˇ ʻʶ˖ˊʶʾˍʰʽ ˁʹˊˇʸʾ˄ʹ ˁʰʽ ˇ 
ʵʶʾˁˍʹˌ ʽˋˇˏˍʰʽ ˃ʶ оΣмррΦ  

ɾʶɹ ʱ˂ˇ ˃ʷˊˇˌ ˍʹˌ ˃ʶ˂ʷˍʹˌΣ ʶˉˇ˃ʷ˄˖ˌΣ ˋˍʹˊʾ˔ʻʹˁʶ ˋˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ˁʰˍʰ˄ʱ˂˖ˋʹˌ ˍˇˎ 

ˁʰˎˋʾ˃ˇˎΦ ɶ ʵʽʰʵʽˁʰˋʾʰ ˉˊʰʴ˃ʰˍˇˉˇʾʹʻʹˁʶ ˃ʶ ʵʶʵˇ˃ʷ˄ʰ ʰˉˈ ˍˇ ɲʽʶʻ˄ʷˌ ɮʶˊˇʵˊˈ˃ʽˇ ˍʹˌ 

ʋˇˎʱ˄ˍʰ όJuanda International Airport) (ɹ˄ʵˇ˄ʹˋʾʰύ. ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ʷˊʶˎ˄ʰˌ 

ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ˄ ʶˉˈ˃ʶ˄ˇ ˉʾ˄ʰˁʰ : 

ʃʾ˄ʰˁʰˌ 1-2 : ʃˇˋˇˋˍˈ ˉʰˊʰʴˈ˃ʶ˄ˇˎ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ ˋˍˇ ʰʶˊˇʵˊˈ˃ʽˇ 

ʅʆɮɲɹʁ ɮʃʁʅʆʁɽɶʅ ʃʁʅʁʅʆʁ 
ʃɮʄɮɱʁɾɳɿʁʇ CO2 [%]  

ɳʃɹɱɳɹɮ ɲɹɮɲʄʁɾɶ 
όɳɼɼɹɿɶʅɶ-ʆɳɽʁʅύ 

40 

ɮʃʁɱɳɹʍʅɶ 12 

ɮɿʁɲʁʅ-ɮɿɮɰɮʅɶ 30 

ɼɮɸʁɲʁʅ-ʃʄʁʅɱɳɹʍʅɶ 18 

ʃʹʴʺ : Aviation and Aircraft Engine Emissions at Juanda International Airport [5] 

 

ɳʾ˄ʰʽ ʶ˃˒ʰ˄ʺˌ ʹ ʶˉʾʵˊʰˋʹ ˍˇˎ ˋˎ˄ʵˎʰˋ˃ˇˏ ˍʹˌ ˗ˋʹˌ ˁʰʽ ˍʹˌ ˔ˊˇ˄ʽˁʺˌ ʵʽʱˊˁʶʽʰˌ 

˂ʶʽˍˇˎˊʴʾʰ ̩̱ ˇˎ ˁʽ˄ʹˍʺˊ,h ˃ ʶ ˍʹ˄ ˉˇˋˈˍʹˍʰ ˍˇˎ ˉʰˊʰʴˈ˃ʶ˄ˇˎ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰΦ  

ɶ ˉʰˊʰˉʱ˄˖ ˉˊˇˋʷʴʴʽˋʹ ˃ˉˇˊʶʾ ˄ʰ ˔ʰˊʰˁˍʹˊʽˋˍʶʾ ˖ˌ ʰ˄ˇʵʽˁʺ ʺ ˋˎ˄ʻʶˍʽˁʺ όζbottom-

upηύΣ ʵʽˈˍʽ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʵʶʵˇ˃ʷ˄ʰ ʴʽʰ ˍʰ ʰʶˊˇˋˁʱ˒ʹ όʴʽʰ ˍˇˎˌ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʶˌ 

ʵʹ˂ʰʵʺύ ˁʰʽ ʴʽʰ ˍʽˌ ˉˍʺˋʶʽˌ ˍˇˎˌΦ ʅˍʹ˄ ʶˊʴʰˋʾʰ ˍ˖˄ Jinglei Yu, Chaofeng Shao, Chenyang 

Xue ˁ ʰʽ Huaqing Hu ɹ ʽʰ ˍˇ ˉʶˊʽˇʵʽˁˈ Energy Policy [6] ̍ ˉˇˎ ˍˇ ʸʺˍʹ˃ʰ ʶʾ˄ʰʽ ˇʽ ˇʽˁˇ˄ˇ˃ʽˁʷˌ 

ʶˉʽˉˍ˗ˋʶʽˌ ˍʹˌ ˉʰˊʰʴ˖ʴʺˌ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁΣh ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʹ ˉʽˇ ʰˉ˂ʺΣ 

ˉʰ˄ˇˊʰ˃ʽˁʺ ˉˊˇˋʷʴʴʽˋʹ όζtop-downηύ Υ 

Ὁ  ὃὙϽὉὊ        ρȢς 
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ɾʶ ARf ˄ʰ ʶʾ˄ʰʽ ʹ ʶˍʺˋʽʰ ˁʰˍʰ˄ʱ˂˖ˋʹ ˁʰˎˋʾ˃ˇˎ ˁʰʽ ECO2 ʹ ˋˎ˄ˇ˂ʽˁʺ ˉʰˊʰʴˈ˃ʶ˄ʹ 

ˉˇˋˈˍʹˍʰ ʵʽˇ˅ʶʾʵʽˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ ʰˉˈ ˍˇ˄ ˍˇ˃ʷʰ ˍʹˌ ʰʶˊˇˉˇˊʾʰˌΦ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ 

ʵʶʾ˔˄ˇˎ˄ ˈˍʽ ʶ˄˗ ˎˉʱˊ˔ʶʽ ˃ʶʴʱ˂ʹ ʰˎ˅ʹˍʽˁʺ ˍʱˋʹ ˋˍʽˌ ʶˁˉˇ˃ˉʷˌΣ ʹ ʵʽʰ˔ʶʾˊʹˋʹ ˍˇˎˌ ʶʾ˄ʰʽ 

ˁʰ˂ˏˍʶˊʹ ˍʰ ˍʶ˂ʶˎˍʰʾʰ ˔ˊˈ˄ʽʰ όʵʶʾˁˍʹˌ CO2 ̄ ˊˇˌ RTK).  

 

ɳʽˁˈ˄ʰ 1-4 : ʃʰˊʰʴ˖ʴʺ ɻ ʽˇ˅ʶʽʵʾˇˎ ̱ ˇˎ ɦ ˄ʻˊʰˁʰ ˁ ʽ˄ʶʸʽˁˇˏ h ʶˊˇˉˇˊʽˁˇˏ ̀ ˍˈ˂ˇˎ (ʃʹʴʺ Υ /ƘƛƴŀΩǎ ŀƛǊŎǊŀŦǘ-
related CO2 emissions: Decomposition analysis, decoupling status, and future trends) 

ɶ ˃ʶ˂ʷˍʹ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ˁʰˍʱ ˍʹ˄ ˉˍʺˋʹ ʶʾ˄ʰʽ ˉʽˇ ˋˏ˄ʻʶˍʹ ʵʽʰʵʽˁʰˋʾʰ. ʍˌ ˉʰˊʱʵʶʽʴ˃ʰ 

ʵʾ˄ʶˍʰʽ  ́ʶˊʴʰˋʾʰ ˍ˖˄  Antonio Filippone, Nicholas Bojdo, Shreya Mehta ˁʰʽ Ben Parkes 

ˉˇˎ ˉʰˊˇˎˋʽʱˋˍʹˁʶ ˋˍˇ ʷ˄ʰˍˇ ˋˎ˄ʷʵˊʽˇ ˍˇˎ ˋˎ˄ʵʷˋ˃ˇˎ OpenSky [7]Φ ʆˇ OpenSky ʶʾ˄ʰʽ 

ʷ˄ʰˌ ˃ʹ ˁʶˊʵˇˋˁˇˉʽˁˈˌ ˋˏ˄ʵʶˋ˃ˇˌ ˃ʶ ʷˊʴˇ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˃ʽʰˌ ˋˎ˂˂ˇʴʺ ̩ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ 

ʵʽʱ˒ˇˊʰ ʰ˃ʶˊʽˁʱ˄ʽˁʰ ˁʰʽ ʶˎˊ˖ˉʰʿˁʱ ʰʶˊˇˋˁʱ˒ʹ [8]. ɶ ʁʻʶ˂ˇ˄ˍʽˁʺ ʵˇˊˎ˒ˇˊʽˁʺ ˂ʺ˕ʹ 

ʵʶʵˇ˃ʷ˄˖˄ ʶʾ˄ʰʽ ʰˎˍˈ˃ʰˍʹ ˁʰʽ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʽˌ ʵʽʰʵˊˇ˃ʷˌ ˍ˖˄ ʰʶˊˇˋˁʰ˒˗˄Σ ˍʽˌ 

ˋˎ˄ʻʺˁʶˌ ˉˍʺˋʹˌ, ˁ ʰʽˊˇˏ ˁʰʽ ˍʹ˄ ʶ˄ʰʷˊʽʰ ˁʾ˄ʹˋʹ (air-traffic). 

ʅˎ˄ˇˉˍʽˁʱΣ ʹ ʁ ˊʴʰˋʾʰ ˍˇˎˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʰ ʰˁˈ˂ˇˎʻʰ ʲʺ˃ʰˍʰ Υ 

мύ ʅˎ˂˂ˇʴʺ ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ ˍˇ OpenSky. ʅˎ˔˄ʱ ʰˎˍʱ ˉʶˊʽʷ˔ˇˎ˄ ˃ʶˊʽˁʱ ˁʶ˄ʱ όʴʽʰ 
ˉʰˊʱʵʶʽʴ˃ʰ ʴʽʰ ˔ʰ˃ʹ˂ʱ ˎ˕ˈ˃ʶˍˊʰύ ˍʰ ˇˉˇʾʰ ˉˊʷˉʶʽ ˄ʰ ʶˁˍʽ˃ʹʻˇˏ˄ ˃ʶ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌΦ 

2) ζʊʽ˂ˍˊʱˋʽ˃ʰη ˁʰʽ ˁʰˍʱ˂˂ʹ˂ʹ ˉˊˇˋʰˊ˃ˇʴʺ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ όʻˈˊˎʲˇˌΣ ˃ʹ 
ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍ)hΦ ɶ ʵˇˎ˂ʶʽʱ ʰˎˍʺ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ ˁʰʽ ˃ʷˋ˖ machine-
learning.  

3) ʋˊʹˋʽ˃ˇˉˇʾʹˋʹ ˃ˇ˄ˍʷ˂˖˄ ʴʽʰ ˍʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍ˖˄ ʰʶˊˇˋˁʰ˒˗˄Σ ˉˇˎ ˔ʰˊʰˁˍʹˊʾʸˇ˄ˍʰʽ 
ʰˉˈ ˍʽˌ ʶ˅ʽˋ˗ˋʶʽˌ Υ 

ὡ ὤὊὡ άὥὼὡ Ͻ
ὢ

ὢ
    ρȢσ 
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Ὂ Ὀ
ὡ

Ὣ
Ͻ
Ὠὡ

Ὠὸ
ὡίὭὲὸὥὲ

Ὠᾀ

Ὠὸ
   ρȢτ 

ɶ ʶ˅ʾˋ˖ˋʹ 1.3 ɻ ʾ˄ʶʽ ˍˇ ʲʱˊˇˌ ̀ ʶ ˋˎ˄ʰˊˍʺˋʹ ˃ʶ :   

ʆˇ ʲʱˊˇˌ ʵʾ˔˖ˌ ˍˇ ˁʰˏˋʽ˃ˇ όZero Fuel Weight : ZFW),  ˍʹ ˃ʷʴʽˋˍʹ ʵˎ˄ʰˍʺ ˉʶˊʽʶˁˍʽˁˈˍʹˍʰ 
ˋʶ ˁʰˏˋʽ˃ˇ όmaxWf), ˍʹ˄ ʶ˃ʲʷ˂ʶʽʰ ˍˇˎ ʰʶˊˇˋˁʱ˒ˇˎˌ ʋ ˁʰʽ ˍʹ˄ ʶ˃ʲʷ˂ʶʽʰ ˋˍˇ ˋʹ˃ʶʾˇ 
ˋ˔ʶʵʾʰˋʹˌ Xdesign. 

ɶ ʶ˅ʾˋ˖ˋʹ 1.4 ɻ ʾ˄ʶʽ ˍʹ˄ ˗ˋʹ ˋʶ ˋˎ˄ʱˊˍʹˋʹ ˃ʶ Υ 

ʆʹ˄ ˇˉʽˋʻʷ˂ˁˇˎˋʰ ʵˏ˄ʰ˃ʹ ˍˇˎ ʰʶˊˇˋˁʱ˒ˇˎˌ D, ˍˇ ʲʱˊˇˌ W ʰˉˈ ˍʹ ˋ˔ʷˋʹ 1.3Σ ʶ˄˗ ˍˇ 
ʵʽʰ˒ˇˊʽˁˈ dz/dt ʁ ˁ˒ˊʱʸʶʽ ʶʾˍʶ ˍʹ˄ ʱ˄ˇʵˇΣ ʶʾˍʶ ˍʹ˄ ˁʱʻˇʵˇ ˍˇˎ ʰʶˊˇˋˁʱ˒ˇˎˌ Φ  

4) ɮ˄ˍʾˋˍˊˇ˒ˇˌ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ʻʶˊ˃ˇʵˎ˄ʰ˃ʽˁ˗˄ ˁʰʽ ˊʶˎˋˍˇ˃ʹ˔ʰ˄ʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ όˇ˂ʽˁʷˌ 
ʻʶˊ˃ˇˁˊʰˋʾʶˌΣ ˉʰˊˇ˔ʺ ˁʰˎˋʾ˃ˇˎΣ ʵʶʾˁˍʶˌ ʷˁ˂ˎˋʹˌ ˊˎˉˇʴˈ˄˖˄ ˉʰˊʰʴˈ˄ˍ˖˄ύ ˃ʷˋ˖ ˍʹˌ 
˗ˋʹˌ ˁʰʽ ˍˇˎ ʲʱˊˇˎˌΦ ɳʽʵʽˁʱ ʴʽʰ ˍˇˎˌ ʵʶʾˁˍʶˌΣ ʰ˅ʽˇˉˇʽʶʾˍʰʽ ʹ ˍˊʱˉʶʸʰ ʵʶʵˇ˃ʷ˄˖˄ ˍˇˎ 
ɲʽʶʻ˄ˇˏˌ ʁˊʴʰ˄ʽˋ˃ˇˏ ʃˇ˂ʽˍʽˁʺˌ ɮʶˊˇˉˇˊʾʰˌ όI.C.A.O. Databank). ʂ˃˖ˌ ʰˎˍˇʾ ˉʰˊʷ˔ˇ˄ˍʰʽ 
ʴʽh ˋˎ˄ʻʺˁʶˌ ʰ˄ʰ˒ˇˊʱˌ ˁʰʽ ˋˍˇ ʶˉʾˉʶʵˇ ˍʹˌ ʻʱ˂ʰˋˋʰˌΣ ˇˉˈˍʶ ʰˉʰʽˍˇˏ˄ˍʰʽ ˇˊʽˋ˃ʷ˄ʶˌ 
ˉˊˇˋʶʴʴʾˋʶʽˌ ʴʽʰ ʵʽʱ˒ˇˊˇˎˌ ʰˊʽʻ˃ˇˏˌ Mach, ˎ˕ˈ˃ʶˍˊˇ ˁʰʽ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎ 
ˁʰʽˊˇˏΦ 

5) ʁˊʴʱ˄˖ˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʲʱˋʶʽ ʰˉˇˋˍˇ˂ʺˌ ʺ ʰʶˊˇˋˁʱ˒ˇˎˌΦ  

ʁʽ ʰ˄ʻˊʰˁʽˁʷˌ ʶˁˉˇ˃ˉʷˌ ʷ˔ˇˎ˄ ˃ʶʴʱ˂ˇ ʶˏˊˇˌ ˍʽ˃˗˄Φ ɱʽʰ ˃ʽʰ ʰˉˇˋˍˇ˂ʺ ˃ʶʴʱ˂ʹˌ ʶ˃ʲʷ˂ʶʽʰˌ 
˃ˉˇˊʶʾ ˄ʰ ˉʰˊʱʴˇ˄ˍʰʽ ˁʰˍʱ ˃ʷˋˇ ˈˊˇ тΣор kg ʷ˖ˌ млс kg ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ ʰ˄ʱ 
ό˄ʰˎˍʽˁˇύ ˃ʾ˂ʽ όˉʶˊʾˉˇˎ оΣр ˃ʶ рл kg ʰ˄ʱ ˔ʽ˂ʽˈ˃ʶˍˊˇύ. ʇˉʱˊ˔ʶʽ ˅ʶˁʱʻʰˊʹ ʶ˅ʱˊˍʹˋʹ ʰˉˈ ˍʹ˄ 
ˉˇˋˈˍʹˍʰ ˁʰˎˋʾ˃ˇˎ ˉˇˎ ˁʰʾʴʶˍʰʽ ʰ˄ʱ ˉʶˊʾˉˍ˖ˋʹΦ ɱʽʰ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʶ˄ˈˌ ʶ˂ʽˁˇˉˍʷˊˇˎ 
ό˃ʶ ˁʽ˄ʹˍʺˊʰ ʰ˄ʰ˒ˇˊʱˌ ˍˇ˄ Turbomeca Arriel 2B1ύΣ ˇʽ ʶˁˉˇ˃ˉʷˌ ʰ˄ʷˊ˔ˇ˄ˍʰʽ ˋˍ h806 kg ɹ ʽʰ 
˃ʾʰ ˉˍʺˋʹ όʰ˄ʰ˒ˇˊʱˌύ ˉʶ˄ʺ˄ˍʰ ˉʷ˄ˍʶ ˂ʶˉˍ˗˄Φ  

ʅʹ˃ʶʽ˗˄ʶˍʰʽ ˈˍʽ ʷ˔ˇˎ˄ ʰ˄ʰˉˍˎ˔ʻʶʾ ˉˇ˂˂ʱ ˎˉˇ˂ˇʴʽˋˍʽˁʱ ˉˊˇʴˊʱ˃˃ʰˍʰ ʴʽʰ ˍˇ˄ 
ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍ˖˄ ˊˏˉ˖˄ ʶ˄ˈˌ ʰʶˊˇˋˁʱ˒ˇˎˌΦ ɴ˄ʰ ʰˉˈ ʰˎˍʱ ʶʾ˄ʰʽ ˍ ̌ C.A.M.A.C.M. 
(Commercial AircraftΩs Mission Analysis Computational Model) ˍˇˎ ʶˊʴʰˋˍʹˊʾˇˎ 
ʅˍˊˇʲʽ˂ˇ˃ʹ˔ʰ˄˗˄ ˍˇˎ ɳʻ˄ʽˁˇˏ ɾʶˍˋˈʲʽˇˎ ʃˇ˂ˎˍʶ˔˄ʶʾˇˎΦ ʆˇ ˉˊˈʴˊʰ˃˃ʰ ˃ˉˇˊʶʾ ˄ʰ ʵ˗ˋʶʽ 
ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍʹ˄ ˁʰˍʰ˄ʱ˂˖ˋʹ ˍˇˎ ˁʰˎˋʾ˃ˇˎ ˁʰʽ ˍˇˎˌ ˊˏˉˇˎˌΣ ˉʰˊʷ˔ˇ˄ˍʰˌ ʶˎ˔ʷˊʶʽʰ 
ˋˍˇ˄ ˔ˊʺˋˍʹ ˄ʰ ˇˊʾˋʶʽ ˖ˌ ˃ʶˍʰʲ˂ʹˍʷˌ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˁʰʽ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ 
ˍˇˎ ʰʶˊˇˋˁʱ˒ˇˎ.̩ ɳˁˍʶ˄ʷˋˍʶˊʹ ˃ʶ˂ʷˍʹ ˍˇˎ C.A.M.A.C.M. ɹ ʾ˄ʶˍʰʽ ˋˍʹ ˉʰˊʱʴˊʰ˒ˇ 6.2. 

ʃʶˊ˄˗˄ˍʰˌ ˋˍˇ˄ ʾʵʽˇ ˍˇ˄ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʰΣ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ʵˏˇ ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁʷˌ 
ʶˊʴʰˋʾʶˌΦ ɶ ˇ˃ʱʵʰ ˍ˖˄ Przysowa R., Gawron B., .ƛŀƱŜŎƪƛΣ ¢Φ, _ŜƎƻǿƛƪ !Φ, Merkisz J. ˁʰʽ 
Jasinski R. ˉˊʰʴ˃ʰˍˇˉˇʾʹˋ ʁʷ˄ʰ ʶˊʴʰˋˍʹˊʽʰˁˈ ˉʶʾˊʰ˃ʰ ˋʶ ˋˍˊˇʲʽ˂ˇʰ˄ˍʽʵˊʰˋˍʺˊʰ DGEN 
380 [9]. ɳʾ ˄ʰʽ ˇ ˃ʽˁˊˈˍʶˊˇˌ, ˃ʶ˂˂ˇ˄ˍʽˁʱ ʵʽʰʻʷˋʽ˃ˇˌ ˋˍˊˇʲʽ˂ˇʰ˄ˍʽʵˊʰˋˍʺˊʰˌ  ˁʰʽ 
ˉˊˇˇˊʾʸʶˍʰʽ ʴʽʰ ˃ʽˁˊʱ ˎˉˇʹ˔ʹˍʽˁʱ ʰʶˊˇˋˁʱ˒ʹ όп-р ʻʷˋʶ˖˄ύ [10]. ɰˊʾˋˁʶˍʰʽ ˋʶ ˉˊ˗ʽ˃ˇ 
ˋˍʱʵʽˇ ˁʰʽ ʶˁˁˊʶ˃ʶʾ ˄ʰ ˂ʱʲʶʽ ̄ ʽˋˍˇˉˇʾʹˋʹ ʴʽʰ ʶ˄ˋ˖˃ʱˍ˖ˋʹ ˋʶ ʰʶˊˇˋˁʱ˒ʹΦ   
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ʅˁˇˉˈˌ ˍʹˌ ʷˊʶˎ˄ʰˌ ˍˇˎˌ ʶʾ˄ʰʽ ʹ ʵˇˁʽ˃ʺ ˄ʷ˖˄ ʲʽˇˁʰˎˋʾ˃˖˄Σ ʹ ˇˉˇʾʰ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˋʶ 
˃ʽˁˊˇˏˌ ˋˍˊˇʲʽ˂ˇʰ˄ˍʽʵʰˋˍʺˊʶˌ όmicroturbines)Φ ɶ ̝ ˊʺˋʹ ˃ʶʴʱ˂˖˄ 
ˋˍˊˇʲʽ˂ˇʰ˄ˍʽʵˊʰˋˍʺˊ˖˄ ʵʶ˄ ʶʾ˄ʰʽ ˉˊʰˁˍʽˁʺΣ ʴʽʰˍʾ ʶʾ˄ʰʽ ʹ ˃ʽˁˊʺ ˉˇˋˈˍʹˍʰ ʲʽˇˁʰˎˋʾ˃ˇˎ 
ˉˇˎ ʶʾ˄ʰʽ ʵˎ˄ʰˍˈ˄ ˄ʰ ʵʹ˃ʽˇˎˊʴʹʻʶʾΦ ʆˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ ˋʹ˃ʶʾˇ ʶʾ˄ʰʽ ˈˍʽ ˇʽ ˃ʶˍˊʺˋʶʽˌ ˍ˖˄ 
ˊˏˉ˖˄ όCO, NOx, HC, CO2) ʴʾ˄ʶˍʰʽ ʰˉʶˎʻʶʾʰˌ ʰˉˈ ˍʹ ˉʹʴʺΣ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ʰ˄ʰ˂ˎˍʺ 
SemTech DS. ʁ ʰ˄ʰ˂ˎˍʺˌ ˂ʶʽˍˇˎˊʴʶʾ ˖ˌ ˃ʶˍˊʹˍʺˌ ˉʰˊˇ˔ʺˌ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ʵʽʰ˔˖ˊʾʸʶʽ 
ˉˇˋˈˍʹˍʶˌ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ʰʶˊʾ˖˄Φ ʅˍʹ˄ ɳʽˁˈ˄ʰ 1-5 ̄ ʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ˉʶʽˊʰ˃ʰˍʽˁʺ ʵʽʱˍʰ˅ʹΥ 

 

ɳʽˁˈ˄ʰ 1-5 : ʃʶʽˊʰ˃ʰˍʽˁʺ ɻ ʽʱˍʰ˅ʹ h ˄ʱ˂ˎˋʹˌ ʲʽˇˁʰˎˋʾ˃ˇˎ (ʃʹʴʺ: Performance and Emissions of a 
Microturbine and Turbofan Powered by Alternative Fuels) 

 

ɳʽˁˈ˄ʰ 1-6 : ʅˎ˃ˉʶˊʱˋ˃ʰˍʰ ʴʽʰ ˎ ʵˊˇʴˇ˄ˇˁʰˍʶˊʴʰˋ˃ʷ˄ˇˎˌ ʶˋˍʷˊʶˌ ˁ ʰʽ ˂ ʽˉʰˊʱ ̌ ˅ʷʰ (ʃʹʴʺ: Performance and 
Emissions of a Microturbine and Turbofan Powered by Alternative Fuels) 

ʆʰ ʲʽˇˁʰˏˋʽ˃ʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʺˍʰ˄ ˍʰ A.T.J ˁʰʽ H.E.F.A. ˃ʶ ʵʽʰˊˁ˗ˌ ˃ʶʴʰ˂ˏˍʶˊʹ 
ʰˏ˅ʹˋʹ ˍʹˌ ʰ˄ʱ˃ʽ˅ʹˌ ˃ʶ ˍˇ ˋˎ˃ʲʰˍʽˁˈ ˁʰˏˋʽ˃ˇ ˁʰʽ ʰˎ˅ˇ˃ʶʾ˖ˋʹ ˍ˖˄ ˋˍˊˇ˒˗˄ ˋˏ˃˒˖˄ʰ 
˃ʶ ˍˇ˄ ˁˏˁ˂ˇ ʃˊˇˋʴʶʾ˖ˋʹˌ ˁʰʽ ɮˉˇʴʶʾ˖ˋʹˌ.  ɼʰʽ ˋˍʽˌ ʵˏˇ ʶ˒ʰˊ˃ˇʴʷˌ ʵʽʰˉʽˋˍ˗ʻʹˁʶ 
˃ʶʾ˖ˋʹ ˋˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˎʵˊˇʴˇ˄ʰ˄ʻˊʱˁ˖˄Σ ʰ˂˂ʱ ʰˏ˅ʹˋʹ ˋˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˍˇˎ 
˃ˇ˄ˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ όCO). ɶ ˉʰˊʰʴ˖ʴʺ ˍˇˎ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ ʶʾ˔ʶ ˃ʾʰ ʰˊˁʶˍʱ 
˃ʽˁˊʺ ʰˏ˅ʹˋʹ (ɳʽˁˈ˄ʰ 1-6)Φ ʆˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ʵʶ ˃ˉˇˊʶʾ ˄ʰ ʶˊ˃ʹ˄ʶˎˍʶʾ ˃ʶ ʲʶʲʰʽˈˍʹˍʰΣ ʰ˂˂ʱ ʹ 
ˁˎˊʾʰˊ˔ʹ ˎˉˈʻʶˋʹ ʶʾ˄ʰʽ ˈˍʽ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍʽˌ ʽʵʽˈˍʹˍʶˌ ˍˇˎ ˋˍˇˎ ˋˍˊˇʲʽ˂ˇʰ˄ˍʽʵ́ ʰˋˍʺˊʰ 
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όˎ˕ʹ˂ʺ ˍʽ˃ʺ S.F.C. (specific fuel consumption) ˂ˈʴ˖ ˃ʶʴʱ˂ˇˎ ʰˁˍʽ˄ʽˁˇˏ ʵʽʰˁʷ˄ˇˎ όtip 
clearance)).  

ʅʶ ˉʶʽˊʰ˃ʰˍʽˁʺ ʵʽʱˍʰ˅ʹ ʶ˄ˈˌ ˃ʽˁˊˇˏ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʰ ˃ʶ ˃ˇ˄ˇʲʱʻ˃ʽˇ ˒ˎʴˇˁʶ˄ˍˊʽˁˈ 
ˋˎ˃ˉʽʶˋˍʺ ˁʰʽ ˃ˇ˄ˇʲʱʻ˃ʽˇ ʰ˅ˇ˄ʽˁˈ ˋˍˊˈʲʽ˂ˇΣ ˇʽ Balaji V., Kaliappan S, Madhuvanesan 
D.M., Ezhumalai D.S., Boopathi S., Patil Pravin P. ˁʰʽ Saiprakash M. ˁʰˍʷ˂ʹ˅ʰ˄ ˋʶ 
ʵʽʰ˒ˇˊʶˍʽˁʱ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ [11].  

  

ɳʽˁˈ˄ʰ 1-7 : ʅˎ˃ˉʶˊʱˋ˃ʰˍʰ ˔ˊʺˋʹˌ ̡ ʽˇˁʰˎˋʾ˃ˇˎ ˃  ʁ˄ ʰ˄ˇˋ˖˃ʰˍʾʵʽʰ (ʃʹʴʺ: Combustion analysis of 
biodiesel-powered propeller engine for least environmental concerns in aviation industry [11]) 

 

ɱʽʰ ˍʹ ˃ʶ˂ʷˍʹ ˍˇˎˌ ʵʹ˃ʽˇˎˊʴʺˋʰ˄ ʷ˄ʰ ʽʵʽʰʾˍʶˊˇ ʲʽˇˁʰˏˋʽ˃ˇΣ ˍˇ ˇˉˇʾˇ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ 
˃ʾʴ˃ʰ ˒ˎˍʽˁ˗  ˄ ʶ˂ʰʾ˖˄ (H.E.F.A.) ˃ ʁ ˄ʰ˄ˇˋ˖˃ʰˍʾʵʽʰ ˇ˅ʶʽʵʾˇˎ ˍˇˎ ʰˊʴʽ˂ʾˇˎΦ ʆʰ 
˄ʰ˄ˇˋ˖˃ʰˍʾʵʽʰ ʵʹ˃ʽˇˎˊʴˇˏ˄ ʶˉʽ˒ʱ˄ʶʽʶˌ ˉ˂ˇˏˋʽʶˌ ˋʶ ˇ˅ˎʴˈ˄ˇ ˗ˋˍʶ ˄ʰ ʶ˃ˉ˂ˇˎˍʾˋˇˎ˄ ˍˇ 
ˁʰˏˋʽ˃ˇ ˁʰʽ ˄ʰ ʵʽʶˎˁˇ˂ˏ˄ˇˎ˄ ˍʹ˄ ˁʰˏˋʹΦ  

ʂˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ʰˉˈ ˍʹ˄ ɳʽˁˈ˄ʰ 1-7 ʹ ̝́ ʺˋʹ ˍˇˎ ʲʽˇˁʰˎˋʾ˃ˇˎ ˇʵʺʴʹˋʶ ˋʶ ˁʰ˂ˏˍʶˊʹ ˁʰˏˋʹ 
ό˃ʶʾ˖ˋʹ ˍˇˎ ˉʰˊʰʴˈ˃ʶ˄ˇˎ CO), h ˂˂ʱ ʰˏ˅ʹˋʶ ˍʽˌ ˉʰˊʰʴ˖ʴʷˌ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ ˂ˈʴ˖ 
ˍʽˌ ˃ʶʴʰ˂ˏˍʶˊʹˌ ˉʶˊʽʶˁˍʽˁˈˍʹˍʰˌ ˍˇˎ ˁʰˎˋʾ˃ˇˎ ˋʶ ˇ˅ˎʴˈ˄ˇΦ  
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ʆʷ˂ˇˌΣ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ʶˊʴʰˋʾʰ ˍ˖˄ Tuzcu H.,  Sohret Y. ˁʰʽ Caliskan H., ʹ ˇˉˇʾʰ ʰ˒ˇˊʱ 
ˍʽˌ ʶˉʽʵˈˋʶʽˌ ʶ˄ˈˌ ˋˍˊˇʲʽ˂ˇʰ˄ˍʽʵˊʰˋˍʺˊʰ ʵʽˉ˂ˇˏ ˊʶˏ˃ʰˍˇˌ ˖ˌ ˉˊˇˌ ˍʹ˄ ʻʶˊ˃ʽˁʺ 
ʰˉˈʵˇˋʹΣ ˍʽˌ ʶˁˉˇ˃ˉʷˌ ˁʰʽ ˍˇ ˁˈˋˍˇˌ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ [12]. ʁ 
ˋˍˊˇʲʽ˂ˇʰ˄ˍʽʵˊʰˋˍʺˊʰˌ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˋˍˊˈʲʽ˂ˇ ˎ˕ʹ˂ʺˌ ˁʰʽ ˔ʰ˃ʹ˂ʺˌ ˉʾʶˋʹˌ ˁʰʽ ˍʰ 
ˋʹ˃ʰ˄ˍʽˁʱ ʻʶˊ˃ˇʵˎ˄ʰ˃ʽˁʱ ˁʰʽ ˊʶˎˋˍˇ˃ʹ˔ʰ˄ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎ ˋˎ˄ˇ˕ʾʸˇ˄ˍʰʽ ˋˍˇ˄ 
ʃʾ˄ʰˁʰ 1-3 (ʃʾ˄ʰˁʰˌ 1-3). 

ʃʾ˄ʰˁʰˌ 1-3 : ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ ˋˍˊˇʲʽ˂ˇʰ˄ˍʽʵˊʰˋˍʺˊʰ ˍʹˌ ʷˊʶˎ˄ʰˌ 

ʅɶɾɳɹʁ ʄɳʇʅʆʁ  ʃɮʄʁʋɶ 
ɾɮɵɮʅ όKG/S) 

ɸɳʄɾʁɼʄɮʅɹɮ 
(K) 

ʃɹɳʅɶ όKPA) 

ʃɳʄɹɰɮɽɽʁɿ ɮʷˊʰˌ - 288,1 101,3 

ɮɿɳɾɹʅʆɶʄɮʅ ɮʷˊʰˌ 70,33 288,1 100,3 

ʅʇɾʃɹɳʅʆɶʅ 
όɳɹʅʁɲʁʅύ 

ɮʷˊʰˌ 70,33 453,6 397,2 

ɸɮɽɮɾʁʅ ɼɮʇʅɶʅ 
όɳɹʅʁɲʁʅύ 

ɮʷˊʰˌ 70,33 701,1 1.608 

ɳɱʋʇʅɶ ɼɮʇʅɹɾʁʇ ɼʹˊˇʸʾ˄ʹ 2,97 288,1 101,3 

ʅʆʄʁɰɹɽʁʅ ʇʌɶɽɶʅ 
ʃɹɳʅɶʅ 

ɼʰˎˋʰʷˊʽˇ 73,3 1.217 1.544 

ʅʆʄʁɰɹɽʁʅ 
ʋɮɾɶɽɶʅ ʃɹɳʅɶʅ 

ɼʰˎˋʰʷˊʽˇ 73,3 941,5 578 

ɳʀʁɲʁʅ ʅʆʄʁɰɹɽʁʇ 
ʋɮɾɶɽɶʅ ʃɹɳʅɶʅ 

ɼʰˎˋʰʷˊʽˇ 73,3 705,2 180 

ʃʹʴʹ : Energy, environment and enviroeconomic analyses and assessments of the turbofan engine used in aviation 
industry [12] 

ɶ ˉˇˋˈˍʹˍʰ ˍˇˎ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ ˉˇˎ ʶˁ˂ˏʶˍʰʽ ʵʾ˄ʶˍʰʽ ʰˉˈ ˍʹ˄ ʶ˅ʾˋ˖ˋʹΥ 

  ὣ Ͻὸ     ρȢυ 

ɶ ˇˉˇʾʰ ʶˁ˒ˊʱʸʶˍʰʽ ˖ˌ ʹ ˉˇˋˈˍʹˍʰ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ ˋʶ ˔ʽ˂ʽˈʴˊʰ˃˃ʰ ʰ˄ʱ ˃ʾʰ 
˔ˊˇ˄ʽˁʺ ˉʶˊʾˇʵˇΣ ˃ʶ Yco2 ˍʹ˄ ˉʰˊˇ˔ʺ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ ˃ʶˍʱ ˍˇ˄ ʻʱ˂ʰ˃ˇ ˁʰˏˋʹˌ 
ˁʰʽ tworking ˍʹ˄ ˔ˊˇ˄ʽˁʺ ʵʽʱˊˁʶʽʰ ˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ʶ˄ˈˌ ˋˍˊˇʲʽ˂ˇʰ˄ˍʽʵˊʰˋˍʺˊʰ όˁʰˍʱ ˃ʷˋˇ 
ˈˊˇ ʵʷˁʰ ˗ˊʶˌ ˍʹ˄ ʹ˃ʷˊʰύΦ  

ɱʽʰ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍʹˌ Yco2 ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʹ ʰ˄ʰ˂ˎˍʽˁʺ ʶ˅ʾˋ˖ˋʹ ˍʹˌ ˁʰˏˋʹˌ ˍʹˌ 
ˁʹˊˇʸʾ˄ʹˌ Υ 

ὅ Ὄ ὲ πȟχυφϽὔ πȟςπσυϽὕ σȟτυϽρπϽὅὕ χϽρπ Ͻὅὕ 
ᴼὲϽὅὕ ὲϽὌὕ ὲϽὔ ὲϽὔὕ      ρȢφ 

ɾʶ ni ˍʽˌ ˉˇˋˈˍʹˍʶˌ ˋʶ moles, ʶ˄˗ ˍˇ ˁˈˋˍˇˌ ˍˇˎ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ ʴʽʰ ˃ʾʰ ˔ˊˇ˄ʽˁʺ 
ˉʶˊʾˇʵˇ (ˋʶ ʵˇ˂ʱˊʽʰ) ʁ ʾ˄ʰʽΥ 
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ὅ    Ͻὧ    ρȢχ 

ɾʶ cCO2 ˄ʰ ʶʾ˄ʰʽ ʹ ˍʽ˃ʺ ˍˇˎ ʱ˄ʻˊʰˁʰ όˋʶ ʵˇ˂ʱˊʽʰύ ʰ˄ʱ ˍˈ˄ˇ ̱ ˇ нлму. ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ 
˃ʶ˂ʷˍʹˌ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍˇ˄ ʶˉˈ˃ʶ˄ˇ ˉʾ˄ʰˁʰ (ʃʾ˄ʰˁʰˌ 1-4): 

ʃʾ˄ʰˁʰˌ 1-4 : ɮ˄ʻˊʰˁʽˁˈ ˁʰʽ ˇʽˁˇ˄ˇ˃ʽˁˈ ˁˈˋˍˇˌ ̀ ˍˊˇʲʽ˂ˇʰ˄ˍʽʵˊʰˋˍʺˊʰ 

ʃɮʄɮɾɳʆʄʁʅ ʆɹɾɶ ɾʁɿɮɲɳʅ 

YCO2 9,969 kg/s 

tworking 10 h/day 

XCO2 359 tonCO2/day 

cCO2 16 US$/tonCO2 

CCO2 5743 US$/day 

ʃʹʴʹ : Energy, environment and enviroeconomic analyses and assessments of the turbofan engine used in aviation 
industry [12] 

ʁ ̔ˋˎʴʴˊʰ˒ʶʾˌ ˋˎ˃ˉʶˊʰʾ˄ˇˎ˄ ˈˍʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍʹ˄  ˉˊˇˋ˖ˉʽˁʺ ˍˇˎˌ 
˃ʶ˂ʷˍʹ ʶʾ˄ʰʽ ʰˁˊʽʲʺΣ ʵʽˈˍʽ ˉˊˇˁˏˉˍʶʽ ˉ˖ˌ ʷ˄ʰ ˔ʽ˂ʽˈʴˊʰ˃˃ˇ ˁʹˊˇʸʾ˄ʹˌ ʶˁ˂ˏʶʽ оΣор 
˔ʽ˂ʽˈʴˊʰ˃˃ʰ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰΦ ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˍʹˌ NASA ɻ ʾ˄ˇˎ˄ ˍʹ˄ ʾʵʽʰ ˉˇˋˈˍʹˍʰ ˖ˌ 
3,15 kg/kgCO2, ̄ ˇˎ ʶʾ˄ʰʽ ˋ˔ʶˍʽˁʱ ˁˇ˄ˍʱ όс҈ ʰˉˈˁ˂ʽˋʹύΦ ɳˉˇ˃ʷ˄˖ˌ ˁʰʽ ʷ˄ʰ ʰˉ˂ˇˉˇʽʹ˃ʷ˄ˇ 
˃ˇ˄ˍʷ˂ˇ ʶ˄ˈˌ ˋˍˊˇʲʽ˂ˇʰ˄ˍʽʵˊʰˋˍʺˊʰ ˃ˉˇˊʶʾ ˄ʰ ʵ˗ˋʶʽ ʽˁʰ˄ˇˉˇʽʹˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ʴʽʰ ˍʽˌ 
ʶˁˉˇ˃ˉʷˌ ˍ˖˄ ˊˏˉ˖˄ ˍˇˎ ˁ ʰˍʱ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ. 

ʅˎ˃ˉʶˊʰˋ˃ʰˍʽˁʱ ˎˉʱˊ˔ˇˎ˄ ʵʽʱ˒ˇˊˇʽ ˍˊˈˉˇʽ ʴʽʰ ˄ʰ ʶˁˍʽ˃ʹʻˇˏ˄ ˇʽ ʶˁˉˇ˃ˉʷˌ ʵʽˇ˅ʶʽʵʾˇˎ 
ˍˇˎ ʱ˄ʻˊʰˁʰ ʶ˄ˈˌ ˋˎˋˍʺ˃ʰˍˇˌ όʰʶˊˇʵˊˈ˃ʽˇύ ʺ ʶ˄ˈˌ ˉˊˇʿˈ˄ˍˇˌ όʰʶˊˇˋˁʱ˒ˇˌ ς 
ʰʶˊˇˉˇˊʽˁˈˌ ˁʽ˄ʹˍʺˊʰˌύΦ ʆˇ ˋˏˋˍʹ˃ʰ ˃ʶˍʰʲʱ˂˂ʶʽ ˍʽˌ ʶˁˉˇ˃ˉʷˌ ˍˇˎ ʰ˄ʱ˂ˇʴʰ ˍˇ ʶʾʵˇˌ ˍ˖˄ 
ʶʽˋˊˇ˗˄ ʶ˄ʷˊʴʶʽʰˌ ˁʰʽ ˎ˂ʽˁ˗˄ ό˔ˊʺˋʹ ʰ˄ʰ˄ʶ˗ˋʽ˃˖˄ ˉʹʴ˗˄ ʶ˄ʷˊʴʶʽʰˌΣ ˔ˊʺˋʹ ʲʽ˗ˋʽ˃˖˄ 
ˁʰˎˋʾ˃˖˄ ʰʶˊˇˉˇˊʾʰˌύΦ ɳˉʾˋʹˌ ˒ʰʾ˄ʶˍʰʽ ˈˍʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˃ˉˇˊʶʾ ˄ʰ ʵʽʰ˒ʷˊˇˎ˄ ʰ˄ ˇʽ 
ˉʶʽˊʰ˃ʰˍʽˁʷˌ ʵʽʰˍʱ˅ʶʽˌ ˉʰˊˇˎˋʽʱʸˇˎ˄ ʵʽʰ˒ˇˊʷˌΦ  

ɶ ˉ˂ʶʽˇ˄ˈˍʹˍʰ ˍ˖˄ ˃ʶ˂ʶˍ˗˄ ʶˉʽˁʶ˄ˍˊ˗˄ˇ˄ˍʰʽ ˋˍʽˌ ʱ˃ʶˋʶˌ ʶˁˉˇ˃ˉʷˌ ˍ˖˄ 
ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊ˖˄Σ ʶ˄˗ ˂ʾʴʶˌ ʶ˅ʶˍʱʸˇˎ˄ ˇ˂ˈˁ˂ʹˊˇ ˍˇ˄ ˁˏˁ˂ˇ ʸ˖ʺˌ ˍˇˎˌ. ɾʱ˂ʽˋˍʰΣ ʶʾ˄ʰʽ 
ˋˏ˄ʹʻʶˌ ˇʽ ˃ʶ˂ʷˍʶˌ ˄ʰ ʶ˅ʶˍʱʸˇˎ˄ ˍˇ ʰʶˊˇˋˁʱ˒ˇˌ ˇ˂ˈˁ˂ʹˊˇ ˖ˌ ˉˊˇˌ ˍˇ˄ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁˈ 
ˍˇˎ ʰ˄ˍʾˁˍˎˉˇΦ ɶ ʶˊʴʰˋʾʰ ʰˎˍʺ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˅ʶ˔˖ˊʽˋˍʺ ʰˉˈ ˍʽˌ ʱ˂˂ʶˌΣ ʶˉˇ˃ʷ˄˖ˌΣ ʰ˒ˇˏ 
˃ʁ ˂ʶˍʱˍʰʽ ˇ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʰˌ ˖ˌ ʷ˄ʰ ʰ˄ʶ˅ʱˊˍʹˍˇ ˉˊˇʿˈ˄Φ  

1.4 ʅˏ˄ˇ˕ʹ ˁʰʽ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ 

ʅˍˇ ˁʶ˒ʱ˂ʰʽˇ ʰˎˍˈ ʷʴʽ˄ʶ ˃ʾʰ ʶʽˋʰʴ˖ʴʺ ˋˍˇ ˁˇ˃˃ʱˍʽ ˍʹˌ ˃ʶ˂ʷˍʹˌ ʰʷˊʽ˖˄ ˊˏˉ˖˄ ˋˍʽˌ 
ʻʶˊ˃ʽˁʷˌ ˋˍˊˇʲʽ˂ˇ˃ʹ˔ʰ˄ʷˌΦ ɮˊ˔ʽˁʱ ˉʰˊˇˎˋʽʱˋˍʹˁʶ ʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʰ 
ˁʰʽ ˇ ˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ˁʰʽ ˍˇ ʶʾʵˇˌ ˍ˖˄ ʰʷˊʽ˖˄ ˊˏˉ˖˄Φ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʷʴʽ˄ʶ ʶˋˍʾʰˋʹ ˋˍʹ˄ 
ʶˉʽˋˍʹ˃ˇ˄ʽˁʺ ʷˊʶˎ˄ʰ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹ ˍˇˎˌ ˃ʷˋ˖ ˍʹˌ 
ʲʶ˂ˍʾ˖ˋʹˌ ˍˇˎ ˋ˔ʶʵʽʰˋ˃ˇˏ ˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʰΦ  



  ɳˁˍʾ˃ʹˋʹ ɮ˄ʻˊʰˁʽˁˇˏ ɮˉˇˍˎˉ˗˃ʰˍˇˌ ʅˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʰ ˁʰˍʱ ˍˇ˄ ɼˏˁ˂ˇ ɵ˖ʺˌ ˍˇˎ 
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ɶ ʷˊʶˎ˄ʰ ˃ˉˇˊʶʾ ˄ʰ ʶˉʽˁʶ˄ˍˊ˖ʻʶʾ ˋˍˇ ʰʶˊˇʵˊˈ˃ʽˇ ˁʰʽ ˍˇ ʰʶˊˇˋˁʱ˒ˇˌ ˋˎ˄ˇ˂ʽˁʱ ʺ ˄ʰ 
ʰ˒ˇˋʽ˖ʻʶʾ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ˋˍˇ˄ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʰΦ ʆʰ ʶʾʵʹ ˍ˖˄ ˃ʶ˂ʶˍ˗˄ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ 
ˉˊʰʴ˃ʰˍˇˉˇʽʹʻˇˏ˄ ˔˖ˊʾʸˇ˄ˍʰʽ ˁˎˊʾ˖ˌ ˋʶ ʻʶ˖ˊʹˍʽˁʷˌ ˃ʶ˂ʷˍʶˌ ˉʶˊʽˉˍ˗ˋʶ˖˄ όcase studies) 
ʰ˂˂ʱ ˁʰʽ ˉˊʰʴ˃ʰˍʽˁʷˌ ʶˊʴʰˋˍʹˊʽʰˁʷˌ ʵˇˁʽ˃ʷˌ ʻʰ˂ʱ˃˖˄ ˁʰˏˋʹˌ ˁʰʽ ˁʰˎˋʾ˃˖˄Φ  

ʆˇ ʲʰˋʽˁˈ ˋˎ˃ˉʷˊʰˋ˃ʰ ʶʾ˄ʰʽ ˈˍʽ ʹ ˃ʶ˂ʷˍʹ ˍ˖˄ ʰ˄ʻˊʰˁʽˁ˗˄ ʶˁˉˇ˃ˉ˗˄ ˍ˖˄ 
ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊ˖˄ ˋˎ˃ˉʾˉˍʶʽ ˃ʶ ˍʹ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ˉˇʽˈˍʹˍʰˌ ˍ˖˄ ʵʽʶˊʴʰˋʽ˗˄ ˁʰˏˋʹˌ ˁʰʽ 
ˍ˖˄ ʶˉʽʵˈˋʶ˖˄ ˍˇˎ ˁʽ˄ʹˍʺˊʰΦ ɶ ˃ʶ˂ʷˍʹ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ˉˇ˂ˏˉˍˎ˔ʹΣ ʰ˄ʱ˂ˇʴʰ ˍʰ ˈˊʽʰ ˍˇˎ 
ˋˎˋˍʺ˃ʰˍˇˌ ˉˇˎ ʷ˔ˇˎ˄ ˇˊʽˋˍʶʾΣ ʶ˄˗ ʶˉʾˋʹˌ ˃ˉˇˊʶʾ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ʶʾˍʶ ˋˍˇ 
ʶˊʴʰˋˍʺˊʽˇΣ ʶʾˍʶ ˎˉˇʻʶˍʽˁʱ ζˋˍˇ ˔ʰˊˍʾηΦ   

1.5 ɲˇ˃ʺ ˍʹˌ ʶˊʴʰˋʾʰˌ 

ɶ  ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʶˉˍʱ ˁʶ˒ʱ˂ʰʽʰ ˁʰʽ ˍˊʾʰ ˉʰˊʰˊˍʺ˃ʰˍʰ ˍʰ ˇˉˇʾʰ 
ˍʹ˄ ʶ˅ˎˉʹˊʶˍˇˏ˄ ˃ʶ ˋʹ˃ʰ˄ˍʽˁʷˌ ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁʷˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌΦ 

ʅˍˇ ˉˊ˗ˍˇ ˁʶ˒ʱ˂ʰʽˇ ˉˇˎ ˉˊˇʹʴʺʻʹˁʶΣ ˉʰˊˇˎˋʽʱˋˍʹˁʶ ˃ʽʰ ʶʽˁˈ˄ʰ ˍ˖˄ ʶˉʽˋˍʹ˃ˇ˄ʽˁ˗˄ 
˃ʶ˂ʶˍ˗˄ ˉˇˎ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˋˍʹ ʵʽʶʻ˄ʺ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰΣ ˋ˔ʶˍʽˁʷˌ ˃ʶ ˍʽˌ ʰ˄ʻˊʰˁʽˁʷˌ 
ʶˁˉˇ˃ˉʷˌ ˍ˖˄ ˋˍˊˇʲʽ˂ˇ˃ʹ˔ʰ˄˗˄Φ  ɶ ˉ˂ʶʽˇ˄ˈˍʹˍʰ ˍˇˎˌ ʰ˒ˇˊʱ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ 
ˋˍˊˇʲʽ˂ˇʰ˄ˍʽʵˊʰˋˍʺˊ˖˄ ˃ʶ ʵʽʱ˒ˇˊʰ ˁʰˏˋʽ˃ʰΣ ˋˎ˃ʲʰˍʽˁʱ ˁʰʽ ˃ʹΣ ˁʰʽ ˍʹ ˔ˊʺˋʹ 
ʶ˄ʰ˂˂ʰˁˍʽˁ˗˄ ˍʶ˔˄ˇ˂ˇʴʽ˗˄ ʴʽʰ ˃ʶʾ˖ˋʹ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄Φ  

ʅˍˇ ʵʶˏˍʶˊˇ ˁʶ˒ʱ˂ʰʽˇ ʰ˄ʰ˂ˏʶˍʰʽ ʹ ʷ˄˄ˇʽʰ ˍʹˌ ˃ʶ˂ʷˍʹˌ ˍˇˎ ʰ˄ʻˊʰˁʽˁˇˏ ʰˉˇˍˎˉ˗˃ʰˍˇˌΣ 
ʶ˄˗ ʵʾ˄ˇ˄ˍʰʽ  ˇʽ ˇˊʽˋ˃ˇʾ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌ ˍˇˎ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ˉˊˇʿˈ˄ˍ˖˄ ʺ ˎˉʹˊʶˋʽ˗˄Φ ɾʶ 
ʰˎˍʱ ˍʰ ʵʶʵˇ˃ʷ˄ʰΣ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʵˏˇ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ʶˉʽˋˍʹ˃ˇ˄ʽˁ˗˄ 
ʶˊʶˎ˄˗˄ ʰ˄ʱ˂ˎˋʹ ̩ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ˁʰʽ ʰ˄ʻˊʰˁʽˁˇ  ˏ ʰˉˇˍˎˉ˗˃ʰˍˇˌ ʰʶˊˇˋˁʰ˒˗˄Σ ˉˇˎ 
ʰˉˇˍʶ˂ˇˏ˄ ʲʱˋʹ ˍʹˌ ʶˊʴʰˋʾʰˌΦ 

ʅˍˇ ˍˊʾˍˇ ˁʶ˒ʱ˂ʰʽˇ ˅ʶˁʽ˄ʱ ʹ ˉʶˊʽʴˊʰ˒ʺ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ˉˊˇˋʵʽˇˊʽˋ˃ˇˏ ˍˇˎ ʰ˄ʻˊʰˁʽˁˇˏ 
ʰˉˇˍˎˉ˗˃ʰˍˇˌ ʶ˄ˈˌ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʰΦ ɳˉʽ˂ʷʴʶˍʰʽ ˇ ˋˍˊˇʲʽ˂ˇʰ˄ˍʽʵˊʰˋˍʺˊʰˌ CFM56, ˇ 
ˇˉˇʾˇˌ ʶʾ˄ʰʽ ˇ ˉʽˇ ʵʽʱˋʹ˃ˇˌ ˁʰʽ ʵʽʰʵʶʵˇ˃ʷ˄ˇˌ ˁʽ˄ʹˍʺˊʰˌ ʰʶˊˇˋˁʰ˒˗˄ ˃ʶˋʰʾʰˌ ˁʰʽ 
˃ʽˁˊʺˌ ʶ˃ʲʷ˂ʶʽʰˌΦ ʆˇ ˁʶ˒ʱ˂ʰʽˇ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʰ ʲʺ˃ʰˍʰ ˃ʷˋ˖ ˍ˖˄ ˇˉˇʾ˖˄ 
ˉˊˇˋʵʽˇˊʾʸʶˍʰʽ ʹ ˉˇˋˇˋˍʽʰʾʰ ˁʰˍʰ˄ˇ˃ʺ ˍʹˌ ˃ʱʸʰˌ ˍˇˎ ˁʽ˄ʹˍʺˊʰ ʹ ˇˉˇʾʰ ʶʾ˄ʰʽ ˇ 
ˋʹ˃ʰ˄ˍʽˁˈˍʶˊˇˌ ˉʰˊʱʴˇ˄ˍʰˌ ʶˁˍʾ˃ʹˋʹˌ ˍ˖˄ ʷ˃˃ʶˋ˖˄ ʶˁˉˇ˃ˉ˗˄ ˍˇˎ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʰΦ 

ʅˍˇ ˍʷˍʰˊˍˇ ˁʶ˒ʱ˂ʰʽˇ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ˃ʶʻˇʵˇ˂ˇʴʾʰ ˉˊˇˋʵʽˇˊʽˋ˃ˇˏ ˍ˖˄ ʷ˃˃ʶˋ˖˄ 
ʶˁˉˇ˃ˉ˗˄ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʽˌ ˃ʱʸʶˌ ˍ˖˄ ʶ˅ʰˊˍʹ˃ʱˍ˖˄ ˍˇˎ ˁʽ˄ʹˍʺˊʰΦ ɮˎˍʷˌ 
ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˋˍʰ ˋˍʱʵʽʰ ˍ˖˄ ˎ˂ʽˁ˗˄Σ ˍ˖˄ ˁʰˍʶˊʴʰˋʽ˗˄Σ ˍ˖˄ ˃ʶˍʰ˒ˇˊ˗˄ ˁʰʽ ˍʹˌ 
ʰˉˈˋˎˊˋʹˌΦ  

ʅˍˇ ˉʷ˃ˉˍˇ ˁʶ˒ʱ˂ʰʽˇ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ˃ʶʻˇʵˇ˂ˇʴʾʰ ˉˊˇˋʵʽˇˊʽˋ˃ˇˏ ˍ˖˄ ʱ˃ʶˋ˖˄ 
ʶˁˉˇ˃ˉ˗˄Σ ˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˁʰʽ ˍʹˌ ˔ʶʽˊˇˍʷˊʶˎˋʹˌ ʵʹ˂ʰʵʺΣ ˁʰʻ˗ˌ ˁʰʽ ˇʽ ˋ˔ʶˍʽʸˈ˃ʶ˄ʶˌ 
ʶˁˉˇ˃ˉʷˌ ˍʹˌ ˋˎ˄ˍʺˊʹˋʹˌ ˁʰʽ ˍʹˌ ˉʰˊʰʴ˖ʴʺˌ ˁʰˎˋʾ˃˖˄Φ  

ʅˍˇ ʷˁˍˇ ˁʶ˒ʱ˂ʰʽˇ ʰ˅ʽˇ˂ˇʴˇˏ˄ˍʰʽ ˈ˂ʶˌ ˇʽ ˉˊˇʰ˄ʰ˒ʶˊˈ˃ʶ˄ʶˌ ˃ʶʻˇʵˇ˂ˇʴʾʶˌ ˃ʶ ˋˏʴˁˊʽˋʹ 
ˍ˖˄ ʶˎˊʹ˃ʱˍ˖˄ ˃ʶ ʱ˂˂ʶˌ ˃ʶ˂ʷˍʶˌ ˁʰʽ ˃ʶ ˍʹ ˔ˊʺˋʹ ʱ˂˂˖˄ ˎˉˇ˂ˇʴʽˋˍʽˁ˗˄ ʶˊʴʰ˂ʶʾ˖˄ 
ʰ˄ʻˊʰˁʽˁˇˏ ʰˉˇˍˎˉ˗˃ʰˍˇˌΦ ɳˉʾˋʹˌ ʶ˅ʶˍʱʸʶˍʰʽ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ˔ˊʺˋʹˌ ˍˇˎ ˎˉˇ˂ˇʴʽˋˍʽˁˇˏ 



  ɳˁˍʾ˃ʹˋʹ ɮ˄ʻˊʰˁʽˁˇˏ ɮˉˇˍˎˉ˗˃ʰˍˇˌ ʅˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʰ ˁʰˍʱ ˍˇ˄ ɼˏˁ˂ˇ ɵ˖ʺˌ ˍˇˎ 
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ʶˊʴʰ˂ʶʾˇˎ ˉˇˎ ʰ˄ʰˉˍˏ˔ʻʹˁʶ ʴʽʰ ˍʹ ˃ʶ˂ʷˍʹ ˍˇˎ ʰ˄ʻˊʰˁʽˁˇˏ ʰˉˇˍˎˉ˗˃ʰˍˇˌ ʱ˂˂˖˄ 
ˉˊˇʿˈ˄ˍ˖˄Σ ʶˁˍˈˌ ʰˉˈ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʶˌΦ  

ʅˍˇ ʷʲʵˇ˃ˇ ˁʶ˒ʱ˂ʰʽˇ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍʰ ʶˎˊʺ˃ʰˍʰ ˍʹˌ ʶˊʴʰˋʾʰˌΦ ɮ˄ʰ˂ˏʶˍʰʽ ˍˇ 
ʰ˄ʻˊʰˁʽˁˈ ʰˉˇˍˏˉ˖˃ʰ ˍˊʽ˗˄ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊ˖˄ ˁʰʽ ˇ ʰ˄ˍʾˁˍˎˉˇˌ ˍˇˎˌ ˋˍʹ˄ 
ˎˉʶˊʻʷˊ˃ʰ˄ˋʹ ˍˇˎ ˉ˂ʰ˄ʺˍʹΦ ɳ˅ʶˍʱʸʶˍʰʽ ʶˉʾˋʹˌ ʹ ˔ˊʺˋʹ ʶ˄ʰ˂˂ʰˁˍʽˁ˗˄ ˁʰˎˋʾ˃˖˄Σ ˈˉ˖ˌ ˍʰ 
ʲʽˇˁʰˏˋʽ˃ʰ ˁʰʽ ˍˇ ˎʵˊˇʴˈ˄ˇΦ ʆʷ˂ˇˌΣ ʶ˅ʱʴˇ˄ˍʰʽ ˍʰ ˍʶ˂ʽˁʱ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ˍʹˌ ʶˊʴʰˋʾʰˌΦ  

ʅˍˇ ˉˊ˗ˍˇ ˉʰˊʱˊˍʹ˃ʰ ʴʾ˄ʶˍʰʽ ˃ʾʰ ʶʽˋʰʴ˖ʴʺ ˋˍʽˌ ʲʰˋʽˁʷˌ ʷ˄˄ˇʽʶˌ ˍʹˌ ˁ˂ʽ˃ʰˍʽˁʺˌ ʰ˂˂ʰʴʺˌ 
ˁʰʽ ˋˍˇˎˌ ˂ˈʴˇˎˌ ʴʽʰ ˍˇˎˌ ˇˉˇʾˇˎˌ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʹ ʹ ˃ʶ˂ʷˍʹ ˁʰʽ ʹ ʰˉˇˍˊˇˉʺ ˍʹˌΦ 
ɲʾ˄ʶˍʰʽ ˃ʾʰ ˉ˂ʺˊʹˌ ʶʽˁˈ˄ʰ ˍˈˋˇ ʴʽʰ ˍˇ˄ ˃ʶˍʰ˒ˇˊʽˁˈΣ ˈˋˇ ˁʰʽ ʴʽʰ ˍˇ˄ ʶ˄ʶˊʴʶʽʰˁˈ ˍˇ˃ʷʰΦ 

ʅˍˇ ʵʶˏˍʶˊˇ ˉʰˊʱˊˍʹ˃ʰ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ˇʽ ˍˊˈˉˇʽ ˃ʶ ˍˇˎˌ ˇˉˇʾˇˎˌ ʹ ʰˉʶʽ˂ʺ ˍʹˌ 
ˁ˂ʽ˃ʰˍʽˁʺˌ ʰ˂˂ʰʴʺˌ ʶˉʹˊʶʱʸʶʽ ˍʹ˄ ʰʶˊˇˉˇˊʾʰ ˁʰʽ ˍʹ˄ ˍʰˎˍˈ˔ˊˇ˄ʹ ʰ˄ʱˉˍˎ˅ʹ ˍʹˌ 
ˍʶ˔˄ˇ˂ˇʴʾʰˌ ʴʽʰ ˍʹ˄ ʰ˄ʰ˔ʰʾˍʹˋʹ ˍʹˌΦ  

ʅˍˇ ˍˊʾˍˇ ˉʰˊʱˊˍʹ˃ʰ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˍˇ ˎˉˇ˂ˇʴʽˋˍʽˁˈ ʶˊʴʰ˂ʶʾˇ ˉˇˎ ʰ˄ʰˉˍˏ˔ʻʹˁʶ ˋˍʰ 
ˉ˂ʰʾˋʽʰ ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌ ˁʰʽ ˃ʷˋ˖ ˍˇˎ ˇˉˇʾˇˎ ʷʴʽ˄ʰ˄ ˇʽ ˎˉˇ˂ˇʴʽˋ˃ˇʾ ʴʽʰ ˍʹ˄ 
ʶˁˍʾ˃ʹˋʹ ˍˇˎ ʰ˄ʻˊʰˁʽˁˇˏ ʰˉˇˍˎˉ˗˃ʰˍˇˌ.  
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2. ɮ˄ʻˊʰˁʽˁˈ ʰˉˇˍˏˉ˖˃ʰ ˁʰʽ ʰ˄ʱ˂ˎˋʹ ˁˏˁ˂ˇˎ ʸ˖ʺˌ 

 

 

 

 

 

 

 

 

 

ʅˍˇ ɼʶ˒ʱ˂ʰʽˇ 1 ʰ˄ʰ˒ʷˊʻʹˁʶ ˉˊ˗ˍʹ ˒ˇˊʱ ˍˇ ʰ˄ʻˊʰˁʽˁˈ ʰˉˇˍˏˉ˖˃ʰΦ ɱʽʰ ˉ˂ʹˊˈˍʹˍʰΣ ˇ 
ˇˊʽˋ˃ˈˌ ˉˇˎ ʵʾ˄ʶʽ  ́  ɳˎˊ˖ˉʰʿˁʺ ɴ˄˖ˋʹ ʁ ʾ˄ʰʽ ˇ ʰˁˈ˂ˇˎʻˇˌΥ 

ζʆˇ ʰ˄ʻˊʰˁʽˁˈ ʰˉˇˍˏˉ˖˃ʰ ʶ˄ˈˌ ˉˊˇʿˈ˄ˍˇˌΣ ʰʴʰʻˇˏ ʺ ˃ʾʰˌ ˎˉʹˊʶˋʾʰˌ ʶʾ˄ʰʽ ˍˇ ˋˏ˄ˇ˂ˇ 
ˍ˖˄ ʰʶˊʾ˖˄ ˍˇˎ ʻʶˊ˃ˇˁʹˉʾˇˎ ˉˇˎ ʶˁˉʷ˃ˉˇ˄ˍʰʽ ˁʰˍʱ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʺ ˁʰˍʰ˄ʱ˂˖ˋʹ 
ˍˇκˎˍʹˌη 

ɶ ʷ˄˄ˇʽʰ ˍˇˎ ʰ˄ʻˊʰˁʽˁˇˏ ʰˉˇˍˎˉ˗˃ʰˍˇˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍˇ˄ ˉˇˋˇˍʽˁˈ ˉˊˇˋʵʽˇˊʽˋ˃ˈ 
ˍ˖˄ ʶˉʽˉˍ˗ˋʶ˖˄ ˃ʾʰˌ ʵˊʰˋˍʹˊʽˈˍʹˍʰˌΣ ʶ˄ˈˌ ʰˍˈ˃ˇˎ ʺ ˃ʾʰˌ ˔˗ˊʰˌ ˋˍʹ˄ ˁ˂ʽ˃ʰˍʽˁʺ ʰ˂˂ʰʴʺ 
[13]. ɲʹ˂ʰʵʺ ʷ˄ʰ ʰʶˊˇʵˊˈ˃ʽˇ ˃ˉˇˊʶʾ ˄ʰ ʻʶ˖ˊʹʻʶʾ ˖ˌ ʷ˄ʰ ʰ˄ʰ˂˂ˇʾ˖ˍˇ ˋˏˋˍʹ˃ʰ ˋˍˇ ˇˉˇʾˇ 
ʶˉʽʵˊˇˏ˄ ˖ˌ ˉʰˊʱʴˇ˄ˍʶˌ ʶˁˉˇ˃ˉ˗˄ ˇʽ ʶˉʽʲʱˍʶˌ όˉΦ˔Φ ˂ʽʴˈˍʶˊʰ ˍʰ˅ʾʵʽʰΣ ˃ʽˁˊˈˍʶˊˇ 
ʰ˄ʻˊʰˁʽˁˈ ʰˉˇˍˏˉ˖˃ʰύΦ ɯ˂˂ʹ ˋˁˇˉʽʱ ʶʾ˄ʰʽ ˄ʰ ʻʶ˖ˊʹʻʶʾ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ʶˉʽʲʰˍ˗˄ 
ʵʶʵˇ˃ʷ˄ˇ ˁʰʽ ˄ʰ ʲˊʶʻˇˏ˄ ˇʽ ˍˊˈˉˇʽ ˃ʶ ˍˇˎˌ ˇˉˇʾˇˎˌ ˍˇ ʾʵʽˇ ˍˇ ʰʶˊˇʵˊˈ˃ʽˇ ˃ˉˇˊʶʾ ˄ʰ 
˃ʶʽ˗ˋʶʽ ˍʽˌ ʶˁˉˇ˃ˉʷˌ ˍˇˎ ό1.3). ɱʶ˄ʽˁʱΣ ˍˇ ʰ˄ʻˊʰˁʽˁˈ ʰˉˇˍˏˉ˖˃ʰ ˃ˉˇˊʶʾ ˄ʰ ˇˊʽˋˍʶʾ ʴʽʰ 
ˈˉˇʽˇ ˋˏˋˍʹ˃ʰ ʶˉʽʻˎ˃ʶʾ ˇ ˃ʶ˂ʶˍʹˍʺˌ ˇˉˈˍʶ ˁʰʽ ˋˎ˔˄ʱ ˎˉʱˊ˔ˇˎ˄ ʰ˄ˍʽ˒ʱˋʶʽˌ ˖ˌ ˉˊˇˌ ˍˇ˄ 
ʰˁˊʽʲʺ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍˇˎΦ  

ɳˉʽˉ˂ʷˇ˄Σ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ ʃʰˊʱˊˍʹ˃ʰ ɹ όɼʶ˒ʱ˂ʰʽˇ 12), ʰ˄ ˁʰʽ ˇ˄ˇ˃ʱʸʶˍʰʽ ζʰ˄ʻˊʰˁʽˁˈ 
ʰˉˇˍˏˉ˖˃ʰηΣ ʹ ʰ˄ʱ˂ˎˋʹ ˍˇˎ ˉˊʷˉʶʽ ˄ʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˁʰʽ ˍʰ ˎˉˈ˂ˇʽˉʰ ʰʷˊʽʰ ˍˇˎ 
ʻʶˊ˃ˇˁʹˉʾˇˎΣ ʶˁ˒ˊʰˋ˃ʷ˄ʰ ˋʶ ˉˇˋˈˍʹˍʶˌ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˍˇ 
˃ʶʻʱ˄ʽˇ όCH4ύ ʵʶ ˋ˔ʶˍʾʸʶˍʰʽ ˃ʶ ˍʹ ˃ʶ˂ʷˍʹ ˍˇˎ ʰ˄ʻˊʰˁʽˁˇˏ ʰˉˇˍˎˉ˗˃ʰˍˇˌ ʶ˄ˈˌ ˁʽ˄ʹˍʺˊʰ 
ʰˎˍˇˁʽ˄ʺˍˇˎΣ ʰ˂˂ʱ ʰˉˇˁˍʱ ˇˎˋʾʰ ˈˍʰ˄ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ˃ʾʰ ʶ˄ʶˊʴʶʽʰˁʺ ˃ˇ˄ʱʵʰ ˉˇˎ 
˂ʶʽˍˇˎˊʴʶʾ ˃ʶ ˒ˎˋʽˁˈ ʰʷˊʽˇΦ ɳʾ˄ʰʽ ˋˏ˄ʹʻʶˌΣ ʲʷʲʰʽʰΣ ˄ʰ ʴʾ˄ʶˍʰʽ ʰˉˇˁ˂ʶʽˋˍʽˁʺ ˃ʶ˂ʷˍʹ ˍ˖˄ 
ʶˁˉˇ˃ˉ˗˄ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ ʻʶ̟ˊ˗˄ˍʰˌ ˍʽˌ ˉʰˊʰʴˈ˃ʶ˄ʶˌ ˉˇˋˈˍʹˍʶˌ ˍ˖˄ ʱ˂˂˖˄ 
ʰʶˊʾ˖˄ ʰ˃ʶ˂ʹˍʷʶˌ (1.3)Φ ɶ ˉʰˊʱ˂ʶʽ˕ʹ ˍˇˎˌ ˈ˃˖ˌ ʵʶ˄ ʶʾ˄ʰʽ ˋ˖ˋˍʺ ʴʽʰ ˃ʽʰ ʶˉʾˋʹ˃ʹ ˃ʶ˂ʷˍʹ 
ʶˁˉˇ˃ˉ˗˄ ʲʱˋʶʽ ˍ˖˄ ˁʰ˄ˇ˄ʽˋ˃˗˄ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌ ˍˇˎ ˁˏˁ˂ˇˎ ʸ˖ʺˌΦ 

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍʹˌ ʶˊʴʰˋʾʰˌ, ˍˇ ʰʶˊˇˋˁʱ˒ˇˌ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˇʽ ˁʽ˄ʹˍʺˊʶˌ ˍˇˎ 
ʻʶ˖ˊˇˏ˄ˍʰʽ ˇʽ ˉʰˊʱʴˇ˄ˍʶˌ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ˁʰʽ ʰ˄ʰʸʹˍʶʾˍʰʽ ˍˇ ʰ˄ʻˊʰˁʽˁˈ ʰˉˇˍˏˉ˖˃ʰ ˍˇˎˌΦ 
ʅˏ˃˒˖˄ʰ ˃ʶ ˍˇ˄ ˇˊʽˋ˃ˈ ʹ ˃ʶ˂ʷˍʹ ʵʶ˄ ˉˊʷˉʶʽ ˄ʰ ˉʶˊʽˇˊʽˋˍʶʾ ˃ˈ˄ˇ ˋˍʹ ʵʽʱˊˁʶʽʰ 
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˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎˌ ό1.3ύ ʰ˂˂ʱ ˁʰʽ ˋˍʹ˄ ˁʰˍʰˋˁʶˎʺΣ ˃ʶˍʰ˒ˇˊʱ ˁʰʽ ʰˉˈˋˎˊˋʹ ˍˇˎˌΦ ʁˉˈˍʶ 
ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʹ ˃ʾʰ ˉ˂ʺˊʹˌ ʶʽˁˈ˄ʰ ˍˇˎ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ˍˇˎˌ [14].  

ʅˍˇ ˁʶ˒ʱ˂ʰʽˇ ʰˎˍˈ ʻʰ ʴʾ˄ʶʽ ˃ʾʰ ˋˎ˄ˇˉˍʽˁʺ ˉʰˊˇˎˋʾʰˋʹ ˍ˖˄ ˃ʶʻˈʵ˖˄ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ 
ʶ˒ʰˊ˃ˇˋˍˇˏ˄ ˗ˋˍʶ ˄ʰ ˉˊˇˋʵʽˇˊʽˋˍʶʾ ˍˇ ʰ˄ʻˊʰˁʽˁˈ ʰˉˇˍˏˉ˖˃ʰ ˃ʾʰˌ ˎˉʹˊʶˋʾʰˌ ʺ ʶ˄ˈˌ 
ˉˊˇʿˈ˄ˍˇˌ ˁʰʽ ʻʰ ʴʾ˄ʶʽ ʹ ˋˏ˄ʵʶˋʹ ˍˇˎˌ ˃ʶ ˍˇ ˋˁˇˉˈ ˍʹˌ ʶˊʴʰˋʾʰˌΦ 

2.1 ʅˏʴ˔ˊˇ˄ʶˌ ˍʱˋʶʽˌ ˋˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ʰ˄ʻˊʰˁʽˁ˗˄ ʶˁˉˇ˃ˉ˗˄ 

2.1.1 ɮ˄ʱ˂ˎˋʹ ˍˇˎ ɼˏˁ˂ˇˎ ɵ˖ʺˌ 

ɶ ˁˏˊʽʰ ˃ʷʻˇʵˇˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʶʾ˄ʰʽ ʹ ʰ˄ʱ˂ˎˋʹ ˍˇˎ ˁˏˁ˂ˇˎ ʸ˖ʺˌ όLife Cycle 
Assessment: L.C.A.). ɶ ʰ˄ʱ˂ˎˋʹ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ʰ˒ˇˊʱ ˍʽˌ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʷˌ ʶˉʽˉˍ˗ˋʶʽˌ ˉˇˎ 
ʷ˔ʶʽ ʷ˄ʰ ˉˊˇʿˈ˄ ʺ ˃ʾʰ ˎˉʹˊʶˋʾʰ ˂ˈʴ˖ ˍʹˌ ˏˉʰˊ˅ʹˌ ˍʹˌΦ ʁˉˈˍʶ ʹ ʰ˄ʱ˂ˎˋʹ ˍˇˎ ʰ˄ʻˊʰˁʽˁˇˏ 
ʰˉˇˍˎˉ˗˃ʰˍˇˌ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ˃ʾʰ ʰ˄ʱ˂ˎˋʹ ˍˇˎ ˁˏˁ˂ˇˎ ʸ˖ʺˌΣ ʶˋˍʽʰˋ˃ʷ˄ʹ ˃ˈ˄ˇ ˋˍʰ 
ˉʰˊʰʴˈ˃ʶ˄ʰ ʰʷˊʽʰ ˍˇˎ ʻʶˊ˃ˇˁʹˉʾˇˎΦ ɲʁ ˄ ˁʰˍʰʴˊʱ˒ˇ˄ˍʰʽΣ ˂ˈʴˇˎ ˔ʱˊʹΣ ˍʰ ˉˇˋʱ ˍʹˌ 
ˉʽʻʰ˄ʺˌ ʶˁˉʶ˃ˉˈ˃ʶ˄ʹˌ ˊʰʵʽʶ˄ʷˊʴʶʽʰˌ ˁʰˍʱ ˍʹ˄ ˉʰˊʰˋˁʶˎʺ ʶ˄ˈˌ ˉˊˇʿˈ˄ˍˇˌΦ 

H ɳʽˁˈ˄ʰ 2-1 ʵʶʾ˔˄ʶʽ ˋ˔ʹ˃ʰˍʽˁʱ ˍʰ ˃ʷˊʹ ˍˇˎ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ʶ˄ˈˌ ˉˊˇʿˈ˄ˍˇˌΦ ɳʾ˄ʰʽ ˁʰˍʰ˄ˇʹˍˈ 
ˈˍʽ ʰ˄ ʷ˄ʰ ˉˊˇʿˈ˄ ˁʰˍʰˋˁʶˎʱʸʶˍʰʽ ʰˉˈ ʰ˄ʰˁˎˁ˂˗ˋʽ˃ʰ ˎ˂ʽˁʱΣ ˍˈˍʶ ʷ˔ʶʽ ˂ʽʴˈˍʶˊʶˌ 
ʶˁˉˇ˃ˉʷˌ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ ˋˍˇ˄ ˁˏˁ˂ˇ ʸ˖ʺˌ ˍˇˎΦ ɳˉʽˉ˂ʷˇ˄ ˋˍʽˌ ʶˁˉˇ˃ˉʷˌ 
ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˁʰʽ ˇʽ ʶˁˉˇ˃ˉʷˌ ʰˉˈ ˍʽˌ ˃ʶˍʰ˒ˇˊʷˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ʲʰˋʽˁ˗˄ ˋˍʰʵʾ˖˄ ˍˇˎ 
ˁˏˁ˂ˇˎ ʸ˖ʺˌ όˋʹ˃ʶʽ˗˄ˇ˄ˍʰʽ ˖ˌ ʲʷ˂ʹ ˋˍʹ˄ ɳʽˁˈ˄ʰ 2-1). 

 

ɳʽˁˈ˄ʰ 2-1 Υ ɮ˄ʱ˂ˎˋʹ ˍˇˎ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ˉˊˇʿˈ˄ˍˇˌ 

ʃˇ˂˂ʷˌ ʶˉʽ˔ʶʽˊʹ˃ʰˍʽˁʷˌ ʶ˄˗ˋʶʽˌ ˁʰʽ ʶˍʰʽˊʶʾʶˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˍˇˎ ˁˏˁ˂ˇˎ 
ʸ˖ʺˌ ˋˍˇ ˉ˂ʰʾˋʽˇ ˍʹˌ ʲʽ˖ˋʽ˃ˈˍʹˍʰˌΦ ɶ ˔ˊʺˋʹ ˍʹ ̩ ˋˎ˃ʲʱ˂˂ʶʽ ˋˍʹ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ 
ʰ˄ˍʰʴ˖˄ʽˋˍʽˁˈˍʹˍʰˌ ˍ˖˄ ˉˊˇʿˈ˄ˍ˖˄Φ ɳʽʵʽˁˈˍʶˊʰΣ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˖ˌ ʶˊʴʰ˂ʶʾˇ ʴʽʰ ˍʹ 
ʲʶ˂ˍʾ˖ˋʹ ˍˇˎ ˋ˔ʶʵʽʰˋ˃ˇˏ ˍ˖˄ ˉˊˇʿˈ˄ˍ˖˄Σ ˋ̱ ʹ˄ ʶˉʽ˂ˇʴʺ ˎ˂ʽˁ˗˄Σ ˋ̱ ʹ˄ ʶˉʽ˂ˇʴʺ 
ˍʶ˔˄ˇ˂ˇʴʽ˗˄Σ ˁʰʽ ˋˍʹ˄ ʶʵˊʰʾ˖ˋʹ ˍʹˌ ʰ˄ʰˁˏˁ˂˖ˋʹˌ. ʃʷˊʰ ʰˉˈ ˍʰ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʱ ˍʹˌ 
ˇ˒ʷ˂ʹΣ ʹ ʰ˄ʰˁˏˁ˂˖ˋʹ ˂ʶʽˍˇˎˊʴʶʾ ˖ˌ ˁʰ˂ʺ ˍʰˁˍʽˁʺ ˃ʱˊˁʶˍʽ˄ʴˁ ˁʰʽ ˃ʷˋˇ ʶ˅ˇʽˁˇ˄ˈ˃ʹˋʹˌ 
ˉˈˊ˖˄ ˁʰʽ ˔ˊʺ˃ʰˍˇˌ. ɳˉʾˋʹˌΣ ʶˉʶʽʵʺ ʹ ʰ˄ʱ˂ˎˋʹ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ʶʾ˄ʰʽ ˃ʾʰ ʶˉʰ˄ʰ˂ʹˉˍʽˁʺ 
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ʵʽʰʵʽˁʰˋʾʰΣ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʴʽʰ ˍʹ ˂ʺ˕ʹ ʰˉˇ˒ʱˋʶ˖˄ ˁʰʽ ˄ʰ ˁʰʻˇˊʾˋʶʽ ˍʹ˄ 
ˉˇˊʶʾʰ ʵʽʰ˒ˈˊ˖˄ ʶˉʶ˄ʵˏˋʶ˖˄Φ   

ɾʶʽˇ˄ʷˁˍʹ˃ʰ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌΣ ʲʷʲʰʽʰΣ ʶʾ˄ʰʽ ˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ˁʱʻʶ ˃ʶ˂ʷˍʹ ʶˋˍʽʱʸʶʽ ˋʶ 
ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˉˍˎ˔ʺ ʶ˄ˈˌ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁˇˏ ˉˊˇʲ˂ʺ˃ʰˍˇˌΦ ɲʶ˄ ˂ʰ˃ʲʱ˄ʶʽ ˎˉˈ˕ ́ˉʽʻʰ˄ʷˌ 
ˇʽˁˇ˄ˇ˃ʽˁʷˌ ˁʰʽ ˁˇʽ˄˖˄ʽˁʷˌ ʶˉʽˉˍ˗ˋʶʽˌΣ ˁʰʻ˗ˌ ˁʰʽ ˍˇˉʽˁʱ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʱ ˉˊˇʲ˂ʺ˃ʰˍʰ. 
ɾʽʰ ˃ʶ˂ʷˍʹ ˉˇˎ ʻʰ ˉʶˊʽ˂ʱ˃ʲʰ˄ʶ ˈ˂ˇˎˌ ˍˇˎˌ ˉʰˊʱʴˇ˄ˍʶˌ ˁʰʽ ˈ˂ˇˎˌ ˍˇˎˌ ˍˊˈˉˇˎˌ ˃ʶ ˍˇˎˌ 
ˇˉˇʾˇˎˌ ʰˎˍˇʾ ʶˉʹˊʶʱʸˇˎ˄ ˍˇ ˇʽˁˇˋˏˋˍʹ˃ʰ ʻʰ ʺˍʰ˄ ˃ʰˁˊˇˋˁʶ˂ʺˌ ˁʰʽ ʹ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍʹˌ 
ˉˇ˂ˏ ʵˏˋˁˇ˂ʹΦ ʍˌ ʶˁ ˍˇˏˍˇˎΣ ʹ ʰ˄ʱ˂ˎˋʹ ˍˇˎ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ʵʶ ˃ˉˇˊʶʾ ˄ʰ ʻʶ˖ˊʹʻʶʾ ˍˇ 
ζʰˉˈ˂ˎˍˇη ʶˊʴʰ˂ʶʾˇ ʴʽʰ ˍʹ ʲʶ˂ˍʾ˖ˋʹ ˈ˂˖˄ ˍ˖˄ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁ˗˄ ˁʰʽ ˁˇʽ˄˖˄ʽˁ˗˄ 
ˉˊˇʲ˂ʹ˃ʱˍ˖˄Σ ʰ˂˂ʱ ˋʾʴˇˎˊʰ ˃ˉˇˊʶʾ ˄ʰ ˋˍˊʷ˕ʶʽ ˍˇˎˌ ˃ʹ˔ʰ˄ʽˁˇˏˌ ˁʰʽ ˍʽˌ ˉˇ˂ʽˍʶʾʶˌ ˉˊˇˌ 
˃ʾʰ ˋ˖ˋˍʺ ˁʰˍʶˏʻˎ˄ˋʹ ɹ ʽʰ ˍʹ˄ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹ ˍˇˎˌ  [15]. 

ɼˎˊʽˈˍʶˊʰ ˉʰˊʰʵʶʾʴ˃ʰˍʰ ˎʽˇ̫̒ ˍʹˋʹˌ ˍʹˌ ˃ʶʻˈʵˇˎ ʶʾ˄ʰʽ ʹ ʰ˃ʶˊʽˁʱ˄ʽˁʹ ˁˇʽ˄ˈˍʹˍʰ ˍ˖˄ 
ʁ˃ˇˋˉˇ˄ʵʽʰˁ˗  ˄ ʃˊʰˁˍʽˁ˗  ˄ ɮ˄ʱ˂ˎˋʹˌ ɼˏˁ˂ˇˎ ɵ˖ʺˌ όFederal Life Cycle Assessment 
Commons) ˁʰʽ ʹ ɳˎˊ˖ˉʰʿˁʺ ʃ˂ʰˍ˒ˈˊ˃ʰ ʴʽʰ ˍʹ˄ ɮ˄ʱ˂ˎˋʹ ˍˇˎ ɼˏˁ˂ˇˎ ɵ˖ʺˌ όEuropean 
Platform for Life Cycle Assessment). 

 ɶ ̄ˊ˗ˍʹ ʰˉˇˋˁˇˉʶʾ ˋˍ ́ˋˎ˄ʶˊʴʰˋʾʰ ˁʰʽ ˋˍʹ˄ ˉʰˊˇ˔ʺ ˍʶ˔˄ˇʴ˄˖ˋʾʰˌ ʴʽʰ ˍʽˌ ˃ʶʻˈʵˇˎˌ 
ʰ˄ʱ˂ˎˋʹˌ ˁˏˁ˂ˇˎ ʸ˖ʺˌΣ ˃ʷˋ˖ ˍʹˌ ʵʽʱʻʶˋʹˌ ʶ˄ˈˌ ʰˉˇʻʶˍʹˊʾˇˎ ʵʶʵˇ˃ʷ˄˖˄ ˋˍˇ 
ʰ˃ʶˊʽˁʱ˄ʽˁˇ ˁˇʽ˄ˈ ˁʰʽ ˋˍˇˎˌ ʶ˄ʵʽʰ˒ʶˊˈ˃ʶ˄ˇˎˌ ˒ˇˊʶʾˌΦ  ɶ ˁˇʽ˄ˈˍʹˍʰ ʷ˔ʶʽ ʶˉʽˋʹ˃ˇˉˇʽʹʻʶʾ 
ʰˉˈ ˍʰ ʇˉˇˎˊʴʶʾʰ ɱʶ˖ˊʴʾʰˌΣ ɳ˄ʷˊʴʶʽʰˌ ˁʰʽ ʃˊˇˋˍʰˋʾʰˌ ˍˇˎ ʃʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ˍ˖˄ ɶ˄˖˃ʷ˄˖˄ 
ʃˇ˂ʽˍʶʽ˗˄Φ ʆˇ ʰˉˇʻʶˍʺˊʽˇ ʶʾ˄ʰʽ ˋˎ˃ʲʰˍˈ ˃ʶ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ OpenLCA ˁʰʽ ˇʽ ˔ˊʺˋˍʶˌ 
˃ˉˇˊˇˏ˄ ˄ʰ ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʰˉʶˎʻʶʾʰˌ ʰˉˈ ʰˎˍˈ [16].  

ɶ ʵʶˏˍʶˊʹ ʶˉʾˋʹˌ ˋˍˇ˔ʶˏʶʽ ˋˍʹ˄ ˉˊˇ˗ʻʹˋʹ ˍ˖˄ ˃ʶʻˈʵ˖˄ ʰ˄ʱ˂ˎˋʹˌ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ˋˍʽˌ 
ʶˎˊ˖ˉʰʿˁʷˌ ʶˉʽ˔ʶʽˊʺˋʶʽˌΣ ʶˍʰʽˊʶʾʶˌ ˁʰʽ ˁˇʽ˄ˈˍʹˍʶˌΦ ɶ ˋʹ˃ʰ˄ˍʽˁʺ ˋˎ˄ʶʽˋ˒ˇˊʱ ˍʹˌ 
ɳˎˊ˖ˉʰʿˁʺ ̩ʃ˂ʰˍ˒ˈˊ˃ʰ ̩ʴʽʰ ˍʹ˄ ɮ˄ʱ˂ˎˋʹ ɼˏˁ˂ˇˎ ɵ˖ʺˌ ʶʾ˄ʰʽ ʹ ˉʰˊˇ˔ʺ ˍˇˎ ɲʽʶʻ˄ˇˏˌ 
ʅˎˋˍʺ˃ʰˍˇˌ ɮ˄ʰ˒ˇˊʱˌ ˍʹˌ ɮ˄ʱ˂ˎˋʹˌ ɼˏˁ˂ˇˎ ɵ˖ʺˌ (I.L.C.D) ˉˇˎ ʰ˄ʰ˂ˏʶˍʰʽ ˋˍˇ ʶʵʱ˒ʽˇ 
2.2.2. 

ɮ˄ʰ˒ˇˊʱ ˉˊʷˉʶʽ ˄ʰ ʴʾ˄ʶʽ ˋˍʰ ˂ˇʴʽˋ˃ʽˁʱ ˉˇˎ ʷ˔ˇˎ˄ ˁʱ˄ʶʽ ˍʹ˄ ʶ˃˒ʱ˄ʽˋʹ ˍˇˎˌ ˍʰ ˍʶ˂ʶˎˍʰʾʰ 
˔ˊˈ˄ʽʰ ˁʰʽ ʲˇʹʻˇˏ˄ ˋˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌΦ To OpenLCA ʶʾ˄ʰʽ ʷ˄ʰ ʵ˖ˊʶʱ˄ ˁʰʽ 
ʶ˂ʶˏʻʶˊˇˎ ˉʹʴʰʾˇˎ ˁ˗ʵʽˁʰ όopen) ˂ˇʴʽˋ˃ʽˁˈΣ ʴˊʰ˃˃ʷ˄ˇ ˋʶ ʴ˂˗ˋˋʰ JAVA, ˍˇ ˇˉˇʾˇ 
ʵʹ˃ʽˇˎˊʴʺʻʹˁʶ ʰˉˈ ˍʹ˄ GreenDelta ˍˇ нллсΦ ʇˉˇˋˍʹˊʾʸʶʽ ˍʹ˄ ʰ˄ˍʰ˂˂ʰʴʺ ˁʰʽ ʶˉʶ˅ʶˊʴʰˋʾʰ 
ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ ʱ˂˂ʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ˂ˇʴʽˋ˃ʽˁʱ ʰ˂˂ʱ ˁʰʽ ʰˉˈ ˍˇ Excel ʺ ˍʽˌ ʲʱˋʶʽˌ ˍˇˎ 
ɲʽʶʻ˄ˇˏˌ ʅˎˋˍʺ˃ʰˍˇˌ ɮ˄ʰ˒ˇˊʱˌ ˍʹˌ ɮ˄ʱ˂ˎˋʹˌ ɼˏˁ˂ˇˎ ɵ˖ʺˌ [17]. ɳˉʾˋʹˌ ʵʹ˃ˇ˒ʽ˂ʷˌ ʶʾ˄ʰʽ 
ˍˇ ˂ˇʴʽˋ˃ʽˁˈ SimaPro, ˉˇˎ ʶʾ˄ʰʽ ʵʹ˃ʽˇˎˊʴʾʰ ˍʹˌ ʶˍʰʽˊʶʾʰˌ PRŞ ˁʰʽ ʷ˔ʶʽ ˍˇ ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ 
ˍʹˌ ʷˍˇʽ˃ʹˌ ʲʽʲ˂ʽˇʻʺˁʹˌ ʵʶʵˇ˃ʷ˄˖˄ όˉΦ˔Φ ʴʽʰ ˍʹ˄ ʶ˅ˈˊˎ˅ʹ ʶ˄ˈˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ˎ˂ʽˁˇˏύΣ 
ʲˇʹʻ˗˄ˍʰˌ ˄ʰ ˅ʶˉʶˊʰˋˍˇˏ˄ ˉʽˇ ʴˊʺʴˇˊʰ ˍʰ ʰˊ˔ʽˁʱ ˋˍʱʵʽʰ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ [18]. 

ʆʷ˂ˇˌΣ ˋʹ˃ʶʽ˗˄ʶˍʰʽ ˈˍʽ ʷ˔ˇˎ˄ ʰ˄ʰˉˍˎ˔ʻʶʾ ˁʰʽ ˄ʷʰ ˃ˇ˄ˍʷ˂ʰ ʰ˄ʱ˂ˎˋʹˌ ˍ˖˄ 
ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁ˗˄ ʶˉʽˉˍ˗ˋʶ˖˄ ˍ˖˄ ˉˊˇʿˈ˄ˍ˖˄ ˁʰʽ ˍʹˌ ʲʽˇ˃ʹ˔ʰ˄ʾʰˌΣ ˈˉ˖ˌ ˍˇ ˃ˇ˄ˍʷ˂ˇ 
ʃʶˊʽʲʰ˂˂ˇ˄ˍʽˁˇˏ ɮˉˇˍˎˉ˗˃ʰˍˇˌ ʃˊˇʿˈ˄ˍˇˌ όProduct Environmental Footprint : P.E.F.)  ˁ ʰʽ 
ˍˇ ˃ˇ˄ˍʷ˂ˇ ˍˇˎ ʃʶˊʽʲʰ˂˂ˇ˄ˍʽˁˇˏ ɮˉˇˍˎˉ˗˃ʰˍˇˌ ʁˊʴʰ˄ʽˋ˃ˇˏ όOrganisation 
Environmental Footprint : O.E.F.). ɳʾ˄ʰʽ ˄ʷʰ ɳˎˊ˖ˉʰʿˁʱ ɾˇ˄ˍʷ˂ʰ ˃ʶ ʰˎˋˍʹˊˈˍʶˊˇˎˌ 
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ˁʰ˄ˇ˄ʽˋ˃ˇˏˌ ˁʰʽ ˃ʽʰ ˉʽˇ ʶ˄ʵʶ˂ʶ˔ʺ ʵʽʰʵʽˁʰˋʾʰ ʰ˄ʱ˂ˎˋʹˌ ˁˏˁ˂ˇˎ ʸ˖ʺˌ όʃʾ˄ʰˁʰˌ 2-2ύΦ ɶ 
ʵʹ˃ʽˇˎˊʴʾʰ ˍˇˎˌ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍʽˌ ˁʰʾˊʽʶˌ ʰ˄ʹˋˎ˔ʾʶˌ ʴʽʰ ˍʹ˄ ˁ˂ʽ˃ʰˍʽˁʺ ʰ˂˂ʰʴʺ ˁʰʽ ˍʹ˄ 
ʰ˄ʱʴˁʹ ʴʽʰ ˁ ʰ˂ˏˍʶˊʹ ʶ˄ʹ˃ʷˊ˖ˋʹ ˍˇˎ ˁʰˍʰ˄ʰ˂˖ˍʽˁˇˏ ˁˇʽ˄ˇˏΦ  

2.1.2 ɮ˄ʱ˂ˎˋʹ ˍˇˎ ɮ˄ʻˊʰˁʽˁˇˏ ɮˉˇˍˎˉ˗˃ʰˍˇˌ 

ɶ ʰ˄ʱ˂ˎˋʹ ˍˇˎ ʰ˄ʻˊʰˁʽˁˇˏ ʰˉˇˍˎˉ˗˃ʰˍˇˌ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ˃ʾʰ ʰ˄ʱ˂ˎˋʹ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ˉˇˎ 
ˉʶˊʽˇˊʾʸʶˍʰʽ ˋˍʽˌ ʶˁˉˇ˃ˉʷˌ ʰʶˊʾ˖˄ ˍˇˎ ʻʶˊ˃ˇˁʹˉʾˇˎ ʶ˄ˈˌ ˇˊʽˋ˃ʷ˄ˇˎ ˋˎˋˍʺ˃ʰˍˇˌ. ʁ 
ˉʶˊʽˇˊʽˋ˃ˈˌ ˍʹˌ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʺˌ ˃ʶ˂ʷˍʹˌ ʶ˄ˈˌ ˉˊˇʿˈ˄ˍˇˌ ʺ ˃ʽʰ ˎˉʹˊʶˋʾʰˌ ˃ˈ˄ˇ ˋˍʽˌ 
ʰ˄ʻˊʰˁʽˁʷˌ ʶˁˉˇ˃ˉʷˌ ʶʾ˄ʰʽ ˃ʾʰ ˋ˔ʶˍʽˁʱ ˁʰʽ˄ˇˏˊʽʰ ˍʱˋʹΣ ʵʶʵˇ˃ʷ˄ʹˌ ˍʹˌ ʰˉʶʽ˂ʺˌ ˍʹˌ 
ˁ˂ʽ˃ʰˍʽˁʺˌ ʰ˂˂ʰʴʺˌΦ  

ʆˇ ʰ˄ʻˊʰˁʽˁˈ ʰˉˇˍˏˉ˖˃ʰ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˁʰʽ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍ˖˄ 
ʶˁˉˇ˃ˉ˗˄ ˉˇˎ ʶˁ˂ˏˇ˄ˍʰʽ ˂ˈʴ˖ ˍʹˌ ʰ˄ʻˊ˗ˉʽ˄ʹˌ ʵˊʰˋˍʹˊʽˈˍʹˍʰˌΦ ɯˊʰ ˇʽ ˁʰ˄ˇ˄ʽˋ˃ˇʾ ˉˇˎ 
ʻʷˍˇˎ˄ ˍʰ ˃ˇ˄ˍʷ˂ʰ ʰ˄ʱ˂ˎˋʹˌ ˍˇˎ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ʵʶ˄ ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ˉʱ˄ˍˇˍʶΦ ɳ˅ ˇˊʽˋ˃ˇˏΣ ʻʰ 
˔ˊʶʽʰʸˈˍʰ˄ ˄ʰ ʴ˄˖ˊʾʸˇˎ˃ʶ ˈ˂ʶˌ ˍʽˌ ʵˊʰˋˍʹˊʽˈˍʹˍʶˌ ˃ʶ ˍʽˌ ˇˉˇʾʶˌ ʰˋ˔ˇ˂ʶʾˍʰʽ ʷ˄ʰ ʱˍˇ˃ˇ ˋʶ 
ˈ˂ʹ ˍˇˎ ˍʹ ʸ˖ʺΦ  ɴˍˋʽ ʹ ʰ˄ʱ˂ˎˋʹ ˍˇˎ ʰ˄ʻˊʰˁʽˁˇˏ ʰˉˇˍˎˉ˗˃ʰˍˇˌ ˃ˉˇˊʶʾ ʰˉ˂ʱ ˄ʰ ˋʹ˃ʰʾ˄ʶʽ 
ˇ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍ˖˄ ʷ˃˃ʶˋ˖˄ ʰ˄ʻˊʰˁʽˁ˗˄ ʶˁˉˇ˃ˉ˗˄ ʶ˄ˈˌ ˍʰ˅ʽʵʽ˗ˍʹ ˂ˈʴ˖ ʶ˄ˈˌ 
ʰʶˊˇˉˇˊʽˁˇˏ ˍʰ˅ʽʵʽˇˏΦ  

ɶ ʰ˄ʱ˂ˎˋʹ ˍˇˎ ʰ˄ʻˊʰˁʽˁˇˏ ʰˉˇˍˎˉ˗˃ʰˍˇˌ ʷ˔ʶʽ ˃ʶˊʽˁʱ ˃ʶʽˇ˄ʶˁˍʺ˃ʰˍʰΥ 

¶ ʁʽ ˁʰˍʰˋˁʶˎʰˋˍʷˌ ˁʰʽ ˇʽ ʲʽˇ˃ʹ˔ʰ˄ʾʶˌ ʵʶ˄ ʶʾ˄ʰʽ ˎˉˇ˔ˊʶ˖˃ʷ˄ʶˌ ˄ʰ ˉʰˊʷ˔ˇˎ˄ 
ʵʶʵˇ˃ʷ˄ʰ ʴʽʰ ˍʽˌ ʶˁˉˇ˃ˉʷˌ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰΣ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ˋˍˇ ʶˎˊˏ ˁˇʽ˄ˈ. 
ɮˊˁʶˍʷˌ ˃ʶ˂ʷˍʶˌ ˍˇˎ ʰ˄ʻˊʰˁʽˁˇˏ ʰˉˇˍˎˉ˗˃ʰˍˇˌ ʴʾ˄ˇ˄ˍʰʽ ˃ʷˋ˖ ˎˉˇ˂ˇʴʽˋ˃˗˄ ˁʰʽ 
ˉʰˊʰʵˇ˔˗˄ ˉˇˎ ʶ˄ʵʶ˔ˇ˃ʷ˄˖ˌ ʰˉˇˁ˂ʾ˄ˇˎ˄ ʰˉˈ ˍʽˌ ˉˊʰʴ˃ʰˍʽˁʷˌ ˍʽ˃ʷˌΦ 

¶ ʂˍʰ˄ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʾʰ ˃ʶ˂ʷˍʹ ʶ˄ˈˌ ˃ʶʴʱ˂ˇˎ ˋˎˋˍʺ˃ʰˍˇˌΣ ʶʾ˄ʰʽ ʵˏˋˁˇ˂ˇ ˄ʰ 
ˎˉˇ˂ˇʴʽˋˍˇˏ˄ ʶˉʰˁˊʽʲ˗ˌ ˇʽ ʶˁˉˇ˃ˉʷˌ ˉˇˎ ʵʶ˄ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ˋˍˇ ˁˏˊʽˇ 
˃ʷˊˇˌ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌΦ ɴ˄ʰ ˉʰˊʱʵʶʽʴ˃ʰ ʶʾ˄ʰʽ ˇʽ ʰ˄ʶ˃ˇʴʶ˄˄ʺˍˊʽʶˌΦ ʊʰʽ˄ˇ˃ʶ˄ʽˁʱ 
ʶʾ˄ʰʽ ʰ˄ʻˊʰˁʽˁʱ-ˇˎʵʷˍʶˊʶˌ όcarbon-neutral) ʰ˂˂ʱ ʹ ˁʰˍʰˋˁʶˎʺΣ ʹ ˃ʶˍʰ˒ˇˊʱ ˁʰʽ ʹ 
ʰˉˈˋˎˊˋʹ ˍˇˎˌ ʶˉʽʲʰˊˏ˄ʶʽ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˃ʶ ʰ˄ʻˊʰˁʽˁʷˌ ʶˁˉˇ˃ˉʷˌΦ 

¶ ʅˍˇ˄ ʰ˄ˍʾˉˇʵʰΣ ˃ʽʰ ʰ˄ʱ˂ˎˋʹ ˍˇˎ ʰ˄ʻˊʰˁʽˁˇˏ ʰˉˇˍˎˉ˗˃ʰˍˇˌ ʵʾ˄ʶʽ ˃ʽʰ ˃ˇ˄ˈˉ˂ʶˎˊʹ 
ʶʽˁˈ˄ʰ ʶ˄ˈˌ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁˇˏ ˉˊˇʲ˂ʺ˃ʰˍˇˌΦ ɾʽʰ ʰ˄ʶ˃ˇʴʶ˄˄ʺˍˊʽʰ ʷ˔ʶʽ ˉˊʱʴ˃ʰˍʽ 
ʷ˄ʰ ˉˇˋˈ ʰ˄ʻˊʰˁʽˁ˗˄ ʶˁˉˇ˃ˉ˗˄ ˋˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ˍʹˌΣ ʰ˂˂ʱ ʵʶ˄ 
ˉʰˏʶʽ ˄ʰ ʶʾ˄ʰʽ ˃ʾʰ ˋʹ˃ʰ˄ˍʽˁʺ ʰ˄ʰ˄ʶ˗ˋʽ˃ʹ ˉʹʴʺ ʶ˄ʷˊʴʶʽʰˌΦ  

¶ ʅˍˇ ʾʵʽˇ ˃ʺˁˇˌ ˁˏ˃ʰˍˇˌΣ ˃ʾʰ ʰ˄ʱ˂ˎˋʹ ʰ˄ʻˊʰˁʽˁˇˏ ʰˉˇˍˎˉ˗˃ʰˍˇˌ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ 
ʵʶʾ˅ʶʽ ˉˈˋˇ ζˇʽˁˇ˂ˇʴʽˁʺη ʶʾ˄ʰʽ ˃ʾʰ ˉˊʰˁˍʽˁʺ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˃ʾʰ ʱ˂˂ʹΦ ɶ ˉˎˊʹ˄ʽˁʺ 
ʶ˄ʷˊʴʶʽʰ ʶʾ˄ʰʽ ʶˉʾˋʹˌ ˃ʾʰ ʰ˄ʻˊʰˁʽˁʱ-ˇˎʵʷˍʶˊʹ ˃ˇˊ˒ʺ ʶ˄ʷˊʴʶʽʰˌΣ ʰ˂˂ʱ ʵʶ ˉʰˏʶʽ 
˄ʰ ʷ˔ʶʽ ˉˊˇʲ˂ʺ˃ʰˍʰ ˋˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˍ˖˄ ˊʰʵʽʶ˄ʶˊʴ˗˄ ʰˉˇʲ˂ʺˍ˖˄ όˍʰ ˇˉˇʾʰ ʵʶ ʻʰ 
˂ʱʲʶʽ ˎˉˈ˕ʹ ˍʹˌ ʹ ʰ˄ʱ˂ˎˋʹ ˍˇˎ ʰ˄ʻˊʰˁʽˁˇˏ ʰˉˇˍˎˉ˗˃ʰˍˇˌύ [19], [20]. 
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2.2 ɮˊ˔ʷˌ ˍ˖˄ ˃ʶʻˇʵˇ˂ˇʴʽ˗˄ ˁ ʰʽ ʵʽʶʻ˄ʺ ˉˊˈˍˎˉʰ 

2.2.1 ʅˍʱʵʽʰ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌ ˁˏˁ˂ˇˎ ʸ˖ʺˌ 

ɶ ʰ˄ʱ˂ˎˋʹ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ˋˍʹˊʾʸʶˍʰʽ ˋˍ hˉˊˈˍˎˉ hISO-14040:2006 ˁʰʽ ISO-1440 ˍh ˇˉˇʾ h
ˋˎ˄ˍʱ˔ʻʹˁʰ ˄˃ʶ ˋˍˈ˔ˇ ˍʹ˄ ˁʰˍʰˉˇ˂ʷ˃ʹˋʹ ˍʹˌ ˁ˂ʽ˃ʰˍʽˁʺˌ ʰ˂˂ʰʴʺˌ όʲ˂ʷˉʶ ˁʶ˒ʱ˂ʰʽˇ 12). 
ʅˏ˃˒˖˄ʰ ˃ʶ ʰˎˍʱΣ ˇˊʾʸʶˍʰʽ ˖ˌ o ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˁʰʽ ʹ h˅ ʽˇ˂ˈʴʹˋʹ ˍ˖˄ ʶʽˋˊˇ˗˄ (inputs), 
ʶˁˊˇ˗˄ όoutputs) ˁʰʽ ˍ˖˄ ʶˉʽˉˍ˗ˋʶ˖˄ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʷ˔ʶʽ ˍˇ ˎˉˈ ˃ʶ˂ʷˍʹ ˋˏˋˍʹ˃ʰ όʺ 
ˉˊˇʿˈ˄ύ ˋˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ [21], [22].  

ʆʰ ʲʺ˃ʰˍʰ ˉˇˎ ʰˁˇ˂ˇˎʻʶʾ ˃ʾʰ ʰ˄ˍʾˋˍˇʽ˔ʹ ˃ʶ˂ʷˍʹ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍˇ˄ ʶˉˈ˃ʶ˄ˇ ˉʾ˄ʰˁʰ 
(ʃʾ˄ʰˁʰˌ 2-1): 

ʃʾ˄ʰˁʰˌ 2-1 Υ ɰʺ˃ʰˍʰ ˍʹˌ ˃ʶʻˈʵˇˎ ɮ˄ʱ˂ˎˋʹˌ ɼˏˁ˂ˇˎ ɵ˖ʺˌ 

ɰɶɾɮʆɮ ʃɳʄɹɱʄɮʊɶ 

ʅʆʁʋʁʅ - ʅɼʁʃʁʅ ʁˊʽˋ˃ˈˌ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ ʺ ˋˎˋˍʺ˃ʰˍˇˌ ˉˇˎ ˃ʶ˂ʶˍʱˍʰʽΦ 
ʁˊʽˋ˃ˈˌ ˍˇˎ ˋˁˇˉˇˏ ˍʹˌ ʶˊʴʰˋʾʰˌ ˁʰʽ ˍˇ ˁˇʽ˄ˈ ˋˍˇ ˇˉˇʾˇ 
ʰˉʶˎʻˏ˄ʶˍʰʽΦ ʁˊʽˋ˃ˈˌ ˍʹˌ ˔ˊʺˋʹˌκ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ 
ˉˊˇʿˈ˄ˍˇˌκˋˎˋˍʺ˃ʰˍˇˌ ό˔ˊˈ˄ˇ ̩ ˂ʶʽˍˇˎˊʴʾʰˌΣ ˍˊˈˉˇˌ 
˂ʶʽˍˇˎˊʴʾʰˌΣ ˈˊʽʰ ˂ʶʽˍˇˎˊʴʾʰˌύΦ  ʁˊʽˋ˃ˈˌ ˍ˖˄ ˁʰˍʹʴˇˊʽ˗˄ 
ʶˉʽʵˊʱˋʶ˖˄ ̄ ˇˎ ʻʰ ˃ʶ˂ʶˍʹʻˇˏ˄ όimpact).  

ɼɮʆɮɽʁɱʁʅ ɮɿɮɽʇʅɶʅ 
ɼʇɼɽʁʇ ɵʍɶʅ (LIFE CYCLE 

INVENTORY) 

ʃˊˇˋʵʽˇˊʽˋ˃ˈˌ ˁʰʽ ˋˎʴˁʷ˄ˍˊ˖ˋʹ ˈ˂˖˄ ˍ˖˄ 
ʶʽˋˊˇ˗˄κʶˁˊˇ˗˄ ʴʽʰ ˍˇ ˋˏˋˍʹ˃ʰ ʺ ˉˊˇʿˈ˄ ˉˇˎ ˃ʶ˂ʶˍʱˍʰʽ 
ʴʽʰ ˈ˂ʰ ˍʰ ˋˍʱʵʽʰ ˍʹˌ ɳʽˁˈ˄ʰˌ 2-1 (ɳʽˁˈ˄ʰ 2-1)Φ ʁʽ ʶʽˋˊˇʷˌ 
ˁʰʽ ˇʽ ʶˁˊˇʷˌ ʰ˒ˇˊˇˏ˄ ˍʹ˄ ˁʰˍʰ˄ʱ˂˖ˋʹ ʶ˄ʷˊʴʶʽʰˌΣ ˍʰ 
ˎ˂ʽˁʱΣ ˍʰ ˉʰˊʰˉˊˇʿˈ˄ˍʰ ˁʰʽ ˍʽˌ ʶˁˉˇ˃ˉʷˌ ˋˍˇ ˉʶˊʽʲʱ˂˂ˇ˄.  

ɮɿɮɽʇʅɶ ɳʃɹɲʄɮʅɶʅ 
ɼʇɼɽʁʇ ɵʍɶʅ (LIFE CYCLE 

IMPACT ASSESSMENT) 

ɼʰˍʹʴˇˊʽˇˉˇʾʹˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍˇˎ ˁʰˍʰ˂ˈʴˇˎ 
ʰ˄ʱ˂ˎˋʹˌ ˁˏˁ˂ˇˎ ʸ˖ʺˌ όˉˊˇʹʴˇˏ˃ʶ˄ˇ ʲʺ˃ʰύ ˃ʶ ʲʱˋʹ ˍʹ˄ 
ʶˉʾʵˊʰˋʹ ˍˇˎˌ ˋˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ʺ ˋˍʹ˄ ˁˇʽ˄ˈˍʹˍʰ ˁʰʽ 
ʰ˄ʰʴ˖ʴʺ ˍʹˌ ʶˉʾʵˊʰˋʹˌ ˍˇˎˌ ˋˍʽˌ ʾʵʽʶˌ ˃ˇ˄ʱʵʶˌ 
˃ʷˍˊʹˋʹˌΦ 

ɳʄɾɶɿɳɹɮ (LIFE CYCLE 
INTERPRETATION PHASE) 

ɾʶ˂ʷˍʹ ˍ˖˄ ˍʶ˂ʽˁ˗˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˖ˌ ˉˊˇˌ ˍʹ˄ 
ˇˊʻˈˍʹˍʰ ˁʰʽ ˍʹ˄ ʰˁˊʾʲʶʽʰ ˍˇˎˌΦ ʅˏʴˁˊʽˋʹ ˃ʶ ʱ˂˂ʶˌ 
˃ʶ˂ʷˍʶˌΦ 

ʃʹʴʺ Υ ɳˎˊ˖ˉʰʿˁʺ ʃ˂ʰˍ˒ˈˊ˃ʰ ʴʽʰ ˍʹ˄ ɮ˄ʱ˂ˎˋʹ ˍˇˎ ɼˏˁ˂ˇˎ ɵ˖ʺˌ5 

ɶ ʵʹ˃ʽˇˎˊʴʾʰ ˍˇˎ ɼʰˍʰ˂ˈʴˇˎ ɮ˄ʱ˂ˎˋʹˌ ɼˏˁ˂ˇˎ ɵ˖ʺˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˁʰʽ ˁʱˉˇʽʰ ʱ˂˂ʰ 
ʲʺ˃ʰˍʰΣ ˍʰ ˇˉˇʾʰ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ˋˍˇ˄ ˉʾ ˄ʰˁʰ 2-2 (ʃʾ˄ʰˁʰˌ 2-2 ). 

 

5 https://eplca.jrc.ec.europa.eu/lifecycleassessment.html (ɇŮɚŮɡŰŬɑŬ ˊɟɧůɓŬůɖ : 1/5/2022) 

https://eplca.jrc.ec.europa.eu/lifecycleassessment.html
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ʃʾ˄ʰˁʰˌ 2-2 Υ ɽʶˉˍˇ˃ʷˊʶʽʶˌ ˍʽˌ ɮ˄ʱ˂ˎˋʹˌ ɳˉʾʵˊʰˋʹˌ ˍˇˎ ɼˏˁ˂ˇˎ ɵ˖ʺˌ 

ɰɶɾɮʆɮ ʃɳʄɹɱʄɮʊɶ 

ɼɮʆɮʆɮʀɶ (CLASSIFICATION) ɮ˄ˍʽˋˍˇʾ˔ʽˋʹ ʶʽˋˊˇ˗˄κʶˁˊˇ˗˄ ˃ʶ ˃ʾʰ 
ˁʰˍʹʴˇˊʾʰ (ɳʽˁˈ˄ʰ 2-2). 

ʋɮʄɮɼʆɶʄɹʅɾʁʅ ϧ ɮɿɮɱʍɱɶ ɾɳɱɳɸʍɿ  
(CHARACTERISATION) 

ʃˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈˌ ʺ ʰ˄ʰʴ˖ʴʺ ˍ˖˄ 
˃ʶʴʶʻ˗˄ ˃ʶ ʷ˄ʰ˄ ˉʰˊʱʴˇ˄ˍʰ 
όˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ʴʽʰ ˁʱʻʶ ˁʰˍʹʴˇˊʾʰύ ˗ˋˍʶ 
˄ʰ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ˁʱʻʶ ʶʽˋˊˇʺκʶˁˊˇʺ 
ˋˎʴˁˊʾˋʽ˃ʹ ˃ʶ ˍʽˌ ˎˉˈ˂ˇʽˉʶˌΦ 

ɼɮɿʁɿɹɼʁʃʁɹɶʅɶ όNORMALISATION) ʃˊˇʰʽˊʶˍʽˁˈ ʲʺ˃ʰ (ISO-14040). 
ʃˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈˌ ˃ʶ ˉʰˊʱʴˇ˄ˍʶˌ 
ˁʰ˄ˇ˄ʽˁˇˉˇʾʹˋʹˌ ˗ˋˍʶ ˄ʰ ˉˊˇˁˏ˕ˇˎ˄ 
ʰʵʽʱˋˍʰˍʰ ˃ʶʴʷʻʹ ˍʰ ˇˉˇʾʰ ˃ˉˇˊˇˏ˄ ˄ʰ 
ˋˎʴˁˊʽʻˇˏ˄ ˃ʶ ˇˊʽˋ˃ʷ˄ʶˌ ˍʽ˃ʷˌ ʰ˄ʰ˒ˇˊʱˌΦ 

ʅʆɮɸɾɹʅɶ όWEIGHTING) ʃˊˇʰʽˊʶˍʽˁˈ ʲʺ˃ʰ όISO-14040). ɮˁˇ˂ˇˎʻʶʾ 
ˍˇ ʲʺ˃ʰ ˍʹˌ ˁʰ˄ˇ˄ʽˁˇˉˇʾʹˋʹˌΣ ʶ˒ˈˋˇ˄ 
ʴʾ˄ʶʽΦ ɮ˒ˇˊʱ ˍʹ˄ ˇ˂ʽˁʺ ˉˇˋˇˋˍʽʰʾʰ 
ʶˉʾʵˊʰˋʹ ˍʹˌ ˁʰˍʹʴˇˊʾʰˌ ˉˇˎ ʶˉʽ˂ʷ˔ʻʹˁʶ 
ό˂ˈʴˇˎ ˔ʱˊʹ ˍʹˌ ˁ˂ʽ˃ʰˍʽˁʺˌ ʰ˂˂ʰʴʺˌύ ˋˍˇ 
ˉʶˊʽʲʱ˂˂ˇ˄Φ ʋʰˊʰˁˍʹˊʾʸʶʽ ˍˇ ˉˈˋˇ ʱ˃ʶˋʰ 
ʶˉʽʲ˂ʰʲʺˌ ʶʾ˄ʰʽ ˋʁ  ˋ˔ʷˋʹ ˃ʶ ˍʽˌ ˎˉˈ˂ˇʽˉʶˌ 
ˁʰˍʹʴˇˊʾʶˌ. 

ʃʹʴʺ Υ ɳˎˊ˖ˉʰʿˁʺ ʃ˂ʰˍ˒ˈˊ˃ʰ ʴʽʰ ˍʹ˄ ɮ˄ʱ˂ˎˋʹ ˍˇˎ ɼˏˁ˂ˇˎ ɵ˖ʺˌ6 

ʅʹ˃ʶʽ˗˄ʶˍʰʽ ˈˍʽ ʴʽʰ ʱ˂˂ʰ ʶʾʵʹ ˃ʶ˂ʶˍ˗˄ ˈˉ˖ˌ ʹ ˃ʁ ˂ʷˍʹ ˍˇˎ ʃʶˊʽʲʰ˂˂ˇ˄ˍʽˁˇˏ  
ɮˉˇˍˎˉ˗˃ʰˍˇˌ ʃˊˇʿˈ˄ˍˇˌ όProduct Environmental Footprint : P.E.F.) ˁʰʽ ʹ ˃ʁ ˂ʷˍʹ ˍˇˎ 
ʃʶˊʽʲʰ˂˂ˇ˄ˍʽˁˇˏ ɮˉˇˍˎˉ˗˃ʰˍˇˌ ʁˊʴʰ˄ʽˋ˃ˇˏ όOrganisation Environmental Footprint : 
O.E.F.) ̱ ʰ ʲʺ˃ʰˍʰ ˍʹˌ ˁʰ˄ˇ˄ʽˁˇˉˇʾʹˋʹˌ ˁʰʽ ˍʹˌ ˋˍʱʻ˃ʽˋʹˌ ʵʶ˄ ʶʾ˄ʰʽ ˉˊˇʰʽˊʶˍʽˁʱ όʃʾ˄ʰˁʰˌ 
2-2).  ɳˉʾˋʹˌΣ ʱ˂˂ʰ ʶʾʵʹ ʰ˄ʱ˂ˎˋʹˌ ˁˏˁ˂ˇˎ ʰ˄ʱ˂ˎˋʹˌ όˁˇʽ˄˖˄ʽˁˈˌ όsocial) ˁʰʽ ˁˈˋˍˇˎˌ 
(cost)) ˃ˉˇˊˇˏ˄ ˄ʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ʱ˂˂ʶˌ ˁʰˍʹʴˇˊʾʶˌ ʶˉʾʵˊʰˋʹˌ, ʵʽʰ˒ˇˊʶˍʽˁʷ ̩ ˍʹˌ 
ɳʽˁˈ˄ʰˌ 2-2 (ɳʽˁˈ˄ʰ 2-2ύΦ ʃʰˊʰʵʶʾʴ˃ʰˍʰ ʶʾ˄ʰʽ ˇʽ ˋˎ˄ʻʺˁʶˌ ˍʹˌ ʶˊʴʰˋʾʰˌ ˁʰʽ ˍˇ ˁˈˋˍˇˌ ˍ˖˄ 
ʰˉʰʽˍˇˏ˃ʶ˄˖˄ ˎ˂ʽˁ˗˄ [23]. 

ɱʽʰ ˍʹ ˃ʶ˂ʷˍʹ ˍ˖˄ ʰ˄ʻˊʰˁʽˁ˗˄ ʶˁˉˇ˃ˉ˗˄Σ ˍˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ ˋˍˊʷ˒ʶˍʰʽ ˋˍʹ˄ ʶˉʾʵˊʰˋʹ ˉˇˎ 
ʷ˔ˇˎ˄ ˇʽ ʶʽˋˊˇʷˌ ˁʰʽ ˇʽ ʶˁˊˇʷˌ ˋˍʹ˄ ɼ˂ʽ˃ʰˍʽˁʺ ɮ˂˂ʰʴʺΦ  

 

6 https://eplca.jrc.ec.europa.eu/lifecycleassessment.html (ɇŮɚŮɡŰŬɑŬ ˊɟɧůɓŬůɖ : 1/5/2022) 
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ɳʽˁˈ˄ʰ 2-2 Υ ɼʰˍʹʴˇˊʾʶˌ ʶˉʾʵˊʰˋʹˌ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ̀ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ όʃʹʴʺΥ ɳˎˊ˖ˉʰʿˁʺ 
ʃ˂ʰˍ˒ˈˊ˃ʰ ʴʽʰ ˍʹ˄ ɮ˄ʱ˂ˎˋʹ ˍˇˎ ɼˏˁ˂ˇˎ ɵ˖ʺˌ7) 

ɳˉʽˉ˂ʷˇ˄ ʶʾ˄ʰʽ ˋʰ˒ʷˌ ˈˍʽ ˋʶ ˃ʾʰ ˃ʶ˂ʷˍʹ ˉˇˎ ʶˉʽˁʶ˄ˍˊ˗˄ʶˍʰʽ ˋˍˇ ʰ˄ʻˊʰˁʽˁˈ ʰˉˇˍˏˉ˖˃ʰ 
ˁˏˊʽˇ ˃ʷ˂ʹ˃ʰ ʶʾ˄ʰʽ ˇ ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ˍ˖˄ ʰʶˊʾ˖˄ ˍˇˎ ʻʶˊ˃ˇˁʹˉʾˇˎΦ ʁʽ 
ʶˁˉˇ˃ˉʷˌ ʰˎˍʷˌ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʽˌ ʶ˄ʶˊʴʶʽʰˁʷˌ ˉʹʴʷˌ ˉˇˎ ʰ˅ʽˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˍʹ˄ 
ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˁʱʻʶ ˋˍʰʵʾˇˎ ˍˇˎ ˁˏˁ˂ˇˎ ʸ˖ʺˌΦ ɲʽʰ˒ˇˊʶˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʻʰ ˉˊˇˁˏ˕ˇˎ˄ 
ʰ˄ ʹ ˉʰˊʰʴ˖ʴʺ ʶ˄ʷˊʴʶʽʰˌ όʴʽʰ ˍʽˌ ˁʰˍʶˊʴʰˋʾʶˌ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰύ ʴʾ˄ʶʽ ˃ˈ˄ˇ ʰˉˈ 
ʰ˄ʰ˄ʶ˗ˋʽ˃ʶˌ ˉʹʴʷˌΦ ʁʽ ʶˁˉˇ˃ˉʷˌ ˈ˃˖ˌ ˉˇˎ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋˍʽˌ ˃ʶˍʰ˒ˇˊʷˌ ό˒ˇˊˍʹʴʱ 
ˇ˔ʺ˃ʰˍʰΣ ˉ˂ˇʾʰύ ʰ˄ʰ˃ʷ˄ˇ˄ˍʰʽ ˄ʰ ʶʾ˄ʰʽ ˁˇʽ˄ʷˌ ˋʶ ˁʱʻʶ ˉʶˊʾˉˍ˖ˋʹΦ ɶ ʹ˂ʶˁˍˊˇˁʾ˄ʹˋʹ, 
ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ˋˍʽˌ ˃ʶˍʰ˒ˇˊʷˌ όlogistics), ʶʾ˄ʰʽ ˉˊ˗ʽ˃ʹ ˍʶ˔˄ˇ˂ˇʴʾʰ  ˁʰʽ ʵʶ˄ ʻʰ ʷ˔ʶʽ 
ʶ˅ʰˉ˂˖ʻʶʾ ˋˍˇ ʱ˃ʶˋˇ ˃ʷ˂˂ˇ˄Φ 

ɸʰ ˉˊʷˉʶʽ ʶˉʾˋʹˌ ˄ʰ ˂ʹ˒ʻˇˏ˄ ˎˉˈ˕ʹ ˇʽ ˉʶˊʽˉˍ˗ˋʶʽˌ ˋˍʽˌ ˇˉˇʾʶˌ ʶʾ˄ʰʽ ʶ˒ʽˁˍʺ ʹ ʰˉʰʴ˖ʴʺ 
ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ˍˇˎ ʱ˄ʻˊʰˁʰΦ ɶ ʰ˄ʱ˂ˎˋʹ ˍˇˎ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ʰˉʰʽˍʶʾ ˖ˋˍˈˋˇ ˄ʰ 
ʶˉʽˋʹ˃ʰ˄ʻˇˏ˄ ˈ˂ʶˌ ˇʽ ˉʽʻʰ˄ʷˌ ʶʽˋˊˇʷˌ ˁʰʽ ʶˁˊˇʷˌ ʰˉˈ ʷ˄ʰ ˋˏˋˍʹ˃ʰΣ ʱˊʰ ʵʶ 
ˉʰˊʰ˂ʶʾˉˇ˄ˍʰʽ ʶˁˉˇ˃ˉʷˌ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ʶ˅ʰʴˇˊʰˋˍˇˏ˄ ˃ʷˋ˖ ˍʹˌ ˍʽ˃ˇ˂ˈʴʹˋʹˌ ˍˇˎ 
ʱ˄ʻˊʰˁʰΦ 

2.2.2 ɲʽʶʻ˄ʷˌ ʅˏˋˍʹ˃ʰ ɮ˄ʰ˒ˇˊʱˌ ˍʹˌ ɮ˄ʱ˂ˎˋʹˌ ɼˏˁ˂ˇˎ ɵ˖ʺˌ 

ʁ ˁʰˍʱ˂ˇʴˇˌ ʰ˄ʱ˂ˎˋʹˌ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ˉˇˎ ʵʹ˃ʽˇˎˊʴʶʾ ʴʽʰ ˍʹ˄ ʶˊʴʰˋʾʰ ˍˇˎ ˇ ʶˊʶˎ˄ʹˍʺˌ ʺ ʹ 
ʶˍʰʽˊʶʾʰ ˉˇˎ ˉʰʾˊ˄ʶʽ ˁʱˉˇʽʰ ˉˊ˖ˍˇʲˇˎ˂ʾʰΣ ˃ˉˇˊʶʾ ˄ʰ ʵʽʰ˒ʷˊʶʽ ˋʶ ˋ˔ʷˋʹ ˃ʶ ʰˎˍˇˏˌ ˉˇˎ 
ʷ˔ˇˎ˄ ˁʰˍʰˋˁʶˎʰˋˍʶʾ ʴʽʰ ʱ˂˂ʶˌ ˃ʶ˂ʷˍʶˌΦ ʁʽ ˃ʽˁˊˇʵʽʰ˒ˇˊʷˌ ʰˎˍʷˌ ʵˎˋ˔ʶˊʰʾ˄ˇˎ˄ ˍʹ˄ 
ʰ˄ˍʰ˂˂ʰʴʺ ˉ˂ʹˊˇ˒ˇˊʾ˖˄ ˁʰʽ ˍʹ˄ ʶ˅ʷˍʰˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˖ˌ ˉˊˇˌ ˍʹ˄ ʰ˄ˍʰˉˈˁˊʽˋʹ 
ˍˇˎˌ ˃ʶ ˍʹ ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰΦ ɯ˂˂ˇ ˉˊˈʲ˂ʹ˃ʰ ˉˇˎ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˋˎ˔˄ʱ ˋˍʹ˄ ˉˊʱ˅ʹ ʶʾ˄ʰʽ ˈˍʽ 
ˉˇ˂˂ʷˌ ʲʽˇ˃ʹ˔ʰ˄ʾʶˌ ˁʰʽ ˇˊʴʰ˄ʽˋ˃ˇʾ ʵʶ ˋˎ˂˂ʷʴˇˎ˄ ʵʶʵˇ˃ʷ˄ʰ ʴʽʰ ˍʹ˄ ʶˉʽʲʱˊˎ˄ˋʹ ˋˍˇ 
ˉʶˊʽʲʱ˂˂ˇ˄ ʰˉˈ ˍʽˌ ˎˉʹˊʶˋʾʶˌ ʺ ̱h ˉˊˇʿˈ˄ˍ hˍˇˎˌΦ ʁˉˈˍʶ ʴʽʰ ˃ʽʰ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʹ ʷˊʶˎ˄ʰ 
ʻʰ ˔ˊʶʽʰʸˈˍʰ˄ ˇ ʶˊʶˎ˄ʹˍʺˌ ˄ʰ ʶˉʽˋˁʶ˒ʻʶʾ ʷ˄ʰ˄ ˃ʶʴʱ˂ˇ ʰˊʽʻ˃ˈ ʶˊʴˇˋˍʰˋʾ˖˄ ˁʰʽ 

 

7 https://eplca.jrc.ec.europa.eu/lifecycleassessment.html  (ɇŮɚŮɡŰŬɑŬ ˊɟɧůɓŬůɖ : 1/5/2022) 

https://eplca.jrc.ec.europa.eu/lifecycleassessment.html


  ɳˁˍʾ˃ʹˋʹ ɮ˄ʻˊʰˁʽˁˇˏ ɮˉˇˍˎˉ˗˃ʰˍˇˌ ʅˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʰ ˁʰˍʱ ˍˇ˄ ɼˏˁ˂ˇ ɵ˖ʺˌ ˍˇˎ 

 

 
37 ɮʻʺ˄ʰΣ 2023 

ˎˉʹˊʶˋʽ˗˄Σ ˄ʰ ʶ˒ʰˊ˃ˈˋʶʽ ˉʶʽˊʰ˃ʰˍʽˁʷˌ ʵʽʰʵʽˁʰˋʾʶˌ ˁʰʽ ˄ʰ ʰˉˇˁˍʺˋʶʽ ʵʽˁʱ ˍˇˎ ʵʶʵˇ˃ʷ˄ʰ 
ˍʰ ˇˉˇʾʰ ʻʰ ʷˉˊʶˉʶ ˄ʰ  ˋˎʴˁˊʾ˄ʶʽ ˃ʶ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʱ˂˂˖˄ ʶˊʶˎ˄˗˄Φ ʂˉ˖ˌ ˒ʱ˄ʹˁʶ ˋˍˇ 
ʶʵʱ˒ʽˇ 1.3 ˍʰ ˉʶʽˊʱ˃ʰˍʰ ˃ˉˇˊʶʾ ˄ʰ ʷ˔ˇˎ˄ ˃ʹ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˁʰʽ ˍʶ˂ʽˁʱ ˄ʰ 
ʰ˃˒ʽˋʲʹˍʶʾˍʰʽ ́  ̌ ˊʻˈˍʹˍʰ ˍʹˌ ˍʶ˂ʽˁʺˌ ʰ˄ʱ˂ˎˋʹˌΦ 

ɱʽʰ ˍʹ˄ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹ ʰˎˍ˗˄ ˍ˖˄ ˉˊˇʲ˂ʹ˃ʱˍ˖˄Σ ́  ɳˎˊ˖ˉʰʿˁʺ ɴ˄˖ˋʹ ʷ˔ʶʽ ʵʹ˃ʽˇˎˊʴʺˋʶʽ ˍˇ 
ɲʽʶʻ˄ʷˌ ʅˏˋˍʹ˃ʰ ɮ˄ʰ˒ˇˊʱˌ ˍʹˌ ɮ˄ʱ˂ˎˋʹˌ ɼˏˁ˂ˇˎ ɵ˖ʺˌ όInternational Life Cycle Data 
System : I.L.C.D.) ˗ˋˍʶ ˎˉˈ ˍʹ˄ ˁʰʻˇʵʺʴʹˋʹ ˍ˖˄ ˉˊˇˍˏˉ˖˄ ISO ˄ʰ ɻ́ ˃ʽˇˎˊʴˇˏ˄ˍʰʽ 
ʲʽʲ˂ʽˇʻʺˁʶˌ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ʷ˔ˇˎ˄ ˋˎ˄ˇ˔ʺΦ ʅˍʹ˄ ɳˎˊ˖ˉʰʿˁʺ ʃ˂ʰˍ˒ˈˊ˃ʰ ʴʽʰ ˍˇ 
ʃʶˊʽʲʱ˂˂ˇ˄Σ ˉˇˎ ʶʾ˄ʰʽ ʵʽʰʻʷˋʽ˃ʹ ʵʽʰʵʽˁˍˎʰˁʱΣ ˇʽ ʶ˄ʵʽʰ˒ʶˊˈ˃ʶ˄ˇʽ ˃ˉˇˊˇˏ˄ ˄ʰ ʲˊˇˎ˄ 
ˉ˂ˇˏˋʽˇ ˎ˂ʽˁˈ ˋʶ ˃ˇˊ˒ʺ ʹ˂ʶˁˍˊˇ˄ʽˁ˗˄ ʲʽʲ˂ʾ˖˄Σ ˋ˔ʶˍʽˁˈ ˃ʶ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˁʰˍʰ˂ˈʴ˖˄ 
ʰ˄ʱ˂ˎˋʹˌ ʰ˂˂ʱ ˁʰʽ ʴʽʰ ˍʹ ˋˎ˄ˇ˂ʽˁʺ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌ ˁˏˁ˂ˇˎ ʸ˖ʺˌ [24]. 

ʆʰˎˍˈ˔ˊˇ˄ʰΣ ʰ˄ʰˉˍˏˋˋʶˍʰʽ ˍˇ ɲʾˁˍˎˇ ɲʶʵˇ˃ʷ˄˖˄ ˍˇˎ ɲʽʶʻ˄ˇˏˌ ʅˎˋˍʺ˃ʰˍˇˌ ɮ˄ʰ˒ˇˊʱˌ ˍʹˌ 
ɮ˄ʱ˂ˎˋʹˌ ɼˏˁ˂ˇˎ ɵ˖ʺˌ όI.L.C.D. Data Network) ˋˍˇ ˇˉˇʾˇ ˇʽ ˒ˇˊʶʾˌ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ 
ʰ˄ʰ˂ˏˋʶʽˌ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ˃ˉˇˊˇˏ˄ ˄ʰ ˉʰˊʷ˔ˇˎ˄ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍˇˎˌ ˁʰʽ ˄ʰ ʰˉˇˁˍˇˏ˄ 
ˉˊˈˋʲʰˋʹ ˋʶ ʱ˂˂ʰ ʰ˄ˍʾˋˍˇʽ˔ʰΦ ɳ˄˄ˇʶʾˍʰʽ ˈˍʽ ˈ˂ʰ ˍʰ ʵʽʰʻʷˋʽ˃ʰ ʵʶʵˇ˃ʷ˄ʰ ʰˁˇ˂ˇˎʻˇˏ˄ ˍʽˌ 
ʰˊ˔ʷˌ ˉˇˎ ʻʷˍʶʽ ˍˇ ɲʽʶʻ˄ʷˌ ʅˏˋˍʹ˃ʰ ɮ˄ʰ˒ˇˊʱˌ ʴʽʰ ˍʹ˄ ɮ˄ʱ˂ˎˋʹ ˍˇˎ ɼˏˁ˂ˇˎ ɵ˖ʺˌ [25]. 

2.2.3 ɰʱˋʹ ʅˎ˄ˍʶ˂ʶˋˍ˗˄ ɳˁˉˇ˃ˉ˗˄ 

ɶ ɲʽʰˁˎʲʶˊ˄ʹˍʽˁʺ ɳˉʽˍˊˇˉʺ ʴʽʰ ˍʹ˄ ɮ˂˂ʰʴʺ ˍˇˎ ɼ˂ʾ˃ʰˍˇˌ (Intergovernmental Panel on 
Climate Change : I.P.C.C.)  ʷ˔ʶʽ ʵʹ˃ʽˇˎˊʴʺˋʶʽ ʷ˄ʰ˄ ʹ˂ʶˁˍˊˇ˄ʽˁˈ ˁʰˍʱ˂ˇʴˇ ˃ʶ ˋˎ˄ˍʶ˂ʶˋˍʷˌ 
ʶˁˉˇ˃ˉ˗˄ ʰʶˊʾ˖˄Φ ʁ ˁʰˍʱ˂ˇʴˇˌ ʶʾ˄ʰʽ ʵʽʰʻʷˋʽ˃ˇˌ ˃ʷˋ˖ ʵʽʰʵʽˁˍˏˇˎ ˁʰʽ ˇ ˔ˊʺˋˍʹˌ ˃ˉˇˊʶʾ 
˄ʰ ʰ˄ʰʸʹˍʺˋʶʽ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˈ˂ʰ ˍʰ ʰʷˊʽʰ ˍˇˎ ʻʶˊ˃ˇˁʹˉʾˇˎ ˋʶ  ʵʽʱ˒ˇˊʶˌ ˋˎ˄ʻʺˁʶˌ 
ʶˁˉˇ˃ˉʺˌ [26]. 

ʂ˃ˇʽʰΣ ˎˉʱˊ˔ʶʽ ˁʰˍʱ˂ˇʴˇˌ ˁʰʽ ˇʵʹʴʾʶˌ ʴʽʰ ˍʹ ˔ˊʺˋʹ ˍ˖˄ ˋˎ˄ˍʶ˂ʶˋˍ˗˄ ʶˁˉˇ˃ˉ˗˄ ˋˍʹ˄ 
ʽˋˍˇˋʶ˂ʾʵʰ ˍˇˎ ʃˊ˖ˍˇˁˈ˂˂ˇˎ ˍ˖˄ ɮʶˊʾ˖˄ ˍˇˎ ɸʶˊ˃ˇˁʹˉʾˇˎ όGreenhouse Gas Protocol), 
˃ʰʸʾ ˃ʶ ˇʵʹʴʾʶˌ ʴʽʰ ˍʹ ˔ˊʺˋʹ ˍˇˎˌ ˁʰʽ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄Φ ʁʽ ˇʵʹʴʾʶˌ ʰˎˍʷˌ 
ʶʾ˄ʰʽ ʶˉʾˋʹˌ ʵʽʰʻʷˋʽ˃ʶˌ ˃ʷˋ˖ ʵʽʰʵʽˁˍˏˇˎΦ  

ʆʷ˂ˇˌΣ ˔ˊʺˋʽ˃ʹ ʴʽʰ ˍʹ˄ ʶˊʴʰˋʾʰ ʶʾ˄ʰʽ ʹ ʲʱˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˍˇˎ ɲʽʶʻ˄ˇˏˌ ʁˊʴʰ˄ʽˋ˃ˇˏ 
ʃˇ˂ʽˍʽˁʺˌ ɮʶˊˇˉˇˊʾʰˌ ʴʽʰ ˍˇˎˌ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ʶˁˉˇ˃ˉ˗˄ ʰʶˊˇˉˇˊʽˁ˗˄ ˁʽ˄ʹˍʺˊ˖˄Φ 

2.2.4 ʅˍʱʵʽʰ ̱ ʹˌ ɮ˄ʱ˂ˎˋʹ ̩ɮ˄ʻˊʰˁʽˁˇˏ ɮˉˇˍˎˉ˗˃ʰˍˇˌ 

ʆˇ ˉˊˈˍˎˉˇ ISO-14064 ʰˉˇˍʶ˂ʶʾ ˍʹ ʲʱˋʹ ʴʽʰ ˍʹ˄ ˁʰˍʰʴˊʰ˒ʺ ˍˇˎ ʰ˄ʻˊʰˁʽˁˇˏ 
ʰˉˇˍˎˉ˗˃ʰˍˇˌ ˃ʾʰˌ ʶˍʰʽˊʶʾʰˌ ʺ ˃ʾʰˌ ˁˇʽ˄ˈˍʹˍʰˌΦ ʃʰˊʷ˔ʶʽ ˇʵʹʴʾʶˌ ʴʽʰ ˍʹ˄ ˇˊʻʺ 
ˁʰˍʰʴˊʰ˒ʺ ˍ˖˄ ˊˏˉ˖˄Σ ˍʹ ˃ʶʾ˖ˋʹ ˍˇˎˌ ˁʰʽ ˍʹ˄ ʶˉʽˍˎ˔ʺ ʶˉʰ˂ʺʻʶˎˋʹ ˍʹˌ ʷˊʶˎ˄ʰˌΦ ɶ 
ʰ˄ʱ˂ˎˋʹ ˍˇˎ ʰ˄ʻˊʰˁʽˁˇˏ ʰˉˇˍˎˉ˗˃ʰˍˇˌ ˃ˉˇˊʶʾ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ʲʱˋʶʽ ˇˊʽˋ˃ʷ˄˖˄ 
ˁʰ˄ˈ˄˖˄ ˉˇˎ ʻʷˍˇ˄ˍʰʽ ʶʾˍʶ ʰˉˈ ˍˇ ˉˊˈˍˎˉˇ PAS 2060 (Publicly Available Specification 
2060) ̱ ˇˎ ɹ˄ˋˍʽˍˇˏˍˇˎ ɰˊʶˍʰ˄ʽˁ˗˄ ʃˊˇˍˏˉ˖˄ όBSI : British Standards Institute), ʁ ʾˍʶ ʰˉˈ ˍˇ 
ˉˊˈˍˎˉˇ ɼʰˍʰʴˊʰ˒ʺˌ ˁʰʽ ɮ˄ʰ˒ˇˊʱˌ ˍˇˎ ɼˏˁ˂ˇˎ ɵ˖ʺˌ ʶ˄ˈˌ ʃˊˇʿˈ˄ˍˇˌ όProduct Life Cycle 
Accounting and Reporting Standardύ ˍˇˎ ʃˊ˖ˍˈˁˇ˂˂ˇˎ ̱˖˄ ɮʶˊʾ˖˄ ˍˇˎ ɸʶˊ˃ˇˁʹˉʾˇˎ 
(Greenhouse Gas Protocol : GH.G. Protocol)Φ ʆʰ ʵˏˇ ˉˊˈˍˎˉʰ ʶˁʵˈʻʹˁʰ˄ ˉʶˊʾˉˇˎ ˍʹ˄ ʾʵʽʰ 
ʶˉˇ˔ʺ όˍˇ нл10 ˍˇ ˉˊˈˍˎˉˇ PAS 2060, ˍˇ нлмм ˍˇ ˉˊˈˍˎˉˇ ˍˇˎ GHG) ˁʰʽ ʶʾ˄ʰʽ ˈ˃ˇʽʰ. 
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ʃh ˊˇˎˋʽʱʸˇˎ˄ ʵʽʰ˒ˇˊʷˌ ˋˍˇˎˌ ˉʶˊʽˇˊʽˋˍʽˁˇˏˌ ˁʰ˄ˇ˄ʽˋ˃ˇˏˌ ˉˇˎ ʻʷˍˇˎ˄ ʰ˄ʱ˂ˇʴʰ ˍˇ˄ 
ˍˇ˃ʷʰ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ ʺ ˋˎˋˍʺ˃ʰˍˇˌ ˉˇˎ ʶ˅ʶˍʱʸʶˍʰʽΦ ɼʰʽ ˍʰ ʵˏˇ ˉˊˈˍˎˉʰ ʷ˔ˇˎ˄ ˁˇʽ˄ˈ 
ˋˁˇˉˈ ˍʹ˄ ʶʵˊʰʾ˖ˋʹ ʲʽ˗ˋʽ˃˖˄ ˁʰʽ ˇʽˁˇ˂ˇʴʽˁ˗˄ ˉˊʰˁˍʽˁ˗˄ [27].  

ʅˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈ ʻʰ ˉʰˊˇˎˋʽʰˋˍˇˏ˄ ˍʰ ʲʺ˃ʰˍʰ ˃ʾʰˌ ʰ˄ʱ˂ˎˋʹˌ ʰ˄ʻˊʰˁʽˁˇˏ 
ʰˉˇˍˎˉ˗˃ʰˍˇˌ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ ˉˊˈˍˎˉˇ ˍˇˎ GHGΣ ˃ʽʰˌ ˁʰʽ ʴʶ˄ʽˁʱ ʹ ʵʽʰʵʽˁʰˋʾʰ ʶʾ˄ʰʽ ʹ 
ʾʵʽʰ ˁʰʽ ʴʽʰ ˍʰ ʵˏˇ ˉˊˈˍˎˉʰ όʃʾ˄ʰˁʰˌ 2-3, ʃʾ˄ʰˁʰˌ 2-4ύΦ ʃʶˊʽˋˋˈˍʶˊʶˌ ˂ʶˉˍˇ˃ʷˊʶʽʶˌ 
ˎˉʱˊ˔ˇˎ˄ ˋˍˇˎˌ ʰ˄ˍʾˋˍˇʽ˔ˇˎˌ ˇʵʹʴˇˏˌ ˍ˖˄ ˉˊˇˍˏˉ˖˄ ˉˇˎ ʶʾ˄ʰʽ ʵʽʰʻʷˋʽ˃ˇʽ ʵʽʰʵʽˁˍˎʰˁʱ 
[28], [29]. 

 

ʃʾ˄ʰˁʰˌ 2-3 Υ ɰʺ˃ʰˍʰ ˍˇˎ ʃˊˇˍˏˉˇˎ ɼʰˍʰʴˊʰ˒ʺˌ ˁʰʽ ɮ˄ʰ˒ˇˊʱˌ ˍˇˎ ɼˏˁ˂ˇˎ ɵ˖ʺˌ 
ʃˊˇʿˈ˄ˍˇˌ 

ɰɶɾɮʆɮ ʃɳʄɹɱʄɮʊɶ 

ɼɮɸʁʄɹʅɾʁʅ ʅʆʁʋʍɿ ʃˊˇˋˍʰˋʾʰ ˍˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌΣ ɰʶ˂ˍʾ˖ˋʹ ˉˊˇʿˈ˄ˍˇˌΣ 
ʃˊˇˋʵʽˇˊʽˋ˃ˈˌ ʶˁˉˇ˃ˉ˗˄ ʴʽʰ ˋˍʰˍʽˋˍʽˁˇˏˌ ˋˁˇˉˇˏˌΣ 
ɾʱˊˁʶˍʽ˄ʴˁΣ ɳ˄ʹ˃ʷˊ˖ˋʹ ˁʰˍʰ˄ʰ˂˖ˍʽˁˇˏ ˁˇʽ˄ˇˏΣ ˁ˂ˉΦ 

ʆɶʄɶʅɶ ɼɮɿʁɿʍɿ ɼɮʆɮɱʄɮʊɶʅ ɼɮɹ ɮɿɮʊʁʄɮʅ ʁ ˁʰˍʱ˂ˇʴˇˌ ˉˇˎ ʻʰ ʵʹ˃ʽˇˎˊʴʹʻʶʾ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ʷʴˁˎˊˇˌΣ 
ʰˁˊʽʲʺˌΣ ʰ˂ʹʻʺˌ ˁʰʽ ˔˖ˊʾˌ ʶ˂˂ʶʾ˕ʶʽˌ 

ʆɶʄɶʅɶ ɼɮɿʁɿʍɿ ɼʇɼɽʁʇ ɵʍɶʅ ɾʶ˂ʶˍʱˍʰʽ ˇ ˁˏˁ˂ˇˌ ʸ˖ʺˌ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌΣ ʰˁˇ˂ˇˎʻ˗˄ˍʰˌ ˍˇ 
ζˁʰ˂ˇˏˉʽη ˍʹˌ ʰ˄ʱ˂ˎˋʹˌ ˁˏˁ˂ˇˎ ʸ˖ʺˌΦ 

ʁʄɹʅɾʁʅ ɳɾɰɳɽɳɹɮʅ ɼɮʆɮɽʁɱʁʇ ʃʄʁɻʁɿʆʁʅ ɼʰʻˇˊʽˋ˃ˈˌ ˍˇˎ ˎˉˈ ˃ʶ˂ʷˍʹ ˉˊˇʿˈ˄ˍˇˌ όstudied productύΣ ˍʹˌ 
˂ʶʽˍˇˎˊʴʾʰˌ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾ όunit of analysis) ˁʰʽ ˍʹˌ 
ˉˇˋˈˍʹˍʰ ̩̱ ˇˎ όreference flow) 

ʁʄɹʅɾʁʅ ʆʍɿ ʁʄɹʍɿ ɲʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ ˔ʱˊˍʹ ʵʽʶˊʴʰˋʽ˗˄Φ ʁ ˔ʱˊˍʹˌ ʵʽʶˊʴʰˋʽ˗˄ 
ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˁʱʻʶ ʵʽʶˊʴʰˋʾʰ ˉˇˎ ˋ˔ʶˍʾʸʶˍʰʽ ˃ʶ ˍˇ ˉˊˇʿˈ˄ ˁʰʽ 
ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˍʰ ˋˍʱʵʽʰ ˍˇˎ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ˁʰʽ ˁʱʻʶ ʶˊʴʰˋʾʰΣ 
ˎ˂ʽˁʱ ˁʰʽ ˊˇʺ ʶ˄ʷˊʴʶʽʰˌ ˉˇˎ ˍʰ ʰˉˇˍʶ˂ˇˏ˄Φ 

ʅʇɽɽʁɱɶ ɲɳɲʁɾɳɿʍɿ ɱʾ˄ʶˍʰʽ ˃ʶ ʵˏˇ ˍˊˈˉˇˎˌ Υ ʰύ ɮˉʶˎʻʶʾʰˌ ˃ʷˍˊʹˋʹ ˃ʶ ˉʶʽˊʰ˃ʰˍʽˁʷˌ 
˃ʶʻˈʵˇˎˌΣ ʲύ ʃˊˇˋˇ˃ˇʾ˖ˋʹ ˍ˖˄ ʵʽʰʵʽˁʰˋʽ˗˄ ˁʰʽ ˎˉˇ˂ˇʴʽˋ˃ˈˌ 
˃ʶʴʶʻ˗˄ ˈˉ˖ˌ ʶ˄ʷˊʴʶʽʰΣ ˃ʱʸʰΣ ˈʴˁˇΣ ʵʽʰˍˇ˃ʺΣ ʰˉˈˋˍʰˋʹΣ ˔ˊˈ˄ˇ 
ˁʰʽ ˉˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈˌ ˍˇˎˌ ˃ʶ ˁʱˉˇʽˇ˄ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˁˉˇ˃ˉʺˌΦ 

ɼɮʆɮɾɳʄɹʅɾʁʅ ɲɳɲʁɾɳɿʍɿ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʰ˄ ˃ʽʰ ʴˊʰ˃˃ʺ ˉʰˊʰʴ˖ʴʺˌ ʵʾ˄ʶʽ ˉˇ˂˂ʱ 
ʶ˅ʰˊˍʺ˃ʰˍʰ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌΣ ʺ ˁʰʽ ʶ˅ʰˊˍʺ˃ʰˍʰ ʱˋ˔ʶˍʰ ˃ʶ ˍʹ 
˃ʶ˂ʷˍʹΣ ʻʰ ˉˊʷˉʶʽ ˃ʶ ˁʱˉˇʽˇ ˍˊˈˉˇ ˄ʰ ʴʾ˄ʶʽ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ 
ʶˁˉˇ˃ˉ˗˄ ό˃ʷˋ˖ ˃ʱʸʰˌ ʺ ˈʴˁˇˎΣ ˂ˈʴˇˎ ˔ʱˊʹύ. 

ɳʄɳʇɿɮ ɱɹɮ ʅʆɮʆɹʅʆɹɼʁ ʅʊɮɽɾɮ ɴ˂ʶʴ˔ˇˌ ˍˇˎ ˁʰˍʰ˂ˈʴˇˎ ʴʽʰ ˋ˒ʱ˂˃ʰˍʰ ˋˍʰˍʽˋˍʽˁˇˏ ˔ʰˊʰˁˍʺˊʰΦ 

ʆɳɽɹɼʁɹ ʇʃʁɽʁɱɹʅɾʁɹ ʋˊʺˋʹ ʶ˅ʽˋ˗ˋʶ˖˄ ˗ˋˍʶ ˄ʰ ʴʾ˄ʶʽ ˁʰˍʱ˂˂ʹ˂ʹ ʰ˄ʰʴ˖ʴʺ ˋʶ ˍˈ˄ˇˎˌ 
ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰΦ 

ʆɳɽɹɼʁʅ ɳɽɳɱʋʁʅΣ ʅʇɱɼʄɹʅɶ ɮʃʁʆɳɽɳʅɾɮʆʍɿΣ ʃɮʄʁʇʅɹɮʅɶ ʅˏʴˁˊʽˋʹ ˃ʶ ʱ˂˂ʶˌ ˃ʶ˂ʷˍʶˌ ʺ ʵʽʰʻʷˋʽ˃ʰ ʵʶʵˇ˃ʷ˄ʰ ʰˉˈ 
ˇˊʴh˄ ʽˋ˃ˇˏˌ ˁʰʽ ʶˍʰʽˊʶʾʶˌΦ  

ʃʹʴʺ Υ ʃˊ˖ˍˈˁˇ˂˂ˇ ˍ˖˄ ɮʶˊʾ˖˄ ˍˇˎ ɸʶˊ˃ˇˁʹˉʾˇˎ8 

 

8 https://ghgprotocol.org/sites/default/files/standards/Product-Life-Cycle-Accounting-Reporting-Standard_041613.pdf (ɇŮɚŮɡŰŬɑŬ ˊɟɧůɓŬůɖ 

: 7/5/2022 

https://ghgprotocol.org/sites/default/files/standards/Product-Life-Cycle-Accounting-Reporting-Standard_041613.pdf
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ʃʾ˄ʰˁʰˌ 2-4 Υ ɳʾʵʹ ʶˁ ˉˇ˃ˉ˗˄ h ʶˊʾ˖˄ ˍˇˎ ʻʶˊ˃ˇˁʹˉʾˇˎ 

ɳɹɲʁʅ ɳɼʃʁɾʃɶʅ (EMISSION) ʃɳʄɹɱʄɮʊɶ 

ɮɾɳʅɶ ɳɼʃʁɾʃɶ (DIRECT) ɳˁˉˇ˃ˉʷˌ ˇʽ ˇˉˇʾʶˌ ʰ˄ʺˁˇˎ˄ ʺ ʶ˂ʷʴ˔ˇ˄ˍʰʽ 
ʰˉˈ ˍʹ˄ ˎˉˈ ˃ʶ˂ʷˍʹ ˃ˇ˄ʱʵʰΦ 

ɳɾɾɳʅɶ ɳɼʃʁɾʃɶ (INDIRECT) ɳˁˉˇ˃ˉʷˌ ˇʽ ˇˉˇʾʶˌ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ˍʰʽ 
ʰˉˈ ʱ˂˂ʶˌ ˉʹʴʷˌ ʶ˅ʰʽˍʾʰˌ ˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ 
ʺ ˍ˖˄ ʵˊʰˋˍʹˊʽˇˍʺˍ˖˄ ˍʹˌ ˃ˇ˄ʱʵʰˌ. 

ʃʹʴʺ Υ ʃˊ˖ˍˈˁˇ˂˂ˇ ˍ˖˄ ɮʶˊʾ˖˄ ˍˇˎ ɸʶˊ˃ˇˁʹˉʾˇˎ9 

ɱʽʰ ˃ʽʰ ˃ʶ˂ʷˍʹ ʰ˄ʱ˂ˎˋʹˌ ʰ˄ʻˊʰˁʽˁˇˏ ʰˉˇˍˎˉ˗˃ʰˍˇˌ ˇʽ ʶˁˉˇ˃ˉʷˌ ˔˖ˊʾʸʶˍʰʽ ˋʶ ˍˊʶʽˌ 
ʱ˂˂ʶˌ ˎˉˇˁʰˍʹʴˇˊʾʶˌ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ˄ ʶˉˈ˃ʶ˄ˇ ˉʾ˄ʰˁʰ (ʃʾ˄ʰˁʰˌ 2-5): 

ʃʾ˄ʰˁʰˌ 2-5 : ɼʰˍʹʴˇˊʾʰ ʁ ˁˉˇ˃ˉ˗˄ ʰʶˊʾ˖˄ ˍˇˎ ʻʶˊ˃ˇˁʹˉʾˇˎ 

ɼɮʆɶɱʁʄɹɮ (SCOPE) ʃɳʄɹɱʄɮʊɶ 

ʃʄʍʆɶ όSCOPE 1) ʂ˂ʶˌ ˇʽ ʱ˃ʶˋʶˌ ʶˁˉˇ˃ˉʷˌΦ ɳˁˉˇ˃ˉʷˌ ˉˇˎ ˉʰˊʱʴˇ˄ˍʰʽ ʰˉˈ ˍʰ 
ʶˊʴˇˋˍʱˋʽʰκˍʽˌ ˎˉʹˊʶˋʾʶˌ όˉˇˎ ʵʹ˃ʽˇˎˊʴˇˏ˄ ˍˇ ˉˊˇʿˈ˄κˍˇ 
ʰʴʰʻˈύ ˁʰʽ ˍʰ ˇ˔ʺ˃ʰˍʰ ˍʰ ˇˉˇʾʰ ʶ˅ˎˉʹˊʶˍˇˏ˄ ˍʰ 
ʶˊʴˇˋˍʱˋʽʰκˍʽˌ ˎˉʹˊʶˋʾʶˌ ˁʰʽ ʰ˄ʺˁˇˎ˄ ˋʶ ʰˎˍʷˌΦ ʁʽ ʶˁˉˇ˃ˉʷˌ 
ˉˇˎ ˉʰˊʱʴˇ˄ˍʰʽ ʰˉˈ ˍˇ˄ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʰΦ 

ɲɳʇʆɳʄɶ όSCOPE 2) ʁʽ ʷ˃˃ʶˋʶˌ ʶˁˉˇ˃ˉʷˌ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍʽˌ ʰ˄ʱʴˁʶˌ ʴʽʰ ʹ˂ʶˁˍˊʽˋ˃ˈΣ 
ʰˍ˃ˈΣ ʻʷˊ˃ʰ˄ˋʹΣ ˕ˏ˅ʹΣ ˁ˂ʽ˃ʰˍʽˋ˃ˈΣ ˍˇˎ 
ʶˊʴˇˋˍʰˋʾˇˎκˎˉʹˊʶˋʾʰˌκˉˊˇʿˈ˄ˍˇˌΦ 

ʆʄɹʆɶ όSCOPE 3) ʁʽ ˎˉˈ˂ˇʽˉʶˌ ʷ˃˃ʶˋʶˌ ʶˁˉˇ˃ˉʷˌΦ ʃʰˊʰʵʶʾʴ˃ʰˍʰΥ ʹ ʶ˅ˈˊˎ˅ʹ ˁʰʽ 
ʵʹ˃ʽˇˎˊʴʾʰ ˍ˖˄ ʰ˄ʰʴˁʰʾ˖˄ ˎ˂ʽˁ˗˄Σ ˇʽ ˃ʶˍʰ˒ˇˊʷˌ 
ˎ˂ʽˁ˗˄κˎˉʰ˂˂ʺ˂˖˄ ˋʶ ˇ˔ʺ˃ʰˍʰ ˉˇˎ ʵʶ˄ ʰ˄ʺˁˇˎ˄ ˋˍˇ 
ʶˊʴˇˋˍʱˋʽˇκˎˉʹˊʶˋʾʰΣ ʹ ʰˉˈˋˎˊˋʹ ˎ˂ʽˁ˗˄ ˁʰʽ ʹ ʵʽʰ˔ʶʾˊʽˋʹ 
ʰˉˇˊˊʽ˃˃ʱˍ˖˄Φ ʁˉˇʽʰʵʺˉˇˍʶ ʶˁˉˇ˃ˉʺ ʵʶ˄ ʶʾ˄ʰʽ ʵˎ˄ʰˍˈ˄ ˄ʰ 
ʶ˂ʷʴ˅ʶʽ ʱ˃ʶˋʰ ʹ ˃ˇ˄ʱʵʰ ˉˇˎ ˃ʶ˂ʶˍʱˍʰʽΦ 

ʃʹʴʺ Υ ʃˊ˖ˍˈˁˇ˂˂ˇ ˍ˖˄ ɮʶˊʾ˖˄ ˍˇˎ ɸʶˊ˃ˇˁʹˉʾˇˎ 

ɾʾʰ ˃ʶ˂ʷˍʹ ʰ˄ʱ˂ˎˋʹˌ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ʹ ˇˉˇʾʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˃ˈ˄ˇ ˍʽˌ ʰ˄ʻˊʰˁʽˁʷˌ ʶˁˉˇ˃ˉʷˌ 
˃ˉˇˊʶʾ ˄ʰ ˇ˄ˇ˃ʰˋˍʶʾ ˁʰʽ ɮ˄ʱ˂ˎˋʹ ɮ˄ʻˊʰˁʽˁ˗˄ ɳˁˉˇ˃ˉ˗˄ ɼˏˁ˂ˇˎ ɵ˖ʺˌ όLife Cycle Carbon 
Emissions Assessment : L.C.C.E.A.) ˁʰʽ ˋˎ˄ʵˎʱʸʶʽ ˍʽˌ ˃ʶʻˈʵˇˎˌ ʰ˄ʱ˂ˎˋʹˌ ʰ˄ʻˊʰˁʽˁˇˏ 
ʰˉˇˍˎˉ˗˃ʰˍˇˌ ˃ʶ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˍˇˎ ˁˏˁ˂ˇˎ ʸ˖ʺˌΦ  

ʅˍʹ˄ ɳʽˁˈ˄ʰ 2-3 ˒ʰʾ˄ʶˍʰʽ ˋ˔ʹ˃ʰˍʽˁʱ ˇ ˁˏˁ˂ˇˌ ʸ˖ʺˌ ʶ˄ˈˌ ˉˊˇʿˈ˄ˍˇˌ ˁʰʽ ʹ ˁʰˍʹʴˇˊʾʰ ˍ˖˄ 
ʶˁˉˇ˃ˉ˗˄ ˉˇˎ ˉʰˊʱʴˇ˄ˍʰʽ ˋˍʰ ˋˍʱʵʽʰ ˍʹˌ ʸ˖ʺˌ ˍˇˎΦ  

 

9 https://ghgprotocol.org/ (ɇŮɚŮɡŰŬɑŬ ˊɟɧůɓŬůɖ :7/5/2022) 

https://ghgprotocol.org/
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ɳʽˁˈ˄ʰ 2-3 Υ ʅ˔ʷˋʹ ˁʰˍʹʴˇˊʾʰˌ ʁ ˁˉˇ˃ˉ˗˄ ˁʰʽ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ʶ˄ˈˌ ˇˊʴʰ˄ʽˋ˃ˇˏ ˁʰˍʱ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ 
ˉˊˇʿˈ˄ˍ˖˄ 

ɳˉʽˋʹ˃ʰʾ˄ʶˍʰʽ ˈˍʽ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˃ʶ˂ʶˍʱˍʰʽ ˍˇ ʾʵʽˇ ˍˇ ˉˊˇʿˈ˄ (ɳʽˁˈ˄ʰ 2-3), ˍˇ ʶʾʵˇˌ 
ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ʻʰ ʶʾ˄ʰʽ ʵʽʰ˒ˇˊʶˍʽˁˈΦ ɱʽʰ ʷ˄ʰ˄ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʰ ʻʰ ˎˉʱˊ˔ˇˎ˄ ˁˎˊʾ˖ˌ 
ʶˁˉˇ˃ˉʷˌ нʹ ̩ˁʰˍʹʴˇˊʾʰˌ ˋˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˁʰʽ ˍʹ˄ ˁʰˍʶˊʴʰˋʾʰ όʶˁˍˈˌ ʰ˄ ʴʾ˄ˇˎ˄ ʵˇˁʽ˃ʷˌύ 
ˁʰʽ ʶˉʾˋʹˌ мʹ ̩ˁ ʰˍʹʴˇˊʾʰˌ ̀ ˍˇ ˋˍʱʵʽˇ ˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˁʰʽ ˍʹˌ ˔ˊʺˋʹˌΦ 

2.3  ʃʰˊʰʵʶʾʴ˃ʰˍʰ ʶ˒ʰˊ˃ˇʴʺˌ ˍ˖˄ ˃ʶʻˈʵ˖˄ 

2.3.1 ɮ˄ʱ˂ˎˋʹ ɮ˄ʻˊʰˁʽˁˇˏ ɮˉˇˍˎˉ˗˃ʰˍˇˌ h ʶˊˇˋˁʱ˒ˇˎˌ 

ɼʾ˄ʹˍˊˇ ˍʹˌ ʶˊʴʰˋʾʰˌ ˍ˖˄ LǾŀƴ WŀƪƻǾƭƧŜǾƛŎΣ wŀŘƻƳƛǊ aƛƧŀƛƭƻǾƛŎ ˁʰʽ Petar Mirosavljevic [30] 
όʃh˄ʶˉʽˋˍʺ˃ ʽˇ ɰʶ˂ʽʴˊʰʵʾˇˎύΣ ʶʾ˄ʰʽ ʹ ˎ̄ ˇʲʱʻ˃ʽˋʹ ˍʹˌ ʶˉʾʵˇˋʹˌ ˍ˖˄ ʰʶˊˇˋˁʰ˒˗˄Σ ʹ ˇˉˇʾʰ 
ˉˊˇˁʰ˂ʶʾ ˃ʶʴʱ˂ʹ ˁʰˍʰ˄ʱ˂˖ˋʹ ˁʰˎˋʾ˃ˇˎ όʶ˅ʰʽˍʾʰˌ ˍʹˌ ˃ʶʴʰ˂ˏˍʶˊʹˌ ˇˉʽˋʻʷ˂ˁˇˎˋʰˌ ˁʰʽ 
ˍʹˌ ˃ʽˁˊˈˍʶˊʹˌ ˗ˋʹˌύ ˁʰʽ ˃ʶʴʰ˂ˏˍʶˊʹ ˉˇˋˈˍʹˍʰ ʰ˄ʻˊʰˁʽˁ˗˄ ʶˁˉˇ˃ˉ˗˄Φ  

ɶ ̝ʶʽˊˇˍʷˊʶˎˋʹ ʵʶ ˂ʰ˃ʲʱ˄ʶˍʰʽ ˋˎ˔˄ʱ ˎˉˈ˕ʹ ˋʶ ʰ˄ʱ˂ˇʴʶˌ ʶˊʴʰˋʾʶˌΦ ʁʽ ʶˁˉˇ˃ˉʷˌ ˂ˈʴ˖ 
˔ʶʽˊˇˍʷˊʶˎˋʹˌ ˔˖ˊʾʸˇ˄ˍʰʽ ˋʶ ʰʶˊˇʵˎ˄ʰ˃ʽˁʱ (ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺ ʰʶˊˇˋˁʱ˒ˇˎύ̩ ˁʰʽ 
ʻʶˊ˃ˇʵˎ˄ʰ˃ʽˁʱ όˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʰˌύ ʰʾˍʽʰΦ  

ɶ ˒ʱˋʹ ˍʹˌ ˔ʶʽˊˇˍʷˊʶˎˋʹˌ ˉʰˊʱʴʶʽ ˉʶˊʽˋˋˈˍʶˊˇ ʵʽˇ˅ʶʾʵʽˇ ˍˇˎ ʱ˄ʻˊʰˁ hˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʰ 
ʱ˂˂ʰ ˋˍʱʵʽʰ ʸ˖ʺˌ ˍˇˎ ˁʽ˄ʹˍʺˊʰ ό ˃ʶ ʁ˅ ʰʾˊʶˋʹ ˍʹ ˔ˊʺˋʹ)Φ ɱʽʰ ˍʹ ˃ʶ˂ʷˍʹ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ 
ʰʶˊˇˋˁʱ˒ ʹ A320 ˁ ʰʽ h ˉʰʽˍˇˏ˄ˍʰʽ:  

¶ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ˎˉˇʲʱʻ˃ʽˋʹˌ όˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ˋˍʹ ʵʽʱˊˁʶʽʰ ʶ˄ˈˌ ˔ˊˈ˄ˇˎύΣ 

¶ ˉʰˊʱ˃ʶˍˊˇʽ ˔ˊʺˋʹˌ όʵʽʱˊˁʶʽʰ ˉˍʺˋʹˌΣ ˁˏˁ˂ˇʽ ˉˍʺˋʹˌ όŦƭƛƎƘǘ ŎȅŎƭŜǎύΣ ʰˍ˃ˇˋ˒ʰʽˊʽˁʷˌ 
ˋˎ˄ʻʺˁʶˌ), 

¶ ˃ˇ˄ˍʷ˂ʰ ˋˎ˄ˍʺˊʹˋʹˌ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇˎˌ ˁʰˍʰˋˁʶˎʰˋˍʷˌΦ 

ʆʰ ˋˍʱʵʽʰ ˍˇˎ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ 2-4 : 
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ɳʽˁˈ˄ʰ 2-4 : ɼˏˁ˂ˇˌ y ˖ʺˌ ʁ ˄ˈˌ h ʶˊˇˋˁʱ˒ˇˎˌ (ʃʹʴʺ : Carbon dioxide emission during the life cycle 
of turbofan aircraft) 

ɮˊ˔ʽˁʱΣ ʴʽʰ ˁʱʻʶ ˋˍʱʵʽˇ ˍˇˎ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ˇʽ ʶˁˉˇ˃ˉʷˌ ˍˇˎ ʱ˄ʻˊʰˁʰΦ ɱʽʰ 
ˉʰˊʱʵʶʽʴ˃ʰΣ ʴʽʰ ˍˇ ˋˍʱʵʽˇ ˍʹˌ ζʃʰˊʰʴ˖ʴʺˌ ʇ˂ʽˁ˗˄ηΣ ˇʽ ʶˁˉˇ˃ˉʷˌ ʵʾ˄ˇ˄ˍʰʽ ʰˉˈ ˍʹ˄ 
ʶ˅ʾˋ˖ˋʹ Υ 

ῴ
ττ

ρς
ϽῼϽ ήάὭϽὩὧȢȢϽρ ὶὩόίὩὶὩὧ ὶὩὧώάὩὧȢȢϽὶὩὧώάϽ Ὡ Ͻὴάὴȟ     ὸὅὕ     ςȢρ 

ʂˉˇˎ Υ  ɾ  h[kg] ʹ ˃ʱʸʰ ˍˇˎ ʰʶˊˇˋˁʱ˒ˇˎˌ,  

nm ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˎ˂ʽˁ˗˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʴʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˍˇˎ 
ʰʶˊˇˋˁʱ˒ˇˎˌΣ ʶ˄˗ nen h ˊʽʻ˃ˈˌ ʶʽʵ˗˄ ʶ˄ʷˊʴʶʽʰˌ ˉˇˎ ʵʹ˃ʽˇˎˊʴʺˋʰ˄ ˍˇ ˎ˂ʽˁˈ i, 

qmi ʹ ˋˎ˃˃ʶˍˇ˔ʺ ˍˇˎ ˎ˂ʽˁˇˏ i ˋˍʹ ˃ʱʸʰ ˍˇˎ ʰʶˊˇˋˁʱ˒ˇˎˌΣ pmpij ˋˎ˃˃ʶˍˇ˔ʺ ʶ˄ʷˊʴʶʽʰˌ j 
ˋˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˎ˂ʽˁˇˏ i, 

eci [kJ/kg] ʶ˄ʷˊʴʶʽʰ ˉˇˎ ʰ˄ʰ˂˗˄ʶˍʰʽ ʴʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˄ʷˇˎ όv.m.) ʺ ʰ˄ʰˁˎˁ˂˖˃ʷ˄ˇˎ 
(r.m.) ˎ ˂ʽˁˇˏΣ ˊˎʻ˃ˇʾ ʶˉʰ˄ʰ˔ˊʹˋʽ˃ˇˉˇʾʹˋʹˌΣ ʰ˄ʱˁˍʹˋʹˌ ˁʰʽ ʰ˄ʰˁˏˁ˂˖ˋʹˌ ˎ˂ʽˁˇˏ i, reuse, 
recov, recym, h ˄ˍʾˋˍˇʽ˔ʰΣ  

ʶ˄˗ efi [kgC/MJ] ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʶˁˉˇ˃ˉ˗˄ ˍʹˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ʶ˄ʷˊʴʶʽʰˌ j (ʰˉˈ ˍʹ 
ʲʽʲ˂ʽˇʴˊʰ˒ʾʰύ 

ɾʶ ˈ˃ˇʽʰˌ ˂ˇʴʽˁʺˌ ʶ˅ʽˋ˗ˋʶʽˌ ʴʾ˄ˇ˄ˍʰʽ ˇʽ ˎˉˇ˂ˇʴʽˋ˃ˇʾ ʴʽʰ ˍʰ ˎˉˈ˂ˇʽˉʰ ˋˍʱʵʽʰ ˍˇˎ ˁˏˁ˂ˇˎ 
ʸ˖ʺˌΣ ʶ˅ʶˍʱʸˇ˄ˍʰˌ ˋʶ ˁʱʻʶ ˉʶˊʾˉˍ˖ˋʹ ˍʽˌ ʶʽˋˊˇʷˌ ˁʰʽ ʶˁˊˇʷˌ ʶ˄ʷˊʴʶʽʰˌΣ ˁʰʻ˗ˌ ˁʰʽ ˉˇʽʰ 
ʶ˅ʰˊˍʺ˃ʰˍʰ ˃ˉˇˊˇˏ˄ ˄ʰ ʶˉʰ˄ʰ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʺ ˄ʰ ʰ˄ʰˁˎˁ˂˖ʻˇˏ˄Φ ɱʽʰ ˍˇ ˋˍʱʵʽˇ ˍ˖˄ 
˃ʶˍʰ˒ˇˊ˗Σ˄ ʶˁˍʽ˃˗˄ˍʰʽ ˇʽ ʶˁˉˇ˃ˉʷˌ ʴʽʰ ˃ʾʰ ˉˍʺˋʹ ʵʾ˔˖ˌ ˉˊˈˋʻʶˍˇ ʲʱˊˇˌΣ ʶ˄˗ ʴʽʰ ˍʹ 
ˋˎ˄ˍʺˊʹˋʹ ˉˊʷˉʶʽ ˄ʰ ʶˁˍʽ˃ʹʻʶʾ ˉˈˍʶ ʰˎˍʷˌ ʴʾ˄ˇ˄ˍʰʽ ˁʰʽ ˍʽ ˉˇˋˈˍʹˍʰ ˃ʱʸʰˌ ˍˇˎ 
ʰʶˊˇˋˁʱ˒ˇˎˌ ˉˊʷˉʶʽ ˄ʰ ʰ˄ˍʽˁʰˍʰˋˍʰʻʶʾΦ  

ɳ˄ʵʽʰ˒ʷˊˇ˄ ˉʰˊˇˎˋʽʱʸʶʽ ˇ ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˔́ ʺˋʹˌ ς 
˂ʁ ʽˍˇˎˊʴʾʰˌ Υ 

Ὁ Ὁȟ Ὁȟ Ὁȟ      ςȢς 

ʁʽ ʵʶʾˁˍʶˌ мΣнΣо ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˋˍʹ ˒ˎˋʽˇ˂ˇʴʽˁʺ ˂ʶʽˍˇˎˊʴʾʰΣ ˋˍʹ˄ ˎˉˇʲʱʻ˃ʽˋʹ ˍˇˎ 
ʰʶˊˇˋˁʱ˒ˇˎˌ ˁʰʽ ˋˍʹ ˔ʶʽˊˇˍʷˊʶˎˋʹ ˍˇˎ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʰ ʰ˄ˍʾˋˍˇʽ˔ʰΦ ʆˇ ˉˊ˗ˍˇ ˃ʷʴʶʻˇˌ 
ʵʾ˄ʶˍʰʽ ʰˉˈ ˍʹ˄ ʶ˅ʾˋ˖ˋʹ Υ 
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Ὁȟ ὩὪὧϽὝϽὊ       ὸὅὕ    ςȢσ 

ʂˉˇˎ efc ʶʾ˄ʰʽ ˇ ʵʶʾˁˍʹˌ ʶˁˉˇ˃ˉ˗˄ ʵʽˇ˅ʶʽʵʾˇˎ ʱ˄ʻˊʰˁʰΣ ʰˉˈ ˍˇ˄ ɲʽʶʻ˄ʺ ʁˊʴʰ˄ʽˋ˃ˈ 
ʃˇ˂ʽˍʽˁʺˌ ɮʶˊˇˉˇˊʾʰˌΣ ʾˋˇˌ ˃ʶ оΣмс tCO2/ tfuel, 

T ʁ ʾ˄ʰʽ ˇ ˔ˊˈ˄ˇˌ ˂ʶʽˍˇˎˊʴʾʰˌ ʰˉˈ ˍʹ ˋˍʽʴ˃ʺ ̄ ˇˎ ʷʴʽ˄ʶ ʹ ˉˊ˗ˍʹ ˉˍʺˋʹΣ ˃ʶˍˊʹ˃ʷ˄ˇˌ ˋʶ ʷˍʹΣ 

ʶ˄˗ Fc [t/year]  ʶʾ˄ʰʽ ʹ ˁʰˍʰ˄ʱ˂˖ˋʹ ˁʰˎˋʾ˃ˇˎ ˉˇˎ ʵʾ˄ʶˍʰʽ ʰˉˈ ˍˇ˄ ˁʰˍʰˋˁʶˎʰˋˍʺ 
όˋ˔ʶˍʾʸʶˍʰʽ ˃ʶ ˍʹ ˉʰˊˇ˔ʺ ˍˇˎ ˁʰˎˋʾ˃ˇˎ ˁ ʰʽ ˍʽˌ ˗ˊʶˌ ˉˍʺˋʹˌ ʰˉˈ ˍʹ˄ ˉˊ˗ˍʹ ˉˍʺˋʹύΦ  

ɶ ˎˉˇʲʱʻ˃ʽˋʹ ˍˇˎ ʰʶˊˇˋˁʱ˒ˇˎˌ όʴʺˊʰ˄ˋʹΣ ʸʹ˃ʽʷˌΣ ˋˁˈ˄ʹΣ ʱ˂ʰˌύ ˉˊˇˋʵʽˇˊʾʸʶˍʰʽ ˃ʶ ˍʹ 
˃ʷʻˇʵˇ ˍʹˌ Airbus. ɰʱˋʶʽ ʰˎˍʺˌΣ ˋˎʴˁˊʾ˄ˇ˄ˍʰʽ ˉʰˊʱ˃ʶˍˊˇʽ ˍʹˌ ˉˍʺˋʹˌ ˉˇˎ ʷ˔ˇˎ˄ ʵˇʻʶʾ 
ʰˉˈ ˍˇ˄ ˁʰˍʰˋˁʶˎʰˋˍʺΣ ˃ʶ ˍʽˌ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ˉˇˎ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ʶ˄ ˗ˊʰ ˉˍʺˋʹˌ όˉʰˊˇ˔ʺ 
ˁʰˎˋʾ˃ˇˎΣ ˋˍˊˇ˒ʷˌΣ ˉʰˊʱ˃ʶˍˊˇʽ ˗ˋʹˌΣ ʻʶˊ˃ˇˁˊʰˋʾʶˌύΦ 

ʂˋˇ˄ ʰ˒ˇˊʱ ˍʹ ˔ʶʽˊˇˍʷˊʶˎˋʹ ˍˇˎ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʰΣ ʰˎˍʺ ʶˉʹˊʶʱʸʶˍʰʽ ʰˉˈ ˍʹ˄ ʾʵʽʰ ˍʹ˄ 
ˁʰˏˋʹ όʻʶˊ˃ʽˁʺ ˁʰˍʰˉˈ˄ʹˋʹύΣ ʸʹ˃ʽʷˌ όˉʽʻʰ˄˗ˌ ˂ˈʴ˖ ʰ˄ʰˊˊˈ˒ʹˋʹˌ ˅ʷ˄˖˄ ˋ˖˃ʰˍʽʵʾ˖˄ύΣ 
ˍʽˌ ʰˍ˃ˇˋ˒ʰʽˊʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ˁʰʽ ˍʹ ʴʺˊʰ˄ˋʹΦ ɱʽʰ ˍʹ ʵʽʰˉʾˋˍ˖ˋʹ ˍʹˌ ˔ʶʽˊˇˍʷˊʶˎˋʹˌ 
˃ʶ˂ʶˍʺʻʹˁʶ ʹ ʽˁʰ˄ˈˍʹˍʰ ˉʰˊʰʴ˖ʴʺˌ ˗ˋʹˌ ˍˇˎ ˁʽ˄ʹˍʺˊʰΦ  

ʁʽ ˋˎʴʴˊʰ˒ʶʾˌ ˉˊʽ˄ ˉʰˊˇˎˋʽʱˋˇˎ˄ ˍʰ ˍʶ˂ʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΣ ʶˊ˃ʺ˄ʶˎˋʰ˄ ˍˇˎˌ 
ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ ˍˇˎˌ ˁʰʽ ˍˇˎˌ ˋˎʴˁˊʾ˄ʰ ˄˃ʶ ʱ˂˂ʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰˌΣ ˈˉ˖ˌ 
ˇˊʾʸˇˎ˄ ˇʽ ˃ʷʻˇʵˇʽ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ˁʰʽ ˍ˖˄ ˉˊˇˍˏˉ˖˄ GHG ˁʰʽ PAS 2050. ɶ 
ʰ˄ʱ˂ʹ˕ʹ ʰˉʰˊʰʾˍʹˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʷʴʽ˄ʶ ʰˉˈ ˍʰ ʾʵʽʰ ˍʰ ʰʶˊˇˋˁʱ˒ʹΣ ɮонл-нон ˃ʶ 
ˁʽ˄ʹˍʺˊʶˌ CFM 56-3B.  

ʆʷˋˋʶˊʰ ˍʷˍˇʽʰ ʰʶˊˇˋˁʱ˒ʹ ˃ʶ˂ʶˍʺʻʹˁʰ˄ ˁʰʽ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍʰ ˍʶ˂ʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ 
ʴʽʰ ʷ˄ʰ ʰˉˈ ʰˎˍʱΦ ʁʽ ˋˎʴʴˊʰ˒ʶʾˌ ʵʽʰˉʾˋˍ˖ˋʰ˄ ˈˍʽ ˍˇ фф҈ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ 
ʱ˄ʻˊʰˁʰ ˉʰˊʱʴˇ˄ˍʰʽ ˋˍˇ ˋˍʱʵʽˇ ˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ʅˎ˃ˉʶˊʰʾ˄ʶˍʰʽ ˈˍʽ ʹ ˃ʶ˂ʷˍʹ ˍ˖˄ 
ʶˁˉˇ˃ˉ˗˄ ʶ˄ˈˌ ʰʶˊˇˋˁʱ˒ˇˎˌ ˃ˉˇˊʶʾ ˄ʰ ʰ˄ʰ˔ʻʶʾ ˋˍʹ ˃ʶ˂ʷˍʹ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ˍˇˎ 
ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʰ ˉˇˎ ˍˇ ˁʽ˄ʶʾ ˁ ʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʻʰ ʷ˔ˇˎ˄ ʰˁˊʾʲʶʽʰΦ 
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ʃʾ˄ʰˁʰˌ 2-6 Υ ʃˇˋˇˋˍʱ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ ʴʽʰ ˍˇ˄ ˁˏˁ˂ˇ ʸ˖ʺˌ ʰʶˊˇˋˁʱ˒ˇˎ ̩

ʅʆɮɲɹʁ ɮɿɮɽʇʅɶʅ ɼʇɼɽʁʇ ɵʍɶʅ ʃʁʅʁʅʆʁ ɳɼʃʁɾʃʍɿ ɲɹʁʀɳɹɲɹʁʇ ʆʁʇ 
ɮɿɸʄɮɼɮ [%] 

ʃɮʄɮɱʍɱɶ ʇɽɹɼʍɿ 0,027 

ɼɮʆɳʄɱɮʅɹɮ ʆɾɶɾɮʆʍɿ ɮɳʄʁʅɼɮʊʁʇʅ 0,014 

ʅʇɿɮʄɾʁɽʁɱɶʅɶ  0,022 

ɲɹɮɿʁɾɶ ɮɳʄʁʅɼɮʊʁʇʅ 0,0025 

ɽɳɹʆʁʇʄɱɹɮ ς ʋʄɶʅɶ  99,7 

ʊʇʅɹʁɽʁɱɹɼɶ ɽɳɹʆʁʇʄɱɹɮ 93,3 

ʇʃʁɰɮɸɾɹʅɶ ɮɳʄʁʅɼɮʊʁʇʅ 5,1 

ʇʃʁɰɮɸɾɹʅɶ ʅʆʄʁɰɹɽʁɼɹɿɶʆɶʄɮ 1,3 

ɳʃɹʅɼɳʇɶ ɰɽɮɰʍɿ 0,26 

ɳɾʃʁʄɹʁ ʆɾɶɾɮʆʍɿ ɮɳʄʁʅɼɮʊʁʇʅ 0,011 

ɮʃʁʅʇʄʅɶ 0,00039 

ʃʹʴʺ : Carbon dioxide emission during the life cycle of turbofan aircraft 

ʂ˃˖ˌ ˎˉʺˊ˅ʶ ʰˉˈˁ˂ʽˋʹ ˋˍʰ ˉˇˋʱ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ˃ʶˍʰ˅ˏ ˍ˖˄ ˍʶˋˋʱˊ˖˄ ʰʶˊˇˋˁʰ˒˗˄Σ 
ˉʰˊˈ˂ˇ ˉˇˎ ̋ ˍʰ˄ ˈ˂ʰ ʾʵʽʰ όʃʾ˄ʰˁʰˌ 2-7): 

ʃʾ˄ʰˁʰˌ 2-7 Υ ɳˁˉˇ˃ˉʷˌ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ʰʶˊˇˋˁʰ˒˗˄ 

ɮɳʄʁʅɼɮʊʁʅ A320-AIRBUS ɳɼʃʁɾʃɳʅ ɼʇɼɽʁʇ ɵʍɶʅ όtCO2) 

ʃʄʍʆʁ 513.700 

ɲɳʇʆɳʄʁ 449.200 

ʆʄɹʆʁ 323.600 

ʆɳʆɮʄʆʁ 376.600 

ʃʹʴʺ : Carbon dioxide emission during the life cycle of turbofan aircraft 

 

2.3.2 ɮ˄ʱ˂ˎˋʹ ɼˏˁ˂ˇˎ ɵ˖ʺˌ ʰʶˊˇˋˁʱ˒ˇˎˌ 

ʅˍʹ ˃ʶ˂ʷˍʹ ˍˇˎˌ ˇʽ Howe S., Kolios A.J. ˁʰʽ Brennan F.P. (ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ ˍˇˎ Cranfield) [31] 
ʶ˒ʰˊ˃ˈʸˇˎ˄ ˍʹ ˃ʷʻˇʵˇ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ˋʶ ʷ˄ʰ ʰʶˊˇˋˁʱ˒ˇˌ A320-AirbusΣ ˃ʶ 
ˁʽ˄ʹˍʺˊʶˌ CFM56-5B. ʁ ˁˏˁ˂ˇˌ ʸ˖ʺˌ ˍˇˎ ʰʶˊˇˋˁʱ˒ˇˎˌ ʶˁˍʽ˃ʱˍʰʽ ˋˍʰ ʶʾˁˇˋʽ ˔ˊˈ˄ʽʰΦ  

ɽˈʴ˖ ˍˇˎ ˃ʶʴʷʻˇˎˌ ʶ˄ˈˌ ʰʶˊˇˋˁʱ˒ˇˎˌ ˁʰʽ ˍ˖˄ ʶˁʰˍˇ˃˃ˎˊʾ˖˄ ˍ˃ʹ˃ʱˍ˖˄ ˍˇˎΣ ˉˊʷˉʶʽ ˄ʰ 
˔˖ˊ̔̀ ˍʶʾ ˋʶ ʷ˅ʽ ˍ˃ʺ˃ʰˍʰ ˍʰ ˇˉˇʾʰ ʶʾ˄ʰʽ Υ ˍʰ ˉˍʶˊˏʴʽʰΣ ʹ ʱˍˊʰˁˍˇˌΣ ˇ ˇˊʽʸˈ˄ˍʽˇˌ ˁʰʽ ˇ 
ˁʰˍʰˁˈˊˎ˒ˇˌ ˋˍʰʻʶˊˇˉˇʽʹˍʺˌΣ ˍʰ ʶˊʴʰ˂ʶʾʰ ˉˊˇˋʴʶʾ˖ˋʹˌ ˁʰʽ  ̌ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʰˌ. ɮˎˍʱ 
˃ʶ ˍʹ ˋʶʽˊʱ ˍˇˎˌ ʰ˄ʰ˂ˏˇ˄ˍʰʽ ˋʶ ʱ˂˂ʶˌ ˎˉˇˁʰˍʹʴˇˊʾʶˌ ˁʰʽ ʰˎˍʷˌ ˒ˍʱ˄ˇˎ˄ ˄ʰ ʶʾ˄ʰʽ тр 
ˋˎ˄ˇ˂ʽˁʱΦ 
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ɼʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍ˖˄ ˎˉˇ˂ˇʴʽˋ˃˗˄ ˎˉʺˊ˅ʰ˄ ˃ʶˊʽˁˇʾ ˉʶˊʽˇˊʽˋ˃ˇʾΣ ˈˉ˖ˌ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ 
ˋ̱ ʰ ˋˍʱʵʽʰ ʵʹ˃ʽˇˎˊʴʾʰˌ ˍ˖˄ ˋˎˋˋ˖ˊʶˎˍ˗˄Σ ʴʽʰ ˍʰ ˇˉˇʾʰ ˎˉʺˊ˅ʶ ʷ˂˂ʶʽ˕ʹ ʵʶʵˇ˃ʷ˄˖˄Φ 
ɯ˂˂ˇˌ ˉʶˊʽˇˊʽˋ˃ˈˌ ʶʾ˄ʰʽ ʹ ˁʰˍʰʴˊʰ˒ʺ ˍ˖˄ ˃ʁ ʻˈʵ˖˄ ˁʰˍʶˊʴʰˋʽ˗˄ ˇʽ ˇˉˇʾʶˌ ʶ˄ʵʶ˔ˇ˃ʷ˄˖ˌ 
ʵʽʷ˒ʶˊʰ˄ ʰˉˈ ʱ˂˂ʶˌ ˍʹˌ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰˌ ̋  ˍʹˌ ʲʽˇ˃ʹ˔ʰ˄ʾʰˌΦ 

ʁʽ ˃ʶˍʰˁʽ˄ʺˋʶʽˌ ˁʰˍʱ ˍˇ ˋˍʱʵʽˇ ˍʹˌ ˁʰˍʰˋˁʶˎʺˌ ˍˇˎ ʰʶˊˇˋˁʱ˒ˇˎˌ ˋʶ ɳˎˊ˖ˉʰʿˁʱ 
ʶˊʴˇˋˍʱˋʽʰΣ ˂ʺ˒ʻʹˁʰ˄ ˎˉˈ˕ʹ ˃ʶ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ˃ʷˋʹˌ ʵʽʰʵˊˇ˃ʺˌ ˍ˖˄ ˃ʶˍʰ˒ˇˊ˗˄Σ ʶ˄˗ 
ʶˉʾˋʹˌ ʰ˄ʰ˂ˏʻʹˁʰ˄ ˇʽ ˉʶˊʽˉˍ˗ˋʶʽˌ ʰˉˈˋˎˊˋʹˌ ˋʶ ˔˖˃ʰˍʶˊʺ (25% ˍʹˌ ˃ʱʸʰˌύ ʺ ʹ 
ʰ˄ʰˁˏˁ˂˖ˋʹ όтр҈ ˍʹˌ ˃ʱʸʰˌύ.  

 

ɳʽˁˈ˄ʰ 2-5 : ɼˏˁ˂ˇˌ y ˖ʺˌ ̱ ˇˎ h ʶˊˇˋˁʱ˒ˇˎˌ (ʃʹʴ̋: Environmental life cycle assessment of 
commercial passenger jet airliners) 

ɳʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁˈ ˄ʰ ˁʰˍʰˍʰ˔ʻˇˏ˄ ˍʰ ˎ˂ʽˁʱ ˍʰ ˇˉˇʾʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ όˍʽˍʱ˄ʽˇΣ ˔ʱ˂ˎʲʰˌΣ 
ˋˏ˄ʻʶˍʰ ˎ˂ʽˁʱ ˁʰʽ ʰ˂ˇˎ˃ʾ˄ʽˇύ ˖ˌ ˉˊˇˌ ˍʹ ˉˇˋˈˍʹˍʰ ˁʰʽ ˍʹ ˃ʱʸʰΦ ɳˉʾˋʹˌ ˁʰʻʷ˄ʰ ʰˉˈ ˍʰ ʷ˅ʽ 
ˁˇ˃˃ʱˍʽʰ ˉˇˎ ʰˉʰˊˍʾʸˇˎ˄ ˍˇ ʰʶˊˇˋˁʱ˒ˇˎˌ ˁʰˍʰˍʱˋˋˇ˄ˍʰʽ ʰ˄ʱ˂ˇʴʰ ˍʹˌ ˃ʱʸʰˌ ˍˇˎˌ ˋʶ 
ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˇ˂ʽˁʺ ˃ʱʸʰ ˍˇˎ ʰʶˊˇˋˁʱ˒ˇˎˌΦ 

ɱʽʰ ˍˇ ˋˍʱʵʽˇ ˍʹˌ ɽʶʽˍˇˎˊʴʾʰˌΣ ʶˁˍʽ˃ʺʻʹˁʶ ˉˈˋˇ ˁʰˏˋʽ˃ˇ ˁʰˍʰ˄ʰ˂˗˄ʶˍʰʽ ˃ʷˋ˖ ˍʹˌ 
ˋ˔ʷˋʹˌΥ 

Ὂὅ  
Ὂὅὅ  

ὓὥὼὧὥὴϽὒὊϽὃὊὈ
     
ὯὫ

ὖὛὑ
      ςȢτ 

ʂˉˇˎ Υ 

Maxcap: ɾʷʴʽˋˍʹ ˔˖ˊʹˍʽˁˈˍʹˍʰ ʰʶˊˇˋˁʱ˒ˇˎˌΣ мрн ʶˉʽʲʱˍʶˌ  (Passengers), 

LF: ʅˎ˄ˍʶ˂ʶˋˍʺˌ ˒ˈˊˍʽˋʹˌ όʲʱˊˇˌ ˉˊˇˌ ʱ˄˖ˋʹύ ʾˋˇˌ ˃ʶ умΣнр ҈Φ ʁ ˃ʷˋˇˌ ˈˊˇˌ ˍ˖˄ 
ʰʶˊˇˋˁʰ˒˗˄ A320 ̱ ˇˎ ɶ˄˖˃ʷ˄ˇˎ ɰʰˋʽ˂ʶʾˇˎ ʴʽʰ ˍˇ ʷˍˇˌ нлмл, 

AFD : ɾʷˋˇ ʵʽʱˋˍʹ˃ʰ ˉˍʺˋʹˌ ˋˍʰ м.пур ˔ʽ˂ʽˈ˃ʶˍˊʰ όkm) 
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FCCAFD: ɾʷˋʹ ˁʰˍʰ˄ʱ˂˖ˋʹ ˁʰˎˋʾ˃ˇˎ ʴʽʰ ˍˇ ˉʰˊʰˉʱ˄˖ ʵʽʱˋˍʹ˃ʰ ʰˉˈ ˍˇ˄ ɳˎˊ˖ˉʰʿˁˈ 
ʁˊʴʰ˄ʽˋ˃ˈ ʃʶˊʽʲʱ˂˂ˇ˄ˍˇˌ όн.007).  

ɶ ˍʽ˃ʺ ˉˇˎ ˉˊˇʷˁˎ˕ʶ ʺˍʰ˄ лΣлнтл kg/PSK   (Passenger Kilometres).  

ʆʰ ˍʶ˂ʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʷʵʶʽ˅ʰ˄ ˈˍʽ ˇ ˃ʶʴʰ˂ˏˍʶˊˇˌ ˉʰˊʱʴ˖˄ ʶˉʾʵˊʰˋʹˌ ʺˍʰ˄ ʹ ɼ˂ʽ˃ʰˍʽˁʺ 
ɮ˂˂ʰʴʺ ˁʰʽ ˋˍˇ˄ ʶˉˈ˃ʶ˄ˇ ˉʾ˄ʰˁʰ (ʃʾ˄ʰˁʰˌ 2-8) ˋˎ˄ˇ˕ʾʸˇ˄ˍʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʴʽʰ ˍʹ˄ 
ˉʰˊʰʴ˖ʴʺ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰΣ ˁʰˍʱ ˍˇ ˋˍʱʵʽˇ ˍ˖˄ ˁʰˍʶˊʴʰˋʽ˗˄. 

ʃʾ˄ʰˁʰˌ 2-8 : ʃˇˋˇˋˍʽʰʾʰ ˁʰˍʰ˄ˇ˃ʺ ɹ ʽʰ ̱ ˇ ʰ˄ʻˊʰˁʽˁˈ ʰˉˇˍˏˉ˖˃ʰ ˍ˖˄ ˁʰˍʶˊʴʰˋʽ˗˄ - 
ˋˎ˄ʰˊ˃ˇ˂ˈʴʹˋʹˌ 

ʆɾɶɾɮ ɮɳʄʁʅɼɮʊʁʇʅ ʃʁʅʁʅʆʁ ɲɹʁʀɳɹɲɹʁʇ ʆʁʇ ɮɿɸʄɮɼɮ ((%) 

ɳʄɱɮɽɳɹɮ ʃʄʁʅɱɳɹʍʅɶʅ 7 

ɼɮʆɮɼʁʄʇʊʁʅ ʅʆɮɸɳʄʁʃʁɹɶʆɶʅ 6 

ʁʄɹɵʁɿʆɹʁʅ ʅʆɮɸɳʄʁʃʁɹɶʆɶʅ 10 

ɮʆʄɮɼʆʁʅ 23 

ʅʆʄʁɰɹɽʁɼɹɿɶʆɶʄɮʅ 19 

ʃʆɳʄʇɱɹɮ 35 

ʃʹʴʺ : Environmental life cycle assessment of commercial passenger jet airliners 

ʅʹ˃ʶʽ˗˄ʶˍʰʽ ˈˍʽ ʹ ʶˊʴʰˋʾʰ ʽˋ˔ˏʶʽ ʴʽʰ ʵʶʵˇ˃ʷ˄ʰ ˉˊˇ ʵʶˁʰʶˍʾʰˌ όʷˍˇˌ ʵʹ˃ˇˋʾʶˎˋʹˌ нлмоύ 
ˁʰʽ ˉʽʻʰ˄˗ˌ h ˊˁʶˍʱ ʵʶʵˇ˃ʷ˄ʰ ̄ ˂ʷˇ˄ ˄ʰ ̫ ˔ˇˎ˄ ˉ˂ʷˇ˄ ʰ˂˂ʱ˅ʶʽ. 

2.4 ʅˏ˄ˇ˕ʹ ˁʰʽ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ 

ʅˍˇ ˁʶ˒ʱ˂ʰʽˇ ʰˎˍˈ ʷʴʽ˄ʶ ˃ʾʰ ˉʶˊʽʴˊʰ˒ʺ ˍ˖˄ ʶ˄˄ˇʽ˗˄ ˍˇˎ ʰ˄ʻˊʰˁʽˁˇˏ ʰˉˇˍˎˉ˗˃ʰˍˇˌ ˁʰʽ 
ˍʹˌ ʰ˄ʱ˂ˎˋʹˌ ˍˇˎ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ʶ˄ˈˌ ˉˊˇʿˈ˄ˍˇˌ ʺ ˃ʾʰˌ ˎˉʹˊʶˋʾʰˌΦ ʆˇ ʰ˄ʻˊʰˁʽˁˈ 
ʰˉˇˍˏˉ˖˃ʰ ʶʾ˄ʰʽ ˃ʾʰ ˎˉˇˁʰˍʹʴˇˊʾʰ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌ ˍˇˎ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ 
ʵʽʰ˒ˇˊˇˉˇʽʶʾˍʰʽ ʰ˄ʱ˂ˇʴʰ ˍʰ ʵʽʰʻʷˋʽ˃ʰ ʵʶʵˇ˃ʷ˄ʰ ˁʰʽ ˍˇ ˋˏˋˍʹ˃ʰ ˍˇ ˇˉˇʾˇ ˃ʶ˂ʶˍʱˍʰʽΦ 
ɳˉʾˋʹˌ ʷ˔ʶʽ ˍˇ ˃ʶʽˇ˄ʷˁˍʹ˃ʰ ˍʹˌ ˃ˇ˄ˈˉ˂ʶˎˊʹˌ ˉʰˊˇˎˋʾʰˋʹˌ ʶ˄ˈˌ ˇʽˁˇ˂ˇʴʽˁˇˏ ʸʹˍʺ˃ʰˍˇˌΣ 
ʰʴ˄ˇ˗˄ˍʰˌ ʱ˂˂ˇˎˌ ʶ˅ʾˋˇˎ ˋʹ˃ʰ˄ˍʽˁˇˏˌ ˊˎˉˇʴˈ˄ˇˎˌ ˉʰˊʱʴˇ˄ˍʶˌΦ  

ɱʽʰ ˍʹ ˍʺˊʹˋʹ ˍ˖˄ ˁʰ˄ˇ˄ʽˋ˃˗˄ ˉˇˎ ʵʽʷˉˇˎ˄ ˃ʾʰ ˋ˖ˋˍʺ ʰ˄ʱ˂ˎˋʹ ˁˏˁ˂ˇˎ ʸ˖ʺˌΣ ʷ˔ˇˎ˄ 
ʵʹ˃ʽˇˎˊʴʹʻʶʾ ʰ˄ˍʾˋˍˇʽ˔ˇʽ ˒ˇˊʶʾˌΣ ʲʱˋʶʽˌ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˉˊˈˍˎˉʰΣ ˍʰ ˇˉˇʾʰ ˁʰ˂ʶʾˍʰʽ ˄ʰ 
ˋˎ˃ʲˇˎ˂ʶˏʶˍʰʽ ˇ ˃ʶ˂ʶˍʹˍʺˌΦ ʅˏ˃˒˖˄ʰ ˃ʶ ʰˎˍˇˏˌ ˁʰʽ ʰˎˍʱΣ ˍʰ ʲʰˋʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ ɦ
˃ʾʰ̩ ˃ʶ˂ʷˍʹˌ ʰ˄ʱ˂ˎˋʹˌ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ʹ ʵʽʰ˒ʱ˄ʶʽʰ ˁʰʽ ʹ ʶʴˁˎˊˈˍʹˍʰ ˍ˖˄ 
ˎˉˇ˂ˇʴʽˋ˃˗˄Φ ɱʽʰ ˍˇ ʰ˄ʻˊʰˁʽˁˈ ʰˉˇˍˏˉ˖˃ʰ ʶʽʵʽˁˈˍʶˊʰΣ ˇʽ ʰ˄ʻˊʰˁʽˁʷˌ ʶˁˉˇ˃ˉʷˌ ˃ˉˇˊˇˏ˄ 
˄ʰ ˔˖ˊʽˋˍˇˏ˄ ˋʶ ʱ˃ʶˋʶˌ ˁʰʽ ʷ˃˃ʶˋʶˌΣ ʶ˄˗ ˋˎ˄ˇ˂ʽˁʱ ˁʰˍʰˍʱˋˋˇ˄ˍʰʽ ˋʶ ʶˁˉˇ˃ˉʷˌ ˉˊ˗ˍʹˌΣ 
ʵʶˏˍʶˊʹˌ ˁʰʽ ˍˊʾˍʹˌ ˁʰˍʹʴˇˊʾʰˌΣ ʰ˄ʱ˂ˇʴʰ ˍʹ ˒ʱˋʹ ˍˇˎ ˁˏˁ˂ˇˎ ʸ˖ʺˌ ˋˍʹ˄ ˇˉˇʾʰ 
ʶ˃ ˒ʰ˄ʾʸˇ˄ˍʰʽΦ  
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ʅˍˇ ˍʶ˂ʶˎˍʰʾˇ ˃ʷˊˇˌ ˍˇˎ ˁʶ˒ʰ˂ʰʾˇˎ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʵˏˇ ʲʰˋʽˁʷˌ ʶˊʴʰˋʾʶˌ ˉʱ˄˖ ˋˍˇ 
ʰ˄ʻˊʰˁʽˁˈ ʰˉˇˍˏˉ˖˃ʰΣ ˇʽ ˇˉˇʾʶˌ ʰˉˇˍʶ˂ˇˏ˄ ˁʰʽ ʰ˒ˇˊ˃ʺ ʴʽʰ ˍʹ˄ ˉʰˊˇˏˋʰΦ ɶ ˉˊ˗ˍʹ 
ʶ˅ʶˍʱʸʶʽ ˍˇ ʰ˄ʻˊʰˁʽˁˈ ʰˉˇˍˏˉ˖˃ʰ ʶ˄ˈˌ ˋˍˈ˂ˇˎ ʰʶˊˇˋˁʰ˒˗˄Σ ʶ˄˗ ʹ ʵʶˏˍʶˊʹ ʰ˄ʰ˂ˏʶʽ ˍˇ˄ 
ˁˏˁ˂ˇ ʸ˖ʺˌ ʶ˄ˈˌ ʰʶˊˇˋˁʱ˒ˇˎˌΦ ʁʽ ʵˏˇ ʶˊʴʰˋʾʶˌ ʰˁˇ˂ˇˎʻˇˏ˄ ˍˇˎˌ ˁʰ˄ˈ˄ʶˌ ˉˇˎ 
ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ˋˍʹ˄ ʰˊ˔ʺ ˍˇˎ ˁʶ˒ʰ˂ʰʾˇˎΦ  

ʅˎ˃ˉʷˊʰˋ˃ʰ ˍˇˎ ˁʶ˒ʰ˂ʰʾˇˎ ʶʾ˄ʰʽ ˈˍʽ ʹ ˃ʶ˂ʷˍʹ ˍˇˎ ʰ˄ʻˊʰˁʽˁˇˏ ʰˉˇˍˎˉ˗˃ʰˍˇˌ ʶʾ˄ʰʽ ʷ˄ʰ 
ˋ˔ʶˍʽˁʱ ˄ʷˇ ʶʾɻ̌ ˌ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺˌ ˃ʶ˂ʷˍʹˌΣ ʹ ˇˉˇʾʰ ˉˊʷˉʶʽ ˄ʰ ʰˁˇ˂ˇˎʻʶʾ ˉʽˋˍʱ ʰˊˁʶˍˇˏˌ 
ˁʰ˄ˇ˄ʽˋ˃ˇˏˌ ˁʰʽ ˉˊˈˍˎˉʰΣ ˗ˋˍʶ ˄ʰ ˃ˉˇˊʶʾ ˄ʰ ʰ˅ʽˇˉˇʽʹʻʶʾ ʶˉˇʽˁˇʵˇ˃ʹˍʽˁʱΦ ɳʾ˄ʰʽ 
ˋʹ˃ʰ˄ˍʽˁˈ ˍʰ ʶˎˊʺ˃ʰˍʰ ˍʹˌ ˃ʶ˂ʷˍʹˌ ˄ʰ ʶʾ˄ʰʽ ʷʴˁˎˊʰ ˁʰʽ ˄ʰ ˃ˉˇˊˇˏ˄ ˃ʶ ˁʱˉˇʽˇ ˍˊˈˉˇ ˄ʰ 
ˉʽˋˍˇˉˇʽʹʻˇˏ˄Φ ɳˉʽʲʶʲʰʽ˗˄ʶˍʰʽ ʶˉʾˋʹˌ ˍˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ ˍʹˌ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺˌ ˁˇʽ˄ˈˍʹˍʰˌ ʴʽʰ 
ˍˇ ʰ˄ʻˊʰˁʽˁˈ ʰˉˇˍˏˉ˖˃ʰ ˍˇˎ ʶ˄ˈˌ ʰˉˈ ˍˇˎˌ ˉʽˇ ʶˉʽʲʰˊˎ˄ˍʽˁˇˏˌ ˁ˂ʱʵˇˎˌΣ ˍʹˌ 
ʰʶˊˇˉˇˊʾʰˌΦ 
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3. ɮ˄ʱ˂ˎˋʹ ˍʹˌ ˃ʱʸʰˌ ˁʰʽ ˍ˖˄ ʵʽʰˋˍʱˋʶ˖˄ ˍˇˎ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʰ 

 

 

 

 

 

 

 

 

ʂˉ˖ˌ ʷ˔ʶʽ ʰ˄ʰ˒ʶˊʻʶʾΣ ˋˍˈ˔ˇˌ ˍʹˌ ʶˊʴʰˋʾʰˌ ʶʾ˄ʰʽ ˇ ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍˇˎ ˇʽˁˇ˂ˇʴʽˁˇ  ˏ
ʰ˄ˍʾˁˍˎˉˇ ˎ˃ʾʰˌ ʻʶˊ˃ʽˁʺˌ ˋˍˊˇʲʽ˂ˇ˃ʹ˔ʰ˄ʺˌ. ʆˇ ˋˏˋˍʹ˃ʰ ˍˇ ˇˉˇʾˇ ˃ʶ˂ʶˍʱˍʰʽ ʶʾ˄ʰʽ ʹ 
ʻʶˊ˃ʽˁʺ ˋˍˊˇʲʽ˂ˇ˃ʹ˔ʰ˄ʺ ʹ ˇˉˇʾʰ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ʵˏˇ ʶʽʵ˗˄ Υ ʰʶˊʽˇˋˍˊˈʲʽ˂ˇˌ ˃ʹ˔ʰ˄ʽˁʺˌ 
ʽˋ˔ˏˇˌ ʺ ˋˍˊˇʲʽ˂ˇʰ˄ˍʽʵˊʰˋˍʺˊʰˌΦ ʆʰ ʵˏˇ ʶʾʵʹ ˋˍˊˇʲʽ˂ˇ˃ʹ˔ʰ˄˗˄ ʵʽʰ˒ʷˊˇˎ˄ ˋʶ ˂ʾʴʰ 
ˋʹ˃ʶʾʰ ˋʶ ɻ̌ ˃̔ˁ ˈ ʶˉʾˉʶʵˇΣ ʰ˂˂ʱ ˉˊˇ˒ʰ˄˗ˌ ʶˉʶʽʵʺ ˉˊˇˇˊʾʸˇ˄ˍʰʽ ʴʽʰ ˍʶ˂ʶʾ˖ˌ ʵʽʰ˒ˇˊʶˍʽˁʺ 
˂ʶʽˍˇˎˊʴʾʰΣ ʵʽʰ˒ʷˊˇˎ˄ ʰˊˁʶˍʱ ˋˍˇ ˃ʷʴʶʻˇˌ ˁʰʽ ˋˍʰ ˎ˂ʽˁʱ ˁʰˍʰˋˁʶˎʺˌ. ʁʽ ʵʽʰ˒ˇˊʷˌ ʰˎˍʷˌ 
ʰ˂˂ʱʸˇˎ˄ ˁʰʽ ˍʹ˄ ˉˇˋˈˍʹˍʰ ˍ˖˄ ʰ˄ʻˊʰˁʽˁ˗˄ ʶˁˉˇ˃ˉ˗˄ ˁʰˍʱ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˍˇˎˌΦ  

ʅˍˇ ˁʶ˒ʱ˂ʰʽˇ ʰˎˍˈΣ ʰˊ˔ʽˁʱ ˇˊʾʸʶˍʰʽ ˍˇ ˋˏˋˍʹ˃ʰ ˍˇˎ ˇˉˇʾˇˎ ʻʰ ˃ʶ˂ʶˍʹʻʶʾ ˍˇ ʰ˄ʻˊʰˁʽˁˈ 
ʰˉˇˍˏˉ˖˃ʰΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʹ ˃ʶ˂ʷˍʹ ʰˊ˔ʾʸʶʽ ˃ʶ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˃ʾʰˌ ˃ʶʻˈʵˇˎ ʴʽʰ ˍˇ˄ 
ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍ˖˄ ʵʽʰˋˍʱˋʶ˖˄ ˁʰʽ ˍʹˌ ˃ʱʸʰˌ ˍˇˎ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʰΣ ˈˍʰ˄ ʰˎˍʱ ˍʰ 
ʵʶʵˇ˃ʷ˄ʰ ʵʶ˄ ʶʾ˄ʰʽ ʱ˃ʶˋʰ ʵʽʰʻʷˋʽ˃ʰΦ 

3.1 ɰʰˋʽˁʱ ̀ ˍˇʽ˔ʶʾʰ ˋˎˋˍʺ˃ʰˍˇˌ 

ɮˊ˔ʽˁʱ ˉˊʷˉʶʽ ˄ʰ ˉˊˇˋʵʽˇˊʽˋˍˇˏ˄ ˇʽ ˍˊˈˉˇʽ ˃ʶ ˍˇˎˌ ˇˉˇʾˇˎˌ ʹ ˏˉʰˊ˅ʹ ʶ˄ˈˌ 
ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʰ ˁʰʽ ʹ ˔ˊʺˋʹ ˍˇˎ ʶˉʹˊʶʱʸˇˎ˄ ˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˍˇˎ ʻʶˊ˃ˇˁʹˉʾˇˎΦ ʆʰ 
ˋˍˇʽ˔ʶʾʰ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ 3-1.  
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ɳʽˁˈ˄ʰ 3-1 Υ ɳˁˉˇ˃ˉʷˌ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ Ϧʅˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʰˌϦ 

ɳˉʽˉ˂ʷˇ˄ ˋˍʹ˄ ɳʽˁˈ˄ʰ 3-2 ˒ʰʾ˄ʶˍʰʽ ʹ ˉˇˊʶʾʰ ˍʹˌ ʸ˖ʺˌ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˁʰʽ ˇʽ ˃ʶˍʰʲ˂ʹˍʷˌ 
ˉˇˎ ˍˇ ˃ʶˍʰʲʱ˂˂ˇˎ˄Φ 

 

ɳʽˁˈ˄ʰ 3-2 Υ ɼˏˁ˂ˇˌ ʸ˖ʺˌ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʰˌ 

3.1.1 ɯ˃ʶˋʶˌ ʰ˄ʻˊʰˁʽˁʷˌ ʶˁˉˇ˃ˉʷˌ 

ʁʽ ʶˁˉˇ˃ˉʷˌ ʰˎˍʷˌ ʰ˄ʺˁˇˎ˄ ˋˍʽˌ ʶˁˉˇ˃ˉʷˌ 1ʹ ̩ˁʰˍʹʴˇˊʾʰˌ (2.2.4). ʅˍʽˌ ʱ˃ʶˋʶˌ ʰ˄ʻˊʰˁʽˁʷˌ 
ʶˁˉˇ˃ˉʷˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˇ ̔˒ʱˋʶʽˌ ˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˁʰʽ ˍʹˌ ʴʺˊʰ˄ˋʹˌκ˔ʶʽˊˇˍʷˊʶˎˋʹˌ 
ˍˇˎ ˁʽ˄ʹˍʺˊʰΦ ɮ˒ˇˊˇˏ˄ ˇˉˇʽˇʵʺˉˇˍʶ ʰʷˊʽˇ ˍˇˎ ʻʶˊ˃ˇˁʹˉʾˇˎ ˉʹʴʱʸʶʽ ʰˉˈ ˍˇ˄ ʾʵʽˇ ˍˇ˄ 
ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʰΦ ʂˉ˖ˌ ʷ˔ʶʽ ʵʽʰˉʽˋˍ˖ʻʶʾ ˋˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ ό2.3.1ύ ʰˎˍʷˌ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ʴʽʰ 
ˍʹ ˉ˂ʶʽˇ˄ˈˍʹˍʰ ˍ˖˄ ʰ˄ʻˊʰˁʽˁ˗˄ ʶˁˉˇ˃ˉ˗˄ ˋˍʹ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ ʶ˄ˈˌ ʰʶˊˇˋˁʱ˒ˇˎˌ όʱˊʰ 
ˁʰʽ ʶ˄ˈˌ ˋˍˊˇʲʽ˂ˇˁʽ˄ʹˍʺˊʰύΦ ɮ˄ʰ˃ʷ˄ˇ˄ˍʰʽ ʾʵʽʰ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ʴʽʰ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ʶ˄ˈˌ 
ˇˉˇʽˇˎʵʺˉˇˍʶ ʰʶˊʽˇˋˍˊˈʲʽ˂ˇˎΦ ɶ ˉˇˋˈˍʹˍʰ ˍ˖˄ ʰ˄ʻˊʰˁʽˁ˗˄ ʶˁˉˇ˃ˉ˗˄ ʰ˂˂ʱʸʶʽ ʰ˄ʱ˂ˇʴʰ 
ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ ˃ʹ˔ʰ˄ʺˌ όʺ ˍʹˌ ʰˉˇˋˍˇ˂ʺˌ ˍˇˎ ʰʶˊˇˋˁʱ˒ˇˎˌύΦ ɳˉʾˋʹˌ ʷ˔ʶʽ ʶ˄ʵʽʰ˒ʷˊˇ˄ 
˄ʰ ˎˉˇ˂ˇʴʽˋˍˇˏ˄ ˇʽ ʰ˄ʻˊʰˁʽˁʷˌ ʶˁˉˇ˃ˉʷˌ ˋˍʹ ˉʶˊʾˉˍ˖ˋʹ ˔ˊʺˋʶ˖ˌ ʶ˄ʰ˂˂ʰˁˍʽˁ˗˄ 
ˁʰˎˋʾ˃˖˄Σ ˈˉ˖ˌ ˍˇ ˎʵˊˇʴˈ˄ˇ.  






















































































































































































































































































































































































































































