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Abstract :  

 

Currently in 2020, world community is facing challenges that on way or 

another has itself  provoked.  Climate change and the greenhouse effect are 

directly related to an ever increasing level of gas pollutants  produced in the 

course of  recklessly utilizing  fossil fuels  to cover the  global energy needs. 

Even though the line of argument briefly taken up above should be 

considered  to be critical enough so as to make us search for alternative modes of 

living friendlier to the environment and more compatible to the needs of life, to 

the same end  it is  also decisive that the global fossil fuel reserves  have already 

been significantly reduced and they are certainly going to run out at some point in 

the next 100 years if current  rate of consumption was to be maintained. 

As a consequence, an endeavor to diminish dependence on conventional 

types of combustibles is being currently carried through, part of which involves a 

shift to the use of electrically powered vehicles. It is estimated that electric 

vehicles will reach a 50% share of the global market within the next twenty years. 

This will significantly reshape electrical energy networks and will affect their way 

of being designed and operated. Widespread use of battery charging points for 

electric vehicles, a core issue to treat in the course of this thesis, will come up  as 

a significant factor of these changes. 

In this context,  a battery charging station with a capacity to serve  electric 

vehicles at the same time has been modelled  and different alternatives have 

been investigated so as to regulate the battery charging process in such a way as 

to minimize operational costs for this station, making use of the advantages 

inherent in fuzzy logic and Real Time Pricing.  Matlab and Fuzzy Logic Toolbox 

have been chosen to model and simulate the examined system. An account of 

basic benefits,  constraint conditions and concluding considerations will be given, 

based on the results obtained by the simulation of a realistic electric vehicle 

charging station. 
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1 ɞʅʎɻɾʖɾʙ:  
 

ʁ ˋˏʴ˔ˊˇ˄ˇˌ ˍˊˈˉˇˌ ʸ˖ʺˌ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ʰˉˈ ˍˇ˄ ˉˈʻˇ ˍʹˌ ˋˎ˄ʶ˔ˇˏˌ 

ζʰ˄ʰʲʱʻ˃ʽˋʹˌη ˋʶ ˍˇ˃ʶʾˌ ˉˇˎ ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶ ˍʹ˄ ˏˉʰˊ˅ʹ ˁʰʽ ˍʹ˄ ˂ʶʽˍˇˎˊʴʾʰ ˍ˖˄ 

ˋˏʴ˔ˊˇ˄˖˄ ˁˇʽ˄˖˄ʽ˗˄Φ ʅˎ˔˄ʱ ʹ ˃̌ ˄̍ˉ˂ʶˎˊʹ ˉˊˇˋʷʴʴʽˋʹ ʰˎˍʺˌ ˍʹˌ ʰ˄ʰʲʱʻ˃ʽˋʹ ̩

˒ʷˊ˄ʶʽ ˍʹ˄ ʰ˄ʻˊ˖ˉˈˍʹˍʰ ʰ˄ˍʽ˃ʷˍ˖ˉʹ ˁʰʽ ˃ʶ ʰ˄ʰʲʰʻ˃ʽˋ˃ʷ˄ʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ˈˉ˖ˌ 

ʹ ˁ˂ʽ˃ʰˍʽˁʺ ʰ˂˂ʰʴʺ ˁʰʽ ˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˍˇˎ ʻʶˊ˃ˇˁʹˉʾˇˎΦ 

 ɶ ˊʰʴʵʰʾʰ ʰ˄ʱˉˍˎ˅ʹ ˍʹˌ ʹ˂ʶˁˍˊˇˁʾ˄ʹˋʹˌ ˉˇˎ ˉʰˊʰˍʹˊʶʾˍʰʽ ˍʰ ˍʶ˂ʶˎˍʰʾʰ 

˔ˊˈ˄ʽʰ ʶˉʽ˔ʶʽˊʶʾ ˄ʰ ˁʰ˂ˏ˕ʶʽ ˃ʷˊˇˌ ̱ ʹˌ ʰˉʱ˄ˍʹˋʹˌ ˋˍʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ʰˎˍʱΦ      

ʆʰ ʹ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰ ʶʾ˄ʰʽ ˉ˂ʷˇ˄ ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰ ˁʰʽ ˁʶˊʵʾʸˇˎ˄ ˈ˂ˇ ˁʰʽ 

ˉʶˊʽˋˋˈˍʶˊˇ ʷʵʰ˒ˇˌΦ ʅˎ ˄ʰ˄ˍ˗˄ˍʰʽ ˋʶ ʵʽʱ˒ˇˊʶˌ ˁʰˍʹʴˇˊʾʶˌ όʶˉʽʲʰˍʽˁʱΣ 

ʶˉʰʴʴʶ˂˃ʰˍʽˁʱΣ ʰʴ˖˄ʽˋˍʽˁʱύ ˁʰʽ ˋʶ ˃ʽʰ ʶˎˊʶʾʰ ʴˁʱ˃ʰ ʵˎ˄ʰˍˇˍʺˍ˖˄Φ ɶ ˃ʰʸʽˁʺ 

˔ˊʺˋʹ ˍˇˎˌ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ˋˎ˃ʲʱ˂˂ʶʽ, ˋˍʹ ˃ʶʾ˖ˋʹ ˍʹˌ ʰˍ˃ˇˋ˒ʰʽˊʽˁʺˌ ˊˏˉʰ˄ˋʹˌ 

ˁʰ̔ ˄ʰ ʰ˂˂ʱ˅ʶʽ ˋʹ˃ʰ˄ˍʽˁʱ ˍʰ ʹ˂ʶˁˍˊʽˁʱ ʵʾˁˍˎʰ, ˁʰʻ˗ˌ  ʻ  hˉˊˇˋʵ˗ˋʶʽ ˋʶ ʰˎˍʱ 

˃ʶʴʱ˂ʶˌ ʵˎ˄ʰˍˈˍʹˍʶˌ ʰˉˇʻʺˁʶˎˋʹˌ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰ,̩ ˉˊʱʴ˃ʰ ˉˇˎ 

ʶ˅ˎˉʹˊʶˍʶʾ ˍʹ˄ ʰˉˇʵˇˍʽˁˈˍʶˊʹ ˋˎ˄ʶˊʴʰˋʾʰ ˃ʶ ˍʽˌ ʵʽʱ˒ˇˊʶˌ ˃ˇˊ˒ʷˌ 

ʰ˄ʰ˄ʶ˗ˋʽ˃˖˄ ˉʹʴ˗˄ ʶ˄ʷˊʴʶʽʰˌΦ 

ɴ˄ʰ ʲʰˋʽˁˈ ʸʺˍʹ˃ʰ ˉˇˎ ʶʽˋʱʴʶʽ ʹ ʶˎˊʶʾʰ ˔ˊʺˋʹ ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄ 

ʶʾ˄ʰʽ ʰˎˍˈ ˍˇˎ ˋ˔ʶʵʽʰˋ˃ˇˏ ˁʰʽ ʵʹ˃ʽˇˎˊʴʾʰˌ ʶ˄ˈˌ ʵʽˁˍˏˇˎ ʰ˄ʶ˒ˇʵʽʰˋ˃ˇˏ ˍ˖˄ ʶ˄ 

˂ˈʴ˖ ˇ˔ʹ˃ʱˍ˖˄Φ ʁʽ ˋˍʰʻ˃ˇʾ ˒ˈˊˍʽˋʹˌ ʶʾ˄ʰʽ ʰˎˍˇʾ ˉˇˎ ʻʰ ʶˉʽʵʽ˗˅ˇˎ˄ ˄ʰ 

ʰ˄ˍʽˁʰˍʰˋˍʺˋˇˎ˄ ̱ ʰ ʴ˄˖ˋˍʱ ˋʶ ˈ˂ˇˎˌ ˃ʰˌ ˉˊʰˍʺˊʽʰ ˁʰˎˋʾ˃˖˄Φ 

ɶ ̄ ʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ ˉˊˇˋˇ˃ˇʽ˗˄ʶʽ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ʶ˄ˈˌ ˍʷˍˇʽˇˎ 

ˋˍʰʻ˃ˇˏ ˁʰʽ ʶˉʽˁʶ˄ˍˊ˗˄ʶˍʰʽ ˋˍʹ ˃ʶ˂ʷˍʹ ˁʰʽ ʰ˄ʱˉˍˎ˅ʹ ʶ˄ˈˌ ʷ˅ˎˉ˄ˇˎ ˋˎˋˍʺ˃ʰˍˇˌ 

˒ˈ́ˍʽˋʹˌΣ ˉˇˎ ʶˉʽʵʽ˗ˁʶʽ ˄ʰ ˉʶˍˏ˔ʶʽ ˍˇ ʲʷ˂ˍʽˋˍˇ ˁˈˋˍˇˌ ˂ʶʽˍˇˎˊʴʾʰˌΦ ɱʽʰ ˍˇ 

ˋˁˇˉˈ ʰˎˍˈ ʰ˄ʰˉˍˏˋˋʶˍʰʽ ʷ˄ʰ ˃ˇ˄ˍʷ˂ˇ ˉˇˎ ʶˁ˃ʶˍʰ˂˂ʶˏʶˍʰʽ ˍʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ 

ˍʹˌ ʰˋʰ˒ˇˏˌ ˂ˇʴʽˁʺˌ ˁʰʽ ˍˇˎ real time electricity pricing ˁʰʽ ˍʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ʴʽʰ 

ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ ʶ˂ʶʴ˔ˈ˃ʶ˄ˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˒ˈˊˍʽˋʹˌΦ ʆʷ˂ˇˌ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰ ̔

ʹ ʶˁˍʷ˂ʶˋʹ ˁʱˉˇʽ˖˄ ˋʶ˄ʰˊʾ˖˄ ˉˇˎ ʰ˄ʰˉˍˏ˔ʻʹˁʰ˄ ˗ˋˍʶ ˄ʰ ʴʾ˄ʶʽ ˇˊʰˍˈ ˍˇ 
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ˉˇˋˇˋˍˈ ʲʶ˂ˍʾ˖ˋʹˌ ˉˇˎ ʶˉʽˍˎʴ˔ʱ˄ʶʽ ʹ ʶ˂ʶʴ˔ˈ˃ʶ˄ʹ ˒ˈˊˍʽˋʹ ʷ˄ʰ˄ˍʽ ˍʹˌ ˃ʹ 

ʶ˂ʶʴ˔ˈ˃ʶ˄ʹˌΦ 

ʅ˔ʶˍʽˁʱ ˃ʶ ˍʹ ʵˇ˃ʺ ˍʹˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌΣ ˋˍˇ ˉʰˊˈ˄ 

ˁʶ˒ʱ˂ʰʽˇ ʴʾ˄ʶˍʰʽ ˃ʽʰ ʶʽˋʰʴ˖ʴʺ ˋˍˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˃ʶ˂ʷˍʹˌΦ ʅˍˇ ˁʶ˒ʱ˂ʰʽˇ н ʴʾ˄ʶˍʰʽ 

˃ʽʰ ˉʰˊˇˎˋʾʰˋʹ ˍˇˎ ʴ˄˖ˋˍʽˁˇˏ ˎˉˈʲʰʻˊˇˎ ˍʹˌ ʶ˄ ˂ˈʴ˖ ʶˊʴʰˋʾʰˌ ˁʰʽ 

ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ˇʽ ʵʽʱ˒ˇˊʶˌ ˍʶ˔˄ˇ˂ˇʴʾʶˌΦ ʅˍˇ ˁʶ˒ʱ˂ʰʽˇ о ʷ˔ˇˎ˃ʶ ˍʹ˄ ʰ˄ʰ˂ˎˍʽˁʺ 

ˉʶˊʽʴˊʰ˒ʺ ˍʹˌ ˃ʶʻˈʵˇˎ ˁʰʽ ˋˍˇ п ʴʾ˄ʶˍʰʽ ʹ ˉʰˊˇˎˋʾʰˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Φ 

ʆʷ˂ˇˌ ˍˇ ˁʶ˒ʱ˂ʰʽˇ р ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ˋˎ˃ˉʶˊʰˋ˃ʱˍ˖˄ ˉˇˎ 

ʶ˅ʺ˔ʻʹˋʰ˄ ˁʰʻ˗ˌ ˁʰʽ ˁʱˉˇʽʶˌ ˉˊˇˍʱˋʶʽˌ ʴʽʰ ˉʶˊʰʽˍʷˊ˖ ʷˊʶˎ˄ʰΦ          
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2 ɜʉʖʎʐʅʆʝ ʑʌʝɼɻʃʍʋ 
 

ʆʰ ʹ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰ ʵʶ˄ ʰˉˇˍʶ˂ˇˏ˄ ˃ʾʰ ˄ʷʰ ʰ˄ʰˁʱ˂ˎ˕ʹ ʰ˂˂ʱ ˃ˉˇˊʶʾ 

ˁʰ˄ʶʾˌ ˄ʰ ʶ˄ˍˇˉʾˋʶʽ ˁʱˉˇʽʰ ˉˊˈˍˎˉʰ ˍʷˍˇʽ˖˄ ˉʰˊʰʵʶʽʴ˃ʱˍ˖˄ ˋ˔ʶʵˈ˄ н ʰʽ˗˄ʶˌ 

ˉˊʽ˄Φ ʆˇ муот ˇ Thomas Davenport ˁʰˍʰˋˁʶˎʱʸʶʽ ˍˇ˄ ˉˊ˗ˍˇ ʹ˂ʶˁˍˊʽˁˈ ˁʽ˄ʹˍʺˊʰ 

ˉˇˎ ʵʶ˄ ʰˉˇˍʶ˂ʶʾ ˉʶʽˊʰ˃ʰˍʽˁʺ ʷˁʵˇˋʹ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ʶ˒ʰˊ˃ˇˋˍʶʾ ˋˍʹ˄ ˉˊʱ˅ʹ [1], 

˖ˋˍˈˋˇ ʹ ʰ˄ʰˁʱ˂ˎ˕ʹ ˃ʶʴʱ˂˖˄ ʰˉˇʻʶ˃ʱˍ˖˄ ˉʶˍˊʶ˂ʰʾˇˎ ˍʹ˄  ʾʵʽʰ ʶˉˇ˔ʺ ˁʰʽ ʹ 

ˉʰˊʱ˂˂ʹ˂ʹ ˁʰʽ ʴˊʹʴˇˊˈˍʶˊʹ ʶ˅ʷ˂ʽ˅ʹ ˍ˖˄ ˃ʹ˔ʰ˄˗˄ ʶˋ˖ˍʶˊʽˁʺˌ ˁʰˏˋʹˌ 

ʰˉˇˍʶ˂ˇˏ˄ ˃ʶʴʱ˂ˇ ʰ˄ˍʰʴ˖˄ʽˋ˃ˈ ˁʰʽ ˍʶ˂ʽˁ˗ˌ ʻʰ ʶˉʽˁˊʰˍʺˋˇˎ˄ [1]Φ ɮˊˁʶˍʱ ˔ˊˈ˄ʽʰ 

ʰˊʴˈˍʶˊʰ ˋˍʽˌ ʰˊ˔ʷˌ ˍˇˎ нмˇˎ ʰʽ˗˄ʰ ˈˍʰ˄ ˁʰʽ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˇʽ ˉˊ˗ˍʶˌ ʶ˄ʵʶʾ˅ʶʽˌ 

ˉ˖ˌ ˍʰ ˇˊˎˁˍʱ ˁʰˏˋʽ˃ʰ ʵʹ˃ʽˇˎˊʴˇˏ˄ ˋʹ˃ʰ˄ˍʽˁʱ ˉˊˇʲ˂ʺ˃ʰˍʰ ˁʰˍʱ ˍʹ˄ ˁʰˏˋʹ 

ˍˇˎˌ, ˁʰʻ˗ˌ ˁʰʽ ˍˇ ʴʶʴˇ˄ˈˌ ˉ˖ˌ ʰˎˍʱ ˋˍʶˊʶˏˇˎ˄ ʵʽʰˊˁ˗ˌ ʰˉˇˍʶ˂ˇˏ˄ ʲʰˋʽˁʷˌ 

ʰʽˍʾʶˌ ˉˇˎ ˍʰ ʹ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰ ˅ʰ˄ʰʷˊ˔ˇ˄ˍʰʽ ˋʽʴʱ ˋʽʴʱ ˋˍˇ ˉˊˇˋˁʺ˄ʽˇΦ ʅʺ˃ʶˊʰ 

ˎˉʱˊ˔ˇˎ˄ ˋʹ˃ʰ˄ˍʽˁʷˌ ʶˁˍʽ˃ʺˋʶʽˌ ˉ˖ˌ ˋʶ ˂ʽʴˈˍʶˊˇ ʰˉˈ рл ˔ˊˈ˄ʽʰ ˍʰ 

ʹ˂ʶˁˍˊˇˁʾ˄ʹˍʰ ʶˉʽʲʰˍʽˁʱ ˁʰʽ ˈ˔ʽ ˃ˈ˄ˇ ˇ˔ʺ˃ʰˍʰ ʻʰ ˁʰ˂ˏˉˍˇˎ˄ ˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ 

ˁˇ˃˃ʱˍʽ ˍʹˌ ʰʴˇˊʱˌ [2].  

 

 

2.1 ɩʇʀʋʉʀʆʐʙʈɻʐɻ ʆɻʅ ʈʀʅʋʉʀʆʐʙʈɻʐɻ ʂʇʀʆʐʍʋʆʚʉʂʎʂʏ. 
 

ʅˎʴˁˊʾ˄ˇ˄ˍʰˌ ˍʰ ʹ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰ ˃ʶ ˍʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ˋˎ˃ʲʰˍʽˁʱ ˃ˉˇˊʶʾ 

ˁʰ˄ʶʾˌ ˄ʰ ˉʰˊʰˍʹˊʺˋʶʽ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʶˁʶʾ˄ʰ ˉˇˎ ˍʰ ˁʱ˄ˇˎ˄ ˉʶˊʽˋˋˈˍʶˊˇ ʺ 

˂ʽʴˈˍʶˊˇ ʶ˂ˁˎˋˍʽˁʱ. 

ü 2.1.1 ɩʇʀʋʉʀʆʐʙʈɻʐɻ ʂʇʀʆʐʍʅʆʡʉ ʋʔʂʈʗʐʖʉȡ  
 

¶ ɳʾ˄ʰʽ ˒ʽ˂ʽˁˈˍʶˊʰ ˉˊˇˌ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˁʰʽ ˁʰˍʱ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎˌ 

ό˃ʹɻʁ ˄ʽˁˇʾ ˊˏˉˇʽύ  ʰ˂˂ʱ ˁʰʽ ˖ˌ ˉˊˇˌ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ˍˇˎˌ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁˈ 
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ʰˉˇˍˏˉ˖˃ʰ όˁʰˍʰˋˁʶˎʺΣ h ˄ʶ˒ˇʵʽʰˋ˃ˈˌύ [2]. 

 

¶ ɶ ˔ˊʺˋʹ ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄ ˉʶˊʽˇˊʾʸʶʽ ˍʹ˄ ˁʰˍʰ˄ʱ˂˖ˋʹ ˇˊˎˁˍ˗˄ 

ˁʰˎˋʾ˃˖˄ ̠ ˋˍʶ ʰˎˍʱ ˄ʰ ʶʾ˄ʰʽ ʵʽʰʻʷˋʽ˃ʰ ʴʽʰ ʱ˂˂ʰ ˉʶˍˊʶ˂ʰʽˇʶʽʵʺ ˉˊˇʿˈ˄ˍʰ 

ˉˇˎ ʷ˔ˇˎ˃ʶ ʰ˄ʱʴˁʹΦ 

 

¶ ɰˇʹʻˇˏ˄ ˋˍʹ ˋ˔ʶʵʾʰˋʹ ˁʰʽ ˋˍʹ ˂ʶʽˍˇˎˊʴʾʰ ʷ˅ˎˉ˄˖˄ ʵʽˁˍˏ˖˄ Smart Grid ˁʰʽ 

ʵʽʶˎˊˏ˄ˇˎ˄ ˋʶ ˋʹ˃ʰ˄ˍʽˁˈ ʲʰʻ˃ˈ ˍʹ˄ ˔ˊʺˋʹ ˁʰʽ ˍʹ˄ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰ 

ˍ˖˄ ɮʃɳ ʰ˒ˇˏ ˈˍʰ˄ ˃ʽ˂ʱ˃ʶ ʴʽʰ ˃ʰʸʽˁʺ ˔ˊʺˋʹ ʰˎˍʱ ʰˉˇˍʶ˂ˇˏ˄ ˃ʽʰ 

ˍʶˊʱˋˍʽʰ ˁʽ˄ˇˏ˃ʶ˄ʹ ˃ˉʰˍʰˊʾ h[2]. 

 

¶ ɾʶʽ˗˄ˇˎ˄ ˍʹ˄ ʹ˔ˇˊˏˉʰ˄ˋʹ ˁʰʻ˗ˌ ʶʾ˄ʰʽ ˋ˔ʶʵˈ˄ ʰʻˈˊˎʲʰ ˁʰʽ ʷˍˋʽ ˋʶ 

ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʹ˄ ˃ʹ ʶˁˉˇ˃ˉʺ ˁʰˎˋʰʶˊʾ˖˄ ʶʾ˄ʰʽ ʽʵʰ˄ʽˁʱ ʰˁˈ˃ʰ ˁʰʽ ʴʽʰ 

˔ˊʺˋʹ ˋʶ ˁ˂ʶʽˋˍˇˏˌ ˔˗ˊˇˎˌ ό˃ʶʴʱ˂ʰ ʶˊʴˇˋˍʱˋʽʰ ˁ˂)̄ [3] .  

 

¶ ʆh ʹ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰ ʰˉʰʽˍˇˏ˄ ˂ʽʴˈˍʶˊˇ ˍʰˁˍʽˁʺ ˁʰʽ ˉʽˇ ˇʽˁˇ˄ˇ˃ʽˁʺ 

ˋˎ˄ˍʺˊʹˋʹ ˁʰʽ ʵʽʰʻʷˍˇˎ˄ ˁʽ˄ʹˍʺˊʰ ˃ʶ ˉˇ˂˂ʰˉ˂ʱˋʽʰ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ [3]. 

 

¶ ɳ˃˒ʰ˄ʾʸˇˎ˄ ˉˇ˂ˏ ˃ʶʴʰ˂ˏˍʶˊˇ ʲʰʻ˃ˈ ʰˉˈʵˇˋʹˌ ˁʰʽ ˃ʽˁˊˈˍʶˊʶˌ ʰˉ˗˂ʶʽʶˌ 

ˁʰˍʱ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ˃ʶˍʰˍˊˇˉʺˌ ˍʹˌ ˔ʹ˃ʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ˋʶ ˁʽ˄ʹˍʽˁʺ ˁʰʽ 

ˉˊˇˋ˒ʷˊˇˎ˄ ʰˎ˅ʹ˃ʷ˄ˇ ˁʰʽ ˋ˔ʶʵˈ˄ ˋˍʰʻʶˊˈ ʶˉʾˉʶʵˇ ˊˇˉʺˌ ˋʶ ˈ˂ˇ ˍˇ 

ʶˏˊˇˌ ˍ˖˄ ˋˍˊˇ˒˗˄ ˁʱˍʽ ˉˊʰˁˍʽˁʱ ʰʵˏ˄ʰˍˇ  ˁʰʽ ʰˋˎ˄ʰʴ˗˄ʽˋˍˇ ʴʽʰ ˍˇˎˌ 

ˁʽ˄ʹˍʺˊʶˌ ʶˋ˖ˍʶˊʽˁʺˌ ˁʰˏˋʹˌ [4].  

 

¶ ʁ ʰ˄ʶ˒ˇʵʽʰˋ˃ˈˌ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ ʶʾ˄ʰʽ ʶ˒ʽˁˍˈˌ ʰˁˈ˃ʰ ˁʰʽ ˋˍˇ ˋˉʾˍʽ ˔˖ˊʾˌ 

ˍʹ˄ ʰ˄ʱʴˁʹ ˏˉʰˊ˅ʹˌ ʶ˅ʁ ʽʵʽˁʶˎ˃ʷ˄ˇˎ ʁ ˅ˇˉ˂ʽˋ˃ˇˏΦ  
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ü 2.1.2 ɥʀʅʋʉʀʆʐʙʈɻʐɻ ʂʇʀʆʐʍʅʆʡʉ ʋʔʂʈʗʐʖʉȡ  

 

 

¶ ɴ˔ˇˎ˄ ʰˎ˅ʹ˃ʷ˄ˇ ˁˈˋˍˇˌ ˉʰˊʱʴ˖ʴʺˌ ˁʰʽ ˁʰˍΩ ʶˉʷˁˍʰˋʹ ˃ʶʴʱ˂ˇ ˁˈˋˍˇˌ 

ʰʴˇˊʱˌΣ ɻ ˎˋʰ˄ʱ˂ˇʴˇ ˃ʶ ʰˎˍˈ ˍ˖˄ ˋˎ˃ʲʰˍʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄ [4]. 

 

¶ ɲʶ˄ ʵʽʰʻʷˍˇˎ˄ ʰ˄ʶˉˍˎʴ˃ʷ˄ˇ ʵʾˁˍˎˇ ʰ˄ʶ˒ˇʵʽʰˋ˃ˇˏ ˁʰʽ ˋˎ˄ˍʺˊʹˋʹˌ.  

 

¶ ʃʰˊˇˎˋʽʱʸˇˎ˄ ˋʹ˃ʰ˄ˍʽˁʱ ˃ʽˁˊˈˍʶˊʹ ʰˎˍˇ˄ˇ˃ʾʰ ˉˇˎ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍˇ 

˃ʶʴʱ˂ˇ ˔ˊˈ˄ˇ ʰ˄ʶ˒ˇʵʽʰˋ˃ˇˏ ό˃ʶˊʽˁʷˌ ˗ˊʶˌ ʴʽʰ ˉ˂ʺˊʹ ˒ˈˊˍʽˋʹύ ˍʰ ˁʱ˄ʶʽ 

˂ʽʴˈˍʶˊˇ ˁʰˍʱ˂˂ʹ˂ʰ ɹ ʽ h˃ ʶʴʱ˂ʶˌ ʵʽʰʵˊˇ˃ʷˌ ˁʰʽ ˍʰ˅ʾʵʽʰ [3]. 

 

¶ ʁʽ  ˃ˉʰˍʰˊʾʶˌ ˍ˖˄ ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄ ʰ˄ ˁʰʽ ʷ˔ˇˎ˄ ˋʹ˃ʶʽ˗ˋʶʽ ˍʶˊʱˋˍʽʰ 

ʶ˅ʷ˂ʽ˅ʹ ʶ˅ʰˁˇ˂ˇˎʻˇˏ˄ ˋʶ ʷ˄ʰ ʲʰʻ˃ˈ ˄ʰ ʶʾ˄ʰʽ ʲʰˊʽʷˌΣ ˇʴˁ˗ʵʶʽˌ ˁʰʽ ˄ʰ 

ʶ˃ ˒ʰ˄ʾʸˇˎ˄ ˃ʶʴʱ˂ˇ ˁˈˋˍˇˌ [4].   
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2.2 ɬʀʔʉʋʇʋɾʚʀʏ ʂʇʀʆʐʍʅʆʡʉ ʋʔʂʈʗʐʖʉȢ 
 

 

 

 

 

 

 

 

 

 

 

 

 

ʆʰ ʹ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰ ˔˖ˊʾʸˇ˄ˍʰʽ ˋʶ ʵʽʱ˒ˇˊʶˌ ˁʰˍʹʴˇˊʾʶˌ ˃ʶ ˁˊʽˍʺˊʽˇ ˁˎˊʾ˖ˌ 

ˍˇ ʰ˄ ʰˎˍʱ ʶʾ˄ʰʽ ʰ˃ʽʴ˗ˌ ʹ˂ʶˁˍˊʽˁʱ ʺ ʰ˄ ˂ʶʽˍˇˎˊʴˇˏ˄ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˁʽ˄ʹˍʺˊʶˌ 

ʶˋ˖ˍʶˊʽˁʺˌ ˁʰˏˋʹˌΣ ʰ˄ ʶ˃˒ʰ˄ʾʸˇˎ˄ ʵʹ˂ʰʵʺ ˁʱˉˇʽˇ˄ ˎʲˊʽʵʽˋ˃ˈ. ɾʽʰ  ʴʶ˄ʽˁʺ 

ˁʰˍʹʴˇˊʽˇˉˇʾʹˋʹ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʷˋˋʶˊʽˌ ʲʰˋʽˁʷˌ ˇ˃ʰʵˇˉˇʽʺˋʶʽˌ ʹ˂ʶˁˍˊʽˁ˗˄ 

ˇ˔ʹ˃ʱˍ˖˄ [5] [6] [7]. 

¶ ɶ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰ ˃ˉʰˍʰˊʾʰˌ όBattery Electric Vehicles-BEV) 

¶ ɶ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰ ʰˎ˅ʹ˃ʷ˄ʹˌ ʰˎˍˇ˄ˇ˃ʾʰˌ όExtended Range Electric 

Vehicles-EREV) 

¶ ɶ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰ ˁˎ˕ʶ˂˗˄ ˁʰˎˋʾ˃ˇˎ όFuel Cell Electric Vehicles-FCEV) 

¶ ʇʲˊʽʵʽˁʱ ʹ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰ όHybrid Electric Vehicles-HEV) 

 

ɳʽˁˈ˄ʰ 1 ɼʰˍʹʴˇˊʾʶˌ ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄ ˁʰʽ ʲʰˋʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ [26] 
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ü 2.2.1 ɠʇʀʆʐʍʅʆʗ ʋʔʙʈɻʐɻ ʈʌɻʐɻʍʚɻʏ ɉBattery Electric Vehicles-BEV) :  

 

 

 

 

 

 

 

 

ʅʶ ʰˎˍʺ˄ ˍʹ ˁʰˍʹʴˇˊʾʰ ʰ˄ʺˁˇˎ˄ ʶˁʶʾ˄ʰ ˍʰ ʹ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰ ˍʰ ˇˉˇʾʰ ʶʾ˄ʰʽ 

ʶ˅ˇ˂ˇˁ˂ʺˊˇˎ ʹ˂ʶˁˍˊʽˁʱ όʵʶ˄ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˁʱˉˇʽˇ˄ ˎʲˊʽʵʽˋ˃ˈύ ˁʰʽ ʹ ˁʾ˄ʹˋʹ 

ˍˇˎˌ ˋˍʹˊʾʸʶˍʰ ̔ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ˋʶ ʷ˄ʰ˄ ʺ ˁʰʽ ˉʶˊʽˋˋˈˍʶˊˇˎˌ ʹ˂ʶˁˍˊʽˁˇˏˌ 

ˁʽ˄ʹˍʺˊʶ ̩ [8]Φ ʆʹ˄ ˍˊˇ˒ˇʵˇˋʾʰ ˍ˖˄ ʹ˂ʶˁˍˊʽˁ˗˄ ˁʽ˄ʹˍʺˊ˖˄ ˁʰʻ˗ˌ ˁʰʽ ˍ˖˄ 

ˎˉˈ˂ˇʽˉ˖˄ ʹ˂ʶˁˍˊʽˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ ʰ˄ʰ˂ʰ˃ʲʱ˄ˇˎ˄ ˇʽ ˃ˉʰˍʰˊʾʶˌ 

όˋˎˋˋ˖ˊʶˎˍʷˌύ, ˇʽ ˇˉˇʾʶˌ ʶʾ˄ʰʽ ʶʴˁʰˍʶˋˍʹ˃ʷ˄ʶˌ ʶ˄ˍˈˌ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ ˁʰʽ 

ʰˉˇʻʹˁʶˏˇˎ˄ ʶ˄ʷˊʴʶʽʰ ˋʶ ˔ʹ˃ʽˁʺ ˃ˇˊ˒ʺ [8]Φ ʁʽ ˃ˉʰˍʰˊʾʶˌ ʰˎˍʷˌ ˒ˇˊˍʾʸˇ˄ˍʰʽ 

ˁˎˊʾ˖ˌ ˃ʷˋ˖ ˋˎʴˁʶˁˊʽ˃ʷ˄˖˄ ʹ˂ʶˁˍˊˇ˄ʽˁ˗˄ ʵʽʰˍʱ˅ʶ˖˄ ό˒ˇˊˍʽˋˍʷˌύ ˃ʶ ˍʹ˄ ʱ˃ʶˋʹ 

ˋˏ˄ʵʶˋʺ ˍˇˎˌ ˋˍˇ ʹ˂ʶˁˍˊʽˁˈ ʵʾˁˍˎˇ. ɳˉʾˋʹˌ ˉˇ˂˂ʱ ʰˉˈ ʰˎˍʱ ˍʰ ˇ˔ʺ˃ʰˍʰ ʶʾ˄ʰʽ 

ʶ˒ˇʵʽʰˋ˃ʷ˄ʰ ˁʰʽ ˃ʶ ʱ˂˂ʰ ʷ˅ˎˉ˄ʰ ˋˎˋˍʺ˃ʰˍʰ ˉ˔ όʰ˄ʰʴʶ˄˄ʹˍʽˁʺ ˉʷʵʹˋʹ), ʹ ˇˉˇʾʰ 

ʰ˅ʽˇˉˇʽʶʾ ˍʹ˄ ʵˎ˄ʰˍˈˍʹˍʰ ˍ˖˄ ʹ˂ʶˁˍˊʽˁ˗˄ ˁʽ˄ʹˍʺˊ˖˄ ˄ʰ ˃ʶˍʰˍˊʷˉˇ˄ˍʰʽ ˋʶ 

ʴʶ˄˄ʺˍˊʽʶˌ, ˒ˇˊˍʾʸˇ˄ˍʰˌ ʷˍˋʽ ˃ʶˊʽˁ˗ˌ ˍʽˌ ˃ˉʰˍʰˊʾʶˌ ˁʰˍʱ ˍʹ˄ ˉʷʵʹˋʹ ˉˊʱʴ˃ʰ 

ˉˇˎ ˋˎ˃ʲʱ˂ʶʽ ˁʰʽ ˋˍʹ˄ ʰˏ˅ʹˋʹ ˍʽˌ ʰˎˍˇ˄ˇ˃ʾʰˌ [4]. ɰʰˋʽˁˈ ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ ˍ˖ ˄

ˉʰˊʰˉʱ˄˖ ˇ˔ʹ˃ʱˍ˖˄ ʶʾ˄ʰʽ ˍˇ ʴʶʴˇ˄ˈˌ  ˈˍʽ ˔ʰˊʰˁˍʹˊʾʸˇ˄ˍʰʽ ʰˉˈ ˃ʹʵʶ˄ʽˁˇˏˌ 

ˊˏˉˇˎˌ ˁʰʽ ˉˇ˂ˏ ˔ʰ˃ʹ˂ˈ όˋˎʴˁˊʽˍʽˁʱ ˃ʶ ˍʰ ˋˎ˃ʲʰˍʽˁʱύ ˁ ˈˋˍˇˌ ˂ʶʽˍˇˎˊʴʾʰˌΦ 

 

 

 

ɳʽˁˈ˄ʰ 2Φ ɮ˃ʽʴ˗ˌ ʹ˂ʶˁˍˊˇˁʾ˄ʹˍʰ ˇ˔ʺ˃ʰˍʰ [27] 
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ü 2.2.2 ɠʇʀʆʐʍʅʆʗ ʋʔʙʈɻʐɻ ɻʑʊʂʈʘʉʂʏ ɻʑʐʋʉʋʈʚɻʏ ɉExtended Range 

Electric Vehicles-EREV) :  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʅʶ ʰˎˍʺ ˍʹ˄ ˁʰˍʹʴˇˊʾʰ ʰ˄ʺˁˇˎ˄ ʶˁʶʾ˄ʰ ˍʰ ʹ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰ ˉˇˎ ʵʽʰʻʷˍˇˎ˄ 

ʶˉʽˉ˂ʷˇ˄ ˁʰʽ ˃ʹ˔ʰ˄ʺ ʶˋ˖ˍʶˊʽˁʺˌ ˁʰˏˋʹˌΣ ˖ˋˍˈˋˇ ʹ ˁʾ˄ʹˋʹ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ 

ʲʰˋʾʸʶˍʰʽ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ˋˍˇ˄ ʹ˂ʶˁˍˊʽˁˈ ˁʽ˄ʹˍʺˊʰ [3]. ɶ ˃ʹ˔ʰ˄ʺ ʶˋ˖ˍʶˊʽˁʺˌ 

ˁʰˏˋʹˌ ʶ˅ˎˉʹˊʶˍʶʾ ˍʹ˄ ʶˉʷˁˍʰˋʹ ˍʹˌ ʰˎˍˇ˄ˇ˃ʾʰˌ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ, ʁ ʾˍʶ ˒ˇˊˍʾʸˇ˄ˍʰˌ 

ˍʹ ˃ˉʰˍʰˊʾʰ, ʶʾˍʶ ˉʰˊʷ˔ˇ˄ˍʰˌ ʱ˃ʶˋʹ ʽˋ˔ˏ ˋˍˇ˄ ʹ˂ʶˁˍˊˇˁʽ˄ʹˍʺˊʰ ˂ʶʽˍˇˎˊʴ˗˄ˍʰˌ 

ʵʹ˂hɻ ʺ ˖ˌ ʴʶ˄˄ʺˍˊʽʰ [8]Φ ɶ ʲʰˋʽˁʺ ˁʰʽ ˉ˂ʺˊʹˌ ˒ˈˊˍʽˋʹ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ ʴʾ˄ʶˍʰʽ ˃ʶ 

ˋˏ˄ʵʶˋʹ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ ˋˍˇ ʹ˂ʶˁˍˊʽˁˈ ʵʾˁˍˎˇ [8] [4]. ʆʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˇ˔ʺ˃ʰˍʰ 

ˉʰˊˇˎˋʽʱʸˇˎ˄ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˎˍˇ˄ˇ˃ʾʰ ʰˉˈ ˍʰ BEV, ʰ˂˂ʱ ʷ˔ˇˎ˄ ˃ʶʴʰ˂ˏˍʶˊʹ 

ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰΣ ʵʶ˄ ʶ˃˒ʰ˄ʾʸˇˎ˄ ˃ʹʵʶ˄ʽˁˈ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁˈ ʰˉˇˍˏˉ˖˃ʰ ˁʰʽ 

ʰˉʰʽˍˇˏ˄ ʶˉʽˉˊˇˋʻʷˍ˖ˌ ʰ˄ʶ˒ˇʵʽʰˋ˃ˈ ˍˇˎ ˁʰˎˋʾ˃ˇˎ ˍʹˌ ˃ʹ˔ʰ˄ʺˌ ʶˋ˖ˍʶˊʽˁʺˌ 

ˁʰˏˋʹˌ ˉˇˎ ʵʽʰʻʷˍˇˎ˄ [3]. 

 

ɳʽˁˈ˄ʰ 3. ɮˉʶʽˁˈ˄ʽˋʹ ʲʰˋʽˁ˗˄ ˂ʶʽˍˇˎˊʴʽˁ˗˄ ˃ˇ˄ʱʵ˖˄ ́ ˂ʶˁˍˊʽˁˇˏ ˇ˔ʺ˃ʰˍˇˌ ʰˎ˅ʹ˃ʷ˄ʹˌ 
ʰˎˍˇ˄ˇ˃ʾʰ ̩[28] 
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ü 2.2.3 ɠʇʀʆʐʍʅʆʗ ʋʔʙʈɻʐɻ ʆʑʕʀʇʡʉ ʆɻʑʎʚʈʋʑ ɉFuel Cell Electric 

Vehicles-FCEV) :  

                                                                                                  

                                                                                                                                                                                                                           

 

 

 

 

 

 

 

 

 

ʅʶ ʰˎˍʺ ˍʹ˄ ˁʰˍʹʴˇˊʾʰ ʰ˄ʺˁˇˎ˄ ˍʰ ˇ˔ʺ˃ʰˍʰ ˉˇˎ ʵʽʰʻʷˍˇˎ˄ ˁˎ˕ʷ˂ʶˌ 

ˁʰˎˋʾ˃ˇˎ [3]. ʁʽ ˁˎ˕ʷ˂ʶˌ ˁʰˎˋʾ˃ˇˎ ʶʾ˄ʰʽ ʷ˄ʰˌ ˃ʹ˔ʰ˄ʽˋ˃ˈˌΣ ˉˇˎ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ 

ˁʱˉˇʽˇˎ ʹ˂ʶˁˍˊˇ˂ˏˍʹ, ˃ʶˍʰˍˊʷˉˇˎ˄ ˍˇ ˎʵˊˇʴˈ˄ˇ ˁʰʽ ˍˇ ˇ˅ˎʴˈ˄ˇ ˋʶ ˄ʶˊˈ 

ˉʰˊʱʴˇ˄ˍʰˌ ˊʶˏ˃ʰ [9]. ɮˉˇˍʶ˂ˇˏ˄ ˃ʽʰ ˁʰˍʹʴˇˊʾʰ ʰˊˁʶˍʱ ʵʽʰ˒ˇˊʶˍʽˁʺ ʰˉˈ ˍʽˌ 

ˎˉˈ˂ˇʽˉʶˌΦ ʆʰ ˇ˔ʺ˃ʰˍʰ ʰˎˍʱ ˁʽ˄ˇˏ˄ˍʰʽ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ˃ʶ ʹ˂ʶˁˍˊˇˁʽ˄ʹˍʺˊʶˌ, ˃ʶ 

ʽˋ˔ˏ ʹ ˇˉˇʾʰ ʶ˅ʰˋ˒ʰ˂ʾʸʶˍʰʽ ˁʰˍʱ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ˃ʶˍʰˍˊˇˉʺˌ ˍˇˎ ˇ˅ˎʴˈ˄ˇˎ ˁʰʽ 

ˍˇˎ ˎʵˊˇʴˈ˄ˇˎ ˋʶ ˄ʶˊˈ [4]. ɼʰˍʱ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ʰˎˍʺ ˉʰˊʱʴʶˍʰʽ ˋˎ˄ʶ˔ʷˌ ˊʶˏ˃ʰ, 

ʻʶˊ˃ˈˍʹˍʰ ˁʰʽ ˒ˎˋʽˁʱ ˄ʶˊˈΦ ɶ ʹ˂ʶˁˍˊʽˁʺ ʶ˄ʷˊʴʶʽʰ ˉˇˎ ˉʰˊʱʴʶˍʰʽ, ʶʾˍʶ 

ˁʰˍʰ˄ʰ˂˗˄ʶˍʰʽ ʱ˃ʶˋʰ, ʶʾˍʶ ʰˉˇʻʹˁʶˏʶˍʰʽ ˋʶ ˃ˉʰˍʰˊʾʶˌΦ ɳʾ˄ʰʽ ˇ˔ʺ˃ʰˍʰ ˉˇˎ 

˔ʰˊʰˁˍʹˊʾʸˇ˄ˍʰʽ ʰˉˈ ˃ʶʴʱ˂ʹ ʽˋ˔ˏ ˁʰʽ ʰˎˍˇ˄ˇ˃ʾʰΦ ʇˉʱˊ˔ˇˎ˄ ʵʽʱ˒ˇˊʰ 

ˉˊˇ̡˂ ʺ˃ʰˍʰ ˉˇˎ ʶ˃ˉˇʵʾʸˇˎ˄ ˍʹ˄ ˃ʰʸʽˁʺ ʵʽʱʻʶˋʹ ˍˇˎˌ ˋˍʹ˄ ʰʴˇˊʱ, ˍʰ ˇˉˇʾʰ 

ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶ ˍˇ ˃ʶʴʱ˂ˇ ˁˈˋˍˇˌ ˉʰˊʰʴ˖ʴʺˌ ˍ˖˄ ˋˎʴˁʶˁˊʽ˃ʷ˄˖˄ ˇ˔ʹ˃ʱˍ˖˄Σ ˍʹ 

ʵˎˋˁˇ˂ʾʰ ʰˉˇʻʺˁʶˎˋʹˌ ˁʰʽ ˃ʶˍʰ˒ˇˊʱˌ ˍˇˎ ˎʵˊˇʴˈ˄ˇˎ, ̍ ˉ˖ˌ ˁʰʽ  ̱ ˇ ˃ʽˁˊˈ ˁˏˁ˂ˇ 

ʸ˖ʺˌ ˍ˖˄ ˁˎ˕ʶ˂˗ ˄[8].                                                                                                                                  

ɳʽˁˈ˄ʰ 4Φ ɳˉʶ˅ʹʴʹ˃ʰˍʽˁˈ ˋˁʾˍˋˇ ˂ʶʽˍˇˎˊʴʾʰˌ ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄ ˁˎ˕ʶ˂˗˄ 
ˁʰˎˋʾ˃ˇˎ [29] 
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ü 2.2.4 ɭɼʍʅɿʅʆʗ ʂʇʀʆʐʍʅʆʗ ʋʔʙʈɻʐɻ ɉHybrid  Electric Vehicles-HEV) :  

 

 

 

 

 

 

 

 

 

 

 

 

ʅʶ ʰˎˍʺ ˍʹ˄ ˁʰˍʹʴˇˊʾʰ ʰ˄ʺˁˇˎ˄ ˇ˔ʺ˃ʰˍʰ ˍʰ ˇˉˇʾʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄, ʵˏˇ ʺ 

ˉʶˊʽˋˋˈˍʶˊʶˌ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˍʶ˔˄ˇ˂ˇʴʾʶˌ ˁʰˍʱ ˍʹ˄ ˁʾ˄ʹˋʺ ˍˇˎˌΦ ʅˎ˄ʹʻʷˋˍʶˊˇˌ 

ˋˎ˄ʵˎʰˋ˃ˈˌ ʶʾ˄ʰʽ ʰˎˍˈˌ ˍʹˌ ˏˉʰˊ˅ʹˌ ʹ˂ʶˁˍˊʽˁˇˏ ˁʽ˄ʹˍʺˊʰ ˁʰʽ ˁʽ˄ʹˍʺˊʰ 

ʶˋ˖ˍʶˊʽˁʺˌ ˁʰˏˋʹˌ [4]Φ ʁ ˊˈ˂ˇˌ ˍˇˎ ʹ˂ʶˁˍˊʽˁˇˏ ˁʽ˄ʹˍʺˊʰ ˋʶ ʰˎˍʱ ˍʰ ˇ˔ʺ˃ʰˍʰ 

ʶʾ˄ʰʽ ˁˎˊʾ˖ˌ ʲˇʹʻʹˍʽˁˈ ̩(ʵʶˎˍʶˊʶˏˇ˄) [8]Φ ʆʰ ˎʲˊʽʵʽˁʱ ˇ˔ʺ˃ʰˍʰ ˉˇˎ ʷ˔ˇˎ˄ ˍʹ˄ 

ʶˉʽˉ˂ʷˇ˄ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ˒ˇˊˍʾʸˇˎ˄ ˍʽˌ ˃ˉʰˍʰˊʾʶˌ ˍˇˎˌΣ ˃ʶ ʱ˃ʶˋʹ ˋˏ˄ʵʶˋʹ ˋˍˇ 

ʵʾˁˍˎˇ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ˇ˄ˇ˃ʱʸˇ˄ˍʰʽ Plug-in ˎʲˊʽʵʽˁʱ [2]. ʅˍʹ˄ ʰʴˇˊʱ 

ˋˎ˄ʰ˄ˍʱ˃ʶ ˍˊʶʾˌ ʵʽʰ˒ˇˊʶˍʽˁˇˏˌ ˍˏˉˇˎˌ ˍʷˍˇʽ˖˄ ˇ˔ʹ˃ʱˍ˖˄, ʰύ ʶ˄ ˋʶʽˊʱ ˋˏ˄ʵʶˋʹˌ 

ˈˉˇˎ ˎˉʶˏʻˎ˄ˇˌ ʴʽʰ ˍʹ˄ ˁʾ˄ʹˋʹ ʶʾ˄ʰʽ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ˇ ʹ˂ʶˁˍˊˇˁʽ˄ʹˍʺˊʰˌ ˁʰʽ ʹ 

˃ʹ˔ʰ˄ʺ ʶˋ˖ˍʶˊʽˁʺˌ ˁʰˏˋʹˌ ʰˉ˂ʱ ˉʰˊʷ˔ʶʽ ʽˋ˔ˏ ʶʾˍʶ ˋˍˇ˄ ʹ˂ʶˁˍˊʽˁˈ ˁʽ˄ʹˍʺˊʰ ʶʾˍʶ 

ˋˍʽˌ ˃ˉʰˍʰˊʾʶˌ, ʲύ ˉʰˊʱ˂˂ʹ˂ʹˌ ˋˏ˄ʵʶˋʹˌ ˈˉˇˎ ˁʰʽ ˇʽ ʵˏˇ ˁʽ˄ʹˍʺˊʶˌ ˋˎ˄ʵʷˇ˄ˍʰʽ 

ˋˍˇ ˋˏˋˍʹ˃ʰ ˃ʶˍʱʵˇˋʹˌ ˁʾ˄ʹˋʹˌ ˁʰʽ ʴύ ˃ʽˁˍˇˏ ˍˏˉˇˎ ˈˉˇˎ ˋˎ˄ʵˎʱʸˇ˄ˍʰʽ ˇʽ ʵˏˇ  

ˉˊˇʹʴˇˏ˃ʶ˄ʶˌ ˍʶ˔˄ˇ˂ˇʴʾʶˌ [3].     

ɳʽˁˈ˄ʰ 5Φ ɰʰˋʽˁʺ ʵˇ˃ʺ ˎʲˊʽʵʽˁˇˏ ʹ˂ʶˁˍˊʽˁˇˏ ˇ˔ʺ˃ʰˍˇˌ [30] 
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2.3 ɬʀʔʉʋʇʋɾʚʀʏ ʈʌɻʐɻʍʅʡʉ ɉʎʑʎʎʖʍʀʑʐʡʉɊ ʀʒɻʍʈʋʎʈʘʉʀʏ 

ʎʐʂʉ ʂʇʀʆʐʍʋʆʚʉʂʎʂ 
   

ʁʽ ˃ˉʰˍʰˊʾʶˌ όˋˎˋˋ˖ˊʶˎˍʷˌύ ʶʾ˄ʰʽ ʶˁʶʾ˄ʶˌ ˇʽ ʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁʷˌ ʵʽʰˍʱ˅ʶʽˌ ˉˇˎ 

ʰˉˇˍʶ˂ˇˏ˄ ˍʹ˄ ˁʰˊʵʽʱ ˁʱʻʶ ʹ˂ʶˁˍˊʽˁˇˏ ˇ˔ʺ˃ʰˍˇˌ [3]Φ ʁʽ ʵʽʰˍʱ˅ʶʽˌ ʰˎˍʷˌ ˃ʰ ̩

ʶˉʽˍˊʷˉˇˎ ˄˄ʰ ʰˉˇʻʹˁʶˏˇˎ˃ʶ ʶ˄ʷˊʴʶʽʰ, ˋʶ ˔ʹ˃ʽˁʺ ˃ˇˊ˒ʺ ʹ ˇˉˇʾʰ ˃ʶˍʰˍˊʷˉʶˍʰʽ 

ˋʶ ʹ˂ʶˁˍˊʽˁʺ ˁʰˍʱ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ʶˁ˒ˈˊˍʽˋʹˌ ˁʰʽ ʰ˄ˍʾˋˍˊˇ˒ʰ ˁʰˍʱ ˍʹ˄ 

˒ˈˊˍʽˋʹ [4]Φ ɶ ʲʰˋʽˁʺ ˍˇˎˌ ʵˇ˃ʺ ʶʾ˄ʰʽ ˋ˔ʶˍʽˁʱ ʰˉ˂ʺ ˁʰʽ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʷ˄ʰ 

ʵˇ˔ʶʾˇ ˍˇ ˇˉˇʾˇ ˉʶˊʽʷ˔ʶʽ ˁʱˉˇʽˇ˄ ʹ˂ʶˁˍˊˇ˂ˏˍʹ ˁʰʽ ʵˏˇ ʹ˂ʶˁˍˊˈʵʽʰ όʱ˄ˇʵˇˌ - 

ˁʱʻˇʵˇˌύ [4]Φ ɶ ˋˏ˄ʵʶˋʺ ˍʹˌ ˋʶ ˁʱˉˇʽˇ ʹ˂ʶˁˍˊʽˁˈ ˁˏˁ˂˖˃ʰ ˉˎˊˇʵˇˍʶʾ ˍʹ˄ 

ʷ˄ʰˊ˅ʹ ˍʹˌ ˔ʹ˃ʽˁʺˌ ʰ˄ˍʾʵˊʰˋʹˌ ˁʰʽ ˍʹ˄ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ʷ˄ʹ ˁʾ˄ʹˋʹ ʹ˂ʶˁˍˊˇ˄ʾ˖˄ 

όˊʶˏ˃ʰύΦ ɮ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ˄ ˋˏˋˍʰˋʹ ˍˇˎ ʹ˂ʶˁˍˊˇ˂ˏˍʹ ˁʰʽ ˍˇ ˎ˂ʽˁˈ ˍ˖˄ 

ʹ˂ʶˁˍˊˇʵʾ˖˄, ˋˎ˄ʰ˄ˍʱ˃ʶ ʵʽʱ˒ˇˊˇˎˌ ˍˏˉˇˎˌ ˃ˉʰˍʰˊʽ˗˄ ˃ʶ ʵʽʰ˒ˇˊʶˍʽˁʱ ˁʰʽ 

ʰ˄ˍʰʴ˖˄ʽˋˍʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ. ɶ ˁʰˍʱ˂˂ʹ˂ʹ ˃ˉʰˍʰˊʾʰ ʴʽʰ ʷ˄ʰ ʹ˂ʶˁˍˊʽˁˈ ˈ˔ʹ˃ʰ, 

ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ˄ ˋˎ˃ʲʽʲʰˋ˃ˈ ʰ˄ʱ˃ʶˋʰ ˋ ʁ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˈˉ˖ˌΣ ό˃ʽˁˊʺ ˃ʱʸʰ ˁʰʽ 

ˈʴˁˇˌΣ ˃ʶʴʱ˂ʹ ˔˖ˊʹˍʽˁˈˍʹˍʰΣ ˃ʶʴʱ˂ʹ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ ˁ˂ˉ ύ ˁʰʽ ˈ˂ʰ ʰˎˍʱ ˋʶ 

ˁˈˋˍˇˌ ʲʽ˗ˋʽ˃ˇ ˁʰʽ ʰ˄ˍʰʴ˖˄ʽˋˍʽˁˈ [8]. ʆʰ ˍʶ˂ʶˎˍʰʾʰ ˔ˊˈ˄ʽʰ ˉʰˊʰˍʹˊʶʾˍʰʽ  

ʷ˄ˍˇ˄ʹ ʷˊʶˎ˄ʰ ˁʰʽ ˋʹ˃ʰ˄ˍʽˁʺ ʶ˅ʷ˂ʽ˅ʹ όʲʶ˂ˍʾ˖ˋʹύ ˍ˖˄ ʹ˂ʶˁˍˊˇ˔ʹ˃ʽˁ˗˄ 

ˋˎˋˋ˖ˊʶˎˍ˗˄, ʶ˅h̔ ˍʾʰˌ ˍʹˌ ʰˎ˅ʹ˃ʷ˄ʹˌ ˍˇˎˌ ʸʺˍʹˋʹˌ [3]. ʆ̫ ˋˋʶˊʽˌ ʲʰˋʽˁˇ ʾˍˏˉ̌̔ 

˃ˉʰˍʰˊʽ˗˄ ˉˇˎ ʷ˔ˇˎ˄ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ, ʺ ˁʰʽ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʰˁˈ˃ʰ ˋʶ 

ʹ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰ ʁ ʾ˄ʰʽ ˇʽ ʶ˅ʺˌΥ  
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ü 2.3.1 ɥʋʇʞɼɿʋʑ-ɨʊʘʋʏ (Lead-Acid) :   

 

 

 

 

 

 

 

 

 

ʁʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˃ˉʰˍʰˊʾʶˌ ʰˉˇˍʶ˂ˇˏ˄ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˃ʶ ˍˇ ˃ʽˁˊˈˍʶˊˇ 

ˁˈˋˍˇˌΣ ˖ˌ ˉˊˇˌ ˍʹ˄ ˔ˊʺˋʹ ˍˇˎˌΣ ʶʾ˄ʰʽ ˋ˔ʶˍʽˁʱ ʰˋ˒ʰ˂ʶʾ̩ ˁʰʽ ʰˊˁʶˍʱ ˒ʽ˂ʽˁʷˌ 

ˉˊˇˌ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄, ʰ˒ˇˏ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˃ʶʴʱ˂ʶˌ ʵˎ˄ʰˍˈˍʹˍʶˌ 

ʰ˄ʰˁˎˁ˂˖ˋʽ˃ˈˍʹˍʰˌ [3]Φ ɳˉʾˋʹˌ ˔ʰˊʰˁˍʹˊʾʸˇ˄ˍʰʽ ʰˉˈ ˃ʶʴʱ˂ʹ ˃ʱʸʰ ˁʰʽ ˈʴˁˇΣ  

˃ʽˁˊʺ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ όˉʶˊʽˇˊʽˋ˃ʷ˄ˇʽ ˁˏˁ˂ˇʽ ʶˁ˒ˈˊˍʽˋʹˌ ғ400) ˁʰʽ 

ʶ˃˒ʰ˄ʾʸˇˎ˄ ʰʵˎ˄ʰ˃ʾʶˌ ˋˍʽˌ ˃ʶʴʱ˂ʶˌ ʶˁ˒ˇˊˍʾˋʶʽˌ ˁʰʽ ˍʽˌ ˔ʰ˃ʹ˂ʷˌ 

ʻʶˊ˃ˇˁˊʰˋʾʶˌ [3]Φ ɳʾ˄ʰʽ ˃ʽʰ ʰˉˈ ˍʽˌ ˉʰ˂ʰʽˈˍʶˊʶˌ  ˍʶ˔˄ˇ˂ˇʴʾʶˌ ˃ˉʰˍʰˊʽ˗˄, 

ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˋˍʰ ʹ˂ʶˁˍˊʽˁʱ ʰˎˍˇˁʾ˄ʹˍʰ ʷ˖ˌ ˍʰ ˃ʷˋʰ ˍʹˌ ʵʶˁʰʶˍʾʰˌ 

ˍˇˎ 90 [4]. ʃʰˊˈ˂ʰ ʰˎˍʱ ˁ ʰʽ ʶ˄˗ ˒ʰʾ˄ʶˍʰʽ ʹ ˋˎʴˁʶˁˊ̔˃ʷ˄ʹ ˍʶ˔˄ˇ˂ˇʴʾʰ ˄ ʰ ʷ˔ʶʽ 

˒ˍʱˋʶʽ ˋˍʹ˄ ˁˇˊˎ˒ʺ ˍʹˌ ʶ˅ʷ˂ʽ˅ʹˌ ˍʹˌΣ ʶ˅ʰˁˇ˂ˇˎʻʶʾ ˄ʰ ˉʰˊˇˎˋʽʱʸʶʽ 

ʶ˄ʵʽʰ˒ʷˊˇ˄ ˋˍˇ˄ ˍˇ˃ʷʰ ˍʹˌ ʹ˂ʶˁˍˊˇˁʾ˄ʹˋʹˌ ˁʰʽ ʲʰˋʽˁʱ ˋʶ ˇ˔ʺ˃ʰˍʰ ˃ʽˁˊ˗˄ 

ʵʽʰʵˊˇ˃˗˄,  ʁ ˅ʰʽˍʾʰˌ ˍˇˎ ̄ ˇ˂ˏ ˔ʰ˃ʹ˂ˇˏ ˁˈˋˍˇˎˌ ˁʰʽ ˍʹ ̩ˎ ˕ʹ˂ʺ ̩ʁ ˄ʶˊʴʶʽʰˁʺ ̩

ʽˋ˔ˏ ̩̄ ˇˎ ˉʰˊˇˎˋʽʱʸˇˎ˄ [4]. 

ɳʽˁˈ˄ʰ 6Φ ɰʰˋʽˁʺ ʵˇ˃ʺ ˃ˉʰˍʰˊʾʰˌ ˃ˇ˂ˏʲʵˇˎ-ˇ˅ʷˇˌ [19] 
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ü 2.3.2 ɦʅʆʀʇʚʋʑ-ɣɻɿʈʚʋʑ (Ni-Cd) :  

 

 

 

 

 

 

 

 

 

 

ʁʽ ˃ˉʰˍʰˊʾʶˌ ʰˎˍʷˌ ʷ̝ˇˎ˄ ʶ˂ʰ˒ˊ˗ˌ ˃ʶʴʰ˂ˏˍʶˊʹ ˉˎˁ˄ˈˍʹˍʰ ʽˋ˔ˏˇˌ ʰˉˈ ˍʽˌ 

ɾˇ˂ˏʲʵˇˎ-ʁ˅ʷˇˌ [8]Φ ʆˇ ˁˏˊʽˇ ˉ˂ʶˇ˄ʷˁˍʹ˃ʱ ˍˇˎˌ ʶʾ˄ʰʽ ʹ ˃ʶʴʱ˂ʹ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ, 

ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ʶˉʽˍˊʷˉˇˎ˄ ˍʹ˄ ˉ˂ʺˊʹ ʶˁ˒ˈˊˍʽˋʺ ˍˇˎˌΣ ̝ ˖ˊʾˌ ˄ʰ 

ʶˉʹˊʶʱʸʶˍʰʽ ʹ ʰˉˈʵˇˋʺ ˍˇˎ ̩ [4]Φ ʅˍʰ ˃ʶʽˇ˄ʶˁˍʺ˃ʰˍʰ ˋˎʴˁʰˍʰ˂ʷʴʶˍʰʽ ˍˇ 

ʶ˅ʰʽˊʶˍʽˁʱ ˃ʶʴʱ˂ˇ ˁˈˋˍˇˌ ʶʴˁʰˍʱˋˍʰˋʹ ˍˇˎˌ [3],  ́˔ʰ˃́˂ ʺ ˉˎˁ˄ˈˍʹˍʰ ʽˋ˔ˏˇˌ, 

ˋˎʴˁˊʽˍʽˁʱ ˃ʶ ʱ˂˂ʶˌ ʶˉʽˁˊʰˍʷˋˍʶˊʶˌ ˍʶ˔˄ˇ˂ˇʴʾʶˌ  ˁ ʰʽ ˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˃˄ʺ˃ʹˌ .  

  

ɳʽˁˈ˄ʰ 7Φ ɰʰˋʽˁʺ ˋˏˋˍʰˋʹ ˃ˉʰˍʰˊʾʰˌ ˄ʽˁʶ˂ʾˇˎ-ˁʰʵ˃ʾˇˎ [20] 



 
21 

 

ü 2.3.3 ɦʅʆʀʇʚʋʑ-ɭɿʍʅɿʚʋʑ-ɥʀʐʗʇʇʋʑ ɉNiMH) :  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɶ ̀ˎʴˁʶˁˊʽ˃ʷ˄ʹ ˁʰˍʹʴˇˊʾʰ ˃ˉʰˍʰˊʽ˗˄, ʰˉˇˍʶ˂ʶʾ ʶ˅ʷ˂ʽ˅ʹ ˍ˖˄ ˃ˉʰˍʰˊʽ˗˄ 

ɿʽˁʶ˂ʾˇˎ-ɼʰʵ˃ʾˇˎ ˁʰʽ ʴʽʰ ʰˎˍˈ ˉʰˊˇˎˋʽʱʸˇˎ˄ ʰˊˁʶˍʱ ˁˇʽ˄ʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱΦ 

ʅˎʴˁˊʽˍʽˁʱ ˃ʶ ˍˇ˄ ˉˊˇˁʱˍˇ˔ˈ ˍˇˎˌΣ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˎ˕ʹ˂ʺ ˉˎˁ˄ˈˍʹˍʰ ʽˋ˔ˏˇˌ ˁʰʽ 

ˋ˔ʶʵˈ˄ ʵʽˉ˂ʱˋʽʰ ʶʽʵʽˁʺ ʶ˄ʷˊʴʶʽʰ [8]Φ ʅˍʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʱ ˍˇˎˌ ˋˎʴˁʰˍʰ˂ʷʴˇ˄ˍʰʽ 

ʹ ˃ʶʴʱ˂ʹ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌΣ ʹ ˇʴˁˇ˃ʶˍˊʽˁʺ ˔˖ˊʹˍʽˁˈˍʹˍʰ ˍˇˎˌ ˁʰʽ ʹ ʰˉˇʵˇˍʽˁʺ 

˂ʶʽˍˇˎˊʴʾʰ ˍˇˎˌ ˋʶ ʷ˄ʰ ˃ʶʴʱ˂ˇ ʶˏˊˇˌ ʻʶˊ˃ˇˁˊʰˋʽ˗˄ [4]Φ ɾʷ˔ˊʽ ˋʺ˃ʶˊʰ ʷ˔ˇˎ˃ʶ 

ʵʶʽ ˄ʰ ʲˊʾˋˁˇˎ˄ ʶ˒ʰˊ˃ˇʴʺ ˋʶ ˁʱˉˇʽʰ ˎʲˊʽʵʽˁʱ ˇ˔ʺ˃ʰˍʰ [4]. ʆ ̌ʴʶʴˇ˄ˈˌ ˈˍʽ 

ʷ˔ˇˎ˄ ˃ʶʴʱ˂ˇ ˁˈˋˍˇˌ, ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʹ˄ ʰʵˎ˄ʰ˃ʾʰ ˍˇˎˌ ˋʶ ˃ʶʴʱ˂ʶˌ 

ʶˁ˒ˇˊˍʾˋʶʽˌ, όʶˁ˒ˇˊˍʾˋʶʽˌ ʱ˄˖ ˍˇ рл҈ ˃ʶʽ˗˄ˇˎ˄ ˋʹ˃ʰ˄ˍʽˁʱ ˍʹ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ 

ˍˇˎˌύ ˁʰʻ˗ˌ ˁʰʽ ˇ ʰ˄ˍʰʴ˖˄ʽˋ˃ˈˌ ʰˉˈ ˍʽˌ ʰˁˈ˃ʰ ʶ˅ʶ˂ʽˋˋˈ˃ʶ˄ʶˌ ˃ˉʰˍʰˊʾʶˌ ˂ʽʻʾˇˎ,  

ˍʽˌ ˁʰʻʽˋˍʱ ˂ʽʴˈˍʶˊˇ ʽʵʰ˄ʽˁʷˌ ʴʽʰ ˔ˊʺˋʹ ˋʶ ʹ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰ [3]. 

ɳʽˁˈ˄ʰ 8Φ ɰʰˋʽˁʺ ʵˇ˃ʺ ˃ˉʰˍʰˊʾʰˌ ˄ʽˁʶ˂ʾˇˎ-ˎʵˊʽʵʾˇˎ-˃ʶˍʱ˂˂ˇˎ [21] 
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ü 2.3.4 ɹˈ˄ˍ˖˄-ɽʽʻʾˇˎ (Li-ion) : 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɮˉˇˍʶ˂ʶʾ ˍʹ˄ ˁʰˍʹʴˇˊʾʰ ˃ˉʰˍʰˊʽ˗˄ ˉˇˎ ˉʰˊˇˎˋʽʱʸʶʽ ˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ 

ʶ˄ʵʽʰ˒ʷˊˇ˄, ˋˍˇ˄ ˍˇ˃ʷʰ ˍʹˌ ʹ˂ʶˁˍˊˇˁʾ˄ʹˋʹˌ ˁʰʽ ʺʵʹ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰ ̔˃ʰʸʽˁʱ ˋʶ 

ˉˇ˂˂ʷˌ ˒ˇˊʹˍʷˌ ʹ˂ʶˁˍˊʽˁʷˌ ʺ ́˂ʶˁˍˊˇ˄ʽˁʷˌ ˋˎˋˁʶˎʷˌ [4]. ʃʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˃ʽʰ 

˃ʶʴʱ˂ʹ ʴˁʱ˃ʰ ʰˉˈ ˋˎ˄ʵˎʰˋ˃ˇˏˌ ˃ʶˍʱ˂˂˖˄, h ˉˈ ˍˇˎˌ ˇˉˇʾˇˎˌ ʶ˅ʰˊˍ˗˄ˍʰʽ ˁʰʽ ˍʰ 

ˍʶ˂ʽˁʱ ˋˎ˄ˇ˂ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎˌΣ ˉˇˎ ˍʽˌ ˁʰˍʰˋˍˇˏ˄ ʽʵʰ˄ʽˁʷˌ ʺ ˈ˔ʽ ʴʽʰ ˍʽˌ 

ʵʽʱ˒ˇˊʶˌ ˋˎˋˁʶˎʷˌ [8]Φ ɱʶ˄ʽˁʱ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˃ʶʴʱ˂ʹ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌΣ ˍʹ 

˃ʶʴʰ˂ˏˍʶˊʹ ˉˎˁ˄ˈˍʹˍʰ ʽˋ˔ˏˇˌ ˁʰʽ ˍʹ˄ ˎ˕ʹ˂ˈˍʶˊʹ ʶʽʵʽˁʺ ʶ˄ʷˊʴʶʽʰ, ˉˇˎ ˇʵʹʴˇˏ˄ 

ˋʶ ˃ʽˁˊʺ ˃ʱʸʰ ˁʰʽ ˈʴˁˇΦ ɳˉʾˋʹˌ ˋˍʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˋˎʴˁʰˍʰ˂ʷʴʶˍʰʽ ˍˇ ʴʶʴˇ˄ˈˌ 

ˈˍʽ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˔ʰ˃ʹ˂ˈ ˊˎʻ˃ˈ ʰˉˇ˒ˈˊˍʽˋʹˌ, ˃ʽˁˊˈˍʶˊˇ ˍˇˎ р҈ ʰ˄ʱ ˃ʺ˄ʰ ˁʰʽ 

ˈˍʽ ʹ ˍʶ˔˄ˇ˂ˇʴʾʰ ʰˎˍʺ ʰˉˇˍʶ˂ʶʾ ˉʶʵʾˇ ʷˊʶˎ˄ʰˌ ˁʰʽ ʶ˃˒ʰ˄ʾʸʶʽ ˉʶˊʽʻ˗ˊʽʰ ʶ˅ʷ˂ʽ˅ʹˌ 

[4] [8]. ʍˌ ˃ʶʽˇ˄ʷˁˍʹ˃ʰ ˃ˉˇˊʶʾ ˁʰ˄ʶʾˌ ˄ʰ ˍˇ ʶ˄ˍˇˉʾˋʶʽ ̱ ʹ˄ ˏˉʰˊ˅ʹ ʶ˄ˈˌ ʶ˅ʰʽˊʶˍʽˁʱ 

ʶˏ˒˂ʶˁˍˇˎ ʹ˂ʶˁˍˊˇ˂ˏˍʹ, ˉˇˎ ˔˖ˊʾˌ ˍʹ˄ ʰˉʰˊʰʾˍʹˍʹ ˉˊˇˋˇ˔ʺ ʶʴˁˎ˃ˇ˄ʶʾ 

ˁʽ˄ʵˏ˄ˇˎˌ [10], ˁʰʻ˗ˌ ˁʰʽ ˍˇ ˃ʶʴʱ˂ˇ ˁˈˋˍˇˌ ˉˇˎ ˈ˃˖ˌ ˉʰˊʰˍʹˊʶʾˍʶ ˋʹ˃ʰ˄ˍʽˁʺ 

ˋˍʰʵʽʰˁʺ ˃ʶʾ˖ˋʹ  ˁʰʽ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ˃ʶʽ˖ʻʶʾ ˉʶˊʶˍʰʾˊ˖ [3].      

ɳʽˁˈ˄ʰ 9Φ ɲʽʶˊʴʰˋʾʶˌ ˁʰˍʱ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ˒ˈ́ ˍʽˋʹˌ-ʶˁ˒ˈˊˍʽˋʹˌ ˋʶ ˃ˉʰˍʰˊʾʶˌ ʽˈ˄ˍ˖˄-˂ʽʻʾˇˎ 
[22] 
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2.4 ɣɻʐʂɾʋʍʚʀʏ ʒʝʍʐʅʎʂʏ ȡ 
 

ʁʽ ˁʰˍʹʴˇˊʾʶˌ ˒ˈˊˍʽˋʹˌ ˉˇˎ ˋˎ˄ʰ˄ˍ˗˄ˍʰʽ ˋʺ˃ʶˊʰ, ʶʾ˄ʰʽ ˇʽ ʶ˅ʺˌ н ʰύ ʰʴ˗ʴʽ˃ʹ 

˒ˈˊˍʽˋʹ ˁʰʽ ʲύ ʶˉʰʴ˖ʴʽˁʺ ˒ˈˊˍʽˋʹ ˁʰʽ ˉʰˊˇˎˋʽʱʸˇˎ˄ ʵʽʰ˒ˇˊʶˍʽˁʱ ˉˇʽˇˍʽˁʱ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ Φ 

 

ü 2.4.1 ɚɾʡɾʅʈʂ ʒʝʍʐʅʎʂ : 

 

ɶ ʰʴ˗ʴʽ˃ʹ ˒ˈˊˍʽˋʹ ʰˉʰʽˍʶʾ ʱ˃ʶˋʹ ˋˏ˄ʵʶˋʹ, ό˃ʶ ʶˉʰ˒ʺύ ˍˇˎ ʹ˂ʶˁˍˊʽˁˇˏ 

ˇ˔ʺ˃h ˍˇˌ ˃ʶ ˍˇ˄ ˒ˇˊˍʽˋˍʺ [2]Φ ɮˉˇˍʶ˂ʶʾ ˍʹ˄ ˉʽˇ ʵʽʰʵʶʵˇ˃ʷ˄ʹ ˁʰˍʹʴˇˊʾʰ 

˒ˈˊˍʽˋʹˌ ˁʰʽ ˍʰˎˍˈ˔ˊˇ˄ʰ ʰˎˍʺ ˉˇˎ ˉʰˊˇˎˋʽʱʸʶʽ ˃ʽˁˊˈˍʶˊʹ ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ˁʰʽ 

˔ʰ˃ʹ˂ˈˍʶˊˇ ˁˈˋˍˇˌ ʶ˅ˇˉ˂ʽˋ˃ˇˏΦ ʅˍʰ ʻʶˍʽˁʱ ˍˇˎ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ˍˊˈˉˇˎ 

˒ˈˊˍʽˋʹˌ, ˋˎʴˁʰˍʰ˂ʷʴˇ˄ˍʰʽ ʹ ʽˁʰ˄ˈˍʹˍʰ ˃ʶˍʰ˒ˇˊʱˌ ˃ʶʴʰ˂ˏˍʶˊʹˌ ʽˋ˔ˏˇˌ, ˃ʶ 

ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ ˉʽˇ ʴˊʺʴˇˊʹ ˒ˈˊˍʽˋʹ ˁʰʽ ˍˇ ˔ʰ˃ʹ˂ˈ ˁˈˋˍˇˌ ʶ˅ˇˉ˂ʽˋ˃ˇˏ [2]. 

ʅʹ˃ʰ˄ˍʽˁˈ ˃ʶʽˇ˄ʷˁˍʹ˃ʰ ʰˉˇˍʶ˂ʶʾ ʹ ʰˉʰˊʰʾˍʹˍʹ ʵʽʰˋˏ˄ʵʶˋʹ, ό˃ʶ ˁʰ˂˗ʵʽˇύ ˍˇˎ 

ˇ˔ʺ˃ʰˍˇˌ ˃ʶ ˍˇ˄ ˒ˇˊ̱ ʽˋˍ ̋ˁʰʻ˗ˌ ˁʰʽ ˍˇˎ ̩ˁʽ˄ʵˏ˄ˇˎˌ ˉˇˎ ʰˎˍˈ ʶʴˁˎ˃ ˇ˄ʶʾ, ˈˉ˖ˌ 

ʹ˂ʶˁˍˊˇˉ˂ʹ˅ʾʰ όˁˎˊʾ˖ˌ ˍʽˌ ʲˊˇ˔ʶˊʷˌ ʹ˃ʷˊʶˌύ, ʺ ɦ˂ ˂ʰ ˉˊʰˁˍʽˁʱ ˉˊˇʲ˂ʺ˃ʰˍʰ 

ˈˉ˖ˌ ˍˇ ˄ʰ ̄hʴ˗ˋˇˎ˄ ˍʰ ʲˏˋ˃ʰˍʰ, όˁʰʽ ˋˎ˄ʶˉ˗ˌ ˄ʰ ˁˇ˂˂̋ ˋˇˎ˄ύ ˋʶ ˉʶˊʽˇ˔ʷˌ ˉˇˎ 

ʶ˃˒ʰ˄ʾʸˇˎ˄ ˉˇ˂ˏ ˔ʰ˃ʹ˂ʷˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˁʰʽ ˉʰʴʶˍˈ [2]. 

ʅˍʹ˄ ʰʴ˗ʴʽ˃ʹ ˒ˈˊˍʽˋʹ ˋˎ˄ʰ˄ˍʱ˃ʶ о ʵʽʰ˒ˇˊʶˍʽˁ ɦ ʶˉʾˉʶʵʰ, ˉˇˎ ʶʾ˄ʰʽ 

ˋˎ˄ˎ˒ʰˋ˃ʷ˄ʰ ˃ʶ ˍˇ ˃ʷʴʶʻˇˌ ˍʹˌ ˃ʶˍʰ˒ʶˊˈ˃ʶ˄ʹ ̩ ʽˋ̝ˏˇˌ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ 

ˎˉˇˋˍʹˊʾ˅ˇˎ˄Φ 

¶ ɳˉʾˉʶʵˇ 1 όɾˇ˄ˇ˒ʰˋʽˁʺ AC ˉʰˊˇ˔ʺύ Υ ʆ́ ˋˎ˄ʰ˄ˍʱ˃ʶ ˋʶ ˇʽˁʽʰˁʷˌ 

ʶʴˁʰˍʰˋˍʱˋʶʽˌ ˁʰʽ ʰˉˇˍʶ˂ʶʾ ˍˇ˄ ˉʽˇ ʰˊʴˈ ˍˊˈˉˇ ˒ˈˊˍʽˋʹˌ, ʶ˅ʰʽˍʾʰˌ ˍʹˌ 

˃ʽˁˊʺˌ ˃ʶˍʰ˒ʶˊˈ˃ʶ˄ʹˌ ʽˋ˔ˏˌ [2]Φ ʁ ˃ʷˋˇˌ ˔ˊˈ˄ˇˌ ˒ˈˊˍʽˋʹˌ ʶʾ˄ʰʽ ˇʽ с-8 

˗ˊʶˌ ˁʰʽ ʷ˔ʶʽ ̱ ʰ ʶ˅ʺˌ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ:  

 

230V/16A ~ 3kW   &  230V/32A~ 7kW 
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¶ ɳˉʾˉʶʵˇ н όʆˊʽ˒ʰˋʽˁʺ AC ˉʰˊˇ˔ʺύ Υ ʃʰˊʷ˔ʶʽ ʰˊˁʶˍʱ ˃ʶʴʰ˂ˏˍʶˊʹ 

ˉˇˋˈˍʹˍʰ ʽˋ˔ˏˇˌ ˁʰʽ ˍʹ ˋˎ˄ʰ˄ˍʱ˃ʶ ˋʶ ʵʹ˃ˈˋʽˇˎˌ ˁʰʽ ʽʵʽ˖ˍʽˁˇˏˌ 

ˋ̱ ʰʻ˃ˇˏˌ ˒ˈˊˍʽˋʹˌ [2]Φ ʁ ˃ʷˋˇˌ ˔ˊˈ˄ˇˌ ˒ˈˊˍʽˋʹˌ ʶʾ˄ʰʽ н-п ˗ˊʶˌ ˁʰʽ 

ʶ˃˒ʰ˄ʾʸʶʽ ˍʰ ʶ˅ʺˌ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱΥ 

 

400V/16A~11kW  & 400V/32A~22kW 

 

¶ ɳˉʾˉʶʵˇ о όDC ˉʰˊ̝̌ )̋ Υ ˃ʶ ˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˉʰˊˇ˔ʺ ʴʾ˄ʶˍʰʽ ʶ˒ʽˁˍˈ, ˄ʰ 

˃ʶˍʰ˒ʶˊʻʶʾ ˉˇ˂ˏ ˃ʶʴʰ˂ˏˍʶˊʹ ˉˇˋˈˍʹˍʰ ʽˋ˔ˏˇˌ ˁʰʽ ʷˍˋʽ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ 

ʹ ʴˊʺʴˇˊʹ ˒ˈˊˍʽˋʹ όfast charging) [2]Φʆˇ ˁˈˋˍˇˌ ˍˇˎ ʶ˅ˇˉ˂ʽˋ˃ˇˏ ʰˎˍˇˏ 

ˍˇˎ ʁ̄ʽˉʷʵˇˎ, ʶʾ˄ʰʽ ˉˇ˂˂ʰˉ˂ʱˋʽˇ ʰˉˈ ʰˎˍˈ ˍ˖˄ ˉˊˇʹʴˇˏ˃ʶ˄˖˄ 

ʶˉʽˉʷʵ˖˄Φ ʁ ˃ʷˋˇˌ ˔ˊˈ˄ˇˌ ˒ˈˊˍʽˋʹˌ ʶʾ˄ʰʽ ˍʰ нл ˂ʶˉˍʱ ˁʰʽ ˇʽ ˒ˇˊˍʽˋˍʷˌ 

ʰˎˍˇˏ ˍˇˎ ʶˉʽˉʷʵˇˎ, ˋˎ˄ʰ˄ˍ˗˄ˍʰʽ ˁˎˊʾ˖ˌ ˋʶ ˃ʶʴʱ˂ʰ ʶʻ˄ʽˁʱ ʵʾˁˍˎʰ [2]. 

ɶ ˃ʶˍʰ˒ʶˊˈ˃ʶ˄ʹ ʽˋ˔ˏˌ, ʰ˄ʱ˂ˇʴʰ ˁʰʽ ˃ʶ ˍʽˌ ʵˎ˄ʰˍˈˍʹˍʶˌ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ 

˃ˉˇˊʶʾ ˄ʰ ʰʴʴʾ˅ʶʽ  ʰˁˈ˃ʰ ˁʰʽ ˍʽ˃ʷˌ ˍʹˌ ˍʱ˅ʹˌ ˍ˖˄ нлл-300 kW [4]. 

 

ü 2.4Ȣς ɞʌɻɾʖɾʅʆʙ ʒʝʍʐʅʎʂ ȡ 

 

ɶ ʶˉʰʴ˖ʴʽˁʺ ˒ˈˊˍʽˋʹ, h ˉˇˍʶ˂ʶʾ ˃ʽʰ ˃ˇˊ˒ʺ ʰˋˏˊ˃ʰˍʹˌ ˒ˈˊˍʽˋʹˌ ό˔˖ˊʾˌ ˍʹ ˔ˊʺˋʹ 

ˁʰ˂˖ʵʾˇˎύ [4]Φ ɶ ʰˊ˔ʺ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ˍˊˈˉˇˎ ˒ˈˊˍʽˋʹˌ, 

ʲʰˋʾʸʶˍʰʽ ˋˍʹ˄ ʹ˂ʶˁˍˊˇ˃ʰʴ˄ʹˍʽˁʺ ʶˉʰʴ˖ʴʺ ˁʰʽ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˃ʶ ˔ˊʺˋʹ ʵˏˇ 

ˍˎ˂ʽʴ˃ʱˍ˖˄, όʶ˄ˈˌ ˉˊ˖̱ ʶˏˇ˄ˍˇ ̩ʶ˄ˍˈˌ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˍˊˇ˒ˇʵˇˋʾʰˌ ˁʰʽ ʶ˄ˈˌ 

ʵʶˎ̱ ʶˊʶˏˇ˄ˍˇˌ ʶ˄ˍˈˌ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌύ [2]Φ ʅˍʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ʶ˄ˍˇˉʾy ˇ˄ˍʰʽ, ʹ 

˃ʶˍʰ˒ˇˊʱ ʽˋ˔ˏˇˌ ˔˖ˊʾˌ ʶˉʰ˒ʺ όˋʶ ʶˊʶˎ˄ʹˍʽˁˈ ˋˍʱʵʽˇ ˃ʶ˂ʶˍʱˍʰʽ ˁʰʽ ʹ ʶ˄ ˁʽ˄ʺˋʶʽ 

˒ˈˊˍʽˋʹύ, ˉˊʱʴ˃ʰ ˉˇˎ ˂ˏ˄ʶʽ ˍʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ˉˇˎ ʰ˄ʰ˒ʷˊʻʹˁʰ˄ ˋˍʹ˄ 

ˉˊˇʹʴˇˏ˃ʶ˄ʹ ˁʰˍʹʴˇˊʾʰΦ ʅˍʰ ʰˊ˄ʹˍʽˁʱ ˍˇˎ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ˍˊˈ̄ ˇˎ ˒ˈˊˍʽˋʹˌ 

ʶ˄ˍˇˉʾʸˇˎ˃ʶ ˍʹ ˃ʶʴʰ˂ˏˍʶˊʹ ˋˎʴˁˊʽˍʽˁʱ ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰΣ ˍˇ ˎ˕ʹ˂ˈˍʶˊˇ ˁˈˋˍˇˌ 

ʶ˅ˇˉ˂ʽˋ˃ˇˏ ˁʰʻ˗ˌ ˁʰʽ ˍʹ ˋˎʴˁˊʽˍʽˁʱ ˔ʰ˃ʹ˂ˈˍʶˊʹ ʰˉˇʵˇˍʽˁˈˍʹˍʰ [2] [11] [12].  
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2.5 ɚʎɻʒʙʏ ɤʋɾʅʆʙ ɉFuzzy Logic) & Matlab  Fuzzy Logic toolbox : 

ü 2.5.1 ɚʎɻʒʙʏ ɤʋɾʅʆʙ 

 

 

 

 

 

 

 

 

 

 

 

ʆˇ мфср ˋˍˇ ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ ˍˇˎ .ŜǊkeley, ʶˉʽ˄ˇˇˏ˄ˍʰʽ ʰˉˈ ˍˇ˄  

ʄ˖ˋˇˉʶˊˋʽˁʺˌ ˁʰˍʰʴ˖ʴʺˌ ˁʰʻʹʴʹˍʺ Lotfi Zadeh ˍʰ ʰˋʰ˒ʺ ˋˏ˄ˇ˂ʰ [11]. ʆʰ 

ʰˋʰ˒ʺ ˋˏ˄ˇ˂ʰ ˉˊˇˋʶʴʴʾʸˇˎ˄ ˃ʶ ʵʽʰ˒ˇˊʶˍʽˁˈ ʴʽʰ ˍʹ˄ ʶˉˇ˔ʺ ˍˊˈˉˇ, ˍʽˌ ˂ˇʴʽˁʷˌ 

ˁʰˍʰˋˍʱˋʶʽˌ ʰ˂ʹʻʷˌ-˕ʶˎʵʷˌ ˁʰʽ ʶʽˋʱʴˇˎ˄ ˍʹ˄ ʷ˄˄ˇʽʰ ˍʹˌ ˉ˂ʶʽˈˍʽ˃ʹˌ ˂ˇʴʽˁʺˌΦ ɸʰ 

˃ˉˇˊˇˏˋʶ ˁʰ˄ʶʾˌ ˄ʰ ˉʶʽ, ˉ˖ˌ ˃ʶ ˍʰ ʰˋʰ˒ʺ ˋˏ˄ˇ˂ʰ ʵˈʻʹˁʶ ʹ ʵˎ˄ʰˍˈˍʹˍʰ 

˃ʶˍʱʲʰˋʹˌ, ʰˉˈ ˍʹ˄ ʷ˄˄ˇʽʰ ˍʹˌ ˎˉʰʴ˖ʴʺˌ ʶ˄ˈˌ ˋˍˇʽ˔ʶʾˇˎ ˋˍˇ ˋˏ˄ˇ˂ˇ, ˋˍʹ˄ 

ʷ˄˄ˇʽʰ ˍˇˎ ʲʰʻ˃ˇˏ ˋˎ˃˃ʶˍˇ˔ʺˌ ˍˇˎ ̀ ˍˇʽ˔ʶʾˇˎ ˋˍˇ ˋˏ˄ˇ˂ˇ [12].        

ɶ ʰˋʰ˒ʺˌ ˂ˇʴʽˁʺ ʰˉˇˍʶ˂ʶʾ ʴʶ˄ʾˁʶˎˋʹ ˍʹˌ ˁ˂ʰˋˋʽˁʺˌ ˂ˇʴʽˁʺˌ ˁʰʽ ˉʰˊʷ˔ʶʽ 

˃ʹ˔ʰ˄ʽˋ˃ˇˏˌ ˉˇˋˇˍʽˁˇˉˇʾʹˋʹˌ ˍʹˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ʴʽʰ ˃ʹ-ʰˁˊʽʲʺ ʵʶʵˇ˃ʷ˄ʰΦ ɴ˔ʶʽ  

ʶˉʶˁˍʰʻʶʾ ˃ʶ ˍˊˈˉˇ, ˍʷˍˇʽˇ ˗ˋˍʶ ˄ʰ ˁʰ˂ˏˉˍʶʽ ˍˇ ˁʶ˄ˈ ʰ˄ʱ˃ʶˋʰ ˋˍˇ  ғʰˉˇ˂ˏˍ˖ˌ 

ʰ˂ʹʻʷˌҔ ˁʰʽ ғʰˉˇ˂ˏˍ˖ˌ ˕ʶˎʵʷˌҔ ˁʰʽ ʰˉˇˍʶ˂ʶʾ  ˋʹ˃ʰ˄ˍʽˁˈ ʶˊʴʰ˂ʶʾˇ ʴʽʰ ˍʹ˄ 

ʶ˅ʰʴ˖ʴʺ ˋˎ˃ˉʶˊʰˋ˃ʱˍ˖˄ ˈˍʰ˄ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˃ʰˌ ʶʾ˄ʰʽ ʰˋʰ˒ʺ [12]. 

 

ɳʽˁˈ˄ʰ 10. Precision and Significance [23] 
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ü 2.5.2 Matlab Fuzzy Logic toolbox 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʆ ̌ fuzzy logic toolbox ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ˉˇ˂ˏ ˔ˊʺˋʽ˃ˇ ʶˊʴʰ˂ʶʾˇ ˍʹˌ MATLAB, 

ˉˇˎ ˃ʰˌ ʵʾ˄ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ  ˄ʰ ˉʶˊʽʴˊʱ˕ˇˎ˃ʶ ˁʰʽ ˄ʰ ʵʽʰ˔ʶʽˊʽˋˍˇˏ˃ʶ ˃ʶ 

ʶˎˁˇ˂ʾʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ˃ʶ ʰˋʰ˒ʺ ʵʶʵˇ˃ʷ˄ʰΦ ʋˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ 

ʶˊʴʰ˂ʶʾˇ, ˃ˉˇˊˇˏ˃ʶ ˄ʰ ˉˇˋˇˍʽˁˇˉˇʽʺˋˇˎ˃ʶ ʰˋʰ˒ ̋ ʵʶʵˇ˃ʷ˄ʰ ˁʰʽ ˄ʰ 

ʵʹ˃ʽˇˎˊʴʺˋˇˎ˃ʶ ˋˏ˄ˇ˂ʰ, ˋˍʰ ˇˉˇʾʰ ˃ʱ˂ʽˋˍʰ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ʻʷˋˇˎ˃ʶ ˂ˇʴʽˁˇˏˌ 

ˁh ˄ˈ˄ʶˌ [13]Φ ɾʶ ˂ʾʴʰ ˂ˈʴʽʰ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ˋˏˋˍʹ˃ʰ ˍˇ ˇˉˇʾ ̌˃ˉˇˊʶʾ ˄ʰ ʵʶ˔ʻʶʾ 

ʵʶʵˇ˃ʷ˄ʰ ˖ˌ ʶʾˋˇʵˇ, ˄ʰ ˍʰ ʶˉʶ˅ʶˊʴʰˋˍʶʾ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇˎˌ ˁʰ˄ˈ˄ʶˌ ˉˇˎ ʶ˃ʶʾˌ 

ʷ˔ˇˎ˃ʶ ˇˊʾˋʶʽ ˁʰʽ ˄ʰ ˉʰˊʱ˅ʶʽ ˁʱˉˇʽʰ ʷ˅ˇʵˇ ˋʶ ˃ˇˊ˒ʺ ˉˇˎ ˍˇˎ ʷ˔ˇˎ˃ʶ ˎˉˇʵʶʾ˅ʶʽΦ 

ʋˊʺˋʽ˃ʹ ʶˉʾˋʹˌ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ, ʰˉˇˍʶ˂ʶʾ ʹ ˇˉˍʽˁˇˉˇʾʹˋʹ ˍ˖˄ ˂ˇʴʽˁ˗˄ ˁʰ˄ˈ˄˖˄, 

ˁʰʻ˗ˌ ʲˇʹʻʱ ˋʹ˃ʰ˄ˍʽˁʱ ˋˍʹ˄ ˁʰˍʰ˄ˈʹˋʹ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ [12]. ɶ ʶʽˋʰʴ˖ʴʺ 

ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ʹ ʶ˅ʰʴ˖ʴʺ ˍˇ˄ ʰˉˇ˒ʱˋʶ˖˄ ˋˍˇ fuzzy ˋˏˋˍʹ˃ʰ ˉˇˎ ʷ˔ˇˎ˃ʶ 

ɳʽˁˈ˄ʰ 11Φ ɰʰˋʽˁʱ ʶˊʴʰ˂ʶʾʰ ˍˇˎ fuzzy logic toolbox [24] 
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ˋ˔ʶʵʽʱˋʶʽ, ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰ̔ ʶˏˁˇ˂ʰ ˃ʶ ˍʹ˄ ˁ˂ʺˋʹ ˁʰˍʱ˂˂ʹ˂˖˄ ˋˎ˄ʰˊˍʺˋʶ˖˄ 

[12].      

2.6 Real Time Electricity Pricing :  
 

 

 

 

 

 

 

 

 

 

 

 

ɳʵ˗ ˁʰʽ ʰˊˁʶˍˈ ˁʰʽˊˈ, ʵʶ˄ ʶʾ˄ʰʽ ˂ʾʴʶˌ ˇʽ  ʲʽˇ˃ʹ˔ʰ˄ʾʶˌ ˉˇˎ ʷ˔ˇˎ˄ ˋˍˊʰ˒ʶʾ 

ˋˍˇ ˋ˔ʶʵʽʰˋ˃ˈ ˁʰʽ ˍʹ˄ ʵʹ˃ʽˇˎˊʴʾʰ  ʷ˅ˎˉ˄˖˄ ʵʽˁˍˏ˖ ˄ (Smart Grid), ˃ʶ 

ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʰ ʵˎ˄ʰ˃ʽˁʱ ˉˊˇʴˊʱ˃˃ʰˍʰ ˍʽ˃ˇ˂ˈʴʹˋʹˌ ˄ hˉʰˊˇˎˋʽʱʸˇˎ˄ ˈ˂ˇ ˁʰʽ 

˃ʶʴʰ˂ˏˍʶˊˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ [14]. 

ʅˍʹ ʵˎ˄ʰ˃ʽˁʺ ˍʽ˃ˇ˂ˈʴʹˋʹ, ˇʽ ˍʽ˃ʷˌ ˉˊˇˋʰˊ˃ˈʸˇ˄ˍʰʽ ˋˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍʹˌ 

ˉˊˇˋ˒ˇˊʱˌ ˁʰʽ ˍʹˌ ʸʺˍʹˋʹˌ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ,  ̋ˋ˔ʶʵˈ˄ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇ [14]. 

ɮˎˍˈ ˉˊˇˋ˒ʷˊʶʽ ˋˍˇ˄  ˉʱˊˇ˔ˇ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ, ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ˍʽ˃ˇ˂ˇʴʶʾ 

ˍˇ˄ ˉʶ˂ʱˍʹ ˍˇˎ ˃ʶ ˍʽ˃ʺ ˉˇˎ ʵʽʰ˒ʷˊʶʽ ʰˉˈ ˗ˊʰ ˋʶ ˗ˊʰ ˁʰʽ ʶˉˇ˃ʷ˄˖ˌ ˍˇ ˍʶ˂ʽˁˈ 

ˁˈˋˍˇˌ, ˉˇˎ ʻʰ ˁ˂ʹʻʶʾ ˄ʰ ˉ˂ʹˊ˗ˋʶʽ ˇ ˉʶ˂ʱˍʹˌ, ˋˎ ˄ʵʷʶˍʰʽ ʱ˃ʶˋʰ ˃ʶ ˍʹ˄ ʶˎʶ˂ʽ˅ʾʰ 

ˍˊˇ˒ˇʵˈˍʹˋʹˌ ˍ˖˄ ˒ˇˊˍʾ˖˄ ˍˇˎ [14]Φ ɾʶʴʱ˂ʰ ˒ˇˊˍʾʰ ˋʶ ˗ˊʶˌ ˔ʰ˃ʹ˂ˇˏ ˁˈˋˍˇˎˌ 

ɳʽˁˈ˄ʰ 12Φ ʵʽʰˁˏ˃ʰ˄ˋʹ ˍˇˎ ˁˈˋˍˇˎˌ ˍʹˌ ʶ˄ʷˊʴʶʽʰˌ ˋˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ʹ˃ʷˊʰˌ [25] 



 
28 

 

ˁʰʽ ˃ʽˁˊʱ ˋʶ ˗ˊʶˌ ˎ˕ʹ˂ˇˏ, ˋˎ˃ʲʱ˂ˇˎ˄ ˋˍʹ ˃ʶʾ˖ˋʹ ˍˇˎ ˋˎ˄ˇ˂ʽˁˇˏ ˁˈˋˍˇˎˌΦ 

ɳˉʾˋʹˌ ˈˋˇ ʰˎ˅ʱ˄ʶˍʰʽ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ˉʶ˂ʰˍ˗˄ ˉˇˎ ˁʱ˄ˇˎ˄ ˔ˊʺˋʹ, ˍ˖˄ ʶ˄ ˂ˈʴ˖ 

ˉˊˇʴˊʰ˃˃ʱˍ˖˄ ˉʰˊʰˍʹˊʶʾˍʰʽ ʶ˅ʽˋˇˊˊˈˉʹˋʹ ˋˍʽˌ ˗ˊʶˌ ʰʽ˔˃ʺˌ ˁʰʽ ʶˉˇ˃ʷ˄˖ˌ 

˃ʽˁˊˈˍʶˊʹ ʵʽʰˁˏ˃ʰ˄ˋʹ ˍʹˌ ʽˋ˔ˏˇˌ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ʹ˃ʷˊʰˌ [14]Φ ɮˎˍˈ ʵʾ˄ʶʽ 

ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˋˍˇˎˌ ˉʰˊʰʴ˖ʴˇˏˌ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ, ˄ʰ ˁʰ˂ˏˉˍˇˎ˄ 

˃ʶʴʰ˂ˏˍʶˊʰ ˒ˇˊˍʾʰ ˃ʶ ό˃ʶʴʱ˂ʶˌ ˁʰʽ ˇʽˁˇ˄ˇ˃ʽˁʷˌύ ˃ˇ˄ʱʵʶˌ ʲʱˋʹˌ ˁʰʽ 

ˉʶˊʽˇˊʽˋ˃ˇˏ  ˍ˖˄ ό˃ʽˁˊ˗˄ ˁʰʽ ˁˇˋˍˇʲˈˊ˖˄ύ ˃ˇ˄ʱʵ˖˄ ʰʽ˔˃ʺˌ, ˃ʶʽ˗˄ˇ˄ˍʰˌ ʷˍˋʽ 

ˁʰʽ ˍˇ ˁˈˋˍˇˌ ˉʰˊʰʴ˖ʴʺˌ [14]. 

ʇˉʱˊ˔ˇˎ˄ ʵʽʱ˒ˇˊʰ ˉˊˇʴˊʱ˃˃ʰˍʰ ʵˎ˄ʰ˃ʽˁʺˌ ˍʽ˃ˇ˂ˈʴʹˋʹˌΦ ɴ˄ʰ ʰˉˈ ʰˎˍʱ 

ˋˍˇ ˇˉˇʾˇ ʻʰ ʰ˄ʰ˒ʶˊʻˇˏ˃ʶ, ˋˍʰ ˉ˂ʰʾˋʽʰ ˍʹˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶʾ˄ʰʽ 

ˍˇ (RTP)  Real Time Pricing [14] [15]. ʅˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˉˊˈʴˊʰ˃˃ʰ, ˇʽ ˉʶ˂ʱˍʶˌ 

ʶ˄ʹ˃ʶˊ˗˄ˇ˄ˍʰʽ ʴʽʰ ˍʹ˄ ˍʽ˃ʺ ˍʹˌ ˁʽ˂ˇʲʰˍ˗ˊʰˌ ˄˖ˊʾˍʶˊʰ όм ʹ˃ʷˊʰ ʺ ˁʱˉˇʽʶˌ ˗ˊʶˌύ 

Φ ɴ˔ʶʽ ˉʰˊʰˍʹˊʹʻʶʾ ˈˍʽ ˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˉˊˈʴˊʰ˃˃ʰ, ˃ˉˇˊʶʾ ˄ʰ ˋˎ˃ʲʱ˂ʶʽ ˋˍʹ 

˃ʶʾ˖ˋʹ ˍʹˌ ˁʰˍʰ˄ʱ˂˖ˋʹˌ, ˈˍʰ˄ ˎˉʱˊ˔ʶʽ ʰ˄ʰˍˊˇ˒ˇʵˈˍʹˋʹ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ 

(feedback) [14].     

ɮ˄ ˁʰʽ ˍʰ ˉˊˇʴˊʱ˃˃ʰˍʰ ʵˎ˄ʰ˃ʽˁʺˌ ˍʽ˃ˇ˂ˈʴʹˋʹˌ, ̫ ˔ˇˎ˄ ˁʱ˄ʶʽ ˍʹ˄ ʶ˃˒ʱ˄ʽˋʹ 

ˍˇˎˌ ʰˊˁʶˍˈ ˁʰʽˊˈ ˁʰʽ ˍʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ ʰˊˁʶˍʷˌ ˔˗ˊʶˌ, ˋˍʹ˄ ɳ˂˂ʱʵʰ ʵʶ˄ ʷ˔ˇˎ˄ 

ʰˁˈ˃ʰ ʶ˒ʰˊ˃ˇˋˍʶʾ [14]. 
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3 ɭʇʋʌʋʚʂʎʂ  
 

3.1 ɩʀʍʅɾʍɻʒʙ 
 

ɮ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍʹˌ ˉʰˊˇˏˋʰˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌ, ʶʾ ˄ʰʽ ˇ ˋ˔ʶʵʽʰˋ˃ˈˌ ˁʰʽ 

ʹ ˎ˂ ˇˉˇʾʹˋʹ ʶ˄ˈˌ ʷ˅ˎˉ˄ˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ʶ˂ʷʴ˔ˇˎ ˒ˈˊˍʽˋʹˌ ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄, 

ˋʶ ʷ˄ʰ ˋˍʰʻ˃ˈ ˒ˈˊˍʽˋʹˌΦ ʅˍˈ˔ˇˌ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ ˉˇˎ ʰ˄ʰˉˍˏ˔ʻʹˁʶ, ʶʾ˄ʰʽ ʹ 

ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˍˇˎ ˁˈˋˍˇˎˌ ˒ˈˊˍʽˋʹˌ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʷ˄ʰ˄ ʶ˂ʶʴ˔ˈ˃ʶ˄ˇ ˍˊˈˉˇ 

˒ˈˊˍʽˋʹˌ ʶ˒ʰˊ˃̍ʸˇ˄ˍʰˌ ʰˋʰ˒ʺ ˂ˇʴʽˁʺΦ ɶ ʲʰˋʽˁʺ ʽʵʷʰ ʶʾ˄ʰʽ, ˉ˖ˌ ʰˉˈ ˍʹ ˋˍʽʴ˃ʺ 

ˉˇˎ ˍˇ ˈ˔ʹ˃ʰ ʻʰ ˃ʶʾ˄ʶʽ ˋˍˇ ˋˍʰʻ˃ˈ ʴʽʰ ʰˊˁʶˍˈ ˔ˊˈ˄ˇ, ʾˋ˖ˌ ˁʰʽ ˃ʶʴʰ˂ˏˍʶˊˇ ʰˉˈ 

ʰˎˍˈ ˄ˉˇˎ ʰˉʰʽˍʶʾˍʰʽ ʴʽʰ ˃ʽʰ ˁ˂ʰˋˋʽˁʺ ˒ˈˊˍʽˋʹ, ˃ˉˇˊˇˏ˃ʶ ˄ʰ ʶˁ˃ʶˍʰ˂˂ʶˎˍˇˏ˃ʶ 

ˍʹ˄ ˉʰˊʰ˃ˇ˄ʺ ˍˇˎ ˋˍˇ ˋˍʰʻ˃ˈ, ˒ˇˊˍʾʸˇ˄ˍʰˌ ʺ ʶˁ˒ˇˊˍʾʸˇ˄ˍʰˌ ˍʹ˄ ˃ˉʰˍʰˊʾʰ ˍˇˎ, 

ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ ˁˈˋˍˇˌ ˍʹˌ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ ˁʰʽ ˍˇ˄ ʵʽʰʻʷˋʽ˃ˇ ˔ˊˈ˄ˇΦ ɴˍˋʽ 

ˈˍʰ˄ ʹ ˍʽ˃ʺ ˍʹˌ ʶ˄ʷˊʴʶʽʰˌ ʶʾ˄ʰʽ ˔ʰ˃ʹ˂ʺ, ˃ˉˇˊˇˏ˃ʶ ˄ʰ ˒ˇˊˍʾʸˇˎ˃ʶ ˍʽˌ ʵʽʰʻʷˋʽ˃ʶˌ 

˃ˉʰˍʰˊʾʶˌ, ˋʶ ˉˇˋˇˋˍˈ ʰˁˈ˃ʰ ˁʰʽ ˃ʶʴʰ˂ˏˍʶˊˇ ʰˉˈ  ʰˎˍˈ  ˉˇˎ ʷ˔ʶʽ ʸʹˍʺˋʶʽ ˇ 

ˉʶ˂ʱˍʹˌ ˁʰʽ ˄ʰ ˍʽˌ ʶˁ˒ˇˊˍʾʸˇˎ˃ʶ ˈˍʰ˄ ʹ ˍʽ˃ʺ ˍʹˌ ʶ˄ʷˊʴʶʽʰˌ ʶʾ˄ʰʽ ˎ˕ʹ˂ʺ, 

˒ˇˊˍʾʸˇ˄ˍʰˌ ʱ˂˂ʶˌ ˉˇˎ ʰ˄ʺˁˇˎ˄ ˋʶ ˇ˔ʺ˃ʰˍʰ, ˉˇˎ ˇ ˔ˊˈ˄ˇˌ ˉʰˊʰ˃ˇ˄ʺˌ ˍˇˎˌ ˋˍˇ˄ 

ˋˍʰʻ˃ˈ ˍʶ˂ʶʽ˗˄ʶʽ, ̋  ˁʰʽ ˉˇˎ˂˗˄ˍʰˌ ʶ˄ʷˊʴʶʽʰ ˋˍˇ˄ ˉʱˊˇ˔ˇ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ʵʶ˄ 

ˎˉʱˊ˔ˇˎ˄ ʵʽʰʻʷˋʽ˃ʰ ˇ˔ʺ˃ʰˍʰ ˉˊˇˌ ˒ˈˊˍʽˋʹ [16] [17].  ɹʵʽʰʾˍʶˊʹ  ˉˊˇˋˇ˔ʺ 

ʵˈʻʹˁʶ ˋˍʰ ˈˊʽʰ ˉˇˎ ʵʾ˄ˇˎ˄ ˇʽ ˁʰˍʰˋˁʶˎʰˋˍʷˌ  ˃ˉʰˍʰˊʽ˗˄,  ɹ ʽʰ ˍˇ ʰ˄˗ˍʶˊˇ ˁʰʽ 

ˁʰˍ˗ˍʶˊˇ ʶˉʾˉʶʵˇ ˒ˈˊˍʽˋʹˌ, ʷˍˋʽ ˗ˋˍʶ ˄ʰ ʵʽʰˋ˒ʰ˂ʾʸʶˍʰʽ ʹ ˋ˖ˋˍʺ ˂ʶʽˍˇˎˊʴʾʰ ˁʰʽ 

˄ʰ ˉˊˇˋˍʰˍʶˏʶˍʰʽ ʹ ˃ˉʰˍʰˊʾʰ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ. ʆ̌  ˉʰˊʰˉʱ˄˖ ˃ˇˍʾʲˇ ˒ˈˊˍʽˋʹˌ, 

ˉʰˊˇˎˋʽʱʸʶʽ ˔ʰ˃ʹ˂ˈˍʶˊˇ ˁˈˋˍˇˌ ˋˎʴˁˊʽˍʽˁʱ ˃ʶ ˍˇ ˃ʹ ʶ˂ʶʴ˔ˈ˃ʶ˄ˇ ˃ˇˍʾʲˇ 

˒ˈˊˍʽˋʹˌ, ˍˇ ˇˉˇʾˇ ʶˉʾˋʹˌ ˃ˇ˄ˍʶ˂ˇˉˇʽʺʻʹˁʶ, ˗ˋˍʶ ˄ʰ ˃ˉˇˊʷˋˇˎ˃ʶ ˄ʰ 

ˋˎʴˁˊʾ˄ˇˎ˃ʶ ˉˊʰʴ˃ʰˍʽˁʱ ˃ʶʴʷʻʹ ˁʰʽ ˄ʰ ʲʴʱ˂ˇˎ˃ʶ ʰˋ˒ʰ˂ʺ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰΦ       
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ü 3.1.1 ɥʂ ʀʇʀɾʔʝʈʀʉʂ ʒʝʍʐʅʎʂȡ  

 

ʅˍʹ˄ ˃ʹ ʶ˂ʶʴ˔ˈ˃ʶ˄ʹ  ˒ˈˊˍʽˋʹ ʹ ʽˋ˔ˏˌ ˒ˈˊˍʽˋʹ ̩ʻʁ ˖ˊʶʾˍʰʽ ˋˍʰʻʶˊʺ ˁʰʽ ˉʱ˄ˍʰ 

ʻʶˍʽˁʺ ˁ ʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˒ˈˊˍʽˋʹˌ ˁʰʽ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʰˉˈ ˍʹ˄ ʶ˅ʾˋ̟̀ʹ όмύΦ 

ὖ  ȟ    0 π                                                                                    (1)   

ˈˉˇˎ : 

ὖ  ̔ˋ˔ˏˌ (kW), 

3Ïὅ  ʁˉʾˉʶʵˇ ˒ˈˊˍʽˋʹˌ (kWh), 

3Ïὅ  ʁˉʽʻˎ˃ʹˍˈ ʁ ˉʾˉʶʵˇ ˒ ˈˊˍʽˋʹˌ, 

3Ï# ʁˉʾˉʶʵˇ ˒ˈˊˍʽˋʹˌ ˍʹ˄ ˋˍʽʴ˃ʺ ʱ˒ʽ˅ʹˌ ˋˍˇ ˋˍʰʻ˃ˈΣ  

Ὕ  ̝ ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ ʰ˄ʰ˔˗ˊʹˋʹˌ  

   ̝ ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ ʱ˒ʽ˅ʹˌ όhr). 

 

ü σȢρȢς ɞʇʀɾʔʝʈʀʉʂ ʒʝʍʐʅʎʂȡ 
 

ʅˍʹ˄ ʶ˂ʶʴ˔ˈ˃ʶ˄ʹ  ˒ˈˊˍʽˋʹ ʹ ʽˋ˔ˏˌ ˒ˈˊˍʽˋʹ ̩ʶʾ˄ʰʽ ˃ʶˍʰʲʰ˂˂ˈ˃ʶ˄ʹ, ˃ˉˇˊʶʾ ˄ʰ 

ˉʱˊʶʽ ʻʶˍʽˁʷˌ ˁʰʽ ʰˊ˄ʹˍʽˁʷˌ ˍʽ˃ʷˌ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˒ˈˊˍʽˋʹˌ, ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʰˉˈ 

ˍʹ˄ ʶ˅ʾˋ˖ˋʹ ό2). ɱʽʰ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˍˇˎ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ˍˊˈˉˇˎ ˒ˈˊˍʽˋʹˌ 

ʰ˄ʰˉˍˏ˔ʻʹˁʶ ʷ˄ʰ ˋˏˋˍʹ˃ʰ ˃ʶ ʰˋʰ˒ʺ ˂ˇʴʽˁʺ ˉˇˎ ˃ʶ ʲʱˋʹ ʷ˄ʰ ˋˏ˄ˇ˂ˇ 

ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ʵʷ˔ʶˍʰʽ ʰˉˇ˒ʰˋʾʸʶʽ ˍʹ˄ ʽˋ˔ˏ ˍʹ ˋˍʽʴ˃ʺ ̄ ˇˎ ˍˇˎ ʸʹˍʶʾˍʰʽΦ 

ὖ ὖ ϽέόὸὴόὸέͅᾪὪόᾀᾀώ,         έόὸὴόὸέͅᾪὪόᾀᾀώ[ɴ-1,1]                    (2) 

ὖ  ˃ʷʴʽˋˍʹ ʽˋ˔ˏˌ όkW), 

έόὸὴόὸέͅᾪὪόᾀᾀώ : ˉˊˈˁʶʽˍʰʽ ʴʽʰ ʷ˄ʰ˄ ˋˎ˄ˍʶ˂ʶˋˍʺ ˉˇˎ ʰˉˇˍʶ˂ʶʾ ˍʹ˄ ʷ˅ˇʵˇ ˍˇˎ 

ˋˎˋˍʺ˃ʰˍˇˌ fuzzy ̄ ˇˎ ʰ˄ʰˉˍˏ˔ʻʹˁʶ ˁʰʽ ʶʾ˄ʰʽ ʰʵʽʱˋˍʰˍˇ ˃ʷʴʶʻˇˌΦ  
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3.2 ɩɻʍʋʑʎʚɻʎʂ ʐʂʏ ʈʀʃʝɿʋʑ 

 

ʁ ʰ˂ʴˈˊʽʻ˃ˇˌ ˉˇˎ ʰ˄ʰˉˍˏ˔ʻʹˁʶ ʷ˔ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ˉˊˇˋˇ˃ˇʽ˗˄ʶʽ 

ˋˍʰʻ˃ˇˏˌ ˒ˈˊˍʽˋʹˌ ˃  ʁʵˎ˄ʰ˃ʽˁˈˍʹˍʰ ˈˋ˖˄ ʻʷˋʶ˖˄ ˍˇˎ ʸʹˍʹʻˇˏ˄ ˁʰʽ ˄ʰ ˒ˇˊˍʾʸʶʽ 

ˍʰ ˋˎ˄ʵʶʵʶ˃ʷ˄ʰ ˋʶ ʰˎˍˈ˄ ˇ˔ʺ˃ʰˍʰ . ɶ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ʰ˒ˇˊʱ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ 

ˋˍʰʻ˃ˇˏ ʴʽʰ ˔ˊˇ˄ʽˁʺ ʵʽʱˊˁʶʽʰ т ʹ˃ʶˊ˗˄Φ 

ü σȢςȢρ ɨʈɻɿʋʌʋʚʂʎʂ ʈʌɻʐɻʍʅʡʉȡ 
 

 ʆʰ ˇ˔ʺ˃ʰˍʰ ˉˇˎ ʶʽˋʷˊ˔ˇ˄ˍʰʽ ˋˍˇ ˋˍʰʻ˃ˈ ʴʽʰ ˒ˈˊˍʽˋʹ, ʵʽʰʻʷˍˇˎ˄ 

˃ˉʰˍʰˊʾʶˌ ˍʶˋˋʱˊ˖˄ ˁʰˍʹʴˇˊʽ˗˄Φ ɶ ˁʰˍʹʴˇˊʽˇˉˇʾʹˋʹ ʷ˔ʶʽ ʴʾ˄ʶʽ ˃ʶ ʲʱˋʹ ˍˇ 

ʰ˄˗ˍʶˊˇ ˁʰʽ ˁʰˍ˗ˍʶˊˇ ʶˉʽˍˊʶˉˈ˃ʶ˄ˇ ʶˉʾˉʶʵˇ ˒ˈˊˍʽˋʹˌ, ˍʹ˄ ˔˖ˊʹˍʽˁˈˍʹˍʰ 

ˁʰʻ˗ˌ ˁʰʽ ˃ʶ ˍˇ ˃ʷʴʽˋˍˇ ˊˎʻ˃ˈ ˒ˈˊˍʽˋʹˌ-ʶˁ˒ˈˊˍʽˋʹˌΦ ɶ ˍʷˋˋʶˊʽˌ ʰˎˍʷˌ 

ˁʰˍʹʴˇˊʾʶˌ ˉˊˇʷˁˎ˕ʰ˄ ʰˉˈ ˍʹ˄ ˃ʶ˂ʷˍʹ, ʲʱˋʹˌ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˃ʰˌ ˉʰˊʷ˔ʶʽ 

ˉ˂ʹˊˇ˒ˇˊʾʶˌ, ʴʽʰ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʹ˂ʶˁˍˊʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ʺʵʹ 

ˋʶ ˁˎˁ˂ˇ˒ˇˊʾʰ. ʆʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʶˉʽ˂ʷ˔ʻʹˁʰ˄ ˃ʶ ʲʱˋʹ ˈˍʽ ʹ ˃ʷʴʽˋˍʹ 

ʵˎ˄ʰˍˈˍʹˍʰ ˉˇˎ ˃ˉˇˊʶʾ  ˄ ʰ ˎˉˇˋˍʹˊʾ˅ʶʽ ˃ʽʰ ʻʷˋʹ ˒ˈˊˍʽˋʹˌ ʶʾ˄ʰʽ ʹ 3-phase 32A. 

ɼʰˍʹʴˇˊʾʰ 1 :  3Ï# = 15    (kWh),  3Ï#  = 100 (kWh) , ὖ  = 15(kW) 

ɼʰˍʹʴˇˊʾʰ 2 :  3Ï# = 9,75(kWh),  3Ï#  = 65   (kWh) , ὖ  = 11(kW) 

ɼʰˍʹʴˇˊʾʰ 3 :  3Ï# = 6      (kWh),  3Ï#  = 40   (kWh) , ὖ  = 8  (kW) 

ɼʰˍʹʴˇˊʾʰ 4 :  3Ï# = 3      (kWh),  3Ï#  = 20   (kWh) , ὖ  = 4  (kW) 

ʂ̄ˇ  ˎ3Ï#=(ʁ ˂ʱ˔ʽˋˍˇ ʶˉʽˍˊʶˉˍˈ ʶˉʾˉʶʵˇ ˒ˈˊˍʽˋʹˌ),  3ÏÃ Ґ ό˃ʷʴʽˋˍˇ 

ʶˉʽˍˊʶˉˍˈ ʶˉʾˉʶʵˇ ˒ˈˊˍʽˋʹˌύΣ ὖ  Ґό˃ʷʴʽˋˍʹ ˃ʶˍʰ˒ʶˊˈ˃ʶ˄ʹ ʽˋ˔ˏˌύΦ 

 

ü σȢςȢς ɩʀʍʅɾʍɻʒʙ ɿʀɿʋʈʘʉʖʉ ʀʅʎʝɿʋʑ: 

 

ʆˇ ˉˊˈʴˊʰ˃˃ʰ ˉˇˎ ʰ˄ʰˉˍˏ˔ʻʹˁʶ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍˇ MATLAB, ʵʷ˔ʶˍʰʽ 

ˋʰ˄ ʶʾˋˇʵˇ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ ʻʷˋʶ˖˄ ˉˇˎ ʻʰ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽΣ ˍʹ ˔ˊˇ˄ˇˋʶʽˊʱ 

ˁˈˋˍˇˎˌ (cost), ˁʰʻ˗ˌ ˁʰʽ ˍʽˌ ˔ˊˇ˄ˇˋʶʽˊʷˌ ʶʽˋˈʵˇˎ (incomingύ ˁʰʽ ʶ˅ˈʵˇˎ 

(outgoingύ ˇ˔ʹ˃ʱˍ˖˄Φ ʁʽ ˔ˊˇ˄ˇˋʶʽˊʷˌ ʰˎˍʷˌ ˃ʰˌ ˉʰˊʷ˔ˇˎ˄ ʴʽʰ ˁʱʻʶ ˗ˊʰ ˍʹ˄ 
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ˉ˂ʹˊˇ˒ˇˊʾʰ, ʴʽʰ ˍˇ ˁˈˋˍˇˌ ˍʹˌ ʹ˂ʶˁˍˊʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌΣ ʴʽʰ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ 

ʰˎˍˇˁʾ˄ʹˍ˖˄  ˉˇˎ ʻʰ ʶʽˋʰ˔ʻˇˏ˄ ˋˍˇ ˋˍʰʻ˃ˈ ˁʰʻ˗ˌ ˁʰʽ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ 

ˉˇˎ ʻʰ ʰˉˇ˔˖ˊʾˋˇˎ˄ ʰˉˈ ʰˎˍˈ˄ ʰ˄ˍʾˋˍˇʽ˔ʰ. ʆʰ incoming & outgoing ʶʾ˄ʰʽ ˍʰ 

ˇ˄ˈ˃ʰˍʰ ˍ˖˄ ˉʽ˄ʱˁ˖˄ ˉˇˎ ʵʷ˔ʶˍʰʽ ˍˇ ˉˊˈʴˊʰ˃˃ʰ ˖ˌ ʶʾˋˇʵˇΦ 

 

ɱʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʰˎˍ˗˄ ˍ˖˄ ˉʽ˄ʱˁ˖˄ ˉʰˊʰˍʹˊʺʻʹˁʶ ʹ ˁʽ˄ʹˍʽˁˈˍʹˍʰ 

ˇ˔ʹ˃ʱˍ˖˄ ˋʶ ˁˇʽ˄ˇˏˌ ˔˗ˊˇˎˌ ˃ʰʸʽˁʺˌ ˋˍʱʻ˃ʶˎˋʹˌ, ˗ˋˍʶ ˄ʰ ʶ˄ˍˇˉʽˋˍˇˏ˄ ˇʽ ˗ˊʶˌ 

ʰʽ˔˃ʺˌ ˋˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ʹ˃ʷˊʰˌ [18]Φ ɱʽʰ ˍʹ˄ ˁʰ˂ˏˍʶˊʹ ˃ʶ˂ʷˍʹ ˍʹˌ ʰˉˈʵˇˋʹˌ ˍˇˎ 

ˋˎˋˍʺ˃ʰˍˇˌ ˉˇˎ ʰ˄ʰˉˍˏ˔ʻʹˁʶΣ ʵʹ˃ʽˇˎˊʴʺʻʹˁʰ˄ ˁʰʽ ˉˊˇˋˇ˃ˇʽ˗ʻʹˁʰ˄ ˍʷˋˋʶˊʰ 

ˋʶ˄ʱˊʽʰ ˁʰˍʰ˄ˇ˃ʺˌ ˇ˔ʹ˃ʱˍ˖˄ ˗ˋˍʶ ˄ʰ ˋˎʴˁˊʽʻˇˏ˄ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʱ ˍˇˎˌΦ 
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ʅʶ˄ʱˊʽˇ ɮΥ ɶ ˁʰˍʰ˄ˇ˃ʺ ʰˎˍʺ ˋˎ˄ʵʷʶˍʰʽ ʱ˃ʶˋʰ ˃ʶ ˍˇ ˖ˊʱˊʽˇ ˂ʶʽˍˇˎˊʴʾʰˌ 

ˍʹˌ ʰʴˇˊʱˌΦ ɳ˃˒ʰ˄ʾʸʶʽ ʵˏˇ ˁˇˊˎ˒˗ˋʶʽˌ ˋˍʹ ʵʽʱˊˁʶʽʰ ʶ˄ˈˌ ʶʽˁˇˋʽˍʶˍˊʱ˖ˊˇˎ ˁʰʽ 

ʶ˄̱ˇˉʾʸˇ˄ˍʰʽ ˉʶˊʾˉˇˎ ˋˍʽˌ ммΥлл ˁʰʽ ˋˍʽˌ муΥлл ʰ˄ˍʾˋˍˇʽ˔ʰΦ ɶ ˁʾ˄ʹˋʹ ˍ˖˄ 

ˇ˔ʹ˃ʱˍ˖˄ ˁʰˍʱ ˍʽˌ ˄ˎ˔ˍʶˊʽ˄ʷˌ ˗ˊʶˌ ʶʾ˄ʰʽ ˉˇ˂ˏ ˔ʰ˃ʹ˂ʺ ʺ ʰˁˈ˃ʰ ˁʰʽ ˃ʹʵʶ˄ʽˁʺΦ 

ʃˊˈˁʶʽˍʰʽ ʴʽʰ ˋˍʰʻ˃ˈ ˒ˈˊˍʽˋʹˌ ул ʻʷˋʶ˖˄ ˁʰʽ ʲʰʻ˃ˈ ʶʲʵˇ˃ʰʵʽʰʾʰˌ ˉ˂ʹˊˈˍʹˍʰˌ 

15,3%. 

ʅʶ˄ʱˊʽˇ ɰΥ ʃˊˈˁʶʽˍʰʽ ˇˎˋʽʰˋˍʽˁʱ ʴʽʰ ˍˇ ˋʶ˄ʱˊʽˇ ɮ ˃ʶ ʵʽˉ˂ʱˋʽʰ 

ʶʲʵ̌˃ ʰʵʽʰʾʰ ˉ˂ʹˊˈˍʹˍʰΦ ɰʰʻ˃ˈˌ ˉ˂ʹˊˈˍʹˍʰˌ олΣс҈Φ ʅˍˇ ˋʶ˄ʱˊʽˇ ʰˎˍˈ ʹ 

ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ʶ˃˒ʰ˄ʾʸʶʽ ˃ʶʴʱ˂ʹ ˇ˃ˇʽˇ˃ˇˊ˒ʾʰ ʰˉˈ ˃ʷˊʰ ˋʶ ˃ʷˊʰΦ 

ʅʶ˄ʱˊʽˇ CΥ ʃˊˈˁʶʽˍʰʽ ʶˉʾˋʹˌ ʴʽʰ ˍˇ ˋʶ˄ʱˊʽˇ ɮ ˃ʶ ˍʹ ʵʽʰ˒ˇˊʱ ˈˍʽ ʶʵ˗ 

ʷ˔ˇˎ˃ʶ ʵʽˉ˂ʰˋʽʰˋ˃ˈ ˍˇˎ ˃ʶʴʷʻˇˎˌ ˍˇˎ ˋˍʰʻ˃ˇˏ ˒ˈˊˍʽˋʹˌΣ ʷˍˋʽ ˇʽ ʻʷˋʶʽˌ 

ʴʾ˄ˇ˄ˍʰʽ мсл ʵʽʰˍʹˊ˗˄ˍʰˌ ˈ˃˖ˌ ˍˇ˄ ʾʵʽˇ ʲʰʻ˃ˈ ʶʲʵˇ˃ʰʵʽʰʾʰˌ ˉ˂ʹˊˈˍʹˍʰˌΦ 

ɰʰʻ˃ˈˌ ˉ˂ʹˊˈˍʹˍʰˌ мрΣо҈Φ 

ʅʶ˄ʱˊʽˇ D: ɮˎˍˈ ˍˇ ˋʶ˄ʱˊʽˇ ʰ˄ ˁʰʽ ʰ˄ʰ˒ʷˊʶˍʰʽ ˋʶ ʾʵʽˇ ˃ʷʴʶʻˇˌ ˁʰʽ 

ˉ˂ʹˊˈˍʹˍʰ ˃ʶ ˍˇ ɮ ʶʾ˄ʰʽ ʰˊˁʶˍʱ ʵʽʰ˒ˇˊʶˍʽˁˈ ˁʰʻ˗ˌ ʷ˔ʶʽ ʰ˒ʰʽˊʶʻʶʾ ˍˇ ʵʶˏˍʶˊˇ 

ʹ˃ʶˊʺˋʽˇ peak ˁʰʽ ˍˇ ˉˊ˗ˍˇ ʷ˔ʶʽ ˉ˂ʷˇ˄ ˃ʶʴʰ˂ˏˍʶˊˇ ˉ˂ʱˍˇˌΦ ʆˇ ˋʶ˄ʱˊʽˇ ʰˎˍˈ 

˃ʰˌ ˉʰˊʷ˔ʶʽ ˃ʽʰ ʰˉʶʽˁˈ˄ʽˋʹ ʶ˄ˈˌ ˋˍʰʻ˃ˇˏ ˉˇˎ ʶ˅ˎˉʹˊʶˍʶʾ ʰˉˇˁ˂ʶʽˋˍʽˁʱ 

ʴˊʰ˒ʶʾʰ ˁʰʽ ˎˉʹˊʶˋʾʶˌΦ    

ʅ˔ʶˍʽˁʱ ˃ʶ ˍˇ˄ ˉʾ˄ʰˁʰ ˁˈˋˍˇˎˌ ˁʽ˂ˇʲʰˍ˗ˊʰˌΥ 

ɱʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˍʹˌ ˔ˊˇ˄ˇˋʶʽˊʱˌ ˁˈˋˍˇˎˌ ˔ˊʹˋʽ˃ˇˉˇʽʺˋʰ˃ʶ ˉˊʰʴ˃ʰˍʽˁʱ 

ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ˉʺˊʰ˃ʶ ʰˉˈ ˍʹ ˋ˔ʶˍʽˁʺ ʲʱˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˍˇˎ ɮɲɾɶɳΦ ʃʽˇ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˉʱˊʻʹˁʶ ʰˉˈ ˍʹ˄ ʲʱˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˍˇˎ ɮɲɾɶɳΣ ˍˇ ˁˈˋˍˇˌ ˍʹˌ 

ˁʽ˂ˇʲʰˍ˗ˊʰˌ ʴʽʰ ˁʱʻʶ ˗ˊʰ ʴʽʰ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ʶ˄ˈˌ ʷˍˇˎˌ όлмκлмκнлмф-

01/01κнлнлύΦ ɴˉʶʽˍʰ ʰˉˈ ˍˇ ˋˏ˄ˇ˂ˇ ʰˎˍ˗˄ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ʶˉʽ˂ʷ˅ʰ˃ʶ т ʰˉˈ 

ʰˎˍʷˌ ˉˇˎ ʶ˃˒ʰ˄ʾʸˇˎ˄ ˃ʽʰ ˋ˔ʶˍʽˁʱ ˁʰ˂ʺ ʵʽʰˁˏ˃ʰ˄ˋʹ ˁʰʽ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋˍʽˌ ˃ʷˊʶˌ 

ˍʹˌ ʶʲʵˇ˃ʱʵʰˌΦ ʅˍʹ˄ ɳʽˁˈ˄ʰ 14 ʴʾ˄ʶˍʰʽ ʰˉʶʽˁˈ˄ʽˋʹ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ 

ʶˉʽ˂ʷ˔ʻʹˁʰ˄. 
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ʅˍʹ˄ ɳʽˁˈ˄ʰ 14 ʶʾ˄ʰʽ ˇˊʰˍˈ ˈˍʽ ʹ ʵʽʰˁˏ˃ʰ˄ˋʹ ˍˇˎ ˁˈˋˍˇˎˌ ʹ˂ʶˁˍˊʽˁʺˌ 

ʶ˄ʷˊʴʶʽʰˌ ʵʶ˄ ʶʾ˄ʰʽ ˉ˂ʺˊ˖ˌ ʰˁʰ˄ˈ˄ʽˋˍʹ ʰ˂˂ʱ ʶ˄ˍˇˉʾʸˇ˄ˍʰʽ ˁˇʽ˄ʷˌ ˍʱˋʶʽˌ 

ʰˎ˅ˇ˃ʶʾ˖ˋʹˌ ˋˍʹ ʵʽʱˊˁʶʽʰ ʶ˄ˈˌ нп˗ˊˇˎΦ 

 

 

 

ɳʽˁˈ˄ʰ 14Φɳˉʽ˂ˇʴʺ ˔ˊˇ˄ˇˋʶʽˊ˗˄ ˁˈˋˍˇˎˌ ˁʽ˂ˇʲʰˍ˗ˊʰˌ 






































































