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ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈ ʰˉ̍ ˍʹ ˒ˎˋʽˁʺ ˁʰʽ ˍʹ ˃ʰʻʹ˃ʰˍʽˁʺ ˍˇˎ ˋˁˇˉʽʱΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʹ ʰ˄ʱ˂ˎˋʹ ʶʽˋ˔˖ˊʶʾ 

ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍ˖˄ ʰˁˍʽ˄˖ˍ˗˄ ʵʽˁˍˏ˖˄ ʲʰˊˏˍʹˍʰˌΦ ɱʾ˄ʶˍʰʽ ʶˉʾˋʹˌ ˃ʾʰ ʶʽˋʰʴ˖ʴʺ ˋˍˇ ˂ˇʴʽˋ˃ʽˁˈ 

ʶˉʾ˂ˎˋʹˌ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ʴˊʰ˃˃ʽˁˇˏ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ Lingo. 

ʅˍˇ 4ˇ ɼʶ˒ʱ˂ʰʽˇΣ ˍˇ ʻʶ˖ˊʹˍʽˁˈ ˎˉˈʲʰʻˊˇ ˍˇˎ ˉˊˇʹʴˇˏ˃ʶ˄ˇˎ ɼʶ˒ʰ˂ʰʾˇˎ ʲˊʾˋˁʶʽ ʶ˒ʰˊ˃ˇʴʺ ˋˍˇ 

ʵʾˁˍˎˇ ˏʵˊʶˎˋʹˌ ˍʹˌ ʰ˄ʰˍˇ˂ʽˁʺˌ ˉ˂ʶˎˊʱˌ ˍˇˎ ɿˇ˃ˇˏ ɼʰˊʵʾˍˋʰˌΣ ˍˇ ˇˉˇʾˇ ˍˊˇ˒ˇʵˇˍʶʾˍʰʽ ʰˉˈ ˍˇ˄ 

ˍʰ˃ʽʶˎˍʺˊʰ ʅ˃ˇˁˈʲˇˎΣ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ˍˇˎ Lingo. 

ʅˍˇ 5ˇ ɼʶ˒ʱ˂ʰʽˇ ɻ ʽʰˍˎˉ˗˄ˇ˄ˍʰʽ ˍʰ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ʰˉˈ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˁʰʽ ˍˇ˄ʾʸʶˍʰʽ ʹ ˋʹ˃ʰˋʾʰ ˍʹˌΦ 
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Abstract 

 

 

In this diploma thesis the method of linear programming is used in order to define the technical and 

economical elements, that optimize the operation of an urban water conveyance and distribution 

system. The water main is dimensioned in such a way as to be the lowest possible total cost of the 

pipes and at the same time to satisfy the pressure requirements in order to serve the municipality 

properly. Before the optimization a significant decision has to be taken, related to the pipe 

material. The selection of the material depends mainly on the cost and range of diameters and 

pressures. 

In the First Chapter there is a description of the urban water distribution systems components and 

the hydraulic principles of the design of water supply networks. 

The Second Chapter analyzes and compares various pipe materials due to available diameters, 

pressures and cost. 

The Third Chapter presents the general framework of the optimization with emphasis on linear 

programming. Then the analysis focuses on non-looped water distribution systems where the water 

flow is carried out from high to lower heights due to gravity. There is also an introduction to Lingo, 

a programm that solves linear and non-linear programming problems in order to curtail the 

duration of the computational procedures. 

In Chapter Four, the method applies on the water distribution system of the eastern part of the 

Prefecture of Karditsa, which is sourced from Smokovo lake. 

Chapter Five includes the conclusions of the implementation and highlights the importance of the 

method. 
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ˋ˔ʶʵʽʰˋ˃ˈ ʶ˄ˈˌ ˇʽˁˇ˄ˇ˃ʽˁʱ ʰˋˏ˃˒ˇˊˇˎ ʵʽˁˍˏˇˎ ˁʰʽ ʶ˄ˈˌ ʰ˄ʶˉʰˊˁˇˏˌ ʵʽˁˍˏˇˎΦ ɶ ˂ˏˋʹ ʰˎˍʺ 

ˁˊʾ˄ʶˍʰʽ ʰˉˈ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˍ˖˄ ˋ˖˂ʹ˄˗ˋʶ˖˄Σ ˁʰʻ˗ˌ ˇˎˋʽʰˋˍʽˁʱ ʰˎˍʷˌ ˋˍʶ˂ʶ˔˗˄ˇˎ˄ ˍˇ ʵʾˁˍˎˇΦ ʆˇ 

ˎ˂ʽˁˈ ˍʹˌ ˋ˖˂ʺ˄˖ˋʹˌ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʹ ʵʽʱ˃ʶˍˊo ˁʰʽ ˍˇ ˃ʺˁˇˌ ˍʹˌ ˁʰʻˇˊʾʸˇˎ˄ ˍˇ ˁˈˋˍˇˌ ˁʰʽ 

ˍʹ˄ ˎʵˊʰˎ˂ʽˁʺ ˍʹˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱΦ ɴˍˋʽ ˁʽ ʶʵ˗Σ ʰ˄ʰʸʹˍʺʻʹˁʶ ˋˍˇ ʵʾˁˍˎˇ ʶ˒ʰˊ˃ˇʴʺˌ ˇ ˋˎ˄ʵˎʰˋ˃ˈˌ 

ˍ˖˄ ˋ˖˂ʹ˄˗ˋʶ˖˄ ʶˁʶʾ˄˖˄ ˉˇˎ ˁʰʻʽˋˍˇˏ˄ ˍˇ ˁˈˋˍˇˌ ˍˇˎ ʵʽˁˍˏˇˎ ˍˇ ʶ˂ʱ˔ʽˋˍˇ ʵˎ˄ʰˍˈΣ ˗ˋˍʶ ˄ʰ  

ʽˁʰ˄ˇˉˇʽʹʻʶʾ ʵʹ˂Φ ˈˉ˖ˌ ˂ʷʴʶˍʰʽΣ ʹ ˋˎ˄ʱˊˍʹˋʹ ˋˍˈ˔ˇˎ. 

ɸʶ˖ˊʹˍʽˁʱ ˍˇ ʶ˂ʱ˔ʽˋˍˇ ʵˎ˄ʰˍˈ ˁˈˋˍˇˌ ʶ˄ˈˌ ʵʽˁˍˏˇˎΣ ʶʾ˄ʰʽ ˍˇ ˃ʹʵʶ˄ʽˁˈ ˁˈˋˍˇˌ ʵʹ˂ʰʵʺ ˍˇ ˃ʹ 

ʵʾˁˍˎˇ όΗύΦ ɼʱˍʽ ˍʷˍˇʽˇ ˈ˃˖ˌ ʵʶ˄ ʶ˅ˎˉʹˊʶˍʶʾ ˍˇ ˋˁˇˉˈ ˍʹˌ ˏʵˊʶˎˋʹˌΦ ɳʵ˗ ʷˊ˔ˇ˄ˍʰʽ ˄ʰ ˍʶʻˇˏ˄ ˇʽ 

ˉˊˇːˉˇʻʷˋʶʽˌΣ ˇʽ ˉʶˊʽˇˊʽˋ˃ˇʾ ˍ˖˄ ˎˉˇ˕ʺ˒ʽ˖˄ ˋ˖˂ʹ˄˗ˋʶ˖˄-˂ˏˋʶ˖˄Σ ʺ ˃ʶˍʰʲ˂ʹˍ˗˄ ʰˉˈ˒ʰˋʹˌ, 

ˉˇˎ ˄ʰ ˋˎ˄ˍʱˋˋˇ˄ˍʰʽ ˃ʶ ˍʹ ʴʶ˖˃ʶˍˊʾʰ ˍˇˎ ʵʽˁˍˏˇˎΣ ˍʽˌ ʰˉʰʽˍʺˋʶʽˌ ˉʾʶˋʹˌΣ ˍʰ˔ˏˍʹˍʰˌ ˁˍ˂ ˁʰʽ 

˒ˎˋʽˁʱ ˃ʶ ˍˇ ˒ˎˋʽˁˈ ˄ˈʹ˃ʰ ˈ˂˖˄ ˍ˖˄ ˋ˔ʶˍʽˁ˗˄ ˃ʶʴʶʻ˗˄Φ 

ɴˍˋʽΣ ˃ʶ ˍˇ˄ ˁʰʻˇˊʽˋ˃ˈ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ˋˍˈ˔ˇˎ ˁʰʽ ˍ˖˄ ˉʶˊʽˇˊʽˋ˃˗˄Σ ʻʰ ʲˊʶʻˇˏ˄ ˇʽ ˁʰˍʱ˂˂ʹ˂ʶˌ 

˃ʶˍʰʲ˂ʹˍʷˌ ʰˉˈ˒ʰˋʹˌ ʰˉˈ ʷ˄ʰ ʶˎˊˏˍʶˊˇ ˋˏ˄ˇ˂ˇ ˎˉˇ˕ʺ˒ʽ˖˄ ˂ˏˋʶ˖˄Σ ˉˇˎ ʻʰ ʶ˒ʰˊ˃ˇˋˍˇˏ˄ ˋˍˇ 

ʵʾˁˍˎˇ ˁʰʽ ʻʰ ˍˇ ʲʶ˂ˍʽˋˍˇˉˇʽʺˋˇˎ˄ ˇʽˁˇ˄ˇ˃ˇˍʶ˔˄ʽˁʱΦ 

ʍˋˍˈˋˇ ʹ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹΣ ʵʶ˄ ʶ˅ʰ˄ˍ˂ʶʾˍʰʽ ˋˍʹ ˃ʰʻʹ˃ʰˍʽˁʺ ʵʽʰˍˏˉ˖ˋʹΦ ʃˊʽ˄ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ʻʰ 

ˉˊʷˉʶʽ ˄ʰ ʶˁ˂ʶʴʶʾ ˍˇ ˎ˂ʽˁˈΣ ʰˉˈ˒ʰˋʹ ˉˇˎ ʰˉʰʽˍʶʾ ʵʽʶˊʶˏ˄ʹˋʹ ˁʰʽ ˉˇˎ ʵʽʰ˒ˇˊˇˉˇʽʶʾˍʰʽ ʰ˄ʱ˂ˇʴʰ 

˃ʶ ˍʽˌ ʽʵʽʰʽˍʶˊˈˍʹˍʶˌ ʶ˄ˈˌ ʵʽˁˍˏˇˎΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʹ ˃ʷʴʽˋˍʹ ˉʾʶˋʹ ˋˍˇ ʵʾˁˍˎˇ ʻʰ ˎˉˇʵʶʾ˅ʶʽ ˍʹ˄ 

ˁ˂ʱˋʹ ʺ ˍʽˌ ˁ˂ʱˋʶʽˌ ˍ˖˄ ʰʴ˖ʴ˗˄ ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˋˍʽˌ ˇˉˇʾʶˌ ʵʶ˄ ʰˉʰ˄ˍ˗˄ˍʰʽ ˈ˂ʰ ˍʰ 

ˎ˂ʽˁʱΦ ɮ˄ˍʾˋˍˇʽ˔ʰ ˇʽ ˉʶˊʽˇˊʽˋ˃ˇʾ ˍ˖˄ ʵʽʰ˃ʷˍˊ˖˄ ˃ˉˇˊˇˏ˄ ˄ʰ ˎˉˇʵʶʾ˅ˇˎ˄ ˍʹ˄ ˍʱ˅ʹ ʵʽʰ˃ʷˍˊˇˎ ˉˇˎ 
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ʶˉʾˋʹˌ ʶ˄ʵʷ˔ʶˍʰʽ ˄ʰ ˃ʹ˄ ʰˉʰ˄ˍʱˍʰʽ ˋʶ ˈ˂ʰ ˍʰ ˎ˂ʽˁʱΦ ɮ˄ ˃ʶˍʱ ʰˉˈ ʰˎˍʱ ʵʶ˄ ˉˊˇˁˏ˕ʶʽ ʷ˄ʰ ˃ˈ˄ˇ 

ˎ˂ʽˁˈ ˋ˖˂ʺ˄˖ˋʹˌ ˉˇˎ ˄ʰ ʽˁʰ˄ˇˉˇʽʶʾ ˍˇ ʵʾˉˍˎ˔ˇ ˁ˂ʱˋʹ-ʵʽʱ˃ʶˍˊˇˌΣ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʴʾ˄ʶʽ ʵʽʶˊʶˏ˄ʹˋʹ 

ˍˇˎ ˇʽˁˇ˄ˇ˃ʽˁˈˍʶˊˇˎ ʰˉˈ ˍʰ ˎˉˇ˕ʺ˒ʽʰ ˎ˂ʽˁʱΦ 

ʅˍˇ ʸʺˍʹ˃ʰ ʰˎˍˈ ʷˊ˔ʶˍʰʽ ˄ʰ ʰˉʰ˄ˍʺˋʶʽ ʷ˄ʰ ˃ʷˊˇˌ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌ ˉˇˎ ˉˊˇʹʴʶʾˍʰʽ ˍʹˌ 

ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ ˁʰʽ ˍʰ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ˃ˉˇˊˇˏ˄ ˄ʰ ˂ʹ˒ʻˇˏ˄ ˎˉˈ˕ʽ˄ ʴʶ˄ʽˁˈˍʶˊʰ ʴʽʰ ˍʰ ʵʾˁˍˎʰ 

ˏʵˊʶˎˋʹˌΣ ˍʰ ˎˉʱˊ˔ˇ˄ˍʰ ˁʰʽ ˃ʶ˂˂ˇ˄ˍʽˁʱΦ ʅˍˇ ˃ʷˊˇˌ ʰˎˍˈΣ ʰ˄ʰ˂ˏʻʹˁʰ˄ ˍʰ ˎ˂ʽˁʱ ˋ˖˂ʹ˄˗ˋʶ˖˄ ˁʰʽ 

ˋˎʴˁˊʾʻʹˁʰ˄ ˖ˌ ˉˊˇˌ ˍʰ ˍʶ˔˄ʽˁʱ ˍˇˎˌ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˁʰʽ ˒ˎˋʽˁʱ ˖ˌ ˉˊˇˌ ˍˇ ˁˈˋˍˇˌ ˍˇˎˌΦ 

ɳ˅ʺ˔ʻʹˋʰ˄ ˁʱˉˇʽʰ ˔ˊʺˋʽ˃ʰ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰΣ ˉˇˎ ˇʵʺʴʹˋʰ˄ ˃ʶˍʷˉʶʽˍʰ ˋˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˋʶ ˃ʾʰ 

ʶˏˁˇ˂ʹ ʶˁ˂ˇʴʺ ˍˇˎ ˒ʻʹ˄ˈˍʶˊˇˎ ˎ˂ʽˁˇˏΦ 
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ʅˍˇʽ˔ʶʾʰ ˎʵˊʶˎˍʽˁ˗˄ ʷˊʴ˖˄ ˁʰʽ ʰˊ˔ʷˌ ʇʵˊʰˎ˂ʽˁʺˌ 

 

 

 

 

 

1.1 ɱɳɿɹɼɮ 

ʆʰ ʰˋˍʽˁʱ ˎʵˊʰˎ˂ʽˁʱ ʷˊʴʰ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ˄ ʰ˅ʽˇˉˇʾʹˋʹ ˍ˖˄ ˎʵʰˍʽˁ˗˄ ˉˈˊ˖˄ ʴʽʰ ˍʹ˄ 

ʶ˅ˎˉʹˊʷˍʹˋʹ ʰˋˍʽˁ˗˄ ˉʶˊʽˇ˔˗˄ ˁʰʽ ʵʽʰˁˊʾ˄ˇ˄ˍʰʽ ˋʶ ʵˏˇ ˁʰˍʹʴˇˊʾʶˌΥ 

¶ ʆʰ ʰˉˇ˔ʶˍʶˎˍʽˁʱ ʷˊʴʰ όʵʾˁˍˎʰ ʰˉˇ˔ʷˍʶˎˋʹˌ ʰˁʰʻʱˊˍ˖˄ ˁʰʽ ˇ˃ʲˊʾ˖˄ ˎʵʱˍ˖˄ύ  

¶ ʆʰ ˎʵˊʶˎˍʽˁʱ ʷˊʴʰ όʵʾˁˍˎʰ ˃ʶˍʰ˒ˇˊʱˌ ˁʰʽ ʵʽʰ˄ˇ˃ʺˌ ˄ʶˊˇˏύ 

ʆʰ ˎʵˊʶˎˍʽˁʱ ʷˊʴʰ ʶ˅ˎˉʹˊʶˍˇˏ˄ ˍʹ˄ ˎʵˊˇʵˈˍʹˋʹ ˇʽˁʽˋ˃˗˄ ˁʰʽ ʰˋˍʽˁ˗˄ ˁʷ˄ˍˊ˖˄ ˁʰʽ ˋˁˇˉˈ ʷ˔ˇˎ˄ 

ˍʹ˄ ʶ˅ʰˋ˒ʱ˂ʽˋʹ ˄ʶˊˇˏ ˋˍʹ˄ ʶˉʰˊˁʺ ˉˇˋˈˍʹˍʰ ˁʰʽ ˁʰˍʱ˂˂ʹ˂ʹ ˉˇʽˈˍʹˍʰ ˁʰʻ˗ˌ ˁʰʽ ˍʹ˄ ʰ˅ʽˈˉʽˋˍʹ 

ʵʽʰ˄ˇ˃ʺ ˍˇˎ ˋʶ ʷ˄ʰ˄ ʺ ˉʶˊʽˋˋˈˍʶˊˇˎˌ ˇʽˁʽˋ˃ˇˏˌ όɼˇˎˍˋˇʴʽʱ˄˄ʹˌ ˁʰʽ ɳˎˋˍˊʰˍʽʱʵʹˌΣ нллтύΦ 

1.2 ʆʇʃɹɼɶ ɲɹɮʆɮʀɶ ɲɹɼʆʇʍɿ ʇɲʄɳʇʅɶʅ 

ɶ ʴʶ˄ʽˁʺ ʵʽʱˍʰ˅ʹ ʶ˄ˈˌ ˉ˂ʺˊˇˎˌ ʵʽˁˍˏˇˎ ˏʵˊʶˎˋʹˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇ ʶ˅˖ˍʶˊʽˁˈ ˁʰʽ ˍˇ ʶˋ˖ˍʶˊʽˁˈ 

ˎʵˊʰʴ˖ʴʶʾˇΣ ˁʰʻ˗ˌ ˁʰʽ ˍʹ ʵʶ˅ʰ˃ʶ˄ʺ ˊˏʻ˃ʽˋʹˌ ˉˇˎ ʰˉˇˍʶ˂ʶʾ ˍˇ ˁˇʽ˄ˈ ˍˇˎˌ ˋʹ˃ʶʾˇΦ 

ɾʾʰ ˋˎ˄ʺʻʹˌ ʵʽʱˍʰ˅ʹ όʅ˔Φ мΦм ʰύ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʹ˄ ˎʵˊˇ˂ʹ˕ʾʰ ˁʰʽ ʱ˄ˍ˂ʹˋʹ ʰˉˈ ˉˇˍʰ˃ˈ ʺ ˂ʾ˃˄ʹΣ 

ʷ˄ʰ ʶ˅˖ˍʶˊʽˁˈ ˎʵˊʰʴ˖ʴʶʾˇ όʰ˄ˇʽ˔ˍˈ ʰ˂˂ʱ ˋˎ˄ʹʻʷˋˍʶˊʰ ˁ˂ʶʽˋˍˈ ʰʴ˖ʴˈύ ˃ʶ ˁʰˍʱʻ˂ʽ˕ʹ ˁʰʽ ʷ˄ʰ 

ʶˋ˖ˍʶˊʽˁˈ ˎʵˊʰʴ˖ʴʶʾˇ ˎˉˈ ˉʾʶˋʹΦ 

 

 

 

ʅ˔ʺ˃ʰ мΦм ʰ ʆˎˉʽˁʺ ʵʽʱˍʰ˅ʹ ˋˎˋˍʺ˃ʰˍˇˌ ˏʵˊʶˎˋʹˌ 

ʃʹʴʺΥ ɼˇˎˍˋˇʴʽʱ˄˄ʹˌ ϧ ɳˎˋˍˊʰˍʽʱʵʹˌΣ ʅʹ˃ʶʽ˗ˋʶʽˌ ˃ʰʻʺ˃ʰˍˇˌ ζɮˋˍʽˁʱ ʇʵˊʰˎ˂ʽˁʱ ɴˊʴʰηΣ нллт 
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ɯ˂˂ʹ ˋˎ˄ʺʻʹˌ ʵʽʱˍʰ˅ʹ όʅ˔Φ мΦм ʲύ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʹ˄ ˎʵˊˇ˂ʹ˕ʾʰ ˁʰʽ ʱ˄ˍ˂ʹˋʹ ʰˉˈ ˍʰ˃ʽʶˎˍʺˊʰΣ ʷ˄ʰ 

ʶ˅˖ˍʶˊʽˁˈ ˎʵˊʰʴ˖ʴʶʾˇ ˎˉˈ ˉʾʶˋʹ ˃ʶ ʲʰˊˏˍʹˍʰ ˉˇˎ ˋˎ˄ʶ˔ʾʸʶʽ ˃ʶ ʶ˂ʶˏʻʶˊʹ ʶˉʽ˒ʱ˄ʶʽʰ ˁʰʽ ʷ˄ʰ 

ʶˋ˖ˍʶˊʽˁˈ ˎʵˊʰʴ˖ʴʶʾˇ ˎˉˈ ˉʾʶˋʹΦ 

 

 

 

ʅ˔ʺ˃ʰ мΦм ʲ ʆˎˉʽˁʺ ʵʽʱˍʰ˅ʹ ˋˎˋˍʺ˃ʰˍˇˌ ˏʵˊʶˎˋʹˌ 

ʃʹʴʺΥ ɼˇˎˍˋˇʴʽʱ˄˄ʹˌ ϧ ɳˎˋˍˊʰˍʽʱʵʹˌΣ ʅʹ˃ʶʽ˗ˋʶʽˌ ˃ʰʻʺ˃ʰˍˇˌ ζɮˋˍʽˁʱ ʇʵˊʰˎ˂ʽˁʱ ɴˊʴʰηΣ нллт 

 

1.2.1  ɳ˅˖ˍʶˊʽˁˈ ʇʵˊʰʴ˖ʴʶʾˇ  

ʆˇ ʶ˅˖ˍʶˊʽˁˈ ˎʵˊʰʴ˖ʴʶʾˇ ʰ˄ʰˉˍˏˋˋʶˍʰʽ ʷ˅˖ ʰˉˈ ˍʹ˄ ʰˋˍʽˁʺ ˉʶˊʽˇ˔ʺ ˁʰʽ ˋ̱ ʹ˄ ˉʽˇ ʰˉ˂ʺ ˍˇˎ ˃ˇˊ˒ʺ 

ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ όʆˋʰˁʾˊʹˌΣ нлмл): 

¶ ʆʹ˄ ˎʵˊˇ˂ʹ˕ʾʰΦ ʃˊˈˁʶʽˍʰʽ ʷˊʴʰ ˋˏ˂˂ʹ˕ʹˌ ˁʰʽ ʰˉˈ˂ʹ˕ʹˌ ˄ʶˊˇˏ ˃ʶ ʲʰˊˏˍʹˍʰ ʺ ʱ˄ˍ˂ʹˋʹ 

ʰˉˈ ˍʹ˄ ˉʹʴʺ ˎʵˊˇ˂ʹ˕ʾʰˌ ʺ ˇˉˇʾʰ ˃ˉˇˊʶʾ ˄ʰ ʵʽʰʻʷˍʶʽ ʶˉʽ˒ʰ˄ʶʽʰˁʱΣ ˎˉˈʴʶʽʰΣ ˈ˃ʲˊʽʰ ʺ 

ʻʰ˂ʱˋˋʽʰκˎ˒ʱ˂˃ˎˊʰ ˏʵʰˍʰΦ 

¶ ʆˇ ʵʾˁˍˎˇ ˃ʶˍʰ˒ˇˊʱˌΦ ʃˊˈˁʶʽˍʰʽ ʴʽʰ ʵʾˁˍˎˇ ʰʴ˖ʴ˗˄ ˃ʶˍʰ˒ˇˊʱˌ ˍˇˎ ˄ʶˊˇˏ ˋˍʽˌ ˍˇˉʽˁʷˌ 

ʵʶ˅ʰ˃ʶ˄ʷˌ ʺ ˎʵʰˍˈˉˎˊʴˇˎˌ ˉˇˎ ˍˊˇ˒ˇʵˇˍˇˏ˄ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˍʰ ʶˋ˖ˍʶˊʽˁʱ ˎʵˊʰʴ˖ʴʶʾʰΦ 

¶ ʆʹ ʵʶ˅ʰ˃ʶ˄ʺ ˊˏʻ˃ʽˋʹˌΣ ˋˎ˄ʺʻ˖ˌ нп˖ˊʹˌΣ ˉˇˎ ʶʾ˄ʰʽ ˍʰˎˍˈ˔ˊˇ˄ʰ ˍˇ ˉʷˊʰˌ ˍˇˎ ʶ˅˖ˍʶˊʽˁˇˏ 

ˁʰʽ ʹ ʰˊ˔ʺ ˍˇˎ ʶˋ˖ˍʶˊʽˁˇˏ ˎʵˊʰʴ˖ʴʶʾˇˎΦ 

ɶ ˉʰˊʰˉʱ˄˖ ʵʽʱˍʰ˅ʹ ʶʾ˄ʰʽ ʰʵˊˇ˃ʶˊʺˌΣ ˁʰʻ˗ˌ ˋˍʹ˄ ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰ ˍʰ ʶ˅˖ˍʶˊʽˁʱ ˎʵˊʰʴ˖ʴʶʾʰ 

ˉˇʽˁʾ˂˂ˇˎ˄ ˖ˌ ˉˊˇˌ ˍʰ ˍʶ˔˄ˇ˂ˇʴʽˁ ˍˇˎˌ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ όʴʶ˄ʽˁ ʵʽ̱ ʰ˅ʹΣ ˋˎ˄ʽˋˍˋʶˌΣ 

ʹ˂ʶˁˍˊˇ˃ʹ˔ʰ˄ˇ˂ˇʴʽˁˌ ʶ˅ˇˉ˂ʽˋ˃ˌΣ ˎ˂ʽˁύ ʰ˂˂ ˁʰʽ ˍʹ˄ ˎʵˊʰˎ˂ʽˁ ˍˇˎˌ όˊˇ ˃ʶ ʶ˂ʶʻʶˊʹ 

ʶˉʽ˒˄ʁ ʽʰ  ̀ ˎ˄ʹʻˋˍʶˊʰ ˎˉ ̄ ʶ̀ ʹύΦ 
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ɳʽˁˈ˄ʰ мΦм ʆ˃ʺ˃ʰ ʰʴ˖ʴˇˏ ˃ʶˍʰ˒ˇˊʱˌ ˄ʶˊˇˏ 

ʃʹʴʺΥ ɹˋˍˈˍˇˉˇˌ ōǳƛƭŘƴŜǘ 

 

мΦнΦн ɲʶ˅ʰ˃ʶ˄ʺ ˊˏʻ˃ʽˋʹˌ 

ɳ˒ˈˋˇ˄ ˍˇ ˎʵˊʶˎˍʽˁˈ ˋˏˋˍʹ˃ʰ ʵʽʰ˔˖ˊʾʸʶˍʰʽ ˋʶ ʶ˅˖ˍʶˊʽˁˈ ˁʰʽ ʶˋ˖ˍʶˊʽˁˈ ˎʵˊʰʴ˖ʴʶʾˇΣ ʹ ʵʶ˅ʰ˃ʶ˄ʺ 

ʰˉˇˍʶ˂ʶʾ ˍˇ ˈˊʽˈ ˍˇˎˌΦ ɶ ʵʶ˅ʰ˃ʶ˄ʺ ʶʴˁʰʻʾˋˍʰˍʰʽ ˈˋˇ ˍˇ ʵˎ˄ʰˍˈ˄ ˉʽˇ ˁˇ˄ˍʱ ˋˍʹ˄ ʰˋˍʽˁʺ ˉʶˊʽˇ˔ʺΣ 

ʴʽʰ ˂ˈʴˇˎˌ ˇʽˁˇ˄ˇ˃ʾʰˌ ˁʰʽ ʰˋ˒ʱ˂ʶʽʰˌΦ  

ʁʽ ʲʰˋʽˁʷˌ ˂ʶʽˍˇˎˊʴʾʶˌ ˍʹˌ ʵʶ˅ʰ˃ʶ˄ʺˌ ʶʾ˄ʰʽ ˇʽ ʶ˅ʺˌ όʆˋʰˁʾˊʹˌΣ нлмлύΥ 

 

¶ ʄˎʻ˃yʁ ʽ ˋʶ нп˖ˊʹ ʲˋʹ ˍʹ˄ ˉʰˊˇ˔Φ ʆˇ ʶ˅˖ˍʶˊʽˁˈ ˎʵˊʰʴ˖ʴʶʾˇ ʵʽʰˋˍʰˋʽˇ˂ˇʴʶʾˍʰʽ ʲʱˋʶʽ 

ˍʹˌ ʵˎˋ˃ʶ˄ʷˋˍʶˊʹˌ ˃ʷˊʰˌ ˍˇˎ ʷˍˇˎˌ ˋ˔ʶʵʽʰˋ˃ˇˏ ό˃ʷʴʽˋˍʹ ʹ˃ʶˊʺˋʽʰ ˁʰˍʰ˄ʱ˂˖ˋʹύΣ ʶ˄˗ ˍˇ 

ʶˋ˖ˍʶˊʽˁˈ ˎʵˊʰʴ˖ʴʶʾˇ ʲʱˋʶʽ ˍʹˌ ʵˎˋ˃ʶ˄ʷˋˍʶˊʹˌ ˗ˊʰˌ ˍˇˎ ʷˍˇˎˌ ˋ˔ʶʵʽʰˋ˃ˇˏ ό˃ʷʴʽˋˍʹ 

˖ˊʽʰʾʰ ˁʰˍʰ˄ʱ˂˖ˋʹύΦ ɴˍˋʽΣ ʹ ʵʶ˅ʰ˃ʶ˄ʺ нп˖ˊʹˌ ˊˏʻ˃ʽˋʹˌ ʶ˅ʽˋˇˊˊˇˉʶʾ ˍʹ˄ ˔ˊˇ˄ʽˁʺ 

ʰ˄ʽˋˇˁʰˍʰ˄ˇ˃ʺ ˃ʶˍʰ˅ˏ ˍ˖˄ ʶʽˋˊˇ˗˄ ʰˉˈ ˍˇ ʶ˅˖ˍʶˊʽˁˈ ˁʰʽ ˍ˖˄ ʶˁˊˇ˗˄ ˋˍˇ ʶˋ˖ˍʶˊʽˁˈ 

ˎʵˊʰʴ˖ʴʶʾˇΦ  

¶ ʄˎʻ˃yʁ ʽ ˍʹ˄ ˉʶˋʹ ˋˍʰ ˁʰˍ˄ˍʹΣ ʵʽʰˍʹˊ˗˄ˍʰˌ ˍʹ ˋˍʰʻʶˊʺΣ ˉˊʱʴ˃ʰ ˉˇˎ ʶ˅ʰˋ˒ʰ˂ʾʸʶˍʰʽ ˃ʶ 

ˍʹ˄ ˍˇˉˇʻʷˍʹˋʺ ˍʹˌ ˋʶ ˁʰˍʱ˂˂ʹ˂ˇ ʴʽʰ ˍˇ˄ ˇʽˁʽˋ˃ˈ ˎ˕ˈ˃ʶˍˊˇΦ ɮ˄ ˍˇ ˎˉʱˊ˔ˇ˄ ˎ˕ˈ˃ʶˍˊˇ ˍʹˌ 

ˉʶˊʽˇ˔ʺˌ ʶʾ˄ʰʽ ˉˇ˂ˏ ˔ʰ˃ʹ˂ˈΣ ʹ ʵʶ˅ʰ˃ʶ˄ʺ ˁʰˍʰˋˁʶˎʱʸʶˍʰʽ ˉʱ˄˖ ˋʶ ˎˉˇˋˍˎ˂˗˃ʰˍʰ ʺ 

ˉˎ˂˗˄ʶˌ ʰˉˈ ˋˁˎˊˈʵʶ˃ʰ όˎʵʰˍˈˉˎˊʴˇˌύΦ 

¶ ɮˉˇʻʹˁʶʶʽ ˄ʶˊ ̫ ˁˍʰˁˍʹˌ ʰ˄ʱʴˁʹˌ όʲ˂ʲʹ ˎʵˊʰʴ˖ʴʶˇˎΣ ˉˎˊˁʰʴʽ). 

¶ ɳ˅ʰˋ˒ʰ˂ʾʸʶʽ ˍʹ˄ ʰˉˊˈˋˁˇˉˍʹ ʵʽʱʻʶˋʹ ˄ʶˊˇˏ ʵʽˈˍʽ ʵʽʰʻʷˍʶʽ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ н ʻʰ˂ʱ˃ˇˎˌΣ ˗ˋˍʶ 

ˋʶ ˉʶˊʾˉˍ˖ˋʹ ˋˎ˄ˍʺˊʹˋʹˌ ʺ ʶˉʽˋˁʶˎʺˌ ˍˇˎ ʶ˄ˈˌΣ ˄ʰ ˂ʶʽˍˇˎˊʴʶʾ ˇ ʱ˂˂ˇˌ ˁʰʽ ʰ˄ˍʾˋˍˊˇ˒ʰΦ 

ʍˌ ˋˎ˄ˉʶʽʰ ˍʹˌ ˊˎʻ˃ʽˋˍʽˁˌ ˂ʶʽˍˇˎˊʴʰˌ ˍʹˌ ʵʶ˅ʰ˃ʶ˄ˌΣ ʹ ˉʰˊˇ˔ ˋ˔ʶʵʽʰˋ˃ˇ (  ˃ʴʽˋˍʹ 

ˉʰˊˇ˔ύ ʰ˄˄ˍʹ ʶ˄ʰʽ ˃ʽˁˊˍʶˊʹ ʰˉ ˍʹ˄ ˉʰˊˇ˔ ˋ˔ʶʵʽʰˋ˃ˇ ˁʰˍ˄ˍʹ. ɾʶʴʱ˂ˇ ˎ˕ˈ˃ʶˍˊˇ 

ʵʶ˅ʰ˃ʶ˄ʺˌΣ ʶ˒ˈˋˇ˄ ʹ ˍˊˇ˒ˇʵˇˋʾʰ ʴʾ˄ʶˍʰʽ ˃ʶ ʰ˄ˍ˂ʽˇˋˍʱˋʽˇΣ ʰˉʰʽˍʶʾ ˃ʶʴʱ˂ˇ ˃ʰ˄ˇ˃ʶˍˊʽˁˈ ˏ˕ˇˌΣ 

ʱˊʰ ˃ʶʴʰ˂ˏˍʶˊˇ ˁˈˋˍˇˌ ʱ˄ˍ˂ʹˋʹˌΦ ɾʽˁˊˈ ˎ˕ˈ˃ʶˍˊˇ ʵʶ˅ʰ˃ʶ˄ʺˌ ˉˊˇːˉˇʻʷˍʶʽ ˃ʽˁˊˈˍʶˊʶˌ 

ʶ˄ʶˊʴʶʽʰˁʷˌ ʰˉ˗˂ʶʽʶˌΣ ʱˊʰ ʰˉʰʽˍʶʾ ʶˉʽ˂ˇʴʺ ˃ʶʴʰ˂ˏˍʶˊ˖˄ ʵʽʰ˃ʷˍˊ˖˄Σ ʱˊʰ ˃ʶʴʰ˂ˏˍʶˊˇ ˁˈˋˍˇˌ 

ʰʴ˖ʴ˗˄. 
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ɳʽˁˈ˄ʰ мΦн ʇʵʰˍˈˉˎˊʴˇˌ ˋˍʹ ɽʶ˃ʶˋˈ  

ʃʹʴʺΥ ɹˋˍˈˍˇˉˇˌ ƘŜƭƭŜƴƛŎŀΦŘŜ 

 

ʃʰˊˇˎˋʾʰ ˎʵʰˍˈˉˎˊʴˇˎΣ ˃ʽʰ ˃ʹ  ˍˎˉʽˁʺ ʵʽʱˍʰ˅ʹ ˍˇˎ ˎʵˊʶˎˍʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ ό˔˖ˊʾˌ ˋʰ˒ʺ 

ʵʽʱˁˊʽˋʹ ʶ˅˖ˍʶˊʽˁˇˏ ˁʰʽ ʶˋ˖ˍʶˊʽˁˇˏ ˎʵˊʰʴ˖ʴʶʾˇˎύ ʶʾ˄ʰʽ ʹ ʶ˅ʺˌΥ  

 

 

ʅ˔ʺ˃ʰ мΦн ɾʹ ˍˎˉʽˁʺ ʵʽʱˍʰ˅ʹ ˋˎˋˍʺ˃ʰˍˇˌ ˏʵˊʶˎˋʹˌ 

ʃʹʴʺΥ ɼˇˎˍˋˇʴʽʱ˄˄ʹˌ ϧ ɳˎˋˍˊʰˍʽʱʵʹˌΣ ʅʹ˃ʶʽ˗ˋʶʽˌ ˃ʰʻʺ˃ʰˍˇˌ ζɮˋˍʽˁʱ ʇʵˊʰˎ˂ʽˁʱ ɴˊʴʰηΣ нллт 



ʅʶ˂ʾʵʰ μ 21  
 

1.2.3  È ˖ˍʶˊʽˁˈ ˎʵˊʰʴ˖ʴʶʾˇ 

ʆˇ ʶˋ˖ˍʶˊʽˁˈ ˎʵˊʰʴ˖ʴʶʾˇ ʶʾ˄ʰʽ ʵʾˁˍˎˇ ˃ʶˍʰ˒ˇˊʱˌ ˁʰʽ ʵʽʰ˄ˇ˃ʺˌ ˍˇˎ ˄ʶˊˇˏ ʰˉˈ ˍʹ ʵʶ˅ʰ˃ʶ˄ʺ 

ʰˉˇʻʺˁʶˎˋʹˌ ˋˍˇˎˌ ˇʽˁʽˋ˃ˇˏˌΦ ʆˇ ˄ʶˊˈ ˉˇˎ ˊʷʶʽ ˋˍˇ ʵʾˁˍˎˇ ʵʽʰ˄ˇ˃ʺˌ ʶʾ˄ʰʽ ˉʱ˄ˍˇˍʶ 

ʶˉʶ˅ʶˊʴʰˋ˃ʷ˄ˇ ˁʰʽ ˁʰʻʰˊˈΣ ʰ˒ˇˏ ʵʽʰˍʾʻʶˍʰʽ ʰˉΩʶˎʻʶʾʰˌ ˉ˂ʷˇ˄ ˉˊˇˌ ˁʰˍʰ˄ʱ˂˖ˋʹ ˋʶ ˁʱʻʶ ˋˉʾˍʽ 

ˍˇˎ ˇʽˁʽˋ˃ˇˏΦ ɶ ʵʽʱˍʰ˅ʹ ˍˇˎ ʶˋ˖ˍʶˊʽˁˇˏ ˎʵˊʰʴ˖ʴʶʾˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽΥ 

¶ ʆˇ˄ ˁʶ˄ˍˊʽˁˈ ˍˊˇ˒ˇʵˇˍʽˁˈ ʰʴ˖ʴˈΦ ɮˎˍˈˌ ˅ʶˁʽ˄ʱ ʰˉˈ ˍʹ ʵʶ˅ʰ˃ʶ˄ʺ ˁʰʽ ˒ˍʱ˄ʶʽ ˋˍʹ˄ 

ˉʶˊʾ˃ʶˍˊˇ ˍˇˎ ˇʽˁʽˋ˃ˇˏ ˈˉˇˎ ʵʽʰˁ˂ʰʵʾʸʶˍʰʽ ˉˊˇˌ ˈ˂ˇˎˌ ˍˇˎˌ ˉˊ˖ˍʶˏˇ˄ˍʶˌ ʰʴ˖ʴˇˏˌ 

ʵʽʰ˄ˇ˃ʺˌΦ 

¶ ʆˇ ʵʾˁˍˎˇ ʰʴ˖ʴ˗˄ ʵʽʰ˄ˇ˃ʺˌ ˄ʶˊˇˏ ˉˇˎ ˁʰ˂ˏˉˍʶʽ ˉ˂ʺˊ˖ˌ ˍˇ ˇʵʽˁˈ ʵʾˁˍˎˇ ʺ ˁʰʽ ˍʰ 

ˉʶʸˇʵˊˈ˃ʽʰΦ 

¶ ʆˇˎˌ ˁˈ˃ʲˇˎˌ ˁʰˍʰ˄ʱ˂˖ˋʹˌΦ 

ɶ ʵʽʰˋˍʰˋʽˇ˂ˈʴʹˋʹ ˍˇˎ ʶˋ˖ˍʶˊʽˁˇˏ ˎʵˊʰʴ˖ʴʶʾˇˎΣ ʴʾ˄ʶˍʰʽ ˃ʶ ˍʹ˄ ˎˉˈʻʶˋʹ ˍʹˌ ʵˎˋ˃ʶ˄ʷˋˍʶˊʹˌ 

όˁʰˍ˗ˍʰˍʹˌύ ˋˍʱʻ˃ʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍʹˌ ʵʶ˅ʰ˃ʶ˄ʺˌ όɼΦʅΦʇύ ˁʰʽ ˇʽ ʰʴ˖ʴˇʾ ˍˇˎ ʵʽˁˍˏˇˎ ʶʾ˄ʰʽ ˉʱ˄ˍˇˍʶ 

ˎˉˈ ˉʾʶˋʹΦ 

мΦо ʃɳʄɹʁʄɹʅɾʁɹ ɼɮɹ ɲɹɳʇɼʄɹɿɹʅɳɹʅ ɼɮʆɮ ʆʁ ʅʋɳɲɹɮʅɾʁ 

мΦоΦм ɶ ˉʰˊˇ˔ʺ ˋ˔ʶʵʽʰˋ˃ˇˏ 

ɶ ʸʺˍʹˋʹ ˄ʶˊˇˏ ˋʶ ˃ʽʰ ˁʰˍˇʽˁʹ˃ʷ˄ʹ ˉʶˊʽˇ˔ʺ ʵʶ˄ ʶʾ˄ʰʽ ˋˍʰʻʶˊʺΣ ʰ˂˂ʱ ˃ʶˍʰʲʱ˂˂ʶˍʰʽ ʰ˄ʱ˂ˇʴʰ ˃ʶ 

ˍʹ˄ ʶˉˇ˔ʺΣ ˍʹ˄ ʹ˃ʷˊʰ ˁʰʽ ˍʹ˄ ˗ˊʰ ˍʹˌ ʹ˃ʷˊʰˌΦ ɱʽΩʰˎˍˈ ˍˇ ˎʵˊʶˎˍʽˁˈ ˋˏˋˍʹ˃ʰ ʻʰ ˉˊʷˉʶʽ ˄ʰ 

ʶʴʴˎʱˍʰʽ ˍʹ˄ ˁʱ˂ˎ˕ʹ ˍʹˌ ʸʺˍʹˋʹˌΣ ʰ˄ ˈ˔ʽ ˁʱʻʶ ˂ʶˉˍˈΣ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ˁʱʻʶ ʷ˄ʰ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ 

˃ʽˁˊˈˍʶˊˇ ˍʹˌ ˗ˊʰˌΦ 

ʂ˃˖ˌΣ ʵʽʰˋˍʰˋʽˇ˂ˈʴʹˋʹ ˍˇˎ ʶ˅˖ˍʶˊʽˁˇˏ ˎʵˊʰʴ˖ʴʶʾˇˎ ˃ʶ ʵʶʵˇ˃ʷ˄ʹ ˃ʷʴʽˋˍʹ ˋˍʽʴ˃ʽʰʾʰ ʺ ˁʰʽ 

˖ˊʽʰʾʰ ˉʰˊˇ˔ʺΣ ʻʰ ˇʵʹʴˇˏˋʶ ˋʶ ˉˇ˂ˏ ˎ˕ʹ˂ˈ ˁʰˍʰˋˁʶˎʰˋˍʽˁˈ ˁˈˋˍˇˌΦ ɱʽΩʰˎˍˈ ˉʰˊʶ˃ʲʱ˂˂ʶˍʰʽ ʹ 

ʵʶ˅ʰ˃ʶ˄ʺ нп˖ˊʹˌ ˊˏʻ˃ʽˋʹˌΣ ʹ ˇˉˇʾʰ ʷ˔ʶʽ ˔˖ˊʹˍʽˁˈˍʹˍʰ ˍʷˍˇʽʰ ˗ˋˍʶ ʹ ʶˁˊˇʺ ˉˊˇˌ ˁʰˍʰ˄ʱ˂˖ˋʹ 

όˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄ˇˎ ʶ˄ˈˌ ˈʴˁˇˎ ˉˎˊˈˋʲʶˋʹˌύΣ ˄ʰ ʽˋˇˏˍʰʽ ˃ʶ ˍʹ˄ ʰʻˊˇʽˋˍʽˁʺ ʶʽˋˊˇʺ ˋʶ ʷ˄ʰ 

нп˖ˊˇΦ ɴˍˋʽΣ ˍˇ ʶ˅˖ˍʶˊʽˁˈ ˎʵˊʰʴ˖ʴʶʾˇ ˃ʶˍʰ˒ʷˊʶʽ ˉʰˊˇ˔ʺ ˉˇˎ ˄ʰ ˁʰ˂ˏˉˍʶʽ ˍʹ˄ ʹ˃ʶˊʺˋʽʰ ʰʽ˔˃ʺ 

(Qɶɾύ ˁʰʽ ʰ˄ˍʾˋˍˇʽ˔ʰ ˍˇ ʶˋ˖ˍʶˊʽˁˈ ˎʵˊʰʴ˖ʴʶʾˇ ˍʹ˄ ˖ˊʽʰʾʰ ʰʽ˔˃ʺ όQʍʄύ όʆˋʰˁʾˊʹˌΣ нлмл). 

мΦоΦн ʃʶˊʽˇˊʽˋ˃ˇʾ ˉʾʶˋʹˌ 

ʅˍˈ˔ˇˌ ˍˇˎ ʶˋ˖ˍʶˊʽˁˇˏ ˎʵˊʰʴ˖ʴʶʾˇˎ ʶʾ˄ʰʽ ʹ ʵʽʰ˄ˇ˃ʺ ˉˈˋʽ˃ˇˎ ˄ʶˊˇˏ ˁʰ˂ˏˉˍˇ˄ˍʰˌ ˍʹ ʸʺˍʹˋʹ ˍ˖˄ 

ˁʰˍʰ˄ʰ˂˖ˍ˗˄ ʰˉˊˈˋˁˇˉˍʰΦ ɱʽʰ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ˇ ˋˍˈ˔ˇˌ ʰˎˍˈˌΣ ʻʰ ˉˊʷˉʶʽ ˁʰˍʱ ˍˇ ˋ˔ʶʵʽʰˋ˃ˈ ˄ʰ 

ˍʾʻʶ˄ˍʰʽ ˇˊʽˋ˃ʷ˄ʰ ˈˊʽʰ ˋˍʹ˄ ˉʾʶˋʹ ˍˇˎ ʵʽˁˍˏˇˎ: 

 

¶ ɾʷʴʽˋˍʹ ʰˉˇʵʶˁˍʺ ˉʾʶˋʹ ˇˊʾʸˇ˄ˍʰʽ ˇʽ с-7 atmΣ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋʶ сл-70 m ʽˋˇʵˏ˄ʰ˃ˇˎ 

ˏ˕ˇˎˌ ˄ʶˊˇˏ ˃ʶˍʰ˅ˏ ˍʹˌ ʰ˄˗ˍʰˍʹˌ ˋˍʱʻ˃ʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍʹˌ ʵʶ˅ʰ˃ʶ˄ʺˌ ˊˏʻ˃ʽˋʹˌ ˁʰʽ ˍˇˎ 

˔ʰ˃ʹ˂ˈˍʶˊˇˎ ˋʹ˃ʶʾˇˎ ˋˍˇ ʵʾˁˍˎˇΦ ʅˍʽˌ ˋˎ˄ʻʺˁʶˌ ˃ʷʴʽˋˍʹˌ ˉʾʶˋʹˌ ʹ ˉʽʶʸˇ˃ʶˍˊʽˁʺ ʴˊʰ˃˃ʺ 

ˋˍʹ˄ ɮΦʅΦʇ ʶʾ˄ʰʽ ˋ˔ʶʵˈ˄ ˇˊʽʸˈ˄ˍʽʰ ˁʰʽ ʹ ˉʰˊˇ˔ʺ ˃ʹʵʶ˄ʽˁʺΦ 

¶ ɳ˂ʱ˔ʽˋˍʹ ʰˉˇʵʶˁˍʺ ˉʾʶˋʹ ʵʶ˄ ˇˊʾʸʶˍʰʽ ʰˉˈ˂ˎˍʰΣ ˁʰʻ˗ˌ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍˇ˄ ˁʰ˄ˇ˄ʽˋ˃ˈ 

˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ ʵʽˁˍˏˇˎΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ʹ ɳʇɲɮʃ ˇˊʾʸʶʽ ˍʽˌ н atm. ɶ ʶ˂ʱ˔ʽˋˍʹ ˉʾʶˋʹ 

ʰ˄ʰ˒ʷˊʶˍʰʽ ˋʶ ˋˎ˄ʻʺˁʶˌ ˁʰˍ˗ˍʰˍʹˌ ˋˍʱʻ˃ʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍʹˌ ʵʶ˅ʰ˃ʶ˄ʺˌΦ 
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¶ ʅˎ˄ʺʻ˖ˌΣ ʴʽʰ ˍʹ˄ ɳ˂˂ʱʵʰ ˇʽ ʰˉʰʽˍʺˋʶʽˌ ˋʶ ˏ˕ˇˌ ˉʾʶˋʹˌ ˍ˖˄ ˁˍʹˊʾ˖˄ ʶʾ˄ʰʽ όʆˋʰˁʾˊʹˌΣ 

2010): 

~ ɾˇ˄˗ˊˇ˒ʰΣ мн-15 m 

Ϥ ɲʽ˗ˊˇ˒ʰΣ мс-19 m 

Ϥ ʆˊʽ˗ˊˇ˒ʰΣ нл-23 m 

ʅˍˇ ʶ˅˖ˍʶˊʽˁˈ ˎʵˊʰʴ˖ʴʶʾˇ ʹ ˉʾʶˋʹ ˃ˉˇˊʶʾ ˄ʰ ˒ˍʱˋʶʽ ˁʰʽ ˖ˌ ˍʰ олл-400 mΣ ʹ ʶ˂ʱ˔ʽˋˍʹ ˍʽ˃ʺ ˍʹˌ 

ˈ˃˖ˌ ˋʶ ʰˁˊʰʾʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˃ˉˇˊʶʾ ˄ʰ ˉʷˋʶʽ ˁʱˍ˖ ʰˉˈ л m ό˖ˌ ˁʰʽ -7 m). ʁˎˋʽʰˋˍʽˁʱ ʹ ˃ʷʴʽˋˍʹ 

ˉʾʶˋʹ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˈˍʰ˄ ʹ ˊˇʺ ʵʽʰˁˈˉˍʶˍʰʽΣ ʱˊʰ ʻʰ ˉˊʷˉʶʽ ˁʰˍʱ ˍˇ ˋ˔ʶʵʽʰˋ˃ˈ ˄ʰ ʶ˂ʶʴ˔ʻʶʾ ʹ 

˃ʷʴʽˋˍʹ ˎ˕ˇ˃ʶˍˊʽˁʺ ʵʽʰ˒ˇˊʱ ˋˍˇ ʵʾˁˍˎˇ ˗ˋˍʶ ˄ʰ ʶˉʽ˂ʶ˔ʻʶʾ ˁʰʽ ʹ ˁʰˍʱ˂˂ʹ˂ʹ ˁ˂ʱˋʹ ό˃ʷʴʽˋˍʹ 

ʰ˄ˍˇ˔ʺ ˋʶ ˉʾʶˋʹύ ʰʴ˖ʴˇˏΣ ˃ʶ ˍʹ ˃ʽˁˊˈˍʶˊʹ ʶˉʽˍˊʶˉˈ˃ʶ˄ʹ ˋˍʽˌ  10 atm. H ˉʾʶˋʹ ˊˎʻ˃ʾʸʶˍʰʽ ˃ʶ 

ʶʽʵʽˁʷˌ ˋˎˋˁʶˎʷˌ ʶ˂ʷʴ˔ˇˎ ˁʰʽ ʰˋ˒ʰ˂ʶʾʰˌ ό˃ʶʽ˖ˍʷˌΣ ˒ˊʶʱˍʽʰΣ ʰʶˊʶ˅ʰʴ˖ʴˇʾ ˁˍ˂ύΦ 

мΦоΦо ɯ˂˂ˇʽ ˉʶˊʽˇˊʽˋ˃ˇʾ ˋˍˇˎˌ ˁ˂ʶʽˋˍˇˏˌ ˎˉˈ ˉʾʶˋʹ ʰʴ˖ʴˇˏˌ ʲʰˊˏˍʹˍʰˌ 

ɱʽʰ ˍʹ˄ ʰˉˇ˒ˎʴʺ ˎˉˇ- ˁ ʰʽ ˎˉʶˊ-ˉʽʷˋʶ˖˄Σ ˍʾʻʶ˄ˍʰʽ ˇʽ ʰ˄ˍʾˋˍˇʽ˔ˇʽ ˉʶˊʽˇˊʽˋ˃ˇʾ ˋˍʹ˄ ˍʰ˔ˏˍʹˍʰ ˊˇʺˌΥ  

лΦр Җ V Җ мΦр m/s 

ɶ ʶ˃˒ʱ˄ʽˋʹ ˎˉˇˉʽʷˋʶ˖˄ ˋˍˇ ʵʾˁˍˎˇ όˉʽʶʸˇ˃ʶˍˊʽˁʺ ʴˊʰ˃˃ʺ ˁʱˍ˖ ʰˉˈ ˍˇ˄ ʰʴ˖ʴˈύΣ ˃ˉˇˊʶʾ ˄ʰ 

ˇʵʹʴʺˋʶʽ ˋʶ ˉˊˇʲ˂ʺ˃ʰˍʰ ˋˉʹ˂ʰʾ˖ˋʹˌΣ ˈˉˇˎ ˍˇ ˄ʶˊˈ ʶ˅ʰʶˊ˗˄ʶˍʰʽ ˋʶ ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˂ʶʽˍˇˎˊʴʾʰˌ 

ˍˇˎ ʵʽˁˍˏˇˎ όму-23 oC). ɶ ʶ˃˒ʱ˄ʽˋʹ ˎˉʶˊˉʽʷˋʶ˖˄ ˋˍˇ ʵʾˁˍˎˇΣ ˃ˉˇˊʶʾ ˄ʰ ˇʵʹʴʺˋʶʽ ˋʶ ˎʵˊʰˎ˂ʽˁˈ 

ˉ˂ʺʴ˃ʰ ˋˍʰ ˍˇʽ˔˗˃ʰˍʰ ˍ˖˄ ʰʴ˖ʴ˗˄Σ ˍʹ ˋˍʽʴ˃ʺ ˉˇˎ ʰ˄ˇʾʴˇˎ˄ ˇʽ ʵʽˁ˂ʶʾʵʶˌ ʴʽʰ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ 

ʹ ˊˇʺ ʺ ˈˍʰ˄ ʵʽʰˁˈˉˍʶˍʰʽ ʰˉˈˍˇ˃ʰ ʹ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ ʰ˄ˍ˂ʾʰˌ όʴʽʰ ʶ˅˖ˍʶˊʽˁˈ ˎʵˊʰʴ˖ʴʶʾˇύΦ ʅʶ ˈΣˍʽ 

ʰ˒ˇˊʱ ˍʹ ʵʽʱ˃ʶˍˊˇ ˍ˖˄ ʰʴ˖ʴ˗˄Σ ʹ ʶ˂ʱ˔ʽˋˍʹ ˇ˄ˇ˃ʰˋˍʽˁʺ ʶˉʽˍˊʶˉˈ˃ʶ˄ʹ ʶʾ˄ʰʽ ˋˍʰ фл mm όʊфлύΦ ɶ 

ɳʇɲɮʃ ˉˊʰˁˍʽˁʱ ʶ˒ʰˊ˃ˈʸʶʽ ˋ˖˂ʹ˄˗ˋʶʽˌ ʰˉˈ ʊмлл ˁʰʽ ˉʱ˄˖Φ 

мΦп ʆʇʃʁɹ ɲɹɼʆʇʍɿ 

ɾʽʰ ʰˉ˂ʺ ʵʽʱˍʰ˅ʹ ʶ˅˖ˍʶˊʽˁˇˏ ˎʵˊʰʴ˖ʴʶʾˇˎ όʅ˔Φ мΦмύ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˋˎ˄ʺʻ˖ˌ ʷ˄ʰ˄ ʰʴ˖ʴˈ 

˃ʶˍʰ˒ˇˊʱˌ ʰˉˈ ˍʹ˄ ˎʵˊˇ˂ʹ˕ʾʰ ˋˍʹ ʵʶ˅ʰ˃ʶ˄ʺΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʰ˄ʰˉˍˏˋˋʶˍʰʽ ˍˇ ʵʾˁˍˎˇ ʵʽʰ˄ˇ˃ʺˌ ˍˇˎ 

˄ʶˊˇˏ όʶˋ˖ˍʶˊʽˁˈ ˎʵˊʰʴ˖ʴʶʾˇύΣ ˍˇ ˇˉˇʾˇ ˃ˉˇˊʶʾ ˄ʰ ʵʽʰˁˊʾ˄ʶˍʰʽ όʅ˔Φ мΦо) ˋˍˇˎˌ ʶ˅ʺˌ ˋ˔ʹ˃ʰˍʽˋ˃ˇˏˌ 

όʆˋʰˁʾˊʹˌΣ нлмл): 

1. ʅʶʽˊʽʰˁˈ ʵʾˁˍˎˇΥ ʇˉʱˊ˔ʶʽ ʷ˄ʰˌ ʲʰˋʽˁˈˌ ˁ˂ʱʵˇˌΣ ˔˖ˊʾˌ ʱ˂˂ˇˎˌ ˁ˂ʱʵˇˎˌ ʺ ʲˊˈ˔ˇˎˌΦ 

ʋˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˉʱ˄ʽʰ ˁʰʽ ˋʶ ˃ʽˁˊˇˏˌ ˇʽˁʽˋ˃ˇˏˌΦ ɲʶ˄ ʶʾ˄ʰʽ ˉˇ˂ˏ ʰ˅ʽˈˉʽˋˍʰΣ ʵʽˈˍʽ ˃ʾʰ ʰˋˍˇ˔ʾʰ 

ˇʵʹʴʶʾ ˋʶ ˁʰʻˇ˂ʽˁʺ ʰˋˍˇ˔ʾʰ ˍˇˎ ʵʽˁˍˏˇˎΦ ɳˉʾˋʹˌ ˋˍʰ ˋʹ˃ʶʾʰ ˃ʶ ˃ʽˁˊʷˌ ˉʰˊˇ˔ʷˌΣ ˍˇ ˄ʶˊˈ ʵʶ˄ 

ʰ˄ʰ˄ʶ˗˄ʶˍʰʽ ˁʰʽ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˉˊˇʲ˂ʺ˃ʰˍʰ ˉˇʽˈˍʹˍʰˌΦ 

2. ɮˁˍʽ˄˖ˍˈ ʵʾˁˍˎˇΥ  ɳʾ˄ʰʽ ˋˎ˄ʷ˄˖ˋʹ ˋʶʽˊʽʰˁ˗˄ ʵʽˁˍˏ˖˄Φ ɳ˃˒ʰ˄ʾʸˇˎ˄ ˍʰ ʾʵʽʰ ˃ʶʽˇ˄ʶˁˍʺ˃ʰˍʰ ˃ʶ 

ʰˎˍʱΣ ʰ˂˂ʱ ˃ʽˁˊˈˍʶˊʹˌ ˁ˂ʾ˃ʰˁʰˌΦ ɾʾʰ ʶ˄ʵʶ˔ˈ˃ʶ˄ʹ ʰˋˍˇ˔ʾʰ ˋʶ ʰˉˇ˃ʰˁˊˎˋ˃ʷ˄ˇ ˁ˂ʱʵˇΣ ʷ˔ʶʽ 

˃ʽˁˊˈˍʶˊˇ ʰ˄ˍʾˁˍˎˉˇ ˋˍˇˎˌ ˎˉˈ˂ˇʽˉˇˎˌΦ 

3. ɼ˂ʶʽˋˍˈ ʵʾˁˍˎˇΥ ɳʾ˄ʰʽ ˋˏ˄ʻʶˋʹ ʲˊˈ˔˖˄Φ ɾʶʽˇ˄ʷˁˍʹ˃ʱ ˍˇˎˌ ˇ ˈʴˁˇˌ ˍ˖˄ ˎˉˇ˂ˇʴʽˋ˃˗˄ ˁʰʽ ˍˇ 

ˁˈˋˍˇˌΦ ɾʾʰ ʶ˄ʵʶ˔ˈ˃ʶ˄ʹ ʰˋˍˇ˔ʾʰ ˋʶ ʷ˄ʰ ˁ˂ʱʵˇΣ ʵʶ˄ ʻʰ ʶˉʹˊʶʱˋʶʽ ˍˇ ʵʾˁˍˎˇΣ ʶ˒ˈˋˇ˄ ˎˉʱˊ˔ʶʽ 

ʶ˄ʰ˂˂ʰˁˍʽˁʺ ʵʽʰʵˊˇ˃ʺ ʴʽʰ ˍʹ ˊˇʺ ˍˇˎ ˄ʶˊˇˏΦ ɳˉʾˋʹˌ ʹ ʰ˂˂ʰʴʺ ˍʹˌ ˍˇˎ ˃ʷˍˊˇˎ ˁʰʽ ˍʹˌ ˒ˇˊʱˌ ˍʹˌ 

ˉʰˊˇ˔ʺˌ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ ʸʺˍʹˋʹΣ ʲʶ˂ˍʽ˗˄ʶʽ ˍʽˌ ˋˎ˄ʻʺˁʶˌ ˉʾʶˋʹˌΦ 
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4. ʅˎ˄ʵˎʰˋ˃ˈˌ ˍ˖˄ ˉʰˊʰˉʱ˄˖Υ ʃˊʰˁˍʽˁʱ ˉˇ˂˂ʱ ʵʾˁˍˎʰ ʶʾ˄ʰʽ ˃ʶʽˁˍʱ ˁʰʽ ʶ˃˒ʰ˄ʾʸˇˎ˄ ˍʰ ʰ˄ˍʾˋˍˇʽ˔ʰ 

ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˁʰʽ ˃ʶʽˇ˄ʶˁˍʺ˃ʰˍʰΦ  

 

ʅ˔ʺ˃ʰ мΦо όɮˉˈ ˉʱ˄˖ ˉˊˇˌ ˍʰ ˁʱˍ˖ύ ʅʶʽˊʽʰˁˈΣ ɮˁˍʽ˄˖ˍˈΣ ɼ˂ʶʽˋˍˈ ˁʰʽ ɾʶʽˁˍˈ ɻ ʾˁˍˎˇ ˏʵˊʶˎˋʹˌ 

ʅ˔ʷʵʽˇ ˋˍˇ Autocad 2012 

 

ʅʶ ˃ʾʰ ˂ʽʴˈˍʶˊˇ ˋˎ˄ʹʻʽˋ˃ʷ˄ʹ ʵʽʱˍʰ˅ʹ ˎʵˊʶˎˍʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ όʅ˔Φ мΦнύΣ ˈˉˇˎ ʵʶ˄ ˎˉʱˊ˔ʶʽ ˋʰ˒ʺˌ 

ʵʽʱˁˊʽˋʹ ʶ˅˖ˍʶˊʽˁˇˏ ˁʰʽ ʶˋ˖ˍʶˊʽˁˇˏ ˎʵˊʰʴ˖ʴʶʾˇˎΣ ˇʽ ˉʰˊʰˉʱ˄˖ ˍˏˉˇʽ ʰ˄ʱˉˍˎ˅ʹˌ ˍ˖˄ ˁ˂ʱʵ˖˄ 

˃ˉˇˊˇˏ˄ ˄ʰ ˋˎ˄ʰ˄ˍʹʻˇˏ˄ ˁʰʽ ˋʶ ʵʾˁˍˎʰ ˉˇˎ ʰˉ˂ʱ ˃ʶˍʰ˒ʷˊˇˎ˄ ˄ʶˊˈΣ ˔˖ˊʾˌ ʵʽʰ˄ˇ˃ʺ.  

1.5 ɮʄʋɳʅ ʇɲʄɮʇɽɹɼɶʅ ʅʆʁʇʅ ɼɽɳɹʅʆʁʇʅ ʇʃʁ ʃɹɳʅɶ ɮɱʍɱʁʇʅ 

1.5Φм ɶ ˎˉˈʻʶˋʹ ˍʹˌ ˃ˈ˄ʽ˃ʹˌ ˁʰʽ ˇ˃ˇʽˈ˃ˇˊ˒ʹˌ ˊˇʺˌ 

ɶ ˊˇʺ ˍˇˎ ˄ʶˊˇˏ ˋʶ ʷ˄ʰ˄ ʰʴ˖ʴˈ ˃ʶˍʰʲʱ˂˂ʶˍʰʽ ˃ʶ ˍˇ ˔˗ˊˇ ˁʰʽ ˍˇ ˔ˊˈ˄ˇΦ ɱʽʰ ˍˇ ˋ˔ʶʵʽʰˋ˃ˈ ˍ˖˄ 

ʵʽˁˍˏ˖˄ ˃ ʁˁ˂ʶʽˋˍˇˏˌ ˎˉˈ ˉʾʶˋʹ ʰʴ˖ʴˇˏˌΣ ˍʽˌ ˉʶˊʽˋˋˈˍʶˊʶˌ ˒ˇˊʷˌ ʴʾ˄ʶˍʰʽ ʹ ˎˉˈʻʶˋʹ ˍʹˌ ˃ˈ˄ʽ˃ʹˌ 

ˇ˃ˇ̔̍ ˃ˇˊ˒ʺˌ ˊˇʺˌΦ ɾˈ˄ʽ˃ʹ ʺ ˋˍʰʻʶˊʺ ʶʾ˄ʰʽ ʹ ˊˇʺ ˋˍʹ˄ ˇˉˇʾʰ ʹ ˍʰ˔ˏˍʹˍʰ ˉʰˊʰ˃ʷ˄ʶʽ ˋˍʰʻʶˊʺ ˁʰʽ 

ʰ˃ʶˍʱʲ˂ʹˍʹ ˋʶ ˈ˂ʰ ˍʰ ˋʹ˃ʶʾʰ ˋˎ˄ʰˊˍʺˋʶʽ ˍˇˎ ˔ˊˈ˄ˇˎ όɾʰ˄ˍˈʴ˂ˇˎΣ нллфύΣ ʰ˄ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ 

˃ʶˍʰʲʱ˂˂ʶˍʰʽ ˃ʶ ˍʹ ʻʷˋʹΦ ɳʽʵʽˁʱ ʰ˄ ʹ ˃ʷˋʹ ˍʰ˔ˏˍʹˍʰ ʶʾ˄ʰʽ ˋˍʰʻʶˊʺ ˋʶ ˃ʷʴʶʻˇˌ ˁʰʽ ʵʽʶˏʻˎ˄ˋʹ 

ˁʰʻΩˈ˂ˇ ˍˇ ˃ʺˁˇˌ ˍˇˎ ʰʴ˖ʴˇˏΣ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ˇ˃ˇʽˈ˃ˇˊ˒ʹ ˃ˈ˄ʽ˃ʹ ˊˇʺΦ ɱʽʰ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾΣ ʻʰ 
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ˉˊʷˉʶʽ ˇ ʰʴ˖ʴˈˌ ˄ʰ ʶʾ˄ʰʽ ʶˎʻˏˌΣ ˃ʶ ˋ˔ʶˍʽˁʱ ˃ʶʴʱ˂ˇ ˃ʺˁˇˌ ˁʰʽ ˃ʶ ˋˍʰʻʶˊʺ ʵʽʰˍˇ˃ʺ ˁʰʽ ˁ˂ʾˋʹΦ ʅʶ 

ˋˎ˄ʻʺˁʶˌ ˃ˈ˄ʽ˃ʹ ̩ˁ ʰʽ ˇ˃ˇʽˈ˃ˇˊ˒ʹ ̩́ ˇʺ̩, ̔ ˋ˔ˏˇˎ˄ ˇʽ ˉʰˊʰˁʱˍ˖ о ʲʰˋʽˁʷˌ ʰˊ˔ʷˌ όʆˋʰˁʾˊʹˌΣ нлмл): 

 

1Φ ɳ˅ʾˋ˖ˋʹ ˋˎ˄ʷ˔ʶʽʰˌΥ ʆˇ ʱʻˊˇʽˋ˃ʰ ˍ˖˄ ˉʰˊˇ˔˗˄ Q1 ̄ ˇˎ ʶʽˋˊʷˇˎ˄ ˋʶ ʷ˄ʰ ˁˈ˃ʲˇ ʵʽʰˍˇ˃ʺˌ ɮ ˔˖ˊʾˌ 

ʰˉˇʻʺˁʶˎˋʹΣ ʽˋˇˏˍʰʽ ˃ʶ ˍˇ ʱʻˊˇʽˋ˃ʰ ˍ˖˄ ˉʰˊˇ˔˗˄ Q2 ̄ ˇˎ ʶˁˊʷˇˎ˄Υ 

  
                          Вὗ  Вὗ                                     

            ė  
                       Вὠὃ  Вὠὃ                     

 

нΦ ɮˊ˔ʺ ʵʽʰˍʺˊʹˋʹˌ ˍʹˌ ʶ˄ʷˊʴʶʽʰˌ: όʅ˔Φ мΦпύ ʆˇ ˏ˕ˇˌ ˍʹˌ ʴˊʰ˃˃ʺˌ ʶ˄ʷˊʴʶʽʰˌ ɶ1 ˋʶ ˃ʾʰ ʻʷˋʹ м  

ʽˋˇˏˍʰʽ ˃ʶ ˍˇ ˏ˕ˇˌ ʶ˄ʷˊʴʶʽʰˌ ɶ2 ˋʶ ˃ʾʰ ˁʰˍʱ˄ˍʹ ʻʷˋʹ н ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄˖˄ ˍ˖˄ ʰˉ˖˂ʶʽ˗˄ 

ʶ˄ʷˊʴʶʽʰˌ ˋˍʹ ʵʽʰʵˊˇ˃ʺ м-н όˈ˂ʰ ˋʶ ˃ˇ˄ʱʵʶˌ ˃ʺˁˇˎˌύΥ 

 

     ɶ1 Ґ ɶ2 + ВὬf(1->2)      

ė 

    ɵ1 +  +  Ґ ɵ2 +  +  + ВὬf(1->2)    

 

оΦ ɮˊ˔ʺ ʵʽʰˍʺˊʹˋʹˌ ˍʹˌ ˇˊ˃ʺˌΥ ɱʽʰ ʷ˄ʰ ʰʴ˖ʴˈ ˃ʶ ˇ˃ˇʽˈ˃ˇˊ˒ʹ ˃ˈ˄ʽ˃ʹ ˊˇʺ ʽˋ˔ˏʶʽΥ 

      ВὊx Ґ ˊϝQ*(Vx
ʶˁˊˇʺˌ ς Vx

ʶʽˋˊˇʺˌ ) 

      ВὊy = ́ *Q*(Vy
ʶˁˊˇʺˌ ς Vy

ʶʽˋˊˇʺˌ )               

 

 

ʁʽ ʵˎ˄ʱ˃ʶʽˌ F ɻ ˊˇˎ˄ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ˈʴˁˇˎ όʲʱˊˇˌΣ ˍˊʽʲʷˌ ˁˍ˂ύΦ 

 

 

 

ʅ˔ʺ˃ʰ мΦп ɮˊ˔ʺ ʵʽʰˍʺˊʹˋʹˌ ʶ˄ʷˊʴʶʽʰˌ ˋˍˇ˄ ʰʴ˖ʴˈ м-2 

ʃʹʴʺΥ ɼˇˎˍˋˇʴʽʱ˄˄ʹˌ ϧ ɳˎˋˍˊʰˍʽʱʵʹˌΣ ʅʹ˃ʶʽ˗ˋʶʽˌ ˃ʰʻʺ˃ʰˍˇˌ ζɮˋˍʽˁʱ ʇʵˊʰˎ˂ʽˁʱ ɴˊʴʰηΣ нллт 
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1.5Φн ʁʽ ʰˉ˗˂ʶʽʶˌ ʶ˄ʷˊʴʶʽʰˌ ˋˍʹ ˃ˈ˄ʽ˃ʹ ˊˇʺ 

ɼʰˍʱ ˍʹ ˊˇʺ ˍˇˎ ˄ʶˊˇˏ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ʵˎ˄ʱ˃ʶʽˌ ˍˊʽʲʺˌ ˃ʶˍʰ˅ˏ ʰˎˍˇˏ ˁʰʽ ˍ˖˄ ʶˋ˖ˍʶˊʽˁ˗˄ 

ˍˇʽ˔˖˃ʱˍ˖˄ ˍˇˎ ʰʴ˖ʴˇˏΦ ɱʽΩʰˎˍˈ ˃ʷˊˇˌ ˍʹˌ ʶ˄ʷˊʴʶʽʰˌ ˉˇˎ ˒ʷˊʶʽ ˍˇ ˄ʶˊˈ ˃ʶ ˍʹ ˊˇʺ ˍˇˎ ʰˉˈ ʷ˄ʰ 

ʰ˄ʱ˄ˍʹ ˋʹ˃ʶʾˇ м ˉˊˇˌ ʷ˄ʰ ˁʰˍʱ˄ˍʹ ˋʹ˃ʶʾˇ нΣ ˔ʱ˄ʶˍʰʽ ˁʰˍʱ ˃ʺˁˇˌ ˍˇˎ ʰʴ˖ʴˇˏΦ ɶ ʰˉ˗˂ʶʽʰ ʰˎˍʺ 

˃ʶˍˊʱˍʰʽ ˋʶ  m ˁʰʽ ʲʱˋʶʽ ˍ˖˄ Darcy-Weisbach ʶʾ˄ʰʽ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ˍˊʽʲʺˌ f, ˍʹˌ 

ʵʽʰ˃ʷˍˊˇˎ DΣ  ˍˇˎ ˃ʺˁˇˎˌ  L ˁ ʰʽ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌ  V ̱ ˇˎ ʰʴ˖ʴˇˏΥ 

                                      Ὤ
ᴼ

  = f   
ᶻ

                              

ˈˉˇˎ g ́  ʶˉʽˍʱ˔ˎ˄ˋʹ ˍʹˌ ʲʰˊˏˍʹˍʰˌ (9.81 m/s2). 

ɹˋˇʵˏ˄ʰ˃ʰ ʽˋ˔ˏʶʽΥ 

                                       Ὤ
ᴼ

  =                                            

 

ɳʱ˄ ʵʶΣ ˍˇ Q2 ̫ ˊʻʶʽ ˋˍˇ ˉˊ˗ˍˇ ˃ʷ˂ˇˌΣ ˉˊˇˁˏˉˍʶʽ ʹ ˉˇˋˈˍʹˍʰ R = 
▐█ ᴼ

  ̄ ˇˎ ˂ʷʴʶˍʰʽ ʰ˄ˍʾˋˍʰˋʹ ˍˇˎ 

ʰʴ˖ʴˇˏ ˁʰʽ ʷ˔ʶʽ ˃ˇ˄ʱʵʶˌ ˃ʷˍˊʹˋʹˌ m/(m3/s)2 όʆˋʰˁʾˊʹˌΣ нлмлύΦ ʆʶ˂ʽˁʱ ʶʾ˄ʰʽΥ 

                                             Ὤ
ᴼ

 = RQ2                                           

 

ʃʷˊʰ˄ ˍ˖˄ ʴˊʰ˃˃ʽˁ˗˄ ʰˉ˖˂ʶʽ˗˄Σ ˋˍʰ ʵʾˁˍˎʰ ʵʽʰ˄ˇ˃ʺˌ ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ ˁʰʽ ˍˇˉʽˁʷˌ ʰˉ˗˂ʶʽʶˌΣ ˋˍʽˌ 

ˋˎ˄ʵʷˋʶʽˌ ˍ˖˄ ʰʴ˖ʴ˗˄ ˁʰʽ ˍʽˌ ˋˍˊˇ˒ʷˌ όˍˎˉʽˁʷˌ ˍˇˉʽˁʷˌ ʰˉ˗˂ʶʽʶˌύΣ ˁʰʻ˗ˌ ˁʰʽ ˋˍʽˌ ʻʷˋʶʽˌ ˍ˖˄ 

ʶʽʵʽˁ˗˄ ˋˎˋˁʶˎ˗˄ ˁʰʽ ʵʽʰˍʱ˅ʶ˖˄ όʶʽʵʽˁʷˌ ˍˇˉʽˁʷˌ ʰˉ˗˂ʶʽʶˌύ. ʁʽ ˁˎˊʽˈˍʶˊʶˌ ʰʽˍʾʶˌ ʶʾ˄ʰʽ όʆˋʰˁʾˊʹˌΣ 

2010): 

¶ ɮ̄ ˈˍˇ˃ʹ ʵʽʰˋˍˇ˂ʺκˋˎˋˍˇ˂ʺ ˍʹˌ ʵʽʰˍˇ˃ʺˌ ˍˇˎ ʰʴ˖ʴˇˏΦ 

¶ ɰʰʻ˃ʽʰʾʰ ʵʽʰˋˍˇ˂ʺκˋˎˋˍˇ˂ʺ ˍʹˌ ʵʽʰˍˇ˃ʺˌ -⅝⅝-     -⅝⅝-. 

¶ ɮ˂˂ʰʴʺ ˁʰˍʶˏʻˎ˄ˋʹˌ -⅝⅝-     -⅝⅝-. 

¶ ɾʹ ʶˎʻˏʴˊʰ˃˃ʹ ˍˇˉˇʻʷˍʹˋʹ -⅝⅝-     -⅝⅝-. 
 

ʅˍʹ˄ ˉˊʱ˅ʹ ʹ ʵʽʰˍʰˊʰ˔ʺ ʰˎˍʺˌ ˍʹˌ ˊˇʺˌ ʵʶ˄ ˉʶˊʽˇˊʾʸʶˍʰʽ ˋʶ ʷ˄ʰ ˋʹ˃ʶʾˇ ˁʰʽ ˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ 

ˋˎ˄ˇʵʶˏʶˍʰʽ ʰˉˈ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˋˍˊˇʲʾ˂˖˄ ʰˉˇˁ˂ʾ˄ˇˎˋʰˌ ˊˇʺˌ όɿˇˎˍˋˈˉˇˎ˂ˇˌ ˁʰʽ ʋˊʽˋˍˇʵˇˏ˂ˇˎΣ 

1996). ʁʽ ˍˇˉʽˁʷˌ ʰˉ˗˂ʶʽʶˌ ʶˁ˒ˊʱʸˇ˄ˍʰʽ ˃ʶ ˈˊˇˎˌ ˏ˕ˇˎˌ ˁʽ˄ʹˍʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ. 

1.5.3 ɶ ʵ̔ɦ ˃ʶˍˊˇˌ ˍ˖˄ ˋ˖˂ʹ˄˗ˋʶ˖˄ 

ʅˍʰ ˎʵˊʰˎ˂ʽˁʱ ʷˊʴʰ ˇʽ ʰʴ˖ʴˇʾ ʶʾ˄ʰʽ ˋˎ˄ʺʻ˖ˌ ˁˎ˂ʽ˄ʵˊʽˁˇʾΦ ɴˍˋʽ ʹ ʵʽʱ˃ʶˍˊˇˌ D (mm) ʶʾ˄ʰʽ ʷ˄ʰ 

˃ʷʴʶʻˇˌ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˍˇˎ ʰʴ˖ʴˇˏΣ ˉˇˎ ʶˉʹˊʶʱʸʶʽ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ ˁʰʽ ˍˇ ˁˈˋˍˇˌ ˍˇˎΦ ɴ˄ʰˌ 

ʰʴ˖ʴˈˌ ʰˉˈ ˁʰˍʰˋˁʶˎʺˌ ˍˇˎ ʷ˔ʶʽ ʷ˄ʰ ˉʱ˔ˇˌ ˎ˂ʽˁˇˏ ˍˇ ˇˉˇʾˇ ʵʽʰ˔˖ˊʾʸʶʽ ˍˇ ʶˋ˖ˍʶˊʽˁˈ ˍˇˎΣ ˋˍˇ 

ˇˉˇʾˇ ˊʷʶʽ ˍˇ ˊʶˎˋˍˈΣ ʰˉˈ ˍˇ ʶ˅˖ˍʶˊʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄Φ ʍˌ ʰˉˇˍʷ˂ʶˋ˃ʰΣ ˇ ʰʴ˖ʴˈˌ ˇˊʾʸʶˍʰʽ ʰˉˈ ʵˏˇ 

ʵʽʰ˃ʷˍˊˇˎˌΣ ˍʹ˄ ʶˋ˖ˍʶˊʽˁʺ ˁʰʽ ˍʹ˄ ʶ˅˖ˍʶˊʽˁʺΦ ʃˊˇ˒ʰ˄˗ˌΣ ʹ ʶ˅˖ˍʶˊʽˁʺ ʵʽʱ˃ʶˍˊˇˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ 

ˍʹ˄ ʶˋ˖ˍʶˊʽˁʺ ˋˎ˄ ˍˇ ˉʱ˔ˇˌ ˍˇˎ ʰʴ˖ʴˇˏ ʶʽˌ ʵʽˉ˂ˇˏ˄Φ ɳˉʶʽʵʺ ʹ ʶˋ̟ˍʶˊʽˁʺ ʵʽʱ˃ʶˍˊˇˌ ˁʰʻˇˊʾʸʶʽ ˍʹ˄ 

ˉʶˊ̔̌ ˔ʺ ˋˍʹ˄ ˇˉˇʾʰ ˊʷʶʽ ˍˇ ˊʶˎˋˍˈΣ ʶʾ˄ʰʽ ʶˁʶʾ˄ʹ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˉʱ˄ˍˇˍʶ ˋˍˇˎˌ ˎʵˊʰˎ˂ʽˁˇˏˌ 
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ˎˉˇ˂ˇʴʽˋ˃ˇˏˌΦ ʂˉ˖ˌ ʻʰ ʶʽˉ˖ʻʶʾ ʰ˄ʰ˂ˎˍʽˁˈˍʶˊʰ ˉʰˊʰˁʱˍ˖Σ ˍˇ ˉʱ˔ˇˌ ˋʶ ʷ˄ʰ˄ ʰʴ˖ʴˈ ʴʽʰ 

ˁʰˍʰˋˁʶˎʰˋˍʽˁˇˏˌ ˂ˈʴˇˎˌ ʵʶ˄ ʶʾ˄ʰʽ ˉʱ˄ˍˇˍʶ ˋˍʰʻʶˊˈΣ ʴʽΩʰˎˍˈ ˇʽ ʵʽʱ˃ʶˍˊˇʽ ˍˇˎ ʶ˃ˉˇˊʾˇˎ 

όˇ˄ˇ˃ʰˋˍʽˁʷˌ ʵʽʱ˃ʶˍˊˇʽύ ʵʶ˄ ˍʰˎˍʾʸˇ˄ˍʰʽ ˉʱ˄ˍˇˍʶ ˃ʶ ˍʽˌ ʶˋ˖ˍʶˊʽˁʷˌΦ 

1.5.4 ʆʰ о ʲʰˋʽˁʱ ˉˊˇʲ˂ʺ˃ʰˍʰ ʇʵˊʰˎ˂ʽˁʺˌ ˁ˂ʶʽˋˍ˗˄ ʰʴ˖ʴ˗˄ 

ʅˍʰ ˎʵˊʰˎ˂ʽˁʱ ʷˊʴʰ ˍʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄Σ ʻʶ˖ˊ˗˄ˍʰˌ ˖ˌ ˉʰˊˇ˔ʺ ˋ˔ʶʵʽʰˋ˃ˇˏ ʶˁʶʾ˄ʹ 

ˍʹˌ ʵˎˋ˃ʶ˄ʷˋˍʶˊʹˌ ˉʶˊʾˉˍ˖ˋʹˌΣ ˋˎ˄ˇ˕ʾʸˇ˄ˍʰʽ ˋˍʽˌ ˉʰˊʰˁʱˍ˖ ˁʰˍʹʴˇˊʾʶˌ όʆˋʰˁʾˊʹˌΣ нлмл): 

 

ʆˇ мˇ ̡ ʰˋʽˁˈ ˉˊˈʲ˂ʹ˃ʰΥ ʃˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍʹˌ ˉʽʶʸˇ˃ʶˍˊʽˁʺˌ ʴˊʰ˃˃ʺˌ ˃ʶ ʴ˄˖ˋˍʺ ˍʹ ʴʶ˖˃ʶˍˊʾʰΣ ˍˇ 

ˎ˂ʽˁˈ ˁʰʽ ˍʹ˄ ˉʰˊˇ˔ʺ ˋ˔ʶʵʽʰˋ˃ˇˏ ˍˇˎ ʰʴ˖ʴˇˏ 

 

ɴˋˍ˖ ʷ˄ʰ ʵʾˁˍˎˇ ʲʰˊˏˍʹˍʰˌ ˈˉˇˎ ˍˇ ˏ˕ˇˌ ˍʹˌ ˉʽʶʸˇ˃ʶˍˊʽˁʺˌ ʴˊʰ˃˃ʺˌ όʃΦɱΦύ ˅ʶˁʽ˄ʱ ʰˉˈ ˍʹ 

ʵʶ˅ʰ˃ʶ˄ʺ όɮΦɼΦʅ ʺ ɼΦʅΦɽύΦ ʅʶ ˇˉˇʽˇʵʺˉˇˍʶ ˁʰˍʱ˄ˍʹ ˋʹ˃ʶʾˇ ˍˇˎ ʵʽˁˍˏˇˎΣ ˍˇ ˏ˕ˇˌ ˍʹˌ ʃΦɱΦ ˃ˉˇˊʶʾ ˄ʰ 

ʲˊʶʻʶʾ ʰ˄ ʰˉˈ ˍˇ ʰˊ˔ʽˁˈ ˍʹˌ ˏ˕ˇˌ ʰ˒ʰʽˊʶʻˇˏ˄ ˇʽ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ʰˉ˗˂ʶʽʶˌ ˒ˇˊˍʾˇˎΦ ɸʶ˖ˊʶʾˍʰʽ 

 πΣ ʱˊʰ ˉˊʰˁˍʽˁʱ ʹ ʃΦɱ ˍʰˎˍʾʸʶˍʰʽ ˃ʶ ˍʹ ʴˊʰ˃˃ʺ ʶ˄ʷˊʴʶʽʰˌ όɱΦɳύΦ ʃˊˇˋʵʽˇˊʾʸˇ˄ˍʰʽ ˁʰˍʱ ˋʶʽˊʱ 

ˍʰ ʶ˅ʺˌ ˎʵˊʰˎ˂ʽˁʱ ˃ ʶʴʷʻʹΥ  

мΦ ʆʰ˔ˏˍʹˍʰ ˊˇʺˌΥ V =                                              

нΦ ʅˎ˄ˍʶ˂ʶˋˍʺˌ ˍˊʽʲʺˌΥ   f = ὰέὫ
Ȣ

  
Ȣ
Ȣ  Ȣ

 

  (Swamee & Jain, 1976)                                   

оΦ ɮ˄ˍʾˋˍʰˋʹ ʰʴ˖ʴˇˏΥ    R =                                             

4. ɮˉ˗˂ʶʽʶˌ ˒ˇˊˍʾˇˎΥ    Ὤ
ᴼ

 = RQ2                                            

рΦ ʈ˕ˇˌ ʃΦɱΦ όʺ ˏ˕ˇˌ ʶ˄ʷˊʴʶʽʰˌύ ˋˍˇ ˁʰˍʱ˄ˍʹ ˋʹ˃ʶʾˇ ˍˇˎ ʰʴ˖ʴˇˏΥ   ɶ2 Ґ ɶ1 - Ὤ
ᴼ
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ʅ˔ʺ˃ʰ мΦ5 ʃˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍˇˎ ˏ˕ˇˎˌ ˍʹˌ ʃΦɱΦ ˋˍˇ˄ ˁˈ˃ʲˇ н 

ʅ˔ʷʵʽˇ ˋˍˇ Autocad 2012 

 

 

ɮ˒ˇˏ ʲˊʷʻʹˁʶ ˍˇ ˏ˕ˇˌ ʶ˄ʷˊʴʶʽʰˌ ɶ ˋˍˇ˄ ˁˈ˃ʲˇΣ ʰ˒ʰʽˊ˗˄ˍʰˌ ˍˇ ˎ˕ˈ˃ʶˍˊˇ ʶʵʱ˒ˇˎˌ ɵΣ ˃ˉˇˊʶʾ 

ˍ˗ˊʰ ˄ʰ ˎˉˇ˂ˇʴʽˋˍʶʾ ˍˇ ˉʽʶʸˇ˃ʶˍˊʽˁˈ ˒ˇˊˍʾˇ όʺ ˏ˕ˇˌ ˉʾʶˋʹˌύ ˍˇˎ ˁˈ˃ʲˇˎ нΥ 

          hp2 = H2 ς Z2

 

ʆ ̌2ˇ ̡ ʰˋʽˁˈ ˉˊˈʲ˂ʹ˃ʰΥ ʃˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍʹˌ ˉʰˊˇ˔ʺˌ ˋ˔ʶʵʽʰˋ˃ˇˏ ˃ ʶ ʴ˄˖ˋˍʺ ˍʹ˄ ʃΦɱΦΣ ˍʹ ʴʶ˖˃ʶˍˊʾʰ 

ˁʰʽ ˍˇ ˎ˂ʽˁˈ ̱ ˇˎ ʰʴ˖ʴˇˏ 

 

ɴˋˍ˖  ʰʴ˖ʴˈˌ ˃ʶ ʰ˄ʱ˄ˍʹ ˁʰʽ ˁʰˍʱ˄ˍʹ ˁˈ˃ʲˇ i-м ˁʰʽ I h ˄ˍʾˋˍˇʽ˔ʰ όʅ˔Φ мΦсύΦ ʇˉˇ˂ˇʴʾʸˇ˄ˍʰʽ: 

1. ʆʰ˔ˏˍʹˍʰ ˊˇʺˌ όˉˊˇˍʶʽ˄ˈ˃ʶ˄ʹ ˊʹˍʺ ʶ˅ʾˋ˖ˋʹ ʴʽʰ ˍˎˊʲ˗ʵʹ ˊˇʺΣ ˃ʶ ʴ˄˖ˋˍʷˌ ˍʽˌ ʴˊʰ˃˃ʽˁʷˌ ˁʰʽ 

ʰ˃ʶ˂ʹˍʷʶˌ ˍʽˌ ˍˇˉʽˁʷˌ ʰˉ˗˂ʶʽʶˌύΥ   V = -2 ᴼ  ÌÏÇ 
Ȣ

Ȣ

ᴼ
)  

нΦ ɳ˃ʲʰʵˈ˄ ˁˎˁ˂ʽˁʺˌ ʵʽʰˍˇ˃ʺˌΥ ɮ Ґ        

оΦ ʃʰˊˇ˔ʺ ˋ˔ʶʵʽʰˋ˃ˇˏΥ Q = VA                    
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ʅ˔ʺ˃ʰ мΦс ʆˇ нˇ ̡ ʰˋʽˁˈ ˉˊˈʲ˂ʹ˃ʰ ˎʵˊʰˎ˂ʽˁʺˌ ˁ˂ʶʽˋˍ˗˄ ʰʴ˖ʴ˗˄ 

ʅ˔ʷʵʽˇ ˋˍˇ Autocad 2012  

 

 

ʆˇ оˇ ̡ ʰˋʽˁˈ ˉˊˈʲ˂ʹ˃ʰ: ʃˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍʹˌ ʵʽʰ˃ʷˍˊˇˎ ˃ʶ ʴ˄˖ˋˍʺ ˍʹ˄ ʃΦɱΦΣ ˍʹ˄ ˉʰˊˇ˔ʺ ˋ˔ʶʵʽʰˋ˃ˇˏ 

ˁʰʽ ˍˇ ˎ˂ʽˁˈ ˍˇˎ ʰʴ˖ʴˇˏ 

¶ 1ˇˌ ̱ ˊˈˉˇˌΥ ʶˉʰ˄ʰ˂ʹˉˍʽˁʺ ʵʽʰʵʽˁʰˋʾʰ 

ʃˊˇˋʵʽˇˊʾʸˇ˄ˍʰʽΥ 

мΦ ɾʷʴʽˋˍˇ ʶˉʽˍˊʶˉˈ˃ʶ˄ˇ ˏ˕ˇˌ ʰˉ˖˂ʶʽ˗˄ ˒ˇˊˍʾˇˎ ʰˉˈ ˍʹ˄ ʶ˅ʾˋ˖ˋʹ ʶ˄ʷˊʴʶʽʰˌ. 

2. ɲʽʱ˃ʶˍˊˇˌΥ   D  = 
ᶻz ᶻ

ᶻ ᶻ ᴼ

Σ ʰˉˈ ˍʹ˄ ʶ˅ʾˋ˖ˋʹ Darcy-Weisbach.                                    

 

оΦ ʆʰ˔ˏˍʹˍʰ ˁʰʽ ʰˊʽʻ˃ˈˌ Reynolds:   V = 
ᶻ

ᶻ
  ˁ ʰʽ  Re = 

ᶻ                                   

4. ʅˎ ˄ˍʶ˂ʶˋˍʺ ̩̱ ˊʽʲʺˌ:   f = ÌÏÇ
Ȣ

  
Ȣ
Ȣ  Ȣ

 

 (Swamee ˁ ʰʽ Jain, 1976)  

ɮ˄  ʰˎˍˈˌ ˋˎ˃ˉʷˋʶʽ ˃ʶ ˍʹ˄ ʰˊ˔ʽˁʺ ʻʶ˗ˊʹˋʹ ʹ ʵʽʰʵʽˁʰˋʾʰ ˋˍʰ˃ʰˍʱΦ ɮ˄ ˈ˔ʽΣ ˃ʶ ˍʹ ˄ʷʰ ˍʽ˃ʺ ˍˇˎ f 

ʶˉʰ˄ʰˉˊˇˋʵʽˇˊʾʸʶˍʰʽ ʹ ˉʰˊˇ˔ʺ Q ˃ʶ ˍʹ˄ ʶ˅ʾˋ˖ˋʹ Darcy-Weisbach όʵʹ˂Φ ʶˉʽˋˍˊˇ˒ʺ ˋˍˇ ʲʺ˃ʰ нύ 

ˁʰʽ ʶˉʰ˄ʱ˂ʹ˕ʹ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ˃ ʷ˔ˊʽˌ ˈˍˇˎ ˄ʰ ˎˉʱˊ˅ʶʽ ˋˏʴˁ˂ʽˋʹ. 

¶ 2ˇˌ ̱ ˊˈˉˇˌΥ ʰˉΩʶˎʻʶʾʰˌ ʶ˅ʾˋ˖ˋʹ Swamee ˁ ʰʽ Jain 

    D = 0.66[k1.25(
ᴼ

)4.75 + vQ9.4(
ᴼ

)5.2]0.04              

ʺ ˃ʶ ˋ˒ʱ˂˃ʰ å 3%, 

  D = 0.66[(214.75
ᴼ

)6.25 + k1.25( 
ᴼ

)4.75 + vQ9.4(
ᴼ

)5.2]0.04  
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¶ 3ˇˌ ̱ ˊˈˉˇˌΥ ˍˎˉˇˉˇʾʹˋʹ ʶ˃ˉˇˊʾˇˎ 

ʅˍˇ ʶ˃ˉˈˊʽˇΣ ˇʽ ʵʽʱ˃ʶˍˊˇʽ ˋ˖˂ʹ˄˗ˋʶ˖˄ ˉˇˎ ʵʽʰˍʾʻʶ˄ˍʰʽ ʷ˔ˇˎ˄ ʷ˄ʰ ʶˏˊˇˌ ʵʽʰˁˊʽˍ˗˄ ˍʽ˃˗˄ ʰˉˈ ˍˇ 

ˇˉˇʾˇ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʴʾ˄ʶʽ ʹ ˍʶ˂ʽˁʺ ʶˉʽ˂ˇʴʺΦ ɮˎˍˈ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ʹ ʻʶ˖ˊʹˍʽˁʺ ʶˏˊʶˋʹ ˍˇˎ D ʶʾˍʶ ˃ʶ 

ˍˇ˄ мˇ ʶʾˍʶ ˃ʶ ˍˇ˄ нˇ ˍˊˈˉˇΣ ˉˊˇʵʽʰʻʷˍʶʽ ˃ʶ˄ ʴʽʰ ˍʹ˄ ˍʱ˅ʹ ˃ʶʴʷʻˇˎˌΣ ˈ˃˖ˌ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ 

ʶ˒ʰˊ˃ˇˋˍʶʾ ˋˍʹ˄ ˉˊʱ˅ʹΣ ʶˁˍˈˌ ˁʽ ʰ˄ ˋˎ˃ˉʾˉˍʶʽ ˃ʶ ˁʱˉˇʽʰ ˍˎˉˇˉˇʽʹ˃ʷ˄ʹ ˍʽ˃ʺΦ ɸʰ ˉˊʷˉʶʽ ˂ˇʽˉˈ˄ 

ˁʱʻʶ ˒ˇˊʱ ˄ʰ ʶˉʽ˂ʷʴʶˍʰʽ ʹ ʰ˃ʷˋ˖ˌ ˃ʶʴʰ˂ˏˍʶˊʹ ˍʽ˃ʺ ˍˇˎ D ʺ ˃ʾʰ ʰˉˈ ˍʽˌ ʰ˃ʷˋ˖ˌ ʶˉˈ˃ʶ˄ʶˌ ʰˉˈ ˍʹ 

ʴˁʱ˃ʰ ˍˇˎ ʶ˃ˉˇˊʾˇˎΦ 

ʆˇ ʶˏˊˇˌ ˍ˖˄ ʵˎ˄ʰˍ˗˄ ʵʽʰ˃ʷˍˊ˖˄ ˁʰʻˇˊʾʸʶˍʰʽ ʰˉˈ ˍˇˎˌ ˉʶˊʽˇˊʽˋ˃ˇˏˌ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌΦ ʅˍʹ 

ˋˎ˄ʷ˔ʶʽʰ ʶ˂ʷʴ˔ʶˍʰʽ ˁʰˍʱ ˉˈˋˇ ʰˎˍʷˌ ʽˁʰ˄ˇˉˇʽˇˏ˄ ˍˇ ʶˉʽʻˎ˃ʹˍˈ ˏ˕ˇˌ ʃΦɱΣ ˃ʷˋʰ ʰˉˈ ˍʹ ʵʽʰʵʽˁʰˋʾʰ 

ˉˇˎ ʰ˄ʰ˒ʷˊʻʹˁʶ ˉˊˇʹʴˇˎ˃ʷ˄˖ˌ όмʹ ˁ ʰˍʹʴˇˊʾʰ ʲʰˋʽˁ˗˄ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ʇʵˊʰˎ˂ʽˁʺˌύΦ 

ɮ˄ʰ˂ˎˍʽˁʺ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ʰˎˍʺˌ ̒ ʰ ˎˉʱˊ˅ʶʽ ˁʰʽ ˋˍˇ пˇ ˁ ʶ˒ʱ˂ʰʽˇΦ 
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ʇ˂ʽˁʱ ˋ˖˂ʹ˄˗ˋʶ˖˄ ˋˍʰ ˎʵˊʶˎˍʽˁʱ ʵʾˁˍˎʰ 

 

 

 

 

 

 

2.1 ʅɼʁʃʁʅ 

ʅˁˇˉˈˌ ˍˇˎ ˉʰˊˈ˄ˍˇˌ ˁʶ˒ʰ˂ʰʾˇˎ ʶʾ˄ʰʽ ʹ ˋˏʴˁˊʽˋʹ ˍ˖˄ ˎ˂ʽˁ˗˄ ˋ˖˂ʹ˄˗ˋʶ˖˄ ˏʵˊʶˎˋʹˌ ʰˉˈ 

ˉ˂ʶˎˊʱˌ ˇʽˁˇ˄ˇ˃ʽˁˈˍʹˍʰˌΦ ɱʽΩʰˎˍˈ ʰˉʰˊʰʾˍʹˍʹ ʺˍʰ˄ ʹ ˉʰˊˇˎˋʾʰ ʶ˄ˈˌ ˋˎʴˁʶ˄ˍˊ˖ˍʽˁˇˏ ˉʾ˄ʰˁʰ ˃ʶ 

ˍʰ ˁˈˋˍʹ ʰ˄ʱ ˁʰˍʹʴˇˊʾʰ ˎ˂ʽˁˇˏΦ ʆʰ ʵʶʵˇ˃ʷ˄ʰ ʰˎˍʱ ʰ˄ˍ˂ʺʻʹˁʰ˄ ʰˉˈ ˍˇ ˍʽ˃ˇ˂ˈʴʽˇ ˍʹˌ ɳʇɲɮʃ ʴʽʰ 

ˍˇ нлмо ˈˉ˖ˌ ʰˎˍˈ ʷ˔ʶʽ ʵʽʰ˃ˇˊ˒˖ʻʶʾ ʰˉˈ ˍˇ ʇˉˇˎˊʴʶʾˇ ʃʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ɳ˄ʷˊʴʶʽʰˌ ˁʰʽ ɼ˂ʽ˃ʰˍʽˁʺˌ 

ɮ˂˂ʰʴʺˌ όʇʃɳɼɮύ ˁʰʽ ʰ˒ˇˊˇˏ˄ ʷˊʴʰ о ˁʰˍʹʴˇˊʽ˗˄ ˉˊˇːˉˇ˂ˇʴʽˋ˃ˇˏΥ 

 ~ 1ʹ ˁ ʰˍʹʴˇˊʾʰΣ ʷˊʴʰ ғ мΦр ʶˁΦ ϵ 

 ~ 2ʹ        -⅝⅝-     ,     -⅝⅝-      1.5-рΦл ʶˁΦ ϵ       

 ~ 3ʹ        -⅝⅝-     ,     -⅝⅝-   > рΦл ʶˁΦ ϵ       

ʃˊˇ˒ʰ˄˗ˌ ˈˋˇ ˃ʶʴʰ˂ˏˍʶˊʹ ʶʾ˄ʰʽ ʹ ˁ˂ʾ˃ʰˁʰ ˍˇˎ ʷˊʴˇˎΣ ˍˈˋˇ ˃ʰʸʽˁˈˍʶˊʹ ʶʾ˄ʰʽ ʹ ˉʰˊʰʴ˖ʴʺ 

ˋ˖˂ʹ˄˗ˋʶ˖˄Σ ˁʰʻʽˋˍ˗˄ˍʰˌ ˃ʽˁˊˈˍʶˊˇ ˍˇ ˁˈˋˍˇˌ ʰ˄ʱ ˃ˇ˄ʱʵʰ ˉˊˇʿˈ˄ˍˇˌΦ ɿʰ ˋʹ˃ʶʽ˖ʻʶʾ ˈˍʽ ˋˍʹ˄ 

ɳ˂˂ʱʵʰ ʹ ˉ˂ʶʽˇ˕ʹ˒ʾʰ ˍ˖˄ ʷˊʴ˖˄ ˏʵˊʶˎˋʹˌ ˎˉʱʴʶˍʰʽ ˋˍʹ˄ оʹ ˁ ʰˍʹʴˇˊʾʰΦ  

ʅˍʹ˄ ʰʴˇˊʱ ˍʰ ˎ˂ʽˁʱ ˋ˖˂ʺ˄˖˄ ˏʵˊʶˎˋʹˌ ˁˎˁ˂ˇ˒ˇˊˇˏ˄ ˋʶ ˃ʾʰ ˉˇʽˁʽ˂ʾʰ ˁ˂ʱˋʶ˖˄ ˁʰʽ ʵʽʰ˃ʷˍˊ˖˄Φ 

ɯ˂˂ʰ ˎ˂ʽˁʱ ʶʾ˄ʰʽ ˉ˂ʰˋˍʽˁʱ όPVC, HDPE)Σ ʱ˂˂ʰ ˃ʶˍʰ˂˂ʽˁʱ όʋˎˍˇˋʾʵʹˊˇˌΣ ʋʱ˂ˎʲʰˌύ ˁʰʽ ˍʰ ˍʶ˂ʶˎˍʰʾʰ 

˔ˊˈ˄ʽʰ ʷ˔ʶʽ ʶʽˋʷ˂ʻʶʽ ʵˎ˄ʰ˃ʽˁʱ ˋˍʹ˄ ʶ˂˂ʹ˄ʽˁʺ ʰʴˇˊʱ ˍˇ GRP. 

ʂˋˇ ˃ʶʴʰ˂˗˄ʶʽ ʹ ʵʽʱ˃ʶˍˊˇˌ ˃ʶʴʰ˂˗˄ʶʽ ˁʰʽ ˍˇ ˁˈˋˍˇˌ ʰʴˇˊʱˌ ˍˇˎ ˋ˖˂ʺ˄ʰΦ ʆʰˎˍˈ˔ˊˇ˄ʰ ˈ˃˖ˌ ˃ʶ 

ˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ ʵʽʰ˃ʷˍˊˇˎ ˃ʽˁˊʰʾ˄ˇˎ˄ ˇʽ ʶ˄ʶˊʴʶʽʰˁʷˌ ʰˉ˗˂ʶʽʶ̩ Σ ˁʱˍʽ ˍˇ ˇˉˇʾˇ ˃ʽˁˊʰʾ˄ʶʽ ˍˇ ˁˈˋˍˇˌ 

ʴʽʰ ˄ʰ ʵʽʰˍʹˊʹʻʶʾ ʹ ˉʽʶʸˇ˃ʶˍˊʽˁʺ ʴˊʰ˃˃ʺ ˋˍʰ ˉˊˇʵʽʰʴʶʴˊʰ˃˃ʷ˄ʰ ʶˉʾˉʶʵʰΦ ɶ ʶ˅ʷ˂ʽ˅ʹ ˍˇˎ ˁˈˋˍˇˎˌ 

˃ʶ ˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ ʵʽʰ˃ʷˍˊˇˎ ˃ˉˇˊʶʾ ˄ʰ ˒ʰ˄ʶʾ ˋʶ ˃ʾʰ ˇˉˍʽˁˇˉˇʾʹˋʹ ˃ʶ ˍʹ ˃ˇˊ˒ʺ ˁʰ˃ˉˎ˂˗˄ ˋʶ 

ʱ˅ˇ˄ʰ ʋʇΦ ɶ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˍʹˌ ˋ˔ʷˋʹˌ ʰˎˍʺˌ ʁ ʾ˄ʰʽ ʰˎˍʺ ̱ ʹˌ ˉʰˊʰˁʱˍ˖ ˉˇʽˇˍʽˁʺˌ ˃ˇˊ˒ʺˌΥ 

2 
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ʅ˔ʺ˃ʰ нΦм ɶ ˃ˇˊ˒ʺ ˍ˖˄ ˁʰ˃ˉˎ˂˗˄ ˁˈˋˍˇˎˌ-ʵʽʰ˃ʷˍˊˇˎ     

 

ɶ ˋˎʴˁʶ˄ˍˊ˖ˍʽˁʺ ˉʰˊʱʻʶˋʹ ˁʰʽ ˍʰˁˍˇˉˇʾʹˋʹ ˍˇˎ ˍʽ˃ˇ˂ˇʴʾˇˎ ˋʶ ˈΣˍʽ ʰ˒ˇˊʱ ˍʽˌ ˋ˖˂ʹ˄˗ˋʶʽˌ 

ʵʽˁˍˏ˖˄ ˏʵˊʶˎˋʹˌΣ ʰˉˇʵʶʾ˔ʻʹˁʶ ˔ˊʺˋʽ˃ʹ ˁʰʽ ˋˍʹ ˃ʶˍʷˉʶʽˍʰ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ ˍˇˎ 

ˁʶ˒Φ пΦ 

2.2 ɶ ɳɼɽʁɱɶ ʆʁʇ ʇɽɹɼʁʇ ʅʍɽɶɿʍʅɳʍɿ ʅɳ ɳɿɮ ɲɹɼʆʇʁ ʇɲʄɳʇʅɶʅΦ ʃʁɹʁʆɹɼɶ ʅʇɱɼʄɹʅɶΦ 

2.2.1 ɶ ʶˉʽ˂ˇʴʺ ˍˇˎ ˎ˂ʽˁˇˏ  

ɴ˄ʰ ˎʵˊʶˎˍʽˁˈ ˋˏˋˍʹ˃ʰ ˁʰˍʰˋˁʶˎʱʸʶˍʰʽ ʴʽʰ ˄ʰ ʶ˅ˎˉʹˊʶˍʺˋʶʽ ˍʽˌ ʰ˄ʱʴˁʶˌ ʶ˄ˈˌ ˉ˂ʹʻˎˋ˃ˇˏ ˋʶ 

˄ʶˊˈΣ ˋˍʹ˄ ʰˉʰʽˍˇˏ˃ʶ˄ʹ ˉˇˋˈˍʹˍʰ ˁʰʽ ˉˇʽˈˍʹˍʰΦ ɮ˄ʰˉˈˋˉʰˋˍˇ ˁˇ˃˃ʱˍʽ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ʶʾ˄ʰʽ ˍˇ 

ʵʾˁˍˎˇ ˍ˖˄ ʰʴ˖ʴ˗˄ ˃ʶˍʰ˒ˇˊʱˌ ˁʰʽ ʵʽʰ˄ˇ˃ʺˌ ˍˇˎ ˄ʶˊˇˏΦ ɯˊʰ ʶˉˈ˃ʶ˄ˇ ʶʾ˄ʰʽ ˍˇ ˎ˂ʽˁˈ ˍˇˎˌ ˄ʰ 

ˋ˔ʶˍʾʸʶˍʰʽ ʱ˃ʶˋʰ ˃ʶ ˍʹ˄ ˉˇʽˈˍʹˍʰ ˍˇˎ ˄ʶˊˇˏΣ ˍʽˌ ˎʵˊʰˎ˂ʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ˍˇˎ ʵʽˁˍˏˇˎ όˉʽʶʸˇ˃ʶˍˊʽˁʱ 

˒ˇˊˍʾʰΣ ʰˉ˗˂ʶʽʶˌ ʶ˄ʷˊʴʶʽʰˌ ˁˍ˂ύ ˁʰʽ ˒ˎˋʽˁʱ ˍˇ ˁˈˋˍˇˌ ˁʰˍʰˋˁʶˎʺˌΦ 

ɱʽΩʰˎˍˈ ʹ ʵʽʰʵʽˁʰˋʾʰ ʶˉʽ˂ˇʴʺˌ ˍˇˎ ˎ˂ʽˁˇˏ ʶʾ˄ʰʽ ˃ʾʰ ˉˇ˂ˎˉʰˊʰ˃ʶˍˊʽˁʺ ˉˊˇˋʷʴʴʽˋʹΣ ˉˇˎ 

ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʵʽʱ˒ˇˊʶˌ ʶˉʽ˂ˇʴʷˌ ˍʹˌ ʰʴˇˊʱˌΣ ˃ʶ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʰ˂˂ʹ˂ʶˉʽˁʰ˂ˎˉˍˈ˃ʶ˄ʰ ʺ ˁʰʽ 

ʶ˄ˍʶ˂˗ˌ ʵʽʰ˒ˇˊʶˍʽˁʱΦ ʁʽ ˁˎˊʽˈˍʶˊˇʽ ˉʰˊʱʴˇ˄ˍʶˌ ʶˉʽ˂ˇʴʺˌ ˍˇˎ ˎ˂ʽˁˇˏ ˍ˖˄ ˋ˖˂ʹ˄˗ˋʶ˖˄ ʶʾ˄ʰʽ 

(Tsakiris, 2012): 

¶ ɶ ʶˉʽˍˊʶˉˈ˃ʶ˄ʹ ʴˁʱ˃ʰ ˁ˂ʱˋʶ˖˄ ʰ˄ˍˇ˔ʺˌ 

¶ ɶ         -⅝⅝-             -⅝⅝-     ɻ ʽʰ˃ʷˍˊ˖˄ 

¶ ʆˇ ˁˈˋˍˇˌ ˁ ʰˍʰˋˁʶˎʺˌ 

¶ ʁ ˔ˊˈ˄ˇˌ         -⅝⅝- 

¶ ɶ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ όˉˇˎ ˋˎˊˊʽˁ˄˗˄ʶˍʰʽ ʶ˅ʰʽˍʾʰˌ ˍ˖˄ ʵʽʰʲˊ˖ˍʽˁ˗˄ ʽʵʽˇˍʺˍ˖˄ ˍˇˎ ˊʶˎˋˍˇˏύ 

¶ ɶ ʵʽʰʻʶˋʽ˃ˈˍʹˍʰ ˋˍʹ˄ ʰʴˇˊʱ όˋ˖˂ʺ˄ʶˌ ˁʰʽ ʶ˅ʰˊˍʺ˃ʰˍʰύ 

¶ ɶ ˎˉʱˊ˔ˇˎˋʰ ʵˎ˄ʰ˃ʽˁʺ ˁ ʰʽ ˍʶ˔˄ˇʴ˄˖ˋʾʰ ɹ ʽʰ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˁʰʽ ˍʹ ˋˎ˄ˍʺˊʹˋʹ ˍ˖˄ ʰʴ˖ʴ˗˄ 
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ʅˍʰ ˋˏʴ˔ˊˇ˄ʰ ʵʾˁˍˎʰ ˏʵˊʶˎˋʹˌ ˍʰ ˎ˂ʽˁʱ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʶʾ˄ʰʽ ˍʰ ʶ˅ʺˌΥ 

¶ ʃ˂ʰˋˍʽˁʱΥ ˉˇ˂ˎʰʽʻˎ˂ʷ˄ʽˇ όHDPEύ ˁʰʽ ˃ʹ ˉ˂ʰˋˍʽˁˇˉˇʽʹ˃ʷ˄ˇ ˉˇ˂ˎʲʽ˄ˎ˂ˇ˔˂˖ˊʾʵʽˇ (PVC)  

¶ ɾʷˍʰ˂˂ʰΥ ˔ˎˍˇˋʾʵʹˊˇˌ ό5ǳŎǘƛƭŜ LǊƻƴύ ˁʰʽ ʋʱ˂ˎʲʰˌ (Steel) 

¶ ʇʰ˂ˇˉ˂ʽˋ˃ʷ˄ˇ ˉˇ˂ˎ˃ʶˊʷˌ όGRP) 

ɮˁˈ˃ʰ ˁʽ ʰ˄ ʴʽʰ ˍʽˌ ˎʵˊʰˎ˂ʽˁʷˌ ʰˉʰʽˍʺˋʶʽˌ ʶ˄ˈˌ ʵʽˁˍˏˇˎΣ ˉˊˇˁˏ˕ˇˎ˄ ˈ˂ʰ ˍʰ ˎ˂ʽˁʱ ˁʰˍʱ˂˂ʹ˂ʰΣ 

ˍˈˍʶ ˍˇ ˁˊʽˍʺˊʽˇ ʶˉʽ˂ˇʴʺˌ ʵʶ˄ ˃ˉˇˊʶʾ ˉʰˊʱ ˄ʰ ʶʾ˄ʰʽ ʹ ˇʽˁˇ˄ˇ˃ʽˁˈˍʹˍʱ ˍˇˎˌΦ 

ʅˍˇ ˉʰˊʶ˂ʻˈ˄ ʶ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍˇ ʶˁˍʶˍʰ˃ʷ˄ʰ ʰ˃ʽʰ˄ˍˇˍˋʽ˃ʶ˄ˍˇˋ˖˂ʺ˄ʶˌΣ ˈ˃˖ˌ ʹ ˔ˊʺˋʹ ˍˇˎˌ ʷ˔ʶʽ 

ˉʶˊʽˇˊʽˋˍʶʾ ˉ˂ʷˇ˄ ˋʺ˃ʶˊʰ ˋˍʽˌ ʰˉˇ˔ʶˍʶˏˋʶʽˌΣ ˁʰʻ˗ˌ ʷ˔ˇˎ˄ ʶˁ˒ˊʰˋˍʶʾ ˒ˈʲˇʽ ʴʽʰ ˍʹ ʵʹ˃ˈˋʽʰ 

ˎʴʶʾʰΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ʹ ʵʽʰʲˊ˖ˍʽˁʺ ʽˁʰ˄ˈˍʹˍʰ ˍˇˎ ˄ʶˊˇˏΣ ʽʵʽʰʾˍʶˊʰ ʰ˄ ʰˎˍˈ ʶʾ˄ʰʽ ˎ˕ʹ˂ʺˌ 

ˋˁ˂ʹˊˈˍʹˍʰˌΣ ˃ˉˇˊʶʾ ˄ʰ ˒ʻʶʾˊʶʽ ˍˇ ʶˋ˖ˍʶˊʽˁˈ ˍˇˎ ˋ˖˂ʺ˄ʰ ˁʰʽ ˄ʰ ʰˉʶ˂ʶˎʻʶˊ˗ˋʶʽ ˋˍˇ ˉˈˋʽ˃ˇ ˄ʶˊˈ 

˕ʶˎʵʱˊʴˎˊˇΣ ˄ʽˁʷ˂ʽˇΣ ˃ˈ˂ˎʲʵˇ ˁʰʽ ˃ʰʴʴʱ˄ʽˇ, ˇˎˋʾʶˌ ˁʰˊˁʽ˄ˇʴˈ˄ˇ ˎ ʵˊʱˋʹ ̩ ˃ ʁ ʶʽˋˉ˄ˇʺ ˁʰʽ 

ˁʰˍʱˉˇˋʹΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ ɲʽʶʻ˄ʷˌ Yʷ˄ˍˊˇ ʴʽʰ ˍʹ˄ 9ˊʶˎ˄ʰ ˍˇˎ Yʰˊˁʾ˄ˇˎ ˍˇˎ ʃʰʴˁˈˋ˃ʽˇˎ 

hˊʴʰ˄ʽˋ˃ˇˏ ¸ʴʶʾʰˌ. 

ɿʰ ˋʹ˃ʶʽ˖ʻʶʾ ˈˍʽ ˇʽ ˋ˖˂ʹ˄˗ˋʶʽˌ ˋʶ ʷ˄ʰ ʵʾˁˍˎˇ ˏʵˊʶˎˋʹˌ ʵʶ˄ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍˇ ˄ʰ ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ 

ˈ˂ʶˌ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ʰˉˈ ˍˇ ʾʵʽˇ ˎ˂ʽˁˈΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ˇ ˁˏˊʽˇˌ ʰʴ˖ʴˈˌ ʶ˄ˈˌ ʵʽˁˍˏˇˎ ʵʽʰ˄ˇ˃ʺˌ 

˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ʰˉˈ ˔ʱ˂ˎʲʰ ʺ ˔ˎˍˇˋʾʵʹˊˇ ˂ˈʴ˖ ˃ʶʴʰ˂ˏˍʶˊʹˌ ʵʽʰ˃ʷˍˊˇˎ ˁʰʽ ˇʽ ˎˉˈ˂ˇʽˉˇʽ 

˃ʽˁˊˈˍʶˊ˖˄ ʵʽʰ˃ʷˍˊ˖˄ ˁ˂ʱʵˇʽ ˋˍˇˎˌ ˇˉˇʾˇˎˌ ˃ˇʽˊʱʸʶˍʰʽ ʹ ˉʰˊˇ˔ʺ ˄ʰ ʶʾ˄ʰʽ ʰˉˈ HDPE ̋  PVC. 

2.2.2 ʅˏ˄ˇ˕ʹ ˉ˂ʶˇ˄ʶˁˍʹ˃ʱˍ˖˄ ˁʰʽ ˃ʶʽˇ˄ʶˁˍʹ˃ʱˍ˖˄ ˍ˖˄ ˎ˂ʽˁ˗˄  

ʂˉ˖ˌ ˉˊˇʶ˂ʷ˔ʻʹΣ ʹ ʶˉʽ˂ˇʴʺ ˍˇˎ ˎ˂ʽˁˇˏ ˋˍʹˊʾʸʶˍʰʽ ˋʶ ʵʽʱ˒ˇˊʶˌ ˉʰˊʰ˃ʷˍˊˇˎˌΣ ˇˉˈˍʶ ʵʶ˄ ˎˉʱˊ˔ʶʽ 

ˋʶ ˁʱʻʶ ˉʶˊʾˉˍ˖ˋʹ ˃ʾʰ ʰ˃˒ʽ˃ˇ˄ˇˋʺ˃ʰ˄ˍʹ ˂ˏˋʹ ˋˍˇ ˉˊˈʲ˂ʹ˃ʰΦ ɶ ˍʶ˂ʽˁʺ ʰˉˈ˒ʰˋʹ ʰ˒ˇˊʱ ˍˇ 

ɾʹ˔ʰ˄ʽˁˈ ˁʰʽ ʶʾ˄ʰʽ ʷ˄ʰˌ ˋˎ˄ʵˎʰˋ˃ˈˌ ˍʶ˔˄ʽˁ˗˄ ˁʰʽ ˍˇˉʽˁ˗˄κʰ˄ʻˊ˖ˉˇʴʶ˄˗˄ ˁˊʽˍʹˊʾ˖˄Φ ʍˋˍˈˋˇΣ 

˃ʽʰ ˋˎʴˁʶ˄ˍˊ˖ˍʽˁʺ ˉʰˊʱʻʶˋʹ ˍ˖˄ ˁˎˊʽˈˍʶˊ˖˄ ˉ˂ʶˇ˄ʶˁˍʹ˃ʱˍ˖˄ ˁʰʽ ˃ʶʽˇ˄ʶˁˍʹ˃ʱˍ˖˄ ˍ˖˄ ˎ˂ʽˁ˗˄ 

ˋ˖˂ʹ˄˗ˋʶ˖˄Σ ʻʰ ʺˍʰ˄ ˔ˊʺˋʽ˃ʹ ˎˉˈʵʶʽ˅ʹ ʴʽʰ ˁʱʻʶ ʶ˄ʵʽʰ˒ʶˊˈ˃ʶ˄ˇ όʃʾ˄Φ нΦмύΦ ɾʶ ʷ˄ˍˇ˄ʹ 

ʴˊʰ˃˃ʰˍˇˋʶʽˊʱ ʰ˄ʰʴˊʱ˒ˇ˄ˍʰʽ ˍʰ ʵʹ˃ˇ˒ʽ˂ʷˋˍʶˊʰ ˎ ˂ʽˁʱ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋʺ˃ʶˊʰΦ 
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ʃʾ˄ʰˁʰˌ 2.1 ʆ hˁ ˎˊʽˈˍʶˊʰ ̄ ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˁ ʰʽ ˃ ʶʽˇ˄ʶˁˍʺ˃ʰˍʰ ̱ ˖˄ ˎ ˂ʽˁ˗˄ ̀ ˖˂ʺ˄˖˄ ˏ ʵˊʶˎˋʹˌ 

ʃʹʴʺ: Pipe technologies for urban water conveyance distribution systems, Tsakiris G. & Tsakiris V., 

2012 

 

 
 

 

 

 

 

 

 

 

 

 

AC                                

ɮ˃ʽʰ˄ˍˇˍˋʽ˃ʷ˄ˍˇ                        

(Asbestos Cement)

Ҟ ɲˎˋˁˇ˂ʾʰ ˋʶ ˉʰˊʰ˃ˈˊ˒˖ˋʹ                                                                                                                                                          

Ҟ ɮ˄ˍʾˋˍʰˋʹ ˋʶ ʵʽʱʲˊ˖ˋʹ ˋˍʰ 

ˉʶˊʽˋˋˈˍʶˊʰ ʶʵʱ˒ʹ ˁʰʽ ˋˍˇ ˄ʶˊˈ                                

Ҟ ɳˏ˔ˊʹˋˍʰ ʶ˅ʰˊˍʺ˃ʰˍʰ ˃ˉˇˊˇˏ˄ ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʴʽʰ ʶˁˍˊˇˉʷˌ

 ʁ ʰ˃ʾʰ˄ˍˇˌ ʶˉʽˁʾ˄ʵˎ˄ˇˌ ʴʽʰ ˍʹ˄ 

ʰ˄ʻˊ˗ˉʽ˄ʹ ˎʴʶʾʰ   

 ɼʰˍʰˋˍˊʷ˒ʶˍʰʽ ʶˏˁˇ˂ʰ                              

 ɳˎʰʾˋʻʹˍˇ ˋˍʹ ʵʽʱʲˊ˖ˋʹ ˎˉˈ 

ˇˊʽˋ˃ʷ˄ʶˌ ʶʵʰ˒ʽˁʷˌ ˋˎ˄ʻʺˁʶˌ                 

 ɲʽʰˉʶˊʰˍˈ ˋʶ ˇˊʽˋ˃ʷ˄ʶˌ ʶʵʰ˒ʽˁʷˌ 

ˋˎ˄ʻʺˁʶˌ

 ɲˎˋˁˇ˂ʾʰ ˍˇˉˇʻʷˍʹˋʹˌ

 ɶ ʰ˄ʾ˔˄ʶˎˋʹ ʵʽʰˊˊˇʺˌ ʵˎˋˁˇ˂ˈˍʶˊʹ 

ʰˉˈ ˈˍʽ ˋˍˇˎˌ ˃ʶˍʰ˂˂ʽˁˇˏˌ ʰʴ˖ʴˇˏˌ

 ʃˇ˂ˏˉ˂ˇˁʹ ʶˉʽˋˁʶˎʺ

CI                                          

ʋˎˍˇˋʾʵʹˊˇˌ                                 

(Cast Iron)

Ҟ ɲˎˋˁˇ˂ʾʰ ˋʶ ˉʰˊʰ˃ˈˊ˒˖ˋʹ     

Ҟ ʇ˕ʹ˂ʺ ˃ʹ˔ʰ˄ʽˁʺ ʰ˄ˍˇ˔ʺ                                                                                                                                          

Ҟ ɼʰ˂ʺ ʰ˄ˍʾˋˍʰˋʹ ˋʶ ʵʽʱʲˊ˖ˋʹ                          

Ҟ ɯ˃ʶˋʹ ʰ˄ʾ˔˄ʶˎˋʹ ˍʹˌ ʵʽʰˊˊˇʺˌ

 ʃˇ˂ˏ ˃ʶʴʱ˂ˇ ʲʱˊˇˌ                           

 ɲˎ˄ʰˍˈ ʰ˂˂ʱ ʶˏʻˊʰˋˍˇ

DI                                                   

ɳ˂ʰˍˈˌ ·ˎˍˇˋʾʵʹˊˇˌ                 

(Ductile Iron)

Ҟ ʇ˕ʹ˂ʺ ˃ʹ˔ʰ˄ʽˁʺ ʰ˄ˍˇ˔ʺ                                                                                                                                                        

Ҟ ɼʰ˂ʺ ʰ˄ˍʾˋˍʰˋʹ ˋʶ ʵʽʱʲˊ˖ˋʹ                         

Ҟ ɳˎˁˇ˂ʾʰ ˋˎ˄ʵʷˋʶ˖˄   

Ҟ ɳˎˁˇ˂ʾʰ ˍˇˉˇʻʷˍʹˋʹˌ        

Ҟ ɯ˃ʶˋʹ ʰ˄ʾ˔˄ʶˎˋʹ ˍʹˌ ʵʽʰˊˊˇʺˌ

 ʃˇ˂ˏ ˃ʶʴʱ˂ˇ ʲʱˊˇˌ                           

 ʃʽʻʰ˄ʱ ˉˊˇʲ˂ʺ˃ʰˍʰ ˋˍˇ tI ʴʽʰ ˍˇ 

˃ʰ˂ʰˁˈ ˄ʶˊˈ                         

 ɳˎʰʾˋʻʹˍˇ ˋˍʹ ʵʽʱʲˊ˖ˋʹ ʰ˄ 

ˁʰˍʰˋˍˊʰ˒ʶʾ ʹ ʶˉʾˋˍˊ˖ˋʹ                

 ɲˎˋˁˇ˂ʾʶˌ ˋˍʰ ˃ʹ ʶˎʻˏʴˊʰ˃˃ʰ 

ˍ˃ʺ˃ʰˍʰ                   

 ʇ˕ʹ˂ˈ ˁˈˋˍˇˌ ˍ˖˄ ʶ˅ʰˊˍʹ˃ʱˍ˖˄ 

ˋˏ˄ʵʶˋʹˌ

 ɾʽˁˊʺ ʰ˄ˍʾˋˍʰˋʹ ˋˍʰ ˔ˍˎˉʺ˃ʰˍʰ

 ɮˉʰʽˍʶʾˍʰʽ ʵʽˉ˂ʺ ʶˉʾˋˍˊ˖ˋʹ

 ɲˎˋˁˇ˂ʾʶˌ ˋˍʹ˄ ʶˉʽˋˁʶˎʺ

ʇɽɹɼʁ ʅʍɽɶɿɮ ɾɳɹʁɿɳɼʆɶɾɮʆɮʃɽɳʁɿɳɼʆɶɾɮʆɮ
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(ˋˎ˄ʷ˔ʶʽʰ ˉʾ˄ʰˁʰύ 

 

 
 

 

 

 

 

 

ʋʱ˂ˎʲʰˌ                                    

(Steel)

Ҟ ʇ˕ʹ˂ʺ ˃ʹ˔ʰ˄ʽˁʺ ʰ˄ˍˇ˔ʺ ˁʰʽ 

ʰ˄ˍʾˋˍʰˋʹ ˋˍʰ ˔ˍˎˉʺ˃ʰˍʰ

Ҟ ɲˎ˄ʰˍˈˍʹˍʰ ʶˁˍˊˇˉʺˌ ˔˖ˊʾˌ 

ˋˉʱˋʽ˃ˇ ˍˇˎ ˋ˖˂ʺ˄ʰ

Ҟ ɾʽˁˊˈˍʶˊˇ ʲʱˊˇˌ ʰˉˈ ˍ˖˄ 5ΦL 

ˋ˖˂ʺ˄˖˄                        

Ҟ ɳˎˁˇ˂ʾʰ ˁʰˍʰˋˁʶˎʺˌ ˃ʶʴʱ˂˖˄ 

ˋ˖˂ʺ˄˖˄

Ҟ ɲˎ˄ʰˍˈˍʹˍʰ ˋˎʴˁˈ˂˂ʹˋʹˌ ʶʽʵʽˁ˗˄ 

ˍʶ˃ʰ˔ʾ˖˄

Ҟ ɾʶʴʱ˂ʹ ˉˇʽˁʽ˂ʾʰ ˋʶ ʰ˄ˍˇ˔ʷˌ

Ҟ ɳˎˁˇ˂ʾʰ ˍˊˇˉˇˉˇʽʺˋʶ˖˄ ˋˍˇ ˉʶʵʾˇ

Ҟ ɳˎˁˇ˂ʾʰ ʶˉʽˋˁʶˎʺˌ

 ɳˎʰʾˋʻʹˍˇ ˋˍʹ ʵʽʱʲˊ˖ˋʹ όʴʽʰ ˍʹ˄ 

ˉʰ˂ʽʱ ʴʶ˄ʽʱ ˋ˖˂ʺ˄˖˄ ˔˖ˊʾˌ ʶ˅˖ˍʶˊʽˁʺ 

ʶˉʾˋˍˊ˖ˋʹ ʰˉˈ ˉˇ˂ˎʰʽʻˎ˂ʷ˄ʽˇύ

 ɮˉʰʽˍʶʾˍʰʽ ʵʽˉ˂ʺ ʶˉʾˋˍˊ˖ˋʹ

GRP                                  

ʇʰ˂ˇˉ˂ʽˋ˃ʷ˄ˇ ʃˇ˂ˎ˃ʶˊʷˌ      

(Glass Reinforced Plastic)

Ҟ ɾʽˁˊˈ ʲʱˊˇˌ

Ҟ ɮ˄ˍʾˋˍʰˋʹ ˋʶ ʵʽʱʲˊ˖ˋʹ

Ҟ ɳˎˁˇ˂ʾʰ ˋˎ˄ʵʷˋʶ˖˄ 

 ɾʽˁˊʺ ˃ʹ˔ʰ˄ʽˁʺ ʰ˄ˍˇ˔ʺ

 ɲˎˋˁˇ˂ʾʰ ˍˇˉˇʻʷˍʹˋʹˌ

 ɲˎˋˁˇ˂ʾʰ ˋˍʹ˄ ʰ˄ʾ˔˄ʶˎˋʹ ˍʹˌ 

ʵʽʰˊˊˇʺˌ

PVC                         

ʃˇ˂ˎʲʽ˄ˎ˂ˇ˔˂˖ˊʾʵʽˇ        

(Polyvinyl Chloride)

Ҟ ɾʽˁˊˈ ʲʱˊˇˌ

Ҟ ɳ˂ʰˋˍʽˁˈˍʹˍʰ

Ҟ ɮ˄ˍʾˋˍʰˋʹ ˋʶ ʵʽʱʲˊ˖ˋʹ

Ҟ ɳˎˁˇ˂ʾʰ ˋˎ˄ʵʷˋʶ˖˄ 

 ɼʰˍʰˋˍˊʷ˒ʶˍʰʽ ʶˏˁˇ˂ʰ

 ʇˉˇʲʱʻ˃ʽˋʹ ˍ˖˄ ʶˁˍʶʻʶʽ˃ʷ˄˖˄ 

ˋ˖˂ʺ˄˖˄ ˂ˈʴ˖ ˎˉʶˊʽ˗ʵˇˎˌ 

ʰˁˍʽ˄ˇʲˇ˂ʾʰˌ

 ɲˎˋˁˇ˂ʾʰ ˍˇˉˇʻʷˍʹˋʹˌ

 ɲˎˋˁˇ˂ʾʰ ˋˍʹ˄ ʰ˄ʾ˔˄ʶˎˋʹ ˍʹˌ 

ʵʽʰˊˊˇʺˌ

 ɮˁʰˍʱ˂˂ʹ˂ˇʽ ʴʽʰ ˃ʶʴʱ˂ʶˌ 

ʵʽʰ˃ʷˍˊˇˎˌ όҗ олл ƳƳύ

HDPE/MDPE             

ʃˇ˂ˎʰʽʻˎ˂ʷ˄ʽˇ          

(Polyethylene)

Ҟ ɾʽˁˊˈ ʲʱˊˇˌ

Ҟ ɳ˂ʰˋˍʽˁˈˍʹˍʰ

Ҟ ɮ˄ˍʾˋˍʰˋʹ ˋʶ ʵʽʱʲˊ˖ˋʹ

Ҟ ɳˎˁˇ˂ʾʰ ˋˍʹ ˋˎʴˁˈ˂˂ʹˋʹ ˍ˖˄ 

ˋˎ˄ʵʷˋʶ˖˄

Ҟ ɾʽˁˊ˗˄ ʵʽʰ˃ʷˍˊ˖˄ ˋ˖˂ʺ˄ʶˌ ˉˇˎ 

ʶˉʽˋˁʶˎʱʸˇ˄ˍʰʽ ʶˏˁˇ˂ʰ

 ɲˎˋˁˇ˂ʾʰ ˍˇˉˇʻʷˍʹˋʹˌ

 ɲˎˋˁˇ˂ʾʰ ˋˍʹ˄ ʰ˄ʾ˔˄ʶˎˋʹ ˍʹˌ 

ʵʽʰˊˊˇʺˌ

 ɶ ˋˏ˄ʵʶˋʹ ʰˉʰʽˍʶʾ ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄ˇˎˌ 

ʶʴˁʰˍʰˋˍʱˍʶˌ ˁʰʽ ʶʽʵʽˁˈ ʶ˅ˇˉ˂ʽˋ˃ˈ

 ɮˁʰˍʱ˂˂ʹ˂ˇʽ ʴʽʰ ˃ʶʴʱ˂ʶˌ 

ʵʽʰ˃ʷˍˊˇˎˌ 
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нΦо ʁɹ ʃɽɮʅʆɹɼʁɹ ɮɱʍɱʁɹ ʅʆɮ ɲɹɼʆʇɮ ʇɲʄɳʇʅɶʅ 

ɶ ʶˎˁʰ˃˕ʾʰ ˍ˖˄ ˉ˂ʰˋˍʽˁ˗˄ ʰʴ˖ʴ˗˄Σ ˍˇ ˃ʽˁˊˈ ˍˇˎˌ ʲʱˊˇˌΣ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ʶˏˁˇ˂ʹˌ ˋˏ˄ʵʶˋʹˌ ˁʰʽ ʹ 

˔ʰ˃ʹ˂ʺ ˍˇˎˌ ˍʽ˃ʺ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇˎˌ ʰ˄ˍʾˋˍˇʽ˔ˇˎˌ ˃ʶˍʰ˂˂ʽˁˇˏˌΣ ˍˇˎˌ ˁʰʻʽˋˍˇˏ˄ ˉˊˇˍʽ˃ʹˍʷˇˎˌ ʴʽʰ 

ʵʾˁˍˎʰ ˃ʽˁˊ˗˄ ʵʽʰ˃ʷˍˊ˖˄ ˋʶ ˇʽˁʽˋ˃ˇˏˌ ˂ʾʴ˖˄ ˁʰˍˇʾˁ˖˄ ˃ʶ ˃ʽˁˊʷˌ ˋ˔ʶˍʽˁʱ ʰˉ˗˂ʶʽʶˌ ˒ˇˊˍʾ˖˄Φ ʁʽ 

ˉ˂ʰˋˍʽˁˇʾ ˋ˖˂ʺ˄ʶˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋʺ˃ʶˊʰ ˃ˉˇˊʶʾ ˋˎ˄ʹʻʷˋˍʶˊʰ ˄ʰ ʶʾ˄ʰʽ ʰˉˈ HDPE ʺ ʰˉˈ 

PVC. ʅˍˇˎˌ ˉ˂ʰˋˍʽˁˇˏˌ ʰʴ˖ʴˇˏˌ ʹ ˇ˄ˇ˃ʰˋˍʽˁʺ ʵʽʱ˃ʶˍˊˇˌ ˍʰˎˍʾʸʶˍʰʽ ˃ʶ ˍʹ˄ ʶ˅˖ˍʶˊʽˁʺΦ 

2.3Φм ʅ˖˂ʺ˄ʶˌ ʰˉˈ ʃˇ˂ˎʰʽʻˎ˂ʷ˄ʽˇ (HDPE) 

ʆˇ ˉˇ˂ˎʰʽʻˎ˂ʷ˄ʽˇ όPE) ʶʾ˄ʰʽ ˍˇ ʰˉ˂ˇˏˋˍʶˊˇ ˉˇ˂ˎ˃ʶˊʷˌ ˁʰʽ ˉʰˊʱʴʶˍʰʽ ʰˉˈ ˍˇ˄ ˉˇ˂ˎ˃ʶˊʽˋ˃ˈ ˍˇˎ 

ʰʽʻˎ˂ʶ˄ʾˇˎΦ ʁʽ ʽʵʽˈˍʹˍʷˌ ˍˇˎ ʶ˅ʰˊˍ˗˄ˍʰʽ ʰˉˈ ˍʹ ˃ʷʻˇʵˇ ˉˇ˂ˎ˃ʶˊʽˋ˃ˇˏΣ ʴʽΩʰˎˍˈ ˎˉʱˊ˔ˇˎ˄ о ʶʾʵʹ 

PE. ʁʽ ˋ˖˂ʺ˄ʶˌ ˉˇ˂ˎʰʽʻˎ˂ʶ˄ʾˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˁˎˊʾ˖ˌ ˋˍʹ˄ ʱˊʵʶˎˋʹ ˁʰʽ ˍʹ ˃ʶˍʰ˒ˇˊʱ ˄ʶˊˇˏ 

ˎˉˈ ˉʾʶˋʹΦ ʁʽ ˁʰˍʹʴˇˊʾʶˌ ˉˇ˂ˎʰʽʻˎ˂ʶ˄ʾˇˎ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʶʾ˄ʰʽ όɲʰ˄ʹ˂ʱˍˇˌΣ мффпύΥ 

¶ ʃˇ˂ˎʰʽʻˎ˂ʷ˄ʽˇ ˔ʰ˃ʹ˂ʺˌ ˉˎˁ˄ˈˍʹˍʰˌ όLDPE): ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˋʶ ʵʾˁˍˎʰ ˏʵˊʶˎˋʹˌ, ʱˊʵʶˎˋʹˌ 

ˁʰʽ ˋʶ ʰʴ˖ʴˇˏˌ ˃ʶˍʰ˒ˇˊʱˌ ˄ʶˊˇˏ 

¶ ʃˇ˂ˎʰʽʻˎ˂ʷ˄ʽˇ ˃ʷˋʹˌ ˉˎˁ˄ˈˍʹˍʰˌ όMDPEύΥ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋʶ ʰˎˍˈ˃ʰˍˇˎˌ ʰˊʵʶˎˍʷˌ 

¶ ʃˇ˂ˎʰʽʻˎ˂ʷ˄ʽˇ ˎ˕ʹ˂ʺˌ ˉˎˁ˄ˈˍʹˍʰˌ όɶDPEύΥ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˃ʶˍʰ˒ˇˊʱ ˄ʶˊˇˏ ʺ ʱ˂˂˖˄ 

ˊʶˎˋˍ˗˄ ˎˉˈ ˉʾʶˋʹ ˍˈˋˇ ˋʶ ʶˉʽ˒ʰ˄ʶʽʰˁʱ ʵʾˁˍˎʰ ˈˋˇ ˁʰʽ ˋʶ ˎˉˈʴʶʽˇˎˌ ˁʰʽ ˎˉˇʲˊˏ˔ʽˇˎˌ 

ʰʴ˖ʴˇˏˌ 

ɳˉʶʽʵʺ ˍˈˋˇ ˍˇ ˁʶ˒ʱ˂ʰʽˇ ˈˋˇ ˁʰʽ ʹ ʶˊʴʰˋʾʰ ˉˊʰʴ˃ʰˍʶˏˇ˄ˍʰʽ ʵʾˁˍˎʰ ˃ ʶˍʰ˒ˇˊʱˌ ˄ʶˊˇˏ ˎˉˈ ˉʾʶˋʹΣ 

ʲʰˊˏˍʹˍʰ ʵʾ˄ʶˍʰʽ ˋˍˇ ˉˇ˂ˎʰʽʻˎ˂ʷ˄ʽˇ ˎ˕ʹ˂ʺˌ ˉˎˁ˄ˈˍʹˍʰˌ HDPE. 

 

 

ɳʽˁˈ˄ʰ нΦм ʅ˖˂ʺ˄ʶˌ HDPE  

ʃʹʴʺΥ ɹˋˍˈˍˇˉˇˌ ƎǊŜŜƪΦǇƻƭȅŜǘƘȅƭŜƴŜǿŀǘŜǊǇƛǇ.gr 
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ɮˉˈ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˂ˇʽˉˈ˄ ˍˇˎ ˍʽ˃ˇ˂ˇʴʾˇˎ ˍʹˌ ɳʇɲɮʃ ʴʽʰ ˍˇ нлмпΣ ˇʽ ʰʴ˖ʴˇʾ ʰˉˈ HDPE ˁ ʰʽ ʴʽʰ ˍʽˌ о 

ˁʰˍʹʴˇˊʾʶˌ ʷˊʴ˖˄Σ ʵʽʰˍʾʻʶ˄ˍʰʽ ˋʶΥ 

 Ϥ ɳˏˊˇˌ ˇ˄ˇ˃ʰˋˍʽˁ˗˄ όʶ˅˖ˍʶˊʽˁ˗˄ύ ʵʽʰ˃ʷˍˊ˖˄ он-560 mm 

 Ϥ ɼ˂ʱˋʶʽˌ млΣ мнΦрΣ мсΣ нл ˁʰʽ нр atm 

ɼʰˍʰˋˁʶˎʱˋˍʹˁʰ˄ ˂ˇʽˉˈ˄ ˇʽ ˁʰ˃ˉˏ˂ʶˌ C-D ̄ ˇˎ ˋˎˋ˔ʶˍʾʸˇˎ˄ ˍˇ ˁˈˋˍˇˌ ˃ʶ ˍʹ ʵʽʱ˃ʶˍˊˇ ʰ˄ʱ ˁ˂ʱˋʹΦ 

ʃʹʴʺ ˈ˂˖˄ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ̋ ˍʰ˄ ˍˇ ˍʽ˃ˇ˂ˈʴʽˇ ʇʵˊʰˎ˂ʽˁ˗˄ ɴˊʴ˖˄ ˍˇˎ ʇʃɳɼɮ ʴʽʰ ˍˇ 2013. 

 

ʃʾ˄ʰˁʰˌ 2.2 ʃˇ˂ˎʰʽʻˎ˂ʷ˄ʽˇΥ ɼˈˋˍˇˌ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌΣ мʹ ˁ ʰˍʹʴˇˊʾʰ 

 

 

 

 

 

 

 

10 atm 12.5 atm 16 atm 20 atm 25 atm

2.80 3.00 3.30 3.40 3.60 

3.50 3.70 4.00 4.10 4.50 

4.00 4.30 4.80 4.90 5.30 

4.60 5.50 6.10 6.50 7.00 

5.60 6.70 7.60 8.00 8.50 

7.60 9.10 9.60 10.80 12.60 

10.10 13.00 14.10 15.10 17.10 

11.90 15.10 18.40 18.40 21.60 

15.10 18.40 21.60 21.60 26.00 

17.30 21.60 27.10 27.10 32.40 
23.80 32.40 41.10 43.30 48.70 

30.30 37.90 48.70 54.10 60.00 

35.70 43.30 60.00 65.00 70.00 

48.70 65.00 76.00 92.00 97.00 

60.00 76.00 92.00 108.00 119.00 

70.00 92.00 113.00 130.00 151.00 

97.00 119.00 141.00 168.00 201.00 

119.00 151.00 178.00 206.00 216.00 

141.00 184.00 211.00 249.00 -

173.00 227.00 260.00 293.00 -

140

90

110

Yˈˋˍˇˌ όϵκƳύ 

1ɶ ɼɮʆɶɱʁʄɹɮ ɳʄɱʍɿΥ ғ мΦр ʶˁΦ ϵ

225

250

280

315

160

63

200

125

355

ʁ˄ˇ˃ʰˋˍʽˁʺ 

ɲʽʱ˃ʶˍˊˇˌ                  

D (mm)

75

32

40

50

500

560

400

450
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ʅ˔ʺ˃ʰ нΦн ʃˇ˂ˎʰʽʻˎ˂ʷ˄ʽˇΥ ɼʰ˃ˉˏ˂ʹ ˁˈˋˍˇˎˌ-ʵʽʰ˃ʷˍˊˇˎΣ мʹ ˁ ʰˍʹʴˇˊʾʰ     

                                              

ʃʾ˄ʰˁʰˌ 2.3 ʃˇ˂ˎʰʽʻˎ˂ʷ˄ʽˇΥ ɼˈˋˍˇˌ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌΣ нʹ ˁ ʰˍʹʴˇˊʾʰ                                               

  

10 atm 12.5 atm 16 atm 20 atm 25 atm

2.70 2.90 3.20 3.30 3.50 

3.40 3.60 3.90 4.00 4.40 

3.90 4.20 4.70 4.80 5.10 

4.50 5.30 5.90 6.30 6.80 

5.40 6.50 7.40 7.80 8.30 

7.40 8.80 9.30 10.50 12.20 

9.80 12.60 13.70 14.70 16.60 

11.60 14.70 17.90 17.90 21.00 

14.70 17.90 21.00 21.00 25.20 

16.80 21.00 26.30 26.30 31.50 

23.10 31.50 39.90 42.00 47.30 

29.40 36.80 47.30 52.50 57.80 

34.70 42.00 57.80 63.00 68.30 

47.30 63.00 73.50 89.30 94.50 

57.80 73.50 89.00 105.00 116.00 

68.30 89.00 110.00 126.00 147.00 

94.50 116.00 137.00 163.00 195.00 

116.00 147.00 173.00 200.00 210.00 

137.00 179.00 205.00 242.00 -

168.00 220.00 252.00 284.00 -

90

110

200

2ɶ ɼɮʆɶɱʁʄɹɮ ɳʄɱʍɿΥ мΦр π рΦл ʶˁΦ ϵ

Yˈˋˍˇˌ όϵκƳύ 

ʁ˄ˇ˃ʰˋˍʽˁʺ 

ɲʽʱ˃ʶˍˊˇˌ                  

D (mm)

560

280

450

500

315

355

400

32

250

40

50

63

75

225

125

140

160
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ʅ˔ʺ˃ʰ нΦо ʃˇ˂ˎʰʽʻˎ˂ʷ˄ʽˇΥ ɼʰ˃ˉˏ˂ʹ ˁˈˋˍˇˎˌ-ʵʽʰ˃ʷˍˊˇˎΣ нʹ ˁ ʰˍʹʴˇˊʾʰ     

                                              

ʃʾ˄ʰˁʰˌ 2.4 ʃˇ˂ˎʰʽʻˎ˂ʷ˄ʽˇΥ ɼˈˋˍˇˌ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌΣ оʹ ˁ ʰˍʹʴˇˊʾʰ                                               

 

10 atm 12.5 atm 16 atm 20 atm 25 atm

2.60 2.80 3.00 3.10 3.30 

3.20 3.40 3.70 3.80 4.20 

3.70 4.00 4.50 4.60 4.80 

4.30 5.00 5.60 6.00 6.50 

5.10 6.20 7.00 7.40 7.90 

7.00 8.40 8.80 10.00 11.60 

9.30 12.00 13.00 14.00 15.80 

11.00 14.00 17.00 17.00 20.00 

14.00 17.00 20.00 20.00 23.90 

16.00 20.00 25.00 25.00 29.90 

21.90 29.90 37.90 39.90 44.90 

27.90 35.00 44.90 49.90 55.00 

33.00 39.90 55.00 60.00 65.00 

44.90 60.00 70.00 85.00 90.00 

55.00 70.00 85.00 100.00 110.00 

65.00 85.00 105.00 120.00 140.00 

90.00 110.00 130.00 155.00 185.00 

110.00 140.00 164.00 190.00 200.00 

130.00 170.00 195.00 230.00 -

160.00 209.00 239.00 270.00 -

140

160

ʁ˄ˇ˃ʰˋˍʽˁʺ 

ɲʽʱ˃ʶˍˊˇˌ                  

D (mm)
32

40

560

250

280

315

355

400

Yˈˋˍˇˌ όϵκƳύ 

3ɶ ɼɮʆɶɱʁʄɹɮ ɳʄɱʍɿΥ Ҕ рΦл ʶˁΦ ϵ

450

500

50

63

75

90

110

125

200

225
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ʅ˔ʺ˃ʰ нΦп ʃˇ˂ˎʰʽʻˎ˂ʷ˄ʽˇΥ ɼʰ˃ˉˏ˂ʹ ˁˈˋˍˇˎˌ-ʵʽʰ˃ʷˍˊˇˎΣ оʹ ˁ ʰˍʹʴˇˊʾʰ     

 

2.3.2 ʅ˖˂ʺ˄ʶˌ ʰˉˈ ʃˇ˂ˎʲʽ˄ˎ˂ˇ˔˂˖ˊʾʵʽˇ (PVC) 

ʁ ˉˇ˂ˎ˃ʶˊʽˋ˃ˈˌ ˍˇˎ ʲʽ˄ˎ˂ˇ˔˂˖ˊʽʵʾˇˎ ˇʵʹʴʶʾ ˋʶ ʷ˄ʰ ˉˇ˂ˎ˃ʶˊʷˌ ˉˇˎ ˃ˇʽʱʸʶʽ ˋˍʹ ʵˇ˃ʺ ˃ʶ ˍˇ 

ˉˇ˂ˎʰʽʻˎ˂ʷ˄ʽˇ ʰ˂˂ʱ ʰ˄ʱ н ʱˍˇ˃ʰ ʱ˄ʻˊʰˁʰΣ м ʱˍˇ˃ˇ ˎʵˊˇʴˈ˄ˇˎ ʷ˔ʶʽ ʰ˄ˍʽˁʰˍʰˋˍʰʻʶʾ ˃ʶ м ʱˍˇ˃ˇ 

˔˂˖ˊʾˇˎΦ ʆʰ нκо ˍʹˌ ʶˍʺˋʽʰˌ ˉʰˊʰʴ˖ʴʺˌ t±/ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˉ˂ʰˋˍʽˁ˗˄ 

ˋ˖˂ʺ˄˖˄Φ ¢ƻ t±/ ˁʰʽ ˍˇ t9 ʷ˔ˇˎ˄ ˍˇ˄ ʾʵʽˇ ˋˎ˄ˍʶ˂ʶˋˍʺ ˍˊʰ˔ˏˍʹˍʰˌ όлΦлм mm). ʁ˃ˇʾ˖ˌ ˁʽ ʶʵ˗ 

ˁʰˍʰˋˁʶˎʱˋˍʹˁʰ˄ ˇʽ ˁʰ˃ˉˏ˂ʶˌ C-D ̄ ˇˎ ˋˎˋ˔ʶˍʾʸˇˎ˄ ˍˇ ˁˈˋˍˇˌ ˃ʶ ˍʹ ʵʽʱ˃ʶˍˊˇ ʰ˄ʱ ˁ˂ʱˋʹΦ 

 

 

 

ɳʽˁˈ˄ʰ нΦ2 ʅ˖˂ʺ˄ʶˌ PVC  

ʃʹʴʺΥ ɹˋˍˈˍˇˉˇˌ toptsis.gr 
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ʃʾ˄ʰˁʰˌ нΦ5 PVCΥ ɼˈˋˍˇˌ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌΣ мʹ ˁ ʰˍʹʴˇˊʾʰ 

 

 

 

 

 

ʅ˔ʺ˃ʰ нΦ5 ʃˇ˂ˎʰʽʻˎ˂ʷ˄ʽˇΥ ɼʰ˃ˉˏ˂ʹ ˁˈˋˍˇˎˌ-ʵʽʰ˃ʷˍˊˇˎΣ оʹ ˁ ʰˍʹʴˇˊʾʰ     

6 atm 10 atm 12.5 atm 16 atm

1.75 2.90 3.40 3.80 

2.10 4.00 4.60 5.20 

2.70 4.70 5.80 6.20 

3.90 6.10 7.00 7.80 

5.70 7.40 8.90 9.90 

8.10 12.50 14.10 16.30 

10.80 14.60 17.30 21.60 

14.10 20.60 26.00 30.30 

17.30 27.10 31.40 37.90 

29.30 43.30 51.90 63.00 

34.60 54.10 65.00 76.00 

41.20 65.00 78.00 92.00 

51.50 81.00 97.00 113.00 

64.00 98.00 119.00 140.00 

81.00 118.00 141.00 173.00 

355

400

450

500

1ɶ ɼɮʆɶɱʁʄɹɮ ɳʄɱʍɿΥ ғ мΦр ʶˁΦ ϵ

ʁ˄ˇ˃ʰˋˍʽˁʺ   

ɲʽʱ˃ʶˍˊˇˌ                    

D (mm)

50

63

75

110

90

160

200

225

280

315

Yˈˋˍˇˌ όϵκƳύ 

140
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ʃʾ˄ʰˁʰˌ нΦ6 PVCΥ ɼˈˋˍˇˌ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌΣ 2ʹ ˁ ʰˍʹʴˇˊʾʰ 

 

 

 

 

 

ʅ˔ʺ˃ʰ нΦс PVC: ɼʰ˃ˉˏ˂ʹ ˁˈˋˍˇˎˌ-ʵʽʰ˃ʷˍˊˇˎΣ 2ʹ ˁ ʰˍʹʴˇˊʾʰ     

6 atm 10 atm 12.5 atm 16 atm

1.70 2.80 3.30 3.70 

2.00 3.90 4.50 5.00 

2.60 4.60 5.60 6.00 

3.80 5.90 6.80 7.60 

5.50 7.20 8.60 9.60 

7.90 12.10 13.70 15.80 

10.50 14.20 16.80 21.00 

13.70 20.00 25.20 29.40 

16.80 26.30 30.50 36.80 

28.40 42.00 50.40 60.90 

33.60 52.50 63.00 73.50 

40.00 63.00 75.60 89.30 

50.00 78.80 94.50 110.00 

62.00 95.00 116.00 136.00 

79.00 115.00 137.00 168.00 

400

450

Yˈˋˍˇˌ όϵκƳύ 

160

200

225

280

315

500

110

140

ʁ˄ˇ˃ʰˋˍʽˁʺ 

ɲʽʱ˃ʶˍˊˇˌ             

D (mm)

355

50

63

75

90

2ɶ ɼɮʆɶɱʁʄɹɮ ɳʄɱʍɿΥ мΦр π рΦл ʶˁΦ ϵ
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ʃʾ˄ʰˁʰˌ нΦ7 PVCΥ ɼˈˋˍˇˌ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌΣ 3ʹ ˁ ʰˍʹʴˇˊʾʰ 

 

 

 

 

 

ʅ˔ʺ˃ʰ нΦ7 PVC: ɼʰ˃ˉˏ˂ʹ ˁˈˋˍˇˎˌ-ʵʽʰ˃ʷˍˊˇˎΣ 3ʹ ˁ ʰˍʹʴˇˊʾʰ     

6 atm 10 atm 12.5 atm 16 atm

1.62 2.70 3.10 3.50 

1.90 3.70 4.30 4.80 

2.50 4.40 5.30 5.70 

3.60 5.60 6.50 7.20 

5.20 6.80 8.20 9.10 

7.50 11.50 13.00 15.00 

10.00 13.50 16.00 20.00 

13.00 19.00 23.90 27.90 

16.00 25.00 29.00 35.00 

27.00 39.90 47.90 58.00 

31.90 49.90 60.00 70.00 

38.00 60.00 72.00 85.00 

47.50 75.00 90.00 105.00 

59.00 90.00 110.00 129.00 

75.00 109.00 130.00 160.00 

200

50

63
75

90

110

140

160

500

225

280

315

355

400

450

Yˈˋˍˇˌ όϵκƳύ 

ʁ˄ˇ˃ʰˋˍʽˁʺ 

ɲʽʱ˃ʶˍˊˇˌ             

D (mm)

3ɶ ɼɮʆɶɱʁʄɹɮ ɳʄɱʍɿΥ Ҕ рΦл ʶˁΦ ϵ
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2.3Φо ʅˏʴˁˊʽˋʹ HDPE ς PVC 

ʅˍˇ ˋˍʱʵʽˇ ʰˎˍˈΣ ʴʾ˄ʶˍʰʽ ˃ʾʰ ˋˏʴˁˊʽˋʹ ˍ˖˄ ʵˏˇ ˉ˂ʰˋˍʽˁ˗˄ ˎ˂ʽˁ˗˄Φ ʂˉ˖ˌ ˉˊˇʶ˂ʷ˔ʻʹΣ ˇʽ о 

ˁʰˍʹʴˇˊʾʶˌ ʷˊʴ˖˄ ˉʰˊˇˎˋʽʱʸˇˎ˄ ʵʽʰ˒ˇˊʷˌ ˋˍˇ ˁˈˋˍˇˌ ˋ˖˂ʹ˄˗ˋʶ˖˄Σ ˇʽ ʵʽʰ˒ˇˊʷˌ ˈ˃˖ˌ ˃ʶˍʰ˅ˏ PE 

ˁʰʽ PVC ˋʶ ˁʱʻʶ ˁʰˍʹʴˇˊʾʰ ʶʾ˄ʰʽ ʾʵʽʶˌ ˍʹˊˇˎ˃ʷ˄˖˄ ˍ˖˄ ʰ˄ʰ˂ˇʴʽ˗˄Φ ɲʶʵˇ˃ʷ˄ˇˎ ˃ʱ˂ʽˋˍʰ ˈˍʽ ˍʰ 

ˉʶˊʽˋˋˈˍʶˊʰ ˎʵˊʰˎ˂ʽˁʱ ʷˊʴʰ ˋˍʹ˄ ɳ˂˂ʱʵʰ ˎˉʱʴˇ˄ˍʰʽ ˋˍʹ˄ оʹ ˁʰˍʹʴˇˊʾʰΣ ʻʶ˖ˊʺʻʹˁʶ ʵˈˁʽ˃ˇ ˄ʰ 

ʴʾ˄ʶʽ ˋˏʴˁˊʽˋʹ ˋˍʰ ˉ˂ʰʾˋʽʰ ʰˎˍʺˌ ˁʰʽ ˄ʰ ʴʶ˄ʽˁʶˎʻʶʾ ˁʰʽ ʴʽʰ ˍʽˌ ˎˉˈ˂ˇʽˉʶˌ ˁʰˍʹʴˇˊʾʶˌΦ ɮˎˍˈ 

ˍʹˊʺʻʹˁʶ ˁʰʽ ˋˍʰ ʶˉˈ˃ʶ˄ʰ ˎ˂ʽˁʱ ό˔ˎˍˇˋʾʵʹˊˇˌΣ ˔ʱ˂ˎʲʰˌΣ GRP). ʃʱ˄ˍ˖ˌ ˁʰʽ ˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ˍʰ н 

ˎ˂ʽˁʱ ʷ˔ˇˎ˄ ˍˇ˄ ʾʵʽˇ ˋˎ˄ˍʶ˂ʶˋˍʺ ˍˊʰ˔ˏˍʹˍʰˌΣ ˇ ˇˉˇʾˇˌ ʶˉʹˊʶʱʸʶʽ ˉʱˊʰ ˉˇ˂ˏ ˍʽˌ ʰˉ˗˂ʶʽʶˌ ˍˇˎ 

ʵʽˁˍˏˇˎΣ ʵʽʶˎˁˇ˂ˏ˄ʶʽ ˍʹ ˋˏʴˁˊʽˋʹΦ ʃʰˊʰˍʹˊˇˏ˄ˍʰʽ ʶˉˇ˃ʷ˄˖ˌ ˍʰ ʶ˅ʺˌΥ 

 мΦ ʁʽ ʵʽʰʻʷˋʽ˃ʶˌ ˁ˂ʱˋʶʽˌ ʴʽʰ ˍˇ HDPE ʶʾ˄ʰʽ р όмлΣ мнΦрΣ мсΣ нлΣ нр atm) ʶ˄˗ ʴʽʰ ˍˇ PVC ʶʾ˄ʰʽ п όсΣ 

10, 12.5, 16 atm) ˃ʶ ˍˇˎˌ ˋ˖˂ʺ˄ʶˌ PVC ˄ʰ ˃ʹ˄ ˃ˉˇˊˇˏ˄ ˄ʰ ʶ˒ʰˊ˃ˇˋˍˇˏ˄ ˋʶ ʵʾˁˍˎʰ ˃ʶ ˋˍʰˍʽˁʺ 

ˉʾʶˋʹ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˈ мс atmΣ ʰ˂˂ʱ ˁʰʽ ʰ˄ˍʾˋˍˇʽ˔ʰ ˇʽ ˋ˖˂ʺ˄ʶˌ HDPE ʵʶ˄ ˃ˉˇˊˇˏ˄ ˄ʰ 

ʶ˒ʰˊ˃ˇˋˍˇˏ˄ ˋʶ ʵʾˁˍˎʰ ʰˉˈ мл atm ˁ ʰʽ ˁʱˍ˖Φ 

нΦ ʆˇ ʶˏˊˇˌ ˇ˄ˇ˃ʰˋˍʽˁ˗˄ όʶ˅˖ˍʶˊʽˁ˗˄ύ ʵʽʰ˃ʷˍˊ˖˄ ˋˍʽˌ ˇˉˇʾʶˌ ˉʰˊʱʴˇ˄ˍʰʽ ˇʽ HDPE ʰʴ˖ʴˇʾ ʶʾ˄ʰʽ 

32-560 mm, ʶ˄˗ ʴʽʰ ˍˇˎˌ PVC ʶʾ˄ʰʽ рл-500 mm. ɲʶʵˇ˃ʷ˄ˇˎ ˈˍʽ ˋˍʰ ʵʾˁˍˎʰ ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ 

ʵʽʱ˃ʶˍˊˇʽ ʊфл ˁʰʽ ˉʱ˄˖ ˁʰʽ ʶʽʵʽˁʱ ʴʽʰ ˉ˂ʰˋˍʽˁʱ ˃ʷ˔ˊʽ ʊоллΣ ʰˎˍˈ˃ʰˍʰ ˍʰ ʶˏˊʹ ʴʾ˄ˇ˄ˍʰʽ фл-300 

ˁʰʽ фл-олл ˁʰʽ ˋˍʰ ʵˏˇ ˎ˂ʽˁʱΦ ʍˋˍˈˋˇ ˋˍˇ PE ˎˉʱˊ˔ˇˎ˄ ˃ʽˁˊˈˍʶˊʰ ʲʺ˃ʰˍʰ ˋˍʽˌ ʵʽʰ˃ʷˍˊˇˎˌΣ ˈˉ˖ˌ 

ˉ˔ ʹ ʊмнр ˁʰʽ ʹ ʊнрлΣ ˉˇˎ ʵʶ˄ ˎˉʱˊ˔ˇˎ˄ ˋˍˇ GRP (ʺ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ʵʶ˄ ʷ˔ʶʽ ˉˊˇʲ˂ʶ˒ʻʶʾ ʰˉˈ ˍˇ 

ɼˊʰˍʽˁˈ ʆʽ˃ˇ˂ˈʴʽˇύΦ 

оΦ ɮˉˈ ʱˉˇ˕ʹ ˁˈˋˍˇˎˌΣ ʴʽʰ ˍʽˌ ˁˇʽ˄ʷˌ ʵʽʰ˃ʷˍˊˇˎˌ ˁʰʽ ˁ˂ʱˋʶʽˌ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʷ˔ˇˎ˄ ˖ˌ ʶ˅ʺˌ όʷˊʴʰ оʹˌ 

ˁʰˍʹʴˇˊʾʰˌύΥ 

 

ʃʾ˄ʰˁʰˌ нΦу ʅˏ ʴˁˊʽˋʹ ˍˇˎ ˁˈˋˍˇˎˌ ˍ˖˄ ʰʴ˖ʴ˗˄ ˎˉˈ ˉʾʶˋʹ ʰˉˈ HDPE ˁ ʰʽ PVC  

ʃʹʴʺ: ʆʽ˃ˇ˂ˈʴʽˇ ʇʵˊʰˎ˂ʽˁ˗˄ ɴˊʴ˖˄ ʇʃɳɼɮΣ нлмо 

 

 

 

ʅˍˇ˄ ˉʰˊʰˉʱ˄˖ ˉʾ˄ʰˁʰ ʹ ʵʽʰ˒ˇˊʱ ʴʽʰ ˁʱʻʶ ˃ʷˍˊˇ ˃ʺˁˇˎˌ ˅ʶˁʽ˄ʱ ʰˉˈ ˍʰ мΦп ϵ όʊфл мл atm) ˁʰʽ 

˒ˍʱ˄ʶʽ ˃ʷ˔ˊʽ ˁʰʽ ˍʰ мнΦм ϵ όʊнул мнΦр atm).  

ʅʶ ˁʱʻʶ ˁ˂ʱˋʹ ʹ пʹ ˋˍʺ˂ʹ ʵʶʾ˔˄ʶʽ ˋʶ ˍʽ ˉˇˋˇˋˍˈ ˍˇˎ ˒ʻʹ˄ˈˍʶˊˇˎ PVC ˍˇ HDPE ʶʾ˄ʰʽ ˇ˃ˈ˂ˇʴʰ 

ʰˁˊʽʲˈˍʶˊˇΣ ˃ʶ ˍʰ ˁˈˁˁʽ˄ʰ ʴˊʱ˃˃ʰˍʰ ˄ʰ ʵʶʾ˔˄ˇˎ˄ ˋʶ ˉˇʽʰ ˁ˂ʱˋʹ ˁʱʻʶ ˒ˇˊʱ ˎˉʱˊ˔ʶʽ ʹ ʶ˄ˍˇ˄ˈˍʶˊʹ 

HDPEPVCɲʽʰ˒ˇˊʱ҈ ɮˏ˅ʹˋʹˌHDPEPVCɲʽʰ˒ˇˊʱ҈ ɮˏ˅ʹˋʹˌHDPEPVCɲʽʰ˒ˇˊʱ҈ ɮˏ˅ʹˋʹˌ

7.0 5.6 1.4 25.0 8.4 6.5 1.9 29.2 8.8 7.2 1.6 22.2

9.3 6.8 2.5 36.8 12.0 8.2 3.8 46.3 13.0 9.1 3.9 42.9

14.0 11.5 2.5 21.7 17.0 13.0 4.0 30.8 20.0 15.0 5.0 33.3

16.0 13.5 2.5 18.5 20.0 16.0 4.0 25.0 25.0 20.0 5.0 25.0

21.9 19.0 2.9 15.3 29.9 23.9 6.0 25.1 37.9 27.9 10.0 35.8

27.9 25.0 2.9 11.6 35.0 29.0 6.0 20.7 44.9 35.0 9.9 28.3

44.9 39.9 5.0 12.5 60.0 47.9 12.1 25.3 70.0 58.0 12.0 20.7

16 atm

ɼˈˋˍˇˌ όϵκƳύ

10 atm 12.5 atm

ʁ˄ˇ˃ʰˋˍʽˁʺ 

ɲʽʱ˃ʶˍˊˇˌ                  

D (mm)

90

110

140

160

200

225

280
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ʰˏ˅ʹˋʹ ˍʹˌ ˍʽ˃ʺˌ ʴʽʰ ˍʹ˄ ʾʵʽʰ ʵʽʱ˃ʶˍˊˇΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ʴʽʰ ʊнлл ˋˍʽˌ мс atm ˍˇ ˉˇˋˇˋˍˈ ˁʰˍʱ ˍˇ 

ˇˉˇʾˇ ˍˇ HDPE ʶʾ˄ʰʽ ʰˁˊʽʲˈˍʶˊˇ ˍˇˎ PVC όорΦу ҈ύ Σ ʶʾ˄ʰʽ ˉˇ˂ˏ ˃ʶʴʰ˂ˏˍʶˊˇ ʰˉˈ ˍ˖˄ ʱ˂˂˖˄ 

˃ʽˁˊˈˍʶˊ˖˄ ˁ˂ʱˋʶ˖˄Φ  

Č ɱʶ˄ʽˁʱ ˈˋˇ ˃ʶʴʰ˂˗˄ʶʽ ʹ ˁ˂ʱˋʹΣ ˍˈˋˇ ˃ʶʴʰ˂˗˄ʶʽ ʹ ʵʽʰ˒ˇˊʱ ˍ˖˄ ʵˏˇ ˎ˂ʽˁ˗˄ ʰˉˈ ˉ˂ʶˎˊʱˌ 

ˇʽˁˇ˄ˇ˃ʽˁˈˍʹˍʰˌΣ ˃ʶ ˍˇ PVC ˄ ʰ ʶˉʽˁˊʰˍʶʾ ʶˁ ˍ˖˄ ˉˊʰʴ˃ʱˍ˖˄Φ 

2.4 ʁɹ ɾɳʆɮɽɽɹɼʁɹ ɮɱʍɱʁɹ ʅʆɮ ɲɹɼʆʇɮ ʇɲʄɳʇʅɶʅ 

ʃʰˊʱ ˍˇ ˔ʰ˃ʹ˂ˈ ˍˇˎˌ ˁˈˋˍˇˌΣ ˇʽ ˉ˂ʰˋˍʽˁˇʾ ʰʴ˖ʴˇʾ ʵʶ˄ ʶʾ˄ʰʽ ˁʰˍʱ˂˂ʹ˂ˇʽ ʴʽʰ ˃ʶʴʱ˂ʶˌ ˉʽʷˋʶʽˌ ˁʰʽ 

ʵʽʰ˃ʷˍˊˇˎˌ όҗ ʊоллύ ˋʶ ʷ˄ʰ ʵʾˁˍˎˇΣ ʴʽΩʰˎˍˈ ˋʶ ˍʷˍˇʽʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ˋ˖˂ʺ˄ʶˌ ʰˉˈ 

˔ʱ˂ˎʲʰ ʺ ˔ˎˍˇˋʾʵʹˊˇ ό˃ʶˍʰ˂˂ʽˁˇʾύ ʺ ˍʰ ˍʶ˂ʶˎˍʰʾʰ ˔ˊˈ˄ʽʰ ʰˉˈ GRP. 

нΦпΦм ʅ˖˂ʺ˄ʶˌ ʰˉˈ ɳ˂ʰˍˈ ʋˎˍˇˋʾʵʹˊˇ όDuctile Iron) 

ʁ ˉˊ˖ˍˇʴʶ˄ʺˌ ˔ˎˍˇˋʾʵʹˊˇˌ ˉʰˊʱʴʶˍʰʽ ˃ʶ ʰ˄ʰʴ˖ʴʺ ˋʽʵʹˊˇ˃ʶˍʰ˂˂ʶˎ˃ʱˍ˖˄ ˋˍʹ˄ ˎ˕ʽˁʱ˃ʽ˄ˇ ˁʰʽ 

˔ˏ˄ʶˍʰʽ ˃ʶ ˃ˇˊ˒ʺ ˃ʽˁˊ˗˄ ˉ˂ʽ˄ʻ˖˃ʱˍ˖˄Φ ɳʱ˄ ˋˍˇ˄ ˒ʰʽˈ ˔ˎˍˇˋʾʵʹˊˇ ʰˎ˅ʹʻˇˏ˄ ˍʰ ˉˇˋˇˋˍʱ 

˃ʰʴ˄ʹˋʾˇˎ ˁʰʽ ʴˊʰ˒ʾˍʹΣ ˍˈˍʶ ʹ ˃ˇˊ˒ʺ ˍˇˎ ʴˊʰ˒ʾˍʹ ˃ʶˍʰ˂˂ʱˋˋʶˍʰʽ ʰˉˈ ˒ˎ˂˂ʾʵʽʰ ˋʶ ˋ˒ʰʽˊʾʵʽʰΣ 

ˋ˔ʹ˃ʰˍʾʸˇ˄ˍʰˌ ʷˍˋʽ ˍˇ ˔ˎˍˇˋʾʵʹˊˇ ˋ˒ʰʽˊˇʶʽʵˇˏˌ ʴˊʰ˒ʾˍʹ ʺ ʰ˂˂ʽ˗ˌ ʶ˂ʰˍˈ ˔ˎˍˇˋʾʵʹˊˇ όDuctile 

Iron). 

 

 

ɳʽˁˈ˄ʰ нΦо ʅ˖˂ʺ˄ʶˌ ʰˉˈ ʶ˂ʰˍˈ ˔ˎˍˇˋʾʵʹˊˇ ʵʽˁˍˏˇˎ ˏʵˊʶˎˋʹˌ 

ʃʹʴʺΥ ɹˋˍˈˍˇˉˇˌ xinxingpipes.en.ecplaza.net 
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ɮˉˈ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˂ˇʽˉˈ˄ ˍˇˎ ˍʽ˃ˇ˂ˇʴʾˇˎ ˍʹˌ ɳʇɲɮʃ ʴʽʰ ˍˇ нлмпΣ ˇʽ ʰʴ˖ʴˇʾ ʰˉˈ HDPE ˁʰʽ ʴʽʰ ˍʽˌ о 

ˁʰˍʹʴˇˊʾʶˌ ʷˊʴ˖˄Σ ʵʽʰˍʾʻʶ˄ˍʰʽ ˋʶΥ 

 Ϥ ɳˏˊˇˌ ˇ˄ˇ˃ʰˋˍʽˁ˗˄ όʶˋ˖ˍʶˊʽˁ˗˄ύ ʵʽʰ˃ʷˍˊ˖˄ 100-1200 mm 

 Ϥ ɼ˂ʱˋʶʽˌ нр, 30 ˁ ʰʽ пл atm 

ɼʰˍʰˋˁʶˎʱˋˍʹˁʰ˄ ˂ˇʽˉˈ˄ ˇʽ ˁʰ˃ˉˏ˂ʶˌ C-D ˉˇˎ ˋˎˋ˔ʶˍʾʸˇˎ˄ ˍˇ ˁˈˋˍˇˌ ˃ʶ ˍʹ ʵʽʱ˃ʶˍˊˇ ʰ˄ʱ ˁ˂ʱˋʹΦ 

ɮˉˈ млл ƳƳ ˖ˌ ˁʰʽ олл ƳƳ  ʹ ʵʽʰʻʷˋʽ˃ʹ ˁ˂ʱˋʹ ʶʾ˄ʰʽ пл ŀǘƳΣ ʰˉˈ орл ƳƳ ˖ˌ ˁʰʽ слл ƳƳ ʶʾ˄ʰʽ 

ол ŀǘƳ ˁʰʽ ʰˉˈ тлл ƳƳ ˖ˌ ˁʰʽ мнлл ƳƳ ʶʾ˄ʰʽ нр ŀǘƳΦ ɴˍˋʽ ˋˍʹ ʴˊʰ˒ʽˁʺ ˉʰˊʱˋˍʰˋʹ ˁˈˋˍˇˎˌ-

ʵʽʰ˃ʷˍˊˇˎΣ ʹ ˁʰ˃ˉˏ˂ʹ ʵʶ˄ ʶʾ˄ʰʽ ʶ˄ʽʰʾʰ ʰ˂˂ʱ ΩΩˋˉʱʶʽΨΩ ˋʶ н ˋʹ˃ʶʾʰ. 

ʃʾ˄ʰˁʰˌ нΦ9 Ductile IronΥ ɼˈˋˍˇˌ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌΣ 1ʹ ˁ ʰˍʹʴˇˊʾʰ 

 

 

25 atm 30 atm 40 atm

32.40 

37.90 

43.30 

60.00 

76.00 

108.00 

125.00 

141.00 

146.00 

163.00 

195.00 

233.00 

276.00 

380.00 

400.00 

540.00 

660.00 

350

400

450

500

600

700

800

900

200

1ɶ ɼɮʆɶɱʁʄɹɮ ɳʄɱʍɿΥ ғ мΦр ʶˁΦ ϵ

ʁ˄ˇ˃ʰˋˍʽˁʺ 

ɲʽʱ˃ʶˍˊˇˌ                 

D (mm)
 Yˈˋˍˇˌ όϵκƳύ  

100

125

150

250

300

1200

1000

1100
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ʅ˔ʺ˃ʰ нΦ8 Ductile Iron: ɼʰ˃ˉˏ˂ʹ ˁˈˋˍˇˎˌ-ʵʽʰ˃ʷˍˊˇˎΣ 1ʹ ˁ ʰˍʹʴˇˊʾʰ     

 

ʃʾ˄ʰˁʰˌ нΦ10 Ductile IronΥ ɼˈˋˍˇˌ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌΣ 2ʹ ˁ ʰˍʹʴˇˊʾʰ 

 

 

25 atm 30 atm 40 atm

31.50 

36.80 

42.00 

57.80 

73.50 

105.00 

121.00 

137.00 

142.00 

158.00 

189.00 

226.00 

268.00 

367.00 

390.00 

520.00 

640.00 

1100

1200

450

500

600

700

800

900

1000

400

100

125

150

200

ʁ˄ˇ˃ʰˋˍʽˁʺ 

ɲʽʱ˃ʶˍˊˇˌ                 

D (mm)

250

300
350

 Yˈˋˍˇˌ όϵκƳύ  

2ɶ ɼɮʆɶɱʁʄɹɮ ɳʄɱʍɿΥ мΦр π рΦл ʶˁΦ ϵ
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ʅ˔ʺ˃ʰ нΦ9 Ductile Iron: ɼʰ˃ˉˏ˂ʹ ˁˈˋˍˇˎˌ-ʵʽʰ˃ʷˍˊˇˎΣ 2ʹ ˁ ʰˍʹʴˇˊʾʰ     

 

ʃʾ˄ʰˁʰˌ нΦ11 Ductile IronΥ ɼˈˋˍˇˌ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌΣ 3ʹ ˁ ʰˍʹʴˇˊʾʰ 

 

 

 

25 atm 30 atm 40 atm

29.90 

35.00 

39.90 

55.00 

70.00 

100.00 

115.00 

130.00 

135.00 

150.00 

180.00 

215.00 

255.00 

350.00 

370.00 

490.00 

610.00 

1100

1200

800

900

1000

3ɶ ɼɮʆɶɱʁʄɹɮ ɳʄɱʍɿΥ Ҕ рΦл ʶˁΦ ϵ

 Yˈˋˍˇˌ όϵκƳύ  

ʁ˄ˇ˃ʰˋˍʽˁʺ 

ɲʽʱ˃ʶˍˊˇˌ                 

D (mm)

450

500

600

125

150

200

250

300

100

700

350

400
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ʅ˔ʺ˃ʰ нΦ10 Ductile Iron: ɼʰ˃ˉˏ˂ʹ ˁˈˋˍˇˎˌ-ʵʽʰ˃ʷˍˊˇˎΣ 3ʹ ˁ ʰˍʹʴˇˊʾʰ     

 

2.4Φн ʅ˖˂ʺ˄ʶˌ ʶ˂ʽˁˇʶʽʵˇˏˌ ˊʰ˒ʺˌ ʰˉˈ ʋʱ˂ˎʲʰ 

ʁ ˔ʱ˂ˎʲʰˌ όˁˇʽ˄˗ˌ ʰˍˋʱ˂ʽύ ʶʾ˄ʰʽ ˁˊʱ˃ʰ ˋʽʵʺˊˇˎ ˁʰʽ ʱ˄ʻˊʰˁʰΦ ʃʶˊʽʷ˔ʶʽ ˂ʽʴˈˍʶˊˇ ʰˉˈ нΦлс҈ w/w 

ʱ˄ʻˊʰˁʰΣ ˂ʽʴˈˍʶˊˇ ʰˉˈ м҈ ˃ʰʴʴʱ˄ʽˇ ˁʰʽ ˉˇ˂ˏ ˃ʽˁˊʱ ˉˇˋˇˋˍʱ ˉˎˊʽˍʾˇˎΣ ˒˖ˋ˒ˈˊˇˎΣ ʻʶʾˇˎ ˁʰʽ 

ˇ˅ˎʴˈ˄ˇˎΦ 

 

 

 

 
 

ɳʽˁˈ˄ʰ нΦ4 ʋʰ˂ˎʲˇˋ˖˂ʺ˄ʶˌ ˄ ʶˊˇˏ ˁʰʽ ˒ˎˋʽˁˇˏ ʰʶˊʾˇˎ 

ʃʹʴʺΥ ɹˋˍˈˍˇˉˇˌ irisltd.net 
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ʅˍˇ ʶ˃ˉˈˊʽˇ ˉʰˊʱʴˇ˄ˍʰʽ ˔ʰ˂ˎʲˇˋ˖˂ʺ˄ʶˌ ˃ʶ о ʶʾʵʹ ʶˉʾˋˍˊ˖ˋʹˌΥ 

 ~ ɳˋ˖ˍʶˊʽˁʺ ʶˉʷ˄ʵˎˋʹ ˃ʶ ˂ʽʻʰ˄ʻˊʰˁˈˉʽˋˋʰ ʰˋ˒ʰ˂ˍʽˁʺˌ ʲʱˋʹˌ ˁʰʽ ʶ˅˖ˍʶˊʽˁʺ ʶˉʷ˄ʵˎˋʹ ˃ʶ 

 ˂ʽʻʰ˄ʻˊʰˁˈˉʽˋˋʰ ʰˋ˒ʰ˂ˍʽˁʺˌ ʲʱˋʹˌ ˁʰʽ ʵʽˉ˂ʺ ˋˍˊ˗ˋʹ ˎʰ˂ˈˉʰ˄ˇˎΦ  

 ~ ɳˋ˖ˍʶˊʽˁʺ ʶˉʷ˄ʵˎˋʹ ˃ʶ ʶˉˇ˅ʶʽʵʽˁʺ ˊʹˍʾ˄ʹ ˁʰʽ ʶ˅˖ˍʶˊʽˁʺ ʶˉʷ˄ʵˎˋʹ ˃ʶ ˂ʽʻʰ˄ʻˊʰˁˈˉʽˋˋʰ 

 ʰˋ˒ʰ˂ˍʽˁʺˌ ʲʱˋʹˌ ˁʰʽ ˒ˏ˂˂ˇ ˉˇ˂ˎʰʽʻˎ˂ʶ˄ʾˇˎΦ  

 ~ ɳˋ˖ˍʶˊʽˁʺ ʶˉʷ˄ʵˎˋʹ ˃ʶ ˋˁˎˊˈʵʶ˃ʰ ʶ˒ʰˊ˃ˇʸˈ˃ʶ˄ˇ ˒ˎʴˇˁʶ˄ˍˊʽˁʱ όˍˋʽ˃ʶ˄ˍˇˁˇ˄ʾʰ˃ʰύ ˁʰʽ 

 ʶ˅˖ˍʶˊʽˁʺ ʶˉʷ˄ʵˎˋʹ ˃ʶ ˂ʽʻʰ˄ʻˊʰˁˈˉʽˋˋʰ ʰˋ˒ʰ˂ˍʽˁʺˌ ʲʱˋʹˌ ˁʰʽ ˒ˏ˂˂ˇ ˉˇ˂ˎʰʽʻˎ˂ʶ˄ʾˇˎΦ 

ɶ ˄ʷʰ ˉʰˊʰʴ˖ʴʺ ˔ʰ˂ˎʲˇˋ˖˂ʺ˄˖˄ ʷ˔ʶʽ ʵ˗ˋʶʽ ʲʱˊˇˌ ˋˍʹ˄ ʶ˅˖ˍʶˊʽˁʺ ʶˉʷ˄ʵˎˋʹ ˃ʶ ˉˇ˂ˎʰʽʻˎ˂ʷ˄ʽˇ 

ˁʰʽ ˍʹ˄ ʶˋ˖ˍʶˊʽˁʺ ˃ʶ ʶˉˇ˅ʶʽʵʽˁʺ ˊʹˍʾ˄ʹΣ ʶˉʶˁˍʶʾ˄ˇ˄ˍʰˌ ʷˍˋʽ ˍʹ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ ˍˇˎ ˋ˖˂ʺ˄ʰ ˁʰʽ 

ʰˎ˅ʱ˄ˇ˄ˍʰˌ ˍʹ˄ ʰ˄ˍʾˋˍʰˋʹ ˋˍʹ ʵʽʱʲˊ˖ˋʹΣ ʷ˄ʰ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˉˇˎ ˃ʷ˔ˊʽ ˉˊˈˍʽ˄ˇˌ ʺˍʰ˄ ʷ˄ʰ ʰˉˈ ˍʰ 

˃ʶʴʰ˂ˏˍʶˊʰ ˃ʶʽˇ˄ʶˁˍʺ˃ʰˍʰ ˍ˖˄ ˔ʰ˂ˎʲˇˋ˖˂ʺ˄˖˄ όTsakiris, 2012). 

ɱʽʰ ˍʹ˄ ʶˉʾˋˍˊ˖ˋʹ ʰˎˍʺ ˂ˇʽˉˈ˄Σ ˍˇ ˁˈˋˍˇˌ ʶʾ˄ʰʽΥ 

¶ ɱʽʰ мʹˌ ˁ ʰˍʹʴˇˊʾʰˌ ʷˊʴʰ όғ мΦр ʶˁΦ ϵύΣ нΦлм ϵκkg 

¶ ɱʽʰ нʹˌ ˁ ʰˍʹʴˇˊʾʰˌ ʷˊʴʰ όмΦр-рΦл ʶˁΦ ϵύΣ 1.95 ϵκkg 

¶ ɱʽʰ оʹˌ ˁ ʰˍʹʴˇˊʾʰˌ ʷˊʴʰ όҔ рΦл ʶˁΦ ϵύΣ 1.85 ϵκkg. 

ʅˏ˃˒˖˄ʰ ˃ʶ ˍˇ˄ ɰʽˇ˃ʹ˔ʰ˄ʽˁˈ ʂ˃ʽ˂ˇ ɳˉʶ˅ʶˊʴʰˋʾʰˌ ˁʰʽ ɳ˃ˉˇˊʾʰˌ ʋʱ˂ˎʲʰ όhttp://www.profisol.gr/) 

ˇʽ ˔ʰ˂ˎʲˇˋ˖˂ʺ˄ʶˌ ʶ˂ʽˁˇʶʽʵˇˏˌ ˊʰ˒ʺˌ ˉʰˊʱʴˇ˄ˍʰʽ ˋʶ όʴʽʰ ˍˇ ˉˊ˖ˍˈˍˎˉˇ ˍˎˉˇˉˇʾʹˋʹˌ ʲ˂Φ 

ʃʰˊʱˊˍʹ˃ʰύΥ 

 ~ ɳˏˊˇˌ ˇ˄ˇ˃ʰˋˍʽˁ˗˄ όʶ˅˖ˍʶˊʽˁ˗˄ύ ʵʽʰ˃ʷˍˊ˖˄ оноΦу-1727.2 mm  

 ~ о ˉˇʽˈˍʹˍʶˌ ʶ˂ʱˋ˃ʰˍˇˌΣ ST37-2, STпп ˁʰʽ ST52 

 ~ ʃʽʷˋʶʽˌ ʵˇˁʽ˃ʺˌ ˁʰʽ ˂ʶʽˍˇˎˊʴʾʰˌ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ʴʽʰ ˁʱʻʶ ˍˏˉˇ ʶ˂ʱˋ˃ʰˍˇˌ ˁ ʰʽ     

    ʁ ˒ʰˊ˃ˇʸˈ˃ʶ˄ʶˌ ˅ʶ˔˖ˊʽˋˍʱ ˋʶ ˁʱʻʶ ʵˎ˄ʰˍʺ ʵʽʱ˃ʶˍˊˇ όʸʶˏʴʹ D-pΣ ʲ˂Φ ʃʰˊʱˊˍʹ˃ʰ) 

ʆˇ ʇʃɳɼɮ ˁˇˋˍˇ˂ˇʴʶʾ ˍˇˎˌ ˔ʰ˂ˎʲˇˋ˖˂ʺ˄ʶˌ ʰ˄ʱ ˁʽ˂ˈ ˁʰʽ ˈ˔ʽ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌΣ ˈˉ˖ˌ ʴʾ˄ʶˍʰʽ ˋˍˇˎˌ 

ˎˉˈ˂ˇʽˉˇˎˌ ʰʴ˖ʴˇˏˌΦ ɱʽʰ ˄ʰ ˎˉʱˊ˔ʶʽ ʷ˄ʰ ˁˇʽ˄ˈ ˃ʷˍˊˇ ˋˏʴˁˊʽˋʹˌ ˃ʶ ˍʰ ʱ˂˂ʰ ʶʾʵʹ ˋ˖˂ʺ˄˖˄, 

ˉˊˇʷˁˎ˕ʶ ʹ ʰ˄ʱʴˁʹΥ 

¶ ɮ˄ʰʴ˖ʴʺˌ ˍˇˎ ˁˈˋˍˇˎˌ ʰ˄ʱ ˁʽ˂ˈ όCkgύ ˍʹˌ ʶˉʾˋˍˊ˖ˋʹˌ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΣ ˋʶ ˁˈˋˍˇˌ ʰ˄ʱ ˃ʷˍˊˇ 

˃ʺˁˇˎˌ όCmύ ˁʰʽ ʴʽʰ ˍʽˌ 3 ˁʰˍʹʴˇˊʾʶˌ ʷˊʴ˖˄Σ ʴ˄˖ˊʾʸˇ˄ˍʰˌ ʰˉˈ ˍˇ ˉˊ˖ˍˈˍˎˉˇ ˍˎˉˇˉˇʾʹˋʹˌ 

ˍʹ ˃ʱʸʰ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ м m ̀ ˖˂ʺ˄˖ˋʹˌ όWύΦ ɳʾ˄ʰʽ ʵʹ˂ʰʵʺΥ Cm = Ckg*W. 

¶ ʇˉʰʴ˖ʴʺˌ ʶ˄ˈˌ ˃ʷˊˇˎˌ ˍ˖˄ ˁˊʾˋʽ˃˖˄ ˉʽʷˋʶ˖˄ ʵˇˁʽ˃ʺˌ ˋʶ о ˁʰˍʹʴˇˊʾʶˌ ˍ˖˄ нрΣ ол ˁʰʽ пл 

atm ˋˎʴˁʶ˄ˍˊ˗˄ˇ˄ˍʰˌ ˋʶ ʰˎˍʷˌ ˍʽˌ ˇ˃ʱʵʶˌ ˉʽʷˋʶʽˌ ˃ʶ ҕ 2 atm ʰˉˈˁ˂ʽˋʹΦ ʁ ˂ˈʴˇˌ ˉˇˎ 

ʴʾ˄ʶˍʰʽ ʰˎˍˈ ʶʾ˄ʰʽ ʴʽʰ ˄ʰ ˎˉʱˊ˅ʶʽ ˃ʾʰ ʵˈˁʽ˃ʹ ˋˏʴˁˊʽˋʹ ˁˎˊʾ˖ˌ ˃ʶ ˍˇ˄ ʶ˂ʰˍˈ ˔ˎˍˇˋʾʵʹˊˇΣ ˇ 

ˇˉˇʾˇˌ ˈˉ˖ˌ ˉˊˇʶ˂ʷ˔ʻʹ, ̄ ʰˊʱʴʶˍʰʽ ˃ˈ˄ˇ ˋˍʽˌ ˁ˂ʱˋʶʽˌ нрΣ ол Σ пл atm. 

ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ʰ˄ʰʴ˖ʴʺˌ ˋʶ ˁˈˋˍˇˌ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌ ʺˍʰ˄Υ 

 

http://www.profisol.gr/
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ʃʾ˄ʰˁʰˌ нΦмн ɼˈˋˍˇˌ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌ ʴʽʰ ˔ʰ˂ˎʲˇˋ˖˂ʺ˄ʶˌ ʶ˄ʽˋ˔ˎ˃ʷ˄ˇˎˌ ʶˋ˖ˍʶˊʽˁʱ ˃ʶ 

ˉˇ˂ˎʰʽʻˎ˂ʷ˄ʽˇ 

 

 

 

 

 

 

 

 

 

 

ɳʄɱɮ ғ 

мΦр ʶˁΦ ϵ    

ɼˈˋˍˇˌ 

нΦлм ϵκƪƎ

ɳʄɱɮ мΦрπ

рΦл ʶˁΦ ϵ      

ɼˈˋˍˇˌ 

мΦфр ϵκƪƎ

ɳʄɱɮ Ҕ 

рΦл ʶˁΦ ϵ  

ɼˈˋˍˇˌ 

мΦур ϵκƪƎ

4.0 315.8 63.41 61.52 58.36

4.5 314.8 71.22 69.10 65.55

4.8 314.2 75.90 73.64 69.86

5.0 313.8 79.01 76.66 72.72

5.2 313.4 82.12 79.67 75.59

5.6 312.6 88.33 85.69 81.30

6.0 311.8 94.52 91.70 87.00

6.4 311.0 100.69 97.69 92.68

7.0 309.8 109.93 106.64 101.18

7.1 309.6 111.46 108.13 102.59

7.9 308.0 123.71 120.01 113.86

8.0 307.8 125.23 121.49 115.26

8.2 307.4 128.28 124.45 118.07

8.3 307.2 129.81 125.93 119.47

9.0 305.8 140.44 136.25 129.26

9.6 304.6 149.52 145.05 137.62

10.3 303.2 160.06 155.28 147.32

11.1 301.6 172.05 166.92 158.36

12.7 298.4 195.85 190.00 180.26

323.8

ɳ˅˖ˍʶˊʽˁʺ    

ɲʽʱ˃ʶˍˊˇˌ 

(mm)

ʃʱ˔ˇˌ 

(mm)

ɳˋ˖ˍʶˊʽˁʺ 

όʁ˄ˇ˃ʰˋˍʽˁʺύ 

ɲʽʱ˃ʶˍˊˇˌ 

(mm)

Yˈˋˍˇˌ / όϵκƳύ

ɳ˅˖ˍʶˊʽˁʺ ˃ˈ˄˖ˋʹ ˃ʶ 

˂ʽʻʰ˄ʻˊʰˁˈˉʽˋˋʰ  ˁʰʽ  

ˉˇ˂ˎʰʽʻˎ˂ʷ˄ʽˇ ˁʰʽ ʶˋ˖ˍʶˊʽˁʺ 

˃ˈ˄˖ˋʹ ˃ʶ ʶˉˇ˅ʶʽʵʽˁʺ ˊʹˍʾ˄ʹ 



ʅʶ˂ʾʵʰ μ 52  
 

όˋˎ˄ʷ˔ʶʽʰ ˉʾ˄ʰˁʰύ 

 

 

 

 

 

 

4.0 347.6 69.71 67.63 64.17

4.5 346.6 78.32 75.98 72.08

4.8 346.0 83.47 80.98 76.82

5.0 345.6 86.90 84.30 79.98

5.2 345.2 90.32 87.62 83.13

5.6 344.4 97.16 94.26 89.42

6.0 343.6 103.98 100.87 95.70

6.4 342.8 110.78 107.48 101.96

7.0 341.6 120.96 117.35 111.33

7.1 341.4 122.65 118.99 112.89

7.9 339.8 136.16 132.09 125.32

8.0 339.6 137.84 133.73 126.87

8.2 339.2 141.21 136.99 129.97

9.0 337.6 154.63 150.01 142.32

9.6 336.4 164.65 159.74 151.54

10.3 335.0 176.30 171.04 162.27

11.1 333.4 189.55 183.89 174.46

12.7 330.2 215.87 209.42 198.68

4.5 397.4 89.65 86.97 82.51

4.8 396.8 95.55 92.70 87.95

5.0 396.4 99.49 96.52 91.57

5.2 396.0 103.41 100.33 95.18

5.6 395.2 111.26 107.94 102.40

6.0 394.4 119.09 115.53 109.61

6.4 393.6 126.90 123.11 116.80

7.0 392.4 138.59 134.45 127.55

7.1 392.2 140.53 136.34 129.34

7.9 390.6 156.05 151.39 143.63

8.0 390.4 157.99 153.27 145.41

8.2 390 161.86 157.03 148.97

9.0 388.4 177.29 172.00 163.18

9.5 387.4 186.90 181.33 172.03

10.0 386.4 196.49 190.63 180.85

11.0 384.4 215.60 209.16 198.44

12.0 382.4 234.60 227.60 215.93

12.7 381.0 247.85 240.45 228.12

355.6

406.4



ʅʶ˂ʾʵʰ μ 53  
 

όˋˎ˄ʷ˔ʶʽʰ ˉʾ˄ʰˁʰύ 

 

 

 

 

 

 

 

4.5 448.2 100.98 97.97 92.94

4.8 447.6 107.64 104.43 99.07

5.0 447.2 112.08 108.73 103.16

5.2 446.8 116.51 113.03 107.23

5.6 446.0 125.36 121.62 115.38

6.0 445.2 134.19 130.19 123.51

6.4 444.4 143.01 138.75 131.63

7.0 443.2 156.21 151.55 143.78

7.1 443.0 158.41 153.68 145.80

7.9 441.4 175.95 170.69 161.94

8.0 441.2 178.13 172.82 163.95

8.2 440.8 182.51 177.06 167.98

9.0 439.2 199.95 193.99 184.04

9.5 438.2 210.83 204.53 194.04

10.0 437.2 221.68 215.06 204.03

11.0 435.2 243.30 236.03 223.93

12.0 433.2 264.82 256.92 243.74

12.7 431.8 279.83 271.47 257.55

5.0 498.0 124.67 120.95 114.74

5.2 497.6 129.60 125.73 119.29

5.6 496.8 139.46 135.30 128.36

6.0 496.0 149.30 144.85 137.42

6.4 495.2 159.13 154.38 146.46

7.0 494.0 173.84 168.65 160.00

7.1 493.8 176.29 171.03 162.26

7.9 492.2 195.84 189.99 180.25

8.0 492.0 198.28 192.36 182.50

8.2 491.6 203.15 197.09 186.98

9.0 490.0 222.62 215.97 204.90

9.5 489.0 234.75 227.74 216.06

10.0 488.0 246.86 239.49 227.21

11.0 486.0 271.00 262.91 249.43

12.0 484.0 295.04 286.23 271.55

12.7 482.6 311.81 302.50 286.99

457.2

508.0



ʅʶ˂ʾʵʰ μ 54  
 

όˋˎ˄ʷ˔ʶʽʰ ˉʾ˄ʰˁʰύ 

 

 

 

 

 

 

 

 

5.0 548.8 137.26 133.16 126.33

5.2 548.4 142.70 138.44 131.34

5.6 547.6 153.56 148.98 141.34

6.0 546.8 164.41 159.50 151.32

6.4 546.0 175.25 170.02 161.30

7.0 544.8 191.47 185.75 176.23

7.1 544.6 194.17 188.37 178.71

7.9 543.0 215.73 209.29 198.56

8.0 542.8 218.42 211.90 201.04

8.2 542.4 223.80 217.12 205.99

9.0 540.8 245.28 237.96 225.76

9.5 539.8 258.67 250.95 238.08

10.0 538.8 272.04 263.92 250.38

11.0 536.8 298.70 289.78 274.92

12.0 534.8 325.26 315.55 299.36

12.7 533.4 343.79 333.53 316.42

5.6 598.4 167.66 162.66 154.32

6.0 597.6 179.52 174.16 165.23

6.4 596.8 191.36 185.65 176.13

7.0 595.6 209.09 202.85 192.45

7.1 595.4 212.05 205.72 195.17

7.9 593.8 235.63 228.59 216.87

8.0 593.6 238.57 231.45 219.58

8.2 593.2 244.45 237.15 224.99

9.0 591.6 267.94 259.95 246.61

9.5 590.6 282.59 274.16 260.10

10.0 589.6 297.22 288.35 273.56

11.0 587.6 326.40 316.65 300.41

12.0 585.6 355.47 344.86 327.18

12.7 584.2 375.77 364.55 345.86

13.0 583.6 384.45 372.98 353.85

14.3 581.0 421.98 409.38 388.39

609.6

558.8



ʅʶ˂ʾʵʰ μ 55  
 

όˋˎ˄ʷ˔ʶʽʰ ˉʾ˄ʰˁʰύ 

 

 

5.6 649.2 181.77 176.34 167.30

6.0 648.4 194.63 188.82 179.14

6.4 647.6 207.48 201.29 190.96

7.0 646.4 226.72 219.95 208.67

7.1 646.2 229.93 223.06 211.62

7.9 644.6 255.52 247.89 235.18

8.0 644.4 258.71 250.99 238.12

8.2 644.0 265.10 257.19 244.00

9.0 642.4 290.61 281.93 267.47

9.5 641.4 306.52 297.37 282.12

10.0 640.4 322.40 312.78 296.74

10.7 639.0 344.60 334.31 317.17

11.0 638.4 354.10 343.53 325.91

12.0 636.4 385.69 374.18 354.99

12.7 635.0 407.75 395.58 375.29

13.0 634.4 417.19 404.73 383.98

14.3 631.8 457.99 444.31 421.53

5.6 700.0 195.87 190.02 180.28

6.0 699.2 209.74 203.48 193.04

6.4 698.4 223.59 216.92 205.80

7.0 697.2 244.35 237.05 224.90

7.1 697.0 247.80 240.41 228.08

7.9 695.4 275.41 267.19 253.49

8.0 695.2 278.86 270.53 256.66

8.2 694.8 285.75 277.22 263.00

9.0 693.2 313.27 303.92 288.33

9.5 692.2 330.44 320.57 304.13

10.0 691.2 347.58 337.21 319.91

10.7 689.8 371.54 360.45 341.97

11.0 689.2 381.80 370.40 351.40

12.0 687.2 415.91 403.49 382.80

12.7 685.8 439.73 426.60 404.73

13.0 685.2 449.92 436.49 414.11

14.3 682.6 493.99 479.25 454.67

6.4 749.2 239.71 232.56 220.63

7.1 747.8 265.68 257.75 244.53

7.9 746.2 295.31 286.49 271.80

8.0 746.0 299.00 290.08 275.20

9.0 744.0 335.93 325.91 309.19

9.5 743.0 354.36 343.78 326.15

10.0 742.0 372.76 361.64 343.09

12.0 738.0 446.13 432.81 410.61

12.7 736.6 471.71 457.63 434.16

13.0 736.0 482.66 468.25 444.24

14.3 733.4 530.00 514.18 487.81

660.4

711.2

762.0



ʅʶ˂ʾʵʰ μ 56  
 

όˋˎ˄ʷ˔ʶʽʰ ˉʾ˄ʰˁʰύ 

 

 

 

6.4 800.0 255.83 248.19 235.46

7.0 798.8 279.60 271.26 257.35

7.1 798.6 283.56 275.10 260.99

7.9 797.0 315.20 305.79 290.11

8.0 796.8 319.15 309.62 293.74

8.2 796.4 327.05 317.28 301.01

9.0 794.8 358.60 347.89 330.05

9.5 793.8 378.28 366.99 348.17

10.0 792.8 397.94 386.07 366.27

10.7 791.4 425.43 412.73 391.56

11.0 790.8 437.19 424.14 402.39

12.0 788.8 476.34 462.12 438.43

12.5 787.8 495.88 481.08 456.41

13.0 786.8 515.40 500.01 474.37

14.3 784.2 566.01 549.12 520.96

7.0 900.4 314.86 305.46 289.79

7.1 900.2 319.32 309.79 293.90

8.0 898.4 359.44 348.71 330.83

8.2 898.0 368.34 357.35 339.02

9.0 896.4 403.92 391.87 371.77

9.5 895.4 426.13 413.41 392.21

10.0 894.4 448.31 434.93 412.62

10.7 893.0 479.32 465.01 441.16

11.0 892.4 492.59 477.89 453.38

12.0 890.4 536.78 520.76 494.05

12.5 889.4 558.84 542.15 514.35

12.7 889.0 567.65 550.71 522.46

13.0 888.4 580.87 563.53 534.63

14.3 885.8 638.03 618.99 587.24

7.1 1001.8 355.08 344.48 326.81

7.9 1000.2 394.77 382.99 363.35

8.0 1000.0 399.73 387.80 367.91

8.2 999.6 409.64 397.41 377.03

9.0 998.0 449.25 435.84 413.49

9.5 997.0 473.97 459.82 436.24

10.0 996.0 498.67 483.78 458.98

11.0 994.0 547.99 531.63 504.37

12.0 992.0 597.21 579.39 549.68

12.5 991.0 621.79 603.23 572.29

12.7 990.6 631.61 612.76 581.33

13.0 990.0 646.34 627.04 594.89

14.3 987.4 710.05 688.86 653.53

1016.0

914.4

812.8



ʅʶ˂ʾʵʰ μ 57  
 

όˋˎ˄ʷ˔ʶʽʰ ˉʾ˄ʰˁʰύ 

 

 

 

 

 

7.9 1101.8 434.56 421.59 399.97

8.0 1101.6 440.02 426.88 404.99

8.2 1101.2 450.94 437.48 415.04

9.0 1099.6 494.58 479.81 455.21

9.5 1098.6 521.82 506.24 480.28

10.0 1097.6 549.03 532.64 505.33

11.0 1095.6 603.39 585.38 555.36

12.0 1093.6 657.65 638.02 605.30

12.5 1092.6 684.74 664.30 630.24

12.7 1092.2 695.57 674.81 640.20

13.0 1091.6 711.81 690.56 655.15

14.3 1089.0 782.07 758.72 719.82

7.9 1203.4 474.35 460.19 436.59

8.0 1203.2 480.31 465.97 442.08

8.2 1202.8 492.24 477.54 453.05

9.0 1201.2 539.90 523.79 496.93

9.5 1200.2 569.66 552.66 524.32

10.0 1199.2 599.40 581.50 551.68

10.7 1197.8 640.98 621.85 589.96

11.0 1197.2 658.79 639.12 606.35

11.7 1195.8 700.31 679.40 644.56

12.0 1195.2 718.09 696.65 660.92

12.5 1194.2 747.70 725.38 688.18

12.7 1193.8 759.53 736.86 699.07

13.0 1193.2 777.28 754.08 715.41

14.3 1190.6 854.09 828.59 786.10

8.0 1304.8 520.60 505.06 479.16

8.2 1304.4 533.53 517.61 491.06

9.0 1302.8 585.23 567.76 538.64

9.5 1301.8 617.51 599.07 568.35

10.0 1300.8 649.76 630.36 598.04

10.7 1299.4 694.87 674.13 639.56

11.0 1298.8 714.19 692.87 657.34

12.0 1296.8 778.52 755.28 716.55

12.5 1295.8 810.65 786.45 746.12

12.7 1295.4 823.49 798.91 757.94

13.0 1294.8 842.75 817.60 775.67

14.3 1292.2 926.11 898.46 852.39

1320.8

1219.2

1117.6



ʅʶ˂ʾʵʰ μ 58  
 

όˋˎ˄ʷ˔ʶʽʰ ˉʾ˄ʰˁʰύ 

 

 

 

 

 

 

8.0 1406.4 560.89 544.15 516.24

8.2 1406.0 574.83 557.67 529.07

9.0 1404.4 630.56 611.73 580.36

9.5 1403.4 665.35 645.49 612.39

10.0 1402.4 700.12 679.22 644.39

10.7 1401.0 748.76 726.41 689.16

11.0 1400.4 769.59 746.62 708.33

12.0 1398.4 838.96 813.91 772.17

12.5 1397.4 873.60 847.52 804.06

12.7 1397.0 887.45 860.96 816.81

13.0 1396.4 908.22 881.11 835.93

14.3 1393.8 998.13 968.33 918.67

8.2 1507.6 616.13 597.74 567.08

9.0 1506.0 675.88 655.71 622.08

9.5 1505.0 713.20 691.91 656.42

10.0 1504.0 750.48 728.08 690.74

10.7 1502.6 802.65 778.69 738.75

11.0 1502.0 824.99 800.36 759.32

11.7 1500.6 877.08 850.90 807.26

12.0 1500.0 899.39 872.54 827.80

12.5 1499.0 936.56 908.60 862.00

12.7 1498.6 951.41 923.01 875.68

13.0 1498.0 973.70 944.63 896.19

14.3 1495.4 1070.14 1038.20 984.96

8.2 1609.2 657.43 637.80 605.09

9.0 1607.6 721.21 699.68 663.80

9.5 1606.6 761.04 738.32 700.46

10.0 1605.6 800.85 776.94 737.10

10.7 1604.2 856.53 830.97 788.35

11.0 1603.6 880.39 854.11 810.31

11.7 1602.2 936.00 908.06 861.50

12.0 1601.6 959.83 931.17 883.42

12.5 1600.6 999.51 969.67 919.95

12.7 1600.2 1015.38 985.07 934.55

13.0 1599.6 1039.17 1008.15 956.45

14.3 1597.0 1142.16 1108.07 1051.24

1422.4

1625.6

1524.0



ʅʶ˂ʾʵʰ μ 59  
 

όˋˎ˄ʷ˔ʶʽʰ ˉʾ˄ʰˁʰύ 

 

 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʷʴʽ˄ʶ ʹ ˇ˃ʰʵˇˉˇʾʹˋʹ ˍ˖˄ ˉʽʷˋʶ˖˄ ʵˇˁʽ˃ʺˌ όˁ˂ʱˋʶ˖˄ύ ʴʽʰ ˍʹ˄ оʹ ˁ ʰˍʹʴˇˊʾʰ ʷˊʴ˖˄Σ 

˗ˋˍʶ ˄ʰ ˁʰˍʰˋˁʶˎʰˋˍˇˏ˄ ˇʽ ˁʰ˃ˉˏ˂ʶˌ ˁˈˋˍˇˎˌ-ʵʽʰ˃ʷˍˊ˖˄Φ 

9.0 1709.2 766.53 743.65 705.52

9.5 1708.2 808.88 784.74 744.50

10.0 1707.2 851.21 825.80 783.45

10.7 1705.8 910.42 883.25 837.95

11.0 1705.2 935.79 907.85 861.29

11.7 1703.8 994.93 965.23 915.73

12.0 1703.2 1020.26 989.81 939.05

12.5 1702.2 1062.46 1030.75 977.89

12.7 1701.8 1079.34 1047.12 993.42

13.0 1701.2 1104.64 1071.66 1016.71

14.3 1698.6 1214.18 1177.94 1117.53

9.0 1810.8 811.86 787.63 747.24

10.0 1808.8 901.57 874.66 829.81

10.5 1807.8 946.39 918.14 871.06

10.7 1807.4 964.31 935.53 887.55

11.0 1806.8 991.18 961.60 912.28

11.7 1805.4 1053.85 1022.40 969.96

12.0 1804.8 1080.70 1048.44 994.67

12.5 1803.8 1125.42 1091.82 1035.83

12.7 1803.4 1143.30 1109.17 1052.29

13.0 1802.8 1170.11 1135.18 1076.97

14.3 1800.2 1286.20 1247.81 1183.82

9.0 1912.4 857.19 831.60 788.95

10.0 1910.4 951.93 923.52 876.16

10.7 1909.0 1018.20 987.81 937.15

11.0 1908.4 1046.58 1015.34 963.27

11.7 1907.0 1112.78 1079.56 1024.20

12.0 1906.4 1141.13 1107.07 1050.30

12.5 1905.4 1188.37 1152.90 1093.77

12.7 1905.0 1207.26 1171.22 1111.16

13.0 1904.4 1235.58 1198.70 1137.23

14.3 1901.8 1358.22 1317.68 1250.10

9.0 2014.0 902.51 875.57 830.67

10.0 2012.0 1002.30 972.38 922.51

11.0 2010.0 1101.98 1069.09 1014.26

11.7 2008.6 1171.70 1136.73 1078.43

12.0 2008.0 1201.57 1165.70 1105.92

12.5 2007.0 1251.32 1213.97 1151.72

12.7 2006.6 1271.22 1233.27 1170.03

13.0 2006.0 1301.05 1262.22 1197.49

14.3 2003.4 1430.24 1387.54 1316.39

2032.0

1930.4

1828.8

1727.2



ʅʶ˂ʾʵʰ μ 60  
 

ʃʾ˄ʰˁʰˌ нΦмн ʁʽ ˉʽʷˋʶʽˌ ʵˇˁʽ˃ʺˌ ʴʽʰ ˍʽˌ ˉʰˊʰʴˈ˃ʶ˄ʶˌ ʵʽʰ˃ʷˍˊˇˎˌ ˔ʰ˂ˎʲˇˋ˖˂ʺ˄˖˄ 

 

 

ɳ˅˖ˍʶˊʽˁʺ ˃ˈ˄˖ˋʹ ˃ʶ 

˂ʽʻʰ˄ʻˊʰˁˈˉʽˋˋʰ  ˁʰʽ  

ˉˇ˂ˎʰʽʻˎ˂ʷ˄ʽˇ ˁʰʽ 

ʶˋ˖ˍʶˊʽˁʺ ˃ˈ˄˖ˋʹ ˃ʶ 

ʶˉˇ˅ʶʽʵʽˁʺ ˊʹˍʾ˄ʹ                    

ɳʄɱɮ Ҕ рΦл ʶˁΦ ϵ                     

ɼˈˋˍˇˌ мΦур ϵκƪƎ

Yˈˋˍˇˌ / όϵκƳύ

315.8 26 33 41 58.36

314.8 31 39 48 65.55

314.2 34 43 53 69.86

313.8 36 45 56 72.72

313.4 38 47 59 75.59

312.6 42 52 65 81.30

311.8 45 57 71 87.00

311.0 49 61 75 92.68

309.8 55 69 86 101.18

309.6 56 71 88 102.59

308.0 64 80 100 113.86

307.8 65 81 101 115.26

307.4 67 84 104 118.07

307.2 68 85 106 119.47

305.8 75 94 116 129.26

304.6 80 101 125 137.62

303.2 87 109 136 147.32

301.6 95 119 148 158.36

298.4 110 138 172 180.26

347.6 24 30 37 64.17

346.6 28 35 44 72.08

346.0 31 39 48 76.82

345.6 33 41 51 79.98

345.2 34 43 54 83.13

344.4 38 48 59 89.42

343.6 41 52 65 95.70

342.8 44 56 69 101.96

341.6 50 63 78 111.33

341.4 51 64 80 112.89

339.8 58 73 91 125.32

339.6 59 74 92 126.87

339.2 61 76 95 129.97

337.6 68 85 106 142.32

336.4 73 92 114 151.54

335.0 79 100 124 162.27

333.4 86 108 134 174.46

330.2 100 126 156 198.68

ɳˋ˖ˍʶˊʽˁʺ 

όʁ˄ˇ˃ʰˋˍʽˁʺύ 

ɲʽʱ˃ʶˍˊˇˌ 5 

(mm)

ʃʾʶˋʹ 

ʵˇˁʽ˃ʺˌ              

(atm)                         

S235JRG2                              

(ST 37-2)  

ʃʾʶˋʹ 

ʵˇˁʽ˃ʺˌ                      

(atm)                         

S275JR                            

(ST 44)

ʃʾʶˋʹ 

ʵˇˁʽ˃ʺˌ                       

(atm)                                 

S355J2G4                                      

(ST 52)



ʅʶ˂ʾʵʰ μ 61  
 

όˋˎ˄ʷ˔ʶʽʰ ˉʾ˄ʰˁʰύ 

 

 

 

 

 

 

397.4 25 31 38 82.51

396.8 27 34 42 87.95

396.4 29 36 44 91.57

396.0 30 38 47 95.18

395.2 33 42 52 102.40

394.4 36 45 56 109.61

393.6 39 49 61 116.80

392.4 44 55 68 127.55

392.2 45 56 70 129.34

390.6 51 64 79 143.63

390.4 52 65 80 145.41

390.0 53 67 83 148.97

388.4 59 75 92 163.18

387.4 63 80 99 172.03

386.4 67 84 104 180.85

384.4 75 94 116 198.44

382.4 82 104 128 215.93

381.0 88 110 137 228.12

448.2 22 28 34 92.94

447.6 24 30 37 99.07

447.2 25 32 39 103.16

446.8 27 34 42 107.23

446.0 29 37 46 115.38

445.2 32 40 50 123.51

444.4 35 43 54 131.63

443.2 39 49 61 143.78

443.0 40 50 62 145.80

441.4 45 57 71 161.94

441.2 46 58 72 163.95

440.8 47 59 74 167.98

439.2 53 66 82 184.04

438.2 56 71 88 194.04

437.2 60 75 93 204.03

435.2 66 83 104 223.93

433.2 73 92 114 243.74

431.8 78 98 122 257.55



ʅʶ˂ʾʵʰ μ 62  
 

όˋˎ˄ʷ˔ʶʽʰ ˉʾ˄ʰˁʰύ 

 

 

 

 

 

 

 

 

498.0 23 29 36 114.74

497.6 24 30 37 119.29

496.8 27 33 41 128.36

496.0 29 36 45 137.42

495.2 31 39 49 146.46

494.0 35 44 55 160.00

493.8 36 45 56 162.26

492.2 41 51 64 180.25

492.0 41 52 64 182.50

491.6 43 53 66 186.98

490.0 47 60 74 204.90

489.0 51 64 79 216.06

488.0 54 67 84 227.21

486.0 60 75 93 249.43

484.0 66 83 103 271.55

482.6 70 88 110 286.99

548.8 21 26 32 126.33

548.4 22 27 34 131.34

547.6 24 30 38 141.34

546.8 26 33 41 151.32

546.0 28 36 44 161.30

544.8 32 40 50 176.23

544.6 33 41 51 178.71

543.0 37 47 58 198.56

542.8 38 47 59 201.04

542.4 39 49 60 205.99

540.8 43 54 67 225.76

539.8 46 58 72 238.08

538.8 49 61 76 250.38

536.8 54 68 85 274.92

534.8 60 75 93 299.36

533.4 64 80 100 316.42



ʅʶ˂ʾʵʰ μ 63  
 

όˋˎ˄ʷ˔ʶʽʰ ˉʾ˄ʰˁʰύ 

 

 

 

 

 

 

 

598.4 22 28 34 154.32

597.6 24 30 38 165.23

596.8 26 33 40 176.13

595.6 29 37 46 192.45

595.4 30 37 47 195.17

593.8 34 43 53 216.87

593.6 34 43 54 219.58

593.2 35 45 55 224.99

591.6 40 50 62 246.61

590.6 42 53 66 260.10

589.6 45 56 70 273.56

587.6 50 63 78 300.41

585.6 55 69 86 327.18

584.2 59 74 91 345.86

583.6 60 75 94 353.85

581.0 67 84 104 388.39

649.2 20 26 32 167.30

648.4 22 28 35 179.14

647.6 24 30 37 190.96

646.4 27 34 42 208.67

646.2 28 35 43 211.62

644.6 31 39 49 235.18

644.4 32 40 50 238.12

644.0 33 41 51 244.00

642.4 37 46 57 267.47

641.4 39 49 61 282.12

640.4 41 52 64 296.74

639.0 45 56 69 317.17

638.4 46 58 72 325.91

636.4 51 64 79 354.99

635.0 54 68 84 375.29

634.4 56 70 86 383.98

631.8 62 77 96 421.53



ʅʶ˂ʾʵʰ μ 64  
 

όˋˎ˄ʷ˔ʶʽʰ ˉʾ˄ʰˁʰύ 

 

 

700.0 19 24 30 180.28

699.2 21 26 32 193.04

698.4 22 28 35 205.80

697.2 25 32 39 224.90

697.0 26 32 40 228.08

695.4 29 37 45 253.49

695.2 30 37 46 256.66

694.8 30 38 47 263.00

693.2 34 43 53 288.33

692.2 36 45 56 304.13

691.2 38 48 60 319.91

689.8 41 52 65 341.97

689.2 43 54 67 351.40

687.2 47 59 73 382.80

685.8 50 63 78 404.73

685.2 52 65 80 414.11

682.6 57 72 89 454.67

749.2 21 26 33 220.63

747.8 24 30 37 244.53

746.2 27 34 42 271.80

746.0 28 35 43 275.20

744.0 32 40 49 309.19

743.0 34 42 53 326.15

742.0 36 45 56 343.09

738.0 44 55 69 410.61

736.6 47 59 73 434.16

736.0 48 60 75 444.24

733.4 53 67 83 487.81

800.0 19 24 30 235.46

798.8 22 28 34 257.35

798.6 22 28 35 260.99

797.0 26 32 40 290.11

796.8 26 32 40 293.74

796.4 27 33 41 301.01

794.8 30 37 46 330.05

793.8 32 40 49 348.17

792.8 34 42 52 366.27

791.4 36 45 56 391.56

790.8 37 47 58 402.39

788.8 41 52 64 438.43

787.8 43 54 67 456.41

786.8 45 57 70 474.37

784.2 50 63 78 520.96



ʅʶ˂ʾʵʰ μ 65  
 

όˋˎ˄ʷ˔ʶʽʰ ˉʾ˄ʰˁʰύ 

 

 

 

 

900.4 20 25 30 289.79

900.2 20 25 31 293.90

898.4 23 29 36 330.83

898.0 24 30 37 339.02

896.4 26 33 41 371.77

895.4 28 35 44 392.21

894.4 30 37 46 412.62

893.0 32 40 50 441.16

892.4 33 42 52 453.38

890.4 37 46 57 494.05

889.4 38 48 60 514.35

889.0 39 49 61 522.46

888.4 40 50 62 534.63

885.8 45 56 69 587.24

1001.8 18 22 28 326.81

1000.2 20 26 32 363.35

1000.0 21 26 32 367.91

999.6 21 27 33 377.03

998.0 24 30 37 413.49

997.0 25 32 39 436.24

996.0 27 34 42 458.98

994.0 30 38 47 504.37

992.0 33 41 51 549.68

991.0 35 43 54 572.29

990.6 35 44 55 581.33

990.0 36 45 56 594.89

987.4 40 50 62 653.53

1101.8 19 23 29 399.97

1101.6 19 24 29 404.99

1101.2 19 24 30 415.04

1099.6 22 27 34 455.21

1098.6 23 29 36 480.28

1097.6 24 31 38 505.33

1095.6 27 34 42 555.36

1093.6 30 38 47 605.30

1092.6 31 39 49 630.24

1092.2 32 40 50 640.20

1091.6 33 41 51 655.15

1089.0 36 46 57 719.82



ʅʶ˂ʾʵʰ μ 66  
 

όˋˎ˄ʷ˔ʶʽʰ ˉʾ˄ʰˁʰύ 

 

 

 

 

 

1203.4 17 21 26 436.59

1203.2 17 22 27 442.08

1202.8 18 22 28 453.05

1201.2 20 25 31 496.93

1200.2 21 27 33 524.32

1199.2 22 28 35 551.68

1197.8 24 30 38 589.96

1197.2 25 31 39 606.35

1195.8 27 34 42 644.56

1195.2 27 35 43 660.92

1194.2 29 36 45 688.18

1193.8 29 37 46 699.07

1193.2 30 38 47 715.41

1190.6 33 42 52 786.10

1304.8 16 20 25 479.16

1304.4 16 21 25 491.06

1302.8 18 23 28 538.64

1301.8 20 24 30 568.35

1300.8 21 26 32 598.04

1299.4 22 28 35 639.56

1298.8 23 29 36 657.34

1296.8 25 32 40 716.55

1295.8 27 33 41 746.12

1295.4 27 34 42 757.94

1294.8 28 35 43 775.67

1292.2 31 39 48 852.39

1406.4 15 19 23 516.24

1406.0 15 19 24 529.07

1404.4 17 21 26 580.36

1403.4 18 23 28 612.39

1402.4 19 24 30 644.39

1401.0 21 26 32 689.16

1400.4 21 27 33 708.33

1398.4 24 30 37 772.17

1397.4 25 31 38 804.06

1397.0 25 32 39 816.81

1396.4 26 32 40 835.93

1393.8 29 36 45 918.67



ʅʶ˂ʾʵʰ μ 67  
 

όˋˎ˄ʷ˔ʶʽʰ ˉʾ˄ʰˁʰύ 

 

 

 

 

 

 

1507.6 14 18 22 567.08

1506.0 16 20 25 622.08

1505.0 17 21 26 656.42

1504.0 18 22 28 690.74

1502.6 19 24 30 738.75

1502.0 20 25 31 759.32

1500.6 21 27 33 807.26

1500.0 22 28 34 827.80

1499.0 23 29 36 862.00

1498.6 23 29 37 875.68

1498.0 24 30 37 896.19

1495.4 27 34 42 984.96

1609.2 13 17 21 605.09

1607.6 15 19 23 663.80

1606.6 16 20 25 700.46

1605.6 17 21 26 737.10

1604.2 18 23 28 788.35

1603.6 19 23 29 810.31

1602.2 20 25 31 861.50

1601.6 21 26 32 883.42

1600.6 22 27 34 919.95

1600.2 22 28 34 934.55

1599.6 23 28 35 956.45

1597.0 25 31 39 1051.24

1709.2 14 18 22 705.52

1708.2 15 19 23 744.50

1707.2 16 20 25 783.45

1705.8 17 21 27 837.95

1705.2 18 22 27 861.29

1703.8 19 24 29 915.73

1703.2 19 24 30 939.05

1702.2 20 26 32 977.89

1701.8 21 26 32 993.42

1701.2 21 27 33 1016.71

1698.6 24 30 37 1117.53



ʅʶ˂ʾʵʰ μ 68  
 

όˋˎ˄ʷ˔ʶʽʰ ˉʾ˄ʰˁʰύ 

 

 

 

 

 

 

 

 

1810.8 13 17 21 747.24

1808.8 15 19 23 829.81

1807.8 16 20 25 871.06

1807.4 16 20 25 887.55

1806.8 17 21 26 912.28

1805.4 18 22 28 969.96

1804.8 18 23 29 994.67

1803.8 19 24 30 1035.83

1803.4 20 25 30 1052.29

1802.8 20 25 31 1076.97

1800.2 22 28 35 1183.82

1912.4 12 16 19 788.95

1910.4 14 18 22 876.16

1909.0 15 19 24 937.15

1908.4 16 20 25 963.27

1907.0 17 21 26 1024.20

1906.4 17 22 27 1050.30

1905.4 18 23 28 1093.77

1905.0 19 23 29 1111.16

1904.4 19 24 30 1137.23

1901.8 21 26 33 1250.10

2014.0 12 15 18 830.67

2012.0 13 17 21 922.51

2010.0 15 19 23 1014.26

2008.6 16 20 25 1078.43

2008.0 16 21 26 1105.92

2007.0 17 22 27 1151.72

2006.6 18 22 27 1170.03

2006.0 18 23 28 1197.49

2003.4 20 25 31 1316.39



ʅʶ˂ʾʵʰ μ 69  
 

ʂˋʶˌ ˉʽʷˋʶʽˌ ʵˇˁʽ˃ʺˌ ʶʾ˄ʰʽ ˃ʶ ʷ˄ˍˇ˄ʹ ˁʰʽ ˎˉˇʴˊʰ˃˃ʽˋ˃ʷ˄ʹ ʴˊʰ˃˃ʰˍˇˋʶʽˊʱΣ ˃ˉˇˊˇˏ˄ ˄ʰ 

ˁʰˍʹʴˇˊʽˇˉˇʽʹʻˇˏ˄ ˋʶ ˃ʾʰ ʰˉˈ ˍʽˌ ˁ˂ʱˋʶʽˌ нрΣ олΣ пл atm. ɴˍˋʽΣ ʰˉˈ ˍˇ˄ ˉʾ˄ʰˁʰ нΦмн Σ ʴʽʰ ˍʰ ʷˊʴʰ 

3ʹˌ ˁ ʰˍʹʴˇˊʾʰˌ ˉˊˇʷˁˎ˕ʰ˄ ˍʰ ˉʰˊʰˁʱˍ˖Υ 

 

ʃʾ˄ʰˁʰˌ нΦмо ʰΣ ʲΣ ʴ ʁ˃ʰʵˇˉˇʾʹˋʹ ˍ˖˄ ˉʰˊʰʴˈ˃ʶ˄˖˄ ʵʽʰ˃ʷˍˊ˖˄ ˔ʰ˂ˎʲˇˋ˖˂ʺ˄˖˄ ˋʶ ˁ˂ʱˋʶʽˌ 

 

 

ɾʶ ˍˇ ʾʵʽˇ ˋˁʶˉˍʽˁˈ ˃ˉˇˊˇˏ˄ ˄ʰ ˇ˃ʰʵˇˉˇʽʹʻˇˏ˄ ˁʰʽ ˇʽ ʵʽʱ˃ʶˍˊˇʽ ʴʽʰ 16, 20 atm ˁΦˇΦˁΦ ɮˉˈ ˍˇ˄ 

ˉʾ˄ʰˁʰ нΦмоΣ ˃ˉˇˊʶʾ ˄ʰ ˁʰˍʰˋˁʶˎʰˋˍʶʾ ʹ ˁʰ˃ˉˏ˂ʹ ˁˈˋˍˇˎˌ-ʵʽʰ˃ʷˍˊ˖˄Υ 

25 atm 30 atm 40 atm

Yˈˋˍˇˌ όϵκƳύ Yˈˋˍˇˌ όϵκƳύ Yˈˋˍˇˌ όϵκƳύ 

315.8 58.36 314.8 65.55 315.8 58.36

347.6 64.17 347.6 64.17 346.0 76.82

397.4 82.51 397.4 82.51 397.4 82.51

447.6 99.07 448.2 92.94 447.2 143.78

498.0 114.74 498 114.74 496.8 128.36

548.8 126.33 548.8 126.33 547.6 141.34

597.6 165.23 597.6 165.23 597.6 165.23

649.2 167.30 649.2 167.30 646.4 208.67

700.0 180.28 700.0 180.28 697.2 224.90

749.2 220.63 747.8 244.53 746.2 271.80

800.0 235.46 800.0 235.46 797.0 290.11

900.4 289.79 900.4 289.79 896.4 371.77

1000.2 363.35 1001.8 326.81 997 436.24

1101.6 404.99 1101.8 399.97 1097.6 505.33

1203.4 436.59 1201.2 496.93 1197.2 606.35

1304.8 479.16 1301.8 568.35 1296.8 716.55

ɳˋ˖ˍʶˊʽˁʺ 

όʁ˄ˇ˃ʰˋˍʽˁʺύ 

ɲʽʱ˃ʶˍˊˇˌ 5 

(mm)

ɳˋ˖ˍʶˊʽˁʺ 

όʁ˄ˇ˃ʰˋˍʽˁʺύ 

ɲʽʱ˃ʶˍˊˇˌ 5 

(mm)

ɳˋ˖ˍʶˊʽˁʺ 

όʁ˄ˇ˃ʰˋˍʽˁʺύ 

ɲʽʱ˃ʶˍˊˇˌ 5 

(mm)



ʅʶ˂ʾʵʰ μ 70  
 

 

ʅ˔ʺ˃ʰ нΦмм ʋʱ˂ˎʲʰˌ: ɼʰ˃ˉˏ˂ʹ ˁˈˋˍˇˎˌ-ʵʽʰ˃ʷˍˊˇˎΣ 3ʹ ˁ ʰˍʹʴˇˊʾʰ     

 

нΦпΦо ʅˏʴˁˊʽˋʹ Ductile Iron-ʋʱ˂ˎʲʰ 

ʅˍˇ ˋˍʱʵʽˇ ʰˎˍˈ ʴʾ˄ʶˍʰʽ ˃ʾʰ ˋˏʴˁˊʽˋʹ ˍ˖˄ ˋ˖˂ʺ˄˖˄ ʶ˂ʰˍˇˏ ˔ˎˍˇˋʾʵʹˊˇˎ ˁʰʽ ˔ʱ˂ˎʲʰΦ ʆʰ ʵˏˇ 

ˎ˂ʽˁʱ ʷ˔ˇˎ˄ ˍˇ˄ ʾʵʽˇ ˋˎ˄ˍʶ˂ʶˋˍʺ ˍˊʰ˔ˏˍʹˍʰˌ ˁʰʽ ˍˇ ʸʺˍʹ˃ʰ ʷ˔ʶʽ ˖ˌ ʶ˅ʺˌΥ 

мΦ ʁʽ ʵʽʰʻʷˋʽ˃ʶˌ ˁ˂ʱˋʶʽˌ ʴʽʰ ˍˇ˄ ʶ˂ʰˍˈ ˔ˎˍˇˋʾʵʹˊˇ ʶʾ˄ʰʽ о όнрΣ олΣ пл atm), ˃ʶ ˍˇˎˌ ˋ˖˂ʺ˄ʶˌ 

Ductile Iron ˄ʰ ˃ʹ˄ ˃ˉˇˊˇˏ˄ ˄ʰ ʶ˒ʰˊ˃ˇˋˍˇˏ˄ ˋʶ ʵʾˁˍˎʰ ˃ʶ ˋˍʰˍʽˁʺ ˉʾʶˋʹ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˈ 40 atm 

ˁʰʽ ʰˉˈ 25 atm ˁʰʽ ˁʱˍ˖Φ ɮ˄ˍʾʻʶˍʰ ʴʽʰ ˍˇˎˌ ˔ʰ˂ˎʲʵˇˋ˖˂ʺ˄ʶˌ ˎˉʱˊ˔ʶʽ ˍʶˊʱˋˍʽʰ ˉˇʽˁʽ˂ʾʰ ˉʽʷˋʶ˖˄ 

ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˅ʶˉʶˊʱˋʶʽ ˁʰʽ ˍʽˌ  млл atmΦ ɾʱ˂ʽˋˍʰ ʴʽʰ ˁʱʻʶ ʵʽʱ˃ʶˍˊˇΣ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ˄ ˉˇʽˈˍʹˍʰ 

ˍˇˎ ʶ˂ʱˋ˃ʰˍˇˌ ˃ˉˇˊˇˏ˄ ˄ʰ ˎˉʱˊ˅ˇˎ˄ о ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˉʽʷˋʶʽˌΦ ɮˎˍˈ ˋʾʴˇˎˊʰ ʶʾ˄ʰʽ ˋˎʴˁˊʽˍʽˁˈ 

ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ ˍˇˎ ˔ʱ˂ˎʲʰΣ ˁʰʻ˗ˌ ˃ˉˇˊʶʾ ʶˎˁˇ˂ˈˍʶˊʰ ˄ʰ ˉˊˇˋʰˊ˃ˇˋˍʶʾ ˋˍʽˌ ʽʵʽʰʽˍʶˊˈˍʹˍʶˌ ʶ˄ˈˌ 

ʵʽˁˍˏˇˎ ˁʰʽ ˍʽˌ ʶˁˍʽ˃ʺˋʶʽˌ ˍʹˌ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʺˌ ˍˇˎΣ ʶ˄ ʰ˄ˍʽʻʷˋʶʽ ˃ʶ ˍˇ ˔ˎˍˇˋʾʵʹˊˇΣ ˍˇˎ ˇˉˇʾˇˎ ˇʽ 

ˁ˂ʱˋʶʽˌ ˈ˔ʽ ˃ˈ˄ˇ ʶʾ˄ʰʽ ˉʶˊʽˇˊʽˋ˃ʷ˄ʶˌΣ ʰ˂˂ʱ ˁʰʽ ˁʱʻʶ ˃ʾʰ ʰˉʰ˄ˍʱˍʰʽ ˋˍʹ ʵʽˁʺ ˍʹˌ ˃ˇ˄ʰʵʽˁʺ ˇ˃ʱʵʰ 

ʵʽʰ˃ʷˍˊ˖˄Φ 

нΦ ʆˇ ʶˏˊˇˌ ʶˋ˖ˍʶˊʽˁ˗˄ ʵʽʰ˃ʷˍˊ˖˄ ˋˍʽˌ ˇˉˇʾʶˌ ˉʰˊʱʴˇ˄ˍʰʽ ˇʽ Ductile Iron ʰʴ˖ʴˇʾ ʶʾ˄ʰʽ 100-1200 

mmΣ ʶ˄˗ ʴʽʰ ˍˇˎˌ ˔ʰ˂ˎʲˇˋ˖˂ʺ˄ʶˌ ʶʾ˄ʰʽ нфуΦп-2014.0 mm. ɲʶʵˇ˃ʷ˄ˇˎ ˈˍʽ ˋˍʰ ʵʾˁˍˎʰ 

ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ʵʽʱ˃ʶˍˊˇʽ ʊфл ˁʰʽ ˉʱ˄˖ ˁʰʽ ʴʽʰ ˃ʶˍʰ˂˂ʽˁˇˏˌ ʰʴ˖ʴˇˏˌ ʰˉˈ ʊолл ˁʰʽ ˉʱ˄˖Σ 

ʰˎˍˈ˃ʰˍʰ ˍʰ ʶˏˊʹ ʴʾ˄ˇ˄ˍʰʽ олл-мнлл ˁʰʽ омрΦу-нлмпΦл ʰ˄ˍʾˋˍˇʽ˔ʰΦ ɳ˄ˍˇˏˍˇʽˌ ˁʰʽ ʶʵ˗ ˇ ˔ʱ˂ˎʲʰˌ 

ʶˉʽˁˊʰˍʶʾΣ ˁʰʻ˗ˌ ˇʽ ʵʽʱ˃ʶˍˊˇʾ ˍˇˎ ʵʽʰˍʾʻʶ˄ˍʰʽ ˋʶ  ˉˇ˂ˏ ˃ʶʴʰ˂ˏˍʶˊˇ ʶˏˊˇˌ ˁʰʽ ˋʶ ˉˇ˂ˏ ˃ʽˁˊˈˍʶˊʰ 

ʲʺ˃ʰˍʰΦ 

3. ɮˉˈ ʱˉˇ˕ʹ ˁˈˋˍˇˎˌΣ ʴʽʰ ˍʽˌ ˁˇʽ˄ʷˌ ʵʽʰ˃ʷˍˊˇˎˌ ˁʰʽ ˁ˂ʱˋʶʽˌ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʷ˔ˇˎ˄ ˖ˌ ʶ˅ʺˌ όʷˊʴʰ оʹˌ 

ˁʰˍʹʴˇˊʾʰˌύΥ 
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ʃʾ˄ʰˁʰˌ нΦмп ʅˏʴˁˊʽˋʹ ˍˇˎ ˁˈˋˍˇˎˌ ˍ˖˄ ʰʴ˖ʴ˗˄ ˎˉˈ ˉʾʶˋʹ ʰˉˈ ɳ˂ʰˍˈ ʋˎˍˇˋʾʵʹˊˇ ˁ ʰʽ ʋʱ˂ˎʲʰ  

ʃʹʴʺ: ʆʽ˃ˇ˂ˈʴʽˇ ʇʵˊʰˎ˂ʽˁ˗˄ ɴˊʴ˖˄ ʇʃɳɼɮΣ нлмо 

 

 

 

ʅˍˇ˄ ˉʰˊʰˉʱ˄˖ ˉʾ˄ʰˁʰΣ ʹ ʵʽʰ˒ˇˊʱ ʴʽʰ ˁʱʻʶ ˃ʷˍˊˇ ˃ʺˁˇˎˌ ˅ʶˁʽ˄ʱ ʰˉˈ ˍʰ сΦс ϵ όʊмллл нр atm) ˁ ʰʽ 

˒ˍʱ˄ʶʽ ˃ʷ˔ˊʽ ˁʰʽ ˍʰ мтоΦп ϵ όʊмнлл нр atm).  

ʅʶ ˁʱʻʶ ˁ˂ʱˋʹ ʹ пʹ ˋˍʺ˂ʹ ʵʶʾ˔˄ʶʽ ˋʶ ˍʽ ˉˇˋˇˋˍˈ ˍˇˎ ό˒ʻʹ˄ˈˍʶˊˇˎύ ˔ʱ˂ˎʲʰ ˇ ˔ˎˍˇˋʾʵʹˊˇˌ ʶʾ˄ʰʽ 

ˇ˃ˈ˂ˇʴʰ ʰˁˊʽʲˈˍʶˊˇˌΣ ˃ʶ ˍʰ ˁˈˁˁʽ˄ʰ ʴˊʱ˃˃ʰˍʰ ˄ʰ ʵʶʾ˔˄ˇˎ˄ ˋʶ ˉˇʽʰ ʵʽʱ˃ʶˍˊˇ ˁʱʻʶ ˒ˇˊʱ ˎˉʱˊ˔ʶʽ 

ʹ ʶ˄ˍˇ˄ˈˍʶˊʹ ʰˏ˅ʹˋʹ ˍʹˌ ˍʽ˃ʺˌ ʴʽʰ ˍʹ˄ ʾʵʽʰ ˁ˂ʱˋʹΦ ʅʶ ˇˊʽˋ˃ʷ˄ʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ʹ ʰˏ˅ʹˋʹ ʶʾ˄ʰʽ 

˃ʶɹʰ˂ˏˍʶˊʹ ˍˇˎ рл҈Φ 

Č ɮˉˈ ˇʽˁˇ˄ˇ˃ʽˁʺˌ ˋˁˇˉʽʱˌΣ ˔˖ˊʾˌ ʰ˃˒ʽʲˇ˂ʾʰ ˇ ʶ˂ʰˍˈˌ ˔ˎˍˇˋʾʵʹˊˇˌ ʶʾ˄ʰʽ ʰˁˊʽʲˈˍʶˊˇˌ ʰˉˈ ˍˇ˄ 

ʶˎʷ˂ʽˁˍˇ ˋˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˔ʱ˂ˎʲʰΦ ɲʶ˄ ˉˊʷˉʶʽ ˈ˃˖ˌ ˄ʰ ˉʰˊʰ˂ʶʽ˒ʻʶʾ ʹ ˎ˕ʹ˂ʺ ʰ˄ˍʽʵʽʰʲˊ˖ˍʽˁʺ 

ʽˁʰ˄ˈˍʹˍʰ ˈ˃˖ˌ ˍˇˎ ˉˊ˗ˍˇˎΣ ʹ ˇˉˇʾʰ ˋʶ ˁʱˉˇʽʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ʹ ʶʽʵˇˉˇʽˈˌ 

ʵʽʰ˒ˇˊʱ ʴʽʰ ˍʹ˄ ʶˁ˂ˇʴʺ ˍˇˎΣ ʶʽʵʽˁʱ ˋʶ ʵʽʰ˃ʷˍˊˇˎˌ ˉˇˎ ʵʶ˄ ˎˉʱˊ˔ʶʽ ˃ʶʴʱ˂ʹ ʵʽʰ˒ˇˊʱ ˍʽ˃ʺˌ ˃ʶ 

ˍˇ˄ ˔ʱ˂ˎʲʰ ˁʰʽ ˉʰˊʱ ˍʹ˄ ʶ˃˒ʱ˄ʽˋʹ ˍʹˌ ˄ʷʰˌ ʴʶ˄ʽʱˌ ˔ʰ˂ˎʲˇˋ˖˂ʺ˄˖˄ ˃ʶ ʶ˅˖ˍʶˊʽˁʺ ʶˉʷ˄ʵˎˋʹ 

ʰˉˈ ˉˇ˂ˎʰʽʻˎ˂ʷ˄ʽˇΦ 

2.5 ʅʍɽɶɿɳʅ ɮʃʁ ʇɮɽʁʃɽɹʅɾɳɿʁ ʃʁɽʇɾɳʄɳʅ όGRP) 

2.5.1 ʅ˖˂ʺ˄ʶˌ ʰˉˈ ʇʰ˂ˇˉ˂ʽˋ˃ʷ˄ˇ ʃˇ˂ˎ˃ʶˊʷˌ όGRP) 

ʁʽ ʲʰˋʽˁʷˌ ˉˊ˗ˍʶˌ ˏ˂ʶˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˍ˖˄ GRP ʰʴ˖ʴ˗˄ ʶʾ˄ʰʽ ʹ ˊʹˍʾ˄ʹΣ 

ˍʰ ˎʰ˂ˇ˄ʺ˃ʰˍʰ ˁʰʽ ʹ ˉˎˊʽˍʽˁʺ ʱ˃˃ˇˌΦ ʁʽ ˋ˖˂ʺ˄ʶˌ ˁʰˍʰˋˁʶˎʱʸˇ˄ˍʰʽ ˃ʶ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ˋˎ˄ʶ˔ˇˏˌ 

ˉʶˊʽʷ˂ʽ˅ʹˌ ʹ ˇˉˇʾʰ ʶˉʽˍˊʷˉʶʽ ˍʹ ˔ˊʺˋʹ ˋˎ˄ʶ˔ˇˏˌ ˉʶˊʽ˒ʶˊʶʽʰˁˇˏ ˇˉ˂ʽˋ˃ˇˏ ˎʰ˂ˇ˄ʹ˃ʱˍ˖˄Φ ʅˍʹ˄ 

ˉʶˊʾˉˍ˖ˋʹ ˍ˖˄ ˎˉˈ ˉʾʶˋʹ ˋ˖˂ʺ˄˖˄Σ ʹ ˁˏˊʽʰ ˉʾʶˋʹ ʰˋˁʶʾˍʰʽ ˉʶˊʽ˒ʶˊʶʽʰˁʱΦ ɴˍˋʽΣ ʹ ʶ˄ˋ˖˃ʱˍ˖ˋʹ 

ˋˎ˄ʶ˔ˇˏˌ ˇˉ˂ʽˋ˃ˇˏ ˉˊˇˌ ˍʹ ʵʽʶˏʻˎ˄ˋʹ ʰˎˍʺ ʷ˔ʶʽ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ 

ˋˎ˃ˉʽʶˋ˃ʷ˄ˇˎ ˉˇ˂ˎˋˍˊ˖˃ʰˍʽˁˇˏ ˃ʹ ˃ʶˍʰ˂˂ʽˁˇˏ ˎ˂ʽˁˇˏ ˉˇˎ ʰ˅ʽˇˉˇʽʶʾ ˋˍˇ ˃ʷʴʽˋˍˇ ˍʽˌ ʽʵʽˈˍʹˍʶˌ 

ˍ˖˄ ˍˊʽ˗˄ ˉˊ˗ˍ˖˄ ˎ˂˗˄Φ 

D. Ironʋʱ˂ˎʲʰˌD. Ironʋʱ˂ˎʲʰˌɲʽʰ˒ˇˊʱ҈ ɮˏ˅ʹˋʹˌD. Ironʋʱ˂ˎʲʰˌɲʽʰ˒ˇˊʱ҈ ɮˏ˅ʹˋʹˌD. Ironʋʱ˂ˎʲʰˌɲʽʰ˒ˇˊʱ҈ ɮˏ˅ʹˋʹˌ

300 Ғ омр 58.36 100.0 58.36 41.6 71.4

350 Ғ опт 64.17 115.0 64.17 50.8 79.2

400 Ғ плл 82.51 130.0 82.51 47.5 57.6

450 Ғ ппу 99.07 135.0 92.94 42.1 45.3

500 Ғ пфу 114.74 150.0 114.74 35.3 30.7

600 Ғ рфу 165.23 180.0 165.23 14.8 8.9

700 Ғ тлл215.0 180.28 34.7 19.3

800 Ғ улл255.0 235.46 19.5 8.3

900 Ғ флл350.0 289.79 60.2 20.8

1000 Ғ мллл370.0 363.35 6.6 1.8

1100 Ғ ммлм490.0 404.99 85.0 21.0

1200 Ғ мнлм610.0 436.59 173.4 39.7

25 atm 30 atm 40 atm

ɼˈˋˍˇˌ όϵκƳύɳˋ˖ˍʶˊʽˁʺ 

ɲʽʱ˃ʶˍˊˇˌ 5 

(mm)
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ɳʽˁˈ˄ʰ нΦ5 ʅ˖˂ʺ˄ʶˌ GRP 

ʃʹʴʺ: ɹˋˍˈˍˇˉˇˌ timzhifu.en.made-in-china 

 

ɱʽʰ ʵʰˁˍˎ˂ˇʶʽʵʺ ʰˁʰ˃˕ʾʰ нΦр kN/m2 ˍˇ ˍʽ˃ˇ˂ˈʴʽˇ ˍʹˌ ɳʇɲɮʃ ʰ˒ˇˊʱ ˋʶ ʰʴ˖ʴˇˏˌ ˇ˄ˇ˃ʰˋˍʽˁʺˌ 

ˉʾʶˋʹˌ м atmΦ ɲʾ˄ʶʽ ʵʶ ˁʱˉˇʽˇˎˌ ˋˎ˄ˍʶ˂ʶˋˍʷˌΣ ʷ˄ʰ˄ ʴʽʰ ˁʱʻʶ ˇ˄ˇ˃ʰˋˍʽˁʺ ˉʾʶˋʹΣ ˇʽ ˇˉˇʾˇʽ 

ˉˇ˂˂ʰˉ˂ʰˋˋʽʰʸˈ˃ʶ˄ˇʽ ˃ʶ ˍʰ ˁˈˋˍʹ ˍˇˎ ˍʽ˃ˇ˂ˇʴʾˇˎΣ ʷ˔ˇˎ˄ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʰ ˁˈˋˍʹ ʴʽʰ ˍʽˌ сΣ млΣ 

мнΣ мсΣ нр ˁʰʽ он atm. 

 

ɳʽˁˈ˄ʰ нΦ6 ɳ˅ʰʴ˖ʴʺ ˍˇˎ ˍʽ˃ˇ˂ˇʴʾˇˎ ʴʽʰ ʵʽʱ˒ˇˊʶˌ ˁ˂ʱˋʶʽˌ ʰʴ˖ʴ˗˄ GRP 

ʃʹʴʺ: ʆʽ˃ˇ˂ˈʴʽˇ ʇʵˊʰˎ˂ʽˁ˗˄ ɴˊʴ˖˄ ʇʃɳɼɮΣ нлмо 

. 
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ʅˎʴˁʶ˄ˍˊ˖ˍʽˁʱ ˇʽ GRP ̀ ˖˂ʺ˄ʶˌ ˉʰˊʱʴˇ˄ˍʰʽ ˋʶΥ 

 ~ ɳˏˊˇˌ ˇ˄ˇ˃ʰˋˍʽˁ˗˄ όʶˋ˖ˍʶˊʽˁ˗˄ύ ʵʽʰ˃ʷˍˊ˖˄ олл-2400 mm 

 ~ ɼ˂ʱˋʶʽˌ сΣ млΣ мнΣ мсΣ нлΣ нр ˁʰʽ он atm 

 ~ ɲʰˁˍˎ˂ˇʶʽʵʺ ʰˁʰ˃˕ʾʰ нΦр ˁʰʽ р kN/m2 

 

ʃʾ˄ʰˁʰˌ нΦ15 GRPΥ ɼˈˋˍˇˌ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌΣ мʹ ˁ ʰˍʹʴˇˊʾʰ 

 

 
 

 

 

 

 

 

 

 

6 atm 10 atm 12 atm 16 atm 20 atm 25 atm 32 atm

55.36 57.94 59.23 63.09 65.66 69.53 77.25 

66.65 69.75 71.30 75.95 79.05 83.70 93.00 

77.40 81.00 82.80 88.20 91.80 97.20 108.00 

82.78 86.63 88.55 94.33 98.18 103.95 115.50 

99.98 104.63 106.95 113.93 118.58 125.55 139.50 

121.48 127.13 129.95 138.43 144.08 152.55 169.50 

154.80 162.00 165.60 176.40 183.60 194.40 216.00 

198.88 208.13 212.75 226.63 235.88 249.75 277.50 

237.58 248.63 254.15 270.73 281.78 298.35 331.50 

282.73 295.88 302.45 322.18 335.33 355.05 394.50 

337.55 353.25 361.10 384.65 400.35 423.90 471.00 

376.25 393.75 402.50 428.75 446.25 472.50 525.00 

440.75 461.25 471.50 502.25 522.75 553.50 615.00 

494.50 517.50 529.00 563.50 586.50 621.00 690.00 

559.00 585.00 598.00 637.00 663.00 702.00 780.00 

634.25 663.75 678.50 722.75 752.25 796.50 885.00 

698.75 731.25 747.50 796.25 828.75 877.50 975.00 

774.00 810.00 828.00 882.00 918.00 972.00 1,080.00 

838.50 877.50 897.00 955.50 994.50 1,053.00 1,170.00 

935.25 978.75 1,000.50 1,065.75 1,109.25 1,174.50 1,305.00 

1,021.25 1,068.75 1,092.50 1,163.75 1,211.25 1,282.50 1,425.00 

1,107.25 1,158.75 1,184.50 1,261.75 1,313.25 1,390.50 1,545.00 

1,193.25 1,248.75 1,276.50 1,359.75 1,415.25 1,498.50 1,665.00 

1,354.50 1,417.50 1,449.00 1,543.50 1,606.50 1,701.00 1,890.00 

1600

ʁ˄ˇ˃ʰˋˍʽˁʺ 

ɲʽʱ˃ʶˍˊˇˌ                    

D (mm)

300

350

400

450

Yˈˋˍˇˌ / όϵκƳύ

1ɶ ɼɮʆɶɱʁʄɹɮ ɳʄɱʍɿΥ ғ мΦр ʶˁΦ ϵ

500

600

700

1400

1700

1500

800

900

1000

1100

1200

2300

2400

2000

2100
2200

1300

1800

1900
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ʃʾ˄ʰˁʰˌ нΦ16 GRPΥ ɼˈˋˍˇˌ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌΣ нʹ ˁ ʰˍʹʴˇˊʾʰ 
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ʃʾ˄ʰˁʰˌ нΦ17 GRPΥ ɼˈˋˍˇˌ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌΣ оʹ ˁ ʰˍʹʴˇˊʾʰ 
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ʅ˔ʺ˃ʰ нΦмн GRP: ɼʰ˃ˉˏ˂ʹ ˁˈˋˍˇˎˌ-ʵʽʰ˃ʷˍˊˇˎΣ 1ʹ ˁ ʰˍʹʴˇˊʾʰ     

 

 

ʅ˔ʺ˃ʰ нΦмо GRP: ɼʰ˃ˉˏ˂ʹ ˁˈˋˍˇˎˌ-ʵʽʰ˃ʷˍˊˇˎΣ 2ʹ ˁ ʰˍʹʴˇˊʾʰ     
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ʅ˔ʺ˃ʰ нΦмп GRP: ɼʰ˃ˉˏ˂ʹ ˁˈˋˍˇˎˌ-ʵʽʰ˃ʷˍˊˇˎΣ 3ʹ ˁ ʰˍʹʴˇˊʾʰ     

 

2.5.2 ʅˏʴˁˊʽˋʹ GRP-Ductile Iron-ʋʱ˂ˎʲʰ 

ʂˉ˖ˌ ˋˎ˄ʺ˔ʻʹ ˉˊˇʹʴˇˎ˃ʷ˄˖ˌΣ ˇʽ ˔ʰ˂ˎʲˇˋ˖˂ʺ˄ʶˌ ʶʾ˄ʰʽ ʴʶ˄ʽˁʱ ˇʽˁˇ˄ˇ˃ʽˁˈˍʶˊˇʽ ʰˉˈ ˍˇˎˌ ˋ˖˂ʺ˄ʶˌ 

ʰˉˈ ʶ˂ʰˍˈ ˔ˎˍˇˋʾʵʹˊˇΦ ʅˍˇ ˋˍʱʵʽˇ ʰˎˍˈ ʻʰ ʴʾ˄ʶʽ ˃ʾʰ ˋˏʴˁˊʽˋʹ ˍ˖˄ ʵˏˇ ʰˎˍ˗˄ ˃ʶˍʰ˂˂ʽˁ˗˄ ˎ˂ʽˁ˗˄ 

˃ʶ ˍˇ ˄ʶˇʶ˃˒ʰ˄ʽʸˈ˃ʶ˄ˇ GRPΦ ɴˍˋʽ ʻʰ ʴʾ˄ʶʽ ˃ʾʰ ˍʶ˂ʽˁʺΣ ˈ˔ʽ ʰˉˈ˂ˎˍʹΣ ʶˁˍʾ˃ʹˋʹ ʴʽʰ ΩΩˍˇ ˒ʻʹ˄ˈˍʶˊˇ 

ˎ˂ʽˁˈ ˍʹˌ ˇ˃ʱʵʰˌ ˍ˖˄ ˃ʶʴʱ˂˖˄ ʵʽʰ˃ʷˍˊ˖˄ΩΩΣ ʷ˔ˇ˄ˍʰˌ ʺʵʹ ˖ˌ ʵʶʵˇ˃ʷ˄ʹ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍˇˎ PVC ˖ˌ 

ΩΩˍˇ ˒ʻʹ˄ˈˍʶˊˇ ˎ˂ʽˁˈ ˍʹˌ ˇ˃ʱʵʰˌ ˍ˖˄ ˃ʽˁˊ˗˄ ʵʽʰ˃ʷˍˊ˖˄ΩΩΦ ʆʰ ʵʶʵˇ˃ʷ˄ʰ ʶˉˇ˃ʷ˄˖ˌ ʷ˔ˇˎ˄ ˖ˌ ʶ˅ʺˌΥ 

мΦ ʂˉ˖ˌ ˉˊˇʶ˂ʷ˔ʻʹΣ ˇʽ ʵʽʰʻʷˋʽ˃ʶˌ ˁ˂ʱˋʶʽˌ ʴʽʰ ˍˇ˄ ʶ˂ʰˍˈ ˔ˎˍˇˋʾʵʹˊˇ ʶʾ˄ʰʽ о όнрΣ олΣ пл atm) ˁʰʽ 

ʴʽʰ ˍˇ˄ ˔ʱ˂ˎʲʰ ˎˉʱˊ˔ʶʽ ˃ʾʰ ˃ʶʴʱ˂ʹ ˉˇʽˁʽ˂ʾʰ ˉʽʷˋʶ˖˄ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˅ʶˉʶˊʱˋʶʽ ˁʰʽ ˍʽˌ  млл atm. 

ɾʱ˂ʽˋˍʰ ʴʽʰ ˁʱʻʶ ʵʽʱ˃ʶˍˊˇΣ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ˄ ˉˇʽˈˍʹˍʰ ˍˇˎ ʶ˂ʱˋ˃ʰˍˇˌ ˃ˉˇˊˇˏ˄ ˄ʰ ˎˉʱˊ˅ˇˎ˄ о 

ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˉʽʷˋʶʽˌΦ ɱʽʰ ˍˇ GRP ˇʽ ʵʽʰʻʷˋʽ˃ʶˌ ˁ˂ʱˋʶʽˌ ʶʾ˄ʰʽ т όсΣ млΣ мнΣ мсΣ нлΣ нрΣ он atm) ˁʰʽ 

ˋʾʴˇˎˊʰ ʹ ʵʽʰʻʷˋʽ˃ʹ ʴˁʱ˃ʰ ˍˇ ˁʰʻʽˋˍʱ ʶˉʽˁˊʰˍʷˋˍʶˊˇ ˍˇˎ ˔ˎˍˇˋʾʵʹˊˇˎ ʰˉˈ ʱˉˇ˕ʹ ˁ˂ʱˋʶ˖˄Φ 

нΦ ʆˇ ʶˏˊˇˌ ʶˋ˖ˍʶˊʽˁ˗˄ ʵʽʰ˃ʷˍˊ˖˄ ʴʽʰ ʰʴ˖ʴˇˏˌ ˎˉˈ ˉʾʶˋʹ ʶʾ˄ʰʽ олл-1200 mm ʴʽʰ Ductile Iron 

ʰʴ˖ʴˇˏˌ ˁʰʽ ом5.8-2014.0 mm ɹ ʽʰ ˔ʰ˂ˎʲˇˋ˖˂ʺ˄ʶˌΦ ɱʽʰ ˍˇ GRP ˍˇ ʶˏˊˇˌ ʵʽʰ˃ʷˍˊ˖˄ ʶʾ˄ʰʽ олл-2400 

mm. ɮˉˈ ʱˉˇ˕ʹ ˉˇʽˁʽ˂ʾʰˌ ʵʽʰ˃ʷˍˊ˖˄ ˍˇ GRP ʶʾ˄ʰʽ ʽˁʰ˄ˇˉˇʽʹˍʽˁˈˍʰˍˇ ˁʽ ʰˌ ˃ʹ˄ ʵʽʰʻʷˍʶʽ ˍʰ ˃ʽˁˊʱ 

ʲʺ˃ʰˍʰ ˍˇˎ ˔ʱ˂ˎʲʰΦ 

оΦ ɮˉˈ ʱˉˇ˕ʹ ˁˈˋˍˇˎˌΣ ʴʽʰ ˍʽˌ ˁˇʽ˄ʷˌ ʵʽʰ˃ʷˍˊˇˎˌ ˁʰʽ ˁ˂ʱˋʶʽˌ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ʷ˔ˇˎ˄ ˖ˌ ʶ˅ʺˌ όʷˊʴʰ оʹˌ 

ˁʰˍʹʴˇˊʾʰˌύΥ 
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ʃʾ˄ʰˁʰˌ нΦм8 ʅˏʴˁˊʽˋʹ ˍˇˎ ˁˈˋˍˇˎˌ ˍ˖˄ ʰʴ˖ʴ˗˄ ˎˉˈ ˉʾʶˋʹ ʰˉˈ GRP, ɳ˂ʰˍˈ ʋˎˍˇˋʾʵʹˊˇ ˁ ʰʽ 

ʋʱ˂ˎʲʰ  

ʃʹʴʺ: ʆʽ˃ˇ˂ˈʴʽˇ ʇʵˊʰˎ˂ʽˁ˗˄ ɴˊʴ˖˄ ʇʃɳɼɮΣ нлмо 

 

 
 

 

ʅˍˇ˄ ˉʰˊʰˉʱ˄˖ ˉʾ˄ʰˁʰΣ ʹ ʵʽʰ˒ˇˊʱ GRP-ʋˎˍˇˋʾʵʹˊˇˎ ʴʽʰ ˁʱʻʶ ˃ʷˍˊˇ ˃ʺˁˇˎˌ ˅ʶˁʽ˄ʱ ʰˉˈ ˍʰ нм ϵ 

όʊрлл ол atm) ˁ ʰʽ ˒ˍʱ˄ʶʽ ˃ʷ˔ˊʽ ˁʰʽ ˍʰ мту ϵ όʊмнлл нр atm).  

ɳˉʾˋʹˌΣ ʰˉˈ ˍʹ ˋˏʴˁˊʽˋʹ GRP-ʋʱ˂ˎʲʰΣ ˒ʰʾ˄ʶˍʰʽ ˈˍʽ ˋˍʽˌ ˃ʽˁˊˈˍʶˊʶˌ ʵʽʰ˃ʷˍˊˇˎˌ ˍˇ GRP ʶʾ˄ʰʽ 

ʰˁˊʽʲˈˍʶˊˇ ʰˉˈ ˍˇ ˔ʱ˂ˎʲʰ (ʴʽʰ ˍʹ˄ ʰˁˊʾʲʶʽʰΣ ʹ ˁ˂ʱˋʹ ˍˇˎ GRP ʶʾ˄ʰʽ он atm, ʰ˂˂ʱ 

ˋ̱ ˊˇʴʴˎ˂ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ ˋˏʴˁˊʽˋʹύ ʷ˖ˌ ˁʰʽ ˁʰˍʱ ооΦн҈Φ ɮˉˈ ˍʹ˄ ʊслл ˁʰʽ ˃ʶˍʱ ˈ˃˖ˌΣ ˈˋˇ 

˃ʶʴʰ˂˗˄ʶʽ ʹ ʵʽʱ˃ʶˍˊˇˌ ˁʰʽ ʹ ˁ˂ʱˋʹΣ ʰ˄ˍʽˋˍˊʷ˒ʶˍʰʽ ʹ ʶʽˁˈ˄ʰΣ ˃ʶ ˍˇ˄ ˔ʱ˂ˎʲʰ ˄ʰ ʶʾ˄ʰʽ ʰˁˊʽʲˈˍʶˊˇˌ 

ˍˇˎ GRP h ˁˈ˃ʰ ˁʰʽ ˁʰˍʱ ммΦн҈Φ 

Č ɮˉˈ ˍʰ ˉʰˊʰˉʱ˄˖Σ ˃ʶ ˃ʾʰ ʴʶ˄ʽˁʺ ʵʽʱˍʰ˅ʹ ʴʽʰ ˃ʶʴʱ˂ʶˌ ʵʽʰ˃ʷˍˊˇˎˌΣ ʽˋ˔ˏʶʽ ˖ˌ ˉˊˇˌ ˍʹ˄ 

ˇʽˁˇ˄ˇ˃ʽˁˈˍʹˍʰΥ  

GRP < Steel < D. Iron 

Σ ˃ʶ ˍˇ ˔ˎˍˇˋʾʵʹˊˇ ˄ʰ ʶʾ˄ʰʽ ˍˇ ʰˁˊʽʲˈˍʶˊˇ ˎ˂ʽˁˈΦ ʃˊʷˉʶʽ ˈ˃˖ˌ ˄ʰ ʶˉʽˋʹ˃ʰ˄ʻʶʾ ˈˍʽ ʲʽˇ˃ʹ˔ʰ˄ʾʰ 

ˉʰˊʰʴ˖ʴʺˌ GRP ˋ˖˂ʺ˄˖˄ ʵʶ˄ ˎˉʱˊ˔ʶʽ ˋˍʹ˄ ɳ˂˂ʱʵʰΦ ɮˎˍˈ ʷ˔ʶʽ ʰ˄ˍʾˁˍˎˉˇ ʰ˒ʶ˄ˈˌ ˋˍʹ˄ ʶˏˊʶˋʹ 

ʰ˄ˍʰ˂˂ʰˁˍʽˁ˗˄Σ ʰ˒ʶˍʷˊˇˎ ˋˍˇ ˔ˊˈ˄ˇ ʶˉʽˋˁʶˎʺˌ ˍˇˎ ˋ˖˂ʺ˄ʰ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ʲ˂ʱʲʹˌΦ ɶ ʰˉˈ˒ʰˋʹ 

ʶˉʰ˒ʾʶˍʰʽ ˋʶ ˍʶ˂ʶˎˍʰʾʰ ʰ˄ʱ˂ˎˋʹ ˋˍˇ˄ ʾʵʽˇ ˍˇ ɾʹ˔ʰ˄ʽˁˈΦ 

 

 

 

 

 

 

GRP D. Iron ʋʱ˂ˎʲʰˌGRP D. Iron ɲʽʰ˒ˇˊʱ҈ ɮˏ˅ʹˋʹˌGRP ʋʱ˂ˎʲʰˌɲʽʰ˒ˇˊʱ҈ ɮˏ˅ʹˋʹˌ

179.55 215.00 35.5 19.7 179.55 180.28 0.7 0.4

230.85 255.00 24.2 10.5 230.85 235.46 4.6 2.0

275.40 350.00 74.6 27.1 275.40 289.79 14.4 5.2

326.70 370.00 43.3 13.3 326.70 363.35 36.7 11.2

391.50 490.00 98.5 25.2 391.50 404.99 13.5 3.4

432.00 610.00 178.0 41.2 432.00 436.59 4.6 1.1

GRP D. Iron ʋʱ˂ˎʲʰˌGRP D. Iron ɲʽʰ˒ˇˊʱ҈ ɮˏ˅ʹˋʹˌGRP ʋʱ˂ˎʲʰˌɲʽʰ˒ˇˊʱ҈ ɮˏ˅ʹˋʹˌ

85.50 115.00 29.5 34.5 85.50 64.17 21.3 33.2

100.50 130.00 29.5 29.4 100.50 82.51 18.0 21.8

106.50 135.00 28.5 26.8 106.50 92.94 13.6 14.6

129.00 150.00 21.0 16.3 129.00 114.74 14.3 12.4

157.50 180.00 22.5 14.3 157.50 165.23 7.7 4.9600

25 atm

ʁ˄ˇ˃ʰˋˍʽˁʺ ɲʽʱ˃ʶˍˊˇˌ                    

D (mm)

30 atm

500

450

400

350

1200

1100

1000

900

800

700

ɼˈˋˍˇˌ όϵκƳύ
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2.6 ʆʁ ɾɳɱɳɸʁʅ C/ A 

ɶ ˉˇʽˁʽ˂ʾʰ ˁ˂ʱˋʶ˖˄ ˁʰʽ ʵʽʰ˃ʷˍˊ˖˄Σ ʹ ˔ˊʺˋʹ ʶ˅˖ˍʶˊʽˁ˗˄ ʵʽʰ˃ʷˍˊ˖˄ ˖ˌ ˇ˄ˇ˃ʰˋˍʽˁʷˌ ˋˍʰ ˉ˂ʰˋˍʽˁʱ 

ˁʰʽ ˍˇ GRP ˁʰʽ ʰ˄ˍʾˋˍˇʽ˔ʰ ˍ˖˄ ʶˋ˖ˍʶˊʽˁ˗˄ ˋˍʰ ˃ʷˍʰ˂˂ʰ ˁʰʻ˗ˌ ˁʰʽ ˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ʹ ˁˇˋˍˇ˂ˈʴʹˋʹ 

ˍˇˎ ˔ʱ˂ˎʲʰ ʴʾ˄ʶˍʰʽ ˋʶ ϵκkg ʶ˄˗ ˍ˖˄ ˎˉˈ˂ˇʽˉ˖˄ ˎ˂ʽˁ˗˄ ˋʶ ϵκm, ˁ ʰʻʽˋˍʱ ʵˏˋˁˇ˂ʹ ˍʹ ˋˏʴˁˊʽˋʹ ˍ˖˄ 

ˎ˂ʽˁ˗˄ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˁʰʽ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ʶ˄ˈˌ ˅ʶˁʱʻʰˊˇˎ ˋˎ˃ˉʶˊʱˋ˃ʰˍˇˌ ʴʽʰ ˍˇ ˉˇʽˇ ˎ˂ʽˁˈ ʶʾ˄ʰʽ 

ˉˊʰʴ˃ʰˍʽˁʱ ˍˇ ˇʽˁˇ˄ˇ˃ʽˁˈˍʶˊˇΦ ʃˊˇʹʴˇˎ˃ʷ˄˖ˌΣ ʹ ˋˏʴˁˊʽˋʹ ʷʴʽ˄ʶ ʴʽʰ ˇˊʽˋ˃ʷ˄ʶˌ ˁ˂ʱˋʶʽˌ ˁʰʽ 

ˇ˃ʱʵʶˌ ʵʽʰ˃ʷˍˊ˖˄ ˉˇˎ ʰˉʰ˄ˍ˗˄ˍʰʽ ʰˉˈ ˁˇʽ˄ˇˏ ˋˍʰ ˎ˂ʽˁʱ ˉˇˎ ˋˎʴˁˊʾ˄ˇ˄ˍʰʽΦ 

ɳ˃˒ʰ˄ʾʸʶˍʰʽ ʶˉˇ˃ʷ˄˖ˌ ʹ ʰ˄ʱʴˁʹ ʵʹ˃ʽˇˎˊʴʾʰˌ ʶ˄ˈˌ ˃ʷˍˊˇˎ ˋˏʴˁˊʽˋʹˌΣ ʶ˄ˈˌ ΩΩˁˇʽ˄ˇˏ 

ˉʰˊˇ˄ˇ˃ʰˋˍʺΩΩΣ ˋˍˇ˄ ˇˉˇʾˇ ˄ʰ ˃ʹ˄ ʶ˃ˉ˂ʷˁˇ˄ˍʰʽ ˃ˇ˄ʱʵʶˌ ˃ʷˍˊʹˋʹˌ ˁˈˋˍˇˎˌΣ ʵʽʰ˃ʷˍˊ˖˄ ʺ ˁ˂ʱˋʹˌ 

όʵʹ˂Φ ˇʽ ˃ˇ˄ʱʵʶˌ ˍˇˎ ˄ʰ ˃ʹ˄ ʷ˔ˇˎ˄ ˁʰ˄ʷ˄ʰ ˒ˎˋʽˁˈ ˄ˈʹ˃ʰύΣ ʴʽʰ ˄ʰ ˍʶ˂ʶˋ˒ˇˊʺˋʶʽ ʹ ˋˏʴˁˊʽˋʹΦ 

ʁ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˉˇˎ ʶˉʽ˂ʷ˔ʻʹˁʶΣ ʺˍʰ˄ ˇ ˂ˈʴˇˌ ˁˈˋˍˇˎˌ ˁʰʽ ʶ˃ʲʰʵˇˏ ʵʽʰˍˇ˃ʺˌ  Φ ʆˇ ʶ˃ʲʰʵˈ˄ ˍʹˌ 

ˁˎˁ˂ʽˁʺˌ ʵʽʰˍˇ˃ʺˌ ˉʶˊʽˁ˂ʶʾʶʽ ˍʹ˄ ʶˋ˖ˍʶˊʽˁʺ ʵʽʱ˃ʶˍˊˇ όɮ Ґ ), ʶˉˇ˃ʷ˄˖ˌ ˃ˉˇˊˇˏ˄ ˍʰ ˎ˂ʽˁʱ ˋʶ 

ʷ˄ʰ ˁˇʽ˄ˈ ʶˏˊˇˌ ˁ˂ʱˋʶ˖˄ ˄ʰ ˋˎʴˁˊʽʻˇˏ˄Φ ʃˊˇ˒ʰ˄˗ˌ ˈˋˇ ˃ʽˁˊˈˍʶˊˇˌ ʶʾ˄ʰʽ ˇ ˂ˈʴˇˌΣ ˍˈˋˇ 

ˇʽˁˇ˄ˇ˃ʽˁˈˍʶˊˇ ʻʰ ʶʾ˄ʰʽ ˍˇ ˎ˂ʽˁˈΣ ʵʽˈˍʽ ʷ˄ʰˌ ˋˎ˄ʵˎʰˋ˃ˈˌ ˃ʽˁˊˇˏ ˁˈˋˍˇˎˌ ˉˇˎ ʻʰ ʶ˂ʰˍˍ˗ˋʶʽ ˍˇ˄ 

ʰˊʽʻ˃ʹˍʺ ˁʰʽ ˃ʶʴʱ˂ʹˌ ʵʽʰ˃ʷˍˊˇˎ ˉˇˎ ʻʰ ʰˎ˅ʺˋʶʽ ˋˍˇ ˍʶˍˊʱʴ˖˄ˇ ˍˇ˄ ˉʰˊˇ˄ˇ˃ʰˋˍʺΣ ʶʾ˄ʰʽ ˁʰʽ ˍˇ 

ʶˉʽʻˎ˃ʹˍˈΦ 

ʁˉˈˍʶ ˇ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʰˌΣ ˋˎʴˁʶ˄ˍˊ˗˄ʶʽ ˈ˂ʶˌ ˍʽˌ ˁ˂ʱˋʶʽˌ ˁʰʽ ʵʽʰ˃ʷˍˊˇˎˌ ˁʰʽ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˈ˂ʰ 

ˍʰ C/A Σ ˁʰʻʽˋˍ˗˄ˍʰˌ ʶˏˁˇ˂ʹ ˍʹ ˋˏʴˁˊʽˋʹ ˍ˖˄ ˎ˂ʽˁ˗˄Φ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍˇˎ ˔ʱ˂ˎʲʰ ˉʰˊʰˍʾʻʶ˄ˍʰʽ 

ˍʰ C/A ˃ ˈ˄ˇ ˋˍʽˌ ˁ˂ʱˋʶʽˌ ˍˇˎ ˔ˎˍˇˋʾʵʹˊˇˎΦ  

ʂˉ˖ˌ ʰ˄ʰ˃ʶ˄ˈˍʰ˄Σ ˍˇ GRP ˋˎʴˁˊʽ˄ˈ˃ʶ˄ˇ ˍˈˋˇ ˃ʶ ˍʰ ˉ˂ʰˋˍʽˁʱΣ ˈˋˇ ˁʰʽ ˃ʶ ˍʰ ˃ʷˍʰ˂˂ʰΣ ˉˊˇˁˏˉˍʶʽ 

˄ʰ ʶʾ˄ʰʽ ˍˇ ˒ʻʹ˄ˈˍʶˊˇ ˎ˂ʽˁˈΦ ɾʾʰ ʰˉʶˎʻʶʾʰˌ ˋˏʴˁˊʽˋʹ ˃ʶˍʰ˅ˏ ˉ˂ʰˋˍʽˁ˗˄ ˁʰʽ ˃ʶˍʰ˂˂ʽˁ˗˄ ˎ˂ʽˁ˗˄ 

ʻʰ ʴʽ˄ˈˍʰ˄ ʰ˄ ʰˎˍʱ ˉʰˊʱʴˇ˄ˍʰ˄ ˋʶ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ˃ʾʰ ˁˇʽ˄ʺ ˁ˂ʱˋʹΦ ʂ˃˖ˌ ˍʰ ˉ˂ʰˋˍʽˁʱ ʶˁ ˍ˖˄ 

ˉˊʰʴ˃ʱˍ˖˄ ʵʶ˄ ʰ˄ˍʷ˔ˇˎ˄ ˋʶ ˃ʶʴʱ˂ʶˌ ˁ˂ʱˋʶʽˌΣ ʵʹ˂Φ ˋˍʹ˄ ˁʰ˂ˏˍʶˊʹ ˉʶˊʾˉˍ˖ˋʹ ʶˉʽ˂ʷʴˇ˄ˍʰʽ нл atm. 

ɿʰ ˋʹ˃ʶʽ˖ʻʶʾ ˈˍʽ ˋˍʰ ˉ˂ʰˋˍʽˁʱΣ ʶˉʶʽʵʺ ʹ ˇ˄ˇ˃ʰˋˍʽˁʺ ʵʽʱ˃ʶˍˊˇˌ ˍʰ ˍʰˎˍʾʸʶˍʰʽ ˃ʶ ˍʹ˄ ʶ˅˖ˍʶˊʽˁʺΣ 

ˎˉˇ˂ˇʴʾˋˍʹˁʶ ʹ ʶˋ˖ˍʶˊʽˁʺ ʵʽʱ˃ʶˍˊˇˌ ʰ˒ʰʽˊ˗˄ˍʰˌ ˍˇ ʵʽˉ˂ʱˋʽˇ ˍˇˎ ˉʱ˔ˇˎˌ όˍʰ ˉʱ˔ʹ ˃ˉˇˊˇˏ˄ ˄ʰ 

ʰ˄ʰʸʹˍʹʻˇˏ˄ ˋˍʹ˄ ʽˋˍˇˋʶ˂ʾʵʰ ˇˉˇʽʰˋʵʺˉˇˍʶ ʶˍʰʽˊʾʰˌ ˉʰˊʰʴ˖ʴʺˌ ˉ˂ʰˋˍʽˁ˗˄ ˋ˖˂ʺ˄˖˄) ˁʰʽ ˋˍʹ 

ˋˎ˄ʷ˔ʶʽʰ ˎˉˇ˂ˇʴʾˋˍʹˁʶ ˍˇ ʶ˃ʲʰʵˈ˄ ˍʹˌ ʵʽʰˍˇ˃ʺˌΦ 

 

 

 

ʃʾ˄ʰˁʰˌ нΦм9 ʆˇ ʰʵʽʱˋˍʰˍˇ ˃ʷʴʶʻˇˌ C/AΣ ˁˊʽˍʺˊʽˇ ˋˏʴˁˊʽˋʹˌ ˍʹˌ ˇʽˁˇ˄ˇ˃ʽˁˈˍʹˍʰˌ ˍ˖˄ ˎ˂ʽˁ˗˄ 

ˋ˖˂ʹ˄˗ˋʶ˖˄ 

ʃʹʴʺ: ʆʽ˃ˇ˂ˈʴʽˇ ʇʵˊʰˎ˂ʽˁ˗˄ ɴˊʴ˖˄ ʇʃɳɼɮΣ нлмо 
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2.7 ʅʇɱɼʄɹʅɶ ʆʍɿ ʇɽɹɼʍɿ ʆɶʅ ɹɲɹɮʅ ɼɽɮʅɶʅ 

ʅˍˇ ˋˍʱʵʽˇ ʰˎˍˈΣ ʻʶ˖ˊʺʻʹˁʶ ʵˈˁʽ˃ʹ ˁʰʽ ˃ʾʰ ˉʰˊʱʻʶˋʹ ˋˍˇ ʾʵʽˇ ˋˏˋˍʹ˃ʰ ˁˈˋˍˇˌ-ʵʽʱ˃ʶˍˊˇˌ 

ˍʰˎˍˈ˔ˊˇ˄ʰ ˍ˖˄ ˎ˂ʽˁ˗˄ ˋ˖˂ʹ˄˗ˋʶ˖˄Φ ɳˉʽ˂ʷ˔ʻʹˁʶ ʴʽʰ ˁʱʻʶ ˇ˃ʱʵʰ όPE-PVC ˁʰʽ Ductile Iron-GRP-

ʋʱ˂ˎʲʰˌύ ʰˉˈ ˃ʾʰ ˁˇʽ˄ʺ ˁ˂ʱˋʹΣ ʴʽʰ ˍʰ ˉ˂ʰˋˍʽˁʱ ˇʽ мс atm ˁ ʰʽ ʴʽʰ ˍʰ ʱ˂˂ʰ ˇʽ ол atm. ɼ˂ʱˋʹ ˉˇˎ ˄ʰ 

ʰˉʰ˄ˍʱˍʰʽ ˍʰˎˍˈ˔ˊˇ˄ʰ ˁʰʽ ˋˍʰ р ˎ˂ʽˁʱ ʵʶ˄ ˎˉʱˊ˔ʶʽΦ  

ʂˋˇ ˉʽˇ ˕ʹ˂ʱ ʶʾ˄ʰʽ ʹ ˁʰ˃ˉˏ˂ʹΣ ˍˈˋˇ ˉˊˇ˒ʰ˄˗ˌ ʰˁˊʽʲˈˍʶˊˇ ʶʾ˄ʰʽ ˍˇ ˎ˂ʽˁˈΣ ˁʰʻ˗ˌ ˃ʶʴʰ˂˗˄ˇˎ˄ ˇʽ 

ˍʽ˃ʷˌ ˍˇˎ ʱ˅ˇ˄ʰ Y ̄ ˇˎ ʶʾ˄ʰʽ ˇ ʱ˅ˇ˄ʰˌ ˍˇˎ ˁˈˋˍˇˎˌ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌΦ  

ɴˍˋʽΣ ʴʽʰ ˍʹ˄ ˇ˃ʱʵʰ Ductile Iron-GRP-ʋʱ˂ˎʲʰˌ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʰˉˈ ˍˇ ˍʽ˃ˇ˂ˈʴʽˇ ˍˇˎ ʇʃɳɼɮ 

ˁʰˍʱ ˍʰ ʴ˄˖ˋˍʱ ˍʰ ʶ˅ʺˌ ʵʶʵˇ˃ʷ˄ʰ ˁ˂ʱˋʹˌ ол atm όˁˊʾʻʹˁʰ˄ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˁˈˉʽ˃ʶˌ ˁʱˉˇʽʶˌ 

ˋˍˊˇʴʴˎ˂ˇˉˇʽʺˋʶʽˌύΥ 

 

ʃʾ˄ʰˁʰˌ нΦнл ɼˈˋˍˇˌ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌ ˁ˂ʱˋʹˌ 30 atm ɹ ʽʰ GRP, Ductile Iron ˁ ʰʽ ʋʱ˂ˎʲʰΣ оʹ 

ɼʰˍʹʴˇˊʾʰ 

ʃʹʴʺ: ʆʽ˃ˇ˂ˈʴʽˇ ʇʵˊʰˎ˂ʽˁ˗˄ ɴˊʴ˖˄ ʇʃɳɼɮΣ нлмо 

 

 

 

 

32 atm (Ғ олύ 30 atm 30 atm

71.25 оптΦс Ғ 350 64.17

85.50 офтΦп Ғ плл82.51

100.50 ппуΦн Ғ прл92.94

106.50 пфу Ғ рлл114.74

129.00 рпуΦу Ғ ррл126.33

157.50 рфтΦс Ғ слл165.23

199.50 115.00 спфΦн Ғ срл167.30

256.50 130.00 700.0 180.28

306.00 135.00 тптΦу Ғ трл244.53

363.00 150.00 800.0 235.46

435.00 180.00 фллΦп Ғ флл289.79

480.00 мллмΦу Ғ мллл326.81

570.00 ммлмΦу Ғ ммлл399.97

630.00 мнлмΦн Ғ мнлл496.93

720.00 молмΦу Ғ молл568.35

810.00 

900.00 

990.00 

1,080.00 

1,200.00 

1,305.00 

1,425.00 

1,545.00 

1,740.00 

2100
2200

2300

2400

400

600

700

800

900

450

500

1200

1300

1400

1500

1600

1700

1800

1900

2000

350

1000

1100

350

400

1100

1200

800

900

1000

450

500

600

125

150

200

250

300

700

ʋɮɽʇɰɮʅDUCTILE IRON

ɼˈˋˍˇˌ  όϵκƳύ  ɼˈˋˍˇˌ  όϵκƳύ  

GRP

Yˈˋˍˇˌ όϵκƳύ 

ɳˋ˖ˍʶˊʽˁʺ 

όʁ˄ˇ˃ʰˋˍʽˁʺύ 

ɲʽʱ˃ʶˍˊˇˌ 5 όƳƳύ

ʁ˄ˇ˃ʰˋˍʽˁʺ 

ɲʽʱ˃ʶˍˊˇˌ                    

D (mm)

300

ʁ˄ˇ˃ʰˋˍʽˁʺ 

ɲʽʱ˃ʶˍˊˇˌ 5 

(mm)

100
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ʁ ̄ʰˊʰˉʱ˄˖ ˉʾ˄ʰˁʰˌ ˋˎ˄ˇ˕ʾʸʶˍʰʽ ˋˍˇ˄ ʰˁˈ˂ˇˎʻˇΥ 

 

ʃʾ˄ʰˁʰˌ нΦнм ʅˏ˄ˇ˕ʹ ˁˈˋˍˇˎˌ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌ ˁ˂ʱˋʹˌ ол atm ɹ ʽʰ GRP, Ductile Iron ˁ ʰʽ ʋʱ˂ˎʲʰΣ 

3ʹ ɼʰˍʹʴˇˊʾʰ 

ʃʹʴʺ: ʆʽ˃ˇ˂ˈʴʽˇ ʇʵˊʰˎ˂ʽˁ˗˄ ɴˊʴ˖˄ ʇʃɳɼɮΣ нлмо 

 

 

ˁʰʽ ʰˉʶʽˁˇ˄ʾʸʶˍʰʽ ˋˍʹ˄ ˉʰˊʰˁʱˍ˖ ˁʰ˃ˉˏ˂ʹΥ 

 

ʅ˔ʺ˃ʰ нΦмр GRP, Ductile IronΣ ʋʱ˂ˎʲʰˌ: ɼʰ˃ˉˏ˂ʹ ˁˈˋˍˇˎˌ-ʵʽʰ˃ʷˍˊˇˎ ˁ˂ʱˋʹˌ ол atm, 3ʹ ˁ ʰˍʹʴˇˊʾʰ 

 

GRP DUCTILE IRONSTEEL

350 85.50 115.00 64.17

400 100.50 130.00 82.51

450 106.50 135.00 92.94

500 129.00 150.00 114.74

600 157.50 180.00 165.23

700 199.50 180.28

800 256.50 235.46

900 306.00 289.79

1000 363.00 326.81

1100 435.00 399.97

1200 480.00 496.93

1300 570.00 568.35

30 atm

ɼˈˋˍˇˌ όϵκƳύʁ˄ˇ˃ʰˋˍʽˁʺ 

ɲʽʱ˃ʶˍˊˇˌ όƳƳύ

ʅʇɿʁʌɶ
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ʆʰ ˉʰˊʰˉʱ˄˖ ʷˊ˔ˇ˄ˍʰʽ ˄ʰ ʶˉʽʲʶʲʰʽ˗ˋˇˎ˄ ˅ʰ˄ʱ ˈˍʽ ˇ ˔ˎˍˇˋʾʵʹˊˇˌ ʶʾ˄ʰʽ ˍˇ ʰˁˊʽʲˈˍʶˊˇ ˎ˂ʽˁˈΣ ʶ˄˗ 

ʹ ˁʱˉ˖ˌ ʰ˄ˍʰʴ˖˄ʽˋˍʽˁʺ ˋ˔ʷˋʹ GRP-ʋʱ˂ˎʲʰ ʶ˅ʽˋˇˊˊˇˉʶʾˍʰʽ ˃ʶˍʱ ˍʹ ʵʽʱ˃ʶˍˊˇ ʊмллΣ ˃ʶ ˍˇ GRP 

ʶ˄ˍˇˏˍˇʽˌ ˄ʰ ʶʾ˄ʰʽ ʶ˄ ˍʷ˂ʶʽ ˁʰʽ ʶ˄ ʴʷ˄ʶʽ ˒ʻʹ˄ˈˍʶˊˇΦ 

ʁ˃ˇʾ˖ˌ ʴʽʰ ˍʹ˄ ˇ˃ʱʵʰ PE-PVC ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʰˉˈ ˍˇ ˍʽ˃ˇ˂ˈʴʽˇ ˍˇˎ ʇʃɳɼɮ ˁʰˍʱ ˍʰ ʴ˄˖ˋˍʱ ˍʰ 

ʶ˅ʺˌ ʵʶʵˇ˃ʷ˄ʰ ˁ˂ʱˋʹˌ 16 atm: 

 

ʃʾ˄ʰˁʰˌ нΦн2 ɼˈˋˍˇˌ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌ ˁ˂ʱˋʹˌ 16 atm ɹ ʽʰ HDPE ˁ ʰʽ PVC, 3ʹ ɼʰˍʹʴˇˊʾʰ 

ʃʹʴʺ: ʆʽ˃ˇ˂ˈʴʽˇ ʇʵˊʰˎ˂ʽˁ˗˄ ɴˊʴ˖˄ ʇʃɳɼɮΣ нлмо 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

16 atm 16 atm

3.50 3.00 

4.80 3.70 

5.70 4.50 

7.20 5.60 

9.10 7.00 

15.00 8.80 

20.00 13.00 

27.90 17.00 

35.00 20.00 

58.00 25.00 

70.00 37.90 

85.00 44.90 

105.00 55.00 

129.00 70.00 

160.00 85.00 

105.00 

130.00 

164.00 

195.00 

239.00 

200

50

63

75

90

110

140

160

500

225

280

315

355

400

450

560

250

280

315

355

400

450

500

225

140

160

40

50

63

75

90

110

125

200

PVC

Yˈˋˍˇˌ όϵκƳύ 

HDPE

ʁ˄ˇ˃ʰˋˍʽˁʺ 

ɲʽʱ˃ʶˍˊˇˌ                  

D (mm)

32

Yˈˋˍˇˌ όϵκƳύ 

ʁ˄ˇ˃ʰˋˍʽˁʺ 

ɲʽʱ˃ʶˍˊˇˌ             

D (mm)
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ʁ ˉʰˊʰˉʱ˄˖ ˉʾ˄ʰˁʰˌ ˋˎ˄ˇ˕ʾʸʶˍʰʽ ˋˍˇ˄ ʰˁˈ˂ˇˎʻˇΥ 

 

ʃʾ˄ʰˁʰˌ нΦн3 ʅˏ˄ˇ˕ʹ ˁˈˋˍˇˎˌ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌ ˁ˂ʱˋʹˌ 16 atm ɹ ʽʰ HDPE ˁ ʰʽ PVC, 3ʹ ɼʰˍʹʴˇˊʾʰ 

ʃʹʴʺ: ʆʽ˃ˇ˂ˈʴʽˇ ʇʵˊʰˎ˂ʽˁ˗˄ ɴˊʴ˖˄ ʇʃɳɼɮΣ нлмо 

 

 

ˁʰʽ ʰˉʶʽˁˇ˄ʾʸʶˍʰʽ ˋˍʹ˄ ˉʰˊʰˁʱˍ˖ ˁʰ˃ˉˏ˂ʹΥ 

 

ʅ˔ʺ˃ʰ нΦм6 HDPE, PVC: ɼʰ˃ˉˏ˂ʹ ˁˈˋˍˇˎˌ-ʵʽʰ˃ʷˍˊˇˎ ˁ˂ʱˋʹˌ 16 atm, 3ʹ ˁ ʰˍʹʴˇˊʾʰ 

PVC PE100

50 3.50 4.50 

63 4.80 5.60 

75 5.70 7.00 

90 7.20 8.80 

110 9.10 13.00 

140 15.00 20.00 

160 20.00 25.00 

200 27.90 37.90 

225 35.00 44.90 

280 58.00 70.00 

315 70.00 85.00 

355 85.00 105.00 

400 105.00 130.00 

450 129.00 164.00 

500 160.00 195.00 

ʁ˄ˇ˃ʰˋˍʽˁʺ 

ɲʽʱ˃ʶˍˊˇˌ όƳƳύ

ʅʇɿʁʌɶ

16 atm

ɼˈˋˍˇˌ όϵκƳύ
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ʆʰ ˉʰˊʰˉʱ˄˖ ʷˊ˔ˇ˄ˍʰʽ ˄ʰ ʶˉʽʲʶʲʰʽ˗ˋˇˎ˄ ˅ʰ˄ʱ ˈˍʽ ˍˇ PVC ʶʾ˄ʰʽ ˒ʻʹ˄ˈˍʶˊˇ ˎ˂ʽˁˈ ʰˉˈ ˍˇ 

ˉˇ˂ˎʰʽʻˎ˂ʷ˄ʽˇ ˋʶ ˈ˂ʹ ˍʹ ʴˁʱ˃ʰ ˍ˖˄ ˁˇʽ˄˗˄ ˍˇˎˌ ʵʽʰ˃ʷˍˊ˖˄Φ ʆˇ ˃ʶʽˇ˄ʷˁˍʹ˃ʰ ʲʷʲʰʽʰ ˍˇˎ PVC ʁ ʾ˄ʰʽ 

ˈˍʽ ʹ ʰ˄ˍˇ˔ʺ ˍˇˎ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ˅ʶˉʶˊʱˋʶʽ ˍʽˌ мс atmΣ ʶ˄˗ ˍˇ HDPE ˃ˉˇˊʶʾ ˄ʰ ʶ˒ʰˊ˃ˇˋˍʶʾ ˃ʷ˔ˊʽ 

ˁʰʽ ˍʽˌ нр atm. 
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ɳ˒ʰˊ˃ˇʸˈ˃ʶ˄ʹ ˃ʶʻˇʵˇ˂ˇʴʾʰ 

 

 

 

 

3.1 ɶ ɳɿɿʁɹɮ ʆɶʅ ɰɳɽʆɹʅʆʁʃʁɹɶʅɶʅ 

ɰʶ˂ˍʽˋˍˇˉˇʾʹˋʹ όoptimisationύ ˁʰˍʱ ʴʶ˄ʽˁˈ ˇˊʽˋ˃ˈΣ ʶʾ˄ʰʽ ʹ ʵʽʰʵʽˁʰˋʾʰ ˋ˔ʶʵʽʰˋ˃ˇˏ ʺ ˂ʶʽˍˇˎˊʴʾʰˌ 

ʶ˄ˈˌ ˋˎˋˍʺ˃ʰˍˇˌΣ ʹ ˇˉˇʾʰ ˁʱ˄ʶʽ ˍˇ ˋˏˋˍʹ˃ʰ ˈˋˇ ˍˇ ʵˎ˄ʰˍˈ˄ ˁʰ˂ˏˍʶˊˇ ˁʰˍʱ ˃ʾʰ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʹ 

ʷ˄˄ˇʽʰΦ ɾʰʻʹ˃ʰˍʽˁʱ ʰˎˍˈ ʽˋˇʵˎ˄ʰ˃ʶʾ ˃ʶ ˍʹ˄ ʶˏˊʶˋʹ ˃ʾʰˌ ʺ ˉʶˊʽˋˋˈˍʶˊ˖˄ ˂ˏˋʶ˖˄Σ ˇʽ ˇˉˇʾʶˌ ʶʾ˄ʰʽ 

ˇʽ ˁʰ˂ˏˍʶˊʶˌ ʵˎ˄ʰˍʷˌ όɿʰ˂˃ˉʱ˄ˍʹˌΣ нллтύΦ ɾʶ ˍʹ˄ ʷ˄˄ˇʽʰ ˋˏˋˍʹ˃ʰ ˄ˇʶʾˍʰʽ ˍˇ ˋˏ˄ˇ˂ˇ ˒ˎˋʽˁ˗˄ ʺ 

ʰ˄ʻˊ˖ˉˇʴʶ˄˗˄ ˋˍˇʽ˔ʶʾ˖˄ ˉˇˎ ʰ˂˂ʹ˂ʶˉʽʵˊˇˏ˄ ˖ˌ ˋˎ˄ʽˋˍ˗ˋʶˌ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˁʰʽ ˍˇ ʰˉˇˍʷ˂ʶˋ˃ʰ 

ʶʾ˄ʰʽ ʵʽʰ˒ˇˊʶˍʽˁˈ ʰˉˈ ʶˁʶʾ˄ˇ ˉˇˎ ʻʰ ˉʰˊʺʴʰʴʶ ˁʱʻʶ ˋˎ˄ʽˋˍ˗ˋʰ ˅ʶ˔˖ˊʽˋˍʱ όɿʰ˂˃ˉʱ˄ˍʹˌΣ нллтύ. 

ɳʽʵʽˁˈˍʶˊʰΣ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ʶ˄ˈˌ ʵʽˁˍˏˇˎ ˃ʶˍʰ˒ˇˊʱˌ ˄ʶˊˇˏΣ ʶʾ˄ʰʽ ʹ ʶˏˊʶˋʹ ˍˇˎ ʲʷ˂ˍʽˋˍˇˎ 

ˇʽˁˇ˄ˇ˃ˇˍʶ˔˄ʽˁʱ ˋˎ˄ʵˎʰˋ˃ˇˏ ʵʽʰ˃ʷˍˊ˖˄ ˍ˖˄ ʰʴ˖ʴ˗˄ ʲʱˋʶʽ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄˖˄ ˉˊˇʵʽʰʴˊʰ˒˗˄ 

˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ ʵʽˁˍˏˇˎΦ ʅˁˇˉˈˌ ʶʾ˄ʰʽ ʹ ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹ ˍˇˎ ˇ˂ʽˁˇˏ ˁˈˋˍˇˎˌ όˁʰˍʰˋˁʶˎʺˌ ˁʰʽ 

˂ʶʽˍˇˎˊʴʾʰˌύ ʶ˅ʰˋ˒ʰ˂ʾʸˇ˄ˍʰˌ ˍʹ˄ ʶˉʰˊˁʺ ˎʵˊʰˎ˂ʽˁʺ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ ʵʽˁˍˏˇˎΦ 

оΦн ɳɹɲɶ ɼɮɹ ɹʅʆʁʄɹɼɶ ɮɿɮʃʆʇʀɶ ɾɳɸʁɲʍɿ ɰɳɽʆɹʅʆʁʃʁɹɶʅɶʅ 

ʃʰˊʰˁʱˍ˖ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˇʽ ˃ʷʻˇʵˇʽ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ ˁʰʽ ʹ ʽˋˍˇˊʽˁʺ ˍˇˎˌ ʶ˅ʷ˂ʽ˅ʹΣ ʹ ˇˉˇʾʰ 

ˋˎ˄ʷˍˊʶ˅ʶ ˃ʶ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˍ˖˄ ʹ˂ʶˁˍˊˇ˄ʽˁ˗˄ ˎˉˇ˂ˇʴʽˋˍ˗˄ όɼʰˍˋʾ˃ˉʰΣ нллфύΦ ʁ ˃ʶʴʱ˂ˇˌ ˈʴˁˇˌ 

ˎˉˇ˂ˇʴʽˋ˃˗˄ ʺˍʰ˄ ʰʵˏ˄ʰˍˇ˄ ˄ʰ ʶˉʽ˂ˎʻʶʾ ˃ʶ ˍˇ ˔ʷˊʽ ˁʰʽ ˖ˌ ˍˈˍʶ ʹ ʶˉʾ˂ˎˋʹ ˍˇˎ ʶˁʱˋˍˇˍʶ 

ˉˊˇʲ˂ʺ˃ʰˍˇˌ ʹˊˁʶʾˍˇ ˋʶ ʵʽʰʵˇ˔ʽˁʷˌ ʵˇˁʽ˃ʷˌΣ ˔˖ˊʾˌ ˄ʰ ʲˊʾˋˁʶˍʰʽ ʹ ʲʷ˂ˍʽˋˍʹ ˂ˏˋʹ ˁʰʽ ʶ˄ 

ˉˊˇˁʶʽ˃ʷ˄˖ ʹ ˇʽˁˇ˄ˇ˃ʽˁˈˍʶˊʹ ʵʽʰˋˍʰˋʽˇ˂ˈʴʹˋʹ ˍˇˎ ʵʽˁˍˏˇˎΦ 

3.2.1 ʁ ʴ́h ˃˃ʽˁˈˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ 

ʁ Dantzig ʻʶ˖ˊʶʾˍʰʽ ˇ ˉʰˍʷˊʰˌ ˍʹˌ ʻʶ˖ˊʾʰˌ ˍˇˎ ʴˊʰ˃˃ʽˁˇˏ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏΦ ʆˇ мф47 

ˉʰˊˇˎˋʾʰˋʶ ˍʹ ˃ʷʻˇʵˇ Simplex ˋʶ ˃ʾʰ ˉˊˇˋˉʱʻʶʽʰ ˄ʰ ʶˉʽ˂ˏˋʶʽ ˉˊˇʲ˂ʺ˃ʰˍʰ ʶˉʽ˔ʶʽˊʹˋʽʰˁʺˌ 

ʷˊʶˎ˄ʰˌΦ ɮˊʴˈˍʶˊʰΣ ˋʶ ˋˎ˄ʶˊʴʰˋʾʰ ˃ʶ ˍˇ˄ Hays όʌ˖ʽ˄ˈˌΣ мфуфύ ʰ˄ʷˉˍˎ˅ʰ˄ ˍʹ˄ ʰ˄ʰʻʶ˖ˊʹ˃ʷ˄ʹ 

˃ʷʻˇʵˇ SimplexΣ ʹ ˇˉˇʾʰ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʶˊʹ ˍʹˌ ʰˉ˂ʺˌ ˃ʶʻˈʵˇˎ ˁʰʽ  ʹ ʶˉʽˁˊʰˍʷˋˍʶˊʹ ˋʶ 

ʶ˒ʰˊ˃ˇʴʺ ˋʺ˃ʶˊʰΦ ʅˍʹ˄ ɳ˂˂ʱʵʰ ˃ʶ ˍˇ ʻʷ˃ʰ ʰˎˍˈ ʰˋ˔ˇ˂ʺʻʹˁʰ˄ ˇʽΥ ʃʰˎ˂ʾʵˇˎ ˍˇ мфтнΣ ʀʹˊˇˁ˗ˋˍʰˌ 

ˍˇ 1974, ɮʴˊʰ˒ʽ˗ˍʹˌ ˍˇ мффф ˁ ʰʽ ʱ˂˂ˇʽΦ 

ʁ Smith όмфссύ ʻʶ˖ˊʶʾˍʰʽ ˉˊ˖ˍˇˉˈˊˇˌ ˍˇˎ ʴˊʰ˃˃ʽˁˇˏ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ˋʶ ʵʾˁˍˎʰΦ ɾʶˍʱ ˍʹ˄ 

ˉˊ˗ˍʹ ʶ˃˒ʱ˄ʽˋʹ ˍʹˌ ˃ʶʻˈʵˇˎΣ ʷʴʽ˄ʶ ˉˊˇˋˉʱʻʶʽʰ ˄ʰ ˋˎ˃ˉʶˊʽ˂ʹ˒ʻʶʾ ˁʰʽ ˍˇ ˁˈˋˍˇˌ ˍˇˎ 

ʰ˄ˍ˂ʽˇˋˍʰˋʾˇˎ ˋˍˇ ˃ˇ˄ˍʷ˂ˇΦ ɾʶ ˍ ̌ʻʷ˃ʰ ʰˎˍˈ ʰˋ˔ˇ˂ʺʻʹˁʰ˄ ˇ:̔ Karmeli er al. (1968), Robinson and 

Austin (1976), Alperovits and Shamir (1977). ʁʽ Alperovits and Shamir ʵʹ˃ʽˇˏˊʴʹˋʰ˄ ˃ʾʰ 

3 
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ˉʰˊʰ˂˂ʰʴʺ ˍʹˌ ˃ʶʻˈʵˇˎΣ ˍʹ˄ Linear Programming GradientΣ ˉˊˇˋʻʷˍˇ˄ˍʰˌ ˋˍʽˌ ʶ˖ˌ ˍˈˍʶ 

˃ʶˍʰʲ˂ʹˍʷˌ ʰˉˇ˒ʱˋʶ˖˄ ˉˇˎ ʺˍʰ˄ ˇʽ ʵʽʱ˃ʶˍˊˇʽ ˍ˖˄ ʰʴ˖ʴ˗˄ ˁʰʽ ˍʰ ˃ʺˁʹ ˍˇˎˌΦ 

ʁ ʴˊʰ˃˃ʽˁˈˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ όˉˊˈʴˊʰ˃˃ʰ LINDOύ ˋʶ ʵʾˁˍˎʰ ˎˉˈ ˉʾʶˋʹ ˉʰˊˇˎˋʽʱˋˍʹˁʶ 

ʰ˄ʰ˂ˎˍʽˁʱ ˁʰʽ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˋˍʹ˄ ɳ˂˂ʱʵʰ ʰˉˈ ˍˇ˄ ɹ˖ʰ˄˄ʾʵʹ όмффнύ ˁʰʽ ˇ ʾʵʽˇˌ ˃ʰʸʾ ˃ʶ ˍˇ˄ 

ʆʸʽ˃ˈˉˇˎ˂ˇ όмффтύ ʶ˒ʺˊ˃ˇˋʰ˄ ˍʹ ˃ʷʻˇʵˇ ˋʶ ˉʶˊʽˇ˔ʺ ˍʹˌ ɰΦ ɳ˂˂ʱʵˇˌΦ ɮ˄ʰ˂ˎˍʽˁʺ ˉʰˊˇˎˋʾʰˋʹ ˍʹˌ 

˃ʶʻˈʵˇˎ ˋˍʹ˄ ɳ˂˂ʱʵʰ ʷʴʽ˄ʶ ʶˉʾˋʹˌ ʰˉˈ ˍˇ˄ ɸʶˇ˔ʱˊʹ όнллпύΦ ʅʺ˃ʶˊʰΣ ʹ ˃ʷʻˇʵˇˌ ʲˊʾˋˁʶʽ 

ʶ˒ʰˊ˃ˇʴʺ ˍˈˋˇ ˋʶ ʰˁˍʽ˄˖ˍʱ ˈˋˇ ˁʰʽ ˋʶ ʲˊˇ˔ˇʶʽʵˇˏˌ ˃ˇˊ˒ʺˌ ʵʾˁˍˎʰΦ 

3ΦнΦн ʁ ˃ʹ ʴˊʰ˃˃ʽˁˈˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ 

ʁ ɿˇˎˍˋˈˉˇˎ˂ˇˌ (1969) ̄ ʰˊˇˎˋʾʰˋʶ ʴʽʰ ˉˊ˗ˍʹ ˒ˇˊʱ ˋˍʹ˄ ɳ˂˂ʱʵʰ ˍʹ ˃ʷʻˇʵˇ ˍˇˎ ˃ʹ ʴˊʰ˃˃ʽˁˇˏ 

ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ʴʽʰ ʰˁˍʽ˄˖ˍʱ ʵʾˁˍˎʰ ʲʰˊˏˍʹˍʰˌΦ ʆˇ мфто  ˇʽ Swamee et. alΦ ʶˉʷˁˍʶʽ˄ʶ ˍʹ ˃ʷʻˇʵˇ 

ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˋˍˇ  ˃ˇ˄ˍʷ˂ˇ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ ˍˇ ʰ˄ˍ˂ʽˇˋˍʱˋʽˇ ʴʽʰ ˃ˇ˄ʰʵʽˁˈ ʰʴ˖ʴˈ ˔˖ˊʾˌ 

ʵʽʰˁ˂ʰʵ˗ˋʶʽˌΦ ʆʶ˂ʽˁʱ ˍˇ мфун ˇ ʆʸʽ˃ˈˉˇˎ˂ˇˌ ʴʶ˄ʾˁʶˎˋʶ ˁʰʽ ʶˉʷˁˍʶʽ˄ʶ ˍʹ ˃ʷʻˇʵˇ ˍˊˇˉˇˉˇʽ˗˄ˍʰˌ 

ˍʹ ˃ʰʻʹ˃ʰˍʽˁʱΣ ˗ˋˍʶ ˄ʰ ʲˊʾˋˁʶʽ ʶ˒ʰˊ˃ˇʴʺ ˋʶ ˇˉˇʽˇʵʺˉˇˍʶ ʰˁˍʽ˄˖ˍˈ ʵʾˁˍˎˇ ˃ʶ ʰ˄ˍ˂ʽˇˋˍʱˋʽˇΦ 

оΦнΦо ʁ ɻ ˎ˄ʰ˃ʽˁˈˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ 

ʃˊˈˁʶʽˍʰʽ ʴʽʰ ˃ʾʰ ˃ʷʻˇʵˇ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ ʲʰˋʽʸˈ˃ʶ˄ʹ ˋˍʹ˄ ʰˊ˔ʺ ˍ˖˄ Bellman and Dreyfous 

όмфснύ ˈˍʽ ʹ ʲʷ˂ˍʽˋˍʹ ˂ˏˋʹ ˋʶ ʷ˄ʰ ˉˊˈʲ˂ʹ˃ʰ ʶˎˊʾˋˁʶˍʰʽ ˃ʶ ˍʹ ˂ʺ˕ʹ ˃ʽʰˌ ʰ˂˂ʹ˂ˇˎ˔ʾʰˌ 

ʰˉˇ˒ʱˋʶ˖˄Φ ʅˍˇ ˉʶʵʾˇ ˍ˖˄ ʰˋˍʽˁ˗˄ ʵʽˁˍˏ˖˄ ˇ ʵˎ˄ʰ˃ʽˁˈˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ ˉˊ˖ˍˇʶ˃˒ʰ˄ʾˋˍʹˁʶ 

ˍˇ мфтм ʰˉˈ ˍˇ˄ LiangΣ ʶ˄˗ ˍˇ мфтр ˇʽ Yang et alΦ ɳ˒ʺˊ˃ˇˋʰ˄ ˍʹ ˃ʷʻˇʵˇ ˋʶ ʵʾˁˍˎʰ ˃ʶ 

ʵʽʰˁ˂ʰʵ˗ˋʶʽˌΦ ʁ Yakowitz (1982) ˋʶ ʶˊʴʰˋʾʰ ˍˇˎ ˉʶˊʽʴˊʱ˒ʶʽ ˁʰʽ ˁʰˍʰˍʱˋˋʶʽ ʰ˄ʰ˂ˎˍʽˁʱ 

ˉˊˇʲ˂ʺ˃˃ʰˍʰ ˉˇˎ ʶˉʽ˂ˏˇ˄ˍʰʽ ˃ʶ ʵˎ˄ʰ˃ʽˁˈ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈΦ 

 

оΦнΦп ɶ ʰˋˎ˄ʶ˔ʺˌ ˃ʷʻˇʵˇˌ ˍˇˎ Labye 

ɶ ˃ʷʻˇʵˇˌ ʰˎˍʺ ʶ˒ʰˊ˃ˈˋˍʹˁʶ ʰˉˈ ˍˇ˄ ɱʱ˂˂ˇ ˃ʹ˔ʰ˄ʽˁˈ Labye to мфсп ˋˍʹ ʵʽʵʰˁˍˇˊʽˁʺ ˍˇˎ 

ʵʽʰˍˊʽʲʺΦ ʃˊˈˁʶʽˍʰʽ ʴʽʰ ˃ʾʰ ˉʽˇ ʰˉ˂ˇˉˇʽʹ˃ʷ˄ʹ ˃ˇˊ˒ʺ ʵˎ˄ʰ˃ʽˁˇˏ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ˋʶ 

ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˃ʶʻˈʵˇˎˌ ʰˉˈ ʶ˃ˉʶʽˊʾʶˌ  ˋˍʹ˄ ˉˊʱ˅ʹΣ ʴʽʰ ʰˁˍʽ˄˖ˍʱ ʵʾˁˍˎʰΣ ˋ˔ʶʵˈ˄ ʰˉˇˁ˂ʶʽˋˍʽˁʱ 

ʰˊʵʶˎˍʽˁʱΣ ˉˇˎ ˍˊˇ˒ˇʵˇˍˇˏ˄ˍʰʽ ʰˉˈ ʷ˄ʰ ˃ˈ˄ˇ ʰ˄ˍ˂ʽˇˋˍʱˋʽˇ ˋˍʹ˄ ˁʶ˒ʰ˂ʺ ˍˇˎˌΦ ʁʽ ɽʶʽʲʰʵʾˍʹˌ 

όмфтнύΣ ʆʸʽ˃ˈˉˇˎ˂ˇˌ ˍˇ мффм ˁʰʽ ɸʶˇ˔ʱˊʹˌ ˍˇ нллп ˉʰˊˇˎˋʾʰˋʰ˄ ˍʹ ˃ʷʻˇʵˇ ʰˎˍʺ ʰ˄ʰ˂ˎˍʽˁʱ ˋˍʹ˄ 

ɳ˂˂ʱʵʰΦ 

оΦо ɰɮʅɹɼɳʅ ɳɿɿʁɹɳʅ 

ɶ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ʶʾ˄ʰʽ ˃ʽʰ ˃ʰʻʹ˃ʰˍʽˁʺ ˃ʷʻˇʵˇˌ ˉˇˎ ʵʾ˄ʶʽ ʰˉʰ˄ˍʺˋʶʽˌ ˋʶ ˉˊˇʲ˂ʺ˃ʰˍʰ ˂ʺ˕ʹˌ 

ʰˉˇ˒ʱˋʶ˖˄Φ ʃˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˋʶ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ʱʴ˄˖ˋˍ˖˄ ˉˊʰʴ˃ʰˍʽˁ˗˄ ˃ʶˍʰʲ˂ʹˍ˗˄Σ ˇʽ ˇˉˇʾʶˌ 

ˇ˄ˇ˃ʱʸˇ˄ˍʰʽ ˃ʶˍʰʲ˂ʹˍʷˌ ʰˉˈ˒ʰˋʹˌ όdecision variables). 

ɼʱʻʶ ʷ˄ʰˌ ˋˎ˄ʵˎʰˋ˃ˈˌ ˍʽ˃˗˄ ˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ʰˉˈ˒ʰˋʹˌ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾ ˃ʾʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ 

ʰˉˈ˒ʰˋʹΦ ɼʰˍΩʶˉʷˁˍʰˋʹΣ ˍˇ ˋˏ˄ˇ˂ˇ ˈ˂˖˄ ˍ˖˄ ʵˎ˄ʰˍ˗˄ ʰˉˇ˒ʱˋʶ˖˄ ˇˊʾʸʶʽ ʷ˄ʰ˄ ˔˗ˊˇΣ ˍˇ ˔˗ˊˇ 

ʰˉˇ˒ʱˋʶ˖˄ όdecision spaceύΦ ʁ ˔˗ˊˇˌ ʰˉˇ˒ʱˋʶ˖˄ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ˋˎ˄ʶ˔ʺˌΣ ʰ˄ ˇʽ ˃ʶˍʰʲ˂ʹˍʷˌ 

ʰˉˈ˒ʰˋʹˌ ʶʾ˄ʰʽ ˋˎ˄ʶ˔ʶʾˌΣ ˋˎ˄ʺʻ˖ˌ ˉˊʰʴ˃ʰˍʽˁˇʾ ʰˊʽʻ˃ˇʾΣ ʺ ʵʽʰˁˊʽˍˈˌ ʰ˄ ʰˎˍʷˌ ˉʰʾˊ˄ˇˎ˄ ʵʽʰˁˊʽˍʷˌ 

ˍʽ˃ʷˌ ˁʰʽ ʰˉʶʽˁˇ˄ʾʸˇ˄ˍʰʽ ˖ˌ ˋʹ˃ʶʾʰ ˋˍˇ ̝ ˗ˊˇ ʰˎˍˈ όɿʰ˂˃ˉʱ˄ˍʹˌΣ нллт) 
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ʅʶ ˁʱʻʶ ˉˊˈʲ˂ʹ˃ʰ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ ˇʽ ʱʴ˄˖ˋˍʶˌ ˃ʶˍʰʲ˂ʹˍʷˌ ˎˉˈˁʶʽˍʰʽ ˋʶ ˁʱˉˇʽˇˎˌ ˉʶˊʽˇˊʽˋ˃ˇˏˌ 

ʵʽʱ˒ˇˊ˖˄ ʶʽʵ˗˄Σ ˇʽ ˇˉˇʾˇʽ ˇˊʽˇʻʶˍˇˏ˄ ˍˇ ˉʶʵʾˇ ˍʽ˃˗˄ ˍˇˎˌ ˁʰʽ ʶˁ˒ˊʱʸˇ˄ˍʰʽ ˋˎ˄ʰˊˍʺˋʶʽ ʰˎˍ˗˄Φ 

ɳ˒ˈˋˇ˄ ˃ʽʰ ʰˉˈ˒ʰˋʹ ʽˁʰ˄ˇˉˇʽʶʾ ˈ˂ˇˎˌ ˍˇˎˌ ˉʶˊʽˇˊʽˋ˃ˇˏˌ ˉˇˎ ʷ˔ˇˎ˄ ˍʶʻʶʾΣ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ 

ʶ˒ʽˁˍʺ όfeasible decisionύ ˁʰʽ ʰˁˇ˂ˇˏʻ˖ˌ ʶ˒ʽˁˍʺ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ʹ ʰ˄ˍʾˋˍˇʽ˔ʹ ˉʶˊʽˇ˔ʺ ς ˍ˃ʺ˃ʰ ˍˇˎ 

˔˗ˊˇˎ ʰˉˇ˒ʱˋʶ˖˄ όfeasible region). 

ʅʶ ʰˎˍˈ ˍˇ˄ ˔˗ˊˇ ʶ˒ʽˁˍ˗˄ ʰˉˇ˒ʱˋʶ˖˄Σ ˋˁˇˉˈˌ ʶʾ˄ʰʽ ˄ʰ ʶˉʽ˂ʶʴʶʾ ʹ ˁʰ˂ˏˍʶˊʹ όʶ˒ʽˁˍʺύ ʰˉˈ˒ʰˋʹΦ 

ɱʽΩʰˎˍˈ ˇˊʾʸʶˍʰʽ ʹ ˋˎ˄ʱˊˍʹˋʹ ˋˍˈ˔ˇˎ ʺ ˁˊʽˍʺˊʽˇ ʰˉˈ˒ʰˋʹˌ ʺ ˁˊʽˍʺˊʽˇ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌΦ ʃˊˈˁʶʽˍʰʽ 

ʴʽʰ ˃ʽʰ ˋ˔ʷˋʹ ˋˎ˄ʰˊˍʹˋʽʰˁʺˌ ˃ˇˊ˒ʺˌ ˃ʶ ʰ˄ʶ˅ʱˊˍʹˍʶˌ ˃ʶˍʰʲ˂ʹˍʷˌ ʋj ˍʽˌ ˃ʶˍʰʲ˂ʹˍʷˌ ʰˉˈ˒ʰˋʹˌ ˁʰʽ 

ʶ˅ʰˊˍʹ˃ʷ˄ʹ ˃ʶˍʰʲ˂ʹˍʺ fόʋύ ˍˇ ˁˊʽˍʺˊʽˇ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌΣ ʵʹ˂ʰʵʺ ˍˇ ˃ʷʴʶʻˇˌ ˉˇˎ ʶʾ˄ʰʽ ʶˉʽʻˎ˃ʹˍˈ 

˄ʰ ʶ˂ʰ˔ʽˋˍˇˉˇʽʹʻʶʾ όminfόʋύύ ʺ ˄ʰ ˃ʶʴʽˋˍˇˉˇʽʹʻʶʾ όmaxfόʋύύ ˁʰʽ ˄ʰ ˎˉʰʴˇˊʶˏˋʶʽ ˍʹ ˂ʺ˕ʹ ˍʹˌ 

ˁʰ˂ˏˍʶˊʹˌ ʰˉˈ˒ʰˋʹˌΦ 

оΦп ʁ ɱʄɮɾɾɹɼʁʅ ʃʄʁɱʄɮɾɾɮʆɹʅɾʁʅ 

ʅˍʹ˄ ʶ˄ˈˍʹˍʰ ʰˎˍʺ ʴʾ˄ʶˍʰʽ ʶˁˍʶ˄ʺˌ ʰ˄ʱ˂ˎˋʹ ˋʶ ˈΣˍʽ ʰ˒ˇˊʱ ˍˇ˄ ʴˊʰ˃˃ʽˁˈ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈΣ ˁʰʻ˗ˌ 

ʰˎˍˈˌ ˖ˌ ʶ˒ʰˊ˃ˇʸˈ˃ʶ˄ʹ ˃ʶʻˇʵˇ˂ˇʴʾʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺΦ ɶ ʰ˄ʱ˂ˎˋʹ 

ʰˎˍʺ ʰ˒ˇˊʱ ˍˈˋˇ ˋˍʹ ˒ˎˋʽˁʺ ˍˇˎ ˋʹ˃ʰˋʾʰ ˈˋˇ ˁʰʽ ˋˍʹ ˃ʰʻʹ˃ʰˍʽˁʺ ˍˇˎ ˎˉˈˋˍʰˋʹΦ 

оΦпΦм ɱʶ˄ʽˁʱ 

ʁ ʴˊʰ˃˃ʽˁˈˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ όlinear programmingύ ʶʾ˄ʰʽ ʾˋ˖ˌ ʹ ʵʹ˃ˇ˒ʽ˂ʷˋˍʶˊʹ ˃ʷʻˇʵˇˌ 

ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌΦ ɳˉʽ˂ˏʶʽ ˎˉˈ ˉˊˇːˉˇʻʷˋʶʽˌ ˍˇ ˉˊˈʲ˂ʹ˃ʰ ˍʹˌ ˁʰˍʰ˄ˇ˃ʺˌ ˉʶˊʽˇˊʽˋ˃ʷ˄˖˄ ˉˈˊ˖˄ ʺ 

˃ʷˋ˖˄ ˃ʶˍʰ˅ˏ ʵʽʱ˒ˇˊ˖˄ ʰ˄ˍʰʴ˖˄ʽˋˍʽˁ˗˄ ˁʰʽ ʶ˄ʰ˂˂ʰˁˍʽˁ˗˄ ʵˊʰˋˍʹˊʽˇˍʺˍ˖˄Φ ɲʾ˄ʶʽ ʵʹ˂ʰʵʺ ˍʹ˄ 

ʰˉʱ˄ˍʹˋʹ ˋˍˇ ˉˊˈʲ˂ʹ˃ʰ ˁʰˍʰ˄ˇ˃ʺˌ ˍʹˌ ˋˍʱʻ˃ʹˌ ˍ˖˄ ʵˊʰˋˍʹˊʽˇˍʺˍ˖˄ ˃ʶ ˍˊˈˉˇ ˍʽ˄ʱ ˗ˋˍʶ ʰ˒ʶ˄ˈˌ 

˄ʰ ʽˁʰ˄ˇˉˇʽˇˏ˄ˍʰʽ ˇʽ ʵʽʰ˒ˈˊ˖˄ ˒ˏˋʶ˖˄ ˉʶˊʽˇˊʽˋ˃ˇʾΣ ʰ˒ʶˍʷˊˇˎ ˄ʰ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ʹ 

ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˍˇˎ ˍʶ˂ʽˁˇˏ ʰˉˇˍʶ˂ʷˋ˃ʰˍˇˌ όʀʹˊˇˁ˗ˋˍʰˌΣ мффф). 

ʁ ʴˊʰ˃˃ʽˁˈˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˋʶ ʷ˄ʰ ʶˎˊˏˍʰˍˇ ˉʶʵʾˇ ʶˉʽˋˍʹ˃˗˄Φ ɮˉˈ ˍʹ˄ ʶʻ˄ʽˁʺ 

ˇʽˁˇ˄ˇ˃ʾʰ ˖ˌ ˍʽˌ ˃ ʽˁˊʷˌ ʽʵʽ˖ˍʽˁʷˌ ʶˉʽ˔ʶʽˊʺˋʶʽˌΣ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ʶˉʾ˂ˎˋʹ ˉˊˇʲ˂ʹ˃ʱˍ˖˄Υ 

¶ ɼʰˍʰ˄ˇ˃ʺˌ ˉˈˊ˖˄ 

¶ ɲʾʰʽˍʰˌ 

¶ ɾʾ˅ʹˌ ˉˊˇʿˈ˄ˍ˖˄ 

¶ ɳ˄ʷˊʴʶʽʰˌ ˁʰʽ ˉˊˇˋˍʰˋʾʰˌ ˍˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ 

¶ ʃʰˊʰʴ˖ʴʺˌ 

¶ ɲʽˇʾˁʹˋʹˌ ˉˊˇˋ˖ˉʽˁˇˏ 

¶ ʃˊˇ˗ʻʹˋʹˌ ˉˊˇʿˈ˄ˍ˖˄ όmarketing) 

ɳʾ˄ʰʽ ʰˉˈ ˍʽˌ ˂ʾʴʶˌ ˃ʰʻʹ˃ʰˍʽˁʷˌ ˍʶ˔˄ʽˁʷˌ ˉˇˎ ˉˇ˂ˏ ˋˏ˄ˍˇ˃ʰ ˃ʶˍʱ ˍʹ˄ ʰ˄ʰˁʱ˂ˎ˕ʺ ˍʹˌ ʶˉʶˁˍʱʻʹˁʶ 

ʵˊʰˋˍʽˁʱ ˋʶ ˍˈˋʶˌ ʶˉʽˋˍʹ˃ˇ˄ʽˁʷˌ ˉʶˊʽˇ˔ʷˌ ʲˊʾˋˁˇ˄ˍʰˌ ʶˎˊʶʾʰ ʰˉˇʵˇ˔ʺ ˔ʱˊʹ ˋˍˇ ʽˋ˔ˎˊˈ ˁʰʽ 

ʶ˃ˉʶˊʽˋˍʰˍ˖˃ʷ˄ˇ ʻʶ˖ˊʹˍʽˁˈ ˍˇˎ ˎˉˈʲʰʻˊˇ ˁʰʽ ˍʹ˄ ʱ˃ʶˋʹ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʱ ˍˇˎΦ 

ɼʰʽ ʹ ʷ˄˄ˇʽʰ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰ ʷʴˁʶʽˍʰʽ ˋˍʹ˄ ʶˉʾˍʶˎ˅ʹ ˍˇˎ ʶˉʽʻˎ˃ʹˍˇˏ ʰˉˇˍʶ˂ʷˋ˃ʰˍˇˌ ˉˇˎ 

ʶʾ˄ʰʽ ʹ ʶˁʱˋˍˇˍʶ ˃ʶʴʽˋˍˇˉˇʾʹˋʹ ʺ ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹ ˍˇˎ ˁʷˊʵˇˎˌ όˋˍʽˌ ˉ˖˂ʺˋʶʽˌΣ ˋˍʹ˄ ʰˉʰˋ˔ˈ˂ʹˋʹ 

ˁˍ˂Φύ ʺ ˍˇˎ ˁˈˋˍˇˎˌ όˋˍʹ˄ ˉʰˊʰʴ˖ʴʺΣ ˋˍʽˌ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʷˌ ʶˉʽˉˍ˗ˋʶʽˌ ˁˍ˂Φύ ʰ˄ˍʾˋˍˇʽ˔ʰ ˋˍʹ˄ 

ˇʽˁˇ˄ˇ˃ʽˁʺ ˃ˇ˄ʱʵʰΦ  
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ʅʶ ˁʱʻʶ ˉˊˈʲ˂ʹ˃ʰ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ Σ ʶˉˇ˃ʷ˄˖ˌ ˁʰʽ ˋʶ ˁʱʻʶ ˉˊˈʲ˂ʹ˃ʰ ˉˇˎ ʶʾ˄ʰʽ ʶˉʽ˂ˏˋʽ˃ˇ ˃ʶ 

ʴˊʰ˃˃ʽˁˈ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈΣ ˎˉʱˊ˔ˇˎ˄ ˈˉ˖ˌ ʰ˄ʰ˒ʷˊʻʹˁʶ ˉʰˊʰˉʱ˄˖ ʵʽʱ˒ˇˊˇʽ ˉʶˊʽˇˊʽˋ˃ˇʾΦ ɮˎˍˇʾ 

˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ όɿʰ˂˃ˉʱ˄ˍʹˌΣ нллт): 

¶ ʊˎˋʽˁˇʾ ˉʶˊʽˇˊʽˋ˃ˇʾΣ ˄ʰ ʰˉˇˊˊʶʷˇˎ˄ ʵʹ˂Φ ʰˉˈ ˒ ˎˋʽˁˇˏˌ ˄ˈ˃ˇˎˌΦ 

¶ ʆʶ˔˄ˇ˂ˇʴʽˁˇʾ ˉʶˊʽˇˊʽˋ˃ˇʾΣ ˄ʰ ʶ˅ʰˊˍ˗˄ˍʰʽ ʵʹ˂Φ ʰˉˈ ˍʹ˄ ˎˉʱˊ˔ˇˎˋʰ ˍʶ˔˄ˇ˂ˇʴʾʰΦ 

¶ ʁʽˁˇ˄ˇ˃ʽˁˇʾ ˁʰʽ ˁˇʽ˄˖˄ʽˁˇʾ ˉʶˊʽˇˊʽˋ˃ˇʾΣ ˄ʰ ʰˉˇˊˊʷˇˎ˄ ʰˉˈ ˔ˊˇ˄ʽˁʱ ˁʰʽ ˔˖ˊʽˁʱ ˈˊʽʰ ˉˇˎ 

ʻʷˍʶʽ ˃ʾʰ ˁˇʽ˄˖˄ʾʰ ˃ʶ ˉʶˉʶˊʰˋ˃ʷ˄ʶˌ ˇʽˁˇ˄ˇ˃ʽˁʷˌ ʵˎ˄ʰˍˈˍʹˍʶˌΦ 

¶ ʃʶˊʽʲʰ˂˂ˇ˄ˍʽˁˇʾ ˉʶˊʽˇˊʽˋ˃ˇʾΣ ˃ʶ ˋˁˇˉˈ ˍʹ˄ ʰˉˇ˒ˎʴʺ ˎˉˇʲʱʻ˃ʽˋʹˌ ˍˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌΦ 

ʁ ˊˈ˂ˇˌ ˍ˖˄ ˉʶˊʽˇˊʽˋ˃˗˄ ʵʶ˄ ʶʾ˄ʰʽ ˍˈˋˇ ˄ʰ ˁʰʻˇˊʾʸˇˎ˄ ʰˎˋˍʹˊʱ ʷ˄ʰ ˃ˇ˄ˇʵʽʱˋˍʰˍˇ ˍˊˈˉˇ 

ʵˊʱˋʹˌΣ ˈˋˇ ˄ʰ ʰ˒ʺ˄ˇˎ˄ ˉʶˊʽʻ˗ˊʽʰ ʴʽʰ ˉʶˊʽˋˋˈˍʶˊʶˌ ʰˉˈ ˃ʾʰ ʶ˄ʰ˂˂ʰˁˍʽˁʷˌ ˂ˏˋʶʽˌΦ ɮˉˈ ʰˎˍʷˌ ˍʽˌ 

ʶ˄ʰ˂˂ʰˁˍʽˁʷˌ ˂ˏˋʶʽˌ ʻʰ ʶˉʽ˂ʶ˔ʻʶʾ ʶˁʶʾ˄ʹ ˉˇˎ ʻʰ ʽˁʰ˄ˇˉˇʽʺˋʶʽ ˃ʶ ˍˇ˄ ˁʰ˂ˏˍʶˊˇ ˍˊˈˉˇ ˍʹ 

˃ʶʴʽˋˍˇˉˇʾʹˋʹ ˍˇˎ ˁʷˊʵˇˎˌ ʺ ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹ ˍˇˎ ˁˈˋˍˇˎˌ ʺ ˁʰˍʱ ʴʶ˄ʾˁʶˎˋʹΣ ˍˇˎ ˁˊʽˍʹˊʾˇˎ 

ʶˉʽ˂ˇʴʺˌ όʀʹˊˇˁ˗ˋˍʰˌΣ мффф). 

оΦпΦн ɾʰʻʹ˃ʰˍʽˁˇʾ ˇˊʽˋ˃ˇʾ 

ʆˇ ʶˉʾʻʶˍˇ ζʴˊʰ˃˃ʽˁˈˌη ˋˍˇ˄ ʴˊʰ˃˃ʽˁˈ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʵʽˈˍʽ ˈ˂ʶˌ ˇʽ 

˃ʰʻʹ˃ʰˍʽˁʷˌ ˋ˔ʷˋʶʽˌ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ʶʾ˄ʰʽ ʴˊʰ˃˃ʽˁʷˌΦ ʂˍʰ˄ ˇ ˋˍˈ˔ˇˌ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ʶʾ˄ʰʽ 

ʰˉ˂ˈˌΣ ˎˉʱˊ˔ʶʽ ˃ʾʰ ˋˎ˄ʱˊˍʹˋʹ ˋˍˈ˔ˇˎ ʺ ˁˊʽˍʺˊʽˇ ʰˉˈ˒ʰˋʹˌ ʺ ˁˊʽˍʺˊʽˇ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ ˉˇˎ 

ˉˊˈˁʶʽˍʰʽ ˄ʰ ˃ʶʴʽˋˍˇˉˇʽʹʻʶʾ ʺ ˄ʰ ʶ˂ʰ˔ʽˋˍˇˉˇʽʹʻʶʾ ˁʰʽ ˇ ʴˊʰ˃˃ʽˁˈˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ ʶʾ˄ʰʽ 

˃ˇ˄ˇˁˊʽˍʹˊʽʰˁˈˌΦ ʃˇ˂ˎˁˊʽˍʹˊʽʰˁˈˌ ʶʾ˄ʰʽ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉʽˇ ˉʶˊʾˉ˂ˇˁ˖˄ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ˈˉˇˎ 

ˍʾʻʶ˄ˍʰʽ ˉˇ˂˂ʰˉ˂ʱ ˁˊʽˍʺˊʽʰ ʰˉˈ˒ʰˋʹˌ ˁʰʽ ʹ ˋˎ˄ʱˊˍʹˋʹ ˋˍˈ˔ˇˎ ʶʾ˄ʰʽ ʵʽʰ˄ˎˋ˃ʰˍʽˁʺˌ ˃ˇˊ˒ʺˌΦ ʅˍˇ˄ 

˃ˇ˄ˇˁˊʽˍʹˊʽʰˁˈ ʴˊʰ˃˃ʽˁˈ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈΣ ˍˇ ˃ˇ˄ˍʷ˂ˇ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ʷ˔ʶʽ ˖ˌ ʶ˅ʺˌ 

όɿʰ˂˃ˉʱ˄ˍʹˌΣ нллт Ö ɼˇ˂ʷˍˋˇˌΣ нллсύ: 

 

¶ ɶ ˋˎ˄ʱˊˍʹˋʹ ˋˍˈ˔ˇˎ ʶʾ˄ʰʽ ʴˊʰ˃˃ʽˁʺ ˋˎ˄ʱˊˍʹˋʹ ˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ʰˉˈ˒ʰˋʹˌ xjΣ ˍʹˌ ˃ˇˊ˒ʺˌ  

z = [max] or [min] f(x) = c1x1 + c2x2 Ҍ Χ + cnxn, 

ˈˉˇˎΥ  

cj, o ̀ ˎ˄ˍʶ˂ʶˋˍʺˌ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ˋˍˈ˔ˇˎ ˍʹˌ ˃ʶˍʰʲ˂ʹˍʺˌ j (j Ґ мΣ нΣ ΧΣ n) 

 

 

¶ ʁʽ ˉʶˊʽˇˊʽˋ˃ˇʾ ˉˇˎ ʶˉʽʲʱ˂˂ˇ˄ˍʰʽ ˋˍʽˌ ˃ʶˍʰʲ˂ʹˍʷˌ ʰˉˈ˒ʰˋʹˌ xj, ʶʾ˄ʰʽ ʴˊʰ˃˃ʽˁˇʾ ˃ʶ ˍʹ 

˃ˇˊ˒ʺ ʰ˄ʽˋˇʶ˅ʽˋ˗ˋʶ˖˄Υ  

a11x1 + a12x2 Ҍ Χ Ҍ ŀ1nxn җΣ ҐΣ Җ ō1  

a21x1 + a22x2 Ҍ Χ Ҍ ŀ2nxn җΣ ҐΣ Җ ō2 

             Χ 

am1x1 + am2x2 Ҍ Χ Ҍ ŀmnxn җΣ ҐΣ Җ ōm  

ˁʰʽ xj җ л 

ˈˉˇˎΥ 

biΣ ˋˍˇ ʵʶ˅ʽˈ ˃ʷ˂ˇˌ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˍˇˎ ˉʶˊʽˇˊʽˋ˃ˇˏ i (i Ґ мΣ нΣ ΧΣ m) 

aijΣ ˇ ˍʶ˔˄ˇ˂ˇʴʽˁˈˌ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˍʹˌ ˃ʶˍʰʲ˂ʹˍʺˌ j (j Ґ мΣ нΣ ΧΣ nύ ˋˍˇ˄ ˉʶˊʽˇˊʽˋ˃ˈ i (i = 1, 2, 

ΧΣ m) 
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ʅˍʹ˄ ˉˊˈˍˎˉʹ ˃ˇˊ˒ʺ ˍˇ ˃ˇ˄ˍʷ˂ˇ ˍˇˎ ʴʶ˄ʽˁˇˏ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ʵʽʰˍˎˉ˗˄ʶˍʰʽ ˖ˌ ʶ˅ʺˌΥ 

ʅˎ˄ʱˊˍʹˋʹ ˋˍˈ˔ˇˎΥ z = [max] or [min] f(x) = cʆx 

ʇˉˈ ˍˇˎˌ ˉʶˊʽˇˊʽˋ˃ˇˏˌΥ ɮx җΣ ҐΣ Җ b ˁ ʰʽ x җ л 

 

ʂˉˇˎΥ 

cʆΣ ʹ ˃ʺˍˊʰ ˍ˖˄ ˋˎ˄ˍʶ˂ʶˋˍ˗˄ cj ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ˋˍˈ˔ˇˎ ˋʶ ʰ˄ʱˋˍˊˇ˒ʹ ˃ˇˊ˒ʺ ʵʽʰˋˍʱˋʶ˖˄ όмxn) 

ˁʰʽ ȄΣ ʹ ˃ʺˍˊʰ ˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ʰˉˈ˒ʰˋʹˌ xj ɻ ʽʰˋˍʱˋʶ˖˄ όnxмύΣ ˉˇˎ ʶʾ˄ʰʽ ˁʰʽ ˍˇ ˍʶ˂ʽˁˈ ʸʹˍˇˏ˃ʶ˄ˇ 

ɮΣ ʹ ˃ʺˍˊʰ ˍ˖˄ ˋˎ˄ˍʶ˂ʶˋˍ˗˄ aij ɻ ʽʰˋˍʱˋʶ˖˄ όmxn) 

bΣ ʹ ˃ʺˍˊʰ ˍ˖˄ ˋˎ˄ˍʶ˂ʶˋˍ˗˄ ˉʶˊʽˇˊʽˋ˃ˇˏ bi ɻ ʽʰˋˍʱˋʶ˖˄ όmx1) 

лΣ ʷ˄ʰ ʵʽʱ˄ˎˋ˃ʰ ˃ʶ n ˃ʹʵʶ˄ʽˁʱ ˋˍˇʽ˔ʶʾʰ ʵʽʰˋˍʱˋʶ˖˄ όnxмύΣ ˉˇˎ ʵʶˋ˃ʶˏʶʽ ˍʹ ˃ʹ ʰˊ˄ʹˍʽˁˈˍʹˍʰ ˍ˖˄ 

˃ʶˍʰʲ˂ʹˍ˗˄ xj 

 

оΦпΦо ɰʰˋʽˁʷˌ ˎˉˇʻʷˋʶʽˌ 

ɱʽʰ ˄ʰ ʶˎˋˍʰʻʶʾ ʷ˄ʰ ˉˊˈʲ˂ʹ˃ʰ ʴˊʰ˃˃ʽˁˇˏ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ˉˊʷˉʶʽ ˈ˂ʶˌ ˇʽ ˃ʰʻʹ˃ʰˍʽˁʷˌ ˋ˔ʷˋʶʽˌ 

˄ʰ ʶʾ˄ʰʽ ʴˊʰ˃˃ʽˁʷˌ ˖ˌ ˉˊˇˌ ˍʽˌ ˃ʶˍʰʲ˂ʹˍʷˌΦ ʂˍʰ˄ ʶ˃˒ʰ˄ʽˋˍʶʾ ʷ˄ʰ ˇˉˇʽˇʵʺˉˇˍʶ ˉˊˈʲ˂ʹ˃ʰ ʻʰ 

ˉˊʷˉʶʽ ˄ʰ ʶ˅ʶˍʰˋˍˇˏ˄ ˁʱˉˇʽʶˌ ˉʰˊʰʵˇ˔ʷˌ ˗ˋˍʶ ˄ʰ ʵʽʰˉʽˋˍ˖ʻʶʾ ʰ˄ ˃ˉˇˊʶʾ ˄ʰ ʶ˒ʰˊ˃ˇˋˍʶʾ 

ʽˁʰ˄ˇˉˇʽʹˍʽˁʱ ʹ ˃ʷʻˇʵˇˌΦ ɮˎˍʷˌ ʁ ʾ˄ʰʽ όɼˇ˂ʷˍˋˇˌΣ нллсύΥ 

 

¶ ɶ ʰ˄ʰ˂ˇʴʽˁˈˍʹˍʰ ʺ ʴˊʰ˃˃ʽˁˈˍʹˍʰΦ ɰʱˋʶʽ ʰˎˍʺˌΣ ˁʱʻʶ ˃ʶˍʰʲ˂ʹˍʺ ˋˎ˄ʶʽˋ˒ʷˊʶʽ ˋˍʹ 

ˋˎ˄ʱˊˍʹˋʹ ˋˍˈ˔ˇˎ ʶˎʻʷ˖ˌ ʰ˄ʱ˂ˇʴʰ ˍʹˌ ˍʽ˃ʺˌ ˍʹˌΦ ʅˍʹ˄ ʰ˄ˍʾʻʶˍʹ ˉʶˊʾˉˍ˖ˋʹ ˍˇ ˉˊˈʲ˂ʹ˃ʰ 

ˎˉʱʴʶˍʰʽ ˋˍˇ ˉʶʵʾˇ ˍˇˎ ˃ʹ ʴˊʰ˃˃ʽˁˇˏ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏΦ 

 

¶ ɶ ˉˊˇˋʻʶˍʽˁˈˍʹˍʰΦ ɰʱˋʶʽ ʰˎˍʺˌΣ ʹ ˋˎ˄ʱˊˍʹˋʹ ˋˍˈ˔ˇˎ ʶʾ˄ʰʽ ˍˇ ʱʻˊˇʽˋ˃ʰ ˍ˖˄ ˋˎ˄ʶʽˋ˒ˇˊ˗˄ 

ˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ʰˉˈ˒ʰˋʹˌΦ ɾʶ ˍˇ ʾʵʽˇ ˋˁʶˉˍʽˁˈ ʹ ʰˊʽˋˍʶˊʺ ˉ˂ʶˎˊʱ ˁʱʻʶ ˉʶˊʽˇˊʽˋ˃ˇˏ 

ʶʾ˄ʰʽ ˁʰʽ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˍˇ ʱʻˊˇʽˋ˃ʰ ˍ˖˄ ʵʽʰʻʷˋʽ˃˖˄ ˉˈˊ˖˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋʶ 

ˁʱʻʶ ˃ʶˍʰʲ˂ʹˍʺΦ  

 

¶ ɶ ʵʽʰʽˊʶˍˈˍʹˍʰΦ ɰʱˋʶʽ ʰˎˍʺˌΣ ˇʽ ˃ʶˍʰʲ˂ʹˍʷˌ ʰˉˈ˒ʰˋʹˌ ʵʽʰʽˊˇˏ˄ˍʰʽ ʵˎ˄ʹˍʽˁʱ ˈˋʶˌ ˒ˇˊʷˌ 

˔ˊʶʽʰˋˍʶʾ ˗ˋˍʶ ʰˁˈ˃ʰ ˁʽ ʰ˄ ˉˊˇˁˏ˕ˇˎ˄ ˃ʹ ʰˁʷˊʰʽʶˌ όˁʰʽ ˃ʹ ʰˊ˄ʹˍʽˁʷˌύ ˍʽ˃ʷˌΣ ʹ ˂ˏˋʹ ˄ʰ 

ʶʾ˄ʰʽ ʰˉˇʵʶˁˍʺΦ ʂˍʰ˄ ˇʽ ˃ʶˍʰʲ˂ʹˍʷˌ ʵʶˋ˃ʶˏˇ˄ˍʰʽ ˄ʰ ˉʱˊˇˎ˄ ˃ˈ˄ˇ ʰˁʷˊʰʽʶˌ ˍʽ˃ʷˌ όˉΦ˔Φ 

ʰˊʽʻ˃ˈˌ ʶˊʴʰˍ˗˄Σ ʰˉˇʵˇ˔ʺ ʺ ˈ˔ʽ ˃ʽʰˌ ʱˉˇ˕ʹˌ ˁˍ˂ύΣ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ˉˊˈʲ˂ʹ˃ʰ ʰˁʷˊʰʽˇˎ 

ʴˊʰ˃˃ʽˁˇˏ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏΦ ʂˍʰ˄ ʵʶ˄ ˎˉʱˊ˔ʶʽ ʰˎˍʺ ʹ ʵʷˋ˃ʶˎˋʹ ʴʽʰ ˍʽˌ ˃ʶˍʰʲ˂ʹˍʷˌ όˉΦ˔Φ 

˃ˇ˄ʱʵʶˌ ˃ʺˁˇˎˌΣ ˃ʱʸʰˌ ˁˍ˂ΦύΣ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ˉˊˈʲ˂ʹ˃ʰ ˃ʶʽˁˍˇˏ ʴˊʰ˃˃ʽˁˇˏ 

ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏΦ 
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¶ ɶ ˉˊˇˋʵʽˇˊʽˋˍʽˁˈˍʹˍʰ ʺ ʲʶʲʰʽˈˍʹˍʰΦ ɰʱˋʶʽ ʰˎˍʺˌΣ ˈ˂ʶˌ ˇʽ ˍʽ˃ʷˌ aij, bi, cj ʶʾ˄ʰʽ ʴ˄˖ˋˍʷˌ 

ˋˍʰʻʶˊʷˌ ˃ʶ ʰˉˈ˂ˎˍʹ ʲʶʲʰʽˈˍʹˍʰΦ ɮ˄ ʵʶ˄ ʽˋ˔ˏʶʽ ʰˎˍˈ ʰˉˇ˂ˏˍ˖ˌΣ ˇʽ ˃ʶˍʰʲ˂ʹˍʷˌ 

ʰˁˇ˂ˇˎʻˇˏ˄ ˍˇˎˌ ˄ˈ˃ˇˎˌ ˍʹˌ ˋˍʰˍʽˋˍʽˁʺˌ ˁʰʽ ˇ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌ ʶʾ˄ʰʽ ˋˍˇ˔ʰˋˍʽˁˈˌ 

(stochastic linear programmingύΦ ɮ˄ ʶˉʾˋʹˌ ˁʱˉˇʽˇʽ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ʶʾ˄ʰʽ ˁʰˍʱ ˉˊˇˋʷʴʴʽˋʹ 

ʴ˄˖ˋˍˇʾΣ ʰ˄ʺˁˇˎ˄ ʵʹ˂ʰʵʺ ʰˋʰ˒˗ˌ ˋʶ ʵʽʰˋˍʺ˃ʰˍʰ ˍʽ˃˗˄Σ ˍˇ ˉˊˈʲ˂ʹ˃ʰ ʶ˃ˉʾˉˍʶʽ ˋˍˇ˄ 

ʰˋʰ˒ʺ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈ όfuzzy linear programming).  

ʅʶ ˁʱʻʶ ˉʶˊʾˉˍ˖ˋʹΣ ˃ʶˍʱ ˍʹ˄ ʶˏˊʶˋʹ ˍʹˌ ʲʷ˂ˍʽˋˍʹˌ ˂ˏˋʹˌΣ ʴʽʰ ˄ʰ ʵʽʰˉʽˋˍ˖ʻʶʾ ʹ ʶʴˁˎˊˈˍʹˍʰ ˍ˖˄ 

˒ʰʽ˄ˇ˃ʶ˄ʽˁʱ ʲʷʲʰʽ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎΣ ʶ˄ʵʶʾˁ˄ˎˍʰʽ ˄ʰ ʴʾ˄ʶʽ ˃ʾʰ ʰ˄ʱ˂ˎˋʹ ʶˎʰʽˋʻʹˋʾʰˌΦ 

ʅʶ ˉˊˇʲ˂ʺ˃ʰˍʰ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ ʰˉˈ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ʶˎʰʽˋʻʹˋʾʰˌ ˖ˌ ˉˊˇˌ ˍʽˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ˁʰʽ ˍˇˎˌ 

ˉʶˊʽˇˊʽˋ˃ˇˏˌ ˉˊˇˁˏˉˍʶʽ ʵʽʰ˒ˇˊʶˍʽˁʺ ˂ˏˋʹΦ ɳˉˇ˃ʷ˄˖ˌ ʶʾ˄ʰʽ ʰ˄ʰʴˁʰʾˇ ˍˇ ˃ˇ˄ˍʷ˂ˇ ˄ʰ ʷ˔ʶʽ ˃ʾʰ 

ʶˎˋˍʱʻʶʽʰΦ 

3.4.4 ɶ ˃ʷʻˇʵˇˌ Simplex  

ɶ ˃ʷʻˇʵˇˌ Simplex ʶʾ˄ʰʽ ʹ ˉ˂ʷˇ˄ ʴ˄˖ˋˍʺ ˃ʷʻˇʵˇˌ ʶˉʾ˂ˎˋʹˌ ʶ˄ˈˌ ʴˊʰ˃˃ʽˁˇˏ ˉˊˇʲ˂ʺ˃ʰˍˇˌΦ 

ɮ˄ʰˉˍˏ˔ʻʹˁʶ ʰˉˈ ˍˇ˄ George DantzigΦ ɶ ˃ʷʻˇʵˇˌ ʰˎˍʺ ʰˉˇˍʶ˂ʶʾ ˃ʽʰ ʰ˂ʴʶʲˊʽˁʺ ʶˉʰ˄ʰ˂ʹˉˍʽˁʺ 

ʵʽʰʵʽˁʰˋʾʰ ʹ ˇˉˇʾʰ ʶˉʽ˂ˏʶʽ ˃ʶ ʰˁˊʾʲʶʽʰ ʷ˄ʰ ˉˊˈʲ˂ʹ˃ʰ ʴˊʰ˃˃ʽˁˇˏ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏΣ ˋʶ ʷ˄ʰ 

ˉʶˉʶˊʰˋ˃ʷ˄ˇ ˉ˂ʺʻˇˌ ʲʹ˃ʱˍ˖˄Φ ɶ ʶˉʾ˂ˎˋʹ ˋˍˇ ˔ʷˊʽ ʰˉˇˍʶ˂ʶʾ ʽʵʽʰʾˍʶˊʰ ˔ˊˇ˄ˇʲˈˊʰ ʵʽʰʵʽˁʰˋʾʰ ˁʰʽ 

ʰˉʰʽˍʶʾ ʽʵʽʰʾˍʶˊʹ ˉˊˇˋˇ˔ʺ ˂ˈʴ˖ ˍ˖˄ ˉˇ˂˂˗˄ ʰˊʽʻ˃ʹˍʽˁ˗˄ ˉˊʱ˅ʶ˖˄Φ  

3.4.5 ʃʰˊʱʵʶʽʴ˃ʰ ʰ˄ʰ˒ˇˊʱˌ 

ʅˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈ ˉʰˊʰˍʾʻʶˍʰʽ ʷ˄ʰ ʸʹˍˇˏ˃ʶ˄ˇ ˍˇ ˇˉˇʾˇ ʶˉʽ˂ˏʶˍʰʽ ˃ʶ ʴˊʰ˃˃ʽˁˈ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈΣ 

ʴʽh ˍʹ˄ ˁʰ˂ˏˍʶˊʹ ˁʰˍʰ˄ˈʹˋʹ ˍʹˌ ˃ʶʻˈʵˇˎΦ ʃˊˈˁʶʽˍʰʽ ʴʽʰ ˃ʽʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʺ ˉʶˊʾˉˍ˖ˋʹ 

ʰ˄ʰʸʺˍʹˋʹˌ ˍʹˌ ʶˉʽˁʶˊʵʷˋˍʶˊʹˌ ˋˏ˄ʻʶˋʹˌ ˉˊˇʿˈ˄ˍ˖˄ όʀʹˊˇˁ˗ˋˍʰˌΣ мффф) 

 

ɵʹˍˇˏ˃ʶ˄ˇ 

ɾʽʰ ʲʽˇ˃ʹ˔ʰ˄ʾʰ ʰˉˇ˒ʰˋʾʸʶʽ ˍʹ ʵʽʰˁˇˉʺ ˍʹˌ ˉʰˊʰʴ˖ʴʺˌ ʶ˄ˈˌ ʰˉˈ ˍʰ ˉˊˇʿˈ˄ˍʰ ˍʹˌΣ ˉˇˎ ˉ˂ʶˈ˄ ʵʶ˄ 

ʶʾ˄ʰʽ ʶˉʽˁʶˊʵʷˌΦ ʍˌ ʰˉˇˍʷ˂ʶˋ˃ʰΣ ʹ ˉʰˊʰʴ˖ʴʽˁʺ ʽˁʰ˄ˈˍʹˍʰ ʰˉˇʵʶˋ˃ʶˏʶˍʰʽ ˁʰʽ ʹ ʵʽʶˏʻˎ˄ˋʹ 

ˋˁʷ˒ˍʶˍʰʽ ˄ʰ ʵʽʰʻʷˋʶʽ ˍʹ˄ ˉ˂ʶˇ˄ʱʸˇˎˋʰ ʰˎˍʺ ˉʰˊʰʴ˖ʴʽˁʺ ʽˁʰ˄ˈˍʹˍʰ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ʶ˄ˈˌ ʺ 

ˉʶˊʽˋˋˈˍʶˊ˖˄ ʶˁ ˍ˖˄ ˍˊʽ˗˄ ˄ʷ˖˄ ˉˊˇʿˈ˄ˍ˖˄ мΣ н ˁʰʽ оΦ ɶ ʵʽʰʻʷˋʽ˃ʹ ˉʰˊʰʴ˖ʴʽˁʺ ʽˁʰ˄ˈˍʹˍʰ ˍ˖˄ 

˃ʹ˔ʰ˄˗˄ ˍʹˌ ʶˉʽ˔ʶʾˊʹˋʹˌ ʷ˔ʶʽ ˖ˌ ʶ˅ʺˌΥ 

 

ʁʽ ˃ʹ˔ʰ˄ˇ˗ˊʶˌ ˉˇˎ ʰˉʰʽˍˇˏ˄ˍʰʽ ʴʽʰ ˁʱʻʶ ˃ˇ˄ʱʵʰ ˉˊˇʿˈ˄ˍˇˌ ʷ˔ˇˎ˄ ˖ˌ ʶ˅ʺˌΥ 

ɾʹ˔ʰ˄ʺ

ʃʰˊʰʴ˖ʴʽˁʺ 

ʽˁʰ˄ˈˍʹˍʰ 

ό˗ˊʶˌκʶʲʵΦύ

1 200

2 100

3 50
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ʆˇ ˍ˃ʺ˃ʰ ˉ˖˂ʺˋʶ˖˄ ʶˁˍʽ˃ʱ ˈˍʽ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ˉ˖˂ʺˋʶ˖˄ ʴʽʰ ˍʰ ˉˊˇʿˈ˄ˍʰ м ˁʰʽ н ˅ʶˉʶˊ˄ʱ ˍʽˌ 

ˉˇˋˈˍʹˍʶˌ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ˉʰˊʰ˔ʻˇˏ˄Σ ʶ˄˗ ʴʽʰ ˍˇ ˉˊˇʿˈ˄ о ʶʾ˄ʰʽ нл ˃ˇ˄ʱʵʶˌκʶʲʵˇ˃ʱʵʰΦ ʆˇ 

ˁʷˊʵˇˌ ʰ˄ʱ ˃ˇ˄ʱʵʰ ˉˊˇʲ˂ʷˉʶˍʰʽ ˄ʰ ʶʾ˄ʰʽ нлΣ с ˁʰʽ у ϵ ʴʽʰ ˍʰ ˉˊˇʿˈ˄ˍʰ мΣ н ˁʰʽ о ʰ˄ˍʾˋˍˇʽ˔ʰΦ 

ʆˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ʰˉˈ˒ʰˋʹˌ ʶʾ˄ʰʽ ʶˉˇ˃ʷ˄˖ˌ ˉˇʽʱ ˉˇˋˈˍʹˍʰ ˉˊʷˉʶʽ ˄ʰ ˉʰˊʰ˔ʻʶʾ ʰˉˈ ˁʱʻʶ ˉˊˇʿˈ˄Σ 

˗ˋˍʶ ʹ ʶˉʽ˔ʶʾˊʹˋʹ ʶ˅ʰ˄ˍ˂˗˄ˍʰˌ ˍʹ ˃ʷʴʽˋˍʹ ˉʰˊʰʴ˖ʴʽˁˈˍʹˍʱ ˍʹˌΣ ˄ʰ ˃ʶʴʽˋˍˇˉˇʽʺˋʶʽ ˍˇ ˁʷˊʵˇˌ ˍʹˌΦ 

ʆʹ˄ ʰˉʱ˄ˍʹˋʹ ʵʾ˄ʶʽ ʹ ˁʰˍʱˋˍˊ˖ˋʹ ʶ˄ˈˌ ˃ˇ˄ˍʷ˂ˇˎ ʴˊʰ˃˃ʽˁˇˏ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏΦ 

ɰʺ˃ʰ мˇ: Ó ʽˋ˃ˈˌ ˃ʶˍʰʲ˂ʹˍ˗˄ ʰˉˈ˒ʰˋʹˌ 

ʁʽ ˖ˌ ʱ˄˖ ˉˇˋˈˍʹˍʶˌ ʻʰ ˁʰʻˇˊʾˋˇˎ˄ ˍʹ ˒ˏˋʹ ˍʹˌ ʰˉˈ˒ʰˋʹˌΣ ʶˉˇ˃ʷ˄˖ˌ ˁʱʻʶ ˃ʾʰ ˉˇˋˈˍʹˍʰ ʰˉˈ 

ˁʱʻʶ ˉˊˇʿˈ˄ ʰˉˇˍʶ˂ʶʾ ˁʰʽ ˃ʾʰ ˃ʶˍʰʲ˂ʹˍʺ ʰˉˈ˒ʰˋʹˌΦ ɴˋˍ˖ ʶˉˇ˃ʷ˄˖ˌ ʋ1Σ ʋ2Σ ʋ3 ˇʽ ˉˇˋˈˍʹˍʶˌ ʰˉˈ 

ˍʰ ˉˊˇʿˈ˄ˍʰ мΣ н ˁʰʽ о ʰ˄ˍʾˋˍˇʽ˔ʰΦ  

ɰʺ˃ʰ нˇΥ ɼʰʻˇˊʽˋ˃ˈˌ ˋˎ˄ʱˊˍʹˋʹˌ ˋˍˈ˔ˇˎ 

ʅˁˇˉˈˌ ˍʹˌ ʶˉʽ˔ʶʾˊʹˋʹˌ ʶʾ˄ʰʽ ˄ʰ ˃ʶʴʽˋˍˇˉˇʽʺˋʶʽ ˍˇ ˁʷˊʵˇˌ ˍʹˌΣ ʶˉˇ˃ʷ˄˖ˌ ʹ ʴˊʰ˃˃ʽˁʺ ˋ˔ʷˋʹ ʰˎˍˇˏ 

˃ ʁ̱ ʽˌ ˃ʶˍʰʲ˂ʹˍʷˌ ʰˉˈ˒ʰˋʹˌ ʶʾ˄ʰʽΥ 

maxz = 20X1 + 6X2 + 8X3 

ɰʺ˃ʰ оˇΥ ɼʰʻˇˊʽˋ˃ˈˌ ˍ˖˄ ˉʶˊʽˇˊʽˋ˃˗˄ 

ɶ ˋˎ˄ʱˊˍʹˋʹ ˋˍˈ˔ˇˎ ˋˍʹ ʵʽʰʵʽˁʰˋʾʰ ˃ʶʴʽˋˍˇˉˇʾʹˋʺˌ ˍʹˌ ˉʶˊʽˇˊʾʸʶˍʰʽ ʰˉˈ ˍʽˌ ˋˎ˄ʻʺˁʶˌ ˉˇˎ 

ʶˉʽʲʱ˂˂ʶʽ ˍˇ ˉˊˈʲ˂ʹ˃ʰΦ ɳ˄ ˉˊˇˁʶʽ˃ʷ˄˖ ʰˎˍʷˌ ʰ˒ˇˊˇˏ˄ ˋˍʹ˄ ˉʰˊʰʴ˖ʴʽˁʺ ʽˁʰ˄ˈˍʹˍʰ ˍ˖˄ ˃ʹ˔ʰ˄˗˄ 

ˋʶ ˃ʹ˔ʰ˄ˇ˗ˊʶˌκʶʲʵˇ˃ʱʵʰ ˁʰʽ ˋˍʽˌ ˉ˖˂ʺˋʶʽˌ ˍ˖˄ ˉˊˇʿˈ˄ˍ˖˄ όˍʶ˔˄ˇ˂ˇʴʽˁˇʾ ˉʶˊʽˇˊʽˋ˃ˇʾύΦ ɸʰ 

ˉˊʷˉʶʽ ʶˉʾˋʹˌ ˄ʰ ˂ʹ˒ʻʶʾ ˎˉΩˈ˕ʽ˄ ˈˍʽ ʶˉʶʽʵʺ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ˒ˎˋʽˁʱ ˃ʶʴʷʻʹΣ ˇʽ ˃ʶˍʰʲ˂ʹˍʷˌ 

ʰˉˈ˒ʰˋʹˌ ʵʶ˄ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ʰˊ˄ʹˍʽˁʷˌ ό˒ˎˋʽˁˇʾ ˉʶˊʽˇˊʽˋ˃ˇʾύΦ ɳˉˇ˃ʷ˄˖ˌ ʶʾ˄ʰʽΥ 

όɾʹ˔ʰ˄ʺ мύ     уʋ1 Ҍ нʋ2 Ҍ оʋ3 Җ нлл      [1] 

όɾʹ˔ʰ˄ʺ нύ    пʋ1 Ҍ оʋ2 Җ млл     [2] 

όɾʹ˔ʰ˄ʺ оύ    нʋ1 Ҍ ʋ3 Җ рл      [3] 

όʃ˖˂ʺˋʶʽˌύ      ʋ3 Җ нл       [4] 

όɾʹ ʰˊ˄ʹˍʽˁˈˍʹˍʰύ   ʋ1 җ л         [5] 

     ʋ2 җ л         [6] 

     ʋ3 җ л       [7] 

ʅʶ ˋˎ˃ˉˍˎʴ˃ʷ˄ʹ ˃ˇˊ˒ʺ ˉʽ˄ʱˁ˖˄Σ ˇʽ ʰ˄ʽˋˈˍʹˍʶˌ ʴˊʱ˒ˇ˄ˍʰʽΥ 

1 2 3

1 8 2 3

2 4 3 -

3 2 - 1

ɾʹ˔ʰ˄ʺ
ʃˊˇʿˈ˄
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ʂˉˇˎ ʹ ˃ʹˍˊ˖ʽˁʺ ʵʽʰˍˏˉ˖ˋʹ ʶʾ˄ʰʽΥ 

cʆX = [max]f(X) 

ɮʋ Җ ō 

X җ л 

ɮˉ˂ʷˌ ʶ˅ʽˋ˗ˋʶʽˌ ˈˉ˖ˌ ˇʽ ˉʰˊʰˉʱ˄˖ ʰˉʰʽˍˇˏ˄ ˃ʽˁˊʺ ˎˉˇ˂ˇʴʽˋˍʽˁʺ ʽˋ˔ˏ ˁʰʽ ˃ˉˇˊˇˏ˄ ˃ʶ ˉˊˇˋˇ˔ʺ 

˄ʰ ʶˉʽ˂ˎʻˇˏ˄ ˋˍˇ ˔ʷˊʽΦ ɳˉʶʽʵʺ ˈ˃˖ˌ ˍʰ ˉʶˊʽˋˋˈˍʶˊʰ ʸʹˍʺ˃ʰˍʰ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ ʶʾ˄ʰʽ ˉˇ˂ˏ ˉʽˇ 

ˉʶˊʾˉ˂ˇˁʰΣ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˂ˇʴʽˋ˃ʽˁʱ ʶˉʾ˂ˎˋʹˌ όˉ. .̝ Lingoύ ˉˇˎ ʵʾ˄ˇˎ˄ ˍʹ ʲʷ˂ˍʽˋˍʹ ˂ˏˋʹ ˃ʷˋʰ 

ˋʶ ˂ʾʴʰ ʵʶˎˍʶˊˈ˂ʶˉˍʰΦ 

оΦр ɳʊɮʄɾʁɱɶ ʆʁʇ ɱʄɮɾɾɹɼʁʇ ʃʄʁɱʄɮɾɾɮʆɹʅɾʁʇ ʅɳ ɮɼʆɹɿʍʆɮ ɲɹɼʆʇɮ ɰɮʄʇʆɶʆɮʅ 

ʅˍʹ˄ ʶ˄ˈˍʹˍʰ ʰˎˍʺ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ˃ʶʻˇʵˇ˂ˇʴʾʰ ˍˇˎ ʴˊʰ˃˃ʽˁˇˏ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ˃ʶ ˋˁˇˉˈ ˍʹ˄ 

ˇʽˁˇ˄ˇ˃ˇˍʶ˔˄ʽˁʺ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ʰˁˍʽ˄˖ˍ˗˄ ʵʽˁˍˏ˖˄ ʲʰˊˏˍʹˍʰˌΦ 

оΦрΦм ɱʶ˄ʽˁʱ 

ʂˉ˖ˌ ˉˊˇʰ˄ʰ˒ʷˊʻʹˁʶΣ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ʶ˄ˈˌ ʵʽˁˍˏˇˎ ˃ʶˍʰ˒ˇˊʱˌ ˄ʶˊˇˏΣ ʶʾ˄ʰʽ ʹ ʶˏˊʶˋʹ ˍˇˎ 

ʲʷ˂ˍʽˋˍˇˎ ˇʽˁˇ˄ˇ˃ˇˍʶ˔˄ʽˁʱ ˋˎ˄ʵˎʰˋ˃ˇˏ ʵʽʰ˃ʷˍˊ˖˄ ˍ˖˄ ʰʴ˖ʴ˗˄ ʲʱˋʶʽ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄˖˄ 

ˉˊˇʵʽʰʴˊʰ˒˗˄ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ ʵʽˁˍˏˇˎΦ ɶ ʵʽʰʵʽˁʰˋʾʰ ʰˎˍʺ ʷˉʶˍʰʽ ˍʹˌ ˔ʱˊʰ˅ʹˌ ˍˇˎ ʵʽˁˍˏˇˎ ˁʰʽ 

ˍˇˎ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˍ˖˄ ˉʰˊˇ˔˗˄ ˋ˔ʶʵʽʰˋ˃ˇˏΦ ɮˎˍˈ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ʻʰ ˉˊʷˉʶʽ ˁʰ˄ʶʾˌ ˄ʰ ʷ˔ʶʽ ˋˍʹ 

ʵʽʱʻʶˋʺ ˍˇˎ ˍʰ ʶ˅ʺˌ ʵʶʵˇ˃ʷ˄ʰΥ 

 

¶ ʃʰˊˇ˔ʺ ˋ˔ʶʵʽʰˋ˃ˇˏ ˋʶ ˈ˂ˇˎˌ ˍˇˎˌ ˁ˂ʱʵˇˎˌ ˍˇˎ ʵʽˁˍˏˇˎΦ 

ɼʱʻʶ ˁ˂ʱʵˇˌ ʶ˄˗˄ʶʽ ʷ˄ʰ˄ ʰ˄ʱ˄ˍʹ ˁˈ˃ʲˇ ˃ʶ ʷ˄ʰ˄ ˁʰˍʱ˄ˍʹΦ ɾʷˊˇˌ ˍʹˌ ˉʰˊˇ˔ʺˌ ˁʰˍʰ˄ʰ˂˗˄ʶˍʰʽ 

ˁʰˍʱ ˃ʺˁˇˌ ˍˇˎ ˁ˂ʱʵˇˎ όˉʰˊˇ˔ʺ ˁʰˍʰ˄ʱ˂˖ˋʹˌύ ˁʰʽ ˍˇ ˎˉˈ˂ˇʽˉˇ ˁʰˍʰ˄ʰ˂˗˄ʶˍʰʽ ʰˉˈ ˍˇˎˌ ˁʰˍʱ˄ˍʹ 

ˁ˂ʱʵˇˎˌ όˉʰˊˇ˔ʺ ˃ʶˍʰ˒ˇˊʱˌύΦ 

 

¶ ʋʱˊʰ˅ʹ ˍˇˎ ʵʽˁˍˏˇˎΦ 

ʃˊˈˁʶʽˍʰʽ ʴʽʰ ˃ʾʰ ˁʱˍˇ˕ʹ ˍˇˎ ʵʽˁˍˏˇˎ ˃ʶ ˈ˂ʰ ˍʰ ʴʶ˖˃ʶˍˊʽˁʱ ˍˇˎ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱΣ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍ˖˄ 

ˇˉˇʾ˖˄ ʻʰ ˎˉˇ˂ˇʴʽˋˍˇˏ˄ ˍʰ ʰˉʰˊʰʾˍʹˍʰ ˎʵˊʰˎ˂ʽˁʱ ˃ʶʴʷʻʹ ˁʰʽ ʻʰ ʵʽʰˍˎˉ˖ʻˇˏ˄ ˇʽ ʰ˄ˍʾˋˍˇʽ˔ˇʽ 

ˉʶˊʽˇˊʽˋ˃ˇʾΦ 

 

¶ ɳ˂ʱ˔ʽˋˍʹ ˉʽʶʸˇ˃ʶˍˊʽˁʺ ˋˍʱʻ˃ʹ ˎʵˊˇ˂ʹ˕ʾʰˌΦ 

ɳ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍʰ ˎ˕ˈ˃ʶˍˊʰ ˍ˖˄ ˁˈ˃ʲ˖˄ ˁʰʽ ˍʽˌ ʰˉ˗˂ʶʽʶˌ ˁʰˍʱ ˃ʺˁˇˌ ˍ˖˄ ˁ˂ʱʵ˖˄Φ 
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¶ ʊˎˋʽˁʱ ˁʰʽ ʶ˃ˉˇˊʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ ˎˉˇ˕ʺ˒ʽ˖˄ ˎ˂ʽˁ˗˄ ˍ˖˄ ʰʴ˖ʴ˗˄Φ 

ʃʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʽˌ ʵʽʰ˃ʷˍˊˇˎˌΣ ˍʰ ˁˈˋˍʹ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌΣ ˍʹ˄ ˍˊʰ˔ˏˍʹˍʰ ˁʰʽ ˍʹ˄ ˇ˄ˇ˃ʰˋˍʽˁʺ 

ˉʾʶˋʹ ˍ˖˄ ʵʽʰʻʷˋʽ˃˖˄ ˎ˂ʽˁ˗˄ ˍʹˌ ʰʴˇˊʱˌΦ ʅˍˇ ˁˈˋˍˇˌ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶˍʰʽ ˍˇ 

ˁˈˋˍˇˌ ˉˊˇ˃ʺʻʶʽʰˌ ˍ˖˄ ʰʴ˖ʴ˗˄ ˁʰʽ ˍ˖˄ ʶʽʵʽˁ˗˄ ʶ˅ʰˊˍʹ˃ʱˍ˖˄Σ ˃ʶˍʰ˒ˇˊʱˌΣ ʶˁˋˁʰ˒ʺˌΣ 

ˍˇˉˇʻʷˍʹˋʹˌΣ ˋˏ˄ʵʶˋʹˌΣ ʵˇˁʽ˃ʺˌ ˁʰʽ ʶʴˁʽʲ˖ˍʽˋ˃ˇˏΦ  

 

¶ ʁʽ ʴˊʰ˃˃ʽˁʷˌ ʰˉ˗˂ʶʽʶˌ ˒ˇˊˍʾˇˎΦ  

ɮˎˍʷˌ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ʰˉˈ ˍʹ˄ ʶ˅ʾˋ˖ˋʹ 5ŀǊcy ς ²ŜƛǎōŀŎƘ ˁʰʽ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˍˊʽʲ˗˄ ʰˉˈ ˍʹ ˋ˔ʷˋʹ 

Swamee & Jain όмфтсύΦ ʅˎ˄ʹʻʾʸʶˍʰʽ ˄ʰ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˎˉˈ˕ʹ ˁʰʽ ˇʽ ˍˇˉʽˁʷˌ ʰˉ˗˂ʶʽʶˌ ˒ˇˊˍʾˇˎ ˍʹˌ 

ˍʱ˅ʹˌ ˍˇˎ мл҈ ˍ˖˄ ʴˊʰ˃˃ʽˁ˗˄ ʰˉ˖˂ʶʽ˗˄ όʆˋʰˁʾˊʹˌΣ нл06) 

оΦрΦн  ɮˁˍʽ˄˖ˍˈ ʵʾˁˍˎˇ ʲʰˊˏˍʹˍʰˌ 

ʆˇ ʰˁˍʽ˄˖ˍˈ ʵʾˁˍˎˇ ʲʰˊˏˍʹˍʰˌ ʶʾ˄ʰʽ ˃ʾʰ ˁʰˍʹʴˇˊʾʰ ʵʽˁˍˏˇˎ ˉˇˎ ˃ˉˇˊʶʾ ʶˏˁˇ˂ʰ ˄ʰ ˎˉʰ˔ʻʶʾ ˋʶ 

ʴˊʰ˃˃ʽˁʺ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹΦ ɮˉˇˍʶ˂ʶʾ ˃ʾʰ ˋˎ˄ʷ˄˖ˋʹ ˋʶʽˊʽʰˁ˗˄ ʵʽˁˍˏ˖˄ ˈˉˇˎ ˁʱʻʶ ˃ʾʰ ʵʽʰʵˊˇ˃ʺ 

ˍˊˇ˒ˇʵˇˍʶʾ ʷ˄ʰ ˃ˇ˄ʰʵʽˁˈ ˋʹ˃ʶʾˇ ʶ˅ˈʵˇˎΣ ʵʹ˂ʰʵʺ ˋʶ ˁʰ˄ʷ˄ʰ ˋʹ˃ʶʾˇ ˍˇˎ ʵʽˁˍˏˇˎ ʵʶ˄ 

ˋ˔ʹ˃ʰˍʾʸˇ˄ˍʰʽ ˁ˂ʶʽˋˍʷˌ ʵʽʰʵˊˇ˃ʷˌ όʲˊˈ˔ˇʽύ όʆˋʰˁʾˊʹˌΣ нлмлύΦ ʂˍʰ˄ ˋʶ ʷ˄ʰ ˍʷˍˇʽˇ ʵʾˁˍˎˇ ʹ ˁʾ˄ʹˋʹ 

ˍˇˎ ˄ʶˊˇˏ ˁʰˍʱ ˃ʺˁˇˌ ˍ˖˄ ʰʴ˖ʴ˗˄ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍʹ˄ ˎ˕ˇ˃ʶˍˊʽˁʺ ʵʽʰ˒ˇˊʱ ˃ʶˍʰ˅ˏ ˍʹˌ ʵʶ˅ʰ˃ʶ˄ʺˌ 

ˊˏʻ˃ʽˋʹˌ ˁʰʽ ˍ˖˄ ˁˈ˃ʲ˖˄ ˎʵˊˇ˂ʹ˕ʾʰˌΣ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ʰˁˍʽ˄˖ˍˈ ʵʾˁˍˎˇ ʲʰˊˏˍʹˍʰˌΦ  

оΦрΦо ɵʹˍˇˏ˃ʶ˄ʰΣ ʵʶʵˇ˃ʷ˄ʰ ˁʰʽ ˉʶˊʽˇˊʽˋ˃ˇʾ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʰˁˍʽ˄˖ˍˇˏ ʵʽˁˍˏˇˎ ʲʰˊˏˍʹˍʰˌ 

ʆˇ ʸʹˍˇˏ˃ʶ˄ˇ ʶʾ˄ʰʽΥ ʹ ʵʽʰˋˍʰˋʽˇ˂ˈʴʹˋʹ ʶ˄ˈˌ ʰˁˍʽ˄˖ˍˇˏ ʵʽˁˍˏˇˎ ʲʰˊˏˍʹˍʰˌΣ ˃ʶ ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹ 

ˍˇˎ ˁˈˋˍˇˎˌ ˍ˖˄ ˋ˖˂ʹ˄˗ˋʶ˖˄Σ ˇʽ ʵʽʱ˃ʶˍˊˇʽ ˍ˖˄ ˇˉˇʾ˖˄ ʶˉʽ˂ʷʴˇ˄ˍʰʽ ʰˉˈ ʷ˄ʰ ʰˋˎ˄ʶ˔ʷˌ ˋˏ˄ˇ˂ˇ 

ˎˉˇ˕ʺ˒ʽ˖˄ ʵʽʰ˃ʷˍˊ˖˄ ˃ʶ ʴ˄˖ˋˍʱ ˍʰ ˁˈˋˍʹ ˍˇˎˌ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌΦ 

ʆʰ ʵʶʵˇ˃ʷ˄ʰΣ ˈˉ˖ˌ ʰ˄ʰ˒ʷˊʻʹˁʰ˄ ˋˍˇ оΦрΦм ʶʾ˄ʰʽΥ 

 

¶ ʃʰˊˇ˔ʺ ˋ˔ʶʵʽʰˋ˃ˇˏ ˋʶ ˈ˂ˇˎˌ ˍˇˎˌ ˁ˂ʱʵˇˎˌ ˍˇˎ ʵʽˁˍˏˇˎ 

¶ ʋʱˊʰ˅ʹ ˍˇˎ ʵʽˁˍˏˇˎ ˋʶ ˇˊʽʸˇ˄ˍʽˇʴˊʰ˒ʾʰ 

¶ ɳ˂ʱ˔ʽˋˍʹ ˉʽʶʸˇ˃ʶˍˊʽˁʺ ˋˍʱʻ˃ʹ ˎʵˊˇ˂ʹ˕ʾʰˌ 

¶ ʊˎˋʽˁʱ ˁʰʽ ʶ˃ˉˇˊʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ ˎˉˇ˕ʺ˒ʽ˖˄ ˎ˂ʽˁ˗˄ ˍ˖˄ ʰʴ˖ʴ˗˄ 

¶ ʆʰ ˎ˕ˈ˃ʶˍˊʰ ʶʵʱ˒ˇˎˌ Z ̱ ˖˄ ˁˈ˃ʲ˖˄ ˍˇˎ ʵʽˁˍˏˇˎΦ 

 

ʁʽ ˉʶˊʽˇˊʽˋ˃ˇʾ ˉˇˎ ˍʾʻʶ˄ˍʰʽ ʶʾ˄ʰʽ όʆˋʰˁʾˊʹˌΣ нл06): 

 

¶ ɶ ˉʽʶʸˇ˃ʶˍˊʽˁʺ ʴˊʰ˃˃ʺ ʴʽʰ ˍʽˌ ˉʰˊˇ˔ʷˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˁʰʽ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ ʵʽˁˍˏˇˎ ʵʶ˄ 

ˉˊʷˉʶʽ ˄ʰ ˍʷ˃˄ʶʽ ˍˇ ʷʵʰ˒ˇˌΦ 

¶ ʆˇ ʶ˂ʱ˔ʽˋˍˇ ˁʰʻˇˊʽˋ˃ʷ˄ˇ ˏ˕ˇˌ ˉʽʶʸˇ˃ʶˍˊʽˁʺˌ ʴˊʰ˃˃ʺˌ ˉˊʷˉʶʽ ˄ʰ ʶ˅ʰˋ˒ʰ˂ʽˋˍʶʾ ˋˍʰ ˋʹ˃ʶʾʰ 

ˁʰˍʰ˄ʱ˂˖ˋʹˌΦ 

¶ ʁʽ ˍʰ˔ˏˍʹˍʶˌ ˊˇʺˌ ʻʰ ˉˊʷˉʶʽ ˄ʰ ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ˃ʶˍʰ˅ˏ όлΦр-1.5) m/s ʴʽʰ ˍʹ˄ ʰˉˇ˒ˎʴʺ 

˃ʶˍʰ˒ˇˊʱˌ ˒ʶˊˍ˗˄ ˁʰʽ ʵʹ˃ʽˇˎˊʴʾʰˌ ˎʵˊʰˎ˂ʽˁˇˏ ˉ˂ʺʴ˃ʰˍˇˌ ʰ˄ˍʾˋˍˇʽ˔ʰΦ 

¶ ɶ ʶ˂ʱ˔ʽˋˍʹ ˇ˄ˇ˃ʰˋˍʽˁʺ ʵʽʱ˃ʶˍˊˇˌ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ фл mm. 
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оΦрΦп ɲʽʰˍˏˉ˖ˋʹ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ 

ɴˋˍ˖ ʰˁˍʽ˄˖ˍˈ ʵʾˁˍˎˇ ʲʰˊˏˍʹˍʰˌ m ˁ˂ʱʵ˖˄Σ ˋˍˇ ˇˉˇʾˇ ʷ˔ʶʽ ˉˊˇʶˉʽ˂ʶ˔ʻʶʾ ʶ˄ʽʰʾˇ ˎ˂ʽˁˈ 

ˋ˖˂ʹ˄˗ˋʶ˖˄ ˁʰʽ ʶ˄ʽʰʾʰ ˁ˂ʱˋʹ ʰʴ˖ʴ˗˄ ˉˊʽ˄ ʰˉˈ ˍʹ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹΦ ʆˇ ˁˈˋˍˇˌ ˍ˖˄ ˋ˖˂ʹ˄˗ˋʶ˖˄ 

ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇ ˁˈˋˍˇˌ ʰʴˇˊʱˌΣ ˃ʶˍʰ˒ˇˊʱˌ ˋˍˇ ʶˊʴˇˍʱ˅ʽˇΣ ʶˁˋˁʰ˒ʺˌΣ ʵʽʱˋˍˊ˖ˋʹˌΣ ˋˏ˄ʵʶˋʹˌΣ 

ʶˉʾ˔˖ˋʹˌΣ ˁʰʻ˗ˌ ˁʰʽ ˍˇ ˁˈˋˍˇˌ ˍ˖˄ ʶʽʵʽˁ˗˄ ˍʶ˃ʰ˔ʾ˖˄Φ ʁˉˈˍʶ ˍˇ ˁˈˋˍˇˌ ˍˇˎ ʵʽˁˍˏˇˎ ʶʾ˄ʰʽ 

ˇˎˋʽʰˋˍʽˁʱ ˍˇ ˁˈˋˍˇˌ ˍ˖˄ ˋ˖˂ʹ˄˗ˋʶ˖˄ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌΦ  

ɮ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍʹˌ ʰˉˈ˒ʰˋʹˌ ʶˉˇ˃ʷ˄˖ˌ ʶʾ˄ʰʽ ʹ ʶˉʽ˂ˇʴʺ ˍ˖˄ ʵʽʰ˃ʷˍˊ˖˄ ʶˁʶʾ˄˖˄ ʴʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ 

˃ʺˁʹ ˍ˖˄ ˋ˖˂ʹ˄˗ˋʶ˖˄Σ ˗ˋˍʶ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ˁˈˋˍˇˌ ˍˇˎ ʵʽˁˍˏˇˎΣ ʶ˅ʰ˄ˍ˂˗˄ˍʰˌ ˍʹ˄ ʶ˂ʱ˔ʽˋˍʹ 

ʶˉʽˍˊʶˉˍʺ ˋˍʱʻ˃ʹ ˉʽʶʸˇ˃ʶˍˊʽˁʺˌ ʴˊʰ˃˃ʺˌ ʰˎˍˇˏΣ ˄ʰ ʶʾ˄ʰʽ ˍˇ ʶ˂ʱ˔ʽˋˍˇΦ 

ʁ́ ʽˋ˃ˈˌ ˃ʶˍʰʲ˂ʹˍ˗˄ ʰˉˈ˒ʰˋʹˌ 

ʁʽ ˖ˌ ʱ˄˖ ʵʽʱ˃ʶˍˊˇʽ ʻʰ ˁʰʻˇˊʾˋˇˎ˄ ˍʹ˄ ʰˉˈ˒ʰˋʹΣ ʶˉˇ˃ʷ˄˖ˌ ˁʱʻʶ ˃ʾʰ ʵʽʱ˃ʶˍˊˇˌ ʰˉˇˍʶ˂ʶʾ ˁʰʽ 

˃ʾʰ ˃ʶˍʰʲ˂ʹˍʺ ʰˉˈ˒ʰˋʹˌ ʋΦ ɳʵ˗ ˈ˃˖ˌ ˍʾʻʶ˄ˍʰʽ ʵˏˇ ʸʹˍʺ˃ʰˍʰΥ 

1ˇ˄Σ ˍˇ ˁˈˋˍˇˌ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌ ʴʽʰ ʷ˄ʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˎ˂ʽˁˈ ˁʰʽ ˁ˂ʱˋʹ ʵʽʰ˒ʷˊʶʽ ʰ˄ʱ ʵʽʱ˃ʶˍˊˇ 

ʰʴ˖ʴˇˏ ˁʰʽ ˋ˔ʶʵˈ˄ ˉˇˍʷ ʵʶ˄ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˁˇʽ˄ʺ ʵʽʱ˃ʶˍˊˇˌ  ˋʶ ˇ˂ˈˁ˂ʹˊˇ ˍˇ ʵʾˁˍˎˇ ˁʰʽ ʶ˄ʾˇˍʶ ˁʰˍʱ 

˃ʺˁˇˌ ʶ˄ˈˌ ˁ˂ʱʵˇˎΦ ɮˎˍˈ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ʹ ˋ˔ʷˋʹ ˁˈˋˍˇˎˌ ς ʵʽʰ˃ʷˍˊˇˎ ʵʶ˄ ʶʾ˄ʰʽ ʶˎʻʷ˖ˌ ʰ˄ʱ˂ˇʴʹΣ 

ʵʽˈˍʽ ʶʽˋ˔˖ˊʶʾ ˇ ˉʰˊʱʴˇ˄ˍʰˌ ˍˇˎ ˃ʺˁˇˎˌ ˉˇˎ ʵʶ˄ ʶʾ˄ʰʽ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ˇˌΦ ɶ ˋ˔ʷˋʹ ˈ˃˖ˌ ˁˈˋˍˇˎˌ 

ς ˃ ʺˁˇˎˌ ʶʾ˄ʰʽ ʶˎʻʷ˖ˌ ʰ˄ʱ˂ˇʴʹ ˁʰʽ ʰˎˍˈ ʻʰ ʰ˅ʽˇˉˇʽʹʻʶʾ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰΦ 

2ˇ˄Σ ˇʽ ʴˊʰ˃˃ʽˁʷˌ ʰˉ˗˂ʶʽʶˌ ˒ˇˊˍʾˇˎ ʶ˅ʰˊˍ˗˄ˍʰʽ ˃ʹ ʴˊʰ˃˃ʽˁʱ ʰˉˈ ˍʽˌ ʵʽʰ˃ʷˍˊˇˎˌΣ ˇʽ ˇˉˇʾʶˌ ˈˉ˖ˌ 

ˉˊˇʶ˂ʷ˔ʻʹΣ ˋˎ˄ʺʻ˖ˌ ʵʽʰ˒ˇˊˇˉˇʽˇˏ˄ˍʰʽ ʰˉˈ ˁ˂ʱʵˇ ˋʶ ˁ˂ʱʵˇ ʺ ʰˁˈ˃ʰ ˁʰʽ ˁʰˍʱ ˃ʺˁˇˌ ʶ˄ˈˌ 

ˁ˂ʱʵˇˎΦ ʍˋˍˈˋˇΣ ˇʽ ʴˊʰ˃˃ʽˁʷˌ ʰˉ˗˂ʶʽʶˌ ʶʾ˄ʰʽ ʴˊʰ˃˃ʽˁ˗ˌ ˋˎˋ˔ʶˍʽˋ˃ʷ˄ʶˌ ˃ʶ ˍʹ ˃ʺˁˇˌΦ 

ʆʰ ˉʰˊʰˉʱ˄˖ ˋˎ˄ʹʴˇˊˇˏ˄ ˋˍˇ ˈˍʽ ˁʰʻ˗ˌ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ʴˊʰ˃˃ʽˁˈ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈ ʻʰ ˉˊʷˉʶʽ ʹ 

ˋ˔ʷˋʹ ˋˎ˄ʱˊˍʹˋʹˌ ˋˍˈ˔ˇˎ όˁˈˋˍˇˌύ ˁʰʽ ˃ʶˍʰʲ˂ʹˍ˗˄ ʰˉˈ˒ʰˋʹˌ όʵʽʱ˃ʶˍˊˇʽύ ˄ʰ ʴˊʰ˃˃ʽˁˇˉˇʽʹʻʶʾΦ 

ɱʽΩʰˎˍˈ ˁʱʻʶ ˃ʺˁˇˌ ˋ˖˂ʺ˄˖ˋʹˌ ˋʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˁ˂ʱʵˇ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ʰ˃˒ʽ˃ˇ˄ˇˋʺ˃ʰ˄ˍʰ ˋʶ 

ʵʽʰ˒ˇˊʶˍʽˁʺ ʵʽʱ˃ʶˍˊˇΣ ʻʶ˖ˊʶʾˍʰʽ ˃ʾʰ ˃ʶˍʰʲ˂ʹˍʺ ʰˉˈ˒ʰˋʹˌΦ  

ɴˍˋʽ ˍʶ˂ʽˁʱ ˇʽ ˃ʶˍʰʲ˂ʹˍʷˌ ʰˉˈ˒ʰˋʹˌ ʶʾ˄ʰʽ ˍʰ ʵʽʱ˒ˇˊʰ ˃ʺˁʹ ˋ˖˂ʹ˄˗ˋʶ˖˄  ʋ1, ʋ2Σ ΧΣ ʋn. 

ɼʰʻˇˊʽˋ˃ˈˌ ˋˎ˄ʱˊˍʹˋʹˌ ˋˍˈ˔ˇˎ 

ʂˉ˖ˌ ˉˊˇʶ˂ʷ˔ʻʹΣ ˁˊʽˍʺˊʽˇ ˍʹˌ ʰˉˈ˒ʰˋʹˌ ˉˇˎ ˉˊʷˉʶʽ ˄ʰ ʶ˂ʰ˔ʽˋˍˇˉˇʽʹʻʶʾ ʶʾ˄ʰʽ ˍˇ ˋˎ˄ˇ˂ʽˁˈ 

ˁˈˋˍˇˎˌ ˍˇˎ ʵʽˁˍˏˇˎΣ ˇˉˈˍʶ ʹ ˋˎ˄ʱˊˍʹˋʹ ˋˍˈ˔ˇˎ zΣ ʶʾ˄ʰʽΥ 

z =[min] f(ʋ) = c1ʋ1 + c2ʋ2 Ҍ Χ + cnʋn, 

ʂˉˇˎΥ 

ʋjΥ ˍʰ ˃ʺˁʹ ˍ˖˄ ˋ˖˂ʹ˄˗ˋʶ˖˄  ˋʶ ˃ʷˍˊʰ όm) (j Ґ мΣ нΣ ΧΣ n) 

cjΥ ˍˇ ˁˈˋˍˇˌ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌ ˋ˖˂ʺ˄˖ˋʹˌ ˋʶ ʶˎˊ˗ ʰ˄ʱ ˃ʷˍˊˇ όϵκm) (j Ґ мΣ нΣ ΧΣ n). 
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ɼʰʻˇˊʽˋ˃ˈˌ ˍ˖˄ ˉʶˊʽˇˊʽˋ˃˗˄ 

ɶ ˋˎ˄ʱˊˍʹˋʹ ˋˍˈ˔ˇˎ ˋˍʹ ʵʽʰʵʽˁʰˋʾʰ ˃ʶʴʽˋˍˇˉˇʾʹˋʺˌ ˍʹˌ ˉʶˊʽˇˊʾʸʶˍʰʽ ʰˉˈ ˍʽˌ ˋˎ˄ʻʺˁʶˌ ˉˇˎ 

ʶˉʽʲʱ˂˂ʶʽ ˍˇ ˉˊˈʲ˂ʹ˃ʰΦ ɳ˄ ˉˊˇˁʶʽ˃ʷ˄˖ ʰˎˍʷˌ ʰ˒ˇˊˇˏ˄ ˋˍʰ ˃ʺˁʹ ˍ˖˄ ˁ˂ʱʵ˖˄Σ ˋˍʽˌ ʰˉ˗˂ʶʽʶˌ 

˒ˇˊˍʾˇˎ ˁʰʽ ˋˍʹ ˒ˎˋʽˁʺ ˋʹ˃ʰˋʾʰ ˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ʰˉˈ˒ʰˋʹˌ ˁʰʽ ʶʾ˄ʰʽΥ 

 

¶ ɱʶ˖˃ʶˍˊʽˁˇʾ ˉʶˊʽˇˊʽˋ˃ˇʾΣ ˉˇˎ ˎˉʰʴˇˊʶˏˇ˄ˍʰʽ ʰˉˈ ˍʹ˄ ˇˊʽʸˇ˄ˍʽˇʴˊʰ˒ʾʰ ˍˇˎ ʵʽˁˍˏˇˎΣ 

ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇˎˌ ˇˉˇʾˇˎˌ ˋʶ ˁʱʻʶ ˁ˂ʱʵˇ ˍˇ ʱʻˊˇʽˋ˃ʰ ˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ʰˉˈ˒ʰˋʹˌ ʽˋˇˏˍʰʽ 

˃ʶ ˍˇ ˃ʺˁˇˌ ˍˇˎΣ ʵʹ˂ʰʵʺ ˅ʶˁʽ˄˗˄ˍʰˌ ʰˉˈ ˍˇ˄ ˉˊ˗ˍˇ ˁ˂ʱʵˇ м ˃ʷ˔ˊʽ ˁʰʽ ˍˇ˄ mΣ ʶʾ˄ʰʽΥ 

ʋ1 Ҍ ʋ2 Ҍ Χ Ҍ ʋk = L1 

Xk+1 + Xk+2 Ҍ Χ Ҍ XΧ = L2 

... 

XΧ + XΧҌм Ҍ Χ Ҍ Xn = Lm 

ʂˉˇˎΥ 

 ʋjΥ ˍʰ ˃ʺˁʹ ˍ˖˄ ˋ˖˂ʹ˄˗ˋʶ˖˄  ˋʶ ˃ʷˍˊʰ όm) (j Ґ мΣ нΣ ΧΣ n) 

 LiΥ ˍʰ ˃ʺˁʹ ˍ˖˄ ˁ˂ʱʵ˖˄ ˋʶ ˃ʷˍˊʰ όm) (i Ґ мΣ нΣ ΧΣ m). 

¶ ʃʶˊʽˇˊʽˋ˃ˇʾ ʰˉ˖˂ʶʽ˗˄ ˒ˇˊˍʾˇˎΦ ʅʶ ˁʰ˃ʾʰ ˉʶˊʾˉˍ˖ˋʹ ʵʶ˄ ʻʰ ˉˊʷˉʶʽ ˇʽ ʰˉ˗˂ʶʽʶˌ ʶ˄ʷˊʴʶʽʰˌ 

˄ʰ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊʶˌ ʰˉˈ ˍʹ˄ ˎ˕ˇ˃ʶˍˊʽˁʺ ʵʽʰ˒ˇˊʱ ʵʶ˅ʰ˃ʶ˄ʺˌ ς ˁˈ˃ʲˇˎΦ ʀʶˁʽ˄˗˄ˍʰˌ ʰˉˈ 

ˍʰ ʰ˄ʱ˄ˍʹ ˉˊˇˌ ˍʰ ˁʰˍʱ˄ˍʹ ˁʰʽ ʰˊʽʻ˃ʾʸˇ˄ˍʰˌ ˍˇˎˌ ˁˈ˃ʲˇˎˌ ʰˉˈ л ˖ˌ mΣ ʶʾ˄ʰʽΥ 

ʅhf(0->1) Җ Z0 ς Z1 

ʅhf(0->2) Җ Z0 ς Z2 

Χ 

ʅhf(0->m) Җ Z0 ς Zm 

 

ʂˉˇˎΥ 

ʅhf(0->i)Σ ˇʽ ʴˊʰ˃˃ʽˁʷˌ ʰˉ˗˂ʶʽʶˌ ˒ˇˊˍʾˇˎ όˉˊˇˋʰˏ˅ʹˋʹ ˍˇˉʽˁ˗˄ ʰˉ˖˂ʶʽ˗˄ ʰ˃ʶ˂ʹˍʷʰύ ˁʰˍʱ 

˃ʺˁˇˌ ˍˇˎ ˁ˂ʱʵˇˎ i (i Ґ мΣ нΣ ΧΣ mύ ʶˁˉʶ˒ˊʰˋ˃ʷ˄ʶˌ ˋˎ˄ʰˊˍʺˋʶʽ ˍ˖˄ ˃ʺˁ˖˄ ˋ˖˂ʺ˄˖ˋʹˌ ʋj 

Zi-1Σ ˍˇ ˎ˕ˈ˃ʶˍˊˇ ʶʵʱ˒ˇˎˌ ˋˍˇˎˌ ˁ ˈ˃ʲˇˎˌ ˋʶ ˃ʷˍˊʰ όm) (i Ґ мΣ нΣ ΧΣ m) 

 

¶ ʊˎˋʽˁˇʾ ˉʶˊʽˇˊʽˋ˃ˇʾΣ ʶˉʶʽʵʺ ˇʽ ˃ʶˍʰʲ˂ʹˍʷˌ ʰˉˈ˒ʰˋʹˌ ʶʾ˄ʰʽ ˃ʺˁʹ ˋ˖˂ʹ˄˗ˋʶ˖˄Σ ˉˊˈˁʶʽˍʰʽ 

ʴʽʰ ˒ˎˋʽˁʱ ˃ʶʴʷʻʹΣ ʶˉˇ˃ʷ˄˖ˌ ʵʶ˄ ˃ˉˇˊˇˏ˄ ˄ʰ ˉʱˊˇˎ˄ ʰˊ˄ʹˍʽˁʷˌ ˍʽ˃ʷˌΣ ʵʹ˂ʰʵʺΥ 

ʋj җ л 

ʂˉˇˎΥ 

ʋjΥ ˍʰ ˃ʺˁʹ ˍ˖˄ ˋ˖˂ʹ˄˗ˋʶ˖˄  ˋʶ ˃ʷˍˊʰ όm) (j Ґ мΣ нΣ ΧΣ n). 

ʂ˂ʰ ˍʰ ˉʰˊʰˉʱ˄˖ ˃ˉˇˊˇˏ˄ ˄ʰ ʴˊʰ˒ˇˏ˄ ˋʶ ˃ˇˊ˒ʺ ˃ʹˍˊ˗˖˄ ˖ˌ ʶ˅ʺˌΥ 

cʆX = [max]f(X) 

Sʋ Җ h 

AX = L 
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X җ л 

ʂˉˇˎΥ 

cʆΣ ʹ ˃ʺˍˊʰ ˃ʶ ˍʰ ˁˈˋˍʹ cj ̱ ʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ˋˍˈ˔ˇˎ ˋʶ ʰ˄ʱˋˍˊˇ˒ʹ ˃ˇˊ˒ʺ ʵʽʰˋˍʱˋʶ˖˄ όмxnύ ˋʶ ϵκm 

ʋΣ ʹ ˃ʺˍˊʰ ˃ʶ ˍʰ ʶˉʽ˃ʷˊˇˎˌ ˃ʺˁʹ ˋ˖˂ʺ˄˖ˋʹˌ Xj ɻ ʽʰˋˍʱˋʶ˖˄ όnxмύ ˋʶ m 

SΣ ʹ ˃ʺˍˊʰ ˃ʶ ˍʽˌ ʴˊʰ˃˃ʽˁʷˌ ʰˉ˗˂ʶʽʶˌ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌ ˋʶ ˁʱʻʶ ˁ˂ʱʵˇ Sij ɻ ʽʰˋˍʱˋʶ˖˄ όmxn) 

hΣ ʹ ˃ʺˍˊʰ ˃ʶ ˍʰ ʶˉʽˍˊʶˉˈ˃ʶ˄ʰ ˏ˕ʹ ʰˉ˖˂ʶʽ˗˄ ˒ˇˊˍʾˇˎ hfi ɻ ʽʰˋˍʱˋʶ˖˄ όmxмύ ˋʶ m 

AΣ ˃ʽʰ ˃ʺˍˊʰ ˃ʶ ˍʰ ˋˍˇʽ˔ʶʾʰ л ʺ м ʵʽʰˋˍʱˋʶ˖˄ όmxn) 

LΣ ʹ ˃ʺˍˊʰ ˃ʶ ˍʰ ˃ʺˁʹ ˈ˂˖˄ ˍ˖˄ ˁ˂ʱʵ˖˄ ˍˇˎ ʵʽˁˍˏˇˎ Li ɻ ʽʰˋˍʱˋʶ˖˄ όmx1) 

лΣ ʷ˄ʰ ʵʽʱ˄ˎˋ˃ʰ ˃ʶ n ˃ʹʵʶ˄ʽˁʱ ˋˍˇʽ˔ʶʾʰ ʵʽʰˋˍʱˋʶ˖˄ όnxмύΣ ˉˇˎ ʵʶˋ˃ʶˏʶʽ ˍʹ ˃ʹ ʰˊ˄ʹˍʽˁˈˍʹˍʰ ˍ˖˄ 

˃ʶˍʰʲ˂ʹˍ˗˄ Xj 

 

оΦрΦр ɮ˂ʴˈˊʽʻ˃ˇˌ ʶˉʾ˂ˎˋʹˌ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ 

ɾʶˍʱ ˍʹ ˃ʰʻʹ˃ʰˍʽˁʺ ʵʽʰˍˏˉ˖ˋʹ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌΣ ʰˁˇ˂ˇˎʻʶʾ ʹ ʵʽʰʵʽˁʰˋʾʰ ʶˉʾ˂ˎˋʹˌΦ ʇˉˇˍʾʻʶˍʰʽ 

ˈˍʽ ʶʾ˄ʰʽ ʴ˄˖ˋˍˈ ˍˇ ˃ʺˁˇˌ Li ˁʰʽ ʹ ˉʰˊˇ˔ʺ Qi όˋˍʰʻʶˊʺύ ˍˇˎ ˁʱʻʶ ˁ˂ʱʵˇˎ ˍˇˎ ʻʶ˖ˊʹˍʽˁˇˏ 

ʰˁˍʽ˄˖ˍˇˏ ʵʽˁˍˏˇˎ ʲʰˊˏˍʹˍʰˌ ˉˇˎ ʶ˅ʶˍʱʸʶˍʰʽΦ 

 

ɰʺ˃ʰ мˇΥ ʁˊʽˋ˃ˈˌ ˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ʰˉˈ˒ʰˋʹˌ ʋi 

ɰʱˋʶʽ ˍ˖˄ ˉʶˊʽˇˊʽˋ˃˗˄ ˍ˖˄ ˍʰ˔ˎˍʺˍ˖˄ ˊˇʺˌΣ ʶˁ˂ʷʴʶˍʰʽ ˍˇ ʶˏˊˇˌ ˍ˖˄ ʰˉˇʵʶˁˍ˗˄ ʶˋ˖ˍʶˊʽˁ˗˄ 

ʵʽʰ˃ʷˍˊ˖˄ ώDmin - Dmaxϐ ʲʱˋʶʽ ˍˇˎ ˍˏˉˇˎΥ 

D =  

 ɴˍˋʽ ʰˉˈ ˍʹ˄ ʶ˂ʱ˔ʽˋˍʹ ʶˉʽˍˊʶˉˈ˃ʶ˄ʹ ˍʰ˔ˏˍʹˍʰ Vmin ʶˁ˂ʷʴʶˍʰʽ ʹ ˃ʷʴʽˋˍʹ ʵʽʱ˃ʶˍˊˇˌ Dmax ˁʰʽ 

ʰ˄ˍʾˋˍˇʽ˔ʰ ʰˉˈ ˍʹ ˃ʷʴʽˋˍʹ ʶˉʽˍˊʶˉˈ˃ʶ˄ʹ ˍʰ˔ˏˍʹˍʰ VmaxΣ ʹ ʶ˂ʱ˔ʽˋˍʹ ʵʽʱ˃ʶˍˊˇˌ DminΣ ʵʽˈˍʽ ʹ 

ˍʰ˔ˏˍʹˍʰ ʶʾ˄ʰʽ ʰ˄ˍʽˋˍˊˈ˒˖ˌ ʰ˄ʱ˂ˇʴʹ ˍˇˎ ˍʶˍˊʰʴ˗˄ˇˎ ˍʹˌ ʵʽʰ˃ʷˍˊˇˎΦ ʁʽ ˉʶˊʽˇˊʽˋ˃ˇʾ ˍ˖˄ 

ˍʰ˔ˎˍʺˍ˖˄ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˋˍʹ ˃ʷʴʽˋˍʹ ʶˉʽˍˊʶˉˍʺ ˍʰ˔ˏˍʹˍʰ ˍ˖˄ мΦр ʴʽʰ ˍʹ˄ ʰˉˇ˒ˎʴʺ ˎʵˊʰˎ˂ʽˁˇˏ 

ˉ˂ʺʴ˃ʰˍˇˌ ˁʰʽ ˋˍʹ˄ ʶ˂ʱ˔ʽˋˍʹ ʶˉʽˍˊʶˉˍʺ ˍʰ˔ˏˍʹˍʰ ˍ˖˄ лΦр m/s ʴʽʰ ˍʹ ˃ʶʾ˖ˋʹ ˍ˖˄ ˉʽʻʰ˄ˇˍʺˍ˖˄ 

˃ʶˍʰ˒ˇˊʱˌ ˒ʶˊˍ˗˄ ˎ˂˗˄ όʆˋʰˁʾˊʹˌΣ нлмл) 

ɾʷˋʰ ˋʶ ʰˎˍˈ ˍˇ ʶˏˊˇˌ ˉˇˎ ˎˉˇ˂ˇʴʾˋˍʹˁʶ ˎˉʱˊ˔ʶʽ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ʵʽʰ˃ʷˍˊ˖˄ ˍˇˎ ʶ˃ˉˇˊʾˇˎΦ ɮ˄ʱ˂ˇʴʰ 

˃ʶ ˍˇ ˎ˂ʽˁˈΣ ˇʽ ˍˎˉˇˉˇʽʹ˃ʷ˄ʶˌ ʰ˄ʰʴˊʰ˒ˈ˃ʶ˄ʶˌ ʵʽʱ˃ʶˍˊˇʽ ˃ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ʶˋ˖ˍʶˊʽˁʷˌ ʺ 

ʶ˅̟̱ ʶˊʽˁʷˌΦ ɮ˄ ʶʾ˄ʰʽ ʶˋ˖ˍʶˊʽˁʷˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˖ˌ ʷ˔ˇˎ˄Σ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˈˉˇˎ ʴʽʰ 

ˉʰˊʱʵʶʽʴ˃ʰ ˇ ʰʴ˖ʴˈˌ ʶʾ˄ʰʽ ʰˉˈ ˔ʱ˂ˎʲʰ ʺ ˔ˎˍˇˋʾʵʹˊˇΣ ʶ˄˗ ʰ˄ ʶʾ˄ʰʽ ʶ˅˖ˍʶˊʽˁʷˌΣ ˈˉ˖ˌ ʴʽʰ 

ˉʰˊʱʵʶʽʴ˃ʰ ˋˍˇˎˌ ˉ˂ʰˋˍʽˁˇˏˌ ʰʴ˖ʴˇˏˌΣ ʰ˒ʰʽˊʶʾˍʰʽ ˁʱʻʶ ˒ˇˊʱ ˍˇ ʵʽˉ˂ʱˋʽˇ ˍˇˎ ˉʱ˔ˇˎˌ ˍˇˎˌ ʴʽʰ 

˄ʰ ʲˊʶʻˇˏ˄ ˇʽ ʶˋ˖ˍʶˊʽˁʷˌΣ ʵʹ˂ʰʵʺΥ 

Dʶˋ˖ˍΦ = Dʁ ˅˖ˍΦ ς 2*d 

ʂˉˇˎΥ 

Dʶˋ˖ˍΦΣ ʹ ʶˋ˖ˍʶˊʽˁʺ ʵʽʱ˃ʶˍˊˇˌ ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˋˍˇˎˌ ˎʵˊʰˎ˂ʽˁˇˏˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ όmm) 

Dʶ˅˖ˍΦΣ ʹ ʶ˅˖ˍʶˊʽˁʺ ʵʽʱ˃ʶˍˊˇˌ ˈˉ˖ˌ ʰˎˍʺ ʰ˄ʰʴˊʱ˒ʶˍʰʽ ˋˍʹ˄ ʶ˃ˉˇˊʽˁʺ ˍʹˌ ˇ˄ˇ˃ʰˋʾʰ όmm) 
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dΣ ˍˇ ˉʱ˔ˇˌ ʶ˄ˈˌ ˋ˖˂ʺ˄ʰ ˃ʶ ˍʹ˄ ʶˉˇ˄ˇ˃ʰʸˈ˃ʶ˄ʹ ʶ˅˖ˍʶˊʽˁʺ ʵʽʱ˃ʶˍˊˇ όmm) 

ʁʽ ˎˉˇ˕ʺ˒ʽʶˌ ʰˎˍʷˌ ʵʽʱ˃ʶˍˊˇʽ ˉˇˎ ˁʰˍʰ˂ʰ˃ʲʱ˄ˇˎ˄ ˍ˃ʺ˃ʰ ʋi ˍˇˎ ˃ʺˁˇˎˌ ˍˇˎ ˁ˂ʱʵˇˎΣ 

ʵʽʰˍʱˋˋˇ˄ˍʰʽ ˋʶ ʰˏ˅ˇˎˋʰ ˋʶʽˊʱ ˁʰʽ ʰˊʽʻ˃ˇˏ˄ˍʰʽ ʵʽʰʵˇ˔ʽˁʱ ʰˉˈ ˍˇ˄ ˉˊ˗ˍˇ ˖ˌ ˍˇ˄ ˍʶ˂ʶˎˍʰʾˇ 

ˁʰˍʱ˄ˍʹ ˁ˂ʱʵˇ όX1, X2 Χ ˁˍ˂ύΦ ʃˊˇ˒ʰ˄˗ˌ ʹ ʶˉʰ˄ʶ˃˒ʱ˄ʽˋʹ ˍʹˌ ʾʵʽʰˌ ʵʽʰ˃ʷˍˊˇˎ ˋʶ ʱ˂˂ˇ˄ ˁ˂ʱʵˇ ʵʶ˄ 

ˎˉʰʴˇˊʶˏʶʽ ˍʹ˄ ʾʵʽʰ ʰˊʾʻ˃ʹˋʹ ˋˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ ˃ʶˍʰʲ˂ʹˍʺ ʋi (ʆˋʰˁʾˊʹˌΣ нл06). 

ɱʶ˄ʽˁʱ ʹ ʶ˂ʱ˔ʽˋˍʹ ˇ˄ˇ˃ʰˋˍʽˁʺ ʵʽʱ˃ʶˍˊˇˌ ˉˇˎ ʶˉʽˍˊʷˉʶˍʰʽ ˄ʰ ʷ˔ʶʽ ʷ˄ʰˌ ˁ˂ʱʵˇˌ ʶʾ˄ʰʽ фл mm 

όʆˋʰˁʾˊʹˌ, 2006ύΦ ɴˍˋʽΣ ʰ˄ ʰˉˈ ˍˇˎˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ ˉˊˇˁˏ˕ʶʽ ˋʶ ˁʱˉˇʽˇ˄ ˁ˂ʱʵˇ ʱ˄˖ ˈˊʽˇ 

ˇ˄ˇ˃ʰˋˍʽˁ˗˄ ʵʽʰ˃ʷˍˊ˖˄ ˃ʽˁˊˈˍʶˊˇ ʰˉˈ фл mmΣ ʶˉʽ˂ʷʴʶˍʰʽ D = 90 mm ˃ˇ˄ˇˋʺ˃ʰ˄ˍʰ ˔˖ˊʾˌ ˄ʰ 

ʶʽˋ˔˖ˊʺˋˇˎ˄ ʱ˂˂ʶˌ ˃ʶˍʰʲ˂ʹˍʷˌ ʰˉˈ˒ʰˋʹˌΣ ʶ˄˗ ˍʰˎˍˈ˔ˊˇ˄ʰ ʶ˂ʰ˔ʽˋˍˇˉˇʽʶʾˍʰʽ ʶˁ ˍ˖˄ ˉˊʰʴ˃ʱˍ˖˄ 

ˍˇ ˁˈˋˍˇˌ ˍˇˎ ʶ˄ ˂ˈʴ˖ ˁ˂ʱʵˇˎΦ  

ɴˍˋʽ ˍʶ˂ʽˁʱΣ ʴ˄˖ˊʾʸˇ˄ˍʰˌ ˍʽˌ ˃ʶˍʰʲ˂ʹˍʷˌ ʰˉˈ˒ʰˋʹˌ ˁʰʽ ˍʰ ˁˈˋˍʹ ʰ˄ʱ ʵʽʱ˃ʶˍˊˇ ˁʰʽ ˁ˂ʱˋʹΣ ˃ˉˇˊʶʾ 

ˁʰˍʰˊ˔ʱˌ ˄ʰ ʵʽʰˍˎˉ˖ʻʶʾ ʹ ˋˎ˄ʱˊˍʹˋʹ ˋˍˈ˔ˇˎΦ ɶ  ˁ˂ʱˋʹ ˍˇˎ ʰʴ˖ʴˇˏ ʵʹ˂˗˄ʶʽ ˍʹ˄ ʰ˄ˍˇ˔ʺ ˍˇˎ 

ʰʴ˖ʴˇˏ ˋʶ ˉʾʶˋʹΦ ɶ ˃ʷʴʽˋˍʹ ˉʾʶˋʹ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˈˍʰ˄ ʹ ˊˇʺ ʵʽʰˁˈˉˍʶˍʰʽ ˇˉˈˍʶ ʹ ˁ˂ʱˋʹ ʶ˅ʱʴʶˍʰʽ 

ʰˉˈ ˍʹ ʵʽʰ˒ˇˊʱ ˃ʶˍʰ˅ˏ ˍˇˎ ˎ˕ʹ˂ˈˍʶˊˇˎ ˁʰʽ ˍˇˎ ˔ʰ˃ʹ˂ˈˍʶˊˇˎ ˋʹ˃ʶʾˇˎ ˍˇˎ ʵʽˁˍˏˇˎ ˁʰʽ 

ʶˉʽ˂ʷʴʶˍʰʽ ʹ ʰ˃ʷˋ˖ˌ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˈ ˃ʾʰ ʴˁʱ˃ʰ ʵʽʰˁˊʽˍ˗˄ ˍʽ˃˗˄ ˍˇˎ ʶ˃ˉˇˊʾˇˎ ʴʽʰ ˍˇ ʶˉʽ˂ʶʴ˃ʷ˄ˇ 

ˎ˂ʽˁˈΦ 

ɰʺ˃ʰ нˇΥ ʇˉˇ˂ˇʴʽˋ˃ˈˌ ʰˉ˖˂ʶʽ˗˄ ˒ˇˊˍʾˇˎ ʰ˄ʱ ˃ʺˁˇˌ όhfύ ˁʰʽ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌ (S) 

ʋˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʽˌ ˎˉˇ˕ʺ˒ʽʶˌ ˍˎˉˇˉˇʽʹ˃ʷ˄ʶˌ ʶˋ˖ˍʶˊʽˁʷˌ ʵʽʰ˃ʷˍˊˇˎˌ DΩΣ ʶˉʰ˄ʶˁ˂ʷʴˇ˄ˍʰʽ ˇʽ 

ˍʰ˔ˏˍʹˍʶˌ ˊˇʺˌ VΩΥ 

VΩ Ґ   

, ˁ ʰʻ˗ˌ ʶˉʾˋʹˌ ˁʰʽ ˇ ʰˊʽʻ˃ˈˌ Reynolds: 

Re =  

ʂˉˇˎΥ 

DΩΣ ʹ ʶˋ˖ˍʶˊʽˁʺ ʵʽʱ˃ʶˍˊˇˌ ʶ˃ˉˇˊʾˇˎ όmm) 

VΩΣ ˇʽ ˍʰ˔ˏˍʹˍʶˌ ˊˇʺˌ ˃ʶ ˔ˊʺˋʹ ˍ˖˄ DΩ όm/s) 

QΣ ʹ ˉʰˊˇ˔ʺ ˋˍˇ˄ ˁʱʻʶ ˁ˂ʱʵˇ όm3/s) 

Re, o h ˊʽʻ˃ˈˌ Reynolds όʰʵʽʱˋˍʰˍˇˌύ 

˄Σ ʹ ˁʽ˄ʹ˃ʰˍʽˁʺ ˋˎ˄ʶˁˍʽˁˈˍʹˍʰ ˍˇˎ ˊʶˎˋˍˇˏ όm/s2) 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˍˊʽʲʺˌ f ˁ ʰˍʱ Swamee & Jain: 

f = 
Ȣ

  
Ȣ
Ȣ  Ȣ
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ʂˉˇˎΥ 

fΣ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˍˊʽʲʺˌ όʰʵʽʱˋˍʰˍˇˌύ 

kΣ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˍˊʰ˔ˏˍʹˍʰˌ ˍˇˎ ˎ˂ʽˁˇˏ ˍˇˎ ʰʴ˖ʴˇˏ όmm) 

ɼʰˍˈˉʽ˄ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʹ ʰ˄ˍʾˋˍʰˋʹ ˍˇˎ ʰʴ˖ʴˇˏ R: 

R =  

ʂˉˇˎΥ 

RΣ ʹ ʰ˄ˍʾˋˍʰˋʹ ˍˇˎ ʰʴ˖ʴˇˏ όs2/m5) 

fΣ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˍˊʽʲʺˌ όʰʵʽʱˋˍʰˍˇˌύ 

LΣ ˍˇ ˃ʺˁˇˌ ˍˇˎ ˁ˂ʱʵˇˎ όm) 

gΣ ʹ ʶˉʽˍʱ˔ˎ˄ˋʹ ˍʹˌ ʲʰˊˏˍʹˍʰˌΣ фΦум όm/s2) 

ˉΣ ˇ ʱˊˊʹˍˇˌ ʰˊʽʻ˃ˈˌ оΦмпмрфнсрп 

ʆʷ˂ˇˌΣ ˈ˂ʰ ˍʰ ˉʰˊʰˉʱ˄˖ ˃ʶʴʷʻʹ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍ˖˄ ʴˊʰ˃˃ʽˁ˗˄ ʰˉ˖˂ʶʽ˗˄ 

ˁʱʻʶ ˁ˂ʱʵˇˎ ʲʱˋʶʽ ˍʹˌ ˋ˔ʷˋʹˌΥ 

ʅhf = RQ2 

ʂˉˇˎΥ 

ʅhfΣ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ˏ˕ˇˌ ʰˉ˖˂ʶʽ˗˄ ˋˍˇ˄ ˁ˂ʱʵˇ όm) 

QΣ ʹ ˉʰˊˇ˔ʺ ˋˍˇ˄ ˁʱʻʶ ˁ˂ʱʵˇ όm3/s) 

RΣ ʹ ʰ˄ˍʾˋˍʰˋʹ ˍˇˎ ʰʴ˖ʴˇˏ όs2/m5) 

ʆˇ ˋˎ˄ˇ˂ʽˁˈ ˏ˕ˇˌ ʰˉ˖˂ʶʽ˗˄ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʶˁˍˈˌ ʰˉˈ ˍʽˌ ʴˊʰ˃˃ʽˁʷˌ ʰˉ˗˂ʶʽʶˌ ˁʰʽ ˍʽˌ ˍˇˉʽˁʷˌ ˖ˌ ˍˇ 

мл҈ ˁʰˍʱ ˉˊˇˋʷʴʴʽˋʹ ˍ˖˄ ʴˊʰ˃˃ʽˁ˗˄Σ ˖ˋˍˈˋˇ ˉˇ˂˂ʷˌ ˒ˇˊʷˌ ˋˍʹ ʵʽʰʵʽˁʰˋʾʰ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ 

ʰˎˍʷˌ ʻʶ˖ˊˇˏ˄ˍʰʽ ʰ˃ʶ˂ʹˍʷʶˌΣ ʶʽʵʽˁʱ ʰ˄ ʹ ˍˊʰ˔ˏˍʹˍʰ ˍˇˎ ˎ˂ʽˁˇˏ ʶʾ˄ʰʽ ˃ʶʴʱ˂ʹΦ 

ʂˉ˖ˌ ʶʾ˄ʰʽ ʶ˃˒ʰ˄ʷˌΣ ˋˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍ˖˄ ʴˊʰ˃˃ʽˁ˗˄ ʰˉ˖˂ʶʽ˗˄Σ ˎˉʶʽˋʷˊ˔ʶˍʰʽ ˍˇ ˃ʺˁˇˌ 

ˋ˖˂ʺ˄˖ˋʹˌΦ ɳˉˇ˃ʷ˄˖ˌ ʰˉˈ ˍʹ ˋˍʽʴ˃ʺ ˉˇˎ ˁʱʻʶ ˃ʺˁˇˌ ˋ˖˂ʺ˄˖ˋʹˌ ˃ʶ ʵʽʰ˒ˇˊʶˍʽˁʺ ʵʽʱ˃ʶˍˊˇ 

ʶ˂ʺ˒ʻʹ ˖ˌ ˃ʶˍʰʲ˂ʹˍʺ ʰˉˈ˒ʰˋʹˌ XiΣ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ˏ˕ˇˌ ʰˉ˖˂ʶʽ˗˄ ʶʾ˄ʰʽ ˁʱʻʶ ˒ˇˊʱ ʰ˄ʱ˂ˇʴˇ ˍˇˎ ʺ 

ˍ˖˄ ʋiΦ ɱʽΩʰˎˍˈ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˇʽ ʰˉ˗˂ʶʽʶˌ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌ ʺ ˁ˂ʾˋʹ ʰˉ˖˂ʶʽ˗˄ ˒ˇˊˍʾˇˎ S ˉˇˎ 

ʶʾ˄ʰʽΥ 

S =  
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ʂˉˇˎΥ 

SΣ ʹ ˁ˂ʾˋʹ ʰˉ˖˂ʶʽ˗˄ ˒ˇˊˍʾˇˎ S (m/m) 

ʅhfΣ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ˏ˕ˇˌ ʰˉ˖˂ʶʽ˗˄ ˋˍˇ˄ ˁ˂ʱʵˇ όm) 

LΣ ˍˇ ˃ʺˁˇˌ ˍˇˎ ˁ˂ʱʵˇˎ όm) 

ɴˍˋʽ ˇʽ ˋˎ˄ˇ˂ʽˁʷˌ ʰˉ˗˂ʶʽʶˌ ˍˇˎ ˉˊ˗ˍˇˎ ˁ˂ʱʵˇˎ όi Ґ мύ ʰ˄ ʰˎˍˈˌ ʷ˔ʶʽ k ˃ʶˍʰʲ˂ʹˍʷˌ ʰˉˈ˒ʰˋʹˌΣ 

ʶʾ˄ʰʽΥ 

ʅhf(0->1) = S1X1 + S2X2 Ҍ Χ ҌSkXk 

ʅˍˇ˄ ʵʶˏˍʶˊˇ ˁ˂ʱʵˇ όi Ґ нύ ʰ˄ ʰˎˍˈˌ ʷ˔ʶʽ  p ˃ ʶˍʰʲ˂ʹˍʷˌ ʰˉˈ˒ʰˋʹˌΣ ʶʾ˄ʰʽΥ 

ʅhf(1->2) = Sk+1Xk+1 + Sk+2Xk+2 Ҍ Χ +Sk+pXk+p ˁ ΦˇΦˁ 

ɴˍˋʽ ˋˍˇ˄ ˍʶ˂ʶˎˍʰʾˇ ˁ˂ʱʵˇ όi = mύ ʶʾ˄ʰʽΥ 

 ʅhf(m-1->m) = SΧXΧ + SΧҌмXΧҌм Ҍ Χ Ҍ{mXm 

ʃˊˇ˒ʰ˄˗ˌ ʰ˄ ˁʱˉˇʽˇˌ ˁ˂ʱʵˇˌ ʵʽʰˋˍʰˋʽˇ˂ˇʴʶʾˍʰʽ ˃ˇ˄ˇˋʺ˃ʰ˄ˍʰ ˃ʶ D = 90 mm ˇʽ ʰˉ˗˂ʶʽʶˌ ˍˇˎ 

ʶʾ˄ʰʽ ʴ˄˖ˋˍʷˌ ˁʰʽ ʰ˄ʶ˅ʱˊˍʹˍʶˌ ʰˉˈ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌΦ  

ɳˁʶʾ˄ˇ ˉˇˎ ˉˊʷˉʶʽ ˄ʰ ʶ˅ʰˋ˒ʰ˂ʽˋˍʶʾ ʶʾ˄ʰʽ ˋˍˇ˄ ˁˈ˃ʲˇ ˉʷˊʰˍˇˌ i ˍˇ ˎ˕ˈ˃ʶˍˊˇ ˍʹˌ ˉʽʶʸˇ˃ʶˍˊʽˁʺˌ 

ʴˊʰ˃˃ʺˌ ˄ʰ ʶʾ˄ʰʽ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ʾˋˇ ˃ʶ ˍˇ ˎ˕ˈ˃ʶˍˊˇ ʶʵʱ˒ˇˎˌ ˍˇˎ ʶ˄ ˂ˈʴ˖ ˁˈ˃ʲˇˎΣ ʰˎ˅ʹ˃ʷ˄ˇ ˁʰˍʱ 

ʷ˄ʰ ʵʽʱˋˍʹ˃ʰ ʰˋ˒ʰ˂ʶʾʰˌ ʵΣ ʹ ˍʽ˃ʺ ˍˇˎ ˇˉˇʾˇˎ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍʹ˄ ʰˉʰʾˍʹˋʹ ˍʹˌ ʴˊʰ˃˃ʺˌ 

ˏʵˊʶˎˋʹˌΣ ʵʹ˂ʰʵʺΥ 

ɶi-1 җ ɵi-1 + ɻ  

ė  

ɶ0 - ʅhf(0->i-1) җ ɵi-1 Ҍ ʵ  

όɶ0  ɵ0) 

ė  

ʅhf(0->i-1) Җ ɵ0 - ɵi-1 - ɻ  

ʂˉˇˎΥ 

ɵi-1Σ ˍˇ ˎ˕ˈ˃ʶˍˊˇ ʶʵʱ˒ˇˎˌ ˍˇˎ ˁˈ˃ʲˇˎ i-1(i Ґ мΣ нΣ ΧΣ m) 

ʅhf(0->i-1)Σ ˇʽ ˋˎ˄ˇ˂ʽˁʷˌ ʴˊʰ˃˃ʽˁʷˌ ʰˉ˗˂ʶʽʶˌ ˁʰˍʱ ˃ʺˁˇˌ ˍˇˎ ˁ˂ʱʵˇˎ i ̀ ʶ ˃ʷˍˊʰ όm) (i Ґ мΣ нΣ ΧΣ m) 

Hi-1Σ ˍˇ ˎ˕ˈ˃ʶˍˊˇ ˍʹˌ ˉʽʶʸˇ˃ʶˍˊʽˁʺˌ ʴˊʰ˃˃ʺˌ ˍˇˎ ˁˈ˃ʲˇˎ i-мˋʶ ˃ʷˍˊʰ όm) (i Ґ мΣ нΣ ΧΣ m)                                   

ɵ0Σ ˍˇ ˎ˕ˈ˃ʶˍˊˇ ˍʹˌ ʵʶ˅ʰ˃ʶ˄ʺˌ ˋˍʹ˄ ɼΦʅΦɽΣ ˉˇˎ ˍʰˎˍʾʸʶˍʰʽ ˃ʶ ˍʹ ˋˍʱʻ˃ʹ ˍʹˌ ʃΦɱΦ ɶ0 ̀ ʶ ˃ʷˍˊʰ όm)              

ʵΣ ʷ˄ʰ ʵʽʱˋˍʹ˃ʰ ʰˋ˒ʰ˂ʶʾʰˌ όʶʵ˗ м ʺ р mύ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ ʻʷˋʹ ˍˇˎ ˁˈ˃ʲˇˎ                                                 

Zi-1Σ ˍˇ ˎ˕ˈ˃ʶˍˊˇ ʶʵʱ˒ˇˎˌ ˍˇˎ ˁˈ˃ʲˇˎ i-м ˋʶ ˃ʷˍˊʰ (m) 
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ʇˉʶ˄ʻˎ˃ʾʸʶˍʰʽ ˈˍʽ ˋˍˇ ˉʰˊˈ˄ ˁʶ˒ʱ˂ʰʽˇ ˇʽ ˁ˂ʱʵˇʽ ˋˎ˃ʲˇ˂ʾʸˇ˄ˍʰʽ ˃ʶ  i h ˊʽʻ˃˗˄ˍʰˌ ˍˇ˄ ˉˊ˗ˍˇ ˁ˂ʱʵˇ 

˃ʶ м ˁʰʽ ˍˇ˄ ˍʶ˂ʶˎˍʰʾˇ m ˁ ʰʽ ˇʽ ˁˈ˃ʲˇʽ ˃ʶ i-м ʰˊʽʻ˃˗˄ˍʰˌ ˍˇ˄ ˉˊ˗ˍˇ ˁˈ˃ʲˇ όʵʶ˅ʰ˃ʶ˄ʺύ ˃ʶ л ˁʰʽ ˍˇ˄ 

ˍʶ˂ʶˎˍʰʾˇ ˃ʶ mΦ ɴˍˋʽΣ ʰ˒ˇˏ ʶ˒ʰˊ˃ˇˋˍʶʾ ʹ ˉʰˊʰˉʱ˄˖ ˋ˔ʷˋʹ ʴʽʰ ˁʱʻʶ ˁˈ˃ʲˇ ˍˇˎ ʵʽˁˍˏˇˎ ʰˉˈ ˍʰ 

ʰ˄ʱ˄ˍʹ ˉˊˇˌ ˍʰ ˁʰˍʱ˄ˍʹΣ ˋ˔ʹ˃ʰˍʾʸʶˍʰʽ ˍˇ ʷ˄ʰ ʰˉˈ ˍʰ ˍˊʾʰ ˋˁʷ˂ʹ ˍ˖˄ ˉʶˊʽˇˊʽˋ˃˗˄Σ ʶˁʶʾ˄ˇ ˍ˖˄ 

ˉʶˊʽˇˊʽˋ˃˗˄ ˍˇˎ ˉʽʶʸˇ˃ʶˍˊʽˁˇˏ ˒ˇˊˍʾˇˎΦ 

ɳ˒ˈˋˇ˄ ˇʽ ˋˎ˄ˇ˂ʽˁʷˌ ʰˉ˗˂ʶʽʶˌ ʶˁ˒ˊʱʸˇ˄ˍʰʽ ˋˎ˄ʰˊˍʺˋʶʽ ˍ˖˄ ˁ˂ʾˋʶ˖˄ ʰˉ˖˂ʶʽ˗˄ ˒ˇˊˍʾˇˎΣ ˋʶ ʷ˄ʰ˄ 

ˁˈ˃ʲˇ i-1 ̱ ˇˎ ʵʽˁˍˏˇˎ ˇ ˉʶˊʽˇˊʽˋ˃ˈˌ ʵʽʰˍˎˉ˗˄ʶˍʰʽ ˖ˌ ʶ˅ʺˌΥ 

S1X1 + S2X2 Ҍ Χ Ҍ{kXk Җ ɵ0 ς ɵ(i-1) - ɻ  

ʂˉˇˎΥ 

S1, S2Σ ΧΣ SkΣ ˇʽ ˁ˂ʾˋʶʽˌ ʰˉ˖˂ʶʽ˗˄ ˒ˇˊˍʾˇˎ ˈ˂˖˄ ˍ˖˄ ʰ˄ʱ˄ˍʹ ˁ˂ʱʵ˖˄ 

ʋ1Σ ʋ2Σ ΧΣ ʋkΣ ˁʱʻʶ ˃ʺˁˇˌ ˋ˖˂ʺ˄˖ˋʹˌ ˃ʶ ʵʽʰ˒ˇˊʶˍʽˁʺ ʵʽʱ˃ʶˍˊˇ 

ɵ(i-1)Σ ˍˇ ˎ˕ˈ˃ʶˍˊˇ ʶʵʱ˒ˇˎˌ ˍˇˎ ˁˈ˃ʲˇˎ i-1 

ʵΣ ʷ˄ʰ ʵʽʱˋˍʹ˃ʰ ʰˋ˒ʰ˂ʶʾʰˌ όʶʵ˗ м ʺ р mύ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ ʻʷˋʹ ˍˇˎ ˁˈ˃ʲˇˎ     

ɶ0Σ ˍˇ ˏ˕ˇˌ ˍʹˌ ʴˊʰ˃˃ʺˌ ʶ˄ʷˊʴʶʽʰˌ ˋˍʹ ʵʶ˅ʰ˃ʶ˄ʺ ˉˇˎ ˍʰˎˍʾʸʶˍʰʽ ˁʰʽ ˃ʶ ˍˇ ˎ˕ˈ˃ʶˍˊˈ ˍʹˌ ɵ0 ˋˍʹ˄ 

ˁʰˍ˗ˍʰˍʹ ˋˍʱʻ˃ʹ ˂ʶʽˍˇˎˊʴʾʰˌ 

ɶ ˉʰˊʰˉʱ˄˖ ˋ˔ʷˋʹ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ʵʽʰʵˇ˔ʽˁʱ ʰˉˈ ˍʰ ʰ˄ʱ˄ˍʹ ˉˊˇˌ ˍʰ ˁʰˍʱ˄ˍʹ ˋʶ ˈ˂ˇˎˌ ˍˇˎˌ 

ˁˈ˃ʲˇˎˌΦ 

ɰʺ˃ʰ оˇΥ ɳˉʾ˂ˎˋʹ 

ɶ ˋˎ˄ʱˊˍʹˋʹ ˋˍˈ˔ˇˎ ˁʰʽ ˇʽ ˉʶˊʽˇˊʽˋ˃ˇʾ ʵʽʰˍˎˉ˗˄ˇ˄ˍʰʽ ˋʶ ˃ʰʻʹ˃ʰˍʽˁʺ ˃ˇˊ˒ʺ ˋʶ ˁʰˍʱ˂˂ʹ˂ˇ 

ˉˊˈʴˊʰ˃˃ʰ ʶˉʾ˂ˎˋʹˌ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌΦ ʅˍʰ ˎʵˊʰˎ˂ʽˁʱ ʷˊʴʰ ʶˎˊʶʾʰ ʶʾ˄ʰʽ ʹ 

˔ˊʹˋʽ˃ˇˉˇʾʹˋʹ ˍˇˎ LINGO ˍʹˌ LINDO SystemsΣ ʶˁˍʶ˄ʺˌ ʰ˄ʰ˒ˇˊʱ ʴʽʰ ˍˇ ˇˉˇʾˇ ʻʰ ʴʾ˄ʶʽ ˋˍˇ 

ʶˉˈ˃ʶ˄ˇ ˁʶ˒ʱ˂ʰʽˇΦ ɼʰˍʱ˂˂ʹ˂ʶˌ ˋˎ˄ʰˊˍʺˋʶʽˌ ˉˇˎ ʶ˅ˎˉʹˊʶˍˇˏ˄ ˍˇ˄ ʾʵʽˇ ˋˁˇˉˈΣ ˎˉʱˊ˔ˇˎ˄ ˁʰʽ ˋˍˇ 

Microsoft Excel.  

ʅˍˇ ˉˊˈʴˊʰ˃˃ʰ LINGO ʶʾ˄ʰʽ ʵˎ˄ʰˍˈ˄ ˉˊʽ˄ ʰˉˈ ˍʹ˄ ʶˉʾ˂ˎˋʹ ˄ʰ ʶˉʽ˂ʶ˔ʻʶʾ ʹ ʶ˃˒ʱ˄ʽˋʹ 

˃ˇ˄ˇˋʺ˃ʰ˄ˍʹˌ ˂ˏˋʹˌ ʴʽʰ ˁʱʻʶ ˁ˂ʱʵˇΣ ʰˁʷˊʰʽʹˌΣ ʺ ˃ˇ˄ˇˋʺ˃ʰ˄ˍʹˌ ˁʰʽ ʰˁʷˊʰʽʹˌΦ ʍˋˍˈˋˇ ˋˎ˄ʺʻ˖ˌ 

ˋˍʹ˄ ˉˊʱ˅ʹ ˍˇ ˉˊˈʴˊʰ˃˃ʰ ʶˉʽ˂ˏʶˍʰʽ ˔˖ˊʾˌ ˁʱˉˇʽʰ ʶˉʽˉ˂ʷˇ˄ ˉˊˇːˉˈʻʶˋʹ ˁʰʽ ˇʽ ˃ʹ ʰˁʷˊʰʽʶˌ 

˂ˏˋʶʽˌ ˉˇˎ ˋˎ˄ʺʻ˖ˌ ˉˊˇˁˏˉˍˇˎ˄Σ ˋˍˊˇʴʴˎ˂ˇˉˇʽˇˏ˄ˍʰʽ ˗ˋˍʶ ˄ʰ ʷ˔ʶʽ ˄ˈʹ˃ʰ ʹ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎˌ 

(LINDO Systems Inc, 2011).  

ɳ˄ʾˇˍʶ ʰ˄ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ʵʽʰˋˍʰˋʽˇ˂ˈʴʹˋʹ ˃ʶʴʱ˂ˇˎ ˋʶ ˃ʺˁˇˌ ˁ˂ʱʵˇˎ όˍʹˌ ˍʱ˅ʹˌ ˍ˖˄ ˃ʶˊʽˁ˗˄ kmύ ʹ 

˂ˏˋʹ ʵʶ˄ ʶʾ˄ʰʽ ˃ˇ˄ˇˋʺ˃ʰ˄ˍʹΣ ˉˊˇˁˏˉˍˇˎ˄ ʵʹ˂ʰʵʺ ʵˏˇ όˋˉʰ˄ʽˈˍʶˊʰ ˍˊʶʽˌύ ʵʽʱ˃ʶˍˊˇʽ ˉˇˎ ˉˊʷˉʶʽ 

˄ʰ ʶ˒ʰˊ˃ˇˋˍˇˏ˄ ˋˍˇ˄ ʾʵʽˇ ˁ˂ʱʵˇΦ 

ɰʺ˃ʰ пˇΥ ɳ˅ʰʴ˖ʴʺ ˍˇˎ ˋˎ˄ˇ˂ʽˁˇˏ ˁˈˋˍˇˎˌ 

ɾʶˍʱ ˍʹ˄ ʶˉʾ˂ˎˋʹΣ ˉˊˇˁˏˉˍʶʽ ˇ ˋˎ˄ʵˎʰˋ˃ˈˌ ʶˁʶʾ˄ˇˌ ˃ʶˍʰʲ˂ʹˍ˗˄ ʰˉˈ˒ʰˋʹˌ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾ 

ˍʹ˄ ˁʰ˂ˏˍʶˊʹ ʰˉˈ˒ʰˋʹΣ ʵʹ˂ʰʵʺ ˍʹ˄ ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹ ˍˇˎ ˁˈˋˍˇˎˌ ˍˇˎ ʵʽˁˍˏˇˎΦ ɮ˄ ˋʶ ʷ˄ʰ ˁ˂ʱʵˇ 
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ˉˊˇˁˏ˕ʶʽ ˃ˇ˄ˇˋʺ˃ʰ˄ˍʹ ˂ˏˋʹΣ ʰˎˍˈˌ ʵʽʰˋˍʰˋʽˇ˂ˇʴʶʾˍʰʽ ˃ʶ ˃ʾʰ ʵʽʱ˃ʶˍˊˇ ˋʶ ˈ˂ˇ ˍˇ ˃ʺˁˇˌ ˍˇˎΦ ɮ˄ 

ˉˊˇˁˏ˕ˇˎ˄ ʵˏˇ ˂ˏˋʶʽˌΣ ˇ ˁ˂ʱʵˇˌ ʵʽʰˋˍʰˋʽˇ˂ˇʴʶʾˍʰʽ ˋʶ ʵˏˇ ˍ˃ʺ˃ʰˍʰ ˃ʶ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ʵʽʰ˃ʷˍˊˇˎˌ 

˅ʶˁʽ˄˗˄ˍʰˌ ʰˉˈ ˍʹ ˃ʽˁˊˈˍʶˊʹ ˁʰʽ ʶ˒ʰˊ˃ˈʸˇ˄ˍʰˌ ˍʹ ˃ʶʴʰ˂ˏˍʶˊʹ ˋˍʰ ˁʰˍʱ˄ˍʹΦ ɮˎˍˈ ʴʾ˄ʶˍʰʽ ʴʽʰ ˄ʰ 

ʰˎ˅ʹʻʶʾ ʹ ʲʶʲʰʽˈˍʹˍʰ ʶˉʱˊˁʶʽʰˌ ˄ʶˊˇˏ ˃ʷ˔ˊʽ ˁʰʽ ˋˍˇ˄ ˉʽˇ ʰˉˇ˃ʰˁˊˎˋ˃ʷ˄ˇ ˁˈ˃ʲˇ ˍˇˎ ʵʽˁˍˏˇˎΦ 

ɱ˄˖ˊʾʸˇ˄ˍʰˌ ʶˉˇ˃ʷ˄˖ˌ ˍˇ ˁˈˋˍˇˌ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌ ʴʽʰ ˍʹ˄ ʵʽʱ˃ʶˍˊˇ ˉˇˎ ˉˊˇʷˁˎ˕ʶ ˁʰʽ ʴʽʰ ˍʹ˄ 

ˁ˂ʱˋʹ ˉˇˎ ʷ˔ʶʽ ˉˊˇʶˉʽ˂ʶ˔ʻʶʾΣ ˃ˉˇˊʶʾ ˄ʰ ʶ˅ʰ˔ʻʶʾ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ˁˈˋˍˇˌ ˍˇˎ ʵʽˁˍˏˇˎΦ ɮ˄ ʴʽʰ 

ˉʰ́ʱʵʶʽʴ˃ʰ ˇʽ ˍʶ˂ʽˁʷˌ ˂ˏˋʶʽˌ ʶʾ˄ʰʽΥ ʋ1Σ ʋ6Σ ʋ8Σ ʋ11 ʴʽʰ ʷ˄ʰ ˃ʽˁˊˈ ʵʾˁˍˎˇ ˍʶˋˋʱˊ˖˄ ˁ˂ʱʵ˖˄Σ ˍˇ 

ˁˈˋˍˇˌ ˍˇˎ ʻʰ ʶʾ˄ʰʽ Č ˂Φ Ґ C1X1 + C6X6 + C8X8 + C11X11. 

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˍˇ ʵʾˁˍˎˇ ʰˉˇˍʶ˂ʶʾˍʰʽ ˁʰʽ ʰˉˈ ˁ˂ʱʵˇˎˌ ʶˁ ˍ˖˄ ˉˊˇˍʷˊ˖˄ 

ʵʽʰˋˍʰˋʽˇ˂ˇʴʹ˃ʷ˄ˇˎˌ ˃ʶ ˍʹ˄ ʶ˂ʱ˔ʽˋˍʹ ʵʽʱ˃ʶˍˊˇ ʊфл ʲʱˋʶʽ ˍ˖˄ ˉʶˊʽˇˊʽˋ˃˗˄ ˍʰ˔ˏˍʹˍʰˌ ˉˇˎ 

ʰ˄ʰ˒ʷˊʻʹˁʰ˄ ˉʰˊʰˉʱ˄˖Σ ˍˇ ˁˈˋˍˇˌ ʶʾ˄ʰʽ ʰ˄ʶ˅ʱˊˍʹˍˇ ˍʹˌ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ ˁʰʽ ˉˊˇˁˏˉˍʶʽ ʶˏˁˇ˂ʰ 

˃ʶ ʰˉ˂ˈ ˉˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈ ˍˇˎ ˁˈˋˍˇˎˌ ˃ʷˍˊˇ ˃ʺˁˇˎˌ ʴʽʰ ʊфл ˃ʶ ˍˇ ˃ʺˁˇˌ ˍˇˎ ˁ˂ʱʵˇˎΦ ɴˍˋʽΣ ˍˇ 

ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ˇ ʰˎˍˈ ˁˈˋˍˇˌ ˉˊˇˋˍʾʻʶˍʰʽ ˋˍˇ ˁˈˋˍˇˌ ˍ˖˄ ˎˉˈ˂ˇʽˉ˖˄ ˁ˂ʱʵ˖˄ ˉˇˎ ʶ˅ʺ˔ʻʹ ˃ʶ 

ʴˊʰ˃˃ʽˁˈ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈ ˁʰʽ ˉˊˇˁˏˉˍʶʽ ˍʶ˂ʽˁʱ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ˁˈˋˍˇˌ ˍˇˎ ʵʽˁˍˏˇˎΦ 

ɰʺ˃ʰ рˇΥ ʇˉˇ˂ˇʴʽˋ˃ˈˌ ˍ˖˄ ˍʶ˂ʽˁ˗˄ ʰˉ˖˂ʶʽ˗˄ 

ɼʰʻΩˈˍʽ ˇʽ ʴˊʰ˃˃ʽˁʷˌ ʰˉ˗˂ʶʽʶˌ ʶʾ˄ʰʽ ʰ˄ʱ˂ˇʴʶˌ ˍˇˎ ˃ʺˁˇˎˌ ˋ˖˂ʺ˄˖ˋʹˌΣ ˃ʶˍʱ ˍʹ˄ ʶˉʾ˂ˎˋʹ ʶˏˁˇ˂ʰ 

˃ˉˇˊˇˏ˄ ˄ʰ ˉˊˇˁˏ˕ˇˎ˄ ˇʽ ʰˉ˗˂ʶʽʶˌ ˁʱʻʶ ˁ˂ʱʵˇˎΦ ɴˍˋʽ ˋˍˇ ˉʰˊʱʵʶʽʴ˃ʰ ˍˇˎ ˃ʽˁˊˇˏ ʵʽˁˍˏˇˎ ˍ˖˄ 

ˍʶˋˋʱˊ˖˄ ˁ˂ʱʵ˖˄Σ ʹ ʰˉ˗˂ʶʽʶˌ ʴʽʰ ˁʱʻʶ ˁ˂ʱʵˇ ʶʾ˄ʰʽ ʅhf = S*X Σ ˃ʶ ʋ ˍʹ ˂ˏˋʹ ʴʽʰ ˍˇ˄ ˁ˂ʱʵˇ ˁʰʽ S 

ˍʹ˄ ˁ˂ʾˋʹ ˍʹˌ ʴˊʰ˃˃ʺˌ ʰˉ˖˂ʶʽ˗˄ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍʹ˄ ʶˉʽ˂ʶ˔ʻʶʾˋʰ ʵʽʱ˃ʶˍˊˇΦ 

ɮ˄ ˁʱˉˇʽˇˌ ˁ˂ʱʵˇˌ ˍˇˎ ʵʽˁˍˏˇˎ ʶʾ˄ʰʽ ʶˁ ˍ˖˄ ˉˊˇˍʷˊ˖˄ ʵʽʰˋˍʰˋʽˇ˂ˇʴʹ˃ʷ˄ˇˌ ˃ʶ ˍʹ˄ ʶ˂ʱ˔ʽˋˍʹ 

ʵʽʱ˃ʶˍˊˇ ʊфл ʲʱˋʶʽ ˍ˖˄ ˉʶˊʽˇˊʽˋ˃˗˄ ˍʰ˔ˏˍʹˍʰˌ ˉˇˎ ʰ˄ʰ˒ʷˊʻʹˁʰ˄ ˉʰˊʰˉʱ˄˖Σ ˇʽ ʴˊʰ˃˃ʽˁʷˌ ˍˇˎ 

ʰˉ˗˂ʶʽʶˌ ʶʾ˄ʰʽ ʴ˄˖ˋˍʷˌ ˁʰʽ ʰ˄ʶ˅ʱˊˍʹˍʶˌ ʰˉˈ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌΦ 

ɰʺ˃ʰ сˇΥ ʋʱˊʰ˅ʹ ˍʹˌ ˉʽʶʸˇ˃ʶˍˊʽˁʺˌ ʴˊʰ˃˃ʺˌ ʃΦɱ 

ɾʶˍʱ ˍʹ ʵʽʰˋˍʰˋʽˇ˂ˈʴʹˋʹ ˍˇˎ ʵʽˁˍˏˇˎ ˁʰʽ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍˇˎ ˋˎ˄ˇ˂ʽˁˇˏ ˁˈˋˍˇˎˌ ˍˇˎΣ ˍˇ 

ˍʶ˂ʶˎˍʰʾˇ ˋˍʱʵʽˇ ʶʾ˄ʰʽ ʹ ˔ʱˊʰ˅ʹ ˍʹˌ ˉʽʶʸˇ˃ʶˍˊʽˁʺˌ ʴˊʰ˃˃ʺˌ ˉˇˎ ˋˎ˄ʶˉʱʴʶˍʰʽ ˁʰʽ ˍʹ˄ ʶˏˊʶˋʹ ˍˇˎ 

ˏ˕ˇˎˌ ˉʾʶˋʹˌ ˋʶ ˁʱʻʶ ˁˈ˃ʲˇ ˍˇˎ ʴʽʰ ˄ʰ ʶ˂ʶʴ˔ʻʶʾ ʰ˄ ˁʰʽ ˁʰˍʱ ˉˈˋˇ ʶˉʰˊˁʶʾ ʴʽʰ ˍʹ˄ ˏʵˊʶˎˋʹΦ ʅʶ 

ʷ˄ʰ ˁ˂ʱʵˇ ˃ʶ ˁˈ˃ʲˇ ʰˊ˔ʺˌ i-м ˁʰʽ ˁˈ˃ʲˇ ˉʷˊʰˍˇˌ i ̔ ˋ˔ˏʶʽΥ 

ʅhf(i-1)->i = ɶ(i-1) ς ɶi 

ė 

ʅhf(i-1)->i = ɶ(i-1) - ɵi - hpi 

ʂˉˇˎΥ 

ZiΣ ˍˇ ˎ˕ˈ˃ʶˍˊˇ ʶʵʱ˒ˇˎˌ ˍˇˎ ˁˈ˃ʲˇˎ ˉʷˊʰˍˇˌ i ̀ ʶ ʷ˄ʰ˄ ˁ˂ʱʵˇ i ̀ ʶ ˃ʷˍˊʰ όm) (i Ґ мΣ нΣ ΧΣ m) 

ʅhf(i-1)->iΣ ˇʽ ˋˎ˄ˇ˂ʽˁʷˌ ʴˊʰ˃˃ʽˁʷˌ ʰˉ˗˂ʶʽʶˌ ˁʰˍʱ ˃ʺˁˇˌ ˍˇˎ ˁ˂ʱʵˇˎ i ̀ ʶ ˃ʷˍˊʰ όm) (i Ґ мΣ нΣ ΧΣ m) 

hpiΣ ˍˇ ˏ˕ˇˌ ˉʾʶˋʹˌ ˋˍˇ˄ ˁˈ˃ʲˇ ˉʷˊʰˍˇˌ i ̀ ʶ ˃ʷˍˊʰ όm) (i Ґ мΣ нΣ ΧΣ m) 
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H(i-1), HiΣ ˍˇ ˎ˕ˈ˃ʶˍˊˇ ˍʹˌ ˉʽʶʸˇ˃ʶˍˊʽˁʺˌ ʴˊʰ˃˃ʺˌ ʺ ʴˊʰ˃˃ʺˌ ʶ˄ʷˊʴʶʽʰˌ ˋˍˇˎˌ ˁˈ˃ʲˇˎˌ ʰˊ˔ʺˌ i-1 

ˁʰʽ ˉʷˊʰˍˇˌ i h ˄ˍʾˋˍˇʽ˔ʰ ˋʶ ˃ʷˍˊʰ όm) (i Ґ мΣ нΣ ΧΣ m) 

ɴˍˋʽ ˃ʶ ʴ˄˖ˋˍʷˌ ˉ˂ʷˇ˄ ˍʽˌ ʰˉ˗˂ʶʽʶˌ ˁʰʽ ʴ˄˖ˋˍˈ ˍˇ ˏ˕ˇˌ ʶ˄ʷˊʴʶʽʰˌ ˋˍˇ ˎ˕ʹ˂ˈˍʶˊˇ ˋʹ˃ʶʾˇ ˍˇˎ 

ʵʽˁˍˏˇˎ ˃ˉˇˊˇˏ˄ ʵʽʰʵˇ˔ʽˁʱ ˄ʰ ˎˉˇ˂ˇʴʽˋˍˇˏ˄ ʰˉˈ ˍʰ ʰ˄ʱ˄ˍʹ ˉˊˇˌ ˍʰ ˁʰˍʱ˄ˍʹ ˍʰ ˎ˕ˈ˃ʶˍˊʰ 

ˉʽʶʸˇ˃ʶˍˊʽˁʺˌ ʴˊʰ˃˃ʺˌ ɶ ˋʶ ˈ˂ˇˎˌ ˍˇˎˌ ˁˈ˃ʲˇˎˌ ˍˇˎ ʵʽˁˍˏˇˎΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ʰ˒ʰʽˊ˗˄ˍʰˌ 

ʵʽʰʵˇ˔ʽˁʱ ʰˉˈ ˍʰ ˎ˕ˈ˃ʶˍˊʰ ˉʽʶʸˇ˃ʶˍˊʽˁʺˌ ʴˊʰ˃˃ʺˌ ɶ ˍʰ ˎ˕ˈ˃ʶˍˊʰ ʶʵʱ˒ˇˎˌ ɵΣ ʲˊʾˋˁˇ˄ˍʰʽ ˍʰ 

ˏ˕ʹ ˉʾʶˋʹˌ hp. 

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˁʱˉˇʽʰ ˉʾʶˋʹ ʶʾ˄ʰʽ ˃ʽˁˊˈˍʶˊʹ ʰˉˈ ˍʹ˄ ʶˁʶʾ˄ʹ ˉˇˎ ʷ˔ʶʽ ʰˉʰʽˍʹʻʶʾ ˋˍˇˎˌ 

ˉʶˊʽˇˊʽˋ˃ˇˏˌ ˉʽʶʸˇ˃ʶˍˊʽˁˇˏ ˒ˇˊˍʾˇˎΣ ˃ˉˇˊʶʾ ˄ʰ ˋˎ˃ʲʰʾ˄ʶʽ ˍˇ ʶ˅ʺˌΥ 

¶ ɮˊʽʻ˃ʹˍʽˁˈ ˂ʱʻˇˌ ʰˉˈ ˍˇ ˔ʶʽˊʽˋˍʺ ˋˍʹ ʵʽʰˍˏˉ˖ˋʹ ˍ˖˄ ʶ˅ʽˋ˗ˋʶ˖˄ ˂ˈʴ˖ ˍˇˎ ˃ʶʴʱ˂ˇˎ ˈʴˁˇˎ 

ˎˉˇ˂ˇʴʽˋ˃˗˄Φ 

¶ ɽˈʴ˖ ˍʹˌ ˃ʹ ʰˁʶˊʰʽˈˍʹˍʰˌ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʹ ˋˍˊˇʴʴˎ˂ˇˉˇʾʹˋʹ ˁʱˉˇʽ˖˄ ˃ʶʴʶʻ˗˄ 

ʶ˄ʵʷ˔ʶˍʰʽ ˄ʰ ʶˉʹˊʷʰˋʶʽ ˍˇˎˌ ʶˉˈ˃ʶ˄ˇˎˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌΦ 

оΦс ʆʁ ʃʄʁɱʄɮɾɾɮ ɰɳɽʆɹʅʆʁʃʁɹɶʅɶʅ LINGO 

ɶ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ ʴˊʰ˃˃ʽˁˇˏ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ˋˍʰ ˎʵˊʶˎˍʽˁʱ ʵʾˁˍˎʰΣ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ ˉʽˇ 

ˁʰˍʰ˄ˇʹˍʺ ˃ʶ ˍʹ ʵʽʰˋˍʰˋʽˇ˂ˈʴʹˋʹ ʶ˄ˈˌ ˎˉʱˊ˔ˇ˄ˍˇˌ ʵʽˁˍˏˇˎ ˁʰʽ ˍʹ˄ ʶˉʾ˂ˎˋʹ ˍ˖˄ ʰ˄ʽˋˇʶ˅ʽˋ˗ˋʶ˖˄ 

ˋʶ ˁʰˍʱ˂˂ʹ˂ˇ ˂ˇʴʽˋ˃ʽˁˈ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌΦ ʃˇ˂ˏ ʵʽʰʵʶʵˇ˃ʷ˄ˇ ˋʶ ʰˎˍʷˌ ˍʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ʶʾ˄ʰʽ 

ˋʺ˃ʶˊʰ ˍˇ LINGO ̱ ʹˌ LINDO Systems. 

оΦсΦм ɱʶ˄ʽˁʱ 

ɱʽʰ ˄ʰ ʵʽʶˎˁˇ˂ˎ˄ʻʶʾ ˇ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍ˖˄ ˃ʶʴʱ˂˖˄ ˎʵˊʶˎˍʽˁ˗˄ ʵʽˁˍˏ˖˄ ʲʰˊˏˍʹˍʰˌΣ 

˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˍˇ ˉˊˈʴˊʰ˃˃ʰ LINDO ɹ ʽʰ ˉˊ˗ˍʹ ˒ˇˊʱ ˋˍʹ˄ ɳ˂˂ʱʵʰ ʰˉˈ ˍˇ˄ ɹ˖ʰ˄˄ʾʵʹ ˍˇ мффн [2]. 

ɶ ʶˍʰʽˊʾʰ LINDO Systems ʷˁʰ˄ʶ ˍʹ˄ ˉˊ˗ˍʹ ˍʹˌ ʶ˃˒ʱ˄ʽˋʹ ˍˇ мфтн ˃ʶ ˋˁˇˉˈ ˍʹ˄ ˉʰˊˇ˔ʺ 

ʰˉˇʵˇˍʽˁ˗˄ ʶˊʴʰ˂ʶʾ˖˄ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ ˍʰ ˇˉˇʾʰ ˄ʰ ʶʾ˄ʰʽ ʶˏˁˇ˂ʰ ˋˍʹ ˔ˊʺˋʹΦ ʆˇ мфуу ʹ LINDO 

Systems ˉʰˊˇˎˋʾʰˋʶ ˍˇ LINGOΣ ˖ˌ ˍˇ ˉˊ˗ˍˇ ˂ˇʴʽˋ˃ʽˁˈ ˉˇˎ ˉʶˊʽʶ˂ʱ˃ʲʰ˄ʶ ˃ʾʰ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʹ 

ʴ˂˗ˋˋʰ ʵʽʰˍˏˉ˖ˋʹˌ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌΦ ɾʷ˔ˊʽ ˍˇ мффо ˃ʶ ʵʽʰˊˁʶʾˌ ʲʶ˂ˍʽ˗ˋʶʽˌ ˁʰʽ 

ˉˊˇˋʻʺˁʶˌΣ ˍˇ Lingo ʵʽʰ˃ˇˊ˒˗ʻʹˁʶ ˋʶ ʷ˄ʰ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ˇ ʶˊʴʰ˂ʶʾˇ ʵˎ˄ʰˍˈˍʹˍʰˌ ˍˇˎ ˔ˊʺˋˍʹ ˄ʰ 

ˁʰˍʰˋˁʶˎʱʸʶʽ ˁʰʽ ˄ʰ ʶˉʽ˂ˏʶʽ ˃ʷˋ˖ ʰˎˍʺˌ ʴˊʰ˃˃ʽˁʱΣ ˃ʹ ʴˊʰ˃˃ʽˁʱΣ ˍʶˍˊʰʴ˖˄ʽˁʱΣ ˉʶˊʽˇˊʽˋ˃ʷ˄ʰ 

ˍʶˍˊʰʴ˖˄ʽˁʱΣ ʵʶˎˍʶˊˇʲʱʻ˃ʽʰΣ ˋˍˇ˔ʰˋˍʽˁʱΣ ˁʰʽ ʰˁʷˊʰʽʰ ˃ˇ˄ˍʷ˂ʰ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌΦ ɾʱ˂ʽˋˍʰ ˇ 

˔ˊʺˋˍʹˌ ʵʶ˄ ˔ˊʶʽʰʸˈˍʰ˄ ˄ʰ ˉˊˇˁʰʻˇˊʾˋʶʽ ˍˇ ʶʾʵˇˌ ˍʹˌΦ ɾʶˍʱ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎΣ ˍˇ 

˂ˇʴʽˋ˃ʽˁˈ ˃ˉˇˊˇˏˋʶ ˄ʰ ˍˇ ʰ˄ʰ˂ˏˋʶʽ ˁʰʽ ˄ʰ ˁʰʻˇˊʾˋʶʽ ˍʹ˄ ˁʰˍʰ˂˂ʹ˂ˈˍʹˍʰ ˃ʽʰˌ ʴˊʰ˃˃ʽˁʺˌ ʺ ˃ʽʰˌ 

˃ʹ ʴˊʰ˃˃ʽˁʺˌ ʶˉʾ˂ˎˋʹˌΦ ʃˇ˂ˏ ˋʹ˃ʰ˄ˍʽˁˈ ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ ʺˍʰ˄ ˁʰʽ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ˍˇˎ ˔ˊʺˋˍʹ ˄ʰ 

ʰˉˇˁ˂ʶʾˋʶʽ ʶˁ ˍ˖˄ ˉˊˇˍʷˊ˖˄ ˃ʹ ʰˁʷˊʰʽʶˌ ˂ˏˋʶʽˌ ʰ˄ ˍˇ ʶˉʽʻˎ˃ˇˏˋʶ όLINDO Systems Inc, 2011). 

ɴˁˍ̱̌ ʶ ˍˇ LINGO ʵʽʰˍʾʻʶˍʰʽ ˋʶ ʶˁʵˈˋʶʽˌ ˉˇˎ ʷ˔ˇˎ˄ ʶˉʽʵʶ˔ʻʶʾ ˃ʽˁˊˇʲʶ˂ˍʽ˗ˋʶʽˌΦ ʆˇ ˉˊˈʴˊʰ˃˃ʰ ˋʶ 

˃ʽʰ Demo ʵ˖ˊʶʱ˄ ʷˁʵˇˋʹ ˋˍʹ˄ ˇˉˇʾʰΣ ˋˍˇ ˁˇ˃˃ʱˍʽ ˍˇˎ ʴˊʰ˃˃ʽˁˇˏ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ˃ˉˇˊˇˏ˄ ˄ʰ 

ʶˉʽ˂ˎʻˇˏ˄ ˃ˇ˄ˍʷ˂ʰ ˃ʶ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ʷ˖ˌ ˁʰʽΥ 

¶ мрл ˉʶˊʽˇˊʽˋ˃˗˄ 

¶ олл ˃ʶˍʰʲ˂ʹˍ˗˄  

¶ 30 h ˁʷˊʰʽ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ 
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ˁʰʽ ˔ˇˊʹʴʶʾˍʰʽ ʰˉˈ ˍʹ˄ ʽˋˍˇˋʶ˂ʾʵʰ 

http://www.lindo.com/index.php?option=com_content&view=article&id=34&Itemid=15 ̱ ʹˌ LINDO 

Systems. 

оΦсΦн ɰʰˋʽˁʷˌ ʶ˄ˍˇ˂ʷˌ ˁʰʽ ˔ˊʺˋʹ ˉʰˊʰʵʶʾʴ˃ʰˍˇˌ ʰ˄ʰ˒ˇˊʱˌ 

ʅˍˇ ˋˍʱʵʽˇ ʰˎˍˈ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˍˇ ˉʰˊʱʵʶʽʴ˃ʰ ʰ˄ʰ˒ˇˊʱˌ ˍˇˎ ˁʶ˒ʰ˂ʰʾˇˎ оΦпΦп ˉˊˇˌ ʶˉʾ˂ˎˋʹ ˃ʶ 

ˍˇ ˉˊˈʴˊʰ˃˃ʰ LINGOΦ ɮ˄ˇʾʴˇ˄ˍʰˌ ˍˇ [LbDh ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˃ʽʰ ˁʶ˄ʺ ˋʶ˂ʾʵʰ ˉˇˎ ˉˊˇˇˊʾʸʶˍʰʽ ʴʽʰ ˍʹ˄ 

ˁʰˍʱˋˍˊ˖ˋʹ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ˋˍˈ˔ˇˎ ˁʰʽ ˍ˖˄ ˉʶˊʽˇˊʽˋ˃˗˄Φ  

 

 

ɳʽˁˈ˄ʰ оΦм ɴ˄ʰˊ˅ʹ ˍˇˎ LINGO 

ɱʽʰ ˍʹ ˋ˖ˋˍʺ ʰ˄ʰʴˊʰ˒ʺ ˍ˖˄ ʶ˄ˍˇ˂˗˄ ʻʰ ˉˊʷˉʶʽ ˋˍˇ ˉʷˊʰˌ ˁʱʻʶ ʶ˅ʾˋ˖ˋʹˌ ʺ ʰ˄ʾˋ˖ˋʹˌ ˄ʰ 

ʰ˄ʰʴˊʱ˒ʶˍʰʽ ˍˇ ˋˏ˃ʲˇ˂ˇ ΩΩ Τ ΩΩ Φ ɱʽʰ ˍʹ˄ ˉˊˇˋʻʺˁʹ ˇˉˇʽˇˎʵʺˉˇˍʶ ˋ˔ˇ˂ʾˇˎ ʰ˄ʰʴˊʱ˒ʶˍʰʽ ˋˍʹ˄ ʰˊ˔ʺ 

ˍˇ ˋˏ˃ʲˇ˂ˇ ΩΩ Η ΩΩ ˁʰʽ ˋˍˇ ˉʷˊʰˌ ˍˇˎ ˋ˔ˇ˂ʾˇˎ ˍˇ ˋˏ˃ʲˇ˂ˇ ΩΩ Τ ΩΩΣ ʷˍˋʽ ʹ ʴˊʰ˃˃ʰˍˇˋʶʽˊʱ ˍˇˎ ˋ˔ˇ˂ʾˇˎ 

ʴʾ˄ʶˍʰʽ ˉˊʱˋʽ˄ʹ ˁʰʽ ʵʽʰ˔˖ˊʾʸʶˍʰʽ ʰˉˈ ˍˇ ˃ˇ˄ˍʷ˂ˇΦ 

ʆʰ ˋˏ˃ʲˇ˂ʰ ˍ˖˄ ˉˊʱ˅ʶ˖˄ ʶʾ˄ʰʽ ˁʰˍʱ ˍʰ ʴ˄˖ˋˍʱΣ ΩΩ Ҍ ΩΩ ʴʽʰ ˍʹ˄ ˉˊˈˋʻʶˋʹΣ ΩΩ - ΩΩ ʴʽʰ ˍʹ˄ ʰ˒ʰʾˊʶˋʹΣ ΩΩ 

ϝ ΩΩ ʴʽʰ ˍˇ˄ ˉˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˈ ˁʰʽ ΩΩ Υ ΩΩ ʴʽʰ ˍʹ ʵʽʰʾˊʶˋʹΦ 

ʆˇ ˉˊˈʴˊʰ˃˃ʰ ʵʶ˄ ʰˉʰʽˍʶʾ ˁʰ˃ʾʰ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʹ ˊˏʻ˃ʽˋʹΦ ɴˍˋʽ ʵʽʰˍˎˉ˗˄ʶˍʰʽ ʰˉΩʶˎʻʶʾʰˌ ʹ 

ˋˎ˄ʱˊˍʹˋʹ ˋˍˈ˔ˇˎ zΦ ɮ˄ ʰˉˈ ˍˇ ˉˊˈʲ˂ʹ˃ʰ ʰˉʰʽˍʶʾˍʰʽ ʹ ˃ʶʴʽˋˍˇˉˇʾʹˋʺ ˍʹˌΣ ʵʹ˂Φ ʰ˄ ˉˊˈˁʶʽˍʰʽ 

ˇˎˋʽʰˋˍʽˁʱ ʴʽʰ ˁʷˊʵˇˌΣ ʰˎˍʺ ˉʰʾˊ˄ʶʽ ˍˇ ˉˊˈʻʶ˃ʰ max ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʵʽʰˍˎˉ˗˄ʶˍʰʽ ˋˎ˄ʰˊˍʺˋʶʽ 

ˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄Φ ʁ˃ˇʾ˖ˌΣ ʰ˄ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ˁˈˋˍˇˌΣ ʹ ˋˎ˄ʱˊˍʹˋʹ ˉʰʾˊ˄ʶʽ ˍˇ ˉˊˈʻʶ˃ʰ min. 

ʋˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʶ˄ʵʶʽˁˍʽˁʱ ˍˇ ˉʰˊʱʵʶʽʴ˃ʰ ʰ˄ʰ˒ˇˊʱˌ ˍˇˎ ˎˉˇˁʶ˒ʰ˂ʰʾˇˎ оΦпΦпΣ ʹ мʹ ʶ˄ʵʶʽˁˍʽˁʺ 

ʶˉʾ˂ˎˋʹ ʶʾ˄ʰʽΥ 

http://www.lindo.com/index.php?option=com_content&view=article&id=34&Itemid=15
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ɳʽˁˈ˄ʰ оΦн ʃʰˊʱʵʶʽʴ˃ʰ ˋˎ˄ʱˊˍʹˋʹˌ ˋˍˈ˔ˇˎ 

 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ˁʰˍʰˋˍˊ˗˄ˇ˄ˍʰʽ ˇʽ ˉʶˊʽˇˊʽˋ˃ˇʾΦ 

 

ɳʽˁˈ˄ʰ пΦо ʃʰˊʱʵʶʽʴ˃ʰ ˉʶˊʽˇˊʽˋ˃˗˄ 
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ɾʶ ˍʹ˄ ʶ˄ˍˇ˂ʺ Solve ( ύ ʴʾ˄ʶˍʰʽ ʹ ʶˉʾ˂ˎˋʹ ˁʰʽ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʷ˄ʰ ˄ʷˇ ˒ˏ˂˂ˇ ˃ʶ ˍʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΥ 

 

ɳʽˁˈ˄ʰ пΦп ɶ ʶˉʾ˂ˎˋʹ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ 

ɮˁˇ˂ˇˎʻʶʾ ʹ ʶˉʶ˅ʺʴʹˋʹ ˍ˖˄ ˋʶʽˊ˗˄Υ 

Objective valueΥ ʶʾ˄ʰʽ ʹ ˍʽ˃ʺ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ˋˍˈ˔ˇˎ ʺ ʰ˄ˍʽˁʶʽ˃ʶ˄ʽˁʺˌ ˋˎ˄ʱˊˍʹˋʹˌ ˉˇˎ ˉˊˇˁˏˉˍʶʽ 

ʰˉˈ ˍʹ˄ ʶˉʾ˂ˎˋʹΣ ˍˇ ˃ʷʴʽˋˍˇ ʵʹ˂Φ ˁʷˊʵˇˌ ˉˇˎ ˃ˉˇˊʶʾ ʰ˄ ʶˉʽˍʶˎ˔ʻʶʾΦ 

InfeasibilitiesΥ ʷ˄ʰ ʴˊʰ˃˃ʽˁˈ ˉˊˈʴˊʰ˃˃ʰ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ˖ˌ infeasible όʰ˄ʷ˒ʽˁˍˇύΣ ˈˍʰ˄ ʵʶ˄ ˎˉʱˊ˔ʶʽ 

ˁʰ˃ʾʰ ˂ˏˋʹ ˉˇˎ ˄ʰ ʽˁʰ˄ˇˉˇʽʶʾ ˈ˂ˇˎˌ ˍˇˎˌ ˉʶˊʽˇˊʽˋ˃ˇˏˌΦ ʅˍˇ ˉʰˊʱʵʶʽʴ˃ʰ ʰ˄ʰ˒ˇˊʱˌ ʵʶ˄ 

ˋˎ˃ʲʰʾ˄ʶʽ ʰˎˍˈΣ ʵʽˈˍʽ ʹ ˂ˏˋʹ ʶ˄ʹ˃ʶˊ˗˄ʶʽ ʴʽʰ л infeasibilities. 

Total solver iterationsΥ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ˍʽˌ ʶˉʰ˄ʰ˂ʺ˕ʶʽˌ ˉˇˎ ʷˉˊʶˉʶ ˄ʰ ʴʾ˄ˇˎ˄ ʴʽʰ ˄ʰ ˎˉʱˊ˅ʶʽ 

ˋˏʴˁ˂ʽˋʹΣ ˅ʶˁʽ˄˗˄ˍʰˌ ʰˉˈ ˍʹ˄ ˎˉˈʻʶˋʹ ˍʹˌ ˃ʹʵʶ˄ʽˁʺˌ ˂ˏˋʹˌΦ ɳ˄ ˉˊˇˁʶʽ˃ʷ˄˖ ʷʴʽ˄ʰ˄ ʵˏˇ 

ʶˉʰ˄ʰ˂ʺ˕ʶʽˌΦ 

Model ClassΥ ˍˇ ʶʾʵˇˌ ˍˇ ˃ˇ˄ˍʷ˂ˇˎΦ ɳʵ˗ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ɱˊʰ˃˃ʽˁˈ ʃˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈ όLinear 

ProgrammingύΣ ʶ˅ˇˎ ˁʰʽ ˍˇ LP. 

Total variablesΥ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ʰˉˈ˒ʰˋʹˌ όʋ1Σ ʋ2Σ ʋ3) 



ʅʶ˂ʾʵʰ μ 108  
 

Nonlinear variablesΥ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ʰˉˈ˒ʰˋʹˌ ˉˇˎ ˋˎ˃˃ʶˍʷ˔ˇˎ˄ ˋˍʹ ʵʽʰˍˏˉ˖ˋʹ ˃ʹ 

ʴˊʰ˃˃ʽˁ˗˄ ˋ˔ʷˋʶ˖˄Φ ɳ˄ ˉˊˇˁʶʽ˃ʷ˄˖ ʵʶ˄ ˎˉʱˊ˔ˇˎ˄Φ 

Integer variablesΥ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ʰˉˈ˒ʰˋʹˌ ˉˇˎ ˉˊˇʰˉʰʽˍʶʾˍʰʽ ˄ʰ ˉʱˊʶʽ ˃ˈ˄ˇ 

ʰˁʷˊʰʽʶˌ ˍʽ˃ʷˌΦ ʅʶ ʰˎˍˈ ˍˇ ˋˍʱʵʽˇ ʵʶ˄ ʰˉʰʽˍʶʾˍʰʽ ˁʱˍʽ ˍʷˍˇʽˇΦ 

Total constraintsΥ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˉʶˊʽˇˊʽˋ˃˗˄ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄ʹˌ ˋˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ˋˍˈ˔ˇˎΦ 

Nonlinear constraintsΥ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˃ʹ ʴˊʰ˃˃ʽˁ˗˄ ˉʶˊʽˇˊʽˋ˃˗˄Φ ɲʶ˄ ˎˉʱˊ˔ˇˎ˄Φ 

Total nonzerosΥ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˃ʹ ˃ʹʵʶ˄ʽˁ˗˄ ˋˎ˄ˍʶ˂ʶˋˍ˗˄ ˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ʰˉˈ˒ʰˋʹˌ ˋˍʽˌ 

ʴˊʰ˃˃ʽˁʷˌ ˋ˔ʷˋʶʽˌΦ 

Nonlinear nonzerosΥ ˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˃ʹ ˃ʹʵʶ˄ʽˁ˗˄ ˋˎ˄ˍʶ˂ʶˋˍ˗˄ ˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ʰˉˈ˒ʰˋʹˌ ˋˍʽˌ 

˃ʹ ʴˊʰ˃˃ʽˁʷˌ ˋ˔ʷˋʶʽˌΦ 

VariableΥ ʹ ˃ʶˍʰʲ˂ʹˍʺ ʰˉˈ˒ʰˋʹˌ 

ValueΥ ʹ ˍʽ˃ʺ ˍʹˌ ˃ʶˍʰʲ˂ʹˍʺˌ ˉˇˎ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍʹ˄ ʶˉʾ˂ˎˋʹ 

Reduced costΥ ʵʶʾ˔˄ʶʽ ˍʹ˄ ˇʽˁˇ˄ˇ˃ʽˁʺ ʰˉ˗˂ʶʽʰ ʰˉˈ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˃ʽʰˌ ʶˉʽˉ˂ʷˇ˄ ˃ˇ˄ʱʵʰˌ ˃ʽʰˌ 

˃ʶˍʰʲ˂ʹˍʺˌ ˉˇˎ ʵʶ˄ ˋˎ˃ˉʶˊʽʶ˂ʺ˒ʻʹ ˋˍʹ˄ ʶˉʾ˂ˎˋʹΦ ɳʵ˗ ʹ ʶˉʾ˂ˎˋʹ ˎˉˇʵʶʽˁ˄ˏʶʽ ˍʹ ˔ˊʺˋʹ ˁʰʽ ˍ˖˄ 

ˍˊʽ˗˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ʴʽΩʰˎˍˈ ʹ ʷ˄ʵʶʽ˅ʹ ˋˍˇ ΩΩ reduced cost ΩΩ ʶʾ˄ʰʽ ˃ʹʵʷ˄Φ 

ʆˇ ˒ˏ˂˂ˇ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˋˎ˄ˇʵʶˏʶˍʰʽ ʰˉˈ ʷ˄ʰ ˃ʽˁˊˈ ˉʾ˄ʰˁʰ ˉˇˎ ʶˉʶ˅ʹʴʶʾ ˍʰ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ʶˉʾ˂ˎˋʹˌΣ ˈˉ˖ˌ ˁʰʽ ˋˍˇ ˉʱ˄˖ ˃ʷˊˇˌ ˍˇˎ report ̱ ʹˌ ʶˉʾ˂ˎˋʹˌΦ 

 

ɳʽˁˈ˄ʰ пΦр ʃʾ˄ʰˁʰˌ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍʹˌ ʶˉʾ˂ˎˋʹˌ 
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ɮ˄ ʶʾ˄ʰʽ ʶˉʽʻˎ˃ʹˍˈ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˄ʰ ˉʰʾˊ˄ˇˎ˄ ˃ˈ˄ˇ ʰˁʷˊʰʽʶˌ ˍʽ˃ʷˌΣ ʷˋˍ˖ ˁʰʽ ʴʽʰ ˍʽˌ ˍˊʶʽˌ 

˃ʶˍʰʲ˂ʹˍʷˌΣ ˉˊˇˋˍʾʻʶˍʰʽ ˋˍˇˎˌ ˉʶˊʽˇˊʽˋ˃ˇˏˌ ʹ ʶ˄ˍˇ˂ʺ ϪBIɿ ˖ˌ ˉˊˈʻʶ˃ʰ ˋʶ ˁʱʻʶ ˃ʾʰ ˎˉˈ 

ˉʰˊʷ˄ʻʶˋʹ ˃ʶˍʰʲ˂ʹˍʺΦ ɲʹ˂ʰʵʺΥ 

 

ɳʽˁˈ˄ʰ пΦс ʃʰˊʱʵʶʽʴ˃ʰ ˉʶˊʽˇˊʽˋ˃˗˄ ˃ʶ Ϫɰɹɿ ˋˍʽˌ ʋ1Σ ʋ2Σʋ3 

 

ʂˉ˖ˌ ʶʾ˄ʰʽ ʶˉˈ˃ʶ˄ˇΣ ʹ ʶˉʾ˂ˎˋʹ ʵʾ˄ʶʽ ˃ˈ˄ˇ ʰˁʷˊʰʽʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΣ ʰ˂˂ʱ ˍˇ ˁʷˊʵˇˌ ˍ˗ˊʰ ʶʾ˄ʰʽ 

ˉˇ˂ˏ ˃ʽˁˊˈˍʶˊˇ ʰˉˈ ˈˍʽ ˉˊˇʹʴˇˎ˃ʷ˄˖ˌ ˁʰʽ ˉˊˇˁˏˉˍʶʽ ˃ˈ˄ˇ ʰˉˈ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˃ʾʰˌ ˃ˇ˄ʱʵʰˌ ʰˉˈ 

ˍˇ ˁʱʻʶ ˉˊˇʿˈ˄Φ ɴˍˋʽ ˋʶ ˃ʽʰ нʹ ʁ ˄ʵʶʽˁˍʽˁʺ ʶˉʾ˂ˎˋʹ ˉˊˇˁˏˉˍʶʽΥ 
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ɳʽˁˈ˄ʰ пΦт ɶ ʶˉʾ˂ˎˋʹ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ˃ʶ Ϫɰɹɿ ˋˍʽˌ ʋ1Σ ʋ2Σʋ3 
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ɮˁˇ˂ˇˎʻʶʾ ʶ˄ʵʶʽˁˍʽˁʱ ʹ оʹ ʁ ˉʾ˂ˎˋʹ ˃ʶ ˍʹ˄ ʰˉʰʾˍʹˋʹ ʰˁʶˊʰʽˈˍʹˍʰˌ ˃ˈ˄ˇ ˋˍʹ˄ ʋ1 ˃ ʶˍʰʲ˂ʹˍʺΦ  

 

ɳʽˁˈ˄ʰ пΦу ɶ ʶˉʾ˂ˎˋʹ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ˃ʶϪɰɹɿ ˋˍʹ˄ ʋ1 

ʃˊʷˉʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˈˍʽ ˉʰˊˈ˂ˇ ˉˇˎ  ˋˍʹ˄ мʹ ʶ˄ʵʶʽˁˍʽˁʺ ʶˉʾ˂ˎˋʹ ˉˊˇʷˁˎ˕ʶ ʵʶˁʰʵʽˁʺ ˍʽ˃ʺ ˃ˈ˄ˇ 

ʴʽʰ ˍʹ˄ ʋ1 όмоΦтр ˃ˇ˄ʱʵʶˌ ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ мύΣ  ʹ ʰˉʰʾˍʹˋʹ ʰˁʶˊʰʽˈˍʹˍʰˌ ˍʹˌ ˋˍʹ˄ о
ʹ ʶˉʾ˂ˎˋʹΣ ʵʶ˄ 

ʶ˅ʰˋ˒ʰ˂ʾʸʶʽ ˇˉ˖ˋʵʺˉˇˍʶ ˈˍʽ ˇʽ ˎˉˈ˂ˇʽˉʶˌ ˃ʶˍʰʲ˂ʹˍʷˌ ʻʰ ˉˊˇˁˏ˕ˇˎ˄ ˅ʰ˄ʱ ʰˁʷˊʰʽʶˌ όʰ˄ ˁʰʽ ˁʱˍʽ 

ˍʷˍˇʽˇ ʷˍˎ˔ʶ ˄ʰ ˋˎ˃ʲʶʾ ʶʵ˗ύΦ 

ɮˎˍˈ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ˁʱʻʶ ˒ˇˊʱ ˉˇˎ ˉˊˇˋˍʾʻʶˍʰʽ ʷ˄ʰˌ ˉʶˊʽˇˊʽˋ˃ˈˌ ˋʶ ˃ʽʰ ˃ʶˍʰʲ˂ʹˍʺ ʰˉˈ˒ʰˋʹˌΣ ʴʽʰ 

˄ʰ ʽˁʰ˄ˇˉˇʽʹʻʶʾ ʰˎˍˈˌ ʶˉʹˊʶʱʸˇ˄ˍʰʽ ˇʽ ˎˉˈ˂ˇʽˉʶˌ ˉˇ˂˂ʷˌ ˒ˇˊʷˌ ˋʶ ˉˇ˂ˏ ˃ʶʴʰ˂ˏˍʶˊˇ ʲʰʻ˃ˈ ʰˉˈ 

ˈˍʽ ʰ˄ ˇ ˉʶˊʽˇˊʽˋ˃ˈˌ ʶ˅ʰˊ˔ʺˌ ʵʶ˄ ʶˍʾʻʶˍˇΦ 

ʁʽ h˄ ʽˋˇʶ˅ʽˋ˗ˋʶʽˌ ˁʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰˉˇʻʹˁʶˏˇ˄ˍʰʽ ˃ʶ ˍʹ˄ ʶ˄ˍˇ˂ʺ File ˁʰʽ Save ˋˍˇ ˒ʱˁʶ˂ˇ 

ˍˇˎ  LINGO ̋  File ˁ ʰʽ Save as ̀ ˍˇ ˒ʱˁʶ˂ˇ ˉˊˇˇˊʽˋ˃ˇˏ ˉˇˎ ʶˉʽʻˎ˃ʶʾ ˇ ˔ˊʺˋˍʹˌΦ 
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 ɳ˒ʰˊ˃ˇʴʺ  ̱ ˇˎ  ɹ ˊʰ˃˃ʽˁˇˏ  ̄ ˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ  ̀ ˍˇ 

ʵʾˁˍˎˇ  ˏ ʵˊʶˎˋʹˌ  ̱ ʹˌ  h ˄ʰˍˇ˂ʽˁʺˌ  ̄ ˂ʶˎˊʱˌ  ̱ ˇˎ   

ɿˇ˃ˇˏ ɼʰˊʵʾˍˋʰˌ 

 

 

4.1 ʅɼʁʃʁʅ 

ʅˁˇˉˈˌ ˍʹˌ ˇʽˁˇ˄ˇ˃ˇˍʶ˔˄ʽˁʺˌ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ ʶʾ˄ʰʽ ʹ ʶˏˊʶˋʹ ˍˇˎ ˋˎ˄ʵˎʰˋ˃ˇˏ ʶˁʶʾ˄ˇˎ ˍ˖˄ 

ʵʽʰ˃ʷˍˊ˖˄ ˋˍˇ ʰˁˍʽ˄˖ˍˈ ʵʾˁˍˎˇ ʲʰˊˏˍʹˍʰˌΣ ˇ ˇˉˇʾˇˌ ˄ʰ ˁʰʻʽˋˍʱ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ˁˈˋˍˇˌ ˍ˖˄ 

ˋ˖˂ʹ˄˗ˋʶ˖˄ ˍˇ ʶ˂ʱ˔ʽˋˍˇ ʵˎ˄ʰˍˈΦ ɶ ʰ˂˂ʰʴʺ ˍʹˌ ʵʽʰ˃ʷˍˊˇˎ ˋʶ ʷ˄ʰ˄ ʰʴ˖ʴˈΣ ʶˉʹˊʶʱʸʶʽ ˍˇˎˌ 

ˎˉ̍˂ˇʽˉˇˎˌ ʰʴ˖ʴˇˏˌ ˁʰʽ ˋʶ ʷ˄ʰ ʶˁˍʶˍʰ˃ʷ˄ˇ ʵʾˁˍˎˇΣ ˃ˉˇˊʶʾ ˄ʰ ˎˉʱˊ˅ʶʽ ˉˇʽˁʽ˂ʾʰ ˋˎ˄ʵˎʰˋ˃˗˄ 

˗ˋˍʶ ʰ˒ʶ˄ˈˌ ˄ʰ ʽˁʰ˄ˇˉˇʽˇˏ˄ˍʰʽ ˇʽ ˎʵˊʶˎˍʽˁʷˌ ʰˉʰʽˍʺˋʶʽˌ ˍˇˎ ʵʽˁˍˏˇˎΣ ʰ˒ʶˍʷˊˇˎ ˄ʰ 

ʶ˂ʰ˔ʽˋˍˇˉˇʽʶʾˍʰʽ ˍˇ ˁˈˋˍˇˌ ˍˇˎΦ ɶ ˃ʷʻˇʵˇˌ ʰˎˍʺΣ ˉˇˎ ˉʰˊˇˎˋʽʱˋˍʹˁʶ ʰ˄ʰ˂ˎˍʽˁʱ ˋˍˇ ˁʶ˒ʱ˂ʰʽˇ оΣ 

ʲˊʾˋˁʶʽ ʶ˒ʰˊ˃ˇʴʺ ˋʶ ˁ˂ʱʵˇ ˍˇˎ ʵʽˁˍˏˇˎ ˏʵˊʶˎˋʹˌ ʰ˄ʰˍˇ˂ʽˁʺˌ ˉ˂ʶˎˊʱˌ ˍˇˎ ɿˇ˃ˇˏ ɼʰˊʵʾˍˋʰˌ ˃ʶ 

˔ˊʺˋʹ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ LINGO. 

пΦн ʃɳʄɹɱʄɮʊɶ ʆɶʅ ʃɳʄɹʁʋɶʅ 

ɶ ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌ ʲˊʾˋˁʶˍʰʽ ˋˍˇ ʰ˄ʰˍˇ˂ʽˁˈ ˍ˃ʺ˃ʰ ˍˇˎ ɿˇ˃ˇˏ ɼʰˊʵʾˍˋʰˌ ˃ʶ ˉˊ˖ˍʶˏˇˎˋʰ ˍʹ˄ 

ɼʰˊʵʾˍˋʰ ˋˍʹ ɲˎˍʽˁʺ ɸʶˋˋʰ˂ʾʰΦ ʃˊˈˁʶʽˍʰʽ ʴʽʰ ˇ˂ˈˁ˂ʹˊˇ ˍˇ ˍ˃ʺ˃ʰ ˍˇˎ ɿˇ˃ˇˏ ʰ˄ʰˍˇ˂ʽˁʱ ˍʹˌ ˉˈ˂ʹˌ 

ˍʹˌ ɼʰˊʵʾˍˋʰˌΦ ʆˇ ʵʹ˃ˇˍʽˁˈ ʵʽʰ˃ʷˊʽˋ˃ʰ ˍʹˌ ɸʶˋˋʰ˂ʾʰˌ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˍˇˎˌ ˄ˇ˃ˇˏˌ ɼʰˊʵʾˍˋʰˌΣ 

ʆˊʽˁʱ˂˖˄ ɽʱˊʽˋʰˌ ˁʰʽ ɾʰʴ˄ʹˋʾʰˌΦ ʁ ɿΦ ɼʰˊʵʾˍˋʰˌ ˁʰʽ  ɿΦ ʆˊʽˁʱ˂˖˄ ʲˊʾˋˁˇ˄ˍʰʽ ˋˍˇ ˁʷ˄ˍˊˇ ˋ˔ʶʵˈ˄ 

ˍʹˌ ʹˉʶʽˊ˖ˍʽˁʺˌ ɳ˂˂ʱʵʰˌ ˁʰʽ ˋˎ˄ˇˊʶˏˇˎ˄ ˉˊˇˌ ˍʰ ʵˎˍʽˁʱ ˃ʶ ˍʹ˄ ˇˊˇˋʶʽˊʱ ˍʹˌ ʃʾ˄ʵˇˎΦ ʁ ɿΦ 

ɽʱˊʽˋʰˌ ˁʰʽ ˇ ɿΦ ɾʰʴ˄ʹˋʾʰˌ ʷ˔ˇˎ˄ ʷ˅ˇʵˇ ˉˊˇˌ ˍʰ ʵˎˍʽˁʱ ˋˍˇ ɮʽʴʰʾˇ ʃʷ˂ʰʴˇˌΦ ɶ ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌ 

ˁʰ˂ˏˉˍʶʽ ˋˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ˃ʷˊˇˌ ˍʹˌ ˍʽˌ ˉʶʵʽ˄ʷˌ ʶˁˍʱˋʶʽˌ ˍˇˎ ʰ˄ʰˍˇ˂ʽˁˇˏ ˍ˃ʺ˃ʰˍˇˌ ˍˇˎ ɿˇ˃ˇˏΣ 

ʶˁˍˈˌ ʰˉˈ ˍˇ ˄ˈˍʽˇ ˃ʷˊˇˌ ˉˇˎ ˋˎ˄ˇˊʶˏʶʽ ˃ʶ ˍˇˎˌ ˉˊˈˉˇʵʶˌ ˍ˖˄ ʶˁʶʾ ˇˊʶʽ˄˗˄ ˈʴˁ˖˄ όˇˊˇˋʶʽˊʷˌ 

ʆˎ˃˒ˊʹˋˍˇˏΣ ʂʻˊˎˇˌ ˁˍ˂ύ όʄˈʽˁˇˌΣ ɾˉˇˎ˂ˇˎʴˇˏˊʹˌΣ ʆˋʾˍˋʹˌΣ нлмм). 

 

 

4 
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ɳʽˁˈ˄ʰ  пΦм ʁ ˄ˇ˃ˈˌ ɼʰˊʵʾˍˋʰˌ 

ʃʹʴʺΥ ɹˋˍˈˍˇˉˇˌ hello Greece 

 

ʆˇ ʷˊʴˇ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʰ ʷˊʴʰ ˃ʶˍʰ˒ˇˊʱˌ ˁʰʽ ʵʽʰ˄ˇ˃ʺˌ ˏʵʰˍˇˌ ˋʶ оф ˇʽˁʽˋ˃ˇˏˌ ˍʹˌ ʰ˄ʰˍˇ˂ʽˁʺˌ 

ˉ˂ʶˎˊʱˌ ˍˇˎ ɿˇ˃ˇˏ ɼʰˊʵʾˍˋʰˌ ʰˉˈ ˍʹ ˂ʾ˃˄ʹ ˍˇˎ ʅ˃ˇˁˈʲˇˎΣ ˍʰ ˇˉˇʾʰ ˅ʶˁʽ˄ˇˏ˄ ʰˉˈ ˍʹ˄ ʵʶ˅ʰ˃ʶ˄ʺ 

ʵʽˎ˂ʽˋ˃ʷ˄ˇˎ ˏʵʰˍˇˌΣ ˁʰˍʱ˄ˍʹ ˍˇˎ ɲʽˎ˂ʽˋˍʹˊʾˇˎ ʃˈˋʽ˃ˇˎ ɿʶˊˇˏ ˍˇ ˇˉˇʾˇ ˍˊˇ˒ˇʵˇˍʶʾˍʰʽ ʰˉˈ ˍʹ˄ 

˂ʽ˃˄ˇʵʶ˅ʰ˃ʶ˄ʺ ʵʾˉ˂ʰ ˋˍʹ˄ ʷ˅ˇʵˇ ˍʹˌ ˋʺˊʰʴʴʰˌ ɽʶˇ˄ˍʰˊʾˇˎΦ ɮˉˈ ˍˇˎˌ ˇʽˁʽˋ˃ˇˏˌΣ ˇʽ оп ʾʵˊˎˋʰ˄ ˍˇ 

мффп ˍˇ˄ ʅˏ˄ʵʶˋ˃ˇ ʈʵˊʶˎˋʹˌ ʅ˃ˇˁˈʲˇˎ ˃ʶ ʰˉˇˁ˂ʶʽˋˍʽˁˈ ˋˁˇˉˈ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˍ˖˄ ʷˊʴ˖˄ 

ˎʵˊˇʵˈˍʹˋʹˌ ʰˉˈ ˍʰ ˄ʶˊʱ ˍʹˌ ˍʶ˔˄ʹˍʺˌ ˂ʾ˃˄ʹˌ ʅ˃ˇˁˈʲˇˎΦ ʁʽ ˇʽˁʽˋ˃ˇʾ ʰˎˍˇʾ ʶʾ˄ʰʽΥ 
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ɳʽˁˈ˄ʰ пΦн ʁʽ ˇʽˁʽˋ˃ˇʾ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌ 

ʃʹʴʺΥ ʄˈʽˁˇˌΣ ɾˉˇˎ˂ˇˎʴˇˏˊʹˌΣ ʆˋʾˍˋʹˌΣ ʁˊʽˋˍʽˁʺ ˃ʶ˂ʷˍʹ ˏʵˊʶˎˋʹˌ ɮ˄Φ ɿΦ ɼʰˊʵʾˍˋʰ,̩ 2011 

 

ʁ ˉ˂ʹʻˎˋ˃ˈˌ ˍ˖˄ ˉʶˊʽˋˋˈˍʶˊ˖˄ ˎˉˈ ˎʵˊˇʵˈˍʹˋʹ ˇʽˁʽˋ˃˗˄ ʶʾ˄ʰʽ нлл-тлл ˁʱˍˇʽˁˇʽΦ ɼʱˉˇʽˇʽ ʷ˔ˇˎ˄ 

мллл ˉʶˊʾˉˇˎ ˁʰˍˇʾˁˇˎˌΣ ʶ˄˗ ˇʽ ˇʽˁʽˋ˃ˇʾ ʅˇ˒ʱʵʶˌ ˁʰʽ ʃʰ˂ʰ˃ʱˌ ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ рллл-слллΦ ʅʶ 

ˈΣˍʽ ʰ˒ˇˊʱ ˍʹ ʵʽʰˋˍʰˋʽˇ˂ˈʴʹˋʹ ˁʰʽ ˃ˈ˄ˇ ˍˇˎ ʵʽˁˍˏˇˎΣ ˋˎ˃ˉʶˊʽ˂ʺ˒ʻʹˁʰ˄ ˁʰʽ ˇʽ ˇʽˁʽˋ˃ˇʾ 

ɾʰˍʰˊʱʴˁʰΣ ɳˊ˃ʺˍˋʽˇΣ ɾʱˊˁˇˌΣ ɱˇˊʴˇʲʾˍʶˌΣ ʌʰʻˇ˔˗ˊʽΣ ɮ˃ˉʶ˂˗˄Σ ɳˊʴʰˍʽˁʷˌ ɼʰˍˇʽˁʾʶˌ ʆˋʽʴʴʱ˄˖˄ 

ˁʰʽ ɰʽˇ˃ʹ˔ʰ˄ʽˁˈ ʃʱˊˁˇ ʃʰ˂ʰ˃ʱΣ ˍ˖˄ ˇˉˇʾ˖˄ ʹ ˍˊˇ˒ˇʵˈˍʹˋʹ ˄ʶˊˇˏ ʽˁʰ˄ˇˉˇʽʶʾˍʰʽ ʰˉˈ ʱ˂˂ʰ ʷˊʴʰ 

ˋˍʹ˄ ˉʶˊʽˇ˔ʺ όʄˈʽˁˇˌΣ ɾˉˇˎ˂ˇˎʴˇˏˊʹˌΣ ʆˋʾˍˋʹˌΣ нлмм). ʆˇ ˋˎ˄ˇ˂ʽˁˈ ˃ʺˁˇˌ ˍ˖˄ ʵʽˁˍˏ˖˄ ʰ˄ʷˊ˔ʶˍʰʽ 

ˋʶ мусΦу ƪƳ ˉʶˊʾˉˇˎ ˁʰʽ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ о ˍˇˉʽˁʱ ʰ˄ˍ˂ʽˇˋˍʱˋʽʰ ʰ˄ˏ˕˖ˋʹˌΦ 

ʁ˂ˈˁ˂ʹˊˇ ˍˇ ʶʴ˔ʶʾˊʹ˃ʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇ ˋ˔ʶʵʽʰˋ˃ˈ ʷˊʴ˖˄Υ 

¶ ɼʶ˒ʰ˂ʺˌ όʷˊʴʰ ˎʵˊˇ˂ʹ˕ʾʰˌ ʰˉˈ ˍˇ˄ ˍʰ˃ʽʶˎˍʺˊʰΣ ʰʴ˖ʴˈˌ ˃ʶˍʰ˒ˇˊʱˌΣ ˂ʽ˃˄ˇʵʶ˅ʰ˃ʶ˄ʺ 

ˉˊˇʰˉˇʻʺˁʶˎˋʹˌ ʰ˄ʶˉʶ˅ʷˊʴʰˋˍˇˎ ˏʵʰˍˇˌ ˁʰʽ ʰʴ˖ʴˈˌ ˍˊˇ˒ˇʵˇˋʾʰˌ ʵʽˎ˂ʽˋˍʹˊʾˇˎύΦ 

¶ ɳˉʶ˅ʶˊʴʰˋʾʰˌ ˄ʶˊˇˏ όʵʽˎ˂ʽˋˍʺˊʽˇ ˉˈˋʽ˃ˇˎ ˄ʶˊˇˏ ˁʰʽ ʵʶ˅ʰ˃ʶ˄ʺ ʵʽˎ˂ʽˋ˃ʷ˄ˇˎ ˄ʶˊˇˏ ˁʰˍʱ˄ˍʹ 

ˍˇˎ ʵʽˎ˂ʽˋˍʹˊʾˇˎύΦ 

¶ ɾʶˍʰ˒ˇˊʱˌ ˁʰʽ ʵʽʰ˄ˇ˃ʺˌ ˏʵʰˍˇˌ ˋˍˇˎˌ ˇʽˁʽˋ˃ˇˏˌ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌΦ 

¶ ʆˇˉʽˁ˗˄ ʵʶ˅ʰ˃ʶ˄˗˄ ˄ʶˊˇˏ ʺ ˎʵʰˍˈˉˎˊʴ˖˄Φ 

 

O̔  ʰ˄ʱʵˇ˔ˇʽ ʴʽʰ ˍʹ˄ ʶˁˉˈ˄ʹˋʺ ˍˇˎ ʺˍʰ˄ ʹ ʶˍʰʽˊʾʰ ʄʁɻɼʁʅ ʅʇɾɰʁʇɽʁɹ ɾɶʋɮɿɹɼʁɹ ɮΦɳ ˁʰʽ ˇʽ 

ˉˇ˂ʽˍʽˁˇʾ ˃ʹ˔ʰ˄ʽˁˇʾ ɰΦ ɾˉˇˎ˂ˇˎʴˇˏˊʹˌ ˁʰʽ ɮΦ ʆˋʾˍˋʹˌΦ  
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ɳʽʵʽˁˈˍʶˊʰΣ ˍʰ ʷˊʴʰ ˃ʶˍʰ˒ˇˊʱˌ ˁʰʽ ʵʽʰ˄ˇ˃ʺˌ ˏʵʰˍˇˌ όʶ˅˖ˍʶˊʽˁʱ ˎʵˊʰʴ˖ʴʶʾʰύ ˅ʶˁʽ˄ˇˏ˄ ʰˉˈ ˍʹ 

ʵʶ˅ʰ˃ʶ˄ʺ ʵʽˎ˂ʽˋ˃ʷ˄ˇˎ ˄ʶˊˇˏ ˁʰʽ ˍˊˇ˒ˇʵˇˍˇˏ˄ ˍʽˌ ˍˇˉʽˁʷˌ ʵʶ˅ʰ˃ʶ˄ʷˌ ʺ ˍˇˎˌ ˎʵʰˍˈˉˎˊʴˇˎˌ ˉˇˎ ˃ʶ 

ˍʹ ˋʶʽˊʱ ˍˇˎˌ ˍˊˇ˒ˇʵˇˍˇˏ˄ ˍʰ ʶˋ˖ˍʶˊʽˁʱ ʵʾˁˍˎʰΦ ʆʰ ʶ˅˖ˍʶˊʽˁʱ ˎʵˊʰʴ˖ʴʶʾʰ όʵʾˁˍˎʰ ɮΩΣ ɰΩΣ ɱΩύ 

ˁʰˍʰˋˁʶˎʱʸˇ˄ˍʰʽ ˃ʶ ˍˊˈˉˇ ˍʷˍˇʽˇ ˗ˋˍʶ ˄ʰ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ʹ ˃ʷʴʽˋˍʹ ʵˎ˄ʰˍʺ ʶˎʻˎʴˊʰ˃˃ʾʰ ˃ʷˋʰ 

ʰˉˈ ˁʰ˂˂ʽʶˊʴʺˋʽ˃ʶˌ ʶˁˍʱˋʶʽˌ ˁʰʽ ˄ʰ ˉʶˊʽˇˊʽˋˍʶʾ ˁʰˍʰ ˍˇ ʵˎ˄ʰˍˈ˄ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ˃ʺˁˇˌ ˍˇˎ ʵʽˁˍˏˇˎΦ  

 

 

ɳʽˁˈ˄ʰ пΦо ʁ ˍʰ˃ʽʶˎˍʺˊʰˌ ʅ˃ˇˁˈʲˇˎ ˁʰʽ ˍʰ ˉˊ˗ˍʰ ˍ˃ʺ˃ʰˍʰ ˍ˖˄ ˁ˂ʱʵ˖˄ ɮΩΣ ɰΩ ˁʰʽ ɱΩ 

ʃʹʴʺΥ ʄˈʽˁˇˌΣ ɾˉˇˎ˂ˇˎʴˇˏˊʹˌΣ ʆˋʾˍˋʹˌΣ ʁˊʽˋˍʽˁʺ ˃ʶ˂ʷˍʹ ˏʵˊʶˎˋʹˌ ɮ˄Φ ɿΦ ɼʰˊʵʾˍˋʰ,̩ 2011 

 

 

 

 

 

 

 



ʅʶ˂ʾʵʰ μ 117  
 

пΦо ʃɳʄɹɱʄɮʊɶ  ʆʁʇ ʇʊɹʅʆɮɾɳɿʁʇ ɲɹɼʆʇʁʇ 

ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ʹ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ ʴˊʰ˃˃ʽˁˇˏ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ʷʴʽ˄ʶ ˋˍˇ ʵʾˁˍˎˇ ɮΩΣ ˍˇ 

ˇˉˇʾˇ ʶʾ˄ʰʽ ʰˁˍʽ˄˖ˍˈ ʲʰˊˏˍʹˍʰˌΦ ɮ˄ʰˉˍˏˋˋʶˍʰʽ ʲˇˊʶʽˇʰ˄ʰˍˇ˂ʽˁʱ ʵʽʰˁ˂ʰʵʽʸˈ˃ʶ˄ˇ ʲˈˊʶʽʰ ˉˊˇˌ ˍˇ˄ 

ˇʽˁʽˋ˃ˈ ʃʷˍˊʽ˄ˇ ˁʰʽ ʵˎˍʽˁʱ ˉˊˇˌ ˍˇ˄ ˇʽˁʽˋ˃ˈ ɮʴʾˇˎ ɲʹ˃ʹˍˊʾˇˎΦ ɮˉˈ ˍʰ ˄ˈˍʽʰ ˉˊˇˌ ˍʰ ʲˈˊʶʽʰ ˍˇ 

ʵʾˁˍˎˇ ˍˊˇ˒ˇʵˇˍʶʾ ˍʽˌ ˍˇˉʽˁʷˌ ʵʶ˅ʰ˃ʶ˄ʷˌ ʺ ˎʵʰˍˈˉˎˊʴˇˎˌ ˍ˖˄ ˇʽˁʽˋ˃˗˄Υ ɮˋʹ˃ˇ˔˗ˊʽΣ ɱˊʰ˃˃ʰˍʽˁˈΣ 

ɿʷˇ ɹˁˈ˄ʽˇΣ ɱʶ˒ˏˊʽʰΣ ʃʰˋ˔ʰ˂ʾˍˋʰΣ ɽʶˏˁʹΣ ʁˊ˒ʰ˄ʱΣ ɶ˂ʾʰˌΣ ɹˍʷʰΣ ɮˋˍˊʾˍˋʰΣ ʅˎˁʷʰʽΣ ʃʷˍˊʽ˄ˇ ˁʰʽ ɯʴʽˇ 

ɲʹ˃ʺˍˊʽˇΦ  

ʆˇ ˋˎ˄ˇ˂ʽˁˈ ˃ʺˁˇˌ ʰʴ˖ʴ˗˄ ˍˇˎ ʶʾ˄ʰʽ тн km ˁʰ̔ ʷ˔ʶʽ ʶˏˊˇˌ ʵʽʰ˃ʷˍˊ˖˄ ʊммл ς DNоллΦ ʆʰ ˎ˂ʽˁʱ 

ˁʰˍʰˋˁʶˎʺˌ ˍˇˎ ʶʾ˄ʰʽΥ 

¶ ʃ˂ʰˋˍʽˁˇʾ ˋ˖˂ʺ˄ʶˌ ˉˇ˂ˎʰʽʻˎ˂ʶ˄ʾˇˎ όHDPE) 

¶ ʅ˖˂ʺ˄ʶˌ ʰˉˈ ʶ˂ʰˍˈ ˔ˎˍˇˋʾʵʹˊˇ όDuctile Iron) 

ʁ ˁˎˊʾ˖ˌ ˁ˂ʱʵˇˌ ˉˇˎ ˅ʶˁʽ˄ʱ ʰˉˈ ˍʹ ʵʶ˅ʰ˃ʶ˄ʺ ʰˉˇʻʺˁʶˎˋʹˌ ʵʽˎ˂ʽˋˍʹˊʾˇˎ ˁʰʽ ˇʽ ʵˏˇ ʵʽʰʵˇ˔ʽˁˇʾ  

ˁʰˍʱ˄ˍʹ ˁˏˊʽˇʽ ˁ˂ʱʵˇʽΣ ʶʾ˄ʰʽ ˁʰˍʰˋˁʶˎʰˋ˃ʷ˄ˇʽ ʰˉˈ ʶ˂ʰˍˈ ˔ˎˍˇˋʾʵʹˊˇΦ ʁʽ ˎˉˈ˂ˇʽˉˇʽ ˁ˂ʱʵˇʽ ʰˉˈ 

ʶʾ˄ʰʽ ʰˉˈ ˉˇ˂ˎʰʽʻˎ˂ʷ˄ʽˇ ˁ˂ʱˋʹˌ нл atmΣ ˉ˂ʹ˄ ˍˇˎ ʰʴ˖ʴˇˏ ˉˇˎ ˍˊˇ˒ˇʵˇˍʶʾ ˍʹ ʵʶ˅ʰ˃ʶ˄ʺ ˋˍˇ 

ɮˋʹ˃ˇ˔˗ˊʽˇ˄ ˉˇˎ ʶʾ˄ʰʽ мс atm όʄˈʽˁˇˌΣ ɾˉˇˎ˂ˇˎʴˇˏˊʹˌΣ ʆˋʾˍˋʹˌΣ нлммύΦ ʁ˂ˈˁ˂ʹˊˇˌ ˇ ˁ˂ʱʵˇˌ 

˃ʶ˂ʷˍʹˌ ʰˉʶʽˁˇ˄ʾʸʶˍʰʽ ˉʰˊʰˁʱˍ˖Υ 
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ɳʽˁˈ˄ʰ пΦп ʆˇ ˎˉˈ ʶ˅ʷˍʰˋʹ ʵʾˁˍˎˇ 

ʃʹʴʺΥ ʄˈʽˁˇˌΣ ɾˉˇˎ˂ˇˎʴˇˏˊʹˌΣ ʆˋʾˍˋʹˌΣ ʁˊʽˋˍʽˁʺ ˃ʶ˂ʷˍʹ ˏʵˊʶˎˋʹˌ ɮ˄Φ ɿΦ ɼʰˊʵʾˍˋʰ,̩ 2011 
 

ʃˊˇˌ ʵʽʶˎˁˈ˂ˎ˄ˋʹ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌΣ ˋˍˇ˄ ˁ˂ʱʵˇ ˃ʶ˂ʷˍʹˌ ɮΩΣ ˇʽ ˁˈ˃ʲˇʽ ˃ʶˍˇ˄ˇ˃ʱˋˍʹˁʰ˄ ʰˉˈ ˍʰ 

ʰ˄ʱ˄ˍʹ ˉˊˇˌ ˍʰ ˁʰˍʱ˄ˍʹ ˋʶ лΣ мΣ н ΦΦΦ нр ˋʶ ˉʶˊʽʲʱ˂˂ˇ˄ Autocad нлмнΣ ˅ʶˁʽ˄˗˄ˍʰˌ ʰˉˈ ˍʹ ʵʶ˅ʰ˃ʶ˄ʺ 

ʰˉˇʻʺˁʶˎˋʹˌΦ ɮ˄ˍʾˋˍˇʽ˔ʰ ˇʽ ˁ˂ʱʵˇʽ ˉˊˇˋʵʽˇˊʾˋˍʹˁʰ˄ ˋʶ л-1, 1-2 ... 24-25. ɳ˄ʵʶʽˁˍʽˁʱΥ  
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ɳʽˁˈ˄ʰ пΦр ɮˊʾʻ˃ʹˋʹ ˍ˃ʺ˃ʰˍˇˌ ˍˇˎ ˎˉˈ ʶ˅ʷˍʰˋʹ ʵʽˁˍˏˇˎ ˋˍˇ Autocad 

 

пΦп ɲɳɲʁɾɳɿɮ ɼɮɹ ʃɳʄɹʁʄɹʅɾʁɹ ɱɹɮ ʆɶɿ ɳʊɮʄɾʁɱɶ 

4.4Φм ɱʶ˄ʽˁʱ 

ʃˊʽ˄ ˍʹ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ʻʰ ˉˊʷˉʶʽ ˁʰʻˇˊʽˋˍˇˏ˄Υ 

¶ ʆˇ ˎ˂ʽˁˈ ˍ˖˄ ʰʴ˖ʴ˗˄Φ ɸʰ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ʶ˄ʽʰʾˇ ʴʽʰ ˈ˂ˇ ˍˇ ʵʾˁˍˎˇ ʵʽˈˍʽ ˁʱʻʶ ˎ˂ʽˁˈ ʷ˔ʶʽ 

ʵʽʰ˒ˇˊʶˍʽˁʺ ˍˊʰ˔ˏˍʹˍʰ ˁʰʽ ʵʶ˄ ʰ˄ˍʰˉˇˁˊʾ˄ʶˍʰʽ ˉʱ˄ˍˇˍʶ ˋˍˇ ʾʵʽˇ ʶˏˊˇˌ ʵʽʰ˃ʷˍˊ˖˄ ˁʰʽ 

ˁ˂ʱˋʶ˖˄Φ ɴ˄ʰ ˁˊʽˍʺˊʽˇ ˍʹˌ ʶˉʽ˂ˇʴʺˌ ˍ˖˄ ˎ˂ʽˁ˗˄ ˉʷˊʰ ʰˉˈ ˍʹ˄ ˇʽˁˇ˄ˇ˃ʽˁˈˍʹˍʱ ˍˇˎˌ ʶʾ˄ʰʽ 

ˁʰ̔ ʹ ʰˊ˔ʺ ˈˍʽ ʹ ˔ˊʺˋʹ ˉ˂ʰˋˍʽˁ˗˄ ˋ˖˂ʺ˄˖˄ ʰˉˇ˒ʶˏʴʶˍʰʽ ʰ˄ ʶˋ˖ˍʶˊʽˁʺ ʵʽʱ˃ʶˍˊˇˌ ˅ʶˉʶˊ˄ʱ 

ˍʰ олл mm.  

¶ ɶ ˁ˂ʱˋʹ ˍ˖˄ ʰʴ˖ʴ˗˄Φ ʃˊˇˁˏˉˍʶʽ ʰˉˈ ˍʹ ʵʽʰ˒ˇˊʱ ˉʾʶˋʹˌ ˃ʶˍʰ˅ˏ ˍˇˎ ˎ˕ʹ˂ˈˍʶˊˇˎ ˁʰʽ ˍˇˎ 

˔ʰ˃ʹ˂ˈˍʶˊˇˎ ˋʹ˃ʶʾˇˎ ˍˇˎ ʵʽˁˍˏˇˎ ˁʰʽ ʶˉʽ˂ʷʴʶˍʰʽ ʰˉˈ ˃ʾʰ ʴˁʱ˃ʰ ʵʽʰˁˊʽˍ˗˄ ˍʽ˃˗˄ ˍˇˎ 

ʶ˃ˉˇˊʾˇˎ ʴʽʰ ˍˇ ʶˁʱˋˍˇˍʶ ˎ˂ʽˁˈΦ  

ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ʰ˅ʽˇˉˇʽˇˏ˄ˍʰʽ ʰˉˈ ˍʹ˄ ˇˊʽˋˍʽˁʺ ˃ʶ˂ʷˍʹ ʴʽʰ ˍˇˎˌ ˎʵˊʰˎ˂ʽˁˇˏˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ ˁʰʽ 

ˍʹ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹΣ ʶʾ˄ʰʽΥ 

¶ ʆʰ ˃ʺˁʹ ˍ˖˄ ˁ˂ʱʵ˖˄Σ ˍʰ ˇˉˇʾʰ ˃ʶˍˊʺʻʹˁʰ˄ ˋˍˇ ɮutocad ɹ ʽʰ ʷ˂ʶʴ˔ˇΦ 

¶ ʁʽ ˉʰˊˇ˔ʷˌ ˍ˖˄ ˁ˂ʱʵ˖˄Σ ˇʽ ˇˉˇʾʶˌ ʶˉʰ˄ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄ ʴʽʰ ʷ˂ʶʴ˔ˇΦ 
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¶ ʆʰ ˎ˕ˈ˃ʶˍˊʰ ʶʵʱ˒ˇˎˌ ɵ ˍ˖˄ ˁˈ˃ʲ˖˄Φ 

¶ ʆˇ ˁˈˋˍˇˌ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌ ˍ˖˄ ˋ˖˂ʹ˄˗ˋʶ˖˄Φ ɮˎˍˈ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˍˇ ˁˈˋˍˇˌ ʰʴˇˊʱˌΣ 

˃ʶˍʰ˒ˇˊʱˌ ˋˍˇ ʶˊʴˇˍʱ˅ʽˇΣ ˍˇ ˁˈˋˍˇˌ ʶʽʵʽˁ˗˄ ˍʶ˃ʰ˔ʾ˖˄ ˁʰʽ ˍˇ ˁˈˋˍˇˌ ʶˁˋˁʰ˒ʺˌΣ 

ʵʽʱˋˍˊ˖ˋʹˌΣ ˋˏ˄ʵʶˋʹˌ ˁʰʽ ʶˉʾ˔˖ˋʹˌ ˋ˖˂ʺ˄˖˄ ʰ˄ʱ ˎ˂ʽˁˈΣ ʵʽʱ˃ʶˍˊˇ ˁʰʽ ˁ˂ʱˋʹΦ ʆʰ ˁˈˋˍʹ 

ʰ˄ˍ˂ʺʻʹˁʰ˄ ʰˉˈ ˍˇ ˍʽ˃ˇ˂ˈʴʽˇ ˎʵˊʰˎ˂ʽˁ˗˄ ʷˊʴ˖˄ ˍˇˎ ʇʃɳɼɮ ɹ ʽʰ ˍˇ нлмоΦ 

пΦпΦн ɲʶʵˇ˃ʷ˄ʰ ˃ʶ˂ʷˍʹˌ 

ɰʱˋʶʽ ˍ˖˄ ˉʰˊʰˉʱ˄˖Σ ʹ ˉʰˊˇ˔ʺ ˁʰʽ ˍʰ ˃ʺˁʹ ˍ˖˄ ˁ˂ʱʵ˖˄ ʶʾ˄ʰʽ ˍʰ ʶ˅ʺˌΥ  

 

ʃʾ˄ʰˁʰˌ пΦн ɼ˂ʱʵˇʽΣ ˉʰˊˇ˔ʺ ˁʰʽ ˃ʺˁʹ ˍˇˎ ʵʽˁˍˏˇˎ  

ʃʹʴʺΥ ʁˊʽˋˍʽˁʺ ˃ʶ˂ʷˍʹ ˏʵˊʶˎˋʹˌ ɮ˄Φ ɿΦ ɼʰˊʵʾˍˋʰˌ 

 

 

 

ɱʽʰ ˍˎˉʽˁˈ ʷ˂ʶʴ˔ˇ ˎˉˇ˂ˇʴʾˋˍʹˁʶ ˅ʰ˄ʱ ʹ ˉʰˊˇ˔ʺ ˁʱʻʶ ˁ˂ʱʵˇˎ ˅ʶˁʽ˄˗˄ˍʰˌ ʰˉˈ ˍˇ˄ ˁˈ˃ʲˇ нр ˉˊˇˌ 

ˍʰ ʰ˄ʱ˄ˍʹΦ ʁ ʴʶ˄ʽˁˈˌ ˁʰ˄ˈ˄ʰˌ ʶʾ˄ʰʽ ˈˍʽ ʹ ˉʰˊˇ˔ʺ ˋ˔ʶʵʽʰˋ˃ˇˏ ˍˇˎ ˁʱʻʶ ˁ˂ʱʵˇˎ ʽˋˇˏˍʰʽ ˃ʶ ˍʹ˄ 

ˉʰˊˇ˔ʺ ˁʰˍʰ˄ʱ˂˖ˋʹˌ ˍˇˎ ʰ˃ʷˋ˖ˌ ˁʰˍʱ˄ˍʹ ˁˈ˃ʲˇˎ ˋˎ˄ ˍʹ˄ ˉʰˊˇ˔ʺ ˋ˔ʶʵʽʰˋ˃ˇˏ ˍ˖˄ ʰ˃ʷˋ˖ˌ 

ˁʰˍʱ˄ˍʹ ˁ˂ʱʵ˖˄ όʆˋʰˁʾˊʹˌΣ нлмл). 

ʅʶ ˈΣˍʽ ʰ˒ˇˊʱ ˍʹ˄ ˁ˂ʱˋʹ ˍ˖˄ ʰʴ˖ʴ˗˄ ʰˉˈ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍʹˌ ˇˊʽʸˇ˄ˍʽˇʴˊʰ˒ʾʰˌΣ ʹ ˎ˕ˇ˃ʶˍˊʽˁʺ 

ʵʽʰ˒ˇˊʱ ˃ʶˍʰ˅ˏ ˍˇˎ ˎ˕ʹ˂ˈˍʶˊˇˎ ˋʹ˃ʶʾˇˎ όʵʶ˅ʰ˃ʶ˄ʺ ʰˉˇʻʺˁʶˎˋʹˌΣ ɵ0 = +265.00 mύ ˁʰʽ ˍˇˎ 
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˔ʰ˃ʹ˂ˈˍʶˊˇˎ όʶˋ˖ˍʶˊʽˁʱ ˋʹ˃ʶʾʰ мс ˁʰʽ нмΣ ɵ Ґ ҌфмΦро mύΣ ˉˊˇˁˏˉˍʶʽ ɲɵmax = 173.47 mΦ ɳˉˇ˃ʷ˄˖ˌΣ 

ʴ˄˖ˊʾʸˇ˄ˍʰˌ ˈˍʽ м atm ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ   =  9.81 m, ʹ ˉʾʶˋʹ ˉˇˎ ˍˇ ʵʾˁˍˎˇ ˁʰ˂ʶʾˍʰʽ ˄ʰ ˉʰˊʷ˔ʶʽ ˋˍʹ 

ʵˎˋ˃ʶ˄ʷˋˍʶˊʹ ˉʶˊʾˉˍ˖ˋʹΣ ʶʽ˄ʰʽ ό  )max å 17.7 atm ˁʰʽ ʷˍˋʽ ʹ ʰˉʰʽˍˇˏ˃ʶ˄ʹ ˁ˂ʱˋʹ ʰʴ˖ʴˇˏ ʶʾ˄ʰʽ ʹ 

ˉ˂ʹˋʽʷˋˍʶˊʹ ˍˇˎ ʶ˃ˉˇˊʾˇˎ ˋˍʹ˄ ˍʽ˃ʺ ʰˎˍʺΣ ʵʹ˂Φ нл atm όʴʽʰ ˔ˎˍˇˋʾʵʹˊˇ ˁʰʽ ˔ʱ˂ˎʲʰ ʹ 

ˉ˂ʹˋʽʷˋˍʶˊʹ ˁ˂ʱˋʹ ʶʾ˄ʰʽ нр atm). 

ʁʽ ˉʶˊʽˇˊʽˋ˃ˇʾ ˉˇˎ ˍʾʻʶ˄ˍʰʽ ʶʾ˄ʰʽ όʆˋʰˁʾˊʹˌΣ нлмл): 

 

¶ ɶ ˉʽʶʸˇ˃ʶˍˊʽˁʺ ʴˊʰ˃˃ʺ ʴʽʰ ˍʽˌ ˉʰˊˇ˔ʷˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˁʰʽ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ ʵʽˁˍˏˇˎ ʵʶ˄ 

ˉˊʷˉʶʽ ˄ʰ ˍʷ˃˄ʶʽ ˍˇ ʷʵʰ˒ˇˌΦ 

¶ ʆˇ ʶ˂ʱ˔ʽˋˍˇ ˁʰʻˇˊʽˋ˃ʷ˄ˇ ˏ˕ˇˌ ˉʽʶʸˇ˃ʶˍˊʽˁʺˌ ʴˊʰ˃˃ʺˌ ˉˊʷˉʶʽ ˄ʰ ʶ˅ʰˋ˒ʰ˂ʽˋˍʶʾ ˋˍʰ ˋʹ˃ʶʾʰ 

ˁʰˍʰ˄ʱ˂˖ˋʹˌΦ 

¶ ʁʽ ˍʰ˔ˏˍʹˍʶˌ ˊˇʺˌ ʻʰ ˉˊʷˉʶʽ ˄ʰ ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ˃ʶˍʰ˅ˏ όлΦр ς мΦр ʺ нΦлύ m/s ʴʽʰ ˍʹ˄ ʰˉˇ˒ˎʴʺ 

ˎʵˊhˎ ˂ʽˁˇˏ ˉ˂ʺʴ˃ʰˍˇˌΦ 

¶ ɶ ʶ˂ʱ˔ʽˋˍʹ ˇ˄ˇ˃ʰˋˍʽˁʺ ʵʽʱ˃ʶˍˊˇˌ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ фл mm. 

ʅʶ ˈΣˍʽ ʰ˒ˇˊʱ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˍˇˎ ˎ˂ʽˁˇˏΣ ʰˎˍʺ ʻʰ ʶ˅ʰˊˍʹʻʶʾ ʰˉˈ ˍʹ˄ ˍʱ˅ʹ ˍ˖˄ ʵʽʰ˃ʷˍˊ˖˄Φ ɮ˄ ʰˉˈ 

ˍˇˎˌ ˎʵˊʰˎ˂ʽˁˇˏˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ ˉˊˇˁˏ˕ˇˎ˄ ʶˉʽˍˊʶˉˈ˃ʶ˄ʶˌ ʵʽʱ˃ʶˍˊˇʽ ʾˋʶˌ ʺ ˃ʶʴʰ˂ˏˍʶˊʶˌ ˍ˖˄ 

300 mm ˍˈˍʶ ʶ˄ʵʶʾˁ˄ˎˍʰʽ ʹ ˔ˊʺˋʹ ˔ˎˍˇˋʾʵʹˊˇˎ ʺ ˔ʱ˂ˎʲʰ ˃ʶ ˇʽˁˇ˄ˇ˃ʽˁˈˍʶˊˇ ˍˇ˄ ˔ʱ˂ˎʲʰΣ 

ʵʽʰ˒ˇˊʶˍʽˁʱ ˋʶ ˃ʽˁˊˈˍʶˊʶˌ ʵʽʰ˃ʷˍˊˇˎˌ ˃ˉˇˊˇˏ˄ ˄ʰ ʰ˄ˍʰˉˇˁˊʽʻˇˏ˄ ˍʰ ʽʵʽʰʾˍʶˊʰ ˇʽˁˇ˄ˇ˃ʽˁʱ 

ˉ˂ʰˋˍʽˁʱΣ ˈˉ˖ˌ ˉ˔ ˍˇ ˉˇ˂ˎʰʽʻˎ˂ʷ˄ʽˇ όHDPE). ʍˋˍˈˋˇ ˋˍʹ˄ ˁ˂ʱˋʹ ˍ˖˄ нл atm ˍˇ PVC ʵʶ˄ 

ˉʰˊʱʴʶˍʰʽΣ ˇˉˈˍʶ ʹ ʶˉʽ˂ˇʴʺ ˉ˂ʰˋˍʽˁˇˏ ʻʰ ʰ˒ˇˊʱ ˍˇ ˉˇ˂ˎʰʽʻˎ˂ʷ˄ʽˇΦ 

пΦр ʇɲʄɮʇɽɹɼʁɹ ʇʃʁɽʁɱɹʅɾʁɹ 

ʃˊʽ˄ ˍʹ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˉˊʷˉʶʽ ˄ʰ ʴʾ˄ˇˎ˄ ˇˊʽˋ˃ʷ˄ˇʽ ˎʵˊʰˎ˂ʽˁˇʾ ˎˉˇ˂ˇʴʽˋ˃ˇʾ ˋˍˇ ʵʾˁˍˎˇ ʴʽʰ ˄ʰ 

ˉˊˇˋʵʽˇˊʽˋˍˇˏ˄ ˇʽ ˍʽ˃ʷˌ ˍ˖˄ ˎˉˇ˕ʺ˒ʽ˖˄ ʶˋ˖ˍʶˊʽˁ˗˄ ʵʽʰ˃ʷˍˊ˖˄ ˁʰʽ ˍ˖˄ ˁ˂ʾˋʶ˖˄ ʰˉ˖˂ʶʽ˗˄ 

˒ˇˊˍʾˇˎΣ ˃ʶ ˋˁˇˉˈ ˄ʰ ˇˊʽˋˍˇˏ˄ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˇʽ ˃ʶˍʰʲ˂ʹˍʷˌ ʰˉˈ˒ʰˋʹˌΦ ʂ˂ˇʽ ˇʽ ˎˉˇ˂ˇʴʽˋ˃ˇʾ 

ʷʴʽ˄ʰ˄ ˋˍˇ MS Excel. 

пΦрΦм ʃˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍ˖˄ ʰˉˇʵʶˁˍ˗˄ ʵʽʰ˃ʷˍˊ˖˄ ˁ ʰʽ ˍˇˎ ˎ˂ʽˁˇˏ ˍ˖˄ ʰʴ˖ʴ˗˄ 

ʅʶ ˁʱʻʶ ˁ˂ʱʵˇ ˍˇˎ ʵʽˁˍˏˇˎΣ ʵʽʰʵˇ˔ʽˁʱ ʰˉˈ ˍʰ ʰ˄ʱ˄ˍʹ ˉˊˇˌ ˍʰ ˁʰˍʱ˄ˍʹΣ ʶˁ˂ʷʴʶˍʰʽ ˍˇ ʶˏˊˇˌ ˍ˖˄ 

ʵˎ˄ʰˍ˗˄ ʵʽʰ˃ʷˍˊ˖˄ ώDmin - Dmaxϐ ʲʱˋʶʽ ˍ˖˄ ˉʶˊʽˇˊʽˋ˃˗˄ ˍ˖˄ ˍʰ˔ˎˍʺˍ˖˄ ˊˇʺˌΦ ɮˉˈ ˍʹ˄ ʶ˂ʱ˔ʽˋˍʹ 

ʶˉʽˍˊʶˉˈ˃ʶ˄ʹ ˍʰ˔ˏˍʹˍʰ Vmin ʶˁ˂ʷʴʶˍʰʽ ʹ ˃ʷʴʽˋˍʹ ʵʽʱ˃ʶˍˊˇˌ Dmax ˁʰʽ ʰ˄ˍʾˋˍˇʽ˔ʰ ʰˉˈ ˍʹ ˃ʷʴʽˋˍʹ 

ʶˉʽˍˊʶˉˈ˃ʶ˄ʹ ˍʰ˔ˏˍʹˍʰ VmaxΣ ʹ ʶ˂ʱ˔ʽˋˍʹ ʵʽʱ˃ʶˍˊˇˌ Dmin ̡ ʱˋʶʽ ˍˇˎ ˍˏˉˇˎΥ 

D =  
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ʃʾ˄ʰˁʰˌ пΦо ʆʰ ʶˏˊʹ ˍ˖˄ ʰˉˇʵʶˁˍ˗˄ ʶˋ˖ˍʶˊʽˁ˗˄ ʵʽʰ˃ʷˍˊ˖˄   

 

ɶ ˃ʷʴʽˋˍʹ ʵʽʱ˃ʶˍˊˇˌ ˉˇˎ ʰˉʰ˄ˍʱˍʰʽ ʶʾ˄ʰʽ ˍʰ нфуΦмс mm ˋˍˇ˄ ˁ˂ʱʵˇ л-мΣ ˃ʽˁˊˈˍʶˊʹ ˍ˖˄ олл mm 

ˁʰʽ ˋˍˇˎˌ ˎˉˈ˂ˇʽˉˇˎˌ ˁ˂ʱʵˇˎˌ ˍʰ ʶˏˊʹ ˍ˖˄ ʵʽʰ˃ʷˍˊ˖˄ ʶʾ˄ʰʽ ʰˊˁʶˍʱ ˃ʽˁˊˈˍʶˊʰΦ ʁˉˈˍʶ ˁˊʾ˄ʶˍʰʽ ˖ˌ 

ˇʽˁˇ˄ˇ˃ʽˁˈˍʶˊʹ ʹ ʶˉʽ˂ˇʴʺ ˍˇˎ ˉˇ˂ˎʰʽʻˎ˂ʶ˄ʾˇˎ όHDPEύ ʴʽʰ ˍˇ ʵʾˁˍˎˇΦ ʅˍʰ ˉ˂ʰˋˍʽˁʱΣ ˇʽ ˇ˄ˇ˃ʰˋˍʽˁʷˌ 

ʵʽʱ˃ʶˍˊˇʽ ʶʾ˄ʰʽ ˇʽ ʶ˅˖ˍʶˊʽˁʷˌ ʶˉˇ˃ʷ˄˖ˌ ʵʽʰʻʷˍˇ˄ˍʰˌ ˍʽˌ ʶ˅˖ˍʶˊʽˁʷˌ ʵʽʰ˃ʷˍˊˇˎˌ Dʁ ˅˖ˍΦ ˁʰʽ ˍʰ ˉʱ˔ʹ 

d ˃ ˉˇˊˇˏ˄ ˄ʰ ʶ˅ʰ˔ʻˇˏ˄ ˇʽ ʰˉˇʵʶˁˍʷˌ ʶˋ˖ˍʶˊʽˁʷˌ ʵʽʱ˃ʶˍˊˇʽ Dʁ ˋ˖ˍΦ :  

Dʶˋ˖ˍΦ = Dʁ ˅˖ˍΦ ς 2*d 

ʁʽ ʰʴ˖ʴˇʾ ˉˇ˂ˎʰʽʻˎ˂ʶ˄ʾˇˎ ʴʽʰ ʷˊʴʰ ˉˊˇːˉˇ˂ˇʴʽˋ˃ˇˏ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ р ʶˁʰˍΦ ϵ όˈˉ˖ˌ ʶʾ˄ʰʽ ˁʰʽ ʹ 

ˉ˂ʶʽˇ˕ʹ˒ʾʰ ˍ˖˄ ˎʵˊʰˎ˂ʽˁ˗˄ ʷˊʴ˖˄ ˋˍʹ˄ ɳ˂˂ʱʵʰύ ʵʽʰˍʾʻʶ˄ˍʰʽ ˋˍˇ ʶ˃ˉˈˊʽˇ ˋˍʽˌ ʶ˅ʺˌ ʵʽʰ˃ʷˍˊˇˎˌ 

ˁʰʽ ˁ˂ʱˋʶʽˌΥ 
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ʃʾ˄ʰˁʰˌ пΦп ʁ˄ˇ˃ʰˋˍʽˁʷˌ ʵʽʱ˃ʶˍˊˇʽ ˁʰʽ ˉʱ˔ʹ ʰ˄ʱ ˁ˂ʱˋʹ ˋʶ ʰʴ˖ʴˇˏˌ ʰˉˈ HDPE 

ʃʹʴʺΥ ɹˋˍˈˍˇˉˇˌ Faso - plast 
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ɴˍˋʽΣ ʴʽʰ ˍʹ˄ ˁ˂ʱˋʹ ˍ˖˄ нл atmΣ ˃ʶ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ ˍˏˉˇˎΣ ˉˊˇˁˏˉˍˇˎ˄ ˇʽ ʶˋ˖ˍʶˊʽˁʷˌ 

ˍˎˉˇˉˇʽʹ˃ʷ˄ʶˌ ʵʽʱ˃ʶˍˊˇʽΦ 

 

ʃʾ˄ʰˁʰˌ пΦр ɳˋ˖ˍʶˊʽˁʷˌ ˍˎˉˇˉˇʽʹ˃ʷ˄ʶˌ ʵʽʱ˃ʶˍˊˇʽ ʰ˄ʱ ˁ˂ʱˋʹ ˋʶ ʰʴ˖ʴˇˏˌ ʰˉˈ HDPE 

 

 

ʅʶ ˁʱʻʶ ˁ˂ʱʵˇΣ ˃ʶˍʰ˅ˏ ˍ˖˄ Dmin ˁʰʽ Dmax ˉʰˊʶ˃ʲʱ˂˂ʶˍʰʽ ʷ˄ʰ ˉ˂ʺʻˇˌ ˍˎˉˇˉˇʽʹ˃ʷ˄˖˄ ʶˋ˖ˍʶˊʽˁ˗˄ 

ʵʽʰ˃ʷˍˊ˖˄ ʴʽʰ ˍʹ˄ ˁ˂ʱˋʹ ˍ˖˄ нл atmΣ ˈˉ˖ˌ ʰˎˍʷˌ ˉˊˇˋʵʽˇˊʾˋˍʹˁʰ˄ ˋˍˇ˄ ˉʾ˄ʰˁʰ рΦн ˁʰʽ ˇʽ ˇˉˇʾʶˌ 

ʵʽʰˍʱˋˋˇ˄ˍʰʽ ˋʶ ʰˏ˅ˇˎˋʰ ˋʶʽˊʱΦ ʇˉʶ˄ʻˎ˃ʾʸʶˍʰʽ ˈˍʽ ʹ ʶ˂ʱ˔ʽˋˍʹ ˇ˄ˇ˃ʰˋˍʽˁʺ ʵʽʱ˃ʶˍˊˇˌ ˉˇˎ 

ʶˉʽˍˊʷˉʶˍʰʽ ˄ʰ ʷ˔ʶʽ ʷ˄ʰˌ ˁ˂ʱʵˇˌ ʶʾ˄ʰʽ фл mmΣ ʱˊʰ ʴʽʰ ˍˇ HDPE ˋˍʽˌ нл atm ʹ ʶ˂ʱ˔ʽˋˍʹ ʶˋ˖ˍʶˊʽˁʺ 

ʶˉʽˍˊʶˉˈ˃ʶ˄ʹ ʵʽʱ˃ʶˍˊˇˌ ʶʾ˄ʰʽ сфΦу mm. 

 ɴˍˋʽΣ ˋʶ ˈˉˇʽˇ˄ ˁ˂ʱʵˇ ˉˊˇʷˁˎ˕ʶ ʰˉˈ ˍˇˎˌ ˎʵˊʰˎ˂ʽˁˇˏˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ Dmin < 69.8 mm, 

ˎʽˇʻʶˍʺʻʹˁʶ ʹ ʶ˂ʱ˔ʽˋˍʹ ʶˋ˖ˍʶˊʽˁʺ ʶˉʽˍˊʶˉˈ˃ʶ˄ʹ ʵʽʱ˃ʶˍˊˇˌ ˍ˖˄ сфΦу mm ˁʰʽ ˋʶ ˈˉˇʽˇ˄ ˁ˂ʱʵˇ 

ˉˊˇʷˁˎ˕ʶ Dmax < 69.8 mmΣ ʶ˅ʶ˂ʷʴʹ ˃ˇ˄ˇˋʺ˃ʰ˄ˍʰ ʊфлΦ ʃˊˇ˒ʰ˄˗ˌ ˈˋˇʽ ˁ˂ʱʵˇʽ ʶ˃ˉʾˉˍˇˎ˄ ˋˍʹ 

ʵʶˏˍʶˊʹ ˉʶˊʾˉˍ˖ˋʹΣ ʵʶ˄ ʷ˔ʶʽ ˄ˈʹ˃ʰ ˄ʰ ʶʽˋ˔˖ˊʺˋˇˎ˄ ˋˍʹ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹΣ ˉʰˊʱ ˃ˈ˄ˇ ˄ʰ 

ʰ˅ʽˇˉˇʽʹʻˇˏ˄ ˍʰ ˏ˕ʹ ˍ˖˄ ʰˉ˖˂ʶʽ˗˄ ˍˇˎˌ ˉˇˎ ʶˉʹˊʶʱʸˇˎ˄ ˍˇˎˌ ˁʰˍʱ˄ˍʹ ˁ˂ʱʵˇˎˌΣ ˈˉ˖ˌ ʻʰ 

ʰˁˇ˂ˇˎʻʺˋʶʽ ˉʰˊʰˁʱˍ˖Φ 

ɮˁˇ˂ˇˎʻʶʾ ʶˉˇ˃ʷ˄˖ˌ ˇ ˉʾ˄ʰˁʰˌ ˃ʶ ˍʽˌ ʰˉˇʵʶˁˍʷˌ ˍˎˉˇˉˇʽʹ˃ʷ˄ʶˌ ʶˋ˖ˍʶˊʽˁʷˌ ʵʽʰ˃ʷˍˊˇˎˌ ʴʽʰ ˍˇ 

ˉˇ˂ˎʰʽʻˎ˂ʷ˄ʽˇ HDPE ˁ ˂ʱˋʹˌ нл atm. 
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ʃʾ˄ʰˁʰˌ пΦс ɮˉˇʵʶˁˍʷˌ ʶˋ˖ˍʶˊʽˁʷˌ ʵʽʱ˃ʶˍˊˇʽ ʰ˄ʱ ˁ˂ʱʵˇ ˍˇˎ ʵʽˁˍˏˇˎ όHDPE 20 atm) 

 

 

пΦрΦн ɼˈˋˍˇˌ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌ ʰʴ˖ʴˇˏ ʰˉˈ HDPE ˁ ˂ʱˋʹˌ нл atm 

ɮˉˈ ˍˇ ˍʽ˃ˇ˂ˈʴʽˇ ˎʵˊʰˎ˂ʽˁ˗˄ ʷˊʴ˖˄ ˍˇˎ ʇʃɳɼɮ ʴʽʰ ˍˇ нлмоΣ ʵʽʰˍʾʻʶ˄ˍʰʽ ˍʰ ˁˈˋˍʹ ˋʶ ϵ ʰ˄ʱ ˃ʷˍˊˇ 

˃ʺˁˇˎˌ ˍˇˎ ʰʴ˖ʴˇˏ ʴʽʰ ˁʱʻʶ ʵʽʱ˃ʶˍˊˇ ˁʰʽ ʴʽʰ ˍʹ˄ ˁ˂ʱˋʹ ˍ˖˄ нл atm ˋˍˇ ˉˇ˂ˎʰʽʻˎ˂ʷ˄ʽˇ όHDPE). 

ɿʰ ʵʽʶˎˁˊʽ˄ʽˋˍʶʾ ˈˍʽ ˍˇ ˍʽ˃ˇ˂ˈʴʽˇ ʵʶ˄ ʷ˔ʶʽ ˉʰˊˇˎˋʽʱˋʶʽ ʵʽʰ˒ˇˊˇˉˇʽʺˋʶʽˌ ʰˉˈ ˍˇ нллф ˁʰʽ ˃ʶˍʱ ˋʶ 

ˈΣˍʽ ʰ˒ˇˊʱ ˍʽˌ ˋ˖˂ʹ˄˗ˋʶʽˌΦ ɼʱʻʶ ˃ʾʰ ˍʽ˃ʺ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇ ˁˈˋˍˇˌ ʰʴˇˊʱˌΣ ˃ʶˍʰ˒ˇˊʱˌ ˋˍˇ 

ʶˊʴˇˍʱ˅ʽˇΣ ˍˇ ˁˈˋˍˇˌ ʶʽʵʽˁ˗˄ ˍʶ˃ʰ˔ʾ˖˄ ˁʰʽ ˍˇ ˁˈˋˍˇˌ ʶˁˋˁʰ˒ʺˌΣ ʵʽʱˋˍˊ˖ˋʹˌΣ ˋˏ˄ʵʶˋʹˌ ˁʰʽ 

ʶˉʾ˔˖ˋʹˌ ˋ˖˂ʺ˄˖˄Φ 
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ʃʾ˄ʰˁʰˌ пΦт ɼˈˋˍˇˌ ˍˇˎ HDPE h ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌ ˋˍʽˌ нл atm 

ʃʹʴʺΥ ʇʃɳʋʍɲɳΣ ʆʽ˃ˇ˂ˈʴʽˇ ˎʵˊʰˎ˂ʽˁ˗˄ ʷˊʴ˖˄Σ нлм3 

 

 

пΦрΦо ʇˉˇ˂ˇʴʽˋ˃ˈˌ ˍ˖˄ ʴˊʰ˃˃ʽˁ˗˄ ʰˉ˖˂ʶʽ˗˄ ˒ˇˊˍʾˇˎ ʰ˄ʱ ˁ˂ʱʵˇ όhfύ ˁʰʽ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌ                            

ˁ˂ʱʵˇˎ όS) 

ɮ˒ˇˏ ʶ˅ʶ˂ʷʴʹˋʰ˄ ˇʽ ʰˉˇʵʶˁˍʷˌ ʶˋ˖ˍʶˊʽˁʷˌ ʵʽʱ˃ʶˍˊˇʽ ˍˇˎ ʶ˃ˉˇˊʾˇˎ DΩΣ ʻʰ ˉˊʷˉʶʽ ˄ʰ 

ˎˉˇ˂ˇʴʽˋˍˇˏ˄ ˋʶ ˁʱʻʶ ˁ˂ʱʵˇ ˇʽ ʰˉ˗˂ʶʽʶˌ ˉˇˎ ʰˎˍʷˌ ʶˉʽ˒ʷˊʶʽ ʹ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎˌ ʰ˄ʱ ˃ʺˁˇˌ ˁʰʽ ʰ˄ʱ 

˃ʷˍˊˇ ˃ʺˁˇˎˌΦ ɴˍˋʽ ʶˉʰ˄ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ όɾʰ˄ˍˈʴ˂ˇˎΣ нллф): 

 

ˇʽ ˍʰ˔ˏˍʹˍʶˌ V      VΩ Ґ   , 

ˇʽ ʰˊʽʻ˃ˇʾ Reynolds Re     Re =  , 

ˇʽ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ˍˊʽʲʺˌ f ˁ ʰˍʱ Swamee & Jain f = 
Ȣ

  
Ȣ
Ȣ  Ȣ

 

 , 

ˇʽ ʰ˄ˍʽˋˍʱˋʶʽˌ ˍ˖˄ ʰʴ˖ʴ˗˄ R    R =  , 

ˁʰʽ ˍʷ˂ˇˌ ˇʽ ʴˊʰ˃˃ʽˁʷˌ ʰˉ˗˂ʶʽʶˌ ʅhf                ʅhf = Ὑὗ  

 

ʂˉˇˎΥ 
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DΩΣ ʹ ʶˋ˖ˍʶˊʽˁʺ ʵʽʱ˃ʶˍˊˇˌ ʶ˃ˉˇˊʾˇˎ όmm) 

VΩΣ ˇʽ ˍʰ˔ˏˍʹˍʶˌ ˊˇʺˌ ˃ʶ ˔ˊʺˋʹ ˍ˖˄ DΩ όm/s) 

QΣ ʹ ˉʰˊˇ˔ʺ ˍˇˎ ˁ˂ʱʵˇˎ όm3/s) 

LΣ ˍˇ ˃ʺˁˇˌ ˍˇˎ ˁ˂ʱʵˇˎ όm) 

Re, o h ˊʽʻ˃ˈˌ Reynolds όʰʵʽʱˋˍʰˍˇˌύ 

˄Σ ʹ ˁʽ˄ʹ˃ʰˍʽˁʺ ˋˎ˄ʶˁˍʽˁˈˍʹˍʰ ˍˇˎ ˊʶˎˋˍˇˏ όмл-6 m/s2) 

fΣ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˍˊʽʲʺˌ όʰʵʽʱˋˍʰˍˇˌύ 

kΣ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˍˊʰ˔ˏˍʹˍʰˌ ˍˇˎ ˉˇ˂ˎʰʽʻˎ˂ʶ˄ʾˇˎ όлΦм mm) 

RΣ ʹ ʰ˄ˍʾˋˍʰˋʹ ˍˇˎ ʰʴ˖ʴˇˏ όs2/m5) 

gΣ ʹ ʶˉʽˍʱ˔ˎ˄ˋʹ ˍʹˌ ʲʰˊˏˍʹˍʰˌ όфΦум m/s2) 

ˉΣ ˇ ʱˊˊʹˍˇˌ ʰˊʽʻ˃ˈˌ όоΦмпмрфнсрпύ 

ʅhfΣ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ˏ˕ˇˌ ʰˉ˖˂ʶʽ˗˄ ˋˍˇ˄ ˁ˂ʱʵˇ όm) 

 

ɽˈʴ˖ ˍˇˎ ˉˊˇˋʰˎ˅ʹ˃ʷ˄ˇˎ ˏ˕ˇˎˌ ˍˊʰ˔ˏˍʹˍʰˌ ʵʶ˄ ʴʾ˄ʶˍʰʽ ˉˊˇˋʰˏ˅ʹˋʹ ʴʽʰ ˍʽˌ ˍˇˉʽˁʷˌ ʰˉ˗˂ʶʽʶˌ 

˒ˇˊˍʾˇˎΦ  

ɱ˄˖ˊʾʸˇ˄ˍʰˌ ʶˉˇ˃ʷ˄˖ˌ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ˏ˕ˇˌ ʰˉ˖˂ʶʽ˗˄ ˁʰʽ ˍˇ ˃ʺˁˇˌ ˍˇˎ ˁ˂ʱʵˇˎ ˁʱʻʶ ˒ˇˊʱΣ ˃ˉˇˊʶʾ 

˄ʰ ˎˉˇ˂ˇʴʽˋˍʶʾ ʹ ˁ˂ʾˋʹ ʰˉ˖˂ʶʽ˗˄ ˒ˇˊˍʾˇˎ  

S =  

ʂˉˇˎΥ 

SΣ ʹ ˁ˂ʾˋʹ ʰˉ˖˂ʶʽ˗˄ ˒ˇˊˍʾˇˎ S (m/m) 

ʅhfΣ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ˏ˕ˇˌ ʰˉ˖˂ʶʽ˗˄ ˋˍˇ˄ ˁ˂ʱʵˇ όm) 

LΣ ˍˇ ˃ʺˁˇˌ ˍˇˎ ˁ˂ʱʵˇˎ όm) 

ɮˁˇ˂ˇˎʻʶʾ ˇ ˉʾ˄ʰˁʰˌ ˍ˖˄ ˎˉˇ˂ˇʴʽˋ˃˗˄Φ 
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ʃʾ˄ʰˁʰˌ пΦу ʁʽ ˋˎ˄ˇ˂ʽˁʷˌ ʰˉ˗˂ʶʽʶˌ ˒ˇˊˍʾˇˎ ʰ˄ʱ ˃ʺˁˇˌ ˁʰʽ ˃ʷˍˊˇ ˃ʺˁˇˎˌ 

 

 

 

 

 

ɼ˂ʱʵˇˌ
ɾʺˁˇˌ  

L (m)

ʃʰˊˇ˔

ʺ v 

(L/s)

 ɮˉˇʵʶˁˍʷˌ 

ʶˋ˖ˍΦ 

ʵʽʱ˃ʶˍˊˇʽ 5 

(mm) 

ɿʷʶˌ 

ˍʰ˔ˏˍʹˍʶˌ ±ϥ 

(m/s)

ɼʽ˄ʹ˃ʰˍʽˁʺ 

ˋˎ˄ʶˁˍʽˁˈˍʹˍ

ʰ ˄ όƳ2/s)

ɮˊʽʻ˃ˈˌ 

Reynolds Re

ʆˊʰ˔ˏˍʹˍʰ 

PE k (mm)

ʅˎ˄ˍʶ˂Φ 

ˍˊʽʲʺˌ Ŧ

ɮ˄ˍʾˋˍʰˋʹ 

ʰʴ˖ʴˇˏ           

R (s2/m 5)

ʅˎ˄ˇ˂ʽˁʷˌ 

ʴˊʰ˃˃ʽˁʷˌ 

ʰˉ˗˂ʶʽʶˌ ʅIf 

(m)

ɮˉ˗˂ʶʽʶˌ 

ʰ˄ʱ Ƴ 

˃ʺˁˇˎˌ         

S (m)

174.8 1.455 0.000001 254283.7100 0.1 0.019 13869.7572 16.903 0.011689617

194.2 1.179 0.000001 228881.5268 0.1 0.019 8129.5279 9.908 0.006851675

217.4 0.940 0.000001 204456.2673 0.1 0.019 4596.1578 5.601 0.003873703

244.6 0.743 0.000001 181720.3291 0.1 0.019 2540.5161 3.096 0.002141181

275.8 0.584 0.000001 161163.1345 0.1 0.019 1393.2915 1.698 0.001174285

1-2 3011.3 1.59 69.8 0.416 0.000001 29003.5942 0.1 0.027 4098019.7347 10.360 0.003440442

174.8 1.388 0.000001 242702.1832 0.1 0.019 81287.4219 90.247 0.010685570

194.2 1.125 0.000001 218456.9600 0.1 0.019 47666.6868 52.921 0.006265984

217.4 0.898 0.000001 195144.1657 0.1 0.019 26962.7790 29.935 0.003544369

244.6 0.709 0.000001 173443.7515 0.1 0.019 14911.7799 16.555 0.001960216

275.8 0.558 0.000001 153822.8485 0.1 0.019 8182.6714 9.085 0.001075646

3-4 3155.9 1.59 69.8 0.416 0.000001 29003.5942 0.1 0.027 4294803.0687 10.858 0.003440442

174.8 1.322 0.000001 231120.6565 0.1 0.019 35524.1713 35.765 0.009726017

194.2 1.071 0.000001 208032.3931 0.1 0.019 20841.2262 20.983 0.005706034

217.4 0.855 0.000001 185832.0642 0.1 0.019 11795.2274 11.875 0.003229367

244.6 0.675 0.000001 165167.1740 0.1 0.019 6527.1312 6.571 0.001787037

275.8 0.531 0.000001 146482.5625 0.1 0.019 3583.8210 3.608 0.000981200

5-6 2406.4 1.02 69.8 0.267 0.000001 18606.0793 0.1 0.029 3526987.4766 3.669 0.001524883

69.8 0.753 0.000001 52534.8122 0.1 0.025 1370806.4992 11.370 0.010435038

85.4 0.503 0.000001 42938.2891 0.1 0.025 498779.4812 4.137 0.003796876

155.2 1.471 0.000001 228313.5085 0.1 0.019 154758.2207 119.862 0.013830612

174.8 1.160 0.000001 202713.1380 0.1 0.019 84603.8994 65.526 0.007560980

194.2 0.940 0.000001 182462.7010 0.1 0.019 49700.5306 38.494 0.004441695

217.4 0.750 0.000001 162991.0604 0.1 0.019 28169.6566 21.818 0.002517499

244.6 0.592 0.000001 144866.1346 0.1 0.019 15612.7235 12.092 0.001395296

69.8 0.753 0.000001 52534.8122 0.1 0.025 213949.4799 1.775 0.010435038

85.4 0.503 0.000001 42938.2891 0.1 0.025 77847.3188 0.646 0.003796876

155.2 1.319 0.000001 204686.3830 0.1 0.020 61612.8706 38.354 0.011207459

174.8 1.040 0.000001 181735.2782 0.1 0.019 33723.6837 20.993 0.006134381

194.2 0.842 0.000001 163580.4667 0.1 0.019 19833.3443 12.346 0.003607710

217.4 0.672 0.000001 146123.8576 0.1 0.019 11255.3360 7.006 0.002047360

244.6 0.531 0.000001 129874.5979 0.1 0.019 6246.3885 3.888 0.001136226

10-11 2342.5 1.67 69.8 0.436 0.000001 30462.8945 0.1 0.027 3164437.9442 8.825 0.003767471

155.2 1.231 0.000001 190985.9317 0.1 0.020 38667.6474 20.956 0.009810981

174.8 0.970 0.000001 169571.0332 0.1 0.020 21181.3832 11.479 0.005374264

194.2 0.786 0.000001 152631.3934 0.1 0.020 12466.1457 6.756 0.003162983

217.4 0.627 0.000001 136343.2226 0.1 0.019 7080.1529 3.837 0.001796418

12-13 636.3 2.38 69.8 0.622 0.000001 43414.1850 0.1 0.026 818932.5094 4.639 0.007289982

139.8 1.362 0.000001 190348.4012 0.1 0.020 119242.4747 52.086 0.013559199

155.2 1.105 0.000001 171460.7376 0.1 0.020 70169.2270 30.651 0.007979023

174.8 0.871 0.000001 152235.1629 0.1 0.020 38485.7309 16.811 0.004376257

194.2 0.706 0.000001 137027.3248 0.1 0.020 22676.6563 9.905 0.002578589

217.4 0.563 0.000001 122404.3536 0.1 0.020 12895.4387 5.633 0.001466355

69.8 1.497 0.000001 104522.3867 0.1 0.024 1400745.9918 45.991 0.038741937

85.4 1.000 0.000001 85429.3043 0.1 0.023 501985.9112 16.482 0.013883964

97.0 0.775 0.000001 75213.0164 0.1 0.023 263858.2271 8.663 0.007297810

108.6 0.619 0.000001 67179.2135 0.1 0.023 149635.4755 4.913 0.004138629

124.2 1.252 0.000001 155515.6513 0.1 0.021 170154.6173 39.157 0.013366157

139.8 0.988 0.000001 138161.9735 0.1 0.021 93429.1692 21.501 0.007339143

155.2 0.802 0.000001 124452.6024 0.1 0.021 55161.3724 12.694 0.004333092

174.8 0.632 0.000001 110497.9628 0.1 0.020 30372.8511 6.990 0.002385879

194.2 0.512 0.000001 99459.5463 0.1 0.020 17959.5683 4.133 0.001410778

16-17 3389.9 0.47 69.8 0.123 0.000001 8573.3895 0.1 0.035 5842127.5726 1.291 0.000380697

10-12

2.88170.18-9

1187.1 5.73

8-10 3422.2

12-14 20.93841.4

24.95

14-15

23.282136.0 

3677.3 31.73

5-8 8666.4 27.83

5-7 2.88

3-5

0-1 1446.0 34.91

1089.6 

1-3 8445.7 33.32

14-16 2929.6 15.17
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όˋˎ˄ʷ˔ʶʽʰ ˉʾ˄ʰˁʰύ 

 

 

 

пΦс ɶ ɾʁʄʊɶ ʆʁʇ ɱʄɮɾɾɹɼʁʇ ʃʄʁɱʄɮɾɾɮʆʁʅ 

ɮ˒ˇˏ ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄ ˍʰ ʰˉʰˊʰʾˍʹˍʰ ˎʵˊʰˎ˂ʽˁʱ ˃ʶʴʷʻʹΣ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˍˇˎ 

ʵʽˁˍˏˇˎ ˁʰʽ ˍʰ ˋˍˇʽ˔ʶʾʰ ˁˈˋˍˇˎˌ ˍ˖˄ ʰʴ˖ʴ˗˄Σ ˁʰˍʰˋˍˊ˗˄ˇ˄ˍʰʽ ˇʽ ʶ˅ʽˋ˗ˋʶʽˌΦ ʁˊʾʸˇ˄ˍʰʽ ˁʰʽ 

ʰˊʽʻ˃ˇˏ˄ˍʰʽ ˇʽ ˃ʶˍʰʲ˂ʹˍʷˌ ʰˉˈ˒ʰˋʹˌ ˁʰʽ ʵʽʰˍˎˉ˗˄ˇ˄ˍʰʽ ˇʽ ˉʶˊʽˇˊʽˋ˃ˇʾ ˁʰʽ ʹ ̀ ˎ˄ʱˊˍʹˋʹ ˋˍˈ˔ˇˎΦ  

пΦсΦм ʁˊʽˋ˃ˈˌ ˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ʰˉˈ˒ʰˋʹˌ 

ɼʱʻʶ ˁ˂ʱʵˇˌ ˃ˉˇˊʶʾ ˄ʰ ʵʽʰˋˍʰˋʽˇ˂ˇʴʹʻʶʾ ˃ʶ ˃ʾʰ όʺ ˁʰʽ ˉʶˊʽˋˋˈˍʶˊʶˌύ ʶˁ ˍ˖˄ ˎˉˇ˕ʺ˒ʽ˖˄ 

ʵʽʰ˃ʷˍˊ˖˄ ˈˉ˖ˌ ʰˎˍʷˌ ˁʰʻˇˊʾˋˍʹˁʰ˄ ˋˍˇ˄ ʃʾ˄Φ пΦсΦ ɼʱʻʶ ˎˉˇ˕ʺ˒ʽʰ ʵʽʱ˃ʶˍˊˇˌ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ 

ʷ˄ʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˃ʺˁˇˌ ˋ˖˂ʺ˄˖ˋʹˌ ʴʽʰ ʷ˄ʰ˄ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˁ˂ʱʵˇΣ ʰˉˇˍʶ˂ʶʾ ˃ʾʰ ˃ʶˍʰʲ˂ʹˍʺ 

ʰˉˈ˒ʰˋʹˌΦ ɴˍˋʽΣ ˁʰʻ˗ˌ ʹ ˋˎ˄ʱˊˍʹˋʹ ˁˈˋˍˇˎˌ όˋˍˈ˔ˇˎύ ʶʾ˄ʰʽ ʰ˄ʱ˂ˇʴʹ ˍˇˎ ˃ʺˁˇˎˌΣ ʶ˅ʰˋ˒ʰ˂ʾʸʶˍʰʽ 

ʹ ʴˊʰ˃˃ʽˁˈˍʹˍʰ ˃ʶˍʰ˅ˏ ˍʹˌ ʰˎˍʺˌ ˁʰʽ ˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ʰˉˈ˒ʰˋʹˌΦ ɶ ʰˊʾʻ˃ʹˋʹ ˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ 

ʰˉˈ˒ʰˋʹˌ ʴʾ˄ʶˍʰʽ ʰˉˈ ˍʰ ʰ˄ʱ˄ˍʹ ˉˊˇˌ ˍʰ ˁʰˍʱ˄ˍʹ ˃ʶ ʰˏ˅ˇ˄ˍʶˌ ʵʶʾˁˍʶˌΦ ɳˉʶʽʵʺ ˉˊˈˁʶʽˍʰʽ ʴʽʰ 

˒ˎˋʽˁʱ ˃ʶʴʷʻʹΣ ˈ˂ʶˌ ˇʽ ˃ʶˍʰʲ˂ʹˍʷˌ όˉˊʷˉʶʽ ˄ʰύ ʶʾ˄ʰʽ ˃ʹ ʰˊ˄ʹˍʽˁʷˌΦ 

ʃˊˇ˒ʰ˄˗ˌ ˋˍˇˎˌ ˁ˂ʱʵˇˎˌ ˃ʶ ʰˉˇˁ˂ʶʽˋˍʽˁʺ ʶˉʽ˂ˇʴʺ ʊфл όʶˋ˖ˍʶˊʽˁʺ ʵʽʱ˃ʶˍˊˇˌ сфΦу mmύ ʵʶ˄ ʷ˔ʶʽ 

˄ˈʹ˃ʰ ˄ʰ ˍʶʻˇˏ˄ ˃ʶˍʰʲ˂ʹˍʷˌΣ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˁʰʽ ˋˍˇ˄ ˉʾ˄ʰˁʰΣ ʵʽˈˍʽ ʶʾ˄ʰʽ ʶˁ ˍ˖˄ ˉˊʰʴ˃ʱˍ˖˄ ˇʽ 

ʲʷ˂ˍʽˋˍʶˌ ʰˉˇʵʶˁˍʷˌ ʶˉʽ˂ˇʴʷˌΦ ʂˉ˖ˌ ˉˊˇʶ˂ʷ˔ʻʹΣ ʰ˅ʽˇˉˇʽˇˏ˄ˍʰʽ ˍʰ ˏ˕ʹ ˍ˖˄ ʰˉ˖˂ʶʽ˗˄ ˍˇˎˌ ˉˇˎ 

ʶˉʹˊʶʱʸˇˎ˄ ˍˇˎˌ ˁʰˍʱ˄ˍʹ ˁ˂ʱʵˇˎˌΦ 

 

 

97.0 1.290 0.000001 125092.5037 0.1 0.022 247033.8956 22.436 0.019241716

108.6 1.029 0.000001 111730.8735 0.1 0.022 139243.2198 12.646 0.010845793

124.2 0.787 0.000001 97697.0440 0.1 0.022 70719.9651 6.423 0.005508448

139.8 0.621 0.000001 86795.2279 0.1 0.022 39053.3206 3.547 0.003041902

155.2 0.504 0.000001 78182.8148 0.1 0.022 23176.8535 2.105 0.001805268

69.8 1.351 0.000001 94307.2843 0.1 0.024 6135682.3034 164.000 0.031790963

85.4 0.903 0.000001 77080.1926 0.1 0.023 2203488.5934 58.897 0.011416990

97.0 0.700 0.000001 67862.3551 0.1 0.023 1159874.6137 31.002 0.006009687

108.6 0.558 0.000001 60613.7058 0.1 0.023 658628.4774 17.604 0.003412568

85.4 1.475 0.000001 125982.1329 0.1 0.022 229695.0711 16.401 0.029219316

97.0 1.143 0.000001 110916.2284 0.1 0.022 120122.8434 8.577 0.015280726

108.6 0.912 0.000001 99068.8228 0.1 0.022 67801.6712 4.841 0.008624993

124.2 0.697 0.000001 86625.3957 0.1 0.022 34494.7106 2.463 0.004388043

139.8 0.550 0.000001 76959.0426 0.1 0.022 19078.3696 1.362 0.002426943

18-20 2404.5 1.08 69.8 0.282 0.000001 19700.5546 0.1 0.029 3488048.1018 4.068 0.001692019

21-22 5336.3 1.79 69.8 0.468 0.000001 32651.8451 0.1 0.027 7135920.2064 22.864 0.004284655

69.8 0.883 0.000001 61655.4393 0.1 0.025 886920.5630 10.133 0.014125938

85.4 0.590 0.000001 50392.8532 0.1 0.025 321511.8100 3.673 0.005120702

23-24 732.2 2.04 69.8 0.533 0.000001 37212.1586 0.1 0.026 961427.0909 4.001 0.005464456

23-25 4149.2 1.34 69.8 0.350 0.000001 24443.2807 0.1 0.028 5800996.3369 10.416 0.002510428

9.531166.016-18

5.175158.716-21

21-23 3.38717.3

561.3 8.4518-19
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ʃʾ˄ʰˁʰˌ пΦф ʁʽ ˃ʶˍʰʲ˂ʹˍʷˌ ʰˉˈ˒ʰˋʹˌ 

 

 

 

ɼ˂ʱʵˇˌ
ɾʺˁˇˌ  [ 

(m)

ʃʰˊˇ˔ʺ v 

(L/s)

 ɮˉˇʵʶˁˍʷˌ 

ʶˋ˖ˍΦ 

ʵʽʱ˃ʶˍˊˇʽ 5 

(mm) 

ɾʶˍʰʲ˂ʹˍʺ · 

(m)

174.8 X1

194.2 X2

217.4 X3

244.6 X4

275.8 X5

1-2 3011.3 1.59 69.8

174.8 X6

194.2 X7

217.4 X8

244.6 X9

275.8 X10

3-4 3155.9 1.59 69.8

174.8 X11

194.2 X12

217.4 X13

244.6 X14

275.8 X15

5-6 2406.4 1.02 69.8

69.8 X16

85.4 X17

155.2 X18

174.8 X19

194.2 X20

217.4 X21

244.6 X22

69.8 X23

85.4 X24

155.2 X25

174.8 X26

194.2 X27

217.4 X28

244.6 X29

10-11 2342.5 1.67 69.8

155.2 X30

174.8 X31

194.2 X32

217.4 X33

12-13 636.3 2.38 69.8

8-10 3422.2 24.95

10-12 2136.0 23.28

5-8 8666.4 27.83

8-9 170.1 2.88

3-5 3677.3 31.73

5-7 1089.6 2.88

0-1 1446.0 34.91

1-3 8445.7 33.32
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όˋˎ˄ʷ˔ʶʽʰ ˉʾ˄ʰˁʰύ 

 

 

 

 

 

139.8 X34

155.2 X35

174.8 X36

194.2 X37

217.4 X38

69.8 X39

85.4 X40

97.0 X41

108.6 X42

124.2 X43

139.8 X44

155.2 X45

174.8 X46

194.2 X47

16-17 3389.9 0.47 69.8

97.0 X48

108.6 X49

124.2 X50

139.8 X51

155.2 X52

69.8 X53

85.4 X54

97.0 X55

108.6 X56

85.4 X57

97.0 X58

108.6 X59

124.2 X60

139.8 X61

18-20 2404.5 1.08 69.8

21-22 5336.3 1.79 69.8

69.8 X62

85.4 X63

23-24 732.2 2.04 69.8

23-25 4149.2 1.34 69.8

21-23 717.3 3.38

16-21 5158.7 5.17

18-19 561.3 8.45

14-16 2929.6 15.17

16-18 1166.0 9.53

12-14 3841.4 20.9

14-15 1187.1 5.73
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4.6.н ɼʰʻˇˊʽˋ˃ˈˌ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ˋˍˈ˔ˇˎ 

ɶ ˋˎ˄ʱˊˍʹˋʹ ˋˍˈ˔ˇˎ ʶˁ˒ˊʱʸʶʽ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ˁˈˋˍˇˌ ˍ˖˄ ˋ˖˂ʹ˄˗ˋʶ˖˄ ˁʰʽ ˍˇ ʸʹˍˇˏ˃ʶ˄ˇ ʶʾ˄ʰʽ ʹ 

ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʺ ˍʹˌΦ ɮ˒ˇˏ ˇˊʾˋˍʹˁʰ˄ ˇʽ ˃ʶˍʰʲ˂ʹˍʷˌ ʰˉˈ˒ʰˋʹˌΣ ʴ˄˖ˊʾʸˇ˄ˍʰˌ ˍʰ ˁˈˋˍʹ ʰ˄ʱ ˃ʷˍˊˇ 

˃ʺˁˇˎˌ ˋ˖˂ʺ˄˖ˋʹˌ ʴʽʰ ˍˇ ˉˇ˂ˎʰʽʻˎ˂ʷ˄ʽˇ ˁ˂ʱˋʹˌ нл atmΣ ˃ˉˇˊʶʾ ˄ʰ ˁʰˍʰˋˁʶˎʰˋˍʶʾ ʹ 

ˋˎ˄ʰˊˍʹˋʽʰˁʺ ˋ˔ʷˋʹΦ 

ʃʾ˄ʰˁʰˌ пΦмл ʆʰ ˁˈˋˍʹ ˍ˖˄ ˁ˂ʱʵ˖˄ 

 

ɼ˂ʱʵˇˌ
ɾʺˁˇˌ  [ 

(m)

ʃʰˊˇ˔ʺ 

Q (L/s)

 ɮˉˇʵʶˁˍʷˌ 

ʶˋ˖ˍΦ 

ʵʽʱ˃ʶˍˊˇʽ 5 

(mm) 

ɾʶˍʰʲ˂ʹˍʺ · 

(m)

ɼˈˋˍˇˌ 

όϵκƳύ

ʅˎ˄ˇ˂ʽˁˈ 

ɼˈˋˍˇˌ όϵύ 

174.8 X1 49.9 пфΦфϝʋ1

194.2 X2 60.0 слΦлϝʋ2

217.4 X3 85.0 урΦлϝʋ3

244.6 X4 100.0 мллΦлϝʋ4

275.8 X5 120.0 мнлΦлϝʋ5

1-2 3011.3 1.59 69.8 10.0 30113.0

174.8 X6 49.9 пфΦфϝʋ6

194.2 X7 60.0 слΦлϝʋ7

217.4 X8 85.0 урΦлϝʋ8

244.6 X9 100.0 мллΦлϝʋ9

275.8 X10 120.0 мнлΦлϝʋ10

3-4 3155.9 1.59 69.8 10.0 31559.0

174.8 X11 49.9 пфΦфϝʋ11

194.2 X12 60.0 слΦлϝʋ12

217.4 X13 85.0 урΦлϝʋ13

244.6 X14 100.0 мллΦлϝʋ14

275.8 X15 120.0 мнлΦлϝʋ15

5-6 2406.4 1.02 69.8 10.0 24064.0

69.8 X16 10.0 10.00*X16

85.4 X17 14.0 14.00*X17

155.2 X18 39.9 39.90*X18

174.8 X19 49.9 49.90*X19

194.2 X20 60.0 60.0*X20

217.4 X21 85.0 85.0*X21

244.6 X22 100.0 100.0*X22

69.8 X23 10.0 10.0*X23

85.4 X24 14.0 14.0*X24

155.2 X25 39.9 39.9*X25

174.8 X26 49.9 49.9*X26

194.2 X27 60.0 60.0*X27

217.4 X28 85.0 85.0*X28

244.6 X29 100.0 100.0*X29

10-11 2342.5 1.67 69.8 10.0 23425.0

155.2 X30 39.9 39.9*X30

174.8 X31 49.9 49.9*X31

194.2 X32 60.0 60.0*X32

217.4 X33 85.0 85.0*X33

8-10 3422.2 24.95

10-12 2136.0 23.28

5-8 8666.4 27.83

8-9 170.1 2.88

3-5 3677.3 31.73

5-7 1089.6 2.88

0-1 1446.0 34.91

1-3 8445.7 33.32
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όˋˎ˄ʷ˔ʶʽʰ ˉʾ˄ʰˁʰύ 

 

 

 

 

12-13 636.3 2.38 69.8 10.0 6363.2

139.8 X34 32.0 32.0*X34

155.2 X35 39.9 39.9*X35

174.8 X36 49.9 49.9*X36

194.2 X37 60.0 60.0*X37

217.4 X38 85.0 85.0*X38

69.8 X39 10.0 10.0*X39

85.4 X40 14.0 14.0*X40

97.0 X41 17.0 17.0*X41

108.6 X42 20.0 20.0*X42

124.2 X43 25.0 25.0*X43

139.8 X44 32.0 32.0*X44

155.2 X45 39.9 39.9*X45

174.8 X46 49.9 49.9*X46

194.2 X47 60.0 60.0*X47

16-17 3389.9 0.47 69.8 10.0 33899.0

97.0 X48 17.0 17.0*X48

108.6 X49 20.0 20.0*X49

124.2 X50 25.0 25.0*X50

139.8 X51 32.0 32.0*X51

155.2 X52 39.9 39.9*X52

69.8 X53 10.0 10.0*X53

85.4 X54 14.0 14.0*X54

97.0 X55 17.0 17.0*X55

108.6 X56 20.0 20.0*X56

85.4 X57 14.0 14.0*X57

97.0 X58 17.0 17.0*X58

108.6 X59 20.0 20.0*X59

124.2 X60 25.0 25.0*X60

139.8 X61 32.0 32.0*X61

18-20 2404.5 1.08 69.8 10.0 24045.0

21-22 5336.3 1.79 69.8 10.0 53363.0

69.8 X62 10.0 10.0*X62

85.4 X63 14.0 14.0*X63

23-24 732.2 2.04 69.8 10.0 7322.0

23-25 4149.2 1.34 69.8 10.0 41492.0

21-23 717.3 3.38

16-21 5158.7 5.17

18-19 561.3 8.45

14-16 2929.6 15.17

16-18 1166.0 9.53

12-14 3841.4 20.9

14-15 1187.1 5.73
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ɳˉˇ˃ʷ˄˖ˌ ʶʾ˄ʰʽΥ 

Z = 49.9*X1 + 60*X2 + 85*X3 + 100*X4 + 120*X5 + 49.9*X6 + 60*X7 + 85*X8 + 100*X9 + 120*X10 + 

49.9*X11 + 60*X12 + 85*X13 + 100*X14 + 120*X15 + 10*X16 + 14*X17 + 39.9*X18 + 49.9*X19 + 60*X20 + 

85*X21 + 100*X22 + 10*X23 + 14*X24 + 39.9*X25 + 49.9*X26 + 60*X27 + 85*X28 + 100*X29 + 39.9*X30 + 

49.9*X31 + 60*X32 + 85*X33 + 32*X34 + 39.9*X35 + 49.9*X36 + 60*X37 + 85*X38 + 10*X39 + 14*X40 + 

17*X41 + 20*X42 + 25*X43 + 32*X44 + 39.9*X45 + 49.9*X46 + 60*X47 + 17*X48 + 20*X49 + 25*X50 + 

32*X51 + 39.9*X52 + 10*X53 + 14*X54 + 17*X55 + 20*X56 + 14*X57 + 17*X58 + 20*X59 + 25*X60 + 32*X61 

+ 10*X62 + 14*X63 

ʆˇ˄ʾʸʶˍʰʽ ˈˍʽ ˍˇ ˁˈˋˍˇˌ ˍ˖˄ ʰʴ˖ʴ˗˄ ʊфл ʶʾ˄ʰʽ ˋˍʰʻʶˊˈ ˁʰʽ ʵʶ˄ ˋˎ˃˃ʶˍʷ˔ʶʽ ˋˍʹ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹΣ 

ʰ˂˂ʱ ˉˊˇˋˍʾʻʶˍʰʽ ˋˍˇ ˍʷ˂ˇˌ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ˋˍˇ ʲʶ˂ˍʽˋˍˇˉˇʽʹ˃ʷ˄ˇ ˁˈˋˍˇˌ ˍ˖˄ ʱ˂˂˖˄ ˁ˂ʱʵ˖˄Σ ʴʽʰ 

˄ʰ ʶ˅ʰ˔ʻʶʾ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ˁˈˋˍˇˌ ˍˇˎ ʵʽˁˍˏˇˎΦ ʂ˂ˇʽ ˇʽ ˎˉˇ˂ˇʴʽˋ˃ˇʾ ʷʴʽ˄ʰ˄ ˋˍˇ MS Excel. 

пΦсΦо ɼʰʻˇˊʽˋ˃ˈˌ ˍ˖˄ ʴʶ˖˃ʶˍˊʽˁ˗˄ ˉʶˊʽˇˊʽˋ˃˗˄ 

ʅʶ ˁɦ ʻʶ ˁ˂ʱʵˇΣ ʰˁˈ˃ʰ ˁʽ ʰ˄ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˈ˂ʶˌ ˇʽ ˃ʶˍʰʲ˂ʹˍʷˌ ʰˉˈ˒ʰˋʺˌ ˍˇˎΣ ˍˇ ʱʻˊˇʽˋ˃ʰ 

ˍˇˎˌ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ˅ʶˉʶˊʱˋʶʽ ˍˇ ˃ʺˁˇˌ ˍˇˎ ˁ˂ʱʵˇˎΦ ɴˍˋʽ ˋˍˇ ʵʾˁˍˎˇ ˃ʶ˂ʷˍʹˌ ʻʰ ʽˋ˔ˏʶʽΥ 

 

X1 + X2 + X3 + X4 + X5  = L0-1 = 1446 m          

X6 + X7 + X8 + X9 + X10  = L1-3 = 8445.7 m         

X11 + X12 + X13 + X14 + X15 = L3-5 = 3677.3 m        

X16 + X17 = L5-7 = 1089.6 m          

X18 + X19 + X20 + X21 + X22 = L5-8 = 8666.4 m        

X23 + X24 = L8-9 = 170.1 m          

X25 + X26 + X27 + X28 + X29 = L8-10 = 3422.2 m        

X30 + X31 + X32 + X33 = L10-12 = 2136.0 m        

X34 + X35 + X36 + X37 + X38 = L12-14 = 3841.4 m        

X39 + X40 + X41 + X42 = L14-15 = 1187.1 m        

X43 + X44 + X45 + X46 + X47 = L10-11 = 2929.6 m        

X48 + X49 + X50 + X51 + X52 = L16-18 = 1166.0 m        

X53 + X54 + X55 + X56 = L16-21 = 5158.7 m        

X57 + X58 + X59 + X60 + X61 = L18-19 = 561.3 m        

X62 + X63 = L21-23 = 717.3 m           

 

ɰʷʲʰʽʰ ʵʶ˄ ˉʰˊʰ˂ʶʾˉʶˍʰʽ ˁʰʽ ʹ ˃ʹ ʰˊ˄ʹˍʽˁˈˍʹˍʰ ˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ όʶˉʽˉ˂ʷˇ˄ со ˉʶˊʽˇˊʽˋ˃ˇʾύΥ 

ʋ1 җ лΣ ʋ2 җ лΣ ώΧϐ Σ ʋ63 җ л 

пΦсΦп ɼʰʻˇˊʽˋ˃ˈˌ ˍ˖˄ ˉʶˊʽˇˊʽˋ˃˗˄ ˉʽʶʸˇ˃ʶˍˊʽˁˇˏ ˒ˇˊˍʾˇˎ 

ɱʽʰ ˁʱʻʶ ˁ˂ʱʵˇΣ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶˉʽ˂ʶ˔ʻʶʾ ˍʷˍˇʽʰ ʵʽʱ˃ʶˍˊˇˌ ˗ˋˍʶ ˇʽ ˋˎ˄ˇ˂ʽˁʷˌ ʰˉ˗˂ʶʽʶˌ ˒ˇˊˍʾˇˎ 

ʰˉˈ ˍʹ ʵʶ˅ʰ˃ʶ˄ʺ ˄ʰ ʶʾ˄ʰʽ ˍˇ ˉˇ˂ˏ ʾˋʶˌ ˃ʶ ˍʹ˄ ˎ˕ˇ˃ʶˍˊʽˁʺ ʵʽʰ˒ˇˊʱ ˃ʶˍʰ˅ˏ ˍʹˌ ʵʶ˅ʰ˃ʶ˄ʺˌ ˁʰʽ ˍˇˎ 

ˁˈ˃ʲˇˎ ˉʷˊʰˍˇˌΦ ɮ˄ ʶʾ˄ʰʽ ˃ʽˁˊˈˍʶˊʶˌΣ ˎˉʱˊ˔ʶʽ όʶˉʽʻˎ˃ʹˍʺύ ˉʶˊʾˋˋʶʽʰ ˎʵˊʰˎ˂ʽˁˇˏ ˒ˇˊˍʾˇˎΦ ɮ˄ 
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ʶʾ˄ʰʽ ʾˋʶˌΣ ˍˇ ˉʽʶʸˇ˃ʶˍˊʽˁˈ ˒ˇˊˍʾˇ ˉˊˇˁˏˉˍʶʽ ˃ʹʵʶ˄ʽˁˈΣ ˇˉˈˍʶ ʴʽʰ ˄ʰ ʰˉˇ˒ʶˎ˔ʻʶʾ ˍˇ ʶ˄ʵʶ˔ˈ˃ʶ˄ˇ 

ʶ˂˂ʶʾ˃ʰˍˇˌ ˒ˇˊˍʾˇˎ ˍʾʻʶˍʰʽ ʷ˄ʰ ʵʽʱˋˍʹ˃ʰ ʰˋ˒ʰ˂ʶʾʰˌ ʵΥ 

¶ ʅˍˇˎˌ ˁˈ˃ʲˇˎˌ ς ɻ ʶ˅ʰ˃ʶ˄ʷˌκˎʵʰˍˈˉˎˊʴˇˎˌ ʁ ˋ˖ˍʶˊʽˁ˗˄ ˎʵˊʰʴ˖ʴʶʾ˖˄Σ ˇʽ ʶˉʽˍˊʶˉˈ˃ʶ˄ʶˌ 

ʰˉ˗˂ʶʽʶˌ ˃ʶʽ˗˄ˇ˄ˍʰʽ ˁʰˍʱ м m. 

¶ ʅˍˇˎˌ ʶˋ˖ˍʶˊʽˁˇˏˌ ˁˈ˃ʲˇˎˌ ˍˇˎ ʵʽˁˍˏˇˎ ˉˇˎ ʶʾ˄ʰʽ ˉʽˇ ʰʲʷʲʰʽˇʽΣ ˇʽ ʶˉʽˍˊʶˉˈ˃ʶ˄ʶˌ 

ʰˉ˗˂ʶʽʶˌ ˃ʶʽ˗˄ˇ˄ˍʰʽ ˁʰˍʱ р m. 

 

ɳˉʶʽʵʺ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ʵʾˁˍˎˇ ʲʰˊˏˍʹˍʰˌΣ ʰ˄ ˍʰ ˉʰˊʰˉʱ˄˖ ʵʶ˄ ˁʰˍˇ˔ˎˊ˖ʻˇˏ˄Σ ˂ˈʴ˖ ʶ˂˂ʶʾ˃˃ʰˍˇˌ 

ˎʵˊʰˎ˂ʽˁˇˏ ˒ˇˊˍʾˇˎ ʵʶ˄ ʻʰ ʰˊˁʷˋʶʽ ˍˇ ˄ʶˊˈ ʴʽʰ ˍʰ ˁʰˍʱ˄ˍʹ ˋʹ˃ʶʾʰ ˍˇˎ ʵʽˁˍˏˇˎΦ ʅʶ ʷ˄ʰ˄ ˍʷˍˇʽˇ 

ˁ˂ʱʵˇΣ ʹ ˉʽʶʸˇ˃ʶˍˊʽˁʺ ʴˊʰ˃˃ʺ ʻʰ ˁʰˍʰ˂ʺ˅ʶʽ ˄ʰ ˍʷ˃˄ʶʽ ˍˇ ʷʵʰ˒ˇˌ ˋˍˇ˄ ˁˈ˃ʲˇ ˉʷˊʰˍˇˌΦ 

 

ʆʰ ˉʰˊʰˉʱ˄˖ ʴʽʰ ʷ˄ʰ ˁˈ˃ʲˇ iΣ ˋˎ˄ˇ˕ʾʸˇ˄ˍʰʽ ˋˍʹ ̀ ˔ʷˋʹΥ 

ʅhf (0->i) Җ Z0 ς Zi ς ɻ  

ʂˉˇˎΥ 

ɵ0Σ ˍˇ ˎ˕ˈ˃ʶˍˊˇ ˍʹˌ ʵʶ˅ʰ˃ʶ˄ʺˌ ˋˍʹ˄ ɼΦʅΦɽ 

ɵiΣ ˍˇ ˎ˕ˈ˃ʶˍˊˇ ʶʵʱ˒ˇˎˌ ˍˇˎ ˁˈ˃ʲˇˎ i 

ʵΣ ʷ˄ʰ ʵʽʱˋˍʹ˃ʰ ʰˋ˒ʰ˂ʶʾʰˌ м ʺ р m h ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ ʻʷˋʹ ˍˇˎ ˁˈ˃ʲˇˎ 

 

ɳ˒ˈˋˇ˄ ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄ ˇʽ ˁ˂ʾˋʶʽˌ ʰˉ˖˂ʶʽ˗˄ ˒ˇˊˍʾˇˎ ˋˍˇ˄ ʃʾ˄Φ пΦммΣ ˃ˉˇˊˇˏ˄ ˄ʰ ʵʽʰˍˎˉ˖ʻˇˏ˄ ˇʽ 

ʴˊʰ˃˃ʽˁʷˌ ʰˉ˗˂ʶʽʶˌ ˋʶ ˁʱʻʶ ˁ˂ʱʵˇΣ ˋˎ˄ʰˊˍʺˋʶʽ ˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ʰˉˈ˒ʰˋʹˌΣ ʵʾ˔˖ˌ ˉˊˇˋʰˏ˅ʹˋʹ 

ʴʽʰ ˍʽˌ ˍˇˉʽˁʷˌ ʰˉ˗˂ʶʽʶˌΣ ˇˉˇʾʶˌ ʴʽʰ ˁ˂ʱʵˇˎˌ ˃ʶ ˃ʶʴʱ˂ʰ ˃ʺˁʹ ʻʶ˖ˊˇˏ˄ˍʰʽ ʰ˃ʶ˂ʹˍʷʶˌ όʆˋʰˁʾˊʹˌΣ 

2010ύΦ ʆˇ ˎ˕ˈ˃ʶˍˊˇ ˍʹˌ ʵʶ˅ʰ˃ʶ˄ʺˌ ʶʾ˄ʰʽ Ҍнср m ˁʰʽ ˍʰ ˎ˕ˈ˃ʶˍˊʰ ˍ˖˄ ˁˈ˃ʲ˖˄ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ 

ˋˍˇ˄ ˉʾ˄ʰˁʰ пΦнΦ 
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ʃʾ˄ʰˁʰˌ пΦмм ʇˉˇ˂ˇʴʽˋ˃ˈˌ ʰˉ˖˂ʶʽ˗˄ ˒ˇˊˍʾˇˎ ʰ˄ʱ ˁ˂ʱʵˇ 

 

 

 

 

 

ɼ˂ʱʵˇˌ
ɾʺˁˇˌ  

L (m)

ʃʰˊˇ˔ʺ 

Q (L/s)

 

ɮˉˇʵʶˁˍʷˌ 

ʶˋ˖ˍΦ 

ʵʽʱ˃ʶˍˊˇʽ 

D (mm) 

ɮˉ˗˂ʶʽʶˌ ʰ˄ʱ 

Ƴ ˃ʺˁˇˎˌ         

S (m)

ɾʶˍʰʲ˂ʹˍʺ 

(m)

ʅˎ˄ˇ˂ʽˁʷˌ 

ʴˊʰ˃˃ʽˁʷˌ 

ʰˉ˗˂ʶʽʶˌ ʅƘf 

(m)

174.8 0.0117 X1 лΦлммтϝʋ1

194.2 0.0069 X2 лΦллсфϝʋ2

217.4 0.0039 X3 лΦллофϝʋ3

244.6 0.0021 X4 лΦллнмϝʋ4

275.8 0.0012 X5 лΦллмнϝʋ5

1-2 3011.3 1.59 69.8 0.0034 10.360

174.8 0.0107 X6 лΦлмлтϝʋ6

194.2 0.0063 X7 лΦллсоϝʋ7

217.4 0.0035 X8 лΦллорϝʋ8

244.6 0.0020 X9 лΦллнлϝʋ9

275.8 0.0011 X10 лΦллммϝʋ10

3-4 3155.9 1.59 69.8 0.0034 10.858

174.8 0.0097 X11 лΦллфтϝʋ11

194.2 0.0057 X12 лΦллртϝʋ12

217.4 0.0032 X13 лΦллонϝʋ13

244.6 0.0018 X14 лΦллмуϝʋ14

275.8 0.0010 X15 лΦллмлϝʋ15

5-6 2406.4 1.02 69.8 0.0015 3.669

69.8 0.0104 X16 лΦлмлпϝʋ16

85.4 0.0038 X17 лΦллоуϝʋ17

155.2 0.0138 X18 лΦлмоуϝʋ18

174.8 0.0076 X19 лΦллтсϝʋ19

194.2 0.0044 X20 лΦллппϝʋ20

217.4 0.0025 X21 лΦллнрϝʋ21

244.6 0.0014 X22 лΦллмпϝʋ22

69.8 0.0104 X23 0.0104*X23

85.4 0.0038 X24 0.0038*X24

155.2 0.0112 X25 0.0112*X25

174.8 0.0061 X26 0.0061*X26

194.2 0.0036 X27 0.0036*X27

217.4 0.0020 X28 0.0020*X28

244.6 0.0011 X29 0.0011*X29

10-11 2342.5 1.67 69.8 0.0038 8.825

170.1

3422.2

2.88

27.83

34.91

33.32

31.73

1446.0 

5-7

8445.7

3677.3

1089.6 

8666.4

0-1

1-3

3-5

5-8

8-9

8-10

2.88

24.95
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(ˋˎ˄ʷ˔ʶʽʰ ˉʾ˄ʰˁʰύ 

 

 

155.2 0.0098 X30 0.0098*X30

174.8 0.0054 X31 0.0054*X31

194.2 0.0032 X32 0.0032*X32

217.4 0.0018 X33 0.0018*X33

12-13 636.3 2.38 69.8 0.0073 4.639

139.8 0.0136 X34 0.0136*X34

155.2 0.0080 X35 0.0080*X35

174.8 0.0044 X36 0.0044*X36

194.2 0.0026 X37 0.0026*X37

217.4 0.0015 X38 0.0015*X38

69.8 0.0387 X39 0.0387*X39

85.4 0.0139 X40 0.0139*X40

97.0 0.0073 X41 0.0073*X41

108.6 0.0041 X42 0.0041*X42

124.2 0.0134 X43 0.0134*X43

139.8 0.0073 X44 0.0073*X44

155.2 0.0043 X45 0.0043*X45

174.8 0.0024 X46 0.0024*X46

194.2 0.0014 X47 0.0014*X47

16-17 3389.9 0.47 69.8 0.0004 1.291

97.0 0.0192 X48 0.0192*X48

108.6 0.0108 X49 0.0108*X49

124.2 0.0055 X50 0.0055*X50

139.8 0.0030 X51 0.0030*X51

155.2 0.0018 X52 0.0018*X52

69.8 0.0318 X53 0.0318*X53

85.4 0.0114 X54 0.0114*X54

97.0 0.0060 X55 0.0060*X55

108.6 0.0034 X56 0.0034*X56

85.4 0.0292 X57 0.0292*X57

97.0 0.0153 X58 0.0153*X58

108.6 0.0086 X59 0.0086*X59

124.2 0.0044 X60 0.0044*X60

139.8 0.0024 X61 0.0024*X61

18-20 2404.5 1.08 69.8 0.0017 4.068

21-22 5336.3 1.79 69.8 0.0043 22.864

69.8 0.0141 X62 0.0141*X62

85.4 0.0051 X63 0.0051*X63

23-24 732.2 2.04 69.8 0.0055 4.001

23-25 4149.2 1.34 69.8 0.0025 10.416

717.3

3841.4

1187.1

2929.6

5158.7

561.3

15.17

23.28

16-21

2136.010-12

20.9

5.73

1166.0

3.38

18-19

12-14

14-15

14-16

9.53

5.17

8.45

16-18

21-23
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ɴˍˋʽΣ ˇʽ ˉʶˊʽˇˊʽˋ˃ˇʾ ʵʽʰ˃ˇˊ˒˗˄ˇ˄ˍʰʽ ˖ˌ ʶ˅ʺˌ: 

 

όɼˈ˃ʲˇˌ мΣ ʶˋ˖ˍʶˊʽˁˈˌύ 

0.0117*X1 + 0.0069*X2 + 0.0039*X3 + 0.0021*X4 + 0.0012*X5 Җ нср-151.45-5     [1] 

 
       ɮˉ˗˂ʶʽʶˌ ˁ˂ʱʵˇˎ л-1 

 

όɼˈ˃ʲˇˌ нΣ ʰˁˊʰʾˇˌύ 

0.0117*X1 + 0.0069*X2 + 0.0039*X3 + 0.0021*X4 + 0.0012*X5 Ҍ млΦосл Җ нср-244.80-1     [2] 

        
                 ɮˉ˗˂ʶʽʶˌ ˁ˂ʱʵˇˎ м-2 

 

όɼˈ˃ʲˇˌ оΣ ʶˋ˖ˍʶˊʽˁˈˌύ 

0.0117*X1 + 0.0069*X2 + 0.0039*X3 + 0.0021*X4 + 0.0012*X5 +  

0.0107*X6 + 0.0063*X7 + 0.0035*X8 + 0.0020*X9 + 0.0011*X10 Җ 265-114.71-5      [3] 

 

       ɮˉ˗˂ʶʽʶˌ ˁ˂ʱʵˇˎ 1-3 

 

όɼˈ˃ʲˇˌ пΣ ʰˁˊʰʾˇˌ) 

0.0117*X1 + 0.0069*X2 + 0.0039*X3 + 0.0021*X4 + 0.0012*X5 + 0.0107*X6 + 0.0063*X7 + 0.0035*X8 + 

0.0020*X9 + 0.0011*X10 Ҍ млΦуру Җ нср-135.56-1         [4] 
   

      ɮˉ˗˂ʶʽʶˌ ˁ˂ʱʵˇˎ 3-4 

 

όɼˈ˃ʲˇˌ рΣ ʶˋ˖ˍʶˊʽˁˈˌύ 

0.0117*X1 + 0.0069*X2 + 0.0039*X3 + 0.0021*X4 + 0.0012*X5 + 0.0107*X6 + 0.0063*X7 + 0.0035*X8 + 

0.0020*X9 + 0.0011*X10 + 0.0097*X11 + 0.0057*X12 + 0.0032*X13 + 0.0018*X14 + 0.0010*X15  

Җ 265-110.96-5                            [5]

                 ɮˉ˗˂ʶʽʶˌ ˁ˂ʱʵˇˎ 3-5 

        

όɼˈ˃ʲˇˌ сΣ ʰˁˊʰʾˇˌύ 

0.0117*X1 + 0.0069*X2 + 0.0039*X3 + 0.0021*X4 + 0.0012*X5 + 0.0107*X6 + 0.0063*X7 + 0.0035*X8 + 

0.0020*X9 + 0.0011*X10 + 0.0097*X11 + 0.0057*X12 + 0.0032*X13 + 0.0018*X14 + 0.0010*X15 + 3.669  

Җ 265-131.92-1             ɮˉ˗˂ʶʽʶˌ ˁ˂ʱʵˇˎ 5-6             [6]
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όɼˈ˃ʲˇˌ тΣ ʰˁˊʰʾˇˌύ 

0.0117*X1 + 0.0069*X2 + 0.0039*X3 + 0.0021*X4 + 0.0012*X5 + 0.0107*X6 + 0.0063*X7 + 0.0035*X8 + 

0.0020*X9 + 0.0011*X10 + 0.0097*X11 + 0.0057*X12 + 0.0032*X13 + 0.0018*X14 + 0.0010*X15 +  

0.0104*X16 + 0.0038*X17 Җ нср-134.41-1           [7] 
 

  ɮˉ˗˂ʶʽʶˌ ˁ˂ʱʵˇˎ 5-7 

 

όɼˈ˃ʲˇˌ уΣʶˋ˖ˍʶˊʽˁˈˌύ 

0.0117*X1 + 0.0069*X2 + 0.0039*X3 + 0.0021*X4 + 0.0012*X5 + 0.0107*X6 + 0.0063*X7 + 0.0035*X8 + 

0.0020*X9 + 0.0011*X10 + 0.0097*X11 + 0.0057*X12 + 0.0032*X13 + 0.0018*X14 + 0.0010*X15 +  

0.0138*X18 + 0.0076*X19 + 0.0044*X20 + 0.0025*X21 + 0.0014*X22 Җ 265-104.6-5       [8] 

 
              ɮˉ˗˂ʶʽʶˌ ˁ˂ʱʵˇˎ 5-8 

  

όɼˈ˃ʲˇˌ фΣ ʰˁˊʰʾˇˌύ 

0.0117*X1 + 0.0069*X2 + 0.0039*X3 + 0.0021*X4 + 0.0012*X5 + 0.0107*X6 + 0.0063*X7 + 0.0035*X8 + 

0.0020*X9 + 0.0011*X10 + 0.0097*X11 + 0.0057*X12 + 0.0032*X13 + 0.0018*X14 + 0.0010*X15 + 0.0138*X18 + 

0.0076*X19 + 0.0044*X20 + 0.0025*X21 + 0.0014*X22 + 0.0104*X23 + 0.0038*X24  

Җ нср-119.16-1               [9]

             ɮˉ˗˂ʶʽʶˌ ˁ˂ʱʵˇˎ 8-9 

 

όɼˈ˃ʲˇˌ мл, ʁ ˋ˖ˍʶˊʽˁˈˌ) 

0.0117*X1 + 0.0069*X2 + 0.0039*X3 + 0.0021*X4 + 0.0012*X5 + 0.0107*X6 + 0.0063*X7 + 0.0035*X8 + 

0.0020*X9 + 0.0011*X10 + 0.0097*X11 + 0.0057*X12 + 0.0032*X13 + 0.0018*X14 + 0.0010*X15 + 

0.0138*X18 + 0.0076*X19 + 0.0044*X20 + 0.0025*X21 + 0.0014*X22 +  

0.0112*X25 + 0.0061*X26 + 0.0036*X27 + 0.0020*X28 + 0.0011*Xнф Җ 265-104.55-5    [10] 
 

                 ɮˉ˗˂ʶʽʶˌ ˁ˂ʱʵˇˎ 5-8 

 

όɼˈ˃ʲˇˌ ммΣ ʰˁˊʰʾˇˌ) 

0.0117*X1 + 0.0069*X2 + 0.0039*X3 + 0.0021*X4 + 0.0012*X5 + 0.0107*X6 + 0.0063*X7 + 0.0035*X8 + 

0.0020*X9 + 0.0011*X10 + 0.0097*X11 + 0.0057*X12 + 0.0032*X13 + 0.0018*X14 + 0.0010*X15 + 

0.0138*X18 + 0.0076*X19 + 0.0044*X20 + 0.0025*X21 + 0.0014*X22 + 0.0112*X25 + 0.0061*X26 + 

0.0036*X27 + 0.0020*X28 + 0.0011*Xнф Ҍ уΦунр Җ нср-129.76-1      [11]

             
     ɮˉ˗˂ʶʽʶˌ ˁ˂ʱʵˇˎ 5-8 
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όɼˈ˃ʲˇˌ мнΣ ʶˋ˖ˍʶˊʽˁˈˌ) 

0.0117*X1 + 0.0069*X2 + 0.0039*X3 + 0.0021*X4 + 0.0012*X5 + 0.0107*X6 + 0.0063*X7 + 0.0035*X8 + 

0.0020*X9 + 0.0011*X10 + 0.0097*X11 + 0.0057*X12 + 0.0032*X13 + 0.0018*X14 + 0.0010*X15 + 

0.0138*X18 + 0.0076*X19 + 0.0044*X20 + 0.0025*X21 + 0.0014*X22 + 0.0112*X25 + 0.0061*X26 + 

0.0036*X27 + 0.0020*X28 + 0.0011*X29 +  

0.0098*X30 + 0.0054*X31 + 0.0032*X32 + 0.0018*Xоо Җ нср-104.63-5      [12] 
   
                   ɮˉ˗˂ʶʽʶˌ ˁ˂ʱʵˇˎ 10-12 

 

όɼˈ˃ʲˇˌ моΣ ʰˁˊʰʾˇˌ) 

0.0117*X1 + 0.0069*X2 + 0.0039*X3 + 0.0021*X4 + 0.0012*X5 + 0.0107*X6 + 0.0063*X7 + 0.0035*X8 + 

0.0020*X9 + 0.0011*X10 + 0.0097*X11 + 0.0057*X12 + 0.0032*X13 + 0.0018*X14 + 0.0010*X15 + 

0.0138*X18 + 0.0076*X19 + 0.0044*X20 + 0.0025*X21 + 0.0014*X22 + 0.0112*X25 + 0.0061*X26 + 

0.0036*X27 + 0.0020*X28 + 0.0011*X29 + 0.0098*X30 + 0.0054*X31 + 0.0032*X32 + 0.0018*X33 +  

пΦсоф Җ нср-121.19-1           [13] 
 

  ɮˉ˗˂ʶʽʶˌ ˁ˂ʱʵˇˎ мн-13 

 

όɼˈ˃ʲˇˌ мпΣ ʶˋ˖ˍʶˊʽˁˈˌ) 

0.0117*X1 + 0.0069*X2 + 0.0039*X3 + 0.0021*X4 + 0.0012*X5 + 0.0107*X6 + 0.0063*X7 + 0.0035*X8 + 

0.0020*X9 + 0.0011*X10 + 0.0097*X11 + 0.0057*X12 + 0.0032*X13 + 0.0018*X14 + 0.0010*X15 + 

0.0138*X18 + 0.0076*X19 + 0.0044*X20 + 0.0025*X21 + 0.0014*X22 + 0.0112*X25 + 0.0061*X26 + 

0.0036*X27 + 0.0020*X28 + 0.0011*X29 + 0.0098*X30 + 0.0054*X31 + 0.0032*X32 + 0.0018*X33 + 

0.0136*X34 + 0.0080*X35 + 0.0044*X36 + 0.0026*X37 + 0.0015*Xоу Җ нср-99.25-5 

             [14] 
      ɮˉ˗˂ʶʽʶˌ ˁ˂ʱʵˇˎ 12-14 

 

όɼˈ˃ʲˇˌ мрΣ ʰˁˊʰʾˇˌ) 

0.0117*X1 + 0.0069*X2 + 0.0039*X3 + 0.0021*X4 + 0.0012*X5 + 0.0107*X6 + 0.0063*X7 + 0.0035*X8 + 

0.0020*X9 + 0.0011*X10 + 0.0097*X11 + 0.0057*X12 + 0.0032*X13 + 0.0018*X14 + 0.0010*X15 + 

0.0138*X18 + 0.0076*X19 + 0.0044*X20 + 0.0025*X21 + 0.0014*X22 + 0.0112*X25 + 0.0061*X26 + 

0.0036*X27 + 0.0020*X28 + 0.0011*X29 + 0.0098*X30 + 0.0054*X31 + 0.0032*X32 + 0.0018*X33 + 

0.0136*X34 + 0.0080*X35 + 0.0044*X36 + 0.0026*X37 + 0.0015*X38 +  

0.0387*X39 + 0.0139*X40 + 0.0073*X41 + 0.0041*Xпн Җ нср-111.83-1      [15] 

 
  ɮˉ˗˂ʶʽʶˌ ˁ˂ʱʵˇˎ 14-15 

 

 

όɼˈ˃ʲˇˌ мсΣ ʶˋ˖ˍʶˊʽˁˈˌ) 

0.0117*X1 + 0.0069*X2 + 0.0039*X3 + 0.0021*X4 + 0.0012*X5 + 0.0107*X6 + 0.0063*X7 + 0.0035*X8 + 

0.0020*X9 + 0.0011*X10 + 0.0097*X11 + 0.0057*X12 + 0.0032*X13 + 0.0018*X14 + 0.0010*X15 + 

0.0138*X18 + 0.0076*X19 + 0.0044*X20 + 0.0025*X21 + 0.0014*X22 + 0.0112*X25 + 0.0061*X26 + 

0.0036*X27 + 0.0020*X28 + 0.0011*X29 + 0.0098*X30 + 0.0054*X31 + 0.0032*X32 + 0.0018*X33 + 

0.0136*X34 + 0.0080*X35 + 0.0044*X36 + 0.0026*X37 + 0.0015*X38 + 
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 0.0134*X43 + 0.0073*X44 + 0.0043*X45 + 0.0024*X46 + 0.0014*Xпт Җ нср-91.53-5   [16] 
  

    ɮˉ˗˂ʶʽʶˌ ˁ˂ʱʵˇˎ 14-16 

 

όɼˈ˃ʲˇˌ мтΣʰˁˊʰʾˇˌ) 

0.0117*X1 + 0.0069*X2 + 0.0039*X3 + 0.0021*X4 + 0.0012*X5 + 0.0107*X6 + 0.0063*X7 + 0.0035*X8 + 

0.0020*X9 + 0.0011*X10 + 0.0097*X11 + 0.0057*X12 + 0.0032*X13 + 0.0018*X14 + 0.0010*X15 + 

0.0138*X18 + 0.0076*X19 + 0.0044*X20 + 0.0025*X21 + 0.0014*X22 + 0.0112*X25 + 0.0061*X26 + 

0.0036*X27 + 0.0020*X28 + 0.0011*X29 + 0.0098*X30 + 0.0054*X31 + 0.0032*X32 + 0.0018*X33 + 

0.0136*X34 + 0.0080*X35 + 0.0044*X36 + 0.0026*X37 + 0.0015*X38 + 0.0134*X43 + 0.0073*X44 + 

0.0043*X45 + 0.0024*X46 + 0.0014*X47 + мΦнфм Җ нср-108.80-1      [17] 

 
     ɮˉ˗˂ʶʽʶˌ ˁ˂ʱʵˇˎ мс-17 

 

όɼˈ˃ʲˇˌ муΣ ʶˋ˖ˍʶˊʽˁˈˌ) 

0.0117*X1 + 0.0069*X2 + 0.0039*X3 + 0.0021*X4 + 0.0012*X5 + 0.0107*X6 + 0.0063*X7 + 0.0035*X8 + 

0.0020*X9 + 0.0011*X10 + 0.0097*X11 + 0.0057*X12 + 0.0032*X13 + 0.0018*X14 + 0.0010*X15 + 

0.0138*X18 + 0.0076*X19 + 0.0044*X20 + 0.0025*X21 + 0.0014*X22 + 0.0112*X25 + 0.0061*X26 + 

0.0036*X27 + 0.0020*X28 + 0.0011*X29 + 0.0098*X30 + 0.0054*X31 + 0.0032*X32 + 0.0018*X33 + 

0.0136*X34 + 0.0080*X35 + 0.0044*X36 + 0.0026*X37 + 0.0015*X38 + 0.0134*X43 + 0.0073*X44 + 

0.0043*X45 + 0.0024*X46 + 0.0014*X47 +  

0.0192*X48 + 0.0108*X49 + 0.0055*X50 + 0.0030*X51 + 0.0018*Xрн Җ нср-106.61-5   [18] 

 
                ɮˉ˗˂ʶʽʶˌ ˁ˂ʱʵˇˎ мс-18 

 

όɼˈ˃ʲˇˌ мфΣ ʰˁˊʰʾˇˌ) 

0.0117*X1 + 0.0069*X2 + 0.0039*X3 + 0.0021*X4 + 0.0012*X5 + 0.0107*X6 + 0.0063*X7 + 0.0035*X8 + 

0.0020*X9 + 0.0011*X10 + 0.0097*X11 + 0.0057*X12 + 0.0032*X13 + 0.0018*X14 + 0.0010*X15 + 

0.0138*X18 + 0.0076*X19 + 0.0044*X20 + 0.0025*X21 + 0.0014*X22 + 0.0112*X25 + 0.0061*X26 + 

0.0036*X27 + 0.0020*X28 + 0.0011*X29 + 0.0098*X30 + 0.0054*X31 + 0.0032*X32 + 0.0018*X33 + 

0.0136*X34 + 0.0080*X35 + 0.0044*X36 + 0.0026*X37 + 0.0015*X38 + 0.0134*X43 + 0.0073*X44 + 

0.0043*X45 + 0.0024*X46 + 0.0014*X47 + 0.0192*X48 + 0.0108*X49 + 0.0055*X50 + 0.0030*X51 + 

0.0018*X52 + 0.0292*X57 + 0.0153*X58 + 0.0086*X59 + 0.0044*X60 + 0.0024*X61  

Җ нср-117.13-1            [19] 
            ɮˉ˗˂ʶʽʶˌ ˁ˂ʱʵˇˎ му-19 

 

όɼˈ˃ʲˇˌ нлΣ ʰˁˊʰʾˇˌ) 

0.0117*X1 + 0.0069*X2 + 0.0039*X3 + 0.0021*X4 + 0.0012*X5 + 0.0107*X6 + 0.0063*X7 + 0.0035*X8 + 

0.0020*X9 + 0.0011*X10 + 0.0097*X11 + 0.0057*X12 + 0.0032*X13 + 0.0018*X14 + 0.0010*X15 + 

0.0138*X18 + 0.0076*X19 + 0.0044*X20 + 0.0025*X21 + 0.0014*X22 + 0.0112*X25 + 0.0061*X26 + 

0.0036*X27 + 0.0020*X28 + 0.0011*X29 + 0.0098*X30 + 0.0054*X31 + 0.0032*X32 + 0.0018*X33 + 

0.0136*X34 + 0.0080*X35 + 0.0044*X36 + 0.0026*X37 + 0.0015*X38 + 0.0134*X43 + 0.0073*X44 + 

0.0043*X45 + 0.0024*X46 + 0.0014*X47 + 0.0192*X48 + 0.0108*X49 + 0.0055*X50 + 0.0030*X51 +  

 



ʅʶ˂ʾʵʰ μ 142  
 

0.0018*Xрн Ҍ пΦлсу Җ нср-106.61-1         [20] 

 
    ɮˉ˗˂ʶʽʶˌ ˁ˂ʱʵˇˎ му-20 

 

όɼˈ˃ʲˇˌ нмΣ ʶˋ˖ˍʶˊʽˁˈˌ) 

0.0117*X1 + 0.0069*X2 + 0.0039*X3 + 0.0021*X4 + 0.0012*X5 + 0.0107*X6 + 0.0063*X7 + 0.0035*X8 + 

0.0020*X9 + 0.0011*X10 + 0.0097*X11 + 0.0057*X12 + 0.0032*X13 + 0.0018*X14 + 0.0010*X15 + 

0.0138*X18 + 0.0076*X19 + 0.0044*X20 + 0.0025*X21 + 0.0014*X22 + 0.0112*X25 + 0.0061*X26 + 

0.0036*X27 + 0.0020*X28 + 0.0011*X29 + 0.0098*X30 + 0.0054*X31 + 0.0032*X32 + 0.0018*X33 + 

0.0136*X34 + 0.0080*X35 + 0.0044*X36 + 0.0026*X37 + 0.0015*X38 + 0.0134*X43 + 0.0073*X44 + 

0.0043*X45 + 0.0024*X46 + 0.0014*X47 +  

0.0318*X53 + 0.0114*X54 + 0.0060*X55 + 0.0034*Xрс Җ нср-91.53-5     [21] 

 
                      ɮˉ˗˂ʶʽʶˌ ˁ˂ʱʵˇˎ мс-21 

 

όɼˈ˃ʲˇˌ ннΣ ʰˁˊʰʾˇˌ) 

0.0117*X1 + 0.0069*X2 + 0.0039*X3 + 0.0021*X4 + 0.0012*X5 + 0.0107*X6 + 0.0063*X7 + 0.0035*X8 + 

0.0020*X9 + 0.0011*X10 + 0.0097*X11 + 0.0057*X12 + 0.0032*X13 + 0.0018*X14 + 0.0010*X15 + 

0.0138*X18 + 0.0076*X19 + 0.0044*X20 + 0.0025*X21 + 0.0014*X22 + 0.0112*X25 + 0.0061*X26 + 

0.0036*X27 + 0.0020*X28 + 0.0011*X29 + 0.0098*X30 + 0.0054*X31 + 0.0032*X32 + 0.0018*X33 + 

0.0136*X34 + 0.0080*X35 + 0.0044*X36 + 0.0026*X37 + 0.0015*X38 + 0.0134*X43 + 0.0073*X44 + 

0.0043*X45 + 0.0024*X46 + 0.0014*X47 + 0.0318*X53 + 0.0114*X54 + 0.0060*X55 + 0.0034*X56 +  

ннΦусп Җ нср-125.33-1           [22] 

 

 ɮˉ˗˂ʶʽʶˌ ˁ˂ʱʵˇˎ нм-22 

 

όɼˈ˃ʲˇˌ ноΣ ʶˋ˖ˍʶˊʽˁˈˌ) 

0.0117*X1 + 0.0069*X2 + 0.0039*X3 + 0.0021*X4 + 0.0012*X5 + 0.0107*X6 + 0.0063*X7 + 0.0035*X8 + 

0.0020*X9 + 0.0011*X10 + 0.0097*X11 + 0.0057*X12 + 0.0032*X13 + 0.0018*X14 + 0.0010*X15 + 

0.0138*X18 + 0.0076*X19 + 0.0044*X20 + 0.0025*X21 + 0.0014*X22 + 0.0112*X25 + 0.0061*X26 + 

0.0036*X27 + 0.0020*X28 + 0.0011*X29 + 0.0098*X30 + 0.0054*X31 + 0.0032*X32 + 0.0018*X33 + 

0.0136*X34 + 0.0080*X35 + 0.0044*X36 + 0.0026*X37 + 0.0015*X38 + 0.0134*X43 + 0.0073*X44 + 

0.0043*X45 + 0.0024*X46 + 0.0014*X47 + 0.0318*X53 + 0.0114*X54 + 0.0060*X55 + 0.0034*X56 + 

0.0141*X62 + 0.0051*Xсо Җ нср-101.5-5        [23] 

 
     ɮˉ˗˂ʶʽʶˌ ˁ˂ʱʵˇˎ нм-23 

 

όɼˈ˃ʲˇˌ нпΣ ʰˁˊʰʾˇˌ) 

0.0117*X1 + 0.0069*X2 + 0.0039*X3 + 0.0021*X4 + 0.0012*X5 + 0.0107*X6 + 0.0063*X7 + 0.0035*X8 + 

0.0020*X9 + 0.0011*X10 + 0.0097*X11 + 0.0057*X12 + 0.0032*X13 + 0.0018*X14 + 0.0010*X15 + 

0.0138*X18 + 0.0076*X19 + 0.0044*X20 + 0.0025*X21 + 0.0014*X22 + 0.0112*X25 + 0.0061*X26 + 

0.0036*X27 + 0.0020*X28 + 0.0011*X29 + 0.0098*X30 + 0.0054*X31 + 0.0032*X32 + 0.0018*X33 + 

0.0136*X34 + 0.0080*X35 + 0.0044*X36 + 0.0026*X37 + 0.0015*X38 + 0.0134*X43 + 0.0073*X44 + 
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0.0043*X45 + 0.0024*X46 + 0.0014*X47 + 0.0318*X53 + 0.0114*X54 + 0.0060*X55 + 0.0034*X56 + 

0.0141*X62 + 0.0051*Xсо Ҍ пΦллм Җ нср-136.22-1       [24] 

 
                               ɮˉ˗˂ʶʽʶˌ ˁ˂ʱʵˇˎ нм-24 

 

όɼˈ˃ʲˇˌ нрΣ ʰˁˊʰʾˇˌ) 

0.0117*X1 + 0.0069*X2 + 0.0039*X3 + 0.0021*X4 + 0.0012*X5 + 0.0107*X6 + 0.0063*X7 + 0.0035*X8 + 

0.0020*X9 + 0.0011*X10 + 0.0097*X11 + 0.0057*X12 + 0.0032*X13 + 0.0018*X14 + 0.0010*X15 + 

0.0138*X18 + 0.0076*X19 + 0.0044*X20 + 0.0025*X21 + 0.0014*X22 + 0.0112*X25 + 0.0061*X26 + 

0.0036*X27 + 0.0020*X28 + 0.0011*X29 + 0.0098*X30 + 0.0054*X31 + 0.0032*X32 + 0.0018*X33 + 

0.0136*X34 + 0.0080*X35 + 0.0044*X36 + 0.0026*X37 + 0.0015*X38 + 0.0134*X43 + 0.0073*X44 + 

0.0043*X45 + 0.0024*X46 + 0.0014*X47 + 0.0318*X53 + 0.0114*X54 + 0.0060*X55 + 0.0034*X56 + 

0.0141*X62 + 0.0051*Xсо Ҍ млΦпмс Җ нср-158.34-1       [25] 

 
     ɮˉ˗˂ʶʽʶˌ ˁ˂ʱʵˇˎ но-25 

 

пΦт ɳʃɹɽʇʅɶ 

ɾʶˍʱ ˍʹ˄ ˁʰˍʱˋˍˊ˖ˋʹ ˍ˖˄ ʰ˄ʽˋˇʶ˅ʽˋ˗ˋʶ˖˄Σ ʰˁˇ˂ˇˎʻʶʾ ʹ ʵʽʰˍˏˉ˖ˋʺ ˍˇˎˌ ˋˍˇ LINGOΦ ɴˍˋʽ ʰˊ˔ʽˁʱ 

ʶʽˋʱʴʶˍʰʽ ʹ ˋˎ˄ʱˊˍʹˋʹ ˋˍˈ˔ˇˎ: 
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ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʶʽˋʱʴˇ˄ˍʰʽ ˇʽ ʴʶ˖˃ʶˍˊʽˁˇʾ ˁʰʽ ˒ˎˋʽˁˇʾ ˉʶˊʽˇˊʽˋ˃ˇʾΥ 

 

 

ʆʷ˂ˇˌ ʶʽˋʱʴˇ˄ˍʰʽ ˇʽ ˉʶˊʽˇˊʽˋ˃ˇʾ ˉʽʶʸˇ˃ʶˍˊʽˁˇˏ ˒ˇˊˍʾˇˎ ˅ʶˁʽ˄˗˄ˍʰˌ ʰˉˈ ˍʰ ʰ˄ʱ˄ˍʹΣ 

 

 

ώΧϐ 

 

ˉˊˇˌ ˍʰ ˁʰˍʱ˄ˍʹ ˖ˌ ˁʰʽ ˍˇ˄ ˉʽˇ ʰˉˇ˃ʰˁˊˎˋ˃ʷ˄ˇ ˁˈ˃ʲˇΥ 
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ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʴʾ˄ʶˍʰʽ ʹ ʶˉʾ˂ˎˋʹ ʰˉˈ ˍˇ ˉˊˈʴˊʰ˃˃ʰ ʰˉˈ ˍʹ˄ ˇˉˇʾʰ ʶ˅ʺ˔ʻʹˋʰ˄ ˇʽ ˍʽ˃ʷˌ ˍ˖˄ 

˃ʶˍʰʲ˂ʹˍ˗˄ ʰˉˈ˒ʰˋʹˌ ʋ ˁʰʻ˗ˌ ˁʰʽ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ˁˈˋˍˇˌ ˍ˖˄ ˋ˖˂ʹ˄˗ˋʶ˖˄Φ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ 

ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˎʴˁʶ˄ˍˊ˖ˍʽˁʱ ˋˍˇ˄ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʰ Excel. 

 

ʃʾ˄ʰˁʰˌ пΦмн ɲʽʰˋˍʰˋʽˇ˂ˈʴʹˋʹ ˁʰʽ ˁˇˋˍˇ˂ˈʴʹˋʹ ˍˇˎ ʵʽˁˍˏˇˎ 

 

 

 

ʁ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍˇˎ ˁˈˋˍˇˎˌ ʷʴʽ˄ʶ ʲʱˋʶʽ ˍˇˎ ˍʽ˃ˇ˂ˇʴʾˇˎ ˋˍˇ˄ ʃʾ˄Φ пΦтΦ ʅˍˇ˄ ʃʾ˄Φ пΦмоΣ ˃ʶ ˁˈˁˁʽ˄ˇ 

ʶʾ˄ʰʽ ˇʽ ʵʽʱ˃ʶˍˊˇʽ ˉˇˎ ˍʶ˂ʽˁ˗ˌ ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ˋˍˇ ʵʾˁˍˎˇΦ  

 

ʃʰˊʰˍʺˊʹˋʹΥ ˋˍˇ˄ ˁ˂ʱʵˇ р-у ˇʽ ˂ˏˋʶʽˌ ʶʾ˄ʰʽ ʵˏˇΦ ʂˉ˖ˌ ʰ˄ʰ˒ʷˊʻʹˁʶ ˉʰˊʰˉʱ˄˖Σ ˉˊˇˍʽ˃ʱˍʰʽ ʹ 

ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ˃ʽˁˊˈˍʶˊʹˌ ʵʽʰ˃ʷˍˊˇˎ ʰˉˈ ˍʰ ʰ˄ʱ˄ˍʹ ˉˊˇˌ ˍʰ ˁʰˍʱ˄ˍʹ ʴʽʰ ˄ʰ ˃ʶʽ˖ʻʶʾ ʹ ˉʽʻʰ˄ˈˍʹˍʰ 

ʶ˂˂ʶʾ˃˃ʰˍˇˌ ˒ˇˊˍʾˇˎΦ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʰˎˍʺ ˖ˋˍˈˋˇΣ ʴʽʰ ˂ˈʴˇˎˌ ˇʽˁˇ˄ˇ˃ʽˁˈˍʹˍʰˌΣ ʶ˒ˈˋˇ˄ ˇ 

ʰ˄ɦ˄ˍʹ ˁ˂ʱʵˇˌ о-р ʶʾ˄ʰʽ ʊомрΣ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˋˍˇ˄ р-у ʊомр ˋˍʰ ˉˊ˗ˍʰ стотΦп km ˁʰʽ ˋˍʹ 

ˋˎ˄ʷ˔ʶʽʰ ʊнул ˃ʷ˔ˊʽ ˍˇ ˉʷˊʰˌ ˍˇˎΦ 

 

 

 

ɼ˂ʱʵˇˌ
ɾʶˍʰʲ˂ʹˍʺ 

(m)

ɾʺˁˇˌ  

L (m)

9ˋ˖ˍʶˊʽˁʺ 

ʵʽʱ˃ʶˍˊˇˌ 

D (mm)

ʁ˄ˇ˃ʰˋˍʽˁʺ 

ʵʽʱ˃ʶˍˊˇˌ 

Ď ˄ˇ˃ (mm)

ɮˉ˗˂ʶʽʶˌ 

ʰ˄ʱ Ƴ 

˃ʺˁˇˎˌ         

S (m)

ʅˎ˄ˇ˂ʽˁʷˌ 

ʴˊʰ˃˃ʽˁʷˌ 

ʰˉ˗˂ʶʽʶˌ 

ʅƘf (m)

Yˈˋˍˇˌ 

όϵκƳύ 
Yˈˋˍˇˌ όϵύ

Yˈˋˍˇˌ ɱˊΦ ʃˊˇʴˊΦ 

όϵύ

Yˈˋˍˇˌ 

ɽˇʽˉ˗˄ 

ɼ˂ʱʵ˖˄ όϵύ

0-1 ʋ4 1446.0 244.6 315 0.0021 3.096 100 144600.00 3099722

1-2 3011.3 69.8 90 0.0034 10.360 10 30113.00 LINGO: 3099722

1-3 X9 8445.7 244.6 315 0.0020 16.555 100 844570.00

3-4 3155.9 69.8 90 0.0034 10.858 10 31559.00

3-5 X14 3677.3 244.6 315 0.0018 6.571 100 367730.00

5-6 2406.4 69.8 90 0.0015 3.669 10 24064.00

5-7 X16 1089.6 69.8 90 0.0104 11.370 10 10896.00

ʋ21 1929.0 217.4 280 0.0025 4.856 85 163964.24

ʋ22 6737.4 244.6 315 0.0014 9.401 100 673740.90

8-9 ʋ23 170.1 69.8 90 0.0104 1.775 10 1701.00

8-10 ʋ27 3422.2 194.2 250 0.0036 12.346 60 205332.00

10-11 2342.5 69.8 90 0.0038 8.825 10 23425.00

10-12 ʋ32 2136.0 194.2 250 0.0032 6.756 60 128160.00

12-13 636.3 69.8 90 0.0073 4.639 10 6363.20

12-14 ʋ37 3841.4 194.2 250 0.0026 9.905 60 230484.00

14-15 ʋ39 1187.1 69.8 90 0.0387 45.991 10 11871.00

14-16 ʋ47 2929.6 194.2 250 0.0014 4.133 60 175776.00

16-17 3389.9 69.8 90 0.0004 1.291 10 33899.00

16-18 ʋ48 1166.0 97.0 125 0.0192 22.436 17 19822.00

16-21 ʋ56 5158.7 108.6 140 0.0034 17.604 20 103174.00

18-19 ʋ57 561.3 85.4 110 0.0292 16.401 14 7858.20

18-20 2404.5 69.8 90 0.0017 4.068 10 24045.00

21-22 5336.3 69.8 90 0.0043 22.864 10 53363.00

21-23 ʋ63 717.3 85.4 110 0.0051 3.673 14 10042.20

23-24 732.2 69.8 90 0.0055 4.001 10 7322.00

23-25 4149.2 69.8 90 0.0025 10.416 10 41492.00

5-8

275645

3375367

ʅˏ˄ˇ˂ʽˁˈ ˁˈˋˍˇˌ όϵύ
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ʃʾ˄ʰˁʰˌ пΦмо ɼˈˋˍˇˌ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌ ʰʴ˖ʴˇˏ ˁʰʽ ʶˉʽ˂ʶʴ˃ʷ˄ʶˌ ʵʽʱ˃ʶˍˊˇʽ 

 

 

 

ɶ ʵʰˉʱ˄ʹ ˍ˖˄ ˎˉˈ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ʰʴ˖ʴ˗˄ ʰ˄ʷˊ˔ʶˍʰʽ ˋˍʰ 3.099.722 ϵΦ ɶ ʶˉʽˉ˂ʷˇ˄ ʵʰˉʱ˄ʹ ˍ˖˄  

ʊфл ʰʴ˖ʴ˗˄ ʶʾ˄ʰʽ нтрΦспр ϵΦ ɴˍˋʽΣ ʹ ˋˎ˄ˇ˂ʽˁʺ ʵʰˉʱ˄ʹ ˍˇˎ ʵʽˁˍˏˇˎ ʰ˄ʷˊ˔ʶˍʰʽ ˋˍʰ оΦотрΦнст ϵΦ ʅˍˇ 

ˉʰˊʱˊˍʹ˃ʰ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ˇˊʽʸˇ˄ˍʽˇʴˊʰ˒ʾʰ ˍˇˎ ʵʽˁˍˏˇˎ ˃ʶ ˍʽˌ ʵʽʰ˃ʷˍˊˇˎˌ ˉˇˎ ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄ 

ˁʰʻ˗ˌ ˁʰʽ ˍˇ report ̱ ʹˌ ʶˉʾ˂ˎˋʹˌ ˍˇˎ LINGO. 

4Φу ɶ ʃɹɳɵʁɾɳʆʄɹɼɶ ɱʄɮɾɾɶ 

ʆˇ ˍʶ˂ʶˎˍʰʾˇ ˋˍʱʵʽˇ ˃ʶˍʱ ˍʹ ʵʽʰˋˍʰˋʽˇ˂ˈʴʹˋʹ ˍˇˎ ʵʽˁˍˏˇˎΣ ʶʾ˄ʰʽ ˇ ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍˇˎ ˏ˕ˇˎˌ 

ʶ˄ʷˊʴʶʽʰˌ ˋʶ ˁʱʻʶ ˁˈ˃ʲˇΦ ʇˉˇ˂ˇʴʾʸʶˍʰʽ ʶˉʾˋʹˌ ˍˇ ˏ˕ˇˌ ˉʾʶˋʹˌΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʴʾ˄ʶˍʰʽ ʹ ʰˉʶʽˁˈ˄ʽˋʹ 

ˍʹˌ ʴˊʰ˃˃ʺˌ ʶ˄ʷˊʴʶʽʰˌκˉʽʶʸˇ˃ʶˍˊʽˁʺˌ ʴˊʰ˃˃ʺˌ ˋˍʽ̩ ˍˊʶʽˌ ʵʽʰˋˍʱˋʶʽˌ ˋʶ ˉʶˊʽʲʱ˂˂ˇ˄ Autocad 3D.  

пΦуΦм ʇˉˇ˂ˇʴʽˋ˃ˈˌ ˏ˕ˇˎˌ ʶ˄ʷˊʴʶʽʰˌ ˋˍˇˎˌ ˁˈ˃ʲˇˎˌ 

ɶ ʴˊʰ˃˃ʺ ʶ˄ʷˊʴʶʽʰˌ ʶʾ˄ʰʽ ˃ʽʰ ˋˎ˄ʶ˔ʺˌ ʴˊʰ˃˃ʺ ˉˇˎ ʵʾ˄ʶʽ ˍʹ˄ ˇ˂ʽˁʺ ʶ˄ʷˊʴʶʽʰ ɶ όmύ ˋˍˇ˄ ʰ˄ˍʾˋˍˇʽ˔ˇ 

ˁˈ˃ʲˇ ˍˇˎ ʵʽˁˍˏˇˎΦ ʅˍˇˎˌ ˁ˂ʶʽˋˍˇˏˌ ʰʴ˖ʴˇˏˌ ʽˋ˔ˏʶʽ ˈˍʽΥ 

 

ɶ Ґ ɵ Ҍ   +   Č H = Z +   

 

ɶ ˉʽʶʸˇ˃ʶˍˊʽˁʺ ʴˊʰ˃˃ʺ ʶʾ˄ʰʽ ˉʱ˄ˍʰ ˉʰˊʱ˂˂ʹ˂ʹ ˋˍʹ ʴˊʰ˃˃ʺ ʶ˄ʷˊʴʶʽʰˌ ˁʰʽ ˔ʰ˃ʹ˂ˈˍʶˊʹ ʰˎˍʺˌ ˁʰˍʱ 

. ʆˇ ˏ˕ˇˌ ˍʹˌ ˁʽ˄ʹˍʽˁʺˌ ʶ˄ʷˊʴʶʽʰˌ  ʴʽʰ ˃ʽˁˊʷˌ ˍʰ˔ˏˍʹˍʶˌ ˈˉ˖ˌ ˇʽ ˉʰˊˇˏˋʶˌ ʻʶ˖ˊʶʾˍʰʽ 

ʰ˃ʶ˂ʹˍʷˇΣ ʶˉˇ˃ʷ˄˖ˌ ʶʵ˗ ʹ ʴˊʰ˃˃ʺ ʶ˄ʷˊʴʶʽʰˌ ˍʰˎˍʾʸʶˍʰʽ ˃ʶ ˍʹ˄ ˉʽʶʸˇ˃ʶˍˊʽˁʺ ʴˊʰ˃˃ʺΦ 

 

Dˇ˄ˇ˃ 
(mm) 

ʶ˅˖ˍʶˊʽˁʺ

D (mm) 

ʶˋ˖ˍʶˊʽˁʺ 

Yˈˋˍˇˌ 

όϵκƳύ 

90 69.8 10.00 

110 85.4 14.00 

125 97.0 17.00 

140 108.6 20.00 

160 124.2 25.00 

180 139.8 32.00

200 155.2 39.90 

225 174.8 49.90 

250 194.2 60.00 

280 217.4 85.00 

315 244.6 100.00 

355 275.8 120.00 

400 310.6 155.00 

450 349.6 190.00 

500 388.4 230.00 

560 435.0 270.00 

20 atm
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ɳʽˁˈ˄ʰ пΦс ɱˊʰ˃˃ʺ ʶ˄ʷˊʴʶʽʰˌ ˁʰʽ ˉʽʶʸˇ˃ʶˍˊʽˁʺ ʴˊʰ˃˃ʺ 

ʃʹʴʺΥ ɳˎˋˍˊʰˍʽʱʵʹˌ ϧ ɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ ʅʹ˃ʶʽ˗ˋʶʽˌ ˃ʰʻʺ˃ʰˍˇˌ ζʆˎˉʽˁʱ ˎʵˊʰˎ˂ʽˁʱ ʷˊʴʰηΣ нллр-6 

 

ɾʶ ʴ˄˖ˋˍʷˌ ˉ˂ʷˇ˄ ˍʽˌ ʵʽʰ˃ʷˍˊˇˎˌ ˍ˖˄ ˋ˖˂ʹ˄˗ˋʶ˖˄Σ ˁʰʻ˗ˌ ˁʰʽ ˍʰ ˃ʺˁʹ ˋˍʰ ˇˉˇʾʰ ʰˎˍʷˌ 

ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽΣ ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄ ˇʽ ʴˊʰ˃˃ʽˁʷˌ ʰˉ˗˂ʶʽʶˌ ʅhf όˉʾ˄ʰˁʰˌ пΦмнύ ˋʶ ˁʱʻʶ ˁ˂ʱʵˇΦ 

ɱ˄˖ˊʾʸˇ˄ˍʰˌ ˍʹ ˋˍʱʻ˃ʹ ˍʹˌ ʵʶ˅ʰ˃ʶ˄ʺˌ όɵ0 = +265 m Ґ ɶ0ύΣ ˉˊˇʷˁˎ˕ʰ˄ ʵʽʰʵˇ˔ʽˁʱΣ ʰˉˈ ˍʰ ʰ˄ʱ˄ˍʹ 

ˉˊˇˌ ˍʰ ˁʰˍʱ˄ˍʹ ˍʰ ˏ˕ʹ ʶ˄ʷˊʴʶʽʰˌ ˈ˂˖˄ ˍ˖˄ ˁˈ˃ʲ˖˄Φ ʅʶ ˁʱʻʶ ˁ˂ʱʵˇΣ ʹ ʶ˄ʷˊʴʶʽʰ ɶ ˍˇˎ ˁˈ˃ʲˇˎ 

ˉʷˊʰˍˇˌ i ˉˊˇʷˁˎˉˍʶ ʰˉˈ ˍʹ˄ ʰ˒ʰʾˊʶˋʹ ˍ˖˄ ˋˎ˄ˇ˂ʽˁ˗˄ ʰˉ˖˂ʶʽ˗˄ ʅhf ʰˉˈ ˍˇ ˏ˕ˇˌ ʶ˄ʷˊʴʶʽʰˌ ˍˇˎ 

ˁˈ˃ʲˇˎ ʰˊ˔ʺˌ i-мΦ ɲʹ˂ʰʵʺΥ  

ɶi = Hi-1 - ʅhf(i-1->i) 

 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ˃ʶ ʰ˒ʰʾˊʶˋʹ ˍˇˎ ˎ˕ˇ˃ʷˍˊˇˎ ʶʵʱ˒ˇˎˌ ɵ ʰˉˈ ˍʹ˄ ʶ˄ʷˊʴʶʽʰ HΣ ˉˊˇˁˏˉˍʶʽ ˍˇ ˏ˕ˇˌ 

ˉʾʶˋʹˌ hp ˍˇˎ ˁˈ˃ʲˇˎΦ ʁʽ ˍʽ˃ʷˌ ˍˇˎ ˏ˕ˇˎˌ ˉʾʶˋʹˌΣ ˃ʶ ˍʹ ˃ʽˁˊˈˍʶˊʹ ˄ʰ ʶʾ˄ʰʽ ҌсΦтп mΣ ʶʾ˄ʰʽ ʰˊˁʶˍʱ 

˃ʶʴʰ˂ˏˍʶˊʶˌ ʰˉˈ ˍˇ ˃ʹʵʷ˄Σ ʶˉˇ˃ʷ˄˖ˌ ʶ˅ʰˋ˒ʰ˂ʾʸʶˍʰʽ ʹ ʶˉʱˊˁʶʽʰ ˎʵˊʰˎ˂ʽˁˇˏ ˒ˇˊˍʾˇˎ ʰˁˈ˃ʰ ˁʰʽ 

ˋˍˇˎˌ ˉʽˇ ʰˉˇ˃ʰˁˊˎˋ˃ʷ˄ˇˎˌ ˁˈ˃ʲˇˎˌΦ 
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ʃʾ˄ʰˁʰˌ пΦмп ɱˊʰ˃˃ʺ ʶ˄ʷˊʴʶʽʰˌ ˁʰʽ ˏ˕ʹ ˉʾʶˋʹˌ 

 

 

 

пΦуΦн ʁˉˍʽˁˇˉˇʾʹˋʹ ˍʹˌ ˉʽʶʸˇ˃ʶˍˊʽˁʺˌ ʴˊʰ˃˃ʺˌ 

ɶ ˉʽʶʸˇ˃ʶˍˊʽˁʺ ʴˊʰ˃˃ʺ ˍʰˎˍʾʸʶˍʰʽ ˃ʶ ˍʹ ʴˊʰ˃˃ʺ ʶ˄ʷˊʴʶʽʰˌΦ ʆˇ ˋ˔ʷʵʽˇ ʶʾ˄ʰʽ ˋˎ˄ʹ˃˃ʷ˄ˇ ˋʶ 

ʹ˂ʶˁˍˊˇ˄ʽˁʺ ˃ˇˊ˒ʺ όʲ˂Φ ʃʰˊʱˊˍʹ˃ʰ рύΦ 

пΦф ɮɿɮɽʇʅɶ ɳʇɮɹʅɸɶʅɹɮʅ 

пΦфΦм ɱʶ˄ʽˁʱ 

ʅˍʹ˄ ʰ˄ʱ˂ˎˋʹ ʶˎʰʽˋʻʹˋʾʰˌ ʰ˄ʰʸʹˍ˗˄ˍʰʽ ˇʽ ʶˉʽˉˍ˗ˋʶʽˌ ˉˇˎ ʶˉʽ˒ʷˊʶʽ ˋˍʹ ʲʷ˂ˍʽˋˍʹ ˂ˏˋʹΥ 

¶ ɶ ˃ʶˍʰʲˇ˂ʺ ˍ˖˄ ʰ˄ˍʽˁʶʽ˃ʶ˄ʽˁ˗˄ ˋˎ˄ˍʶ˂ʶˋˍ˗˄ Ŏj 

¶ ɶ ˃ʶˍʰʲˇ˂ʺ ˍ˖˄ ˈˊ˖˄ ōi ̀ ˍˇ ʵʶ˅ʽˈ ˃ʷ˂ˇˌ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˍ˖˄ ˉʶˊʽˇˊʽˋ˃˗˄ 

¶ ɶ ˃ʶˍʰʲˇ˂ʺ ˍ˖˄ ˋˎ˄ˍʶ˂ʶˋˍ˗˄ ŀij ̱ ˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˍ˖˄ ˉʶˊʽˇˊʽˋ˃˗˄ 

¶ ɶ ˉˊˇˋʻʺˁʹκʰ˒ʰʾˊʶˋʹ ˉʶˊʽˇˊʽˋ˃˗˄ 

¶ ɶ ˉˊˇˋʻʺˁʹκʰ˒ʰʾˊʶˋʹ ˃ʶˍʰʲ˂ʹˍ˗˄ 

ɼʁɾɰʁʅɼɽɮɲʁʅʅhf (m) H (m) ɵ όƳύhp (m)

ɲʶ˅ʰ˃ʶ˄ʺ 265.00 265.00 0.00

1 0-1 3.096 261.90 151.45 110.45

2 1-2 10.360 251.54 244.80 6.74

3 1-3 16.555 245.35 114.71 130.64

4 3-4 10.858 234.49 135.56 98.93

5 3-5 6.571 238.78 110.96 127.82

6 5-6 3.669 235.11 131.92 103.19

7 5-7 11.370 227.41 134.41 93.00

4.856

9.401

9 8-9 1.775 222.75 119.16 103.59

10 8-10 12.346 212.17 104.55 107.62

11 10-11 8.825 203.35 129.76 73.59

12 10-12 6.756 205.42 104.63 100.79

13 12-13 4.639 200.78 121.19 79.59

14 12-14 9.905 195.51 99.25 96.26

15 14-15 45.991 149.52 111.83 37.69

16 14-16 4.133 191.38 91.53 99.85

18 16-18 1.291 190.09 106.61 83.48

19 18-19 22.436 167.65 117.13 50.52

20 18-20 17.604 172.48 106.61 65.87

17 16-17 16.401 174.98 108.80 66.18

21 16-21 4.068 187.31 91.53 95.78

22 21-22 22.864 164.45 125.33 39.12

23 21-23 3.673 183.64 101.50 82.14

24 23-24 4.001 179.64 136.22 43.42

25 23-25 10.416 173.22 158.34 14.88

5-88 104.60224.52 119.92
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ɼʱʻʶ ˒ˇˊʱ ˉˊʷˉʶʽ ˄ʰ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˃ʾʰ ˉʶˊʾˉˍ˖ˋʹ ʰˉˈ ˍʽˌ ˉʰˊʰˉʱ˄˖ όʆˋʱ˄ˍʰˌΣ ɾʰʻʹ˃ʰˍʽˁʺ 

ˋ˔ˇ˂ʺ ʃʰ˄Φ ʃʰˍˊ˗˄ύΦ 

ɳ˄ ˉˊˇˁʶʽ˃ʷ˄˖ ʶˉʽ˂ʷ˔ʻʹˁʶ ʹ ˃ʶˍʰʲˇ˂ʺ ˋˍʹ˄ мʹ ˉʶˊʾˉˍ˖ˋʹ ˍʹˌ ˉʰˊˇ˔ʺˌ ʸʺˍʹˋʹˌ ˍ˖˄ ˁ˂ʱʵ˖˄ ˁʰʽ 

ˋˍʹ нʹ ˍʹˌ ˍˊʰ˔ˏˍʹˍʰˌ ˍ˖˄ ʰʴ˖ʴ˗˄Σ ʵʽʰˍʹˊ˗˄ˍʰˌ ˍʽˌ ʾʵʽʶˌ ˃ʶˍʰʲ˂ʹˍʷˌ ʰˉˈ˒ʰˋʹˌΦ ɼʰʽ ˋˍʽˌ ʵˏˇ 

ˉʶˊʽˉˍ˗ˋʶʽˌ ʶˉʹˊʶʱʸˇ˄ˍʰʽ ˇʽ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ʰˊʽˋˍʶˊˇˎ ˃ʷ˂ˇˎˌ ˍ˖˄ ˉʶˊʽˇˊʽˋ˃˗˄ ˉʽʶʸˇ˃ʶˍˊʽˁˇˏ 

˒ˇˊˍʾˇˎΦ 

4.9.2 ɮ˄ʱ˂ˎˋʹ ʶˎʰʽˋʻʹˋʾʰˌ ˖ˌ ˉˊˇˌ ˃ʶˍʰʲˇ˂ʷˌ ̱ ʹˌ ˉʰˊˇ˔ʺˌ ʸʺˍʹˋʹˌ ˍ˖˄ ˁ˂ʱʵ˖˄ 

ɳʵ˗ ʶ˅ʶˍʱʸʶˍʰʽ ˉ˗ˌ ˁʰʽ ˁʰˍʱ ˉˈˋˇ ˃ʶˍʰʲʱ˂˂ʶˍʰʽ ˍˇ ˁˈˋˍˇˌΣ ˈˍʰ˄ ˃ʶˍʰʲʱ˂˂ʶˍʰʽ ʹ ˉʰˊˇ˔ʺ ʸʺˍʹˋʹˌ 

ˍ˖˄ ˁ˂ʱʵ˖˄ QΦ ɳˉʽ˂ʷ˔ʻʹˁʶ ʵˎˋ˔ʷˊʰ˄ˋʹ ˍʹˌ ˁʰˍʱˋˍʰˋʹˌ ˍˇˎ ʵʽˁˍˏˇˎ ˃ʶ ʰˏ˅ʹˋʹ ˍʹˌ ˉʰˊˇ˔ʺˌΦ 

ɾʶʴʰ˂ˏˍʶˊʹ ˉʰˊˇ˔ʺ ˄ʶˊˇˏΣ ʵʹ˂ʰʵʺ ˃ʶʴʰ˂ˏˍʶˊˇˌ ˈʴˁˇˌ ˄ʶˊˇˏ ˋˍʹ ˃ˇ˄ʱʵʰ  ˍˇˎ ˔ˊˈ˄ˇˎ ζʰˉʰʽˍʶʾη 

˄ʰ ˔˖ˊʷˋʶʽ ˋʶ ˃ʶʴʰ˂ˏˍʶˊʹ ʵʽʰˍˇ˃ʺΣ ˇˉˈˍʶ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʰˎ˅ʹʻʶʾ ʹ ʵʽʱ˃ʶˍˊˇˌΦ ʅ˖˂ʺ˄ʶˌ ˃ʶ 

˃ʶʴʰ˂ˏˍʶˊʶˌ ʵʽʰ˃ʷˍˊˇˎˌ ʷ˔ˇˎ˄ ˃ʶʴʰ˂ˏˍʶˊˇ ˁˈˋˍˇˌ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌ ʴʽʰ ˍˇ ʾʵʽˇ ˎ˂ʽˁˈ ˁʰʽ ˍʹ˄ 

ʾʵʽʰ ˁ˂ʱˋʹΦ ɮˎˍˈ ˇʵʹʴʶʾ ˋʶ ʰˏ˅ʹˋʹ ˍˇˎ ˋˎ˄ˇ˂ʽˁˇˏ ˁˈˋˍˇˎˌ ˍˇˎ ʵʽˁˍˏˇˎΦ 

ʆʶ˂ʽˁʱ ʶˉʰ˄ʶˉʽ˂ˏʻʹˁʶ ˍˇ ʵʾˁˍˎˇ ˁʰʽ ʷʴʽ˄ʶ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ʰˎˍˇˏΣ ʴʽʰ ʰˏ˅ʹˋʹ ˍʹˌ ˉʰˊˇ˔ʺˌ мл҈Σ 

мр҈ ˁʰʽ нл҈Σ ʵʽʰˍʹˊ˗˄ˍʰˌ ˍʽˌ ʾʵʽʶˌ ˃ʶˍʰʲ˂ʹˍʷˌ ʰˉˈ˒ʰˋʹˌΦ ɴˍˋʽΣ ˇˎˋʽʰˋˍʽˁʱ ʹ ˃ˈ˄ʹ 

ʵʽʰ˒ˇˊˇˉˇʾʹˋʹ ˁʱʻʶ ˒ˇˊʱ ʷʴˁʶʽˍʰʽ ˋˍʹ˄ ˁʰˍʱˋˍˊ˖ˋʹ ˍ˖˄ ˉʶˊʽˇˊʽˋ˃˗˄ ʰˉ˖˂ʶʽ˗˄ ˒ˇˊˍʾˇˎ όˇʽ 

ˇˉˇʾʶˌ ˉˊˇ˒ʰ˄˗ˌ ʰˎ˅ʱ˄ˇ˄ˍʰʽ ˃ʶ ˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ ˉʰˊˇ˔ʺˌύΦ ɿʰ ˉˊˇˋˍʶʻʶʾ ˈˍʽ ʹ ʵʽʰˍʺˊʹˋʹ ˍ˖˄ 

ʾʵʽ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ʰˉˈ˒ʰˋʹˌΣ ˇʵʹʴʶʾ ˋˍʹ ʵʽʰˍʺˊʹˋʹ ˍˇˎ ˁˈˋˍˇˎˌ ˍ˖˄ ʊфл ʰʴ˖ʴ˗˄ ˉˇˎ ʵʶ˄ 

ʶʽˋʱʴˇ˄ˍʰʽ ˋˍˇ ʴˊʰ˃˃ʽˁˈ ˉˊˈʴˊʰ˃˃ʰΦ 

ʅˍˇ ʃʰˊʱˊˍʹ˃ʰ ˉʰˊʰˍʾʻʶ˄ˍʰʽ ˇʽ ˎʵˊʰˎ˂ʽˁˇʾ ˎˉˇ˂ˇʴʽˋ˃ˇʾ ˁʰʽ ˍˇ ʴˊʰ˃˃ʽˁˈ ˉˊˈʴˊʰ˃˃ʰ όʶ˅ʽˋ˗ˋʶʽˌ 

ˁʰʽ reports ʁ ˉʽ˂ˏˋʶ˖˄ύ ˋˍˇ LINGO ɹ ʽʰ ˁʱʻʶ ˃ʾʰ ʰˉˈ ˍʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ʰˎˍʷˌΦ 
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ʃʾ˄ʰˁʰˌ пΦмр ɮˎ˅ʺˋʶʽˌ ˍʹˌ ˉʰˊˇ˔ʺˌ 

 

 

ɴˍˋʽ ˃ʶˍʱ ˍʹ˄ ʶˉʾ˂ˎˋʹ ˉˊˇʷˁˎ˕ʶΥ 

¶ ɱʽʰ ˍʹ˄ ˉʰˊˇˏˋʰ ˉˊʰʴ˃ʰˍʽˁʺ ˉʰˊˇ˔ʺ QΣ ˍˇ ˁˈˋˍˇˌ ˍ˖˄ ˎˉˇ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ʰʴ˖ʴ˗˄ 

ʰ˄ʺ˂ʻʶ ˋˍʰ оΦлффΦтнн ϵΦ ʆˇ ˁˈˋˍˇˌ ˍ˖˄ ˂ˇʽˉ˗˄ ˁ˂ʱʵ˖˄ ʶʾ˄ʰʽ нтрΦспр ϵΦ ɴˍˋʽΣ ˍˇ ˋˎ˄ˇ˂ʽˁˈ 

ˁˈˋˍˇˌ ˍˇˎ ʵʽˁˍˏˇˎ ʰ˄ʺ˂ʻʶ ˋˍʰ оΦотрΦнст ϵ όʲ˂Φ ɼʶ˒Φ пΦтύΦ 

¶ ɱʽʰ ʰˏ˅ʹˋʹ ˍʹˌ ˉʰˊˇ˔ʺˌ ˁʰˍʱ мл҈ όQΩ Ґ мΦмQύΣ ˍˇ ˁˈˋˍˇˌ ˍ˖˄ ˎˉˇ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ʰʴ˖ʴ˗˄ 

ʰ˄ʺ˂ʻʶ ˋˍʰ оΦофтΦмрл ϵΦ ʆˇ ˁˈˋˍˇˌ ˍ˖˄ ˂ˇʽˉ˗˄ ˁ˂ʱʵ˖˄ ʶʾ˄ʰʽ нтрΦспр ϵ όʰ˒ˇˏ 

ʵʽʰˋˍʰˋʽˇ˂ˇʴʺʻʹˁʰ˄ ˅ʰ˄ʱ ʊфлύΦ ɴˍˋʽΣ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ˁˈˋˍˇˌ ˍˇˎ ʵʽˁˍˏˇˎ ʰ˄ʺ˂ʻʶ ˋˍʰ 

оΦстнΦтфр ϵΦ 

¶ ɱʽʰ ʰˏ˅ʹˋʹ ˍʹˌ ˉʰˊˇ˔ʺˌ ˁʰˍʱ мр҈ όQΩΩ Ґ мΦмрQύΣ ˍˇ ˁˈˋˍˇˌ ˍ˖˄ ˎˉˇ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ 

ʰʴ˖ʴ˗˄ ʰ˄ʺ˂ʻʶ ˋˍʰ оΦрпрΦсоф ϵΦ ʆˇ ˁˈˋˍˇˌ ˍ˖˄ ˂ˇʽˉ˗˄ ˁ˂ʱʵ˖˄ ʶʾ˄ʰʽ нтрΦспр ϵ όʰ˒ˇˏ 

ʵʽʰˋˍʰˋʽˇ˂ˇʴʺʻʹˁʰ˄ ˅ʰ˄ʱ ʊфлύΦ ɴˍˋʽΣ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ˁˈˋˍˇˌ ˍˇˎ ʵʽˁˍˏˇˎ ʰ˄ʺ˂ʻʶ ˋˍʰ 

3.821.284 ϵΦ 

¶ ɱʽʰ ʰˏ˅ʹˋʹ ˍʹˌ ˉʰˊˇ˔ʺˌ ˁʰˍʱ нл҈Σ ˍˇ ˁˈˋˍˇˌΣ ʵʶ˄ ʲˊʷʻʹˁʶ ʶ˒ʽˁˍʺ ˂ˏˋʹ ˉˇˎ ˄ʰ ʽˁʰ˄ˇˉˇʽʶʾ 

ˈ˂ˇˎˌ ˍˇˎˌ ˉʶˊʽˇˊʽˋ˃ˇˏˌ ˍʰˎˍˈ˔ˊˇ˄ʰΦ 
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ʆʰ ˉʰˊʰˉʱ˄˖ ˋˎ˄ˇ˕ʾʸˇ˄ˍʰʽ ˁʰʽ ʰˉʶʽˁˇ˄ʾʸˇ˄ˍʰʽ ˋˍʹ˄ ˁʰ˃ˉˏ˂ʹ ˉˇˎ ʰˁˇ˂ˇˎʻʶʾΥ 

 

 

ʅ˔ʺ˃ʰ пΦм ʅ˔ʷˋʹ ˋˎ˄ˇ˂ʽˁˇˏ ˁˈˋˍˇˎˌ ς ̄ ʰˊˇ˔ʺˌ 

 

ɶ ʶ˅ʾˋ˖ˋʹ ˉˇˎ ˄ʰ ˉʶˊʽʴˊʱ˒ʶʽ ʽˁʰ˄ˇˉˇʽʹˍʽˁˈˍʶˊʰ ʰˎˍʺ ˍʹ ˋ˔ʷˋʹ ʺˍʰ˄ ʹΥ 

C ό˂ύ Ґ -тпΦпсф˂2 Ҍ рнлΦуот˂ Ҍ оϝмл6 

ɾʶ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ʶ˅ʾˋ˖ˋʹˌ ˉˊˇˁˏˉˍʶʽΥ 

C όмύ Ґ оΦппсΦосу ϵ ʰ˄ˍʾ ˍˇˎ ˉˊʰʴ˃ʰˍʽˁˇˏ оΦлффΦтнн ϵ. 

C όмΦмύ Ґ оΦпунΦумо ϵ ʰ˄ˍʾ ˍˇˎ ˉˊʰʴ˃ʰˍʽˁˇˏ оΦофтΦмрл ϵ. 

C όмΦмрύ Ґ оΦрллΦптт ϵ ʰ˄ˍʾ ˍˇˎ ˉˊʰʴ˃ʰˍʽˁˇˏ 3.821.284 ϵ. 

ɴˍˋʽ ʰ˄ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ˍˇ ʵʾˁˍˎˇ ˃ʶ ʰˏ˅ʹˋʹ ˍʹˌ ˉʰˊˇ˔ʺˌ ˁʰˍʱ нл҈ ʺˍʰ˄ ʶ˒ʽˁˍˈ ˄ʰ ʶˉʽ˂ˎʻʶʾΣ ˍˇ 

ˁˈˋˍˇˌ ˍˇˎ ʻʰ ʺˍʰ˄ ˉʶˊʾˉˇˎΥ CόмΦнύ Ґ оΦрмтΦтсф ϵ  

ɳˉʶʽʵʺ ˍʰ ˋʹ˃ʶʾʰ ʶʾ˄ʰʽ ˂ʾʴʰ ˇʽ ʶˁˍʽ˃ʺˋʶʽˌ ʶʾ˄ʰʽ ˂ʾʴˇ ʰʵˊˇ˃ʶˊʶʾˌΦ ɳ˄ˍˇˏˍˇʽˌ ʹ ˁʰ˃ˉˏ˂ʹ ʵʶʾ˔˄ʶʽ ˈˍʽ 

˃ʶ ˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ ˉʰˊˇ˔ʺˌ ʰˎ˅ʱ˄ʶˍʰʽ ˍˇ ˁˈˋˍˇˌ ˍ˖˄ ˎˉˈ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˁ˂ʱʵ˖˄ ˁʰʽ ˃ʱ˂ʽˋˍʰ ˈˋˇ 

ʰˎ˅ʱ˄ʶˍʰʽ ˍˇ ˂Σ ˍˈˋˇ ˂ʽʴˈˍʶˊʹ ʶˎʰʽˋʻʹˋʾʰ ˉʰˊˇˎˋʽʱʸʶʽ ʹ ˍʶ˂ʽˁʺ ˂ˏˋʹΦ 

4.9.3 ɮ˄ʱ˂ˎˋʹ ʶˎʰʽˋʻʹˋʾʰˌ ˖ˌ ˉˊˇˌ ˃ʶˍʰʲˇ˂ʷˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ˍˊʰ˔ˏˍʹˍʰˌ ˍˇˎ PE 

ʅˍˇ ʾʵʽˇ ˃ˇˍʾʲˇ ˃ʶ ˉˊʽ˄Σ ʶ˅ʶˍʱʸʶˍʰʽ ˉ˗ˌ ˁʰʽ ˁʰˍʱ ˉˈˋˇ ˃ʶˍʰʲʱ˂˂ʶˍʰʽ ˍˇ ˁˈˋˍˇˌΣ ˈˍʰ˄ ˃ʶˍʰʲʱ˂˂ʶˍʰʽ 

ʹ ˍˊʰ˔ˏˍʹˍʰ ˍ˖˄ ʰʴ˖ʴ˗˄ kΦ ɳˉʽ˂ʷ˔ʻʹˁʶ ʵˎˋ˔ʷˊʰ˄ˋʹ ˍʹˌ ˁʰˍʱˋˍʰˋʹˌ ˍˇˎ ʵʽˁˍˏˇˎ ˃ʶ ʰˏ˅ʹˋʹ ˍʹˌ 

ˍˊʰ˔ˏˍʹˍʰˌΦ ʂˋˇ ʰˎ˅ʱ˄ʶʽ ʹ ˍˊʰ˔ˏˍʹˍʰ ˍˇˎ ˋ˖˂ʺ˄ʰΣ ˃ʶʽ˗˄ʶˍʰʽ ʹ ˍʰ˔ˏˍʹˍʰΣ ʰˎ˅ʱ˄ˇˎ˄ ˇʽ ˍˊʽʲʷˌ ˃ʶ 

ˍʰ ˍˇʽ˔˗˃ʰˍʰ ˁʰʽ ˍˇ ˄ʶˊˈ ζʵˎˋˁˇ˂ʶˏʶˍʰʽη ˄ʰ ʵʽʷ˂ʻʶʽ ʰˉˈ ˍʹ ʵʽʰˍˇ˃ʺΦ ʁʽ ˍˊʽʲʷˌ ʰˎˍʷˌ ʷ˔ˇˎ˄ ˖ˌ 

ʰˉˇˍʷ˂ʶˋ˃ʰ ˃ʶʴʰ˂ˏˍʶˊʶˌ ʶ˄ʶˊʴʶʽʰˁʷˌ ʰˉ˗˂ʶʽʶˌΣ ˁʱˍʽ ˉˇˎ ˃ʶˍʰʲʱ˂˂ʶʽ ˍˇˎˌ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ˍ˖˄ 

ˉʶˊʽˇˊʽˋ˃˗˄ ʰˉ˖˂ʶʽ˗˄ ˒ˇˊˍʾˇˎΦ 

ɳˉʽˉ˂ʷˇ˄Σ ʲʱˋʶʽ ˍˇˎ ˍˏˉˇˎ V = Σ ʶʾ˄ʰʽ ʶˉˈ˃ʶ˄ˇ ʴʽʰ ˍʹ˄ ʾʵʽʰ ˉʰˊˇ˔ʺΣ ʹ ˃ʶʾ˖ˋʹ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌ ˄ʰ 

ˋˎ˄ʵʷʶˍʰʽ ˃ʶ ʰˏ˅ʹˋʹ ˍʹˌ ʵʽʰ˃ʷˍˊˇˎ ˁʰʽ ˁʰˍʱ ˍʰ ʴ˄˖ˋˍʱ ˋ˖˂ʺ˄ʶˌ ˃ʶ ˃ʶʴʰ˂ˏˍʶˊʶˌ ʵʽʰ˃ʷˍˊˇˎˌ 

ʷ˔ˇˎ˄ ˃ʶʴʰ˂ˏˍʶˊˇ ˁˈˋˍˇˌ ʰ˄ʱ ˃ʷˍˊˇ ˃ʺˁˇˎˌ ʴʽʰ ˍˇ ʾʵʽˇ ˎ˂ʽˁˈ ˁʰʽ ˍʹ˄ ʾʵʽʰ ˁ˂ʱˋʹΦ ɮˎˍˈ ˇʵʹʴʶʾ ˋʶ 

ʰˏ˅ʹˋʹ ˍˇˎ ˋˎ˄ˇ˂ʽˁˇˏ ˁˈˋˍˇˎˌ ˍˇˎ ʵʽˁˍˏˇˎΦ 
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ʆʶ˂ʽˁʱ ʶˉʰ˄ʶˉʽ˂ˏʻʹˁʶ ˍˇ ʵʾˁˍˎˇ ˁʰʽ ʷʴʽ˄ʶ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ʰˎˍˇˏΣ ʴʽʰ ʰˏ˅ʹˋʹ ˍʹˌ ˍˊʰ˔ˏˍʹˍʰˌ мл҈Σ 

мр҈ ˁʰʽ нл҈Σ ʵʽʰˍʹˊ˗˄ˍʰˌ ˍʽˌ ʾʵʽʶˌ ˃ʶˍʰʲ˂ʹˍʷˌ ʰˉˈ˒ʰˋʹˌΦ 

 

ʃʾ˄ʰˁʰˌ пΦмс ɾʶˍʰʲˇ˂ʷˌ ˍʹˌ ˍˊʰ˔ˏˍʹˍʰˌ 

 

ɴˍˋʽ ˃ʶˍʱ ˍʹ˄ ʶˉʾ˂ˎˋʹ ˉˊˇʷˁˎ˕ʶΥ 

¶ ɱʽʰ ˍʹ˄ ˉʰˊˇˏˋʰ ˉˊʰʴ˃ʰˍʽˁʺ ˍˊʰ˔ˏˍʹˍʰ kΣ ˍˇ ˁˈˋˍˇˌ ˍ˖˄ ˎˉˇ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ʰʴ˖ʴ˗˄ 

ʰ˄ʺ˂ʻʶ ˋˍʰ оΦлффΦтнн ϵΦ ʆˇ ˁˈˋˍˇˌ ˍ˖˄ ˂ˇʽˉ˗˄ ˁ˂ʱʵ˖˄ ʶʾ˄ʰʽ нтрΦспр ϵΦ ɴˍˋʽΣ ˍˇ ˋˎ˄ˇ˂ʽˁˈ 

ˁˈˋˍˇˌ ˍˇˎ ʵʽˁˍˏˇˎ ʰ˄ʺ˂ʻʶ ˋˍʰ оΦотрΦнст ϵ όʲ˂Φ ɼʶ˒Φ пΦтύΦ 

¶ ɱʽʰ ʰˏ˅ʹˋʹ ˍʹˌ ˍˊʰ˔ˏˍʹˍʰˌ ˁʰˍʱ мл҈ όkΩ Ґ мΦмkύΣ ˍˇ ˁˈˋˍˇˌ ˍ˖˄ ˎˉˇ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ 

ʰʴ˖ʴ˗˄ ʰ˄ʺ˂ʻʶ ˋˍʰ оΦммрΦфмп ϵΦ ʆˇ ˁˈˋˍˇˌ ˍ˖˄ ˂ˇʽˉ˗˄ ˁ˂ʱʵ˖˄ ʶʾ˄ʰʽ нтрΦспр ϵ όʰ˒ˇˏ 

ʵʽʰˋˍʰˋʽˇ˂ˇʴʺʻʹˁʰ˄ ˅ʰ˄ʱ ʊфлύΦ ɴˍˋʽΣ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ˁˈˋˍˇˌ ˍˇˎ ʵʽˁˍˏˇˎ ʰ˄ʺ˂ʻʶ ˋˍʰ 

3.391.559 ϵΦ 

¶ ɱʽʰ ʰˏ˅ʹˋʹ ˍʹˌ ˍˊʰ˔ˏˍʹˍʰˌ ˁʰˍʱ мр҈ όkΩΩ Ґ мΦмрkύΣ ˍˇ ˁˈˋˍˇˌ ˍ˖˄ ˎˉˇ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ 

ʰʴ˖ʴ˗˄ ʰ˄ʺ˂ʻʶ ˋˍʰ 3.117.308 ϵΦ ʆˇ ˁˈˋˍˇˌ ˍ˖˄ ˂ˇʽˉ˗˄ ˁ˂ʱʵ˖˄ ʶʾ˄ʰʽ нтрΦспр ϵ όʰ˒ˇˏ 

ʵʽʰˋˍʰˋʽˇ˂ˇʴʺʻʹˁʰ˄ ˅ʰ˄ʱ ʊфлύΦ ɴˍˋʽΣ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ˁˈˋˍˇˌ ˍˇˎ ʵʽˁˍˏˇˎ ʰ˄ʺ˂ʻʶ ˋˍʰ 

3.392.953 ϵΦ 

¶ ɱʽʰ ʰˏ˅ʹˋʹ ˍʹˌ ˍˊʰ˔ˏˍʹˍʰˌ ˁʰˍʱ нл҈ όkΩΩΩ Ґ мΦнлkύΣ ˍˇ ˁˈˋˍˇˌ ˍ˖˄ ˎˉˇ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ 

ʰʴ˖ʴ˗˄ ʰ˄ʺ˂ʻʶ ˋˍʰ оΦммфΦнпт ϵΦ ʆˇ ˁˈˋˍˇˌ ˍ˖˄ ˂ˇʽˉ˗˄ ˁ˂ʱʵ˖˄ ʶʾ˄ʰʽ нтрΦспр ϵ όʰ˒ˇˏ 

ʵʽʰˋˍʰˋʽˇ˂ˇʴʺʻʹˁʰ˄ ˅ʰ˄ʱ ʊфлύΦ ɴˍˋʽΣ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ˁˈˋˍˇˌ ˍˇˎ ʵʽˁˍˏˇˎ ʰ˄ʺ˂ʻʶ ˋˍʰ 

3.394.892 ϵΦ 

ʆʰ ˉʰˊʰˉʱ˄˖ ˋˎ˄ˇ˕ʾʸˇ˄ˍʰʽ ˁʰʽ ʰˉʶʽˁˇ˄ʾʸˇ˄ˍʰʽ ˋˍʹ˄ ˁʰ˃ˉˏ˂ʹ ˉˇˎ ʰˁˇ˂ˇˎʻʶʾΥ 

 

ʅ˔ʺ˃ʰ пΦн ʅ˔ʷˋʹ ˋˎ˄ˇ˂ʽˁˇˏ ˁˈˋˍˇˎˌ ς ̱ ˊʰ˔ˏˍʹˍʰˌ 

ʆˊʰ˔ˏˍʹˍʰ 

PE k (mm)

ʆˊʰ˔ˏˍʹˍʰ 

PE 1.1k 

(mm)

ʆˊʰ˔ˏˍʹˍʰ 

PE 1.15k 

(mm)

ʆˊʰ˔ˏˍʹˍʰ 

PE 1.2k 

(mm)

0.100 0.110 0.115 0.120
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ɶ ʶ˅ʾˋ˖ˋʹ ˉˇˎ ˄ʰ ˉʶˊʽʴˊʱ˒ʶʽ ʽˁʰ˄ˇˉˇʽʹˍʽˁˈˍʶˊʰ ʰˎˍʺ ˍʹ ˋ˔ʷˋʹ ʺˍʰ˄ ʹΥ 

C ό˂ύ Ґ -оΦрсоΣо˂2 Ҍ ноΦумо˂ Ҍ оϝмл6 

ɾʶ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ʶ˅ʾˋ˖ˋʹˌ ˉˊˇˁˏˉˍʶʽΥ 

C όмύ Ґ оΦлнлΦнрл ϵ ʰ˄ˍʾ ˍˇˎ ˉˊʰʴ˃ʰˍʽˁˇˏ оΦлффΦтнн ϵ. 

C όмΦмύ Ґ оΦлнмΦууо ϵ ʰ˄ˍʾ ˍˇˎ ˉˊʰʴ˃ʰˍʽˁˇˏ оΦммрΦфмп ϵ. 

C όмΦмрύ Ґ оΦлннΦстн ϵ ʰ˄ˍʾ ˍˇˎ ˉˊʰʴ˃ʰˍʽˁˇˏ 3.117.308 ϵ. 

C όмΦнύ Ґ оΦлноΦппп ϵ ʰ˄ˍʾ ˍˇˎ ˉˊʰʴ˃ʰˍʽˁˇˏ оΦммфΦнпт ϵ.  

ɳˉʶʽʵʺ ˍʰ ˋʹ˃ʶʾʰ ʶʾ˄ʰʽ ˂ʾʴʰ ˇʽ ʶˁˍʽ˃ʺˋʶʽˌ ʶʾ˄ʰʽ ˂ʾʴˇ ʰʵˊˇ˃ʶˊʶʾˌΦ ɳ˄ˍˇˏˍˇʽˌ ʹ ˁʰ˃ˉˏ˂ʹ ʵʶʾ˔˄ʶʽ ˈˍʽ 

˃ʶ ˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ ˍˊʰ˔ˏˍʹˍʰˌ ʰˎ˅ʱ˄ʶˍʰʽ ˍˇ ˁˈˋˍˇˌ ˍ˖˄ ˎˉˈ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˁ˂ʱʵ˖˄Σ ʰ˂˂ʱ ˋʶ 

ˁʰ˃ʾʰ ˉʶˊʾˉˍ˖ˋʹ ˃ʶ ˍʹ˄ ʾʵʽʰ ʶˎʰʽˋʻʹˋʾʰ ˃ʶ ˍʹ˄ ˇˉˇʾʰ ʰˎ˅ʱ˄ʶˍʰʽ ʴʽʰ ʽˋˇˉˇˋˇˋˍʽʰʾʶˌ ʰˎ˅ʺˋʶʽˌ ˍʽˌ 

ˉʰˊˇ˔ʺˌΦ 

4.9.4 ʅˎ˃ˉʷˊʰˋ˃ʰ 

ʅˎ˃ˉʶˊʰˋ˃ʰˍʽˁʱΣ ˇʽ ʵʽʰ˒ˇˊʱ ˍʹˌ ʵʰˉʱ˄ʹˌ ˁʰʽ ˋˍʽˌ ʵˏˇ ˉʶˊʽˉˍ˗ˋʶʽˌ όˋˍʹ нʹ ˋʶ ˃ʶʴʰ˂ˏˍʶˊˇ 

ʲʰʻ˃ˈύ ʵʶ˄ ʻʶ˖ˊʶʾˍʰʽ ˋʹ˃ʰ˄ˍʽˁʱ ˃ʶʴʱ˂ʹΦ ɮˎˍˈ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ˍˇ ˃ˇ˄ˍʷ˂ˇ ˉʰˊˇˎˋʽʱʸʶʽ ʶˎˋˍʱʻʶʽʰΣ 

ˉˇˎ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ˁˇ˄ˍʱ ˋˍʹ ʲʷ˂ˍʽˋˍʹ ˂ˏˋʹ ʲˊʾˋˁˇ˄ˍʰʽ ˁʰʽ ʱ˂˂ʶˌ ˉʰˊʶ˃˒ʶˊʶʾˌ ˂ˏˋʶʽˌΣ ˉˇˎ ˃ˉˇˊʶʾ 

˄ʰ ˃ʹ˄ ʶʾ˄ʰʽ ˇʽ ʲʷ˂ˍʽˋˍʶˌΣ ʶʾ˄ʰʽ ˈ˃˖ˌ ʽˁʰ˄ˇˉˇʽʹˍʽˁʷˌΦ ɾʽʰ ˍʷˍˇʽʰ ˂ˏˋʹ ʶʾ˄ʰʽ ˁʰʽ ʹ ʶˁˍʾ˃ʹˋʹ ˍ˖˄ 

˃ʶ˂ʶˍʹˍ˗˄ ˋˍˇ ʶ˄ ˂ˈʴ˖ ʵʾˁˍˎˇΦ 

пΦмл ʅʇɱɼʄɹʅɶ ɾɳ ʆɶɿ ʇʃɮʄʋʁʇʅɮ ɾɳɽɳʆɶ 

ʅ̱ ˇ ʵʾˁˍˎˇ ˏʵˊʶˎˋʹˌ ˍʹˌ ʰ˄ʰˍˇ˂ʽˁʺˌ ˉ˂ʶˎˊʱˌ ˍˇˎ ɿΦ ɼʰˊʵʾˍˋʰˌΣ ʰˁˇ˂ˇˎʻʶʾ ˃ʾʰ ˋˏʴˁˊʽˋʹ ˃ʶˍʰ˅ˏ 

ˍˇˎ ʵʽˁˍˏˇˎ ˍʹˌ ˃ʶ˂ʷˍʹˌ ʹ ʵʽʰˋˍʰˋʽˇ˂ˈʴʹˋʹ ˍˇˎ ˇˉˇʾˇˎ ʵʶ˄ ʶ˅ʺ˔ʻʹ ʰˉˈ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˁʰʽ ˍˇˎ 

ʾʵʽˇˎ ʵʽˁˍˏˇˎ ˃ʶ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ʵʽʰˋˍʰˋʽˇ˂ˇʴʹ˃ʷ˄ˇˎ ˈˉ˖ˌ ʷʴʽ˄ʶ ˋˍˇ ˉˊˇʹʴˇˏ˃ʶ˄ˇ ˁʶ˒ʱ˂ʰʽˇΦ 

ɳ˒ˈˋˇ˄ ˁʰʽ ˋˍʹ ˃ʾʰ ˁʰʽ ˋˍʹ˄ ʱ˂˂ʹ ˉʶˊʾˉˍ˖ˋʹ ʽˁʰ˄ˇˉˇʽˇˏ˄ˍʰʽ ˈ˂ˇʽ ˇʽ ˉʶˊʽˇˊʽˋ˃ˇʾ όˁʱˍʽ ˍˇ ˇˉˇʾˇ 

ˁʰˍʰʵʶʽˁ˄ˏʶˍʰʽ ˋˍʽˌ ˍʽ˃ʷˌ ˍ˖˄ ˎ˕˗˄ ˉʾʶˋʹˌ hp ˉˇˎ ʶ˄ ˍʷ˂ʶʽ ˉˊˇʷˁˎ˕ʰ˄ύΣ ʹ ˋˏʴˁˊʽˋʹ ʷʴˁʶʽˍʰʽ ˋˍʹ˄ 

ˇʽˁˇ˄ˇ˃ʽˁˈˍʹˍʰ ˍˇˎ ʵʽˁˍˏˇˎΣ ʵʹ˂ʰʵʺ ˋˍˇ ˍʶ˂ʽˁˈ ˋˎ˄ˇ˂ʽˁˈ ˍˇˎ ˁˈˋˍˇˌΦ 

ɴˍˋʽ ˂ˇʽˉˈ˄Σ ˋˍˇ ʵʾˁˍˎˇ ˍʹˌ ˇˊʽˋˍʽˁʺˌ ˃ʶ˂ʷˍʹˌ όʄˈʽˁˇˌΣ ɾˉˇˎ˂ˇˎʴˇˏˊʹˌΣ ʆˋʾˍˋʹˌΣ нлммύ ˁʰʽ ˋˍˇ 

ʲʶ˂ˍʽˋˍˇˉˇʽʹ˃ʷ˄ˇ ʵʾˁˍˎˇΣ ˇʽ ʵʽʱ˃ʶˍˊˇʽ ʺˍʰ˄ ˇʽ ʶ˅ʺˌΥ 
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ʃʾ˄ʰˁʰˌ п.17 ɲʽʰˋˍʰˋʽˇ˂ˈʴʹˋʹ ˁʰʽ ˁˇˋˍˇ˂ˈʴʹˋʹ ˍˇˎ ʵʽˁˍˏˇˎ ˃ʶ ˍʹ ˃ʷʻˇʵˇ ˍˇˎ ʴˊʰ˃˃ʽˁˇˏ 

ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ 

 

 

 

 

 

 

 

 

 

 

 

ɼ˂ʱʵˇˌ

9ˋ˖ˍʶˊʽˁʺ 

ʵʽʱ˃ʶˍˊˇˌ 5 

(mm)

Yˈˋˍˇˌ όϵύʇ˂ʽˁˈ
ʅˏ˄ˇ˂ʽˁˈ 

ˁˈˋˍˇˌ όϵύ

0-1 244.6 144600.00 PE 20 atm3,375,367

1-2 69.8 30113.00 PE 20 atm

1-3 244.6 844570.00 PE 20 atm

3-4 69.8 31559.00 PE 20 atm

3-5 244.6 367730.00 PE 20 atm

5-6 69.8 24064.00 PE 20 atm

5-7 69.8 10896.00 PE 20 atm

217.4 163964.24 PE 20 atm

244.6 673740.90 PE 20 atm

8-9 69.8 1701.00 PE 20 atm

8-10 194.2 205332.00 PE 20 atm

10-11 69.8 23425.00 PE 20 atm

10-12 194.2 128160.00 PE 20 atm

12-13 69.8 6363.20 PE 20 atm

12-14 194.2 230484.00 PE 20 atm

14-15 69.8 11871.00 PE 20 atm

14-16 194.2 175776.00 PE 20 atm

16-17 69.8 33899.00 PE 20 atm

16-18 97.0 19822.00 PE 20 atm

16-21 108.6 103174.00 PE 20 atm

18-19 85.4 7858.20 PE 20 atm

18-20 69.8 24045.00 PE 20 atm

21-22 69.8 53363.00 PE 20 atm

21-23 85.4 10042.20 PE 20 atm

23-24 69.8 7322.00 PE 20 atm

23-25 69.8 41492.00 PE 20 atm

ɰɳɽʆɹʅʆʁʃʁɹɶʅɶ 

5-8
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ʃʾ˄ʰˁʰˌ пΦму ɲʽʰˋˍʰˋʽˇ˂ˈʴʹˋʹ ˁʰʽ ˁˇˋˍˇ˂ˈʴʹˋʹ ˍˇˎ ʵʽˁˍˏˇˎ ʰˉˈ ˍʹ˄ ˇˊʽˋˍʽˁʺ ˃ʶ˂ʷˍʹ 

 

 

ʆˇ ˋˎ˄ˇ˂ʽˁˈ ˁˈˋˍˇˌ ˍˇˎ ʵʽˁˍˏˇˎ ˃ʶˍʱ ˍʹ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ʰ˄ʷˊ˔ʶˍʰʽ ˋˍʰ оΦотрΦост ϵΣ ʶ˄˗ ˍˇ 

ʰ˄ˍʾˋˍˇʽ˔ˇ ˍʹˌ ˃ʶ˂ʷˍʹˌ ʰ˄ʷˊ˔ʶˍʰʽ ˋˍʰ оΦпрсΦурл ϵΦ  

ʃˊˈˁʶʽˍʰʽ ʵʹ˂ʰʵʺ ʴʽʰ ʶ˅ˇʽˁˇ˄ˈ˃ʹˋʹ умΦпуо ϵ, ̄ ˇˋˈ ˉˇ˂ˏ ˋʹ˃ʰ˄ˍʽˁˈΣ ʰ˄ʶ˅ʱˊˍʹˍʰ ʰˉˈ ˍʹ˄ ˁ˂ʾ˃ʰˁʰ 

ˍˇˎ ʷˊʴˇˎΦ ɮ˄ ʰ˄ʰ˂ˇʴʽˋˍʶʾ ˁʰ˄ʶʾˌ ˃ʱ˂ʽˋˍʰ ˈˍʽ ˍˇ ʵʾˁˍˎˇ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ о ˁ˂ʱʵˇˎˌ όɮΩΣ ɰΩΣ ɱΩύ 

ˋˎ˄ˇ˂ʽˁʱ ˇ ˉʶˊʽˇˊʽˋ˃ˈˌ ˍʹˌ ʵʰˉʱ˄ʹˌ ʴʾ˄ʶˍʰʽ ʰˁˈ˃ʰ ˃ʶʴʰ˂ˏˍʶˊˇˌΦ ʃˇˋˇˋˍʽʰʾʰΣ ʹ ʶ˅ˇʽˁˇ˄ˈ˃ʹˋʹ 

ʶʾ˄ʰʽ Ғ 2.5 %. 

ɾʾʰ ʵʶˏˍʶˊʹ ˋˏʴˁˊʽˋʹ ˃ˉˇˊʶʾ ˄ʰ ʴʾ˄ʶʽ ʰ˄ʱ˃ʶˋʰ ˋˍʰ ˏ˕ʹ ˉʾʶˋʹˌΦ 

 

 

ɼ˂ʱʵˇˌ
ɾʺˁˇˌ  [ 

(m)

9ˋ˖ˍʶˊʽˁʺ 

ʵʽʱ˃ʶˍˊˇˌ 

D (mm)

Yˈˋˍˇˌ 

όϵκƳύ
ʇ˂ʽˁY̍ˈˋˍˇˌ όϵύ

ʅˏ˄ˇ˂ʽˁˈ 

ˁˈˋˍˇˌ όϵύ

0-1 1446.0 300 100.00 Duc. Iron 144600.00 3,456,850

1-2 3011.3 90 13.00 PE 16 atm 39146.90

1-3 8445.7 300 100.00 Duc. Iron 844570.00

3-4 3155.9 85.4 14.00 PE 20 atm 44182.60

3-5 3677.3 300 100.00 Duc. Iron 367730.00

5-6 2406.4 85.4 14.00 PE 20 atm 33689.60

5-7 1089.6 85.4 14.00 PE 20 atm 15254.40

8-9 170.1 85.4 14.00 PE 20 atm 2381.40

8-10 3422.2 217.4 85.00 PE 20 atm290887.00

10-11 2342.5 85.4 14.00 PE 20 atm 32795.00

10-12 2136.0 194.2 60.00 PE 20 atm128160.00

12-13 636.3 85.4 14.00 PE 20 atm 8908.20

12-14 3841.4 194.2 60.00 PE 20 atm230484.00

14-15 1187.1 97.0 17.00 PE 20 atm 20180.70

14-16 2929.6 155.2 39.90 PE 20 atm116891.04

16-17 3389.9 85.4 14.00 PE 20 atm 47458.60

16-18 1166.0 108.6 20.00 PE 20 atm 23320.00

16-21 5158.7 124.2 25.00 PE 20 atm128967.50

18-19 561.3 97.0 17.00 PE 20 atm 9542.10

18-20 2404.5 85.4 14.00 PE 20 atm 33663.00

21-22 5336.3 85.4 14.00 PE 20 atm 74708.20

21-23 717.3 108.6 20.00 PE 20 atm 14346.00

23-24 732.2 85.4 14.00 PE 20 atm 10250.80

23-25 4149.2 85.4 14.00 PE 20 atm 58088.80

ɾɳɽɳʆɶ

85.008666.4 PE 20 atm736644.005-8 217.4
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ʃʾ˄ʰˁʰˌ пΦмф ʅˏʴˁˊʽˋʹ ˍ˖˄ ˎ˕˗˄ ˉʾʶˋʹˌ  

 

 

ʃʰˊʰˍʹˊʶʾˍʰʽ ˈˍʽ ˍˇ ˏ˕ˇˌ ˉʾʶˋʹˌ ˋˍˇˎˌ ˉʶˊʽˋˋˈˍʶˊˇˎˌ ˁˈ˃ʲˇˎˌ ˃ʶʽ˗˄ʶˍʰʽΣ ˇˏˍ˖ˌ ʺ ʱ˂˂˖ˌ ˈ˃˖ˌ 

ˁʰʽ ˋˍʽˌ ʵˏˇ ˉʶˊʽˉˍ˗ˋʶʽˌ ʹ ˉʾʶˋʹ ʻʰ ˊˎʻ˃ʽˋˍʶʾ ˃ʶ ʲʰ˂ʲʾʵʶˌ ʶ˂ʷʴ˔ˇˎΦ 

 

 

 

 

 

 

 

 

ɼʁɾɰʁʅɰɳɽʆκʅɶʅɾɳɽɳʆɶʅɲʽʰ˒ˇˊʱ

ɲʶ˅ʰ˃ʶ˄ʺ0.00 0.00 0.00

1 110.45 112.32 -1.87

2 6.74 15.79 -9.05

3 130.64 142.46 -11.82

4 98.93 117.31 -18.38

5 127.82 143.59 -15.77

6 103.19 121.14 -17.95

7 93.00 115.81 -22.81

8 119.92 127.45 -7.53

9 103.59 112.79 -9.20

10 107.62 120.25 -12.63

11 73.59 91.56 -17.97

12 100.79 113.21 -12.42

13 79.59 94.90 -15.31

14 96.26 108.36 -12.10

15 37.69 86.86 -49.17

16 99.85 103.02 -3.17

18 83.48 75.05 8.43

19 50.52 55.83 -5.31

20 65.87 73.41 -7.54

17 66.18 85.20 -19.02

21 95.78 93.51 2.27

22 39.12 50.73 -11.61

23 82.14 82.37 -0.23

24 43.42 46.09 -2.67

25 14.88 21.36 -6.48

hp (m)
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ʅˎ˃ˉʶˊʱˋ˃ʰˍa  ʁ ˒ʰˊ˃ˇʴʺˌ  

 

 

 

 

ɶ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˃ʶ ˍʹ ˃ʷʻˇʵˇ ˍˇˎ ʴˊʰ˃˃ʽˁˇˏ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ˋˍˇ ʰˁˍʽ˄˖ˍˈ ʵʾˁˍˎˇ ʲʰˊˏˍʹˍʰˌ 

ˍˇˎ ˉˊˇʹʴˇˏ˃ʶ˄ˇˎ ˁʶ˒ʰ˂ʰʾˇˎΣ ˇʵʺʴʹˋʶ ˋˍʹ˄ ʶˏˊʶˋʹ ˍʹˌ ˇʽˁˇ˄ˇ˃ʽˁˈˍʶˊʹˌ ˂ˏˋʹˌΦ ʃˊʽ˄ ʰˉˈ ʰˎˍˈ 

ˍˇ ˍʶ˂ʽˁˈ ˋʹ˃ʶʾˇ ʰˉʰˊʰʾˍʹˍʹ ʺˍʰ˄ ʹ ˁʰˍʰ˄ˈʹˋʹ ˍˇˎ ˒ˎˋʽˁˇˏ ˄ˇʺ˃ʰˍˇˌ ˍ˖˄ ʶ˅ʽˋ˗ˋʶ˖˄ ˁʰʽ ʹ ˉˇ˂ˏ 

˃ʶʴʱ˂ʹ ˉˊˇˋˇ˔ʺ ˋˍʹ ʵʽʰˍˏˉ˖ˋʺ ˍˇˎˌ ˂ˈʴ˖ ˍˇˎ ˃ʶʴʱ˂ˇˎ ʰˊʽʻ˃ʹˍʽˁˇˏ ˈʴˁˇˎΦ ɮˉʰʽˍʺʻʹˁʰ˄ ˉˇ˂˂ʷˌ 

ʶˉʰ˄ʰ˂ʺ˕ʶʽˌ ˍʹˌ ʶˉʾ˂ˎˋʹˌ ˁʰʽ ˁʱʻʶ ˒ˇˊʱ ˋ˔ˇ˂ʰˋˍʽˁʺ ʶˊ˃ʹ˄ʶʾʰ ˍ˖˄ ˂ˏˋʶ˖˄ ˁʰʻ˗ˌ ˁʰʽ 

ʶˉʰ˂ʹʻʶˏˋʶʽˌ ˍˇˎ ˋˎ˄ˇ˂ʽˁˇˏ ˁˈˋˍˇˎˌ ˉˇˎ ʷʵʽ˄ʶ ˁʱʻʶ ˂ˏˋʹ ˃ʶ ˍˇ ˁˈˋˍˇˌ ˉˇˎ ʰˉʶˎʻʶʾʰˌ ˎˉˇ˂ˈʴʽʸʶ 

ˍˇ Lingo.  

ʆʶ˂ʽˁʱ ʹ ˂ˏˋʹ ʰˎˍʺΣ ʷ˔ˇ˄ˍʰˌ ˉ˂ʷˇ˄ ˃ʶ ʲʶʲʰʽˈˍʹˍʰ ˁʰˍʰ˂ʺ˅ʶʽ ˋˍˇ ˋ˖ˋˍˈ ʴˊʰ˃˃ʽˁˈ ˉˊˈʴˊʰ˃˃ʰΣ 

ʲˊʷʻʹˁʶ ˁʰʽ ʺˍʰ˄ ʲʶʲʰʾ˖ˌ ˉʽˇ ˋˎ˃˒ʷˊˇˎˋʰ ʰˉˈ ˍʹ˄ ʶ˃ˉʶʽˊʽˁʺ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ˃ʶ˂ʶˍʹˍʺΦ 

ɮˉˈ ˍʰ ˉʰˊʰˉʱ˄˖ ˁʰʻ˗ˌ ˁʰʽ ʰˉˈ ˈ˂ʰ ˍʰ ˁʶ˒ʱ˂ʰʽʰ ʰ˅ʾʸʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˋˎ˃ˉʶˊʰˋ˃ʰˍʽˁʱΥ 

мΦ ɶ ʵʽʰʵʽˁʰˋʾʰ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˔ˊʺˋʽ˃ʹ ʴʽʰ ˍʹ˄ ˇʽˁˇ˄ˇ˃ʽˁʺ ˁ˂ʾ˃ʰˁʰ ˋˍʹ˄ ˇˉˇʾʰ ʻʰ ˁˎ˃ʰ˄ʻʶʾ ˍˇ 

ʷˊʴˇΦ ɾʶ ˍʹ ˔ˊʺˋʹ ˂ˇʴʽˋ˃ʽˁ˗˄ ˈˉ˖ˌ ˍˇ Lingo ʰ˂˂ʱ ˁʰʽ ˍʰ MatlabΣ 9ȄŎŜƭ ʹ ʶˉʾ˂ˎˋʹ ʶʾ˄ʰʽ 

ʰˎˍˇ˃ʰˍˇˉˇʽʹ˃ʷ˄ʹ ˁʰʽ ˉˇ˂ˏ ʴˊʺʴˇˊʹΦ 

нΦ ʆo Lingo ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʰ ʱ˂˂ʰ ˉˊˇʴˊʱ˃˃ʰˍʰ ʷ˔ʶʽ ˍˇ ˃ʶʴʱ˂ˇ ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ ˈˍʽ ʵʶ˄ ʰˉʰʽˍʶʾ 

ʴ˂˗ˋˋʰ ˋˏ˄ˍʰ˅ʹˌ ˁʰʽ ʴʶ˄ʽˁʱ ˁʰ˃ʾʰ ˁ˖ʵʽˁˇˉˇʾʹˋʹ ˍ˖˄ ˋ˔ʷˋʶ˖˄Φ ʁʽ ʶ˅ʽˋ˗ˋʶʽˌ ʶʽˋʱʴˇ˄ˍʰʽ ʰˁˊʽʲ˗ˌ 

ˈˉ˖ˌ ʴˊʱ˒ˇ˄ˍʰʽ ˋˍˇ ˔ʰˊˍʾ ˁʰʽ ʹ ˋˎ˄ʱˊˍʹˋʹ ˋˍˈ˔ˇˎ ʵʽʰˍˎˉ˗˄ʶˍʰʽ ʰˉ˂˗ˌ ˖ˌ minz. 

оΦ ɶ ʲʶ˂ˍʽˋˍˇˉˇʽʹ˃ʷ˄ʹ ˂ˏˋʹ ʺˍʰ˄ ˇʽˁˇ˄ˇ˃ʽˁʱ ˉʽˇ ˋˎ˃˒ʷˊˇˎˋʰ ʰˉˈ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ˃ʶ˂ʷˍʹˌ 

ˉʶˊʾˉˇˎ нΦр ҈Φ 

пΦ ʆˇ ˍʽ˃ˇ˂ˈʴʽˇ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˋˍʹ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ʶʾ˄ʰʽ ʵʽʰ˃ˇˊ˒˖˃ʷ˄ˇ ʰˉˈ ˍˇ ʇʃΦɳΦɼΦɮ 

ˁʰʽ ˉˊˇ˒ʰ˄˗ˌ ʰˁˊʽʲˈˍʶˊˇ ʰˉˈ ˍʽˌ ˍʽ˃ʷˌ ˉ˗˂ʹˋʹˌ ˍʹˌ ʰʴˇˊʱˌ ˇʽ ˇˉˇʾʶˌ ˋʶ ʶˊʴˇ˂ʰʲʾʶˌ ˁ ʰʽ ʰ˄ʱ˂ˇʴʰ 

˃ʶ ˍˇ ˃ʷʴʶʻˇˌ ˍˇˎ ʷˊʴˇˎ ʶʾ˄ʰʽ ʵʽʰˉˊʰʴ˃ʰˍʶˏˋʽ˃ʶˌΣ ʱˊʰ ˃ʹ ʲʷʲʰʽʶˌΦ  

рΦ ɮˉˈ ˍˇ пˇ ˋˎ˃ˉʷˊʰˋ˃ʰ ˋˎ˄ʱʴʶˍʰʽ ˈˍʽ ʹ ˃ʷʻˇʵˇˌ ʰ˒ˇˊʱ ˋˍˇ ˁˈˋˍˇˌ ˋ˔ʶʵʽʰˋ˃ˇˏ ˁʰʽ ˈ˔ʽ 

ˁʰˍʰˋˁʶˎʺˌΦ ɳ˄ˍˇˏˍˇʽˌΣ ʹ ˂ˏˋʹ ʷˋˍ˖ ˁʰʽ ˃ʶ ʰˁˊʽʲˈˍʶˊʶˌ ˍʽ˃ʷˌ ˉˊˇʷˁˎ˕ʶ ˇʽˁˇ˄ˇ˃ʽˁˈˍʶˊʹΣ ˉˈˋˇ 

˃ʱ˂˂̌ ˄ ˃ʶ ˍʽˌ ˉˊʰʴ˃ʰˍʽˁʷˌΦ 

сΦ ɶ ʶˉʽ˂ˇʴʺ ˍ˖˄ ˎ˂ʽˁ˗˄ ʰˉʰʽˍʶʾ ˉˇ˂ˏ ˃ʶʴʱ˂ʹ ˉˊˇˋˇ˔ʺΦ ɲʶ˄ ʶʾ˄ʰʽ ˃ˈ˄ˇ ˍˇ ˁˈˋˍˇˌ ʰˎˍˈ ˁʰʻʶʰˎˍˈ 

ˉˇˎ ʻʰ ˁˊʾ˄ʶʽ ˍʹ˄ ʰˉˈ˒ʰˋʹΣ ʰ˂˂ʱ ˁʰʽ ˁʱˉˇʽʰ ʶʽʵʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˈˉ˖ˌ ʹ ʰ˄ˍˇ˔ʺ ˋʶ ʵʽʱʲˊ˖ˋʹΣ 

ˍˇ ʲʱˊˇˌ ʴʽʰ ˍʹ ˃ʶˍʰ˒ˇˊʱΣ ˇ ˔ˊˈ˄ˇˌ ʸ˖ʺˌΣ ʹ ʶˎˁˇ˂ʾʰ ˋˎ˄ʰˊ˃ˇ˂ˈʴʹˋʹˌ ˁʰʽ ʶˏˊʶˋʹˌ ˍ˖˄ ʶʽʵʽˁ˗˄ 

ˍʶ˃ʰ˔ʾ˖˄Σ ʹ ˍʶ˔˄ˇʴ˄˖ˋʾʰ ˁˍ˂Φ ɶ ʵʽʰʻʶˋʽ˃ˈˍʹˍʱ ˍˇˎ ˎ˂ʽˁˇˏ ˋˍʹ˄ ˉʶˊʽˇ˔ʺκ˔˗ˊʰ ˁʰˍʰˋˁʶˎʺˌ ˍˇˎ 

5 



ʅʶ˂ʾʵʰ μ 158  
 

ʷˊʴˇˎ ˃ˉˇˊʶʾ ʶˉʾˋʹˌ ˄ʰ ˉʰʾ˅ʶʽ ˊˈ˂ˇ ˁʰʽ ˄ʰ ʰˉˇˁ˂ʶʾˋʶʽ ˍʹ˄ ʶˁ˂ˇʴʺ ʰ˄ ˉΦ˔ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ʲ˂ʱʲʹˌ ʵʶ˄ 

ʶʾ˄ʰʽ ʱ˃ʶˋʰ ʵʽʰʻʷˋʽ˃ʰ ˍʰ ʰ˄ˍʰ˂˂ʰˁˍʽˁʱΦ 

тΦ ɶ ˈ˂ʹ ʵʽʰʵʽˁʰˋʾʰ ʰ˒ˇˊʱ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ˁʰʽ ˃ˈ˄ˇ ˋʶ ʵʾˁˍˎʰ ˉʾʶˋʹˌ ˃ʶ ʲʰˊˏˍʹˍʰ όʰˁˍʽ˄˖ˍʱύΦ ɲʶ˄  

ˎˉʱˊ˔ʶʽ ʵʹ˂Φ ˁˈˋˍˇˌ ʱ˄ˍ˂ʹˋʹˌ ˉʰˊʱ ˃ˈ˄ˇ ʵʽʰˋˍʰˋʽˇ˂ˈʴʹˋʹˌ ˍ˖˄ ˋ˖˂ʹ˄˗ˋʶ˖˄Φ ɳˉʾˋʹˌ ˋˍˇ 

ʰˁˍʽ˄˖ˍˈ ʵʾˁˍˎˇ ʶʾ˄ʰʽ ʴ˄˖ˋˍʷˌ ˇʽ ˉʰˊˇ˔ʷˌ ˉˇˎ ʻʰ ʵ˗ˋˇˎ˄ ˃ʶˍʱ ˍʰ ʶˏˊʹ ˍ˖˄ ʵʽʰ˃ʷˍˊ˖˄Φ 

уΦ ʆˇ ˁˈˋˍˇˌ ˉˇˎ ˎˉˇ˂ˇʴʾˋˍʹˁʶ ʰ˒ˇˊʱ ˋˍʹ ʵʽʰˋˍʰˋʽˇ˂ˈʴʹˋʹ ˍˇˎ ʵʽˁˍˏˇˎ ˁʰʽ ˃ˈ˄ˇ ˁʰʽ ʻʶ˖ˊʶʾˍʰʽ 

ʰˊ˔ʽˁˈ ˁˈˋˍˇˌΦ ɱʽʰ ˁʰˍʰʻ˂ʽˉˍʽˁˇˏˌ ʰʴ˖ʴˇˏˌΣ ˈˉˇˎ ˉʰʾʸʶʽ ˊˈ˂ˇ ʹ ʱ˄ˍ˂ʹˋʹΣ ˂ʰ˃ʲʱ˄ʶˍʰʽ ˎˉˈ˕ʽ˄ ˁʰʽ 

ˍˇ ˁˈˋˍˇˌ ʱ˄ˍ˂ʹˋʹˌ ˈ˔ʽ ˃ˈ˄ˇ ˍˇ ˉʰˊˇ˄ˍʽˁˈ ʰ˂˂ʱ ˁʰʽ ˍˇ ˃ʶ˂˂ˇ˄ˍʽˁˈΣ ʵʹ˂Φ ʴʽʰ ˍˇ ˔ˊˈ˄ˇ ʸ˖ʺˌ ˍˇˎ 

ʷˊʴˇˎΦ 
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ɰʽʲ˂ʽˇʴˊʰ˒ʾʰ 

ɳ˂˂ʹ˄ʽˁʺ 

ɮʴˊʰ˒ʽ˗ˍʹˌΣ ɱΦΣ мфффΦ ζɾʰʻʹ˃ʰˍʽˁˈˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˈˌηΣ ˋʹ˃ʶʽ˗ˋʶʽˌΣ ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ ɸʶˋˋʰ˂ʾʰˌ. 

ɲʰ˄ʹ˂ʱˍˇˌ, ɼΦΣ 1994. ζɰʽˇ˃ʹ˔ʰ˄ʽˁʺ ʵˊʰˋˍʹˊʽˈˍʹˍʰ ˋ˖˂ʺ˄˖˄ ˋˍʹ˄ ɳ˂˂ʱʵʰη, ɲʽˉ˂˖˃ʰˍʽˁʺ ɳˊʴʰˋʾʰ 
ˋˍʹ ʅ˔ˇ˂ʺ ʃˇ˂ʽˍʽˁ˗˄ ɾʹ˔ʰ˄ʽˁ˗˄ ɳ.ɾ.ʃ.Σ ɮʻʺ˄ʰΦ 

ɳʇɲɮʃΣ нлмоΦ ζʃʶˊʽʴˊʰ˒ʽˁˈ ʆʽ˃ˇ˂ˈʴʽˇ ʇʵˊʰˎ˂ʽˁ˗˄ ɴˊʴ˖˄ ɿɳʆ ʇɲʄ ς ɳɼɲʁʅɶ оΦлηΣ ʇʃΦɳΦɼΦɮΦ. 

ɳˎˋˍˊʰˍʽʱʵʹˌΣ AΦ ϧ ɼˇˎˍˋˇʴʽʱ˄˄ʹˌ, ɲΦΣ нллрΦ ζʆˎˉʽˁʱ ˎʵˊʰˎ˂ʽˁʱ ʷˊʴʰηΣ ˋʹ˃ʶʽ˗ˋʶʽˌΣ ɳΦɾΦʃΦΣ 
ɮʻʺ˄ʰΦ 

ɸʶˇ˔ʱˊʹˌΣ ɾΦΣ нллпΦ ζɰʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˍ˖˄ ʰˊʵʶˎˍʽˁ˗˄ ʵʽˁˍˏ˖˄Φ ɳˏˊʶˋʹ ˍ˖˄ ˇʽˁˇ˄ˇ˃ʽˁ˗˄ 
ʵʽʰ˃ʷˍˊ˖˄ηΣ ɲʽʵʰˁˍˇˊʽˁʺ ɲʽʰˍˊʽʲʺ ˋˍˇ ʆ˃ʺ˃ʰ ɮʴˊˇ˄ˈ˃˖˄ ʆˇˉˇʴˊʱ˒˖˄ ɾʹ˔ʰ˄ʽˁ˗˄ ɮ.ʃ.ɸ., 
ɸʶˋˋʰ˂ˇ˄ʾˁʹ. 

ɹ˖ʰ˄˄ʾʵʹˌΣ ɲΦɮΦΣ мффнΦ ζɮ˄ʱ˂ˎˋʹ ˁʰʽ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ ʴˊʰ˃˃ʽˁˇˏ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏˋʶ ˋˎ˂˂ˇʴʽˁʱ 
ʵʾˁˍˎʰ ˎˉˈ ˉʾʶˋʹ ˁʰʽ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʹ ˃ʹ ʴˊʰ˃˃ʽˁʺ ˃ʷʻˇʵˇ ˁʰʽ ˍʹ ˃ʷʻˇʵˇ ˍˇˎ LabyeηΣ 
ɾʶˍʰˉˍˎ˔ʽʰˁʺ ɲʽʰˍˊʽʲʺ ˋˍʹ ɱʶ˖ˉˇ˄ʽˁʺ ʅ˔ˇ˂ʺ ɮ.ʃ.ɸ.Σ ɸʶˋˋʰ˂ˇ˄ʾˁʹ. 

ɼʰˍˋʾ˃ˉʰ, ɵΦΣ нллфΦ ζɰʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˍˇˎ ˁˈˋˍˇˎˌ ʰʴ˖ʴ˗˄ ʰˊʵʶˎˍʽˁ˗˄ ʵʽˁˍˏ˖˄ ˎˉˈ ˉʾʶˋʹΣ ˃ʶ 
ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ʰˋˎ˄ʶ˔ˇˏˌ ˃ʶʻˈʵˇˎ ˍˇˎ Labye ˁʰʽ ˔ˊʺˋʹ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ Copam. 
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ʃʰˊʰˊˍʺ˃ʰˍʰ 

 

мΦ ʃɳʄɹɱʄɮʊɹɼʁ ʆɹɾʁɽʁɱɹʁ ʇɲʄɮʇɽɹɼʍɿ ɳʄɱʍɿ    

ɦɞɬ ɭɝɪ - ɞɣɝɨɫɠ σȢπ ɉɝʅʋʍʃʡʃʂʆʀ ʐʂʉ ςπȾσȾςπρσɊ 

ɜɞɦɢɣɨɢ ɨɪɨɢ 
 

!˄ˍʽˁʶʾ˃ʶ˄ˇ  ˍˇˎ ˉʰˊˈ˄ˍˇˌ ˍʽ˃ˇ˂ˇʴʾˇˎ ʶʾ˄ʰʽ ˇ ˁʰʻˇˊʽˋ˃ˈˌ ˍʽ˃˗˄ ˃ˇ˄ʱʵˇˌ ˍ˖˄ ʶˊʴʰˋʽ˗˄Σ ˉˇˎ ʶʾ˄ʰʽ 
ʰˉʰˊʰʾˍʹˍʶˌ ʴʽʰ ˍʹ˄ ʷ˄ˍʶ˔˄ʹ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍˇˎ ɳˊʴˇˎΣ ˈˉ˖ˌ ˉˊˇʵʽʰʴˊʱ˒ʶˍʰʽ ˋˍʰ ˂ˇʽˉʱ ʆʶˏ˔ʹ 
ɲʹ˃ˇˉˊʱˍʹˋʹˌ ˉˇˎ ˇˊʾʸˇ˄ˍʰʽ ˋˍʹ ɲʽʰˁʺˊˎ˅ʹΦ 
 

1.1 ʁʽ ˍʽ˃ʷˌ ˃ˇ˄ʱʵʰˌ ˍˇˎ ˉʰˊˈ˄ˍˇˌ ʆʽ˃ˇ˂ˇʴʾˇˎ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˋʶ ˃ˇ˄ʱʵʶˌ ˉ˂ʺˊ˖ˌ ˉʶˊʰʽ˖˃ʷ˄˖˄ 

ʶˊʴʰˋʽ˗˄Σ ˈˉ˖ˌ ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ʰ˄ʰ˂ˎˍʽˁʱ ˉʰˊʰˁʱˍ˖Σ ˇʽ ˇˉˇʾʶˌ ʻʰ ʶˁˍʶ˂ʶˋˍˇˏ˄ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍˇˎ 

ɳˊʴˇˎΦ ʁʽ ˍʽ˃ʷˌ ˃ˇ˄ʱʵˇˌ  ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˈ˂ʶˌ ˍʽˌ ʵʰˉʱ˄ʶˌ ˉˇˎ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˋˍʹ˄ ˉʶˊʽʴˊʰ˒ʺ ˍ˖˄ 

ʶˊʴʰˋʽ˗˄Σ ˁʰʻ˗ˌ ˁʰʽ ˈˋʶˌ ʰˉʰʽˍˇˏ˄ˍʰʽ ʴʽʰ ˍʹ˄ ˉ˂ʺˊʹ ˁʰʽ ʷ˄ˍʶ˔˄ʹ ʶˁˍʷ˂ʶˋʹ ˍ˖˄ ʶˊʴʰˋʽ˗˄Σ ˋˏ˃˒˖˄ʰ 

ˁʰʽ ˃ʶ ˍʰ ˂ˇʽˉʱ ʆʶˏ˔ʹ ɲʹ˃ˇˉˊʱˍʹˋʹˌΦ 

 

ɼʰ˃ʽʱ ʰ˅ʾ˖ˋʹ ʺ ʰ˃˒ʽˋʲʺˍʹˋʹ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ʻʶ˃ʶ˂ʽ˖ʻʶʾΣ ˖ˌ ˉˊˇˌ ˍˇ ʶʾʵˇˌ ˁʰʽ ˍʹ˄ ʰˉˈʵˇˋʹ ˍ˖˄ 

˃ʹ˔ʰ˄ʹ˃ʱˍ˖˄Σ ˍʽˌ ʶʽʵʽˁˈˍʹˍʶˌ ˁʰʽ ˍˇ˄ ʰˊʽʻ˃ˈ ˍˇˎ ʶˊʴʰˍˇˍʶ˔˄ʽˁˇˏ ˉˊˇˋ˖ˉʽˁˇˏ ˁʰʽ ˍʹ˄ ʵˎ˄ʰˍˈˍʹˍʰ 

˔ˊʹˋʽ˃ˇˉˇʾʹˋʹˌ ʺ ˃ʺ ˃ʹ˔ʰ˄ʽˁ˗˄ ˃ʷˋ˖˄Σ ʶˁˍˈˌ ʰ˄ ʱ˂˂˖ˌ ˇˊʾʸʶˍʰʽ ˋˍʰ ʱˊʻˊʰ ˍˇˎ ˉʰˊˈ˄ˍˇˌΦ 

 

ʅˏ˃˒˖˄ʰ ˃ʶ ˍʰ ˉʰˊʰˉʱ˄˖Σ ˋˍʽˌ ˍʽ˃ʷˌ ˃ˇ˄ʱʵˇˌ ˍˇˎ ˉʰˊˈ˄ˍˇˌ ʆʽ˃ˇ˂ˇʴʾˇˎΣ ʶ˄ʵʶʽˁˍʽˁʱ ˁʰʽ ˈ˔ʽ 

ˉʶˊʽˇˊʽˋˍʽˁʱ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ  ˍʰ ˁʱˍ˖ʻʽΥ 

 

1.1.1 ɼʱʻʶ ʶʾʵˇˎˌ ʶˉʽʲʱˊˎ˄ˋʹ ˍ˖˄ ʶ˄ˋ˖˃ʰˍˇˎ˃ʷ˄˖˄ ˎ˂ʽˁ˗˄ ʰˉˈ ˒ˈˊˇˎˌΣ ˍʷ˂ʹΣ ʵʰˋ˃ˇˏˌΣ ʷ˅ˇʵʰ 

ʶˁˍʶ˂˖˄ʽˋ˃ˇˏΣ ʶʽʵʽˁˇˏˌ ˒ˈˊˇˎˌ ˁ˂ˉ ˉ˂ʹ˄ ˍˇˎ ʊΦʃΦɮΦ ʁ ɮ˄ʱʵˇ˔ˇˌ ʵʶ˄ ʰˉʰ˂˂ʱˋˋʶˍʰʽ ʰˉˈ ˍʰ ˍʷ˂ʹ 

ʵʽˇʵʾ˖˄ ˍ˖˄ ˁʱʻʶ ʶʾʵˇˎˌ ˃ʶˍʰ˒ˇˊʽˁ˗˄ ˍˇˎ ˃ʷˋ˖˄Φ 

 

1.1.2 ʁʽ ʵʰˉʱ˄ʶˌ ˉˊˇ˃ʹʻʶʾʰˌ ˍ˖˄ ˉʱˋʹˌ ˒ˏˋʶ˖ˌΣ ʶ˄ˋ˖˃ʰˍˇˎ˃ʷ˄˖˄ ˁʰʽ ˃ʹΣ ˁˎˊʾ˖˄ ˁʰʽ ʲˇʹʻʹˍʽˁ˗˄ 

ˎ˂ʽˁ˗˄Σ ˃ʶˍʰ˒ˇˊʱˌ ˍˇˎˌ ˋˍʽˌ ʻʷˋʶʽˌ ʶˁˍʷ˂ʶˋʹˌ ˍ˖˄ ʶˊʴʰˋʽ˗˄Σ ʰˉˇʻʺˁʶˎˋʹˌΣ ˒ˏ˂ʰ˅ʹˌΣ ʶˉʶ˅ʶˊʴʰˋʾʰˌ 

ˍˇˎˌ όʰ˄ ʰˉʰʽˍʶʾˍʰʽύ ˁʰʽ ˉˊˇˋʷʴʴʽˋʺˌ  ˍˇˎˌΣ  ˃ʶ ˍʽˌ ʰˉʰʽˍˇˏ˃ʶ˄ʶˌ ˒ˇˊˍˇʶˁ˒ˇˊˍ˗ˋʶʽˌΣ ˍʽˌ ʰˋ˒ʰ˂ʾˋʶʽˌ 

ˍ˖˄ ˃ʶˍʰ˒ˇˊ˗˄Σ ̱ ʽˌ ˋˍʰ˂ʾʶˌ ˍ˖˄ ˃ʶˍʰ˒ˇˊʽˁ˗˄ ˃ʷˋ˖˄ ˁʰʽ ˍʽˌ ʰˉʰʽˍˇˏ˃ʶ˄ʶˌ ˉ˂ʱʴʽʶˌ ˃ʶˍʰ˒ˇˊʷˌΣ ʶˁˍˈˌ 

ˍ˖˄ ʶʽʵʽˁ˗˄ ˉʶˊʽˉˍ˗ˋʶ˖˄Σ ˉˇˎ ʹ ˃ʶˍʰ˒ˇˊʱ ˉ˂ʹˊ˗˄ʶˍʰʽ ʽʵʽʰʽˍʷˊ˖ˌ ˃ʶ  ʰ˄ˍʾˋˍˇʽ˔ʰ ʱˊʻˊʰ ˍˇˎ 

ʆʽ˃ˇ˂ˇʴʾˇˎΦ 
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ʁ˃ˇʾ˖ˌ ˇʽ ʵʰˉʱ˄ʶˌ ʴʽʰ ˍʹ˄ ˒ˇˊˍˇʶˁ˒ˈˊˍ˖ˋʹ ˁʰʽ ˃ʶˍʰ˒ˇˊʱ ό˃ʶ ˍʹ˄ ˋˍʰ˂ʾʰ ˃ʶˍʰ˒ˇˊʽˁ˗˄ ˃ʷˋ˖˄ύ ˍ˖˄ 

ˉ˂ʶˇ˄ʰʸˈ˄ˍ˖˄ ʺκˁʰʽ ʰˁʰˍʱ˂˂ʹ˂˖˄ ˉˊˇʿˈ˄ˍ˖˄ ʶˁˋˁʰ˒˗˄ ˁʰʽ ˂ˇʽˉ˖˄ ˎ˂ʽˁ˗˄Σ ˋʶ ˁʰˍʱ˂˂ʹ˂ˇˎˌ ˔˗ˊˇˎˌ 

ʰˉˈˊˊʽ˕ʹˌΣ ˂ʰ˃ʲʰ˄ˇ˃ʷ˄˖˄ ˎˉˈ˕ʹ ˍ˖˄ ʽˋ˔ˎˈ˄ˍ˖˄ ʃʶˊʽʲʰ˂˂ˇ˄ˍʽˁ˗˄ ʁˊ˖˄Σ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʹ˄ ɳΦʅΦʇΦ 

ˁʰʽ ˍˇˎˌ ˂ˇʽˉˇˏˌ ˈˊˇˎˌ ʵʹ˃ˇˉˊʱˍʹˋʹˌΦ 

 

1.1.3 ʁʽ ʵʰˉʱ˄ʶˌ ˃ʽˋʻ˗˄Σ ʹ˃ʶˊˇ˃ʽˋʻʾ˖˄Σ ˎˉʶˊ˖ˊʽ˗˄Σ ˎˉʶˊʶˊʴʰˋʽ˗˄Σ ʰˋ˒ʰ˂ʽˋˍʽˁ˗˄ ʶʽˋ˒ˇˊ˗˄ όˋˍˇ ɹΦɼΦɮΦΣ 

ˋʶ ʰˋ˒ʰ˂ʽˋˍʽˁʷˌ ʶˍʰʽˊʶʾʶˌΣ ʺ ˋʶ ʱ˂˂ˇˎˌ ʹ˃ʶʵʰˉˇˏˌ ʺκˁʰʽ ʰ˂˂ˇʵʰˉˇˏˌ ʰˋ˒ʰ˂ʽˋˍʽˁˇˏˌ ˇˊʴʰ˄ʽˋ˃ˇˏˌ 

ˁ˂ˉΦύΣ ʵ˗ˊ˖˄ ʶˇˊˍ˗˄Σ ʶˉʽʵˇ˃ʱˍ˖˄ ˉˇˎ ˁʰʻˇˊʾʸˇ˄ˍʰʽ ʰˉˈ ˍʽˌ ʽˋ˔ˏˇˎˋʶˌ ʶˁʱˋˍˇˍʶ ʅˎ˂˂ˇʴʽˁʷˌ 

ʅˎ ˃ʲʱˋʶʽˌ ɳˊʴʰˋʾʰˌ όʰʵʶʾʰˌΣ  ˇʽˁˇʴʶ˄ʶʽʰˁˇˏΣ ʻʷˋʶ˖ˌΣ ʰ˄ʻˎʴʽʶʽ˄ʺˌ ʶˊʴʰˋʾʰˌΣ ʶ˅ʰʽˊʶˋʾ˃˖˄ ʰˊʴʽ˗˄ 

ˁ˂ˉύΣ ˄ˎˁˍʶˊʽ˄ʺˌ ʰˉʰˋ˔ˈ˂ʹˋʹˌ όˉ˂ʹ˄ ˍ˖˄ ʷˊʴ˖˄ ˉˇˎ ʹ ʶˁˍʷ˂ʶˋʺ ˍˇˎˌ ˉˊˇʲ˂ʷˉʶˍʰʽ ˁʰˍʱ ˍʽˌ 

˄ˎˁˍʶˊʽ˄ʷˌ ˗ˊʶˌ ˁʰʽ ˍʽ˃ˇ˂ˇʴˇˏ˄ˍʰʽ ʽʵʽʰʽˍʷˊ˖ˌύ ˁ˂ˉΣ ˍˇˎ ˉʱˋʹˌ ˒ˏˋʶ˖ˌ ˉˊˇˋ˖ˉʽˁˇˏ όʶˉʽˋˍʹ˃ˇ˄ʽˁˇˏΣ 

ʶˊʴʰˍˇˍʶ˔˄ʽˁˇˏ ˈ˂˖˄ ˍ˖˄ ʶʽʵʽˁˇˍʺˍ˖˄Σ ˎˉʰ˂˂ʺ˂˖˄ ʶˊʴˇˍʰ˅ʽʰˁ˗˄ ʴˊʰ˒ʶʾ˖˄Σ ˇʵʹʴ˗˄ ˁʰʽ ˔ʶʽˊʽˋˍ˗˄ 

ˇ˔ʹ˃ʱˍ˖˄ ˁʰʽ ˃ʹ˔ʰ˄ʹ˃ʱˍ˖˄Σ ˍʶ˔˄ʽˍ˗˄ ˋˎ˄ʶˊʴʶʾ˖˄ ˁ˂ˉΦύ ʹ˃ʶʵʰˉˇˏ ʺ ʰ˂˂ˇʵʰˉˇˏ ˉˇˎ ʰˉʰˋ˔ˇ˂ʶʾˍʰʽ 

ʴʽʰ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˍˇˎ ʷˊʴˇˎΣ ʶˉʾ ˍˈˉˇˎ ʺ ˇˉˇˎʵʺˉˇˍʶ ʰ˂˂ˇˏΦ 

 

1.1.4 ʁʽ ʵʰˉʱ˄ʶˌ ʶ˅ʰˋ˒ʱ˂ʽˋʹˌ ʶˊʴˇˍʰ˅ʽʰˁ˗˄ ˔˗ˊ˖˄Σ ʵʽʰˊˊˏʻ˃ʽˋʹˌ ʰˎˍ˗˄Σ ʰ˄ʷʴʶˊˋʹˌ ʴˊʰ˒ʶʾ˖˄Σ 

ʶˊʴʰˋˍʹˊʾ˖˄ ˁʰʽ ˂ˇʽˉ˗˄ ʶʴˁʰˍʰˋˍʱˋʶ˖˄ ˍˇˎ ɮ˄ʰʵˈ˔ˇˎΣ ʶ˅ʰˋ˒ʱ˂ʽˋʹˌ ˏʵˊʶˎˋʹˌΣ ʹ˂ʶˁˍˊʽˁˇˏ 

ˊʶˏ˃ʰˍˇˌΣ ˍʹ˂ʶ˒˖˄ʽˁʺˌ ˋˏ˄ʵʶˋʹˌ ˁʰʽ ʰˉˇ˔ʷˍʶˎˋʹˌ ˍ˖˄ ʶˊʴˇˍʰ˅ʽʰˁ˗˄ ʶʴˁʰˍʰˋˍʱˋʶ˖˄Σ ˁʰʻ˗ˌ ˁʰʽ 

˂ˇʽˉ˗˄ ʰˉʰʽˍˇˎ˃ʷ˄˖˄ ʶˎˁˇ˂ʽ˗˄Σ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇˎˌ ˈˊˇˎˌ ʵʹ˃ˇˉˊʱˍʹˋʹˌΦ 

 

1.1.5 ʁʽ ʵʰˉʱ˄ʶˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˈ˂˖˄ ˍ˖˄ ʶˊʴˇˍʰ˅ʽʰˁ˗˄ ʶʴˁʰˍʰˋˍʱˋʶ˖˄ ˁʰʽ ʶˎˁˇ˂ʽ˗˄Σ ʰˉˇ˃ʱˁˊˎ˄ˋʺˌ ˍˇˎˌ 

˃ʶˍʱ ˍʹ˄ ˉʶˊʰʾ˖ˋʹ ˍˇˎ ʷˊʴˇˎΣ ˁʰʻ˗ˌ ˁʰʽ  ˇʽ ʵʰˉʱ˄ʶˌ ʰˉˇˁʰˍʱˋˍʰˋʹˌ ˍ˖˄ ˔˗ˊ˖˄ ˁʰˍʱ ˍˊˈˉˇ 

ʰˉˇʵʶˁˍˈ ʰˉˈ ˍʹ˄ ʇˉʹˊʶˋʾʰ ˁʰʽ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇˎˌ ʶʴˁʶˁˊʽ˃ʷ˄ˇˎˌ ʃʶˊʽʲʰ˂˂ˇ˄ˍʽˁˇˏˌ ʁˊˇˎˌΦ 

 

1.1.6 ʁʽ ˁʱʻʶ ʶʾʵˇˎˌ ʵʰˉʱ˄ʶˌ ʴʽʰ ˍʹ˄ ʶʴˁʰˍʱˋˍʰˋʹΣ ʶ˅ˇˉ˂ʽˋ˃ˈ ˁʰʽ ˂ʶʽˍˇˎˊʴʾʰ ʶˊʴˇˍʰ˅ʽʰˁˇˏ ʶˊʴʰˋˍʹˊʾˇˎΣ 

ʶʱ˄ ˉˊˇʲ˂ʷˉʶˍʰʽΣ ˍʹ˄ ˂ʺ˕ʹ ˁʰʽ ˃ʶˍʰ˒ˇˊʱ ˍ˖˄ ʵˇˁʽ˃ʾ˖˄ ˁʰʽ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ʶ˂ʷʴ˔˖˄ ˁʰʽ ʵˇˁʽ˃˗˄Σ ʶʾˍʶ 

ˋˍˇ ʶˊʴˇˍʰ˅ʽʰˁˈ ʶˊʴʰˋˍʺˊʽˇ ʺ ˋʶ ˁˊʰˍʽˁˈ ʺ ˋʶ ʽʵʽ˖ˍʽˁˈ ˍʹˌ ʶʴˁˊʾˋʶ˖ˌ ˍʹˌ ʇˉʹˊʶˋʾʰˌΣ ˋˏ˃˒˖˄ʰ ˃ʶ 

ˍˇˎˌ ˈˊˇˎˌ ʵʹ˃ˇˉˊʱˍʹˋʹˌΦ 

 

1.1.7 ʁʽ ʵʰˉʱ˄ʶˌ ʶʴˁʰˍʱˋˍʰˋʹˌ ˁʰʽ ˂ʶʽˍˇˎˊʴʾʰˌ ˃ˇ˄ʱʵ˖˄ ˉʰˊʰʴ˖ʴʺˌ ˉˊˇˁʰˍʰ-̀ ˁʶˎʰˋ˃ʷ˄˖˄ ˋˍˇʽ˔ʶʾ˖˄Σ 

ʶ˒Ω ˈˋˇ˄ ˉˊˇʲ˂ʷˉˇ˄ˍʰʽ ʰˉˈ ˍˇˎˌ ˈˊˇˎˌ ʵʹ˃ˇˉˊʱˍʹˋʹˌΣ ˋˎʴˁˊˇˍʺ˃ʰˍ˖˄ ˉʰˊʰʴ˖ʴʺˌ ʻˊʰˎˋˍ˗˄ 

ˎ˂ʽˁ˗˄ όˋˉʰˋˍʹˊˇ-̱ ˊʽʲʶʾˇύΣ ˋˁˎˊˇʵʷ˃ʰˍˇˌΣ ˁ˂ˉΣ ˋˍˇ˄ ʶˊʴˇˍʰ˅ʽʰˁˈ ˔˗ˊˇ ʺ ʶˁˍˈˌ ʰˎˍˇˏΦ 

 

ʅˍʽˌ ʵʰˉʱ˄ʶˌ ʰˎˍʷˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽΥ ʹ ʶ˅ʰˋ˒ʱ˂ʽˋʹ ˍˇˎ ʰˉʰʽˍˇˎ˃ʷ˄ˇˎ ˔˗ˊˇˎΣ ʹ ˁʰˍʰˋˁʶˎʺ ˍ˖˄ 

ˎˉˇʵˇ˃˗˄Σ ˁˍʽˊʽʰˁ˗˄ ˁʰʽ ˂ˇʽˉ˗˄ ʷˊʴ˖˄ ˍ˖˄ ˃ˇ˄ʱʵ˖˄Σ ʹ ʶʴˁʰˍʱˋˍʰˋʹ ˍˇˎ ʰˉʰʽˍˇˎ˃ʷ˄ˇˎ ˁʰˍʱ 

ˉʶˊʾˉˍ˖ˋʹ ʶ˅ˇˉ˂ʽˋ˃ˇˏΣ ˇʽ ˂ʶʽˍˇˎˊʴʽˁʷˌ ʵʰˉʱ˄ʶˌ ˉʱˋʹˌ ˒ˏˋʶ˖ˌΣ ˇʽ ˒ˇˊˍˇʶˁ˒ˇˊˍ˗ˋʶʽˌ ˁʰʽ 

˃ʶˍʰ˒ˇˊʷˌ ˍ˖˄ ˉˊ˗ˍ˖˄ ˎ˂˗˄ ˋˍʹ˄ ˃ˇ˄ʱʵʰ ˁʰʽ ˍ˖˄ ˉʰˊʰʴˇ˃ʷ˄˖˄ ˉˊˇʿˈ˄ˍ˖˄ ˃ʷ˔ˊʽ ˍʽˌ ʻʷˋʶʽˌ 

ʶ˄ˋ˖˃ʱˍ˖ˋʺˌ ˍˇˎˌ ˋˍˇ ɳˊʴˇΣ ˁʰʻ˗ˌ ˁʰʽ ʹ ʰˉˇˋˎ˄ʰˊ˃ˇ˂ˈʴʹˋʹ ˍ˖˄ ʶʴˁʰˍʰˋˍʱˋʶ˖˄ ˃ʶˍʱ ˍˇ ˉʷˊʰˌ 

ˍ˖˄ ʶˊʴʰˋʽ˗˄Σ ʹ ˁʰʻʰʾˊʶˋʹ ˍ˖˄ ˎˉˇʵˇ˃˗˄ ˍˇˎˌ όʲʱˋʶʽˌΣ ˍˇʽ˔ʾʰ ˁ˂ˉ  ˁʰˍʰˋˁʶˎʷˌ ʰˉˈ ˋˁˎˊˈʵʶ˃ʰ ʺ 



ʅʶ˂ʾʵʰ μ 163  
 

ˇˉˇʽˇʵʺˉˇˍʶ ʱ˂˂ˇ ˎ˂ʽˁˈύ  ˁʰʽ ʰˉˇˁʰˍʱˋˍʰˋʹˌ ˍˇˎ ˔˗ˊˇˎ ˋʶ ʲʰʻ˃ˈ ʰˉˇʵʶˁˍˈ ʰˉˈ ˍʹ˄ ʇˉʹˊʶˋʾʰ ˁʰʽ 

ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇˎˌ ʽˋ˔ˏˇ˄ˍʶˌ ʃʶˊʽʲʰ˂˂ˇ˄ˍʽˁˇˏˌ ˈˊˇˎˌΦ 

 

ʁʽ ˖ˌ ʱ˄˖ ˈˊˇʽ ʴʽʰ ˍʹ˄ ʰˉˇ˅ʺ˂˖ˋʹ ˍ˖˄ ˃ˇ˄ʱʵ˖˄ ˁʰʽ ʰˉˇˁʰˍʱˋˍʰˋʹ ˍ˖˄ ˔˗ˊ˖˄ ʷ˔ˇˎ˄ ʶ˒ʰˊ˃ˇʴʺ 

ˋˍʽˌ ʰˁˈ˂ˇˎʻʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌΥ 

 

όʰύ  ʁˍʰ˄ ʹ ʶʴˁʰˍʱˋˍʰˋʹ ˍ˖˄ ˃ˇ˄ʱʵ˖˄ ʷ˔ʶʽ ʴʾ˄ʶʽ ˋʶ ˔˗ˊˇ ˉˇˎ ʷ˔ʶʽ ˉʰˊʰ˔˖ˊʹʻʶʾ ʰˉˈ ˍˇ ɲʹ˃ˈˋʽˇ 

όʲύ  ʁˍʰ˄ ˇʽ ˃ˇ˄ʱʵʶˌ ʷ˔ˇˎ˄ ʰ˄ʶʴʶˊʻʶʾ ˃ʶ˄ ˋʶ ˔˗ˊˇˎˌ ˉˇˎ ʷ˔ʶʽ ʶ˅ʰˋ˒ʰ˂ʾˋʶʽ ˇ ɮ˄ʱʵˇ˔ˇˌΣ ʰ˂˂ʱ ʷ˔ʶʽ 

ʵˇʻʶʾ ˉˊˇˋ˖ˊʽ˄ʺ ʱʵʶʽʰ ʶʴˁʰˍʱˋˍʰˋʹˌ-˂ ʶʽˍˇˎˊʴʾʰˌ ʴʽʰ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍˇˎ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ʷˊʴˇˎΦ 

 

1.1.8 ʆʰ ˉʱˋʹˌ ˒ˏˋʶ˖ˌ ʰˋ˒ʱ˂ʽˋˍˊʰ ʴʽʰ ˍˇ ˉˊˇˋ˖ˉʽˁˈ ˍˇˎ ɳˊʴˇˎΣ ˍʽˌ ˃ʶˍʰ˒ˇˊʷˌΣ ˍʰ ˃ʶˍʰ˒ˇˊʽˁʱ ˃ʷˋʰΣ ˍʰ 

˃ʹ˔ʰ˄ʺ˃ʰˍʰ ʷˊʴ˖˄ ˁʰʽ ˍʽˌ ʶʴˁʰˍʰˋˍʱˋʶʽˌΣ ˁʰʻ˗ˌ ˁʰʽ ˍʽˌ ˂ˇˉʷˌ ʰˋ˒ʰ˂ʽˋˍʽˁʷˌ ˁʰ˂ˏ˕ʶʽˌ ˈˉ˖ˌ 

ˁʰʻˇˊʾʸˇ˄ˍʰʽ ˋˍʹ˄ ɳʽʵʽˁʺ ʅˎʴʴˊʰ˒ʺ ʇˉˇ˔ˊʶ˗ˋʶ˖˄ ˍˇˎ ɳˊʴˇˎΦ 

 

1.1.9 ʁʽ ʶˉʽʲʰˊˏ˄ˋʶʽˌ ʰˉˈ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍ˖˄ ʶˊʴʰˋʽ˗˄ ˎˉˈ ˍʰˎˍˈ˔ˊˇ˄ʹ ʵʽʶ˅ʰʴ˖ʴʺ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˁʰʽ 

ˍʹ˄ ˂ʺ˕ʹ ˍ˖˄ ʰˉʰʽˍˇˎ˃ʷ˄˖˄ ˉˊˇˋˍʰˍʶˎˍʽˁ˗˄ ˃ʷˍˊ˖˄Σ ˇʽ ʵʰˉʱ˄ʶˌ ˍ˖˄ ˃ʷˍˊ˖˄ ˉˊˇˋˍʰˋʾʰˌ ˍ˖˄ 

ˈ˃ˇˊ˖˄ ˁʰˍʰˋˁʶˎ˗˄ ˍ˖˄ ˔˗ˊ˖˄ ʶˁˍʷ˂ʶˋʹˌ ˍ˖˄ ʶˊʴʰˋʽ˗˄Σ ˍʹˌ ˉˊˈ˂ʹ˕ʹˌ ʰˍˎ˔ʹ˃ʱˍ˖˄ ʶˊʴʰʸˇ˃ʷ˄˖˄ 

ʺ ˍˊʾˍ˖˄Σ ˍʹˌ ʰˉˇ˒ˎʴʺˌ ʲ˂ʰʲ˗˄ ˋʶ ˁʽ˄ʹˍʱ ʺ ʰˁʾ˄ʹˍʰ ˉˊʱʴ˃ʰˍʰ ˍˊʾˍ˖˄Σ ˍʹˌ ʰˉˇ˒ˎʴʺˌ ˊˏˉʰ˄ˋʹˌ 

ˊʶ˃ʱˍ˖˄Σ ˉˇˍʰ˃˗˄Σ ʰˁˍ˗˄  ˁ˂ˉΣ ˁʰʻ˗ˌ ˁʰʽ ˇʽ ʵʰˉʱ˄ʶˌ ˍ˖˄ ˃ʷˍˊ˖˄ ˉˊˇˋˍʰˋʾʰˌ ˍ˖˄ ʷˊʴ˖˄ ˋʶ ˁʱʻʶ 

˒ʱˋʹ ˍʹˌ ˁʰˍʰˋˁʶˎʺˌ ˍˇˎˌ ʰ˄ʶ˅ʰˊˍʺˍ˖ˌ ˍʹˌ ʶˉˇ˔ʺˌ ˍˇˎ ʷˍˇˎˌ όʶˁˋˁʰ˒ʷˌΣ ʻʶ˃ʶ˂ʽ˗ˋʶʽˌΣ ʽˁˊʽ˗˃ʰˍʰΣ 

ˋˁˎˊˇʵʶˍʺˋʶʽˌ ˁ˂ˉύ ˁʰʽ ˃ʷ˔ˊʽ ˍʹ˄ ˇˊʽˋˍʽˁʺ ˉʰˊʰ˂ʰʲʺ ˍˇˎˌΦ 

 

1.1.10 ʁʽ ʵʰˉʱ˄ʶˌ ʵʽʶ˅ʰʴ˖ʴʺˌ ˍ˖˄ ʶ˂ʷʴ˔˖˄ ˉˇʽˈˍʹˍˇˌ ˁʰʽ ˇʽ ʵʰˉʱ˄ʶˌ ˁʰˍʰˋˁʶˎʺˌ ˍ˖˄ ˉʱˋʹˌ ˒ˏˋʶ˖ˌ 

ΨΩʵˇˁʽ˃ʰˋˍʽˁ˗˄ ˍ˃ʹ˃ʱˍ˖˄ΩΩ ˉˇˎ ˉˊˇʲ˂ʷˉˇ˄ˍʰʽ ˋˍʹ˄ ˋˍʹ˄ ˃ʶ˂ʷˍʹΣ ˍʽˌ ˉˊˇʵʽʰʴˊʰ˒ʷˌ ˁʰʽ ˍˇˎˌ ˂ˇʽˉˇˏˌ 

ˈˊˇˎˌ ʵʹ˃ˇˉˊʱˍʹˋʹˌ  ό˃ʶˍˊʺˋʶʽˌΣ ʶˊʴʰˋˍʹˊʽʰˁˇʾ ʷ˂ʶʴ˔ˇʽ ˁʰʽ  ʵˇˁʽ˃ʷˌΣ ʰ˅ʾʰ ˎ˂ʽˁ˗˄Σ ˔ˊʺˋʹ 

˃ʹ˔ʰ˄ʹ˃ʱˍ˖˄Σ ʶˊʴʰˋʾʰ ˁ˂ˉΦύ 

 

1.1.11 ʁʽ ʵʰˉʱ˄ʶˌ ʵʽʱʻʶˋʹˌΣ ˉˊˇˋˁˈ˃ʽˋʹˌ ˁʰʽ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ ˁˎˊʾˇˎ ˁʰʽ ʲˇʹʻʹˍʽˁˇˏ ˃ʹ˔ʰ˄ʽˁˇˏ 

ʶ˅ˇˉ˂ʽˋ˃ˇˏ ˁʰʽ ˃ʷˋ˖˄ όˉΦ˔Φ ʽˁˊʽ˖˃ʱˍ˖˄Σ ʶˊʴʰ˂ʶʾ˖˄ύ ˉˇˎ ʰˉʰʽˍˇˏ˄ˍʰʽ ʴʽʰ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˍˇˎ ʷˊʴˇˎ 

ˋˍˇ ˉ˂ʰʾˋʽˇ ˍˇˎ ʶʴˁʶˁˊʽ˃ʷ˄ˇˎ ˔ˊˇ˄ˇʵʽʰʴˊʱ˃˃ʰˍˇˌΣ ˋˍʽˌ ˇˉˇʾʶˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˍʰ ˃ʽˋʻ˗˃ʰˍʰΣ ʹ 

˃ʶˍʰ˒ˇˊʱ ʶˉʾ ˍˈˉˇˎΣ ʹ ˋˎ˄ʰˊ˃ˇ˂ˈʴʹˋʹ όˈˍʰ˄ ʰˉʰʽˍʶʾˍʰʽύΣ ʹ ʰˉˇʻʺˁʶˎˋʹΣ ʹ ˒ˏ˂ʰ˅ʹΣ ʹ ʰˋ˒ʱ˂ʽˋʹΣ ˇʽ 

ʰˉˇʵˇ˔ʷˌ ˇʵʹʴ˗˄Σ ˔ʶʽˊʽˋˍ˗˄Σ ʲˇʹʻ˗˄ ˁʰʽ ˍʶ˔˄ʽˍ˗˄Σ ˍʰ ˁʰˏˋʽ˃ʰΣ ˍʰ ˂ʽˉʰ˄ˍʽˁʱ ˁʰʽ ˂ˇʽˉʱ ʰ˄ʰ˂˗ˋʽ˃ʰΣ 

ˍʰ ʰ˄ˍʰ˂˂ʰˁˍʽˁʱΣ ˇʽ ʶˉʽˋˁʶˎʷˌΣ ˇʽ ˃ʶˍʰˁʽ˄ʺˋʶʽˌ ˋˍˇ˄ ˔˗ˊˇ ˍˇˎ ʷˊʴˇˎΣ ˇʽ ʹ˃ʶˊʰˊʴʾʶˌ ʴʽʰ ˇˉˇʽʰʵʺˉˇˍʶ 

ʰʽˍʾʰΣ ˇʽ ˉʱˋʹˌ ˒ˏˋʶ˖ˌ ˋˍʰ˂ʾʶˌ ˁʰʽ ˁʰʻˎˋˍʶˊʺˋʶʽˌ όˉˇˎ ʵʶ˄ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋʶ ˎˉʰʽˍʽˈˍʹˍʰ ˍˇˎ ɼˎˊʾˇˎ 

ˍˇˎ ɳˊʴˇˎύΣ ʹ ʰˉˇˋˎ˄ʰˊ˃ˇ˂ˈʴʹˋʺ ˍˇˎˌ όʶʱ˄ ʰˉʰʽˍʶʾˍʰʽύ ˁʰʽ ʹ ʰˉˇ˃ʱˁˊˎ˄ˋʺ ˍˇˎˌ ʰˉˈ ˍˇ ɳˊʴˇΦ 
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ʃʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ʶˉʾˋʹˌ ˇʽ ˉʱˋʹˌ ˒ˏˋʶ˖ˌ ʵʰˉʱ˄ʶˌ ˍˇˎ ʶ˒ʶʵˊʽˁˇˏ ʶ˅ˇˉ˂ʽˋ˃ˇˏ ˉˇˎ ʵʽʰˍʹˊʶʾˍʰʽ ˋʶ 

ʶˍˇʽ˃ˈˍʹˍʰ ʴʽʰ ˍʹ˄ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹ ʲ˂ʰʲ˗˄ ʺ ʴʽʰ ˇˉˇʽʰʵʺˉˇˍʶ ʱ˂˂ʹ ʰʽˍʾʰΦ 

 

1.1.12 ʁʽ ʵʰˉʱ˄ʶˌ ˉˊˇ˃ʹʻʶʾʰˌ ʺ ˉʰˊʰʴ˖ʴʺˌΣ ˒ˇˊˍˇʶˁ˒ˈˊˍ˖ˋʹˌ ˁʰʽ ˃ʶˍʰ˒ˇˊʱˌ ˋˍʹ ʻʷˋʹ ʶ˄ˋ˖˃ʱˍ˖ˋʹˌ 

ˁʰʽ ˍˎ˔ˈ˄ ˉˊˇˋ˖ˊʽ˄˗˄ ʰˉˇʻʷˋʶ˖˄ ˁʰʽ ʶˉʰ˄ʰ˒ˇˊˍ˗ˋʶ˖˄  ʰʵˊʰ˄˗˄ ˎ˂ʽˁ˗˄ ˉˊˇʷ˂ʶˎˋʹˌ ˂ʰˍˇ˃ʶʾ˖˄Σ 

ˇˊˎ˔ʶʾ˖˄ ˁ˂ˉΦ ˉ˂ʹ˄ ˍ˖˄ ˉʶˊʽˉˍ˗ˋʶ˖˄ ˉˇˎ ˋˍʰ ˇʽˁʶʾʰ ʱˊʻˊʰ ˍˇˎ ˉʰˊˈ˄ˍˇˌ ʆʽ˃ˇ˂ˇʴʾˇˎ ʰ˄ʰ˒ʷˊʶˍʰʽ 

ˊʹˍʱ ˈˍʽ ʹ ˃ʶˍʰ˒ˇˊʱ ˉ˂ʹˊ˗˄ʶˍʰʽ ʽʵʽʰʾˍʶˊʰ όʱˊʻˊʰ ˉˇˎ ʶˉʽˋʹ˃ʰʾ˄ˇ˄ˍʰʽ ˃ʶ ʰˋˍʶˊʾˋˁˇ ώϝϐύΦ 

 

ʃʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˇʽ ʵʰˉʱ˄ʶˌ ˉ˂ˏˋʶ˖ˌΣ ʰ˄ʱ˃ʽ˅ʹˌ ʺ ʶ˃ˉ˂ˇˎˍʽˋ˃ˇˏ ˍ˖˄ ˎ˂ʽˁ˗˄Σ ˗ˋˍʶ ˄ʰ ʰ˄ˍʰˉˇˁˊʾ˄ˇ˄ˍʰʽ ˋˍʽˌ 

ˉˊˇʲ˂ʶˉˈ˃ʶ˄ʶˌ ʰˉˈ ˍʹ˄ ɾʶ˂ʷˍʹ ˍˇˎ ɳˊʴˇˎ ˉˊˇʵʽʰʴˊʰ˒ʷˌΣ ˂ʰ˃ʲʰ˄ˇ˃ʷ˄˖˄ ˎˉˈ˕ʹ ˍ˖˄ ˋ˔ʶˍʽˁ˗˄ 

ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁ˗˄ ˈˊ˖˄Φ 

 

1.1.13 ʁʽ ʶˉʽʲʰˊˏ˄ˋʶʽˌ ʰˉˈ ˁʰʻˎˋˍʶˊʺˋʶʽˌΣ ˃ʶʽ˖˃ʷ˄ʹ ʰˉˈʵˇˋʹ ˁʰʽ ˃ʶˍʰˁʽ˄ʺˋʶʽˌ ˃ʹ˔ʰ˄ʹ˃ʱˍ˖˄ ˁʰʽ 

ˉˊˇˋ˖ˉʽˁˇˏ ˉˇˎ ˇ˒ʶʾ˂ˇ˄ˍʰʽΥ 

 

όʰύ  ˋʶ ʶ˃ˉˈʵʽʰ ˋˍˇ ˔˗ˊˇ ʶˁˍʷ˂ʶˋʹˌ ˍ˖˄ ʶˊʴʰˋʽ˗˄ όʰˊ˔ʰʽˇ˂ˇʴʽˁʱ ʶˎˊʺ˃ʰˍʰΣ ʵʾˁˍˎʰ ʁΦɼΦʍΦ ˁ˂ˉΦύΣ 

όʲύ  ˋˍʹ˄ ˃ʹ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍ˖˄ ʵʽʰʵʽˁʰˋʽ˗˄ ʰˉʰ˂˂ˇˍˊʾ˖ˋʹˌ ˍ˃ʹ˃ʱˍ˖˄ ˍˇˎ ˔˗ˊˇˎ ʶˁˍʷ˂ʶˋʹˌ ˍ˖˄ 

ʶˊʴʰˋʽ˗˄  όˎˉˈ ˍʹ˄ ˉˊˇːˉˈʻʶˋʹ ˈˍʽ ˉʰˊʷ˔ʶˍʰʽ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ˍ˃ʹ˃ʰˍʽˁʺˌ ʶˁˍʷ˂ʶˋʹˌ ˍ˖˄ 

ʶˊʴʰˋʽ˗˄ύΣ 

όʴύ  ˋˍʽˌ ˍˎ˔ˈ˄ ʽʵʽʰʾˍʶˊʶˌ ʰˉʰʽˍʺˋʶʽˌ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹˌ ˍ˖˄ ʶ˃ˉˇʵʾ˖˄ ʰˉˈ ˍˇˎˌ ʰˊ˃ˈʵʽˇˎˌ ʴʽʰ ʰˎˍʱ 

˒ˇˊʶʾˌ όʇʃΦʃʁΣ ɲΦɳΦɶΣ ɲɳʇɮx ˁ ˂ˉΦύΣ 

όʵύ  ˋˍʹ˄ ʶ˄ʵʶ˔ˈ˃ʶ˄ʹ ʶˁˍʷ˂ʶˋʹ ˍ˖˄ ʶˊʴʰˋʽ˗˄ ˁʰˍʱ ˒ʱˋʶʽˌ ˂ˈʴ˖ ˍ˖˄ ˖ˌ ʱ˄˖ ʶ˃ˉˇʵʾ˖˄Σ 

όʶύ  ˋˍʹ˄ ʵʽʶ˄ʷˊʴʶʽʰ ˍ˖˄ ʰˉʰʽˍˇˎ˃ʷ˄˖˄ ˃ʶˍˊʺˋʶ˖˄Σ ʶ˂ʷʴ˔˖˄ ˁʰʽ ʶˊʶˎ˄˗˄  όˍˇˉˇʴˊʰ˒ʽˁ˗˄Σ 

ʶˊʴʰˋˍʹˊʽʰˁ˗˄Σ ʴʶ˖ˍʶ˔˄ʽˁ˗˄ ˁΦʰΦύΣ ˁʰʻ˗ˌ ˁʰʽ ˋˍʽˌ ˂ˇʽˉʷˌ ˎˉˇ˔ˊʶ˗ˋʶʽˌ ˍˇˎ ɮ˄ʰʵˈ˔ˇˎ ˉˇˎ 

ˉˊˇʲ˂ʷˉˇ˄ˍʰʽ ˋˍʰ ˍʶˏ˔ʹ ʵʹ˃ˇˉˊʱˍʹˋʹˌΣ ʶʾˍʶ ˍʰ ˖ˌ ʱ˄˖ ʰˉˇʸʹ˃ʽ˗˄ˇ˄ˍʰʽ ʽʵʽʰʾˍʶˊʰ ʶʾˍʶ ʶʾ˄ʰʽ 

ʰ˄ʹʴ˃ʷ˄ʰ ˋˍˇ ˉˇˋˇˋˍˈ ɱΦɳΦϧ ʁΦɳΦ ʺ ˋʶ ʱ˂˂ʰ ʱˊʻˊʰ ˍˇˎ ˉʰˊˈ˄ˍˇˌ ʆʽ˃ˇ˂ˇʴʾˇˎ 

όˋˍύ ˋˍʹ˄ ˂ʺ˕ʹ ˃ʷˍˊ˖˄ ʴʽʰ ˍʹ˄ ʶ˅ʰˋ˒ʱ˂ʽˋʹ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˉʶʸ˗˄ ˁʰʽ  ˇ˔ʹ˃ʱˍ˖˄Σ 

όʸύ ˋʶ ˉˊˇˋ˖ˊʽ˄ʷˌ ʺ ˃ˈ˄ʽ˃ʶˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʷˌ ˊˎʻ˃ʾˋʶʽˌ ˋˍʹ˄ ʶˎˊˏˍʶˊʹ ˉʶˊʽˇ˔ʺ ˍˇˎ ʷˊʴˇˎ ʴʽʰ 

ˇˉˇʽʰʵʺˉˇˍʶ ʰʽˍʾʰ όˉΦ˔Φ ʶˇˊˍʷˌΣ ʶˊʴʰˋʾʶˌ ˋˎ˄ˍʺˊʹˋʹˌ ˇʵʽˁˇˏ ʵʽˁˍˏˇˎ ˁʰʽ ˎˉˇʵˇ˃˗˄Σ ʲ˂ʱʲʶˌ 

ˋʶ ʱ˂˂ʰ ʷˊʴʰΣ ʶˁˍʷ˂ʶˋʹ ʱ˂˂˖˄ ʷˊʴ˖˄ ˁ˂ˉΦύΦ 

 

1.1.14 ʁʽ ʵʰˉʱ˄ʶˌ ˂ʺ˕ʹˌ ˃ʷˍˊ˖˄ ʴʽʰ ˍʹ˄ ˇ˃ʰ˂ʺ ˁʰʽ ʰˋ˒ʰ˂ʺ ʵʽʰˁʾ˄ʹˋʹ ˉʶʸ˗˄ ˁʰʽ  ˇ˔ʹ˃ʱˍ˖˄ ˋˍʽˌ ʻʷˋʶʽˌ 

ʶˁˍʷ˂ʶˋʹˌ ˍ˖˄ ʶˊʴʰˋʽ˗˄Σ ˈˉ˖ˌ ʶ˄ʵʶʽˁˍʽˁʱΥ 
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(1) ʁʽ ʵʰˉʱ˄ʶˌ ˉˊˇˋ˖ˊʽ˄˗˄ ʴʶ˒ˎˊ˗ˋʶ˖˄ ˇˊˎʴ˃ʱˍ˖˄ ˉ˂ʱˍˇˎˌ ʷ˖ˌ оΣл mΣ  ʴʽʰ ˍʹ˄ ʰˉˇˁʰˍʱˋˍʰˋʹ 

ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˉʶʸ˗˄ ˁʰʽ ˇ˔ʹ˃ʱˍ˖˄Σ ˈˍʰ˄ ˍˇˏˍˇ ˁˊʾ˄ʶˍʰʽ ʰˉʰʽˊʰʾˍʹˍˇ ʰˉˈ ˍʹ˄ ʇˉʹˊʶˋʾʰ ʺ 

ˍʽˌ ʰˊ˃ˈʵʽʶˌ ɮˊ˔ʷˌΣ ʶˁˍˈˌ ʰ˄ ˉˊˇʲ˂ʷˉʶˍʰʽ ʽʵʽʰʾˍʶˊʹ ˍʽ˃ˇ˂ˈʴʹˋʹ ʰˎˍ˗˄ ˋˍʰ ˋˎ˃ʲʰˍʽˁʱ ˍʶˏ˔ʹ 

ˍˇˎ ʷˊʴˇˎΦ 

 

(2) ʁʽ ʵʰˉʱ˄ʶˌ ˂ʺ˕ʹˌ ˉˊˇˋˍʰˍʶˎˍʽˁ˗˄ ˃ʷˍˊ˖˄ ʴʽʰ ˍʹ˄ ʰˉˊˈˋˁˇˉˍʹ ˁʰʽ ʰˋ˒ʰ˂ʺ ˁˎˁ˂ˇ˒ˇˊʾʰ 

ˉʶʸ˗˄ ˁʰʽ ˇ˔ʹ˃ʱˍ˖˄ ˋˍʹ˄ ˉʶˊʾ˃ʶˍˊˇ ˍ˖˄ ˔˗ˊ˖˄ ʶˁˍʷ˂ʶˋʹˌ ˍ˖˄ ʶˊʴʰˋʽ˗˄Σ ˈˉˇˎ ʰˉʰʽˍʶʾˍʰʽΣ 

ʺˍˇʽ ʴʽʰ ˍʹ˄ ˉʶˊʾ˒ˊʰ˅ʹ  ˍ˖˄ ˇˊˎʴ˃ʱˍ˖˄ ˁʰʽ ʴʶ˄ʽˁʱ ˍ˖˄ ˔˗ˊ˖˄ ʶˁˍʷ˂ʶˋʹˌ ʶˊʴʰˋʽ˗˄Σ ˍʹ˄ 

ʶ˄ʹ˃ʷˊ˖ˋʹ ˍˇˎ ˁˇʽ˄ˇˏΣ ˍʹ˄ ˋʺ˃ʰ˄ˋʹ ˁʰʽ ˒˖ˍʶʽ˄ʺ ˋʹ˃ʰˍˇʵˈˍʹˋʹ ˍˇˎ ʶˊʴˇˍʰ˅ʽʰˁˇˏ ˔˗ˊˇˎ 

όˉ˂ʹ˄ ʶˁʶʾ˄ʹˌ ˉˇˎ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˃ʶ˂ʷˍʹ ˋʺ˃ʰ˄ˋʹˌ ˁʰʽ ˍʽ˃ˇ˂ˇʴʶʾˍʰʽ ʽʵʽʰʽˍʷˊ˖ˌύΣ ˍʹ˄ 

ˉˊˇˋ˖ˊʽ˄ʺ ʵʽʶˎʻʷˍʹˋʹ ˁʰʽ ʰˉˇˁʰˍʱˋˍʰˋʹ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˁ˂ˉΦ ˁʰʻ˗ˌ ˁʰʽ ˇʽ ʵʰˉʱ˄ʶˌ ʴʽʰ ˍʹ˄ 

ʰˉˇ˃ʱˁˊˎ˄ˋʹ ˍ˖˄ ˉʰˊʰˉʱ˄˖ ˉˊˇˋ˖ˊʽ˄˗˄ ˁʰˍʰˋˁʶˎ˗˄ ˁʰʽ ˋʺ˃ʰ˄ˋʹˌ ˃ʶˍʱ ˍʹ˄ ˉʶˊʰʾ˖ˋʹ ˍ˖˄ 

ʶˊʴʰˋʽ˗˄ ˁʰʽ ˍʹ˄ ˉ˂ʺˊʹ ʰˉˇˁʰˍʱˋˍʰˋʹ ˍʹˌ ʰˊ˔ʽˁʺˌ ˋʺ˃ʰ˄ˋʹˌΣ ʶˁˍˈˌ ʰ˄ ˉˊˇʲ˂ʷˉʶˍʰʽ 

ʽʵʽʰʾˍʶˊʹ ˍʽ˃ˇ˂ˈʴʹˋʹ ʰˎˍ˗˄ ˋˍʰ ˋˎ˃ʲʰˍʽˁʱ ˍʶˏ˔ʹ ˍˇˎ ʷˊʴˇˎΦ 

 

1.1.15 ʁʽ ʵʰˉʱ˄ʶˌ ˍ˖˄ ˍˇˉˇʴˊʰ˒ʽˁ˗˄ ʶˊʴʰˋʽ˗˄ όʰˉˇˍˎˉ˗ˋʶ˖˄Σ  ˉʰˋˋʰ˂˗ˋʶ˖˄Σ ʰ˄ʰˉʰˋˋʰ˂˗ˋʶ˖˄Σ 

ˉˏˁ˄˖ˋʹˌ ˍˊʽʴ˖˄ˇ˃ʶˍˊʽˁˇˏ ˁʰʽ ˉˇ˂ˎʴ˖˄ˇ˃ʶˍˊʽˁˇˏ ʵʽˁˍˏˇˎΣ ʶʴˁʰˍʱˋˍʰˋʹˌ ˍ˖˄ ˔˖ˊˇˋˍʰʻ˃ʽˁ˗˄ 

ʰ˒ʶˍʹˊʽ˗˄ ˁ˂ˉύ ̄ ˇˎ ʰˉʰʽˍˇˏ˄ˍʰʽ ʴʽʰ ˍʹ˄ ˔ʱˊʰ˅ʹ ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ˋˍˇʽ˔ʶʾ˖˄ ˍˇˎ ʷˊʴˇˎΣ ʶˁˍˈˌ ʰ˄ ʱ˂˂˖ˌ 

ˇˊʾʸʶˍʰʽ ˋˍʹ˄ ɳΦʅΦʇΦΣ ˇʽ ʵʰˉʱ˄ʶˌ ˋˏ˄ˍʰ˅ʹˌ ˃ʶ˂ʶˍ˗˄ ʶ˒ʰˊ˃ˇʴʺˌ όˈˍʰ˄ ʰˉʰʽˍʶʾˍʰʽ ʴʽʰ ˍʹ˄ ˉˊˇˋʰˊ˃ˇʴʺ 

ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˍʹˌ ˇˊʽˋˍʽˁʺˌ ˃ʶ˂ʷˍʹˌ ˋˍˇ ʰˁˊʽʲʷˌ ʰ˄ʱʴ˂ˎ˒ˇ ˍˇˎ ʶʵʱ˒ˇˎˌΣ ˎ˒ʽˋˍʱ˃ʶ˄ʶˌ ˁʰˍʰˋˁʶˎʷˌ 

ˁΦˇΦˁΦύΣ ˁʰˍʰˋˁʶˎʰˋˍʽˁ˗˄ ˋ˔ʶʵʾ˖˄ ˁʰʽ ˋ˔ʶʵʾ˖˄ ˂ʶˉˍˇ˃ʶˊʶʽ˗˄Σ ˇʽ ʵʰˉʱ˄ʶˌ ʰ˄ʾ˔˄ʶˎˋʹˌ ˁʰʽ ʶ˄ˍˇˉʽˋ˃ˇˏ 

ʶ˃ˉˇʵʾ˖˄ ˋˍˇ˄ ˔˗ˊˇ ʶˁˍʷ˂ʶˋʹˌ ˍˇˎ ʷˊʴˇˎ ˁʰʽ ʶˁˉˈ˄ʹˋʹˌ ˃ʶ˂ʶˍ˗˄ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹˌ ʰˎˍ˗˄ ό˂Φ˔Φ 

ˎˉʱˊ˔ˇ˄ˍʰ ʻʶ˃ʷ˂ʽʰΣ ˎ˕ʹ˂ˈˌ ˇˊʽʸˇ˄ˍʰˌ ˎˉˇʴʶʾ˖˄ ˎʵʱˍ˖˄Σ ʵʾˁˍˎʰ ʁˊʴʰ˄ʽˋ˃˗˄ ɼˇʽ˄ʺˌ ʍ˒ʶ˂ʶʾʰˌ 

ώʁɼʍϐύΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʰ ˁʰʻˇˊʽʸˈ˃ʶ˄ʰ ˋˍʹ˄ ʆΦʅΦʇΦ ˁʰʽ ʴʶ˄ʽˁˈˍʶˊʰ ˋˍʰ ˍʶˏ˔ʹ ʵʹ˃ˇˉˊʱˍʹˋʹˌ ˍˇˎ 

ʷˊʴˇˎΣ ˁʰʻ˗ˌ ˇʽ ʵʰˉʱ˄ʶˌ ˋˏ˄ˍʰ˅ʹˌ ˍˇˎ ʃˊˇʴˊʱ˃˃ʰˍˇˌ ʃˇʽˈˍʹˍˇˌ ˍˇˎ ɳˊʴˇˎ όʃʃɳύΣ ˍˇˎ ʅ˔ʶʵʾˇˎ 

ɮˋ˒ʱ˂ʶʽʰˌ ˁʰʽ ʇʴʶʾʰˌΣ ˍˇˎ ʊʰˁʷ˂ˇˎ ɮˋ˒ʱ˂ʶʽʰˌ ˁʰʽ ʇʴʶʾʰˌ ˍˇˎ ɳˊʴˇˎ  όʅɮʇ-ʊɮʇύ ˁʰʽ ˍˇˎ  ɾʹˍˊ˗ˇˎ 

ɴˊʴˇˎ ˁʰʽ ˉʰˊʰʴ˖ʴʺˌ ˍˇˎ ʰˊʽʻ˃ˇˏ ʰ˄ˍʽˍˏˉ˖˄ ʰˎˍ˗˄ ˉˇˎ ˉˊˇʲ˂ʷˉˇ˄ˍʰʽ ˋˍʰ ˍʶˏ˔ʹ ʵʹ˃ˇˉˊʱˍʹˋʹˌΦ 

 

1.1.16 ʁʽ ʵʰˉʱ˄ʶˌ ʰˉˇˍˏˉ˖ˋʹˌ ˍʶ˔˄ʽˁ˗˄ ʷˊʴ˖˄ ˁʰʽ ˂ˇʽˉ˗˄ ʶʴˁʰˍʰˋˍʱˋʶ˖˄ ˉˇˎ ʰˉʰ˄ˍ˗˄ˍʰʽ ˋˍˇ ˔˗ˊˇ ˍˇˎ 

ʷˊʴˇˎΣ ˇʽ ʵʰˉʱ˄ʶˌ ʶˉʰ˂ʺʻʶˎˋʹˌ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ʶʵʱ˒ˇˎˌ ˃ʶ ˍˇˉˇʴˊʰ˒ʽˁʷˌ ˃ʶʻˈʵˇˎˌ ˁʰʻ˗ˌ ˁʰʽ ˇʽ 

ʵʰˉʱ˄ʶˌ ˂ʺ˕ʹˌ ʶˉʽ˃ʶˍˊʹˍʽˁ˗˄ ˋˍˇʽ˔ʶʾ˖˄ ˁʰˍΩ ʰ˄ˍʽˉʰˊʱˋˍʰˋʹ ˃ʶ ʶˉˊˈˋ˖ˉˇ ˍʹˌ ʇˉʹˊʶˋʾʰˌ ˁʰʽ 

ˋˏ˄ˍʰ˅ʹˌ ˍ˖˄ ˉʱˋʹˌ ˒ˏˋʶ˖ˌ ʶˉʽ˃ʶˍˊʹˍʽˁ˗˄ ˋ˔ʶʵʾ˖˄Σ ˉʽ˄ʱˁ˖˄ ˁʰʽ ˎˉˇ˂ˇʴʽˋ˃˗˄  ˉˇˎ ʻʰ 

ˎˉˇʲ˂ʹʻˇˏ˄ ˋˍʹ˄ ʇˉʹˊʶˋʾʰ ˉˊˇˌ ʷ˂ʶʴ˔ˇΦ 

 

1.1.17 ɶ ʵʰˉʱ˄ʹ ˋˏ˄ˍʰ˅ʹˌ ˍ˖˄ ʰ˄ʰˉˍˎʴ˃ʱˍ˖˄ ˁʰʽ ˉʽ˄ʱˁ˖˄ ˇˉ˂ʽˋ˃ˇˏ ˋˁˎˊˇʵʶ˃ʱˍ˖˄ όˈˍʰ˄ ʰˎˍˇʾ ʵʶ˄ 

ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˋˍʹ ˃ʶ˂ʷˍʹύΦ 

 

1.1.18 ʁʽ ʵʰˉʱ˄ʶˌ ʶ˄ʹ˃ʷˊ˖ˋʹˌ ˍ˖˄ ˇˊʽʸˇ˄ˍʽˇʴˊʰ˒ʽ˗˄ ˍʹˌ ˃ʶ˂ʷˍʹˌ ˃ʶ ˍʰ ˋˍˇʽ˔ʶʾʰ  ˍ˖˄ ʶ˄ˍˇˉʽʸˇ˃ʷ˄˖˄ ˃ʶ 

ʶˊʶˎ˄ʹˍʽˁʷˌ ˍˇ˃ʷˌ ʺ ˁ ʰˍʱ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍ˖˄ ʶˊʴʰˋʽ˗˄ ʵʽˁˍˏ˖˄ ʁΦɼΦʍΦ 
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1.1.19 ʁʽ ʵʰˉʱ˄ʶˌ ˍ˖˄ ʰ˄ˍ˂ʺˋʶ˖˄ όˉ˂ʹ˄ ˍ˖˄ ʰ˄ˍ˂ʺˋʶ˖˄ ˁʰˍʱ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˍʶ˔˄ʽˁ˗˄ ʶ˄ˍˈˌ ˁˇʾˍʹˌ 

ˉˇˍʰ˃˗˄ ʺ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ʵʶ˄ ˎˉʱˊ˔ʶʽ ʵˎ˄ʰˍˈˍʹˍʰ ˉʰˊˇ˔ʷˍʶˎˋʹˌ ˉˊˇˌ ˒ˎˋʽˁˈ ʺ ˍʶ˔˄ʹˍˈ 

ʰˉˇʵʷˁˍʹ ˎʵʱˍ˖˄ύ ˁʰʻ˗ˌ ˁʰʽ ˍ˖˄ ˉˊˇˋ˖ˊʽ˄˗˄ ʵʽʶˎʻʶˍʺˋʶ˖˄ ʴʽʰ ˍʹ˄ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹ ˍ˖˄ 

ʶˉʽ˒ʰ˄ʶʽʰˁ˗˄Σ ˎˉˇʴʶʾ˖˄ ˁʰʽ ˉʹʴʰʾ˖˄ ˄ʶˊ˗˄Σ ˗ˋˍʶ ˄ʰ ˉˊˇˋˍʰˍʶˏˇ˄ˍʰʽ ˍˈˋˇ ˍʰ ˁʰˍʰˋˁʶˎʰʸˈ˃ʶ˄ʰ 

ˇˋˇ ˁʰʽ ˍʰ ˎˉʱˊ˔ˇ˄ˍʰ ʷˊʴʰ ˁʰʽ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ʴʶ˄ʽˁˈˍʶˊʰΣ ʶˁˍˈˌ ʰ˄ ʰ˄ʰ˒ʷˊʶˍʰʽ ʵʽʰ˒ˇˊʶˍʽˁʱ ˋˍʰ 

ˍʶˏ˔ʹ ʵʹ˃ˇˉˊʱˍʹˋʹˌΦ 

 

1.1.20 ʁʽ ʵʰˉʱ˄ʶˌ ʵʽʰˍʺˊʹˋʹˌΣ ˁʰˍʱ ˍʹ˄ ˉʶˊʾˇʵˇ ʶˁˍʷ˂ʶˋʹˌ ˍ˖˄ ʶˊʴʰˋʽ˗˄Σ ˍˇˎ ˔˗ˊˇˎ ˍˇˎ ʷˊʴˇˎ ˁʰʻʰˊˇˏ 

ˁʰʽ ʰˉʰ˂˂ʰʴ˃ʷ˄ˇˎ ʰˉˈ ˅ʷ˄ʰ ˉˊˇˌ ˍˇ ʷˊʴˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰΣ ˉˊˇʿˈ˄ˍʰ ʶˁˋˁʰ˒˗˄ ˁ˂ˉΣ ˁʰʻ˗ˌ ˁʰʽ ˇʽ 

ʵʰˉʱ˄ʶˌ ʴʽʰ ˍʹ˄  ʰˉˈʵˇˋʹΣ ˃ʶˍʱ ˍˇ ˍʷ˂ˇˌ ˍ˖˄ ʶˊʴʰˋʽ˗˄Σ ˍˇˎ ˔˗ˊˇˎ ˁʰʻʰˊˇˏ ˁʰʽ ʶ˂ʶˏʻʶˊˇˎ ʰˉˈ 

ˇˉˇʽʶˋʵʺˉˇˍʶ ˁʰˍʰˋˁʶˎʷˌ ˁʰʽ ʶ˃ˉˈʵʽʰ ˁʰʽ ˈˉ˖ˌ ˋˍˇˎˌ ʶʴˁʶˁˊʽ˃ʷ˄ˇˎˌ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁˇˏˌ ˈˊˇˎˌ 

ˇˊʾʸʶˍʰʽΦ 

 

1.1.21 ʁʽ ʵʰˉʱ˄ʶˌ ˉˇˎ ʰˉˇˊˊʷˇˎ˄ ʰˉˈ ʵʽˁʰʽ˗˃ʰˍʰ ˁʰˍˇ˔ˎˊ˖˃ʷ˄˖˄ ˃ʶʻˈʵ˖˄ ˁʰʽ ʶˎˊʶˋʽˍʶ˔˄ʽ˗˄ ˉˇˎ 

ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ˁʰˍʱ ˇˉˇʽˇ˄ʵʺˉˇˍʶ ˍˊˈˉˇ ʴʽʰ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍ˖˄ ʶˊʴʰˋʽ˗˄Φ 

 

1.1.22 ʁʽ ʵʰˉʱ˄ʶˌ ʵʽʰ˃ˈˊ˒˖ˋʹˌ ˉˊˇˋʲʱˋʶ˖˄Σ ˉˊˇˋˉʶ˂ʱˋʶ˖˄ ˁʰʽ ʵʰˉʷʵ˖˄ ʶˊʴʰˋʾʰˌ ˋˍʰ ʵʽʱ˒ˇˊʰ 

ˍ˃ʺ˃ʰˍʰ ˍˇˎ ʷˊʴˇˎΣ ˁʰʽ ʴʶ˄ʽˁʱ ˁʱʻʶ ʲˇʹʻʹˍʽˁʺˌ ˁʰˍʰˋˁʶˎʺˌ ˉˇˎ ʻʰ ʰˉʰʽˍʹʻʶʾ ˋʶ ˇˉˇʽˇʵʺˉˇˍʶ 

ˋˍʱʵʽˇ ˍ˖˄ ʶˊʴʰˋʽ˗˄Σ ˈˍʰ˄ ʵʶ˄ ˉˊˇʲ˂ʷˉʶˍʰʽ ʽʵʽʰʾˍʶˊʹ ʶˉʽ˃ʷˍˊʹˋʹ ʰˎˍ˗˄ ˋˍʰ ˋˎ˃ʲʰˍʽˁʱ ˍʶˏ˔ʹΣ 

ˁʰʻ˗ˌ ˁʰʽ ˇʽ ʵʰˉʱ˄ʶˌ ʰˉˇ˅ʺ˂˖ˋʹˌ ˍ˖˄ ˉˊˇˋ˖ˊʽ˄˗˄ ˁʰˍʰˋˁʶˎ˗˄ ˁʰʽ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʺˌ 

ʰˉˇˁʰˍʱˋˍʰˋʹˌ ˍ˖˄ ˔˗ˊ˖˄ όˉˊˇˋʲʱˋʶ˖˄Σ ˉˊˇˋˉʶ˂ʱˋʶ˖˄Σ ʵʰˉʷʵ˖˄ ʶˊʴʰˋʾʰˌ ˁΦ˂ΦˉΦύΣ ʶˁˍˈˌ ʶʱ˄ 

ˎˉʱˊ˔ʶʽ ʷʴʴˊʰ˒ʹ ʰˉˇʵˇ˔ʺ ˍʹˌ ʇˉʹˊʶˋʾʰˌ ʴʽʰ ˍʹ˄ ʵʽʰˍʺˊʹˋʺ ˍˇˎˌΦ 

 

1.1.23 ʁʽ ʵʰˉʱ˄ʶˌ ʴʽʰ ˍʹ˄ ˉˊˇˋˍʰˋʾʰ ˁʰʽ ˍʹ˄ ʶ˅ʰˋ˒ʱ˂ʽˋʹ ˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍ˖˄ ʵʽˁˍˏ˖˄ ʁΦɼΦʍΦ ˉˇˎ 

ʵʽʰˋ˔ʾʸˇˎ˄ ʶʴˁʱˊˋʽʰ ˍʰ ˇˊˏʴ˃ʰˍʰ ʺ ʶˉʹˊʶʱʸˇ˄ˍʰʽ ˍˇˉʽˁʱ ʰˉˈ ˍʽˌ ʶˁˍʶ˂ˇˏ˃ʶ˄ʶˌ ʶˊʴʰˋʾʶˌΣ ʆʹ˄ 

ʰˉˇˁ˂ʶʽˋˍʽˁʺ ʶˎʻˏ˄ʹ ʴʽʰ ˍʹ˄ ˉˊˈˁ˂ʹˋʹ ʸʹ˃ʽ˗˄ ˁʰʽ ˒ʻˇˊ˗˄ ˋˍʰ ʵʾˁˍˎʰ ʰˎˍʱ ʻʰ ˒ʷˊʶʽΣ ˍˈˋˇ ʰˋˍʽˁʱ 

ˈˋˇ ˁʰʽ ˉˇʽ˄ʽˁʱ ˁʰʽ ˃ʷ˔ˊʽ ˉʶˊʰʾ˖ˋʹˌ ˍ˖˄ ʶˊʴʰˋʽ˗˄Σ ˇ ɮ˄ʱʵˇ˔ˇˌ ˍˇˎ ɳˊʴˇˎΦ 

 

1.1.24 ʁʽ ʵʰˉʱ˄ʶˌ ˉˊˈ˂ʹ˕ʹˌ ˁʰʽ ʰˉˇˁʰˍʱˋˍʰˋʹˌ ˁʱʻʶ ʶʾʵˇˎˌ ʸʹ˃ʽʱˌ ˁʰʻ˗ˌ ˁʰʽ ˇʽ ʰˉˇʸʹ˃ʽ˗ˋʶʽˌ ʴʽʰ ˁʱʻʶ 

ʶʾʵˇˎˌ ʲ˂ʱʲʹ ʺ ˃ʹ ˋˎ˄ʺʻʹ ˒ʻˇˊʱ ʶˉʾ ˎ˒ʽˋˍʰ˃ʷ˄˖˄ ˁʰˍʰˋˁʶˎ˗˄ ˁʰˍʱ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍ˖˄ ʶˊʴʰˋʽ˗˄ ʺ 

ˍʹ˄ ʵʽʰˁʾ˄ʹˋʹ ʲʰˊʷ˖ˌ ʶ˅ˇˉ˂ʽˋ˃ˇˏ ˍˇˎ ɮ˄ʰʵˈ˔ˇˎ όˉΦ˔Φ ˃ʶˍʰ˒ˇˊʽˁ˗˄ ˃ʷˋ˖˄ ˃ʶʴʱ˂ʹˌ ˔˖ˊʹˍʽˁˈˍʹˍʰˌΣ 

ʶˊˉˎˋˍˊʽˇ˒ˈˊ˖˄ ˃ʹ˔ʰ˄ʹ˃ʱˍ˖˄ ˁ˂ˉύ ˉˇˎ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋʶ ˃ʹ ˍʺˊʹˋʹ ˍ˖˄ ˋˎ˃ʲʰˍʽˁ˗˄ ˈˊ˖˄Σ ˍ˖˄ 

ˎˉˇʵʶʾ˅ʶ˖˄ ˍʹˌ ʇˉʹˊʶˋʾʰˌΣ ˍ˖˄ ʽˋ˔ˎˇˎˋ˗˄  ʵʽʰˍʱ˅ʶ˖˄ ˁʰʽ ʴʶ˄ʽˁˈˍʶˊʰ ˋʶ ˎˉʰʽˍʽˈˍʹˍʰ ˍˇˎ ɮ˄ʰʵˈ˔ˇˎΦ 

 

1.1.25 ʁʽ ʵʰˉʱ˄ʶˌ ʵʽʱʻʶˋʹˌ ʴˊʰ˒ʶʾ˖˄ ˁʰʽ ˂ˇʽˉ˗˄ ʶˎˁˇ˂ʽ˗˄  ˋˍʹ˄ ɳˉʽʲ˂ʷˉˇˎˋʰ ʇˉʹˊʶˋʾʰΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˈˋʰ 

ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˋˍʹ˄ ɳΦʅΦʇ ˁʰʽ ˋˍˇˎˌ ˂ˇʽˉˇˏˌ ˈˊˇˎˌ ʵʹ˃ˇˉˊʱˍʹˋʹˌΦ 
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1.1.26 ɳ˒Ω ˈˋˇ˄ ʵʶ˄ ˉˊˇʲ˂ʷˉʶˍʰʽ ʽʵʽʰʾˍʶˊʹ ˉ˂ʹˊ˖˃ʺ ˋˍʰ ˋˎ˃ʲʰˍʽˁʱ ˍʶˏ˔ʹΥ ʁʽ ˉʱˋʹˌ ˒ˏˋʶ˖ˌ ʵʰˉʱ˄ʶˌ ʴʽʰ 

ˍʽˌ ʶˊʴˇˍʰ˅ʽʰˁʷˌ ˇʵˇˏˌ ˉˇˎ ʰˉʰʽˍˇˏ˄ˍʰʽ ʴʽʰ ˍʹ˄ ʰˋ˒ʰ˂ʺ ʵʽʰˁʾ˄ʹˋʹ ʶ˅ˇˉ˂ʽˋ˃ˇˏ ˁʰʽ ˎ˂ʽˁ˗˄  

ˁʰˍʰˋˁʶˎʺˌ ˍˇˎ ɳˊʴˇˎ ό˃ʾˋʻ˖ˋʹ ʺ ʶ˅ʰˋ˒ʱ˂ʽˋʹ ʵʽˁʰʽ˖˃ʱˍ˖˄ ʵʽʷ˂ʶˎˋʹˌ ʰˉˈ ʽʵʽ˖ˍʽˁʺ ʷˁˍʰˋʹΣ 

ˁʰˍʰˋˁʶˎʺ ˍ˖˄ ˇʵ˗˄ ʺ ʲʶ˂ˍʾ˖ˋʹ ˎˉʰˊ˔ˇˎˋ˗˄Σ ˋʺ˃ʰ˄ˋʹΣ ˋˎ˄ˍʺˊʹˋʹύΣ ˁʰʻ˗ˌ ˁʰʽ ˇʽ ʵʰˉʱ˄ʶˌ  

ʶ˅ʰˋ˒ʱ˂ʽˋʹˌ ˍ˖˄ ʰ˄ʰʴˁʰʾ˖˄ ˔˗ˊ˖˄ ʰˉˈʻʶˋʹˌ ˍ˖˄ ˉ˂ʶˇ˄ʰʸˈ˄ˍ˖˄ ʺ ʰˁʰˍʰ˂˂ʺ˂˖˄ ˉˊˇʿˈ˄ˍ˖˄ 

ʶˁˋˁʰ˒˗˄ όˁʰˍʰʲˇ˂ʺ ˍʽ˃ʺ˃ʰˍˇˌ ˉˊˇˌ ʽʵʽˇˁˍʺˍʶˌΣ ʰ˄ ʰˉʰʽˍʶʾˍʰʽΣ ʶ˅ʰˋ˒ʱ˂ʽˋʹ ˋ˔ʶˍʽˁ˗˄ ʰʵʶʽ˗˄Σ 

ˁʰˍʰˋˁʶˎʺ ˇʵ˗˄ ˉˊˇˋˉʷ˂ʰˋʹˌ ʺ ʶˉʷˁˍʰˋʹ ʺ ʲʶ˂ˍʾ˖ˋʹ ˎˉʰˊ˔ˇˎˋ˗˄ ˁʰʽ ˍʶ˂ʽˁʺ ʵʽʰ˃ˈˊ˒˖ˋʹ ˍ˖˄ 

˔˗ˊ˖˄ ˃ʶˍʱ ˍʹ˄ ˉʶˊʰʾ˖ˋʹ ˍ˖˄ ʶˊʴʰˋʽ˗˄ύΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇˎˌ ʶʴˁʶˁˊʽ˃ʷ˄ˇˎˌ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁˇˏˌ 

ˈˊˇˎˌΦ 

 

1.1.27 ʁʽ ʵʰˉʱ˄ʶˌ ʵʽʱ˄ˇʽ˅ʹˌ ˍˇ˃˗˄ ʺ ˇˉ˗˄ ˋˍʰ ˍˇʽ˔˗˃ʰˍʰ ˎ˒ʽˋˍʰ˃ʷ˄˖˄ ʰʴ˖ʴ˗˄Σ ˒ˊʶʰˍʾ˖˄Σ ˍʶ˔˄ʽˁ˗˄ 

ʷˊʴ˖˄ ˁΦ˂ΦˉΦΣ ˃ʶ ˇˉˇʽʰʵʺˉˇˍʶ ˃ʷˋʰΣ ʴʽʰ ˍʹ ˋˏ˄ʵʶˋʹ ˄ʷ˖˄ ˋˎ˃ʲʰ˂˂ˈ˄ˍ˖˄ ʰʴ˖ʴ˗˄Σ ʶˁˍˈˌ ʰ˄ 

ˉˊˇʲ˂ʷˉʶˍʰʽ ʽʵʽʱˍʶˊʹ ˉ˂ʹˊ˖˃ʺ ˉˊˇˌ ˍˇˏˍˇ ˋˍʰ ˍʶˏ˔ʹ ʵʹ˃ˇˉˊʱˍʹˋʹˌΦ 

 

1.1.28 ʁʽ ʵʰˉʱ˄ʶˌ ˍ˖˄ ʶʽʵʽˁ˗˄ ˃ʶ˂ʶˍ˗˄Σ ˉˇˎ ˉˊˇʲ˂ʷˉʶˍʰʽ ˋˍʰ ˍʶˏ˔ʹ ʵʹ˃ˇˉˊʱˍʹˋʹˌ ˄ʰ ʶˁˉˇ˄ʹʻˇˏ˄ ʰˉˈ 

ˍˇ˄ ɮ˄ʱʵˇ˔ˇ ˔˖ˊʾˌ ʽʵʽʰʾˍʶˊʹ ʰ˃ˇʽʲʺΣ ˈˉ˖ˌ ˃ʶ˂ʷˍʶˌ ˋˏ˄ʻʶˋʹˌ ˋˁˎˊˇʵʶ˃ʱˍ˖˄ ˁʰʽ ʰˋ˒ʰ˂ˍˇ˃ʽʴ˃ʱˍ˖˄Σ 

˃ʶ˂ʷˍʶˌ ʶˎˋˍʱʻʶʽʰˌ ˉˊʰ˄˗˄Σ ˃ʶ˂ʷˍʶˌ ʽˁˊʽ˖˃ʱˍ˖˄Σ ˃ʶ˂ʷˍʶˌ ʶ˅ˎʴʾʰ˄ˋʹˌ ʶʵʱ˒ˇˎˌ ˁ˂ˉΦ 

 

1.1.29 ʁʽ ʵʰˉʱ˄ʶˌ ʷˁʵˇˋʹˌ ˍ˖˄ ʰˉʰʽˍˇˎ˃ʷ˄˖˄ ʰʵʶʽ˗˄ ʶˁˍʷ˂ʶˋʹˌ  ʶˊʴʰˋʽ˗˄ ʰˉˈ ˍʽˌ ʰˊ˃ˈʵʽʶˌ ɲʹ˃ˈˋʽʶˌ 

ɳˉʽ˔ʶʽˊʺˋʶʽˌΣ ˍʹ˄ ʃˇ˂ʶˇʵˇ˃ʾʰ ˁʰʽ ˍˇˎˌ ʁˊʴʰ˄ʽˋ˃ˇˏˌ ɼˇʽ˄ʺˌ ʍ˒ʶ˂ʶʾʰˌ όɲΦɳΦɼΦʁΦ ʺ ʁΦɼΦʍΦύΣ ʶˁˍˈˌ ʰ˄ 

ˉˊˇʲ˂ʷˉʶˍʰʽ ʽʵʽʱˍʶˊʹ ˉ˂ʹˊ˖˃ʺ ˉˊˇˌ ˍˇˏˍˇ ˋˍʰ ˍʶˏ˔ʹ ʵʹ˃ˇˉˊʱˍʹˋʹˌΦ 

 

1.1.30 ʁʽ ʵʰˉʱ˄ʶˌ ˂ʺ˕ʹˌ ˃ʷˍˊ˖˄ ʴʽʰ ˍʹ˄ ˉˊˇˋˍʰˋʾʰ ˍˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌΣ ʰˉˈ ˍʹ˄ ʶʴˁʰˍʱˋˍʰˋʹ ˍˇˎ 

ɮ˄ʰʵˈ˔ˇˎ ˋˍˇ ɳˊʴˇ ˃ʷ˔ˊʽ ˁʰʽ ˍʹ˄ ˉʰˊʰ˂ʰʲʺ ˍˇˎ ɳˊʴˇˎΣ ˈˉ˖ˌ ʰˎˍʱ ˁʰʻˇˊʾʸˇ˄ˍʰʽ ˋˍʽˌ ˋ˔ʶˍʽˁʷˌ 

˃ʶ˂ʷˍʶˌ ˁʰʽ ˋˍˇˎˌ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁˇˏˌ ˈˊˇˎˌΣ ʶˁˍˈˌ ʰ˄ ˉˊˇʲ˂ʷˉʶˍʰʽ ʽʵʽʱˍʶˊʹ ˉ˂ʹˊ˖˃ʺ ˉˊˇˌ ˍˇˏˍˇ ˋˍʰ 

ˍʶˏ˔ʹ ʵʹ˃ˇˉˊʱˍʹˋʹˌΦ 

 

1.1.31 ʁʽ ʵʰˉʱ˄ʶˌ ʵʹ˃ˇˋʾʶˎˋʹˌ ˍʹˌ ʵʽʰˁʺˊˎ˅ʹˌ ˁʰʽ ˁʰˍʱˊˍʽˋʹˌ ˍˇˎ ˋˎ˃˒˖˄ʹˍʽˁˇˏ  ˁʰʽ ʴʶ˄ʽˁʱ ˈ˂ʶˌ ˇʽ 

ˎˉˈ˂ˇʽˉʶˌ ʶʽʵʽˁʷˌ ʵʰˉʱ˄ʶˌ ˉˇˎ ʲʰˊˏ˄ˇˎ˄ ˍˇ˄ ɮ˄ʱʵˇ˔ˇΣ ˈˉ˖ˌ ʰˎˍʷˌ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˋˍˇˎˌ ˎˉˈ˂ˇʽˉˇˎˌ 

ˈˊˇˎˌ ʵʹ˃ˇˉˊʱˍʹˋʹˌ ˍˇˎ ɳˊʴˇˎΦ 

 

1.1.32 ʁʽ ʵʰˉʱ˄ʶˌ ˂ʺ˕ʹˌ ˃ʷˍˊ˖˄ ʴʽʰ ˍʹ˄ ʶ˅ʰˋ˒ʱ˂ʽˋʹ ˍʹˌ ˋˎ˄ʶ˔ˇˏˌ ˁʰʽ ʰˉˊˈˋˁˇˉˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍ˖˄ 

ˎˉʰˊ˔ˈ˄ˍ˖˄ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍˇˎ ɳˊʴˇˎ ʵʽˁˍˏ˖˄ όʵʾˁˍˎʰ ˏʵˊʶˎˋʹˌΣ ʱˊʵʶˎˋʹˌΣ ʰˉˇ˔ʷˍʶˎˋʹˌ ˁʰʽ 

ʰˉˇˋˍˊʱʴʴʽˋʹˌΣ ˍʱ˒ˊˇʽΣ ʵʽ˗ˊˎʴʶˌΣ ˎʵʰˍˇˊʷ˃ʰˍʰ ˁ˂ˉύΣ ˍʰ ˇˉˇʾʰ ʶˉʹˊʶʱʸˇ˄ˍʰʽ ʰˉˈ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍ˖˄ 

ʶˊʴʰˋʽ˗˄Σ ˁʰʽ ʽʵʽʰʾˍʶˊʰ ˈˍʰ˄Υ 

 

(1) ˍʰ ʵʾˁˍˎʰ ʶʾ˄ʰʽ ˋ˔ʶˍʽˁʱ ʰ˄ʶˉʰˊˁʺ ˁʰʽ ʶˎʰʾˋʻʹˍʰ ˋʶ ʵˎˋ˃ʶ˄ʺ ˃ʶˍʰ˔ʶʾˊʽˋʹΣ 
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(2) ʻʰ ʶˉʽʲʰˊˎ˄ʻʶʾ ˎˉʷˊ˃ʶˍˊʰ ʹ ˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʰ ˍ˖˄ ʵʽˁˍˏ˖˄ ʰ˄ ˇ ɮ˄ʱʵˇ˔ˇˌ ʵʶ˄ ˂ʱʲʶʽ ˃ʷˍˊʰ ʴʽʰ 

˄ʰ ʰˉˇˍˊʷ˕ʶʽ ˍʹ˄ ʶʾˋˇʵˇ ˒ʶˊˍ˗˄ ˎ˂˗˄ ʰˉˈ ˍʽˌ ˔˖˃ʰˍˇˎˊʴʽˁʷˌΣ ˁˎˊʾ˖ˌΣ ʺ ʱ˂˂ʶˌ ʶˊʴʰˋʾʶˌΦ 

 

1.1.33 ʁʽ ʵʰˉʱ˄ʶˌ ˋˎ˄ˍʺˊʹˋʹˌ ˍˇˎ ʷˊʴˇˎ ˃ʷ˔ˊʽ ˍʹ˄ ˇˊʽˋˍʽˁʺ ˍˇˎ ˉʰˊʰ˂ʰʲʺΦ 

 

1.2 ʁʽ ˍʽ˃ʷˌ ˃ˇ˄ʱʵʰˌ ˍˇˎ ˉʰˊˈ˄ˍˇˌ ʆʽ˃ˇ˂ˇʴʾˇˎ ˉˊˇˋʰˎ˅ʱ˄ˇ˄ˍʰʽ ˁʰˍʱ ˍˇ ˉˇˋˇˋˍˈ  ɱʶ˄ʽˁ˗˄ ɳ˅ˈʵ˖˄ όɱΦɳΦύ 

ˁʰʽ ʁ˒ʷ˂ˇˎˌ όʁΦɳΦύ ˍˇˎ ɮ˄ʰʵˈ˔ˇˎΣ ˋˍˇ ˇˉˇʾˇ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˇʽ ˉʱˋʹˌ ˒ˏˋʶ˖ˌ ˁˊʰˍʺˋʶʽˌ ʺ 

ˎˉˇ˔ˊʶ˗ˋʶʽˌ ʰˎˍˇˏΣ ˈˉ˖ˌ ʵʰˉʱ˄ʶˌ ʵʽˇʾˁʹˋʹˌ ˁʰʽ ʶˉʾʲ˂ʶ˕ʹˌ ˍˇˎ ɴˊʴˇˎΣ ˋʺ˃ʰ˄ˋʹˌ ʶˊʴˇˍʰ˅ʾ˖˄Σ 

˒ˈˊˇʽΣ ʵʰˋ˃ˇʾΣ ʰˋ˒ʱ˂ʽˋˍˊʰΣ ˍˈˁˇʽ ˁʶ˒ʰ˂ʰʾ˖˄ ˁʾ˄ʹˋʹˌΣ ˉˊˇ˃ʺʻʶʽʶˌ ʶʴʴˎʹˍʽˁ˗˄ ʶˉʽˋˍˇ˂˗˄Σ ʷ˅ˇʵʰ 

˂ʶʽˍˇˎˊʴʾʰˌ ʴˊʰ˒ʶʾ˖˄ ˁΦ˂ΦˉΦ Σ ˍʰ ʶˉʽˋ˒ʰ˂ʺ ʷ˅ˇʵʰ ˉʱˋʹˌ ˒ˏˋʶ˖ˌ ˁʰʻ˗ˌ ˁʰʽ ˍˇ ˉˊˇˋʵˇˁ˗˃ʶ˄ˇ 

ˁʷˊʵˇˌ ʰˉˈ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍ˖˄ ʶˊʴʰˋʽ˗˄. 

 

ʆˇ ˖ˌ ʱ˄˖ ˉˇˋˇˋˍˈ ɱΦɳΦ ϧ ʁΦɳΦΣ ʰ˄ʷˊ˔ʶˍʰʽ ˋʶ ʵʷˁʰ ˇˁˍ˗ ˍˇʽˌ ʶˁʰˍˈ όму҈ύ ʺ ʶʾˁˇˋʽ ˇˁˍ˗ ˍˇʽˌ ʶˁʰˍˈ 

όну҈ύ ˍˇˎ ˉˊˇːˉˇ˂ˇʴʽˋ˃ˇˏ ˍ˖˄ ʶˊʴʰˋʽ˗˄Σ ˈˉ˖ˌ ʰˎˍˈˌ ˉˊˇˁˏˉˍʶʽ ʲʱˋʶʽ ˍ˖˄ ˍʽ˃˗˄ ˍˇˎ ʆʽ˃ˇ˂ˇʴʾˇˎ 

ʃˊˇˋ˒ˇˊʱˌ ˍˇˎ ʰ˄ʰʵˈ˔ˇˎΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʽˌ ˁʶʾ˃ʶ˄ʶˌ ʵʽʰˍʱ˅ʶʽˌΦ 

 

1.3 ʁ ʊˈˊˇˌ ʃˊˇˋˍʽʻʷ˃ʶ˄ʹˌ ɮ˅ʾʰˌ όʊΦʃΦɮύ ʶˉʾ ˍ˖˄ ˂ˇʴʰˊʽʰˋ˃˗˄ ˍˇˎ ɮ˄ʰʵˈ˔ˇˎ ʲʰˊˏ˄ʶʽ ˍˇ˄ ɼˏˊʽˇ ˍˇˎ 

ɴˊʴˇˎΦ 

 

1.4   ɳʱ˄ ˉˊˇˁˏ˕ʶʽ ʰ˄ʱʴˁʹ ʶˁˍʷ˂ʶˋʹˌ ʶˊʴʰˋʽ˗˄ ˉˇˎ ˉʰˊˇˎˋʽʱʸˇˎ˄ ʵʽʰ˒ˇˊʶˍʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʷ˄ʰ˄ˍʽ 

ˉʰˊʶ˃˒ʶˊ˗˄ ˉˊˇˌ ʰˎˍʷˌ ʶˊʴʰˋʽ˗˄ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˋˍˇ ˉʰˊˈ˄ ʆʽ˃ˇ˂ˈʴʽˇΣ ʰˉˇʵʶˁˍʱ ˋˏ˃˒˖˄ʰ 

˃ʶ ˍˇˎˌ ˈˊˇˎˌ ʵʹ˃ˇˉˊʱˍʹˋʹˌΣ ʺ ʶˊʴʰˋʽ˗˄ ˉˇˎ ʶˉʽ˃ʶˍˊ˗˄ˍʰʽ ʵʽʰ˒ˇˊʶˍʽˁʱΣ ˇʽ ʶˊʴʰˋʾʶˌ ʰˎˍʷˌ ʶʾ˄ʰʽ 

ʵˎ˄ʰˍˈ˄ ˄ʰ ʰ˄ʰ˔ʻˇˏ˄ ˋʶ ʱˊʻˊʰ ˍˇˎ ˉʰˊˈ˄ˍˇˌ ʆʽ˃ˇ˂ˇʴʾˇˎ ˃ʶ ʰ˄ʰʴ˖ʴʺ ˍ˖˄ ˃ʶʴʶʻ˗˄ ˍˇˎˌ ˋˏ˃˒˖˄ʰ 

˃ʶ ˍˇ ʰˁˈ˂ˇˎʻˇ ˉʰˊʱʵʶʽʴ˃ʰΥ 

 

ɲʽʱˍˊʹˍˇʽ ˋ˖˂ʺ˄ʶˌ ˋˍˊʰʴʴʽˋˍʹˊʾ˖˄Σ ʰʴ˖ʴˇʾ ʰˉˇ˔ʷˍʶˎˋʹˌ ˇ˃ʲˊʾ˖˄ ˁʰʽ ʰˁʰʻʱˊˍ˖˄ ʰˉˈ ˋˁˎˊˈʵʶ˃ʰΣ 

PVC, GRP ˁ ˂ˉ 

 

ɱʽʰ ˇ˄ˇ˃ʰˋˍʽˁʺ ʵʽʱ˃ʶˍˊˇ 5N ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ˇˎ ˋ˖˂ʺ˄ʰ ʵʽʰ˒ˇˊʶˍʽˁʺ ʰˉˈ ˍʽˌ ʰ˄ʰ˒ʶˊˈ˃ʶ˄ʶˌ ˋˍʰ 

ˎˉˇʱˊʻˊʰ ˍ˖˄ ʰ˄ˍʽˋˍˇʾ˔˖˄ ʱˊʻˊ˖˄ ˍˇˎ ˉʰˊˈ˄ˍˇˌ ʆʽ˃ˇ˂ˇʴʾˇˎ ˁʰʽ ʴʽʰ ʰ˄ˍʾˋˍˇʽ˔ˇ ˎ˂ʽˁˈ ˁʰˍʰˋˁʶˎʺˌΣ 

ˁʰˍʹʴˇˊʾʰ ʰ˄ˍˇ˔ʺˌ ˁʰʽ ˃ʷʻˇʵˇ ˉˊˇˋˍʰˋʾʰˌΣ ʻʰ ʴʾ˄ʶˍʰʽ ʰ˄ʰʴ˖ʴʺ ˍˇˎ ˃ʺˁˇˎˌ ˍˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ˇˎ ˋʶ ˃ʺˁˇˌ ˋ˖˂ʺ˄ʰ ˍʹˌ ʰ˃ʷˋ˖ˌ ˃ʽˁˊˈˍʶˊʹˌ ˋˍˇ ˉʰˊˈ˄ ʆʽ˃ˇ˂ˈʴʽˇ ˇ˄ˇ˃ʰˋˍʽˁʺˌ 

ʵʽʰ˃ʷˍˊˇˎΣ ˃ʶ ʲʱˋʹ ˍˇ ˂ˈʴˇΥ 

DN / DM 

ˈˉˇˎ  DN:  ʁ˄ˇ˃ʰˋˍʽˁʺ ʵʽʱ˃ʶˍˊˇˌ ˍˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄ˇˎ ˋ˖˂ʺ˄ʰ 

DM:  ɶ ʰ˃ʷˋ˖ˌ ˃ʽˁˊˈˍʶˊʹ ʵʽʱ˃ʶˍˊˇˌ ˋ˖˂ʺ˄ʰ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶˍʰʽ ˋˍˇ ˉʰˊˈ˄ ʆʽ˃ˇ˂ˈʴʽˇΦ 
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ɮ˄ ʵʶ˄ ˎˉʱˊ˔ʶʽ ˃ʽˁˊˈˍʶˊʹ ʵʽʱ˃ʶˍˊˇˌ ˖ˌ 5M ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʹ ʰ˃ʷˋ˖ˌ ˃ʶʴʰ˂ˏˍʶˊʹ ˎˉʱˊ˔ˇˎˋʰ 

ʵʽʱ˃ʶˍˊˇˌΦ 

ʃʰˊʶ˃˒ʶˊʺˌ ˉˊʰˁˍʽˁʺ ˃ˉˇˊʶʾ ˄ʰ ʷ˔ʶʽ ʶ˒ʰˊ˃ˇʴʺ ˁʰʽ ˋʶ ʱ˂˂ʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ʱˊʻˊ˖˄ ˍˇˎ ˉʰˊˈ˄ˍˇˌ 

ʆʽ˃ˇ˂ˇʴʾˇˎ 

 

 

ʁʽ ˍʽ˃ʷˌ ˃ˇ˄ʱʵˇˌ ˍˇˎ ˉʰˊˈ˄ˍˇˌ ʆʽ˃ˇ˂ˇʴʾˇˎ ˉˇˎ ˒ʷˊˇˎ˄ ˍʹ˄ ˋʺ˃ʰ˄ˋʹ ώϝϐ ˉʰˊʰˉ˂ʶˏˊ˖ˌ ˍʹˌ 

ʰ˄ʰʴˊʰ˒ˈ˃ʶ˄ʹˌ ˍʽ˃ʺˌ ˋʶ ɳʇʄʍ ʵʶ˄ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʹ˄ ʵʰˉʱ˄ʹ ˍʹˌ ˁʰʻʰˊʺˌ ˃ʶˍʰ˒ˇˊʱˌ ˍ˖˄Σ 

ˁʰˍʱ ˉʶˊʾˉˍ˖ˋʹΣ ˎ˂ʽˁ˗˄ ʺ ˉˊˇʿˈ˄ˍ˖˄Φ 

 

ȼ ȹɖɛɞˊɟŬŰɞɨůŬ ȷɟɢɐ ɗŬ ˊɟɞůɗɏŰŮɘ ůŰɘɠ Űɘɛɏɠ ŬɡŰɏɠ Űɖɜ ŭŬˊɎɜɖ Űɞɡ ɛŮŰŬűɞɟɘəɞɨ 
ɏɟɔɞɡ, ɛŮ ɓɎůɖ ŰŬ ůŰɞɘɢŮɑŬ Űɖɠ ɛŮɚɏŰɖɠ əŬɘ Űɘɠ ůɡɜɗɐəŮɠ ŮəŰɏɚŮůɖɠ Űɞɡ ɏɟɔɞɡ. 
 
ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɤɠ Ɏɜɤ ŭŬˊɎɜɖɠ Űɞɡ ɛŮŰŬűɞɟɘəɞɨ ɏɟɔɞɡ əŬɗɞɟɑɕɞɜŰŬɘ ɞɘ 
ŬəɧɚɞɡɗŮɠ Űɘɛɏɠ ɛɞɜɎŭŬɠ ůŮ ú/m

3
.km 

 
ʅʶ ʰˋˍʽˁʷˌ ˉʶˊʽˇ˔ʷˌ   

 - h ˉˈˋˍʰˋʹ < 5 km 0,28   

 - h ˉˈˋˍʰˋʹ җ р ƪƳ 0,21   

ɳˁˍˈˌ ˉˈ˂ʶ˖ˌ   

 ϊ ̌ɻ ˇʾ ˁʰ˂ʺˌ ʲʰˍˈˍʹˍʰˌ   

 - h ˉˈˋˍʰˋʹ ғ р ƪƳ 0,20   

 - h ˉˈˋˍʰˋʹ җ р ƪƳ 0,19   

 ϊ ̌ɻ ˇʾ ˁʰˁʺˌ ʲʰˍˈˍʹˍʰˌ   

 - h ˉˈˋˍʰˋʹ ғ р ƪƳ 0,25   

 - h ˉˈˋˍʰˋʹ җ р ƪƳ 0,21   

 ϊ ʁ́ ʴˇˍʰ˅ʽʰˁʷˌ ˇʵˇʾ   

 - h ˉˈˋˍʰˋʹ < 3 km 0,22   

 - h ˉˈˋˍʰˋʹ җ о ƪƳ 0,20   

ʃˊˈˋʻʶˍʹ ˍʽ˃ʺ ʴʽʰ ˉʰˊʰˍʶˍʰ˃ʷ˄ʹ ʰ˄ʰ˃ˇ˄ʺ 

˒ˇˊˍˇʶˁ˒ˈˊˍ˖ˋʹˌ όʰˋ˒ʰ˂ˍʽˁʱΣ ʶˁˋˁʰ˒ʷˌ ʻʶ˃ʶ˂ʾ˖˄ 

ˁʰʽ ˔ʰ˄ʵʱˁ˖˄Σ ˃ʽˁˊʺˌ ˁ˂ʾ˃ʰˁʰˌ ʶˁˋˁʰ˒ʷˌύ 

0,03 

 
 
Oʽ ˍʽ˃ʷˌ ʰˎˍʷˌ ʷ˔ˇˎ˄ ʶ˒ʰˊ˃ˇʴʺ ˋˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍʹˌ ˍʽ˃ʺˌ ˍˇˎ ʰˋˍʶˊʾˋˁˇˎ ώϝϐ ˍ˖˄ ʱˊʻˊ˖˄ ˍˇˎ 

ˉʰˊˈ˄ˍˇˌ ˍʽ˃ˇ˂ˇʴʾˇˎ ˍ˖˄ ˇˉˇʾ˖˄ ˇʽ ʶˊʴʰˋʾʶˌ ʶˉʽ˃ʶˍˊ˗˄ˍʰʽ ˋʶ ˁˎʲʽˁʱ ˃ʷˍˊʰ όm
3
ύΣ ˁʰˍʱ ˍˇ˄ ˍˊˈˉˇ 
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ˉˇˎ ˁʰʻˇˊʾʸʶˍʰʽ ˋʶ ʷˁʰˋˍˇ ʱˊʻˊˇΦ  

 

ʅʶ ˁʰ˃ʾʰ ˉʶˊʾˉˍ˖ˋʹ ʵʶ˄ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʶˉʽˉ˂ʺˋ˃ʰˍˇˌ ʺ ˇˉˇʽʰʵʺˉˇˍʶ ʱ˂˂ʹ 

ˉˊˇˋʰˏ˅ʹˋʹ ˁʰʽ ˇ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ʴʾ˄ʶˍʰʽ ˃ʶ ʲʱˋʹ ˍʰ ʶˉʽ˃ʶˍˊˇˏ˃ʶ˄ʰ m
3
 ˁʱʻʶ ʶˊʴʰˋʾʰˌΣ ˈˉ˖ˌ 

ˁʰʻˇˊʾʸʶˍʰʽ ˋˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ ʱˊʻˊˇΦ 

 

ɶ ʵʰˉʱ˄ʹ ˍˇˎ ˃ʶˍʰ˒ˇˊʽˁˇˏ ʷˊʴˇˎΣ ˈˉ˖ˌ ˉˊˇˋʵʽˇˊʾʸʶˍʰʽ ˋˍˇ ˉʰˊˈ˄ ˍʽ˃ˇ˂ˈʴʽˇΣ ˉˊˇˋˍʾʻʶˍʰʽ ˋˍʹ˄ 

ˍʽ˃ʺ ʲʱˋʶ˖ˌ ˍ˖˄ ʱˊʻˊ˖˄ ˉˇˎ ʶˉʽˋʹ˃ʰʾ˄ˇ˄ˍʰʽ ˃ʶ ώϝϐΣ ˁʰʽ ʰ˄ʰʻʶ˖ˊʶʾˍʰʽ ˃ʶ ʲʱˋʹ ˍˇ˄ ʶˁʱˋˍˇˍʶ 

ˁʰʻˇˊʽʸˈ˃ʶ˄ˇ ˁ˖ʵʽˁˈ ʰ˄ʰʻʶ˗ˊʹˋʹˌ όʵʶ˄ ˉˊˇʲ˂ʷˉʶˍʰʽ ʱ˂˂ʹΣ ʽʵʽʰʾˍʶˊʹ ʰ˄ʰʻʶ˗ˊʹˋʹ ˍˇˎ 

˃ʶˍʰ˒ˇˊʽˁˇˏ ʷˊʴˇˎύΦ 

 

A.  ʆɹɾʁɽʁɱɹʁ ʇɲʄɮʇɽɹɼʍɿ ɳʄɱʍɿ 
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Ŭ/Ŭ ȾɋȹȽȾɃɆ  ɆɈɁɇɃɀȼ ɄȺɅȽũɅȷūȼ
Ⱦɤŭɘəɧɠ 

ȷɜŬɗ/ůɖɠ

ɀɞɜ. 

ɀŮŰɟ.

EɅũȷ

ɏɤɠ 1,5 Ůə. ú

ȺɅũȷ

1,5 - 5,0 Ůə. ú

EɅũȷ

> 5,0 Ůə. ú

ȾɋȹȽȾɃ

Ɇ  

ɆɈɁɇɃɀȼ 

ɄȺɅȽũɅȷū

ȼ

Ⱦɤŭɘəɧɠ ȷɜŬɗ/ůɖɠɀɞɜ. ɀŮŰɟ.

EɅũȷ

ɏɤɠ 1,5 

Ůə. ú

ȺɅũȷ

1,5 - 5,0 Ůə. ú

EɅũȷ

> 5,0 Ůə. ú
ɀŮŰŬűɞɟɏɠ

 12.  ɆɋȿȼɁɋɆȺȽɆ - ȹȽȾɇɈȷ

12.13
ȷɔɤɔɞɑ ɡˊɧ ˊɑŮůɖ Ŭˊɧ 

ůɤɚɐɜŮɠ PVC-U

12.13.01 ɃɜɞɛŬůŰɘəɐɠ ˊɑŮůɖɠ 6 at

2 12.13.01.01 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D 50 mmɈȹɅ 6620.1m 1.75 1.70 1.62 

3 12.13.01.02 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D 63 mmɈȹɅ 6620.1m 2.10 2.00 1.90 

4 12.13.01.03 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D 75 mmɈȹɅ 6620.1m 2.70 2.60 2.50 

5 12.13.01.04 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D 90 mmɈȹɅ 6620.1m 3.90 3.80 3.60 

6 12.13.01.05 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D110 mmɈȹɅ 6620.1m 5.70 5.50 5.20 

7 12.13.01.06 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D140 mmɈȹɅ 6620.2m 8.10 7.90 7.50 

8 12.13.01.07 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D160 mmɈȹɅ 6620.3m 10.80 10.50 10.00 

9 12.13.01.08 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D200 mmɈȹɅ 6620.4m 14.10 13.70 13.00 

10 12.13.01.09 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D225 mmɈȹɅ 6620.5m 17.30 16.80 16.00 

11 12.13.01.10 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D280 mmɈȹɅ 6620.6m 29.30 28.40 27.00 

12 12.13.01.11 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D315 mmɈȹɅ 6620.7m 34.60 33.60 31.90 

13 12.13.01.12 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D355 mmɈȹɅ 6620.8m 41.20 40.00 38.00 

14 12.13.01.13 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D400 mmɈȹɅ 6620.9m 51.50 50.00 47.50 

15 12.13.01.14 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D450 mmɈȹɅ 6620.9m 64.00 62.00 59.00 

16 12.13.01.15 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D500 mmɈȹɅ 6620.9m 81.00 79.00 75.00 

12.13.02 ɃɜɞɛŬůŰɘəɐɠ ˊɑŮůɖɠ 10 at

17 12.13.02.01 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D 50 mmɈȹɅ 6621.1m 2.90 2.80 2.70 

18 12.13.02.02 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D 63 mmɈȹɅ 6621.1m 4.00 3.90 3.70 

19 12.13.02.03 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D 75 mmɈȹɅ 6621.1m 4.70 4.60 4.40 

20 12.13.02.04 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D 90 mmɈȹɅ 6621.1m 6.10 5.90 5.60 

21 12.13.02.05 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D110 mmɈȹɅ 6621.1m 7.40 7.20 6.80 

22 12.13.02.06 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D140 mmɈȹɅ 6621.2m 12.50 12.10 11.50 

23 12.13.02.07 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D160 mmɈȹɅ 6621.3m 14.60 14.20 13.50 

24 12.13.02.08 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D200 mmɈȹɅ 6621.4m 20.60 20.00 19.00 

25 12.13.02.09 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D225 mmɈȹɅ 6621.5m 27.10 26.30 25.00 

26 12.13.02.10 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D280 mmɈȹɅ 6621.6m 43.30 42.00 39.90 

27 12.13.02.11 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D315 mmɈȹɅ 6621.7m 54.10 52.50 49.90 

28 12.13.02.12 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D355 mmɈȹɅ 6621.8m 65.00 63.00 60.00 

29 12.13.02.13 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D400 mmɈȹɅ 6621.9m 81.00 78.80 75.00 

30 12.13.02.14 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D450 mmɈȹɅ 6621.9m 98.00 95.00 90.00 

31 12.13.02.15 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D500 mmɈȹɅ 6621.9m 118.00 115.00 109.00 

I.  ɈȹɅȷɈȿȽȾȷ ȺɅũȷ
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28 12.13.02.12 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D355 mmɈȹɅ 6621.8m 65.00 63.00 60.00 

29 12.13.02.13 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D400 mmɈȹɅ 6621.9m 81.00 78.80 75.00 

30 12.13.02.14 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D450 mmɈȹɅ 6621.9m 98.00 95.00 90.00 

31 12.13.02.15 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D500 mmɈȹɅ 6621.9m 118.00 115.00 109.00 

12.13.03 ɃɜɞɛŬůŰɘəɐɠ ˊɑŮůɖɠ 12,5 at

32 12.13.03.01 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D 50 mmɈȹɅ 6621.1m 3.40 3.30 3.10 

33 12.13.03.02 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D 63 mmɈȹɅ 6621.1m 4.60 4.50 4.30 

34 12.13.03.03 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D 75 mmɈȹɅ 6621.1m 5.80 5.60 5.30 

35 12.13.03.04 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D 90 mmɈȹɅ 6621.1m 7.00 6.80 6.50 

36 12.13.03.05 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D110 mmɈȹɅ 6621.1m 8.90 8.60 8.20 

37 12.13.03.06 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D140 mmɈȹɅ 6621.2m 14.10 13.70 13.00 

38 12.13.03.07 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D160 mmɈȹɅ 6621.3m 17.30 16.80 16.00 

39 12.13.03.08 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D200 mmɈȹɅ 6621.4m 26.00 25.20 23.90 

40 12.13.03.09 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D225 mmɈȹɅ 6621.5m 31.40 30.50 29.00 

41 12.13.03.10 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D280 mmɈȹɅ 6621.6m 51.90 50.40 47.90 

42 12.13.03.11 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D315 mmɈȹɅ 6621.7m 65.00 63.00 60.00 

43 12.13.03.12 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D355 mmɈȹɅ 6621.8m 78.00 75.60 72.00 

44 12.13.03.13 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D400 mmɈȹɅ 6621.9m 97.00 94.50 90.00 

45 12.13.03.14 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D450 mmɈȹɅ 6621.9m 119.00 116.00 110.00 

46 12.13.03.15 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D500 mmɈȹɅ 6621.9m 141.00 137.00 130.00 

12.13.04 ɃɜɞɛŬůŰɘəɐɠ ˊɑŮůɖɠ 16 at

47 12.13.04.01 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D 50 mmɈȹɅ 6622.1m 3.80 3.70 3.50 

48 12.13.04.02 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D 63 mmɈȹɅ 6622.1m 5.20 5.00 4.80 

49 12.13.04.03 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D 75 mmɈȹɅ 6622.1m 6.20 6.00 5.70 

50 12.13.04.04 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D 90 mmɈȹɅ 6622.1m 7.80 7.60 7.20 

51 12.13.04.05 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D110 mmɈȹɅ 6622.1m 9.90 9.60 9.10 

52 12.13.04.06 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D140 mmɈȹɅ 6622.2m 16.30 15.80 15.00 

53 12.13.04.07 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D160 mmɈȹɅ 6622.3m 21.60 21.00 20.00 

54 12.13.04.08 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D200 mmɈȹɅ 6622.3m 30.30 29.40 27.90 

55 12.13.04.09 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D225 mmɈȹɅ 6622.3m 37.90 36.80 35.00 

56 12.13.04.10 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D280 mmɈȹɅ 6622.3m 63.00 60.90 58.00 

57 12.13.04.11 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D315 mmɈȹɅ 6622.3m 76.00 73.50 70.00 

58 12.13.04.12 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D355 mmɈȹɅ 6622.3m 92.00 89.30 85.00 

59 12.13.04.13 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D400 mmɈȹɅ 6622.3m 113.00 110.00 105.00 

60 12.13.04.14 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D450 mmɈȹɅ 6622.3m 140.00 136.00 129.00 

61 12.13.04.15 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D500 mmɈȹɅ 6622.3m 173.00 168.00 160.00 
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59 12.13.04.13 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D400 mmɈȹɅ 6622.3m 113.00 110.00 105.00 

60 12.13.04.14 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D450 mmɈȹɅ 6622.3m 140.00 136.00 129.00 

61 12.13.04.15 ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ D500 mmɈȹɅ 6622.3m 173.00 168.00 160.00 

12.14

ɆɤɚɖɜɩůŮɘɠ ˊɘɏůŮɤɠ Ŭˊɧ 

ůɤɚɐɜŮɠ ˊɞɚɡŬɘɗɡɚŮɜɑɞɡ (PE) 

ɛŮ ůɡɛˊŬɔɏɠ ŰɞɑɢɤɛŬ əŬŰɎ 

ȺȿɃɇ ȺɁ 12201-2

12.14.01

ɆɤɚɖɜɩůŮɘɠ ˊɘɏůŮɤɠ Ŭˊɧ  

ůɤɚɐɜŮɠ ˊɞɚɡŬɘɗɡɚŮɜɑɞɡ  ɅE 100  

(ɛŮ ŮɚɎɢɘůŰɖ ŬˊŬɘŰɞɨɛŮɜɖ ŬɜŰɞɢɐ 

MRS10 = 10 MPa), ɛŮ ůɡɛˊŬɔɏɠ 

ŰɞɑɢɤɛŬ, əŬŰɎ ȺɁ 12201-2

62 12.14.01.01
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 32 mm / ɅɁ 

10 atm
ɈȹɅ 6621.1m 2.80 2.70 2.60 

63 12.14.01.02
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 40 mm / ɅɁ 

10 atm
ɈȹɅ 6621.1m 3.50 3.40 3.20 

64 12.14.01.03
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 50 mm / ɅɁ 

10 atm
ɈȹɅ 6621.1m 4.00 3.90 3.70 

65 12.14.01.04
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 63 mm / ɅɁ 

10 atm
ɈȹɅ 6621.1m 4.60 4.50 4.30 

66 12.14.01.05
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 75 mm / ɅɁ 

10 atm
ɈȹɅ 6621.1m 5.60 5.40 5.10 

67 1214.01.06
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 90 mm / ɅɁ 

10 atm
ɈȹɅ 6621.1m 7.60 7.40 7.00 

68 12.14.01.07
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 110 mm / ɅɁ 

10 atm
ɈȹɅ 6621.1m 10.10 9.80 9.30 

69 12.14.01.08
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 125 mm / ɅɁ 

10 atm
ɈȹɅ 6621.2m 11.90 11.60 11.00 

70 12.14.01.09
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 140 mm / ɅɁ 

10 atm
ɈȹɅ 6621.2m 15.10 14.70 14.00 

71 12.14.01.10
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 160 mm / ɅɁ 

10 atm
ɈȹɅ 6621.3m 17.30 16.80 16.00 

72 12.14.01.11
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 200 mm / ɅɁ 

10 atm
ɈȹɅ 6621.4m 23.80 23.10 21.90 

73 12.14.01.12
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 225 mm / ɅɁ 

10 atm
ɈȹɅ 6621.5m 30.30 29.40 27.90 

74 12.14.01.13
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 250 mm / ɅɁ 

10 atm
ɈȹɅ 6621.6m 35.70 34.70 33.00 

75 12.14.01.14
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 280 mm / ɅɁ 

10 atm
ɈȹɅ 6621.6m 48.70 47.30 44.90 

76 12.14.01.15
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 315 mm / ɅɁ 

10 atm
ɈȹɅ 6621.7m 60.00 57.80 55.00 

77 12.14.01.16
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 355 mm / ɅɁ 

10 atm
ɈȹɅ 6621.8m 70.00 68.30 65.00 

78 12.14.01.17
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 400 mm / ɅɁ 

10 atm
ɈȹɅ 6621.9m 97.00 94.50 90.00 

79 12.14.01.18
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 450 mm / ɅɁ 

10 atm
ɈȹɅ 6621.9m 119.00 116.00 110.00 

80 12.14.01.19
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 500 mm / ɅɁ 

10 atm
ɈȹɅ 6621.9m 141.00 137.00 130.00 

81 12.14.01.20
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 560 mm / ɅɁ 

10 atm
ɈȹɅ 6621.9m 173.00 168.00 160.00 

82 12.14.01.21
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 32 mm / ɅɁ 

12,5 atm
ɈȹɅ 6622.1m 3.00 2.90 2.80 

83 12.14.01.22
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 40 mm / ɅɁ 

12,5 atm
ɈȹɅ 6622.1m 3.70 3.60 3.40 

84 12.14.01.23
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 50 mm / ɅɁ 

12,5 atm
ɈȹɅ 6622.1m 4.30 4.20 4.00 

85 12.14.01.24
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 63 mm / ɅɁ 

12,5 atm
ɈȹɅ 6622.1m 5.50 5.30 5.00 

86 12.14.01.25
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 75 mm / ɅɁ 

12,5 atm
ɈȹɅ 6622.1m 6.70 6.50 6.20 

87 12.14.01.26
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 90 mm / ɅɁ 

12,5 atm
ɈȹɅ 6622.1m 9.10 8.80 8.40 
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86 12.14.01.25
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 75 mm / ɅɁ 

12,5 atm
ɈȹɅ 6622.1m 6.70 6.50 6.20 

87 12.14.01.26
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 90 mm / ɅɁ 

12,5 atm
ɈȹɅ 6622.1m 9.10 8.80 8.40 

88 12.14.01.27
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 110 mm / ɅɁ 

12,5 atm
ɈȹɅ 6622.1m 13.00 12.60 12.00 

89 12.14.01.28
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 125 mm / ɅɁ 

12,5 atm
ɈȹɅ 6622.2m 15.10 14.70 14.00 

90 12.14.01.29
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 140 mm / ɅɁ 

12,5 atm
ɈȹɅ 6622.2m 18.40 17.90 17.00 

91 12.14.01.30
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 160 mm / ɅɁ 

12,5 atm
ɈȹɅ 6622.3m 21.60 21.00 20.00 

92 12.14.01.31
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 200 mm / ɅɁ 

12,5 atm
ɈȹɅ 6622.3m 32.40 31.50 29.90 

93 12.14.01.32
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 225 mm / ɅɁ 

12,5 atm
ɈȹɅ 6622.3m 37.90 36.80 35.00 

94 12.14.01.33
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 250 mm / ɅɁ 

12,5 atm
ɈȹɅ 6622.3m 43.30 42.00 39.90 

95 12.14.01.34
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 280 mm / ɅɁ 

12,5 atm
ɈȹɅ 6622.3m 65.00 63.00 60.00 

96 12.14.01.35
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 315 mm / ɅɁ 

12,5 atm
ɈȹɅ 6622.3m 76.00 73.50 70.00 

97 12.14.01.36
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 355 mm / ɅɁ 

12,5 atm
ɈȹɅ 6622.3m 92.00 89.00 85.00 

98 12.14.01.37
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 400 mm / ɅɁ 

12,5 atm
ɈȹɅ 6622.3m 119.00 116.00 110.00 

99 12.14.01.38
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 450 mm / ɅɁ 

12,5 atm
ɈȹɅ 6622.3m 151.00 147.00 140.00 

100 12.14.01.39
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 500 mm / ɅɁ 

12,5 atm
ɈȹɅ 6622.3m 184.00 179.00 170.00 

101 12.14.01.40
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 560 mm / ɅɁ 

12,5 atm
ɈȹɅ 6622.3m 227.00 220.00 209.00 

102 12.14.01.41
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 32 mm / ɅɁ 

16 atm
ɈȹɅ 6622.1m 3.30 3.20 3.00 

103 12.14.01.42
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 40 mm / ɅɁ 

16 atm
ɈȹɅ 6622.1m 4.00 3.90 3.70 

104 12.14.01.43
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 50 mm / ɅɁ 

16 atm
ɈȹɅ 6622.1m 4.80 4.70 4.50 

105 12.14.01.44
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 63 mm / ɅɁ 

16 atm
ɈȹɅ 6622.1m 6.10 5.90 5.60 

106 12.14.01.45
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 75 mm / ɅɁ 

16 atm
ɈȹɅ 6622.1m 7.60 7.40 7.00 

107 12.14.01.46
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 90 mm / ɅɁ 

16 atm
ɈȹɅ 6622.1m 9.60 9.30 8.80 

108 12.14.01.47
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 110 mm / ɅɁ 

16 atm
ɈȹɅ 6622.1m 14.10 13.70 13.00 

109 12.14.01.48
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 125 mm / ɅɁ 

16 atm
ɈȹɅ 6622.2m 18.40 17.90 17.00 

110 12.14.01.49
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 140 mm / ɅɁ 

16 atm
ɈȹɅ 6622.2m 21.60 21.00 20.00 

111 12.14.01.50
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 160 mm / ɅɁ 

16 atm
ɈȹɅ 6622.3m 27.10 26.30 25.00 

112 12.14.01.51
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 200 mm / ɅɁ 

16 atm
ɈȹɅ 6622.3m 41.10 39.90 37.90 

113 12.14.01.52
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 225 mm / ɅɁ 

16 atm
ɈȹɅ 6622.3m 48.70 47.30 44.90 

114 12.14.01.53
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 250 mm / ɅɁ 

16 atm
ɈȹɅ 6622.3m 60.00 57.80 55.00 

115 12.14.01.54
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 280 mm / ɅɁ 

16 atm
ɈȹɅ 6622.3m 76.00 73.50 70.00 
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116 12.14.01.55
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 315 mm / ɅɁ 

16 atm
ɈȹɅ 6622.3m 92.00 89.00 85.00 

117 12.14.01.56
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 355 mm / ɅɁ 

16 atm
ɈȹɅ 6622.3m 113.00 110.00 105.00 

118 12.14.01.57
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 400 mm / ɅɁ 

16 atm
ɈȹɅ 6622.3m 141.00 137.00 130.00 

119 12.14.01.58
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 450 mm / ɅɁ 

16 atm
ɈȹɅ 6622.3m 178.00 173.00 164.00 

120 12.14.01.59
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 500 mm / ɅɁ 

16 atm
ɈȹɅ 6622.3m 211.00 205.00 195.00 

121 12.14.01.60
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 560 mm / ɅɁ 

16 atm
ɈȹɅ 6622.3m 260.00 252.00 239.00 

122 12.14.01.61
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 32 mm / ɅɁ 

20 atm
ɈȹɅ 6622.1m 3.40 3.30 3.10 

123 12.14.01.62
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 40 mm / ɅɁ 

20 atm
ɈȹɅ 6622.1m 4.10 4.00 3.80 

124 12.14.01.63
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 50 mm / ɅɁ 

20 atm
ɈȹɅ 6622.1m 4.90 4.80 4.60 

125 12.14.01.64
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 63 mm / ɅɁ 

20 atm
ɈȹɅ 6622.1m 6.50 6.30 6.00 

126 12.14.01.65
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 75 mm / ɅɁ 

20 atm
ɈȹɅ 6622.1m 8.00 7.80 7.40 

127 12.14.01.66
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 90 mm / ɅɁ 

20 atm
ɈȹɅ 6622.1m 10.80 10.50 10.00 

128 12.14.01.67
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 110 mm / ɅɁ 

20 atm
ɈȹɅ 6622.1m 15.10 14.70 14.00 

129 12.14.01.68
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 125 mm / ɅɁ 

20 atm
ɈȹɅ 6622.2m 18.40 17.90 17.00 

130 12.14.01.69
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 140 mm / ɅɁ 

20 atm
ɈȹɅ 6622.2m 21.60 21.00 20.00 

131 12.14.01.70
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 160 mm / ɅɁ 

20 atm
ɈȹɅ 6622.3m 27.10 26.30 25.00 

132 12.14.01.71
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 200 mm / ɅɁ 

20 atm
ɈȹɅ 6622.3m 43.30 42.00 39.90 

133 12.14.01.72
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 225 mm / ɅɁ 

20 atm
ɈȹɅ 6622.3m 54.10 52.50 49.90 

134 12.14.01.73
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 250 mm / ɅɁ 

20 atm
ɈȹɅ 6622.3m 65.00 63.00 60.00 

135 12.14.01.74
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 280 mm / ɅɁ 

20 atm
ɈȹɅ 6622.3m 92.00 89.30 85.00 

136 12.14.01.75
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 315 mm / ɅɁ 

20 atm
ɈȹɅ 6622.3m 108.00 105.00 100.00 

137 12.14.01.76
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 355 mm / ɅɁ 

20 atm
ɈȹɅ 6622.3m 130.00 126.00 120.00 

138 12.14.01.77
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 400 mm / ɅɁ 

20 atm
ɈȹɅ 6622.3m 168.00 163.00 155.00 

139 12.14.01.78
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 450 mm / ɅɁ 

20 atm
ɈȹɅ 6622.3m 206.00 200.00 190.00 

140 12.14.01.79
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 500 mm / ɅɁ 

20 atm
ɈȹɅ 6622.3m 249.00 242.00 230.00 

141 12.14.01.80
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 560 mm / ɅɁ 

20 atm
ɈȹɅ 6622.3m 293.00 284.00 270.00 

142 12.14.01.81
Ƀɜɞɛ. ȹɘŬɛɏŰɟɞɡ DN 32 mm / ɅɁ 

25 atm
ɈȹɅ 6622.1m 3.60 3.50 3.30 

143 12.14.01.82
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 40 mm / ɅɁ 

25 atm
ɈȹɅ 6622.1m 4.50 4.40 4.20 

144 12.14.01.83
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 50 mm / ɅɁ 

25 atm
ɈȹɅ 6622.1m 5.30 5.10 4.80 

145 12.14.01.84
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 63 mm / ɅɁ 

25 atm
ɈȹɅ 6622.1m 7.00 6.80 6.50 

146 12.14.01.85
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 75 mm / ɅɁ 

25 atm
ɈȹɅ 6622.1m 8.50 8.30 7.90 
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147 12.14.01.86
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 90 mm / ɅɁ 

25 atm
ɈȹɅ 6622.1m 12.60 12.20 11.60 

148 12.14.01.87
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 110 mm / ɅɁ 

25 atm
ɈȹɅ 6622.1m 17.10 16.60 15.80 

149 12.14.01.88
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 125 mm / ɅɁ 

25 atm
ɈȹɅ 6622.2m 21.60 21.00 20.00 

150 12.14.01.89
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 140 mm / ɅɁ 

25 atm
ɈȹɅ 6622.2m 26.00 25.20 23.90 

151 12.14.01.90
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 160 mm / ɅɁ 

25 atm
ɈȹɅ 6622.3m 32.40 31.50 29.90 

152 12.14.01.91
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 200 mm / ɅɁ 

25 atm
ɈȹɅ 6622.3m 48.70 47.30 44.90 

153 12.14.01.92
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 225 mm / ɅɁ 

25 atm
ɈȹɅ 6622.3m 60.00 57.80 55.00 

154 12.14.01.93
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 250 mm / ɅɁ 

25 atm
ɈȹɅ 6622.3m 70.00 68.30 65.00 

155 12.14.01.94
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 280 mm / ɅɁ 

25 atm
ɈȹɅ 6622.3m 97.00 94.50 90.00 

156 12.14.01.95
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 315 mm / ɅɁ 

25 atm
ɈȹɅ 6622.3m 119.00 116.00 110.00 

157 12.14.01.96
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 355 mm / ɅɁ 

25 atm
ɈȹɅ 6622.3m 151.00 147.00 140.00 

158 12.14.01.97
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 400 mm / ɅɁ 

25 atm
ɈȹɅ 6622.3m 201.00 195.00 185.00 

159 12.14.01.98
Ƀɜɞɛ. ŭɘŬɛɏŰɟɞɡ DN 450 mm / ɅɁ 

25 atm
ɈȹɅ 6622.3m 216.00 210.00 200.00 

12.15

ȹɑəŰɡŬ ɡˊɧ ˊɑŮůɖ Ŭˊɧ 

ůɤɚɐɜŮɠ ŮɚŬŰɞɨ ɢɡŰɞůɘŭɐɟɞɡ 

(ductile iron)

160 12.15.01
ɀŮ ůɤɚɐɜŮɠ DN 100 mm / əɚɎůɖɠ 

C40, əŬŰɎ ȺȿɃɇ ȺɁ 545
ɈȹɅ 6623m 32.40 31.50 29.90 

161 12.15.02
ɀŮ ůɤɚɐɜŮɠ DN 125 mm / əɚɎůɖɠ 

C40, əŬŰɎ ȺȿɃɇ ȺɁ 545
ɈȹɅ 6623m 37.90 36.80 35.00 

162 12.15.03
ɀŮ ůɤɚɐɜŮɠ DN 150 mm / əɚɎůɖɠ 

C40, əŬŰɎ ȺȿɃɇ ȺɁ 545
ɈȹɅ 6623m 43.30 42.00 39.90 

163 12.15.04
ɀŮ ůɤɚɐɜŮɠ DN 200 mm / əɚɎůɖɠ 

C40, əŬŰɎ ȺȿɃɇ ȺɁ 545
ɈȹɅ 6623m 60.00 57.80 55.00 

164 12.15.05
ɀŮ ůɤɚɐɜŮɠ DN 250 mm / əɚɎůɖɠ 

C40, əŬŰɎ ȺȿɃɇ ȺɁ 545
ɈȹɅ 6623m 76.00 73.50 70.00 

165 12.15.06
ɀŮ ůɤɚɐɜŮɠ DN 300 mm / əɚɎůɖɠ 

C40, əŬŰɎ ȺȿɃɇ ȺɁ 545
ɈȹɅ 6623m 108.00 105.00 100.00 

166 12.15.07
ɀŮ ůɤɚɐɜŮɠ DN 350 mm / əɚɎůɖɠ 

C30, əŬŰɎ ȺȿɃɇ ȺɁ 545
ɈȹɅ 6623m 125.00 121.00 115.00 

167 12.15.08
ɀŮ ůɤɚɐɜŮɠ DN 400 mm / əɚɎůɖɠ 

C30, əŬŰɎ ȺȿɃɇ ȺɁ 545
ɈȹɅ 6623m 141.00 137.00 130.00 

168 12.15.09
ɀŮ ůɤɚɐɜŮɠ DN 450 mm / əɚɎůɖɠ 

C30, əŬŰɎ ȺȿɃɇ ȺɁ 545
ɈȹɅ 6623m 146.00 142.00 135.00 

169 12.15.10
ɀŮ ůɤɚɐɜŮɠ DN 500 mm / əɚɎůɖɠ 

C30, əŬŰɎ ȺȿɃɇ ȺɁ 545
ɈȹɅ 6623m 163.00 158.00 150.00 

170 12.15.11
ɀŮ ůɤɚɐɜŮɠ DN 600 mm / əɚɎůɖɠ 

C30, əŬŰɎ ȺȿɃɇ ȺɁ 545
ɈȹɅ 6623m 195.00 189.00 180.00 

171 12.15.12
ɀŮ ůɤɚɐɜŮɠ DN 700 mm / əɚɎůɖɠ 

C25, əŬŰɎ ȺȿɃɇ ȺɁ 545
ɈȹɅ 6623m 233.00 226.00 215.00 

172 12.15.13
ɀŮ ůɤɚɐɜŮɠ DN 800 mm / əɚɎůɖɠ 

C25, əŬŰɎ ȺȿɃɇ ȺɁ 545
ɈȹɅ 6623m 276.00 268.00 255.00 

173 12.15.14
ɀŮ ůɤɚɐɜŮɠ DN 900 mm / əɚɎůɖɠ 

C25, əŬŰɎ ȺȿɃɇ ȺɁ 545
ɈȹɅ 6623m 380.00 367.00 350.00 

174 12.15.15
ɀŮ ůɤɚɐɜŮɠ DN 1000 mm / 

əɚɎůɖɠ C25, əŬŰɎ ȺȿɃɇ ȺɁ 545
ɈȹɅ 6623m 400.00 390.00 370.00 

175 12.15.16
ɀŮ ůɤɚɐɜŮɠ DN 1100 mm / 

əɚɎůɖɠ C25, əŬŰɎ ȺȿɃɇ ȺɁ 545
ɈȹɅ 6623m 540.00 520.00 490.00 

176 12.15.17
ɀŮ ůɤɚɐɜŮɠ DN 1200 mm / 

əɚɎůɖɠ C25, əŬŰɎ ȺȿɃɇ ȺɁ 545
ɈȹɅ 6623m 660.00 640.00 610.00 
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12.18

ȾŬŰŬůəŮɡɐ ŮɡɗɡɔɟɎɛɛɤɜ 

ŰɛɖɛɎŰɤɜ ŭɘəŰɨɞɡ ɛŮ 

ɢŬɚɡɓŭɞůɤɚɐɜŮɠ

177 12.18.01

ɀŮ ɢɟɐůɖ ɢŬɚɡɓŭɞůɤɚɐɜɤɜ  ɛŮ 

ŮůɤŰŮɟɘəɐ ˊɟɞůŰŬůɑŬ Ŭˊɧ 

ɚɘɗŬɜɗɟŬəɧˊɘůůŬ (ŬůűŬɚŰɘəɐɠ 

ɓɎůɖɠ) əŬɘ ŮɝɤŰŮɟɘəɐ ˊɟɞůŰŬůɑŬ 

ɛŮ ɚɘɗŬɜɗɟŬəɧˊɘůůŬ (ŬůűŬɚŰɘəɐɠ 

ɓɎůɖɠ) əŬɘ ŭɘˊɚɐ ůŰɟɩůɖ 

ɡŬɚɞˊɎɜɞɡ.

ɈȹɅ 6630.1kg 1.96 1.9 1.81

178 12.18.02

ɀŮ ɢɟɐůɖ ɢŬɚɡɓŭɞůɤɚɐɜɤɜ  ɛŮ 

ŮɝɤŰŮɟɘəɐ ɛɧɜɤůɖ ɛŮ 

ɚɘɗŬɜɗɟŬəɧˊɘůůŬ (ŬůűŬɚŰɘəɐɠ 

ɓɎůɖɠ) əŬɘ űɨɚɚɞ ˊɞɚɡŬɘɗɡɚŮɜɑɞɡ 

əŬɘ ŮůɤŰŮɟɘəɐ ɛɧɜɤůɖ ɛŮ 

ŮˊɞɝŮɘŭɘəɐ ɟɖŰɑɜɖ. 

ɈȹɅ 6630.1kg 2.01 1.95 1.85

179 12.18.03

ɀŮ ɢɟɐůɖ ɢŬɚɡɓŭɞůɤɚɐɜɤɜ  ɛŮ 

ŮɝɤŰŮɟɘəɐ ɛɧɜɤůɖ ɛŮ 

ɚɘɗŬɜɗɟŬəɧˊɘůůŬ (ŬůűŬɚŰɘəɐɠ 

ɓɎůɖɠ) əŬɘ űɨɚɚɞ ˊɞɚɡŬɘɗɡɚŮɜɑɞɡ 

əŬɘ ŮůɤŰŮɟɘəɐ ɛɧɜɤůɖ ɛŮ 

ůəɡɟɧŭŮɛŬ ŮűŬɟɛɞɕɧɛŮɜɞ 

űɡɔɞəŮɜŰɟɘəɎ (ŰůɘɛŮɜŰɞəɞɜɑŬɛŬ)

ɈȹɅ 6630.1kg 2.1 2 1.9

12.40

12.40.01

ȹɑəŰɡŬ Ŭˊɧ ůɤɚɐɜŮɠ 

ɡŬɚɞˊɚɘůɛɏɜɞɡ ˊɞɚɡɛŮɟɞɨɠ 

əŬŰŬůəŮɡŬ-ůɛɏɜɞɡɠ ɛŮ 

ˊŮɟɘɏɚɘɝɖ Űɞɡ ɡŬɚɞɜɐɛŬŰɞɠ (FW 

- GRP: Filament Winding - 

Glass Reinforced Polymers),  

ɢɤɟɑɠ ŰŬ ŮɘŭɘəɎ ŰŮɛɎɢɘŬ.  

837 12.40.01.01

ɀŮ ůɤɚɐɜŮɠ ŭŬəŰɡɚɘɞŮɘŭɞɨɠ 

ŬəŬɛɣɑŬɠ SN 2,5 kN/m2.

ȸŬůɘəɏɠ Űɘɛɏɠ ˊɞɡ 

ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ůɤɚɐɜŮɠ  PN 

1,0 atm

ɈȹɅ 6621.5m 51.50 50.00 47.50 

838 12.40.01.02
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 300 mm
ɈȹɅ 6621.5m 62.00 60.00 57.00 

839 12.40.01.03
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 350 mm
ɈȹɅ 6621.5m 72.00 70.00 67.00 

840 12.40.01.04
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 400 mm
ɈȹɅ 6621.5m 77.00 75.00 71.00 

841 12.40.01.05
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 450 mm
ɈȹɅ 6621.5m 93.00 90.00 86.00 

842 12.40.01.06
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 500 mm
ɈȹɅ 6621.5m 113.00 110.00 105.00 

843 12.40.01.07
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 600 mm
ɈȹɅ 6621.5m 144.00 140.00 133.00 

844 12.40.01.08
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 700 mm
ɈȹɅ 6621.5m 185.00 180.00 171.00 

845 12.40.01.09
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 800 mm
ɈȹɅ 6621.5m 221.00 215.00 204.00 

846 12.40.01.10
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 900 mm
ɈȹɅ 6621.5m 263.00 255.00 242.00 

847 12.40.01.11
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 1000 mm
ɈȹɅ 6621.5m 314.00 305.00 290.00 

848 12.40.01.12
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 1100 mm
ɈȹɅ 6621.5m 350.00 340.00 320.00 

849 12.40.01.13
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 1200 mm
ɈȹɅ 6621.5m 410.00 400.00 380.00 

850 12.40.01.14
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 1300 mm
ɈȹɅ 6621.5m 460.00 445.00 420.00 

851 12.40.01.15
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 1400 mm
ɈȹɅ 6621.5m 520.00 505.00 480.00 

852 12.40.01.16
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 1500 mm
ɈȹɅ 6621.5m 590.00 570.00 540.00 

853 12.40.01.17
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 1600 mm
ɈȹɅ 6621.5m 650.00 630.00 600.00 

854 12.40.01.18
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 1700 mm
ɈȹɅ 6621.5m 720.00 695.00 660.00 

855 12.40.01.19
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 1800 mm
ɈȹɅ 6621.5m 780.00 760.00 720.00 

856 12.40.01.20
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 1900 mm
ɈȹɅ 6621.5m 870.00 840.00 800.00 

857 12.40.01.21
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 2000 mm
ɈȹɅ 6621.5m 950.00 920.00 870.00 

858 12.40.01.22
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 2100 mm
ɈȹɅ 6621.5m 1,030.00 1,000.00 950.00 

859 12.40.01.23
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 2200 mm
ɈȹɅ 6621.5m 1,110.00 1,080.00 1,030.00 

860 12.40.01.24
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 2300 mm
ɈȹɅ 6621.5m 1,260.00 1,220.00 1,160.00 

12.40.11
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852 12.40.01.16
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 1500 mm
ɈȹɅ 6621.5m 590.00 570.00 540.00 

853 12.40.01.17
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 1600 mm
ɈȹɅ 6621.5m 650.00 630.00 600.00 

854 12.40.01.18
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 1700 mm
ɈȹɅ 6621.5m 720.00 695.00 660.00 

855 12.40.01.19
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 1800 mm
ɈȹɅ 6621.5m 780.00 760.00 720.00 

856 12.40.01.20
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 1900 mm
ɈȹɅ 6621.5m 870.00 840.00 800.00 

857 12.40.01.21
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 2000 mm
ɈȹɅ 6621.5m 950.00 920.00 870.00 

858 12.40.01.22
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 2100 mm
ɈȹɅ 6621.5m 1,030.00 1,000.00 950.00 

859 12.40.01.23
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 2200 mm
ɈȹɅ 6621.5m 1,110.00 1,080.00 1,030.00 

860 12.40.01.24
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 2300 mm
ɈȹɅ 6621.5m 1,260.00 1,220.00 1,160.00 

12.40.11

861 12.40.11.01

ɀŮ ůɤɚɐɜŮɠ ŭŬəŰɡɚɘɞŮɘŭɞɨɠ 

ŬəŬɛɣɑŬɠ SN 5 kN/m2.

ȸŬůɘəɏɠ Űɘɛɏɠ ˊɞɡ 

ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ůɤɚɐɜŮɠ  PN 

1,0 atm

ɈȹɅ 6621.5m 57.00 55.00 52.00 

862 12.40.11.02
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 300 mm
ɈȹɅ 6621.5m 67.00 65.00 62.00 

863 12.40.11.03
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 350 mm
ɈȹɅ 6621.5m 77.00 75.00 71.00 

864 12.40.11.04
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 400 mm
ɈȹɅ 6621.5m 82.00 80.00 76.00 

865 12.40.11.05
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 450 mm
ɈȹɅ 6621.5m 98.00 95.00 90.00 

866 12.40.11.06
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 500 mm
ɈȹɅ 6621.5m 124.00 120.00 114.00 

867 12.40.11.07
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 600 mm
ɈȹɅ 6621.5m 155.00 150.00 143.00 

868 12.40.11.08
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 700 mm
ɈȹɅ 6621.5m 196.00 190.00 181.00 

869 12.40.11.09
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 800 mm
ɈȹɅ 6621.5m 237.00 230.00 219.00 

870 12.40.11.10
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 900 mm
ɈȹɅ 6621.5m 278.00 270.00 257.00 

871 12.40.11.11
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 1000 mm
ɈȹɅ 6621.5m 330.00 320.00 300.00 

872 12.40.11.12
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 1100 mm
ɈȹɅ 6621.5m 370.00 360.00 340.00 

873 12.40.11.13
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 1200 mm
ɈȹɅ 6621.5m 430.00 420.00 400.00 

874 12.40.11.14
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 1300 mm
ɈȹɅ 6621.5m 480.00 470.00 450.00 

875 12.40.11.15
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 1400 mm
ɈȹɅ 6621.5m 550.00 530.00 500.00 

876 12.40.11.16
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 1500 mm
ɈȹɅ 6621.5m 620.00 600.00 570.00 

877 12.40.11.17
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 1600 mm
ɈȹɅ 6621.5m 680.00 660.00 630.00 

878 12.40.11.18
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 1700 mm
ɈȹɅ 6621.5m 750.00 730.00 690.00 

879 12.40.11.19
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 1800 mm
ɈȹɅ 6621.5m 820.00 800.00 760.00 

880 12.40.11.20
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 1900 mm
ɈȹɅ 6621.5m 910.00 880.00 840.00 

881 12.40.11.21
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 2000 mm
ɈȹɅ 6621.5m 1,000.00 975.00 930.00 

882 12.40.11.22
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 2100 mm
ɈȹɅ 6621.5m 1,080.00 1,050.00 1,000.00 

883 12.40.11.23
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 2200 mm
ɈȹɅ 6621.5m 1,180.00 1,150.00 1,090.00 

884 12.40.11.24
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 2300 mm
ɈȹɅ 6621.5m 1,340.00 1,300.00 1,240.00 

885 12.40.11.25
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 2400 mm
ɈȹɅ 6621.5m 1,490.00 1,450.00 1,380.00 

886 12.40.11.26
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 2500 mm
ɈȹɅ 6621.5m 1,650.00 1,600.00 1,520.00 

887 12.40.11.27
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 2600 mm
ɈȹɅ 6621.5m 1,800.00 1,750.00 1,660.00 

888 12.40.11.28
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 2700 mm
ɈȹɅ 6621.5m 2,010.00 1,950.00 1,850.00 

889 12.40.11.29
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 2800 mm
ɈȹɅ 6621.5m 2,210.00 2,150.00 2,040.00 
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2. ʆʇʃʁʃʁɹɶʅɶ ʋɮɽʇɰʁʅʍɽɶɿʍɿ 

 

 

 

883 12.40.11.23
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 2200 mm
ɈȹɅ 6621.5m 1,180.00 1,150.00 1,090.00 

884 12.40.11.24
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 2300 mm
ɈȹɅ 6621.5m 1,340.00 1,300.00 1,240.00 

885 12.40.11.25
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 2400 mm
ɈȹɅ 6621.5m 1,490.00 1,450.00 1,380.00 

886 12.40.11.26
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 2500 mm
ɈȹɅ 6621.5m 1,650.00 1,600.00 1,520.00 

887 12.40.11.27
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 2600 mm
ɈȹɅ 6621.5m 1,800.00 1,750.00 1,660.00 

888 12.40.11.28
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 2700 mm
ɈȹɅ 6621.5m 2,010.00 1,950.00 1,850.00 

889 12.40.11.29
ɃɜɞɛŬůŰɘəɐɠ ŭɘŬɛɏŰɟɞɡ/ˊɑŮůɖɠ 

DN 2800 mm
ɈȹɅ 6621.5m 2,210.00 2,150.00 2,040.00 
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3Φ ɳʃɹɽʇʅɳɹʅ ʅʆʁ LINGO  ɱɹɮ ʆɶɿ ɮɿɮɽʇʅɶ ɳʇɮɹʅɸɶʅɹɮʅ 

ʃʶˊʾˉˍ˖ˋʹ мʹΥ ɮˏ˅ʹˋʹ ˍˇˎ Q ˁ ʰˍʱ мл҈ 

ɱˊʰ˃˃ʽˁˈ ʃˊˈʴˊʰ˃˃ʰΥ 

! SYNARTHSH STOXOY;  

 

MIN = 49.9* X1 + 60* X2 + 85* X3 + 100* X4 + 120* X5 + 49.9* X6 + 60* X7 + 85* X8 + 

100* X9 + 120* X10  

+ 49.9* X11 + 60* X12 + 85* X13 + 100* X14 + 120* X15 + 10* X16 + 14* X17 +  

39.9* X18 + 49.9* X19 + 60* X20 + 85* X21 + 100* X22 + 10* X23 + 14* X24 + 39.9* X25 + 

49.9* X26 +  

60* X27 + 85* X28 + 100* X29 + 39.9* X30 + 49.9* X31 + 60* X32 + 85* X33 + 32* X34 +  

39.9* X35 + 49.9* X36 + 60* X37 + 85* X38 + 10* X39 + 14* X40 + 17* X41 + 2 0* X42 + 

25* X43 + 32* X44 +  

39.9* X45 + 49.9* X46 + 60* X47 + 17* X48 + 20* X49 + 25* X50 + 32* X51 + 39.9* X52 +  

10* X53 + 14* X54 + 17* X55 + 20* X56 + 14* X57 + 17* X58 + 20* X59 + 25* X60 + 32* X61 + 

10* X62 + 14* X63;  

 

 

!PERIORISMOI MHKOUS;  

 

X1 + X2 + X3 + X4 + X5 = 1446;  

X6 + X7 + X8 + X9 + X10 = 8445.7;  

X11 + X12 + X13 + X14 + X15 = 3677.3;  

X16 + X17 =1089.6;  

X18 + X19 + X20 + X21 + X22 = 8666.4;  

X23 + X24 = 170.1;  

X25 + X26 + X27 + X28 + X29 = 3422.2;  

X30 + X31 + X32 + X33 = 2136.0;  

X34 + X35 + X36 + X37 + X38 = 38 41.4;  

X39 + X40 + X41 + X42 = 1187.1;  

X43 + X44 + X45 + X46 + X47 = 2929.6;  

X48 + X49 + X50 + X51 + X52 = 1166.0;  

X53 + X54 + X55 + X56 = 5158.7;  

X57 + X58 + X59 + X60 + X61 = 561.3;  

X62 + X63 = 717.3;  

 

X1>=0; X2>=0; X3>=0; X4>=0; X5>=0; X6>=0; X7>=0; X8>= 0; X9>=0; X10>=0;  

X11>=0; X12>=0; X13>=0; X14>=0; X15>=0; X16>=0; X17>=0; X18>=0; X19>=0;  

X20>=0; X21>=0; X22>=0; X23>=0; X24>=0; X25>=0; X26>=0; X27>=0; X28>=0;  

X29>=0; X30>=0; X31>=0; X32>=0; X33>=0; X34>=0; X35>=0; X36>=0; X37>=0;  

X38>=0; X39>=0; X4 0>=0; X41>=0; X42>=0; X43>=0; X44>=0; X45>=0; X46>=0;  

X47>=0; X48>=0; X49>=0; X50>=0; X51>=0; X52>=0; X53>=0; X54>=0; X55>=0;  

X56>=0; X57>=0; X58>=0; X59>=0; X60>=0; X61>=0; X62>=0; X63>=0;  

 

 

!PERIORISMOI PIEZOMETRIKOY FORTIOY;  

 

0.0141*X1 + 0.0082*X2 + 0.0046*X3 + 0.0026*X4 + 0.0014*X5 <= 265 - 151.45 - 5; !0 -

1;!eswteriko;  

 

 

0.0141*X1 + 0.0082*X2 + 0.0046*X3 + 0.0026*X4 + 0.0014*X5 + 12.359 <= 265 - 244.80 -

1; !0 - 2;!dexamenh;  

 

 

0.0141*X1 + 0.0082*X2 + 0.0046*X3 + 0.0026*X4 + 0.0014*X5 + 0.0128*X6 + 0.0075*X7 

+ 0.0043*X8 +  

0.0023*X9 + 0.0013*X10 <= 265 - 114.71 - 5; !0 - 3;!eswteriko;  
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0.0141*X1 + 0.0082*X2 + 0.0046*X3 + 0.0026*X4 + 0.0014*X5 + 0.0128*X6 + 0.0075*X7 

+ 0.0043*X8 +  

0.0023*X9 + 0.0013*X10 + 12.953 <= 265 - 135.56 - 1; !0 - 4;!dexamenh;  

 

                                                                                                                                 

0.0141*X1 + 0.0082*X2 + 0.0046*X3 + 0.0026*X4 + 0.0014*X5 + 0.0128*X6 + 0.0075*X7 

+ 0.0043*X8 +  

0.0023*X9 + 0.0013*X10 + 0.0 117*X11 + 0.0068*X12 + 0.0039*X13 +  

0.0021*X14 + 0.0012*X15 <= 265 - 110.96 - 5; !0 - 5;!eswteriko;  

 

 

0.0141*X1 + 0.0082*X2 + 0.0046*X3 + 0.0026*X4 + 0.0014*X5 + 0.0128*X6 + 0.0075*X7 

+ 0.0043*X8 +  

0.0023*X9 + 0.0013*X10 + 0.0117*X11 + 0.0068*X12 + 0.0039*X13 +  

0.0021*X14 + 0.0012*X15 + 4.365 <= 265 - 131.92 - 1; !0 - 6;!dexamenh;  

 

 

0.0141*X1 + 0.0082*X2 + 0.0046*X3 + 0.0026*X4 + 0.0014*X5 + 0.0128*X6 + 0.0075*X7 

+ 0.0043*X8 +  

0.0023*X9 + 0.0013*X10 + 0.0117*X11 + 0.0068*X12 + 0.0039*X13 +  

0.0021*X14 + 0.0012*X15 + 0.0125*X16 + 0.0045*X17 <= 265 - 134.41 - 1; !0 -

7;!dexamenh;  

 

 

0.0141*X1 + 0.0082*X2 + 0.0046*X3 + 0.0026*X4 + 0.0014*X5 + 0.0128*X6 + 0.0075*X7 

+ 0.0043*X8 +  

0.0023*X9 + 0.0013*X10 + 0.0117*X11 + 0.0068*X12 + 0.0039*X13 +  

0.0021*X14  + 0.0012*X15 + 0.0166*X18 + 0.0091*X19 + 0.0053*X20 + 0.0030*X21 + 

0.0017*X22  

<=265 - 104.6 - 5; !0 - 8;!eswteriko;  

 

 

0.0141*X1 + 0.0082*X2 + 0.0046*X3 + 0.0026*X4 + 0.0014*X5 + 0.0128*X6 + 0.0075*X7 

+ 0.0043*X8 +  

0.0023*X9 + 0.0013*X10 + 0.0117*X11 + 0.0068* X12 + 0.0039*X13 +  

0.0021*X14 + 0.0012*X15 + 0.0166*X18 + 0.0091*X19 + 0.0053*X20 + 0.0030*X21 + 

0.0017*X22 +  

0.0125*X23 + 0.0045*X24 <= 265 - 119.16 - 1; !0 - 9;!dexamenh;  

 

 

0.0141*X1 + 0.0082*X2 + 0.0046*X3 + 0.0026*X4 + 0.0014*X5 + 0.0128*X6 + 0.0075*X7 

+ 0. 0043*X8 +  

0.0023*X9 + 0.0013*X10 + 0.0117*X11 + 0.0068*X12 + 0.0039*X13 +  

0.0021*X14 + 0.0012*X15 + 0.0166*X18 + 0.0091*X19 + 0.0053*X20 + 0.0030*X21 + 

0.0017*X22 +  

0.0135*X25 + 0.0074*X26 + 0.0043*X27 + 0.0025*X28 + 0.0014*X29  

<= 265 - 104.55 - 5; !0 - 10;!eswteriko;  

 

 

0.0141*X1 + 0.0082*X2 + 0.0046*X3 + 0.0026*X4 + 0.0014*X5 + 0.0128*X6 + 0.0075*X7 

+ 0.0043*X8 +  

0.0023*X9 + 0.0013*X10 + 0.0117*X11 + 0.0068*X12 + 0.0039*X13 +  

0.0021*X14 + 0.0012*X15 + 0.0166*X18 + 0.0091*X19 + 0.0053*X20 + 0.0030*X21  + 

0.0017*X22 +  

0.0135*X25 + 0.0074*X26 + 0.0043*X27 + 0.0025*X28 + 0.0014*X29 + 10.532  

<= 265 - 129.76 - 1; !0 - 11;!dexamenh;  

 

 

0.0141*X1 + 0.0082*X2 + 0.0046*X3 + 0.0026*X4 + 0.0014*X5 + 0.0128*X6 + 0.0075*X7 

+ 0.0043*X8 +  

0.0023*X9 + 0.0013*X10 + 0.0117*X11 + 0.0068*X12 + 0.0039*X13 +  

0.0021*X14 + 0.0012*X15 + 0.0166*X18 + 0.0091*X19 + 0.0053*X20 + 0.0030*X21 + 

0.0017*X22 +  

0.0135*X25 + 0.0074*X26 + 0.0043*X27 + 0.0025*X28 + 0.0014*X29 +  
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0.0118*X30 + 0.0064*X31 + 0.0038*X32 + 0.0022*X33 <= 265 - 104.63 - 5; !0 -

12;!eswteriko;  

 

 

0.0141*X1 + 0.0082*X2 + 0.0046*X3 + 0.0026*X4 + 0.0014*X5 + 0.0128*X6 + 0.0075*X7 

+ 0.0043*X8 +  

0.0023*X9 + 0.0013*X10 + 0.0117*X11 + 0.0068*X12 + 0.0039*X13 +  

0.0021*X14 + 0.0012*X15 + 0.0166*X18 + 0.0091*X19 + 0.0053*X20 + 0. 0030*X21 + 

0.0017*X22 +  

0.0135*X25 + 0.0074*X26 + 0.0043*X27 + 0.0025*X28 + 0.0014*X29 +  

0.0118*X30 + 0.0064*X31 + 0.0038*X32 + 0.0022*X33 + 5.548 <= 265 - 121.19 - 1; !0 -

13;!dexamenh;  

 

 

0.0141*X1 + 0.0082*X2 + 0.0046*X3 + 0.0026*X4 + 0.0014*X5 + 0.0128*X6 +  0.0075*X7 

+ 0.0043*X8 +  

0.0023*X9 + 0.0013*X10 + 0.0117*X11 + 0.0068*X12 + 0.0039*X13 +  

0.0021*X14 + 0.0012*X15 + 0.0166*X18 + 0.0091*X19 + 0.0053*X20 + 0.0030*X21 + 

0.0017*X22 +  

0.0135*X25 + 0.0074*X26 + 0.0043*X27 + 0.0025*X28 + 0.0014*X29 +  

0.0118*X 30 + 0.0064*X31 + 0.0038*X32 + 0.0022*X33 + 0.0163*X34 + 0.0096*X35 + 

0.0052*X36 +  

0.0031*X37 + 0.0018*X38 <= 265 - 99.25 - 5; !0 - 14;!eswteriko;  

 

 

0.0141*X1 + 0.0082*X2 + 0.0046*X3 + 0.0026*X4 + 0.0014*X5 + 0.0128*X6 + 0.0075*X7 

+ 0.0043*X8 +  

0.0023*X9 + 0.0 013*X10 + 0.0117*X11 + 0.0068*X12 + 0.0039*X13 +  

0.0021*X14 + 0.0012*X15 + 0.0166*X18 + 0.0091*X19 + 0.0053*X20 + 0.0030*X21 + 

0.0017*X22 +  

0.0135*X25 + 0.0074*X26 + 0.0043*X27 + 0.0025*X28 + 0.0014*X29 +  

0.0118*X30 + 0.0064*X31 + 0.0038*X32 + 0.0022*X33  + 0.0163*X34 + 0.0096*X35 + 

0.0052*X36 +  

 0.0031*X37 + 0.0018*X38 + 0.0466*X39 + 0.0167*X40 + 0.0087*X41 +  

0.0050*X42 <= 265 - 111.83 - 1; !0 - 15;!dexamenh;  

 

 

0.0141*X1 + 0.0082*X2 + 0.0046*X3 + 0.0026*X4 + 0.0014*X5 + 0.0128*X6 + 0.0075*X7 

+ 0.0043*X8 +  

0.0 023*X9 + 0.0013*X10 + 0.0117*X11 + 0.0068*X12 + 0.0039*X13 +  

0.0021*X14 + 0.0012*X15 + 0.0166*X18 + 0.0091*X19 + 0.0053*X20 + 0.0030*X21 + 

0.0017*X22 +  

 0.0135*X25 + 0.0074*X26 + 0.0043*X27 + 0.0025*X28 + 0.0014*X29 +  

0.0118*X30 + 0.0064*X31 + 0.0038*X32 + 0.0022*X33 + 0.0163*X34 + 0.0096*X35 + 

0.0052*X36 +  

0.0031*X37 + 0.0018*X38 + 0.0161*X43 + 0.0088*X44 + 0.0052*X45 +  

0.0029*X46 + 0.0017*X47 <= 265 - 91.53 - 5; !0 - 16;!eswteriko;  

 

 

0.0141*X1 + 0.0082*X2 + 0.0046*X3 + 0. 0026*X4 + 0.0014*X5 + 0.0128*X6 + 0.0075*X7 

+ 0.0043*X8 +  

0.0023*X9 + 0.0013*X10 + 0.0117*X11 + 0.0068*X12 + 0.0039*X13 +  

0.0021*X14 + 0.0012*X15 + 0.0166*X18 + 0.0091*X19 + 0.0053*X20 + 0.0030*X21 + 

0.0017*X22 +  

 0.0135*X25 + 0.0074*X26 + 0.0043*X27 + 0. 0025*X28 + 0.0014*X29 +  

0.0118*X30 + 0.0064*X31 + 0.0038*X32 + 0.0022*X33 + 0.0163*X34 + 0.0096*X35 + 

0.0052*X36 +  

 0.0031*X37 + 0.0018*X38 + 0.0161*X43 + 0.0088*X44 + 0.0052*X45 +  

0.0029*X46 + 0.0017*X47 + 1.527 <= 265 - 108.80 - 1; !0 - 17;!dexamenh;  

 

 

0.014 1*X1 + 0.0082*X2 + 0.0046*X3 + 0.0026*X4 + 0.0014*X5 + 0.0128*X6 + 0.0075*X7 

+ 0.0043*X8 +  

0.0023*X9 + 0.0013*X10 + 0.0117*X11 + 0.0068*X12 + 0.0039*X13 +  
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0.0021*X14 + 0.0012*X15 + 0.0166*X18 + 0.0091*X19 + 0.0053*X20 + 0.0030*X21 + 

0.0017*X22 +  

0.0135*X 25 + 0.0074*X26 + 0.0043*X27 + 0.0025*X28 + 0.0014*X29 +  

0.0118*X30 + 0.0064*X31 + 0.0038*X32 + 0.0022*X33 + 0.0163*X34 + 0.0096*X35 + 

0.0052*X36 +  

0.0031*X37 + 0.0018*X38 + 0.0161*X43 + 0.0088*X44 + 0.0052*X45 +  

0.0029*X46 + 0.0017*X47 + 0.0231*X48 + 0.0130*X49 + 0.0066*X50 + 0.0036*X51 + 

0.0022*X52  

<= 265 - 106.61 - 5; !0 - 18;!eswteriko;  

 

 

0.0141*X1 + 0.0082*X2 + 0.0046*X3 + 0.0026*X4 + 0.0014*X5 + 0.0128*X6 + 0.0075*X7 

+ 0.0043*X8 +  

0.0023*X9 + 0.0013*X10 + 0.0117* X11 + 0.0068*X12 + 0.0039*X13 +  

0.0021*X14 + 0.0012*X15 + 0.0166*X18 + 0.0091*X19 + 0.0053*X20 + 0.0030*X21 + 

0.0017*X22 +  

0.0135*X25 + 0.0074*X26 + 0.0043*X27 + 0.0025*X28 + 0.0014*X29 +  

0.0118*X30 + 0.0064*X31 + 0.0038*X32 + 0.0022*X33 + 0.0163*X34 + 0 .0096*X35 + 

0.0052*X36 +  

0.0031*X37 + 0.0018*X38 + 0.0161*X43 + 0.0088*X44 + 0.0052*X45 +  

0.0029*X46 + 0.0017*X47 + 0.0231*X48 + 0.0130*X49 + 0.0066*X50 + 0.0036*X51 + 

0.0022*X52 +  

0.0351*X57 + 0.0183*X58 + 0.0103*X59 + 0.0053*X60 + 0.0029*X61  

<= 265 - 117.13 - 1; !0 - 19;!dexamenh;  

 

 

0.0141*X1 + 0.0082*X2 + 0.0046*X3 + 0.0026*X4 + 0.0014*X5 + 0.0128*X6 + 0.0075*X7 

+ 0.0043*X8 +  

 0.0023*X9 + 0.0013*X10 + 0.0117*X11 + 0.0068*X12 + 0.0039*X13 +  

0.0021*X14 + 0.0012*X15 + 0.0166*X18 + 0.0091*X19 + 0.0053*X20 + 0. 0030*X21 + 

0.0017*X22 +  

0.0135*X25 + 0.0074*X26 + 0.0043*X27 + 0.0025*X28 + 0.0014*X29 +  

0.0118*X30 + 0.0064*X31 + 0.0038*X32 + 0.0022*X33 + 0.0163*X34 + 0.0096*X35 + 

0.0052*X36 +  

 0.0031*X37 + 0.0018*X38 + 0.0161*X43 + 0.0088*X44 + 0.0052*X45 +  

0.0029*X46 + 0.0017*X47 + 0.0231*X48 + 0.0130*X49 + 0.0066*X50 + 0.0036*X51 + 

0.0022*X52 + 4.841  

 <= 265 - 106.61 - 1; !0 - 20;!dexamenh;  

 

 

0.0141*X1 + 0.0082*X2 + 0.0046*X3 + 0.0026*X4 + 0.0014*X5 + 0.0128*X6 + 0.0075*X7 

+ 0.0043*X8 +  

 0.0023*X9 + 0.0013*X10 + 0.0117*X11 + 0.0068*X12 + 0.0039*X13 +  

0.0021*X14 + 0.0012*X15 + 0.0166*X18 + 0.0091*X19 + 0.0053*X20 + 0.0030*X21 + 

0.0017*X22 +  

0.0135*X25 + 0.0074*X26 + 0.0043*X27 + 0.0025*X28 + 0.0014*X29 +  

0.0118*X30 + 0.0064*X31 + 0.0038* X32 + 0.0022*X33 + 0.0163*X34 + 0.0096*X35 + 

0.0052*X36 +  

0.0031*X37 + 0.0018*X38 + 0.0161*X43 + 0.0088*X44 + 0.0052*X45 +  

0.0029*X46 + 0.0017*X47 + 0.0382*X53 + 0.0137*X54 + 0.0072*X55 + 0.0041*X56  

<= 265 - 91.53 - 5; !0 - 21;!eswteriko;  

 

 

0.0141*X1 + 0.0082 *X2 + 0.0046*X3 + 0.0026*X4 + 0.0014*X5 + 0.0128*X6 + 0.0075*X7 

+ 0.0043*X8 +  

0.0023*X9 + 0.0013*X10 + 0.0117*X11 + 0.0068*X12 + 0.0039*X13 +  

0.0021*X14 + 0.0012*X15 + 0.0166*X18 + 0.0091*X19 + 0.0053*X20 + 0.0030*X21 + 

0.0017*X22 +  

0.0135*X25 + 0.0074*X 26 + 0.0043*X27 + 0.0025*X28 + 0.0014*X29 +  

0.0118*X30 + 0.0064*X31 + 0.0038*X32 + 0.0022*X33 + 0.0163*X34 + 0.0096*X35 + 

0.0052*X36 +  

0.0031*X37 + 0.0018*X38 + 0.0161*X43 + 0.0088*X44 + 0.0052*X45 +  

0.0029*X46 + 0.0017*X47 + 0.0382*X53 + 0.0137*X54 + 0 .0072*X55 + 0.0041*X56 + 

27.297  
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<= 265 - 125.33 - 1; !0 - 22;!dexamenh;  

 

 

0.0141*X1 + 0.0082*X2 + 0.0046*X3 + 0.0026*X4 + 0.0014*X5 + 0.0128*X6 + 0.0075*X7 

+ 0.0043*X8 +  

0.0023*X9 + 0.0013*X10 + 0.0117*X11 + 0.0068*X12 + 0.0039*X13 +  

0.0021*X14 + 0.0012*X15 + 0.0166*X18 + 0.0091*X19 + 0.0053*X20 + 0.0030*X21 + 

0.0017*X22 +  

0.0135*X25 + 0.0074*X26 + 0.0043*X27 + 0.0025*X28 + 0.0014*X29 +  

0.0118*X30 + 0.0064*X31 + 0.0038*X32 + 0.0022*X33 + 0.0163*X34 + 0.0096*X35 + 

0.0052*X36 +  

0.0031*X37 + 0.0018*X38 + 0.0161 *X43 + 0.0088*X44 + 0.0052*X45 +  

0.0029*X46 + 0.0017*X47 + 0.0382*X53 + 0.0137*X54 + 0.0072*X55 + 0.0041*X56 + 

0.0169*X62 +  

0.0061*X63 <= 265 - 101.5 - 5; !0 - 23;!eswteriko;  

 

 

0.0141*X1 + 0.0082*X2 + 0.0046*X3 + 0.0026*X4 + 0.0014*X5 + 0.0128*X6 + 0.0075*X7 

+ 0.0043*X8 +  

 0.0023*X9 + 0.0013*X10 + 0.0117*X11 + 0.0068*X12 + 0.0039*X13 +  

0.0021*X14 + 0.0012*X15 + 0.0166*X18 + 0.0091*X19 + 0.0053*X20 + 0.0030*X21 + 

0.0017*X22 +  

0.0135*X25 + 0.0074*X26 + 0.0043*X27 + 0.0025*X28 + 0.0014*X29 +  

0.0118*X30 + 0.0064* X31 + 0.0038*X32 + 0.0022*X33 + 0.0163*X34 + 0.0096*X35 + 

0.0052*X36 +  

0.0031*X37 + 0.0018*X38 + 0.0161*X43 + 0.0088*X44 + 0.0052*X45 +  

0.0029*X46 + 0.0017*X47 + 0.0382*X53 + 0.0137*X54 + 0.0072*X55 + 0.0041*X56 + 

0.0169*X62 +  

 0.0061*X63 + 4.781 <= 265 - 136.22 - 1; !0 - 24;!dexamenh;  

 

 

0.0141*X1 + 0.0082*X2 + 0.0046*X3 + 0.0026*X4 + 0.0014*X5 + 0.0128*X6 + 0.0075*X7 

+ 0.0043*X8 +  

0.0023*X9 + 0.0013*X10 + 0.0117*X11 + 0.0068*X12 + 0.0039*X13 +  

0.0021*X14 + 0.0012*X15 + 0.0166*X18 + 0.0091*X19 + 0.0053*X20 + 0 .0030*X21 + 

0.0017*X22 +  

0.0135*X25 + 0.0074*X26 + 0.0043*X27 + 0.0025*X28 + 0.0014*X29 +  

0.0118*X30 + 0.0064*X31 + 0.0038*X32 + 0.0022*X33 + 0.0163*X34 + 0.0096*X35 + 

0.0052*X36 +  

0.0031*X37 + 0.0018*X38 + 0.0161*X43 + 0.0088*X44 + 0.0052*X45 +  

0.0029 *X46 + 0.0017*X47 + 0.0382*X53 + 0.0137*X54 + 0.0072*X55 + 0.0041*X56 + 

0.0169*X62 +  

0.0061*X63 + 12.413 <= 265 - 158.34 - 1; !0 - 25;!dexamenh;  

 

Report: 

Global optimal solution found.  

  Objective value:                              3397150.  

  Infeasibilities:                              0.000000  

  Total solver iterations:                            47  

 

  Model Class:                                        LP  

 

  Total variables:                     63  

  Nonlinear variables:                  0  

  Integer variables:                    0  

 

  Total constraints:                  104  

  Nonlinear constraints:                0  

 

  Total nonzeros:                     924  

  Nonlinear nonzeros:                   0  
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                                Variable           Value    Reduced Cost  

        

                                      X1        0.000000            174.1308  

                                      X2        0.000000            70.76923  

                                      X3        0.000000            26.53846  

                                      X4        0.000000            3.076923  

                                      X5        1446.000            0.000000  

                                      X6        0.000000            151.8231  

                                      X7        0.000000            60.00000  

                                      X8        0.000000            23.46154  

                                      X9        84 45.700            0.000000  

                                     X10        0.000000           0.7692308  

                                     X11        0.000000            134.5154  

                                     X12        0.000000            50.3846 2 

                                     X13        0.000000            19.61538  

                                     X14        3677.300            0.000000  

                                     X15        0.000000            2.692308  

                                     X16        1089.600            0.000000  

                                     X17        0.000000            4.000000  

                                     X18        0.000000            226.4385  

                                     X19        0.000000            92.20769  

                                     X20        0.000000            29.23077  

                                     X21        0.000000            10.00000  

                                     X22        8666.400            0.000000  

                                     X23        170.1000            0.000000  

                                     X24        0.000000            4.000000  

                                     X25        0.000000            172.5923  

                                     X26        0.000000            65.28462  

                                     X27        0.000000            15.76923  

                                     X28        0. 000000            6.153846  

                                     X29        3422.200            0.000000  

                                     X30        0.000000            139.5154  

                                     X31        0.000000            45.6692 3 

                                     X32        0.000000            5.769231  

                                     X33        2136.000            0.000000  

                                     X34        0.000000            225.8462  

                                     X35        0.000000            104.9000  

                                     X36        0.000000            30.28462  

                                     X37        1869.969            0.000000  

                                     X38        1971.431            0.000000  

                                     X39        1187.100            0.000000  

                                     X40        0.000000            4.000000  

                                     X41        0.000000            7.000 000  

                                     X42        0.000000            10.00000  

                                     X43        0.000000            241.9231  

                                     X44        0.000000            108.5385  

                                     X45        0.000000            47.20769  

                                     X46        0.000000            12.97692  

                                     X47        2929.600            0.000000  

                                     X48        1166.000            0.000000  

                                     X49        0.000000            3.000000  

                                     X50        0.000000            8.000000  

                                     X51        0. 000000            15.00000  

                                     X52        0.000000            22.90000  

                                     X53        0.000000            645.7692  

                                     X54        0.000000            178.615 4 

                                     X55        0.000000            56.61538  

                                     X56        5158.700            0.000000  

                                     X57        561.3000            0.000000  

                                     X58        0.000000            3.000000  

                                     X59        0.000000            6.000000  

                                     X60        0.000000            11.00000  

                                     X61        0.000000            18.00000  
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                                     X62        0.000000            203.6923  

                                     X63        717.3000            0.00000  

 

 

 

ʃʶˊʾˉˍ˖ˋʹ2ʹΥ ɮˏ˅ʹˋʹ ˍˇˎ Q ˁ ʰˍʱ м5% 

ɱˊʰ˃˃ʽˁˈ ʃˊˈʴˊʰ˃˃ʰΥ 

! SYNARTHSH STOXOY;  

 

MIN = 49.9* X1 + 60* X2 + 85* X3 + 100* X4 + 120* X5  

 + 49.9* X6 + 60* X7 + 85* X8 + 100* X9 + 120* X10  

 + 49.9* X11 + 60* X12 + 85* X13 + 100* X14 + 120* X15  

 + 10* X16 + 14* X17  

 + 39.9* X18 + 49.9* X19 + 60* X20 + 85* X21 + 100* X22  

 + 10* X23 + 14* X24  

 + 39.9* X25 + 49.9* X26 + 60* X27 + 85* X28  

 + 100* X29  

 + 39.9* X30 + 49.9* X31 + 60* X32 + 85* X33  

 + 32* X34 + 39.9* X35 + 49.9* X36 + 60* X37 + 85* X38  

 + 10* X39 + 14* X40 + 17* X41 + 20* X42 + 25* X43  

 + 32* X44 + 39.9* X45 + 49.9* X46 + 60* X47  

 + 17* X48 + 20* X49 + 25* X50 + 32* X51 + 39.9* X52  

 + 10* X53 + 14* X54 + 17* X55 + 20* X56  

 + 14* X57 + 17* X58 + 20* X59 + 25* X60 + 32* X61  

 + 10* X62 + 14* X63;  

 

 

 

!PERIORISMOI MHKOUS;  

 

X1 + X2 + X3 + X4 + X5 = 1446;  

X6 + X7 + X8 + X9 + X10 = 8445.7;  

X11 + X12 + X13 + X14 + X15 = 3677.3;  

X16 + X17 =1089.6;  

X18 + X19 + X20 + X21 + X22 = 8666.4;  

X23 + X24 = 170.1;  

X25 + X26 + X27 + X28 + X29 = 3422.2;  

X30 + X31 + X32 + X33 = 2136.0;  

X34 + X35 + X36 + X37 + X38 = 3841.4;  

X39 + X40 + X41 + X42 = 1187.1;  

X43 + X44 + X45 + X46 + X47 = 2929.6;  

X48 + X49 + X50 + X51 + X52 = 1166.0;  

X53 + X54 + X55 + X56 = 5158.7;  

X57 + X58 + X59 + X60 + X61 = 561.3;  

X62 + X63 = 717.3;  

 

X1>=0; X2>=0; X3>=0; X4>=0; X5>=0; X6>=0; X7>=0; X8>=0; X9>=0; X10>=0;  

X11>=0; X12>=0; X13>=0; X14>=0; X15>=0; X16>=0; X17>=0; X18 >=0; X19>=0;  

X20>=0; X21>=0; X22>=0;X23>=0; X24>=0; X25>=0; X26>=0; X27>=0; X28>=0;  

X29>=0; X30>=0; X31>=0; X32>=0; X33>=0; X34>=0; X35>=0; X36>=0; X37>=0;  

X38>=0; X39>=0; X40>=0; X41>=0; X42>=0; X43>=0;X44>=0; X45>=0; X46>=0;  

X47>=0; X48>=0; X49>=0; X 50>=0; X51>=0; X52>=0; X53>=0; X54>=0; X55>=0;  

X56>=0; X57>=0; X58>=0; X59>=0; X60>=0; X61>=0; X62>=0; X63>=0;  
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!PERIORISMOI PIEZOMETRIKOY FORTIOY;  

 

0.0153*X1 + 0.0090*X2 + 0.0051*X3 + 0.0028*X4 + 0.0015*X5 <= 265 - 151.45 - 5; !0 -

1;!eswteriko;  

 

 

0.0153*X1 + 0.0090*X2 + 0.0051*X3 + 0.0028*X4 + 0.0015*X5 + 13.422 <= 265 - 244.80 -

1; !0 - 2;!dexamenh;  

 

 

0.0153*X1 + 0.0090*X2 + 0.0051*X3 + 0.0028*X4 + 0.0015*X5 + 0.0140*X6 + 0.0082*X7 

+  

0.0046*X8 + 0.0026*X9 + 0.0014*X10 <= 265 - 114.71 - 5; !0 - 3;!eswteriko;  

 

 

0.0153*X1 + 0.0090*X2 + 0.0051*X3 + 0.0028*X4 + 0.0015*X5 + 0.0140*X6 + 0.0082*X7 

+  

0.0046*X8 + 0.0026*X9 + 0.0014*X10 + 14.067 <= 265 - 135.56 - 1; !0 - 4;!dexamenh;  

 

                                                                                                                                 

0.0153*X1 + 0.0090*X2 + 0.0051*X3 + 0.0028*X4 + 0.0015*X5 + 0.0140*X6 + 0.0082*X7 

+  

0.0046*X8 + 0.0026*X9 + 0.0014*X10 + 0.0127*X11 + 0.0075*X12 + 0.0042*X13 +  

0.0023*X14 + 0.0013*X15 <= 265 - 110.96 - 5; !0 - 5;!eswteriko;  

 

 

0.0153*X1 + 0.0090*X2 + 0.0051*X3 + 0.0028*X4 + 0.0015*X5 + 0.0140*X6 + 0.0082*X7 

+  

0.0046*X8 + 0.0026*X9 + 0.0014*X10 + 0.0127*X11 + 0.0075*X12 + 0.0042*X13 +  

0.0023*X14 + 0.0013*X15 + 4.712 <= 265 - 131.92 - 1; !0 - 6;!dexamenh;  

 

 

0.0153*X1 + 0.0090*X2 + 0 .0051*X3 + 0.0028*X4 + 0.0015*X5 + 0.0140*X6 + 0.0082*X7 

+  

0.0046*X8 + 0.0026*X9 + 0.0014*X10 + 0.0127*X11 + 0.0075*X12 + 0.0042*X13 +  

0.0023*X14 + 0.0013*X15 + 0.0136*X16 + 0.0049*X17 <= 265 - 134.41 - 1; !0 -

7;!dexamenh;  

 

 

0.0153*X1 + 0.0090*X2 + 0.0051*X3 + 0.0028*X4 + 0.0015*X5 + 0.0140*X6 + 0.0082*X7 

+  

0.0046*X8 + 0.0026*X9 + 0.0014*X10 + 0.0127*X11 + 0.0075*X12 + 0.0042*X13 +  

0.0023*X14 + 0.0013*X15 + 0.0181*X18 + 0.0099*X19 + 0.0058*X20 + 0.0033*X21 + 

0.0018*X22  

 <=265 - 104.6 - 5; !0 - 8;!eswteriko;  

 

 

0.0153*X1 + 0.0090*X2 + 0.0051*X3 + 0.0028*X4 + 0.0015*X5 + 0.0140*X6 + 0.0082*X7 

+  

0.0046*X8 + 0.0026*X9 + 0.0014*X10 + 0.0127*X11 + 0.0075*X12 + 0.0042*X13 +  

0.0023*X14 + 0.0013*X15 + 0.0181*X18 + 0.0099*X19 + 0.0058*X20 + 0 .0033*X21 + 

0.0018*X22 +  

 0.0136*X23 + 0.0049*X24 <= 265 - 119.16 - 1; !0 - 9;!dexamenh;  

 

 

0.0153*X1 + 0.0090*X2 + 0.0051*X3 + 0.0028*X4 + 0.0015*X5 + 0.0140*X6 + 0.0082*X7 

+ 0.0046*X8 +  

0.0026*X9 + 0.0014*X10 + 0.0127*X11 + 0.0075*X12 + 0.0042*X13 +  

0.0023*X14  + 0.0013*X15 + 0.0181*X18 + 0.0099*X19 + 0.0058*X20 + 0.0033*X21 + 

0.0018*X22 +  

 0.0147*X25 + 0.0080*X26 + 0.0047*X27 + 0.0027*X28 + 0.0015*X29  

<= 265 - 104.55 - 5; !0 - 10;!eswteriko;  
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0.0153*X1 + 0.0090*X2 + 0.0051*X3 + 0.0028*X4 + 0.0015*X5 + 0.0140*X6 + 0 .0082*X7 

+ 0.0046*X8 +  

0.0026*X9 + 0.0014*X10 + 0.0127*X11 + 0.0075*X12 + 0.0042*X13 +  

0.0023*X14 + 0.0013*X15 + 0.0181*X18 + 0.0099*X19 + 0.0058*X20 + 0.0033*X21 + 

0.0018*X22 +  

0.0147*X25 + 0.0080*X26 + 0.0047*X27 + 0.0027*X28 + 0.0015*X29 + 11.434  

<= 2 65- 129.76 - 1; !0 - 11;!dexamenh;  

 

 

0.0153*X1 + 0.0090*X2 + 0.0051*X3 + 0.0028*X4 + 0.0015*X5 + 0.0140*X6 + 0.0082*X7 

+ 0.0046*X8 +  

0.0026*X9 + 0.0014*X10 + 0.0127*X11 + 0.0075*X12 + 0.0042*X13 +  

0.0023*X14 + 0.0013*X15 + 0.0181*X18 + 0.0099*X19 + 0.0058*X20 + 0.0033*X21 + 

0.0018*X22 +  

 0.0147*X25 + 0.0080*X26 + 0.0047*X27 + 0.0027*X28 + 0.0015*X29 +  

0.0128*X30 + 0.0070*X31 + 0.0041*X32 + 0.0023*X33 <= 265 - 104.63 - 5; !0 -

12;!eswteriko;  

 

 

0.0153*X1 + 0.0090*X2 + 0.0051*X3 + 0.0028*X4 + 0.0015*X5 + 0.0140*X6 + 0. 0082*X7 

+ 0.0046*X8 +  

0.0026*X9 + 0.0014*X10 + 0.0127*X11 + 0.0075*X12 + 0.0042*X13 +  

0.0023*X14 + 0.0013*X15 + 0.0181*X18 + 0.0099*X19 + 0.0058*X20 + 0.0033*X21 + 

0.0018*X22 +  

 0.0147*X25 + 0.0080*X26 + 0.0047*X27 + 0.0027*X28 + 0.0015*X29 +  

0.0128*X30 + 0.0070*X31 + 0.0041*X32 + 0.0023*X33 + 6.045 <= 265 - 121.19 - 1; !0 -

13;!dexamenh;  

 

 

0.0153*X1 + 0.0090*X2 + 0.0051*X3 + 0.0028*X4 + 0.0015*X5 + 0.0140*X6 + 0.0082*X7 

+ 0.0046*X8 +  

0.0026*X9 + 0.0014*X10 + 0.0127*X11 + 0.0075*X12 + 0.0042*X13 +  

0.0023*X14 +  0.0013*X15 + 0.0181*X18 + 0.0099*X19 + 0.0058*X20 + 0.0033*X21 + 

0.0018*X22 +  

 0.0147*X25 + 0.0080*X26 + 0.0047*X27 + 0.0027*X28 + 0.0015*X29 +  

0.0128*X30 + 0.0070*X31 + 0.0041*X32 + 0.0023*X33 + 0.0178*X34 + 0.0104*X35 + 

0.0057*X36 +  

0.0034*X37 + 0.001 9*X38 <= 265 - 99.25 - 5; !0 - 14;!eswteriko;  

 

 

0.0153*X1 + 0.0090*X2 + 0.0051*X3 + 0.0028*X4 + 0.0015*X5 + 0.0140*X6 + 0.0082*X7 

+  

0.0046*X8 + 0.0026*X9 + 0.0014*X10 + 0.0127*X11 + 0.0075*X12 + 0.0042*X13 +  

0.0023*X14 + 0.0013*X15 + 0.0181*X18 + 0.0099*X19 + 0 .0058*X20 + 0.0033*X21 +  

0.0018*X22 + 0.0147*X25 + 0.0080*X26 + 0.0047*X27 + 0.0027*X28 + 0.0015*X29 +  

0.0128*X30 + 0.0070*X31 + 0.0041*X32 + 0.0023*X33 + 0.0178*X34 + 0.0104*X35 +  

0.0057*X36 + 0.0034*X37 + 0.0019*X38 + 0.0507*X39 + 0.0181*X40 + 0.0095* X41 +  

0.0054*X42 <= 265 - 111.83 - 1; !0 - 15;!dexamenh;  

 

 

0.0153*X1 + 0.0090*X2 + 0.0051*X3 + 0.0028*X4 + 0.0015*X5 + 0.0140*X6 + 0.0082*X7 

+ 

 0.0046*X8 + 0.0026*X9 + 0.0014*X10 + 0.0127*X11 + 0.0075*X12 + 0.0042*X13 +  

0.0023*X14 + 0.0013*X15 + 0.0181*X18 + 0.0099*X19 + 0.0058*X20 + 0.0033*X21 +  

0.0018*X22 + 0.0147*X25 + 0.0080*X26 + 0.0047*X27 + 0.0027*X28 + 0.0015*X29 +  

0.0128*X30 + 0.0070*X31 + 0.0041*X32 + 0.0023*X33 + 0.0178*X34 + 0.0104*X35 +  

0.0057*X36 + 0.0034 *X37 + 0.0019*X38 + 0.0175*X43 + 0.0096*X44 + 0.0057*X45 +  

0.0031*X46 + 0.0018*X47 <= 265 - 91.53 - 5; !0 - 16;!eswteriko;  

 

 

0.0153*X1 + 0.0090*X2 + 0.0051*X3 + 0.0028*X4 + 0.0015*X5 + 0.0140*X6 + 0.0082*X7 

+ 

 0.0046*X8 + 0.0026*X9 + 0.0014*X10 + 0.0127*X11 + 0 .0075*X12 + 0.0042*X13 +  

0.0023*X14 + 0.0013*X15 + 0.0181*X18 + 0.0099*X19 + 0.0058*X20 + 0.0033*X21 +  
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 0.0018*X22 + 0.0147*X25 + 0.0080*X26 + 0.0047*X27 + 0.0027*X28 + 0.0015*X29 +  

0.0128*X30 + 0.0070*X31 + 0.0041*X32 + 0.0023*X33 + 0.0178*X34 + 0.0104*X 35 +  

0.0057*X36 + 0.0034*X37 + 0.0019*X38 + 0.0175*X43 + 0.0096*X44 + 0.0057*X45 +  

0.0031*X46 + 0.0018*X47 + 1.650 <= 265 - 108.80 - 1; !0 - 17;!dexamenh;  

 

 

0.0153*X1 + 0.0090*X2 + 0.0051*X3 + 0.0028*X4 + 0.0015*X5 + 0.0140*X6 + 0.0082*X7 

+ 

 0.0046*X8 + 0.0026*X9 + 0.0014*X10 + 0.0127*X11 + 0.0075*X12 + 0.0042*X13 +  

0.0023*X14 + 0.0013*X15 + 0.0181*X18 + 0.0099*X19 + 0.0058*X20 + 0.0033*X21 +  

0.0018*X22 + 0.0147*X25 + 0.0080*X26 + 0.0047*X27 + 0.0027*X28 + 0.0015*X29 +  

0.0128*X30 + 0.0070*X 31 + 0.0041*X32 + 0.0023*X33 + 0.0178*X34 + 0.0104*X35 +  

0.0057*X36 + 0.0034*X37 + 0.0019*X38 + 0.0175*X43 + 0.0096*X44 + 0.0057*X45 +  

0.0031*X46 + 0.0018*X47 + 0.0252*X48 + 0.0142*X49 + 0.0072*X50 + 0.0040*X51 +  

 0.0023*X52 <= 265 - 106.61 - 5; !0 - 18;!eswte riko;  

 

 

0.0153*X1 + 0.0090*X2 + 0.0051*X3 + 0.0028*X4 + 0.0015*X5 + 0.0140*X6 + 0.0082*X7 

+ 

 0.0046*X8 + 0.0026*X9 + 0.0014*X10 + 0.0127*X11 + 0.0075*X12 + 0.0042*X13 +  

0.0023*X14 + 0.0013*X15 + 0.0181*X18 + 0.0099*X19 + 0.0058*X20 + 0.0033*X21 +  

0.0018*X22 + 0.0147*X25 + 0.0080*X26 + 0.0047*X27 + 0.0027*X28 + 0.0015*X29 +  

0.0128*X30 + 0.0070*X31 + 0.0041*X32 + 0.0023*X33 + 0.0178*X34 + 0.0104*X35 +  

0.0057*X36 + 0.0034*X37 + 0.0019*X38 + 0.0175*X43 + 0.0096*X44 + 0.0057*X45 +  

0.0031*X46 + 0.0018 *X47 + 0.0252*X48 + 0.0142*X49 + 0.0072*X50 + 0.0040*X51 +  

0.0023*X52 + 0.0383*X57 + 0.0200*X58 + 0.0113*X59 + 0.0057*X60 + 0.0032*X61  

<= 265 - 117.13 - 1; !0 - 19;!dexamenh;  

 

 

0.0153*X1 + 0.0090*X2 + 0.0051*X3 + 0.0028*X4 + 0.0015*X5 + 0.0140*X6 + 0.0082*X7 

+  

0.0046*X8 + 0.0026*X9 + 0.0014*X10 + 0.0127*X11 + 0.0075*X12 + 0.0042*X13 +  

0.0023*X14 + 0.0013*X15 + 0.0181*X18 + 0.0099*X19 + 0.0058*X20 + 0.0033*X21 +  

 0.0018*X22 + 0.0147*X25 + 0.0080*X26 + 0.0047*X27 + 0.0027*X28 + 0.0015*X29 +  

0.0128*X30 + 0.0070* X31 + 0.0041*X32 + 0.0023*X33 + 0.0178*X34 + 0.0104*X35 +  

0.0057*X36 + 0.0034*X37 + 0.0019*X38 + 0.0175*X43 + 0.0096*X44 + 0.0057*X45 +  

0.0031*X46 + 0.0018*X47 + 0.0252*X48 + 0.0142*X49 + 0.0072*X50 + 0.0040*X51 +  

0.0023*X52 + 5.236 <= 265 - 106.61 - 1; !0 - 20;!dexamenh;  

 

 

0.0153*X1 + 0.0090*X2 + 0.0051*X3 + 0.0028*X4 + 0.0015*X5 + 0.0140*X6 + 0.0082*X7 

+  

0.0046*X8 + 0.0026*X9 + 0.0014*X10 + 0.0127*X11 + 0.0075*X12 + 0.0042*X13 +  

0.0023*X14 + 0.0013*X15 + 0.0181*X18 + 0.0099*X19 + 0.0058*X20 + 0.0033*X21 +  

0.0018*X22 + 0.0147*X25 + 0.0080*X26 + 0.0047*X27 + 0.0027*X28 + 0.0015*X29 +  

0.0128*X30 + 0.0070*X31 + 0.0041*X32 + 0.0023*X33 + 0.0178*X34 + 0.0104*X35 +  

0.0057*X36 + 0.0034*X37 + 0.0019*X38 + 0.0175*X43 + 0.0096*X44 + 0.0057*X45 +  

0.0031*X46 + 0.0018*X47 + 0.0417*X53 + 0.0149*X54 + 0.0078*X55 + 0.0044*X56  

<= 265 - 91.53 - 5; !0 - 21;!eswteriko;  

 

 

0.0153*X1 + 0.0090*X2 + 0.0051*X3 + 0.0028*X4 + 0.0015*X5 + 0.0140*X6 + 0.0082*X7 

+  

0.0046*X8 + 0.0026*X9 + 0.0014*X10 + 0.0127*X11 + 0.0075*X 12 + 0.0042*X13 +  

0.0023*X14 + 0.0013*X15 + 0.0181*X18 + 0.0099*X19 + 0.0058*X20 + 0.0033*X21 +  

0.0018*X22 + 0.0147*X25 + 0.0080*X26 + 0.0047*X27 + 0.0027*X28 + 0.0015*X29 +  

0.0128*X30 + 0.0070*X31 + 0.0041*X32 + 0.0023*X33 + 0.0178*X34 + 0.0104*X35 +  

 0.0057*X36 + 0.0034*X37 + 0.0019*X38 + 0.0175*X43 + 0.0096*X44 + 0.0057*X45 +  

0.0031*X46 + 0.0018*X47 + 0.0417*X53 + 0.0149*X54 + 0.0078*X55 + 0.0044*X56 + 

29.695  

<= 265 - 125.33 - 1; !0 - 22;!dexamenh;  
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0.0153*X1 + 0.0090*X2 + 0.0051*X3 + 0.0028*X4 + 0.0015 *X5 + 0.0140*X6 + 0.0082*X7 

+  

0.0046*X8 + 0.0026*X9 + 0.0014*X10 + 0.0127*X11 + 0.0075*X12 + 0.0042*X13 +  

0.0023*X14 + 0.0013*X15 + 0.0181*X18 + 0.0099*X19 + 0.0058*X20 + 0.0033*X21 +  

 0.0018*X22 + 0.0147*X25 + 0.0080*X26 + 0.0047*X27 + 0.0027*X28 + 0.001 5*X29 +  

0.0128*X30 + 0.0070*X31 + 0.0041*X32 + 0.0023*X33 + 0.0178*X34 + 0.0104*X35 +  

0.0057*X36 + 0.0034*X37 + 0.0019*X38 + 0.0175*X43 + 0.0096*X44 + 0.0057*X45 +  

0.0031*X46 + 0.0018*X47 + 0.0417*X53 + 0.0149*X54 + 0.0078*X55 + 0.0044*X56 +  

0.0185*X62  + 0.0067*X63 <= 265 - 101.5 - 5; !0 - 23;!eswteriko;  

 

 

0.0153*X1 + 0.0090*X2 + 0.0051*X3 + 0.0028*X4 + 0.0015*X5 + 0.0140*X6 + 0.0082*X7 

+  

0.0046*X8 + 0.0026*X9 + 0.0014*X10 + 0.0127*X11 + 0.0075*X12 + 0.0042*X13 +  

0.0023*X14 + 0.0013*X15 + 0.0181*X18 + 0.0099 *X19 + 0.0058*X20 + 0.0033*X21 +  

0.0018*X22 + 0.0147*X25 + 0.0080*X26 + 0.0047*X27 + 0.0027*X28 + 0.0015*X29 +  

0.0128*X30 + 0.0070*X31 + 0.0041*X32 + 0.0023*X33 + 0.0178*X34 + 0.0104*X35 +  

0.0057*X36 + 0.0034*X37 + 0.0019*X38 + 0.0175*X43 + 0.0096*X44 + 0.0057*X45 +  

0.0031*X46 + 0.0018*X47 + 0.0417*X53 + 0.0149*X54 + 0.0078*X55 + 0.0044*X56 +  

0.0185*X62 + 0.0067*X63 + 5.212 <= 265 - 136.22 - 1; !0 - 24;!dexamenh;  

 

 

0.0153*X1 + 0.0090*X2 + 0.0051 *X3 + 0.0028*X4 + 0.0015*X5 + 0.0140*X6 + 0.0082*X7 

+ 

 0.0046*X8 + 0.0026*X9 + 0.0014*X10 + 0.0127*X11 + 0.0075*X12 + 0.0042*X13 +  

0.0023*X14 + 0.0013*X15 + 0.0181*X18 + 0.0099*X19 + 0.0058*X20 + 0.0033*X21 +  

0.0018*X22 + 0.0147*X25 + 0.0080*X26 + 0.0047* X27 + 0.0027*X28 + 0.0015*X29 +  

0.0128*X30 + 0.0070*X31 + 0.0041*X32 + 0.0023*X33 + 0.0178*X34 + 0.0104*X35 +  

0.0057*X36 + 0.0034*X37 + 0.0019*X38 + 0.0175*X43 + 0.0096*X44 + 0.0057*X45 +  

0.0031*X46 + 0.0018*X47 + 0.0417*X53 + 0.0149*X54 + 0.0078*X55 + 0.0044*X56 +  

0.0185*X62 + 0.0067*X63 + 13.457 <= 265 - 158.34 - 1; !0 - 25;!dexamenh;  

 

Report: 

Global optimal solution found.  

  Objective value:                              3545639.  

  Infeasibilities:                              0.000000  

  Total solver iterations:                            49  

 

  Model Class:                                        LP  

 

  Total variables:                     63  

  Nonlinear variables:                  0  

  Integer variables:                    0  

 

  Total constraints:                  104  

  Nonlinear constraints:                0  

 

  Total nonzeros:                     924  

  Nonlinear nonzeros:                   0  

 

 

                                Variable           Value   Reduced Cost  

        

                                      X1        0.000000            159.9000  

                                      X2        0.000000            65.00000  

                                      X3        0.000000            25.00000  

                                      X4        0.000000            1.666667  

                                      X5        1446.000            0.000000  

                                      X6        0.000000            139.9000  

                                      X7        0.00000 0            53.33333  

                                      X8        0.000000            18.33333  
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                                      X9        3358.733            0.000000  

                                     X10        5086.967            0.000000  

                                     X11        0.000000            123.2333  

                                     X12        0.000000            46.66667  

                                     X13        0.000000            16.66667  

                                     X14        3677.300            0.000000  

                                     X15        0.000000            3.333333  

                                     X16        1089.600            0.000000  

                                     X17        0.000000            4.000000  

                                     X18        0.000000            211.5667  

                                     X19        0.000000            84.90000  

                                     X20        0.000000            26.66667  

                                     X21        0.000000            10.00000  

                                     X22        8666.400            0.000000  

                                     X23        17 0.1000            0.000000  

                                     X24        0.000000            4.000000  

                                     X25        0.000000            159.9000  

                                     X26        0.000000            58.2333 3 

                                     X27        0.000000            13.33333  

                                     X28        0.000000            5.000000  

                                     X29        3422.200            0.000000  

                                     X30        0.000000            129.9000  

                                     X31        0.000000            43.23333  

                                     X32        0.000000            5.000000  

                                     X33        2136.000            0.000000  

                                     X34        0.000000            212.0000  

                                     X35        0.000000            96.56667  

                                     X36        0.000000            28.23 333  

                                     X37        0.000000            0.000000  

                                     X38        3841.400            0.000000  

                                     X39        1187.100            0.000000  

                                     X40        0.000000            4.000000  

                                     X41        0.000000            7.000000  

                                     X42        0.000000            10.00000  

                                     X43        0.000000            226.6667  

                                     X44        0.000000            102.0000  

                                     X45        0.000000            44.90000  

                                     X46        0.000000            11.56667  

                                     X47        2929.600            0.000000  

                                     X48        1166.000            0.000000  

                                     X49        0.000000            3.000000  

                                     X50        0.000000            8.000000  

                                     X51        0.000000            15.00000  

                                     X52        0. 000000            22.90000  

                                     X53        0.000000            611.6667  

                                     X54        0.000000            169.0000  

                                     X55        0.000000            53.6666 7 

                                     X56        5158.700            0.000000  

                                     X57        561.3000            0.000000  

                                     X58        0.000000            3.000000  

                                     X59        0.000000            6.000000  

                                     X60        0.000000            11.00000  

                                     X61        0.000000            18.00000  

                                     X62        0.000000            192.6667  

                                     X63        717.3000            0.000000  
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ʃʶˊʾˉˍ˖ˋʹ 3ʹΥ ɮˏ˅ʹˋʹ ˍˇˎ Q ˁ ʰˍʱ 20% 

 

 

 

 

 

 

 

 



ʅʶ˂ʾʵʰ μ 203  
 

ʃʶˊʾˉˍ˖ˋʹ пʹΥ ɮˏ˅ʹˋʹ ˍˇˎ k ˁ ʰˍʱ мл҈ 

ɱˊʰ˃˃ʽˁˈ ʃˊˈʴˊʰ˃˃ʰΥ 

! SYNARTHSH STOXOY;  

 

MIN = 49.9* X1 + 60* X2 + 85* X3 + 100* X4 + 120* X5 + 49.9* X6 + 60* X7 +  

85* X8 + 100* X9 + 120* X10 + 49.9* X11 + 60* X12 + 85* X13 + 100* X14 +  

120* X15 + 10* X16 + 14* X17 + 39.9* X18 + 49.9* X19 + 60* X20 + 85* X21 +  

100* X22 + 10* X23 + 14* X24 + 39.9* X25 + 49.9* X26 + 60* X27 + 85* X28 +  

100* X29 + 39.9* X30 + 49.9* X31 + 60* X32 + 85* X33 + 32* X34 + 39.9* X35 +  

49.9* X36 + 60* X37 + 85* X38 + 10* X39 + 14* X40 + 17* X41 + 20* X42 +  

25* X43 + 32* X44 + 39.9* X45 + 49.9* X46 + 60* X47 + 17* X48 + 20* X49 +  

25* X50 + 32* X51 + 39.9* X52 +10* X53 + 14* X54 + 17* X55 + 20* X56 +  

14* X57 + 17* X58 + 20* X59 + 25* X60 + 32* X61 + 10* X62 + 14* X63;  

 

 

!PERIORISMOI MHKOUS;  

 

X1 + X2 + X3 + X4 + X5 = 1446;  

X6 + X7 + X8 + X9 + X10 = 8445.7;  

X11 + X12 + X13 + X14 + X15 = 3677.3;  

X16 + X17 =1089.6;  

X18 + X19 + X20 + X21 + X22 = 8666.4;  

X23 + X24 = 170.1;  

X25 + X26 + X27 + X28 + X29 = 3422.2;  

X30 + X31 + X32 + X33 = 2136.0;  

X34 + X35 + X36 + X37 + X38 = 3841.4;  

X39 + X40 + X41 + X42 = 1187.1;  

X43 + X44 + X45 + X46 + X47 = 2929.6;  

X48 + X49 + X50 + X51 + X52 = 1166.0;  

X53 + X54 + X55 + X56 = 5158.7;  

X57 + X58 + X59 + X60 + X61 = 561.3;  

X62 + X63 = 717.3;  

 

X1>=0; X2>=0; X3>=0; X4>=0; X5>=0; X6>=0; X7>=0; X8>=0; X9>=0; X10>=0;  

X11>=0; X12>=0; X13>=0; X14>=0; X15>=0; X16>=0; X17>=0; X18>=0; X19>=0;  

X20>=0; X21>=0; X22>=0; X23>=0; X24>=0; X25>=0 ; X26>=0; X27>=0; X28>=0;  

X29>=0; X30>=0; X31>=0; X32>=0; X33>=0; X34>=0; X35>=0; X36>=0; X37>=0;  

X38>=0; X39>=0; X40>=0; X41>=0; X42>=0; X43>=0;X44>=0; X45>=0; X46>=0;  

X47>=0; X48>=0; X49>=0; X50>=0; X51>=0; X52>=0;X53>=0; X54>=0; X55>=0;  

X56>=0; X57>=0 ; X58>=0; X59>=0; X60>=0; X61>=0; X62>=0; X63>=0;  

 

 

!PERIORISMOI PIEZOMETRIKOY FORTIOY;  

 

0.0119*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 <= 265 - 151.45 - 5; !0 -

1;!eswteriko;  

 

 

0.0119*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 10.481 < = 265 - 244.80 -

1; !0 - 2;!dexamenh;  

 

 

0.0119*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0108*X6 + 0.0064*X7 

+ 

 0.0036*X8 + 0.0020*X9 + 0.0011*X10 <= 265 - 114.71 - 5; !0 - 3;!eswteriko;  

 

 

0.0119*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0108 *X6 + 0.0064*X7 

+  

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 10.985 <= 265 - 135.56 - 1; !0 - 4;!dexamenh;  
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0.0119*X1 + 0.0070*X2 + 0.0039 *X3 + 0.0022*X4 + 0.0012*X5 + 0.0108*X6 + 0.0064*X7 

+  

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 <= 265 - 110.96 - 5; !0 - 5;!eswteriko;  

 

 

0.0119*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0108*X6 + 0.0064*X7 

+  

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 3.704 <= 265 - 131.92 - 1; !0 - 6;!dexamenh;  

 

 

0.0119*X1 + 0.0070*X2 + 0.00 39*X3 + 0.0022*X4 + 0.0012*X5 + 0.0108*X6 + 0.0064*X7 

+  

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0106*X16 + 0.0038*X17 <= 265 - 134.41 - 1; !0 -

7;!dexamenh;  

 

 

0.0119*X1 + 0.0070*X2 + 0.0039*X3 + 0. 0022*X4 + 0.0012*X5 + 0.0108*X6 + 0.0064*X7 

+  

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0141*X18 + 0.0077*X19 + 0.0045*X20 + 0.0025*X21 +  

0.0014*X22 <=265 - 104.6 - 5; !0 - 8;!eswteriko;  

 

 

0.0119*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0108*X6 + 0.0064*X7 

+ 

 0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0141*X18 + 0.0077*X19 + 0.0045*X20 + 0.0025*X21 +  

0.0014*X22 + 0.0106*X23 + 0 .0038*X24 <= 265 - 119.16 - 1; !0 - 9;!dexamenh;  

 

 

0.0119*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0108*X6 + 0.0064*X7 

+ 

 0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0141*X18 + 0.0077*X19 + 0.0045*X20 + 0.0025*X21 + 

0.0014*X22 +  

0.0114*X25 + 0.0062*X26 + 0.0037*X27 + 0.0021*X28 + 0.0011*X29  

<= 265 - 104.55 - 5; !0 - 10;!eswteriko;  

 

 

0.0119*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0108*X6 + 0.0064*X7 

+  

0.0036*X8 + 0.0020*X9 + 0.00 11*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0141*X18 + 0.0077*X19 + 0.0045*X20 + 0.0025*X21 + 

0.0014*X22 +  

 0.0114*X25 + 0.0062*X26 + 0.0037*X27 + 0.0021*X28 + 0.0011*X29 + 8.931  

<= 265 - 129.76 - 1; !0 - 11;!dexamenh;  

 

 

0.0119*X1  + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0108*X6 + 0.0064*X7 

+  

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0141*X18 + 0.0077*X19 + 0.0045*X20 + 0.0025*X21 + 

0.0014*X22 +  

0.0114*X25 + 0.0062*X26 + 0.0037*X27 + 0.0021*X28 + 0.0011*X29 +  

0.0100*X30 + 0.0054*X31 + 0.0032*X32 + 0.0018*X33 <= 265 - 104.63 - 5; !0 -

12;!eswteriko;  

 

 

0.0119*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0108*X6 + 0.0064*X7 

+  
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0.0036*X8 + 0.0020 *X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0141*X18 + 0.0077*X19 + 0.0045*X20 + 0.0025*X21 + 

0.0014*X22 +  

0.0114*X25 + 0.0062*X26 + 0.0037*X27 + 0.0021*X28 + 0.0011*X29 +  

0.0100*X30 + 0.0054*X31 + 0.0032*X32 + 0.0018*X33 + 4.703 <= 265 - 121.19 - 1; !0 -

13;!dexamenh;  

 

 

0.0119*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0108*X6 + 0.0064*X7 

+ 

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0. 0018*X14 + 0.0010*X15 + 0.0141*X18 + 0.0077*X19 + 0.0045*X20 + 0.0025*X21 + 

0.0014*X22 +  

0.0114*X25 + 0.0062*X26 + 0.0037*X27 + 0.0021*X28 + 0.0011*X29 +  

0.0100*X30 + 0.0054*X31 + 0.0032*X32 + 0.0018*X33 + 0.0138*X34 + 0.0081*X35 + 

0.0044*X36 +  

0.0026*X 37 + 0.0015*X38 <= 265 - 99.25 - 5; !0 - 14;!eswteriko;  

 

 

0.0119*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0108*X6 + 0.0064*X7 

+ 

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0141*X18 + 0.007 7*X19 + 0.0045*X20 + 0.0025*X21 + 

0.0014*X22 +  

0.0114*X25 + 0.0062*X26 + 0.0037*X27 + 0.0021*X28 + 0.0011*X29 +  

0.0100*X30 + 0.0054*X31 + 0.0032*X32 + 0.0018*X33 + 0.0138*X34 + 0.0081*X35 + 

0.0044*X36 +  

0.0026*X37 + 0.0015*X38 + 0.0394*X39 + 0.0141*X40 + 0.0074*X41 +  

0.0042*X42 <= 265 - 111.83 - 1; !0 - 15;!dexamenh;  

 

 

0.0119*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0108*X6 + 0.0064*X7 

+ 

 0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0141*X18 + 0.0077*X19 + 0.0045*X20 + 0.0025*X21 +  

 0.0014*X22 + 0.0114*X25 + 0.0062*X26 + 0.0037*X27 + 0.0021*X28 + 0.0011*X29 +  

0.0100*X30 + 0.0054*X31 + 0.0032*X32 + 0.0018*X33 + 0.0138*X34 + 0.0081*X35 +  

0.0044*X36 + 0.0026*X37 + 0.0015*X38 + 0.0136 *X43 + 0.0074*X44 + 0.0044*X45 +  

0.0024*X46 + 0.0014*X47 <= 265 - 91.53 - 5; !0 - 16;!eswteriko;  

 

 

0.0119*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0108*X6 + 0.0064*X7 

+ 

 0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0141*X18 + 0.0077*X19 + 0.0045*X20 + 0.0025*X21 +  

 0.0014*X22 + 0.0114*X25 + 0.0062*X26 + 0.0037*X27 + 0.0021*X28 + 0.0011*X29 +  

0.0100*X30 + 0.0054*X31 + 0.0032*X32 + 0.0018*X33 + 0.0138*X34 + 0.0081*X35 +  

 0.0044*X36 + 0.0026* X37 + 0.0015*X38 + 0.0136*X43 + 0.0074*X44 + 0.0044*X45 +  

0.0024*X46 + 0.0014*X47 + 1.298 <= 265 - 108.80 - 1; !0 - 17;!dexamenh;  

 

 

0.0119*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0108*X6 + 0.0064*X7 

+  

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099* X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0141*X18 + 0.0077*X19 + 0.0045*X20 + 0.0025*X21 +  

0.0014*X22 + 0.0114*X25 + 0.0062*X26 + 0.0037*X27 + 0.0021*X28 + 0.0011*X29 +  

0.0100*X30 + 0.0054*X31 + 0.0032*X32 + 0.0018*X33 + 0.0138*X34 + 0 .0081*X35 +  

0.0044*X36 + 0.0026*X37 + 0.0015*X38 + 0.0136*X43 + 0.0074*X44 + 0.0044*X45 +  

0.0024*X46 + 0.0014*X47 + 0.0196*X48 + 0.0110*X49 + 0.0056*X50 + 0.0031*X51 +  

0.0018*X52 <= 265 - 106.61 - 5; !0 - 18;!eswteriko;  

 

 

0.0119*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0108*X6 + 0.0064*X7 

+  
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0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0141*X18 + 0.0077*X19 + 0.0045*X20 + 0.0025*X21 +  

0.0014*X22 + 0.0 114*X25 + 0.0062*X26 + 0.0037*X27 + 0.0021*X28 + 0.0011*X29 +  

0.0100*X30 + 0.0054*X31 + 0.0032*X32 + 0.0018*X33 + 0.0138*X34 + 0.0081*X35 +  

0.0044*X36 + 0.0026*X37 + 0.0015*X38 + 0.0136*X43 + 0.0074*X44 + 0.0044*X45 +  

0.0024*X46 + 0.0014*X47 + 0.0196*X4 8 + 0.0110*X49 + 0.0056*X50 + 0.0031*X51 +  

0.0018*X52 + 0.0297*X57 + 0.0155*X58 + 0.0088*X59 + 0.0044*X60 + 0.0025*X61  

<= 265 - 117.13 - 1; !0 - 19;!dexamenh;  

 

 

0.0119*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0108*X6 + 0.0064*X7 

+  

0.0036*X8 + 0. 0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0141*X18 + 0.0077*X19 + 0.0045*X20 + 0.0025*X21 +  

0.0014*X22 + 0.0114*X25 + 0.0062*X26 + 0.0037*X27 + 0.0021*X28 + 0.0011*X29 +  

0.0100*X30 + 0.0054*X31 + 0.0032*X32  + 0.0018*X33 + 0.0138*X34 + 0.0081*X35 +  

 0.0044*X36 + 0.0026*X37 + 0.0015*X38 + 0.0136*X43 + 0.0074*X44 + 0.0044*X45 +  

0.0024*X46 + 0.0014*X47 + 0.0196*X48 + 0.0110*X49 + 0.0056*X50 + 0.0031*X51 +  

0.0018*X52 + 4.108 <= 265 - 106.61 - 1; !0 - 20;!dexamenh;  

 

 

0.0119*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0108*X6 + 0.0064*X7 

+  

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0141*X18 + 0.0077*X19 + 0.0045*X20 + 0.0025*X21 +  

0.0014*X22 + 0.0 114*X25 + 0.0062*X26 + 0.0037*X27 + 0.0021*X28 + 0.0011*X29 +  

0.0100*X30 + 0.0054*X31 + 0.0032*X32 + 0.0018*X33 + 0.0138*X34 + 0.0081*X35 +  

0.0044*X36 + 0.0026*X37 + 0.0015*X38 + 0.0136*X43 + 0.0074*X44 + 0.0044*X45 +  

0.0024*X46 + 0.0014*X47 + 0.0324*X5 3 + 0.0116*X54 + 0.0061*X55 + 0.0035*X56  

<= 265 - 91.53 - 5; !0 - 21;!eswteriko;  

 

 

0.0119*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0108*X6 + 0.0064*X7 

+ 

 0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0141*X18 + 0.0077*X19 + 0.0045*X20 + 0.0025*X21 +  

0.0014*X22 + 0.0114*X25 + 0.0062*X26 + 0.0037*X27 + 0.0021*X28 + 0.0011*X29 +  

0.0100*X30 + 0.0054*X31 + 0.0032*X32 + 0.0018*X33 + 0.0138*X34 + 0.0081*X35 +  

0.0044*X36 + 0.0026*X37 + 0.0015*X38 + 0.0136*X43 + 0.0074*X44 + 0.0044*X45 +  

0.0024*X46 + 0.0014*X47 + 0.0324*X53 + 0.0116*X54 + 0.0061*X55 + 0.0035*X56 +  

23.146 <= 265 - 125.33 - 1; !0 - 22;!dexamenh;  

 

 

0.0119*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012* X5 + 0.0108*X6 + 0.0064*X7 

+ 

 0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0141*X18 + 0.0077*X19 + 0.0045*X20 + 0.0025*X21 +  

0.0014*X22 + 0.0114*X25 + 0.0062*X26 + 0.0037*X27 + 0.0021*X28 + 0.0011 *X29 +  

0.0100*X30 + 0.0054*X31 + 0.0032*X32 + 0.0018*X33 + 0.0138*X34 + 0.0081*X35 +  

0.0044*X36 + 0.0026*X37 + 0.0015*X38 + 0.0136*X43 + 0.0074*X44 + 0.0044*X45 +  

0.0024*X46 + 0.0014*X47 + 0.0324*X53 + 0.0116*X54 + 0.0061*X55 + 0.0035*X56 +  

0.0143*X62 + 0.0052*X63 <= 265 - 101.5 - 5; !0 - 23;!eswteriko;  

 

 

0.0119*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0108*X6 + 0.0064*X7 

+ 

 0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0141*X18 + 0.0077* X19 + 0.0045*X20 + 0.0025*X21 +  

0.0014*X22 + 0.0114*X25 + 0.0062*X26 + 0.0037*X27 + 0.0021*X28 + 0.0011*X29 +  

0.0100*X30 + 0.0054*X31 + 0.0032*X32 + 0.0018*X33 + 0.0138*X34 + 0.0081*X35 +  

0.0044*X36 + 0.0026*X37 + 0.0015*X38 + 0.0136*X43 + 0.0074*X44 + 0.0044*X45 +  

0.0024*X46 + 0.0014*X47 + 0.0324*X53 + 0.0116*X54 + 0.0061*X55 + 0.0035*X56 +  

0.0143*X62 + 0.0052*X63 + 4.053 <= 265 - 136.22 - 1; !0 - 24;!dexamenh;  

 



ʅʶ˂ʾʵʰ μ 207  
 

 

0.0119*X1 + 0.0070*X2 + 0.0039 *X3 + 0.0022*X4 + 0.0012*X5 + 0.0108*X6 + 0.0064*X7 

+  

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0141*X18 + 0.0077*X19 + 0.0045*X20 + 0.0025*X21 +  

0.0014*X22 + 0.0114*X25 + 0.0062*X26 + 0.0037* X27 + 0.0021*X28 + 0.0011*X29 +  

0.0100*X30 + 0.0054*X31 + 0.0032*X32 + 0.0018*X33 + 0.0138*X34 + 0.0081*X35 +  

0.0044*X36 + 0.0026*X37 + 0.0015*X38 + 0.0136*X43 + 0.0074*X44 + 0.0044*X45 +  

0.0024*X46 + 0.0014*X47 + 0.0324*X53 + 0.0116*X54 + 0.0061*X55 + 0.0035*X56 +  

0.0143*X62 + 0.0052*X63 + 10.529 <= 265 - 158.34 - 1; !0 - 25;!dexamenh;  

 

Report: 

Global optimal solution found.  

  Objective value:                              3115914.  

  Infeasibili ties:                              0.000000  

  Total solver iterations:                            44  

 

  Model Class:                                        LP  

 

  Total variables:                     63  

  Nonlinear variables:                  0  

  Integer va riables:                    0  

 

  Total constraints:                  104  

  Nonlinear constraints:                0  

 

  Total nonzeros:                     924  

  Nonlinear nonzeros:                   0  

 

 

                                Variable           Value    Reduced Cost  

       

                                      X1        0.000000            82.17273  

                                      X2        0.000000            25.45455  

                                      X3        0.000000            8.181818  

                                      X4        1446.000            0.000000  

                                      X5        0.000000            6.363636  

                                      X6        0.000000            69.90000  

                                      X7        0.000000            20.00000  

                                      X8        0.000000            6.818182  

                                      X9        8445.700            0.00 0000  

                                     X10        0.000000            7.727273  

                                     X11        0.000000            60.35455  

                                     X12        0.000000            14.54545  

                                     X13        0.000000            5.454545  

                                     X14        3677.300            0.000000  

                                     X15        0.000000            9.090909  

                                     X16        1089.600            0.000000  

                                     X17        0.000000            4.000000  

                                     X18        0.000000            113.0818  

                                     X19        0.000000            35.80909  

                                     X20        0.000000            2.272727  

                                     X21        849.5182            0.000000  

                                     X22        7816.882            0.000000  

                                     X23        170.1000            0.000000  

                                     X24        0.000000            4.000000  

                                     X25        0.000000            84.90000  

                                     X26        0.000000            23.99091  

                                     X27        3422.200            0.000000  

                                     X28        0. 000000            3.181818  

                                     X29        0.000000            4.545455  
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                                     X30        0.000000            72.62727  

                                     X31        0.000000            19.9000 0 

                                     X32        2136.000            0.000000  

                                     X33        0.000000            5.909091  

                                     X34        0.000000            124.7273  

                                     X35        0.000000            54.90000  

                                     X36        0.000000            14.44545  

                                     X37        3841.400            0.000000  

                                     X38        0.000000            10.00000  

                                     X39        1187.100            0.000000  

                                     X40        0.000000            4.000000  

                                     X41        0.000000            7.000 000  

                                     X42        0.000000            10.00000  

                                     X43        0.000000            131.3636  

                                     X44        0.000000            53.81818  

                                     X45        0.000000            20.80909  

                                     X46        0.000000            3.536364  

                                     X47        2929.600            0.000000  

                                     X48        1166.000            0.000000  

                                     X49        0.000000            3.000000  

                                     X50        0.000000            8.000000  

                                     X51        0.000000            15.00000  

                                     X52        0.000000            22.90000  

                                     X53        0.000000            384.0909  

                                     X54        0. 000000            104.4545  

                                     X55        0.000000            32.45455  

                                     X56        5158.700            0.000000  

                                     X57        561.3000            0.00000 0 

                                     X58        0.000000            3.000000  

                                     X59        0.000000            6.000000  

                                     X60        0.000000            11.00000  

                                     X61        0.000000            18.00000  

                                     X62        0.000000            120.0909  

                                     X63        717.3000            0.000000  

 

 

 

ʃʶˊʾˉˍ˖ˋʹ 5ʹΥ ɮˏ˅ʹˋʹ ˍˇˎ k ˁ ʰˍʱ м5% 

ɱˊʰ˃˃ʽˁˈ ʃˊˈʴˊʰ˃˃ʰΥ 

! SYNARTHSH STOXOY;  

 

MIN = 49.9* X1 + 60* X2 + 85* X3 + 100* X4 + 120* X5 + 49.9* X6 + 60* X7 +  

85* X8 + 100* X9 + 120* X10 + 49.9* X11 + 60* X12 + 85* X13 + 100* X14 +  

120* X15 + 10* X16 + 14* X17 + 39.9* X18 + 49.9* X19 + 60* X20 + 85* X21 + 

100* X22 + 10* X23 + 14* X24 + 39.9* X25 + 49.9* X26 + 60* X27 + 85* X28 +  

100* X29 + 39.9* X30 + 49.9* X31 + 60* X32 + 85* X33 + 32* X34 + 39.9* X35 +  

49.9* X36 + 60* X37 + 85* X38 + 10* X39 + 14* X40 + 17* X41 + 20* X42 +  

25* X43 + 32* X44 + 39.9* X45 + 49.9* X46 + 60* X47 +  17* X48 + 20* X49 +  

25* X50 + 32* X51 + 39.9* X52 +10* X53 + 14* X54 + 17* X55 + 20* X56 +  

14* X57 + 17* X58 + 20* X59 + 25* X60 + 32* X61 + 10* X62 + 14* X63;  

 

 

!PERIORISMOI MHKOUS;  

 

X1 + X2 + X3 + X4 + X5 = 1446;  

X6 + X7 + X8 + X9 + X10 = 8445.7;  

X11 + X12 + X13 + X14 + X15 = 3677.3;  

X16 + X17 =1089.6;  
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X18 + X19 + X20 + X21 + X22 = 8666.4;  

X23 + X24 = 170.1;  

X25 + X26 + X27 + X28 + X29 = 3422.2;  

X30 + X31 + X32 + X33 = 2136.0;  

X34 + X35 + X36 + X37 + X38 = 3841.4;  

X39 + X40 + X41 + X42 = 1187.1;  

X43 + X44 + X45 + X4 6 + X47 = 2929.6;  

X48 + X49 + X50 + X51 + X52 = 1166.0;  

X53 + X54 + X55 + X56 = 5158.7;  

X57 + X58 + X59 + X60 + X61 = 561.3;  

X62 + X63 = 717.3;  

 

X1>=0; X2>=0; X3>=0; X4>=0; X5>=0; X6>=0; X7>=0; X8>=0; X9>=0; X10>=0;  

X11>=0; X12>=0; X13>=0; X14>=0; X15> =0; X16>=0; X17>=0; X18>=0; X19>=0;  

X20>=0; X21>=0; X22>=0; X23>=0; X24>=0; X25>=0; X26>=0; X27>=0; X28>=0;  

X29>=0; X30>=0; X31>=0; X32>=0; X33>=0; X34>=0; X35>=0; X36>=0; X37>=0;  

X38>=0; X39>=0; X40>=0; X41>=0; X42>=0; X43>=0;X44>=0; X45>=0; X46>=0;  

X47>=0; X48>=0; X49>=0; X50>=0; X51>=0; X52>=0;X53>=0; X54>=0; X55>=0;  

X56>=0; X57>=0; X58>=0; X59>=0; X60>=0; X61>=0; X62>=0; X63>=0;  

 

 

!PERIORISMOI PIEZOMETRIKOY FORTIOY;  

 

0.0120 *X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 <= 265 - 151.45 - 5; !0 -

1;!esw teriko;  

 

 

0.0120 *X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 10.541  <= 265 - 244.80 -

1; !0 - 2;!dexamenh;  

 

 

0.0120 *X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0109 *X6 + 0.0064*X7 

+ 

 0.0036*X8 + 0.0020*X9 + 0.0011*X10 <= 265 - 114.71 - 5; !0 - 3;!eswteriko;  

 

 

0.0120 *X1  + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0109 *X6 + 

0.0064*X7 +  

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 11.047  <= 265 - 135.56 - 1; !0 - 4;!dexamenh;  

 

                                                                                                                                 

0.0120 *X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0 .0012*X5 + 0.0109 *X6 + 0.0064*X7 

+  

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 <= 265 - 110.96 - 5; !0 - 5;!eswteriko;  

 

 

0.0120 *X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0109 *X6 + 0.0064*X7 

+  

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 3.721  <= 265 - 131.92 - 1; !0 - 6;!dexamenh;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0109*X6 + 0.0064*X7 

+  

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0106*X16 + 0.0038*X17 <= 265 - 134.41 - 1; !0 -

7;!dexamenh;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0109*X6 + 0.0064*X7 

+  

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0142*X18 + 0.0077*X19 + 0.0045*X20 + 0.002 6*X21 +  
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0.0014*X22 <=265 - 104.6 - 5; !0 - 8;!eswteriko;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0109*X6 + 0.0064*X7 

+ 

 0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0142*X18 + 0.0077*X19 + 0.0045*X20 + 0. 0026*X21 +  

0.0014*X22 + 0.0106*X23 + 0.0038*X24 <= 265 - 119.16 - 1; !0 - 9;!dexamenh;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0109*X6 + 0.0064*X7 

+ 

 0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 +  0.0010*X15 + 0.0142*X18 + 0.0077*X19 + 0.0045*X20 + 0.002 6*X21 + 

0.0014*X22 + 0.0114*X25 + 0.0063*X26 + 0.0037*X27 + 0.0021*X28 + 0.0011*X29  

<= 265 - 104.55 - 5; !0 - 10;!eswteriko;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0109*X6 + 0.0064*X7 

+  

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0142*X18 + 0.0077*X19 + 0.0045*X20 + 0.002 6*X21 + 

0.0014*X22 + 0.01 14*X25 + 0.0063*X26 + 0.0037*X27 +  0.0021*X28 + 0.0011*X29 + 

8.982  

<= 265 - 129.76 - 1; !0 - 11;!dexamenh;  

 

 

0.0120*X1  + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0109*X6 + 

0.0064*X7 +  

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0142*X18 + 0.0077*X19 + 0.0045*X20 + 0.002 6*X21 + 

0.0014*X22 +  

0.0114*X25 + 0.0063*X26 + 0.0037*X27 + 0.0021*X28 + 0.0011*X29 +  

0.0100*X30 + 0.0055*X31 + 0.0032*X32 + 0.0018*X33 <= 265 - 104.63 - 5; !0 -

12;!eswteriko;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0109*X6 + 0.0064*X7 

+  

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0142*X18 + 0.0077*X19 + 0.0045*X20 + 0.002 6*X21 + 

0.0014*X22 +  

0.0114*X25 + 0.0063*X26 + 0.0037*X27 + 0.0021*X28 + 0.0011*X29 +  

0.0100*X30 + 0.0055*X31 + 0.0032*X32 + 0.0018*X33 + 4.7 3 <= 265 - 121.19 - 1; !0 -

13;!dexamenh;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0109*X6 + 0.0064*X7 

+ 

0.0036*X8 + 0. 0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0142*X18 + 0.0077*X19 + 0.0045*X20 + 0.002 6*X21 + 

0.0014*X22 +  

0.0114*X25 + 0.0063*X26 + 0.0037*X27 + 0.0021*X28 + 0.0011*X29 +  

0.0100*X30 + 0.0055*X31 + 0.0032*X32  + 0.0018*X33 + 0.0139*X34 + 0.0082*X35 + 

0.0045 *X36 +  

0.0026*X37 + 0.0015*X38 <= 265 - 99.25 - 5; !0 - 14;!eswteriko;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0109*X6 + 0.0064*X7 

+ 

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0142*X18 + 0.0077*X19 + 0.0045*X20 + 0.002 6*X21 + 

0.0014*X22 + 0.0114*X25 + 0.0063*X26 + 0.0037*X27 + 0.0021*X28 + 0.0011*X29 +  
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0.0100*X30 + 0.0054*X31 + 0.0032*X32 + 0.0018*X33 + 0.0139*X34 + 0.0082*X 35 + 

0.0045*X36 + 0.0026*X37 + 0.0015*X38 + 0.0394*X39 + 0.0141*X40 + 0.0074*X41 +  

0.0042*X42 <= 265 - 111.83 - 1; !0 - 15;!dexamenh;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0109*X6 + 0.0064*X7 

+ 

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0142*X18 + 0.0077*X19 + 0.0045*X20 + 0.002 6*X21 +  

0.0014*X22 + 0.0114*X25 + 0.0063*X26 + 0.0037*X27 + 0.0021*X28 + 0.0012*X29 +  

0.0100*X30 + 0.0055*X31 + 0.0032*X32 + 0.0018*X33 + 0.0139*X 34 + 0.0082 *X35 +  

0.0045 *X36 + 0.0026*X37 + 0.0015*X38 + 0.0137*X43 + 0.0075 *X44 + 0.0044*X45 +  

0.0024*X46 + 0.0014*X47 <= 265 - 91.53 - 5; !0 - 16;!eswteriko;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0109*X6 + 0.0064*X7 

+ 

 0.0036*X8 + 0 .0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0142*X18 + 0.0077*X19 + 0.0045*X20 + 0.002 6*X21 +  

 0.0014*X22 + 0.0114*X25 + 0.0063*X26 + 0.0037*X27 + 0.0021*X28 + 0.0012*X29 +  

0.0100*X30 + 0.0055*X31 + 0.0032*X3 2 + 0.0018*X33 + 0.0139*X34 + 0.0082 *X35 +  

 0.0045 *X36 + 0.0026*X37 + 0.0015*X38 + 0.0137*X43 + 0.0075 *X44 + 0.0044*X45 +  

0.0024*X46 + 0.0014*X47 + 1.302  <= 265 - 108.80 - 1; !0 - 17;!dexamenh;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.010 9*X6 + 0.0064*X7 

+  

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0142*X18 + 0.0077*X19 + 0.0045*X20 + 0.002 6*X21 +  

0.0014*X22 + 0.0114*X25 + 0.0063*X26 + 0.0037*X27 + 0.0021*X28 + 0.0012*X29 +  

0.0100*X30 + 0.0055*X31 + 0.0032*X32 + 0.0018*X33 + 0.0139*X34 + 0.0082 *X35 +  

0.0045 *X36 + 0.0026*X37 + 0.0015*X38 + 0.0137*X43 + 0.0075 *X44 + 0.0044*X45 +  

0. 0024*X46 + 0.0014*X47 + 0.0197*X48 + 0.0111 *X49 + 0.0056*X50 + 0.0031*X51 +  

0.0018*X52 <= 265 - 106.61 - 5; !0 - 18;!eswteriko;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0109*X6 + 0.0064*X7 

+  

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0142*X18 + 0.0077*X19 + 0.0045*X20 + 0 .002 6*X21 +  

0.0014*X22 + 0.0114*X25 + 0.0063*X26 + 0.0037*X27 + 0.0021*X28 + 0.0012*X29 +  

0.0100*X30 + 0.0055*X31 + 0.0032*X32 + 0.0018*X33 + 0.0139 *X34 + 0.0 082*X35 +  

0.0045 *X36 + 0.0026*X37 + 0.0015*X38 + 0 .0137*X43 + 0.0075 *X44 + 0.0044*X45 +  

0.0024 *X46 + 0.0014*X47 + 0.0197*X48 + 0.0111 *X49 + 0.0056*X50 + 0.0031*X51 +  

0.0018*X52 + 0.0300*X57 + 0.0156*X58 + 0.0088*X59 + 0.0045 *X60 + 0.0025*X61  

<= 265 - 117.13 - 1; !0 - 19;!dexamenh;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0109*X6 + 0.0064*X7 

+  

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0142*X18 + 0.0077*X19 + 0.0045*X20 + 0.002 6*X21 +  

0.0014*X22 + 0.0114*X25 + 0.0063*X26 + 0.0037*X27 + 0.0021*X28 + 0.0012*X29 +  

0.0100*X30 + 0.0055*X31 + 0.0032*X32 + 0.0018*X33 + 0.0139*X34 + 0.0082 *X35 +  

0.0045 *X36 + 0.0026*X37 + 0.0015*X38 + 0.0137*X43 + 0.0075 *X44 + 0.0044*X45 +  

0.0024*X46 + 0.0014*X47 + 0.0197*X48 + 0.0111 *X49 + 0.0056*X50 + 0.0031*X51 +  

0.0018*X52 + 4.127  <= 265 - 106.61 - 1; !0 - 20;!dexamenh;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0109*X6 + 0.0064*X7 

+  

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0142*X18 + 0.0077*X19 + 0.0045*X20 + 0.002 6*X21 +  

0.0014*X22 + 0.0114*X25 + 0.0063*X26 + 0.0037*X27 + 0.0021*X28 + 0.0012*X29 +  
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0.0100*X30 + 0.0055*X31 + 0.0032*X32 + 0.0018*X33 + 0.0139*X34 + 0.0082 *X35 +  

0.0045 *X36 + 0.0026*X37 + 0.0015*X38 + 0.0137*X43 + 0.0075 *X44 + 0.0044 *X45 +  

0.0024*X46 + 0.0014*X47 + 0.0326*X53 + 0.0117 *X54 + 0.0061*X55 + 0.0035*X56  

<= 265 - 91.53 - 5; !0 - 21;!eswteriko;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0109*X6 + 0.0064*X7 

+ 

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0 .0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0142*X18 + 0.0077*X19 + 0.0045*X20 + 0.002 6*X21 +  

0.0014*X22 + 0.0114*X25 + 0.0062*X26 + 0.0037*X27 + 0.0021*X28 + 0.0012*X29 +  

0.0100*X30 + 0.0055*X31 + 0.0032*X32 + 0.0018*X33 + 0.0139*X34 + 0.0082 *X 35 +  

0.0045 *X36 + 0.0026*X37 + 0.0015*X38 + 0.0137*X43 + 0.0075 *X44 + 0.0044*X45 +  

0.0024*X46 + 0.0014*X47 + 0.0326*X53 + 0.0117 *X54 + 0.0061*X55 + 0.0035*X56 +  

23.284  <= 265 - 125.33 - 1; !0 - 22;!dexamenh;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0109*X6 + 0.0064*X7 

+ 

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0142*X18 + 0.0077*X19 + 0.0045*X20 + 0.002 6*X21 +  

0.0014*X22 + 0.0114*X25 + 0.0063*X26 + 0.0037*X27 + 0.0021*X28 + 0.0012*X29 +  

0.0100*X30 + 0.0055*X31 + 0.0032*X32 + 0.0018*X33 + 0.0139*X34 + 0.0082 *X35 +  

0.0045 *X36 + 0.0026*X37 + 0.0015*X38 + 0.0137*X43 + 0.0075 *X44 + 0.0044*X45 +  

0.0024*X46 + 0.0014*X47 + 0.0326*X53 + 0.0117 *X54 + 0.0061*X55 + 0.0035*X56 +  

0.0145 *X62 + 0.0052*X63 <= 265 - 101.5 - 5; !0 - 23;!eswteriko;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0109*X6 + 0.0064*X7 

+ 

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0142*X18  + 0.0077*X19 + 0.0045*X20 + 0.002 6*X21 +  

0.0014*X22 + 0.0114*X25 + 0.0063*X26 + 0.0037*X27 + 0.0021*X28 + 0.0012*X29 +  

0.0100*X30 + 0.0055*X31 + 0.0032*X32 + 0.0018*X33 + 0.0139*X34 + 0.0082 *X35 +  

0.0045 *X36 + 0.0026*X37 + 0.0015*X38 + 0.0137*X43 + 0.0 075*X44 + 0.0044*X45 +  

0.0024*X46 + 0.0014*X47 + 0.0326*X53 + 0.0117 *X54 + 0.0061*X55 + 0.0035*X56 +  

0.0145*X62 + 0.0052*X63 + 4.079  <= 265 - 136.22 - 1; !0 - 24;!dexamenh;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0039*X3 + 0.0022*X4 + 0.0012*X5 + 0.0109*X6 + 0.0064*X7 

+  

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0099*X11 + 0.0058*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0142*X18 + 0.0077*X19 + 0.0045*X20 + 0.002 6*X21 +  

0.0014*X22 + 0.0114*X25 + 0.0063*X26 + 0.0037*X27 + 0.0021*X28 + 0.0012*X29 +  

0.0100*X30 + 0.0055*X3 1 + 0.0032*X32 + 0.0018*X33 + 0.0139*X34 + 0.0082 *X35 +  

0.0045 *X36 + 0.0026*X37 + 0.0015*X38 + 0.0137*X43 + 0.0075 *X44 + 0.0044*X45 +  

0.0024*X46 + 0.0014*X47 + 0.0326*X53 + 0.0117 *X54 + 0.0061*X55 + 0.0035*X56 +  

0.0145*X62 + 0.0052*X63 + 10.584  <= 265 - 158.34 - 1; !0 - 25;!dexamenh;  

 

Report: 

Global optimal solution found.  

  Objective value:                              3117308.  

  Infeasibilities:                              0.000000  

  Total solver iterations:                            44  

 

  Model Class:                                        LP  

  

  Total variables:                        63 

  Nonlinear variables:                     0 

  Integer variables:                       0 
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  Total constraints:                     104  

  Nonlinear cons traints:                   0 

 

  Total nonzeros:                        924  

  Nonlinear nonzeros:                      0 

 

 

                                Variable           Value     Reduced Cost  

      

                                      X1        0.000000            76.35161  

                                      X2        0.000000            21.93548  

                                      X3        0.000000            6.935484  

                                      X4        1446.000            0.000000  

                                      X5        0.000000            7.096774  

                                      X6        0.000000            64.73871  

                                      X7        0. 000000            16.77419  

                                      X8        0.000000            5.645161  

                                      X9        8445.700            0.000000  

                                     X10        0.000000            8.387097  

                                     X11        0.000000            54.41613  

                                     X12        0.000000            11.61290  

                                     X13        0.000000            4.354839  

                                     X14        3677.300            0.000000  

                                     X15        0.000000            9.677419  

                                     X16        10 89.600            0.000000  

                                     X17        0.000000            4.000000  

                                     X18        0.000000            105.0613  

                                     X19        0.000000            31.1903 2 

                                     X20        283.7000            0.000000  

                                     X21        0.000000           0.4838710  

                                     X22        8382.700            0.000000  

                                     X23        170.1000            0.000000  

                                     X24        0.000000            4.000000  

                                     X25        0.000000            80.54516  

                                     X26        0.000000            23.44839  

                                     X27        3422.200            0.000000  

                                     X28        0.000000            4.354839  

                                     X29        0.000000            7.741 935  

                                     X30        0.000000            67.64194  

                                     X31        0.000000            19.57742  

                                     X32        2136.000            0.000000  

                                     X33        0.000000            6.935484  

                                     X34        0.000000            117.8065  

                                     X35        0.000000            52.15806  

                                     X36        0.000000            14.41613  

                                     X37        3841.400            0.000000  

                                     X38        0.000000            10.80645  

                                     X39        1187.100            0.000000  

                                     X40        0.000000            4.000000  

                                     X41        0.000000            7.000000  

                                     X42        0.000000            10.00000  

                                     X43        0.000000            123.7097  

                                     X44        0.000000            50.70968  

                                     X45        0. 000000            18.60968  

                                     X46        0.000000            2.803226  

                                     X47        2929.600            0.000000  

                                     X48        1166.000            0.00000 0 

                                     X49        0.000000            3.000000  

                                     X50        0.000000            8.000000  

                                     X51        0.000000            15.00000  

                                     X52        0.000000            22.90000  

                                     X53        0.000000            365.4839  

                                     X54        0.000000            99.80645  

                                     X55        0.000000            30.54839  
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                                     X56        5158.700            0.000000  

                                     X57        561.3000            0.000000  

                                     X58        0.000000            3.000 000  

                                     X59        0.000000            6.000000  

                                     X60        0.000000            11.00000  

                                     X61        0.000000            18.00000  

                                     X62        0.000000            116.0000  

                                     X63        717.3000            0.000000  

 

 

ʃʶˊʾˉˍ˖ˋʹ 6ʹΥ ɮˏ˅ʹˋʹ ˍˇˎ k ˁ ʰˍʱ 20% 

ɱˊʰ˃˃ʽˁˈ ʃˊˈʴˊʰ˃˃ʰ: 

! SYNARTHSH STOXOY;  

 

MIN = 49.9* X1 + 60* X2 + 85* X3 + 100* X4 + 120* X5 + 49.9* X6 + 60* X7 +  

85* X8 + 100* X9 + 120* X10 + 49.9* X11 + 60* X12 + 85* X13 + 100* X14 +  

120* X15 + 10* X16 + 14* X17 + 39.9* X18 + 49.9* X19 + 60* X20 + 85* X21 +  

100* X22 + 10* X23 + 14* X24 + 39.9* X25 + 49.9* X26 + 60* X27 + 85* X28 +  

100* X29 + 39.9* X30 + 49.9* X31 + 60* X32 + 85* X33 + 32* X34 +  

39.9* X35 + 49.9* X36 + 60* X37 + 85* X38 + 10* X39 + 14* X40 + 17* X41 +  

20* X42 + 25* X43 + 32* X44 + 39.9* X45 + 49.9* X46 + 60* X47 + 17* X48 +  

20* X49 + 25* X50 + 32* X51 + 39.9* X52 + 10* X53 + 14* X54 + 17* X55 +  

20* X56 + 14* X57 + 17* X58 + 20* X59 + 25* X60 + 32* X61 + 10* X62 + 14* X63;  

 

 

!PERIORISMOI MHKOUS;  

 

X1 + X2 + X3 + X4 + X5 = 1446;  

X6 + X7 + X8 + X9 + X10 = 8445.7;  

X11 + X12 + X13 + X14 + X15 = 3677.3;  

X16 + X17 =1089.6;  

X18 + X19 + X20 + X21 + X22 = 8666.4;  

X23 + X24 = 170.1;  

X25 + X26 + X27 + X28 + X29 = 3422.2;  

X30 + X31 + X32 + X33 = 2136.0;  

X34 + X35 + X36 + X37 + X38 = 3841.4;  

X39 + X40 + X41 + X42 = 1187.1;  

X43 + X44 + X45 + X46 + X47 = 2929.6;  

X48 + X49 + X50 + X51 + X52 = 1166.0;  

X53 + X54 + X55 + X56 = 5158.7;  

X57 + X58 + X59 + X60 + X61 = 561.3;  

X62 + X63 = 717.3;  

 

X1>=0; X2>=0; X3>=0; X4>=0; X5>=0; X6>=0; X7>=0; X8>=0; X9>=0; X10>=0;  

X11>=0; X12>=0; X13>=0; X14>=0; X15>=0; X16>=0; X17>=0; X18>=0; X19>=0;  

X20>=0; X21>=0; X22>=0; X23>=0; X24>=0; X25>=0; X26>=0; X27> =0; X28>=0;  

X29>=0; X30>=0; X31>=0; X32>=0; X33>=0; X34>=0; X35>=0; X36>=0; X37>=0;  

X38>=0; X39>=0; X40>=0; X41>=0; X42>=0; X43>=0;X44>=0; X45>=0; X46>=0;  

X47>=0; X48>=0; X49>=0; X50>=0; X51>=0; X52>=0; X53>=0; X54>=0; X55>=0;  

X56>=0; X57>=0; X58>=0; X59 >=0; X60>=0; X61>=0; X62>=0; X63>=0;  

 

 

!PERIORISMOI PIEZOMETRIKOY FORTIOY;  

 

0.0120*X1 + 0.0070*X2 + 0.0040*X3 + 0.0022*X4 + 0.0012*X5 <= 265 - 151.45 - 5; !0 -

1;!eswteriko;  
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0.0120*X1 + 0.0070*X2 + 0.0040*X3 + 0.0022*X4 + 0.0012*X5 + 10.600 <= 265 - 244.80 -

1; !0 - 2;!dexamenh;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0040*X3 + 0.0022*X4 + 0.0012*X5 + 0.0110*X6 + 0.0064*X7 

+ 

 0.0036*X8 + 0.0020*X9 + 0.0011*X10 <= 265 - 114.71 - 5; !0 - 3;!eswteriko;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0040*X3 + 0.0022*X4 + 0.0012*X5 + 0.0110*X6 + 0.0064*X7 

+ 

 0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 11.109 <= 265 - 135.56 - 1; !0 - 4;!dexamenh;  

 

                                                                                                                                 

0.0120*X1 + 0.0070*X2 + 0.0040*X3 + 0.0022*X4 + 0.0012*X5 + 0.0110*X6 + 0.0064*X7 

+ 

 0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0100*X11 + 0.0059*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 <= 265 - 110.96 - 5; !0 - 5;!eswteriko;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0040*X3 + 0.0022*X4 + 0.0012*X5 + 0.0110*X6 + 0.0064*X7 

+ 

 0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0100*X11 + 0.0059*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 3.738 <= 265 - 131.92 - 1; !0 - 6;!dexamenh;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0040*X3 + 0.0022*X4 + 0.0012*X5 + 0.0110*X6 + 0.0064*X7 

+ 

 0.0036*X8 + 0.0020*X9 + 0. 0011*X10 + 0.0100*X11 + 0.0059*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0107*X16 + 0.0039*X17 <= 265 - 134.41 - 1; !0 -

7;!dexamenh;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0040*X3 + 0.0022*X4 + 0.0012*X5 + 0.0110*X6 + 0.0064*X7 

+ 

 0.0036*X8 + 0.0020*X9 + 0.0011*X10 +  0.0100*X11 + 0.0059*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0143*X18 + 0.0078*X19 + 0.0046*X20 + 0.0026*X21 +  

0.0014*X22 <=265 - 104.6 - 5; !0 - 8;!eswteriko;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0040*X3 + 0.0022*X4 + 0.0012*X5 + 0.0110*X6 + 0.0064*X7 

+  

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0100*X11 + 0.0059*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0143*X18 + 0.0078*X19 + 0.0046*X20 + 0.0026*X21 +  

0.0014*X22 + 0.0107*X23 + 0.0039*X24 <= 265 - 119.16 - 1; !0 - 9;!dexamenh;  

 

 

0.0120*X1 + 0.0070*X2 + 0.004 0*X3 + 0.0022*X4 + 0.0012*X5 + 0.0110*X6 + 0.0064*X7 

+  

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0100*X11 + 0.0059*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0143*X18 + 0.0078*X19 + 0.0046*X20 + 0.0026*X21 +  

 0.0014*X22 + 0.0115*X25 + 0.0065*X26 + 0.0037*X27 + 0.0021*X28 + 0.0012*X29  

<= 265 - 104.55 - 5; !0 - 10;!eswteriko;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0040*X3 + 0.0022*X4 + 0.0012*X5 + 0.0110*X6 + 0.0064*X7 

+ 

 0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0100*X11 + 0.0059 *X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0143*X18 + 0.0078*X19 + 0.0046*X20 + 0.0026*X21 +  

0.0014*X22 + 0.0115*X25 + 0.0065*X26 + 0.0037*X27 + 0.0021*X28 + 0.0012*X29 + 

9.034  

<= 265 - 129.76 - 1; !0 - 11;!dexamenh;  
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0.0120*X1 + 0.0070*X2 + 0.0040*X3 + 0 .0022*X4 + 0.0012*X5 + 0.0110*X6 + 0.0064*X7 

+ 

 0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0100*X11 + 0.0059*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0143*X18 + 0.0078*X19 + 0.0046*X20 + 0.0026*X21 +  

0.0014*X22 + 0.0115*X25 + 0.0065*X26 + 0.0037*X27 + 0 .0021*X28 + 0.0012*X29 +  

0.0101*X30 + 0.0055*X31 + 0.0032*X32 + 0.0018*X33 <= 265 - 104.63 - 5; !0 -

12;!eswteriko;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0040*X3 + 0.0022*X4 + 0.0012*X5 + 0.0110*X6 + 0.0064*X7 

+ 

 0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0100*X11 + 0.0059*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0143*X18 + 0.0078*X19 + 0.0046*X20 + 0.0026*X21 +  

0.0014*X22 + 0.0115*X25 + 0.0065*X26 + 0.0037*X27 + 0.0021*X28 + 0.0012*X29 +  

0.0101*X30 + 0.0055*X 31 + 0.0032*X32 + 0.0018*X33 + 4.765  

<= 265 - 121.19 - 1; !0 - 13;!dexamenh;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0040*X3 + 0.0022*X4 + 0.0012*X5 + 0.0110*X6 + 0.0064*X7 

+ 

 0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0100*X11 + 0.0059*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X 15 + 0.0143*X18 + 0.0078*X19 + 0.0046*X20 + 0.0026*X21 +  

 0.0014*X22 + 0.0115*X25 + 0.0065*X26 + 0.0037*X27 + 0.0021*X28 + 0.0012*X29 +  

0.0101*X30 + 0.0055*X31 + 0.0032*X32 + 0.0018*X33 + 0.0140*X34 + 0.0082*X35 +  

 0.0045*X36 + 0.0026*X37 + 0.0015*X38 <= 265 - 99.25 - 5; !0 - 14;!eswteriko;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0040*X3 + 0.0022*X4 + 0.0012*X5 + 0.0110*X6 + 0.0064*X7 

+ 

 0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0100*X11 + 0.0059*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0143*X18 + 0.0078*X19 + 0.0046*X20  + 0.0026*X21 +  

0.0014*X22 + 0.0115*X25 + 0.0065*X26 + 0.0037*X27 + 0.0021*X28 + 0.0012*X29 +  

0.0101*X30 + 0.0055*X31 + 0.0032*X32 + 0.0018*X33 + 0.0140*X34 + 0.0082*X35 +  

 0.0045*X36 + 0.0026*X37 + 0.0015*X38 + 0.0401*X39 + 0.0143*X40 + 0.0075*X41 +  

0. 0042*X42 <= 265 - 111.83 - 1; !0 - 15;!dexamenh;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0040*X3 + 0.0022*X4 + 0.0012*X5 + 0.0110*X6 + 0.0064*X7 

+  

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0100*X11 + 0.0059*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0143*X18 + 0.0078*X19 + 0.0046*X20 + 0.0026*X21 +  

 0.0014*X22 + 0.0115*X25 + 0.0065*X26 + 0.0037*X27 + 0.0021*X28 + 0.0012*X29 +  

0.0101*X30 + 0.0055*X31 + 0.0032*X32 + 0.0018*X33 + 0.0140*X34 + 0.0082*X35 +  

0.0045*X36 + 0.0026*X37 + 0.0015*X38 + 0.0138*X43 + 0.0075*X44 + 0.0044*X45 +  

0.0024*X46 + 0.0014*X47 <= 265 - 91.53 - 5; !0 - 16;!eswteriko;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0040*X3 + 0.0022*X4 + 0.0012*X5 + 0.0110*X6 + 0.0064*X7 

+ 

 0.0036*X8 + 0.0020*X9 + 0.0011*X 10 + 0.0100*X11 + 0.0059*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0143*X18 + 0.0078*X19 + 0.0046*X20 + 0.0026*X21 +  

0.0014*X22 + 0.0115*X25 + 0.0065*X26 + 0.0037*X27 + 0.0021*X28 + 0.0012*X29 +  

0.0101*X30 + 0.0055*X31 + 0.0032*X32 + 0.0018*X33 + 0. 0140*X34 + 0.0082*X35 +  

 0.0045*X36 + 0.0026*X37 + 0.0015*X38 + 0.0138*X43 + 0.0075*X44 + 0.0044*X45 +  

0.0024*X46 + 0.0014*X47 + 1.306 <= 265 - 108.80 - 1; !0 - 17;!dexamenh;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0040*X3 + 0.0022*X4 + 0.0012*X5 + 0.0110*X6 + 0.0064*X7 

+ 

 0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0100*X11 + 0.0059*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0143*X18 + 0.0078*X19 + 0.0046*X20 + 0.0026*X21 +  

0.0014*X22 + 0.0115*X25 + 0.0065*X26 + 0.0037*X27 + 0.0021*X28 + 0.0012*X29 +  

0.0101*X30 + 0.0055*X 31 + 0.0032*X32 + 0.0018*X33 + 0.0140*X34 + 0.0082*X35 +  

0.0045*X36 + 0.0026*X37 + 0.0015*X38 + 0.0138*X43 + 0.0075*X44 + 0.0044*X45 +  
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0.0024*X46 + 0.0014*X47 + 0.0199*X48 + 0.0112*X49 + 0.0057*X50 + 0.0031*X51 +  

 0.0018*X52 <= 265 - 106.61 - 5; !0 - 18;!eswte riko;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0040*X3 + 0.0022*X4 + 0.0012*X5 + 0.0110*X6 + 0.0064*X7 

+ 

 0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0100*X11 + 0.0059*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0143*X18 + 0.0078*X19 + 0.0046*X20 + 0.0026*X21 +  

0.0014*X 22 + 0.0115*X25 + 0.0065*X26 + 0.0037*X27 + 0.0021*X28 + 0.0012*X29 +  

0.0101*X30 + 0.0055*X31 + 0.0032*X32 + 0.0018*X33 + 0.0140*X34 + 0.0082*X35 +  

 0.0045*X36 + 0.0026*X37 + 0.0015*X38 + 0.0138*X43 + 0.0075*X44 + 0.0044*X45 +  

0.0024*X46 + 0.0014*X47 + 0.0199*X48 + 0.0112*X49 + 0.0057*X50 + 0.0031*X51 +  

0.0018*X52 + 0.0302*X57 + 0.0158*X58 + 0.0089*X59 + 0.0045*X60 + 0.0025*X61  

<= 265 - 117.13 - 1; !0 - 19;!dexamenh;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0040*X3 + 0.0022*X4 + 0.0012*X5 + 0.01 10*X6 + 0.0064*X7 

+ 

 0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0100*X11 + 0.0059*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0143*X18 + 0.0078*X19 + 0.0046*X20 + 0.0026*X21 +  

0.0014*X22 + 0.0115*X25 + 0.0065*X26 + 0.0037*X27 + 0.0021*X28 + 0.0012*X29 +  

0.0101*X30 + 0.0055*X31 + 0.0032*X32 + 0.0018*X33 + 0.0140*X34 + 0.0082*X35 +  

0.0045*X36 + 0.0026*X37 + 0.0015*X38 + 0.0138*X43 + 0.0075*X44 + 0.0044*X45 +  

0.0024*X46 + 0.0014*X47 + 0.0199*X48 + 0.0112*X49 + 0.0057*X50 + 0.0031*X51 +  

0.0018*X52 + 4.127 < = 265 - 106.61 - 1; !0 - 20;!dexamenh;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0040*X3 + 0.0022*X4 + 0.0012*X5 + 0.0110*X6 + 0.0064*X7 

+  

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0100*X11 + 0.0059*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0143*X18 + 0.0078*X19 + 0.0046*X20 + 0.0026*X21 +  

 0.0014*X22 + 0.0115*X25 + 0.0065*X26 + 0.0037*X27 + 0.0021*X28 + 0.0012*X29 +  

0.0101*X30 + 0.0055*X31 + 0.0032*X32 + 0.0018*X33 + 0.0140*X34 + 0.0082*X35 +  

0.0045*X36 + 0.0026*X37 + 0.0015*X38 + 0.0138*X43 + 0.0075*X44 + 0.0044 *X45 +  

0.0024*X46 + 0.0014*X47 + 0.0329*X53 + 0.0118*X54 + 0.0062*X55 + 0.0035*X56  

<= 265 - 91.53 - 5; !0 - 21;!eswteriko;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0040*X3 + 0.0022*X4 + 0.0012*X5 + 0.0110*X6 + 0.0064*X7 

+ 

 0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0100*X11 + 0.0059*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0143*X18 + 0.0078*X19 + 0.0046*X20 + 0.0026*X21 +  

0.0014*X22 + 0.0115*X25 + 0.0065*X26 + 0.0037*X27 + 0.0021*X28 + 0.0012*X29 +  

0.0101*X30 + 0.0055*X 31 + 0.0032*X32 + 0.0018*X33 + 0.0140*X34 + 0.0082*X35 +  

0.0045*X36 + 0.0026*X37 + 0.0015*X38 + 0.0138*X43 + 0.0075*X44 + 0.0044*X45 +  

0.0024*X46 + 0.0014*X47 + 0.0329*X53 + 0.0118*X54 + 0.0062*X55 + 0.0035*X56 +  

23.420 <= 265 - 125.33 - 1; !0 - 22;!dexamenh;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0040*X3 + 0.0022*X4 + 0.0012*X5 + 0.0110*X6 + 0.0064*X7 

+ 

 0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0100*X11 + 0.0059*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0143*X18 + 0.0078*X19 + 0.0046*X20 + 0.0026*X21 +  

0.0014*X22 + 0.0115*X25 + 0.0065*X26 + 0.0037*X27 + 0.0021*X28 + 0.0012*X29 +  

0.0101*X30 + 0.0055*X31 + 0.0032*X32 + 0.0018*X33 + 0.0140*X34 + 0.0082*X35 +  

0.0045*X36 + 0.0026*X37 + 0.0015*X38 + 0.0138*X43 + 0.0075*X44 + 0.0044*X45 +  

0.0024*X46 + 0.0014*X47 + 0.0329 *X53 + 0.0118*X54 + 0.0062*X55 + 0.0035*X56 +  

 0.0146*X62 + 0.0053*X63 <= 265 - 101.5 - 5; !0 - 23;!eswteriko;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0040*X3 + 0.0022*X4 + 0.0012*X5 + 0.0110*X6 + 0.0064*X7 

+  

0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0100*X11 + 0.0059*X12 + 0 .0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0143*X18 + 0.0078*X19 + 0.0046*X20 + 0.0026*X21 +  
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 0.0014*X22 + 0.0115*X25 + 0.0065*X26 + 0.0037*X27 + 0.0021*X28 + 0.0012*X29 +  

0.0101*X30 + 0.0055*X31 + 0.0032*X32 + 0.0018*X33 + 0.0140*X34 + 0.0082*X35 +  

0.0045* X36 + 0.0026*X37 + 0.0015*X38 + 0.0138*X43 + 0.0075*X44 + 0.0044*X45 +  

0.0024*X46 + 0.0014*X47 + 0.0329*X53 + 0.0118*X54 + 0.0062*X55 + 0.0035*X56 +  

0.0146*X62 + 0.0053*X63 + 4.104 <= 265 - 136.22 - 1; !0 - 24;!dexamenh;  

 

 

0.0120*X1 + 0.0070*X2 + 0.0040*X3 + 0.0022*X4 + 0.0012*X5 + 0.0110*X6 + 0.0064*X7 

+ 

 0.0036*X8 + 0.0020*X9 + 0.0011*X10 + 0.0100*X11 + 0.0059*X12 + 0.0033*X13 +  

0.0018*X14 + 0.0010*X15 + 0.0143*X18 + 0.0078*X19 + 0.0046*X20 + 0.0026*X21 +  

0.0014*X22 + 0.0115*X25 + 0.0065*X26 + 0.0037*X27 + 0.0021*X28 + 0.0012*X29 +  

0.0101*X30 + 0.0055*X31 + 0.0032*X32 + 0.0018*X33 + 0.0140*X34 + 0.0082*X35 +  

0.0045*X36 + 0.0026*X37 + 0.0015*X38 + 0.0138*X43 + 0.0075*X44 + 0.0044*X45 +  

0.0024*X46 + 0.0014*X47 + 0.0329*X53 + 0.0118*X54 + 0.0062*X55 + 0.0035*X56 +  

 0.0146*X62 + 0.0053*X63 + 10.639 <= 265 - 158.34 - 1; !0 - 25;!dexamenh;  

 

Report: 

Global optimal solution found.  

  Objective value:                              3119247.  

  Infeasibilities:                              0.000000  

  Total solver iterat ions:                            45  

 

  Model Class:                                        LP  

 

  Total variables:                     63  

  Nonlinear variables:                  0  

  Integer variables:                    0  

 

  Total constraints:                  104  

  Nonlinear constraints:                0  

 

  Total nonzeros:                     924  

  Nonlinear nonzeros:                   0  

 

 

                                Variable           Value     Reduced Cost  

         

                                      X1        0.000000            72.40000  

                                      X2        0.000000            20.00000  

                                      X3        0.000000            7.500000  

                                      X4        1446.000            0.000000  

                                      X5        0.000000            7.500000  

                                      X6        0.000000            62.40000  

                                      X7        0. 000000            15.00000  

                                      X8        0.000000            5.000000  

                                      X9        8445.700            0.000000  

                                     X10        0.000000            8.75000 0 

                                     X11        0.000000            52.40000  

                                     X12        0.000000            11.25000  

                                     X13        0.000000            3.750000  

                                     X14        3677.300            0.000000  

                                     X15        0.000000            10.00000  

                                     X16        1089.600            0.000000  

                                     X17        0.000000            4.000000  

                                     X18        0.000000            101.1500  

                                     X19        0.000000            29.90000  

                                     X20        0.000000            0.000 000  

                                     X21        627.2833            0.000000  

                                     X22        8039.117            0.000000  

                                     X23        170.1000            0.000000  
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                                     X24        0.000000            4.000000  

                                     X25        0.000000            77.40000  

                                     X26        0.000000            24.90000  

                                     X27        3422.200            0.000000  

                                     X28        0.000000            5.000000  

                                     X29        0.000000            8.750000  

                                     X30        0. 000000            66.15000  

                                     X31        0.000000            18.65000  

                                     X32        2136.000            0.000000  

                                     X33        0.000000            7.50000 0 

                                     X34        0.000000            114.5000  

                                     X35        0.000000            49.90000  

                                     X36        0.000000            13.65000  

                                     X37        3841.400            0.000000  

                                     X38        0.000000            11.25000  

                                     X39        1187.100            0.000000  

                                     X40        0.000000            4.000000  

                                     X41        0.000000            7.000000  

                                     X42        0.000000            10.00000  

                                     X43        0.000000            120.0 000  

                                     X44        0.000000            48.25000  

                                     X45        0.000000            17.40000  

                                     X46        0.000000            2.400000  

                                     X47        2929.600            0.000000  

                                     X48        1166.000            0.000000  

                                     X49        0.000000            3.000000  

                                     X50        0.000000            8.000000  

                                     X51        0.000000            15.00000  

                                     X52        0.000000            22.90000  

                                     X53        0.000000            357.5000  

                                     X54        0.000000            97.75000  

                                     X55        0.000000            30.75000  

                                     X56        5158.700            0.000000  

                                     X57        561.3000            0.000000  

                                     X58        0.000000            3.000000  

                                     X59        0. 000000            6.000000  

                                     X60        0.000000            11.00000  

                                     X61        0.000000            18.00000  

                                     X62        0.000000            112.250 0 

                                     X63        717.3000            0.000000  
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4Φ ʆɾɶɾɮ ʆɶʅ ʁʄɹʅʆɹɼɶʅ ɾɳɽɳʆɶʅ όʅɳɽΦ моф - 143) 
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