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ɩʀʍʚʇʂʕʂ 
 

 ʆˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˍʹˌ ˎ˒ʰ˂˃ˏˊʽˋʹˌ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ʰˉˈ ˍʰ ˉʽˇ ˋˎ˄ʹʻʽˋ˃ʷ˄ʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ˋʶ 

ˉʰˊʱˁˍʽˇˎˌ ˎʵˊˇ˒ˇˊʶʾˌΣ ʶ˄˗ ˋˍʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˍ˖˄ ˄ʹˋʽ˗˄ ˍˇ ˉˊˈʲ˂ʹ˃ʰ ʶ˄ˍʶʾ˄ʶˍʰʽ ˂ˈʴ˖ 

ʰʵˎ˄ʰ˃ʾʰˌ ʶˏˊʶˋʹˌ ʶ˄ʰ˂˂ʰˁˍʽˁʺˌ ˂ˏˋʹˌ ˋˍʹ˄ ˉˊˇ˃ʺʻʶʽʰ ˄ʶˊˇˏΦ ɳˉʽˉ˂ʷˇ˄ ˉʾʶˋʹ ʰˋˁʶʾˍʰʽ ʰˉˈ ˍʹ˄ 

ʰˎ˅ʰ˄ˈ˃ʶ˄ʹ ʸʺˍʹˋʹ ˄ʶˊˇˏ ˂ˈʴ˖ ˍʹˌ ˍˇˎˊʽˋˍʽˁʺˌ ʰ˄ʱˉˍˎ˅ʹˌ ˉˇˎ ʴ˄˖ˊʾʸˇˎ˄ ˍʰ ʶ˂˂ʹ˄ʽˁʱ ˄ʹˋʽʱΦ ɶ 

ɮ˃ˇ́ɹ ˈˌΣ ʰˉˇˍʶ˂ʶʾ ˃ʽʰ ˍʷˍˇʽʰ ˉʶˊʾˉˍ˖ˋʹ ˄ʹˋʽˇˏ, ˈˉˇˎ ˇʽ ʰ˄ʱʴˁʶˌ ˋʶ ˄ʶˊˈ, ˁʰˍʱ ˍʹ˄ ʻʶˊʽ˄ʺ 

ˉʶˊʾˇʵˇ, ʽˁʰ˄ˇˉˇʽˇˏ˄ˍʰʽ ˃ʷˋ˖ ˃ʶˍʰ˒ˇˊʱˌ ˄ʶˊˇˏΦ ɶ ʶˉʷ˃ʲʰˋʹ ˋˍʹ˄ ʵʽʰ˔ʶʾˊʽˋʹ ˍ˖˄ ˉʰˊʱˁˍʽ˖˄ 

ˎʵˊˇ˒ˇˊʷ˖˄ ʶʾ˄ʰʽ ʶˉʽˍʰˁˍʽˁʺΣ ˁʰʻ˗ˌ ˇ ˁʾ˄ʵˎ˄ˇˌ ˃ˈ˄ʽ˃ʹˌ ˊˏˉʰ˄ˋʹˌ ˍ˖˄ ˎˉˈʴʶʽ˖˄ ˎʵʱˍ˖˄ ʶʾ˄ʰʽ 

ˎˉʰˊˁˍˈˌΦ ɱʽʰ ˍˇ˄ ˂ˈʴˇ ʰˎˍˈΣ ˉˊˇˍʶʾ˄ˇ˄ˍʰʽ ˍʷˋˋʶˊʰ ˋ˔ʷʵʽʰ ʵʽʰ˔ʶʾˊʽˋʹˌ ˍˇˎ ˎʵˊˇ˒ˇˊʷʰ ˍ˖˄ 

ɼʰˍʱˉˇ˂˖˄ ɮ˃ˇˊʴˇˏ ʷˍˋʽ ˗ˋˍʶ ˄ʰ ˃ˉˇˊʷˋʶʽ ˄ʰ ˉʶˊʽˇˊʽˋˍʶʾ ˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇΦ ʆʰ ˋ˔ʷʵʽʰ ʰˎˍʱ 

ʵʹ˃ʽˇˎˊʴʺʻʹˁʰ˄ ˃ʷˋ˖ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ˍʹˌ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ. ɱʽʰ ˍʹ˄ ʶˏˊʶˋʹ ˍʹˌ ʲʷ˂ˍʽˋˍʹˌΣ ʺ 

ˉˊˇˋʶʴʴʽˋˍʽˁʺˌ ˋˍʹ ʲʷ˂ˍʽˋˍʹΣ ˂ˏˋʹˌΣ ˋˎ˄ʵˎʱˋˍʹˁʶ ˍˇ ˃ˇ˄ˍʷ˂ˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˍˇˎ Argus One ˁʰʽ 

ˁ˗ʵʽˁʰ PTCΣ ˃ʶ ˍˇ ʶˊʴʰ˂ʶʾˇ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ ˍʹˌ  MATLAB ˁ ʰʽ ˍˇˎˌ ɱʶ˄ʶˍʽˁˇˏˌ ɮ˂ʴˈˊʽʻ˃ˇˎˌ. ʆˇ ʺʵʹ 

ˎˉʱˊ˔ˇ˄ ˃ˇ˄ˍʷ˂ˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˍˇˎ ˎʵˊˇ˒ˇˊʷʰ όʅʽʱˁʰΣ нлмрύΣ ˉˊˇˋʰˊ˃ˈˋˍʹˁʶ ˗ˋˍʶΣ ˁʱˍ˖ ʰˉˈ 

ˇˊʽˋ˃ʷ˄ʶˌ ˋˎ˄ʻʺˁʶˌ ʱ˄ˍ˂ʹˋʹˌΣ ˄ʰ ˉˊˇʲ˂ʷˉʶʽ ˍʰ ˎʵˊʰˎ˂ʽˁʱ ˏ˕ʹ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ʴʽʰ ˍʰ ʶˉˈ˃ʶ˄ʰ ˉʷ˄ˍʶ 

˔ˊˈ˄ʽʰ όнлмс-2020) ˁʰʽ ˂ʶʽˍˇˏˊʴʹˋʶ ʰ˅ʽˇ˂ˇʴ˗˄ˍʰˌ ˍʽˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ʶʽˋˈʵˇˎ όˉʰˊˇ˔ʷˌ ʱ˄ˍ˂ʹˋʹˌύ 

ˉˇˎ ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰ˄ ʰˉˈ ˍʽˌ ʵʽʰʵʽˁʰˋʾʶˌ ˍʹˌ ʶˉʽ˂ˇʴʺˌΣ ˍʹˌ ʰ˄ʰˉʰˊʰʴ˖ʴʺˌ ˁʰʽ ˍʹˌ ˃ʶˍʱ˂˂ʰ˅ʹˌ 

ʲʱˋʶʽ ˍ˖˄ ˇˉˇʾ˖˄ ˂ʶʽˍˇˎˊʴˇˏ˄ ˇʽ ɱʶ˄ʶˍʽˁˇʾ ɮ˂ʴˈˊʽʻ˃ˇʽΦ ʆˇ ˁˊʽˍʺˊʽˇ ˍʶˊ˃ʰˍʽˋ˃ˇˏ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ 

ˇˊʾˋˍʹˁʶ ˖ˌ ˍˇ ˉʷˊʰˌ млл ʴʶ˄ʶ˗˄ ˃ʶ нт ʱˍˇ˃ʰ ˋʶ ˁʱʻʶ ˉ˂ʹʻˎˋ˃ˈΦ ɱʽʰ ˍˇ˄ ˂ˈʴˇ ʰˎˍˈΣ ˍʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ ʶ˄ʵʷ˔ʶˍʰʽ ˄ʰ ˃ʹ˄ ˁʰˍʰ˂ʺʴˇˎ˄ ˋˍʽˌ ʲʷ˂ˍʽˋˍʶˌ ˍʽ˃ʷˌΦ   
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Abstract  
 

Salt water intrusion is considered as one of the most common issues in costal aquifers, 

while, in case of islands, the problem is magnified by the lack of alternative solution for water 

supply. Additional pressure is applied due to tourism and increased water demand. This is the case 

for many Greek islands. Amorgos is one of those islands and as a result, the island has to receive 

water quantities through shipping during summertime. The management of costal aquifers is crucial 

because of the underlying danger of permanent degradation of the aquifer. As a solution, four 

different plans are suggested and examined so that the salt water intrusion is constrained. These 

strategies were created through optimization process. In order to achieve global optimal, or near 

global optimal, a groundwater simulation model (Argus One ς PTC) is being coupled with an 

optimization technique (Genetic Algorithm ς MATLAB optimization tool).  The initial groundwater 

model (ʅʽʱˁʰ, 2015) was adjusted so that it can predict the hydraulic heads, calculated for specific 

pumping rates, for the next five years (2016-2020). This simulation model is being used as an 

evaluation method of the fitness of various sets of pumping rates which are created from the 

Genetic Algorithm. The algorithm creates these sets of pumping rates through selection, crossover 

and mutation operators. The stopping criteria of the algorithm were set to be the maximum number 

of 100 generation. Each generation consists of 27 individuals in every population. As a result, the 

outcome of the optimization may not have yet reached a near optimal solution. 
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1. ɞʅʎɻɾʖɾʙ 

1.1 ɩʍʋʘʇʀʑʎʂ ʐʋʑ ɦʀʍʋʞ 

ʆˇ ˄ʶˊˈΣ ˁʰˍʱ ˍʰ ˉˊ˗ˍʰ ˋˍʱʵʽˇ ʵʽʰ˃ˈˊ˒˖ˋʹˌ ˍˇˎ ˉ˂ʰ˄ʺˍʹ, ʵʶ˄ ˎˉʺˊ˔ʶ ˃ʶ ˍʹ˄ ˃ˇˊ˒ʺ ˉˇˎ 

ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋʺ˃ʶˊʰΣ ʰˎˍʺ ˍʹˌ ˎʵˊˈˋ˒ʰʽˊʰˌ (˖ˁʶʰ˄ˇʾΣ ʻʱ˂ʰˋˋʶˌΣ ˂ʾ˃˄ʶˌΣ ˉˇˍʰ˃ˇʾΣ ˎˉˈʴʶʽʰ 

ˏʵʰˍʰ ˁʰʽ ˎʵˊʰˍ˃ˇʾ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌύΦ ɮ˄ˍʾʻʶˍʰΣ ʺˍʰ˄ ʵʶˋ˃ʶˎ˃ʷ˄ˇ ˋˍʽˌ ʴʶ˖˂ˇʴʽˁʷˌ ʵˇ˃ʷˌΣ ˃ʶ ˍʹ˄ 

˃ˇˊ˒ʺ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˉˇˎ ˍˇ ʰˉˇˍʶ˂ˇˏ˄ όˁˎˊʾ˖ˌ ɶ2 ˁʰʽ ʶ˂ʱ˔ʽˋˍˇ ʁ2ύΦ ʆʰ ˋˍˇʽ˔ʶʾʰ ʰˎˍʱΣ ˃ʰʸʾ ˃ʶ 

ʱ˂˂ʰ ʰʷˊʽʰ ˈˉ˖ˌ ˎʵˊʰˍ˃ˇʾΣ CO2, CO, N2, H2, H2S, SO2, ʶˁ˂ˏʻʹˁʰ˄ ˂ˈʴ˖ ʹ˒ʰʽˋˍʶʽʰˁ˗˄ ʴʶʴˇ˄ˈˍ˖˄ 

ˉˇˎ ˇ˒ʶʾ˂ˇ˄ˍʰ˄ ˋʶ ˋʶʽˋ˃ˇˏˌ ˇʽ ˇˉˇʾˇʽΣ ˃ʶ ˍʹ˄ ˋʶʽˊʱ ˍˇˎˌΣ ˉˊˇˁ˂ʺʻʹˁʰ˄ ˂ˈʴ˖ ˍʹˌ ˋˎ˄ʶ˔ˇˏˌ 

ˁʾ˄ʹˋʹˌ ˍ˖˄ ʴʶ˖˂ˇʴʽˁ˗˄ ˋˍˊ˖˃ʱˍ˖˄ ˍˇˎ ʶˋ˖ˍʶˊʽˁˇˏ ˍʹˌ ɱʹˌΦ ʆˇ ʶ˂ʶˏʻʶˊˇ ˇ˅ˎʴˈ˄ˇΣ ʰˊ˔ʽˁʱΣ ˎˉʺˊ˔ʶ 

ˋʶ ˉˇ˂ˏ ˔ʰ˃ʹ˂ʷˌ ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌΦ ɼˏˊʽʰ ˉʹʴʺ ʵʹ˃ʽˇˎˊʴʾʰˌ ˍˇˎ ʺˍʰ˄ ʹ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ 

˒˖ˍˇˋˏ˄ʻʶˋʹˌ ˁʰʽ ˍʹˌ ʰ˄ʱˉˍˎ˅ʹˌ ˍˇˎ ˒ˎˍʽˁˇˏ ˁˈˋ˃ˇˎΦ ɽˈʴ˖ ˍʹˌ ˒˖ˍˇˋˏ˄ʻʶˋʹˌΣ ˇʽ ˒ˎˍʽˁˇʾ 

ˇˊʴʰ˄ʽˋ˃ˇˏΣ ʵʽʰˋˉˇˏ˄ ˍˇ ˎˉʶˊʽˋ˔ˏˇ˄ ʰʷˊʽˇ CO2Σ ˋʶ C ˁʰʽ O2Σ ʵʾ˄ˇ˄ˍʰˌ ʷˍˋʽ ˍʹ˄ ʶˎˁʰʽˊʾʰ ˄ʰ 

ˋˎ˄ʵˎʰˋˍʶʾ ˍˇ ʶ˂ʶˏʻʶˊˇ ˇ˅ˎʴˈ˄ˇ ˃ʶ ˍˇ ˎʵˊˇʴˈ˄ˇ ˍ˖˄ ʹ˒ʰʽˋˍʶʽʰˁ˗˄ ʶˁˊʺ˅ʶ˖˄ ˁʰʽ ˄ʰ 

ʵʹ˃ʽˇˎˊʴʹʻʶʾ ˄ʶˊˈ (ɼʰ˂˂ʷˊʴʹˌ, 1999). 

ʆˇ ˄ʶˊˈ ˋʺ˃ʶˊʰ ˃ˉˇˊʶʾ ˄ʰ ˔˖ˊʽˋˍʶʾ ˋˍʽˌ ˉʰˊʰˁʱˍ˖ ˁʰˍʹʴˇˊʾʶˌΥ 

¶ ɮˍ˃ˇˋ˒ʰʽˊʽˁˈ όɾʶˍʶ˖ˊʽˁˈύΥ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ˄ʶˊˈ ʲˊˇ˔ʺˌΣ ˔ʽˈ˄ʽ ˁʰʽ ˎʴˊʰˋʾʰ  

¶ ɳˉʽ˒ʰ˄ʶʽʰˁˈΥ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ˄ʶˊˈ ˉˇˎ ʲˊʾˋˁʶˍʰʽ ˋʶ ˋˍʶˊʶʺ ʺ ˎʴˊʺ ˃ˇˊ˒ʺ ˁʰʽ ʶʾˍʶ ʶʾ˄ʰʽ 

ˍˊʶ˔ˇˏ˃ʶ˄ˇΣ ˎʵˊˇʴˊʰ˒ʽˁˈ ʵʾˁˍˎˇΣ ʶʾˍʶ ʁ ʾ˄ʰʽ ˋˍʱˋʽ˃ˇΣ ʻʱ˂ʰˋˋʶˌ ˁʰʽ ˂ʾ˃˄ʶˌ. 

¶ ʇˉˈʴʶʽˇΥ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ˉˇˋˈˍʹˍʶˌ ˄ʶˊˇˏ ˉˇˎ ˎˉʱˊ˔ˇˎ˄ ˃ʷˋʰ ˋˍˇ ˎˉʷʵʰ˒ˇˌ ˁʰʽ ˋˍˇˎˌ 

ʵʽʱ˒ˇˊˇˎˌ ʴʶ˖˂ˇʴʽˁˇˏˌ ̝̀ʹ˃ʰˍʽˋ˃ˇˏˌ (ɼʰˊʰˍʸʱ,̩ 2015) 

 

ɶ ˉˇˋˈˍʹˍʰ ˍˇˎ ˄ʶˊˇˏ ʻʶ˖ˊʶʾˍʰʽ ˉˊʰˁˍʽˁʱ ˋˍʰʻʶˊʺ ˁʰʽ ʰ˄ʷˊ˔ʶˍʰʽ ˋˍʰ м600*106 km3. ɴ˄ʰ 

˃ʷˊˇˌ ˍʹˌ ˉˇˋˈˍʹˍʰˌ ʰˎˍʺˌΣ ʲˊʾˋˁʶˍʰʽ ʵʶˋ˃ʶˎ˃ʷ˄ˇ ˋˍˇ ˃ʰ˄ʵˏʰ ˍʹˌ ɱʹˌ (230*106 km3)Σ ˁʰʽ 

ʶ˂ʰˍˍ˗˄ʶˍʰʽ ˁʱʻʶ ˔ˊˈ˄ˇ ˁʰʻ˗ˌ ʶ˅ʷˊ˔ʶˍʰʽ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʴʹˌ ˁʰʽ ʰˎ˅ʱ˄ʶʽ ˍʹ˄ ˉˇˋˈˍʹˍʰ ˍˇˎ 

ʶˉʽ˒ʰ˄ʶʽʰˁˇˏ ˁʰʽ ˎˉˈʴʶʽˇˎ ˄ʶˊˇˏΦ ʆˇ ˄ʶˊˈ ʰˎˍˈ ˇ˄ˇ˃ʱʸʶˍʰʽ ˄ʶʰˊˈ ˄ʶˊˈ όJuvenile). ɶ ˎʵˊˈˋ˒ʰʽˊʰ 

ʵʹ˃ʽˇˎˊʴʺʻʹˁʶ ˃ʶ ˄ʶʰˊˈ ˄ʶˊˈ ˁʰʽ ʷ˔ʶʽ ʶ˄ʵʽʰ˒ʷˊˇ˄ ˄ʰ ʰ˄ʰ˂ˇʴʽˋˍʶʾ ˁʰ˄ʶʾˌ ˍʹ˄ ˁ˂ʾ˃ʰˁʰ ˍ̌ ˎ ˔ˊˈ˄ˇˎΣ 

ˍʹ˄ ʹ˂ʽˁʾʰ ˍʹˌ ʴʹˌ όпΣс ʵʽˌΦ ˔ˊˇ˄˗˄ύΣ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ˉˇˋˈˍʹˍʰ ˍˇˎ ˄ʶˊˇˏ ˍʹˌ ˎʵˊˈˋ˒ʰʽˊʰˌΦ ʆʶ˂ʽˁʱ 

ˍˇ ʶ˂ʶˏʻʶˊˇ ˄ʶˊˈ ʰ˄ʷˊ˔ʶˍʰʽ ˋˍʰ мотлϝмл6 km3. ɶ ˍʶˊʱˋˍʽʰ ʰˎˍʺ ˉˇˋˈˍʹˍʰ ʰˉˇˍʶ˂ʶʾˍʰʽ ˁʰˍʱ фтΣн҈ 

ʰˉˈ ʻʰ˂ʰˋˋʽ˄ˈ ˄ʶˊˈΣ нΣм҈ ʰˉˈ ˔ʽˈ˄ʽ ˁʰʽ ˉʱʴˇ ˁʰʽ лΣллм҈ ʶʾ˄ʰʽ ˎʵˊʰˍ˃ˇʾΦ ʆˇ ˎˉˈ˂ˇʽˉˇ ˃ʷˊˇˌ ˍʹˌ 

ˋˎ˄ˇ˂ʽˁʺˌ ˉˇˋˈˍʹˍʰˌ όлΣс ҈ύΣ ʵʹ˂ʰʵʺ ˃ˈ˂ʽˌ ˍʰ уΣнϝмл6 km3Σ ʶʾ˄ʰʽ ʴ˂ˎˁˈ ˄ʶˊˈΦ ɽˈʴ˖ ʵʽʱ˒ˇˊ˖˄ 

ʰˉ˖˂ʶʽ˗˄Σ ˈˉ˖ˌ ˍˇ ˃ʶʴʱ˂ˇ ʲʱʻˇˌ ˍ˖˄ ˎʵˊˇ˒̌ ˊʷ˖˄Σ ˇ ʱ˄ʻˊ˖ˉˇˌ ˃ˉˇˊʶʾ ˄ʰ ʶˁ˃ʶˍʰ˂˂ʶˎˍʶʾ ̄ ʶˊʾˉˇˎ 

ˍˇ лΣмϝмл6 km3  ˍˇˎ ʶˉʽ˒ʰ˄ʶʽʰˁˇˏ ˄ʶˊˇˏ ˁʰʽ ˍˇ оϝмл6 km3 ˍˇˎ ˎˉˈʴʶʽˇˎ ˄ʶˊˇˏΦ ʅˎ˄ʶˉ˗ˌΣ ʶʾ˄ʰʽ 

˅ʶˁʱʻʰˊˇ ˉ˂ʷˇ˄Σ ˈˍʽ ˍˇ ˄ʶˊˈ ʵʶ˄ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ˄ ˉˈˊˇ ʰ˂˂ʱ ʶʾ˄ʰʽ ʷ˄ʰ ʲʰˋʽˁˈ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˍˇˎ 

˒ˎˋʽˁˇˏ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌΣ ˇʵʹʴʶʾ ʺ ʵʹ˃ʽˇˎˊʴʶʾ ˉʶˊʽʲʰ˂˂ˇ˄ˍˇ˂ˇʴʽˁʱ ˉˊˇʲ˂ʺ˃ʰˍʰ ˁʰʽ ˋˎ˔˄ʱ 

ˉˊˇˋ˒ʷˊʶʽ ʷ˄ʰ ˃ʷˋˇ˄ ʴʽʰ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʷˌ ˂ˏˋʶʽˌ όɼʰ˂˂ʷˊʴʹˌΣ мфффύΦ 
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1.2 ɭɿɻʐʅʆʝ ɢʎʋʁʞɾʅʋ  

ɾʶ ʲʱˋʹ ˍʹ˄ ˉˇˊʶʾʰ ˁʰʽ ˍʹ˄ ˁˎˁ˂ˇ˒ˇˊʾʰ ˍˇˎ ˄ʶˊˇˏ ˋˍʹ˄ ɱʹΣ ˈˉ˖ˌ ʰˎˍʺ ˉʶˊʽʴˊʱ˒ʶˍʰʽ ˃ʶ ˍˇ˄ 

ˎʵˊˇ˂ˇʴʽˁˈ ˁˏˁ˂ˇ (ɳʽˁˈ˄ʰ м.1ύΣ ˇˊʾʸʶˍʰʽ ˁʰʽ ˍˇ ʽˋˇʸˏʴʽˇ ˃ʱʸʰˌ ˍˇˎ ˄ʶˊˇˏ όɳ˅ʾˋ˖ˋʹ мΦмύΦ ʁ 

ˎʵˊˇ˂ˇʴʽˁˈˌ ˁˏˁ˂ˇˌ ˇˎˋʽʰˋˍʽˁʱΣ ʵʶ˄ ʷ˔ʶʽ ˁʱˉˇʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʰ˒ʶˍʹˊʾʰ ˍ˖˄ ʵʽʶˊʴʰˋʽ˗˄ ˍˇˎΣ 

ˉʰˊʱ ˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽΣ ʴʽʰ ˂ˈʴˇˎˌ ʶˎˁˇ˂ʾʰˌΣ ˖ˌ ʰˊ˔ʺ ˂ʰ˃ʲʱ˄ʶˍʰʽ ˍˇ ˄ʶˊˈ ˍ˖˄ ˖ˁʶʰ˄˗˄Σ ˈˉˇˎ ʴʾ˄ʶˍʰʽ 

ʶ˅ʱˍ˃ʽˋʹ ˍˇˎ ˄ʶˊˇˏ ˋˍʹ˄ ʰˍ˃ˈˋ˒ʰʽˊʱΦ ɾʰʸʾ ˃ʶ ˍʹ˄ ʶ˅ʱˍ˃ʽˋʹ ˍ˖˄ ˖ˁʶʰ˄˗˄Σ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ 

ʶ˅ʱˍ˃ʽˋʹ ˄ʶˊˇˏ ʰˉˈ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʶʵʱ˒ˇˎˌΣ ʰˉˈ ˍʽˌ ˂ʾ˃˄ʶˌ ˁʰʽ ˍʰ ˉˇˍʱ˃ʽʰΣ ʰˉˈ ˍʹ˄ ʵʽʰˉ˄ˇʺ 

ˍ˖˄ ˒ˎˍ˗˄ ˈˉˇˎ ˃ʰʸʾ ˃ʶ ˍʹ˄ ʶ˅ʱ˔˄˖ˋʹ ˍ˖˄ ˋˍʶˊʶ˗˄ ˃ˇˊ˒˗˄ ˍˇˎ ˄ʶˊˇˏ ό˔ʽˈ˄ʽ ˁʰʽ ˉʱʴˇˌύΣ 

ˋˎʴˁʶ˄ˍˊ˗˄ʶˍʰʽ ʹ ˋˎ˄ˇ˂ʽˁʺ ˉˇˋˈˍʹˍʰ ˎʵˊʰˍ˃˗˄ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ˂ˈʴ˖ ʰ˄ʷ˃˖˄Σ ˇʽ 

ˎʵˊʰˍ˃ˇʾ ˃ʶˍʰ˒ʷˊˇ˄ˍʰʽ ˋʶ ˍ˃ʺ˃ʰˍʰ ˍʹˌ ʰˍ˃ˈˋ˒ʰʽˊʰˌ ˃ʶ ˃ʽˁˊʺ ˉʾʶˋʹ ˁʰʽ ˔ʰ˃ʹ˂ʺ ʻʶˊ˃ˇˁˊʰˋʾʰΦ ʅʶ 

˔ʰ˃ʹ˂ʷˌ ʻʶˊ˃ˇˁˊʰˋʾʶˌΣ ʹ ʽˁʰ˄ˈˍʹˍʰ ˍˇˎ ʰʷˊʰ ˄ʰ ˋˎʴˁˊʰˍʶʾ ˁʱˉˇʽʰ ˃ʱʸʰ ˎʵˊʰˍ˃˗˄ ˃ʶʽ˗˄ʶˍʰʽΦ 

ɴˍˋʽΣ ˇʽ ˎʵˊʰˍ˃ˇʾ ˇʵʹʴˇˏ˄ˍʰʽ ˋˍʹ ˋˎ˃ˉˏˁ˄˖ˋʺ ˍˇˎˌΣ ʵʹ˃ʽˇˎˊʴ˗˄ˍʰˌ ˍʰ ˋˏ˄˄ʶ˒ʰΣ ˁʰʽ ˍʶ˂ʽˁʱ 

ˁʰˍʰˁˊʹ˃˄ʾʸˇ˄ˍʰʽ ˎˉˈ ˍʹ˄ ˃ˇˊ˒ʺ ˍʹˌ ʲˊˇ˔ʺˌ ˁʰʽ ˍˇˎ ˔ʽˇ˄ʽˇˏΦ ɮˁˈ˃ʰΣ ˍˇ ˄ʶˊˈΣ ˋˍʹ˄ ˎʴˊʺ ˃ˇˊ˒ʺΣ 

˃ˉˇˊʶʾ ˄ʰ ʵʹ˃ʽˇˎˊʴʹʻʶʾ ʶ˅ʰʽˍʾʰˌ ˍˇˎ ˂ʽ˗ˋʽ˃ˇˎ ˍˇˎ ˉʱʴˇˎΦ ʆʶ˂ʽˁʱΣ ʹ ˊˇʺ ˍˇˎ ˄ʶˊˇˏ ʴʾ˄ʶˍʰʽ ˉˊˇˌ 

ˍˇˎˌ ˖ˁʶʰ˄ˇˏˌ ʰ˂˂ʱ ˁʰʽ ˉˊˇˌ ˍʽˌ ʰˉˇʻʺˁʶˌ ʴ˂ˎˁˇˏ ˄ʶˊˇˏ όˉˇˍʱ˃ʽʰ ˁʰʽ ˂ʾ˃˄ʶˌύΦ ʆʷ˂ˇˌΣ ʷ˄ʰ ˃ʷˊˇˌ 

ˍˇˎ ˄ʶˊˇˏ ˉˇˎ ʰˉˇˊˊʷʶʽΣ ʵʽʹʻʶʾˍʰʽ ˋˍˇˎˌ ʴʶ˖˂ˇʴʽˁˇˏˌ ˋ˔ʹ˃ʰˍʽˋ˃ˇˏˌ ˍˇˎ ʶʵʱ˒ˇˎˌ ˁʰʽ ʶʾˍʶ 

ʰˉˇʻʹˁʶˏʶˍʰʽ ˋˍˇ ˎˉʷʵʰ˒ˇˌ ʶʾˍʶ ˁʰˍʰ˂ʺʴʶʽ ˁʰʽ ˉʱ˂ʽ ˋˍˇˎˌ ˖ˁʶʰ˄ˇˏˌΦ  

 

 

ɳʽˁˈ˄ʰ мΦ1 ς ʇʵˊˇ˂ˇʴʽˁˈˌ ɼˏˁ˂ˇˌ ʃʹʴʺ: United State Geological Survey (USGS) 



ɰʷ˂ˍʽˋˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˍˇˎ ˒ʰʽ˄ˇ˃ʷ˄ˇˎ ˍʹˌ ˎ˒ʰ˂˃ˏˊʽˋʹˌ ˋˍˇ˄ ˎʵˊˇ˒ˇˊʷʰ ɼʰˍʱˉˇ˂˖˄ ˍʹˌ ˄ʺˋˇˎ 

ɮ˃ˇˊʴˇˏ  ˃ʶ ˍʹ ̝ ˊʺˋʹ ʴʶ˄ʶˍʽˁˇˏ ʰ˂ʴˈˊʽʻ˃ˇˎ 
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ɾʶ ʲʱˋʹ ˍʹ˄ ˉʰˊʰˉʱ˄˖ ʵʽʰʵʽˁʰˋʾʰΣ ˍˇ ʽˋˇʸˏʴʽˇ ˉˇˎ ˉʶˊʽʴˊʱ˒ʶʽ ˍʹ˄ ˏˉʰˊ˅ʹ ˄ʶˊˇˏΣ 

ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˉʰˊʰˁʱˍ˖ όɼʰˊʰˍʸʱˌΣ нлмрύΥ 

 

ῴ―„”‛ʙ ῴ‖”‛ʙ ῳ―•‛”ʗ ῼʗ‒‟ ‡„„ʡ”‐‡„– ῼʗ‒‟

ὖ Ὁ Ὑ Ὅ ὙὩὥὧὸὭέὲὛ   ρȢρ 

 

E Ą ʄˎʻ˃ˈˌ ɳ˅ʰˍ˃ʽˋˇʵʽʰˉ˄ˇʺˌ (evaporation/ transpiration) 

R Ą ʄˎʻ˃ˈˌ ɳˉʽ˒ʰ˄ʶʽʰˁʺˌ ɮˉˇˊˊˇʺˌ όrunoff) 

I Ą ʄˎʻ˃ˈˌ ɲʽʺʻʹˋʹˌ όɼʰˍʶʾˋʵˎˋʹύ (infiltration) 

Reaction Ą ʄˎʻ˃ˈˌ ɮ˄ˍʾʵˊʰˋʹˌ 

P Ą ʄˎʻ˃ˈˌ ɼʰˍʰˁˊʺ˃˄ʽˋʹˌ όprecipitation) 

 

1.3 ɝʅɻʔʀʚʍʅʎʂ ɭɿɻʐʅʆʡʉ ɩʝʍʖʉ 

ɶ ʵʽʰ˔ʶʾˊʽˋʹ ˍ˖˄ ʰˉˇʻʶ˃ʱˍ˖˄ ʴ˂ˎˁˇˏ ˄ʶˊˇˏ ʶʾ˄ʰʽ ˃ʽʰ ˉˇ˂ˏˉ˂ˇˁʹ ʵʽʰʵʽˁʰˋʾʰ ˂ˈʴ˖ ˍˇˎ 

ʴʶʴˇ˄ˈˍˇˌ ˈˍʽ ˍˇ ʴ˂ˎˁˈ ˄ʶˊˈ ʰˉˇˍʶ˂ʶʾ ʰ˄ʰ˄ʶ˗ˋʽ˃ˇ ʰ˂˂ʱ ˁʰʽ ˉʶˊʽˇˊʽˋ˃ʷ˄ˇ ˉˈˊˇ ˍʰˎˍˈ˔ˊˇ˄ʰΦ 

ɮ˄ʰ˄ʶ˗ˋʽ˃ˇˌΣ ˃ʶ ˍʹ˄ ʷ˄˄ˇʽʰ ˈˍʽ ʰˁˇ˂ˇˎʻʶʾ ˃ʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˉˇˊʶʾʰΣ ʰˎˍʺ ˉˇˎ ˉʶˊʽʴˊʱ˒ʶˍʰʽ ʰˉˈ 

ˍˇ˄ ˎʵˊˇ˂ˇʴʽˁˈ ˁˏˁ˂ˇΣ ʶ˄˗ ʹ ʷ˄˄ˇʽʰ ˍˇˎ ˉʶˊʽˇˊʽˋ˃ʷ˄ˇˎ ˉˈˊˇˎ ʰ˄ʰ˒ʷˊʶˍʰʽ ˋˍʹ ˋˎʴˁˊʽˍʽˁʱ ˃ʽˁˊʺ 

ˉˇˋˈˍʹˍʰ ˉˈˋʽ˃ˇˎ ˄ʶˊˇˏ ʹ ˇˉˇʾʰ ʶʾ˄ʰʽ ʵʽʰʻʷˋʽ˃ʹΦ ɳˉʽˉ˂ʷˇ˄Σ ˂ˈʴ˖ ˍ˖˄ ˃ʹ ˋˍˊʰˍʹʴʽˁ˗˄ 

ʰ˄ʻˊ˖ˉˇʴʶ˄˗˄ ʶˉʶ˃ʲʱˋʶ˖˄Σ ˇʽ ˉˇˋˈˍʹˍʶˌ ʴ˂ˎˁˇˏ ˄ʶˊˇˏ ˎˉˇʲʰʻ˃ʾʸˇ˄ˍʰʽ ˁʰʽ ˍʶ˂ʽˁʱ ˉʶˊʽˇˊʾʸˇ˄ˍʰʽ 

ˉʶˊʰʽˍʷˊ˖Φ  

ʅʶ ˉʶˊʽˉˍ˗ˋʶʽˌ ˈˉˇˎ ʹ ʵʽʰ˔ʶʾˊʽˋʹ ʰ˒ˇˊʱ ˄ʹˋʽʱΣ ʹ ʵˎˋˁˇ˂ʾʰ ʶʾ˄ʰʽ ʰˁˈ˃ʰ ˉʽˇ ˃ʶʴʱ˂ʹΦ ʆʰ 

˄ʹˋʽʱΣ ʶʽʵʽˁˈˍʶˊʰ ʰˎˍʱ ˍˇˎ ʶ˂˂ʰʵʽˁˇˏ ˔˗ˊˇˎΣ ˔ʰˊʰˁˍʹˊʾʸˇ˄ˍʰʽ ʰˉˈ ʷ˄ˍˇ˄ˇ ʰ˄ʱʴ˂ˎ˒ˇ ˁʰʽ ʰˉˈˍˇ˃ʶˌ 

ˎ˕ˇ˃ʶˍˊʽˁʷˌ ˃ʶˍʰʲˇ˂ʷˌ ό˃ʶʴʱ˂ʹ ˁ˂ʾˋʹ ˍˇˎ ʶʵʱ˒ˇˎˌύ ʴʶʴˇ˄ˈˌ ˉˇˎ ˋˎ˄ʶˉʱʴʶˍʰʽ ˍʹˌ ʴˊʺʴˇˊʹˌ 

ʶˉʽ˒ʰ˄ʶʽʰˁʺˌ ʰˉˇˊˊˇʺˌ ˍ˖˄ ˄ʶˊ˗˄ ˍ˖˄ ʲˊˇ˔ˇˉˍ˗ˋʶ˖˄ ˁʰʽΣ ˋˎ˄ʶˉ˗ˌΣ ˍʰ ˉˇˋˇˋˍʱ ˁʰˍʶʾˋʵˎˋʹˌ 

ʴ˂ˎˁˇˏ ˄ʶˊˇˏ ʶʾ˄ʰʽ ˃ʽˁˊʱΦ ʆʶ˂ʽˁʱΣ ˇ ˒ˎˋʽˁˈˌ ʶ˃ˉ˂ˇˎˍʽˋ˃ˈˌ ˍ˖˄ ˎʵˊˇ˒ˇˊʷ˖˄ ʶʾ˄ʰʽ ˉʶˊʽˇˊʽˋ˃ʷ˄ˇˌΦ 

ɮˁˈ˃ʰΣ ˉˊʷˉʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ʹ ˔ʰ˃ʹ˂ʺ ʲˊˇ˔ˈˉˍ˖ˋʹΣ ˁˎˊʾ˖ˌ ˁʰˍʱ ˍˇˎˌ ˁʰ˂ˇˁʰʽˊʽ˄ˇˏˌ ˃ʺ˄ʶˌΣ ʹ 

ˇˉˇʾʰ ˉʶˊʽˇˊʾʸʶʽ ʰˁˈ˃ʰ ˉʶˊʽˋˋˈˍʶˊˇ ˍʽˌ ˉˇˋˈˍʹˍʶˌ ˄ʶˊˇˏ ˉˇˎ ˁʰˍʶʽˋʵˏˇˎ˄Φ ɳˉʾˋʹˌΣ ˋʹ˃ʰ˄ˍʽˁʺ 

ˉˊˈˁ˂ʹˋʹ ʰˉˇˍʶ˂ʶʾ ʹ ʰˎ˅ʰ˄ˈ˃ʶ˄ʹ ʸʺˍʹˋʹ ˄ʶˊˇˏ ˂ˈʴ˖ ˍʹˌ ˉʰˊˇʵʽˁʺˌ ʰˏ˅ʹˋʹˌ ˍˇˎ ˉ˂ʹʻˎˋ˃ˇˏ 

όˍˇˎˊʽˋ˃ˈˌύ ˋʶ ˉʶˊʽˈʵˇˎˌ ˁʰˍʱ ˍʽˌ ˇˉˇʾʶˌ ʹ ʰ˄ʰ˄ʷ˖ˋʹ ˍ˖˄ ʰˉˇʻʶ˃ʱˍ˖˄ ˍ˖˄ ˎʵˊˇ˒ˇˊʷ˖˄ ʶʾ˄ʰʽ 

ʶ˂ʱ˔ʽˋˍʹ όʻʶˊʽ˄ʺ ˉʶˊʾˇʵˇˌύΦ ʆʷ˂ˇˌΣ ʰ˄ʰ˒ʷˊʶˍʰʽ ˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ˇʽ ˎˉˈʴʶʽˇʽ ˎʵˊˇ˒ˇˊʶʾˌ ˍ˖˄ ˄ʹˋʽ˗˄ 

ʶʾ˄ʰʽ ˋʶ ʶˉʽˁˇʽ˄˖˄ʾʰ ˃ʶ ˍˇ ʻʰ˂ʰˋˋʽ˄ˈ ˄ʶˊˈ όʰ˄ˇʽˁˍˇʾύ ˁʰʽΣ ˋˎ˄ʶˉ˗ˌΣ ˎ˒ʾˋˍʰ˄ˍʰʽ ˍʹ˄ ˉˇʽˇˍʽˁʺ 

ˎˉˇʲʱʻ˃ʽˋʺ ˃ʷˋ˖ ˍʹˌ ˎ˒ʰ˂˃ˏˊʽˋʹˌΦ  
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1.4 ɫʆʋʌʝʏ ɩɻʍʋʞʎɻʏ ɞʍɾɻʎʚɻʏ 

ɮ˄ʰʴ˄˖ˊʾʸˇ˄ˍʰˌ ˍˇ ʷ˄ˍˇ˄ˇ ˉˊˈʲ˂ʹ˃ʰ ˎ˒ʰ˂˃ˏˊʽˋʹˌ ˉˇˎ ˎˉʱˊ˔ʶʽ ˁʰˍʱ ˍʹ˄ ʻʶˊʽ˄ʺ ˉʶˊʾˇʵˇ 

ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌΣ ˍʰ ɼʰˍʱˉˇ˂ʰ όʅʽʱˁʰΣ нлмрύΣ  ˃ʶ˂ʶˍʺʻʹˁʶ ʹ ʰ˄ʱˉˍˎ˅ʹ ʶ˄ˈˌ ˋ˔ʶʵʾˇˎ 

ʵʽʰ˔ʶʾˊʽˋʹˌ ˍ˖˄ ˎˉˈʴʶʽ˖˄ ˎʵʱˍʽ˄˖˄ ˉˈˊ˖˄ ˗ˋˍʶ ˄ʰ ˉʶˊʽˇˊʽˋˍʶʾ ˍˇ ˃ʷˍ˖ˉˇ ˍʹˌ ˎ˒ʰ˂˃ˏˊʽˋʹˌΣ ˃ʷˋʰ 

ˋ̱ ʰ ʶˉˈ˃ʶ˄ʰ р ˔ˊˈ˄ʽʰΦ ʁ ʲʰʻ˃ˈˌ ˋˍˇ˄ ˇˉˇʾˇ ʻʰ ˉʶˊʽˇˊʽˋˍʶʾ ˍˇ ˃ʷˍ˖ˉˇ ʰˎˍˈΣ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍʹ˄ 

ʲˇˏ˂ʹˋʹ ˍ˖˄ ʰˊ˃ˈʵʽ˖˄ ˒ˇˊʷ˖˄Σ ˁʰʻ˗ˌΣ ˋˍʹ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰΣ ʻʰ ˉˊˇˍʰʻˇˏ˄ ʵʽʱ˒ˇˊʰ ˋʶ˄ʱˊʽʰ 

ʵʽʰ˔ʶʾˊʽˋʹˌ ˃ʶ ʴ˄˗˃ˇ˄ʰ ʵʽʱ˒ˇˊʶˌ ʸ˗˄ʶˌ ˇʽ ˇˉˇʾʶˌ ˇˊʾʸˇˎ˄ ˁʰʽ ˍˇ˄ ˉʶˊʽˇˊʽˋ˃ˈ ˍʹˌ ˎ˒ʰ˂˃ˏˊʽˋʹˌΦ 

ɮ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ ˉˈˋˇ ˁˇ˄ˍʱ ʺ ˈ˔ʽ ˋˍʹ˄ ʰˁˍʺ ˋ˔ʶʵʽʱˋˍʹˁʰ˄ ʰˎˍʷˌ ˇʽ ʸ˗˄ʶˌΣ ˍˈˋˇ ˃ʽˁˊˈˍʶˊʶˌ ʺ 

˃ʶʴʰ˂ˏˍʶˊʶˌΣ ʰ˄ˍʾˋˍˇʽ˔ʰΣ ʶʾ˄ʰʽ ˇʽ ʶˉʽˍˊʶˉˈ˃ʶ˄ʶˌ ˉʰˊˇ˔ʷˌ ʱ˄ˍ˂ʹˋʹˌΦ ʃˊʷˉʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˈˍʽ ˋʶ 

ˁʱʻʶ ˋʶ˄ʱˊʽˇΣ ʰ˄ʰʸʹˍʶʾˍʰʽ ˃ʽʰ ʲʷ˂ˍʽˋˍʹ ˂ˏˋʹ ˗ˋˍʶ ˄ʰ ʽˁʰ˄ˇˉˇʽʶʾˍʰʽ ʹ ˋˎ˄ʻʺˁʹ ˉʶˊʽˇˊʽˋ˃ˇˏ ˍʹˌ 

ˎ˒ʰ˂˃ˏˊʽˋʹˌ h˂ ˂ʱ ˁʰʽ ˄ʰ ʶ˅ʰˋ˒ʰ˂ʾʸʶˍʰʽ ʹ ˃ʶʴʰ˂ˏˍʶˊʹ ʵˎ˄ʰˍʺ ˉˇˋˈˍʹˍʰ ʰ˄ˍ˂ˇˏ˃ʶ˄ˇˎ ˄ʶˊˇˏΦ ɶ 

ʵʹ˃ʽˇˎˊʴʾʰ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˍʹˌ ˃ʶ˂˂ˇ˄ˍʽˁʺˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ʴʽʰ ˍʰ ʷˍʹ нлмс-2020 ό˃ˇ˄ˍʷ˂ˇ 

ˉˊˈʲ˂ʶ˕ʹˌύ ʲʰˋʾˋˍʹˁʶ ˋˍʹ˄ ʶˊʴʰˋʾʰ ˍʹˌ ʅʽʱˁʰ ɾʰˊˁʷ˂˂ʰˌΣ ˁʰˍʱ ˍʹ˄ ˇˉˇʾʰ ˉˊˇˋˇ˃ˇʽ˗˄ʶˍʰʽ ʹ 

ˎˉˈʴʶʽʰ ˊˇʺ ˍˇˎ ˎʵˊˇ˒ˇˊʷʰ ˍ˖˄ ɼʰˍʱˉˇ˂˖˄ ʴʽʰ ˍʰ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ʰˉˈ ˍˇ мффт-нлмрΦ ɱʽʰ ˍʹ˄ 

ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʹ ˃ʷʻˇʵˇˌ ˍ˖˄ ɱʶ˄ʶˍʽˁ˗˄ ɮ˂ʴˈˊʽʻ˃˖˄ ˃ʷˋʰ 

ʰˉˈ ˍʹ˄ ʶˊʴʰ˂ʶʽˇʻʺˁʹ ˍˇˎ MATLAB. ʃʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˇʽ ˋˍˈ˔ˇʽ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌ ʶʾ˄ʰʽΥ 

¶ ɲʹ˃ʽˇˎˊʴʾʰ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ˇˎ ˋ˔ʶʵʾˇˎ ʵʽʰ˔ʶʾˊʽˋʹˌ ˍ˖˄ ˎʵʰˍʽˁ˗˄ ˉˈˊ˖˄ ˍʹˌ ˉʶˊʽˇ˔ʺˌ 

ˍ˖˄ ɼʰˍʱˉˇ˂˖˄ 

¶ ʃʶˊʽˇˊʽˋ˃ˈˌ ˍˇˎ ˒ʰʽ˄ˇ˃ʷ˄ˇˎ ˍʹˌ ˎ˒ʰ˂˃ˏˊʽˋʹ ̩˃ ʷˋʰ ˋˍʰ ʶˉˈ˃ʶ˄ʰ 5 ̝ ˊˈ˄ʽʰ 

¶ ɲˎ˄ʰˍˈˍʹˍʰ ʶˉʽ˂ˇʴʺˌ ˍˇˎ ʲʰʻ˃ˇˏ ˉʶˊʽˇˊʽˋ˃ˇˏ ˍˇˎ ˒ʰʽ˄ˇ˃ʷ˄ˇˎ 
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2. ɮɻʅʉʝʈʀʉʋ ɭʒɻʇʈʞʍʅʎʂʏ 

ʆˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˍʹˌ ˎ˒ʰ˂˃ˏˊʽˋʹˌ ʶʾ˄ʰʽ ˉ˂ʷˇ˄ ʶˎˊʷ˖ˌ ˉʰˊʰˍʹˊˇˏ˃ʶ˄ˇ ˋˍʰ ʶ˂˂ʹ˄ʽˁʱ ˄ʹˋʽʱΦ 

ɮˎˍˈ ˇ˒ʶʾ˂ʶˍʰʽ ʰˉˈ ˍʹ˄ ˃ʾʰ ˋˍʹ˄ ʷ˄ˍˇ˄ʹ ˅ʹˊʰˋʾʰ ˉˇˎ ʶˉʽˁˊʰˍʶʾ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍ˖˄ 

ˁʰ˂ˇˁʰʽˊʽ˄˗˄ ˃ʹ˄˗˄Σ ʹ ˇˉˇʾʰ ʵʶ˄ ʶˉʽˍˊʷˉʶʽ ˇˏˍʶ ˍˇ˄ ˒ˎˋʽˁˈ ˇˏˍʶ ˍˇ˄ ˍʶ˔˄ʹˍˈ ʶ˃ˉ˂ˇˎˍʽˋ˃ˈ ˍˇˎ 

ˎʵˊˇ˒ˇˊʷʰΣ ʰ˂˂ʱ ˁʰʽ ˋˍʽˌ ʰˎ˅ʹ˃ʷ˄ʶˌ ʰ˄ʱʴˁʶˌ ˋʶ ˄ʶˊˈΣ ˂ˈʴ˖ ˍˇˎ ˍˇˎˊʽˋ˃ˇˏ ˁʰʽ ˍʹˌ ʱˊʵʶˎˋʹˌ. 

ʅˎ˄ʶˉ˗ˌΣ ʹ ˎ˒ʰ˂˃ˏˊʽˋʹ ʶʾ˄ʰʽ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹˌ ˎˉʶˊʶˁ˃ʶˍʱ˂˂ʶˎˋʹˌ ˍ˖˄ ˎˉˈʴʶʽ˖˄ ˎʵʱˍ˖˄ ʴʽʰ ˍʹ˄ 

ˁʱ˂ˎ˕ʹ ˍ˖˄ ʰ˄ʰʴˁ˗˄ ˋʶ ˄ʶˊˈΦ ʍˋˍˈˋˇΣ ʶʾ˄ʰʽ ʵˎ˄ʰˍˈ˄Σ ˁʱˉˇʽʰ ˉʰˊʱˁˍʽʰ ˋʹ˃ʶʾʰ ˄ʰ ˉʰˊˇˎˋʽʱʸˇˎ˄ 

˒ˎˋʽˁʺ ˎ˒ʰ˂˃ˏˊʽˋʹΣ ˁʰʻ˗ˌ ˎˉʱˊ˔ʶʽ ʻʰ˂ʰˋˋʽ˄ˈ ˄ʶˊˈ ˋʶ ˁʰˍ˗ˍʶˊʰ ʴʶ˖˂ˇʴʽˁʱ ˋˍˊ˗˃ʰˍʰΦ ɶ 

ʰˉˇˁʰˍʱˋˍʰˋʹ ʶ˄ˈˌ ˎ˒ʰ˂˃ˎˊʽˋ˃ʷ˄ˇˎ ˎʵˊˇ˒ˇˊʷʰ ʶʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁʱ ʵˏˋˁˇ˂ʹ ˂ˈʴ˖ ˍʹˌ ʽʵʽˈˍʹˍʰˌ ˍˇˎ 

ʰ˂˃ˎˊˇˏ ˄ʶˊˇˏ ˄ʰ ˉˊˇˋˊˇ˒ʱˍʰʽ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍ˖˄ ʴʶ˖˂ˇʴʽˁ˗˄ ˋˍˊ˖˃ʱˍ˖˄ όɼʰ˂˂ʷˊʴʹ,̩ 2000). 

ɴˍˋʽΣ ʰˁˈ˃ʹ ˁʰʽ ˃ʽˁˊʷˌ ˋˎʴˁʶ˄ˍˊ˗ˋʶʽˌ ʰ˂˃ˎˊˇˏ ˄ʶˊˇˏ ʶʾ˄ʰʽ ʽˁʰ˄ʷˌ ˄ʰ ˁʰˍʰˋˍʺˋˇˎ˄ ˍˇ ˎˉˈʴʶʽˇ 

˄ʶˊˈ ˎˉˇʲʰʻ˃ʽˋ˃ʷ˄ˇ ˁʰʽ ʰˁʰˍʱ˂˂ʹ˂ˇ ʴʽʰ ʱˊʵʶˎˋʹ ˁʰʽ ˉˈˋʹ ʶ˄˗ ˉʰˊʱ˂˂ʹ˂ʰ ˎ˒ʾˋˍʰˍʰʽ ˇ ˁʾ˄ʵˎ˄ˇˌ 

ˊˏˉʰ˄ˋʹˌ ˍˇˎ ʶʵʱ˒ˇˎˌ ˃ʶ ˋˎ˄ʷˉʶʽʶˌ ˉˇˎ ʶˉʹˊʶʱʸˇˎ˄ ˍʹ˄ ʰʴˊˇˍʽˁʺ ˁʰ˂˂ʽʷˊʴʶʽʰ. ʅʺ˃ʶˊʰΣ ˖ˋˍˈˋˇΣ 

˃ʶ˂ʶˍʱˍʰʽ ʷ˄ˍˇ˄ʰ ʹ ɻˎ˄ʰˍˈˍʹˍʰ ʰ˄ʱˉˍˎ˅ʹˌ ˁʱˉˇʽ˖˄ ˋˎʴˁʶˁˊʽ˃ʷ˄˖˄ ˁʰ˂˂ʽʶˊʴʶʽ˗˄ ˁʱˍ˖ ʰˉˈ 

ˋˎ˄ʻʺˁʶˌ ʰˎ˅ʹ˃ʷ˄ʹˌ ʰ˂ʰˍˈˍʹˍʰˌ όKaterji, 1999). 

ɳ˅ʰʽˍʾʰˌ ˍʹˌ ˇˎˋʽʰˋˍʽˁʺ ̩ˁʰˍʰ˄ˈʹˋʹ ̩ˈˍʽ ˍˇ ˄ʶˊˈ ʵʶ˄ ʰˉˇˍʶ˂ʶʾ ʰ˄ʶ˅ʱ˄ˍ˂ʹˍˇ ˉˈˊˇ ˁʰʽ ʲʱˋʶʽ 

ˍʽˌ ɳˎˊ˖ˉʰʿˁʺˌ ʁʵʹʴʾʰˌ ˍˇˎ нлллΣ ˋˍˇ˔ˇʻʶˍʺʻʹˁʶ ʹ ˉˊˇˋˍʰˋʾʰΣ ʹ ʰ˄ʰʲʱʻ˃ʽˋʹ ˁʰʽ ʹ 

ʰˉˇˁʰˍʱˋˍʰˋʹ ˈ˂˖˄ ˍ˖˄ ˎˉˈʴʶʽ˖˄ ˎʵʰˍʽˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄Σ ˃ʶ ˍʹ˄ ʵʽʰˋ˒ʱ˂ʽˋʹ ʽˋˇˊˊˇˉʾʰˌ ˃ʶˍʰ˅ˏ 

ˍ˖˄ ʶˁ˒ˇˊˍʾˋʶ˖˄ ό˒ˎˋʽˁʷˌ ʺ ˃ʷˋ˖ ʰ˄ˍ˂ʺˋʶ˖˄ύ ˁʰʽ ˍʹˌ ʰ˄ʰˍˊˇ˒ˇʵˈˍʹˋʹˌ ˍ˖˄ ˎˉˈʴʶʽ˖˄ ˎʵʱˍ˖˄ ˍˇ 

ʰˊʴˈˍʶˊˇ ˃ʷ˔ˊʽ ˍˇ нлмр. ʅʶ ˉʶˊʽˉˍ˗ˋʶʽˌ ˖ˋˍˈˋˇ ˈˉˇˎ ʹ ˁʰˍʱˋˍʰˋʹ ˍˇˎ ˎʵˊˇ˒ˇˊʷʰ ʵʶ˄ 

ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ʲʶ˂ˍʽ˖ʻʶʾ  ˔˖ˊʾˌ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁ˗˄ ˃ʷˍˊ˖˄Σ ʵˈʻʹˁʰ˄ ˁʱˉˇʽʰ 

ˉʶˊʽʻ˗ˊʽʰ ʶ˅ʰʾˊʶˋʹˌΦ ɾʾʰ ˍʷˍˇʽʰ ˉʶˊʾˉˍ˖ˋʹ ʰˉˇˍʶ˂ʶʾ ˁʰʽ ˇ ˎʵˊˇ˒ˇˊʷʰˌ ˍ˖˄ ɼʰˍʱˉˇ˂˖˄ ˍʹˌ 

ɮ˃ˇˊʴˇˏ (ɳʽʵʽˁʺ ɱˊʰ˃˃ʰˍʶʾʰ ʇʵʱˍ˖˄, 2015). 

2.1 ɥʂʔɻʉʅʎʈʝʏ ɭʒɻʇʈʞʍʅʎʂʏ 

ʂˉ˖ˌ ʶʾ˄ʰʽ ʴ˄˖ˋˍˈΣ ˍˇ ʴ˂ˎˁˈ ˄ʶˊˈ ʷ˔ʶʽ ˉˎˁ˄ˈˍʹˍʰ ʾˋʹ ˃ʶ м gr/cm3Σ ʶ˄˗ ʰ˄ˍʾʻʶˍʰ ˍˇ 

ʻʰ˂ʰˋˋʽ˄ˈ ˄ʶˊˈ ʷ˔ʶʽ ˎ˕ʹ˂ˈˍʶˊʹ ˉˎˁ˄ˈˍʹˍʰ ʾˋʹ ˃ʶ мΣлнр gr/cm3. ɶ ʵʽʰ˒ˇˊʱ ʰˎˍʺ ˃ˉˇˊʶʾ ˄ʰ ˃ˇʽʱʸʶʽ 

˃ʽˁˊʺ ʰ˂˂ʱ ʶʾ˄ʰʽ ʰˎˍʺ ˉˇˎ ˇʵʹʴʶʾ ˍˇ ʻʰ˂ʰˋˋʽ˄ˈ ˄ʶˊˈ ˄ʰ ʶʽˋʷˊ˔ʶˍʰʽ ˁʱˍ˖ ʰˉˈ ˍˇ ˋˍˊ˗˃ʰ ˍˇˎ 

ʴ˂ˎˁˇˏ ˄ʶˊˇˏΦ ɳʾ˄ʰʽ ʴʶʴˇ˄ˈˌ ˉ˖ˌ ʹ ˎʵˊʰˎ˂ʽˁʺ ˁ˂ʾˋʹ ˍˇˎ ʴ˂ˎˁˇˏ ˄ʶˊˇˏ ʰˎ˅ʱ˄ʶˍʰʽ ˈˋˇ ʰˎˍˈ 

ˉ˂ʹˋʽʱʸʶʽ ˍʹ˄ ʰˁˍʺ, ʵʹ˃ʽˇˎˊʴ˗˄ˍʰˌ ʷˍˋʽ ˃ʽʰ ʰ˄ˍʾˋˍʰˋʹ ˍˇˎ ʴ˂ˎˁˇˏ ˄ʶˊˇˏ ʷ˄ʰ˄ˍʽ ˋˍˇ ˉˎˁ˄ˈˍʶˊˇ 

ʻʰ˂ʰˋˋʽ˄ˈ ˄ʶˊˈΦ ʆˇ ˉˈˋˇ ʷ˄̱ ˇ˄ʹ ʻʰ ʶʾ˄ʰʽ ʰˎˍʺ ʹ ʰ˄ˍʾˋˍʰˋʹΣ ˁʰʽ ˋˎ˄ʶˉ˗ˌ ˉˈˋˇ ʻʰ ʶʽˋ˔˖ˊʺˋʶʽ ˍˇ 

˂ʶʴˈ˃ʶ˄ˇ ˉˈʵʽ ˍʹˌ ˋ˒ʺ˄ʰˌ όˉˈʵʽ ʵʽʶˉʽ˒ʱ˄ʶʽʰˌύ, ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍʹ˄ ˁʰˍʱˋˍʰˋʹ ˍˇˎ ˎʵˊˇ˒ˇˊʷʰΦ ɮ˄ 

ˎˉʱˊ˔ʶʽ ʶˉʰˊˁʺˌ ʶ˃ˉ˂ˇˎˍʽˋ˃ˈˌ ˍˇˎ ˎʵˊˇ˒ˇˊʷʰ ˃ʷˋʰ ʰˉˈ ʲˊˇ˔ˈˉˍ˖ˋʹ ʺ ˁʱˉˇʽˇˎ ʶʾʵˇˎˌ ˍʶ˔˄ʹˍˈ 

ʶ˃ˉ˂ˇˎˍʽˋ˃ˈ (˒ˊʱʴ˃ʰΣ ˂ʽ˃˄ˇʵʶ˅ʰ˃ʶ˄ʺύΣ ʹ ʽˋˇˊˊˇˉʾʰ ˍ˖˄ ʵˏˇ ˒ʱˋʶ˖˄ ˉʰˊʰˍʹˊʶʾˍʰʽ ˋ˔ʶˍʽˁʱ ˁˇ˄ˍʱ 

ˋˍʹ˄ ʰˁˍʺΦ ɮ˄Σ ˈ˃˖ˌΣ ˇ ˊˎʻ˃ˈˌ ʶˁ˃ʶˍʱ˂˂ʶˎˋʹˌ ˍˇˎ ˎʵˊˇ˒ˇˊʷʰ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊˇˌ ʰˉˈ ˍˇ˄ ˊˎʻ˃ˈ 

ʰ˄ʰ˄ʷ˖ˋʹˌ ˁʰʽ ʶ˃ˉ˂ˇˎˍʽˋ˃ˇˏ ˍˇˎΣ ˍˈˍʶ ˉʰˊʰˍʹˊʶʾˍʰʽ ʶʽˋ˔˗ˊʹˋʹ ˍˇˎ ʻʰ˂ʰˋˋʽ˄ˇˏ ˄ʶˊˇˏ ˉˊˇˌ ˍʹ˄ 

ʶ˄ʵˇ˔˗ˊʰΦ ɮˎˍˈ ˋˎ˃ʲʰʾ˄ʶʽ ˂ˈʴ˖ ˍˇˎ ˒ʰʽ˄ˇ˃ʷ˄ˇˎ ˍʹˌ ʰ˄ˏ˕˖ˋʹˌ (up-coning) ˉˇˎ ˉʰˊʰˍʹˊʶʾˍʰʽ 

ˁʰˍʱ ˍʹ˄ ˂ʶʽˍˇˎˊʴʾʰ ˍ˖˄ ˉʹʴʰʵʽ˗˄ ʱ˄ˍ˂ʹˋʹˌ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ 2.2. ʆˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˍˇˎ 

ˁ˗˄ˇˎ ʰ˄ˏ˕˖ˋʹˌ ʶ˅ʶˍʱʸʶˍʰʽ ˋˍʹ˄ ˋˎ˄ʷ˔ʶʽʰΦ 
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ʆʰ ˄ʹˋʽʱ ʰˉˇˍʶ˂ˇˏ˄ ˃ʽʰ ʽʵʽʰʾˍʶˊʰ ʶ˄ʵʽʰ˒ʷˊˇˎˋʰ ˉʶˊʾˉˍ˖ˋʹ ˈˋˇ˄ ʰ˒ˇˊʱ ˍˇ˄ ˃ʹ˔ʰ˄ʽˋ˃ˈ ˍʹˌ 

ˎ˒ʰ˂˃ˏˊʽˋʹˌΦ ʅʶ ˉʶˊʽˉˍ˗ˋʶʽˌ ˈˉˇˎ ˍˇ ˄ʹˋʾ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˎʵʰˍˇˉʶˊʰˍˇˏˌ ˋ˔ʹ˃ʰˍʽˋ˃ˇˏˌ ˋʶ ˈ˂ʹ 

ˍʹ˄ ʷˁˍʰˋʺ ˍˇˎΣ ˍˈˍʶ ʹ ˎˉˈʴʶʽʰ ʰˉˇʻʺˁʹ ʴ˂ˎˁˇˏ ˄ʶˊˇˏ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋʰ˄ ˒ʰˁˈˌ ˁʱˍ˖ ʰˉˈ ˍʹ˄ 

ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʶʵʱ˒ˇˎˌ ˍˇˎ ˄ʹˋʽˇˏΦ ʆʰ ʰˉˇʻʷ˃ʰˍʰ ʴ˂ˎˁˇˏ ˄ʶˊˇˏ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˉʶˊʽˇˊʽˋ˃ʷ˄ʰΣ 

˂ˈʴ˖ ˍʹˌ ˉ˂ʺˊˇˎˌ ʶ˅ʱˊˍʹˋʺˌ ˍˇˎˌ ʰˉˈ ˍʽˌ ʲˊˇ˔ˇˉˍ˗ˋʶʽˌΦ ʁˎˋʽʰˋˍʽˁʱΣ ˇ ˒ʰˁˈˌ ˍˇˎ ʴ˂ˎˁˇˏ ˄ʶˊˇˏ 

ʶˉʽˉ˂ʷʶʽ ˉʱ˄˖ ʰˉˈ ˍˇ ˎ˒ʱ˂˃ˎˊˇ ˄ʶˊˈΦ ʅˍʹ˄ ɳʽˁˈ˄ʰ н.1 (c)Σ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˃ʽʰ ˍʷˍˇʽʰ ˉʶˊʾˉˍ˖ˋʹΦ  

 

2.1.1 ɣʡʉʋʏ ɚʉʞʕʖʎʂʏ (up-coning ) 

ʆˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˍˇˎ ɼ˗˄ˇˎ ɮ˄ˏ˕˖ˋʹˌ ˉʰˊʰˍʹˊʶʾˍʰʽ ˋʶ 

ˉʶˊʽˉˍ˗ˋʶʽˌ ˈˉˇˎ ʹ ˉʰˊˇ˔ʺ ʱ˄ˍ˂ʹˋʹˌ ʶʾ˄ʰʽ ˃ʶʴʱ˂ʹ ˁʰʽ 

ʵʽʰˍʹˊʶʾˍʰʽ ˋʶ ˎ˕ʹ˂ʱ ʶˉʾˉʶʵʰ ʴʽʰ ˃ʶʴʱ˂ˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰΦ 

ɴˍˋʽ ʵʶ˄  ɻ ʾ˄ʶˍʰʽ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ˋˍˇ˄ ˎʵˊˇ˒ˇˊʷʰ ˄ʰ ʶˉʰ˄ʷ˂ʻʶʽ 

ˁʰʽ ˍʶ˂ʽˁʱΣ ˇ ˁ˗˄ˇˌ ʰˎˍˈˌ ˉˇˎ ʵʹ˃̔ ˇˎˊʴʺ̒ ʹˁʶΣ ʰˎ˅ʱ˄ʶˍʰʽ ˃ʶ 

ˍˇ ˔ˊˈ˄ˇ ˁʰʽ ʶ˄ˍʶʾ˄ʶˍʰʽ ˍˇ ʶˉʾˉʶʵˇ ʶʽˋ˔˗ˊʹˋʹˌ ˍˇˎ 

ʻʰ˂ʰˋˋʽ˄ˇˏ ˄ʶˊˇˏ (ʆΦɳΦ Reilly ˁʰʽ A.S. Goodman, 1986). ɼʱˍ˖ 

ʰˉˈ ˋˎ˄ʻʺˁʶˌ ˇˊʻˇ˂ˇʴʽˁʺˌ ʶˁ˃ʶˍʱ˂˂ʶˎˋʹˌ ˍˇˎ ˎʵˊˇ˒ˇˊʷʰΣ 

ˈˉˇˎ ˇ ˊˎʻ˃ˈˌ ʱ˄ˍ˂ʹˋʹˌ ʶʾ˄ʰʽ ˔ʰ˃ʹ˂ˈˍʶˊˇˌ ʰˉˈ ˃ʽʰ ˁˊʾˋʽ˃ʹ 

ˍʽ˃ʺΣ ʶʾ˄ʰʽ ʵˎ˄ʰˍʺ ʹ ʶ˅ʱ˂ʶʽ˕ʹ ʰˎˍˇˏ ˍˇˎ ˒ʰʽ˄ˇ˃ʷ˄ˇˎΦ  ɶ 

ˁˊʾˋʽ˃ʹ ˍʽ˃ʺ ʱ˄ˍ˂ʹˋʹˌ ˃ˉˇˊʶʾ ˄ʰ ˎˉˇ˂ˇʴʽˋˍʶʾ ˃ʶ ʲʱˋʶʽ ˍʰ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎ ˎʵˊˇ˒ˇˊʷʰΦ 

 

 

 

ɳʽˁˈ˄ʰ 2.2- ɼ˗˄ˇˌ ɮ˄ˏ˕˖ˋʹˌ ʃʹʴʰʵʽˇˏ ɯ˄ˍ˂ʹˋʹˌ 
ʃʹʴʺ: Reilly ˁ ʰʽ Goodman, 1986 

ɳʽˁˈ˄ʰ н.1 - ʆˎˉʽˁʷˌ ˁʱʻʶˍʶˌ ˍˇ˃ʷˌ ʶʽˋ˔˗ˊʹˋʹˌ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ˋʶ ˉʰˊʱˁˍʽˇˎˌ ˎʵˊˇ˒ˇˊʶʾˌΣ όʰύ ɳ˂ʶˏʻʶˊˇˌ ˎʵˊˇ˒ˇˊʷʰˌ ˃ʶ ʶ˃ˉ˂ˇˎˍʽˋ˃ˈΣ 
(bύ ʃʶˊʽˇˊʽˋ˃ʷ˄ˇˌ ˎʵˊˇ˒ˇˊʷʰˌΣ όcύ ʊʰˁˈˌ ʴ˂ˎˁˇˏ ˄ʶˊˇˏΣ όdύ ʃʶˊʽˇˊʽˋ˃ʷ˄ˇˌ ˎʵˊˇ˒ˇˊʷʰˌ ˃ʶ ʰ˄ˍ˂ʺˋʶʽˌ ʃʹʴʺΥ Bear ˁ ʰʽ Cheng, 2010 



ɰʷ˂ˍʽˋˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˍˇˎ ˒ʰʽ˄ˇ˃ʷ˄ˇˎ ˍʹˌ ˎ˒ʰ˂˃ˏˊʽˋʹˌ ˋˍˇ˄ ˎʵˊˇ˒ˇˊʷʰ ɼʰˍʱˉˇ˂˖˄ ˍʹˌ ˄ʺˋˇˎ 

ɮ˃ˇˊʴˇˏ  ˃ʶ ˍʹ ˔ˊʺˋʹ ʴʶ˄ʶˍʽˁˇˏ ʰ˂ʴˈˊʽʻ˃ˇˎ 
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ʂˉ˖ˌ ʷ˔ʶʽ ʵʽʰˍˎˉ˖ʻʶʾ ˁʰʽ ʰˉˈ ˍˇˎˌ ɰear, Cheng (Bear ˁʰʽ Cheng, 2010ύΣ ʰ˄ ʹ ʱ˄ˍ˂ʹˋʹ 

ʴʾ˄ʶˍʰʽ ˋʶ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺ ʰˉˈˋˍʰˋʹ ʰˉˈ ˍʹ˄ ʵʽʶˉʽ˒ʱ˄ʶʽʰ ʰ˂˃ˎˊˇˏ-ʴ˂ˎˁˇˏ ˄ʶˊˇˏ  ̋ʹ ʱ˄ˍ˂ʹˋʹ ʶʾ˄ʰʽ 

ˋʶ ˋ˔ʶˍʽˁʱ ˔ʰ˃ʹ˂ʱ ʶˉʾˉʶʵʰΣ ˍˈˍʶ ˉʰˊʰˍʹˊʶʾˍʰʽ ˃ʽʰ ˃ʽˁˊʺ ˍʱˋʹ ˍʹˌ ʵʽʶˉʽ˒ʱ˄ʶʽʰˌ ʰ˂˃ˎˊˇˏ-ʴ˂ˎˁˇˏ 

˄ʶˊˇˏ ˉˊˇˌ ˍʰ ʶˉʱ˄˖ ʰ˂˂ʱ ʵʶ˄ ˎˉʱˊ˔ʶʽ ˋʶ ˁʰ˃ʾʰ ˉʶˊʾˉˍ˖ˋʹ ˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˍʹˌ ʰ˄ˏ˕˖ˋʹˌΦ 

ʅˎ˄ʶˉ˗ˌΣ ʹ ʱ˄ˍ˂ʹˋʹ ʶʾ˄ʰʽ ˂ʶʽˍˇˎˊʴʽˁʺ ˁʰʽ ˉˊˇˋ˒ʷˊʶʽ ʴ˂ˎˁˈ ˄ʶˊˈ όɳʽˁˈ˄ʰ 2.3 όʰύύΦ ʅˍʽˌ ɳ̔ ˁˈ˄ʶˌ 2.3 

(b) ˁʰʽ όc),  ˉʰˊʰˍʹˊʶʾˍʰʽ ʷ˄ˍˇ˄ʰ ̌  ˁ˗˄ˇˌ ʰ˄ˏ˕˖ˋʹˌΣ ˉˊʱʴ˃ʰ ˉˇˎ ˇ˒ʶʾ˂ʶˍʰʽ ʶʾˍʶ ˋˍʹ˄ ˎˉʶˊʱ˄ˍ˂ʹˋʹ 

ˍˇˎ ˎʵˊˇ˒ˇˊʷʰ ʶʾˍʶ ˋˍˇ ˈˍʽ ˍˇ ˉʹʴʱʵʽ ʲˊʾˋˁʶˍʰʽ ˁˇ˄ˍʱ ˋˍʹ˄ ʵʽʶˉʽ˒ʱ˄ʶʽʰΦ ɶ ʵʽʰ˒ˇˊʱ ˍˇˎˌ ʷʴˁʶʽˍʰʽ 

ˋˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍʹˌ ɳʽˁˈ˄ʰˌ 2.3 (c)Σ ʷ˔ˇˎ˃ʶ ʶ˂ʶˏʻʶˊˇ ˎʵˊˇ˒ˇˊʷʰ ˁʰʽ ʱˊʰ 

ˉʰˊʰˍʹˊʶʾˍʰʽ ˁʰʽ ˃ʽʰ ˉˍ˗ˋʹ ˍʹˌ ˉʽʶʸˇ˃ʶˍˊʽˁʺˌ ˋˍʱʻ˃ʹˌ ˍˇˎ ˎʵˊˇ˒ˇˊʷʰΦ ʆʷ˂ˇˌΣ ˉʰˊʰˍʹˊʺʻʹˁʶ ˈˍʽ 

ʶʱ˄ ˃ˇʽˊʰˋˍʶʾ ˁʰˍʱ˂˂ʹ˂ʰ ʹ ˉʰˊˇ˔ʺ ʱ˄ˍ˂ʹˋʹˌ ˋʶ ˃ʽʰ ˇˊʽʸˈ˄ˍʽʰ ˋʶʽˊʱ ˉʹʴʰʵʽ˗˄ όˇˊʽʸˈ˄ˍʽʰ 

ʱ˄ˍ˂ʹˋʹύΣ ˗ˋˍʶ ˄ʰ ˎˉʱˊ˔ʶʽ ʰ˂˂ʹ˂ˇʶˉʾʵˊʰˋʹ ˍ˖˄ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˁ˗˄˖˄ ʰ˄ˏ˕˖ˋʹˌΣ ˔˖ˊʾˌ ʲʷʲʰʽʰ ˇ 

ˊˎʻ˃ˈ ̩ʱ˄ˍ˂ʹˋʹˌ ˄ʰ ˎˉʶˊʲʰʾ˄ʶʽ ˍˇ ˊˎʻ˃ˈ ʶʽˋˊˇʺˌ ʴ˂ˎˁˇˏ ˄ʶˊˇˏ ˋˍʹ ʻʱ˂ʰˋˋʰΣ ʴʾ˄ʶˍʰʽ ˉ˂ʺˊʹˌ 

ʶˁ˃ʶˍʱ˂˂ʶˎˋʹ ˍ˖˄ ʰˉˇʻʶ˃ʱˍ˖˄ ˔˖ˊʾˌ ˄ʰ ˎˉʱˊ˔ʶʽ ˁʾ˄ʵˎ˄ˇˌ ˄ʰ ʵʹ˃ʽˇˎˊʴʹʻʶʾ ˁ˗˄ˇˌ ʰ˄ˏ˕˖ˋʹˌ ˉˇˎ 

ʻʰ ˇʵʹʴˇˏˋʶ ˋˍʹ˄ ʱ˄ˍ˂ʹˋʹ ˎ˒ʱ˂˃ˎˊˇˎ ˄ʶˊˇˏΦ ʁˎˋʽʰˋˍʽˁʱΣ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ˃ʽʰ ˃ʷʻˇʵˇ ˉˇˎ 

ʲʰˋʾʸʶˍʰʽ ˋˍʹ˄ ʱ˄ˍ˂ʹˋʹ ˃ʽˁˊ˗˄ ˉˇˋˇˍʺˍ˖˄ ˄ʶˊˇˏ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ ˉʰˊʱˁˍʽʰˌ 

ʴˊʰ˃˃ʺˌ ˁʰʽ ˇˊʽʰˁʱ ˁˇ˄ˍʱ ˋˍʹ˄ ʵʽʶˉʽ˒ʱ˄ʶʽʰ ʰ˂˃ˎˊˇˏ-ʴ˂ˎˁˇˏ ˄ʶˊˇˏΣ ˈˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍʹ˄ ɳ̔ ˁˈ˄ʰ 

2.3 (d)Φ ʆʷˍˇʽʶˌ ʶ˒ʰˊ˃ˇʴʷˌ ʷ˔ˇˎ˄ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˋˍˇ ɹˋˊʰʺ˂ ˁʰʽ ˍˇ ʃʰˁʽˋˍʱ˄ όɰear ˁʰʽ Cheng 

2010). 

 

 

 

ɳʽˁˈ˄ʰ 2.3-ɮ˄ˎ˕˖ˋʹ ʻʰ˂ʰˋˋʽ˄ˇˏ ˄ʶˊˇˏ ʴˏˊ˖ ʰˉˈ ˉʹʴʱʵʽʰ ʱ˄ˍ˂ʹˋʹˌ ˍʰ ˇˉˇʾʰ ʲˊʾˋˁˇ˄ˍʰʽ ˉʱ˄˖ ʰˉˈ ˍʹ˄ ʵʽʶˉʽ˒ʱ˄ʶʽʰ ʴ˂ˎˁˇˏ-ʰ˂˃ˎˊˇˏ 
˄ʶˊˇˏ, (a), (b), (c) ̱ ˊʽˋʵʽʱˋˍʰˍʹ ˊˇʺΣ (d) ɻ ʽˋʵʽʱˋˍʰˍʹ ˊˇʺ ό ˋʶʽˊʱ ˉʹʴʰʵʽ˗˄ ˉʰˊʱ˂˂ʹ˂ʰ ˉˊˇˌ ˍʹ˄ ʰˁˍʺύ ʃʹʴʺΥ Bear ˁ ʰʽ Cheng, 2010 
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2.2 ɥɻʃʂʈɻʐʅʆʙ ɩʍʋʎʘɾɾʅʎʂ ɮɻʅʉʋʈʘʉʋʑ ɭʒɻʇʈʞʍʅʎʂʏ 

 ʇˉʱˊ˔ˇˎ˄ ʵˏˇ ˍˊˈˉˇʽ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˍʹˌ ˎ˒ʰ˂˃ˏˊʽˋʹˌΣ ˈˉˇˎ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ˄ ʻʶ˗ˊʹˋʹ 

ˉˇˎ ʴʾ˄ʶˍʰʽ ʴʽʰ ˍʹ˄ ʵʽʶˉʽ˒ʱ˄ʶʽʰ ˃ʶˍʰ˅ˏ ʰ˂˃ˎˊˇˏ ˁʰʽ ʴ˂ˎˁˇˏ ˄ʶˊˇˏΣ ʶˉʽ˂ʷʴʶˍʰʽ ˁʰʽ ˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ 

˃ˇ˄ˍʷ˂ˇΦ ɴˍˋʽΣ ˇ ʷ˄ʰˌ ˍˊˈˉˇˌ ʶʾ˄ʰʽ ˄ʰ ʻʶ˖ˊʹʻʶʾ ˈˍʽ ʹ ʵʽʶˉʽ˒ʱ˄ʶʽʰ ʶʾ˄ʰʽ ʵʽʰˁˊʽˍʺ (sharp interface), 

ʷ˔ʶʽ ˃ʽˁˊˈ ˉʱ˔ˇˌ ˋ˔ʶˍʽˁʱ ˃ʶ ˍˇ ˉʱ˔ˇˌ ˍˇˎ ˎʵˊˇ˒ˇˊʷʰ ˁʰʽ ˋˎ˄ʶˉ˗ˌ ʵʶ˄ ˎˉʱˊ˔ʶʽ ʰ˄ʱ˃ʽ˅ʹ ˃ʶˍʰ˅ˏ ˍ˖˄ 

ʵˎˇ ˊʶˎˋˍ˗˄Φ ʆˇ ˉ˂ʶˇ˄ʷˁˍʹ˃ʰ ˍʹˌ ˃ʶʻˈʵˇˎ ʰˎˍʺˌ ʶʾ˄ʰʽ ʹ ʰˉ˂ˈˍʹˍʱ ˍˇˎ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʰ 

ʽˁʰ˄ˇˉˇʽʹˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ˉˊˇˋ˒ʷˊʶʽΦ ɼʰˍʱ ˍʹ˄ ʵʶˏˍʶˊʹ ˃ʶʻˇʵˇ˂ˇʴʾʰ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹˌ 

ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ˎ˒ʰ˂˃ˏˊʽˋʹˌΣ ʴʾ˄ʶˍʰʽ ˂ˈʴˇˌ ʴʽʰ  ʸ˗˄ʹ ʰ˄ʱ˃ʽ˅ʹˌΣ ˋˍʹ˄ ˇˉˇʾʰ ˇˎˋʽʰˋˍʽˁʱ ˍʰ ʵˏˇ 

ˊʶˎˋˍʱ ʰ˄ʰ˃ʽʴ˄ˏˇ˄ˍʰʽΦ ɶ ˉˎˁ˄ˈˍʹˍʰ ˍʹˌ ʸ˗˄ʹˌ ʰˎˍʺˌ ʵʽʰ˒ʷˊʶʽ ˁʰʽ ʰˉˈ ˍʽˌ ʵˏˇ ʸ˗˄ʶˌ ˉˇˎ ˍʹ˄ 

ˉʶˊʽˁ˂ʶʾˇˎ˄Σ ʶ˄˗ ˍˇ ˉʱ˔ˇˌ ˍʹˌ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ʻʶ˖ˊʹʻʶʾ ʰ˃ʶ˂ʹˍʷˇΦ ɶ ˉʶˊʽʴˊʰ˒ʺ ˍʹˌ 

ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰˌ ʶʾ˄ʰʽ ʰˊˁʶˍʱ ʰˁˊʽʲʺˌ ʰ˂˂ʱ ʰˉʰʽˍʶʾˍʰʽ ˉ˂ʺʻˇˌ ˉʰˊʰ˃ʷˍˊ˖˄ ˉˇˎ ʶʾ˄ʰʽ ʵˏˋˁˇ˂ˇ ˄ʰ 

ˉˊˇˋʵʽˇˊʽˋˍˇˏ˄Φ 

 

 

 

 

 

 

 

 

                 

 

ɾʶʴʱ˂ʹ ˋʹ˃ʰˋʾʰ ˋˍʰ ˃ˇ˄ˍʷ˂ˇ ʵʽʰˁˊʽˍʺˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˉʰʾʸʶʽ ˍˇ ʰ˄ ʽˋ˔ˏʶʽ ʺ ˈ˔ʽ ʹ ˉʰˊʰʵˇ˔ʺ ˍˇˎ 

DupuitΣ ʵʹ˂ʰʵʺ ʰ˄ ʴʾ˄ʶˍʰʽ ʹ ʻʶ˗ˊʹˋʹ ˈˍʽ ˍˇ ʴ˂ˎˁˈ ˄ʶˊˈ ˁʽ˄ʶʾˍʰʽ ˇˊʽʸˇ˄ˍʾ˖ˌ, ʻʶ˖ˊ̠˄ˍʰˌ ˈˍʽ ˍˇ 

ˉʱ˔ˇˌ ˍˇˎ ˎʵˊˇ˒ˇˊʷʰ ʶʾ˄ʰʽ ʰ˃ʁ˂ʹˍʷˇ ˋˎʴˁˊʽˍʽˁʱ ˃ʶ ˍʽˌ ʵʽʰˋˍʱˋʶʽˌ ˍˇˎΦ ɾʶ ʱ˂˂ʰ ˂ˈʴʽʰΣ ʹ 

ˉʰˊʰʵˇ˔ʺ ˍˇˎ Dupuit ʰʴ˄ˇʶʾ ˍʹ˄  ˏˉʰˊ˅ʹ ˍʹˌ ˍˊʾˍʹ ̩ʵʽʱˋˍʰˋʹˌ ˁʰʽ ˋˎ˄ʶˉ˗ˌ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ 

ˉʶˊʽʴˊʱ˕ʶʽ ˍʹ˄ ʶˁˊˇʺ ʴ˂ˎˁˇˏ ˄ʶˊˇˏ ˉˊˇˌ ˍʹ ʻʱ˂ʰˋˋʰΣ ʵʾ˄ˇ˄ˍʰˌ ʶˉʽʲʰˊˎ˃ʷ˄ʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ 

ˋ˔ʶˍʽˁʱ ˃ʶ ˍˇ ˃ʷˍ˖ˉˇ ˍʹˌ ˎ˒ʰ˂˃ ˏˊʽˋʹˌΦ  ɮ˄ˍʾʻʶˍʰ, ˋʶ ˉʶˊʽˉˍ˗ˋʶʽˌ ˈˉˇˎ ʵʶ˄ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ʹ 

ˉʰˊʰʵˇ˔ʺ ʰˎˍʺ ˁʰʽ ʹ ˁʱʻʶˍʹ ˋˎ˄ʽˋˍ˗ˋʰ ʶʾ˄ʰʽ ˎˉʰˊˁˍʺΣ ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍˇˎ 

˃ʶˍ˗ˉˇˎ ʶˁˊˇʺˌ, ˉʰˊʰˍʹˊʶʾˍʰʽ ˈˍʽ ˍˇ ˉˊʰʴ˃ʰˍʽˁˈ ʲʱʻˇˌ ˍˇˎ ʴ˂ˎˁˇˏ ˄ʶˊˇˏ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊˇ ʰˉˈ 

ʰˎˍˈ ˉˇˎ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˈˍʰ˄ ʽˋ˔ˏʶʽ ʹ ˉʰˊʰʵˇ˔ʺ Dupuit (ɳʽˁˈ˄ʰ 2.4 (b)). 

 

 

ɳʽˁˈ˄ʰ 2.4 - ɾˇ˄ˍʷ˂ˇ ʵʽʰˁˊʽˍʺˌ ʵʽʶˉʽ˒ʱ˄ʶʽʰˌ όʰύ Ghyben-Herzberg ˃ʶ ʲʱˋʹ ˍʽˌ ˉʰˊʰʵˇ˔ʷˌ Dupuit (˔˖ˊʾˌ 
˃ʷˍ˖ˉˇ ʶˁˊˇʺˌύΣ όb), ʃˊʰʴ˃ʰˍʽˁʺ ʰˉʶʽˁˈ˄ʽˋʹ ό˃ʶ ˃ʷˍ˖ˉˇ ʶˁˊˇʺˌύ ʃʹʴʺ: Bear ˁ ʰʽ Cheng, 2010 
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ɿˈ˃ˇˌ Ghyben-Herzberg 

ʁʽ Ghyben ˁʰʽ Herzberg, ʺˍʰ˄ ʰˎˍˇʾ ˉˇˎΣ ʰ˄ʶ˅ʱˊˍʹˍʰ ˇ ʷ˄ʰˌ ʰˉˈ ˍˇ˄ ʱ˂˂ˇΣ ˁʰˍʷ˂ʹ˅ʰ˄ ˋˍˇ 

ˈˍʽ ʹ ˎ˒ʱ˂˃ˎˊʹ ʸ˗˄ʹ ʲˊʾˋˁʶˍʰʽ ˉʶˊʾˉˇˎ пл m ˁʱˍ˖ ʰˉˈ ˍˇ ʶˉʾˉʶʵˇ ˍʹˌ ʻʱ˂ʰˋˋʰΣ ʴʽʰ ˁʱʻʶ ˃ʷˍˊˇ 

ˍˇˎ ˎʵˊˇ˒ˈˊˇˎ ̌ ˊʾʸˇ˄ˍʰ ˉˇˎ ʲˊʾˋˁʶˍʰʽ ˉʱ˄˖ ʰˉˈ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʻʱ˂ʰˋˋʰˌΦ  ɸʶ˖ˊ˗˄ˍʰˌ ˈˍʽ ˍʰ 

ʵˏˇ ˊʶˎˋˍʱΣ ˎ˒ʱ˂˃ˎˊˇ ˁʰʽ ʴ˂ˎˁˈ ˄ʶˊˈΣ ʵʶ˄ ʰ˄ʰ˃ʽʴ˄ˏˇ˄ˍʰʽ ˂ˈʴ˖ ʵʽʰ˒ˇˊʱˌ ˉˎˁ˄ˈˍʹˍʰˌ (sharp 

interface)Σ ʹ ʽˋˇˊˊˇˉʾʰ ˍ˖˄ ʵˏˇ ˊʶˎˋˍ˗˄ ʶˉʷˊ˔ʶˍʰʽ ˋˍʰ ˋʹ˃ʶʾʰ ˃ʽʰˌ ʵʽʶˉʽ˒ʱ˄ʶʽʰˌ όɼʰ˂˂ʷˊʴʹΣ 

2000). ʇˉʱˊ˔ʶʽ ʷ˄ʰ ˋʹ˃ʶʾˇ ˈˉˇˎ ʹ ʵʽʶˉʽ˒ʱ˄ʶʽʰΣ ʹ ˋˍʱʻ˃ʹ ˍʹˌ ʻʱ˂ʰˋˋʰˌ ˁʰʽ ˍˇˎ ˎʵˊˇ˒ˈˊˇˎ 

ˇˊʾʸˇ˄ˍʰ ʰ˂˂ʱ ˁʰʽ ʹ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ʶʵʱ˒ˇˎˌ ˍʰˎˍʾʸˇ˄ˍʰʽΦ ʃˊʰˁˍʽˁʱΣ ʰˎˍˈ ˋʹ˃ʰʾ˄ʶʽ ˈˍʽ ʵʶ˄ ˎˉʱˊ˔ʶʽ 

ˊˇʺ ʰˉˈ ˍˇ ˍ˃ʺ˃ʰ ˍˇˎ ʴ˂ˎˁˇˏ ˄ʶˊˇˏ ˉˊˇˌ ˍʹ˄ ʻʱ˂ʰˋˋʰΦ ɼʱˍʽ ˍʷˍˇʽˇ ʵʶ˄ ʰ˄ˍʰˉˇˁˊʾ˄ʶˍʰʽ ˋˍʹ˄ 

ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰ ʰ˂˂ʱ ʰˉˇˍʶ˂ʶʾ ˃ʽʰ ʰˉ˂ˇˎˋˍʶˎ˃ʷ˄ʹ ˃ˇˊ˒ʺ ˍʹˌ (ˉʰˊʰʵˇ˔ʺ Dupuit). ɮˉˈ ˍˇ ˋʹ˃ʶʾˇ 

ʰˎˍˈΣ ʷˋˍ˖ ɮΣ ˁʰʽ ʴʽʰ ˈ˂ʹ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʻʱ˂ʰˋˋʰˌΣ ˍˇ ˏ˕ˇˌ ˍʹˌ ʻʱ˂ʰˋˋʰ ˉʰˊʰ˃ʷ˄ʶʽ ˋˍʰʻʶˊˈ 

ˁʰʽ ʾˋˇ ˃ʶ hs. ɮˁˈ˃ʰΣ ˋˍˇ ˋʹ˃ʶʾˇ ˈˉˇˎ ˍʰˎˍʾʸʶˍʰʽ ʹ ʵʽʶˉʽ˒ʱ˄ʶʽʰ ˃ʶ ˍʹ˄ ʲʱˋʹ ˍˇˎ ˎʵˊˇ˒ˇˊʷʰΣ ˍˇ 

˂ʶʴˈ˃ʶ˄ˇ ˉˈʵʽ ˍʹˌ ʵʽʶˉʽ˒ʱ˄ʶʽʰˌ ʺ ˍʹˌ ˋ˒ʺ˄ʰΣ ʲˊʾˋˁʶˍʰʽ ˍˇ ˋʹ˃ʶʾˇ ɰΦ ʆʰ ʵˏˇ ˋʹ˃ʶʾʰ ʲˊʾˋˁˇ˄ˍʰʽ ˋʶ 

ˎʵˊˇˋˍʰˍʽˁʺ ʽˋˇˊˊˇˉʾʰΣ ʰ˄ ʻʶ˖ˊʺˋˇˎ˃ʶ ˍʹ˄ ˏˉʰˊ˅ʹ ʶ˄ˈˌ ʻʶ˖ˊʹˍʽˁˇˏ ʶ˃ʲˈ˂ˇˎ U, ˁʰʻ˗ˌ ˁʰ̔ 

˃ˈ˄ʽ˃ʶˌ ˋˎ˄ʻʺˁʶˌΣ ˃ʶ ˋˍʱˋʽ˃ʹ ʵʽʶˉʰ˒ʺΦ ʅˎ˄ʶˉ˗ˌ, ̌ ʽ ˉʽʷˋʶʽˌ ˋˍʰ ˋʹ˃ʶʾʰ ʰˎˍʱ ʶʾ˄ʰʽ ʾˋʶˌΦ  

ɴˍˋʽ ˇʵʹʴˇˏ˃ʰˋˍʶ ˋˍʽˌ ʶ˅ʺˌ ˋ˔ʷˋʶʽˌΥ 
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Ὤᴼʞ‛‟ ’ʗ‘‐„ „–’ „†ʗ—‘– †–‟  
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 ”Ὣᴼ‐――‖ʝ ʗ”‛‟ —‗„„―’‛ʞ ’‐”‛ʞ 

 ”Ὣᴼ‐――‖ʝ ʗ”‛‟ ‗‡‖‛ʞ ’‐”‛ʞ 

Ὤᴼʞ‛‟ ’ʗ‘‐„ „–’ „†ʗ—‘– †–‟  

—ʗ‗„„‟ ‖― †–’ ―‐“―•ʗ’‐― „‐ ʘ’ „–‘‐ʚ‛ 

ɳʽˁˈ˄ʰ 2.5 ς ɾˇ˄ˍʷ˂ˇ Ghyben-Herzberg ʃʹʴʺ: 
ɿʱ˄ˇˎΣ нллм 
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ɶ ʶ˅ʾˋ˖ˋʹ Ghyben-Herzberg, ˃ˉˇˊʶʾ ˄ʰ ʶ˒ʰˊ˃ˇˋˍʶʾ ʴʽʰ ˁʱʻʶ ˋʹ˃ʶʾˇ ˍˇˎ ˉʰˊʱˁˍʽˇˎ 

ˎʵˊ̌˒ ˇˊʷʰ ʴʽʰ ˍˇ ˇˉˇʾˇ ʴ˄˖ˊʾʸˇˎ˃ʶ ˍʹ˄ ʰˉˈˋˍʰˋʹ ʰ˄ʱ˃ʶˋʰ ˋˍˇ˄ ˎʵˊˇ˒ˈˊˇ ˇˊʾʸˇ˄ˍʰ ˁʰʽ ˍʹ˄ 

ˋˍʱʻ˃ʹ ˍʹˌ ʻʱ˂ʰˋˋʰˌΦ ɾʶ ʱ˂˂ʰ ˂ˈʴʽʰΣ ˇˊʾʸʶˍʰʽ ˖ˌ ʶˉʾˉʶʵˇ ʰ˄ʰ˒ˇˊʱˌ ʹ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʻʱ˂ʰˋˋʰˌ 

ˁʰʽ ˉˊʰˁˍʽˁʱΣ ʴʽʰ ˁʱʻʶ 1 m ˎɻˊʰˎ˂ʽˁˇˏ ˏ˕ˇˎˌ ˉʱ˄˖ ʰˉˈ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˍʹˌ ʻʱ˂ʰˋˋʰˌΣ ˎˉʱˊ˔ˇˎ˄ 

ʱ˂˂ʰ 40 mΣ ˁʱˍ˖ ʰˉˈ ʰˎˍʺ˄Σ ˍʰ ˇˉˇʾʰ ʵʽʰʻʷˍˇˎ˄ ʴ˂ˎˁˈ ˄ʶˊˈΦ ɮˎˍˈ ˉˇˎ ˉʰˊˇˎˋʽʱʸʶʽ ʽʵʽʰʾˍʶˊˇ 

ʶ˄ʵʽʰ˒ʷˊˇ˄Σ ˖ˋˍˈˋˇΣ ʶʾ˄ʰʽ ˇ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍʹˌ ˋ˒ʺ˄ʰˌΦ ʆˇ ˉˈʵʽ ˍʹˌ ˋ˒ʺ˄ʰˌ ʰˉˇˍʶ˂ʶʾ ˍˇ ˃ʷˍ˖ˉˇ ˍʹˌ 

ˎ˒ʰ˂˃ˏˊʽˋʹˌΣ ʵʹ˂ʰʵʺ ˍv́ ʰˉˈˋˍʰˋʹ ˋˍʹ˄ ˇˉˇʾʰ ˋˍʰ˃ʰˍʱ ˉ˂ʷˇ˄ ˄ʰ ʶʽˋ˔˖ˊʶʾ ʻʰ˂ʰˋˋʽ˄ˈ ˄ʶˊˈΦ 

ʂˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˁʰʽ ˋˍʹ˄ ɳʽˁˈ˄ʰ 2.6Σ ʹ ʰˉˈˋˍʰˋʹ L ˇˊʾʸʶˍʰʽ ˃ʶˍʰ˅ˏ ˍʹˌ ʰˁˍʺˌ ˁʰʽ ˍˇˎ ˋʹ˃ʶʾˇˎ ˈˉˇˎ 

ˋˎ˃ˉʾˉˍˇˎ˄ ˇ ˉˎʻ˃ʷ˄ʰˌ ˍˇˎ ˎʵˊˇ˒ˇˊʷʰ ˃ʶ ˍʹ˄ ʵʽʶˉʽ˒ʱ˄ʶʽʰ ˎ˒ʱ˂˃ˎˊˇˎ-ʴ˂ˎˁˇˏ ˄ʶˊˇˏΦ  

 

 

 

 

 

 

 

 

 

 

ʁʽ ʶ˅ʽˋ˗ˋʶʽˌ ˉˇˎ ʰ˄ʰˉˍˏ˔ʻʹˁʰ˄ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍˇˎ L ʰˉˈ ˍˇ˄ Bear, ˍˇ мфтф 

όɼʰ˂˂ʷˊʴʹΣ нлллύ ʺˍʰ˄ ˇʽ ʰˁˈ˂ˇˎʻʶˌ: 
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ɳʽˁˈ˄ʰ 2.6 ς ʃˈʵʽ ˍʹˌ ʵʽʶˉʽ˒ʱ˄ʶʽʰˌ ʃʹʴΥ̋ ɼʰ˂˂ʷˊʴʹˌΣ нллл 
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ʅˎ˄ˍʶ˂ʶˋˍʺˌ ɲʽˈˊʻ˖ˋʹˌ Ghyben-Herzberg 

 ʁ ˄ˈ˃ˇˌ ˍˇˎ Ghyben-Herzberg, ˈˉ˖ˌ ʷ˔ʶʽ ʰ˄ʰ˒ʶˊʻʶʾ ˁʰʽ ˉʰˊʰˉʱ˄˖Σ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʹ˄ 

ˉʰˊʰʵˇ˔ʺ ˍˇˎ Dupuit, ʶʾ˄ʰʽ ʷ˄ʰ ˉˇ˂ˏ ˁʰ˂ˈ ʶˊʴʰ˂ʶʾˇ ʴʽʰ ˃ʽʰ ˉˊ˗ˍʹ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ˃ʶˍ˗ˉˇˎ ˍʹˌ 

ˎ˒ʰ˂˃ˏˊʽˋʹˌΦ ʍˋˍˈˋˇΣ  ́˃ʷʻˇʵˇˌ ʰˎˍʺΣ ʰʵˎ˄ʰˍʶʾ ˄ʰ ʶʽˋʰʴʱʴʶʽ ˋˍˇˎˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ ˍʹˌ ˍʹ˄ 

ˎʵˊˇʵˎ˄ʰ˃ʽˁʺ ʵʽʰˋˉˇˊʱ ˉˇˎ ˂ʰ˃ʲʱ˄ʶʽ ˔˗ˊʰ ˁʰˍʱ ˍʹ˄ ʰ˄ʱ˃ʽ˅ʹ ˍ˖˄ ʵˏˇ ˊʶˎˋˍ˗˄Φ ʅˍʹ˄ 

ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰ ˍʰ ʵˏˇ ˊʶˎˋˍʱΣ ʴ˂ˎˁˈ ˁʰʽ ʻʰ˂ʰˋˋʽ˄ˈ ˄ʶˊˈΣ ʰ˄ʰ˃ʽʴ˄ˏˇ˄ˍʰʽ ˁʰʽ ʵʹ˃ʽˇˎˊʴˇˏ˄ ˃ʽʰ 

ʸ˗˄ʹ ʰ˄ʱ˃ʽ˅ʹˌΣ ˃ʷˋʰ ˋˍʹ˄ ˇˉˇʾʰ ˍˇ ˎ˒ʱ˂˃ˎˊˇ ˄ʶˊˈ ʵʽʰ˔ʷʶˍʰʽ ˁʰʽ ˍʶ˂ʽˁʱ ʶˉʽˋˍˊʷ˒ʶʽ ˋˍʹ˄ ʻʱ˂ʰˋˋʰ 

˃ʰʸʾ ˃ʶ ˍʹ ˊˇʺ ˍˇˎ ʴ˂ˎˁˇˏ ˄ʶˊˇˏΦ ɶ ʸ˗˄ʹ ʰˎˍʺΣ ʰ˄ˍʰˉˇˁˊʾ˄ʶˍʰʽ ʵʽʰ˒ˇˊʶˍʽˁʱ ʰˉˈ ˍʹ˄ ʵʽʶˉʽ˒ʱ˄ʶʽʰΣ  

ˋˍʹ˄ ʱ˄ˍ˂ʹˋʹ ˁʰʽ ˍˇ˄ ʶ˃ˉ˂ˇˎˍʽˋ˃ˈ ʶ˅ʰʽˍʾʰˌ ˍʹˌ ʵʽʰˋˉˇˊʱˌΦ ɴ˔ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˈˍʽ ˍˇ ˎˉˈʴʶʽˇ ˄ʶˊˈ ˃ʶ 

ˉʶˊʽʶˁˍʽˁˈˍʹˍʰ ʱ˄˖ ˍˇˎ п҈ ˋʶ ʻʰ˂ʰˋˋʽ˄ˈ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ όɼʰ˂˂ʷˊʴʹ,̩ 2000), ́  ʸ˗˄ʹ 

ʵʽʰˋˉˇˊʱˌ ˉˊˇˋˇ˃ˇʽʱʸʶʽ ˁʰ˂ˏˍʶˊʰ ˍˇ ˃ʷˍ˖ˉˇ ˍʹˌ ˎ˒ʰ˂˃ˏˊʽˋʹˌ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ˄ ʻʶ˗ˊʹˋʹ 

ʵʽʶˉʽ˒ʱ˄ʶʽʰ,̩ ˈˉˇˎ ʹ ʶʽˋ˔˗ˊʹˋʹ ˍʹˌ ˎ˒ʰ˂˃ˏˊʽˋʹˌ ˎˉʶˊʶˁˍʽ˃ʱˍʰʽ ˁʰʽ ˇʽ ˃ʷʴʽˋˍʶˌ ˉʰˊˇ˔ʷˌ 

ʱ˄ˍ˂ʹˋʹˌ ˎˉˇʶˁˍʽ˃ˇˏ˄ˍʰʽ όPool ˁ ʰʽ Carrera, 2011).  

 

 

 

 

 

 

 

 

 ΨɴˍˋʽΣ ˇʽ Pool ˁʰʽ CarreraΣ ˁʰˍʱ˒ʶˊʰ˄ ˄ʰ ʶʽˋʱʴˇˎ˄ ˍʽˌ ʷ˄˄ˇʽʶˌ ˍʹˌ ˎʵˊˇʵˎ˄ʰ˃ʽˁʺˌ ʵʽʰˋˉˇˊʱˌ 
ˋˍʹ˄ ʶ˅ʾˋ˖ˋʹ ˍ˖˄ Ghyben-Herzberg ˋʰ˄ ʷ˄ʰ˄ ˋˎ˄ˍʶ˂ʶˋˍʺ ʵʽˈˊʻ˖ˋʹˌΦ ʅˍʹ˄ ʶ˃ˉʶʽˊʽˁʺ ʰˎˍʺ ˋ˔ʷˋʹΣ 
ˍʹ˄ ̒ ʷˋʹ ˍˇˎ ˂ˈʴˇˎ Σʁ ˉʰʾˊ˄ʶʽ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʶϝ ˁ ʰʽ ʽˋ˔ˏˇ˄ ̱ ʰ ˉʰˊʰˁʱˍ˖Υ 
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ὥ ᴼ „†—‐”ʗ ‐‖ʗ”„―‟ ‡‛”‡’‘―‖ʙ‟ ―„“‛”ʗ‟ ὒ   

ὒO  “ʝ„†„– †‛‡ „–‘‐ʚ‛‡ ‘ʘ†”–„–‟ “ʝ †–’ “–ʙ ”ʞ“’„–‟ ὒ 

ὦO  “ʗ…‛‟ ‡”‛•‛”ʘ ὒ 

 

ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰΣ ʴʽʰ ˍʹ˄ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˍ˖˄ ˊˎʻ˃˗˄ ʱ˄ˍ˂ʹˋʹ ̩̠ ˋˍʶ ˄ʰ ˉʶˊʽˇˊʽˋˍʶʾ ˍˇ 

˒ʰʽ˄ˇ˃ʶ˄ˇ ˍʹˌ ˎ˒ʰ˂˃ˏˊʽˋʹˌΣ ʶˉʽ˂ʷ˔ʻʹˁʶ ˄ʰ ʶ˒ʰˊ˃ˇˋˍʶʾ ˇ ʵʽˇˊʻ˖˃ʷ˄ˇˌ ˄ˈ˃ˇˌ ˍ˖˄ Ghyben-

Herzberg. ʂˉ˖ˌ ʰ˄ʶ˒ʷˊʻʹˁʶ ˉˊʽ˄Σ ˃ʶ ˍˇ˄ ˍˊˈˉˇ ʰˎˍˈ ʶˁˍʽ˃ʱˍʰʽ ˁʰ˂ˏˍʶˊʰ ˁʰʽ ˉʽˇ ˊʶʰ˂ʽˋˍʽˁʱ ˍˇ 

ɳʽˁˈ˄ʰ 2.7- ɼʾ˄ʹˋʹ ɸʰ˂ʰˋˋʽ˄ˇˏ ˄ʶˊˇˏ ʰˉˈ ˁʰʽ ˉˊˇˌ ˍʹ ʻʱ˂ʰˋˋʰ ʃʹʴΥ̋ ɼʰ˂˂ʷˊʴʹˌΣ нллл 



ɰʷ˂ˍʽˋˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˍˇˎ ˒ʰʽ˄ˇ˃ʷ˄ˇˎ ˍʹˌ ˎ˒ʰ˂˃ˏˊʽˋʹˌ ˋˍˇ˄ ˎʵˊˇ˒ˇˊʷʰ ɼʰˍʱˉˇ˂˖˄ ˍʹˌ ˄ʺˋˇˎ 

ɮ˃ˇˊʴˇˏ  ˃ʶ ˍʹ ˔ˊʺˋʹ ʴʶ˄ʶˍʽˁˇˏ ʰ˂ʴˈˊʽʻ˃ˇˎ 
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˃ʷˍ˖ˉˇ ˍʹˌ ˎ˒ʰ˂ˏˊʽ˄ˋʹˌ ʶ˄˗ ʹ ˔ˊʺˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˏΣ ˉˊˇˍʶʾ˄ʶˍʰʽ ˁʰʽ ʰˉˈ ˍˇˎˌ 

ʵʹ˃ʽˇˎˊʴˇˏˌ ˍʹˌ ʴʽʰ ˉʶˊʽˉˍ˗ˋʶʽˌ ˃ʶ˂ʶˍ˗˄ ˇʽ ˇˉˇʾʶˌ ʰˉˇˋˁˇˉˇˏ˄ ˋˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ʶ˄ˈˌ ʲʽ˗ˋʽ˃ˇˎ 

ˋ˔ʶʵʾˇˎ ʵʽʰ˔ʶʾˊʽˋʹˌ ˉʰˊʱˁˍʽ˖˄ ˎʵˊˇ˒ˇˊʷ˖˄ όPool ˁʰʽ Carrera, 2011) ˈˉ˖ˌ ˁʰʽ ʹ ˉʰˊˇˏˋʰ 

ʶˊʴʰˋʾʰ. ɱ˄˖ˊʾʸˇ˄ˍʰˌ ˈˍʽ ˍˇ ˉʱ˔ˇˌ ˍˇˎ ˎʵˊˇ˒ˇˊʷʰ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍ˖˄ ɼʰˍʱˉˇ˂˖˄ ˍʹˌ ɮ˃ˇˊʴˇˏ ʶʾ˄ʰʽ 

20 m, ˁ ʰʽ ˈˍʽ ʹ ˃ʷˋʹ ʰˉˈˋˍʰˋʹ ˍ˖˄ нт ˉʹʴʰʵʽ˗˄ ʰˉˈ ˍʹ˄ ʰˁˍʺ ʶʾ˄ʰʽ оул m (ʅʽʱˁʰΣ нлмрύ ̡ ˊʾˋˁˇˎ˃ʶ 

ˈˍʽΥ 

ὥ πȢψσὰέὫὒ Ȣ πȢψσὰέὫσψπȢ ψȢρψ ά 

ὥ πȢρὥ πȢψρψ Í 

‐ᶻ ‐ρ


ὦ
πȢπςτσω ρ

πȢψρψ

ςπ
πȢπρππχτ 

Ὤ
ᶻ

Ὤᴂ Ὤ ‐zᶻ ςπzπȟπρππχτπȟςπρτψ πȟς m 

 

▐█ ȟ ʙ ȟ □ 

ɶ ˉˊʰˁˍʽˁʺ ˋʹ˃ʰˋʾʰ ˍˇˎ ˇˊʾˇˎ ʰˎˍˇˏ ʶʾ˄ʰʽ ˈˍʽ ˉ˂ʷˇ˄ ʻʶ˖ˊʶʾˍʰʽ ˈˍʽ ˍʰ ˉʹʴʱʵʽʰ ˃ʶ 

ˎʵˊʰˎ˂ʽˁˈ ˏ˕ˇˌ ˃ʽˁˊˈˍʶˊˇ ˍ˖˄ нлΦн m ʶʾ˄ʰʽ ˎ˒ʱ˂˃ˎˊʰΣ ʶ˄˗ ʰ˄ˍʾʻʶˍʰ ʰ˄ ˍˇ ˎʵˊʰˎ˂ʽˁˈ ˏ˕ˇˌ 

˅ʶˉʶˊ˄ʱ ˍʹ˄ ˍʽ˃ʺ ˍˇˎ ˁʰˍ˖˒˂ʽˇˏΣ ˍˈˍʶ ʰ˄ˍ˂ʶʾˍ ʁɹ ˂ˎˁˈ ˄ ʶˊˈ. 

2.3 ɚʉʐʅʈʀʐʡʌʅʎʂ ʐʂʏ ɭʒɻʇʈʞʍʅʎʂʏ 

 ʇˉʱˊ˔ˇˎ˄ ʵʽʱ˒ˇˊʶˌ ˃ʷʻˇʵˇʽ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹˌ ˍʹˌ ˎ˒ʰ˂˃ˏˊʽˋʹΦ̩ ʍˋˍˈˋˇΣ ˈˉ˖ˌ ʷ˔ʶʽ 

ʰ˄ʰ˒ʶˊʻʶʾ ˁʰʽ ˉˊˇʹʴˇˎ˃ʷ˄˖ˌΣ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ʰ˄ʱˁʰ˃˕ʹˌ ˍˇˎ ˎʵˊˇ˒ˇˊʷʰ ʷˉʶʽˍʰ ʰˉˈ ˊˏˉʰ˄ˋʹ ˃ʶ 

ˎ˒ʱ˂˃ˎˊˇ ˄ʶˊˈ ʶʾ˄ʰʽ ˃ʽʰ ʵʽʰʵʽˁʰˋʾʰ ˉˇˎ ʰˉʰʽˍʶʾ ˃ʶʴʱ˂ˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ʰ˒ʶ˄ˈˌ ˂ˈʴ˖ ˍʹˌ 

ˊˏˉʰ˄ˋʹˌ ˍ˖˄ ˉʶˍˊ˖˃ʱˍ˖˄ ˃ʶ ʻʰ˂ʰˋˋʽ˄ˈ ˄ʶˊˈ, ˁʰʻ˗ˌ ʰˎˍˈ ˉˊˇˋˊˇ˒ʱˍʰʽ ʰˉˈ ˍˇˎˌ ʴʶ˖˂ˇʴʽˁˇˏˌ 

ˋ˔ʹ˃ʰˍʽˋ˃ˇˏˌ, ˁʰʽ ʰ˒ʶˍʷˊˇˎ ˂ˈʴ˖ ˍʹˌ ʰˊʴʺˌ ˁʾ˄ʹˋʹˌ ˍ˖˄ ˎʵʱˍ˖˄Φ ʃʰˊˈ˂ʰ hˎ ˍʱΣ ˎˉʱˊ˔ˇˎ˄ ˍˊˈˉˇʽ 

ʴʽʰ ˍˇ˄ ˋˍʰʵʽʰˁˈ ˉʶˊʽˇˊʽˋ˃ˈ ˍʹˌ ˎ˒ʰ˂˃ˏˊʽˋʹˌΦ ʅʶ ˉʶˊʽˉˍ˗ˋʶʽˌ ˈˉˇˎ ʹ ʱ˄ˍ˂ʹˋʹ ʶʾ˄ʰʽ ˇˊʽʸˈ˄ˍʽʰΣ ˁʰʽ 

ˈ˔ʽ ˁʱʻʶˍʹΣ ˗ˋˍʶ ˄ʰ ʰ˄ˍ˂ʶʾˍʰʽ ˃ˈ˄ˇ ʹ ʰ˄˗ˍʶˊʹ ˋˍˊ˗ˋʹ ʴ˂ˎˁˇˏ ˄ʶˊˇˏ ʰˉˈ ʶˎˊʶʾʰ ʷˁˍʰˋʹΣ 

ˉʶˊʽˇˊʾʸʶˍʰʽ ˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˍʹˌ ʰ˄ˏ˕˖ˋʹˌ ˁʰʽ ˋˎ˄ʶˉ˗ˌ ʹ ˉʽʻʰ˄ˈˍʹˍʰ ʱ˄ˍ˂ʹˋʹˌ ˎ˒ʱ˂˃ˎˊˇˎ ˄ʶˊˇˏΦ 

ɮˁˈ˃ʰΣ ɦ ˂˂ʶˌ ˃ʷʻˇʵˇʽ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʶʾ˄ʰʽ ˇʽ ʶ˅ʺˌ όɼʰ˂˂ʷˊʴʹ,̩ 2000): 

¶ ɼʰˍʰˋˁʶˎʺ ʴʶ˖ˍˊʺˋʶ˖˄ ʷˁ˔ˎˋʹˌ ˁʰʽ ˂ʽ˃ˇ˄ˇʵʶ˅ʰ˃ʶ˄˗˄  όˍʶ˔˄ʹˍˈˌ ʶ˃ˉ˂ˇˎˍʽˋ˃ˈˌ 

ˎʵˊˇ˒ˇˊʷʰύ 

¶ ɼʰˍʰˋˁʶˎʺ ˎˉˈʴʶʽ˖˄ ˒ˊʰʴ˃ʱˍ˖˄ ˁʰʽ ʴʶ˖ˍˊʺˋʶ˖˄ ʱ˄ˍ˂ʹˋʹˌ ʰ˂˃ˎˊˇˏ ˄ʶˊˇˏ όʰˉˇ˃ˈ˄˖ˋʹ 

ˍˇˎ ʻʰ˂ʰˋˋʽ˄ˇˏ ˄ʶˊˇˏύ 

¶ ɮ˂˂ʰʴʺ ˍˇˎ ˋ˔ʶʵʾˇˎ ʱ˄ˍ˂ʹˋʹˌΣ ˗ˋˍʶ ˃ʶ ˃ʶˍʰʲˇ˂ʷˌ ˍˈˋˇ ˋˍʽˌ ˉʰˊˇ˔ʷˌ ʱ˄ˍ˂ʹˋʹˌ ʰ˂˂ʱ ˁʰʽ 

ˋˍʹ˄ ʻʷˋʹ ˍ˖˄ ˉʹʴʰʵʽ˗˄ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ˃ʶʴʰ˂ˏˍʶˊʹ ˎʵˊʰˎ˂ʽˁʺ ˁ˂ʾˋʹ ˉˊˇˌ ˍʹ˄ ʰˁˍʺ 

 ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰΣ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˃ʽʰ ˍˊˇˉˇˉˇʾʹˋʹ ˍˇˎ ˋ˔ʶʵʾˇˎ ʱ˄ˍ˂ʹˋʹˌΣ ˁʰʻ˗ˌ 

˃ʶˍʰʲ˂ʺʻʹˁʰ˄ ˇʽ ˊˎʻ˃ˇʾ ʱ˄ˍ˂ʹˋʹˌ ˍ˖˄ ˎ˒ʽˋˍʱ˃ʶ˄˖˄ ˉʹʴʰʵʽ˗˄Φ
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3. ɩʀʍʅʋʔʙ ɥʀʇʘʐʂʏ  

3.1 ɜʀʉʅʆʗ ɫʐʋʅʔʀʚɻ 
 

ɶ ɮ˃ˇˊʴˈˌΣ ʰˉˇˍʶ˂ʶʾ ˄ʹˋʾ ˍ˖˄ ɼˎˁ˂ʱʵ˖˄ ˁʰʽ ʲˊʾˋˁʶˍʰʽ ˋˍˇ ˄ˇˍʽˇʵˎˍʽˁˈ ˍ˃ʺ˃ʰ ˍʹˌ 

ʃʶˊʽ˒ʷˊʶʽʰˌ ɿˇˍʾˇˎ ɮʽʴʰʾˇˎΣ ʶ˄˗ ʴʶ˖ʴˊʰ˒ʽˁʱ ʰ˄ʺˁʶʽ ˋˍˇ ʵʽʰ˃ʷˊʽˋ˃ʰ ˍ˖˄ ɿʹˋʽ˗˄ ˍˇˎ ɮʽʴʰʾˇˎ 

ʃʶ˂ʱʴˇˎˌΦ ɳ˄ʵʽʰ˒ʷˊˇ˄ ˉʰˊˇˎˋʽʱʸʶʽ ʹ ˉˊˇʷ˂ʶˎˋʹ ˍˇˎ ˇ˄ˈ˃ʰˍˇˌ ˍˇˎ ˄ʹˋʽˇˏΣ ˁʰʻ˗ˌ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍˇ 

˒ˎˍˈ ʰ˃ˇˊʴʾˌΣ ʷ˄ʰ ʶʾʵˇˌ ˂ʽ˄ʰˊʽˇˏΣ ˃ʶ ˍˇ ˇˉˇʾˇ ˁʰˍʰˋˁʶˎʱʸˇ˄ˍʰ˄ ʵʽʱ˒ʰ˄ˇʽ ˔ʽˍ˗˄ʶˌΣ ˇʽ 

ʶˉˇ˄ˇ˃ʰʸˈ˃ʶ˄ˇʽ ζʱ˂ʽˁˇʽ ʰ˃ˇˊʴʾʵʶˌηΦ  

ɳˁˍʶʾ˄ʶˍʰʽ ˋʶ ʶˉʽ˒ʱ˄ʶʽʰ мнм km2 , ˃ ʶ ˍʹ˄ ˃ˇˊ˒ˇ˂ˇʴʾʰ ˍˇˎ ʶʵʱ˒ˇˎˌ ˄ʰ ʶʾ˄ʰʽ ʰˉˈˍˇ˃ʰ ˇˊʶʽ˄ʺ 

˃ʶ ˎ˕ʹ˂ˈˍʶˊʹ ˁˇˊˎ˒ʺ ʰˎˍʺ ˍˇˎ ɼˊʾˁʶ˂ˇˎ, ˋˍʰ уно m.. ʂˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˁʰʽ ˋˍʹ˄ ɳ̔ ˁˈ˄ʰ 3.1, 

ˎˉʱˊ˔ˇˎ˄ ʵˏˇ ˒ˎˋʽˁʱ ˂ʽ˃ʱ˄ʽʰ ˍˇˉʽˁʺˌ ˋʹ˃ʰˋʾʰˌΣ ˍʰ ɼʰˍʱˉˇ˂ʰ ˁʰʽ ʹ ɮʽʴʽʱ˂ʹΣ ˃ʶ ˍˇ ˉˊ˗ˍˇ ˄ʰ ʶʾ˄ʰʽ 

ˍˇ ˁˏˊʽˇ ˂ʽ˃ʱ˄ʽ ˍˇˎ ɿʹˋʽˇˏΦ  

 

 

 

ʋʱˊˍʹˌ 3.1 ς ɹˋˇː˕ʺˌ ʋʱˊˍʹˌ ˄ʺˋˇˎ ɮ˃ˇˊʴˇˏ ˃ʶ ɽʽ˃ʱ˄ʽʰ ʃʹʴʺ: http://www.oikoskopio.gr/map/  
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ʅˏ˃˒˖˄ʰ ˃ʶ ˍˇ ʅ˔ʷʵʽˇ ɲʽʰ˔ʶʾˊʽˋʹˌ ˍʹˌ ɳʽʵʽˁʺˌ ɱˊʰ˃˃ʰˍʶʾʰˌ ʇʵʱˍ˖˄Σ ˍʰ ˄ʹˋʽʱ ˍˇˎ ɮʽʴʰʾˇˎ 

ʰˉˇˍʶ˂ˇˏ˄ ˍˇ ˎʵʰˍʽˁˈ ʵʽʰ˃ʷˊʽ̀˃ ʰ G14 ˁʰʽ ˉʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˍʰ ˄ʹˋʽʱ ˍ˖˄ ɼˎˁ˂ʱʵ˖˄ ʰˉˇˍʶ˂ˇˏ˄ 

ˍʹ˄ ɽʶˁʱ˄ʹ ɮˉˇˊˊˇʺˌ GR37. ʍˌ ɽʶˁʱ˄ʹ ɮˉˇˊˊˇʺˌ ʷ˔ʶʽ ˇˊʽˋʻʶʾ ʹ ʶʵʰ˒ʽˁʺ ʷˁˍʰˋʹ ʰˉˈ ˍʹ˄ ˇˉˇʾʰ 

ʰˉˇˋˍˊʰʴʴʾʸʶˍʰʽ ˍˇ ˋˏ˄ˇ˂ˇ ˍʹˌ ʰˉˇˊˊˇʺˌ ˃ʽʰˌ ˉʶˊʽˇ˔ʺˌ ˉˊˇˌ ˍʹ˄ ˍʶ˂ʽˁʺ ˉʰˊˇ˔ʷˍʶˎˋʹ ˍˇˎ ˋˍʹ 

ʻʱ˂ʰˋˋʰ όɳʽʵʽˁʺ ɱˊʰ˃˃ʰˍʶʾʰ ʇʵʱˍ˖˄Σ нлмр). 

ʅˍˇ˄ ʵʺ˃ˇ ɮ˃ˇˊʴˇˏ ˎˉʱʴˇ˄ˍʰʽ ˇʽ ʆˇˉʽˁʷˌ ɼˇʽ˄ˈˍʹˍʶˌ  ɮ˃ˇˊʴˇˏ όʋ˗ˊʰύΣ ɮʽʴʽʱ˂ʹˌΣ ɮˊˁʶˋʾ˄ʹˌΣ 

ɰˊˇˏˍˋʹΣ ɸˇ˂ʰˊʾ˖˄ ˁʰʽ ɼʰˍʱˉˇ˂˖˄Φ ʅˍʹ˄ ˉʰˊˇˏˋʰ ˃ʶ˂ʷˍʹΣ ˁʰʽ ʲʱˋʶʽ ˍʹˌ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹˌ ˍˇˎ 

ˎˉˇʴʶʾˇˎ ˎʵˊˇ˒̌ˊʷʰ ˉˇˎ ʷ˔ʶʽ ˉˊˇʹʴʹʻʶʾ ʰˉˈ ˍʹ˄ ʅʽʱˁʰ ɾʰˊˁʷ˂˂ʰΣ ʶˉʽ˂ʷ˔ʻʹˁʶ ˖ˌ ˉʶˊʽˇ˔ʺ 

˃ʶ˂ʷˍʹˌ ʰˎˍʺ ˍ˖˄ ɼʰˍʱˉˇ˂˖˄Σ ˃ʶ ˋˎ˄ˇ˂ʽˁˈ ˉ˂ʹʻˎˋ˃ˈ пур ˁʰˍˇʾˁˇˎˌ ˁʰʽ ˍˇˎˌ ˍˊʶʾˌ ˃ʶʴʰ˂ˏˍʶˊˇˎˌ 

ˇʽˁʽˋ˃ˇˏˌ ˄ʰ ʶʾ˄ʰʽ ˍˇ ʄʰ˔ʾʵʽ όмпуύΣ ˍʰ ɼʰˍʱˉˇ˂ʰ όмнуύ ˁʰʽ ˍˇ ʀˎ˂ˇˁʶˊʰˍʾʵʽ όмлтύΦ ʁ ʰˊʽʻ˃ˈˌ ˍ˖˄ 

ˁʰˍˇʾˁ˖˄ ˇ˂ˈˁ˂ʹˊˇˎ ˍˇˎ ɲʺ˃ˇˎ ɮ˃ˇˊʴˇˏ ʰ˄ʷˊ˔ʶˍʰʽ ˋˍˇˎˌ мΦфто ˋˏ˃˒˖˄ʰ ˃ʶ ˍʹ˄ ˍʶ˂ʶˎˍʰʾʰ 

ʰˉˇʴˊʰ˒ʺ ˍˇˎ нлмм. 

 

 

 

 

 

 

 

  

3.2 ɣʇʅʈɻʐʋʇʋɾʅʆʗ ɫʐʋʅʔʀʚɻ 
 

ʆˇ ˁ˂ʾ˃ʰ ̄ ˇˎ ʶˉʽˁˊʰˍʶʾ ˋˍʹ˄ ɮ˃ˇˊʴˈ ʶʾ˄ʰʽ ˍˇ ʶˏˁˊʰˍˇ ɾʶˋˇʴʶʽʰˁˈΣ ˈˉ˖ˌ ˁʰʽ ˋʶ ˈ˂ʰ ˍʰ ˄ʹˋʽʱ 

ˍʹˌ ɾʶˋˇʴʶʾˇˎΦ ʁʽ ɼˎˁ˂ʱʵʶˌ ʶʾ˄ʰʽ ˋ˔ʶˍʽˁʱ ˅ʹˊʷˌ ˉʶˊʽˇ˔ʷˌ ˋˎʴˁˊʽˍʽˁʱ ˃ʶ ˍʹ˄ ˎˉˈ˂ˇʽˉʹ ɳ˂˂ʱʵʰ ˁʰˍʱ 

ˍʹ˄ ˔ʶʽ˃ʶˊʽ˄ʺ ˉʶˊʾˇʵˇΣ ˉʰˊʱ ˍʹ˄ ˏˉʰˊ˅ʹ ˍʹˌ ʻʱ˂ʰˋˋʰˌΣ ʶ˄˗ ˁʰˍʱ ˍʹ˄ ʵʽʱˊˁʶʽʰ ˍˇˎ ˁʰ˂ˇˁʰʽˊʽˇˏ ʹ 

ˋ˔ʶˍʽˁʺ ˎʴˊʰˋʾʰ ˍ˖˄ ɼˎˁ˂ʰʵʾˍʽˁ˖˄ ɿʹˋʽ˗˄ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˈ ʰˎˍʺ˄ ˍʹˌ ɶˉʶʽˊ˖ˍʽˁʺˌ 

ɳ˂˂ʱʵʰˌΦ ʃˇ˂˂ʱ ˄ʹˋʽʱ ˍ˖˄ ɼˎˁ˂ʱʵ˖˄Σ ˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄ʹˌ ˁʰʽ ˍʹˌ ɮ˃ˇˊʴˇˏΣ ʰˉˇˍʶ˂ˇˏ˄ ˍʽˌ 

˅ʹˊˈˍʶˊʶˌ ˉʶˊʽˇ˔ʷˌ ˍʹˌ ɳ˂˂ʱʵʰˌ ʰ˂˂ʱ ˁʰʽ ˍʽˌ ˉʽˇ ʰ˄ʶ˃ˇʵʰˊ˃ʷ˄ʶˌ 

(http://diocles.civil.duth.gr/links/home/database/kykladon/pr30ge.pdf).  

ɶ ɮ˃ˇˊʴˈˌ, ʰ˄ ˁʰʽ ˉˊˈˋ˒ʰˍʰ ˍʷʻʹˁʶ ˋʶ ˂ʶʽˍˇˎˊʴʾʰ ˇ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁˈ ̩ˋˍʰʻ˃ˈ ̩ˋˍʹ˄ ˉʶˊʽˇ˔ʺ 

ˍʹˌ ɮʽʴʽʱ˂ʹˌΣ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˇʽ ˃ʶˍˊʺˋʶʽˌ ˉˇˎ ˁʰˍʰʴˊʱ˒ʹˁʰ˄ ˋˍˇ˄ 

ˋˍʰʻ˃ˈ ˍʹˌ ʴʶʽˍˇ˄ʽˁʺˌ ɿʱ˅ˇˎ ( ɱΦ ɾʺˁˇˌ ό[ƻƴύ нрˇ22'23" Σ ɱΦʃ˂ʱˍˇˌ ό[ŀǘύ отˇ06'05"Σ ʈ˕ˇˌ фΦлл˃Φύ.  

 

ʋʱˊˍʹˌ оΦн ςʋʱˊˍʹˌ ʃʶˊʽˇ˔ʺˌ ɾʶ˂ʷˍʹˌ ʃʹʴʺ: https://www.google.gr/maps/@36.8291003,25.8670418,15.5z 
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ɼʰˍʰˁˊʹ˃˄ʾˋʶʽˌ 

ʂˉ˖ˌ ʰ˄ʰ˒ʷˊʻʹˁʶ ˁʰʽ ˉˊˇʹʴˇˎ˃ʷ˄˖ˌΣ ˂ˈʴ˖ ˍ˖˄ ˔ʰ˃ʹ˂˗˄ ʶˍʺˋʽ˖˄ ʶˉʽˉʷʵ˖˄ ʲˊˇ˔ˈˉˍ˖ˋʹˌ 

ˋˍʰ ˄ʹˋʽʱ ˍ˖˄ ɼˎˁ˂ʱʵ˖˄Σ ʵʶ˄ ʶˎ˄ˇʶʾˍʰʽ ˇ ˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ˁʰʽ ˇ ʶ˃ˉ˂ˇˎˍʽˋ˃ˈˌ ˍ˖˄ ˎˉˈʴʶʽ˖˄ 

ˎʵˊˇ˒ˇˊʷ˖˄ ʰ˂˂ʱ ˇˏˍʶ ˁʰʽ ʹ ʶ˃˒ʱ˄ʽˋʹ ʶˉʽ˒ʰ˄ʶʽʰˁ˗˄ ˎʵʱˍ˖˄Φ ɳˉʾˋʹˌΣ ˎˉʱˊ˔ʶʽ ˉʽʻʰ˄ˈˍʹˍʰ 

ʶ˃˒ʱ˄ʽˋʹˌ ˉ˂ˎ˃˃ʹˊʽˁ˗˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄ ˂ˈʴ˖ ʽˋ˔ˎˊ˗˄ ʲˊˇ˔ˇˉˍ˗ˋʶ˖˄ ˁʰʽ ˃ʶʴʱ˂ʹˌ ʶˉʽ˒ʰ˄ʶʽʰˁʺˌ 

ʰˉˇˊˊˇʺˌΦ ʆˇ ʴʶʴˇ˄ˈˌ ʰˎˍˈ ˍʹˌ ʰ˄ʽˋˇˁʰˍʰ˄ˇ˃ʺˌ ˍ˖˄ ʲˊˇ˔ˇˉˍ˗ˋʶ˖˄ ό˂ʾʴʶˌ ˁʰʽ ˁʰˍʰˊˊʰˁˍ˗ʵʶʽˌ) 

ˋˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ ˔ˊˈ˄ˇˎΣ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʹ˄ ʷ˂˂ʶʽ˕ʹ ˄ʶˊˇˏΣ  ʻʰ ˃ˉˇˊˇˏˋʶ ˄ʰ ˁʰˍʶˎʻˏ˄ʶʽ ˍʹ˄ 

ʵʽʰ˔ʶʾˊʽˋʹ ˍ˖˄ ˎʵʱˍʽ˄˖˄ ˉˈˊ˖˄ ˋʶ ˃ʶʻˈʵˇˎˌ ʰ˅ʽˇˉˇʾʹˋʹˌ ˍ˖˄ ˉ˂ˎ˃˃ʹˊʽˁ˗˄ ˄ ʶˊ˗˄Φ 

ʅˏ˃˒˖˄ʰ ˃ʶ ˍʰ ʲˊˇ˔ˇ˃ʶˍˊʽˁʱ ˋˍˇʽ˔ʶʾʰ ˍʹˌ ɳʻ˄ʽˁʺˌ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʺˌ ʇˉʹˊʶˋʾʰˌ όɳɾʇύΣ ʴʽʰ 

ˍʹ˄ ˉʶˊʾˇʵˇ ʰˉˈ ˍˇ˄ ɹʰ˄ˇˎʱˊʽˇ ˍˇˎ мфтл ʷ˖ˌ ˁʰʽ ˍˇ˄ ɮˉˊʾ˂ʽˇ ˍˇˎ нлмрΣ ˉʰˊʰˍʹˊˇˏ˃ʶ ˍˇ˄ ʷ˄ˍˇ˄ˇ 

ʵʽʰ˔˖ˊʽˋ˃ˈ ˃ʶˍʰ˅ˏ ˎʴˊʺˌ ˁʰʽ ˅ʹˊʺˌ ˉʶˊʽˈʵˇˎ όDry ˁʰʽ Wet Period), ̌  ˇˉˇʾˇˌ ˁˊʾʻʹˁʶ ʰˉʰˊʰʾˍʹˍˇˌ 

ˁʰʽ ˋˍʹ˄ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹˌ ˍʹˌ ˎˉˈʴʶʽʰˌ ˊˇʺˌ ˍ˖˄ ˎʵʱˍ˖˄Φ ɴˍˋʽ ˍˇ ʵʽʱˋˍʹ˃ʰ ˍ˖˄ 

ˉʷ˄ˍʶ ˃ʹ˄˗˄ ˃ʶˍʰ˅ˏ ɾʰˀˇˎ ˁ ʰʽ ʅʶˉˍʶ˃ʲˊʾˇˎΣ ʻʶ˖ˊʺʻʹˁʶ ʹ ˅ʹˊʺ ˉʶˊʾˇʵˇˌΣ ʶ˄˗ ˇ ˎˉˈ˂ˇʽˉˇˌ ˔ˊˈ˄ˇˌ 

ʻʶ˖ˊʶʾˍʰʽ ʹ ˎʴˊʺ ˉʶˊʾˇʵˇˌ όʅʽʱˁʰΣ нлмрύΦ ʅˍˇ ɲʽʱʴˊʰ˃˃ʰ 3.1 ˉˇˎ ʰˁˇ˂ˇˎʻʶʾ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ 

ˍʽ˃ʷˌ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ʰ˄ʱ ˃ʺ˄ʰ ό˃ʷˋʹΣ ʶ˂ʱ˔ʽˋˍʹ ˁʰʽ ˃ʷʴʽˋˍʹ ˍʽ˃ʺύ ʴʽʰ ˍʰ ʷˍʹ ʰˉˈ ˍˇ мфтл ʷ˖ˌ ˍˇ 

нлмрΣ ˃ʶ ʲʱˋʹ ˍʰ ˋˍˇʽ˔ʶʾʰ ˍʹˌ ɳʻ˄ʽˁʺ ɾʶˍʶ˖ˊˇ˂ˇʴʽˁʺ ʇˉʹˊʶˋʾʰ όɳɾʇύΦ ʁ ˉʰˊʰˉʱ˄˖ ʵʽʰ˔˖ˊʽˋ˃ˈˌ 

ʰʽˍʽˇ˂ˇʴʶʾˍʰʽ ʰˉˈ ˍˇ ʵʽʱʴˊʰ˃˃ʰ ˁʰʻ˗ˌ ˉʰˊʰˍʹˊʶʾˍʰʽ ˃ʽʰ ˉˍ˗ˋʹ ˍʹˌ ʷ˄ˍʰˋʹˌ ˍ˖˄ ʲˊˇ˔ˇˉˍ˗ˋʶ˖˄, 

ˋʶ ʶˉʾˉʶʵʰ ˁʱˍ˖ ˍ˖˄ 50mm ˈˍʰ˄ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ˍʽˌ ˃ʷˋʶˌ ˍʽ˃ʷˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌΣ ˁʰˍʱ ˍˇˎˌ ʻʶˊʽ˄ˇˏˌ 

˃ʺ˄ʶˌ ˃ʶˍʰ˅ˏ ɾʰˀˇˎ ˁʰʽ ʅʶˉˍʶ˃ʲˊʾˇˎ (dry period).  ʅˍˇ˄ ʃʾ˄ʰˁʰ ʃΦ1 ̱ ˇˎ ʃʰˊʰˊˍʺ˃ʰˍˇˌ ˒ʰʾ˄ˇ˄ˍʰʽ 

ʰ˄ʰ˂ˎˍʽˁʱ ˇʽ ˍʽ˃ʷˌ ˍʹˌ ʲˊˇ˔ˈˉˍ˖ˋʹˌ ˋʶ ˔ʽ˂ʽˇˋˍʱΦ  

 

ɲʽʱʴˊʰ˃˃ʰ 3.1 ςɾʹ˄ʽʰʾʰ ɰˊˇ˔ˈˉˍ˖ˋʹ ʴʽʰ ˍʰ ʷˍʹ мфтл-2015Σ ʃʹʴʺΥ ɳɾʇ  
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ɸʶˊ˃ˇˁˊʰˋʾʰ  

ɱʶ˄ʽˁˈˍʶˊʰΣ ˇʽ ɼˎˁ˂ʱʵʶˌΣ ˁʰʽ ˁʰˍΩ ʶˉʷˁˍʰˋʹ ˁʰʽ ʹ ɮ˃ˇˊʴˈˌΣ ˉʰˊˇˎˋʽʱʸˇˎ˄ ʺˉʽˇˎˌ ˔ʶʽ˃˗˄ʶˌ 

ˁʰʽ ʵˊˇˋʶˊʱ ˁʰ˂ˇˁʰʾˊʽʰ ˂ˈʴ˖ ˍ˖˄ ˃ʶ˂ˍʶ˃ʽ˗˄Σ ˃ʶ ʻʶˊ˃ˇˁˊʰˋʾʶˌ ˉˇˎ ˋˉʱ˄ʽʰ ˅ʶˉʶˊ˄ˇˏ˄ ˍˇˎˌ орoC. 

ʃʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ʴʽʰ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɿʱ˅ˇˎ ˁʰʽ ˁʰˍΩ ʁ̄ ʷˁˍʰˋʹ ˍʹˌ ɮ˃ˇˊʴˇˏΣ ʹ ʵʽʰˁˏ˃ʰ˄ˋʹ ˍʹˌ 

ʻʶˊ˃ˇˁˊʰˋʾʰˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍʹ˄ ˉʰˊʰˁʱˍ˖ ɳʽˁˈ˄ʰ 3.1Σ ˃ʶ ˍʽˌ ʶ˂ʱ˔ʽˋˍʶˌΣ ˃ʷˋʶˌ ˁʰʽ ˃ʷʴʽˋˍʶˌ 

ʻʶˊ˃ˇˁˊʰˋʾʶˌ ʴʽʰ ˍʰ ʷˍʹ ʰˉˈ мфрр-1997. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɱʶ˄ʽˁˈˍʶˊʰΣ ˉʰˊʰˍʹˊˇˏ˃ʶ ˈˍʽ ʹ ˃ʷʴʽˋˍʹ ʻʶˊ˃ˇˁˊʰˋʾʰ ʵʶ˄ ˅ʶˉʶˊ˄ʱʶʽ ˍˇˎˌ олˇC ʶ˄˗ ʹ 

ʵʽʰˁˏ˃ʰ˄ˋʺ ˍʹˌ ʰˉˈ ʷˍˇˌ ˋʶ ʷˍˇˌ ˉʰˊʰ˃ʷ˄ʶʽ ʰˊˁʶˍʱ ˋˍʰʻʶˊʺΦ ɮˎˍˈ ˒ʰʾ˄ʶˍʰʽ ˁʰʽ ʰˉˈ ˍˇ ɲʽʱʴˊʰ˃˃ʰ 

3.2 ˈˉˇˎ ˉʰˊʰˍʹˊʶʾˍʰʽ ˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ˇʽ ˉˊ˗ˍˇʽ ˁʰʽ ˇʽ ˍʶ˂ʶˎˍʰʾˇʽ ˃ʺ˄ʶˌ ˍˇˎ ʷˍˇˎˌ ˅ʶˁʽ˄ˇˏ˄ ˃ʶ 

ʻʶˊ˃ˇˁˊʰˋʾʶˌ ʰˉˈ р ʷ˖ˌ мрoC ʶ˄˗ ˋˍˇˎˌ ʶ˄ʵʽʱ˃ʶˋˇˎˌ ˃ʺ˄ʶˌ όɹˇˏ˄ʽˇˌ ˁʰʽ ɹˇˏ˂ʽˇˌύ ˇʽ ˍʽ˃ʷˌ ˍʹˌ 

ʻʶˊ˃ˇˁˊʰˋʾʰˌ ʰˉˇˁˍˇˏ˄ ˍʽˌ ˃ʷʴʽˋˍʶˌ ˍʽ˃ʷˌ ˍˇˎˌΦ 

ɳʽˁˈ˄ʰ 3.1 ςɳ˂ʱ˔ʽˋˍʹΣ ɾʷˋʹ ˁʰʽ ɾʷʴʽˋˍʹ ɸʶˊ˃ˇˁˊʰˋʾʰ ʴʽʰ ˍˇˎˌ 
˃ʺ˄ʶˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ʶˍ˗˄ 1955-1997 ʃʹʴΥ̋ ɳɾʇ 
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ɮ˄ʶ˃ˇ˂ˇʴʽˁʱ ʅˍˇʽ˔ʶʾʰ 

ɶ ˉʶˊʽˇ˔ʺ ˍ˖˄ ɼˎˁ˂ʱʵ˖˄ ʰˉˇˍʶ˂ʶʾ ˃ʽʰ ʰˉˈ ˍʽˌ ˉʽˇ ʰ˄ʶ˃ˇʵʰˊ˃ʷ˄ʶˌ ˉʶˊʽˇ˔ʷˌ ˍʹˌ ɳ˂˂ʱʵʰˌ ˃ʶ 

ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ ˄ʹ˄ʶ˃ʽ˗˄ ˄ʰ ʶʾ˄ʰʽ ˉˇ˂ˏ ˃ʽˁˊˈˌΦ ʁʽ ʱ˄ʶ˃ˇʽ ˉ˄ʷˇˎ˄ ʲˇˊʶʽˇʰ˄ʰˍˇ˂ʽˁˇʾ-ʲˇˊʶʽˇʵˎˍʽˁˇʾ 

ˁʰʽ ˉʽˇ ˋˉʱ˄ʽʰ ˄ˈˍʽˇʽ ˁʰʽ ˄ˇˍʽˇʵˎˍʽˁˇʾΦ ʆʹ˄ ʻʶˊʽ˄ʺ ˉʶˊʾˇʵˇΣ ʶˉʽˁˊʰˍˇˏ˄ ˍʰ ˃ʶ˂ˍʷ˃ʽʰ ˉˇˎΣ 

ˇˎˋʽʰˋˍʽˁʱΣ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ʰ˄ʷ˃ˇˎˌ ˃ʶ ʲˇˊʶʽˇʰ˄ʰˍˇ˂ʽˁʺ-ʲˇˊʶʽˇʵˎˍʽˁʺ ˁʰˍʶˏʻˎ˄ˋʹΦ ʆʷˍˇʽˇʽ ʱ˄ʶ˃ˇʽ 

˅ʶˁʽ˄ˇˏ˄ ˄ʰ ˉ˄ʷˇˎ˄ ʰˉˈ ˍʽˌ ʰˊ˔ʷˌ ˍˇˎ ɾʰˀˇˎ ʷ˖ˌ ˍˇ˄ ʁˁˍ˗ʲˊʽˇΣ ˃ʶ ʰˎ˅ʹ˃ʷ˄ʹ ʷ˄ˍʰˋʹ ˁʰʽ 

ˋˎ˔˄ˈˍʹˍʰ ˍˇˎˌ ˃ʺ˄ʶˌ ˃ʶˍʰ˅ˏ ɹˇˎ˂ʾˇˎ ˁʰʽ ʅʶˉˍʶ˃ʲˊʾˇˎ 

(http:// diocles.civil.duth.gr/ links/home/database/kykladon/pr30ge.pdf).  ʅˍʹ˄ ˋˎ˄ʷ˔ʶʽʰΣ 

ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ˉʰˊʰˍʹˊʺˋʶʽˌ ˍ˖˄ ʰ˄ʷ˃˖˄ ʰˉˈ ˍˇ˄ ˃ʶˍʶ˖ˊˇ˂ˇʴʽˁˈ ˋˍʰʻ˃ˈ ˍʹˌ ɿʱ˅ˇˎΦ ɶ ʷ˄ˍʰˋʹ 

ˍˇˎ ʰ˄ʷ˃ˇˎ ˃ʶˍˊʱˍʰʽ ˋʶ knot (1.852km/h = 0.51444m/s). 
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ɾʹ˄ʽʰʾʰ ʵʽʰˁˏ˃ʰ˄ˋʹ ɸʶˊ˃ˇˁˊʰˋʾʰˌ ʴʽʰ ʷˍʹ нллр-
2015 

max temp min temp

Linear (max temp) Linear (min temp)

ɲʽʱʴˊʰ˃˃ʰ 3.2- ɾʹ˄ʽʰʾʰ ɲʽʰˁˏ˃ʰ˄ˋʹ ɸʶˊ˃ˇˁˊʰˋʾʰˌ ʴʽʰ ˍʰ ʷˍʹ нллр-2015 ʃʹʴʺΥ ɳɾʇ 

ɳʽˁˈ˄ʰ 3.2 - ɾʷˋʹ ɾʹ˄ʽʰʾʰ ɲʽʶˏʻˎ˄ˋʹ ˁʰʽ ɴ˄ˍʰˋʹ ɮ˄ʷ˃ˇˎ ʴʽʰ ˍˇˎˌ ˃ʺ˄ʶˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ʶˍ˗˄ 
1955-1997 ʃʹʴΥ̋ ɳɾʇ 

http://diocles.civil.duth.gr/links/home/database/kykladon/pr30ge.pdf
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3.3 ɜʀʖʇʋɾʚɻ ʆɻʅ ɭɿʍʋɾʀʖʇʋɾʚɻ 

ɱʶ˄ʽˁˈˍʶˊʰΣ ʴʽʰ ˄ʰ ˃ˉˇˊʷˋʶʽ ˄ʰ ˁʰˍʰ˄ˇʹʻʶʾ ˉ˂ʺˊ˖ˌ ʹ ˎʵˊˇʴʶ˖˂ˇʴʾʰ ˃ʽʰˌ ˉʶˊʽˇ˔ʺˌΣ ˉˊʷˉʶʽ 

˄ʰ ɻ̌ ʻʶʾ ʽʵʽʰʾˍʶˊʹ ˋʹ˃ʰˋʾʰ ˋˍʰ ʴʶ˖˂ˇʴʽˁʱ ˁʰʽ ˍʶˁˍˇ˄ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ʰˎˍʺˌΦ ɶ 

ˏˉʰˊ˅ʹ ˊʹʴ˃ʱˍ˖˄ ˃ˉˇˊʶʾ ˄ʰ ʰˉˇˍʶ˂ʷˋʶʽ ˍʹ˄ ʰʽˍʾʰ ʶʾˍʶ ˍʹˌ ʶˉʽˁˇʽ˄˖˄ʾʰˌ  ̱ ˖˄ ˎʵʰˍʽˁ˗˄ ˉˈˊ˖˄ ʶʾˍʶ 

ˍʹˌ ʰˉˇ˃ˈ˄˖ˋʺˌ ˍˇˎˌΦ 

ɾʶ ʲʱˋʹ ˍʹ˄ ˃ʶ˂ʷˍʹ ˍˇˎ ɲʽʶˉʽˋˍʹ˃ˇ˄ʽˁˇˏ ɹ˄ˋˍʽˍˇˏˍˇˎ ʃʶˊʽʲʰ˂˂ˇ˄ˍʽˁ˗˄ ɳˊʶˎ˄˗˄  ʴʽʰ ˍʹ˄ 

ɮ˃ˇˊʴˈΣ ˇʽ ʴʶ˖˂ˇʴʽˁʷˌ ˋʶʽˊʷˌ ˍʹˌ ɮ˃ˇˊʴˇˏ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ˋʶ ʽʸʺ˃ʰˍʰ ˁʰʽ ˁʱˉˇʽʰ ʹ˒ʰʽˋˍʶʽʰˁʱ 

ˉʶˍˊ˗˃ʰˍʰ ˔ʰ˃ʹ˂ʺˌ ˃ʶˍʰ˃ˈˊ˒˖ˋʹˌ ˁʰʽ  ʶʾ˄ʰʽ ˍʰ ʶ˅ʺˌ (ɾʱˊʴʰˊʹˌ, 2008): 

1. ɼʰˍ˗ˍʶˊʹ ˋʶʽˊʱ ˋ˔ʽˋˍˈ˂ʽʻ˖ ˄ˁ ʰʽ ˁˊˇˁʰ˂ˇˉʰʴ˗˄ - ʆˊʽʰʵʽˁˈΦ 

ʃˊˈˁʶʽˍʰʽ ʴʽʰ ʰˊʴʽ˂ ʽˁˇˏˌ ˁʰʽ ˃ʰˊ˃ʰˊˎʴʽʰˁˇˏˌ ˋ˔ʽˋˍˈ˂ʽʻˇˎˌ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ 

˒ʰˁˇˏˌ ˁˊˇˁʰ˂ˇˉʰʴ˗˄Φ 

 

2. ɮ˄ʻˊʰˁʽˁʺ ˋʶʽˊʱ - ʆˊʽʰʵʽˁˈΣ ɹˇˎˊʰˋˍʽˁˈΣ ɶ˖ˁʰʽ˄ˈΦ  

 

ʃˊˈˁʶʽˍʰʽ ʴʽʰ ˍʹ ˋʶʽˊʱ ʰˉˈ ˉˇˎ ʰˉˇˍʶ˂ʶʾ ˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ˍ˃ʺ˃ʰ ˍˇˎ ˄ʹˋʽˇˏΦ ʅˍʰ 

ˁʰˍ˗ˍʶˊʰ ˃ʷˊʹ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ʶ˄ʰ˂˂ʰʴʷˌ ˁˊˎˋˍʰ˂˂ʽˁ˗˄ ʰˋʲʶˋˍˈ˂ʽʻ˖˄ ˁʰʽ 

ʵˇ˂ˇ˃ʽˍ˗˄ ˃ʶ ˃ʰˊʴʰʿˁ̌ˏ ˌ ʰˋʲʶˋˍˈ˂ʽʻˇˎˌ ʶ˄˗ ˋˍʰ ʰ˄˗ˍʶˊʰ ˍ˃ʺ˃ʰˍʰ ˍˇˎ ˄ʹˋʽˇˏ 

ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ʶʾˍʶ ˋˍˊ˖˃ʰˍ˗ʵʶʽˌ ʷ˖ˌ ˋˎ˃ˉʰʴʶʾˌ ˁˊˎˋˍʰ˂˂ʽˁˇʾ ʰˋʲʶˋˍˈ˂ʽʻˇʽΣ 

ˍʶ˒ˊˇˁˎʰ˄ˇʾ ˃ʶ ˁˇ˄ʵˏ˂ˇˎˌ ʺ ˋˍˊ˗ˋʶʽˌ ˉˎˊʽˍˈ˂ʽʻ˖˄ ˁʰʽ ʲ˖˅ʽˍʽˁˇˏˌ ˒ʰˁˇˏˌΣ ʴʽʰ ˍʹ˄ 

ɰˇˊʶʽˇʰ˄ʰˍˇ˂ʽˁʺ ɮ˃ˇˊʴˈΣ ʶʾˍʶ ˉ˂ʰˁ˗ʵʶʽˌ ʰˋʲʶˋˍˈ˂ʽʻˇ̔  ˁʰʽ ʵˇ˂ˇ˃ʾˍʶˌ ˃ʶ 

ˁˇ˄ʵˏ˂ˇˎˌ ˉˎˊʽˍˈ˂ʽʻ˖˄ ˁʰʻ˗ˌ ˁʰʽ ˉʰˊʶ˃ʲˇ˂ʷˌ ˃ʰˊʴʰʿˁ˗˄ ̝̀ ʽˋˍˈ˂ʽʻ˖˄Σ ˋˍʹ˄ 

ɿˇˍʽˇʵˎˍʽˁʺ ɮ˃ˇˊʴˈΦ 

 

3. ɮ˄˗ˍʶˊʹ ˋ˔ʽˋˍˇ˂ʽʻʽˁʺ ˋʶʽˊʱΣ ʊ˂ˏˋ˔ʹˌ ς ʃʰ˂ʰʽˇʴʶ˄ʷˌΦ 

 

ʃˊˈˁʶʽˍʰʽ ʴʽʰ ˒˂ˏˋ˔ʹΣ ˍˎˉʽˁˇˏ ʶʾʵˇˎˌΣ ˉˇˎ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʶ˄ʰ˂˂ʰʴʷˌ ʰˊʴʽ˂ʽˁ˗˄ 

ˋ˔ʽˋˍˈ˂ʽʻ˖˄ ˁʰʽ ˕ʰ˃˃ʽˍ˗˄ ʰ˂˂ʱ ˁʰʽ ˁˊˇˁʰ˂ˇˉʰʴ˗˄ ˁʰʽ ʰ˒ˈˊʰ ˋˍʶʴʰ˄ʱ ʺ 

ʹ˃ʽˉʶˊʰˍʱ ˉʶˍˊ˗˃ʰˍʰΦ ʍˋˍˈˋˇΣ ˋʶ ˁʱˉˇʽʰ ̀ʹ˃ʶʾʰΣ ʰ˄ʰˉˍˏˋˋʶˍʰʽ ʵʶˎˍʶˊˇʴʶ˄ʷˌ 

ˉˇˊ˗ʵʶˌ ˂ˈʴ˖ ˍʹˌ ʷ˄ˍˇ˄ʹˌ ˍʶˁˍˇ˄ʽˁʺˌ ˁʰˍʰˉˈ˄ʹˋʹˌΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ˇʵʹʴʶʾ ˋˍʹ˄ 

ʵʹ˃ʽˇˎˊʴʾʰ ˃ʽʰˌ ˃ʽˁˊʺˌ ˎʵˊˇ˒ˇˊʾʰˌ ˁʰˍʱ ˍˈˉˇˎˌ ʹ ˇˉˇʾʰ ʶ˃˒ʰ˄ʾʸʶˍʰʽ ʶʾˍʶ ˖ˌ ˉʹʴʺ 

ʶʾˍʶ ˖ˌ ˎʵˊˇ˒ˇˊʷʰ ώрϐΦ  

 

4. ʆʶˍʰˊˍˇʴʶ˄ʶʾˌ όʰ˂˂ˇˎʲʽʰˁʷˌύ ʰˉˇʻʷˋʶʽˌΦ 

 

ɶ ˋʶʽˊʱ ʰˎˍʺ ʵʶ˄ ˉʰˊˇˎˋʽʱʸʶʽ ʷ˄ˍˇ˄ʹ ʰ˄ʱˉˍˎ˅ʹ ʰ˂˂ʱ ˉʰˊˈ˂ʰ ʰˎˍʱΣ ʻʶ˖ˊʶʾˍʰʽ 

ˋʹ˃ʰ˄ˍʽˁʺ ˂ˈʴ˖ ˍˇˎ ˈˍʽ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˉˇʽˁʾ˂ˇˎ ˍˏˉˇˎ ˁʰʽ ˉˊˇʷ˂ʶˎˋʹˌ 

ˋ˔ʹ˃ʰˍʽˋ˃ˇˏˌ ˈˉ˖ˌ ʰ˂˂ˇˎʲʽʰˁʷˌ ˉˊˇˋ˔˗ˋʶʽˌ ˔ʶʽ˃ʰˊˊ˗ʵˇˎˌ ˉˊˇʷ˂ʶˎˋʹˌΣ 

ˉ˂ʶˎˊʽˁʱ ˁˇˊʺ˃ʰˍʰ ˁʰʽ ˁ˗˄ˇˎˌ ˁˇˊʹ˃ʱˍ˖˄ ˁΦʰΦ  
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ʃʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ʵˏˇ ʴʶ˖˂ˇʴʽˁʷˌ ʶ˄ˈˍʹˍʶˌΣ ʰˎˍʺ ˍˇˎ 

˒˂ˏˋ˔ʹ ˁʰʽ ʰˎˍʺ ˍ˖˄ ˍʶˍʰˊˍˇʴʶ˄˗˄ όʰ˂˂ˇˎʲʽʰˁ˗˄ύ ʰˉˇʻʷˋʶ˖˄Φ ʆʷˍˇʽʶˌ ʰˉˇʻʷˋʶʽˌ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ 

ˁʰˍʱ ˍʹ˄ ʷ˅ˇʵˇ ˍ˖˄ ˂ʶˁʰ˄˗˄ ʰˉˇˊˊˇʺˌ ˉˊˇˌ ˍʹ ʻʱ˂ʰˋˋʰΣ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍˇˎ ˂ʽ˃ʰ˄ʽˇˏ ˍ˖˄ 

ɼh ˍʱˉˇ˂˖˄Σ ˉʶˊʽˇ˔ʺ ˉˇˎ ʰˉˇˍʶ˂ʶʾ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˈˉˇˎ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˈ˂ʰ ˍʰ ˉʹʴʱʵʽ ʱ˄ˍ˂ʹˋʹˌ ˍʹˌ 

ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌΦ ʂˋˇ˄ ʰ˒ˇˊʱ ˍʹ ˋʶʽˊʱ ˍˇˎ ˒˂ˏˋ˔ʹΣ ʻʶ˖ˊʶʾˍʰʽ ˉˊʰˁˍʽˁʱ ʰʵʽʰˉʷˊʰˍʹ ˂ˈʴ˖ ˍ˖˄ 

ʰˊʴʽ˂ʽˁ˗˄ ˋ˔ʽˋˍˈ˂ʽʻ˖˄Σ ʰ˄ ˁʰʽ ʵʶ˄ ʶʾ˄ʰʽ ʰˉʾʻʰ˄ʹ ʹ ˉʰˊˇˎˋʾʰ ˄ʶˊˇˏ ˋʶ ʰˋʲʶˋˍˇ˂ʽʻʽˁˇˏˌ ˒ʰˁˇˏˌ 

ˁʰʽ ˕ʰ˃˃ʾˍʶˌΦ ɶ ˉʽʻʰ˄ʺ ʰˎˍʺ ˎʵˊˇ˒ˇˊʾʰΣ ˖ˋˍˈˋˇΣ ʶʾ˄ʰʽ ʰˊˁʶˍʱ ˉʶˊʽˇˊʽˋ˃ʷ˄ʹ ˁʰʽ ʴʽʰ  ˍˇ ˂ˈʴˇ ʰˎˍˈ 

ʵʶ˄ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˉʹʴʱʵʽʰ ʱ˄ˍ˂ʹˋʹˌ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ʰˎˍʺΦ  ɶ ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌ ˁʰʽ ˍʰ ʰ˄ˍʾˋˍˇʽ˔ʰ 

ʴʶ˖˂ˇʴʽˁʱ ʶʾʵʹ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ˄ ʋʱˊˍʹ 3.3 ˁʰʽ ˋˍʹ˄ ɳʽˁ̍˄ʰ 3.3Σ ˈˉ˖ˌ ˕ʹ˒ʽˇˉˇʽʺʻʹˁʰ˄ ˍʰ 

ʴʶ˖˂ˇʴʽˁʱ ʶʾʵʹ ˋˍˇ ˃ˇ˄ˍʷ˂ˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ όPTC). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

al2 
ɮ˂˂ˇˎʲʽʰˁʷˌ ʰˉˇʻʷˋʶʽˌ όˇʴˁˈ˂ʽʻˇʽΣ 
˔ʰ˂ʾˁʽʰΣ ʱ˃˃ˇˌΣ ʽ˂ˏˌ ˁʰʽ ˉʹ˂ˈˌ ˋˎ˔˄ʱ 
˂ʶˉˍˇ˃ʶˊ˗ˌ ʰ˄ʰˁʰˍ˖˃ʷ˄ʰύ 

ft  ɮˊʴʽ˂ʽˁˇʾ ˋ˔ʽˋˍˈ˂ʽʻˇʽκ ʅ˔ʽˋˍˈ˂ʽʻˇʽ 

ft.k ɼ˂ʰˋˍʽˁˇʾ όˍˇˎˊʲʽʵʽˍʽˁˇʾύ ʰˋʲʶˋˍˈ˂ʽʻˇʽ 

Q 

ʋʰ˂ʾˁʽʰ όˁˊˇˁʰ˂ˇˉʰʴʺΣ ˇʴˁˈ˂ʽʻˇʽΣ 
ˉ˂ʶˎˊʽˁʱ ˁˇˊʺ˃ʰˍʰΣ ʰˉˇʻʷˋʶʽˌ 
ˇ˂ʽˋʻʹˊ˗˄ ˁʰˍ˖˒ʶˊʶʽ˗˄Σ ˁˎˊʾ˖ˌ 
ʰˋˏ˄ʵʶˍˇʽ ˇʴˁˈ˂ʽʻˇʽ ˁʰʽ ˃ʶʴʱ˂ʶˌ ˉʷˍˊʶˌ 
ʶ˄ˍˊ˖˃ʷ˄ʰ ˃ʷˋʰ ˋʶ ˂ʶˉˍˈˍʶˊʰ ˁ˂ʰˋˍʽˁʱ 
ˎ˂ʽˁʱύ 

ʋʱˊˍʹˌ 3.3ς ɱʶ˖˂ˇʴʽˁˈˌ ʋʱˊˍʹˌ ˍˇˎ ˁˈ˂ˉˇˎ ˍ˖˄ ɼʰˍʱˉˇ˂˖˄ ʃʹʴʺΥ ɹɱɾɳ 
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ʅˏ˃˒˖˄ʰ ˃ʶ ˍʰ ˋˍˇʽ˔ʶʾʰ ˍˇˎ ʇʃɳɼɮΣ ʹ ɮ˃ˇˊʴˈˌ ʵʽʰʻʷˍʶʽ ʵˎˇ ˂ʶˁʱ˄ʶˌ ʰˉˇˊˊˇʺˌ ˈˉˇˎ ˁʰʽ ˇʽ 

ʵˏˇ ʲˊʾˋˁˇ˄ˍʰʽ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍ˖˄ ɼʰˍʱˉˇ˂˖˄ όʅˏˋˍʹ˃ʰ ɼʰˍʱˉˇ˂˖˄ όɮύ ˁʰʽ όɰύ ύΣ ˃ʶ ˍˇˎˌ 

ˎʵˊˇ˒ˇˊʶʾˌ ˄ʰ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ˖ˌ ̟́ ʴ˃ʰˍʽˁˈˌ ˁʰʽ ˁˇˁˁ˗ʵʹˌ ˋʶ ʷˁˍʰˋʹ мнлΣт ˁʰʽ лΣс km2 

ʰ˄̱ʾˋˍˇʽ˔ʰΦ ɶ ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌ ˉˇˎ ʶ˅ʶˍʱʸʶˍʰʽ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ʶˉʹˊʶʱʸʶˍʰʽ ʱ˃ʶˋʰ ʰˉˈ ˍˇ 

όɰύ ʅˏˋˍʹ˃ʰ ˍ˖˄ ɼʰˍʱˉˇ˂˖˄ (GRмпллулнύΣ ʹ ˁʰˍʱˋˍʰˋʹ ˍˇˎ ˇˉˇʾˇˎ ˇˊʾʸʶˍʰʽ ˖ˌ ˁʰˁʺΣ ˍˈˋˇ ˋ˔ʶˍʽˁʱ 

˃ʶ ˍʹ˄ ˉˇʽˇˍʽˁʺ ˁʰˍʱˋˍʰˋʹ ˍ˖˄ ˎʵʱˍ˖˄ ʰ˂˂ʱ ˁʰʽ ˍʹ˄ ˉˇˋˇˍʽˁʺ ˁʰˍʱˋˍʰˋʺ ˍˇˎˌΦ ʅʹ˃ʶʽ˗˄ʶˍʰʽΣ 

ʶˉʾˋʹˌΣ ʹ ˎˉʶˊʶˁ˃ʶˍʱ˂˂ʶˎˋʹ ˉˇˎ ʷ˔ʶʽ ˎˉˇˋˍʶʾ ˇ ˎʵˊˇ˒ˇˊʷʰˌ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ ʶˉʽʵʶʾ˄˖ˋʹ ˍˇˎ 

˒ʰʽ˄ˇ˃ʷ˄ˇˎ ˍʹˌ ˎ˒ʰ˂˃ˏˊʽˋʹˌΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ʶˁ ˍ˖˄ ˉˊʰʴ˃ʱˍ˖˄Σ ʵʽˁʰʽˇ˂ˇʴʶʾ ˍʹ˄ ʰʵˎ˄ʰ˃ʾʰ 

ʶˉʾˍʶˎ˅ʹˌ ˍˇˎ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁˇˏ ˋˍˈ˔ˇˎ ʴʽʰ ˁʰ˂ʺ ˁʰˍʱˋˍʰˋʹ ʶ˄ˍˈˌ ˍˇˎ 2015. 

 

 

 

 

 

 

 

 

 

 

 

 

ɳʽˁˈ˄ʰ 3.3-ʃʶˊʽˇ˔ʹ ɾʶ˂ʷˍʹˌ ˁʰʽ ɲʽʰ˒ˇˊʶˍʽˁʱ ɱʶ˖˂ˇʴʽˁʱ ɳʾʵʹ 
ˋˍˇ ˃ˇ˄ˍʷ˂ˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ όPTC) 

ʋʱˊˍʹˌ оΦп-ʇˉˈʴʶʽʰ ʇʵʰˍʽˁʱ ʅˎˋˍʺ˃ʰˍʰ ˋˍˇ ʇɲ ɿʺˋ˖˄ ɮʽʴʰʾˇˎΣ ɿˈˍʽˇ ɮʽʴʰʾˇ ʃʹʴΥ̋ ɳʽʵʽˁʺ ɱˊʰ˃˃ʰˍʶʾʰ 
ʇʵʱˍ˖˄ 
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ʅʶʽˋ˃ʽˁˈˍʹˍʰ 

ʆˇ ˄ʹˋʾ ˍʹˌ ɮ˃ˇˊʴˇˏ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ʰˉˈ ˋʶʽˋ˃ʽˁˈˍʹˍʰ ʰ˄ˍʾˋˍˇʽ˔ʹ ˃ʶ ʰˎˍʺ˄ ˍʹˌ ʶˎˊˏˍʶˊʹˌ 

ˉʶˊʽˇ˔ʺˌ ˍ˖˄ ɼˎˁ˂ʱʵ˖˄-ɲ˖ʵʶˁʰ˄ʺˋ˖˄Φ ɳʾ˄ʰʽ ʰˉˈ ˍʰ ˂ʾʴʰ ˄ʹˋʽʱ ˍ˖˄ ɼˎˁ˂ʱʵ˖˄ ˉˇˎ ʵʶ˄ ʰ˄ʺˁˇˎ˄ 

ˋˍʹ  ʸ˗˄ʹ ˋʶʽˋ˃ʽˁˈˍʹˍʰˌ ɹΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ˄ ˉʰˊʰˁʱˍ˖ ʋʱˊˍʹ 3.5 , h ˂˂ʱ ˋˍʹ ʸ˗˄ʹ ɹɹΦ ɮˁˈ˃ʰΣ ˉˊʷˉʶʽ 

˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ ˇ ˃ʶʴʱ˂ˇˌ ˋʶʽˋ˃ˈˌ ˍʹˌ фʹˌ ɹˇˎ˂ʾˇˎ ˍˇˎ мфрс, ˉˇˎ ʷˉ˂ʹ˅ʶ ˍʹ˄ ɮ˃ˇˊʴˈ, ˃ʶ ро ʻˏ˃ʰˍʰ 

ˁʰʽ млл ˍˊʰˎ˃ʰˍʾʶˌΣ ˁʰʻ˗ˌ ˁʰʽ ˍʰ ʴʶʽˍˇ˄ʽˁʱ ˄ʹˋʽʱ ˈˉ˖ˌ ˍʹ˄ ʅʰ˄ˍˇˊʾ˄ʹΣ ˍʹ˄ ɮˋˍˎˉʱ˂ʰʽʰ ˁʰʽ ˍʹ˄ 

ɿʱ˅ˇΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˇ ˋʶʽˋ˃ˈˌ ˉˊˇˁʱ˂ʶˋʶ ˍʹ˄ ˇ˂ʾˋʻʹˋʹ ˍˇˎ ʶʵʱ˒ˇˎˌ ˁʰʽ ˁʰˍΩ ʶˉʷˁˍʰˋʹ ˍʹ˄ 

ʵʹ˃ʽˇˎˊʴʾʰ ˍˋˇˎ˄ʱ˃ʽΣ ˈˉˇˎ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍ˖˄ ɼʰˍʱˉˇ˂˖˄Σ ʷ˒ˍʰˋʶ ˍˇ мΣр m (ʋʱˊˍʹˌ н.6) (Okal et. 

al., 2009). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʋʱˊˍʹˌ  3.5ς ʋʱˊˍʹˌ ɵ˖˄˗˄ ʅʶʽˋ˃ʽˁʺˌ ɳˉʽˁʽ˄ʵˎ˄ˈˍʹˍʰˌ 
ɳ˂˂ʱʵʰˌΣ ʃʹʴʺΥ ɳ˒ʹ˃ʶˊʾʵʰ ɼˎʲʷˊ˄ʹˋʹˌ ˍʶˏ˔ˇˌ ʵʶˏˍʶˊˇΣ 
ʰˊΦ ˒ˏ˂˂ˇˎ ммрп мн ɮˏʴˇˎˋˍˇˎ нлло 

 

ʋʱˊˍʹˌ  3.6 ς ʈ˕ˇˌ ɮ˄ˈʵˇˎ ˁˎ˃ʱˍ˖˄ 
ˍˋˇˎ˄ʱ˃ʽ ˋʶ m ʃʹʴʺ: Okal et. al., 2009 
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4. ɩʍʋʎʋʈʋʚʖʎʂ ɭʌʝɾʀʅɻʏ ɪʋʙʏ  

4.1 ɥʋʉʐʘʇɻ ɩʍʋʎʋʈʋʚʖʎʂʏ ɭʌʝɾʀʅɻʏ ɪʋʙʏ 

ʂˉ˖ˌ ʶʾ˄ʰʽ ʴ˄˖ˋˍˈΣ ʹ ʶˉʾ˂ˎˋʹ ˍ˖˄ ʵʽʰ˒ˇˊʽˁ˗˄ ʶ˅ʽˋ˗ˋʶ˖˄ ˃ˉˇˊʶʾ ˄ʰ ˇʵʹʴʺˋʶʽ ʶʾˍʶ ˋʶ 

ʰ˄ʰ˂ˎˍʽˁʷˌ ʶʾˍʶ ˋʶ ʰˊʽʻ˃ʹˍʽˁʷˌ ˂ˏˋʶʽˌΦ ʅˍʰ ˃ˇ˄ˍʷ˂ʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΣ ʰ˄ʰʸʹˍˇˏ˄ˍʰʽ ˇʽ ʰˊʽʻ˃ʹˍʽˁʷˌ 

˂ˏˋʶʽˌ ˍ˖˄ ʶ˅ʽˋ˗ˋʶ˖˄ ˉˇˎ ˉʶˊʽʴˊʱ˒ˇˎ˄ ˍʹ˄ ˎˉˈʴʶʽʰ ˊˇʹ ˃ʶ ˋˁˇˉˈ ˍˇ˄ ˉˊʰˁˍʽˁˈ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍʹˌ 

ˁʰˍʱˋˍʰˋʹˌ ˍʹˌ ˎˉˈʴʶʽʰˌ ˊˇʺˌΦ ɾʶ ˍˇ˄ ˍˊˈˉˇ ʰˎˍˈΣ ʰˉˇ˒ʶˏʴʶˍʰʽ ˇ ʶˉʰˁˊʽʲʺˌ ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍʹˌ 

˔˖ˊʽˁʺˌ ˁʰʽ ˔ˊˇ˄ʽˁʺˌ ˁʰˍʰ˄ˇ˃ʺˌ ˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ˁʰˍʱˋˍʰˋʹˌ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌΣ ˈˉ˖ˌ ʴʾ˄ʶˍʰʽ ˋˍʹ 

ˉʶˊʾˉˍ˖ˋʹ ˍ˖˄ ʰ˄ʰ˂ˎˍʽˁ˗˄ ˂ˏˋʶ˖˄Φ ɴˍˋʽΣ ˃ʶ ˍʽˌ ʰˊʽʻ˃ʹˍʽˁʷˌ ˂ˏˋʶʽˌΣ ˇ ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍ˖˄ 

˃ʶˍʰʲ˂ʹˍ˗˄ ˁʰˍʱˋˍʰˋʹ ʴʾ˄ʶˍʰʽ ʴʽʰ ˁʱˉˇʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˋʹ˃ʶʾʰ (ˁˈ˃ʲˇʽύΣ ʶ˄˗ ˍʰ ˎˉˈ˂ˇʽˉʰ ˋʹ˃ʶʾʰ 

ˍˇˎ ˔˗ˊˇˎ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˉˊˇˋʵʽˇˊʾʸˇ˄ˍʰʽ ˃ʷˋ˖ ʱ˂˂˖˄ ˃ʶʻˈʵ˖˄Φ  

ɶ ̄ˊˇˋˇ˃ˇʾ˖ˋʹ ˍʹˌ ˎˉˈʴʶʽʰˌ ˊˇʺˌ ʴʾ˄ʶˍʰʽ ˃ʶ ˍʹ˄ ˔ˊʺˋʹΣ ˁˎˊʾ˖ˌΣ ʵˏˇ ˍˏˉ˖˄ ˃ˇ˄ˍʷ˂˖˄Σ ʰ˄ ˁʰʽ 

ˎˉʱˊ˔ˇˎ˄ ˁʰʽ ʱ˂˂ʶˌ ˃ʷʻˇʵˇʽ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ ʁʽ ʵˏˇ ʲʰˋʽˁˇʾ ˍˏˉˇʽ ˃ˇ˄ˍʷ˂˖˄ ʶʾ˄ʰʽΥ 

¶ ɾʷʻˇʵˇˌ ˉʶˉʶˊʰˋ˃ʷ˄˖˄ ʵʽʰ˒ˇˊ˗˄ όfinite difference method) 

¶ ɾʷʻˇʵˇˌ ˉʶˉʶˊʰˋ˃ʷ˄˖˄ ˋˍˇʽ˔ʶʾ˖˄ (finite elements method) 

ʃʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ όPapadopoulou et. al., 2009), (ɼʰˊˍʶˊʱˁʹˌΣ нллр)Σ ˈˋˇ˄ ʰ˒ˇˊʱ ˍʽˌ 

ˉʶˉʶˊʰˋ˃ʷ˄ʶˌ ʵʽʰ˒ˇˊʷˌΣ ˇ ˔˗ˊˇˌ ˃ʶ˂ʷˍʹˌ ʵʽʰˁˊʽˍˇˉˇʽʶʾˍʰʽ ˃ʷˋ˖ ʶ˄ˈˌ ˇˊʻˇʴ˖˄ʽˁˇˏ ˉ˂ʷʴ˃ʰˍˇˌΣ 

ˈˉˇˎ ʹ ʶˉʾ˂ˎˋʹ ˍ˖˄ ʶ˅ʽˋ˗ˋʶ˖˄ ʴʾ˄ʶˍʰʽ ˉʱ˄˖ ˋˍˇˎˌ ˁˈ˃ʲˇˎˌΣ ʶʾˍʶ ˋˍˇ ˁʷ˄ˍˊˇ ˁʱʻʶ ˁʶ˂ʽˇˏ ʶʾˍʶ ˋˍʽˌ 

ˁˇˊˎ˒ʷˌ ˍˇˎ ˁʶ˂ʽˇˏΦ ɰʰˋʽˁˈ ʴ˄˗ˊʽˋ˃ʰ ˍʹˌ ˃ʶʻˈʵˇˎ ˍ˖˄ ˉʶˉʶˊʰˋ˃ʷ˄˖˄ ʵʽʰ˒ˇˊ˗˄ ʶʾ˄ʰʽ ˍˇ ʴʶʴˇ˄ˈˌ 

ˈˍʽ ˋˍʹ˄ ʶ˅ʾˋ˖ˋʹ ˍˇˎ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˍˇˎ ˎʵˊʰˎ˂ʽˁˇˏ ˏ˕ˇˎˌ ˋʶ ˁʱʻʶ ˁˈ˃ʲˇΣ ʶ˃ˉʶˊʽʷ˔ʶˍʰʽ ʷ˄ʰˌ ˈˊˇˌ 

ʴʽʰ ˁʱʻʶ ʴʶʽˍˇ˄ʽˁˈ ˁˈ˃ʲˇΦ ʁ ˈˊˇˌ ʰˎˍˈˌ ˇˊʾʸʶˍʰʽ ˖ˌ ˍˇ ʴʽ˄ˈ˃ʶ˄ˇ ˍˇˎ ʶˁʱˋˍˇˍʶ ˎʵˊʰˎ˂ʽˁˇˏ ˏ˕ˇˎˌ 

ˁʰʽ ˃ʽʰˌ ˋˎ˄ʱˊˍʹˋʹˌ ˉˇˎ ˉʶˊʽʴˊʱ˒ʶʽ ˍʹ˄ ˎʵˊʰˎ˂ʽˁʺ ʰʴ˖ʴʽ˃ˈˍʹˍʰ ˃ʶˍʰ˅ˏ ˍ˖˄ ˁˈ˃ʲ˖˄Σ ʶ˄˗ ˋˍʹ˄ 

ʶ˅ʾˋ˖ˋʹ ˂ʰ˃ʲʱ˄ʶˍʰʽ ˎˉˈ˕ʹ ˁʰʽ ʹ ʰˉˇʻʹˁʶˎˍʽˁˈˍʹˍʰ ˍˇˎ ˁˈ˃ʲˇˎ ˉˇˎ ˃ʶ˂ʶˍʱˍʰʽΦ ʍˋˍˈˋˇΣ ʹ 

ʵʽʰˁˏ˃ʰ˄ˋʹ ˍˇˎ ˎʵˊʰˎ˂ʽˁˇˏ ˏ˕ˇˎˌ ʰˉˈ ˁˈ˃ʲˇ ˋʶ ˁˈ˃ʲˇΣ ʵʶ˄ ˂ʰ˃ʲʱ˄ʶˍʰʽ ˎˉˈ˕ʹΦ ɮˉˈ ˍʹ˄ ʱ˂˂ʹΣ 

ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍ˖˄ ˉʶˉʶˊʰˋ˃ʷ˄˖˄ ˋˍˇʽ˔ʶʾ˖˄Σ ˇ ˔˗ˊˇˌ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ʵʽʰˁˊʽˍˇˉˇʽʶʾˍʰʽ ˋʶ ʷ˄ʰ 

ˋˏ˄ˇ˂ˇ ˎˉˇˉʶˊʽˇ˔˗˄ όˋˍˇʽ˔ʶʾ˖˄ύ ˁʰʽ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˍ˃ʹ˃ʰˍʽˁʺ ˉˊˇˋʷʴʴʽˋʹ ˍˇˎ ˔˗ˊˇˎΦ ɶ 

ʶˉʾ˂ˎˋʹ ˍ˖˄ ʶ˅ʽˋ˗ˋʶ˖˄ ʴʾ˄ʶˍʰʽ ˋˍʽˌ ˁˇˊˎ˒ʷˌ ˁʱʻʶ ˋˍˇʽ˔ʶʾˇˎΣ ʵʹ˂ʰʵʺ ˋˍˇˎˌ ˁˈ˃ʲˇˎˌΦ ɼʰˍʱ ˍʹ˄ 

˃ʷʻˇʵˇ ʰˎˍʺΣ  ʴʾ˄ʶˍʰʽ ˔ˊʺˋʹ ˋˎ˄ʰˊˍʺˋʶ˖˄ ˉʰˊʶ˃ʲˇ˂ʺˌ ˗ˋˍʶ ˋʶ ˁʱʻʶ ˋʹ˃ʶʾˇ ˍˇˎ ˋˍˇʽ˔ʶʾˇˎ ˄ʰ 

ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˃ʾʰ ˍʽ˃ʺ ʴʽʰ ˍˇ ˎʵˊʰˎ˂ʽˁˈ ˏ˕ˇˌΦ ɾʶ ˍʹ˄ ˃ʷʻˇʵˇ ʰˎˍʺΣ ʴʾ˄ʶˍʰʽ ʰˁˊʽʲʷˋˍʶˊˇˌ 

ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˉˇ˂ˎʴ˖˄ʽˁ˗˄ ʺ ʰˁʰ˄ˈ˄ʽˋˍ˖˄ ˉʶˊʽˇ˔˗˄Σ ˁʰʻ˗ˌ ʶʾ˄ʰʽ ˋˏ˄ʹʻʶˌ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ 

ˍˊʽʴ˖˄ʽˁʱ ˋˍˇʽ˔ʶʾʰΦ 

4.2 ɥʋʉʐʘʇʋ PTC - ɯʍʂʎʅʈʋʌʋʅʋʞʈʀʉʋ ɥʋʉʐʘʇʋ ɩʍʋʎʋʈʋʚʖʎʂʏ  

ʆˇ ˃ˇ˄ˍʷ˂ˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʵʹ˃ʽˇˎˊʴʺʻʹˁʶ ˃ʷˋ˖ ˍˇˎ ˁ˗ʵʽˁʰ ˍˇˎ PTC 

(Princeton Transport Code). ʆˇ ˉˊˈʴˊʰ˃˃ʰ ʰˎˍˈΣ ʶˉʽ˂ˏʶʽ ˍʽˌ ˃ʶˊʽˁʷˌ ʵʽʰ˒ˇˊʽˁʷˌ ʶ˅ʽˋ˗ˋʶʽˌ ˉˇˎ 

ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖Σ ˃ʷˋ˖ ˍ˖˄ ˃ʶʻˈʵ˖˄ ˍ˖˄ ˉʶˉʶˊʰˋ˃ʷ˄˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˁʰʽ ˍ˖˄ 

ˉʶˉʶˊʰˋ˃ʷ˄˖˄ ʵʽʰ˒ˇˊ˗˄Σ ˗ˋˍʶ ˄ʰ ʰ˄ʰˉʰˊʰˋˍʰʻʶʾ ʹ ˎˉˈʴʶʽʰ ˊˇʺ ˁʰʽ ʹ ˃ʶˍʰ˒ˇˊʱ ˍ˖˄ ˊˏˉ˖˄Φ ʁʽ 

ʶ˅ʽˋ˗ˋʶʽˌ ʰˎˍʷˌΣ ʷ˔ˇˎ˄ ˉˊˇˁˏ˕ʶʽ ʰˉˈ ˍʹ˄ ʰˊ˔ʺ ʵʽʰˍʺˊʹˋʹˌ ˍʹˌ ˃ʱʸʰˌ ˁʰʽ ˍˇ ˄ˈ˃ˇ ˍˇˎ Darcy ˁʰʽ 

ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˃ʶ ˍʹ˄ ˋʶʽˊʱ ˉˇˎ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ όBabu et al., 1997). 
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ᶯῺɳ Ὤ Ὓ ὗ π  Ą    “ʝ‐―  ‛ʙ    ”‛„―‛”―„‘ʝ‟ †ʡ’  ʡ’‖―‗‡”  ’
 
 

ὺ  Ὤɳ   Ą   ́ ʝ‘‛‟ †‛‡ Ὀὥὶὧώ “‛‗‛―„‘ʝ‟  …ʞ†–†‟  ‛ʙ‟ 
 

ᶯὈɳ ὧ ᶯὺὧ π  Ą  ῼ‐†‛‗ʙ  ‡‖ʘ’†”‛’ʞ“‛‡ ‘‐ †‛ …”ʝ” ‡‛† –„
 

Ὀᴼ„‡’†‐‗‐„†ʙ‟ ‡‛”‡’‘―‖ʙ‟ ―„“‛”ʗ‟ ὓ ὒ  

Ὼᴼ„‡’†‐‗‐„†–‟ ‡”‡‗―‖ʙ‟ ―‘ʝ†–†‟ ὒὝ  

ὬO  ʝ ʞ‛‟ ὒ‖―‗‡”‡

’O †…‡†–† Ὀὥὶὧώ ‘‐„ʘ„‛‡ ὒὝ‘ ‟‡‛ʡ”‛“   

ὧO „‡‖ʘ’†”ὓὒ ‡‛“‡” –„  

 

ʁ ˍˊˈˉˇˌ ˃ʶ ˍˇ˄ ˇˉˇʾˇ ʶˉʽ˂ˏˇ˄ˍʰʽ ʰˎˍʷˌ ˇʽ ʶ˅ʽˋ˗ˋʶʽˌ ˁʰʽ ʴʽʰ ˍʽˌ ˍˊʶʽˌ ʵʽʰˋˍʱˋʶʽˌ ʰˉˇˍʶ˂ʶʾ 

ʷ˄ʰ˄ ˋˎ˄ʵˎʰˋ˃ˈ ˍʹˌ ˃ʶʻˈʵˇˎ ˍ˖˄ ˉʶˉʶˊʰˋ˃ʷ˄˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˁʰʽ ˍ˖˄ ˉʶˉʶˊʰˋ˃ʷ˄˖˄ ʵʽʰ˒ˇˊ˗˄Φ 

ʁˎˋʽʰˋˍʽˁʱΣ ˇ ˔˗ˊˇˌ ˍˇˎ ˉʶʵʾˇˎ ʵʽʰ˔˖ˊʾʸʶˍʰʽ ˋʶ ˉʰˊʱ˂˂ʹ˂ʰ ˇˊʽʸˈ˄ˍʽʰ ʶˉʾˉʶʵʰ ʴʽʰ ˍʰ ˇˉˇʾʰ 

˂ˏ˄ˇ˄ˍʰʽ ˇʽ ʶ˅ʽˋ˗ˋʶʽˌ ˃ʶ ˍʹ˄ ˃ʷʻˇʵˇ ˍ˖˄ ˉʶˉʶˊʰˋ˃ʷ˄˖˄ ˋˍˇʽ˔ʶʾ˖˄Φ ɴˉʶʽˍʰΣ ʴʾ˄ʶˍʰʽ ʹ ˋˏ˄ʵʶˋʹ ˍ˖˄ 

ˇˊʽʸˈ˄ˍʽ˖˄ ʶˉʽˉʷʵ˖˄ ˃ʶ ˍʹ˄ ʶˉʾ˂ˎˋʹ ˍ˖˄ ʶ˅ʽˋ˗ˋʶ˖˄ ˁʱʻʶˍʰΣ ˃ʶ ˍʹ˄ ˃ʷʻˇʵˇ ˍ˖˄ ˉʶˉʶˊʰˋ˃ʷ˄˖˄ 

ʵʽʰ˒ˇˊ˗˄Φ ɾʶ ʱ˂˂ʰ ˂ˈʴʽʰΣ ʰˁˇ˂ˇˎʻˇˏ˄ˍʰʽ  ʵˏˇ ʲʺ˃ʰˍʰ ˁʰʽ ʰˊ˔ʽˁʱ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ʹ ˃ʷʻˇʵˇˌ ˍ˖˄ 

ˉʶˉʶˊʰˋ˃ʷ˄˖˄ ˋˍˇʽ˔ʶʾ˖˄ ʴʽʰ ˍʹ˄ ʶˉʾ˂ˎˋʹ ˍ˖˄ ˇˊʽʸˈ˄ˍʽ˖˄ ʶˉʽˉʷʵ˖˄Σ ʶ˄˗ ˁʰˍʱ ˍˇ ʵʶˏˍʶˊˇ ʲʺ˃ʰΣ 

ˋˎ˄ʵʷˇ˄ˍʰʽ ˁʱʻʶˍʰ ˍʰ ˇˊʽʸˈ˄ˍʽʰ ʶˉʾˉʶʵʰ ˃ʶ ˍʽˌ ˉʶˉʶˊʰˋ˃ʷ˄ʶˌ ʵʽʰ˒ˇˊʷˌ όɳʽˁˈ˄ʰ 4.1).  

ʆˇ ˉˊˈʴˊʰ˃˃ʰ ʵʾ˄ʶʽ ˍʹ˄ ʵˎ˄ʰˍˈˍʹˍʰ ˋˍˇ˄ ˔ˊʺˋˍʹ ˄ʰ ʶˉʽ˂ʷ˅ʶʽ ˃ʶˍʰ˅ˏ ˍˊʽ˗˄ ˍˏˉ˖˄ ˇˊʽʰˁ˗˄ 

ˋˎ˄ʻʹˁ˗˄Φ ɼʰˍʱ ˍʹ˄ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌ ʰˉˈ ˍʹ˄ ʅʽʱˁʰ όʅʽʱˁʰΣ нлмрύΣ 

˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˇʽ ʵˏˇ ˉˊ˗ˍˇʽ ˍˏˉˇʽ ˍ˖˄ ˇˊʽʰˁ˗˄ ˋˎ˄ʻʹˁ˗˄Φ ɶ ˇˊʽʰˁʺ ˋˎ˄ʻʺˁʹ ʆˏˉˇˎ м 

ˉʶˊʽʴˊʱ˒ʶʽ ˋʹ˃ʶʾʰ ˈˉˇˎ ˍˇ ˎʵˊʰˎ˂ʽˁˈ ˏ˕ˇˌ ˉʰˊʰ˃ʷ˄ʶʽ ˋˍʰʻʶˊˈ όDiriclet) ʶ˄˗ ʹ ʆˏˉˇˎ н ʻʶ˖ˊʶʾ 

ˈˍʽ ˍˇ ˎʵˊʰˎ˂ʽˁˈ ˏ˕ˇˌ ˃ʶˍʰʲʱ˂˂ʶˍʰʽ ˋˍʰʻʶˊʱ ˃ʶ ˍˇ˄ ˔ˊˈ˄ˇ ˁʰʽ ʰˁˇ˂ˇˎʻʶʾ ˃ʽʰ ʶ˅ʾˋ˖ˋʹ ˋˍʰʻʶˊʺˌ 

ˊˇʺˌ όNeumann). 

  

 

 

 

 

ɳʽˁˈ˄ʰ 4.1 ς ʆˊʽˋʵʽʱˋˍʰˍˇˌ ʋ˗ˊˇˌ ʁˊʽʸˈ˄ˍʽ˖˄ ʃ˂ʶʴ˃ʱˍ˖˄ 
ʃʶˉʶˊʰˋ˃ʷ˄˖˄ ʅˍˇʽ˔ʶʾ˖˄ ˋʶ ˋˍˇʾʲʶˌ ʃʹʴʺ: Babu, 1997 
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4.3 ɞʒɻʍʈʋɾʙ ʐʋʑ PTC ʎʐʋ ɩʍʝɼʇʂʈɻ ɛʀʇʐʅʎʐʋʌʋʚʂʎʂʏ - ɥʋʉʐʘʇʋ 

ɩʍʝɼʇʀʕʂʏ  

4.3.1 ɭʒʅʎʐʗʈʀʉʂ ɣɻʐʗʎʐɻʎʂ 

ɶ ˉʰˊˇˏˋʰ ˃ʶ˂ʷˍʹΣ ˈˉ˖ˌ ʷ˔ʶʽ ʰ˄ʰ˒ʶˊʻʶʾΣ ʷ˔ʶʽ ʲʰˋʽˋˍʶʾ ˋˍˇ ˃ˇ˄ˍʷ˂ˇ ˍʹˌ ʅʽʱˁʰ ɾʰˊˁʷ˂˂ʰˌΣ 

ʴʽʰ ˍʹ˄ ˎˉˈʴʶʽʰ ˊˇʺ ˍʹˌ ɮ˃ˇˊʴˇˏΦ ʀʶˁʽ˄˗˄ˍʰˌ ˂ˇʽˉˈ˄ ʰˉˈ ˍˇ ʰˊ˔ʽˁˈ ˃ˇ˄ˍʷ˂ˇΣ ˉʰˊʰˍʹˊˇˏ˃ʶ ˍʹ˄ 

ʷ˄ˍˇ˄ʹ ʶ˅ʱˉ˂˖ˋʹ ˍˇˎ ˒ʰʽ˄ˇ˃ʷ˄ˇˎ ˍʹˌ ˎ˒ʰ˂˃ˏˊʽˋʹˌ ˁʰˍʱ ˍʹ˄ ʻʶˊʽ˄ʺ ˉʶˊʾˇʵˇ ˍˇˎ нлмп όɳʽˁˈ˄ʰ пΦ2, 

ɳʽˁˈ˄ʰ п.4ύ ʶ˄˗ ʰ˄ˍʾʻʶˍʰΣ ˍʹ˄ ˔ʶʽ˃ʶˊʽ˄ʺ ˉʶˊʾˇʵˇΣ ˍˇ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʽʵʽʰʾˍʶˊʰ 

ˉʶˊʽˇˊʽˋ˃ʷ˄ˇ ˁˇ˄ˍʱ ˋˍʹ˄ ʰˁˍʺ όɳʽˁˈ˄ʰ 4.3 ɳʽˁˈ˄ʰ пΦ5). ʅˍʹ˄ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌΣ ˖ˌ 

˃ʷˍ˖ˉˇ ˎ˒ʰ˂˃ˏˊʽˋʹˌ ˇˊʾʸʶˍʰʽ ˍˇ ˃ʷˍ˖ˉˇ ˃ʶ ˎʵˊʰˎ˂ʽˁˈ ˏ˕ˇˌ ˔ʰ˃ʹ˂ˈˍʶˊˇ ˍ˖˄ нлΦн m, ̀ ˏ˃˒˖˄ʰ ˃ʶ 

ˍˇ˄ ʵʽˇˊʻ˖˃ʷ˄ˇ ̀ ˎ˄ˍʶ˂ʶˋˍʺ Ghyben-Herzberg (Pool ˁ ʰʽ Carrera, 2011).  

 

ɹʵʽʰʾˍʶˊˇ ʶ˄ʵʽʰ˒ʷˊˇ˄ ˋˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍʹˌ ˋʹ˃ʶˊʽ˄ʺˌ ˁʰˍʱˋˍʰˋʹˌΣ ˉʰˊˇˎˋʽʱʸʶʽ ˍˇ 

˒ʰʽ˄ˈ˃ʶ˄ˇ ˍʹˌ ʰ˄ˍʾˋˍˊˇ˒ʹˌ ˊˇʺˌΦ ʂˉ˖ˌ ˒ʰʾ˄ʶˍʰʽ ˋˍʽˌ ɳʽˁˈ˄ʶˌ пΦн ˁʰʽ 4.3Σ ˋˍˇ ˄ˈˍʽˇ ˍ˃ʺ˃ʰ ˍʹˌ 

ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌΣ ˉʰˊʰˍʹˊʶʾˍʰʽ ˈˍʽ ˎˉʱˊ˔ˇˎ˄ ʵˏˇ ʾʵʽʶˌ ʽˋˇʵˎ˄ʰ˃ʽˁʷˌ ʴˊʰ˃˃ʷˌ ˋʶ ˁʱʻʶ ɳʽˁˈ˄ʰ 

όʽˋˇʵˎ˄ʰ˃ʽˁʺ ˍ˖˄ нлm ʴʽʰ ˍʹ˄ ʻʶˊʽ˄ʺ ˉʶˊʾˇʵˇ ˍˇˎ нлмп ˁʰʽ ʽˋˇʵˎ˄ʰ˃ʽˁʷˌ ˍ˖˄ нпm ˁʰʽ ноm ʴʽʰ ˍʹ˄ 

˔ʶʽ˃ʶˊʽ˄ʺ ˉʶˊʾˇʵˇ ˍˇˎ нлмпύΦ ɾʶ ʱ˂˂ʰ ˂ˈʴʽʰ, ʰ˄ˍʽˋˍˊʷ˒ʶˍʰʽ ʹ ˊˇʺ ˂ˈʴ˖ ˍʹˌ ʰˎ˅ʹ˃ʷ˄ʹˌ ʱ˄ˍ˂ʹˋʹˌ 

ˍˇˎ ˉʹʴʰʵʽˇˏ ˉˇˎ ʲˊʾˋˁʶˍʰʽ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ʰˎˍʺ (G14/W1)Φ ɶ ʵʽʰˉʾˋˍ˖ˋʹ ʰˎˍʺ ʰˉˇˍʶ˂ʶʾ ˃ʽʰ 

ˉˊˇʶʽʵˇˉˇʾʹˋʹ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌΣ ˁʰʻ˗ˌ ʶʾ˄ʰʽ ˉˇ˂ˏ ˉʽʻʰ˄ˈ ˄ʰ 

ˋˎ˃ʲʶʾ ˁʱˍʽ ʰ˄ˍʾˋˍˇʽ˔ˇ ˁʰʽ ˃ʶˍʱ ˍʹ˄ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹΦ ʍˋˍˈˋˇΣ ˁʱˍʽ ˍʷˍˇʽˇ ʵʶ˄ ʶʾ˄ʰʽ ʶˉʽʻˎ˃ʹˍˈ ˁʰʽ 

ˋˎ˄ʶˉ˗ˌΣ ˉˊʷˉʶʽ ˄ʰ ʴʾ˄ˇˎ˄ ˇʽ ʰˉʰˊʰʾˍʹˍʶˌ ʶ˄ʷˊʴʶʽʶˌ ʴʽʰ ˍʹ˄ ʰˉˇ˒ˎʴʺ ˍˇˎ ˒ʰʽ˄ˇ˃ʷ˄ˇˎΦ 

ɳʽˁˈ˄ʰ 4.2- ɮˉʶʽˁˈ˄ʽˋʹ ɹˋˇʵˎ˄ʰ˃ʽˁ˗˄ ɱˊʰ˃˃˗˄ ʇʵˊʰˎ˂ʽˁˇˏ ʈ˕ˇˎˌ 
ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍ˖˄ ɼʰˍʱˉˇ˂˖˄ ʴʽʰ ˍʹ˄ ˉʶˊʾˇʵˇ ʰˉˈ ɾʱʽˇ ʷ˖ˌ 
ʅʶˉˍʷ˃ʲˊʽˇ ˍˇˎ нлмп (34s Dry) 

ɳʽˁˈ˄ʰ 4.3- ɮˉʶʽˁˈ˄ʽˋʹ ɹˋˇʵˎ˄ʰ˃ʽˁ˗˄ ɱˊʰ˃˃˗˄ ʇʵˊʰˎ˂ʽˁˇˏ ʈ˕ˇˎˌ ˋˍʹ˄ 
ˉʶˊʽˇ˔ʺ ˍ˖˄ ɼʰˍʱˉˇ˂˖˄ ʴʽʰ ˍʹ˄ ˉʶˊʾˇʵˇ ʰˉˈ ʁˁˍ˗ʲˊʽˇ нлмп ʷ˖ˌ 
ɮˉˊʾ˂ʽˇ нлмр ό35s Wet). 




























































































