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ABSTRACT 
This thesis focuses on the analysis and evaluation of the operational performance of an urban 
road network, using traffic simulation through the Aimsun Next platform. The aim of the study 
is to understand the effects resulting from specific geometric interventions under various 
traffic conditions, with the ultimate goal of optimizing traffic flow and reducing congestion in 
heavily burdened urban environments. 
 
The methodology is based on the development of a microscopic simulation model, 
constructed using real geometric and traffic data from the Kifisos axis in Athens. The model 
includes a detailed representation of the road infrastructure, enabling the simulation of the 
existing conditions and the application of alternative intervention scenarios. The examined 
scenarios include the removal of road markings, the separation or merging of acceleration and 
deceleration lanes, the addition or removal of traffic lanes, and changes to type of entrance 
and exit ramps. 
 
The scenarios are evaluated using key performance indicators such as delay time, speed, 
density, queue length and duration, travel time, and total vehicle dwell time in the network. 
These indicators are recorded in each scenario, under both normal and increased traffic load 
conditions, allowing for a comparative assessment of intervention effectiveness. 
 
Particular emphasis is placed on the realism of the scenarios and the implementation of 
dynamic traffic management tools that activate interventions based on temporal or 
operational criteria. This approach enables the simulation of traffic under realistic variability 
conditions and allows the study of how networks respond to peak demand periods or 
temporary disruptions. 
 
Beyond technical evaluation, the study also examines the feasibility of implementing the 
proposed interventions, focusing on compatibility with existing infrastructure, spatial 
constraints, and the functional impact on road users. Through comparative analysis, those 
interventions that offer significant improvements in traffic performance without requiring 
extensive construction or urban redesign are highlighted. 
 
Overall, this study contributes to a deeper understanding of the operational dynamics of an 
urban road network and provides a reliable tool for engineers and planning authorities to 
support informed decision-making. By utilizing Aimsun Next, the importance of simulation in 
analyzing traffic phenomena and in designing efficient and sustainable interventions tailored 
to the needs of the modern city is demonstrated. 
 
Keywords: Traffic simulation, Microscopic modelling, Traffic scenarios, Geometric 
interventions, Urban road network, Aimsun Next 
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1. ɳɹʅɮɱʍɱɶ 
 
ɶ ˊʰʴʵʰʾʰ ʰˋˍʽˁˇˉˇʾʹˋʹΣ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ ʽʵʽˇˁˍʹˋʾʰˌ ˁʰʽ ˔ˊʺˋʹˌ ʽʵʽ˖ˍʽˁ˗˄ 
ˇ˔ʹ˃ʱˍ˖˄Σ ʷ˔ʶʽ ʶˉʽ˒ʷˊʶʽ ˋˇʲʰˊʷˌ ˉˊˇˁ˂ʺˋʶʽˌ ˋˍʹ˄ ˇ˃ʰ˂ʺ ˂ʶʽˍˇˎˊʴʾʰ ˍ˖˄ ʰˋˍʽˁ˗˄ 
ˋˎˋˍʹ˃ʱˍ˖˄ ˃ʶˍʰ˒ˇˊ˗˄Φ ɹʵʽʰʾˍʶˊʰ ˋˍʽˌ ˃ʶʴʱ˂ʶˌ ˉˈ˂ʶʽˌΣ ˈˉˇˎ ˉʰˊʰˍʹˊʶʾˍʰʽ ʷ˄ˍˇ˄ʹ 
ˋˎʴˁʷ˄ˍˊ˖ˋʹ ˉ˂ʹʻˎˋ˃ˇˏ ˁʰʽ ʵˊʰˋˍʹˊʽˇˍʺˍ˖˄Σ ˍʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ˁʽ˄ʹˍʽˁˈˍʹˍʰˌ ʷ˔ˇˎ˄ ˂ʱʲʶʽ 
ˉ˂ʷˇ˄ ʵʽʰ˔ˊˇ˄ʽˁˈ ˔ʰˊʰˁˍʺˊʰΣ ˉˊˇˁʰ˂˗˄ˍʰˌ ʶˉʽˉˍ˗ˋʶʽˌ ˈ˔ʽ ˃ˈ˄ˇ ˋˍʹ˄ ˁʰʻʹ˃ʶˊʽ˄ˈˍʹˍʰ ˍ˖˄ 
ˉˇ˂ʽˍ˗˄ ʰ˂˂ʱ ˁʰʽ ˋˍʹ˄ ˇʽˁˇ˄ˇ˃ʽˁʺ ˁʰʽ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʺ ʲʽ˖ˋʽ˃ˈˍʹˍʰ ˍ˖˄ ˉʶˊʽˇ˔˗˄ ʰˎˍ˗˄Φ ʁʽ 
ˁʰʻˎˋˍʶˊʺˋʶʽˌ ˋˍʽˌ ˃ʶˍʰˁʽ˄ʺˋʶʽˌΣ ʹ ˋˎ˃˒ˈˊʹˋʹΣ ʹ ʰˎ˅ʹ˃ʷ˄ʹ ʶ˄ʶˊʴʶʽʰˁʺ ˁʰˍʰ˄ʱ˂˖ˋʹΣ ʹ 
ʶˉʽʲʱˊˎ˄ˋʹ ˍˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ˁʰʽ ʹ ˃ʶʾ˖ˋʹ ˍʹˌ ˇʵʽˁʺˌ ʰˋ˒ʱ˂ʶʽʰˌ ʰˉˇˍʶ˂ˇˏ˄ ˉ˂ʷˇ˄ 
ʰ˂˂ʹ˂ʷ˄ʵʶˍʶˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ˉˇˎ ˇˊʾʸˇˎ˄ ˍʹ ˋˏʴ˔ˊˇ˄ʹ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺ ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰΦ 
 
ɶ ɮʻʺ˄ʰΣ ˖ˌ ˍˇ ˃ʶʴʰ˂ˏˍʶˊˇ ˉˇ˂ʶˇʵˇ˃ʽˁˈ ˋˎʴˁˊˈˍʹ˃ʰ ˍʹˌ ˔˗ˊʰˌΣ ˋˎʴˁʶ˄ˍˊ˗˄ʶʽ ʷ˄ˍˇ˄ʰ 
˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˃ʽʰˌ ˉˈ˂ʹˌ ˉˇˎ ʷ˔ʶʽ ʰ˄ʰˉˍˎ˔ʻʶʾ ʱ˄ʰˊ˔ʰΣ ˔˖ˊʾˌ ˍˇ˄ ʰˉʰˊʰʾˍʹˍˇ ˋˍˊʰˍʹʴʽˁˈ 
ˋ˔ʶʵʽʰˋ˃ˈ ˋˍˇ˄ ˍˇ˃ʷʰ ˍ˖˄ ˃ʶˍʰ˒ˇˊ˗˄ ˁʰʽ ˍ˖˄ ˎˉˇʵˇ˃˗˄Φ ɶ ˎˉʶˊˋˎʴˁʷ˄ˍˊ˖ˋʹ 
ʵˊʰˋˍʹˊʽˇˍʺˍ˖˄ ˋˍˇ ˁʷ˄ˍˊˇΣ ʹ ʵʽʱ˔ˎˋʹ ˍˇˎ ʰˋˍʽˁˇˏ ʽˋˍˇˏ ˋˍʰ ˉˊˇʱˋˍʽʰΣ ʹ ʰ˄ʶˉʰˊˁʺˌ 
˔˖ˊʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ˔ˊʺˋʶ˖˄ ʴʹˌ ˁʰʽ ʹ ˔ˊˇ˄ʽˁʺ ˋˏ˃ˉˍ˖ˋʹ ˍ˖˄ ˃ʶˍʰˁʽ˄ʺˋʶ˖˄ ʶˉʽʲʰˊˏ˄ˇˎ˄ 
ʵˊʰ˃ʰˍʽˁʱ ˍˇ ˇʵʽˁˈ ʵʾˁˍˎˇΦ ʁʽ ˁˎˁ˂ˇ˒ˇˊʽʰˁʷˌ ˊˇʷˌ ˔ʰˊʰˁˍʹˊʾʸˇ˄ˍʰʽ ʰˉˈ ʰ˄ʽˋˇˊˊˇˉʾʰ ˁʰʽ 
ʷ˄ˍˇ˄ʹ ʶ˅ʱˊˍʹˋʹ ʰˉˈ ˍˇ˄ ˇʵʽˁˈ ˃ʶˍʰ˒ˇˊʷʰΣ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ʹ ˋˎ˃˒ˈˊʹˋʹ ˄ʰ ʰˉˇˍʶ˂ʶʾ 
ˁʰʻʹ˃ʶˊʽ˄ˈ ˒ʰʽ˄ˈ˃ʶ˄ˇ ˋʶ ʲʰˋʽˁˇˏˌ ʱ˅ˇ˄ʶˌΦ ʁʽ ʰ˄ʱʴˁʶˌ ʴʽʰ ʲʽ˗ˋʽ˃ʹ ˁʽ˄ʹˍʽˁˈˍʹˍʰ ˁʰʽ 
˂ʶʽˍˇˎˊʴʽˁʺ ʶ˅ˎˉʹˊʷˍʹˋʹ ˍ˖˄ ˉˇ˂ʽˍ˗˄ ˁʰʻʽˋˍˇˏ˄ ʶˉʽˍʰˁˍʽˁʺ ˍʹ ʲʶ˂ˍʾ˖ˋʹ ˍˇˎ 
ˋˎʴˁˇʽ˄˖˄ʽʰˁˇˏ ˋ˔ʶʵʽʰˋ˃ˇˏ ˁʰʽ ˍʹ˄ ˎʽˇʻʷˍʹˋʹ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄˖˄ ˉˇ˂ʽˍʽˁ˗˄ ʵʽʰ˔ʶʾˊʽˋʹˌ 
ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ 
 
ʅˍˇ ˉ˂ʰʾˋʽˇ ʰˎˍˈΣ ʹ ɽʶ˖˒ˈˊˇˌ ɼʹ˒ʽˋˇˏ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ˄ ʰˉˈ ˍˇˎˌ ˋʹ˃ʰ˄ˍʽˁˈˍʶˊˇˎˌ ˁʰʽ ˉʽˇ 
ʶˉʽʲʰˊˎ˃ʷ˄ˇˎˌ ˇʵʽˁˇˏˌ ʱ˅ˇ˄ʶˌ ˍˇˎ ˂ʶˁʰ˄ˇˉʶʵʾˇˎ ˍʹˌ ɮˍˍʽˁʺˌΣ ˃ʶ ˋˎ˄ˇ˂ʽˁˈ ˃ʺˁˇˌ ˉʶˊʾˉˇˎ 
мп ˔ʽ˂ʽˇ˃ʷˍˊ˖˄Φ ɳˁˍʶʾ˄ʶˍʰʽ ˉʰˊʱ˂˂ʹ˂ʰ ˃ʶ ˍʹ˄ ˁˇʾˍʹ ˍˇˎ ˉˇˍʰ˃ˇˏ ɼʹ˒ʽˋˇˏ ˁʰʽ ˂ʶʽˍˇˎˊʴʶʾ ˖ˌ 
ʲʰˋʽˁˈˌ ˋˎʴˁˇʽ˄˖˄ʽʰˁˈˌ ʵʽʱʵˊˇ˃ˇˌ ˉˇˎ ˋˎ˄ʵʷʶʽ ˍʰ ʲˈˊʶʽʰ ˁʰʽ ˄ˈˍʽʰ ˉˊˇʱˋˍʽʰ ˍʹˌ 
ˉˊ˖ˍʶˏˇˎˋʰˌΦ ʀʶˁʽ˄˗˄ˍʰˌ ʰˉˈ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ɼʹ˒ʽˋʽʱˌΣ ʵʽʷˊ˔ʶˍʰʽ ʰˉˈ ˉˇ˂ˎˉ˂ʹʻʶʾˌ 
ʵʺ˃ˇˎˌ ˁʰʽ ˋˎ˄ˇʽˁʾʶˌ ˈˉ˖ˌ ˍˇ ʃʶˊʽˋˍʷˊʽΣ ˍˇ ɮʽʴʱ˂ʶ˖ ˁʰʽ ˇ ʄʷ˄ˍʹˌΣ ˁʰˍʰ˂ʺʴˇ˄ˍʰˌ ˋˍˇ˄ 
ʊʰ˂ʹˊʽˁˈ ʂˊ˃ˇΣ ˈˉˇˎ ˋˎ˄ʵʷʶˍʰʽ ˃ʶ ˍʹ ɽʶ˖˒ˈˊˇ ʃˇˋʶʽʵ˗˄ˇˌΦ ɶ ˋˍˊʰˍʹʴʽˁʺ ˍʹˌ ˋʹ˃ʰˋʾʰ 
ʶ˄ʽˋ˔ˏʶˍʰʽ ʰˉˈ ˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ʰˉˇˍʶ˂ʶʾ ˍ˃ʺ˃ʰ ˍˇˎ ʶʻ˄ʽˁˇˏ ˁʰʽ ˎˉʶˊʰˋˍʽˁˇˏ ʵʽˁˍˏˇˎ 
˃ʶˍʰ˒ˇˊ˗˄Σ ˁʰʻ˗ˌ ˋˎ˄ʵʷʶʽ ˍˇ˄ ˁˏˊʽˇ ʱ˅ˇ˄ʰ ˍʹˌ ɮм όɳʻ˄ʽˁʺ ʁʵˈˌ ɮʻʹ˄˗˄ςɸʶˋˋʰ˂ˇ˄ʾˁʹˌύ ˃ʶ 
ˍˇ ˉʰˊʱˁˍʽˇ ˃ʷˍ˖ˉˇ ˁʰʽ ˍˇ ˂ʽ˃ʱ˄ʽ ˍˇˎ ʃʶʽˊʰʽʱΣ ʶ˅ˎˉʹˊʶˍ˗˄ˍʰˌ ʷˍˋʽ ʵʽʰ˃ˉʶˊʶʾˌ ˁʰʽ ˍˇˉʽˁʷˌ 
˃ʶˍʰˁʽ˄ʺˋʶʽˌΦ 
 
ɶ ɽʶ˖˒ˈˊˇˌ ɼʹ˒ʽˋˇˏ ˁʰˍʰʴˊʱ˒ʶʽ ʽʵʽʰʾˍʶˊʰ ˎ˕ʹ˂ˈ ˁˎˁ˂ˇ˒ˇˊʽʰˁˈ ˒ˈˊˍˇΣ ʽʵʾ˖ˌ ˁʰˍʱ ˍʽˌ 
˗ˊʶˌ ʰʽ˔˃ʺˌΣ ʶ˅ʰʽˍʾʰˌ ˍʹˌ ˍʰˎˍˈ˔ˊˇ˄ʹˌ ʶ˅ˎˉʹˊʷˍʹˋʹˌ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˍˏˉ˖˄ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ς
ʶˉʽʲʰˍʽˁʺˌΣ ʶ˃ˉˇˊʽˁʺˌ ˁʰʽ ʲʰˊʷ˖˄ ˇ˔ʹ˃ʱˍ˖˄Φ ʆˇ ʴʶʴˇ˄ˈˌ ʰˎˍˈ ˍʹ˄ ˁʰʻʽˋˍʱ ˁˊʾˋʽ˃ˇ ˁˈ˃ʲˇ 
ˍˇˎ ˁˎˁ˂ˇ˒ˇˊʽʰˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ ˍʹˌ ˉˊ˖ˍʶˏˇˎˋʰˌΣ ʰ˂˂ʱ ˁʰʽ ˍʰˎˍˈ˔ˊˇ˄ʰ ˉʹʴʺ 
ˋˎˋˍʹ˃ʰˍʽˁ˗˄ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ˈˉ˖ˌ ˁʰʻˎˋˍʶˊʺˋʶʽˌΣ ˋˎ˃˒ˈˊʹˋʹΣ ʰˎ˅ʹ˃ʷ˄ʹ ˊˏˉʰ˄ˋʹ ˁʰʽ 
ˇʵʽˁʱ ʰˍˎ˔ʺ˃ʰˍʰΦ ʁʽ ʶˉʽˉˍ˗ˋʶʽˌ ʶ˄ˍʶʾ˄ˇ˄ˍʰʽ ˋʶ ˉʶˊʽˉˍ˗ˋʶʽˌ ʵʽʰˍʰˊʰ˔˗˄ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ 
ˈˉ˖ˌ ʰˍˎ˔ʺ˃ʰˍʰ ʺ ʵˎˋ˃ʶ˄ʶʾˌ ˁʰʽˊʽˁʷˌ ˋˎ˄ʻʺˁʶˌΣ ˎˉˇʵʶʽˁ˄ˏˇ˄ˍʰˌ ˍʹ˄ ʶˎʻˊʰˎˋˍˈˍʹˍʰ ˍʹˌ 
ˎ˒ʽˋˍʱ˃ʶ˄ʹˌ ˎˉˇʵˇ˃ʺˌ ʰˉʷ˄ʰ˄ˍʽ ˋʶ ˁˊʾˋʽ˃ʶˌ ˁʰˍʰˋˍʱˋʶʽˌΦ 
 



ɼʶ˒ʱ˂ʰʽˇ 1 ς ɳʽˋʰʴ˖ʴʺ 
 

-2- 

 

ʅʶ ʶˉʾˉʶʵˇ ˍʶ˔˄ʽˁ˗˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄Σ ʹ ɽʶ˖˒ˈˊˇˌ ɼʹ˒ʽˋˇˏ ʷ˔ʶʽ ˁʰˍʰˋˁʶˎʰˋˍʶʾ 
ʰˉˇˋˉʰˋ˃ʰˍʽˁʱ ˁʰʽ ˃ʶ ʶˍʶˊˇʴʶ˄ʺ ʴʶ˖˃ʶˍˊʽˁʱ ˁʰʽ ˁʰˍʰˋˁʶˎʰˋˍʽˁʱ ˉˊˈˍˎˉʰΣ ʴʶʴˇ˄ˈˌ ˉˇˎ 
ʵʹ˃ʽˇˎˊʴʶʾ ʶˉʽ˔ʶʽˊʹˋʽʰˁʷˌ ˁʰʽ ˋˎ˄ˍʹˊʹˋʽʰˁʷˌ ˉˊˇˁ˂ʺˋʶʽˌΦ ʃʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʰ˄ʽˋˈˉʶʵˇˎˌ 
ˁˈ˃ʲˇˎˌΣ ʴʷ˒ˎˊʶˌΣ ˉʰˊʱˉ˂ʶˎˊˇˎˌ ʵˊˈ˃ˇˎˌ ˁʰʽ ˇ˔ʶˍˇˏˌΣ ʶ˄˗ ˋʹ˃ʰ˄ˍʽˁˈ ʸʺˍʹ˃ʰ ʰˉˇˍʶ˂ʶʾ ʹ 
ˉ˂ʹ˃˃ˎˊʽˁʺ ˍˊ˖ˍˈˍʹˍʰ ˍʹˌ ˉʶˊʽˇ˔ʺˌΣ ʶ˅ʰʽˍʾʰˌ ˍʹˌ ʴʶʽˍ˄ʾʰˋʹˌ ˃ʶ ˍˇ˄ ˉˇˍʰ˃ˈ ɼʹ˒ʽˋˈΦ ɮˎˍˈ 
ʷ˔ʶʽ ˇʵʹʴʺˋʶʽ ˋˍʹ˄ ʰ˄ʱʴˁʹ ʴʽʰ ʶ˒ʰˊ˃ˇʴʺ ʷˊʴ˖˄ ʰˉˇˋˍˊʱʴʴʽˋʹˌ ˁʰʽ ʰ˄ˍʽˉ˂ʹ˃˃ˎˊʽˁʺˌ 
ˉˊˇˋˍʰˋʾʰˌΣ ˍʰ ˇˉˇʾʰ ˖ˋˍˈˋˇ ˋˎ˔˄ʱ ʵʶ˄ ˁʰ˂ˏˉˍˇˎ˄ ˉ˂ʺˊ˖ˌ ˍʽˌ ˂ʶʽˍˇˎˊʴʽˁʷˌ ʰˉʰʽˍʺˋʶʽˌ ˍʹˌ 
ˉʶˊʽˇ˔ʺˌΦ 
 
ɶ ʵʽʰ˔ʶʾˊʽˋʹ ˁʰʽ ʰ˄ʰʲʱʻ˃ʽˋʹ ˍʹˌ ɽʶ˖˒ˈˊˇˎ ɼʹ˒ʽˋˇˏ ʰˉˇˍʶ˂ʶʾ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˉˇ˂ˎʶˉʾˉʶʵˇˎ 
ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ ˍˈˋˇ ʴʽʰ ˍʽˌ ˍʶ˔˄ʽˁʷˌ ˎˉʹˊʶˋʾʶˌ ˈˋˇ ˁʰʽ ʴʽʰ ˍˇˎˌ ʰˊ˃ˈʵʽˇˎˌ ˒ˇˊʶʾˌ 
˃ʶˍʰ˒ˇˊ˗˄ ˁʰʽ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌΦ ɶ ʰ˄ʱʴˁʹ ʴʽʰ ʶ˄ʾˋ˔ˎˋʹ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ʰˋ˒ʱ˂ʶʽʰˌΣ 
ˉʶˊʽˇˊʽˋ˃ˈ ˍ˖˄ ˁʰʻˎˋˍʶˊʺˋʶ˖˄Σ ʶ˄ʾˋ˔ˎˋʹ ˍʹˌ ˂ʶʽˍˇˎˊʴʽˁʺˌ ʰ˄ʻʶˁˍʽˁˈˍʹˍʰˌ ˁʰʽ ʲʶ˂ˍʾ˖ˋʹ 
ˍʹˌ ˉˇʽˈˍʹˍʰˌ ʸ˖ʺˌ ˍ˖˄ ˉˇ˂ʽˍ˗˄ ˁʰʻʽˋˍʱ ˍʹ ˂ʶ˖˒ˈˊˇ ʰˎˍʺ ˁˇ˃ʲʽˁˈ ˋʹ˃ʶʾˇ ˋˍˊʰˍʹʴʽˁ˗˄ 
ˉʰˊʶ˃ʲʱˋʶ˖˄ ˋˍˇ˄ ˋ˔ʶʵʽʰˋ˃ˈ ˍʹˌ ˃ʹˍˊˇˉˇ˂ʽˍʽˁʺˌ ɮʻʺ˄ʰˌΦ 

1.1. ɮ˄ˍʽˁʶʾ˃ʶ˄ˇ 

 
ɽʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˍʰ ʽʵʽʰʾˍʶˊʰ ˂ʶʽˍˇˎˊʴʽˁʱΣ ʴʶ˖˃ʶˍˊʽˁʱ ˁʰʽ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʱ 
˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ɽʶ˖˒ˈˊˇˎ ɼʹ˒ʽˋˇˏΣ ˁʰʻ˗ˌ ˁʰʽ ˍʽˌ ˋˏ˄ʻʶˍʶˌ ˉˊˇˁ˂ʺˋʶʽˌ ˉˇˎ 
ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍʹ ˃ʰˁˊˇ˔ˊˈ˄ʽʰ ˁʰʽ ʶ˄ˍʰˍʽˁʺ ˔ˊʺˋʹ ˍʹˌΣ ʰ˄ʰʵʶʽˁ˄ˏʶˍʰʽ ʹ ʶˉʽˍʰˁˍʽˁʺ ʰ˄ʱʴˁʹ 
ʴʽʰ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˋˍˇ˔ʶˎ˃ʷ˄˖˄ ˉʰˊʶ˃ʲʱˋʶ˖˄Σ ʽˁʰ˄˗˄ ˄ʰ ʶ˄ʽˋ˔ˏˋˇˎ˄ ˍʹ ˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʰΣ 
ˍʹ˄ ʰ˄ʻʶˁˍʽˁˈˍʹˍʰ ˁʰʽ ˍʹ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ʲʽ˖ˋʽ˃ˈˍʹˍʰ ˍˇˎ ʶ˄ ˂ˈʴ˖ ˇʵʽˁˇˏ ʱ˅ˇ˄ʰΦ ɶ 
ˋʹ˃ʰˋʾʰ ˍʹˌ ɽʶ˖˒ˈˊˇˎ ɼʹ˒ʽˋˇˏ ʴʽʰ ˍʹ˄ ʶ˅ˎˉʹˊʷˍʹˋʹ ʵʽʰ˃ˉʶˊ˗˄ ˁʰʽ ˍˇˉʽˁ˗˄ ˃ʶˍʰˁʽ˄ʺˋʶ˖˄ 
ʶ˄ˍˈˌ ˍˇˎ ˃ʹˍˊˇˉˇ˂ʽˍʽˁˇˏ ˋˎʴˁˊˇˍʺ˃ʰˍˇˌ ˍʹˌ ɮʻʺ˄ʰˌΣ ˁʰʻ˗ˌ ˁʰʽ ʴʽʰ ˍʹ ˋˏ˄ʵʶˋʹ ˍˇˎ 
ˎˉʶˊʰˋˍʽˁˇˏ ʵʽˁˍˏˇˎ ˃ʶ ˍˇ ʻʰ˂ʱˋˋʽˇ ˃ʷˍ˖ˉˇ ˍˇˎ ʃʶʽˊʰʽʱΣ ˁʰʻʽˋˍʱ ˍʹ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˍʹˌ 
ʰˉˈʵˇˋʺˌ ˍʹˌ ʸʺˍʹ˃ʰ ˋˍˊʰˍʹʴʽˁʺˌ ˋʹ˃ʰˋʾʰˌΦ 
 
ʁʽ ʰˉʰʽˍʺˋʶʽˌ ˉˇˎ ʵʽʰˍˎˉ˗˄ˇ˄ˍʰʽ ˋˍˇ ˉ˂ʰʾˋʽˇ ˍʹˌ ˋˏʴ˔ˊˇ˄ʹˌ ˋˎʴˁˇʽ˄˖˄ʽʰˁʺˌ ˍʶ˔˄ʽˁʺˌ 
ʰ˒ˇˊˇˏ˄ ˈ˔ʽ ˃ˈ˄ˇ ˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˍˇˎ ʰˎ˅ʹ˃ʷ˄ˇˎ ˁˎˁ˂ˇ˒ˇˊʽʰˁˇˏ ˒ˈˊˍˇˎΣ ʰ˂˂ʱ ˁʰʽ ˍʹ˄ 
ˉˊˇˋʰˊ˃ˇʴʺ ˍ˖˄ ˎˉˇʵˇ˃˗˄ ˋˍʽˌ ʰˊ˔ʷˌ ˍʹˌ ʲʽ˗ˋʽ˃ʹˌ ˁʽ˄ʹˍʽˁˈˍʹˍʰˌΣ ˍʹˌ ˉˊˇˋʲʰˋʽ˃ˈˍʹˍʰˌΣ 
ˍʹˌ ʶ˄ʶˊʴʶʽʰˁʺˌ ʰˉˇʵˇˍʽˁˈˍʹˍʰˌ ˁʰʽ ˍʹˌ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʺˌ ˎˉʶˎʻˎ˄ˈˍʹˍʰˌΦ ʅˎ˄ʶˉ˗ˌΣ ˇʽ 
ˉʰˊʶ˃ʲʱˋʶʽˌ ˉˇˎ ʶ˅ʶˍʱʸˇ˄ˍʰʽ ˋˍˇ ˉ˂ʰʾˋʽˇ ˍʹˌ ˉʰˊˇˏˋʰˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌΣ ʵʶ˄ 
ˉʶˊʽˇˊʾʸˇ˄ˍʰʽ ˋʶ ʰˉ˂ʷˌ ʶˉʶ˃ʲʱˋʶʽˌ ˔˖ˊʹˍʽˁˈˍʹˍʰˌΣ ʰ˂˂ʱ ˋˍˇ˔ʶˏˇˎ˄ ˋˍʹ˄ ʶ˄ʾˋ˔ˎˋʹ ˍʹˌ 
ˋˎ˄ˇ˂ʽˁʺˌ ˋˎˋˍʹ˃ʽˁʺˌ ʰˉˈʵˇˋʹˌ ˍˇˎ ˇʵʽˁˇˏ ʵʽˁˍˏˇˎ ˃ʷˋ˖ ʴʶ˖˃ʶˍˊʽˁ˗˄ ʲʶ˂ˍʽ˗ˋʶ˖˄ ˁʰʽ 
ʶˉʽ˔ʶʽˊʹˋʽʰˁ˗˄ ˉˊˇˋʰˊ˃ˇʴ˗˄Φ 
 
ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ ʶˉʽ˔ʶʽˊʶʾˍʰʽ ʹ ʰ˅ʽˇ˂ˈʴʹˋʹ ʵʽʰ˒ˈˊ˖˄ 
ˋʶ˄ʰˊʾ˖˄ ʴʶ˖˃ʶˍˊʽˁʺˌ ʰ˄ʰʵʽʰ˃ˈˊ˒˖ˋʹˌ ˍʹˌ ɽʶ˖˒ˈˊˇˎ ɼʹ˒ʽˋˇˏΣ ˃ʷˋ˖ ˍʹˌ ˔ˊʺˋʹˌ 
ʶˊʴʰ˂ʶʾ˖˄ ˃ʽˁˊˇˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ ɶ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ˋʶ˄ʰˊʾ˖˄ ˋˍˇ˔ʶˏʶʽ ˋˍʹ˄ 
ˁʰˍʰ˄ˈʹˋʹ ˍʹˌ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹˌ ˃ʶˍʰ˅ˏ ʴʶ˖˃ʶˍˊʽˁ˗˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˁʰʽ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ˊˇʺˌΣ 
ˁʰʻ˗ˌ ˁʰʽ ˋˍʹ˄ ˉˇˋˇˍʽˁʺ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍ˖˄ ʶˉʽˉˍ˗ˋʶ˖˄ ˍ˖˄ ˉˊˇˍʶʽ˄ˈ˃ʶ˄˖˄ ʶˉʶ˃ʲʱˋʶ˖˄ 
ˋˍˇˎˌ ʲʰˋʽˁˇˏˌ ʵʶʾˁˍʶˌ ʰˉˈʵˇˋʹˌ ˍˇˎ ˇʵʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌΣ ˈˉ˖ˌ ʶʾ˄ʰʽ ʹ ˍʰ˔ˏˍʹˍʰ ˊˇʺˌΣ ʹ 
ˁʰʻˎˋˍʷˊʹˋʹΣ ˇ ʰˊʽʻ˃ˈˌ ˋˍʱˋʶ˖˄ ˁʰʽ ˇ ˁˇˊʶˋ˃ˈˌΦ 
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ɶ ɻʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ ʲʰˋʾʸʶˍʰʽ ˋˍʹ ʵʽʰ˃ˈˊ˒˖ˋʹ ˉʷ˄ˍʶ ʵʽʰˁˊʽˍ˗˄ ˋʶ˄ʰˊʾ˖˄Σ ˁʰʻʷ˄ʰ ʰˉˈ 
ˍʰ ˇˉˇʾʰ ʶʽˋʱʴʶʽ ʵʽʰ˒ˇˊʶˍʽˁˇˏ ˍˏˉˇˎ ʴʶ˖˃ʶˍˊʽˁʺ ˍˊˇˉˇˉˇʾʹˋʹΦ ʍˌ ʰ˒ʶˍʹˊʾʰΣ ˍˇ ʅʶ˄ʱˊʽˇ л 
˂ʶʽˍˇˎˊʴʶʾ ˖ˌ ɾʹʵʶ˄ʽˁˈ ʅʶ˄ʱˊʽˇ, ʰˉʶʽˁˇ˄ʾʸˇ˄ˍʰˌ ˍʹ˄ ˎ˒ʽˋˍʱ˃ʶ˄ʹ ˁʰˍʱˋˍʰˋʹ ˍˇˎ ˇʵʽˁˇˏ 
ʱ˅ˇ˄ʰ ˔˖ˊʾˌ ˁʰ˃ʾʰ ˉʰˊʷ˃ʲʰˋʹΦ ɶ ʶˉʽ˂ˇʴʺ ʰˎˍʺˌ ˍʹˌ ʲʱˋʹˌ ʰ˄ʰ˒ˇˊʱˌ, ʁ ʾ˄ʰʽ ʰ˄ʰʴˁʰʾʰ ʴʽʰ ˍʹ 
ˋˎʴˁˊʽˍʽˁʺ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰˌ ˁʱʻʶ ʶ˄ʰ˂˂ʰˁˍʽˁʺˌ ˉˊˈˍʰˋʹˌΦ 
 
ʆˇ ʅʶ˄ʱˊʽˇ м ʶʽˋʱʴʶʽ ˍʹ˄ ˁʰˍʱˊʴʹˋʹ ˍ˖˄ ˉʶˊʽˇ˔˗˄ ʵʽʰʴˊʱ˃˃ʽˋʹˌ ˉˇˎ ʵʽʰ˔˖ˊʾʸˇˎ˄ ˍʽˌ 
˂˖ˊʾʵʶˌ ʶˉʽˍʱ˔ˎ˄ˋʹˌ ˁʰʽ ʶˉʽʲˊʱʵˎ˄ˋʹˌ ʰˉˈ ˍʽˌ ˁˏˊʽʶˌ ˂˖ˊʾʵʶˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ ɶ ˋ˔ʶʵʽʰˋˍʽˁʺ 
ʰˎˍʺ ʶˉʽ˂ˇʴʺ ʰˉˇˋˁˇˉʶʾ ˋˍʹ˄ ʰˏ˅ʹˋʹ ˍˇˎ ʵʽʰʻʷˋʽ˃ˇˎ ˉ˂ʱˍˇˎˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˁʰʽ ˋˍʹ ˃ʶʾ˖ˋʹ 
ˍ˖˄ ˒ˊʰʴ˃˗˄ ˉˇˎ ˉˊˇˁʰ˂ˇˏ˄ ʵʽˋˍʰʴ˃ˈ ʺ ʰˉˈˍˇ˃ʶˌ ˁʽ˄ʺˋʶʽˌ ˍ˖˄ ˇʵʹʴ˗˄Σ ʶ˄ʽˋ˔ˏˇ˄ˍʰˌ ˍʹ 
ʴˊʰ˃˃ʽˁˈˍʹˍʰ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˁʰʽ ˍʹ˄ ʰ˄ˍʽ˂ʹˉˍʺ ˋˎ˄ʷ˔ʶʽʰ ˍˇˎ ʵʽˁˍˏˇˎΦ 
 
ʆˇ ʅʶ˄ʱˊʽˇ н ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʵˏˇ ˎˉˇˉʶˊʽˉˍ˗ˋʶʽˌΥ ʰύ ˍʹ˄ ˉˊˇˋʻʺˁʹ ˃ʾʰˌ ˂˖ˊʾʵʰˌ 
ˁˎˁ˂ˇ˒ˇˊʾʰˌ ʰ˄ʱ ˁʰˍʶˏʻˎ˄ˋʹΣ ˃ʶ ˋˍˈ˔ˇ ˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ ˋˎ˄ˇ˂ʽˁʺˌ ˔˖ˊʹˍʽˁˈˍʹˍʰˌ ˍˇˎ 
ʵˊˈ˃ˇˎΣ ˁʰʽ ʲύ ˍʹ˄ ʰ˒ʰʾˊʶˋʹ ˃ʾʰˌ ˂˖ˊʾʵʰˌΣ ˃ʶ ˋˁˇˉˈ ˍʹ˄ ʰ˅ʽˇ˂ˈʴʹˋʹ ʶ˄ʵʶ˔ˈ˃ʶ˄˖˄ ˂ˏˋʶ˖˄ 
ˉʶˊʽˇˊʽˋ˃ˇˏ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˉˊˇˌ ˈ˒ʶ˂ˇˌ ʱ˂˂˖˄ ˔ˊʺˋʶ˖˄ ˍˇˎ ˇʵʽˁˇˏ ˔˗ˊˇˎ όˈˉ˖ˌ 
˂˖ˊʾʵʶˌ ʴʽʰ ʵʹ˃ˈˋʽʰ ˃ʷˋʰ ˃ʶˍʰ˒ˇˊʱˌΣ ˉˇʵʹ˂ʰˋʾʰ ʺ ʵʽʰ˃ˈˊ˒˖ˋʹ ˍʶ˔˄ʽˁ˗˄ ʸ˖˄˗˄ 
ʰˋ˒ʰ˂ʶʾʰˌύΦ ɶ ʵʽˍˍʺ ʰˎˍʺ ˉˊˇˋʷʴʴʽˋʹ ʶˉʽˍˊʷˉʶʽ ˍʹ ʵʽʶˊʶˏ˄ʹˋʹ ˍʹˌ ˋ˔ʷˋʹˌ ˃ʶˍʰ˅ˏ ˔˖ˊʽˁˇˏ 
ˋ˔ʶʵʽʰˋ˃ˇˏ ˁʰʽ ˃ʶˍʰʲˇ˂ʺˌ ˍˇˎ ʶˉʽˉʷʵˇˎ ʶ˅ˎˉʹˊʷˍʹˋʹˌΦ 
 
ʆˇ ʅʶ˄ʱˊʽˇ о ˉˊˇˍʶʾ˄ʶʽ ˍʹ ʵʽʰˍʺˊʹˋʹ ˋˍʰʻʶˊˇˏ ʰˊʽʻ˃ˇˏ ˍˊʽ˗˄ ˁˏˊʽ˖˄ ˂˖ˊʾʵ˖˄ ˁˎˁ˂ˇ˒ˇˊʾʰˌ 
ʰ˄ʱ ˁʰˍʶˏʻˎ˄ˋʹ ˁʰʻΩ ˈ˂ˇ ˍˇ ˃ʺˁˇˌ ˍʹˌ ɽʶ˖˒ˈˊˇˎΣ ˔˖ˊʾˌ ˋˎʴ˔˖˄ʶˏˋʶʽˌΣ ʵʽʰˁ˂ʰʵ˗ˋʶʽˌ ʺ 
˃ʶʽ˗ˋʶʽˌ ˍˇˎ ʰˊʽʻ˃ˇˏ ˂˖ˊʾʵ˖˄ ˋˍʰ ˋʹ˃ʶʾʰ ʶʽˋˈʵˇˎ ʺ ʶ˅ˈʵˇˎΦ ɶ ˋˍˊʰˍʹʴʽˁʺ ʰˎˍʺ ʶˉʽ˔ʶʽˊʶʾ 
˄ hʶ˄ʽˋ˔ˏˋʶʽ ˍʹ ˊˇʺ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ʵʽʰˋ˒ʰ˂ʾʸˇ˄ˍʰˌ ˍʹ˄ ˇ˃ˇʽˇ˃ˇˊ˒ʾʰ ˍʹˌ ʵʽʰˍˇ˃ʺˌ ˁʰʽ 
ˉʶˊʽˇˊʾʸˇ˄ˍʰˌ ˍʰ ˒ʰʽ˄ˈ˃ʶ˄ʰ ζōƻǘǘƭŜƴŜŎƪη ˉˇˎ ˋˎ˔˄ʱ ˉˊˇˁʰ˂ˇˏ˄ ˁˎ˃ʰˍˇʶʽʵʶʾˌ 
ʶˉʽʲˊʰʵˏ˄ˋʶʽˌ. 
 
ʆʷ˂ˇˌΣ ˍˇ ʅʶ˄ʱˊʽˇ п ʶ˅ʶˍʱʸʶʽ ˍʹ ʴʶ˖˃ʶˍˊʽˁʺ ʰ˄ʰʵʽʰ˃ˈˊ˒˖ˋʹ ˍ˖˄ ˊʰ˃ˉ˗˄ ʶʽˋˈʵˇˎ ˁʰʽ ʶ˅ˈʵˇˎ 
˃ʶ ˍʹ ˔ˊʺˋʹ ˋ˒ʹ˄ˇʶʽʵ˗˄ ˃ʶˍʰʲʱˋʶ˖˄, ˋʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍʽˌ ˉʰˊʰʵˇˋʽʰˁʷˌ ˂˖ˊʾʵʶˌ 
ʶˉʽˍʱ˔ˎ˄ˋʹˌ ˁʰʽ ʶˉʽʲˊʱʵˎ˄ˋʹˌΦ ɶ ˃ˇˊ˒ˇ˂ˇʴʾʰ ʰˎˍʺ ʶˉʽʵʽ˗ˁʶʽ ˍʹ ˒ˎˋʽˁˈˍʶˊʹ ˁʰʽ ˋˍʰʵʽʰˁʺ 
ʷ˄ˍʰ˅ʹ ʺ ʰˉˇ˔˗ˊʹˋʹ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄Σ ˃ʶʽ˗˄ˇ˄ˍʰˌ ˍˇ˄ ʰˊʽʻ˃ˈ ʰˉˈˍˇ˃˖˄ ʰ˂˂ʰʴ˗˄ ˍʰ˔ˏˍʹˍʰˌ 
ˁʰʽ ˍʽˌ ˉʽʻʰ˄ˈˍʹˍʶˌ ʰ˂˂ʹ˂ʶˉʽʵˊʱˋʶ˖˄ ˎ˕ʹ˂ˇˏ ˁʽ˄ʵˏ˄ˇˎΦ 
 
ɼʱʻʶ ˋʶ˄ʱˊʽˇ ʰ˅ʽˇ˂ˇʴʶʾˍʰʽ ˎˉˈ ˍˊʶʽˌ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΥ ˍʹ˄ ˎ˒ʽˋˍʱ˃ʶ˄ʹ 
ˁʰˍʱˋˍʰˋʹΣ ˁʰʻ˗ˌ ˁʰʽ ʵˏˇ ˉʶˊʽˉˍ˗ˋʶʽˌ ʰˎ˅ʹ˃ʷ˄ˇˎ ˒ˈˊˍˇˎ ˁʰˍʱ нл҈ ˁʰʽ рл҈ ʰ˄ˍʾˋˍˇʽ˔ʰΦ ɶ 
˔ˊʺˋʹ ˃ʶˍʰʲʰ˂˂ˈ˃ʶ˄˖˄ ʶˉʽˉʷʵ˖˄ ʸʺˍʹˋʹˌ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ ʰ˄ʻʶˁˍʽˁˈˍʹˍʰˌ 
ˁʱʻʶ ˋ˔ʶʵʽʰˋˍʽˁʺˌ ˉˊˈˍʰˋʹˌ ˋʶ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ʰˎ˅ʹ˃ʷ˄ʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ʶ˄˗ 
ˉʰˊʱ˂˂ʹ˂ʰ ʰ˄ʰʵʶʽˁ˄ˏʶʽ ˉʽʻʰ˄ʷˌ ˁˇˊʶˋ˃ʷ˄ʶˌ ˁʰˍʰˋˍʱˋʶʽˌ ʺ ˁˊʾˋʽ˃ʰ ˋʹ˃ʶʾʰ ˋˎ˃˒ˈˊʹˋʹˌΦ 
 
ɶ ˃ʶʻˇʵˇ˂ˇʴʽˁʺ ˉˊˇˋʷʴʴʽˋʹ ˋˎ˄ʵˎʱʸʶʽ ˍʹ˄ ˉˇˋˇˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ˃ʶ ˁˊʽˍʺˊʽʰ ˍʶ˔˄ʽˁʺˌ ˁʰʽ 
˂ʶʽˍˇˎˊʴʽˁʺˌ ʶˉʱˊˁʶʽʰˌΣ ʶ˄˗ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋˎʴˁˊʾ˄ˇ˄ˍʰʽ ˃ʶ ʲʱˋʹ ˁˇʽ˄ʱ ʰˉˇʵʶˁˍˇˏˌ 
ʵʶʾˁˍʶˌ ʰˉˈʵˇˋʹˌ. ɾʷˋʰ ʰˉˈ ʰˎˍʺ ˍʹ ˋˎˋˍʹ˃ʰˍʽˁʺ ˁʰʽ ˋˎʴˁˊʽˍʽˁʺ ʵʽʰʵʽˁʰˋʾʰΣ ʶˉʽʵʽ˗ˁʶˍʰʽ 
ʹ ʰ˄ʱʵʶʽ˅ʹ ˍ˖˄ ˉʽˇ ʰˉˇʵˇˍʽˁ˗˄ ˋʶ˄ʰˊʾ˖˄ ˖ˌ ˉˊˇˌ ˍʹ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˁʰʽ ʹ 
ʵʽʰˍˏˉ˖ˋʹ ˍʶˁ˃ʹˊʽ˖˃ʷ˄˖˄ ˉˊˇˍʱˋʶ˖˄ ʴʽʰ ˍˇ˄ ˋ˔ʶʵʽʰˋ˃ˈ ˁʰʽ ˍʹ˄ ˎ˂ˇˉˇʾʹˋʹ ˉʰˊʶ˃ʲʱˋʶ˖˄ 
˃ʶʴʱ˂ʹˌ ˁ˂ʾ˃ʰˁʰˌ ˋˍʹ ɽʶ˖˒ˈˊˇ ɼʹ˒ʽˋˇˏΦ ʁʽ ˉˊˇˍʱˋʶʽˌ ʰˎˍʷˌ ˃ˉˇˊˇˏ˄ ˄ʰ ʰˉˇˍʶ˂ʷˋˇˎ˄ 
ʶ˒ʰ˂ˍʺˊʽˇ ʴʽʰ ˃ʶ˂˂ˇ˄ˍʽˁˈ ˃ʶ˂ʶˍʹˍʽˁˈΣ ʶˉʽ˔ʶʽˊʹˋʽʰˁˈ ʺ ˁʰʽ ʶˉʶ˄ʵˎˍʽˁˈ ˋ˔ʶʵʽʰˋ˃ˈΣ ˋˍˇ 
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ˉ˂ʰʾˋʽˇ ʶ˄ˈˌ ˋˏʴ˔ˊˇ˄ˇˎΣ ˂ʶʽˍˇˎˊʴʽˁˇˏ ˁʰʽ ʲʽ˗ˋʽ˃ˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˃ʶˍʰ˒ˇˊ˗˄ ʴʽʰ ˍˇ 
˂ʶˁʰ˄ˇˉʷʵʽˇ ˍʹˌ ɮˍˍʽˁʺˌΦ 

1.2. ɲˇ˃ʺ ɲʽˉ˂˖˃ʰˍʽˁʺˌ ɳˊʴʰˋʾʰˌ 

ɶ ʵˇ˃ʺ ˉˇˎ ʰˁˇ˂ˇˎʻʶʾˍʰʽ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ ʷ˔ʶʽ ʵʽʰ˃ˇˊ˒˖ʻʶʾ ˃ʶ 
ʴ˄˗˃ˇ˄ʰ ˍʹ ˋˎˋˍʹ˃ʰˍʽˁʺ ˁʰʽ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʹ ˉˊˇˋʷʴʴʽˋʹ ˍˇˎ ʻʷ˃ʰˍˇˌ ˍʹˌ ʲʶ˂ˍʾ˖ˋʹˌ ˍʹˌ 
ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˋˍʹ ɽʶ˖˒ˈˊˇ ɼʹ˒ʽˋˇˏ ˃ʷˋ˖ ʴʶ˖˃ʶˍˊʽˁ˗˄ ˉʰˊʶ˃ʲʱˋʶ˖˄ ˁʰʽ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ 
ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ ɶ ʶˊʴʰˋʾʰ ˇˊʴʰ˄˗˄ʶˍʰʽ ˋʶ ʵʽʰˁˊʽˍʷˌ ʶ˄ˈˍʹˍʶˌΣ ˁʰʻʶ˃ʾʰ ʰˉˈ ˍʽˌ ˇˉˇʾʶˌ 
ˋˎ˃ʲʱ˂˂ʶʽ ˋˍʹ˄ ˇˎˋʽʰˋˍʽˁʺ ʵʽʶˊʶˏ˄ʹˋʹ ˁʰʽ ˍʶˁ˃ʹˊʾ˖ˋʹ ˍˇˎ ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎ ˃ʶ˂ʷˍʹˌΦ 
 
ɮˊ˔ʽˁʱΣ ˋˍʹ˄ ʶ˄ˈˍʹˍʰ ˍʹˌ ɳʽˋʰʴ˖ʴʺˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍˇ ʻʶ˖ˊʹˍʽˁˈ ˉ˂ʰʾˋʽˇ ˁʰʽ ˍˇ ʴʶ˄ʽˁˈˍʶˊˇ 
ˉ˂ʰʾˋʽˇ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌΣ ʰ˄ʰ˂ˏˇ˄ˍʰˌ ˍʹ ˋʹ˃ʰˋʾʰ ˍʹˌ ˇʵʽˁʺˌ ˁʽ˄ʹˍʽˁˈˍʹˍʰˌ ˋˍʽˌ ˋˏʴ˔ˊˇ˄ʶˌ 
ʰˋˍʽˁʷˌ ˉʶˊʽˇ˔ʷˌ ˁʰʽ ˍʽˌ ʶˉʽˉˍ˗ˋʶʽˌ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ˋˎ˃˒ˈˊʹˋʹˌ ˋˍʹ˄ ˉˇʽˈˍʹˍʰ ʸ˖ʺˌΣ 
ˍʹ˄ ˇʽˁˇ˄ˇ˃ʾʰ ˁʰʽ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄Φ ɱʾ˄ʶˍʰʽ ʶʽʵʽˁʺ ʰ˄ʰ˒ˇˊʱ ˋˍˇ ˃ʶʾʸˇ˄ ʸʺˍʹ˃ʰ ˍʹˌ 
ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ʵʽʰ˔ʶʾˊʽˋʹˌ ˋˍʹ˄ ɮʻʺ˄ʰΣ ˃ʶ ʷ˃˒ʰˋʹ ˋˍʹ˄ ˁˊʾˋʽ˃ʹ ʻʷˋʹ ˉˇˎ ˁʰˍʷ˔ʶʽ ʹ 
ɽʶ˖˒ˈˊˇˌ ɼʹ˒ʽˋˇˏ ˖ˌ ʲʰˋʽˁˈˌ ˇʵʽˁˈˌ ʱ˅ˇ˄ʰˌ ˋˏ˄ʵʶˋʹˌ ˍˇˎ ʲˈˊʶʽˇˎ ˃ʶ ˍˇ ˄ˈˍʽˇ ˍ˃ʺ˃ʰ ˍʹˌ 
˃ʹˍˊˇˉˇ˂ʽˍʽˁʺˌ ˉʶˊʽˇ˔ʺˌΦ ɳˉʽˉ˂ʷˇ˄Σ ʵʽʰˍˎˉ˗˄ˇ˄ˍʰʽ ˇʽ ˁˏˊʽˇʽ ˋˍˈ˔ˇʽ ˍʹˌ ˃ʶ˂ʷˍʹˌΣ ˉˇˎ 
ʶˉʽˁʶ˄ˍˊ˗˄ˇ˄ˍʰʽ ˋˍʹ˄ ʰ˅ʽˇ˂ˈʴʹˋʹ ʴʶ˖˃ʶˍˊʽˁ˗˄ ˉʰˊʶ˃ʲʱˋʶ˖˄ ˃ʷˋ˖ ˋˏʴ˔ˊˇ˄˖˄ ʶˊʴʰ˂ʶʾ˖˄ 
ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΣ ˃ʶ ˋˁˇˉˈ ˍʹ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ˊˇʺˌ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ˍʹ ˃ʶʾ˖ˋʹ ˍ˖˄ 
ˁʰʻˎˋˍʶˊʺˋʶ˖˄ ˁʰʽ ˍʹ˄ ʶ˄ʾˋ˔ˎˋʹ ˍʹˌ ˇʵʽˁʺˌ ʰˋ˒ʱ˂ʶʽʰˌΦ 
 
ɶ ɰʽʲ˂ʽˇʴˊʰ˒ʽˁʺ ɮ˄ʰˋˁˈˉʹˋʹ ʰˉˇˍʶ˂ʶʾ ˍˇ ʶˉˈ˃ʶ˄ˇ ˋˍʱʵʽˇ ˍʹˌ ʶˊʴʰˋʾʰˌ ˁʰʽ ʶˋˍʽʱʸʶʽ ˋˍʹ˄ 
ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ˋ˔ʶˍʽˁ˗˄ ʶˊʶˎ˄ʹˍʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ʻʶ˖ˊʹˍʽˁ˗˄ ˉˊˇˋʶʴʴʾˋʶ˖˄ ˉˇˎ ʷ˔ˇˎ˄ 
ʰ˄ʰˉˍˎ˔ʻʶʾ ˋʶ ʶʻ˄ʽˁˈ ˁʰʽ ʵʽʶʻ˄ʷˌ ʶˉʾˉʶʵˇΦ ɶ ʰ˄ʰˋˁˈˉʹˋʹ ʰˎˍʺ ˉʰˊʷ˔ʶʽ ˍʹ ʻʶ˖ˊʹˍʽˁʺ ˁʰʽ 
˃ʶʻˇʵˇ˂ˇʴʽˁʺ ʲʱˋʹ ʴʽʰ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˍˇˎ ˉˊˇˍʶʽ˄ˈ˃ʶ˄ˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˁʰʽ ˍʹ˄ ˁʰˍʰ˄ˈʹˋʹ ˍ˖˄ 
ˉˊˇˁ˂ʺˋʶ˖˄ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˋʶ ʰˋˍʽˁʱ ˇʵʽˁʱ ʵʾˁˍˎʰΦ 
 
ɶ ʶ˄ˈˍʹˍʰ ˍʹˌ ɾʶʻˇʵˇ˂ˇʴʾʰˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʹ˄ ˉʶˊʽʴˊʰ˒ʺ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ˋ˔ʶʵʽʰˋ˃ˇˏ ˍˇˎ 
ˁˎˁ˂ˇ˒ˇˊʽʰˁˇˏ ˃ˇ˄ˍʷ˂ˇˎΣ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ʸʺˍʹˋʹˌΣ ˁʰʻ˗ˌ ˁʰʽ ˍʹ˄ 
ˎ˂ˇˉˇʾʹˋʹ ˁʰʽ ʶˁˍʷ˂ʶˋʹ ˍ˖˄ ˉˊˇˋˇ˃ˇʽ˗ˋʶ˖˄Φ ɹʵʽʰʾˍʶˊʹ ʷ˃˒ʰˋʹ ʵʾ˄ʶˍʰʽ ˋˍʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ 
ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ʶ˄ˍˈˌ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎΣ ˁʰʻ˗ˌ ˁʰʽ ˋˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˍˇˎ ʲʰˋʽˁˇˏ ˋʶ˄ʰˊʾˇˎ όʅʶ˄ʱˊʽˇ 
лύΣ ˍˇ ˇˉˇʾˇ ʰˉʶʽˁˇ˄ʾʸʶʽ ˍʹ˄ ˎ˒ʽˋˍʱ˃ʶ˄ʹ ˁʰˍʱˋˍʰˋʹ ˔˖ˊʾˌ ˉʰˊʶ˃ʲʱˋʶʽˌΦ ɶ ʶ˄ˈˍʹˍʰ ʰˎˍʺ 
ˉʶˊʽʴˊʱ˒ʶʽ ʶˉʾˋʹˌ ˍʰ ˍʶ˔˄ʽˁʱ ˁʰʽ ʻʶ˖ˊʹˍʽˁʱ ʶˊʴʰ˂ʶʾʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ʴʽʰ ˍʹ˄ ʰˁˊʽʲʺ 
ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˍ˖˄ ˁˎˁ˂ˇ˒ˇˊʽʰˁ˗˄ ˋˎ˄ʻʹˁ˗˄ ˁʰʽ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Φ 
 
ɶ ˉʰˊˇˎˋʾʰˋʹ ˍ˖˄ ɮˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʶˋˍʽʱʸʶʽ ˋˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ˍʶˋˋʱˊ˖˄ ʴʶ˖˃ʶˍˊʽˁ˗˄ 
ˋʶ˄ʰˊʾ˖˄ ˉˇˎ ʶ˅ʶˍʱˋˍʹˁʰ˄Φ ɱʽʰ ˁʱʻʶ ˋʶ˄ʱˊʽˇ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ˁˎˁ˂ˇ˒ˇˊʽʰˁˇʾ ʵʶʾˁˍʶˌ 
ʰˉˈʵˇˋʹˌΣ ˈˉ˖ˌ ʹ ˊˇʺΣ ʹ ˍʰ˔ˏˍʹˍʰΣ ˇʽ ˁʰʻˎˋˍʶˊʺˋʶʽˌ ˁʰʽ ˍʰ ʶʽˋʶˊ˔ˈ˃ʶ˄ʰ ˇ˔ʺ˃ʰˍʰΣ ʶ˄˗ 
ʴʾ˄ʶˍʰʽ ˋˎʴˁˊʽˍʽˁʺ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰˌ ˍ˖˄ ˉˊˇˍʶʽ˄ˈ˃ʶ˄˖˄ ˉʰˊʶ˃ʲʱˋʶ˖˄Φ 
ɾʷˋʰ ʰˉˈ ˍʹ˄ ʶ˄ˈˍʹˍʰ ʰˎˍʺΣ ʰ˄ʰʵʶʽˁ˄ˏˇ˄ˍʰʽ ˍʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˁʰʽ ˇʽ ˉʶˊʽˇˊʽˋ˃ˇʾ ˁʱʻʶ 
ˋʶ˄ʰˊʾˇˎΣ ˁʰʻ˗ˌ ˁʰʽ ˇʽ ʵˎ˄ʰˍˈˍʹˍʶˌ ʶ˒ʰˊ˃ˇʴʺˌ ˍˇˎˌ ˋˍʹ˄ ˉˊʱ˅ʹΦ 
 
ɶ ʶˊʴʰˋʾʰ ˇ˂ˇˁ˂ʹˊ˗˄ʶˍʰʽ ˃ʶ ˍʹ˄ ʶ˄ˈˍʹˍʰ ˍ˖˄ ʅˎ˃ˉʶˊʰˋ˃ʱˍ˖˄Σ ˈˉˇˎ ˋˎ˄ˇ˕ʾʸˇ˄ˍʰʽ ˍʰ ˁˏˊʽʰ 
ʶˎˊʺ˃ʰˍʰ ˁʰʽ ˍʰ ʴʶ˄ʽˁʱ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍʹ ˃ʶ˂ʷˍʹΦ ɳˉʽˉ˂ʷˇ˄Σ 
ʵʽʰˍˎˉ˗˄ˇ˄ˍʰʽ ˉˊˇˍʱˋʶʽˌ ʴʽʰ ˃ʶ˂˂ˇ˄ˍʽˁʺ ʷˊʶˎ˄ʰ ˁʰʽ ʲʶ˂ˍʽ˗ˋʶʽˌΣ ʰ˄ʰʵʶʽˁ˄ˏˇ˄ˍʰˌ ˍˇˎˌ 
ˍˇ˃ʶʾˌ ˉˇˎ ˔ˊʺʸˇˎ˄ ˉʶˊʰʽˍʷˊ˖ ʵʽʶˊʶˏ˄ʹˋʹˌ ˁʰʽ ʰ˄ʱˉˍˎ˅ʹˌΦ 
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ʁʽ ɮ˄ʰ˒ˇˊʷˌ ˋˍʹ ɰʽʲ˂ʽˇʴˊʰ˒ʾʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˈ˂ʶˌ ˍʽˌ ˉʹʴʷˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˁʰˍʱ 
ˍʹ˄ ʶˁˉˈ˄ʹˋʹ ˍʹˌ ʶˊʴʰˋʾʰˌΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʰ ʶˉʽˋˍʹ˃ˇ˄ʽˁʱ ˉˊˈˍˎˉʰΣ ʶ˅ʰˋ˒ʰ˂ʾʸˇ˄ˍʰˌ ˍʹ 
ʵʽʰ˒ʱ˄ʶʽʰ ˁʰʽ ˍʹ˄ ʶʴˁˎˊˈˍʹˍʰ ˍʹˌ ʷˊʶˎ˄ʰˌΦ 
 
ʆʷ˂ˇˌΣ ˋˍʰ ʃʰˊʰˊˍʺ˃ʰˍʰ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ˉˇˎ ˎˉˇˋˍʹˊʾʸˇˎ˄ ˍʹ˄ 
ˁˏˊʽʰ ʰ˄ʱ˂ˎˋʹΣ ˈˉ˖ˌ ˇʽ ˉʾ˄ʰˁʶˌ ˉˊˇʷ˂ʶˎˋʹˌ ˁʰʽ ˉˊˇˇˊʽˋ˃ˇˏΣ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ 
ˉˊˇˋˇ˃ˇʽ˗ˋʶ˖˄Σ ˁʰʻ˗ˌ ˁʰʽ ˇʽ ˔ʱˊˍʶˌ ˉˇˎ ʰˉˇˍˎˉ˗˄ˇˎ˄ ˍˇ˄ ˔ˊˈ˄ˇ ˁʰʻˎˋˍʷˊʹˋʹˌΦ ʆʰ 
ˉʰˊʰˊˍʺ˃ʰˍʰ ʰˎˍʱ ˂ʶʽˍˇˎˊʴˇˏ˄ ˖ˌ ˍʶˁ˃ʹˊʾ˖ˋʹ ˍ˖˄ ʰ˄ʰ˂ˏˋʶ˖˄ ˁʰʽ ˉʰˊʷ˔ˇˎ˄ ˂ʶˉˍˇ˃ʶˊʶʾˌ 
ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍˇˎˌ ʶ˄ʵʽʰ˒ʶˊˈ˃ʶ˄ˇˎˌ ʰ˄ʰʴ˄˗ˋˍʶˌΦ 
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2. ɰɹɰɽɹʁɱʄɮʊɹɼɶ ɮɿɮʅɼʁʃɶʅɶ 

ɶ ˋˎ˄ʶ˔˗ˌ ʰˎ˅ʰ˄ˈ˃ʶ˄ʹ ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ˍ˖˄ ʰˋˍʽˁ˗˄ ˃ʶˍʰ˒ˇˊʽˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄Σ ˋʶ 
ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʹ˄ ʶ˄ˍʶʽ˄ˈ˃ʶ˄ʹ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺ ˋˎ˃˒ˈˊʹˋʹΣ ʷ˔ʶʽ ˁʰˍʰˋˍʺˋʶʽ ʰ˄ʰʴˁʰʾʰ ˍʹ˄ 
ʶ˒ʰˊ˃ˇʴʺ ˉˊˇʹʴ˃ʷ˄˖˄ ʶˊʴʰ˂ʶʾ˖˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ʴʽʰ ˍʹ˄ ˎˉˇˋˍʺˊʽ˅ʹ ˍˇˎ ˁˎˁ˂ˇ˒ˇˊʽʰˁˇˏ 
ˋ˔ʶʵʽʰˋ˃ˇˏ ˁʰʽ ˍʹˌ ʵʽʰ˔ʶʾˊʽˋʹˌΦ ɶ ˃ʽˁˊˇˉˊˇˋˇ˃ˇʾ˖ˋʹΣ ˖ˌ ˃ʽʰ ʰˉˈ ˍʽˌ ˉ˂ʷˇ˄ ʶ˅ʶ˂ʽʴ˃ʷ˄ʶˌ 
ˍʶ˔˄ʽˁʷˌΣ ʶˉʽˍˊʷˉʶʽ ˍʹ ˂ʶˉˍˇ˃ʶˊʺ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˍʹˌ ˇʵʹʴʽˁʺˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ˁʰʽ ˍ˖˄ 
ʰ˂˂ʹ˂ʶˉʽʵˊʱˋʶ˖˄ ˃ʶˍʰ˅ˏ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄Σ ˁʰʻʽˋˍ˗˄ˍʰˌ ʵˎ˄ʰˍʺ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˉˇ˂ˏˉ˂ˇˁ˖˄ 
˒ʰʽ˄ˇ˃ʷ˄˖˄Σ ˈˉ˖ˌ ʹ ʵʹ˃ʽˇˎˊʴʾʰ ˇˎˊ˗˄Σ ˇʽ ʰ˂˂ʰʴʷˌ ˂˖ˊʾʵʰˌ ˁʰʽ ˇʽ ʰ˄ˍʽʵˊʱˋʶʽˌ ˋʶ ˉ˂ʶˎˊʽˁʷˌ 
ʵˊʰˋˍʹˊʽˈˍʹˍʶˌΦ ɶ ʶ˒ʰˊ˃ˇʴʺ ˃ʽˁˊˇˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˁʰʻʾˋˍʰˍʰʽ ʽʵʽʰʾˍʶˊʰ ˔ˊʺˋʽ˃ʹ ˋʶ 
ʰˋˍʽˁˇˏˌ ˇʵʽˁˇˏˌ ʱ˅ˇ˄ʶˌ ˎ˕ʹ˂ʺˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ʶˉʽʲʱˊˎ˄ˋʹˌΣ ˈˉ˖ˌ ʹ ɽʶ˖˒ˈˊˇˌ ɼʹ˒ʽˋˇˏΣ 
ˈˉˇˎ ʰˉʰʽˍʶʾˍʰʽ ʹ ʰˉˇˍˏˉ˖ˋʹ ˋˏ˄ʻʶˍ˖˄ ˁʰʽ ʵˎ˄ʰ˃ʽˁʱ ˃ʶˍʰʲʰ˂˂ˈ˃ʶ˄˖˄ ˋˎ˄ʻʹˁ˗˄ 
ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ 

ɶ ʷˊʶˎ˄ʰ ˍ˖˄ [ƛƳƛƴƎ DŀƻΣ ²ǳǎƘǳŀƴƎ .ŀƛΣ wƻōŜǊǘ [ŜŀǊȅΣ YǊƛǎƘƴŀ ±ŀǊŀŘŀǊŀƧŀƴ ˁʰʽ {Ŝŀƴ .ǊŜƴƴŀƴ 
όнлнмύ ˋˍˇ˔ʶˏʶʽ ˋˍʹ ʴʶ˒ˏˊ˖ˋʹ ˍˇˎ ˁʶ˄ˇˏ ˃ʶˍʰ˅ˏ ˍ˖˄ ˉˊˇˋˇ˃ˇʽ˗ˋʶ˖˄ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˁʰʽ ˍ˖˄ 
ˉˊˇˋˇ˃ˇʽ˗ˋʶ˖˄ ʅˎ˄ʵʶʵʶ˃ʷ˄˖˄ ˁʰʽ ɮˎˍˈ˄ˇ˃˖˄ ʁ˔ʹ˃ʱˍ˖˄ ς ɹ ˄˖ˋˍ˗˄ ˁʰʽ ˖ˌ ˇ˔ʺ˃ʰˍʰ ŜƎƻ ς 
˃̫ ˋ˖ ˍʹˌ ˎ˂ˇˉˇʾʹˋʹˌ ˋˎ˄ʵˎʰˋ˃ʷ˄ʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ !La{¦bΣ ʶ˄ˈˌ 
˂ˇʴʽˋ˃ʽˁˇˏ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ˁʰʽ ˍˇˎ wƻōƻǘ hǇŜǊŀǘƛƴƎ {ȅǎǘŜƳΣ ʶ˄ˈˌ ˃ʶˍʰ-
˂ʶʽˍˇˎˊʴʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ ʰ˄ˇʽ˔ˍˇˏ ˁ˗ʵʽˁʰΦ ɶ ˉˊˇˋʷʴʴʽˋʹ ʰˎˍʺ ʶˉʽˍˊʷˉʶʽ ˍʹ ˃ʶ˂ʷˍʹ ˍ˖˄ 
ʰ˂˂ʹ˂ʶˉʽʵˊʱˋʶ˖˄ ˍ˖˄ ʅˎ˄ʵʶʵʶ˃ʷ˄˖˄ ˁʰʽ ɮˎˍˈ˄ˇ˃˖˄ ʁ˔ʹ˃ʱˍ˖˄ ʶ˄ˍˈˌ ʶ˄ˈˌ 
ˉˊˇˋˇ˃ˇʽ˖˃ʷ˄ˇˎ ˁˎˁ˂ˇ˒ˇˊʽʰˁˇˏ ʵʽˁˍˏˇˎΣ ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˍˈˋˇ ˃ʽˁˊˇˋˁˇˉʽˁʷˌ 
ˋˎ˃ˉʶˊʽ˒ˇˊʷˌ ˇ˔ʹ˃ʱˍ˖˄ ˈˋˇ ˁʰʽ ˃ʰˁˊˇˋˁˇˉʽˁʷˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʷˌ ˋˎ˄ʻʺˁʶˌΦ ɶ ʶˉʽˁˇʽ˄˖˄ʾʰ 
˃ʶˍʰ˅ˏ ˍ˖˄ ʵˏˇ ˋˎˋˍʹ˃ʱˍ˖˄ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˃ʷˋ˖ ˍˇˎ ʃˊ˖ˍˇˁˈ˂˂ˇˎ ɲʶʵˇ˃ʷ˄˖˄ ʋˊʺˋˍʹ 
ό¦ǎŜǊ 5ŀǘŀƎǊŀƳ tǊƻǘƻŎƻƭύΣ ʶˉʽˍˊʷˉˇ˄ˍʰˌ ʰ˃˒ʾʵˊˇ˃ʹ ˃ʶˍʱʵˇˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ʶ˂ʱ˔ʽˋˍʹ 
ˁʰʻˎˋˍʷˊʹˋʹΦ ɶ ˁʾ˄ʹˋʹ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ ŜƎƻ ˋˍˇ wƻōƻǘ hǇŜǊŀǘƛƴƎ {ȅǎǘŜƳ ˁʰʻˇˊʾʸʶˍʰʽ ˋʶ 
ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇ ʲʱˋʶʽ ˍ˖˄ ˁˎˁ˂ˇ˒ˇˊʽʰˁ˗˄ ˋˎ˄ʻʹˁ˗˄ ˉˇˎ ˉˊˇˋˇ˃ˇʽ˗˄ˇ˄ˍʰʽ ̀ ˍˇ !La{¦bΣ 
ʶ˄˗ ʹ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ ʰˉˈʵˇˋʹˌ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʶ ʵʶʾˁˍʶˌ ˈˉ˖ˌ ˇ ʋˊˈ˄ˇˌ ˃ʷ˔ˊʽ ˍʹ 
ʅˏʴˁˊˇˎˋʹ ό¢ƛƳŜ-To-/ƻƭƭƛǎƛƻƴύΣ ˁʰʻ˗ˌ ˁʰʽ ˃ʶ ʱ˂˂ʶˌ ˃ʶˍˊʺˋʶʽˌ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ˄ 
ʰˋ˒ʱ˂ʶʽʰ ˁʰʽ ˍʹ˄ ʰˉˈˁˊʽˋʹ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌΦ ɳˉʽˉ˂ʷˇ˄Σ ʵʽʶ˄ʶˊʴʶʾˍʰʽ ʵˇˁʽ˃ʺ ˁ˂ʶʽˋˍˇˏ ʲˊˈ˔ˇˎ 
ʴʽʰ ˍʹ˄ ʰˉˇˍʾ˃ʹˋʹ ˍʹˌ ˁʰʻˎˋˍʷˊʹˋʹˌ ˋˍʹ˄ ʶˉʽˁˇʽ˄˖˄ʾʰ ˁʰʽ ˍʹˌ ʰˁˊʾʲʶʽʰˌ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ 
ɶ ʷˊʶˎ˄ʰ ˋˎ˃ʲʱ˂˂ʶʽ ˋˍʹ˄ ʶ˄ʾˋ˔ˎˋʹ ˍʹˌ ʰ˅ʽˇˉʽˋˍʾʰˌ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˍ˖˄ ʶˉʽˉˍ˗ˋʶ˖˄ ˍ˖˄ 
ʅˎ˄ʵʶʵʶ˃ʷ˄˖˄ ˁʰʽ ɮˎˍˈ˄ˇ˃˖˄ ʁ˔ʹ˃ʱˍ˖˄ ˁʰʽ ʻʷˍʶʽ ʷ˄ʰ ʶˉʶˁˍʱˋʽ˃ˇ ˉ˂ʰʾˋʽˇ ʴʽʰ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ 
ʶ˒ʰˊ˃ˇʴʷˌΣ ˈˉ˖ˌ ʹ ʰ˄ʱ˂ˎˋʹ ˇʵʹʴʽˁʺˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌΣ ʹ ʰˎˍˈ˃ʰˍʹ ʵˇˁʽ˃ʺ ʰ˂ʴˇˊʾʻ˃˖˄ ˁʰʽ 
ʹ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ ʵˎ˄ʰ˃ʽˁʺˌ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ όDŀƻ Ŝǘ ŀƭΦΣ нлнмύΦ ɶ ˃ʷʻˇʵˇˌ ʰˎˍʺ ˁʰʻʾˋˍʰˍʰʽ 
ˋ˔ʶˍʽˁʺ ˁʰʽ ˃ʶ ˍʹ ɽʶ˖˒ˈˊˇ ɼʹ˒ʽˋˇˏΣ ˁʰʻ˗ˌ ʹ ʰ˄ʱʴˁʹ ʴʽʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ 
˔ˊˈ˄ˇ ˁʰʽ ˃ʶ ʰˁˊʾʲʶʽʰΣ ʴʽʰ ˇʵʽˁʱ ˉʶˊʽʲʱ˂˂ˇ˄ˍʰ ʷ˄ˍˇ˄ʹˌ ˁʽ˄ʹˍʽˁˈˍʹˍʰˌ ˁʰʽ ˉˇʽˁʾ˂˖˄ 
ʰ˂˂ʹ˂ʶˉʽʵˊʱˋʶ˖˄Σ ˋˎ˄ʱʵʶʽ ˃ʶ ˍʹ ˒ʽ˂ˇˋˇ˒ʾʰ ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌΦ ɳˉʽˉ˂ʷˇ˄Σ ʹ ˔ˊʺˋʹ 
ʶˊʴʰ˂ʶʾ˖˄ ˉˇˎ ˂ʰ˃ʲʱ˄ˇˎ˄ ˎˉˈ˕ʹ ˍʹ˄ ʰˋ˒ʱ˂ʶʽʰ ˁʰʽ ˍʹ ˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʰ ˋʶ ʵˎ˄ʰ˃ʽˁʱ 
ˁˎˁ˂ˇ˒ˇˊʽʰˁʱ ˉʶˊʽʲʱ˂˂ˇ˄ˍʰ ˎˉˇˋˍʹˊʾʸʶʽ ˍʹ˄ ˉˊˇˋˉʱʻʶʽʰ ʶ˄ʾˋ˔ˎˋʹˌ ˍʹˌ ʰ˄ʻʶˁˍʽˁˈˍʹˍʰˌ 
ˍˇˎ ʱ˅ˇ˄ʰ ɼʹ˒ʽˋˇˏΦ 

ʅˍˇ ʾʵʽˇ ˉʶʵʾˇΣ ʹ ʷˊʶˎ˄ʰ ˍ˖˄ aΦ wŜƘƳŀǘ ¦ƭƭŀƘΣ YƘǳǊǊŀƳ {Φ YƘŀǘǘŀƪΣ ½ŀǿŀǊ IΦ YƘŀƴΣ aǳǎƘǘŀǉ 
!Φ YƘŀƴΣ bŀǎǊǳ aƛƴŀƭƭŀƘ ˁʰʽ !ƪƘǘŀǊ bΦ YƘŀƴ όнлнмύ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾ ˋˎˋˍʹ˃ʰˍʽˁʺ ˋˎʴˁˊʽˍʽˁʺ 
ʰ˄ʱ˂ˎˋʹ ʶʾˁˇˋʽ ʶ˄˄ʷʰ ʶˎˊʷ˖ˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄˖˄ ˂ˇʴʽˋ˃ʽˁ˗˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ 
˃ʶ ˋˍˈ˔ˇ ˍʹ˄ ˎˉˇˋˍʺˊʽ˅ʹ ˍ˖˄ ˃ʹ˔ʰ˄ʽˁ˗˄ ˁʰʽ ʶˊʶˎ˄ʹˍ˗˄ ˋˍʹ˄ ʶˉʽ˂ˇʴʺ ˍˇˎ ˁʰˍʰ˂˂ʹ˂ˈˍʶˊˇˎ 
ʶˊʴʰ˂ʶʾˇˎΦ ɶ ʰ˄ʱ˂ˎˋʹ ʶˋˍʽʱʸʶʽ ˋʶ ˁˊʾˋʽ˃ʶˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ˈˉ˖ˌ ˇ ˍˏˉˇˌ ʱʵʶʽʰˌ ˔ˊʺˋʹˌΣ ˍʰ 
˃ˇ˄ˍʷ˂ʰ ˊˇʺˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ό˃ʽˁˊˇˋˁˇˉʽˁʱΣ ˃ʶˋˇˋˁˇˉʽˁʱΣ ˃ʰˁˊˇˋˁˇˉʽˁʱύΣ ˍʰ ˃ʰʻʹ˃ʰˍʽˁʱ 
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ˎˉˇʵʶʾʴ˃ʰˍʰ ˁʰʽ ˍʽˌ ˂ʶʽˍˇˎˊʴʽˁʷˌ ʵˎ˄ʰˍˈˍʹˍʶˌ ˁʱʻʶ ˂ˇʴʽˋ˃ʽˁˇˏΦ ɹʵʽʰʾˍʶˊʹ ʷ˃˒ʰˋʹ ʵʾ˄ʶˍʰʽ 
ˋˍʽˌ ʶ˒ʰˊ˃ˇʴʷˌ ˍ˖˄ ɳˎ˒ˎ˗˄ ʅˎˋˍʹ˃ʱˍ˖˄ ɾʶˍʰ˒ˇˊ˗˄Σ ˃ʶ ˍʹ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˍʹˌ ˊˇʺˌ 
ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˋʶ ˍˇˉʽˁˇˏˌ ʵˊˈ˃ˇˎˌΣ ʵʽʰˋˍʰˎˊ˗ˋʶʽˌ ˁʰʽ ʰˎˍˇˁʽ˄ʹˍˈʵˊˇ˃ˇˎˌΦ ɳˉʽˉ˂ʷˇ˄Σ 
ʶ˅ʶˍʱʸˇ˄ˍʰʽ ˋʶ ʲʱʻˇˌ ˍʰ ˃ˇ˄ˍʷ˂ʰ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ ˇ˔ʹ˃ʱˍ˖˄ ˁʰʽ ʰ˂˂ʰʴʺˌ ˂˖ˊʾʵʰˌΣ ˁʰʻ˗ˌ 
ˁʰʽ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˋʶ ˋˎ˄ʻʺˁʶˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ˋˎ˃˒ˈˊʹˋʹˌΦ ɶ ʷˊʶˎ˄ʰ 
ˁʰˍʹʴˇˊʽˇˉˇʽʶʾ ˍʰ ˂ˇʴʽˋ˃ʽˁʱ ˃ʶ ʲʱˋʹ ˍʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˁʰʽ ˍˇˎˌ ˉʶˊʽˇˊʽˋ˃ˇˏˌ ˍˇˎˌΣ 
ˉˊˇˋ˒ʷˊˇ˄ˍʰˌ ʷ˄ʰ ˉˇ˂ˏˍʽ˃ˇ ʶˊʴʰ˂ʶʾˇ ʴʽʰ ˍʹ˄ ˍʶˁ˃ʹˊʽ˖˃ʷ˄ʹ ʶˉʽ˂ˇʴʺ ˋˎˋˍʺ˃ʰˍˇˌ 
ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʽˌ ʰˉʰʽˍʺˋʶʽˌ ˁʱʻʶ ʷˊʴˇˎ ˁʰʽ ˍʽˌ ˍˇˉʽˁʷˌ 
ˁˎˁ˂ˇ˒ˇˊʽʰˁʷˌ ˋˎ˄ʻʺˁʶˌΦ ʆʷ˂ˇˌΣ ˎˉˇʴˊʰ˃˃ʾʸʶˍʰʽ ʹ ʰ˄ʱʴˁʹ ˉʶˊʰʽˍʷˊ˖ ʶ˄ʾˋ˔ˎˋʹˌ ˍ˖˄ 
˂ˇʴʽˋ˃ʽˁ˗˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ʰ˄ˇʽ˔ˍˇˏ ˁ˗ʵʽˁʰΣ ʽʵʾ˖ˌ ʴʽʰ ˍʹ˄ ʰˁˊʽʲʷˋˍʶˊʹ 
˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ʶˍʶˊˇʴʶ˄˗˄ ˁˎˁ˂ˇ˒ˇˊʽʰˁ˗˄ ˁʰˍʰˋˍʱˋʶ˖˄ ό¦ƭƭŀƘ Ŝǘ ŀƭΦΣ нлнмύΦ ɶ ʶˉʽ˂ˇʴʺ ˍˇˎ 
!ƛƳǎǳƴ bŜȄǘ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ ʶʵˊʱʸʶˍʰʽ ˋʶ ˉʰˊˈ˃ˇʽʰ ˁˊʽˍʺˊʽʰΣ ˈˉ˖ˌ ʹ 
ʵʽʰ˔ʶʾˊʽˋʹ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˋʶ ʰˎˍˇˁʽ˄ʹˍˇʵˊˈ˃ˇˎˌ ˁʰʽ ʹ ʽˁʰ˄ˈˍʹˍʰ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹˌ 
ˋˎ˃˒ˈˊʹˋʹˌΣ ʶˉʽʲʶʲʰʽ˗˄ˇ˄ˍʰˌ ˍʹ ˋˎ˄ʱ˒ʶʽʰ ˍ˖˄ ʶˉʽ˂ˇʴ˗˄ ˍʹˌ ˉʰˊˇˏˋʰˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ˃ʶ 
ˍʽˌ ʲʷ˂ˍʽˋˍʶˌ ˉˊʰˁˍʽˁʷˌ ʴʽʰ ʰˋˍʽˁˇˏˌ ʰˎˍˇˁʽ˄ʹˍˈʵˊˇ˃ˇˎˌ ˈˉ˖ˌ ˇ ɼʹ˒ʽˋˈˌΦ 

ɮ˄ˍʾˋˍˇʽ˔ʰΣ ʹ ʷˊʶˎ˄ʰ ˍ˖˄ !ōƘƛƭŀǎƘŀ WΦ {ŀǊƻƧΣ {ƻƳŘǳǘ wƻȅΣ !ƴƎǎƘǳƳŀƴ Dǳƛƴ ˁʰʽ aƛŎƘŀŜƭ 
IǳƴǘŜǊ όнлнмύ ʶˉʽˁʶ˄ˍˊ˗˄ʶˍʰʽ ˋˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ʶ˄ˈˌ ˕ʹ˒ʽʰˁˇˏ ˃ˇ˄ˍʷ˂ˇˎ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ 
ˁˎˁ˂ˇ˒ˇˊʾʰˌ ʲʰˋʽˋ˃ʷ˄ˇˎ ˋʶ ʵʶʵˇ˃ʷ˄ʰ ˉˊʰʴ˃ʰˍʽˁˇˏ ˔ˊˈ˄ˇˎΣ ˍˇ ˇˉˇʾˇ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˋˍˇ˄ 
ɴ˅ˎˉ˄ˇ ʁʵʽˁˈ ɯ˅ˇ˄ʰ bƻǊǘƘ !ǾŜƴǳŜ ˋˍʹ˄ ɮˍ˂ʱ˄ˍʰ ˍʹˌ ʆʸˈˊˍʸʽʰΦ ʁ ˇʵʽˁˈˌ ʱ˅ˇ˄ʰˌ ʷ˔ʶʽ ˃ʺˁˇˌ 
нΣо ˃ʾ˂ʽʰ ˁʰʽ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʵʶˁʰˉʷ˄ˍʶ ˋʹ˃ʰˍˇʵˇˍʹ˃ʷ˄ʶˌ ʵʽʰˋˍʰˎˊ˗ˋʶʽˌΦ ʆˇ ˃ˇ˄ˍʷ˂ˇ 
ʶˉʽʵʽ˗ˁʶʽ ˍʹ ʵˎ˄ʰ˃ʽˁʺ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˍ˖˄ ˁˎˁ˂ˇ˒ˇˊʽʰˁ˗˄ ˋˎ˄ʻʹˁ˗˄ ˁʰʽ ˍʹ˄ ʰˉˇˍʾ˃ʹˋʹ 
ʲʰˋʽˁ˗˄ ʵʶʽˁˍ˗˄ ʰˉˈʵˇˋʹˌΣ ˈˉ˖ˌ ˇ ˔ˊˈ˄ˇˌ ˍʰ˅ʽʵʽˇˏΣ ʹ ˍʰ˔ˏˍʹˍʰΣ ʹ ˁʰˍʰ˄ʱ˂˖ˋʹ ʶ˄ʷˊʴʶʽʰˌ 
ˁʰʽ ˇʽ ʶˁˉˇ˃ˉʷˌ ˊˏˉ˖˄Φ ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˋˎ˂˂ʷʴˇ˄ˍʰʽ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇ ˁʰʽ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ 
ˋˎʴˁʶ˄ˍˊ˖ˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ˁˎˁ˂ˇ˒ˇˊʽʰˁˇˏ ˈʴˁˇˎ ʰ˄ʱ ʷ˅ʽ ˂ʶˉˍʱ ˁʰʽ ʵʶʵˇ˃ʷ˄ʰ ˋʹ˃ʰˍˇʵˈˍʹˋʹˌ 
˃ʶ ˋˎ˔˄ˈˍʹˍʶˌ ʰˉˈ лΣм IŜǊǘȊ ʷ˖ˌ мл IŜǊǘȊΦ ɶ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˎ˂ˇˉˇʽʶʾˍʰʽ ˃ʷˋ˖ ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏ 
ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ t¢± ±ƛǎǎƛƳ όʷˁʵˇˋʹ фΦлл-луύΣ ʶ˄˗ ʹ ʵˎ˄ʰ˃ʽˁʺ ʶ˄ˋ˖˃ʱˍ˖ˋʹ 
ʵʶʵˇ˃ʷ˄˖˄ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˃ʷˋ˖ ʵʽʰˁˇ˃ʽˋˍʺ Cƭŀǎƪ ˁʰʽ ʵʽʶˉʰ˒˗˄ /ƻƳǇƻƴŜƴǘ hōƧŜŎǘ aƻŘŜƭΦ ɶ 
ʶˁˍʾ˃ʹˋʹ ʶˁˉˇ˃ˉ˗˄ ˁʰʽ ˁʰˍʰ˄ʱ˂˖ˋʹˌ ʶ˄ʷˊʴʶʽʰˌ ʲʰˋʾʸʶˍʰʽ ˋˍˇ ˋˏˋˍʹ˃ʰ ah±9{ aŀǘǊƛȄ ˍˇˎ 
ʁˊʴʰ˄ʽˋ˃ˇˏ ʃˊˇˋˍʰˋʾʰˌ ʃʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ˍ˖˄ ɶ˄˖˃ʷ˄˖˄ ʃˇ˂ʽˍʶʽ˗˄Φ ɱʽʰ ˍʹ˄ ˇˉˍʽˁˇˉˇʾʹˋʹ 
ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʰ˅ʽˇˉˇʽˇˏ˄ˍʰʽ ʶˊʴʰ˂ʶʾʰ ˈˉ˖ˌ ˍˇ hǇŜƴ{ǘǊŜŜǘaŀǇΣ ʹ ʲʽʲ˂ʽˇʻʺˁʹ 
ƭŜŀŦƭŜǘΦƧǎ ˁʰʽ ʹ ˉ˂ʰˍ˒ˈˊ˃ʰ tƭƻǘƭȅΦ ʆˇ ˃ˇ˄ˍʷ˂ˇ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ʰˉˈ ʶˉʶˁˍʰˋʽ˃ˈˍʹˍʰ ˁʰʽ 
ʵˎ˄ʰˍˈˍʹˍʰ ˉˊˇˋʰˊ˃ˇʴʺˌ ˋʶ ʱ˂˂ʶˌ ʰˋˍʽˁʷˌ ˉʶˊʽˇ˔ʷˌΣ ʶ˄˗ ˋˎ˃ʲʱ˂˂ʶʽ ˋˍʹ ˂ʺ˕ʹ ʰˉˇ˒ʱˋʶ˖˄ 
ʴʽʰ ʲʽ˗ˋʽ˃ʶˌ ˁʰʽ ʷ˅ˎˉ˄ʶˌ ˃ʶˍʰ˒ˇˊʷˌΣ ʰ˅ʽˇˉˇʽ˗˄ˍʰˌ ˍʰˎˍˈ˔ˊˇ˄ʰ ʵʶʵˇ˃ʷ˄ʰ ˉʶʵʾˇˎ ˁʰʽ 
ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ό{ŀǊƻƧ Ŝǘ ŀƭΦΣ нлнмύΦ ɶ ʶ˒ʰˊ˃ˇʴʺ ʰ˄ˍʾˋˍˇʽ˔˖˄ ˍʶ˔˄ʽˁ˗˄ ˋˍʹ 
ɽʶ˖˒ˈˊˇ ɼʹ˒ʽˋˇˏ ˃ˉˇˊʶʾ ˄ʰ ˋˎ˄ʶʽˋ˒ʷˊʶʽ ˋˍʹ ˂ʺ˕ʹ ʰˉˇ˒ʱˋʶ˖˄ ʴʽʰ ˉʰˊʶ˃ʲʱˋʶʽˌ ˉˇˎ 
ʲʰˋʾʸˇ˄ˍʰʽ ˋʶ ˊʶʰ˂ʽˋˍʽˁʱ ˋʶ˄ʱˊʽʰ ˁʰʽ ˋˏʴ˔ˊˇ˄ʰ ʵʶʵˇ˃ʷ˄ʰΦ 

ɳˉʽˉ˂ʷˇ˄Σ ʹ ʷˊʶˎ˄ʰ ˍ˖˄ ·ƛƴƎŀƴ ό5ŀǾƛŘύ YŀƴΣ [ƛƴ ·ƛŀƻΣ Iŀƻ [ƛǳΣ aŜƴƎ ²ŀƴƎΣ ²ƻǳǘŜǊ WΦ {ŎƘŀƪŜƭΣ 
Xiao-¸ǳƴ [ǳΣ .ŀǊǘ Ǿŀƴ !ǊŜƳΣ {ǘŜǾŜƴ 9Φ {ƘƭŀŘƻǾŜǊ ˁʰʽ wƻōŜǊǘ !Φ CŜǊƭƛǎ όнлмфύ ʶˋˍʽʱʸʶʽ ˋˍʹ 
ˋˎʴˁˊʽˍʽˁʺ ʰ˅ʽˇ˂ˈʴʹˋʹ ˁʰʽ ʲʰʻ˃ˇ˄ˈ˃ʹˋʹ ʵˏˇ ˃ʽˁˊˇˋˁˇˉʽˁ˗˄ ˃ˇ˄ˍʷ˂˖˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ 
ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ʶʽʵʽˁʱ ˋ˔ʶʵʽʰˋ˃ʷ˄˖˄ ʴʽʰ ˋˏ˄ʻʶˍˇˎˌ ʰˎˍˇˁʽ˄ʹˍˇʵˊˈ˃ˇˎˌ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ 
ʰˉˇˁ˂ʶʽˋˍʽˁʷˌ ˂˖ˊʾʵʶˌΦ ɶ ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌ ʰ˒ˇˊʱ ˍˇ˄ ʰˎˍˇˁʽ˄ʹˍˈʵˊˇ˃ˇ {w-фф ˋˍˇ 
ʅʰˁˊʰ˃ʷ˄ˍˇ ˍʹˌ ɼʰ˂ʽ˒ˈˊ˄ʽʰΣ ˃ʶ ˋˎ˄ˇ˂ʽˁˈ ˃ʺˁˇˌ ʵʶˁʰˍˊʽ˗˄ ˃ʽ˂ʾ˖˄ ˁʰʽ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˂˖ˊʾʵʶˌ 
ˎ˕ʹ˂ʺˌ ˉ˂ʹˊˈˍʹˍʰˌΣ ˊʱ˃ˉʶˌ ˁʰʽ ˉʶˊʽˇ˔ʷˌ ˋˎ˃˒ˈˊʹˋʹˌΦ ʆʰ ʵˏˇ ˃ˇ˄ˍʷ˂ʰ ˇʵʹʴʽˁʺˌ 
ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ʰ˄ʰˉˍˏ˔ʻʹˁʰ˄ ˁʰʽ ʲʰʻ˃ˇ˄ˇ˃ʺʻʹˁʰ˄ ʲʱˋʶʽ ʵʶʵˇ˃ʷ˄˖˄ ˉˊʰʴ˃ʰˍʽˁˇˏ ˔ˊˈ˄ˇˎ 
όˊˇʺΣ ˍʰ˔ˏˍʹˍʰΣ ˉˎˁ˄ˈˍʹˍʰύ ˋʶ ˉʶˊʾˇʵˇ ˇˁˍ˗ ˖ˊ˗˄Σ ʶ˄˗ ʹ ʶˉʽˁˏˊ˖ˋʹ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˃ʶ 
ʵʽʰˋˍʰˎˊˇˏ˃ʶ˄ʹ ˋˏʴˁˊʽˋʹ ʷ˄ʰ˄ˍʽ ʶ˃ˉʶʽˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄Φ ɶ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ ʷʴʽ˄ʶ 
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˃ʶ ʲʱˋʹ ˍʹ˄ ʽˁʰ˄ˈˍʹˍʱ ˍˇˎˌ ˄ʰ ʰ˄ʰˉʰˊʱʴˇˎ˄ ˃ˇˍʾʲʰ ˋˎ˃˒ˈˊʹˋʹˌΣ ˃ʶʽ˗ˋʶʽˌ ˍʹˌ 
ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ʽˁʰ˄ˈˍʹˍʰˌ ˁʰʽ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˉˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ˇˏ ˇˎˊ˗˄Φ ʅʶ ˋˏʴˁˊʽˋʹ ˃ʶ 
ˎ˒ʽˋˍʱ˃ʶ˄ʰ ʶ˃ˉˇˊʽˁʱ ˃ˇ˄ˍʷ˂ʰΣ ˈˉ˖ˌ ˍˇ !La{¦b ˁʰʽ ˍˇ t¢± ±ƛǎǎƛƳΣ ˍʰ ˉˊˇˍʶʽ˄ˈ˃ʶ˄ʰ 
˃ˇ˄ˍʷ˂ʰ ʶ˃˒ʱ˄ʽˋʰ˄ ʰ˄˗ˍʶˊʹ ʰˉˈʵˇˋʹΣ ʽʵʾ˖ˌ ˋʶ ˉʶˊʽˇ˔ʷˌ ˋˎʴ˔˗˄ʶˎˋʹˌ ˁʰʽ ˁˇ˄ˍʱ ˋʶ ˂˖ˊʾʵʶˌ 
ˎ˕ʹ˂ʺˌ ˉ˂ʹˊˈˍʹˍʰˌΦ ɶ ʷˊʶˎ˄ʰ ʰ˄ʰʵʶʽˁ˄ˏʶʽ ˍʹ ˋʹ˃ʰˋʾʰ ˍʹˌ ˉˊˇ˂ʹˉˍʽˁʺˌ ˁʰʽ ˋˎ˄ʶˊʴʰˍʽˁʺˌ 
ˇʵʹʴʽˁʺˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌΣ ˉˊˇˍʶʾ˄ˇ˄ˍʰˌ ˉʰˊʱ˂˂ʹ˂ʰ ˁʰˍʶˎʻˏ˄ˋʶʽˌ ʴʽʰ ˃ʶ˂˂ˇ˄ˍʽˁʺ ʶ˒ʰˊ˃ˇʴʺ 
ˋʶ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ˋˎ˄ʵʶʵʶ˃ʷ˄˖˄ ˁʰʽ ʰˎˍˈ˄ˇ˃˖˄ ˇ˔ʹ˃ʱˍ˖˄ όYŀƴ Ŝǘ ŀƭΦΣ нлмфύΦ ɶ ˋˎʴˁˊʽˍʽˁʺ 
ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ·ƛƴƎŀƴ ό5ŀǾƛŘύ Yŀƴ Ŝǘ ŀƭΦ όнлмфύ ʴʽʰ ʵˏˇ ˃ˇ˄ˍʷ˂ʰ ˋʶ ʰˎˍˇˁʽ˄ʹˍˈʵˊˇ˃ˇ {w-99 
ʶ˄ʽˋ˔ˏʶʽ ˍʹ˄ ˍʶˁ˃ʹˊʾ˖ˋʹ ˍʹˌ ʶˉʽ˂ˇʴʺˌ ˃ʽˁˊˇˋˁˇˉʽˁʺˌ ˉˊˇˋʷʴʴʽˋʹˌ ˁʰʽ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍʹˌ 
ɽʶ˖˒ˈˊˇˎ ɼʹ˒ʽˋˇˏΣ ʽʵʾ˖ˌ ˈˋˇ˄ ʰ˒ˇˊʱ ˍʹ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˂˖ˊʾʵ˖˄ ˎ˕ʹ˂ʺˌ ˉ˂ʹˊˈˍʹˍʰˌ ˁʰʽ 
ˍʽˌ ˋˎʴ˔˖˄ʶˏˋʶʽˌΣ ˉˇˎ ʰˉˇˍʶ˂ˇˏ˄ ˁˊʾˋʽ˃ʰ ˋˍˇʽ˔ʶʾʰ ˍʹˌ ˉʰˊˇˏˋʰˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌΦ 

ɳˉʾˋʹˌ ʹ ʷˊʶˎ˄ʰ ˍ˖˄ IΦ bŀƎƘŀǿƛΣ aΦ !ōǳ {Ƙŀǘǘŀƭ ˁʰʽ ²Φ LŘŜǿǳ όнлмфύ ʶˉʽˁʶ˄ˍˊ˗˄ʶˍʰʽ ˋˍʹ˄ 
ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ ʶˉʾʵˊʰˋʹˌ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˉ˂ʶˎˊʽˁʺˌ ˍˊʽʲʺˌ τ ˈˉ˖ˌ ˍʰ ˋˍʰʻ˃ʶˎ˃ʷ˄ʰ 
ˇ˔ʺ˃ʰˍʰΣ ʹ ˁʾ˄ʹˋʹ ˉʶʸ˗˄ ˁʰʽ ʹ ˉʰˊˇˎˋʾʰ ʲʰˊʷ˖˄ ˇ˔ʹ˃ʱˍ˖˄ τ ˋˍʹ˄ ʰˉˈʵˇˋʹ ˍʹˌ 
ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˋʶ ʰˋˍʽˁˇˏˌ ˇʵʽˁˇˏˌ ʱ˅ˇ˄ʶˌΦ ɱʽʰ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ 
˃ʽˁˊˇˋˁˇˉʽˁʺˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ !La{¦bΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʶˁˍʽ˃ʹʻˇˏ˄ ˇʽ ʶˉʽˉˍ˗ˋʶʽˌ ʰˎˍ˗˄ 
ˍ˖˄ ˉʰˊʰʴˈ˄ˍ˖˄ ˋˍʹ˄ ˍʰ˔ˏˍʹˍʰΣ ˋˍʹ ˊˇʺ ˁʰʽ ˋˍʹ˄ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺ ʽˁʰ˄ˈˍʹˍʰΦ ɶ ʷˊʶˎ˄ʰ 
ʶˋˍʽʱʸʶʽ ˁˎˊʾ˖ˌ ˋʶ ʵˊˈ˃ˇˎˌ ʰ˄ʰˉˍˎˋˋˈ˃ʶ˄˖˄ ˔˖ˊ˗˄Σ ˈˉˇˎ ʹ ˉ˂ʶˎˊʽˁʺ ˍˊʽʲʺ ʰˉˇˍʶ˂ʶʾ 
ˋʹ˃ʰ˄ˍʽˁˈ ˉʰˊʱʴˇ˄ˍʰ ˎˉˇʲʱʻ˃ʽˋʹˌ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ ʅˍˇ ˉ˂ʰʾˋʽˇ ʰˎˍˈΣ ˋ˔ʶʵʽʱˋˍʹˁʶ ʷ˄ʰˌ 
ˎˉˇʻʶˍʽˁˈˌ ˇʵʽˁˈˌ ʱ˅ˇ˄ʰˌ ˃ʶ ˃ʾʰΣ ʵˏˇ ˁʰʽ ˍˊʶʽˌ ˂˖ˊʾʵʶˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ʶ˄˗ ʶ˅ʶˍʱˋˍʹˁʰ˄ 
ˋˎ˄ˇ˂ʽˁʱ ʵʶˁʰˇˁˍ˗ ʵʽʰ˒ˇˊʶˍʽˁʱ ˋʶ˄ʱˊʽʰ ˉˇˎ ʶ˄ˋ˖˃ʰˍ˗˄ˇˎ˄ ˉˇʽˁʾ˂ˇˎˌ ˋˎ˄ʵˎʰˋ˃ˇˏˌ 
ˉʶʸ˗˄Σ ˒ˇˊˍʹʴ˗˄ ˁʰʽ ˋˍʰʻ˃ʶˎ˃ʷ˄˖˄ ˇ˔ʹ˃ʱˍ˖˄Φ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʷʵʶʽ˅ʰ˄ ˋʹ˃ʰ˄ˍʽˁʺ 
˃ʶʾ˖ˋʹ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌ όʷ˖ˌ ˁʰʽ пт҈ύ ˁʰʽ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ʽˁʰ˄ˈˍʹˍʰˌ όʷ˖ˌ ˁʰʽ см҈ύ ʽʵʾ˖ˌ 
ˋʶ ʵʽʰ˃ˇˊ˒˗ˋʶʽˌ ʵˏˇ ˂˖ˊʾʵ˖˄Σ ˈˉˇˎ ˉʰˊʰˍʹˊʶʾˍʰʽ ˋˎ˄ʵˎʰˋ˃ʷ˄ʹ ʶˉʾʵˊʰˋʹ ˋˍʰʻ˃ʶˎ˃ʷ˄˖˄ 
ˇ˔ʹ˃ʱˍ˖˄ ˁʰʽ ˒ˇˊˍʹʴ˗˄Φ ɶ ʷˊʶˎ˄ʰ ˎˉˇʴˊʰ˃˃ʾʸʶʽ ˍʹ ˋʹ˃ʰˋʾʰ ˍʹˌ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺˌ 
ʵʽʰ˔ʶʾˊʽˋʹˌ ˍ˖˄ ˉ˂ʶˎˊʽˁ˗˄ ʵˊʰˋˍʹˊʽˇˍʺˍ˖˄ όˈˉ˖ˌ ʹ ˋˍʱʻ˃ʶˎˋʹ ˁʰʽ ʹ ʵʽʷ˂ʶˎˋʹ ˉʶʸ˗˄ ʺ 
ʲʰˊʷ˖˄ ˇ˔ʹ˃ʱˍ˖˄ύ ʴʽʰ ˍʹ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ˋˎ˄ˇ˂ʽˁʺˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ʰˉˈʵˇˋʹˌ ˋʶ ʰˋˍʽˁʱ 
ˉʶˊʽʲʱ˂˂ˇ˄ˍʰΣ ˁʰʻ˗ˌ ˁʰʽ ˍʹ˄ ʰ˅ʾʰ ˍʹˌ ˃ʽˁˊˇˋˁˇˉʽˁʺˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˖ˌ ʶˊʴʰ˂ʶʾˇ 
ˎˉˇˋˍʺˊʽ˅ʹˌ ˂ʺ˕ʹˌ ʰˉˇ˒ʱˋʶ˖˄ όbŀƎƘŀǿƛ Ŝǘ ŀƭΦΣ нлмфύΦ ɶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʷˊʶˎ˄ʰ ˂ˇʽˉˈ˄ 
ʶˉʽʲʶʲʰʽ˗˄ʶʽ ˍʹ ˋʹ˃ʰˋʾʰ ˍʹˌ ˉ˂ʶˎˊʽˁʺˌ ˍˊʽʲʺˌΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ʰ˄ˍʰ˄ʰˁ˂ʱˍʰʽ ˋˍʹ ɽʶ˖˒ˈˊˇ 
ɼ́ ˒ʽˋˇˏ ˃ʷˋ˖ ˍʹˌ ʶˉʾʵˊʰˋʹˌ ˉʰˊʰʴˈ˄ˍ˖˄ ˈˉ˖ˌ ˍʰ ʲʰˊʷʰ ˇ˔ʺ˃ʰˍʰΦ ɶ ˔ˊʺˋʹ 
˃ʽˁˊˇˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˋˍˇ !ƛƳǎǳƴ bŜȄǘ ˉʰˊʷ˔ʶʽ ˍʽˌ ʰˉʰʽˍˇˏ˃ʶ˄ʶˌ ʵˎ˄ʰˍˈˍʹˍʶˌ ʴʽʰ ˍʹ˄ 
ʰˉˇˍʾ˃ʹˋʹ ˍ˖˄ ʶˉʽˉˍ˗ˋʶ˖˄ ʰˎˍ˗˄ ˍ˖˄ ʵˊʰˋˍʹˊʽˇˍʺˍ˖˄ ˁʰʽ ˋˍʹ ɽʶ˖˒ˈˊˇ ɼʹ˒ʽˋˇˏΦ 

ʃʰˊʱ˂˂ʹ˂ʰΣ ʹ ʷˊʶˎ˄ʰ ˍ˖˄ {ŀƳŀǊŀ {ƻŀǊŜǎ [ŜŀƭΣ tŀǳƭƻ 9ŘǳŀǊŘƻ aŀŎƛŜƭ ŘŜ !ƭƳŜƛŘŀ ˁʰʽ wŜƴŀǘƻ 
DǳƛƳŀǊńŜǎ wƛōŜƛǊƻ όнлмфύ ʶˉʽˁʶ˄ˍˊ˗˄ʶˍʰʽ ˋˍʹ ʲʰʻ˃ˇ˄ˈ˃ʹˋʹ ˉʰˊʰ˃ʷˍˊ˖˄ ˃ʽˁˊˇˋˁˇˉʽˁ˗˄ 
˃ˇ˄ˍʷ˂˖˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˃ʷˋ˖ ˍʹˌ ˔ˊʺˋʹˌ ʶ˅ʶ˂ʽˁˍʽˁˇˏ ˎˉˇ˂ˇʴʽˋˍʽˁˇˏ 
ʶˊʴʰ˂ʶʾˇˎΣ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ʴʶ˄ʶˍʽˁˇˏ ʰ˂ʴˇˊʾʻ˃ˇˎΦ ʅˁˇˉˈˌ ʶʾ˄ʰʽ ʹ ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹ ˍʹˌ 
ʰˉˈˁ˂ʽˋʹˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˉʰˊʰˍʹˊˇˏ˃ʶ˄˖˄ ˁʰʽ ˍ˖˄ ˉˊˇˋˇ˃ˇʽ˖˃ʷ˄˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ 
ʴʽʰ ˍʹ˄ ʰˁˊʽʲʺ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˍʹˌ ˇʵʹʴʽˁʺˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌΦ ɶ ʷˊʶˎ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˋˍˇ 
.Ŝƭƻ IƻǊƛȊƻƴǘŜ ˍʹˌ ɰˊʰʸʽ˂ʾʰˌΣ ˁʰʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ CƭƻǊŜǎǘŀΣ ʴ˄˖ˋˍʺ ʴʽʰ ˍʰ ˎ˕ʹ˂ʱ 
ʶˉʾˉʶʵʰ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ˋˎ˃˒ˈˊʹˋʹˌΦ ʆˇ ˂ˇʴʽˋ˃ʽˁˈ !La{¦b ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ 
˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˍʹˌ ʵˎ˄ʰ˃ʽˁʺˌ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˋʶ ˃ʽˁˊˇˋˁˇˉʽˁˈ ʶˉʾˉʶʵˇΣ ʶ˄˗ ˇ ʴʶ˄ʶˍʽˁˈˌ 
ʰ˂ʴˈˊʽʻ˃ˇˌ ʰ˅ʽˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˁˊʾˋʽ˃˖˄ ˉʰˊʰ˃ʷˍˊ˖˄Σ ˈˉ˖ˌ ˇ ˔ˊˈ˄ˇˌ 
ʰ˄ˍʾʵˊʰˋʹˌ ˍ˖˄ ˇʵʹʴ˗˄Σ ʹ ʶˉʽʻˎ˃ʹˍʺ ˍʰ˔ˏˍʹˍʰ ˁʰʽ ʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˇʵʺʴʹˋʹˌΦ ʆʰ 
ˁˎˁ˂ˇ˒ˇˊʽʰˁʱ ʵʶʵˇ˃ʷ˄ʰ ˋˎ˂˂ʷʴˇ˄ˍʰʽ ˃ʶ ˍʹ ˃ʷʻˇʵˇ ˁʰˍʰʴˊʰ˒ʺˌ ˉʽ˄ʰˁʾʵ˖˄Σ ˁʰˍʰʴˊʱ˒ˇ˄ˍʰˌ 
ˍˇˎˌ ˔ˊˈ˄ˇˎˌ ʶʽˋˈʵˇˎ ˁʰʽ ʶ˅ˈʵˇˎ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ʴʽʰ ˍʹ˄ ʰˉˇˍʾ˃ʹˋʹ ˍ˖˄ ˁʰʻˎˋˍʶˊʺˋʶ˖˄Φ ɶ 
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ʰˁˊʾʲʶʽʰ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ʰ˅ʽˇ˂ˇʴʶʾˍʰʽ ˃ʷˋ˖ ˍˇˎ ʵʶʾˁˍʹ ˃ʷˋˇˎ ʰˉˈ˂ˎˍˇˎ 
ˁʰ˄ˇ˄ʽˁˇˉˇʽʹ˃ʷ˄ˇˎ ˋ˒ʱ˂˃ʰˍˇˌΦ ɶ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ˃ʶʻˇʵˇ˂ˇʴʾʰˌ ʶʾ˔ʶ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ 
˃ʶʾ˖ˋʹ ˍˇˎ ˋ˒ʱ˂˃ʰˍˇˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˁʰˍʱ ту҈ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʽˌ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʶˌ 
ˉʰˊʰ˃ʷˍˊˇˎˌ ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏΦ ʆˇ ʲʰʻ˃ˇ˄ˇ˃ʹ˃ʷ˄ˇ ˃ˇ˄ˍʷ˂ˇ ˉˊˇˋ˒ʷˊʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ʴʽʰ 
ʰˁˊʽʲʷˋˍʶˊʶˌ ˉˊˇʲ˂ʷ˕ʶʽˌ ˍ˖˄ ˁˎˁ˂ˇ˒ˇˊʽʰˁ˗˄ ˋˎ˄ʻʹˁ˗˄Σ ʶ˄ʽˋ˔ˏˇ˄ˍʰˌ ˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˍʹˌ 
ʰˋˍʽˁʺˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˁʰʽ ˉˊˇˍʶʾ˄ˇ˄ˍʰˌ ʷ˄ʰ ˉˊˇˋʰˊ˃ˈˋʽ˃ˇ ʶˊʴʰ˂ʶʾˇ ʴʽʰ ʶ˒ʰˊ˃ˇʴʺ ˁʰʽ ˋʶ 
ʱ˂˂ʰ ʵʾˁˍˎʰ ˁʰʽ ˉʶˊʽʲʱ˂˂ˇ˄ˍʰ ό[Ŝŀƭ Ŝǘ ŀƭΦΣ нлмфύΦ ʅˎ˃ˉʶˊʰˋ˃ʰˍʽˁʱΣ ʹ ʶ˒ʰˊ˃ˇʴʺ ʴʶ˄ʶˍʽˁ˗˄ 
ʰ˂ʴˇˊʾʻ˃˖˄ ʴʽʰ ˍʹ ʲʰʻ˃ˇ˄ˈ˃ʹˋʹ ˃ʽˁˊˇˋˁˇˉʽˁ˗˄ ˃ˇ˄ˍʷ˂˖˄ ˃ˉˇˊʶʾ ˄ʰ ˎˉˇˋˍʹˊʾ˅ʶʽ 
ʲʶ˂ˍʽˋˍˇˉˇʽʹ˃ʷ˄ʶˌ ˉʰˊʰ˃ʶˍˊˇˉˇʽʺˋʶʽˌ ˁʰʽ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰΣ ˗ˋˍʶ ˍˇ 
˃ˇ˄ˍʷ˂ˇ ˍʹˌ ɽΦɼʹ˒ʽˋˇˏ ˄ʰ ʰ˄ʰˉʰˊʽˋˍʱ ˃ʶ ˍʹ ˃ʷʴʽˋˍʹ ʵˎ˄ʰˍʺ ʰˁˊʾʲʶʽʰ ˍʹ˄ ˉˊʰʴ˃ʰˍʽˁʺ 
˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ ʱ˅ˇ˄ʰ ˁʰʽ ˄ʰ ʶˉʽˍˊʷˉʶʽ ʰˋ˒ʰ˂ʺ ʶ˅ʰʴ˖ʴʺ ˋˎ˃ˉʶˊʰˋ˃ʱˍ˖˄ ʴʽʰ ˍʹ˄ 
ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰ ˍ˖˄ ʴʶ˖˃ʶˍˊʽˁ˗˄ ˉʰˊʶ˃ʲʱˋʶ˖˄Φ 

ʁʽ ½ǳƛŘƎŜŜǎǘ ˁʰʽ aƻƻŘƭŜȅ όнлмсύ ʵʽʶˊʶˏ˄ʹˋʰ˄Σ ˃ʷˋ˖ ˃ʽˁˊˇˋˁˇˉʽˁʺˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˋˍˇ 
˂ˇʴʽˋ˃ʽˁˈ !La{¦bΣ ˍʹ ʵˎ˄ʰ˃ʽˁʺ ˍʹˌ ʽʶˊʱˊ˔ʹˋʹˌ ˍˇˎ ˇʵʽˁˇˏ ˔˗ˊˇˎ ˎˉʷˊ ˍ˖˄ ʵʹ˃ˈˋʽ˖˄ 
ˋˎʴˁˇʽ˄˖˄ʽ˗˄ ˋˍˇ˄ ʰˋˍʽˁˈ ʽˋˍˈ ˍˇˎ 5ǳǊōŀƴ ˋˍʹ ɿˈˍʽʰ ɮ˒ˊʽˁʺΦ ɶ ʷˊʶˎ˄ʱ ˍˇˎˌ ˋˎ˄ʵˏʰˋʶ 
˃ʰˁˊˇˋˁˇˉʽˁʺ ˁʰʽ ˃ʽˁˊˇˋˁˇˉʽˁʺ ˉˊˇˋʷʴʴʽˋʹΥ ʹ ˃ʰˁˊˇˋˁˇˉʽˁʺ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ 
˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʴʽʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ʸʺˍʹˋʹˌ ˃ʶˍʰˁʽ˄ʺˋʶ˖˄Σ ʶ˄˗ ʹ ˃ʽˁˊˇˋˁˇˉʽˁʺ 
ˉˊˇˋʷʴʴʽˋʹ ʶˉʷˍˊʶ˕ʶ ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍ˖˄ ʰ˂˂ʹ˂ʶˉʽʵˊʱˋʶ˖˄ ˃ʶˍʰ˅ˏ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˁʰʽ 
ˍʹˌ ʰˉˇʵˇˍʽˁˈˍʹˍʰˌ ˍ˖˄ ʵʹ˃ˈˋʽ˖˄ ˋˎʴˁˇʽ˄˖˄ʽ˗˄ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇΦ ɳ˅ʶˍʱˋˍʹˁʰ˄ ˍˊʾʰ 
ˋʶ˄ʱˊʽʰ ˁˎˁ˂ˇ˒ˇˊʾʰˌΥ ˋˏˋˍʹ˃ʰ ˂ʶ˖˒ˇˊʶʾ˖˄ ˋʶ ˃ʽˁˍʺ ˁˎˁ˂ˇ˒ˇˊʾʰΣ ˍʰ˔ʶʾʰ ʵʽʷ˂ʶˎˋʹ 
˂ʶ˖˒ˇˊʶʾ˖˄ ˃ʶ ʰˉˇˁ˂ʶʽˋˍʽˁʷˌ ˂˖ˊʾʵʶˌ ˁʰʽ ˁˎˁ˂ˇ˒ˇˊʾʰ ˍʰ˅ʾ ˍˏˉˇˎ Ƴƛƴƛōǳǎ ˋʶ ˁˇʽ˄ʺ ˔ˊʺˋʹ 
ˍˇˎ ˇʵʽˁˇˏ ˔˗ˊˇˎΦ ɶ ʰ˅ʽˇ˂ˈʴʹˋʹ ʲʰˋʾˋˍʹˁʶ ˋʶ ʵʶʾˁˍʶˌ ˈˉ˖ˌ ˇ ˔ˊˈ˄ˇˌ ˍʰ˅ʽʵʽˇˏΣ ˍʰ ʶˉʾˉʶʵʰ 
ˋˎ˃˒ˈˊʹˋʹˌΣ ˍˇ ʶˉʾˉʶʵˇ ʶ˅ˎˉʹˊʷˍʹˋʹˌ ˁʰʽ ˃ʽʰ ˇʽˁˇ˄ˇ˃ʽˁʺ ʰ˄ʱ˂ˎˋʹ ˁˈˋˍˇˎˌΦ ʆʰ 
ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰ˄ʷʵʶʽ˅ʰ˄ ˍʹ˄ ʰ˄˖ˍʶˊˈˍʹˍʰ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˍʰ˔ʶʾʰˌ ʵʽʷ˂ʶˎˋʹˌ ˂ʶ˖˒ˇˊʶʾ˖˄ 
˃ʶ ʰˉˇˁ˂ʶʽˋˍʽˁʷˌ ˂˖ˊʾʵʶˌΣ ˍˇ ˇˉˇʾˇ ˉˊˇˋʷ˒ʶˊʶ ˋʰ˒ʺ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ˋʶ ˈˊˇˎˌ 
ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰˌ ˁʰʽ ʲʽ˖ˋʽ˃ˈˍʹˍʰˌΦ ɶ ʷˊʶˎ˄ʰ ʰ˄ʷʵʶʽ˅ʶ ˍʹ ˋʹ˃ʰˋʾʰ ˍʹˌ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʹˌ 
˔ˊʺˋʹˌ ˃ʰˁˊˇ- ˁʰʽ ˃ʽˁˊˇˋˁˇˉʽˁ˗˄ ˃ˇ˄ˍʷ˂˖˄ ˖ˌ ʶˊʴʰ˂ʶʾˇ ˎˉˇˋˍʺˊʽ˅ʹˌ ʴʽʰ ˉˇ˂ʽˍʽˁʷˌ 
ʰ˄ʰˁʰˍʰ˄ˇ˃ʺˌ ˍˇˎ ˇʵʽˁˇˏ ˔˗ˊˇˎΣ ˃ʶ ˋˍˈ˔ˇ ˍʹ˄ ʶ˄ʾˋ˔ˎˋʹ ˍ˖˄ ʵʹ˃ˈˋʽ˖˄ ˋˎʴˁˇʽ˄˖˄ʽ˗˄Φ 
ʃh ˊˈˍʽ ʹ ʷ˃˒ʰˋʹ ʵʾ˄ʶˍʰʽ ˋˍʹ˄ ʰ˅ʽˇ˂ˈʴʹˋʹ ˋˎˋˍʹ˃ʱˍ˖˄ ˂ʶ˖˒ˇˊʶʾ˖˄ ˁʰʽ Ƴƛƴƛōǳǎ ǘŀȄƛΣ ʹ 
˃ʶʻˇʵˇ˂ˇʴʾʰ ˉˇˎ ˋˎ˄ʵˎʱʸʶʽ ˃ʰˁˊˇ- ˁʰʽ ˃ʽˁˊˇˉˊˇˋˇ˃ˇʾ˖ˋʹ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˃ʶ ˉʰˊˈ˃ˇʽˇ 
ˍˊˈˉˇ ˁʰʽ ˋˍˇ ˁˎˁ˂ˇ˒ˇˊʽʰˁˈ ˃ˇ˄ˍʷ˂ˇ ˍʹˌ ɽʶ˖˒ˈˊˇˎ ɼʹ˒ʽˋˇˏΣ ʽʵʾ˖ˌ ˖ˌ ˉˊˇˌ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ 
ˍ˖˄ ˋʶ˄ʰˊʾ˖˄ ʵʽʰ˔ʶʾˊʽˋʹˌ ˁʰʽ ˍʹ˄ ʰˉˇˍʾ˃ʹˋʹ ˃ʶ ʵʶʾˁˍʶˌ ˈˉ˖ˌ ˔ˊˈ˄ˇˌ ˍʰ˅ʽʵʽˇˏΣ ˋˎ˃˒ˈˊʹˋʹ 
ˁʰʽ ʶˉʾˉʶʵˇ ʶ˅ˎˉʹˊʷˍʹˋʹˌΦ ʁʽ ˉˊˇˍʱˋʶʽˌ ʴʽʰ ʰ˄ʰˁʰˍʰ˄ˇ˃ʺ ˇʵʽˁˇˏ ˔˗ˊˇˎ ˁʰʽ ʹ ʶˁˍʾ˃ʹˋʹ 
ˁˈˋˍˇˎˌ-ˇ˒ʷ˂ˇˎˌ ʲˊʾˋˁˇˎ˄ ʱ˃ʶˋʹ ʰ˄ˍʽˋˍˇʽ˔ʾʰ ˃ʶ ˍʽˌ ʴʶ˖˃ʶˍˊʽˁʷˌ ˉʰˊʶ˃ʲʱˋʶʽˌ ˉˇˎ 
ʶ˅ʶˍʱʸˇ˄ˍʰʽ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰΣ ʶ˄ʽˋ˔ˏˇ˄ˍʰˌ ˍʹ ʲʽ˖ˋʽ˃ˈˍʹˍʰ ˍ˖˄ ˋ˔ʶʵʽʰʸˈ˃ʶ˄˖˄ ˂ˏˋʶ˖˄ 
ˋˍˇ˄ ʱ˅ˇ˄ʰ ˍˇˎ ɼʹ˒ʽˋˇˏΦ 

ʃʰˊʱ˂˂ʹ˂ʰΣ ˇʽ IŀǎƘŜƳƛ ˁʰʽ !ōŘŜƭƎƘŀƴȅ όнлмсύ ʶˉʽˁʶ˄ˍˊ˗ʻʹˁʰ˄ ˋˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ʶ˄ˈˌ 
ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ʶˁˍʾ˃ʹˋʹˌ ˁʰʽ ˉˊˈʲ˂ʶ˕ʹˌ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ 
˔ˊˈ˄ˇΣ ˃ʶ ˋˍˈ˔ˇ ˍʹ˄ ˎˉˇˋˍʺˊʽ˅ʹ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ˂ʺ˕ʹˌ ʰˉˇ˒ʱˋʶ˖˄ ˋˍˇ ˉ˂ʰʾˋʽˇ ˍʹˌ 
ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʹˌ ʵʽʰ˔ʶʾˊʽˋʹˌ ʵʽʰʵˊˈ˃˖˄ ˃ʶˍʰ˒ˇˊ˗˄Φ ɶ ʶ˒ʰˊ˃ˇʴʺ ˎ˂ˇˉˇʽʺʻʹˁʶ ˋˍˇ˄ ˁˏˊʽˇ 
ˇʵʽˁˈ ʱ˅ˇ˄ʰ ¦{-тр ˋˍˇ ɿˍʱ˂ʰˌ ˍˇˎ ʆʷ˅ʰˌΣ ˃ʶ ˍʹ ˔ˊʺˋʹ ʶ˄ˈˌ ˋˎˋˍʺ˃ʰˍˇˌ ˁ˂ʶʽˋˍˇˏ ʲˊˈʴ˔ˇˎ 
ʲʰˋʽˋ˃ʷ˄ˇˎ ˋˍʹ ˃ʶʻˇʵˇ˂ˇʴʾʰ ϦwƻƭƭƛƴƎ IƻǊƛȊƻƴ CǊŀƳŜǿƻǊƪϦΣ ˍˇ ˇˉˇʾˇ ʶˉʽˍˊʷˉʶʽ ˍʹ ʵʽʰˊˁʺ 
ʶ˄ʹ˃ʷˊ˖ˋʹ ˍ˖˄ ˁˎˁ˂ˇ˒ˇˊʽʰˁ˗˄ ˋˎ˄ʻʹˁ˗˄ ˁʰʽ ˍʹ ʵˎ˄ʰ˃ʽˁʺ ˉˊˈʲ˂ʶ˕ʹ ˒ʰʽ˄ˇ˃ʷ˄˖˄ 
ˋˎ˃˒ˈˊʹˋʹˌΦ ɶ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺ ʵʽʰ˔ʶʾˊʽˋʹ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˃ʷˋ˖ ʵˎ˄ʰ˃ʽˁʺˌ ʰ˄ʱʻʶˋʹˌ 
ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˃ʶ ˔ˊʺˋʹ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΣ ʶ˄˗ ʴʽʰ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˍ˖˄ ʲʷ˂ˍʽˋˍ˖˄ 
ˋˍˊʰˍʹʴʽˁ˗˄ ʵʽʰ˔ʶʾˊʽˋʹˌ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ɱʶ˄ʶˍʽˁˈˌ ɮ˂ʴˈˊʽʻ˃ˇˌΦ ɾʶˍʰ˅ˏ ˍ˖˄ ˋˍˊʰˍʹʴʽˁ˗˄ ˉˇˎ 
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ʶ˅ʶˍʱʸˇ˄ˍʰʽ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ʹ ʵˎ˄ʰ˃ʽˁʺ ˋʹ˃ʰˍˇʵˈˍʹˋʹΣ ʹ ˉˊˇˋʰˊ˃ˇˋˍʽˁʺ ʵˊˇ˃ˇ˂ˈʴʹˋʹΣ ʹ 
ʵʽʰ˔ʶʾˊʽˋʹ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˋˍʽˌ ʶʽˋˈʵˇˎˌ ʰˎˍˇˁʽ˄ʹˍˇʵˊˈ˃˖˄ ˁʰʽ ʹ ˔ˊʺˋʹ ˂˖ˊʾʵ˖˄ ʷˁˍʰˁˍʹˌ 
ʰ˄ʱʴˁʹˌΦ ɶ ʲʰʻ˃ˇ˄ˈ˃ʹˋʹ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˋˍʹˊʾʸʶˍʰʽ ˋʶ ʵʶʵˇ˃ʷ˄ʰ ˉˊʰʴ˃ʰˍʽˁˇˏ ˔ˊˈ˄ˇˎ ʰˉˈ 
ʰʽˋ̒́ ˍʺˊʶˌ ˁʰʽ ʰ˄ʽ˔˄ʶˎˍʷˌΣ ʵʽʰˋ˒ʰ˂ʾʸˇ˄ˍʰˌ ˎ˕ʹ˂ʺ ʰˁˊʾʲʶʽʰ ˋˍʽˌ ˉˊˇʲ˂ʷ˕ʶʽˌ ˋˎ˃˒ˈˊʹˋʹˌΦ 
ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˁʰˍʰʵʶʽˁ˄ˏˇˎ˄ ˈˍʽ ʹ ʶ˄ˋ˖˃ʱˍ˖ˋʹ ʰˎˍ˗˄ ˍ˖˄ ˍʶ˔˄ˇ˂ˇʴʽˁ˗˄ ˉʰˊʶ˃ʲʱˋʶ˖˄ 
ˇʵʹʴʶʾ ˋʶ ˋʹ˃ʰ˄ˍʽˁʺ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ʰˉˈʵˇˋʹˌ ˍˇˎ ʵʽˁˍˏˇˎΣ ˃ʶ ʶ˄ʵʶʽˁˍʽˁʺ ʶ˅ˇʽˁˇ˄ˈ˃ʹˋʹ ʷ˖ˌ 
ˁʰʽ н҈ ˋˍˇ˄ ˔ˊˈ˄ˇ ˍʰ˅ʽʵʽˇˏ ˁʰˍʱ ˍʽˌ ˗ˊʶˌ ʰʽ˔˃ʺˌΦ ʁʽ ˋˍˊʰˍʹʴʽˁʷˌ ˉˇˎ ˉˊˇˍʶʾ˄ˇ˄ˍʰʽΣ ˈˉ˖ˌ ʹ 
ʵˎ˄ʰ˃ʽˁʺ ˋʹ˃ʰˍˇʵˈˍʹˋʹ ˁʰʽ ʵˊˇ˃ˇ˂ˈʴʹˋʹΣ ʷ˔ˇˎ˄ ʶ˒ʰˊ˃ˇʴʺ ˁʰʽ ˋˍˇ˄ ʱ˅ˇ˄ʰ ˍʹˌ ɽʶ˖˒ˈˊˇˎ 
ɼʹ˒ʽˋˇˏΣ ˈˉˇˎ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ʷ˄ˍˇ˄ʰ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˋˎ˃˒ˈˊʹˋʹˌ ˁʰʽ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹˌ ˊˇ˗˄Φ 
ɶ ˔ˊʺˋʹ ʵʶʵˇ˃ʷ˄˖˄ ˉˊʰʴ˃ʰˍʽˁˇˏ ˔ˊˈ˄ˇˎ ˁʰʽ ˇʽ ʵˎ˄ʰˍˈˍʹˍʶˌ ˉˊˈʲ˂ʶ˕ʹˌ ˉˇˎ ˉˊˇˋ˒ʷˊʶʽ ˍˇ 
˃ˇ˄ˍʷ˂ˇΣ ˎˉˇˋˍʹˊʾʸˇˎ˄ ˁʰʽ ˍʹ˄ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ ˖ˌ ˉˊˇˌ ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ 
ʶ˄ʰ˂˂ʰˁˍʽˁ˗˄ ˋʶ˄ʰˊʾ˖˄ ʵʽʰ˔ʶʾˊʽˋʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ 

ʁʽ CŜŘƻǊƻƪƻΣ wƻǎƻǾł ˁʰʽ aƻƭƴłǊ όнлмпύ ʵʽʶˊʶˏ˄ʹˋʰ˄ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˎˉˇ˂ˇʴʽˋˍʽˁʺˌ 
ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˖ˌ ʶˊʴʰ˂ʶʾˇˎ ʴʽʰ ˍʹ˄ ʶˉʾ˂ˎˋʹ ˁˎˁ˂ˇ˒ˇˊʽʰˁ˗˄ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ˋˍˇ˄ ʰˋˍʽˁˈ 
ˋˎʴˁˇʽ˄˖˄ʽʰˁˈ ˋ˔ʶʵʽʰˋ˃ˈΣ ˃ʶ ˃ʶ˂ʷˍʹ ˉʶˊʾˉˍ˖ˋʹˌ ˍˇ˄ ˁˈ˃ʲˇ IŜǊƻŜǎ ƻŦ 5ǳƪƭŀ ˋˍʹ˄ ˉˈ˂ʹ 
±ǊŀƴƻǾ ƴŀŘ ¢ƻǇƯƻǳ ˍʹˌ ʅ˂ˇʲʰˁʾʰˌΦ ɶ ʶ˄ ˂ˈʴ˖ ˉʶˊʽˇ˔ʺ ˉʰˊˇˎˋʽʱʸʶʽ ˎ˕ʹ˂ʱ ʶˉʾˉʶʵʰ 
ˋˎ˃˒ˈˊʹˋʹˌ ˁʰˍʱ ˍʽˌ ˗ˊʶˌ ʰʽ˔˃ʺˌΣ ˂ˈʴ˖ ʰˎ˅ʹ˃ʷ˄ˇˎ ˁˎˁ˂ˇ˒ˇˊʽʰˁˇˏ ˒ˈˊˍˇˎ ˁʰʽ ˍʹˌ 
ʴʶʽˍ˄ʾʰˋʹˌ ˃ʶ ʶ˃ˉˇˊʽˁʷˌ ʵˊʰˋˍʹˊʽˈˍʹˍʶˌΦ ʅˍˇ ˉ˂ʰʾˋʽˇ ˍʹˌ ʷˊʶˎ˄ʰˌΣ ˋˎ˂˂ʷ˔ʻʹˁʰ˄ ˂ʶˉˍˇ˃ʶˊʺ 
ˁˎˁ˂ˇ˒ˇˊʽʰˁʱ ʵʶʵˇ˃ʷ˄ʰΣ ˈˉ˖ˌ ˍˏˉˇʽ ˇ˔ʹ˃ʱˍ˖˄Σ ˈʴˁˇʽ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˁʰʽ ˉˊˈˍˎˉʰ ˁʾ˄ʹˋʹˌΦ 
ɱʽʰ ˍʹ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ 9·¢9b5Σ ˍˇ ˇˉˇʾˇ 
ʶˉʷˍˊʶ˕ʶ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˍʹˌ ˊˇʺˌ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˁʰˍʹʴˇˊʽ˗˄ ˇ˔ʹ˃ʱˍ˖˄Σ ˁʰʻ˗ˌ ˁʰʽ ˍʹ˄ 
ʰˉˇˍˏˉ˖ˋʹ ˍʹˌ ʶˉʾʵˊʰˋʹˌ ˍ˖˄ ʵʽʶ˂ʶˏˋʶ˖˄ ˋʽʵʹˊˇʵˊˈ˃˖˄Φ ʆˇ ˋˏˋˍʹ˃ʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ 
ˉʶˊʽʶ˂ʱ˃ʲʰ˄ʶ ˉˊˇˋʰˊ˃ˈˋʽ˃ʰ ˋˎˋˍʺ˃ʰˍʰ ˒˖ˍʶʽ˄ʺˌ ˋʹ˃ʰˍˇʵˈˍʹˋʹˌ ˁʰʽ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ʰ 
ˋʶ˄ʱˊʽʰ ʶˉʰ˄ʰʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ˁʰʽ ʶˉʰ˄ʰˋ˔ʶʵʽʰˋ˃ˇˏ ˍˇˎ ˁˈ˃ʲˇˎΦ ɾʷˋ˖ ʰ˄ʰ˂ˏˋʶ˖˄ ˇˎˊʱˌ 
ˁʰʽ ʶ˄ˍˇˉʽˋ˃ˇˏ ˁˊʾˋʽ˃˖˄ ˋʹ˃ʶʾ˖˄ ˋˎ˃˒ˈˊʹˋʹˌΣ ʹ ʷˊʶˎ˄ʰ ˉˇˋˇˍʽˁˇˉˇʽʶʾ ˍʹ ˋˇʲʰˊˈˍʹˍʰ ˍ˖˄ 
ˁˎˁ˂ˇ˒ˇˊʽʰˁ˗˄ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ˁʰʽ ʰ˅ʽˇ˂ˇʴʶʾ ʶ˄ʰ˂˂ʰˁˍʽˁʷˌ ˉʰˊʶ˃ʲʱˋʶʽˌΦ ʆʰ ʶˎˊʺ˃ʰˍʰ 
ʰ˄ʰʵʶʽˁ˄ˏˇˎ˄ ˍʹ ˔ˊʹˋʽ˃ˈˍʹˍʰ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˖ˌ ʶˊʴʰ˂ʶʾˇˎ ˎˉˇˋˍʺˊʽ˅ʹˌ ʰˉˇ˒ʱˋʶ˖˄ 
ʴʽʰ ˍʽˌ ʰˊ˃ˈʵʽʶˌ ʰˊ˔ʷˌΣ ʶ˄˗ ˉˊˇˍʶʾ˄ˇ˄ˍʰʽ ˉˊʰˁˍʽˁʷˌ ˂ˏˋʶʽˌΣ ˈˉ˖ˌ ʶ˄ʾˋ˔ˎˋʹ ˍʹˌ ʵʹ˃ˈˋʽʰˌ 
ˋˎʴˁˇʽ˄˖˄ʾʰˌΣ ʰ˄ʰʵʽʱˊʻˊ˖ˋʹ ˍʹˌ ˋʹ˃ʰˍˇʵˈˍʹˋʹˌ ˁʰʽ ʲʶ˂ˍʽ˗ˋʶʽˌ ˋˍʽˌ ˎˉˇʵˇ˃ʷˌ 
ˋˍʱʻ˃ʶˎˋʹˌΣ ˃ʶ ʵˎ˄ʰˍˈˍʹˍʰ ʶ˒ʰˊ˃ˇʴʺˌ ˁʰʽ ˋʶ ʱ˂˂ʶˌ ˋ˂ˇʲʰˁʽˁʷˌ ˉˈ˂ʶʽˌΦ ɶ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ 
˃ʶʻˇʵˇ˂ˇʴʾʰˌ ˋʶ ʷ˄ʰ ˉˎˁ˄ˈ ʰˋˍʽˁˈ ˁˈ˃ʲˇΣ ˃ʶ ˉʰˊˈ˃ˇʽʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˉ˂ʶˎˊʽˁ˗˄ 
ʵˊʰˋˍʹˊʽˇˍʺˍ˖˄ ˁʰʽ ˒ˈˊˍˇˎ ˈˉ˖ˌ ʹ ɽʶ˖˒ˈˊˇˌ ɼʹ˒ʽˋˇˏΣ ˁʰʻʽˋˍʱ ˍʰ ˉˇˊʾˋ˃ʰˍʱ ˍʹˌ ˔ˊʺˋʽ˃ʰ 
ʴʽʰ ˍʹ˄ ˁʰˍʰ˄ˈʹˋʹ ˍˇˎ ˊˈ˂ˇˎ ˍ˖˄ ˋʹ˃ʰˍˇʵˇˍ˗˄ ˁʰʽ ˍʹˌ ʴʶ˖˃ʶˍˊʾʰˌ ˍ˖˄ ˁˈ˃ʲ˖˄ ˋˍʹ ˃ʶʾ˖ˋʹ 
ˍʹˌ ˋˎ˃˒ˈˊʹˋʹˌΣ ˁʱˍʽ ˉˇˎ ʶˉʽʵʽ˗ˁʶˍʰʽ ˁʰʽ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰΦ 

ɮˉˈ ˍʹ˄ ʱ˂˂ʹ ˉ˂ʶˎˊʱΣ ʹ [ƛƴŀǊŜǎΣ ˎˉˈ ˍʹ˄ ʶˉʾʲ˂ʶ˕ʹ ˍˇˎ .ŀǊŎŜƭƽ όнлмпύΣ ʰ˄ʷˉˍˎ˅ʶ ʷ˄ʰ 
ˁʰʽ˄ˇˍˈ˃ˇ ˉ˂ʰʾˋʽˇ ɲˎ˄ʰ˃ʽˁʺˌ ɳˁ˔˗ˊʹˋʹˌ ɼˎˁ˂ˇ˒ˇˊʾʰˌ ʲʰˋʽˋ˃ʷ˄ˇ ˋʶ ˃ʶˋˇˋˁˇˉʽˁʺ 
ˉˊˇˋˇ˃ˇʾ˖ˋʹΣ ˃ʶ ˋˍˈ˔ˇ ˍʹ˄ ʰˉˇˍˏˉ˖ˋʹ ˍʹˌ ˔ˊˇ˄ʽˁʱ ʶ˅ʰˊˍ˗˃ʶ˄ʹˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ˍ˖˄ 
˔ˊʹˋˍ˗˄ ˋʶ ʰˋˍʽˁʱ ˇʵʽˁʱ ʵʾˁˍˎʰΦ ɶ ʷˊʶˎ˄ʰ ʶˉʽˁʶ˄ˍˊ˗˄ʶˍʰʽ ˋˍʹ˄ ʷ˄˄ˇʽʰ ˍʹˌ ɲˎ˄ʰ˃ʽˁʺˌ 
ɹˋˇˊˊˇˉʾʰˌ ʋˊʺˋˍʹ ˁʰʽ ˉˊˇˍʶʾ˄ʶʽ ʲʶ˂ˍʽ˖˃ʷ˄ʶˌ ˃ʶʻˇʵˇ˂ˇʴʾʶˌ ʶˉʾ˂ˎˋʺˌ ˍʹˌΣ ʶ˄ˋ˖˃ʰˍ˗˄ˇ˄ˍʰˌ 
ˍʽˌ ʰ˂˂ʹ˂ʶˉʽʵˊʱˋʶʽˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ʰˉˇ˒ʱˋʶ˖˄ ˍ˖˄ ˔ˊʹˋˍ˗˄Σ ˍˇˎ ˁˈˋˍˇˎˌ ˃ʶˍʰˁʾ˄ʹˋʹˌ ˁʰʽ ˍ˖˄ 
ʶˉʽˁˊʰˍˇˎˋ˗˄ ˁˎˁ˂ˇ˒ˇˊʽʰˁ˗˄ ˋˎ˄ʻʹˁ˗˄Φ ʆˇ ˃ˇ˄ˍʷ˂ˇ ˉˇˎ ʰ˄ʰˉˍˏ˔ʻʹˁʶ ʲʰˋʾʸʶˍʰʽ ˋʶ 
ˋˏˋˍʹ˃ʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˉˇ˂˂ʰˉ˂˗˄ ˁʰˍʹʴˇˊʽ˗˄ ˁʰʽ ˂˖ˊʾʵ˖˄Σ ʽˁʰ˄ˈ ˄ʰ ʰ˄ʰˉʰˊʰˋˍʺˋʶʽ ˍʹ 
ˊˇʺ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ˍʹ ʵˎ˄ʰ˃ʽˁʺ ʰ˂˂ʰʴʺˌ ˂˖ˊʾʵ˖˄ ˁʰʽ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˋʹ˃ʰˍˇʵˇˍˇˏ˃ʶ˄˖˄ 
ˁˈ˃ʲ˖˄Φ ɶ ʶˉʾ˂ˎˋʹ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ˍʹˌ ʵˎ˄ʰ˃ʽˁʺˌ ʽˋˇˊˊˇˉʾʰˌ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˃ʷˋ˖ 
˃ʶˍʰʲ˂ʹˍ˗˄ ʰ˄ʽˋˇˍʺˍ˖˄ ˁʰʽ ˍʹˌ ˃ʶʻˈʵˇˎ ʵʽʰʵˇ˔ʽˁ˗˄ ˃ʷˋ˖˄Σ ʰ˅ʽˇˉˇʽ˗˄ˍʰˌ ʷ˄ʰ˄ ʶ˅ʶ˂ʽʴ˃ʷ˄ˇ 
ʰ˂ʴˈˊʽʻ˃ˇ ˊˇʺˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˉˇˎ ˂ʰ˃ʲʱ˄ʶʽ ˎˉˈ˕ʹ ˍˈˋˇ ˍˇ ˁˈˋˍˇˌ ʵʽʰʵˊˇ˃ʺˌ ˈˋˇ ˁʰʽ ˍʹ 
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ʵˎ˄ʰ˃ʽˁʺ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍˇˎ ʵʽˁˍˏˇˎΦ ʃʰˊʱ˂˂ʹ˂ʰΣ ˍˇ ˎˉˇˋˏˋˍʹ˃ʰ ɲˎ˄ʰ˃ʽˁʺˌ ʊˈˊˍ˖ˋʹˌ 
ɲʽˁˍˏˇˎ ˉʰˊʷ˔ʶʽ ˊʶʰ˂ʽˋˍʽˁʺ ʰˉʶʽˁˈ˄ʽˋʹ ˍ˖˄ ˁˎˁ˂ˇ˒ˇˊʽʰˁ˗˄ ˋˎ˄ʻʹˁ˗˄Σ ʶ˄˗ ʹ ˎˉˇ˂ˇʴʽˋˍʽˁʺ 
ʶˉʰ˂ʺʻʶˎˋʹ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʶ ʲʱˋʹ ʵʶʵˇ˃ʷ˄ʰ ʰˉˈ ˉˊʰʴ˃ʰˍʽˁʱ ʰˋˍʽˁʱ ʵʾˁˍˎʰΦ ʆʰ 
ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʶˉʽʲʶʲʰʽ˗˄ˇˎ˄ ˍʹ˄ ˎ˕ʹ˂ʺ ʰˁˊʾʲʶʽʰ ˁʰʽ ʰˉˇʵˇˍʽˁˈˍʹˍʰ ˍˇˎ ˉˊˇˍʶʽ˄ˈ˃ʶ˄ˇˎ 
ˉ˂ʰʽˋʾˇˎΣ ˍˇ ˇˉˇʾˇ ˉˊˇˋ˒ʷˊʶʽ ˋʹ˃ʰ˄ˍʽˁʱ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ ʷ˄ʰ˄ˍʽ ˋˎ˃ʲʰˍʽˁ˗˄ ˃ʶʻˈʵ˖˄Φ ɶ 
ˋˎ˃ʲˇ˂ʺ ˍʹˌ ʷˊʶˎ˄ʰˌ ʷʴˁʶʽˍʰʽ ˋˍʹ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ʵʽʰ˔ʶʾˊʽˋʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ 
˔ˊˈ˄ˇ ˁʰʽ ˋˍʹ˄ ʶ˄ʾˋ˔ˎˋʹ ʶ˒ʰˊ˃ˇʴ˗˄ ˍ˖˄ ɳˎ˒ˎ˗˄ ʅˎˋˍʹ˃ʱˍ˖˄ ɾʶˍʰ˒ˇˊ˗˄Σ ˉʰˊʷ˔ˇ˄ˍʰˌ 
ʽˋ˔ˎˊʱ ˎˉˇ˂ˇʴʽˋˍʽˁʱ ʶˊʴʰ˂ʶʾʰ ʴʽʰ ˍˇ˄ ˋ˔ʶʵʽʰˋ˃ˈ ˁʰʽ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˁˎˁ˂ˇ˒ˇˊʽʰˁ˗˄ ˉˇ˂ʽˍʽˁ˗˄ 
ˋʶ ˉˇ˂ˏˉ˂ˇˁʰ ʰˋˍʽˁʱ ˉʶˊʽʲʱ˂˂ˇ˄ˍʰΦ ɶ ʵʽʰˍˊʽʲʺ ˍʹˌ [ƛƴŀǊŜǎ IŜǊǊŜǊƻǎ ʰ˄ʰˉˍˏˋˋʶʽ ʷ˄ʰ 
ˉ˂ʰʾˋʽˇ ɲˎ˄ʰ˃ʽˁʺˌ ɳˁ˔˗ˊʹˋʹˌ ɼˎˁ˂ˇ˒ˇˊʾʰˌ ˃ʶ ˔ˊʺˋʹ ˃ʶˋˇˋˁˇˉʽˁʺˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΣ 
ʶ˄ˋ˖˃ʰˍ˗˄ˇ˄ˍʰˌ ˋˎ˃ˉʶˊʽ˒ˇˊʽˁʱ ˉˊˈˍˎˉʰ ˁʰʽ ʰ˂˂ʹ˂ʶˉʽʵˊʱˋʶʽˌ ʵʽˁˍˏˇˎΦ ɶ ˃ʶʻˇʵˇ˂ˇʴʽˁʺ 
ʰˎˍʺ ˉˊˇˋʷʴʴʽˋʹ ʶ˄ʽˋ˔ˏʶʽ ˍʹ˄ ʰ˅ʽˇˉʽˋˍʾʰ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΣ ˈˉ˖ˌ 
ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˁʰʽ ˋˍˇ ˁˎˁ˂ˇ˒ˇˊʽʰˁˈ ˃ˇ˄ˍʷ˂ˇ ˍʹˌ ɽʶ˖˒ˈˊˇˎ ɼʹ˒ʽˋˇˏΣ ˈˉˇˎ ʶ˅ʶˍʱʸˇ˄ˍʰʽ 
ˉˇʽˁʾ˂ʰ ˃ˇˍʾʲʰ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ˊˇʺˌ ˁʰʽ ʰ˂˂ʹ˂ʶˉʽʵˊʱˋʶʽˌ ˋʶ ˁˊʾˋʽ˃ʰ ˋʹ˃ʶʾʰ ˍˇˎ ʵʽˁˍˏˇˎΦ 

ɶ ʷˊʶˎ˄ʰ ˍˇˎ Yǳƴ ½ƘŀƴƎ όнлмоύ ˉˊˇˍʶʾ˄ʶʽ ˃ʽʰ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʹ ˉˊˇˋʷʴʴʽˋʹ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹˌ 
ˁˎˁ˂ˇ˒ˇˊʾʰˌ ʴʽʰ ˍʹ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˋʹ˃ʰˍˇʵˇˍˇˏ˃ʶ˄˖˄ ʰˊˍʹˊʽ˗˄Σ ˃ʶ 
ʶ˒ʰˊ˃ˇʴʺ ˋˍˇ˄ ˇʵʽˁˈ ʱ˅ˇ˄ʰ bŜƭǎƻƴ {ǘǊŜŜǘ ς St Vincent Street ς /ƻƳƳŜǊŎƛŀƭ wƻŀŘ ˋˍˇ tƻǊǘ 
AdelaiŘŜ ˍʹˌ ɮˎˋˍˊʰ˂ʾʰˌΦ ɶ ˉˊˇˋʷʴʴʽˋʹ ʲʰˋʾʸʶˍʰʽ ˋˍˇ˄ ˋˎ˄ʵˎʰˋ˃ˈ ˍˊʽ˗˄ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ 
ʶˊʴʰ˂ʶʾ˖˄ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹˌ ς {L5w!Σ [Lb{LD ˁʰʽ !La{¦b ς ˍʰ ˇˉˇʾʰ ʰ˅ʽˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˍˇ˄ 
ʰ˄ʰ˂ˎˍʽˁˈ ʷ˂ʶʴ˔ˇ ʵʽʰˋˍʰˎˊ˗ˋʶ˖˄Σ ˍˇ˄ ʲʶ˂ˍʽˋˍˇˉˇʽʹ˃ʷ˄ˇ ˋˎ˄ˍˇ˄ʽˋ˃ˈ ˒˖ˍʶʽ˄˗˄ 
ˋʹ˃ʰˍˇʵˇˍ˗˄Σ ˍʹ˄ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˍʹˌ ʵˎ˄ʰ˃ʽˁʺˌ ˍ˖˄ ˇˎˊ˗˄ ˁʰʽ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍʹˌ 
ˋˎ˄ˇ˂ʽˁʺˌ ʰˉˈʵˇˋʹˌ ˍˇˎ ʱ˅ˇ˄ʰΦ ɶ ˃ʷʻˇʵˇˌ {L5w! ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ 
ʶˉʽ˃ʷˊˇˎˌ ˁˈ˃ʲ˖˄ ˁʰʽ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍ˖˄ ˊˎʻ˃˗˄ ˊˇʺˌ ˁˇˊʶˋ˃ˇˏΣ ˍˇ [Lb{LD ˋˎ˃ʲʱ˂˂ʶʽ ˋˍʹ 
ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˁʰʽ ˍˇ˄ ˔ˊˇ˄ʽˋ˃ˈ ˍ˖˄ ˋʹ˃ʰˍˇʵˇˍˇˏ˃ʶ˄˖˄ ˁˈ˃ʲ˖˄Σ ʶ˄˗ ˍˇ !La{¦b 
ʶ˒ʰˊ˃ˈʸʶˍʰʽ ʴʽʰ ˃ʽˁˊˇˋˁˇˉʽˁʺ ˉˊˇˋˇ˃ˇʾ˖ˋʹΣ ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˍʹ˄ ʰˉˇˍˏˉ˖ˋʹ ˍ˖˄ 
ˁʰʻˎˋˍʶˊʺˋʶ˖˄ ˁʰʽ ˍʹˌ ʵˎ˄ʰ˃ʽˁʺˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ ɶ ʲʰʻ˃ˇ˄ˈ˃ʹˋʹ ˍ˖˄ 
˃ˇ˄ˍʷ˂˖˄ ʲʰˋʾʸʶˍʰʽ ˋʶ ʵʶʵˇ˃ʷ˄ʰ ˉˊʰʴ˃ʰˍʽˁˇˏ ˔ˊˈ˄ˇˎΣ ˉʾ˄ʰˁʶˌ ˁʰˍʰ˄ˇ˃ʺˌ ˉˊˇʷ˂ʶˎˋʹˌ-
ˉˊˇˇˊʽˋ˃ˇˏ ˁʰʽ ʰˊ˔ʶʾʰ ʰˉˈ ˍˇ ˋˏˋˍʹ˃ʰ ʰˎˍˈ˃ʰˍˇˎ ʶ˂ʷʴ˔ˇˎ ˁˎˁ˂ˇ˒ˇˊʾʰˌ {/!¢{Φ ɾʷˋʰ ʰˉˈ 
ˋʶ˄ʱˊʽʰ ʶ˒ʰˊ˃ˇʴʺˌΣ ʹ ʷˊʶˎ˄ʰ ʰ˅ʽˇ˂ˇʴʶʾ ˍʽˌ ˎ˒ʽˋˍʱ˃ʶ˄ʶˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʷˌ ˋˎ˄ʻʺˁʶˌ ˁʰʽ 
ˉˊˇˍʶʾ˄ʶʽ ʲʶ˂ˍʽ˗ˋʶʽˌ ˋˍʹ ˊˏʻ˃ʽˋʹ ˍ˖˄ ˒˖ˍʶʽ˄˗˄ ˋʹ˃ʰˍˇʵˇˍ˗˄ ˁʰʽ ˋˍʹ ʴʶ˖˃ʶˍˊʾʰ ˍ˖˄ 
ˁˈ˃ʲ˖˄Φ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰˉˇʵʶʽˁ˄ˏˇˎ˄ ˈˍʽ ʹ ʶ˄ˇˉˇʽʹ˃ʷ˄ʹ ˔ˊʺˋʹ ˍ˖˄ ˍˊʽ˗˄ ʶˊʴʰ˂ʶʾ˖˄ 
ʶ˄ʽˋ˔ˏʶʽ ˍʹ˄ ʰˁˊʾʲʶʽʰ ˁʰʽ ˍʹ˄ ʰ˅ʽˇˉʽˋˍʾʰ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ʰ˄ʱ˂ˎˋʹˌΣ ˔˖ˊʾˌ ˄ʰ ʶˉʽʲʰˊˏ˄ʶʽ 
ˋʹ˃ʰ˄ˍʽˁʱ ˍʹ˄ ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰ ˍʹˌ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹˌΣ ˉˊˇˋ˒ʷˊˇ˄ˍʰˌ ˉʰˊʱ˂˂ʹ˂ʰ ˔ˊʺˋʽ˃ʶˌ 
ˉˊˇˍʱˋʶʽˌ ʴʽʰ ˍˇ˄ ˃ʶ˂˂ˇ˄ˍʽˁˈ ˋ˔ʶʵʽʰˋ˃ˈ ˃ʶˍʰ˒ˇˊ˗˄ ˋˍˇ tƻǊǘ !ŘŜƭŀƛŘŜΦ ɶ ʶ˄ ˂ˈʴ˖ 
˃ʶʻˇʵˇ˂ˇʴʾʰ ˃ˉˇˊʶʾ ˄ʰ ʶ˒ʰˊ˃ˇˋˍʶʾ ˃ʶ ʶˉʽˍˎ˔ʾʰ ˁʰʽ ˋˍʹ ɽʶ˖˒ˈˊˇ ɼʹ˒ʽˋˇˏΣ ʽʵʾ˖ˌ ˈˋˇ˄ 
ʰ˒ˇˊʱ ˍʹ˄ ʰ˄ʱʴˁʹ ʴʽʰ ʰ˄ʱ˂ˎˋʹ ˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍ˖˄ ˁˈ˃ʲ˖˄ ˃ʶ ˉˇ˂ˏˉ˂ˇˁʹ ˋʹ˃ʰˍˇʵˈˍʹˋʹΣ 
ˍʹ˄ ʰˉˇˍʾ˃ʹˋʹ ʵˎ˄ʰ˃ʽˁ˗˄ ˁʰʻˎˋˍʶˊʺˋʶ˖˄ ˁʰʽ ˍʹ˄ ʰ˅ʽˇ˂ˈʴʹˋʹ ʶ˄ʰ˂˂ʰˁˍʽˁ˗˄ ˉʰˊʶ˃ʲʱˋʶ˖˄Φ 
ɶ ˔ˊʺˋʹ ˋˎ˄ʵˎʰˋˍʽˁʺˌ ˉˊˇˋʷʴʴʽˋʹˌ ˉˇ˂˂ʰˉ˂˗˄ ʶˊʴʰ˂ʶʾ˖˄ ʶ˄ʽˋ˔ˏʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ 
ˉˊˈʲ˂ʶ˕ʹˌ ˍ˖˄ ʶˉʽˉˍ˗ˋʶ˖˄ ˁʱʻʶ ˋʶ˄ʰˊʾˇˎ ˋʶ ˁˊʾˋʽ˃ʰ ˋʹ˃ʶʾʰ ˋˎ˃˒ˈˊʹˋʹˌΣ ˋˎ˃ʲʱ˂˂ˇ˄ˍʰˌ 
ˋˍʹ˄ ˇˊʻˇ˂ˇʴʽˁʺ ʵʽʰ˔ʶʾˊʽˋʹ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˋˍˇ˄ ʱ˅ˇ˄ʰ ˍˇˎ ɼʹ˒ʽˋˇˏΦ 

ɮ˄ˍʾˋˍˇʽ˔ʰΣ ʹ ʷˊʶˎ˄ʰ ˍ˖˄ ʃʰˉʰʴʶ˖ˊʴʾˇˎ ˁʰʽ ɾʶʿ˃ʱˊʹˌ όнлмнύ ʶ˅ʶˍʱʸʶʽ ˋˏʴ˔ˊˇ˄ʶˌ ˃ʶʻˈʵˇˎˌ 
˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹˌ ˁʰʽ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˋˍˇ ˉ˂ʰʾˋʽˇ ˍ˖˄ ɳˎ˒ˎ˗˄ ʅˎˋˍʹ˃ʱˍ˖˄ 
ɾʶˍʰ˒ˇˊ˗˄Σ ˉˊˇˋ˒ʷˊˇ˄ˍʰˌ ˃ʽʰ ʶˁˍʶ˄ʺ ʻʶ˖ˊʹˍʽˁʺ ˁʰʽ ˃ʶʻˇʵˇ˂ˇʴʽˁʺ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ 
˃ʰˁˊˇˋˁˇˉʽˁ˗˄Σ ˃ʽˁˊˇˋˁˇˉʽˁ˗˄ ˁʰʽ ˃ʶˋˇˋˁˇˉʽˁ˗˄ ˉˊˇˋʶʴʴʾˋʶ˖˄Φ ɶ ˃ʶ˂ʷˍʹ ʶˋˍʽʱʸʶʽ ˋˍʹ 
ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˍʹˌ ʰˉˇʵˇˍʽˁˈˍʹˍʰˌ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˁʰʽ ˍʹˌ ʰˋˍʽˁʺˌ ˁʽ˄ʹˍʽˁˈˍʹˍʰˌΣ ˃ʷˋ˖ 
ˍʶ˔˄ˇ˂ˇʴʽ˗˄ ˈˉ˖ˌ ˇ ʷ˂ʶʴ˔ˇˌ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇ ˁʰʽ ʹ ʽʶˊʱˊ˔ʹˋʹ ˍ˖˄ 
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ɾʷˋ˖˄ ɾʰʸʽˁʺˌ ɾʶˍʰ˒ˇˊʱˌΦ ʆʰ ˃ʰˁˊˇˋˁˇˉʽˁʱ ˃ˇ˄ˍʷ˂ʰ ʰ˄ˍʽ˃ʶˍ˖ˉʾʸˇˎ˄ ˍʹ˄ ˁˎˁ˂ˇ˒ˇˊʾʰ ˖ˌ 
ˊˇʺ ˊʶˎˋˍˇˏ ˁʰʽ ʲʰˋʾʸˇ˄ˍʰʽ ˋʶ ʵʽʰ˒ˇˊʽˁʷˌ ʶ˅ʽˋ˗ˋʶʽˌ ˉˇˎ ˉʶˊʽʴˊʱ˒ˇˎ˄ ˍʹ ˋ˔ʷˋʹ ˍʰ˔ˏˍʹˍʰˌ-
ˉˎˁ˄ˈˍʹˍʰˌΦ ʆʰ ˃ʽˁˊˇˋˁˇˉʽˁʱ ˃ˇ˄ˍʷ˂ʰ ˉˊˇˋˇ˃ˇʽ˗˄ˇˎ˄ ˍʽˌ ʰ˂˂ʹ˂ʶˉʽʵˊʱˋʶʽˌ ˃ʶ˃ˇ˄˖˃ʷ˄˖˄ 
ˇ˔ʹ˃ʱˍ˖˄Σ ʰ˅ʽˇˉˇʽ˗˄ˍʰˌ ˃ˇ˄ˍʷ˂ʰ ʰˁˇ˂ˇˎʻʾʰˌ ˇ˔ʹ˃ʱˍ˖˄ ˁʰʽ ʰ˂˂ʰʴʺˌ ˂˖ˊʾʵʰˌΣ ʶ˄˗ ˍʰ 
˃ʶˋˇˋˁˇˉʽˁʱ ˃ˇ˄ˍʷ˂ʰ ʶ˒ʰˊ˃ˈʸˇˎ˄ ˋˍʰˍʽˋˍʽˁʷˌ ˁʰʽ ˁʽ˄ʹˍʽˁʷˌ ˃ʶʻˈʵˇˎˌ ʴʽʰ ˃ʽʰ ʶ˄ʵʽʱ˃ʶˋʹ 
ˉˊˇˋʷʴʴʽˋʹΦ ɶ ʷˊʶˎ˄ʰ ˋˎʴˁˊʾ˄ʶʽ ʶˊʴʰ˂ʶʾʰ ˈˉ˖ˌ ˍʰ !La{¦bΣ ±L{{LaΣ /hw{La ˁʰʽ t!w!aL/{ 
˖ˌ ˉˊˇˌ ˍʹ˄ ʽˁʰ˄ˈˍʹˍʱ ˍˇˎˌ ˄ʰ ʰˉˇˍˎˉ˗˄ˇˎ˄ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˋˎ˃˒ˈˊʹˋʹˌ ˁʰʽ ˄ʰ ˎˉˇˋˍʹˊʾʸˇˎ˄ 
ˉˇ˂ʽˍʽˁʷˌ ʴʽʰ ɾʷˋʰ ɾʰʸʽˁʺˌ ɾʶˍʰ˒ˇˊʱˌΦ ɳ˒ʰˊ˃ˈʸʶˍʰʽ ˃ʽˁˊˇˋˁˇˉʽˁʺ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˃ʶ ˍˇ 
˂ˇʴʽˋ˃ʽˁˈ ±L{{La ˋˍˇ ˇʵʽˁˈ ʵʾˁˍˎˇ ˍʹˌ ɽʶˎˁ˖ˋʾʰˌΣ ˉˊˇˋˇ˃ˇʽ˗˄ˇ˄ˍʰˌ ˋʶ˄ʱˊʽʰ ˍʰ˔ʶʾʰˌ 
ʵʽʷ˂ʶˎˋʹˌ ˂ʶ˖˒ˇˊʶʾ˖˄ ˁʰʽ ˂˖ˊʾʵ˖˄ ˎ˕ʹ˂ʺˌ ˉ˂ʹˊˈˍʹˍʰˌΣ ʰˉˇʵʶʽˁ˄ˏˇ˄ˍʰˌ ˍʹ˄ ˎˉʶˊˇ˔ʺ ˍ˖˄ 
˃ʽˁˊˇˋˁˇˉʽˁ˗˄ ʶˊʴʰ˂ʶʾ˖˄ ˋˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˋˏ˄ʻʶˍ˖˄ ˁˎˁ˂ˇ˒ˇˊʽʰˁ˗˄ ˋˎ˄ʻʹˁ˗˄Φ ɶ ʷˊʶˎ˄ʰ 
ˇ˂ˇˁ˂ʹˊ˗˄ʶˍʰʽ ˃ʶ ˍʹ˄ ˉˊˈˍʰˋʹ ʶ˄ˈˌ ʶˉʽˁˎˊ˖˃ʷ˄ˇˎ ˉ˂ʰʽˋʾˇˎ ˃ʽˁˊˇˋˁˇˉʽˁʺˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΣ 
˖ˌ ʶˊʴʰ˂ʶʾˇˎ ʴʽʰ ˍˇ˄ ˋ˔ʶʵʽʰˋ˃ˈ ˉˇ˂ʽˍʽˁʺˌ ˁʰʽ ˍʹ ˃ʶʾ˖ˋʹ ˍʹˌ ʰˋˍʽˁʺˌ ˋˎ˃˒ˈˊʹˋʹˌ ˃ʷˋ˖ ˍʹˌ 
ʶ˄ˋ˖˃ʱˍ˖ˋʹˌ ˍʶ˔˄ˇ˂ˇʴʽ˗˄ ɳˎ˒ˎ˗˄ ʅˎˋˍʹ˃ʱˍ˖˄ ɾʶˍʰ˒ˇˊ˗˄Φ ɶ ʶ˒ʰˊ˃ˇʴʺ ˃ʽˁˊˇˋˁˇˉʽˁʺˌ 
ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˃ʶ ±L{{La ˋˍʹ ɽʶˎˁ˖ˋʾʰ ˁʰʽ ʹ ʰˉˇˍʾ˃ʹˋʹ ˋʶ˄ʰˊʾ˖˄ ˍʰ˔ʶʾʰˌ ʵʽʷ˂ʶˎˋʹˌ 
˂ʶ˖˒ˇˊʶʾ˖˄ ˁʰʽ ˂˖ˊʾʵ˖˄ ˎ˕ʹ˂ʺˌ ˉ˂ʹˊˈˍʹˍʰˌ ˋ˔ʶˍʾʸʶˍʰʽ ʱ˃ʶˋʰ ˃ʶ ˍʽˌ ˉʰˊʶ˃ʲʱˋʶʽˌ ˉˇˎ 
ʶ˅ʶˍʱʸˇ˄ˍʰʽ ˁʰʽ ˋˍˇ ˉʰˊˈ˄ˍʰ ˋʶ˄ʱˊʽʰΣ ˈˉˇˎ ʹ ʰˉˇʵˇˍʽˁˈˍʹˍʰ ˁʰʽ ʹ ʶ˅ˇ˃ʱ˂ˎ˄ˋʹ ˍʹˌ 
ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˋˍʹ˄ ɽΦɼʹ˒ʽˋˇˏ ˉˊˇˋʶʴʴʾʸˇ˄ˍʰʽ ˃ʶ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ˍʶ˔˄ʽˁʷˌΦ 

ʃʰˊʱ˂˂ʹ˂ʰΣ ˇʽ bŜŘŀƭ ¢Φ wŀǘǊƻǳǘ ˁʰʽ {ȅŜŘ aŀǎƛǳǊ wŀƘƳŀƴ όнллфύ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˃ʽʰ 
ˋˎʴˁˊʽˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ˉʽˇ ʵʽʰʵʶʵˇ˃ʷ˄˖˄ ˃ʽˁˊˇˋˁˇˉʽˁ˗˄ ˁʰʽ ˃ʰˁˊˇˋˁˇˉʽˁ˗˄ ʶˊʴʰ˂ʶʾ˖˄ 
ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ʰ˅ʽˇ˂ˇʴ˗˄ˍʰˌ ˍʹ ˔ˊʹˋʽ˃ˈˍʹˍʱ ˍˇˎˌ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʱ 
ˁˎˁ˂ˇ˒ˇˊʽʰˁʱ ˉʶˊʽʲʱ˂˂ˇ˄ˍʰΦ ɶ ʷˊʶˎ˄ʰ ʶ˅ʶˍʱʸʶʽ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍ˖˄ ʶˊʴʰ˂ʶʾ˖˄ !La{¦bΣ 
±L{{LaΣ /hw{LaΣ t!w!aL/{ ˁʰʽ Lb¢9Dw!¢Lhb ˋʶ ˋʶ˄ʱˊʽʰ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ 
ʰˎˍˇˁʽ˄ʹˍˇʵˊˈ˃ˇˎˌΣ ʰˋˍʽˁʱ ʵʾˁˍˎʰΣ ˋʹ˃ʰˍˇʵˇˍˇˏ˃ʶ˄ʶˌ ʵʽʰˋˍʰˎˊ˗ˋʶʽˌΣ ˎˉˇ˂ˇʴʽˋ˃ˈ 
ʶˁˉˇ˃ˉ˗˄ ˁʰʽ ɳˎ˒ˎʺ ʅˎˋˍʺ˃ʰˍʰ ɾʶˍʰ˒ˇˊ˗˄Φ ɶ ʰ˄ʱ˂ˎˋʹ ʶ˄ˍʱˋˋʶˍʰʽ ˋˍˇ ˉ˂ʰʾˋʽˇ ˍʹˌ 
ʰˎ˅ʰ˄ˈ˃ʶ˄ʹˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ˉʾʶˋʹˌ ˉˇˎ ʰ˄ˍʽ˃ʶˍ˖ˉʾʸʶʽ ʹ ʅʰˇˎʵʽˁʺ ɮˊʰʲʾʰ ˁʰʽ ˍʹˌ ʰ˄ʱʴˁʹˌ 
ʴʽʰ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ʵʽʰ˔ʶʾˊʽˋʹ ˍ˖˄ ˃ʶˍʰ˒ˇˊ˗˄Φ ʃʰˊˇˎˋʽʱʸʶˍʰʽ ˂ʶˉˍˇ˃ʶˊʺˌ ʲʽʲ˂ʽˇʴˊʰ˒ʽˁʺ 
ʶˉʽˋˁˈˉʹˋʹ ˁʰʽ ˋˎʴˁˊʽˍʽˁʺ ʰˉˇˍʾ˃ʹˋʹ ˖ˌ ˉˊˇˌ ˍʹ˄ ʰˁˊʾʲʶʽʰΣ ˍʹ˄ ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰ 
ʲʰʻ˃ˇ˄ˈ˃ʹˋʹˌΣ ˍʹ˄ ʶʽˋʰʴ˖ʴʺ ʵʶʵˇ˃ʷ˄˖˄ ˁʰʽ ˍʹ˄ ˎˉˇ˂ˇʴʽˋˍʽˁʺ ʰˉˇʵˇˍʽˁˈˍʹˍʰ ˍ˖˄ 
˂ˇʴʽˋ˃ʽˁ˗˄Φ ɶ ʰ˅ʽˇ˂ˈʴʹˋʹ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˎˉˈ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ 
ˈˉ˖ˌ ʶ˂ʶˏʻʶˊʹ ˊˇʺΣ ˋˎ˃˒ˈˊʹˋʹ ˋʶ ʰˋˍʽˁˇˏˌ ʱ˅ˇ˄ʶˌ ˁʰʽ ˂ʶʽˍˇˎˊʴʾʰ ˋʶ ʵʾˁˍˎʰ ˃ʶ ʶ˒ʰˊ˃ˇʴʷˌ 
ɳˎ˒ˎ˗˄ ʅˎˋˍʹ˃ʱˍ˖˄ ɾʶˍʰ˒ˇˊ˗˄Σ ʶ˄˗ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʵʶʾˁˍʶˌ ʰˉˈʵˇˋʹˌ ˈˉ˖ˌ ˃ʷˋʹ 
ˍʰ˔ˏˍʹˍʰΣ ˁʰʻˎˋˍʷˊʹˋʹΣ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺ ʽˁʰ˄ˈˍʹˍʰΣ ˃ʺˁˇˌ ˇˎˊʱˌ ˁʰʽ ʶˁˉˇ˃ˉʷˌ ˊˏˉ˖˄Φ ʆʰ 
ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʵʶʾ˔˄ˇˎ˄ ˈˍʽ ˍʰ ʶˊʴʰ˂ʶʾʰ !La{¦bΣ ±L{{La ˁʰʽ /hw{La ʶʾ˄ʰʽ ˁʰˍʱ˂˂ʹ˂ʰ ʴʽʰ 
ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˋˎ˃˒ˈˊʹˋʹˌ ˋʶ ʰˊˍʹˊʾʶˌ ˁʰʽ ʰˎˍˇˁʽ˄ʹˍˇʵˊˈ˃ˇˎˌΣ ʶ˄˗ ˍʰ t!w!aL/{ ˁʰʽ 
Lb¢9Dw!¢Lhb ʰˉˇʵʾʵˇˎ˄ ˁʰ˂ˏˍʶˊʰ ˋʶ ˋʶ˄ʱˊʽʰ ˃ʶ ʰˎ˅ʹ˃ʷ˄ʶˌ ʰ˄ʱʴˁʶˌ ˍʶ˔˄ˇ˂ˇʴʽ˗˄ ɳˎ˒ˎ˗˄ 
ʅˎˋˍʹ˃ʱˍ˖˄ ɾʶˍʰ˒ˇˊ˗˄Φ ɶ ʷˊʶˎ˄ʰ ʶˉʽˋʹ˃ʰʾ˄ʶʽ ˍʹ˄ ʰ˄ʱʴˁʹ ˉˊˇˋʰˊ˃ˇʴʺˌ ˍ˖˄ ˉʰʴˁˇˋ˃ʾ˖ˌ 
˔ˊʹˋʽ˃ˇˉˇʽˇˏ˃ʶ˄˖˄ ʶˊʴʰ˂ʶʾ˖˄ ˋˍʽˌ ˍˇˉʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ˁʰʽ ˎˉˇʴˊʰ˃˃ʾʸʶʽ ˍʹ ˋʹ˃ʰˋʾʰ 
ʶ˄ˋ˖˃ʱˍ˖ˋʺˌ ˍˇˎˌ ˃ʶ ˃ˇ˄ˍʷ˂ʰ ʸʺˍʹˋʹˌΣ ˋˍˇ ˉ˂ʰʾˋʽˇ ˃ʽʰˌ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʹˌ ˉˊˇˋʷʴʴʽˋʹˌ ˋˍˇ˄ 
ʰˋˍʽˁˈ ˋˎʴˁˇʽ˄˖˄ʽʰˁˈ ˋ˔ʶʵʽʰˋ˃ˈΦ ɶ ʶ˒ʰˊ˃ˇʴʺ ˍ˖˄ ˋˎ˃ˉʶˊʰˋ˃ʱˍ˖˄ ˍˇˎˌ ʶ˄ʽˋ˔ˏʶʽ ˍʹ 
˃ʶʻˇʵˇ˂ˇʴʽˁʺ ʶˉʽ˂ˇʴʺ ˍˇˎ !ƛƳǎǳƴ bŜȄǘ ˋˍʹ ɽʶ˖˒ˈˊˇ ɼʹ˒ʽˋˇˏΣ ʹ ˇˉˇʾʰ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ˄ 
ˋˏ˄ʻʶˍˇΣ ʶˉʽʲʰˊˎ˃ʷ˄ˇ ˇʵʽˁˈ ʱ˅ˇ˄ʰ ˃ʶ ʰ˄ʱʴˁʶˌ ʰˉˇˍˏˉ˖ˋʹˌ ˁʰʻˎˋˍʷˊʹˋʹˌΣ ˋˎ˃˒ˈˊʹˋʹˌ 
ˁʰʽ ʶˉʽʵˈˋʶ˖˄ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇΦ ɶ ʷ˃˒ʰˋʹ ˍʹˌ ʷˊʶˎ˄ʰˌ ˋˍʹ˄ ʰ˄ʱʴˁʹ ˉˊˇˋʰˊ˃ˇʴʺˌ ˍ˖˄ 
ʶˊʴʰ˂ʶʾ˖˄ ˋˍʽˌ ˍˇˉʽˁʷˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʷˌ ˋˎ˄ʻʺˁʶˌ ʶ˄ʵˎ˄ʰ˃˗˄ʶʽ ˍʹ ˋʹ˃ʰˋʾʰ ˍʹˌ 
ʲʰʻ˃ˇ˄ˈ˃ʹˋʹˌ ˁʰʽ ˉˊˇˋʰˊ˃ˇʴʺˌ ˉˇˎ ˎ˂ˇˉˇʽʶʾˍʰʽ ˋˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʵʽˉ˂˖˃ʰˍʽˁʺΦ 
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ɳˉʽˉ˂ʷˇ˄Σ ʹ ʷˊʶˎ˄ʰ ˍ˖˄ Arnaud Doniec, RenŞ Mandiau, Sylvain Piechowiak ˁh ʽ StŞphane 
EspiŞ (2008) ̄ ʰˊˇˎˋʽʱʸʶʽ ʷ˄ʰ ˃ˇ˄ˍʷ˂ˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˇʵʽˁʺˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˉˇˎ ʶ˄ˋ˖˃ʰˍ˗˄ʶʽ 
ˍʹ˄ ʰ˄ʻˊ˗ˉʽ˄ʹ ˇʵʹʴʽˁʺ ˋˎ˃ˉʶˊʽ˒ˇˊʱΣ ˃ʶ ʷ˃˒ʰˋʹ ˋˍʽˌ ʰ˂˂ʹ˂ʶˉʽʵˊʱˋʶʽˌ ˃ʶˍʰ˅ˏ ˇʵʹʴ˗˄ ˋʶ 
ʰ̀ ˍʽˁʷˌ ʵʽʰˋˍʰˎˊ˗ˋʶʽˌ ˁʰʽ ˁˎˁ˂ʽˁˇˏˌ ˁˈ˃ʲˇˎˌΦ ʅˍˈ˔ˇˌ ˍʹˌ ˉˊˇˋʷʴʴʽˋʹˌ ʶʾ˄ʰʽ ʹ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ 
ʰˁˊʾʲʶʽʰˌ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˃ʷˋ˖ ˍʹˌ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹˌ ʶˎˁʰʽˊʽʰˁʺˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌΣ ˍʹˌ 
ʽˁʰ˄ˈˍʹˍʰˌ ˉˊˈʲ˂ʶ˕ʹˌ ˁʰʽ ˍʹˌ ˉʰˊʰʲʾʰˋʹˌ ˁʰ˄ˈ˄˖˄ ˁʰˍʱ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ˂ʺ˕ʹˌ ʰˉˇ˒ʱˋʶ˖˄Φ 
ʆˇ ˃̌ ˄ˍʷ˂ˇ ʰ˄ʰˉˍˏ˔ʻʹˁʶ ˋˍˇ ˉ˂ʰʾˋʽˇ ˍˇˎ ʶˊʶˎ˄ʹˍʽˁˇˏ ˉˊˇʴˊʱ˃˃ʰˍˇˌ !ǊŎƘƛ{ƛƳΣ ˍˇ ˇˉˇʾˇ 
ʰˉˇˍʶ˂ʶʾ ʶˊʴʰ˂ʶʾˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˃ʶˍʰˁʾ˄ʹˋʹˌ ˁʰʽ ˇʵʹʴʽˁʺˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ˍˇˎ ɱʰ˂˂ʽˁˇˏ 
ɳʻ˄ʽˁˇˏ ɹ˄ˋˍʽˍˇˏˍˇˎ ɴˊʶˎ˄ʰˌ ɾʶˍʰ˒ˇˊ˗˄ ˁʰʽ ɮˋ˒ʱ˂ʶʽʰˌΦ ɶ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ʲʰˋʾʸʶˍʰʽ ˋʶ 
ˋˏˋˍʹ˃ʰ ˉˇ˂˂ʰˉ˂˗˄ ˉˊʰˁˍˈˊ˖˄ όaǳƭǘƛ-!ƎŜƴǘ {ȅǎǘŜƳύΣ ˈˉˇˎ ˁʱʻʶ ˈ˔ʹ˃ʰ ˂ʶʽˍˇˎˊʴʶʾ ˖ˌ 
ʰˎˍˈ˄ˇ˃ˇˌ ˉˊʱˁˍˇˊʰˌΣ ʶ˄ˋ˖˃ʰˍ˗˄ˇ˄ˍʰˌ ˃ʹ ˄ˍʶˍʶˊ˃ʽ˄ʽˋˍʽˁʱ ˋˍˇʽ˔ʶʾʰ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌΦ ʁʽ 
ˇʵʹʴˇʾ ʷ˔ˇˎ˄ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ˉʰˊʰʲʽʱʸˇˎ˄ ʶˉʽ˂ʶˁˍʽˁʱ ˁʰ˄ˈ˄ʶˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ʲʱˋʶʽ 
ˉʰˊʰʴˈ˄ˍ˖˄ ˈˉ˖ˌ ʹ ʰ˄ˎˉˇ˃ˇ˄ʹˋʾʰ ˁʰʽ ˇʽ ʵʽʰ˒ˇˊʷˌ ˍʰ˔ˏˍʹˍʰˌΣ ʶ˄˗ ˍʰˎˍˈ˔ˊˇ˄ʰ 
ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˉˊˇ˂ʹˉˍʽˁʺ ˂ˇʴʽˁʺ ʴʽʰ ˍʹ˄ ʰˉˇ˒ˎʴʺ ʰʵʽʶ˅ˈʵ˖˄Φ ɶ ʶˉʽˁˏˊ˖ˋʹ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ 
ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˃ʷˋ˖ ˉʶʽˊʰ˃ʰˍʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ ˉˊʰʴ˃ʰˍʽˁʷˌ ʵʽʰˋˍʰˎˊ˗ˋʶʽˌ ˋˍˇ 
ʄʷˍʸʽˇ ɼʰ˂ʰʲˊʾʰ ˍʹˌ ɹˍʰ˂ʾʰˌ ˁʰʽ ʰˉˈ ˁˎˁ˂ʽˁˇˏˌ ˁˈ˃ʲˇˎˌ ˋˍʽˌ ɶ˄˖˃ʷ˄ʶˌ ʃˇ˂ʽˍʶʾʶˌ ɮ˃ʶˊʽˁʺˌΣ 
ˋˎʴˁˊʾ˄ˇ˄ˍʰˌ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˃ʶ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ˉˇˎ ʶˁˍʶ˂ʷˋˍʹˁʰ˄ ˋˍˇ ʶˊʴʰ˂ʶʾˇ ±L{{LaΦ 
ɶ ʰ˄ʱ˂ˎˋʹ ʰˉʷʵʶʽ˅ʶ ˍʹ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ʰˁˊʾʲʶʽʰˌΣ ʽʵʾ˖ˌ ˋʶ ˃ʹ ˋʹ˃ʰˍˇʵˇˍʹ˃ʷ˄ʶˌ 
ʵʽʰˋˍʰˎˊ˗ˋʶʽˌΣ ʶ˄˗ ʹ ˃ʷˍˊʹˋʹ ˍʹˌ ʰˁˊʾʲʶʽʰˌ ˃ʷˋ˖ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌ ˍˎˉʽˁʺˌ ʰˉˈˁ˂ʽˋʹˌ ˊʾʸʰˌ 
ʶˉʷʵʶʽ˅ʶ ʰˉˈˁ˂ʽˋʹ ˃ʽˁˊˈˍʶˊʹ ˍˇˎ мл҈Σ ʶˉʽʲʶʲʰʽ˗˄ˇ˄ˍʰˌ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˄ʰ 
ˉˊˇˋˇ˃ˇʽ˗˄ʶʽ ˊʶʰ˂ʽˋˍʽˁʱ ˍʹ˄ ˇʵʹʴʽˁʺ ˋˎ˃ˉʶˊʽ˒ˇˊʱΦ ʁʽ ˋˎ˄ʻʺˁʶˌ ʰˎˍʷˌ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˁʰˍʱ 
ˍˈˉˇˎˌ ˁʰʽ ˋˍʹ ɽʶ˖˒ˈˊˇ ɼʹ˒ʽˋˇˏΣ ʽʵʽʰʾˍʶˊʰ ˋʶ ˉʶˊʽˇ˔ʷˌ ˃ʶ ˎ˕ʹ˂ʺ ʷ˄ˍʰˋʹ ˉ˂ʶˎˊʽˁ˗˄ 
ʵˊʰˋˍʹˊʽˇˍʺˍ˖˄Σ ˈˉˇˎ ʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍ˖˄ ˇʵʹʴ˗˄ ʶˉʹˊʶʱʸʶʽ ʷ˄ˍˇ˄ʰ ˍʹ ˊˇʺΦ ɶ ˎʽˇʻʷˍʹˋʹ 
ˉʰˊˈ˃ˇʽ˖˄ ˋˎ˃ˉʶˊʽ˒ˇˊʽˁ˗˄ ˎˉˇʵʶʽʴ˃ʱˍ˖˄ ˃ˉˇˊʶʾ ˄ʰ ˋˎ˃ʲʱ˂ʶʽ ˋˍʹ ˊʶʰ˂ʽˋˍʽˁʺ ʰˉˇˍˏˉ˖ˋʹ 
ʰˎˍ˗˄ ˍ˖˄ ˒ʰʽ˄ˇ˃ʷ˄˖˄ ˋˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍˇˎ ɼʹ˒ʽˋˇˏΦ 

ʅˍˇ ʾʵʽˇ ˉ˂ʰʾˋʽˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˁʰʽ ˋˍˊʰˍʹʴʽˁˇˏ ˋ˔ʶʵʽʰˋ˃ˇˏΣ ʹ ʷˊʶˎ˄ʰ ˍ˖˄ IŜƴǊȅ ·Φ [ƛǳ ˁʰʽ 
{ŀƛŦ 9ŘŘƛƴ WŀōŀǊƛ όнллуύ ʰ˅ʽˇ˂ˇʴʶʾ ˍʹ ˋˎ˃ʲˇ˂ʺ ˍʹˌ ˃ʽˁˊˇˋˁˇˉʽˁʺˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˋˍˇ˄ 
ˋ˔ʶʵʽʰˋ˃ˈ ˁʰʽ ˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˇʵʽˁ˗˄ ʰ˅ˈ˄˖˄Σ ˃ʶ ʶ˒ʰˊ˃ˇʴʺ ˋˍˇ˄ ˇʵʽˁˈ ʱ˅ˇ˄ʰ {w-пм ˋˍˇ 
ʊˊʷˋ˄̌  ˍʹˌ ɼʰ˂ʽ˒ˈˊ˄ʽʰΦ ɮˉˇˍʶ˂ʶʾ ʰˎˍˇˁʽ˄ʹˍˈʵˊˇ˃ˇ ˃ʺˁˇˎˌ мс ˃ʽ˂ʾ˖˄Σ ʵˏˇ ʲʰˋʽˁʷˌ 
ʰˊˍʹˊʾʶˌΣ мтс ʸ˗˄ʶˌ ʰ˄ʱ˂ˎˋʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ уф ˋʹ˃ʰˍˇʵˇˍʹ˃ʷ˄ʶˌ ʵʽʰˋˍʰˎˊ˗ˋʶʽˌ ˁʰʽ мр 
ˋʹ˃ʶʾʰ ʶʽˋˈʵˇˎ ˃ʷˋ˖ ˊʱ˃ˉʰˌΦ ɶ ʰ˄ʱ˂ˎˋʹ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʶ ˔ˊʺˋʹ ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏ 
˃ʽˁˊˇˋˁˇˉʽˁʺˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ tŀǊŀƳƛŎǎΣ ʶˉʽʵʽ˗ˁˇ˄ˍʰˌ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˃ʽʰˌ ˉˊˈˍˎˉʹˌ 
ʵʽʰʵʽˁʰˋʾʰˌ ʵʽʰ˔ʶʾˊʽˋʹˌ ˇʵʽˁ˗˄ ʰ˅ˈ˄˖˄Φ ɱʽʰ ˍʹ ʲʰʻ˃ˇ˄ˈ˃ʹˋʹ ˍ˖˄ ˉʽ˄ʱˁ˖˄ ˉˊˇʷ˂ʶˎˋʹˌ-
ˉˊˇˇˊʽˋ˃ˇˏΣ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʹ ˃ʷʻˇʵˇˌ ˍ˖˄ ˉʶˊʽˇˊʽˋ˃ʷ˄˖˄ ʴʶ˄ʽˁʶˎ˃ʷ˄˖˄ ʶ˂ʱ˔ʽˋˍ˖˄ 
ˍʶˍˊʰʴ˗˄˖˄Σ ˃ʶ ʵʶʵˇ˃ʷ˄ʰ ʰˉˈ ʰʽˋʻʹˍʺˊʶˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˁʰʽ ˃ʶˍˊʺˋʶʽˌ ˔ˊˈ˄ˇˎ ˍʰ˅ʽʵʽˇˏ ˋʶ 
ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇΦ ɳˉʾˋʹˌΣ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˁʰʽ˄ˇˍˈ˃ˇˌ ˃ʷʻˇʵˇˌ ʶ˅ˇ˃ʱ˂ˎ˄ˋʹˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ 
ʰʽ˔˃ʺˌΣ ˃ʶ ˔ˊʺˋʹ ɱʶ˄ʶˍʽˁˇˏ ɮ˂ʴˇˊʾʻ˃ˇˎΣ ˗ˋˍʶ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ˉʽˇ ˊʶʰ˂ʽˋˍʽˁʺ ʰ˄ʰˉʰˊʱˋˍʰˋʹ 
ˍ˖˄ ˋˎ˄ʻʹˁ˗˄ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˋʶ ˃ʶ˂˂ˇ˄ˍʽˁʱ ˋʶ˄ʱˊʽʰΦ ɶ ʰ˄ʱ˂ˎˋʹ ˁʰ˂ˏˉˍʶʽ ˍˊʶʽˌ ˔ˊˇ˄ʽˁʷˌ 
ˉʶˊʽˈʵˇˎˌ όнллрΣ нлмл ˁʰʽ нлнрύ ˁʰʽ ʶ˅ʶˍʱʸʶʽ ˉʰˊʶ˃ʲʱˋʶʽˌ ˈˉ˖ˌ ˂˖ˊʾʵʶˌ ˎ˕ʹ˂ʺˌ 
ˉ˂ʹˊˈˍʹˍʰˌΣ ˋˏˋˍʹ˃ʰ ʶ˂ʷʴ˔ˇˎ ʶʽˋˈʵˇˎ ˋˍʽˌ ˊʱ˃ˉʶˌ ˁʰʽ ˊˎʻ˃ʾˋʶʽˌ ˋʹ˃ʰˍˇʵˈˍʹˋʹˌΦ ʁʽ 
ʵʶʾˁˍʶˌ ʰˉˈʵˇˋʹˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˍˇ˄ ˋˎ˄ˇ˂ʽˁˈ ˔ˊˈ˄ˇ ˍʰ˅ʽʵʽˇˏΣ ˍʰ ʶˉʾˉʶʵʰ ˋˎ˃˒ˈˊʹˋʹˌΣ ˍˇ 
˃ʺˁˇˌ ˇˎˊʱˌ ˁʰʽ ˍˇ˄ ˊˎʻ˃ˈ ʶˁˁʷ˄˖ˋʹˌ ˇ˔ʹ˃ʱˍ˖˄Σ ʶ˄˗ ʹ ʶˉʽˁˏˊ˖ˋʹ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ʴʾ˄ʶˍʰʽ ˃ʶ 
ˋˍʰˍʽˋˍʽˁʱ ʶˊʴʰ˂ʶʾʰ ˈˉ˖ˌ ʹ ʵˇˁʽ˃ʺ D9I ˁʰʽ ˔ʱˊˍʶˌ ˍʰ˔ˏˍʹˍʰˌΦ ɶ ʷˊʶˎ˄ʰ ˁʰˍʰʵʶʽˁ˄ˏʶʽ ˍʹ˄ 
ˎˉʶˊˇ˔ʺ ˍʹˌ ˃ʽˁˊˇˋˁˇˉʽˁʺˌ ˉˊˇˋʷʴʴʽˋʹˌ ʷ˄ʰ˄ˍʽ ˍʹˌ ˃ʰˁˊˇˋˁˇˉʽˁʺˌ ˋˍʹ˄ ʰˉˇˍˏˉ˖ˋʹ 
ˉˇ˂ˏˉ˂ˇˁ˖˄ ˁˎˁ˂ˇ˒ˇˊʽʰˁ˗˄ ˋˍˊʰˍʹʴʽˁ˗˄ ˁʰʽ ʰ˄ʰʵʶʽˁ˄ˏʶʽ ˍʹ ˋʹ˃ʰˋʾʰ ˍʹˌ ʶ˄ˇˉˇʾʹˋʹˌ 
˃ˇ˄ˍʷ˂˖˄ ʵʽʰ˒ˇˊʶˍʽˁʺˌ ˁ˂ʾ˃ʰˁʰˌ ʴʽʰ ˍʹ˄ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ˔ʱˊʰ˅ʹ ˉˇ˂ʽˍʽˁʺˌ ˃ʶˍʰ˒ˇˊ˗˄Φ ɶ 
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ˉˇ˂ˎʶˉʾˉʶʵʹ ʰˎˍʺ ˉˊˇˋʷʴʴʽˋʹ ʶʾ˄ʰʽ ʰˉˇ˂ˏˍ˖ˌ ˋˎ˄ʰ˒ʺˌ ˃ʶ ˍʹ˄ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ 
ʶˊʴʰˋʾʰΣ ˈˉˇˎ ʹ ɽʶ˖˒ˈˊˇˌ ɼʹ˒ʽˋˇˏ ʰ˄ʰ˂ˏʶˍʰʽ ˖ˌ ʷ˄ʰˌ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ˇˌ ʰˋˍʽˁˈˌ ˇʵʽˁˈˌ 
ʱ˅ˇ˄ʰˌ ˃ʶ ˉ˂ʹʻ˗ˊʰ ʶʽˋˈʵ˖˄-ʶ˅ˈʵ˖˄Σ ˋˎʴ˔˖˄ʶˏˋʶ˖˄ ˁʰʽ ʶˍʶˊˇʴʶ˄˗˄ ˁˎˁ˂ˇ˒ˇˊʽʰˁ˗˄ 
ˉˊˇˍˏˉ˖˄Φ ɶ ˔ˊʺˋʹ ˍʶ˔˄ʽˁ˗˄ ˈˉ˖ˌ ʹ ʶ˅ˇ˃ʱ˂ˎ˄ˋʹ ʰʽ˔˃ʺˌ ˁʰʽ ʹ ʶ˒ʰˊ˃ˇʴʺ ˋˍʰˍʽˋˍʽˁʺˌ 
ʶˉʰ˂ʺʻʶˎˋʹˌ όˉΦ˔Φ D9I ǘŜǎǘύ ʶ˄ʽˋ˔ˏʶʽ ˍʹ ˃ʶʻˇʵˇ˂ˇʴʽˁʺ ʶʴˁˎˊˈˍʹˍʰ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˉˇˎ 
ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˋˍˇ ʷˊʴˇ ʰˎˍˈΦ 

ʅʹ˃ʶʽ˗˄ʶˍʰʽ ˈˍʽ ʹ ʷˊʶˎ˄ʰ ˍ˖˄ .ƛƴƎǊƻƴƎ {ǳƴΣ WǳǎǘƛŎŜ !ǇǇƛŀƘ ˁʰʽ .Φ .Ǌƛŀƴ tŀǊƪ όнлнлύ ˉʰˊʷ˔ʶʽ 
ʷ˄ʰ ʰ˄ʰ˂ˎˍʽˁˈ ˁʰʽ ˉˊʰˁˍʽˁˈ ˉ˂ʰʾˋʽˇ ʴʽʰ ˍʹ ˔ˊʺˋʹ ʶˊʴʰ˂ʶʾ˖˄ ˃ʶˋˇˋˁˇˉʽˁʺˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ 
ˋˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˁʰʽ ʰ˅ʽˇ˂ˈʴʹˋʹ ˁˎˁ˂ˇ˒ˇˊʽʰˁ˗˄ ˋˍˊʰˍʹʴʽˁ˗˄Φ ɶ ˃ʶ˂ʷˍʹ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˋʶ 
ˉˊhʴ˃ʰˍʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍˇˎ ʄʾˍˋ˃ˇ˄ˍ ˍʹˌ ʃˇ˂ʽˍʶʾʰˌ ɰʽˊˍʸʾ˄ʽʰ ˋˍʽˌ ɶ˄˖˃ʷ˄ʶˌ 
ʃˇ˂ʽˍʶʾʶˌ ɮ˃ʶˊʽˁʺˌΣ ˃ʶ ˁˏˊʽʰ ʶˋˍʾʰˋʹ ˋˍʹ˄ ʰ˅ʽˇ˂ˈʴʹˋʹ ˂˖ˊʾʵ˖˄ ˎ˕ʹ˂ʺˌ ˉ˂ʹˊˈˍʹˍʰˌΣ ˋˍˇ 
ˉ˂ʰʾˋʽˇ ʶ˒ʰˊ˃ˇʴʺˌ ʶˎ˒ˎ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄ ˃ʶˍʰ˒ˇˊ˗˄Φ ʋˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʵˏˇ ʰˉˈ ˍʰ ˉʽˇ 
ʶˎˊʷ˖ˌ ʵʽʰʵʶʵˇ˃ʷ˄ʰ ʶˊʴʰ˂ʶʾʰ ˃ʶˋˇˋˁˇˉʽˁʺˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ς ±L{{La aŜǎƻ ˁʰʽ !La{¦b 
Meso ς ˍʰ ˇˉˇʾʰ ʶˉʽˍˊʷˉˇˎ˄ ˍʹ˄ ʶ˄ʵʽʱ˃ʶˋʹ ʰˉˇˍˏˉ˖ˋʹ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˃ʶˍʰ˅ˏ ˍʹˌ 
˃ʽˁˊˇˋˁˇˉʽˁʺˌ ˁʰʽ ˍʹˌ ˃ʰˁˊˇˋˁˇˉʽˁʺˌ ʰ˄ʱ˂ˎˋʹˌΦ ɶ ˃ʶʻˇʵˇ˂ˇʴʾʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˋˎ˂˂ˇʴʺ 
ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ ˍˇ˄ ˉˊʰʴ˃ʰˍʽˁˈ ˁˈˋ˃ˇΣ ʵʹ˃ʽˇˎˊʴʾʰ ˉʽ˄ʱˁ˖˄ ˉˊˇʷ˂ʶˎˋʹˌ-ˉˊˇˇˊʽˋ˃ˇˏΣ 
ˁʰˍʰˋˁʶˎʺ ˁʰʽ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˍˇˎ ˇʵʽˁˇˏ ʵʽˁˍˏˇˎ ˃ʶ ʵʽʰˁˊʽˍʷˌ ʸ˗˄ʶˌ ʰ˄ʱ˂ˎˋʹˌ 
ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ʷ˂ʶʴ˔ˇ ʰˁˊʾʲʶʽʰˌΣ ˁʰʽ ʶ˒ʰˊ˃ˇʴʺ ʵˎ˄ʰ˃ʽˁʺˌ ʶˁ˔˗ˊʹˋʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ʴʽʰ ˍʹ 
ʵʽʶˊʶˏ˄ʹˋʹ ʶˉʽ˂ˇʴ˗˄ ʵʽʰʵˊˇ˃ʺˌΣ ˔ˊˈ˄˖˄ ˍʰ˅ʽʵʽˇˏ ˁʰʽ ʶˉʽˉʷʵ˖˄ ˋˎ˃˒ˈˊʹˋʹˌΦ ɶ ʷˊʶˎ˄ʰ 
ˉˊˇˋ˒ʷˊʶʽ ˋˎʴˁˊʽˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ʵˏˇ ʶˊʴʰ˂ʶʾ˖˄ ˖ˌ ˉˊˇˌ ˍʹ ˔ˊʹˋˍʽˁˈˍʹˍʰΣ ˍʹ˄ ʰˁˊʾʲʶʽʰΣ 
ˍʹ˄ ʰˉʰʾˍʹˋʹ ʲʰʻ˃ˇ˄ˈ˃ʹˋʹˌ ˁʰʽ ˍʹ˄ ˎˉˇ˂ˇʴʽˋˍʽˁʺ ʰˉˈʵˇˋʹΦ ʃʰˊʱ˂˂ʹ˂ʰΣ ʰ˅ʽˇ˂ˇʴʶʾˍʰʽ ʹ 
ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰ ˍ˖˄ ˂˖ˊʾʵ˖˄ ˎ˕ʹ˂ʺˌ ˉ˂ʹˊˈˍʹˍʰˌ ˋˍʹ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ˊˇʺˌ ˍʹˌ 
ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ ʆˇ ˋˏ˄ˇ˂ˇ ˍʹˌ ˉˊˇˋʷʴʴʽˋʹˌ ˂ʶʽˍˇˎˊʴʶʾ ˖ˌ ˇʵʹʴˈˌ ʴʽʰ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ 
˃ʶˋˇˋˁˇˉʽˁ˗˄ ˃ˇ˄ˍʷ˂˖˄ ˋʶ ˉˊʰʴ˃ʰˍʽˁʷˌ ˋˎ˄ʻʺˁʶˌΣ ˎˉˇˋˍʹˊʾʸˇ˄ˍʰˌ ˍʹ ˂ʺ˕ʹ 
ˍʶˁ˃ʹˊʽ˖˃ʷ˄˖˄ ʰˉˇ˒ʱˋʶ˖˄ ˋˍˇ ˉ˂ʰʾˋʽˇ ˋˍˊʰˍʹʴʽˁ˗˄ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ʵʽʰ˔ʶʾˊʽˋʹˌ ˁʰʽ 
ˋ˔ʶʵʽʰˋ˃ˇˏΦ ɶ ʰ˄ʱ˂ˎˋʹ ʲʰˋʾʸʶˍʰʽ ˋʶ ʵʹ˃ʽˇˎˊʴʾʰ ˉʽ˄ʱˁ˖˄ ˉˊˇʷ˂ʶˎˋʹˌ-ˉˊˇˇˊʽˋ˃ˇˏΣ 
ˁʰˍʰˋˁʶˎʺ ˍˇˎ ʵʽˁˍˏˇˎΣ ʶ˒ʰˊ˃ˇʴʺ ʵˎ˄ʰ˃ʽˁʺˌ ʶˁ˔˗ˊʹˋʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˁʰʽ ˋˎʴˁˊʽˍʽˁʺ 
ʰ˅ʽˇ˂ˈʴʹˋʹ ʶˊʴʰ˂ʶʾ˖˄ ˖ˌ ˉˊˇˌ ʰˁˊʾʲʶʽʰ ˁʰʽ ʰˉˇʵˇˍʽˁˈˍʹˍʰΦ ʆˇ ˉ˂ʰʾˋʽˇ ʰˎˍˈ ʶʾ˄ʰʽ 
ʶ˅ʰʽˊʶˍʽˁʱ ˔ˊʺˋʽ˃ˇ ˁʰʽ ʴʽʰ ˍʹ ɽʶ˖˒ˈˊˇ ɼʹ˒ʽˋˇˏΣ ˈˉˇˎ ʶ˅ʶˍʱʸʶˍʰʽ ʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ ˇʵʽˁˇˏ 
ʱ˅ˇ˄ʰ ˎˉˈ ʵʽʰ˒ˇˊʶˍʽˁʱ ˋʶ˄ʱˊʽʰ ˁʰʽ ʰˉʰʽˍʶʾˍʰʽ ˊʶʰ˂ʽˋˍʽˁʺ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˍʹˌ 
ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄Φ ɶ ʶ˒ʰˊ˃ˇʴʺ ˃ʶˋˇˋˁˇˉʽˁʺˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˃ʶ ˔ʰ˃ʹ˂ˈ 
ˎˉˇ˂ˇʴʽˋˍʽˁˈ ˁˈˋˍˇˌ ˁʰʽ ˎ˕ʹ˂ʺ ʰ˅ʽˇˉʽˋˍʾʰ ˃ˉˇˊʶʾ ˄ʰ ʶ˄ʽˋ˔ˏˋʶʽ ˍʹ˄ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰ ˍˇˎ 
ˋˎ˄ˇ˂ʽˁˇˏ ˃ˇ˄ˍʷ˂ˇˎ ˁʰʽ ˄ʰ ˉˊˇˋ˒ʷˊʶʽ ʶˉʽˉ˂ʷˇ˄ ʶˊʴʰ˂ʶʾʰ ˎˉˇˋˍʺˊʽ˅ʹˌ ʴʽʰ ˍʹ ˂ʺ˕ʹ 
ʰˉˇ˒ʱˋʶ˖˄ ˋˍˇ˄ ˋ˔ʶʵʽʰˋ˃ˈ ˋˍˊʰˍʹʴʽˁ˗˄ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ʵʽʰ˔ʶʾˊʽˋʹˌ ˋˍˇ ˉ˂ʰʾˋʽˇ ˍʹˌ 
ˉʰˊˇˏˋʰˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌΦ 

ɮ˅ʾʸʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾΣ ʹ ʷˊʶˎ˄ʰ ˍ˖˄ !ƘƳŜǘ hƎǳȊ 5ŜƳƛǊƛȊΣ hǎƳŀƴ ¦ƴǎŀƭ .ŀȅǊŀƪ ˁʰʽ IŀƭƛƳ CŜǊƛǘ 
.ŀȅŀǘŀ όнлнлύΣ ʹ ˇˉˇʾʰ ʶˉʽˁʶ˄ˍˊ˗˄ʶˍʰʽ ˋˍʹ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ʽˁʰ˄ˈˍʹˍʰˌ ˋˍˇ 
ˁʷ˄ˍˊˇ ˍʹˌ ˉˈ˂ʹˌ 9ǊȊƛƴŎŀƴ ˋˍʹ˄ ʆˇˎˊˁʾʰΣ ˃ʷˋ˖ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ ˃ʶˋˇˋˁˇˉʽˁʺˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ 
ʅˍˈ˔ˇˌ ˍʹˌ ʷˊʶˎ˄ʰˌ ʶʾ˄ʰʽ ʹ ʰ˄ʱ˂ˎˋʹ ˁʰʽ ʰ˅ʽˇ˂ˈʴʹˋʹ ʵʽʰ˒ˈˊ˖˄ ˋˍˊʰˍʹʴʽˁ˗˄ ʵʽʰ˔ʶʾˊʽˋʹˌ ˍʹˌ 
ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ˃ʶ ˋˁˇˉˈ ˍʹ ˃ʶʾ˖ˋʹ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ˋˎ˃˒ˈˊʹˋʹˌΣ ˍ˖˄ ˁʰʻˎˋˍʶˊʺˋʶ˖˄Σ 
ˍˇˎ ˃ʺˁˇˎˌ ˍ˖˄ ˇˎˊ˗˄ ˁʰʽ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ˊˏˉ˖˄Φ ɶ ʰ˄ʱ˂ˎˋʹ ʶˉʽˁʶ˄ˍˊ˗˄ʶˍʰʽ ˋʶ 
ʵʶˁʰˍʷˋˋʶˊʽˌ h ˋˍʽˁʷˌ ʵʽʰˋˍʰˎˊ˗ˋʶʽˌΣ ʴʽʰ ˍʽˌ ˇˉˇʾʶˌ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˋˎ˂˂ˇʴʺ ʵʶʵˇ˃ʷ˄˖˄ 
ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˃ʷˋ˖ ˔ʶʽˊˇˁʾ˄ʹˍʹˌ ˁʰʽ ʲʽ˄ˍʶˇˋˁˇˉʹ˃ʷ˄ʹˌ ˁʰˍʰ˃ʷˍˊʹˋʹˌ ˇ˔ʹ˃ʱˍ˖˄Σ ˁʰʻ˗ˌ ˁʰʽ 
ˁʰˍʰʴˊʰ˒ʺ ˍ˖˄ ˔ˊˇ˄ʽˁ˗˄ ˁˏˁ˂˖˄ ˍ˖˄ ˒˖ˍʶʽ˄˗˄ ˋʹ˃ʰˍˇʵˇˍ˗˄Φ ɱʽʰ ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍ˖˄ 
ˁˎˁ˂ˇ˒ˇˊʽʰˁ˗˄ ˋˎ˄ʻʹˁ˗˄ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ !La{¦b ˁʰʽ ʰ˄ʰ˂ˏʻʹˁʰ˄ ˉʷ˄ˍʶ 
ʵʽʰ˒ˇˊʶˍʽˁʱ ˋʶ˄ʱˊʽʰ ʵʽʰ˔ʶʾˊʽˋʹˌ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ ɱʽʰ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˍʹˌ ʲʷ˂ˍʽˋˍʹˌ 
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ˋˍˊʰˍʹʴʽˁʺˌ ʶ˒ʰˊ˃ˈˋˍʹˁʶ ʹ ˃ʷʻˇʵˇˌ ɮ˄ʰ˂ˎˍʽˁʺˌ ɹʶˊʰˊ˔ʽˁʺˌ ɲʽʰʵʽˁʰˋʾʰˌΣ ʹ ˇˉˇʾʰ 
ˋˎ˄ʵˎʱʸʶʽ ˉˇˋˇˍʽˁʱ ˁʰʽ ˉˇʽˇˍʽˁʱ ˁˊʽˍʺˊʽʰ ˋˍʹ ʵʽʰʵʽˁʰˋʾʰ ˂ʺ˕ʹˌ ʰˉˈ˒ʰˋʹˌΦ ʆˇ ʅʶ˄ʱˊʽˇ п 
ʰ˄ʰʵʶʾ˔ʻʹˁʶ ˖ˌ ʹ ʲʷ˂ˍʽˋˍʹ ˋˍˊʰˍʹʴʽˁʺΣ ˁʰʻ˗ˌ ˁʰˍʷʴˊʰ˕ʶ ʶ˄ˍˎˉ˖ˋʽʰˁʷˌ ʲʶ˂ˍʽ˗ˋʶʽˌΥ ˃ʶʾ˖ˋʹ 
ˍˇˎ ˋˎ˄ˇ˂ʽˁˇˏ ˔ˊˈ˄ˇˎ ˍʰ˅ʽʵʽˇˏ ˁʰˍʱ но ˍˇʽˌ ʶˁʰˍˈΣ ˃ʶʾ˖ˋʹ ˍ˖˄ ˁʰʻˎˋˍʶˊʺˋʶ˖˄ ˁʰˍʱ пт ˍˇʽˌ 
ʶˁʰˍˈΣ ˃ʶʾ˖ˋʹ ˍˇˎ ˃ʺˁˇˎˌ ˍ˖˄ ˇˎˊ˗˄ ˁʰˍʱ пу ˍˇʽˌ ʶˁʰˍˈΣ ˃ʶʾ˖ˋʹ ˍ˖˄ ʶˁˉˇ˃ˉ˗˄ ˇ˅ʶʽʵʾ˖˄ 
ˍˇˎ ʰʸ˗ˍˇˎ ˁʰˍʱ мм ˍˇʽˌ ʶˁʰˍˈ ˁʰʽ ˍˇˎ ʵʽˇ˅ʶʽʵʾˇˎ ˍˇˎ ʱ˄ʻˊʰˁʰ ˁʰˍʱ мо ˍˇʽˌ ʶˁʰˍˈΣ ʶ˄˗ 
ˍʰˎˍˈ˔ˊˇ˄ʰ ˋʹ˃ʶʽ˗ʻʹˁʶ ʰˏ˅ʹˋʹ ˍʹˌ ˃ʷˋʹˌ ˍʰ˔ˏˍʹˍʰˌ ˁʰˍʱ ол ˍˇʽˌ ʶˁʰˍˈΦ ɶ ʷˊʶˎ˄ʰ 
ʶˉʽʲʶʲʰʽ˗˄ʶʽ ˍʹ˄ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰ ˍʹˌ ˃ʶˋˇˋˁˇˉʽˁʺˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ʴʽʰ ˃ʶʴʱ˂ʹˌ 
ˁ˂ʾ˃ʰˁʰˌ ʰˋˍʽˁʱ ʵʾˁˍˎʰ ˁʰʽ ˉˊˇˍʶʾ˄ʶʽ ʷ˄ʰ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ˇ ˉ˂ʰʾˋʽˇ ʵʽʰ˔ʶʾˊʽˋʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ 
ˍˇ ˇˉˇʾˇ ˋˎ˄ʵˎʱʸʶʽ ˍʶ˔˄ʽˁʺ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˃ʶ ˉˇ˂ˎˁˊʽˍʹˊʽʰˁʺ ˎˉˇˋˍʺˊʽ˅ʹ ˋˍʹ ˂ʺ˕ʹ 
ʰˉˇ˒ʱˋʶ˖˄Φ ɳˉʽˉ˂ʷˇ˄Σ ˎˉˇʴˊʰ˃˃ʾʸʶˍʰʽ ʹ ˋʹ˃ʰˋʾʰ ˍˇˎ ˋ˖ˋˍˇˏ ˋ˔ʶʵʽʰˋ˃ˇˏ ˍ˖˄ 
ʵʽʰˋˍʰˎˊ˗ˋʶ˖˄ ʴʽʰ ˍʹ ʵʽʰˋ˒ʱ˂ʽˋʹ ʲʽ˗ˋʽ˃ʹˌ ʰˋˍʽˁʺˌ ˁʽ˄ʹˍʽˁˈˍʹˍʰˌ ό5ŜƳƛǊƛȊ Ŝǘ ŀƭΦΣ нлнлύΦ ɶ 
ˉˊˇˋʷʴʴʽˋʹ ʰˎˍʺ ˉʰˊˇˎˋʽʱʸʶʽ ʽʵʽʰʾˍʶˊʹ ˋˎ˄ʱ˒ʶʽʰ ˃ʶ ˍʹ ˃ʶ˂ʷˍʹ ˍʹˌ ɽʶ˖˒ˈˊˇˎ ɼʹ˒ʽˋˇˏΣ 
ˈˉˇˎ ˃ʷˋ˖ ˍʹˌ !ƛƳǎǳƴ bŜȄǘ ʶ˅ʶˍʱʸˇ˄ˍʰʽ ˋʶ˄ʱˊʽʰ ʴʶ˖˃ʶˍˊʽˁ˗˄ ˉʰˊʶ˃ʲʱˋʶ˖˄ ʴʽʰ ˍʹ˄ 
ʶˉʾˍʶˎ˅ʹ ˉʰˊˈ˃ˇʽ˖˄ ˂ʶʽˍˇˎˊʴʽˁ˗˄ ʲʶ˂ˍʽ˗ˋʶ˖˄Φ 

ʆʷ˂ˇˌΣ ʹ ʷˊʶˎ˄ʰ ˍˇˎ aƛƘŀƛƭǎ {ŀǾǊŀǎƻǾǎ όнлммύ ʵʽʶˊʶˎ˄ʱ ˍʹ ˔ˊʺˋʹ ˃ʶˋˇˋˁˇˉʽˁʺˌ 
ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ʴʽʰ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ʶ˄ˈˌ ʰˋˍʽˁˇˏ ˇʵʽˁˇˏ ʱ˅ˇ˄ʰ ˋˍʹ˄ ˉˈ˂ʹ ʄʾʴʰ ˍʹˌ 
ɽʶˍˇ˄ʾʰˌΦ ɶ ˃ʶʻˇʵˇ˂ˇʴʾʰ ʲʰˋʾʸʶˍʰʽ ˋʶ ˉˊˇˋʷʴʴʽˋʹ ʵʽʰˁˊʽˍˇˏ ˊˎʻ˃ˇˏΣ ˎ˂ˇˉˇʽʹ˃ʷ˄ʹ ˃ʷˋ˖ 
ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏ 9ȄǘŜƴŘ{ƛƳΦ ɰʰˋʽˁˈˌ ˋˍˈ˔ˇˌ ˍʹˌ ʷˊʶˎ˄ʰˌ ʶʾ˄ʰʽ ʹ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ 
ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ʰˉˈʵˇˋʹˌ ˁʰʽ ˍˇˎ ɳˉʽˉʷʵˇˎ ɳ˅ˎˉʹˊʷˍʹˋʹˌΣ ˁʰʻ˗ˌ ˁʰʽ ʹ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ 
ˋˍˊʰˍʹʴʽˁ˗˄ ʶ˂ʷʴ˔ˇˎ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˋˍˇ˄ ˎˉˈ ˃ʶ˂ʷˍʹ ʱ˅ˇ˄ʰΣ ˇ ˇˉˇʾˇˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʵʷˁʰ 
ʵʽʰˋˍʰˎˊ˗ˋʶʽˌ ς ˋʹ˃ʰˍˇʵˇˍˇˏ˃ʶ˄ʶˌ ˁʰʽ ˃ʹ ς ˁʰˍʱ ˃ʺˁˇˌ ʶ˄ˈˌ ˍ˃ʺ˃ʰˍˇˌ ˃ʺˁˇˎˌ мΣр 
˔ʽ˂ʽˇ˃ʷˍˊ˖˄Φ ɶ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ʶˉʽˁʶ˄ˍˊ˗˄ʶˍʰʽ ˋˍʹ˄ ˉˊ˖ʽ˄ʺ ˗ˊʰ ʰʽ˔˃ʺˌ όуΥллςфΥлл ˉΦ˃ΦύΣ 
ʰ˅ʽˇˉˇʽ˗˄ˍʰˌ ˉˊʰʴ˃ʰˍʽˁʷˌ ˃ʶˍˊʺˋʶʽˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˁʰʽ ˃ʶˍʰˍˊˇˉʺ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˋʶ 
ɾˇ˄ʱʵʶˌ ɳˉʽʲʰˍʽˁ˗˄ ɮˎˍˇˁʽ˄ʺˍ˖˄Σ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ʶ˄ʽʰʾʰ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˍʹˌ 
ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ˊˇʺˌΦ ʁʽ ˋʹ˃ʰˍˇʵˇˍˇˏ˃ʶ˄ʶˌ ʵʽʰˋˍʰˎˊ˗ˋʶʽˌ ˉˊˇˋˇ˃ˇʽ˗ʻʹˁʰ˄ ˃ʶ ˉʾ˄ʰˁʶˌ 
ʰ˄ʰʸʺˍʹˋʹˌΣ ʶ˄˗ ˇʽ ˃ʹ ˋʹ˃ʰˍˇʵˇˍˇˏ˃ʶ˄ʶˌ ʲʱˋʶʽ ˁʰ˄ˈ˄˖˄ ˉˊˇˍʶˊʰʽˈˍʹˍʰˌΦ ɱʽʰ ˍʹ˄ 
ʶˉʰ˂ʺʻʶˎˋʹ ˍʹˌ ʰˁˊʾʲʶʽʰˌ ˍˇˎ ˃ʶˋˇˋˁˇˉʽˁˇˏ ˃ˇ˄ˍʷ˂ˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˋˏʴˁˊʽˋʹ ˃ʶ 
ʶˉʽˁˎˊ˖˃ʷ˄ˇ ˃ʽˁˊˇˋˁˇˉʽˁˈ ˃ˇ˄ˍʷ˂ˇ ˋˍˇ ˂ˇʴʽˋ˃ʽˁˈ ±L{{LaΣ ˃ʶ ˔ˊʺˋʹ ˍˇˎ ˉˊˇˍˏˉˇˎ IƛƎƘǿŀȅ 
/ŀǇŀŎƛǘȅ aŀƴǳŀƭ нллл ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍˇˎ ɳˉʽˉʷʵˇˎ ɳ˅ˎˉʹˊʷˍʹˋʹˌΦ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ 
ʰ˄ʷʵʶʽ˅ʰ˄ ˎ˕ʹ˂ˈ ʲʰʻ˃ˈ ˋˎ˃˒˖˄ʾʰˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ʵˏˇ ˉˊˇˋʶʴʴʾˋʶ˖˄Σ ʶˉʽʲʶʲʰʽ˗˄ˇ˄ˍʰˌ ˈˍʽ ˍʰ 
˃ʶˋˇˋˁˇˉʽˁʱ ˃ˇ˄ˍʷ˂ʰ ˃ˉˇˊˇˏ˄ ˄ʰ ˉˊˇˋ˒ʷˊˇˎ˄ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺ ʰˁˊʾʲʶʽʰΣ ʵʽʰˍʹˊ˗˄ˍʰˌ 
ˍʰˎˍˈ˔ˊˇ˄ʰ ˋʹ˃ʰ˄ˍʽˁʱ ˔ʰ˃ʹ˂ˈˍʶˊˇ ˎˉˇ˂ˇʴʽˋˍʽˁˈ ˁˈˋˍˇˌ ς ʷ˖ˌ ˁʰʽ ˉʷ˄ˍʶ ˒ˇˊʷˌ ˃ʽˁˊˈˍʶˊˇ 
˔ˊˈ˄ˇ ʰ˄ʱˉˍˎ˅ʹˌ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʰ ˃ʽˁˊˇˋˁˇˉʽˁʱΦ ɶ ʷˊʶˎ˄ʰ ˎˉˇʴˊʰ˃˃ʾʸʶʽ ˍʹ ˔ˊʹˋʽ˃ˈˍʹˍʰ 
ˍˇˎ 9ȄǘŜƴŘ{ƛƳ ˋʶ ʶ˒ʰˊ˃ˇʴʷˌ ʰˋˍʽˁʺˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˁʰʽ ˋˍˇ˄ ˋˎ˄ˍˇ˄ʽˋ˃ˈ ˒˖ˍʶʽ˄ʺˌ 
ˋʹ˃ʰˍˇʵˈˍʹˋʹˌΣ ˉʰˊʱ ˍʹ ˋ˔ʶˍʽˁʱ ˉʶˊʽˇˊʽˋ˃ʷ˄ʹ ˔ˊʺˋʹ ˍˇˎ ˋˍˇ˄ ˍˇ˃ʷʰ ˍ˖˄ ˃ʶˍʰ˒ˇˊ˗˄Φ 
ɳˉʽˉ˂ʷˇ˄Σ ʶˉʽˋʹ˃ʰʾ˄ʶʽ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎˌ ˉʶˊʽˇˊʽˋ˃ˇˏˌ ˍˇˎ ʶˊʴʰ˂ʶʾˇˎ ˋʶ ˋˎ˄ʻʺˁʶˌ ʷ˄ˍˇ˄ʹˌ 
ˋˎ˃˒ˈˊʹˋʹˌ ˁʰʽ ˉˊˇˍʶʾ˄ʶʽ ˃ʶ˂˂ˇ˄ˍʽˁʺ ʷˊʶˎ˄ʰ ʴʽʰ ˍʹ˄ ˁʰˍʰ˄ˈʹˋʹ ˍ˖˄ ʶˉʽˉˍ˗ˋʶ˖˄ ˍʹˌ 
ʶˉʽˋˍˊˇ˒ʺˌ ˇˎˊʱˌ ʰ˄ʰ˃ˇ˄ʺˌ ό{ŀǾǊŀǎƻǾǎΣ нлммύΦ ɶ ʷˊʶˎ˄ʰ ʰˎˍʺ ʶ˄ʽˋ˔ˏʶʽ ˍʹ ʻʶ˖ˊʹˍʽˁʺ ʲʱˋʹ 
ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌΣ ʶˉʽʲʶʲʰʽ˗˄ˇ˄ˍʰˌ ˍʹ ˋʹ˃ʰˋʾʰ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˋʶ ʰˋˍʽˁʱ ʵʾˁˍˎʰ ˃ʶ 
ˉˇ˂ˏˉ˂ˇˁʹ ʴʶ˖˃ʶˍˊʾʰΣ ̍ ˉ˖ˌ ʹ ɽʶ˖˒ˈˊˇˌ ɼʹ˒ʽˋˇˏΦ 

2.1. ʅˎ˃ˉʶˊʱˋ˃ʰˍʰ ɮ˄ʰˋˁˈˉʹˋʹ ̩

ʅˎ˄ˇ˕ʾʸˇ˄ˍʰˌΣ ʹ ˋˏʴ˔ˊˇ˄ʹ ʵʽʶʻ˄ʺˌ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ ʶˉʽʲʶʲʰʽ˗˄ʶʽ ˍʹ˄ ʰ˄ʰʴˁʰʽˈˍʹˍʰ 
ʶ˒ʰˊ˃ˇʴʺˌ ˃ʽˁˊˇˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ʴʽʰ ˍʹ˄ ʰˉˇˍˏˉ˖ˋʹ ˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ʰˋˍʽˁ˗˄ ˇʵʽˁ˗˄ 
ʵʽˁˍˏ˖˄Σ ʶʽʵʽˁʱ ˋʶ ˋˎ˄ʻʺˁʶˌ ˎ˕ʹ˂ʺˌ ʶˉʽʲʱˊˎ˄ˋʹˌ ˁʰʽ ʴʶ˖˃ʶˍˊʽˁʺˌ ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰˌΦ ɶ 
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ʶˉʽ˂ˇʴʺ ˍˇˎ !ƛƳǎǳƴ bŜȄǘΣ ʹ ʰ˄ʱˉˍˎ˅ʹ ˁʰʽ ˉʰˊʰ˃ʶˍˊˇˉˇʾʹˋʹ ˃ˇ˄ˍʷ˂ˇˎ ˃ ʽˁˊˇˉˊˇˋˇ˃ˇʾ˖ˋʹˌ 
ʴʽʰ ˍˇ˄ ʱ˅ˇ˄ʰ ˍʹˌ ɽʶ˖˒ˈˊˇˎ ɼʹ˒ʽˋˇˏΣ ʹ ʶ˒ʰˊ˃ˇʴʺ ʶ˄ʰ˂˂ʰˁˍʽˁ˗˄ ʴʶ˖˃ʶˍˊʽˁ˗˄ ˋʶ˄ʰˊʾ˖˄ 
ˁʰʽ ʹ ʰ˅ʽˇ˂ˈʴʹˋʹ ʲʱˋʶʽ ˉˇʽˁʾ˂˖˄ ˂ʶʽˍˇˎˊʴʽˁ˗˄ ʵʶʽˁˍ˗˄, ʲˊʾˋˁˇ˄ˍʰʽ ˋʶ ˉ˂ʺˊʹ ˋˎ˄ʱ˒ʶʽʰ ˃ʶ 
ˍʽˌ ʵʽʶʻ˄ʶʾˌ ˁʰ˂ʷˌ ˉˊʰˁˍʽˁʷˌ ˁʰʽ ˍʽˌ ˉˊˈˋ˒ʰˍʶˌ ˍʶ˔˄ˇ˂ˇʴʽˁʷˌ ʶ˅ʶ˂ʾ˅ʶʽˌ ˋˍˇ˄ ˍˇ˃ʷʰ ˍ˖˄ 
ˋˎʴˁˇʽ˄˖˄ʽʰˁ˗˄Φ ɶ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ ˋˎ˄ʶʽˋ˒ʷˊʶʽ ˋˍʹ˄ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺ 
ˍʶˁ˃ʹˊʾ˖ˋʹ ˍʹˌ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰˌ ʴʶ˖˃ʶˍˊʽˁ˗˄ ˉʰˊʶ˃ʲʱˋʶ˖˄ ˁʰʽ ˎˉˇˋˍʹˊʾʸʶʽ ˍʹ ˂ʺ˕ʹ 
ˍʶˁ˃ʹˊʽ˖˃ʷ˄˖˄ ʰˉˇ˒ʱˋʶ˖˄ ʴʽʰ ˍʹ ˂ʶʽˍˇˎˊʴʽˁʺ ˁʰʽ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʺ ʰ˄ʰʲʱʻ˃ʽˋʹ ˍ˖˄ 
ʰˋˍʽˁ˗˄ ˎˉˇʵˇ˃˗˄ ˃ʶˍʰ˒ˇˊ˗˄Φ 
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3. ɾɳɸʁɲʁɽʁɱɹɮ 

ɾʾʰ ʰˉˈ ˍʽˌ ˉ˂ʷˇ˄ ˔ˊˇ˄ˇʲˈˊʶˌ ˁʰʽ ʰˉʰʽˍʹˍʽˁʷˌ ʵʽʰʵʽˁʰˋʾʶˌ ˋˍʹ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˃ʶˍʰ˒ˇˊ˗˄ 

ʰ˒ˇˊʱ ˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˍ˖˄ ˉʰˊʰ˂˂ʰʴ˗˄ ˍˇˎ ʵʽˁˍˏˇˎ ˃ʶˍʰ˒ˇˊ˗˄Φ ʅˍˇ ˉ˂ʰʾˋʽˇ ʰˎˍˈΣ 

ʵʽʰ˒ˇˊʶˍʽˁʷˌ ʶ˄ʰ˂˂ʰˁˍʽˁʷˌ ˎˉˇʵˇ˃˗˄ ˇʵʽˁˇˏ ʵʽˁˍˏˇˎ ˁʰʽ ˋˎˋˍʹ˃ʱˍ˖˄ ʶ˂ʷʴ˔ˇˎ ˁˎˁ˂ˇ˒ˇˊʾʰˌ 

ʰ˅ʽˇ˂ˇʴˇˏ˄ˍʰʽ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ʶ˄ʰ˂˂ʰˁˍʽˁʷˌ ˊˎʻ˃ʾˋʶʽˌ ʸʺˍʹˋʹˌΣ ˈˉ˖ˌ ʹ ˔ˊʺˋʹ ʴʹˌΣ ˇʽ 

ʵʽʰʵˊˇ˃ʷˌ ˁʰʽ ˍʰ ˔ˊˇ˄ˇʵʽʰʴˊʱ˃˃ʰˍʰ ʵʽʷ˂ʶˎˋʹˌΦ ʆˇ ʰˉˇˍʷ˂ʶˋ˃ʰ ʶʾ˄ʰʽ ˃ʽʰ ˋˎ˄ʵˎʰˋˍʽˁʺ 

ʷˁˊʹ˅ʹ ˋˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ ˉʽʻʰ˄˗˄ ˋʶ˄ʰˊʾ˖˄ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹˌΣ ʹ ˇˉˇʾʰ ʵʹ˃ʽˇˎˊʴʶʾ ʷ˄ʰ 

ˋʹ˃ʰ˄ˍʽˁˈ ʵʽʰ˔ʶʽˊʽˋˍʽˁˈ ̄ˊˈʲ˂ʹ˃ʰΣ ʽʵʾ˖ˌ ˈˋˇ˄ ʰ˒ˇˊʱ ˍʹ ʵʽʰˍʺˊʹˋʹ ˍʹˌ ˋˎ˄ˇ˔ʺˌ ˃ʶˍʰ˅ˏ ˍ˖˄ 

ˉʰˊʰ˂˂ʰʴ˗˄Φ 

ɶ ʵˎˋˁˇ˂ʾʰ ʰˎˍʺ ʶ˄ˍʶʾ˄ʶˍʰʽ ˉʶˊʰʽˍʷˊ˖ ˈˍʰ˄ ʹ ˃ˇ˄ˍʶ˂ˇˉˇʽʹˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ʶˉʽˁʶ˄ˍˊ˗˄ʶˍʰʽ ˋʶ 

ˎˉˇˉʶˊʽˇ˔ʷˌ ʶ˄ˈˌ ʶˎˊˏˍʶˊˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˃ʶˍʰ˒ˇˊ˗˄Σ ˈˉˇˎ ˃ʾʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˉʶˊʽˇ˔ʺ 

˃ʶ˂ʶˍʱˍʰʽ ˋʶ ˃ʶʴʰ˂ˏˍʶˊʹ ˂ʶˉˍˇ˃ʷˊʶʽʰΦ ɶ ʶ˄ˋ˖˃ʱˍ˖ˋʹ ˍ˖˄ ʰ˂˂ʰʴ˗˄ ˉˇˎ 

ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ˍʰʽ ˋˍʹ˄ ˎˉˇˉʶˊʽˇ˔ʺ ˉʾˋ˖ ˋˍˇ ˋˎ˄ˇ˂ʽˁˈ ˃ˇ˄ˍʷ˂ˇΣ ˁʰʻ˗ˌ ˁʰʽ ˋʶ ˈ˂ʶˌ ˍʽˌ 

ʰ˄ˍʾˋˍˇʽ˔ʶˌ ˉʰˊʰ˂˂ʰʴʷˌ ˍˇˎΣ ʰˉˇˍʶ˂ʶʾ ˃ʽʰ ˔ˊˇ˄ˇʲˈˊʰ ˁʰʽ ʶˉʽˊˊʶˉʺ ˋʶ ˋ˒ʱ˂˃ʰˍʰ 

ʵʽʰʵʽˁʰˋʾʰΦ 

ɳˉʽˉˊˇˋʻʷˍ˖ˌΣ ˉˇ˂˂ʷˌ ʶ˒ʰˊ˃ˇʴʷˌ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹˌ ʶˁˍʶ˂ˇˏ˄ˍʰʽ ˃ʶ ˍʹ ˔ˊʺˋʹ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ 

˂ˇʴʽˋ˃ʽˁ˗˄Σ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ ʶˉʾˉʶʵˇ ʰ˄ʱ˂ˎˋʹˌΥ ʷ˄ʰ ˉʰˁʷˍˇ ʴʽʰ ˃ʰˁˊˇˋˁˇˉʽˁʺ ʶˁ˔˗ˊʹˋʹ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋʶ ʶˎˊʶʾʰˌ ˁ˂ʾ˃ʰˁʰˌ ˃ˇ˄ˍʷ˂ʰΣ ʱ˂˂ˇ ˂ˇʴʽˋ˃ʽˁˈ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ 

˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˍʹˌ ˔ˊʺˋʹˌ ˃ʷˋ˖˄ ˃ʰʸʽˁʺˌ ˃ʶˍʰ˒ˇˊʱˌ όˍˊʷ˄ʰ ˁʰʽ ˂ʶ˖˒ˇˊʶʾʰύΣ ˁʰʽ 

ʵʽʰ˒ˇˊʶˍʽˁˈ ˂ˇʴʽˋ˃ʽˁˈ ˃ʽˁˊˇˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˉʶˊʽˇ˔ʷˌ ˈˉˇˎ ʰˉʰʽˍʶʾˍʰʽ 

ˎ˕ʹ˂ʺ ʰ˄ʱ˂ˎˋʹΣ ˗ˋˍʶ ˄ʰ ˁʰˍʰʴˊʰ˒ˇˏ˄ ˃ʶ ʰˁˊʾʲʶʽʰ ˇʽ ˃ʽˁˊˇʰ˂˂ʹ˂ʶˉʽʵˊʱˋʶʽˌ ˃ʶˍʰ˅ˏ ˍ˖˄ 

ˇ˔ʹ˃ʱˍ˖˄Φ ɶ ʵʽʰ˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʰ ˁʰʽ ʹ ʰ˄ˍʰ˂˂ʰʴʺ ʵʶʵˇ˃ʷ˄˖˄ ˃ʶˍʰ˅ˏ ʰˎˍ˗˄ ˍ˖˄ ʶˍʶˊˇʴʶ˄˗˄ 

ˋˎˋˍʹ˃ʱˍ˖˄ ʶˉʽʵʶʽ˄˗˄ʶʽ ˉʶˊʰʽˍʷˊ˖ ˍˇ ˉˊˈʲ˂ʹ˃ʰ ʵʽʰ˔ʶʾˊʽˋʹˌΦ 

ʆʷ˂ˇˌΣ ˋʹ˃ʰ˄ˍʽˁˈ ˊˈ˂ˇ ˋˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˉʰʾʸˇˎ˄ ˇʽ ˉˇ˂˂ʷˌ ˉʰˊʰ˃ʶˍˊʽˁʷˌ 

˃ʶˍʰʲ˂ʹˍʷˌ ˉˇˎ ˁʰʻˇˊʾʸˇˎ˄ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎΣ ˈˉ˖ˌ ˇʽ ʰ˂ʴˈˊʽʻ˃ˇʽ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ 

ˇ˔ʹ˃ʱˍ˖˄ ˁʰʽ ˇʽ ˃ʷʻˇʵˇʽ ʶˉʽ˂ˇʴʺˌ ʵʽʰʵˊˇ˃ʺˌΦ ɮˎˍʷˌ ˇʽ ˉʰˊʱ˃ʶˍˊˇʽ ʶʾ˄ʰʽ ˁˊʾˋʽ˃ʶˌ ʴʽʰ ˍʹ 

ʲʰʻ˃ˇ˄ˈ˃ʹˋʹ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˁʰʽ ˇˉˇʽʰʵʺˉˇˍʶ ˍˊˇˉˇˉˇʾʹˋʺ ˍˇˎˌ ˉˊʷˉʶʽ ˄ʰ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˃ʶ 

ˋˎ˄ʷˉʶʽʰ ˋʶ ˈ˂ʰ ˍʰ ˋʶ˄ʱˊʽʰ ˉˇˎ ˉʰˊʱʴˇ˄ˍʰʽΦ ʅʶ ʷ˄ʰ ˉʶˊʽʲʱ˂˂ˇ˄ ˃ʶ ˉˇ˂˂ʰˉ˂ʱ ˃ˇ˄ˍʷ˂ʰ ˁʰʽ 

ʵʽʱ˒ˇˊʰ ˂ˇʴʽˋ˃ʽˁʱ ˉʰˁʷˍʰΣ ʹ ʶˉʾˍʶˎ˅ʹ ʰˎˍʺˌ ˍʹˌ ˋˎ˄ʷˉʶʽʰˌ ˁʰʻʾˋˍʰˍʰʽ ʶ˒ʽˁˍʺ ˃ˈ˄ˇ ˃ʷˋ˖ 

˃ʽʰˌ ʽʵʽʰʾˍʶˊʰ ʽˋ˔ˎˊʺˌ ˁʰʽ ˁʰ˂ʱ ˇˊʴʰ˄˖˃ʷ˄ʹˌ ˋˍˊʰˍʹʴʽˁʺˌ ʵʽʰ˔ʶʾˊʽˋʹˌΦ 

ʆˇ !ƛƳǎǳƴ bŜȄǘ ˉʰˊʷ˔ʶʽ ʷ˄ʰ ʶˉʶˁˍʱˋʽ˃ˇ ˁʰʽ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ˇ ˉʶˊʽʲʱ˂˂ˇ˄ ʶˊʴʰˋʾʰˌΣ ˍˇ ˇˉˇʾˇ 

ˉˊˇˋ˒ʷˊʶʽ ˈ˂ʰ ˍʰ ʰˉʰˊʰʾˍʹˍʰ ʶˊʴʰ˂ʶʾʰ ˉˇˎ ʰˉʰʽˍʶʾ ʷ˄ʰˌ ʰ˄ʰ˂ˎˍʺˌ ʴʽʰ ˍʹ˄ ˎˉˇˋˍʺˊʽ˅ʹ 

ʷˊʴ˖˄ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹˌ ˃ʶˍʰ˒ˇˊ˗˄Φ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʵˎ˄ʰˍˈˍʹˍʶˌ ʴʽʰ ˍʹ˄ 

ʶʽˋʰʴ˖ʴʺ ˁʰʽ ʶˉʶ˅ʶˊʴʰˋʾʰ ʵʽˁˍˏ˖˄ ˃ʶˍʰ˒ˇˊ˗˄Σ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˁʰʽ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ʸʺˍʹˋʹˌ 

ˁʽ˄ʹˍʽˁˈˍʹˍʰˌΣ ˁʰʻ˗ˌ ˁʰʽ ʴʽʰ ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˃ʷˋ˖ ˋˍʰˍʽˁ˗˄ 

˃ʰˁˊˇˋˁˇˉʽˁ˗˄ ʶˁ˔˖ˊʺˋʶ˖˄ ʺ ʵˎ˄ʰ˃ʽˁ˗˄ ˃ʶˋˇˋˁˇˉʽˁ˗˄Σ ˃ʽˁˊˇˋˁˇˉʽˁ˗˄ ˁʰʽ ˎʲˊʽʵʽˁ˗˄ 

ˉˊˇˋˇ˃ˇʽ˗ˋʶ˖˄Φ ʁʽ ʵʽʰʵˊˇ˃ʷˌ ˋʶ hˎˍʷˌ ˍʽˌ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ˃ˉˇˊˇˏ˄ ˄ʰ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ʰˉˈ 

ʰˉ˂ʷˌ ˃ʶʻˈʵˇˎˌ ˍˏˉˇˎ Ϧʂ˂ʰ ʺ ˍʾˉˇˍʰϦ ʷ˖ˌ ˁʰʽ ˋˏ˄ʻʶˍˇˎˌ ʰ˂ʴˇˊʾʻ˃ˇˎˌ ɲˎ˄ʰ˃ʽˁʺˌ 

ɹˋˇˊˊˇˉʾʰˌ ʋˊʹˋˍ˗˄Φ όaŀƴǳŀƭ !ƛƳǎǳƴύ 
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ʆˇ !ƛƳǎǳƴ bŜȄǘ ˉʰˊʷ˔ʶʽΣ ʶˉʾˋʹˌΣ ˉ˂ʹʻ˗ˊʰ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Σ ˍʰ ˇˉˇʾʰ ˁˎ˃ʰʾ˄ˇ˄ˍʰʽ ʰˉˈ 

ˍˊʽˋʵʽʱˋˍʰˍʶˌ ʰˉʶʽˁˇ˄ʾˋʶʽˌ ˁʾ˄ʹˋʹˌ όо5 ŀƴƛƳŀǝƻƴύ ʷ˖ˌ ˂ʶˉˍˇ˃ʶˊʶʾˌ ˋˎʴˁˇʽ˄˖˄ʽʰˁʷˌ 

ʰ˄ʰ˂ˏˋʶʽˌΦ ɳˉʽˉ˂ʷˇ˄Σ ʵʽʰʻʷˍʶʽ ʶˊʴʰ˂ʶʾʰ ˉˇˎ ʵʽʶˎˁˇ˂ˏ˄ˇˎ˄ ˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ʷˊʴ˖˄ ˃ʷˋ˖ ˍʹˌ 

˔ˊʺˋʹˌ ʶ˄ˈˌ ʲʰˋʽˁˇˏ ˃ˇ˄ˍʷ˂ˇˎ ˁʰʽ ˉˇ˂˂ʰˉ˂˗˄Σ ˉˇ˂ˎʶˉʾˉʶʵ˖˄ ˋʶ˄ʰˊʾ˖˄ ʵˇˁʽ˃˗˄Φ 

ʍˌ ˉ˂ʰˍ˒ˈˊ˃ʰ ˉˇ˂ˎʰ˄ʱ˂ˎˋʹˌΣ ˉˊˇˋˇ˃ˇʽ˗˄ʶʽ ˍʹ ˋˎ˄ˇ˂ʽˁʺ ˁʽ˄ʹˍʽˁˈˍʹˍʰ ˋʶ ʵʾˁˍˎʰ 

˃ʶˍʰ˒ˇˊ˗˄ ˇˉˇʽʰˋʵʺˉˇˍʶ ˁ˂ʾ˃ʰˁʰˌ τ h ˉˈ ˃ʾʰ ˃ʶ˃ˇ˄˖˃ʷ˄ʹ ʵʽʰˋˍʰˏˊ˖ˋʹ ʷ˖ˌ ˇ˂ˈˁ˂ʹˊʶˌ 

˃ʹˍˊˇˉˇ˂ʽˍʽˁʷˌ ˉʶˊʽˇ˔ʷˌΦ ʅˎʴ˔ˊˈ˄˖ˌ ˎˉˇˋˍʹˊʾʸʶʽ ˍʹ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ 

ˇ˔ʹ˃ʱˍ˖˄Σ ˍ˖˄ ˉˇʵʹ˂ʰˍ˗˄Σ ˍ˖˄ ˉʶʸ˗˄ ˁʰʽ ˍ˖˄ ˃ʷˋ˖˄ ˃ʰʸʽˁʺˌ ˃ʶˍʰ˒ˇˊʱˌ ˋʶ ʶ˄ʽʰʾˇ 

ˉʶˊʽʲʱ˂˂ˇ˄Φ ʅˎ˄ʶˉ˗ˌΣ ˋˎ˄ʽˋˍʱ ˃ʾʰ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʹ ˂ˏˋʹ ʴʽʰ ˍˇ˄ ˋ˔ʶʵʽʰˋ˃ˈΣ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˁʰʽ 

ˍʹ˄ ʰ˅ʽˇ˂ˈʴʹˋʹ ɳˎ˒ˎ˗˄ ʅˎˋˍʹ˃ʱˍ˖˄ ɾʶˍʰ˒ˇˊ˗˄ όL¢{ύ ˁʰʽ ˍʶ˔˄ˇ˂ˇʴʽ˗˄ ʰˎˍˈ˄ˇ˃˖˄ 

ˇ˔ʹ˃ʱˍ˖˄Σ ˉˊˇˋ˒ʷˊˇ˄ˍʰˌ ʷ˄ʰ ʶ˄ʽʰʾˇ ʶˊʴʰ˂ʶʾˇ ˉˇˎ ˁʰ˂ˏˉˍʶʽ ˁʱʻʶ ˋˍʱʵʽˇ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ 

ʰ˄ʱ˂ˎˋʹˌ ˁʰʽ ˂ʺ˕ʹˌ ʰˉˇ˒ʱˋʶ˖˄Φ 

3.1. ʅ˔ʶʵʽʰˋ˃ˈˌ ɼˎˁ˂ˇ˒ˇˊʽʰˁˇˏ ɾˇ˄ˍʷ˂ˇˎ κ Designing Traffic Model  

ɶ ʵʽʰʵʽˁʰˋʾʰ ˋ˔ʶʵʽʰˋ˃ˇˏ ʶ˄ˈˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁˇˏ ˃ˇ˄ˍʷ˂ˇˎ ʰˉˇˍʶ˂ʶʾ ˍˇ ˉˊ˗ˍˇ ˁʰʽ ʲʰˋʽˁˈ 

ˋˍʱʵʽˇ ˃ʽʰˌ ˃ʶ˂ʷˍʹˌ ̄ ˊˇˋˇ˃ˇʾ˖ˋʹˌΦ ʅˍˇ !ƛƳǎǳƴ bŜȄǘΣ ʹ ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ ˊʶʰ˂ʽˋˍʽˁˇˏ ˁʰʽ 

ʰ˅ʽˈˉʽˋˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ʰˉʰʽˍʶʾ ˍˇ˄ ˋˎˋˍʹ˃ʰˍʽˁˈ ˁʰʻˇˊʽˋ˃ˈ ˍʹˌ ʴʶ˖˃ʶˍˊʾʰˌ ˍˇˎ ˇʵʽˁˇˏ 

ʵʽˁˍˏˇˎΣ ˍ˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ˁʰʽ ˍ˖˄ ˋˎ˄ʻʹˁ˗˄ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ 

˃ʶˍʰ˒ˇˊ˗˄Φ 

ɮˊ˔ʽˁʱΣ ˁʰˍʰˋˁʶˎʱʸʶˍʰʽ ˍˇ ˕ʹ˒ʽʰˁˈ ˃ˇ˄ˍʷ˂ˇ ˍˇˎ ˇʵʽˁˇˏ ʵʽˁˍˏˇˎΣ ˍˇ ˇˉˇʾˇ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʰ 

ʲʰˋʽˁʱ ˋˍˇʽ˔ʶʾʰ ˍˇˎΥ ˇʵʽˁʱ ˍ˃ʺ˃ʰˍʰ όǎŜŎǝƻƴǎύΣ ˁˈ˃ʲˇˎˌ όƴƻŘŜǎύΣ ˋˎ˄ʵʷˋʶʽˌ όǘǳǊƴǎύΣ ˂˖ˊʾʵʶˌ 

ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ˋʹ˃ʰˍˇʵˇˍʺˋʶʽˌ ˁʰʽ ˂ˇʽˉʱ ʴʶ˖˃ʶˍˊʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱΦ ɶ ʰˁˊʾʲʶʽʰ ˍʹˌ 

ʰ˄ʰˉʰˊʱˋˍʰˋʹˌ ʶʾ˄ʰʽ ˁˊʾˋʽ˃ʹ ʴʽʰ ˍʹ˄ ʰ˅ʽˇˉʽˋˍʾʰ ˍˇˎ ˍʶ˂ʽˁˇˏ ˃ˇ˄ˍʷ˂ˇˎΦ ʆˇ ʵʾˁˍˎˇ ˃ˉˇˊʶʾ ˄ʰ 

ˋ˔ʶʵʽʰˋˍʶʾ ʰˉˈ ˍʹ˄ ʰˊ˔ʺ ʺ ˄ʰ ˉˊˇʷ˂ʻʶʽ ʰˉˈ ˍʹ˄ ʶʽˋʰʴ˖ʴʺ ʶ˅˖ˍʶˊʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄Σ ˈˉ˖ˌ 

ʰˊ˔ʶʾʰ DL{Σ /!5 ʺ hǇŜƴ{ǘǊŜŜǘaŀǇΦ 

ɴˉʶʽˍʰΣ ˉˊˇˋʵʽˇˊʾʸˇ˄ˍʰʽ ˍʰ ʶʾʵʹ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄Σ ˍʰ ˈˊʽʰ ˍʰ˔ˏˍʹˍʰˌΣ ˇʽ ˁʰˍʹʴˇˊʾʶˌ ˍʰ˅ʽʵʽˇˏ 

ˁʰʽ ˇʽ ʶˉʽˍˊʶˉˈ˃ʶ˄ʶˌ ˁʽ˄ʺˋʶʽˌΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇˎˌ ˁʰ˄ˈ˄ʶˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˉˇˎ ʽˋ˔ˏˇˎ˄ ˋˍʹ˄ 

ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌΦ ʆˇ !ƛƳǎǳƴ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ˉʰˊʰ˃ʶˍˊˇˉˇʾʹˋʹ ˍʹˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ˍ˖˄ 

ˇ˔ʹ˃ʱˍ˖˄Σ ˈˉ˖ˌ ʹ hˁ ˇ˂ˇˎʻʾʰ ˇ˔ʺ˃ʰˍˇˌ όŎŀǊπŦƻƭƭƻǿƛƴƎύΣ ́ ʰ˂˂ʰʴʺ ˂˖ˊʾʵʰˌ όƭŀƴŜπŎƘŀƴƎƛƴƎύ ˁʰ ̔

ʰˉˇʵˇ˔ʺ ʵʽʱˁʶ˄ˇˎ όƎŀǇ ŀŎŎŜǇǘŀƴŎŜύΣ ̠̀ ˍʶ ˄ʰ ʰ˄ˍʰ˄ʰˁ˂ʱˍʰʽ ˊʶʰ˂ʽˋˍʽˁʱ ʹ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺ 

ʵˎ˄ʰ˃ʽˁʺΦ όaŀƴǳŀƭ !ƛƳǎǳƴύ 

ɮ˄ʰˉˈˋˉʰˋˍˇ ˃ʷˊˇˌ ˍˇˎ ˋ˔ʶʵʽʰˋ˃ˇˏ ʰˉˇˍʶ˂ʶʾ ʹ ʵʽʰ˔ʶʾˊʽˋʹ ˍ˖˄ ˋʶ˄ʰˊʾ˖˄ όǎŎŜƴŀǊƛƻǎύ ˁʰʽ 

ˉʰˊʰ˂˂ʰʴ˗˄ όŜȄǇŜǊƛƳŜƴǘǎύΦ ʆˇ ˂ˇʴʽˋ˃ʽˁˈ ʵʾ˄ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ʵʽʰ˃ˈˊ˒˖ˋʹˌ ˉˇ˂˂ʰˉ˂˗˄ 

ʶˁʵˇ˔˗˄ ˍˇˎ ʾʵʽˇˎ ˃ˇ˄ˍʷ˂ˇˎΣ ˃ʶ ʶ˄ʰ˂˂ʰˁˍʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ʸʺˍʹˋʹˌΣ ʴʶ˖˃ʶˍˊʾʰˌ ʺ ʶ˂ʷʴ˔ˇˎ 

ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ ɴˍˋʽΣ ʵʽʶˎˁˇ˂ˏ˄ʶˍʰʽ ʹ ˋˏʴˁˊʽˋʹ ˃ʶˍʰ˅ˏ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˋʶ˄ʰˊʾ˖˄ ˋ˔ʶʵʽʰˋ˃ˇˏ ʺ 

˂ʶʽˍˇˎˊʴʾʰˌΦ 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ʶ˄ˋ˖˃ʰˍ˗˄ˇ˄ˍʰʽ ˇʽ ˊˎʻ˃ʾˋʶʽˌ ʶ˂ʷʴ˔ˇˎ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ˈˉ˖ˌ ˋʹ˃ʰˍˇʵˇˍʺˋʶʽˌ 

όǎƛƎƴŀƭ ŎƻƴǘǊƻƭύΣ ˋ˔ʷʵʽʰ ˒ʱˋʶ˖˄ ˁʰʽ ˋˎ˄ˍˇ˄ʽˋ˃ˈˌ ˁˈ˃ʲ˖˄Φ ʆˇ !ƛƳǎǳƴ ˎˉˇˋˍʹˊʾʸʶʽ ˍʹ˄ 

ʶ˒ʰˊ˃ˇʴʺ ˋˍʰˍʽˁ˗˄ ʺ ʵˎ˄ʰ˃ʽˁ˗˄ ˉ˂ʱ˄˖˄ ʶ˂ʷʴ˔ˇˎΣ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ˄ ˍˏˉˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˁʰʽ 

ˍˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ˃ʶ˂ʷˍʹˌΦ 
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ʆʷ˂ˇˌΣ ʵʽʰ˃ˇˊ˒˗˄ʶˍʰʽ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΣ ʶˉʽ˂ʷʴˇ˄ˍʰˌ ˍˇ˄ ˁʰˍʱ˂˂ʹ˂ˇ ˍˏˉˇΥ 

˃ʰˁˊˇˋˁˇˉʽˁʺΣ ˃ʶˋˇˋˁˇˉʽˁʺΣ ˃ʽˁˊˇˋˁˇˉʽˁʺ ʺ ˎʲˊʽʵʽˁʺ ˉˊˇˋʷʴʴʽˋʹΦ ɶ ˃ʽˁˊˇˉˊˇˋˇ˃ˇʾ˖ˋʹ 

ˉʰˊʷ˔ʶʽ ˂ʶˉˍˇ˃ʶˊʺ ʰ˄ʱ˂ˎˋʹ ʰ˄ʱ ˈ˔ʹ˃ʰΣ ʶ˄˗ ˇʽ ʱ˂˂ʶˌ ˃ʷʻˇʵˇʽ ˉˊˇˋ˒ʷˊˇˎ˄ ˃ʶʴʰ˂ˏˍʶˊʹ 

ˎˉˇ˂ˇʴʽˋˍʽˁʺ ˍʰ˔ˏˍʹˍʰ ˃ʶ ˉʶˊʽˇˊʽˋ˃ʷ˄ʹ ʰ˄ʱ˂ˎˋʹΦ ɶ ʶˉʽ˂ˇʴʺ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍˇˎˌ ˋˍˈ˔ˇˎˌ 

ˍʹˌ ˃ʶ˂ʷˍʹˌ ˁʰʽ ˍʹ ʵʽʰʻʶˋʽ˃ˈˍʹˍʰ ʵʶʵˇ˃ʷ˄˖˄Φ 

ɶ ˋˎˋˍʹ˃ʰˍʽˁʺ ˁʰʽ ˊʶʰ˂ʽˋˍʽˁʺ ˋ˔ʶʵʾʰˋʹ ˍˇˎ ˁˎˁ˂ˇ˒ˇˊʽʰˁˇˏ ˃ˇ˄ˍʷ˂ˇˎ ʰˉˇˍʶ˂ʶʾ ˍʹ ʲʱˋʹ ʴʽʰ 

ʰ˅ʽˈˉʽˋˍʹ ʰ˅ʽˇ˂ˈʴʹˋʹ ˉʰˊʶ˃ʲʱˋʶ˖˄Σ ˉˊˈʲ˂ʶ˕ʹ ʶˉʽʵˈˋʶ˖˄ ˁʰʽ ˎˉˇˋˍʺˊʽ˅ʹ ˂ʺ˕ʹˌ 

ʰˉˇ˒ʱˋʶ˖˄ ˋˍˇ ˉʶʵʾˇ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ˃ʹ˔ʰ˄ʽˁʺˌΦ 

ʁʽ ˉʰˊʰˉʱ˄˖ ʷ˄˄ˇʽʶˌ ˁʰʽ ʵʽʰʵʽˁʰˋʾʶˌ ʰ˄ʰ˂ˏˇ˄ˍʰʽ ʶˁˍʶ˄ʷˋˍʶˊʰ ˋˍʽˌ ʶˉˈ˃ʶ˄ʶˌ ʶ˄ˈˍʹˍʶˌ ˍʹˌ 

˃ʶʻˇʵˇ˂ˇʴʾʰˌΦ 

3.2. ɼˎˁ˂ˇ˒ˇˊʽʰˁʺ ɵʺˍʹˋʹ κ Traffic Demand 

ɶ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺ ʸʺˍʹˋʹ ˋʶ ʷ˄ʰ ˇʵʽˁˈ ʵʾˁˍˎˇ ˇˊʾʸʶˍʰʽ ˖ˌ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ 

ˁʽ˄ˇˏ˄ˍʰʽ ˁʰˍʱ ˃ʺˁˇˌ ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ˇʵʽˁ˗˄ ˍ˃ʹ˃ʱˍ˖˄ ˁʰʽ ʶˁˍʶ˂ˇˏ˄ ˋˍˊˇ˒ʷˌ ˋˍˇˎˌ ˁˈ˃ʲˇˎˌ 

ˍˇˎ ʵʽˁˍˏˇˎΦ ʆˇ ˂ˇʴʽˋ˃ʽˁˈ !ƛƳǎǳƴ bŜȄǘ ̄ ʰˊʷ˔ʶʽ ʵˏˇ ˁˏˊʽʶˌ ˃ʶʻˈʵˇˎˌ ʴʽʰ ˍʹ˄ ˉʶˊʽʴˊʰ˒ʺ 

ʰˎˍʺˌ ˍʹˌ ʸʺˍʹˋʹˌΥ 

όƛύ ˍˇ ˃ˇ˄ˍʷ˂ˇ ɼʰˍʰˋˍʱˋʶ˖˄ ɼˎˁ˂ˇ˒ˇˊʾʰˌ ό¢ǊŀŶŎ {ǘŀǘŜǎύΥ ̡h ˋʾʸʶˍʰʽ ˋˍʹ˄ ʰˉʶˎʻʶʾʰˌ 

˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˍ˖˄ ˉʰˊʰˍʹˊˇˏ˃ʶ˄˖˄ ˊˇ˗˄ ˋˍˇ ʵˊˈ˃ˇ 

όƛƛύ ˍˇ ˃ˇ˄ˍʷ˂ˇ ʃʽ˄ʱˁ˖˄ ʃˊˇʷ˂ʶˎˋʹˌπʃˊˇˇˊʽˋ˃ˇˏ όh5 ƳŀǘǊƛŎŜǎύΥ ˃̌ ˄ˍʶ˂ˇˉˇʽʶʾ ˍʰ ˍʰ˅ʾʵʽʰ 

ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽˇˏ˄ ˇʽ ˍʰ˅ʽʵʽ˗ˍʶˌ ˁʰʽ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˉˊ˗ˍʰ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˍʹˌ ʵʽʰʵˊˇ˃ʺˌ 

ˍˇˎˌΣ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˁʰʻ˗ˌ ʵʽʶˎˊˏ˄ʶˍʰʽ ˍˇ ʶˏˊˇˌ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˃ʶˍʰ˒ˇˊʱˌ ˍʹ˄ ʶˉʽ˂ˇʴʺ 

ˍˇˎ ˍˊˈˉˇˎ ˃ʶˍʰ˒ˇˊʱˌΣ ˍʹ˄ ʰ˄ˍʾʵˊʰˋʺ ˍˇˎˌ ˋˍʽˌ ˋˎ˃ʲˇˎ˂ʷˌ ʰˉˈ ˍʰ ʶˎ˒ˎʺ ˋˎˋˍʺ˃ʰˍʰ 

˃ʶˍʰ˒ˇˊ˗˄ όL¢{ύ ˁʰʽ ˍʹ˄ ʰˉˈ˒ʰˋʺ ˍˇˎˌ ˄ʰ ˍʰ˅ʽʵʷ˕ˇˎ˄Φ 

ɼʱʻʶ ˋʶ˄ʱˊʽˇ ˋʶ ʷ˄ʰ ǇǊƻƧŜŎǘ ̱ ˇˎ !ƛƳǎǳƴ ʺ ˁʱʻʶ ˉʶʾˊʰ˃ʰ ʶ˄ˍˈˌ ʶ˄ˈˌ ˋʶ˄ʰˊʾˇˎ ʵʽʰʻʷˍʶʽ ʷ˄ʰ 

˃ˇ˄ʰʵʽˁˈ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ʸʺˍʹˋʹˌΣ ˍˇ ˇˉˇʾˇ ˋ˔ʶˍʾʸʶˍʰʽ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ˃ʶ ʰˎˍˈΦ ʆʰ 

ʶˉʾˉʶʵʰ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˉˇˎ ˇˊʾʸˇ˄ˍʰʽ ˋˍˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ʸʺˍʹˋʹˌ ʲʰˋʾʸˇ˄ˍʰʽ ʶʾˍʶ ˋʶ ˋˏ˄ˇ˂ʰ 

ɼʰˍʰˋˍʱˋʶ˖˄ ɼˎˁ˂ˇ˒ˇˊʾʰˌ ό¢ǊŀŶŎ {ǘŀǘŜǎύ ʁʾˍʶ ˋʶ ʃʾ˄ʰˁʶˌ ʃˊˇʷ˂ʶˎˋʹˌπʃˊˇˇˊʽˋ˃ˇˏ όh5aύΣ 

˔˖ˊʾˌ ʵˎ˄ʰˍˈˍʹˍʰ ˍʰˎˍˈ˔ˊˇ˄ʹˌ ˔ˊʺˋʹˌ ˁʰʽ ˍ˖˄ ʵˏˇ ˃ʶʻˈʵ˖˄Φ ɶ ˔ˊʺˋʹ ʶ˄ˈˌ ʶ˄ʽʰʾˇˎ 

ʰ˄ˍʽˁʶʽ˃ʷ˄ˇˎ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ʸʺˍʹˋʹˌ ό¢ǊŀŶŎ 5ŜƳŀƴŘύ ɻʽʰˋ˒ʰ˂ʾʸʶʽ ˍʹ ˋˎ˄ʶˉʺ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ 

ʸʺˍʹˋʹˌ ˋʶ ˉˇ˂˂ʰˉ˂ʱ ˋʶ˄ʱˊʽʰ ʺ ˉʶʽˊʱ˃ʰˍʰΣ ˋʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍʹ˄ ʰˉˇˋˉʰˋ˃ʰˍʽˁʺ ʵʽʰ˔ʶʾˊʽˋʺ 

ˍʹˌ ˋʶ ˁʱʻʶ ˃ʶ˃ˇ˄˖˃ʷ˄ˇ ˉʶʾˊʰ˃ʰΦ όaŀƴǳŀƭ !ƛƳǎǳƴύ 

 ɶ ˉʶˊʽʴˊʰ˒ʺ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ʸʺˍʹˋʹˌ ʲʰˋʾʸʶˍʰʽ ˋʶ ʵˏˇ ˁˊʾˋʽ˃ʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˉˇˎ 

˔ʰˊʰˁˍʹˊʾʸˇˎ˄ ˍʰ ˇ˔ʺ˃ʰˍʰ ˍˇˎ ʵʽˁˍˏˇˎΥ 

¶ ʆˏˉˇˌ ʁ˔ʺ˃ʰˍˇˌ ό±ŜƘƛŎƭŜ ¢ȅǇŜύΥ ɮ˄ʰ˒ʷˊʶˍʰʽ ˋˍʹ˄ ˍʰ˅ʽ˄ˈ˃ʹˋʹ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˁʰʽ ˍ˖˄ 

ˇʵʹʴ˗˄ ʲʱˋʶʽ ˁˇʽ˄˗˄ ˒ˎˋʽˁ˗˄ ˁʰʽ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌΦ ɳ˄ʵʶʽˁˍʽˁˇʾ ˍˏˉˇʽ 

ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ʶˉʽʲʰˍʽˁʱ ʰˎˍˇˁʾ˄ʹˍʰΣ ˍʰ˅ʾΣ ʵʹ˃ˈˋʽʰ ˁʰʽ ʽʵʽ˖ˍʽˁʱ ˂ʶ˖˒ˇˊʶʾʰΣ ˃ʷˋʰ 

ʶ˂ʰ˒ˊʱˌ ˋʽʵʹˊˇʵˊˇ˃ʽˁʺˌ ˃ʶˍʰ˒ˇˊʱˌ ό[w¢ύΣ {¦±Σ ˒ˇ́ˍʹʴʱ ˁʰʽ ʲʰˊʷʰ ˇ˔ʺ˃ʰˍʰΦ 

¶ ʅˁˇˉˈˌ ʆʰ˅ʽʵʽˇˏ ό¢ǊƛǇ tǳǊǇƻǎŜύΥ ɼʰʻˇˊʾʸʶʽ ˍˇ˄ ˂ˈʴˇ ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹˌ ˍˇˎ ˍʰ˅ʽʵʽˇˏΣ 

ˈˉ˖ˌ ʴʽʰ ˉʰˊʱʵʶʽʴ˃ʰ ʶˊʴʰˋʾʰΣ ˃ʶˍʰˁʾ˄ʹˋʹ ʺ ʰ˄ʰ˕ˎ˔ʺΦ 
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-20- 

 

ʂˍʰ˄ ˎˉʱˊ˔ˇˎ˄ ʵʽʰʻʷˋʽ˃ʶˌ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍˇˎˌ ʅˁˇˉˇˏˌ ʆʰ˅ʽʵʽˇˏΣ ʰˎˍˇʾ ˃ˉˇˊˇˏ˄ ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʴʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ɼʰˍʹʴˇˊʽ˗˄ ʋˊʹˋˍ˗˄ ό¦ǎŜǊ /ƭŀǎǎŜǎύΣ ̌ʽ ˇˉˇʾʶˌ 

ˋˎ˄ʵʷˇˎ˄ ˍˇ˄ ˍˏˉˇ ˇ˔ʺ˃ʰˍˇˌ ˃ʶ ˍˇ˄ ˋˁˇˉˈ ˍˇˎ ˍʰ˅ʽʵʽˇˏΦ ɮˎˍʺ ʹ ˉˊˇˋʷʴʴʽˋʹ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ 

ˁʰˍʰˋˁʶˎʺ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˉʽ˄ʱˁ˖˄ ˉˊˇʷ˂ʶˎˋʹˌπ̄ ˊˇˇˊʽˋ˃ˇˏ ʴʽʰ ˁʱʻʶ ˋˁˇˉˈ ˍʰ˅ʽʵʽˇˏ ˁʰʽ ˍʹ 

ʵʽʰˁˊʽˍʺ ʶˁ˔˗ˊʹˋʺ ˍˇˎˌ ˋˍˇ ʵʾˁˍˎˇ ˃ʶ ˔ˊʺˋʹ ʵʽʰ˒ˇˊˇˉˇʽʹ˃ʷ˄˖˄ ʴʶ˄ʽˁʶˎ˃ʷ˄˖˄ ˁˇˋˍ˗˄Φ ɶ 

ʷ˄˖ˋʹ ʆˏˉˇˎ ʁ˔ʺ˃ʰˍˇˌ ˁʰʽ ʅˁˇˉˇˏ ʆʰ˅ʽʵʽˇˏ ˋʶ ɼʰˍʹʴˇˊʾʰ ʋˊʺˋˍʹ ˎˉˇˋˍʹˊʾʸʶʽ ˉʶˊʰʽˍʷˊ˖ 

ˍʹ ˂ʶˉˍˇ˃ʶˊʺ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˍʹˌ ʶˉʽ˂ˇʴʺˌ ʵʽʰʵˊˇ˃ʺˌ ˁʰʽ ˍˇˎ ˍˊˈˉˇˎ ˃ʶˍʰ˒ˇˊʱˌΦ 

3.2.1. ɼʰˍʰˋˍʱˋʶʽˌ ɼˎˁ˂ˇ˒ˇˊʾʰˌ κ Traffic States 
ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ʸʺˍʹˋʹˌ ˋˎ˄ʾˋˍʰ˄ˍʰʽ ʰˉˈ ˍʽˌ ˊˇʷˌ ʶʽˋˈʵˇˎ ˋˍʰ ˍ˃ʺ˃ʰˍʰ 

ʶʽˋˈʵˇˎ ˍˇˎ ˇʵʽˁˇˏ ʵʽˁˍˏˇˎ ˁʰʽ ˍʽˌ ʰ˄ʰ˂ˇʴʾʶˌ ˋˍˊʶ˒ˇˎˋ˗˄ ˁʽ˄ʺˋʶ˖˄ ˋʶ ˁʱʻʶ ˁˈ˃ʲˇΦ ɼʰʽ ˇʽ 

ʵˏˇ ˉʰˊʱ˃ʶˍˊˇʽ ˃ˉˇˊˇˏ˄ ˄ʰ ˁʰʻˇˊʽˋˍˇˏ˄ ʰ˄ʱ ˍˏˉˇ ˇ˔ʺ˃ʰˍˇˌΦ ʆʰ ʵʶʵˇ˃ʷ˄ʰ ʰˎˍʱ ˃ˉˇˊˇˏ˄ 

˄ʰ ˉˊˇˁˏ˕ˇˎ˄ ʶʾˍʶ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ˉˊˇʹʴˇˏ˃ʶ˄ʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ʰ˄ʱʻʶˋʹˌΣ ʶʾˍʶ ʰˉˈ ʱ˃ʶˋʰ 

ˉʰˊʰˍʹˊˇˏ˃ʶ˄ʰ ʵʶʵˇ˃ʷ˄ʰ ˃ʷˋ˖ ʰ˄ʽ˔˄ʶˎˍ˗˄Σ ʶʾˍʶ ˄ʰ ˉˊˇˋʵʽˇˊʽˋˍˇˏ˄ ʻʶ˖ˊʹˍʽˁʱ ʰˉˈ ˍˇ˄ 

˔ˊʺˋˍʹ ʴʽʰ ˋˁˇˉˇˏˌ ˉʶʽˊʰ˃ʰˍʽˁʺˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ 

ɶ ʸʺˍʹˋʹ ˉˇˎ ʲʰˋʾʸʶˍʰʽ ˋʶ ʰˎˍˈ ˍˇ ˃ˇ˄ˍʷ˂ˇ ʸʺˍʹˋʹˌ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ʰˉˇˍˎˉ˗ˋʶʽ ʵˎ˄ʰ˃ʽˁʷˌ 

ʰ˂˂ʰʴʷˌ ˋˍʹ ˔ˊʺˋʹ ˍˇˎ ʵʽˁˍˏˇˎ ˉˇˎ ˉˊˇˁʰ˂ˇˏ˄ ˍˊˇˉˇˉˇʽʺˋʶʽˌ ˋˍʹ ʵʽʰʵˊˇ˃ʺ ˍ˖˄ ˍʰ˅ʽʵʽ˖ˍ˗˄ 

˖ˌ ʰˉˈˁˊʽˋʹ ˋʶ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˈˉ˖ˌ ʹ ˋˎ˃˒ˈˊʹˋʹΦ ʃʰˊˈ˂ʰ ʰˎˍʱΣ ˇʽ ˁʰˍʰˋˍʱˋʶʽˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ 

˃ˉˇˊˇˏ˄ ˄ʰ ʵʽʰ˒ˇˊˇˉˇʽˇˏ˄ˍʰʽ ˃ʶˍʰ˅ˏ ˔ˊˇ˄ʽˁ˗˄ ʵʽʰˋˍʹ˃ʱˍ˖˄Σ ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˍʹ 

˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˃ʶˍʰʲʰ˂˂ˈ˃ʶ˄˖˄ ˁˎˁ˂ˇ˒ˇˊʽʰˁ˗˄ ˃ˇˍʾʲ˖˄ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ʹ˃ʷˊʰˌΦ ɱʽʰ 

ˉʰˊʱʵʶʽʴ˃ʰΣ ˃ʽʰ ˁʰˍʱˋˍʰˋʹ ˁˎˁ˂ˇ˒ˇˊʾʰˌ όǘǊŀŶŎ ǎǘŀǘŜύ ˃ˉˇˊʶʾ ˄ʰ ʰ˄ʰˉʰˊʽˋˍʱ ˍʹ ʲʰˋʽˁʺ ˊˇʺ 

ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˎˉˇʲʱʻˊˇˎΣ ˍˇˉˇʻʶˍ˗˄ˍʰˌ ˋˍʰʻʶˊʷˌ ˊˇʷˌ ˇ˔ʹ˃ʱˍ˖˄ ˋˍˇ ʵʾˁˍˎˇΣ ʶ˄˗ ʷ˄ʰ ʱ˂˂ˇ 

˃ˉˇˊʶʾ ˄ʰ ʶ˒ʰˊ˃ˈʸʶʽ ʶˉʽˉˊˈˋʻʶˍʶˌ ʰʽ˔˃ʷˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ˈˉ˖ˌ ˃ʽʰ ˉˊ˖ʽ˄ʺ ˊˇʺ ˋ˔ˇ˂ʽˁ˗˄ 

ʵʽʰʵˊˇ˃˗˄Φ ʆˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ʸʺˍʹˋʹˌ ˋʶ ʷ˄ʰ ̀ʶ˄ʱˊʽˇ ˃ˉˇˊʶʾ ˄ʰ ʶ˄ˋ˖˃ʰˍ˗˄ʶʽ 

ˉˇ˂˂ʰˉ˂ʷˌ ˁʰˍʰˋˍʱˋʶʽˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ όǘǊŀŶŎ ǎǘŀǘŜǎύ ɹ ʽʰ ˄ʰ ʰˉˇʵ˗ˋʶʽ ʵʽʰ˒ˇˊʶˍʽˁʷˌ 

ˁʰˍʰˋˍʱˋʶʽˌ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ 

ʃʰˊʱ ˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ˍʰ ˃ˇ˄ˍʷ˂ʰ ʲʰˋʽˋ˃ʷ˄ʰ ˋʶ ˁʰˍʰˋˍʱˋʶʽˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ όǘǊŀŶŎ ǎǘŀǘŜǎύ ʶʾ˄ʰʽ 

ˋˎ˔˄ʱ ʰˉ˂ˇˏˋˍʶˊʰ ˋˍʹ˄ ʰ˄ʱˉˍˎ˅ʹΣ ʵʶʵˇ˃ʷ˄ʹˌ ˍʹˌ ʱ˃ʶˋʹˌ ʰ˄ˍʽˋˍˇʾ˔ʽˋʹˌ ˃ʶ ˍʰ 

ˉʰˊʰˍʹˊˇˏ˃ʶ˄ʰ ʵʶʵˇ˃ʷ˄ʰΣ ˉʰˊˇˎˋʽʱʸˇˎ˄ ˋʹ˃ʰ˄ˍʽˁˇˏˌ ˉʶˊʽˇˊʽˋ˃ˇˏˌΦ ʆʰ ˃ʶ˃ˇ˄˖˃ʷ˄ʰ 

ˇ˔ʺ˃ʰˍʰ ʶ˄ˍˈˌ ʰˎˍ˗˄ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ ʵʶ˄ ʵʽʰʻʷˍˇˎ˄ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ˇ ˉˊˇˇˊʽˋ˃ˈ˜ ʰ˄ˍʾʻʶˍʰΣ 

ʶˉʽ˂ʷʴˇˎ˄ ˍʽˌ ˋˍˊˇ˒ʷˌ ˋˍʽˌ ʵʽʰˋˍʰˎˊ˗ˋʶʽˌ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʽˌ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʶˌ ʰ˄ʰ˂ˇʴʾʶˌ 

ˋˍˊˇ˒ʺˌΣ ˋˎ˄ʶ˔ʾʸˇ˄ˍʰˌ ˍʹ˄ ˁʾ˄ʹˋʺ ˍˇˎˌ ˃ʷ˔ˊʽ ˄ʰ ʶ˅ʷ˂ʻˇˎ˄ ʰˉˈ ˍˇ ʵʾˁˍˎˇΦ ʍˌ ʶˁ ˍˇˏˍˇˎΣ ʵʶ˄ 

ʶʾ˄ʰʽ ʵˎ˄ʰˍʺ ʹ ˔ˊʺˋʹ ʰˎˍ˗˄ ˍ˖˄ ˃ˇ˄ˍʷ˂˖˄ ʴʽʰ ˍʹ ˃ʶ˂ʷˍʹ ʶˉʽˉˍ˗ˋʶ˖˄ ˈˉ˖ˌ ʹ ʶˉʾʵˊʰˋʹ ˍʹˌ 

ˉˊˇˋʻʺˁʹˌ ˋˍˇ˔ʶˎ˃ʷ˄ʹˌ ʸʺˍʹˋʹˌΣ ʹ ʰ˄ʱ˂ˎˋʹ ˍʹˌ ʶˉʽ˂ˇʴʺˌ ʵʽʰʵˊˇ˃ʺˌ ʺ ʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹ 

ʵʽˁˍˏ˖˄ ˃ʶ ʰˊʰʽʺ ʺ ʶ˂˂ʽˉʺ ˉ˂ʹˊˇ˒ˈˊʹˋʹ ʴʽʰ ˍʹ ʸʺˍʹˋʹΦ όaŀƴǳŀƭ !ƛƳǎǳƴύ 

ʆʷ˂ˇˌ ˍʰ ˃ˇ˄ˍʷ˂ʰ ˇʽ ˁʰˍʰˋˍʱˋʶʽˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ όǘǊŀŶŎ ǎǘŀǘŜǎύ ̝ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʰˉˇˁ˂ʶʽˋˍʽˁʱ 

ˋʶ ˉˊˇˋˇ˃ˇʽ˖ˍʷˌ ʲʰˋʽˋ˃ʷ˄ˇˎˌ ˋʶ ˇ˔ʺ˃ʰˍʰ όaƛŎǊƻǎŎƻǇƛŎΣ aŜǎƻǎŎƻǇƛŎ ʺ ʇʲˊʽʵʽˁˇˏˌύ ˁʰʽ ˋʶ 

˃ˇ˄ˍʷ˂ʰ ʅˍˇ˔ʰˋˍʽˁʺˌ ɳˉʽ˂ˇʴʺˌ ɲʽʰʵˊˇ˃ʺˌ ό{ǘƻŎƘŀǎǝŎ wƻǳǘŜ /ƘƻƛŎŜ π {w/ύΣ ʶ˄˗ ʵʶ˄ ʶʾ˄ʰʽ 

ˋˎ˃ʲʰˍʷˌ ˃ʶ ˃ˇ˄ˍʷ˂ʰ ˋˍʰˍʽˁʺˌ ʰ˄ʱʻʶˋʹˌΣ ˍʰ ˇˉˇʾʰ ʰˉʰʽˍˇˏ˄ ˍʹ ˔ˊʺˋʹ ʃʽ˄ʱˁ˖˄ ʃˊˇʷ˂ʶˎˋʹˌπ

ʃˊˇˇˊʽˋ˃ˇˏ όh5 aŀǘǊƛŎŜǎύΦ 
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ɱʷ˄ʶˋʹ ˁ ʰʽ ɼʾ˄ʹˋʹ ʁ˔ʹ˃ʱˍ˖˄ / Vehicle Generation and Movement 
ɶ ʵʽʰʵʽˁʰˋʾʰ ˉʰˊʰʴ˖ʴʺˌ ˇ˔ʹ˃ʱˍ˖˄ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʷˋ˖ ˍ˖˄ ˍ˃ʹ˃ʱˍ˖˄ ʶʽˋˈʵˇˎ ˍˇˎ 

ʵʽˁˍˏˇˎΣ ʰˁˇ˂ˇˎʻ˗˄ˍʰˌ ʷ˄ʰ ˋˍˇ˔ʰˋˍʽˁˈ ˃ˇ˄ˍʷ˂ˇ ˉʰˊʰʴ˖ʴʺˌ ˉˇˎ ʲʰˋʾʸʶˍʰʽ ˋˍʽˌ 

ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʶˌ ˃ʷˋʶˌ ˊˇʷˌ ʶʽˋˈʵˇˎΦ ʆʰ ˇ˔ʺ˃ʰˍʰ ˁʰˍʰ˄ʷ˃ˇ˄ˍʰʽ ʶ˄ˍˈˌ ˍˇˎ ʵʽˁˍˏˇˎ 

ʰˁˇ˂ˇˎʻ˗˄ˍʰˌ ˍʽˌ ʰ˄ʰ˂ˇʴʾʶˌ ˋˍˊʶ˒ˇˎˋ˗˄ ˉˇˎ ʷ˔ˇˎ˄ ˉˊˇˋʵʽˇˊʽˋˍʶʾ ˋʶ ˁʱʻʶ ˁˈ˃ʲˇΦ 

ʅˍʹ˄ ˉˊˇˋʷʴʴʽˋʹ ʰˎˍʺΣ ˍʰ ˇ˔ʺ˃ʰˍʰ ʵʶ˄ ʵʽʰʻʷˍˇˎ˄ ˉ˂ʺˊʹ ʶˁ ˍ˖˄ ˉˊˇˍʷˊ˖˄ ʴ˄˗ˋʹ ˍʹˌ 

ˋˎ˄ˇ˂ʽˁʺˌ ʵʽʰʵˊˇ˃ʺˌ ˍˇˎˌ ˉˊˇˌ ˍˇ˄ ˍʶ˂ʽˁˈ ˉˊˇˇˊʽˋ˃ˈΦ ɮ˄ˍʽʻʷˍ˖ˌΣ ˁʱʻʶ ˈ˔ʹ˃ʰ ʵʽʰˍʹˊʶʾ ˋˍʹ 

˃˄ʺ˃ʹ ˉ˂ˇʺʴʹˋʺˌ ˍˇˎ ˃ˈ˄ˇ ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍʽˌ ʶˉˈ˃ʶ˄ʶˌ ˍˊʶʽˌ ˋˍˊˇ˒ʷˌ ˍˇˎ ʺ ʴʽʰ ˍʰ ˍʷˋˋʶˊʰ 

ʶ̄ ˈ˃ʶ˄ʰ ˍ˃ʺ˃ʰˍʰ ˍˇˎ ʵʽˁˍˏˇˎ όˋˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄ˇˎ ˍˇˎ ˍ˃ʺ˃ʰˍˇˌ ˋˍˇ ˇˉˇʾˇ ʲˊʾˋˁʶˍʰʽύΦ 

ɮˎˍʺ ʹ ˉ˂ʹˊˇ˒ˇˊʾʰ ʶˉʽˍˊʷˉʶʽ ˋˍˇ ˈ˔ʹ˃ʰ ˄ʰ ˂ʰ˃ʲʱ˄ʶʽ ˇˊʻˇ˂ˇʴʽˁʷˌ ʰˉˇ˒ʱˋʶʽˌ ʰ˂˂ʰʴʺˌ 

˂˖ˊʾʵʰˌΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ ˃ˇ˄ˍʷ˂ˇ ʰ˂˂ʰʴʺˌ ˂˖ˊʾʵʰˌ ˍˇˎ !ƛƳǎǳƴ bŜȄǘΦ 

ɶ ʶ˄ʹ˃ʷˊ˖ˋʹ ˍʹˌ ˃˄ʺ˃ʹˌ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˋʶ ˁʱʻʶ ˁˈ˃ʲˇ ˉˇˎ ʵʽʰˋ˔ʾʸʶʽ ˍˇ ˈ˔ʹ˃ʰΣ ˈˉˇˎ ʹ 

˄ʷʰ ʶˉʽ˂ˇʴʺ ˁʰˍʶˏʻˎ˄ˋʹˌ ʲʰˋʾʸʶˍʰʽ ˋˍʽˌ ʶˉʽˁˊʰˍˇˏˋʶˌ ʰ˄ʰ˂ˇʴʾʶˌ ˋˍˊʶ˒ˇˎˋ˗˄ ˍˇˎ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ˁˈ˃ʲˇˎΦ ɶ ʵʽʰʵʽˁʰˋʾʰ ʰˎˍʺ ʽˋ˔ˏʶʽ ˍˈˋˇ ʴʽʰ ˁˈ˃ʲˇˎˌ ˋˎ˄ʵʷˋʶ˖˄ ˈˋˇ ˁʰʽ ʴʽʰ 

ˁˈ˃ʲˇˎˌ ʵʽʰˋˍʰˎˊ˗ˋʶ˖˄Φ όaŀƴǳŀƭ !ƛƳǎǳƴύ 

ʆˇ ˂ˇʴʽˋ˃ʽˁˈ !ƛƳǎǳƴ bŜȄǘ ˉʰˊʷ˔ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ʵʽʰ˒ˇˊˇˉˇʾʹˋʹˌ ˍ˖˄ ʰ˄ʰ˂ˇʴʽ˗˄ ˋˍˊˇ˒ʺˌ 

ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ˄ ʶʾˋˇʵˇ ˍˇˎ ˍ˃ʺ˃ʰˍˇˌΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˋʶ ˍ˃ʺ˃ʰˍʰ ˉˇˎ ʵʽʰʻʷˍˇˎ˄ 

ˉʶˊʽˋˋˈˍʶˊʶˌ ˍʹˌ ˃ʾʰˌ ʶʽˋˈʵˇˎˌΣ ˇʽ ʰ˄ʰ˂ˇʴʾʶˌ ˋˍˊʶ˒ˇˎˋ˗˄ ˉˊˇˌ ˍʰ ʶˉˈ˃ʶ˄ʰ ˍ˃ʺ˃ʰˍʰ 

ʵˏ˄ʰ˄ˍʰʽ ˄ʰ ʶ˅ʰˊˍ˗˄ˍʰʽ ʰˉˈ ˍʹ˄ ˉˊˇʷ˂ʶˎˋʹ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ʶʱ˄ ˍˇ ˍ˃ʺ˃ʰ о 

ˍˊˇ˒ˇʵˇˍʶʾˍʰʽ ʰˉˈ ˍʰ ˍ˃ʺ˃ʰˍʰ м ˁʰʽ нΣ ˍˈˍʶ ˇʽ ʰ˄ʰ˂ˇʴʾʶˌ ˋˍˊˇ˒ʺˌ ʰˉˈ ˍˇ ˍ˃ʺ˃ʰ о ˉˊˇˌ ˍʰ 

ˍ˃ʺ˃ʰˍʰ п ˁʰʽ р ˃ˉˇˊʶʾ ˄ʰ ʵʽʰ˒ˇˊˇˉˇʽˇˏ˄ˍʰʽ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ ʶʱ˄ ˍˇ ˈ˔ʹ˃ʰ ˉˊˇʷˊ˔ʶˍʰʽ ʰˉˈ 

ˍˇ ˍ˃ʺ˃ʰ м ʺ ʰˉˈ ˍˇ ˍ˃ʺ˃ʰ нΦ ɮ˄ˍʾˋˍˇʽ˔ʰΣ ˍˇ ʾʵʽˇ ʽˋ˔ˏʶʽ ʴʽʰ ˍˇ ˍ˃ʺ˃ʰ рΣ ˃ʶ ʶʽˋˈʵˇˎˌ ʰˉˈ ˍʰ 

ˍ˃ʺ˃ʰˍʰ о ˁʰʽ сΦ 

ʆʰ ˔ˊˇ˄ʽˁʱ ʵʽʰˋˍʺ˃ʰˍʰ ʱ˒ʽ˅ʹˌ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˁʰʻˇˊʾʸˇ˄ˍʰʽ ʰˉˈ ˍʽˌ ˃ʷˋʶˌ ˍʽ˃ʷˌ ˊˇ˗˄ ˋˍʰ 

ˍ˃ʺ˃ʰˍʰ ʶʽˋˈʵˇˎΣ ˃ʶ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˁʰˍʱ˂˂ʹ˂˖˄ ˋˍˇ˔ʰˋˍʽˁ˗˄ ˁʰˍʰ˄ˇ˃˗˄ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʽˌ 

ˉˊˇʵʽʰʴˊʰ˒ʷˌ ˍʹˌ ʶ˄ˈˍʹˍʰˌ ɲʹ˃ʽˇˎˊʴʾʰ ɼˎˁ˂ˇ˒ˇˊʾʰˌΦ 

ʁ ˍˏˉˇˌ ˇ˔ʺ˃ʰˍˇˌ ʶˁ˔˖ˊʶʾˍʰʽ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʽˌ ʶˁ ˍ˖˄ ˉˊˇˍʷˊ˖˄ ˇˊʽˋ˃ʷ˄ʶˌ ʰ˄ʰ˂ˇʴʾʶˌ ˍˏˉ˖˄ 

ˇ˔ʹ˃ʱˍ˖˄ ʰ˄ʱ ˍ˃ʺ˃ʰΦ ɶ ʶˉʽ˂ˇʴʺ ˍʹˌ ˂˖ˊʾʵʰˌ ʶʽˋˈʵˇˎ ˁʰʻˇˊʾʸʶˍʰʽ ʰˉˈ ˍˇ ˍˊʷ˔ˇ˄ ˁʰʻʶˋˍ˗ˌ 

ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˈ˂˖˄ ˍ˖˄ ˂˖ˊʾʵ˖˄ ˍˇˎ ˍ˃ʺ˃ʰˍˇˌΣ ˍʹ˄ ˏˉʰˊ˅ʹ ʵʶˋ˃ʶˎ˃ʷ˄˖˄ ˂˖ˊʾʵ˖˄Σ ˁʰʻ˗ˌ 

ˁʰʽ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌΦ ʅˎ˄ʺʻ˖ˌΣ ˉˊˇˍʽ˃˗˄ˍʰʽ ˇʽ ʵʶ˅ʽˈˍʶˊʶˌ ʺ ʰˊʽˋˍʶˊˈˍʶˊʶˌ 

˂˖ˊʾʵʶˌ όʰ˄ʰ˂ˈʴ˖ˌ ˍˇˎ ʶ˒ʰˊ˃ˇʸˈ˃ʶ˄ˇˎ ˁʰ˄ˈ˄ʰ ˁˎˁ˂ˇ˒ˇˊʾʰˌύΣ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʽˌ ˁʶ˄ˍˊʽˁʷˌ 

˂˖ˊʾʵʶˌΦ 
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ʅ˔ʺ˃ʰ 1: ɼʰˍʰˋˍʱˋʶʽˌ ɼˎˁ˂ˇ˒ˇˊʾʰˌ- Aimsun Manual 

3.2.2. ʃʾ˄ʰˁʶˌ ʃˊˇʷ˂ʶˎˋʹˌ-ʃˊˇˇˊʽˋ˃ˇˏ κ OD Matrices 
ɶ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺ ʸʺˍʹˋʹ ʲʰˋʽˋ˃ʷ˄ʹ ˋʶ ʃʾ˄ʰˁʶˌ ʃˊˇʷ˂ʶˎˋʹˌπʃˊˇˇˊʽˋ˃ˇˏ όh5 aŀǘǊƛŎŜǎύ 

ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ˉʽ˄ʱˁ˖˄Σ ˁʰʻʷ˄ʰˌ ʶˁ ˍ˖˄ ˇˉˇʾ˖˄ ˉʶˊʽʴˊʱ˒ʶʽ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ 

ʵʽʰʵˊˇ˃˗˄ ˃ʶˍʰ˅ˏ ˁʶ˄ˍˊˇʶʽʵ˗˄ ˋʹ˃ʶʾ˖˄ ʴʽʰ ˁʱʻʶ ʸʶˏʴˇˌ ʆˏˉˇˎ ʁ˔ʺ˃ʰˍˇˌ ˁʰʽ ʅˁˇˉˇˏ 

ʆʰ˅ʽʵʽˇˏΣ ʶ˄ˍˈˌ ˁʰʻˇˊʽˋ˃ʷ˄˖˄ ˔ˊˇ˄ʽˁ˗˄ ˉʶˊʽˈʵ˖˄Φ ɶ ʲʰˋʽˁʺ ʰˉʰʾˍʹˋʹ ʵʶʵˇ˃ʷ˄˖˄ ʴʽʰ ˍʹ 

ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ ˍʷˍˇʽˇˎ ˃ˇ˄ˍʷ˂ˇˎ ʶʾ˄ʰʽ ʹ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ʰˊʽʻ˃ˇˏ ˍ˖˄ ˍʰ˅ʽʵʽ˗˄ ˃ʶˍʰ˅ˏ ˍ˖˄ 

ˁʶ˄ˍˊˇʶʽʵ˗˄Σ ʹ ˇˉˇʾʰ ˋˎ˄ʺʻ˖ˌ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ʵʶʵˇ˃ʷ˄ʰ ˔ˊʺˋʹˌ ʴʹˌ ˁʰʽ ʵʹ˃ˇʴˊʰ˒ʽˁʷˌ 

ʰ˄ʰ˂ˏˋʶʽˌΦ ɮˎˍʷˌ ˇʽ ʰˊ˔ʽˁʷˌ ʶˁˍʽ˃ʺˋʶʽˌ ʵˏ˄ʰ˄ˍʰʽ ˄ʰ ʲʶ˂ˍʽ˖ʻˇˏ˄ ˉʶˊʰʽˍʷˊ˖ ˃ʷˋ˖ ˍʹˌ 

ʶ˄ˋ˖˃ʱˍ˖ˋʹˌ ˉʰˊʰˍʹˊˇˏ˃ʶ˄˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˊˇʺˌ ˁʰʽ ˃ʶˍˊʺˋʶ˖˄ ˋˍˊʶ˒ˇˎˋ˗˄Φ ʅʶ ʰ˄ˍʾʻʶˋʹ 

˃ʶ ˍʰ ˃ˇ˄ˍʷ˂ʰ ˉˇˎ ʲʰˋʾʸˇ˄ˍʰʽ ˋʶ ˁʰˍʰˋˍʱˋʶʽˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ˋʶ ʰˎˍʺ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʶʾ˄ʰʽ 

ʰˉˇʵʶˁˍˈ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˄ʰ ʶʾ˄ʰʽ ʰˊʰʽʱ ʺ ˄ʰ ˃ʹ˄ ˁʰ˂ˏˉˍˇˎ˄ ˈ˂ʶˌ ˍʽˌ ʵˎ˄ʰˍʷˌ ʵʽʰˋˍʰˎˊ˗ˋʶʽˌ 

ˁʰʽ ˍ˃ʺ˃ʰˍʰ ˍˇˎ ʵʽˁˍˏˇˎΦ 

ʆʰ ˃ˇ˄ˍʷ˂ʰ ˉˇˎ ʲʰˋʾʸˇ˄ˍʰʽ ˋʶ ʃʾ˄ʰˁʶˌ h5Σ h ˉʰʽˍˇˏ˄ ʷ˄ʰ ʶˉʽˉ˂ʷˇ˄ ˋˍʱʵʽˇ ˁʰˍʱ ˍʹ˄ ʰˊ˔ʽˁʺ 

˒ʱˋʹ ʰ˄ʱˉˍˎ˅ʹˌΥ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˍ˖˄ ʾʵʽ˖˄ ˍ˖˄ ˉʽ˄ʱˁ˖˄ h5Φ ʃʰˊˈˍʽ ʰˎˍʺ ʹ ʵʽʰʵʽˁʰˋʾʰ ʶʾ˄ʰʽ 

ˉʽˇ ʰˉʰʽˍʹˍʽˁʺΣ ˁʰʻ˗ˌ ˉˊˇːˉˇʻʷˍʶʽ ˉʶˊʾˉ˂ˇˁʶˌ ˃ʶʻˈʵˇˎˌ ʶ˅ʰʴ˖ʴʺˌ ˁʰʽ ʲʰʻ˃ˇ˄ˈ˃ʹˋʹˌ 

ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ ˉʰˊʰˍʹˊʺˋʶʽˌΣ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʁ ˉʽˍˊʷˉˇˎ˄ ˍʹ˄ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˉˇ˂ˏ ˉʽˇ 

ˋˏ˄ʻʶˍ˖˄ ˁʰʽ ˊʶʰ˂ʽˋˍʽˁ˗˄ ˋˎ˃ˉʶˊʽ˒ˇˊ˗˄ ˍʰ˅ʽʵʽ˖ˍ˗˄ ˋˎʴˁˊʽˍʽˁʱ ˃ʶ ˍʰ ˃ˇ˄ˍʷ˂ʰ ˉˇˎ 

ʲʰˋʾʸˇ˄ˍʰʽ ˋʶ ˁʰˍʰˋˍʱˋʶʽˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ ɼʱʻʶ ˈ˔ʹ˃ʰ ʷ˔ʶʽ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʹ ˉˊˇʷ˂ʶˎˋʹ ˁʰʽ 

ˉˊˇˇˊʽˋ˃ˈΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ʶˉʽˍˊʷˉʶʽ ˍʹ ʵˎ˄ʰ˃ʽˁʺ ʶˉʽ˂ˇʴʺ ʵʽʰʵˊˇ˃ʺˌ ˃ʶ ʲʱˋʹ ˍʹ 

˃ʶˍʰʲʰ˂˂ˈ˃ʶ˄ʹ ˁʰˍʱˋˍʰˋʹ ˋˎ˃˒ˈˊʹˋʹˌ ˋˍˇ ˇʵʽˁˈ ʵʾˁˍˎˇΦ όaŀƴǳŀƭ !ƛƳǎǳƴύ 

ɼʰˍʱ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˍ˖˄ ˉʽ˄ʱˁ˖˄ h5Σ ʵˏ˄ʰ˄ˍʰʽ ˄ʰ ˃ˇ˄ˍʶ˂ˇˉˇʽʹʻˇˏ˄ ʵʽʱ˒ˇˊʶˌ ˃ʶˍʰʲ˂ʹˍʷˌΣ 

ˈˉ˖ˌ ʰ˂˂ʰʴʷˌ ˋˍʹ ˔ˊʺˋʹ ʴʹˌΣ ʵʽʰ˒ˇˊˇˉˇʽʺˋʶʽˌ ˋˍʰ ʵʹ˃ˇʴˊʰ˒ʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱΣ 

ʶ˄ʰ˂˂ʰˁˍʽˁˇʾ ˋˁˇˉˇʾ ˍʰ˅ʽʵʽˇˏΣ ʵʽʰ˒ˇˊˇˉˇʽʺˋʶʽˌ ˋˍˇ ˁˈˋˍˇˌ ˃ʶˍʰˁʾ˄ʹˋʹˌ ˁʰʽ ʶ˄ʰ˂˂ʰʴʷˌ ˋˍˇ˄ 

ˍˊˈˉˇ ˃ʶˍʰ˒ˇˊʱˌΦ ɳˉʽˉ˂ʷˇ˄Σ ˍʰ ˃ˇ˄ˍʷ˂ʰ ʰˎˍʱ ʶˉʽˍˊʷˉˇˎ˄ ˍʹ ʵʽʶˊʶˏ˄ʹˋʹ ˍˈˋˇ ˍʹˌ ʶˉʾʵˊʰˋʹˌ 

˃ʶˍʰʲˇ˂˗˄ ˋˍʹ ʸʺˍʹˋʹΣ ˈˋˇ ˁʰʽ ʰ˂˂ʰʴ˗˄ ˋˍˇ ʾʵʽˇ ˍˇ ʵʾˁˍˎˇ ˃ʶˍʰ˒ˇˊ˗˄Φ 

ɴ˄ʰ ˃ˇ˄ˍʷ˂ˇ ʲʰˋʽˋ˃ʷ˄ˇ ˋʶ ʸʺˍʹˋʹ h5 h̄ ʰʽˍʶʾ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ˍʰ ʶ˅ʺˌ ˋˍˇʽ˔ʶʾʰΥ 

¶ ɲʽʰ˃ˈˊ˒˖ˋʹ ɼʶ˄ˍˊˇʶʽʵ˗˄ ό/ŜƴǘǊƻƛŘ /ƻƴŬƎǳǊŀǝƻƴύΥ ɴ˄ʰ ˋˏ˄ˇ˂ˇ ˁʶ˄ˍˊˇʶʽʵ˗˄ ˉˇˎ 

˂ʶʽˍˇˎˊʴˇˏ˄ ˖ˌ ˋʹ˃ʶʾʰ ˉˊˇʷ˂ʶˎˋʹˌ ʺ ˁʰˍʱ˂ʹ˅ʹˌ ˇ˔ʹ˃ʱˍ˖˄ όˉΦ˔ΦΣ ʸ˗˄ʶˌ ˔ˊʺˋʹˌ ʴʹˌ ʺ 

ˋʹ˃ʶʾʰ ˋˏ˄ʵʶˋʹˌ ˍˇˎ ʵʽˁˍˏˇˎύΦ 
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¶ ʃʾ˄ʰˁʰˌ ʃˊˇʷ˂ʶˎˋʹˌ ʃˊˇˇˊʽˋ˃ˇˏόh5ύΥ ʁ ˇˉˇʾˇˌ ˋˎ˄ʵʷʶˍʰʽ ˃ʶ ˍʹ ʵʽʰ˃ˈˊ˒˖ˋʹ ˍ˖˄ 

ˁʶ˄ˍˊˇʶʽʵ˗˄ ˁʰʽ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇ˄ ʰˊʽʻ˃ˈ ˍʰ˅ʽʵʽ˗˄ ʴʽʰ ˁʱʻʶ ʆˏˉˇ ʁ˔ʺ˃ʰˍˇˌ ʺ 

ɼʰˍʹʴˇˊʾʰ ʋˊʺˋˍʹ ˋʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰΦ 

¶ ʆˏˉˇˌ ʁ˔ʺ˃ʰˍˇˌ ˁʰʽ ʅˁˇˉˈˌ ʆʰ˅ʽʵʽˇˏΥ ʁʽ ˇˉˇʾˇʽ ˋˎ˄ʵˎʱʸˇ˄ˍʰʽ ʴʽʰ ˄ʰ ˋ˔ʹ˃ʰˍʾˋˇˎ˄ ˃ʽʰ 

ɼʰˍʹʴˇˊʾʰ ʋˊʺˋˍʹΦ 

¶ ʅˏ˄ˇ˂ˇ ɲʽʰʵˊˇ˃˗˄Υ ɾʶˍʰ˅ˏ ˍ˖˄ ˁʶ˄ˍˊˇʶʽʵ˗˄ ˋʹ˃ʶʾ˖˄Φ 

ɶ ʶˉʽ˂ˇʴʺ ʵʽʰʵˊˇ˃ʺˌ ˋʶ ʷ˄ʰ ˃ˇ˄ˍʷ˂ˇ h5 ˃̄ ˇˊʶʾ ˄ʰ ʲʰˋʾʸʶˍʰʽ ˋʶ ʵʽʱ˒ˇˊʶˌ ˃ʶʻˈʵˇˎˌΥ 

¶ ɮˊ˔ʽˁʺ ˎˉˇ˂ˇʴʽˋ˃ʷ˄ʹ ˋˎ˄ˍˇ˃ˈˍʶˊʹ ʵʽʰʵˊˇ˃ʺ όLƴƛǝŀƭ /ŀƭŎǳƭŀǘŜŘ {ƘƻǊǘŜǎǘ tŀǘƘ Ґ L/{tύΥ 

ɶ ʲʷ˂ˍʽˋˍʹ ʵʽʰʵˊˇ˃ʺ ʴʽʰ ˁʱʻʶ ˍˏˉˇ ˇ˔ʺ˃ʰˍˇˌΣ ˎˉˇ˂ˇʴʽˋ˃ʷ˄ʹ ˃ʶ ʲʱˋʹ ˍʹ˄ ˍʰ˔ˏˍʹˍʰ 

ˋʶ ˋˎ˄ʻʺˁʶˌ ˃ʹʵʶ˄ʽˁʺˌ ˋˎ˃˒ˈˊʹˋʹˌΦ 

¶ ɲʽʰʵˊˇ˃ʺ ʃˊˇʷ˂ʶˎˋʹˌ ʃˊˇˇˊʽˋ˃ˇˏ όh5 wƻǳǘŜύΥ ɲʽʰʵˊˇ˃ʺ ˉˇˎ ʷ˔ʶʽ ʶˉʶ˅ʶˊʴʰˋˍʶʾ ˁʰʽ 

ʰ˄ʰˍʶʻʶʾ ʰˉˈ ˍˇ˄ ˔ˊʺˋˍʹ ʴʽʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ̱ʰ˅ʾʵʽ ˋˍˇ˄ ˉʾ˄ʰˁʰ h5Φ 

ʅʶ ʰˉ˂ʱ ˃ˇ˄ˍʷ˂ʰ h5Σ ˇʽ ˉʰˊʰˉʱ˄˖ ʵˏˇ ʶˉʽ˂ˇʴʷˌ ʶʾ˄ʰʽ ˋˎ˄ʺʻ˖ˌ ʶˉʰˊˁʶʾˌΦ ʅʶ ˉʽˇ ˋˏ˄ʻʶˍʶˌ 

ˉʶˊʽˉˍ˗ˋʶʽˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˉʽˇ ʶ˅ʶ˂ʽʴ˃ʷ˄ʶˌ ˃ʷʻˇʵˇʽ ʶˉʽ˂ˇʴʺˌ ʵʽʰʵˊˇ˃ʺˌΥ 

¶ ɮ˄ʱʻʶˋʹ ɲʽʰʵˊˇ˃ʺˌ όwƻǳǘŜ !ǎǎƛƎƴƳŜƴǘύΥ ʃˊˇˁˏˉˍʶʽ ʰˉˈ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ʵˎ˄ʰ˃ʽˁʺ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹ ʺ ˋˍʰˍʽˁʺ ʰ˄ʱʻʶˋʹΣ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˉˇ˂˂ʰˉ˂ʷˌ ʶ˄ʰ˂˂ʰˁˍʽˁʷˌ 

ʵʽʰʵˊˇ˃ʷˌ ʴʽʰ ˁʱʻʶ ʸʶˏʴˇˌ ˉˊˇʷ˂ʶˎˋʹˌπ̄ ˊˇˇˊʽˋ˃ˇˏΦ 

¶ ɲˎ˄ʰ˃ʽˁʺ ɳˉʽ˂ˇʴʺ ɲʽʰʵˊˇ˃ʺˌ ό5ȅƴŀƳƛŎ wƻǳǘŜ /ƘƻƛŎŜύΥ ʂˉˇˎ ˇʽ ʵʽʰʵˊˇ˃ʷˌ 

ˉˊˇˋʰˊ˃ˈʸˇ˄ˍʰʽ ʵˎ˄ʰ˃ʽˁʱ ˃ʶ ʲʱˋʹ ˍʹ˄ ʶˁʱˋˍˇˍʶ ˁʰˍʱˋˍʰˋʹ ˋˎ˃˒ˈˊʹˋʹˌ ˋˍˇ ʵʾˁˍˎˇΦ 

ɼʰʽ ˋˍʽˌ ʵˏˇ ˉʶˊʽˉˍ˗ˋʶʽˌΣ ˍʰ ˇ˔ʺ˃ʰˍʰ ˃ˉˇˊˇˏ˄ ˄ʰ ˃ʶˍʰʲʱ˂˂ˇˎ˄ ˍʹ ʵʽʰʵˊˇ˃ʺ ˍˇˎˌ ʶ˄ ˁʽ˄ʺˋʶʽΣ 

ʶʾˍʶ ˂ˈʴ˖ ʰˎ˅ʰ˄ˈ˃ʶ˄ʹˌ ˋˎ˃˒ˈˊʹˋʹˌ ʶʾˍʶ ˂ˈʴ˖ ˂ʺ˕ʹˌ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ʰˉˈ ɳˎ˒ˎʺ ʅˎˋˍʺ˃ʰˍʰ 

ɾʶˍʰ˒ˇˊ˗˄ όLƴǘŜƭƭƛƎŜƴǘ ¢ǊŀƴǎǇƻǊǘŀǝƻƴ {ȅǎǘŜƳǎ Ґ L¢{ύΦ 

ʁʽ ˎˉˇ˂ˇʴʽˋ˃ˇʾ ʶˉʽ˂ˇʴʺˌ ʵʽʰʵˊˇ˃ʺˌ ˃ˉˇˊˇˏ˄ ˄ʰ ʶ˄ʽˋ˔ˎʻˇˏ˄ ˃ʷˋ˖ ˍʹˌ ʶˉʽ˂ˇʴʺˌ ˁʰˍʱ˂˂ʹ˂˖˄ 

ʅˎ˄ʰˊˍʺˋʶ˖˄ ɼˈˋˍˇˎˌΣ ˇʽ ˇˉˇʾʶˌ ʶˁˍʽ˃ˇˏ˄ ˍˇ ʰ˄ˍʽ˂ʰ˃ʲʰ˄ˈ˃ʶ˄ˇ ˁˈˋˍˇˌ ʵʽʷ˂ʶˎˋʹˌ ˃ʽʰˌ 

ˋˏ˄ʵʶˋʹˌ ˁʰʽΣ ˁʰˍΩ ʶˉʷˁˍʰˋʹΣ ˃ʽʰˌ ʵʽʰʵˊˇ˃ʺˌΦ ʁʽ ˋˎ˄ʰˊˍʺˋʶʽˌ ˁˈˋˍˇˎˌ ˃ˉˇˊˇˏ˄ ˄ʰ 

˂ʰ˃ʲʱ˄ˇˎ˄ ˎˉˈ˕ʹ ˍˇ˄ ˔ˊˈ˄ˇ ˍʰ˅ʽʵʽˇˏΣ ˍˇ ʶˉʾˉʶʵˇ ˋˎ˃˒ˈˊʹˋʹˌΣ ˍʽˌ ˁʰʻˎˋˍʶˊʺˋʶʽˌ ˋʶ 

ˁˈ˃ʲˇˎˌΣ ˁʰʻ˗ˌ ˁʰʽ ʱ˂˂ʰ ˁˈˋˍʹ ʺ ʲʱˊʹ ˈˉ˖ˌ ˍˇ ˁˈˋˍˇˌ ʵʽˇʵʾ˖˄Σ ˍˇ˄ ˔ˊˈ˄ˇ ˁʰʽ ˍʹ˄ ʰˉˈˋˍʰˋʹΦ 

όaŀƴǳŀƭ !ƛƳǎǳƴύ 

ʅʶ ʷ˄ʰ ˋʶ˄ʱˊʽˇ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʸʺˍʹˋʹ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ʲʰˋʽˋ˃ʷ˄ʹ ˋʶ ʃʾ˄ʰˁʶˌ 

ʃˊˇʷ˂ʶˎˋʹˌπʃˊˇˇˊʽˋ˃ˇˏ όh5 ƳŀǘǊƛŎŜǎύΣ ʹ ˁˎˁ˂ˇ˒ˇˊʾʰ ˉˇˎ ˉˊˈˁʶʽˍʰʽ ˄ʰ ˉˊˇˋˇ˃ˇʽ˖ʻʶʾ 

ˇˊʾʸʶˍʰʽ ʰˉˈ ʷ˄ʰ˄ ʺ ˉʶˊʽˋˋˈˍʶˊˇˎˌ ˉʾ˄ʰˁʶˌ ʃˊˇʷ˂ʶˎˋʹˌπʃˊˇˇˊʽˋ˃ˇˏΦ ɼʱʻʶ ˉʾ˄ʰˁʰˌ 

ʃˊˇʷ˂ʶˎˋʹˌπʃˊˇˇˊʽˋ˃ˇˏ ˉˊˇˋʵʽˇˊʾʸʶʽ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ ʵʽʰʵˊˇ˃˗˄ ˃ʶˍʰ˅ˏ ˁʶ˄ˍˊˇʶʽʵ˗˄ 

ˋʹ˃ʶʾ˖˄ ˉˊˇʷ˂ʶˎˋʹˌ ˁʰʽ ˉˊˇˇˊʽˋ˃ˇˏΣ ʰ˄ʱ ˍˏˉˇ ˇ˔ʺ˃ʰˍˇˌ ˁʰʽ ˋˁˇˉˈ ˍʰ˅ʽʵʽˇˏΦ ʆˇ ˋˍˇʽ˔ʶʾˇ 

όƛΣƧύ ʶ˄ˈˌ ˉʾ˄ʰˁʰ ʃˊˇʷ˂ʶˎˋʹˌπʃˊˇˇˊʽˋ˃ˇˏ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ˍˇ˄ ʰˊʽʻ˃ˈ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ 

ˁʽ˄ˇˏ˄ˍʰʽ ʰˉˈ ˍˇ ˁʶ˄ˍˊˇʶʽʵʷˌ ˋʹ˃ʶʾˇ ƛ ̄ˊˇˌ ˍˇ ˁʶ˄ˍˊˇʶʽʵʷˌ ˋʹ˃ʶʾˇ ƧΦ 

ɾʽʰ ˉʰˊʰ˃ʶˍˊˇˉˇʾʹˋʹ ˁʶ˄ˍˊˇʶʽʵ˗˄ ˇˊʾʸʶˍʰʽ ˖ˌ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ˁʶ˄ˍˊˇʶʽʵ˗˄Σ ˋˎ˄ˇʵʶˎˈ˃ʶ˄ˇ 

ʰˉˈ ˍˇˎˌ ʰ˄ˍʾˋˍˇʽ˔ˇˎˌ ʃʾ˄ʰˁʶˌ ʃˊˇʷ˂ʶˎˋʹˌπʃˊˇˇˊʽˋ˃ˇˏ όh5ύ ˁʰʽ ˍʽˌ ʵʽʰʵˊˇ˃ʷˌ 
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ʃˊˇʷ˂ʶˎˋʹˌπʃˊˇˇˊʽˋ˃ˇˏ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ʰˎˍʱΦ ɴ˄ʰ ʵʾˁˍˎˇ ˃ˉˇˊʶʾ ˄ʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ 

ˉˇ˂˂ʰˉ˂ʷˌ ˉʰˊʰ˃ʶˍˊˇˉˇʽʺˋʶʽˌ ˁʶ˄ˍˊˇʶʽʵ˗˄Σ ʴʶʴˇ˄ˈˌ ˉˇˎ ʶˉʽˍˊʷˉʶʽ ˍʹ ʵʽʰ˔ʶʾˊʽˋʹ 

ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˋʶ˄ʰˊʾ˖˄ ʸʺˍʹˋʹˌΣ ˈˉ˖ˌ ˃ʶˍʰʲˇ˂ʷˌ ˂ˈʴ˖ ˃ʶ˂˂ˇ˄ˍʽˁ˗˄ ˎˉˇʵˇ˃˗˄ όˉΦ˔Φ 

ˁʰˍʰˋˁʶˎʺ ˄ʷʰˌ ˇʵˇˏ ʺ ʵʹ˃ʽˇˎˊʴʾʰ ˄ʷ˖˄ ˔˗ˊ˖˄ ʵˊʰˋˍʹˊʽˇˍʺˍ˖˄ύΦ 

ɼʱʻʶ ˁʶ˄ˍˊˇʶʽʵʷˌ ˃ˉˇˊʶʾ ˄ʰ ʰ˄ʺˁʶʽ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ˋʶ ˃ʾʰ ˉʰˊʰ˃ʶˍˊˇˉˇʾʹˋʹΦ ʍˋˍˈˋˇΣ ˋʶ 

ˉʶˊʾˉˍ˖ˋʹ ʰ˄ˍʽʴˊʰ˒ʺˌ ˉʰˊʰ˃ʶˍˊˇˉˇʽʺˋʶ˖˄ ˁʶ˄ˍˊˇʶʽʵ˗˄Σ ˍʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ˁʶ˄ˍˊˇʶʽʵʺ 

ʰ˄ˍʽʴˊʱ˒ˇ˄ˍʰʽ ʶˉʾˋʹˌ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˃ˉˇˊˇˏ˄ ˄ʰ ˍˊˇˉˇˉˇʽˇˏ˄ˍʰʽ ʰ˄ʶ˅ʱˊˍʹˍʰΣ 

ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˍʹ˄ ʶˎʷ˂ʽˁˍʹ ˉˊˇˋʰˊ˃ˇʴʺ ˁʰʽ ʰ˄ʱ˂ˎˋʹ ʶ˄ʰ˂˂ʰˁˍʽˁ˗˄ ˋʶ˄ʰˊʾ˖˄Φ 

ɶ ˉʰˊʰʴ˖ʴʺ ˇ˔ʹ˃ʱˍ˖˄ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˋˍˇ ʶˁʱˋˍˇˍʶ ˁʷ˄ˍˊˇ ˉˊˇʷ˂ʶˎˋʹˌ ˁʰʽ ʹ ʶʽˋʰʴ˖ʴʺ 

ˍˇˎˌ ˋˍˇ ˇʵʽˁˈ ʵʾˁˍˎˇ ˎ˂ˇˉˇʽʶʾˍʰʽ ˃ʷˋ˖ ˍ˖˄ ˍ˃ʹ˃ʱˍ˖˄ ʺ ˁˈ˃ʲ˖˄ ˉˇˎ ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶ ˍˇ 

ˁʷ˄ˍˊˇ ˖ˌ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˍˏˉˇˎ Ϧɱʶ˄˄ʱˍʰʽ ˋʶ όDŜƴŜǊŀǘŜǎ ǘƻύϦΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ˍʰ ˇ˔ʺ˃ʰˍʰ 

ˁʽ˄ˇˏ˄ˍʰʽ ʶ˄ˍˈˌ ˍˇˎ ʵʽˁˍˏˇˎ ʰˁˇ˂ˇˎʻ˗˄ˍʰˌ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʶˌ ʵʽʰʵˊˇ˃ʷˌ ˉˇˎ ˋˎ˄ʵʷˇˎ˄ ˍˇ 

ˋʹ˃ʶʾˇ ˉˊˇʷ˂ʶˎˋʹˌ ˃ʶ ˍˇ ˋʹ˃ʶʾˇ ˉˊˇˇˊʽˋ˃ˇˏΣ ˃ʷ˔ˊʽ ˍʹ˄ ʷ˅ˇʵˈ ˍˇˎˌ ʰˉˈ ˍˇ ʵʾˁˍˎˇ ˃ʷˋ˖ ˍ˖˄ 

ʰ˄ˍʾˋˍˇʽ˔˖˄ ˋˎ˄ʵʶʵʶ˃ʷ˄˖˄ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄ ˍˏˉˇˎ Ϧɳ˂ˁˏʶˍʰʽ ʰˉˈ ό!ǧǊŀŎǘǎ ŦǊƻƳύϦΦ 

ɼʰˍʱ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˁʱʻʶ ˇ˔ʺ˃ʰˍˇˌΣ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʰ˄ʱʻʶˋʹ ˋʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˍ˃ʺ˃ʰˍʰ ʺ 

ˁˈ˃ʲˇˎˌ ˋˎ˄ʵʶʵʶ˃ʷ˄ʰ ˃ʶ ˍˇ ˁʷ˄ˍˊˇ ˉˊˇʷ˂ʶˎˋʹˌΣ ʲʰˋʽˋ˃ʷ˄ʹ ʶʾˍʶ ˋʶ ˋˍˇ˔ʰˋˍʽˁʷˌ 

ˉʽʻʰ˄ˇˁˊʰˍʽˁʷˌ ʵʽʰʵʽˁʰˋʾʶˌ ʶʾˍʶ ˋˍʹ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˍʹˌ ʵʽʰʵˊˇ˃ʺˌ ˉˊˇˌ ˍˇ˄ ˉˊˇˇˊʽˋ˃ˈΦ 

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΥ 

¶ ʅˍʹ˄ ˉʽʻʰ˄ˇˁˊʰˍʽˁʺ ˉˊˇˋʷʴʴʽˋʹΣ ˉˊˇˋʵʽˇˊʾʸʶˍʰʽ ˍˇ ˉˇˋˇˋˍˈ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ 

ʶˉʽ˂ʷʴˇˎ˄ ˁʱʻʶ ʵˎ˄ʰˍˈ ˋʹ˃ʶʾˇ ʶ˅ˈʵˇˎ ʰˉˈ ˍˇ ˁʷ˄ˍˊˇΣ ˃ʶ ʲʱˋʹ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʶˌ 

ˉʽʻʰ˄ˈˍʹˍʶˌΦ 

¶ ʅˍʹ˄ ˉˊˇˇˊʽˋ˃ˇπʁ ˅ʰˊˍ˗˃ʶ˄ʹ ˉˊˇˋʷʴʴʽˋʹΣ ˍˇ ˂ˇʴʽˋ˃ʽˁˈ !ƛƳǎǳƴ bŜȄǘ ʰ˄ʰʻʷˍʶʽ ˍˇ 

ˈ˔ʹ˃ʰ ˋˍˇ ˍ˃ʺ˃ʰ ʺ ˁˈ˃ʲˇ ˉˇˎ ˉˊˇˋ˒ʷˊʶʽ ˍʹ ʲʷ˂ˍʽˋˍʹ ʵʽʰʵˊˇ˃ʺΣ ˋʶ ˈˊˇˎˌ ˔ˊˈ˄ˇˎ ʺ 

ˁˈˋˍˇˎˌ ˃ʶˍʰˁʾ˄ʹˋʹˌΣ ˉˊˇˌ ˍˇ˄ ˍʶ˂ʽˁˈ ˉˊˇˇˊʽˋ˃ˈ ˍˇˎΦ 

ɶ ʶˉʽ˂ˇʴʺ ˍʹˌ ˃ʶʻˇʵˇ˂ˇʴʾʰˌ ʶˉʹˊʶʱʸʶʽ ʱ˃ʶˋʰ ˍʹ ˊʶʰ˂ʽˋˍʽˁˈˍʹˍʰ ˍʹˌ ʰ˄ʰˉʰˊʱˋˍʰˋʹˌ ˍ˖˄ 

ˁˎˁ˂ˇ˒ˇˊʽʰˁ˗˄ ˊˇ˗˄ ˁʰʽ ˍʹ˄ ʰˁˊʾʲʶʽʰ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ 

ʃʶˊʽʶ˔ˈ˃ʶ˄ʰ κ Contents 
ʁʽ ˍˏˉˇʽ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ʰˉˇʻʹˁʶˎˍˇˏ˄ ˋʶ ʷ˄ʰ˄ ˉʾ˄ʰˁʰ ʃˊˇʷ˂ʶˎˋʹˌ 

ʃˊˇˇˊʽˋ˃ˇˏΣ ʵʹ˂ʰʵʺ ˇʽ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ʶˉʽ˂ˇʴʷˌ ʴʽʰ ̱ ˇ ʃʶˊʽʶ˔ˈ˃ʶ˄ˇ Σ ʶʾ˄ʰʽΥ 

¶ ʆʰ˅ʾʵʽʰ Υ ʁ ʰˊʽʻ˃ˈˌ ˍ˖˄ ˍʰ˅ʽʵʽ˗˄ ˃ʶ ˈ˔ʹ˃ʰΦ ɴ˅ˇʵˇˌ ʰˉˈ ˋʶ˄ʱˊʽˇ aƻŘŀƭ {ǇƭƛǘΣ ʶʾˋˇʵˇˌ 

ˋʶ ˋˍʰˍʽˁˈ ʺ ʵˎ˄ʰ˃ʽˁˈ ˋʶ˄ʱˊʽˇ ˃ʷˋ˖ ˍʹˌ ˁ ˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ʸʺˍʹˋʹˌΦ 

¶ ɼˈˋˍˇˌ Υ ɾʷˋˇ ˁˈˋˍˇˌ ˍʰ˅ʽʵʽˇˏΦ ɶ ˊˏʻ˃ʽˋʹ ʰˎˍʺˌ ˍʹˌ ˋˎ˄ʽˋˍ˗ˋʰˌ ˉʰˊʷ˔ʶʽ ˃ʽʰ 

ˉˊˈˋʻʶˍʹ ˉʶˊʽʴˊʰ˒ʺΦ  

¶ ʅ˔ʶˍʽˁˈ ɼʶ˄ˈ όɲˎ˄ʰ˃ʽˁʷˌ ʃˊˇˋˇ˃ˇʽ˗ˋʶʽˌύ Υ ʆʰ ˁˊʽˍʺˊʽʰ ˋˏʴˁ˂ʽˋʹˌ wDŀǇΣ ̄ ˇˎ 

ʰ˄ʰ˂ˏˇ˄ˍʰʽ ʰ˄ʱ ʵʽʰʵˊˇ˃ʺ ʃˊˇʷ˂ʶˎˋʹˌ ʃˊˇˇˊʽˋ˃ˇˏ ʰˉˈ ʷ˄ʰ ɲˎ˄ʰ˃ʽˁˈ ʅʶ˄ʱˊʽˇ Φ 

ɾˈ˄ˇ ˇʽ ʵˎ˄ʰ˃ʽˁʷˌ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ˉʰˊʱʴˇˎ˄ ʰˎˍˇˏˌ ˍˇˎˌ ˉʾ˄ʰˁʶˌΦ  

¶ ɮˉˇˁ˂ʶʽˋ˃ʷ˄ʰ ˁʶ˂ʽʱ όʃʶʽˊʱ˃ʰˍʰ ʸʺˍʹˋʹˌ ˍʰ˅ʽʵʽˇˏ ˁʰʽ ˉʶʾˊʰ˃ʰ ʵˎ˄ʰ˃ʽˁʺˌ ʽˋˇˊˊˇˉʾʰˌ 

˔ˊʺˋˍʹύ Υ ɴ˄ʰˌ ʃʾ˄ʰˁʰˌ ʃˊˇʷ˂ʶˎˋʹˌπʃˊˇˇˊʽˋ˃ˇˏ όh5ύ ˃ˉˇˊʶʾ ˄ʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇ˄ 

https://docs.aimsun.com/next/24.0.2/UsersManual/DynamicScenariosAndExperiments.html#scenario_outputs_tab
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-25- 

 

˔ʰˊʰˁˍʹˊʽˋ˃ˈ ˁʶ˂ʽ˗˄ ˖ˌ ʰˉˇˁ˂ʶʽˋ˃ʷ˄˖˄Σ ʵʹ˂ʰʵʺ ʸʶˎʴ˗˄ ˉˊˇʷ˂ʶˎˋʹˌπ̄ ˊˇˇˊʽˋ˃ˇˏ 

ˍʰ ˇˉˇʾʰ ʶ˃ˉˇʵʾʸˇ˄ˍʰʽ ʰˉˈ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˇˉˇʽˇˎʵʺˉˇˍʶ ˍʰ˅ʽʵʽˇˏ ˍˈˋˇ ˋʶ ʅʶ˄ʱˊʽʰ 

ɲʽʰ˄ˇ˃ʺˌ ˈˋˇ ˁʰʽ ˋʶ ʃʶʽˊʱ˃ʰˍʰ ɲˎ˄ʰ˃ʽˁʺˌ ɹˋˇˊˊˇˉʾʰˌ ʋˊʺˋˍʹΦ ɶ ʵʽʰʵʽˁʰˋʾʰ ʰˎˍʺ 

ʶˉʽˍˊʷˉʶʽ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˍ˖˄ ʸʶˎʴ˗˄ ʃˊˇʷ˂ʶˎˋʹˌ ʃˊˇˇˊʽˋ˃ˇˏ ʴʽʰ ˍʰ ˇˉˇʾʰ ʵʶ˄ ʻʰ 

ʶˉʽˍˊʷˉʶˍʰʽ ʹ ˉʰˊʰʴ˖ʴʺ ˉˊˈˋʻʶˍ˖˄ ʵʽʰʵˊˇ˃˗˄Σ ʵʽʰˋ˒ʰ˂ʾʸˇ˄ˍʰˌ ʷˍˋʽ ˍʹ˄ ʰˎˋˍʹˊʺ 

ˍʺˊʹˋʹ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄˖˄ ˉʶˊʽˇˊʽˋ˃˗˄ ˁʰˍʱ ˍʹ˄ ʰ˄ʱʻʶˋʹ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˋˍˇ ʵʾˁˍˎˇΦ 

¶ ɾʷʴʽˋˍʹ ʰˉˈˁ˂ʽˋʹ ό ʄˎʻ˃ʾˋʶʽˌ h5 ύ Υ ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˍʹ ˊˏʻ˃ʽˋʹ h5 ɹ̔ ʰ ˉʶˊʽˇˊʽˋ˃ˈ 

ˍʹˌ ʰ˂˂ʰʴʺˌ ˋˍˇˎˌ ʰˊʽʻ˃ˇˏˌ ˍʰ˅ʽʵʽˇˏΦ  

3.3. ɳˁˍʷ˂ʶˋʹ ʃˊˇˋˇ˃ˇʾ˖ˋʹˌ / Running a Simulation 

ʅˍˇ !ƛƳǎǳƴ bŜȄǘΣ ˁʱʻʶ ˋʶ˄ʱˊʽˇ ʲʰˋʾʸʶˍʰʽ ˋˍʹ ˃ʷʻˇʵˇ ʶˁˍʷ˂ʶˋʹˌ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎΦ ɮ˒ˇˏ ʶˉʽ˂ʶʴʶʾ 

ʹ ˃ʷʻˇʵˇˌ ʶˁˍʷ˂ʶˋʹˌΣ ˇˊʾʸˇ˄ˍʰʽ ˍˇ ʲʰˋʽˁˈ ˇʵʽˁˈ ʵʾˁˍˎˇ ˁʰʽ ʹ ʵʽʰ˃ˈˊ˒˖ˋʹ ˍʹˌ ʸʺˍʹˋʹˌΣ ʶ˄˗ 

ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ ʵʽʰ˒ˇˊʶˍʽˁʱ ˉʶʽˊʱ˃ʰˍʰ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʽˌ ʶˉʽ˂ˇʴʷˌ ˉˇˎ ˉˊˈˁʶʽˍʰʽ ˄ʰ 

ʵˇˁʽ˃ʰˋˍˇˏ˄Φ 

ʅˍˇ !ƛƳǎǳƴ bŜȄǘ ʵʽʰˁˊʾ˄ˇ˄ˍʰʽ ˇʽ ʶ˅ʺˌ ˍˏˉˇʽ ˋʶ˄ʰˊʾ˖˄Σ ˉʶʽˊʰ˃ʱˍ˖˄Σ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˁʰʽ 

ʶˉʰ˄ʰ˂ʺ˕ʶ˖˄Υ 

¶ ɲˎ˄ʰ˃ʽˁʱ ˋʶ˄ʱˊʽʰ ˁʰʽ ˉʶʽˊʱ˃ʰˍʰΥ ɼʱʻʶ ʵˎ˄ʰ˃ʽˁˈ ˋʶ˄ʱˊʽˇ ˃ˉˇˊʶʾ ˄ʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ 

ˉˇ˂˂ʱ ˉʶʽˊʱ˃ʰˍʰ ʲʰˋʽˋ˃ʷ˄ʰ ˋʶ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ʰ˄ʱ ˈ˔ʹ˃ʰΣ ˈˉ˖ˌ aƛŎǊƻΣ aŜǎƻΣ 

IȅōǊƛŘ aŜǎƻπaƛŎǊƻ ʺ IȅōǊƛŘ aŀŎǊƻπaŜǎƻΦ ɳˉʽˉ˂ʷˇ˄ ˎˉˇˋˍʹˊʾʸˇ˄ˍʰʽ ʵˏˇ ˃ʷʻˇʵˇʽ 

ʵˎ˄ʰ˃ʽˁʺˌ ʰ˄ʱʻʶˋʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΥ ˋˍˇ˔ʰˋˍʽˁʺ ʶˉʽ˂ˇʴʺ ʵʽʰʵˊˇ˃ʺˌ ό{w/ύ ˁʰʽ 

ʵˎ˄ʰ˃ʽˁʺ ʽˋˇˊˊˇˉʾʰ ˔ˊʺˋˍʹ ό5¦9ύΦ 

¶ ʅʶ˄ʱˊʽʰ ˋˍʰˍʽˁʺˌ ʰ˄ʱʻʶˋʹˌΥ ʅʶ ˃ˇ˄ˍʷ˂ʰ ˋˍʰˍʽˁʺˌ ʰ˄ʱʻʶˋʹˌΣ ˇʽ ʵʽʰʵˊˇ˃ʷˌ 

ʶˁ˔˖ˊˇˏ˄ˍʰʽ ˋˍˇ ʵʾˁˍˎˇ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ʶʾˍʶ ˄ˍʶˍʶˊ˃ʽ˄ʽˋˍʽˁˇˏˌ ʰ˂ʴˇˊʾʻ˃ˇˎˌ ʶʾˍʶ 

ˋˍˇ˔ʰˋˍʽˁʷˌ ˃ʶʻˈʵˇˎˌΦ 

¶ ʅʶ˄ʱˊʽʰ ʸʺˍʹˋʹˌ ˍʰ˅ʽʵʽˇˏΥ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹˌ ʸʺˍʹˋʹˌ ˍʰ˅ʽʵʽˇˏΣ 

ʶ˒ʰˊ˃ˈʸʶˍʰʽ ʹ ʵʽʰʵʽˁʰˋʾʰ ˍʶˋˋʱˊ˖˄ ʲʹ˃ʱˍ˖˄ ˉˇˎ ˋˎ˄ʵʷʶʽ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˍʰ˅ʽʵʽˇˏΣ 

ˍʹ˄ ʶˉʽ˂ˇʴʺ ˍˊˈˉˇˎ ˃ʶˍʰˁʾ˄ʹˋʹˌ ˁʰʽ ˍʹ˄ ʰ˄ʱʻʶˋʹ ˋˍˇ ʵʾˁˍˎˇΦ ɴ˄ʰ ˋʶ˄ʱˊʽˇ ʸʺˍʹˋʹˌ 

˃ˉˇˊʶʾ ˄ʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˉʶʽˊʱ˃ʰˍʰ ˉʰˊʰʴ˖ʴʺˌκʷ˂˅ʹˌ ˍʰ˅ʽʵʽ˗˄Σ ˉʶʽˊʱ˃ʰˍʰ ʵʽʰ˄ˇ˃ʺˌ 

ˁʰʽ ˉʶʽˊʱ˃ʰˍʰ ʰ˄ʱʻʶˋʹˌ ʵʹ˃ˈˋʽʰˌ ˋˎʴˁˇʽ˄˖˄ʾʰˌΦ ʂˉ˖ˌ ˁʰʽ ˋˍʰ ʵˎ˄ʰ˃ʽˁʱ ʺ ˋˍʰˍʽˁʱ 

ˋʶ˄ʱˊʽʰ ʰ˄ʱʻʶˋʹˌΣ ʶʾ˄ʰʽ ʵˎ˄ʰˍʺ ʹ ʶˁˍʷ˂ʶˋʹ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˋʶ˄ʰˊʾ˖˄ ˉˇˎ 

ʶ˄ˋ˖˃ʰˍ˗˄ˇˎ˄ ʶ˄ʰ˂˂ʰˁˍʽˁʱ ˋʶ˄ʱˊʽʰ ˔ˊʺˋʹˌ ʴʹˌ ʺ ʰ˂˂ʰʴʷˌ ˋˍʹ ̀ ˎ˃ˉʶˊʽ˒ˇˊʱ ˍ˖˄ 

ˍʰ˅ʽʵʽ˖ˍ˗˄Σ ˃ʷˋʰ ʰˉˈ ʷ˄ʰ ʶ˄ʽʰʾˇ ʷˊʴˇ ˉˇˎ ʶ˄ˋ˖˃ʰˍ˗˄ʶʽ ˁʰʽ ˍʽˌ ʰˉʰʽˍˇˏ˃ʶ˄ʶˌ 

ˍˊˇˉˇˉˇʽʺˋʶʽˌ ˍˇˎ ˇʵʽˁˇˏ ʵʽˁˍˏˇˎΦ 

3.3.1. ɲˎ˄ʰ˃ʽˁʱ ʅʶ˄ʱˊʽʰ κ Dynamic Scenarios  
ʆʰ ʵˎ˄ʰ˃ʽˁʱ ˋʶ˄ʱˊʽʰ ʶˁˍʶ˂ˇˏ˄ˍʰʽ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ˃ʽˁˊˇˏΣ ˃ʶˋˇ ʺ 

ˎʲˊʽʵʽˁˇˏ ˇ˔ʺ˃ʰˍˇˌΦ ɶ ʶ˂ʱ˔ʽˋˍʹ ʰˉʰʾˍʹˋʹ ʴʽʰ ʷ˄ʰ ɲˎ˄ʰ˃ʽˁˈ ʅʶ˄ʱˊʽˇ ʶʾ˄ʰʽ ʷ˄ʰ ʲʰˋʽˁˈ ʵʾˁˍˎˇ 

˃ʶˍʰ˒ˇˊ˗˄ ˁʰʽ ʹ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺ y ʺˍʹˋʹ Φ ʇˉʱˊ˔ˇˎ˄ ʶˉʽ˂ˇʴʷˌ ʴʽʰ ʅ˔ʷʵʽˇ ʰ˄ʱʻʶˋʹˌ ʵʽʰʵˊˇ˃ʺˌ 

όtŀǘƘ !ǎǎƛƎƴƳŜƴǘ tƭŀƴύ Σ ʅ˔ʷʵʽˇ ɾʶˍʰ˒ˇˊ˗˄ ό¢Ǌŀƴǎƛǘ tƭŀƴύΣ ʃˊˈʴˊʰ˃˃ʰ ʊ˖ˍʶʽ˄ʺˌ 

ʅʹ˃ʰˍˇʵˈˍʹˋʹˌ όaŀǎǘŜǊ /ƻƴǘǊƻƭ tƭŀƴύ ˁ ʰʽ ɲʽʰ˃ˇˊ˒˗ˋʶʽˌ ɱʶ˖˃ʶˍˊʾʰˌ όDŜƻƳŜǘǊȅ 

/ƻƴŬƎǳǊŀǝƻƴǎύ ̄ ˇˎ ʻʰ ˋˎ˃ˉʶˊʽ˂ʹ˒ʻˇˏ˄ ˋˍˇ ˋʶ˄ʱˊʽˇΣ ʶ˄˗ ˍʰ ɴ˅ˇʵˇˌ ʵʶʵˇ˃ʷ˄˖˄ ό5ŀǘŀ 

https://docs.aimsun.com/next/24.0.2/UsersManual/TrafficDemandEditing.html
https://docs.aimsun.com/next/24.0.2/UsersManual/PathAssignmentPlanEditing.html
https://docs.aimsun.com/next/24.0.2/UsersManual/PublicTransportPlanEditing.html
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hǳǘǇǳǘύ Σ ɳ˄ʷˊʴʶʽʶˌ ɲʽʰ˔ʶʾˊʽˋʹˌ ɼˎˁ˂ˇ˒ˇˊʾʰˌ ό¢ǊŀŶŎ aŀƴŀƎŜƳŜƴǘ !Ŏǝƻƴǎύ ˁ ʰʽ ʃˊʰʴ˃ʰˍʽˁʱ 

ʅˏ˄ˇ˂ʰ ɲʶʵˇ˃ʷ˄˖˄ όwŜŀƭ 5ŀǘŀ {Ŝǘǎύ ˃ ˉˇˊˇˏ˄ ʶˉʾˋʹˌ ˄ʰ ˁʰʻˇˊʽˋˍˇˏ˄ ʴʽʰ ˍˇ ˋʶ˄ʱˊʽˇΦ όaŀƴǳŀƭ 

!ƛƳǎǳƴύ 

ʁʽ ˉˊˇˋˇ˃ˇʽ˖ˍʷˌ ˉˇˎ ʲʰˋʾʸˇ˄ˍʰʽ ˋʶ ˇ˔ʺ˃ʰˍʰ ˉˊˇˋˇ˃ˇʽ˗˄ˇˎ˄ ˍʽˌ ʰ˂˂ʹ˂ʶˉʽʵˊʱˋʶʽˌ 

˃ʶ˃ˇ˄˖˃ʷ˄˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˁʰʻ˗ˌ ˁʽ˄ˇˏ˄ˍʰʽ ˋˍˇ ʵˊˈ˃ˇ ˁʰʽ ʶˉˇ˃ʷ˄˖ˌ ʶʾ˄ʰʽ ʽʵʰ˄ʽˁˇʾ ʴʽʰ ˍʹ 

˃ʶ˂ʷˍʹ ˍʹˌ ʶˉʾʵˊʰˋʹˌ ˂ʶˉˍˇ˃ʶˊ˗˄ ʰ˂˂ʰʴ˗˄ ˋˍˇ ʵʾˁˍˎˇΦ ɴ˔ˇˎ˄ ʰˉˇʵʶʽ˔ʻʶʾ ˉˇ˂ˏ ˔ˊʺˋʽ˃ʰ ʴʽʰ 

ˍʹ ʵˇˁʽ˃ʺ ˄ʷ˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ ʶ˂ʷʴ˔ˇˎ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˁʰʽ ˉˇ˂ʽˍʽˁ˗˄ ʵʽʰ˔ʶʾˊʽˋʹˌΣ ˉˇˎ 

ʲʰˋʾʸˇ˄ˍʰʽ ʶʾˍʶ ˋʶ ˉʰˊʰʵˇˋʽʰˁʷˌ ˍʶ˔˄ˇ˂ˇʴʾʶˌ ʶʾˍʶ ˖ˌ ʶ˒ʰˊ˃ˇʴʺ ʶˎ˒ˎ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄ 

˃ʶˍʰ˒ˇˊ˗˄Φ ʆˇ !ƛƳǎǳƴ bŜȄǘ ̫ ˔ʶʽ ˍˊʶʽˌ ˂ʶʽˍˇˎˊʴʾʶˌ ʴʽʰ ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˃ʶ˃ˇ˄˖˃ʷ˄˖˄ 

ˇ˔ʹ˃ʱˍ˖˄Σ ˍˇ˄ ɾʽˁˊˇˉˊˇˋˇ˃ˇʽ˖ˍʺ όaƛŎǊƻǎŎƻǇƛŎ {ƛƳǳƭŀǘƻǊύΣ ˍˇ˄ ɾʶˋˇˉˊˇˋˇ˃ˇʽ˖ˍʺ 

όaŜǎƻǎŎƻǇƛŎ {ƛƳǳƭŀǘƻǊύ ˁʰʽ ˍˇ˄ ʇʲˊʽʵʽˁˈ ʃˊˇˋˇ˃ˇʽ˖ˍʺ όIȅōǊƛŘ {ƛƳǳƭŀǘƻǊύΦ 

ʃʶʽˊʱ˃ʰˍʰ κ Experiments 
ɴ˄ʰ ˉʶʾˊʰ˃ʰ ʶʾ˄ʰʽ ˍˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˉˇˎ ˉˊˇˋʰˊ˃ˈʸʶʽ ˁʰʽ ʶˁˍʶ˂ʶʾ ʷ˄ʰ ˋʶ˄ʱˊʽˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ 

ɾˉˇˊˇˏ˄ ˄ʰ ʵʹ˃ʽˇˎˊʴʹʻˇˏ˄ ˉˇ˂˂ʰˉ˂ʱ ˉʶʽˊʱ˃ʰˍʰ ʴʽʰ ʷ˄ʰ ˋʶ˄ʱˊʽˇΦ ʅʶ ʰˎˍˈ ˍˇ ˋˍʱʵʽˇΣ 

ˁʰʻˇˊʾʸʶˍʰʽ ˇ ˍˏˉˇˌ ˍˇˎ ˉʶʽˊʱ˃ʰˍˇˌΣ ʵʹ˂ʰʵʺ ʶˉʽ˂ʷʴʶˍʰʽ ʹ ˃ʷʻˇʵˇˌ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΣ ˃ʶ 

ʲʱˋ ̱́ˇ ˈ˔ʹ˃ʰ ˁʰʽ ˍʹˌ ʵˎ˄ʰ˃ʽˁʺˌ ʰ˄ʱʻʶˋʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ  

ʆˏˉˇʽ κ Types 

ʃˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ʲʰˋʽˋ˃ʷ˄ʶˌ ˋˍʰ ˇ˔ʺ˃ʰˍʰ κ Vehicle Based Simulators 
ɶ ˍʶˁ˃ʹˊʾ˖ˋʹ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˃ʶ ʲʱˋʹ ˍˇ ˈ˔ʹ˃ʰ ˁʰ˂ˏˉˍʶˍʰʽ ˋˍʽˌ ˉʰˊʰˁʱˍ˖ ʶ˄ˈˍʹˍʶˌΥ 

¶ ɾʽˁˊˇˉˊˇˋˇ˃ˇʾ˖ˋʹ ̄ ˇˎ ˁʰ˂ˏˉˍʶʽ ˍʹ ˃ʽˁˊˇˉˊˇˋˇ˃ˇʾ˖ˋʹ ʲʱˋʶʽ ʵʽʰˁˊʽˍˇˏ ˔ˊˈ˄ˇˎΦ 

¶ ɾʶˋˇˋˁˇˉʽˁʺ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ̄ ˇˎ ˁʰ˂ˏˉˍʶʽ ˍʹ ˃ʶˋˇˋˁˇˉʽˁʺ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ʲʱˋʶʽ 

ˋˎ˃ʲʱ˄ˍ˖˄Φ 

¶ ʇʲˊʽʵʽˁʺ ˃ʽˁˊˈ-˃ʷˋˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ̄ ˇˎ ˁʰ˂ˏˉˍʶʽ ˋˎ˄ʵˎʰˋ˃ʷ˄ʹ ˃ʶˋˇˋˁˇˉʽˁʺ ˁʰʽ 

˃ʽˁˊˇˉˊˇˋˇ˃ˇʾ˖ˋʹΦ 

¶ ʇʲˊʽʵʽˁʺ ˃ʰˁˊˈ-˃ʷˋˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹ  ̄ ˇˎ ˁʰ˂ˏˉˍʶʽ ̀ ˎ˄ʵˎʰˋ˃ʷ˄ʹ ˃ʰˁˊˇˋˁˇˉʽˁʺ ˁʰʽ 

˃ʶˋˇˋˁˇˉʽˁʺ ˉˊˇˋˇ˃ˇʾ˖ˋʹΦ 

ʅˍʹ ɾʽˁˊˇˉˊˇˋˇ˃ˇʾ˖ˋʹΣ ˇ ˔ˊˈ˄ˇˌ ˁʲʰ˄ˍʾʸʶˍʰʽ ˋʶ ˃ʽˁˊʱΣ ˋˍʰʻʶˊʱ ʵʽʰˋˍʺ˃ʰˍʰ ˁʰʽ ˋʶ ˁʱʻʶ 

˔ˊˇ˄ʽˁˈ ʲʺ˃ʰ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ˇʽ ʶ˄ʷˊʴʶʽʶˌ ˁʱʻʶ ˇ˔ʺ˃ʰˍˇˌΦ ɴˍˋʽΣ ʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˁʱʻʶ 

ˇ˔ʺ˃ʰˍˇˌ ˉˊˇˋˇ˃ˇʽ˗˄ʶˍʰʽ ʵˎ˄ʰ˃ʽˁʱ ˋʶ ˈ˂ʹ ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ ˍʰ˅ʽʵʽˇˏ ˍˇˎ ˃ʷˋʰ ˋˍˇ ˇʵʽˁˈ 

ʵʾˁˍˎˇΣ ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˍʽˌ ʰ˂˂ʹ˂ʶˉʽʵˊʱˋʶʽˌ ˍˇˎ ˍˈˋˇ ˃ʶ ˍʰ ˎˉˈ˂ˇʽˉʰ ˇ˔ʺ˃ʰˍʰ ˈˋˇ ˁʰʽ 

˃ʶ ˍʰ ˋˎˋˍʺ˃ʰˍʰ ʶ˂ʷʴ˔ˇˎ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ˁʰʻ˗ˌ ˁʰʽ ˃ʶ ˋˎ˃ʲʱ˄ˍʰ ˉˇˎ ʷ˔ˇˎ˄ 

ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʶʾ ˋˍˇ ˋʶ˄ʱˊʽˇ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ ʅˍˇ ˃ˇ˄ˍʷ˂ˇ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ 

ʵʽʰ˒ˇˊʶˍʽˁˇʾ ˍˏˉˇʽ ˇ˔ʹ˃ʱˍ˖˄Σ ʰˉˈ ˃ʽˁˊʱ ʶˉʽʲʰˍʽˁʱ ˃ʷ˔ˊʽ ʲʰˊʽʱ ˒ˇˊˍʹʴʱΣ ˍˇ ˁʰʻʷ˄ʰ ˃ʶ ˍʹ 

ʵʽˁʺ ˍˇˎ ʵˎ˄ʰ˃ʽˁʺ ˇʵʺʴʹˋʹˌΦ ʃʰˊʱ˂˂ʹ˂ʰΣ ˃ˇ˄ˍʶ˂ˇˉˇʽˇˏ˄ˍʰʽ ˁʰʽ ʵʽʰ˒ˇˊʶˍʽˁʱ ˉˊˇ˒ʾ˂ 

ˇʵʹʴ˗˄Σ ˃ʶ ˃ʶˍʰʲ˂ʹˍʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˈˉ˖ˌ ˇ ˔ˊˈ˄ˇˌ ʰ˄ˍʾʵˊʰˋʹˌ ˁʰʽ ˍˇ ʶˉʾˉʶʵˇ 

ʶˉʽʻʶˍʽˁˈˍʹˍʰˌΦ ʆʷ˂ˇˌΣ ˇ ˃ʽˁˊˇˉˊˇˋˇ˃ˇʽ˖ˍʺˌ ʶʾ˄ʰʽ ˋʶ ʻʷˋʹ ˄ʰ ʰ˄ʰˉʰˊʰˋˍʺˋʶʽ ˁʰʽ ˍʽˌ 

ʰ˂˂ʹ˂ʶˉʽʵˊʱˋʶʽˌ ˃ʶˍʰ˅ˏ ˇ˔ʹ˃ʱˍ˖˄ ˁʰʽ ˉʶʸ˗˄ ˉˇˎ ˁʽ˄ˇˏ˄ˍʰʽ ˋˍˇ˄ ʾʵʽˇ ˔˗ˊˇΦ 

https://docs.aimsun.com/next/24.0.2/UsersManual/MicrosimulationProcess.html
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ʅʶ ˃ʽʰ ˃ʶˋˇˋˁˇˉʽˁʺ ̄ ˊˇˋˇ˃ˇʾ˖ˋʹΣ ˍˇ ˈ˔ʹ˃ʰ ˃ˇ˄ˍʶ˂ˇˉˇʽʶʾˍʰʽ ʶˉʾˋʹˌ ˖ˌ ʰ˄ʶ˅ʱˊˍʹˍʹ 

ˇ˄ˍˈˍʹˍʰΣ ˈˉ˖ˌ ˁʰʽ ˋˍʹ ˃ʽˁˊˇˋˁˇˉʽˁʺ ˉˊˇˋʷʴʴʽˋʹΦ ʍˋˍˈˋˇΣ ˍʰ ˃ˇ˄ˍʷ˂ʰ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ όˈˉ˖ˌ 

ʹ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˉˊˇˉˇˊʶˎˈ˃ʶ˄˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˁʰʽ ʹ ʰ˂˂ʰʴʺ ˂˖ˊʾʵʰˌύ ˍˊˇˉˇˉˇʽˇˏ˄ˍʰʽ ˗ˋˍʶ 

˄ʰ ˉˊˇʲ˂ʷˉˇˎ˄ ˍʹ˄ ˍʰ˔ˏˍʹˍʰ ˁʰʽ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˂˖ˊʾʵʰˌ ʶ˄ˈˌ ˇ˔ʺ˃ʰˍˇˌ ˃ˈ˄ˇ ˋˍʹ˄ ʰˊ˔ʺ ˁʰʽ ˋˍˇ 

ˍʷ˂ˇˌ ˁʱʻʶ ˇʵʽˁˇˏ ˍ˃ʺ˃ʰˍˇˌΣ ˁʰʽ ˈ˔ʽ ˋʶ ˁʱʻʶ ˔ˊˇ˄ʽˁˈ ʲʺ˃ʰ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ 

ɼʰˍʱ ˋˎ˄ʷˉʶʽʰΣ ʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ʲʰˋʾʸʶˍʰʽ ˋʶ ʴʶʴˇ˄ˈˍʰ ˁʰʽ ˈ˔ʽ ˋʶ ʵʽʰˁˊʽˍˈ ˔ˊˈ˄ˇΣ ˃ʶ ˁˏˊʽʰ 

ʴʶʴˇ˄ˈˍʰ ˍʹ˄ ʱ˒ʽ˅ʹ ʶ˄ˈˌ ˇ˔ʺ˃ʰˍˇˌ ˋʶ ˁˈ˃ʲˇˎˌ ʺ ˍʹ˄ ʶʾˋˇʵˇ ˁʰʽ ʷ˅ˇʵˇ ʰˉˈ ˍʰ ˇʵʽˁʱ ˍ˃ʺ˃ʰˍʰΦ 

ɳ˄˗ ˍˇ ˈ˔ʹ˃ʰ ʵʽʰ˄ˏʶʽ ʷ˄ʰ ˍ˃ʺ˃ʰΣ ʵʶ˄ ˉˊˇˋˇ˃ˇʽ˗˄ʶˍʰʽ ˂ʶˉˍˇ˃ʶˊ˗ˌ ʹ ˁʾ˄ʹˋʺ ˍˇˎΣ ʰ˂˂ʱ 

ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʹ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʹ ˋˍʽʴ˃ʺ ʶ˃˒ʱ˄ʽˋʺˌ ˍˇˎ ˋˍˇ ˍʷ˂ˇˌ ˍˇˎ ˍ˃ʺ˃ʰˍˇˌΣ ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ 

ˎˉˈ˕ʹ ˍʽˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʷˌ ˋˎ˄ʻʺˁʶˌ όˈˉ˖ˌ ˋˎ˃˒ˈˊʹˋʹΣ ˊˇʺ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ʺ ˋˍʱˋʶʽˌ 

˂ʶ˖˒ˇˊʶʾ˖˄ύ ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ ʵʽʰʵˊˇ˃ʺˌ ˍˇˎΦ ɴˍˋʽΣ ʵʶ˄ ʰˉʰʽˍʶʾˍʰʽ ʶ˄ʹ˃ʷˊ˖ˋʹ ˍʹˌ ˁʰˍʱˋˍʰˋʹˌ 

ˈ˂˖˄ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˋʶ ˁʱʻʶ ˔ˊˇ˄ʽˁˈ ʲʺ˃ʰΣ ʰ˂˂ʱ ʶ˅ʶˍʱʸˇ˄ˍʰʽ ˃ˈ˄ˇ ˈˋʰ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ 

ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ʷ˄ʰ ʴʶʴˇ˄ˈˍʰΦ ʍˌ h ˉˇˍʷ˂ʶˋ˃ʰΣ ʹ ˃ʶˋˇˋˁˇˉʽˁʺ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ʶˉʽˍˎʴ˔ʱ˄ʶʽ 

ˋʹ˃ʰ˄ˍʽˁʱ ˍʰ˔ˏˍʶˊʹ ʶˁˍʷ˂ʶˋʹ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʹ ˃ʽˁˊˇˉˊˇˋˇ˃ˇʾ˖ˋʹΣ ʰˁˈ˃ʹ ˁʰʽ ʴʽʰ ˍˇ˄ ʾʵʽˇ 

ʰˊʽʻ˃ˈ ˇ˔ʹ˃ʱˍ˖˄ ˋˍˇ ʵʾˁˍˎˇΦ όaŀƴǳŀƭ !ƛƳǎǳƴύ 

ʅˍʹ˄ ˉˊˇˋʷʴʴʽˋʹ ʇʲˊʽʵʽˁʺ ˃ʽˁˊˈπ˃ ʷˋˇ όIȅōǊƛŘ aŜǎƻπaƛŎǊƻύΣ ́ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˋˎ˄ʵˎʱʸʶʽ 

ˍʰˎˍˈ˔ˊˇ˄ʰ ˍˇ ˃ʽˁˊˇˋˁˇˉʽˁˈ ˃ˇ˄ˍʷ˂ˇ ˋʶ ʶˉʽ˂ʶʴ˃ʷ˄ʶˌ ˉʶˊʽˇ˔ʷˌ ˃ʶ ˍˇ ˃ʶˋˇˋˁˇˉʽˁˈ ˃ˇ˄ˍʷ˂ˇ 

ˋˍˇ ˎˉˈ˂ˇʽˉˇ ʵʾˁˍˎˇΦ ʆˇ ˎʲˊʽʵʽˁˈ ʰˎˍˈ ˃ˇ˄ˍʷ˂ˇ ʶ˄ʵʶʾˁ˄ˎˍʰʽ ʴʽʰ ʵʾˁˍˎʰ ˃ʶʴʱ˂ʹˌ ˁ˂ʾ˃ʰˁʰˌ 

ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ˉʶˊʽˇ˔ʷˌ ˈˉˇˎ ʰˉʰʽˍʶʾˍʰʽ ˎ˕ʹ˂ˈ ʶˉʾˉʶʵˇ ˂ʶˉˍˇ˃ʷˊʶʽʰˌ 

τ ̍ˉ˖ˌ ˋʶ ʶ˒ʰˊ˃ˇʴʷˌ ʶ˂ʷʴ˔ˇˎ ˋʹ˃ʰˍˇʵˈˍʹˋʹˌΣ ˉˊˇˍʶˊʰʽˈˍʹˍʰˌ ʵʽʷ˂ʶˎˋʹˌΣ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹˌ 

ˉʶʸ˗˄Σ ʰ˄ʾ˔˄ʶˎˋʹˌ ʺ ˉˊˇˋʰˊ˃ˇˋˍʽˁ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄ ʶ˂ʷʴ˔ˇˎ τ ʁ˄˗ ˍʰˎˍˈ˔ˊˇ˄ʰ ʶˉʽʵʽ˗ˁʶˍʰʽ 

ˋˎ˄ˇ˂ʽˁʺ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ ʵʽˁˍˏˇˎΦ ɶ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ ˃ʶˋˇˋˁˇˉʽˁˇˏ ˃ˇ˄ˍʷ˂ˇˎ 

ˋˍʽˌ ˂ʽʴˈˍʶˊˇ ˁˊʾˋʽ˃ʶˌ ˉʶˊʽˇ˔ʷˌ ˃ʶʽ˗˄ʶʽ ˋʹ˃ʰ˄ˍʽˁʱ ˍˇ˄ ʰˉʰʽˍˇˏ˃ʶ˄ˇ ˎˉˇ˂ˇʴʽˋˍʽˁˈ ˔ˊˈ˄ˇ ˍʹˌ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΣ ʵʽʰˍʹˊ˗˄ˍʰˌ ˍʹ˄ ʽˋˇˊˊˇˉʾʰ ˃ʶˍʰ˅ˏ ʰˁˊʾʲʶʽʰˌ ˁʰʽ ʰˉˇʵˇˍʽˁˈˍʹˍʰˌΦ όaŀƴǳŀƭ 

!ƛƳǎǳƴύ 

ʅˍʹ˄ ˉˊˇˋʷʴʴʽˋʹ ʇʲˊʽʵʽˁʺ ˃ʰˁˊˈπ˃ ʷˋˇ όIȅōǊƛŘ aŀŎǊƻπaŜǎƻύΣ ́ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ʲʰˋʾʸʶˍʰʽ ˋˍʹ˄ 

ʰˍˇ˃ʽˁʺ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄Σ ʶ˄˗ ˍʰˎˍˈ˔ˊˇ˄ʰ ˁʱʻʶ ˈ˔ʹ˃ʰ ʶˁ˔˖ˊʶʾˍʰʽ ˋʶ 

˃ʰˁˊˇˍˇ˃ʷˌ ˃ʶ ˍʹ˄ ˉˊˇˋʻʺˁʹ ˃ʽʰˌ ˃ˇ˄ʱʵʰˌ ˋˍˇ˄ ʰ˄ˍʾˋˍˇʽ˔ˇ ʶˁ˔˖ˊʹ˃ʷ˄ˇ ̍ʴˁˇΦ ʃʰˊʱ˂˂ʹ˂ʰΣ 

ʹ ˒ˈˊˍ˖ˋʹ ˍˇˎ ˃ʶˋˇˋˁˇˉʽˁˇˏ ʵʽˁˍˏˇˎ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˋˍʰ ˃ʶˋˇˋˁˇˉʽˁʱ ˍ˃ʺ˃ʰˍʰΦ ɮˎˍˈ ˍˇ 

ˎʲˊʽʵʽˁˈ ˃ˇ˄ˍʷ˂ˇ ʶʾ˄ʰʽ ˁʰˍʱ˂˂ʹ˂ˇ ʴʽʰ ʰˁˈ˃ʰ ˃ʶʴʰ˂ˏˍʶˊʰ ʵʾˁˍˎʰΣ ˈˉ˖ˌ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ ˋʶ 

ʶˉʾˉʶʵˇ ˉʶˊʽ˒ʷˊʶʽʰˌ ʺ ˁʰʽ ˔˗ˊʰˌΣ ˈˉˇˎ ʰˉʰʽˍʶʾˍʰʽ ˎ˕ʹ˂ˈˍʶˊʹ ˂ʶˉˍˇ˃ʷˊʶʽʰ ˋʶ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ʸ˗˄ʶˌ τ ˁ ʱˍʽ ˉˇˎ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ʵˏˋˁˇ˂ˇ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ˃ʶ ʰ˃ʽʴ˗ˌ 

˃ʰˁˊˇˋˁˇˉʽˁʷˌ ˉˊˇˋʶʴʴʾˋʶʽˌΦ ɶ ˔ˊʺˋʹ ˍʹˌ ˎʲˊʽʵʽˁʺˌ ˃ʰˁˊˈπ˃ ʷˋˇ ̄ ˊˇˋʷʴʴʽˋʹˌ ʶ˄ʵʶʾˁ˄ˎˍʰʽ 

ˈˍʰ˄ ʶˉʽʵʽ˗ˁʶˍʰʽ ʹ ˃ʶʾ˖ˋʹ ˍˇˎ ˎˉˇ˂ˇʴʽˋˍʽˁˇˏ ˁˈˋˍˇˎˌ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ʺ ˈˍʰ˄ ˎˉʱˊ˔ˇˎ˄ 

ˉʶˊʽˇ˔ʷˌ ˔˖ˊʾˌ ʶˉʰˊˁʺ ʴʶ˖˃ʶˍˊʽˁʺ ˂ʶˉˍˇ˃ʷˊʶʽʰ ʺ ˔˖ˊʾˌ ˉ˂ʺˊ˖ˌ ˁʰʻˇˊʽˋ˃ʷ˄ʰ ˋ˔ʺ˃ʰˍʰ 

ʶ˂ʷʴ˔ˇˎΦ όaŀƴǳŀƭ !ƛƳǎǳƴύ 

ɲˎ˄ʰ˃ʽˁʺ ɮ˄ʱʻʶˋʹ ɼˎˁ˂ˇ˒ˇˊʾʰˌ κ Dynamic Traffic Assignment  
ʅˍʹ ɲˎ˄ʰ˃ʽˁʺ ɮ˄ʱʻʶˋʹ ɼˎˁ˂ˇ˒ˇˊʾʰˌ ό5¢!ύΣ ʹ ʶˁ˔˗ˊʹˋʹ ˍʹˌ ˁʾ˄ʹˋʹˌ ʰ˄ʰ˒ʷˊʶˍʰʽ ˋˍʹ 

ʵʽʰʵʽˁʰˋʾʰ ˃ʶ ˍʹ˄ ˇˉˇʾʰ ʹ ʸʺˍʹˋʹ ˃ʶˍʰˁʽ˄ʺˋʶ˖˄ τ ̀ ˎ˄ʺʻ˖ˌ ˉʶˊʽʴˊʰ˒ˈ˃ʶ˄ʹ ˃ʷˋ˖ ˉʾ˄ʰˁʰ 

ˉˊˇʷ˂ʶˎˋʹˌπ̄ ˊˇˇˊʽˋ˃ˇˏ τ ˒ˇˊˍ˗˄ʶˍʰʽ ˋˍˇ ʵʾˁˍˎˇ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˉˊˇˋʵʽˇˊʽˋˍˇˏ˄ ˇʽ ˊˇʷˌ 

ˁʾ˄ʹˋʹˌ ˋˍʽˌ ˋˎ˄ʵʷˋʶʽˌ ˍˇˎΦ ɶ ʲʰˋʽˁʺ ˎˉˈʻʶˋʹ ʶʾ˄ʰʽ ̍ˍʽΣ ˁʰʻ˗ˌ ˍʰ ˇ˔ʺ˃ʰˍʰ ˁʽ˄ˇˏ˄ˍʰʽ ʰˉˈ ˍˇ 



ɼʶ˒ʱ˂ʰʽˇ 3 ςɾʶʻˇʵˇ˂ˇʴʾʰ  
 

-28- 

 

ˋʹ˃ʶʾˇ ˉˊˇʷ˂ʶˎˋʹˌ ˉˊˇˌ ˍˇ˄ ˉˊˇˇˊʽˋ˃ˈ ˍˇˎˌΣ ʶˉʽʵʽ˗ˁˇˎ˄ ˄ʰ ʶ˂ʰ˔ʽˋˍˇˉˇʽʺˋˇˎ˄ ˍˇ˄ ʰˍˇ˃ʽˁˈ 

˔ˊˈ˄ˇ ˍʰ˅ʽʵʽˇˏ ˍˇˎˌΦ ɲʹ˂ʰʵʺΣ ˇʽ ˇʵʹʴˇʾ ʶˉʽ˂ʷʴˇˎ˄ ˍʽˌ ʵʽʰʵˊˇ˃ʷˌ ˉˇˎ ʰ˄ˍʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˖ˌ 

ˋˎ˄ˍˇ˃ˈˍʶˊʶˌΣ ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˍʽˌ ˍˊʷ˔ˇˎˋʶˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʷˌ ˋˎ˄ʻʺˁʶˌΦ 

ɶ ʰ˄ʱˉˍˎ˅ʹ ʶˎ˒ˎ˗˄ ˋˎˋˍʹ˃ʱˍ˖˄ ˃ʶˍʰ˒ˇˊ˗˄ όL¢{ύΣ ˉˊˇʹʴ˃ʷ˄˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ ʵʽʰ˔ʶʾˊʽˋʹˌ 

ˁˎˁ˂ˇ˒ˇˊʾʰˌ ό!¢a{ύ ˁʰʽ ˉˊˇʹʴ˃ʷ˄˖˄ ˋˎˋˍʹ˃ʱˍ˖˄ ˉʰˊˇ˔ʺˌ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˁˎˁ˂ˇ˒ˇˊʾʰˌ 

ό!¢L{ύ ʰ˄ʷʵʶʽ˅ʶ ˍʹ˄ ʰ˄ʱʴˁʹ ʴʽʰ ʵˎ˄ʰ˃ʽˁʱ ˃ˇ˄ˍʷ˂ʰ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ʰˉˇʵ˗ˋˇˎ˄ ˉ˗ˌ 

˃ʶˍʰʲʱ˂˂ʶˍʰʽ ʹ ˊˇʺ ˁʾ˄ʹˋʹˌ ˃ʶ ˍʹ˄ ˉʱˊˇʵˇ ˍˇˎ ˔ˊˈ˄ˇˎΦ ʆʰ ˃ˇ˄ˍʷ˂ʰ ʰˎˍʱ ˉʶˊʽʴˊʱ˒ˇˎ˄ ˃ʶ 

ʰˁˊʾʲʶʽʰ ˍʽˌ ˔ˊˇ˄ʽˁʷˌ ʶ˅ʰˊˍʺˋʶʽˌ ˍʹˌ ʸʺˍʹˋʹˌ ˁʰʽ ˍʽˌ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʷˌ ˊˇʷˌ ˉˇˎ 

ˉˊˇˁˏˉˍˇˎ˄Φ 

ʆ ̌!ƛƳǎǳƴ bŜȄǘ ˉʰˊʷ˔ʶʽ ɻˏ ̌h˂ʴˈˊʽʻ˃ˇˎˌ 5ȅƴŀƳƛŎ ¢ǊŀŶŎ !ǎǎƛƎƴƳŜƴǘ ό5¢!ύΥ 

¶ ʅˍˇ˔ʰˋˍʽˁʺ ʶˉʽ˂ˇʴʺ ʵʽʰʵˊˇ˃ʺˌ ό{w/ύ 

¶ ɲˎ˄ʰ˃ʽˁʺ ʽˋˇˊˊˇˉʾʰ ˔ˊʺˋˍʹ ό5¦9ύ 

ʁ ʰ˂ʴˈˊʽʻ˃ˇˌ ʅˍˇ˔ʰˋˍʽˁʺˌ ʶˉʽ˂ˇʴʺˌ ʵʽʰʵˊˇ˃ʺˌ ό{ǘƻŎƘŀǎǝŎ wƻǳǘŜ /ƘƻƛŎŜҐ {w/ύ ˎ̄ ˇ˂ˇʴʾʸʶʽ ˋˍˇ 

ˍʷ˂ˇˌ ˁʱʻʶ ˔ˊˇ˄ʽˁˇˏ ʵʽʰˋˍʺ˃ʰˍˇˌ ʰ˄ʰ˔˗ˊʹˋʹˌ όˍˇ ˇˉˇʾˇ ˁʰʻˇˊʾʸʶˍʰʽ ʰˉˈ ˍˇ˄ ˔ˊʺˋˍʹύ ˍʹˌ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΣ ˍʹ ʵʽʰʵˊˇ˃ʺ ʶ˂ʱ˔ʽˋˍˇˎ ˁˈˋˍˇˎˌ ˁʰʽ ˁʰˍʰ˄ʷ˃ʶʽ ˍʰ ˇ˔ʺ˃ʰˍʰ ʰ˄ʱ˃ʶˋʰ ˋʶ ʰˎˍʺ 

ˍʹ ʵʽʰʵˊˇ˃ʺ ˁʰʽ ˍʰ ˃ˇ˄ˇˉʱˍʽʰ ʶ˂ʱ˔ʽˋˍˇˎ ˁˈˋˍˇˎˌ ˉˇˎ ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄ ˋʶ ˉˊˇʹʴˇˏ˃ʶ˄ʰ 

˔ˊˇ˄ʽˁʱ ʵʽʰˋˍʺ˃ʰˍʰΣ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˃ʽʰ ʵʽʰˁˊʽˍʺ ˋˎ˄ʱˊˍʹˋʹ ʶˉʽ˂ˇʴʺˌ όˈˉ˖ˌ ɲʽ˖˄ˎ˃ʽˁʺΣ 

ɮ˄ʰ˂ˇʴʽˁʺΣ [ƻƎƛǘ ʺ /π[ƻƎƛǘύΦ ɶ ʵʽʰʵˊˇ˃ʺ ʶˁ˔˖ˊʶʾˍʰʽ ˋʶ ˁʱʻʶ ˈ˔ʹ˃ʰ ˁʰˍʱ ˍʹ˄ ʷ˄ʰˊ˅ʹ ˍˇˎ 

ˍʰ˅ʽʵʽˇˏ ˍˇˎΦ ɳˉʽˉ˂ʷˇ˄Σ ˎˉʱˊ˔ʶʽ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ˊˏʻ˃ʽˋʹˌ ʴʽʰ ˍˇ˄ ˁʰʻˇˊʽˋ˃ˈ ˃ʽʰˌ ʰ˄ʰ˂ˇʴʾʰˌ 

ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ʵˊˇ˃ˇ˂ˇʴˇˏ˄ˍʰʽΣ ˍʰ ˇˉˇʾʰ ʶˉʰ˄ʰ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ʶˉʽ˂ˇʴʺˌ 

ʵʽʰʵˊˇ˃ʺˌ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ ˍʰ˅ʽʵʽˇˏ ˍˇˎˌΣ ˁʱʻʶ ˒ˇˊʱ ˉˇˎ ˍʰ ˁˈˋˍʹ ʶ˄ʹ˃ʶˊ˗˄ˇ˄ˍʰʽΦ 

ɶ ʵʽʰʵʽˁʰˋʾʰ ɲˎ˄ʰ˃ʽˁʺˌ ʽˋˇˊˊˇˉʾʰˌ ˔ˊʺˋˍʹ ό5ȅƴŀƳƛŎ ¦ǎŜǊ 9ǉǳƛƭƛōǊƛǳƳҐ 5¦9ύ h̄ ˇˍʶ˂ʶʾ ˃ʽʰ 

ʶˉʰ˄ʰ˂ʹˉˍʽˁʺ ʵʽʰʵʽˁʰˋʾʰΣ ˃ʶ ˋˍˈ˔ˇ ˄ʰ ʶ˅ʰˋ˒ʰ˂ʾˋʶʽ ˈˍʽΣ ʴʽʰ ˁʱʻʶ ʸʶˏʴˇˌ ˉˊˇʷ˂ʶˎˋʹˌπ

ˉˊˇˇˊʽˋ˃ˇˏ όhκ5ύ ˁʰʽ ˁʱʻʶ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ʰ˄ʰ˔˗ˊʹˋʹˌΣ ˇʽ ˔ˊˈ˄ˇʽ ˍʰ˅ʽʵʽˇˏ ˉˇˎ ʲʽ˗˄ˇˎ˄ 

ˍʰ ˇ˔ʺ˃ʰˍʰ ˁʰˍʱ ˍʹ˄ ʾʵʽʰ ˉʶˊʾˇʵˇ ʰ˄ʰ˔˗ˊʹˋʹˌ ʶʾ˄ʰʽ ʾˋˇʽ ˁʰʽ ʶ˂ʱ˔ʽˋˍˇʽΦ ɶ ˉˊˈˇʵˇˌ ˉˊˇˌ ˃ʽʰ 

ˋˍʰʻʶˊʺ ˂ˏˋʹ ˃ʶˍˊʱˍʰʽ ˃ʶ ˍˇ ʅ˔ʶˍʽˁˈ ɼʶ˄ˈ όwDŀǇύΣ ˍˇ ˇˉˇʾˇ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˖ˌ ʹ ˋ˔ʶˍʽˁʺ 

ʵʽʰ˒ˇˊʱ ˃ʶˍʰ˅ˏ ˍˇˎ ˋˎ˄ˇ˂ʽˁˇˏ ˔ˊˈ˄ˇˎ ˍʰ˅ʽʵʽˇˏ ˉˇˎ ʲʽ˗ʻʹˁʶ ʰˉˈ ˍʰ ˇ˔ʺ˃ʰˍʰ ˁʰʽ ˍˇˎ 

ˋˎ˄ˇ˂ʽˁˇˏ ˔ˊˈ˄ˇˎ ˍʰ˅ʽʵʽˇˏ ˉˇˎ ʻʰ ʶʾ˔ʶ ˉʰˊʰˍʹˊʹʻʶʾ ʶʱ˄ ˈ˂ʰ ˍʰ ˇ˔ʺ˃ʰˍʰ ʶʾ˔ʰ˄ ʰˁˇ˂ˇˎʻʺˋʶʽ 

ˍʹ ˋˎ˄ˍˇ˃ˈˍʶˊʹ ʵʽʰʵˊˇ˃ʺΦ ʆˇ ˈˊʽˇ ˍˇˎ ˋ˔ʶˍʽˁˇˏ ˁʶ˄ˇˏ ̄ ˇˎ ˁʰʻˇˊʾʸʶʽ ˍʹ˄ ʶˉʾˍʶˎ˅ʹ ˍʹˌ 

ˋˏʴˁ˂ʽˋʹˌ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍˇ ˃ʷʴʶʻˇˌ ˍˇˎ ʵʽˁˍˏˇˎ ˁʰʽ ˍˇ ʶˉʾˉʶʵˇ ˋˎ˃˒ˈˊʹˋʹˌ ˉˇˎ 

ˉʰˊʰˍʹˊʶʾˍʰʽ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΣ ˁʰʽ ˋˎ˄ʺʻ˖ˌ ˇˊʾʸʶˍʰʽ ˃ʶˍʰ˅ˏ р҈ ˁʰʽ мл҈Φ  

ɱʽʰ ˍʹ ˃ʶʾ˖ˋʹ ˍˇˎ ʰˊʽʻ˃ˇˏ ˍ˖˄ ʶˉʰ˄ʰ˂ʺ˕ʶ˖˄ ˉˇˎ ʰˉʰʽˍˇˏ˄ˍʰʽ ʴʽʰ ˍʹ˄ ʶˉʾˍʶˎ˅ʹ ˋˏʴˁ˂ʽˋʹˌ 

ˁʰʽ ʴʽʰ ˍʹ˄ ʶˉʾˍʶˎ˅ʹ ˁʰ˂ˏˍʶˊʹˌ ˋˏʴˁ˂ʽˋʹˌΣ ʹ ʵʽʰʵʽˁʰˋʾʰ ɲˎ˄ʰ˃ʽˁʺˌ ʽˋˇˊˊˇˉʾʰˌ ˔ˊʺˋˍʹ ʻʰ 

ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽΥ 

¶ ʀʶˁʽ˄˗˄ˍʰˌ ˃ʶ ʷ˄ʰ ʰˊ˔ʶʾˇ ʵʽʰʵˊˇ˃ʺˌ ʶʽˋˈʵˇˎΣ ˍˇ ˇˉˇʾˇ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽΣ ʴʽʰ 

ˉʰˊʱʵʶʽʴ˃ʰΣ ˃ʷˋ˖ ˃ʽʰˌ ˃ʰˁˊˇˋˁˇˉʽˁʺˌ ʰ˄ʱʻʶˋʹˌΦ 

¶ ɳˁˍʶ˂ˇˏ˃ʶ˄ʹ ˋˍʰʵʽʰˁʱΣ ʵʹ˂ʰʵʺ ʰˎ˅ʱ˄ˇ˄ˍʰˌ ˍʹ ʸʺˍʹˋʹ ˁʰʽ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ 

ʶ˄ʰ˂˂ʰˁˍʽˁ˗˄ ʵʽʰʵˊˇ˃˗˄ ˃ʶ ˍʽˌ ʶˉʰ˄ʰ˂ʺ˕ʶʽˌΦ 
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-29- 

 

ʁʽ ʵʽʰ˒ˇˊʶˍʽˁˇʾ ʰ˂ʴˈˊʽʻ˃ˇʽ ʰ˄ʱʻʶˋʹˌ ʰˉˇˍˎˉ˗˄ˇˎ˄ ʵʽʰ˒ˇˊʶˍʽˁʱ ʶˉʾˉʶʵʰ ˉˊˈˋʲʰˋʹˌ ˋˍʽˌ 

ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʴʽʰ ˍˇ˄ ˔ˊˈ˄ˇ ˍʰ˅ʽʵʽˇˏΦ ɳʽʵʽˁˈˍʶˊʰΣ ʹ ʵʽʰʵʽˁʰˋʾʰ ɲˎ˄ʰ˃ʽˁʺˌ ʽˋˇˊˊˇˉʾʰˌ ˔ˊʺˋˍʹ 

ʰ˄ʰˉʰˊʽˋˍʱ ˍˇˎˌ ˇʵʹʴˇˏˌ ˉˇˎ ʲʰˋʾʸˇˎ˄ ˍʽˌ ʰˉˇ˒ʱˋʶʽˌ ˍˇˎˌ ʵˊˇ˃ˇ˂ˈʴʹˋʹˌ ˋˍʹ˄ ʽˋˍˇˊʽˁʺ 

ʴ˄˗ˋʹ ˍ˖˄ ˋˎ˄ʻʹˁ˗˄Σ ˔˖ˊʾˌ ˍʹ˄ ˉʰˊˇˎˋʾʰ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇΦ ɮ˄ˍʽʻʷˍ˖ˌΣ 

ˍˇ ʅˍˇ˔ʰˋˍʽˁʺ ʶˉʽ˂ˇʴʺ ʵʽʰʵˊˇ˃ʺˌ ʰ˄ʰˉʰˊʽˋˍʱ ˇʵʹʴˇˏˌ ˉˇˎ ʷ˔ˇˎ˄ ˉˊˈˋʲʰˋʹ ˋʶ 

ˉ˂ʹˊˇ˒ˇˊʾʶˌ ʶʾˍʶ ˉˊʽ˄ ʰˉˈ ˍˇ ˍʰ˅ʾʵʽ όƴƻƴπŜƴǊƻǳǘŜŘύ ʶʾˍʶ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ ˍʰ˅ʽʵʽˇˏ ˍˇˎˌ 

όŜƴǊƻǳǘŜŘύΦ  

ʆˇ !ƛƳǎǳƴ bŜȄǘ ʶˉʽˍˊʷˉʶʽ ˋʶ ˇˊʽˋ˃ʷ˄ʰ ˇ˔ʺ˃ʰˍʰ ˋʶ ˃ʽʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˄ʰ ˒ˇˊˍ˗˄ˇˎ˄ 

ʵʽʰʵˊˇ˃ʷˌ ʰˉˈ ʷ˄ʰ ʰˊ˔ʶʾˇ ʵʽʰʵˊˇ˃ʺˌ ʶʽˋˈʵˇˎ ʺ ˄ʰ ˇˊʾʸˇ˄ˍʰʽ ˔ʶʽˊˇˁʾ˄ʹˍʰΣ ˋˎ˄ʵˎʱʸˇ˄ˍʰˌ ʷˍˋʽ 

ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˋˎ˃ˉʶˊʽ˒ˇˊʷˌ ʶˉʽ˂ˇʴʺˌ ʵʽʰʵˊˇ˃ʺˌ ˋˍʹ˄ ʾʵʽʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹΦ 

ɶ ʶˉʽ˂ˇʴʺ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ ˉˇˎ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʴʽʰ ˍʹ˄ ʶˉʽ˂ˇʴʺ ʵʽʰʵˊˇ˃ʺˌΣ ˁʰʻ˗ˌ ˁʰʽ ʹ 

ʰˉˈ˒ʰˋʹ ʰ˄ ˍʰ ʰˊ˔ʶʾʰ ʵʽʰʵˊˇ˃ʺˌ ʶʽˋˈʵˇˎ ʻʰ ˉˊʷˉʶʽ ˄ʰ ˎˉˇ˂ˇʴʽˋˍˇˏ˄ ˁʰʽ ˄ʰ 

ʶˉʰ˄ʰ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄Σ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎΣ ʰˉˈ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ 

ʶ˄ʰ˂˂ʰˁˍʽˁ˗˄ ʵʽʰʵˊˇ˃˗˄ ˉˇˎ ʶʾ˄ʰʽ ʵʽʰʻʷˋʽ˃ʶˌ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹˌ ˁʰʽ ʰˉˈ ˍʹ˄ 

ˉʰˊʰˍʺˊʹˋʹ ˍʹˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄Φ  

ɮˊ˔ʽˁʺ ɼʰˍʱˋˍʰˋʹ ʃˊˇˋˇ˃ˇʾ˖ˋʹˌ κ Initial Simulation State 
ɼʰˍʱ ˍʹ˄ ʷ˄ʰˊ˅ʹ ˃ʽʰˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˃ʽˁˊˇˋˁˇˉʽˁˇˏΣ ˃ʶˋˇˋˁˇˉʽˁˇˏ ʺ ˎʲˊʽʵʽˁˇˏ ˍˏˉˇˎΣ ˍˇ 

ʵʾˁˍˎˇ ʲˊʾˋˁʶˍʰʽ ˋʶ ˃ʹ ˊʶʰ˂ʽˋˍʽˁʺ ˁʰˍʱˋˍʰˋʹΣ ˁʰʻ˗ˌ ʰˊ˔ʽˁʱ ʵʶ˄ ˉʶˊʽʷ˔ʶʽ ˇ˔ʺ˃ʰˍʰΦ ʍˌ 

ʰˉˇˍʷ˂ʶˋ˃ʰΣ ˇʽ ˁˎˁ˂ˇ˒ˇˊʽʰˁʷˌ ˋˎ˄ʻʺˁʶˌ ˉˇˎ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˋˍʰ ʰˊ˔ʽˁʱ ˋˍʱʵʽʰ ˍʹˌ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ʵʶ˄ ʶʾ˄ʰʽ ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁʷˌ ˍʹˌ ˉˊʰʴ˃ʰˍʽˁʺˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌΣ 

ʵʶʵˇ˃ʷ˄ˇˎ ˈˍʽ ʰˉʰʽˍʶʾˍʰʽ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ˗ˋˍʶ ˍʰ ˇ˔ʺ˃ʰˍʰ ˄ʰ ʲˊʾˋˁˇ˄ˍʰʽ ˋʶ ʵʽʱ˒ˇˊʶˌ 

˒ʱˋʶʽˌ ˍ˖˄ ʵʽʰʵˊˇ˃˗˄ ˍˇˎˌ τ hˉˈ ˍʹ˄ ʶˁˁʾ˄ʹˋʹ ʷ˖ˌ ˍʹ˄ ʱ˒ʽ˅ʹ ˋˍˇˎˌ ˉˊˇˇˊʽˋ˃ˇˏˌΦ όaŀƴǳŀƭ 

!ƛƳǎǳƴύ 

ɱʽʰ ˍʹ˄ ʰ˄ˍʽ˃ʶˍ˗ˉʽˋʹ ˍˇˎ ʸʹˍʺ˃ʰˍˇˌ ʰˎˍˇˏΣ ʹ ʰˊ˔ʽˁʺ ˁʰˍʱˋˍʰˋʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˃ˉˇˊʶʾ ˄ʰ 

ʵʽʰ˃ˇˊ˒˖ʻʶʾ ˃ʶ ʵˏˇ ʲʰˋʽˁʷˌ ˃ʶʻˈʵˇˎˌΥ όмύ ˃ʷˋ˖ ʶˁˍʷ˂ʶˋʹˌ ˃ʽʰˌ ˉʶˊʽˈʵˇˎ ˉˊˇʻʷˊ˃ʰ˄ˋʹˌ ʺ 

όнύ ˃ʷˋ˖ ˒ˈˊˍ˖ˋʹˌ ʶ˄ˈˌ ˋˍʽʴ˃ʽˈˍˎˉˇˎ ʰˉˈ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹΦ ʁʽ ʵʽʰʻʷˋʽ˃ʶˌ 

ʶˉʽ˂ˇʴʷˌ ̫˔ˇˎ˄ ˖ˌ ʶ˅ʺˌΥ 

¶ ʃʶˊʾˇʵˇˌ ʃˊˇʻʷˊ˃ʰ˄ˋʹˌ ό²ŀǊƳπǳǇ ǇŜǊƛƻŘύΥ 

ʆˇ ʵʾˁˍˎˇ ˉˊˇπ˒ ˇˊˍ˗˄ʶˍʰʽ ˃ʶ ˇ˔ʺ˃ʰˍʰ ʶˁˍʶ˂˗˄ˍʰˌ ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ʴʽʰ ˃ʽʰ 

ˁʰʻˇˊʽˋ˃ʷ˄ʹ ˔ˊˇ˄ʽˁʺ ˉʶˊʾˇʵˇ ˉˊʽ˄ ʰˉˈ ˍʹ˄ ˁˏˊʽʰ ˒ʱˋʹ ˍˇˎ ˋʶ˄ʰˊʾˇˎΦ ɶ ʸʺˍʹˋʹ ˉˇˎ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˁʰˍʱ ˍʹ˄ ˉʶˊʾˇʵˇ ʰˎˍʺ ˃ˉˇˊʶʾ ˄ʰ ʲʰˋʾʸʶˍʰʽ ʶʾˍʶ ˋˍʹ ɵʺˍʹˋʹ ʅʶ˄ʰˊʾˇˎ 

όʹ ˇˉˇʾʰ ʻʶ˖ˊʶʾˍʰʽ ˍʰˎˍˈˋʹ˃ʹ ˃ʶ ʰˎˍʺ˄ ˍˇˎ ˉˊ˗ˍˇˎ ˔ˊˇ˄ʽˁˇˏ ʵʽʰˋˍʺ˃ʰˍˇˌ ˍˇˎ 

ˋʶ˄ʰˊʾˇˎύΣ ʶʾˍʶ ˋʶ ˃ʽʰ ʶ˄ʰ˂˂ʰˁˍʽˁʺ ɵʺˍʹˋʹ ɼˎˁ˂ˇ˒ˇˊʾʰˌΦ ɶ ʵʽʱˊˁʶʽʰ ˍʹˌ 

ˉˊˇʻʷˊ˃ʰ˄ˋʹˌ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˋˎʴˁˊʾˋʽ˃ʹ ˃ʶ ˍˇˎˌ ˔ˊˈ˄ˇˎˌ ˍ˖˄ ˃ʶʴʰ˂ˏˍʶˊ˖˄ 

ʵʽʰʵˊˇ˃˗˄ ˋˍˇ ʵʾˁˍˎˇΣ ˗ˋˍʶ ˄ʰ ʶ˅ʰˋ˒ʰ˂ʽˋˍʶʾ ˈˍʽ ˇ ˋˍˈ˂ˇˌ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ʻʰ ʷ˔ʶʽ 

ˁʰ˂ˏ˕ʶʽ ʷ˄ʰ ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁˈ ˒ʱˋ˃ʰ ˒ʱˋʶ˖˄ ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ 

¶ ʊˈˊˍ˖ˋʹ ɮˉˇʻʹˁʶˎ˃ʷ˄ʹˌ ɮˊ˔ʽˁʺˌ ɼʰˍʱˋˍʰˋʹˌΥ 

ɾˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˃ʽʰ ˉˊˇʹʴˇˎ˃ʷ˄˖ˌ ʰˉˇʻʹˁʶˎ˃ʷ˄ʹ ˁʰˍʱˋˍʰˋʹ ˍˇˎ 

ˋˎˋˍʺ˃ʰˍˇˌΣ ʹ ˇˉˇʾʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʹ˄ ˁʰˍʰ˄ˇ˃ʺ ˇ˔ʹ˃ʱˍ˖˄ ˋʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˔ˊˇ˄ʽˁˈ 
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ˋʹ˃ʶʾˇ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ ɶ ˁʰˍʱˋˍʰˋʹ ʰˎˍʺ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˉˊˇʴʶ˄ʷˋˍʶˊʹ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ʶˉʽ˂ʶʴʶʾ ˗ˋˍʶ ˄ʰ ʰ˄ˍʽˁʰˍˇˉˍˊʾʸʶʽ ˍʽˌ ʶˉʽʻˎ˃ʹˍʷˌ 

ˁˎˁ˂ˇ˒ˇˊʽʰˁʷˌ ˋˎ˄ʻʺˁʶˌ ˁʰˍʱ ˍʹ˄ ʷ˄ʰˊ˅ʹ ˍˇˎ ˁˏˊʽˇˎ ˋʶ˄ʰˊʾˇˎΦ 

¶ ɲʹ˃ʽˇˎˊʴʾʰ ɮˊ˔ʽˁʺˌ ɼʰˍʱˋˍʰˋʹˌ ʰˉˈ ʃˊˇʹʴˇˏ˃ʶ˄ʹ ʃˊˇˋˇ˃ˇʾ˖ˋʹΥ 

ɶ ʰˊ˔ʽˁʺ ˁʰˍʱˋˍʰˋʹ ˃ˉˇˊʶʾ ʶˉʾˋʹˌ ˄ʰ ˉʰˊʰ˔ʻʶʾ ˃ʶ ʶ˅ʰʴ˖ʴʺ ˋˍʽʴ˃ʽˈˍˎˉˇˎ ˍˇˎ 

ʵʽˁˍˏˇˎ ʰˉˈ ˉˊˇʹʴˇˏ˃ʶ˄ʹ ʶˁˍʷ˂ʶˋʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΣ ˋʶ ʶˉʽ˂ʶʴ˃ʷ˄ʹ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺΦ ɶ 

ˉˊˇˋʷʴʴʽˋʹ ʰˎˍʺ ʶˉʽˍˊʷˉʶʽ ˍʹ ˋˎ˄ʷ˔ʽˋʹ ʺ ˍʹ˄ ʰ˂ˎˋʽʵ˖ˍʺ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ʵʽʰ˒ˈˊ˖˄ 

ˋʶ˄ʰˊʾ˖˄ ˃ʶ ˋˎ˄ʶˉʺ ˁʰˍʱˋˍʰˋʹ ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ 

ʃʰˊʰ˃ʶˍˊˇˉˇʾʹˋʹ ɹʵʽˇˍʺˍ˖˄κ Attribute Overrides 
ʁ ˃ʹ˔ʰ˄ʽˋ˃ˈˌ ˉʰˊʰ˃ʶˍˊˇˉˇʾʹˋʹˌ ʽʵʽˇˍʺˍ˖˄ ʷ˔ʶʽ ˋ˔ʶʵʽʰˋˍʶʾ ˃ʶ ˋˁˇˉˈ ˍʹ ʵʽʶˎˁˈ˂ˎ˄ˋʹ ˍʹˌ 

ʶˎʷ˂ʽˁˍʹˌ ˉʰˊʰ˃ʶˍˊˇˉˇʾʹˋʹˌ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˍʹ˄ ˍˊˇˉˇˉˇʾʹˋʹ 

ˋˎʴˁʶˁˊʽ˃ʷ˄˖˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍˇˎ ʵʽˁˍˏˇˎ ˔˖ˊʾˌ ˍʹ˄ ʰ˄ʱʴˁʹ ʰ˄ʰˉʰˊʰʴ˖ʴʺˌ ˍˇˎ ˋʶ 

˅ʶ˔˖ˊʽˋˍʷˌ ʶˁʵˇ˔ʷˌ ʴʽʰ ˁʱʻʶ ʵʽʰ˃ˈˊ˒˖ˋʹΦ ɾʷˋ˖ ˍʹˌ ˔ˊʺˋʹˌ ˍ˖˄ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄ 

ˎˉʶˊʽˋ˔ˏˋʶ˖˄Σ ʶʾ˄ʰʽ ʵˎ˄ʰˍʺ ʹ ʶˉʽ˂ʶˁˍʽˁʺ ʰ˂˂ʰʴʺ ˍʽ˃˗˄ ˋʶ ˉʰˊʰ˃ʷˍˊˇˎˌ ˈˉ˖ˌ ˇʽ ʰˉˇˋˍʱˋʶʽˌ 

ˍ˃ʹ˃ʱˍ˖˄ όǎŜŎǝƻƴ ŘƛǎǘŀƴŎŜ ȊƻƴŜǎύΣ ˇʽ ˁˎˁ˂ˇ˒ˇˊʽʰˁʷˌ ʽˁʰ˄ˈˍʹˍʶˌΣ ˇʽ ˋˎ˄ʰˊˍʺˋʶʽˌ 

ˁʰʻˎˋˍʷˊʹˋʹˌ ό±ƻƭǳƳŜ 5Ŝƭŀȅ CǳƴŎǝƻƴǎ π ±5CǎύΣ ˇʽ ˉˇʽ˄ʷˌ ˋˍˊˇ˒˗˄ όǘǳǊƴ ǇŜƴŀƭǝŜǎύ ˁʰʽ ʱ˂˂ʶˌ 

ˋˎ˄ʰ˒ʶʾˌ ˊˎʻ˃ʾˋʶʽˌΦ 

ɶ ˂ʶʽˍˇˎˊʴʾʰ ʰˎˍʺ ˁʰʻʽˋˍʱ ʶ˒ʽˁˍʺ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˋʶ˄ʰˊʾ˖˄ ʶˎʰʽˋʻʹˋʾʰˌ ʺ ˋˎʴˁˊʽˍʽˁʺˌ 

ʰ˄ʱ˂ˎˋʹˌ ʶ˄ˍˈˌ ˍˇˎ ʾʵʽˇˎ ʲʰˋʽˁˇˏ ˃ˇ˄ˍʷ˂ˇˎΣ ʶ˄ʽˋ˔ˏˇ˄ˍʰˌ ˍʹ ʵʽʰ˒ʱ˄ʶʽʰ ˁʰʽ ˍʹ˄ 

ʰˉˇʵˇˍʽˁˈˍʹˍʰ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΣ ʶ˂ʰ˔ʽˋˍˇˉˇʽ˗˄ˍʰˌ ˉʰˊʱ˂˂ʹ˂ʰ ˍʹ˄ ʰ˄ʱʴˁʹ ʴʽʰ 

ˉ˂ʶˇ˄ʱʸˇˎˋʰ ʵʽʰ˔ʶʾˊʽˋʹ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ʶˁʵˇ˔˗˄ ˍˇˎ ʵʽˁˍˏˇˎΦ 

ʅˎ˃ˉʶˊʽ˒ˇˊʱ ʁ˔ʹ˃ʱˍ˖˄ κ Vehicle Behavior 
ɶ ʶˉʽ˂ˇʴʺ .ŜƘŀǾƛƻǊ h ˉˇˍʶ˂ʶʾ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ʵˎ˄ʰˍˇˍʺˍ˖˄Σ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˋˍʹ ʵˎ˄ʰ˃ʽˁʺ 

ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˁʰˍʱ ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˁʰʽ ˉˊˇˋʰˊ˃ˈʸʶˍʰʽ ˋˎ˃˒ˊʰʸˈ˃ʶ˄ʰ 

όŎƻƴǘŜȄǘπǎŜƴǎƛǝǾŜύΣ ʰ˄ʰ˂ˈʴ˖ˌ ˍˇˎ ʶˉʽ˂ʶʴ˃ʷ˄ˇˎ ˍˏˉˇˎ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ τ ˃ ʽˁˊˇˋˁˇˉʽˁʺˌ 

όƳƛŎǊƻǎŎƻǇƛŎύΣ ˃ʶˋˇˋˁˇˉʽˁʺˌ όƳŜǎƻǎŎƻǇƛŎύ ʺ ˎʲˊʽʵʽˁʺˌ όƘȅōǊƛŘύΦ ʁʽ ʵʽʰʻʷˋʽ˃ʶˌ ˉʰˊʱ˃ʶˍˊˇʽ 

ˁʰʽ ˃ʹ˔ʰ˄ʽˋ˃ˇʾ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ˃ʶˍʰʲʱ˂˂ˇ˄ˍʰʽ ʰˎˍˈ˃ʰˍʰ ˗ˋˍʶ ˄ʰ ʶˎʻˎʴˊʰ˃˃ʾʸˇ˄ˍʰʽ ˃ʶ ˍʽˌ 

ʰˉʰʽˍʺˋʶʽˌ ˁʰʽ ˍʽˌ ˎˉˇʻʷˋʶʽˌ ˍˇˎ ʰ˄ˍʾˋˍˇʽ˔ˇˎ ˃ˇ˄ˍʷ˂ˇˎ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ ʃʶˊʰʽˍʷˊ˖ ʰ˄ʱ˂ˎˋʹ 

ˍʹˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ˉˇˎ h ˁˇ˂ˇˎʻʶʾ ʹ ˃ʽˁˊˇˉˊˇˋˇ˃ˇʾ˖ˋʹ ˁʰʽ h ˒ˇˊʱ ˍʹ˄ ˉʰˊˇˏˋʰ 

ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ ʴʾ˄ʶˍʰʽ ˋʶ ˉʰˊʰˁʱˍ˖ ˁʶ˒ʱ˂ʰʽˇΦ  

ʋˊˈ˄ˇˌ ɮ˄ˍʾʵˊʰˋʹˌ κ Reaction Time 
ɶ ʵˎ˄ʰˍˈˍʹˍʰ wŜŀŎǝƻƴ ¢ƛƳŜ ˁʰʻˇˊʾʸʶʽ ˍˇ ˔ˊˇ˄ʽˁˈ ʲʺ˃ʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ʴʽʰ ˃ʽˁˊˇˋˁˇˉʽˁʷˌ ˁʰʽ 

ˎʲˊʽʵʽˁʷˌ ό˃ʶˋˇπ˃ ʽˁˊˇˋˁˇˉʽˁʷˌύ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌΣ ˁʰʻ˗ˌ ˁʰʽ ˍʽˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ˔ˊˈ˄ˇˎ 

ʰ˄ˍʾʵˊʰˋʹˌ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ τ ̀ ˎ˃ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄ˇˎ 

ˍˇˎ ˔ˊˈ˄ˇˎ ʰ˄ˍʾʵˊʰˋʹˌ ˁʰˍʱ ˍʹ ˋˍʱˋʹ ˁʰʽ ˍˇˎ ˔ˊˈ˄ˇˎ ʰ˄ˍʾʵˊʰˋʹˌ ˋʶ ˒˖ˍʶʽ˄ˇˏˌ ˋʹ˃ʰˍˇʵˈˍʶˌ 

τ ɹʽʰ ˃ʽˁˊˇˋˁˇˉʽˁʱΣ ˃ʶˋˇˋˁˇˉʽˁʱ ˁʰʽ ˎʲˊʽʵʽˁʱ ˃ˇ˄ˍʷ˂ʰΦ  

ʁ ˔ˊˈ˄ˇˌ ʰ˄ˍʾʵˊʰˋʹˌ ˃ˉˇˊʶʾ ˄ʰ ˇˊʽˋˍʶʾ ʶʾˍʶ ˖ˌ ˋˍʰʻʶˊˈˌΣ ˈˉˇˎ ʶ˅ʽˋ˗˄ʶˍʰʽ ˃ʶ ˍˇ ʲʺ˃ʰ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΣ ʶʾˍʶ ˖ˌ ˃ʶˍʰʲ˂ʹˍˈˌΣ ˉˊˇˋʵʾʵˇ˄ˍʰˌ ʵʽʰ˒ˇˊˇˉˇʾʹˋʹ ʰ˄ʱ ˍˏˉˇ ˇ˔ʺ˃ʰˍˇˌΦ ʅˍʹ˄ 

ˉʶˊʾˉˍ˖ˋʹ ˃ʶˍʰʲ˂ʹˍʺˌ ˊˏʻ˃ʽˋʹˌΣ ˉʰˊʷ˔ʶˍʰʽ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ʵʹ˃ʽˇˎˊʴʾʰˌ ˉˊˇ˒ʾ˂ ˔ˊˈ˄ˇˎ 
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ʰ˄ˍʾʵˊʰˋʹˌΣ ˃ʷˋ˖ ˁʰʻˇˊʽˋ˃ˇˏ ˂ʾˋˍʰˌ ˍʽ˃˗˄ ʴʽʰ ˁʱʻʶ ˍˏˉˇ ˇ˔ʺ˃ʰˍˇˌΣ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍ˖˄ 

ʶˊʴʰ˂ʶʾ˖˄ ˉˊˇˋʻʺˁʹˌ ˁʰʽ ʵʽʰʴˊʰ˒ʺˌΦ ʆʰ ˃ʶ˃ˇ˄˖˃ʷ˄ʰ ˇ˔ʺ˃ʰˍʰ ʰ˄ˍ˂ˇˏ˄ ˍʽˌ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ˍʽ˃ʷˌ 

˔ˊˈ˄ˇˎ ʰ˄ˍʾʵˊʰˋʹˌ ʲʱˋʶʽ ˉʽʻʰ˄ˇˍʺˍ˖˄ ˉˇˎ ʷ˔ˇˎ˄ ˋˎˋ˔ʶˍʽˋˍʶʾ ˃ʶ ˍˇ ʶˁʱˋˍˇˍʶ ˉˊˇ˒ʾ˂Φ 

ɮ˒ʾ˅ʶʽˌ κ Arrivals 
ɶ ʶˉʽ˂ˇʴʺ !ǊǊƛǾŀƭǎ ́ˎʻ˃ʾʸʶʽ ˍˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ˃ʶˍʰ˅ˏ ʵʽʰʵˇ˔ʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄Σ ˁʰʻ˗ˌ ʰˎˍʱ 

ʶʽˋʷˊ˔ˇ˄ˍʰʽ ˋˍˇ ˇʵʽˁˈ ʵʾˁˍˎˇ ˃ʷˋ˖ ˍ˖˄ ˋʹ˃ʶʾ˖˄ ʶʽˋˈʵˇˎΦ 

ɶ ɼˎˁ˂ˇ˒ˇˊʽʰˁʺ ɵʺˍʹˋʹ ό¢ǊŀŶŎ 5ŜƳŀƴŘύ ˁʰʻˇˊʾʸʶʽ ˍˇ˄ ˋˎ˄ˇ˂ʽˁˈ ʰˊʽʻ˃ˈ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ 

ʻʰ ʶʽˋʷ˂ʻˇˎ˄ ˋˍˇ ʵʾˁˍˎˇ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ʶ˄ˈˌ ˔ˊˇ˄ʽˁˇˏ ʵʽʰˋˍʺ˃ʰˍˇˌΣ ʶ˄˗ ˇʽ ʰ˂ʴˈˊʽʻ˃ˇʽ 

ʱ˒ʽ˅ʹˌ όŀǊǊƛǾŀƭǎ ŀƭƎƻǊƛǘƘƳǎύ ʶ˂ʷʴ˔ˇˎ˄ ˉ˗ˌ ˁʰˍʰ˄ʷ˃ˇ˄ˍʰʽ ʰˎˍʱ ˍʰ ˇ˔ʺ˃ʰˍʰ ˃ʷˋʰ ˋˍˇ ʶ˄ ˂ˈʴ˖ 

ʵʽʱˋˍʹ˃ʰ ˁʰʽ ˉˇʽˇ ʻʰ ʶʾ˄ʰʽ ˍˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˁʶ˄ˇ όƘŜŀŘǿŀȅύ ˃ʶˍʰ˅ˏ ˍˇˎˌΦ 

ʆˇ ˃ˇ˄ˍʷ˂ˇ ʱ˒ʽ˅ʹˌ ˉˊˇˋʵʽˇˊʾʸʶˍʰʽ ʰˊ˔ʽˁʱ ˋˍˇ ʶˉʾˉʶʵˇ ˉʶʽˊʱ˃ʰˍˇˌϊ ˖ˋˍˈˋˇΣ ˎˉʱˊ˔ʶʽ 

ʵˎ˄ʰˍˈˍʹˍʰ ˎˉʷˊʲʰˋʹˌ όƻǾŜǊǊƛŘŜύ ˍʹˌ ˉˊˇʶˉʽ˂ʶʴ˃ʷ˄ʹˌ ˊˏʻ˃ʽˋʹˌ ˋʶ ʶˉʽ˃ʷˊˇˎˌ ˁʶ˄ˍˊˇʶʽʵʺ 

όʴʽʰ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽˌ h5 ˁˎ ˁ˂ˇ˒ˇˊʽʰˁʺˌ ʸʺˍʹˋʹˌύ ʺ ˋʶ ˃ʶ˃ˇ˄˖˃ʷ˄ʰ ˍ˃ʺ˃ʰˍʰ ˇʵʽˁˇˏ ʵʽˁˍˏˇˎ 

όˋʶ ˉʶˊʽˉˍ˗ˋʶʽˌ ˈˉˇˎ ʹ ʸʺˍʹˋʹ ʶ˂ʷʴ˔ʶˍʰʽ ʰˉˈ ʵˎ˄ʰ˃ʽˁʷˌ ˁʰˍʰˋˍʱˋʶʽˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌύΦ ʁʽ 

ˉʰˊʰˁʱ˃˕ʶʽˌ ʰˎˍʷˌ ʵʽʰ˔ʶʽˊʾʸˇ˄ˍʰʽ ˃ʷˋ˖ ʶˉʶ˅ʶˊʴʰˋʾʰˌΣ ˈˉˇˎ ˇ ˔ˊʺˋˍʹˌ ˃ˉˇˊʶʾ ˄ʰ ʶˉʽ˂ʷ˅ʶʽ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˁʶ˄ˍˊˇʶʽʵʺ ˁʰʽ ˍˏˉˇˎˌ ʱ˒ʽ˅ʹˌ ʰˉˈ ʰ˄ʰˉˍˎˋˋˈ˃ʶ˄ˇˎˌ ˁʰˍʰ˂ˈʴˇˎˌΣ 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʽˌ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ˂ʶʽˍˇˎˊʴʾʶˌ ˉˊˇˋʻʺˁʹˌ ʺ ʵʽʰʴˊʰ˒ʺˌΦ 

ʆˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ʰ˄ʱ˃ʶˋʰ ˋʶ ʵˏˇ ʵʽʰʵˇ˔ʽˁʷˌ ʰ˒ʾ˅ʶʽˌ ˇ˔ʹ˃ʱˍ˖˄ ʶ˅ʱʴʶˍʰʽ ˃ʶ 

ʵʶʽʴ˃ʰˍˇ˂ʹ˕ʾʰ ʰˉˈ ˋˍˇ˔ʰˋˍʽˁʷˌ ˁʰˍʰ˄ˇ˃ʷˌΦ ɲʽʰˍʾʻʶ˄ˍʰʽ ʷ˅ʽ ʵʽʰ˒ˇˊʶˍʽˁʱ ˃ˇ˄ˍʷ˂ʰ ˔ˊˇ˄ʽˁˇˏ 

ʵʽʰˋˍʺ˃ʰˍˇˌ ˃ʶˍʰ˅ˏ ʰ˒ʾ˅ʶ˖˄Υ 9ȄǇƻƴŜƴǝŀƭΣ ¦ƴƛŦƻǊƳΣ bƻǊƳŀƭΣ /ƻƴǎǘŀƴǘΣ !{!tΣ 9ȄǘŜǊƴŀƭΦ 

όaŀƴǳŀƭ !ƛƳǎǳƴύ 

ʆˇ ʶˉˈ˃ʶ˄ˇ ˋ˔ʺ˃ʰ ʵʶʾ˔˄ʶʽ ˃ʽʰ ˋˏʴˁˊʽˋʹ ˃ˇ˄ˍʷ˂˖˄ ʵʹ˃ʽˇˎˊʴʾʰˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ʴʽʰ ˃ʽʰ ˉʶˊʾˇʵˇ 

нл ˂ʶˉˍ˗˄Φ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰ˒ˇˊˇˏ˄ ʸʺˍʹˋʹ сл ˇ˔ʹ˃ʱˍ˖˄ ˋʶ ʵʽʱˋˍʹ˃ʰ ˃ʾʰˌ ˗ˊʰˌ ˋʶ ˃ʽʰ 

ˋˏ˄ʵʶˋʹ ˋʶ ʶ˂ʶˏʻʶˊʹ ˊˇʺΦ 
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ʅ˔ʺ˃ʰ 2Υ ɲʽʱʴˊʰ˃˃ʰ ʅˏʴˁˊʽˋʹˌ ɾˇ˄ˍʷ˂˖˄ ɮ˒ʾ˅ʶ˖˄ - Aimsun Manual 

ɳˁʻʶˍʽˁʷˌ κ Exponential (default) 
ʆʰ ˔ˊˇ˄ʽˁʱ ʵʽʰˋˍʺ˃ʰˍʰ ˃ʶˍʰ˅ˏ ʵʽʰʵˇ˔ʽˁ˗˄ ʰ˒ʾ˅ʶ˖˄ ˇ˔ʹ˃ʱˍ˖˄ όƘŜŀŘǿŀȅǎύ ˋˍʽˌ ʶʽˋˈʵˇˎˌ ˍˇˎ 

ʵʽˁˍˏˇˎ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˉˊˇˁˏˉˍˇˎ˄ ˃ʷˋ˖ ʵʶʽʴ˃ʰˍˇ˂ʹ˕ʾʰˌ ʰˉˈ ʶˁʻʶˍʽˁʺ ˁʰˍʰ˄ˇ˃ʺΣ 

ˋˏ˃˒˖˄ʰ ˃ʶ ˍʹ ˃ʶʻˇʵˇ˂ˇʴʾʰ ˉˇˎ ˉʶˊʽʴˊʱ˒ʶˍʰʽ ʰˉˈ ˍˇ˄ /ƻǿŀƴ όмфтрύΦ ɶ ʶˁʻʶˍʽˁʺ ˁʰˍʰ˄ˇ˃ʺ 

ʰˉˇˍʶ˂ʶʾ ˋˎ˄ʺʻʹ ˉˊˇˋʷʴʴʽˋʹ ʴʽʰ ˍʹ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˍˎ˔ʰʾ˖˄ ˁʰʽ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ʰ˒ʾ˅ʶ˖˄ ˋˍˇ 

˔ˊˈ˄ˇΣ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʺ ˍ˖˄ ˁˎˁ˂ˇ˒ˇˊʽʰˁ˗˄ ˊˇ˗˄ ˔ʰ˃ʹ˂ʺˌ ˉˎˁ˄ˈˍʹˍʰˌΦ ɶ ˃ʷˋʹ 

ˁˎˁ˂ˇ˒ˇˊʽʰˁʺ ˊˇʺ ʶʽˋˈʵˇˎΣ ʶˁ˒ˊʰˋ˃ʷ˄ʹ ˋʶ ˇ˔ʺ˃ʰˍʰ ʰ˄ʱ ʵʶˎˍʶˊˈ˂ʶˉˍˇΣ ˋˎ˃ʲˇ˂ʾʸʶˍʰʽ ˃ʶ ˂Σ 

ˁʰʽ ʹ ʰ˄ˍʾˋˍˇʽ˔ʹ ˃ʷˋʹ ˔ˊˇ˄ʽˁʺ ˁʶ˒ʰ˂ʺ όƳŜŀƴ ƘŜŀŘǿŀȅύ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˖ˌ мκ˂ ʵʶˎˍʶˊˈ˂ʶˉˍʰΦ  

 

ʅ˔ʺ˃ʰ 3Υ ɲʽʱʴˊʰ˃˃ʰ ɳˁʻʶˍʽˁ˗  ˄ɮ˒ ʾ˅ʶ˖˄ ʁ˔ʹ˃ʱˍ˖˄- Aimsun Manual 

ʁ ʰ˂ʴˈˊʽʻ˃ˇˌ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ˔ˊˇ˄ʽˁʺˌ ʰˉˈˋˍʰˋʹˌ όǘύ ʶʾ˄ʰʽ ˇ ʰˁˈ˂ˇˎʻˇˌΥ 
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ǳ Ґ ǊŀƴŘƻƳ όлΣмύ 
ƛŦ όƭŀƳōŘŀ Ҕ лΦлύ 
    ǘ Ґ όόπмκƭŀƳōŘŀύϝƭƴόǳύύ 
ŜƭǎŜ 
    ǘ Ґ ƳŀȄψƅƻŀǘ 
ŜƴŘƛŦ 

ʁ˃ˇʽˈ˃ˇˊ˒ʶˌ κ Uniform 
ʆʰ ˔ˊˇ˄ʽˁʱ ʵʽʰˋˍʺ˃ʰˍʰ ˃ʶˍʰ˅ˏ ʵˏˇ ʵʽʰʵˇ˔ʽˁ˗˄ ʰ˒ʾ˅ʶ˖˄ ˇ˔ʹ˃ʱˍ˖˄ όƘŜŀŘǿŀȅǎύ ˋˍʽˌ ʶʽˋˈʵˇˎˌ 

ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˉʰˊʱʴˇ˄ˍʰʽ ˖ˌ ˍˎ˔ʰʾʶˌ ˃ʶˍʰʲ˂ʹˍʷˌ ˉˇˎ ʰˁˇ˂ˇˎʻˇˏ˄ 

ˇ˃ˇʽˈ˃ˇˊ˒ʹ ˁʰˍʰ˄ˇ˃ʺΦ ʁ ˃ʷˋˇˌ ˔ˊˈ˄ˇˌ ƘŜŀŘǿŀȅΣ ¢Σ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˖ˌ ˍˇ ʰ˄ˍʾˋˍˊˇ˒ˇ ˍʹˌ 

˃ʷˋʹˌ ˊˇʺˌ ʶʽˋˈʵˇˎ ˂ όˋʶ ˇ˔ʺ˃ʰˍʰ ʰ˄ʱ ʵʶˎˍʶˊˈ˂ʶˉˍˇύΣ ʵʹ˂ʰʵʺ ¢Ґмκ˂Φ ɶ ˇ˃ˇʽˈ˃ˇˊ˒ʹ 

ˁʰˍʰ˄ˇ˃ʺ ˇˊʾʸʶˍʰʽ ˋˍˇ ʵʽʱˋˍʹ˃ʰ ώ¢ҍ¢κнΣ¢Ҍ¢κнϐΣ ʵʹ˂ʰʵʺ ˋˍˇ ώ¢нΣо¢κнϐΣ ʶ˅ʰˋ˒ʰ˂ʾʸˇ˄ˍʰˌ ˍʹ˄ 

ˉʰˊˇˎˋʾʰ ˍˎ˔ʰʾʰˌ ʰ˂˂ʱ ʶ˂ʶʴ˔ˈ˃ʶ˄ʹˌ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ˋˍʽˌ ʰ˒ʾ˅ʶʽˌ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄Φ 

 

ʅ˔ʺ˃ʰ 4Υ ɲʽʱʴˊʰ˃˃ʰ ʁ˃ˇʽˈ˃ ˇˊ˒̟˄ ɮ˒ʾ˅ʶ˖˄ ʁ˔ʹ˃ʱˍ˖˄- Aimsun Manual 

ʁ ʰ˂ʴˈˊʽʻ˃ˇˌ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ˔ˊˇ˄ʽˁʺˌ ʰˉˈˋˍʰˋʹˌ όǘύ ʶʾ˄ʰʽ ˇ ʰˁˈ˂ˇˎʻˇˌΥ 

ƛŦ όƭŀƳōŘŀ Ҕ лΦлύ 
    ¢ Ґ мκƭŀƳōŘŀ 
    ǳ Ґ ǊŀƴŘƻƳ όлΣмύ 
    Ƴƛƴ¦ Ґ π¢κн 
    ƳŀȄ¦ Ґ ¢κн 
    ǘ Ґ ¢ҌώƳƛƴ¦ҌόƳŀȄ¦πƳƛƴ¦ύϝǳϐ 
ŜƭǎŜ 
    ǘ Ґ ƳŀȄψƅƻŀǘ 
ŜƴŘƛŦ 

ɼʰ˄ˇ˄ʽˁʷ ̩/ Normal 
ʆʰ ˔ˊˇ˄ʽˁʱ ʵʽʰˋˍʺ˃ʰˍʰ ˃ʶˍʰ˅ˏ ʵʽʰʵˇ˔ʽˁ˗˄ ʰ˒ʾ˅ʶ˖˄ ˇ˔ʹ˃ʱˍ˖˄ όƘŜŀŘǿŀȅǎύ ˋˍʽˌ ʶʽˋˈʵˇˎˌ ˍˇˎ 

ˋˎˋˍʺ˃ʰˍˇˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˉˊˇˁˏˉˍˇˎ˄ ˃ʷˋ˖ ʵʶʽʴ˃ʰˍˇ˂ʹ˕ʾʰˌ ʰˉˈ ˃ʽʰ ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ 

ʰˉˇˁˇ˃˃ʷ˄ʹˌ ˃ˇˊ˒ʺˌ όǘǊǳƴŎŀǘŜŘ ƴƻǊƳŀƭ ŘƛǎǘǊƛōǳǝƻƴύΦ ɶ ˃ʷˋʹ ʵʽʰʵˇ˔ʽˁʺ ʱ˒ʽ˅ʹ ˇ˔ʹ˃ʱˍ˖˄ ¢Σ 

ˉˊˇˋʵʽˇˊʾʸʶˍʰʽ ˖ˌ ˍˇ ʰ˄ˍʾˋˍˊˇ˒ˇ ˍʹˌ ˃ʷˋʹˌ ˊˇʺˌ ʶʽˋˈʵˇˎ ˂Σ ʵʹ˂ʰʵʺΥ ¢Ґмκ˂Σ ˈˉˇˎ  ˍˇ ˂ 
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ʶˁ˒ˊʱʸʶˍʰʽ ˋʶ ˇ˔ʺ˃ʰˍʰ ʰ˄ʱ ʵʶˎˍʶˊˈ˂ʶˉˍˇΦ ɶ ʵʽʰˋˉˇˊʱ ˍʹˌ ˁʰˍʰ˄ˇ˃ʺˌ ˇˊʾʸʶˍʰʽ ˖ˌ ˉˇˋˇˋˍˈ 

мл҈ ˍʹˌ ˃ʷˋʹˌ ʵʽʰʵˇ˔ʽˁʺˌ ʱ˒ʽ˅ʹˌ ˇ˔ʹ˃ʱˍ˖˄Σ ʵʹ˂ʰʵʺΥ ˋҐлΦмẗ¢Φ ɶ ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ 

ˉʶˊʽˇˊʾʸʶˍʰʽ ʶ˄ˍˈˌ ˍˇˎ ʵʽʰˋˍʺ˃ʰˍˇˌ ώ¢ҍн̀Σ¢Ҍн̀ϐΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʰˉˇˍˊʰˉˇˏ˄ ʰˁˊʰʾʶˌ ˍʽ˃ʷˌ 

ˁʰʽ ˄ʰ ʵʽʰˋ˒ʰ˂ʽˋˍʶʾ ʹ ˊʶʰ˂ʽˋˍʽˁˈˍʹˍʰ ˍ˖˄ ˉʰˊʰʴˈ˃ʶ˄˖˄ ˔ˊˇ˄ʽˁ˗˄ ʵʽʰʵˇ˔ʽˁ˗˄ ʰ˒ʾ˅ʶ˖˄ 

ˇ˔ʹ˃ʱˍ˖˄Φ 

 

ʅ˔ʺ˃ʰ 5: ɲʽʱʴˊʰ˃˃ʰ ɼʰ˄ˇ˄ʽˁ˗˄ ɮ˒ʾ˅ʶ˖˄ ʁ˔ʹ˃ʱˍ˖˄- Aimsun Manual 

ʁ ʰ˂ʴˈˊʽʻ˃ˇˌ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ˔ˊˇ˄ʽˁʺˌ ʰˉˈˋˍʰˋʹˌ όǘύ ʶʾ˄ʰʽ ˇ ʰˁˈ˂ˇˎʻˇˌΥ 

ƛŦ όƭŀƳōŘŀ Ҕ лΦлύ 
    ¢ Ґ мκƭŀƳōŘŀ 
    ƴ Ґ ǘψƴƻǊƳŀƭ όмΣлΦмύ        όǘǊǳƴŎŀǘŜŘ ƴƻǊƳŀƭύ 
    ǘ Ґ ƳŀȄƛƳǳƳ ώŜǊǊƻǊΣ ƴϝ¢ϐ    όŜǊǊƻǊ πҔлΣ ŜǊǊƻǊ Ҕ лύ 
ŜƭǎŜ 
    ǘ Ґ ƳŀȄψƅƻŀǘ 
ŜƴŘƛŦ 

ʅˎ˄ʶ˔ʶʾˌ κ Constant 
ʆˇ ˉˊ˗ˍˇ ˈ˔ʹ˃ʰ ʶʽˋʷˊ˔ʶˍʰʽ ˋˍˇ ˇʵʽˁˈ ʵʾˁˍˎˇ ˃ʶˍʱ ʰˉˈ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ʾˋˇ ˃ʶ мκόнϝ˂ύ 

ʵʶˎˍʶˊˈ˂ʶˉˍʰΣ ˈˉˇˎ ˂ ʶʾ˄ʰʽ ʹ ˃ʷˋʹ ˊˇʺ ʶʽˋˈʵˇˎ όˋʶ ˇ˔ʺ˃ʰˍʰ ʰ˄ʱ ʵʶˎˍʶˊˈ˂ʶˉˍˇύΦ ʅˍʹ 

ˋˎ˄ʷ˔ʶʽʰΣ ˍʰ ˔ˊˇ˄ʽˁʱ ʵʽʰˋˍʺ˃ʰˍʰ ˃ʶˍʰ˅ˏ ʵʽʰʵˇ˔ʽˁ˗˄ ʰ˒ʾ˅ʶ˖˄ όƘŜŀŘǿŀȅǎύ ˉʰˊʰ˃ʷ˄ˇˎ˄ 

ˋˍʰʻʶˊʱ ˁʰʽ ʽˋˇˏ˄ˍʰʽ ˃ʶ мκ˂ ʵʶˎˍʶˊˈ˂ʶˉˍʰΦ 

ʁ ʰ˂ʴˈˊʽʻ˃ˇˌ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ˔ˊˇ˄ʽˁʺˌ ʰˉˈˋˍʰˋʹˌ όǘύ ʶʾ˄ʰʽ ˇ ʰˁˈ˂ˇˎʻˇˌΥ 

ƛŦ όƭŀƳōŘŀ Ҕ лΦлύ 
    ǘ Ґ мκƭŀƳōŘŀ 
ŜƭǎŜ 
    ǘ Ґ ƳŀȄψƅƻŀǘ 
ŜƴŘƛŦ 
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ʆˇ ˋˎ˄ˍˇ˃ˈˍʶˊˇ ʵˎ˄ʰˍˈ˄ κ ASAP 
ʅˍˇ ˉʰˊˈ˄ ˃ˇ˄ˍʷ˂ˇ ʶʽˋʰʴ˖ʴʺˌΣ ˍʰ ˇ˔ʺ˃ʰˍʰ ʶʽˋʷˊ˔ˇ˄ˍʰʽ ˋˍˇ ʵʾˁˍˎˇ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʹ˄ ʰˊ˔ʺ ζˍˇ 

ˋˎ˄ˍˇ˃ˈˍʶˊˇ ʵˎ˄ʰˍˈ˄η όŀǎ ǎƻƻƴ ŀǎ ǇƻǎǎƛōƭŜύΣ ʵʹ˂ʰʵʺ ʰ˃ʷˋ˖ˌ ˃ˈ˂ʽˌ ˁʰˍʰˋˍʶʾ ʵʽʰʻʷˋʽ˃ˇˌ ˇ 

ʰˉʰʽˍˇˏ˃ʶ˄ˇˌ ˔˗ˊˇˌ ˋˍˇ ʶʽˋʰʴ˖ʴʽˁˈ ˍ˃ʺ˃ʰΦ ɶ ˉˊˇˋʷʴʴʽˋʹ ʰˎˍʺ ʰˉˇˋˁˇˉʶʾ ˋˍʹ ˃ʷʴʽˋˍʹ 

ʰ˅̔ˇˉˇʾʹˋʹ ˍʹˌ ˔˖ˊʹˍʽˁˈˍʹˍʰˌ ʶʽˋˈʵˇˎ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˁʰʽ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˁʰˍʱ˂˂ʹ˂ʹ ʴʽʰ 

ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˁʰˍʰˋˍʱˋʶ˖˄ ʷˁˍʰˁˍʹˌ ʰ˄ʱʴˁʹˌΣ ˈˉ˖ˌ ˋʶ˄ʰˊʾ˖˄ ˃ʰʸʽˁʺˌ ʶˁˁʷ˄˖ˋʹˌΦ 

ʅʶ ʰˎˍˈ ˍˇ ˉ˂ʰʾˋʽˇΣ ʵʶ˄ ˎ˒ʾˋˍʰˍʰʽ ˁʰ˃ʾʰ ˔ˊˇ˄ʽˁʺ ˁʰʻˎˋˍʷˊʹˋʹ ˉˇˎ ˄ʰ ˇ˒ʶʾ˂ʶˍʰʽ ˋˍʹ 

ʵʽʰʵʽˁʰˋʾʰ ʶʽˋʰʴ˖ʴʺˌΦ ɮ˄ˍʾʻʶˍʰΣ ˋˍʹ˄ ʰˊ˔ʺ ˁʱʻʶ ˔ˊˇ˄ʽˁʺˌ ˉʶˊʽˈʵˇˎΣ ʹ ˋˎ˄ˇ˂ʽˁʺ ʶʽˋʶˊ˔ˈ˃ʶ˄ʹ 

ˊˇʺ ʴʽʰ ˍˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ʰˎˍˈ ʻʶ˖ˊʶʾˍʰʽ ˈˍʽ ζˋˎˋˋ˖ˊʶˏʶˍʰʽη ˋˍˇ ˋʹ˃ʶʾˇ ʶʽˋˈʵˇˎΦ ʆʰ 

ˇ̝ ʺ˃ʰˍʰ ʶʽˋʱʴˇ˄ˍʰʽ ʵʽʰʵˇ˔ʽˁʱΣ ˃ˈ˂ʽˌ ˉ˂ʹˊˇˏ˄ˍʰʽ ˇʽ ˔˖ˊʽˁʷˌ ˉˊˇːˉˇʻʷˋʶʽˌΦ ʅˍˇ ʶˉʾˉʶʵˇ 

˃ʽˁˊˇˉˊˇˋˇ˃ˇʾ˖ˋʹˌΣ ʹ ʶʽˋʰʴ˖ʴʺ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ˈ˂ʽˌ ˍˇ ˉˊˇˉˇˊʶˎˈ˃ʶ˄ˇ ˈ˔ʹ˃ʰ 

ʰˉˇʵʶˋ˃ʶˏˋʶʽ ʶˉʰˊˁʺ ˔˗ˊˇΣ ʶ˄˗ ˋˍʹ ˃ʶˋˇˋˁˇˉʽˁʺ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ʰˁˇ˂ˇˎʻʶʾˍʰʽ ʹ ʶ˂ʱ˔ʽˋˍʹ 

ʵˎ˄ʰˍʺ ˁʰʻˎˋˍʷˊʹˋʹ ʲʱˋʶʽ ˍˇˎ ˔ˊˇ˄ʽˁˇˏ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄Φ 

ɳ˅˖ˍʶˊʽˁʷˌ κ External 
ɮˎˍʺ ʹ ʶˉʽ˂ˇʴʺ ʶˉʽˍˊʷˉʶʽ ˋˍˇ˄ ˔ˊʺˋˍʹ ˄ʰ ʶʽˋʰʴʱʴʶʽ ˍʰ ˇ˔ʺ˃ʰˍʰ ˋˍˇ ʵʾˁˍˎˇ ˃ʷˋ˖ ˍˇˎ !ƛƳǎǳƴ 

bŜȄǘ !tLΦ ɲʶ˄ ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ ˇˏˍʶ ʶʽˋʱʴˇ˄ˍʰʽ ˇ˔ʺ˃ʰˍʰ ˋˍˇ ʵʾˁˍˎˇ ˃ʷˋ˖ ˁʰ˄ʶ˄ˈˌ ˍ˃ʺ˃ʰˍˇˌ 

ʰˉˈ ˍˇ˄ ʾʵʽˇ ˍˇ˄ ˉˊˇˋˇ˃ˇʽ˖ˍʺΦ ɳˉˇ˃ʷ˄˖ˌΣ ʰˉʰʽˍʶʾˍʰʽ ʷ˄ʰ ʶ˅˖ˍʶˊʽˁˈ ˉˊˈʴˊʰ˃˃ʰ ό5ȅƴŀƳƛŎπ

ƭƛƴƪ ƭƛōǊŀǊȅ Ґ5[[ύΣ ̄̌ ˎ ˇˊʾʸʶˍʰʽ ʰˉˈ ˍˇ˄ ˔ˊʺˋˍʹ ʴʽʰ ˍʹ˄ ʶʽˋʰʴ˖ʴʺ ˇ˔ʹ˃ʱˍ˖˄ ˋˍˇ ʵʾˁˍˎˇΦ 

3.3.2. ɳˉʰ˄ʰ˂ʺ˕ʶʽˌ / Replications  

ʁʽ ʶˉʰ˄ʰ˂ʺ˕ʶʽˌ ˃ʽˁˊˇˉˊˇˋˇ˃ˇʾ˖ˋʹˌ όƳƛŎǊƻǎƛƳǳƭŀǘƛƻƴ ǊŜǇƭƛŎŀǘƛƻƴǎύ ˋˎ˄ʽˋˍˇˏ˄ ʰ˄ʰˉˈˋˉʰˋˍˇ 
ˋˍˇʽ˔ʶʾˇ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˋʶ ˂ˇʴʽˋ˃ʽˁʱ ˈˉ˖ˌ ˍˇ !ƛƳǎǳƴΣ 
ʽʵʽʰʾˍʶˊʰ ˈˍʰ˄ ˎʽˇʻʶˍʶʾˍʰʽ ˉˊˇˋʷʴʴʽˋʹ ˃ʽˁˊˇʶˉʽˉʷʵˇˎΦ ʅʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˃ʰˁˊˇˋˁˇˉʽˁʱ ʺ 
˃ʶˋˇˋˁˇˉʽˁʱ ˃ˇ˄ˍʷ˂ʰΣ ʹ ˃ʽˁˊˇˉˊˇˋˇ˃ˇʾ˖ˋʹ ʲʰˋʾʸʶˍʰʽ ˋʶ ˋˍˇ˔ʰˋˍʽˁʷˌ ʵʽʰʵʽˁʰˋʾʶˌΣ 
ʶ˄ˋ˖˃ʰˍ˗˄ˇ˄ˍʰˌ ˍˎ˔ʰʾʶˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˋˍʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˁʰʽ 
ˍ˖˄ ˇʵʹʴ˗˄Σ ˈˉ˖ˌ ʹ ʶˉʽ˂ˇʴʺ ˂˖ˊʾʵʰˌΣ ʹ ʰˉˈˋˍʰˋʹ ʰˋ˒ʰ˂ʶʾʰˌΣ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ 
ʶˉʽˍʱ˔ˎ˄ˋʹˌ ˁʰʽ ʹ ʰˉˈˁˊʽˋʹ ˋʶ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺ ˋˎ˃˒ˈˊʹˋʹΦ ɼʰˍʱ ˋˎ˄ʷˉʶʽʰΣ ʰˁˈ˃ʹ ˁʰʽ ˎˉˈ 
ˉʰ˄ˇ˃ˇʽˈˍˎˉʶˌ ʰˊ˔ʽˁʷˌ ˋˎ˄ʻʺˁʶˌΣ ʹ ʶˁˍʷ˂ʶˋʹ ˃ʽʰˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ʵˏ˄ʰˍʰʽ ˄ʰ ʰˉˇʵ˗ˋʶʽ 
ʵʽʰ˒ˇˊʶˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˂ˈʴ˖ ˍʹˌ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ʹˌ ˍˎ˔ʰʽˈˍʹˍʰˌΦ (Manual Aimsun) 

ɱʽʰ ˍʹ ˃ʶʾ˖ˋʹ ˍʹˌ ʰʲʶʲʰʽˈˍʹˍʰˌ ˉˇˎ ʰˉˇˊˊʷʶʽ ʰˉˈ ˍʹ ˋˍˇ˔ʰˋˍʽˁʺ ˒ˏˋʹ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎΣ 
ˁˊʾ˄ʶˍʰʽ ʰ˄ʰʴˁʰʾʰ ʹ ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹ ˉˇ˂˂ʰˉ˂˗˄ ʶˉʰ˄ʰ˂ʺ˕ʶ˖˄ ˍʹˌ ʾʵʽʰˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΣ 
˃ʶ ʵʽʰ˒ˇˊʶˍʽˁˈ ʰˊʽʻ˃ˈ ʶˁˁʾ˄ʹˋʹˌ ˕ʶˎʵˇˍˎ˔ʰʾʰˌ ʴʶ˄˄ʺˍˊʽʰˌ όǊŀƴŘƻƳ ǎŜŜŘύΦ ʁ ʰˊʽʻ˃ˈˌ ˍ˖˄ 
ʶˉʰ˄ʰ˂ʺ˕ʶ˖˄ ˁˎ˃ʰʾ˄ʶˍʰʽ ˋˎ˄ʺʻ˖ˌ ˃ʶˍʰ˅ˏ р ˁʰʽ нлΣ ˃ʶ ˋˍˈ˔ˇ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˋˍʰˍʽˋˍʽˁʱ 
ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁ˗˄ ˃ʶʴʶʻ˗˄Φ ɼʱʻʶ ʶˉʰ˄ʱ˂ʹ˕ʹ ˉʰˊʷ˔ʶʽ ˃ʽʰ ʶ˂ʰ˒ˊ˗ˌ ʵʽʰ˒ˇˊˇˉˇʽʹ˃ʷ˄ʹ 
ʰˉˇˍˏˉ˖ˋʹ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ˁʰˍʱˋˍʰˋʹˌΣ ˁʰʽ ʹ ˋˎ˂˂ˇʴʽˁʺ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ 
ʶˉʽˍˊʷˉʶʽ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ʲʰˋʽˁ˗˄ ˋˍʰˍʽˋˍʽˁ˗˄ ʵʶʽˁˍ˗˄Σ ˈˉ˖ˌ ˇ ˃ʷˋˇˌ ˈˊˇˌΣ ʹ ˍˎˉʽˁʺ 
ʰˉˈˁ˂ʽˋʹ ˁʰʽ ˍʰ ˈˊʽʰ ʵʽʰˁˏ˃ʰ˄ˋʹˌΦ 

ɶ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ˃ʶʻˇʵˇ˂ˇʴʾʰˌ ʰˎˍʺˌ ˋˎ˃ʲʱ˂˂ʶʽ ˁʰʻˇˊʽˋˍʽˁʱ ˋˍʹ˄ ʶ˅ˇ˃ʱ˂ˎ˄ˋʹ ˍ˖˄ 
ˋˍˇ˔ʰˋˍʽˁ˗˄ ʵʽʰˁˎ˃ʱ˄ˋʶ˖˄Σ ʶ˄ʽˋ˔ˏˇ˄ˍʰˌ ˍʹ˄ ʶʴˁˎˊˈˍʹˍʰ ˁʰʽ ˍʹ˄ ʰ˅ʽˇˉʽˋˍʾʰ ˍ˖˄ 
ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ ʃʰˊʱ˂˂ʹ˂ʰΣ ʶˉʽˍˊʷˉʶʽ ˍʹ ˋˎʴˁˊʽˍʽˁʺ ʰ˅ʽˇ˂ˈʴʹˋʹ 
ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˋʶ˄ʰˊʾ˖˄ ʺ ˉʰˊʶ˃ʲʱˋʶ˖˄ ˈ˔ʽ ˃ˈ˄ˇ ˃ʶ ʲʱˋʹ ˋˎʴˁʶ˄ˍˊ˖ˍʽˁʷˌ ˍʽ˃ʷˌΣ ʰ˂˂ʱ ˁʰʽ 
˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˍʹ ʵʽʰˋˉˇˊʱ ˁʰʽ ˍʹ ˋˍʰˍʽˋˍʽˁʺ ˋʹ˃ʰ˄ˍʽˁˈˍʹˍʰ ˍ˖˄ ʵʽʰ˒ˇˊ˗˄Φ ɾʶ ˍˇ˄ 
ˍˊˈˉˇ ʰˎˍˈΣ ʶ˅ʰˋ˒ʰ˂ʾʸʶˍʰʽ ˈˍʽ ˍʰ ˋˎ˃ˉʶˊʱˋ˃ʰˍʰ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʶʾ˄ʰʽ ʶʵˊʰʽ˖˃ʷ˄ʰ ˋʶ ˃ʽʰ 



ɼʶ˒ʱ˂ʰʽˇ 3 ςɾʶʻˇʵˇ˂ˇʴʾʰ  
 

-36- 

 

ˋˎ˄ʶˁˍʽˁʺ ˁʰʽ ˋˍʰˍʽˋˍʽˁ˗ˌ ˍʶˁ˃ʹˊʽ˖˃ʷ˄ʹ ʰˉʶʽˁˈ˄ʽˋʹ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ˍˇˎ 
ˎˉˈ ˃ʶ˂ʷˍʹ ˋˎˋˍʺ˃ʰˍˇˌΦ 

3.3.3. ʅʶ˄ʱˊʽʰ ʅˍʰˍʽˁʺˌ ɮ˄ʱʻʶˋʹˌ κ Static Assignment Scenarios 
ʅʶ ʷ˄ʰ ʅʶ˄ʱˊʽˇ ʅˍʰˍʽˁʺˌ ɮ˄ʱʻʶˋʹˌΣ ˇʽ ˊˇʷˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ʶˁ˔˖ˊˇˏ˄ˍʰʽ ˋˍˇ ʵʾˁˍˎˇ ˃ʷˋ˖ ˍʹˌ 

ʶ˒ʰˊ˃ˇʴʺˌ ʶ˄ˈˌ ˄ˍʶˍʶˊ˃ʽ˄ʽˋˍʽˁˇˏ ʰ˂ʴˇˊʾʻ˃ˇˎΦ ɶ ʅˍʰˍʽˁʺ ɮ˄ʱʻʶˋʹ ʵʶ˄ ˉˊˇˋˇ˃ˇʽ˗˄ʶʽ 

˃ʶ˃ˇ˄˖˃ʷ˄ʰ ˇ˔ʺ˃ʰˍʰΣ ʰ˂˂ʱ ʶˉʽˁʶ˄ˍˊ˗˄ʶˍʰʽ ˋˍˇˎˌ ˋˎ˄ˇ˂ʽˁˇˏˌ ˈʴˁˇˎˌ ˃ʶˍʰˁʽ˄ʺˋʶ˖˄ ˁʰʽ ˋˍʰ 

ˁˈˋˍʹ ʶˉʾ ˍ˖˄ ˍ˃ʹ˃ʱˍ˖˄ ˍˇˎ ˇʵʽˁˇˏ ʵʽˁˍˏˇˎΦ ʆˎˉʽˁʱΣ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˋʶ ˃ˇ˄ˍʷ˂ʰ ˃ʶʴʱ˂ʹˌ 

ˁ˂ʾ˃ʰˁʰˌ ˃ʶ ʵʽʰˁˊʽˍʷˌ ˔ˊˇ˄ʽˁʷˌ ˉʶˊʽˈʵˇˎˌΣ ˈˉ˖ˌ ˉʶˊʾˇʵˇʽ ʰʽ˔˃ʺˌ ʺ ˃ʶˋˇʵʽʰˋˍʺ˃ʰˍʰΣ ˈˉˇˎ ʹ 

ʸʺˍʹˋʹ ʰˉʶʽˁˇ˄ʾʸʶˍʰʽ ˃ʷˋ˖ ˉʽ˄ʱˁ˖˄ ʃˊˇʷ˂ʶˎˋʹˌπʃˊˇˇˊʽˋ˃ˇˏ ʁ ˁ˒ˊʰˋ˃ʷ˄˖˄ ˋʶ ˖ˊʽʰʾʶˌ 

˃ˇ˄ʱʵʶˌΦ 

ɶ ʅˍʰˍʽˁʺ ɮ˄ʱʻʶˋʹ ˎ˂ˇˉˇʽʶʾˍʰʽ ˃ʷˋ˖ ˃ʾʰˌ ʶˁ ˍ˖˄ ʰˁˈ˂ˇˎʻ˖˄ ˃ʶʻˈʵ˖˄Υ 

¶ ʂ˂ h̋ ʆʾˉˇˍʰ ό!ƭƭ ƻǊ bƻǘƘƛƴƎ !ǎǎƛƎƴƳŜƴǘύΥ 

ʇˉˇ˂ˇʴʾʸʶˍʰʽ ʹ ˋˎ˄ˍˇ˃ˈˍʶˊʹ ʵʽʰʵˊˇ˃ʺ ˎˉˈ ˋˎ˄ʻʺˁʶˌ ʶ˂ʶˏʻʶˊʹˌ ˊˇʺˌ ʴʽʰ ˁʱʻʶ ʸʶˏʴˇˌ 

ʃˊˇʷ˂ʶˎˋʹˌπʃˊˇˇˊʽˋ˃ˇˏ ˁʰʽ ˍˇ ˋˏ˄ˇ˂ˇ ˍʹˌ ʸʺˍʹˋʹˌ ʰ˄ʰˍʾʻʶˍʰʽ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ˋʶ 

ʰˎˍʺ˄Φ ʆˇ ˁˈˋˍˇˌ ʵʶ˄ ʰ˄ʰˉˊˇˋʰˊ˃ˈʸʶˍʰʽ ˃ʶˍʱ ˍʹ˄ ʰ˄ʱʻʶˋʹΣ ʵʽʰˍʹˊ˗˄ˍʰˌ ˍʽ˃ʷˌ 

ʶ˂ʶˏʻʶˊʹˌ ˊˇʺˌΦ 

¶ ʅˍʰʵʽʰˁʺ όLƴŎǊŜƳŜƴǘŀƭ !ǎǎƛƎƴƳŜƴǘύΥ 

ɶ ʵʽʰʵʽˁʰˋʾʰ ʶˁˍʶ˂ʶʾˍʰʽ ˋʶ ʶˉʰ˄ʰ˂ʺ˕ʶʽˌΣ ˃ʶ ˁʰʻˇˊʽˋ˃ʷ˄ʰ ˉˇˋˇˋˍʱ 

˒ˈˊˍ˖ˋʹˌκʶˁ˒ˈˊˍ˖ˋʹˌ ʰ˄ʱ ʶˉʰ˄ʱ˂ʹ˕ʹΦ ʆˇ ˁˈˋˍˇˌ ʶ˄ʹ˃ʶˊ˗˄ʶˍʰʽ ˃ʶˍʱ ʰˉˈ ˁʱʻʶ 

˒ˈˊˍ˖ˋʹ ˁʰʽ ˉˊʽ˄ ˍʹ˄ ʶˉˈ˃ʶ˄ʹ ʶˁ˒ˈˊˍ˖ˋʹΣ ˁʰʽ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ʶˁ ˄ʷˇˎ ˇʽ 

ˋˎ˄ˍˇ˃ˈˍʶˊʶˌ ʵʽʰʵˊˇ˃ʷˌ ˋʶ ˁʱʻʶ ʲʺ˃ʰΦ 

¶ ɾʷʻˇʵˇˌ ɲʽʰʵˇ˔ʽˁ˗˄ ɾʷˋ˖˄ ʂˊ˖˄ όaŜǘƘƻŘ ƻŦ {ǳŎŎŜǎǎƛǾŜ !ǾŜǊŀƎŜǎ !ǎǎƛƎƴƳŜƴǘύΥ 

ɾʽʰ ʰˉ˂ˇˉˇʽʹ˃ʷ˄ʹ ʶˁʵˇ˔ʺ ˍˇˎ ʰ˂ʴˇˊʾʻ˃ˇˎ CǊŀƴƪ ŀƴŘ ²ƻƭŦŜΣ ˈˉˇˎ ˍˇ ʲʷ˂ˍʽˋˍˇ ʲʺ˃ʰ 

ʰ˄ˍʽˁʰʻʾˋˍʰˍʰʽ ʰˉˈ ˍʹ˄ ˍʽ˃ʺ мκƴ ό˃ʶ ƴ ̱̌ ˄ ʰˊʽʻ˃ˈ ʶˉʰ˄ʱ˂ʹ˕ʹˌύΦ ɮ˄ ˁʰʽ ʵʶ˄ ʶʴʴˎʱˍʰʽ 

ʻʶ˖ˊʹˍʽˁʺ ˋˏʴˁ˂ʽˋʹΣ ˃ʶ ʶˉʰˊˁʺ ʰˊʽʻ˃ˈ ʶˉʰ˄ʰ˂ʺ˕ʶ˖˄ ˉˊˇˋʶʴʴʾʸʶʽ ʽˁʰ˄ˇˉˇʽʹˍʽˁʱ ˍʹ˄ 

ˁʰˍʱˋˍʰˋʹ ʽˋˇˊˊˇˉʾʰˌΦ 

¶ ɹˋˇˊˊˇˉʾʰˌ ɼˎˁ˂ˇ˒ˇˊʾʰˌ ό9ǉǳƛƭƛōǊƛǳƳ ¢ǊŀŶŎ !ǎǎƛƎƴƳŜƴǘύΥ 

ɰʰˋʾʸʶˍʰʽ ˋˍʹ˄ ʰˊ˔ʺ ˍʹˌ ʲʷ˂ˍʽˋˍʹˌ ˔ˊʺˋʹˌ ˁʰˍʱ ²ŀǊŘǊƻǇΣ ˈˉˇˎ ˁʰ˄ʷ˄ʰˌ ˔ˊʺˋˍʹˌ ʵʶ˄ 

˃ˉˇˊʶʾ ˄ʰ ˃ʶʽ˗ˋʶʽ ˍˇ ˔ˊˈ˄ˇ ˍʰ˅ʽʵʽˇˏ ˍˇˎ ˃ʶˍʰʲʱ˂˂ˇ˄ˍʰˌ ʵʽʰʵˊˇ˃ʺΦ ɶ ˎ˂ˇˉˇʾʹˋʹ ˋˍˇ 

!ƛƳǎǳƴ bŜȄǘ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍˇ˄ ʰ˂ʴˈˊʽʻ˃ˇ CǊŀƴƪ ŀƴŘ ²ƻƭŦŜΣ ˃ʶ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ 

ˋˎ˄ˍˇ˃ˈˍʶˊ˖˄ ʵʽʰʵˊˇ˃˗˄ ˁʰʽ ʶ˒ʰˊ˃ˇʴʺ ʴˊʰ˃˃ʽˁʺˌ ˉˊˇˋʷʴʴʽˋʹˌΦ ʅʶ ˉʶˊʽˉˍ˗ˋʶʽˌ 

ˈˉˇˎ ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ɽʶʽˍˇˎˊʴʾʶˌ ɼʰʻˎˋˍʷˊʹˋʹˌ ɲʽʰˋˍʰˏˊ˖ˋʹˌΣ ˃ˉˇˊʶʾ ˄ʰ 

ʶ˃˒ʰ˄ʽˋˍˇˏ˄ ˉˊˇʲ˂ʺ˃ʰˍʰ ˃ˇ˄ʰʵʽˁˈˍʹˍʰˌ ˁʰʽ ˋˏʴˁ˂ʽˋʹˌΣ ˇˉˈˍʶ ˋˎ˄ʾˋˍʰˍʰʽ ʹ ˔ˊʺˋʹ 

ˍʹˌ ˃ʶʻˈʵˇˎ a{!Φ 

¶ ʅˍˇ˔ʰˋˍʽˁʺ όStochastic Assignment): 
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ʇˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ˇʽ ƪ-ˋˎ˄ˍˇ˃ˈˍʶˊʶˌ ʵʽʰʵˊˇ˃ʷˌ ʴʽʰ ˁʱʻʶ ʸʶˏʴˇˌ ʃˊˇʷ˂ʶˎˋʹˌ-

ʃˊˇˇˊʽˋ˃ˇˏ ˁʰʽ ʹ ˋˎ˄ˇ˂ʽˁʺ ʸʺˍʹˋʹ ˁʰˍʰ˄ʷ˃ʶˍʰʽ ˃ʶˍʰ˅ˏ ʰˎˍ˗˄ ˃ʶ ʲʱˋʹ ˃ʽʰ 

ˋˎ˄ʱˊˍʹˋʹ ʵʽʰˁˊʽˍʺˌ ʶˉʽ˂ˇʴʺˌ ˁʰʻˇˊʽˋ˃ʷ˄ʹ ʰˉˈ ˍˇ˄ ˔ˊʺˋˍʹΦ 

ʂ˂ʶˌ ˇʽ ˃ʷʻˇʵˇʽ ˋˍʰˍʽˁʺˌ ʰ˄ʱʻʶˋʹˌ ʶʾ˄ʰʽ ˄ˍʶˍʶˊ˃ʽ˄ʽˋˍʽˁʷˌΦ ʁʽ ˍʷˋˋʶˊʽˌ ˉˊ˗ˍʶˌ ˃ʷʻˇʵˇʽ 
ʵʽʰˍʱˋˋˇ˄ˍʰʽ ˁʰˍʱ ʰˏ˅ˇˎˋʰ ˋʶʽˊʱ ˉˇ˂ˎˉ˂ˇˁˈˍʹˍʰˌ ˁʰʽ ˈ˂ʶˌ ʲʰˋʾʸˇ˄ˍʰʽ ˋˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ 
ˍ˖˄ ˋˎ˄ˍˇ˃ˈˍʶˊ˖˄ ʵʽʰʵˊˇ˃˗˄ ˁʰʽ ˋˍʹ˄ ʰ˄ʰ˂ˇʴʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˍʹˌ ʸʺˍʹˋʹˌΣ ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ 
˖ˌ ʲʱˋʹ ˍʰ ˁˈˋˍʹ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˍˇˎ ʵʽˁˍˏˇˎΦ (Manual Aimsun) 

3.3.4. ʅʶ˄ʱˊʽʰ ɵʺˍʹˋʹˌ ʆʰ˅ʽʵʽ˗˄ / Travel Demand Scenarios 
ɶ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹ ˍʹˌ ʸʺˍʹˋʹˌ ˍʰ˅ʽʵʽˇˏ ʲʰˋʾʸʶˍʰʽ ˋʶ ˃ʽʰ ˁʰʻʽʶˊ˖˃ʷ˄ʹ ʵʽʰʵʽˁʰˋʾʰ ˍʶˋˋʱˊ˖˄ 

ʲʹ˃ʱˍ˖˄Σ ʹ ˇˉˇʾʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽΥ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˁʰʽ ˍʹ˄ ʷ˂˅ʹ ˍʰ˅ʽʵʽ˗˄Σ ˍʹ ˋˏ˄ʵʶˋʹ 

ˉˊˇʷ˂ʶˎˋʹˌπ̄ ˊˇˇˊʽˋ˃ˇˏΣ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˍˊˈˉˇˎ ˃ʶˍʰ˒ˇˊʱˌ ˁʰʽ ˍʹ˄ ʰ˄ʱʻʶˋʹ ˋˍˇ ʵʾˁˍˎˇ 

˃ʶˍʰ˒ˇˊ˗˄Φ ɴ˄ʰ ˋˏˋˍʹ˃ʰ ʸʺˍʹˋʹˌ ˍʰ˅ʽʵʽˇˏ ʰ˅ʽˇˉˇʽʶʾ ʵʽʰ˒ˇˊʶˍʽˁʱ ˋʶ˄ʱˊʽʰ ʴʽʰ ˍʹ˄ 

ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˁʱʻʶ ˋˍʰʵʾˇˎ ˍʹˌ ʵʽʰʵʽˁʰˋʾʰˌ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ʷ˄ʰ ʶʽʵʽˁˈ ˋʶ˄ʱˊʽˇ 

ɾˇ˄ˍʷ˂ˇˎ ʆʶˋˋʱˊ˖˄ ɰʹ˃ʱˍ˖˄ ʴʽʰ ˍʹ ʵʽʰˋˏ˄ʵʶˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˁʰʽ ʶʽˋˊˇ˗˄ ˃ʶˍʰ˅ˏ 

ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ˋʶ˄ʰˊʾ˖˄Φ 

ɳˉʽˉ˂ʷˇ˄Σ ˍˇ ʾʵʽˇ ʷʴʴˊʰ˒ˇ ʶˊʴʰˋʾʰˌ ˋˍˇ !ƛƳǎǳƴ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˉˇ˂˂ʰˉ˂˗˄ ˋʶ˄ʰˊʾ˖˄ 

˃ʶ ʵʽʰ˒ˇˊʶˍʽˁʱ ˉˊˈˍˎˉʰ ˔ˊʺˋʹˌ ʴʹˌ ˁʰʽ ˎˉˇʻʷˋʶʽˌ ʰ˄ˍʾʵˊʰˋʹˌ ˍʰ˅ʽʵʽ˖ˍ˗˄Σ ˎʽˇʻʶˍ˗˄ˍʰˌ 

ˉˇʽˁʾ˂ʶˌ ˉʰˊʰ˃ʷˍˊˇˎˌ ʸʺˍʹˋʹˌ ˁʰʽ ʶ˄ʰ˂˂ʰˁˍʽˁʷˌ ˊˎʻ˃ʾˋʶʽˌ ˍˇˎ ˇʵʽˁˇˏ ʵʽˁˍˏˇˎΣ ʰ˄ʱ˂ˇʴʰ ˃ʶ 

ˍʽˌ ʰ˄ʱʴˁʶˌ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌΦ 

ʆʰ ʲʰˋʽˁʱ ʶʾʵʹ ˋʶ˄ʰˊʾ˖˄ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄Υ 

¶ ʅʶ˄ʱˊʽˇ ɾˇ˄ˍʷ˂ˇˎ ʆʶˋˋʱˊ˖˄ ɰʹ˃ʱˍ˖˄Υ 

ʋˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴʽʰ ˍʹ ʵʽʰˋˏ˄ʵʶˋʹ ʶʽˋˈʵ˖˄ ˁʰʽ ʶ˅ˈʵ˖˄ ˃ʶˍʰ˅ˏ ˋʶ˄ʰˊʾ˖˄ ʸʺˍʹˋʹˌ 

ˍʰ˅ʽʵʽˇˏ ˁʰʽ ˋʶ˄ʰˊʾ˖˄ ˋˍʰˍʽˁʺˌ ʰ˄ʱʻʶˋʹˌΣ ˁʰʻ˗ˌ ˁʰʽ ʴʽʰ ˍʹ ˋˏ˄ʵʶˋʹ ˉʹʴ˗˄ 

ʵʶʵˇ˃ʷ˄˖˄ ˃ʶ ʶʽˋˈʵˇˎˌ ˋʶ˄ʰˊʾ˖˄Φ ʆˇ ˋʶ˄ʱˊʽˇ ʰˎˍˈ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʰˎˍˇ˃ʰˍˇˉˇʾʹˋʹ 

ˍʹˌ ʶˁˍʷ˂ʶˋʹˌ ˃ʷˊˇˎˌ ʺ ˍˇˎ ˋˎ˄ˈ˂ˇˎ ˍʹˌ ʰ˂ˎˋʾʵʰˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ ˋʶ˄ʰˊʾ˖˄Φ 

¶ ʅʶ˄ʱˊʽˇ ɲʹ˃ʽˇˎˊʴʾʰˌκɴ˂˅ʹˌ όDŜƴŜǊŀǝƻƴκ!ǧǊŀŎǝƻƴ {ŎŜƴŀǊƛƻύΥ 

ɶ ˒ʱˋʹ ʰˎˍʺ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˁˇʽ˄˖˄ʽˁˇˇʽˁˇ˄ˇ˃ʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ˁʰʽ ʰ˄ˍʾˋˍˇʽ˔ˇˎˌ 

ˋˎ˄ˍʶ˂ʶˋˍʷˌ ʵʹ˃ʽˇˎˊʴʾʰˌ ˁʰʽ ʷ˂˅ʹˌΣ ˇʽ ˇˉˇʾˇʽ ʰ˄ˍʽˁʰˍˇˉˍˊʾʸˇˎ˄ ˍˇˎˌ ˊˎʻ˃ˇˏˌ 

ˉʰˊʰʴ˖ʴʺˌ ˁʰʽ ʷ˂˅ʹˌ ˍʰ˅ʽʵʽ˗˄ ʴʽʰ ˁʱʻʶ ˁʰˍʹʴˇˊʾʰ ˔ˊʺˋʹˌ ʴʹˌΣ ˔ˊˇ˄ʽˁʺ ˉʶˊʾˇʵˇ ˁʰʽ 

ˋˁˇˉˈ ˍʰ˅ʽʵʽˇˏΦ ɶ ʷ˅ˇʵˇˌ ʶʾ˄ʰʽ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ʵʽʰ˄ˎˋ˃ʱˍ˖˄ ɱκɴ˂˅ʹˌ ˉˇˎ 

ʶ˄ˋ˖˃ʰˍ˗˄ˇ˄ˍʰʽ ˋʶ ʷ˄ʰ ˋʶ˄ʱˊʽˇ ɾˇ˄ˍʷ˂ˇˎ ʆʶˋˋʱˊ˖˄ ɰʹ˃ʱˍ˖˄Φ 

¶ ʅʶ˄ʱˊʽˇ ɲʽʰ˄ˇ˃ʺˌ ό5ƛǎǘǊƛōǳǝƻƴ {ŎŜƴŀǊƛƻύΥ 

ɶ ʵʽʰʵʽˁʰˋʾʰ ʵʽʰ˄ˇ˃ʺˌ ˃ʶˍʰˍˊʷˉʶʽ ˍʰ ʵʽʰ˄ˏˋ˃ʰˍʰ ʵʹ˃ʽˇˎˊʴʾʰˌ ˁʰʽ ʷ˂˅ʹˌ ˋʶ ˉʾ˄ʰˁʶˌ 

ˉˊˇʷ˂ʶˎˋʹˌπ̄ ˊˇˇˊʽˋ˃ˇˏ όh5 ƳŀǘǊƛŎŜǎύ ʴʽʰ ˁʱʻʶ ˁʰˍʹʴˇˊʾʰ ˔ˊʹˋˍ˗˄Φ 

¶ ʅʶ˄ʱˊʽˇ ɼʰˍʰ˄ˇ˃ʺˌ ɾʷˋˇˎ ɾʶˍʰ˒ˇˊʱˌ όaƻŘŀƭ {Ǉƭƛǘ {ŎŜƴŀǊƛƻύΥ 

ʅˍˇ ˋˍʱʵʽˇ ʰˎˍˈΣ ˍʰ ˋˎ˄ˇ˂ʽˁʱ ˍʰ˅ʾʵʽʰ ˁʰˍʰ˄ʷ˃ˇ˄ˍʰʽ ˃ʶˍʰ˅ˏ ˍ˖˄ ʵʽʰʻʷˋʽ˃˖˄ ˍˊˈˉ˖˄ 

˃ʶˍʰ˒ˇˊʱˌ ˋˍˇ ʵʾˁˍˎˇΣ ʲʱˋʶʽ ˁʰˍʱ˂˂ʹ˂˖˄ ˃ˇ˄ˍʷ˂˖˄ ʶˉʽ˂ˇʴʺˌ ˃ʷˋˇˎΦ 
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¶ ʅʶ˄ʱˊʽˇ ʅˍʰˍʽˁʺˌ ɮ˄ʱʻʶˋʹˌ ό{ǘŀǝŎ !ǎǎƛƎƴƳŜƴǘ {ŎŜƴŀǊƛƻύΥ 

ɳˁ˔˖ˊʶʾ ˍʰ ˇ˔ʺ˃ʰˍʰ ˋˍʹ˄ ˎˉˇʵˇ˃ʺ ˍˇˎ ʵʽˁˍˏˇˎ ˃ʶ ʲʱˋʹ ˍʰ ʵʶʵˇ˃ʷ˄ʰ ˁˎˁ˂ˇ˒ˇˊʾʰˌ 

ˁʰʽ ˍʽˌ ʵʽʰ˃ˇˊ˒˖˃ʷ˄ʶˌ ʵʽʰʵˊˇ˃ʷˌΦ 

¶ ʅʶ˄ʱˊʽˇ ɮ˄ʱʻʶˋʹˌ ɲʽʷ˂ʶˎˋʹˌ ό¢Ǌŀƴǎƛǘ !ǎǎƛƎƴƳŜƴǘ {ŎŜƴŀǊƛƻύΥ 

ɳˁ˔˖ˊʶʾ ʶˉʽʲʱˍʶˌ ˋˍʰ ʵˊˇ˃ˇ˂ˈʴʽʰ ˍ˖˄ ˃ʷˋ˖˄ ˃ʰʸʽˁʺˌ ˃ʶˍʰ˒ˇˊʱˌ ό¢Ǌŀƴǎƛǘ [ƛƴŜǎύΣ ˃ʶ 

ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ˒ˈˊˍ˖ˋʹˌ ˋˍʽˌ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ʴˊʰ˃˃ʷˌ ʵʽʷ˂ʶˎˋʹˌΦ 

 

3.3.5. ʅˍʰˍʽˋˍʽˁʱ ɲʽˁˍˏˇˎ κ Network Statistics 

ʅˍˇ ˉʰˊˈ˄ ˁʶ˒ʱ˂ʰʽˇ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʰ˄ʰ˂ˎˍʽˁʱ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍʹ 
˃ʽˁˊˇˉˊˇˋˇ˃ˇʾ˖ˋʹ ˋˍˇ ˂ˇʴʽˋ˃ʽˁˈ AimsunΦʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰˎˍʱ ʰ˒ˇˊˇˏ˄ ʲʰˋʽˁˇˏˌ 
ˁˎˁ˂ˇ˒ˇˊʽʰˁˇˏˌ ʵʶʾˁˍʶˌ ˉˇˎ ʶˉʽˍˊʷˉˇˎ˄ ˍʹ˄ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ ˂ʶʽˍˇˎˊʴʽˁʺˌ ʰˉˈʵˇˋʹˌ ˍˇˎ 
ˇʵʽˁˇˏ ʵʽˁˍˏˇˎ ˎˉˈ ʵʽʰ˒ˇˊʶˍʽˁʱ ˋʶ˄ʱˊʽʰ ʸʺˍʹˋʹˌ ˁʰʽ ˊˎʻ˃ʾˋʶ˖˄Φ ʁʽ ʵʶʾˁˍʶˌ ʰˎˍˇʾ 
ʰˉˇˍʶ˂ˇˏ˄ ʲʰˋʽˁʱ ʶˊʴʰ˂ʶʾʰ ʴʽʰ ˍʹ˄ ˁʰˍʰ˄ˈʹˋʹ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ˁʰʽ ˍʹ 
ˋˏʴˁˊʽˋʹ ʶ˄ʰ˂˂ʰˁˍʽˁ˗˄ ˉʰˊʶ˃ʲʱˋʶ˖˄ ʺ ˋʶ˄ʰˊʾ˖˄ ˋ˔ʶʵʽʰˋ˃ˇˏΦ ʆʰ ˋˍʰˍʽˋˍʽˁʱ ˍˇˎ ʵʽˁˍˏˇˎ 
ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʶʾ˄ʰʽ ˍʰ ʶ˅ʺ ̩˃ ʶ ʲʱˋʹ ˍˇ Manual Aimsun: 

¶ Delay Time: ɾʷˋˇˌ ˔ˊˈ˄ˇˌ ˁʰʻˎˋˍʷˊʹˋʹˌ ʰ˄ʱ ˈ˔ʹ˃ʰ ˁʰʽ ʰ˄ʱ ˔ʽ˂ʽˈ˃ʶˍˊˇΦ ʃˊˈˁʶʽˍʰʽ 
ʴʽʰ ˍʹ ʵʽʰ˒ˇˊʱ ˃ʶˍʰ˅ˏ ˍˇˎ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ˇˎ ˔ˊˈ˄ˇˎ ʵʽʰʵˊˇ˃ʺˌ όʵʹ˂ʰʵʺ ˍˇˎ ˔ˊˈ˄ˇˎ 
ˉˇˎ ʻʰ ʰˉʰʽˍˇˏ˄ˍʰ˄ ʴʽʰ ˍʹ ʵʽʷ˂ʶˎˋʹ ʰˉˈ ˍˇ ʵʾˁˍˎˇ ˎˉˈ ʽʵʰ˄ʽˁʷˌ ˋˎ˄ʻʺˁʶˌύ ˁʰʽ ˍˇˎ 
ˉˊʰʴ˃ʰˍʽˁˇˏ ˔ˊˈ˄ˇˎ ʵʽʰʵˊˇ˃ʺˌΦ ʁ ʵʶʾˁˍʹˌ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˖ˌ ˇ ˃ʷˋˇˌ ˈˊˇˌ ˍˇˎ ˔ˊˈ˄ˇˎ 
ˁʰʻˎˋˍʷˊʹˋʹˌ ʴʽʰ ˈ˂ʰ ˍʰ ˇ˔ʺ˃ʰˍʰ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˃ʶˍʰˍˊʷˉʶˍʰʽ ˋʶ ˔ˊˈ˄ˇ 
ˁʰʻˎˋˍʷˊʹˋʹˌ ʰ˄ʱ ˔ʽ˂ʽˈ˃ʶˍˊˇΦ ɲʶ˄ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇ˄ ˔ˊˈ˄ˇ ˉˇˎ ˍʰ ˇ˔ʺ˃ʰˍʰ 
ˉʰˊʰ˃ʷ˄ˇˎ˄ ˋʶ ʶʽˁˇ˄ʽˁʷˌ ˇˎˊʷˌΦ 

¶ Density: ɾʷˋˇˌ ʰˊʽʻ˃ˈˌ ˇ˔ʹ˃ʱˍ˖˄ ʰ˄ʱ ˔ʽ˂ʽˈ˃ʶˍˊˇ ˂˖ˊʾʵʰˌ ʴʽʰ ˇ˂ˈˁ˂ʹˊˇ ˍˇ ʵʾˁˍˎˇ 
ɮ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ˍˇ˄ ˃ʷˋˇ ˈˊˇ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ʰ˄ʱ ˉʱˋʰ ˋˍʽʴ˃ʺ ˋʶ 
ˁʱʻʶ ˔ʽ˂ʽˈ˃ʶˍˊˇ ˂˖ˊʾʵʰˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ˎˉˇ˂ˇʴʽˋ˃ʷ˄ˇ ʴʽʰ ˍˇ ˋˏ˄ˇ˂ˇ ˍˇˎ ˇʵʽˁˇˏ 
ʵʽˁˍˏˇˎΦ 

¶ Flow: ɾʷˋˇˌ ʰˊʽʻ˃ˈˌ ˇ˔ʹ˃ʱˍ˖˄ ʰ˄ʱ ˗ˊʰ ˉˇˎ ʵʽʺ˂ʻʰ˄ ʰˉˈ ˍˇ ʵʾˁˍˎˇ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ 
ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ ɮ˄ʰ˒ʷˊʶˍʰʽ ˋˍˇ˄ ˃ʷˋˇ ˊˎʻ˃ˈ ˇ˔ʹ˃ʱˍ˖˄ όˋʶ ˇ˔ʺ˃ʰˍʰ ʰ˄ʱ ˗ˊʰύ 
ˉˇˎ ʶ˅ʺ˂ʻʰ˄ ʰˉˈ ˍˇ ˉˊˇˋˇ˃ˇʽ˖˃ʷ˄ˇ ʵʾˁˍˎˇ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˉʶˊʽˈʵˇˎ 
ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ ɶ ˁʰˍʰ˃ʷˍˊʹˋʹ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ʴʾ˄ʶˍʰʽ ˍʹ ˋˍʽʴ˃ʺ ˉˇˎ ʶʴˁʰˍʰ˂ʶʾˉˇˎ˄ 
ˍˇ ʵʾˁˍˎˇ ˃ʷˋ˖ ˍ˃ʹ˃ʱˍ˖˄ ʶ˅ˈʵˇˎΦ 

¶ Harmonic Speed: ɮˊ˃ˇ˄ʽˁˈˌ ˃ʷˋˇˌ ˈˊˇˌ ˍʰ˔ˏˍʹˍʰˌ ʴʽʰ ˈ˂ʰ ˍʰ ˇ˔ʺ˃ʰˍʰ ˉˇˎ ʷ˔ˇˎ˄ 
ʶ˅ʷ˂ʻʶʽ ʰˉˈ ˍˇ ˋˏˋˍʹ˃ʰΦ ʃˊˈˁʶʽˍʰʽ ʴʽʰ ˍˇ˄ ʰˊ˃ˇ˄ʽˁˈ ˃ʷˋˇ ˍ˖˄ ˍʰ˔ˎˍʺˍ˖˄ ˈ˂˖˄ ˍ˖˄ 
ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ˇ˂ˇˁ˂ʺˊ˖ˋʰ˄ ˍʹ ʵʽʰʵˊˇ˃ʺ ˍˇˎˌ ˁʰʽ ʶ˅ʺ˂ʻʰ˄ ʰˉˈ ˍˇ ʵʾˁˍˎˇ ˁʰˍʱ ˍʹ 
ʵʽʱˊˁʶʽʰ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ ʁ ʵʶʾˁˍʹˌ ʰˎˍˈˌ ʵʾ˄ʶʽ ˃ʶʴʰ˂ˏˍʶˊʹ ʲʰˊˏˍʹˍʰ ˋˍʰ 
ˇ˔ʺ˃ʰˍʰ ˉˇˎ ˁʽ˄ʺʻʹˁʰ˄ ˃ʶ ˔ʰ˃ʹ˂ʷˌ ˍʰ˔ˏˍʹˍʶˌ ˁʰʽ ʰˉˇˍʶ˂ʶʾ ˉʽˇ ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁˈ 
˃ʷˍˊˇ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ʰˉˈʵˇˋʹˌ ˋʶ ˋˎ˄ʻʺˁʶˌ ˋˎ˃˒ˈˊʹˋʹˌΦ  

¶ Input Count: ʅˎ˄ˇ˂ʽˁˈˌ ʰˊʽʻ˃ˈˌ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ʶʽˋʺ˂ʻʰ˄ ˋˍˇ ʵʾˁˍˎˇ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ 
ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ ɮ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍˇ ˉ˂ʺʻˇˌ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ʶʽˋʺ˂ʻʰ˄ ˋˍˇ 



ɼʶ˒ʱ˂ʰʽˇ 3 ςɾʶʻˇʵˇ˂ˇʴʾʰ  
 

-39- 

 

ˉˊˇˋˇ˃ˇʽ˖˃ʷ˄ˇ ʵʾˁˍˎˇ ˋʶ ˈ˂ʹ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ ɶ ˁʰˍʰ˃ʷˍˊʹˋʹ 
ʴʾ˄ʶˍʰʽ ˍʹ ˋˍʽʴ˃ʺ ˉˇˎ ˍʰ ˇ˔ʺ˃ʰˍʰ ʶʽˋʷˊ˔ˇ˄ˍʰʽ ˋˍˇ ʵʾˁˍˎˇ ˃ʷˋ˖ ˍ˃ʹ˃ʱˍ˖˄ ʶʽˋˈʵˇˎΦ 

¶ Input Flow: ɾʷˋˇˌ ʰˊʽʻ˃ˈˌ ˇ˔ʹ˃ʱˍ˖˄ ʰ˄ʱ ˗ˊʰ ˉˇˎ ʶ˅ʺ˂ʻʰ˄ ʰˉˈ ˍˇ ʵʾˁˍˎˇ ˁʰˍʱ ˍʹ 
ʵʽʱˊˁʶʽʰ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ ɮ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍˇ˄ ˃ʷˋˇ ˊˎʻ˃ˈ ˊˇʺˌ ˇ˔ʹ˃ʱˍ˖˄ όˋʶ 
ˇ˔ʺ˃ʰˍʰ ʰ˄ʱ ˗ˊʰύ ˉˇˎ ʵʽʷˋ˔ʽˋʰ˄ ˍˇ ʵʾˁˍˎˇ ˁʰʽ ʶ˅ʺ˂ʻʰ˄ ʰˉˈ ʰˎˍˈ ˃ʷˋ˖ ˍ˃ʹ˃ʱˍ˖˄ 
ʶ˅ˈʵˇˎΣ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˋˎ˄ˇ˂ʽˁʺˌ ˉʶˊʽˈʵˇˎ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ 

¶ Max Virtual Queue: ɾʷʴʽˋˍˇ ˃ʺˁˇˌ ʶʽˁˇ˄ʽˁʺˌ ˇˎˊʱˌ ˋˍˇ ʵʾˁˍˎˇ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ 
ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ ɮ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ˍˇ˄ ˃ʷʴʽˋˍˇ ʰˊʽʻ˃ˈ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰ˄ ˋʶ 
ˁʰˍʱˋˍʰˋʹ ʶʽˁˇ˄ʽˁʺˌ ˇˎˊʱˌ ˋˍˇ ˋˏ˄ˇ˂ˇ ˍˇˎ ʵʽˁˍˏˇˎΣ ˋʶ ˇˉˇʽʰʵʺˉˇˍʶ ˔ˊˇ˄ʽˁʺ ˋˍʽʴ˃ʺ 
ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ ɶ ˃ʷˍˊʹˋʹ ʴʾ˄ʶˍʰʽ ˋʶ ʰˊʽʻ˃ˈ ˇ˔ʹ˃ʱˍ˖˄Φ 

¶ Mean Queue: ɾʷˋˇ ˃ʺˁˇˌ ˇˎˊʱˌ ˋˍˇ ʵʾˁˍˎˇ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ 
ɮ˄ʰ˒ʷˊʶˍʰʽ ˋˍˇ˄ ˃ʷˋˇ ʰˊʽʻ˃ˈ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰ˄ ˋʶ ˇˎˊʷˌ ˋˍˇ ˋˏ˄ˇ˂ˇ ˍˇˎ 
ʵʽˁˍˏˇˎ ˁʰʻΩ ˈ˂ʹ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ ɶ ˃ʷˍˊʹˋʹ ʴʾ˄ʶˍʰʽ ˋʶ ʰˉˈ˂ˎˍˇ 
ʰˊʽʻ˃ˈ ˇ˔ʹ˃ʱˍ˖˄Φ 

¶ Mean Virtual Queue: ɾʷˋʹ ʶʽˁˇ˄ʽˁʺ ˇˎˊʱ ˋˍˇ ʵʾˁˍˎˇ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˉʶˊʽˈʵˇˎ 
ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ ɾʶˍˊʽʷˍʰʽ ˋʶ ʰˊʽʻ˃ˈ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ʶ˃ˉˇʵʾʸˇ˄ˍʰʽ ʰˉˈ ˍˇ ˄ʰ 
ʶʽˋʷ˂ʻˇˎ˄ ˋˍˇ ʵʾˁˍˎˇΦ 

¶ Missed Turns: ʅˎ˄ˇ˂ʽˁˈˌ ʰˊʽʻ˃ˈˌ ˔ʰ˃ʷ˄˖˄ ˋˍˊˇ˒˗˄Φ 

¶ Number of Lane Changes: ʅˎ˄ˇ˂ʽˁˈˌ ʰˊʽʻ˃ˈˌ ʰ˂˂ʰʴ˗˄ ˂˖ˊʾʵʰˌ ʰ˄ʱ ˔ʽ˂ʽˈ˃ʶˍˊˇ 
ʵʽˁˍˏˇˎΦ 

¶ Number of Stops: ɾʷˋˇˌ ʰˊʽʻ˃ˈˌ ˋˍʱˋʶ˖˄ ʰ˄ʱ ˈ˔ʹ˃ʰ ʰ˄ʱ ˔ʽ˂ʽˈ˃ʶˍˊˇΦ 

¶ Speed: ɾʷˋʹ ˍʰ˔ˏˍʹˍʰ ʴʽʰ ˈ˂ʰ ˍʰ ˇ˔ʺ˃ʰˍʰ ˉˇˎ ʷ˔ˇˎ˄ ʶ˅ʷ˂ʻʶʽ ʰˉˈ ˍˇ ˋˏˋˍʹ˃ʰΦ 
ʇˉˇ˂ˇʴʾʸʶˍʰʽ ˃ʶ ʲʱˋʹ ˍʹ ˃ʷˋʹ ˍʰ˔ˏˍʹˍʰ ʵʽʰʵˊˇ˃ʺˌ ˁʱʻʶ ˇ˔ʺ˃ʰˍˇˌΦ 

¶ Travel Time: ɾʷˋˇˌ ˔ˊˈ˄ˇˌ ˉˇˎ ʰˉʰʽˍʶʾˍʰʽ ʴʽʰ ˄ʰ ʵʽʰ˄ˏˋʶʽ ʷ˄ʰ ˈ˔ʹ˃ʰ ʷ˄ʰ ˔ʽ˂ʽˈ˃ʶˍˊˇ 
ʶ˄ˍˈˌ ˍˇˎ ʵʽˁˍˏˇˎΦ ʇˉˇ˂ˇʴʾʸʶˍʰʽ ˖ˌ ˇ ˃ʷˋˇˌ ˈˊˇˌ ˈ˂˖˄ ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ˔ˊˈ˄˖˄ 
ʵʽʰʵˊˇ˃ʺˌ ό˔ˊˈ˄ˇˌ ʶ˅ˈʵˇˎ ˃ʶʾˇ˄ ˔ˊˈ˄ˇ ʶʽˋˈʵˇˎύ ʴʽʰ ˁʱʻʶ ˈ˔ʹ˃ʰ ˉˇˎ ʵʽʷˋ˔ʽˋʶ ˍˇ 
ʵʾˁˍˎˇΣ ˃ʶˍʰˍˊʶˉˈ˃ʶ˄ˇˌ ˋʶ ˔ˊˈ˄ˇ ʰ˄ʱ ˔ʽ˂ʽˈ˃ʶˍˊˇΦ 

¶ Stop Time: ɾʷˋˇˌ ˔ˊˈ˄ˇˌ ʰˁʽ˄ʹˍˇˉˇʾʹˋʹˌ ʰ˄ʱ ˈ˔ʹ˃ʰ ʰ˄ʱ ˔ʽ˂ʽˈ˃ʶˍˊˇΦ 

¶ Total Number of Stops: ʅˎ˄ˇ˂ʽˁˈˌ ʰˊʽʻ˃ˈˌ ˋˍʱˋʶ˖˄ ʴʽʰ ˈ˂ʰ ˍʰ ˇ˔ʺ˃ʰˍʰ ˋˍˇ ʵʾˁˍˎˇ 
ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˉʶˊʽˈʵˇˎ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ 

¶ Total Travel Time: ʅˎ˄ˇ˂ʽˁˈˌ ˔ˊˈ˄ˇˌ ˍʰ˅ʽʵʽˇˏ ˉˇˎ ʷ˔ˇˎ˄ ʲʽ˗ˋʶʽ ˈ˂ʰ ˍʰ ˇ˔ʺ˃ʰˍʰ ˉˇˎ 
ʵʽʷˋ˔ʽˋʰ˄ ˍˇ ʵʾˁˍˎˇ ˃ʷ˔ˊʽ ˍˇ ˍʷ˂ˇˌ ˍˇˎ ˔ˊˇ˄ʽˁˇˏ ʵʽʰˋˍʺ˃ʰˍˇˌ ʺ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ 
ʃʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˁʰʽ ˍˇ˄ ˔ˊˈ˄ˇ ˉʰˊʰ˃ˇ˄ʺˌ ˋʶ ʶʽˁˇ˄ʽˁʺ ˇˎˊʱΦ 

¶ Total Travel Time (Vehicles Inside): ʅˎ˄ˇ˂ʽˁˈˌ ˔ˊˈ˄ˇˌ ˍʰ˅ʽʵʽˇˏ ˉˇˎ ʷ˔ˇˎ˄ ʲʽ˗ˋʶʽ ˈ˂ʰ 
ˍʰ ˇ˔ʺ˃ʰˍʰ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ʶ˄ˍˈˌ ˍˇˎ ʵʽˁˍˏˇˎ ˋˍˇ ˍʷ˂ˇˌ ˍˇˎ ˔ˊˇ˄ʽˁˇˏ ʵʽʰˋˍʺ˃ʰˍˇˌ ʺ 
ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ ʇˉˇ˂ˇʴʾʸʶˍʰʽ ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˈ˂ʰ ˍʰ ˇ˔ʺ˃ʰˍʰ ˉˇˎ ˋˍˇ ˍʷ˂ˇˌ 
ˍˇˎ ʵʽʰˋˍʺ˃ʰˍˇˌ ʲˊʾˋˁˇ˄ˍʰʽ ˃ʷˋʰ ˋˍˇ ʵʾˁˍˎˇ ˁʰʽ ˉˊˇˋʻʷˍˇ˄ˍʰˌ ˍˇ˄ ˍˊʷ˔ˇ˄ˍʰ ˔ˊˈ˄ˇ 
ˋˍˇ ˍʷ˂ˇˌ ˍˇˎ ʵʽʰˋˍʺ˃ʰˍˇˌ ˃ʶʾˇ˄ ˍˇ ˃ʷʴʽˋˍˇ ˃ʶˍʰ˅ˏ ˍˇˎ ˔ˊˈ˄ˇˎ ʵʹ˃ʽˇˎˊʴʾʰˌ ˍˇˎˌ ˁʰʽ 
ˍˇˎ ʰˊ˔ʽˁˇˏ ˔ˊˈ˄ˇˎ ˍˇˎ ʵʽʰˋˍʺ˃ʰˍˇˌΦ 
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¶ Total Travel Time (Waiting Out): ʅˎ˄ˇ˂ʽˁˈˌ ˔ˊˈ˄ˇˌ ʰ˄ʰ˃ˇ˄ʺˌ ˋʶ ʶʽˁˇ˄ʽˁʺ ˇˎˊʱ ʰˉˈ 
ˈ˂ʰ ˍʰ ˇ˔ʺ˃ʰˍʰ ˉˇˎ ˉʰˊʰ˃ʷ˄ˇˎ˄ ˋʶ ʶʽˁˇ˄ʽˁʺ ˇˎˊʱ ˋˍˇ ˍʷ˂ˇˌ ˍˇˎ ˔ˊˇ˄ʽˁˇˏ 
ʵʽʰˋˍʺ˃ʰˍˇˌ ʺ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ ʅʹ˃ʶʽ˗˄ʶˍʰʽ ˈˍʽ ʰˎˍˈ ʵʶ˄ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˈ˂ʰ ˍʰ 
ˇ˔ʺ˃ʰˍʰ ˉˇˎ ʲˊʷʻʹˁʰ˄ ˋʶ ʶʽˁˇ˄ʽˁʺ ˇˎˊʱ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ ʵʽʰˋˍʺ˃ʰˍˇˌΣ ʰ˂˂ʱ 
ʲʰˋʾʸʶˍʰʽ ˃ˈ˄ˇ ˋʶ ʰˎˍʱ ˉˇˎ ˉʰˊʰ˃ʷ˄ˇˎ˄ ˋˍʹ˄ ʶʽˁˇ˄ʽˁʺ ˇˎˊʱ ˋˍˇ ˍʷ˂ˇˌ ˍˇˎ 
ʵʽʰˋˍʺ˃ʰˍˇˌΦ 

¶ Total Distance Traveled: ʅˎ˄ˇ˂ʽˁˈˌ ʰˊʽʻ˃ˈˌ ˔ʽ˂ʽˇ˃ʷˍˊ˖˄ ˉˇˎ ʷ˔ˇˎ˄ ʵʽʰ˄ˏˋʶʽ ˈ˂ʰ ˍʰ 
ˇ˔ʺ˃ʰˍʰ ˉˇˎ ʵʽʷˋ˔ʽˋʰ˄ ˍˇ ʵʾˁˍˎˇΦ 

¶ Total Distance Traveled (Vehicles Inside): ʅˎ˄ˇ˂ʽˁˈˌ ʰˊʽʻ˃ˈˌ ˔ʽ˂ʽˇ˃ʷˍˊ˖˄ ˉˇˎ ʷ˔ˇˎ˄ 
ʵʽʰ˄ˏˋʶʽ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ ʵʽʰˋˍʺ˃ʰˍˇˌ ˈ˂ʰ ˍʰ ˇ˔ʺ˃ʰˍʰ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ʶ˄ˍˈˌ 
ˍˇˎ ʵʽˁˍˏˇˎ ˋˍˇ ˍʷ˂ˇˌ ˍˇˎ ʵʽʰˋˍʺ˃ʰˍˇˌΦ 

¶ Vehicles Inside: ɮˊʽʻ˃ˈˌ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ʶ˄ˍˈˌ ˍˇˎ ʵʽˁˍˏˇˎ ˈˍʰ˄ 
ˇ˂ˇˁ˂ʹˊ˗˄ʶˍʰʽ ʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹΦ 

¶ Vehicles Lost Inside: ɮ˄ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʹ ˂ʶʽˍˇˎˊʴʾʰ ʲʰˋʽˋ˃ʷ˄ʹ ˋʶ ʵʽʰʵˊˇ˃ʷˌ όroute-
based modeύΣ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ˔ʰ˃ʷ˄˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ʰˎˍʺ ˍʹ ˋˍʽʴ˃ʺ ˋˍˇ 
ʵʾˁˍˎˇΣ ʵʹ˂ʰʵʺ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ʷ˔ˇˎ˄ ˔ʱˋʶʽ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ˃ʾʰ ʰˉˈ ˍʽˌ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʶˌ 
ˋˍˊˇ˒ʷˌ ˍˇˎˌ ˁʰʽ ʲˊʾˋˁˇ˄ˍʰʽ ˋʶ ˋʹ˃ʶʾˇ ʰˉˈ ˍˇ ˇˉˇʾˇ ˇ ʰˊ˔ʽˁˈˌ ˍˇˎˌ ˉˊˇˇˊʽˋ˃ˈˌ ʵʶ˄ 
˃ˉˇˊʶʾ ˉ˂ʷˇ˄ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾΦ 

¶ Vehicles Lost Outside: ɮ˄ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʹ ˂ʶʽˍˇˎˊʴʾʰ ʲʰˋʽˋ˃ʷ˄ʹ ˋʶ ʵʽʰʵˊˇ˃ʷˌ 
(route-based modeύΣ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ˔ʰ˃ʷ˄˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ʷ˔ˇˎ˄ ʶ˅ʷ˂ʻʶʽ ʰˉˈ ˍˇ 
ʵʾˁˍˎˇ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˉʶˊʽˈʵˇˎ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ 

¶ Vehicles Outside: ɮˊʽʻ˃ˈˌ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ʷ˔ˇˎ˄ ʶ˅ʷ˂ʻʶʽ ʰˉˈ ˍˇ ʵʾˁˍˎˇ ˁʰˍʱ ˍʹ 
ʵʽʱˊˁʶʽʰ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ 

¶ Vehicles Waiting to Enter: ɮˊʽʻ˃ˈˌ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ˉʶˊʽ˃ʷ˄ˇˎ˄ ˄ʰ ʶʽˋʷ˂ʻˇˎ˄ ˋˍˇ 
ʵʾˁˍˎˇΦ 

¶ Waiting Time in Virtual Queue:  ɾʷˋˇˌ ˔ˊˈ˄ˇˌ ˋʶ ʵʶˎˍʶˊˈ˂ʶˉˍʰ ˉˇˎ ˍʰ ˇ˔ʺ˃ʰˍʰ 
ˉʰˊʷ˃ʶʽ˄ʰ˄ ˋʶ ʰ˄ʰ˃ˇ˄ʺ ˋʶ ʶʽˁˇ˄ʽˁʺ ˇˎˊʱΦ ʆʰ ˇ˔ʺ˃ʰˍʰ ˉˇˎ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˎˉˈ˕ʹ ʴʽʰ 
ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ʰˎˍʺˌ ˍʹˌ ˋˍʰˍʽˋˍʽˁʺˌ ʶʾ˄ʰʽ ʰˎˍʱ ˉˇˎ ˇ˂ˇˁ˂ʺˊ˖ˋʰ˄ ˍˇ ˍʰ˅ʾʵʽ ˍˇˎˌ 
˃ʷˋ˖ ˍˇˎ ʵʽˁˍˏˇˎΦ  

3.4. ʅˎ˃ˉʶˊʽ˒ˇˊʱ ʁ˔ʹ˃ʱˍ˖˄ ɾʽˁˊˇˉˊˇˋˇ˃ˇʾ˖ˋʹˌ κ Microscopic Vehicle Behavior 

ʅˍˇ ˉ˂ʰʾˋʽˇ ˍʹˌ ˉʰˊˇˏˋʰˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ʹ ˃ʽˁˊˇˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍʹˌ 
ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ˃ʶ ˋˍˈ˔ˇ ˍʹ˄ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˁʰʽ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎ ˇʵʽˁˇˏ ʱ˅ˇ˄ʰ 
ˍˇˎ ɼʹ˒ʽˋˇˏ ˎˉˈ ʵʽʰ˒ˇˊʶˍʽˁʱ ˁˎˁ˂ˇ˒ˇˊʽʰˁʱ ˋʶ˄ʱˊʽʰΦ ɶ ˃ʽˁˊˇˉˊˇˋˇ˃ˇʾ˖ˋʹ ʰˉˇˍʶ˂ʶʾ ˃ʽʰ 
ʰˉˈ ˍʽˌ ˉʽˇ ˂ʶˉˍˇ˃ʶˊʶʾˌ ˁʰʽ ˊʶʰ˂ʽˋˍʽˁʷˌ ˉˊˇˋʶʴʴʾˋʶʽˌ ˋˍʹ ˃ʶ˂ʷˍʹ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ˁʰʻ˗ˌ 
ˉˊˇˋˇ˃ˇʽ˗˄ʶʽ ˍʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˁʱʻʶ ˇ˔ʺ˃ʰˍˇˌ ˅ʶ˔˖ˊʽˋˍʱΣ ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˁˊʾˋʽ˃ʶˌ 
ˉʰˊʰ˃ʷˍˊˇˎˌ ˈˉ˖ˌ ʹ ˍʰ˔ˏˍʹˍʰΣ ʹ ʶˉʽˍʱ˔ˎ˄ˋʹΣ ˇʽ ʰ˄ˍʽʵˊʱˋʶʽˌ ˍˇˎ ˇʵʹʴˇˏ ˁʰʽ ˇʽ 
ʰ˂˂ʹ˂ʶˉʽʵˊʱˋʶʽˌ ˃ʶ ɦ ˂˂ʰ ˇ˔ʺ˃ʰˍʰΦ 

ʅˍˇ !ƛƳǎǳƴΣ ʹ ˃ʽˁˊˇˉˊˇˋˇ˃ˇʾ˖ˋʹ ʲʰˋʾʸʶˍʰʽ ˋʶ ʶ˅ʶʽʵʽˁʶˎ˃ʷ˄ʰ ˎˉˇ˂ˇʴʽˋˍʽˁʱ ˃ˇ˄ˍʷ˂ʰ ˉˇˎ 
ʰ˄ʰˉʰˊʽˋˍˇˏ˄ ˃ʶ ʰˁˊʾʲʶʽʰ ˍʽˌ ʰˉˇ˒ʱˋʶʽˌ ˁʰʽ ˍʽˌ ˁʽ˄ʺˋʶʽˌ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˋʶ ˉˊʰʴ˃ʰˍʽˁˈ 
˔ˊˈ˄ˇΦ ʆˇ ˉʰˊˈ˄ ˁʶ˒ʱ˂ʰʽˇ ʶˋˍʽʱʸʶʽ ˋˍˇˎˌ ʲʰˋʽˁˇˏˌ ˃ʹ˔ʰ˄ʽˋ˃ˇˏˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍˇ 
!ƛƳǎǳƴ ʴʽʰ ˍʹ˄ ʰˉˇˍˏˉ˖ˋʹ ˍʹˌ ˃ʽˁˊˇʶˉʾˉʶʵʹˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌΣ ʶ˅ʶˍʱʸˇ˄ˍʰˌ 
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˃ˇ˄ˍʷ˂ʰ ʰˁˇ˂ˇˎʻʾʰˌ ˇ˔ʺ˃ʰˍˇˌ όŎŀǊ-ŦƻƭƭƻǿƛƴƎύΣ ʰ˂˂ʰʴʺˌ ˂˖ˊʾʵʰˌ όƭŀƴŜ-ŎƘŀƴƎƛƴƎύΣ ˁʰʻ˗ˌ ˁʰʽ 
ʰ˄ˍʾʵˊʰˋʹˌ ˋʶ ˋʹ˃ʰˍˇʵˇˍˇˏ˃ʶ˄ˇˎˌ ʺ ˃ʹ ˁˈ˃ʲˇˎˌΦ ɶ ˁʰˍʰ˄ˈʹˋʹ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ʰˎˍ˗˄ 
ʶʾ˄ʰʽ ˁˊʾˋʽ˃ʹ ʴʽʰ ˍʹ˄ ʰ˅ʽˈˉʽˋˍʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˁʰʽ ˍʹ ˃ʶˍʷˉʶʽˍʰ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍ˖˄ ˋʶ˄ʰˊʾ˖˄ 
ˉˇˎ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ. 

3.4.1. ɮˁˇ˂ˇˎʻʾʰ ʁ˔ʺ˃ʰˍˇˌ κ Car Following  

ɾˇ˄ˍʷ˂ˇ ɮˁˇ˂ˇˎʻʾʰˌ ʁ˔ʹ˃ʱˍ˖˄ ɲˏˇ ɽ˖ˊʾʵ˖˄Υ ɮˉˈ˂ˎˍˇ κ Two-lane Car-Following Model: 
Absolute 
ʁ ˋˁˇˉˈˌ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎΣ ˉˇˎ ˂ʰ˃ʲʱ˄ʶʽ ˎˉˈ˕ʽ˄ ˍˇˎ ˍʹ˄ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ʵˏˇ ˂˖ˊʾʵ˖˄ 

ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ʶʾ˄ʰʽ ˄ʰ ʶ˄ˋ˖˃ʰˍ˗ˋʶʽ ˍʹ˄ ʶˉʾʵˊʰˋʹ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˋʶ ˉʰˊʰˁʶʾ˃ʶ˄ʶˌ ˂˖ˊʾʵʶˌ 

ˋˍˇ ˉˊˈˍˎˉˇ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ʰˁˇ˂ˇˎʻˇˏ˄Φ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˈˍʰ˄ ʷ˄ʰ ˈ˔ʹ˃ʰ 

ˁʽ˄ʶʾˍʰʽ ˋʶ ʷ˄ʰ ˇʵʽˁˈ ˍ˃ʺ˃ʰΣ ˍˇ ˃ˇ˄ˍʷ˂ˇ ˋˎ˄ʶˁˍʽ˃ʱ ˍʹ˄ ʶˉʽˊˊˇʺ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʰˋˁʶʾˍʰʽ ʰˉˈ 

ʷ˄ʰ˄ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ˇ ʰˊʽʻ˃ˈ ˇ˔ʹ˃ʱˍ˖˄Σ ˍʰ ˇˉˇʾʰ ˁʽ˄ˇˏ˄ˍʰʽ ˃ʶ ˔ʰ˃ʹ˂ˈˍʶˊʹ ˍʰ˔ˏˍʹˍʰ ˋˍʹ 

ʴʶʽˍˇ˄ʽˁʺ ʵʶ˅ʽʱ ˂˖ˊʾʵʰΦ ʅˍʹ ʲʱˋʹ ʰˎˍʺˌ ˍʹˌ ʰ˂˂ʹ˂ʶˉʾʵˊʰˋʹˌΣ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˃ʾʰ ˄ʷʰ ˃ʷʴʽˋˍʹ 

ʶˉʽʻˎ˃ʹˍʺ ˍʰ˔ˏˍʹˍʰ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ ʴʽʰ ˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˍ˃ʺ˃ʰΣ ʹ ˇˉˇʾʰ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ 

˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋˍˇ ˉˊˈˍˎˉˇ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ ˇ˔ʺ˃ʰˍˇˌΦ 

ɶ ʵʽʰʵʽˁʰˋʾʰ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ˃ʷˋʹˌ ˍʰ˔ˏˍʹˍʰˌ ʶ˄ˈˌ ʰˊʽʻ˃ˇˏ 

ˇ˔ʹ˃ʱˍ˖˄Σ ˈˉ˖ˌ ʰˎˍˈˌ ʷ˔ʶʽ ˇˊʽˋˍʶʾ ʰˉˈ ˍˇ˄ ˔ˊʺˋˍʹ όˉʰˊʱ˃ʶˍˊˇˌ bǳƳōŜǊ ƻŦ ±ŜƘƛŎƭŜǎύΣ ˍʰ 

ˇˉˇʾʰ ˁʽ˄ˇˏ˄ˍʰʽ ˁʰˍʱ˄ˍʹ ˍˇˎ ˎˉˈ ˃ʶ˂ʷˍʹ ˇ˔ʺ˃ʰˍˇˌ ˋˍʹ ʴʶʽˍˇ˄ʽˁʺ ˉʽˇ ʰˊʴʺ ˂˖ˊʾʵʰ 

όˎˉˇ˂ˇʴʽˋ˃ˈˌ aŜŀƴ {ǇŜŜŘ ƻŦ ±ŜƘƛŎƭŜǎ 5ƻǿƴǎǘǊŜŀƳύΦ ʅˎ˃ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˃ˈ˄ˇ ˍʰ ˇ˔ʺ˃ʰˍʰ 

ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ʶ˄ˍˈˌ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʹˌ ˃ʷʴʽˋˍʹˌ ʰˉˈˋˍʰˋʹˌ όaŀȄƛƳǳƳ 5ƛǎǘŀƴŎŜύ ʰˉˈ ˍˇ 

ʶ˅ʶˍʰʸˈ˃ʶ˄ˇ ˈ˔ʹ˃ʰ όʲ˂Φ ɳʽˁˈ˄ʰ ˉʰˊʰˁʱˍ˖ύΦ ʅʶ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ʶ˄ˍˇˉʽˋ˃ʷ˄˖˄ 

ˇ˔ʹ˃ʱˍ˖˄ ʶʾ˄ʰʽ ˃ʽˁˊˈˍʶˊˇˌ ʰˉˈ ˍˇ˄ ʰˉʰʽˍˇˏ˃ʶ˄ˇΣ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʹ ʶˉʽʻˎ˃ʹˍʺ ˍʰ˔ˏˍʹˍʰ ˍˇˎ 

ˍˊʷ˔ˇ˄ˍˇˌ ˇ˔ʺ˃ʰˍˇˌ ʴʽʰ ˍʹ ˋˎ˃ˉ˂ʺˊ˖ˋʹ ˍ˖˄ ˎˉˇ˂ʶʽˉˈ˃ʶ˄˖˄ ˍʽ˃˗˄Σ ˗ˋˍʶ ˄ʰ ʵʽʰˋ˒ʰ˂ʽˋˍʶʾ ʹ 

ʰ˅ʽˇˉʽˋˍʾʰ ˍˇˎ ˎˉˇ˂ˇʴʽʸˈ˃ʶ˄ˇˎ ˃ʷˋˇˎ ˈˊˇˎΦ όaŀƴǳŀƭ !ƛƳǎǳƴύ 

 

ʅ˔ʺ˃ʰ 6Υʅ˔ʹ˃ʰˍʽˁʺ ɮˉʶʽˁˈ˄ʽˋʹ ɾˇ˄ˍʷ˂ˇˎ ɮˁˇ˂ˇˎʻʾʰˌ ʁ˔ʹ˃ʱˍ˖˄ ɲˏˇ ɽ˖ˊʾʵ˖˄- Aimsun 
Manual 

ʅˍˇ ˉ˂ʰʾˋʽˇ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ʵˏˇ ˂˖ˊʾʵ˖˄Σ ʵʽʰˁˊʾ˄ˇ˄ˍʰʽ ʵˏˇ ˉʶˊʽˉˍ˗ˋʶʽˌΥ όмύ ʹ ˉʰˊʰˁʶʾ˃ʶ˄ʹ 

˂˖ˊʾʵʰ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ˊʱ˃ˉʰ ʶʽˋˈʵˇˎ ʺ ʶ˅ˈʵˇˎ ˁʰʽ όнύ ʹ ˉʰˊʰˁʶʾ˃ʶ˄ʹ ˂˖ˊʾʵʰ ʰ˒ˇˊʱ 

ˇˉˇʽˇ˄ʵʺˉˇˍʶ ʱ˂˂ˇ ˍˏˉˇ ˂˖ˊʾʵʰˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ ʃʷˊʰ˄ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ bǳƳōŜǊ ƻŦ ±ŜƘƛŎƭŜǎ 

ˁʰʽ aŀȄƛƳǳƳ 5ƛǎǘŀƴŎŜΣ ʶʽˋʱʴˇ˄ˍʰʽ ʵˏˇ ʶˉʽˉ˂ʷˇ˄ ˉʰˊʱ˃ʶˍˊˇʽΥ aŀȄƛƳǳƳ {ǇŜŜŘ 5ƛũŜǊŜƴŎŜ 

ˁʰʽ aŀȄƛƳǳƳ {ǇŜŜŘ 5ƛũŜǊŜƴŎŜ hƴπwŀƳǇΦ ɰʱˋʶʽ ʰˎˍ˗˄Σ ʹ ˍʶ˂ʽˁʺ ʶˉʽʻˎ˃ʹˍʺ ˍʰ˔ˏˍʹˍʰ ʶ˄ˈˌ 

ˇ˔ʺ˃ʰˍˇˌ ˋˍˇ ʶ˅ʶˍʰʸˈ˃ʶ˄ˇ ˍ˃ʺ˃ʰ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ˄ ʰˁˈ˂ˇˎʻˇ ˁʰ˄ˈ˄ʰΥ 
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ƛŦ όǘƘŜ ŀŘƧŀŎŜƴǘ ǎƭƻǿŜǊ ƭŀƴŜ ƛǎ ŀƴ hƴπǊŀƳǇύ ϑ 
    aŀȄƛƳǳƳ{ǇŜŜŘ Ґ aŜŀƴ{ǇŜŜŘ±ŜƘƛŎƭŜǎ5ƻǿƴ Ҍ aŀȄƛƳǳƳ{ǇŜŜŘ5ƛũŜǊŜƴŎŜhƴwŀƳǇ 
ϒ ŜƭǎŜ ϑ 
    aŀȄƛƳǳƳ{ǇŜŜŘ Ґ aŜŀƴ{ǇŜŜŘ±ŜƘƛŎƭŜǎ5ƻǿƴ Ҍ aŀȄƛƳǳƳ{ǇŜŜŘ5ƛũŜǊŜƴŎŜ 
ϒ 
5ŜǎƛǊŜŘ{ǇŜŜŘ Ґ Ƴƛƴ ϑ±ƳŀȄόƛΣǎύΣ aŀȄƛƳǳƳ{ǇŜŜŘҎό̒ƛύϒ 

ɶ ˉʰˊʰˉʱ˄˖ ʵʽʰʵʽˁʰˋʾʰ ʵʽʰˋ˒ʰ˂ʾʸʶʽ ˈˍʽ ʹ ʵʽʰ˒ˇˊʱ ˍʰ˔ˏˍʹˍʰˌ ˃ʶˍʰ˅ˏ ʵˏˇ ˉʰˊʰˁʶʾ˃ʶ˄˖˄ 

˂˖ˊʾʵ˖˄ ˉʰˊʰ˃ʷ˄ʶʽ ˃ʽˁˊˈˍʶˊʹ ʺ ʾˋʹ ˃ʶ ˍʹ ˃ʷʴʽˋˍʹ ʶˉʽˍˊʶˉˈ˃ʶ˄ʹ ʵʽʰ˒ˇˊʱ ˍʰ˔ˏˍʹˍʰˌ ʺΣ ˋˍʹ˄ 

ˉʶˊʾˉˍ˖ˋʹ ˊʱ˃ˉʰˌΣ ˃ʶ ˍʹ ˃ʷʴʽˋˍʹ ʵʽʰ˒ˇˊʱ ˍʰ˔ˏˍʹˍʰˌ ʶˉʾ ˊʱ˃ˉʰˌΦ 

ʅʹ˃ʶʽ˗˄ʶˍʰʽ ˈˍʽΣ ˋʶ ˉʶˊʽˉˍ˗ˋʶʽˌ ˈˉˇˎ ʶʾˍʶ ʹ ˍˊʷ˔ˇˎˋʰ ˂˖ˊʾʵʰ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ ʶʾˍʶ ʹ 

ˉʰˊʰˁʶʾ˃ʶ˄ʹ ˂˖ˊʾʵʰ ʶʾ˄ʰʽ ʵʶˋ˃ʶˎ˃ʷ˄ʶˌ ˁʰʽ ʷ˔ʶʽ ˇˊʽˋˍʶʾ ˄ʰ ʶ˅ʰʽˊˇˏ˄ˍʰʽ ʰˉˈ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ 

ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ ʵˏˇ ˂˖ˊʾʵ˖˄Σ ˍˇ ˃ˇ˄ˍʷ˂ˇ ʵʶ˄ ʶ˒ʰˊ˃ˈʸʶˍʰʽΦ 

ɾˇ˄ˍʷ˂ˇ ɮˁˇ˂ˇˎʻʾʰˌ ʁ˔ʹ˃ʱˍ˖˄ ɲˏˇ ɽ˖ˊʾʵ˖˄Υ ʅ˔ʶˍʽˁˈ κ Two-lane Car-Following Model: 
Relative 
ʆˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˃ˇ˄ˍʷ˂ˇ ʲʰˋʾʸʶˍʰʽ ˋˍʹ˄ ˎˉˈʻʶˋʹ ˈˍʽ ʷ˄ʰ ˈ˔ʹ˃ʰΣ ˍˇ ˇˉˇʾˇ ˁʽ˄ʶʾˍʰʽ ˋʶ 

ˍʰ˔ˏˍʶˊʹ ˂˖ˊʾʵʰ ˉˊˇˋʰˊ˃ˈʸʶʽ ό˃ʶʽ˗˄ʶʽύ ˍʹ˄ ˍʰ˔ˏˍʹˍʱ ˍˇˎ ˉʰˊˇˎˋʾʰ ʰˊʴ˗˄ ˇ˔ʹ˃ʱˍ˖˄ ˋʶ 

ˉʰˊʰˁʶʾ˃ʶ˄ʹ ˂˖ˊʾʵʰΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˉˊˇ˂ʱʲʶʽ ʶ˄ʵʶ˔ˈ˃ʶ˄ˇˎˌ ʰʽ˒˄ʾʵʽˇˎˌ ʶ˂ʽʴ˃ˇˏˌ ʰ˂˂ʰʴʺˌ 

˂˖ˊʾʵʰˌ ʰˉˈ ˍʰ ʰˊʴʱ ˇ˔ʺ˃ʰˍʰΦ 

ɽʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˈˍʽ ˍʰ ˍʰ˔ˏˍʶˊʰ ˇ˔ʺ˃ʰˍʰ ˁʽ˄ˇˏ˄ˍʰʽ ˃ʶ ˍʹ˄ ʶˁʱˋˍˇˍʶ ˃ʷʴʽˋˍʹ 

ʶˉʽˍˊʶˉˈ˃ʶ˄ʹ ˍʰ˔ˏˍʹˍʰΣ ʶ˄˗ ˍʰ ʰˊʴˈˍʶˊʰ ˇ˔ʺ˃ʰˍʰ ˁʽ˄ˇˏ˄ˍʰʽ ˃ʶ ˍʹ˄ ˍʰ˔ˏˍʹˍʰ ʰˎˍʺ ˃ʶʽ˖˃ʷ˄ʹ 

ˁʰˍʱ ˃ʽʰ ˁʰʻˇˊʽˋ˃ʷ˄ʹ ʵʽʰ˒ˇˊʱ ˍʰ˔ˏˍʹˍʰˌΣ ˍˇ ˃ˇ˄ˍʷ˂ˇ ʶˁˍʽ˃ʱ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ ʶˉʶˊ˔ˈ˃ʶ˄˖˄ 

ʰˊʴ˗˄ ˇ˔ʹ˃ʱˍ˖˄ ˋʶ ˃ʾʰ ˇ˃ˇʽˇʴʶ˄ʺ ˇ˃ʱʵʰ όʵʽ˃ˇʽˊʾʰύ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ʻʶ˖ˊʹʻˇˏ˄ ʰ˅ʽˈˉʽˋˍʰΣ 

˗ˋˍʶ ˍˇ ˍʰ˔ˏˍʶˊˇ ˈ˔ʹ˃ʰ ˄ʰ ˃ʹ˄ ʰˉʰʽˍʶʾ ʰ˂˂ʰʴʺ ˂˖ˊʾʵʰˌΦ όaŀƴǳŀƭ !ƛƳǎǳƴύ 

ʅˍʹ ˋˎ˄ʷ˔ʶʽʰΣ ʹ ˃ʷʴʽˋˍʹ ʶˉʽʻˎ˃ʹˍʺ ˍʰ˔ˏˍʹˍʰ ˍˇˎ ˍʰ˔ˏˍʶˊˇˎ ˇ˔ʺ˃ʰˍˇˌ ˎˉˇ˂ˇʴʾʸʶˍʰʽ 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍˇ ˍˎˉʽˁˈ ˃ˇ˄ˍʷ˂ˇ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ ό/ŀǊπCƻƭƭƻǿƛƴƎ aƻŘŜƭύΣ 

ʵʽʰˋ˒ʰ˂ʾʸˇ˄ˍʰˌ ˍʹ˄ ʰˉˇ˒ˎʴʺ ˋˏʴˁˊˇˎˋʹˌ ˃ʶ ˍˇ ʶˉˈ˃ʶ˄ˇ ˃ʹ ʰ˅ʽˈˉʽˋˍˇ ʰˊʴˈ ˈ˔ʹ˃ʰ ˋʶ 

ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ʰˎˍˈ ʶˉʽ˔ʶʽˊʺˋʶʽ ʰ˂˂ʰʴʺ ˂˖ˊʾʵʰˌΦ 

ɶ ʰˋ˒ʰ˂ʺˌ ʰˉˈˋˍʰˋʹ ˃ʶˍʰ˅ˏ ʵˏˇ ˇ˔ʹ˃ʱˍ˖˄ ˇˊʾʸʶˍʰʽ ʰˉˈ ˍʹ ˋ˔ʷˋʹΥ 

 ὛὥὪὩ ὛὴὥὧὭὲὫ ρȢυ ϽὺϽὙὝ ὒ 

ˈˉˇˎΥ 

¶ Ǿм ˁʰʽ Ǿн ʁʾ˄ʰʽ ˇʽ ˍʰ˔ˏˍʹˍʶˌ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ 

¶ ō ʁʾ˄ʰʽ ʹ ˃ʷʴʽˋˍʹ ʶˉʽˍˊʶˉˈ˃ʶ˄ʹ ʶˉʽʲˊʱʵˎ˄ˋʹΣ 

¶ w¢ ʁʾ ˄ʰʽ ˇ ˔ˊˈ˄ˇˌ ʰ˄ˍʾʵˊʰˋʹˌ ˍˇˎ ˇʵʹʴˇˏΣ 

¶ ˁʰʽ [ ̱̌  ˃ʺˁˇˌ ˍˇˎ ˉˊˇˉˇˊʶˎˈ˃ʶ˄ˇˎ ˇ˔ʺ˃ʰˍˇˌΦ 
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ɾˇ˄ˍʷ˂ˇ ɮˁˇ˂ˇˎʻʾʰˌ ʁ˔ʹ˃ʱˍ˖˄ ɲˏˇ ɽ˖ˊʾʵ˖˄Υ ʃʰˊʰˁʶʾ˃ʶ˄ʰ ɾˇ˄ˇˉʱˍʽʰ κ Two-lane Car-
Following Model: Adjacent Paths  
ʅʶ ˇˊʽˋ˃ʷ˄ʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌΣ ˇʽ ˉʰˊʰˁʶʾ˃ʶ˄ʶˌ ˂˖ˊʾʵʶˌ ˃ˇ˄ˍʶ˂ˇˉˇʽˇˏ˄ˍʰʽ ˖ˌ ʵʽʰˁˊʽˍʱ ˇʵʽˁʱ 

ˍ˃ʺ˃ʰˍʰ ˁʰʽ ˍʰ ˇ˔ʺ˃ʰˍʰ ˉˊˇˋʰˊ˃ˈʸˇˎ˄ ˍʹ˄ ˍʰ˔ˏˍʹˍʱ ˍˇˎˌ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˋˎʴ˔˖˄ʶˎʻˇˏ˄Σ 

ˁʰʻ˗ˌ ˍʰ ˍ˃ʺ˃ʰˍʰ ˋˎʴˁ˂ʾ˄ˇˎ˄Σ ʰˁˈ˃ʹ ˁʰʽ ˈˍʰ˄ ˉʰˊʰ˃ʷ˄ˇˎ˄ ʵʽʰ˔˖ˊʽˋ˃ʷ˄ʰΦ ʅʶ ʰˎˍʺ ˍʹ 

ˋˎ˄ʻʺˁʹΣ ́ ʷ˄˄ˇʽʰ ˍʹˌ ʴʶʽˍ˄ʾʰˋʹˌ ʵʶ˄ ˁʰʻˇˊʾʸʶˍʰʽ ˃ʶ ʲʱˋʹ ˍʽˌ ˂˖ˊʾʵʶˌ ʶ˄ˍˈˌ ˍˇˎ ʾʵʽˇˎ ˇʵʽˁˇˏ 

ˍ˃ʺ˃ʰˍˇˌΣ ʰ˂˂ʱ ˃ʷˋ˖ ˍʹˌ ˋˎˋ˔ʷˍʽˋʹˌ ˎˉˇ˃ˇ˄ˇˉʰˍʽ˗˄ όǎǳōǇŀǘƘǎύ ˉˇˎ ˇˊʾʸˇ˄ˍʰʽ ˋˍʰ 

ˉʰˊʰˁʶʾ˃ʶ˄ʰ ˇʵʽˁʱ ˍ˃ʺ˃ʰˍʰΦ 

ʃʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˈˍʰ˄ ʵˏˇ ˎˉˇ˃ˇ˄ˇˉʱˍʽʰ όǎǳōǇŀǘƘǎύ ʷ˔ˇˎ˄ ˁˇʽ˄ˈ ˋʹ˃ʶʾˇ ʷ˄ʰˊ˅ʹˌ ˁʰʽ 

ˍʶˊ˃ʰˍʽˋ˃ˇˏ όʵʹ˂ʰʵʺ ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋʶ ˉʰˊʰˁʶʾ˃ʶ˄ʶˌ ˂˖ˊʾʵʶˌ ˉˇˎ ʷ˔ˇˎ˄ ˃ˇ˄ˍʶ˂ˇˉˇʽʹʻʶʾ ˖ˌ 

˅ʶ˔˖ˊʽˋˍʱ ˍ˃ʺ˃ʰˍʰύΣ ˍˈˍʶ ʵˏ˄ʰ˄ˍʰʽ ˄ʰ ˋˎ˄ʵʶʻˇˏ˄ ˃ʷˋ˖ ˍˇˎ ʶˉʶ˅ʶˊʴʰˋˍʺ ˎˉˇ˃ˇ˄ˇˉʰˍʽ˗˄Φ 

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʰˎˍʺ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˍˇ ʾʵʽˇ ˃ˇ˄ˍʷ˂ˇ ʰˁˇ˂ˇˎʻʾʰˌ ʵˏˇ ˂˖ˊʾʵ˖˄ όǘǿƻπƭŀƴŜ ŎŀǊπ

ŦƻƭƭƻǿƛƴƎ ƳƻŘŜƭύΣ ˈˉˇˎ ʹ ʴʶʽˍ˄ʾʰˋʹ ˃ʶˍʰ˅ˏ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˉˊˇˋʵʽˇˊʾʸʶˍʰʽ ʲʱˋʶʽ ˍʹˌ 

ʰˉˈˋˍʰˋʹˌ ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ ˎˉˇʵʽʰʵˊˇ˃ʺˌΦ 

ɾˇ˄ˍʷ˂ˇ ɳˉʽˍʱ˔ˎ˄ˋʹˌ ˁ ʰʽ ɼ˂ʾˋʹˌ TWOPAS / TWOPAS Acceleration and Slope Model  
ʆˇ ˃ˇ˄ˍʷ˂ˇ ʶˉʽˍʱ˔ˎ˄ˋʹˌ ˁʰʽ ˁ˂ʾˋʹˌ ¢²ht!{ ˉˊˇˋˇ˃ˇʽ˗˄ʶʽ ˍʽˌ ʶˉʽʵˊʱˋʶʽˌ ˍʹˌ ʽˋ˔ˏˇˌ ˍˇˎ 

ˁʽ˄ʹˍʺˊʰΣ ˍˇˎ ʲʱˊˇˎˌ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌΣ ˍʹˌ ʰʶˊˇʵˎ˄ʰ˃ʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌ ˁʰʽ ˍʹˌ ˁ˂ʾˋʹˌ ˍˇˎ 

ˇʵˇˋˍˊ˗˃ʰˍˇˌ ˋˍʹ˄ ˍʰ˔ˏˍʹˍʰ ˁʰʽ ˍʹ˄ ʶˉʽˍʱ˔ˎ˄ˋʹ ʶ˄ˈˌ ˇ˔ʺ˃ʰˍˇˌΦ ʅʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍˇ 

ˉˊˇʶˉʽ˂ʶʴ˃ʷ˄ˇ ˃ˇ˄ˍʷ˂ˇ ˁ˂ʾˋʹˌΣ ˍˇ ¢²ht!{ ʶˉʹˊʶʱʸʶʽ ʶˉʾˋʹˌ ˍʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˁʾ˄ʹˋʹˌ ˋʶ 

ʶˉʾˉʶʵʰ ˍ˃ʺ˃ʰˍʰ ˇʵˇˋˍˊ˗˃ʰˍˇˌΣ ˁʰʻ˗ˌ ˉʰˊʷ˔ʶʽ ʷ˄ʰ ʰ˄ʰ˂ˎˍʽˁˈˍʶˊˇ ˉˊˇ˒ʾ˂ ʶˉʽˍʱ˔ˎ˄ˋʹˌ ˋʶ 

ˋˏʴˁˊʽˋʹ ˃ʶ ˍˇ ˉˊˈˍˎˉˇ ˃ˇ˄ˍʷ˂ˇ DƛǇǇǎΦ ɶ ʰˎ˅ʹ˃ʷ˄ʹ hˁˊʾʲʶʽʰ ˍˇˎ ¢²ht!{ ʰˉˇʵʾʵʶˍʰʽ ˋˍˇ˄ 

ˊʹˍˈ ˋˎ˄ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹˌ ʽˋ˔ˏˇˌ ˍˇˎ ˁʽ˄ʹˍʺˊʰΣ ˍˇˎ ʲʱˊˇˎˌ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ ˁʰʽ ˍʹˌ 

ʰʶˊˇʵˎ˄ʰ˃ʽˁʺˌ ʰ˄ˍʾˋˍʰˋʹˌΦ όaŀƴǳŀƭ !ƛƳǎǳƴύ 

ɶ ʶˉʽˍʱ˔ˎ˄ˋʹ ˋˍʽˌ ʰ˄ˇʵʽˁʷˌ ˁ˂ʾˋʶʽˌ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˖ˌ ʶ˅ʺˌΥ 

‌

πȢςττυπȢπππτὠ πȢπςρ
ὠ
ὡ
ὃ

ρυρτυȢτ
ὡ
ὖ ὠ

σςȢρχὋ

ρ
ρτπψπ
ὡ
ὖ ὠ

 

ʂˉˇˎΥ 

¶ ± ʁ ʾ˄ʰʽ ʹ ˍˊʷ˔ˇˎˋʰ ˍʰ˔ˏˍʹˍʰ ˋʶ ˉˈʵʽʰκǎ 

¶ D ʁ ʾ˄ʰʽ ʹ ʴ˖˄ʾʰ ˍʹˌ ˁ˂ʾˋʹˌ ˋʶ ʰˁˍʾ˄ʽʰ 

¶ ²κt ʁ ʾ˄ʰʽ ʹ ʰ˄ʰ˂ˇʴʾʰ ʲʱˊˇˎˌ ˉˊˇˌ ʽˋ˔ˏ ˋʶ ƭōκƘǇ 

¶ ²κ! ʁ ʾ˄ʰʽ ʹ ʰ˄ʰ˂ˇʴʾʰ ʲʱˊˇˎˌ ˉˊˇˌ ˃ˉˊˇˋˍʽ˄ʺ ʶˉʽ˒ʱ˄ʶʽʰ ˋʶ ƭōκƊ н Φ 

ɶ ˍʰ˔ˏˍʹˍʰ ʰ˄ʾ˔˄ʶˎˋʹˌ όŎǊŀǿƭ ǎǇŜŜŘύ ˉˊˇˁˏˉˍʶʽ ˃ʷˋ˖ ʰˊʽʻ˃ʹˍʽˁʺˌ ʶˉʾ˂ˎˋʹˌ ˍʹˌ ʶ˅ʾˋ˖ˋʹˌ 

ʴʽʰ ˃ʹʵʶ˄ʽˁʺ ʶˉʽˍʱ˔ˎ˄ˋʹ όʰҐлύΦ ʅˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈΣ ʹ ˃ʷʴʽˋˍʹ ˍʰ˔ˏˍʹˍʰ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ 

ˉʶˊʽˇˊʾʸʶˍʰʽ ʰˉˈ ˍʹ ʵʽʰʻʷˋʽ˃ʹ ʽˋ˔ˏΣ ˁʰʻ˗ˌ ˇʽ ʰ˄ˍʽˋˍʱˋʶʽˌ ˂ˈʴ˖ ˁ˂ʾˋʹˌ ˁʰʽ ʰʷˊʰ ʶ˅ʽˋ˗˄ˇ˄ˍʰʽ 
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˃ʶ ˍʹ˄ ʰˉˇʵʽʵˈ˃ʶ˄ʹ ʽˋ˔ˏ ˍˇˎ ˁʽ˄ʹˍʺˊʰΦ ʍˋˍˈˋˇΣ ˍˇ ¢²ht!{ ʵʶ˄ ʰˉˇʵʾʵʶʽ ʰ˄ʰ˂ˎˍʽˁˈ ˉˊˇ˒ʾ˂ 

ˍʰ˔ˏˍʹˍʰˌ ʰ˄ʾ˔˄ʶˎˋʹˌ ˁʰˍʱ ˍʹ˄ ˁʾ˄ʹˋʹ ʲʰˊʷ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˋʶ ˁʰˍ˖˒ʷˊʶʽʶˌΦ 

ɾʽˁˊˇˋˁˇˉʽˁˈ ɾˇ˄ˍʷ˂ˇ ɳˉʽˍʱ˔ˎ˄ˋʹˌ ɳ˂ʶˏʻʶˊʹˌ ʄˇʺˌ κ Microscopic Free-flow aCceleration 
Model (MFC) 
ʆˇ ˃ˇ˄ˍʷ˂ˇ aC/ όaƛŎǊƻǎŎƻǇƛŎ CǊŜŜπCƭƻǿ ŀ/ŎŜƭŜǊŀǝƻƴ aƻŘŜƭύΣ ʴ˄˖ˋˍˈ ˁʰʽ ˖ˌ ɾʽˁˊˇˋˁˇˉʽˁˈ 

ɾˇ˄ˍʷ˂ˇ ɳˉʽˍʱ˔ˎ˄ˋʹˌ ɳ˂ʶˏʻʶˊʹˌ ʄˇʺˌΣ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ ōŀŎƪǿŀǊŘπƭƻƻƪƛƴƎ ˃ ˇ˄ˍʷ˂ˇ ˍˇ ˇˉˇʾˇ 

ˋˎ˄ʱʴʶʽ ˍʹ˄ ʶˉʽˍʱ˔ˎ˄ˋʹ ˁʰʽ ˍʹ˄ ʶˉʽʲˊʱʵˎ˄ˋʹ ʶ˄ˈˌ ˇ˔ʺ˃ʰˍˇˌ ʲʱˋʶʽ ˍʹˌ ˍˊʷ˔ˇˎˋʰˌ ˍʰ˔ˏˍʹˍʱˌ 

ˍˇˎ ˁʰʻ˗ˌ ˁʰʽ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎΦ  

ʆˇ ˃ˇ˄ˍʷ˂ˇ ˉˊˇːˉˇʻʷˍʶʽ ˋˎ˄ʻʺˁʶˌ ʶ˂ʶˏʻʶˊʹˌ ˊˇʺˌ ˁʰʽ ʰˁˇ˂ˇˎʻʶʾ ˋˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ʰˊ˔ʷˌ ˋʶ 

ˁˊʾˋʽ˃ʰ ˋʹ˃ʶʾʰ ˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎΥ 

¶ ʂˍʰ˄ ʷ˄ʰ ˈ˔ʹ˃ʰ ˉ˂ʹˋʽʱʸʶʽ ʷ˄ʰ ˉˊˇˉˇˊʶˎˈ˃ʶ˄ˇΣ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ʹ ˃ʷʴʽˋˍʹ ʵˎ˄ʰˍʺ 

ʶˉʽˍʱ˔ˎ˄ˋʹ ʷ˖ˌ ˈˍˇˎ ˍˇ ˉˊˇˉˇˊʶˎˈ˃ʶ˄ˇ ˈ˔ʹ˃ʰ ˁʰˍʰˋˍʶʾ ʹʴʷˍʹˌ ˋˍˇ ˉ˂ʰʾˋʽˇ ˍˇˎ 

˃ˇ˄ˍʷ˂ˇˎ ʰˁˇ˂ˇˎʻʾʰˌ ˇ˔ʺ˃ʰˍˇˌΦ 

¶ ʅʶ ˉʶˊʽˉˍ˗ˋʶʽˌ ˉʰˊʰ˔˗ˊʹˋʹˌ ˉˊˇˍʶˊʰʽˈˍʹˍʰˌΣ ʹ ʶˉʽˍʱ˔ˎ˄ˋʹ ˂ʰ˃ʲʱ˄ʶˍʰʽ ˎˉˈ˕ʹ ˋˍˇ˄ 

ˎˉˇ˂ˇʴʽˋ˃ˈ ˍˇˎ ʰˉʰʽˍˇˏ˃ʶ˄ˇˎ ˔ˊˈ˄ˇˎ ʴʽʰ ˍʹ˄ ˉˊˇˋʷʴʴʽˋʹ ˁʰʽ ˍʹ ʵʽʷ˂ʶˎˋʹ ˁˊʾˋʽ˃˖˄ 

ˋʹ˃ʶʾ˖˄Φ 

¶ ʅʶ ˋˎ˄ʻʺˁʶˌ ʶ˂ʷʴ˔ˇˎ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˃ʷˋ˖ ˒˖ˍʶʽ˄˗˄ ˋʹ˃ʰˍˇʵˇˍ˗˄Σ ˍˇ ɾʽˁˊˇˋˁˇˉʽˁˈ 

ɾˇ˄ˍʷ˂ˇ ɳˉʽˍʱ˔ˎ˄ˋʹˌ ɳ˂ʶˏʻʶˊʹˌ ʄˇʺˌ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ʰˊ˔ʽˁʱ ˃ˈ˄ˇ ˋˍˇ ˉˊ˗ˍˇ ˈ˔ʹ˃ʰ 

ˍʹˌ ˇˎˊʱˌΣ ʶˁˍˈˌ ʰ˄ ˎˉʱˊ˔ˇˎ˄ ˋʹ˃ʰ˄ˍʽˁʱ ˁʶ˄ʱ ˃ʶˍʰ˅ˏ ˇ˔ʹ˃ʱˍ˖˄Σ ˇˉˈˍʶ ʶ˒ʰˊ˃ˈʸʶˍʰʽ 

ˁʰʽ ˋʶ ʶˉˈ˃ʶ˄ʰΦ 

ʁʽ ˔ˊˈ˄ˇʽ ʰ˄ˍʾʵˊʰˋʹˌ ʵʶ˄ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˎˉˈ˕ʹ ˋˍˇ ˃ˇ˄ˍʷ˂ˇ ʶˉʽˍʱ˔ˎ˄ˋʹˌΣ ˁʰʻ˗ˌ ʰˉˇˍʶ˂ˇˏ˄ 

ˉʰˊʱ˃ʶˍˊˇ ˍˇˎ ˎˉˇˁʶʾ˃ʶ˄ˇˎ ˃ˇ˄ˍʷ˂ˇˎ ʰˁˇ˂ˇˎʻʾʰˌ ˇ˔ʺ˃ʰˍˇˌΦ ɮ˄ˍʾˋˍˇʽ˔ʰΣ ˇʽ ˔ˊˈ˄ˇʽ 

ʰ˄ˍʾʵˊʰˋʹˌ ʵʶ˄ ʶˉʽʵˊˇˏ˄ ˋˍˇ ˃ˇ˄ˍʷ˂ˇ ʰ˂˂ʰʴʺˌ ˂˖ˊʾʵʰˌΣ ˈˉˇˎ ˁˎˊʾʰˊ˔ˇ ˊˈ˂ˇ ʷ˔ʶʽ ʹ 

ʶˉʽʻˎ˃ʹˍʺ ˍʰ˔ˏˍʹˍʰΦ όaŀƴǳŀƭ !ƛƳǎǳƴύ 

ʆˇ ɾʽˁˊˇˋˁˇˉʽˁˈ ɾˇ˄ˍʷ˂ˇ ɳˉʽˍʱ˔ˎ˄ˋʹˌ ɳ˂ʶˏʻʶˊʹˌ ʄˇʺˌΣ ˁʰˍʰʴˊʱ˒ʶʽ ˃ʶ ʰˁˊʾʲʶʽʰ ˍʹ 

ʵˎ˄ʰ˃ʽˁʺ ʶˉʽˍʱ˔ˎ˄ˋʹˌ ˇ˔ʹ˃ʱˍ˖˄ ˃ʷˋ˖ ˃ʽʰˌ ˎˉˇ˂ˇʴʽˋˍʽˁʱ ʰˉˇʵˇˍʽˁʺˌ ˉˊˇˋʷʴʴʽˋʹˌΣ 

˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˍʽˌ ʰˁˈ˂ˇˎʻʶˌ ˉʰˊʰ˃ʷˍˊˇˎˌΥ 

¶ ɼʰˍʹʴˇˊʾʰ ˇ˔ʺ˃ʰˍˇˌ 

¶ ʆˏˉˇˌ ˁʽ˄ʹˍʺˊʰ όˁʰʻˇˊʽʸˈ˃ʶ˄ˇˌ ʰˉˈ ˍʹ ˋˏ˄ʻʶˋʹ ˍˇˎ ˋˍˈ˂ˇˎύ 

¶ ʆ˃ʺ˃ʰ ˇ˔ʺ˃ʰˍˇˌ όʲʱˋʶʽ ˁʰˍʰ˄ˇ˃ʺˌ ʲʱˊˇˎˌύ 

¶ ʅˎ˃ˉʶˊʽ˒ˇˊʱ ˇʵʹʴˇˏ 

¶ ʅˍˊʰˍʹʴʽˁʺ ʰ˂˂ʰʴʺˌ ˍʰ˔ˎˍʺˍ˖˄ 

¶ ʅˍˎ˂ ˇʵʺʴʹˋʹˌ 

¶ ʅˎ˄ʻʺˁʶˌ ˇʵˇˋˍˊ˗˃ʰˍˇˌ 

¶ ɼ˂ʾˋʹ ˇʵˇˋˍˊ˗˃ʰˍˇˌ 
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¶ ɼʰʽˊʽˁʷˌ ˋˎ˄ʻʺˁʶˌ 

ɶ ˁʰˍʹʴˇˊʾʰ ˁʰʽ ˇ ˍˏˉˇˌ ˁʽ˄ʹˍʺˊʰ ˇˊʾʸˇ˄ˍʰʽ ˋˍˇ ˉʰˊʱʻˎˊˇ ʵʽʰ˂ˈʴˇˎ ʆˏˉˇˌ ʁ˔ʺ˃ʰˍˇˌ ˋˍˇ 

!ƛƳǎǳƴ bŜȄǘΣ ʶ˄˗ ˍˇ ˍ˃ʺ˃ʰ ˉˊˇˋʵʽˇˊʾʸʶˍʰʽ ˃ʷˋ˖ ˍʹˌ ˁʰˍʰ˄ˇ˃ʺˌ ʲʱˊˇˎˌ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌΦ ʆʰ 

ˇ˔ʺ˃ʰˍʰ ˁʰˍʰˍʱˋˋˇ˄ˍʰʽ ˋˍʰ ˍ˃ʺ˃ʰˍʰ !Σ .Σ /Σ 5Σ 9Σ CΣ W ˁʰʽ aΣ ̀ˏ ˃˒˖˄ʰ ˃ʶ ˍʽˌ ˃ʱʸʶˌ ˁʰʽ ˍʽˌ 

ˉˊˇʵʽʰʴˊʰ˒ʷˌ ˍ˖˄ ʶˎˊ˖ˉʰʿˁ˗˄ ˁʰˍʹʴˇˊʽ˗˄ ˇ˔ʹ˃ʱˍ˖˄ ό9ǳǊƻ /ŀǊ {ŜƎƳŜƴǘύΦ 

ʁʽ ʰ˄ʰʻʷˋʶʽˌ ˁʰˍʱ ʲʱˊˇˌ ˁʰʽ ˍˏˉˇ ˁʽ˄ʹˍʺˊʰ ʶʾ˄ʰʽ ˖ˌ ʶ˅ʺˌΥ 

¶ ɰʶ˄ʸʾ˄ʹΥ ! όуллςффф ƪƎύΣ . όмлллςммтф ƪƎύΣ / όммулςмнфф ƪƎύΣ 5 όмоллςмруф ƪƎύΣ 9 

όмрфлςмтпф ƪƎύΣ C όмтрлςнслл ƪƎύΣ W όммулςнслл ƪƎύΣ a όмоллςмруф ƪƎύΦ 

¶ ɿˍʾʸʶ˂Υ ! όуллςффф ƪƎύΣ . όмлллςммфф ƪƎύΣ / όмнллςмотф ƪƎύΣ 5 όмоулςмрфф ƪƎύΣ 9 

όмсллςмупф ƪƎύΣ C όмурлςнслл ƪƎύΣ W όмнллςнслл ƪƎύΣ a όмоулςмрфф ƪƎύΦ 

¶ ɶ˂ʶˁˍˊʽˁʱΥ ! όуллςмнпф ƪƎύΣ . όмнрлςмпрф ƪƎύΣ / όмпслςмсфф ƪƎύΣ 5 όмтллςнлфф ƪƎύΣ 

9 όнмллςнппф ƪƎύΣ C όнпрлςнслл ƪƎύΣ W όмпслςнслл ƪƎύΣ a όмтллςнлфф ƪƎύΦ 

ʁˊʽˋ˃ʷ˄ʰ ˍ˃ʺ˃ʰˍʰ ʶˉʽˁʰ˂ˏˉˍˇ˄ˍʰʽΣ ʽʵʾ˖ˌ ˋˍʽˌ ˁʰˍʹʴˇˊʾʶˌ /Σ 5Σ 9Σ C ˁʰʽ WΣ ˃ʶ ʰ˄ˍʾˋˍˇʽ˔ʶˌ 

ˉˊˇˋʰˊ˃ˇʴʷˌ ˋˍʽˌ ˁʰˍʰ˄ˇ˃ʷˌΣ ʲʱˋʶʽ ˉˇˋˇˋˍ˗˄ ˉ˖˂ʺˋʶ˖˄Φ 

ɶ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍˇˎ ˇʵʹʴˇˏ ʶʽˋʱʴʶˍʰʽ ˋˍˇ ˃ˇ˄ˍʷ˂ˇ ˃ʷˋ˖ ʵˏˇ ʲʰˋʽˁ˗˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄Υ ˍʹˌ 

ˋˍˊʰˍʹʴʽˁʺˌ ʰ˂˂ʰʴʺˌ ˍʰ˔ˎˍʺˍ˖˄ ˁʰʽ ˍˇˎ ˋˍˎ˂ ˇʵʺʴʹˋʹˌΣ ˍʰ ˇˉˇʾʰ ˊˎʻ˃ʾʸˇˎ˄ ˍˇ ʶˉʾˉʶʵˇ 

ʶˉʽʻʶˍʽˁˈˍʹˍʰˌ ˁʰˍʱ ˍʹ˄ ʶˉʽˍʱ˔ˎ˄ˋʹΦ ʆʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʰˎˍʱ ʰˁˇ˂ˇˎʻˇˏ˄ ˁʰ˄ˇ˄ʽˁʷˌ 

ˁʰˍʰ˄ˇ˃ʷˌ ˃ʶ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʶˌ ʰˉˇˁ˂ʾˋʶʽˌΣ ˗ˋˍʶ ˄ʰ ʰˉˇ˒ʶˏʴˇ˄ˍʰʽ ˃ʹ ˊʶʰ˂ʽˋˍʽˁʱ ˉˊˇ˒ʾ˂ 

ˇʵʹʴ˗˄Φ 

ɶ ˋˍˊʰˍʹʴʽˁʺ ʰ˂˂ʰʴʺˌ ˍʰ˔ˎˍʺˍ˖˄ ʲʰˋʾʸʶˍʰʽ ˋˍʹ˄ ʰ˄ˍʽˋˍˇʾ˔ʽˋʹ ˋʹ˃ʶʾ˖˄ ʰ˂˂ʰʴʺˌ ˋ˔ʷˋʶ˖˄ ˃ʶ 

ˍʹ˄ ˁʰ˃ˉˏ˂ʹ ʽˋ˔ˏˇˌ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌΣ ˉˊˇˋʰˊ˃ˇˋ˃ʷ˄ʹ ˋˍʹ˄ ʶˉʽʻʶˍʽˁˈˍʹˍʰ ˍˇˎ ˇʵʹʴˇˏΦ 

ʃʰˊʱ˂˂ʹ˂ʰΣ ˍˇ ˋˍˎ˂ ˇʵʺʴʹˋʹˌ ʶˉʹˊʶʱʸʶʽ ˍʹ ˃ʷʴʽˋˍʹ ʵˎ˄ʹˍʽˁʺ ʶˉʽˍʱ˔ˎ˄ˋʹ ˁʰʽ ʶˉʽʲˊʱʵˎ˄ˋʹΦ 

ʆˇ ɾʽˁˊˇˋˁˇˉʽˁˈ ɾˇ˄ˍʷ˂ˇ ɳˉʽˍʱ˔ˎ˄ˋʹˌ ɳ˂ʶˏʻʶˊʹˌ ʄˇʺˌΣ ˂ ʰ˃ʲʱ˄ʶʽ ˎˉˈ˕ʹ ˍʽˌ ʶ˅˖ˍʶˊʽˁʷˌ 

ʵˎ˄ʱ˃ʶʽˌ ˉˇˎ ʶˉʽʵˊˇˏ˄ ˋˍˇ ˈ˔ʹ˃ʰ όˈˉ˖ˌ ʰ˄ˍʾˋˍʰˋʹ ʰʷˊʰ ˁʰʽ ˁˏ˂ʽˋʹˌύΣ ʶ˄˗ ˍʰ ʵʶʵˇ˃ʷ˄ʰ 

ˁ˂ʾˋʹˌ ˁʰʽ ˁʰʽˊʽˁ˗˄ ˋˎ˄ʻʹˁ˗˄ ʶ˄ˋ˖˃ʰˍ˗˄ˇ˄ˍʰʽ ʰˉʶˎʻʶʾʰˌ ˃ʷˋ˖ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˍˇˎ 

ˋʶ˄ʰˊʾˇˎ ˋˍˇ !ƛƳǎǳƴ bŜȄǘΦ ʁʽ ˁʰʽˊʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ˃ʶˍʰʲʱ˂˂ˇˎ˄ ˍˇ˄ ˋˎ˄ˍʶ˂ʶˋˍʺ ˍˊʽʲʺˌ ˍˇˎ 

ʵˊˈ˃ˇˎ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʽ˃ʷˌ ʰˉˈ ˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰΥ 

¶ ʀʹˊˈ ˇʵˈˋˍˊ˖˃ʰΥ лΣул 

¶ ʇʴˊˈΥ лΣсл 

¶ ɰˊˇ˔ʶˊˈΥ лΣпл 

¶ ʁ˃ʾ˔˂ʹΥ лΣнр 

¶ ʋʽˈ˄ʽκˉʱʴˇˌΥ лΣмл 

ɱʽʰ ˍʰ ˇ˔ʺ˃ʰˍʰ ˃ʶ ˁʽ˄ʹˍʺˊʶˌ ʶˋ˖ˍʶˊʽˁʺˌ ˁʰˏˋʹˌΣ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˔ʶʽˊˇˁʾ˄ʹˍˇ ˁʽʲ˗ˍʽˇ 

ˍʰ˔ˎˍʺˍ˖˄Σ ˁʰʽ ˍˇ ˃ˇ˄ˍʷ˂ˇ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˉʶˊʽˇˊʽˋ˃ˇˏˌ ʰˉˈʵˇˋʹˌ ˂ˈʴ˖ ʰ˂˂ʰʴ˗˄ ˍʰ˔ˎˍʺˍ˖˄Σ 

ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍˇˎ ˇʵʹʴˇˏΦ ʁʽ ˁʰ˃ˉˏ˂ʶˌ ʶˉʽʲˊʱʵˎ˄ˋʹˌ ʲʰʻ˃ˇ˄ˇ˃ˇˏ˄ˍʰʽ ʰ˄ʱ 
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ˍ˃ʺ˃ʰ ˇ˔ʺ˃ʰˍˇˌ ˁʰʽ ʶˉʽˁˎˊ˗˄ˇ˄ˍʰʽ ˃ʶ ʵʶʵˇ˃ʷ˄ʰ ʵˎ˄ʰ˃ˇ˃ʷˍˊˇˎΣ ˈˉ˖ˌ ʰ˄ʰ˒ʷˊʶˍʰʽ ʰˉˈ ˍˇ˄ 

IŜ Ŝǘ ŀƭΦ όнлнлύΦ 

ʆʷ˂ˇˌΣ ˍˇ ɾʽˁˊˇˋˁˇˉʽˁˈ ɾˇ˄ˍʷ˂ˇ ɳˉʽˍʱ˔ˎ˄ˋʹˌ ɳ˂ʶˏʻʶˊʹˌ ʄˇʺˌ ˎˉˇ˂ˇʴʾʸʶʽ ˍʹ˄ ˍʶ˂ʽˁʺ 

ʵˎ˄ʰ˃ʽˁʺ ʰˉˈˁˊʽˋʹ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ ˃ʶ ʲʱˋʹ ˍʽˌ ˁʰ˃ˉˏ˂ʶˌ ˉ˂ʺˊˇˎˌ ˒ˇˊˍʾˇˎ ˍ˖˄ ˁʽ˄ʹˍʺˊ˖˄Σ ˍʽˌ 

ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁʷˌ ʰ˄ˍʽˋˍʱˋʶʽˌ ˁʰʽ ˍʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍˇˎ ˇʵʹʴˇˏΣ ˉˊˇˋ˒ʷˊˇ˄ˍʰˌ ʷ˄ʰ ˋˎ˄ʶˉʷˌ 

ˁʰʽ ʰ˅ʽˈˉʽˋˍˇ ˃ˇ˄ˍʷ˂ˇ ˃ʽˁˊˇˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˍʹˌ ʶˉʽˍʱ˔ˎ˄ˋʹˌ ˁʰʽ ʶˉʽʲˊʱʵˎ˄ˋʹˌ ˋʶ ˋˎ˄ʻʺˁʶˌ 

ʶ˂ʶˏʻʶˊʹˌ ˊˇʺˌΦ 

ʁʽ ʰˁˈ˂ˇˎʻʶˌ ˁʰ˃ˉˏ˂ʶˌ ʰˉʶʽˁˇ˄ʾʸˇˎ˄ ˍʹ ʵˎ˄ʰ˃ʽˁʺ ˍˇˎ ɾʽˁˊˇˋˁˇˉʽˁƻˏ  ɾˇ˄ˍʷ˂ˇˎ 

ɳˉʽˍʱ˔ˎ˄ˋʹˌ ɳ˂ʶˏʻʶˊʹˌ ʄˇʺˌ ʴʽʰ ʷ˄ʰ ˈ˔ʹ˃ʰ ʲʶ˄ʸʾ˄ʹˌ ˁʰˍʹʴˇˊʾʰˌ ɮΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʹ˄ 

ˍʰ˅ʽ˄ˈ˃ʹˋʹ 9ǳǊƻ /ŀǊ {ŜƎƳŜƴǘΣ ˎˉˈ ʵʶʵˇ˃ʷ˄ʶˌ ˇʵʽˁʷˌ ˋˎ˄ʻʺˁʶˌΦ 

 

ʅ˔ʺ˃ʰ 7: ɲˎ˄ʰ˃ʽˁʺ ˍˇˎ MFC ɹ ʽʰ ʷ˄ʰ ˈ˔ʹ˃ʰ ʲʶ˄ʸʾ˄ʹˌ ˁʰˍʹʴˇˊʾʰˌ ɮΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʹ˄ 

ˍʰ˅ʽ˄ˈ˃ʹˋʹ Euro Car Segment- Aimsun Manual 

ʆˇ ʶˉˈ˃ʶ˄ˇ ˉʰˊʱʵʶʽʴ˃ʰ ʰ˒ˇˊʱ ʹ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰ ˁʰʽ ˉʰˊˇˎˋʽʱʸʶʽ ˍʽˌ ˁʰ˃ˉˏ˂ʶˌ ˉˇˎ 

ʰ˄ˍʽˋˍˇʽ˔ˇˏ˄ ˋʶ ˇ˔ʺ˃ʰˍʰ ˍʹˌ ˁʰˍʹʴˇˊʾʰˌ ! ̱ ˇˎ 9ǳǊƻ /ŀǊ {ŜƎƳŜƴǘΦ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʰˎˍʺΣ ʹ 

ˁʰ˃ˉˏ˂ʹ ʶˉʽʲˊʱʵˎ˄ˋʹˌ ʰˉˇˍʶ˂ʶʾ ˋˎ˄ʻʶˍʽˁʺ ˁʰ˃ˉˏ˂ʹΣ ʹ ˇˉˇʾʰ ʷ˔ʶʽ ʶ˅ʰ˔ʻʶʾ ˁʰʽ ʶˉʶˁˍʰʻʶʾ 

˗ˋˍʶ ˄ʰ ˁʰ˂ˏˉˍʶʽ ʵʽʰ˒ˇˊʶˍʽˁʱ ˉˊˇ˒ʾ˂ ˇ˔ʹ˃ʱˍ˖˄Φ ɶ ˁʰ˃ˉˏ˂ʹ ʰˎˍʺ ˉˊˇʷˊ˔ʶˍʰʽ ʰˉˈ ˍʹ 

ʵʽʰʵʽˁʰˋʾʰ ʶˉʽˁˏˊ˖ˋʹˌ ˉˇˎ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍʹ ˃ʶ˂ʷˍʹ ˍ˖˄ IŜ Ŝǘ ŀƭΦ όнлнлύΦ 
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ʅ˔ʺ˃ʰ 8: ɼʰ˃ˉˏ˂ʶˌ ̌ ˔ʹ˃ʱˍ˖˄ ˁ ʰˍʹʴˇˊʾʰˌ A ̱ ˇˎ Euro Car Segment- Aimsun Manual 

ʆʷ˂ˇˌΣ ʴʽʰ ˍʹ ˋˏʴˁˊʽˋʹ ˃ʶˍʰ˅ˏ ˋˏ˄ʻʶˍ˖˄ ˁʰʽ ʰˉ˂ˇˏˋˍʶˊ˖˄ ˃ˇ˄ˍʷ˂˖˄Σ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˃ʽʰ 

ˁʰ˃ˉˏ˂ʹ ʶˉʽˍʱ˔ˎ˄ˋʹˌς̱ ʰ˔ˏˍʹˍʰˌ ʴʽʰ ˈ˂ʰ ˍʰ ˃ˇ˄ˍʷ˂ʰ ʶˉʽˍʱ˔ˎ˄ˋʹˌ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˋˍˇ 

!ƛƳǎǳƴ bŜȄǘΣ ʴʽʰ ˉʰˊˈ˃ˇʽˇ ˉˊˇ˒ʾ˂ ˇ˔ʺ˃ʰˍˇˌΦ ʅʹ˃ʶʽ˗˄ʶˍʰʽ ˈˍʽ ˍˇ ˃ˇ˄ˍʷ˂ˇ DƛǇǇǎ h˄ʰ˒ʷˊʶˍʰʽ 

ˋˍˇ ˃ˇ˄ˍʷ˂ˇ ʰˁˇ˂ˇˎʻʾʰˌ ˇ˔ʺ˃ʰˍˇˌ όŎŀǊπŦƻƭƭƻǿƛƴƎ ƳƻŘŜƭύΥ 

 

ʅ˔ʺ˃ʰ 9Υ ʅˏʴˁˊʽˋʹ ˃ʶˍʰ˅ˏ ˋˏ˄ʻʶˍ˖˄ ˁʰʽ ʰˉ˂ˇˏˋˍʶˊ˖˄ ˃ˇ˄ˍʷ˂˖˄- Aimsun Manual 

3.4.2. ɮ˂˂ʰʴʺ ɽ˖ˊʾʵʰˌ κ Lane Changing  
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ʅˎ˃ˉʶˊʽ˒ˇˊʱ ʶˁˍˈˌ ˂˖ˊʾʵʰˌ κ Non-Lane-Based Behavior  
ɶ ˃ʽˁˊˇˉˊˇˋˇ˃ˇʾ˖ˋʹ ˉʰˊʷ˔ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹˌ ˉ˂ʶˎˊʽˁ˗˄ ˁʽ˄ʺˋʶ˖˄ 

ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ʵʶ˄ ʰˁˇ˂ˇˎʻˇˏ˄ h ˎˋˍʹˊʱ ˍʹ ʵˇ˃ʺ ˍ˖˄ ˂˖ˊʾʵ˖˄ ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ ʆˇ ʶ˄ ˂ˈʴ˖ 

˃ˇ˄ˍʷ˂ˇ ʷ˔ʶʽ ˋ˔ʶʵʽʰˋˍʶʾ ʴʽʰ ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˋʶ ˃ʽˁˊˇˋˁˇˉʽˁʺ ˁ˂ʾ˃ʰˁʰ ˋʶ 

ʶˉʾˉʶʵˇ ʰˋˍʽˁˇˏ ʵʽˁˍˏˇˎΣ ʵʾ˄ˇ˄ˍʰˌ ʷ˃˒ʰˋʹ ˋˍʹ˄ ˎˉˇ˂ˇʴʽˋˍʽˁʺ ʰˉˇʵˇˍʽˁˈˍʹˍʰ ˁʰʽ ˍʹ˄ 

ʶ˅ʰʴ˖ʴʺ ˋˎʴˁʶ˄ˍˊ˖ˍʽˁ˗˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˃ʶʴʱ˂ʹˌ ˁ˂ʾ˃ʰˁʰˌΣ ˉʰˊʱ ˋˍʹ˄ ʰˉˈ˂ˎˍʹ ʰˁˊʾʲʶʽʰ 

ʰ˄ʰˉʰˊʱˋˍʰˋʹˌ ˍ˖˄ ˍˊˇ˔ʽ˗˄ ˁʱʻʶ ˃ʶ˃ˇ˄˖˃ʷ˄ˇˎ ˇ˔ʺ˃ʰˍˇˌΦ 

ɶ ˉˊˇˋʷʴʴʽˋʹ ʰˎˍʺ ˁʰʻʽˋˍʱ ʵˎ˄ʰˍʺ ˍʹ˄ ˉʽˇ ˊʶʰ˂ʽˋˍʽˁʺ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˋʶ 

ˉʶˊʽʲʱ˂˂ˇ˄ˍʰ ˈˉˇˎ ˉˇ˂˂ʰˉ˂ʱ ˇ˔ʺ˃ʰˍʰ ˃ˉˇˊˇˏ˄ ˄ʰ ˁʰˍʰ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʹ˄ ʾʵʽʰ ʵʽʰ˃ʺˁʹ ʻʷˋʹ 

ʶ˄ˍˈˌ ˃ʽʰˌ ˂˖ˊʾʵʰˌΦ ɶ ʵˎ˄ʰˍˈˍʹˍʰ ʶ˄ʶˊʴˇˉˇʾʹˋʹˌ ˁʽ˄ʺˋʶ˖˄ ˉˇˎ ʵʶ˄ ʲʰˋʾʸˇ˄ˍʰʽ ˋˍʹ ʵˇ˃ʺ 

ˍ˖˄ ˂˖ˊʾʵ˖˄Σ ˁʰʻˇˊʽʸˈ˃ʶ˄˖˄ ʰ˄ʱ ˍˏˉˇ ˇ˔ʺ˃ʰˍˇˌ ˁʰʽ ˍ˃ʺ˃ʰ ʵʽˁˍˏˇˎΣ ˉˊˇˋʵʾʵʶʽ ˋˍˇ ˃ˇ˄ˍʷ˂ˇ 

ˎ˕ʹ˂ˈ ʲʰʻ˃ˈ ʶˎʶ˂ʽ˅ʾʰˌΦ ʍˌ ʰˉˇˍʷ˂ʶˋ˃ʰΣ ˁʰʻʾˋˍʰˍʰʽ ʽˁʰ˄ˈ ˄ʰ ˉˊˇˋˇ˃ˇʽ˗ˋʶʽ ʷ˄ʰ ʶˏˊˇˌ 

ˁˎˁ˂ˇ˒ˇˊʽʰˁ˗˄ ˋˎ˄ʻʹˁ˗˄Σ ʰˉˈ ˍʹ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʺ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˃ˇˍˇˋˎˁ˂ʶˍ˗˄ ˋʶ ˉˈ˂ʶʽˌ ˃ʶ 

ˁˎˁ˂ˇ˒ˇˊʾʰ ʲʰˋʽˋ˃ʷ˄ʹ ˋʶ ˂˖ˊʾʵʶˌΣ ˈˉ˖ˌ ʹ ɰʰˊˁʶ˂˗˄ʹΣ ʷ˖ˌ ˉ˂ʺˊ˖ˌ ʰʵˈ˃ʹˍʶˌ ˊˇʷˌ 

ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ˈˉ˖ˌ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˋʶ ʰˋˍʽˁʱ ˉʶˊʽʲʱ˂˂ˇ˄ˍʰ ˍʹˌ ɹ˄ʵʾʰˌΣ ˈˉˇˎ ˋˎ˃˃ʶˍʷ˔ˇˎ˄ 

ˇ˔ʺ˃ʰˍʰ ˃ʶ ʶˎˊˏ ˒ʱˋ˃ʰ ˒ˎˋʽˁ˗˄ ˁʰʽ ˂ʶʽˍˇˎˊʴʽˁ˗˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄Φ όaŀƴǳŀƭ !ƛƳǎǳƴύ 

ɶ ʶ˄ʶˊʴˇˉˇʾʹˋʹ ˍˇˎ ˃ʹ˔ʰ˄ʽˋ˃ˇˏ ˉ˂ʶˎˊʽˁʺˌ ʰ˄ˍʾ˂ʹ˕ʹˌ ˋʶ ʵʾˁˍˎʰΣ ˈˉˇˎ ʹ ˁˎˁ˂ˇ˒ˇˊʾʰ ʵʶ˄ 

ʲʰˋʾʸʶˍʰʽ ʰˎˋˍʹˊʱ ˋʶ ˂˖ˊʾʵʶˌΣ ʶˉʽˍˊʷˉʶʽ ˋʶ ˁʱʻʶ ˈ˔ʹ˃ʰ ˄ʰ ˂ʰ˃ʲʱ˄ʶʽ ˎˉˈ˕ʹ ˍˇˎ ˍʹ˄ 

ˉʰˊˇˎˋʾʰ ˈ˂˖˄ ˍ˖˄ ʱ˂˂˖˄ ˇ˔ʹ˃ʱˍ˖˄ ʶ˄ˍˈˌ ˍˇˎ ʾʵʽˇˎ ˇʵʽˁˇˏ ˍ˃ʺ˃ʰˍˇˌΦ ɼʰˍΩ ʶˉʷˁˍʰˋʹΣ ˍˇ 

ˉ˂ʱˍˇˌ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˁʰʽ ˍ˖˄ ˂˖ˊʾʵ˖˄ ˃ʶˍʰˍˊʷˉʶˍʰʽ ˋʶ ˁˊʾˋʽ˃ˇ ˉʰˊʱʴˇ˄ˍʰ ˍʹˌ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ ʆˇ ˋ˔ʶˍʽˁˈ ˃ˇ˄ˍʷ˂ˇ ʰˉʰʽˍʶʾ ˍʹ˄ ʶʽˋʰʴ˖ʴʺ ˄ʷ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˉˇˎ ˊˎʻ˃ʾʸˇˎ˄ 

ˍʹ˄ ˉ˂ʶˎˊʽˁʺ ˁʾ˄ʹˋʹΣ ˈˉ˖ˌ ʹ ˉ˂ʶˎˊʽˁʺ ʰˉˈˋˍʰˋʹ ʰˋ˒ʰ˂ʶʾʰˌ ό[ŀǘŜǊŀƭ /ƭŜŀǊŀƴŎŜύ ˁh ʽ ʹ ˃ʷʴʽˋˍʹ 

ˉ˂ʶˎˊʽˁʺ ˍʰ˔ˏˍʹˍʰ όaŀȄ [ŀǘŜǊŀƭ {ǇŜŜŘύΦ 

ʋʶʽˊʽˋ˃ˈˌ ̄ ˇ˂˂ʰˉ˂˗˄ ́ ʴʶˍ˗˄ / Handling Multiple Leaders 
ɶ ˉˊˇˋʷʴʴʽˋʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˉˇˎ ʵʶ˄ ʲʰˋʾʸʶˍʰʽ ˋˍʹ ʵˇ˃ʺ ˂˖ˊʾʵ˖˄ ʰˉʰʽˍʶʾ ˍʹ˄ ˍʰˎˍˈ˔ˊˇ˄ʹ 

ʰ˅ʽˇ˂ˈʴʹˋʹ ˉˇ˂˂ʰˉ˂˗˄ ˎˉˇ˕ʺ˒ʽ˖˄ ˇʵʹʴ˗˄ ˋˍʹ˄ ˉˇˊʶʾʰ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌΦ ɶ ʵʽʰʵʽˁʰˋʾʰ 

ʰ˄ʰʴ˄˗ˊʽˋʹˌ ˇʵʹʴ˗˄ όƭŜŀŘŜǊǎύ ʲʰˋʾʸʶˍʰʽ ˋˍˇ˄ ˁʰʻˇˊʽˋ˃ˈ ˃ʽʰˌ ʵˎ˄ʰ˃ʽˁʱ ʵʽʰ˃ˇˊ˒ˇˏ˃ʶ˄ʹˌ 

ˇˊʻˇʴ˗˄ʽʰˌ ˉʶˊʽˇ˔ʺˌ ς ʁ ˄ ʶʾʵʶʽ ˂˖ˊʾʵʰˌ ς ́  ˇˉˇʾʰ ˉ˂ʶˎˊʽˁʱ ˉʶˊʽˇˊʾʸʶˍʰʽ ʰˉˈ ˍʰ ʱˁˊʰ ˍʹˌ 

ʻʷˋʹˌ ˉˇˎ ʵˏ˄ʰˍʰʽ ˄ʰ ˁʰˍʰ˂ʱʲʶʽ ˍˇ ˈ˔ʹ˃ʰ ˁʰˍʱ ˍˇ˄ ˍˊʷ˔ˇ˄ˍʰ ʶ˂ʽʴ˃ˈΣ ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ 

ˍˈˋˇ ˍˇ ˉ˂ʶˎˊʽˁˈ ʵʽʱˁʶ˄ˇ όƭŀǘŜǊŀƭ ŎƭŜŀǊŀƴŎŜύ ̍̀ ˇ ˁʰʽ ˍʹ˄ ˉ˂ʶˎˊʽˁʺ ˍʰ˔ˏˍʹˍʰ όƭŀǘŜǊŀƭ ǎǇŜŜŘύΦ 

ʅʶ ˉʶˊʽˉˍ˗ˋʶʽˌ ˈˉˇˎ ʵʶ˄ ˎ˒ʾˋˍʰˍʰʽ ʶ˄ʶˊʴʺ ˉ˂ʶˎˊʽˁʺ ˃ʶˍʰˍˈˉʽˋʹΣ ʹ ˎˉˇ˂ˇʴʽʸˈ˃ʶ˄ʹ ˉʶˊʽˇ˔ʺ 

ˇˊʾʸʶˍʰʽ ˖ˌ ˋˍʰʻʶˊʺΣ ˃ʶ ˉ˂ʱˍˇˌ ʾˋˇ ˃ʶ ˍˇ ʱʻˊˇʽˋ˃ʰ ˍˇˎ ˒ˎˋʽˁˇˏ ˉ˂ʱˍˇˎˌ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ ˁʰʽ 

ˍ˖˄ ˉ˂ʶˎˊʽˁ˗˄ ʵʽʰˁʷ˄˖˄Φ ɮ˄ˍʾʻʶˍʰΣ ˈˍʰ˄ ˍˇ ˈ˔ʹ˃ʰ ʶˉʽʵʽ˗ˁʶʽ ˉ˂ʶˎˊʽˁʺ ˃ʶˍʰˍˈˉʽˋʹ ˉˊˇˌ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˁʰˍʶˏʻˎ˄ˋʹΣ ʹ ˉʶˊʽˇ˔ʺ ʰˎˍʺ ʶˉʶˁˍʶʾ˄ʶˍʰʽ ˃ʷ˔ˊʽ ˍʹ˄ ʶˉʽʻˎ˃ʹˍʺ ˉ˂ʶˎˊʽˁʺ ʻʷˋʹΣ 

ʶ˄ˋ˖˃ʰˍ˗˄ˇ˄ˍʰˌ ˍʹ˄ ˍʶ˂ʽˁʺ ʵʽʰ˃ˈˊ˒˖ˋʹ ˍˇˎ ˉ˂ʱˍˇˎˌ ˁʰʽ ˍ˖˄ ˉ˂ʶˎˊʽˁ˗˄ ˉʶˊʽʻ˖ˊʾ˖˄ 

ʰˋ˒ʰ˂ʶʾʰˌΦ 

ɾʶˍʱ ˍˇ˄ ˁʰʻˇˊʽˋ˃ˈ ˍʹˌ ˋ˔ʶˍʽˁʺˌ ˉʶˊʽˇ˔ʺˌ ʰ˄ʰʸʺˍʹˋʹˌΣ ʰ˅ʽˇ˂ˇʴˇˏ˄ˍʰʽ ˍʰ ˇ˔ʺ˃ʰˍʰ ˉˇˎ 

ʶ˃ˉʾˉˍˇˎ˄ ˋʶ ʰˎˍʺ˄Φ ɳ˅ʰʽˊˇˏ˄ˍʰʽ ʶˁʶʾ˄ʰ ˍ˖˄ ˇˉˇʾ˖˄ ˍˇ ˇˉʾˋʻʽˇ ˍ˃ʺ˃ʰ ʵʶ˄ ʶʾ˄ʰʽ ˉ˂ʺˊ˖ˌ 

ˇˊʰˍˈ ʰˉˈ ˍʹ˄ ˇˉˍʽˁʺ ʴ˖˄ʾʰ ˍˇˎ ˎˉˈ ʶ˅ʷˍʰˋʹ ˇ˔ʺ˃ʰˍˇˌΣ ʶ˅ʰʽˍʾʰˌ ˍʹˌ ˉʰˊˇˎˋʾʰˌ ʶ˄ʵʽʱ˃ʶˋ˖˄ 
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ˇ˔ʹ˃ʱˍ˖˄Φ ɮˎˍʱ ʻʶ˖ˊˇˏ˄ˍʰʽ ˈˍʽ ʰˋˁˇˏ˄ ʷ˃˃ʶˋʹ ʶˉʽˊˊˇʺΣ ˂ʶʽˍˇˎˊʴ˗˄ˍʰˌ ˖ˌ ˇʵʹʴˇʾ ˍ˖˄ 

ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ˉʰˊʶ˃ˉˇʵʾʸˇˎ˄ ˍʹ˄ ʱ˃ʶˋʹ ˇˊʰˍˈˍʹˍʰΦ όaŀƴǳŀƭ !ƛƳǎǳƴύ 

ɾʶˍʰ˅ˏ ˍ˖˄ ˇʵʹʴ˗˄ ˉˇˎ ˉ˂ʹˊˇˏ˄ ˍʰ ʰ˄˖ˍʷˊ˖ ˁˊʽˍʺˊʽʰΣ ˖ˌ ˉʽˇ ˉʶˊʽˇˊʽˋˍʽˁˈˌ όƳƻǎǘ 

ŎƻƴǎǘǊŀƛƴƛƴƎ ƭŜŀŘŜǊύ ˇˊʾʸʶˍʰʽ ʶˁʶʾ˄ˇˌ ˉˇˎ ʻʰ ˃ˉˇˊˇˏˋʶΣ ʻʶ˖ˊʹˍʽˁʱΣ ˄ʰ ʶˉʽʲˊʰʵˏ˄ʶʽ ʺ ˄ʰ 

ʰˁʽ˄ʹˍˇˉˇʽʹʻʶʾ ˋʶ ʶʴʴˏˍʶˊʹ ʰˉˈˋˍʰˋʹ ʰˉˈ ˍˇ ˈ˔ʹ˃ʰ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾ ˍʹ˄ ʰ˄ʰʸʺˍʹˋʹΦ ʅˍˇ 

ˎˉˇʵʶʽˁ˄ˎˈ˃ʶ˄ˇ ʵʽʱʴˊʰ˃˃ʰΣ ˉˊˇˋʵʽˇˊʾʸˇ˄ˍʰʽ ʵˏˇ ˇʵʹʴˇʾ ʶˉʾ ˍʹˌ ˁʰˍʱ˄ˍʹ ˉˇˊʶʾʰˌΦ ʆˇ 

ˉ˂ʺˊʶˌ ˃ˇ˄ˍʷ˂ˇ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ʰˉˇˁ˂ʶʽˋˍʽˁʱ ʷ˄ʰ˄ˍʽ ˍˇˎ ˉ˂ʷˇ˄ ˉʶˊʽˇˊʽˋˍʽˁˇˏ ˇʵʹʴˇˏΦ 

 

ʅ˔ʺ˃ʰ 10: ʋʶʽˊʽˋ˃ˈˌ ˉˇ˂˂ʰˉ˂˗˄ ʹʴʶˍ˗˄- Aimsun Manual 

ɳˉʽ˂ˇʴʺ ʵʽʰʵˊˇ˃ʺˌ κ Path Selection 
ʆʰ ˇ˔ʺ˃ʰˍʰ ˋˍʰ ˇˉˇʾʰ ʷ˔ʶʽ ʶ˄ʶˊʴˇˉˇʽʹʻʶʾ ʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˃ʹ ʲʰˋʽˋ˃ʷ˄ʹ ˋˍʹ 

ʵˇ˃ʺ ˍ˖˄ ˂˖ˊʾʵ˖˄Σ ʶ˒ʰˊ˃ˈʸˇˎ˄ ʷ˄ʰ ʵˎ˄ʰ˃ʽˁˈ ˃ˇ˄ˍʷ˂ˇ ʶˉʽ˂ˇʴʺˌ ʵʽʰʵˊˇ˃ʺˌ ʴʽʰ ˍˇ˄ 

ˁʰʻˇˊʽˋ˃ˈ ˍʹˌ ˉ˂ʶˎˊʽˁʺˌ ˍˇˎˌ ʻʷˋʹˌ ˋˍˇ˄ ʵˊˈ˃ˇΦ ʆˇ ˃ˇ˄ˍʷ˂ˇ ʰˎˍˈ ˂ʶʽˍˇˎˊʴʶʾ ˖ˌ ˉ˂ʺˊʶˌ 

ˎˉˇˁʰˍʱˋˍʰˍˇ ̱ ˖˄ ˉʰˊʰʵˇˋʽʰˁ˗˄ ˃ ʹ˔ʰ˄ʽˋ˃˗˄ ʰ˂˂ʰʴʺˌ ˂˖ˊʾʵʰˌ ˁʰʽ ʰˉˇʵˇ˔ʺˌ ˁʶ˄˗˄ όƎŀǇ 

ŀŎŎŜǇǘŀƴŎŜύΣ ˇʽ ˇˉˇʾˇʽ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋʶ ˋˎˋˍʺ˃ʰˍʰ ʲʰˋʽˋ˃ʷ˄ʰ ˋʶ ˂˖ˊʾʵʶˌΦ 

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˈˍʰ˄ ʷ˄ʰ ˈ˔ʹ˃ʰ ʵʶ˄ ʶʾ˄ʰʽ ˋʶ ʻʷˋʹ ˄ʰ ˉˊˇˋʶʴʴʾˋʶʽ ˍʹ˄ ʶˉʽʻˎ˃ʹˍʺ ˁʰˍʱ˄ˍʹ 

ˋˍˊˇ˒ʺ ʰˉˈ ˍʹ ˍˊʷ˔ˇˎˋʰ ʻʷˋʹ ˍˇˎΣ ʺ ˈˍʰ˄ ˇ ˉˊˇˉˇˊʶˎˈ˃ʶ˄ˇˌ ʹʴʷˍʹˌ ˉʰˊʶ˃ˉˇʵʾʸʶʽ ˍʹ˄ 

ʶˉʾˍʶˎ˅ʹ ˃ʽʰˌ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺˌ ˍʰ˔ˏˍʹˍʰˌ τ ̌ ˊʽʸˈ˃ʶ˄ʹˌ ˖ˌ ˉˇˋˇˋˍˈ ˍʹˌ ˍˊʷ˔ˇˎˋʰˌ 

ʶˉʽʻˎ˃ʹˍʺˌ ˃ʷʴʽˋˍʹˌ ˍʰ˔ˏˍʹˍʰˌ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ τ ̱ˇ ˈ˔ʹ˃ʰ ˉˊˇʲʰʾ˄ʶʽ ˋʶ ʶˉʰ˄ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ 

ʵʽʰʵˊˇ˃ʺˌΣ ʰ˄ʰʸʹˍ˗˄ˍʰˌ ʶ˄ʰ˂˂ʰˁˍʽˁʺ ˉ˂ʶˎˊʽˁʺ ʻʷˋʹ ˉˇˎ ʲʶ˂ˍʽˋˍˇˉˇʽʶʾ ˍʹ˄ ˁʽ˄ʹ˃ʰˍʽˁʺ ˍˇˎ 

ʰˉˈʵˇˋʹΦ 

ɶ ʶˉʽ˂ˇʴʺ ˍʹˌ ʲʷ˂ˍʽˋˍʹˌ ˉ˂ʶˎˊʽˁʺˌ ʻʷˋʹˌ ˉˊˇˁˏˉˍʶʽ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ˋˎ˄ʵˎʰˋˍʽˁʺˌ ʰ˄ʱ˂ˎˋʹˌ 

ʵʽʰ˒ˈˊ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄Φ ɮˎˍʷˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇˎ˄Υ ˍʽˌ ʷʴˁˎˊʶˌ ˂˖ˊʾʵʶˌ ʴʽʰ ˍʽˌ ˁʰˍʱ˄ˍʹ ˋˍˊˇ˒ʷˌΣ 

ˍʽˌ ˍˊʷ˔ˇˎˋʶˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʷˌ ˋˎ˄ʻʺˁʶˌΣ ˍʹ˄ ˁʰˍʰ˄ˇ˃ʺ ˁʰʽ ˁʾ˄ʹˋʹ ˍ˖˄ ʴʶʽˍˇ˄ʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄Σ 

ˁʰʻ˗ˌ ˁʰʽ ˍʰ ʶʴʴʶ˄ʺ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ ˈˉ˖ˌ ˍˇ ˉ˂ʱˍˇˌΣ ʹ ˉ˂ʶˎˊʽˁʺ ʰˉˈˋˍʰˋʹ 

ʰˋ˒ʰ˂ʶʾʰˌ όƭŀǘŜǊŀƭ ŎƭŜŀǊŀƴŎŜύ ˁh ʽ ʹ ˃ʷʴʽˋˍʹ ʶˉʽˍˊʶˉˈ˃ʶ˄ʹ ˉ˂ʶˎˊʽˁʺ ˍʰ˔ˏˍʹˍʰ όƳŀȄƛƳǳƳ 

ƭŀǘŜǊŀƭ ǎǇŜŜŘύΦ ʃˇ˂˂ʷˌ ʰˉˈ ˍʽˌ ʶ˄ ˂ˈʴ˖ ˉʰˊʰ˃ʷˍˊˇˎˌΣ ˈˉ˖ˌ ˇʽ ʷʴˁˎˊʶˌ ˂˖ˊʾʵʶˌΣ ʶʾ˄ʰʽ ˁˇʽ˄ʷˌ 

˃ʶ ˍˇ ˎ˒ʽˋˍʱ˃ʶ˄ˇ ˃ˇ˄ˍʷ˂ˇΣ ʵʽʰˋ˒ʰ˂ʾʸˇ˄ˍʰˌ ˍʹ ˋˎ˃ʲʰˍˈˍʹˍʰ ˁʰʽ ˍʹ˄ ʰˉˊˈˋˁˇˉˍʹ 

ʶ˄ˋ˖˃ʱˍ˖ˋʹ ˍʹˌ ˃ʹ ʲʰˋʽˋ˃ʷ˄ʹˌ ˋˍʹ ʵˇ˃ʺ ˍ˖˄ ˂˖ˊʾʵ˖˄ ˉˊˇˋʷʴʴʽˋʹˌ ˃ʶ ˍʰ ˎˉˈ˂ˇʽˉʰ 

ˎˉˇˋˎˋˍʺ˃ʰˍʰ ˍˇˎ ˉˊˇˋˇ˃ˇʽ˖ˍʽˁˇˏ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌΦ όaŀƴǳŀƭ !ƛƳǎǳƴύ 

ʅˍˇ ˋ˔ʶˍʽˁˈ ʵʽʱʴˊʰ˃˃ʰΣ ʹ ʵʽʰʴˊʰ˃˃ʽˋ˃ʷ˄ʹ ˉʶˊʽˇ˔ʺ ˎˉˇʵʹ˂˗˄ʶʽ ˍʽˌ ʷʴˁˎˊʶˌ ˂˖ˊʾʵʶˌΣ ʶ˄˗ ʹ 

ˉʶˊʽˇ˔ʺ ˃ʶ ˁʰˊˈ ˎ˒ʺ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ˍʽˌ ˉˊˇˋʲʱˋʽ˃ʶˌ ˍˇˉˇʻʶˋʾʶˌ ˋˍˇ ʰ˃ʷˋ˖ˌ ʶˉˈ˃ʶ˄ˇ 

ʲʺ˃ʰ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ ɶ ˃ʷʴʽˋˍʹ ˉ˂ʶˎˊʽˁʺ ˍʰ˔ˏˍʹˍʰ ʶˉʹˊʶʱʸʶʽ ˍʹ˄ ʷˁˍʰˋʹ ˍʹˌ 
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ˉˊˇˋʲʱˋʽ˃ʹˌ ˉʶˊʽˇ˔ʺˌΣ ʵʽʶˎˊˏ˄ˇ˄ˍʰˌ ˍˇ ʶˏˊˇˌ ˍ˖˄ ʵˎ˄ʹˍʽˁ˗˄ ˃ʶˍʰˍˇˉʾˋʶ˖˄Φ ɶ ʲʷ˂ˍʽˋˍʹ 

ˉʶˊʽˇ˔ʺ ʰ˄ʰʸʺˍʹˋʹˌ ˉ˂ʶˎˊʽˁʺˌ ʻʷˋʹˌ ς h ˉʶʽˁˇ˄ʽʸˈ˃ʶ˄ʹ ˃ʶ ˁˈˁˁʽ˄ˇ ˔ˊ˗˃ʰ ς ̌ ˊʾʸʶˍʰʽ ˖ˌ ʹ 

ˍˇ˃ʺ ˃ʶˍʰ˅ˏ ˍ˖˄ ʷʴˁˎˊ˖˄ ˂˖ˊʾʵ˖˄ ˁʰʽ ˍʹˌ ˉˊˇˋʲʱˋʽ˃ʹˌ ˉʶˊʽˇ˔ʺˌΣ ˁʰʻˇʵʹʴ˗˄ˍʰˌ ˍˇ˄ 

ʰ˂ʴˈˊʽʻ˃ˇ ʁˉʽ˂ˇʴʺˌ ˋˍʹ˄ ˍʶ˂ʽˁʺ ʰˉˈ˒ʰˋʹ ˍˇˉˇʻʷˍʹˋʹˌ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌΦ 

 

ʅ˔ʺ˃ʰ 11: ɳˉʽ˂ˇʴʺ ʵʽʰʵˊˇ˃ʺˌ - Aimsun Manual 

ʃˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʰˉˇˍˊʰˉˇˏ˄ ʰ˄ʶˉʽʻˏ˃ʹˍʶˌ ˉ˂ʶˎˊʽˁʷˌ ˍʰ˂ʰ˄ˍ˗ˋʶʽˌ ˁʰˍʱ ˍʹ˄ ˉˇˊʶʾʰ ˍ˖˄ 

ˇ˔ʹ˃ʱˍ˖˄Σ ʹ ʵʽʰʵʽˁʰˋʾʰ ˂ʺ˕ʹˌ ʰˉˈ˒ʰˋʹˌ ʴʽʰ ˍʹ˄ ʰ˄ʰʸʺˍʹˋʹ ʶ˄ʰ˂˂ʰˁˍʽˁʺˌ ˉ˂ʶˎˊʽˁʺˌ ʻʷˋʹˌ 

ʵˏ˄ʰˍʰʽ ˄ʰ ʶ˄ʶˊʴˇˉˇʽʶʾˍʰʽ ˋʶ ˁʱʻʶ ʲʺ˃ʰ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΣ ˎˉˈ ˍʹ˄ ˉˊˇːˉˈʻʶˋʹ ˈˍʽ ˍˇ 

ˈ˔ʹ˃ʰ ʵʶ˄ ʶˁˍʶ˂ʶʾ ʺʵʹ ˉ˂ʶˎˊʽˁʺ ˃ʶˍʰˍˈˉʽˋʹ ʺ ˈˍʽ ʹ ˍʶ˂ʶˎˍʰʾʰ ˉ˂ʶˎˊʽˁʺ ˁʾ˄ʹˋʹ ʷ˔ʶʽ 

ˇ˂ˇˁ˂ʹˊ˖ʻʶʾ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ˃ʾʰ ˒ˇˊʱ ˋˍˇ ˉʰˊʶ˂ʻˈ˄Φ 

ɶ ˉʶˊʽˇ˔ʺ ˇˊʰˍˈˍʹˍʰˌ ˉˊˇˌ ˍʰ ʶ˃ˉˊˈˌΣ ʶ˄ˍˈˌ ˍʹˌ ˉˊˇˋʲʱˋʽ˃ʹˌ ʸ˗˄ʹˌΣ ˇˊʾʸʶˍʰʽ ˃ʶ ʲʱˋʹ ˍʹ 

˃ʷʴʽˋˍʹ ʰˉˈˋˍʰˋʹ ˉʷʵʹˋʹˌ ˉˇˎ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˋʶ ˈ˂ʰ ˍʰ ˇ˔ʺ˃ʰˍʰ ˍˇˎ ˉˊˇˋˇ˃ˇʽˇˏ˃ʶ˄ˇˎ 

ʵʽˁˍˏˇˎΦ ɶ ʶ˄ ˂ˈʴ˖ ʰˉˈˋˍʰˋʹ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ˍˇ ˃ʷʴʽˋˍˇ ˃ʺˁˇˌ ʰˉˈ ˍˇ ˇˉˇʾˇ ʷ˄ʰ 

ˉˊˇˉˇˊʶˎˈ˃ʶ˄ˇ ˈ˔ʹ˃ʰ ˃ˉˇˊʶʾ ˄ʰ ʶˉʹˊʶʱˋʶʽ ʵˎ˄ʰ˃ʽˁʱ ˍʹ˄ ˍʰ˔ˏˍʹˍʰ ʶ˄ˈˌ ʰˁˇ˂ˇˎʻˇˏ˄ˍˇˌ 

ˇ˔ʺ˃ʰˍˇˌΣ ˁʰʻʽˋˍ˗˄ˍʰˌ ˍʹ ˁˊʾˋʽ˃ʹ ʴʽʰ ˍʹ ˊʶʰ˂ʽˋˍʽˁʺ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˍʹˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ 

ʰˁˇ˂ˇˏʻʹˋʹˌΦ 

ʁ ˉʶˊʽˇˊʽˋ˃ˈˌ ˍʹˌ ˇˊʰˍˈˍʹˍʰˌ ˋʶ ʰˎˍʺ˄ ˍʹ˄ ˉʶˊʽˇ˔ʺ ʰˉˇˋˁˇˉʶʾ ˋˍʹ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˍʹˌ 

ˎˉˇ˂ˇʴʽˋˍʽˁʺˌ ʰˉˈʵˇˋʹˌ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎΦ ɶ ˃ʷʴʽˋˍʹ ʰˉˈˋˍʰˋʹ ˉʷʵʹˋʹˌ ˁʰʻˇˊʾʸʶˍʰʽ 

ˋˎ˄ʰˊˍʺˋʶʽ ˍʹˌ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʺˌ ˍʰ˔ˏˍʹˍʰˌ ˍˇˎ ʶˁʱˋˍˇˍʶ ˇʵʽˁˇˏ ˍ˃ʺ˃ʰˍˇˌ ˁʰʽ ˍ˖˄ ˃ʷʴʽˋˍ˖˄ 

ʶˉʽˍˊʶˉˈ˃ʶ˄˖˄ ˔ˊˈ˄˖˄ ʶˉʽʲˊʱʵˎ˄ˋʹˌ ˁʰʽ ʰ˄ˍʾʵˊʰˋʹˌ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄Φ ɮ˄ ˁʰʽ ˇ ˇˊʽˋ˃ˈˌ ˍʹˌ 

ˇˊʰˍˈˍʹˍʰˌ ˉˊˇˌ ˍʰ ʶ˃ˉˊˈˌ ʶʾ˄ʰʽ ˁˇʽ˄ˈˌ ʴʽʰ ˈ˂ˇˎˌ ˍˇˎˌ ˍˏˉˇˎˌ ˇ˔ʹ˃ʱˍ˖˄Σ ʹ ˉˊʰʴ˃ʰˍʽˁʺ ˍˇˎ 

ˍʽ˃ʺ ˃ˉˇˊʶʾ ˄ʰ ˃ʶˍʰʲʱ˂˂ʶˍʰʽ ʰ˄ʰ˂ˈʴ˖ˌ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌ ˍˇˎ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ˍ˃ʺ˃ʰˍˇˌ ˍˇˎ 

ˇʵʽˁˇˏ ʵʽˁˍˏˇˎΦ 

ɾˇ˄ˍʷ˂ˇ ˉˊˇˋˉʷˊʰˋʹˌ ʵˏˇ ˂˖ˊʾʵ˖˄ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ʵʽˉ˂ʺˌ ˁʰˍʶˏʻˎ˄ˋʹˌ κ Two-Way Two-
Lane Overtaking Model 
ʆˇ ɾˇ˄ˍʷ˂ˇ ʃˊˇˋˉʷˊʰˋʹˌ ɮ˃˒ʾʵˊˇ˃ʹˌ ɲʽʷ˂ʶˎˋʹˌ ό¢ǿƻπ²ŀȅ tŀǎǎƛƴƎ aƻŘŜƭύ ˉˊˇˋˇ˃ˇʽ˗˄ʶʽ 

ʶ˂ʽʴ˃ˇˏˌ ˉˊˇˋˉʷˊʰˋʹˌ ˋʶ ʶˉʰˊ˔ʽʰˁˇˏˌ ˇʵʽˁˇˏˌ ʱ˅ˇ˄ʶˌ ˉˇˎ ʵʽʰʻʷˍˇˎ˄ ʵˏˇ ˂˖ˊʾʵʶˌ 

ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˁʰʽ ʶ˅ˎˉʹˊʶˍˇˏ˄ ɻ ˏˇ ʰ˄ˍʾʻʶˍʶˌ ˁʰˍʶˎʻˏ˄ˋʶʽˌΦ ʆˇ ˃ˇ˄ˍʷ˂ˇ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˊʶʽˌ 

ʵʽʰˁˊʽˍʷˌ ˒ʱˋʶʽˌΥ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ʶˉʽʻˎ˃ʾʰˌ ˉˊˇˋˉʷˊʰˋʹˌΣ ˍʹ ˂ʺ˕ʹ ʰˉˈ˒ʰˋʹˌΣ ˁʰʽ ˍʹ 

ʵʽʰʵʽˁʰˋʾʰ ʶˁˍʷ˂ʶˋʹˌ ˍˇˎ ʶ˂ʽʴ˃ˇˏΦ ɶ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍʹˌ ˉˊˇˋˉʷˊʰˋʹˌ ʰˉʰʽˍʶʾ ˍˇ˄ ˁʰˍʱ˂˂ʹ˂ˇ 

ˋˏ˄ʵʶˋ˃ˇ ˃ʶˍʰ˅ˏ ˍ˖˄ ʰ˄ˍʾˊˊˇˉ˖˄ ˍ˃ʹ˃ʱˍ˖˄ ˍˇˎ ʵˊˈ˃ˇˎΣ ˍʰ ˇˉˇʾʰ ˉˊʷˉʶʽ ˄ʰ ʷ˔ˇˎ˄ 

˔ʰˊʰˁˍʹˊʽˋˍʶʾ ˖ˌ ɼʰʻˊʷ˒ˍʶˌ ˍ˃ʹ˃ʱˍ˖˄ όaƛǊǊƻǊ {ŜŎǝƻƴǎύΣ ˗ˋˍʶ ˄ʰ ˁʰʻʾˋˍʰˍʰʽ ʵˎ˄ʰˍʺ ʹ 

ʰ˃˒ʾʵˊˇ˃ʹ ʰ˄ʱ˂ˎˋʹΦ όaŀƴǳŀƭ !ƛƳǎǳƴύ 
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Model Description 
ɶ ˉʽʻʰ˄ˈˍʹˍʰ ʶˁʵʺ˂˖ˋʹˌ ʶ˂ʽʴ˃ˇˏ ˉˊˇˋˉʷˊʰˋʹˌ ʶ˅ʶˍʱʸʶˍʰʽ ʴʽʰ ˍʰ ˇ˔ʺ˃ʰˍʰ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ 

ʶ˄ˍˈˌ ˇˎˊ˗˄ ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ ʁˉˇʽˇʵʺˉˇˍʶ ˈ˔ʹ˃ʰ ʰʵˎ˄ʰˍʶʾ ˄ʰ ˁʽ˄ʹʻʶʾ ˃ʶ ˍʹ˄ ʶˉʽʻˎ˃ʹˍʺ ˍˇˎ 

ˍʰ˔ˏˍʹˍʰ ˂ˈʴ˖ ˉˊˇˉˇˊʶˎˈ˃ʶ˄˖˄ ˇ˔ʹ˃ʱˍ˖˄ ʻʶ˖ˊʶʾˍʰʽ ˈˍʽ ʰ˄ʺˁʶʽ ˋʶ ˇˎˊʱΦ ʁʽ ʶˉʽˁʶ˒ʰ˂ʶʾ̩ 

ˍʹˌ ˇˎˊʱˌ ʰ˄ʰʴ˄˖ˊʾʸˇ˄ˍʰʽ ˖ˌ ˍʰ ˇ˔ʺ˃ʰˍʰ ˉˇˎ ʶ˄ʶˊʴˇˉˇʽˇˏ˄ ˍʽˌ ˇˎˊʷˌΣ ʵʹ˂ʰʵʺ ˍˇ ˈ˔ʹ˃ʰ ˉˇˎ 

ˁʽ˄ʶʾˍʰʽ ˃ʶ ˍʹ˄ ʶˉʽʻˎ˃ʹˍʺ ˍʰ˔ˏˍʹˍʱ ˍˇˎΦ 

ɱʽʰ ˁʱʻʶ ˈ˔ʹ˃ʰ ʶ˄ˍˈˌ ˍʹˌ ˇˎˊʱˌΣ ʹ ʶˉʽʻˎ˃ʾʰ ˉˊˇˋˉʷˊʰˋʹˌ h ˅ʽˇ˂ˇʴʶʾˍʰʽ ʲʱˋʶʽ ˉʷ˄ˍʶ ˁˏˊʽ˖˄ 

ˉʰˊʰʴˈ˄ˍ˖˄Υ 

мΦ ɼʰˍʱˍʰ˅ʹ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ ʶ˄ˍˈˌ ˍʹˌ ˇˎˊʱˌΦ 

нΦ ɼʰʻˎˋˍʷˊʹˋʹ ˉˇˎ ˎ˒ʾˋˍʰˍʰʽ ˂ˈʴ˖ ˉʰˊʰ˃ˇ˄ʺˌ ˋˍʹ˄ ˇˎˊʱΦ 

оΦ ɲʽʰ˒ˇˊʱ ˍʰ˔ˏˍʹˍʰˌ ˃ʶˍʰ˅ˏ ˍʹˌ ʶˉʽʻˎ˃ʹˍʺˌ ˍʰ˔ˏˍʹˍʰˌ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ ˁʰʽ ˍʹˌ 

ˉˊʰʴ˃ʰˍʽˁʺˌ ˍʰ˔ˏˍʹˍʰˌ ˍˇˎ ʱ˃ʶˋˇˎ ˉˊˇˉˇˊʶˎˈ˃ʶ˄ˇˎΦ 

пΦ ʇˉˇ˂ʶʽˉˈ˃ʶ˄ˇˌ ˔ˊˈ˄ˇˌ ˍʰ˅ʽʵʽˇˏΦ 

рΦ ɼʰˍʱˋˍʰˋʹ ˍ˖˄ ˋˎ˄ʻʹˁ˗˄ ˇˊʰˍˈˍʹˍʰˌ ʴʽʰ ˍˇ˄ ʶ˂ʽʴ˃ˈΦ 

ɶ ʶˉʽʻˎ˃ʾʰ ˉˊˇˋˉʷˊʰˋʹˌ ˉˊˇˋʵʽˇˊʾʸʶˍʰʽ ʰˉˈ ˋˏ˄ˇ˂ˇ ˉʰˊʰ˃ʷˍˊ˖˄ ˉˇˎ ˁʰʻˇˊʾʸˇ˄ˍʰʽ ˋˍˇ 

ʶˉʾˉʶʵˇ ˍˇˎ ˉʶʽˊʱ˃ʰˍˇˌ όǎƛƳǳƭŀǝƻƴ ŜȄǇŜǊƛƳŜƴǘύΥ 

¶ ʂˊʽˇ ˔ˊˈ˄ˇˎ ˁʰʻˎˋˍʷˊʹˋʹˌ 

¶ ɳ˂ʱ˔ʽˋˍˇ ˈˊʽˇ ʵʽʰ˒ˇˊʱˌ ˍʰ˔ˏˍʹˍʰˌ 

¶ ɾʷʴʽˋˍˇ ˈˊʽˇ ʵʽʰ˒ˇˊʱˌ ˍʰ˔ˏˍʹˍʰˌ 

¶ ɾʷʴʽˋˍʹ ˁʰˍʱˍʰ˅ʹ 

¶ ʂˊʽˇ ˎˉˇ˂ʶʽˉˈ˃ʶ˄ˇˎ ˔ˊˈ˄ˇˎ ˍʰ˅ʽʵʽˇˏ 

¶ ɮˊʽʻ˃ˈˌ ˍʰˎˍˈ˔ˊˇ˄˖˄ ʶˉʽˍˊʶˉˈ˃ʶ˄˖˄ ˉˊˇˋˉʶˊʱˋʶ˖˄ 

¶ ɼʰʻˎˋˍʷˊʹˋʹ ˃ʶˍʰ˅ˏ ˍʰˎˍˈ˔ˊˇ˄˖˄ ˉˊˇˋˉʶˊʱˋʶ˖˄ 

¶ ʅˎ˄ˍʶ˂ʶˋˍʺˌ ʶˎʰʽˋʻʹˋʾʰˌ ʴʽʰ ˍʹ ˃ʶʾ˖ˋʹ ˍ˖˄ ʰˁˇ˂ˇˏʻ˖˄ ʰˎˍˇˁʽ˄ʺˍ˖˄ 

¶ ʅˎ˄ˍʶ˂ʶˋˍʺˌ ʰˏ˅ʹˋʹˌ ˍʰ˔ˏˍʹˍʰˌ ˉˊˇˋˉʷˊʰˋʹˌ 

¶ ʂˊʽˇ ʵʽʰ˒ˇˊʱˌ ˍʰ˔ˏˍʹˍʰˌ ʴʽʰ ʲʶ˂ˍʽ˖˃ʷ˄ʹ ˍʰ˔ˏˍʹˍʰ ˉˊˇˋˉʷˊʰˋʹˌ 

¶ ʂˊʽˇ ʵʽʰ˒ˇˊʱˌ ˍʰ˔ˏˍʹˍʰˌ ʴʽʰ ˉˊˇˋˉʷˊʰˋʹ ˃ʶ ˋˎ˄ʶ˔ʺ ʴˊʰ˃˃ʺ 

ɳˉʽˉ˂ʷˇ˄Σ ʵˏˇ ˉʰˊʱ˃ʶˍˊˇʽ ˁʰʻˇˊʾʸˇ˄ˍʰʽ ˋʶ ʶˉʾˉʶʵˇ ˇʵʽˁˇˏ ˍ˃ʺ˃ʰˍˇˌΥ 

¶ ɮˉˈˋˍʰˋʹ ˇˊʰˍˈˍʹˍʰˌ 

¶ ʅˎ˄ˍʶ˂ʶˋˍʺˌ ˇˊʰˍˈˍʹˍʰˌΣ ˉˇˎ ˍˊˇˉˇˉˇʽʶʾ ˍʹ ʵʽʰʻʶˋʽ˃ˈˍʹˍʰ ˍʹˌ ʰˉʰʽˍˇˏ˃ʶ˄ʹˌ 

ʰˉˈˋˍʰˋʹˌ ˉˊˇˋˉʷˊʰˋʹˌ 

ʆʷ˂ˇˌΣ ˁʱʻʶ ˈ˔ʹ˃ʰ ʵʽʰʻʷˍʶʽ ˃ʾʰ ˁˊʾˋʽ˃ʹ ˉʰˊʰ˃ʶˍˊˇˉˇʾʹˋʹΥ 
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-52- 

 

¶ ʃʶˊʽʻ˗ˊʽˇ ʰˋ˒ʰ˂ʶʾʰˌ ʴʽʰ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˉˊˇˋˉʷˊʰˋʹˌΣ ˍˇ ˇˉˇʾˇ ˁʰʻˇˊʾʸʶʽ ˍʹ˄ 

ʶ˂ʱ˔ʽˋˍʹ ʰˉˇʵʶˁˍʺ ʰˉˈˋˍʰˋʹ ʷ˄ʰ˄ˍʽ ˍˇˎ ʶˉʶˊ˔ˈ˃ʶ˄ˇˎ ˁʽ˄ʵˏ˄ˇˎ ˁʰˍʱ ˍʹ˄ 

ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍˇˎ ʶ˂ʽʴ˃ˇˏΦ 

ʁʽ ˉʰˊʰˉʱ˄˖ ˉʰˊʱ˃ʶˍˊˇʽ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ ˍʹ˄ ˉʰˊʰʴ˖ʴʺ ˁʰ˃ˉˎ˂˗˄ ʶˉʽʻˎ˃ʾʰˌ 

ˉˊˇˋˉʷˊʰˋʹˌΣ ˇʽ ˇˉˇʾʶˌ ʰˉʶʽˁˇ˄ʾʸˇ˄ˍʰʽ ˋˍʰ ʰˁˈ˂ˇˎʻʰ ˋ˔ʺ˃ʰˍʰ ˁʰʽ ˁʰʻˇʵʹʴˇˏ˄ ˍʹ ʵˎ˄ʰ˃ʽˁʺ 

ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˋˍˇ ˃ˇ˄ˍʷ˂ˇΦ 

 

 

 

ʅ˔ʺ˃ʰ 12Υ ɼʰ˃ˉˏ˂ʶˌ ɳˉʽʻˎ˃ʾʰˌ ʃˊˇˋˉʷˊʰˋʹˌ- Aimsun Manual 

 

ʂˍʰ˄ ʷ˄ʰ ˈ˔ʹ˃ʰ ˂ʱʲʶʽ ˍʹ˄ ʰˉˈ˒ʰˋʹ ˄ʰ ʶˁˍʶ˂ʷˋʶʽ ˉˊˇˋˉʷˊʰˋʹΣ ʶ˒ʰˊ˃ˈʸʶʽ ʵˎ˄ʰ˃ʽˁʺ 

ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ ˉˊˇˉˇˊʶˎˈ˃ʶ˄ˇˎ ˃ʶ ˃ʶʽ˖˃ʷ˄ˇ ʵʽʰ˃ʺˁʹ ˁʶ˄ˈ ʰˋ˒ʰ˂ʶʾʰˌΦ ɶ ˃ʶʾ˖ˋʹ ʰˎˍʺ 

ˊˎʻ˃ʾʸʶˍʰʽ ʰˉˈ ˍʹ˄ ˉʰˊʱ˃ʶˍˊˇ ʅˎ˄ˍʶ˂ʶˋˍʺˌ ɾʶʾ˖ˋʹˌ ɮˉˈˋˍʰˋʹˌ ʃʰˊʰˁˇ˂ˇˏʻʹˋʹˌΣ 

ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˉʽˇ ˉˎˁ˄ʺ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹ ˉˊʽ˄ ʰˉˈ ˍʹ˄ ʷ˄ʰˊ˅ʹ ˍˇˎ ʶ˂ʽʴ˃ˇˏΦ ʅˍˇ ˉ˂ʰʾˋʽˇ ˍʹˌ 
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-53- 

 

ˉˊˇʶˍˇʽ˃ʰˋʾʰˌ ˉˊˇˋˉʷˊʰˋʹˌΣ ʰ˅ʽˇ˂ˇʴʶʾˍʰʽ ʹ ʶ˒ʽˁˍˈˍʹˍʰ ˍˇˎ ʶ˂ʽʴ˃ˇˏΣ ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˍˇ˄ 

ʷ˂ʶʴ˔ˇ ˏˉʰˊ˅ʹˌ ˋˎ˄ʶ˔ˇˏˌ ʵʽʰ˔˖ˊʽˋˍʽˁʺˌ ʴˊʰ˃˃ʺˌ ˉˇˎ ʻʰ ʰˉʰʴˈˊʶˎʶ ˍʹ ˃ʶˍʱʲʰˋʹ ˋˍʹ 

˂˖ˊʾʵʰ ʰ˄ˍʾʻʶˍʹˌ ˊˇʺˌΦ 

ʅʶ ˉʶˊʽˉˍ˗ˋʶʽˌ ˁʰˍʱ ˍʽˌ ˇˉˇʾʶˌ ˍˇ ˎˉˈ ʶ˅ʷˍʰˋʹ ˈ˔ʹ˃ʰ ʷ˔ʶʽ ʺʵʹ ˉˊˇˋˉʶˊʰˋˍʶʾ ʰˉˈ ʱ˂˂ʰΣ ˍˇ 

˃ˇ˄ˍʷ˂ˇ ʶ˅ʶˍʱʸʶʽ ʰ˄ ʶˉʽˍˊʷˉˇ˄ˍʰʽ ˉˇ˂˂ʰˉ˂ʷˌ ˍʰˎˍˈ˔ˊˇ˄ʶˌ ˉˊˇˋˉʶˊʱˋʶʽˌΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ˄ 

ʶˉʽˍˊʶˉˍˈ ʰˊʽʻ˃ˈ ˍʰˎˍˈ˔ˊˇ˄˖˄ ʶ˂ʽʴ˃˗˄ ˁʰʽ ˍʹ ˔ˊˇ˄ʽˁʺ ˁʰʻˎˋˍʷˊʹˋʹ ˃ʶˍʰ˅ˏ ˍˇˎˌΦ 

ɶ ʵˎ˄ʰˍˈˍʹˍʰ ʶˁˍʷ˂ʶˋʹˌ ˉˊˇˋˉʷˊʰˋʹˌ ʰ˅ʽˇ˂ˇʴʶʾˍʰʽ ˉʶˊʰʽˍʷˊ˖ ˃ʷˋ˖ ˍʹˌ ʵʽʰ˒ˇˊʱˌ 

ˍʰ˔ˏˍʹˍʰˌ ˃ʶˍʰ˅ˏ ˍʹˌ ʶˉʽʻˎ˃ʹˍʺˌ ˍʰ˔ˏˍʹˍʰˌ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ ˁʰʽ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌ ˍˇˎ ʱ˃ʶˋˇˎ 

ˉˊˇˉˇˊʶˎˈ˃ʶ˄ˇˎΦ ɳʱ˄ ʰˎˍʺ ʹ ʵʽʰ˒ˇˊʱ ʵʶ˄ ˎˉʶˊʲʰʾ˄ʶʽ ˍˇ ˈˊʽˇ ʵʽʰ˒ˇˊʱˌ ˍʰ˔ˏˍʹˍʰˌ ʴʽʰ 

ʰˉˇʵˇ˔ʺ ˉˊˇˋˉʷˊʰˋʹˌΣ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ʰˎ˅ʹ˃ʷ˄ʹ ʶˉʽʻˎ˃ʹˍʺ ˍʰ˔ˏˍʹˍʰΣ ˊˎʻ˃ʽʸˈ˃ʶ˄ʹ ˃ʷˋ˖ ˍˇˎ 

ˋˎ˄ˍʶ˂ʶˋˍʺ ʲʶ˂ˍʾ˖ˋʹˌ ˍʰ˔ˏˍʹˍʰˌ ˉˊˇˋˉʷˊʰˋʹˌΦ 

ɶ ʵʽʱˊˁʶʽʰ ˍˇˎ ʶ˂ʽʴ˃ˇˏ ˉˊˇˋˉʷˊʰˋʹˌ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʲʱˋʶʽ ˋˍʰʻʶˊʺˌ ʶˉʽˍʱ˔ˎ˄ˋʹˌ ʷ˖ˌ ˍʹ˄ 

ʶˉʾˍʶˎ˅ʹ ˍʹˌ ʶˉʽʻˎ˃ʹˍʺˌ ˍʰ˔ˏˍʹˍʰˌ ˁʰʽ ˃ʶˍʷˉʶʽˍʰ ˋˍʰʻʶˊʺˌ ˍʰ˔ˏˍʹˍʰˌΦ ʆʰˎˍˈ˔ˊˇ˄ʰΣ 

ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˇ ˔ˊˈ˄ˇˌ ˃ʷ˔ˊʽ ˋˏʴˁˊˇˎˋʹ ό¢ƛƳŜπǘƻπ/ƻƭƭƛǎƛƻƴύ ˃ʶ ˍˇ ˉ˂ʹˋʽʷˋˍʶˊˇ ʶˉʶˊ˔ˈ˃ʶ˄ˇ 

ˈ˔ʹ˃ʰΣ ̒ ʶ˖ˊ˗˄ˍʰˌ ˈˍʽ ʰˎˍˈ ʵʽʰˍʹˊʶʾ ˋˍʰʻʶˊʺ ˍʰ˔ˏˍʹˍʰΦ ɮ˄ ʵʶ˄ ˎˉʱˊ˔ʶʽ ˈ˔ʹ˃ʰ ˋʶ ˇˊʰˍʺ 

ʰˉˈˋˍʰˋʹ ʺ ʰ˄ ʲˊʾˋˁʶˍʰʽ ˉʷˊʰ˄ ˍʹˌ ˇˊʽˋ˃ʷ˄ʹˌ ʰˉˈˋˍʰˋʹˌ ˇˊʰˍˈˍʹˍʰˌ ˍ˃ʺ˃ʰˍˇˌΣ ˍˈˍʶ 

ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʶʽˁˇ˄ʽˁˈ ό˒ʰ˄ˍʰˋˍʽˁˈύ ˈ˔ʹ˃ʰ ˍˇˉˇʻʶˍʹ˃ʷ˄ˇ ˋˍʹ˄ ʰ˄ˍʽ˂ʹˉˍʺ ʰˉˈˋˍʰˋʹΣ ʹ 

ˇˉˇʾʰ ˊˎʻ˃ʾʸʶˍʰʽ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ˇˊʰˍˈˍʹˍʰˌΦ όaŀƴǳŀƭ !ƛƳǎǳƴύ 

ʁ ʶ˂ʽʴ˃ˈˌ ˉˊˇˋˉʷˊʰˋʹˌ ʶˉʽˍˊʷˉʶˍʰʽ ˄ʰ ˅ʶˁʽ˄ʺˋʶʽ ˃ˈ˄ˇ ʰ˄ ˃ˉˇˊʶʾ ˄ʰ ˇ˂ˇˁ˂ʹˊ˖ʻʶʾ ʶ˄ˍˈˌ ˍʹˌ 

ʸ˗˄ʹˌ ˉˊˇˋˉʷˊʰˋʹˌ ˁʰʽ ʶ˒ˈˋˇ˄ ʹ ʵʽʱˊˁʶʽʱ ˍˇˎ ʶʾ˄ʰʽ ˃ʽˁˊˈˍʶˊʹ ʰˉˈ ˍˇ˄ ʵʽʰʻʷˋʽ˃ˇ ˔ˊˈ˄ˇ 

˃ʷ˔ˊʽ ˋˏʴˁˊˇˎˋʹΣ ˉˊˇˋʰˊ˃ˇˋ˃ʷ˄ˇ ˖ˌ ˉˊˇˌ ˍˇ ˉʶˊʽʻ˗ˊʽˇ ʰˋ˒ʰ˂ʶʾʰˌ ˉˊˇˋˉʷˊʰˋʹˌΦ 

ɳˁˍˈˌ ʸ˗˄ʹˌ ˉˊˇˋˉʷˊʰˋʹˌΣ ʹ ʶˁˍʷ˂ʶˋʹ ˍˇˎ ʶ˂ʽʴ˃ˇˏ ʶ˅ʰˁˇ˂ˇˎʻʶʾ ˄ʰ ʶˉʽˍˊʷˉʶˍʰʽ ˋʶ 

ˉʶˊʽʲʱ˂˂ˇ˄ ˃ʶ ʵʽʰʴˊʱ˃˃ʽˋʹΣ ʰ˄ ʹ ʵʽʰ˒ˇˊʱ ˍʰ˔ˏˍʹˍʰˌ ˎˉʶˊʲʰʾ˄ʶʽ ˍˇ ˈˊʽˇ ʵʽʰ˒ˇˊʱˌ 

ˍʰ˔ˏˍʹˍʰˌ ʴʽʰ ˉˊˇˋˉʷˊʰˋʹ ˃ʶ ʵʽʰʴˊʱ˃˃ʽˋʹΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ˉˊˇˋˉʷˊʰˋʹ ˉˇ˂ˏ 

ʲˊʰʵʷ˖˄ ˇ˔ʹ˃ʱˍ˖˄ όˉΦ˔Φ ˃ˇˍˇˋʽˁ˂ʶˍ˗˄ ʺ ʰʴˊˇˍʽˁ˗˄ ˃ʹ˔ʰ˄ʹ˃ʱˍ˖˄ύΦ 

ɾʶ ˍʹ˄ ʷ˄ʰˊ˅ʹ ˍˇˎ ʶ˂ʽʴ˃ˇˏΣ ˍˇ ˈ˔ʹ˃ʰ ʶˉʽˍʰ˔ˏ˄ʶʽ ˃ʶ ˍʹ ˃ʷʴʽˋˍʹ ʶˉʽˍʱ˔ˎ˄ˋʺ ˍˇˎ ʷ˖ˌ ˍʹ˄ 

ʶˉʾˍʶˎ˅ʹ ˍʹˌ ʶˉʽʻˎ˃ʹˍʺˌ ˍʰ˔ˏˍʹˍʰˌΦ ɼʰʻΩ ˈ˂ʹ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ˉˊˇˋˉʷˊʰˋʹˌΣ ʹ ˋˁˇˉʽ˃ˈˍʹˍʰ 

ˍˇˎ ʶ˂ʽʴ˃ˇˏ ʶˉʰ˄ʰ˅ʽˇ˂ˇʴʶʾˍʰʽ ʵˎ˄ʰ˃ʽˁʱ ˋʶ ˁʱʻʶ ʲʺ˃ʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ ɮ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ˄ 

ˎˉˇ˂ʶʽˉˈ˃ʶ˄ʹ ʵʽʱˊˁʶʽʰ ˉˊˇˋˉʷˊʰˋʹˌΣ ˍˇ˄ ˔ˊˈ˄ˇ ˃ʷ˔ˊʽ ˋˏʴˁˊˇˎˋʹΣ ˁʰʽ ˍʹ ʻʷˋʹ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ 

ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇ ˁˊʾˋʽ˃ˇ ˋʹ˃ʶʾˇ ʰ˃ʶˍʱˁ˂ʹˍʹˌ ʰˉˈ˒ʰˋʹˌΣ ʶˉʽ˂ʷʴʶˍʰʽ ˃ʾʰ ʰˉˈ ˍʽˌ ˉʰˊʰˁʱˍ˖ 

ˉʷ˄ˍʶ ˋˍˊʰˍʹʴʽˁʷˌΥ 

мΦ ɮˋ˒ʰ˂ʺˌ ˋˎ˄ʷ˔ʽˋʹ ˍˇˎ ʶ˂ʽʴ˃ˇˏΥ ʆˇ ˈ˔ʹ˃ʰ ʵʶ˄ ʰ˄ˍʽ˃ʶˍ˖ˉʾʸʶʽ ˁʾ˄ʵˎ˄ˇ ˋˏʴˁˊˇˎˋʹˌ ˁʰʽ 

ˋˎ˄ʶ˔ʾʸʶʽ ˍʹ˄ ˉˊˇˋˉʷˊʰˋʹ ˃ʶ ˋˍʰʻʶˊʺ ʶˉʽˍʱ˔ˎ˄ˋʹ ʷ˖ˌ ˈˍˇˎ ˒ˍʱˋʶʽ ˋˍʹ ˃ʷʴʽˋˍʹ 

ˍʰ˔ˏˍʹˍʰΣ ˍʹ˄ ˇˉˇʾʰ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ʵʽʰˍʹˊʶʾΦ 

нΦ ʁ˂ˇˁ˂ʺˊ˖ˋʹ ʶ˂ʽʴ˃ˇˏΥ ʆˇ ˈ˔ʹ˃ʰ ʷ˔ʶʽ ˇ˂ˇˁ˂ʹˊ˗ˋʶʽ ʶˉʽˍˎ˔˗ˌ ˍʹ˄ ˉˊˇˋˉʷˊʰˋʹ ˁʰʽ 

ʶˉʽˋˍˊʷ˒ʶʽ ˋˍʹ ˂˖ˊʾʵʰ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˍˇˎΣ ˃ˉˊˇˋˍʱ ʰˉˈ ˍˇ ˉˊˇˋˉʶˊʰˋ˃ʷ˄ˇ ˈ˔ʹ˃ʰΦ 

оΦ ɳˉʽˍʱ˔ˎ˄ˋʹ ʴʽʰ ʰˉˇ˒ˎʴʺ ˋˏʴˁˊˇˎˋʹˌΥ ɳʱ˄ ˎˉʱˊ˔ʶʽ ˃ʶ˄ ˁʾ˄ʵˎ˄ˇˌΣ ʰ˂˂ʱ ˈ˔ʽ ʱ˃ʶˋˇˌΣ ˍˇ 

ˈ˔ʹ˃ʰ ʶˉʽˍʰ˔ˏ˄ʶʽ ʴʽʰ ˄ʰ ˇ˂ˇˁ˂ʹˊ˗ˋʶʽ ˍˇ˄ ʶ˂ʽʴ˃ˈ ˉˊˇˍˇˏ ˁʰˍʰˋˍʶʾ ʶˉʽˁʾ˄ʵˎ˄ˇˌΦ 
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пΦ ɳˉʽˍʱ˔ˎ˄ˋʹ ˃ʶ ˁʾ˄ʵˎ˄ˇΣ ˃ʶˍʱ ˍˇ ˁˊʾˋʽ˃ˇ ˋʹ˃ʶʾˇΥ ʆˇ ˈ˔ʹ˃ʰ ʶˉʽˍʰ˔ˏ˄ʶʽ ʴʽʰ ˄ʰ 

ʶˉʽˋˍˊʷ˕ʶʽ ˃ˉˊˇˋˍʱ ʰˉˈ ˍˇ ˉˊˇˋˉʶˊʰˋ˃ʷ˄ˇ ˈ˔ʹ˃ʰΣ ˍˇ ˇˉˇʾˇ ʰ˄ʰʴˁʱʸʶˍʰʽ ˄ʰ 

ʶˉʽʲˊʰʵˏ˄ʶʽΦ 

рΦ ɳʴˁʰˍʱ˂ʶʽ˕ʹ ˍˇˎ ʶ˂ʽʴ˃ˇˏΣ ˉˊʽ˄ ˍˇ ˁˊʾˋʽ˃ˇ ˋʹ˃ʶʾˇΥ ɳʱ˄ ˇ ˁʾ˄ʵˎ˄ˇˌ ʶʾ˄ʰʽ ʱ˃ʶˋˇˌ ˁʰʽ 

ʵʶ˄ ʷ˔ʶʽ ˅ʶˉʶˊʰˋˍʶʾ ˍˇ ˁˊʾˋʽ˃ˇ ˋʹ˃ʶʾˇΣ ˍˇ ˈ˔ʹ˃ʰ ʵʽʰˁˈˉˍʶʽ ˍʹ˄ ˉˊˇˋˉʷˊʰˋʹ ˁʰʽ 

ʶˉʽˋˍˊʷ˒ʶʽ ˉʾˋ˖ ʰˉˈ ˍˇ ˉˊˇˉˇˊʶˎˈ˃ʶ˄ˇ ˈ˔ʹ˃ʰΣ ˃ʶʽ˗˄ˇ˄ˍʰˌ ˍʰ˔ˏˍʹˍʰΦ 

3.4.3. ʆʰ˔ˏˍʹˍʶˌ ʅˎˋˋ˗ˊʶˎˋʹˌ /  Queuing Speeds 

ʆʰ˔ˏˍʹˍʰ ʶʽˋˈʵˇˎ ˋˍʹ˄ ˇˎˊʱ κ Queue Entry Speed 
ʆʰ ˇ˔ʺ˃ʰˍʰ ˍ˖˄ ˇˉˇʾ˖˄ ʹ ˍʰ˔ˏˍʹˍʰ ˎˉˇ˔˖ˊʶʾ ˁʱˍ˖ ʰˉˈ ˃ʽʰ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʹ ˇˊʽʰˁʺ ˍʽ˃ʺ 

όʶˁ˒ˊʰˋ˃ʷ˄ʹ ˋʶ ˃ʷˍˊʰ ʰ˄ʱ ʵʶˎˍʶˊˈ˂ʶˉˍˇύ ˔ʰˊʰˁˍʹˊʾʸˇ˄ˍʰʽ ˖ˌ ʰˁʽ˄ʹˍˇˉˇʽʹ˃ʷ˄ʰ ˁʰʽ 

ʻʶ˖ˊˇˏ˄ˍʰʽ ˈˍʽ ˋˎ˃˃ʶˍʷ˔ˇˎ˄ ˋʶ ˇˎˊʱΦ ɶ ˉʰˊʱ˃ʶˍˊˇˌ ʰˎˍʺ ʶˉʹˊʶʱʸʶʽ ˍʹ ʵʽʰʵʽˁʰˋʾʰ 

ˋˎ˂˂ˇʴʺˌ ˋˍʰˍʽˋˍʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʽˌ ˋˍʱˋʶʽˌ ˁʰʽ ˍʹ ʵʽʰ˃ˈˊ˒˖ˋʹ ˇˎˊ˗˄Φ 

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˁʱʻʶ ˒ˇˊʱ ˉˇˎ ʹ ˍʰ˔ˏˍʹˍʰ ʶ˄ˈˌ ˇ˔ʺ˃ʰˍˇˌ ˃ʶʽ˗˄ʶˍʰʽ ˁʱˍ˖ ʰˉˈ ˍˇ ˁʰˍ˗˒˂ʽ 

ʶʽˋˈʵˇˎ ˋˍʹ˄ ˇˎˊʱΣ ˉˊˇˋˍʾʻʶˍʰʽ ˃ʾʰ ˄ʷʰ ˋˍʱˋʹ ˋˍˇ ʰʻˊˇʽˋˍʽˁˈ ˋˍʰˍʽˋˍʽˁˈ ˍˇˎ ʰˊʽʻ˃ˇˏ 

ˋˍʱˋʶ˖˄Φ ɶ ʶ˄ ˂ˈʴ˖ ˋˍʱˋʹ ˉʰˊʰ˃ʷ˄ʶʽ ʶ˄ʶˊʴʺ ˈˋˇ ʹ ˍʰ˔ˏˍʹˍʰ ˍˇˎ ˇ˔ʺ˃ʰˍˇˌ ˉʰˊʰ˃ʷ˄ʶʽ 

˃ʽˁˊˈˍʶˊʹ ʰˉˈ ˍʹ˄ ˁʰʻˇˊʽˋ˃ʷ˄ʹ ˍʽ˃ʺ ʶ˅ˈʵˇˎ ʰˉˈ ˍʹ˄ ˇˎˊʱΦ όaŀƴǳŀƭ !ƛƳǎǳƴύ 

ɾʶ ˍʹ˄ ʶˉʰ˄ʰ˒ˇˊʱ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌ ˋʶ ˍʽ˃ʺ ˎ˕ʹ˂ˈˍʶˊʹ ˍˇˎ ˇˊʾˇˎ ʶ˅ˈʵˇˎΣ ˍˇ ˈ˔ʹ˃ʰ ˉʰˏʶʽ ˄ʰ 

ʻʶ˖ˊʶʾˍʰʽ ˋˍʰ˃ʰˍʹ˃ʷ˄ˇ ʺ ʶ˄ˍʰʴ˃ʷ˄ˇ ˋʶ ˇˎˊʱΦ ɳʱ˄ ʹ ˍʰ˔ˏˍʹˍʰ ˃ʶʽ˖ʻʶʾ ʶˁ ˄ʷˇˎ ˁʱˍ˖ ʰˉˈ ˍˇ 

ˈˊʽˇ ʶʽˋˈʵˇˎ ˋˍʹ˄ ˇˎˊʱΣ ˍˈˍʶ ˁʰˍʰʴˊʱ˒ʶˍʰʽ ˃ʽʰ ˉˊˈˋʻʶˍʹ ˋˍʱˋʹ ˋˍˇ ˋ˔ʶˍʽˁˈ ˋˍʰˍʽˋˍʽˁˈΦ 

ʆʰ˔ˏˍʹˍʰ ʶ˅ˈʵˇˎ ʰˉˈ ˍʹ˄ ˇˎˊʱ κ Queue Exit Speed 
ʆʰ ˇ˔ʺ˃ʰˍʰ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˋʶ ˇˎˊʱ ˁʰʽ ˍ˖˄ ˇˉˇʾ˖˄ ʹ ˍʰ˔ˏˍʹˍʰ ʰˎ˅ʱ˄ʶˍʰʽ ˉʷˊʰ˄ ˃ʽʰˌ 

ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʹˌ ˍʽ˃ʺˌ ˁʰˍ˖˒˂ʾˇˎ όˋʶ ˃ʷˍˊʰ ʰ˄ʱ ʵʶˎˍʶˊˈ˂ʶˉˍˇύΣ ʻʶ˖ˊˇˏ˄ˍʰʽ ˈˍʽ ʷ˔ˇˎ˄ 

ʰˉˇ˔˖ˊʺˋʶʽ ʰˉˈ ˍʹ˄ ˇˎˊʱ ˁʰʽ ˈˍʽ ʵʶ˄ ʲˊʾˋˁˇ˄ˍʰʽ ˉ˂ʷˇ˄ ˋʶ ˁʰˍʱˋˍʰˋʹ ˋˍʱˋʹˌΦ ɶ ʶ˄ ˂ˈʴ˖ 

ˉʰˊʱ˃ʶˍˊˇˌ ʶˉʹˊʶʱʸʶʽ ʱ˃ʶˋʰ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ˋˎ˂˂ˇʴʺˌ ˋˍʰˍʽˋˍʽˁ˗˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ʰ˒ˇˊˇˏ˄ 

ˍʽˌ ˋˍʱˋʶʽˌ ˁʰʽ ˍˇ˄ ˋ˔ʹ˃ʰˍʽˋ˃ˈ ˇˎˊ˗˄Φ 

ɳˉʽˉ˂ʷˇ˄Σ ˇʽ ˉʰˊʱ˃ʶˍˊˇʽ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌ ʶʽˋˈʵˇˎ ˋˍʹ˄ ˇˎˊʱ όvǳŜǳŜ 9ƴǘǊȅ {ǇŜŜŘύ ˁʰʽ ˍʹˌ 

ˍʰ˔ˏˍʹˍʰˌ ʶ˅ˈʵˇˎ ʰˉˈ ˍʹ˄ ˇˎˊʱ όvǳŜǳŜ 9Ȅƛǘ {ǇŜŜŘύ ʶˉʽʵˊˇˏ˄ ˁʰʽ ˋˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ 

˃ˇ˄ˍʷ˂ˇˎ ʰ˂˂ʰʴʺˌ ˂˖ˊʾʵʰˌΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ʷ˄ʰ ˈ˔ʹ˃ʰ ˍˇ ˇˉˇʾˇ ˁʽ˄ʶʾˍʰʽ ʶ˄ˍˈˌ ˍʹˌ ɵ˗˄ʹˌ о 

ʶ˄ˈˌ ˇʵʽˁˇˏ ˍ˃ʺ˃ʰˍˇˌΣ ʵʶ˄ ʶʾ˄ʰʽ ʵʽʰˍʶʻʶʽ˃ʷ˄ˇ ˄ʰ ʰ˄ʰ˃ʷ˄ʶʽ ʴʽʰ ʵʽʱˋˍʹ˃ʰ ˃ʶʴʰ˂ˏˍʶˊˇ ˍˇˎ 

ɾʷʴʽˋˍˇˎ ʋˊˈ˄ˇˎ ɮˉˈʵˇˋʹˌ όaŀȄƛƳǳƳ ¸ƛŜƭŘ ¢ƛƳŜύ ˋˎ˄ ˍˇ˄ ʃˊˈˋʻʶˍˇ ʋˊˈ˄ˇ ɮ˄ʰ˃ˇ˄ʺˌ 

ό!ŘŘƛǝƻƴŀƭ ²ŀƛǘ ¢ƛƳŜύ ˉˊʽ˄ ʻʶ˖ˊʹʻʶʾ ˈˍʽ ʷ˔ʶʽ ˔ʱˋʶʽ ˍʹ ˋʶʽˊʱ ̱ˇˎ ˂ˈʴ˖ ʰˁʽ˄ʹˋʾʰˌΣ ˁʰˍʱˋˍʰˋʹ 

ʹ ˇˉˇʾʰ ˁʰʻˇˊʾʸʶˍʰʽ ˃ʶ ʲʱˋʹ ˍʽˌ ˉʰˊʰˉʱ˄˖ ˉʰˊʰ˃ʷˍˊˇˎˌΦ όaŀƴǳŀƭ !ƛƳǎǳƴύ 

3.5. ɮ˄ʱˉˍˎ˅ʹ ɰʰˋʽˁˇˏ ɾˇ˄ˍʷ˂ˇˎ 

ʅˍˇ ˉ˂ʰʾˋʽˇ ʶ˒ʰˊ˃ˇʴʺˌ ˍʹˌ ˃ʶʻˇʵˇ˂ˇʴʾʰˌ ˉˇˎ ˉʶˊʽʴˊʱ˒ˍ́ ˁʶ ˋˍʽˌ ˉˊˇʹʴˇˏ˃ʶ˄ʶˌ ʶ˄ˈˍʹˍʶˌΣ 
ˁʰˍʰˋˁʶˎʱˋˍʹˁʶ ʷ˄ʰ ˂ʶˉˍˇ˃ʶˊʷˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁˈ ˃ˇ˄ˍʷ˂ˇ ˉˇˎ ʰ˄ʰˉʰˊʽˋˍʱ ˍʹ˄ ˎ˒ʽˋˍʱ˃ʶ˄ʹ 
ˁʰˍʱˋˍʰˋʹ ˍˇˎ ˇʵʽˁˇˏ ʵʽˁˍˏˇˎΦ ʆˇ ˃ˇ˄ˍʷ˂ˇ ʰˎˍˈ ς ˉˇˎ ˋˍˇ ʶ˅ʺˌ ʰ˄ʰ˒ʷˊʶˍʰʽ ˖ˌ ɾʹʵʶ˄ʽˁˈ 
ʅʶ˄ʱˊʽˇ ς ʰˉˇˍˎˉ˗˄ʶʽ ˍʹ˄ ˍˊʷ˔ˇˎˋʰ ˃ˇˊ˒ʺΣ ʴʶ˖˃ʶˍˊʾʰ ˁʰʽ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺ ˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ 
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ɽʶ˖˒ˈˊˇˎ ɼʹ˒ʽˋˇˏ ˁʰʽ ʰˉˇˍʶ˂ʶʾ ˍʹ ʲʱˋʹ ʴʽʰ ˍʹ ˋˎʴˁˊʽˍʽˁʺ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍ˖˄ ˋʶ˄ʰˊʾ˖˄ 
ˉʰˊʷ˃ʲʰˋʹˌΦ 

ʃʽˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˍˇ ˇʵʽˁˈ ˍ˃ʺ˃ʰ ˍʹˌ ɽΦ ɼʹ˒ʽˋˇˏ ˉˇˎ ʰˉˇˍʶ˂ʶʾ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍʹˌ ˉʰˊˇˏˋʰˌ 
ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌ ʁ ˁˍʶʾ˄ʶˍʰʽ ʰˉˈ ˍˇ ммˇ ˔ʽ˂ʽˈ˃ʶˍˊˇ ˍʹˌ ɳʻ˄ʽˁʺˌ ʁʵˇˏ ɮʻʹ˄˗˄ς
ɸʶˋˋʰ˂ˇ˄ʾˁʹˌ ˋˍʰ ʲˈˊʶʽʰΣ ʷ˖ˌ ˍʹ ɽʶ˖˒ˈˊˇ ʃˇˋʶʽʵ˗˄ˇˌ ˋˍʰ ˄ˈˍʽʰΦ ɶ ʰˉˇˍˏˉ˖ˋʹ ˁʰʽ ʹ 
˕ʹ˒ʽˇˉˇʾʹˋʹ ˍˇˎ ʶ˄ ˂ˈʴ˖ ˇʵʽˁˇˏ ʱ˅ˇ˄ʰ ˉˊˇːˉˇʻʷˍʶʽ ˍʹ˄ ˏˉʰˊ˅ʹ ʶ˄ˈˌ ʰˁˊʽʲˇˏˌ ˁʰʽ 
ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁˇˏ ˎˉˇʲʱʻˊˇˎΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʵʽʰˋ˒ʰ˂ʽˋˍʶʾ ʹ ʴʶ˖˃ʶˍˊʽˁʺ ʰˁˊʾʲʶʽʰ ˍʹˌ 
˃ˇ˄ˍʶ˂ˇˉˇʾʹˋʹˌΦ 
ɱʽʰ ˍˇ˄ ˋˁˇˉˈ ʰˎˍˈΣ ʰ˅ʽˇˉˇʽʺʻʹˁʶ ˍˇ ˉˊˈˋʻʶˍˇ {Ǉŀǝŀƭ aŀƴŀƎŜǊ ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏ !ǳǘƻ/!5Σ 
˃ʷˋ˖ ˍˇˎ ˇˉˇʾˇˎ ʶ˅ʺ˔ʻʹˋʰ˄ ммс ʶʽˁˈ˄ʶˌ ˍˏˉˇˎ tbDΣ ˋʶ ˁ˂ʾ˃ʰˁʰ мΥрллΦ ʁʽ ʶʽˁˈ˄ʶˌ ʰˎˍʷˌ 
ʰˉʶʽˁˇ˄ʾʸˇˎ˄ ˍʹ˄ ˉʶˊʽˇ˔ʺ ˃ʶ˂ʷˍʹˌ ˃ʶ ʲʱˋʹ ʵʶʵˇ˃ʷ˄ʰ ʰˉˈ ˍʹ˄ ˉ˂ʰˍ˒ˈˊ˃ʰ DƻƻƎƭŜ aŀǇǎ ˁʰʽ 
˔ˊʹ̀̔ ˃ˇˉˇʽʺʻʹˁʰ˄ ˖ˌ ˎˉˈʲʰʻˊˇ ˁʰˍʱ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ˕ʹ˒ʽˇˉˇʾʹˋʹˌΣ ˎˉˈ ˍˇ ˋˏˋˍʹ˃ʰ 
ʰ˄ʰ˒ˇˊʱˌ ɳt{DΥнмллΦ 

ʅˍˇ ˉ˂ʰʾˋʽˇ ˍʹˌ ˕ʹ˒ʽˇˉˇʾʹˋʹˌΣ ʰˉˇˍˎˉ˗ʻʹˁʰ˄ ˃ʶ ʰˁˊʾʲʶʽʰ ˍʰ ʵˏˇ ˊʶˏ˃ʰˍʰ ˁˎˁ˂ˇ˒ˇˊʾʰˌ 
ˍˇˎ ʲʰˋʽˁˇˏ ˇʵʽˁˇˏ ʱ˅ˇ˄ʰ ˍˇˎ ɼʹ˒ʽˋˇˏΣ ˁʰʻ˗ˌ ˁʰʽ ˈ˂ʶˌ ˇʽ ˊʱ˃ˉʶˌ ʶʽˋˈʵˇˎ ˁʰʽ ʶ˅ˈʵˇˎ ɹ ʽʰ 
ˇˊʽˋ˃ʷ˄ʰ ˃ʷˍˊʰΦ ʅʹ˃ʶʽ˗˄ʶˍʰʽ ˈˍʽ ʹ ɽ˖ˊʾʵʰ ɴˁˍʰˁˍʹˌ ɮ˄ʱʴˁʹˌ όɽɳɮύΣ ʵʶ˄ ˕ʹ˒ʽˇˉˇʽʺʻʹˁʶΣ 
ˁʰʻ˗ˌ ˇʵʺʴʹˋʹ ˋʶ ʰˎˍʺ ʰˉʰʴˇˊʶˏʶˍʰʽ ˋʶ ˈ˂ʰ ˍʰ ˇ˔ʺ˃ʰˍʰΣ ʶ˄˗ ʶˉʽˍˊʷˉʶˍʰʽ ˃ˈ˄ˇ ˋˍʰ 
ˇ˔ʺ˃ʰˍʰ ʶˉʶʾʴˇˎˋʰˌ ʰ˄ʱʴˁʹˌΣ ʵʹ˂ʰʵʺ ˍˇ ɳɼɮɰΣ ˍʹ˄ ʃˎˊˇˋʲʶˋˍʽˁʺ ˁʰʽ ˍʹ˄ ʆˊˇ˔ʰʾʰΣ ˁʰʻ˗ˌ 
ˁʰʽ ˋˍʰ ʶʽʵʽˁʱ ˇ˔ʺ˃ʰˍʰ ˇʵʽˁʺˌ ʰˋ˒ʱ˂ʶʽʰˌ ˁʰʽ ˋˎ˄ˍʺˊʹˋʹˌ Φ 

ʆˇ ˋˎ˄ˇ˂ʽˁˈ ˇʵʽˁˈ ʵʾˁˍˎˇ ʰ˄ʰ˂ˏʶˍʰʽ ˋʶ ʶˉʽ˃ʷˊˇˎˌ ˇʵʽˁʱ ˍ˃ʺ˃ʰˍʰ όǊƻŀŘ ǎŜŎǝƻƴǎύΣ ˍʰ ˇˉˇʾʰ 
ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʷˋ˖ ˁˈ˃ʲ˖˄ όƴƻŘŜǎύΣ ˃ʶ ʷ˃˒ʰˋʹ ˋˍʽˌ ˋˎ˄ʵʷˋʶʽˌ ˃ʷˋ˖ ˍ˖˄ ˊʰ˃ˉ˗˄Φ ɼʱʻʶ 
˂˖ˊʾʵʰ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ʷ˔ʶʽ ˉ˂ʱˍˇˌ оΣр ˃ʷˍˊ˖˄Σ ʶ˄˗ ˇ ˋˎ˄ˇ˂ʽˁˈˌ ʰˊʽʻ˃ˈˌ ˂˖ˊʾʵ˖˄ ʰ˄ʱ ˍ˃ʺ˃ʰ 
˃ʶˍʰʲʱ˂˂ʶˍʰʽ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʰ ˎˉʱˊ˔ˇ˄ˍʰ ʴʶ˖˃ʶˍˊʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎ ʵˊˈ˃ˇˎ ό˂˖ˊʾʵʶˌ 
ʶˉʽˍʱ˔ˎ˄ˋʹˌΣ ʶˉʽʲˊʱʵˎ˄ˋʹˌύΦ ɶ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺ ʽˁʰ˄ˈˍʹˍʰ όŎŀǇŀŎƛǘȅύ ˍʹˌ ˁʱʻʶ ˂˖ˊʾʵʰˌ 
ˇˊʾˋˍʹˁʶ ˃ʶ ʲʱˋʹ ˍˇ I/a όIƛƎƘǿŀȅ /ŀǇŀŎƛǘȅ aŀƴǳŀƭύΣ ˖ˌ мулл ̌ ˔ʺ˃ʰˍʰ h ˄ʱ ˗ˊʰΣ ɹ ʽʰ ˍʽˌ 
˂˖ˊʾʵʶˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˍˇˎ ɼʹ˒ʽˋˇˏ ˁ ʰʽ ˖ˌ мнлл ̌ ˔ʺ˃ʰˍʰ h ˄ʱ ˗ˊʰΣ ɹ ʽʰ ˍʽˌ ˂˖ˊʾʵʶˌ ˋˍˇˎˌ 
ˁ˂ʱʵˇˎˌ ʶʽˋˈʵˇˎ ˁʰʽ ʶ˅ˈʵˇˎΦ 

ɶ ˉˊˇˋʻʺˁʹ ˂˖ˊʾʵ˖˄ ʶˉʽʲˊʱʵˎ˄ˋʹˌ ʺ ʶˉʽˍʱ˔ˎ˄ˋʹˌ ʷʴʽ˄ʶ ˃ʶ ˍʹ˄ ˔ˊʺˋʹ ǇƻŎƪŜǘǎ ̫ˍˋʽ ˗ˋˍʶ ˄ʰ   
ʵʽʰˋ˒ʰ˂ʽˋˍʶʾ ˎ ˕ʹ˂ˈ ʶˉʾˉʶʵˇ ʰˁˊʾʲʶʽʰˌ ˋˍʹ˄ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˍʹˌ ˎ˒ʽˋˍʱ˃ʶ˄ʹˌ ʴʶ˖˃ʶˍˊʾʰˌ 
ˍˇˎ ˇʵʽˁˇˏ ʵʽˁˍˏˇˎΦ ʍˋˍˈˋˇ ˋʶ ˇˊʽˋ˃ʷ˄ʰ ˋʹ˃ʶʾʰΣ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ 
ʷʵʶʽ˅ʰ˄ ˈˍʽ ʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ʵʶ˄ ʺˍʰ˄ ˊʶʰ˂ʽˋˍʽˁʺΦ ʅˎ˄ʶˉ˗ˌΣ ʹ ˉˊˇˋʻʺˁʹ ˍ˖˄ 
ʲˇʹʻʹˍʽˁ˗˄ ˂˖ˊʾʵ˖˄ ˈˉˇˎ ʰˉʰʽˍˇˏˍʰ˄ ʷʴʽ˄ʶ ˃ʶ ʰˉ˂ʺ ˔ˊʺˋʹ ˁˈ˃ʲ˖˄Φ 

ɮ˒ˇˏ ˇ˂ˇˁ˂ʹˊ˗ʻʹˁʶ ʹ ˕ʹ˒ʽˇˉˇʾʹˋʹ ˍˇˎ ˎ˒ʽˋˍʱ˃ʶ˄ˇˎ ˇʵʽˁˇˏ ʵʽˁˍˏˇˎΣ ʰˁˇ˂ˇˏʻʹˋʶ ʹ 
ʶʽˋʰʴ˖ʴʺ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ʸʺˍʹˋʹˌ ˋˍˇ ˃ˇ˄ˍʷ˂ˇΦ ɱʽʰ ˍʹ˄ ˉʶˊʽʴˊʰ˒ʺ ˍʹˌ ʶˉʽ˂ʷ˔ʻʹˁʶ ʹ 
˃ʷʻˇʵˇˌ ˍ˖˄ ʃʽ˄ʱˁ˖˄ ʃˊˇʷ˂ʶˎˋʹˌςʃˊˇˇˊʽˋ˃ˇˏ όh5 ƳŀǘǊƛŎŜǎύΣ ˁʰʻ˗ˌ ˁˊʾʻʹˁʶ ʹ ˉ˂ʷˇ˄ 
ˁʰˍʱ˂˂ʹ˂ʹΣ ʲʱˋʶʽ ˍ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ʰˉˈ ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ˍ˖˄ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ 
ˍˇˎ ɼʷ˄ˍˊˇˎ ɲʽʰ˔ʶʾˊʽˋʹˌ ɼˎˁ˂ˇ˒ˇˊʾʰˌΦ 

ɶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˃ʶʻˇʵˇ˂ˇʴʾʰ ʶˉʷˍˊʶ˕ʶ ˍʹ˄ ʰ˅ʽˈˉʽˋˍʹ ʰˉˇˍˏˉ˖ˋʹ ˁʰʽ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ 
˃ʶˍʰˁʽ˄ʺˋʶ˖˄ ʶ˄ˍˈˌ ˍˇˎ ʶ˅ʶˍʰʸˈ˃ʶ˄ˇˎ ʵʽˁˍˏˇˎΣ ˉʰˊʷ˔ˇ˄ˍʰˌ ˍʹ˄ ʰˉʰʽˍˇˏ˃ʶ˄ʹ ʰˁˊʾʲʶʽʰ ʴʽʰ ˍʹ 
ʵʽʰ˃ˈˊ˒˖ˋʹ ˁʰʽ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍ˖˄ ˋʶ˄ʰˊʾ˖˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ ɶ ʵʽʰʵʽˁʰˋʾʰ ʰ˄ʰ˂ˏʶˍʰʽ 
ʵʽʶ˅ˇʵʽˁʱ ˋˍˇ ɼʶ˒ʱ˂ʰʽˇ оΦнΦнΦ 

ɱʽʰ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ˃ʶʻˈʵˇˎΣ ˋʶ ˁʱʻʶ ʶʾˋˇʵˇ ˁʰʽ ʷ˅ˇʵˇ ˍˇˎ ʵʽˁˍˏˇˎ ˍˇˉˇʻʶˍʺʻʹˁʶ ʷ˄ʰ 
ˁʶ˄ˍˊˇʶʽʵʷˌ ˋʹ˃ʶʾˇ όŎŜƴǘǊƻƛŘύΣ ˍˇ ˇˉˇʾˇ ˋˎ˄ʵʷʻʹˁʶ ˃ʶ ˍʽˌ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ˂˖ˊʾʵʶˌ ʶʽˋˈʵˇˎ ʺ 



ɼʶ˒ʱ˂ʰʽˇ 3 ςɾʶʻˇʵˇ˂ˇʴʾʰ  
 

-56- 

 

ʶ˅ˈʵˇˎ ˁʰʽ ˂ʶʽˍˇˏˊʴʹˋʶ ˖ˌ ˋʹ˃ʶʾˇ ˉˊˇʷ˂ʶˎˋʹˌ ʺ ˉˊˇˇˊʽˋ˃ˇˏ ˇ˔ʹ˃ʱˍ˖˄Φ ɳ˅ʰʾˊʶˋʹ 
ʰˉˇˍʷ˂ʶˋʰ˄ ʹ ʰˊ˔ʺΣ ˍˇ ˍʷ˂ˇˌ ˁʰʽ ʵˏˇ ʶ˄ʵʽʱ˃ʶˋʰ ˋʹ˃ʶʾʰ ˍˇˎ ʵʽˁˍˏˇˎΣ ˈˉˇˎ ς ˂ ˈʴ˖ ˁˇʽ˄ʺˌ 
ˉˊˇʷ˂ʶˎˋʹˌ ʺκˁʰʽ ˉˊˇˇˊʽˋ˃ˇˏ ˍ˖˄ ˃ʶˍʰˁʽ˄ʺˋʶ˖˄ ς ʁ ˉʽ˂ʷ˔ʻʹˁʶ ʹ ˔ˊʺˋʹ ʶ˄ʽʰʾˇˎ 
ˁʶ˄ˍˊˇʶʽʵˇˏˌΣ ˗ˋˍʶ ˄ʰ h ˄ʰˉʰˊʰˋˍʰʻʶʾ ˃ʶ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˁˊʾʲʶʽʰ ʹ ˉˊʰʴ˃ʰˍʽˁʺ ˊˇʺ ˍʹˌ 
ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ 

ʅˍʹ˄ ˉʰˊʰˁʱˍ˖ ʰˉʶʽˁˈ˄ʽˋʹ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˇ ˔ʱˊˍʹˌ ˍ˖˄ ˁʶ˄ˍˊˇʶʽʵ˗˄ ˋʹ˃ʶʾ˖˄ ˍˇˎ ʵʽˁˍˏˇˎΥ 
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-57- 

 

 

ʅ˔ʺ˃ʰ 13Υ ʋʱˊˍʹˌ ɼʶ˄ˍˊˇʶʽʵ˗˄ 
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-58- 

 

ɮˁˇ˂ˇˏʻ˖ˌΣ ʵʹ˃ʽˇˎˊʴʺʻʹˁʰ˄ ʵˏˇ ʵʽʰˁˊʽˍˇʾ ʃʾ˄ʰˁʶˌ ʃˊˇʷ˂ʶˎˋʹˌςʃˊˇˇˊʽˋ˃ˇˏΥ ˇ ˉˊ˗ˍˇˌ 
ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍʰ ʶ˂ʰ˒ˊʱ ˇ˔ʺ˃ʰˍʰ ˁʰʽ ˇ ʵʶˏˍʶˊˇˌ ˋˍʰ ʲʰˊʷʰΦ ʆˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ʶʾʵˇˌ ˉʾ˄ʰˁʰ 
ˉˊˈˁʶʽˍʰʽ ʴʽʰ ʷ˄ʰ˄ ʵʽˋʵʽʱˋˍʰˍˇ ˉʾ˄ʰˁʰΣ ˋˍˇ˄ ˇˉˇʾˇ ˁʱʻʶ ʴˊʰ˃˃ʺ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ʷ˄ʰ ˋʹ˃ʶʾˇ 
ʺ ˉʶˊʽˇ˔ʺ ˉˊˇʷ˂ʶˎˋʹˌΣ ʶ˄˗ ˁʱʻʶ ˋˍʺ˂ʹ ˋʶ ʷ˄ʰ ˋʹ˃ʶʾˇ ʺ ˉʶˊʽˇ˔ʺ ˉˊˇˇˊʽˋ˃ˇˏΦ ʆˇ ˁʱʻʶ ˁʶ˂ʾ 
ˍˇˎ ˉʾ˄ʰˁʰ ˉʶˊʽʷ˔ʶʽ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ˃ʶˍʰˁʽ˄ˇˏ˄ˍʰʽ ʰˉˈ ˍʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ 
ˉˊˇʷ˂ʶˎˋʹ ˉˊˇˌ ˍˇ˄ ʰ˄ˍʾˋˍˇʽ˔ˇ ˉˊˇˇˊʽˋ˃ˈΣ ʶ˄ˍˈˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ˔ˊˇ˄ʽˁʺˌ ˉʶˊʽˈʵˇˎΦ ɾʶ 
ʰˎˍˈ˄ ˍˇ˄ ˍˊˈˉˇΣ ˇ ˉʾ˄ʰˁʰˌ ˉʰˊʷ˔ʶʽ ˃ʽʰ ˉ˂ʺˊʹ ˁʰʽ ˉˇˋˇˍʽˁˇˉˇʽʹ˃ʷ˄ʹ ʶʽˁˈ˄ʰ ˍ˖˄ 
˃ʶˍʰˁʽ˄ʺˋʶ˖˄ ˃ʶˍʰ˅ˏ ˈ˂˖˄ ˍ˖˄ ʸʶˎʴ˗˄ ˋʹ˃ʶʾ˖˄ ˍˇˎ ʵʽˁˍˏˇˎΦ ʁʽ ʰˊʽʻ˃ˇʾ ˉˇˎ ˉʶˊʽʷ˔ˇ˄ˍʰʽ 
ʶʾ˄ʰʽ ʰˁʷˊʰʽˇʽΣ ʰ˒ˇˏ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ˇ˔ʺ˃ʰˍʰΦ  

ʁʽ ʵˏˇ ˉʾ˄ʰˁʶˌ ʶ˄ˋ˖˃ʰˍ˗ʻʹˁʰ˄ ˋˍʹ ˋˎ˄ˇ˂ʽˁʺ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺ ʸʺˍʹˋʹ ό¢ǊŀŶŎ 5ŜƳŀƴŘύΣ ˃ʶ 
˗ˊʰ ʷ˄ʰˊ˅ʹˌ ˍʽˌ луΥлл ˉΦ˃Φ ˁʰʽ ˋˎ˄ˇ˂ʽˁʺ ʵʽʱˊˁʶʽʰ ˃ʾʰˌ ˗ˊʰˌΦ  

ʅʶʽˊʱ ʶʾ˔ʶ ʹ ʴʷ˄ʶˋʹ ʶ˄ˈˌ ʵˎ˄ʰ˃ʽˁˇˏ ˋʶ˄ʰˊʾˇˎΣ ʹ ʶˁˍʷ˂ʶˋʹ ˍˇˎ ˇˉˇʾˇˎ ʴʾ˄ʶˍʰʽ ɻ ʹ˃ʽˇˎˊʴ˗˄ˍʰˌ 
ʷ˄ʰ ˄ʷˇ ˉʶʾˊʰ˃ʰΦ ʆˇ ˉʶʾˊʰ˃ʰ ˉˇˎ ʶˉʽ˂ʷ˔ʻʹˁʶ ʶʾ˄ʰʽ ˃ʽˁˊˇˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˃ʶ ˋˍˇ˔ʰˋˍʽˁʺ 
ʶˉʽ˂ˇʴʺ ʵʽʰʵˊˇ˃ʺˌΦ ʍˌ ˉʶˊʾˇʵˇ ˉˊˇʻʷˊ˃ʰ˄ˋʹˌ ˇˊʾˋˍʹˁʰ˄ ˍʰ ол ˂ʶˉˍʱΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ 
ʲˊʶʻʶʾ ˍˇ ʵʾˁˍˎˇ ˋʶ ˊʶʰ˂ʽˋˍʽˁʺ ˁʰˍʱˋˍʰˋʹ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ˁʽ˄ˇˏ˄ˍʰʽΦ ɶ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ 
ʶ˄˄ˇʽ˗˄ ʰˎˍ˗˄ ʴʾ˄ʶˍʰʽ ˋˍˇ ˁʶ˒ʱ˂ʰʽˇ оΦоΦмΦ  

ʂˋˇ˄ ʰ˒ˇˊʱ ˍʹ˄ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˁʰˍʱ ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹΣ ʶˉʽ˂ʷ˔ʻʹˁʶ ˍˇ MFC 
Model ˁʰʽ  ́Non-Lane-.ŀǎŜŘ .ŜƘŀǾƛƻǊΦ ʆˇ MFC Model ʶˉʽ˂ʷ˔ʻʹˁʶ ʵʽˈˍʽ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ʷ˄ʰ 
˃ˇ˄ˍʷ˂ˇ ˇˉʽˋʻˇˋˍˊʶ˒ˇˏˌ ˉˊˇˋʷʴʴʽˋʹˌΣ ˍˇ ˇˉˇʾˇ ˉˊˇˋʵʽˇˊʾʸʶʽ ˍʹ˄ ʶˉʽˍʱ˔ˎ˄ˋʹ ʺ ˍʹ˄ 
ʶˉʽʲˊʱʵˎ˄ˋʹ ʶ˄ˈˌ ˇ˔ʺ˃ʰˍˇˌ ˃ʶ ʲʱˋʹ ˍʹ˄ ˍˊʷ˔ˇˎˋʰ ˍʰ˔ˏˍʹˍʱ ˍˇˎ ˁʰʽ ʱ˂˂ʶˌ ˉʰˊʰ˃ʷˍˊˇˎˌ 
ˉˇˎ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ ʵˎ˄ʰ˃ʽˁʺ ˁʰʽ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎΦ  

ɶ ˂ʶʽˍˇˎˊʴʾʰ bƻƴ-Lane-Based .ŜƘŀǾƛƻǊ ˋˍˇ !ƛƳǎǳƴ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ 
ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ˋʶ ˉʶˊʽʲʱ˂˂ˇ˄ˍʰ ˈˉˇˎ ˍʰ ˇ˔ʺ˃ʰˍʰ ʵʶ˄ ʰˁˇ˂ˇˎʻˇˏ˄ ʰˎˋˍʹˊʱ 
ʵʽʰ˔˖ˊʽˋ˃ʷ˄ʶˌ ˂˖ˊʾʵʶˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ ʅʶ ʰ˄ˍʾʻʶˋʹ ˃ʶ ˍʹ ˋˎ˃ʲʰˍʽˁʺ ˉˊˇˋʷʴʴʽˋʹ ˉˇˎ 
ʲʰˋʾʸʶˍʰʽ ˋˍʹ˄ ˏˉʰˊ˅ʹ ˁʰʽ ˍʺˊʹˋʹ ˂˖ˊʾʵ˖˄Σ ʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˂ʶʽˍˇˎˊʴʾʰ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ 
ˉ˂ʶˎˊʽˁʺ ˁʾ˄ʹˋʹ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˃ʶ ʲʱˋʹ ˍʹ ʻʷˋʹ ˍˇˎˌ ˖ˌ ʰˉˈˋˍʰˋʹ ʰˉˈ ˍˇ ʰˊʽˋˍʶˊˈ ʱˁˊˇ 
ˍˇˎ ʵˊˈ˃ˇˎΣ ˔˖ˊʾˌ ʵʷˋ˃ʶˎˋʹ ˋʶ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˂˖ˊʾʵʰΦ ɳʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˔ˊʺˋʽ˃ʹ ˋʶ 
ˉʶˊʽˉˍ˗ˋʶʽˌ ˉʶˊʽˇ˔˗˄ ˃ ʶ ˔ʰ˃ʹ˂ˈ ʲʰʻ˃ˈ ˉʶʽʻʰˊ˔ʾʰˌ ˋˍʹ˄ ˇʵʺʴʹˋʹΦ  

ɶ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ʶ˄˄ˇʽ˗˄ ʰˎˍ˗˄ ʴʾ˄ʶˍʰʽ ˋˍˇ ˁʶ˒ʱ˂ʰʽˇ оΦпΦ  

ɳˉʽˉ˂ʷˇ˄ ʰ˅ʾʸʶʽ ˄ʰ ˋʹ˃ʶʽ˖ʻʶʾ, ˈˍʽ ˋˍˇ˄ ˍˏˉˇ ˍ˖˄ ʶ˂ʰ˒ˊ˗˄ ˇ˔ʹ˃ʱˍ˖˄ ˇ ˃ʷˋˇˌ ˈˊˇˌ ˍˇˎ 
maximum yield time ˉˊˇˋʵʽˇˊʾˋˍʹˁʶ ˋˍʰ т ʵʶˎˍʶˊˈ˂ʶˉˍʰΦ ɶ ʶˉʽ˂ˇʴʺ ʰˎˍʺ ˋˍˇ˔ʶˏʶʽ ˋˍʹ˄ 
ʰˉˇˍˏˉ˖ˋʹ ˃ʽʰˌ ˉʽˇ ʰˉˇ˒ʰˋʽˋˍʽˁʺˌ ˁʰʽ ʱ˃ʶˋʹˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˁʰˍʱ ˍʹ˄ 
ʰ˂˂ʰʴʺ ˂˖ˊʾʵʰˌΣ ˃ʶ ˋˁˇˉˈ ˍʹ˄ ˉʽˇ ˊʶʰ˂ʽˋˍʽˁʺ ˉˊˇˋʷʴʴʽˋʹ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ˊˇʺˌ ˉˇˎ 
ˉʰˊʰˍʹˊʶʾˍʰʽ ˋˍˇ ˉʶʵʾˇΦ 

ʂˋˇ˄ ʰ˒ˇˊʱ ˍʽˌ ʰ˒ʾ˅ʶʽˌ όarrivalsύΣ ˇʽ ˇˉˇʾʶˌ ˊˎʻ˃ʾʸˇˎ˄ ˍˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ˃ʶˍʰ˅ˏ 
ʵʽʰʵˇ˔ʽˁ˗˄ ˇ˔ʹ˃ʱˍ˖˄Σ ˁʰʻ˗ˌ ʰˎˍʱ ʶʽˋʷˊ˔ˇ˄ˍʰʽ ˋˍˇ ˇʵʽˁˈ ʵʾˁˍˎˇ ˃ʷˋ˖ ˍ˖˄ ˋʹ˃ʶʾ˖˄ 
ʶʽˋˈʵˇˎΣ ʶˉʽ˂ʷ˔ʻʹˁʶ ˍˇ ˃ˇ˄ˍʷ˂ˇ ˍʹˌ ʶˁʻʶˍʽˁʺˌ ˁʰˍʰ˄ˇ˃ʺˌ όExponentialύΦ ɶ ʶˉʽ˂ˇʴʺ ʰˎˍʺ ʴʽʰ 
ˍˇ˄ ʱ˅ˇ˄ʰ ˍˇˎ ɼʹ˒ʽˋˇˏΣ ʰʽˍʽˇ˂ˇʴʶʾˍʰʽ ʰˉˈ ˍʰ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ˊˇʺˌ ˋˍʹ˄ 
ʶ˄ ˂ˈʴ˖ ˉʶˊʽˇ˔ʺΣ ʹ ˇˉˇʾʰ ʵʽʰˁˊʾ˄ʶˍʰʽ ʰˉˈ ˎ˕ʹ˂ʺ ˉˎˁ˄ˈˍʹˍʰ ˁʰʽ ˋˍˇ˔ʰˋˍʽˁʺ ʵʽʰˁˏ˃ʰ˄ˋʹ ˍ˖˄ 
˔ˊˇ˄ʽˁ˗˄ ʵʽʰˋˍʹ˃ʱˍ˖˄ ˃ʶˍʰ˅ˏ ˍ˖˄ ʰ˒ʾ˅ʶ˖˄ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄Φ ɶ ʶˁʻʶˍʽˁʺ ˁʰˍʰ˄ˇ˃ʺΣ ʹ ˇˉˇʾʰ 
ˉʶˊʽʴˊʱ˒ʶʽ ˔ˊˇ˄ʽˁʱ ʵʽʰˋˍʺ˃ʰˍʰ ˋʶ ˃ʽʰ ʵʽʰʵʽˁʰˋʾʰ PoissonΣ ʰˉˇˍʶ˂ʶʾ ˁʰˍʱ˂˂ʹ˂ˇ ˃ʰʻʹ˃ʰˍʽˁˈ 
ʶˊʴʰ˂ʶʾˇ ʴʽʰ ˍʹ˄ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ˁʰʽ ˍˎ˔ʰʾ˖˄ ʰ˒ʾ˅ʶ˖˄Σ ˈˉ˖ˌ ʰˎˍʷˌ ˉˇˎ 
ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˋʶ ʰˋˍʽˁʱ ʵʾˁˍˎʰ ˃ʶ ʷ˄ˍˇ˄ʹ ʸʺˍʹˋʹΦ ɮ˄ˍʽʻʷˍ˖ˌΣ ˁʰˍʰ˄ˇ˃ʷˌ ˃ʶ ˋˎ˃˃ʶˍˊʽˁʺ 
˃ˇˊ˒ʺΣ ˈˉ˖ˌ ʹ ˁʰ˄ˇ˄ʽˁʺΣ ʺ ˃ʶ ˋˍʰʻʶˊʱ ʵʽʰˋˍʺ˃ʰˍʰ ʰ˒ʾ˅ʶ˖˄Σ ʵʶ˄ ʰˉˇˍˎˉ˗˄ˇˎ˄ ʶˉʰˊˁ˗ˌ ˍʹ˄ 
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ʰˋˎ˃˃ʶˍˊʾʰ ˁʰʽ ˍʹ ʵˎ˄ʰ˃ʽˁʺ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰ ˍ˖˄ ˉˊʰʴ˃ʰˍʽˁ˗˄ ˁˎˁ˂ˇ˒ˇˊʽʰˁ˗˄ ˊˇ˗˄Φ 
ʅˎ˄ʶˉ˗ˌΣ ʹ ˎʽˇʻʷˍʹˋʹ ˍʹˌ ʶˁʻʶˍʽˁʺˌ ˁʰˍʰ˄ˇ˃ʺˌ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ˉʽˋˍˈˍʶˊʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍ˖˄ 
˒ʰʽ˄ˇ˃ʷ˄˖˄ ˋˎ˃˒ˈˊʹˋʹˌ ˁʰʽ ˍ˖˄ ˔ˊˇ˄ʽˁ˗˄ ʵʽʰˁˎ˃ʱ˄ˋʶ˖˄ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˋˍˇ˄ ɼʹ˒ʽˋˈΣ 
ʶ˄ʽˋ˔ˏˇ˄ˍʰˌ ˍʹ ˃ʶʻˇʵˇ˂ˇʴʽˁʺ ʶʴˁˎˊˈˍʹˍʰ ˁʰʽ ˍʹ˄ ʰ˅ʽˇˉʽˋˍʾʰ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍʹˌ 
ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ 

ʆʷ˂ˇˌ ʶˉʽ˂ʷ˔ʻʹˁʶ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ мл ʶˉʰ˄ʰ˂ʺ˕ʶ˖˄Σ ʰ˒ˇˏ ʶ˄ˍˇˉʾˋˍʹˁʶ ˋˏʴˁ˂ʽˋʹ ˍ˖˄ 
ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Φ 

ʅʹ˃ʶʽ˗˄ʶˍʰʽ ˈˍʽ ˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˋʶ˄ʱˊʽˇ ʶˁˍʶ˂ʷˋˍʹˁʶ ˁʰʽ ʴʽʰ ˉˊˇˋʰˏ˅ʹˋʹ ˍˇˎ 
ˁˎˁ˂ˇ˒ˇˊʽʰˁˇˏ ˒ˈˊˍˇˎ ˍ˖˄ ʶ˂ʰ˒ˊ˗˄ ˇ˔ʹ˃ʱˍ˖˄ ˁʰˍʱ нл҈ ˁʰʽ ˁʰˍʱ рл҈. 
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4. ɮʃʁʆɳɽɳʅɾɮʆɮ 

ʅˍˇ ˉʰˊˈ˄ ˁʶ˒ʱ˂ʰʽˇ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˃ʽʰ ˋʶʽˊʱ ʴʶ˖˃ʶˍˊʽˁ˗˄ ˋʶ˄ʰˊʾ˖˄ ʰ˄ʰˋ˔ʶʵʽʰˋ˃ˇˏ ˍˇˎ 
ˇʵʽˁˇˏ ʱ˅ˇ˄ʰ ˍʹˌ ɽʶ˖˒ˈˊˇˎ ɼʹ˒ʽˋˇˏΣ ˋˍˇ ˉ˂ʰʾˋʽˇ ˃ʽʰˌ ʶˎˊˏˍʶˊʹˌ ˉˊˇˋˉʱʻʶʽʰˌ ʲʶ˂ˍʾ˖ˋʹˌ 
ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ˊˇʺˌ ˁʰʽ ʶ˄ʾˋ˔ˎˋʹˌ ˍʹˌ ˂ʶʽˍˇˎˊʴʽˁʺˌ ʰˉˈʵˇˋʹˌ ˍˇˎ ʰˎˍˇˁʽ˄ʹˍˇʵˊˈ˃ˇˎΦ 
ʆʰ ˋʶ˄ʱˊʽʰ ʰˎˍʱ ʶˉʽ˂ʷ˔ʻʹˁʰ˄ ˁʰʽ ʰ˄ʰˉˍˏ˔ʻʹˁʰ˄ ˃ʶ ʲʱˋʹ ˍʰ ʶˎˊʺ˃ʰˍʰ ʰˉˈ ˍˇ ˃ʹʵʶ˄ʽˁˈ 
ˋʶ˄ʱˊʽˇ όʅʶ˄ʱˊʽˇ лύΣ ˍˇ ˇˉˇʾˇ ʰˉˇˍˎˉ˗˄ʶʽ ˍʹ˄ ˎ˒ʽˋˍʱ˃ʶ˄ʹ ˁʰˍʱˋˍʰˋʹ ˍˇˎ ʵʽˁˍˏˇˎΣ ˁʰʽ 
ˋˍˇ˔ʶˏˇˎ˄ ʶʾˍʶ ˋˍʹ˄ ʶ˅ʱ˂ʶʽ˕ʹ ʵʽʰˉʽˋˍ˖˃ʷ˄˖˄ ˉˊˇʲ˂ʹ˃ʱˍ˖˄ ʶʾˍʶ ˋˍʹ ʵʽʶˊʶˏ˄ʹˋʹ 
ʶ˄ʰ˂˂ʰˁˍʽˁ˗˄ ˋˍˊʰˍʹʴʽˁ˗˄ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ʵʽʰ˔ʶʾˊʽˋʹˌΦ ɶ ˃ʶ˂ʷˍʹ ˅ʶˁʽ˄ʱ ˃ʶ ˍʹ˄ ˁʰˍʱˊʴʹˋʹ 
ˍ˖˄ ˉʶˊʽˇ˔˗˄ ʵʽʰʴˊʱ˃˃ʽˋʹˌ ˉˇˎ ʵʽʰ˔˖ˊʾʸˇˎ˄ ˍʽˌ ˂˖ˊʾʵʶˌ ʶˉʽˍʱ˔ˎ˄ˋʹˌ ˁʰʽ ʶˉʽʲˊʱʵˎ˄ˋʹˌ 
ʰˉˈ ˍʽˌ ˁˏˊʽʶˌ ˂˖ˊʾʵʶˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˃ʶʽ˖ʻˇˏ˄ ˇʽ ˍʶ˔˄ʹˍˇʾ ˒ˊʰʴ˃ˇʾ ˉˇˎ 
ˉˊˇˁʰ˂ˇˏ˄ ʵʽˋˍʰʴ˃ˇˏˌ ˁʰʽ ʰˉˈˍˇ˃ʶˌ ʰ˂˂ʰʴʷˌ ˉˇˊʶʾʰˌΣ ˁʰʽ ˄ʰ ʶ˄ʽˋ˔ˎʻʶʾ ʹ ˊʶˎˋˍˈˍʹˍʰ ˍʹˌ 
ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ ɮˁˇ˂ˇˎʻʶʾ ˍˇ ʅʶ˄ʱˊʽˇ нΣ ˍˇ ˇˉˇʾˇ ʶ˅ʶˍʱʸʶʽ ʵˏˇ ʶˁ ʵʽʰ˃ʷˍˊˇˎ ʰ˄ˍʾʻʶˍʶˌ 
ˉʰˊʶ˃ʲʱˋʶʽˌΥ ˍʹ˄ ˉˊˇˋʻʺˁʹ ˁʰʽ ˍʹ˄ ʰ˒ʰʾˊʶˋʹ ˂˖ˊʾʵʰˌ ʰ˄ʱ ˁʰˍʶˏʻˎ˄ˋʹΦ ɶ ˉˊˇˋʻʺˁʹ 
ʶˉʽʵʽ˗ˁʶʽ ˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ ˔˖ˊʹˍʽˁˈˍʹˍʰˌ ˍˇˎ ʵˊˈ˃ˇˎΣ ʶ˄˗ ʹ ʰ˒ʰʾˊʶˋʹ ʶ˅ʶˍʱʸʶʽ ˋʶ˄ʱˊʽʰ 
ˉʶˊʽˇˊʽˋ˃ˇˏ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˉˊˇˌ ˈ˒ʶ˂ˇˌ ˍʹˌ ʲʽ˗ˋʽ˃ʹˌ ˁʽ˄ʹˍʽˁˈˍʹˍʰˌ ʺ ʱ˂˂˖˄ ˔ˊʺˋʶ˖˄ 
ˍˇˎ ˇʵʽˁˇˏ ˔˗ˊˇˎΦ ʆˇ ʅʶ˄ʱˊʽˇ о ʶˉʽˁʶ˄ˍˊ˗˄ʶˍʰʽ ˋˍʹ ʵʽʰˍʺˊʹˋʹ ˃ʽʰˌ ʶ˄ʽʰʾʰˌ ʵʽʰˍˇ˃ʺˌ ˃ʶ 
ˍˊʶʽˌ ˋˎ˄ʶ˔ˈ˃ʶ˄ʶˌ ˂˖ˊʾʵʶˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ʰ˄ʱ ˁʰˍʶˏʻˎ˄ˋʹΣ ˔˖ˊʾˌ ˋˎʴ˔˖˄ʶˏˋʶʽˌ ʺ ˃ʶˍʰʲˇ˂ʷˌ 
ˋˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ ˂˖ˊʾʵ˖˄Σ ʰˁˈ˃ʹ ˁʰʽ ˋˍʰ ˋʹ˃ʶʾʰ ʶʽˋˈʵˇˎ ʺ ʶ˅ˈʵˇˎΦ ʆʷ˂ˇˌΣ ˋˍˇ ʅʶ˄ʱˊʽˇ п 
ʵʽʶˊʶˎ˄ʱˍʰʽ ʹ ˃ʶˍʰˍˊˇˉʺ ˍ˖˄ ˊʰ˃ˉ˗˄ ʶʽˋˈʵˇˎ ˁʰʽ ʶ˅ˈʵˇˎ ˋʶ ˋ˒ʹ˄ˇʶʽʵʺ ˃ˇˊ˒ʺΣ ˃ʶ ˋˍˈ˔ˇ 
ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˉʽˇ ˒ˎˋʽˁ˗˄ ˁʰʽ ˋˍʰʵʽʰˁ˗˄ ˁʽ˄ʺˋʶ˖˄ ʷ˄ˍʰ˅ʹˌ ˁʰʽ ʰˉˇ˔˗ˊʹˋʹˌΣ ˔˖ˊʾˌ ˍʽˌ 
ˉʰˊʰʵˇˋʽʰˁʷˌ ˂˖ˊʾʵʶˌ ʶˉʽˍʱ˔ˎ˄ˋʹˌ ʺ ʶˉʽʲˊʱʵˎ˄ˋʹˌΦ ʂ˂ʰ ˍʰ ˋʶ˄ʱˊʽʰ ˉˊˇˋˇ˃ˇʽ˗˄ˇ˄ˍʰʽ 
ˍˈˋˇ ˎˉˈ ˍʽˌ ˎ˒ʽˋˍʱ˃ʶ˄ʶˌ ˋˎ˄ʻʺˁʶˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˈˋˇ ˁʰʽ ˎˉˈ ʰˎ˅ʹ˃ʷ˄ˇ ˒ˈˊˍˇ όнл҈ ˁʰʽ 
рл҈ύΣ ˗ˋˍʶ ˄ʰ ʰ˅ʽˇ˂ˇʴʹʻʶʾ ʹ ʰˉˈʵˇˋʺ ˍˇˎˌ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʱ ʶˉʾˉʶʵʰ ʸʺˍʹˋʹˌΦ ɾʷˋʰ ʰˉˈ 
ʰˎˍʺ ˍʹ ˋˎˋˍʹ˃ʰˍʽˁʺ ʰ˄ʱ˂ˎˋʹΣ ʶˉʽʵʽ˗ˁʶˍʰʽ ʹ ˍʶˁ˃ʹˊʾ˖ˋʹ ˍʹˌ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰˌ ʺ ˃ʹ 
ˍ˖˄ ˉˊˇˍʶʽ˄ˈ˃ʶ˄˖˄ ʴʶ˖˃ʶˍˊʽˁ˗˄ ˉʰˊʶ˃ʲʱˋʶ˖˄Σ ˋˎ˃ʲʱ˂˂ˇ˄ˍʰˌ ˋˍˇ˄ ˁʰʻˇˊʽˋ˃ˈ 
ˊʶʰ˂ʽˋˍʽˁ˗˄ ˁʰʽ ʲʽ˗ˋʽ˃˖˄ ˂ˏˋʶ˖˄ ʴʽʰ ˍʹ ˃ʶ˂˂ˇ˄ˍʽˁʺ ʵʽʰ˔ʶʾˊʽˋʹ ˍˇˎ ɼʹ˒ʽˋˇˏΦ ʁ ̔̄ ʾ˄ʰˁʶˌ ̱ ˖˄ 
ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍʹˌ ˁʱʻʶ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ ˉʰˊʱˊˍʹ˃ʰΦ 

4.1. ʅʶ˄ʱˊʽˇ мΥ ɼʰˍʱˊʴʹˋʹ ˉʶˊʽˇ˔˗˄ ʵʽʰʴˊʱ˃˃ʽˋʹˌ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˂˖ˊʾʵ˖˄ ʶˉʽˍʱ˔ˎ˄ˋʹˌ 
ˁʰʽ ʶˉʽʲˊʱʵˎ˄ˋʹˌ 

ʅˍˇ ˉ˂ʰʾˋʽˇ ˍ˖˄ ˉʰˊʶ˃ʲʱˋʶ˖˄ ʰ˄ʰˋ˔ʶʵʽʰˋ˃ˇˏ ˍˇˎ ʰˎˍˇˁʽ˄ʹˍˇʵˊˈ˃ˇˎ ɼʹ˒ʽˋˇˏΣ ʶ˅ʶˍʱˋˍʹˁʶ 
ˁʰʽ ʶ˒ʰˊ˃ˈˋˍʹˁʶ ˖ˌ ˋʶ˄ʱˊʽˇΣ ́  ˁʰˍʱˊʴʹˋʹ ˍ˖˄ ˉʶˊʽˇ˔˗˄ ʵʽʰʴˊʱ˃˃ʽˋʹˌ ˉˇˎ ʵʽʰ˔˖ˊʾʸˇˎ˄ ˍʽˌ 
˂˖ˊʾʵʶˌ ʶˉʽˍʱ˔ˎ˄ˋʹˌ όˁʰˍʱ ˍʹ˄ ʶʾˋˇʵˇ ˋˍˇ˄ ʰˎˍˇˁʽ˄ʹˍˈʵˊˇ˃ˇύ ˁʰʽ ˍʽˌ ˂˖ˊʾʵʶˌ ʶˉʽʲˊʱʵˎ˄ˋʹˌ 
όˁʰˍʱ ˍʹ˄ ʷ˅ˇʵˇύ ʰˉˈ ˍʽˌ ˁˏˊʽʶˌ ˂˖ˊʾʵʶˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ ɶ ʶ˄ ˂ˈʴ˖ ˉʰˊʷ˃ʲʰˋʹ ˉˊˇˍʱʻʹˁʶ ˃ʶ 
ˋˁˇˉˈ ˍʹ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˍʹˌ ˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʰˌ ˍˇˎ ʵʽˁˍˏˇˎΣ ˖ˌ ʰˉʱ˄ˍʹˋʹ ˋˍʰ ˉˊˇʲ˂ʺ˃ʰˍʰ 
ˉˇˎ ʵʽʰˉʽˋˍ˗ʻʹˁʰ˄ ˁʰˍʱ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˍˇˎ ʅʶ˄ʰˊʾˇˎ л όˎ˒ʽˋˍʱ˃ʶ˄ʹ ˁʰˍʱˋˍʰˋʹύΦ 

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˋˍˇ ʅʶ˄ʱˊʽˇ л ʶ˄ˍˇˉʾˋˍʹˁʰ˄ ˁʰʻˎˋˍʶˊʺˋʶʽˌ ˁʰʽ ˍˇˉʽˁʷˌ ˃ʶʽ˗ˋʶʽˌ ˍʹˌ 
ˍʰ˔ˏˍʹˍʰˌ ˋ ʁ ˋʹ˃ʶʾʰ ˃ʶˍʱʲʰˋʹˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˁˎˊʾ˖ˌ ˂˖ˊʾʵ˖˄ ˁʰʽ ˍ˖˄ ˂˖ˊʾʵ˖˄ 
ʶʽˋˈʵˇˎκʶ˅ˈʵˇˎΦ ʁʽ ˉʶˊʽˇ˔ʷˌ ʵʽʰʴˊʱ˃˃ʽˋʹˌΣ ˉˇˎ ˂ʶʽˍˇˎˊʴˇˏˋʰ˄ ˖ˌ ˇˉˍʽˁˇʾ ˁʰʽ ˂ʶʽˍˇˎˊʴʽˁˇʾ 
ʵʽʰ˔˖ˊʽˋˍʷˌΣ ˒ʱ˄ʹˁʶ ˄ʰ ˉˊˇˁʰ˂ˇˏ˄ ʵʽˋˍʰʴ˃ˈ ˁʰʽ ʰˉˈˍˇ˃ʶˌ ʰ˂˂ʰʴʷˌ ˉˇˊʶʾʰˌ ˋˍʰ ˇ˔ʺ˃ʰˍʰΣ 
ˋʶ ˇˊʽˋ˃ʷ˄ʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌΣ ˁʰʻ˗ˌ ˇʽ ˇʵʹʴˇʾ ʷˉˊʶˉʶ ˄ʰ ˉˊˇˋʰˊ˃ˈˋˇˎ˄ ˍʹ˄ ˉˇˊʶʾʰ ˍˇˎˌ ʶʾˍʶ 
ʴʽʰ ˄ʰ ʶʽˋʷ˂ʻˇˎ˄ ʶʾˍʶ ʴʽʰ ˄ʰ ʶ˅ʷ˂ʻˇˎ˄ ʰˉˈ ˍˇ˄ ʰˎˍˇˁʽ˄ʹˍˈʵˊˇ˃ˇΣ ʶ˄ˍˈˌ ˉʶˊʽˇˊʽˋ˃ʷ˄ˇˎ 
˃ʺˁˇˎˌ ˂˖ˊʾʵʰˌΦ 

ʍˌ ʶˁ ˍˇˏˍˇˎΣ ˋˍˇ ˎˉˈ ʶ˅ʷˍʰˋʹ ˋʶ˄ʱˊʽˇ ˉˊˇˍʶʾ˄ʶˍʰʽ ʹ ˁʰˍʱˊʴʹˋʹ ˍ˖˄ ʶ˄ ˂ˈʴ˖ 
ʵʽʰʴˊʰ˃˃ʾˋʶ˖˄Σ ˃ʶ ˍʹ˄ ʰ˄ˍʽˁʰˍʱˋˍʰˋʺ ˍˇˎˌ ʰˉˈ ˋˎ˄ʶ˔ʺ ʶˉʽ˒ʱ˄ʶʽʰ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ˔˖ˊʾˌ 
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-61- 

 

ʵʽʰˁˊʽˍʺ ˇˊʽʸˈ˄ˍʽʰ ˋʺ˃ʰ˄ˋʹ ˉˇˎ ˄ʰ ˉʶˊʽˇˊʾʸʶʽ ʺ ˄ʰ ˁʰʻˇʵʹʴʶʾ ˍʹ ˊˇʺ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ ɾʶ 
ʰˎˍˈ˄ ˍˇ˄ ˍˊˈˉˇΣ ʰʾˊˇ˄ˍʰʽ ˇʽ ˍʶ˔˄ʹˍˇʾ ˒ˊʰʴ˃ˇʾ ˉˇˎ ˉʰˊʶ˃ʲʱ˂˂ˇ˄ˍʰʽ ˃ʶˍʰ˅ˏ ˍ˖˄ ˂˖ˊʾʵ˖˄ 
ʶˉʽˍʱ˔ˎ˄ˋʹˌκʶˉʽʲˊʱʵˎ˄ˋʹˌ ˁʰʽ ˍˇˎ ˁˎˊʾ˖ˌ ˇʵˇˋˍˊ˗˃ʰˍˇˌΣ ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˍʹ˄ ʱ˃ʶˋʹ ˁʰʽ 
ʶ˂ʶˏʻʶˊʹ ˋˏ˄ʵʶˋʹ ʺ ʰˉˇˋˏ˄ʵʶˋʹ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ʰˉˈ ˍʹ˄ ˁˏˊʽʰ ˊˇʺΣ ˔˖ˊʾˌ ˍʹ ʴʶ˖˃ʶˍˊʽˁʺ ʺ 
ˇˉˍʽˁʺ ˁʰʻˇʵʺʴʹˋʹ ˉˇˎ ˉʰˊʶʾ˔ʰ˄ ˇʽ ɻ ʽʰʴˊʰ˃˃ʾˋʶʽˌΦ 
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-62- 

 

 
ʅ˔ʺ˃ʰ 14: ʅʶ˄ʱˊʽˇ л ς ʇ˒ʽˋˍʱ˃ʶ˄ʹ ˁʰˍʱˋˍʰˋʹ 

 
ʅ˔ʺ˃ʰ 15: ʅʶ˄ʱˊʽˇ м - ɼʰˍʱˊʴʹˋʹ ˉʶˊʽˇ˔˗˄ ʵʽʰʴˊʱ˃˃ʽˋʹˌ ʵʽʰ˔˖ˊʽˋ˃ˇˏ ˂˖ˊʾʵ˖˄ 

ʶˉʽˍʱ˔ˎ˄ˋʹˌ ˁʰʽ ʶˉʽʲˊʱʵˎ˄ˋʹˌ 
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-63- 

 

ɱʽʰ ˍʹ˄ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ˉʰˊʷ˃ʲʰˋʹˌΣ ˇ ˁˎˁ˂ˇ˒ˇˊʽʰˁˈˌ ˒ˈˊˍˇˌΣ ˁʰʻ˗ˌ ˁʰʽ ʹ 
ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄Σ ʵʽʰˍʹˊʺʻʹˁʰ˄ ˍʰˎˍˈˋʹ˃ʰ ˃ʶ ʶˁʶʾ˄ʰ ˍˇˎ ʅʶ˄ʰˊʾˇˎ л ό˃ʹʵʶ˄ʽˁˇˏ 
ˋʶ˄ʰˊʾˇˎύΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʶ˅ʰˋ˒ʰ˂ʽˋˍʶʾ ʱ˃ʶˋʹ ˋˏʴˁˊʽˋʹ ˃ʶˍʰ˅ˏ ˍ˖˄ ʵˏˇ ˁʰˍʰˋˍʱˋʶ˖˄Φ ɾʶ 
ˍ̌ ˄ ˍˊˈˉˇ ʰˎˍˈΣ ˁʰʻʾˋˍʰˍʰʽ ʵˎ˄ʰˍʺ ʹ ʰˉˇ˃ˈ˄˖ˋʹ ˍʹˌ ʶˉʾʵˊʰˋʹˌ ˍʹˌ ˍˊˇˉˇˉˇʾʹˋʹˌ ˍ˖˄ 
ˉʶˊʽˇ˔˗˄ ʵʽʰʴˊʱ˃˃ʽˋʹˌΣ ˔˖ˊʾˌ ˄ʰ ʶˉʹˊʶʱʸʶˍʰʽ ʹ ʰ˄ʱ˂ˎˋʹ ʰˉˈ ˃ʶˍʰʲ˂ʹˍʷˌ ˈˉ˖ˌ ˇ 
ˁˎˁ˂ˇ˒ˇˊʽʰˁˈˌ ˒ˈˊˍˇˌ ̋  ʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍ˖˄ ˇʵʹʴ˗˄Φ 

ʃʷˊʰ˄ ˍʹˌ ʲʰˋʽˁʺˌ ʶˁˍʷ˂ʶˋʹˌ ˍˇˎ ˋʶ˄ʰˊʾˇˎ ˎˉˈ ˍʽˌ ʾʵʽʶˌ ˋˎ˄ʻʺˁʶˌ ˃ʶ ˍˇ ʅʶ˄ʱˊʽˇ лΣ 
ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˁʰʽ ʶˉʽˉ˂ʷˇ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˃ʶ ʰˎ˅ʹ˃ʷ˄ˇ ˁˎˁ˂ˇ˒ˇˊʽʰˁˈ ˒ˈˊˍˇΦ ɶ 
ʶˉʷˁˍʰˋʹ ʰˎˍʺ, ˁˊʾʻʹˁʶ ʰˉʰˊʰʾˍʹˍʹ ʴʽʰ ˍʹ ʵʽʶˊʶˏ˄ʹˋʹ ˍʹˌ ʰ˄ʻʶˁˍʽˁˈˍʹˍʰˌ ˍʹˌ 
ˉˊˇˍʶʽ˄ˈ˃ʶ˄ʹˌ ˉʰˊʷ˃ʲʰˋʹˌ ˋʶ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ʶˉʽʲʱˊˎ˄ˋʹˌ ˍˇˎ ˇʵʽˁˇˏ ʵʽˁˍˏˇˎΣ 
ˈˉ˖ˌ ʰˎˍʷˌ ʶ˄ʵʷ˔ʶˍʰʽ ˄ʰ ˉˊˇˁˏ˕ˇˎ˄ ˂ˈʴ˖ ʰˏ˅ʹˋʹˌ ˍʹˌ ʸʺˍʹˋʹˌΣ ʰˋˍʽˁ˗˄ ʶˉʶˁˍʱˋʶ˖˄ ʺ 
˃ʶˍʰʲˇ˂˗˄ ˋˍˇ˄ ˁˎˁ˂ˇ˒ˇˊʽʰˁˈ ˋ˔ʶʵʽʰˋ˃ˈ ˍʹˌ ʶˎˊˏˍʶˊʹˌ ˉʶˊʽˇ˔ʺˌΦ 

ɶ ˉˊˇˋʷʴʴʽˋʹ ʰˎˍʺ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʶ˅ʰʴ˖ʴʺ ˉ˂ʹˊʷˋˍʶˊ˖˄ ˁʰʽ ˉʽˇ ʰ˅ʽˈˉʽˋˍ˖˄ 
ˋˎ˃ˉʶˊʰˋ˃ʱˍ˖˄Σ ˈ˔ʽ ˃ˈ˄ˇ ʴʽʰ ˍʽˌ ʱ˃ʶˋʶˌ ʶˉʽˉˍ˗ˋʶʽˌ ˍʹˌ ˁʰˍʱˊʴʹˋʹˌ ˍ˖˄ ʵʽʰʴˊʰ˃˃ʾˋʶ˖˄Σ 
ʰ˂˂ʱ ˁʰʽ ʴʽʰ ˍʹ ʵˎ˄ʰ˃ʽˁʺ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˎˉˈ ʷ˄ˍˇ˄ʶˌ ˋˎ˄ʻʺˁʶˌ ˒ˈˊˍˇˎΦ ɴˍˋʽΣ 
ʶ˄ʽˋ˔ˏʶˍʰʽ ʹ ˍʶˁ˃ʹˊʾ˖ˋʹ ˍʹˌ ˋˁˇˉʽ˃ˈˍʹˍʰˌ ʺ ˃ʹ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ ˍʹˌ ˉʰˊʷ˃ʲʰˋʹˌ ˋˍʹ˄ ˉˊʱ˅ʹΣ 
ˍˈˋˇ ˋʶ ˉʰˊˈ˄ˍʰ ˈˋˇ ˁʰʽ ˋʶ ˃ʶ˂˂ˇ˄ˍʽˁˈ ˇˊʾʸˇ˄ˍʰΦ 

ɶ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ ʅʶ˄ʰˊʾˇˎ мΣ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍˇ ˃ʹʵʶ˄ʽˁˈ ˋʶ˄ʱˊʽˇΣ ˁʰˍʰʵʶʽˁ˄ˏʶʽ ʻʶˍʽˁʺ 
ʶˉʾʵˊʰˋʹ ˋˍʹ ˂ʶʽˍˇˎˊʴʽˁʺ ʰˉˈʵˇˋʹ ˍˇˎ ˁˎˁ˂ˇ˒ˇˊʽʰˁˇˏ ʵʽˁˍˏˇˎΣ ʽʵʾ˖ˌ ˎˉˈ ˍˇ˄ ˎ˒ʽˋˍʱ˃ʶ˄ˇ 
˒ˈˊˍˇΦ ɳʽʵʽˁˈˍʶˊʰΣ ˇ ˃ʷˋˇˌ ˔ˊˈ˄ˇˌ ˁʰʻˎˋˍʷˊʹˋʹˌ ʰ˄ʱ ˈ˔ʹ˃ʰ ˃ʶʽ˗˄ʶˍʰʽ ˁʰˍʱ моΣу҈Σ ʷ˄ʵʶʽ˅ʹ 
ʲʁ ˂ˍʽ˖˃ʷ˄ʹˌ ˊˇʺˌ ˁʰʽ ʰˉˇˋˎ˃˒ˈˊʹˋʹˌ ˍ˖˄ ʲʰˋʽˁ˗˄ ʰˊˍʹˊʽ˗˄Φ ɶ ʰˊ˃ˇ˄ʽˁʺ ˃ʷˋʹ ˍʰ˔ˏˍʹˍʰ 
ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ 5,5҈Σ ʴʶʴˇ˄ˈˌ ˉˇˎ ʰ˄ˍʰ˄ʰˁ˂ʱ ˇ˃ʰ˂ˈˍʶˊʹ ˁʰʽ ˍʰ˔ˏˍʶˊʹ ˃ʶˍʰˁʾ˄ʹˋʹ ˍ˖˄ 
ˇ˔ʹ˃ʱˍ˖˄ ˋʶ ˋˎ˄ʻʺˁʶˌ ˋˍʰʻʶˊʺˌ ˊˇʺˌΦ ɶ ˉˎˁ˄ˈˍʹˍʰ ˍˇˎ ʵʽˁˍˏˇˎ ˃ʶʽ˗˄ʶˍʰʽ ˁʰˍʱ оΣм҈Σ 
ˎˉˇʵʹ˂˗˄ˇ˄ˍʰˌ ˔ʰ˃ʹ˂ˈˍʶˊʹ ˋˎʴˁʷ˄ˍˊ˖ˋʹ ˇ˔ʹ˃ʱˍ˖˄ ˋʶ ˁˊʾˋʽ˃ʶˌ ʸ˗˄ʶˌΣ ʶ˄˗ ʹ 
ˁˎˁ˂ˇ˒ˇˊʽʰˁʺ ˊˇʺ ʶ˃˒ʰ˄ʾʸʶʽ ˇˊʽʰˁʺ ʰˏ˅ʹˋʹ ˍʹˌ ˍʱ˅ʹˌ ˍˇˎ мΣп҈Σ ˋˍˇʽ˔ʶʾˇ ˉˇˎ ˉʰˊʰˉʷ˃ˉʶʽ 
ˋʶ ʶ˂ʰ˒ˊ˗ˌ ʲʶ˂ˍʽ˖˃ʷ˄ʹ ʵˎ˄ʰ˃ʽˁʺ ʵʽʷ˂ʶˎˋʹˌΦ ʆˇ ˉ˂ʷˇ˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ʶˏˊʹ˃ʰ ʰ˒ˇˊʱ ˍʹ 
ʵˊʰˋˍʽˁʺ ˃ʶʾ˖ˋʹ ˍˇˎ ˃ʺˁˇˎˌ ˍʹˌ ˃ʷʴʽˋˍʹˌ ʶʽˁˇ˄ʽˁʺˌ ˇˎˊʱˌ ˁʰˍʱ стΣо҈Σ ˍˇ ˇˉˇʾˇ ˋˎ˄ʽˋˍʱ 
ˋʰ˒ʺ ʷ˄ʵʶʽ˅ʹ ʰˉˇˋˎ˃˒ˈˊʹˋʹˌ ˋʶ ˁˇ˃ʲʽˁʱ ˋʹ˃ʶʾʰ ˍˇˎ ʵʽˁˍˏˇˎ ˁʰʽ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʶˊʹˌ 
˂ʶʽˍˇˎˊʴʾʰˌ ˍ˖˄ ˁˈ˃ʲ˖˄ ˁʰʽ ˋʹ˃ʰˍˇʵˇˍ˗˄Φ ʃʰˊʱ˂˂ʹ˂ʰΣ ˁʰˍʰʴˊʱ˒ʶˍʰʽ ʰˏ˅ʹˋʹ ˍˇˎ ʰˊʽʻ˃ˇˏ 
ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ʶʽˋʺ˂ʻʰ˄ ˋˍˇ ʵʾˁˍˎˇ ˁʰˍʱ мΣс҈Σ ʴʶʴˇ˄ˈˌ ˉˇˎ ʰˉˇʵʶʽˁ˄ˏʶʽ ˈˍʽΣ ˉʰˊʱ ˍʹ 
ʲʶ˂ˍʾ˖ˋʹ ˍ˖˄ ʶˉʽʵˈˋʶ˖˄Σ ˍˇ ʵʾˁˍˎˇ ˋˎ˄ʷ˔ʽˋʶ ˄ʰ ʰˉˇˊˊˇ˒ʱ ʽˁʰ˄ˇˉˇʽʹˍʽˁʱ ˍʹ ʸʺˍʹˋʹΣ 
ʶ˄ʽˋ˔ˏˇ˄ˍʰˌ ˍʹ ˂ʶʽˍˇˎˊʴʽˁʺ ˍˇˎ ʽˁʰ˄ˈˍʹˍʰΦ 

ʇˉˈ ˋˎ˄ʻʺˁʶˌ ʰˎ˅ʹ˃ʷ˄ˇˎ ˒ˈˊˍˇˎ ˁʰˍʱ нл҈Σ ˇʽ ʲʶ˂ˍʽ˗ˋʶʽˌ ʶʾ˄ʰʽ ʹˉʽˈˍʶˊʶˌ ʰ˂˂ʱ ˉʰˊʰ˃ʷ˄ˇˎ˄ 
ˎˉʰˊˁˍʷˌΦ ɶ ˁʰʻˎˋˍʷˊʹˋʹ ˃ʶʽ˗˄ʶˍʰʽ ˇˊʽʰˁʱ ˁʰˍʱ мΣм҈Σ ʶ˄˗ ʹ ʰˊ˃ˇ˄ʽˁʺ ˍʰ˔ˏˍʹˍʰ ʰˎ˅ʱ˄ʶˍʰʽ 
ˁʰˍʱ 0,4҈Σ ˎˉˇʵʹ˂˗˄ˇ˄ˍʰˌ ˈˍʽ ʹ ʰˉˈʵˇˋʹ ˍˇˎ ʵʽˁˍˏˇˎ ˉʰˊʰ˃ʷ˄ʶʽ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ˋˍʰʻʶˊʺΣ 
ˉʰˊʱ ˍʹ˄ ʰˎ˅ʹ˃ʷ˄ʹ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺ ˉʾʶˋʹΦ ɶ ˉˎˁ˄ˈˍʹˍʰ ˉʰˊʰ˃ʷ˄ʶʽ ˋ˔ʶʵˈ˄ ʰ˃ʶˍʱʲ˂ʹˍʹΣ 
ʴʶʴˇ˄ˈˌ ˉˇˎ ˃ʰˊˍˎˊʱ ˈˍʽ ʹ ʰˏ˅ʹˋʹ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ʵʶ˄ ˋˎ˄ˇʵʶˏʶˍʰʽ ʰˉˈ ʶˉʽʵʶʾ˄˖ˋʹ ˍʹˌ 
˔˖ˊʽˁʺˌ ˁʰˍʰ˄ˇ˃ʺˌ ˍˇˎˌΦ ɶ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺ ˊˇʺ ʶ˄ʽˋ˔ˏʶˍʰʽ ˁʰˍʱ мΣф҈Σ ʶ˄˗ ʹ ˃ʷʴʽˋˍʹ ˇˎˊʱ 
˃ʶʽ˗˄ʶˍʰʽ ˁʰˍʱ мсΣф҈Σ ʰ˄ˍʰ˄ʰˁ˂˗˄ˍʰˌ ʲʶ˂ˍʽ˖˃ʷ˄ʹ ʰˉˈʵˇˋʹ ˋˍˇˎˌ ʶ˂ʶʴ˔ˈ˃ʶ˄ˇˎˌ ˁˈ˃ʲˇˎˌΦ 
ɳˉʽˉ˂ʷˇ˄Σ ˇ ʰˊʽʻ˃ˈˌ ʶʽˋʶˊ˔ˈ˃ʶ˄˖˄ ˇ˔ʹ˃ʱˍ˖˄ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ нΣн҈Σ ʷ˄ʵʶʽ˅ʹ ˈˍʽ ˍˇ ʵʾˁˍˎˇ 
ʰ˄ˍʰˉˇˁˊʾ˄ʶˍʰʽ ʶˉʰˊˁ˗ˌ ˋˍʹ˄ ʰˎ˅ʹ˃ʷ˄ʹ ʸʺˍʹˋʹ ˔˖ˊʾˌ ˄ʰ ˁʰˍʰʴˊʱ˒ˇ˄ˍʰʽ ˒ʰʽ˄ˈ˃ʶ˄ʰ 
ˁˇˊʶˋ˃ˇˏΦ 

ʅʶ ˋˎ˄ʻʺˁʶˌ ˎˉʶˊ˒ˈˊˍ˖ˋʹˌ ό˒ˈˊˍˇˌ ʰˎ˅ʹ˃ʷ˄ˇˌ ˁʰˍʱ рл҈ύΣ ˍˇ ˋˏˋˍʹ˃ʰ ʶˉʽʲʰˊˏ˄ʶˍʰʽ 
ʰʽˋʻʹˍʱΣ ˔˖ˊʾˌ ˖ˋˍˈˋˇ ˄ʰ ˇʵʹʴʶʾˍʰʽ ˋʶ ˁʰˍʱˊˊʶˎˋʹΦ ɶ ˁʰʻˎˋˍʷˊʹˋʹ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ м,1%, 
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-64- 

 

ʶ˄˗ ʹ ʰˊ˃ˇ˄ʽˁʺ ˍʰ˔ˏˍʹˍʰ ˃ʶʽ˗˄ʶˍʰʽ ˁʰˍʱ 0,7҈Σ ˋˍˇʽ˔ʶʾʰ ˉˇˎ ˎˉˇʵʹ˂˗˄ˇˎ˄ ʶˉʽʵʶʾ˄˖ˋʹ ˍʹˌ 
ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ˊˇʺˌΦ ɶ ˉˎˁ˄ˈˍʹˍʰ ʰˎ˅ʱ˄ʶˍʰʽ ˋʹ˃ʰ˄ˍʽˁʱ ˁʰˍʱ 1,0҈Σ ˁʰˍʰʵʶʽˁ˄ˏˇ˄ˍʰˌ 
ˎ˕ʹ˂ˈˍʶˊʹ ˋˎʴˁʷ˄ˍˊ˖ˋʹ ˇ˔ʹ˃ʱˍ˖˄ ʶ˄ˍˈˌ ˍˇˎ ʵʽˁˍˏˇˎ ˁʰʽ ˉʽʻʰ˄ʺ ʶ˃˒ʱ˄ʽˋʹ ˋˎ˃˒ˈˊʹˋʹˌ ˋʶ 
ˁˇ˃ʲʽˁʱ ˋʹ˃ʶʾʰΦ ɶ ˃ʷʴʽˋˍʹ ˇˎˊʱ ˃ʶʽ˗˄ʶˍʰʽ ˁʰˍʱ 6,2҈Σ ʴʶʴˇ˄ˈˌ ˉˇˎ ʰ˄ˍʰ˄ʰˁ˂ʱ ˋʹ˃ʰ˄ˍʽˁʺ 
˃ʶʾ˖ˋʹ ̀ ʶ ˁˊʾˋʽ˃ˇˎˌ ˁˈ˃ʲˇˎˌΦ ʃʰˊʱ ˍʽˌ ʶˉʽʲʰˊˏ˄ˋʶʽˌ ʰˎˍʷˌΣ ʹ ˊˇʺ ˉʰˊˇˎˋʽʱʸʶʽ ʰˏ˅ʹˋʹ ˁʰˍʱ 
1,3҈Σ ˉʽʻʰ˄˗ˌ ˂ˈʴ˖ ˍˇˎ ˃ʶʴʱ˂ˇˎ ˈʴˁˇˎ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ˋˎ˄ʶ˔ʾʸʶʽ ˄ʰ ˁʽ˄ʶʾˍʰʽ ˃ʶ ˋˍʰʻʶˊˈ τ
ʰ˄ ˁʰʽ ˔ʰ˃ʹ˂ˈˍʶˊˇτ ́ ˎʻ˃ˈΦ ʅʹ˃ʰ˄ˍʽˁˈ ʶʾ˄ʰʽ ˁʰʽ ˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ʶʽˋʶˊ˔ˈ˃ʶ˄˖˄ 
ˇ˔ʹ˃ʱˍ˖˄ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ мΣу҈Σ ˎˉˇʵʶʽˁ˄ˏˇ˄ˍʰˌ ˈˍʽΣ ˉʰˊʱ ˍʹ˄ ʶˉʽʲʱˊˎ˄ˋʹΣ ˍˇ ˋʶ˄ʱˊʽˇ 
ˋˎ˄ʶ˔ʾʸʶʽ ˄ʰ ʵʽʰˍʹˊʶʾ ˍʹ˄ ʽˁʰ˄ˈˍʹˍʱ ˍˇˎ ˄ʰ ʰˉˇˊˊˇ˒ʱ ʰˎ˅ʹ˃ʷ˄ʹ ʸʺˍʹˋʹ ˃ʶ ˋ˔ʶˍʽˁʺ ʶˉʱˊˁʶʽʰΦ 

ʅˎ˄ˇ˂ʽˁʱΣ ˍˇ ʅʶ˄ʱˊʽˇ м ʰˉˇʵʶʽˁ˄ˏʶˍʰʽ ˂ʶʽˍˇˎˊʴʽˁʱ ʲʽ˗ˋʽ˃ˇ ˁʰʽ ˁˎˁ˂ˇ˒ˇˊʽʰˁʱ 
ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈ ˋʶ ˋˎ˄ʻʺˁʶˌ ˁʰ˄ˇ˄ʽˁˇˏ ʺ ˃ʷˍˊʽʰ ʰˎ˅ʹ˃ʷ˄ˇˎ ˒ˈˊˍˇˎΣ ʶ˄˗ ˉʰˊˇˎˋʽʱʸʶʽ 
ʰ˄ʻʶˁˍʽˁˈˍʹˍʰ ʰˁˈ˃ʹ ˁʰʽ ˋʶ ˋˎ˄ʻʺˁʶˌ ʷ˄ˍˇ˄ʹˌ ʶˉʽʲʱˊˎ˄ˋʹˌΦ ʁʽ ʻʶˍʽˁʷˌ ʶˉʽʵˊʱˋʶʽˌ ˋˍˇˎˌ 
ˁˊʾˋʽ˃ˇˎˌ ʵʶʾˁˍʶˌΣ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʹ ʵʽʰˍʺˊʹˋʹ ʺ ʰˏ˅ʹˋʹ ˍˇˎ ˍ˖˄ ʶʽˋʶˊ˔ˈ˃ʶ˄˖˄ 
ˇ˔ʹ˃ʱˍ˖˄Σ ˍʶˁ˃ʹˊʽ˗˄ˇˎ˄ ˍʹ˄ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺ ˍˇˎ ʽˁʰ˄ˈˍʹˍʰ ˁʰʽ ˍˇ ˁʰʻʽˋˍˇˏ˄ ˃ʾʰ ˊʶʰ˂ʽˋˍʽˁʺ 
ˁʰʽ ʶ˒ʰˊ˃ˇˋˍʷʰ ˉˊˈˍʰˋʹ ʲʶ˂ˍʾ˖ˋʹˌ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ 

4.2. ʅʶ˄ʱˊʽˇ нΥ ʃˊˇˋʻʺˁʹκɮ˒ʰʾˊʶˋʹ ˂˖ˊʾʵʰˌ ˁ ˎˁ˂ˇ˒ˇˊʾʰˌ 

ʅˍˇ ˉ˂ʰʾˋʽˇ ʰ˄ʰˋ˔ʶʵʽʰˋ˃ˇˏ ˍˇˎ ʲʰˋʽˁˇˏ ˇʵʽˁˇˏ ʱ˅ˇ˄ʰ ˍʹˌ ɽʶ˖˒ˈˊˇˎ ɼʹ˒ʽˋˇˏΣ ʶ˅ʶˍʱʸʶˍʰʽ 
ˋʶ˄ʱˊʽˇ ˋˍˇ ˇˉˇʾˇ ˉˊˇʲ˂ʷˉʶˍʰʽ ʹ ˉˊˇˋʻʺˁʹ ˃ʾʰˌ ʶˉʽˉ˂ʷˇ˄ ˂˖ˊʾʵʰˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ʰ˄ʱ 
ˁʰˍʶˏʻˎ˄ˋʹΣ ˁʰʻΩ ˈ˂ˇ ˍˇ ˃ʺˁˇˌ ˍˇˎ ʰˎˍˇˁʽ˄ʹˍˇʵˊˈ˃ˇˎ ˉˇˎ ˃ʶ˂ʶˍʱˍʰʽΦ ɶ ˄ʷʰ ˂˖ˊʾʵʰ 
ˉˊˇˋˍʾʻʶˍʰʽ ˉʰˊʱ˂˂ʹ˂ʰ ˋˍʽˌ ˎ˒ʽˋˍʱ˃ʶ˄ʶˌΣ ˃ʶ ˋˍˈ˔ˇ ˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ ˇʵʽˁʺˌ ʽˁʰ˄ˈˍʹˍʰˌ ˁʰʽ 
ˍʹ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ʶ˅ˎˉʹˊʷˍʹˋʹˌ ˍˇˎ ˁˎˁ˂ˇ˒ˇˊʽʰˁˇˏ ˒ˈˊˍˇˎΣ ʽʵʽʰʾˍʶˊʰ ˋʶ ˋˎ˄ʻʺˁʶˌ ʰʽ˔˃ʺˌΦ 

ɶ ˉʰˊʷ˃ʲʰˋʹ ʰ˒ˇˊʱ ˍˈˋˇ ˍʹ˄ ˁˏˊʽʰ ʵʽʰˍˇ˃ʺ ˍˇˎ ʰˎˍˇˁʽ˄ʹˍˇʵˊˈ˃ˇˎΣ ˈˋˇ ˁʰʽ ˍʰ ˋʹ˃ʶʾʰ 
ˁˇ˄ˍʱ ˋʶ ʶʽˋˈʵˇˎˌ ˁʰʽ ʶ˅ˈʵˇˎˌΣ ʶ˄˗ ʹ ʴʶ˖˃ʶˍˊʽˁʺ ˔ʱˊʰ˅ʹ ˉˊˇˋʰˊ˃ˈʸʶˍʰʽ ʰ˄ʱ˂ˇʴʰΣ ˗ˋˍʶ ˄ʰ 
ʵʽʰˍʹˊˇˏ˄ˍʰʽ ˂ʶʽˍˇˎˊʴʽˁʱ ˉ˂ʱˍʹ ˂˖ˊʾʵ˖˄ ˁʰʽ ʶˊʶʾˋ˃ʰˍˇˌΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʽˌ ˉˊˇʵʽʰʴˊʰ˒ʷˌ 
ʰˋ˒ʱ˂ʶʽʰˌΦ 

ɼʰˍʱ ˍʹ˄ ʰˊ˔ʽˁʺ ˒ʱˋʹ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΣ ˇ ˁˎˁ˂ˇ˒ˇˊʽʰˁˈˌ ˒ˈˊˍˇˌ ˁʰʽ ʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍ˖˄ 
ˇ˔ʹ˃ʱˍ˖˄ ˉʰˊʰ˃ʷ˄ˇˎ˄ ˍʰˎˍˈˋʹ˃ʰ ˃ʶ ʶˁʶʾ˄ʰ ˍˇˎ ʅʶ˄ʰˊʾˇˎ лΣ ˗ˋˍʶ ˄ʰ ʶˉʽˍˊʰˉʶʾ ʹ ʱ˃ʶˋʹ ˁʰʽ 
ʰ˄ˍʽˁʶʽ˃ʶ˄ʽˁʺ ˋˏʴˁˊʽˋʹ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Φ ʅʶ ʵʶˏˍʶˊʹ ˒ʱˋʹΣ ʶ˅ʶˍʱʸʶˍʰʽ ˁʰʽ ʹ ʰˉˈˁˊʽˋʹ 
ˍ̌ ˎ ˋʶ˄ʰˊʾˇˎ ˎˉˈ ˋˎ˄ʻʺˁʶˌ ʰˎ˅ʹ˃ʷ˄ˇˎ ˒ˈˊˍˇˎΣ ˃ʶ ˋˍˈ˔ˇ ˍʹ ʵʽʶˊʶˏ˄ʹˋʹ ˍʹˌ 
ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʱˌ ˍˇˎ ˋʶ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ ʰˉʰʽˍʺˋʶʽˌΦ 
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ʅ˔ʺ˃ʰ 16: ʅʶ˄ʱˊʽˇ л ς ʇ˒ʽˋˍʱ˃ʶ˄ʹ ˁʰˍʱˋˍʰˋʹ 

 
ʅ˔ʺ˃ʰ 17: ʅʶ˄ʱˊʽˇ н - ʃˊˇˋʻʺˁʹ ˂˖ˊʾʵʰˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ 

ʅˍˇ ˉ˂ʰʾˋʽˇ ˍʹˌ ʾʵʽʰˌ ˉˊˇˋʶʴʴʽˋˍʽˁʺˌ ˃ʶ˂ʷˍʹˌ ˁʰʽ ˃ʶ ˋˍˈ˔ˇ ˍʹ˄ ˇ˂ʽˋˍʽˁʺ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍ˖˄ 
ˉʽʻʰ˄˗˄ ˋˍˊʰˍʹʴʽˁ˗˄ ʵʽʰ˔ʶʾˊʽˋʹˌ ˍˇˎ ʲʰˋʽˁˇˏ ˇʵʽˁˇˏ ʱ˅ˇ˄ʰ ˍˇˎ ɼʹ˒ʽˋˇˏΣ ʶ˅ʶˍʱʸʶˍʰʽ ˁʰʽ 
ʷ˄ʰ ʶ˄ʰ˂˂ʰˁˍʽˁˈ ˋʶ˄ʱˊʽˇ ˋˍˇ ˇˉˇʾˇ ˉˊˇʲ˂ʷˉʶˍʰʽ ʹ ʰ˒ʰʾˊʶˋʹ ˃ʾʰˌ ˂˖ˊʾʵʰˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ʰ˄ʱ 
ˁʰˍʶˏʻˎ˄ˋʹΣ ˋʶ ˈ˂ˇ ˍˇ ˃ʺˁˇˌ ˍˇˎ ʰˎˍˇˁʽ˄ʹˍˇʵˊˈ˃ˇˎΦ 
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ɶ ʶˉʽ˂ˇʴʺ ʰˎˍʺˌ ˍʹˌ ˉʰˊʷ˃ʲʰˋʹˌ ʲʰˋʾʸʶˍʰʽ ˋˍʹ ʵʽʶˊʶˏ˄ʹˋʹ ˂ˏˋʶ˖˄ ˉˇˎ ʵʾ˄ˇˎ˄ 
ˉˊˇˍʶˊʰʽˈˍʹˍʰ ˋˍʹ ʲʽ˗ˋʽ˃ʹ ˁʽ˄ʹˍʽˁˈˍʹˍʰΣ ˋˍʹ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ˇʵʽˁʺˌ ʰˋ˒ʱ˂ʶʽʰˌ ˁʰʽ ˋˍʹ 
˃ʶʾ˖ˋʹ ˍˇˎ ˋˎ˄ˇ˂ʽˁˇˏ ˁˎˁ˂ˇ˒ˇˊʽʰˁˇˏ ˒ˈˊˍˇˎΣ ʶʾˍʶ ˃ʷˋ˖ ˍʹˌ ʶ˄ʾˋ˔ˎˋʹˌ ˍ˖˄ ʵʹ˃ˈˋʽ˖˄ 
˃ʶˍʰ˒ˇˊ˗˄Σ ʶʾˍʶ ˃ʷˋ˖ ˉˇ˂ʽˍʽˁ˗˄ ˉʶˊʽˇˊʽˋ˃ˇˏ ˍʹˌ ˔ˊʺˋʹˌ ˍˇˎ ɹΦʋΦ ɶ ˃ʶʾ˖ˋʹ ˍ˖˄ ˂˖ˊʾʵ˖˄ 
ˋˍˇ˔ʶˏʶʽ ʶˉʾˋʹˌ ˋˍʹ˄ ʰ˄ʰˁʰˍʰ˄ˇ˃ʺ ˍˇˎ ʵʽʰʻʷˋʽ˃ˇˎ ˇʵʽˁˇˏ ˔˗ˊˇˎ ʴʽʰ ˍʹ˄ ʶ˅ˎˉʹˊʷˍʹˋʹ 
ʱ˂˂˖˄ ˔ˊʺˋʶ˖˄Σ ˈˉ˖ˌ ʹ ˉˊˈʲ˂ʶ˕ʹ ˂˖ˊʾʵ˖˄ ʷˁˍʰˁˍʹˌ ʰ˄ʱʴˁʹˌΣ ˍʶ˔˄ʽˁ˗˄ ˎˉˇʵˇ˃˗˄Σ ʺ 
˃ʶ˂˂ˇ˄ˍʽˁʱ ʰˁˈ˃ʹ ˁʰʽ ʵʽʰʵˊˈ˃˖˄ ʴʽʰ ˃ʷˋʰ ˃ʰʸʽˁʺˌ ˃ʶˍʰ˒ˇˊʱˌΦ 

ɱʽʰ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ ˋʶ˄ʰˊʾˇˎ ˎʽˇʻʶˍʶʾˍʰʽ ˈˍʽ ʹ ʰ˒ʰʾˊʶˋʹ ˂˖ˊʾʵʰˌ ʴʾ˄ʶˍʰʽ ˇ˃ˇʽˈ˃ˇˊ˒ʰ ˋʶ 
ˈ˂ˇ ˍˇ ˃ʺˁˇˌ ˍˇˎ ʵʽʰʵˊˈ˃ˇˎΣ ˔˖ˊʾˌ ʰ˂˂ʰʴʷˌ ˋˍʹ ˔ʱˊʰ˅ʹ ʺ ˋˍʹ˄ ˎ˒ʽˋˍʱ˃ʶ˄ʹ ʴʶ˖˃ʶˍˊʾʰ ˍ˖˄ 
ˁˈ˃ʲ˖˄Φ ʁ ʵʽʰʻʷˋʽ˃ˇˌ ˔˗ˊˇˌ ˉˇˎ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍʹ˄ ˁʰˍʱˊʴʹˋʹ ˍʹˌ ˂˖ˊʾʵʰˌ ʵʶ˄ 
ʰ˅ʽˇˉˇʽʶʾˍʰʽ ʴʽʰ ˄ʷʶˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʷˌ ˔ˊʺˋʶʽˌ ˋˍʹ ʲʰˋʽˁʺ ʶˁʵˇ˔ʺ ˍˇˎ ˋʶ˄ʰˊʾˇˎΣ ʰ˂˂ʱ 
˂ʶʽˍˇˎˊʴʶʾ ˖ˌ ʶ˂ʶˏʻʶˊˇˌ ʵʽʱʵˊˇ˃ˇˌ ʰˋ˒ʱ˂ʶʽʰˌ ʺ ʸ˗˄ʹ ˍʶ˔˄ʽˁ˗˄ ʷˊʴ˖˄κˎˉˇʵˇ˃˗˄Φ ɶ 
ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʰˊ˔ʽˁʱ ˃ʶ ˍˇ˄ ʾʵʽˇ ˁˎˁ˂ˇ˒ˇˊʽʰˁˈ ˒ˈˊˍˇ ˁʰʽ ˉˊˇ˒ʾ˂ 
ˇ˔ʹ˃ʱˍ˖˄ ˃ʶ ʶˁʶʾ˄ˇ ˍˇˎ ʅʶ˄ʰˊʾˇˎ лΣ ˗ˋˍʶ ˄ʰ ʵʽʰˉʽˋˍ˖ʻˇˏ˄ ˇʽ ʱ˃ʶˋʶˌ ˂ʶʽˍˇˎˊʴʽˁʷˌ 
ʶˉʽˉˍ˗ˋʶʽˌ ʰˉˈ ˍʹ ˃ʶʾ˖ˋʹ ˍʹˌ ˇʵʽˁʺˌ ʽˁʰ˄ˈˍʹˍʰˌΦ ʅˍʹ ˋˎ˄ʷ˔ʶʽʰ ʶ˅ʶˍʱʸʶˍʰʽ ˁʰʽ ʹ 
ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˎˉˈ ˋˎ˄ʻʺˁʶˌ ʰˎ˅ʹ˃ʷ˄ʹˌ ʸʺˍʹˋʹˌΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ 
ʶˁˍʽ˃ʹʻˇˏ˄ ˍʰ ˈˊʽʰ ˁˇˊʶˋ˃ˇˏ ˁʰʽ ˇʽ ʶˉʽˉˍ˗ˋʶʽˌ ˋʶ ˁʰʻˎˋˍʶˊʺˋʶʽˌ ˁʰʽ ˋˎ˃˒ˈˊʹˋʹΦ 
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-67- 

 

 
ʅ˔ʺ˃ʰ 18: ʅʶ˄ʱˊʽˇ л ς ʇ˒ʽˋˍʱ˃ʶ˄ʹ ˁʰˍʱˋˍʰˋʹ 

 

 

ʅ˔ʺ˃ʰ 19: ʅʶ˄ʱˊʽˇ н - ɮ˒ʰʾˊʶˋʹ ˂˖ˊʾʵʰˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ 
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-68- 

 

ʆˇ ʅʶ˄ʱˊʽˇ н ʶ˅ʶˍʱʸʶʽ ˍʹ˄ ʶˉʾʵˊʰˋʹ ʴʶ˖˃ʶˍˊʽˁ˗˄ ˉʰˊʶ˃ʲʱˋʶ˖˄ ˋˍˇ ˇʵʽˁˈ ʵʾˁˍˎˇΣ ˁʰʽ 
ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˍʹ˄ ˉˊˇˋʻʺˁʹ ʺ ʰ˒ʰʾˊʶˋʹ ˃ʾʰˌ ˂˖ˊʾʵʰˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ ɶ ˋˏʴˁˊʽˋʹ ˍ˖˄ 
ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˃ʶ ˍˇ ˃ʹʵʶ˄ʽˁˈ ˋʶ˄ʱˊʽˇ  ˁʰˍʰʵʶʽˁ˄ˏʶʽ ʷ˄ˍˇ˄ʶˌ ʵʽʰ˒ˇˊˇˉˇʽʺˋʶʽˌ ˋˍʹ 
˂ʶʽˍˇˎˊʴʽˁʺ ʰˉˈʵˇˋʹ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌΣ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ ʶʾʵˇˌ ˍʹˌ ˉʰˊʷ˃ʲʰˋʹˌΦ 

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˊˇˋʻʺˁʹˌ ˂˖ˊʾʵʰˌΣ ˍˇ ʵʾˁˍˎˇ ʶ˃˒ʰ˄ʾʸʶʽ ʶ˅ʰʽˊʶˍʽˁʱ ʻʶˍʽˁʺ ˋˎ˃ˉʶˊʽ˒ˇˊʱΦ 
ʇˉˈ ˋˎ˄ʻʺˁʶˌ ˎ˒ʽˋˍʱ˃ʶ˄ˇˎ ˒ˈˊˍˇˎΣ ˉʰˊʰˍʹˊʶʾˍʰʽ ˋʹ˃ʰ˄ˍʽˁʺ ˃ʶʾ˖ˋʹ ˍʹˌ ˃ʷˋʹˌ 
ˁʰʻˎˋˍʷˊʹˋʹˌ ˁʰˍʱ срΣт҈Σ ʶ˄˗ ʹ ʰˊ˃ˇ˄ʽˁʺ ˍʰ˔ˏˍʹˍʰ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ опΣт҈Σ 
ˁʰˍʰʵʶʽˁ˄ˏˇ˄ˍʰˌ ʰʽˋʻʹˍʺ ʲʶ˂ˍʾ˖ˋʹ ˋˍʹ ˊˇʺ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ ɳˉʽˉ˂ʷˇ˄Σ ʹ ˉˎˁ˄ˈˍʹˍʰ ˍˇˎ 
ʵʽˁˍˏˇˎ ˃ʶʽ˗˄ʶˍʰʽ ˁʰˍʱ оуΣл҈Σ ˎˉˇʵʹ˂˗˄ˇ˄ˍʰˌ ʰˉˇ˒ˈˊˍʽˋʹ ˍˇˎ ˇʵʽˁˇˏ ˔˗ˊˇˎΣ ˁʰʽ ʹ 
ˁˎˁ˂ˇ˒ˇˊʽʰˁʺ ˊˇʺ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ млΣу҈Σ ʴʶʴˇ˄ˈˌ ˉˇˎ ˃ʰˊˍˎˊʱ ʶ˄ʾˋ˔ˎˋʹ ˍʹˌ ʽˁʰ˄ˈˍʹˍʰˌ 
˃ʶˍʰ˒ˇˊʱˌΦ ʆˇ ˉ˂ʷˇ˄ ʶ˄ˍˎˉ˖ˋʽʰˁˈ ʶˏˊʹ˃ʰ ʰ˒ˇˊʱ ˍʹ ˃ʶʾ˖ˋʹ ˍʹˌ ˃ʷʴʽˋˍʹˌ ˇˎˊʱˌ ˁʰˍʱ 
фтΣс҈Σ ˋˍˇʽ˔ʶʾˇ ˉˇˎ ʶˉʽʲʶʲʰʽ˗˄ʶʽ ˍʹ˄ ʶ˅ʱ˂ʶʽ˕ʹ ˒ʰʽ˄ˇ˃ʷ˄˖˄ ˋˎ˃˒ˈˊʹˋʹˌ ˋˍˇˎˌ ˁˊʾˋʽ˃ˇˎˌ 
ˁˈ˃ʲˇˎˌΦ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ʰˎˍʱ ˁʰˍʰʵʶʽˁ˄ˏˇˎ˄ ˋʰ˒˗ˌ ˈˍʽ ʹ ˉˊˇˋʻʺˁʹ ˂˖ˊʾʵʰˌ ʶˉʽ˒ʷˊʶʽ 
ˇˎˋʽʰˋˍʽˁʺ ʰ˄ʰʲʱʻ˃ʽˋʹ ˍ˖˄ ˁˎˁ˂ˇ˒ˇˊʽʰˁ˗˄ ˋˎ˄ʻʹˁ˗˄. 

ʅʶ ˋˎ˄ʻʺˁʶˌ ʰˎ˅ʹ˃ʷ˄ˇˎ ˒ˈˊˍˇˎ ˁʰˍʱ нл҈Σ ʹ ʻʶˍʽˁʺ ʶˉʾʵˊʰˋʹ ʵʽʰˍʹˊʶʾˍʰʽ ˋʶ ˎ˕ʹ˂ˈ ʶˉʾˉʶʵˇΦ 
ɶ ˁʰʻˎˋˍʷˊʹˋʹ ˃ʶʽ˗˄ʶˍʰʽ ˁʰˍʱ рпΣп҈Σ ʶ˄˗ ʹ ˍʰ˔ˏˍʹˍʰ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ оуΣр҈Σ ʷ˄ʵʶʽ˅ʹ ˈˍʽ ˍˇ 
ˋʶ˄ʱˊʽˇ ˉʰˊʰ˃ʷ˄ʶʽ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈ ʰˁˈ˃ʹ ˁʰʽ ˎˉˈ ʶ˄ʽˋ˔ˎ˃ʷ˄ʹ ʸʺˍʹˋʹΦ ɶ ˉˎˁ˄ˈˍʹˍʰ 
ˁʰˍhɹ ˊʱ˒ʶʽ ˃ʶʾ˖ˋʹ ˁʰˍʱ опΣп҈Σ ʴʶʴˇ˄ˈˌ ˉˇˎ ˎˉˇʵʹ˂˗˄ʶʽ ˇ˃ˇʽˈ˃ˇˊ˒ʹ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ 
ˇ˔ʹ˃ʱˍ˖˄Σ ʶ˄˗ ʹ ˊˇʺ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ 38,5҈Φ ɶ ˃ʷʴʽˋˍʹ ˇˎˊʱ ˃ʶʽ˗˄ʶˍʰʽ ˁʰˍʱ ттΣл҈Σ 
ʰ˄ˍʰ˄ʰˁ˂˗˄ˍʰˌ ˇ˃ʰ˂ˇˉˇʾʹˋʹ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˋʶ ˁˇ˃ʲʽˁʱ ˋʹ˃ʶʾʰΦ ʆˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ ʵʶʽˁˍ˗˄ 
ʶˉʽʲʶʲʰʽ˗˄ʶʽ ˈˍʽ ˍˇ ˋʶ˄ʱˊʽˇ ʵʽʰˍʹˊʶʾ ˎ˕ʹ˂ʺ ʰˉˈʵˇˋʹ ʰˁˈ˃ʹ ˁʰʽ ˋʶ ˉʶˊʽʲʱ˂˂ˇ˄ ʰˎ˅ʹ˃ʷ˄ʹˌ 
ˉʾʶˋʹˌΦ 

ʇˉˈ ˋˎ˄ʻʺˁʶˌ ˎˉʶˊ˒ˈˊˍ˖ˋʹˌ ό˒ˈˊˍˇˌ ʰˎ˅ʹ˃ʷ˄ˇˌ ˁʰˍʱ рл҈ύΣ ʹ ʰˉˈʵˇˋʹ ˍˇˎ ˋʶ˄ʰˊʾˇˎ 
ˉʰˊʰ˃ʷ˄ʶʽ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺΣ ʰ˄ ˁʰʽ ˇʽ ˋ˔ʶˍʽˁʷˌ ʲʶ˂ˍʽ˗ˋʶʽˌ ʶʾ˄ʰʽ ʹˉʽˈˍʶˊʶˌΦ ɶ ˁʰʻˎˋˍʷˊʹˋʹ 
˃ʶʽ˗˄ʶˍʰʽ ˁʰˍʱ отΣт҈Σ ʶ˄˗ ʹ ˍʰ˔ˏˍʹˍʰ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ олΣм҈Φ ɶ ˉˎˁ˄ˈˍʹˍʰ ˃ʶʽ˗˄ʶˍʰʽ ˁʰˍʱ 
24,3%, ʹ ˊˇʺ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ ннΣо҈ ˁʰʽ ʹ ˃ʷʴʽˋˍʹ ˇˎˊʱ ˃ʶʽ˗˄ʶˍʰʽ ˁʰˍʱ рнΣт҈Σ ʴʶʴˇ˄ˈˌ ˉˇˎ 
ˎˉˇʵʹ˂˗˄ʶʽ ˈˍʽ ˍˇ ʵʾˁˍˎˇ ˋˎ˄ʶ˔ʾʸʶʽ ˄ʰ ˂ʶʽˍˇˎˊʴʶʾ ˃ʶ ʲʶ˂ˍʽ˖˃ʷ˄ˇˎˌ ˈˊˇˎˌΣ ˉʰˊˈˍʽ ˉ˂ʹˋʽʱʸʶʽ 
ˍʰ ˈˊʽʰ ˍʹˌ ˔˖ˊʹˍʽˁˈˍʹˍʱˌ ˍˇˎΦ ɶ ʶ˂ʰ˒ˊʱ ˎˉˇ˔˗ˊʹˋʹ ˍʹˌ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰˌΣ ˋʶ ˋ˔ʷˋʹ 
˃ ʁ̱ ˇ˄ ˒ˈˊˍˇˌ ʰˎ˅ʹ˃ʷ˄ˇˌ ˁʰˍʱ нл҈ ˒ˈˊˍˇΣ ʶʾ˄ʰʽ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʹ ˂ˈʴ˖ ˍʹˌ ʰˎ˅ʹ˃ʷ˄ʹˌ ʸʺˍʹˋʹˌΣ 
˔˖ˊʾˌ ˖ˋˍˈˋˇ ˄ʰ ʰ˄ʰˍˊʷˉʶʽ ˍʹ ˋˎ˄ˇ˂ʽˁʺ ʻʶˍʽˁʺ ʶʽˁˈ˄ʰΦ 

ɮ˄ˍʽʻʷˍ˖ˌΣ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʰ˒ʰʾˊʶˋʹˌ ˂˖ˊʾʵʰˌΣ ˁʰˍʰʴˊʱ˒ʶˍʰʽ ˋʰ˒ʺˌ ʶˉʽʵʶʾ˄˖ˋʹ ˍ˖˄ 
ˁˎˁ˂ˇ˒ˇˊʽʰˁ˗˄ ˋˎ˄ʻʹˁ˗˄Φ ʇˉˈ ˎ˒ʽˋˍʱ˃ʶ˄ˇ ˒ˈˊˍˇΣ ʹ ˃ʷˋʹ ˁʰʻˎˋˍʷˊʹˋʹ ʰˎ˅ʱ˄ʶˍʰʽ 
ʵˊʰ˃ʰˍʽˁʱ ˁʰˍʱ мспΣл҈Σ ʶ˄˗ ʹ ʰˊ˃ˇ˄ʽˁʺ ˍʰ˔ˏˍʹˍʰ ˃ʶʽ˗˄ʶˍʰʽ ˁʰˍʱ офΣм҈Σ ʷ˄ʵʶʽ˅ʹ ˋˇʲʰˊʺˌ 
ˎˉˇʲʱʻ˃ʽˋʹˌ ˍʹˌ ˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʰˌ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌΦ ɶ ˉˎˁ˄ˈˍʹˍʰ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ снΣо҈Σ 
ʰ˄ˍʰ˄ʰˁ˂˗˄ˍʰˌ ˎˉʶˊ˒ˈˊˍ˖ˋʹ ˍˇˎ ˇʵʽˁˇˏ ʵʽˁˍˏˇˎΣ ʹ ˊˇʺ ˃ʶʽ˗˄ʶˍʰʽ ˁʰˍʱ нуΣу҈Σ ˁʰʽ ʹ 
˃ʷʴʽˋˍʹ ˇˎˊʱ ʶˁˍˇ˅ʶˏʶˍʰʽ ˁʰˍʱ трсΣр҈Σ ˎˉˇʵʹ˂˗˄ˇ˄ˍʰˌ ʶ˅ʰʽˊʶˍʽˁʱ ʷ˄ˍˇ˄ʰ ˒ʰʽ˄ˈ˃ʶ˄ʰ 
ˋˎ˃˒ˈˊʹˋʹˌΦ 

ʅʶ ˋˎ˄ʻʺˁʶˌ ʰˎ˅ʹ˃ʷ˄ˇˎ ˒ˈˊˍˇˎ ˁʰˍʱ нл҈Σ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ʶ˅ʾˋˇˎ ʰˊ˄ʹˍʽˁʷˌ ʶˉʽˉˍ˗ˋʶʽˌΥ ʹ 
ˁʰʻˎˋˍʷˊʹˋʹ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ фоΣо҈Σ ʹ ˍʰ˔ˏˍʹˍʰ ˃ʶʽ˗˄ʶˍʰʽ ˁʰˍʱ онΣф҈Σ ʹ ˉˎˁ˄ˈˍʹˍʰ 
ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ оуΣн҈Σ ʹ ˊˇʺ ˎˉˇ˔˖ˊʶʾ ˁʰˍʱ олΣф҈Σ ˁʰʽ ʹ ˃ʷʴʽˋˍʹ ˇˎˊʱ ʶ˄ʽˋ˔ˏʶˍʰʽ ˁʰˍʱ 
нлфΣп҈Φ ʆʰ ʶˎˊʺ˃ʰˍʰ ʰˎˍʱ ˁʰˍʰʵʶʽˁ˄ˏˇˎ˄ ˈˍʽ ʹ ˉʰˊʷ˃ʲʰˋʹ ʵʶ˄ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ 
ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ʵʽʰ˔ʶʾˊʽˋʹ ˍʹˌ ʶˉʽˉ˂ʷˇ˄ ʸʺˍʹˋʹˌΣ ˉˊˇˁʰ˂˗˄ˍʰˌ ʷ˄ˍˇ˄ʰ ˒ʰʽ˄ˈ˃ʶ˄ʰ 
ˋˎ˃˒ˈˊʹˋʹˌ ˁʰʽ ʵˎˋ˂ʶʽˍˇˎˊʴʾʰˌΦ 
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-69- 

 

ʇˉˈ ˎˉʶˊ˒ˈˊˍ˖ˋʹ ό˒ˈˊˍˇˌ ʰˎ˅ʹ˃ʷ˄ˇˌ ˁʰˍʱ рл҈ύΣ ʹ ʶʽˁˈ˄ʰ ˉʰˊʰ˃ʷ˄ʶʽ ʶˉʽʲʰˊˎ˃ʷ˄ʹΦ ɶ 
ˁʰʻˎˋˍʷˊʹˋʹ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ упΣр҈Σ ʹ ˍʰ˔ˏˍʹˍʰ ˃ʶʽ˗˄ʶˍʰʽ ˁʰˍʱ опΣс҈Σ ˁʰʽ ʹ ˉˎˁ˄ˈˍʹˍʰ 
ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ омΣр҈Σ ʶ˄˗ ʹ ˊˇʺ ˃ʶʽ˗˄ʶˍʰʽ ˁʰˍʱ олΣс҈Φ ɶ ˃ʷʴʽˋˍʹ ˇˎˊʱ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ 
уоΣо҈Σ ʴʶʴˇ˄ˈˌ ˉˇˎ ʶˉʽʲʶʲʰʽ˗˄ʶʽ ˍʹ ʵˎˋˁˇ˂ʾʰ ˍˇˎ ʵʽˁˍˏˇˎ ˄ʰ ʵʽʰ˔ʶʽˊʽˋˍʶʾ ˎ˕ʹ˂ʱ ˒ˇˊˍʾʰ 
ˎˉˈ ˃ʶʽ˖˃ʷ˄ʹ ˔˖ˊʹˍʽˁˈˍʹˍʰΦ ʃʰˊˈˍʽ ʹ ʶˉʽʵʶʾ˄˖ˋʹ ʶʾ˄ʰʽ ˇˊʽʰˁʱ ʹˉʽˈˍʶˊʹ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇ˄ 
ʰˎ˅ʹ˃ʷ˄ˇ ˒ˈˊˍˇ ˁʰˍʱ нл҈ ˒ˈˊˍˇΣ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ʰˉˇˍʷ˂ʶˋ˃ʰ ˉʰˊʰ˃ʷ˄ʶʽ ʷ˄ˍˇ˄ʰ ʰˊ˄ʹˍʽˁˈΦ 

ʅˎ˄ˇ˕ʾʸˇ˄ˍʰˌΣ ˍˇ ʅʶ˄ʱˊʽˇ н ˁʰˍʰʵʶʽˁ˄ˏʶʽ ˈˍʽ ʹ ˉˊˇˋʻʺˁʹ ˃ʾʰˌ ˂˖ˊʾʵʰˌ ˋˎ˄ʽˋˍʱ ʽʵʽʰʾˍʶˊʰ 
ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ˉʰˊʷ˃ʲʰˋʹΣ ˃ʶ ˋˍʰʻʶˊʺ ˁʰʽ ʽˋ˔ˎˊʺ ʲʶ˂ˍʾ˖ˋʹ ˍ˖˄ ˁˎˁ˂ˇ˒ˇˊʽʰˁ˗˄ 
ˋˎ˄ʻʹˁ˗˄ ˋʶ ˈ˂ʶˌ ˍʽˌ ʲʰʻ˃ʾʵʶˌ ˒ˈˊˍˇˎΦ ɮ˄ˍʽʻʷˍ˖ˌΣ ʹ ʰ˒ʰʾˊʶˋʹ ˂˖ˊʾʵʰˌ ʶˉʽ˒ʷˊʶʽ ˋˇʲʰˊʷˌ 
ʵˎˋ˂ʶʽˍˇˎˊʴʾʶˌΣ ˇʵʹʴ˗˄ˍʰˌ ˋʶ ˎˉʶˊ˒ˈˊˍʽˋʹΣ ˋˎ˃˒ˈˊʹˋʹ ˁʰʽ ʵˊʰ˃ʰˍʽˁʺ ˎˉˇʲʱʻ˃ʽˋʹ ˍʹˌ 
ʰˉˈʵˇˋʹˌ ˍˇˎ ʵʽˁˍˏˇˎΦ ɶ ʵʽʰ˒ˇˊʱ ˃ʶˍʰ˅ˏ ˍ˖˄ ʵˏˇ ʶˁʵˇ˔˗˄ ˎˉˇʴˊʰ˃˃ʾʸʶʽ ˍʹ ˋʹ˃ʰˋʾʰ ˍʹˌ 
ʵʽʰˍʺˊʹˋʹˌ ʺ ʶ˄ʾˋ˔ˎˋʹˌ ˍʹˌ ˇʵʽˁʺˌ ʽˁʰ˄ˈˍʹˍʰˌ ˋʶ ˁˇ˃ʲʽˁʱ ˋʹ˃ʶʾʰ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌΦ 

4.3. ʅʶ˄ʱˊʽˇ оΥ ɳ˄ʽʰʾʰ ʵʽʰˍˇ˃ʺ ˃ʶ ˍˊʶʽˌ ˋˎ˄ʶ˔ˈ˃ʶ˄ʶˌ ˂˖ˊʾʵʶˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ 

ɱʽʰ ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍˇˎ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ˋʶ˄ʰˊʾˇˎΣ ˎʽˇʻʶˍʶʾˍʰʽ ʹ ʲʰˋʽˁʺ ˎˉˈʻʶˋʹ ˈˍʽ ˁʰʻΩ 
ˈ˂ˇ ˍˇ ˃ʺˁˇˌ ˍˇˎ ˇʵʽˁˇˏ ʱ˅ˇ˄ʰ ˍˇˎ ɼʹ˒ʽˋˇˏ ʵʽʰˍʹˊʶʾˍʰʽ ˋˍʰʻʶˊˈˌ ˁʰʽ ʰ˃ʶˍʱʲ˂ʹˍˇˌ ˇ 
ʰˊʽʻ˃ˈˌ ˍ˖˄ ˍˊʽ˗˄ ˁˏˊʽ˖˄ ˂˖ˊʾʵ˖˄ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ʰ˄ʱ ˁʰˍʶˏʻˎ˄ˋʹΦ ɮˎˍʺ ʹ ˋˍʰʻʶˊˈˍʹˍʰ 
ʽˋ˔ˏʶʽ ʰ˄ʶ˅ʱˊˍʹˍʰ ʰˉˈ ˍʹ˄ ˏˉʰˊ˅ʹ ʶʽˋˈʵ˖˄ ʺ ʶ˅ˈʵ˖˄ ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ ʵʽʰʵˊˇ˃ʺˌΣ ˃ʶ ˋˁˇˉˈ 
ˍʹ˄ ʶ˅ʰˋ˒ʱ˂ʽˋʹ ˇ˃ˇʽˇʴʶ˄ˇˏˌ ˁʰʽ ˉˊˇʲ˂ʷ˕ʽ˃ʹˌ ˊˇʺˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ  

ʅˍʰ ˋʹ˃ʶʾʰ ˋˏ˄ʵʶˋʹˌ ˃ʶ ˉʰˊʱˉ˂ʶˎˊˇˎˌ ʵˊˈ˃ˇˎˌ ʺ ˁˈ˃ʲˇˎˌΣ ˇʽ ˂˖ˊʾʵʶˌ ʶˉʽˍʱ˔ˎ˄ˋʹˌ ˁʰʽ 
ʶˉʽʲˊʱʵˎ˄ˋʹˌ ʵʶ˄ ʶ˄ˋ˖˃ʰˍ˗˄ˇ˄ˍʰʽ ˃ʶ ˍʹ ˃ʷʻˇʵˇ ˍʹˌ ˋˎʴ˔˗˄ʶˎˋʹˌ ʺ ˁʰˍʱˊʴʹˋʹˌ ˁˏˊʽʰˌ 
˂˖ˊʾʵʰˌΣ ʰ˂˂ʱ ˉˊˇˋˍʾʻʶ˄ˍʰʽ ˖ˌ ʶˉʽˉ˂ʷˇ˄ ˂˖ˊʾʵʶˌ ̀ ˍˇ ˋˎ˄ˇ˂ʽˁˈ ˉ˂ʱˍˇˌ ˍˇˎ ˇʵˇˋˍˊ˗˃ʰˍˇˌΦ 
ɾʶ ʰˎˍˈ˄ ˍˇ˄ ˍˊˈˉˇΣ ʰˎ˅ʱ˄ʶˍʰʽ ˉˊˇˋ˖ˊʽ˄ʱ ˇ ˋˎ˄ˇ˂ʽˁˈˌ ʰˊʽʻ˃ˈˌ ˍ˖˄ ˂˖ˊʾʵ˖˄ ˋˍʰ 
ˋˎʴˁʶˁˊʽ˃ʷ˄ʰ ˍ˃ʺ˃ʰˍʰΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʵʽʶˎˁˇ˂ˎ˄ʻˇˏ˄ ˇʽ ˁʽ˄ʺˋʶʽˌ ʶʽˋˈʵˇˎ ˁʰʽ ʶ˅ˈʵˇˎ ˍ˖˄ 
ˇ˔ʹ˃ʱˍ˖˄ ˃ʶ ʰˋ˒ʱ˂ʶʽʰ ˁʰʽ ˇ˃ʰ˂ˈˍʹˍʰΦ ɶ ʴʶ˖˃ʶˍˊʽˁʺ ˁʰʽ ˂ʶʽˍˇˎˊʴʽˁʺ ʶ˄ˋ˖˃ʱˍ˖ˋʹ ˍ˖˄ 
˂˖ˊʾʵ˖˄ ʶˉʽˍʱ˔ˎ˄ˋʹˌ ˁʰʽ ʶˉʽʲˊʱʵˎ˄ˋʹˌ ˋˍˇ ˇʵˈˋˍˊ˖˃ʰ ʶ˅ʰˋ˒ʰ˂ʾʸʶʽ ˈˍʽ ʵʶ˄ ʵʽʰˍʰˊʱˋˋʶˍʰʽ 
ʹ ˁˏˊʽʰ ˊˇʺ ˍ˖˄ ˍˊʽ˗˄ ˂˖ˊʾʵ˖˄ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ʰˉˇ˒ʶˏʴˇ˄ˍʰˌ ˍʽˌ ˋˎ˄ʺʻʶʽˌ ˋˎ˃˒ˇˊʺˋʶʽˌ ˉˇˎ 
ˉˊˇˁʰ˂ˇˏ˄ˍʰʽ ʰˉˈ ʰ˂˂ʰʴʷˌ ˋˍˇ˄ ʰˊʽʻ˃ˈ ˂˖ˊʾʵ˖˄ ʺ ˋˎʴ˔˖˄ʶˏˋʶʽˌΦ 
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-70- 

 

 
ʅ˔ʺ˃ʰ 20: ʅʶ˄ʱˊʽˇ л ς ʇ˒ʽˋˍʱ˃ʶ˄ʹ ˁʰˍʱˋˍʰˋʹ 

 
ʅ˔ʺ˃ʰ 21: ʅʶ˄ʱˊʽˇ о - ɳ˄ʽʰʾʰ ʵʽʰˍˇ˃ʺ ˃ʶ ˍˊʶʽˌ ˋˎ˄ʶ˔ˈ˃ʶ˄ʶˌ ˂˖ˊʾʵʶˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ 

ɱʽʰ ˍʹ ʵʽʰˍʺˊʹˋʹ ˍʹˌ ˋˏʴˁˊʽˋʹˌ ˁʰʽ ˍʹˌ ʰ˅ʽˇˉʽˋˍʾʰˌ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Σ ˋˍˇ ˋʶ˄ʱˊʽˇ ʰˎˍˈ 
ʻʶ˖ˊʶʾˍʰʽ ˈˍʽ ˇ ˁˎˁ˂ˇ˒ˇˊʽʰˁˈˌ ˒ˈˊˍˇˌΣ ˁʰʻ˗ˌ ˁʰʽ ʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍ˖˄ ˇʵʹʴ˗˄Σ ˉʰˊʰ˃ʷ˄ˇˎ˄ 
ˍʰˎˍˈˋʹ˃ʰ ˃ʶ ʶˁʶʾ˄ʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˋˍˇ ʲʰˋʽˁˈ ˃ʹʵʶ˄ʽˁˈ ˋʶ˄ʱˊʽˇ ʰ˄ʰ˒ˇˊʱˌΦ ɮˎˍˈ 
ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʱ˃ʶˋʹ ˁʰʽ ʰ˄ˍʽˁʶʽ˃ʶ˄ʽˁʺ ʶˁˍʾ˃ʹˋʹ ˍ˖˄ ʶˉʽˉˍ˗ˋʶ˖˄ ˍ˖˄ ʴʶ˖˃ʶˍˊʽˁ˗˄ 
ˉʰˊʶ˃ʲʱˋʶ˖˄Σ ˔˖ˊʾˌ ˄ʰ ʶʽˋʱʴˇ˄ˍʰʽ ˉˊˈˋʻʶˍˇʽ ˉʰˊʱʴˇ˄ˍʶˌ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌΦ ʃʰˊʱ˂˂ʹ˂ʰΣ ʴʽʰ 
˄ʰ ʶ˅ʶˍʰˋˍʶʾ ʹ ʰ˄ʻʶˁˍʽˁˈˍʹˍʰ ˁʰʽ ʹ ʰˉˈʵˇˋʹ ˍʹˌ ˉˊˇˍʶʽ˄ˈ˃ʶ˄ʹˌ ʵʽʰ˃ˈˊ˒˖ˋʹˌ ˎˉˈ ˉʽˇ 
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-71- 

 

ʰˉʰʽˍʹˍʽˁʷˌ ˋˎ˄ʻʺˁʶˌΣ ˍˇ ˋʶ˄ʱˊʽˇ ʶˉʰ˄ʰ˂ʰ˃ʲʱ˄ʶˍʰʽ ˁʰʽ ˃ʶ ʰˎ˅ʹ˃ʷ˄ˇ ˁˎˁ˂ˇ˒ˇˊʽʰˁˈ ˒ˈˊˍˇ 
ˁʰˍʱ нл҈ ˁʰʽ рл҈Φ ɾʶ ˍˇ˄ ˍˊˈˉˇ ʰˎˍˈ ʰ˅ʽˇ˂ˇʴˇˏ˄ˍʰʽ ˍˈˋˇ ʹ ˍˊʷ˔ˇˎˋʰ ˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʰ, ̍ ˋˇ 
ˁʰʽ ʹ ʽˁʰ˄ˈˍʹˍʰ ʵʽʰ˔ʶʾˊʽˋʹˌ ˃ʶ˂˂ˇ˄ˍʽˁʺˌ ʰˏ˅ʹˋʹˌ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ˉˊˇˋ˒ʷˊˇ˄ˍʰˌ ˃ʽʰ 
ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ʹ ʶʽˁˈ˄ʰ ʴʽʰ ˍʹ˄ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰ ˍʹˌ ˉʰˊʷ˃ʲʰˋʹˌ ˋˍˇ ˉ˂ʰʾˋʽˇ 
˃ʰˁˊˇˉˊˈʻʶˋ˃ˇˎ ˋ˔ʶʵʽʰˋ˃ˇˏΦ 

ɶ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍˇˎ ʅʶ˄ʰˊʾˇˎ о ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇ ˃ʹʵʶ˄ʽˁˈ ˋʶ˄ʱˊʽˇ ʰˉˇˁʰ˂ˏˉˍʶʽ ˋˎˋˍʹ˃ʰˍʽˁʺ 
ʶˉʽʵʶʾ˄˖ˋʹ ˍ˖˄ ˁˎˁ˂ˇ˒ˇˊʽʰˁ˗˄ ˋˎ˄ʻʹˁ˗˄Σ ʰ˄ʶ˅ʰˊˍʺˍ˖ˌ ʶˉʽˉʷʵˇˎ ˒ˈˊˍˇˎΦ ʇˉˈ ˎ˒ʽˋˍʱ˃ʶ˄ˇ 
ˁˎˁ˂ˇ˒ˇˊʽʰˁˈ ˒ˈˊˍˇΣ ˉʰˊʰˍʹˊʶʾˍʰʽ ˋʹ˃ʰ˄ˍʽˁʺ ʰˏ˅ʹˋʹ ˍʹˌ ˃ʷˋʹˌ ˁʰʻˎˋˍʷˊʹˋʹˌ ˁʰˍʱ отΣл҈Σ 
ʴʶʴˇ˄ˈˌ ˉˇˎ ˎˉˇʵʹ˂˗˄ʶʽ ˁʰʻʰˊʺ ʶˉʽʲˊʱʵˎ˄ˋʹ ˋˍʹ ˊˇʺ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ ɶ ʰˊ˃ˇ˄ʽˁʺ 
ˍʰ˔ˏˍʹˍʰ ˃ʶʽ˗˄ʶˍʰʽ ˁʰˍʱ моΣм҈Σ ʷ˄ʵʶʽ˅ʹ ˉʽˇ ʰˋˍʰʻˇˏˌ ˁʰʽ ʰˊʴʺˌ ˁʾ˄ʹˋʹˌ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄Σ ʶ˄˗ 
ʹ ˉˎˁ˄ˈˍʹˍʰ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ ноΣп҈Σ ˁʰˍʰʵʶʽˁ˄ˏˇ˄ˍʰˌ ˋˎˋˋ˗ˊʶˎˋʹ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ʶ˄ˍˈˌ ˍˇˎ 
ʵʽˁˍˏˇˎΦ ɶ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺ ˊˇʺ ˎˉˇ˔˖ˊʶʾ ˁʰˍʱ мнΣс҈Σ ʴʶʴˇ˄ˈˌ ˉˇˎ ˃ʰˊˍˎˊʱ ˃ʶʾ˖ˋʹ ˍʹˌ 
ʵˎ˄ʰ˃ʽˁˈˍʹˍʰˌ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌΣ ˁʰʽ ʹ ˃ʷʴʽˋˍʹ ˇˎˊʱ ʰˎ˅ʱ˄ʶˍʰʽ ʵˊʰ˃ʰˍʽˁʱ ˁʰˍʱ оооΣс҈Σ 
ˎˉˇʵʹ˂˗˄ˇ˄ˍʰˌ ˋˇʲʰˊʺ ˋˎ˃˒ˈˊʹˋʹ ˋʶ ˁˊʾˋʽ˃ʰ ˋʹ˃ʶʾʰΦ ɹʵʽʰʾˍʶˊʰ ʰ˄ʹˋˎ˔ʹˍʽˁˈ ʶʾ˄ʰʽ ˍˇ 
ʶˏˊʹ˃ʰ ˈˍʽ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ʁ ʽˋʶˊ˔ˈ˃ʶ˄˖˄ ˇ˔ʹ˃ʱˍ˖˄ ʶʾ˄ʰʽ ˃ʶʽ˖˃ʷ˄ˇˌ ˁʰˍʱ млΣт҈ ˋʶ ˋ˔ʷˋʹ ˃ʶ 
ˍˇ ˋʶ˄ʱˊʽˇ ʲʱˋʹˌΣ ˉʰˊʱ ˍʹ ʵʽʰˍʺˊʹˋʹ ˍˇˎ ʾʵʽˇˎ ʶˉʽˉʷʵˇˎ ʸʺˍʹˋʹˌΦ ʆˇ ʴʶʴˇ˄ˈˌ ʰˎˍˈ 
ʰˉˇˁʰ˂ˏˉˍʶʽ ˈˍʽ ʹ ˂ʶʽˍˇˎˊʴʽˁʺ ʶˉʽʵʶʾ˄˖ˋʹ ʵʶ˄ ˇ˒ʶʾ˂ʶˍʰʽ ˋʶ ʰˎ˅ʹ˃ʷ˄ˇ ˁˎˁ˂ˇ˒ˇˊʽʰˁˈ ˒ˈˊˍˇΣ 
ʰ˂˂ʱ ˋʶ ʶˋ˖ˍʶˊʽˁʷˌ ʰʵˎ˄ʰ˃ʾʶˌ ˍˇˎ ˋ˔ʶʵʽʰˋ˃ˇˏ ˍˇˎ ˋʶ˄ʰˊʾˇˎΣ ˉˇˎ ˉʶˊʽˇˊʾʸˇˎ˄ ˍʹ˄ 
ʽˁʰ˄ˈˍʹˍʰ ˍˇˎ ʵʽˁˍˏˇˎ ˄ʰ ʵʶ˔ˍʶʾ ˁʰʽ ˄ʰ ʶ˅ˎˉʹˊʶˍʺˋʶʽ ˍʹ ʸʺˍʹˋʹΦ 

ʇˉˈ ˋˎ˄ʻʺˁʶˌ ʰˎ˅ʹ˃ʷ˄ˇˎ ˒ˈˊˍˇˎ ˁʰˍʱ нл҈Σ ˍʰ ˒ʰʽ˄ˈ˃ʶ˄ʰ ˋˎ˃˒ˈˊʹˋʹˌ ˁʰʽ ˂ʶʽˍˇˎˊʴʽˁʺˌ 
ʶˉʽʲʱˊˎ˄ˋʹˌ ʶˉʽ˃ʷ˄ˇˎ˄Φ ɶ ˁʰʻˎˋˍʷˊʹˋʹ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ ноΣн҈Σ ʹ ˍʰ˔ˏˍʹˍʰ ˃ʶʽ˗˄ʶˍʰʽ ˁʰˍʱ 
ммΣл҈Σ ʶ˄˗ ʹ ˉˎˁ˄ˈˍʹˍʰ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ моΣу҈Σ ʶ˄ʽˋ˔ˏˇ˄ˍʰˌ ˍʹ˄ ʶʽˁˈ˄ʰ ˎˉʶˊˋˎʴˁʷ˄ˍˊ˖ˋʹˌ 
ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ ɶ ˊˇʺ ˃ʶʽ˗˄ʶˍʰʽ ˁʰˍʱ мнΣф҈ ˁʰʽ ʹ ˃ʷʴʽˋˍʹ ˇˎˊʱ ʶˉʶˁˍʶʾ˄ʶˍʰʽ ˁʰˍʱ тнΣр҈Σ 
ʶˉʽʲʶʲʰʽ˗˄ˇ˄ˍʰˌ ˈˍʽ ˍˇ ʵʾˁˍˎˇ ʰʵˎ˄ʰˍʶʾ ˄ʰ ʵʽʰ˔ʶʽˊʽˋˍʶʾ ˍʹ ˃ʶʴʰ˂ˏˍʶˊʹ ʸʺˍʹˋʹ ˔˖ˊʾˌ 
ˋʹ˃ʰ˄ˍʽˁʷˌ ʶˉʽʲʰˊˏ˄ˋʶʽˌΦ ɳˉʽˉˊˈˋʻʶˍʰΣ ʶ˅ˎˉʹˊʶˍˇˏ˄ˍʰʽ 11,8҈ ˂ʽʴˈˍʶˊʰ ˇ˔ʺ˃ʰˍʰ ˋʶ 
ˋˏʴˁˊʽˋʹ ˃ʶ ˍˇ ˋʶ˄ʱˊʽˇ ʲʱˋʹˌΣ ˉʰˊʱ ˍʹ˄ ʰˏ˅ʹˋʹ ˍʹˌ ʶˉʽʻˎ˃ʹˍʺˌ ʶʽˋˊˇʺˌΣ ʴʶʴˇ˄ˈˌ ˉˇˎ 
ʶˉʽʲʶʲʰʽ˗˄ʶʽ ˍʹ˄ ˎˋˍʷˊʹˋʹ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌΦ 

ɮˁˈ˃ʹ ˁʰʽ ˎˉˈ ˋˎ˄ʻʺˁʶˌ ˎˉʶˊ˒ˈˊˍ˖ˋʹˌ ˁʰˍʱ рл҈Σ ˈˉˇˎ ʹ ʸʺˍʹˋʹ ʶʾ˄ʰʽ ʶ˅ʰʽˊʶˍʽˁʱ ˎ˕ʹ˂ʺΣ 
ˍˇ ˋʶ˄ʱˊʽˇ ʶ˅ʰˁˇ˂ˇˎʻʶʾ ˄ʰ ʶ˃˒ʰ˄ʾʸʶʽ ʵˎˋ˃ʶ˄ʺ ʰˉˈʵˇˋʹΣ ʰ˄ ˁʰʽ ˇʽ ˋ˔ʶˍʽˁˇʾ ʵʶʾˁˍʶˌ 
ʶˉʽʲʱˊˎ˄ˋʹˌ ʶʾ˄ʰʽ ʹˉʽˈˍʶˊˇʽΦ ɶ ˁʰʻˎˋˍʷˊʹˋʹ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ сΣп҈Σ ʹ ˍʰ˔ˏˍʹˍʰ ˃ʶʽ˗˄ʶˍʰʽ 
ˁʰˍʱ оΣф҈Σ ˁʰʽ ʹ ˉˎˁ˄ˈˍʹˍʰ ʶ˄ʽˋ˔ˏʶˍʰʽ ˁʰˍʱ пΣу҈Σ ʶ˄˗ ʹ ˊˇʺ ˉʰˊʰ˃ʷ˄ʶʽ ˃ʶʽ˖˃ʷ˄ʹ ˁʰˍʱ 
млΣс҈Φ ɶ ˃ʷʴʽˋˍʹ ˇˎˊʱ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ олΣф҈Σ ʴʶʴˇ˄ˈˌ ˉˇˎ ˋˎ˄ʶ˔ʾʸʶʽ ˄ʰ ˎˉˇʵʶʽˁ˄ˏʶʽ 
ˋˎ˃˒ˈˊʹˋʹΦ ʃʰˊʱ ˍʹ ˃ʽˁˊˈˍʶˊʹ ˋ˔ʶˍʽˁʺ ʶˉʽʵʶʾ˄˖ˋʹΣ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ʶʽˋʶˊ˔ˈ˃ʶ˄˖˄ ˇ˔ʹ˃ʱˍ˖˄ 
ˉʰˊʰ˃ʷ˄ʶʽ ˃ʶʽ˖˃ʷ˄ˇˌ ˁʰˍʱ м3,5҈Σ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇ ˋʶ˄ʱˊʽˇ ʰ˄ʰ˒ˇˊʱˌΣ ʰˉˇˍˎˉ˗˄ˇ˄ˍʰˌ ˃ʾʰ 
ʶˉʾ˃ˇ˄ʹ ˉʶˊʽˇˊʽˋ˃ʷ˄ʹ ʵʽʰ˔ʶʽˊʽˋˍʽˁʺ ʽˁʰ˄ˈˍʹˍʰΦ 

ʅˎ˄ˇ˂ʽˁʱΣ ˍˇ ʅʶ˄ʱˊʽˇ о ˉʰˊˇˎˋʽʱʸʶʽ ʶ˃˒ʰˍʽˁʱ ˎˉˇʲʰʻ˃ʽˋ˃ʷ˄ʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˋʶ ˈ˂ʰ ˍʰ 
ʶˉʾˉʶʵʰ ʸʺˍʹˋʹˌΦ ʃʰˊʱ ˍˇ˄ ˃ʽˁˊˈˍʶˊˇ ˈʴˁˇ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ˍʶ˂ʽˁʱ ʶʽˋʷˊ˔ˇ˄ˍʰʽ ˋˍˇ ʵʾˁˍˎˇΣ ˇʽ 
ʵʶʾˁˍʶˌ ʰˉˈʵˇˋʹˌ ʶˉʽʵʶʽ˄˗˄ˇ˄ˍʰʽΣ ˎˉˇʵʶʽˁ˄ˏˇ˄ˍʰˌ ˈˍʽ ˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˋʶ˄ʱˊʽˇ ʵʶ˄ 
ʰ˅ʽˇˉˇʽʶʾ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʱ ˍʹ ʵʽʰʻʷˋʽ˃ʹ ˎˉˇʵˇ˃ʺ ˁʰʽ ʶ˃˒ʰ˄ʾʸʶʽ ˔ʰ˃ʹ˂ʺ ˂ʶʽˍˇˎˊʴʽˁʺ 
ʰ˄ʻʶˁˍʽˁˈˍʹˍʰ ˎˉˈ ˋˎ˄ʻʺˁʶˌ ˒ˈˊˍˇˎΦ ʆʰ ʶˎˊʺ˃ʰˍʰ ˋˎ˄ʹʴˇˊˇˏ˄ ˎˉʷˊ ˍʹˌ ʰ˄ʱʴˁʹˌ 
ˍˊˇˉˇˉˇʾʹˋʹˌ ʺ ˊʽʸʽˁʺˌ ʶˉʰ˄ʰˋ˔ʶʵʾʰˋʹˌ ˍˇˎ ˋʶ˄ʰˊʾˇˎΣ ˗ˋˍʶ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺ 
ˁˎˁ˂ˇ˒ˇˊʽʰˁʺ ʰˉˈʵˇˋʹΦ 
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4.4. ʅʶ˄ʱˊʽˇ пΥ ɾʶˍʰˍˊˇˉʺ ˁ˂ʱʵ˖˄ ʶʽˋˈʵˇˎ ˁʰʽ ʶ˅ˈʵˇˎ ˋʶ ˃ˇˊ˒ʺ ˋ˒ʺ˄ʰˌ 

ʅˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˋʶ˄ʱˊʽˇΣ ˇʽ ˊʱ˃ˉʶˌ ʶʽˋˈʵˇˎ ˁʰʽ ʶ˅ˈʵˇˎ ˁʰˍʱ ˃ʺˁˇˌ ˍˇˎ ʰˎˍˇˁʽ˄ʹˍˇʵˊˈ˃ˇˎ 
ɼʹ˒ʽˋˇˏ ʵʽʰ˃ˇˊ˒˗˄ˇ˄ˍʰʽ ʴʶ˖˃ʶˍˊʽˁʱ ˋʶ ˃ˇˊ˒ʺ ˋ˒ʺ˄ʰˌΦ ɮˎˍʺ ʹ ˃ˇˊ˒ʺ ˋ˔ʶʵʽʰˋ˃ˇˏ 
ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ˇ˃ʰ˂ʺ ˋˎʴ˔˗˄ʶˎˋʹ ˁʰʽ ʰˉˇ˔˗ˊʹˋʹ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ʰˉʶˎʻʶʾʰˌ ˃ʷˋʰ ˋˍʽˌ 
ˁˏˊʽʶˌ ˂˖ˊʾʵʶˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ˔˖ˊʾˌ ˍʹ˄ ʰ˄ʱʴˁʹ ˏˉʰˊ˅ʹˌ ˅ʶ˔˖ˊʽˋˍ˗˄ ˂˖ˊʾʵ˖˄ ʶˉʽˍʱ˔ˎ˄ˋʹˌ 
ʺ ʶˉʽʲˊʱʵˎ˄ˋʹˌΦ ɮ˄ˍʾ ʴʽʰ ʶˉʽˉ˂ʷˇ˄ ˂˖ˊʾʵʶˌΣ ʹ ˃ʶˍʰʲˇ˂ʺ ˍʹˌ ʴʶ˖˃ʶˍˊʾʰˌ ˋˍˇ ˇʵˈˋˍˊ˖˃ʰ 
ʵʹ˃ʽˇˎˊʴʶʾ ˇ˃ʰ˂ʷˌΣ ˁʶˁ˂ʽ˃ʷ˄ʶˌ ˉʶˊʽˇ˔ʷˌ ʷ˄ˍʰ˅ʹˌ ʺ ʰˉˇ˔˗ˊʹˋʹˌΣ ˇʽ ˇˉˇʾʶˌ ˂ʶʽˍˇˎˊʴˇˏ˄ ˖ˌ 
ζˋ˒ʺ˄ʶˌη ˉˇˎ ʶ˅ˇ˃ʰ˂ˏ˄ˇˎ˄ ˍʹ˄ ˁʾ˄ʹˋʹ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄Φ 

ɶ ˁʰˍʱˊʴʹˋʹ ˍ˖˄ ˉʰˊʰʵˇˋʽʰˁ˗˄ ˂˖ˊʾʵ˖˄ ʶˉʽˍʱ˔ˎ˄ˋʹˌ ˁʰʽ ʶˉʽʲˊʱʵˎ˄ˋʹˌ ʰˉˇˋˁˇˉʶʾ ˋˍʹ˄ 
ʰˉ˂ˇˏˋˍʶˎˋʹ ˍʹˌ ʵʽʰˍˇ˃ʺˌ ˁʰʽ ˋˍʹ ˃ʶʾ˖ˋʹ ˍˇˎ ʰˉʰʽˍˇˏ˃ʶ˄ˇˎ ˉ˂ʱˍˇˎˌ ˇʵˇˋˍˊ˗˃ʰˍˇˌΣ ʶ˄˗ 
ˍʰˎˍˈ˔ˊˇ˄ʰ ˉˊˇ˖ʻʶʾˍʰʽ ˃ʽʰ ˉʽˇ ˋˎ˄ʶˁˍʽˁʺ ˁʰʽ ˇ˃ˇʽˈ˃ˇˊ˒ʹ ˊˇʺ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ˃ʶʽ˗˄ˇ˄ˍʰˌ ˍʽˌ 
ʻʷˋʶʽˌ ˈˉˇˎ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ʰʽ˒˄ʾʵʽʶˌ ʶˉʽʲˊʰʵˏ˄ˋʶʽˌ ʺ ʰʵʽˁʰʽˇ˂ˈʴʹˍʶˌ ʰ˂˂ʰʴʷˌ ˂˖ˊʾʵʰˌΦ ɶ 
ˋ˔ʶʵʽʰˋˍʽˁʺ ʰˎˍʺ ˉˊˇˋʷʴʴʽˋʹ ʲʰˋʾʸʶˍʰʽ ˋˍʹ˄ ˉʰˊʰʵˇ˔ʺ, ˈˍʽ ˇʽ ˇʵʹʴˇʾ ˉˊˇˋʰˊ˃ˈʸˇˎ˄ 
ˋˍʰʵʽʰˁʱ ˍʹ˄ ˍʰ˔ˏˍʹˍʰ ˁʰʽ ˍʹ˄ ˉˇˊʶʾʰ ˍˇˎˌΣ ʶ˄ˋ˖˃ʰˍ˗˄ˇ˄ˍʰˌ ʺ ʰˉˇ˔˖ˊ˗˄ˍʰˌ ʰˉˈ ˍʹ˄ 
ˁˎˁ˂ˇ˒ˇˊʾʰ ˃ʶ ˒ˎˋʽˁˈ ˍˊˈˉˇΣ ˈˉ˖ˌ ʰˁˊʽʲ˗ˌ ˋˎ˃ʲʰʾ˄ʶʽ ˁʰʽ ˋʶ ˋˏʴ˔ˊˇ˄ʶˌ ʶˎˊ˖ˉʰʿˁʷˌ ˇʵˇˏˌ 
˃ʶ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ʴʶ˖˃ʶˍˊʽˁʷˌ ʵʽʰ˃ˇˊ˒˗ˋʶʽˌΦ 
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ʅ˔ʺ˃ʰ 22: ʅʶ˄ʱˊʽˇ л ς ʇ˒ʽˋˍʱ˃ʶ˄ʹ ˁʰˍʱˋˍʰˋʹ 

 
ʅ˔ʺ˃ʰ 23: ʅʶ˄ʱˊʽˇ п - ɾʶˍʰˍˊˇˉʺ ˁ˂ʱʵ˖˄ ʶʽˋˈʵˇˎ ˁʰʽ ʶ˅ˈʵˇˎ ˋʶ ˃ˇˊ˒ʺ ˋ˒ʺ˄ʰˌ 
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ʆˇ ʅʶ˄ʱˊʽˇ пΣ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍˇ ˃ʹʵʶ˄ʽˁˈ ˋʶ˄ʱˊʽˇΣ ˉʰˊˇˎˋʽʱʸʶʽ ˋˎ˄ˇ˂ʽˁʱ ˎˉˇʲʰʻ˃ʽˋ˃ʷ˄ʹ 
ˁˎˁ˂ˇ˒ˇˊʽʰˁʺ ʰˉˈʵˇˋʹΣ ʰ˄ʶ˅ʰˊˍʺˍ˖ˌ ʶˉʽˉʷʵˇˎ ˒ˈˊˍˇˎΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ʶʴʶʾˊʶʽ ʶˊ˖ˍʺ˃ʰˍʰ ˖ˌ 
ˉˊˇˌ ˍʹ ˂ʶʽˍˇˎˊʴʽˁʺ ˍˇˎ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰΦ 

ʇˉˈ ˎ˒ʽˋˍʱ˃ʶ˄ˇ ˒ˈˊˍˇΣ ˉʰˊʰˍʹˊʶʾˍʰʽ ʰˏ˅ʹˋʹ ˍʹˌ ˃ʷˋʹˌ ˁʰʻˎˋˍʷˊʹˋʹˌ ˁʰˍʱ млΣф҈Σ 
ˋˎ˄ˇʵʶˎˈ˃ʶ˄ʹ ʰˉˈ ˃ʶʾ˖ˋʹ ˍʹˌ ʰˊ˃ˇ˄ʽˁʺˌ ˍʰ˔ˏˍʹˍʰˌ ˁʰˍʱ пΣм҈Σ ˁʱˍʽ ˉˇˎ ʰ˄ˍʰ˄ʰˁ˂ʱ 
ʶ˂ʰ˒ˊ˗ˌ ʶˉʽʲˊʰʵˎ˄ˈ˃ʶ˄ʹ ˁʰʽ ˂ʽʴˈˍʶˊˇ ˇ˃ʰ˂ʺ ˁˎˁ˂ˇ˒ˇˊʾʰΦ ɶ ˉˎˁ˄ˈˍʹˍʰ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ 
лΣр҈Σ ˉʰˊʰ˃ʷ˄ˇ˄ˍʰˌ ˋˍʰʻʶˊʺΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ˎˉˇʵʹ˂˗˄ʶʽ ˈˍʽ ˍˇ ʵʾˁˍˎˇ ʵʶ˄ ʷ˔ʶʽ ˒ˍʱˋʶʽ ˋʶ 
ˁʰˍʱˋˍʰˋʹ ˎˉʶˊ˒ˈˊˍ˖ˋʹˌΣ ˖ˋˍˈˋˇ ʹ ˃ʶʾ˖ˋʹ ˍʹˌ ˊˇʺˌ ˁʰˍʱ пΣп҈ ˃ʰˊˍˎˊʱ ˃ʽˁˊʺ ʰˉ˗˂ʶʽʰ 
˃ʶˍʰ˒ˇˊʽˁʺˌ ʽˁʰ˄ˈˍʹˍʰˌΦ ʅʹ˃ʰ˄ˍʽˁʺ ʶʾ˄ʰʽ ʹ ʰˏ˅ʹˋʹ ˍʹˌ ˃ʷʴʽˋˍʹˌ ˇˎˊʱˌ ˁʰˍʱ мтнΣс҈Σ ʵʶʾˁˍʹˌ 
ˉˇˎ ˎˉˇʵʹ˂˗˄ʶʽ ʶ˃˒ʱ˄ʽˋʹ ˋˎ˃˒ˈˊʹˋʹˌ ˋʶ ˍˇˉʽˁʱ ˋʹ˃ʶʾʰΣ ˉʽʻʰ˄˗ˌ ˂ˈʴ˖ ʴʶ˖˃ʶˍˊʽˁ˗˄ 
ˉʶˊʽˇˊʽˋ˃˗˄ ʺ ʰ˄ʶˉʰˊˁˇˏˌ ˊˏʻ˃ʽˋʹˌ ˁˈ˃ʲ˖˄Φ ɹʵʽʰʾˍʶˊʰ ʰ˅ʽˇˋʹ˃ʶʾ˖ˍˇ ʶʾ˄ʰʽ ˈˍʽ ˇ ʰˊʽʻ˃ˈˌ 
ˍ˖˄ ʶʽˋʶˊ˔ˈ˃ʶ˄˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˃ʶʽ˗˄ʶˍʰʽ ˁʰˍʱ рΣр҈ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇ ˋʶ˄ʱˊʽˇ ʲʱˋʹˌ τˉʰˊʱ ˍʹ˄ 
ʾʵʽʰ ʸʺˍʹˋʹτ ʴʶʴˇ˄ˈˌ ˉˇˎ ˁʰˍʰʵʶʽˁ˄ˏʶʽ ˃ʶʽ˖˃ʷ˄ʹ ʰˉˇˊˊˇ˒ʹˍʽˁˈˍʹˍʰ ˍˇˎ ʵʽˁˍˏˇˎ ˁʰʽ 
˔ʰ˃ʹ˂ˈˍʶˊʹ ʰˉˈʵˇˋʹΦ 

ʅʶ ˋˎ˄ʻʺˁʶˌ ʰˎ˅ʹ˃ʷ˄ˇˎ ˒ˈˊˍˇˎ ˁʰˍʱ нл҈Σ ˉʰˊʰˍʹˊʶʾˍʰʽ ˋˎ˄ʷ˔ʽˋʹ ˍ˖˄ ʰˊ˄ʹˍʽˁ˗˄ ˍʱˋʶ˖˄Σ 
ʰ˄ ˁʰʽ ʹ ʷ˄ˍʰˋʹ ˍ˖˄ ʶˉʽʲʰˊˏ˄ˋʶ˖˄ ʶʾ˄ʰʽ ˃ʽˁˊˈˍʶˊʹΦ ɶ ˃ʷˋʹ ˁʰʻˎˋˍʷˊʹˋʹ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ 
сΣф҈Σ ʶ˄˗ ʹ ʰˊ˃ˇ˄ʽˁʺ ˍʰ˔ˏˍʹˍʰ ˃ʶʽ˗˄ʶˍʰʽ ˁʰˍʱ оΣр҈Φ ʃʰˊˈˍʽ ʹ ˉˎˁ˄ˈˍʹˍʰ ˃ʶʽ˗˄ʶˍʰʽ ˇˊʽʰˁʱ 
ˁʰ̱ʱ лΣр҈Σ ʴʶʴˇ˄ˈˌ ˉˇˎ ʶ˄ʵʷ˔ʶˍʰʽ ˄ʰ ˋ˔ʶˍʾʸʶˍʰʽ ˃ʶ ʰˍʶ˂ʺ ˉ˂ʺˊ˖ˋʹ ˍˇˎ ʵʽˁˍˏˇˎΣ ʹ ˊˇʺ 
ˉʰˊˇˎˋʽʱʸʶʽ ˃ʶʾ˖ˋʹ ˁʰˍʱ оΣф҈ ˁʰʽ ʹ ˃ʷʴʽˋˍʹ ˇˎˊʱ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ нтΣф҈Σ ʰˉˇˁʰ˂ˏˉˍˇ˄ˍʰˌ 
ˍˇˉʽˁʷˌ ˋˎ˃˒ˈˊʹˋʹ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ʰ˄ʶˉʰˊˁʺ ʶˁˍˈ˄˖ˋʹΦ ɶ ˃ʶʾ˖ˋʹ ˁʰˍʱ рΣл҈ ˋˍˇ˄ ʰˊʽʻ˃ˈ 
ˍ˖˄ ʶʽˋʶˊ˔ˈ˃ʶ˄˖˄ ˇ˔ʹ˃ʱˍ˖˄Σ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʹ˄ ʰˎ˅ʹ˃ʷ˄ʹ ʸʺˍʹˋʹΣ ʰˉˇˁʰ˂ˏˉˍʶʽ 
ˉʶˊʽˇˊʽˋ˃ʷ˄ʹ ʽˁʰ˄ˈˍʹˍʰ ʵʽʰ˔ʶʾˊʽˋʹˌ ˍʹˌ ʶˉʽˉ˂ʷˇ˄ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ˉʽʻʰ˄˗ˌ ˂ˈʴ˖ ʰ˄ʶˉʰˊˁˇˏˌ 
˔˖ˊʹˍʽˁˈˍʹˍʰˌ ʺ ˃ʹ ʲʶ˂ˍʽˋˍˇˉˇʽʹ˃ʷ˄˖˄ ˂ʶʽˍˇˎˊʴʽˁ˗˄ ˉʰˊʰ˃ʷˍˊ˖˄Φ 

ʇˉˈ ˎˉʶˊ˒ˈˊˍ˖ˋʹ όʰˎ˅ʹ˃ʷ˄ˇ ˒ˈˊˍˇ ˁʰˍʱ рл҈ύΣ ʹ ʰˊ˄ʹˍʽˁʺ ʶˉʾʵˊʰˋʹ ˍˇˎ ˋʶ˄ʰˊʾˇˎ 
ˋˎ˄ʶ˔ʾʸʶˍʰʽΣ ˃ʶ ʰˏ˅ʹˋʹ ˍʹˌ ˁʰʻˎˋˍʷˊʹˋʹˌ ˁʰˍʱ сΣн҈Σ ˃ʶʾ˖ˋʹ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌ ˁʰˍʱ оΣс҈ ˁʰʽ 
˃ʽˁˊʺ ˎˉˇ˔˗ˊʹˋʹ ˍʹˌ ˊˇʺˌ ˁʰˍʱ оΣл҈Φ ɶ ˉˎˁ˄ˈˍʹˍʰ ˃ʶʽ˗˄ʶˍʰʽ ʶ˂ʰ˒ˊ˗ˌ ˁʰˍʱ лΣс҈Σ ˖ˋˍˈˋˇ 
ʹ ˃ʷʴʽˋˍʹ ˇˎˊʱ ʰˎ˅ʱ˄ʶˍʰʽ ˁʰˍʱ тΣф҈Σ ʷ˄ʵʶʽ˅ʹ ˍˇˉʽˁ˗˄ ˁˎˁ˂ˇ˒ˇˊʽʰˁ˗˄ ˋˎ˃˒ˇˊʺˋʶ˖˄ ˉˇˎ 
ˉʰˊʰ˃ʷ˄ˇˎ˄ ʰˁˈ˃ʹ ˁʰʽ ˃ʶ ˔ʰ˃ʹ˂ˈˍʶˊʹ ˉ˂ʺˊ˖ˋʹΦ ɳˉʽˉ˂ʷˇ˄Σ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ 
ʶʽˋʷˊ˔ˇ˄ˍʰʽ ˋˍˇ ʵʾˁˍˎˇ ʶʾ˄ʰʽ ˃ʶʽ˖˃ʷ˄ˇˌ ˁʰˍʱ оΣф҈Σ ʴʶʴˇ˄ˈˌ ˉˇˎ ˋˎ˄ʶ˔ʾʸʶʽ ˄ʰ ˎˉˇʴˊʰ˃˃ʾʸʶʽ 
ˍʹ˄ ˉʶˊʽˇˊʽˋ˃ʷ˄ʹ ʵʽʰ˔ʶʽˊʽˋˍʽˁʺ ʽˁʰ˄ˈˍʹˍʰ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˁʰʽ ˍʹ˄ ʰʵˎ˄ʰ˃ʾʰ ˉ˂ʺˊˇˎˌ 
ʶˁ˃ʶˍʱ˂˂ʶˎˋʹˌ ˍʹˌ ʵʽʰʻʷˋʽ˃ʹˌ ˎˉˇʵˇ˃ʺˌΦ 

ʅˎ˄ˇ˂ʽˁʱΣ ˍˇ ʅʶ˄ʱˊʽˇ п ˎˋˍʶˊʶʾ ˋʶ ˈ˂ʰ ˍʰ ʶˉʾˉʶʵʰ ʸʺˍʹˋʹˌΣ ˁʰʻ˗ˌ ʶˉʽʵʶʽ˄˗˄ʶʽ ˍʽˌ 
ˁˎˁ˂ˇ˒ˇˊʽʰˁʷˌ ˋˎ˄ʻʺˁʶˌ ˉʰˊʱ ˍʹ ˃ʽˁˊˈˍʶˊʹ ˍʶ˂ʽˁʱ ʶ˅ˎˉʹˊʶˍˇˏ˃ʶ˄ʹ ʸʺˍʹˋʹΦ ɶ 
ˉʰˊʰˍʹˊˇˏ˃ʶ˄ʹ ˃ʶʾ˖ˋʹ ˍ˖˄ ʶʽˋʶˊ˔ˈ˃ʶ˄˖˄ ˇ˔ʹ˃ʱˍ˖˄Σ ˋʶ ˋˎ˄ʵˎʰˋ˃ˈ ˃ʶ ˍʽˌ ʰˎ˅ʹ˃ʷ˄ʶˌ 
ˁʰʻˎˋˍʶˊʺˋʶʽˌ ˁʰʽ ˍʽˌ ˃ʰˁˊˏˍʶˊʶˌ ˇˎˊʷˌ ˎˉˇʵʹ˂˗˄ʶʽ ˈˍʽ ˍˇ ˋʶ˄ʱˊʽˇ ʵʶ˄ ʶˉʽˍˎʴ˔ʱ˄ʶʽ ˍʹ˄ 
ʶˉʽʻˎ˃ʹˍʺ ʽˋˇˊˊˇˉʾʰ ˃ʶˍʰ˅ˏ ˁˎˁ˂ˇ˒ˇˊʽʰˁˇˏ ˈʴˁˇˎ ˁʰʽ ʰˉˈʵˇˋʹˌΦ ɼʰˍʱ ˋˎ˄ʷˉʶʽʰΣ ʹ 
ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˉʰˊʰ˂˂ʰʴʺ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʰ˅ʽˇ˂ˇʴʹʻʶʾ ʰˊ˄ʹˍʽˁʱ ˈˋˇ˄ ʰ˒ˇˊʱ ˍʹ ˋˎ˃ʲˇ˂ʺ ˍʹˌ 
ˋˍʹ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ˋˎ˄ˇ˂ʽˁʺˌ ˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʰˌ ˍˇˎ ʵʽˁˍˏˇˎΦ 
 
ʃʰˊʰˁʱˍ˖ ʰˁˇ˂ˇˎʻˇˏ˄ ˉʾ˄ʰˁʶ̩  ˃ʶ ˍʹ˄ ˉʰˊˇˎˋʾʰˋʹ ˍ˖˄ ˃ʶˍʰʲˇ˂˗˄ ˋˍʰ ˃ʶʴʷʻʹ ˉˇˎ 
ʰ˄ʰ˂ˏʻʹˁʰ˄ ˉˊˇʹʴˇˎ˃ʷ˄˖ˌ ˃ʶ ʲʱˋʹ ˍˇ ʅʶ˄ʱˊʽˇ лΣ ʴʽʰ ˁʱʻʶ ˉʶˊʾˉˍ˖ˋʹ ˁˎˁ˂ˇ˒ˇˊʽʰˁˇˏ 
˒ˈˊˍˇˎΣ ˁʰʻ˗ˌ ˁʰʽ ʹ ʵʽʰʴˊʰ˃˃ʰˍʽˁʺ ˍˇˎˌ ʰˉʶʽˁˈ˄ʽˋʹΥ 
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ʃʾ˄ʰˁʰˌ 1: ʃʾ˄ʰˁʰˌ ˃ʶˍʰʲˇ˂˗˄ ˁˎˁ˂ˇ˒ˇˊʽʰˁ˗˄ ˃ʶʴʶʻ˗˄ ˃ʶ ʲʱˋʹ ˍˇ ʅʶ˄ʰˊʾˇ л 
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1 

ʇʊɹʅʆɮɾɳɿʁʅ -13.85% -3.08% 1.40% 5.49% 1.55% -67.31% 

ɮʇʀɶɾɳɿʁʅ ɼɮʆɯ 
20% -1.11% 0.26% 1.93% 0.43% 2.16% -16.87% 

ɮʇʀɶɾɳɿʁʅ ɼɮʆɯ 
50% 1.11% 1.04% 1.32% -0.73% 1.81% -6.23% 

нɮ 

ʇʊɹʅʆɮɾɳɿʁʅ -65.72% -37.98% 10.81% 34.74% 3.17% -97.63% 

ɮʇʀɶɾɳɿʁʅ ɼɮʆɯ 
20% -54.44% -34.44% 19.91% 38.48% 12.28% -77.04% 

ɮʇʀɶɾɳɿʁʅ ɼɮʆɯ 
50% -37.75% -24.30% 22.28% 30.11% 19.02% -52.68% 

нɰ 

ʇʊɹʅʆɮɾɳɿʁʅ 163.98% 62.34% -28.83% -39.14% -20.73% 756.54% 

ɮʇʀɶɾɳɿʁʅ ɼɮʆɯ 
20% 93.33% 38.21% -30.92% -32.88% -25.17% 209.41% 

ɮʇʀɶɾɳɿʁʅ ɼɮʆɯ 
50% 84.54% 31.51% -30.65% -34.61% -28.09% 83.30% 

3 

ʇʊɹʅʆɮɾɳɿʁʅ 37.03% 23.37% -12.62% -13.06% -10.66% 333.64% 

ɮʇʀɶɾɳɿʁʅ ɼɮʆɯ 
20% 23.16% 13.84% -12.86% -10.99% -11.77% 72.54% 

ɮʇʀɶɾɳɿʁʅ ɼɮʆɯ 
50% 6.38% 4.80% -10.58% -3.89% -13.51% 30.88% 

4 

ʇʊɹʅʆɮɾɳɿʁʅ 10.93% 0.54% -4.36% -4.13% -5.50% 172.57% 

ɮʇʀɶɾɳɿʁʅ ɼɮʆɯ 
20% 6.88% -0.49% -3.87% -3.52% -5.02% 27.93% 

ɮʇʀɶɾɳɿʁʅ ɼɮʆɯ 
50% 6.25% -0.63% -3.01% -3.65% -3.90% 7.90% 
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ʃʾ˄ʰˁʰˌ 2: ʃʾ˄ʰˁʰˌ ɲʽʰʴˊʰ˃˃ʰˍʽˁʺˌ ɮˉʶʽˁˈ˄ʽˋʹˌ ɾʶˍʰʲˇ˂˗˄ ɼˎˁ˂ˇ˒ˇˊʽʰˁ˗˄ ɾʶʴʶʻ˗˄ 
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5. ʅʇɾʃɳʄɮʅɾɮʆɮ 

5.1. ɱʶ˄ʽˁˈ ʅˎ˃ˉʷˊʰˋ˃ʰ 

ɶ ˋˎʴˁˊʽˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ʶ˄ʰ˂˂ʰˁˍʽˁ˗˄ ˋʶ˄ʰˊʾ˖˄ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ˉʰˊʷ˃ʲʰˋʹˌ όʅʶ˄ʱˊʽʰ м 
ʷ˖ˌ пύΣ ˁʰʻ˗ˌ ˁʰʽ ˍ˖˄ ʵˏˇ ʶˁʵˇ˔˗˄ ˍˇˎ ʅʶ˄ʰˊʾˇˎ нΣ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˃ʶ ˋˁˇˉˈ ˍʹ˄ 
ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʱˌ ˍˇˎˌ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇ ˃ʹʵʶ˄ʽˁˈ ˋʶ˄ʱˊʽˇΦ ɶ ʰ˅ʽˇ˂ˈʴʹˋʹ 
ʲʰˋʾˋˍʹˁʶ ˋʶ ˁˊʾˋʽ˃ˇˎˌ ʵʶʾˁˍʶˌ ʰˉˈʵˇˋʹˌ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌΣ ˈˉ˖ˌ ʹ ˁʰʻˎˋˍʷˊʹˋʹΣ ʹ 
ʰˊ˃ˇ˄ʽˁʺ ˍʰ˔ˏˍʹˍʰΣ ʹ ˉˎˁ˄ˈˍʹˍʰΣ ʹ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺ ˊˇʺΣ ˍˇ ˃ʺˁˇˌ ˃ʷʴʽˋˍʹˌ ˇˎˊʱˌΣ ˁʰʻ˗ˌ ˁʰʽ 
ˇ ʰˊʽʻ˃ˈˌ ˇ˔ʹ˃ʱˍ˖˄ ˉˇˎ ʶʽˋʺ˂ʻʰ˄ ʶˉʽˍˎ˔˗ˌ ˋˍˇ ʵʾˁˍˎˇΣ ˋʶ ˍˊʶʽˌ ʵʽʰˁˊʽˍʷˌ ˁʰˍʰˋˍʱˋʶʽˌ 
˒ˈˊˍˇˎΥ ˎ˒ʽˋˍʱ˃ʶ˄ˇΣ ʰˎ˅ʹ˃ʷ˄ˇ ˁʰˍʱ нл҈ ˁʰʽ ʰˎ˅ʹ˃ʷ˄ˇ ˁʰˍʱ рл҈Φ 

ʆˇ ʅʶ˄ʱˊʽˇ мΣ ˋˍˇ ˇˉˇʾˇ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ʹ ˁʰˍʱˊʴʹˋʹ ˍ˖˄ ˉʶˊʽˇ˔˗˄ ʵʽʰʴˊʱ˃˃ʽˋʹˌ ˉˇˎ 
ʵʽʰ˔˖ˊʾʸˇˎ˄ ˍʽˌ ˂˖ˊʾʵʶˌ ʶˉʽˍʱ˔ˎ˄ˋʹˌ όˁʰˍʱ ˍʹ˄ ʶʾˋˇʵˇ ˋˍˇ˄ ʰˎˍˇˁʽ˄ʹˍˈʵˊˇ˃ˇύ ˁʰʽ ˍʽˌ 
˂˖ˊʾʵʶˌ ʶˉʽʲˊʱʵˎ˄ˋʹˌ όˁʰˍʱ ˍʹ˄ ʷ˅ˇʵˇύ ʰˉˈ ˍʽˌ ˁˏˊʽʶˌ ˂˖ˊʾʵʶˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ˉʰˊˇˎˋʾʰˋʶ 
ˋˍʰʻʶˊʱ ʻʶˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰΣ ˁˎˊʾ˖ˌ ˎˉˈ ˋˎ˄ʻʺˁʶˌ ˎ˒ʽˋˍʱ˃ʶ˄ˇˎ ˒ˈˊˍˇˎΦ ɶ ˁʰʻˎˋˍʷˊʹˋʹ 
˃ʶʽ˗ʻʹˁʶ ˁʰˍʱ мп҈Σ ʹ ˍʰ˔ˏˍʹˍʰ ʰˎ˅ʺʻʹˁʶΣ ʹ ˉˎˁ˄ˈˍʹˍʰ ˁʰʽ ʹ ˇˎˊʱ ˃ʶʽ˗ʻʹˁʰ˄ ʰʽˋʻʹˍʱΣ ʶ˄˗ 
ˇ ʰˊʽʻ˃ˈˌ ʶʽˋʶˊ˔ˈ˃ʶ˄˖˄ ˇ˔ʹ˃ʱˍ˖˄ ʰˎ˅ʺʻʹˁʶΦ ɮˁˈ˃ʹ ˁʰʽ ˋʶ ˋˎ˄ʻʺˁʶˌ ʰˎ˅ʹ˃ʷ˄ˇˎ ˒ˈˊˍˇˎ 
ˁʰˍʱ рл҈Σ ˇʽ ʶˉʽʵˈˋʶʽˌ ʵʽʰˍʹˊʺʻʹˁʰ˄ ˋʶ ʽˁʰ˄ˇˉˇʽʹˍʽˁˈ ʶˉʾˉʶʵˇΣ ˋˍˇʽ˔ʶʾˇ ˉˇˎ ˁʰˍʰʵʶʽˁ˄ˏʶʽ 
ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ ˋʶ˄ʰˊʾˇˎΦ 

ʆˇ ʅʶ˄ʱˊʽˇ н ˋˍˇ ˇˉˇʾˇ ˉˊˇˋˍʷʻʹˁʶ ˁʰʽ ʰ˒ʰʽˊʷʻʹˁʶ ˃ʾʰ ˂˖ˊʾʵʰ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ʶ˃˒ʱ˄ʽˋʶ, 
ˋˍʹ˄ ˉˊ˗ˍʹ ʶˁʵˇ˔ʺΣ ̱ ʹ˄ ˁʰ˂ˏˍʶˊʹ ˋˎ˄ˇ˂ʽˁʺ ˋˎ˃ˉʶˊʽ˒ˇˊʱΣ ˃ʶ ʶ˃˒ʰ˄ʶʾˌ ʲʶ˂ˍʽ˗ˋʶʽˌ ˋʶ ˈ˂ˇˎˌ 
ˋ˔ʶʵˈ˄ ˍˇˎˌ ʵʶʾˁˍʶˌΦ ɳʽʵʽˁˈˍʶˊʰΣ ˉʰˊˇˎˋʾʰˋʶ ˋʹ˃ʰ˄ˍʽˁʺ ˃ʶʾ˖ˋʹ ˁʰʻˎˋˍʷˊʹˋʹˌ όʷ˖ˌ ˁʰʽ 
сс҈ύΣ ʰˏ˅ʹˋʹ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌ όʷ˖ˌ ˁʰʽ оф҈ύ ˁʰʽ ˍʹˌ ˊˇʺˌΣ ˁʰʻ˗ˌ ˁʰʽ ʽʵʽʰʾˍʶˊʰ ˃ʶʴʱ˂ʹ ˃ʶʾ˖ˋʹ 
ˋˍʽˌ ˃ʷʴʽˋˍʶˌ ˇˎˊʷˌ όʷ˖ˌ ˁʰʽ фт҈ύΦ ʁ ʰˊʽʻ˃ˈˌ ˍ˖˄ ʶʽˋʶˊ˔ˈ˃ʶ˄˖˄ ˇ˔ʹ˃ʱˍ˖˄ ˉʰˊʷ˃ʶʽ˄ʶ 
ˋˍʰʻʶˊˈˌ ʺ ˉʰˊˇˎˋʾʰˋʶ ˃ʽˁˊʺ ʰˏ˅ʹˋʹΣ ʶ˄ʽˋ˔ˏˇ˄ˍʰˌ ˍʹ ʻʷˋʹ ˍˇˎ ˖ˌ ʰˉˇʵˇˍʽˁˈˍʶˊˇˎ 
ˋʶ˄ʰˊʾˇˎΦ ɳˉʽˉ˂ʷˇ˄Σ ʹ ʰˉˈʵˇˋʺ ˍˇˎ ʵʽʰˍʹˊʺʻʹˁʶ ˎ˕ʹ˂ʺ ʰˁˈ˃ʹ ˁʰʽ ˎˉˈ ˋˎ˄ʻʺˁʶˌ 
ʰˎ˅ʹ˃ʷ˄ˇˎ ˒ˈˊˍˇˎΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ˎˉˇʵʹ˂˗˄ʶʽ ʰ˄ʻʶˁˍʽˁˈˍʹˍʰ ˍˇˎ ˋ˔ʶʵʽʰˋ˃ˇˏ ˋʶ ˋˎ˄ʻʺˁʶˌ 
ˉʾʶˋʹˌΦ 

ɮ˄ˍʾʻʶˍʰΣ ʹ ˉʰˊʰ˂˂ʰʴʺ ˍˇˎ ʅʶ˄ʰˊʾˇˎ н ˉʰˊˇˎˋʾʰˋʶ ʰʵˎ˄ʰ˃ʾʶˌΦ ɼʰˍʰʴˊʱ˒ʹˁʰ˄ ʵˊʰ˃ʰˍʽˁʷˌ 
ʰˎ˅ʺˋʶʽˌ ˁʰʻˎˋˍʷˊʹˋʹˌ όʷ˖ˌ ˁʰʽ Ҍмсп҈ύΣ ˃ʶʽ˗ˋʶʽˌ ˍʰ˔ˏˍʹˍʰˌΣ ʷ˄ˍˇ˄ʹ ʶˉʽʲʱˊˎ˄ˋʹ ˍʹˌ 
˃ʷʴʽˋˍʹˌ ˇˎˊʱˌΣ ˁʰʻ˗ˌ ˁʰʽ ʰʽˋʻʹˍʺ ˃ʶʾ˖ˋʹ ˍ˖˄ ʶʽˋʶˊ˔ˈ˃ʶ˄˖˄ ˇ˔ʹ˃ʱˍ˖˄Φ ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ 
ˎˉˇʵʶʽˁ˄ˏˇˎ˄ ˋʰ˒ʺ ʶˉʽʵʶʾ˄˖ˋʹ ˍʹˌ ʰˉˈʵˇˋʹˌ ˍˇˎ ʵʽˁˍˏˇˎ ˁʰʽ ʰʵˎ˄ʰ˃ʾʰ ʵʽʰ˔ʶʾˊʽˋʹˌ 
ʰˎ˅ʹ˃ʷ˄ʹˌ ʸʺˍʹˋʹˌΦ 

ʆˇ ʅʶ˄ʱˊʽˇ оΣ ˋˍˇ ˇˉˇʾˇ ʶ˒ʰˊ˃ˈˋˍʹˁʶ ʶ˄ʽʰʾʰ ʵʽʰˍˇ˃ʺ ˍˊʽ˗˄ ˂˖ˊʾʵ˖˄ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ 
ˁʰˍʷʴˊʰ˕ʶ ʰˊ˄ʹˍʽˁʱ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˋˍˇˎˌ ˉʶˊʽˋˋˈˍʶˊˇˎˌ ʵʶʾˁˍʶˌΣ ʽʵʽʰʾˍʶˊʰ ˎˉˈ 
ˎ˒ʽˋˍʱ˃ʶ˄ˇ ˁʰʽ ʰˎ˅ʹ˃ʷ˄ˇ ˁʰˍʱ нл҈ ˒ˈˊˍˇΦ ɶ ˁʰʻˎˋˍʷˊʹˋʹ ʰˎ˅ʺʻʹˁʶ ʷ˖ˌ ˁʰʽ от҈Σ ʹ ˃ʷʴʽˋˍʹ 
ˇˎˊʱ ˉʰˊˇˎˋʾʰˋʶ ˍʶˍˊʰˉ˂ʰˋʽʰˋ˃ˈΣ ʶ˄˗ ˍʰ ʶʽˋʶˊ˔ˈ˃ʶ˄ʰ ˇ˔ʺ˃ʰˍʰ ˃ʶʽ˗ʻʹˁʰ ˄ˋʹ˃ʰ˄ˍʽˁʱΣ 
ˎˉˇʵʶʽˁ˄ˏˇ˄ˍʰˌ ˉʶˊʽˇˊʽˋ˃ʷ˄ʹ ʵʽʰ˔ʶʽˊʽˋˍʽˁʺ ʽˁʰ˄ˈˍʹˍʰΦ ɶ ˋ˔ʶˍʽˁʺ ʲʶ˂ˍʾ˖ˋʹ ˉˇˎ 
ˉʰˊʰˍʹˊʺʻʹˁʶ ˃ˈ˄ˇ ˋˍˇ˄ ʰˎ˅ʹ˃ʷ˄ˇ ˁʰˍʱ рл҈ ˒ˈˊˍˇ ʵʶ˄ ʶˉʰˊˁʶʾ ʴʽʰ ˄ʰ ʰ˄ˍʽˋˍʰʻ˃ʾˋʶʽ ˍʹ 
ˋˎ˄ˇ˂ʽˁʺ ʵˎˋ˃ʶ˄ʺ ʶʽˁˈ˄ʰΦ 

ʆˇ ʅʶ˄ʱˊʽˇ пΣ ˈˉˇˎ ˇ ˍˏˉˇˌ ˍ˖˄ ˁ˂ʱʵ˖˄ ʶʽˋˈʵˇˎ ˁʰʽ ʶ˅ˈʵˇˎ ʷʴʽ˄ʶ ˋʶ ˃ˇˊ˒ʺ ˋ˒ʺ˄ʰˌΣ 
ˉʰˊˇˎˋʾʰˋʶ ʺˉʽʶˌ ʶˉʽʲʰˊˏ˄ˋʶʽˌΦ ɶ ˁʰʻˎˋˍʷˊʹˋʹ ʰˎ˅ʺʻʹˁʶ ˁʰˍʱ сςмм҈Σ ʹ ˍʰ˔ˏˍʹˍʰ 
˃ʶʽ˗ʻʹˁʶ ʶ˂ʰ˒ˊ˗ˌΣ ˁʰʽ ˇʽ ˃ʷʴʽˋˍʶˌ ˇˎˊʷˌ ʰˎ˅ʺʻʹˁʰ˄ ʰʽˋʻʹˍʱΣ ˉʰˊʱ ˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ˍʰ 
ʶʽˋʶˊ˔ˈ˃ʶ˄ʰ ˇ˔ʺ˃ʰˍʰ ʺˍʰ˄ ˃ʶʽ˖˃ʷ˄ hˁʰˍʱ пςр҈Φ ɶ ʰˉˈʵˇˋʺ ˍˇˎ ˔ʰˊʰˁˍʹˊʾʸʶˍʰʽ ˖ˌ ˇˊʽʰˁʱ 
ʰˉˇʵʶˁˍʺ ˁʰʽ ʵʶ˄ ʶˉʽ˒ʷˊʶʽ ˇˎˋʽʰˋˍʽˁʺ ʰ˄ʰʲʱʻ˃ʽˋʹ ˍʹˌ ˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʰˌ ˍˇˎ ʵʽˁˍˏˇˎΦ 



ɼʶ˒ʱ˂ʰʽˇ 5 ςʅˎ˃ˉʶˊʱˋ˃ʰˍʰ  
 

-83- 

 

ʅˎ˃ˉʶˊʰˋ˃ʰˍʽˁʱΣ ˍˇ ʅʶ˄ʱˊʽˇ н -ʹ ˉʶˊʾˉˍ˖ˋʹ ˍʹˌ ˉˊˇˋʻʺˁʹˌ ˂˖ˊʾʵʰˌ- ʰ˄ʰʵʶʽˁ˄ˏʶˍʰʽ ˖ˌ ʹ 
ˉ˂ʷˇ˄ ʶ˄ʵʶʵʶʽʴ˃ʷ˄ʹ ʶˉʽ˂ˇʴʺΣ ʶˉʽˍˎʴ˔ʱ˄ˇ˄ˍʰˌ ˋʹ˃ʰ˄ˍʽˁʺ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺ ʰ˄ʰʲʱʻ˃ʽˋʹ ˃ʶ 
ˍʰˎˍˈ˔ˊˇ˄ʹ ʵʽʰˍʺˊʹˋʹ ʺ ˁʰʽ ʰˏ˅ʹˋʹ ˍˇˎ ʰˊʽʻ˃ˇˏ ʶ˅ˎˉʹˊʶˍˇˏ˃ʶ˄˖˄ ˇ˔ʹ˃ʱˍ˖˄Φ ʆˇ ʅʶ˄ʱˊʽˇ 
м ʻʶ˖ˊʶʾˍʰʽ ʶˉʾˋʹˌ ˂ʶʽˍˇˎˊʴʽˁʱ ʶˉʰˊˁʷˌ ˁʰʽ ʵˎ˄ʹˍʽˁʱ ʶ˒ʰˊ˃ˈˋʽ˃ˇΦ ɮ˄ˍʽʻʷˍ˖ˌΣ ˍʰ ˎˉˈ˂ˇʽˉʰ 
ˋʶ˄ʱˊʽʰ ς ˁʰʽ ʽʵʽʰʾˍʶˊʰ ʹ ˉʰˊʰ˂˂ʰʴʺ ˍˇˎ ʅʶ˄ʰˊʾˇˎ н ς ˉʰˊˇˎˋʽʱʸˇˎ˄ ʵˎˋ˂ʶʽˍˇˎˊʴʾʶˌ ˁʰʽ 
˔ˊʺʸˇˎ˄ ʰ˄ʰˋ˔ʶʵʽʰˋ˃ˇˏ ˉˊʽ˄ ˉˊˇˍʰʻˇˏ˄ ʴʽʰ ʶ˒ʰˊ˃ˇʴʺΦ 

ʍˋˍˈˋˇΣ ʰ˅ʾʸʶʽ ˄ʰ ˍˇ˄ʽˋˍʶʾ ˈˍʽ ˇʽ ʴʶ˖˃ʶˍˊʽˁʷˌ ˉʰˊʶ˃ʲʱˋʶʽˌΣ ʰ˄ ˁʰʽ ʶ˄ʾˇˍʶ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʷˌΣ 
ʵʶ˄ ˋˎ˄ʽˋˍˇˏ˄ ʰˉˈ ˃ˈ˄ʶˌ ˍˇˎˌ ˇ˂ʽˋˍʽˁʺ ˂ˏˋʹ ˋˍʰ ˉˊˇʲ˂ʺ˃ʰˍʰ ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ ɶ ʲʽ˗ˋʽ˃ʹ 
ʰ˄ʰʲʱʻ˃ʽˋʹ ˍˇˎ ˁˎˁ˂ˇ˒ˇˊʽʰˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ ʰˉʰʽˍʶʾ ʷ˄ʰ˄ ˉˇ˂ˎˉʰˊʰ˃ʶˍˊʽˁˈ ˁʰʽ 
ˋˎ˄ʵˎʰˋˍʽˁˈ ˋ˔ʶʵʽʰˋ˃ˈΣ ˉˇˎ ˄ʰ ʶ˄ˋ˖˃ʰˍ˗˄ʶʽ ˃ʷˍˊʰ ʵʽʰ˔ʶʾˊʽˋʹˌ ˍʹˌ ʸʺˍʹˋʹˌΣ ʷ˅ˎˉ˄ʰ 
ˋˎˋˍʺ˃ʰˍʰ ˃ʶˍʰ˒ˇˊ˗˄Σ ʶ˄ʾˋ˔ˎˋʹ ˍ˖˄ ˃ʷˋ˖˄ ˃ʰʸʽˁʺˌ ˃ʶˍʰ˒ˇˊʱˌ ˁʰʽ ˉʰˊʶ˃ʲʱˋʶʽˌ ˋʶ 
ʶˉʾˉʶʵˇ ˉˇ˂ʽˍʽˁʺˌ ˁʽ˄ʹˍʽˁˈˍʹˍʰˌΦ 
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5.2. ʃˊˇˍʱˋʶʽˌ ʴʽʰ ˉʶˊʰʽˍʷˊ˖ ʷˊʶˎ˄ʰ  

ʃʰˊʱ ˍˇ ʴʶʴˇ˄ˈˌ ˈˍʽ ʹ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ ˁʰˍʷ˂ʹ˅ʶ ˋʶ ˋʹ˃ʰ˄ˍʽˁʱ ˁʰʽ ˔ˊʺˋʽ˃ʰ 
ʶˎˊʺ˃ʰˍʰ ʰ˄ʰ˒ˇˊʽˁʱ ˃ʶ ˍʹ˄ ʰˉˇʵˇˍʽˁˈˍʹˍʰ ˋˎʴˁʶˁˊʽ˃ʷ˄˖˄ ʴʶ˖˃ʶˍˊʽˁ˗˄ ˉʰˊʶ˃ʲʱˋʶ˖˄ ˋˍʹ 
ɽʶ˖˒ˈˊˇ ɼʹ˒ʽˋˇˏΣ ʰˊˁʶˍʷˌ ˉˍˎ˔ʷˌ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˉʰˊʰ˃ʷ˄ˇˎ˄ ʰ˄ˇʽ˔ˍʷˌ 
ˉˊˇˌ ˉʶˊʰʽˍʷˊ˖ ʵʽʶˊʶˏ˄ʹˋʹΣ ˗ˋˍʶ ˄ʰ ʶˉʽˍʶˎ˔ʻʶʾ ˃ʾʰ ˉʶˊʽˋˋˈˍʶˊˇ ˋ˒ʰʽˊʽˁʺ ˁʰʽ 
ˉˇ˂ˎʵʽʱˋˍʰˍʹ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍ˖˄ ˉˊˇˍʶʽ˄ˈ˃ʶ˄˖˄ ˂ˏˋʶ˖˄Φ ɴ˄ʰ ʲʰˋʽˁˈ ˋʹ˃ʶʾˇ ˉˇˎ ʰ˅ʾʸʶʽ ˄ʰ 
ˍˇ˄ʽˋˍʶʾ ʶʾ˄ʰʽ ˇ ˔ˊˇ˄ʽˁˈˌ ˉʶˊʽˇˊʽˋ˃ˈˌ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌΦ ɶ ˉʰˊˇˏˋʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹ 
ʶˉʽˁʶ˄ˍˊ˗ʻʹˁʶ ˋʶ ʷ˄ʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ ʰʽ˔˃ʺˌΣ ʴʶʴˇ˄ˈˌ ˉˇˎ ˄ʰʽ ˃ʶ˄ 
ʰ˄ˍʰ˄ʰˁ˂ʱ ˍʽˌ ˉ˂ʷˇ˄ ʶˉʽʲʰˊˎ˃ʷ˄ʶˌ ˋˎ˄ʻʺˁʶˌΣ ˖ˋˍˈˋˇ ʵʶ˄ ˁʰ˂ˏˉˍʶʽ ˍˇ ˉ˂ʺˊʶˌ ˒ʱˋ˃ʰ ˍʹˌ 
ˁˎˁ˂ˇ˒ˇˊʽʰˁʺˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ˋʶ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˉʶˊʽˈʵˇˎˌ ˍʹˌ ʹ˃ʷˊʰˌ ʺ ˍʹˌ ʶʲʵˇ˃ʱʵʰˌΦ ɶ 
ʶˉʷˁˍʰˋʹ ˍʹˌ ʰ˄ʱ˂ˎˋʹˌ ˋʶ ˗ˊʶˌ ʶˁˍˈˌ ʰʽ˔˃ʺˌΣ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍ˖˄ ˋʰʲʲʰˍˇˁˏˊʽʰˁ˖˄ ʺ ˋʶ 
ʶˉˇ˔ʽʰˁʷˌ ˉʶˊʽˈʵˇˎˌΣ ˈˉ˖ˌ ʹ ʻʶˊʽ˄ʺΣ ʻʰ ʶˉʷˍˊʶˉʶ ˍʹ ʵʽʰ˃ˈˊ˒˖ˋʹ ˃ʽʰˌ ˉʽˇ ˉ˂ʺˊˇˎˌ ʶʽˁˈ˄ʰˌ 
˖ˌ ˉˊˇˌ ˍʹ ˂ʶʽˍˇˎˊʴʽˁʺ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʰ ˍ˖˄ ˉʰˊʶ˃ʲʱˋʶ˖˄Φ 

ʃʰˊʱ˂˂ʹ˂ʰΣ ʹ ˔˖ˊʽˁʺ ˁʱ˂ˎ˕ʹ ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌ ʰˉˇˍʷ˂ʶˋʶ ʷ˄ʰ˄ ʰˁˈ˃ʹ 
ˉʶˊʽˇˊʽˋˍʽˁˈ ˉʰˊʱʴˇ˄ˍʰΣ ˁʰʻ˗ˌ ʶˉʽˁʶ˄ˍˊ˗ʻʹˁʶ ˋʶ ʷ˄ʰ ʰ˄ˍʽˉˊˇˋ˖ˉʶˎˍʽˁˈ ʰ˂˂ʱ 
ˉʶˊʽˇˊʽˋ˃ʷ˄ˇ ˍ˃ʺ˃ʰ ˍˇˎ ˇʵʽˁˇˏ ʱ˅ˇ˄ʰΦ ɶ ʶ˄ˋ˖˃ʱˍ˖ˋʹ ʶˎˊˏˍʶˊ˖˄ ʴʶ˖ʴˊʰ˒ʽˁ˗˄ ˉʶˊʽˇ˔˗˄ 
ˍˇˎ ʵʽˁˍˏˇˎΣ ˉʶˊʽ˂ʰ˃ʲʰ˄ˇ˃ʷ˄˖˄ ˍ˖˄ ˉʰˊʰˉ˂ʶˏˊ˖˄ ˇʵ˗˄Σ ˍ˖˄ ˁˏˊʽ˖˄ ʰ˄ʽˋˈˉʶʵ˖˄ ˁˈ˃ʲ˖˄ 
ˁʰʽ ˍ˖˄ ʶ˄ʰ˂˂ʰˁˍʽˁ˗˄ ʵʽʰʵˊˇ˃˗˄Σ ʻʰ ˉʰˊʶʾ˔ʶ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ʶˁˍʾ˃ʹˋʹˌ ˉʽʻʰ˄˗˄ 
ʵʶˎˍʶˊˇʴʶ˄˗˄ ʶˉʽˉˍ˗ˋʶ˖˄Σ ˈˉ˖ˌ ʹ ˃ʶˍʰˍˈˉʽˋʹ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˋʶ ʱ˂˂ʶˌ ˇʵˇˏˌ ʺ ʹ 
ʶ˃˒ʱ˄ʽˋʹ ˄ʷ˖˄ ˋʹ˃ʶʾ˖˄ ˋˎ˃˒ˈˊʹˋʹˌΦ ɾʽʰ ˉʽˇ ʶˁˍʶˍʰ˃ʷ˄ʹ ˔˖ˊʽˁʱ ʰ˄ʱ˂ˎˋʹ ʻʰ ʶ˄ʾˋ˔ˎʶ ˍʹ˄ 
ˁʰˍʰ˄ˈʹˋʹ ˍʹˌ ˋˎˋˍʹ˃ʽˁʺˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ˍˇˎ ʵʽˁˍˏˇˎ ˋˍˇ ˋˏ˄ˇ˂ˈ ˍˇˎΦ 

ɳˉʽˉ˂ʷˇ˄Σ ʽʵʽʰʾˍʶˊˇ ʶˊʶˎ˄ʹˍʽˁˈ ʶ˄ʵʽʰ˒ʷˊˇ˄ ˉʰˊˇˎˋʽʱʸʶʽ ˇ ˋˎ˄ʵˎʰˋ˃ˈˌ ˍ˖˄ ʴʶ˖˃ʶˍˊʽˁ˗˄ 
ˉʰˊʶ˃ʲʱˋʶ˖˄ ˃ʶ ˍʶ˔˄ˇ˂ˇʴʽˁʱ ˉˊˇʹʴ˃ʷ˄ʶˌ ˂ˏˋʶʽˌ ʵʽʰ˔ʶʾˊʽˋʹˌ ˍʹˌ ˁˎˁ˂ˇ˒ˇˊʾʰˌΣ ˈˉ˖ˌ ʶʾ˄ʰʽ 
ˍʰ ʶˎ˒ˎʺ ˋˎˋˍʺ˃ʰˍʰ ˃ʶˍʰ˒ˇˊ˗˄Φ ɶ ʵˎ˄ʰ˃ʽˁʺ ʵʽʰ˔ʶʾˊʽˋʹ ˂˖ˊʾʵ˖˄Σ ʹ ˃ʶˍʰʲ˂ʹˍʺ 
ˋʹ˃ʰˍˇʵˈˍʹˋʹ ʺ ˍʰ ʰˎˍˇ˃ʰˍˇˉˇʽʹ˃ʷ˄ʰ ˋˎˋˍʺ˃ʰˍʰ ˉ˂ʹˊˇ˒ˈˊʹˋʹˌ ˍ˖˄ ˇʵʹʴ˗˄Σ ˃ˉˇˊˇˏ˄ ˄ʰ 
˂ʶʽˍˇˎˊʴʺˋˇˎ˄ ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁʱ ˉˊˇˌ ˍʽˌ ˒ˎˋʽˁʷˌ ʶˉʶ˃ʲʱˋʶʽˌΣ ʶˉʽˍˎʴ˔ʱ˄ˇ˄ˍʰˌ 
ˉˇ˂˂ʰˉ˂ʰˋʽʰˋˍʽˁʱ ˇ˒ʷ˂ʹ ˖ˌ ˉˊˇˌ ˍʹ˄ ʰˉˇˋˎ˃˒ˈˊʹˋʹ ˁʰʽ ˍʹ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ˊˇʺˌ ˍʹˌ 
ˁˎˁ˂ˇ˒ˇˊʾʰˌΦ ɶ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʷˍˇʽ˖˄ ˋˎ˄ʵˎʰˋˍʽˁ˗˄ ˋʶ˄ʰˊʾ˖˄ ʻʰ ˉˊˇˋʷ˒ʶˊʶ ˃ʾʰ ˉʽˇ 
ˋˏʴ˔ˊˇ˄ʹΣ ˇ˂ʽˋˍʽˁʺ ˁʰʽ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʺ ˉˊˇˋʷʴʴʽˋʹΦ 

ʅʹ˃ʰ˄ˍʽˁʺ ˉʰˊʱ˃ʶˍˊˇˌ ˉˇˎ ʵˏ˄ʰˍʰʽ ˄ʰ ʶ˄ʽˋ˔ˏˋʶʽ ˍʹ˄ ˉˇ˂ˎˁˊʽˍʹˊʽʰˁʺ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍ˖˄ 
ˉʰˊʶ˃ʲʱˋʶ˖˄ ʶʾ˄ʰʽ ˁʰʽ ʹ ʶ˄ˋ˖˃ʱˍ˖ˋʹ ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁ˗˄ ʵʶʽˁˍ˗˄ ˋˍʹ˄ ʰ˄ʱ˂ˎˋʹΦ ɶ ˋˏ˄ʵʶˋʹ 
ˍ˖˄ ˁˎˁ˂ˇ˒ˇˊʽʰˁ˗˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ˃ʶ ˍʽˌ ʶˁˉˇ˃ˉʷˌ ˊˏˉ˖˄Σ ˍʰ ʶˉʾˉʶʵʰ ʹ˔ˇˊˏˉʰ˄ˋʹˌ ˁʰʽ ˍʹ˄ 
ˁʰˍʰ˄ʱ˂˖ˋʹ ˁʰˎˋʾ˃˖˄ ˃ˉˇˊʶʾ ˄ʰ ʰ˄ʰʵʶʾ˅ʶʽ ˍʹ ˋˎ˃ʲˇ˂ʺ ˍ˖˄ ˉʰˊʶ˃ʲʱˋʶ˖˄ ˋˍʹ ˃ʶʾ˖ˋʹ ˍˇˎ 
ˉʶˊʽʲʰ˂˂ˇ˄ˍʽˁˇˏ ʰˉˇˍˎˉ˗˃ʰˍˇˌΣ ˋˍˇʽ˔ʶʾˇ ʽʵʽʰʾˍʶˊʰ ˁˊʾˋʽ˃ˇ ˎˉˈ ˍˇ ˉˊʾˋ˃ʰ ˍ˖˄ ˉˇ˂ʽˍʽˁ˗˄ 
ʲʽ˗ˋʽ˃ʹˌ ˁʽ˄ʹˍʽˁˈˍʹˍʰˌ ˁʰʽ ˍʹˌ ˁ˂ʽ˃ʰˍʽˁʺˌ ˇˎʵʶˍʶˊˈˍʹˍʰˌΦ ɾʾʰ ˍʷˍˇʽʰ ʵʽʶˏˊˎ˄ˋʹ ˍˇˎ 
ˉ˂ʰʽˋʾˇˎ ʰ˅ʽˇ˂ˈʴʹˋʹˌ ˉˊˇˋʵʾʵʶʽ ˉˊˈˋʻʶˍʹ ʰ˅ʾʰ ˋˍʹ˄ ˍʶ˔˄ʽˁʺ ˉˊˇˋʷʴʴʽˋʹ ˁʰʽ ʶ˄ʽˋ˔ˏʶʽ ˍʹ 
ˋˏ˄ʵʶˋʹ ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌ ˃ʶ ˍʽˌ ˋˏʴ˔ˊˇ˄ʶˌ ˉˊˇˍʶˊʰʽˈˍʹˍʶˌ ʵʹ˃ˈˋʽʰˌ ˉˇ˂ʽˍʽˁʺˌΦ 

ʃʶˊʰʽˍʷˊ˖Σ ʽʵʽʰʾˍʶˊʹ ˋʹ˃ʰˋʾʰ ʷ˔ʶʽ ʹ ʶ˅ʷˍʰˋʹ ˍʹˌ ˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʰˌ ˍ˖˄ ˋʶ˄ʰˊʾ˖˄ ˋʶ 
ˋˎ˄ʻʺˁʶˌ ˃ʹ ˁʰ˄ˇ˄ʽˁˈˍʹˍʰˌΣ ˈˉ˖ˌ ʰˎˍʷˌ ˉˇˎ ˉˊˇˁʰ˂ˇˏ˄ˍʰʽ ʰˉˈ ˍˊˇ˔ʰʾʰ ʰˍˎ˔ʺ˃ʰˍʰΣ ʷˊʴʰ 
ˋˎ˄ˍʺˊʹˋʹˌ ʺ ʷˁˍʰˁˍʰ ˋˎ˃ʲʱ˄ˍʰΦ ɶ ʰ˅ʽˇ˂ˈʴʹˋʹ ˍʹˌ ʰ˄ʻʶˁˍʽˁˈˍʹˍʰˌ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˎˉˈ 
ˍʷˍˇʽʶˌ ˋˎ˄ʻʺˁʶˌ ˁˊʾˋʹˌ ʶʾ˄ʰʽ ˁʰʻˇˊʽˋˍʽˁʺ ʴʽʰ ˍˇ˄ ˋ˔ʶʵʽʰˋ˃ˈ ˉʰˊʶ˃ʲʱˋʶ˖˄ ˉˇˎ 
ˉʰˊʰ˃ʷ˄ˇˎ˄ ˂ʶʽˍˇˎˊʴʽˁʷˌ ʰˁˈ˃ʹ ˁʰʽ ˈˍʰ˄ ˍˇ ʵʾˁˍˎˇ ˍʾʻʶˍʰʽ ˎˉˈ ˉʾʶˋʹΦ ʁ ˋ˔ʶʵʽʰˋ˃ˈˌ ˃ʶ ʲʱˋʹ 
ˍʹ˄ ˉˊˇˋʰˊ˃ˇˋˍʽˁˈˍʹˍʰ ˁʰʽ ˍʹ˄ ʶˎʶ˂ʽ˅ʾʰ ˍ˖˄ ˉʰˊʶ˃ʲʱˋʶ˖˄ ʶ˄ʽˋ˔ˏʶʽ ˍʹ ˃ʰˁˊˇ˔ˊˈ˄ʽʰ 
ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁˈˍʹˍʱ ˍˇˎˌΦ 
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ɮ˄ʰʴˁʰʾʰΣ ʶˉʾˋʹˌΣ ʶʾ˄ʰʽ ʹ ʵʽʶ˅ʰʴ˖ʴʺ ˇʽˁˇ˄ˇ˃ʽˁʺˌ ʰˉˇˍʾ˃ʹˋʹˌ ˍ˖˄ ʶ˅ʶˍʰʸˈ˃ʶ˄˖˄ ˋʶ˄ʰˊʾ˖˄Σ 
˃ʷˋ˖ ˍʹˌ ʶ˒ʰˊ˃ˇʴʺˌ ʰ˄ʱ˂ˎˋʹˌ ˁˈˋˍˇˎˌς̌ ˒ʷ˂ˇˎˌΦ ɶ ʰˉˇˍˏˉ˖ˋʹ ˍˇˎ ˁˈˋˍˇˎˌ ˎ˂ˇˉˇʾʹˋʹˌΣ 
ˋˎ˄ˍʺˊʹˋʹˌ ˁʰʽ ʶ˄ʵʶ˔ˈ˃ʶ˄ʹˌ ˉˊˇˋ˖ˊʽ˄ʺˌ ʵʽʰˁˇˉʺˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˁʰˍʱ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˉˊʷˉʶʽ 
˄ʰ ˋˎ˄ʶˁˍʽ˃ʹʻʶʾ ʷ˄ʰ˄ˍʽ ˍ˖˄ ˉˊˇˋʵˇˁ˗˃ʶ˄˖˄ ˖˒ʶ˂ʶʽ˗˄Σ ˈˉ˖ˌ ʹ ˃ʶʾ˖ˋʹ ˁʰʻˎˋˍʶˊʺˋʶ˖˄Σ ʹ 
ʶ˅ˇʽˁˇ˄ˈ˃ʹˋʹ ˁʰˎˋʾ˃˖˄ ˁʰʽ ʹ ʰˏ˅ʹˋʹ ˍʹˌ ˉʰˊʰʴ˖ʴʽˁˈˍʹˍʰˌΦ ɾʽʰ ˍʶˁ˃ʹˊʽ˖˃ʷ˄ʹ ˇʽˁˇ˄ˇ˃ʽˁʺ 
ˉˊˇˋʷʴʴʽˋʹ ˉˊˇˋʵʾʵʶʽ ˊʶʰ˂ʽˋ˃ˈ ˋˍʹ ʵʽˉ˂˖˃ʰˍʽˁʺ ʶˊʴʰˋʾʰ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ʰˉˇˍʶ˂ʷˋʶʽ 
ˉˇ˂ˏˍʽ˃ˇ ʶˊʴʰ˂ʶʾˇ ʴʽʰ ˍˇˎˌ ˒ˇˊʶʾˌ ˔ʱˊʰ˅ʹˌ ˉˇ˂ʽˍʽˁʺˌ ˁʰˍʱ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ˂ʺ˕ʹˌ 
ʰˉˇ˒ʱˋʶ˖˄Φ 

ɳ˅ʾˋˇˎ ˁˊʾˋʽ˃ʹ ʶʾ˄ʰʽ ˁʰʽ ʹ ʵʽʶˊʶˏ˄ʹˋʹ ˍʹˌ ˁˇʽ˄˖˄ʽˁʺˌ ʰˉˇʵˇ˔ʺˌ ˍ˖˄ ˉʰˊʶ˃ʲʱˋʶ˖˄Φ ɶ ʷ˄ˍʰ˅ʹ 
ˍ˖˄ ˉˇ˂ʽˍ˗˄ ˁʰʽ ˍ˖˄ ˔ˊʹˋˍ˗˄ ˍˇˎ ˇʵʽˁˇˏ ʵʽˁˍˏˇˎ ˋˍʹ ʵʽʰʵʽˁʰˋʾʰ ʰ˅ʽˇ˂ˈʴʹˋʹˌΣ ˃ʷˋ˖ 
ˋˎ˃˃ʶˍˇ˔ʽˁ˗˄ ʶˊʴʰ˂ʶʾ˖˄ ˈˉ˖ˌ ʶˊ˖ˍʹ˃ʰˍˇ˂ˈʴʽʰΣ ˋˎ˄ʶ˄ˍʶˏ˅ʶʽˌ ʺ ʶˋˍʽʰˋ˃ʷ˄ʶˌ ˇ˃ʱʵʶˌ 
ˋˎʸʺˍʹˋʹˌΣ ˃ˉˇˊʶʾ ˄ʰ ʰˉˇˁʰ˂ˏ˕ʶʽ ʰ˄ˍʽ˂ʺ˕ʶʽˌΣ ʰ˄ʹˋˎ˔ʾʶˌ ʺ ʰˁˈ˃ʹ ˁʰʽ ʶ˃ˉˈʵʽʰ ˋˍʹ˄ 
ˎ˂ˇˉˇʾʹˋʹΦ ɶ ˋˎ˃˃ʶˍˇ˔ʽˁʺ ˉˊˇˋʷʴʴʽˋʹ ʶ˄ʽˋ˔ˏʶʽ ˍʹ˄ ˁˇʽ˄˖˄ʽˁʺ ˄ˇ˃ʽ˃ˇˉˇʾʹˋʹ ˍ˖˄ ˍʶ˔˄ʽˁ˗˄ 
˂ˏˋʶ˖˄ ˁʰʽ ˉˊˇʱʴʶʽ ˍˇ˄ ʵʽʱ˂ˇʴˇ ˃ʶˍʰ˅ˏ ˍʶ˔˄ʽˁʺˌ ˁʰʽ ˁˇʽ˄˖˄ʽˁʺˌ ʵʽʱˋˍʰˋʹˌ ˍˇˎ ˋ˔ʶʵʽʰˋ˃ˇˏΦ 

ʆʷ˂ˇˌΣ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍˇ ˇ ˋ˔ʶʵʽʰˋ˃ˈˌ ˄ʰ ʶˋˍʽʱˋʶʽ ˁʰʽ ˋʶ ˉʽˇ ˃ʰˁˊˇ˔ˊˈ˄ʽˇ ˇˊʾʸˇ˄ˍʰΣ 
˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˍʽˌ ˃ʶ˂˂ˇ˄ˍʽˁʷˌ ʶ˅ʶ˂ʾ˅ʶʽˌ ˋˍʹ˄ ˁʽ˄ʹˍʽˁˈˍʹˍʰΣ ˍʹ ʵʹ˃ˇʴˊʰ˒ʽˁʺ ʵˎ˄ʰ˃ʽˁʺ 
ˁʰʽ ˍʽˌ ˍʶ˔˄ˇ˂ˇʴʽˁʷˌ ˁʰʽ˄ˇˍˇ˃ʾʶˌΦ ɲʶʵˇ˃ʷ˄ˇˎ ˈˍʽ ʹ ɽʶ˖˒ˈˊˇˌ ɼʹ˒ʽˋˇˏ ʰˉˇˍʶ˂ʶʾ ʷ˄ʰ˄ ʰˉˈ 
ˍˇˎˌ ˋʹ˃ʰ˄ˍʽˁˈˍʶˊˇˎˌ ˋˎʴˁˇʽ˄˖˄ʽʰˁˇˏˌ ʱ˅ˇ˄ʶˌ ˍʹˌ ɮˍˍʽˁʺˌΣ ʹ ʵʽʶˊʶˏ˄ʹˋʹ ˋʶ˄ʰˊʾ˖˄ ˉˇˎ 
ˉˊˇʲ˂ʷˉˇˎ˄ ʰˎ˅ʹ˃ʷ˄ʰ ˁˎˁ˂ˇ˒ˇˊʽʰˁʱ ˒ˇˊˍʾʰ ʷ˖ˌ ˍʰ ʷˍʹ нлол ʺ нлплΣ ˁʰʻ˗ˌ ˁʰʽ ʹ 
ʶ˄ˋ˖˃ʱˍ˖ˋʹ ˄ʷ˖˄ ˍʶ˔˄ˇ˂ˇʴʽ˗˄Σ ˈˉ˖ˌ ˍʰ ʰˎˍˈ˄ˇ˃ʰ ʺ ʹ˂ʶˁˍˊʽˁʱ ˇ˔ʺ˃ʰˍʰΣ ʻʰ ˉˊˇˋ˒ʷˊʶʽ 
ˉˇ˂ˏˍʽ˃ʰ ʶˊʴʰ˂ʶʾʰ ʴʽʰ ˍˇ˄ ˋˍˊʰˍʹʴʽˁˈ ˋ˔ʶʵʽʰˋ˃ˈ ˍ˖˄ ˎˉˇʵˇ˃˗˄Φ ɾˈ˄ˇ ˃ʷˋʰ ʰˉˈ ˃ʽʰ 
ˉˊˇ˄ˇʹˍʽˁʺ ˁʰʽ ʶˎʷ˂ʽˁˍʹ ʻʶ˗ˊʹˋʹ ˍʹˌ ʶ˅ʷ˂ʽ˅ʹˌ ˍ˖˄ ˃ʶˍʰ˒ˇˊ˗˄ ˃ˉˇˊʶʾ ˄ʰ ʶ˅ʰˋ˒ʰ˂ʽˋˍʶʾ ʹ 
˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ʲʽ˖ˋʽ˃ˈˍʹˍʰ ˍ˖˄ ˉˊˇˍʶʽ˄ˈ˃ʶ˄˖˄ ˂ˏˋʶ˖˄Φ 
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7.1. ʃɹɿɮɼɳʅ ʃʄʁɳɽɳʇʅɶʅ ʃʄʁʁʄɹʅɾʁʇ 

ʃʰˊʰˁʱˍ˖ ʰˁˇ˂ˇˎʻˇˏ˄ ˇʽ ˉʾ˄ʰˁʶˌ ʃˊˇʷ˂ʶˎˋʹˌ ʃˊˇˇˊʽˋ˃ˇˏ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˋˍʰ ˋʶ˄ʱˊʽʰΥ 

 
ʃʾ˄ʰˁʰˌ 3Υ ʃʾ˄ʰˁʰˌ ʃˊˇʷ˂ʶˎˋʹˌ ʃˊˇˇˊʽˋ˃ˇˏ ɳ˂ʰ˒ˊ˗˄ ʁ˔ʹ˃ʱˍ˖˄ 

 

 

ȾȺɁɇɅɃȺȽȹȼ1 10 12 14 18 20 28 34 39 41 47 49 53 57 59 65 67 69 77 80 88 92 94 96 100 104 106 114 116 118 122 126 128 130

1 0 855 0 0 0 0 211 211 163 0 0 142 139 0 163 211 211 0 211 855 0 0 0 211 0 0 211 0 0 163 139 0 0 142

5 73 0 73 73 73 73 0 0 0 103 193 0 0 193 0 0 0 81 0 0 73 81 81 0 81 81 0 103 103 0 0 0 193 0

7 52 0 52 52 52 52 0 0 0 0 0 0 0 0 0 0 0 0 0 0 52 0 0 0 0 0 0 0 0 0 0 0 0 0

9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

23 52 0 52 52 52 52 0 0 0 0 0 0 0 0 0 0 0 0 0 0 52 0 0 0 0 0 0 0 0 0 0 0 0 0

25 52 0 52 52 52 52 0 0 0 0 0 0 0 0 0 0 0 0 0 0 52 0 0 0 0 0 0 0 0 0 0 0 0 0

27 0 0 0 0 0 0 0 0 82 0 0 100 81 0 82 0 0 0 0 0 0 0 0 0 0 0 0 0 0 82 81 0 0 100

31 52 0 52 52 52 52 0 0 0 0 0 0 0 0 0 0 0 0 0 0 52 0 0 0 0 0 0 0 0 0 0 0 0 0

33 0 0 0 0 0 0 0 0 82 0 0 100 81 0 82 0 0 0 0 0 0 0 0 0 0 0 0 0 0 82 81 0 0 100

37 52 0 52 52 52 52 0 0 0 0 0 0 0 0 0 0 0 0 0 0 52 0 0 0 0 0 0 0 0 0 0 0 0 0

39 0 0 0 0 0 0 0 0 0 0 0 110 80 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 80 0 0 110

44 50 0 50 50 50 50 0 0 0 49 0 0 0 0 0 0 0 49 0 0 50 49 49 0 49 49 0 49 49 0 0 0 0 0

46 50 0 50 50 50 50 0 0 0 49 0 0 0 0 0 0 0 49 0 0 50 49 49 0 49 49 0 49 49 0 0 0 0 0

52 0 0 0 0 0 0 0 0 0 0 0 148 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 148

56 0 0 0 0 0 0 0 0 0 0 0 148 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 148

62 0 0 0 0 0 0 0 0 0 0 0 110 80 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 80 0 0 110

64 0 0 0 0 0 0 0 0 82 0 0 100 81 0 82 0 0 0 0 0 0 0 0 0 0 0 0 0 0 82 81 0 0 100

72 0 0 0 0 0 0 0 0 82 0 0 100 81 0 82 0 0 0 0 0 0 0 0 0 0 0 0 0 0 82 81 0 0 100

74 52 0 52 52 52 52 0 0 0 0 0 0 0 0 0 0 0 0 0 0 52 0 0 0 0 0 0 0 0 0 0 0 0 0

76 0 0 0 0 0 0 0 0 82 0 0 100 81 0 82 0 0 0 0 0 0 0 0 0 0 0 0 0 0 82 81 0 0 100

80 0 0 0 0 0 0 27 27 48 0 0 74 57 0 48 27 27 0 27 0 0 0 0 27 0 0 27 0 0 48 57 0 0 74

83 0 0 0 0 0 0 27 27 48 0 0 74 57 0 48 27 27 0 27 0 0 0 0 27 0 0 27 0 0 48 57 0 0 74

85 0 0 0 0 0 0 27 27 48 0 0 74 57 0 48 27 27 0 27 0 0 0 0 27 0 0 27 0 0 48 57 0 0 74

87 50 0 50 50 50 50 0 0 0 0 0 0 0 0 0 0 0 48 0 0 50 48 48 0 48 48 0 0 0 0 0 0 0 0

91 0 0 0 0 0 0 27 27 48 0 0 74 57 0 48 27 27 0 27 0 0 0 0 27 0 0 27 0 0 48 57 0 0 74

99 52 0 52 52 52 52 0 0 0 0 0 0 0 0 0 0 0 0 0 0 52 0 0 0 0 0 0 0 0 0 0 0 0 0

103 0 0 0 0 0 0 0 0 82 0 0 100 81 0 82 0 0 0 0 0 0 0 0 0 0 0 0 0 0 82 81 0 0 100

109 52 0 52 52 52 52 0 0 0 0 0 0 0 0 0 0 0 0 0 0 52 0 0 0 0 0 0 0 0 0 0 0 0 0

111 52 0 52 52 52 52 0 0 0 0 0 0 0 0 0 0 0 0 0 0 52 0 0 0 0 0 0 0 0 0 0 0 0 0

113 0 0 0 0 0 0 0 0 0 0 0 110 80 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 80 0 0 110

125 50 0 50 50 50 50 0 0 0 49 0 0 0 0 0 0 0 49 0 0 50 49 49 0 49 49 0 49 49 0 0 0 0 0

130 73 0 73 73 73 73 0 0 0 103 193 0 0 193 0 0 0 81 0 0 73 81 81 0 81 81 0 103 103 0 0 0 193 0
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ʃʾ˄ʰˁʰˌ 4Υ ʃʾ˄ʰˁʰˌ ʃˊˇʷ˂ʶˎˋʹˌ ʃˊˇˇˊʽˋ˃ˇˏ ɰʰˊʷ˖˄ ʁ˔ʹ˃ʱˍ˖˄ 

 

 

 

 

 

 

ȾȺɁɇɅɃȺȽȹȼ1 10 12 14 18 20 28 34 39 41 47 49 53 57 59 65 67 69 77 80 88 92 94 96 100 104 106 114 116 118 122 126 128 130

1 0 30 0 0 0 0 24 24 13 0 0 11 11 0 13 24 24 0 24 30 0 0 0 24 0 0 24 0 0 13 11 0 0 11

5 6 0 6 6 6 6 0 0 0 7 14 0 0 14 0 0 0 5 0 0 6 5 5 0 5 5 0 7 7 0 0 0 14 0

7 12 0 12 12 12 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0

9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

23 12 0 12 12 12 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0

25 12 0 12 12 12 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0

27 0 0 0 0 0 0 0 0 3 0 0 6 4 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 4 0 0 6

31 12 0 12 12 12 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0

33 0 0 0 0 0 0 0 0 3 0 0 6 4 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 4 0 0 6

37 12 0 12 12 12 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0

39 0 0 0 0 0 0 0 0 0 0 0 8 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 8

44 5 0 5 5 5 5 0 0 0 3 0 0 0 0 0 0 0 3 0 0 5 3 3 0 3 3 0 3 3 0 0 0 0 0

46 5 0 5 5 5 5 0 0 0 3 0 0 0 0 0 0 0 3 0 0 5 3 3 0 3 3 0 3 3 0 0 0 0 0

52 0 0 0 0 0 0 0 0 0 0 0 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 11

56 0 0 0 0 0 0 0 0 0 0 0 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 11

62 0 0 0 0 0 0 0 0 0 0 0 8 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 8

64 0 0 0 0 0 0 0 0 3 0 0 6 4 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 4 0 0 6

72 0 0 0 0 0 0 0 0 3 0 0 6 4 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 4 0 0 6

74 12 0 12 12 12 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0

76 0 0 0 0 0 0 0 0 3 0 0 6 4 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 4 0 0 6

80 0 0 0 0 0 0 18 18 8 0 0 8 7 0 8 18 18 0 18 0 0 0 0 18 0 0 18 0 0 8 7 0 0 8

83 0 0 0 0 0 0 18 18 8 0 0 8 7 0 8 18 18 0 18 0 0 0 0 18 0 0 18 0 0 8 7 0 0 8

85 0 0 0 0 0 0 18 18 8 0 0 8 7 0 8 18 18 0 18 0 0 0 0 18 0 0 18 0 0 8 7 0 0 8

91 0 0 0 0 0 0 18 18 8 0 0 8 7 0 8 18 18 0 18 0 0 0 0 18 0 0 18 0 0 8 7 0 0 8

99 12 0 12 12 12 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0

109 12 0 12 12 12 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0

111 12 0 12 12 12 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0

113 0 0 0 0 0 0 0 0 0 0 0 8 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 8

125 5 0 5 5 5 5 0 0 0 3 0 0 0 0 0 0 0 3 0 0 5 3 3 0 3 3 0 3 3 0 0 0 0 0

130 6 0 6 6 6 6 0 0 0 7 14 0 0 14 0 0 0 5 0 0 6 5 5 0 5 5 0 7 7 0 0 0 14 0
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ʃʾ˄ʰˁʰˌ 5Υ ʃʾ˄ʰˁʰˌ ʃˊˇʷ˂ʶˎˋʹˌ ʃˊˇˇˊʽˋ˃ˇˏ ɳ˂ʰ˒ˊ˗˄ ʁ˔ʹ˃ʱˍ˖˄ ʰˎ˅ʹ˃ʷ˄˖˄ ˁʰˍʱ нл҈ 

 

 

 

 

 

 

ȾȺɁɇɅɃȺȽȹȼ1 10 12 14 18 20 28 34 39 41 47 49 53 57 59 65 67 69 77 80 88 92 94 96 100 104 106 114 116 118 122 126 128 130

1 0 1026 0 0 0 0 254 254 196 0 0 170 167 0 196 254 254 0 254 1026 0 0 0 254 0 0 254 0 0 196 167 0 0 170

5 88 0 88 88 88 88 0 0 0 123 232 0 0 232 0 0 0 98 0 0 88 98 98 0 98 98 0 123 123 0 0 0 232 0

7 62 0 62 62 62 62 0 0 0 0 0 0 0 0 0 0 0 0 0 0 62 0 0 0 0 0 0 0 0 0 0 0 0 0

9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

23 62 0 62 62 62 62 0 0 0 0 0 0 0 0 0 0 0 0 0 0 62 0 0 0 0 0 0 0 0 0 0 0 0 0

25 62 0 62 62 62 62 0 0 0 0 0 0 0 0 0 0 0 0 0 0 62 0 0 0 0 0 0 0 0 0 0 0 0 0

27 0 0 0 0 0 0 0 0 98 0 0 120 97 0 98 0 0 0 0 0 0 0 0 0 0 0 0 0 0 98 97 0 0 120

31 62 0 62 62 62 62 0 0 0 0 0 0 0 0 0 0 0 0 0 0 62 0 0 0 0 0 0 0 0 0 0 0 0 0

33 0 0 0 0 0 0 0 0 98 0 0 120 97 0 98 0 0 0 0 0 0 0 0 0 0 0 0 0 0 98 97 0 0 120

37 62 0 62 62 62 62 0 0 0 0 0 0 0 0 0 0 0 0 0 0 62 0 0 0 0 0 0 0 0 0 0 0 0 0

39 0 0 0 0 0 0 0 0 0 0 0 132 96 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 96 0 0 132

44 60 0 60 60 60 60 0 0 0 59 0 0 0 0 0 0 0 58 0 0 60 58 58 0 58 58 0 59 59 0 0 0 0 0

46 60 0 60 60 60 60 0 0 0 59 0 0 0 0 0 0 0 58 0 0 60 58 58 0 58 58 0 59 59 0 0 0 0 0

52 0 0 0 0 0 0 0 0 0 0 0 178 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 178

56 0 0 0 0 0 0 0 0 0 0 0 178 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 178

62 0 0 0 0 0 0 0 0 0 0 0 132 96 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 96 0 0 132

64 0 0 0 0 0 0 0 0 98 0 0 120 97 0 98 0 0 0 0 0 0 0 0 0 0 0 0 0 0 98 97 0 0 120

72 0 0 0 0 0 0 0 0 98 0 0 120 97 0 98 0 0 0 0 0 0 0 0 0 0 0 0 0 0 98 97 0 0 120

74 62 0 62 62 62 62 0 0 0 0 0 0 0 0 0 0 0 0 0 0 62 0 0 0 0 0 0 0 0 0 0 0 0 0

76 0 0 0 0 0 0 0 0 98 0 0 120 97 0 98 0 0 0 0 0 0 0 0 0 0 0 0 0 0 98 97 0 0 120

80 0 0 0 0 0 0 32 32 57 0 0 89 69 0 57 32 32 0 32 0 0 0 0 32 0 0 32 0 0 57 69 0 0 89

83 0 0 0 0 0 0 32 32 57 0 0 89 69 0 57 32 32 0 32 0 0 0 0 32 0 0 32 0 0 57 69 0 0 89

85 0 0 0 0 0 0 32 32 57 0 0 89 69 0 57 32 32 0 32 0 0 0 0 32 0 0 32 0 0 57 69 0 0 89

87 60 0 60 60 60 60 0 0 0 0 0 0 0 0 0 0 0 58 0 0 60 58 58 0 58 58 0 0 0 0 0 0 0 0

91 0 0 0 0 0 0 32 32 57 0 0 89 69 0 57 32 32 0 32 0 0 0 0 32 0 0 32 0 0 57 69 0 0 89

99 62 0 62 62 62 62 0 0 0 0 0 0 0 0 0 0 0 0 0 0 62 0 0 0 0 0 0 0 0 0 0 0 0 0

103 0 0 0 0 0 0 0 0 98 0 0 120 97 0 98 0 0 0 0 0 0 0 0 0 0 0 0 0 0 98 97 0 0 120

109 62 0 62 62 62 62 0 0 0 0 0 0 0 0 0 0 0 0 0 0 62 0 0 0 0 0 0 0 0 0 0 0 0 0

111 62 0 62 62 62 62 0 0 0 0 0 0 0 0 0 0 0 0 0 0 62 0 0 0 0 0 0 0 0 0 0 0 0 0

113 0 0 0 0 0 0 0 0 0 0 0 132 96 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 96 0 0 132

125 60 0 60 60 60 60 0 0 0 59 0 0 0 0 0 0 0 58 0 0 60 58 58 0 58 58 0 59 59 0 0 0 0 0

130 88 0 88 88 88 88 0 0 0 123 232 0 0 232 0 0 0 98 0 0 88 98 98 0 98 98 0 123 123 0 0 0 232 0
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ʃʾ˄ʰˁʰˌ 6Υ ʃʾ˄ʰˁʰˌ ʃˊˇʷ˂ʶˎˋʹˌ ʃˊˇˇˊʽˋ˃ˇˏ ɰʰˊʷ˖˄ ʁ˔ʹ˃ʱˍ˖˄ ʰˎ˅ʹ˃ʷ˄˖˄ ˁʰˍʱ нл҈ 

 

 

 

 

 

ȾȺɁɇɅɃȺȽȹȼ1 10 12 14 18 20 28 34 39 41 47 49 53 57 59 65 67 69 77 80 88 92 94 96 100 104 106 114 116 118 122 126 128 130

1 0 36 0 0 0 0 28 28 16 0 0 13 13 0 16 28 28 0 28 36 0 0 0 28 0 0 28 0 0 16 13 0 0 13

5 7 0 7 7 7 7 0 0 0 9 17 0 0 17 0 0 0 6 0 0 7 6 6 0 6 6 0 9 9 0 0 0 17 0

7 14 0 14 14 14 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 0 0 0 0 0 0 0 0 0 0 0 0 0

9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

23 14 0 14 14 14 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 0 0 0 0 0 0 0 0 0 0 0 0 0

25 14 0 14 14 14 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 0 0 0 0 0 0 0 0 0 0 0 0 0

27 0 0 0 0 0 0 0 0 3 0 0 7 5 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 5 0 0 7

31 14 0 14 14 14 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 0 0 0 0 0 0 0 0 0 0 0 0 0

33 0 0 0 0 0 0 0 0 3 0 0 7 5 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 5 0 0 7

37 14 0 14 14 14 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 0 0 0 0 0 0 0 0 0 0 0 0 0

39 0 0 0 0 0 0 0 0 0 0 0 9 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 9

44 5 0 5 5 5 5 0 0 0 4 0 0 0 0 0 0 0 3 0 0 5 3 3 0 3 3 0 4 4 0 0 0 0 0

46 5 0 5 5 5 5 0 0 0 4 0 0 0 0 0 0 0 3 0 0 5 3 3 0 3 3 0 4 4 0 0 0 0 0

52 0 0 0 0 0 0 0 0 0 0 0 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13

56 0 0 0 0 0 0 0 0 0 0 0 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13

62 0 0 0 0 0 0 0 0 0 0 0 9 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 9

64 0 0 0 0 0 0 0 0 3 0 0 7 5 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 5 0 0 7

72 0 0 0 0 0 0 0 0 3 0 0 7 5 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 5 0 0 7

74 14 0 14 14 14 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 0 0 0 0 0 0 0 0 0 0 0 0 0

76 0 0 0 0 0 0 0 0 3 0 0 7 5 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 5 0 0 7

80 0 0 0 0 0 0 21 21 10 0 0 9 9 0 10 21 21 0 21 0 0 0 0 21 0 0 21 0 0 10 9 0 0 9

83 0 0 0 0 0 0 21 21 10 0 0 9 9 0 10 21 21 0 21 0 0 0 0 21 0 0 21 0 0 10 9 0 0 9

85 0 0 0 0 0 0 21 21 10 0 0 9 9 0 10 21 21 0 21 0 0 0 0 21 0 0 21 0 0 10 9 0 0 9

91 0 0 0 0 0 0 21 21 10 0 0 9 9 0 10 21 21 0 21 0 0 0 0 21 0 0 21 0 0 10 9 0 0 9

99 14 0 14 14 14 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 0 0 0 0 0 0 0 0 0 0 0 0 0

109 14 0 14 14 14 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 0 0 0 0 0 0 0 0 0 0 0 0 0

111 14 0 14 14 14 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 0 0 0 0 0 0 0 0 0 0 0 0 0

113 0 0 0 0 0 0 0 0 0 0 0 9 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 9

125 5 0 5 5 5 5 0 0 0 4 0 0 0 0 0 0 0 3 0 0 5 3 3 0 3 3 0 4 4 0 0 0 0 0

130 7 0 7 7 7 7 0 0 0 9 17 0 0 17 0 0 0 6 0 0 7 6 6 0 6 6 0 9 9 0 0 0 17 0
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ʃʾ˄ʰˁʰˌ 7Υ ʃʾ˄ʰˁʰˌ ʃˊˇʷ˂ʶˎˋʹˌ ʃˊˇˇˊʽˋ˃ˇˏ ɳ˂ʰ˒ˊ˗˄ ʁ˔ʹ˃ʱˍ˖˄ ʰˎ˅ʹ˃ʷ˄˖˄ ˁʰˍʱ рл҈ 

 

 

 

 

 

 

ȾȺɁɇɅɃȺȽȹȼ1 10 12 14 18 20 28 34 39 41 47 49 53 57 59 65 67 69 77 80 88 92 94 96 100 104 106 114 116 118 122 126 128 130

1 0 1282 0 0 0 0 317 317 245 0 0 212 209 0 245 317 317 0 317 1282 0 0 0 317 0 0 317 0 0 245 209 0 0 212

5 110 0 110 110 110 110 0 0 0 154 290 0 0 290 0 0 0 122 0 0 110 122 122 0 122 122 0 154 154 0 0 0 290 0

7 78 0 78 78 78 78 0 0 0 0 0 0 0 0 0 0 0 0 0 0 78 0 0 0 0 0 0 0 0 0 0 0 0 0

9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

23 78 0 78 78 78 78 0 0 0 0 0 0 0 0 0 0 0 0 0 0 78 0 0 0 0 0 0 0 0 0 0 0 0 0

25 78 0 78 78 78 78 0 0 0 0 0 0 0 0 0 0 0 0 0 0 78 0 0 0 0 0 0 0 0 0 0 0 0 0

27 0 0 0 0 0 0 0 0 122 0 0 150 121 0 122 0 0 0 0 0 0 0 0 0 0 0 0 0 0 122 121 0 0 150

31 78 0 78 78 78 78 0 0 0 0 0 0 0 0 0 0 0 0 0 0 78 0 0 0 0 0 0 0 0 0 0 0 0 0

33 0 0 0 0 0 0 0 0 122 0 0 150 121 0 122 0 0 0 0 0 0 0 0 0 0 0 0 0 0 122 121 0 0 150

37 78 0 78 78 78 78 0 0 0 0 0 0 0 0 0 0 0 0 0 0 78 0 0 0 0 0 0 0 0 0 0 0 0 0

39 0 0 0 0 0 0 0 0 0 0 0 165 120 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 120 0 0 165

44 75 0 75 75 75 75 0 0 0 74 0 0 0 0 0 0 0 73 0 0 75 73 73 0 73 73 0 74 74 0 0 0 0 0

46 75 0 75 75 75 75 0 0 0 74 0 0 0 0 0 0 0 73 0 0 75 73 73 0 73 73 0 74 74 0 0 0 0 0

52 0 0 0 0 0 0 0 0 0 0 0 223 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 223

56 0 0 0 0 0 0 0 0 0 0 0 223 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 223

62 0 0 0 0 0 0 0 0 0 0 0 165 120 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 120 0 0 165

64 0 0 0 0 0 0 0 0 122 0 0 150 121 0 122 0 0 0 0 0 0 0 0 0 0 0 0 0 0 122 121 0 0 150

72 0 0 0 0 0 0 0 0 122 0 0 150 121 0 122 0 0 0 0 0 0 0 0 0 0 0 0 0 0 122 121 0 0 150

74 78 0 78 78 78 78 0 0 0 0 0 0 0 0 0 0 0 0 0 0 78 0 0 0 0 0 0 0 0 0 0 0 0 0

76 0 0 0 0 0 0 0 0 122 0 0 150 121 0 122 0 0 0 0 0 0 0 0 0 0 0 0 0 0 122 121 0 0 150

80 0 0 0 0 0 0 41 41 72 0 0 111 86 0 72 41 41 0 41 0 0 0 0 41 0 0 41 0 0 72 86 0 0 111

83 0 0 0 0 0 0 41 41 72 0 0 111 86 0 72 41 41 0 41 0 0 0 0 41 0 0 41 0 0 72 86 0 0 111

85 0 0 0 0 0 0 41 41 72 0 0 111 86 0 72 41 41 0 41 0 0 0 0 41 0 0 41 0 0 72 86 0 0 111

87 75 0 75 75 75 75 0 0 0 0 0 0 0 0 0 0 0 72 0 0 75 72 72 0 72 72 0 0 0 0 0 0 0 0

91 0 0 0 0 0 0 41 41 72 0 0 111 86 0 72 41 41 0 41 0 0 0 0 41 0 0 41 0 0 72 86 0 0 111

99 78 0 78 78 78 78 0 0 0 0 0 0 0 0 0 0 0 0 0 0 78 0 0 0 0 0 0 0 0 0 0 0 0 0

103 0 0 0 0 0 0 0 0 122 0 0 150 121 0 122 0 0 0 0 0 0 0 0 0 0 0 0 0 0 122 121 0 0 150

109 78 0 78 78 78 78 0 0 0 0 0 0 0 0 0 0 0 0 0 0 78 0 0 0 0 0 0 0 0 0 0 0 0 0

111 78 0 78 78 78 78 0 0 0 0 0 0 0 0 0 0 0 0 0 0 78 0 0 0 0 0 0 0 0 0 0 0 0 0

113 0 0 0 0 0 0 0 0 0 0 0 165 120 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 120 0 0 165

125 75 0 75 75 75 75 0 0 0 74 0 0 0 0 0 0 0 73 0 0 75 73 73 0 73 73 0 74 74 0 0 0 0 0

130 110 0 110 110 110 110 0 0 0 154 290 0 0 290 0 0 0 122 0 0 110 122 122 0 122 122 0 154 154 0 0 0 290 0
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ʃʾ˄ʰˁʰˌ 8Υ ʃʾ˄ʰˁʰˌ ʃˊˇʷ˂ʶˎˋʹˌ ʃˊˇˇˊʽˋ˃ˇˏ ɰʰˊʷ˖˄ ʁ˔ʹ˃ʱˍ˖˄ ʰˎ˅ʹ˃ʷ˄˖˄ ˁʰˍʱ рл҈ 

 

 

ȾȺɁɇɅɃȺȽȹȼ1 10 12 14 18 20 28 34 39 41 47 49 53 57 59 65 67 69 77 80 88 92 94 96 100 104 106 114 116 118 122 126 128 130

1 0 46 0 0 0 0 35 35 20 0 0 17 17 0 20 35 35 0 35 46 0 0 0 35 0 0 35 0 0 20 17 0 0 17

5 9 0 9 9 9 9 0 0 0 11 22 0 0 22 0 0 0 7 0 0 9 7 7 0 7 7 0 11 11 0 0 0 22 0

7 17 0 17 17 17 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 0 0 0 0 0 0 0 0 0 0 0 0 0

9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

23 17 0 17 17 17 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 0 0 0 0 0 0 0 0 0 0 0 0 0

25 17 0 17 17 17 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 0 0 0 0 0 0 0 0 0 0 0 0 0

27 0 0 0 0 0 0 0 0 4 0 0 8 6 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 6 0 0 8

31 17 0 17 17 17 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 0 0 0 0 0 0 0 0 0 0 0 0 0

33 0 0 0 0 0 0 0 0 4 0 0 8 6 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 6 0 0 8

37 17 0 17 17 17 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 0 0 0 0 0 0 0 0 0 0 0 0 0

39 0 0 0 0 0 0 0 0 0 0 0 11 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 11

44 7 0 7 7 7 7 0 0 0 5 0 0 0 0 0 0 0 4 0 0 7 4 4 0 4 4 0 5 5 0 0 0 0 0

46 7 0 7 7 7 7 0 0 0 5 0 0 0 0 0 0 0 4 0 0 7 4 4 0 4 4 0 5 5 0 0 0 0 0

52 0 0 0 0 0 0 0 0 0 0 0 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16

56 0 0 0 0 0 0 0 0 0 0 0 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16

62 0 0 0 0 0 0 0 0 0 0 0 11 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 11

64 0 0 0 0 0 0 0 0 4 0 0 8 6 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 6 0 0 8

72 0 0 0 0 0 0 0 0 4 0 0 8 6 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 6 0 0 8

74 17 0 17 17 17 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 0 0 0 0 0 0 0 0 0 0 0 0 0

76 0 0 0 0 0 0 0 0 4 0 0 8 6 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 6 0 0 8

80 0 0 0 0 0 0 26 26 12 0 0 12 11 0 12 26 26 0 26 0 0 0 0 26 0 0 26 0 0 12 11 0 0 12

83 0 0 0 0 0 0 26 26 12 0 0 12 11 0 12 26 26 0 26 0 0 0 0 26 0 0 26 0 0 12 11 0 0 12

85 0 0 0 0 0 0 26 26 12 0 0 12 11 0 12 26 26 0 26 0 0 0 0 26 0 0 26 0 0 12 11 0 0 12

91 0 0 0 0 0 0 26 26 12 0 0 12 11 0 12 26 26 0 26 0 0 0 0 26 0 0 26 0 0 12 11 0 0 12

99 17 0 17 17 17 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 0 0 0 0 0 0 0 0 0 0 0 0 0

109 17 0 17 17 17 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 0 0 0 0 0 0 0 0 0 0 0 0 0

111 17 0 17 17 17 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 0 0 0 0 0 0 0 0 0 0 0 0 0

113 0 0 0 0 0 0 0 0 0 0 0 11 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 11

125 7 0 7 7 7 7 0 0 0 5 0 0 0 0 0 0 0 4 0 0 7 4 4 0 4 4 0 5 5 0 0 0 0 0

130 9 0 9 9 9 9 0 0 0 11 22 0 0 22 0 0 0 7 0 0 9 7 7 0 7 7 0 11 11 0 0 0 22 0
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7.2. ɮʃʁʆɳɽɳʅɾɮʆɮ ʃʄʁʅʁɾʁɹʍʅɶʅ 

7.2.1. ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ʅʶ˄ʰˊʾˇˎ л 

ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍˇˎ ʅʶ˄ʰˊʾˇˎ л ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍˇˎˌ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʶˌΥ  

 
ʃʾ˄ʰˁʰˌ 9Υ ʃʾ˄ʰˁʰˌ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʅʶ˄ʰˊʾˇˎ л ʴʽʰ ˎ˒ʽˋˍʱ˃ʶ˄ˇ ˁˎˁ˂ˇ˒ˇˊʽʰˁˈ ˒ˈˊˍˇ 

Time Series Value Standard 
Deviation 

Units 

Delay Time - All 53.8 1.67 sec/km 

Delay Time - Car 50.41 1.68 sec/km 

Delay Time - Truck 92.29 1.74 sec/km 

Density - All 44.21 0.51 veh/km 

Density - Car 40.98 0.48 veh/km 

Density - Truck 3.23 0.05 veh/km 

Flow - All 20288.9 91.95 veh/h 

Flow - Car 18645.6 81.34 veh/h 

Flow - Truck 1643.3 15.89 veh/h 

Harmonic Speed - All 25.88 0.3 km/h 

Harmonic Speed - Car 25.85 0.3 km/h 

Harmonic Speed - Truck 26.26 0.34 km/h 

Input Count - All 22074.9 60.45 veh 

Input Count - Car 20286 59.97 veh 

Input Count - Truck 1788.9 10.2 veh 

Input Flow - All 22074.9 60.45 veh/h 

Input Flow - Car 20286 59.97 veh/h 

Input Flow - Truck 1788.9 10.2 veh/h 

Max. Virtual Queue - All 718.1 81.89 veh 

Max. Virtual Queue - Car 629.1 75.42 veh 

Max. Virtual Queue - Truck 91.1 10.07 veh 

Mean Queue - All 763.17 39.49 veh 

Mean Queue - Car 685.61 36.68 veh 

Mean Queue - Truck 77.57 3.99 veh 

Mean Virtual Queue - All 278.45 35.91 veh 
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Mean Virtual Queue - Car 240.8 31.8 veh 

Mean Virtual Queue - Truck 37.65 7.06 veh 

Missed Turns - All 442 43.8 

 

Missed Turns - Car 383.4 35.8 

 

Missed Turns - Truck 58.6 10.23 

 

Number of Lane Changes - All 2747.83 17.71 #/km 

Number of Lane Changes - Car 2616.22 17.04 #/km 

Number of Lane Changes - Truck 131.62 1.66 #/km 

Number of Stops - All 0.02 0 #/veh/km 

Number of Stops - Car 0.02 0 #/veh/km 

Number of Stops - Truck 0.02 0 #/veh/km 

Speed - All 28.52 0.28 km/h 

Speed - Car 28.45 0.27 km/h 

Speed - Truck 29.32 0.35 km/h 

Stop Time - All 17.04 0.99 sec/km 

Stop Time - Car 16.4 1.01 sec/km 

Stop Time - Truck 24.3 1.37 sec/km 

Total Distance Traveled - All 138918.6 914.56 km 

Total Distance Traveled - Car 128693.99 842.33 km 

Total Distance Traveled - Truck 10224.61 125.47 km 

Total Distance Traveled (Vehicles Inside) - 
All 

17771.56 235.24 km 

Total Distance Traveled (Vehicles Inside) - 
Car 

16557.87 224.75 km 

Total Distance Traveled (Vehicles Inside) - 
Truck 

1213.7 38.14 km 

Total Number of Lane Changes - All 359329.1 2316.36 

 

Total Number of Lane Changes - Car 342117.7 2227.79 

 

Total Number of Lane Changes - Truck 17211.4 217.39 

 

Total Number of Stops - All 53768.6 1515.16 

 

Total Number of Stops - Car 49848.2 1407.99 

 

Total Number of Stops - Truck 3920.4 116.07 

 

Total Travel Time - All 5017.77 53.58 h 
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Total Travel Time - Car 4653.41 47.93 h 

Total Travel Time - Truck 364.36 6.48 h 

Total Travel Time (Vehicles Inside) - All 1779.03 50.65 h 

Total Travel Time (Vehicles Inside) - Car 1644.33 49.5 h 

Total Travel Time (Vehicles Inside) - Truck 134.7 7.2 h 

Total Travel Time (Waiting Out) - All 90.11 18.1 h 

Total Travel Time (Waiting Out) - Car 76.81 15.24 h 

Total Travel Time (Waiting Out) - Truck 13.3 3.75 h 

Travel Time - All 139.08 1.64 sec/km 

Travel Time - Car 139.26 1.66 sec/km 

Travel Time - Truck 137.07 1.76 sec/km 

Vehicles Inside - All 6608.2 85.37 veh 

Vehicles Inside - Car 6115.9 80.41 veh 

Vehicles Inside - Truck 492.3 8.41 veh 

Vehicles Lost Inside - All 95.7 21.1 veh 

Vehicles Lost Inside - Car 77.8 16.81 veh 

Vehicles Lost Inside - Truck 18.8 5.47 veh 

Vehicles Lost Outside - All 413.2 39.9 veh 

Vehicles Lost Outside - Car 356.6 33.39 veh 

Vehicles Lost Outside - Truck 55.7 8.93 veh 

Vehicles Outside - All 20288.9 91.95 veh 

Vehicles Outside - Car 18645.6 81.34 veh 

Vehicles Outside - Truck 1643.3 15.89 veh 

Vehicles Waiting to Enter - All 715.2 81.18 veh 

Vehicles Waiting to Enter - Car 626.1 74.83 veh 

Vehicles Waiting to Enter - Truck 89.1 10.82 veh 

Waiting Time in Virtual Queue - All 43.97 5.35 sec 

Waiting Time in Virtual Queue - Car 41.43 5.16 sec 

Waiting Time in Virtual Queue - Truck 72.14 12.72 sec 
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ʃʾ˄ʰˁʰˌ 10: ʃʾ˄ʰˁʰˌ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʅʶ˄ʰˊʾˇˎ л ʴʽʰ ˁˎˁ˂ˇ˒ˇˊʽʰˁˈ ˒ˈˊˍˇ ʰˎ˅ʹ˃ʷ˄ˇ ˁʰˍʱ 
20% 

Time Series Value Standard 
Deviation 

Units 

Delay Time - All 88.11 1.36 sec/km 

Delay Time - Car 84.74 1.39 sec/km 

Delay Time - Truck 128.51 3.04 sec/km 

Density - All 58.68 0.84 veh/km 

Density - Car 54.46 0.8 veh/km 

Density - Truck 4.22 0.09 veh/km 

Flow - All 20805.1 180.17 veh/h 

Flow - Car 19201.1 195.68 veh/h 

Flow - Truck 1604 45.56 veh/h 

Harmonic Speed - All 20.74 0.18 km/h 

Harmonic Speed - Car 20.73 0.18 km/h 

Harmonic Speed - Truck 20.76 0.37 km/h 

Input Count - All 23559.9 161.87 veh 

Input Count - Car 21764.9 150.25 veh 

Input Count - Truck 1795 54.11 veh 

Input Flow - All 23559.9 161.87 veh/h 

Input Flow - Car 21764.9 150.25 veh/h 

Input Flow - Truck 1795 54.11 veh/h 

Max. Virtual Queue - All 4079.7 189.05 veh 

Max. Virtual Queue - Car 3691.4 174.79 veh 

Max. Virtual Queue - Truck 391 20.25 veh 

Mean Queue - All 1574.96 75.43 veh 

Mean Queue - Car 1436.41 71.68 veh 

Mean Queue - Truck 138.54 7.62 veh 

Mean Virtual Queue - All 2049.12 112.32 veh 

Mean Virtual Queue - Car 1856.73 107.17 veh 

Mean Virtual Queue - Truck 192.4 11.62 veh 

Missed Turns - All 989.6 94.83   
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Missed Turns - Car 902 85.13   

Missed Turns - Truck 87.6 14.27   

Number of Lane Changes - All 2287.22 19.98 #/km 

Number of Lane Changes - Car 2179.68 20.2 #/km 

Number of Lane Changes - Truck 107.55 3.21 #/km 

Number of Stops - All 0.03 0 #/veh/km 

Number of Stops - Car 0.03 0 #/veh/km 

Number of Stops - Truck 0.02 0 #/veh/km 

Speed - All 23.63 0.19 km/h 

Speed - Car 23.62 0.19 km/h 

Speed - Truck 23.83 0.42 km/h 

Stop Time - All 34.77 1.05 sec/km 

Stop Time - Car 34.2 1.02 sec/km 

Stop Time - Truck 41.57 2.42 sec/km 

Total Distance Traveled - All 138604 2015.48 km 

Total Distance Traveled - Car 128884.9 2018.19 km 

Total Distance Traveled - Truck 9719.12 258.3 km 

Total Distance Traveled (Vehicles 
Inside) - All 

18972.58 262.39 km 

Total Distance Traveled (Vehicles 
Inside) - Car 

17749.42 288.29 km 

Total Distance Traveled (Vehicles 
Inside) - Truck 

1223.17 55.44 km 

Total Number of Lane Changes - All 299095.8 2613.03   

Total Number of Lane Changes - Car 285032.3 2641.81   

Total Number of Lane Changes - Truck 14063.5 420.02   

Total Number of Stops - All 78298 2299.09   

Total Number of Stops - Car 73209.9 2325.63   

Total Number of Stops - Truck 5088.1 184.56   

Total Travel Time - All 6144.77 91.52 h 

Total Travel Time - Car 5706.3 91.41 h 

Total Travel Time - Truck 438.47 13.15 h 

Total Travel Time (Vehicles Inside) - All 3606.84 93.1 h 
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Total Travel Time (Vehicles Inside) - Car 3332.11 87.84 h 

Total Travel Time (Vehicles Inside) - 
Truck 

274.73 15.74 h 

Total Travel Time (Waiting Out) - All 762.26 66.37 h 

Total Travel Time (Waiting Out) - Car 679.42 62.09 h 

Total Travel Time (Waiting Out) - Truck 82.84 6.81 h 

Travel Time - All 173.61 1.5 sec/km 

Travel Time - Car 173.63 1.53 sec/km 

Travel Time - Truck 173.41 3.06 sec/km 

Vehicles Inside - All 8837.1 193.5 veh 

Vehicles Inside - Car 8203.4 180.77 veh 

Vehicles Inside - Truck 633.7 27.54 veh 

Vehicles Lost Inside - All 289 64.73 veh 

Vehicles Lost Inside - Car 257.3 60.82 veh 

Vehicles Lost Inside - Truck 32.7 7.38 veh 

Vehicles Lost Outside - All 897.5 78.6 veh 

Vehicles Lost Outside - Car 816.9 71.49 veh 

Vehicles Lost Outside - Truck 79.6 11.16 veh 

Vehicles Outside - All 20805.1 180.17 veh 

Vehicles Outside - Car 19201.1 195.68 veh 

Vehicles Outside - Truck 1604 45.56 veh 

Vehicles Waiting to Enter - All 4077.9 188.95 veh 

Vehicles Waiting to Enter - Car 3689.4 175.2 veh 

Vehicles Waiting to Enter - Truck 388.5 20.86 veh 

Waiting Time in Virtual Queue - All 268.71 13.36 sec 

Waiting Time in Virtual Queue - Car 264.35 13.73 sec 

Waiting Time in Virtual Queue - Truck 319.51 15.49 sec 

 

ʃʾ˄ʰˁʰˌ 11: ʃʾ˄ʰˁʰˌ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʅʶ˄ʰˊʾˇˎ л ʴʽʰ ˁˎˁ˂ˇ˒ˇˊʽʰˁˈ ˒ˈˊˍˇ ʰˎ˅ʹ˃ʷ˄ˇ ˁʰˍʱ 
50% 

Time Series Value Standard 
Deviation 

Units 

Delay Time - All 132.51 2.44 sec/km 
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Delay Time - Car 128.7 2.49 sec/km 

Delay Time - Truck 178.83 3.49 sec/km 

Density - All 74.73 0.75 veh/km 

Density - Car 69.33 0.68 veh/km 

Density - Truck 5.41 0.16 veh/km 

Flow - All 21019.4 193.78 veh/h 

Flow - Car 19421.9 206.07 veh/h 

Flow - Truck 1597.5 24.46 veh/h 

Harmonic Speed - All 16.44 0.19 km/h 

Harmonic Speed - Car 16.48 0.2 km/h 

Harmonic Speed - Truck 16.07 0.25 km/h 

Input Count - All 25030.6 147.32 veh 

Input Count - Car 23154.2 147.95 veh 

Input Count - Truck 1876.4 44.13 veh 

Input Flow - All 25030.6 147.32 veh/h 

Input Flow - Car 23154.2 147.95 veh/h 

Input Flow - Truck 1876.4 44.13 veh/h 

Max. Virtual Queue - All 11054.8 137.3 veh 

Max. Virtual Queue - Car 10019.2 125.13 veh 

Max. Virtual Queue - Truck 1036.8 37.65 veh 

Mean Queue - All 2891.15 131.74 veh 

Mean Queue - Car 2650.12 123.91 veh 

Mean Queue - Truck 241.03 12.08 veh 

Mean Virtual Queue - All 6215.76 112.08 veh 

Mean Virtual Queue - Car 5658.93 100.43 veh 

Mean Virtual Queue - Truck 556.83 25.99 veh 

Missed Turns - All 2205.9 102.16 

 

Missed Turns - Car 2025.9 97.64 

 

Missed Turns - Truck 180 16.98 

 

Number of Lane Changes - All 1858.6 14.82 #/km 

Number of Lane Changes - Car 1768.81 14.54 #/km 

Number of Lane Changes - Truck 89.79 2.3 #/km 
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Number of Stops - All 0.04 0 #/veh/km 

Number of Stops - Car 0.04 0 #/veh/km 

Number of Stops - Truck 0.03 0 #/veh/km 

Speed - All 19.3 0.2 km/h 

Speed - Car 19.28 0.2 km/h 

Speed - Truck 19.59 0.27 km/h 

Stop Time - All 64.84 2.94 sec/km 

Stop Time - Car 63.9 3.03 sec/km 

Stop Time - Truck 76.36 4.15 sec/km 

Total Distance Traveled - All 130594 1444.66 km 

Total Distance Traveled - Car 121534 1557.63 km 

Total Distance Traveled - Truck 9059.94 204.76 km 

Total Distance Traveled (Vehicles 
Inside) - All 

18064.7 243.64 km 

Total Distance Traveled (Vehicles 
Inside) - Car 

16978.46 244.87 km 

Total Distance Traveled (Vehicles 
Inside) - Truck 

1086.24 61.16 km 

Total Number of Lane Changes - All 243045.4 1938.1 

 

Total Number of Lane Changes - Car 231303.9 1901.6 

 

Total Number of Lane Changes - Truck 11741.5 300.41 

 

Total Number of Stops - All 98502.6 1520.92 

 

Total Number of Stops - Car 92391.6 1468.84 

 

Total Number of Stops - Truck 6111 199.44 

 

Total Travel Time - All 7059.93 88.16 h 

Total Travel Time - Car 6554.09 86.13 h 

Total Travel Time - Truck 505.84 9.43 h 

Total Travel Time (Vehicles Inside) - All 6403.78 139.11 h 

Total Travel Time (Vehicles Inside) - Car 5917.25 122.91 h 

Total Travel Time (Vehicles Inside) - 
Truck 

486.53 28.11 h 

Total Travel Time (Waiting Out) - All 3426.48 95.47 h 

Total Travel Time (Waiting Out) - Car 3086.57 88.03 h 



ʃɮʄɮʄʆɶɾɮ  
 

-103- 

 

Total Travel Time (Waiting Out) - Truck 339.9 16.26 h 

Travel Time - All 218.91 2.5 sec/km 

Travel Time - Car 218.49 2.58 sec/km 

Travel Time - Truck 223.99 3.54 sec/km 

Vehicles Inside - All 11396.9 141.35 veh 

Vehicles Inside - Car 10590.9 129.13 veh 

Vehicles Inside - Truck 806 32.61 veh 

Vehicles Lost Inside - All 831.8 81.36 veh 

Vehicles Lost Inside - Car 766.1 77.79 veh 

Vehicles Lost Inside - Truck 67.1 9.81 veh 

Vehicles Lost Outside - All 1900 83.75 veh 

Vehicles Lost Outside - Car 1743.5 76.56 veh 

Vehicles Lost Outside - Truck 155.1 18.08 veh 

Vehicles Outside - All 21019.4 193.78 veh 

Vehicles Outside - Car 19421.9 206.07 veh 

Vehicles Outside - Truck 1597.5 24.46 veh 

Vehicles Waiting to Enter - All 11054.5 137.18 veh 

Vehicles Waiting to Enter - Car 10018.9 125 veh 

Vehicles Waiting to Enter - Truck 1035.6 37.43 veh 

Waiting Time in Virtual Queue - All 633.11 9.43 sec 

Waiting Time in Virtual Queue - Car 627.13 9 sec 

Waiting Time in Virtual Queue - Truck 701.29 23.95 sec 
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7.2.2. ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ʅʶ˄ʰˊʾˇˎ м 

ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍˇˎ ʅʶ˄ʰˊʾˇˎ м ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍˇˎˌ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʶˌΥ  

 
ʃʾ˄ʰˁʰˌ 12Υ ʃʾ˄ʰˁʰˌ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʅʶ˄ʰˊʾˇˎ м ʴʽʰ ˎ˒ʽˋˍʱ˃ʶ˄ˇ ˁˎˁ˂ˇ˒ˇˊʽʰˁˈ ˒ˈˊˍˇ 

Time Series Value Standard 
Deviation 

Units 

Delay Time - All 46.35 6.87 sec/km 

Delay Time - Car 42.86 6.24 sec/km 

Delay Time - Truck 88.16 6.94 sec/km 

Density - All 42.85 2.6 veh/km 

Density - Car 39.91 1.89 veh/km 

Density - Truck 2.94 0.71 veh/km 

Flow - All 20573.11 145.43 veh/h 

Flow - Car 18988.56 213.52 veh/h 

Flow - Truck 1584.56 313.9 veh/h 

Harmonic Speed - All 27.3 1.47 km/h 

Harmonic Speed - Car 27.32 1.47 km/h 

Harmonic Speed - Truck 27.07 1.73 km/h 

Input Count - All 22418.11 313.73 veh 

Input Count - Car 20689.44 65.3 veh 

Input Count - Truck 1728.67 352.89 veh 

Input Flow - All 22418.11 313.73 veh/h 

Input Flow - Car 20689.44 65.3 veh/h 

Input Flow - Truck 1728.67 352.89 veh/h 

Max. Virtual Queue - All 234.78 86.86 veh 

Max. Virtual Queue - Car 207.11 76.6 veh 

Max. Virtual Queue - Truck 31.56 12.23 veh 

Mean Queue - All 529.89 130.72 veh 

Mean Queue - Car 484.19 115.17 veh 

Mean Queue - Truck 45.69 15.7 veh 

Mean Virtual Queue - All 75.65 34.15 veh 

Mean Virtual Queue - Car 63.39 27.64 veh 

Mean Virtual Queue - Truck 12.26 7.13 veh 
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Missed Turns - All 503.56 42.06 

 

Missed Turns - Car 438.56 35.07 

 

Missed Turns - Truck 65 10.58 

 

Number of Lane Changes - All 2749.13 98.01 #/km 

Number of Lane Changes - Car 2625.83 119.08 #/km 

Number of Lane Changes - Truck 123.3 21.89 #/km 

Number of Stops - All 0.02 0 #/veh/km 

Number of Stops - Car 0.02 0 #/veh/km 

Number of Stops - Truck 0.02 0 #/veh/km 

Speed - All 29.56 1.36 km/h 

Speed - Car 29.52 1.36 km/h 

Speed - Truck 29.99 1.51 km/h 

Stop Time - All 10.96 2.42 sec/km 

Stop Time - Car 10.52 2.32 sec/km 

Stop Time - Truck 16.22 3.08 sec/km 

Total Distance Traveled - All 140709.6 606.15 km 

Total Distance Traveled - Car 130810 1852.02 km 

Total Distance Traveled - Truck 9899.66 1957.39 km 

Total Distance Traveled (Vehicles Inside) - 
All 

17987.77 460.8 km 

Total Distance Traveled (Vehicles Inside) - 
Car 

16802.54 219.29 km 

Total Distance Traveled (Vehicles Inside) - 
Truck 

1185.23 272.19 km 

Total Number of Lane Changes - All 360180.1 12840.22 

 

Total Number of Lane Changes - Car 344025.9 15601.06 

 

Total Number of Lane Changes - Truck 16154.22 2868.34 

 

Total Number of Stops - All 48566.89 6421.78 

 

Total Number of Stops - Car 45086.56 5471.24 

 

Total Number of Stops - Truck 3480.33 958.13 

 

Total Travel Time - All 4905.37 237.39 h 

Total Travel Time - Car 4567.04 159.06 h 

Total Travel Time - Truck 338.33 78.54 h 
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Total Travel Time (Vehicles Inside) - All 1535.08 206.36 h 

Total Travel Time (Vehicles Inside) - Car 1436.78 177.64 h 

Total Travel Time (Vehicles Inside) - Truck 98.3 29 h 

Total Travel Time (Waiting Out) - All 12.33 5.5 h 

Total Travel Time (Waiting Out) - Car 10.96 4.91 h 

Total Travel Time (Waiting Out) - Truck 1.37 0.78 h 

Travel Time - All 131.86 6.28 sec/km 

Travel Time - Car 131.77 6.26 sec/km 

Travel Time - Truck 132.97 6.93 sec/km 

Vehicles Inside - All 6471.22 455.3 veh 

Vehicles Inside - Car 6020.89 341.65 veh 

Vehicles Inside - Truck 450.33 114.54 veh 

Vehicles Lost Inside - All 142.56 21.49 veh 

Vehicles Lost Inside - Car 117.44 18.48 veh 

Vehicles Lost Inside - Truck 25.67 4.85 veh 

Vehicles Lost Outside - All 476.89 39.31 veh 

Vehicles Lost Outside - Car 414.67 33.12 veh 

Vehicles Lost Outside - Truck 61.67 9.81 veh 

Vehicles Outside - All 20573.11 145.43 veh 

Vehicles Outside - Car 18988.56 213.52 veh 

Vehicles Outside - Truck 1584.56 313.9 veh 

Vehicles Waiting to Enter - All 231.11 88.43 veh 

Vehicles Waiting to Enter - Car 203.33 78.05 veh 

Vehicles Waiting to Enter - Truck 27.78 11.58 veh 

Waiting Time in Virtual Queue - All 12.05 5.11 sec 

Waiting Time in Virtual Queue - Car 10.93 4.56 sec 

Waiting Time in Virtual Queue - Truck 25.26 11.84 sec 

 
ʃʾ˄ʰˁʰˌ 13Υ ʃʾ˄ʰˁʰˌ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʅʶ˄ʰˊʾˇˎ м ʴʽʰ ʰˎ˅ʹ˃ʷ˄ˇ ˁˎˁ˂ˇ˒ˇˊʽʰˁˈ ˒ˈˊˍˇ ˁʰˍʱ 

20% 

Time Series Value Standard 
Deviation 

Units 
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Delay Time - All 87.13 2.39 sec/km 

Delay Time - Car 83.56 2.41 sec/km 

Delay Time - Truck 129.22 3.28 sec/km 

Density - All 58.83 0.92 veh/km 

Density - Car 54.68 0.9 veh/km 

Density - Truck 4.15 0.09 veh/km 

Flow - All 21206.7 149.79 veh/h 

Flow - Car 19547.1 147.67 veh/h 

Flow - Truck 1659.6 40.32 veh/h 

Harmonic Speed - All 20.83 0.29 km/h 

Harmonic Speed - Car 20.84 0.29 km/h 

Harmonic Speed - Truck 20.65 0.39 km/h 

Input Count - All 24069.2 195.01 veh 

Input Count - Car 22202.2 179.9 veh 

Input Count - Truck 1867 45.32 veh 

Input Flow - All 24069.2 195.01 veh/h 

Input Flow - Car 22202.2 179.9 veh/h 

Input Flow - Truck 1867 45.32 veh/h 

Max. Virtual Queue - All 3391.3 94.23 veh 

Max. Virtual Queue - Car 3055.9 71.15 veh 

Max. Virtual Queue - Truck 339.2 31.62 veh 

Mean Queue - All 1564.87 69.73 veh 

Mean Queue - Car 1440.46 65.91 veh 

Mean Queue - Truck 124.41 5.34 veh 

Mean Virtual Queue - All 1694.94 91.9 veh 

Mean Virtual Queue - Car 1526.28 78.45 veh 

Mean Virtual Queue - Truck 168.66 23.95 veh 

Missed Turns - All 1207.7 63.01 

 

Missed Turns - Car 1088.3 61.99 

 

Missed Turns - Truck 119.4 10.62 

 

Number of Lane Changes - All 2266.59 30.44 #/km 

Number of Lane Changes - Car 2160.26 29.32 #/km 
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Number of Lane Changes - Truck 106.33 3.3 #/km 

Number of Stops - All 0.03 0 #/veh/km 

Number of Stops - Car 0.03 0 #/veh/km 

Number of Stops - Truck 0.02 0 #/veh/km 

Speed - All 23.96 0.31 km/h 

Speed - Car 23.96 0.31 km/h 

Speed - Truck 23.98 0.37 km/h 

Stop Time - All 34.11 1.75 sec/km 

Stop Time - Car 33.63 1.76 sec/km 

Stop Time - Truck 39.78 2.48 sec/km 

Total Distance Traveled - All 140564 1445.74 km 

Total Distance Traveled - Car 130641.8 1461.35 km 

Total Distance Traveled - Truck 9922.2 278.39 km 

Total Distance Traveled (Vehicles Inside) - 
All 

19254.57 348.62 km 

Total Distance Traveled (Vehicles Inside) - 
Car 

18012.14 350.01 km 

Total Distance Traveled (Vehicles Inside) - 
Truck 

1242.42 54.48 km 

Total Number of Lane Changes - All 296959.2 3988.34 

 

Total Number of Lane Changes - Car 283028.2 3841.66 

 

Total Number of Lane Changes - Truck 13931 432.42 

 

Total Number of Stops - All 74214.1 2007.31 

 

Total Number of Stops - Car 69270.3 1886.59 

 

Total Number of Stops - Truck 4943.8 234.78 

 

Total Travel Time - All 6149.2 81.5 h 

Total Travel Time - Car 5713.08 79.91 h 

Total Travel Time - Truck 436.12 10.05 h 

Total Travel Time (Vehicles Inside) - All 3545.18 114.73 h 

Total Travel Time (Vehicles Inside) - Car 3285.54 105.68 h 

Total Travel Time (Vehicles Inside) - Truck 259.64 15.33 h 

Total Travel Time (Waiting Out) - All 572.19 49.33 h 

Total Travel Time (Waiting Out) - Car 507.58 41.33 h 
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Total Travel Time (Waiting Out) - Truck 64.61 13.12 h 

Travel Time - All 172.86 2.42 sec/km 

Travel Time - Car 172.74 2.4 sec/km 

Travel Time - Truck 174.32 3.29 sec/km 

Vehicles Inside - All 8979.8 206.5 veh 

Vehicles Inside - Car 8340.6 203.86 veh 

Vehicles Inside - Truck 639.2 23.69 veh 

Vehicles Lost Inside - All 408.4 47.22 veh 

Vehicles Lost Inside - Car 368.9 46.36 veh 

Vehicles Lost Inside - Truck 40.5 7.23 veh 

Vehicles Lost Outside - All 1092.4 51.63 veh 

Vehicles Lost Outside - Car 981.3 52.41 veh 

Vehicles Lost Outside - Truck 110.1 10.7 veh 

Vehicles Outside - All 21206.7 149.79 veh 

Vehicles Outside - Car 19547.1 147.67 veh 

Vehicles Outside - Truck 1659.6 40.32 veh 

Vehicles Waiting to Enter - All 3390.1 94.27 veh 

Vehicles Waiting to Enter - Car 3054.6 71.1 veh 

Vehicles Waiting to Enter - Truck 335.5 32.04 veh 

Waiting Time in Virtual Queue - All 223.66 12.05 sec 

Waiting Time in Virtual Queue - Car 218.98 11.24 sec 

Waiting Time in Virtual Queue - Truck 277.24 36.72 sec 

 
ʃʾ˄ʰˁʰˌ 14Υ ʃʾ˄ʰˁʰˌ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʅʶ˄ʰˊʾˇˎ м ʴʽʰ ʰˎ˅ʹ˃ʷ˄ˇ ˁˎˁ˂ˇ˒ˇˊʽʰˁˈ ˒ˈˊˍˇ ˁʰˍʱ 

50% 

senario 1 replication 10 od +50% 

Time Series Value Standard 
Deviation 

Units 

Delay Time - All 133.98 2.72 sec/km 

Delay Time - Car 129.73 2.72 sec/km 

Delay Time - Truck 184 4.51 sec/km 

Density - All 75.51 0.98 veh/km 
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Density - Car 70.25 1.01 veh/km 

Density - Truck 5.27 0.1 veh/km 

Flow - All 21296.9 244.85 veh/h 

Flow - Car 19627.9 227.53 veh/h 

Flow - Truck 1669 29.4 veh/h 

Harmonic Speed - All 16.32 0.21 km/h 

Harmonic Speed - Car 16.38 0.21 km/h 

Harmonic Speed - Truck 15.69 0.32 km/h 

Input Count - All 25483.5 219.98 veh 

Input Count - Car 23551.8 233.92 veh 

Input Count - Truck 1931.7 38.28 veh 

Input Flow - All 25483.5 219.98 veh/h 

Input Flow - Car 23551.8 233.92 veh/h 

Input Flow - Truck 1931.7 38.28 veh/h 

Max. Virtual Queue - All 10365.9 280.98 veh 

Max. Virtual Queue - Car 9399.8 283.62 veh 

Max. Virtual Queue - Truck 966.6 22.88 veh 

Mean Queue - All 2809.44 154.46 veh 

Mean Queue - Car 2591.45 144.99 veh 

Mean Queue - Truck 217.99 13.2 veh 

Mean Virtual Queue - All 5742.72 185.55 veh 

Mean Virtual Queue - Car 5226.37 186.67 veh 

Mean Virtual Queue - Truck 516.35 9.58 veh 

Missed Turns - All 2490.6 185.02 

 

Missed Turns - Car 2265.3 160.93 

 

Missed Turns - Truck 225.3 27.18 

 

Number of Lane Changes - All 1816.08 21.2 #/km 

Number of Lane Changes - Car 1727.8 20.34 #/km 

Number of Lane Changes - Truck 88.28 2.06 #/km 

Number of Stops - All 0.03 0 #/veh/km 

Number of Stops - Car 0.03 0 #/veh/km 

Number of Stops - Truck 0.03 0 #/veh/km 
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Speed - All 19.38 0.23 km/h 

Speed - Car 19.37 0.23 km/h 

Speed - Truck 19.53 0.31 km/h 

Stop Time - All 65.41 2.96 sec/km 

Stop Time - Car 64.3 2.98 sec/km 

Stop Time - Truck 78.4 4.38 sec/km 

Total Distance Traveled - All 132322.7 1629.43 km 

Total Distance Traveled - Car 123113.3 1541.37 km 

Total Distance Traveled - Truck 9209.34 159.33 km 

Total Distance Traveled (Vehicles Inside) - 
All 

18357.75 380.11 km 

Total Distance Traveled (Vehicles Inside) - 
Car 

17269.93 380.11 km 

Total Distance Traveled (Vehicles Inside) - 
Truck 

1087.82 51.06 km 

Total Number of Lane Changes - All 237934.7 2777.8 

 

Total Number of Lane Changes - Car 226369 2664.71 

 

Total Number of Lane Changes - Truck 11565.7 269.83 

 

Total Number of Stops - All 95681.7 2421.81 

 

Total Number of Stops - Car 89765.2 2318.29 

 

Total Number of Stops - Truck 5916.5 166.11 

 

Total Travel Time - All 7153.12 104.31 h 

Total Travel Time - Car 6647.49 99.58 h 

Total Travel Time - Truck 505.63 9.94 h 

Total Travel Time (Vehicles Inside) - All 6261.05 221.77 h 

Total Travel Time (Vehicles Inside) - Car 5819.36 207.61 h 

Total Travel Time (Vehicles Inside) - Truck 441.69 22.71 h 

Total Travel Time (Waiting Out) - All 3091.77 106.7 h 

Total Travel Time (Waiting Out) - Car 2777.88 108.61 h 

Total Travel Time (Waiting Out) - Truck 313.9 15 h 

Travel Time - All 220.56 2.8 sec/km 

Travel Time - Car 219.8 2.79 sec/km 

Travel Time - Truck 229.48 4.59 sec/km 
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Vehicles Inside - All 11652.5 206.29 veh 

Vehicles Inside - Car 10861.7 206.62 veh 

Vehicles Inside - Truck 790.8 17.03 veh 

Vehicles Lost Inside - All 980.6 110.44 veh 

Vehicles Lost Inside - Car 909.4 101.23 veh 

Vehicles Lost Inside - Truck 72.4 12.61 veh 

Vehicles Lost Outside - All 2163.4 147.4 veh 

Vehicles Lost Outside - Car 1955.8 127.47 veh 

Vehicles Lost Outside - Truck 206.4 23.54 veh 

Vehicles Outside - All 21296.9 244.85 veh 

Vehicles Outside - Car 19627.9 227.53 veh 

Vehicles Outside - Truck 1669 29.4 veh 

Vehicles Waiting to Enter - All 10365.2 280.97 veh 

Vehicles Waiting to Enter - Car 9399 283.59 veh 

Vehicles Waiting to Enter - Truck 966.2 22.62 veh 

Waiting Time in Virtual Queue - All 587.21 16.88 sec 

Waiting Time in Virtual Queue - Car 581.44 18.51 sec 

Waiting Time in Virtual Queue - Truck 652.8 14.33 sec 

 
ʃʾ˄ʰˁʰˌ 15Υ ʃʾ˄ʰˁʰˌ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʅʶ˄ʰˊʾˇˎ н-ʃʶˊʾˉˍ˖ˋʹ ʰ˒ʰʾˊʶˋʹˌ ˂˖ˊʾʵʰˌ 

ˁˎˁ˂ˇ˒ˇˊʾʰˌ ʴʽʰ ˎ˒ʽˋˍʱ˃ʶ˄ˇ ˁˎˁ˂ˇ˒ˇˊʽʰˁˈ ˒ˈˊˍˇ 

Time Series Value Standard 
Deviation 

Units 

Delay Time - All 142.02 2.23 sec/km 

Delay Time - Car 138.28 2.34 sec/km 

Delay Time - Truck 182.72 1.72 sec/km 

Density - All 71.77 0.68 veh/km 

Density - Car 65.99 0.62 veh/km 

Density - Truck 5.77 0.09 veh/km 

Flow - All 14438.8 115.95 veh/h 

Flow - Car 13224.7 107.54 veh/h 

Flow - Truck 1214.1 20.94 veh/h 
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Harmonic Speed - All 15.75 0.16 km/h 

Harmonic Speed - Car 15.75 0.17 km/h 

Harmonic Speed - Truck 15.79 0.12 km/h 

Input Count - All 17497.8 50.14 veh 

Input Count - Car 16014.2 41.86 veh 

Input Count - Truck 1483.6 16.17 veh 

Input Flow - All 17497.8 50.14 veh/h 

Input Flow - Car 16014.2 41.86 veh/h 

Input Flow - Truck 1483.6 16.17 veh/h 

Max. Virtual Queue - All 6150.8 63.98 veh 

Max. Virtual Queue - Car 5704.8 55.4 veh 

Max. Virtual Queue - Truck 446.6 11.01 veh 

Mean Queue - All 2617.09 88.54 veh 

Mean Queue - Car 2395.14 81.61 veh 

Mean Queue - Truck 221.95 8.04 veh 

Mean Virtual Queue - All 3336.3 59.44 veh 

Mean Virtual Queue - Car 3106.25 52.77 veh 

Mean Virtual Queue - Truck 230.05 9.7 veh 

Missed Turns - All 1487 59.86 

 

Missed Turns - Car 1377.9 50.39 

 

Missed Turns - Truck 109.1 12.05 

 

Number of Lane Changes - All 1516.7 19.55 #/km 

Number of Lane Changes - Car 1437.79 19.59 #/km 

Number of Lane Changes - Truck 78.91 1.6 #/km 

Number of Stops - All 0.05 0 #/veh/km 

Number of Stops - Car 0.05 0 #/veh/km 

Number of Stops - Truck 0.04 0 #/veh/km 

Speed - All 19.01 0.24 km/h 

Speed - Car 18.99 0.25 km/h 

Speed - Truck 19.3 0.17 km/h 

Stop Time - All 78.81 2.29 sec/km 

Stop Time - Car 78.48 2.35 sec/km 
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Stop Time - Truck 82.36 2.33 sec/km 

Total Distance Traveled - All 87439.73 1022.98 km 

Total Distance Traveled - Car 80790.7 979.62 km 

Total Distance Traveled - Truck 6649.03 158.49 km 

Total Distance Traveled (Vehicles Inside) - 
All 

11455.15 323.49 km 

Total Distance Traveled (Vehicles Inside) - 
Car 

10616.04 308.4 km 

Total Distance Traveled (Vehicles Inside) - 
Truck 

839.12 30.78 km 

Total Number of Lane Changes - All 151319.2 1950.94 

 

Total Number of Lane Changes - Car 143446.3 1954.53 

 

Total Number of Lane Changes - Truck 7872.9 159.19 

 

Total Number of Stops - All 65010.3 1390.11 

 

Total Number of Stops - Car 60739.9 1336 

 

Total Number of Stops - Truck 4270.4 112.53 

 

Total Travel Time - All 4970.73 48.69 h 

Total Travel Time - Car 4575.93 44.88 h 

Total Travel Time - Truck 394.8 8.55 h 

Total Travel Time (Vehicles Inside) - All 4555.04 100.45 h 

Total Travel Time (Vehicles Inside) - Car 4194.66 98.07 h 

Total Travel Time (Vehicles Inside) - Truck 360.38 8.67 h 

Total Travel Time (Waiting Out) - All 1919.68 37.4 h 

Total Travel Time (Waiting Out) - Car 1794.25 33.51 h 

Total Travel Time (Waiting Out) - Truck 125.43 5.06 h 

Travel Time - All 228.54 2.29 sec/km 

Travel Time - Car 228.6 2.42 sec/km 

Travel Time - Truck 227.92 1.66 sec/km 

Vehicles Inside - All 8471.8 109.91 veh 

Vehicles Inside - Car 7784.8 108.3 veh 

Vehicles Inside - Truck 687 12.03 veh 

Vehicles Lost Inside - All 344.2 25.65 veh 

Vehicles Lost Inside - Car 311.2 18.32 veh 
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Vehicles Lost Inside - Truck 34 8.07 veh 

Vehicles Lost Outside - All 1352.8 58.53 veh 

Vehicles Lost Outside - Car 1257.2 50.21 veh 

Vehicles Lost Outside - Truck 94.6 9.24 veh 

Vehicles Outside - All 14438.8 115.95 veh 

Vehicles Outside - Car 13224.7 107.54 veh 

Vehicles Outside - Truck 1214.1 20.94 veh 

Vehicles Waiting to Enter - All 6150.3 63.71 veh 

Vehicles Waiting to Enter - Car 5704.2 55.29 veh 

Vehicles Waiting to Enter - Truck 446.1 11.39 veh 

Waiting Time in Virtual Queue - All 515.59 7.91 sec 

Waiting Time in Virtual Queue - Car 522.75 7.62 sec 

Waiting Time in Virtual Queue - Truck 435.01 17.21 sec 

 
ʃʾ˄ʰˁʰˌ 16Υ ʃʾ˄ʰˁʰˌ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʅʶ˄ʰˊʾˇˎ н-ʃʶˊʾˉˍ˖ˋʹ ʰ˒ʰʾˊʶˋʹˌ ˂˖ˊʾʵʰˌ 

ˁˎˁ˂ˇ˒ˇˊʾʰˌ ʴʽʰ ʰˎ˅ʹ˃ʷ˄ˇ ˁˎˁ˂ˇ˒ˇˊʽʰˁˈ ˒ˈˊˍˇ ˁʰˍʱ нл҈ 

Time Series Value Standard 
Deviation 

Units 

Delay Time - All 170.34 1.89 sec/km 

Delay Time - Car 165.88 2.02 sec/km 

Delay Time - Truck 233.35 5.83 sec/km 

Density - All 81.1 0.66 veh/km 

Density - Car 74.68 0.62 veh/km 

Density - Truck 6.42 0.16 veh/km 

Flow - All 14372.9 135.72 veh/h 

Flow - Car 13422.6 126.48 veh/h 

Flow - Truck 950.3 33.04 veh/h 

Harmonic Speed - All 13.92 0.1 km/h 

Harmonic Speed - Car 14 0.11 km/h 

Harmonic Speed - Truck 12.88 0.27 km/h 

Input Count - All 17629.7 144.86 veh 

Input Count - Car 16488 140.58 veh 
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Input Count - Truck 1141.7 49.86 veh 

Input Flow - All 17629.7 144.86 veh/h 

Input Flow - Car 16488 140.58 veh/h 

Input Flow - Truck 1141.7 49.86 veh/h 

Max. Virtual Queue - All 12622.8 149.41 veh 

Max. Virtual Queue - Car 10757.2 147.46 veh 

Max. Virtual Queue - Truck 1865.7 43.87 veh 

Mean Queue - All 3807.38 104.76 veh 

Mean Queue - Car 3456.76 94.86 veh 

Mean Queue - Truck 350.63 19.52 veh 

Mean Virtual Queue - All 7299.61 98.61 veh 

Mean Virtual Queue - Car 6197.15 99.66 veh 

Mean Virtual Queue - Truck 1102.47 26.5 veh 

Missed Turns - All 2240.1 80.13   

Missed Turns - Car 2024.6 79.1   

Missed Turns - Truck 215.5 19.12   

Number of Lane Changes - All 1357.91 15.46 #/km 

Number of Lane Changes - Car 1300.83 16.66 #/km 

Number of Lane Changes - Truck 57.07 1.75 #/km 

Number of Stops - All 0.05 0 #/veh/km 

Number of Stops - Car 0.05 0 #/veh/km 

Number of Stops - Truck 0.04 0 #/veh/km 

Speed - All 17.36 0.2 km/h 

Speed - Car 17.37 0.21 km/h 

Speed - Truck 17.22 0.34 km/h 

Stop Time - All 106.46 2.26 sec/km 

Stop Time - Car 104.36 2.32 sec/km 

Stop Time - Truck 136.15 6.42 sec/km 

Total Distance Traveled - All 82610.8 970.1 km 

Total Distance Traveled - Car 77111.4 986.37 km 

Total Distance Traveled - Truck 5499.45 152.36 km 
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Total Distance Traveled (Vehicles Inside) 
- All 

10756.1 88.48 km 

Total Distance Traveled (Vehicles Inside) 
- Car 

10098.6 91.98 km 

Total Distance Traveled (Vehicles Inside) 
- Truck 

657.42 30.41 km 

Total Number of Lane Changes - All 135476 1542.84   

Total Number of Lane Changes - Car 129782 1661.78   

Total Number of Lane Changes - Truck 5694.2 175.05   

Total Number of Stops - All 69043.8 1702.05   

Total Number of Stops - Car 65117.8 1603.5   

Total Number of Stops - Truck 3926 193.66   

Total Travel Time - All 5171.6 49.63 h 

Total Travel Time - Car 4805.29 49.06 h 

Total Travel Time - Truck 366.31 13.14 h 

Total Travel Time (Vehicles Inside) - All 5955.1 151.17 h 

Total Travel Time (Vehicles Inside) - Car 5331.78 139.48 h 

Total Travel Time (Vehicles Inside) - 
Truck 

623.33 27.06 h 

Total Travel Time (Waiting Out) - All 5835.94 79.99 h 

Total Travel Time (Waiting Out) - Car 4917.15 72.21 h 

Total Travel Time (Waiting Out) - Truck 918.79 26.09 h 

Travel Time - All 258.64 1.94 sec/km 

Travel Time - Car 257.16 2.11 sec/km 

Travel Time - Truck 279.54 5.86 sec/km 

Vehicles Inside - All 9402.2 179.26 veh 

Vehicles Inside - Car 8710.8 176.21 veh 

Vehicles Inside - Truck 691.4 26.43 veh 

Vehicles Lost Inside - All 673.2 59.88 veh 

Vehicles Lost Inside - Car 602.2 52.18 veh 

Vehicles Lost Inside - Truck 71.4 17.1 veh 

Vehicles Lost Outside - All 1923 67.8 veh 

Vehicles Lost Outside - Car 1752.3 70.56 veh 
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Vehicles Lost Outside - Truck 170.3 16.26 veh 

Vehicles Outside - All 14372.9 135.72 veh 

Vehicles Outside - Car 13422.6 126.48 veh 

Vehicles Outside - Truck 950.3 33.04 veh 

Vehicles Waiting to Enter - All 12622.5 149.67 veh 

Vehicles Waiting to Enter - Car 10756.8 147.69 veh 

Vehicles Waiting to Enter - Truck 1865.7 43.87 veh 

Waiting Time in Virtual Queue - All 907.76 10.44 sec 

Waiting Time in Virtual Queue - Car 854.44 11.09 sec 

Waiting Time in Virtual Queue - Truck 1390.24 22.57 sec 

 
ʃʾ˄ʰˁʰˌ 17Υ ʃʾ˄ʰˁʰˌ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʅʶ˄ʰˊʾˇˎ н-ʃʶˊʾˉˍ˖ˋʹ ʰ˒ʰʾˊʶˋʹˌ ˂˖ˊʾʵʰˌ 

ˁˎˁ˂ˇ˒ˇˊʾʰˌ ʴʽʰ ʰˎ˅ʹ˃ʷ˄ˇ ˁˎˁ˂ˇ˒ˇˊʽʰˁˈ ˒ˈˊˍˇ ˁʰˍʱ рл҈ 

Time Series Value Standard 
Deviation 

Units 

Delay Time - All 244.53 3.18 sec/km 

Delay Time - Car 242.65 3.5 sec/km 

Delay Time - Truck 266.49 4.03 sec/km 

Density - All 98.28 0.99 veh/km 

Density - Car 90.78 0.96 veh/km 

Density - Truck 7.5 0.22 veh/km 

Flow - All 14577.4 148.9 veh/h 

Flow - Car 13428.7 155.88 veh/h 

Flow - Truck 1148.7 35.19 veh/h 

Harmonic Speed - All 10.75 0.1 km/h 

Harmonic Speed - Car 10.69 0.11 km/h 

Harmonic Speed - Truck 11.51 0.15 km/h 

Input Count - All 17999.7 213.41 veh 

Input Count - Car 16598.9 216.29 veh 

Input Count - Truck 1400.8 50.26 veh 

Input Flow - All 17999.7 213.41 veh/h 

Input Flow - Car 16598.9 216.29 veh/h 
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Input Flow - Truck 1400.8 50.26 veh/h 

Max. Virtual Queue - All 20263.5 334.77 veh 

Max. Virtual Queue - Car 18643 315.52 veh 

Max. Virtual Queue - Truck 1621 39.53 veh 

Mean Queue - All 6284.36 151.24 veh 

Mean Queue - Car 5799.82 139.42 veh 

Mean Queue - Truck 484.55 18.92 veh 

Mean Virtual Queue - All 11613.8 199.24 veh 

Mean Virtual Queue - Car 10699.7 189.52 veh 

Mean Virtual Queue - Truck 914.04 22.67 veh 

Missed Turns - All 3994.1 129.32   

Missed Turns - Car 3693 114.97   

Missed Turns - Truck 301.1 26.22   

Number of Lane Changes - All 1089.12 18.76 #/km 

Number of Lane Changes - Car 1029.57 18.92 #/km 

Number of Lane Changes - Truck 59.55 2.22 #/km 

Number of Stops - All 0.05 0 #/veh/km 

Number of Stops - Car 0.05 0 #/veh/km 

Number of Stops - Truck 0.04 0 #/veh/km 

Speed - All 14.13 0.19 km/h 

Speed - Car 14.01 0.2 km/h 

Speed - Truck 15.51 0.2 km/h 

Stop Time - All 190.27 3.89 sec/km 

Stop Time - Car 191.54 4.24 sec/km 

Stop Time - Truck 175.33 4.52 sec/km 

Total Distance Traveled - All 70859.5 1137.4 km 

Total Distance Traveled - Car 65527.2 1168.62 km 

Total Distance Traveled - Truck 5332.26 143.13 km 

Total Distance Traveled (Vehicles Inside) - 
All 

8925.55 201.71 km 

Total Distance Traveled (Vehicles Inside) - 
Car 

8271.03 195.23 km 
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Total Distance Traveled (Vehicles Inside) - 
Truck 

654.51 35.28 km 

Total Number of Lane Changes - All 108660 1871.23   

Total Number of Lane Changes - Car 102719 1887.77   

Total Number of Lane Changes - Truck 5941.2 221.7   

Total Number of Stops - All 75158.5 1735.83   

Total Number of Stops - Car 70838.4 1713.91   

Total Number of Stops - Truck 4320.1 206.46   

Total Travel Time - All 5382.09 101.02 h 

Total Travel Time - Car 4963.75 101.55 h 

Total Travel Time - Truck 418.34 12.71 h 

Total Travel Time (Vehicles Inside) - All 9333.93 197.75 h 

Total Travel Time (Vehicles Inside) - Car 8628.08 180.61 h 

Total Travel Time (Vehicles Inside) - Truck 705.85 36.11 h 

Total Travel Time (Waiting Out) - All 9083 189.44 h 

Total Travel Time (Waiting Out) - Car 8377.65 175.81 h 

Total Travel Time (Waiting Out) - Truck 705.35 28.67 h 

Travel Time - All 334.95 3.21 sec/km 

Travel Time - Car 336.85 3.56 sec/km 

Travel Time - Truck 312.74 4.06 sec/km 

Vehicles Inside - All 10914.7 121.53 veh 

Vehicles Inside - Car 10094.1 117.63 veh 

Vehicles Inside - Truck 820.6 32.57 veh 

Vehicles Lost Inside - All 1373.6 86.08 veh 

Vehicles Lost Inside - Car 1252.5 77.76 veh 

Vehicles Lost Inside - Truck 121.8 16.79 veh 

Vehicles Lost Outside - All 3443.5 64.91 veh 

Vehicles Lost Outside - Car 3218.2 65.44 veh 

Vehicles Lost Outside - Truck 224.6 11.04 veh 

Vehicles Outside - All 14577.4 148.9 veh 

Vehicles Outside - Car 13428.7 155.88 veh 

Vehicles Outside - Truck 1148.7 35.19 veh 
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Vehicles Waiting to Enter - All 20263.5 334.77 veh 

Vehicles Waiting to Enter - Car 18643 315.52 veh 

Vehicles Waiting to Enter - Truck 1620.5 39.86 veh 

Waiting Time in Virtual Queue - All 1138.66 16.06 sec 

Waiting Time in Virtual Queue - Car 1139.66 16.96 sec 

Waiting Time in Virtual Queue - Truck 1126.4 30.87 sec 
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7.2.3. ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ʅʶ˄ʰˊʾˇˎ н 

ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍˇˎ ʅʶ˄ʰˊʾˇˎ н ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍˇˎˌ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʶˌ 

 
ʃʾ˄ʰˁʰˌ 18Υ ʃʾ˄ʰˁʰˌ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʅʶ˄ʰˊʾˇˎ н-ʃʶˊʾˉˍ˖ˋʹ ˉˊˇˋʻʺˁʹˌ ˂˖ˊʾʵʰˌ 

ˁˎˁ˂ˇ˒ˇˊʾʰˌ ʴʽʰ ˎ˒ʽˋˍʱ˃ʶ˄ˇ ˁˎˁ˂ˇ˒ˇˊʽʰˁˈ ˒ˈˊˍˇ 

Time Series Value Standard 
Deviation 

Units 

Delay Time - All 18.44 0.5 sec/km 

Delay Time - Car 16.25 0.51 sec/km 

Delay Time - Truck 42.85 0.42 sec/km 

Density - All 27.42 0.16 veh/km 

Density - Car 25.72 0.16 veh/km 

Density - Truck 1.7 0.02 veh/km 

Flow - All 22481.4 79.24 veh/h 

Flow - Car 20625 79.21 veh/h 

Flow - Truck 1856.4 11.24 veh/h 

Harmonic Speed - All 34.87 0.17 km/h 

Harmonic Speed - Car 34.4 0.18 km/h 

Harmonic Speed - Truck 41.17 0.19 km/h 

Input Count - All 22773.8 33.49 veh 

Input Count - Car 20898.3 27.9 veh 

Input Count - Truck 1875.5 9.16 veh 

Input Flow - All 22773.8 33.49 veh/h 

Input Flow - Car 20898.3 27.9 veh/h 

Input Flow - Truck 1875.5 9.16 veh/h 

Max. Virtual Queue - All 17 4.52 veh 

Max. Virtual Queue - Car 15.6 4.06 veh 

Max. Virtual Queue - Truck 3.8 0.63 veh 

Mean Queue - All 169.49 15.84 veh 

Mean Queue - Car 156.12 15.25 veh 

Mean Queue - Truck 13.37 0.87 veh 

Mean Virtual Queue - All 3.36 0.64 veh 

Mean Virtual Queue - Car 3.07 0.63 veh 
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Mean Virtual Queue - Truck 0.29 0.03 veh 

Missed Turns - All 497.3 28.16 

 

Missed Turns - Car 391.3 21.98 

 

Missed Turns - Truck 106 11.29 

 

Number of Lane Changes - All 3371.16 14.69 #/km 

Number of Lane Changes - Car 3195.53 15.14 #/km 

Number of Lane Changes - Truck 175.63 1.42 #/km 

Number of Stops - All 0 0 #/veh/km 

Number of Stops - Car 0 0 #/veh/km 

Number of Stops - Truck 0 0 #/veh/km 

Speed - All 36.74 0.12 km/h 

Speed - Car 36.14 0.12 km/h 

Speed - Truck 43.38 0.13 km/h 

Stop Time - All 4.24 0.31 sec/km 

Stop Time - Car 4.17 0.32 sec/km 

Stop Time - Truck 5.03 0.23 sec/km 

Total Distance Traveled - All 159424 753.66 km 

Total Distance Traveled - Car 147376 760.85 km 

Total Distance Traveled - Truck 12047.4 82.65 km 

Total Distance Traveled (Vehicles Inside) - 
All 

17428.4 252 km 

Total Distance Traveled (Vehicles Inside) - 
Car 

16351.4 241.71 km 

Total Distance Traveled (Vehicles Inside) - 
Truck 

1077.02 23.85 km 

Total Number of Lane Changes - All 552203 2406.18 

 

Total Number of Lane Changes - Car 523435 2480.14 

 

Total Number of Lane Changes - Truck 28767.9 233.33 

 

Total Number of Stops - All 31978.2 460.6 

 

Total Number of Stops - Car 29229.9 460.52 

 

Total Number of Stops - Truck 2748.3 86.16 

 

Total Travel Time - All 4397.64 13.42 h 

Total Travel Time - Car 4123.89 14.32 h 
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Total Travel Time - Truck 273.75 2.62 h 

Total Travel Time (Vehicles Inside) - All 700.25 30.59 h 

Total Travel Time (Vehicles Inside) - Car 669.48 29.46 h 

Total Travel Time (Vehicles Inside) - Truck 30.77 1.42 h 

Total Travel Time (Waiting Out) - All 0.04 0.09 h 

Total Travel Time (Waiting Out) - Car 0.03 0.09 h 

Total Travel Time (Waiting Out) - Truck 0 0 h 

Travel Time - All 103.24 0.52 sec/km 

Travel Time - Car 104.66 0.54 sec/km 

Travel Time - Truck 87.45 0.41 sec/km 

Vehicles Inside - All 4594.7 84.98 veh 

Vehicles Inside - Car 4307.4 79.41 veh 

Vehicles Inside - Truck 287.3 8.54 veh 

Vehicles Lost Inside - All 122.6 11.97 veh 

Vehicles Lost Inside - Car 74.3 8.47 veh 

Vehicles Lost Inside - Truck 49.1 6.67 veh 

Vehicles Lost Outside - All 488.1 27.35 veh 

Vehicles Lost Outside - Car 386.1 21.75 veh 

Vehicles Lost Outside - Truck 101.2 11.15 veh 

Vehicles Outside - All 22481.4 79.24 veh 

Vehicles Outside - Car 20625 79.21 veh 

Vehicles Outside - Truck 1856.4 11.24 veh 

Vehicles Waiting to Enter - All 5.6 7.5 veh 

Vehicles Waiting to Enter - Car 5.2 7.07 veh 

Vehicles Waiting to Enter - Truck 0.4 0.7 veh 

Waiting Time in Virtual Queue - All 0.53 0.1 sec 

Waiting Time in Virtual Queue - Car 0.53 0.1 sec 

Waiting Time in Virtual Queue - Truck 0.58 0.05 sec 
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ʃʾ˄ʰˁʰˌ 19: ʃʾ˄ʰˁʰˌ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʅʶ˄ʰˊʾˇˎ н-ʃʶˊʾˉˍ˖ˋʹ ˉˊˇˋʻʺˁʹˌ ˂˖ˊʾʵʰˌ 
ˁˎˁ˂ˇ˒ˇˊʾʰˌ ʴʽʰ ʰˎ˅ʹ˃ʷ˄ˇ ˁˎˁ˂ˇ˒ˇˊʽʰˁˈ ˒ˈˊˍˇ ˁʰˍʱ нл҈ 

Time Series Value Standard 
Deviation 

Units 

Delay Time - All 40.14 2.39 sec/km 

Delay Time - Car 36.98 2.39 sec/km 

Delay Time - Truck 77.62 3.22 sec/km 

Density - All 38.47 0.85 veh/km 

Density - Car 35.84 0.79 veh/km 

Density - Truck 2.64 0.09 veh/km 

Flow - All 24948.3 196.03 veh/h 

Flow - Car 23006.4 182.66 veh/h 

Flow - Truck 1941.9 49.15 veh/h 

Harmonic Speed - All 28.72 0.54 km/h 

Harmonic Speed - Car 28.66 0.53 km/h 

Harmonic Speed - Truck 29.44 0.77 km/h 

Input Count - All 26452.2 173.17 veh 

Input Count - Car 24391.9 175.1 veh 

Input Count - Truck 2060.3 29.12 veh 

Input Flow - All 26452.2 173.17 veh/h 

Input Flow - Car 24391.9 175.1 veh/h 

Input Flow - Truck 2060.3 29.12 veh/h 

Max. Virtual Queue - All 936.7 107.84 veh 

Max. Virtual Queue - Car 789.6 83.75 veh 

Max. Virtual Queue - Truck 148.9 30.68 veh 

Mean Queue - All 689.09 77.14 veh 

Mean Queue - Car 611.44 73.53 veh 

Mean Queue - Truck 77.66 6.04 veh 

Mean Virtual Queue - All 506.1 82.85 veh 

Mean Virtual Queue - Car 432 67.19 veh 

Mean Virtual Queue - Truck 74.11 21.07 veh 

Missed Turns - All 684.2 66.03   



ʃɮʄɮʄʆɶɾɮ  
 

-126- 

 

Missed Turns - Car 571.1 63.44   

Missed Turns - Truck 113.1 6.08   

Number of Lane Changes - All 3285.08 41.64 #/km 

Number of Lane Changes - Car 3129.59 40.24 #/km 

Number of Lane Changes - Truck 155.49 4.23 #/km 

Number of Stops - All 0.01 0 #/veh/km 

Number of Stops - Car 0.01 0 #/veh/km 

Number of Stops - Truck 0.01 0 #/veh/km 

Speed - All 31.29 0.43 km/h 

Speed - Car 31.12 0.41 km/h 

Speed - Truck 33.33 0.79 km/h 

Stop Time - All 13.07 1.24 sec/km 

Stop Time - Car 12.35 1.24 sec/km 

Stop Time - Truck 21.56 1.91 sec/km 

Total Distance Traveled - All 172829 1668.71 km 

Total Distance Traveled - Car 160646 1612.31 km 

Total Distance Traveled - Truck 12183.1 286.84 km 

Total Distance Traveled (Vehicles 
Inside) - All 

21439.9 311.17 km 

Total Distance Traveled (Vehicles 
Inside) - Car 

20054.5 271.75 km 

Total Distance Traveled (Vehicles 
Inside) - Truck 

1385.41 70.09 km 

Total Number of Lane Changes - All 538103 6820.73   

Total Number of Lane Changes - Car 512634 6591.08   

Total Number of Lane Changes - Truck 25469.5 692.08   

Total Number of Stops - All 58329.9 1800.41   

Total Number of Stops - Car 53757.2 1648.72   

Total Number of Stops - Truck 4572.7 229.04   

Total Travel Time - All 5705.43 85.7 h 

Total Travel Time - Car 5320.2 78.49 h 

Total Travel Time - Truck 385.23 12.85 h 

Total Travel Time (Vehicles Inside) - All 1717.99 108.08 h 
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Total Travel Time (Vehicles Inside) - Car 1590.7 100.32 h 

Total Travel Time (Vehicles Inside) - 
Truck 

127.3 10.57 h 

Total Travel Time (Waiting Out) - All 141.49 42.66 h 

Total Travel Time (Waiting Out) - Car 113.24 31.92 h 

Total Travel Time (Waiting Out) - Truck 28.25 11.06 h 

Travel Time - All 125.34 2.33 sec/km 

Travel Time - Car 125.6 2.32 sec/km 

Travel Time - Truck 122.27 3.23 sec/km 

Vehicles Inside - All 7010.3 232 veh 

Vehicles Inside - Car 6524.7 224.46 veh 

Vehicles Inside - Truck 485.6 20.41 veh 

Vehicles Lost Inside - All 204.9 34.5 veh 

Vehicles Lost Inside - Car 152.7 29.41 veh 

Vehicles Lost Inside - Truck 53.1 6.45 veh 

Vehicles Lost Outside - All 659 63.3 veh 

Vehicles Lost Outside - Car 551.1 60.77 veh 

Vehicles Lost Outside - Truck 107 5.96 veh 

Vehicles Outside - All 24948.3 196.03 veh 

Vehicles Outside - Car 23006.4 182.66 veh 

Vehicles Outside - Truck 1941.9 49.15 veh 

Vehicles Waiting to Enter - All 933 107.83 veh 

Vehicles Waiting to Enter - Car 786.5 83.39 veh 

Vehicles Waiting to Enter - Truck 146.5 31.59 veh 

Waiting Time in Virtual Queue - All 67.03 10.44 sec 

Waiting Time in Virtual Queue - Car 62.28 9.28 sec 

Waiting Time in Virtual Queue - Truck 120.88 32.04 sec 

 
ʃʾ˄ʰˁʰˌ 20: ʃʾ˄ʰˁʰˌ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʅʶ˄ʰˊʾˇˎ н-ʃʶˊʾˉˍ˖ˋʹ ˉˊˇˋʻʺˁʹˌ ˂˖ˊʾʵʰˌ 

ˁˎˁ˂ˇ˒ˇˊʾʰˌ ʴʽʰ ʰˎ˅ʹ˃ʷ˄ˇ ˁˎˁ˂ˇ˒ˇˊʽʰˁˈ ˒ˈˊˍˇ ˁʰˍʱ рл҈ 

Time Series Value Standard 
Deviation 

Units 

Delay Time - All 82.49 2.35 sec/km 
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Delay Time - Car 78.86 2.45 sec/km 

Delay Time - Truck 127.24 2.67 sec/km 

Density - All 56.57 0.6 veh/km 

Density - Car 52.48 0.6 veh/km 

Density - Truck 4.09 0.1 veh/km 

Flow - All 25703 247.94 veh/h 

Flow - Car 23773.6 248.72 veh/h 

Flow - Truck 1929.4 41.11 veh/h 

Harmonic Speed - All 21.39 0.29 km/h 

Harmonic Speed - Car 21.43 0.31 km/h 

Harmonic Speed - Truck 20.92 0.33 km/h 

Input Count - All 29790.6 162.54 veh 

Input Count - Car 27509 169.65 veh 

Input Count - Truck 2281.6 50.71 veh 

Input Flow - All 29790.6 162.54 veh/h 

Input Flow - Car 27509 169.65 veh/h 

Input Flow - Truck 2281.6 50.71 veh/h 

Max. Virtual Queue - All 5230.9 175.58 veh 

Max. Virtual Queue - Car 4731.2 166.1 veh 

Max. Virtual Queue - Truck 503.1 27.91 veh 

Mean Queue - All 2004.42 57.85 veh 

Mean Queue - Car 1807.48 54.88 veh 

Mean Queue - Truck 196.94 8.4 veh 

Mean Virtual Queue - All 2912.75 131.68 veh 

Mean Virtual Queue - Car 2628.01 122.22 veh 

Mean Virtual Queue - Truck 284.74 16.11 veh 

Missed Turns - All 1424.4 59.14   

Missed Turns - Car 1271.8 55.2   

Missed Turns - Truck 152.6 13.87   

Number of Lane Changes - All 2700.69 27.9 #/km 

Number of Lane Changes - Car 2573.92 27.32 #/km 

Number of Lane Changes - Truck 126.77 3.2 #/km 
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Number of Stops - All 0.02 0 #/veh/km 

Number of Stops - Car 0.02 0 #/veh/km 

Number of Stops - Truck 0.02 0 #/veh/km 

Speed - All 24.7 0.22 km/h 

Speed - Car 24.73 0.24 km/h 

Speed - Truck 24.37 0.29 km/h 

Stop Time - All 33.76 1.42 sec/km 

Stop Time - Car 32.79 1.45 sec/km 

Stop Time - Truck 45.68 2.37 sec/km 

Total Distance Traveled - All 167924.7 1961.27 km 

Total Distance Traveled - Car 156482 1950.25 km 

Total Distance Traveled - Truck 11442.73 308.53 km 

Total Distance Traveled (Vehicles 
Inside) - All 

23297.61 134.6 km 

Total Distance Traveled (Vehicles 
Inside) - Car 

21743.19 137.09 km 

Total Distance Traveled (Vehicles 
Inside) - Truck 

1554.41 91.06 km 

Total Number of Lane Changes - All 442379.4 4570.41   

Total Number of Lane Changes - Car 421613.9 4474.85   

Total Number of Lane Changes - Truck 20765.5 523.37   

Total Number of Stops - All 92646.4 1970.27   

Total Number of Stops - Car 86179.7 1946.13   

Total Number of Stops - Truck 6466.7 210.08   

Total Travel Time - All 7238 78.19 h 

Total Travel Time - Car 6727.46 78.96 h 

Total Travel Time - Truck 510.53 13.16 h 

Total Travel Time (Vehicles Inside) - All 4560.81 173.79 h 

Total Travel Time (Vehicles Inside) - Car 4208.52 165.94 h 

Total Travel Time (Vehicles Inside) - 
Truck 

352.29 13.6 h 

Total Travel Time (Waiting Out) - All 1255.17 54.85 h 

Total Travel Time (Waiting Out) - Car 1117.55 48.04 h 
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Total Travel Time (Waiting Out) - Truck 137.62 14.4 h 

Travel Time - All 168.27 2.3 sec/km 

Travel Time - Car 167.96 2.4 sec/km 

Travel Time - Truck 172.12 2.71 sec/km 

Vehicles Inside - All 11163.2 247.8 veh 

Vehicles Inside - Car 10336 233.5 veh 

Vehicles Inside - Truck 827.2 29.19 veh 

Vehicles Lost Inside - All 614 25.41 veh 

Vehicles Lost Inside - Car 550.1 20.96 veh 

Vehicles Lost Inside - Truck 65.6 6.42 veh 

Vehicles Lost Outside - All 1305.1 65.04 veh 

Vehicles Lost Outside - Car 1162.6 60.64 veh 

Vehicles Lost Outside - Truck 140.8 13.22 veh 

Vehicles Outside - All 25703 247.94 veh 

Vehicles Outside - Car 23773.6 248.72 veh 

Vehicles Outside - Truck 1929.4 41.11 veh 

Vehicles Waiting to Enter - All 5229.3 175.98 veh 

Vehicles Waiting to Enter - Car 4729.7 166.03 veh 

Vehicles Waiting to Enter - Truck 499.6 27.86 veh 

Waiting Time in Virtual Queue - All 305.95 12.88 sec 

Waiting Time in Virtual Queue - Car 299.85 12.93 sec 

Waiting Time in Virtual Queue - Truck 376.47 20.8 sec 
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7.2.4. ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ʅʶ˄ʰˊʾˇˎ о 

ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍˇˎ ʅʶ˄ʰˊʾˇˎ о ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍˇˎˌ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʶˌ 

 
ʃʾ˄ʰˁʰˌ 21Υ ʃʾ˄ʰˁʰˌ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʅʶ˄ʰˊʾˇˎ о ʴʽʰ ˎ˒ʽˋˍʱ˃ʶ˄ˇ ˁˎˁ˂ˇ˒ˇˊʽʰˁˈ ˒ˈˊˍˇ 

Time Series Value Standard 
Deviation 

Units 

Delay Time - All 73.72 1.66 sec/km 

Delay Time - Car 69.84 1.69 sec/km 

Delay Time - Truck 121.24 2.28 sec/km 

Density - All 54.54 0.63 veh/km 

Density - Car 50.41 0.63 veh/km 

Density - Truck 4.12 0.04 veh/km 

Flow - All 17729.2 87.44 veh/h 

Flow - Car 16392.8 72.71 veh/h 

Flow - Truck 1336.4 17.6 veh/h 

Harmonic Speed - All 22.5 0.25 km/h 

Harmonic Speed - Car 22.57 0.26 km/h 

Harmonic Speed - Truck 21.67 0.3 km/h 

Input Count - All 19722.2 97.95 veh 

Input Count - Car 18244.1 89.42 veh 

Input Count - Truck 1478.1 11.47 veh 

Input Flow - All 19722.2 97.95 veh/h 

Input Flow - Car 18244.1 89.42 veh/h 

Input Flow - Truck 1478.1 11.47 veh/h 

Max. Virtual Queue - All 3114 94.46 veh 

Max. Virtual Queue - Car 2711.9 86.18 veh 

Max. Virtual Queue - Truck 402.6 11.99 veh 

Mean Queue - All 1865.65 58.17 veh 

Mean Queue - Car 1683.28 54.19 veh 

Mean Queue - Truck 182.37 9.5 veh 

Mean Virtual Queue - All 1201.97 47.6 veh 

Mean Virtual Queue - Car 1045.58 44.19 veh 

Mean Virtual Queue - Truck 156.39 6.27 veh 
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Missed Turns - All 972.9 61.54   

Missed Turns - Car 889.6 62.66   

Missed Turns - Truck 83.3 8.74   

Number of Lane Changes - All 2261.58 23.66 #/km 

Number of Lane Changes - Car 2156.15 21.93 #/km 

Number of Lane Changes - Truck 105.42 1.83 #/km 

Number of Stops - All 0.02 0 #/veh/km 

Number of Stops - Car 0.02 0 #/veh/km 

Number of Stops - Truck 0.02 0 #/veh/km 

Speed - All 26.95 0.3 km/h 

Speed - Car 26.87 0.29 km/h 

Speed - Truck 27.92 0.44 km/h 

Stop Time - All 34.88 1.52 sec/km 

Stop Time - Car 34.04 1.56 sec/km 

Stop Time - Truck 45.26 1.7 sec/km 

Total Distance Traveled - All 116432.2 847.97 km 

Total Distance Traveled - Car 108322.3 761.81 km 

Total Distance Traveled - Truck 8109.85 145.85 km 

Total Distance Traveled (Vehicles Inside) - All 13689.36 310.13 km 

Total Distance Traveled (Vehicles Inside) - Car 12868.29 276.11 km 

Total Distance Traveled (Vehicles Inside) - 
Truck 

821.07 41.24 km 

Total Number of Lane Changes - All 267666.2 2799.69   

Total Number of Lane Changes - Car 255188.9 2595.15   

Total Number of Lane Changes - Truck 12477.3 217.1   

Total Number of Stops - All 40483.9 788.21   

Total Number of Stops - Car 37680.7 748.22   

Total Number of Stops - Truck 2803.2 74.73   

Total Travel Time - All 4951.5 24.91 h 

Total Travel Time - Car 4597.86 23.53 h 

Total Travel Time - Truck 353.64 5.78 h 

Total Travel Time (Vehicles Inside) - All 2962.33 56.92 h 
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Total Travel Time (Vehicles Inside) - Car 2703.83 53.91 h 

Total Travel Time (Vehicles Inside) - Truck 258.5 13.09 h 

Total Travel Time (Waiting Out) - All 662.03 39.11 h 

Total Travel Time (Waiting Out) - Car 561.14 35.38 h 

Total Travel Time (Waiting Out) - Truck 100.89 4.82 h 

Travel Time - All 160.01 1.8 sec/km 

Travel Time - Car 159.51 1.83 sec/km 

Travel Time - Truck 166.16 2.29 sec/km 

Vehicles Inside - All 7129.6 116.06 veh 

Vehicles Inside - Car 6605.5 110.42 veh 

Vehicles Inside - Truck 524.1 9.78 veh 

Vehicles Lost Inside - All 261.7 22.72 veh 

Vehicles Lost Inside - Car 230.9 20.49 veh 

Vehicles Lost Inside - Truck 32.2 5.57 veh 

Vehicles Lost Outside - All 760.9 41.5 veh 

Vehicles Lost Outside - Car 689.8 40.39 veh 

Vehicles Lost Outside - Truck 69.7 4.99 veh 

Vehicles Outside - All 17729.2 87.44 veh 

Vehicles Outside - Car 16392.8 72.71 veh 

Vehicles Outside - Truck 1336.4 17.6 veh 

Vehicles Waiting to Enter - All 3113 93.83 veh 

Vehicles Waiting to Enter - Car 2710.9 85.78 veh 

Vehicles Waiting to Enter - Truck 402.1 12.1 veh 

Waiting Time in Virtual Queue - All 189.62 7.06 sec 

Waiting Time in Virtual Queue - Car 179.76 7.14 sec 

Waiting Time in Virtual Queue - Truck 299.46 11.11 sec 

 
ʃʾ˄ʰˁʰˌ 22Υ ʃʾ˄ʰˁʰˌ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʅʶ˄ʰˊʾˇˎ о ʴʽʰ ʰˎ˅ʹ˃ʷ˄ˇ ˁˎˁ˂ˇ˒ˇˊʽʰˁˈ ˒ˈˊˍˇ ˁʰˍʱ 

20% 

Time Series Value Standard 
Deviation 

Units 

Delay Time - All 108.52 2.25 sec/km 
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Delay Time - Car 105.17 2.18 sec/km 

Delay Time - Truck 150.41 4.42 sec/km 

Density - All 66.8 0.84 veh/km 

Density - Car 62.04 0.76 veh/km 

Density - Truck 4.75 0.14 veh/km 

Flow - All 18129.6 150.99 veh/h 

Flow - Car 16789.8 137.81 veh/h 

Flow - Truck 1339.8 35.44 veh/h 

Harmonic Speed - All 18.46 0.22 km/h 

Harmonic Speed - Car 18.47 0.21 km/h 

Harmonic Speed - Truck 18.42 0.42 km/h 

Input Count - All 20787.8 146.33 veh 

Input Count - Car 19292.3 155.65 veh 

Input Count - Truck 1495.5 27.73 veh 

Input Flow - All 20787.8 146.33 veh/h 

Input Flow - Car 19292.3 155.65 veh/h 

Input Flow - Truck 1495.5 27.73 veh/h 

Max. Virtual Queue - All 7039.2 228.51 veh 

Max. Virtual Queue - Car 6315.4 208.35 veh 

Max. Virtual Queue - Truck 725 27.03 veh 

Mean Queue - All 2576.37 58.56 veh 

Mean Queue - Car 2345.86 56.83 veh 

Mean Queue - Truck 230.51 9.49 veh 

Mean Virtual Queue - All 3430.37 129.15 veh 

Mean Virtual Queue - Car 3088.17 109.39 veh 

Mean Virtual Queue - Truck 342.2 23.63 veh 

Missed Turns - All 1640 68.98   

Missed Turns - Car 1537.9 65.12   

Missed Turns - Truck 102.1 10.04   

Number of Lane Changes - All 1917.11 32.32 #/km 

Number of Lane Changes - Car 1827.17 31.42 #/km 

Number of Lane Changes - Truck 89.94 3.26 #/km 
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Number of Stops - All 0.03 0 #/veh/km 

Number of Stops - Car 0.03 0 #/veh/km 

Number of Stops - Truck 0.02 0 #/veh/km 

Speed - All 22.79 0.27 km/h 

Speed - Car 22.72 0.26 km/h 

Speed - Truck 23.63 0.5 km/h 

Stop Time - All 55.68 1.75 sec/km 

Stop Time - Car 55.26 1.7 sec/km 

Stop Time - Truck 61.04 3.93 sec/km 

Total Distance Traveled - All 114598.9 886.14 km 

Total Distance Traveled - Car 106845.9 842.08 km 

Total Distance Traveled - Truck 7753.05 253.85 km 

Total Distance Traveled (Vehicles Inside) - 
All 

14642.72 237.79 km 

Total Distance Traveled (Vehicles Inside) - 
Car 

13765.31 231.16 km 

Total Distance Traveled (Vehicles Inside) - 
Truck 

877.41 51.9 km 

Total Number of Lane Changes - All 226896.6 3825.78   

Total Number of Lane Changes - Car 216252.1 3719.21   

Total Number of Lane Changes - Truck 10644.5 385.47   

Total Number of Stops - All 58810.5 1776.1   

Total Number of Stops - Car 55150.4 1676.57   

Total Number of Stops - Truck 3660.1 221.42   

Total Travel Time - All 5695.43 70.08 h 

Total Travel Time - Car 5302.78 63.98 h 

Total Travel Time - Truck 392.65 15.94 h 

Total Travel Time (Vehicles Inside) - All 4768.01 74.84 h 

Total Travel Time (Vehicles Inside) - Car 4398.43 72.73 h 

Total Travel Time (Vehicles Inside) - Truck 369.59 17.61 h 

Total Travel Time (Waiting Out) - All 1866.39 112.73 h 

Total Travel Time (Waiting Out) - Car 1639.3 98.47 h 

Total Travel Time (Waiting Out) - Truck 227.09 15.47 h 
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Travel Time - All 194.98 2.28 sec/km 

Travel Time - Car 194.95 2.21 sec/km 

Travel Time - Truck 195.42 4.44 sec/km 

Vehicles Inside - All 8921.5 136.3 veh 

Vehicles Inside - Car 8303.1 131.67 veh 

Vehicles Inside - Truck 618.4 27 veh 

Vehicles Lost Inside - All 543.1 50.6 veh 

Vehicles Lost Inside - Car 506.9 47.57 veh 

Vehicles Lost Inside - Truck 37 7.01 veh 

Vehicles Lost Outside - All 1281.8 34.69 veh 

Vehicles Lost Outside - Car 1195.1 32.43 veh 

Vehicles Lost Outside - Truck 85.9 7.28 veh 

Vehicles Outside - All 18129.6 150.99 veh 

Vehicles Outside - Car 16789.8 137.81 veh 

Vehicles Outside - Truck 1339.8 35.44 veh 

Vehicles Waiting to Enter - All 7037.5 228.82 veh 

Vehicles Waiting to Enter - Car 6313.4 208.06 veh 

Vehicles Waiting to Enter - Truck 724.1 27.31 veh 

Waiting Time in Virtual Queue - All 446.19 14.62 sec 

Waiting Time in Virtual Queue - Car 436.58 13.67 sec 

Waiting Time in Virtual Queue - Truck 556.72 28.43 sec 

 
ʃʾ˄ʰˁʰˌ 23Υ ʃʾ˄ʰˁʰˌ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʅʶ˄ʰˊʾˇˎ о ʴʽʰ ʰˎ˅ʹ˃ʷ˄ˇ ˁˎˁ˂ˇ˒ˇˊʽʰˁˈ ˒ˈˊˍˇ ˁʰˍʱ 

50% 

Time Series Value Standard 
Deviation 

Units 

Delay Time - All 140.97 121.43 sec/km 

Delay Time - Car 137.27 118.6 sec/km 

Delay Time - Truck 188.2 145.01 sec/km 

Density - All 78.32 N/A veh/km 

Density - Car 72.94 N/A veh/km 

Density - Truck 5.38 N/A veh/km 



ʃɮʄɮʄʆɶɾɮ  
 

-137- 

 

Flow - All 18795 N/A veh/h 

Flow - Car 17429 N/A veh/h 

Flow - Truck 1366 N/A veh/h 

Harmonic Speed - All 15.8 7.38 km/h 

Harmonic Speed - Car 15.83 7.33 km/h 

Harmonic Speed - Truck 15.42 7.93 km/h 

Input Count - All 21648 N/A veh 

Input Count - Car 20130 N/A veh 

Input Count - Truck 1518 N/A veh 

Input Flow - All 21648 N/A veh/h 

Input Flow - Car 20130 N/A veh/h 

Input Flow - Truck 1518 N/A veh/h 

Max. Virtual Queue - All 14468 N/A veh 

Max. Virtual Queue - Car 13108 N/A veh 

Max. Virtual Queue - Truck 1361 N/A veh 

Mean Queue - All 3040.27 N/A veh 

Mean Queue - Car 2784.24 N/A veh 

Mean Queue - Truck 256.03 N/A veh 

Mean Virtual Queue - All 8009.68 N/A veh 

Mean Virtual Queue - Car 7253.68 N/A veh 

Mean Virtual Queue - Truck 756.01 N/A veh 

Missed Turns - All 2036 N/A   

Missed Turns - Car 1919 N/A   

Missed Turns - Truck 117 N/A   

Number of Lane Changes - All 1609.64 N/A #/km 

Number of Lane Changes - Car 1533.46 N/A #/km 

Number of Lane Changes - Truck 76.18 N/A #/km 

Number of Stops - All 0.03 N/A #/veh/km 

Number of Stops - Car 0.03 N/A #/veh/km 

Number of Stops - Truck 0.03 N/A #/veh/km 

Speed - All 19.25 7.53 km/h 

Speed - Car 19.23 7.48 km/h 
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Speed - Truck 19.5 8.2 km/h 

Stop Time - All 70 127.47 sec/km 

Stop Time - Car 69.22 125.03 sec/km 

Stop Time - Truck 79.94 155.05 sec/km 

Total Distance Traveled - All 113716.9 N/A km 

Total Distance Traveled - Car 106191.9 N/A km 

Total Distance Traveled - Truck 7525 N/A km 

Total Distance Traveled (Vehicles Inside) - 
All 

14899.95 N/A km 

Total Distance Traveled (Vehicles Inside) - 
Car 

14038.13 N/A km 

Total Distance Traveled (Vehicles Inside) - 
Truck 

861.81 N/A km 

Total Number of Lane Changes - All 190507 N/A   

Total Number of Lane Changes - Car 181491 N/A   

Total Number of Lane Changes - Truck 9016 N/A   

Total Number of Stops - All 70391 N/A   

Total Number of Stops - Car 66089 N/A   

Total Number of Stops - Truck 4302 N/A   

Total Travel Time - All 6539.22 N/A h 

Total Travel Time - Car 6090.23 N/A h 

Total Travel Time - Truck 449 N/A h 

Total Travel Time (Vehicles Inside) - All 6809.3 N/A h 

Total Travel Time (Vehicles Inside) - Car 6307.63 N/A h 

Total Travel Time (Vehicles Inside) - Truck 501.67 N/A h 

Total Travel Time (Waiting Out) - All 5121.79 N/A h 

Total Travel Time (Waiting Out) - Car 4567.59 N/A h 

Total Travel Time (Waiting Out) - Truck 554.2 N/A h 

Travel Time - All 227.82 124.34 sec/km 

Travel Time - Car 227.38 122.53 sec/km 

Travel Time - Truck 233.43 145.41 sec/km 

Vehicles Inside - All 10188 N/A veh 

Vehicles Inside - Car 9496 N/A veh 
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Vehicles Inside - Truck 692 N/A veh 

Vehicles Lost Inside - All 746 N/A veh 

Vehicles Lost Inside - Car 693 N/A veh 

Vehicles Lost Inside - Truck 53 N/A veh 

Vehicles Lost Outside - All 1672 N/A veh 

Vehicles Lost Outside - Car 1571 N/A veh 

Vehicles Lost Outside - Truck 101 N/A veh 

Vehicles Outside - All 18795 N/A veh 

Vehicles Outside - Car 17429 N/A veh 

Vehicles Outside - Truck 1366 N/A veh 

Vehicles Waiting to Enter - All 14468 N/A veh 

Vehicles Waiting to Enter - Car 13108 N/A veh 

Vehicles Waiting to Enter - Truck 1360 N/A veh 

Waiting Time in Virtual Queue - All 812.77 853.57 sec 

Waiting Time in Virtual Queue - Car 800.25 840.7 sec 

Waiting Time in Virtual Queue - Truck 957.34 978.72 sec 
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7.2.5. ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ʅʶ˄ʰˊʾˇˎ п 

ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍˇˎ ʅʶ˄ʰˊʾˇˎ п ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍˇˎˌ ˉʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʶˌ  

 
ʃʾ˄ʰˁʰˌ 24Υ ʃʾ˄ʰˁʰˌ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʅʶ˄ʰˊʾˇˎ п ʴʽʰ ˎ˒ʽˋˍʱ˃ʶ˄ˇ ˁˎˁ˂ˇ˒ˇˊʽʰˁˈ ˒ˈˊˍˇ  

Time Series Value Standard 
Deviation 

Units 

Delay Time - All 44.11 2.19 sec/km 

Delay Time - Car 40.76 2.14 sec/km 

Delay Time - Truck 85.74 2.81 sec/km 

Density - All 42.96 0.94 veh/km 

Density - Car 40.03 0.84 veh/km 

Density - Truck 2.93 0.14 veh/km 

Flow - All 20245.2 123.56 veh/h 

Flow - Car 18739 133.05 veh/h 

Flow - Truck 1506.2 34.21 veh/h 

Harmonic Speed - All 27.75 0.48 km/h 

Harmonic Speed - Car 27.77 0.47 km/h 

Harmonic Speed - Truck 27.6 0.61 km/h 

Input Count - All 21491.3 126 veh 

Input Count - Car 19881.9 108.7 veh 

Input Count - Truck 1609.4 52.69 veh 

Input Flow - All 21491.3 126 veh/h 

Input Flow - Car 19881.9 108.7 veh/h 

Input Flow - Truck 1609.4 52.69 veh/h 

Max. Virtual Queue - All 1638.7 91.68 veh 

Max. Virtual Queue - Car 1300 82.17 veh 

Max. Virtual Queue - Truck 339.9 21.79 veh 

Mean Queue - All 551.64 48.98 veh 

Mean Queue - Car 488.94 43.81 veh 

Mean Queue - Truck 62.7 6.22 veh 

Mean Virtual Queue - All 962.69 63.05 veh 

Mean Virtual Queue - Car 756.56 51.71 veh 

Mean Virtual Queue - Truck 206.13 16.77 veh 
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Missed Turns - All 206.1 23.11   

Missed Turns - Car 164.3 23.66   

Missed Turns - Truck 41.8 8.89   

Number of Lane Changes - All 2716.48 42.75 #/km 

Number of Lane Changes - Car 2596.41 41.84 #/km 

Number of Lane Changes - Truck 120.07 3.26 #/km 

Number of Stops - All 0.02 0 #/veh/km 

Number of Stops - Car 0.02 0 #/veh/km 

Number of Stops - Truck 0.02 0 #/veh/km 

Speed - All 29.76 0.45 km/h 

Speed - Car 29.67 0.45 km/h 

Speed - Truck 30.82 0.62 km/h 

Stop Time - All 13.07 1 sec/km 

Stop Time - Car 12.22 0.98 sec/km 

Stop Time - Truck 23.72 1.31 sec/km 

Total Distance Traveled - All 139644.1 880.87 km 

Total Distance Traveled - Car 130105.9 1002.15 km 

Total Distance Traveled - Truck 9538.19 220.71 km 

Total Distance Traveled (Vehicles Inside) - All 17584.85 263.86 km 

Total Distance Traveled (Vehicles Inside) - Car 16447.36 248.44 km 

Total Distance Traveled (Vehicles Inside) - 
Truck 

1137.49 74.79 km 

Total Number of Lane Changes - All 333745.9 5251.87   

Total Number of Lane Changes - Car 318994.1 5140.98   

Total Number of Lane Changes - Truck 14751.8 400.35   

Total Number of Stops - All 43580.3 1768.95   

Total Number of Stops - Car 40552.9 1649.64   

Total Number of Stops - Truck 3027.4 172.86   

Total Travel Time - All 4802.94 88.34 h 

Total Travel Time - Car 4479.96 81.82 h 

Total Travel Time - Truck 322.98 10.55 h 

Total Travel Time (Vehicles Inside) - All 1496.35 95.97 h 
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Total Travel Time (Vehicles Inside) - Car 1366.6 87.41 h 

Total Travel Time (Vehicles Inside) - Truck 129.75 11.85 h 

Total Travel Time (Waiting Out) - All 531.93 40.12 h 

Total Travel Time (Waiting Out) - Car 414.64 29.73 h 

Total Travel Time (Waiting Out) - Truck 117.29 13.92 h 

Travel Time - All 129.71 2.2 sec/km 

Travel Time - Car 129.65 2.18 sec/km 

Travel Time - Truck 130.46 2.86 sec/km 

Vehicles Inside - All 5835.8 140.4 veh 

Vehicles Inside - Car 5425 127.69 veh 

Vehicles Inside - Truck 410.8 23.06 veh 

Vehicles Lost Inside - All 84.5 11 veh 

Vehicles Lost Inside - Car 64.1 10.86 veh 

Vehicles Lost Inside - Truck 20.9 4.63 veh 

Vehicles Lost Outside - All 198.8 20.64 veh 

Vehicles Lost Outside - Car 158.5 20.96 veh 

Vehicles Lost Outside - Truck 39.8 8.72 veh 

Vehicles Outside - All 20245.2 123.56 veh 

Vehicles Outside - Car 18739 133.05 veh 

Vehicles Outside - Truck 1506.2 34.21 veh 

Vehicles Waiting to Enter - All 1635.9 93.25 veh 

Vehicles Waiting to Enter - Car 1297.2 83.45 veh 

Vehicles Waiting to Enter - Truck 338.7 22.13 veh 

Waiting Time in Virtual Queue - All 155.58 8.29 sec 

Waiting Time in Virtual Queue - Car 133.48 7.44 sec 

Waiting Time in Virtual Queue - Truck 395.8 26.76 sec 

 
ʃʾ˄ʰˁʰˌ 25Υ ʃʾ˄ʰˁʰˌ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʅʶ˄ʰˊʾˇˎ п ʴʽʰ ʰˎ˅ʹ˃ʷ˄ˇ ˁˎˁ˂ˇ˒ˇˊʽʰˁˈ ˒ˈˊˍˇ ˁʰˍʱ 

20% 

Time Series Value Standard 
Deviation 

Units 

Delay Time - All 79.34 1.75 sec/km 
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Delay Time - Car 76.29 1.65 sec/km 

Delay Time - Truck 120.09 3.98 sec/km 

Density - All 57.71 0.87 veh/km 

Density - Car 53.92 0.77 veh/km 

Density - Truck 3.79 0.12 veh/km 

Flow - All 20503.5 277.07 veh/h 

Flow - Car 19076 265.21 veh/h 

Flow - Truck 1427.5 28.59 veh/h 

Harmonic Speed - All 21.79 0.25 km/h 

Harmonic Speed - Car 21.79 0.23 km/h 

Harmonic Speed - Truck 21.82 0.52 km/h 

Input Count - All 23127.5 122.39 veh 

Input Count - Car 21504.4 110.03 veh 

Input Count - Truck 1623.1 35.71 veh 

Input Flow - All 23127.5 122.39 veh/h 

Input Flow - Car 21504.4 110.03 veh/h 

Input Flow - Truck 1623.1 35.71 veh/h 

Max. Virtual Queue - All 4933.5 107.55 veh 

Max. Virtual Queue - Car 4263.6 108.13 veh 

Max. Virtual Queue - Truck 671.2 10.27 veh 

Mean Queue - All 1260.51 83.59 veh 

Mean Queue - Car 1147.73 77.75 veh 

Mean Queue - Truck 112.79 6.81 veh 

Mean Virtual Queue - All 2764.48 99.44 veh 

Mean Virtual Queue - Car 2372.57 92.06 veh 

Mean Virtual Queue - Truck 391.91 14.5 veh 

Missed Turns - All 451.3 44.78   

Missed Turns - Car 399.1 38.86   

Missed Turns - Truck 52.2 9.95   

Number of Lane Changes - All 2214.07 45.58 #/km 

Number of Lane Changes - Car 2119.97 44.9 #/km 

Number of Lane Changes - Truck 94.1 2.38 #/km 
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Number of Stops - All 0.02 0 #/veh/km 

Number of Stops - Car 0.03 0 #/veh/km 

Number of Stops - Truck 0.02 0 #/veh/km 

Speed - All 24.34 0.2 km/h 

Speed - Car 24.29 0.2 km/h 

Speed - Truck 25.02 0.43 km/h 

Stop Time - All 29.35 1.08 sec/km 

Stop Time - Car 28.65 0.98 sec/km 

Stop Time - Truck 38.77 3.72 sec/km 

Total Distance Traveled - All 136737.8 2215.09 km 

Total Distance Traveled - Car 128057.5 2208.64 km 

Total Distance Traveled - Truck 8680.25 168.05 km 

Total Distance Traveled (Vehicles Inside) - 
All 

18793.58 258.22 km 

Total Distance Traveled (Vehicles Inside) - 
Car 

17646.82 293.75 km 

Total Distance Traveled (Vehicles Inside) - 
Truck 

1146.76 88.15 km 

Total Number of Lane Changes - All 272019.3 5600.22   

Total Number of Lane Changes - Car 260458 5516.81   

Total Number of Lane Changes - Truck 11561.3 292.54   

Total Number of Stops - All 62847.1 1506.58   

Total Number of Stops - Car 59061.6 1506.77   

Total Number of Stops - Truck 3785.5 84.62   

Total Travel Time - All 5789.22 75.15 h 

Total Travel Time - Car 5419.21 76.56 h 

Total Travel Time - Truck 370.01 10.23 h 

Total Travel Time (Vehicles Inside) - All 3335.5 198.72 h 

Total Travel Time (Vehicles Inside) - Car 3074.66 182.43 h 

Total Travel Time (Vehicles Inside) - Truck 260.84 29.42 h 

Total Travel Time (Waiting Out) - All 1333.94 48.19 h 

Total Travel Time (Waiting Out) - Car 1093.61 42.23 h 

Total Travel Time (Waiting Out) - Truck 240.33 9.35 h 
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Travel Time - All 165.18 1.88 sec/km 

Travel Time - Car 165.2 1.79 sec/km 

Travel Time - Truck 164.95 4 sec/km 

Vehicles Inside - All 8288.6 290.59 veh 

Vehicles Inside - Car 7734.4 267.19 veh 

Vehicles Inside - Truck 554.2 40.53 veh 

Vehicles Lost Inside - All 216.9 33.08 veh 

Vehicles Lost Inside - Car 193.4 31.9 veh 

Vehicles Lost Inside - Truck 24.3 3.74 veh 

Vehicles Lost Outside - All 397.9 36.47 veh 

Vehicles Lost Outside - Car 348.7 31.59 veh 

Vehicles Lost Outside - Truck 48.4 8.96 veh 

Vehicles Outside - All 20503.5 277.07 veh 

Vehicles Outside - Car 19076 265.21 veh 

Vehicles Outside - Truck 1427.5 28.59 veh 

Vehicles Waiting to Enter - All 4931.9 107.17 veh 

Vehicles Waiting to Enter - Car 4262.2 108.26 veh 

Vehicles Waiting to Enter - Truck 669.7 10.98 veh 

Waiting Time in Virtual Queue - All 365.21 11.84 sec 

Waiting Time in Virtual Queue - Car 340.76 11.96 sec 

Waiting Time in Virtual Queue - Truck 639.69 20.44 sec 

 
ʃʾ˄ʰˁʰˌ 26Υ ʃʾ˄ʰˁʰˌ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ʅʶ˄ʰˊʾˇˎ п ʴʽʰ ʰˎ˅ʹ˃ʷ˄ˇ ˁˎˁ˂ˇ˒ˇˊʽʰˁˈ ˒ˈˊˍˇ ˁʰˍʱ 

50% 

Time Series Value Standard 
Deviation 

Units 

Delay Time - All 116.51 2.24 sec/km 

Delay Time - Car 113.42 2.27 sec/km 

Delay Time - Truck 156.13 1.97 sec/km 

Density - All 74.69 1.04 veh/km 

Density - Car 69.73 0.97 veh/km 

Density - Truck 4.96 0.16 veh/km 
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Flow - All 20114.9 197.42 veh/h 

Flow - Car 18659.5 195.63 veh/h 

Flow - Truck 1455.4 38.03 veh/h 

Harmonic Speed - All 17.78 0.2 km/h 

Harmonic Speed - Car 17.77 0.21 km/h 

Harmonic Speed - Truck 17.89 0.18 km/h 

Input Count - All 24398.5 134.08 veh 

Input Count - Car 22681.1 145.28 veh 

Input Count - Truck 1717.4 40.34 veh 

Input Flow - All 24398.5 134.08 veh/h 

Input Flow - Car 22681.1 145.28 veh/h 

Input Flow - Truck 1717.4 40.34 veh/h 

Max. Virtual Queue - All 12355 201.01 veh 

Max. Virtual Queue - Car 11041.2 197.61 veh 

Max. Virtual Queue - Truck 1314.3 51.22 veh 

Mean Queue - All 2280.87 111.52 veh 

Mean Queue - Car 2105.18 107.31 veh 

Mean Queue - Truck 175.69 9.87 veh 

Mean Virtual Queue - All 7220.2 130.33 veh 

Mean Virtual Queue - Car 6443.25 116.11 veh 

Mean Virtual Queue - Truck 776.94 22.57 veh 

Missed Turns - All 910.2 106.45   

Missed Turns - Car 834.9 102.04   

Missed Turns - Truck 75.3 10.25   

Number of Lane Changes - All 1706.33 32.31 #/km 

Number of Lane Changes - Car 1626.76 31.74 #/km 

Number of Lane Changes - Truck 79.57 2.49 #/km 

Number of Stops - All 0.03 0 #/veh/km 

Number of Stops - Car 0.03 0 #/veh/km 

Number of Stops - Truck 0.03 0 #/veh/km 

Speed - All 19.95 0.18 km/h 

Speed - Car 19.9 0.18 km/h 
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Speed - Truck 20.64 0.27 km/h 

Stop Time - All 46.85 2.02 sec/km 

Stop Time - Car 46.15 2.13 sec/km 

Stop Time - Truck 55.72 1.95 sec/km 

Total Distance Traveled - All 127874.6 1036.02 km 

Total Distance Traveled - Car 119492.2 1108.04 km 

Total Distance Traveled - Truck 8382.38 224.98 km 

Total Distance Traveled (Vehicles Inside) - 
All 

18616.01 199.18 km 

Total Distance Traveled (Vehicles Inside) - 
Car 

17502.32 227.59 km 

Total Distance Traveled (Vehicles Inside) - 
Truck 

1113.69 67.87 km 

Total Number of Lane Changes - All 209638.5 3969.64   

Total Number of Lane Changes - Car 199862.6 3899.97   

Total Number of Lane Changes - Truck 9775.9 306.38   

Total Number of Stops - All 78411.9 1198.5   

Total Number of Stops - Car 73516.8 1140.26   

Total Number of Stops - Truck 4895.1 190.01   

Total Travel Time - All 6654.69 62.72 h 

Total Travel Time - Car 6211.77 58.75 h 

Total Travel Time - Truck 442.92 15.17 h 

Total Travel Time (Vehicles Inside) - All 6353.55 189.11 h 

Total Travel Time (Vehicles Inside) - Car 5886 176.85 h 

Total Travel Time (Vehicles Inside) - Truck 467.55 35.75 h 

Total Travel Time (Waiting Out) - All 3925.92 135.4 h 

Total Travel Time (Waiting Out) - Car 3414.27 122.19 h 

Total Travel Time (Waiting Out) - Truck 511.65 20.36 h 

Travel Time - All 202.52 2.32 sec/km 

Travel Time - Car 202.62 2.37 sec/km 

Travel Time - Truck 201.27 2.03 sec/km 

Vehicles Inside - All 11143 201.47 veh 

Vehicles Inside - Car 10423.4 190.31 veh 
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Vehicles Inside - Truck 719.6 45.76 veh 

Vehicles Lost Inside - All 494.5 96.02 veh 

Vehicles Lost Inside - Car 456 93.85 veh 

Vehicles Lost Inside - Truck 39.1 5.53 veh 

Vehicles Lost Outside - All 717.4 71.7 veh 

Vehicles Lost Outside - Car 654.5 66.85 veh 

Vehicles Lost Outside - Truck 62.3 7.99 veh 

Vehicles Outside - All 20114.9 197.42 veh 

Vehicles Outside - Car 18659.5 195.63 veh 

Vehicles Outside - Truck 1455.4 38.03 veh 

Vehicles Waiting to Enter - All 12354.2 201.01 veh 

Vehicles Waiting to Enter - Car 11040.4 197.73 veh 

Vehicles Waiting to Enter - Truck 1313.8 51.01 veh 

Waiting Time in Virtual Queue - All 730.75 11.78 sec 

Waiting Time in Virtual Queue - Car 709.62 11.43 sec 

Waiting Time in Virtual Queue - Truck 965.72 19.46 sec 
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7.3. ʋɮʄʆɳʅ ʋʄʁɿʁʇ ɼɮɸʇʅʆɳʄɶʅɶʅ ʇʊɹʅʆɮɾɳɿʁʇ ʊʁʄʆʁʇ  

7.3.1. ʅʶ˄ʱˊʽˇ л 
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ʅ˔ʺ˃ʰ 24Υ ʋʱˊˍʹˌ ʆʰ˔ˎˍʺˍ˖˄ - ʅʶ˄ʱˊʽˇ 0- ɮˉˈˋˉʰˋ˃ʰ м 
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ʅ˔ʺ˃ʰ 25: ʋʱˊˍʹˌ ʆʰ˔ˎˍʺˍ˖˄ - ʅʶ˄ʱˊʽˇ л- ɮˉˈˋˉʰˋ˃ʰ 2 
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ʅ˔ʺ˃ʰ 26: ʋʱˊˍʹˌ ʆʰ˔ˎˍʺˍ˖˄ - ʅʶ˄ʱˊʽˇ л- ɮˉˈˋˉʰˋ˃ʰ 3 
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ʅ˔ʺ˃ʰ 27: ʋʱˊˍʹˌ ʆʰ˔ˎˍʺˍ˖˄ - ʅʶ˄ʱˊʽˇ л- ɮˉˈˋˉʰˋ˃ʰ 4 
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ʅ˔ʺ˃ʰ 28: ʋʱˊˍʹˌ ʆʰ˔ˎˍʺˍ˖˄ - ʅʶ˄ʱˊʽˇ л- ɮˉˈˋˉʰˋ˃ʰ 5 
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ʅ˔ʺ˃ʰ 29: ʋʱˊˍʹˌ ʆʰ˔ˎˍʺˍ˖˄ - ʅʶ˄ʱˊʽˇ л- ɮˉˈˋˉʰˋ˃ʰ 6 



ʃɮʄɮʄʆɶɾɮ  
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ʅ˔ʺ˃ʰ 30: ʋʱˊˍʹˌ ʆʰ˔ˎˍʺˍ˖˄ - ʅʶ˄ʱˊʽˇ л- ɮˉˈˋˉʰˋ˃ʰ 7 

  



ʃɮʄɮʄʆɶɾɮ  
 

-157- 

 

7.3.2. ʅʶ˄ʱˊʽˇ м 

 
ʅ˔ʺ˃ʰ 31: ʋʱˊˍʹˌ ʆʰ˔ˎˍʺˍ˖˄ - ʅʶ˄ʱˊʽˇ 1- ɮˉˈˋˉʰˋ˃ʰ м 
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ʅ˔ʺ˃ʰ 32: ʋʱˊˍʹˌ ʆʰ˔ˎˍʺˍ˖˄ - ʅʶ˄ʱˊʽˇ м- ɮˉˈˋˉʰˋ˃ʰ 2 
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ʅ˔ʺ˃ʰ 33: ʋʱˊˍʹˌ ʆʰ˔ˎˍʺˍ˖˄ - ʅʶ˄ʱˊʽˇ м- ɮˉˈˋˉʰˋ˃ʰ 3 
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ʅ˔ʺ˃ʰ 34: ʋʱˊˍʹˌ ʆʰ˔ˎˍʺˍ˖˄ - ʅʶ˄ʱˊʽˇ м- ɮˉˈˋˉʰˋ˃ʰ 4 
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ʅ˔ʺ˃ʰ 35: ʋʱˊˍʹˌ ʆʰ˔ˎˍʺˍ˖˄ - ʅʶ˄ʱˊʽˇ м- ɮˉˈˋˉʰˋ˃ʰ р 
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ʅ˔ʺ˃ʰ 36: ʋʱˊˍʹˌ ʆʰ˔ˎˍʺˍ˖˄ - ʅʶ˄ʱˊʽˇ м- ɮˉˈˋˉʰˋ˃ʰ 6 
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7.3.3. ʅʶ˄ʱˊʽˇ н 

 
ʅ˔ʺ˃ʰ 37Υ ʋʱˊˍʹˌ ʆʰ˔ˎˍʺˍ˖˄ - ʅʶ˄ʱˊʽˇ нɮ- ɮˉˈˋˉʰˋ˃ʰ 1 
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ʅ˔ʺ˃ʰ 38:ʋʱˊˍʹˌ ʆʰ˔ˎˍʺˍ˖˄ - ʅʶ˄ʱˊʽˇ нɮ- ɮˉˈˋˉʰˋ˃ʰ 2 
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ʅ˔ʺ˃ʰ 39: ʋʱˊˍʹˌ ʆʰ˔ˎˍʺˍ˖˄ - ʅʶ˄ʱˊʽˇ нɮ- ɮˉˈˋˉʰˋ˃ʰ о 



ʃɮʄɮʄʆɶɾɮ  
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ʅ˔ʺ˃ʰ 40: ʋʱˊˍʹˌ ʆʰ˔ˎˍʺˍ˖˄ - ʅʶ˄ʱˊʽˇ нɮ- ɮˉˈˋˉʰˋ˃ʰ 4 
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ʅ˔ʺ˃ʰ 41: ʋʱˊˍʹˌ ʆʰ˔ˎˍʺˍ˖˄ - ʅʶ˄ʱˊʽˇ нɮ- ɮˉˈˋˉʰˋ˃ʰ 5 



ʃɮʄɮʄʆɶɾɮ  
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ʅ˔ʺ˃ʰ 42: ʋʱˊˍʹˌ ʆʰ˔ˎˍʺˍ˖˄ - ʅʶ˄ʱˊʽˇ нɮ- ɮˉˈˋˉʰˋ˃ʰ 6 



ʃɮʄɮʄʆɶɾɮ  
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ʅ˔ʺ˃ʰ 43: ʋʱˊˍʹˌ ʆʰ˔ˎˍʺˍ˖˄ - ʅʶ˄ʱˊʽˇ нɰ- ɮˉˈˋˉʰˋ˃ʰ 1 




































