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ɳʇʋɮʄɹʅʆɹɳʅ 

ɶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ ʶˁˉˇ˄ʺʻʹˁʶ ˍˇ ʰˁʰʵʹ˃ʰʿˁˈ ʷˍˇˌ нлмф-нлнл ˎˉˈ ˍʹ˄ ʶˉʾʲ˂ʶ˕ʹ 

ˍˇˎ ˁΦ ʊ˗ˍʽˇ ˎɼʰ˄ʷ˂˂ˇˎΣ ˁʰʻʹʴʹˍʺ ˍˇˎ ʃˇ˂ˎˍʶ˔˄ʶʾˇˎ ɼˊʺˍʹˌ ˍʹˌ ˋ˔ˇ˂ʺˌ ɶ˂ʶˁˍˊˇ˂ˈʴ˖˄ ɾʹ˔ʰ˄ʽˁ˗˄ 

ˁʰʽ ɾʹ˔ʰ˄ʽˁ˗˄ ʇˉˇ˂ˇʴʽˋˍ˗˄Σ ̀ ˍˇ˄ ˇˉˇʾˇ ˇ˒ʶʾ˂˖ ʽʵʽʰʾˍʶˊʶˌ ʶˎ˔ʰˊʽˋˍʾʶˌ ˈ˔ʽ ˃ˈ˄ˇ ɹ ʽʰ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ 

ˉˇˎ ˃ˇˎ ʷʵ˖ˋʶ ˄ʰ ʰˋ˔ˇ˂ʹʻ˗ ˃ʶ ʷ˄ʰ ˍˈˋˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ ʻʷ˃ʰ, h ˂˂ʱ ˁʰʽ ʴʽʰ ˍʹ˄ ̄ ˇ˂ˏˍʽ˃ʹ ˁʰʻ̌ɻ ʺɹ́ ˋʹ 

ˁʰʽ ʲˇʺʻʶʽʰ ˍˇˎ ˈˉˇˍʶ ˍʹ ˔ˊʶʽʰʸˈ˃ˇˎ˄, ʹ ˇˉˇʾʰ ʺˍʰ˄ ˁʰʻˇˊʽˋˍʽˁʺ ʴʽʰ ˍʹ˄ ʵʽʶˁˉʶˊʰʾ˖ˋʹ ʰˎˍʺˌ ˍʹˌ 

ʶˊʴʰˋʾʰˌΦ 

 

ɳˉʾˋʹˌΣ ʻʰ ʺʻʶ˂ʰ ˄ʰ ʶˎ˔ʰˊʽˋˍʺˋ˖ ʻʶˊ˃ʱ ˍˇˎˌ ʰ˄ʻˊ˗ˉˇˎˌ ˉˇˎ ʺˍʰ˄ ʵʾˉ˂ʰ ˃ˇˎ ˁʰʽ ˃ʶ ˋˍʺˊʽ˅ʰ˄ ˋʶ 
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ʃʁ ˊʾ˂ʹ˕ʹ 
ɶ ˊʰʴʵʰʾʰ ʶ˅ʱˉ˂˖ˋʹ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄  ˃ʶ ˁʽ˄ʹˍʺˊʶˌ ʶˋ˖ˍʶˊʽˁʺˌ ˁʰˏˋʶ˖ˌ ʷ˔ʶʽ ˇʵʹʴʺˋʶʽ ˋʶ ʵˏˇ ˉˇ˂ˏ 

ˋʹ˃ʰ˄ˍʽˁʱ ˉˊˇʲ˂ʺ˃ʰˍʰ ˉˇˎ ˔ˊʺʸˇˎ˄ ʱ˃ʶˋʹ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹΦ ʆˇ ˉˊ˗ˍˇ ʰ˒ˇˊʱ ˍʹ˄ ˉˊˈʲ˂ʶ˕ʹ ʴʽʰ 

ʶ˅ʱ˄ˍ˂ʹˋʹ ˍ˖˄ ˇˊˎˁˍ˗˄ ˉˈˊ˖˄ όˉʶˍˊʶ˂ʰʿˁʷˌ ˁ ˊʾˋʶʽˌύ ˁʰʽ ˍʹ˄ ˉˊˇˋˉʱʻʶʽʰ ʰˉʶ˅ʱˊˍʹˋʹˌ ʰˉˈ ʰˎˍˇˏˌΦ 

ɳ˄˗ ˍˇ ʵʶˏˍʶˊˇ ˋ˔ʶˍʾʸʶˍʰʽ ˃ʶ ˍʽˌ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʷˌ ʶˉʽˉˍ˗ˋʶʽˌ ˁʰʽ ˍʽˌ ʱ˃ʶˋʶˌ ˋˎ˄ʷˉʶʽʶˌ ˋˍʹ˄ 

ʰ˄ʻˊ˗ˉʽ˄ʹ ˎʴʶʾʰΦ  ɼˎˊʾ˖ˌ ˋˍʰ ˃ʶʴʱ˂ʰ ʰˋˍʽˁʱ ˁʷ˄ˍˊʰ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˉˇ˂ˏ ˎ˕ʹ˂ʷˌ ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ 

ʰʷˊʽ˖˄ ˊˏˉ˖˄ ˇʽ ˇˉˇʾˇʽ ˋʶ ʰ˄ʻˊ˗ˉʽ˄ˇ ʶˉʾˉʶʵˇ ˉˊˇˁʰ˂ˇˏ˄ ʰ˄ʰˉ˄ʶˎˋˍʽˁʱ ˉˊˇʲ˂ʺ˃ʰˍʰ ˁʰʽ ˋʶ 

ˉh ʴˁˈˋ˃ʽˇ ʶˉʾˉʶʵˇ ˋˎ˄ˍʶ˂ˇˏ˄ ˋˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˍˇˎ ʻʶˊ˃ˇˁʹˉʾˇˎ ˁʰʽ ˍʹ˄ ˁ ˂ʽ˃ʰˍʽˁʺ ʰ˂˂ʰʴʺΦ 

ɶ ˋˎ˄ʶʽʵʹˍˇˉˇʾʹˋʹ ˍʹˌ ˁ˂ʽ˃ʰˍʽˁʺˌ ʰ˂˂ʰʴʺˌΣ ʹ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʺ ʶˎʰʽˋʻʹˋʾʰ ˁʰʽ ʹ ʶ˅ʱ˄ˍ˂ʹˋʹ ˍ˖˄ 

ʶ˄ʶˊʴʶʽʰˁ˗˄ ˉˈˊ˖˄ ˇʵʹʴˇˏ˄ ˋˍʹ˄ ʰ˄ʶˏˊʶˋʹ ʶ˄ʰ˂˂ʰˁˍʽˁ˗˄ ˃ˇˊ˒˗˄ ʶ˄ʷˊʴʶʽʰˌ ˁˎˊʾ˖ˌ 

ʰ˄ʰ˄ʶ˗ˋʽ˃ˇˎˌΦ ʅ˔ʶˍʽˁʱ ˃ʶ ˍˇ ˉˊˈʲ˂ʹ˃ʰ ˍ˖˄ ˋˎ˃ʲʰˍʽˁ˗˄ ˃ʷˋ˖˄ ˃ʶˍʰ˒ˇˊʱˌ ˁʰʽ ˍʹ˄ ʶˁˉˇ˃ˉʺ ʰʷˊʽ˖˄ 

ˊˏˉ˖˄ ʰˉˈ ʰˎˍʱΣ ʶˉʽʵʽ˗ˁʶˍʰʽ ʹ ʰ˄ˍʽˁʰˍʱˋˍʰˋʹ ˍˇˎˌ ˃ʶ ˍʹ˄ ʶ˄ʰ˂˂ʰˁˍʽˁʺ ˂ˏˋʹ ˍ˖˄ ʹ˂ʶˁˍˊʽˁ˗˄ 

ˇ˔ʹ˃ʱˍ˖˄Φ ʆˇ ʹ˂ʶˁˍˊʽˁˈ ˈ˔ʹ˃ʰ ʶʾ˄ʰʽ ˉʽˇ ˒ʽ˂ʽˁˈ ˋˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˁʰʽ ʶ˅ʰˋ˒ʰ˂ʾʸʶʽ ˃ʹʵʶ˄ʽˁʺ ʶˁˉˇ˃ˉʺ 

ˊˏˉ˖˄ ˁʰˍʱ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ ʲʶ˂ˍʽ˗˄ˇ˄ˍʰˌ ˍʹ˄ ˉˇʽˈˍʹˍʰ ˍˇˎ ʰʷˊʰ ˋˍʽˌ ʰˋˍʽˁʷˌ ˉʶˊʽˇ˔ʷˌ 

ˁʰʽ ʰˉˇʵʶˋ˃ʶˏʶʽ ˍˇˎˌ ˔ˊʺˋˍʶˌ ʰˉˈ ˍʹ ˔ˊʺˋʹ ˎʴˊ˗˄ ˁʰˎˋʾ˃˖˄Φ 

ʅʶ ʰˎˍʺ˄ ˍʹ˄ ʶˊʴʰˋʾʰ ˋˁˇˉˈˌ ʶʾ˄ʰʽ ʹ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˍˇˎ ˃ʹ ʵʽʰˋˎ˄ʵʶʵʶ˃ʷ˄ˇˎ ʹ˂ʶˁˍˊʽˁˇˏ 

ˋˎˋˍʺ˃ʰˍˇˌ ˍʹˌ ɼˊʺˍʹˌ ˃ʶ ˋˎ˄ʶʽˋ˒ˇˊʱ ˒˖ˍˇ̡̌ ˂ˍʰʿˁ˗˄ ˁʰʽ ʰʽˇ˂ʽˁ˗˄ ˉʱˊˁ˖˄ ˈˉ˖ˌ ʶʾ˄ʰʽ ˋˍʹ˄ 

ˉʰˊˇˏˋʰ ˒ʱˋʹΣ ˁʰʻ˗ˌ ˁʰʽ ʹ ʶ˅ʷˍʰˋʹ ˍʹˌ ʶˉʾʵˊʰˋʹˌ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˋʶ˄ʰˊʾ˖˄ ʵʽʶʾˋʵˎˋʹˌ ʹ˂ʶˁˍˊʽˁ˗˄ 

ˇ˔ʹ˃ʱˍ˖˄ ˋˍˇ ˋˏˋˍʹ˃ʰ. ɮˁˈ˃ʹΣ ˇ ˋˍˈ˔ˇˌ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˍʹˌ ʸʺˍʹˋʹˌ ˍˇˎ ˒ˇˊˍʾˇˎ ʶʾ˄ʰʽ ʹ 

ʵʽʰ˃ˈˊ˒˖ˋʹ ˍˇˎ ˉˊˇ˒ʾ˂ ˁʰˍʰ˄ʱ˂˖ˋʹˌ ˍˇˎ ˋˎ˄ˇ˂ʽˁˇˏ ˒ˇˊˍʾˇˎ ˃ʰʸʾ ˃ʶ ˍʰ ʹ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰΦ ʆʰ 

ˋʶ˄ʱˊʽʰ ʵʽʶʾˋʵˎˋʹˌ ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄ ʶʾ˄ʰʽ ˍˊʾʰ ˁʰʽ ʵʽʰˁˊʾ˄ˇ˄ˍʰʽ ˋˍˇ ˉʽˇ ˉʽʻʰ˄ˈΣ ˋˍˇ ˉʽˇ 

ʰʽˋʽˈʵˇ˅ˇ ˁʰʽ ˍˇ ˉʽˇ ʶˉʽʻʶˍʽˁˈ ˖ˌ ˉˊˇˌ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ Φ ʅʶ ʰˎˍˈ ʻʰ ʶˉʽʵʽ˗˅ˇˎ˃ʶ ˄ʰ 

ʶ˒ʰˊ˃ˈˋˇˎ˃ʶ ʵˏˇ ˋˍˊʰˍʹʴʽˁʷˌ ˒ˈˊˍʽˋʹˌ ˍ˖˄ ̌ ˔ʹ˃ʱˍ˖˄Υ 

Á ɾʹ ʶ˂ʶʴ˔ˈ˃ʶ˄ʹ ʊˈˊˍʽˋʹΦ 

dumb chargingΦ ʅˎ˃ʲʰʾ˄ʶʽ ˁʰˍʱ ˍʹ˄ ʶˉʽˋˍˊˇ˒ʺ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˃ʶˍʱ ˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ ˍˇˎˌ 

˃ʶˍʰˁʾ˄ʹˋʹ ˁʰʽ ʹ ʽˋ˔ˏˌ ˉˇˎ ˍˊʰʲˇˏ˄ ʰˉˈ ˍˇ ʵʾˁˍˎˇ ʶʾ˄ʰʽ ˋˍʰʻʶˊʺΦ 

Á ɳ˂ʶʴ˔ˈ˃ʶ˄ʹ ʊˈˊˍʽˋʹΦ  

ʃˊʰʴ˃ʰˍˇˉˇʽʶʾ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ ʵʽˁˍˏˇˎ ˃ʶ ʵʽʰʵʽˁʰˋʾʰ valley filling  

όˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˍʽˌ ˗ˊʶˌ ʶ˂ʱ˔ʽˋˍʹˌ ʸʺˍʹˋʹˌ ˒ˇˊˍʾˇˎύ ˁʰʽ ˃ʶ ʵʽʰʵʽˁʰˋʾʰ peak shaving- 

ˁˇˏˊʶ˃ʰ ˁˇˊˎ˒ʺˌ όʶ˒ʰˊ˃ˈʸʶˍʰʽ ˍʽˌ ˗ˊʶˌ ˃ʷʴʽˋˍʹˌ ʸʺˍʹˋʹˌ ˒ˇˊˍʾˇˎ). ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ʹ 

˃ʶʾ˖ˋʹ ˍʹˌ ʸʺˍʹˋʹˌ ˋʶ ˉʶˊʽˈʵˇˎˌ ʰʽ˔˃ʺˌ όǇŜŀƪ shavingύ ˁʰʽ ʹ ʰˏ˅ʹˋʹ ˍʹˌ ʸʺˍʹˋʹˌ ˋʶ 

ˉʶˊʽˈʵˇˎˌ ʶˁˍˈˌ ʰʽ˔˃ʺˌ όǾŀƭƭŜȅ ŦƛƭƭƛƴƎύΦ 

ʁ ʰ˂ʴˈˊʽʻ˃ˇˌ ˍ˖˄ ˉʰˊʰˉʱ˄˖ ˋʶ˄ʰˊʾ˖˄ ˎ˂ˇˉˇʽʺʻʹˁʶ ˋʶ ˉʶˊʽʲʱ˂˂ˇ˄ Matlab ˁ ʰʽ ʴʽʰ ˍʹ˄ ʶˉʾ˂ˎˋʹ ˍˇˎ 

ˉˊˇʲ˂ʺ˃ʰˍˇˌ ˊˇʺˌ ʽˋ˔ˏˇˌ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˍˇ ˉʰˁʷˍˇ MatpowerΦ ʆʰ ˃ʶʴʷʻʹ ˉˇˎ ʶ˅ʶˍʱʸˇ˄ˍʰʽ ˁʰʽ 

ʵʾ˄ˇ˄ˍʰʽ ˋʶ ʵʽʰʴˊʱ˃˃ʰˍʰ ʶʾ˄ʰʽΥ 

Á ʊˇˊˍʾʰ ɼʰˍʰ˄ʱ˂˖ˋʹˌ ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄ 

Á ʁ˂ʽˁʱ ʊˇˊˍʾʰ ˁʰˍʰ˄ʱ˂˖ˋʹˌ όˁʰʻʰˊʱ Σ ˉˊʰʴ˃ʰˍʽˁʱύ 

Á ʆʱˋʶʽˌ ʸˎʴ˗˄  

Á ɮˉ˗˂ʶʽʶˌ ʽˋ˔ˏˇˌ όɳ˄ʶˊʴʷˌ ˁʰʽ ɯʶˊʴʶˌύ 

Á ɼˈˋˍˇˌ ʃʰˊʰʴ˖ʴʺˌ όʅˎ˄ˇ˂ʽˁˈ ˁʰʽ ʊˈˊˍʽˋʹˌ ˇ˔ʹ˃ʱˍ˖˄ύ 

 

ɽɳʀɳɹʅ ɼɽɳɹɲɹɮ 

ɶ˂ʶˁˍˊʽˁʱ ̌ ˔ʺ˃ʰˍʰ , peak shaving, valley filling 
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Abstract 
The rapid spread of vehicles with internal combustion engines has as a result two very important 

problems that need to be faced immediately. The first concerns the provision for the depletion of 

mineral resources (oil crises). The second is related to the environmental impact and direct 

consequences on human health. Mainly in large urban centers, very high concentrations of gaseous 

pollutants are observed, which on a human level cause respiratory problem and globally contribute 

to the greenhouse effect and climate change. 

Awareness of climate change, environmental sensitivity and depletion of energy resources lead to 

the discovery of alternative and renewable forms of energy. Regarding the problem of conventional 

means of transport and the emission of gaseous pollutants from them, their replacement with the 

alternative of electric vehicles is sought. The electric vehicle is more environmentally friendly and 

ensures zero emissions during vehicle operation by improving air quality in urban areas. 

The purpose of this paper is to model the existing non-interconnected electrical system of Crete with 

the existing contribution of photovoltaic and wind farms, as well as to examine the effect of different 

scenarios of penetration of electric vehicles in the system. Furthermore, the goal of load demand 

management is to shape the overall consumption load profile along with electric vehicles. There are 

three scenarios for the penetration of electric vehicles and they are distinguished in the most 

probable, in the most optimistic and the most aggressive in terms of the number of vehicles. In this 

we will seek to implement two vehicle charging strategies: 

The main purpose of this Diploma Thesis is to model the existing non-interconnected electric 

power system of Crete with the existing integrated photovoltaic and wind power plants, as 

well as to examine the effect of different scenarios of penetration of Battery Electric Vehicles. 

Furthermore, another goal is to achieve load power demand management by appropriately 

shaping electric vehicles load profile with smart charging techniques. Three different 

scenarios for the penetration of Battery Electric Vehicle are examined and they are 

distinguished in the most probable, most optimistic and the most aggressive in terms of the 

considered electric vehicle population.  

In this work we try to implement two Battery Electric Vehicles charging strategies: 

¶ άDumbέ Charging. It is considered the simplest form of charging and the Battery 

Electric Vehicle absorbs a constant amount of power throughout the charging period.  

 

¶ άSmartέ Charging. Controlled charging is applied with main objective to balance the 

load curves and limit fluctuations. In particular, the methods that have been applied 

are that of valley filling (increase of Battery Electric Vehicle load during low demand 

periods) and peak shaving (reduction of Battery Electric Vehicle load during high 

demand periods). 

The proposed algorithm has been developed in Matlab software while Matpower was used 

to solve the optimal Power Flow problem. The main simulation results obtained by the 

detailed simulation of Crete electric power system concern: 

¶ Battery Electric Vehicles Loads  

¶ Total and net electric power load of Crete  
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¶ Bus Voltages 

¶ Power Losses  

¶ Fuel Cost of electric power generation units 

¶ Battery Electric Vehicles charging cost 
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ɼʶ˒ʱ˂ʰʽ ̌1 
 

ɶ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰ 
 

мΦм ʅˉˇˎʵʰʽˈˍʹˍʰ ʹ˂ʶˁˍˊˇˁʾ˄ʹˋʹˌ ˁʰʽ ˋʹ˃ʶˊʽ˄ʺ ʰˉʺ˔ʹˋ ́
 

ʅˍʽˌ ˃ʷˊʶˌ ˃ʰˌ ʹ ˋˎ˄ʶ˔˗ˌ ʰˎ˅ʰ˄ˈ˃ʶ˄ʹ ʶ˅ʱˉ˂˖ˋʹ ˍʹˌ ˔ˊʺˋʹˌ ˇ˔ʹ˃ʱˍ˖˄ ˃ʶ ˁʽ˄ʹˍʺˊʶˌ ʶˋ˖ˍʶˊʽˁʺˌ 

ˁʰˏˋʹˌ ʷ˔ʶʽ ˋˎ˄ˍʶ˂ʷˋʶʽ ˋʶ ˃ʶʴʱ˂ˇ ʲʰʻ˃ˈ ˋʶ ʵˏˇ ʽʵʽʰʾˍʶˊʰ ˋʹ˃ʰ˄ˍʽˁʱ ˉˊˇʲ˂ʺ˃ʰˍʰ [1].  

  

ʆˇ ˉˊ˗ˍˇ ʰ˒ˇˊʱ ˍʽˌ ʶˉʽˉˍ˗ˋʶʽˌ ˋˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˍˈˋˇ ˍˇˉʽˁʱ ˈˋˇ ˁʰʽ ˋʶ ˇ˂ˈˁ˂ʹˊˇ ˍˇ ˉ˂ʰ˄ʺˍʹΦ 

ʅʶ ˃ʶʴʱ˂ʶˌ ˉˈ˂ʶʽˌ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˉˇ˂ˏ ˎ˕ʹ˂ʷˌ ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ ʰʷˊʽ˖˄ ˊˏˉ˖˄ ˇʽ ˇˉˇʾˇʽ 

ˋˎ˄ˍʶ˂ˇˏ˄ ˋʶ ˉʰʴˁˈˋ˃ʽˇ ʶˉʾˉʶʵˇ ˋˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˍˇˎ ʻʶˊ˃ˇˁʹˉʾˇˎ ˁʰʽ ˍʹ˄ ˁ˂ʽ˃ʰˍʽˁʺ ʰ˂˂ʰʴʺΦ ʆˇ 

ʵʶˏˍʶˊˇ ˉˊˈʲ˂ʹ˃ʰ ˋ˔ʶˍʾʸʶˍʰʽ ˃ʶ ˍʹ˄ ʶ˅ʱ˄ˍ˂ʹˋʹ ˍ˖˄ ˇˊˎˁˍ˗˄ ˉˈˊ˖˄ ˈˉ˖ˌ ˍˇ ˉʶˍˊʷ˂ʰʽˇΦ  

 

ɮˎˍʱ ˍʰ ʵˏˇ ˉˊˇʲ˂ʺ˃ʰˍʰ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʹ˄ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʺ ʶˎʰʽˋʻʹˋʾʰ ˇʵʹʴˇˏ˄ ˈ˂ˇ ˁʰʽ 

ˉʶˊʽˋˋˈˍʶˊˇ ˋˍʹ˄ ʶˏˊʶˋʹ ˃ʶʻˈʵ˖˄ ˒ʽ˂ʽˁ˗˄ ˉˊˇˌ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˁʰʽ ˋˍʹ˄ ʰ˅ʽˇˉˇʾʹˋʹ 

ʶ˄ʰ˂˂ʰˁˍʽˁ˗˄ ˉʹʴ˗˄ ʶ˄ʷˊʴʶʽʰˌ ˁʰʽ ˁˎˊʾ˖ˌ ʰ˄ʰ˄ʶ˗ˋʽ˃ˇˎˌΦ ɴˍˋʽ ʷ˔ˇˎ˄ ʷˊʻʶʽ ˋˍˇ ˉˊˇˋˁʺ˄ʽˇ ˍʰ 

ʹ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰ [2ϐΦ ɳˉˇ˃ʷ˄˖ˌΣ ˒ʰ˄ˍʱʸˇˎ˄ ˃ʽʰ ʶ˂ˉʽʵˇ˒ˈˊʰ ˂ˏˋʹ ˁʰʻ˗ˌ ˍʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ 

ˍˇˎˌ ʶʾ˄ʰʽ ˉˇ˂˂ʰˉ˂ʱ ˃ʶ ʵˎ˄ʰˍˈˍʹˍʶˌ ʽˁʰ˄ʷˌ ˄ʰ ʰ˄ˍʽˁʰˍʰˋˍʺˋˇˎ˄ ˍʰ ˊˎˉˇʴˈ˄ʰ ˋˎ˃ʲʰˍʽˁʱ 

ˇ˔ʺ˃ʰˍʰΦ  

 

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˍˇ ˁʰ˂ˇˁʰʾˊʽ ˍˇˎ нлмуΣ ˇ ˋˎ˄ˇ˂ʽˁˈˌ ʰˊʽʻ˃ˈˌ ˍ˖˄ ʹ˂ʶˁˍˊʽˁ˗˄ ˁʰʽ ˎʲˊʽʵʽˁ˗˄ 

ʰˎˍˇˁʽ˄ʺˍ˖˄ ˉˇˎ ˁˎˁ˂ˇ˒ˇˊˇˏ˄ ˉʰʴˁˇˋ˃ʾ˖ˌΣ ˅ʶˉʷˊʰˋʶ ˍʰ п ʶˁʰˍˇ˃˃ˏˊʽʰΣ ʰˉˈ ˍʰ ˇˉˇʾʰ ˍʰ нΦс 

ʶˁʰˍˇ˃˃ˏˊʽʰ όср҈ύ ʺˍʰ˄ ʰ˃ʽʴ˗ˌ ʹ˂ʶˁˍˊˇˁʾ˄ʹˍʰ [3].  

 

ʅˍʹ˄ ɳ˂˂ʱʵʰ ˇ ˊˎʻ˃ˈˌ ʶ˅ʱˉ˂˖ˋʹˌ ˍ˖˄ ʹ˂ʶˁˍˊˇˁʾ˄ʹˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ʶʾ˄ʰʽ ʲˊʰʵˏˌ [4]Φ ɳʾ˄ʰʽ 

ʲˊʰʵˏˍʶˊˇˌ ʰˉˈ ˈˍʽ ˋʶ ʱ˂˂h ˁˊʱˍʹ ˉʰˊʱ ˍˇ ʴʶʴˇ˄ˈˌ ˍˇˎ ˃ʶʴʱ˂ˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ˍʹˌ ˊˏˉʰ˄ˋʹˌ 

ˍ˖˄ ˉˈ˂ʶ˖˄Φ ʇˉʱˊ˔ˇˎ˄ ʰˊˁʶˍˇʾ ʰ˄ʰˋˍʰ˂ˍʽˁˇʾ ˉʰˊʱʴˇ˄ˍʶˌΦ ʃˊ˗ˍʰ ʰˉΩ ˈ˂ʰ ʰˉˇˍˊʶˉˍʽˁʺ ʶʾ˄ʰʽ ʹ 

ˎ˕ʹ˂ʺ ˍʽ˃ʺ ʶ˄ˈˌ ˍʷˍˇʽˇˎ ˇ˔ʺ˃ʰˍˇˌΣ ˈˉ˖ˌ ʶˉʾˋʹˌ ˁʰʽ ˇʽ ˋˍʰʻ˃ˇʾ ˒ˈˊˍʽˋʹˌ ʶʾ˄ʰʽ ˉʶˊʽˇˊʽˋ˃ʷ˄ˇʽΦ 

ɳˉʾˋʹˌ ʵʶ ʵʾ˄ˇ˄ˍʰʽ ˍʰ ʰˉʰˊʰʾˍʹˍʰ ˁʾ˄ʹˍˊʰ ʰˉˈ ˍˇ ˁˊʱˍˇˌόʶˉʽʵˈˍʹˋʹΣ ʶ˂ʰ˒ˊˏ˄ˋʶʽˌ ˒ ˈˊ˖˄ύΦ ʃʰˊ 

Ψˈ˂ʰ ʰˎˍʱΣ ˇʽ ʰˎˍˇˁʽ˄ʹˍˇʲʽˇ˃ʹ˔ʰ˄ʾʶˌ ˉˊˇˋʰ˄ʰˍˇ˂ʾʸˇ˄ˍʰʽ ˉ˂ʷˇ˄ ˉˊˇˌ ˍʹ˄ ʹ˂ʶˁˍˊˇˁʾ˄ʹˋʹ 

ˎˉˇ˔ˊʶ˖ˍʽˁʱ ˂ˈʴ˖ ˍʹˌ ˁ˂ʽ˃ʰˍʽˁʺˌ ʰ˂˂ʰʴʺˌΦ ɶ ˉʰʴˁˈˋ˃ʽʰ ˋˎ˃˒˖˄ʾʰ ʴʽʰ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˋˍˇ 

ʃʰˊʾˋʽόнлмрύ ˗ʻʹˋʶ ˍʹ˄ ɳˎˊ˖ˉʰʿˁʺ ɴ˄˖ˋʹ ˄ʰ ˕ʹ˒ʾˋʶʽ ˍˇ нлму ˎˉˇ˔ˊʶ˖ˍʽˁʺ ˃ʶʾ˖ˋʹ ˍ˖˄ ˊˏˉ˖˄ 

ˁʰˍʱ пл҈ ʷ˖ˌ ˍˇ нлолΣ ˃ʶ ʰ˄ˍʾˋˍˇʽ˔ʹ ˉˊˇ˗ʻʹˋʹ ˍ˖˄ ʹ˂ʶˁˍˊˇˁʾ˄ʹˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ [5]. 

 

ʍˋˍˈˋˇΣ  ˉˊʷˉʶʽ  ˄ʰ  ʶˉʽˋʹ˃ʰ˄ʻʶʾ  ˈˍʽ  ʵʶ˄  ˃ˉˇˊˇˏ˃ʶ  ˄ʰ  ˃ʽ˂ʱ˃ʶ  ˋˍʹ˄  ɳ˂˂ʱʵʰ  ʴʽʰ  ˉˊʰʴ˃ʰˍʽˁʱ 

Ϧˉˊʱˋʽ˄ʹϦ ʹ˂ʶˁˍˊˇˁʾ˄ʹˋʹΣ  ˉʰˊʱ  ˃ˈ˄ˇ  ʰ˄  ʹ  ˉʰˊʰʴ˖ʴʺ  ʹ˂ʶˁˍˊʽˁʺˌ  ʶ˄ʷˊʴʶʽʰˌ  ˉˇˎ  ʻʰ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ˁʾ˄ʹˋʹ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ʰˎˍ˗˄ ʴʾ˄ʶˍʰʽ ʰˉˈ ʰ˄ʰ˄ʶ˗ˋʽ˃ʶˌ ˉʹʴʷˌ ˁʰʽ ˈ˔ʽ ʰˉˈ 

˂ʽʴ˄ʾˍʹ ʺ ˒ˎˋʽˁˈ ʰʷˊʽˇΣ ˈˉ˖ˌ ˁʰˍʱ ˁʰ˄ˈ˄ʰ ˋˎ˃ʲʰʾ˄ʶʽ ˋʺ˃ʶˊʰΦ ʅˍʹ˄  ɳ˂˂ʱʵʰ  ˂ˇʽˉˈ˄  ˃ˉˇˊˇˏ˃ʶ  

˄ʰ ʶˉ˖˒ʶ˂ʹʻˇˏ˃ʶ ˍʹ ˃ʶʾ˖ˋʹ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ʰˉˈ ˍʹ˄ ʹ˂ʶˁˍˊˇˁʾ˄ʹˋʹ ˃ˈ˄ˇ ʰ˄ ʹ ʹ˂ʶˁˍˊʽˁʺ 

ʶ˄ʷˊʴʶʽʰ ˉˇˎ ʻʰ ˒ˇˊˍʾʸʶʽ ˍʽˌ ˃ˉʰˍʰˊʾʶˌ ˍ˖˄ ʹ˂ʶˁˍˊˇˁʾ˄ʹˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˉˊˇʷˊ˔ʶˍʰʽ ʰˉˈ 

ɮ˄ ʰ˄ʶ˗ˋʽ˃ʶˌ ʃ́ ʴʷˌ ɳ˄ ʷˊʴʶʽʰˌ [1]. 
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мΦн ʆʶ˔˄ˇ˂ˇʴʾʶˌ ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄ EVs 
 

ɶ˂ʶˁˍˊʽˁˈ ʰˎˍˇˁʾ˄ʹˍˇ όEVύ ˄ˇʶʾˍʰʽ ˁʱʻʶ ˈ˔ʹ˃ʰ ˍˇ ˇˉˇʾˇ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍʹ˄ ʹ˂ʶˁˍˊʽˁʺ ʶ˄ʷˊʴʶʽʰ ˉˇˎ 

ʰˉˇʻʹˁʶˏʶˍʰʽ ˋʶ ʶˉʰ˄ʰ˒ˇˊˍʽʸˈ˃ʶ˄ʶˌ ˋˎˋˍˇʽ˔ʾʶˌ ˋˎˋˋ˖ˊʶˎˍ˗˄ ό˃ˉʰˍʰˊʾʶˌύ [3]Φʆʰ ʹ˂ʶˁˍˊʽˁʱ 

ˇ˔ʺ˃ʰˍʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ʷ˄ʰ˄ ʹ˂ʶˁˍˊʽˁˈ ˁʽ˄ʹˍʺˊʰ ʰ˄ˍʾ ˃ʹ˔ʰ˄˗˄ ʶˋ˖ˍʶˊʽˁʺˌ ˁʰˏˋʹ ̩

όɾ.ɳ.ɼ.ύΦ ɰʷʲʰʽʰ ˎˉʱˊ˔ˇˎ˄ ʰˎˍˇˁʾ˄ʹˍʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ʹ˂ʶˁˍˊʽˁʷˌ ˃ʹ˔ʰ˄ʷˌ ˁʰʽ ɾɳɼ ˁʰʽ 

ˁʰ˂ˇˏ˄ˍʰʽ ˎʲˊʽʵʽˁʱΦ ʆʰ ʹ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰ ʵʽʰ˔˖ˊʾʸˇ˄ˍʰʽ ˋˍʽˌ ˉʰˊʰˁʱˍ˖ ˁʰˍʹʴˇˊʾʶˌ [6], [7], [8]: 

ʇʲˊʽʵʽˁʱ ʹ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰό Hybrid Electric Vehicles - HEV) 

ʆʰ ˎʲˊʽʵʽˁʱ ˋˎ˄ʵˎʱʸˇˎ˄ ˃ʹ˔ʰ˄ʺ ʶˋ˖ˍʶˊʽˁʺˌ ˁʰˏˋʹˌΣ ˋˎ˄ʵʶʵʶ˃ʷ˄ʹ ˃ʶ ʹ˂ʶˁˍˊʽˁˈ ˁʽ˄ʹˍʺˊʰΦ ʁ 

ʹ˂ʶˁˍˊʽˁˈˌ ˁʽ˄ʹˍʺˊʰˌ ˋˎ˄ʶʽˋ˒ʷˊʶʽ ˋʶ ˃ʶʴʰ˂ˏˍʶˊʹ ˇʽˁˇ˄ˇ˃ʾʰ ˁʰʽ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˍʹˌ ʰˉˈʵˇˋʹˌ ˍˇˎ 

ˇ˔ʺ˃ʰˍˇˌ ˁʰʽ ˍˊˇ˒ˇʵˇˍʶʾˍʰʽ ʰˉˈ ˃ˉʰˍʰˊʾʶˌΦ ɶ ˃ˉʰˍʰˊʾʰ ʵʶ ˒ˇˊˍʾʸʶˍʰʽ ʰˉˈ ʶ˅˖ˍʶˊʽˁˈ ʵʾˁˍˎˇΣ ʰ˂˂ʱ 

ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˁʾ˄ʹˋʹˌ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ˍʹˌ ˃ʹ˔ʰ˄ʺˌ ʶˋ˖ˍʶˊʽˁʺˌ ˁʰˏˋʹˌΣ ʹ ˇˉˇʾʰ ʶʾ˄ʰʽ 

ˋˎ˄ʵʶʵʶ˃ʷ˄ʹ ˁʰʽ ˉˊˇˋʰˊ˃ˇˋ˃ʷ˄ʹ ˃ʶ ˍˇ˄ ʹ˂ʶˁˍˊʽˁˈ ˁʽ˄ʹˍʺˊʰΦ  

 

ɳʽˁˈ˄ʰ 1.1 Hybrid Electric Vehicle ς HEV [9] 

Plug-in ˎ ʲˊʽʵʽˁʱ ̌ ˔ʺ˃ʰˍʰ (Plug-in Hybrid Electric Vehicles- PHEV ) 

ɮˉˇˍʶ˂ˇˏ˄ ˁʰˍʹʴˇˊʾʰ ˍ˖˄ ˎʲˊʽʵʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄ ˃ʶ ʵˏˇ ˁʽ˄ʹˍʺˊʶˌΣ ʷ˄ʰ ˁʽ˄ʹˍʺˊʰ ʶˋ˖ˍʶˊʽˁʺˌ ˁʰˏˋʹˌ 

ˁʰʽ ʷ˄ʰ ʹ˂ʶˁˍˊˇˁʽ˄ʹˍʺˊʰ ˇ ˇˉˇʾˇˌ ˍˊˇ˒ˇʵˇˍʶʾˍʰʽ ʰˉˈ ˃ˉʰˍʰˊʾʰ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˈ ˍʰ HEV ʴʶʴˇ˄ˈˌ 

ˉˇˎ ˉˊˇˋ˒ʷˊʶʽ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˎˍˇ˄ˇ˃ʾʰ ˇʵʺʴʹˋʹˌ ˃ʶˊʽˁ˗˄ ʵʶˁʱʵ˖˄ ˔ʽ˂ʽˇ˃ʷˍˊ˖˄Φ ʁ ˁʽ˄ʹˍʺˊʰˌ 

ʶˋ˖ˍʶˊʽˁʺˌ ˁʰˏˋʹˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉ˂ʺˊˇˎˌ ʶˁ˒ˈˊˍʽˋʹˌ ˍʹˌ ˃ˉʰˍʰˊʾʰˌΦ ɶ ʵʽʰ˒ˇˊʱ 

˃ʶ ˍʰ HEV ʶʾ˄ʰʽ ˈˍʽ ˍʰ ˇ˔ʺ˃ʰˍʰ ʰˎˍʱ ˒ˇˊˍʾʸˇˎ˄ ˍʽˌ ˃ˉʰˍʰˊʾʶˌ ˃ʶ ʰˉʶˎʻʶʾʰˌ ˍˊˇ˒ˇʵˇˋʾʰ ʰˉˈ ˍˇ 

ʵʾˁˍˎˇΦ ɸʶ˖ˊˇˏ˄ˍʰʽ ˖ˌ ˁʰʽ рл҈ ˉʽˇ ʰˉˇʵˇˍʽˁʱ ʰˉˈ ˍʰ ʰˉ˂ʱ HEV ɹ ʶʴˇ˄ˈˌ ˉˇˎ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍʹ˄ ˃ʶʾ˖ˋʹ 

ˍʹˌ ˁʰˍʰ˄ʱ˂˖ˋʹˌ ˁʰˎˋʾ˃ˇˎΦ  
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ɳʽˁˈ˄ʰ 1. 2 Plug-in Hybrid Electric Vehicle- PHEV [10] 

ɶ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰ ˃ˉʰˍʰˊʾʰˌόBattery Electric Vehicles- BEVs) 

ɮˎˍʺ ʹ ˁʰˍʹʴˇˊʾʰ ˇ˔ʹ˃ʱˍ˖˄ ʵʶ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˎˉˇʲˇʺʻʹˋʹ ʰˉˈ ˁʽ˄ʹˍʺˊʰ ʶˋ˖ˍʶˊʽˁʺˌ ˁʰˏˋʹˌ ʶ˄˗ 

ʻʶ˖ˊʶʾˍʰʽ ˁʰˍʹʴˇˊʾʰ ˁʰʻʰˊʱ ʹ˂ʶˁˍˊʽˁ˗˄ ʰˎˍˇˁʽ˄ʺˍ˖˄Φ ɶ ˒ˈˊˍʽˋʹ ˍ˖˄ ˃ˉʰˍʰˊʽ˗˄ ʴʾ˄ʶˍʰʽ  ˃ʶ 

ʰˉʶˎʻʶʾʰˌ ˍˊˇ˒ˇʵˇˋʾʰ ʰˉˈ ˍˇ ʵʾˁˍˎˇΦ ʆˇ ˋˏ˄ˇ˂ˇ ˍʹˌ ʶ˄ʷˊʴʶʽʰˌ ˉˇˎ ʰˉʰʽˍʶʾˍʰʽ ʴʽʰ ˍʹ˄ ˁʾ˄ʹˋʹ ˍˇˎ 

ˇ˔ʺ˃ʰˍˇˌ ʰ˄ˍ˂ʶʾˍʰʽ ʰˉˈ ˍʽˌ ˃ˉʰˍʰˊʾʶˌΣ ˁʰʻ˗ˌ ʵʶ˄ ˎˉʱˊ˔ʶʽ ˁʽ˄ʹˍʺˊʰˌ ʶˋ˖ˍʶˊʽˁʺˌ ˁʰˏˋʹˌ ˁʰʽ 

ˋˎ˄ʶˉ˗ˌ ˍˇ ˃ʷʴʶʻˇˌ ˍ˖˄ ˃ˉʰˍʰˊʽ˗˄ ʶ˄ˈˌ BEV  ʶʾ˄ʰʽ ʰˎ˅ʹ˃ʷ˄ˇ ˋˎʴˁˊʽˍʽˁʱ ˃ʶ ˍʰ ˎʲˊʽʵʽˁʱ (HEVύΦ ɶ 

ʰˎˍˇ˄ˇ˃ʾʰ ˇʵʺʴʹˋʹˌ ʶʾ˄ʰʽ ˉʶˊʽˇˊʽˋ˃ʷ˄ʹ ˁʰʻ˗ˌ ʹ ʶ˄ʵʽʱ˃ʶˋʹ ˒ˈˊˍʽˋʹ όˉʶˊʾˉˇˎ мрл km ˁʰˍʱ ˃ʷˋˇ 

ˈ́ ˇύ ʶʾ˄ʰʽ ʰ˄ʰʴˁʰʾʰΦ ʆˇ ˁˈˋˍˇˌ ˒ˈˊˍʽˋʹˌ ˃ˉʰˍʰˊʾʰˌ ˍ˖˄ ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄ ʶʾ˄ʰʽ ˋ˔ʶˍʽˁʱ ˔ʰ˃ʹ˂ˈ 

ˋˎʴˁˊʽˍʽˁʱ ˃ʶ ˍ˖˄ ˋˎ˃ʲʰˍʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄Φ ɶ ʱ˃ʶˋʹ ˊˏˉʰ˄ˋʹ ʰˉˈ ˍʰ ʹ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰ ˃ˉʰˍʰˊʾʰˌ 

ʶʾ˄ʰʽ ˃ʹʵʶ˄ʽˁʷˌΦ ʃʰˊʰʵʶʾʴ˃ʰˍʰ ˇ˔ʹ˃ʱˍ˖˄ ʰˎˍʺˌ ˍʹˌ ˁʰˍʹʴˇˊʾʰˌ ʶʾ˄ʰʽ ˍʰΥ Tesla roadster, Nissan Leaf, 

smart EQ fortwo coupe, Peugeot iOn, Sono Sion, SEAT Mii Electric. 

ɶ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰ ʰˎ˅ʹ˃ʷ˄ʹˌ ʰˎˍˇ˄ˇ˃ʾʰˌόExtended Range Electric Vehicles -EREVs) 

ɮˎˍʺ ʹ ˁʰˍʹʴˇˊʾʰ ˇ˔ʹ˃ʱˍ˖˄ ʵʽʰʻʷˍʶʽ ˍʹ ˃ˉʰˍʰˊʾʰ ˖ˌ ʲʰˋʽˁʺ ˉʹʴʺ ʶ˄ʷˊʴʶʽʰˌ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˃ʽʰ 

˃ʹ˔ʰ˄ʺ ʶˋ˖ˍʶˊʽˁʺˌ ˁʰˏˋʹˌΦ ɶ ˃ʹ˔ʰ˄ʺ ʶˋ˖ˍʶˊʽˁʺˌ ˁʰˏˋʹˌ ˔ˊʹˋʽ˃ʶˏʶʽ ˋˍʹ ˒ˈˊˍʽˋʹ ˍʹˌ ˁˏˊʽʰˌ 

˃ˉʰˍʰˊʾʰˌ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ ʶ˄˗ ˇ ʹ˂ʶˁˍˊʽˁˈˌ ˁʽ˄ʹˍʺˊʰˌ ʵʽʰ˔ʶʽˊʾʸʶˍʰʽ ˍʹ˄ ˁʾ˄ʹˋʹ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌΦ ɶ 

˒ˈˊˍʽˋʹ ˍʹˌ ˃ˉʰˍʰˊʾʰˌ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʶ ˍʹ ʰˉʶˎʻʶʾʰˌ ˋˏ˄ʵʶˋʹ ˋˍˇ ʵʾˁˍˎˇ ʹ˂ʶˁˍˊʽˁʺˌ 

ʶ˄ʷˊʴʶʽʰˌΦ ɶ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ ˁʽ˄ʹˍʺˊʰ ʶˋ˖ˍʶˊʽˁʺˌ ˁʰˏˋʹˌ όrange-extenderύ ʷ˔ʶʽ ˋˁˇˉˈ ˍʹ˄ ʰˏ˅ʹˋʹ 

ˍʹˌ ˔ʽ˂ʽˇ˃ʶˍˊʽˁʺˌ ʰˎˍˇ˄ˇ˃ʾʰˌ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ όҔоллkmύ ˋˎʴˁˊʽˍʽˁʱ ˃ʶ ʰˎˍʺ ˍ˖˄ ˁʰʻʰˊʱ ʹ˂ʶˁˍˊʽˁ˗˄ 

ˇ˔ʹ˃ʱˍ˖˄ BEVΦ ɶ ʲʰˋʽˁʺ ʵʽʰ˒ˇˊʱ ˃ʶ ˍʰ ˎʲˊʽʵʽˁʱ ˇ˔ʺ˃ʰˍʰ ʶʾ˄ʰʽ ˈˍʽ ˋˍʰ EREVs ˇ ʹ˂ʶˁˍˊʽˁˈˌ 

ˁʽ˄ʹˍʺˊʰˌ ˂ʶʽˍˇˎˊʴʶʾ ˃ˇ˄ʾ˃˖ˌ ˁʰʽ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉ˂ʺˊˇˎˌ ʶˁ˒ˈˊˍʽˋʹˌ ˍʹˌ ˃ˉʰˍʰˊʾʰˌ ˍˇˎ 

ˇ˔ʺ˃ʰˍˇˌΣ ˇ ˁʽ˄ʹˍʺˊʰˌ ʶˋ˖ˍʶˊʽˁʺˌ ˁʰˏˋʹˌ ˂ʶʽˍˇˎˊʴʶʾ ˃ʶ ˋˁˇˉˈ ˍʹ˄ ʶˉʰ˄ʰ˒ˈˊˍʽˋʹ ˍˇˎˌΦ 
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мΦо ʃ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˁʰʽ ʃʶˊʽˇˊʽˋ˃ˇʾ ̱ ˖˄ ɶΦʁΦ 
 

ʃ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ [3] 

 

Á ʆˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ ˋ˔ʶˍʾʸʶˍʰʽ ˃ʶ ˍʹ˄ ˎʴʶʾʰ ˍ˖˄ ʰ˄ʻˊ˗ˉ˖˄ ˁʰʻ˗ˌ ˁʰʽ ˍʹ˄  

ˉˇʽˈˍʹˍʰ ˍˇˎ ʰʷˊʰΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˍʰ ɶ.ɮ. ʵʶ˄ ˉʰˊʱʴˇˎ˄ ʰˍ˃ˇˋ˒ʰʽˊʽˁˇˏˌ ˊˏˉˇˎˌ ʰˉˈ ˍʽˌ 

ʶˁˉˇ˃ˉʷˌ ˍʹˌ ʶ˅ʱˍ˃ʽˋʹˌΣ ˈˉ˖ˌ ˇ˅ʶʾʵʽʰ ˍˇˎ ʰʸ˗ˍˇˎ ˁʰʽ ˋ˖˃ʰˍʾʵʽʰΦ ɰʷʲʰʽʰ ʶ˅ʰˁˇ˂ˇˎʻˇˏ˄ ˄ʰ 

ˉʰˊʱʴˇ˄ˍʰʽ ˋ˖˃ʰˍʾʵʽʰ ʰˉˈ ˍʹ˄ ˉʷʵʹˋʹ ˁʰʽ ʰˉˈ ˍʹ˄ ˒ʻˇˊʱ ˍ˖˄ ʶ˂ʰˋˍʽˁ˗˄ ʰ˂˂ʱ ˋˎ˄ˇ˂ʽˁʱ 

ʶʾ˄ʰʽ ˂ʽʴˈˍʶˊʰ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍˇ ʲʶ˄ʸʽ˄ˇˁʾ˄ʹˍˇ ʺ ˉʶˍˊʶ˂ʰʽˇˁʾ˄ʹˍˇ ʰˎˍˇˁʾ˄ʹˍˇΦ  

Á ɳˉʾˋʹˌ ˉˊˇˁʰ˂ˇˏ˄ ˍʹ˄ ʶ˂ʱ˔ʽˋˍʹ ʵˎ˄ʰˍʺ ˊˏˉʰ˄ˋʹ ˋʶ ˃ʰˁˊˇ˔ˊˈ˄ʽʰ ʲʱˋʹ ˃ʶ ˍʹ˄ ˉˊˇːˉˈʻʶˋʹ 

ˈˍʽ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ʹ˂ʶˁˍˊʽˁʺ ʶ˄ʷˊʴʶʽʰ ˉˇˎ ˉʰˊʱʴʶˍʰʽ ʰˉˈ ʰ˄ʰ˄ʶ˗ˋʽ˃ʶˌ ˉʹʴʷˌ ʶ˄ʷˊʴʶʽʰˌΦ 

ɴˍˋʽ ˃ˉˇˊˇˏ˄ ˄ʰ ˉʶˊʽˇˊʾˋˇˎ˄ ˍʹ˄ ˉʰʴˁˈˋ˃ʽʰ ʻʷˊ˃ʰ˄ˋʹ ˉˇˎ ˉˊˇˁʰ˂ʶʾˍʰʽ ʰˉˈ ˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ 

ˍˇˎ ʻʶˊ˃ˇˁʹˉʾˇˎ ˁʰʽ ˄ʰ ˃ʶʽ˗ˋˇˎ˄ ˍʹ˄ ʶ˅ʱˊˍʹˋʹ ʰˉˈ ˍˇ ˉʶˍˊʷ˂ʰʽˇΦ 

Á ʆʰ ʹ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰ ʶʾ˄ʰʽ ˉʽˇ ʰʻˈˊˎʲʰ ʰˉˈ ˍʰ ˋˎ˃ʲʰˍʽˁʱ ʰˎˍˇˁʾ˄ʹˍʰΣ ˃ʶʽ˗˄ˇ˄ˍʰˌ ˍʹ˄ 

ʹ˔ˇˊˏˉʰ˄ˋʹ ˋˍʽˌ ˉˈ˂ʶʽˌΦ 

Á ʁʽ ʹ˂ʶˁˍˊˇˁʽ˄ʹˍʺˊʶˌ ʶʾ˄ʰʽ ˉʽˇ ʰˉˇʵˇˍʽˁˇʾ ʰˉˈ ˍˇˎˌ ˁʽ˄ʹˍʺˊʶˌ ʶˋ˖ˍʶˊʽˁʺˌ ˁʰˏˋʹˌ ˇˉˈˍʶ 

˃ʶʴʰ˂ˏˍʶˊˇ ˃ʷˊˇˌ ˍʹˌ ʶ˄ʷˊʴʶʽʰˌ ˍʹˌ ˃ˉʰˍʰˊʾʰˌ ˁʰˍʰ˂ʺʴʶʽ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˄ʰ ˁʽ˄ʶʾ ˍˇ 

ʰˎˍˇˁʾ˄ʹˍˇΦ ɳʽʵʽˁʱ ˋˍʹ˄ ˇʵʺʴʹˋʹ ʶ˄ˍˈˌ ˉˈ˂ʶ˖˄ ˍʰ ʹ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰ ˋˉʰˍʰ˂ˇˏ˄ ˂ʽʴˈˍʶˊʹ 

ʶ˄ʷˊʴʶʽʰΦ  

Á ɴ˔ˇˎ˄ ˔ʰ˃ʹ˂ˈ ˁˈˋˍˇˌ ˃ʶˍʰˁʾ˄ʹˋʹˌΣ ˁʰʻ˗ˌ ʹ ˍʽ˃ʺ ˍˇˎ ˊʶˏ˃ʰˍˇˌ ʶʾ˄ʰʽ ʰˊˁʶˍʱ ˔ʰ˃ʹ˂ˈˍʶˊʹ ʰ˄ʱ 

˃ˇ˄ʱʵʰ ʶ˄ʷˊʴʶʽʰˌ ʰˉˈ ˍʹ ʲʶ˄ʸʾ˄ʹΣ ʹ ˇˉˇʾʰ ˃ʱ˂ʽˋˍʰ ʶˉʹˊʶʱʸʶˍʰʽ ʰˉˈ ˍʹ˄ ˁʱʻʶ ˍˈˋˇ ʰˏ˅ʹˋʹ 

ˍʹˌ ˍʽ˃ʺˌ ˍˇˎ ˉʶˍˊʶ˂ʰʾˇˎΦ ɳ˄˗ ˁʰˍʱ ˍʹ ˋˍʱˋʹ όˉ˔ ˒ʰ˄ʱˊʽʰύ ʵʶ˄ ˁʰˍʰ˄ʰ˂˗˄ˇˎ˄ ˁʰʻˈ˂ˇˎ 

ʶ˄ʷˊʴʶʽʰΦ 

Á ʋˊʶʽʱʸˇ˄ˍʰʽ ˉˇ˂ˏ ˂ʽʴˈˍʶˊˇ ˋʷˊʲʽˌ ˁʰʽ ˋˎ˄ˍʺˊʹˋʹ ʰ˒ˇˏ ʵʶ˄ ʷ˔ˇˎ˄ ˋˏˋˍʹ˃ʰ ʶ˅ʰʴ˖ʴʺˌ 

ˁʰˎˋʰʶˊʾ˖˄ Σ ʵʽʱˍʰ˅ʹ ʶ˅ʱˍ˃ʽˋʹˌ ˁʰʽ ˒ʾ˂ˍˊˇ ˁʰˉ˄ˇˏΦ ɲʶ˄ ʰˉʰʽˍˇˏ˄ ˍʰˁˍʽˁʷˌ ʰ˂˂ʰʴʷˌ ˂ʰʵʽ˗˄Σ 

ʰ˄ˍʽˁʰˍʱˋˍʰˋʹ ʺ ˋˎ˄ˍʺˊʹˋʹ ˋʶ ˃ʹ˔ʰ˄ʽˁʱ ˃ʷˊʹ ˁʰʻ˗ˌ ʵʶ˄ ˎˉʱˊ˔ˇˎ˄Φ ɮ˄ˍʾʻʶˍʰΣ ˇ̔ ˃ʹ˔ʰ˄ʷˌ 

ʶˋ˖ˍʶˊʽˁʺˌ ˁʰˏˋʹˌ ʷ˔ˇˎ˄ ˉʱ˄˖ ʰˉˈ млл ˁʽ˄ˇˏ˃ʶ˄ʰ ˃ʷˊʹΦ 

Á ʁʵʹʴˇˏ˄ˍʰʽ ˉʽˇ ʶˏˁˇ˂ʰ ʰ˒ˇˏ ʵʶ˄ ʷ˔ˇˎ˄ ˋˎ˃ˉ˂ʷˁˍʹ ˁʰʽ ˍʰ˔ˏˍʹˍʶˌ ˁʰʻ˗ˌ ˁʰʽ ʶˉʽʲˊʰʵˏ˄ˇˎ˄ 

ʰ˒ʺ˄ˇ˄ˍʰˌ ˍˇ ʴˁʱʸʽ. 

 

ɾʶʽˇ˄ʶˁˍʺ˃ʰˍʰ 

 

Á ʇ˕ʹ˂ˈ ˁˈˋˍˇˌ ˁʰˍʰˋˁʶˎʺˌΣ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˎ˕ʹ˂ʷˌ ˍʽ˃ʷˌ ˉ˗˂ʹˋʹˌΦ 

Á ʃʶˊʽˇˊʽˋ˃ʷ˄ʹ ʰˉˈˋˍʰˋʹ ˍʰ˅ʽʵʽˇˏ ˃ʶˍʰ˅ˏ ˁʱʻʶ ʶˉʰ˄ʰ˒ˈˊˍʽˋʹˌ ˍʹˌ ˃ˉʰˍʰˊʾʰˌΦ ʆʰ ˉʽˇ 

ˋˏʴ˔ˊˇ˄ʰ ˃ˇ˄ˍʷ˂ʰ ʶˉʽˍˎʴ˔ʱ˄ˇˎ˄ ʰˎˍˇ˄ˇ˃ʾʶˌ ˉˇˎ ˅ʶˁʽ˄ˇˏ˄ ʰˉˈ млл ʷ˖ˌ мнл ˔ʽ˂ʽˈ˃ʶˍˊʰ ˋʶ 

ʰˎˍˇˁʾ˄ʹˍʰ ˉˈ˂ʹˌ ˁʰʽ ˒ˍʱ˄ˇˎ˄ ˋˍʰ нрл-олл ˔ʽ˂ʽˈ˃ʶˍˊʰ ʺ ˁʰʽ ˉʰˊʰˉʱ˄˖ ˋʶ ʰˎˍˇˁʾ˄ʹˍʰ 

˃ʶʴʱ˂ʹˌ ʽˋ˔ˏˇˌΦ 

Á ɾʶʴʱ˂ˇˌ ˔ˊˈ˄ˇˌ ʶˉʰ˄ʰ˒ˈˊˍʽˋʹˌΣ ˋˎ˄ʺʻ˖ˌ с ˗ˊʶˌ ʴʽʰ ˉ˂ʺˊʹ ʶˉʰ˄ʰ˒ˈˊˍʽˋʹΦ ʍˋˍˈˋˇ, h ˊˁʶˍʱ 

ˋˏʴ˔ˊˇ˄ʰ ˃ˇ˄ˍʷ˂ʰ ˃ˉˇˊˇˏ˄ ˄ʰ ˒ˇˊˍʾˋˇˎ˄ ˁʰˍʱ ул҈ ˋʶ ˔ˊˈ˄ˇ ˂ʽʴˈˍʶˊˇ ˍʹˌ м ˗ˊʰˌΦ 

Á ʃʶˊʽˇˊʽˋ˃ʷ˄ʹ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ ˃ˉʰˍʰˊʽ˗˄Σ ˋˎ˄ʺʻ˖ˌ о-р ˔ˊˈ˄ʽʰΦ ʃʰˊ Ωˈ˂ʰ ʰˎˍʱ ˋʶ ˄ʶˈˍʶˊʰ 

˃ˇ˄ˍʷ˂ʰ ʹ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ ̫ ˔ʶʽ ʲʶ˂ˍʽ˖ʻʶʾΦ  
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1.4 ɳˉʽˉˍ˗ˋʶʽˌ ˋˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˁʰʽ ˋˍʹ˄ ˎʴʶʾʰ  

 
ɶ ʶ˄ˋ˖˃ʱˍ˖ˋʹ ˍ˖˄ ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄ ˋˍˇ ˇʵʽˁˈ ʵʾˁˍˎˇ ʰˉˇˍʶ˂ʶʾ ʰˉ˂ʱ ʷ˄ʰ ˍˊˈˉˇ ˃ʶ ˍˇ˄ 

ˇˉˇʾˇ ʹ ɳˎˊ˗ˉʹ ˃ˉˇˊʶʾ ˄ʰ ˁʽ˄ʹʻʶʾ ˉˊˇˌ ˃ʽʰ ˇʽˁˇ˄ˇ˃ʾʰ ˃ʶ ʰˉˇʵˇˍʽˁˈˍʶˊʹ ˔ˊʺˋʹ ˍ˖˄ ˉˈˊ˖˄ ˁʰʽ 

ʴʽʰ ʷ˄ʰ ˋˏˋˍʹ˃ʰ ˃ʶˍʰ˒ˇˊ˗˄ ˔˖ˊʾˌ ʱ˄ʻˊʰˁʰ.  

ɾʶ ˍʹ˄ ʰˏ˅ʹˋʹ ˍˇˎ ʰˊʽʻ˃ˇˏ ˍ˖˄ ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄ ʶʾ˄ʰʽ ʵˎ˄ʰˍˈ ˄ʰ ˃ʶʽ˖ʻˇˏ˄ ˋʹ˃ʰ˄ˍʽˁʱ ˇʽ 

ʱ˃ʶˋʶˌ ʶˁˉˇ˃ˉʷˌ /hн ˁʰʽ ˇʽ ʰˍ˃ˇˋ˒ʰʽˊʽˁˇʾ ˊˏˉˇʽ ʰˉˈ ˍʽˌ ˇʵʽˁʷˌ ˃ʶˍʰ˒ˇˊʷˌΦ ɾʶ ʰˎˍˈ˄ ˍˇ˄ ̱ ˊˈˉˇ 

ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˋˍʽˌ ˉˈ˂ʶʽˌ ʻʰ ʴʾ˄ʶʽ ˉʽˇ ˁʰʻʰˊˈ ˁʰʽ ˔˖ˊʾˌ ˊˏˉˇˎˌΦ  

ʍˋˍˈˋˇΣ ʹ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺ ˊˏˉʰ˄ˋʹ ʰˉˈ ˍʹ˄ ʹ˂ʶˁˍˊʽˁʺ ʶ˄ʷˊʴʶʽʰ ʶʾ˄ʰʽ ʰ˄ʰˉˈ˒ʶˎˁˍʹ ˁʰʻ˗ˌ ˍʰ 

ʹ˂ʶˁˍˊʽˁʱ ʰˎˍˇˁʾ˄ʹˍʰ ˍˊˇ˒ˇʵˇˍˇˏ˄ˍʰʽ ʰˉˈ ˍʹ˄ ʹ˂ʶˁˍˊʽˁʺ ʶ˄ʷˊʴʶʽʰΦ ʁˉˈˍʶ ˍʰ ʻʶˍʽˁʱ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˖ˌ ˉˊˇˌ ˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ ʰ˄ˍʽˋˍʰʻ˃ʾʸˇ˄ˍʰʽ ʷ˖ˌ ʷ˄ʰ ˋʹ˃ʶʾˇ ˃ʶ ˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ʹ 

ˉˊˈˋʻʶˍʹ ʰˉʰʽˍˇˏ˃ʶ˄ʹ ʹ˂ʶˁˍˊʽˁʺ ʶ˄ʷˊʴʶʽʰ ˉˇˎ ˔ˊʶʽʱʸʶˍʰʽΣ ʰˎ˅ʱ˄ʶʽ ˍʹ ʸʺˍʹˋʹ ˁʰʽ ˉˊˇˁʰ˂ʶʾ 

ˉˊˈˋʻʶˍʶˌ ʶˁˉˇ˃ˉʷˌ ˂ˈʴ˖ ˍʹˌ ˔ˊʺˋʹˌ ˇˊˎˁˍ˗˄ ˁʰˎˋʾ˃˖˄ ˋˍˇ˄ ˍˇ˃ʷʰ ˍʹˌ ˉʰˊʰʴ˖ʴʺˌ ʹ˂ʶˁˍˊʽˁʺˌ 

ʶ˄ʷˊʴʶʽʰˌ [11]. 

ʅˎ˄ʺʻ˖ˌ, ̌ ʽ ˋˍʰʻ˃ˇʾ ˉʰˊʰʴ˖ʴʺˌ ʲˊʾˋˁˇ˄ˍʰʽ ˃ʰˁˊʽʱ ʰˉˈ ˉˎˁ˄ˇˁʰˍˇʽˁʹ˃ʷ˄ʶˌ ˉʶˊʽˇ˔ʷˌΦ ʅˎ˄ʶˉ˗ˌ 

ʹ ˊˏˉʰ˄ˋʹ ˃ʶˍʰ˒ʷˊʶˍʰʽ ʰˉˈ ˍʽˌ ˉʶˊʽˇ˔ʷˌ ˈˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʹ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰ ʰ˄ˍʾ 

ˋˎ˃ʲʰˍʽˁ˗˄Σ ˋˍˇˎˌ ˋˍʰʻ˃ˇˏˌ ˉʰˊʰʴ˖ʴʺˌ ˇʽ ˇˉˇʾˇʽ ʴʽʰ ˄ʰ ˁʰ˂ˏ˕ˇˎ˄ ˍʹ ʸʺˍʹˋʹ ˍ˖˄ ʹ˂ʶˁ̱ ˊ̔ˁ ˗˄ 

ˇ˔ʹ˃ʱˍ˖˄ ˁʰˍʰ˄ʰ˂˗˄ˇˎ˄ ˉʶˊʽˋˋˈˍʶˊʰ ˁʰˏˋʽ˃ʰ ˃ˇ˂ˏ˄ˇ˄ˍʰˌ ˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʰ ˋʶ ʶˁʶʾ˄ʶˌ ˍʽˌ 

ˉʶˊʽˇ˔ʷˌΦ 

ʂˋˇ˄ ʰ˒ˇˊʱ ˍʽˌ ʶˉʽˉˍ˗ˋʶʽˌ ˋˍʹ˄ ʰ˄ʻˊ˗ˉʽ˄ʹ ˎʴʶʾʰΣ ʵʶ ˄˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ ˋˏʴˁˊʽˋʹ ˃ʶˍʰ˅ˏ ˍ˖˄ 

ʰˍ˃ˇˋ˒ʰʽˊʽˁ˗˄ ˊˏˉ˖˄ ˉˇˎ ˉʰˊʱʴˇ˄ˍʰʽ ʰˉˈ ˍʽˌ ˇʵʽˁʷˌ ˃ʶˍʰ˒ˇˊʷˌ ˁʰʽ ʰˉˈ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ 

ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌΦ ʁʽ ʶˉʽˉˍ˗ˋʶʽˌ ʶ˅ʰˊˍ˗˄ˍʰʽ ˋʶ ˃ʶʴʱ˂ˇ ʲʰʻ˃ˈ ʰˉˈ ˍʹ ʻʷˋʹΣ ˍʹ˄ ʷ˄ˍʰˋʹ ˁʰʽ 

ˍˇ˄ ˍˏˉˇ ˍ˖˄ ˉʹʴ˗˄ ʶˁˉˇ˃ˉ˗˄Φ ʁʽ ʶˁˉˇ˃ˉʷˌ ʰˉˈ ˍʽˌ ˇʵʽˁʷˌ ˃ʶˍʰ˒ˇˊʷˌ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˋʶ ʶˉʾˉʶʵˇ 

ʶʵʱ˒ˇˎˌ ˁʰʽ ʴʶ˄ʽˁʱ ˋʶ ˉʶˊʽˇ˔ʷˌ ˈˉˇˎ ʸˇˎ˄ ˁʰʽ ʶˊʴʱʸˇ˄ˍʰʽ ˇʽ ʱ˄ʻˊ˖ˉˇʽΣ ˈˉ˖ˌ ˋˍʽˌ ˉˈ˂ʶʽˌΣ ˇˉˈˍʶ 

˃ʶʴʱ˂ˇ ˃ʷˊˇˌ ˍˇˎ ˉ˂ʹʻˎˋ˃ˇˏ ʶˁˍʾʻʶˍʰʽ ˋʶ ʰˎˍʷˌΦ ɮ˄ˍʾʻʶˍʰ, ̌ ʽ ˋˍʰʻ˃ˇʾ ʹ˂ʶˁˍˊˇˉʰˊʰʴ˖ʴʺˌ ʶʾ˄ʰʽ 

ˁˎˊʾ˖ˌ ʷ˅˖ ʰˉˈ ˍʽˌ ˉˈ˂ʶʽˌ ˋʶ ˂ʽʴˈˍʶˊˇ ˉˎˁ˄ˇˁʰˍˇʽˁʹ˃ʷ˄ʶˌ ˉʶˊʽˇ˔ʷˌΦ ʍˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ʰˎˍʺˌ ˍʹˌ 

˃ʽˁˊˈˍʶˊʹˌ ʷˁʻʶˋʹˌΣ ʹ ˃ʶˍʰˍˈˉʽˋʹ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ʰˉˈ ˍˇ˄ ˍˇ˃ʷʰ ˍ˖˄ ˇʵʽˁ˗˄ ˃ʶˍʰ˒ˇˊ˗˄ ˋˍˇ˄ 

ˍˇ˃ʷʰ ˉʰˊʰʴ˖ʴʺˌ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ˃ˉˇˊʶʾ ˍʶ˂ʽˁʱ ˄ ʰ ʶʾ˄ʰʽ ʶˉ˖˒ʶ˂ʺˌ ʴʽʰ ˍʹ˄ ˎʴʶʾʰΦ  

ʅˎ˄ʶˉ˗ˌΣ ˇ ˁˏˊʽˇˌ ˉʰˊʱʴˇ˄ˍʰˌ ˉˇˎ ʻʰ ʶˉʹˊʶʱˋʶʽ ˍʽˌ ʶˉʽʵ˗ˋʶʽˌ ˍ˖˄ ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄ ˋʶ 

ˋ˔ʷˋʹ ˃ʶ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˁʰʽ ˍʹ˄ ˎʴʶʾʰ ʶʾ˄ʰʽ ˇʽ ʰ˄ʰ˄ʶ˗ˋʽ˃ʶˌ ˉʹʴʷˌ ʶ˄ʷˊʴʶʽʰˌΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ʹ 

ʵʽʰˋ˒ʱ˂ʽˋʹ ˈˍʽ ʹ ʹ˂ʶˁˍˊʽˁʺ ʶ˄ʷˊʴʶʽʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ʹ˂ʶˁˍˊʽˁ˗˄ 

ʰˎˍˇˁʽ˄ʺˍ˖˄  ˉˊˇʷˊ˔ʶˍʰʽ ʰˉˈ ʰ˄ʰ˄ʶ˗ˋʽ˃ʶˌ ˉʹʴʷˌΦ 

 

мΦр ʅˎˋˋ˖ˊʶˎˍʷˌ 
 

ʅˎ ˋˋ˖ˊʶˎˍʺˌ ʺ ˃ʶ ʱ˂˂ʰ ˂ˈʴʽʰ ˃ˉʰˍʰˊʾʰΣ ʶʾ˄ʰʽ ʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʷˌ ʵʽʰˍʱ˅ʶʽˌ ˉˇˎ ˃ʁ ˍʰˍˊʷˉˇˎ˄ ˍʹ 

˔ʹ˃ʽˁʺ ʶ˄ʷˊʴʶʽʰ ˋʶ ʹ˂ʶˁˍˊʽˁʺ ˁʰˍʱ ˍʹ˄ ʶˁ˒ˈˊˍʽˋʺ ˍˇˎˌ ˁʰʽ ʰ˄ˍʾˋˍˊˇ˒ʰ ˁ ʰˍʱ ˍʹ ˒ˈˊˍʽˋʹ ˍˇˎˌ. ʁʽ 

ˋˎˋˋ˖ˊʶˎˍʷˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˍʹ˄ ʰˉˇʻʺˁʶˎˋʹ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ˁʰʽ ʹ ˒ˈˊˍʽˋʹ ˍˇˎˌ 

ʴʾ˄ʶˍʰʽ ˃ʶ ʹ˂ʶˁˍˊˇ˄ʽˁˇˏˌ ˃ʶˍʰˍˊˇˉʶʾˌ ʶ˄ʰ˂˂ʰˋˋˈ˃ʶ˄ʹˌ ʺ ˋˎ˄ʶ˔ʺˌ ˍʱˋʹˌΦ 

ʆʰ ʹ˂ʶˁˍˊˇˁʾ˄ʹˍʰ ˇ˔ʺ˃ʰˍʰ ˉʶˊʽʷ˔ˇˎ˄ ˋˎˋˋ˖ˊʶˎˍʷˌ ˎ˕ʹ˂ʺˌ ˍʱˋʹˌΣ ʰˉˇˍʶ˂ˇˏ˃ʶ˄ˇˎˌ ʰˉˈ ˁʶ˂ʽʱΣ 

˃ˇ˄ʱʵʶˌ ˁʰʽ ˉʰˁʷˍʰ [12]Φ ɴ˄ʰ ˁʶ˂ʾ (˃ʽˁˊˈˍʶˊʹ ˉˇˋˈˍʹˍʰ ˃ˉʰˍʰˊʾʰˌ-cellsύ ˉʰʾˊ˄ʶʽ ˍʽ˃ʷˌ м-6 Volt. 

ɼʱʻʶ ˁʶ˂ʾ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʵˏˇ ˋˍˇʽ˔ʶʾʰΣ ˍʹ˄ ʱ˄ˇʵˇ ˁ ʰʽ ˍʹ˄ ˁʱʻˇʵˇΣ ˉˇˎ ˔˖ˊʾʸˇ˄ˍʰʽ ˃ʶˍʰ˅ˏ ˍˇˎˌ  
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˃ʶ ˁʱˉˇʽˇ˄ ʹ˂ʶˁˍˊˇ˂ˏˍʹΦ ʂˍʰ˄ ˋˍʹ˄ ʱ˄ˇʵˇ ˁʰʽ ˁʱʻˇʵˇ ˋˎ˄ʵʶʻʶʾ ʶ˅˖ˍʶˊʽˁˈ ˁˏˁ˂˖˃ʰ ˍˈˍʶ 

ˎˉʱˊ˔ʶʽ ˊˇʺ ʹ˂ʶˁˍˊˇ˄ʾ˖˄ ʰ˄ʱ˃ʶˋʰ ˋˍʹ˄ ʱ˄ˇʵˇ ˁʰʽ ˋˍʹ˄ ˁʱʻˇʵˇ ˍˇˎ ˋˎˋˋ˖ˊʶˎˍʺ ʶ˅Ω ʰʽˍʾʰˌ 

ʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʺˌ ʰ˄ˍʾʵˊʰˋʹˌ ˉˇˎ ˋˎ˃ʲʰʾ˄ʶʽ ˃ʶˍʰ˅ˏ ˍ˖˄ ʹ˂ʶˁˍˊˇʵʾ˖˄ ˁʰʽ ˍˇˎ ʹ˂ʶˁˍˊˇ˂ˏˍʹ ˉˇˎ 

ʶˁ˒ˊʱʸʶˍʰʽ ˋˍˇ ʶ˅˖ˍʶˊʽˁˈ ˁˏˁ˂˖˃ʰ ˖ˌ ʹ˂ʶˁˍˊʽˁˈ ˊʶˏ˃ʰΦ ɾʽʰ ˃ˇ˄ʱʵʰ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˉˇ˂˂ʱ 

ˁʶ˂ʽʱ ˋˎ˄ʵʶʵʶ˃ʷ˄ʰ ˋʶ ˋʶʽˊʱ ʺ ˉʰˊʱ˂˂ʹ˂ʰΣ ʶ˄˗ ʷ˄ʰ ˉʰˁʷˍˇ ʰˉˈ ˉˇ˂˂ʷˌ ˃ˇ˄ʱʵʶˌΦ  

 

.  
ɳʽˁˈ˄ʰ мΦ о ʅˎˋˋ˖ˊʶˎˍʺˌ ώм2] 

 

ɮˉˈ ˍʹ ˋˍʽʴ˃ʺ ˉˇˎ ʵʹ˃ʽˇˎˊʴʺʻʹˁʰ˄ ˇʽ ˉˊ˗ˍʶˌ ˃ˉʰˍʰˊʾʶˌόˍʷ˂ʹ мфˇˎ ʰʽ˗˄ʰύ ʷʴʽ˄ʰ˄ ˉˊˇˋˉʱʻʶʽʶˌ 

ʵʹ˃ʽˇˎˊʴʾʰˌ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ʻʰ ˁʽ˄ˇˏ˄ˍʰ˄ ˃ʶ ʰˎˍʷˌΦ ʃ˂ʷˇ˄ ˇʽ ˋˎˋˋ˖ˊʶˎˍʷˌ ʰˉˇˍʶ˂ˇˏ˄ ˍˇ ˉʽˇ 

ˋʹ˃ʰ˄ˍʽˁˈ ˃ʷˊˇˌ ʶ˄ˈˌ ʹ˂ʶˁˍˊʽˁˇˏ ˇ˔ʺ˃ʰˍˇˌΦ ʍˋˍˈˋˇΣ ˍˇ ˁˈˋˍˇˌ ˍ˖˄ ˃ˉʰˍʰˊʽ˗˄ ʶʾ˄ʰʽ ˎ˕ʹ˂ˈΣ 

ʰ˄ʶʲʱʸˇ˄ˍʰˌ ˋʹ˃ʰ˄ˍʽˁʱ ˍˇ ˁˈˋˍˇˌ ʰʴˇˊʱˌ ʶ˄ˈˌ ʹ˂ʶˁˍˊʽˁˇˏ ˇ˔ʺ˃ʰˍˇˌ ˋˎʴˁˊʽˍʽˁʱ ˃ʶ ˍˇ ˁˈˋˍˇˌ 

ʶ˄ˈˌ ˋˎ˃ʲʰˍʽˁˇˏΦ ɰʷʲʰʽʰ, ̫ ˔ʶʽ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ˋʹ˃ʰ˄ˍʽˁʺ ʲʶ˂ˍʾ˖ˋʹ ˁʰʽ ˇ ˋˍˈ˔ˇˌ ʶʾ˄ʰʽ ʹ ʶˎˊʶʾʰ 

ˉʰˊʰʴ˖ʴʺ ˋˎˋˋ˖ˊʶˎˍ˗˄ ˃ʶ ˈˋˇ ʴʾ˄ʶˍʰʽ ˃ʽˁˊˈˍʶˊˇ ˁˈˋˍˇˌΣ ˃ʶʴʰ˂ˏˍʶˊʹ ˔˖ˊʹˍʽˁˈˍʹˍʰ ˁʰʽ ʽˋ˔ˏ 

ˁʰʻ˗ˌ ˁʰʽ ˃ʶʴʰ˂ˏˍʶˊʹ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌΦ 

 

1.6 ʆʶ˔˄ˇ˂ˇʴʾʶˌ ɮˉˇʻʺˁʶˎˋʹˌ 
 

ʇˉʱˊ˔ˇˎ˄ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˍʶ˔˄ˇ˂ˇʴʾʶˌ ˃ˉʰˍʰˊʽ˗˄ ʶ˃ˉˇˊʽˁʱ ʵʽʰʻʷˋʽ˃ʶˌΦ ɼʱʻʶ ˍʶ˔˄ˇ˂ˇʴʾʰ 

ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʵʽˁʱ ˍʹˌ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˁʰʽ ˋˎ˄ʶˉ˗ˌ ˍʰ ʵʽˁʱ ˍʹˌ ʻʶˍʽˁʱ ˁʰʽ ʰˊ˄ʹˍʽˁʱ 

ˋˎʴˁˊʽˍʽˁʱ ˃ʶ ˍʽˌ ʰ˄ˍʰʴ˖˄ʽˋˍʽˁʷˌ ˍʶ˔˄ˇ˂ˇʴʾʶˌΦ ʃʰˊʰˁʱˍ˖ ʰ˄ʰ˂ˏˇ˄ˍʰʽ ˇʽ ʲʰˋʽˁʷˌ ˍʶ˔˄ˇ˂ˇʴʾʶˌ 

ˋˎˋˋ˖ˊʶˎˍ˗˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋʺ˃ʶˊʰ ʴʽʰ ˍʹ˄ ʰˉˇʻʺˁʶˎˋʹ ʶ˄ʷˊʴʶʽʰˌ ˋˍʰ ʹ˂ʶˁˍˊʽˁʱ 

ˇ˔ʺ˃ʰˍʰ [8].  

 

ü ɾˇ˂ˏʲʵˇˎ ˇ˅ʷˇˌόLead- Acid) 

 

ɳʾ˄ʰʽ ʰˉˈ ˍʽˌ ˉʽˇ ʵʽʰʵʶʵˇ˃ʷ˄ʶˌ ˍʶ˔˄ˇ˂ˇʴʾʶˌ ˁʰʽ ˃ʷ˔ˊʽ ˍʰ ˃ʷˋʰ ˍʹˌ ʵʶˁʰʶˍʾʰˌ ˍˇˎ флΩ ˇʽ ˃ˉʰˍʰˊʾʶˌ 

ʰˎˍʷˌ ʰˉˇˍʶ˂ˇˏˋʰ˄ ˍʹ˄ ˁˏˊʽʰ ʶˉʽ˂ˇʴʺ ʴʽʰ ˍʰ ʹ˂ʶˁˍˊʽˁʱ ʰˎˍˇˁʾ˄ʹˍʰ ʶ˅ʰʽˍʾʰˌ ˍˇˎ ˔ʰ˃ʹ˂ˇˏ 

ˁˈˋˍˇˎˌ тл-ммл ϵκKWh. ʃʰˊʱ ˍˇ ʴʶʴˇ˄ˈˌ ˍˇˎ ˔ʰ˃ʹ˂ˇˏ ˁˈˋˍˇˎˌΣ ˇʽ ʰˉʰʽˍʺˋʶʽˌ ˍ˖˄ ˋˎˋˋ˖ˊʶˎˍ˗˄ 
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ʰˎˍ˗˄ ˋʶ ˃ʱʸʰ ˁʰʽ ˈʴˁˇ ʶʾ˄ʰʽ ˃ʶʴʱ˂ʶˌ ˁʰʽ ˉʶˊʽˇˊʾʸˇˎ˄ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎˌ ˋˍʰ ʹ˂ʶˁˍˊʽˁʱ 

ˇ˔ʺ˃ʰˍʰΦ ɶ ʰˉˈʵˇˋʹ ˁʰʽ ʹ ʽˁʰ˄ˈˍʹˍʰ ʰˉˇʻʺˁʶˎˋʹˌ ʰˎˍʺˌ ˍʹˌ ˍʶ˔˄ˇ˂ˇʴʾʰˌ ˃ˉʰˍʰˊʽ˗˄ ˃ʶʽ˗˄ʶˍʰʽ 

ˈˍʰ˄ ˇʽ ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ʶʾ˄ʰʽ ˔ʰ˃ʹ˂ʷˌΦ ɱʶ˄ʽˁʱ ˃ʶʴʱ˂ʶˌ ʶˁ˒ˇˊˍʾˋʶʽˌ ˁʰˍʰˉˇ˄ˇˏ˄ ˍʽˌ 

˃ˉʰˍʰˊʾʶˌ ˁʰʽ ˉʶˊʽˇˊʾʸˇˎ˄ ˍʹ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ ˍˇˎˌ ˋˍʰ ˍʷˋˋʶˊʰ ˔ˊˈ˄ʽʰ ˁʰʻ˗ˌ ˇʽ ˁˏˁ˂ˇʽ ˒ˈˊˍʽˋʹˌ 

ʵʶ˄ ˃ˉˇˊˇˏ˄ ˄ʰ ˅ʶˉʶˊʱˋˇˎ˄ ˍˇˎˌ 350. ɳˉʾˋʹˌΣ ˇʽ ˋˎ˄ʶ˔ˈ˃ʶ˄ʶˌ ʶˁ˒ˇˊˍʾˋʶʽˌ ʴʽʰ ʶˉʾˉʶʵʰ 

ʶˁ˒ˈˊˍʽˋʹˌ ʱ˄˖ ˍˇˎ нл҈ ˍʹˌ ˇ˄ˇ˃ʰˋˍʽˁʺˌ ˔˖ˊʹˍʽˁˈˍʹˍʰˌ ʷ˔ˇˎ˄ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ ˃ʶʾ˖ˋʹ ˍʹˌ 

ʵʽʱˊˁʶʽʰˌ ʸ˖ʺˌ ˍ˖˄ ˃ˉʰˍʰˊʽ˗˄Φ ʅʶ ˈ˂ʶˌ ˍʽˌ ˃ˉʰˍʰˊʾʶˌ ˁʰʽ ʰˁˈ˃ʹ ˉʶˊʽˋˋˈˍʶˊˇ ˋʶ ʰˎˍʷˌ 

˃ˇ˂ˏʲʵˇˎ ˇ˅ʷˇˌΣ ʹ ˔˖ˊʹˍʽˁˈˍʹˍʰ ˃ʶʽ˗˄ʶˍʰʽ ˋʹ˃ʰ˄ˍʽˁʱ ˁʰʻ˗ˌ ʹ ˍʰ˔ˏˍʹˍʰ ʶˁ˒ˈˊˍʽˋʹˌ ʰˎ˅ʱ˄ʶˍʰʽΣ 

˂ˈʴ˖ ˃ʹ ʶˉʽʻˎ˃ʹˍ˗˄ ˉ˂ʶˎˊʽˁ˗˄ ʰ˄ˍʽʵˊʱˋʶ˖˄ ʶ˄ˍˈˌ ˍˇˎ ˋˎˋˋ˖ˊʶˎˍʺΦ ɮˁˈ˃ʹ ʹ ˔˖ˊʹˍʽˁˈˍʹˍʰ 

ˍˇˎˌ ʶʾ˄ʰʽ ˉʶˊʽˇˊʽˋ˃ʷ˄ʹ ˉˇˎ ˉˊˇˋ˒ʷˊʶʽ ʰˎˍˇ˄ˇ˃ʾʰ ˉʶˊʾˉˇˎ ул ˔ʽ˂ʽˈ˃ʶˍˊʰΦ ɮˎˍˈ ˉʶˊʽˇˊʾʸʶʽ ˍʹ 

˔ˊʺˋʹ ˍˇˎˌ ˋʶ ʹ˂ʶˁˍˊʽˁʱ ʰˎˍˇˁʾ˄ʹˍʰ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ ˃ʽˁˊʷˌ ʰˉˇˋˍʱˋʶʽˌΦ ʃʰˊʱ ˍˇˎˌ 

ˉʶˊʽˇˊʽˋ˃ˇˏˌ ˉˇˎ ʷ˔ˇˎ˄ ʰˎˍʷˌ ˇʽ ˃ˉʰˍʰˊʾʶˌΣ ˍʰ ʻʶˍʽˁʱ ˋˍʰ ˇˉˇʾʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶˍʰʽ ˍˇ ʽʵʽʰʾˍʶˊʰ 

˔ʰ˃ʹ˂ˈ ˁˈˋˍˇˌΣ ʹ ˒ʽ˂ʽˁˈˍʹˍʰ ˉˊˇˌ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ό˂ˈʴ˖ ʰˉ˂ʺˌ ʵʽʰʵʽˁʰˋʾʰˌ ʰ˄ʰˁˏˁ˂˖ˋʹˌύ ˁʰʽ ʹ 

ˎ˕ʹ˂ʺ ʶ˄ʶˊʴʶʽʰˁʺ ʽˋ˔ˏ ˍˇˎˌΣ ʶʾ˄ʰʽ ʰˊˁʶˍʱ ʴʽʰ ˄ʰ ʰˉˇˍʶ˂ʷˋˇˎ˄ ˃ʽʰ ʽʵʽʰʾˍʶˊʰ ʶ˄ʵʽʰ˒ʷˊˇˎˋʰ 

ˍʶ˔˄ˇ˂ˇʴʾʰ ˋˍˇ˄ ˍˇ˃ʷʰ ˍʹˌ ʹ˂ʶˁˍˊˇˁʾ˄ʹˋʹˌΦ 

 

ü ɹˈ˄ˍ˖˄ ɽʽʻʾˇˎ όLithium -Ion) 

 

ɮˎˍʺ ʹ ˁʰˍʹʴˇˊʾʰ ˋˎˋˋ˖ˊʶˎˍ˗˄ ʶʾ˄ʰʽ ʹ ˉˊ˗ˍʹ ʶˉʽ˂ˇʴʺ ˋˍˇ˄ ˍˇ˃ʷʰ ˍ˖˄ ʹ˂ʶˁˍˊˇ˄ʽˁ˗˄ ʰ˂˂ʱ ˁʰʽ 

ˍ˖˄ ʹ˂ʶˁˍˊʽˁ˗˄ ʰˎˍˇˁʽ˄ʺˍ˖˄Φ ʅˍʰ ʻʶˍʽˁʱ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽΣ ʹ ˎ˕ʹ˂ʺ ˉˎˁ˄ˈˍʹˍʰ ʶ˄ʷˊʴʶʽʰˌ ʰ˄ʱ 

˃ˇ˄ʱʵʰ ˃ʱʸʰˌ ˁʰʽ ˈʴˁˇˎΣ ˎ˕ʹ˂ʺ ˉˎˁ˄ˈˍʹˍʰ ʽˋ˔ˏˇˌ ˁʰʻ˗ˌ ˁʰʽ ʹ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌΦ ʆʰ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʰˎˍʱ ˉˊˇˋʵʾʵˇˎ˄ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˎˍˇ˄ˇ˃ʾʰ ˇʵʺʴʹˋʹˌ ˋʶ ˋ˔ʷˋʹ ˃ ʶ ˍʹ ˄̱ ʶ˔˄ˇ˂ˇʴʾʰ 

˃ˇ˂ˏʲʵˇˎ-ˇ˅ʷˇˌΦ ɮˁˈ˃ʹ ˇʽ ˃ˉʰˍʰˊʾʶˌ ʰˎˍʷˌ ʶʾ˄ʰʽ ˉʽˇ ˒ʽ˂ʽˁʷˌ ˉˊˇˌ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ʰˉˈ ˍˇˎˌ 

ʱ˂˂ˇˎˌ ˍˏˉˇˎˌΦ ʅˍʰ ʰˊ˄ʹˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶˍʰʽ ˍˇ ˎ˕ʹ˂ˈ ˁˈˋˍˇˌ ˍ˖˄ ˃ˉʰˍʰˊʽ˗˄ ˉˇˎ 

ˋˎ˄ʶˉʱʴʶˍʰʽ ˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ ˉ˗˂ʹˋʹˌ ˋˍʹ˄ ʰʴˇˊʱΦ ʆˇ нлмлΣ ˍˇ ˁˈˋˍˇˌ ˍ˖˄ ˋˎʴˁʶˁˊʽ˃ʷ˄˖˄ 

ˋˎˋˋ˖ˊʶˎˍ˗˄ ʺˍʰ˄ ˁˇ˄ˍʱ мллл Ϸκƪ²ƘΣ ʶ˄˗ ˍˇ нлнр ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ˃ʶʽ˖ʻʶʾ ˋʹ˃ʰ˄ˍʽˁʱ ˁʱˍ˖ ʰˉˈ 

200$/kWh [13]Φ ʅˍˇˎˌ ˋˎˋˋ˖ˊʶˎˍʷˌ ʰˎˍˇˏˌ ˉʰˊʰˍʹˊʶʾˍʰʽ  ˉˍ˗ˋʹ ˍʹˌ ʰˉˈʵˇˋʹˌ ˋˍʽˌ ˎ˕ʹ˂ʷˌ 

ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˁʰʻ˗ˌ ˁʰʽ ʹ ˎˉʶˊ˒ˈˊˍʽˋʹ ʺ ʹ ˎˉʶˊʶˁ˒ˈˊˍʽˋʹ ˃ʶʽ˗˄ʶʽ ˍʹ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ ˍˇˎˌΦ 

ʃʰˊΩˈ˂ʰ ʰˎˍʱ ʹ ʶ˒ʰˊ˃ˇʴʺ ˋʶ ʹ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰ ʶʾ˄ʰʽ ʶ˂ˁˎˋˍʽˁʺ ʰ˒ˇˏ ʵʽʰʻʷˍˇˎ˄ ˎ˕ʹ˂ʺ 

ˉˎˁ˄ˈˍʹˍʰ ʶ˄ʷˊʴʶʽʰˌ ʰ˄ʱ ˃ˇ˄ʱʵʰ ˃ʱʸʰˌ ˁʰʽ ˈʴˁˇˎΣ ˉˊˇˋ˒ʷˊˇ˄ˍʰˌ ʽʵʽʰʾˍʶˊʰ ʰˎ˅ʹ˃ʷ˄ʹ 

ʰˎˍˇ˄ˇ˃ʾʰΦ 

 

ü ɿʽˁʶ˂ʾˇˎ ˎʵˊʽʵʾˇˎ ˃ʶˍʱ˂˂ˇˎ όNiMH) 

 

ɮˎˍʺ ʹ ˍʶ˔˄ˇ˂ˇʴʾʰ ˃ˉʰˍʰˊʽ˗˄ ˉ˂ʶˇ˄ʶˁˍʶʾ ˋˍʹ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌΣ ˋˍʹ˄ ˇʴˁˇ˃ʶˍˊʽˁʺ ˔˖ˊʹˍʽˁˈˍʹˍʰ 

ˁʰʻ˗ˌ ˁʰʽ ˋˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ʰˉˇʵˇˍʽˁʺˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˋʶ ˃ʶʴʱ˂ˇ ʶˏˊˇˌ ʻʶˊ˃ˇˁˊʰˋʽ˗˄Φ ɰʷʲʰʽʰ, 

ˎˉʱˊ˔ˇˎ˄ ˉʶˊʽˇˊʽˋ˃ˇʾ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ˄ ˉˎˁ˄ˈˍʹˍʰ ʶ˄ʷˊʴʶʽʰˌ όрл-сл҈ ˍʹˌ ʶ˄ʶˊʴʶʽʰˁʺˌ ˉˎˁ˄ˈˍʹˍʰˌ 

ˍ˖˄ ˃ˉʰˍʰˊʽ˗˄ ɹˈ˄ˍ˖˄-ɽʽʻʾˇˎύ ˁʰʽ ʽˋ˔ˏˇˌΦ ʆˇ ˃ʶʴʰ˂ˏˍʶˊˇ ʰˊ˄ʹˍʽˁˈ ʶʾ˄ʰʽ ˈˍʽ ʹ ˋˎ˄ʶ˔ʺˌ 

ʶˁ˒ˈˊˍʽˋʹ ˍ˖˄ ˃ˉʰˍʰˊʽ˗˄ ʰˎˍˇˏ ˍˇˎ ˍˎˉˇˎ ˋʶ ˎ˕ʹ˂ʺ ʽˋ˔ˏ ˃ʶʽ˗˄ʶʽ ʰʽˋʻʹˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ 

ˍˇˎˌ ˋʶ нлл-олл ˉ˂ʺˊˇˎˌ ˁˏˁ˂ˇˎˌ ˂ʶʽˍˇˎˊʴʾʰˌΦ ɴ˄ʰ ʰˁˈ˃ʹ ˃ʶʽˇ˄ʷˁˍʹ˃ʰ ʶʾ˄ʰʽ ˍˇ ˎ˕ʹ˂ˈ ˁˈˋˍˇˌ 

ˍˇ ˇˉˇʾˇΣ ʶʾ˄ʰʽ ˃ʶ˄ ˔ʰ˃ʹ˂ˈˍʶˊˇ ʰˉˈ ˍʽˌ ˃ˉʰˍʰˊʾʶˌ ˂ʽʻʾˇˎ ʰ˂˂ʱΣ ʵʶ˄ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ˃ʶʽ˖ʻʶʾ ˋˍʰ 

ʶˉˈ˃ʶ˄ʰ ʷˍʹΦ ɳˉʾˋʹˌΣ ˍʰ ˎ˂ʽˁʱ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋʶ ʰˎˍʷˌ ˍʽˌ ˃ˉʰˍʰˊʾʶˌ ʶʾ˄ʰʽ ˂ʽʴˈˍʶˊˇ ˃ʹ 

˒ʽ˂ʽˁʱ ˉˊˇˌ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ʰˉˈ ʶˁʶʾ˄ʰ ˍ˖˄ ˃ˉʰˍʰˊʽ˗˄ Ni-Cd. ɽˈʴ˖ ˍʹˌ ʰ˅ʽˇˉʽˋˍʾʰˌ ˁʰʽ ˍʹˌ 

ʰ˄ˍˇ˔ʺˌ ˍˇˎˌ ˇʽ ˃ˉʰˍʰˊʾʶˌ  NiMH ̝ ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˁˎˊʾ˖ˌ ˋʶ ˎʲˊʽʵʽˁʱ ˇ˔ʺ˃ʰˍʰΦ 
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ü ɿʽˁʶ˂ʾˇˎ ɼʰʵ˃ʾˇˎόNi-Cd) 

 

ʁʽ ˃ˉʰˍʰˊʾʶˌ Ni-Cd ʷ˔ˇˎ˄ ˃ʶʴʱ˂ʹ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ ˁʰʽ ˉˊʷˉʶʽ ˄ʰ ʶˉʰ˄ʰ˒ˇˊˍʾʸˇ˄ˍʰʽ ˃ˈ˄ˇ ˈˍʰ˄ 

ʷ˔ˇˎ˄ ʰˉˇ˒ˇˊˍʽˋˍʶʾ ʶ˄ˍʶ˂˗ˌ όʱʵʶʽʶˌύΣ ʵʽʰ˒ˇˊʶˍʽˁʱ ˔ʱ˄ˇˎ˄ ˍʹ˄ ʰˉˈʵˇˋʹ ˍˇˎˌΦ ɶ ʶ˄ʶˊʴʶʽʰˁʺ 

ˉˎˁ˄ˈˍʹˍʰ ˍ˖˄ ˃ˉʰˍʰˊʽ˗˄ ʰˎˍ˗˄ ʶʾ˄ʰʽ ˃ʽˁˊʺ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ ˍ˖˄ ˃ˉʰˍʰˊʽ˗˄ 

ɹˈ˄ˍ˖˄-ɽʽʻʾˇˎΦ ʆˇ ʲʰˋʽˁˈ ˍˇˎˌ ˃ʶʽˇ˄ʷˁˍʹ˃ʰ ʶʾ˄ʰʽ ˍˇ ˁˈˋˍˇˌ ʶʴˁʰˍʱˋˍʰˋʹˌ ˍˇˎˌ ˁʰʻ˗ˌ ˁʰʽ ˈˍʽ ˍˇ 

ˁʱʵ˃ʽˇ ʶʾ˄ʰʽ ʷ˄ʰ ˋˍˇʽ˔ʶʾˇ ˉˇˎ ʶˉʽʲʰˊˏ˄ʶʽ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˈˍʰ˄ ˉ˂ʷˇ˄ ʹ ˃ˉʰˍʰˊʾʰ ʶʾ˄ʰʽ ʱ˔ˊʹˋˍʹΦ 

 

 

 

ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ 
ʅˎˋˋ˖ˊʶˎˍ˗˄ 

ɾˇ˂ˏʲʵˇˎ ̌ ˅ʷˇˌ 
(Lead -Acid ) 

ɹˈ˄ˍ˖˄ ɽʽʻʾˇˎ 
(Lithium - Ion) 

ɿʽˁʶ˂ʾˇˎ 
ˎʵˊʽʵʾˇˎ 
˃ʶˍʱ˂˂ˇˎ 
(NiMH) 

ɿʽˁʶ˂ʾˇˎ 
ɼʰʵ˃ʾˇˎ 
(Ni-Cd) 

ɳ˄ʷˊʴʶʽʰ ʰ˄ʱ ˃ˇ˄ʱʵʰ 
˃ʱʸʰˌ (Wh/ kg) 

 
35-40 

 
100-265 

 
60-120 

 
40-60 

ɳ˄ʷˊʴʶʽʰ ʰ˄ʱ ˃ˇ˄ʱʵʰ 
ˈʴˁˇˎ όWh/ L) 

 
80-90 

 
250-693 

 
140-300 

 
50-150 

ɹˋ˔ˏˌ ʰ˄ʱ ˃ˇ˄ʱʵʰ 
˃ʱʸʰˌ όW/ kg) 

 
180 

 
250-340 

 
250-1000 

 
150 

ɮˉˈʵˇˋʹ ˒ˈˊˍʽˋʹˌκ 
ʶˁ˒ˈˊˍʽˋʹˌ (%) 

 
50-95 

 
80-90 

 
66-92 

 
70-90 

ʃˇˋˇˋˍˈ ʰˁˇˏˋʽʰˌ 
ʶˁ˒ˈˊˍʽˋʹˌ (%/˃ʺ˄ʰ) 

 
3-20 

 
6.4 

 
13.9-70.6 

 
10 

ɲʽʱˊˁʶʽʰ ʸ˖ʺˌ όˋʶ 
ˁˏˁ˂ˇˎˌύ 

 
<350 

 
400-1200 

 
180-2000 

 
2000 

ʁ˄ˇ˃ʰˋˍʽˁʺ ˍʱˋʹ 
ˁʶ˂ʽˇˏ 

 
2.1 

 
3.6/3.7/3.8/3.85 

 
1.2 

 
1.2 

 

ʃʾ˄ʰˁʰˌ 1.1 ʅˎʴˁʶ˄ˍˊ˖ˍʽˁˈˌ ˉʾ˄ʰˁʰˌ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍ˖˄ ˃ˉʰˍʰˊʽ˗˄ ([14], [15], [16], [17]) 

 

ɶ ʶˉʽˁˊʰˍʷˋˍʶˊʹ ˍʶ˔˄ˇ˂ˇʴʾʰ ˃ˉʰˍʰˊʽ˗˄ ʶʾ˄ʰʽ ˇʽ ˃ˉʰˍʰˊʾʶˌ ˂ʽʻʾˇˎ-ʽˈ˄ˍ˖˄ ˁʰʻ˗ˌ ˔˖ˊˇˏ˄ 

ˉʶˊʽˋˋˈˍʶˊʹ ʶ˄ʷˊʴʶʽʰ ˃ʶ ˍˇ˄ ʾʵʽˇ ˈʴˁˇΣ ʷ˔ˇˎ˄ ˎ˕ʹ˂ʺ ʶ˄ʶˊʴʶʽʰˁʺ ˉˎˁ˄ˈˍʹˍʰ ˁʰʽ ˁˏˁ˂ˇ ʸ˖ʺˌΦ  ɴˍˋʽ 

ˍˇ ʶˊʶˎ˄ʹˍʽˁˈ ʶ˄ʵʽʰ˒ʷˊˇ˄ ʷ˔ʶʽ ʶˉʽˁʶ˄ˍˊ˖ʻʶʾ ˋˍʹ ˃ʶʾ˖ˋʹ ˍˇˎ ˁˈˋˍˇˎˌ ˍˇˎˌΦ 
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1.7 ʆˊˈˉˇʽ ˒ˈˊˍʽˋʹˌ ˋˎˋˋ˖ˊʶˎˍ˗˄ ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄ 
 

ʅˏ˃˒˖˄ʰ ˃ʶ ˍˇ ˉˊˈˍˎˉˇ IEC 61851-м ˇˊʾʸˇ˄ˍʰʽ ˍʷˋˋʶˊʽˌ ˍˊˈˉˇʽ ˒ˈˊˍʽˋʹˌ όmodesύ ˋˎˋˋ˖ˊʶˎˍ˗˄ 

ʹ˂ʶˁˍˊˇˁʾ˄ʹˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖ [18], [19]. 

 

ʊˈˊˍʽˋʹ Mode 1 - ɰˊʰʵʶʾʰ ʊˈˊˍʽˋʹ (AC) h ˉˈ ˊʶˎ˃ʰˍˇʵˈˍʹ ʴʶ˄ʽˁʺˌ ˔ˊʺˋʹˌ 

 

ɶ ʰʴ˗ʴʽ˃ʹ ˋˏ˄ʵʶˋʹ ˍˇˎ ʹ˂ʶˁˍˊʽˁˇˏ ˇ˔ʺ˃ʰˍˇˌ ˃ʶ ˍˇ ʹ˂ʶˁˍˊʽˁˈ ʵʾˁˍˎˇ ˃ʶ ˋˁˇˉˈ ˍʹ˄ ʱ˃ʶˋʹ 

˒ˈˊˍʽˋʹΣ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ  ˃ʶ ˍʹ ˔ˊʺˋʹ ˁ˂ʰˋˋʽˁ˗˄ ˊʶˎ˃ʰˍˇʵˇˍ˗˄ ό˃ˇ˄ˇ˒ʰˋʽˁˇˏ ʺ ˍˊʽ˒ʰˋʽˁˇˏύ 

ʴʶ˄ʽˁʺˌ ˔ˊʺˋʶ˖ˌΦ ɶ ˒ˈˊˍʽˋʹ ʶʾ˄ʰʽ ʰˊʴʺΣ ʶ˄ʰ˂˂ʰˋˋˈ˃ʶ˄ˇˎ ˊʶˏ˃ʰˍˇˌ όACύ ˁʰʽ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ 

˃ʶ ʶˏˁʰ˃ˉˍˇ ˁʰ˂˗ʵʽˇ ̱ ˇ ˇˉˇʾˇ ʵʶ˄ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʵʽʱˍʰ˅ʹ ˉˊˇˋˍʰˋʾʰˌ ˁʰˍʱ ˍʹˌ ʹ˂ʶˁˍˊˇˉ˂ʹ˅ʾʰˌ 

(RCD)Φ ʅʶ ˃ˇ˄ˇ˒ʰˋʽˁʺ ˉʰˊˇ˔ʺ ˍˇ ˊʶˏ˃ʰ ʵʶ˄ ˎˉʶˊʲʰʾ˄ʶʽ ˍʰ мс ɮ ˁʰʽ ˍʰ нрлV ʶ˄˗ ˋʶ ˍˊʽ˒ʰˋʽˁʺ 

ʵʶ˄ ˎˉʶˊʲʰʾ˄ʶʽ ˍʰ пллVΦ ɳʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍˇ ʹ ʹ˂ʶˁˍˊʽˁʺ ʶʴˁʰˍʱˋˍʰˋʹ ˍʹˌ ˁʰˍˇʽˁʾʰˌ ˄ʰ ˉ˂ʹˊˇʾ 

ˈ˂ʶˌ ˍʽˌ ˉˊˇːˉˇʻʷˋʶʽˌ ʰˋ˒ʰ˂ʶʾʰˌ ˁʰʽ ˇˉ˖ˋʵʺˉˇˍʶ ˄ʰ ˎˉʱˊ˔ʶʽ ˋˏˋˍʹ˃ʰ ʴʶʾ˖ˋʹˌ ˃ʶ ˋˍˈ˔ˇ ˍʹ˄ 

ˉˊˇˋˍʰˋʾʰ ʰˉˈ ʵʽʰˊˊˇʺ ˊʶˏ˃ʰˍˇˌ ˁʰʽ ˎˉʶˊ˒ˈˊˍ˖ˋʹ ˍˈˋˇ ˍʹˌ ˇʽˁʶʾʰˌ ˈˋˇ ˁʰʽ ʶ˄ˍˈˌ ˍˇˎ 

ʹ˂ʶˁˍˊʽˁˇˏ ˇ˔ʺ˃ʰˍˇˌΦ ʁ ˋˎ˄ʹʻʽˋ˃ʷ˄ˇˌ ˔ˊˈ˄ˇˌ ˒ˈˊˍʽˋʹˌ ʶʾ˄ʰʽ мл-мр ˗ˊʶˌ ˁʰʽ ˋˎ˄ʺʻ˖ˌ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˁˏˁ˂˖˃ʰ мл ɮΦʁ ˍˊˈˉˇˌ ʰˎˍˈˌ ʶ˄ʵʶʾˁ˄ˎˍʰʽ ʴʽʰ ˇʽˁʽʰˁʺ ˔ˊʺˋʹΦ 

 
ɳʽˁˈ˄ʰ мΦ р ʊˈˊˍʽˋʹ Mode 1 ́ ˂ʶˁˍˊʽˁˇˏ ˇ˔ʺ˃ʰˍˇˌ [19]  

 

  

ʊˈˊˍʽˋʹ Mode 2 - ɰˊʰʵʶʾʰ ʊˈˊˍʽˋʹ (AC)  h ˉˈ ˊʶˎ˃ʰˍˇʵˈˍʹ ʴʶ˄ʽˁʺˌ ˔ˊʺˋʹˌ ˃ ʶ ɻ̔ʱˍʰ˅ʹ 

ˉˊˇˋˍʰˋʾʰˌ ʹ˂ʶˁˍˊˇˉ˂ʹ˅ʾʰˌ όRCD) ʁ ˉʾ ˍˇˎ ˁʰ˂˖ʵʾˇˎΦ 

 

ɯ˃ʶˋʹ ʰʴ˗ʴʽ˃ʹ ˒ˈˊˍʽˋʹ ˃ʷˋ˖ ˁˇʽ˄ˇˏ ˊʶˎ˃ʰˍˇʵˈˍʹ ʴʶ˄ʽˁʺˌ ˔ˊʺˋʶ˖ˌ ό˃ˇ˄ˇ˒ʰˋʽˁˇˏ ʺ 

ˍˊʽ˒ʰˋʽˁˇˏύΣ ˁʰˍʱ˂˂ʹ˂˖˄ ˉˊˇʵʽʰʴˊʰ˒˗˄ ʰˋ˒ʰ˂ʶʾʰˌ ˁʰʽ ˉˊˇˋˍʰˋʾʰˌΣ ˃ʶ ˍʹ ʵʽʰ˒ˇˊʱ ˈˍʽ ˍˇ 

ʶˏˁʰ˃ˉˍˇ ˁʰ˂˗ʵʽˇ ˒ˈˊˍʽˋʹˌ ʵʽʰʻʷˍʶʽ ʶʽʵʽˁˈ ˃ʹ˔ʰ˄ʽˋ˃ˈ ˉˊˇˋˍʰˋʾʰˌ ˁʰˍʱ ˍʹˌ ʹ˂ʶˁˍˊˇˉ˂ʹ˅ʾʰˌ 

ˍˏˉˇˎ RCDΦ ʇˉʱˊ˔ʶʽ ʵˎ˄ʰˍˈˍʹˍʰ ˉʰˊˇ˔ʺˌ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˍʹˌ ˒ˈˊˍʽˋʹˌ ˃ʷˋ˖ ʵˏˇ ˉˊˈˋʻʶˍ˖˄ 

ʰʴ˖ʴ˗˄ ʶˉʽˁˇʽ˄˖˄ʾʰˌ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄˖˄ ˋˍˇ ˁʰ˂˗ʵʽˇ ˋˏ˄ʵʶˋʹˌΦ ɶ ˒ˈˊˍʽˋʹ ʶʾ˄ʰʽ ʰˊʴʺ 

ʶ˄ʰ˂˂ʰˋˋˈ˃ʶ˄ˇˎ ˊʶˏ˃ʰˍˇˌ όACύΦ ʅʶ ˃ˇ˄ˇ˒ʰˋʽˁʺ ˉʰˊˇ˔ʺ ˍˇ ˊʶˏ˃ʰ ʵʶ˄ ˎˉʶˊʲʰʾ˄ʶʽ ˍʰ он ɮ ˁʰʽ ˍʰ 

250V ʁ ˄˗ ˋʶ ˍˊʽ˒ʰˋʽˁʺ ʵʶ˄ ˎˉʶˊʲʰʾ˄ʶʽ ˍʰ пллVΦ ʁ ˔ˊˈ˄ˇˌ ˒ˈˊˍʽˋʹˌ ˁˎ˃ʰʾ˄ʶˍʰʽ ʰˉˈ о ʷ˖ˌ у ˗ˊʶˌΦ 

ʃˊˇˍʶʾ˄ʶˍʰʽ ʴʽʰ ˇʽˁʽʰˁʺ ˔ˊʺˋʹΦ  

 



18 
 

 
ɳʽˁˈ˄ʰ мΦ с ʊˈˊˍʽˋʹ Mode н ʹ˂ʶˁˍˊʽˁˇˏ ˇ˔ʺ˃ʰˍˇˌ ώм9] 

 

 

ʊˈˊˍʽˋʹ Mode 3 - ɮˉˈ ʲˊʰʵʶʾʰ ʷ˖ˌ ˁʰʽ ʹ˃ʽˍʰ˔ʶʾʰ ˒ˈˊˍʽˋʹ (AC) h ˉˈ ʶʽʵʽˁˈ ˊʶˎ˃ʰˍˇʵˈˍʹ 

 

ʆˇ ˈ˔ʹ˃ʰ ʶʾ˄ʰʽ ˋˎ˄ʵʶʵʶ˃ʷ˄ˇ ʷ˃˃ʶˋʰ ˋˍˇ ʹ˂ʶˁˍˊʽˁˈ ʵʾˁˍˎˇ ˃ʷˋ˖ ʶʽʵʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ «ˋˍʰʻ˃ˇˏ» 

˒ˈˊˍʽˋʹˌ (ˍˏˉˇˎ Wall Box) ˁʰˍʱ˂˂ʹ˂˖˄ ˉˊˇʵʽʰʴˊʰ˒˗˄ ʰˋ˒ʰ˂ʶʾʰˌΣ ˉˊˇˋˍʰˋʾʰˌ ˁʰˍʱ ˍʹˌ 

ʹ˂ʶˁˍˊˇˉ˂ʹ˅ʾʰˌ ˁʰʽ ʶ˂ʷʴ˔ˇˎ ˂ʶʽˍˇˎˊʴʾʰˌΦ ʆˇ ʶˏˁʰ˃ˉˍˇ ˁʰ˂˗ʵʽˇ ˒ˈˊˍʽˋʹˌ ʶʾ˄ʰʽ ˃ˈ˄ʽ˃ʰ ˋʶ 

ˋˏ˄ʵʶˋʹ ˃ʶ ˍˇ ˋˏˋˍʹ˃ʰ ˒ˈˊˍʽˋʹˌ ˁʰʽ ˁʰˍʰ˂ʺʴʶʽ ˋʶ ʶʽʵʽˁ˗˄ ˉˊˇʵʽʰʴˊʰ˒˗˄ ʰˁˊˇʵʷˁˍʶˌ 

ˋˏ˄ʵʶˋʹˌ ˃ʶ ˍˇ ˈ˔ʹ˃ʰΦ ɶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˒ˈˊˍʽˋʹ ʶ˄ʰ˂˂ʰˋˋˈ˃ʶ˄ˇˎ ˊʶˏ˃ʰˍˇˌ όACύ ʻʶ˖ˊʶʾˍʰʽ ʰˉˈ 

ʲˊʰʵʶʾʰ ʷ˖ˌ ʹ˃ʽˍʰ˔ʶʾʰ ˁʰʻ˗ˌ ʶˉʽˍˊʷˉʶʽ ˍʰ˔ˏˍʶˊʶˌ ˒ˇˊˍʾˋʶʽˌ ʰˉˈ ˍʽˌ ˒ˇˊˍʾˋʶʽˌ mode м ˁʰʽ mode 

н ʰ˄ʱ˂ˇʴʰ ˍʹ ˋˏ˄ʵʶˋʹ ˋˍˇ ʵʾˁˍˎˇ ˁʰʽ ˍʹ˄ ʽˋ˔ˏ ˍˇˎ ˒ˇˊˍʽˋˍʺΦ ʇˉʱˊ˔ʶʽ ʵˎ˄ʰˍˈˍʹˍʰ ˉʰˊˇ˔ʺˌ 

ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ ˒ˈˊˍʽˋʹ ˃ʷˋ˖ ʵˏˇ ˉˊˈˋʻʶˍ˖˄ ʰʴ˖ʴ˗˄ ʶˉʽˁˇʽ˄˖˄ʾʰˌ 

ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄˖˄ ˋˍˇ ˁʰ˂˗ʵʽʰ ˋˏ˄ʵʶˋʹˌΦ ɳ˄ʵʶʾˁ˄ˎˍʰʽ ʴʽʰ ˇʽˁʽʰˁʺ ˁʰʽ ʶˉʰʴʴʶ˂˃ʰˍʽˁʺ 

˔ˊʺˋʹόˁˍʾˊʽʰ ʴˊʰ˒ʶʾ˖˄Σ ˅ʶ˄ˇʵˇ˔ʶʾʰύΦ  

 
ɳʽˁˈ˄ʰ мΦ т ʊˈˊˍʽˋʹ Mode о ʹ˂ʶˁˍˊʽˁˇˏ ˇ˔ʺ˃ʰˍˇˌ ώм9] 

 

ʊˈˊˍʽˋʹ Mode 4 ς ʆʰ˔ʶʾʰ κʇˉʶˊˍʰ˔ʶʾʰ ˒ˈˊˍʽˋʹ (DC) h ˉˈ ʶ˅˖ˍʶˊʽˁˈ ˒ˇˊˍʽˋˍʺ ˉˇˎ ˉʰˊʷ˔ʶʽ 

ˋˎ˄ʶ˔ʷˌ ˊʶˏ˃ʰΦ 

 

ʆˇ ˈ˔ʹ˃ʰ ʶʾ˄ʰʽ ˋˎ˄ʵʶʵʶ˃ʷ˄ˇ ʷ˃˃ʶˋʰ ˋˍˇ ʹ˂ʶˁˍˊʽˁˈ ʵʾˁˍˎˇ ˃ʷˋ˖ ʶʽʵʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ «ˋˍʰʻ˃ˇˏ» 

˒ˈˊˍʽˋʹˌ ˁʰˍʱ˂˂ʹ˂˖˄ ˉˊˇʵʽʰʴˊʰ˒˗˄ ʰˋ˒ʰ˂ʶʾʰˌΣ ˉˊˇˋˍʰˋʾʰˌ ˁʰˍʱ ˍʹˌ ʹ˂ʶˁˍˊˇˉ˂ʹ˅ʾʰˌ ˁʰʽ 

ʶ˂ʷʴ˔ˇˎ ˂ʶʽˍˇˎˊʴʾʰˌΦ ɮˎˍˈ ˍˇ ˋˏˋˍʹ˃ʰ ˒ˈˊˍʽˋʹˌ ˃ʶˍʰˍˊʷˉʶʽ ˍˇ ʶ˄ʰ˂˂ʰˋˋˈ˃ʶ˄ˇ ˊʶˏ˃ʰ AC ˍ̌ ˎ 

ʵʽˁˍˏˇˎ ˋʶ ˋˎ˄ʶ˔ʷˌ ˊʶˏ˃ʰ DCΦ ʆˇ ʶˏˁʰ˃ˉˍˇ ˁʰ˂˗ʵʽˇ ˒ˈˊˍʽˋʹˌ ʶʾ˄ʰʽ ˃ˈ˄ʽ˃ʰ ˋʶ ˋˏ˄ʵʶˋʹ ˃ʶ ˍˇ 

ˋˏˋˍʹ˃ʰ ˒ˈˊˍʽˋʹˌ ˁʰʽ ˁʰˍʰ˂ʺʴʶʽ ˋʶ ʶʽʵʽˁ˗˄ ˉˊˇʵʽʰʴˊʰ˒˗˄ ʰˁˊˇʵʷˁˍʶˌ ˋˏ˄ʵʶˋʹˌΦ ɶ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˒ˈˊˍʽˋʹ ʻʶ˖ˊʶʾˍʰʽ ˍʰ˔ʶʾʰ ʺ ˎˉʶˊˍʰ˔ʶʾʰ ˁʰʻ˗ˌ ʶˉʽˍˎʴ˔ʱ˄ˇ˄ˍʰʽ ˉˇ˂ˏ ʴˊʺʴˇˊʶˌ 

˒̌ ˊˍʾˋʶʽˌ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ˄ ʽˋ˔ˏ ˍˇˎ ʶ˅˖ˍʶˊʽˁˇˏ ˒ˇˊˍʽˋˍʺόʰˉˈ плkW ʷ˖ˌ ˁʰʽ орл kWύΦ ʇˉʱˊ˔ʶʽ 
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ʵˎ˄ʰˍˈˍʹˍʰ ˉʰˊˇ˔ʺˌ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ ˒ˈˊˍʽˋʹ ʰˉˈ ˍˇ ʾʵʽˇ ˍˇ ˋˏˋˍʹ˃ʰΦ 

ɳ˄ʵʶʾˁ˄ˎˍʰʽ ʴʽʰ ʶˉʰʴʴʶ˂˃ʰˍʽˁʺ ˔ˊʺˋʹΣ ˁˎˊʾ˖ˌ ˋʶ ˋˍʰʻ˃ˇˏˌ ˒ˈˊˍʽˋʹˌ ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄. 

 

 
ɳʽˁˈ˄ʰ мΦ 8 ʊ̍ ˊ̱ʽˋʹ Mode п ʹ˂ʶˁˍˊʽˁˇˏ ˇ˔ʺ˃ʰˍˇˌ ώм9] 

 

 

 

 
ɳʽˁˈ˄ʰ мΦ ф  ʅˎʴˁʶ˄ˍˊ˖ˍʽˁˈˌ ʃʾ˄ʰˁʰˌ ʅˏʴˁˊʽˋʹˌ ʆˊˈˉ˖˄ ʊˈˊˍʽˋʹˌ ʅˎˋˋ˖ˊʶˎˍ˗˄ [18]. 

ɮˋˏˊ˃ʰˍʹ όWirelessύ ʺ ʶˉʰʴ˖ʴʽˁʺ ˒ˈˊˍʽˋʹ [18] 

 

ɶ ʶˉʰʴ˖ʴʽˁʺ ˒ˈˊˍʽˋʹ ʵʽʰˁˊʾ˄ʶˍʰʽ ˋʶ ʵˏˇ ˁʰˍʹʴˇˊʾʶˌΣ ˍʹ ˋˍʰˍʽˁʺ ˁʰʽ ˍʹ ʵˎ˄ʰ˃ʽˁʺ ˒ˈˊˍʽˋʹΦ ʅˍʹ 

ˋˍʰˍʽˁʺ ˒ˈˊˍʽˋʹ ˍˇ ˈ˔ʹ˃ʰ ˋˍʰʻ˃ʶˏʶʽ ˉʱ˄˖ ʰˉˈ ʷ˄ʰ˄ ʶˉʰʴ˖ʴʷʰ ʶʴˁʽʲ˖ˍʽˋ˃ʷ˄ˇ ˋˍˇ ʵʱˉʶʵˇ ˍˇˎ 

˔˗ˊˇˎ ˒ˈˊˍʽˋʹˌ ˁʰʽ ʷˍˋʽ ˅ʶˁʽ˄ʱʶʽ ʰˎˍˈ˃ʰˍʰ ʹ ˒ˈˊˍʽˋʹ ˍʹˌ ˃ˉʰˍʰˊʾʰˌ ˍˇˎΦ ɳ˄˗ ˋˍʹ ʵˎ˄ʰ˃ʽˁʺ 

˒ˈˊˍʽˋʹ ˍˇ ˈ˔ʹ˃ʰ ˒ˇˊˍʾʸʶʽ ˈˍʰ˄ ʲˊʾˋˁʶˍʰʽ «ʶ˄ ˁʽ˄ʺˋʶʽ» ˁ ʰʻ˗ˌ ˉʶˊ˄ʱ ˉʱ˄˖ ʰˉˈ ʶʴˁʽʲ˖ˍʽˋ˃ʷ˄ˇˎˌ 

ˋˍˇ ˇʵˈˋˍˊ˖˃ʰ ʶʽʵʽˁˇˏˌ ʶˉʰʴ˖ʴʶʾˌ ˃ʶ ˍʹ ˃ˇˊ˒ʺ ˊʱʲʵ˖˄ ʺ ʱ˂˂˖˄ ˋ˔ʹ˃ʱˍ˖˄Φ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˇʽ 

ˋˍʰʻ˃ˇʾ ʵˎ˄ʰ˃ʽˁʺˌ ˒ˈˊˍʽˋʹˌ ˉˊˇˋ˒ʷˊˇˎ˄ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˍʹˌ ʰˋˏˊ˃ʰˍʹˌ ˃ʶˍʰ˒ˇˊʱˌ ʽˋ˔ˏˇˌ ˋˍʰ 

ˇ˔ʺ˃ʰˍʰ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˋˏ˄ˍˇ˃˖˄ ˋˍʱˋʶ˖˄ ˉΦ˔. ˁˇ˄ˍʱ ˋʶ ˒ʰ˄ʱˊʽ ʺ ʰˁˈ˃ʹ ˁʰʽ ʵˎ˄ʰ˃ʽˁʱ ˁʰˍʱ 
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ˍʹ ʵʽʱˊˁʶʽʰ ˁʾ˄ʹˋʹˌ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌΦ ɮˎˍʺ ʹ ˍʶ˔˄ˇ˂ˇʴʾʰ ˉˊˇˋʵʾʵʶʽ ˃ʶʴʰ˂ˏˍʶˊʹ ʱ˄ʶˋʹ ˍʰ˅ʽʵʽˇˏ 

ˁʰʻ˗ˌ ˍʰ ʹ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰ ˒ˇˊˍʾʸˇˎ˄ ˍʹ˄ ˃ˉʰˍʰˊʾʰ ˍˇˎ ˋʶ ʵʽʱ˒ˇˊʰ ˋʹ˃ʶʾʰ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ 

ˍˇˎ ˍʰ˅ʽʵʽˇˏ ˔˖ˊʾˌ ˄ʰ ʰ˄ʰʴˁʱʸˇ˄ˍʰʽ ˄ʰ ˋˍʰ˃ʰˍʺˋˇˎ˄ ˋʶ ˋˍʰʻ˃ˇˏˌ ˒ˈˊˍʽˋʹˌΦ ɶ ʵˎ˄ʰ˃ʽˁʺ 

˒ˈˊˍʽˋʹ ˂ˇʽˉˈ˄ ʵʾ˄ʶʽ ˂ˏˋʹ ˋˍˇ ˉˊˈʲ˂ʹ˃ʰ ˉˇˎ ˋ˔ʶˍʾʸʶˍʰʽ ˃ʶ ˍʹ˄ ʰʵˎ˄ʰ˃ʾʰ ˁʱ˂ˎ˕ʹˌ ˃ʶʴʱ˂˖˄ 

ʰˉˇˋˍʱˋʶ˖˄Φ ɳˉʾˋʹˌΣ ʹ ʽˁʰ˄ˈˍʹˍʰ ˒ˈˊˍʽˋʹˌ ˋʶ ʵʽʱ˒ˇˊʰ ˋʹ˃ʶʾʰ ˃ʽʰˌ ʵʽʰʵˊˇ˃ʺˌ ʶˉʽˍˊʷˉʶʽ ˍʹ 

˔ˊʺˋʹ ˃ˉʰˍʰˊʽ˗˄ ˃ʶ ˃ʽˁˊˈˍʶˊʹ ˔˖ˊʹˍʽˁˈˍʹˍʰ ˁʰʽ ʱˊʰ ˔ʰ˃ʹ˂ˈˍʶˊˇ ˁˈˋˍˇˌ ʰʴˇˊʱˌ ʹ˂ʶˁˍˊʽˁ˗˄ 

ˇ˔ʹ˃ʱˍ˖˄Φ ɰʷʲʰʽʰ, ʹ ʶˉʰʴ˖ʴʽˁʺ ˒ˈˊˍʽˋʹ ʵʶ˄ ʷ˔ʶʽ ʲˊʶʽ ʰˁˈ˃ʰ ʶˎˊˏˍʶˊʹ ʶ˒ʰˊ˃ˇʴʺ ˋˍʹ˄ 

ʹ˂ʶˁˍˊˇˁʾ˄ʹˋʹ ʴʽʰ ˇʽˁˇ˄ˇ˃ˇˍʶ˔˄ʽˁˇˏˌ ˂ˈʴˇˎˌ ʰ˂˂ʱ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʺʵʹ ˋʶ ʶʽʵʽˁʷˌ ʶ˒ʰˊ˃ˇʴʷˌ Φ 

 

 
ɳʽˁˈ˄ʰ мΦ 10   ɮˋˏˊ˃ʰˍʹ ˒ˈˊˍʽˋʹ ʹ˂ʶˁˍˊʽˁˇˏ ˇ˔ʺ˃ʰˍˇˌ ώ20]  

 

1.8 ɸʷˋʶʽˌ ˋˍʰʻ˃˗˄ ˒ˈˊˍʽˋʹˌ  
 

ʂˉ˖ˌ ˍʰ ˋˎ˃ʲʰˍʽˁʱ ˇ˔ʺ˃ʰˍʰ ˃ʶ ˃ʹ˔ʰ˄ʷˌ ʶˋ˖ˍʶˊʽˁʺˌ ˁʰˏˋʹˌ ˔ˊʶʽʱʸˇ˄ˍʰʽ ʶʽʵʽˁˇˏˌ ˋˍʰʻ˃ˇˏˌ 

ʰ˄ʶ˒ˇʵʽʰˋ˃ˇˏ ˎʴˊ˗˄ ˁʰˎˋʾ˃˖˄Σ ʷˍˋʽ ˁʰʽ ˍʰ ʹ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰ ʰˉʰʽˍˇˏ˄ ʵʽʰˋˏ˄ʵʶˋʹ ˋˍˇ ʵʾˁˍˎˇ 

ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ˃ʷˋ˖ ˎˉˇʵˇ˃˗˄ ˒ˈˊˍʽˋʹˌΦ ʁʽ ˍˇˉˇʻʶˋʾʶˌ ˉˇˎ ʻʶ˖ˊˇˏ˄ˍʰʽ ʷʴˁˎˊʶˌ ʴʽʰ 

ʶʴˁʰˍʱˋˍʰˋʹ ˋˍʰʻ˃˗˄ ˒ˈˊˍʽˋʹˌ ʲˊʾˋˁˇ˄ˍʰʽ ˋʶ ˁʰˍʹʴˇˊʾʶˌ [8]:  

ü ɹʵʽ˖ˍʽˁˇʾ ˔˗ˊˇʽ ˒ˈˊˍʽˋʹˌ ˃ʶ ʽʵʽ˖ˍʽˁʺ ˉˊˈˋʲʰˋʹΥ 

¶ ʽʵʽ˖ˍʽˁˇʾ ˔˗ˊˇʽ ˋˍʱʻ˃ʶˎˋʹˌ ˋˍʹ˄ ˇʽˁʾʰΥ ɱʽʰ ˍʹ˄ ʰˉ˂ʺ ˒ˈˊˍʽˋʹ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ ʵʶ˄ 

ʰˉhʽˍʶʾˍʰʽ ˁʱˉˇʽˇ ʶˉʽˉ˂ʷˇ˄ ˁˈˋˍˇˌ ʺ ˁʱˉˇʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʶʴˁʰˍʱˋˍʰˋʹΣ ʰ˒ˇˏ 

ʰˊˁʶʾ ʹ ˉʰˊˇ˔ʺ ˊʶˏ˃ʰˍˇˌ ˃ʶ ˉˊˇˋˍʰˋʾʰ ʴʶʾ˖ˋʹˌΦ ɶ ˒ˈˊˍʽˋʹ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ 

ˁˎˊʾ˖ˌ ˄ˎ˔ˍʶˊʽ˄ʷˌ ˗ˊʶˌΣ ˃ʶ ˍˇ ʰ˄ʱ˂ˇʴˇ ˒ˍʹ˄ˈ ˍʽ˃ˇ˂ˈʴʽˇΦ 

¶ ɹʵʽ˖ˍʽˁˇʾ ˔˗ˊˇʽ ˋˍʱʻ˃ʶˎˋʹˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˉʶˊʽˋˋˈˍʶˊˇ ˍˇˎ ʶ˄ˈˌ ˁʱˍˇʽˁˇʽΦ ʁ 

ˋˍʰʻ˃ˈˌ ˒ˈˊˍʽˋʹˌ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˁʰˍʱ˂˂ʹ˂ʰ ˊˎʻ˃ʽˋ˃ʷ˄ˇˌ ˗ˋˍʶ ˄ʰ ʶˉʽʲʰˊˏ˄ʶʽ ˍˇ˄ 

ˁʱʻʶ ˔ˊʺˋˍʹ ˅ʶ˔˖ˊʽˋˍʱΦ  

¶ ɳˍʰʽˊʾʶˌ ʶ˄ˇʽˁʾʰˋʹˌ ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄Υ ˍˇ ˁˈˋˍˇˌ ˒ˈˊˍʽˋʹˌ ʻʰ ʶˉʽʲʰˊˏ˄ʶʽ ˍʹ˄ 

ʾʵʽʰ ˍʹ˄ ʶˍʰʽˊʾʰΦ 
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ü ɹʵʽ˖ˍʽˁˇʾ ˔˗ˊˇʽ ˒ˈˊˍʽˋʹˌ ˃ʶ ʵʹ˃ˈˋʽʰ ̄ ˊˈˋʲʰˋʹ 

¶ ɾʶʴʱ˂ˇʽ ˔˗ˊˇʽ ˋˍʱʻ˃ʶˎˋʹˌΣ ʴʽʰ ʹ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰ ˉˇˎ ʷ˔ˇˎ˄ ˋˁˇˉˈ ˄ʰ 

ˋˍʰʻ˃ʁ ˏˋˇˎ˄ ʴʽʰ ˃ʶʴʱ˂ˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ (2-о ˗ˊʶˌ ˉ˔ ʶ˃ˉˇˊʽˁʱ ˁʰˍʰˋˍʺ˃ʰˍʰΣ 

ˁʽ˄ʹ˃ʰˍˇʴˊʱ˒ˇʽύ ʺ ˋˏ˄ˍˇ˃ˇ ˔ˊˈ˄ˇ όˉΦ˔. ̀ ˇˎˉʶˊ˃ʱˊˁʶˍύ.  

¶ ʋ˗ˊˇʽ ʶˊʴʰˋʾʰˌ όˉΦ˔. ̝ ˗ˊˇˌ ˋˍʱʻ˃ʶˎˋʹˌ ˎˉʰ˂˂ʺ˂˖˄ ˋʶ ˃ ʽʰ ʶˍʰʽˊʾʰύΦ ʃˇ˂˂ʷˌ ʶˍʰʽˊʾʶˌ 

ʶ˅ʶˍʱʸˇˎ˄ ˍʹ ˉʽʻʰ˄ˈˍʹˍʰ ʶʴˁʰˍʱˋˍʰˋʹˌ ˋˍʰʻ˃˗˄ ˋˍˇ ˔˗ˊˇ ʶˊʴʰˋʾʰˌ ˍ˖˄ 

ʶˊʴʰʸˇ˃ʷ˄˖˄ ˗ˋˍʶ ˄ʰ ʶˁ˃ʶˍʰ˂˂ʶˎˍˇˏ˄ ˍʽˌ ˗ˊʶˌ ˋˍʱʻ˃ʶˎˋʹˌ ʰ˅ʽˇˉˇʽ˗˄ˍʰˌ ˍʽˌ ˋʶ 

˒ˈˊˍʽˋʹ ˃ˉʰˍʰˊʾʰˌΦ 

ü ɲʹ˃ˈˋʽˇʽ ˔˗ˊˇʽ ˒ˈˊˍʽˋʹˌ ˃ʶ ʵʹ˃ˈˋʽʰ ˉˊˈˋʲʰˋʹ 

¶ ʅˍʰʻ˃ˇʾ ˒ˈˊˍʽˋʹˌ ˋʶ ʵʹ˃ˈˋʽˇˎˌ ʵˊˈ˃ˇˎˌ ʴʽʰ ʶ˅ˎˉʹˊʷˍʹˋʹ ˇʵʹʴ˗˄ ˉˇˎ ʸˇˎ˄ ˋʶ 

ˉˎˁ˄ˇˁʰˍˇʽˁʹ˃ ʷ˄ʶˌ ˉʶˊʽˇ˔ʷˌ ˉˇˎ ʵʶ˄ ˎˉʱˊ˔ˇˎ˄ ˇʽˁʽʰˁʱ ʴˁʰˊʱʸ ˁʰʽ ˔˗ˊˇʽ ˒ˈˊˍʽˋʹˌΦ 

¶ ʇˉˇʵˇ˃ʷˌ ˍʰ˔ʶʾʰˌ ˒ˈˊˍʽˋʹˌ ˋʶ ʵˊˈ˃ˇˎˌ ˍʰ˔ʶʾʰˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˗ˋˍʶ ˄ʰ ʰˎ˅ʺˋˇˎ˄ ˍʹ˄ 

ʰˎˍˇ˄ˇ˃ʾʰ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˁʰʽ ˄ʰ ˁʰ˂ˏ˕ˇˎ˄ ˃ʶʴʰ˂ˏˍʶˊʶˌ ʰˉˇˋˍʱˋʶʽˌΦ 

 

ʅˍˇ˄ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʰ ˒ʰʾ˄ʶˍʰʽ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ˒ˈˊˍʽˋʹˌ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˋˍʹ˄ ɳ˂˂ʱʵʰ 

ˁʰʻ˗ˌ ˁʰʽ ˇ ˍˏˉˇˌ ˍˇˎΦ̩ ʅˎ˄ˇ˂ʽˁʱ ˎˉʱˊ˔ˇˎ˄ ʵʽʰʻʷˋʽ˃ˇʽ мммΣ ˔˖ˊʾˌ ˍˇˎˌ ˎˉˈ ˁʰˍʰˋˁʶˎʺΣ ʶˁ ˍ˖˄ 

ˇˉˇʾ˖˄ ˇʽ фр ʶʾ˄ʰʽ ʵʹ˃ˈˋʽˇʽΦ 

 

ʅˍʰʻ˃ˇʾ ˒ˈˊˍʽˋʹˌ ˋˍʹ˄ ɳ˂˂ʱʵʰ 

ʆˏˉˇˌ ʅˍʰʻ˃ˇˏ ʊˈˊˍʽˋʹˌ ɮˊʽʻ˃ˈˌ ʅˍʰʻ˃˗˄ 

ɲʹ˃ˈˋʽˇʽ 95 

ʇˉʶˊˍʰ˔ʶʾʰˌ ˒ˈˊˍʽˋʹˌ 16 

ʇˉˈ ˁ ʰˍʰˋˁʶˎʺ 3 

ʃʾ˄ʰˁʰˌ 1.2 ʅˍʰʻ˃ˇʾ ˒ˈˊˍʽˋʹˌ ˋˍʹ˄ ɳ˂˂ʱʵʰ ώн1] 
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ʅˍʹ˄ ʶʽˁˈ˄ʰ ˉʰˊʰˁʱˍ˖ ˒ʰʾ˄ʶˍʰʽ ʹ ˁʰˍʰ˄ˇ˃ʺ ˍˇˎˌ ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ ˔˗ˊʰˌΦ 

 

ɳʽˁˈ˄ʰ мΦм 1 ʆˇˉˇʻʶˋʾʶˌ ˋˍʰʻ˃˗˄ ˒ˈˊˍʽˋʹˌ ˋˍʹ˄ ɳ˂˂ʱʵʰ [21] 

 όˍʶ˂ʶˎˍʰʾʰ ʶˉʾˋˁʶ˕ʹ мпκпκнлнлύ 

 

мΦф ʄʶˎ˃ʰˍˇʵˈˍʶˌ ˁʰʽ ʲˏˋ˃ʰˍʰ 
 

ʄʶˎ˃ʰˍˇʵˈˍʶˌ ˁʰʽ ʲˏˋ˃ʰˍʰ ʴʽʰ ˉʰˊˇ˔ʺ ʶ˄ʰ˂˂ʰˋˋˈ˃ʶ˄ˇˎ ˊʶˏ˃ʰˍˇˌ AC 

ɱʽʰ ˍʹ ˒ˈˊˍʽˋʹ ˍˏˉˇˎ mode м ʷ˖ˌ ˁʰʽ mode о ˃ʶ ʶ˄ʰ˂˂ʰˋˋˈ˃ʶ˄ˇ ˊʶˏ˃ʰ AC ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ 

ʵʽʱ˒ˇˊˇʽ ˍˏˉˇʽ ˊʶˎ˃ʰˍˇʵˇˍ˗˄όˉˊʾʸʶˌ ̋  ˎˉˇʵˇ˔ʺύ ˁʰʽ ˊʶˎ˃ʰˍˇ˂ʹˉˍ˗˄όʲˏˋ˃ʰˍʰ ̋  ˒ʽˌ) [18]. 

ʃˊʾʸʶˌ ˁʰʽ ˒ʽˌ : 

¶ ʁʽˁʽʰˁˇˏ ˍˏˉˇˎ  

¶ ɰʽˇ˃ʹ˔ʰ˄ʽˁˇˏ ˍˏˉˇˎ  

¶ ʆˏˉˇˎ SAE Jмттн  όʆˏˉˇˎ мύ 

 

ʁʽ ˍˏˉˇˎ SAE Jмттн ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˁˎˊʾ˖ˌ ˋˍʹ ɰˈˊʶʽʰ ɮ˃ʶˊʽˁʺ ˁʰʽ ɹʰˉ˖˄ʾʰ ˁʰʽ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˖ˌ 

ˉˊʾʸʶˌ ʺ ˒ʽˌ ʆˏˉˇˎ мΦ 
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ɳʽˁˈ˄ʰ мΦ мм ɰˏˋ˃ʰ ˁʰʽ ˎˉˇʵˇ˔ʺ ʆˏˉˇˎ мόSAE J1772) [18] 

 

¶ ʆˏˉˇˎ IEC 62196-2 όʆˏˉˇˎ нύ 

ʁʽ ˍˏˉˇˎ IEC 62196-н ˋ˔ʶʵʽʱˋˍʹˁʰ˄ ˁʰʽ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˍʹ˄ ɳˎˊ˗ˉʹ ˁʰʽ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˖ˌ ˉˊʾʸʶˌ 

ʺ ˒ʽˌ ʆˏˉˇˎ нΦ 

 

 

ɳʽˁˈ˄ʰ мΦм2 ɰˏˋ˃ʰ ˁʰʽ ˎˉˇʵˇ˔ʺ ʆˏˉˇˎ нόL9/ снмфс-2) [18] 

  

ʄʶˎ˃ʰˍˇʵˈˍʶˌ ˁʰʽ ʲˏˋ˃ʰˍʰ ʴʽʰ ˉʰˊˇ˔ʺ ˋˎ˄ʶ˔ˇˏˌ ˊʶˏ˃ʰˍˇˌ DC 
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ɱʽʰ ˍʹ ˒ˈˊˍʽˋʹ ˍˏˉˇˎ mode 4 (DCύ ʴʽʰ ˍʰ˔ʶʾʰ ˁʰʽ ˎˉʶˊˍʰ˔ʶʾʰ ˒ˈˊˍʽˋʹ  ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˇʽ 

ˉʰˊʰˁʱˍ˖ ˋˏ˄ʵʶˋ˃ˇʽΥ 

¶ ʆˏˉˇˎ CHAdeMO 

ʁʽ ˋˏ˄ʵʶˋ˃ˇʽ ʰˎˍˇʾ ˋ˔ʶʵʽʱˋˍʹˁʰ˄ ˋˍʹ˄ ɹʰˉ˖˄ʾʰ ˁʰʽ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˍˈˋˇ ʶˁʶʾ ˈˋˇ ˁʰʽ ˋˍʹ˄ 

ɮ˃ʶˊʽˁʺ ˁʰʽ ˉʶˊʽˇˊʽˋ˃ʷ˄ʰ ˋˍʹ˄ ɳˎˊ˗ˉʹΦ 

 

 

ɳʽˁˈ˄ʰ мΦ 13 ɰˏˋ˃ʰ /I!ŘŜah [22] 

 

¶ ʆˏˉˇˎ м Combo 

ɮˎˍˈˌ ˇ ˍˏˉˇˌ ʶˉʽˁˊʰˍʶʾ ˋˍʹ˄ ɮ˃ʶˊʽˁʺ ˁʰʽ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˖ˌ CCS1 (Combined Charging System). 

ɰʰˋʾʸʶˍʰʽ ˋˍˇ˄ ˋˏ˄ʵʶˋ˃ˇ ʆˏˉˇˎ м ʴʽʰ ʶ˄ʰ˂˂ʰˋˋˈ˃ʶ˄ˇ ˊʶˏ˃ʰ ʰ˂˂ʱ ʵʽʰʻʷˍʶʽ ʶˉʽˉ˂ʷˇ˄ ʵˏˇ ˉˊˈˋʻʶˍʶˌ 

ʶˉʰ˒ʷˌ ˉˇˎ ʶˉʽˍˊʷˉˇˎ˄ ˍʹ˄ ˍʰ˔ʶʾʰ ˒ˈˊˍʽˋʹ ˃ʶ ˋˎ˄ʶ˔ʷˌ ˊʶˏ˃ʰΦ  

 

 

ɳʽˁˈ˄ʰ мΦ м4 ɰˏˋ˃ʰ ˁʰʽ ˉˊʾʸʰ ʆˏˉˇˎ м Combo ̋  CCS1 [23] 

 

¶ ʆˏˉˇˎ н Combo 
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ɮˎˍˈˌ ˇ ˍˏˉˇˌ ˋ˔ʶʵʽʱˋˍʹˁʶ ˁʰʽ ʶˉʽˁˊʰˍʶʾ ˋˍʹ˄ ɳˎˊ˗ˉʹ ˁʰʽ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˖ˌ CCS2 (Combined 

Charging SystemύΦ ɰʰˋʾʸʶˍʰʽ ˋˍˇ˄ ˋˏ˄ʵʶˋ˃ˇ ʆˏˉˇˎ н ʴʽʰ ʶ˄ʰ˂˂ʰˋˋˈ˃ʶ˄ˇ ˊʶˏ˃ʰ ʰ˂˂ʱ ʵʽʰʻʷˍʶʽ 

ʶˉʽˉ˂ʷˇ˄ ʵˏˇ ˉˊˈˋʻʶˍʶˌ ʶˉʰ˒ʷˌ ˉˇˎ ʶˉʽˍˊʷˉˇˎ˄ ˍʹ˄ ˍʰ˔ʶʾʰ ˒ˈˊˍʽˋʹ ˃ʶ ˋˎ˄ʶ˔ʷˌ ˊʶˏ˃ʰ ˎ˕ʹ˂ʺˌ 

ʷ˄ˍʰˋʹˌ όнлл ɮύ 

 

ɳʽˁˈ˄ʰ мΦ м5 ɰˏˋ˃ʰ ˁʰʽ ˉˊʾʸʰ ʆˏˉˇˎ н Combo ̋  CCS2 [23] 

 

ʅˍʹ˄ ˉʰˊʰˁʱˍ˖ ʶʽˁˈ˄ʰ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˎʴˁʶ˄ˍˊ˖ˍʽˁʱ ˇʽ ʲʰˋʽˁʷˌ ˉˊʾʸʶˌ ˒ˈˊˍʽˋʹˌ ʴʽʰ AC ˁ ʰʽ DC ́ ʶˏ˃ʰΦ 

 

 

ɳʽˁˈ˄ʰ мΦ м6 ɼˏˊʽʶˌ ˉˊʾʸʶˌ ˒ˈˊˍʽˋʹˌ AC ˁ ʰʽ DC ́ ʶˏ˃ʰˍˇˌ [23] 
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1.10 ʅʹ˃ʰˋʾʰ ʵʹ˃ʽˇˎˊʴʾʰˌ ʲʽ˗ˋʽ˃˖˄ ˎˉˇʵˇ˃˗˄ ˒ˈˊˍʽˋʹˌ 

ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄ 
 

ɶ ʵʹ˃ʽˇˎˊʴʾʰ ˎˉˇʵˇ˃˗˄ ˒ˈˊˍʽˋʹˌ ʰˉˇˍʶ˂ʶʾ ˉˎ˂˗˄ʰ ʴʽʰ ˍʹ˄ ˎʽˇʻʷˍʹˋʹ ˍʹˌ ʹ˂ʶˁˍˊˇˁʾ˄ʹˋʹˌ ˋˍʰ 

ˁˊʱˍʹ ˉʰʴˁˇˋ˃ʾ˖ˌ [24], [25]Φ ɳʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁˈΣ ˍˈˋˇ ʹ ʹ˂ʶˁˍˊˇˁʾ˄ʹˋʹ ˈˋˇ ˁʰʽ ʹ ˒ˈˊˍʽˋʹ ʹ˂ʶˁˍˊʽˁ˗˄ 

ʰˎˍˇˁʽ˄ʺˍ˖˄ ˄ʰ ʰˉˇˍʶ˂ˇˏ˄ ʲʽ˗ˋʽ˃ʶˌ ˂ˏˋʶʽˌ ˃ʶ ˋˍˈ˔ˇ ˍˇ ˁʰ˂ˏˍʶˊˇ ˍʶ˔˄ʽˁˈ ˁʰʽ ˇʽˁˇ˄ˇ˃ʽˁˈ 

ʰˉˇˍʷ˂ʶˋ˃ʰ ʴʽʰ ˍˇ˄ ʱ˄ʻˊ˖ˉˇ ˁʰʽ ʴʽʰ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˋˎ˄ʱ˃ʰΦ  

ʅ˔ʶˍʽˁʱ ˃ʶ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʵʽˁˍˏ˖˄ ˒ˈˊˍʽˋʹˌ ˍʰ ˇˉˇʾʰ ʻʰ ʶ˅ˎˉʹˊʶˍˇˏ˄ ˍʽˌ ˁʰʻʹ˃ʶˊʽ˄ʷˌ ʰ˄ʱʴˁʶˌ ˍ˖˄ 

ˇʵʹʴ˗˄ ʹ˂ʶˁˍˊʽˁ˗˄ ʰˎˍˇˁʽ˄ʺˍ˖˄ ˉˊʷˉʶʽ ʰˊ˔ʽˁʱ ˄ʰ ʴʾ˄ʶʽ ʰ˄ʱ˂ˎˋʹ ˍˇˎ ˍˊˈˉˇˎ ˃ʶ ˍˇ˄ ˇˉˇʾˇ ˒ˇˊˍʾʸˇˎ˄ 

ˍʰ ʹ˂ʶˁˍˊʽˁʱ ʰˎˍˇˁʾ˄ʹˍʰΦ ʆˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ˍʰ ˋˎ˃ʲʰˍʽˁʱ ʰˎˍˇˁʾ˄ʹˍʰ ʷ˔ˇˎ˄ ʴˊʺʴˇˊˇ ˍˊˈˉˇ ˒ˈˊˍʽˋʹˌ 

ʵʶ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ˃ʽʰ ˍʶ˔˄ˇ˂ˇʴʾʰ ˃ʶ ʵʽʰ˒ˇˊʶˍʽˁˇˏˌ ˔ˊˈ˄ˇˎˌ ˒ˈˊˍʽˋʹˌ ʵʶ ʻʰ ˃ˉˇˊˇˏˋʶ ˄ʰ ʶʾ˄ʰʽ 

ʰ˄ˍʰʴ˖˄ʽˋˍʽˁʺΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˇʽ ˃ˉʰˍʰˊʾʶˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ˍʰ ʹ˂ʶˁˍˊʽˁʱ ʰˎˍˇˁʾ˄ʹˍʰ 

˔ˊʶʽʱʸˇ˄ˍʰʽ ˉʶˊʽˋˋˈˍʶˊˇ ˔ˊˈ˄ˇ ˒ˈˊˍʽˋʹˌ ʶ˄˗ ʹ ʶˉʾˍʶˎ˅ʹ ʴˊʺʴˇˊʹˌ ˒ˈˊˍʽˋʹˌ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ ˃ʶ ˉˇ˂ˏ 

˃ʶʴʱ˂ˇ ˁˈˋˍˇˌ ˎˉˇʵˇ˃ʺˌ ˁʰʽ ˃ʶ ˋʹ˃ʰ˄ˍʽˁʺ ˒ʻˇˊʱ ˍʹˌ ʾʵʽʰˌ ˍʹˌ ˃ˉʰˍʰˊʾʰˌΦ  

ɽˏˋʹ ˋˍˇ ˉˊˈʲ˂ʹ˃ʰ ʰˎˍˈ ʰˉˇˍʶ˂ˇˏ˄ ˇʽ ʶ˅ʺˌ ˉʶˊʽˉˍ˗ˋʶʽˌΦ ɮˎˍʺ ˍʹˌ ʰ˄ʱˉˍˎ˅ʹˌ ˄ʷ˖˄ ˎˉˇʵˇ˃˗˄ 

˒ˈˊˍʽˋʹˌ ˁʰʽ ˄ʷʰˌ ˍʶ˔˄ˇ˂ˇʴʾʰˌ ˃ˉʰˍʰˊʽ˗˄ ˇʽ ˇˉˇʾʶˌ ˄ʰ ˎˉˇˋˍʹˊʾʸˇˎ˄ ˍʹ˄ ˍʰ˔ʶʾʰ ˒ˈˊˍʽˋʹΦ ɯ˂˂ʹ 

ˉʶˊʾˉˍ˖ˋʹ ʶʾ˄ʰʽ ʰˎˍʺ ˍʹˌ ʵʹ˃ʽˇˎˊʴʾʰˌ ˎˉˇʵˇ˃˗˄ ˈˉˇˎ ˇ ˔ˊˈ˄ˇˌ ˒ˈˊˍʽˋʹˌ ʵʶ ʻʰ ʷ˔ʶʽ ˍˈˋˇ 

ˋʹ˃ʰ˄ˍʽˁˈ ˊˈ˂ˇΦ 

ɶ ˉˊ˗ˍʹ ˉʶˊʾˉˍ˖ˋʹ ʰˉʰʽˍʶʾ ˉˇ˂ˏ ˔ˊˈ˄ˇ ˁʰʽ ˃ʶʴʱ˂ʰ ˉˇˋʱ ʴʽʰ ʵʰˉʱ˄ʹ ˋʶ ʷˊʶˎ˄ʰ ˁʰʽ ʰ˄ʱˉˍˎ˅ʹΦ 

ɮ˄ˍʽʻʷˍ˖ˌΣ ʹ ʵʶˏˍʶˊʹ ʶˉʽ˂ˇʴʺ ʶʾ˄ʰʽ ˉʽˇ ʶˏˁˇ˂ʰ ʶ˒ʽˁˍʺ ˁʰʽ ˋˍˇ˔ʶˏʶʽ ˋˍˇ ʲʷ˂ˍʽˋˍˇ ˋ˔ʶʵʽʰˋ˃ˈ ˍ˖˄ 

ʻʷˋʶ˖˄ ˁʰʽ ˋʹ˃ʶʾ˖˄ ʶʴˁʰˍʱˋˍʰˋʹˌ ˒ˇˊˍʽˋˍ˗˄Φ ɲʹ˂ʰʵʺ ʶʾ˄ʰʽ ˉˇ˂ˏ ˉˊʰˁˍʽˁˈ ˄ʰ ʴʾ˄ʶˍʰʽ ˒ˈˊˍʽˋʹ ˁʰˍʱ 

ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˋˍʱʻ˃ʶˎˋʹˌΦ ʆʷˍˇʽʶˌ ˍˇˉˇʻʶˋʾʶˌ ˃ˉˇˊˇˏ˄ ˄ʰ ʶʾ˄ʰʽ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ˔˗ˊˇʽ ʶˊʴʰˋʾʰˌΣ 

ʶ˃ˉˇˊʽˁʱ ˁʰˍʰˋˍʺ˃ʰˍʰ ʺ ˍʰ ˋˉʾˍʽʰ ˍ˖˄ ˔ˊʹˋˍ˗˄Σ ˈˉˇˎ ˇ ̌ ʵʹʴˈˌ ˅ˇʵʶˏʶʽ ˍˇ˄ ˉʶˊʽˋˋˈˍʶˊˇ ˔ˊˈ˄ˇ ˍˇˎ 

ˋˏ˃˒˖˄ʰ ˃ʶ ˍʽˌ ˁʰʻʹ˃ʶˊʽ˄ʷˌ ˍˇˎ ˋˎ˄ʺʻʶʽʶˌΦ ɰʷʲʰʽʰ, ˋˍʽˌ ˃ʶʴʱ˂ʶˌ ˉˈ˂ʶʽˌ ʶʾ˄ʰʽ ˋˎ˔˄ˈ ˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ 

˄ʰ ˃ʹ˄ ˎˉʱˊ˔ˇˎ˄ ˔˗ˊˇʽ ˋˍʱʻ˃ʶˎˋʹˌ ˋˍˇ ˋˉʾˍʽ ˇˉˈˍʶ ˉˊʷˉʶʽ ˄ʰ ˎˉʱˊ˔ˇˎ˄ ʶˉʽ˂ˇʴʷˌ ˁʰʽ ˋʶ ʵʹ˃ˈˋʽʰ 

ˋʹ˃ʶʾʰ ˒ˈˊˍʽˋʹˌΦ  

ʃˊʰˁˍʽˁʱ ʰˎˍˈ ˍˇ ˃ˇ˄ˍʷ˂ˇ ʵʽˁˍˏˇˎ ˒ˈˊˍʽˋʹˌ ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄ ʰˁˇ˂ˇˎʻʶʾ ˍʽˌ ʲʰˋʽˁʷˌ ʰˊ˔ʷˌ ˍˇˎ 

˃ˇ˄ˍʷ˂ˇˎ ʰˋˍʽˁʺˌ ˒ˈˊˍʽˋʹˌ όurban chargingύΦ ɾʶ ʲʱˋʹ ʰˎˍˈ ˍˇ ˃ˇ˄ˍʷ˂ˇ ʰˋˍʽˁʺˌ ˒ˈˊˍʽˋʹˌΣ ˇʽ ˋˍʰʻ˃ˇʾ 

ˍˇˉˇʻʶˍˇˏ˄ˍʰʽ ˋʶ ˋʹ˃ʶʾʰ ˈˉˇˎ ˇ ˇʵʹʴˈˌ ʷ˔ʶʽ ˋˁˇˉˈ ˄ʰ ˋˍʰʻ˃ʶˏˋʶʽ ʴʽʰ ˉʶˊʽˋˋˈˍʶˊˇ ˔ˊˈ˄ˇ ˁʰʽ ʵʶ 

˔ˊʶʽʱʸʶˍʰʽ ˄ ʰ ʰ˂˂ʱ˅ʶʽ ˍʽˌ ˋˎ˄ʺʻʶʽʶˌ ˍˇˎΣ ˈˉ˖ˌ ʷˁʰ˄ʶ ˃ʶ ˍʰ ˋˎ˃ʲʰˍʽˁʱ ˇ˔ʺ˃ʰˍʰ ˗ˋˍʶ ˄ʰ ʲˊʶʽ ˋˍʰʻ˃ˈ 

ˍˊˇ˒ˇʵˈˍʹˋʹˌ ˁʰˎˋʾ˃ˇˎΦ ʇˉʱˊ˔ˇˎ˄ ʶˍʰʽˊʾʶˌ ˇʽ ˇˉˇʾʶˌ ʰ˄ʰ˂ʰ˃ʲʱ˄ˇˎ˄ ʶ˅ˇ˂ˇˁ˂ʺˊˇˎ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ 

ˍʷˍˇʽ˖˄ ʵʽˁˍˏ˖˄ ˋʶ ˉˇ˂˂ʷˌ ˔˗ˊʶˌΦ  

ɶ ʵʹ˃ʽˇˎˊʴʾʰ ˍʷˍˇʽ˖˄ ʵʽˁˍˏ˖˄ ˒ˈˊˍʽˋʹˌ ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄ ʰˉʰʽˍʶʾ ˍʹ˄ ʶʴˁʰˍʱˋˍʰˋʹ ˃ʶʴʱ˂ˇˎ 

ʰˊʽʻ˃ˇˏ ˒ˇˊˍʽˋˍ˗˄ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˍˇˉˇʻʶˋʾʶˌ ʰ˂˂ʱ ʶ˒ˈˋˇ˄ ʰˁˇ˂ˇˎʻʹʻˇˏ˄ ʲʷ˂ˍʽˋˍʶˌ ˉˊʰˁˍʽˁʷˌ 

ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ʻʰ ʶʾ˄ʰʽ ʲʽ˗ˋʽ˃ʰ ˁʰʽ ˁʶˊʵˇ˒ˈˊʰ ʵʾˁˍˎʰ ˒ˈˊˍʽˋʹˌ ˃ʶ ʰ˄ʻˊ˗ˉʽ˄ˇ ˁʰʽ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁˈ 

ˈ˒ ʶ˂ˇˌΦ 
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ɼʶ˒ʱ˂ʰʽˇ 2 
 

ʃʶˊʽʴˊʰ˒ʺ ʰ˂ʴˇˊʾʻ˃ˇˎ ʁ ˁˍʾ˃ʹˋʹˌ ˒ˇˊˍʾˇˎ 

ɲʽʰˋˎ˄ʵʶʵʶ˃ʷ˄˖˄ ɶ˂ʶˁˍˊʽˁ˗˄ ʁ˔ʹ˃ʱˍ˖˄ 
 

ʅˁˇˉˈˌ ˍʹˌ ʶˊʴʰˋʾʰˌ ʶʾ˄ʰʽ ʹ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˍˇˎ ˎˉʰˊˁˍˇˏ ʅΦɶΦɳΦ ˍʹˌ ɼˊʺˍʹˌ ˁʰʻ˗ˌ ˁʰʽ ʹ ʰ˄ʱˉˍˎ˅ʹ 

ˍˇˎ ʾʵʽˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˃ʶ ˍʹ˄ ˉˊˇˋʻʺˁʹ ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄Φ  

ɮˊ˔ʽˁʱ ʴʾ˄ʶˍʰʽ ʹ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˍˇˎ ʹ˃ʶˊʺˋʽˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ˍ˖˄ ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄Φ ʅˍˇ 

ˉˊˈʴˊʰ˃˃ʰ Matlab ʵʹ˃ʽˇˎˊʴʺʻʹˁʶ ˃ʽʰ ˊˇˎˍʾ˄ʰ ʴʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ʹ˃ʶˊʺˋʽˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ʶ˄ˈˌ 

ʹ˂ʶˁˍˊʽˁˇˏ ˇ˔ʺ˃ʰˍˇˌ ˃ʶ ʰˉ˗ˍʶˊˇ ˋˁˇˉˈ ˍʹ ˂ʺ˕ʹ ʶ˄ˈˌ ˋˎ˄ˇ˂ʽˁˇˏ ˉˊˇ˒ʾ˂ ˒ˈˊˍʽˋʹˌ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄Φ  

ɶ ˂ˇʴʽˁʺ ˉˇˎ ʰˁˇ˂ˇˎʻʺˁʶ ʴʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˍˇˎ ʹ˃ʶˊʺˋʽˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ʶ˄ˇˌ ɶ.ʁ. ʁ ʾ˄ʰʽΣ   

мύ ʆˇ ɶʁ ˅ʶˁʽ˄ʱ ʰˉˇ ˍˇ ˍʹ˄ ˇʽˁʾʰ  

нύ ɮˉˇ˒ʰˋʾʸʶˍʰʽ ˇ ʶˉˈ˃ʶ˄ˇˌ ˉˊˇˇˊʽˋ˃ˈˌ ʲʱˋʶʽ ˍʹˌ ˗ˊʰˌ ʰ˄ʰ˔˗ˊʹˋʹˌ  

оύ ɳˉʽ˂ʷʴʶˍʰʽ ˍˎ˔ʰʾʰ ʰˉˈ ˁʰˍʰ˄ˇ˃ʺ ʹ ˔ˊˇ˄ʽˁʺ ʵʽʱˊˁʶʽʰ ˍʰ˅ʽʵʽˇˏ   

пύ ɱʾ˄ʶˍʰʽ ˍˎ˔ʰʾʰ ʶˉʽ˂ˇʴʺ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌ ʰˉˈ ˁʰˍʰ˄ˇ˃ʺ ˁʰʽ ʷˉʶʽˍʰ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʹ ʰˉˈˋˍʰˋʹ  

рύ ɮ˄ʱ˂ˇʴʰ ˍʹ˄ ˍˇˉˇʻʶˋʾʰ ˉˊˇˇˊʽˋ˃ˇˏ ʴʾ˄ʶˍʰʽ ʶˉʽ˂ˇʴʺ ˔ˊˇ˄ʽˁʺˌ ʵʽʱˊˁʶʽʰˌ ˋˍʱʻ˃ʶˎˋʹˌ ˃ʶ ˍˎ˔ʰʾʰ 
ʶˉʽ˂ˇʴʺ ʰˉˈ ˁʰˍʰ˄ˇ˃ʺ  

сύɱʾ˄ʶˍʰʽ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˔ˊˈ˄ˇˎ ʰ˄ʰ˔˗ˊʹˋʹˌ ˉˊˇˌ ˄ʷˇ ˉˊˇˇˊʽˋ˃ˈ  

тύ ʇˉˇ˂ˇʴʾʸʶˍʰʽ ʹ ˁʰˍʰ˄ʱ˂˖ˋʹ ˍˇˎ ˍʰ˅ʽʵʽˇˏ ˉˇˎ ʷʴʽ˄ʶ ˗ˋˍʶ ˄ʰ ˎˉˇ˂ˇʴʽˋˍʶʾ ʹ ˋˍʱʻ˃ʹ ˍʹˌ ˃ˉʰˍʰˊʾʰˌ 
ˁʰˍʱ ˍʹ˄ ʶˁˁʾ˄ʹˋʹ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ ˉˊˇˌ ˄ʷˇ ˉˊˇˇˊʽˋ˃ˈ  

уύ ɳ˒ˈˋˇ˄Σ ʹ ˋˍʱʻ˃ʹ ˍʹˌ ˃ˉʰˍʰˊʾʰˌ ʶʾ˄ʰʽ ˔ʰ˃ʹ˂ʺΣ ˍˇ ʹ˂ʶˁˍˊʽˁˈ ˈ˔ʹ˃ʰ ˒ˇˊˍʾʸʶʽ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ 

ˋˍʱʻ˃ʶˎˋʹˌ ʵʽʰ˒ˇˊʶˍʽˁʱ ʵʽʰˍʹˊʶʾ ˍʹ ˋˍʱʻ˃ʹ ˉˇˎ ʶʾ˔ʶ ˉˊʽ˄  

фύ ɶ ʵʽʰʵʽˁʰˋʾʰ ʰˎˍʺ ʶˉʰ˄ʰ˂ʰ˃ʲʱ˄ʶˍʰʽ ˃ʷ˔ˊʽ ˄ʰ ˇ˂ˇˁ˂ʹˊ˖ʻʶʾ ʷ˄ʰ нп˖ˊˇ ˉˊˈʴˊʰ˃˃ʰ ˇ˔ʺ˃ʰˍˇˌΦ 

ɿʰ ˋʹ˃ʶʽ˖ʻʶʾ ˈˍʽ ʹ ʶ˅ʰʴ˖ʴʺ ˍ˖˄ ˉˊˇ˒ʾ˂ ˒ˈˊˍʽˋʹˌ ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄ ʲʰˋʾˋˍʹˁʰ˄ ˋʶ ˋˍˇ˔ʰˋˍʽˁʱ 

ʵʶʵˇ˃ʷ˄ʰ ˁʰʽ ˋʶ ˍˎ˔ʰʾʰ ʶˉʽ˂ˇʴʺ ˍʽ˃˗˄ ʰˉˈ ˁʰˍʰ˄ˇ˃ʷˌ ˉʽʻʰ˄ˈˍʹˍʰˌΦ ɲʹ˃ʽˇˎˊʴ˗˄ˍʰˌ ˃ʽʰ ʵˇ˃ʺ 

ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ˈ˄ˇ˃ʰ EV, ˋʶ ˁʱʻʶ ˉʶʵʾˇ ˍˇˉˇʻʶˍʺʻʹˁʰ˄ ˍʰ ʵʽʰ˄ˏˋ˃ʰˍʰ ˁʰʽ ˇʽ ˃ʶˍʰʲ˂ʹˍʷˌΦ 

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˁʰˍʱ˂˂ʹ˂ʶˌ ˁʰˍʰ˄ˇ˃ʷˌ ˉʽʻʰ˄ˈˍʹˍʰˌ ʴʽʰ ˍʰ ʶ˅ʺˌ ˃ʶʴʷʻʹ: 

¶ EV. Travel type 

¶ EV. Departure time 

¶ EV. ◕♆◄►╪○▄■ 

¶ EV. Velocity 

¶ EV. ◕♆╬▐╪►▌░▪▌ 

¶ EV. ╢▫╒╪►►Ϸ  

¶ EV. ╢▫╒ 

¶ EV. ╢▫╒□╪● 

¶ EV. ἏἤἫἷἶἻἽἵἸἼἱἷἶ 

¶ EV. ╟□╪● 
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ɳˉʾˋʹˌ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ ʰ˃ʽʴ˗ˌ ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʴʽʰ ˍʰ ˉˊˇ˒ʾ˂ 

˒ˈˊˍʽˋʹˌΣ ˉʱˊʻʹˁʰ˄ ʰˉˈ ˉˊʰʴ˃ʰˍʽˁʱ ˃ˇ˄ˍʷ˂ʰ BEV ˋˏ˃˒˖˄ʰ ˃ʶ ˇʽˁˇ˄ˇ˃ʽˁʱ ˁˊʽˍʺˊʽʰΦ ɴˍˋʽ 

ˉˊˇʷˁˎ˕ʰ˄ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍʹ ʵʽʶʾˋʵˎˋʹ ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄Φ 

ʅʶ ˈˍʽ ʰ˒ˇˊʱ ˍˇ˄ ˍˊˈˉˇ ˒ˈˊˍʽˋʹˌ ʶ˅ʶˍʱʸˇ˄ˍʰʽ ʵˎˇ ˋʶ˄ʱˊʽʰΦ 

- ɾʹ ʶ˂ʶʴ˔ˈ˃ʶ˄ʹ ˒ˈˊˍʽˋʹΣ ˁʰˍʱ ˍʹ˄ ˇˉˇʾʰ ˍˇ ʹ˂ʶˁˍˊʽˁˈ ˈ˔ʹ˃ʰ ˈˍʰ˄ ˋˍʰʻ˃ʶˏˋʶʽ ˋˍˇ ʵʾˁˍˎˇΣ 

ʰˉˇˊˊˇ˒ʱ ˋˍʰʻʶˊʺ ˃ʷˋʹ ʽˋ˔ˏ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˒ˈˊˍʽˋʹˌΦ 

 

- ɳ˂ʶʴ˔ˈ˃ʶ˄ʹ ʺ ʷ˅ˎˉ˄ʹ ˒ˈˊˍʽˋʹΣ ˈˉˇˎ ˂ʰ˃ʲʱ˄ʶˍʶ ˎˉˈ˕ʽ˄ ˍˇ ˁʰʻʰˊˈ ˒ˇˊˍʾˇ ˍʹˌ ɼˊʺˍʹˌ ˁʰʽ 

ʶ˒ʰˊ˃ˈʸʶˍʰʽ peak shaving ʶ˒ˈˋˇ˄ ˍˇ ˁʰʻʰˊˈ ˒ˇˊˍʾˇ ʲˊʾˋˁʶˍʰʽ ˋʶ ʰʽ˔˃ʺ ˁʰʽ valley filling 

ʶ˒ˈˋˇ˄ ˍˇ ˁʰʻʰˊˈ ˒ˇˊˍʾˇ ʲˊʾˋˁʶˍʰʽ ˋʶ ˔ʰ˃ʹ˂ʺ ʸʺˍʹˋʹΦ 

ɶ ̄h ˊʰˉʱ˄˖ ˃ʷʻˇʵˇˌ ʶ˒ʰˊ˃ˈˋˍʹˁʶ ˋʶ ˍʷˋˋʶˊʽˌ ˉʶˊʽˇ˔ʷˌ ˍʹˌ ɼˊʺˍʹˌ όʋʰ˄ʽʱΣ ɶˊʱˁ˂ʶʽˇΣ ɯʴʽˇ ɿʽˁˈ˂ʰˇ 

ˁʰʽ ʄʷʻˎ˃˄ˇύ ʴʽʰ ʵʽʱ˒ˇˊʰ ˋʶ˄ʱˊʽʰ ʵʽʶʾˋʵˎˋʹˌ ˁʰʽ ʴʽʰ ˍˇˎˌ ʵˎˇ ˍˊˈˉˇˎˌ ˒ˈˊˍʽˋʹˌ ˁʰʽ 

ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄ ˇʽ h ˄ˍʾˋˍˇʽ˔ʶˌ ˔ˊˇ˄ˇˋʶʽˊʷˌ ˒ˇˊˍʾˇˎ ˍ˖˄ ʵʽʰˋˎ˄ʵʶʵʶ˃ʷ˄˖˄ ɶΦʁΦ 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʵʹ˃ʽˇˎˊʴʺʻʹˁʶ ˋˍˇ MATPOWER ̱ ˇ ʰ˄ʰ˂ˎˍʽˁˈ ˃ˇ˄ˍʷ˂ˇ ˍˇˎ ʅɶɳ ˍʹˌ ɼˊʺˍʹˌ ˃ʶ ˁʰʽ ˔˖ˊʾˌ 

ʵʽʰˋˎ˄ʵʶʵʶ˃ʷ˄ʰ ʹ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰΦ ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˖ˌ ʶʾˋˇʵˇˌ ˋˍˇ 

Matpower ʰ˒ˇˊˇˏ˄ ˉˊʰʴ˃ʰˍʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ό˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʴʶ˄˄ʹˍˊʽ˗˄Σ 

ʸˎʴ̠˄  ˁʰʽ ʴˊʰ˃˃˗˄ ˃ʶˍʰ˒ˇˊʱˌύ ˁʰʽ ˉˊʰʴ˃ʰˍʽˁʷˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ˍˇˎ ʹ˂ʶˁˍˊʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ ˉˇˎ 

ʵˈʻʹˁʰ˄ ʰˉˈ ˍˇ ɲʽʰ˔ʶʽˊʽˋˍʺ ˈˉ˖ˌ ʶʾ˄ʰʽ ˇʽ ʹ˃ʶˊʺˋʽʶˌ ˔ˊˇ˄ˇˋʶʽˊʷˌ ʴʽʰ ˉˊʰʴ˃ʰˍʽˁʱ ˒ˇˊˍʾʰ ˍʹˌ ɼˊʺˍʹˌ 

ˁʰʻ˗ˌ ˁʰʽ ˔ˊˇ˄ˇˋʶʽˊʷˌ ʴʽʰ ʰʽˇ˂ʽˁʺ ˁʰʽ ˒˖ˍˇʲˇ˂ˍʰʿˁʺ ˉʰˊʰʴ˖ʴʺΦ  

ʆˇ ˒ˇˊˍʾˇ ˍ˖˄ ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄ ˍˇˉˇʻʶˍʺʻʹˁʶ ˋˍˇˎˌ ʰ˄ˍʾˋˍˇʽ˔ˇˎˌ ʸˎʴˇˏˌ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˍˇˎ 

ʅΦɶΦɳΦ ɼˊʺˍʹˌ ˋˍˇ MatpowerΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʷʴʽ˄ʶ ʹ ʶˁˍʷ˂ʶˋʹ ɰʷ˂ˍʽˋˍʹˌ ʄˇʺˌ ʊˇˊˍʾˇˎ ˃ʶ ʲʷ˂ˍʽˋˍʹ 

ʷ˄ˍʰ˅ʹ ˍ˖˄ ˃ˇ˄ʱʵ˖˄ ʴʽʰ ˍˇ ʅΦɶΦɳ ɼˊʺˍʹˌ ˃ʶ ˁʰʽ ˔˖ˊʾˌ ˍʹ ˔ˊʺˋʹ ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄Σ ˋˍˇ ˂ˇʴʽˋ˃ʽˁˈ 

Matpower.  

ʆʰ ʰˉˇˍʷ˂ʶˋ˃ʰˍʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˋʶʽˊʱˌ ˋʶ˄ʰˊʾ˖˄ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ ˍʷ˂ˇˌ ˍʹˌ ʶˊʴʰˋʾʰˌ ˈˉˇˎ 

ʶ˅ʱʴˇ˄ˍʰʽ ʴʶ˄ʽˁʱ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ʴʽʰ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ ʅɶɳ ˍʹˌ ɼˊʺˍʹˌ ʰ˂˂ʱ ˁʰʽ ˖ˌ ˉˊˇˌ ˍʹ˄ 

ˇʽˁˇ˄ˇ˃ʽˁˈˍʹˍʰ ˍʹˌ ˔ˊʺˋʹˌ ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄Φ   

 

нΦм ɲʶʵˇ˃ʷ˄ h
ɶ ˃ʷʻˇʵˇˌ ˉˇˎ ʰ˄ʰˉˍˏ˔ʻʹˁʶ ˁʰʽ ˈ˂ʰ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˋˍˇ ʅΦɶΦɳΦ 

ɼˊʺˍʹˌΦ ɶ ˎ˂ˇˉˇʾʹˋʹ ʲʰˋʾˋˍʹˁʶ ˍˈˋˇ ˋʶ ˊʶʰ˂ʽˋˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ό˔ˊˇ˄ˇˋʶʽˊʷˌ ˁʰʽ ˍˏˉˇʽ ˇ˔ʹ˃ʱˍ˖˄ύ 

ˈˋˇ ˁʰʽ ̀ʁ  ˋˍˇ˔ʰˋˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˁʰʽ ˁʰˍʰ˄ˇ˃ʷˌ ˉʽʻʰ˄ˇˍʺˍ˖˄ ˇʽ ˇˉˇʾʶˌ ˉʶˊʽʴˊʱ˒ˇˎ˄ ˍ h˃ ʶʴʷʻʹ ̄ ˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄.  

 

¶ ɶ˃ʶˊʺˋʽʶˌ ˔ˊˇ˄ˇˋʶʽˊʷˌ 

ɱʽʰ ˍʰ ˍˊʾʰ ˋʶ˄ʱˊʽʰ ʵʽʶʾˋʵˎˋʹˌ ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ʻʰ ʰ˄ʰ˂ˎʻˇˏ˄ ˉʰˊʰˁʱˍ˖, 

˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʾʵʽʶˌ ʹ˃ʶˊʺˋʽʶˌ ˔ˊˇ˄ˇˋʶʽˊʷˌ ˃ʶ ˖ˊʽhʾ ʶˌ ˍʽ˃ʷˌ ʴʽʰ ˍˇ ˉˊʰʴ˃ʰˍʽˁˈ ˒ˇˊˍʾˇ ˍʹˌ 

ɼˊʺˍʹˌ ώ27ϐΣ ˍʹ˄ ʰʽˇ˂ʽˁʺ ˁʰʽ ˒˖ˍˇʲˇ˂ˍʰʿˁʺ ˉʰˊʰʴ˖ʴʺ ˍʹˌ ˗ˋˍʶ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˄ʰ ʶʾ˄ʰʽ 

ˋˎʴˁˊʾˋʽ˃ʰΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ʂˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ (ɳ̔ ˁˈ˄ʰ 2.1 ς 2.2ύ ˇʽ ˃ʶˍˊʺˋʶʽˌ ʵˈʻʹˁʰ˄ ʰ˄ʱ ˗ˊʰ ˇˉˈˍʶ 

˔ˊʶʽʱˋˍʹˁʶ ˄ʰ ʶ˒ʰˊ˃ˇˋˍʶʾ ʴˊʰ˃˃ʽˁʺ ˉʰˊʁ˃ʲˇ˂ʺ ˗ˋˍʶ ˄ʰ ʴʾ˄ˇˎ˄ ˇʽ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ʰ˄ʱ ˂ʶˉˍˈ ˉˇˎ 

ʰ˒ˇˊˇˏ˄ ˍʹ˄ ʰ˄ʰˉˍˎ˔ʻʶʾˋʰ ˃ʷʻˇʵˇΦ ʅʹ˃ʶʽ˗˄ʶˍʰʽ ʶʵ˗ ˈˍʽ ˉˊ˖ˍʰˊ˔ʽˁˈˌ ˋˍˈ˔ˇˌ ˍʹˌ ˃ʶʻˈʵˇˎ 

ʵʽʰ˔ʶʾˊʽˋʹˌ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌ ʶʾ˄ʰʽ ʹ ʲʷ˂ˍʽˋˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˒ˈˊˍʽˋʹˌ ˍˇˎ ˋˍˈ˂ˇˎ EVs ̀ ˍʹ˄ ɼˊʺˍʹ 
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˗ˋˍʶ ˄ʰ ˉˊˇʱʴʶˍʰʽ ʹ ʵʽʁʾ ˋʵˎˋʹ ˍ˖˄ ʊ˖ˍˇʲˇ˂ˍʰʽˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄Φ ɮˎˍˈ ʵʽˈˍʽ ʹ ˒˖ˍˇʲˇ˂ˍʰʿˁʺ 

ˉʰˊʰʴ˖ʴʺ ˃ˉˇˊʶʾ ˄ʰ ˉˊˇʲ˂ʶ˒ʻʶʾ ˃ʶ ˉˇ˂ˏ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˁˊʾʲʶʽʰ ʰˉˈ ˍʹ˄ ʰʽˇ˂ʽˁʺ ˉʰˊʰʴ˖ʴʺΦ ɱʽʰ ʰˎˍˈ 

ˁʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˊˇˋˇ˃ˇʽ˗ˋʶ˖˄ ˉˇˎ ʻʰ ˉʰˊˇˎˋʽʰˋˍˇˏ˄ ˋˍʹ˄ ʶˊʴʰˋʾʰ ʶˋˍʽʱʸˇˎ˄ ˋˍʹ 

ˋˎ˄ʶˊʴʰˋʾʰ EVs ˁ ʰ̔ ʊ˖ˍˇʲˇ˂ˍʰʿˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄Φ  

 

ɳʽˁˈ˄ʰ 2.1 ɶ˃ʶˊʺˋʽʶˌ ɼʰ˃ˉˏ˂ʶˌ ʃʰˊʰʴˈ˃ʶ˄ʹˌ ɹˋ˔ˏˇˌ ˍ˖˄ ʊ˖ˍˇʲˇ˂ˍʰʿˁ˗˄ ʃʱˊˁ˖˄ όρσ ɮˉˊʽ˂ʾˇˎ нлмтύ ˁʰʽ 
ˍ˖˄ ɮʽˇ˂ʽˁ˗˄ ʃʱˊˁ˖˄ όςωɮˉˊʽ˂ʾˇˎ нлмуύ ˍˇˎ ɶ˂ʶˁˍˊʽˁˇˏ ɲʽˁˍˏˇˎ  ώ27] 

 

ɳʽˁˈ˄ʰ 2.2 ɶ˃ʶˊʺˋʽʰ ɼʰ˃ˉˏ˂ʹ ʅˎ˄ˇ˂ʽˁʺˌ ɵʺˍʹˋʹˌ ɹˋ˔ˏˇˌ ˍˇˎ ɶ˂ʶˁˍˊʽˁˇˏ ɲʽˁˍˏˇˎ ɼˊʺˍʹˌ όςωɮˉˊʽ˂ʾˇˎнлмуύ  
[27] 
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¶ ʆˏˉˇʽ ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄ ˃ ʶ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎˌ  

ɶ ʶˉʽ˂ˇʴʺ ʹ˂ʶˁˍˊʽˁ˗˄ ʰˎˍˇˁʽ˄ʺˍ˖˄ ʷʴʽ˄ʶ ʰˉˈ ˍʹ˄ ˉʹʴʺ ώ28ϐ ʰˉˈ ˍʹ˄ ˇˉˇʾʰ ˅ʶ˔˗ˊʽˋʰ˄ п ˍˏˉˇʽ 

ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄ ˃ʶ ˁˊʽˍʺˊʽˇ ˍˇ ˉʽˇ ˇʽˁˇ˄ˇ˃ʽˁˈ ˁˈˋˍˇˌΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ʶˉʽ˂ʷ˔ʻʹˁʰ˄ ˍʰ ˍʷˋˋʶˊʰ 

ˉʰˊʰˁʱˍ˖ ˃ˇ˄ˍʷ˂ʰ ˃ ʶ ˍʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎˌ όʃʾ ˄ʰˁʰˌ 2.1) : 

 

 ɾˇ˄ˍʷ˂ˇ 
ʹ˂ʶˁˍˊʽˁˈ ˈ˔ʹ˃ʰ 
˃ˉʰˍʰˊʾʰˌ (BEV) 

 
 

Type 1 
 

 
 

Type 2 
 

 
 

Type 3 

 
 

Type 4 

General Seats(people) 2 4 5 4 
 
 

Real Energy 
Consumption 

*Real energy 
Consumption in 
city (Wh/km) 

 
159 

 
161 

 
156 

 
162 

CO2 emissions 
(g/km) 

0 0 0 0 

Vehicle Fuel 
Equivalent (l/km) 

 
0.0191 

 
0.0181 

 
0.0171 

 
0.0181 

 
 

Battery and 
Charging 

Battery capacity 
(kWh) 

17.6 16 35 36.8 

Charge Power AC 
Pmax (kW)  

4.6 3.7 11 7.2 

Charge Port Type 2 Type 1 Type 2 Type 2 
Charge Time (0->100 km) 

4h:30min 
(0->90 km) 
4h:45min 

(0->225 km) 
3h45min 

(0->200km) 
5h15min 

Fast Charge Port - CHAdeMO CCS Combo 2 CCS Combo 2 

Fast charge time - (9->72 km) 
21min 

(23->180 km) 
34 min 

(20->160 km) 
48min 

 
 

Price 

United Kingdom (£) 17,350 16,995 Not available 19,800 
The Netherlands(ϵ) 23,995 22,360 26,000 23,400 

Germany(ϵ) 21,940 21,800 25,500 20,650 
ʃʾ˄ʰˁʰˌ 2.1 ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˋˍʹ˄ ʶˊʴʰˋʾʰώ28] 
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нΦн ɲʽʰ˄ˏˋ˃ʰˍʰ ˁʰʽ ˃ʶˍʰʲ˂ʹˍʷˌ 
 

ɮˊ˔ʽˁʱ ˋˍˇ ˉˊˈʴˊʰ˃˃ʰ Matlab ɻ ʹ˃ʽˇˎˊʴʺʻʹˁʶ ˃ʽʰ ʵˇ˃ʺ ʵʶʵˇ˃ʷ˄˖˄ (struct) ˃ ʶ ˈ˄ˇ˃ʰ 9± ̀ ˍʹ˄ ˇˉˇʾʰ 

ʰˉˇʻʹˁʶˏˇ˄ˍʰʽ ˍʰ ʲʰˋʽˁʱΣ ʰˉʰˊʰʾˍʹˍʰ ʵʶʵˇ˃ʷ˄ʰ ʴʽʰ ˄ʰ ˁʰˍʰˊˍʽˋˍʶʾ ˍˇ ʹ˃ʶˊʺˋʽˇ ˉˊˈʴˊʰ˃˃ʰ (day 

schedule)Φ ʅˍˇ ˁʱʻʶ ˉʶʵʾˇ ˍʹˌ ʵˇ˃ʺˌ ˍˇˉˇʻʶˍʺʻʹˁʰ˄ ʵʽʰ˄ˏˋ˃ʰˍʰ ˁʰʽ ˃ʶˍʰʲ˂ʹˍʷˌ ˇʽ ˇˉˇʾʶˌ ʵʾ˄ˇ˄ˍʰʽ 

ʰˁˇ˂ˇˏʻ˖ˌΦ ɾʶ ˉˊʱˋʽ˄ˇ ˒ʰʾ˄ˇ˄ˍʰʽ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋʶ ʵʽʰ˄ˏˋ˃ʰˍʰ ˁʰʽ ˃ʶ ˃ˉ˂ʶ ˇʽ 

˃ʶ˃ˇ˄˖˃ʷ˄ʶˌ ˍʽ˃ʷˌ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋʶ ˃ ʶˍʰʲ˂ʹˍʷˌ: 

¶ EV. Travel type 

¶ EV. Departure time 

¶ EV. ◕♆◄►╪○▄■ 

¶ EV. Arrival time 

¶ EV. Velocity 

¶ EV. ◕╢◄►╪○▄■ 

¶ EV. ◕♆╬▐╪►▌░▪▌ 

¶ EV. Consumption 

¶ EV. ╢▫╒▀▄▬  

¶ EV. ╢▫╒╪►► 

¶ EV. ╢▫╒╪►►Ϸ  

¶ EV. P 

¶ EV. ╢▫╒ 

¶ EV. Type of battery 

¶ EV. ╢▫╒□╪● 

¶ EV. ἏἤἫἷἶἻἽἵἸἼἱἷἶ 

¶ EV. ╟□╪● 

 

 

 

Ÿ ɲʽʰ˄ˏˋ˃ʰˍʰ ʵˇ˃ʺˌ EV 

ʆˏˉˇˌ ˍʰ˅ʽʵʽˇˏ όEV.Travel type)  

ɮ˂˒ʰˊʽʻ˃ʹˍʽˁˈ ˉˇˎ ʰ˒ˇˊʱ ˍˇ˄ ˍˈˉˇ ˉˊˇˇˊʽˋ˃ˇˏ ʶ˒ˈˋˇ˄ ˍˇ ˈ˔ʹ˃ʰ ʲˊʾˋˁʶˍʰʽ ˋʶ ˍʰ˅ʾʵʽ ˁʰʽ ˃ˉˇˊʶʾ 

˄ʰ ʶʾ˄ʰʽ ΨƘƻƳŜΩ ʺ ΨǎƘƻǇψǎƻŎƛŀƭΩ ʺ ΨǿƻǊƪΩΦ ɼʰˍʱ ˍʹ˄ ʰˊ˔ʽˁˇˉˇʾʹˋʹ ʻʶ˖ˊʶʾˍʰʽ ˈˍʽ ˍˇ ˈ˔ʹ˃ʰ ˅ʶˁʽ˄ʱ ˍˇ 

ʹ˃ʶˊʺˋʽˇ ˉˊˈʴˊʰ˃˃ʰ ˍˇˎ ʰˉˈ ˍʹ ˄̱ ˇˉˇʻʶˋʾʰ ΨƘƻƳŜΩΦ ɾʶ ʲʱˋʹ ˍʹ˄ ˗ˊʰ ˉˇˎ ʰ˄ʰ˔˖ˊʶʾ ʷ˄ʰ ˈ˔ʹ˃ʰΣ ˇ 

ʰ˂ʴˈˊʽʻ˃ˇˌ ʶˉʽ˂ʷʴʶʽ ˍˎ˔ʰʾʰ ˍʹ˄ ˍˇˉˇʻʶˋʾʰ ˉˊˇˇˊʽˋ˃ˇˏ ʰˉˇ ˍʽˌ ˁʰˍʰ˄ˇ˃ʷˌ ˉʽʻʰ˄ˈˍʹˍʰˌ ʶˉʽ˂ˇʴʺˌ 

ˉˊˇˇˊʽˋ˃ˇˏ ˉˇˎ ʵʾ˄ˇ˄ˍʰʽ (E̔ ˁˈ˄ʰ 2.3. b). ɱʽʰ ˄ʰ ˉˊˇˁˏ˕ˇˎ˄ ʰˎˍʱ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˇʽ ˊˎʻ˃ˇʾ 

ʶˁˁʾ˄ʹˋʹˌ ˍ˖˄ EVs ̄ ˊˇˌ ˍˇˎˌ ʵʽʱ˒ˇˊˇˎˌ ˉˊˇˇˊʽˋ˃ˇˏˌ ˈˉ˖ˌ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ 2.3. a)Φ ʊʰʾ˄ʶˍʰʽ 

ˈˍʽ ʹ ˉʽˇ ˋˎ˄ʺʻʹˌ ˗ˊh ʶˁˁʾ˄ʹˋʹˌ ˉˊˇˌ ʶˊʴʰˋʾʰ όworkύ ʶʾ˄ʰʽ ˋˍʽˌ т:00̄ .˃ ɶ ˉʽˇ ˋˎ˄ʹʻʽˋ˃ʷ˄ʹ ˗ˊʰ 

ʶˁˁʾ˄ʹˋʹˌ ˉˊˇˌ ˁˇʽ˄˖˄ʽˁʷˌ ʵˊʰˋˍʹˊʽˈˍʹˍʶˌ ʺ ʶ˃ˉˇˊʽˁʱ ˁʰˍʰˋˍʺ˃ʰˍʰ όShop or Socialύ ʶʾ˄ʰʽ ʰˉˈ ˍʽˌ 

11:00̄  ˃̫ ˖ˌ му:00 ˃ ˃Σ ʶ˄˗ ˉˊˇˌ ˍˇ ˋˉʾˍʽ ʶʾ˄ʰʽ ˋˍʽˌ о:00 ˃ ˃Φ  
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ɳʽˁˈ˄ʰ 2.3 aύ ʄˎʻ˃ˈˌ ʰ˄ʰ˔˗ˊʹˋʹˌ ʹ˂ʶˁˍˊʽˁˇˏ ˇ˔ʺ˃ʰˍˇˌ  

ɱʽʰ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˍʹˌ ˍˇˉˇʻʶˋʾʰˌ ˉˊˇˇˊʽˋ˃ˇˏ ʰʻˊˇʾˋˍʹˁʰ˄ ˇʽ ˍˊʶʽˌ ˁʰˍʰ˄ˇ˃ʷˌ ˊˎʻ˃˗˄ ʰ˄ʰ˔˗ˊʹˋʹˌ 

ˁʰʽ ˁʰ˄ˇ˄ʽˁˇˉˇʽʺʻʹˁʰ˄ ʹ ˁʱʻʶ ˃ʽʰ ˅ʶ˔˖ˊʽˋˍʱ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ ˖ˊʽʰʾˇ ʱʻˊˇʽˋ˃ʱ ˍˇˎˌ ˗ˋˍʶ ˄ʰ 

˃ˉˇˊˇˏ˄ ˄ʰ ˉˊˇˋˍʶʻˇˏ˄ ˁʰʽ ˄ʰ ʵʽʰ˃ˇˊ˒˗ˋˇˎ˄ ˍʰ ˈˊʽʰ ʶˉʽ˂ˇʴʺˌ ˉˊˇˇˊʽˋ˃ˇˏ ˈˉ˖ˌ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍʹ˄ 

ɳʽˁˈ˄ʰ пΦп b). ɾʶ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˍˎ˔ʰʾˇˎ ʰˊʽʻ˃ˇˏ ʰˉˈ л-м ˁʰʽ ˃ʶ ʲʱˋʹ ˍʹ˄ ˗ˊʰ ʶˁˁʾ˄ʹˋʹˌ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ 

ʴʾ˄ʶˍʰʽ ʶˉʽ˂ˇʴʺ ˍʹˌ ˍˇˉˇʻʶˋʾʰ ˉˊˇˇˊʽˋ˃ˇˏΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʷˋˍ˖ ˇ ˍˎ˔ʰʾˇˌ ʰˊʽʻ˃ˈˌ ʶʾ˄ʰʽ ˍˇ лΦс ˁʰʽ 

ʹ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ ʰ˄ʰ˔˗ˊʹˋʹˌ ʶʾ˄ʰʽ т:00 ˉΦ˃. ʅˍʹ˄ ʶʽˁˈ˄ʰ пΦп b) ˒ʰʾ˄ʶˍʰʽ ˈˍʽ ˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈ 

ʲˊʾˋˁʶˍʰʽ ˁʱˍ˖ ʰˉˈ ˍʹ˄ ˃ˉ˂ʶ ˁʰ˃ˉˏ˂ʹ ˇˉˈˍʶ ˇ ˉˊˇˇˊʽˋ˃ˈˌ ʶʾ˄ʰʽ ˍ ̌ΩworkΩ. ɳʱ˄ ˉˊˇˁˏ˕ʶʽ ˍˎ˔ʰʾˇˌ 

ʰˊʽʻ˃ˈˌ лΦс ʴʽʰ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ мн:00 ˃Φ˃Φ ˍˇ ˋʹ˃ʶʾˇ ʲˊʾˋˁʶˍʰʽ ˃ʶˍʰ˅ˏ ˃ˉ˂ʶ ˁʰʽ ˉˊʱˋʽ˄ʹˌ ˁʰ˃ˉˏ˂ʹˌ 

ˇˉˈˍʶ ˍˇ ˋʹ˃ʶʾˇ ˉˊˇˇˊʽˋ˃ˇˏ ʶʾ˄ʰʽ ˍˇ Ψshop or socialΩΦ 

 

ɳʽˁˈ˄ʰ 2.3 bύ ʆʰ ˈˊʽʰ ʶˉʽ˂ˇʴʺˌ ˉˊˇˇˊʽˋ˃ˇˏ ʶ˄ˈˌ ʹ˂ʶˁˍˊʽˁˇˏ ˇ˔ʺ˃ʰˍˇˌ 
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ʋˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ ʶˁˁʾ˄ʹˋʹˌ όEV.Departure time) 

ɮ˒ ˇˊʱ ˍʹ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ ʶˁˁʾ˄ʹˋʹˌ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ ˉˊˇˌ ʷ˄ʰ ˄ʷˇ ˍʰ˅ʾʵʽΣ ˋʶ ˗ˊʶˌΦ ɶ ʰˊ˔ʽˁˇˉˇʾʹˋʹ 

ʴʾ˄ʶˍʰʽ ʶˉʽ˂ʷʴˇ˄ˍʰˌ ˍˎ˔ʰʾʰ ˍʽ˃ʺ ʰˉˈ ˍʹ˄ ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˉʰˊʰˁʱˍ˖ ɳʽˁˈ˄ʰ 2.4Φ ɶ ʵʹ˃ʽˇˎˊʴʾʰ ˍʹˌ 

ˁʰˍʰ˄ˇ˃ʺˌ ʲʰˋʾˋˍʹˁʶ ˋˍʹ ʻʶ˗ˊʹˋʹ ˈˍʽ ˇ ˉʶˊʽˋˋˈˍʶˊˇˌ ˉ˂ʹʻˎˋ˃ˈˌ ˅ʶˁʽ˄ʱʶʽ ʰˉˈ ˍˇ ˋˉʾˍʽ ˍˇˎ ʴˏˊ˖ 

ˋ̱ ʽˌ т:30 ˉ .˃ ɿʷʰ ˍʽ˃ʺ ʰ˄ʰ˔˗ˊʹˋʹˌ ˉˊˇˁˏˉˍʶʽ ʶ˒ˈˋˇ˄ ʷ˄ʰ ʹ˂ʶˁˍˊʽˁˈ ˈ˔ʹ˃ʰ ˍʰ˅ʽʵʶˏˋʶʽ ˁʰʽ 

ˋˍʰʻ˃ʶˏˋʶʽΦ  

 ὉὠȢὈὩὴὥὶὸόὶὩ ὸὭάὩὉὠȢῳ  ὉὠȢῳ                                                    (2.1) 

 

ɳʽˁˈ˄ʰ 2.4 ɼʰˍʰ˄ˇ˃ʺ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ʰˊ˔ʽˁˇˉˇʾʹˋʹ ˍʹˌ ˔ˊˇ˄ʽˁʺˌ ˋˍʽʴ˃ʺˌ ʰ˄ʰ˔˗ˊʹˋʹˌ ˍˇˎ 
ʹ˂ʶˁˍˊʽˁˇˏ ˇ˔ʺ˃ʰˍˇˌ 

 

ɲ̔ ʱˊˁʶʽʰ ˍʰ˅ʽʵʽˇˏ ό╔╥Ȣ◕♆◄►╪○▄■) 

ɮ˄ ˍʽˉˊˇˋ˖ˉʶˏʶʽ ˍʹ ˔ˊˇ˄ʽˁʺ ʵʽʱˊˁʶʽʰ ʶ˄ˈˌ ˍʰ˅ʽʵʽˇˏ ˋʶ ˂ʶˉˍʱΦ ɶ ʶˉʽ˂ˇʴʺ ˍʽ˃ʺˌ ʴʽʰ ˍˇ ʵʽʱ˄ˎˋ˃ʰ ʰˎˍˈ 

ʴʾ˄ʶˍʰʽ ˍˎ˔ʰʾʰ ʰˉˈ ˍʹ˄ ʶˁʱˋˍˇˍʶ ˁʰˍʰ˄ˇ˃ʺ ˃ʶ ʲʱˋʹ ˍʹ˄ ˉˈ˂ʹ. ʃˊʰˁˍʽˁʱ ʷ˔ˇˎ˄ ʵʹ˃ʽˇˎˊʴʹʻʶʾ п 

ˋʶ˄ʱˊʽʰ ʵʹ˂ʰʵʺ п ˁʰ˄ˇ˄ʽˁʷˌ ˁʰˍʰ˄ˇ˃ʷˌ όbƻǊƳŀƭ ŘƛǎǘǊƛōǳǘƛƻƴύ ʴʽʰ ˍʽˌ ˃ʶʴʰ˂ˏˍʶˊʶˌ ̄ ˈ˂ʶʽˌ ˍʹˌ ɼˊʺˍʹˌΦ 

ɶ ʵʹ˃ʽˇˎˊʴʾʰ ʰˎˍ˗˄ ˍ˖˄ ˁʰˍʰ˄ˇ˃˗˄ ʲʰˋʾˋˍʹˁʶ ˋˍˇ ʶˏˊˇˌ ˍ˖˄ ʰˉˇˋˍʱˋʶ˖˄ ʰ˄ʱ ˉˈ˂ʹΦ ɱʽʰ ˍʰ ʋʰ˄ʽʱ 

ʹ ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ̫ ˔ʶʽ ˃ʷʴʽˋˍʹ ˍʽ˃ʺ ˋ̱ ʰ мр minΣ ʴʽʰ ˍˇ ɶˊʱˁ˂ʶʽˇ ʹ ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ʷ˔ʶʽ ˃ ʷʴʽˋˍˇ 

ˋˍʰ нл minΣ ʴʽʰ ˍˇ ʄʷʻˎ˃˄ˇ ʹ ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ʷ˔ʶʽ ˃ʷʴʽˋˍˇ ˋ̱ ʰ мо min ˁh ʽ ˍʷ˂ˇˌ ʴʽʰ ˍˇ˄ ɯʴʽˇ 

ɿʽˁˈ˂ʰˇ ʹ ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ʷ˔ʶʽ ˃ʷʴʽˋˍˈ ˋ̱ ʰ ф minΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˍˇ ɶˊʱˁ˂ʶʽˇ ʷ˔ʶʽ ˃ʶʴʰ˂ˏˍʶˊʶˌ 

ʰˉˇˋˍʱˋʶʽˌ ˇˉˈˍʶ ʹ ʵʽʱˊˁʶʽʰ ˍʰ˅ʽʵʽˇˏ ˁˎ˃ʰʾ˄ʶˍʰʽ ˉʶˊʾˉˇˎ ʰˉˈ р-ор ƳƛƴΣ ˋˍʰ ʋʰ˄ʽʱ ʰˉˈ р ʷ˖ˌ нр 

ƳƛƴΣ ˋˍˇ ʄʷʻˎ˃˄ˇ ʰˉˈ 5 ̫ ˖ˌ нл ˁʰʽ ˋˍˇ˄ ɯʴʽˇ ɿʽˁˈ˂ʰˇ ˉˇˎ ʷ˔ʶʽ ˃ʽˁˊˈˍʶˊʶˌ ʰˉˇˋˍʱˋʶʽˌ ʰˉˈ о ʷ˖ˌ мр 

min. 



34 
 

 

ɳʽˁˈ˄ʰ 2.5 ɼʰˍʰ˄ˇ˃ʺ ˔ˊˇ˄ʽˁʺˌ ʵʽʱˊˁʶʽʰˌ ˍʰ˅ʽʵʽˇˏ ʶ˄ˈˌ ʹ˂ʶˁˍˊʽˁˇˏ ˇ˔ʺ˃ʰˍˇˌ 

 

ʋˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ ʱ˒ʽ˅ʹˌόEV.Arrival time) 

ɮ˒ˇˊʱ ˍʹ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ ʱ˒ʽ˅ʹˌ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ ˋˍˇ˄ ˉˊˇˇˊʽˋ˃ˈ ˍˇˎΣ ʷˉʶʽˍʰ ʰˉˈ ˍʰ˅ʾʵʽΦ  

ὉὠȢὃὶὶὭὺὥὰ ὸὭάὩὉὠȢὈὩὴὥὶὸόὶὩ ὸὭάὩ
ὉὠȢ◕♆◄►╪○▄■ 

φπ
 Ὤ                        ςȢς  

ˈˉˇˎ EV.Departure time (hύ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ ʶˁˁʾ˄ʹˋʹˌ ˇ˔ʺ˃ʰˍˇˌ ˁʰʽ %6Ȣɝɬ  (min) ˔ˊˇ˄ʽˁʺ 

ʵʽʱˊˁʶʽʰ ˍʰ˅ʽʵʽˇˏΦ 

 

 

ʆʰ˔ˏˍʹˍʰ ˇ˔ʺ˃ʰˍˇˌ όEV.Velocity) 

ɮ˄ ʰ˒ʷˊʶˍʰʽ ˋˍʹ˄ ˍʰ˔ˏˍʹˍʰ ˍˇˎ ʹ˂ʶˁˍˊʽˁˇˏ ʰˎˍˇˁʽ˄ʺˍˇˎ ʴʽʰ ˁʱʻʶ ˍʰ˅ʾʵʽ ˋʶ Φ ɶ ʰˊ˔ʽˁˇˉˇʾʹˋʹ 

ʴʾ˄ʶˍʰʽ ʶˉʽ˂ʷʴˇ˄ˍʰˌ ˍˎ˔ʰʾʰ ˍʽ˃ʺ ʰˉˈ ˍʹ˄ ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ όɳʽˁˈ˄ʰ пΦс). ɶ ʵʹ˃ʽˇˎˊʴʾʰ ˍʹˌ 

ˁʰˍʰ˄ˇ˃ʺˌ ʲʰˋʾˋˍʹˁʶ ˋˍʹ ʻʶ˗ˊʹˋ ́̍ ˍʽ ʹ ˍʰ˔ˏˍʹˍʰ ʶ˄ˍˈˌ ʶˎˊˏˍʶˊ˖˄ ˇˊʾ˖˄ ˉˈ˂ʶ˖ˌ ̫ ˔ʶʽ ˃ʷˋʹ ˍʽ˃ʺ 

35   ˁ ʰʽ ˁˎ˃ʰʾ˄ʶˍʰʽ ʰˉˈ мр ʶ˖ˌ рр  . 
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ɳʽˁˈ˄ʰ 2.6 ɼʰˍʰ˄ˇ˃ʺ ˍʰ˔ˏˍʹˍʰˌ ʹ˂ʶˁˍˊʽˁˇˏ ˇ˔ʺ˃ʰˍˇˌ 

 

ɮˉˈˋˍʰˋʹ ˍʰ˅ʽʵʽˇˏ ό╔╥Ȣ◕╢◄►╪○▄■) 

A˒ˇˊʱ ˍʹ˄ ʰˉˈˋˍʰˋʹ ˉˇˎ ʷ˔ʶʽ ʵʽʰ˄ˏˋʶʽ ʷ˄ʰ ʹ˂ʶˁˍˊʽˁˈ ˈ˔ʹ˃ʰ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ʶ˄ˈˌ ˍʰ˅ʽʵʽˇˏΦ 

ʇˉˇ˂ˇʴʾʸʶˍʰʽ ˁʰʽ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍʽˌ ˍʽ˃ʷˌ ˍ˖˄ EV.Velocity   ˁʰʽ ὉὠȢῳ    (Ὤ) ˃ʶ ʲʱˋʹ ˍˇ˄ 

ˍˏˉˇ: 

╔╥Ȣ◕╢◄►╪○▄■╔╥Ȣ╥▄■▫╬░◄◐Ͻ╔╥Ȣ◕♆◄►╪○▄■  ▓□                                                (2.3) 

 

 

ʋˊˈ˄ˇˌ ˒ˈˊˍʽˋʹˌ ό╔╥Ȣ◕♆╬▐╪►▌░▪▌) 

ɲ́ ˂˗˄ʶʽ ˍˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ όƘƻǳǊs) ˉˇˎ ʷ˄ʰ ˈ˔ʹ˃ʰ ʲˊʾˋˁʶˍʰʽ ˋˍʰ˃ʰˍʹ˃ʷ˄ˇ ˋʶ ʷ˄ʰ ˋˍʰʻ˃ˈ 

˒ˈˊˍʽˋʹˌ. ɮˎˍˈˌ ˇ ˔ˊˈ˄ˇˌ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ʶʾˍʶ ˋʶ ˒ˈˊˍʽˋʹ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ ʶʾˍʶ ˋʶ ʰʵˊʱ˄ʶʽʰ ˍˇˎΦ  ɶ ʶˉʽ˂ˇʴʺ 

ˍˇˎ ˔ˊˇ˄ʽˁˇˏ ʵʽʰˋˍʺ˃ʰˍˇˌ ʴʾ˄ʶˍʰʽ ˍˎ˔ʰʾʰ ʰˉˈ ˁʰˍʰ˄ˇ˃ʷˌΣ ʰ˄ʱ˂ˇʴʰ ˍʹ˄ ˍˇˉˇʻʶˋʾʰ ˉˇˎ ʲˊʾˋˁʶˍʰʽ ˍˇ 

ˈ˔ʹ˃ʰ ΨƘƻƳŜΩΣ ΨǎƘƻǇψǎƻŎƛŀƭΩ ʺ ΨǿƻǊƪΩΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ʹ ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ όbƻǊƳŀƭ ŘƛǎǘǊƛōǳǘƛƻƴύ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ ˋˍʱʻ˃ʶˎˋʹ ˋ ʁΨǿƻǊƪΩ ʷ˔ʶʽ ˃ʷˋʹ ˍʽ˃ʺ у ˗ˊʶˌΣ ʹ ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ ˋˍʱʻ˃ʶˎˋʹ ˋˍˇ ΨƘƻƳŜΩ ʷ˔ʶʽ ˃ʷˋʹ ˍʽ˃ʺ мн ˗ˊʶˌ ˁʰʽ ʹ ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ʴʽʰ 

ˍˇ ǎƘƻǇψǎƻŎƛŀƭ ʷʴʽ˄ʶ ʰʻˊˇʾʸˇ˄ˍʰˌ ˍʹ˄ ˁʰˍʰ˄ˇ˃ʺ ǎƘƻǇ ˃ʷˋʹˌ ˍʽ˃ʺˌ мΦр ˗ˊʶˌ ˁʰʽ ˍʹ˄ ˁʰˍʰ˄ˇ˃ʺ ǎƻŎƛŀƭ 

˃ʷˋʹˌ ̱ ʽ˃ʺˌ 3 ̠ ˊʶˌΦ 
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ɳʽˁˈ˄ʰ 2.7 ɼʰˍʰ˄ˇ˃ʷˌ ʴʽʰ ˔ˊˇ˄ʽˁʺ ʵʽʱˊˁʶʽʰ ˋˍʱʻ˃ʶˎˋʹˌ ʹ˂ʶˁˍˊʽˁˇˏ ˇ˔ʺ˃ʰˍˇˌ 

 

ɼʰˍʰ˄ʱ˂˖ˋʹ ʹ˂ʶˁˍˊʽˁˇˏ ˇ˔ʺ˃ʰˍˇˌ (EV.Consumption)  

ɮ˒ ˇˊʱ ˍʹ˄ ʶ˄ʶˊʴʶʽʰˁʺ ˁʰˍʰ˄ʱ˂˖ˋʹ ˉˇˎ ʷ˔ʶʽ ˉˊʰʴ˃ʰˍˇˉˇʽʺˋʶʽ ʷ˄ʰ H.O ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ʶ˄ˈˌ 

ˍʰ˅ʽʵʽˇˏ ˁʰʽ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍˇ˄ ˍˏˉˇ. 

╔╥Ȣ╒▫▪▼◊□▬◄░▫▪╔╥Ȣ◕╢◄►╪○▄■Ͻ╔╥╬▫▪▼◊□▬◄░▫▪ ▓╦▐                                  (2.4) 

ʂ̄ ˇˎ, ὉὠȢῳὛ  (km)  ́ʰˉˈˋˍʰˋʹ ˉˇˎ ʷ˔ʶʽ ʵʽʰ˄ˏˋʶʽ ʷ˄ʰ ʹ˂ʶˁˍˊʽˁˈ ˈ˔ʹ˃ʰ ˁʰʽ Ὁὠ   

(kWh/km) ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʶ˄ʶˊʴʶʽʰˁʺ ˁʰˍʰ˄ʱ˂˖ˋʹ ˉˇˎ ʷ˔ʶʽ ˇˊʽˋˍʶʾ ʰˉˈ ˍˇ˄ ˁʰˍʰˋˁʶˎʰˋˍʺ ʴʽʰ ˍˇ 

ʶˁʱˋˍˇˍʶ ˃ˇ˄ˍʷ˂ˇ ʰˎˍˇˁʽ˄ʺˍˇˎΦ 

 

ɳˉʾˉʶʵˇ ˒ˈˊˍʽˋʹˌ ɾˉʰˍʰˊʾʰˌ ˁʰˍʱ ˍʹ˄ ɮ˄ʰ˔˗ˊʹˋ  ́(╔╥Ȣ╢▫╒▀▄▬  

ɲ́ ˂˗˄ʶʽ ˍʹ˄ ˍʽ˃ʺ ˍʹˌ ʶ˄ʷˊʴʶʽʰˌ ˉˇˎ ʰ˒ˇˊʱ ˍʹ ˒ˈˊˍʽˋʹ ̱ ʹˌ ˃ˉʰˍʰˊʾʰˌ ό˖ˌ ʶˁʰˍˇˋˍʽʰʾˇ ˉˇˋˇˋˍˈύ ˁʰˍʱ 

ˍʹ˄ ʰ˄ʰ˔˗ˊʹˋʹ ˍˇˎ ɶΦʁ ˉˊˇˌ ˁʱˉˇʽˇ ˉˊˇˇˊʽˋ˃ˈΦ ɮˊ˔ʽˁˇˉˇʽʶʾˍʰʽ ˁʰˍʱ ˍʹ˄ ʶˁˁʾ˄ʹˋʹ ˍˇˎ ˉˊ˗ˍˇˎ 

ʵˊˇ˃ˇ˂ˇʴʾˇˎ ʴʽʰ ˁʱʻʶ ʹ˂ʶˁˍˊʽˁˈ ˈ˔ʹ˃ʰ ˁ ʰʽ ˇ ˍˏˉˇˌ ʶʾ˄ʰʽ, 

╔╥Ȣ╢▫╒▀▄▬
╔╥Ȣ╢▫╒

Ͻ╔╥Ȣ╢▫╒□╪●    ▓╦▐                                              ςȢυ 

 ʂ̄ ˇˎ, ὉὠȢ3Ï#  (kWh) ˃ʷʴʽˋˍʹ ʶ˄ʷˊʴʶʽʰ ˉˇˎ ʷ˔ʶʽ ˇˊʽˋˍʶʾ ʰˉˈ ˍˇ˄ ˁʰˍʰˋˁʶˎʰˋˍʺ ˍˇˎ ʶˁʱˋˍˇˍʶ 

˃ˇ˄ˍʷ˂ˇˎ ˇ˔ʺ˃ʰˍˇˌ ˁʰʽ ὉὠȢὛέὅπ ʰˊ˔ʽˁˈ ˉˇˋˇˋˍˈ (%) ˒ˈˊˍʽˋʹˌ ˃ˉʰˍʰˊʾʰˌ ˍˇ ˇˉˇʾˇ ʰ˄ʰ˂ˏʶˍʰʽ 

ˉʰˊʰˁʱˍ˖Φ ɴˉʶʽˍʰ ʹ ˍʽ˃ʺ ὉὠȢὛέὅ ʰ˄ɦ˂ˇɹh  ˃ʶ ˍˇ ʰ˄ ˔ˊʶʽʱʸʶˍʰʽ ˒ˈˊˍʽˋʹ ʷ˄ʰ ˈ˔ʹ˃ʰ ʺ ˈ˔ʽ ˉʰʾˊ˄ʶʽ 

˃ʷʴʽˋˍʹ ˍʽ˃ʺ ˒ˈˊˍʽˋʹˌ ὉὠȢὛέὅ   ̄ˇˎ ˇˊʾʸʶˍʰʽ ʰˉˈ ˍˇ˄ ˁʰˍʰˋˁʶˎʰˋˍʺ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ ʺ ˍʹ˄ 

ˍʶ˂ʶˎˍʰʾʰ ˍʽ˃ʺ ὉὠȢὛέὅ  ɦ ˒ʽ˅ʹˌ ʰ˄ˍʾˋˍˇʽ˔ʰΦ 
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ɳˉʾˉʶʵˇ ˒ˈˊˍʽˋʹˌ ɾˉʰˍʰˊʾʰˌ ˁʰˍʱ ˍʹ˄ ɯ˒ʽ˅ʹ ό╔╥Ȣ╢▫╒╪►►) 

ɿ̌ ʶʾˍʰʽ ʹ ˍʽ˃ʺ ˍʹˌ ʶ˄ʷˊʴʶʽʰˌ ˉˇˎ ʰ˒ˇˊʱ ˍʹ ˒ˈˊˍʽˋʹόǎǘŀǘŜ ƻŦ ŎƘŀǊƎŜΣ SOCύ ˍʹˌ ˃ˉʰˍʰˊʾʰˌ ˁʰˍʱ ˍʹ˄ 

ʱ˒ʽ˅ʹ ˍˇˎ ʹ˂ʶˁˍˊʽˁˇˏ ˇ˔ʺ˃ʰˍˇˌ ̀ ˍˇ˄ ̄ ˊˇˇˊʽˋ˃ˈΦ  

╔╥Ȣ╢▫╒╪►► ╔╥Ȣ╢▫╒▀▄▬ ╔╥Ȣ╒▫▪▼◊□▬◄░▫▪ ▓╦▐                            ςȢφ 

,ˈˉˇˎ ὉὠȢὛέὅ  ˍˇ ʶˉʾˉʶʵˇ ˒ˈˊˍʽˋʹˌ ˃ˉʰˍʰˊʾʰˌ όkWhύˁʰˍʱ ˍʹ˄ ʰ˄ʰ˔˗ˊʹˋʹ ˁʰʽ 

ὉὠȢὅέὲίόάὴὸὭέὲ ́  ʁ˄ ʶˊʴʶʽʰˁʺ ˁʰˍʰ˄ʱ˂˖ˋʹ ˉˇˎ ʷ˔ʶʽ ˉˊʰʴ˃ʰˍ˗ˋʶʽ ʷ˄ʰ H.O. (kWh) 

 

ʃˇˋˇˋˍˈ ˒ˈˊˍʽˋʹˌ ˃ˉʰˍʰˊʾʰˌ ˁʰˍʱ ˍʹ˄ ɦ ˒ʽ˅ʹ (╔╥Ȣ╢▫╒╪►►Ϸ ) 

ɳʾ ˄ʰʽ ˍˇ ˉˇˋˇˋˍˈ(%) ˒ ˈˊˍʽˋʹˌ ˍʹˌ ˃ˉʰˍʰˊʾʰˌ ʶ˄ˈˌ ʰˎˍˇˁʽ˄ʺˍˇˎ ˁʰˍʱ ˍʹ˄ ʱ˒ʽ˅ʹ ˍˇˎ ˋˍˇ˄ ˉˊˇˇˊʽˋ˃ˈΦ 
ɮˎˍʺ ʹ ˃ʶˍʰʲ˂ʹˍʺ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˗ˋˍʶ ˄ʰ ʴʾ˄ʶʽ ʷ˂ʶʴ˔ˇˌ ʴʽʰ ˍˇ ʰ˄ ʷ˄ʰ H.O. ˔ˊʶʽʱʸʶˍʰʽ ˒ˈˊˍʽˋʹ ʺ 
ˈ˔ʽΦ ʁ ˍˏˉˇˌ ʶʾ˄ʰʽ  

╔╥Ȣ╢▫╒╪►►Ϸ  
%ὠȢ3Ï#

%6Ȣ3Ï#  
Ͻρππ Ϸ                                               ςȢχ 

 

ʂ̄ ˇˎ, %6Ȣ3Ï# (kWh)  ˍˇ ʁ̄ ʾˉʶʵˇ ˒ˈˊˍʽˋʹˌ ˃ˉʰˍʰˊʾʰˌ ˁʰˍʱ ˍʹ˄ ʱ˒ʽ˅ʹ ˋ̱ ˇ˄ ˉˊˇˇˊʽˋ˃ˈ ˁʰʽ 
%6Ȣ3Ï#  (kWh)  ʹ ˃ʷʴʽˋˍʹ ʶ˄ʷˊʴʶʽʰ ˉˇˎ ʷ˔ʶʽ ˇˊʽˋˍʶʾ ʰˉˈ ˍˇ˄ ˁʰˍʰˋˁʶˎʰˋˍʺ ˍˇˎ ʶˁʱˋˍˇˍʶ 
˃ˇ˄ˍʷ˂ˇˎ ˇ˔ʺ˃ʰˍˇˌ. ɳʽʵʽˁʱΣ ʴʾ˄ʶˍʰʽ ʴˊʰ˃˃ʽˁʺ ˉʰˊʶ˃ʲˇ˂ʺ-ƛƴǘŜǊǇƻƭŀǘƛƻƴ όʵʽʰʵʽˁʰˋʾʰ ʶˁˍʾ˃ʹˋʹˌ 
ʱʴ˄˖ˋˍ˖˄ ˍʽ˃˗˄ ˉˇˎ ˉʷ˒ˍˇˎ˄ ˃ʶˍʰ˅ˏ ʴ˄˖ˋˍ˗˄ ˍʽ˃˗˄ύ ˍˇˎ %6Ȣ3Ï#Ϸ  ˗ˋˍʶ ˄ʰ ʲˊʶʻʶʾ ʹ 
ˉʽʻʰ˄ˈˍʹˍʰ ˒ˈˊˍʽˋʹˌ ˉʱ˄˖ ˋˍʹ ˁʰˍʰ˄ˇ˃ʺ ̱ ˇˎ ʶˉˈ˃ʶ˄ˇˎ ˋ˔ʺ˃ʰˍˇˌΦ ɾʶ ˃ʾʰ ˍˎ˔ʰʾʰ ʶˉʽ˂ˇʴʺ ʰˊʽʻ˃ˇˏ 
ʰˉˈ л-м ˋˎʴˁˊʾ˄ˇˎ˃ʶ ˍʽˌ ʵˏˇ ˍʽ˃ʷˌ ˁʰʽ ʰ˄ ˇ ˍˎ˔ʰʾˇˌ ʰˊʽʻ˃ˈˌ ʶʾ˄ʰʽ ˃ʽˁˊˈˍʶˊˇˌ ˍʹˌ ˍʽ˃ʺˌ ˍʹˌ ˁʰˍʰ˄ˇ˃ʺ ̩
ʴʾ˄ʶˍʰʽ ˒ˈˊˍʽˋʹ ʶ˄˗ ʰ˄ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊˇˌ ʵʶ ˒ˇˊˍʾʸˇˎ˃ʶΦ ʅˏ˃˒˖˄ʰ ˃ʶ ˍˇ˄ ʰ˂ʴˈˊʽʻ˃ˇ ʶ˒ˈˋˇ˄ ˍˇ 
ˉˇˋˇˋˍˈ ˍʹˌ ˃ˉʰˍʰˊʾʰˌ ʶʾ˄ʰʽ ˃ʽˁˊˈˍʶˊ̌ ̱ ˇˎ пр҈ ʴʾ˄ʶˍʰʽ ˎˉˇ˔ˊʶ˖ˍʽˁʺ ˒ˈˊˍʽˋʹ ˋˍʹ ˃ʷʴʽˋˍʹ ˍʽ˃ʺ ˍˇˎ 
SoC ̀ ˏ˃˒˖˄ʰ ˃ʶ ˍˇ˄ ˁʰˍʰˋˁʶˎʰˋˍʺΣ ʶʱ˄ ˍˇ ˉˇˋˇˋˍˈ ʶʾ˄ʰʽ ʰ˄ʱ˃ʶˋʰ ˋʶ пр ҈-фр҈ ˎˉʱˊ˔ʶʽ ˉʽʻʰ˄ˈˍʹˍʰ 
˒ˈˊˍʽˋʹˌ ˁʰʽ ʶʱ˄ ˍˇ ╢▫╒╪►► ʁ ʾ˄ʰʽ ʰˉˈ фр҈-млл҈ ˍˇ ˈ˔ʹ˃ʰ ʵʶ ˒ˇˊˍʾʸʶʽ.  

 

ɳʽˁˈ˄ʰ 2.8 ɼʰˍʰ˄ˇ˃ʺ ʴʽʰ ʶˉʽ˂ˇʴʺ ʶˉʽˉʷʵˇˎ ˒ ˈˊˍʽˋʹˌ ˃ˉʰˍʰˊʾʰˌ (╔╥Ȣ╢▫╒╪►►Ϸ ) 








































































































































