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ɿɸʍɺɸʃʅʀʎɸ 

 

 

ʇʨʝ ʩʚʝʛʘ ʙʠʭ ʞʝʣʝʦ ʜʘ ʠʟʨʘʟʠʤ ʠʩʢʨʝʥʫ ʟʘʭʚʘʣʥʦʩʪ ʤʝʥʪʦʨʫ, ʚʘʥʨʝʜʥʦʤ ʧʨʦʬʝʩʦʨʫ ʜʨ 

ʂʦʩʪʠ ɱʦʚʘʥʦʚʠ˂ʫ, ʥʘ ʠʥʩʧʠʨʘʮʠʿʠ ʠ ʤʦʪʠʚʘʮʠʿʠ ʟʘ ʜʘˀʠ ʨʘʜ ʫ ʢʨʠʪʠʯʥʠʤ ʬʘʟʘʤʘ 

ʜʦʢʪʦʨʩʢʠʭ ʩʪʫʜʠʿʘ, ʢʘʦ ʠ ʥʘ ʢʦʥʩʪʘʥʪʥʦ ʿ ʧʦʜʨʰʮʠ ʪʦʢʦʤ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʨʘʜʘ ʥʘ 

ʜʠʩʝʨʪʘʮʠʿʠ. 

 

ʉʨʜʘʯʥʦ ʟʘʭʚʘˀʫʿʝʤ ʠ ʧʨʦʬʝʩʦʨʫ ʜʨ ɾʝˀʢʫ ɫʫʨʦʚʠ˂ʫ ʥʘ ʥʝʧʨʦʮʝˁʠʚʠʤ ʩʘʚʝʪʠʤʘ ʠ 

ʧʦʜʨʰʮʠ ʪʦʢʦʤ ʩʪʫʜʠʿʘ.  

 

ʅʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʜʠʩʢʫʩʠʿʘʤʘ ʠ ʩʘʚʝʪʠʤʘ ʟʘʭʚʘˀʫʿʝʤ ʧʦʪʧʫʢʦʚʥʠʢʫ ʚʘʥʨʝʜʥʦʤ 

ʧʨʦʬʝʩʦʨʫ ʜʨ ɼʨʘʛʘʥʫ ʇʘʤʫʯʘʨʫ ʩʘ ɺʦʿʥʝ ʘʢʘʜʝʤʠʿʝ, ʢʘʦ ʠ ʢʦʣʝʛʘʤʘ ʩʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ 

ʬʘʢʫʣʪʝʪʘ ʤʩ ʅʠʢʦʣʠ ʂʥʝʞʝʚʠ˂ʫ ʠ ʤʩ ɿʘʚʠʰʠ ɻʦʨʜʠ˂ʫ.  

 

ɺʝʣʠʢʫ ʟʘʭʚʘʣʥʦʩʪ ʟʘ ʨʘʟʫʤʝʚʘˁʝ ʠ ʧʦʜʨʰʢʫ ʜʫʛʫʿʝʤ ʠ ʢʦʣʝʛʘʤʘ ʩʘ ʧʦʩʣʘ, ʢʘʦ ʠ 

ʧʨʦʬʝʩʦʨʫ ʜʨ ʉʪʝʚʠʮʠ ɻʨʘʦʚʮʫ ʩʘ ʢʦʿʠʤ ʩʘʤ ʩʘʨʘʹʠʚʘʦ ʫ ʧʦʯʝʪʥʠʤ ʬʘʟʘʤʘ ʠʩʪʨʘʞʠʚʘˁʘ. 

 

ɿʘʭʚʘˀʫʿʝʤ ʠ ʩʚʦʿʠʤ ʨʦʜʠʪʝˀʠʤʘ, ʉʨʙʠʩʣʘʚʫ ʠ ʄʠˀʮʠ, ʢʘʦ ʠ ʩʝʩʪʨʠ ɼʫʙʨʘʚʮʠ. 

 

ʂʦʥʘʯʥʦ, ʥʝʠʟʤʝʨʥʫ ʟʘʭʚʘʣʥʦʩʪ ʟʘ ʙʝʟʫʩʣʦʚʥʫ ʧʦʜʨʰʢʫ, ʨʘʟʫʤʝʚʘˁʝ ʠ ʩʪʨʧˀʝˁʝ, ʙʝʟ 

ʢʦʿʠʭ ʜʠʩʝʨʪʘʮʠʿʝ ʥʝ ʙʠ ʥʠ ʙʠʣʦ, ʜʫʛʫʿʝʤ ʩʫʧʨʫʟʠ ɻʦʨʜʘʥʠ ʠ ˂ʝʨʢʠ ɸʥʘʩʪʘʩʠʿʠ, ʢʦʿʘ ʿʝ 

ʨʦʹʝʥʘ ʠ ʨʘʩʣʘ ʪʦʢʦʤ ʪʨʘʿʘˁʘ ʜʦʢʪʦʨʩʢʠʭ ʩʪʫʜʠʿʘ. ɴʝʨʢʠ ɸʥʘʩʪʘʩʠʿʠ ʫʿʝʜʥʦ ʠ ʧʦʩʚʝ˂ʫʿʝʤ 

ʦʚʫ ʜʠʩʝʨʪʘʮʠʿʫ. 
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ʅʘʩʣʦʚ ʪʝʟʝ: ʇʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʙʘʟʠʨʘʥʦ ʥʘ D* Lite ʘʣʛʦʨʠʪʤʫ ʠ ʘʫʪʦʥʦʤʥʦʿ 

ʧʨʝʪʨʘʟʠ ʦʢʨʫʞʝˁʘ 

 
ʉʘʞʝʪʘʢ: ʇʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ ʜʠʩʝʨʪʘʮʠʿʝ ʩʫ on-line frontier-based ʩʪʨʘʪʝʛʠʿʝ ʟʘ 

ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ, ʢʦʜ ʢʦʿʠʭ ʿʝ ʧʨʠʤʝˁʝʥ D* Lite ʘʣʛʦʨʠʪʘʤ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ 

ʠ ʢʦʿʝ ʟʘ ʠʟʙʦʨ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʢʦʨʠʩʪʝ ʤʝʪʦʜʝ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʦʜʣʫʯʠʚʘˁʘ (ɺʂʆ). 

ʂʘʦ ʢʨʠʪʝʨʠʿʫʤʠ ʟʘ ʠʟʙʦʨ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʠʟ ʩʢʫʧʘ ʢʘʥʜʠʜʘʪʘ ʢʦʨʠʩʪʝ ʩʝ: ʜʫʞʠʥʘ ʧʫʪʘˁʝ 

ʜʦ ʢʘʥʜʠʜʘʪʘ, ʠʥʬʦʨʤʘʪʠʚʥʠ ʧʦʪʝʥʮʠʿʘʣ ʢʘʥʜʠʜʘʪʘ ʠ ʫʜʘˀʝʥʦʩʪ ʢʘʥʜʠʜʘʪʘ ʦʜ ʙʘʟʥʝ 

ʩʪʘʥʠʮʝ. 

ɿʘ ʤʝʨʫ ʝʬʠʢʘʩʥʦʩʪʠ ʧʨʝʪʨʘʛʝ ʧʨʠʤʝˁʝʥ ʿʝ ʧʨʦʩʝʯʘʥ ʧʨʝ́ʝʥʠ ʧʫʪ ʨʦʙʦʪʘ ʫ ʦʜʥʦʩʫ 

ʥʘ ʚʠʰʝ ʩʪʘʨʪʥʠʭ ʧʦʟʠʮʠʿʘ ʟʘ ʧʦʪʨʝʙʝ ʨʝʘʣʠʟʘʮʠʿʝ ʧʨʝʪʨʘʛʝ 90% ʦʢʨʫʞʝˁʘ. 

ʉʠʤʫʣʘʮʠʿʘʤʘ ʫ ʄʘʪʣʘʙʫ, ʜʦʢʘʟʘʥʦ ʿʝ ʜʘ ʫ ʜʝʬʠʥʠʩʘʥʠʤ ʫʩʣʦʚʠʤʘ TOPSIS 

ʦʙʝʟʙʝʹʫʿʝ ʝʬʠʢʘʩʥʠʿʫ ʧʨʝʪʨʘʛʫ ʢʦʤʧʣʝʢʩʥʠʭ ʦʢʨʫʞʝˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʝ ʜʚʝ 

ʘʥʘʣʠʟʠʨʘʥʝ ʤʝʪʦʜʝ ɺʂʆ (SAW ʠ COPRAS), ʢʘʦ ʠ ʫ ʦʜʥʦʩʫ ʥʘ 4 ʢʣʘʩʠʯʥʝ ʩʪʨʘʪʝʛʠʿʝ ʠʟ 

ʣʠʪʝʨʘʪʫʨʝ. ʆʚʦ ʩʝ ʦʙʿʘʰˁʘʚʘ ʪʠʤʝ ʜʘ TOPSIS ʧʨʠ ʦʜʘʙʠʨʫ ʘʣʪʝʨʥʘʪʠʚʝ ʤʘʢʩʠʤʠʟʫʿʝ 

ɽʫʢʣʠʜʦʚʫ ʫʜʘˀʝʥʦʩʪ ʦʜ ʭʠʧʦʪʝʪʠʯʢʠ ʥʘʿʣʦʰʠʿʝʛ ʨʝʰʝˁʘ, ʯʠʤʝ ʩʝ ʤʠʥʠʤʠʟʫʿʝ ʨʠʟʠʢ ʫ 

ʦʜʣʫʯʠʚʘˁʫ ʢʦʿʠ ʿʝ ʠʟʨʘʞʝʥ ʢʦʜ ʢʦʤʧʣʝʢʩʥʠʭ ʦʢʨʫʞʝˁʘ. ʂˀʫʯʥʠ ʨʝʟʫʣʪʘʪʠ ʩʫ 

ʚʝʨʠʬʠʢʦʚʘʥʠ ʫ Gazebo 3D ʩʠʤʫʣʘʪʦʨʫ, ʢʦʨʠʩʪʝ˂ʠ Robot Operating System. 

ʋ ʜʠʩʝʨʪʘʮʠʿʠ ʩʝ, ʪʘʢʦʹʝ, ʧʨʝʜʣʘʞʫ 2 ʧʨʠʩʪʫʧʘ ʟʘ ʫʥʘʧʨʝʹʝˁʝ ʧʣʘʥʠʨʘˁʘ ʧʫʪʘˁʝ 

ʨʦʙʦʪʘ ʫ ʤʠʩʠʿʘʤʘ ʪʨʘʛʘˁʘ ʠ ʩʧʘʩʘʚʘˁʘ. 

ʇʨʚʠ ʧʨʠʩʪʫʧ ʿʝ ʧʨʠʤʝʥʘ D* Lite ʘʣʛʦʨʠʪʤʘ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʬʘʟʠ ʣʦʛʠʢʦʤ. ʌʘʟʠ 

ʣʦʛʠʢʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʪʝʞʠʥʘ ˂ʝʣʠʿʘ ʤʘʧʝ ʥʘʤʝˁʝʥʝ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʘ 

ʨʦʙʦʪʘ, ʢʘʢʦ ʦʥʝ ʥʝ ʙʠ ʠʤʘʣʝ ʙʠʥʘʨʥʝ ʚʨʝʜʥʦʩʪʠ. ʊʠʤʝ ʿʝ ʧʦʩʪʠʛʥʫʪʦ ʜʘ ʧʨʝʪʨʘʛʘ 

ʦʢʨʫʞʝˁʘ ʧʦʢʨʠʚʘ ʦʙʿʝʢʪʝ ʧʨʝʤʘ ʧʨʠʦʨʠʪʝʪʫ, ʢʘʦ ʠ ʜʘ ʨʦʙʦʪʠ ʟʘ ʤʘʧʠʨʘˁʝ ʧʨʠ ʢʨʝʪʘˁʫ ʥʝ 

ʦʤʝʪʘʿʫ ʜʨʫʛʝ ʨʦʙʦʪʝ. 

ɼʨʫʛʠ ʧʨʠʩʪʫʧ ʿʝ ʧʨʠʤʝʥʘ D* Lite ʘʣʛʦʨʠʪʤʘ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ on-line ʫʯʝˁʝʤ. 

ʆʚʠʤ ʿʝ ʩʢʨʘ˂ʝʥ ʧʨʝʹʝʥʠ ʧʫʪ ʨʦʙʦʪʘ ʟʘ ʤʘʧʠʨʘˁʝ ʠ ʤʠʥʠʤʠʟʦʚʘʥʘ ʩʫ ˁʝʛʦʚʘ ʨʠʟʠʯʥʘ 

ʢʨʝʪʘˁʘ, ʿʝʨ ʩʝ ʤʘʥʝʚʘʨ ʫ ʮʠˀʫ ʠʟʙʝʛʘʚʘˁʘ ʧʨʝʧʨʝʢʘ ʠʟʚʦʜʠ ʧʨʝ ʧʦʪʝʥʮʠʿʘʣʥʦʛ ʩʫʩʨʝʪʘ. 

 
ʂˀʫʯʥʝ ʨʝʯʠ: ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ, D* Lite ʘʣʛʦʨʠʪʘʤ, frontier-based ʧʨʝʪʨʘʛʘ 

ʦʢʨʫʞʝˁʘ, ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦ ʦʜʣʫʯʠʚʘˁʝ, TOPSIS, ʬʘʟʠ ʩʠʩʪʝʤ, on-line ʫʯʝˁʝ.   

 

ʅʘʫʯʥʘ ʦʙʣʘʩʪ: ɽʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʨʘʯʫʥʘʨʩʪʚʦ. 

 

ʋʞʘ ʥʘʫʯʥʘ ʦʙʣʘʩʪ: ɸʫʪʦʥʦʤʥʠ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ. 
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Doctorial  Dissertation Title: Robot path planning based on D* Lite algorithm and autonomous 

exploration of environment. 

 

Abstract: The subject of the research in the dissertation are on-line frontier-based strategies for 

exploration of environment, which have applied D* Lite algorithm for robot path planning and 

which use the multi-criteria decion making (MCDM) methods for selecting the next position. 

The criteria used in the process of decion making are: the length of a collision free path, the 

expected information gain and the distance from the base station.  

To measure the efficiency of the exploration, the average travelled robot path was applied 

in relation to several starting positions for the needs of the 90% environment explored. 

By simulations in Matlab, it was proved that in defined conditions the TOPSIS provides 

more efficient exploration of complex environment in relation to other two analzyed MCDM 

methods (SAW and COPRAS), as well as in relation to 4 classical strategies from the literature. 

This is explained in a way that, in selecting the alternative, the TOPSIS maximizes Euclidean 

distance from the hypothetically worst solution, by which a risk in decision making, emphasized 

in complex environment, is minimized. Key results were verified in the Gazebo 3D simulator, 

using the Robot Operating System. 

The dissertation, also, proposes 2 approaches for improving the robot path planning in 

search and rescue missions. 

The first approach is the application of D* Lite algorithm in combination with fuzzy 

logics. The fuzzy logics is used to define the map cell cost used for robot path planning, so they 

do not have the binary values. This has made the exploration cover the objects according to the 

priority, as well as that robots for mapping do not interfere with other robots during movement. 

The second approach is the the application of D* Lite algorithm in combination with on-

line learning. This has made the mapping robot path shortened and its risky movement has been 

minimized, since the maneuvre with the aim of avoiding the obstacles is performed before a 

potential encounter. 

 

ʂˀʫʯʥʝ ʨʝʯʠ: robot path planning, D* Lite algorithm, frontier-based exploration of 

environment, multi-criteria decion making, TOPSIS, fuzzy system, on-line learning.   

 

Scientific area: Electrical Engineering and Computer Science. 

 

Specific scientific area: Autonomous mobile robots. 
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1. ʋɺʆɼ 
 

ʅʘʢʦʥ ʦʧʠʩʘ ʧʨʝʜʤʝʪʘ, ʮʠˀʘ ʠ ʤʦʪʠʚʘ ʠʩʪʨʘʞʠʚʘˁʘ, ʫ ʦʢʚʠʨʫ ʋʚʦʜʘ ʠʟʣʦʞʝʥ ʿʝ 

ʜʝʪʘˀʘʥ ʦʧʠʩ ʩʘʜʨʞʘʿʘ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ. ʅʘ ʢʨʘʿʫ ʧʦʛʣʘʚˀʘ ʥʘʚʦʜʝ ʩʝ ʦʩʪʚʘʨʝʥʠ 

ʥʘʫʯʥʠ ʜʦʧʨʠʥʦʩʠ ʠ ʧʫʙʣʠʢʦʚʘʥʠ ʨʘʜʦʚʠ ʫ ʦʢʚʠʨʫ ʠʩʪʨʘʞʠʚʘˁʘ. 

 

1.1. ʇʨʝʜʤʝʪ, ʮʠ ˀʠ ʤʦʪʠʚʠ ʠʩʪʨʘʞʠʚʘˁʘ 

 

ɸʫʪʦʥʦʤʥʠ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ ʩʝ ʩʚʝ ʚʠʰʝ ʢʦʨʠʩʪʝ ʟʘ ʦʙʘʚˀʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʟʘʜʘʪʘʢʘ, 

ʢʘʢʦ ʫ ʫʦʙʠʯʘʿʝʥʠʤ, ʩʚʘʢʦʜʥʝʚʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ, ʪʘʢʦ ʠ ʫ ʩʠʪʫʘʮʠʿʘʤʘ ʠ ʦʢʨʫʞʝˁʠʤʘ ʛʜʝ 

ʠʟ ʝʢʦʥʦʤʩʢʠʭ ʠʣʠ ʙʝʟʙʝʜʥʦʩʥʠʭ ʨʘʟʣʦʛʘ ʥʠʿʝ ʤʦʛʫ˂ʝ ʘʥʛʘʞʦʚʘʪʠ ˀʫʜʝ. ʊʠ ʟʘʜʘʮʠ ʩʫ 

ʯʝʩʪʦ ʚʝʟʘʥʠ ʟʘ ʥʝʢʫ ʧʦʪʨʝʙʫ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ, ʙʠʣʦ ʜʘ ʩʝ ʨʘʜʠ ʦ ʬʦʨʤʠʨʘˁʫ ˁʝʛʦʚʝ 

ʤʘʧʝ [1,2] ʠʣʠ ʦ ʦʪʢʨʠʚʘˁʫ ʥʝʢʠʭ ʜʨʫʛʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʢʨʫʞʝˁʘ ʢʦʿʝ ʩʫ ʦʜ ʠʥʪʝʨʝʩʘ ʟʘ 

ʟʘʜʘʪʫ ʤʠʩʠʿʫ, ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʫ ʩʣʫʯʘʿʫ ʪʨʘʛʘˁʘ ʠ ʩʧʘʩʘʚʘˁʘ [3], ʧʣʘʥʝʪʘʨʥʠʭ ʤʠʩʠʿʘ [4], 

ʚʠʟʫʝʣʥʝ ʠʥʩʧʝʢʮʠʿʝ [5], ʨʫʜʘʨʩʪʚʘ [6], ʠ ʩʣ. ʇʦʨʝʜ ʪʦʛʘ, ʫ ʧʨʘʢʩʠ ʩʫ ʯʝʩʪʝ ʩʠʪʫʘʮʠʿʝ 

ʢʦʤʙʠʥʦʚʘʥʦʛ ʠʟʚʨʰʝˁʘ ʚʠʰʝ ʚʨʩʪʘ ʟʘʜʘʪʘʢʘ ʪʦʢʦʤ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ, ʥʘ ʧʨʠʤʝʨ ʢʘʜʘ ʩʝ 

ʧʘʨʘʣʝʣʥʦ ʠʣʠ ʥʝʧʦʩʨʝʜʥʦ ʧʨʝ ʘʢʪʠʚʥʦʩʪʠ ʦʩʥʦʚʥʝ ʤʠʩʠʿʝ (ʨʝʮʠʤʦ ʪʨʘʛʘˁʘ ʠ ʩʧʘʩʘʚʘˁʘ) 

ʤʦʨʘ ʬʦʨʤʠʨʘʪʠ ʤʘʧʘ ʦʢʨʫʞʝˁʘ ʢʘʢʦ ʙʠ ʩʝ ʤʠʩʠʿʘ ʤʦʛʣʘ ʨʝʘʣʠʟʦʚʘʪʠ [7], ʠʪʜ.  

 

ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʨʘʩʧʦʣʦʞʠʚʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʦʢʨʫʞʝˁʫ ʫ ʢʦʤ ʩʝ ʧʣʘʥʠʨʘ 

ʘʥʛʘʞʦʚʘˁʝ ʨʦʙʦʪʘ, ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ ʧʨʠʤʝˁʫʿʝ ʩʝ on-line ʠʣʠ off-line ʧʨʠʩʪʫʧ [8,9]. 

ʋ ʩʣʫʯʘʿʫ on-line ʧʨʝʪʨʘʛʝ, ʢʦʿʘ ʿʝ ʩʘ ʘʩʧʝʢʪʘ ʨʝʘʣʠʟʘʮʠʿʝ ʤʥʦʛʦ ʠʟʘʟʦʚʥʠʿʘ (ʧʨʠʤʝˁʫʿʝ ʩʝ 

ʢʘʜʘ ʿʝ ʦʢʨʫʞʝˁʝ ʧʦʪʧʫʥʦ ʥʝʧʦʟʥʘʪʦ ʠʣʠ ʢʘʜʘ ʥʝʤʘ ʜʦʚʦˀʥʦ ʠʥʬʦʨʤʘʮʠʿʘ ʟʘ ʧʨʠʤʝʥʫ off-

line ʘʣʛʦʨʠʪʘʤʘ), ʨʦʙʦʪ ʥʘʢʦʥ ʧʨʠʢʫʧˀʘˁʘ ʧʦʜʘʪʘʢʘ ʩʘ ʘʢʪʫʝʣʥʝ ʧʦʟʠʮʠʿʝ ʙʠʨʘ ʩʣʝʜʝ˂ʫ 

ʧʦʟʠʮʠʿʫ ʫ ʩʢʣʘʜʫ ʩʘ ʥʝʢʦʤ (ʧʨʝʪʭʦʜʥʦ ʜʝʬʠʥʠʩʘʥʦʤ) ʩʪʨʘʪʝʛʠʿʦʤ, ʧʨʝʤʝʰʪʘ ʩʝ ʥʘ ˁʫ, 

ʠʟʚʨʰʘʚʘ ʦʧʩʝʨʚʘʮʠʿʫ ʦʢʨʫʞʝˁʘ ʩʘ ʥʦʚʝ ʧʦʟʠʮʠʿʝ ʠ ʧʦʥʘʚˀʘ ʦʚʘʿ ʧʨʦʮʝʩ ʩʚʝ ʜʦʢ ʥʝ 

ʠʩʧʫʥʠ ʟʘʜʘʪʘʢ ʠʣʠ ʟʘʚʨʰʠ ʤʠʩʠʿʫ [10].  

 

ʊʦʢʦʤ ʧʦʩʣʝʜˁʠʭ ʜʝʮʝʥʠʿʘ ʫ ʣʠʪʝʨʘʪʫʨʠ ʩʫ ʧʨʝʜʣʦʞʝʥʝ ʨʘʟʣʠʯʠʪʝ ʩʪʨʘʪʝʛʠʿʝ ʟʘ 

ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ. ɺʝ˂ʠʥʘ ˁʠʭ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʢʦʥʮʝʧʪʫ ʠʟʙʦʨʘ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ 

ʠʟ ʩʢʫʧʘ ʧʦʟʠʮʠʿʘ-ʢʘʥʜʠʜʘʪʘ ʢʦʿʝ ʣʝʞʝ ʥʘ ʛʨʘʥʠʮʠ ʠʟʤʝʹʫ ʧʨʝʪʨʘʞʝʥʠʭ ʠ ʥʝʧʨʝʪʨʘʞʝʥʠʭ 

ʜʝʣʦʚʘ ʦʢʨʫʞʝˁʘ ʠ ʪʦ ʩʫ ʪʟʚ. Ăfrontier-basedñ ʩʪʨʘʪʝʛʠʿʝ. ʂʦʥʮʝʧʪ frontier-based ʧʨʝʪʨʘʛʝ 

ʦʢʨʫʞʝˁʘ ʧʨʚʠ ʧʫʪ ʿʝ ʟʚʘʥʠʯʥʦ ʧʨʝʟʝʥʪʦʚʘʥ ʫ ʨʘʜʫ ʘʫʪʦʨʘ Yamauchi 1997. ʛʦʜʠʥʝ [11]. 

 

ʅʘʿʿʝʜʥʦʩʪʘʚʥʠʿʘ ʠʟ ʛʨʫʧʝ frontier-based ʩʪʨʘʪʝʛʠʿʘ ʿʝ ʪʟʚ. ĂDist_Minñ ʩʪʨʘʪʝʛʠʿʘ, 

ʢʦʿʘ ʟʘ ʩʣʝʜʝ˂ʫ ʧʦʟʠʮʠʿʫ ʨʦʙʦʪʘ ʙʠʨʘ ʦʥʫ ʢʦʿʘ ʿʝ ʥʘʿʙʣʠʞʘ ˁʝʛʦʚʦʿ ʪʨʝʥʫʪʥʦʿ ʧʦʟʠʮʠʿʠ 

[12]. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʩʪʨʘʪʝʛʠʿʘ ʢʦʿʘ ʩʝ ʥʘʿʯʝʰ˂ʝ ʧʨʝʜʣʘʞʝ ʫ ʣʠʪʝʨʘʪʫʨʠ ʢʘʦ ʜʦʚʦˀʥʦ 

ʜʦʙʘʨ ʠʟʙʦʨ ʿʝ ʪʟʚ. GBL ʩʪʨʘʪʝʛʠʿʘ (ʥʘʟʚʘʥʘ ʧʦ ʘʫʪʦʨʠʤʘ) [13], ʢʦʿʘ ʝʚʘʣʫʘʮʠʿʫ ʩʚʘʢʝ 

ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘ ʚʨʰʠ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ˁʝʥʫ ʫʜʘˀʝʥʦʩʪ ʦʜ ʪʨʝʥʫʪʥʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ 

ʠ ʦʯʝʢʠʚʘʥʫ ʢʦʣʠʯʠʥʫ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʦʢʨʫʞʝˁʫ ʢʦʿʫ ʨʦʙʦʪ ʤʦʞʝ ʧʨʠʢʫʧʠʪʠ ʥʘ ʪʦʿ 

ʧʦʟʠʮʠʿʠ. ʇʦʨʝʜ ʦʚʘ ʜʚʘ ʢʨʠʪʝʨʠʿʫʤʘ, ʫʢˀʫʯʠʚʘˁʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʫʩʧʦʩʪʘʚˀʘˁʘ 

ʢʦʤʫʥʠʢʘʮʠʿʝ ʠʟʤʝʹʫ ʨʦʙʦʪʘ ʠ ʙʘʟʥʝ ʩʪʘʥʠʮʝ ʫ ʧʨʦʮʝʩ ʝʚʘʣʫʘʮʠʿʝ ʧʦʟʠʮʠʿʘ-ʢʘʥʜʠʜʘʪʘ, 

ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʟʥʘʯʘʿ ʪʦʛ ʢʨʠʪʝʨʠʿʫʤʘ, ʧʨʚʠ ʧʫʪ ʿʝ ʧʨʝʜʣʦʞʝʥʦ ʫ [14], ʢʦʜ ʪʟʚ. AOJRF 

ʩʪʨʘʪʝʛʠʿʝ (ʥʘʟʚʘʥʘ ʧʦ ʪʠʤʫ Amsterdam Oxford Joint Rescue Forces ʢʦʿʠ ʿʝ ʦʚʫ ʩʪʨʘʪʝʛʠʿʫ ʩʘ 

ʫʩʧʝʭʦʤ ʢʦʨʠʩʪʠʦ ʥʘ ʪʘʢʤʠʯʝˁʫ RoboCup Rescue Virtual Robots Competition 2009. ʛʦʜʠʥʝ). 

ʅʘʚʝʜʝʥʝ ʩʪʨʘʪʝʛʠʿʝ ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ, ʫʟ ʜʦʜʘʪʘʢ ʿʦʰ ʥʝʢʠʭ ʢʦʿʝ ˂ʝ ʙʠʪʠ ʦʙʿʘʰˁʝʥʝ ʫ 

ʜʘˀʝʤ ʪʝʢʩʪʫ, ʤʦʛʫ ʩʝ ʩʤʘʪʨʘʪʠ ʢʣʘʩʠʯʥʠʤ ʠ ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʢʘʦ ʨʝʬʝʨʝʥʪʥʝ (ʿʝʜʥʘ ʠʣʠ 

ʚʠʰʝ ˁʠʭ) ʫ ʟʥʘʯʘʿʥʦʤ ʜʝʣʫ ʨʝʣʝʚʘʥʪʥʝ ʣʠʪʝʨʘʪʫʨʝ ʢʦʿʘ ʧʨʦʫʯʘʚʘ ʧʨʝʜʤʝʪʥʫ ʦʙʣʘʩʪ 

[8,10,12,15-17]. 

 



2 

 

ʇʨʝʜʤʝʪ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʢʚʠʨʫ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʩʫ on-line frontier-based ʩʪʨʘʪʝʛʠʿʝ 

ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ, ʢʦʜ ʢʦʿʠʭ ʿʝ ʧʨʠʤʝˁʝʥ D* Lite ʘʣʛʦʨʠʪʘʤ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ 

ʨʦʙʦʪʘ ʠ ʢʦʿʝ ʟʘ ʠʟʙʦʨ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʦʩʤʘʪʨʘˁʘ ʠ ʧʨʠʢʫʧˀʘˁʘ ʧʦʜʘʪʘʢʘ (ʠʟ ʩʢʫʧʘ 

ʤʦʛʫ˂ʠʭ ʢʘʥʜʠʜʘʪʘ) ʢʦʨʠʩʪʝ ʤʝʪʦʜʝ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʦʜʣʫʯʠʚʘˁʘ, ʢʦʿʝ (ʧʨʝʤʘ ʩʘʟʥʘˁʫ 

ʘʫʪʦʨʘ) ʜʦ ʩʘʜʘ ʥʠʩʫ ʢʦʨʠʰ˂ʝʥʝ ʟʘ ʪʫ ʥʘʤʝʥʫ. ʂʘʦ ʢʨʠʪʝʨʠʿʫʤʠ ʟʘ ʠʟʙʦʨ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ 

ʨʦʙʦʪʘ ʠʟ ʩʢʫʧʘ ʢʘʥʜʠʜʘʪʘ ʢʦʨʠʩʪʝ ʩʝ: ʜʫʞʠʥʘ ʧʫʪʘˁʝ ʜʦ ʢʘʥʜʠʜʘʪʘ, ʠʥʬʦʨʤʘʪʠʚʥʠ 

ʧʦʪʝʥʮʠʿʘʣ ʢʘʥʜʠʜʘʪʘ ʠ ʫʜʘˀʝʥʦʩʪ ʢʘʥʜʠʜʘʪʘ ʦʜ ʙʘʟʥʝ ʩʪʘʥʠʮʝ. 

 

ʅʘ ʙʘʟʠ ʧʨʦʫʯʝʥʝ ʣʠʪʝʨʘʪʫʨʝ, ʟʘ ʤʝʨʫ ʝʬʠʢʘʩʥʦʩʪʠ ʧʨʝʪʨʘʛʝ ʫ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ 

ʧʨʠʤʝˁʝʥ ʧʨʦʩʝʯʘʥ ʫʢʫʧʘʥ ʧʨʝ́ʝʥʠ ʧʫʪ ʨʦʙʦʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ʚʠʰʝ ʩʪʘʨʪʥʠʭ ʧʦʟʠʮʠʿʘ ʟʘ 

ʧʦʪʨʝʙʝ ʨʝʘʣʠʟʘʮʠʿʝ ʧʨʝʪʨʘʛʝ 90% ʦʢʨʫʞʝˁʘ. ʀʤʘʿʫ˂ʠ ʪʦ ʫ ʚʠʜʫ, ʜʚʘ ʠʟʘʙʨʘʥʘ 

ʢʨʠʪʝʨʠʿʫʤʘ - Ăʜʫʞʠʥʘ ʧʫʪʘˁʝ ʜʦ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘñ ʠ Ăʠʥʬʦʨʤʘʪʠʚʥʠ ʧʦʪʝʥʮʠʿʘʣ 

ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘñ ʥʝʧʦʩʨʝʜʥʦ ʫʪʠʯʫ ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʧʨʝʪʨʘʛʝ, ʧʨʚʠ ʦʙʨʥʫʪʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʿʝʨ ʢʫʤʫʣʘʪʠʚʥʦ ʫʚʝ˂ʘʚʘ ʫʢʫʧʘʥ ʧʨʝ́ʝʥʠ ʧʫʪ ʨʦʙʦʪʘ, ʘ ʜʨʫʛʠ ʜʠʨʝʢʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʿʝʨ ʢʫʤʫʣʘʪʠʚʥʦ ʫʚʝ˂ʘʚʘ ʧʨʝʪʨʘʞʝʥʠ ʜʝʦ ʦʢʨʫʞʝˁʘ. ʊʨʝ˂ʠ ʠʟʘʙʨʘʥʠ 

ʢʨʠʪʝʨʠʿʫʤ - Ăʫʜʘˀʝʥʦʩʪ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘ ʦʜ ʙʘʟʥʝ ʩʪʘʥʠʮʝñ ʥʝ ʫʪʠʯʝ ʥʝʧʦʩʨʝʜʥʦ ʥʘ 

ʝʬʠʢʘʩʥʦʩʪ ʧʨʝʪʨʘʛʝ, ʘʣʠ ʿʝ ʙʠʪʘʥ ʩʘ ʘʩʧʝʢʪʘ ʦʜʨʞʘʚʘˁʘ ʢʦʤʫʥʠʢʘʮʠʿʝ ʩʘ ʙʘʟʥʦʤ 

ʩʪʘʥʠʮʦʤ, ʰʪʦ ʧʦʩʝʙʥʦ ʜʦʣʘʟʠ ʜʦ ʠʟʨʘʞʘʿʘ ʫ ʤʠʩʠʿʘʤʘ ʪʨʘʛʘˁʘ ʠ ʩʧʘʩʘʚʘˁʘ ʢʘʜʘ ʟʘ ʰʪʦ 

ʢʨʘ˂ʝ ʚʨʝʤʝ ʪʨʝʙʘ ʧʨʦʩʣʝʜʠʪʠ ʧʨʠʢʫʧˀʝʥʝ ʧʦʜʘʪʢʝ ʩʘ ʪʝʨʝʥʘ. 

  

ʋ ʦʢʚʠʨʫ ʥʘʚʝʜʝʥʦʛ ʧʨʝʜʤʝʪʘ ʠʩʪʨʘʞʠʚʘˁʘ, ʫ ʜʠʩʝʨʪʘʮʠʿʠ ʩʝ ʥʘʿʧʨʝ ʧʨʦʫʯʘʚʘʿʫ 

ʘʣʛʦʨʠʪʤʠ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʠʟ ʬʘʤʠʣʠʿʝ ɸ* ʘʣʛʦʨʠʪʤʘ [18]. ʆʚʠ ʘʣʛʦʨʠʪʤʠ 

ʬʫʥʢʮʠʦʥʠʰʫ ʥʘ ʙʘʟʠ ʦʙʨʘʜʝ ʛʨʘʬʘ ʢʦʿʠʤ ʩʝ ʤʦʜʝʣʠʨʘ ʤʘʧʘ ʦʢʨʫʞʝˁʘ ʫ ʢʦʿʝʤ ʩʝ ʢʨʝ˂ʝ 

ʨʦʙʦʪ. ʏʝʩʪʦ ʩʝ ʧʨʠʤʝˁʫʿʫ ʫ ʧʨʘʢʩʠ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ, ʧʘ ʪʘʢʦ ʠ ʫ ʩʪʨʘʪʝʛʠʿʘʤʘ 

ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ [19-23]. ʊʠʧʠʯʘʥ ʧʨʝʜʩʪʘʚʥʠʢ ʧʦʤʝʥʫʪʝ ʬʘʤʠʣʠʿʝ ʘʣʛʦʨʠʪʘʤʘ ʿʝ D* 

Lite [24]. D* Lite ʧʨʝʜʩʪʘʚˀʘ ʧʦʿʝʜʥʦʩʪʘʚˀʝʥʫ ʚʝʨʟʠʿʫ (ʫ ʩʤʠʩʣʫ ʘʣʛʦʨʠʪʘʤʩʢʝ ʧʨʦʮʝʜʫʨʝ) 

ʩʪʘʥʜʘʨʜʥʦʛ D*  ʘʣʛʦʨʠʪʤʘ [25]. D* ʘʣʛʦʨʠʪʘʤ ʿʝ ʝʬʠʢʘʩʥʠʿʠ ʦʜ A* ʘʣʛʦʨʠʪʤʘ [26], ʫ 

ʩʤʠʩʣʫ ʜʘ ʙʨʞʝ ʜʦʣʘʟʠ ʜʦ ʨʝʰʝˁʘ, ʟʙʦʛ ʯʝʛʘ ʿʝ ʥʘʰʘʦ ʰʠʨʦʢʫ ʧʨʠʤʝʥʫ ʫ ʧʨʘʢʩʠ, 

ʫʢˀʫʯʫʿʫ˂ʠ ʙʝʩʧʦʩʘʜʥʝ ʚʝʨʟʠʿʝ ʚʦʟʠʣʘ HMMWV, ʙʝʩʧʦʩʘʜʥʝ ʧʣʘʪʬʦʨʤʝ ʢʦʝʿ ʩʫ 

ʫʯʝʩʪʚʦʚʘʣʝ ʥʘ Defense Advanced Research Projects Agency (DARPA) ʪʘʢʤʠʯʝˁʠʤʘ, NASA 

ʨʦʚʝʨʝ ʥʘ ʄʘʨʩʫ, ʠʪʜ. [26-30]. D* Lite ʟʘʭʪʝʚʘ ʦʢʦ 30% ʤʘˁʝ ʣʠʥʠʿʘ ʢʦʜʘ ʦʜ D* , ʧʨʠ ʯʝʤʫ 

ʿʝ ʝʬʠʢʘʩʘʥ ʢʘʦ ʠ D* , ʘ ʫ ʧʦʿʝʜʠʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʿʝ ʠ ʝʬʠʢʘʩʥʠʿʠ [26], ʧʘ ʿʝ ʩʪʦʛʘ D* Lite 

ʜʘʥʘʩ ʿʝʜʘʥ ʦʜ ʥʘʿʯʝʰ˂ʝ ʧʨʠʤʝˁʠʚʘʥʠʭ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ. ʈʘʜʠ 

ʿʘʩʥʠʿʝʛ ʫʚʠʜʘ ʫ ʩʧʝʮʠʬʠʯʥʦʩʪʠ D* Lite ʘʣʛʦʨʠʪʤʘ, ʦʥ ʩʝ ʫ ʜʠʩʝʨʪʘʮʠʿʠ ʧʦʨʝʜʠ ʩʘ 

ʘʣʛʦʨʠʪʤʠʤʘ Anytime Replanning ɸ* (ARA* ) [31] ʠ Anytime Dynamic A* (AD* ) [32]. 

 

ʋ ʜʠʩʝʨʪʘʮʠʿʠ ʩʝ, ʜʘˀʝ, ʠʩʪʨʘʞʫʿʫ ʠ ʪʝʩʪʠʨʘʿʫ ʧʨʝʜʥʦʩʪʠ ʠ ʥʝʜʦʩʪʘʮʠ ʢʦʨʠʰ˂ʝˁʘ 

ʤʝʪʦʜʘ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʦʜʣʫʯʠʚʘˁʘ (ɺʂʆ) SAW [33], COPRAS [34] ʠ TOPSIS [35] ʟʘ 

ʠʟʙʦʨ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ ʫ ʩʪʨʘʪʝʛʠʿʘʤʘ ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ. ʄʦʪʠʚ ʟʘ ʥʘʚʝʜʝʥʦ ʿʝ 

ʯʠˁʝʥʠʮʘ ʜʘ ʩʝ ʫ ʧʦʩʣʝʜˁʦʿ ʜʝʮʝʥʠʿʠ, ʧʦʨʝʜ ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʠʭ ʢʣʘʩʠʯʥʠʭ ʩʪʨʘʪʝʛʠʿʘ, 

ʩʚʝ ʚʠʰʝ ʢʦʨʠʩʪʝ ʤʝʪʦʜʝ ɺʂʆ ʫ ʤʠʩʠʿʘʤʘ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ, ʠʤʘʿʫ˂ʠ ʧʨʝ ʩʚʝʛʘ ʫ ʚʠʜʫ ʜʘ 

ʥʠʩʫ ʦʛʨʘʥʠʯʝʥʝ ʫ ʙʨʦʿʫ ʢʨʠʪʝʨʠʿʫʤʘ ʢʦʿʝ ʤʦʛʫ ʨʘʟʤʘʪʨʘʪʠ ʧʨʠ ʝʚʘʣʫʘʮʠʿʠ ʧʦʟʠʮʠʿʘ-

ʢʘʥʜʠʜʘʪʘ. ʐʠʨʦʢʠʤ ʠ ʬʣʝʢʩʠʙʠʣʥʠʤ ʧʨʠʩʪʫʧʦʤ ʫ ʦʜʘʙʠʨʫ ʢʨʠʪʝʨʠʿʫʤʘ ʠ ˁʠʭʦʚʠʭ 

ʪʝʞʠʥʘ ɺʂʆ ʦʙʝʟʙʝʹʫʿʝ ʝʬʠʢʘʩʥʦ ʫʧʨʘʚˀʘˁʝ ʧʨʝʪʨʘʛʦʤ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʫʩʣʦʚʘ ʫ ʢʦʿʠʤʘ 

ʩʝ ʦʜʚʠʿʘ ʠ ˁʝʥʠʭ ʮʠˀʝʚʘ [8,12]. ʆʜ ʥʘʚʝʜʝʥʠʭ ʤʝʪʦʜʘ ɺʂʆ, ʫ ʢʦʥʪʝʢʩʪʫ ʧʨʝʜʤʝʪʘ 

ʜʠʩʝʨʪʘʮʠʿʝ, ʧʦʩʝʙʥʦ ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ TOPSIS. ʆʩʥʦʚʥʘ ʩʧʝʮʠʬʠʯʥʦʩʪ TOPSIS ʤʝʪʦʜʝ 

ʿʝ ʜʘ ʧʨʠ ʦʜʣʫʯʠʚʘˁʫ ʥʘʩʪʦʿʠ ʜʘ ʤʘʢʩʠʤʠʟʫʿʝ ʢʨʠʪʝʨʠʿʫʤʝ ʙʝʥʝʬʠʪʥʦʛ ʪʠʧʘ ʠ ʤʠʥʠʤʠʟʫʿʝ 

ʢʨʠʪʝʨʠʿʫʤʝ ʪʨʦʰʢʦʚʥʦʛ ʪʠʧʘ, ʘʣʠ ʪʘʢʦ ʜʘ ʠʩʪʦʚʨʝʤʝʥʦ ʪʝʞʠ ʜʘ ʠʟʘʙʨʘʥʘ ʘʣʪʝʨʘʥʪʠʚʘ ʠʤʘ 

ʰʪʦ ʤʘˁʫ ɽʫʢʣʠʜʦʚʫ ʫʜʘˀʝʥʦʩʪ ʦʜ ʠʜʝʘʣʥʦʛ ʨʝʰʝˁʘ ʠ ʰʪʦ ʚʝ˂ʫ ɽʫʢʣʠʜʦʚʫ ʫʜʘˀʝʥʦʩʪ ʦʜ 

ʘʥʪʠ-ʠʜʝʘʣʥʦʛ ʨʝʰʝˁʘ. ʀʜʝʘʣʥʦ ʨʝʰʝˁʝ ʿʝ ʭʠʧʦʪʝʪʠʯʢʦ ʨʝʰʝˁʝ ʠ ʢʦʜ ˁʝʛʘ ʩʚʝ ʚʨʝʜʥʦʩʪʠ 

ʢʨʠʪʝʨʠʿʫʤʘ ʦʜʛʦʚʘʨʘʿʫ ʥʘʿʧʦʞʝˀʥʠʿʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʚʝ ʘʣʪʝʨʥʘʪʠʚʝ. ɸʥʪʠ-

ʠʜʝʘʣʥʦ ʨʝʰʝˁʝ ʿʝ, ʪʘʢʦʹʝ, ʭʠʧʦʪʝʪʠʯʢʦ ʠ ʢʦʜ ˁʝʛʘ ʩʚʝ ʚʨʝʜʥʦʩʪʠ ʢʨʠʪʝʨʠʿʫʤʘ ʦʜʛʦʚʘʨʘʿʫ 
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ʥʘʿʥʝʧʦʞʝˀʥʠʿʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʚʝ ʘʣʪʝʨʥʘʪʠʚʝ. ʄʘʢʩʠʤʘʣʥʠʤ ʫʜʘˀʘʚʘˁʝʤ 

ʦʜ ʭʠʧʦʪʝʪʠʯʢʠ ʥʘʿʣʦʰʠʿʝʛ ʨʝʰʝˁʘ ʤʠʥʠʤʠʟʫʿʝ ʩʝ ʨʠʟʠʢ ʫ ʦʜʣʫʯʠʚʘˁʫ [36], ʰʪʦ ʧʦʩʝʙʥʦ 

ʜʦʣʘʟʠ ʜʦ ʠʟʨʘʞʘʿʘ ʘʢʦ ʿʝ ʚʝ˂ʠʥʘ ʢʨʠʪʝʨʠʿʫʤʘ ʚʝʣʠʢʝ ʚʘʞʥʦʩʪʠ. ɼʨʫʛʠʤ ʨʝʯʠʤʘ, ʩʤʘˁʫʿʝ 

ʩʝ ʨʠʟʠʢ ʠʟʙʦʨʘ ʥʝʢʝ ʘʣʪʝʨʥʘʪʠʚʝ ʥʘ ʨʘʯʫʥ ʪʦʛʘ ʰʪʦ ʚʝ˂ʠʥʘ ʢʨʠʪʝʨʠʿʫʤʘ ʠʤʘ ʨʝʣʘʪʠʚʥʦ 

ʧʦʚʦˀʥʝ ʚʨʝʜʥʦʩʪʠ, ʘʣʠ ʯʠʿʘ ʥʧʨ. ʚʨʝʜʥʦʩʪ ʿʝʜʥʦʛ ʢʨʠʪʝʨʠʿʫʤʘ ʠʤʘ ʫ ʟʥʘʯʘʿʥʠʿʦʿ ʤʝʨʠ 

ʣʦʠhʿʫ ʚʨʝʜʥʦʩʪ. ʂʦʜ ʜʨʫʛʠʭ ʘʥʘʣʠʟʠʨʘʥʠʭ ʤʝʪʦʜʘ ɺʂʆ, ʢʘʦ ʠ ʢʦʜ ʢʣʘʩʠʯʥʠʭ ʩʪʨʘʪʝʛʠʿʘ, 

ʤʦʞʝ ʩʝ ʜʝʩʠʪʠ ʜʘ ʩʝ ʥʘ ʨʘʯʫʥ ʧʦʚʦˀʥʠʭ ʚʨʝʜʥʦʩʪʠ ʦʩʪʘʣʠʭ ʢʨʠʪʝʨʠʿʫʤʘ ʠʟʘʙʝʨʝ 

ʘʣʪʝʨʥʘʪʠʚʘ ʢʦʿʘ ʠʤʘ ʫ ʟʥʘʯʘʿʥʠʦʿʿ ʤʝʨʠ ʣʦʰʫ ʚʨʝʜʥʦʩʪ ʿʝʜʥʦʛ ʢʨʠʪʝʨʠʿʫʤʘ. 

 

ʀʤʘʿʫ˂ʠ ʠʟʥʝʪʦ ʫ ʚʠʜʫ, ʘ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʝʜʤʝʪʦʤ ʠʩʪʨʘʞʠʚʘˁʘ, ʜʠʩʝʨʪʘʮʠʿʘ ʩʝ 

ʜʦʜʘʪʥʦ ʬʦʢʫʩʠʨʘ ʥʘ ʠʩʪʨʘʞʠʚʘˁʝ ʘʫʪʦʥʦʤʥʝ ʧʨʝʪʨʘʛʝ ʢʦʤʧʣʝʢʩʥʠʭ ʦʢʨʫʞʝˁʘ (ʦʢʨʫʞʝˁʘ 

ʩʘ ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ ʧʨʝʧʨʝʢʘ), ʯʠʿʘ ʿʝ ʦʩʥʦʚʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʘ ʩʝ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʠ 

(ʘʣʪʝʨʥʘʪʠʚʝ ʧʨʠ ʦʜʣʫʯʠʚʘˁʫ) ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʫʿʫ, ʢʘʢʦ ʫ ʧʦʛʣʝʜʫ ʢʨʠʪʝʨʠʿʫʤʘ 

Ăʠʥʬʦʨʤʘʪʠʚʥʠ ʧʦʪʝʥʮʠʿʘʣ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘñ, ʪʘʢʦ ʠ ʫ ʧʦʛʣʝʜʫ ʢʨʠʪʝʨʠʿʫʤʘ Ăʜʫʞʠʥʘ 

ʧʫʪʘˁʝ ʜʦ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘñ ʠ ʛʜʝ ʿʝ ʧʦʩʣʝʜʠʯʥʦ ʠʟʨʘʞʝʥ ʨʠʟʠʢ ʦʜ ʣʦʰʝʛ ʠʟʙʦʨʘ 

ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ ʫʧʨʘʚʦ ʩʘ ʘʩʧʝʢʪʘ ʝʬʠʢʘʩʥʦʩʪʠ ʧʨʝʪʨʘʛʝ. ʂʦʜ ʦʢʨʫʞʝˁʘ ʢʦʿʘ ʥʠʩʫ 

ʢʦʤʧʣʝʢʩʥʘ ʨʘʟʣʠʢʘ ʘʣʪʝʨʥʘʪʠʚʘ ʫ ʧʦʛʣʝʜʫ ʚʨʝʜʥʦʩʪʠ ʧʦʤʝʥʫʪʠʭ ʢʨʠʪʝʨʠʿʫʤʘ ʿʝ 

ʜʨʘʩʪʠʯʥʦ ʤʘˁʘ. ɹʘʟʠʨʘʿʫ˂ʠ ʩʝ ʥʘ ʧʦʤʝʥʫʪʦʿ ʯʠˁʝʥʠʮʠ ʜʘ TOPSIS ʤʠʥʠʤʠʟʫʿʝ ʨʠʟʠʢ ʫ 

ʦʜʣʫʯʠʚʘˁʫ, ʫ ʜʠʩʝʨʪʘʮʠʿʠ ʩʝ ʧʦʣʘʟʠ ʦʜ ʭʠʧʦʪʝʟʝ ʜʘ ˂ʝ ʦʚʘ ʤʝʪʦʜʘ, ʫ ʩʣʫʯʘʿʫ ʧʨʝʪʨʘʛʝ 

ʢʦʤʧʣʝʢʩʥʠʭ ʦʢʨʫʞʝˁʘ, ʫʟ ʧʨʠʤʝʥʫ ʠʟʘʙʨʘʥʠʭ ʢʨʠʪʝʨʠʿʫʤʘ, ʫ ʧʨʦʩʝʢʫ ʠʟʘʙʨʘʪʠ ʙʦˀʫ 

ʘʣʪʝʨʥʘʪʠʚʫ ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʝ ʜʚʝ ʘʥʘʣʠʟʠʨʘʥʝ ʤʝʪʦʜʝ ɺʂʆ - SAW ʠ COPRAS, ʢʘʦ ʠ ʫ 

ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ ʢʣʘʩʠʯʥʝ ʩʪʨʘʪʝʛʠʿʝ ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ ʘʥʘʣʠʟʠʨʘʥʝ ʫ ʦʚʦʿ 

ʜʠʩʝʨʪʘʮʠʿʠ ʠ ʪʠʤʝ ʦʙʝʟʙʝʜʠʪʠ ʜʘ ʩʝ ʧʨʝʪʨʘʛʘ ʨʝʘʣʠʟʫʿʝ ʝʬʠʢʘʩʥʠʿʝ ʪʿ. ʟʘ ʢʨʘ˂ʠ ʫʢʫʧʘʥ 

ʧʨʝʹʝʥʠ ʧʫʪ ʨʦʙʦʪʘ. 

 

ʋ ʮʠˀʫ ʪʝʩʪʠʨʘˁʘ ʧʦʩʪʘʚˀʝʥʝ ʭʠʧʦʪʝʟʝ ʨʝʘʣʠʟʦʚʘʥʝ ʩʫ ʦʧʩʝʞʥʝ ʩʠʤʫʣʘʮʠʿʝ ʫ 

ʄʘʪʣʘʙʫ. ɿʘ ʚʝʨʠʬʠʢʘʮʠʿʫ ʢˀʫʯʥʠʭ ʨʝʟʫʣʪʘʪʘ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʨʠʰ˂ʝʥ ʿʝ Gazebo 

ʩʠʤʫʣʘʪʦʨ (ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʦ ʦʢʨʫʞʝˁʝ ʟʘ 3D ʩʠʤʫʣʘʮʠʿʫ ʨʦʙʦʪʘ), ʢʘʦ ʚʝʨʦʜʦʩʪʦʿʥʘ ʟʘʤʝʥʘ 

ʟʘ ʪʝʩʪʠʨʘˁʝ ʘʥʘʣʠʟʠʨʘʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ ʥʘ ʨʝʘʣʥʠʤ ʨʦʙʦʪʠʤʘ. ɿʘ ʪʝ 

ʧʦʪʨʝʙʝ ʧʨʠʤʝˁʝʥ ʿʝ ʚʠʨʪʫʝʣʥʠ ʤʦʜʝʣ Turtlebot 3 ʨʦʙʦʪʘ. ʋʟ Gazebo ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʧʘʢʝʪʠ 

ʢʦʿʠ ʨʘʜʝ ʧʦʜ Robot Operating System (ROS). 

 

ʋ ʜʠʩʝʨʪʘʮʠʿʠ ʩʝ, ʪʘʢʦʹʝ, ʠʩʪʨʘʞʫʿʫ ʠ ʧʨʝʜʣʘʞʫ ʜʚʘ ʧʨʠʩʪʫʧʘ ʟʘ ʫʥʘʧʨʝʹʝˁʝ 

ʧʣʘʥʠʨʘˁʘ ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʧʨʠʤʝʥʦʤ D* Lite ʘʣʛʦʨʠʪʤʘ ʫ ʤʠʩʠʿʘʤʘ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ʟʘ 

ʧʦʪʨʝʙʝ ʪʨʘʛʘˁʘ ʠ ʩʧʘʩʘʚʘˁʘ ʫ ʫʨʙʘʥʦʤ ʦʢʨʫʞʝˁʫ. ʆʚʘʿ ʜʝʦ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʪʘʢʦʹʝ 

ʤʦʪʠʚʠʩʘʥ ʧʨʦʫʯʝʥʦʤ ʣʠʪʝʨʘʪʫʨʦʤ, ʰʪʦ ˂ʝ ʙʠʪʠ ʦʙʿʘʰˁʝʥʦ ʫ ʥʘʩʪʘʚʢʫ.   

 

Cost maps ʪʝʭʥʠʢʝ ʠʣʠ ʪʝʭʥʠʢʝ ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʪʝʞʠʥʘ ˂ʝʣʠʿʘ ʤʘʧʝ ʩʫ ʧʦʛʦʜʥʝ ʟʘ 

ʧʨʠʤʝʥʫ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʘʣʛʦʨʠʪʤʠʤʘ ʢʦʿʠ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʚʨʰʝ ʥʘ ʙʘʟʠ 

ʦʙʨʘʜʝ ʛʨʘʬʘ, ʢʘʢʦ ʙʠ ʩʝ ʫʥʘʧʨʝʜʠʦ ʧʨʦʮʝʩ ʧʣʘʥʠʨʘˁʘ. ʆʚʝ ʪʝʭʥʠʢʝ ʧʨʫʞʘʿʫ ʤʦʛʫ˂ʥʦʩʪ 

ʨʝʘʣʠʩʪʠʯʥʦʛ ʦʩʣʠʢʘʚʘˁʘ ʩʣʦʞʝʥʦʩʪʠ ʪʝʨʝʥʘ ʩʘ ʘʩʧʝʢʪʘ ʧʨʦʭʦʜʥʦʩʪʠ [37,38], ʜʦʢ ʧʦʩʝʙʘʥ 

ʠʟʘʟʦʚ ʧʨʝʜʩʪʘʚˀʘ ʜʝʬʠʥʠʩʘˁʝ ʪʝʞʠʥʘ ˂ʝʣʠʿʘ ʫ ʤʘʧʠ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʣʘʥʠʨʘˁʝ 

ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʫ ʦʢʨʫʞʝˁʫ ʛʜʝ ʩʫ ʧʨʠʩʫʪʥʠ ˀʫʜʠ [39-41]. ʇʦʨʝʜ cost maps ʧʨʠʩʪʫʧʘ, 

ʧʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ ʿʝʜʘʥ ʦʜ ʛʣʘʚʥʠʭ ʧʨʘʚʘʮʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʨʦʙʦʪʠʮʠ ʿʝ ʧʨʠʤʝʥʘ 

ʨʘʟʣʠʯʠʪʠʭ ʪʝʭʥʠʢʘ ʫʯʝˁʘ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʘʣʛʦʨʠʪʤʠʤʘ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ. 

ʎʠˀ ʿʝ ʜʘ ʩʝ ʥʘ ʦʚʘʿ ʥʘʯʠʥ ʫ ʤʝʨʠ ʢʦʿʘ ʿʝ ʤʦʛʫ˂ʘ ʧʨʠʤʝʥʠ ʩʪʝʯʝʥʦ ʠʩʢʫʩʪʚʦ ʢʘʢʦ ʙʠ ʩʝ 

ʫʥʘʧʨʝʜʠʦ ʧʨʦʮʝʩ ʧʣʘʥʠʨʘˁʘ. ʄʦʜʝʣʠ ʫʯʝˁʘ ʤʦʛʫ ʙʠʪʠ ʟʘʩʥʦʚʘʥʠ ʥʘ ʬʦʨʤʠʨʘˁʫ ʙʘʟʝ 

ʧʦʜʘʪʘʢʘ ʛʜʝ ʩʝ ʯʫʚʘʿʫ ʩʝʛʤʝʥʪʠ ʥʘʫʯʝʥʠʭ ʣʦʢʘʣʥʠʭ ʧʫʪʘˁʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʫʦʙʠʯʘʿʝʥʠʭ 

ʛʝʦʤʝʪʨʠʿʩʢʦʛ ʦʙʣʠʢʘ ʧʨʝʧʨʝʢʘ [42-44], ʟʘʪʠʤ ʢʦʨʠʰ˂ʝˁʝʤ ʪʟʚ. Ăʛʨʘʬʦʚʘ ʙʘʟʠʨʘʥʠʭ ʥʘ 

ʠʩʢʫʩʪʚʫñ, ʢʦʿʠʤ ʩʝ ʫʚʝʢ ʠʟʥʦʚʘ ʥʘ ʠʩʪʠ ʥʘʯʠʥ ʤʦʜʝʣʠʨʘ ʜʝʦ ʦʢʨʫʞʝˁʘ ʢʦʿʠ ʠʤʘ ʬʠʢʩʥʫ 

ʩʪʨʫʢʪʫʨʫ [45-47], ʠ ʩʣ. 
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ʋʚʘʞʘʚʘʿʫ˂ʠ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦ, ʫ ʜʠʩʝʨʪʘʮʠʿʠ ʩʝ ʧʨʝʜʣʘʞʝ ʧʨʠʤʝʥʘ ʬʘʟʠ 

ʠʥʪʝʛʨʘʣʥʦʛ ʩʠʩʪʝʤʘ ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʪʝʞʠʥʘ ˂ʝʣʠʿʘ ʤʘʧʝ ʢʦʿʫ ʢʦʨʠʩʪʠ D* Lite ʘʣʛʦʨʠʪʘʤ ʟʘ 

ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʘ ʨʦʙʦʪʘ ʟʘ ʤʘʧʠʨʘˁʝ, ʨʘʜʠ ʫʧʨʘʚˀʘˁʘ ʧʨʝʪʨʘʛʦʤ ʦʢʨʫʞʝˁʘ ʟʘ ʧʦʪʨʝʙʝ 

ʪʨʘʛʘˁʘ ʠ ʩʧʘʩʘʚʘˁʘ ʫ ʫʨʙʘʥʦʤ ʦʢʨʫʞʝˁʫ. ʌʘʟʠ ʠʥʪʝʛʨʘʣʥʠ ʩʠʩʪʝʤ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʜʚʘ ʬʘʟʠ 

ʝʢʩʧʝʨʪʩʢʘ ʩʠʩʪʝʤʘ ʠ ʬʘʟʠ ʩʚʠʯʘ. ʆʙʘ ʬʘʟʠ ʩʠʩʪʝʤʘ ʠʤʘʿʫ ʠʩʪʝ ʫʣʘʟʝ ʠ ʠʟʣʘʟʝ, ʩ ʪʠʤ ʰʪʦ 

ʿʝʜʘʥ ʩʠʩʪʝʤ ʠʤʘ ʤʘˁʫ ʦʩʝʪˀʠʚʦʩʪ ʧʨʦʤʝʥʝ ʪʝʞʠʥʝ ˂ʝʣʠʿʘ ʤʘʧʝ, ʘ ʜʨʫʛʠ ʚʝ˂ʫ ʦʩʝʪˀʠʚʦʩʪ, 

ʰʪʦ ʩʝ ʧʦʩʪʠʞʝ ʧʦʜʝʰʘʚʘˁʝʤ ʧʦʣʦʞʘʿʘ ʮʝʥʪʨʦʠʜʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʬʫʥʢʮʠʿʘ ʧʨʠʧʘʜʥʦʩʪʠ. 

ʌʘʟʠ ʩʚʠʯ ʠʤʘ ʿʝʜʘʥ ʫʣʘʟ ʠ ʜʚʘ ʠʟʣʘʟʘ ʠ ʦʥ ʦʜʨʝʹʫʿʝ ʢʦʿʠ ʬʘʟʠ ʩʠʩʪʝʤ ʫ ʢʦʤ ʪʨʝʥʫʪʢʫ ʠʤʘ 

ʚʝ˂ʠ ʫʪʠʮʘʿ ʥʘ ʬʦʨʤʠʨʘˁʝ ʢʦʥʘʯʥʝ ʪʝʞʠʥʝ ˂ʝʣʠʿʝ. ʅʘʤʝʥʘ ʬʘʟʠ ʠʥʪʝʛʨʘʣʥʦʛ ʩʠʩʪʝʤʘ ʿʝ ʜʘ 

ʦʙʝʟʙʝʜʠ ʜʘ D* Lite ʘʣʛʦʨʠʪʘʤ ʛʝʥʝʨʠʰʝ ʧʫʪʘˁʝ ʥʘʿʤʘˁʝ ʮʝʥʝ (ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʨʠ 

ʧʘʨʘʤʝʪʨʘ) ʠ ʪʦ ʪʘʢʦ ʜʘ ʩʝ ʧʨʝʪʨʘʛʘ ʦʢʨʫʞʝˁʘ ʨʝʘʣʠʟʫʿʝ ʥʘ ʪʘʢʘʚ ʥʘʯʠʥ ʠ ʪʠʤ ʨʝʜʦʤ ʜʘ 

Ăʧʦʢʨʠʚʘñ ʦʙʿʝʢʪʝ ʧʨʝʤʘ ʧʨʠʦʨʠʪʝʪʫ, ʦʜ ʥʘʿʚʝ˂ʝʛ ʢʘ ʥʘʿʤʘˁʝʤ, ʢʘʦ ʠ ʜʘ ʨʦʙʦʪʠ ʟʘ 

ʤʘʧʠʨʘˁʝ ʧʨʠ ʢʨʝʪʘˁʫ ʫ ʰʪʦ ʤʘˁʦʿ ʤʝʨʠ ʦʤʝʪʘʿʫ ʜʨʫʛʝ ʨʦʙʦʪʝ ʠ ˀʫʜʝ, ʢʦʿʠ ʟʙʦʛ ʧʨʠʨʦʜʝ 

ʩʚʦʿʠʭ ʟʘʜʘʪʘʢʘ ʦʙʠʯʥʦ ʤʦʨʘʿʫ ʧʨʠ˂ʠ ʙʣʠʞʝ ʦʙʿʝʢʪʠʤʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʫ ʩʠʪʫʘʮʠʿʠ ʢʘʜʘ 

ʥʠʿʝ ʧʨʠʤʝˁʝʥ ʬʘʟʠ ʠʥʪʝʛʨʘʣʥʠ ʩʠʩʪʝʤ ʪʝʞʠʥʝ ˂ʝʣʠʿʘ ʠʤʘʿʫ ʙʠʥʘʨʥʝ ʚʨʝʜʥʦʩʪʠ, ʪʘʢʦ ʜʘ 

ʘʣʛʦʨʠʪʘʤ ʫʚʝʢ ʛʝʥʝʨʠʰʝ ʧʫʪʘˁʝ ʥʘʿʤʘˁʝ ʜʫʞʠʥʝ, ʘ ʥʝ ʧʫʪʘˁʝ ʥʘʿʤʘˁʝ ʮʝʥʝ, ʯʠʤʝ ʩʝ ʛʫʙʠ 

ʬʣʝʢʩʠʙʠʣʥʦʩʪ ʫ ʫʧʨʘʚˀʘˁʫ ʤʠʩʠʿʦʤ. 

 

ʋ ʜʨʫʛʦʤ ʩʣʫʯʘʿʫ ʨʘʜʠ ʩʝ ʦ ʤʠʩʠʿʘʤʘ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ʩʘ ʩʧʦʨʦʧʨʦʤʝʥˀʠʚʠʤ 

ʧʨʝʧʨʝʢʘʤʘ ʜʝʪʝʢʪʦʚʘʥʠʤ ʫ ʧʨʝʪʨʘʞʝʥʦʤ ʜʝʣʫ ʦʢʨʫʞʝˁʘ. ʇʨʠ ʧʨʝʪʨʘʟʠ ʦʢʨʫʞʝˁʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʿʝ ʚʠʩʦʢʦ ʧʦʥʘʚˀʘʿʫ˂ʝ ʢʨʝʪʘˁʝ ʨʦʙʦʪʘ ʢʨʦʟ ʠʩʪʠ ʧʨʦʩʪʦʨ, ʰʪʦ ʿʝ 

ʠʩʢʦʨʠʰ˂ʝʥʦ ʟʘ ʧʨʠʤʝʥʫ on-line ʫʯʝˁʘ ʙʘʟʠʨʘʥʦʛ ʥʘ ĂM-out-of-Nñ ʜʝʪʝʢʪʦʨʫ. ʅʘʤʝʥʘ on-

line ʫʯʝˁʘ ʿʝ ʜʘ ʩʝ ʝʚʝʥʪʫʘʣʥʝ ʩʧʦʨʦʧʨʦʤʝʥˀʠʚʝ ʧʨʝʧʨʝʢʝ ʜʝʪʝʢʪʦʚʘʥʝ ʫ ʧʨʝʪʨʘʞʝʥʦʤ 

ʜʝʣʫ ʦʢʨʫʞʝˁʘ (ʜʨʫʛʠ ʨʦʙʦʪʠ, ʤʘʰʠʥʝ ʠʣʠ ʛʨʫʧʘ ˀʫʜʠ ʢʦʿʠ ʥʘ ʥʝʢʦʿ ʬʠʢʩʥʦʿ ʧʦʟʠʮʠʿʠ 

ʦʜʨʝʹʝʥʦ ʚʨʝʤʝ ʨʘʜʝ ʩʚʦʿʝ ʟʘʜʘʪʢʝ ʠ ʩʣ.), ʠʥʪʝʛʨʠʰʫ ʦʜʥʦʩʥʦ ʙʨʠʰʫ ʠʟ ʤʘʧʝ ʢʦʿʘ ʩʝ 

ʢʦʨʠʩʪʠ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʘ ʨʦʙʦʪʘ ʥʘ ʥʘʯʠʥ ʢʦʿʠ ʫʥʘʧʨʝʹʫʿʝ ʧʨʦʮʝʩ ʧʣʘʥʠʨʘˁʘ, ʰʪʦ ʩʝ 

ʨʝʛʫʣʠʰʝ ʧʦʜʝʰʘʚʘˁʝʤ ʧʘʨʘʤʝʪʘʨʘ ĂM-out-of-Nñ ʜʝʪʝʢʪʦʨʘ ʪʿ. ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʩʪʘʪʠʩʪʠʯʢʦʛ 

ʪʝʩʪʘ. ʆʚʝ ʩʠʪʫʘʮʠʿʝ ʩʫ ʪʘʢʦʹʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʟʘ ʪʨʘʛʘˁʝ ʠ ʩʧʘʩʘʚʘˁʝ ʫ ʫʨʙʘʥʦʤ 

ʦʢʨʫʞʝˁʫ, ʘʣʠ ʥʠʩʫ ʦʛʨʘʥʠʯʝʥʝ ʩʘʤʦ ʥʘ ʪʫ ʚʨʩʪʫ ʤʠʩʠʿʘ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ. ʎʠˀ ʿʝ ʜʘ ʩʝ 

ʥʘ ʦʚʘʿ ʥʘʯʠʥ ʦʧʪʠʤʠʟʫʿʝ ʧʫʪʘˁʘ ʨʦʙʦʪʘ ʟʘ ʤʘʧʠʨʘˁʝ (ʙʣʘʛʦʚʨʝʤʝʥʠʤ ʠʟʚʦʹʝˁʝʤ ʤʘʥʝʚʨʘ 

ʟʘ ʠʟʙʝʛʘʚʘˁʝ ʧʨʝʧʨʝʢʝ), ʦʜʥʦʩʥʦ ʩʢʨʘʪʠ ˁʝʛʦʚ ʫʢʫʧʘʥ ʧʨʝʹʝʥʠ ʧʫʪ ʠ ʤʠʥʠʤʠʟʫʿʫ ˁʝʛʦʚʘ 

ʨʠʟʠʯʥʘ ʢʨʝʪʘˁʘ ʫ ʧʨʦʩʪʦʨʫ ʢʦʿʠ ʜʝʣʠ ʩʘ ʜʨʫʛʠʤ ʨʦʙʦʪʠʤʘ, ʤʘʰʠʥʘʤʘ ʠʣʠ ˀʫʜʠʤʘ. 

  

1.2. ʆʧʠʩ ʩʘʜʨʞʘʿʘ ʜʠʩʝʨʪʘʮʠʿʝ 

 

ʇʦʨʝʜ ʫʚʦʜʘ ʠ ʟʘʢˀʫʯʢʘ, ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ ʩʘʜʨʞʠ ʿʦʰ ʪʨʠ ʧʦʛʣʘʚˀʘ. 

 

ʋ ʜʨʫʛʦʤ ʧʦʛʣʘʚˀʫ ʦʙʨʘʹʫʿʫ ʩʝ ʘʣʛʦʨʠʪʤʠ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ ARA* , D* 

Lite ʠ AD* , ʙʘʟʠʨʘʥʠ ɸ* ʘʣʛʦʨʠʪʤʫ. ʅʘʿʧʨʝ ʩʝ ʦʙʨʘʟʣʘʞʝ ʢʦʥʮʝʧʪ A* ʘʣʛʦʨʠʪʤʘ, ʟʘʪʠʤ 

ʜʝʪʘˀʥʦ ʦʧʠʩʫʿʝ ʧʨʠʥʮʠʧ ʬʫʥʢʮʠʦʥʠʩʘˁʘ anytime ʘʣʛʦʨʠʪʘʤʘ (ʘʣʛʦʨʠʪʘʤʘ ʩʘ ʙʨʟʠʤ 

ʦʜʟʠʚʦʤ), ʦʜʥʦʩʥʦ ʪʠʧʠʯʥʦʛ ʧʨʝʜʩʪʘʚʥʠʢʘ ʪʝ ʢʣʘʩʝ ʧʣʘʥʝʨʘ ï ARA*  ʘʣʛʦʨʠʪʤʘ. ʋ ʥʘʩʪʘʚʢʫ 

ʩʝ ʦʧʠʩʫʿʫ ʜʠʥʘʤʠʯʢʠ (ʠʥʢʨʝʤʝʥʪʘʣʥʠ) ʘʣʛʦʨʠʪʤʠ D* Lite ʠ AD*, ʯʠʿʘ ʦʩʥʦʚʥʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʿʝ ʝʬʠʢʘʩʥʦ ʧʨʦʮʝʩʫʠʨʘˁʝ ʜʝʪʝʢʪʦʚʘʥʠʭ ʧʨʦʤʝʥʘ ʫ ʦʢʨʫʞʝˁʫ. ʅʘ ʢʨʘʿʫ 

ʧʦʛʣʘʚˀʘ ʜʘʿʝ ʩʝ ʜʝʪʘˀʘʥ ʧʨʠʤʝʨ ʬʫʥʢʮʠʦʥʠʩʘˁʘ D* Lite ʘʣʛʦʨʠʪʤʘ ʠ ʚʨʰʠ ʧʦʨʝʹʝˁʝ 

ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʘʣʛʦʨʠʪʘʤʘ ARA*, D* Lite ʠ AD* ʫ ʥʝʢʦʣʠʢʦ ʩʮʝʥʘʨʠʿʘ. 

 

ʊʨʝ˂ʝ ʧʦʛʣʘʚˀʝ ʦʙʨʘʹʫʿʝ ʘʫʪʦʥʦʤʥʫ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ. ʇʦʩʣʝ ʜʝʬʠʥʠʮʠʿʝ 

ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ʠ ʦʧʠʩʘ ʨʘʟʣʠʯʠʪʠʭ ʧʨʠʩʪʫʧʘ ʟʘ ˁʝʥʫ ʨʝʘʣʠʟʘʮʠʿʫ, ʧʨʝʣʘʟʠ ʩʝ ʥʘ 

ʜʝʪʘˀʥʫ ʦʙʨʘʜʫ ʢʦʥʮʝʧʪʘ frontier-based ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ, ʢʦʜ ʢʦʿʝʛ ʩʝ ʩʣʝʜʝ˂ʘ ʧʦʟʠʮʠʿʘ 

ʨʦʙʦʪʘ ʙʠʨʘ ʦʜ ʧʦʟʠʮʠʿʘ-ʢʘʥʜʠʜʘʪʘ ʥʘ ʛʨʘʥʠʮʠ ʠʟʤʝʹʫ ʧʨʝʪʨʘʞʝʥʦʛ ʠ ʥʝʧʨʝʪʨʘʞʝʥʦʛ ʜʝʣʘ 

ʦʢʨʫʞʝˁʘ. ʇʦʛʣʘʚˀʝ ʩʝ ʟʘʚʨʰʘʚʘ ʥʘʚʦʹʝˁʝʤ ʢˀʫʯʥʠʭ frontier-based ʩʪʨʘʪʝʛʠʿʘ ʟʘ 
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ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ ʠʟ ʣʠʪʝʨʘʪʫʨʝ ʠ ʦʙʨʘʟʣʘʛʘˁʝʤ Ăʪʝʭʥʠʢʘñ ʢʦʿʝ ʪʝ ʩʪʨʘʪʝʛʠʿʝ ʢʦʨʠʩʪʝ ʟʘ 

ʠʟʙʦʨ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ. 

 

ʏʝʪʚʨʪʦ ʧʦʛʣʘʚˀʝ ʧʦʩʚʝ˂ʝʥʦ ʿʝ ʫʥʘʧʨʝʹʝˁʫ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ʧʨʠʤʝʥʦʤ 

ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʦʜʣʫʯʠʚʘˁʘ ʠ D* Lite ʘʣʛʦʨʠʪʤʘ, ʢʘʦ ʠ ʫʥʘʧʨʝʹʝˁʫ ʧʣʘʥʠʨʘˁʘ 

ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʫ ʤʠʩʠʿʘʤʘ ʪʨʘʛʘˁʘ ʠ ʩʧʘʩʘʚʘˁʘ ʠ ʠʤʘ ʪʨʠ ʮʝʣʠʥʝ. ʅʘ ʧʦʯʝʪʢʫ ʧʨʚʝ ʮʝʣʠʥʝ 

ʫʚʦʜʝ ʩʝ ʩʪʨʘʪʝʛʠʿʝ ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ ʢʦʿʝ ʟʘ ʠʟʙʦʨ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ ʢʦʨʠʩʪʝ 

ʤʝʪʦʜʝ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʦʜʣʫʯʠʚʘˁʘ SAW, COPRAS ʠ TOPSIS. ʇʦʩʣʝ ʦʧʠʩʘ ʤʦʜʝʣʘ 

ʦʢʨʫʞʝˁʘ ʟʘ ʧʨʝʪʨʘʛʫ ʠ ʢʨʠʪʝʨʠʿʫʤʘ ʟʘ ʠʟʙʦʨ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ, ʚʨʰʠ ʩʝ ʦʧʩʝʞʥʦ 

ʪʝʩʪʠʨʘˁʝ ʧʫʪʝʤ ʩʠʤʫʣʘʮʠʿʘ ʫ ʄʘʪʣʘʙʫ ʨʘʟʣʠʯʠʪʠʭ ʩʮʝʥʘʨʠʿʘ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ 

ʧʨʠʤʝʥʦʤ ʧʦʤʝʥʫʪʠʭ ʤʝʪʦʜʘ ɺʂʆ, ʢʘʦ ʠ ʢʣʘʩʠʯʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ ʠʟ 

ʣʠʪʝʨʘʪʫʨʝ ʘʥʘʣʠʟʠʨʘʥʠʭ ʫ ʜʠʩʝʨʪʘʮʠʿʠ (Dist_Min, GBL, AOJRF, WS). ʅʘ ʢʨʘʿʫ ʦʚʝ ʮʝʣʠʥʝ 

ʧʨʝʟʝʥʪʫʿʫ ʩʝ ʨʝʟʫʣʪʘʪʠ ʠ ʚʨʰʠ ʜʠʩʢʫʩʠʿʘ ʫ ʚʝʟʠ ʩʘ ʠʩʪʠʤ. ʋ ʜʨʫʛʦʿ ʮʝʣʠʥʠ ʫ ʦʢʚʠʨʫ ʦʚʦʛ 

ʧʦʛʣʘʚˀʘ ʧʨʝʜʣʦʞʝʥʘ ʩʫ ʜʚʘ ʧʨʠʩʪʫʧʘ ʟʘ ʫʥʘʧʨʝʹʝˁʝ ʧʣʘʥʠʨʘˁʘ ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʧʨʠʤʝʥʦʤ 

D* Lite ʘʣʛʦʨʠʪʤʘ ʫ ʤʠʩʠʿʘʤʘ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ʟʘ ʧʦʪʨʝʙʝ ʪʨʘʛʘˁʘ ʠ ʩʧʘʩʘʚʘˁʘ ʫ 

ʫʨʙʘʥʦʤ ʦʢʨʫʞʝˁʫ. ʇʨʚʠ ʧʨʠʩʪʫʧ ʧʨʝʜʩʪʘʚˀʘ ʧʨʠʤʝʥʫ D* Lite ʘʣʛʦʨʠʪʤʘ ʫ ʢʦʤʙʠʥʘʮʠʿʠ 

ʩʘ ʬʘʟʠ ʣʦʛʠʢʦʤ, ʘ ʜʨʫʛʠ ʧʨʠʤʝʥʫ D* Lite ʘʣʛʦʨʠʪʤʘ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ on-line ʫʯʝˁʝʤ. 

ʊʨʝ˂ʘ ʮʝʣʠʥʘ ʙʘʚʠ ʩʝ ʚʝʨʠʬʠʢʘʮʠʿʦʤ ʢˀʫʯʥʠʭ ʨʝʟʫʣʪʘʪʘ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʨʠʰ˂ʝˁʝʤ 

Gazebo ʩʠʤʫʣʘʪʦʨʘ (ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʦʛ ʦʢʨʫʞʝˁʘ ʟʘ 3D ʩʠʤʫʣʘʮʠʿʫ ʨʦʙʦʪʘ) ʫ ʢʦʤʙʠʥʘʮʠʿʠ 

ʩʘ ʧʘʢʝʪʠʤʘ ʢʦʿʠ ʨʘʜʝ ʧʦʜ Robot Operating System (ROS), ʢʘʦ ʚʝʨʦʜʦʩʪʦʿʥʘ ʟʘʤʝʥʘ ʟʘ 

ʪʝʩʪʠʨʘˁʝ ʘʥʘʣʠʟʠʨʘʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ ʥʘ ʨʝʘʣʥʠʤ ʨʦʙʦʪʠʤʘ. ɿʘ ʪʝ 

ʧʦʪʨʝʙʝ ʧʨʠʤʝˁʝʥ ʿʝ ʚʠʨʪʫʝʣʥʠ ʤʦʜʝʣ Turtlebot 3 ʨʦʙʦʪʘ. 

 

 

1.3. ʅʘʫʯʥʠ ʜʦʧʨʠʥʦʩʠ ʠ ʧʫʙʣʠʢʦʚʘʥʠ ʨʘʜʦʚʠ ʫ ʦʢʚʠʨʫ ʠʩʪʨʘʞʠʚʘˁʘ  

 

ʈʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʦʙʫʭʚʘ˂ʝʥʦʛ ʜʠʩʝʨʪʘʮʠʿʦʤ ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʨʠʛʠʥʘʣʥʝ 

ʥʘʫʯʥʝ ʜʦʧʨʠʥʦʩʝ. ʉ ʪʠʤ ʫ ʚʝʟʠ, ʫ ʥʘʩʪʘʚʢʫ ˂ʝ ʙʠʪʠ ʥʘʚʝʜʝʥʠ ʧʫʙʣʠʢʦʚʘʥʠ ʨʘʜʦʚʠ ʚʝʟʘʥʠ 

ʟʘ ʦʩʪʚʘʨʝʥʝ ʜʦʧʨʠʥʦʩʝ, ʥʘʢʦʥ ʯʝʛʘ ˂ʝ ʩʝ ʩʚʘʢʠ ʜʦʧʨʠʥʦʩ ʫʢʨʘʪʢʦ ʦʙʨʘʟʣʦʞʠʪʠ ʫʟ 

ʨʝʬʝʨʝʥʮʠʨʘˁʝ ʥʘ ʥʘʚʝʜʝʥʝ ʨʘʜʦʚʝ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʧʦʛʣʘʚˀʘ ʫ ʜʠʩʝʨʪʘʮʠʿʠ. 

 

ʏʘʩʦʧʠʩʥʠ ʨʘʜʦʚʠ: 

 

(1) Novak Zagradjanin, Dragan Pamucar, Kosta Jovanovic, Nikola Knezevic and Bojan 

Pavkovic, ĂAutonomous exploration based on multi-criteria decision-making and using D* Lite 

algorithmñ, Intelligent Automation & Soft Computing, Special Issue: Soft Computing Methods 

for Intelligent Automation Systems, pp. 1369-1386, 2021 (ʄ23, IF=1.647). 

 

(2) Novak Zagradjanin, Aleksandar Rodic, Dragan Pamucar and Bojan Pavkovic, ĂCloud-based 

multi-robot path planning in complex and crowded environment using fuzzy logic and online 

learningñ, Information Technology and Control, Vol. 50, No. 2, pp. 357-374, 2021 (ʄ23, 

IF=1.228). 

 

(3) Novak Zagradjanin, Dragan Pamucar and Kosta Jovanovic, ĂCloud-based multi-robot path 

planning in complex and crowded environment with multi-criteria decision making using full 

consistency methodñ, Symmetry, Vol. 11, No. 10, pp. 1-15, 2019 (ʄ22, IF=2.645). 

 

ʂʦʥʬʝʨʝʥʮʠʿʩʢʠ ʨʘʜʦʚʠ: 

 

(4) Novak Zagradjanin and Aleksandar Rodic, ĂCloud-based distributed intelligence of robot 

team in complex accident situationñ, 4th International Conference on Electrical, Electronic and 

Computing Engineering ï IcETRAN 2017, Kladovo, Serbia, 2017. 
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(5) Novak Zagradjanin and Stevica Graovac, ĂAutonomous mobile robot path planning in 

complex and dynamic environmentsñ, International Scientific Conference on Defensive 

Technologies - OTEH 2016, Belgrade, Serbia, 2016. 

 

(6) Novak Zagradjanin and Stevica Graovac, ĂAnalysis and comparison of a command guidance 

and the combination of programmed and homing guidanceñ, International Scientific Conference 

on Defensive Technologies - OTEH 2014, Belgrade, Serbia, 2014.   

 

ʋ ʦʢʚʠʨʫ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʦʩʪʚʘʨʝʥʠ ʩʫ ʩʣʝʜʝ˂ ʠ ʥʘʫʯʥʠ ʜʦʧʨʠʥʦʩʠ: 

 

¶ ɼʦʧʨʠʥʦʩ 1. (ʇʦʛʣʘʚˀʝ 4.1): ʋʥʘʧʨʝʹʝʥʘ ʿʝ ʧʨʝʪʨʘʛʘ ʢʦʤʧʣʝʢʩʥʠʭ ʦʢʨʫʞʝˁʘ 

ʧʨʠʤʝʥʦʤ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʦʜʣʫʯʠʚʘˁʘ (ɺʂʆ) ʟʘ ʠʟʙʦʨ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ 

ʨʦʙʦʪʘ ʠ D* Lite ʘʣʛʦʨʠʪʤʘ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ. ʂʦʥʢʨʝʪʥʦ, ʜʦʢʘʟʘʥʦ ʿʝ ʜʘ 

ʩʝ ʧʨʠʤʝʥʦʤ TOPSIS ʤʝʪʦʜʝ ɺʂʆ ʟʘ ʠʟʙʦʨ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʠ D* Lite ʘʣʛʦʨʠʪʤʘ ʟʘ 

ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʦʙʝʟʙʝʹʫʿʝ ʧʨʝʪʨʘʛʘ ʢʦʤʧʣʝʢʩʥʠʭ ʦʢʨʫʞʝˁʘ ʟʘ ʢʨʘ˂ʠ ʫʢʫʧʘʥ 

ʧʨʝʹʝʥʠ ʧʫʪ ʨʦʙʦʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ʤʝʪʦʜʝ SAW ʠ COPRAS, ʢʘʦ ʠ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ 

ʘʥʘʣʠʟʠʨʘʥʝ ʢʣʘʩʠʯʥʝ ʩʪʨʘʪʝʛʠʿʝ ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ ʠʟ ʣʠʪʝʨʘʪʫʨʝ (Dist_Min, 

GBL, AOJRF, WS). ɿʘ ʠʟʙʦʨ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʢʨʠʪʝʨʠʿʫʤʠ: 

Ăʜʫʞʠʥʘ ʧʫʪʘˁʝ ʦʜ ʘʢʪʫʝʣʥʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ ʜʦ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘñ, 

Ăʠʥʬʦʨʤʘʪʠʚʥʠ ʧʦʪʝʥʮʠʿʘʣ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘñ ʠ Ăʫʜʘˀʝʥʦʩʪ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘ 

ʦʜ ʙʘʟʥʝ ʩʪʘʥʠʮʝñ. ʈʘʜ ʫ ʢʦʤʝ ʿʝ ʦʙʿʘʚˀʝʥ ʦʚʘʿ ʥʘʫʯʥʠ ʜʦʧʨʠʥʦʩ ʥʘʚʝʜʝʥ ʿʝ ʥʘ 

ʧʦʟʠʮʠʿʠ (1), ʜʦʢ ʩʫ ʫ ʩʝʛʤʝʥʪʫ ʠʩʪʨʘʞʠʚʘˁʘ D* Lite ʘʣʛʦʨʠʪʤʘ ʠ ˁʝʛʦʚʝ ʧʨʠʤʝʥʝ 

ʟʘ ʦʚʘʿ ʜʦʧʨʠʥʦʩ ʚʝʟʘʥʠ ʠ ʨʘʜʦʚʠ: (2), (3), (4) ʠ (5). 

 

¶ ɼʦʧʨʠʥʦʩ 2. (ʇʦʛʣʘʚˀʝ 4.2.1): ʋʥʘʧʨʝʹʝʥ ʿʝ ʧʨʦʮʝʩ ʧʣʘʥʠʨʘˁʘ ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʫ 

ʤʠʩʠʿʘʤʘ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ʟʘ ʧʦʪʨʝʙʝ ʪʨʘʛʘˁʘ ʠ ʩʧʘʩʘʚʘˁʘ ʫ ʫʨʙʘʥʦʤ ʦʢʨʫʞʝˁʫ, 

ʧʨʠʤʝʥʦʤ D* Lite ʘʣʛʦʨʠʪʤʘ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʦʨʠʛʠʥʘʣʥʠʤ ʬʘʟʠ ʠʥʪʝʛʨʘʣʥʠʤ 

ʩʠʩʪʝʤʦʤ. ʌʘʟʠ ʠʥʪʝʛʨʘʣʥʠ ʩʠʩʪʝʤ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʪʝʞʠʥʘ ˂ʝʣʠʿʘ ʤʘʧʝ 

ʥʘʤʝˁʝʥʝ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʘ ʨʦʙʦʪʘ, ʢʘʢʦ ʦʥʝ ʥʝ ʙʠ ʠʤʘʣʝ ʙʠʥʘʨʥʝ ʚʨʝʜʥʦʩʪʠ, 

ʪʘʢʦ ʜʘ ʘʣʛʦʨʠʪʘʤ ʛʝʥʝʨʠʰʝ ʧʫʪʘˁʝ ʥʘʿʤʘˁʝ ʮʝʥʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʨʠ ʧʘʨʘʤʝʪʨʘ, ʘ 

ʥʝ ʧʫʪʘˁʝ ʥʘʿʤʘˁʝ ʜʫʞʠʥʝ. ʊʠʤʝ ʿʝ ʧʦʩʪʠʛʥʫʪʦ ʜʘ ʧʨʝʪʨʘʛʘ ʦʢʨʫʞʝˁʘ ʧʦʢʨʠʚʘ 

ʦʙʿʝʢʪʝ ʧʨʝʤʘ ʧʨʠʦʨʠʪʝʪʫ, ʢʘʦ ʠ ʜʘ ʨʦʙʦʪʠ ʟʘ ʤʘʧʠʨʘˁʝ ʧʨʠ ʢʨʝʪʘˁʫ ʥʝ ʦʤʝʪʘʿʫ 

ʜʨʫʛʝ ʨʦʙʦʪʝ. ɿʘ ʦʚʘʿ ʥʘʫʯʥʠ ʜʦʧʨʠʥʦʩ ʧʨʠʤʘʨʥʦ ʿʝ ʚʝʟʘʥ ʨʘʜ ʥʘ ʧʦʟʠʮʠʿʠ (2), ʘ 

ʨʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʚʝʟʘʥʠ ʟʘ ʦʚʘʿ ʜʦʧʨʠʥʦʩ ʦʙʿʘʚˀʝʥʠ ʩʫ ʠ ʫ ʨʘʜʦʚʠʤʘ (3), (4) 

ʠ (5). 

 

¶ ɼʦʧʨʠʥʦʩ 3. (ʇʦʛʣʘʚˀʝ 4.2.2): ʋʥʘʧʨʝʹʝʥ ʿʝ ʧʨʦʮʝʩ ʧʣʘʥʠʨʘˁʘ ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʧʨʠ 

ʧʨʝʪʨʘʟʠ ʜʠʥʘʤʠʯʢʠʭ ʦʢʨʫʞʝˁʘ, ʢʦʥʢʨʝʪʥʦ ʦʢʨʫʞʝˁʘ ʩʘ ʩʧʦʨʦʧʨʦʤʝʥˀʠʚʠʤ 

ʧʨʝʧʨʝʢʘʤʘ ʜʝʪʝʢʪʦʚʘʥʠʤ ʫ ʧʨʝʪʨʘʞʝʥʦʤ ʜʝʣʫ ʪʝʨʝʥʘ, ʧʨʠʤʝʥʦʤ D* Lite ʘʣʛʦʨʠʪʤʘ 

ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ on-line ʫʯʝʝˁʤ. ʇʦʤʝʥʫʪʝ ʩʠʪʫʘʮʠʿʝ ʩʫ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʟʘ 

ʪʨʘʛʘˁʝ ʠ ʩʧʘʩʘʚʘˁʝ ʫ ʫʨʙʘʥʦʤ ʦʢʨʫʞʝˁʫ, ʘʣʠ ʥʠʩʫ ʦʛʨʘʥʠʯʝʥʝ ʩʘʤʦ ʥʘ ʪʫ ʚʨʩʪʫ 

ʤʠʩʠʿʘ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ. ʅʘʤʝʥʘ on-line ʫʯʝˁʘ ʿʝ ʜʘ ʩʝ ʜʝʪʝʢʪʦʚʘʥʝ ʧʨʝʧʨʝʢʝ 

ʠʥʪʝʛʨʠʰʫ ʦʜʥʦʩʥʦ ʙʨʠʰʫ ʠʟ ʤʘʧʝ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʘ ʨʦʙʦʪʘ ʥʘ 

ʥʘʯʠʥ ʢʦʿʠ ʫʥʘʧʨʝʹʫʿʝ ʧʨʦʮʝʩ ʧʣʘʥʠʨʘˁʘ, ʰʪʦ ʩʝ ʧʦʩʪʠʞʝ ʧʨʠʤʝʥʦʤ ʧʨʠʣʘʛʦʹʝʥʦʛ 

ĂM-out-of-Nñ ʜʝʪʝʢʪʦʨʘ ʪʿ. ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʩʪʘʪʠʩʪʠʯʢʦʛ ʪʝʩʪʘ. ʆʚʠʤ ʿʝ ʩʢʨʘ˂ʝʥ 

ʧʨʝʹʝʥʠ ʧʫʪ ʨʦʙʦʪʘ ʟʘ ʤʘʧʠʨʘˁʝ ʠ ʤʠʥʠʤʠʟʦʚʘʥʘ ʩʫ ˁʝʛʦʚʘ ʨʠʟʠʯʥʘ ʢʨʝʪʘˁʘ, ʿʝʨ ʩʝ 

ʤʘʥʝʚʘʨ ʫ ʮʠˀʫ ʠʟʙʝʛʘʚʘˁʘ ʧʨʝʧʨʝʢʘ ʠʟʚʦʜʠ ʧʨʝ ʧʦʪʝʥʮʠʿʘʣʥʦʛ ʩʫʩʨʝʪʘ. ʇʦʤʝʥʫʪʠ 

ʥʘʫʯʥʠ ʜʦʧʨʠʥʦʩ ʪʘʢʦʹʝ ʩʝ ʧʨʠʤʘʨʥʦ ʦʜʥʦʩʠ ʥʘ ʨʘʜ ʥʘʚʝʜʝʥ ʥʘ ʧʦʟʠʮʠʿʠ (2), ʘ 

ʨʝʟʫʣʪʘʪʠ ʜʝʣʘ ʚʝʟʘʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʦʙʿʘʚˀʝʥʠ ʩʫ ʠ ʫ ʨʘʜʦʚʠʤʘ (3), (4) ʠ (5).  

 



7 

 

¶ ɼʦʧʨʠʥʦʩ 4. (ʇʦʛʣʘʚˀʝ 4.1.): ʇʨʦʰʠʨʝʥʘ ʿʝ ʙʘʟʘ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ 

ʢʦʿʝ ʢʦʨʠʩʪʝ ɺʂʆ ʟʘ ʠʟʙʦʨ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝʤ ʩʪʘʥʜʘʨʜʥʠʭ 

ɺʂʆ ʤʝʪʦʜʘ ʢʦʿʝ ʜʦ ʩʘʜʘ ʥʠʩʫ ʢʦʨʠʰ˂ʝʥʝ ʫ ʪʫ ʩʚʨʭʫ - SAW, COPRAS ʠ TOPSIS. 

ʆʚʘʿ ʥʘʫʯʥʠ ʜʦʧʨʠʥʦʩ ʪʘʢʦʹʝ ʿʝ ʦʙʫʭʚʘ˂ʝʥ ʨʘʜʦʤ ʥʘ ʧʦʟʠʮʠʿʠ (1), ʘ ʨʝʟʫʣʪʘʪʠ 

ʠʩʪʨʘʞʠʚʘˁʘ ʚʝʟʘʥʠ ʟʘ ʦʚʘʿ ʜʦʧʨʠʥʦʩ ʦʙʿʘʚˀʝʥʠ ʩʫ ʠ ʫ ʨʘʜʫ (3).  
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2. ɸʃɻʆʈʀʊʄʀ ɿɸ ʇʃɸʅʀʈɸɳɽ ʇʋʊɸɳɽ ɸʋʊʆʅʆʄʅʀʍ 

ʄʆɹʀʃʅʀʍ ʈʆɹʆʊɸ 
 

ʇʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʿʝ ʿʝʜʘʥ ʦʜ ʬʫʥʜʘʤʝʥʪʘʣʥʠʭ ʟʘʜʘʪʘʢʘ ʫ ʨʦʙʦʪʠʮʠ ʠ 

ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʮʝʩ ʜʝʬʠʥʠʩʘˁʘ ʧʫʪʘˁʝ, ʢʦʨʠʰ˂ʝˁʝʤ ʥʝʢʦʛ ʘʣʛʦʨʠʪʤʘ (ʧʣʘʥʝʨʘ), ʢʦʿʦʤ 

ʨʦʙʦʪ, ʧʨʘʪʝ˂ʠ ʿʝ, ʤʦʞʝ ʩʪʠ˂ʠ ʦʜ ʩʪʘʨʪʥʝ ʜʦ ʮʠˀʥʝ ʧʦʟʠʮʠʿʝ ʥʘ ʙʝʟʙʝʜʘʥ ʥʘʯʠʥ (ʙʝʟ 

ʬʠʟʠʯʢʦʛ ʢʦʥʪʘʢʪʘ ʩʘ ʧʨʝʧʨʝʢʘʤʘ, ʙʝʟ ʦʰʪʝ˂ʝˁʘ ʨʦʙʦʪʘ, ʠʪʜ.) [48]. 

 

ɿʘ ʧʦʪʨʝʙʝ ʧʨʠʤʝʥʝ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʢʦʿʠ ʬʫʥʢʮʠʦʥʠʰʫ ʥʘ 

ʙʘʟʠ ʦʙʨʘʜʝ ʛʨʘʬʘ, ʤʘʧʘ ʦʢʨʫʞʝˁʘ ʫ ʢʦʿʝʤ ʩʝ ʢʨʝ˂ʝ ʨʦʙʦʪ ʧʨʝʜʩʪʘʚˀʘ ʩʝ ʫ ʚʠʜʫ 2D ʤʨʝʞʝ 

˂ʝʣʠʿʘ ʫʥʠʬʦʨʤʥʝ ʨʝʟʦʣʫʮʠʿʝ, ʛʜʝ ʿʝ ʩʚʘʢʦʿ ˂ʝʣʠʿʠ ʜʦʜʝˀʝʥʘ ʪʝʞʠʥʘ ʢʦʿʘ ʧʨʝʤʘ ʫʥʘʧʨʝʜ 

ʫʩʚʦʿʝʥʦʿ ʣʦʛʠʮʠ ʦʧʠʩʫʿʝ ʤʦʛʫ˂ʥʦʩʪ ʠʣʠ ʩʣʦʞʝʥʦʩʪ ʧʨʦʣʘʩʢʘ ʨʦʙʦʪʘ ʢʨʦʟ ʧʨʠʧʘʜʘʿʫ˂ʠ ʜʝʦ 

ʪʝʨʝʥʝ [49]. ʆʚʘʢʦ ʬʦʨʤʠʨʘʥʘ 2D ʤʨʝʞʘ ʤʦʞʝ ʩʝ ʜʘˀʝ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʜʫ ʛʨʘʬʘ, ʪʘʢʦ ʰʪʦ 

ʩʝ ʩʚʘʢʦʿ ʧʦʿʝʜʠʥʘʯʥʦʿ ˂ʝʣʠʿʠ ʤʨʝʞʝ ʜʦʜʝʣʠ ʿʝʜʘʥ ʯʚʦʨ ʣʦʮʠʨʘʥ ʫ ʮʝʥʪʨʫ ˂ʝʣʠʿʝ ʢʦʿʠ ʿʝ 

ʧʦʚʝʟʘʥ ʩʘ ʩʚʠʭ 8 ʩʫʩʝʜʥʠʭ ʯʚʦʨʦʚʘ ʬʦʨʤʠʨʘʥʠʭ ʥʘ ʠʩʪʠ ʥʘʯʠʥ. ʋʚʝʜʠʤʦ ʠ ʧʦʿʘʤ ʮʝʥʘ 

ʪʨʘʥʟʠʮʠʿʝ ʠʣʠ ʮʝʥʘ ʧʨʝʣʘʩʢʘ ʠʟʤʝʹʫ ʜʚʘ ʩʫʩʝʜʥʘ ʯʚʦʨʘ ʠ ʥʝʢʘ ʦʥʘ ʟʘʚʠʩʠ ʦʜ ʤʝʹʫʩʦʙʥʝ 

ʫʜʘˀʝʥʦʩʪʠ ʯʚʦʨʦʚʘ ʠ ʪʝʞʠʥʘ ˂ʝʣʠʿʘ ʢʦʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ [49]. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʪʚʦʨʝʥʠ ʩʫ 

ʧʨʝʜʫʩʣʦʚʠ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʧʨʠʤʝʥʦʤ ʘʣʛʦʨʠʪʘʤʘ ʢʦʿʠ ʬʫʥʢʮʠʦʥʠʰʫ ʥʘ ʙʘʟʠ 

ʦʙʨʘʜʝ ʛʨʘʬʘ.   

 

ʇʨʠʥʮʠʧ ʫʥʠʬʦʨʤʥʝ ʜʠʩʢʨʝʪʠʟʘʮʠʿʝ ʤʘʧʝ ʦʢʨʫʞʝˁʘ ʩʘ ʧʨʝʧʨʝʢʘʤʘ ʠ ˁʝʥʦʛ 

ʧʨʠʢʘʟʘ ʫ ʚʠʜʫ ʤʨʝʞʝ ˂ʝʣʠʿʘ ʙʠʥʘʨʥʝ ʢʣʘʩʠʬʠʢʘʮʠʿʝ (˂ʝʣʠʿʝ ʤʦʛʫ ʙʠʪʠ ʩʣʦʙʦʜʥʝ ʠʣʠ 

ʙʣʦʢʠʨʘʥʝ), ʨʘʜʠ ʧʨʠʤʝʥʝ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʢʦʿʠ ʬʫʥʢʮʠʦʥʠʰʫ ʥʘ 

ʙʘʟʠ ʦʙʨʘʜʝ ʛʨʘʬʘ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʉʣʠʮʠ 1, ʘ ʜʝʪʘˀʥʠʿʠ ʦʧʠʩ ʩʝ ʤʦʞʝ ʧʨʦʥʘ˂ʠ ʫ [50]. 

 

 

   

  

 

 

ʉʣʠʢʘ 1. ʇʨʠʤʝʨ ʧʨʦʮʝʩʘ ʫʥʠʬʦʨʤʥʝ ʜʠʩʢʨʝʪʠʟʘʮʠʿʝ ʤʘʧʝ ʦʢʨʫʞʝˁʘ ʩʘ ʧʨʝʧʨʝʢʘʤʘ 

(ʦʟʥʘʯʝʥʝ ʧʣʘʚʦʤ ʙʦʿʦʤ) ʠ ˁʝʥʦʛ ʧʨʠʢʘʟʘ ʫ ʚʠʜʫ ʤʨʝʞʝ ˂ʝʣʠʿʘ ʙʠʥʘʨʥʝ ʢʣʘʩʠʬʠʢʘʮʠʿʝ 

(ʙʝʣʦʤ ʙʦʿʦʤ ʩʫ ʦʟʥʘʯʝʥʝ ʩʣʦʙʦʜʥʝ ˂ʝʣʠʿʝ, ʘ ʮʨʥʦʤ ʙʦʿʦʤ ʙʣʦʢʠʨʘʥʝ ˂ʝʣʠʿʝ). 

 

 

ʋ ʨʝʘʣʥʠʤ ʩʮʝʥʘʨʠʿʠʤʘ ʥʘʿʯʝʰ˂ʝ ʩʫ ʩʠʪʫʘʮʠʿʝ ʫ ʢʦʿʠʤʘ ʿʝ ʫ ʪʨʝʥʫʪʢʫ ʦʪʧʦʯʠˁʘˁʘ 

ʢʨʝʪʘˁʘ ʤʘʧʘ ʦʢʨʫʞʝˁʘ ʫ ʢʦʿʝ ʩʝ ʨʦʙʦʪ ʫʧʫ˂ʫʿʝ ʩʘʤʦ ʜʝʣʠʤʠʯʥʦ ʧʦʟʥʘʪʘ. ʋ ʪʘʢʚʠʤ 

ʩʠʪʫʘʮʠʿʘʤʘ ʢʘʦ ʧʦʣʘʟʥʘ ʧʨʝʪʧʦʩʪʘʚʢʘ ʫʟʠʤʘ ʩʝ ʜʘ ʩʫ ʩʚʠ ʜʝʣʦʚʠ ʦʢʨʫʞʝˁʘ ʢʦʿʠ ʩʫ ʫ 

ʧʦʯʝʪʥʦʤ ʪʨʝʥʫʪʢʫ ʥʝʧʦʟʥʘʪʠ ʫʿʝʜʥʦ ʠ ʩʣʦʙʦʜʥʠ ʟʘ ʧʨʦʣʘʟ, ʘ ʨʦʙʦʪ ʫ ʪʦʢʫ ʢʨʝʪʘˁʘ ʥʘ 

ʦʩʥʦʚʫ ʠʥʬʦʨʤʘʮʠʿʘ ʧʨʠʢʫʧˀʝʥʠʭ ʩʚʦʿʠʤ ʩʝʥʟʦʨʠʤʘ ʚʨʰʠ ʜʝʪʘˀʥʦ ʫʧʦʟʥʘʚʘˁʝ ʪʝʨʝʥʘ. 

ʇʦʨʝʜ ʪʦʛʘ, ʤʦʛʫ˂ʝ ʩʫ ʠ ʜʠʥʘʤʠʯʢʝ ʧʨʦʤʝʥʝ ʧʨʝʪʭʦʜʥʦ ʧʦʟʥʘʪʦʛ ʦʢʨʫʞʝˁʘ ʫ ʪʦʢʫ ʩʘʤʦʛ 

ʢʨʝʪʘˁʘ ʨʦʙʦʪʘ. ɹʝʟ ʦʙʟʠʨʘ ʦ ʢʦʿʦʿ ʢʦʥʢʨʝʪʥʦ ʩʠʪʫʘʮʠʿʠ ʩʝ ʨʘʜʠ, ʦʥʝ ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʠʟʤʝʥʫ 

ʘ) ʄʘʧʘ ʦʢʨʫʞʝˁʘ ʩʘ 

ʧʨʝʧʨʝʢʘʤʘ  
ʙ) ɼʠʩʢʨʝʪʠʟʘʮʠʿʘ 

ʤʘʧʝ ʦʢʨʫʞʝˁʘ 

ʮ) ʇʨʠʢʘʟ ʤʘʧʝ ʦʢʨʫʞʝˁʘ ʛʜʝ ʩʝ 

ʩʚʘʢʘ ˂ʝʣʠʿʘ ʜʝʣʠʤʠʯʥʦ ʠʣʠ 

ʧʦʪʧʫʥʦ ʟʘʫʟʝʪʘ ʧʨʝʧʨʝʢʦʤ 

ʢʣʘʩʠʬʠʢʫʿʝ ʢʘʦ ʙʣʦʢʠʨʘʥʘ 
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ʫ ʛʨʘʬʫ ʥʘ ʦʩʥʦʚʫ ʢʦʿʝʛ ʿʝ ʘʣʛʦʨʠʪʘʤ ʛʝʥʝʨʠʩʘʦ ʧʫʪʘˁʫ, ʪʝ ʿʝ ʩʪʦʛʘ ʥʝʦʧʭʦʜʥʦ ʠʟʚʨʠhʪʠ 

ˁʝʥʦ ʨʝʧʣʘʥʠʨʘˁʝ. 

 

ʇʦʩʪʦʿʠ ʚʠʰʝ ʚʨʩʪʘ ʘʣʛʦʨʠʪʘʤʘ ʢʦʿʠ ʧʣʘʥʠʨʘˁʝ ʠʣʠ ʧʨʦʨʘʯʫʥ ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʚʨʰʝ 

ʥʘ ʙʘʟʠ ʦʙʨʘʜʝ ʛʨʘʬʘ. ɱʝʜʘʥ ʦʜ ʥʘʿʩʪʘʨʠʿʠʭ ʠ ʩʚʘʢʘʢʦ ʥʘʿʧʦʟʥʘʪʠʿʠʭ ʠʟ ʦʚʝ ʢʣʘʩʝ 

ʘʣʛʦʨʠʪʘʤʘ ʿʝ Dijkstra ʘʣʛʦʨʠʪʘʤ, ʢʦʿʠ ʩʝ ʠ ʜʘʥʘʩ ʯʝʩʪʦ ʧʨʠʤʝˁʫʿʝ [51]. ɸ* ʘʣʛʦʨʠʪʘʤ [18] 

ʟʘ ʨʘʟʣʠʢʫ ʦʜ Dijkstra ʘʣʛʦʨʠʪʤʘ ʩʧʘʜʘ ʫ ʪʟʚ. Ăʭʝʫʨʠʩʪʠʯʢʝñ ʘʣʛʦʨʠʪʤʝ, ʦ ʯʝʤʫ ˂ʝ ʙʠʪʠ 

ʨʝʯʠ ʫ ʜʘˀʝʤ ʪʝʢʩʪʫ, ʰʪʦ ʤʫ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʬʦʢʫʩʠʨʘ ʦʙʨʘʜʫ ʛʨʘʬʘ ʦʜ ʩʪʘʨʪʥʦʛ ʧʨʝʤʘ 

ʮʠˀʥʦʤ ʯʚʦʨʫ, ʪʘʢʦ ʜʘ ʜʦ ʨʝʰʝˁʘ ʜʦʣʘʟʠ ʥʘ ʝʬʠʢʘʩʥʠʿʠ ʥʘʯʠʥ. ɸʣʛʦʨʠʪʤʠ D* , Incremental 

A* , ARA* , D* Lite, AD* ʠ ʩʣ. ʧʨʝʜʩʪʘʚˀʘʿʫ Ăʥʘʜʦʛʨʘʜˁʝñ ɸ* ʘʣʛʦʨʠʪʤʘ ʠ ʪʘʢʦʹʝ ʩʫ ʥʘʰʣʠ 

ʰʠʨʦʢʫ ʧʨʠʤʝʥʫ ʫ ʤʦʙʠʣʥʦʿ ʨʦʙʦʪʠʮʠ. ʇʦʨʝʜ ʨʦʙʦʪʠʢʝ, ʘʣʛʦʨʠʪʤʠ ʟʘ ʧʨʦʨʘʯʫʥ ʧʫʪʘˁʝ 

ʢʦʿʠ ʬʫʥʢʮʠʦʥʠʰʫ ʥʘ ʙʘʟʠ ʦʙʨʘʜʝ ʛʨʘʬʘ ʢʦʨʠʩʪʝ ʩʝ ʯʝʩʪʦ ʠ ʫ ʜʨʫʛʠʤ ʦʙʣʘʩʪʠʤʘ ʧʨʠʤʝʥʝ 

ʚʝʰʪʘʯʢʝ ʠʥʪʝʣʠʛʝʥʮʠʿʝ. 

2.1. ʋʦʧʰʪʝʥʦ ʦ ʢʦʥʮʝʧʪʫ ɸ* ʘʣʛʦʨʠʪʤʘ 

 

ʄʝʹʫ ʥʘʿʧʦʟʥʘʪʠʿʠʤ ʘʣʛʦʨʠʪʤʠʤʘ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʢʦʿʠ ʨʘʜʝ ʥʘ ʙʘʟʠ ʦʙʨʘʜʝ 

ʛʨʘʬʘ ʩʧʘʜʘʿʫ ʘʣʛʦʨʠʪʤʠ ʟʘʩʥʦʚʘʥʠ ʥʘ ʢʦʥʮʝʧʪʫ ɸ* ʘʣʛʦʨʠʪʤʘ. ʋ ʥʘʩʪʘʚʢʫ ˂ʝ ʙʠʪʠ 

ʠʟʣʦʞʝʥ ʧʨʠʥʮʠʧ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ɸ* ʘʣʛʦʨʠʪʤʘ. 

 

ʇʨʝʪʧʦʩʪʘʚʠʤʦ ʜʘ ʿʝ ʩʘ S ʦʟʥʘʯʝʥ ʩʢʫʧ ʩʚʠʭ ʯʚʦʨʦʚʘ ʫ ʿʝʜʥʦʤ ʛʨʘʬʫ ʬʦʨʤʠʨʘʥʦʤ 

ʧʨʝʤʘ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦʤ ʧʦʩʪʫʧʢʫ. ʉʚʘʢʠ ʯʚʦʨ s (s  ɴS) ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʥʫ ˂ʝʣʠʿʫ ʤʘʧʝ ʠ 

ʦʥ ʿʝ ʧʦʚʝʟʘʥ ʩʘ ʯʚʦʨʦʚʠʤʘ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʫʩʝʜʥʝ ˂ʝʣʠʿʝ. ɿʘ ʙʠʣʦ ʢʦʿʠ ʧʘʨ ʯʚʦʨʦʚʘ s, 

sô  ɴS, ʜʝʬʠʥʠʰʠʤʦ ʪʟʚ. ʮʝʥʫ ʧʨʝʣʘʩʢʘ ʦʜ ʯʚʦʨʘ s ʜʦ ʯʚʦʨʘ sô ʢʦʿʫ ˂ʝʤʦ ʦʟʥʘʯʠʪʠ ʩʘ c(s, sô) 

ʠ ʟʘ ʢʦʿʫ ʚʘʞʠ 0 < c(s, sô) Ò Ð. ʋ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ c(s, sô) Í c(sô, s). ʎʝʥʫ ʧʫʪʘˁʝ ʦʜ ʯʚʦʨʘ s0 

ʜʦ ʯʚʦʨʘ sk, ʛʜʝ s0, sk  ɴ S, ʦʜʨʝʹʫʿʝʤʦ ʢʘʦ ʟʙʠʨ ʩʫʢʮʝʩʠʚʥʠʭ ʧʨʝʣʘʟʘ ʠʟʤʝʹʫ ʩʫʩʝʜʥʠʭ 

ʯʚʦʨʦʚʘ ʫ ʩʢʫʧʫ ʯʚʦʨʦʚʘ {s0, s1,é, sk-1, sk}  ɴS, ʪʿ. ʢʘʦ (c(s0, s1) +é+ c(si-1, si) + c(si, si+1) 

+é+ c(sk-1, sk)), 1 Ò i Ò k. ʅʘʿʤʘˁʘ ʮʝʥʘ ʧʫʪʘˁʝ ʦʜ ʯʚʦʨʘ s0 ʜʦ ʯʚʦʨʘ sk ʦʟʥʘʯʘʚʘ ʩʝ ʩʘ c*(s0, 

sk). ɿʘ s0 = sk ʚʘʞʠ c*(s0, sk) = 0 [52]. 

 

ʋʚʝʜʠʤʦ ʠ ʧʦʿʤʦʚʝ ʯʚʦʨ Ăʧʨʝʪʭʦʜʥʠʢñ ʠ ʯʚʦʨ Ăʥʘʩʣʝʜʥʠʢñ ʧʨʦʠʟʚʦˀʥʦʛ ʯʚʦʨʘ s  ɴ

S, ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ. ʋ ʮʠˀʫ ʠʟʨʘʯʫʥʘʚʘˁʘ ʧʫʪʘˁʝ ʥʘʿʤʘˁʝ ʮʝʥʝ ʠʟʤʝʹʫ ʩʪʘʨʪʥʦʛ ʠ 

ʮʠˀʥʦʛ ʯʚʦʨʘ, ɸ* ʘʣʛʦʨʠʪʘʤ ʪʦʢʦʤ ʦʙʨʘʜʝ ʛʨʘʬʘ ʬʦʨʤʠʨʘ ʩʪʘʙʣʦ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʧʫʪʘˁʘ 

ʠʜʫ˂ʠ ʦʜ ʩʪʘʨʪʥʦʛ ʯʚʦʨʘ ʜʦʢ ʥʝ ʜʦʹʝ ʜʦ ʮʠˀʥʦʛ ʯʚʦʨʘ. ɸʢʦ ʧʦʩʤʘʪʨʘʤʦ ʢʦʥʢʨʝʪʥʫ ʧʫʪʘˁʫ 

ʫ ʩʪʘʙʣʫ ʧʫʪʘˁʘ ʢʦʿʦʿ ʧʨʠʧʘʜʘ ʯʚʦʨ s ʫ ʙʠʣʦ ʢʦʤ ʪʨʝʥʫʪʢʫ ʦʙʨʘʜʝ ʛʨʘʬʘ, ʯʚʦʨ 

Ăʧʨʝʪʭʦʜʥʠʢñ ʯʚʦʨʘ s ʿʝ ʯʚʦʨ ʢʦʿʠ ʥʝʧʦʩʨʝʜʥʦ ʬʠʟʠʯʢʠ ʧʨʝʪʭʦʜʠ ʯʚʦʨʫ s, ʜʦʢ ʯʚʦʨ 

Ăʥʘʩʣʝʜʥʠʢñ ʯʚʦʨʘ s ʧʨʝʜʩʪʘʚˀʘ ʯʚʦʨ ʢʦʿʠ ʥʝʧʦʩʨʝʜʥʦ ʬʠʟʠʯʢʠ ʩʣʝʜʠ ʧʦʩʣʝ ʯʚʦʨʘ s ʠ ʪʦ 

ʠʜʫ˂ʠ ʠʩʢˀʫʯʠʚʦ ʫ ʩʤʝʨʫ Ăʦʜ ʩʪʘʨʪʥʦʛ ʯʚʦʨʘñ. ʋ ʩʪʘʙʣʫ ʧʫʪʘˁʘ ʯʚʦʨ s ʤʦʞʝ ʠʤʘʪʠ ʚʠʰʝ 

ʯʚʦʨʦʚʘ ʧʨʝʪʭʦʜʥʠʢʘ ʠ ʚʠʰʝ ʯʚʦʨʦʚʘ ʥʘʩʣʝʜʥʠʢʘ. ʉʢʫʧ ʯʚʦʨʦʚʘ ʧʨʝʪʭʦʜʥʠʢʘ ʯʚʦʨʘ s 

ʦʟʥʘʯʘʚʘʤʦ ʩʘ Pred(s), ʜʦʢ ʩʢʫʧ ʯʚʦʨʦʚʘ ʥʘʩʣʝʜʥʠʢʘ ʯʚʦʨʘ s ʦʟʥʘʯʘʚʘʤʦ ʩʘ Succ(s). 

 

ɸ* ʘʣʛʦʨʠʪʘʤ ʿʝ ʥʘʤʝˁʝʥ ʟʘ ʧʨʦʨʘʯʫʥ ʧʫʪʘˁʝ ʦʜ ʯʚʦʨʘ sstart ʜʦ ʯʚʦʨʘ sgoal ʯʠʿʘ ʮʝʥʘ ʿʝ 

ʤʠʥʠʤʘʣʥʘ ʪʿ. ʿʝʜʥʘʢʘ c*(sstart, sgoal). ɸ* ʘʣʛʦʨʠʪʘʤ ʫ ʪʦʢʫ ʨʘʜʘ ʬʦʨʤʠʨʘ ʠ ʦʜʨʞʘʚʘ 

(ʘʞʫʨʠʨʘ) ʚʨʝʜʥʦʩʪ ʯʝʪʠʨʠ ʬʫʥʢʮʠʿʝ ʢʦʿʝ ʦʧʠʩʫʿʫ ʯʚʦʨ s, ʠ ʪʦ [32,50]: 

¶ g(s) - ʮʝʥʘ ʧʫʪʘˁʝ ʯʚʦʨʘ s, ʧʨʝʜʩʪʘʚˀʘ ʘʢʪʫʝʣʥʫ (ʧʨʦʥʘʹʝʥʫ ʜʦ ʪʨʝʥʫʪʢʘ 

ʧʦʩʤʘʪʨʘˁʘ) ʤʠʥʠʤʘʣʥʫ ʚʨʝʜʥʦʩʪ ʮʝʥʝ ʧʫʪʘʝˁ ʦʜ ʯʚʦʨʘ sstart ʜʦ ʯʚʦʨʘ s; 

¶ h(s) - ʭʝʫʨʠʩʪʠʯʢʘ ʬʫʥʢʮʠʿʘ, ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʮʝʥʫ ʤʠʥʠʤʘʣʥʝ ʮʝʥʝ ʧʫʪʘʝˁ ʦʜ ʯʚʦʨʘ 

s ʜʦ ʯʚʦʨʘ sgoal; ʭʝʫʨʠʩʪʠʯʢʘ ʬʫʥʢʮʠʿʘ ʪʨʝʙʘ ʜʘ ʟʘʜʦʚʦˀʠ ʫʩʣʦʚ ʢʦʥʟʠʩʪʝʥʪʥʦʩʪʠ: 

h(s) Ò c(s, sô) + h(sô) ʟʘ ʩʚʘʢʦ s  ɴS ʠ s Í sgoal, ʛʜʝ sô  ɴSucc(s) ʠ h(s) = 0 ʟʘ s = sgoal, ʛʜʝ 

c(s, sô) ʦʟʥʘʯʘʚʘ ʮʝʥʫ ʧʫʪʘˁʝ ʦʜ s ʜʦ sô ʠ ʠʤʘ ʧʦʟʠʪʠʚʥʫ ʚʨʝʜʥʦʩʪ; ʢʦʥʟʠʩʪʝʥʪʥʦʩʪ 

ʭʝʫʨʠʩʪʠʯʢʝ ʬʫʥʢʮʠʿʝ ʛʘʨʘʥʪʫʿʝ ʜʘ h(s) ʥʠʿʝ ʥʠʢʘʜʘ ʚʝ˂ʝ ʦʜ ʩʪʚʘʨʥʝ ʮʝʥʝ ʧʫʪʘˁʝ ʦʜ 

s ʜʦ sgoal [31,52-54]; 
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¶ f(s) = g(s) + h(s) ï ʬʫʥʢʮʠʿʘ Ăʢˀʫʯʘñ ʠʣʠ ʩʘʤʦ Ăʢˀʫʯñ, ʧʨʝʜʩʪʘʚˀʘ ʘʢʪʫʝʣʥʫ 

ʤʠʥʠʤʘʣʥʫ ʮʝʥʫ ʧʫʪʘʝˁ ʦʜ ʯʚʦʨʘ sstart ʜʦ ʯʚʦʨʘ sgoal ʢʦʿʘ ʠʜʝ ʧʨʝʢʦ ʯʚʦʨʘ s 

[24,31,32]; 

¶ Ăʧʦʢʘʟʠʚʘʯñ ʯʚʦʨʘ s - ʫʢʘʟʫʿʝ ʥʘ ʿʝʜʘʥ ʦʜ ʯʚʦʨʦʚʘ ʠʟ ʩʢʫʧʘ Pred(s) ʧʨʝʢʦ ʢʦʿʝʛ ʿʝ 

ʠʟʚʝʜʝʥʦ g(s); ʧʦʢʘʟʠʚʘʯ ʯʚʦʨʘ s ʩʝ ʢʘʦ ʠ g(s) ʤʦʞʝ ʤʝˁʘʪʠ (ʘʞʫʨʠʨʘʪʠ) ʚʠʝh ʧʫʪʘ 

ʫ ʪʦʢʫ ʨʘʜʘ ʘʣʛʦʨʠʪʤʘ; ʧʦʢʘʟʠʚʘʯʠ ʩʣʫʞʝ ʜʘ ʩʝ ʥʘʢʦʥ ʟʘʚʨʰʝʪʢʘ ʧʨʦʨʘʯʫʥʘ ʧʫʪʘˁʝ 

ˁʠʭʦʚʠʤ ʩʫʢʮʝʩʠʚʥʠʤ ʧʦʚʝʟʠʚʘˁʝʤ ʦʜ sgoal ʜʦ sstart ʬʦʨʤʠʨʘ ʠʟʨʘʯʫʥʘʪʘ ʧʫʪʘˁʘ 

ʢʦʿʫ ʪʨʝʙʘ ʜʘ ʩʣʝʜʠ ʨʦʙʦʪ ʪʦʢʦʤ ʢʨʝʪʘˁʘ. 

 

ʇʦʨʝʜ ʛʦʨʝ ʥʘʚʝʜʝʥʠʭ ʬʫʥʢʮʠʿʘ, ɸ* ʘʣʛʦʨʠʪʘʤ ʫ ʪʦʢʫ ʨʘʜʘ ʬʦʨʤʠʨʘ ʠ ʦʜʨʞʘʚʘ 

(ʘʞʫʨʠʨʘ) ʩʢʫʧ ʯʚʦʨʦʚʘ OPEN. ɼʘ ʙʠʩʤʦ ʦʙʿʘʩʥʠʣʠ ʩʚʨʭʫ ʬʦʨʤʠʨʘˁʘ ʩʢʫʧʘ OPEN 

ʫʚʝʜʠʤʦ ʧʦʿʘʤ ʠʥʢʦʥʟʠʩʪʝʥʮʠʿʝ ʢʦʿʠ ʿʝ ʙʠʪʘʥ ʟʘ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ɸ* ʘʣʛʦʨʠʪʤʘ, ʘʣʠ ʠ ʟʘ 

ˁʝʛʦʚʦ ʧʨʦʰʠʨʝˁʝ ʥʘ ʜʨʫʛʝ ʘʣʛʦʨʠʪʤʝ ʢʦʿʠ ʢʦʨʠʩʪʝ ʦʚʫ ʦʩʦʙʠʥʫ ʯʚʦʨʦʚʘ ʫ ʧʨʦʮʝʩʫ 

ʧʨʦʨʘʯʫʥʘ ʧʫʪʘˁʝ. ʏʚʦʨ s ʢʦʜ ɸ*  ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʘʿʝ ʠʥʢʦʥʟʠʩʪʝʥʪʘʥ ʘʢʦ ʜʦʹʝ ʜʦ ʩʤʘˁʝˁʘ 

ʘʢʪʫʝʣʥʝ ʚʨʝʜʥʦʩʪʠ ʮʝʥʝ ʧʫʪʘˁʝ g(s) [31]. ʇʨʝʪʧʦʩʪʘʚʠʤʦ ʜʘ ʿʝ ʯʚʦʨ s Ăʥʘʿʙʦˀʠñ 

ʧʨʝʪʭʦʜʥʠʢ ʯʚʦʨʘ sô ʪʿ. ʜʘ ʚʘʞʠ g(sô) = g(s) + c(s, sô). ɸʢʦ ʩʝ g(s) ʩʤʘˁʠ ʙʠ˂ʝ g(sô) > g(s) + 

c(s, sô). ɼʨʫʛʠʤ ʨʝʯʠʤʘ, ʩʤʘˁʝˁʝ ʚʨʝʜʥʦʩʪʠ g(s) ʜʦʚʦʜʠ ʜʦ ʪʨʘʥʟʠʮʠʿʝ ʠʥʢʦʥʟʠʩʪʝʥʮʠʿʝ 

ʠʟʤʝʹʫ ʯʚʦʨʘ s ʠ ʥʝʢʠʭ ˁʝʛʦʚʠʭ ʥʘʩʣʝʜʥʠʢʘ. ʉʢʫʧ OPEN ʩʘʜʨʞʠ ʩʚʝ ʠʥʢʦʥʟʠʩʪʝʥʪʥʝ 

ʯʚʦʨʦʚʝ ʜʝʪʝʢʪʦʚʘʥʝ ʜʦ ʧʦʩʤʘʪʨʘʥʦʛ ʪʨʝʥʫʪʢʘ ʦʙʨʘʜʝ ʛʨʘʬʘ, ʢʦʿʠ ʩʫ ʢʘʥʜʠʜʘʪʠ ʟʘ ʜʘˀʝ 

ʧʨʦʮʝʩʫʠʨʘˁʝ ʫ ʩʤʠʩʣʫ ʧʨʦʧʘʛʘʮʠʿʝ ʠʥʢʦʥʟʠʩʪʝʥʮʠʿʝ. ʇʩʝʫʜʦʢʦʜ ʦʩʥʦʚʥʝ ʚʝʨʟʠʿʝ ɸ* 

ʘʣʛʦʨʠʪʤʘ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʉʣʠʮʠ 2 [55]. 

 

 

 
 

ʉʣʠʢʘ 2. ɸ* ʘʣʛʦʨʠʪʘʤ [55]. 

 

 

ʇʨʠ ʠʥʠʮʠʿʘʣʠʟʘʮʠʿʠ A* ʘʣʛʦʨʠʪʤʘ (ʣʠʥʠʿʝ 7.-11. ʧʩʝʫʜʦʢʦʜʘ) ʜʝʬʠʥʠʰʝ ʩʝ ʜʘ ʿʝ 

g(sstart)=0, ʜʦʢ ʩʝ ʟʘ ʧʦʯʝʪʥʫ ʚʨʝʜʥʦʩʪ ʮʝʥʝ ʧʫʪʘˁʝ ʩʚʠʭ ʦʩʪʘʣʠʭ ʯʚʦʨʦʚʘ ʫʩʚʘʿʘ Ð. ʊʘʢʦʹʝ 

ʩʝ ʬʦʨʤʠʨʘ ʩʢʫʧ OPEN ʫ ʢʦʿʠ ʩʝ ʠʥʩʝʨʪʫʿʝ ʯʚʦʨ sstart. 

 

ɻʝʥʝʨʘʣʥʠ ʧʨʠʥʮʠʧ ʬʦʨʤʠʨʘˁʘ ʮʝʥʝ ʧʫʪʘˁʝ ʦʙʿʘʰˁʝʥ ʿʝ ʫ ʧʨʝʪʭʦʜʥʦʤ ʜʝʣʫ 

ʪʝʢʩʪʘ. ʇʦʰʪʦ g(s) ʧʨʝʜʩʪʘʚˀʘ ʪʨʝʥʫʪʥʦ ʚʘʞʝ˂ʫ ʤʠʥʠʤʘʣʥʫ ʮʝʥʫ ʧʫʪʘˁʝ ʦʜ ʩʪʘʨʪʥʦʛ 

ʯʚʦʨʘ ʜʦ ʯʚʦʨʘ s, ʘ h(s) ʧʨʦʮʝʥʫ ʤʠʥʠʤʘʣʥʝ ʮʝʥʝ ʧʫʪʘ ʦʜ ʯʚʦʨʘ s ʜʦ ʮʠˀʥʦʛ ʯʚʦʨʘ, ʪʦ 
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ʬʫʥʢʮʠʿʘ f(s) = g(s) + h(s) ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʮʝʥʫ ʤʠʥʠʤʘʣʥʝ ʮʝʥʝ ʧʫʪʘ ʧʫʪʘˁʝ ʦʜ ʩʪʘʨʪʥʦʛ 

ʜʦ ʮʠˀʥʦʛ ʯʚʦʨʘ ʢʦʿʠ ʠʜʝ ʧʨʝʢʦ ʯʚʦʨʘ s.  

 

A* ʘʣʛʦʨʠʪʘʤ ʫ ʩʚʘʢʦʤ ʢʦʨʘʢʫ ʧʨʦʨʘʯʫʥʘ ʧʫʪʘˁʝ ʙʨʠʰʝ ʠʟ ʩʢʫʧʘ OPEN ʯʚʦʨ s ʩʘ 

ʥʘʿʤʘˁʦʤ ʚʨʝʜʥʦʰ˂ʫ ʢˀʫʯʘ (ʣʠʥʠʿʘ 2.) ʠ ʧʨʦʚʝʨʘʚʘ ʠ ʘʢʦ ʟʘ ʪʦ ʧʦʩʪʦʿʝ ʫʩʣʦʚʠ ʘʞʫʨʠʨʘ 

(ʩʤʘˁʫʿʝ) ʮʝʥʫ ʧʫʪʘ ʩʚʘʢʦʛ ʦʜ ˁʝʛʦʚʠʭ ʩʫʩʝʜʘ, ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʯʚʦʨʦʚʘ ʥʘʩʣʝʜʥʠʢʘ (ʣʠʥʠʿʝ 

3.-5.). ʏʚʦʨ sô ʩʫʩʝʜ ʯʚʦʨʘ s ʧʦʩʪʘʿʝ ˁʝʛʦʚ ʥʘʩʣʝʜʥʠʢ ʘʢʦ ʩʝ ʪʦʢʦʤ ʦʚʝ ʦʧʝʨʘʮʠʿʝ ʠʩʧʦʩʪʘʚʠ 

ʜʘ ʫ ʪʦʤ ʪʨʝʥʫʪʢʫ ʠʟʨʘʯʫʥʘʪʘ ʥʘʿʢʨʘ˂ʘ ʧʫʪʘˁʘ ʦʜ sstart ʜʦ sô ʠʜʝ ʧʨʝʢʦ s. ʇʨʠ ʦʚʦʤ ʧʨʦʮʝʩʫ 

ʥʝʦʧʭʦʜʥʦ ʿʝ ʘʞʫʨʠʨʘʪʠ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʧʦʢʘʟʠʚʘʯʝ. ʉʚʘʢʦʛ ʩʫʩʝʜʘ ʯʚʦʨʘ s ʯʠʿʘ ʮʝʥʘ ʧʫʪʘ 

ʿʝ ʪʦʤ ʧʨʠʣʠʢʦʤ ʩʤʘˁʝʥʘ ʘʣʛʦʨʠʪʘʤ ʧʨʦʛʣʘʰʘʚʘ ʠʥʢʦʥʟʠʩʪʝʥʪʥʠʤ ʠ ʢʘʪʝʛʦʨʠʰʝ ʛʘ ʢʘʦ 

ʯʣʘʥʘ ʩʢʫʧʘ OPEN ʫʟ ʠʩʪʦʚʨʝʤʝʥʦ ʘʞʫʨʠʨʘˁʝ ˁʝʛʦʚʦʛ ʢˀʫʯʘ (ʣʠʥʠʿʘ 6.). 

ʀʥʢʦʥʟʠʩʪʝʥʮʠʿʘ ʩʝ ʥʘ ʦʚʘʿ ʥʘʯʠʥ ʰʠʨʠ, ʯʠʤʝ ʩʝ ʦʙʝʟʙʝʹʫʿʝ ʜʘ ʩʝ ʯʚʦʨʦʚʠʤʘ ʢʦʿʠ ʩʝ 

ʦʙʨʘʹʫʿʫ ʫʚʝʢ ʜʦʜʝˀʫʿʝ ʥʘʿʤʘˁʘ ʮʝʥʘ ʧʫʪʘˁʝ ʧʨʦʥʘʹʝʥʘ ʜʦ ʪʦʛ ʪʨʝʥʫʪʢʘ. ɼʨʫʛʠʤ ʨʝʯʠʤʘ, 

ʘʣʛʦʨʠʪʘʤ ʪʘʢʦ ʰʠʨʠ ʩʪʘʙʣʦ ʧʫʪʘˁʘ ʥʘʿʤʘˁʠʭ ʮʝʥʘ ʦʜ ʩʪʘʨʪʥʦʛ ʯʚʦʨʘ ʜʦ ʦʙʨʘʹʝʥʠʭ 

ʯʚʦʨʦʚʘ ʩʚʝ ʜʦʢ ʥʝ ʜʦʹʝ ʜʦ ʮʠˀʥʦʛ ʯʚʦʨʘ. ɿʘʪʦ ʩʝ ʟʘ ʯʚʦʨʦʚʝ ʠʟʙʨʠʩʘʥʝ ʠʟ ʩʢʫʧʘ OPEN ʠ 

ʧʨʦʮʝʩʫʠʨʘʥʝ ʥʘ ʦʚʘʿ ʥʘʯʠʥ (ʣʠʥʠʿʝ 2.-6.) ʢʘʞʝ ʜʘ ʩʫ ʧʨʦʰʠʨʝʥʠ (expanded), ʘ ʩʘʤ 

ʧʦʩʪʫʧʘʢ ʟʦʚʝ ʩʝ ʰʠʨʝˁʝ ʯʚʦʨʘ [31]. ʋ ʪʦʢʫ ʨʘʜʘ ʘʣʛʦʨʠʪʤʘ ʿʝʜʘʥ ʠʩʪʠ ʯʚʦʨ ʤʦʞʝ ʙʠʪʠ 

ʠʥʩʝʨʪʦʚʘʥ ʫ ʩʢʫʧ OPEN ʠ ʧʨʦʰʠʨʝʥ ʚʠʰʝ ʧʫʪʘ. ɹʨʦʿ ʧʨʦʰʠʨʝʥʠʭ ʯʚʦʨʦʚʘ ʿʝ ʩʪʘʥʜʘʨʜʥʠ 

ʧʦʩʪʫʧʘʢ ʟʘ ʘʥʘʣʠʟʫ ʝʬʠʢʘʩʥʦʩʪʠ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʫ ʨʦʙʦʪʠʮʠ ʙʘʟʠʨʘʥʠʭ 

ʥʘ ʦʙʨʘʜʠ ʛʨʘʬʦʚʘ [32]. 

  

ʇʨʠʦʨʠʪʠʟʘʮʠʿʘ ʯʚʦʨʦʚʘ ʫ ʩʢʫʧʫ OPEN ʧʨʠ ʧʨʦʮʝʩʫ ʰʠʨʝˁʘ ʚʨʰʠ ʩʝ ʥʘ ʦʩʥʦʚʫ 

ʥʘʿʤʘˁʝ ʚʨʝʜʥʦʩʪʠ ʬʫʥʢʮʠʿʝ Ăʢˀʫʯʘñ f(s), ʢʘʢʦ ʙʠ ʩʝ ʫ ʩʚʘʢʦʤ ʢʦʨʘʢʫ ʢʘʦ ʥʘʨʝʜʥʠ ʰʠʨʠʦ 

ʯʚʦʨ ʟʘ ʢʦʿʠ ʧʦʩʪʦʿʠ ʥʘʿʚʝ˂ʠ ʠʟʛʣʝʜ ʜʘ ʧʨʠʧʘʜʘ ʥʘʿʢʨʘ˂ʦʿ ʧʫʪʘˁʠ ʦʜ ʩʪʘʨʪʥʦʛ ʜʦ ʮʠˀʥʦʛ 

ʯʚʦʨʘ. ʇʨʦʮʝʩ ʘʞʫʨʠʨʘˁʘ ʩʢʫʧʘ OPEN ʠ ʰʠʨʝˁʘ ʯʚʦʨʦʚʘ ʠʟ ʪʦʛ ʩʢʫʧʘ ʪʨʘʿʝ ʩʚʝ ʜʦʢ ʩʝ ʥʝ 

ʠʩʧʫʥʠ ʫʩʣʦʚ ʟʘ ʪʝʨʤʠʥʘʮʠʿʫ ʨʘʜʘ ʘʣʛʦʨʠʪʤʘ (ʣʠʥʠʿʘ 1.). ʆʧʠʩʘʥʠ ʧʨʦʮʝʩ ʛʘʨʘʥʪʫʿʝ 

ʜʦʙʠʿʘˁʝ ʧʫʪʘˁʝ ʦʜ sstart ʜʦ sgoal ʩʘ ʥʘʿʤʘˁʦʤ ʮʝʥʦʤ [52,55]. ʂʘʜʘ ʘʣʛʦʨʠʪʘʤ ʟʘʚʨʰʠ ʨʘʜ 

ʩʫʢʮʝʩʠʚʥʠʤ ʧʦʚʝʟʠʚʘˁʝʤ ʧʦʢʘʟʠʚʘʯʘ ʦʜ sgoal ʜʦ sstart ʬʦʨʤʠʨʘ ʩʝ ʠʟʨʘʯʫʥʘʪʘ ʧʫʪʘˁʘ.  

 

ʆʩʚʨʥʠʤʦ ʩʝ ʥʘ ʢʨʘʿʫ ʦʚʦʛ ʧʦʛʣʘʚˀʘ ʥʘ ʫʣʦʛʫ ʭʝʫʨʠʩʪʠʯʢʝ ʬʫʥʢʮʠʿʝ ʫ ʧʣʘʥʠʨʘˁʫ 

ʧʫʪʘˁʝ ʧʨʠʤʝʥʦʤ ɸ* ʘʣʛʦʨʠʪʤʘ. ɳʝʥʘ ʦʩʥʦʚʥʘ ʥʘʤʝʥʘ ʿʝ ʜʘ ʫ ʪʦʢʫ ʨʘʜʘ ʘʣʛʦʨʠʪʤʘ 

ʦʙʝʟʙʝʜʠ ʜʦʜʘʪʥʝ ʠʥʬʦʨʤʘʮʠʿʝ (ʧʨʦʮʝʥʫ ʫʜʘˀʝʥʦʩʪʠ ʯʚʦʨʘ ʢʦʿʠ ʩʝ ʠʩʧʠʪʫʿʝ ʦʜ ʮʠˀʥʦʛ 

ʯʚʦʨʘ) ʢʦʿʝ ʪʨʝʙʘ ʜʘ ʫʥʘʧʨʝʜʝ ʧʨʦʮʝʩ ʧʨʦʨʘʯʫʥʘ ʧʫʪʘˁʝ ʫ ʩʤʠʩʣʫ ʜʘ ʩʝ ʩʢʨʘʪʠ ʚʨʝʤʝ 

ʦʙʨʘʜʝ ʛʨʘʬʘ. ʍʝʫʨʠʩʪʠʯʢʘ ʬʫʥʢʮʠʿʘ ʬʦʢʫʩʠʨʘ ʦʙʨʘʜʫ ʛʨʘʬʘ ʫ ʩʤʠʩʣʫ ʜʘ ʩʝ Ăʩʪʘʙʣʦ 

ʧʫʪʘˁʘñ ʫʩʤʝʨʘʚʘ ʧʨʝʤʘ ʮʠˀʥʦʤ ʯʚʦʨʫ. ʀʟ ʥʘʚʝʜʝʥʠʭ ʨʘʟʣʦʛʘ ʩʝ ʟʘ ʘʣʛʦʨʠʪʤʝ ʢʦʿʠ 

ʢʦʨʠʩʪʝ ʭʝʫʨʠʩʪʠʯʢʫ ʬʫʥʢʮʠʿʫ ʢʘʞʝ ʜʘ ʧʨʠʧʘʜʘʿʫ ʢʣʘʩʠ ʘʣʛʦʨʠʪʘʤʘ ʢʦʿʠ ʚʨʰʝ ʪʟʚ. 

Ăʠʥʬʦʨʤʠʩʘʥʫñ ʦʙʨʘʜʫ ʛʨʘʬʘ, ʜʦʢ ʩʝ ʟʘ ʘʣʛʦʨʠʪʤʝ ʢʦʿʠ ʥʝ ʢʦʨʠʩʪʝ ʭʝʫʨʠʩʪʠʯʢʫ ʬʫʥʢʮʠʿʫ 

ʢʘʞʝ ʜʘ ʧʨʠʧʘʜʘʿʫ ʢʣʘʩʠ ʘʣʛʦʨʠʪʘʤʘ ʢʦʿʠ ʚʨʰʝ ʪʟʚ. Ăʥʝʠʥʬʦʨʤʠʩʘʥʫñ ʦʙʨʘʜʫ ʛʨʘʬʘ 

(ʪʠʧʠʯʘʥ ʧʨʝʜʩʪʘʚʥʠʢ ʦʚʝ ʢʣʘʩʝ ʘʣʛʦʨʠʪʘʤʘ ʿʝ Dijkstra ʘʣʛʦʨʠʪʘʤ). ʆʙʨʘʜʘ ʛʨʘʬʘ 

ʧʨʠʤʝʥʦʤ ʭʝʫʨʠʩʪʠʯʢʝ ʬʫʥʢʮʠʿʝ (ʢʦʿʘ ʟʘʜʦʚʦˀʘʚʘ ʫʩʣʦʚ ʢʦʥʟʠʩʪʝʥʪʥʦʩʪʠ) ʛʘʨʘʥʪʫʿʝ 

ʜʦʙʠʿʘˁʝ ʦʧʪʠʤʘʣʥʝ ʧʫʪʘˁʝ ʪʿ. ʧʫʪʘˁʝ ʩʘ ʥʘʿʤʘˁʦʤ ʮʝʥʦʤ ʢʘʦ ʠ ʫ ʩʣʫʯʘʿʫ ʥʝʠʥʬʦʨʤʠʩʘʥʝ 

ʦʙʨʘʜʝ, ʧʨʠ ʯʝʤʫ ʘʣʛʦʨʠʪʘʤ ʠʩʧʠʪʫʿʝ ʤʥʦʛʦ ʤʘˁʝ ʯʚʦʨʦʚʘ ʥʝʛʦ ʫ ʩʣʫʯʘʿʫ ʥʝʠʥʬʦʨʤʠʩʘʥʝ 

ʦʙʨʘʜʝ [31,32,52]. ʍʝʫʨʠʩʪʠʯʢʘ ʬʫʥʢʮʠʿʘ ʩʝ ʤʦʞʝ ʧʦʥʜʝʨʠʩʘʪʠ ʪʝʞʠʥʩʢʠʤ ʬʘʢʪʦʨʦʤ Ů>1 

ʢʘʢʦ ʙʠ ʩʝ ʜʦʜʘʪʥʦ ʫʙʨʟʘʣʘ ʦʙʨʘʜʘ ʛʨʘʬʘ. ʂʦʨʠʰ˂ʝˁʝ ʭʝʫʨʠʩʪʠʯʢʝ ʬʫʥʢʮʠʿʝ ʧʦʥʜʝʨʠʩʘʥʝ 

ʪʝʞʠʥʩʢʠʤ ʬʘʢʪʦʨʦʤ Ů>1 ʫʙʨʟʘʚʘ ʦʙʨʘʜʫ ʛʨʘʬʘ, ʘʣʠ ʜʘʿʝ Ů-ʩʫʙʦʧʪʠʤʘʣʥʦ ʨʝʰʝˁʝ 

[31,32,52]. ʋ ʪʦʤ ʩʣʫʯʘʿʫ ɸ* ʘʣʛʦʨʠʪʘʤ ʛʘʨʘʥʪʫʿʝ ʜʦʙʠʿʘˁʝ ʩʫʙʦʧʪʠʤʘʣʥʝ ʧʫʪʘˁʝ ʯʠʿʘ ʮʝʥʘ 

ʥʠʿʝ ʚʠʰʝ ʦʜ Ů ʧʫʪʘ ʚʝ˂ʘ ʦʜ ʮʝʥʝ ʦʧʪʠʤʘʣʥʝ ʧʫʪʘˁʝ (ʧʫʪʘˁʝ ʩʘ ʥʘʿʤʘˁʦʤ ʮʝʥʦʤ) 

[31,32,52]. ʐʪʦ ʿʝ ʚʝ˂ʝ Ů ʚʝ˂ʠ ʿʝ ʫʜʝʦ ʭʝʫʨʠʩʪʠʯʢʝ ʬʫʥʢʮʠʿʝ ʫ ʚʨʝʜʥʦʩʪʠ ʢˀʫʯʘ ʫ ʦʜʥʦʩʫ 

ʥʘ g(s), ʪʝ ʩʝ ʥʘ ʪʘʿ ʥʘʯʠʥ Ăʩʪʘʙʣʦ ʧʫʪʘˁʘñ ʚʠʰʝ ʬʦʢʫʩʠʨʘ ʧʨʝʤʘ ʮʠˀʥʦʤ ʯʚʦʨʫ. 

 

ɿʘ ʭʝʫʨʠʩʪʠʯʢʫ ʬʫʥʢʮʠʿʫ ʪʿ. ʧʨʦʮʝʥʫ ʤʠʥʠʤʘʣʥʝ ʮʝʥʝ ʧʫʪʘʝˁ ʯʚʦʨʘ s ʦʜ ʮʠˀʥʦʛ 

ʯʚʦʨʘ (sgoal) ʤʦʞʝ ʩʝ ʫʟʝʪʠ ɽʫʢʣʠʜʦʚʘ ʫʜʘˀʝʥʦʩʪ ʪʘ ʜʚʘ ʯʚʦʨʘ, ʟʘʪʠʤ ʚʝ˂ʘ ʚʨʝʜʥʦʩʪ ʦʜ 
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ʩʣʝʜʝ˂ʝ ʜʚʝ - ʫʜʘˀʝʥʦʩʪ ʯʚʦʨʘ s ʦʜ sgoal ʧʦ ʭʦʨʠʟʦʥʪʘʣʥʦʿ (x) ʦʩʠ ʠ ʧʦ ʚʝʨʪʠʢʘʣʥʦʿ (y) ʦʩʠ 

[54], ʠʪʜ. ʋ ʩʚʘʢʦʤ ʩʣʫʯʘʿʫ, ʭʝʫʨʠʩʪʠʯʢʘ ʬʫʥʢʮʠʿʘ ʟʙʦʛ ʧʨʘʚʠʣʥʦʩʪʠ ʦʙʨʘʜʝ ʛʨʘʬʘ ʠ 

ʛʘʨʘʥʮʠʿʝ ʜʦʙʠʿʘˁʘ ʦʧʪʠʤʘʣʥʦʛ ʨʝʰʝˁʘ, ʤʦʨʘ ʜʘ ʟʘʜʦʚʦˀʠ ʫʩʣʦʚ ʢʦʥʟʠʩʪʝʥʪʥʦʩʪʠ 

ʥʘʚʝʜʝʥ ʫ ʦʧʠʩʫ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ɸ* ʘʣʛʦʨʠʪʤʘ. 

 

ɽʬʝʢʪʠ ʫʚʦʹʝˁ ʘ ʭʝʫʨʠʩʪʠʯʢʝ ʬʫʥʢʮʠʿʝ ʥʘ ʧʨʦʮʝʩ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʠʣʫʩʪʨʘʪʠʚʥʦ 

ʩʫ ʧʨʠʢʘʟʘʥʠ ʥʘ ʉʣʠʮʠ 3 [56]. ʉʪʘʨʪʥʝ ʧʦʟʠʮʠʿʝ ʩʫ ʧʨʠʢʘʟʘʥʝ ʨʦʟʝ ʙʦʿʦʤ, ʘ ʮʠˀʥʝ ʧʦʟʠʮʠʿʝ 

ʪʘʤʥʦ ʧʣʘʚʦʤ ʙʦʿʦʤ. ʉʚʘʢʘ ˂ʝʣʠʿʘ ʢʦʿʘ ʥʠʿʝ ʩʠʚʝ ʙʦʿʝ ʿʝ ʧʨʦʮʝʩʫʠʨʘʥʘ ʫ ʪʦʢʫ ʧʨʦʨʘʯʫʥʘ 

ʧʫʪʘˁʝ. ʂʦʜ Dijkstra ʘʣʛʦʨʠʪʤʘ, ʰʪʦ ʿʝ ˂ʝʣʠʿʘ ʩʚʝʪʣʠʿʝ ʥʠʿʘʥʩʝ ʧʣʘʚʝ ʙʦʿʝ ʪʦ ʟʥʘʯʠ ʜʘ ʿʝ 

ʩʚʝ ʫʜʘˀʝʥʠʿʘ ʦʜ ʩʪʘʨʪʥʝ ʧʦʟʠʮʠʿʝ, ʚʠʟʫʝʣʠʟʫʿʫ˂ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʰʠʨʝˁʝ ʬʨʦʥʪʘ 

ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʧʫʪʘˁʘ ʪʦʢʦʤ ʧʨʦʨʘʯʫʥʘ ʧʫʪʘˁʝ ʜʦʢ ʩʝ ʥʝ ʜʦʹʝ ʜʦ ʮʠˀʥʝ ʧʦʟʠʮʠʿʝ. A*  

ʘʣʛʦʨʠʪʘʤ ʫ ʪʦʢʫ ʧʨʦʨʘʯʫʥʘ ʧʫʪʘˁʝ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʫʜʘˀʝʥʦʩʪ ˂ʝʣʠʿʝ ʠ ʦʜ ʩʪʘʨʪʥʝ ʠ ʦʜ 

ʮʠˀʥʝ ʧʦʟʠʮʠʿʝ, ʰʪʦ ʿʝ ʥʘ ʩʣʠʮʠ ʚʠʟʫʝʣʠʟʦʚʘʥʦ ʢʦʨʠʰ˂ʝˁʝʤ ʜʚʝ ʙʦʿʝ. ɺʝ˂ʠ ʠʥʪʝʥʟʠʪʝʪ 

ʞʫʪʝ ʙʦʝʿ ʦʟʥʘʯʘʚʘ ʚʝ˂ʫ ʫʜʘˀʝʥʦʩʪ ˂ʝʣʠʿʝ ʦʜ ʮʠˀʥʝ ʧʦʟʠʮʠʿʝ (ʪʿ. ʚʝ˂ʫ ʚʨʝʜʥʦʩʪ 

ʭʝʫʨʠʩʪʠʯʢʝ ʬʫʥʢʮʠʿʝ), ʘ ʚʝ˂ʠ ʠʥʪʝʥʟʠʪʝʪ ʧʣʘʚʝ ʙʦʿʝ ʦʟʥʘʯʘʚʘ ʚʝ˂ʫ ʫʜʘˀʝʥʦʩʪ ˂ʝʣʠʿʝ ʦʜ 

ʩʪʘʨʪʥʝ ʧʦʟʠʮʠʿʝ. ɸ* ʫ ʪʦʢʫ ʧʨʦʨʘʯʫʥʘ ʧʫʪʘˁʝ ʠʜʫ˂ʠ ʦʜ ʩʪʘʨʪʥʝ ˂ʝʣʠʿʝ ʧʨʝʤʘ ʮʠˀʥʦʿ 

Ăʪʨʘʛʘñ ʟʘ ˂ʝʣʠʿʘʤʘ ʯʠʿʠ ʿʝ ʟʙʠʨ ʦʚʝ ʜʚʝ ʫʜʘˀʝʥʦʩʪʠ ʤʠʥʠʤʘʣʘʥ, ʰʪʦ ʿʝ ʥʘ ʩʣʠʮʠ 

ʠʣʫʩʪʨʘʪʠʚʥʦ ʧʨʠʢʘʟʘʥʦ ʧʦʩʪʝʧʝʥʠʤ ʩʤʘˁʝˁʝʤ ʠʥʪʝʥʟʠʪʝʪʘ ʞʫʪʝ ʠ ʿʘʯʘˁʝʤ ʠʥʪʝʥʟʠʪʝʪʘ 

ʧʣʘʚʝ ʙʦʿʝ. ʂʘʦ ʨʝʟʫʣʪʘʪ ʜʦʙʠʿʝ ʩʝ ʜʘ ʿʝ ʙʨʦʿ ʧʨʦʮʝʩʫʠʨʘʥʠʭ ˂ʝʣʠʿʘ ʧʨʠ ʧʨʦʨʘʯʫʥʫ ʧʫʪʘˁʝ 

ʟʥʘʯʘʿʥʦ ʤʘˁʠ ʢʦʜ ʧʨʠʤʝʥʝ ɸ* ʘʣʛʦʨʠʪʤʘ, ʥʝʛʦ ʫ ʩʣʫʯʘʿʫ ʧʨʠʤʝʥʝ Dijkstra ʘʣʛʦʨʠʪʤʘ.  

 

 

      
ʘ) Dijkstra ʘʣʛʦʨʠʪʘʤ (ʣʝʚʦ ï ʩʮʝʥʘʨʠʦ ʙʝʟ ʧʨʝʧʨʝʢʝ, ʜʝʩʥʦ ï ʩʮʝʥʘʨʠʦ ʩʘ ʧʨʝʧʨʝʢʦʤ) 

 

      
ʙ) ɸ* ʘʣʛʦʨʠʪʘʤ (ʣʝʚʦ ï ʩʮʝʥʘʨʠʦ ʙʝʟ ʧʨʝʧʨʝʢʝ, ʜʝʩʥʦ ï ʩʮʝʥʘʨʠʦ ʩʘ ʧʨʝʧʨʝʢʦʤ) 

 

ʉʣʠʢʘ 3. ʀʣʫʩʪʨʘʪʠʚʥʠ ʧʨʠʢʘʟ ʧʣʘʥʠʨʘˁʘ ʧʫʪʘˁʝ ʙʝʟ ʢʦʨʠʰ˂ʝˁʘ ʭʝʫʨʠʩʪʠʯʢʝ ʬʫʥʢʮʠʿʝ 

(Dijkstra ʘʣʛʦʨʠʪʘʤ) ʠ ʩʘ ʢʦʨʠʰ˂ʝˁʝʤ ʭʝʫʨʠʩʪʠʯʢʝ ʬʫʥʢʮʠʿʝ (ɸ* ʘʣʛʦʨʠʪʘʤ). ʉʪʘʨʪʥʝ 

ʧʦʟʠʮʠʿʝ ʩʫ ʧʨʠʢʘʟʘʥʝ ʨʦʟʝ ʙʦʿʦʤ, ʘ ʮʠˀʥʝ ʧʦʟʠʮʠʿʝ ʪʘʤʥʦ ʧʣʘʚʦʤ ʙʦʿʦʤ [56] . 
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ʅʘ ʉʣʠʮʠ 4. ʧʨʠʢʘʟʘʥ ʿʝ ʧʨʠʤʝʨ ʪʝʩʪʠʨʘˁʘ ʢʦʜʦʚʘ ʘʣʛʦʨʠʪʘʤʘ Dijkstra ʠ A*, 

ʫʨʘʹʝʥʠʭ ʫ ʩʢʣʦʧʫ ʠʩʪʨʘʞʠʚʘˁʘ ʦʙʫʭʚʘ˂ʝʥʠʭ ʜʠʩʝʨʪʘʮʠʿʦʤ, ʛʜʝ ʩʝ ʪʘʢʦʹʝ ʤʦʞʝ ʚʠʜʝʪʠ 

ʝʬʝʢʘʪ ʫʚʦʹʝˁʘ ʭʝʫʨʠʩʪʠʯʢʝ ʬʫʥʢʮʠʿʝ ʥʘ ʧʨʦʮʝʩ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ.   

 

  

     
ʘ) Dijkstra ʘʣʛʦʨʠʪʘʤ (ʣʝʚʦ ï ʩʪʘʙʣʦ ʧʫʪʘˁʘ ʧʨʠ ʦʙʨʘʜʠ ʛʨʘʬʘ, ʜʝʩʥʦ ï ʠʟʨʘʯʫʥʘʪʘ 

ʧʫʪʘˁʘ) 

  

     
ʙ) ɸ* ʘʣʛʦʨʠʪʘʤ (ʣʝʚʦ ï ʩʪʘʙʣʦ ʧʫʪʘˁʘ ʧʨʠ ʦʙʨʘʜʠ ʛʨʘʬʘ, ʜʝʩʥʦ ï ʠʟʨʘʯʫʥʘʪʘ ʧʫʪʘˁʘ) 

 

ʉʣʠʢʘ 4. ʇʨʠʤʝʨ ʪʝʩʪʠʨʘˁʘ ʢʦʜʦʚʘ ʘʣʛʦʨʠʪʘʤʘ Dijkstra ʠ A* ʫʨʘʹʝʥʠʭ ʫ ʩʢʣʦʧʫ 

ʠʩʪʨʘʞʠʚʘˁʘ ʦʙʫʭʚʘ˂ʝʥʠʭ ʜʠʩʝʨʪʘʮʠʿʦʤ. ʉʪʘʨʪʥʝ ʧʦʟʠʮʠʿʝ ʩʫ ʦʟʥʘʯʝʥʝ ʮʨʚʝʥʠʤ 

ʢʨʫʞʠ˂ʠʤʘ, ʘ ʮʠˀʥʝ ʧʦʟʠʮʠʿʝ ʧʣʘʚʠʤ ʢʨʫʞʠ˂ʠʤʘ.  

 

 

ʉʘ ʉʣʠʢʝ 4. ʩʝ ʤʦʞʝ ʧʨʠʤʝʪʠʪʠ ʜʘ ʩʝ ʪʦʢʦʤ ʧʨʦʨʘʯʫʥʘ ʧʫʪʘˁʝ ʧʨʠʤʝʥʦʤ ɸ* 

ʘʣʛʦʨʠʪʤʘ ʬʦʨʤʠʨʘ ʟʥʘʪʥʦ ʫʞʝ ʩʪʘʙʣʦ ʧʫʪʘˁʘ, ʥʝʛʦ ʫ ʩʣʫʯʘʿʫ ʧʨʠʤʝʥʝ Dijkstra ʘʣʛʦʨʠʪʤʘ. 

ʊʘʢʦʹʝ, ʠʘʢʦ ʩʝ ʬʦʨʤʝ ʢʦʥʘʯʥʠʭ ʧʫʪʘˁʘ ʢʦʿʝ ʩʫ ʠʟʨʘʯʫʥʘʣʠ Dijkstra ʠ A*  ʘʣʛʦʨʠʪʘʤ 

ʚʠʟʫʝʣʥʦ ʨʘʟʣʠʢʫʿʫ, ʦʙʝ ʧʫʪʘˁʝ ʩʫ ʠʩʪʝ ʜʫʞʠʥʝ ʠ ʫʿʝʜʥʦ ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʘʿʢʨʘ˂ʝ ʤʦʛʫ˂ʝ 

ʧʫʪʘˁʝ ʫ ʫʩʣʦʚʠʤʘ ʦʛʨʘʥʠʯʝˁ ʘ ʧʨʦʠʩʪʝʢʣʠʭ ʠʟ ʜʠʩʢʨʝʪʠʟʘʮʠʿʝ ʤʘʧʝ ʪʝʨʝʥʘ. 

 

2.2. Anytime ʘʣʛʦʨʠʪʤʠ 
 

ʋ ʧʨʘʢʩʠ ʿʝ ʯʝʩʪʦ ʧʦʪʨʝʙʥʦ ʛʝʥʝʨʠʩʘʪʠ ʧʫʪʘˁʫ ʨʦʙʦʪʘ ʟʘ ʰʪʦ ʢʨʘ˂ʝ ʚʨʝʤʝ, ʢʘʢʦ ʙʠ 

ʦʥ ʟʘʧʦʯʝʦ ʢʨʝʪʘˁʝ ʫʟ ʤʠʥʠʤʘʣʘʥ ʛʫʙʠʪʘʢ ʚʨʝʤʝʥʘ ʧʣʘʥʠʨʘʥʦʛ ʟʘ ʠʟʚʨʰʝˁʝ ʟʘʜʘʪʢʘ. ɿʘ ʪʝ 

ʧʦʪʨʝʙʝ ʩʝ ʫ ʣʠʪʝʨʘʪʫʨʠ ʧʨʝʜʣʘʞʫ ʪʟʚ. anytime ʘʣʛʦʨʠʪʤʠ ʪʿ. ʘʣʛʦʨʠʪʤʠ ʢʦʿʠ ʠʤʘʿʫ ʙʨʟ 
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ʦʜʟʠʚ ʥʘ ʨʘʯʫʥ ʪʦʛʘ ʰʪʦ ʛʝʥʝʨʠʰʫ ʩʫʙʦʧʪʠʤʘʣʥʫ ʠʥʠʮʠʿʘʣʥʫ ʧʫʪʘˁʫ ʯʠʤʝ ʩʢʨʘ˂ʫʿʫ ʚʨʝʤʝ 

ʧʣʘʥʠʨʘˁʘ [31]. ʋ ʪʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʨʦʙʦʪʠ ʟʘʧʦʯʠˁʫ ʩʚʦʿʝ ʢʨʝʪʘˁʝ ʜʫʞ ʠʥʠʮʠʿʘʣʥʝ 

ʧʫʪʘˁʝ, ʘ ʘʣʛʦʨʠʪʤʠ ʥʘʩʪʘʚˀʘʿʫ ʩʚʦʿ ʠʪʝʨʘʪʠʚʥʠ ʨʘʜ ʫ ʮʠˀʫ ʧʦʙʦˀʰʘˁʘ ʜʦʙʠʿʝʥʦʛ 

ʨʝʰʝˁʘ, ʩʚʝ ʜʦʢ ʥʝ ʛʝʥʝʨʠʰʫ ʧʫʪʘˁʫ ʢʦʿʘ ʿʝ ʦʧʪʠʤʘʣʥʘ (ʫ ʦʜʥʦʩʫ ʥʘ ʪʨʝʥʫʪʥʫ ʧʦʟʠʮʠʿʫ 

ʨʦʙʦʪʘ) ʠʣʠ ʜʦʢ ʥʝ ʠʩʪʝʢʥʝ ʨʘʩʧʦʣʦʞʠʚʦ ʚʨʝʤʝ. 

 

2.2.1 ʇʨʠʥʮʠʧ ʬʫʥʢʮʠʦʥʠʩʘˁʘ anytime ʘʣʛʦʨʠʪʘʤʘ 

 

ʂʘʦ ʰʪʦ ʿʝ ʥʘʚʝʜʝʥʦ ʫ ʇʦʛʣʘʚˀʫ 2.1. ɸ* ʘʣʛʦʨʠʪʘʤ ʩʘ ʭʝʫʨʠʩʪʠʯʢʦʤ ʬʫʥʢʮʠʿʦʤ 

ʧʦʥʜʝʨʠʩʘʥʦʤ ʪʝʞʠʥʩʢʠʤ ʬʘʢʪʦʨʦʤ Ů>1 ʫʙʨʟʘʚʘ ʛʝʥʝʨʠʩʘˁʝ ʠʥʠʮʠʿʘʣʥʦʛ ʨʝʰʝˁʘ, ʘʣʠ ʿʝ 

ʦʥʦ ʩʫʙʦʧʪʠʤʘʣʥʦ, ʧʨʠ ʯʝʤʫ ʮʝʥʘ ʜʦʙʠʿʝʥʝ ʧʫʪʘˁʝ ʥʠʿʝ ʚʠʰʝ ʦʜ Ů ʧʫʪʘ ʚʝ˂ʘ ʦʜ ʮʝʥʝ 

ʦʧʪʠʤʘʣʥʝ ʧʫʪʘˁʝ (ʧʫʪʘˁʝ ʩʘ ʥʘʿʤʘˁʦʤ ʮʝʥʦʤ). ʂʘʢʦ ʙʠ ʩʝ ʢʨʝʠʨʘʦ ʿʝʜʘʥ ʿʝʜʥʦʩʪʘʚʘʥ 

anytime ʘʣʛʦʨʠʪʘʤ ʩʘ ʦʩʦʙʠʥʦʤ ʩʫʙʦʧʪʠʤʘʣʥʦʩʪʠ ʤʦʞʝ ʩʝ ʩʫʢʮʝʩʠʚʥʦ ʧʦʥʘʚˀʘʪʠ A* 

ʘʣʛʦʨʠʪʘʤ ʩʘ ʦʧʘʜʘʿʫ˂ʠʤ ʪʝʞʠʥʩʢʠʤ ʬʘʢʪʦʨʦʤ Ů ʢʦʿʠʤ ʩʝ ʧʦʥʜʝʨʠʰʝ ʭʝʫʨʠʩʪʠʯʢʘ 

ʬʫʥʢʮʠʿʘ. ʆʚʘʢʘʚ ʧʨʠʩʪʫʧ ʠʤʘ ʢʦʥʪʨʦʣʫ ʥʘʜ ʛʨʘʥʠʮʦʤ ʩʫʙʦʧʪʠʤʘʣʥʦʩʪʠ ʜʦʙʠʿʝʥʦʛ 

ʨʝʰʝˁʘ, ʘʣʠ ʠ ʚʝʣʠʢʠ ʥʝʜʦʩʪʘʪʘʢ ʢʦʿʠ ʩʝ ʦʛʣʝʜʘ ʫ ʪʦʤʝ ʜʘ ʩʝ ʩʚʘʢʘ ʥʦʚʘ ʠʪʝʨʘʮʠʿʘ A* 

ʘʣʛʦʨʠʪʤʘ ʫ ʩʫʰʪʠʥʠ ʨʝʘʣʠʟʫʿʝ ʥʝʟʘʚʠʩʥʦ ʫ ʩʤʠʩʣʫ ʜʘ ʥʝ ʢʦʨʠʩʪʠ ʨʝʟʫʣʪʘʪʝ ʦʙʨʘʜʝ ʛʨʘʬʘ 

ʠʟ ʧʨʝʪʭʦʜʥʠʭ ʠʪʝʨʘʮʠʿʘ.  

 

2.2.2 Anytime Repairing A*  (ARA*) ʘʣʛʦʨʠʪʘʤ 

 

Anytime Repairing A* (ARA*) ʘʣʛʦʨʠʪʘʤ [31] ʧʦʜʨʘʟʫʤʝʚʘ ʩʫʢʮʝʩʠʚʥʦ ʠʪʝʨʘʪʠʚʥʦ 

ʧʦʥʘʚˀʘˁʝ A* ʘʣʛʦʨʠʪʤʘ ʫʟ ʦʧʘʜʘʿʫ˂ʠ ʪʝʞʠʥʩʢʠ ʬʘʢʪʦʨ ʟʘ ʧʦʥʜʝʨʠʩʘˁʝ ʭʝʫʨʠʩʪʠʯʢʝ 

ʬʫʥʢʮʠʿʝ, ʧʨʠ ʯʝʤʫ ʫ ʩʚʘʢʦʿ ʠʪʝʨʘʮʠʿʠ ʢʦʨʠʩʪʠ ʨʝʟʫʣʪʘʪʝ ʧʨʦʨʘʯʫʥʘ ʠʟ ʧʨʝʪʭʦʜʥʠʭ 

ʠʪʝʨʘʮʠʿʘ. ʅʘ ʪʘʿ ʥʘʯʠʥ ARA* ʟʘ ʨʝʣʘʪʠʚʥʦ ʢʨʘʪʢʦ ʚʨʝʤʝ ʛʝʥʝʨʠʰʝ ʠʥʠʮʠʿʘʣʥʦ ʨʝʰʝˁʝ 

ʢʦʿʝ ʿʝ Ů0-ʩʫʙʦʧʪʠʤʘʣʥʦ (ʛʜʝ ʿʝ Ů0 ʧʦʯʝʪʥʘ ʚʨʝʜʥʦʩʪ ʪʝʞʠʥʩʢʦʛ ʬʘʢʪʦʨʘ ʟʘ ʧʦʥʜʝʨʠʩʘˁʝ 

ʭʝʫʨʠʩʪʠʯʢʝ ʬʫʥʢʮʠʿʝ), ʢʘʢʦ ʙʠ ʨʦʙʦʪ ʰʪʦ ʧʨʝ ʟʘʧʦʯʝʦ ʢʨʝʪʘˁʝ, ʥʘʢʦʥ ʯʝʛʘ ʥʘʩʪʘʚˀʘ ʩʚʦʿ 

ʠʪʝʨʘʪʠʚʥʠ ʨʘʜ ʫ ʮʠˀʫ ʧʦʙʦˀʰʘˁʘ ʜʦʙʠʿʝʥʦʛ ʨʝʰʝˁʘ ʪʿ. ʧʫʪʘˁʝ (ʫ ʦʜʥʦʩʫ ʥʘ ʪʨʝʥʫʪʥʫ 

ʧʦʟʠʮʠʿʫ ʨʦʙʦʪʘ), ʧʨʠ ʯʝʤʫ ʢʦʥʪʨʦʣʠʰʝ ʟʘʜʘʪʫ ʛʨʘʥʠʮʫ ʩʫʙʦʧʪʠʤʘʣʥʦʩʪʠ. ɼʘ ʙʠ 

ʧʨʠʩʪʫʧʠʣʠ ʜʝʪʘˀʥʠʿʝʤ ʧʦʿʘʰˁʝˁʫ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ARA*  ʘʣʛʦʨʠʪʤʘ, ʦʙʿʘʩʥʠ˂ʝʤʦ  ʥʘʿʧʨʝ 

ʨʘʟʣʠʢʫ ʠʟʤʝʹʫ Ăforwardñ ʠ Ăbackwardñ ʚʝʨʟʠʿʘ ʘʣʛʦʨʠʪʘʤʘ ʢʦʿʠ ʧʨʦʨʘʯʫʥ ʧʫʪʘˁʝ ʚʨʰʝ ʥʘ 

ʙʘʟʠ ʦʙʨʘʜʝ ʛʨʘʬʘ. ʅʘʠʤʝ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʦʩʥʦʚʥʝ ʚʝʨʟʠʿʝ ɸ* ʘʣʛʦʨʠʪʤʘ ʢʦʿʠ ʦʙʨʘʜʫ ʛʨʘʬʘ ʠ 

ʧʨʦʨʘʯʫʥ ʧʫʪʘˁʝ ʚʨʰʠ ʫ ʩʤʝʨʫ ʦʜ ʩʪʘʨʪʥʦʛ ʢʘ ʮʠˀʥʦʤ ʯʚʦʨʫ (forward ʚʝʨʟʠʿʘ) ʪʿ. g(s) ʩʝ 

ʨʘʯʫʥʘ ʫ ʦʜʥʦʩʫ ʥʘ sstart (ʦʥʘʢʦ ʢʘʢʦ ʿʝ ʪʦ ʦʙʿʘʰˁʝʥʦ ʫ ʇʦʛʣʘʚˀʫ 2.1), ʦʙʨʘʜʘ ʛʨʘʬʘ ʠ 

ʧʨʦʨʘʯʫʥ ʧʫʪʘˁʝ ʤʦʛʫ ʩʝ ʚʨʰʠʪʠ ʠ ʫ ʩʤʝʨʫ ʦʜ ʮʠˀʥʦʛ ʢʘ ʩʪʘʨʪʥʦʤ ʯʚʦʨʫ (backward 

ʚʝʨʟʠʿʘ), ʪʘʢʦ ʜʘ ʩʝ g(s) ʪʘʜʘ ʨʘʯʫʥʘ ʫ ʦʜʥʦʩʫ ʥʘ sgoal. ʈʘʟʣʦʛ ʰʪʦ ʩʝ ʫ ʧʨʘʢʩʠ ʫʛʣʘʚʥʦʤ 

ʢʦʨʠʩʪʠ backward ʚʝʨʟʠʿʘ ʩʣʦʞʝʥʠʭ ʘʣʛʦʨʠʪʘʤʘ ʠʪʝʨʘʪʠʚʥʝ ʢʦʥʮʝʧʮʠʿʝ ʨʘʜʘ, ʢʘʦ ʰʪʦ ʿʝ 

ARA* , ʿʝ ʰʪʦ ʫ ʪʦʤ ʩʣʫʯʘʿʫ ʩʪʘʙʣʦ ʧʫʪʘˁʘ ʦʩʪʘʿʝ ʚʘʣʠʜʥʦ ʧʨʠʣʠʢʦʤ ʧʨʝʣʘʩʢʘ ʠʟ ʿʝʜʥʝ ʫ 

ʜʨʫʛʫ ʠʪʝʨʘʮʠʿʫ ʘʣʛʦʨʠʪʤʘ, ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʿʝ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʦʥʦ ʚʝʟʘʥʦ ʟʘ ʧʦʟʠʮʠʿʫ 

sgoal, ʢʦʘʿ ʩʝ ʥʝ ʤʝˁʘ ʫ ʪʦʢʫ ʚʨʝʤʝʥʘ ʪʿ. ʦʩʪʘʿʝ ʚʝʟʘʥʘ ʟʘ ʿʝʜʘʥ ʠʩʪʠ ʯʚʦʨ, ʜʦʢ ʩʝ sstart ʢʦʝʿ 

ʧʨʝʜʩʪʘʚˀʘ ʪʨʝʥʫʪʥʫ ʧʦʟʠʮʠʿʫ ʨʦʙʦʪʘ ʤʝˁʘ ʦʜ ʯʚʦʨʘ ʜʦ ʯʚʦʨʘ ʜʫʞ ʠʟʨʘʯʫʥʘʪʝ ʧʫʪʘˁʝ 

ʢʦʿʦʤ ʩʝ ʢʨʝ˂ʝ ʨʦʙʦʪ [31,52]. ʅʘʨʘʚʥʦ, ʥʝʜʦʩʪʘʪʘʢ ʿʝ ʪʦ ʰʪʦ ʩʝ ʢʦʜ backward ʚʝʨʟʠʿʝ 

ʘʣʛʦʨʠʪʘʤʘ ʭʝʫʨʠʩʪʠʯʢʘ ʬʫʥʢʮʠʿʘ ʨʘʯʫʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʟʠʮʠʿʫ sstart, ʧʘ ʿʝ ʧʦʪʨʝʙʥʦ ʝˁʥʦ 

ʘʞʫʨʠʨʘˁʝ. ʇʦʰʪʦ ʩʝ ʥʘ ʧʦʯʝʪʢʫ ʩʚʘʢʝ ʠʪʝʨʘʮʠʿʝ ARA*  ʘʣʛʦʨʠʪʤʘ ʚʨʰʠ ʘʞʫʨʠʨʘˁʝ 

ʧʨʠʦʨʠʪʝʪʘ ʯʚʦʨʦʚʘ ʫ ʩʢʫʧʫ OPEN, ʪʦ ʩʝ ʠʩʪʦʤ ʧʨʠʣʠʢʦʤ ʘʞʫʨʠʨʘ ʠ ʭʝʫʨʠʩʪʠʯʢʘ 

ʬʫʥʢʮʠʿʘ ʢʦʿʘ ʫ ʥʘʯʝʣʫ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʥʦʩʪʘʚʥʫ ʦʧʝʨʘʮʠʿʫ, ʰʪʦ ʫʤʘˁʫʿʝ ʫʪʠʮʘʿ ʦʚʦʛ 

ʥʝʜʦʩʪʘʪʢʘ. ʋʚʘʞʘʚʘʿʫ˂ʠ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦ, ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʩʝ ʦʙʨʘʹʫʿʝ backward 

ʚʝʨʟʠʿʘ ʘʣʛʦʨʠʪʤʘ ARA*, ʘ ʠʟ ʠʩʪʦʛ ʨʘʟʣʦʛʘ ʩʝ ʦʙʨʘʹʫʿʫ ʠ backward ʚʝʨʟʠʿʝ ʘʣʛʦʨʠʪʘʤʘ D* 

Lite ʠ AD* , ʢʦʿʠ ˂ʝ ʙʠʪʠ ʦʙʿʘʰˁʝʥʠ ʫ ʜʘˀʝʤ ʪʦʢʫ ʪʝʢʩʪʘ. 
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ɹʠʪʥʦ ʿʝ, ʪʘʢʦʹʝ, ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʩʝ ʫ ʩʣʫʯʘʿʫ ʧʨʠʤʝʥʝ backward ʚʝʨʟʠʿʘ ʘʣʛʦʨʠʪʘʤʘ 

ʧʦʿʤʦʚʠ ʯʚʦʨ Ăʧʨʝʪʭʦʜʥʠʢñ ʠ ʯʚʦʨ Ăʥʘʩʣʝʜʥʠʢñ ʧʨʦʠʟʚʦˀʥʦʛ ʯʚʦʨʘ s ʜʝʬʠʥʠʰʫ ʫ ʩʤʝʨʫ 

Ăʢʘ ʮʠˀʥʦʤ ʯʚʦʨʫñ, ʠʟ ʧʨʦʩʪʦʛ ʨʘʟʣʦʛʘ ʰʪʦ ʩʝ ʩʪʘʙʣʦ ʧʫʪʘˁʘ ʥʘʿʤʘˁʝ ʮʝʥʝ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ 

ʬʦʨʤʠʨʘ ʠʜʫ˂ʠ ʦʜ ʮʠˀʥʦʛ ʯʚʦʨʘ ʜʦʢ ʩʝ ʥʝ ʜʦʝ́ ʜʦ ʩʪʘʨʪʥʦʛ ʯʚʦʨʘ. ɸʢʦ ʧʦʩʤʘʪʨʘʤʦ 

ʢʦʥʢʨʝʪʥʫ ʧʫʪʘˁʫ ʫ ʩʪʘʙʣʫ ʧʫʪʘˁʘ ʢʦʿʦʿ ʧʨʠʧʘʜʘ ʯʚʦʨ s ʫ ʙʠʣʦ ʢʦʤ ʪʨʝʥʫʪʢʫ ʦʙʨʘʜʝ 

ʛʨʘʬʘ, ʯʚʦʨ Ăʧʨʝʪʭʦʜʥʠʢñ ʯʚʦʨʘ s ʿʝ ʯʚʦʨ ʢʦʿʠ ʥʝʧʦʩʨʝʜʥʦ ʬʠʟʠʯʢʠ ʧʨʝʪʭʦʜʠ ʯʚʦʨʫ s, ʜʦʢ 

ʯʚʦʨ Ăʥʘʩʣʝʜʥʠʢñ ʯʚʦʨʘ s ʧʨʝʜʩʪʘʚˀʘ ʯʚʦʨ ʢʦʿʠ ʥʝʧʦʩʨʝʜʥʦ ʬʠʟʠʯʢʠ ʩʣʝʜʠ ʧʦʩʣʝ ʯʚʦʨʘ s ʠ 

ʪʦ ʠʜʫ˂ʠ ʠʩʢˀʫʯʠʚʦ ʫ ʩʤʝʨʫ Ăʢʘ ʮʠˀʥʦʤ ʯʚʦʨʫñ. ʊʘʢʦʹʝ, ʢʘʦ ʢʦʜ A*  ʘʣʛʦʨʠʪʤʘ, ʠ ʦʚʜʝ ʫ 

ʩʪʘʙʣʫ ʧʫʪʘˁʘ ʯʚʦʨ s ʤʦʞʝ ʠʤʘʪʠ ʚʠʰʝ ʯʚʦʨʦʚʘ ʧʨʝʪʭʦʜʥʠʢʘ ʠ ʚʠʰʝ ʯʚʦʨʦʚʘ ʥʘʩʣʝʜʥʠʢʘ, 

ʛʜʝ ʩʢʫʧ ʧʨʝʪʭʦʜʥʠʢʘ ʯʚʦʨʘ s ʦʟʥʘʯʘʚʘʤʦ ʩʘ Pred(s), ʜʦʢ ʩʢʫʧ ʯʚʦʨʦʚʘ ʥʘʩʣʝʜʥʠʢʘ ʯʚʦʨʘ s 

ʦʟʥʘʯʘʚʘʤʦ ʩʘ Succ(s). ʂʦʜ backward ʚʝʨʟʠʿʝ ʘʣʛʦʨʠʪʘʤʘ ʩʝ ʠ ʫʩʣʦʚ ʢʦʥʟʠʩʪʝʥʪʥʦʩʪʠ 

ʭʝʫʨʠʩʪʠʯʢʝ ʬʫʥʢʮʠʿʝ ʜʝʬʠʥʠʰʝ ʥʘ ʤʘʣʦ ʜʨʫʛʘʯʠʿʠ, ʛʝʥʝʨʘʣʥʠʿʠ ʥʘʯʠʥ: h(s, sô) Ò c* (s, sô) 

ʠ  h(s, sôô) Ò h(s, sô) + c* (sô, sôô), ʟʘ ʩʚʝ ʯʚʦʨʦʚʝ s, sô, sôô ɴS, ʛʜʝ c* (s, sô) ʦʟʥʘʯʘʚʘ ʥʘʿʤʘˁʫ 

ʮʝʥʫ ʧʫʪʘˁʝ ʦʜ ʯʚʦʨʘ s ʜʦ ʯʚʦʨʘ sô [24,32,55]. 

 

ʎʝʥʘ ʧʫʪʘˁʝ g(s), ʭʝʫʨʠʩʪʠʯʢʘ ʬʫʥʢʮʠʿʘ h(s) ʠ ʢˀʫʯ f(s) ʢʦʜ ARA*  ʘʣʛʦʨʠʪʤʘ 

ʠʟʨʘʯʫʥʘʚʘʿʫ ʩʝ ʧʦ ʠʩʪʦʿ ʣʦʛʠʮʠ ʢʘʦ ʠ ʢʦʜ backward ʚʝʨʟʠʿʝ ɸ* ʘʣʛʦʨʠʪʤʘ [31]. ARA*  

ʘʣʛʦʨʠʪʘʤ ʩʚʦʿ ʨʘʜ ʟʘʧʦʯʠˁʝ ʪʘʢʦ ʰʪʦ, ʪʘʢʦʹʝ ʥʘ ʩʣʠʯʘʥ ʥʘʯʠʥ ʢʘʦ backward ʚʝʨʟʠʿʘ A*, 

ʛʝʥʝʨʠʰʝ ʠʥʠʮʠʿʘʣʥʦ ʨʝʰʝˁʝ (ʧʫʪʘˁʫ) ʟʘ ʥʝʢʫ ʟʘʜʘʪʫ ʚʨʝʜʥʦʩʪ ʪʝʞʠʥʩʢʦʛ ʬʘʢʪʦʨʘ Ů=Ů0. 

ʄʝʹʫʪʠʤ, ʫ ʜʘˀʝʤ ʪʦʢʫ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʧʦʩʪʦʿʝ ʟʥʘʯʘʿʥʝ ʨʘʟʣʠʢʝ ARA*  ʘʣʛʦʨʠʪʤʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ɸ*, ʢʦʿʝ ˂ʝ ʙʠʪʠ ʦʧʠʩʘʥʝ ʫ ʥʘʩʪʘʚʢʫ. A* ʘʣʛʦʨʠʪʘʤ ʩʘ ʭʝʫʨʠʩʪʠʯʢʦʤ ʬʫʥʢʮʠʿʦʤ 

ʢʦʿʘ ʟʘʜʦʚʦˀʘʚʘ ʫʩʣʦʚ ʢʦʥʟʠʩʪʝʥʪʥʦʩʪʠ ʜʝʬʠʥʠʩʘʥ ʫ ʇʦʛʣʘʚˀʫ 2.1. ʛʘʨʘʥʪʫʿʝ ʜʘ ʩʚʘʢʠ 

ʧʨʦʰʠʨʝʥʠ ʯʚʦʨ ʥʝ˂ʝ ʙʠʪʠ ʧʨʦʰʠʨʝʥ ʚʠʰʝ ʦʜ ʿʝʜʥʦʤ, ʘʣʠ ʘʢʦ ʜʝʬʠʥʠʰʝʤʦ ʜʘ ʬʘʢʪʦʨ 

ʧʦʥʜʝʨʠʩʘˁʘ Ů ʠʤʘ ʚʨʝʜʥʦʩʪ ʚʝ˂ʫ ʦʜ ʿʝʜʘʥ ʪʦ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʪʦʛʘ ʜʘ A* ʘʣʛʦʨʠʪʘʤ ʤʦʞʝ 

ʚʨʰʠʪʠ ʰʠʨʝˁʝ ʿʝʜʥʦʛ ʠʩʪʦʛ ʯʚʦʨʘ ʚʠʰʝ ʧʫʪʘ ʫ ʪʦʢʫ ʠʩʪʝ ʠʪʝʨʘʮʠʿʝ [31]. ʂʦʜ ARA*  

ʘʣʛʦʨʠʪʤʘ ʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʦ ʦʛʨʘʥʠʯʝˁʝ ʜʘ ʩʝ ʿʝʜʘʥ ʯʚʦʨ ʥʝ ʤʦʞʝ ʧʨʦʰʠʨʠʪʠ ʚʠʰʝ ʦʜ 

ʿʝʜʥʦʤ ʫ ʪʦʢʫ ʠʩʪʝ ʠʪʝʨʘʮʠʿʝ, ʪhʦ ʟʥʘʯʘʿʥʦ ʫʙʨʟʘʚʘ ʨʘʜ ʘʣʛʦʨʠʪʤʘ ʠ ʪʦ ʥʘ ʥʘʯʠʥ ʜʘ ʿʝ 

ʛʨʘʥʠʮʘ ʩʫʙʦʧʪʠʤʘʣʥʦʩʪʠ ʠ ʜʘˀʝ ʦʯʫʚʘʥʘ [31,32]. ʂʦʥʢʨʝʪʥʦ, ʢʦʜ ARA*  ʘʣʛʦʨʠʪʤʘ ʧʦʨʝʜ 

ʩʢʫʧʘ OPEN ʫʚʝʜʝʥ ʿʝ ʩʢʫʧ CLOSED, ʢʦʿʠ ʩʘʜʨʞʠ ʩʚʝ ʯʚʦʨʦʚʝ ʢʦʿʠ ʩʫ ʧʨʝʪʭʦʜʥʦ ʙʠʣʠ ʫ 

ʩʢʫʧʫ OPEN ʠ ʢʦʿʠ ʩʫ ʫ ʤʝʹʫʚʨʝʤʝʥʫ ʧʨʦʰʠʨʝʥʠ. ʄʝʹʫʪʠʤ, ʩʘ ʦʚʠʤ ʦʛʨʘʥʠʯʝˁʝʤ ʩʢʫʧ 

OPEN ʥʝ ʤʦʞʝ ʚʠʰʝ ʩʘʜʨʞʘʪʠ ʩʚʝ ʠʥʢʦʥʟʠʩʪʝʥʪʥʝ ʯʚʦʨʦʚʝ (ʩʚʘʢʠ ʧʨʦʰʠʨʝʥʠ ʯʚʦʨ ʤʦʞʝ 

ʧʦʥʦʚʦ ʧʦʩʪʘʪʠ ʠʥʢʦʥʟʠʩʪʝʥʪʘʥ), ʪʿ. ʩʘʜʨʞʠ ʩʘʤʦ ʠʥʢʦʥʟʠʩʪʝʥʪʥʝ ʯʚʦʨʦʚʝ ʢʦʿʠ ʧʨʝʪʭʦʜʥʦ 

ʥʠʩʫ ʙʠʣʠ ʧʨʦʰʠʨʝʥʠ. ɺʘʞʥʦ ʿʝ, ʤʝʹʫʪʠʤ, ʜʘ ʩʝ ʩʘʯʫʚʘʿʫ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʩʚʠʤ 

ʠʥʢʦʥʟʠʩʪʝʥʪʥʠʤ ʯʚʦʨʦʚʠʤʘ ʥʘ ʢʨʘʿʫ ʪʝʢʫ˂ʝ ʠʪʝʨʘʮʠʿʝ ʘʣʛʦʨʠʪʤʘ, ʢʘʢʦ ʙʠ ʙʠʣʠ ʫʟʝʪʠ ʫ 

ʦʙʟʠʨ ʧʨʠ ʧʨʦʧʘʛʘʮʠʿʠ ʠʥʢʦʥʟʠʩʪʝʥʮʠʿʝ ʫ ʥʘʨʝʜʥʦʿ ʠʪʝʨʘʮʠʿʠ. ʅʘ ʪʘʿ ʥʘʯʠʥ ʩʝ 

ʠʩʢʦʨʠʰ˂ʘʚʘʿʫ ʨʝʟʫʣʪʘʪʠ ʦʙʨʘʜʝ ʛʨʘʬʘ ʠʟ ʧʨʝʪʭʦʜʥʝ ʬʘʟʝ (ʠʪʝʨʘʮʠʿʝ). ɼʘ ʙʠ ʩʝ ʪʦ 

ʧʦʩʪʠʛʣʦ, ʢʦʜ ARA*  ʘʣʛʦʨʠʪʤʘ ʬʦʨʤʠʨʘ ʩʝ ʜʦʜʘʪʥʠ ʩʢʫʧ INCONS ʫ ʢʦʿʠ ʩʝ ʠʥʩʝʨʪʫʿʫ ʩʚʠ 

ʠʥʢʦʥʟʠʩʪʝʥʪʥʠ ʯʚʦʨʦʚʠ ʢʦʿʠ ʥʠʩʫ ʠʩʧʫʥʠʣʠ ʧʦʤʝʥʫʪʠ ʫʩʣʦʚ ʟʘ ʠʥʩʝʨʪʦʚʘˁʝ ʫ ʩʢʫʧ 

OPEN. ʉʪʦʛʘ, ʢʦʜ ARA*  ʘʣʛʦʨʠʪʤʘ ʠʥʢʦʥʟʠʩʪʝʥʪʥʝ ʯʚʦʨʦʚʝ ʯʠʥʠ ʫ ʩʪʚʘʨʠ ʫʥʠʿʘ ʩʢʫʧʦʚʘ 

OPEN ʠ INCONS, ʪʘʢʦ ʜʘ ʯʚʦʨʦʚʝ ʠʟ ʦʙʘ ʥʘʚʝʜʝʥʘ ʩʢʫʧʘ ʪʨʝʙʘ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʧʨʠ ʦʙʨʘʜʠ 

ʛʨʘʬʘ ʪʿ. ʧʨʦʧʘʛʘʮʠʿʠ ʠʥʢʦʥʟʠʩʪʝʥʮʠʿʝ ʫ ʥʘʨʝʜʥʦ ʿʠʪʝʨʘʮʠʿʠ ʘʣʛʦʨʠʪʤʘ.  

 

ʉʫʤʠʨʘʿʤʦ ʥʘ ʢʨʘʿʫ ʧʨʠʥʮʠʧ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ARA*  ʘʣʛʦʨʠʪʤʘ, ʧʨʝʤʘ ʧʩʝʫʜʦʢʦʜʫ 

ʢʦʿʠ ʿʝ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʉʣʠʮʠ 5 [32]. ʅʘʢʦʥ ʠʥʠʮʠʿʘʣʠʟʘʮʠʿʝ, ARA*  ʫ ʩʚʘʢʦʤ ʢʦʨʘʢʫ 

ʧʨʦʨʘʯʫʥʘ ʧʫʪʘˁʝ ʙʨʠʰʝ ʠʟ ʩʢʫʧʘ OPEN ʯʚʦʨ s ʩʘ ʥʘʿʤʘˁʦʤ ʚʨʝʜʥʦʰ˂ʫ ʢˀʫʯʘ (ʣʠʥʠʿʘ 3.), 

ʠʥʩʝʨʪʫʿʝ ʛʘ ʫ ʩʢʫʧ CLOSED (ʣʠʥʠʿʘ 4.), ʟʘʪʠʤ ʧʨʦʚʝʨʘʚʘ ʠ ʘʢʦ ʟʘ ʪʦ ʧʦʩʪʦʿʝ ʫʩʣʦʚʠ 

ʘʞʫʨʠʨʘ (ʩʤʘˁʫʿʝ) ʮʝʥʫ ʧʫʪʘˁʝ ʩʚʘʢʦʛ ʦʜ ˁʝʛʦʚʠʭ ʩʫʩʝʜʘ, ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʯʚʦʨʦʚʘ 

ʧʨʝʪʭʦʜʥʠʢʘ (ʣʠʥʠʿʝ 5.-9.). ʏʚʦʨ sô, ʩʫʩʝʜ ʯʚʦʨʘ s, ʧʦʩʪʘʿʝ ˁʝʛʦʚ ʧʨʝʪʭʦʜʥʠʢ ʘʢʦ ʩʝ ʪʦʢʦʤ 

ʦʚʝ ʦʧʝʨʘʮʠʿʝ ʠʩʧʦʩʪʘʚʠ ʜʘ ʜʦ ʪʦʛ ʪʨʝʥʫʪʢʘ ʠʟʨʘʯʫʥʘʪʘ ʥʘʿʢʨʘ˂ʘ ʧʫʪʘˁʘ ʦʜ sô ʜʦ sgoal ʠʜʝ 

ʧʨʝʢʦ s. ʉʚʘʢʦʛ ʩʫʩʝʜʘ ʯʚʦʨʘ s ʯʠʿʘ ʮʝʥʘ ʧʫʪʘˁʝ ʿʝ ʪʦʤ ʧʨʠʣʠʢʦʤ ʩʤʘˁʝʥʘ ʘʣʛʦʨʠʪʘʤ 

ʧʨʦʛʣʘʰʘʚʘ ʠʥʢʦʥʟʠʩʪʝʥʪʥʠʤ ʠ ʢʘʪʝʛʦʨʠʰʝ ʛʘ ʢʘʦ ʯʣʘʥʘ ʩʢʫʧʘ OPEN ʫʟ ʠʩʪʦʚʨʝʤʝʥʦ 

ʘʞʫʨʠʨʘˁʝ ˁʝʛʦʚʦʛ ʢˀʫʯʘ ʠ ʧʦʢʘʟʠʚʘʯʘ, ʠʟʫʟʝʚ ʘʢʦ ʿʝ ʚʝ˂ ʧʨʝʪʭʦʜʥʦ ʙʠʦ ʧʨʦʰʠʨʝʥ ʠ ʫ 
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ʪʦʤ ʩʣʫʯʘʿʫ ʛʘ ʠʥʩʝʨʪʫʿʝ ʫ ʩʢʫʧ INCONS, ʜʘ ʙʠ ʩʝ ʪʘ ʠʥʬʦʨʤʘʮʠʿʘ ʠʩʢʦʨʠʩʪʠʣʘ ʫ ʩʣʝʜʝ˂ʦʿ 

ʠʪʝʨʘʮʠʿʠ ʘʣʛʦʨʠʪʤʘ (ʣʠʥʠʿʝ 10.-13.). 

 

ɼʘʢʣʝ, ʧʨʦʮʝʩ ʰʠʨʝˁʘ ʯʚʦʨʘ ʢʦʜ ARA*  ʘʣʛʦʨʠʪʤʘ ʧʦʜʨʘʟʫʤʝʚʘ ʨʝʘʣʠʟʘʮʠʿʫ ʣʠʥʠʿʘ 

3.-13. ʧʩʝʫʜʦʢʦʜʘ [31]. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʰʠʨʠ ʠ ʠʥʢʦʥʟʠʩʪʝʥʮʠʿʘ, ʯʠʤʝ ʩʝ ʦʙʝʟʙʝʹʫʿʝ ʜʘ ʩʝ 

ʯʚʦʨʦʚʠʤʘ ʢʦʿʠ ʩʝ ʦʙʨʘʹʫʿʫ ʫʚʝʢ ʜʦʜʝˀʫʿʝ ʥʘʿʤʘˁʘ ʮʝʥʘ ʧʫʪʘˁʝ ʧʨʦʥʘʹʝʥʘ ʜʦ ʪʦʛ 

ʪʨʝʥʫʪʢʘ. ɸʣʛʦʨʠʪʘʤ ʪʘʢʦ ʰʠʨʠ ʩʪʘʙʣʦ ʧʫʪʘˁʘ ʥʘʿʤʘˁʠʭ ʮʝʥʘ, ʘʣʠ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʫ ʩʤʝʨʫ 

ʦʜ ʮʠˀʥʦʛ ʯʚʦʨʘ ʜʦ ʦʙʨʘʹʝʥʠʭ ʯʚʦʨʦʚʘ ʩʚʝ ʜʦʢ ʥʝ ʜʦʹʝ ʜʦ ʩʪʘʨʪʥʦʛ ʯʚʦʨʘ. ʂʘʜʘ ʩʝ ʪʝʢʫ˂ʘ 

ʠʪʝʨʘʮʠʿʘ ʘʣʛʦʨʠʪʤʘ ʟʘʚʨʰʠ, ʩʫʢʮʝʩʠʚʥʠʤ ʧʦʚʝʟʠʚʘˁʝʤ ʧʦʢʘʟʠʚʘʯʘ ʦʜ sstart ʜʦ sgoal 

ʬʦʨʤʠʨʘ ʩʝ ʠʟʨʘʯʫʥʘʪʘ ʧʫʪʘˁʘ ʢʦʿʫ ʨʦʙʦʪ ʩʣʝʜʠ ʪʦʢʦʤ ʢʨʝʪʘˁʘ. ʇʨʝ ʦʪʧʦʯʠˁʘˁʘ ʩʣʝʜʝ˂ʝ 

ʠʪʝʨʘʮʠʿʝ ʘʣʛʦʨʠʪʘʤ ʜʝʢʨʝʤʝʥʪʠʨʘ ʬʘʢʪʦʨ Ů, ʩʚʠ ʯʚʦʨʦʚʠ ʠʟ ʩʢʫʧʘ INCONS ʩʝ ʧʨʝʙʘʮʫʿʫ ʫ 

ʩʢʫʧ OPEN (ʣʠʥʠʿʝ 21. ʠ 22.), ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʨʘʯʫʥ ʧʫʪʘˁʝ ʫ ʥʘʨʝʜʥʦʿ ʠʪʝʨʘʮʠʿʠ. 

ʉʢʫʧ CLOSED ʩʝ ʧʨʘʟʥʠ, ʘ ʩʚʠʤ ʯʚʦʨʦʚʠʤʘ ʠʟ ʧʨʦʰʠʨʝʥʦʛ ʩʢʫʧʘ OPEN ʩʝ ʘʞʫʨʠʨʘ 

ʚʨʝʜʥʦʩʪ ʢˀʫʯʘ ʫ ʩʢʣʘʜʫ ʩʘ ʥʦʚʦʤ ʚʨʝʜʥʦʰ˂ʫ ʬʘʢʪʦʨʘ Ů ʠ ʧʨʦʤʝˁʝʥʦʤ ʧʦʟʠʮʠʿʦʤ sstart 

(ʣʠʥʠʿʝ 23. ʠ 24.). 

 

 

 
 

ʉʣʠʢʘ 5. ARA* ʘʣʛʦʨʠʪʘʤ [32]. 

 

 

ɼʠʿʘʛʨʘʤ ʪʦʢʘ ARA* ʘʣʛʦʨʠʪʤʘ, ʫʨʘʹʝʥ ʫ ʩʢʣʦʧʫ ʠʩʪʨʘʞʠʚʘˁʘ ʦʙʫʭʚʘ˂ʝʥʦʛ ʦʚʦʤ 

ʜʠʩʝʨʪʘʮʠʿʦʤ, ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʉʣʠʮʠ 6. 
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Napomena: 

key(s)=g(s)+ ŮĿh(sstart,s) 
 
 

 

 

 
 

 

 

 

ʉʣʠʢʘ 6. ɼʠʿʘʛʨʘʤ ʪʦʢʘ ARA* ʘʣʛʦʨʠʪʤʘ, ʫʨʘʹʝʥ ʫ ʩʢʣʦʧʫ ʠʩʪʨʘʞʠʚʘˁʘ ʦʙʫʭʚʘ˂ʝʥʠʭ 

ʜʠʩʝʨʪʘʮʠʿʦʤ. 
 

 

  

Inicijalizacija ARA* algoritma: 

- Inicijalizacija mape (ļvorova i njihovih veza) 

- Odabir startnog ļvora sstart i ciljnog ļvora sgoal 
- g(sstart)=Ð g(sgoal)=0 

- Definisanje vrednosti faktora Ů=Ů0  

- Inicijalizacija praznih skupova OPEN, CLOSED, INCONS 
 

- Izraļunati vrednost kljuļa ļvora sgoal 

- Ubaciti ļvor sgoal sa svojim kljuļem u skup OPEN 

Generisanje putanje [potprogram] 

Ů>1 

- Dekrementirati Ů 

- Prebaciti sve ļvorove iz skupa 
INCONS u skup OPEN 

- Svim ļvorovima u skupu OPEN 

izraļunati novu vrednost kljuļa 
- Isprazniti skup CLOSED 

 

Da li je ļvor sô 

poseĺen ranije? 

g(sô)=Ð 

g(sô)ιg(s)+c(sô,s) 

g(sô)=g(s)+c(sô,s)  

sôɴ#,/3%$? 

Ubaciti sô u INCONS 

Preuzeti ļvor s sa najmanjim kljuļem 

iz skupa OPEN (brisati ga iz OPEN) 

Preuzimanje ļvora sô ï 

jednog od suseda ļvora s 

- Izraļunati novu vrednost 

kljuļa ļvora sô 

- Ļvor sô ubaciti u skup 

OPEN 

 

Da li su ispitani 
svi ļvorovi sô?  

Ubaciti s u CLOSED 

Da li ļvor sa najmanjom 

vrednoġĺu kljuļa u 
skupu OPEN ima manju 

vrednost kljuļa od ļvora 

sstart? 

Generisana je optimalna putanja 
po kriterijumu najmanje cene puta 

 

Generisanje putanje [potprogram] ARA* algoritam [glavni program]  

INPUT 

OUTPUT 

Generisana je Ů0-suboptimalna putanja   

 

Generisana je 

Ů-suboptimalna putanja 

 

Generisanje putanje [potprogram] 

NE 

DA 

NE 

NE 

DA 

DA 

DA 

NE 

DA 

NE 

DA 

NE 
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2.3. ɼʠʥʘʤʠʯʢʠ (ʠʥʢʨʝʤʝʥʪʘʣʥʠ) ʘʣʛʦʨʠʪʤʠ 

 

ARA*  ʘʣʛʦʨʠʪʘʤ ʨʝʘʣʠʟʫʿʝ ʩʝ ʫ ʚʠʰʝ ʠʪʝʨʘʮʠʿʘ ʟʘ ʨʘʟʣʠʯʠʪʝ ʚʨʝʜʥʦʩʪʠ ʪʝʞʠʥʩʢʦʛ 

ʬʘʢʪʦʨʘ Ů, ʘʣʠ ʫʚʝʢ ʥʘʜ ʠʩʪʠʤ ʛʨʘʬʦʤ ʠ ʩʘ ʥʝʧʨʦʤʝˁʝʥʠʤ ʮʝʥʘʤʘ ʧʨʝʣʘʟʘʢʘ ʠʟʤʝʹʫ 

ʯʚʦʨʦʚʘ. ʋ ʨʝʘʣʥʠʤ ʧʨʠʤʝʥʘʤʘ ʩʫ, ʠʧʘʢ, ʥʘʿʯʝʰ˂ʝ ʩʠʪʫʘʮʠʿʝ ʫ ʢʦʿʠʤʘ ʿʝ ʫ ʪʨʝʥʫʪʢʫ 

ʦʪʧʦʯʠˁʘˁʘ ʤʠʩʠʿʝ ʦʢʨʫʞʝˁʝ ʫ ʢʦʿʝ ʩʝ ʨʦʙʦʪ ʫʧʫ˂ʫʿʝ ʩʘʤʦ ʜʝʣʠʤʠʯʥʦ ʧʦʟʥʘʪʦ. ʋ ʪʘʢʚʠʤ 

ʩʠʪʫʘʮʠʿʘʤʘ ʢʨʝʪʘˁʝ ʨʦʙʦʪʘ ʦʙʠʯʥʦ ʦʪʧʦʯʠˁʝ ʫʟ ʧʦʣʘʟʥʫ ʧʨʝʪʧʦʩʪʘʚʢʫ ʜʘ ʩʫ ʩʚʘ ʧʦʜʨʫʯʿʘ 

ʢʦʿʘ ʩʫ ʫ ʧʦʯʝʪʥʦʤ ʪʨʝʥʫʪʢʫ ʥʝʧʦʟʥʘʪʘ ʫʿʝʜʥʦ ʠ ʩʣʦʙʦʜʥʘ ʟʘ ʧʨʦʣʘʟ, ʜʦʢ ʨʦʙʦʪ ʫ ʪʦʢʫ 

ʢʨʝʪʘˁʘ ʥʘ ʦʩʥʦʚʫ ʠʥʬʦʨʤʘʮʠʿʘ ʧʨʠʢʫʧˀʝʥʠʭ ʩʚʦʿʠʤ ʩʝʥʟʦʨʠʤʘ ʚʨʰʠ ʜʝʪʘˀʥʦ 

ʠʩʧʠʪʠʚʘˁʝ ʪʝʨʝʥʘ. ʇʦʨʝʜ ʪʦʛʘ, ʤʦʛʫ˂ʝ ʩʫ ʠ ʜʠʥʘʤʠʯʢʝ ʧʨʦʤʝʥʝ ʦʢʨʫʞʝˁʘ ʫ ʪʦʢʫ ʩʘʤʦʛ 

ʢʨʝʪʘˁʘ ʨʦʙʦʪʘ. ɹʝʟ ʦʙʟʠʨʘ ʦ ʢʦʿʦʿ ʢʦʥʢʨʝʪʥʦ ʩʠʪʫʘʮʠʿʠ ʩʝ ʨʘʜʠ, ʦʚʝ ʧʨʦʤʝʥʝ 

ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʠʟʤʝʥʝ ʫ ʛʨʘʬʫ ʥʘ ʦʩʥʦʚʫ ʢʦʿʝʛ ʿʝ ʘʣʛʦʨʠʪʘʤ ʠʟʚʨʰʠʦ ʛʝʥʝʨʠʩʘˁʝ ʧʫʪʘˁʝ. 

ʋ ʪʘʢʚʠʤ ʦʢʦʣʥʦʩʪʠʤʘ ʤʦʞʝ ʩʝ ʜʦʛʦʜʠʪʠ ʜʘ ʨʝʰʝˁʝ ʜʦ ʢʦʛ ʿʝ ʜʦʰʘʦ ARA*  ʘʣʛʦʨʠʪʘʤ ʥʠʿʝ 

ʦʧʪʠʤʘʣʥʦ ʠʣʠ ʫ ʦʯʝʢʫʿʫ˂ʠʤ ʛʨʘʥʠʮʘʤʘ ʩʫʙʦʪʠʤʘʣʥʦʩʪʠ, ʘ ʤʦʞʜʘ ʯʘʢ ʥʠ ʚʘʣʠʜʥʦ ʰʪʦ ʿʝ 

ʥʘʿʛʦʨʘ ʦʧʮʠʿʘ. ɿʙʦʛ ʪʦʛʘ ARA*  ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʚʨʰʠ ʧʨʦʨʘʯʫʥ ʧʫʪʘˁʝ ʠʟ ʧʦʯʝʪʢʘ, ʧʨʠ 

ʯʝʤʫ ʩʝ ʥʝ ʢʦʨʠʩʪʝ ʨʝʟʫʣʪʘʪʠ ʠʟ ʧʨʝʪʭʦʜʥʠʭ ʠʪʝʨʘʮʠʿʘ ʘʣʛʦʨʠʪʤʘ. ʋ ʧʦʤʝʥʫʪʠʤ 

ʩʮʝʥʘʨʠʿʠʤʘ ʝʬʠʢʘʩʥʠʘʿ ʿʝ ʢʣʘʩʘ ʘʣʛʦʨʠʪʘʤʘ ʧʦʟʥʘʪʠʭ ʧʦʜ ʥʘʟʠʚʦʤ ʠʥʢʨʝʤʝʥʪʘʣʥʠ ʠʣʠ 

ʜʠʥʘʤʠʯʢʠ ʘʣʛʦʨʠʪʤʠ. 

 

ɼʠʥʘʤʠʯʢʠ ʘʣʛʦʨʠʪʤʠ ʙʘʟʠʨʘʥʠ ʥʘ ʢʦʥʮʝʧʪʫ A* ʘʣʛʦʨʠʪʤʘ ʠʥʠʮʠʿʘʣʥʦ ʨʝʰʝˁʝ 

(ʧʫʪʘˁʫ) ʛʝʥʝʨʠʰʫ ʥʘ ʩʣʠʯʘʥ ʥʘʯʠʥ ʢʘʦ ʦʨʠʛʠʥʘʣʥʠ ɸ* ʘʣʛʦʨʠʪʘʤ. ʂʘʜʘ ʜʦʹʝ ʜʦ ʠʟʤʝʥʝ 

ʦʢʨʫʞʝˁʘ ʠʣʠ ʫʦʧʰʪʝʥʠʿʝ ʨʝʯʝʥʦ ʜʦ ʧʦʿʘʚʝ ʥʦʚʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʦʜ ʫʪʠʮʘʿʘ ʥʘ ʛʝʥʝʨʠʩʘʥʫ 

ʧʫʪʘˁʫ, ʠʥʠʮʠʿʘʣʥʦ ʨʝʰʝˁʝ ʩʝ ʢʦʨʠʛʫʿʝ ʫʟ ʤʘʢʩʠʤʘʣʥʦ ʢʦʨʠʰ˂ʝˁʝ ʨʝʟʫʣʪʘʪʘ ʠʟ 

ʧʨʝʪʭʦʜʥʝ ʬʘʟʝ ʦʙʨʘʜʝ ʛʨʘʬʘ. ʂʘʦ ʨʝʟʫʣʪʘʪ ʜʦʙʠʿʘ ʩʝ ʜʘ ʿʝ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʥʘ ʦʚʘʿ 

ʥʘʯʠʥ ʟʥʘʯʘʿʥʦ ʝʬʠʢʘʩʥʠʿʝ ʥʝʛʦ ʢʦʜ ʘʣʛʦʨʠʪʘʤʘ ʢʦʿʠ ʫ ʩʚʘʢʦʤ ʧʦʿʝʜʠʥʘʯʥʦʤ ʩʣʫʯʘʿʫ 

ʠʟʤʝʥʝ ʦʢʨʫʞʝˁʘ ʛʝʥʝʨʠʩʘˁʝ ʨʝʰʝˁʘ ʧʦʯʠˁʫ ʠʟ ʧʦʯʝʪʢʘ.  

 

2.3.1. D* Lite ʘʣʛʦʨʠʪʘʤ 

 

D* Lite ʿʝ ʝʬʠʢʘʩʘʥ ʠʥʢʨʝʤʝʥʪʘʣʥʠ ʘʣʛʦʨʠʪʘʤ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ [24]. 

ʇʨʝʜʩʪʘʚˀʘ ʧʦʿʝʜʥʦʩʪʘʚˀʝʥʫ ʚʝʨʟʠʿʫ (ʫ ʩʤʠʩʣʫ ʘʣʛʦʨʠʪʘʤʩʢʝ ʧʨʦʮʝʜʫʨʝ) ʩʪʘʥʜʘʨʜʥʦʛ D*  

ʘʣʛʦʨʠʪʤʘ [25], ʧʨʠ ʯʝʤʫ ʩʫ ʠ D* ʠ D* Lite ʩʫʰʪʠʥʩʢʠ ʥʘʧʨʝʜʥʝ ʥʘʜʦʛʨʘʜˁʝ ʙʘʟʠʯʥʦʛ ɸ* 

ʘʣʛʦʨʠʪʤʘ [57]. D* ʘʣʛʦʨʠʪʘʤ ʿʝ 1 ʜʦ 2 ʨʝʜʘ ʚʝʣʠʯʠʥʝ ʝʬʠʢʘʩʥʠʿʠ ʦʜ A* ʘʣʛʦʨʠʪʤʘ [26], ʫ 

ʩʤʠʩʣʫ ʜʘ ʙʨʞʝ ʜʦʣʘʟʠ ʜʦ ʨʝʰʝˁʘ, ʟʙʦʛ ʯʝʛʘ ʿʝ ʥʘʰʘʦ ʰʠʨʦʢʫ ʧʨʠʤʝʥʫ ʫ ʧʨʘʢʩʠ, 

ʫʢˀʫʯʫʿʫ˂ʠ ʙʝʩʧʦʩʘʜʥʝ ʚʝʨʟʠʿʝ ʚʦʟʠʣʘ HMMWV, ʙʝʩʧʦʩʘʜʥʘ ʚʦʟʠʣʘ ʢʦʿʘ ʩʫ ʫʯʝʩʪʚʦʚʘʣʘ ʥʘ 

Defense Advanced Research Projects Agency (DARPA) ʪʘʢʤʠʯʝˁʠʤʘ, NASA ʨʦʚʝʨʝ ʥʘ ʄʘʨʩʫ 

ʠʪʜ. [26-30]. D* Lite ʟʘʭʪʝʚʘ ʦʢʦ 30% ʤʘˁʝ ʣʠʥʠʿʘ ʢʦʜʘ ʦʜ D*, ʘ ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʝʿ 

ʤʠʥʠʤʘʣʥʦ ʝʬʠʢʘʩʘʥ ʢʘʦ ʠ D* , ʫ ʧʦʿʝʜʠʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʿʝ ʠ ʝʬʠʢʘʩʥʠʿʠ [26]. ʉʪʦʛʘ ʿʝ D* 

Lite ʜʘʥʘʩ ʿʝʜʘʥ ʦʜ ʥʘʿʯʝʰ˂ʝ ʧʨʠʤʝˁʠʚʘʥʠʭ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʫ 

ʧʨʘʢʩʠ, ʘ ʥʝʢʝ ʦʜ ʙʝʩʧʦʩʘʜʥʠʭ ʧʣʘʪʬʦʨʤʠ ʥʘ ʢʦʿʠʤʘ ʿʝ ʫʩʧʝʰʥʦ ʠʤʧʣʝʤʝʥʪʠʨʘʥ ʧʨʠʢʘʟʘʥʝ 

ʩʫ ʥʘ ʉʣʠʮʠ 7 [49]. ʊʘʢʦʹʝ, ʠ D* ʠ D* Lite ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʘ 

ʚʠʰʝʨʦʙʦʪʩʢʠʭ ʩʠʩʪʝʤʘ [58-60]. 
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ʉʣʠʢʘ 7. ʅʝʢʝ ʦʜ ʙʝʩʧʦʩʘʜʥʠʭ ʧʣʘʪʬʦʨʤʠ ʥʘ ʢʦʿʠʤʘ ʿʝ ʫʩʧʝʰʥʦ ʧʨʠʤʝˁʝʥ D* Lite 

ʘʣʛʦʨʠʪʘʤ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʠʥʪʝʨʧʦʣʘʮʠʿʦʤ (Field D*) ʨʘʜʠ ʜʦʙʠʿʘˁʘ Ăʧʨʠʨʦʜʥʠʿʝñ 

ʧʫʪʘˁʝ [49] . 

 

 

D* Lite ʛʝʥʝʨʠʰʝ ʧʫʪʘˁʫ ʠʟʤʝʹʫ ʩʪʘʨʪʥʦʛ ʯʚʦʨʘ sstart  ɴS ʠ ʮʠˀʥʦʛ ʯʚʦʨʘ sgoal  ɴS, 

ʛʜʝ ʿʝ S ʦʛʨʘʥʠʯʝʥʠ ʩʢʫʧ ʯʚʦʨʦʚʘ, ʧʨʠ ʯʝʤʫ ʿʝ ʦʩʥʦʚʥʘ ʚʝʨʟʠʿʘ ʘʣʛʦʨʠʪʤʘ backward ʪʿ. 

ʦʙʨʘʜʫ ʛʨʘʬʘ ʚʨʰʠ ʦʜ ʮʠˀʥʦʛ ʧʨʝʤʘ ʩʪʘʨʪʥʦʤ ʯʚʦʨʫ. 

 

ʋ ʦʢʚʠʨʫ ʦʙʨʘʜʝ ʧʨʦʠʟʚʦˀʥʦʛ ʯʚʦʨʘ s ʫ ʛʨʘʬʫ (s  ɴ S) D* Lite ʘʣʛʦʨʠʪʘʤ, ʢʘʦ ʠ 

ARA*, ʨʘʯʫʥʘ ʥʘʿʤʘˁʫ ʮʝʥʫ ʧʫʪʘˁʝ ʦʜ ʯʚʦʨʘ s ʜʦ ʯʚʦʨʘ sgoal, g(s). ʇʦʨʝʜ ʪʦʛʘ, D* Lite 

ʘʣʛʦʨʠʪʘʤ ʨʘʯʫʥʘ ʠ ʪʟʚ. ʧʘʨʘʤʝʪʘʨ rhs(s), ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʟʙʠʨ ʥʘʿʤʘˁʝ ʦʜ ʮʝʥʘ ʧʫʪʘˁʘ 

ˁʝʛʦʚʠʭ ʥʘʩʣʝʜʥʠʢʘ g(sô) ʠ ʮʝʥʝ ʧʨʝʣʘʩʢʘ ʠʟ s ʫ sô, ʪʿ. [24,61]:  

 

() () ( ) ()( )' , '  's Succ s
rhs s min c s s g s

Í
= +  

                                                  ()  0rhs s = ʘʢʦ ʿʝ goals s=                                                  (1) 

 

ʛʜʝ Succ(s) ʦʟʥʘʯʘʚʘ ʩʢʫʧ ʥʘʩʣʝʜʥʠʢʘ ʯʚʦʨʘ s.  

 

ʇʘʨʘʤʝʪʘʨ rhs(s) ʧʨʝʜʩʪʘʚˀʘ ʠʥʬʦʨʤʘʮʠʿʫ ʦ ʥʘʿʙʦˀʝʤ ʩʫʩʝʜʫ ʯʚʦʨʘ s ʫ ʘʢʪʫʝʣʥʦʤ 

ʪʨʝʥʫʪʢʫ ʠ ʫʧʨʘʚʦ ʪʘ ʠʥʬʦʨʤʘʮʠʿʘ ʩʝ ʢʦʨʠʩʪʠ ʢʦʜ ʢʦʨʝʢʮʠʿʝ ʧʫʪʘˁʝ ʫ ʩʣʫʯʘʿʫ 

ʧʦʿʘʚʝ/ʜʝʪʝʢʮʠʿʝ ʥʦʚʠʭ ʧʨʝʧʨʝʢʘ ʠʣʠ ʧʨʦʣʘʟʘ ʫ ʦʢʨʫʞʝˁʫ ʫ ʢʦʤ ʩʝ ʢʨʝ˂ʝ ʨʦʙʦʪ. ʇʦʢʘʟʠʚʘʯ 

ʯʚʦʨʘ s ʿʝ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʫʚʝʢ ʫʩʤʝʨʝʥ ʧʨʝʤʘ ʯʚʦʨʫ ʠʟ ʢʦʛ ʿʝ ʠʟʚʝʜʝʥʦ rhs(s) ʠ, ʥʘʨʘʚʥʦ, 

ʤʦʞʝ ʩʝ ʤʝˁʘʪʠ ʫ ʪʦʢʫ ʨʘʜʘ ʘʣʛʦʨʠʪʤʘ. ʇʦʢʘʟʠʚʘʯʠ ʩʣʫʞʝ, ʢʘʦ ʠ ʢʦʜ anytime ʘʣʛʦʨʠʪʘʤʘ, 

ʜʘ ʩʝ ʥʘ ʦʩʥʦʚʫ ˁʠʭ ʧʨʘʪʝ˂ʠ ʠʭ ʫ ʩʤʝʨʫ ʦʜ ʩʪʘʨʪʥʦʤ ʧʨʝʤʘ ʮʠˀʥʦʛ ʯʚʦʨʫ ʥʘʢʦʥ ʟʘʚʨʰʝʪʢʘ 

ʦʙʨʘʜʝ ʛʨʘʬʘ ʬʦʨʤʠʨʘ ʧʫʪʘˁʘ. 

 

ʉʫʰʪʠʥʘ ʫʚʦʹʝˁʘ ʧʘʨʘʤʝʪʨʘ rhs(s) ʿʝ ʜʘ ʦʤʦʛʫ˂ʘʚʘ ʜʝʪʘˀʥʠʿʫ ʘʥʘʣʠʟʫ ʧʦʿʘʚʝ 

ʠʥʢʦʥʟʠʩʪʝʥʮʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʘʥʘʣʠʟʫ ʠʥʢʦʥʟʠʩʪʝʥʮʠʿʝ ʧʨʠʤʝˁʝʥʫ ʢʦʜ ʘʣʛʦʨʠʪʘʤʘ ɸ* ʠ 

ARA*. ʂʦʜ ʠʥʢʨʝʤʝʥʪʘʣʥʠʭ ʘʣʛʦʨʠʪʘʤʘ ʯʚʦʨ ʿʝ ʧʨʝʢʦʢʦʥʟʠʩʪʝʥʪʘʥ ʘʢʦ ʿʝ g(s) > rhs(s), 

ʧʦʜʢʦʥʟʠʩʪʝʥʪʘʥ ʘʢʦ ʿʝ g(s) < rhs(s), ʘ ʢʦʥʟʠʩʪʝʥʪʘʥ ʘʢʦ ʿʝ g(s) = rhs(s). ʂʘʜʘ ʜʦʹʝ ʜʦ 

ʩʤʘˁʝˁʘ ʮʝʥʝ ʧʫʪʘˁʝ g(sô) ʯʚʦʨʘ sô ʢʦʿʠ ʿʝ ʩʫʩʝʜ ʯʚʦʨʘ s, ʪʦ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʩʤʘˁʝˁʘ 

rhs(s), ʰʪʦ ʤʦʞʝ ʯʚʦʨ s ʫʯʠʥʠʪʠ ʧʨʝʢʦʢʦʥʟʠʩʪʝʥʪʥʠʤ. ʋ ʜʨʫʛʦʤ ʩʣʫʯʘʿʫ, ʧʦʚʝ˂ʘˁʝ ʮʝʥʝ 

ʧʫʪʘˁʝ g(sô) ʯʚʦʨʘ sô ʢʦʿʠ ʿʝ ʩʫʩʝʜ ʯʚʦʨʘ s ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʧʦʚʝ˂ʘˁʘ rhs(s), ʰʪʦ ʤʦʞʝ 

ʯʚʦʨ s ʫʯʠʥʠʪʠ ʧʦʜʢʦʢʦʥʟʠʩʪʝʥʪʥʠʤ. ʀʥʢʦʥʟʠʩʪʝʥʪʥʠ ʯʚʦʨʦʚʠ ʪʨʠʛʝʨʫʿʫ ʧʨʦʮʝʩ 

ʘʞʫʨʠʨʘˁʘ ʧʘʨʘʤʝʪʘʨʘ ˁʠʭʦʚʠʭ ʩʫʩʝʜʘ, ʪʝ ʩʝ ʩʪʦʛʘ ʤʦʞʝ ʨʝ˂ʠ ʜʘ ʧʨʝʢʦʢʦʥʟʠʩʪʝʥʪʥʠ 

ʯʚʦʨʦʚʠ ʚʨʰʝ ʧʨʦʧʘʛʘʮʠʿʫ ʩʤʘˁʝˁʘ ʮʝʥʘ ʧʫʪʘˁʘ, ʘ ʧʦʜʢʦʥʟʠʩʪʝʥʪʥʠ ʯʚʦʨʦʚʠ ʧʨʦʧʘʛʘʮʠʿʫ 

ʧʦʚʝ˂ʘˁʘ ʮʝʥʘ ʧʫʪʘˁʘ ʫ ʦʢʨʫʞʝˁʫ ʫ ʢʦʤ ʩʝ ʢʨʝ˂ʝ ʨʦʙʦʪ. ʂʘʦ ʠ ʢʦʜ ʧʨʝʪʭʦʜʥʦ 

ʘʥʘʣʠʟʠʨʘʥʠʭ ʘʣʛʦʨʠʪʘʤʘ, ʠʥʢʦʥʟʠʩʪʝʥʪʥʠ ʯʚʦʨʦʚʠ ʩʝ ʠʥʩʝʨʪʫʿʫ ʫ ʩʢʫʧ OPEN. ʇʦʨʝʜ 

ʩʢʫʧʘ OPEN, D* Lite ʢʘʦ ʠ ʘʣʛʦʨʠʪʤʠ ɸ* ʠ ARA*  ʢʦʨʠʩʪʠ ʭʝʫʨʠʩʪʠʯʢʫ ʬʫʥʢʮʠʿʫ ʫ ʮʠˀʫ 

ʬʦʢʫʩʠʨʘˁʘ ʦʙʨʘʜʝ ʛʨʘʬʘ, ʢʦʿʘ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʪʨʝʙʘ ʜʘ ʟʘʜʦʚʦˀʠ ʫʩʣʦʚ ʢʦʥʟʠʩʪʝʥʪʥʦʩʪʠ 

ʟʘ backward ʚʝʨʟʠʿʝ ʘʣʛʦʨʠʪʘʤʘ ʜʝʬʠʥʠʩʘʥ ʫ ʇʦʛʣʘʚˀʫ 2.2.2. 
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ʇʨʠʦʨʠʪʠʟʘʮʠʿʘ ʯʚʦʨʦʚʘ ʫ ʩʢʫʧʫ ʦʪʚʦʨʝʥʠʭ ʯʚʦʨʦʚʘ ʠ ʦʚʜʝ ʩʝ ʚʨʰʠ ʥʘ ʦʩʥʦʚʫ 

ʚʨʝʜʥʦʩʪʠ ʜʦʜʝˀʝʥʝ ʬʫʥʢʮʠʿʝ ʢˀʫʯʘ. ʄʝʹʫʪʠʤ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʘʣʛʦʨʠʪʘʤʘ ɸ* ʠ ARA*, ʢʦʜ 

D* Lite ʢˀʫʯ ʠʤʘ ʬʦʨʤʫ ʚʝʢʪʦʨʘ ʚʨʩʪʝ ʜʠʤʝʥʟʠʿʝ 1x2:      

                       

                 ʢʝy(s) = [k1(s), k2(s)] = [min(g(s), rhs(s)) + h(sstart, s), min(g(s), rhs(s))]                    (2) 
 

ɺʨʝʜʥʦʩʪ ʢˀʫʯʘ ʯʚʦʨʘ s ʿ ʝ ʤʘˁʘ ʦʜ ʚʨʝʜʥʦʩʪʠ ʢˀʫʯʘ ʯʚʦʨʘ sô ʪʿ. key(s) < key(sô), ʘʢʦ 

ʿʝ k1(s) < k1(sô) ʠʣʠ ʘʢʦ ʿʝ k1(s) = k1(sô) ʠ k2(s) < k2(sô). 

 

ʇʩʝʫʜʦʢʦʜ ʦʩʥʦʚʥʝ ʚʝʨʟʠʿʝ D* Lite ʘʣʛʦʨʠʪʤʘ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʉʣʠʮʠ 8 [32]. ʅʘʢʦʥ 

ʠʥʠʮʠʿʘʣʠʟʘʮʠʿʝ ʘʣʛʦʨʠʪʤʘ (ʣʠʥʠʿʝ 15.-17.), D* Lite ʠʟʨʘʯʫʥʘʚʘ ʧʫʪʘˁʫ ʥʘʿʤʘˁʝ ʮʝʥʝ 

(ʣʠʥʠʿʘ 19.). ʇʨʠ ʧʨʦʨʘʯʫʥʫ ʧʫʪʘˁʝ ʘʣʛʦʨʠʪʘʤ ʫ ʩʚʘʢʦʤ ʢʦʨʘʢʫ ʚʨʰʠ ʙʨʠʩʘˁʝ ʠʟ ʩʢʫʧʘ 

OPEN ʠʥʢʦʥʟʠʩʪʝʥʪʥʦʛ ʯʚʦʨʘ s ʢʦʿʠ ʫ ʪʦʤ ʪʨʝʥʫʪʢʫ ʠʤʘ ʥʘʿʤʘˁʫ ʚʨʝʜʥʦʩʪ ʢˀʫʯʘ (ʣʠʥʠʿʘ 

8.). ɸʢʦ ʿʝ ʯʚʦʨ s ʧʨʝʢʦʢʦʥʟʠʩʪʝʥʪʘʥ, ʘʞʫʨʠʨʘ ʩʝ ˁʝʛʦʚʘ ʚʨʝʜʥʦʩʪ ʮʝʥʝ ʧʫʪʘˁʝ g(s) ʢʘʢʦ ʙʠ 

ʩʝ ʫʯʠʥʠʦ ʢʦʥʟʠʩʪʝʥʪʥʠʤ (ʣʠʥʠʿʘ 10.). ʋʢʦʣʠʢʦ ʿʝ ʯʚʦʨ ʧʦʜʢʦʥʟʠʩʪʝʥʪʘʥ, ʘʣʛʦʨʠʪʘʤ 

ʚʨʝʜʥʦʩʪ ˁʝʛʦʚʝ ʮʝʥʝ ʧʫʪʘˁʝ ʩʝʪʫʿʝ ʥʘ Ð (ʣʠʥʠʿʘ 13.). ɹʝʟ ʦʙʟʠʨʘ ʜʘ ʣʠ ʿʝ ʯʚʦʨ s 

ʧʨʝʢʦʢʦʥʟʠʩʪʝʥʪʘʥ ʠʣʠ ʧʦʜʢʦʥʟʠʩʪʝʥʪʘʥ, ˁʝʛʦʚʦ ʧʨʦʮʝʩʫʠʨʘˁʝ ʥʘ ʛʦʨʝ ʦʧʠʩʘʥ ʥʘʯʠʥ 

ʤʦʞʝ ʫʪʠʮʘʪʠ ʥʘ ʢʦʥʟʠʩʪʝʥʮʠʿʫ ʩʫʩʝʜʥʠʭ ʯʚʦʨʦʚʘ, ʟʙʦʛ ʯʝʛʘ ʩʝ ʘʞʫʨʠʨʘ ʠ ˁʠʭʦʚ 

ʧʘʨʘʤʝʪʘʨ rhs, ʢʘʦ ʠ ʩʪʘʪʫʩ. ʅʘʢʦʥ ʘʞʫʨʠʨʘˁʘ ʧʘʨʘʤʝʪʨʘ rhs, ʩʚʘʢʠ ʩʫʩʝʜʥʠ ʯʚʦʨ ʩʝ 

ʧʨʦʚʝʨʘʚʘ ʥʘ ʫʩʣʦʚ ʠʥʢʦʥʟʠʩʪʝʥʮʠʿʝ ʠ ʫ ʩʣʫʯʘʿʫ ʟʘʜʦʚʦˀʝˁʘ ʪʦʛ ʫʩʣʦʚʘ ʠʥʩʝʨʪʫʿʝ ʩʝ ʫ 

ʩʢʫʧ OPEN (ʫ ʩʣʫʯʘʿʫ ʜʘ ʿʝ ʚʝ˂ ʯʣʘʥ ʩʢʫʧʘ OPEN ʙʨʠhʝ ʩʝ ʠʟ ʪʦʛ ʩʢʫʧʘ ʜʘ ʙʠ ʥʦʚʘ ʧʨʦʚʝʨʘ 

ʥʘ ʫʩʣʦʚ ʠʥʢʦʥʟʠʩʪʝʥʮʠʿʝ ʠʤʘʣʘ ʩʤʠʩʣʘ) (ʣʠʥʠʿʝ 4.-6.). ʊʠʤʝ ʩʝ ʦʤʦʛʫ˂ʘʚʘ ʧʨʦʧʘʛʘʮʠʿʘ 

ʠʥʢʦʥʟʠʩʪʝʥʮʠʿʝ. ʐʠʨʝˁʝ ʯʚʦʨʦʚʘ ʠʟ ʩʢʫʧʘ OPEN ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʧʦʜʨʘʟʫʤʝʚʘ 

ʨʝʘʣʠʟʘʮʠʿʫ ʣʠʥʠʿʘ 8.-14. ʧʩʝʫʜʦʢʦʜʘ ʠ ʚʨʰʠ ʩʝ ʩʚʝ ʜʦʢ je ʟʘʜʦʚʦˀʝʥ ʥʘʿʤʘˁʝ ʿʝʜʘʥ ʦʜ 

ʩʣʝʜʝ˂ʘ ʜʚʘ ʫʩʣʦʚʘ: ʜʘ ʠʤʘ ʯʚʦʨʦʚʘ ʯʠʿʘ ʿʝ ʚʨʝʜʥʦʩʪ ʢˀʫʯʘ ʤʘˁʘ ʦʜ ʚʨʝʜʥʦʩʪʠ ʢˀʫʯʘ 

ʩʪʘʨʪʥʦʛ ʯʚʦʨʘ ʠʣʠ ʜʘ ʚʘʞʠ rhs(sstart) Í g(sstart) (ʣʠʥʠʿʘ 7.). ʆʧʠʩʘʥʠ ʧʨʦʮʝʩ ʛʘʨʘʥʪʫʿʝ 

ʜʦʙʠʿʘˁʝ ʧʫʪʘˁʝ ʦʜ sgoal ʜʦ sstart ʩʘ ʥʘʿʤʘˁʦʤ ʮʝʥʦʤ [32]. ʃʠʥʠʿʘ 18. ʧʨʘʢʪʠʯʥʦ ʟʥʘʯʠ ʜʘ 

ʘʣʛʦʨʠʪʘʤ ʟʘʚʨʰʘʚʘ ʩʚʦʿ ʨʘʜ ʫ ʪʨʝʥʫʪʢʫ ʢʘʜʘ ʩʝ ʟʘʜʦʚʦˀʠ ʫʩʣʦʚ sstart = sgoal [62].   

 

ɸʢʦ ʥʘʢʦʥ ʛʝʥʝʨʠʩʘˁʘ ʠʥʠʮʠʿʘʣʥʝ ʧʫʪʘˁʝ ʠ ʦʪʧʦʯʠˁʘˁʘ ʢʨʝʪʘˁʘ ʨʦʙʦʪ ʫ ʥʝʢʦʤ 

ʪʨʝʥʫʪʢʫ ʜʝʪʝʢʪʫʿʝ ʧʨʦʤʝʥʝ ʫ ʦʢʨʫʞʝˁʫ (ʫ ʦʜʥʦʩʫ ʥʘ ʤʘʧʫ ʧʨʝʤʘ ʢʦʿʦʿ ʿʝ ʠʟʨʘʯʫʥʘʪʘ 

ʠʥʠʮʠʿʘʣʥʘ ʧʫʪʘˁʘ), D* Lite ʥʘʿʧʨʝ ʚʨʰʠ ʘʞʫʨʠʨʘˁʝ ʠʟʤʝˁʝʥʠʭ ʮʝʥʘ ʧʨʝʣʘʟʘʢʘ, ʘ ʟʘʪʠʤ ʠ 

ʘʞʫʨʠʨʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʠ ʩʪʘʪʫʩʘ ʩʚʠʭ ʯʚʦʨʦʚʘ ʢʦʿʠ ʩʫ ʜʠʨʝʢʪʥʦ ʧʦʛʦʹʝʥʠ ʥʘʩʪʘʣʦʤ 

ʧʨʦʤʝʥʦʤ (ʣʠʥʠʿʝ 21.-23.). ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʘʞʫʨʠʨʘ ʩʝ ʠ ʩʢʫʧ OPEN, ʪʿ. ʫ ˁʝʛʘ ʩʝ ʜʦʜʘʿʫ 

ʯʚʦʨʦʚʠ ʢʘʥʜʠʜʘʪʠ ʟʘ ʢʦʨʝʢʮʠʿʫ ʧʫʪʘˁʝ. ʇʦʪʦʤ ʩʝ ʠʟ ʘʞʫʨʠʨʘʥʦʛ ʩʢʫʧʘ OPEN ʙʨʠʰʫ ʠ 

ʰʠʨʝ ʯʚʦʨʦʚʠ ʧʨʝʤʘ ʧʨʠʦʨʠʪʠʟʘʮʠʿʠ ʫ ʩʢʣʘʜʫ ʩʘ ʜʦʜʝˀʝʥʦʤ ʚʨʝʜʥʦʰ˂ʫ ʢˀʫʯʘ ʥʘ ʛʦʨʝ 

ʦʧʠʩʘʥ ʥʘʯʠʥ ʜʦʢ ʩʝ ʥʝ ʠʩʧʫʥʠ ʫʩʣʦʚ ʟʘ ʪʝʨʤʠʥʘʮʠʿʫ ʨʘʜʘ ʘʣʛʦʨʠʪʤʘ. ʅʘ ʪʘʿ ʥʘʯʠʥ D* Li te 

ʘʣʛʦʨʠʪʘʤ ʚʨʰʠ ʢʦʨʝʢʮʠʿʫ ʧʦʩʪʦʿʝ˂ʝ ʧʫʪʘˁʝ (ʥʝ ʠʟʨʘʯʫʥʘʚʘ ʥʦʚʫ ʧʫʪʘˁʫ ʦʜ ʧʦʯʝʪʢʘ), ʰʪʦ 

ʛʘ ʯʠʥʠ ʤʥʦʛʦ ʝʬʠʢʘʩʥʠʿʠʤ ʦʜ ʙʘʟʠʯʥʦʛ ɸ* ʘʣʛʦʨʠʪʤʘ [63].  

 

D* Lite ʘʣʛʦʨʠʪʘʤ ʚʨʰʠ ʘʞʫʨʠʨʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʩʘʤʦ ʦʥʠʭ ʯʚʦʨʦʚʘ ʢʦʿʠ ʩʫ 

ʜʠʨʝʢʪʥʦ ʧʦʛʦʹʝʥʠ ʥʘʩʪʘʣʦʤ ʧʨʦʤʝʥʦʤ ʮʝʥʘ ʧʨʝʣʘʟʘʢʘ. ɼʨʫʛʠʤ ʨʝʯʠʤʘ, ʦʚʘʿ ʘʣʛʦʨʠʪʘʤ ʥʝ 

ʧʦʥʘʚˀʘ ʦʙʨʘʜʫ ʥʘʜ ʮʝʣʠʤ ʛʨʘʬʦʤ ʢʘʦ ʥʘ ʧʦʯʝʪʢʫ ʨʘʜʘ, ʚʝ˂ ʢʦʨʠʩʪʠ ʧʨʝʪʭʦʜʥʦ ʜʦʙʠʿʝʥʝ 

ʨʝʟʫʣʪʘʪʝ ʧʨʠ ʠʟʨʘʯʫʥʘʚʘˁʫ ʢʦʨʠʛʦʚʘʥʝ ʧʫʪʘˁʝ, ʪʘʢʦ ʰʪʦ ʘʞʫʨʠʨʘ ʩʢʫʧ OPEN ʥʘ ʦʩʥʦʚʫ 

ʥʘʩʪʘʣʠʭ ʧʨʦʤʝʥʘ ʫ ʦʢʨʫʞʝˁʫ. ʋʢˀʫʯʠʚʘˁʝʤ k2(s) ʫ ʚʨʝʜʥʦʩʪ ʢˀʫʯʘ ʯʚʦʨʘ s, D* Lite 

ʦʙʝʟʙʝʹʫʿʝ ʜʘ ʩʝ ʯʚʦʨʦʚʠ ʠʟ ʩʢʫʧʘ OPEN ʰʠʨʝ ʥʘ ʥʘʿʝʬʠʢʘʩʥʠʿʠ ʥʘʯʠʥ [32]. ʉʘ ʜʨʫʛʝ 

ʩʪʨʘʥʝ, ʫʢˀʫʯʠʚʘˁʝ k1(s) ʫ ʚʨʝʜʥʦʩʪ ʢˀʫʯʘ ʯʚʦʨʘ s, ʟʙʦʛ ʯʠˁʝʥʠʮʝ ʜʘ k1(s) ʩʘʜʨʞʠ ʠ 

ʭʝʫʨʠʩʪʠʯʢʫ ʬʫʥʢʮʠʿʫ, ʦʙʝʟʙʝʹʫʿʝ ʜʘ ʩʝ, ʢʘʜʘ ʩʝ ʮʝʥʝ ʧʨʝʣʘʟʘʢʘ ʩʤʘˁʝ, ʰʠʨʝ ʩʘʤʦ ʥʦʚʠ 

ʧʨʝʢʦʥʟʠʩʪʝʥʪʥʠ ʯʚʦʨʦʚʠ, ʪʿ. ʯʚʦʨʦʚʠ ʟʘ ʢʦʿʝ ʧʦʩʪʦʿʠ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʤʦʛʫ ʩʤʘˁʠʪʠ ʮʝʥʫ 

ʘʢʪʫʝʣʥʝ ʧʫʪʘˁʝ ʦʜ ʩʪʘʨʪʥʦʛ ʜʦ ʮʠˀʥʦʛ ʯʚʦʨʘ [32]. ʋ ʩʫʧʨʦʪʥʦʤ, ʠʟ ʠʩʪʦʛ ʨʘʟʣʦʛʘ, 

ʫʢˀʫʯʠʚʘˁʝ k1(s) ʫ ʚʨʝʜʥʦʩʪ ʢˀʫʯʘ ʯʚʦʨʘ s, ʦʙʝʟʙʝʹʫʿʝ ʜʘ ʩʝ, ʢʘʜʘ ʩʝ ʮʝʥʝ ʧʨʝʣʘʟʘʢʘ 

ʧʦʚʝ˂ʘʿʫ, ʧʨʦʮʝʩʫʠʨʘʿʫ ʩʘʤʦ ʥʦʚʠ ʧʦʜʢʦʥʟʠʩʪʝʥʪʥʠ ʯʚʦʨʦʚʠ, ʪʿ. ʯʚʦʨʦʚʠ ʟʘ ʢʦʿʝ ʧʦʩʪʦʿʠ 
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ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʩʫ ʫʯʠʥʠʣʠ ʥʝʚʘʣʠʜʥʦʤ ʘʢʪʫʝʣʥʫ ʧʫʪʘˁʫ ʦʜ ʩʪʘʨʪʥʦʛ ʜʦ ʮʠˀʥʦʛ ʯʚʦʨʘ 

[32].   

 

 

 
  

ʉʣʠʢʘ 8. D* Lite ʘʣʛʦʨʠʪʘʤ [32] . 

 

 

ʆʩʚʨʥʠʤʦ ʩʝ ʥʘ ʥʘʯʠʥ ʥʘ ʢʦʿʠ D* Li te ʰʠʨʠ ʧʦʜʢʦʥʟʠʩʪʝʥʪʥʝ ʠ ʧʨʝʢʦʢʦʥʟʠʩʪʝʥʪʥʝ 

ʯʚʦʨʦʚʝ, ʦʜʥʦʩʥʦ ʢʘʢʦ ʨʝʰʘʚʘ ʧʨʦʙʣʝʤ ˁʠʭʦʚʦʛ ʫʪʠʮʘʿʘ ʥʘ ʢʦʨʝʢʮʠʿʫ ʧʫʪʘˁʝ. D* Lite 

ʙʨʠʰʝ ʧʦʜʢʦʥʟʠʩʪʝʥʪʘʥ ʯʚʦʨ s (g(s) < rhs(s)) ʠʟ ʩʢʫʧʘ OPEN (ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʝʪʭʦʜʥʦ 

ʠʟʚʨʰʝʥʦʤ ʧʨʠʦʨʠʪʠʟʘʮʠʿʦʤ), ʧʨʠ ʯʝʤʫ ʩʝ ˁʝʛʦʚʦʤ ʧʘʨʘʤʝʪʨʫ g ʜʦʜʝˀʫʿʝ ʚʨʝʜʥʦʩʪ Ð. 

ɿʘʪʠʤ ʩʝ ʠʥʠʮʠʿʘʣʠʟʫʿʝ ʘʞʫʨʠʨʘˁʝ ʧʘʨʘʤʝʪʘʨʘ rhs ʩʫʩʝʜʥʠʭ ʯʚʦʨʦʚʘ (ʢʘʦ ʠ ˁʠʭʦʚʠʭ 

ʧʦʢʘʟʠʚʘʯʘ) ʠ ʩʪʘʪʫʩʘ. ʊʘʢʦʹʝ ʩʝ ʘʞʫʨʠʨʘ ʠ ʧʘʨʘʤʝʪʘʨ rhs ʠ ʩʪʘʪʫʩ ʩʘʤʦʛ ʯʚʦʨʘ s ʠ ʦʥ ʩʝ 

ʚʨʘ˂ʘ ʫ ʩʢʫʧ OPEN ʫʢʦʣʠʢʦ ʚʨʝʜʥʦʩʪ rhs(s) ʥʠʿʝ Ð (ʧʘʨʘʤʝʪʨʫ g ʿʝ ʧʨʝʪʭʦʜʥʦ ʜʦʜʝˀʝʥʘ 

ʚʨʝʜʥʦʩʪ Ð). ʏʚʦʨ s ʩʝ ʥʘ ʪʘʿ ʥʘʯʠʥ ʤʦʞʝ ʧʦʥʦʚʦ ʧʨʦʰʠʨʠʪʠ ʢʘʦ ʧʨʝʢʦʢʦʥʟʠʩʪʝʥʪʘʥ, ʢʘʜʘ 

g(s) ʜʦʙʠʿʘ ʨʝʘʣʥʫ ʚʨʝʜʥʦʩʪ (ʿʝʜʥʘʢʫ rhs), ʰʪʦ ʿʝ ʙʠʪʥʦ ʟʘ ʢʦʤʧʣʝʪʠʨʘˁʝ ʧʨʦʮʝʩʘ 

ʢʦʨʝʢʮʠʿʝ ʧʫʪʘˁʝ. ɼʦʢʘʟ ʜʘ ʩʝ ʿʝʜʘʥ ʠʩʪʠ ʯʚʦʨ ʤʦʞʝ ʧʨʦʰʠʨʠʪʠ ʥʘʿʚʠʰʝ ʜʚʘ ʧʫʪʘ 

(ʥʘʿʚʠʰʝ ʿʝʜʥʦʤ ʢʘʦ ʧʦʜʢʦʥʟʠʩʪʝʥʪʘʥ ʠ ʥʘʿʚʠʰʝ ʿʝʜʥʦʤ ʢʘʦ ʧʨʝʢʦʢʦʥʟʠʩʪʝʥʪʘʥ) ʫ ʪʦʢʫ 

ʠʟʨʘʯʫʥʘʚʘˁʘ ʧʫʪʘˁʝ ʪʿ. ʫ ʪʦʢʫ ʿʝʜʥʦʛ ʠʟʚʨʰʘʚʘˁʘ ʬʫʥʢʮʠʿʝ Computepath ʜʘʪ ʿʝ ʫ [52,53]. 

 

ʇʨʦʮʝʩʫʠʨʘˁʝ ʧʨʝʢʦʢʦʥʟʠʩʪʝʥʪʥʦʛ ʯʚʦʨʘ s ʿʝ ʿʝʜʥʦʩʪʘʚʥʠʿʝ ʠ ʧʦʜʨʘʟʫʤʝʚʘ, ʪʘʢʦʹʝ, 

ˁʝʛʦʚʦ ʙʨʠʩʘˁʝ ʠʟ ʩʢʫʧʘ OPEN (ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʝʪʭʦʜʥʦ ʠʟʚʨʰʝʥʦʤ ʧʨʠʦʨʠʪʠʟʘʮʠʿʦʤ), ʘʣʠ 

ʩʝ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʩʤʘˁʫʿʝ ʚʨʝʜʥʦʩʪ ʧʘʨʘʤʝʪʨʘ g(s) (ʧʦʩʪʘʿʝ ʿʝʜʥʘʢʘ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʨʘ 
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rhs), ʰʪʦ ʯʠʥʠ ʤʦʛʫ˂ʠʤ ʜʘ ʥʝʢʠ ʦʜ ˁʝʛʦʚʠʭ ʩʫʩʝʜʘ ʥʘʢʦʥ ʘʞʫʨʠʨʘˁʘ ʩʦʧʩʪʚʝʥʦʛ 

ʧʘʨʘʤʝʪʨʘ rhs Ăʫʩʤʝʨʠ ʩʚʦʿ ʧʦʢʘʟʠʚʘʯñ ʧʨʝʤʘ s ʠ ʪʠʤʝ ʛʘ ʫʢˀʫʯʠ ʫ ʩʪʘʙʣʦ ʧʫʪʘˁʘ. 

 

ɺʘʞʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʠ ʪʦ ʜʘ D* Lite ʘʣʛʦʨʠʪʘʤ ʥʝ ʧʦʜʨʘʟʫʤʝʚʘ ʥʠʢʘʢʚʫ ʧʦʣʘʟʥʫ 

ʧʨʝʪʧʦʩʪʘʚʢʫ ʦ ʪʦʤʝ ʜʘ ʣʠ ʩʝ ʧʨʦʤʝʥʝ ʮʝʥʘ ʧʨʝʣʘʟʘʢʘ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ ʿʘʚˀʘʿʫ ʫʩʣʝʜ 

ʧʨʦʤʝʥʘ ʫ ʦʢʨʫʞʝˁʫ ʫ ʢʦʤ ʩʝ ʨʦʙʦʪ ʢʨʝ˂ʝ ʠʣʠ ʿʝ ʩʘʤʦ ʫ ʧʠʪʘˁʫ ʘʞʫʨʠʨʘˁʝ ʤʘʧʝ ʢʦʿʘ ʥʠʿʝ 

ʙʠʣʘ ʫ ʧʦʪʧʫʥʦʩʪʠ ʧʦʟʥʘʪʘ ʧʨʝ ʦʪʧʦʯʠˁʘˁʘ ʢʨʝʪʘˁʘ. ʄʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʨʝʰʘʚʘˁʝ 

ʧʨʦʙʣʝʤʘ ʢʨʝʪʘˁʘ ʨʦʙʦʪʘ ʠ ʫ ʧʦʪʧʫʥʦ ʥʝʧʦʟʥʘʪʦʤ ʦʢʨʫʞʝˁʫ, ʧʦʜ ʫʩʣʦʚʦʤ ʜʘ ʿʝ ʧʦʟʥʘʪ 

ʮʠˀʥʠ ʯʚʦʨ. 

 

ʅʘ ʢʨʘʿʫ, ʧʨʠʤʝʪʠʤʦ ʜʘ D* Lite ʘʣʛʦʨʠʪʘʤ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ARA*, ʟʙʦʛ ʥʘʯʠʥʘ ʥʘ ʢʦʿʠ 

ʬʫʥʢʮʠʦʥʠʰʝ (ʥʠʿʝ ʠʪʝʨʘʪʠʚʥʝ ʧʨʠʨʦʜʝ ʠ ʥʝ ʢʦʨʠʩʪʠ ʧʦʥʜʝʨʠʩʘʥʫ ʭʝʫʨʠʩʪʠʯʢʫ ʬʫʥʢʮʠʿʫ) 

ʫ ʪʦʢʫ ʨʘʜʘ ʥʝ ʬʦʨʤʠʨʘ ʩʢʫʧʦʚʝ CLOSED ʠ INCONS, ʚʝ˂ ʩʘʤʦ ʩʢʫʧ OPEN. ʂʦʨʠʰ˂ʝˁʝ 

ʨʝʟʫʣʪʘʪʘ ʠʟ ʠʥʠʮʠʿʘʣʥʝ ʦʙʨʘʜʝ ʛʨʘʬʘ ʥʘʢʦʥ ʧʦʿʘʚʝ ʥʦʚʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʚʝʟʘʥʠʭ ʟʘ 

ʧʨʦʤʝʥʝ ʫ ʦʢʨʫʞʝˁʫ ʦʙʝʟʙʝʹʝʥʦ ʿʝ ʥʘ ʪʘʿ ʥʘʯʠʥ ʰʪʦ ʩʝ ʠʥʠʮʠʿʘʣʥʦ ʬʦʨʤʠʨʘʥʠ ʩʢʫʧ OPEN 

ʘʞʫʨʠʨʘ ʫ ʩʤʠʩʣʫ ʧʨʦʰʠʨʝˁʘ ʥʦʚʦʧʦʿʘʚˀʝʥʠʤ ʠʥʢʦʥʟʠʩʪʝʥʪʥʠʤ ʯʚʦʨʦʚʠʤʘ. D* Lite, 

ʠʧʘʢ, ʤʦʞʝ ʙʠʪʠ ʧʨʝʜʝʬʠʥʠʩʘʥ ʫ ʩʤʠʩʣʫ ʜʘ ʢʦʨʠʩʪʠ ʧʦʥʜʝʨʠʩʘʥʫ ʭʝʫʨʠʩʪʠʯʢʫ ʬʫʥʢʮʠʿʫ ʠ 

ʫ ʪʦʤ ʩʣʫʯʘʿʫ ʛʝʥʝʨʠʰʝ ʨʝʰʝˁʝ ʢʦʿʝ ʿʝ ʩʫʙʦʧʪʠʤʘʣʥʦ ʩʘ ʦʜʨʝʹʝʥʦʤ, ʬʠʢʩʥʦʤ ʛʨʘʥʠʮʦʤ 

ʩʫʙʦʧʪʠʤʘʣʥʦʩʪʠ. 

 

ɼʠʿʘʛʨʘʤ ʪʦʢʘ D* Lite ʘʣʛʦʨʠʪʤʘ, ʫʨʘʹʝʥ ʫ ʩʢʣʦʧʫ ʠʩʪʨʘʞʠʚʘˁʘ ʦʙʫʭʚʘ˂ʝʥʦʛ ʦʚʦʤ 

ʜʠʩʝʨʪʘʮʠʿʦʤ, ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʉʣʠʮʠ 9. 
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Napomena: 

key(s)=[k1(s), k2(s)]= 

[min(g(s),rhs(s))+h(sstart,s), 

min(g(s),rhs(s))] 
 

 

 

 

ʉʣʠʢʘ 9. ɼʠʿʘʛʨʘʤ ʪʦʢʘ D* Lite ʘʣʛʦʨʠʪʤʘ, ʫʨʘʹʝʥ ʫ ʩʢʣʦʧʫ ʠʩʪʨʘʞʠʚʘˁʘ ʦʙʫʭʚʘ˂ʝʥʠʭ 

ʜʠʩʝʨʪʘʮʠʿʦʤ. 

Inicijalizacija D* Lite algoritma: 

- Inicijalizacija mape (ļvorova i njihovih veza) 
- Odabir startnog ļvora sstart i ciljnog ļvora sgoal 

- g(sstart)=rhs(sstart)=Ð g(sgoal)=Ð rhs(sgoal)=0 

- Inicijalizacija praznog skupa OPEN 
 

Generisanje putanje [potprogram] 

Preuzeti ļvor s sa najmanjim kljuļem 

iz skupa OPEN (brisati ga iz OPEN) 

g(s)>rhs(s) 

g(s)=rhs(s); 

(Ļvor s postaje konzistentan)  
g(s)=Ð 

Preuzimanje ļvora sô ï 

jednog od suseda ļvora s 

Preuzimanje ļvora sô ï 

jednog od suseda ļvora s 

raļunajuĺi i ļvor s 

Da li su ispitani 

svi ļvorovi sô?  

g(s)=rhs(s) 

Da li ļvor sa najmanjom vrednoġĺu 
kljuļa u skupu OPEN ima manju 

vrednost kljuļa od ļvora sstart ili je 

rhs(sstart)Íg(sstart)? 

Aģuriranje parametara i statusa ļvora (sô) 

[potprogram] 

  

Da li je ļvor n poseĺen 

ranije? 

g(n)=Ð 

nÍsgoal 

Izraļunati rhs(n)  

n OɴPEN? 

Ukloniti n iz OPEN  

g(n)Írhs(n) 

- Izraļunati novu vrednost kljuļa ļvora n 

- Ļvor n ubaciti u skup OPEN 

- Izraļunati vrednost kljuļa ļvora sgoal 

- Ubaciti ļvor sgoal sa svojim kljuļem u skup OPEN 

Generisana je optimalna putanja 
po kriterijumu najmanje cene puta  

 

Generisanje putanje [potprogram] 

Aģuriranje parametara i statusa ļvora (n) 

[potprogram]  

INPUT 

OUTPUT 

INPUT 

OUTPUT 

D* Lite algoritam  [glavni program]  

NE 

DA 

DA 

NE 

DA 

NE 

DA 

NE 

DA 

NE 

NE 

DA 

DA 

NE 

DA 

NE 

Aģurirati cenu prelaska c(u,v) koja se 

menja 

Kretanje robota za 1 polje 

duģ generisane putanje  

Da li su u toku kretanja 
robota duģ putanje 

detektovane promene u 

okruģenju? 

Aģuriranje parametara i statusa ļvora (u) 

[potprogram]  

Da li su ispitane sve 

cene prelaska c(u,v)? 

NE 

DA 

DA 

NE 
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2.3.2. Anytime Dynamic A*  (AD* ) ʘʣʛʦʨʠʪʘʤ  

 

ʂʘʦ ʰʪʦ ʿʝ ʥʘʚʝʜʝʥʦ ʫ ʧʨʝʪʭʦʜʥʠʤ ʧʦʛʣʘʚˀʠʤʘ, ʧʦʩʪʦʿʝ ʘʣʛʦʨʠʪʤʠ ʟʘ ʝʬʠʢʘʩʥʦ 

ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʢʨʝʪʘˁʘ ʫ ʜʠʥʘʤʠʯʢʦʤ ʦʢʨʫʞʝˁʫ (D* Lite ʘʣʛʦʨʠʪʘʤ), ʢʘʦ ʠ 

ʘʣʛʦʨʠʪʤʠ ʟʘ ʧʣʘʥʠʨʘˁʝ ʢʨʝʪʘˁʘ ʢʘʜʘ ʿʝ ʠʥʠʮʠʿʘʣʥʫ ʧʫʪʘˁʫ ʧʦʪʨʝʙʥʦ ʛʝʥʝʨʠʩʘʪʠ ʟʘ ʰʪʦ 

ʢʨʘ˂ʝ ʚʨʝʤʝ (ARA* ʘʣʛʦʨʠʪʘʤ). ʄʝʹʫʪʠʤ, ʢʦʿʝ ʿʝ ʨʝʰʝˁʝ ʟʘ ʩʠʪʫʘʮʠʿʝ ʢʦʿʝ ʧʦʜʨʘʟʫʤʝʚʘʿʫ 

ʠʩʪʦʚʨʝʤʝʥʦ ʧʨʠʩʫʩʪʚʦ ʦʙʘ ʥʘʚʝʜʝʥʘ ʧʨʦʙʣʝʤʘ? 

 

Anytime Dynamic A*  (AD*) ʿʝ ʿʝʜʘʥ ʦʜ ʘʣʛʦʨʠʪʘʤʘ ʢʦʿʠ ʠʤʘ ʤʦʛʫ˂ʥʦʩʪ 

ʠʥʢʨʝʤʝʥʪʘʣʥʦʛ ʠ anytime ʧʣʘʥʠʨʘˁʘ [32]. ʌʫʥʢʮʠʦʥʠʰʝ ʥʘ ʥʘʯʠʥ ʜʘ ʫ ʨʝʣʘʪʠʚʥʦ ʢʨʘʪʢʦʤ 

ʚʨʝʤʝʥʫ ʛʝʥʝʨʠʰʝ ʠʥʠʮʠʿʘʣʥʦ ʨʝʰʝˁʝ ʢʦʿʝ ʿʝ Ů0-ʩʫʙʦʧʪʠʤʘʣʥʦ, ʥʘʢʦʥ ʯʝʛʘ ʨʦʙʦʪ ʟʘʧʦʯʠˁʝ 

ʢʨʝʪʘˁʝ ʜʫʞ ʛʝʥʝʨʠʩʘʥʝ ʧʫʪʘˁʝ, ʘ ʘʣʛʦʨʠʪʘʤ ʥʘʩʪʘʚˀʘ ʩʚʦʿ ʠʪʝʨʘʪʠʚʥʠ ʨʘʜ ʫ ʮʠˀʫ 

ʧʦʙʦˀʰʘˁʘ ʜʦʙʠʿʝʥʦʛ ʨʝʰʝˁʘ (ʧʨʠ ʯʝʤʫ ʢʦʥʪʨʦʣʠʰʝ ʛʨʘʥʠʮʫ ʩʫʙʦʧʪʠʤʘʣʥʦʩʪʠ), ʩʚʝ ʜʦʢ 

ʥʝ ʛʝʥʝʨʠʰʝ ʧʫʪʘˁʫ ʢʦʿʘ ʿʝ ʦʧʪʠʤʘʣʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʪʨʝʥʫʪʥʫ ʧʦʟʠʮʠʿʫ ʨʦʙʦʪʘ (ʪʿ. ʪʨʝʥʫʪʥʫ 

ʧʦʟʠʮʠʿʫ ʯʚʦʨʘ sstart). ʇʨʠ ʪʦʤʝ, ʥʘ ʧʦʯʝʪʢʫ ʩʚʘʢʝ ʥʦʚʝ ʠʪʝʨʘʮʠʿʝ ʧʦʩʪʫʧʘ ʩʝ ʥʘ ʠʩʪʠ ʥʘʯʠʥ 

ʢʘʦ ʢʦʜ ARA*  ʘʣʛʦʨʠʪʤʘ - ʜʝʢʨʝʤʝʥʪʠʨʘ ʩʝ Ů, ʠʥʩʝʨʪʫʿʫ ʩʝ ʩʚʠ ʯʚʦʨʦʚʠ ʠʟ ʩʢʫʧʘ INCONS ʫ 

ʩʢʫʧ OPEN, ʩʚʠʤ ʯʚʦʨʦʚʠʤʘ ʫ ʥʦʚʦʬʦʨʤʠʨʘʥʦʤ ʩʢʫʧʫ OPEN ʠʟʨʘʯʫʥʘʿʫ ʩʝ ʥʦʚʝ 

ʚʨʝʜʥʦʩʪʠ ʢˀʫʯʘ, ʩʢʫʧ CLOSED ʩʝ ʠʩʧʨʘʟʥʠ. ʇʩʝʫʜʦʢʦʜ backward ʚʝʨʟʠʿʝ AD*  ʘʣʛʦʨʠʪʤʘ 

ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʉʣʠʮʠ 10 [32].  

 

 

 
 

ʉʣʠʢʘ 10. AD* ʘʣʛʦʨʠʪʘʤ [32] . 

 

 

ʂʘʦ ʰʪʦ ʩʝ ʚʠʜʠ, ʧʩʝʫʜʦʢʦʜ AD*  ʘʣʛʦʨʠʪʤʘ ʪʝʞʠʰʥʦ ʿʝ ʙʘʟʠʨʘʥ ʥʘ ʧʩʝʫʜʦʢʦʜʫ D* 

Lite ʘʣʛʦʨʠʪʤʘ, ʫʟ ʠʟʤʝʥʫ ʛʣʘʚʥʝ ʬʫʥʢʮʠʿʝ ʢʘʢʦ ʙʠ ʩʝ ʠʤʧʣʝʤʝʥʪʠʨʘʣʘ ʤʦʛʫ˂ʥʦʩʪ anytime 

ʨʘʜʘ, ʥʘ ʠʩʪʠ ʥʘʯʠʥ ʢʘʦ ʢʦʜ ARA* . ʇʦʰʪʦ ʿʝ ʠʩʪʦʚʨʝʤʝʥʦ ʠ ʠʥʢʨʝʤʝʥʪʘʣʥʠ ʠ anytime 

ʘʣʛʦʨʠʪʘʤ, AD*  ʚʨʝʜʥʦʩʪ ʬʫʥʢʮʠʿʝ ʢˀʫʯʘ ʨʘʯʫʥʘ ʥʘ ʠʟʤʝˁʝʥ ʥʘʯʠʥ ʫ ʦʜʥʦʩʫ ʠ ʥʘ D* Lite 

ʠ ʥʘ ARA* , ʢʦʿʠ ʿʝ ʧʨʠʣʘʛʦʹʝʥ ʫ ʮʠˀʫ ʧʨʘʚʠʣʥʝ ʧʨʦʧʘʛʘʮʠʿʝ ʧʨʝʢʦʢʦʥʟʠʩʪʝʥʮʠʿʝ ʠ 
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ʧʦʜʢʦʥʟʠʩʪʝʥʮʠʿʝ ʫ ʦʚʠʤ ʫʩʣʦʚʠʤʘ. ʇʦʩʪʦʿʠ ʿʦʰ ʿʝʜʥʘ ʩʧʝʮʠʬʠʯʥʦʩʪ ʢʦʜ AD*, ʘ ʪʦ ʿʝ ʜʘ ʫ 

ʩʣʫʯʘʿʫ ʢʘʜʘ ʩʫ ʧʨʦʤʝʥʝ ʮʝʥʘ ʧʨʝʣʘʟʘʢʘ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ ʙʨʦʿʥʝ, ʘʣʛʦʨʠʪʘʤ ʠʥʢʨʝʤʝʥʪʠʨʘ Ů, 

ʢʘʢʦ ʙʠ ʩʝ ʜʦ ʨʝʰʝˁʘ ʜʦʰʣʦ ʙʨʞʝ, ʧʦ ʮʝʥʠ ʜʘ ʿʝ ʦʥʦ ʤʘˁʝʛ ʢʚʘʣʠʪʝʪʘ ʦʜ ʪʨʝʥʫʪʥʦʛ ʠʣʠ ʫ 

ʪʘʢʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʧʨʦʨʘʯʫʥ ʧʫʪʘˁʝ ʧʨʦʩʪʦ ʧʦʯʠˁʝ ʠʟ ʧʦʯʝʪʢʘ.  

 

ʂʘʜʘ ʜʦʹʝ ʜʦ ʜʝʪʝʢʮʠʿʝ ʧʨʦʤʝʥʝ ʮʝʥʘ ʧʨʝʣʘʟʘʢʘ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ, AD*  ʘʣʛʦʨʠʪʘʤ, 

ʢʘʦ ʠ D* Lite, ʚʨʰʠ ʥʘʿʧʨʝ ʘʞʫʨʠʨʘˁʝ ʠʟʤʝˁʝʥʠʭ ʮʝʥʘ ʧʨʝʣʘʟʘʢʘ, ʘ ʟʘʪʠʤ ʠ ʘʞʫʨʠʨʘˁʝ 

ʧʘʨʘʤʝʪʘʨʘ ʠ ʩʪʘʪʫʩʘ ʩʚʠʭ ʯʚʦʨʦʚʘ ʢʦʿʠ ʩʫ ʜʠʨʝʢʪʥʦ ʧʦʛʦʹʝʥʠ ʥʘʩʪʘʣʦʤ ʧʨʦʤʝʥʦʤ. ʅʘ ʦʚʘʿ 

ʥʘʯʠʥ ʘʞʫʨʠʨʘ ʩʝ ʠ ʩʢʫʧ OPEN, ʪʿ. ʜʦʜʘʿʫ ʩʝ ʯʚʦʨʦʚʠ ʢʘʥʜʠʜʘʪʠ ʟʘ ʢʦʨʝʢʮʠʿʫ ʧʫʪʘˁʝ. 

ʇʦʪʦʤ ʩʝ ʠʟ ʘʞʫʨʠʨʘʥʦʛ ʩʢʫʧʘ OPEN ʯʚʦʨʦʚʠ ʰʠʨʝ ʥʘ ʠʩʪʠ ʥʘʯʠʥ ʢʘʦ ʠ ʢʦʜ D* Lite 

ʘʣʛʦʨʠʪʤʘ. ʐʠʨʝˁʝ ʯʚʦʨʦʚʘ ʠʟ ʩʢʫʧʘ OPEN ʚʨʰʠ ʩʝ ʩʚʝ ʜʦʢ je ʟʘʜʦʚʦˀʝʥ ʥʘʿʤʘˁʝ ʿʝʜʘʥ 

ʦʜ ʩʣʝʜʝ˂ʘ ʜʚʘ ʫʩʣʦʚʘ: ʜʘ ʠʤʘ ʯʚʦʨʦʚʘ ʯʠʿʘ ʿʝ ʚʨʝʜʥʦʩʪ ʢˀʫʯʘ ʤʘˁʘ ʦʜ ʚʨʝʜʥʦʩʪʠ ʢˀʫʯʘ 

ʩʪʘʨʪʥʦʛ ʯʚʦʨʘ ʠʣʠ ʜʘ ʚʘʞʠ rhs(sstart) Í g(sstart). ʈʝʟʫʣʪʘʪ ʦʚʘʢʚʦʛ ʨʘʜʘ ʿʝ ʠʟʨʘʯʫʥʘʚʘˁʝ 

ʢʦʨʠʛʦʚʘʥʝ ʧʫʪʘˁʝ ʢʦʿʘ ʿʝ ʚʘʣʠʜʥʘ ʠ ʧʨʠ ʪʦʤʝ Ů-ʩʫʙʦʧʪʠʤʘʣʥʘ. 

 

ɼʘʢʣʝ, AD*  ʘʣʛʦʨʠʪʘʤ ʠʤʘ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʠʩʪʦʚʨʝʤʝʥʦ ʧʨʦʮʝʩʫʠʨʘ ʧʨʦʤʝʥʫ ʮʝʥʘ 

ʧʨʝʣʘʟʘʢʘ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ ʥʘʩʪʘʣʫ ʫʩʣʝʜ ʜʝʪʝʢʮʠʿʝ ʧʨʦʤʝʥʘ ʫ ʦʢʨʫʞʝˁʫ, ʢʘʦ ʠ 

ʜʝʢʨʝʤʝʥʪʠʨʘˁʝ ʪʝʞʠʥʩʢʦʛ ʬʘʢʪʦʨʘ Ů. ʉʪʦʛʘ ʿʝ ʝʬʠʢʘʩʘʥ ʟʘ anytime ʧʣʘʥʠʨʘˁʝ ʢʨʝʪʘˁʘ ʫ 

ʜʠʥʘʤʠʯʢʦʤ ʦʢʨʫʞʝˁʫ.  

 

ɼʠʿʘʛʨʘʤ ʪʦʢʘ ɸD*  ʘʣʛʦʨʠʪʤʘ, ʫʨʘʹʝʥ ʫ ʩʢʣʦʧʫ ʠʩʪʨʘʞʠʚʘˁʘ ʦʙʫʭʚʘ˂ʝʥʦʛ ʦʚʦʤ 

ʜʠʩʝʨʪʘʮʠʿʦʤ, ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʉʣʠʮʠ 11. 
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Inicijalizacija AD* algoritma: 
- Inicijalizacija mape (ļvorova i njihovih veza) 

- Odabir startnog ļvora sstart i ciljnog ļvora sgoal 

- Setovanje parametara g(sstart)=rhs(sstart)=Ð; g(sgoal)=Ð; rhs(sgoal)=0 
- Setovanje faktora Ů=Ů0 

- Inicijalizacija praznih skupova OPEN=CLOSED=INCONS=0 

 

Generisanje putanje [potprogram] 

Aģurirati cenu prelaska c(u,v) koja se 

menja 

- Izraļunati vrednost kljuļa ļvora sgoal [potprogram] 

- Ubaciti ļvor sgoal sa svojim kljuļem u skup OPEN 

Generisana je optimalna putanja   
 

AD* algortam 

[glavni program]  

Ů=1 

Generisana je 

Ů-suboptimalna putanja 
 

NE 

Kretanje robota za 1 polje 

duģ generisane putanje  

Da li su u toku kretanja 

robota duģ putanje 
detektovane promene u 

okruģenju? 

Aģuriranje parametara i statusa ļvora (u) 

[potprogram]  

Da li su ispitane sve 

cene prelaska c(u,v)? 

NE 

DA 

- Prebaciti sve ļvorove iz skupa 
INCONS u skup OPEN 

- Svim ļvorovima u skupu OPEN 

izraļunati novu vrednost kljuļa 
- Isprazniti skup CLOSED 

 

DA 

DA 

NE 

Aģurirati cenu prelaska c(u,v) koja se 

menja 

Kretanje robota za 1 polje 

duģ generisane putanje  

Da li su u toku kretanja 
robota duģ putanje 

detektovane promene u 

okruģenju? 

Aģuriranje parametara i statusa ļvora (u) 

[potprogram]  

Da li su ispitane sve 

cene prelaska c(u,v)? 

NE 

DA 

- Dekrementirati Ů 

- Prebaciti sve ļvorove iz skupa 

INCONS u skup OPEN 

- Svim ļvorovima u skupu OPEN 

izraļunati novu vrednost kljuļa 

- Isprazniti skup CLOSED 
 

DA 

NE 
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ʉʣʠʢʘ 11. ɼʠʿʘʛʨʘʤ ʪʦʢʘ AD* ʘʣʛʦʨʠʪʤʘ, ʫʨʘʹʝʥ ʫ ʩʢʣʦʧʫ ʠʩʪʨʘʞʠʚʘˁʘ ʦʙʫʭʚʘ˂ʝʥʠʭ 

ʜʠʩʝʨʪʘʮʠʿʦʤ. 
  

 

Preuzeti ļvor s sa najmanjim kljuļem 

iz skupa OPEN (brisati ga iz OPEN) 

g(s)>rhs(s) 

g(s)=rhs(s) g(s)=Ð 

Preuzimanje ļvora sô ï 

jednog od suseda ļvora s 

Preuzimanje ļvora sô ï 
jednog od suseda ļvora s 

raļunajuĺi i ļvor s 

Da li su ispitani 
svi ļvorovi sô?  

g(s)=rhs(s) 

Da li ļvor sa najmanjom vrednoġĺu 

kljuļa u skupu OPEN ima manju 

vrednost kljuļa od ļvora sstart ili je 
rhs(sstart)Íg(sstart)? 

Aģuriranje parametara i statusa ļvora (sô) 
[potprogram] 

  

Da li je ļvor n 

ispitivan ranije? 

g(n)=Ð 

nÍsgoal 

g(n)Írhs(n) 

Ļvor n ubaciti u skup OPEN 

Generisanje putanje [potprogram] 

Aģuriranje 

parametara i  

statusa ļvora (n) 

[potprogram]  

INPUT 

INPUT 

OUTPUT 

n CɴLOSED? 

 

DA 

n OɴPEN? 

 

NE 

Ukloniti n iz OPEN  

DA 

Ubaciti s u skup CLOSED 

Ubaciti n u INCONS  

Izraļunavanje kljuļa ļvora n 
[potprogram] 

  

Izraļunavanje kljuļa ļvora (r) 

k(r)=[ k1(r), k2(r)]  

[potprogram]  

  

INPUT 

g(r)>rhs(r) 

[k1(r), k2(r)] =  

[g(r)+h(rstart,r); g(r)] 
 

[k1(r), k2(r)] =  
[rhs(r)+ŮĿh(rstart,r); rhs(r)] 

 

OUTPUT 

DA 

NE NE 

NE 

DA 

DA 

NE 

NE 

DA 

NE 

NE 

DA 

DA 

NE 

DA 

DA 

NE 

Izraļunati rhs(n) 

OUTPUT 
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2.4. ʇʨʠʤʝʨʠ ʠ ʧʦʨʝʹʝˁʝ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʘʣʛʦʨʠʪʘʤʘ ARA* , D* Lite ʠ 

AD*  

 

ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʙʠ˂ʝ ʧʨʝʟʝʥʪʦʚʘʥʠ ʢʦʥʢʨʝʪʥʠ ʧʨʠʤʝʨʠ ʬʫʥʢʮʠʦʥʠʩʘˁʘ 

ʘʣʛʦʨʠʪʘʤʘ ARA*, D* Lite ʠ AD*, ʢʘʦ ʠ ˁʠʭʦʚʦ ʧʦʨʝʹʝˁʝ. ɿʘ ʭʝʫʨʠʩʪʠʯʢʫ ʬʫʥʢʮʠʿʫ h(s) ʟʘ 

ʧʦʪʨʝʙʝ ʦʚʝ ʘʥʘʣʠʟʝ ʫʩʚʦʿʝʥʘ ʿʝ ɽʫʢʣʠʜʦʚʘ ʫʜʘˀʝʥʦʩʪ ʯʚʦʨʘ s ʦʜ ʯʚʦʨʘ sstart. ʇʨʦʤʝʥʝ ʫ 

ʦʢʨʫʞʝˁʫ ʩʝ ʜʝʪʝʢʪʫʿʫ ʧʦʩʤʘʪʨʘʿʫ˂ʠ ʩʫʩʝʜʥʝ ˂ʝʣʠʿʝ ʫ ʤʘʧʠ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʠʟ ˂ʝʣʠʿʝ 

ʫ ʢʦʿʦʿ ʩʝ ʪʨʝʥʫʪʥʦ ʥʘʣʘʟʠ ʨʦʙʦʪ, ʧʦ ʘʥʘʣʦʛʠʿʠ ʩʘ ʩʝʥʟʦʨʩʢʠʤ ʦʧʘʞʘˁʝʤ ʦʢʦʣʠʥʝ ʠʟ 

ʧʝʨʩʧʝʢʪʠʚʝ ʨʦʙʦʪʘ. 

 

2.4.1. ʇʨʦʮʝʩʫʠʨʘˁʝ ʧʨʦʤʝʥʝ ʩʪʘʪʫʩʘ ʯʚʦʨʦʚʘ ʧʨʠ ʦʙʨʘʜʠ ʛʨʘʬʘ 

 
ʇʨʦʮʝʩʫʠʨʘˁʝ ʧʨʦʤʝʥʝ ʩʪʘʪʫʩʘ ʙʣʦʢʠʨʘʥʠʭ ʯʚʦʨʦʚʘ ʫ ʩʣʦʙʦʜʥʝ ʯʚʦʨʦʚʝ ʠ ʦʙʨʥʫʪʦ, 

ʧʨʠ ʦʙʨʘʜʠ ʛʨʘʬʘ, ʤʦʞʝ ʩʝ ʚʨʰʠʪʠ ʥʘ ʨʘʟʣʠʯʠʪʝ ʥʘʯʠʥʘ. ʆʥʦ ʰʪʦ ʿʝ ʟʘʿʝʜʥʠʯʢʦ ʟʘ ʩʚʝ 

ʧʨʠʩʪʫʧʝ ʧʨʠ ʦʙʨʘʜʠ ʛʨʘʬʘ ʿʝʩʪʝ ʜʘ ʮʝʥʘ ʧʨʝʣʘʩʢʘ ʠʟʤʝʹʫ ʜʚʘ ʩʫʩʝʜʥʘ ʯʚʦʨʘ ʟʘʚʠʩʠ ʦʜ 

ʤʝʹʫʩʦʙʥʝ ʫʜʘˀʝʥʦʩʪʠ ʯʚʦʨʦʚʘ ʠ ʪʝʞʠʥʘ ˂ʝʣʠʿʘ ʢʦʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ [49]. ʂʦʥʮʝʧʪ 

ʫʥʠʬʦʨʤʥʝ ʜʠʩʢʨʝʪʠʟʘʮʠʿʝ ʤʘʧʝ ʪʝʨʝʥʘ ʠ ˁʝʥʦʛ ʧʨʠʢʘʟʘ ʫ ʚʠʜʫ ʤʨʝʞʝ ˂ʝʣʠʿʘ ʿʝʜʥʘʢʠʭ 

ʜʠʤʝʥʟʠʿʘ, ʢʘʦ ʠ ʥʘʯʠʥ ʬʦʨʤʠʨʘˁʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʛʨʘʬʘ ʢʦʿʠʤ ʩʝ ʤʦʜʝʣʠʨʘ ʦʚʘʢʦ 

ʜʠʩʢʨʝʪʠʟʦʚʘʥʘ ʤʘʧʘ, ʦʙʿʘʰˁʝʥ ʿʝ ʫ ʫʚʦʜʥʦʤ ʜʝʣʫ ʇʦʛʣʘʚˀʘ 2. ʈʘʜʠ ʧʦʿʝʜʥʦʩʪʘʚˀʝˁʘ ʟʘ 

ʧʦʪʨʝʙʝ ʠʩʪʨʘʞʠʚʘˁʘ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ, ʫ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʦʙʠʯʥʦ ʜʠʤʝʥʟʠʿʘ 

˂ʝʣʠʿʝ ʤʘʧʝ ʫʩʚʘʿʘ ʢʘʦ ʿʝʜʠʥʠʯʥʘ ʚʝʣʠʯʠʥʘ, ʢʘʢʦ ʧʨʠ ʘʥʘʣʠʟʠ ʤʘʧʝ, ʪʘʢʦ ʠ ʧʨʠ ʦʙʨʘʜʠ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʛʨʘʬʘ ʠ ʪʘʿ ʧʨʠʩʪʫʧ ʿʝ ʧʨʠʤʝˁʝʥ ʫ ʜʠʩʝʨʪʘʮʠʿʠ. 

 

ʋ [50] ʩʝ ʧʨʝʜʣʘʞʝ ʧʨʠʩʪʫʧ ʧʦ ʢʦʤʝ ʿʝ ʮʝʥʘ ʧʨʝʣʘʩʢʘ ʠʟʤʝʹʫ ʜʚʘ ʩʫʩʝʜʥʘ ʩʣʦʙʦʜʥʘ 

ʯʚʦʨʘ ʿʝʜʥʘʢʘ ʪʝʞʠʥʠ ˂ʝʣʠʿʝ ʫ ʢʦʿʫ ʩʝ ʚʨʰʠ ʧʦʤʝʨʘʿ ʧʦʤʥʦʞʝʥʦʿ ʩʘ ʫʜʘˀʝʥʦʰ˂ʫ ʠʟʤʝʹʫ 

ʯʚʦʨʦʚʘ. ʇʦʰʪʦ ʿʝ ʫ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʿʫ ʟʘ ʪʝʞʠʥʝ ʩʣʦʙʦʜʥʠʭ ˂ʝʣʠʿʘ ʜʝʬʠʥʠʩʘʥʘ ʚʨʝʜʥʦʩʪ 

1, ʮʝʥʝ ʧʨʝʣʘʟʘʢʘ ʢʦʿʝ ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʦʨʪʦʛʦʥʘʣʥʠ ʧʦʤʝʨʘʿ ʠʟʤʝʹʫ ʩʣʦʙʦʜʥʠʭ ʯʚʦʨʦʚʘ ʫ 

ʛʨʘʬʫ ʠʤʘʿʫ ʚʨʝʜʥʦʩʪ 1, ʜʦʢ ʦʥʝ ʢʦʿʝ ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʜʠʿʘʛʦʥʘʣʥʠ ʧʦʤʝʨʘʿ ʠʤʘʿʫ ʚʨʝʜʥʦʩʪ 

ã2. ʉʧʝʮʠʬʠʯʥʦʩʪ ʧʨʠʩʪʫʧʘ ʠʟʣʦʞʝʥʦʛ ʫ [50] ʿʝ ʜʘ, ʫ ʮʠˀʫ ʧʨʦʮʝʩʫʠʨʘˁʘ ʤʘˁʝʛ ʙʨʦʿʘ 

ʯʚʦʨʦʚʘ ʧʨʠ ʠʟʨʘʯʫʥʘʚʘˁʫ ʧʫʪʘˁʝ, ʘʣʛʦʨʠʪʤʠ ʫ ʪʦʢʫ ʨʘʜʘ Ăʠʛʥʦʨʠʰʫñ (ʥʝ ʧʨʦʮʝʩʫʠʨʘʿʫ) 

ʙʣʦʢʠʨʘʥʝ ʯʚʦʨʦʚʝ, ʧʦʰʪʦ ʥʠʿʝ ʤʦʛʫ˂ʘ ʧʫʪʘˁʘ ʢʦʿʘ ʠʭ ʩʘʜʨʞʠ, ʘ ʦʚʠ ʯʚʦʨʦʚʠ ʧʦʩʪʘʿʫ 

Ăʚʠʜˀʠʚʠñ (ʟʘ ʘʣʛʦʨʠʪʤʝ) ʪʝʢ ʢʘʜʘ ʩʝ ʜʝʙʣʦʢʠʨʘʿʫ ʠ, ʥʘʨʘʚʥʦ, ʢʘʜʘ ʩʝ ʪʘ ʧʨʦʤʝʥʘ ʜʝʪʝʢʪʫʿʝ 

ʩʝʥʟʦʨʦʤ ʨʦʙʦʪʘ. ɼʘ ʙʠ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʘʣʛʦʨʠʪʤʠ D* Lite ʠ AD* ʧʨʘʚʠʣʥʦ ʬʫʥʢʮʠʦʥʠʩʘʣʠ 

ʚʨʰʝ ʧʨʦʮʝʩʫʠʨʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʠ ʩʪʘʪʫʩʘ ʠ ʯʚʦʨʘ ʢʦʿʠ ʿʝ ʜʝʙʣʦʢʠʨʘʥ ʠ ʦʢʦʣʥʠʭ ʯʚʦʨʦʚʘ. ʋ 

ʛʝʥʝʨʘʣʥʦʤ ʩʣʫʯʘʿʫ ʩʝ ʘʞʫʨʠʨʘʿʫ ʧʘʨʘʤʝʪʨʠ ʠ ʩʪʘʪʫʩ ʩʘʤʦ ʦʢʦʣʥʠʭ ʯʚʦʨʦʚʘ (ʣʠʥʠʿʝ 22. ʠ 

23. ʫ ʧʩʝʫʜʦʢʦʜʫ D* Lite ʠ ʣʠʥʠʿʝ 10. ʠ 11. ʫ ʧʩʝʫʜʦʢʦʜʫ ɸD*  ʥʘ ʉʣʠʮʠ 8. ʠ ʉʣʠʮʠ 10, 

ʨʝʩʧʝʢʪʠʚʥʦ). ʋ ʩʣʫʯʘʿʫ ʢʘʜʘ ʩʝ ʫʤʝʩʪʦ ʩʣʦʙʦʜʥʦʛ ʯʚʦʨʘ ʧʦʿʘʚʠ ʙʣʦʢʠʨʘʥʠ ʯʚʦʨ ʠ ʪʫ 

ʧʨʦʤʝʥʫ ʜʝʪʝʢʪʫʿʝ ʨʦʙʦʪ, ˁʝʛʘ ʘʣʛʦʨʠʪʘʤ ʫ ʜʘˀʝʤ ʨʘʜʫ Ăʠʛʥʦʨʠʰʝñ ʢʘʦ ʠ ʩʚʝ ʙʣʦʢʠʨʘʥʝ 

ʯʚʦʨʦʚʝ. ʇʨʝʪʭʦʜʥʦ ʩʝ ʙʨʠʰʝ ʠʟ ʩʢʫʧʘ OPEN ʫʢʦʣʠʢʦ ʿʝ ʙʠʦ ʯʣʘʥ ʪʦʛ ʩʢʫʧʘ, ʘ ʪʘʢʦʹʝ ʩʝ 

ʧʦʥʠʰʪʘʚʘʿʫ ʠ ˁʝʛʦʚʠ ʧʘʨʘʤʝʪʨʠ g ʠ rhs, ʢʘʦ ʠ ʧʦʢʘʟʠʚʘʯ. ʆʧʠʩʘʥʠ ʧʨʠʩʪʫʧ ʩʝ ʩʫʛʝʨʠʰʝ ʠ 

ʫ [32]. 

 

ʋ [54] ʩʝ ʪʘʢʦʹʝ ʧʨʝʜʣʘʞʝ ʧʨʠʩʪʫʧ ʧʦ ʢʦʤʝ ʿʝ ʮʝʥʘ ʧʨʝʣʘʩʢʘ ʠʟʤʝʹʫ ʜʚʘ ʩʫʩʝʜʥʘ 

ʩʣʦʙʦʜʥʘ ʯʚʦʨʘ ʿʝʜʥʘʢʘ ʪʝʞʠʥʠ ˂ʝʣʠʿʝ ʫ ʢʦʿʫ ʩʝ ʚʨʰʠ ʧʦʤʝʨʘʿ ʧʦʤʥʦʞʝʥʦʿ ʩʘ ʫʜʘˀʝʥʦʰ˂ʫ 

ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ, ʘʣʠ ʩʝ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ Ăʥʝ ʠʛʥʦʨʠʰʫñ ʙʣʦʢʠʨʘʥʠ ʯʚʦʨʦʚʠ, ʚʝ˂ ʩʝ ʯʚʦʨʦʚʠ 

ʧʨʦʮʝʩʫʠʨʘʿʫ ʧʦ ʨʝʜʫ ʢʦʿʠ ʜʝʬʠʥʠʰʝ ʣʦʛʠʢʘ ʘʣʛʦʨʠʪʘʤʘ ʥʝʟʘʚʠʩʥʦ ʜʘ ʣʠ ʩʫ ʙʣʦʢʠʨʘʥʠ 

ʠʣʠ ʥʝ, ʘ Ăʤʝʭʘʥʠʟʤʠñ ʧʨʦʨʘʯʫʥʘ ʧʫʪʘˁʝ ʦʥʝʤʦʛʫ˂ʘʚʘʿʫ ʰʠʨʝˁʝ ʦʥʠʭ ʧʫʪʘˁʘ ʢʦʿʝ ʩʘʜʨʞʝ 

ʙʣʦʢʠʨʘʥʠ ʯʚʦʨ. ʋ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʿʫ ʿʝ ʜʝʬʠʥʠʩʘʥʦ ʜʘ ʪʝʞʠʥʝ ʩʣʦʙʦʜʥʠʭ ˂ʝʣʠʿʘ ʠʤʘʿʫ 

ʚʨʝʜʥʦʩʪ 1, ʘ ʪʝʞʠʥʝ ʙʣʦʢʠʨʘʥʠʭ ˂ʝʣʠʿʘ ʠʤʘʿʫ ʚʨʝʜʥʦʩʪ Ð. ʉʭʦʜʥʦ ʥʘʚʝʜʝʥʦʤ, ʮʝʥʘ 
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ʧʨʝʣʘʩʢʘ ʠʟ ʙʣʦʢʠʨʘʥʦʛ ʫ ʩʣʦʙʦʜʘʥ ʯʚʦʨ ʠʤʘ ʚʨʝʜʥʦʩʪ 1 ʠʣʠ ã2, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʦʛʘ ʜʘ ʣʠ 

ʩʝ ʚʨʰʠ ʦʨʪʦʛʦʥʘʣʥʠ ʠʣʠ ʜʠʿʘʛʦʥʘʣʥʠ ʧʦʤʝʨʘʿ, ʜʦʢ ʮʝʥʘ ʧʨʝʣʘʩʢʘ ʠʟ ʩʣʦʙʦʜʥʦʛ ʫ 

ʙʣʦʢʠʨʘʥʠ ʯʚʦʨ ʫ ʩʚʘʢʦʿ ʚʘʨʠʿʘʥʪʠ ʧʦʤʝʨʘʿʘ ʠʤʘ ʚʨʝʜʥʦʩʪ Ð. ʅʘʨʘʚʥʦ, ʮʝʥʝ ʧʨʝʣʘʟʘʢʘ ʢʦʿʝ 

ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʦʨʪʦʛʦʥʘʣʥʠ ʧʦʤʝʨʘʿ ʠʟʤʝʹʫ ʩʣʦʙʦʜʥʠʭ ʯʚʦʨʦʚʘ ʫ ʛʨʘʬʫ ʠʤʘʿʫ ʚʨʝʜʥʦʩʪ 1, 

ʜʦʢ ʦʥʝ ʢʦʿʝ ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʜʠʿʘʛʦʥʘʣʥʠ ʧʦʤʝʨʘʿ ʠʤʘʿʫ ʚʨʝʜʥʦʩʪ ã2.  

 

ʊʘʢʦʹʝ ʪʨʝʙʘ ʠʩʪʘ˂ʠ ʜʘ ʫ ʦʙʘ ʥʘʚʝʜʝʥʘ ʩʣʫʯʘʿʘ ʘʣʛʦʨʠʪʤʠ ɸ* ʠ D* Lite (ʢʘʦ ʠ ARA* 

ʠ AD* ʫ ʩʠʪʫʘʮʠʿʠ ʢʘʜʘ ʿʝ Ů=1) ʛʝʥʝʨʠʰʫ ʧʫʪʘˁʫ ʥʘʿʤʘˁʝ ʮʝʥʝ ʢʦʿʘ ʿʝ ʫʝʿʜʥʦ ʠ ʥʘʿʢʨʘ˂ʘ 

ʧʫʪʘˁʘ ʫ ʫʩʣʦʚʠʤʘ ʦʛʨʘʥʠʯʝˁ ʘ ʧʨʦʠʩʪʝʢʣʠʭ ʠʟ ʜʠʩʢʨʝʪʠʟʘʮʠʿʝ ʤʘʧʝ ʪʝʨʝʥʘ ʧʦ ʧʨʝʪʭʦʜʥʦ 

ʦʙʿʘʰˁʝʥʦʿ ʣʦʛʠʮʠ (ʯʠʿʘ ʧʦʩʣʝʜʠʮʘ ʿʝ ʤʠʥʠʤʘʣʥʠ ʠʥʢʨʝʤʝʥʪ ʧʨʦʤʝʥʝ ʧʨʘʚʮʘ ʧʫʪʘˁʝ ʦʜ 

ˊ/4). 

 

ʋ [49] ʿʝ ʠʟʣʦʞʝʥ ʩʣʠʯʘʥ ʧʨʠʩʪʫʧ ʢʘʦ ʫ [54], ʩ ʪʠʤ ʜʘ ʩʝ ʧʨʝʜʣʘʞʝ ʰʠʨʠ ʨʘʩʧʦʥ 

ʚʨʝʜʥʦʩʪʠ ʪʝʞʠʥʘ ˂ʝʣʠʿʘ, ʧʘ ʩʘʤʠʤ ʪʠʤ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʮʝʥʘ ʧʨʝʣʘʟʘʢʘ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ, 

ʢʦʿʠ ʢʘʦ ʪʘʢʘʚ ʨʝʘʣʥʠʿʝ ʦʩʣʠʢʘʚʘ ʩʣʦʞʝʥʦʩʪ ʦʢʨʫʞʝˁʘ ʩʘ ʘʩʧʝʢʪʘ ʧʨʦʭʦʜʥʦʩʪʠ ʪʿ. 

ʤʦʛʫ˂ʥʦʩʪʠ ʢʨʝʪʘˁʘ ʨʦʙʦʪʘ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʘʣʛʦʨʠʪʘʤ ʛʝʥʝʨʠʰʝ ʧʫʪʘˁʫ ʥʘʿʤʘˁʝ ʮʝʥʝ 

ʢʦʿʘ ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʥʠʿʝ ʥʘʿʢʨʘ˂ʘ ʧʫʪʘˁʘ. ʇʦʨʝʜ ʪʦʛʘ, ʫ [49] ʩʝ ʧʨʝʜʣʘʞʝ ʧʨʠʤʝʥʘ 

ʠʥʪʝʨʧʦʣʘʮʠʿʝ ʢʘʢʦ ʙʠ ʩʝ ʫ ʦʜʨʝʹʝʥʦʿ ʤʝʨʠ ʧʨʝʚʘʟʠʰʣʘ ʧʦʤʝʥʫʪʘ ʦʛʨʘʥʠʯʝˁʘ ʧʨʦʠʩʪʝʢʣʘ 

ʠʟ ʜʠʩʢʨʝʪʠʟʘʮʠʿʝ ʤʘʧʝ ʪʿ. ʤʠʥʠʤʘʣʥʠ ʠʥʢʨʝʤʝʥʪ ʧʨʦʤʝʥʝ ʧʨʘʚʮʘ ʧʫʪʘˁʝ ʦʜ ˊ/4. ʅʘ ʉʣʠʮʠ 

12. ʿʝ ʧʨʠʢʘʟʘʥ ʧʨʠʤʝʨ ʧʣʘʥʠʨʘˁʘ ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʢʦʨʠʰ˂ʝˁʝʤ D* Lite ʘʣʛʦʨʠʪʘʤ ʙʝʟ 

ʧʨʠʤʝˁʝʥʝ ʠʥʪʝʨʧʦʣʘʮʠʿʝ ʠ ʩʘ ʧʨʠʤʝˁʝʥʦʤ ʠʥʪʝʨʧʦʣʘʮʠʿʦʤ (Field D*) ʫ ʩʣʫʯʘʿʫ ʤʘʧʝ 

ʯʠʿʠʤ ˂ʝʣʠʿʘʤʘ ʿʝ ʜʦʜʝˀʝʥ ʰʠʨʠ ʨʘʩʧʦʥ ʚʨʝʜʥʦʩʪʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʦʭʦʜʥʦʩʪʠ ʪʝʨʝʥʘ 

[49]. ʇʨʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʠ ʫ ʄʘʪʣʘʙʫ ʧʨʠʩʪʫʧʘ ʠʟ [49] ʠ [54] ʟʘ ʪʝʞʠʥʫ ʙʣʦʢʠʨʘʥʠʭ 

ʯʚʦʨʦʚʘ ʩʝ ʜʝʬʠʥʠʰʝ ʥʝʢʠ ʧʨʦʠʟʚʦˀʥʦ ʚʝʣʠʢʠ ʙʨʦʿ, ʚʝ˂ʠ ʦʜ ʪʝʞʠʥʝ ʩʚʘʢʦʛ ʧʦʿʝʜʠʥʘʯʥʦʛ 

ʩʣʦʙʦʜʥʦʛ ʯʚʦʨʘ (ʯʠʿʘ ʪʝʞʠʥʘ ʫ ʛʝʥʝʨʘʣʥʦʤ ʩʣʫʯʘʿʫ ʢʘʦ ʰʪʦ ʿʝ ʦʧʠʩʘʥʦ ʥʝ ʤʦʨʘ ʠʤʘʪʠ 

ʚʨʝʜʥʦʩʪ 1), ʠ ʪʘʿ ʠʩʪʠ ʙʨʦʿ ʩʝ ʜʦʩʣʝʜʥʦ ʤʦʨʘ ʢʦʨʠʩʪʠ ʢʘʦ Ăʟʘʤʝʥʘñ ʟʘ Ð ʫ ʩʚʠʤ 

ʦʧʝʨʘʮʠʿʘʤʘ ʘʣʛʦʨʠʪʤʘ (ʥʧʨ. ʢʦʜ ʠʥʠʮʠʿʘʣʠʟʘʮʠʿʝ). ʋʚʘʞʘʚʘʿʫ˂ʠ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦ, 

ʤʦʞʝ ʩʝ ʨʝ˂ʠ ʜʘ ʛʝʥʝʨʠʩʘˁʝ ʧʫʪʘˁʝ ʥʘʿʤʘˁʝ ʜʫʞʠʥʝ ʧʨʝʜʩʪʘʚˀʘ ʫ ʩʪʚʘʨʠ ʩʧʝʮʠʿʘʣʥʠ 

ʩʣʫʯʘʿ ʛʝʥʝʨʠʩʘˁʘ ʧʫʪʘˁʝ ʥʘʿʤʘˁʝ ʮʝʥʝ.  

 

 

 
 

ʉʣʠʢʘ 12. ʇʨʠʤʝʨ ʧʣʘʥʠʨʘˁʘ ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʢʦʨʠʰ˂ʝˁʝʤ D* Lite ʘʣʛʦʨʠʪʤʘ ʙʝʟ 

ʧʨʠʤʝˁʝʥʝ ʠʥʪʝʨʧʦʣʘʮʠʿʝ (ʮʨʚʝʥʘ ʧʫʪʘˁʘ) ʠ ʩʘ ʧʨʠʤʝˁʝʥʦʤ ʠʥʪʝʨʧʦʣʘʮʠʿʦʤ (ʧʣʘʚʘ 

ʧʫʪʘˁʘ). ʉʪʘʨʪʥʘ ʧʦʟʠʮʠʿʘ ʿʝ ʫ ʜʦˁʝʤ ʣʝʚʦʤ ʫʛʣʫ, ʘ ʮʠˀʥʘ ʫ ʛʦʨˁʝʤ ʜʝʩʥʦʤ. ʊʘʤʥʠʿʘ ʙʦʿʘ 

˂ʝʣʠʿʝ ʠʣʫʩʪʨʫʿʝ ˁʝʥʫ ʚʝ˂ʫ ʪʝʞʠʥʫ ʩʘ ʘʩʧʝʢʪʘ ʧʨʦʭʦʜʥʦʩʪʠ [49] . 
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ʀʤʧʣʝʤʝʥʪʘʮʠʿʘ ʘʣʛʦʨʠʪʘʤʘ ARA* , D* Lite ʠ AD*  ʫ ʄʘʪʣʘʙʫ ʨʘʜʠ ʠʩʪʨʘʞʠʚʘˁʘ ʫ 

ʦʢʚʠʨʫ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʫʨʘʹʝʥʘ ʿʝ ʧʨʝʤʘ ʧʩʝʫʜʦʢʦʜʦʚʠʤʘ ʧʨʠʢʘʟʘʥʠʤ ʥʘ ʉʣʠʮʠ 5, ʉʣʠʮʠ 8. 

ʠ ʉʣʠʮʠ 10, ʢʦʿʠ ʩʫ ʢʘʦ ʪʘʢʚʠ ʜʘʪʠ ʫ ʦʨʠʛʠʥʘʣʥʦʤ ʨʘʜʫ ʫ ʢʦʤ ʿʝ ʧʨʚʠ ʧʫʪ ʧʨʝʟʝʥʪʦʚʘʥ 

ʘʣʛʦʨʠʪʘʤ AD*  [32], ʢʘʦ ʠ ʧʨʝʤʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʜʠʿʘʛʨʘʤʠʤʘ ʪʦʢʦʚʘ (ʉʣʠʢʘ 6, ʉʣʠʢʘ 9. ʠ 

ʉʣʠʢʘ 11), ʫʨʘʹʝʥʠʤ ʫ ʩʢʣʦʧʫ ʠʩʪʨʘʞʠʚʘˁʘ ʦʙʫʭʚʘ˂ʝʥʦʛ ʦʚʦʤ ʜʠʩʝʨʪʘʮʠʿʦʤ. ʇʨʠ ʪʦʤʝ ʩʫ 

ʟʘ ʩʚʘʢʠ ʘʣʛʦʨʠʪʘʤ ʫʨʘʹʝʥʝ ʜʚʝ ʚʘʨʠʿʘʥʪʝ ʢʦʜʘ ʢʦʿʝ ʩʝ ʨʘʟʣʠʢʫʿʫ ʫ ʪʦʤʝ ʰʪʦ ʟʘ 

ʧʨʦʮʝʩʫʠʨʘˁʝ ʧʨʦʤʝʥʝ ʩʪʘʪʫʩʘ ʙʣʦʢʠʨʘʥʠʭ ʯʚʦʨʦʚʘ ʫ ʩʣʦʙʦʜʥʝ ʯʚʦʨʦʚʝ ʠ ʦʙʨʥʫʪʦ ʧʨʠ 

ʦʙʨʘʜʠ ʛʨʘʬʘ ʢʦʨʠʩʪʝ ʨʘʟʣʠʯʠʪʝ, ʧʨʝʪʭʦʜʥʦ ʦʙʿʘʰˁʝʥʝ ʧʨʠʩʪʫʧʝ. ʅʝʟʘʚʠʩʥʦ ʦʜ 

ʧʨʠʤʝˁʝʥʝ ʚʘʨʠʿʘʥʪʝ ʘʣʛʦʨʠʪʤʠ ʜʘʿʫ ʠʩʪʝ ʨʝʟʫʣʪʘʪʝ, ʩ ʪʠʤ ʜʘ ʿʝ ʢʦʜ ʫ ʄʘʪʣʘʙʫ 

ʢʦʤʧʣʠʢʦʚʘʥʠʿʠ ʠ ʠʤʘ ʚʠʰʝ ʣʠʥʠʿʘ ʫ ʩʣʫʯʘʿʫ ʧʨʠʤʝʥʝ ʧʨʚʦʛ ʧʨʠʩʪʫʧʘ, ʘʣʠ ʟʙʦʛ ʫʚʝʜʝʥʠʭ 

ʦʛʨʘʥʠʯʝˁʘ ʧʨʠ ʧʨʦʨʘʯʫʥʫ ʧʫʪʘˁʝ ʦʙʨʘʹʫʿʝ ʤʘˁʠ ʙʨʦʿ ʯʚʦʨʦʚʘ.  

 

ɿʘ ʧʦʪʨʝʙʝ ʚʠʟʫʝʣʥʦʛ ʦʙʿʘʰˁʝˁʘ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʘʣʛʦʨʠʪʘʤʘ ARA* , D* Lite ʠ AD*  

ʫ ʦʚʦʤ ʜʝʣʫ ʪʝʢʩʪʘ ʧʨʠʤʝʥʠ˂ʝʤʦ ʧʨʠʩʪʫʧ ʟʘ ʧʨʦʮʝʩʫʠʨʘˁʝ ʧʨʦʤʝʥʝ ʩʪʘʪʫʩʘ ʙʣʦʢʠʨʘʥʠʭ 

ʯʚʦʨʦʚʘ ʫ ʩʣʦʙʦʜʥʝ ʯʚʦʨʦʚʝ ʠ ʦʙʨʥʫʪʦ ʧʨʠ ʦʙʨʘʜʠ ʛʨʘʬʘ ʧʨʝʜʣʦʞʝʥ ʫ [50], ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ 

ʜʘ ʿʝ ʚʠʟʫʝʣʥʘ ʧʨʝʛʣʝʜʥʦʩʪ ʢʦʨʘʢʘ ʘʣʛʦʨʠʪʤʘ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʙʦˀʘ (ʧʨʦʮʝʩʫʠʨʘ ʩʝ ʤʘˁʠ 

ʙʨʦʿ ʯʚʦʨʦʚʘ) ʠ ʣʘʢʰʝ ʿʝ ʬʦʢʫʩʠʨʘʪʠ ʩʝ ʥʘ ʩʧʝʮʠʬʠʯʥʝ ʤʦʤʝʥʪʝ ʫ ʨʘʜʫ ʘʣʛʦʨʠʪʤʘ. ɿʘ 

ʪʝʞʠʥʝ ʩʣʦʙʦʜʥʠʭ ˂ʝʣʠʿʘ ʜʝʬʠʥʠʩʘʥʘ ʿʝ ʚʨʝʜʥʦʩʪ 1, ʪʘʢʦ ʜʘ ʮʝʥʝ ʧʨʝʣʘʟʘʢʘ ʢʦʿʝ 

ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʦʨʪʦʛʦʥʘʣʥʠ ʧʦʤʝʨʘʿ ʠʟʤʝʹʫ ʩʣʦʙʦʜʥʠʭ ʯʚʦʨʦʚʘ ʫ ʛʨʘʬʫ ʠʤʘʿʫ ʚʨʝʜʥʦʩʪ 1, 

ʜʦʢ ʦʥʝ ʢʦʿʝ ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʜʠʿʘʛʦʥʘʣʥʠ ʧʦʤʝʨʘʿ ʠʤʘʿʫ ʚʨʝʜʥʦʩʪ ã2. 

 

2.4.2. ʇʨʠʤʝʨ ʬʫʥʢʮʠʦʥʠʩʘˁʘ D* Lite ʘʣʛʦʨʠʪʤʘ 

 

ʇʦʰʪʦ ʩʝ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ D* Lite ʢʦʨʠʩʪʠ ʢʘʦ ʧʨʠʤʘʨʥʠ ʘʣʛʦʨʠʪʘʤ ʟʘ 

ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ, ʠʟʣʦʞʠ˂ʝʤʦ ʜʝʪʘˀʘʥ ʧʨʠʤʝʨ ˁʝʛʦʚʝ ʧʨʠʤʝʥʝ, ʫʨʘʹʝʥ ʫ ʩʢʣʦʧʫ 

ʠʩʪʨʘʞʠʚʘˁʘ ʦʙʫʭʚʘ˂ʝʥʠʭ ʜʠʩʝʨʪʘʮʠʿʦʤ (ʉʣʠʢʘ 13).  

 

ʉʪʘʨʪʥʘ ʧʦʟʠʮʠʿʘ ʨʦʙʦʪʘ ʿʝ ʫ ˂ʝʣʠʿʠ ʤʘʧʝ ʦʟʥʘʯʝʥʦʿ ʩʘ (3,1), ʘ ʮʠˀʥʘ ʫ ˂ʝʣʠʿʠ (1,5), 

ʦʜʥʦʩʥʦ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʯʚʦʨʦʚʠʤʘ ʟʘʤʠʰˀʝʥʦʛ ʛʨʘʬʘ ʣʦʮʠʨʘʥʠʤ ʫ ʮʝʥʪʨʠʤʘ ʥʘʚʝʜʝʥʠʭ 

˂ʝʣʠʿʘ. ʇʨʦʨʘʯʫʥ ʧʫʪʘˁʝ ʚʨʰʠ ʩʝ ʧʨʠʤʝʥʦʤ D* Lite ʘʣʛʦʨʠʪʤʘ, ʥʘ ʥʘʯʠʥ ʦʙʿʘʰˁʝʥ ʫ 

ʇʦʛʣʘʚˀʫ 2.3.1. ʠ ʧʨʝʤʘ ʧʩʝʫʜʦʢʦʜʫ ʧʨʠʢʘʟʘʥʦʤ ʥʘ ʉʣʠʮʠ 8. ʋ ʦʢʚʠʨʫ ʠʥʠʮʠʿʘʣʠʟʘʮʠʿʝ 

(ʢʦʨʘʢ 2.) ʧʘʨʘʤʝʪʨʠʤʘ g ʠ rhs ʩʪʘʨʪʥʦʛ ʯʚʦʨʘ ʩʝ ʜʦʜʝˀʫʿʝ ʚʨʝʜʥʦʩʪ Ð. ʀʩʪʘ ʚʨʝʜʥʦʩʪ ʩʝ 

ʜʦʜʝˀʫʿʝ ʠ ʧʘʨʘʤʝʪʨʫ g ʮʠˀʥʦʛ ʯʚʦʨʘ, ʜʦʢ ˁʝʛʦʚ ʧʘʨʘʤʝʪʘʨ rhs ʜʦʙʠʿʘ ʚʨʝʜʥʦʩʪ ʥʫʣʘ. 

ʊʘʢʦʹʝ ʩʝ ʫ ʩʢʫʧ OPEN ʠʥʩʝʨʪʫʿʝ ʮʠˀʥʠ ʯʚʦʨ. 

 

ʅʘʢʦʥ ʠʥʠʮʠʿʘʣʠʟʘʮʠʿʝ ʚʨʰʠ ʩʝ ʥʘʠʟʤʝʥʠʯʥʦ ʰʠʨʝˁʝ ʯʚʦʨʦʚʘ ʠʟ ʩʢʫʧʘ OPEN (ʫ 

ʩʢʣʘʜʫ ʩʘ ʠʟʚʨʰʝʥʦʤ ʧʨʠʦʨʠʪʠʟʘʮʠʿʦʤ) ʠ ʘʞʫʨʠʨʘˁʝ ʪʦʛ ʩʢʫʧʘ. ʋ ʩʢʣʦʧʫ ʰʠʨʝˁʘ ʩʚʘʢʦʛ 

ʯʚʦʨʘ ʧʨʠʢʘʟʘʥʦ ʿʝ ʘʞʫʨʠʨʘˁʝ ˁʝʛʦʚʦʛ ʧʘʨʘʤʝʪʨʘ g ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʠʧʘ ʠʥʢʦʥʟʠʩʪʝʥʮʠʿʝ 

(ʣʠʥʠʿʝ 10. ʠ 13. ʧʩʝʫʜʦʢʦʜʘ), ʢʘʦ ʟʘʩʝʙʘʥ ʢʦʨʘʢ, ʘ ʢʘʦ ʧʨʘʪʝ˂ʠ ʢʦʨʘʢ ʠʣʠ ʧʨʘʪʝ˂ʠ ʢʦʨʘʮʠ 

ʧʨʠʢʘʟʘʥʠ ʩʫ ʧʨʦʮʝʩʠ ʘʞʫʨʠʨʘˁʘ ʧʘʨʘʤʝʪʘʨʘ ʠ ʩʪʘʪʫʩʘ ʦʢʦʣʥʠʭ ʯʚʦʨʦʚʘ (ʫʢʦʣʠʢʦ ʿʝ ʯʚʦʨ 

ʧʦʜʢʦʥʟʠʩʪʝʥʪʘʥ ʚʨʰʠ ʩʝ ʠ ʘʞʫʨʠʨʘˁʝ ʧʘʨʘʤʝʪʨʘ ʠ ʩʪʘʪʫʩʘ ʠ ʪʦʛ ʯʚʦʨʘ) (ʣʠʥʠʿʝ 11. ʠ 14. 

ʧʩʝʫʜʦʢʦʜʘ). ʅʘʨʘʚʥʦ, ʧʨʦʰʠʨʝʥʠ ʯʚʦʨ ʩʝ ʙʨʠʰʝ ʠʟ ʩʢʫʧʘ OPEN ʰʪʦ ʥʝ˂ʝ ʙʠʪʠ ʧʦʩʝʙʥʦ 

ʥʘʛʣʘʰʘʚʘʥʦ. ʊʘʢʦʹʝ, ʥʝ˂ʝ ʙʠʪʠ ʧʦʩʝʙʥʦ ʥʘʛʣʘʰʘʚʘʥʦ (ʩʝʤ ʫ ʩʧʝʮʠʬʠʯʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ) 

ʜʘ ʘʞʫʨʠʨʘˁʝ ʧʘʨʘʤʝʪʨʘ rhs ʧʦʜʨʘʟʫʤʝʚʘ ʠ ʘʞʫʨʠʨʘˁʝ ʧʦʢʘʟʠʚʘʯʘ. ʇʨʚʠ ʩʝ ʰʠʨʠ ʮʠˀʥʠ 

ʯʚʦʨ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ ʢʦʨʘʮʠʤʘ 3. ʠ 4., ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʿʝ ʦʥ ʫ ʩʢʣʦʧʫ 

ʠʥʠʮʠʿʘʣʠʟʘʮʠʿʝ ʿʝʜʠʥʠ ʠʥʩʝʨʪʦʚʘʥ ʫ ʩʢʫʧ OPEN. ʋ ʢʦʨʘʢʫ 3. ʧʨʠʢʘʟʘʥʦ ʿʝ ʘʞʫʨʠʨʘˁʝ 

ʧʘʨʘʤʝʪʨʘ g ʮʠˀʥʦʛ ʯʚʦʨʘ (ʠʟʿʝʜʥʘʯʘʚʘ ʩʝ ʩʘ ʧʘʨʘʤʝʪʨʦʤ rhs ʠ ʜʦʙʠʿʘ ʚʨʝʜʥʦʩʪ 0 ʧʦʰʪʦ 

ʮʠˀʥʠ ʯʚʦʨ ʠʩʧʫˁʘʚʘ ʫʩʣʦʚ ʧʨʝʢʦʢʦʥʟʠʩʪʝʥʪʥʦʩʪʠ), ʜʦʢ ʿʝ ʧʨʦʮʝʩ ʘʞʫʨʠʨʘˁʘ ʧʘʨʘʤʝʪʘʨʘ 

ʠ ʩʪʘʪʫʩʘ ʦʢʦʣʥʠʭ ʯʚʦʨʦʚʘ ʧʨʠʢʘʟʘʥ ʫ ʢʦʨʘʢʫ 4. ʋ ʦʚʦʤ ʢʦʨʘʢʫ, ʧʨʝʤʘ ʧʩʝʫʜʦʢʦʜʫ D* Lite 

ʘʣʛʦʨʠʪʤʘ ʠ ʢʦʥʢʨʝʪʥʦʿ ʩʠʪʫʘʮʠʿʠ, ʧʘʨʘʤʝʪʨʠ g ʠ rhs ʯʚʦʨʦʚa (1,4) ʠ (2,5) ʜʦʙʠʿʘʿʫ 

ʚʨʝʜʥʦʩʪ Ð, ʦʜʥʦʩʥʦ 1, ʨʝʩʧʝʢʪʠʚʥʦ, ʠ ʠʥʩʝʨʪʫʿʫ ʩʝ ʫ ʩʢʫʧ OPEN, ʧʦʰʪʦ ʟʘʜʦʚʦˀʘʚʘʿʫ 
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ʫʩʣʦʚ ʠʥʢʦʥʟʠʩʪʝʥʪʥʦʩʪʠ. ʂʘʦ ʰʪʦ ʿʝ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦ, ʧʨʠʤʝˁʝʥ ʿʝ ʧʨʠʩʪʫʧ ʧʨʝʤʘ 

ʢʦʿʝʤ ʘʣʛʦʨʠʪʘʤ ʫ ʪʦʢʫ ʨʘʜʘ Ăʠʛʥʦʨʠʰʝñ (ʥʝ ʧʨʦʮʝʩʫʠʨʘ) ʙʣʦʢʠʨʘʥʝ ʯʚʦʨʦʚʝ, ʧʦʰʪʦ ʥʠʿʝ 

ʤʦʛʫ˂ʘ ʧʫʪʘˁʘ ʢʦʿʘ ʠʭ ʩʘʜʨʞʠ, ʪʘʢʦ ʜʘ ʦʚʠ ʯʚʦʨʦʚʠ ʧʦʩʪʘʿʫ Ăʚʠʜˀʠʚʠñ ʪʝʢ ʢʘʜʘ ʩʝ 

ʜʝʙʣʦʢʠʨʘʿʫ ʠ, ʥʘʨʘʚʥʦ, ʢʘʜʘ ʩʝ ʪʘ ʧʨʦʤʝʥʘ ʜʝʪʝʢʪʫʿʝ ʩʝʥʟʦʨʦʤ ʨʦʙʦʪʘ. ʋ ʢʦʨʘʢʫ 5. 

ʟʘʧʦʯʠˁʝ ʧʨʦʮʝʩ ʰʠʨʝˁʘ ʯʚʦʨʘ (2,5), ʢʘʜʘ ʩʝ ˁʝʛʦʚ ʧʘʨʘʤʝʪʘʨ g ʠʟʿʝʜʥʘʯʘʚʘ ʩʘ 

ʧʘʨʘʤʝʪʨʦʤ rhs (ʜʦʙʠʿʘ ʚʨʝʜʥʦʩʪ 1). ɸʞʫʨʠʨʘˁʘ ʧʘʨʘʤʝʪʘʨʘ ʠ ʩʪʘʪʫʩʘ ʦʢʦʣʥʠʭ ʯʚʦʨʦʚʘ 

ʢʦʜ ʢʦʿʠʭ ʿʝ ʜʦʰʣʦ ʜʦ ʧʨʦʤʝʥʝ ʧʨʠʢʘʟʘʥʦ ʿʝ ʫ ʢʦʨʘʢʫ 6., ʛʜʝ ʧʘʨʘʤʝʪʨʠ g ʯʚʦʨʦʚa (3,4) ʠ 

(3,5) ʜʦʙʠʿʘʿʫ ʚʨʝʜʥʦʩʪ Ð, ʘ ʧʘʨʘʤʝʪʨʠ rhs ʚʨʝʜʥʦʩʪʠ 2.4, ʦʜʥʦʩʥʦ 2, ʨʝʩʧʝʢʪʠʚʥʦ, ʠ ʦʙʘ 

ʯʚʦʨʘ ʩʝ ʠʥʩʝʨʪʫʿʫ ʫ ʩʢʫʧ OPEN. ʂʦʨʘʢ 7. ʧʨʠʢʘʟʫʿʝ ʰʠʨʝˁʝ ʯʚʦʨʘ (1,4), ʪʿ. ˁʝʛʦʚ 

ʧʘʨʘʤʝʪʘʨ g ʩʝ ʠʟʿʝʜʥʘʯʘʚʘ ʩʘ ʧʘʨʘʤʝʪʨʦʤ rhs (ʜʦʙʠʿʘ ʚʨʝʜʥʦʩʪ 1). ʇʨʠ ʧʨʦʚʝʨʠ 

ʧʘʨʘʤʝʪʘʨʘ ʠ ʩʪʘʪʫʩʘ ˁʝʛʦʚʠʭ ʩʫʩʝʜʘ ʥʝʤʘ ʧʨʦʤʝʥʘ (ʪʿ. ʥʝʤʘ ʧʦʪʨʝʙʝ ʟʘ ʘʞʫʨʠʨʘˁʝʤ) ʪʘʢʦ 

ʜʘ ʪʠ ʢʦʨʘʮʠ ʥʠʩʫ ʥʠ ʧʨʠʢʘʟʘʥʠ. 

 

ʋ ʢʦʨʘʢʫ 8. ʟʘʧʦʯʠˁʝ ʧʨʦʮʝʩ ʰʠʨʝˁʘ ʯʚʦʨʘ (3,5), ʢʘʜʘ ʩʝ ˁʝʛʦʚ ʧʘʨʘʤʝʪʘʨ g 

ʠʟʿʝʜʥʘʯʘʚʘ ʩʘ ʧʘʨʘʤʝʪʨʦʤ rhs ʠ ʜʦʙʠʿʘ ʚʨʝʜʥʦʩʪ 2. ɸʞʫʨʠʨʘˁʘ ʧʘʨʘʤʝʪʘʨʘ ʠ ʩʪʘʪʫʩʘ 

ʦʢʦʣʥʠʭ ʯʚʦʨʦʚʘ ʢʦʜ ʢʦʿʠʭ ʿʝ ʜʦʰʣʦ ʜʦ ʧʨʦʤʝʥʝ ʧʨʠʢʘʟʘʥʦ ʿʝ ʫ ʢʦʨʘʢʫ 9., ʛʜʝ ʧʘʨʘʤʝʪʨʠ g 

ʯʚʦʨʦʚa (4,4) ʠ (4,5) ʜʦʙʠʿʘʿʫ ʚʨʝʜʥʦʩʪ Ð, ʘ ʧʘʨʘʤʝʪʨʠ rhs ʚʨʝʜʥʦʩʪʠ 3.4, ʦʜʥʦʩʥʦ 3, 

ʨʝʩʧʝʢʪʠʚʥʦ, ʠ ʦʙʘ ʯʚʦʨʘ ʩʝ ʠʥʩʝʨʪʫʿʫ ʫ ʩʢʫʧ OPEN. ʂʦʜ ʦʩʪʘʣʠʭ ʩʫʩʝʜʘ ʥʠʿʝ ʙʠʣʦ 

ʧʨʦʤʝʥʘ. ʇʨʦʮʝʩ ʰʠʨʝˁʘ ʯʚʦʨʘ (3,4), ʢʘʜʘ ʩʝ ˁʝʛʦʚ ʧʘʨʘʤʝʪʘʨ g ʠʟʿʝʜʥʘʯʘʚʘ ʩʘ 

ʧʘʨʘʤʝʪʨʦʤ rhs ʠ ʜʦʙʠʿʘ ʚʨʝʜʥʦʩʪ 2.4 ʟʘʧʦʯʠˁʝ ʫ ʢʦʨʘʢʫ 10. ʋ ʢʦʨʘʢʫ 11. ʧʨʠʢʘʟʘʥʠ ʩʫ 

ʩʫʩʝʜʠ ʯʚʦʨʘ (3,4) ʢʦʜ ʢʦʿʠʭ ʿʝ ʧʨʠ ʧʨʦʚʝʨʠ ʧʘʨʘʤʝʪʘʨʘ ʠ ʩʪʘʪʫʩʘ ʜʦʰʣʦ ʜʦ ʘʞʫʨʠʨʘˁʘ, ʘ 

ʪʦ ʩʫ ʯʚʦʨʦʚʠ (3,3) ʠ (4,3), ʧʨʠ ʯʝʤʫ ˁʠʭʦʚʠ ʧʘʨʘʤʝʪʨʠ g ʜʦʙʠʿʘʿʫ ʚʨʝʜʥʦʩʪ Ð, ʘ ʧʘʨʘʤʝʪʨʠ 

rhs ʚʨʝʜʥʦʩʪʠ 3.4, ʦʜʥʦʩʥʦ 3.8, ʨʝʩʧʝʢʪʠʚʥʦ, ʠ ʦʙʘ ʯʚʦʨʘ ʩʝ ʠʥʩʝʨʪʫʿʫ ʫ ʩʢʫʧ OPEN. ʋ 

ʢʦʨʘʮʠʤʘ 12. ʠ 13. ʧʨʠʢʘʟʘʥʦ ʿʝ ʰʠʨʝˁʝ ʯʚʦʨʦʚʘ (4,5) ʠ (4,4) ʢʘʜʘ ʩʝ ˁʠʭʦʚʠ ʧʘʨʘʤʝʪʨʠ g 

ʠʟʿʝʜʥʘʯʘʚʘʿʫ ʩʘ ʧʘʨʘʤʝʪʨʠʤʘ rhs ʠ ʜʦʙʠʿʘʿʫ ʚʨʝʜʥʦʩʪʠ 3, ʦʜʥʦʩʥʦ 3.4 ʨʝʩʧʝʢʪʠʚʥʦ. ʋ ʦʙʘ 

ʩʣʫʯʘʿʘ ʧʨʦʤʝʥʘ ʢʦʜ ʩʫʩʝʜʥʠʭ ʯʚʦʨʦʚʘ ʥʠʿʝ ʙʠʣʦ. ʋ ʢʦʨʘʢʫ 14. ʟʘʧʦʯʠˁʝ ʧʨʦʮʝʩ ʰʠʨʝˁʘ 

ʯʚʦʨʘ (3,3), ʢʘʜʘ ʩʝ ˁʝʛʦʚ ʧʘʨʘʤʝʪʘʨ g ʠʟʿʝʜʥʘʯʘʚʘ ʩʘ ʧʘʨʘʤʝʪʨʦʤ rhs ʠ ʜʦʙʠʿʘ ʚʨʝʜʥʦʩʪ 

3.4. ʋ ʢʦʨʘʢʫ 15. ʧʨʠʢʘʟʘʥʦ ʿʝ ʘʞʫʨʠʨʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʠ ʩʪʘʪʫʩʘ ʦʢʦʣʥʠʭ ʯʚʦʨʦʚʘ ʢʦʜ ʢʦʿʠʭ 

ʿʝ ʜʦʰʣʦ ʜʦ ʧʨʦʤʝʥʝ, ʢʘʜʘ ʧʘʨʘʤʝʪʨʠ g ʯʚʦʨʦʚa (2,2), (3,2) ʠ (4,2) ʜʦʙʠʿʘʿʫ ʚʨʝʜʥʦʩʪʠ Ð, ʘ 

ʧʘʨʘʤʝʪʨʠ rhs ʚʨʝʜʥʦʩʪʠ 4.8, 4.4 ʠ 4.8, ʨʝʩʧʝʢʪʠʚʥʦ, ʠ ʩʚʘ ʪʨʠ ʯʚʦʨʘ ʩʝ ʠʥʩʝʨʪʫʿʫ ʫ ʩʢʫʧ 

OPEN. ʂʦʨʘʢ 16. ʧʨʝʜʩʪʘʚˀʘ ʰʠʨʝˁʝ ʯʚʦʨʘ (4,3), ʧʨʠ ʯʝʤʫ ʩʝ ˁʝʛʦʚ ʧʘʨʘʤʝʪʘʨ g 

ʠʟʿʝʜʥʘʯʘʚʘ ʩʘ ʧʘʨʘʤʝʪʨʦʤ rhs ʠ ʜʦʙʠʿʘ ʚʨʝʜʥʦʩʪ 3.8. ʇʨʠ ʧʨʦʚʝʨʠ ʧʘʨʘʤʝʪʘʨʘ ʠ ʩʪʘʪʫʩʘ 

ˁʝʛʦʚʠʭ ʩʫʩʝʜʘ ʥʝʤʘ ʧʨʦʤʝʥʘ, ʧʘ ʥʝʤʘ ʥʠ ʧʦʪʨʝʙʝ ʟʘ ʘʞʫʨʠʨʘˁʝʤ, ʪʘʢʦ ʜʘ ʪʠ ʢʦʨʘʮʠ ʥʠʩʫ 

ʥʠ ʧʨʠʢʘʟʘʥʠ. ʇʨʦʮʝʩ ʰʠʨʝˁʘ ʯʚʦʨʘ (3,2), ʧʨʠ ʢʦʿʝʤ ʩʝ ˁʝʛʦʚ ʧʘʨʘʤʝʪʘʨ g ʠʟʿʝʜʥʘʯʘʚʘ ʩʘ 

ʧʘʨʘʤʝʪʨʦʤ rhs ʠ ʜʦʙʠʿʘ ʚʨʝʜʥʦʩʪ 4.4 ʟʘʧʦʯʠˁʝ ʫ ʢʦʨʘʢʫ 17. ʋ ʢʦʨʘʢʫ 18. ʧʨʠʢʘʟʘʥʠ ʩʫ 

ʩʫʩʝʜʠ ʯʚʦʨʘ (3,2) ʢʦʜ ʢʦʿʠʭ ʿʝ ʧʨʠ ʧʨʦʚʝʨʠ ʧʘʨʘʤʝʪʘʨʘ ʠ ʩʪʘʪʫʩʘ ʜʦʰʣʦ ʜʦ ʘʞʫʨʠʨʘˁʘ, ʘ 

ʪʦ ʩʫ ʯʚʦʨʦʚʠ (2,1), (3,1) ʠ (4,1), ʧʨʠ ʯʝʤʫ ˁʠʭʦʚʠ ʧʘʨʘʤʝʪʨʠ g ʜʦʙʠʿʘʿʫ ʚʨʝʜʥʦʩʪ Ð, ʘ 

ʧʘʨʘʤʝʪʨʠ rhs ʚʨʝʜʥʦʩʪʠ 5.8, 5.4 ʠ 5.8, ʨʝʩʧʝʢʪʠʚʥʦ, ʠ ʩʚʘ ʪʨʠ ʯʚʦʨʘ ʩʝ ʠʥʩʝʨʪʫʿʫ ʫ ʩʢʫʧ 

OPEN. ʋ ʢʦʨʘʢʫ 19. ʧʨʠʢʘʟʘʥʦ ʿʝ ʰʠʨʝˁʝ ʯʚʦʨʘ (4,2), ʧʨʠ ʯʝʤʫ ʩʝ ˁʝʛʦʚ ʧʘʨʘʤʝʪʘʨ g 

ʠʟʿʝʜʥʘʯʘʚʘ ʩʘ ʧʘʨʘʤʝʪʨʦʤ rhs ʠ ʜʦʙʠʿʘ ʚʨʝʜʥʦʩʪ 4.8. ʇʨʦʤʝʥʘ ʢʦʜ ʩʫʩʝʜʥʠʭ ʯʚʦʨʦʚʘ ʥʠʿʝ 

ʙʠʣʦ. ʂʦʨʘʢ 20. ʧʨʝʜʩʪʘʚˀʘ ʟʘʧʦʯʠˁʘˁʝ ʧʨʦʮʝʩʘ ʰʠʨʝˁʘ ʯʚʦʨʘ (2,2), ʢʘʜʘ ʩʝ ˁʝʛʦʚ 

ʧʘʨʘʤʝʪʘʨ g ʠʟʿʝʜʥʘʯʘʚʘ ʩʘ ʧʘʨʘʤʝʪʨʦʤ rhs ʠ ʜʦʙʠʿʘ ʚʨʝʜʥʦʩʪ 4.8. ɸʞʫʨʠʨʘˁʝ ʧʘʨʘʤʝʪʘʨʘ 

ʠ ʩʪʘʪʫʩʘ ʦʢʦʣʥʠʭ ʯʚʦʨʦʚʘ ʢʦʜ ʢʦʿʠʭ ʿʝ ʜʦʰʣʦ ʜʦ ʧʨʦʤʝʥʝ ʧʨʠʢʘʟʘʥʦ ʿʝ ʫ ʢʦʨʘʢʫ 21., ʢʘʜʘ 

ʧʘʨʘʤʝʪʨʠ g ʯʚʦʨʦʚa (1,1) ʠ (1,2) ʜʦʙʠʿʘʿʫ ʚʨʝʜʥʦʩʪʠ Ð, ʘ ʧʘʨʘʤʝʪʨʠ rhs ʚʨʝʜʥʦʩʪʠ 6.2 ʠ 

5.8, ʨʝʩʧʝʢʪʠʚʥʦ, ʠ ʦʙʘ ʯʚʦʨʘ ʩʝ ʠʥʩʝʨʪʫʿʫ ʫ ʩʢʫʧ OPEN. 

 

ʋ ʢʦʨʘʢʫ 22. ʩʝ ʟʘʚʨʰʘʚʘ ʧʨʦʮʝʩ ʠʟʨʘʯʫʥʘʚʘˁʘ ʠʥʠʮʠʿʘʣʥʝ ʧʫʪʘˁʝ ʪʿ. ʧʨʦʰʠʨʝʥ ʿʝ 

ʩʪʘʨʪʥʠ ʯʚʦʨ, ʧʨʠ ʯʝʤʫ ʩʝ ˁʝʛʦʚ ʧʘʨʘʤʝʪʘʨ g ʠʟʿʝʜʥʘʯʘʚʘ ʩʘ ʧʘʨʘʤʝʪʨʦʤ rhs ʠ ʜʦʙʠʿʘ 

ʚʨʝʜʥʦʩʪ 5.4 (ʧʨʦʤʝʥʘ ʢʦʜ ʩʫʩʝʜʥʠʭ ʯʚʦʨʦʚʘ ʥʠʿʝ ʙʠʣʦ), ʥʘʢʦʥ ʯʝʛʘ ʨʦʙʦʪ ʟʘʧʦʯʠˁʝ 

ʢʨʝʪʘˁʝ. ʈʦʙʦʪ ʩʝ ʧʦʤʝʨʘ ʠʟ ˂ʝʣʠʿʝ (3,1) ʫ ˂ʝʣʠʿʫ (3,2) (ʢʦʨʘʢ 23.). ʀʟ ʥʦʚʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪ 

ʚʨʰʠ ʦʩʤʘʪʨʘˁʝ ʦʢʨʫʞʝˁʘ (ʢʦʨʘʢ 24.) ʠ ʪʘʜʘ ʜʝʪʝʢʪʫʿʝ ʧʨʚʫ ʧʨʦʤʝʥʫ, ʢʦʿʘ ʩʝ ʦʛʣʝʜʘ ʫ 

ʪʦʤʝ ʜʘ ʿʝ ˂ʝʣʠʿʘ (3,3) ʢʦʿʘ ʿʝ ʧʨʝʪʭʦʜʥʦ ʙʠʣʘ ʩʣʦʙʦʜʥʘ ʩʘʜʘ ʙʣʦʢʠʨʘʥʘ. ʋ ʩʢʣʘʜʫ ʩʘ 
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ʧʨʝʪʭʦʜʥʦ ʦʙʿʘʰˁʝʥʦʤ ʧʨʦʮʝʜʫʨʦʤ ʘʣʛʦʨʠʪʘʤ ʧʨʦʚʝʨʘʚʘ ʜʘ ʣʠ ʿʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʯʚʦʨ ʯʣʘʥ 

ʩʢʫʧʘ OPEN ʠ ʫʢʦʣʠʢʦ ʿʝʩʪʝ ʙʨʠʰʝ ʛʘ ʠʟ ʪʦʛ ʩʢʫʧʘ (ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʥʠʿʝ), ʘ ʪʘʢʦʹʝ ʩʝ 

ʧʦʥʠʰʪʘʚʘʿʫ ʠ ˁʝʛʦʚʠ ʧʘʨʘʤʝʪʨʠ g ʠ rhs, ʢʘʦ ʠ ʧʦʢʘʟʠʚʘʯ (ʢʦʨʘʢ 25.). ɼʘˀʝ ʩʝ, ʨʘʜʠ 

ʢʦʨʝʢʮʠʿʝ ʧʫʪʘˁʝ, ʘ ʫ ʩʢʣʘʜʫ ʩʘ ʧʩʝʫʜʦʢʦʜʦʤ D* Lite ʘʣʛʦʨʠʪʤʘ (ʣʠʥʠʿʝ 22. ʠ 23.), ʚʨʰʠ 

ʘʞʫʨʠʨʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʠ ʩʪʘʪʫʩʘ ʦʢʦʣʥʠʭ ʯʚʦʨʦʚʘ, ʧʨʠ ʯʝʤʫ ʩʫ ʥʘ ʉʣʠʮʠ 13. ʧʨʠʢʘʟʘʥʠ 

ʩʘʤʦ ʢʦʨʘʮʠ ʫ ʢʦʿʠʤʘ ʿʝ ʜʦʰʣʦ ʜʦ ʥʝʢʝ ʧʨʦʤʝʥʝ (ʢʦʨʘʮʠ 26. - 28.). ʇʦʰʪʦ ʩʝ ʨʘʜʠ ʦ 

ʩʧʝʮʠʬʠʯʥʠʤ ʤʦʤʝʥʪʠʤʘ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʙʠʪʥʫ ʢʘʨʘʢʪʝʨʠʩʪʠʢʫ D* Lite ʘʣʛʦʨʠʪʤʘ, 

ʮʨʚʝʥʠʤ ʦʢʚʠʨʦʤ ʩʫ ʥʘʛʣʘʰʝʥʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʯʚʦʨʦʚʠ, ʪʘʯʥʠʿʝ ˂ʝʣʠʿʝ (ʢʦʜ ʢʦʿʠʭ ʿʝ ʜʦʰʣʦ 

ʜʦ ʧʨʦʤʝʥʝ). ʇʨʠʤʝʪʠʤʦ ʜʘ ʿʝ ʧʨʠ ʘʞʫʨʠʨʘˁʫ ʧʘʨʘʤʝʪʨʘ rhs ʯʚʦʨʘ (4,2) ʜʦʙʠʿʝʥʘ ʠʩʪʘ 

ʚʨʝʜʥʦʩʪ (ʢʦʨʘʢ 26.), ʪʘʢʦ ʜʘ ʥʠʿʝ ʜʦʰʣʦ ʜʦ ʥʘʨʫʰʘʚʘˁʘ ʢʦʥʟʠʩʪʝʥʮʠʿʝ ʪʦʛ ʯʚʦʨʘ, ʘʣʠ ʿʝ 

ʧʨʦʤʝˁʝʥ ˁʝʛʦʚ ʧʦʢʘʟʠʚʘʯ, ʿʝʨ ʿʝ ʚʨʝʜʥʦʩʪ ʧʘʨʘʤʝʪʨʘ rhs ʩʘʜʘ ʠʟʚʝʜʝʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʯʚʦʨ 

(4,3), ʫʤʝʩʪʦ ʫ ʦʜʥʦʩʫ ʥʘ ʯʚʦʨ (3,3), ʢʘʢʦ ʿʝ ʙʠʣʦ ʫ ʧʨʝʪʭʦʜʥʦʤ ʩʣʫʯʘʿʫ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʫ 

ʪʦʢʫ ʦʚʦʛ ʧʨʦʮʝʩʘ ʯʚʦʨʦʚʠ (3,2) ʠ (2,2) ʩʫ ʧʦʩʪʘʣʠ ʠʥʢʦʥʟʠʩʪʝʥʪʥʠ, ʿʝʨ ʠʤ ʩʝ ʧʦʚʝ˂ʘʚʘ 

ʚʨʝʜʥʦʩʪ ʧʘʨʘʤʝʪʘʨʘ rhs ʥʘ 5.2, ʦʜʥʦʩʥʦ 5.4, ʨʝʩʧʝʢʪʠʚʥʦ, (ʚʨʝʜʥʦʩʪ g ʩʝ ʥʝ ʤʝˁʘ), ʟʙʦʛ 

ʯʝʛʘ ʩʝ ʠʥʩʝʨʪʫʿʫ ʫ ʩʢʫʧ OPEN (ʢʦʨʘʮʠ 27. ʠ 28.). ʋ ʥʘʩʪʘʚʢʫ ʜʦʣʘʟʠ ʜʦ ʰʠʨʝˁʘ ʯʚʦʨʦʚʘ 

ʠʟ ʘʞʫʨʠʨʘʥʦʛ ʩʢʫʧʘ OPEN ʢʘʢʦ ʙʠ ʩʝ ʢʦʤʧʣʝʪʠʨʘʦ ʧʨʦʮʝʩ ʢʦʨʝʢʮʠʿʝ ʧʫʪʘˁʝ. 

 

ʇʨʠʤʝʪʠʤʦ ʜʘ ʫ ʢʦʨʘʮʠʤʘ 29. ï 31. ʠʤʘʤʦ ʧʨʚʠ ʩʣʫʯʘʿ ʰʠʨʝˁʘ ʧʦʜʢʦʥʟʠʩʪʝʥʪʥʦʛ 

ʯʚʦʨʘ ʪʿ. ʯʚʦʨʘ ʢʦʜ ʢʦʛʘ ʿʝ ʚʨʝʜʥʦʩʪ ʧʘʨʘʤʝʪʨʘ g ʤʘˁʘ ʦʜ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʨʘ rhs 

(ʧʨʝʪʭʦʜʥʦ ʩʫ ʩʚʠ ʧʨʦʰʠʨʝʥʠ ʯʚʦʨʦʚʠ ʙʠʣʠ ʧʨʝʢʦʢʦʥʟʠʩʪʝʥʪʥʠ). ʋ ʧʠʪʘˁʫ ʿʝ ʯʚʦʨ (3,2) ʠ 

ʫ ʧʨʦʮʝʩʫ ʰʠʨʝˁʘ ʥʘʿʧʨʝ ʩʝ ˁʝʛʦʚʦʤ ʧʘʨʘʤʝʪʨʫ g ʜʦʜʝˀʫʿʝ ʚʨʝʜʥʦʩʪ Ð (ʢʦʨʘʢ 29.). ʋ 

ʢʦʨʘʢʫ 30. ʚʨʰʠ ʩʝ ʘʞʫʨʠʨʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʠ ʩʪʘʪʫʩʘ ʦʢʦʣʥʠʭ ʯʚʦʨʦʚʘ, ʢʘʜʘ ʩʝ ʯʚʦʨʫ (2,2) 

ʤʝˁʘ ʚʨʝʜʥʦʩʪ ʧʘʨʘʤʝʪʨʘ rhs ʩʘ 5.4 ʥʘ 6.8, ʘʣʠ ʦʩʪʘʿʝ ʠʥʢʦʥʟʠʩʪʝʥʪʘʥ (ʠʩʪʦʚʨʝʤʝʥʦ ʩʝ 

ʘʞʫʨʠʨʘ ʠ ʧʦʢʘʟʠʚʘʯ), ʯʚʦʨʫ (2,1) ʩʝ ʤʝˁʘ ʩʘʤʦ ʧʦʢʘʟʠʚʘʯ ʧʦʰʪʦ ʿʝ ʧʨʠ ʘʞʫʨʠʨʘˁʫ 

ˁʝʛʦʚʦʛ ʧʘʨʘʤʝʪʨʘ rhs ʜʦʙʠʿʝʥʘ ʠʩʪʘ ʚʨʝʜʥʦʩʪ, ʧʨʠ ʯʝʤʫ ʿʝ ʩʘʜʘ ʦʥʘ ʠʟʚʝʜʝʥʘ ʫ ʦʜʥʦʩʫ ʥʘ 

ʯʚʦʨ (2,2), ʫʤʝʩʪʦ ʫ ʦʜʥʦʩʫ ʥʘ ʯʚʦʨ (3,2), ʢʘʢʦ ʿʝ ʙʠʣʦ ʫ ʧʨʝʪʭʦʜʥʦʿ ʩʠʪʫʘʮʠʿʠ. ʉʣʠʯʥʘ 

ʧʨʦʤʝʥʘ ʢʘʦ ʢʦʜ ʯʚʦʨʘ (2,1) ʜʝʰʘʚʘ ʩʝ ʢʦʜ ʯʚʦʨ (4,1), ʢʦʜ ʢʦʿʝʛ ʩʝ ʪʘʢʦʹʝ ʧʨʠ ʘʞʫʨʠʨʘˁʫ 

ʥʝ ʤʝˁʘ ʚʨʝʜʥʦʩʪ ʧʘʨʘʤʝʪʨʘ rhs ʯʚʦʨʘ, ʘʣʠ ʿʝ ʩʘʜʘ ʦʥʘ ʠʟʚʝʜʝʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʯʚʦʨ (4,2), 

ʫʤʝʩʪʦ ʫ ʦʜʥʦʩʫ ʥʘ ʯʚʦʨ (3,2). ʋ ʦʚʦʤ ʢʦʨʘʢʫ ʩʝ ʪʘʢʦʹʝ ʘʞʫʨʠʨʘ ʧʘʨʘʤʝʪʘʨ rhs ʯʚʦʨʘ (3,1), 

ʢʦʿʠ ʦʚʦʤ ʧʨʦʤʝʥʦʤ ʧʦʩʪʘʿʝ ʠʥʢʦʥʟʠʩʪʝʥʪʘʥ (ʧʨʝʪʭʦʜʥʦ ʿʝ ʙʠʦ ʢʦʥʟʠʩʪʝʥʪʘʥ) ʠ ʠʥʩʝʨʪʫʿʝ 

ʩʝ ʫ ʩʢʫʧ OPEN. ʋ ʢʦʨʘʢʫ 31. ʚʨʰʠ ʩʝ ʘʞʫʨʠʨʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʠ ʩʪʘʪʫʩʘ ʠ ʩʘʤʦʛ ʯʚʦʨʘ 

(3,2), ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʪʦ ʧʦʜʨʘʟʫʤʝʚʘ ʧʨʦʮʝʜʫʨʘ ʰʠʨʝˁʘ ʧʦʜʢʦʥʟʠʩʪʝʥʪʥʦʛ ʯʚʦʨʘ, ʧʨʠ 

ʯʝʤʫ ʥʠʿʝ ʜʦʰʣʦ ʜʦ ʧʨʦʤʝʥʝ ʚʨʝʜʥʦʩʪʠ ˁʝʛʦʚʠʭ ʧʘʨʘʤʝʪʘʨʘ g ʠ rhs, ʘ ʪʘʢʦʹʝ ʿʝ ʦʩʪʘʦ ʯʣʘʥ 

ʩʢʫʧʘ OPEN. ɼʨʫʛʠ ʩʣʫʯʘʿ ʰʠʨʝˁʘ ʧʦʜʢʦʥʟʠʩʪʝʥʪʥʦʛ ʯʚʦʨʘ ʠʤʘʤʦ ʫ ʢʦʨʘʮʠʤʘ 32. ï 34., 

ʩʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ ʯʚʦʨ (2,2). ʅʘʿʧʨʝ ʩʝ ˁʝʛʦʚʦʤ ʧʘʨʘʤʝʪʨʫ g ʜʦʜʝˀʫʿʝ ʚʨʝʜʥʦʩʪ Ð (ʢʦʨʘʢ 

32.). ʂʦʨʘʢ 33. ʧʨʠʢʘʟʫʿʝ ʘʞʫʨʠʨʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʠ ʩʪʘʪʫʩʘ ʦʢʦʣʥʠʭ ʯʚʦʨʦʚʘ, ʢʘʜʘ ʩʝ 

ʧʘʨʘʤʝʪʨʠʤʘ rhs ʯʚʦʨʦʚʘ (1,1) ʠ (1,2) ʜʦʜʝˀʫʿʝ ʚʨʝʜʥʦʩʪ Ð, ʿʝʨ ʩʫ ʦʢʨʫʞʝʥʠ ʙʣʦʢʠʨʘʥʠʤ 

ʯʚʦʨʦʚʠʤʘ ʠ ʯʚʦʨʦʚʠʤʘ ʯʠʿʠ ʧʘʨʘʤʝʪʘʨ g ʪʘʢʦʹʝ ʠʤʘ ʚʨʝʜʥʦʩʪ Ð. ʆʚʠʤ ʯʚʦʨʦʚʠ (1,1) ʠ 

(1,2) ʧʦʩʪʘʿʫ ʢʦʥʟʠʩʪʝʥʪʥʠ ʠ ʙʨʠʰʫ ʩʝ ʠʟ ʩʢʫʧʘ OPEN. ʇʨʦʤʝʥʝ ʠʤʘ ʿʦʰ ʢʦʜ ʯʚʦʨʘ (2,1), 

ʯʠʿʠ ʧʘʨʘʤʝʪʘʨ rhs ʩʝ ʘʞʫʨʠʨʘ ʠ ʜʦʙʠʿʘ ʚʨʝʜʥʦʩʪ 6.4 (ʦʚʫ ʧʨʦʤʝʥʫ ʧʨʘʪʠ ʠ ʘʞʫʨʠʨʘˁʝ 

ʧʦʢʘʟʠʚʘʯʘ ʢʦʿʠ ʿʝ ʩʘʜʘ ʫʩʤʝʨʝʥ ʧʨʝʤʘ ʯʚʦʨʫ (3,1)), ʘʣʠ ʦʥ ʦʩʪʘʿʝ ʠʥʢʦʥʟʠʩʪʝʥʪʘʥ ʪʿ. ʯʣʘʥ 

ʩʢʫʧʘ OPEN. Kʦʨʘʢ 34. ʧʨʠʢʘʟʫʿʝ ʧʨʦʚʝʨʫ ʧʘʨʘʤʝʪʘʨʘ ʠ ʩʪʘʪʫʩʘ ʠ ʩʘʤʦʛ ʯʚʦʨʘ (2,2), ʧʨʠ 

ʯʝʤʫ ʥʠʿʝ ʜʦʰʣʦ ʜʦ ʧʨʦʤʝʥʝ ʚʨʝʜʥʦʩʪʠ ˁʝʛʦʚʠʭ ʧʘʨʘʤʝʪʘʨʘ g ʠ rhs, ʘ ʪʘʢʦʹʝ ʿʝ ʦʩʪʘʦ ʯʣʘʥ 

ʩʢʫʧʘ OPEN. ʋ ʢʦʨʘʮʠʤʘ 35. ʠ 36. ʰʠʨʠ ʩʝ ʧʦʩʣʝʜˁʠ ʯʚʦʨ ʠʟ ʩʢʫʧʘ OPEN ʢʦʿʠ ʠʤʘ ʫʩʣʦʚ 

ʟʘ ʰʠʨʝˁʝ ʯʠʤʝ ʩʝ ʟʘʚʨʰʘʚʘ ʧʨʦʮʝʩ ʢʦʨʝʢʮʠʿʝ ʧʫʪʘˁʝ. ʈʘʜʠ ʩʝ ʦ ʯʚʦʨʫ (3,2) ʢʦʿʠ ʩʝ ʩʘʜʘ 

ʰʠʨʠ ʢʘʦ ʧʨʝʢʦʢʦʥʟʠʩʪʝʥʪʘʥ, ʟʙʦʛ ʯʝʛʘ ʩʝ ˁʝʛʦʚ ʧʘʨʘʤʝʪʘʨ g ʠʟʿʝʜʥʘʯʘʚʘ ʩʘ ʧʘʨʘʤʝʪʨʦʤ 

rhs ʠ ʜʦʙʠʿʘ ʚʨʝʜʥʦʩʪ 5.2 (ʢʦʨʘʢ 35.). ɸʞʫʨʠʨʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʠ ʩʪʘʪʫʩʘ ʦʢʦʣʥʠʭ ʯʚʦʨʦʚʘ 

ʢʦʜ ʢʦʿʠʭ ʿʝ ʜʦʰʣʦ ʜʦ ʧʨʦʤʝʥʝ ʧʨʠʢʘʟʘʥʦ ʿʝ ʫ ʢʦʨʘʢʫ 36., ʢʘʜʘ ʩʝ ʤʝˁʘ ʚʨʝʜʥʦʩʪ ʧʘʨʘʤʝʪʨʘ 

rhs ʯʚʦʨʘ (2,2) ʩʘ 6.8 ʥʘ 6.2 (ʦʚʫ ʧʨʦʤʝʥʫ ʧʨʘʪʠ ʠ ʘʞʫʨʠʨʘˁʝ ʧʦʢʘʟʠʚʘʯʘ ʢʦʿʠ ʿʝ ʩʘʜʘ 

ʫʩʤʝʨʝʥ ʧʨʝʤʘ ʯʚʦʨʫ (3,2)), ʧʨʠ ʯʝʤʫ ʿʝ ʦʩʪʘʦ ʯʣʘʥ ʩʢʫʧʘ OPEN. 
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ʇʨʘʪʝ˂ʠ ʢʦʨʠʛʦʚʘʥʫ ʧʫʪʘˁʫ ʨʦʙʦʪ ʧʨʝʣʘʟʠ ʠʟ ˂ʝʣʠʿʝ (3,2) ʫ ˂ʝʣʠʿʫ (4,3), ʧʘ ʟʘʪʠʤ ʠʟ 

˂ʝʣʠʿʝ (4,3) ʫ ˂ʝʣʠʿʫ (3,4) ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ ʢʦʨʘʢʫ 37. ʀʟ ʧʦʟʠʮʠʿʝ (3,4) ʜʝʪʝʢʪʫʿʝ ʜʨʫʛʫ 

ʧʨʦʤʝʥʫ ʫ ʦʢʨʫʞʝˁʫ, ʢʦʿʘ ʩʝ ʦʛʣʝʜʘ ʫ ʪʦʤʝ ʜʘ ʿʝ ˂ʝʣʠʿʘ (2,4) ʢʦʿʘ ʿʝ ʧʨʝʪʭʦʜʥʦ ʙʠʣʘ 

ʙʣʦʢʠʨʘʥʘ ʩʘʜʘ ʩʣʦʙʦʜʥʘ. ʉʘʜʘ ʩʝ ʘʞʫʨʠʨʘʿʫ ʧʘʨʘʤʝʪʨʠ ʠ ʩʪʘʪʫʩʠ ʯʚʦʨʘ (2,4), ʢʘʦ ʠ 

ʦʢʦʣʥʠʭ ʯʚʦʨʦʚʘ, ʧʨʠ ʯʝʤʫ ʿʝ ʥʘ ʉʣʠʮʠ 13. ʧʨʠʢʘʟʘʥ ʩʘʤʦ ʢʦʨʘʢ ʫ ʢʦʿʝʤ ʿʝ ʜʦʰʣʦ ʜʦ ʥʝʢʝ 

ʧʨʦʤʝʥʝ (ʢʦʨʘʢ 38.). ʋ ʦʚʦʤ ʢʦʨʘʢʫ ʧʘʨʘʤʝʪʨʠʤʘ g ʠ rhs ʯʚʦʨʘ (2,4) ʩʝ ʜʦʜʝˀʫʿʫ ʚʨʝʜʥʦʩʪʠ 

Ð, ʦʜʥʦʩʥʦ 1.4, ʨʝʩʧʝʢʪʠʚʥʦ ʠ ʠʥʩʝʨʪʫʿʝ ʩʝ ʫ ʩʢʫʧ OPEN. ʋ ʢʦʨʘʢʫ 39. ʧʨʠʢʘʟʘʥʦ ʿʝ 

ʰʠʨʝˁʝ ʯʚʦʨʘ (2,4), ʢʘʜʘ ʩʝ ˁʝʛʦʚ ʧʘʨʘʤʝʪʘʨ g ʠʟʿʝʜʥʘʯʘʚʘ ʩʘ ʧʘʨʘʤʝʪʨʦʤ rhs ʠ ʜʦʙʠʿʘ 

ʚʨʝʜʥʦʩʪ 1.4, ʥʘʢʦʥ ʯʝʛʘ ʜʦʣʘʟʠ ʜʦ ʪʝʨʤʠʥʘʮʠʿʝ ʨʘʜʘ ʘʣʛʦʨʠʪʤʘ, ʿʝʨ ʥʠʿʝʜʘʥ ʜʨʫʛʠ ʯʚʦʨ ʠʟ 

ʩʢʫʧʘ OPEN ʥʝʤʘ ʫʩʣʦʚ ʟʘ ʰʠʨʝˁʝ. ʇʨʠʤʝʪʠʤʦ ʜʘ ʰʠʨʝˁʝ ʯʚʦʨʘ (2,4) ʥʠʿʝ ʜʦʚʝʣʦ ʜʦ 

ʢʦʨʝʢʮʠʿʝ ʧʫʪʘˁʝ, ʪʘʢʦ ʜʘ ʿʝ ʧʨʝʪʭʦʜʥʦ ʠʟʨʘʯʫʥʘʪʘ ʧʫʪʘˁʘ ʦʩʪʘʣʘ ʚʘʣʠʜʥʘ. ʅʘʩʪʘʚˀʘʿʫ˂ʠ 

ʢʨʝʪʘˁʝ ʨʦʙʦʪ ʧʨʝʣʘʟʠ ʠʟ ˂ʝʣʠʿʝ (3,4) ʫ ˂ʝʣʠʿʫ (2,5), ʟʘʪʠʤ ʠʟ ˂ʝʣʠʿʝ (2,5) ʫ ˂ʝʣʠʿʫ (1,5), 

ʢʦʿʘ ʿʝ ʫʿʝʜʥʦ ʠ ʮʠˀʥʘ ʧʦʟʠʮʠʿʘ.  
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ʉʣʠʢʘ 13. ʇʨʠʤʝʨ ʧʣʘʥʠʨʘˁʘ ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʧʨʠʤʝʥʦʤ D* Lite ʘʣʛʦʨʠʪʤʘ ʩʘ ʜʝʪʘˀʥʠʤ 

ʦʧʠʩʦʤ ʢʦʨʘʢʘ ʬʫʥʢʮʠʦʥʠʩʘˁʘ, ʫʨʘʹʝʥ ʫ ʩʢʣʦʧʫ ʠʩʪʨʘʞʠʚʘˁʘ ʦʙʫʭʚʘ˂ʝʥʠʭ ʜʠʩʝʨʪʘʮʠʿʦʤ. 
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ʅʘ ʉʣʠʮʠ 14. ʧʨʠʢʘʟʘʥʦ ʿʝ ʪʝʩʪʠʨʘˁʝ ʢʦʜʘ D* Lite ʘʣʛʦʨʠʪʤʘ, ʫʨʘʹʝʥʦʛ ʫ ʩʢʣʦʧʫ 

ʠʩʪʨʘʞʠʚʘˁʘ ʦʙʫʭʚʘ˂ʝʥʦʛ ʦʚʦʤ ʜʠʩʝʨʪʘʮʠʿʦʤ, ʥʘ ʧʨʠʤʝʨʫ ʨʝʰʘʚʘˁʘ ʣʘʚʠʨʠʥʪʘ.  

 

 

 
 

ʉʣʠʢʘ 14. ʇʨʦʚʝʨʘ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʢʦʜʘ D* Lite ʘʣʛʦʨʠʪʤʘ ʥʘ ʧʨʠʤʝʨʫ ʨʝʰʘʚʘˁʘ 

ʣʘʚʠʨʠʥʪʘ, ʫʨʘʹʝʥ ʫ ʩʢʣʦʧʫ ʠʩʪʨʘʞʠʚʘˁʘ ʦʙʫʭʚʘ˂ʝʥʠʭ ʜʠʩʝʨʪʘʮʠʿʦʤ. ʉʪʘʨʪ ʿʝ ʦʟʥʘʯʝʥ 

ʮʨʚʝʥʠʤ ʢʨʫʞʠ˂ʝʤ, ʘ ʮʠˀ ʧʣʘʚʠʤ ʢʨʫʞʠ˂ʝʤ. 
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2.4.3. ʇʦʨʝʹʝˁʝ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʘʣʛʦʨʠʪʘʤʘ ARA* , D* Lite ʠ AD*   

 

ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʿʝ ʧʨʝʟʝʥʪʦʚʘʥʦ ʧʦʨʝʹʝˁʝ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʘʣʛʦʨʠʪʘʤʘ ARA* , D* 

Lite ʠ AD* , ʥʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ ʫ ʄʘʪʣʘʙʫ, ʢʦʨʠʰ˂ʝˁʝʤ ʢʦʜʦʚʘ ʟʘ ʥʘʚʝʜʝʥʝ 

ʘʣʛʦʨʠʪʤʝ (ʫʨʘʹʝʥʠʭ ʫ ʩʢʣʦʧʫ ʠʩʪʨʘʞʠʚʘˁʘ ʦʙʫʭʚʘ˂ʝʥʠʭ ʦʚʦʤ ʜʠʩʝʨʪʘʮʠʿʦʤ) ʟʘ ʨʝʰʘʚʘˁʝ 

ʩʠʤʫʣʠʨʘʥʠʭ ʩʮʝʥʘʨʠʿʘ. ʅʘ ʩʣʠʢʘʤʘ ʢʦʿʝ ʚʠʟʫʝʣʠʟʫʿʫ ʜʦʙʠʿʝʥʝ ʨʝʟʫʣʪʘʪʝ ʢʦʨʠʰ˂ʝʥʘ ʿʝ 

ʩʠʤʙʦʣʦʛʠʿʘ ʠʟ ʊʘʙʝʣʝ 1. 

 

 

ʊʘʙʝʣʘ 1. ɿʥʘʯʝˁʝ ʩʠʤʙʦʣʘ ʫ ʦʧʠʩʫ ʩʮʝʥʘʨʠʿʘ ʧʦʨʝʹʝˁʘ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʘʣʛʦʨʠʪʘʤʘ ARA*, 

D* Lite ʠ AD*. 

 

ʉʠʤʙʦʣ ɿʥʘʯʝˁʝ 

   
ʏʚʦʨ ʩʘ ʧʨʝʧʨʝʢʦʤ (ʙʣʦʢʠʨʘʥ ʯʚʦʨ) 

   
ʉʣʦʙʦʜʘʥ ʯʚʦʨ 

   
ʏʚʦʨ ʧʨʝʢʦ ʢʦʿʝʛ ʠʜʝ ʧʫʪʘˁʘ 

   
ʇʨʦʰʠʨʝʥʠ ʯʚʦʨ 

 

 

ʅʘ ʩʣʠʢʘʤʘ ʥʠʩʫ ʧʨʠʢʘʟʘʥʠ ʧʦʢʘʟʠʚʘʯʠ, ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʿʝ ˁʠʭʦʚʘ ʬʫʥʢʮʠʿʘ 

ʧʨʝʟʝʥʪʦʚʘʥʘ ʫ ʧʨʝʪʭʦʜʥʦʤ ʧʦʛʣʘʚˀʫ. ɴʝʣʠʿʘʤʘ ʤʘʧʝ ʩʝ ʜʦʜʝˀʫʿʝ ʥʫʤʝʨʘʮʠʿʘ ʛʜʝ ʧʨʚʠ 

ʙʨʦʿ ʦʟʥʘʯʘʚʘ ʙʨʦʿ ʨʝʜʘ Ăʦʜʦʟʛʦ ʥʘ ʜʦʣʝñ, ʘ ʜʨʫʛʠ ʙʨʦʿ ʦʟʥʘʯʘʚʘ ʙʨʦʿ ʢʦʣʦʥʝ Ăʩʣʝʚʘ ʥʘ 

ʜʝʩʥʦñ.  

 

ʇʨʚʠ ʩʮʝʥʘʨʠʦ ʩʝ ʦʜʥʦʩʠ ʥʘ ʧʨʠʢʘʟ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʠ ʧʦʨʝʹʝˁʝ ARA*  ʠ AD*, ʢʦʿʠ 

ʢʦʨʠʩʪʝ ʭʝʫʨʠʩʪʠʯʢʫ ʬʫʥʢʮʠʿʫ ʧʦʥʜʝʨʠʩʘʥʫ ʪʝʞʠʥʩʢʠʤ ʬʘʢʪʦʨʦʤ Ů>1, ʠ ʪʦ ʫ ʩʚʠʤ 

ʠʪʝʨʘʮʠʿʘʤʘ ʧʦʯʝʚ ʦʜ Ů=Ů0=3 ʜʦ Ů=1, ʫʢˀʫʯʫʿʫ˂ʠ ʠʩʪʦʚʨʝʤʝʥʫ ʧʦʿʘʚʫ ʥʦʚʝ ʙʣʦʢʠʨʘʥʝ 

˂ʝʣʠʿʝ ʪʦʢʦʤ ʢʨʝʪʘˁʘ ʨʦʙʦʪʘ. ɼʘʢʣʝ, ʢʦʜ ʦʙʘ ʘʣʛʦʨʠʪʤʘ Ů ʩʝ ʜʝʢʨʝʤʝʥʪʠʨʘ ʠʟ ʠʪʝʨʘʮʠʿʝ ʫ 

ʠʪʝʨʘʮʠʿʫ ʫ ʮʠˀʫ ʧʦʙʦˀʰʘˁʘ ʨʝʰʝˁʘ ʩʚʝ ʜʦʢ ʩʝ ʥʝ ʜʦʹʝ ʜʦ Ů=1. ɼʝʢʨʝʤʝʥʪʠʨʘˁʝ Ů ʩʝ 

ʨʘʜʠ ʠ ʫ ʩʣʫʯʘʿʫ ʧʦʿʘʚʝ ʧʨʦʤʝʥʘ ʫ ʦʢʨʫʞʝˁʫ. ʉʪʘʨʪʥʘ ʧʦʟʠʮʠʿʘ ʨʦʙʦʪʘ ʿʝ ʫ ˂ʝʣʠʿʠ ʤʘʧʝ 

(7,6), ʘ ʮʠˀʥʘ ʫ ˂ʝʣʠʿʠ (1,1). ʋ ʜʘʪʦʤ ʧʨʠʤʝʨʫ ʨʦʙʦʪ, ʢʨʝ˂ʫ˂ʠ ʩʝ ʧʦ ʠʥʠʮʠʿʘʣʥʦ 

ʛʝʥʝʨʠʩʘʥʦʿ ʧʫʪʘˁʠ, ʜʦʣʘʟʠ ʫ ʧʦʟʠʮʠʿʫ (6,6) ʛʜʝ ʜʝʪʝʢʪʫʿʝ ʥʦʚʫ ʧʨʝʧʨʝʢʫ (5,5). ʋ ʪʦʿ 

ʩʠʪʫʘʮʠʿʠ ARA*  ʘʣʛʦʨʠʪʘʤ ʚʨʰʠ ʠʟʨʘʯʫʥʘʚʘˁʝ ʥʦʚʝ ʧʫʪʘˁʝ ʠʟ ʧʦʯʝʪʢʘ (ʟʘ ʘʢʪʫʝʣʥʫ 

ʧʦʟʠʮʠʿʫ ʨʦʙʦʪʘ), ʜʦʢ AD* ʘʣʛʦʨʠʪʘʤ ʚʨʰʠ ʢʦʨʝʢʮʠʿʫ ʘʢʪʫʝʣʥʝ ʧʫʪʘˁʝ. ʇʦʰʪʦ ʩʝ ʥʦʚʝ 

ʧʨʝʧʨʝʢʝ ʜʝʪʝʢʪʫʿʫ ʥʘ ʧʦʯʝʪʢʫ ʜʨʫʛʝ ʠʪʝʨʘʮʠʿʝ ʘʣʛʦʨʠʪʤʘ, ʜʦʰʣʦ ʿʝ ʠʩʪʦʚʨʝʤʝʥʦ ʠ ʜʦ 

ʜʝʢʨʝʤʝʥʪʠʨʘˁʘ ʬʘʢʪʦʨʘ Ů ʩʘ ʚʨʝʜʥʦʩʪʠ 3 ʥʘ ʚʨʝʜʥʦʩʪ 2 ʢʦʜ ʦʙʘ ʘʣʛʦʨʠʪʤʘ. ʊʘʢʦʹʝ ʿʝ 

ʧʨʝʟʝʥʪʦʚʘʥʦ ʢʘʢʦ ʦʚʘʿ ʩʮʝʥʘʨʠʦ ʨʝʰʘʚʘ D* Lite ʘʣʛʦʨʠʪʘʤ, ʢʦʿʠ ʥʝ ʢʦʨʠʩʪʠ ʧʦʥʜʝʨʠʩʘʥʫ 

ʭʝʫʨʠʩʪʠʯʢʫ ʬʫʥʢʮʠʿʫ. ʅʘ ʉʣʠʮʠ 15. ʚʠʟʫʝʣʠʟʦʚʘʥʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʩʠʤʫʣʘʮʠʿʝ ʫ ʄʘʪʣʘʙʫ. 
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ʉʣʠʢʘ 15. ʇʨʚʠ ʩʮʝʥʘʨʠʦ ʧʦʨʝʹʝˁʘ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ 

ARA*, D* Lite ʠ AD* (ʫʨʘʹʝʥ ʫ ʩʢʣʦʧʫ ʠʩʪʨʘʞʠʚʘˁʘ ʦʙʫʭʚʘ˂ʝʥʠʭ ʜʠʩʝʨʪʘʮʠʿʦʤ), ʢʦʿʝʛ 

ʢʘʨʘʢʪʝʨʠʰʝ ʜʝʪʝʢʮʠʿʘ ʥʦʚʝ ʙʣʦʢʠʨʘʥʝ ˂ʝʣʠʿʝ. 
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ʈʝʟʫʣʪʘʪʠ ʩʠʤʫʣʘʮʠʿʝ ʫ ʩʤʠʩʣʫ ʙʨʦʿʘ ʧʨʦʰʠʨʝʥʠʭ ʯʚʦʨʦʚʘ ʟʘ ʩʚʘʢʠ ʘʣʛʦʨʠʪʤʘ ʠ 

ʧʨʘʪʝ˂ʠ ʢʦʤʝʥʪʘʨʠ ʜʘʪʠ ʩʫ ʫ ʊʘʙʝʣʠ 2. 

 

ʊʘʙʝʣʘ 2. ʈʝʟʫʣʪʘʪʠ ʧʦʨʝʹʝˁʘ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʘʣʛʦʨʠʪʘʤʘ ARA*, D* Lite ʠ AD* ʫ ʧʨʚʦʤ 

ʩʮʝʥʘʨʠʿʫ. 

 

Iteracija  
Broj proġirenih ļvorova  

Komentar 
ARA* AD* D* Lite 

I  iteracija  
 

ʝps0=3 kod ARA* i AD*, kod 

D* Lite eps0=eps=1 
12 13 19 

Poredeĺi u ovoj iteraciji rezultate ARA* i AD* 

(eps0=3) sa jedne strane i D* Lite (eps0=1) sa druge 

strane moģe se primetiti da je za eps0>1 potrebno 

znaļajno manje proġirenih ļvorova da bi se doġlo do 

inicijalnog reġenja.  

II  iteracija  
 

eps=2 kod ARA* i AD*, 

kod D* Lite eps=1 

(detektuje se jedna promena u 

okruģenju - novi ļvor sa 

preprekom) 

12 8 3 

U ovoj iteraciji ARA* algoritam vrġi izraļunavanje 

nove putanje iz poļetka (za aktuelnu poziciju robota), 

dok D* Lite i AD* algoritam vrġe korekciju aktuelne 

putanje uz koriġĺenje rezultata prethodno izvrġenog 

proraļuna. Istovremeno se kod ARA* i AD* 

dekrementira eps. 

III  iteracija  
 

eps=1 

 
11 5 - 

Velika razlika broja proġirenih ļvorova u ovoj 

iteraciji izmeĽu ARA* i AD*, iako nije detektovana 

nova prepreka, je zbog toga ġto AD* algoritam koristi 

rezultate iz obe prethodne iteracije, dok je ARA* 

algoritam resetovan na poļetku druge iteracije zbog 

detekcije nove prepreke, tako da se gube rezultati 

proraļuna iz prve iteracije. Razlika broja proġirenih 

ļvorova izmeĽu AD* i D* Lite je zbog toga ġto AD* 

popravlja reġenje, imajuĺi u vidu da je doġlo do 

dekrementiranja eps.  

UKUPNO: 35 26 22  

 

ʇʦʨʝʜʝ˂ʠ ARA* ʠ AD* ʚʠʜʠʤʦ ʜʘ ʩʫ ʦʙʘ ʘʣʛʦʨʠʪʤʘ ʫʩʧʝʰʥʦ ʨʝʰʠʣʘ ʧʦʩʪʘʚˀʝʥʠ 

ʪʝʩʪ ʩʮʝʥʘʨʠʦ, ʢʘʦ ʠ ʜʘ ʩʫ ʜʦʰʣʘ ʜʦ ʠʩʪʠʭ ʨʝʰʝˁʘ, ʘʣʠ ʟʘ ʨʘʟʣʠʯʠʪʦ ʚʨʝʤʝ ʪʿ. ʙʨʦʿ 

ʧʨʦʰʠʨʝʥʠʭ ʯʚʦʨʦʚʘ. ARA*  ʘʣʛʦʨʠʪʤʫ ʿʝ ʙʠʣʦ ʧʦʪʨʝʙʥʦ ʜʘ ʧʨʦʰʠʨʠ ʫʢʫʧʥʦ 35 ʯʚʦʨʦʚʘ, ʘ 

AD* ʘʣʛʦʨʠʪʤʫ 26 ʯʚʦʨʦʚʘ ʪʿ. 9 ʯʚʦʨʦʚʘ ʤʘˁʝ. ʆʚʜʝ ʿʝ ʙʠʪʥʦ ʠʩʪʘ˂ʠ ʿʝʜʥʦ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʟʘʧʘʞʘˁʝ, ʘ ʪʦ ʿʝ ʜʘ ʿʝ ʫ ʦʢʚʠʨʫ ʜʨʫʛʝ ʠʪʝʨʘʮʠʿʝ ʢʦʜ AD*  ʘʣʛʦʨʠʪʤʘ ʯʚʦʨ 

(6,6) ʧʨʦʰʠʨʝʥ ʜʚʘ ʧʫʪʘ, ʧʨʚʠ ʧʫʪ ʢʘʦ ʧʦʜʢʦʥʟʠʩʪʝʥʪʘʥ, ʘ ʜʨʫʛʠ ʧʫʪ ʢʘʦ 

ʧʨʝʢʦʢʦʥʟʠʩʪʝʥʪʘʥ. ʅʘʠʤʝ, ʢʨʝ˂ʫ˂ʠ ʩʝ ʧʦ ʠʥʠʮʠʿʘʣʥʦ ʛʝʥʝʨʠʩʘʥʦʿ ʧʫʪʘˁʠ ʨʦʙʦʪ ʜʦʣʘʟʠ ʫ 

ʧʦʟʠʮʠʿʫ (6,6) ʛʜʝ ʜʝʪʝʢʪʫʿʝ ʥʦʚʫ ʧʨʝʧʨʝʢʫ (5,5). ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʠʥʠʮʠʿʘʣʥʘ ʧʫʪʘˁʘ 

ʫʧʨʘʚʦ ʠʰʣʘ ʧʨʝʢʦ ʯʚʦʨʘ (5,5), AD*  ʘʣʛʦʨʠʪʘʤ ʥʘʩʪʘʣʠ ʧʨʦʙʣʝʤ ʨʝʰʘʚʘ ʪʘʢʦ ʰʪʦ ʥʘʿʧʨʝ 

ʚʨʰʠ ʘʞʫʨʠʨʘˁʝ Ăʧʦʛʦʹʝʥʠʭñ ʮʝʥʘ ʧʨʝʣʘʟʘʢʘ, ʧʘʨʘʤʝʪʘʨʘ rhs ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʯʚʦʨʦʚʘ, ʢʘʦ 

ʠ ʩʢʫʧʘ ʆPEN ʫ ʢʦʿʠ ʩʝ ʠʥʩʝʨʪʫʿʫ ʥʦʚʦʥʘʩʪʘʣʠ ʠʥʢʦʥʟʠʩʪʝʥʪʥʠ ʯʚʦʨʦʚʝ. ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ 

ʜʘ ʿʝ ʧʘʨʘʤʝʪʘʨ rhs ʯʚʦʨʘ (6,6) ʫʧʨʘʚʦ ʠʟʨʘʯʫʥʘʪ ʫ ʦʜʥʦʩʫ ʥʘ ʯʚʦʨ (5,5), ʧʨʦʮʝʩʫʠʨʘˁʝ 

ʥʘʩʪʘʣʝ ʧʨʦʤʝʥʝ ʜʦʚʝʰ˂ʝ ʜʦ ʧʨʦʤʝʥʝ ʚʨʝʜʥʦʩʪʠ rhs ʯʚʦʨʘ (6,6) ʿʝʨ ʩʝ ʩʘʜʘ ʪʘ ʚʨʝʜʥʦʩʪ 

ʨʘʯʫʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʯʚʦʨ (5,6). ʆʚʘ ʧʨʦʤʝʥʘ ʫ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʿʫ ʜʦʚʦʜʠ ʜʦ ʧʦʚʝ˂ʘˁʘ 

ʚʨʝʜʥʦʩʪʠ rhs ʯʚʦʨʘ (6,6) ʰʪʦ ʨʝʬʣʝʢʪʫʿʝ ʧʦʚʝ˂ʘˁʘ ʮʝʥʝ ʧʫʪʘˁʝ ʠʟʘʟʚʘʥʦ ʟʘʦʙʠʣʘʞʝˁʝʤ 

ʯʚʦʨʘ (5,5) (ʪʦ ʿʝ ʿʝʜʥʦʩʪʘʚʥʦ ʟʘʢˀʫʯʠʪʠ ʥʘ ʦʩʥʦʚʫ ʉʣʠʢʝ 15). ʅʝ ʪʨʝʙʘ ʟʘʙʦʨʘʚʠʪʠ ʜʘ ʩʝ 

ʘʞʫʨʠʨʘ ʠ ʧʦʢʘʟʠʚʘʯ ʯʚʦʨʘ (6,6)). ʆʚʘ ʧʨʦʤʝʥʘ ʯʚʦʨ (6,6) ʯʠʥʠ ʧʦʜʢʦʥʟʠʩʪʝʥʪʥʠʤ (g(6,6) < 

rhs(6,6)) ʠ ʠʥʩʝʨʪʫʿʝ ʛʘ ʫ ʩʢʫʧ OPEN. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʫ ʩʪʚʘʨʠ ʥʘ ʯʚʦʨ (6,6) ʰʠʨʠ 

ʧʦʚʝ˂ʘˁʝ ʮʝʥʝ ʧʫʪʘˁʝ ʥʘʩʪʘʣʦ ʫʩʣʝʜ ʧʦʿʘʚʝ ʥʦʚʝ ʧʨʝʧʨʝʢʝ. ʇʦʰʪʦ ʿʝ ʩʘʜʘ ʯʚʦʨ (6,6) ʫ 

ʩʢʫʧʫ ʆPEN ʜʦʣʘʟʠ ʜʦ ˁʝʛʦʚʦʛ ʧʨʚʦʛ ʰʠʨʝˁʘ ʢʘʜʘ ʩʝ ʧʘʨʘʤʝʪʘʨ g(6,6) ʩʝʪʫʿʝ ʥʘ Ð, ʢʘʢʦ 

ʙʠ ʩʝ ʧʦʜʢʦʥʟʠʩʪʝʥʮʠʿʘ ʜʘˀʝ ʧʨʝʥʝʣʘ ʥʘ ʩʫʩʝʜʝ ʯʚʦʨʘ (6,6). ʋ ʜʘˀʝʤ ʪʦʢʫ ʘʣʛʦʨʠʪʤʘ 

ʜʦʣʘʟʠ ʜʦ ʜʨʫʛʦʛ ʰʠʨʝˁʘ ʯʚʦʨʘ (6,6) ʢʘʜʘ ʩʝ ʦʥ ʢʚʘʣʠʬʠʢʫʿʝ ʢʘʦ ʧʨʝʢʦʢʦʥʟʠʩʪʝʥʪʘʥ ʠ ʢʘʦ 

ʪʘʢʘʚ ʧʨʦʮʝʩʫʠʨʘ ʢʘʢʦ ʙʠ ʩʝ ʧʨʦʮʝʩ ʢʦʨʝʢʮʠʿʝ ʧʫʪʘˁʝ ʢʦʤʧʣʝʪʠʨʘʦ. ɼʦʢʘʟ ʜʘ ʩʝ ʿʝʜʘʥ ʠʩʪʠ 

ʯʚʦʨ ʤʦʞʝ ʧʨʦʰʠʨʠʪʠ ʥʘʿʚʠʰʝ ʜʚʘ ʧʫʪʘ (ʥʘʿʚʠʰʝ ʿʝʜʥʦʤ ʢʘʦ ʧʦʜʢʦʥʟʠʩʪʝʥʪʘʥ ʠ ʥʘʿʚʠʰʝ 
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ʿʝʜʥʦʤ ʢʘʦ ʧʨʝʢʦʢʦʥʟʠʩʪʝʥʪʘʥ) ʫ ʪʦʢʫ ʠʟʨʘʯʫʥʘʚʘˁʘ ʧʫʪʘˁʝ ʪʿ. ʠʟʚʨʰʘʚʘˁʘ ʬʫʥʢʮʠʿʝ 

Computepath ʜʘʪ ʿʝ ʫ [52,53]. 

 

ɼʨʫʛʠ ʩʮʝʥʘʨʠʦ ʧʦʜʨʘʟʫʤʝʚʘ ʜʝʪʝʢʮʠʿʫ ʥʦʚʝ ʩʣʦʙʦʜʥʝ ˂ʝʣʠʿʝ ʫ ʪʦʢʫ ʢʨʝʪʘˁʘ 

ʨʦʙʦʪʘ ʥʘ ʧʦʟʠʮʠʿʠ (5,3), ʢʦʿʘ ʿʝ ʧʨʝʪʭʦʜʥʦ ʙʠʣʘ ʙʣʦʢʠʨʘʥʘ. ʈʝʟʫʣʪʘʪʠ ʩʠʤʫʣʘʮʠʿʝ ʫ 

ʄʘʪʣʘʙʫ ʚʠʟʫʝʣʠʟʦʚʘʥʠ ʩʫ ʥʘ ʉʣʠʮʠ 16.  
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   (I iteracija, eps0=eps=1)                                 (II iteracija, eps0=eps=1)                               (III iteracija, eps0=eps=1) 
 

ʉʣʠʢʘ 16. ɼʨʫʛʠ ʩʮʝʥʘʨʠʦ ʧʦʨʝʹʝˁʘ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ 

ARA*, D* Lite ʠ AD* (ʫʨʘʹʝʥ ʫ ʩʢʣʦʧʫ ʠʩʪʨʘʞʠʚʘˁʘ ʦʙʫʭʚʘ˂ʝʥʠʭ ʜʠʩʝʨʪʘʮʠʿʦʤ), ʢʦʿʝʛ 

ʢʘʨʘʢʪʝʨʠʰʝ ʜʝʪʝʢʮʠʿʘ ʥʦʚʝ ʩʣʦʙʦʜʥʝ ˂ʝʣʠʿʝ. 
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ʈʝʟʫʣʪʘʪʠ ʩʠʤʫʣʘʮʠʿʝ ʫ ʩʤʠʩʣʫ ʙʨʦʿʘ ʧʨʦʰʠʨʝʥʠʭ ʯʚʦʨʦʚʘ ʟʘ ʩʚʘʢʠ ʘʣʛʦʨʠʪʤʘ ʠ 

ʧʨʘʪʝ˂ʠ ʢʦʤʝʥʪʘʨʠ ʜʘʪʠ ʩʫ ʫ ʊʘʙʝʣʠ 3. 

 

ʊʘʙʝʣʘ 3. ʈʝʟʫʣʪʘʪʠ ʧʦʨʝʹʝˁʘ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʘʣʛʦʨʠʪʘʤʘ ARA*, D* Lite ʠ AD* ʫ ʜʨʫʛʦʤ 

ʩʮʝʥʘʨʠʿʫ. 

 

Iteracija  
Broj proġirenih ļvorova  

Komentar 
ARA* AD* D* Lite 

I  iteracija  
 

ʝps0=3 kod ARA* i AD*, kod D* 

Lite eps0=eps=1 

24 25 25 

Ovde je scenario takav da su i AD* za 

eps0=3 i D* Lite za eps0=eps=1 doġli 

do istog inicijalnog reġenja, kao i da 

su pri tome proġirili isti broj ļvorova. 

II  iteracija  
 

eps=2 kod ARA* i AD*, 

kod D* Lite eps=1 

(detektuje se jedna promena u 

okruģenju ï novi slobodan ļvor) 

5 2 2 

U ovoj iteraciji ARA* algoritam vrġi 

izraļunavanje nove putanje iz poļetka 

(za aktuelnu poziciju robota), dok D* 

Lite i AD* algoritam vrġe korekciju 

aktuelne putanje uz koriġĺenje 

rezultata prethodno izvrġenog 

proraļuna. Istovremeno se kod ARA* i 

AD* dekrementira eps. 

III  iteracija  
 

eps=1 

5 0 0 

Razlika broja proġirenih ļvorova u 

ovoj iteraciji izmeĽu ARA* sa jedne i 

D* Lite i AD* sa druge strane, (iako 

nije detektovana nova prepreka), 

predstavlja Ăproduģenu posledicuñ 

ļinjenice da je ARA* algoritam 

resetovan na poļetku druge iteracije 

zbog detekcije nove prepreke, tako da 

se gube rezultati proraļuna iz prve 

iteracije.  

ʋʂʋʇʅʆ: 34 27 27  

 

ʉʚʘ ʪʨʠ ʘʣʛʦʨʠʪʤʘ ʩʫ ʫʩʧʝʰʥʦ ʨʝʰʠʣʘ ʧʦʩʪʘʚˀʝʥʠ ʪʝʩʪ ʩʮʝʥʘʨʠʦ, ʘʣʠ ʟʘ ʨʘʟʣʠʯʠʪʦ 

ʚʨʝʤʝ ʪʿ. ʙʨʦʿ ʧʨʦʰʠʨʝʥʠʭ ʯʚʦʨʦʚʘ. ARA*  ʘʣʛʦʨʠʪʤʫ ʿʝ ʙʠʣʦ ʧʦʪʨʝʙʥʦ ʜʘ ʧʨʦʰʠʨʠ ʫʢʫʧʥʦ 

34 ʯʚʦʨʘ, ʘ ʘʣʛʦʨʠʪʤʠʤʘ AD* ʠ D* Lite 27 ʯʚʦʨʦʚʘ ʪʿ. 7 ʯʚʦʨʦʚʘ ʤʘˁʝ. 
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2.4.4. ʆʩʚʨʪ ʥʘ ʥʝʢʝ ʦʜ ʚʘʨʠʿʘʮʠʿʘ ʘʣʛʦʨʠʪaʤʘ D* Lite ʠ AD*  

 

ɺʝ˂ʠʥʘ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʫ ʨʦʙʦʪʠʮʠ ʢʦʿʠ ʩʫ ʙʘʟʠʨʘʥʠ ʥʘ ʦʙʨʘʜʠ 2D 

ʛʨʘʬʘ ʧʦʜʨʘʟʫʤʝʚʘ ʜʠʩʢʨʝʪʠʟʦʚʘʥ ʠʥʢʨʝʤʝʥʪ ʟʘʦʢʨʝʪʘ ʚʦʟʠʣʘ (ʘʢʦ ʿʝ ʯʚʦʨ ʧʦʚʝʟʘʥ ʩʘ ʩʚʠʭ 

8 ʩʫʩʝʜʥʠʭ ʯʚʦʨʦʚʘ ʦʥʜʘ ʿʝ ʤʠʥʠʤʘʣʥʠ ʠʥʢʨʝʤʝʥʪ ʟʘʦʢʨʝʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʘʚʘʮ ʢʨʝʪʘˁʘ 

/́4), ʪʘʢʦ ʜʘ ʠʘʢʦ ʩʘ ʤʘʪʝʤʘʪʠʯʢʦʛ ʘʩʧʝʢʪʘ ʦʧʪʠʤʘʣʥʠ ʦʚʠ ʘʣʛʦʨʠʪʤʠ ʛʝʥʝʨʠʰʫ ʧʫʪʘˁʫ 

ʢʦʿʘ ʿʝ ʥʝʧʨʠʨʦʜʥʘ ʠ ʩʫʙʦʧʪʠʤʘʣʥʘ ʩʘ ʘʩʧʝʢʪʘ ʢʨʝʪʘˁʘ ʨʦʙʦʪʘ. ɿʙʦʛ ʥʘʚʝʜʝʥʦʛ ʩʝ ʫ 

ʣʠʪʝʨʘʪʫʨʠ ʢʘʦ ʚʘʨʠʿʘʥʪʝ ʘʣʛʦʨʠʪʘʤʘ D* Lite ʠ AD*  ʧʨʝʜʣʘʞʫ ʨʝʰʝˁʘ ʢʦʘʿ ʠʥʢʦʨʧʦʨʠʨʘʿʫ 

ʫ ʧʦʩʪʫʧʘʢ ʧʨʦʨʘʯʫʥʘ ʧʫʪʘˁʝ ʠ ʜʠʥʘʤʠʢʫ ʚʦʟʠʣʘ. ʅʘ ʧʨʠʤʝʨ, ʫ [32] ʩʝ ʧʨʝʜʣʘʞʝ ʨʝʰʝˁʝ 

ʢʦʿʝ ʩʝ ʙʘʟʠʨʘ ʥʘ, ʫʩʣʦʚʥʦ ʨʝʯʝʥʦ, ʦʙʨʘʜʠ 4D ʛʨʘʬʘ, ʛʜʝ ʿʝ ʩʚʘʢʠ ʯʚʦʨ ʦʜʨʝʹʝʥ ʩʣʝʜʝ˂ʠʤ 

ʧʘʨʘʤʝʪʨʠʤʘ: ʧʦʟʠʮʠʿʘ (x,y), ʦʨʠʿʝʥʪʘʮʠʿʘ ʚʦʟʠʣʘ (ɗ) ʠ ʙʨʟʠʥʘ ʚʦʟʠʣʘ (ɡ). ɿʘʜʘʪʘʢ 

ʘʣʛʦʨʠʪʤʘ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʿʝ ʜʘ ʛʝʥʝʨʠʰʝ ʦʧʪʠʤʘʣʥʫ ʧʫʪʘˁʫ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʜʠʥʘʤʠʯʢʘ 

ʦʛʨʘʥʠʯʝˁʘ ʨʦʙʦʪʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʦʙʨʘʜʝ 2D ʛʨʘʬʘ ʢʦʿʘ ʛʝʥʝʨʠʰʝ ʧʫʪʘˁʫ ʢʦʿʘ ʤʦʞʝ ʠʤʘʪʠ 

ʦʰʪʨʝ ʟʘʦʢʨʝʪʝ (ʥʧʨ. 90Á) ʠ ʛʜʝ ʨʦʙʦʪ ʢʦʿʠ ʩʝ ʢʨʝ˂ʝ ʦʚʘʢʚʦʤ ʧʫʪʘˁʦʤ ʤʦʨʘ ʫʩʧʦʨʘʚʘʪʠ ʠ 

ʩʚʝʩʪʠ ʙʨʟʠʥʫ ʥʘ ɡå0 ʢʘʢʦ ʙʠ ʥʘʧʨʘʚʠʦ ʟʘʦʢʨʝʪ, ʦʙʨʘʜʘ 4D ʛʨʘʬʘ ʛʝʥʝʨʠʰʝ ʧʫʪʘˁʫ ʩʘ 

Ăh ʠʨʠʤñ ʠ ʧʨʠʨʦʜʥʠʿʠʤ ʟʘʦʢʨʝʪʠʤʘ ʪʘʢʦ ʜʘ ʩʝ ʧʨʦʩʝʯʥʘ ʙʨʟʠʥʘ ʨʦʙʦʪʘ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ 

ʤʦʞʝ ʜʨʞʘʪʠ ʥʘ ʟʥʘʯʘʿʥʦ ʚʠʰʝʤ ʥʠʚʦʫ ʥʝʛʦ ʫ ʩʣʫʯʘʿʫ ʦʙʨʘʜʝ 2D ʛʨʘʬʘ. ɿʘ ʩʚʘʢʠ ʩʣʫʯʘʿ ʫ 

ʦʙʝ ʚʘʨʠʿʘʥʪʝ ʦʙʠʯʥʦ ʩʝ ʜʝʬʠʥʠʰʝ ʙʘʬʝʨ-ʟʦʥʘ ʦʢʦ ʧʨʝʧʨʝʢʘ ʩʘ ʚʠʩʦʢʦʤ ʮʝʥʦʤ ʫʣʘʩʢʘ ʢʘʢʦ 

ʙʠ ʩʝ ʦʩʠʛʫʨʘʣʦ ʙʝʟʙʝʜʥʦ ʢʨʝʪʘˁʝ. ʂʘʦ ʰʪʦ ʩʝ ʤʦʞʝ ʧʨʝʪʧʦʩʪʘʚʠʪʠ, ʧʦʚʝ˂ʘˁʝ 

ʜʠʤʝʥʟʠʦʥʘʣʥʦʩʪʠ ʧʣʘʥʠʨʘˁʘ ʧʫʪʘˁʝ ʧʦʜʨʘʟʫʤʝʚʘ ʟʥʘʯʘʿʥʦ ʚʠʰʝ ʚʨʝʤʝʥʘ ʧʦʪʨʝʙʥʦʛ ʟʘ 

ʧʨʦʨʘʯʫʥ, ʰʪʦ ʧʦʩʝʙʥʦ ʜʦʣʘʟʠ ʜʦ ʠʟʨʘʞʘʿʘ ʥʘ ʧʨʦʩʪʦʨʫ ʚʝ˂ʝ ʧʦʚʨʰʠʥʝ. ɱʝʜʥʘ ʦʜ 

ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ 4D ʧʣʘʥʝʨʘ ʿʝ ʪʟʚ. ʧʣʘʥʝʨ ʩʘ 2 ʥʠʚʦʘ ʛʜʝ ʩʝ ʢʦʤʙʠʥʫʿʝ 

ʦʙʨʘʜʘ 4D ʛʨʘʬʘ ʢʦʿʫ ʠʟʚʨʰʘʚʘ AD*  ʘʣʛʦʨʠʪʘʤ ʠ ʦʙʨʘʜʘ 2D ʛʨʘʬʘ ʠʩʪʝ ʦʩʥʦʚʝ ʢʦʿʫ 

ʠʟʚʨʰʘʚʘ A*  ʘʣʛʦʨʠʪʘʤ ʠ ʯʠʿʠ ʨʝʟʫʣʪʘʪ ʩʝ ʢʦʨʠʩʪʠ ʢʘʦ ʭʝʫʨʠʩʪʠʯʢʘ ʬʫʥʢʮʠʿʘ ʢʦʜ ʦʙʨʘʜʝ 

4D ʛʨʘʬʘ. ʆʙʨʘʜʘ 4D ʛʨʘʬʘ ʩʝ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʚʨʰʠ ʦʜ ʮʠˀʥʦʛ ʧʨʝʤʘ ʩʪʘʨʪʥʦʤ ʯʚʦʨʫ 

(ʩʪʘʨʪʥʠ ʯʚʦʨ ʦʜʛʦʚʘʨʘ ʧʦʯʝʪʥʦʿ ʧʦʟʠʮʠʿʠ ʨʦʙʦʪʘ ʫ ʧʦʩʤʘʪʨʘʥʦʿ ʠʪʝʨʘʮʠʿʠ), ʜʦʢ ʩʝ ʦʙʨʘʜʘ 

2D ʛʨʘʬʘ ʚʨʰʠ ʦʜ ʩʪʘʨʪʥʦʛ ʧʨʝʤʘ ʮʠˀʥʦʤ ʯʚʦʨʫ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ 4D ʧʣʘʥʝʨ ʥʝ ʤʦʨʘ ʜʘ 

ʚʨʰʠ ʧʨʦʨʘʯʫʥ ʧʫʪʘˁʝ ʦʜ ʧʦʯʝʪʢʘ ʩʚʘʢʠ ʧʫʪ ʢʘʜ ʩʝ ʨʦʙʦʪ ʧʦʤʝʨʠ. 2D ʧʣʘʥʝʨ ʩʘ ʜʨʫʛʝ 

ʩʪʨʘʥʝ ʿʝ ʜʦʩʪʘ ʙʨʞʠ ʠ ʤʦʞʝ ʛʝʥʝʨʠʩʘʪʠ ʨʝʰʝˁʝ ʦʙʨʘʹʫʿʫ˂ʠ ʛʨʘʬ ʦʜ ʩʪʘʨʪʥʦʛ ʧʨʝʤʘ 

ʮʠˀʥʦʤ ʯʚʦʨʫ ʩʚʘʢʠ ʧʫʪ ʢʘʜʘ ʩʝ ʨʦʙʦʪ ʧʦʤʝʨʠ ʙʝʟ ʫʥʦʰʝˁʘ ʢʘʰˁʝˁʘ. ɼʘʢʣʝ, 4D ʧʣʘʥʝʨʠ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʜʦʙʨʫ ʦʩʥʦʚʫ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʧʣʘʥʠʨʘˁʘ ʧʫʪʘˁʝ, ʘʣʠ ʠʧʘʢ ʠʤʘʿʫ ʚʠʰʝ 

ʥʝʜʦʩʪʘʪʘʢʘ ʢʦʿʠ ʩʝ ʧʦʩʝʙʥʦ ʨʝʬʣʝʢʪʫʿʫ ʢʦʜ ʧʨʠʤʝʥʝ ʫ ʩʣʫʯʘʿʫ ʦʢʨʫʞʝˁʘ ʚʝ˂ʠʭ ʜʠʤʝʥʟʠʿʘ. 

ʋ ʥʘʩʪʘʚʢʫ ˂ʝ ʙʠʪʠ ʦʧʠʩʘʥ ʫ ʢʨʘʪʢʠʤ ʮʨʪʘʤʘ ʿʝʜʘʥ ʩʮʝʥʘʨʠʦ ʢʦʿʠ ʠʣʫʩʪʨʫʿʝ ʦʙʨʘʜʫ 4D 

ʛʨʘʬʘ [54]. 

 

ʇʨʝʪʧʦʩʪʘʚʠʤʦ ʜʘ ʩʝ ʨʘʜʠ ʦ ʧʨʦʩʪʦʨʫ ʜʠʤʝʥʟʠʿʘ 60m ʭ 60m, ʢʘʦ ʠ ʜʘ ʩʫ ʦʛʨʘʥʠʯʝˁʘ 

ʚʦʟʠʣʘ ʪʘʢʚʘ ʜʘ ʩʝ ʤʦʞʝ ʢʨʝʪʘʪʠ ʤʘʢʩʠʤʘʣʥʦʤ ʙʨʟʠʥʦʤ ʦʜ 15m/s ʥʘʧʨʝʜ ʠ 5m/s ʥʘʟʘʜ. 

ʂʘʢʦ ʙʠ ʜʝʬʠʥʠʩʘʣʠ ʩʪʨʘʪʝʛʠʿʫ ʫʧʨʘʚˀʘˁʘ ʚʦʟʠʣʦʤ, ʧʨʝʪʧʦʩʪʘʚʠʤʦ ʜʘ ʥʘ ʩʚʘʢʦʤ ʩʝʛʤʝʥʪʫ 

ʧʫʪʘˁʝ ʪʘʥʛʝʥʮʠʿʘʣʥʦ ʠ ʣʘʪʝʨʘʣʥʦ (ʙʦʯʥʦ) ʫʙʨʟʘˁʝ ʤʦʛʫ ʙʠʪʠ ʥʫʣʘ ʠʣʠ ʠʤʘʪʠ ʤʘʢʩʠʤʘʣʥʫ 

ʚʨʝʜʥʦʩʪ (ʧʦʟʠʪʠʚʥʫ ʠʣʠ ʥʝʛʘʪʠʚʥʫ). ɸʢʦ ʫʚʝʜʝʤʦ ʦʛʨʘʥʠʯʝˁʝ ʦʙʘ ʫʙʨʟʘˁʘ ʥʘ 5 m/s2 , ʪʦ 

ʟʥʘʯʠ ʜʘ ʧʦʩʪʦʿʠ 9 ʤʦʛʫ˂ʠʭ ʢʦʤʙʠʥʘʮʠʿʘ ʫʙʨʟʘˁʘ ʟʘ ʧʨʝʣʘʟʘʢ ʫ ʩʣʝʜʝ˂ʫ ˂ʝʣʠʿʫ ʤʘʧʝ {ï5, 0, 

5} ʭ {ï5, 0, 5}. ʇʦʰʪʦ ʚʦʟʠʣʦ ʠʤʘ ʤʘʢʩʠʤʘʣʥʫ ʙʨʟʠʥʫ ʢʨʝʪʘˁʘ ʥʘʧʨʝʜ ʠʣʠ ʥʘʟʘʜ ʥʝʢʝ ʦʜ 

ʦʚʠʭ ʢʦʤʙʠʥʘʮʠʿʘ ʩʝ ʦʜʙʘʮʫʿʫ, ʨʝʜʫʢʫʿʫ˂ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʛʨʘˁʘˁʝ ʧʨʠ ʰʠʨʝˁʫ ʩʪʘʙʣʘ 

ʧʫʪʘˁʘ. ʀʥʢʨʝʤʝʥʪ ʧʨʠʨʘʩʪʘ ʙʨʟʠʥʝ ʦʜʨʝʹʫʿʝ ʩʝ ʥʘ ʙʘʟʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʧʨʦʠʟʚʦʜʘ 

ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ ʭ ʪʘʥʛʝʥʮʠʿʘʣʥʦ ʫʙʨʟʘˁʝ. ʋ 4D ʛʨʘʬʫ, ʩʚʘʢʠ ʯʚʦʨ ʿʝ, ʢʘʦ ʰʪʦ ʿʝ 

ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦ, ʦʜʨʝʹʝʥ ʩʣʝʜʝ˂ʠʤ ʧʘʨʘʤʝʪʨʠʤʘ: ʧʦʟʠʮʠʿʘ (x,y), ʦʨʠʿʝʥʪʘʮʠʿʘ ʚʦʟʠʣʘ 

(ɗ) ʠ ʙʨʟʠʥʘ ʚʦʟʠʣʘ (ɡ). ʎʝʥʝ ʧʨʝʣʘʩʢʘ ʜʝʬʠʥʠʰʫ ʩʝ ʟʘ ʩʝʛʤʝʥʪʝ ʧʫʪʘˁʝ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ 

ʠʩʪʦʤ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ, ʪʘʢʦ ʜʘ ʩʝ ʦʚʜʝ ʥʝ ʨʘʜʠ ʦ ʧʨʝʣʘʩʢʫ ʘʫʪʦʥʦʤʥʦʛ ʚʦʟʠʣʘ ʠʟ 

ʪʨʝʥʫʪʥʝ ʫ ʩʫʩʝʜʥʫ ˂ʝʣʠʿʫ (ʢʘʦ ʢʦʜ 2D ʛʨʘʬʘ), ʚʝ˂ ʫ ˂ʝʣʠʿʫ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʝʛʤʝʥʪʘ 

ʧʫʪʘˁʝ ʥʘʿʤʘˁʝ ʮʝʥʝ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʧʦʩʤʘʪʨʘʤʦ ʩʝʛʤʝʥʪʝ ʧʫʪʘˁʝ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ 

ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ ʦʜ 1 ʩʝʢʫʥʜʝ ʫ ʤʨʝʞʠ (x,y) ʨʝʟʦʣʫʮʠʿʝ 2.5m, ʧʨʦʤʝʥʝ ʫʛʣʘ 
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ʦʨʠʿʝʥʪʘʮʠʿʝ ʚʦʟʠʣʘ ʨʝʟʦʣʫʮʠʿʝ /́8 ʠ ʧʨʦʤʝʥʝ ʙʨʟʠʥʝ ʚʦʟʠʣʘ ʨʝʟʦʣʫʮʠʿʝ 5m/s, ʪʘʢʦ ʜʘ 

ʘʥʘʣʠʟʠʨʘʥʠ 4D ʛʨʘʬ ʠʤʘ ʫʢʫʧʥʦ ʦʢʦ 46000 ʯʚʦʨʦʚʘ (ʦʜʛʦʚʘʨʘʿʫ˂ʠ 2D ʛʨʘʬ ʠʤʘ 576 

ʯʚʦʨʦʚʘ). ʄʘʢʩʠʤʘʣʥʠ ʤʦʛʫ˂ʠ ʫʛʘʦ ʟʘʦʢʨʝʪʘ ʨʘʯʫʥʘ ʩʝ ʥʘ ʙʘʟʠ ʩʨʝʜˁʝ ʙʨʟʠʥʝ ʥʘ 

ʧʦʩʤʘʪʨʘʥʦʤ ʩʝʛʤʝʥʪʫ ʧʫʪʘˁʝ (ʠʤʘʤʦ ʧʦʜʘʪʘʢ ʦ ʙʨʟʠʥʠ ʥʘ ʧʦʯʝʪʢʫ ʠ ʥʘ ʢʨʘʿʫ ʩʝʛʤʝʥʪʘ) ʠ 

ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʜʠʥʘʤʠʯʢʘ ʦʛʨʘʥʠʯʝˁʘ ʚʦʟʠʣʘ. ʊʘʯʥʠʿʝ, ʤʠʥʠʤʘʣʥʠ ʨʘʜʠʿʫʩ ʟʘʦʢʨʝʪʘ ʪʿ. 

ʢʨʠʚʠʥʝ ʟʘʚʠʩʠ ʦʜ ʙʨʟʠʥʝ ʚʦʟʠʣʘ ʠ ʤʘʢʩʠʤʘʣʥʦʛ ʜʦʟʚʦˀʝʥʦʛ ʣʘʪʝʨʘʣʥʦʛ (ʙʦʯʥʦʛ) ʫʙʨʟʘˁʘ 

ʢʦʿʝ ʟʘʚʠʩʠ ʦʜ ʜʠʥʘʤʠʯʢʠʭ ʦʛʨʘʥʠʯʝˁʘ ʚʦʟʠʣʘ ʠ ʠʟʨʘʯʫʥʘʚʘ ʩʝ ʢʘʦ ɟmin=v2/anmax (ʉʣʠʢʘ 17). 

ʆʚʦ ʟʥʘʯʠ ʜʘ ʚʝ˂ʠʤ ʩʨʝʜˁʠʤ ʙʨʟʠʥʘʤʘ ʦʜʛʦʚʘʨʘ ʚʝ˂ʠ ʤʠʥʠʤʘʣʥʠ ʨʘʜʠʿʫʩ ʟʘʦʢʨʝʪʘ 

ʦʜʥʦʩʥʦ ʤʘˁʠ ʤʘʢʩʠʤʘʣʥʠ ʫʛʘʦ ʩʢʨʝʪʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʪʨʝʥʫʪʥʫ ʦʨʠʿʝʥʪʘʮʠʿʫ ʚʦʟʠʣʘ. ʐʪʦ 

ʿʝ ʚʝ˂ʠ ʫʛʘʦ ʩʢʨʝʪʘˁʘ ʚʝ˂ʘ ʿʝ ʮʝʥʘ ʧʨʝʣʘʩʢʘ ʪʿ. ʮʝʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʩʝʛʤʝʥʪʘ ʧʫʪʘˁʝ, ʥʘ ʪʘʿ 

ʥʘʯʠʥ ʩʝ ʬʘʚʦʨʠʟʫʿʫ ʢʦʤʙʠʥʘʮʠʿʝ ʩʘ ʚʝ˂ʦʤ ʩʨʝʜˁʦʤ ʙʨʟʠʥʦʤ. ʅʘ ʉʣʠʮʠ 18. ʧʨʠʢʘʟʘʥʝ ʩʫ 

ʨʘʟʣʠʯʠʪʝ ʢʦʤʙʠʥʘʮʠʿʝ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʦʧʠʩʫʿʫ 4D ʛʨʘʬ, ʛʜʝ ʣʫʢʦʚʠ ʩʠʚʝ ʙʦʿʝ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʘ ʙʘʟʠ ʧʨʝʪʭʦʜʥʦ ʦʧʠʩʘʥʦʛ ʧʨʦʨʘʯʫʥʘ ʠʟʚʝʜʝʥʝ, ʘ ʫ ʩʢʣʘʜʫ ʩʘ ʜʠʥʘʤʠʯʢʠʤ 

ʦʛʨʘʥʠʯʝˁʠʤʘ ʚʦʟʠʣʘ ʠʟʚʦʜˀʠʚʝ, ʩʝʛʤʝʥʪʝ ʧʫʪʘˁʝ ʟʘ ʧʨʝʣʘʟʘʢ ʠʟ ʪʨʝʥʫʪʥʝ ʫ ʩʣʝʜʝ˂ʫ 

˂ʝʣʠʿʫ. ʇʦˀʘ ʩʘ ʧʨʝʧʨʝʢʦʤ ʩʫ ʙʣʦʢʠʨʘʥʘ (ʪʝʦʨʝʪʩʢʠ ʠʤ ʩʝ ʜʦʜʝˀʫʿʝ ʙʝʩʢʦʥʘʯʥʘ ʮʝʥʘ 

ʫʣʘʩʢʘ). ʆʙʨʘʜʦʤ ʦʚʘʢʦ ʜʝʬʠʥʠʩʘʥʦʛ 4D ʛʨʘʬʘ ʜʦʣʘʟʠ ʩʝ ʜʦ ʧʫʪʘˁʝ ʟʘ ʜʘʪʠ ʩʮʝʥʘʨʠʦ ʢʦʿʘ 

ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʜʠʥʘʤʠʯʢʘ ʦʛʨʘʥʠʯʝˁʘ ʚʦʟʠʣʘ. 

 

 

 
 

ʉʣʠʢʘ 17. ʋʧʨʦʰ˂ʝʥ ʤʦʜʝʣ ʜʠʥʘʤʠʯʢʠʭ ʦʛʨʘʥʠʯʝˁʘ ʚʦʟʠʣʘ. ʄʠʥʠʤʘʣʥʠ ʨʘʜʠʿʫʩ ʟʘʦʢʨʝʪʘ 

ʪʿ. ʢʨʠʚʠʥʝ (ʤʘʢʩʠʤʘʣʥʠ ʫʛʘʦ ʩʢʨʝʪʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʪʨʝʥʫʪʥʫ ʦʨʠʿʝʥʪʘʮʠʿʫ ʚʦʟʠʣʘ) 

ʟʘʚʠʩʠ ʦʜ ʙʨʟʠʥʝ ʚʦʟʠʣʘ ʠ ʤʘʢʩʠʤʘʣʥʦʛ ʜʦʟʚʦˀʝʥʦʛ ʣʘʪʝʨʘʣʥʦʛ (ʙʦʯʥʦʛ) ʫʙʨʟʘˁʘ. ʐʪʦ ʿʝ 

ʚʝ˂ʠ ʫʛʘʦ ʩʢʨʝʪʘˁʘ ʚʝ˂ʘ ʿʝ ʮʝʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʩʝʛʤʝʥʪʘ ʧʫʪʘˁʝ, ʥʘ ʪʘʿ ʥʘʯʠʥ ʘʣʛʦʨʠʪʘʤ 

ʟʘ ʧʣʘʥʠʨʘˁʝ ʬʘʚʦʨʠʟʫʿʝ ʢʦʤʙʠʥʘʮʠʿʝ ʩʘ ʚʝ˂ʦʤ ʩʨʝʜˁʦʤ ʙʨʟʠʥʦʤ [54] . 
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ʉʣʠʢʘ 18. ʈʘʟʣʠʯʠʪʝ ʢʦʤʙʠʥʘʮʠʿʝ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʦʧʠʩʫʿʫ 4D ʛʨʘʬ, ʛʜʝ ʣʫʢʦʚʠ ʩʠʚʝ ʙʦʿʝ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʘʫʪʦʥʦʤʥʠʤ ʚʦʟʠʣʦʤ ʠʟʚʦʜˀʠʚʝ (ʫ ʩʢʣʘʜʫ ʩʘ ˁʝʛʦʚʠʤ ʜʠʥʘʤʠʯʢʠʤ 

ʦʛʨʘʥʠʯʝˁʠʤʘ) ʩʝʛʤʝʥʪʝ ʧʫʪʘˁʝ ʟʘ ʧʨʝʣʘʟʘʢ ʠʟ ʪʨʝʥʫʪʥʝ ʫ ʩʣʝʜʝ˂ʫ ˂ʝʣʠʿʫ ʤʘʧʝ. ɱʝʜʥʦʿ 

ʠʩʪʦʿ ʢʦʣʦʥʠ ʦʜʛʦʚʘʨʘ ʠʩʪʠ ʫʛʘʦ ʦʨʠʿʝʥʪʘʮʠʿʝ ʚʦʟʠʣʘ (ɗ), ʧʨʠ ʯʝʤʫ ʩʝ ʤʝˁʘ ˁʝʛʦʚʘ ʙʨʟʠʥʘ 

(ɡ0). ʐʪʦ ʿʝ ʚʝ˂ʝ ɡ0 ʤʘˁʠ ʿʝ ʤʘʢʩʠʤʘʣʥʠ ʫʛʘʦ ʩʢʨʝʪʘˁʘ ʚʦʟʠʣʘ ʫ ʦʜʥʦʩʫ ʥʘ ˁʝʛʦʚʫ 

ʪʨʝʥʫʪʥʫ ʦʨʠʿʝʥʪʘʮʠʿʫ (ɗ) ʪʘʢʦ ʜʘ ʿʝ ʫʞʘ Ăʣʝʧʝʟʘñ ʤʦʛʫ˂ʠʭ ʥʘʨʝʜʥʠʭ ʩʝʛʤʝʥʘʪʘ ʧʫʪʘˁʝ 

[54] . 
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Field D* ʿʝ ʿʦʰ ʿʝʜʘʥ ʫ ʢʣʘʩʠ ʘʣʛʦʨʠʪʘʤʘ ʜʠʟʘʿʥʠʨʘʥ ʩʘ ʥʘʤʝʨʦʤ ʜʘ ʩʝ ʧʨʝʚʘʟʠʹʫ 

ʥʝʜʦʩʪʘʮʠ ʘʣʛʦʨʠʪʘʤʘ ʙʘʟʠʨʘʥʠʭ ʥʘ ʦʙʨʘʜʠ 2D ʛʨʘʬʘ. ʇʦʤʝʥʫʪʠ ʘʣʛʦʨʠʪʘʤ ʢʦʨʠʩʪʝ˂ʠ 

ʣʠʥʝʘʨʥʫ ʠʥʪʝʨʧʦʣʘʮʠʿʫ ʧʨʦʨʘʯʫʥʘʚʘ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʧʫʪʘˁʫ ʢʦʿʘ ʝʣʠʤʠʥʠʰʝ ʩʫʚʠʰʥʝ, 

ʚʝʣʠʢʝ ʠ ʥʘʛʣʝ ʟʘʦʢʨʝʪʝ ʚʦʟʠʣʘ. ʄʦʞʝ ʩʝ ʩʪʦʛʘ ʫʩʣʦʚʥʦ ʨʝ˂ʠ ʜʘ Field D* ʜʦ ʨʝʰʝˁʘ ʜʦʣʘʟʠ 

ʦʙʨʘʜʦʤ 3D ʛʨʘʬʘ ʯʠʿʝ ʜʠʤʝʥʟʠʿʝ ʩʫ: ʧʦʟʠʮʠʿʘ ʚʦʟʠʣʘ (x,y) ʠ ʦʨʠʿʝʥʪʘʮʠʿʘ ʚʦʟʠʣʘ (ɗ). 

ʇʫʪʘˁʘ ʜʦʙʠʿʝʥʘ ʦʚʠʤ ʧʦʩʪʫʧʢʦʤ ʦʙʨʘʜʝ ʿʝ ʛʝʥʝʨʘʣʥʦ ʛʣʘʪʢʠʿʘ ʥʝʛʦ ʫ ʩʣʫʯʘʿʫ ʦʙʨʘʜʝ 2D 

ʛʨʘʬʘ. ʀʘʢʦ ʚʝʦʤʘ ʧʦʛʦʜʘʥ ʟʘ ʧʨʘʢʪʠʯʥʫ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʘʣʛʦʨʠʪʘʤ Field D* ʠʤʘ 

ʥʝʢʦʣʠʢʦ ʥʝʜʦʩʪʘʪʘʢʘ, ʦʜ ʢʦʿʠʭ ʩʫ ʢˀʫʯʥʠ: 1) Field D* ʚʨʰʠ ʧʣʘʥʠʨʘˁʝ ʠ ʨʝʧʣʘʥʠʨʘˁʝ 

ʧʫʪʘˁʝ ʤʥʦʛʦ ʩʧʦʨʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ D* ʘʣʛʦʨʠʪʘʤ; 2) ʇʫʪʘˁʘ ʢʦʿʫ ʛʝʥʝʨʠʰʝ Field D* ʥʠʿʝ 

ʫʚʝʢ ʦʧʪʠʤʘʣʥʘ. ʊʘʢʦʹʝ, Field D* ʘʣʛʦʨʠʪʘʤ ʠ ʧʦʨʝʜ ʪʦʛʘ ʰʪʦ ʛʝʥʝʨʠʰʝ ʧʨʠʨʦʜʥʠʿʫ 

ʧʫʪʘˁʫ ʥʝ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʜʠʥʘʤʠʯʢʘ ʦʛʨʘʥʠʯʝˁʘ ʚʦʟʠʣʘ. ʆʰʪʨʠ ʟʘʦʢʨʝʪʠ ʿʝʩʫ 

ʤʠʥʠʤʠʟʦʚʘʥʠ, ʘʣʠ ʥʠʩʫ ʫ ʧʦʪʧʫʥʦʩʪʠ ʝʣʠʤʠʥʠʩʘʥʠ ʪʝ ʩʪʦʛʘ ʦʚʦ ʨʝʰʝˁʝ ʥʠʿʝ ʧʦʛʦʜʥʦ ʟʘ 

ʚʝ˂ʝ ʙʨʟʠʥʝ. ʆʚʦ ʨʝʰʝˁʝ ʩʝ ʧʦʢʘʟʘʣʦ ʧʦʛʦʜʥʠʤ ʟʘ ʦʢʨʫʞʝˁʘ ʩʘ ʨʝʣʘʪʠʚʥʦ ʨʝʪʢʠʤ 

ʧʨʝʧʨʝʢʘʤʘ, ʜʦʢ ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʠʤʘ ʠʩʪʝ ʥʝʜʦʩʪʘʪʢʝ ʢʘʦ ʠ ʢʣʘʩʠʯʥʠ ʘʣʛʦʨʠʪʤʠ ʟʘ 

ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʙʘʟʠʨʘʥʠ ʥʘ ʦʙʨʘʜʠ ʛʨʘʬʘ ʢʘʜʘ ʩʫ ʫ ʧʠʪʘˁʫ ʫʨʙʘʥʘ ʦʢʨʫʞʝˁʘ ʩʘ ʚʝ˂ʦʤ 

ʛʫʩʪʠʥʦʤ ʧʨʝʧʨʝʢʘ, ʢʘʦ ʠ ʢʘʜʘ ʩʫ ʫ ʧʠʪʘˁʫ ʚʦʟʠʣʘ ʩʘ ʠʟʨʘʞʝʥʠʿʠʤ ʜʠʥʘʤʠʯʢʠʤ 

ʦʛʨʘʥʠʯʝˁʠʤʘ. 

 

ʋʚʘʞʘʚʘʿʫ˂ʠ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦ, ʿʝʜʘʥ ʦʥ ʥʘʿʯʝʰ˂ʝ ʧʨʠʤʝˁʠʚʘʥʠʭ ʢʦʥʮʝʧʘʪʘ ʟʘ 

ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʧʦʜʨʘʟʫʤʝʚʘ ʢʦʤʙʠʥʘʮʠʿʫ ʛʣʦʙʘʣʥʦʛ ʠ ʣʦʢʘʣʥʦʛ ʧʣʘʥʝʨʘ. 

ɻʣʦʙʘʣʥʠ ʧʣʘʥʝʨ ʧʨʦʨʘʯʫʥʘʚʘ ʧʫʪʘˁʫ ʥʘ ʙʘʟʠ ʦʙʨʘʜʝ 2D ʛʨʘʬʘ (x, y), ʧʨʠ ʯʝʤʫ ʩʝ 

ʠʛʥʦʨʠʰʫ ʜʠʥʘʤʠʯʢʘ ʦʛʨʘʥʠʯʝˁʘ ʚʦʟʠʣʘ/ʧʣʘʪʬʦʨʤʝ. ʅʘʢʦʥ ʪʦʛʘ ʣʦʢʘʣʥʠ ʧʣʘʥʝʨ 

ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʜʠʥʘʤʠʯʢʘ ʦʛʨʘʥʠʯʝˁʘ ʚʦʟʠʣʘ ʛʝʥʝʨʠʰʝ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʣʦʢʘʣʥʫ 

ʪʨʘʿʝʢʪʦʨʠʿʫ. ɿʘ ʛʣʦʙʘʣʥʠ ʧʣʘʥʝʨ ʩʝ ʚʝʦʤʘ ʯʝʩʪʦ ʢʦʨʠʩʪʠ ʦʙʠʯʘʥ ɸ* ʘʣʛʦʨʠʪʘʤ ʠʣʠ D* Lite. 

ʊʘʢʦʹʝ, ʧʦʰʪʦ ʩʝ ʚʦʟʠʣʦ ʫ ʨʝʘʣʥʦʩʪʠ ʥʝ ʤʦʞʝ ʧʦʩʤʘʪʨʘʪʠ ʢʘʦ ʪʘʯʢʘʩʪʠ ʦʙʿʝʢʘʪ, ʤʦʨʘ ʩʝ 

ʧʨʠʤʝʥʠʪʠ ʘʜʝʢʚʘʪʥʘ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʠʟʙʝʛʘʚʘˁʝ ʧʨʝʧʨʝʢʘ. ʅʘʿʿʝʜʥʦʩʪʘʚʥʠʿʠ ʥʘʯʠʥ ʿʝ ʜʘ ʩʝ 

ʚʦʟʠʣʦ ʘʧʨʦʢʩʠʤʠʨʘ ʩʘ ʢʨʫʛʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʧʨʝʯʥʠʢʘ.    

 
ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʩʫ ʢʘʧʘʮʠʪʝʪʠ ʜʘʥʘʰˁʠʭ ʨʘʯʫʥʘʨʘ ʜʘʣʝʢʦ ʚʝ˂ʠ ʫ ʦʜʥʦʩʫ ʥʘ 

ʨʘʯʫʥʘʨʝ ʠʟ ʚʨʝʤʝʥʘ ʢʘʜʘ ʿʝ ʧʦʯʝʦ ʜʘ ʩʝ ʫʧʦʪʨʝʙˀʘʚʘ ɸ* ʘʣʛʦʨʠʪʘʤ, ʧʘ ʯʘʢ ʠ ʫ ʦʜʥʦʩʫ ʥʘ 

ʨʘʯʫʥʘʨʝ ʦʜ ʧʨʝ ʥʝʰʪʦ ʚʠʰʝ ʦʜ ʧʝʪʥʘʝʩʪʘʢ ʛʦʜʠʥʘ ʢʘʜʘ ʩʫ ʧʨʚʠ ʧʫʪ ʧʨʝʟʝʥʪʦʚʘʥʠ 

ʘʣʛʦʨʠʪʤʠ ARA* , D* Lite ʠ AD*, ʪʦ ʩʝ ʩʘʩʚʠʤ ʩʠʛʫʨʥʦ ʤʦʞʝ ʨʝ˂ʠ ʜʘ ʦʥʠ ʜʘʥʘʩ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʚʝ ʤʘˁʝ ʦʛʨʘʥʠʯʝˁʝ ʟʘ ʧʨʘʢʪʠʯʥʫ ʧʨʠʤʝʥʫ ʦʚʠʭ ʘʣʛʦʨʠʪʘʤʘ ʩʘ ʩʪʘʥʦʚʠʰʪʘ 

ʧʦʪʨʝʙʥʝ ʨʘʯʫʥʘʨʩʢʝ ʩʥʘʛʝ ʠ ʤʝʤʦʨʠʿʩʢʠʭ ʨʝʩʫʨʩʘ. ʉʪʦʛʘ ʿʝ ʩʘʩʚʠʤ ʦʧʨʘʚʜʘʥʦ ʠʟʘʙʨʘʪʠ D* 

Lite, ʢʘʦ ʜʦʙʨʫ ʦʧʮʠʿʫ ʘʣʛʦʨʠʪʤʘ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ.  
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3. ɸʋʊʆʅʆʄʅɸ ʇʈɽʊʈɸɻɸ ʆʂʈʋɾɽɳɸ ʄʆɹʀʃʅʀʄ 

ʈʆɹʆʊʆʄ 
 

ɸʫʪʦʥʦʤʥʘ ʧʨʝʪʨʘʛʘ ʦʢʨʫʞʝˁʘ ʿʝ ʚʘʞʥʘ ʦʙʣʘʩʪ ʠʟʫʯʘʚʘˁʘ ʫ ʨʦʙʦʪʠʮʠ. ʋ 

ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʜʝʬʠʥʠʰʝ ʢʘʦ ʢʦʤʙʠʥʘʮʠʿʘ ʟʘʜʘʪʘʢʘ ʤʘʧʠʨʘˁʘ ʧʨʦʩʪʦʨʘ ʪʿ. 

ʦʢʨʫʞʝˁʘ ʫ ʢʦʿʝʤ ʩʝ ʢʨʝ˂ʝ ʨʦʙʦʪ ʠ ʧʣʘʥʠʨʘˁʘ ʧʫʪʘˁʝ ʨʦʙʦʪʘ [15], ʉʣʠʢʘ 19.  

 

 

 
 

ʉʣʠʢʘ 19. ʇʨʝʪʨʘʛʘ ʦʢʨʫʞʝˁʘ ʢʘʦ ʢʦʤʙʠʥʘʮʠʿʘ ʟʘʜʘʪʘʢʘ ʤʘʧʠʨʘˁʘ ʧʨʦʩʪʦʨʘ ʠ 

ʧʣʘʥʠʨʘˁʘ ʧʫʪʘˁʝ ʨʦʙʦʪʘ, ʤʦʜʠʬʠʢʦʚʘʥʘ ʩʣʠʢʘ ʠʟ [15] . 

 

 

ʇʦʜ ʤʘʧʠʨʘˁʝʤ ʩʝ ʦʚʜʝ ʧʦʜʨʘʟʫʤʝʚʘ ʠʥʪʝʛʨʘʮʠʿʘ ʧʦʜʘʪʘʢʘ ʧʨʠʢʫʧˀʝʥʠʭ ʩʝʥʟʦʨʠʤʘ 

ʨʦʙʦʪʘ ʫ ʿʝʜʥʫ ʮʝʣʠʥʫ ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʚʝʨʥʫ ʨʝʧʨʝʟʝʥʪʘʮʠʿʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʜʝʣʘ ʦʢʨʫʞʝˁʘ 

ʫ ʚʠʜʫ ʤʘʧʝ. ɼʘ ʙʠ ʩʝ ʬʦʨʤʠʨʘʣʘ ʤʘʧʘ ʮʝʣʦʛ ʦʢʨʫʞʝˁʘ ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʘ ʨʦʙʦʪ ʠʜʝ ʦʜ ʿʝʜʥʝ 

ʜʦ ʜʨʫʛʝ ʧʦʟʠʮʠʿʝ (ʧʫʪʘˁʦʤ ʢʦʿʫ ʿʝ ʜʝʬʠʥʠʩʘʦ ʥʝʢʠ ʧʣʘʥʝʨ) ʠ ʜʘ ʩʘ ʪʠʭ ʧʦʟʠʮʠʿʘ ʚʨʰʠ 

ʩʫʢʮʝʩʠʚʥʦ ʦʧʩʝʨʚʘʮʠʿʫ ʦʢʨʫʞʝˁʘ, ʧʨʠʢʫʧˀʘˁʝ ʧʦʜʘʪʘʢʘ ʠ ˁʠʭʦʚʫ ʠʥʪʝʛʨʘʮʠʿʫ, ʩʚʝ ʜʦʢ 

ʩʝ ʟʘʜʘʪʘʢ ʥʝ ʟʘʚʨʰʠ. ʂʘʢʦ ʙʠ ʩʝ ʦʚʘʿ ʟʘʜʘʪʘʢ ʦʙʘʚʠʦ ʥʘ ʨʘʮʠʦʥʘʣʘʥ ʥʘʯʠʥ ʥʝʦʧʭʦʜʥʦ ʿʝ 

ʜʝʬʠʥʠʩʘʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʩʪʨʘʪʝʛʠʿʫ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ. ʇʨʠʤʝʨ ʢʦʿʠ ʠʣʫʩʪʨʫʿʝ ʧʨʝʪʨʘʛʫ 

ʦʢʨʫʞʝˁʘ ʫ ʮʠˀʫ ʬʦʨʤʠʨʘˁʘ ˁʝʛʦʚʝ ʤʘʧʝ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʉʣʠʮʠ 20 [64]. 

 

 

 
 

ʉʣʠʢʘ 20. ʇʨʠʤʝʨ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ʫ ʮʠˀʫ ʬʦʨʤʠʨʘˁʘ ˁʝʛʦʚʝ ʤʘʧʝ [64]. 
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ʋ ʰʠʨʝʤ ʩʤʠʩʣʫ, ʧʨʝʪʨʘʛʘ ʦʢʨʫʞʝˁʘ ʩʝ ʥʝ ʦʛʨʘʥʠʯʘʚʘ ʥʘ ʬʦʨʤʠʨʘˁʝ ʤʘʧʝ 

ʦʢʨʫʞʝˁʘ, ʚʝ˂ ʩʝ ʜʝʬʠʥʠʰʝ ʢʘʦ ʩʢʫʧ ʘʢʮʠʿʘ ʢʦʿʝ ʧʨʝʜʫʟʠʤʘ ʘʫʪʦʥʦʤʥʠ ʤʦʙʠʣʥʠ ʨʦʙʦʪ ʫ 

ʩʢʣʘʜʫ ʩʘ ʧʨʝʪʭʦʜʥʦ ʜʝʬʠʥʠʩʘʥʦʤ ʩʪʨʘʪʝʛʠʿʦʤ, ʩʘ ʢʨʘʿˁʠʤ ʮʠˀʝʤ ʦʪʢʨʠʚʘˁʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʢʨʫʞʝˁʘ ʢʦʿʝ ʩʫ ʦʜ ʠʥʪʝʨʝʩʘ ʟʘ ʟʘʜʘʪʫ ʤʠʩʠʿʫ. ʇʨʝʪʨʘʛʘ ʦʢʨʫʞʝˁʘ, ʩʪʦʛʘ, 

ʧʨʝʜʩʪʘʚˀʘ ʦʩʥʦʚʫ ʙʨʦʿʥʠʭ ʧʨʠʤʝʥʘ ʨʦʙʦʪʠʢʝ ʫ ʧʨʘʢʩʠ, ʢʘʦ ʰʪʦ ʩʫ, ʧʦʨʝʜ ʬʦʨʤʠʨʘˁʘ 

ʤʘʧʝ ʦʢʨʫʞʝˁʘ [1,2], ʪʨʘʛʘˁʝ ʠ ʩʧʘʩʘʚʘˁʝ [3], ʧʣʘʥʝʪʘʨʥʝ ʤʠʩʠʿʝ [4], ʚʠʟʫʝʣʥʝ ʠʥʩʧʝʢʮʠʿʝ 

[5], ʨʫʜʘʨʩʪʚʦ [6], ʨʦʙʦʪʩʢʠ ʫʩʠʩʠʚʘʯʠ [17], ʠʪʜ. ʇʨʠʤʝʨʘ ʨʘʜʠ, ʢʦʜ ʪʨʘʛʘˁʘ ʠ ʩʧʘʩʘʚʘˁʘ 

ʮʠˀ ʤʠʩʠʿʝ ʿʝ ʣʦʮʠʨʘˁʝ ʧʦʚʨʝʹʝʥʠʭ ʣʠʮʘ ʠʣʠ ʞʨʪʘʚʘ ʧʨʠʨʦʜʥʠʭ ʥʝʧʦʛʦʜʘ, ʧʦʞʘʨʘ ʠʣʠ 

ʥʝʢʠʭ ʜʨʫʛʠʭ ʘʢʮʠʜʝʥʘʪʘ [12]. ʋ ʧʨʘʢʩʠ ʩʫ ʯʝʩʪʝ ʩʠʪʫʘʮʠʿʝ ʜʘ ʩʝ ʧʘʨʘʣʝʣʥʦ ʠʣʠ 

ʥʝʧʦʩʨʝʜʥʦ ʧʨʝ ʦʩʥʦʚʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʤʠʩʠʿʝ ʤʦʨʘ ʫʨʘʜʠʪʠ ʬʦʨʤʠʨʘˁʝ ʤʘʧʝ ʦʢʨʫʞʝˁʘ [7], 

ʢʘʢʦ ʙʠ ʤʠʩʠʿʘ ʫʦʧʰʪʝ ʤʦʛʣʘ ʜʘ ʩʝ ʨʝʘʣʠʟʫʿʝ. ʉʣʠʯʥʠ ʩʮʝʥʘʨʠʿʠ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ʩʘ 

ʢʦʤʙʠʥʦʚʘʥʦʤ ʨʝʘʣʠʟʘʮʠʿʦʤ ʚʠʰʝ ʚʨʩʪʘ ʟʘʜʘʪʘʢʘ ʤʦʛʫ ʩʝ ʩʨʝʩʪʠ ʠ ʫ ʜʨʫʛʠʤ ʧʨʠʤʝʥʘʤʘ 

ʨʦʙʦʪʠʢʝ ʫ ʧʨʘʢʩʠ.  

 

3.1. ʇʨʠʩʪʫʧʠ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ 

 

ʇʨʝʪʨʘʛʘ ʦʢʨʫʞʝˁʘ ʤʦʞʝ ʩʝ ʫ ʥʘʯʝʣʫ ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʫ ʜʚʝ ʛʨʫʧʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʧʨʠʤʝˁʝʥʦʛ ʧʨʠʩʪʫʧʘ ʨʝʘʣʠʟʘʮʠʿʝ [8,9]. ʇʨʚʠ ʧʨʠʩʪʫʧ ʧʦʜʨʘʟʫʤʝʚʘ ʧʨʝʪʭʦʜʥʦ ʧʦʪʧʫʥʦ 

ʠʣʠ ʜʝʣʠʤʠʯʥʦ ʧʦʟʥʘʚʘˁʝ ʦʢʨʫʞʝˁʘ, ʥʘ ʦʩʥʦʚʫ ʯʝʛʘ ʩʝ ʢʦʨʠʩʪʝ off-line ʘʣʛʦʨʠʪʤʠ ʟʘ 

ʩʪʨʘʪʝʛʠʿʫ ʧʨʝʪʨʘʛʝ. ʂʦʜ ʦʚʦʛ ʧʨʠʩʪʫʧʘ ʧʫʪʘˁʘ ʨʦʙʦʪʘ ʩʝ ʦʙʠʯʥʦ ʦʜʨʝʹʫʿʝ ʫʥʘʧʨʝʜ ʪʿ. ʧʨʝ 

ʩʘʤʝ ʤʠʩʠʿʝ. ɼʨʫʛʠ ʧʨʠʩʪʫʧ ʩʝ ʧʨʠʤʝˁʫʿʝ ʢʘʜʘ ʿʝ ʦʢʨʫʞʝˁʝ ʧʦʪʧʫʥʦ ʥʝʧʦʟʥʘʪʦ ʠʣʠ ʢʘʜʘ 

ʥʝʤʘ ʜʦʚʦˀʥʦ ʠʥʬʦʨʤʘʮʠʿʘ ʟʘ ʝʬʠʢʘʩʥʫ ʧʨʠʤʝʥʫ off-line ʘʣʛʦʨʠʪʘʤʘ. ʇʨʝʪʨʘʛʘ ʦʢʨʫʞʝˁʘ 

ʿʝ ʪʘʜʘ ʤʥʦʛʦ ʠʟʘʟʦʚʥʠʿʘ ʠ ʧʦʜʨʘʟʫʤʝʚʘ on-line ʠʥʢʨʝʤʝʥʪʘʣʥʠ ʧʨʠʥʮʠʧ ʧʨʝʪʨʘʛʝ. ʋ ʦʚʦʤ 

ʩʣʫʯʘʿʫ ʨʦʙʦʪ ʥʘʢʦʥ ʧʨʠʢʫʧˀʘˁʘ ʧʦʜʘʪʘʢʘ ʩʘ ʘʢʪʫʝʣʥʝ ʧʦʟʠʮʠʿʝ ʙʠʨʘ ʩʣʝʜʝ˂ʫ ʧʦʟʠʮʠʿʫ, 

ʧʨʝʤʝʰʪʘ ʩʝ ʥʘ ˁʫ, ʠʟʚʨʰʘʚʘ ʦʧʩʝʨʚʘʮʠʿʫ ʦʢʨʫʞʝˁʘ ʩʘ ʥʦʚʝ ʧʦʟʠʮʠʿʝ ʠ ʧʦʥʘʚˀʘ ʦʚʘʿ 

ʧʨʦʮʝʩ ʩʚʝ ʜʦʢ ʥʝ ʠʩʧʫʥʠ ʟʘʜʘʪʘʢ ʠʣʠ ʟʘʚʨʰʠ ʤʠʩʠʿʫ [10]. ɻʣʘʚʥʠ ʧʨʦʙʣʝʤ ʦʚʘʢʚʦʛ 

ʢʦʥʮʝʧʪʘ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ʿʝ ʠʟʙʦʨ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʠ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ. 

ʅʘʿʚʝ˂ʠ ʙʨʦʿ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ ʙʘʟʠʨʘ ʩʝ ʥʘ ʠʟʙʦʨʫ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ 

ʨʦʙʦʪʘ ʠʟ ʩʢʫʧʘ Ăʧʦʟʠʮʠʿʘ-ʢʘʥʜʠʜʘʪʘñ ʢʦʿʝ ʣʝʞʝ ʥʘ ʛʨʘʥʠʮʠ ʠʟʤʝʹʫ ʧʨʝʪʨʘʞʝʥʠʭ ʠ 

ʥʝʧʨʝʪʨʘʞʝʥʠʭ ʜʝʣʦʚʘ ʦʢʨʫʞʝˁʘ, ʧʨʠʤʝˁʫʿʫ˂ʠ ʥʝʢʝ ʢʨʠʪʝʨʠʿʫʤʝ ʟʘ ˁʠʭʦʚʫ ʝʚʘʣʫʘʮʠʿʫ 

[10,12] ʠ ʪʦ ʩʫ ʪʟʚ. frontier-based ʩʪʨʘʪʝʛʠʿʝ. 

 

ɿʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ ʧʨʠʤʝˁʫʿʫ ʩʝ, ʦʩʠʤ frontier-based, ʠ ʜʨʫʛʝ ʚʨʩʪʝ ʩʪʨʘʪʝʛʠʿʘ. 

ʅʝʢʝ ʩʪʨʘʪʝʛʠʿʝ, ʥʘ ʧʨʠʤʝʨ, ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʫʯʝʰ˂ʝ ʯʦʚʝʢʘ ʫ ʧʝʪˀʠ ʠʟʙʦʨʘ ʩʣʝʜʝ˂ʝ 

ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ, ʟʘʪʠʤ ʧʨʠʤʝʥʫ ʘʥʘʣʠʟʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʨʘʟʥʠʭ ʙʝʥʝʬʠʪʘ ʫ ʧʨʦʮʝʩʫ 

ʩʝʣʝʢʮʠʿʝ ʠʟʤʝʹʫ ʧʦʟʠʮʠʿʘ-ʢʘʥʜʠʜʘʪʘ ʠʣʠ ʩʝ ʿʝʜʥʦʩʪʘʚʥʦ ʩʣʝʜʝ˂ʘ ʧʦʟʠʮʠʿʘ ʙʠʨʘ ʩʣʫʯʘʿʥʠʤ 

ʠʟʙʦʨʦʤ, ʠʪʜ. ʆʥʦ ʰʪʦ ʿʝ ʟʘʿʝʜʥʠʯʢʦ ʟʘ ʩʚʝ ʢʣʘʩʠʯʥʝ ʩʪʨʘʪʝʛʠʿʝ ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ 

ʿʝʩʪʝ ʜʘ ʠʤʘʿʫ ʟʘ ʮʠˀ ʜʘ ʩʝ ʧʨʝʪʨʘʛʘ ʨʝʘʣʠʟʫʿʝ ʟʘ ʰʪʦ ʢʨʘ˂ʝ ʚʨʝʤʝ ʠʣʠ ʟʘ ʰʪʦ ʢʨʘ˂ʠ ʫʢʫʧʘʥ 

ʧʨʝʹʝʥʠ ʧʫʪ ʨʦʙʦʪʘ. 

 

ʅʘ ʉʣʠʮʠ 21. ʿʝ ʧʨʝʟʝʥʪʦʚʘʥʦ ʠʩʪʨʘʞʠʚʘˁʝ Carnegie Mellon ʫʥʠʚʝʨʟʠʪʝʪʘ ʢʦʿʝ 

ʧʦʢʘʟʫʿʝ ʜʘ frontier-based ʩʪʨʘʪʝʛʠʿʝ ʠʤʘʿʫ ʙʦˀʝ ʧʝʨʬʦʨʤʘʥʩʝ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ ʜʚʝ 

ʘʥʘʣʠʟʠʨʘʥʝ ʚʨʩʪʝ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ [64]. 
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ʉʣʠʢʘ 21. ʈʘʟʣʠʯʠʪʠ ʢʦʥʮʝʧʪʠ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ, ʤʦʜʠʬʠʢʦʚʘʥʘ ʩʣʠʢʘ ʠʟ [64] . 

 

 

ʅʘ ʉʣʠʮʠ 22. ʿʝ ʧʨʠʢʘʟʘʥ ʛʝʥʝʨʘʣʥʠ ʧʨʠʥʮʠʧ ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ʫ 

ʧʣʘʥʝʪʘʨʥʠʤ ʤʠʩʠʿʘʤʘ [65]. 

 

 

 
 

ʉʣʠʢʘ 22. ʉʮʝʥʘʨʠʦ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ʫ ʧʣʘʥʝʪʘʨʥʠʤ ʤʠʩʠʿʘʤʘ [65] . 
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3.2. ʂʦʥʮʝʧʪ frontier-based ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ 

 

ʂʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʥʘʚʝʜʝʥʦ ʫ ʇʦʛʣʘʚˀʫ 3.1, ʥʘʿʚʝ˂ʠ ʙʨʦʿ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʧʨʝʪʨʘʛʫ 

ʦʢʨʫʞʝˁʘ ʧʨʠʧʘʜʘ ʛʨʫʧʠ frontier-based ʩʪʨʘʪʝʛʠʿʘ ʠ ʙʘʟʠʨʘ ʩʝ ʥʘ ʠʟʙʦʨʫ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ 

ʨʦʙʦʪʘ ʠʟ ʩʢʫʧʘ ʧʦʟʠʮʠʿʘ-ʢʘʥʜʠʜʘʪʘ ʢʦʿʝ ʣʝʞʝ ʥʘ ʛʨʘʥʠʮʠ ʠʟʤʝʹʫ ʧʨʝʪʨʘʞʝʥʠʭ ʠ 

ʥʝʧʨʝʪʨʘʞʝʥʠʭ ʜʝʣʦʚʘ ʦʢʨʫʞʝˁʘ. ʂʦʥʮʝʧʪ frontier-based ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ʧʨʚʠ ʧʫʪ ʿʝ 

ʟʚʘʥʠʯʥʦ ʧʨʝʟʝʥʪʦʚʘʥ ʫ ʨʘʜʫ ʘʫʪʦʨʘ Yamauchi 1997. ʛʦʜʠʥʝ [11], ʘ ʠ ʜʘʥʘʩ ʧʨʝʜʩʪʘʚˀʘ 

ʿʝʜʘʥ ʦʜ ʦʩʥʦʚʥʠʭ ʧʨʘʚʘʮʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʙʣʘʩʪʠ ʘʫʪʦʥʦʤʥʝ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ. 

 

ʋ [66] ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ ʚʝʣʠʢʠʭ ʜʠʤʝʥʟʠʿʘ ʧʨʝʜʣʘʞʝ ʩʝ ʢʦʤʙʠʥʘʮʠʿʘ ʣʦʢʘʣʥʝ 

(ʩʘ ʚʠʰʝ ʜʝʪʘˀʘ) ʠ ʛʣʦʙʘʣʥʝ (ʩʘ ʤʘˁʝ ʜʝʪʘˀʘ) frontier-based ʧʨʝʪʨʘʛʝ, ʧʦʢʫʰʘʚʘʿʫ˂ʠ ʜʘ ʩʝ 

ʥʘ ʪʘʿ ʥʘʯʠʥ ʠʩʢʦʨʠʩʪʝ ʧʨʝʜʥʦʩʪʠ ʠ ʫʤʘˁʝ ʥʝʜʦʩʪʘʮʠ ʦʚʝ ʜʚʝ ʚʘʨʠʿʘʥʪʝ ʧʨʝʪʨʘʞʠʚʘˁʘ 

ʢʘʢʦ ʙʠ ʩʝ ʢʘʦ ʢʦʥʘʯʘʥ ʨʝʟʫʣʪʘʪ ʜʦʙʠʣʦ ʧʦʚʝ˂ʘˁʝ ʝʬʠʢʘʩʥʦʩʪʠ ʧʨʝʪʨʘʛʝ. ʀʥʪʝʨʝʩʘʥʪʘʥ 

ʘʣʛʦʨʠʪʘʤ ʫ ʤʠʩʠʿʘʤʘ frontier-based ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ʟʘ ʧʦʪʨʝʙʝ ʪʨʘʛʘˁʘ ʠ ʩʧʘʩʘʚʘˁʘ 

ʢʦʿʫ ʨʝʘʣʠʟʫʿʫ ʜʨʦʥʦʚʠ ʧʨʝʟʝʥʪʦʚʘʥ ʿʝ ʫ [19]. ʊʫ ʩʝ ʟʘ ʦʧʘʞʘˁʝ ʦʢʨʫʞʝˁʘ ʢʘʦ ʩʝʥʟʦʨʠ 

ʢʦʨʠʩʪʝ RGB-D ʢʘʤʝʨʝ, ʘ ʫ ʧʨʦʮʝʩʫ ʬʦʨʤʠʨʘˁʘ ʜʝʣʦʚʘ ʛʨʘʥʠʮʘ ʠʟʤʝʹʫ ʧʨʝʪʨʘʞʝʥʦʛ ʠ 

ʥʝʧʨʝʪʨʘʞʝʥʦʛ ʜʝʣʘ ʦʢʨʫʞʝˁʘ, ʛʜʝ ʩʝ ʣʦʮʠʨʘʿʫ ʢʘʥʜʠʜʘʪʠ ʟʘ ʩʣʝʜʝ˂ʫ ʧʦʟʠʮʠʿʫ ʨʦʙʦʪʘ, 

ʧʨʠʤʝˁʫʿʝ ʩʝ ʪʝʭʥʠʢʘ ʢʣʘʩʪʝʨʠʟʘʮʠʿʝ. ɿʘ ʠʟʙʦʨ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ ʧʨʠʤʝˁʫʿʝ ʩʝ 

ʘʥʘʣʠʟʘ ʧʦʪʝʥʮʠʿʘʣʥʝ ʜʦʙʠʪʠ ʧʦʜʘʪʘʢʘ ʦ ʦʢʨʫʞʝˁʫ ʩʚʘʢʝ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘ, ʜʦʢ ʿʝ ʟʘ 

ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʠʤʧʣʝʤʝʥʪʠʨʘʥ A*  ʘʣʛʦʨʠʪʘʤ. ʋ [67] ʿʝ ʧʨʝʜʣʦʞʝʥ ʠ ʪʝʩʪʠʨʘʥ 

ʧʨʠʩʪʫʧ frontier-based ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ʛʜʝ ʩʝ ʩʣʝʜʝ˂ʘ ʧʦʟʠʮʠʿʘ ʨʦʙʦʪʘ ʙʠʨʘ 

ʘʥʘʣʠʟʠʨʘʿʫ˂ʠ ʧʦʪʨʝʙʘʥ ʙʨʦʿ ʨʦʪʘʮʠʿʘ ʨʦʙʦʪʘ ʜʘ ʜʦʹʝ ʜʦ ʩʚʘʢʝ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘ ʥʘ 

ʛʨʘʥʠʮʠ ʠʟʤʝʹʫ ʧʨʝʪʨʘʞʝʥʦʛ ʠ ʥʝʧʨʝʪʨʘʞʝʥʦʛ ʜʝʣʘ ʦʢʨʫʞʝˁʘ, ʠ ʪʦ ʪʘʢʦ ʜʘ ʩʝ ʪʝʞʠ ʜʘ ʩʝ 

ʰʪʦ ʤʘˁʝ ʦʜʩʪʫʧʘ ʦʜ ʟʘʜʘʪʦʛ ʧʨʘʚʮʘ ʧʨʝʪʨʘʛʝ. 

 

ʂʦʥʮʝʧʪ frontier-based ʧʨʝʪʨʘʛʝ ʧʨʠʤʝˁʫʿʝ ʩʝ ʯʝʩʪʦ ʠ ʢʦʜ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ʩʘ 

ʚʠʰʝʨʦʙʦʪʩʢʠʤ ʩʠʩʪʝʤʠʤʘ. ʉ ʪʠʤ ʫ ʚʝʟʠ, ʫ ʣʠʪʝʨʘʪʫʨʠ ʩʫ ʧʨʝʜʣʦʞʝʥʝ ʨʘʟʣʠʯʠʪʝ ʪʝʭʥʠʢʝ 

ʠʩʪʨʘʞʠʚʘˁʘ ʥʝʧʦʟʥʘʪʦʛ ʦʢʨʫʞʝˁʘ ʢʦʿʝ ʧʨʠʤʝˁʫʿʫ ʘʫʪʦʥʦʤʥʠ ʪʠʤʦʚʠ ʩʘ ʚʠʰʝ ʨʦʙʦʪʘ. ʅʘ 

ʧʨʠʤʝʨ, ʫ [68] ʿʝ ʧʨʝʟʝʥʪʦʚʘʥʘ frontier-based ʧʨʝʪʨʘʛʘ ʩʘ ʚʠʰʝ ʨʦʙʦʪʘ ʢʦʿʘ ʢʦʨʠʩʪʠ 

ʜʦʩʪʫʧʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʦʢʨʫʞʝˁʫ ʢʘʢʦ ʙʠ ʩʝ ʦʧʪʠʤʠʟʦʚʘʣʦ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʘ ʟʘ ʩʚʘʢʠ 

ʨʦʙʦʪ. ʋ [69] ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʤʝʪʦʜ ʟʘ ʢʦʦʨʜʠʥʘʮʠʿʫ ʪʠʤʘ ʨʦʙʦʪʘ ʪʦʢʦʤ ʧʨʝʪʨʘʛʝ 

ʥʝʧʦʟʥʘʪʦʛ ʦʢʨʫʞʝˁʘ ʢʦʝʿ ʤʦʞʝ ʫʢˀʫʯʠʚʘʪʠ ʧʦʢʨʝʪʥʝ ʧʨʝʧʨʝʢʝ. ʆʚʘʿ ʤʝʪʦʜ ʩʝ ʟʘʩʥʠʚʘ ʥʘ 

ʧʦʜʝʣʠ ʤʘʧʝ ʥʘ ʟʦʥʝ, ʪʘʢʦ ʜʘ ʩʚʘʢʠ ʨʦʙʦʪ ʧʨʝʪʨʘʞʫʿʝ ʜʦʜʝˀʝʥʫ ʟʦʥʫ. ʋ [20] ʿʝ ʧʨʠʤʝˁʝʥʦ 

ʧʝʪ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ ʩʘ ʚʠʰʝ ʨʦʙʦʪʘ ʫ ʮʠˀʫ ʪʝʩʪʠʨʘˁʘ ʢʘʢʦ ʝʬʠʢʘʩʥʦʩʪ 

ʩʪʨʘʪʝʛʠʿʝ ʟʘ ʧʨʝʪʨʘʛʫ ʟʘʚʠʩʠ ʦʜ ʚʨʩʪʝ ʦʢʨʫʞʝˁʘ. 

 

ʆʩʥʦʚʥʠ ʢʦʨʘʮʠ frontier-based ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ, ʢʘʦ ʢʦʤʙʠʥʘʮʠʿʝ ʟʘʜʘʪʘʢʘ 

ʤʘʧʠʨʘˁʘ ʦʢʨʫʞʝˁʘ ʫ ʢʦʿʝʤ ʩʝ ʢʨʝ˂ʝ ʨʦʙʦʪ ʠ ʧʣʘʥʠʨʘˁʘ ʧʫʪʘˁʝ ʨʦʙʦʪʘ, ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ 

ʉʣʠʮʠ 23. ʠ ʤʦʛʫ ʩʝ ʜʝʬʠʥʠʩʘʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ [70]: 

1. ʀʟʙʦʨ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ ʟʘ ʦʧʩʝʨʚʘʮʠʿʫ ʦʢʨʫʞʝˁʘ ʥʘ ʦʩʥʦʚʫ ʧʨʠʤʝˁʝʥʝ 

ʩʪʨʘʪʝʛʠʿʝ ʧʨʝʪʨʘʛʝ. 

2. ɼʦʣʘʟʘʢ ʨʦʙʦʪʘ ʥʘ ʧʦʟʠʮʠʿʫ ʠʟʘʙʨʘʥʫ ʫ ʢʦʨʘʢʫ 1. ʆʚʘʿ ʢʦʨʘʢ ʟʘʭʪʝʚʘ ʧʨʝʪʭʦʜʥʦ 

ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʦʜ ʘʢʪʫʝʣʥʝ ʜʦ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʧʨʠʤʝʥʦʤ ʠʟʘʙʨʘʥʦʛ 

ʘʣʛʦʨʠʪʤʘ (ʧʣʘʥʝʨʘ). 

3. ʆʧʩʝʨʚʘʮʠʿʘ ʦʢʨʫʞʝˁʘ ʧʨʠʢʫʧˀʘˁʝʤ ʧʦʜʘʪʘʢʘ ʩʝʥʟʦʨʠʤʘ ʨʦʙʦʪʘ ʩʘ ʥʦʚʝ ʧʦʟʠʮʠʿʝ. 

4. ʀʥʪʝʛʨʘʮʠʿʘ ʧʦʜʘʪʘʢʘ ʧʨʠʢʫʧˀʝʥʠʭ ʫ ʢʦʨʘʢʫ 3. ʫ ʛʣʦʙʘʣʥʫ ʤʘʧʫ ʦʢʨʫʞʝˁʘ. 

 



51 

 

 
 

ʉʣʠʢʘ 23. ʆʩʥʦʚʥʠ ʢʦʨʘʮʠ frontier-based ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ. 

 

 

ɼʘ ʙʠ ʩʝ ʧʨʠʤʝʥʠʣʝ frontier-based ʩʪʨʘʪʝʛʠʿʝ ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ, ʤʘʧʘ ʦʢʨʫʞʝˁʘ 

ʫ ʢʦʿʝʤ ʩʝ ʢʨʝ˂ʝ ʨʦʙʦʪ ʦʙʠʯʥʦ ʩʝ ʧʨʝʜʩʪʘʚˀʘ ʫ ʚʠʜʫ ʤʨʝʞʝ ˂ʝʣʠʿʘ ʫʥʠʬʦʨʤʥʝ ʨʝʟʦʣʫʮʠʿʝ, 

ʥʘ ʠʩʪʠ ʥʘʯʠʥ ʢʘʦ ʰʪʦ ʩʝ ʪʦ ʨʘʜʠ ʫ ʩʣʫʯʘʿʫ ʧʨʠʤʝʥʝ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ 

ʨʦʙʦʪʘ ʢʦʿʠ ʬʫʥʢʮʠʦʥʠʰʫ ʥʘ ʙʘʟʠ ʦʙʨʘʜʝ ʛʨʘʬʘ [11]. ʉʚʘʢʘ ˂ʝʣʠʿʘ ʢʦʿʘ ʧʨʠʧʘʜʘ 

ʧʨʝʪʨʘʞʝʥʦʤ ʜʝʣʫ ʦʢʨʫʞʝˁʘ, ʘ ʯʠʿʘ ʙʠʣʦ ʢʦʿʘ ʩʫʩʝʜʥʘ ˂ʝʣʠʿʘ ʧʨʠʧʘʜʘ ʥʝʧʨʝʪʨʘʞʝʥʦʤ ʜʝʣʫ 

ʦʢʨʫʞʝˁʘ, ʥʘʟʠʚʘ ʩʝ ʛʨʘʥʠʯʥʘ ˂ʝʣʠʿʘ. ɻʨʫʧʠʩʘˁʝʤ ʩʫʩʝʜʥʠʭ ʛʨʘʥʠʯʥʠʭ ˂ʝʣʠʿʘ ʬʦʨʤʠʨʘʿʫ 

ʩʝ ʚʝ˂ʠ ʝʥʪʠʪʝʪʠ ʢʦʿʝ ˂ʝʤʦ ʥʘʟʚʘʪʠ ʫʩʣʦʚʥʦ ʛʨʘʥʠʯʥʠ ʣʫʢʦʚʠ (Ăfrontier arcsò). ʋʩʣʦʚ ʢʦʿʠ 

ʪʨʝʙʘ ʛʨʫʧʘ ʩʫʩʝʜʥʠʭ ʛʨʘʥʠʯʥʠʭ ˂ʝʣʠʿʘ ʜʘ ʟʘʜʦʚʦˀʠ ʜʘ ʙʠ ʩʝ ʢʣʘʩʠʬʠʢʦʚʘʣʘ ʢʘʦ ʛʨʘʥʠʯʥʠ 

ʣʫʢ ʤʦʞʝ ʩʝ ʜʝʬʠʥʠʩʘʪʠ ʥʘ ʨʘʟʣʠʯʠʪʝ ʥʘʯʠʥʝ. ʋ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʫʩʚʦʿʝʥ ʿʝ ʧʨʠʩʪʫʧ 

ʧʨʝʤʘ ʢʦʿʝʤ ʩʝ ʛʨʘʥʠʯʥʠ ʣʫʢ ʩʘʩʪʦʿʠ ʦʜ ʥʝʧʨʝʢʠʥʫʪʦʛ ʥʠʟʘ ʩʫʩʝʜʥʠʭ ʛʨʘʥʠʯʥʠʭ ˂ʝʣʠʿʘ ʢʦʿʝ 

ʧʨʠʧʘʜʘʿʫ ʛʨʘʥʠʮʘʤʘ ʚʠʟʠʨʘˁʘ ʨʦʙʦʪʘ (ʜʝʬʠʥʠʩʘʥʠʤ ʤʘʢʩʠʤʘʣʥʠʤ ʜʦʤʝʪʦʤ ʩʝʥʟʦʨʘ 

ʧʦʩʤʘʪʨʘʥʦ ʠʟ ˁʝʛʦʚʝ ʪʨʝʥʫʪʥʝ ʧʦʟʠʮʠʿʝ) ʠʟʤʝʹʫ ʜʚʝ ʩʫʩʝʜʥʝ ʛʨʘʥʠʯʥʝ ʣʠʥʠʿʝ ʚʠʟʠʨʘˁʘ 

ʨʦʙʦʪʘ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʛʨʘʥʠʯʥʠʭ ˂ʝʣʠʿʘ ʢʦʿʝ ʧʨʠʧʘʜʘʿʫ ʪʠʤ ʣʠʥʠʿʘʤʘ ʚʠʟʠʨʘˁʘ [71]. 

ɼʨʫʛʠ ʥʘʯʠʥ ʜʝʬʠʥʠʩʘˁʘ ʛʨʘʥʠʯʥʠʭ ʣʫʢʦʚʘ ʤʦʞʝ ʙʠʪʠ ʧʨʝʤʘ ʫʥʘʧʨʝʜ ʟʘʜʘʪʦʤ ʬʠʢʩʥʦʤ 

ʙʨʦʿʫ ʩʫʩʝʜʥʠʭ ʛʨʘʥʠʯʥʠʭ ˂ʝʣʠʿʘ ʠ ʩʣʠʯʥʦ.  

 

ʆʩʠʤ ʛʨʘʥʠʯʥʠʭ ʣʫʢʦʚʘ (ʢʦʿʠ ʩʝ ʜʘʢʣʝ ʦʜʨʝʹʫʿʫ ʧʨʝʤʘ ʥʝʧʨʝʪʨʘʞʝʥʦʤ ʜʝʣʫ 

ʦʢʨʫʞʝˁʘ), ʛʨʘʥʠʮʘ ʚʠʟʠʨʘˁʘ ʨʦʙʦʪʘ ʜʝʬʠʥʠʩʘʥʘ ʤʘʢʩʠʤʘʣʥʠʤ ʜʦʤʝʪʦʤ ˁʝʛʦʚʠʭ ʩʝʥʟʦʨʘ 

ʧʦʩʤʘʪʨʘʥʦ ʠʟ ˁʝʛʦʚʝ ʪʨʝʥʫʪʥʝ ʧʦʟʠʮʠʿʝ ʩʘʩʪʦʿʠ ʩʝ ʠ ʦʜ ʛʨʘʥʠʮʝ ʧʨʝʤʘ ʦʩʪʘʪʢʫ 

ʧʨʝʪʨʘʞʝʥʦʛ ʠʣʠ ʧʦʟʥʘʪʦʛ ʦʢʨʫʞʝˁʘ, ʢʦʿʘ ʤʦʞʝ ʩʘʜʨʞʘʚʘʪʠ ʜʝʣʦʚʝ ʦʨʠʿʝʥʪʠʩʘʥʝ ʧʨʝʤʘ 

ʩʣʦʙʦʜʥʦʤ ʧʨʦʩʪʦʨʫ (ʪʟʚ. ʩʣʦʙʦʜʥʠ ʣʫʢʦʚʠ ï Ăfree arcsñ) ʠ/ʠʣʠ ʜʝʣʦʚʝ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ 

ʢʦʥʪʫʨʥʠʤ ʣʠʥʠʿʘʤʘ ʧʨʝʧʨʝʢʘ, ʪʘʢʦʹʝ ʦʛʨʘʥʠʯʝʥʝ ʩʫʩʝʜʥʠʤ ʛʨʘʥʠʯʥʠʤ ʣʠʥʠʿʘʤʘ ʚʠʟʠʨʘˁʘ 

ʨʦʙʦʪʘ [71].  
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ʇʨʠʤʝʨʠ ʢʦʥʢʨʝʪʥʝ ʧʨʠʤʝʥʝ ʧʨʝʪʭʦʜʥʦ ʦʧʠʩʘʥʦʛ ʢʦʥʮʝʧʪʘ frontier-based ʧʨʝʪʨʘʛʝ 

ʦʢʨʫʞʝˁʘ ʤʦʛʫ ʩʝ ʧʨʦʥʘ˂ʠ ʫ ʨʘʜʦʚʠʤʘ [8,11,12,71,72].  

 

ʅʘ ʉʣʠʮʠ 24. ʩʫ ʧʨʠʢʘʟʘʥʠ ʛʨʘʥʠʯʥʠ ʣʫʢʦʚʠ, ʩʣʦʙʦʜʥʠ ʣʫʢʦʚʠ ʠ ʜʝʣʦʚʠ ʛʨʘʥʠʮʝ 

ʚʠʟʠʨʘˁʘ ʧʨʝʤʘ ʧʨʝʧʨʝʢʘʤʘ ʫ ʦʢʚʠʨʫ frontier-based ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ʧʦ ʧʨʝʪʭʦʜʥʦ 

ʦʧʠʩʘʥʦʤ ʢʦʥʮʝʧʪʫ, ʘ ʥʘ ʧʨʠʤʝʨʫ ʿʝʜʥʦʛ ʩʮʝʥʘʨʠʿʘ ʩʠʤʫʣʠʨʘʥʦʛ ʫ ʄʘʪʣʘʙʫ ʫ ʩʢʣʦʧʫ 

ʠʩʪʨʘʞʠʚʘˁʘ ʦʙʫʭʚʘ˂ʝʥʠʭ ʜʠʩʝʨʪʘʮʠʿʦʤ. 

 

 

 
 

ʉʣʠʢʘ 24. ɻʨʘʥʠʯʥʠ ʣʫʢʦʚʠ, ʩʣʦʙʦʜʥʠ ʣʫʢʦʚʠ ʠ ʜʝʣʦʚʠ ʛʨʘʥʠʮʝ ʚʠʟʠʨʘˁʘ ʨʦʙʦʪʘ ʧʨʝʤʘ 

ʧʨʝʧʨʝʢʘʤʘ ʫ ʦʢʚʠʨʫ frontier-based ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ (ʧʨʠʤʝʨ ʫʨʘʹʝʥ ʫ ʩʢʣʦʧʫ 

ʠʩʪʨʘʞʠʚʘˁʘ ʦʙʫʭʚʘ˂ʝʥʠʭ ʜʠʩʝʨʪʘʮʠʿʦʤ). 

 

 

ʋʩʚʦʿʠʤʦ ʠ ʜʘ ʮʝʥʪʨʘʣʥʘ ʪʘʯʢʘ ʩʚʘʢʦʛ ʛʨʘʥʠʯʥʦʛ ʣʫʢʘ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʥʦʛ ʢʘʥʜʠʜʘʪʘ 

ʟʘ ʩʣʝʜʝ˂ʫ ʧʦʟʠʮʠʿʫ ʨʦʙʦʪʘ ʫ ʤʠʩʠʿʠ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ. ʊʘʢʘʚ ʧʨʠʩʪʫʧ ʿʝ, ʪʘʢʦʹʝ, ʯʝʩʪ ʫ 

ʣʠʪʝʨʘʪʫʨʠ ʢʦʿʘ ʧʨʦʫʯʘʚʘ ʦʚʫ ʦʙʣʘʩʪ [8,12,73]. 

 

ɿʘ ʝʚʘʣʫʘʮʠʿʫ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘ p ʫ ʧʨʦʮʝʩʫ ʠʟʙʦʨʘ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ ʫ 

frontier-based ʩʪʨʘʪʝʛʠʿʘʤʘ ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ, ʫ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʧʨʝʜʣʘʞʫ 

ʩʣʝʜʝ˂ʠ ʢʨʠʪʝʨʠʿʫʤʠ: 

1. L(p), ʤʠʥʠʤʘʣʥʘ ʜʫʞʠʥʘ ʠʣʠ ʮʝʥʘ (ʛʝʥʝʨʘʣʥʠʿʠ ʩʣʫʯʘʿ) ʧʫʪʘˁʝ ʦʜ ʘʢʪʫʝʣʥʝ 

ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ ʜʦ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘ p; 

2. ɸ(p), ʠʥʬʦʨʤʘʪʠʚʥʠ ʧʦʪʝʥʮʠʿʘʣ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘ p, ʢʦʿʠ ʫ ʩʪʚʘʨʠ ʧʨʝʜʩʪʘʚˀʘ 

ʫʥʘʧʨʝʜ ʧʨʦʮʝˁʝʥʫ ʜʦʙʠʪ ʧʦʜʘʪʘʢʘ ʦ ʦʢʨʫʞʝˁʫ ʢʦʿʫ ʨʦʙʦʪ ʤʦʞʝ ʦʩʪʚʘʨʠʪʠ ʩʚʦʿʠʤ 

ʩʝʥʟʦʨʠʤʘ ʫʢʦʣʠʢʦ ʜʦʹʝ ʥʘ ʪʫ ʧʦʟʠʮʠʿʫ; 
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3. P(p), ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ˂ʝ ʨʦʙʦʪ, ʫ ʩʣʫʯʘʿʫ ʜʘ ʜʦʹʝ ʥʘ ʧʦʟʠʮʠʿʫ p, ʙʠʪʠ ʫ ʤʦʛʫ˂ʥʦʩʪʠ 

ʜʘ ʫʩʧʦʩʪʘʚʠ ʢʦʤʫʥʠʢʘʮʠʿʫ ʩʘ ʙʘʟʥʦʤ ʩʪʘʥʠʮʦʤ ʠ ʧʨʦʩʣʝʜʠ ʠʩʪʦʿ ʧʨʠʢʫʧˀʝʥʝ 

ʧʦʜʘʪʢʝ.  

 

ɿʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ʢʨʠʪʝʨʠʿʫʤʘ L(p) ʥʘʿʯʝʰ˂ʝ ʩʝ ʢʦʨʠʩʪʠ ʥʝʢʠ ʦʜ 

ʘʣʛʦʨʠʪʤʘ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ (ʧʣʘʥʝʨʘ). ʆʙʠʯʥʦ ʩʝ ʠʩʪʠ ʘʣʛʦʨʠʪʘʤ ʢʦʨʠʩʪʠ ʠ ʟʘ 

ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʦʜ ʪʨʝʥʫʪʥʝ ʜʦ ʠʟʘʙʨʘʥʝ ʧʦʟʠʮʠʿʝ ʪʘʢʦ ʜʘ ʿʝ ʦʥ ʦʜ ʠʟʫʟʝʪʥʝ 

ʚʘʞʥʦʩʪʠ ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ. ɸʣʛʦʨʠʪʤʠ ʢʦʿʠ ʧʨʦʨʘʯʫʥ ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʚʨʰʝ ʥʘ ʙʘʟʠ 

ʦʙʨʘʜʝ ʛʨʘʬʘ ʩʝ ʢʘʦ ʧʦʫʟʜʘʥʠ ʧʣʘʥʝʨʠ ʯʝʩʪʦ ʢʦʨʠʩʪʝ ʫ ʤʠʩʠʿʘʤʘ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ. ʀʟ ʪʝ 

ʬʘʤʠʣʠʿʝ ʥʘʿʯʝʰ˂ʝ ʿʝ ʢʦʨʠʰ˂ʝʥ ʙʘʟʠʯʥʠ ʘʣʛʦʨʠʪʘʤ ʪʿ. ɸ* [19-22], ʟʘʪʠʤ Dijkstra 

ʘʣʛʦʨʠʪʘʤ [66], ʢʘʦ ʠ D*  [23] ʠ RRT* [74]. D* Lite ʢʘʦ ʚʘʨʠʿʘʥʪʘ D*  ʠ ʥʘʧʨʝʜʥʘ ʚʝʨʟʠʿʘ 

ʘʣʛʦʨʠʪʤʘ ʢʦʿʠ ʬʫʥʢʮʠʦʥʠʰʝ ʥʘ ʙʘʟʠ ʦʙʨʘʜʝ ʛʨʘʬʘ ʩʘ ʧʫʥʦ ʧʨʘʢʪʠʯʥʠʭ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʿʝ 

ʪʘʢʦʹʝ ʧʦʛʦʜʘʥ ʟʘ ʧʨʠʤʝʥʫ ʫ ʤʠʩʠʿʘʤʘ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ. ʄʦʛʫ ʩʝ ʧʨʠʤʝʥʠʪʠ ʠ 

ʨʘʟʣʠʯʠʪʠ ʤʦʜʝʣʠ ʘʥʘʣʠʟʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʨʘʜʠ ʧʦʚʝ˂ʘˁʘ ʧʦʫʟʜʘʥʦʩʪʠ ʧʨʦʮʝʩʘ ʧʣʘʥʠʨʘˁʘ 

ʧʫʪʘˁʘ, ʪʘʢʦ ʜʘ ʿʝ ʠ ʪʘʿ ʧʨʠʩʪʫʧ ʤʦʛʫ˂ ʫ ʤʠʩʠʿʘʤʘ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ [75]. 

 

ʀʟʨʘʯʫʥʘʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ʢʨʠʪʝʨʠʿʫʤʘ ɸ(p) ʫ ʛʝʥʝʨʘʣʥʦʤ ʩʣʫʯʘʿʫ ʧʦʜʨʘʟʫʤʝʚʘ 

ʥʘʿʚʠʰʝ ʥʝʦʜʨʝʹʝʥʦʩʪʠ ʫ ʧʨʦʮʝʩʫ ʫʧʨʘʚˀʘˁʘ ʧʨʝʪʨʘʛʦʤ ʦʢʨʫʞʝˁʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, 

ʿʝʜʠʥʦ ʦʥ ʜʦʧʨʠʥʦʩʠ ʜʠʨʝʢʪʥʦ ʮʠˀʫ ʧʨʝʪʨʘʛʝ ï ʫʚʝ˂ʘʚʘ ʢʫʤʫʣʘʪʠʚʥʦ ʧʨʝʪʨʘʞʝʥʠ ʜʝʦ 

ʦʢʨʫʞʝˁʘ.  ʂʣʘʩʠʯʘʥ ʥʘʯʠʥ ʦʜʨʝʹʠʚʘˁʘ ʚʨʝʜʥʦʩʪʠ ʦʚʦʛ ʢʨʠʪʝʨʠʿʫʤʘ ʙʘʟʠʨʘ ʩʝ ʥʘ ʤʘʧʠ 

ʪʨʝʥʫʪʥʦ ʧʨʝʪʨʘʞʝʥʦʛ ʜʝʣʘ ʦʢʨʫʞʝˁʘ ʠ ʧʦʟʥʘʚʘˁʫ ʤʘʢʩʠʤʘʣʥʦʛ ʜʦʤʝʪʘ ʩʝʥʟʦʨʘ ʨʦʙʦʪʘ, 

ʥʘ ʦʩʥʦʚʫ ʯʝʛʘ ʩʝ ʧʨʦʮʝˁʫʿʝ ʜʦʙʠʪ ʧʦʜʘʪʘʢʘ ʦ ʦʢʨʫʞʝˁʫ ʢʦʿʫ ʨʦʙʦʪ ʤʦʞʝ ʦʩʪʚʘʨʠʪʠ 

ʩʚʦʿʠʤ ʩʝʥʟʦʨʠʤʘ ʫʢʦʣʠʢʦ ʜʦʹʝ ʥʘ ʦʜʨʝʹʝʥʫ ʧʦʟʠʮʠʿʫ. ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʚʘʞʥʫ ʫʣʦʛʫ ʦʚʦʛ 

ʢʨʠʪʝʨʠʿʫʤʘ ʫ ʧʨʦʮʝʩʫ ʠʟʙʦʨʘ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ, ʪʨʝʙʘ ʧʦʤʝʥʫʪʠ ʜʘ ʩʝ ʫ ʣʠʪʝʨʘʪʫʨʠ 

ʧʨʝʜʣʘʞʫ ʠ ʜʨʫʛʝ ʪʝʭʥʠʢʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ˁʝʛʦʚʝ ʚʨʝʜʥʦʩʪʠ. ʋ ʪʦʤ ʢʦʥʪʝʢʩʪʫ, ʫ [76] ʩʝ 

ʧʨʝʜʣʘʞʝ ʠʤʧʣʝʤʝʥʪʠʨʘˁʝ ʥʝʫʨʦʥʩʢʝ ʤʨʝʞʝ ʢʘʢʦ ʙʠ ʩʝ ʠʟʚʨʰʠʣʘ ʧʨʦʮʝʥʘ ʚʨʝʜʥʦʩʪʠ 

ʢʨʠʪʝʨʠʿʫʤʘ ɸ(p). ʋ [77] ʩʝ ʢʦʨʠʩʪʝ ʪʦʧʦʛʨʘʬʩʢʝ ʢʘʨʪʝ ʠʣʠ ʨʫʯʥʦ ʫʨʘʹʝʥʠ ʥʘʮʨʪʠ 

ʦʢʨʫʞʝˁʘ ʢʘʢʦ ʙʠ ʩʝ ʧʨʦʮʝʥʘ ʚʨʝʜʥʦʩʪʠ ʢʨʠʪʝʨʠʿʫʤʘ ɸ(p) ʫʯʠʥʠʣʘ ʧʨʝʮʠʟʥʠʿʦʤ ʠ ʪʠʤʝ 

ʫʥʘʧʨʝʜʠʣʘ ʝʬʠʢʘʩʥʦʩʪ ʧʨʝʪʨʘʛʝ. ʇʨʠʩʪʫʧ ʛʜʝ ʩʝ ʟʘ ʧʨʦʮʝʥʫ ʧʦʜʦʙʥʦʩʪʠ ʧʦʪʝʥʮʠʿʘʣʥʠʭ 

ʧʦʟʠʮʠʿʘ ʩʘ ʘʩʧʝʢʪʘ ʚʨʝʜʥʦʩʪʠ ʢʨʠʪʝʨʠʿʫʤʘ ɸ(p) ʢʦʨʠʩʪʠ ʘʥʘʣʠʟʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʧʨʝʜʣʦʞʝʥ 

ʿʝ ʫ [78]. ʋ [79,80] ʿʝ ʧʨʝʜʣʦʞʝʥʦ ʫʚʦʹʝˁʝ ʭʝʫʨʠʩʪʠʢʝ ʟʘ ʜʦʜʘʪʥʠ ʦʧʠʩ ʧʦʪʝʥʮʠʿʘʣʥʝ 

ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ ʫ ʮʠˀʫ ʧʦʫʟʜʘʥʠʿʝ ʧʨʦʮʝʥʝ ʜʦʙʠʪʠ ʧʦʜʘʪʘʢʘ ʦ ʦʢʨʫʞʝˁʫ. 

 

ɺʨʝʜʥʦʩʪ ʢʨʠʪʝʨʠʿʫʤʘ P(p) ʿʝ ʫ ʛʝʥʝʨʘʣʥʦʤ ʩʣʫʯʘʿʫ ʦʙʨʥʫʪʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ 

ʨʘʟʜʘˀʠʥʠ ʠʟʤʝʹʫ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘ p ʠ ʙʘʟʥʝ ʩʪʘʥʠʮʝ ʩʘ ʢʦʿʦʤ ʪʨʝʙʘ ʦʜʨʞʘʚʘʪʠ 

ʢʦʤʫʥʠʢʘʮʠʿʫ, ʧʘ ʩʝ ʩʪʦʛʘ ʟʘ ˁʝʛʦʚʫ ʤʝʨʫ ʯʝʩʪʦ ʢʦʨʠʩʪʠ ʨʝʮʠʧʨʦʯʥʘ ʚʨʝʜʥʦʩʪ ɽʫʢʣʠʜʦʚʝ 

ʫʜʘˀʝʥʦʩʪʠ p ʦʜ ʙʘʟʥʝ ʩʪʘʥʠʮʝ [12]. 

 

ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʝ, ʪʘʢʦʹʝ, ʧʨʝʜʣʘʞʫ ʨʘʟʣʠʯʠʪʠ ʜʦʜʘʪʥʠ ʢʨʠʪʝʨʠʿʫʤʠ ʟʘ ʠʟʙʦʨ 

ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ. ʅʘ ʧʨʠʤʝʨ, ʫ [81] ʩʝ ʢʘʦ ʜʦʜʘʪʥʠ ʢʨʠʪʝʨʠʿʫʤ ʧʨʝʜʣʘʞʝ ʩʪʝʧʝʥ 

ʧʨʝʢʣʘʧʘˁʘ (ʆ(p)) ʪʨʝʥʫʪʥʝ ʤʘʧʝ ʦʢʨʫʞʝˁʘ ʠ ʜʝʣʘ ʦʢʨʫʞʝˁʘ ʚʠʜˀʠʚʦʛ ʠʟ ʧʦʟʠʮʠʿʝ p. 

ʊʘʢʦʹʝ ʩʝ ʧʨʝʜʣʘʞʫ ʢʨʠʪʝʨʠʿʫʤʠ ʢʘʦ ʰʪʦ ʩʫ ʙʨʦʿ ʫʥʘʧʨʝʜ ʜʝʬʠʥʠʩʘʥʠʭ ʦʨʠʿʝʥʪʠʨʘ 

ʚʠʜˀʠʚʠʭ ʠʟ ʧʦʟʠʮʠʿʝ p, ʢʘʦ ʠ ʙʨʦʿ ʧʦʪʨʝʙʥʠʭ ʨʦʪʘʮʠʿʘ ʨʦʙʦʪʘ ʜʘ ʜʦʹʝ ʥʘ ʧʦʟʠʮʠʿʫ p [82]. 

ʀʟʙʦʨ ʢʨʠʪʝʨʠʿʫʤʘ ʫ ʩʫʰʪʠʥʠ ʟʘʚʠʩʠ ʦʜ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʠ ʮʠˀʝʚʘ ʢʦʥʢʨʝʪʥʝ ʤʠʩʠʿʝ 

ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ. ʋ ʪʦʤ ʢʦʥʪʝʢʩʪʫ, ʫ ʨʘʜʫ [10] ʩʝ ʧʨʝʜʣʘʞʝ ʜʘ ʩʝ ʫ ʤʠʩʠʿʘʤʘ ʧʨʝʪʨʘʛʝ 

ʦʢʨʫʞʝˁʘ ʫ ʮʠˀʫ ʪʨʘʛʘˁʘ ʠ ʩʧʘʩʘʚʘˁʘ ʢʘʜʘ ʛʦʜ ʿʝ ʪʦ ʤʦʛʫ˂ʝ ʫʚʝʜʝ ʢʨʠʪʝʨʠʿʫʤ ʢʦʿʠ ˂ʝ 

ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʪʠʧʦʚʝ ʦʙʿʝʢʘʪʘ ʢʦʿʠ ʩʫ ʥʘʿʙʣʠʞʠ ʘʥʘʣʠʟʠʨʘʥʦʿ ʧʦʟʠʮʠʿʠ-ʢʘʥʜʠʜʘʪʫ, ʢʘʢʦ ʙʠ 

ʩʝ ʥʧʨ. ʤʠʩʠʿʘ ʥʘʿʧʨʝ ʫʩʤʝʨʠʣʘ ʫ ʩʪʘʤʙʝʥʠ ʜʝʦ ʦʢʨʫʞʝˁʘ. ʊʘʢʦʹʝ ʩʝ ʢʘʦ ʿʝʜʘʥ ʦʜ 

ʢʨʠʪʝʨʠʿʫʤʘ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʠ ʧʨʝʦʩʪʘʣʠ ʢʘʧʘʮʠʪʝʪ ʙʘʪʝʨʠʿʝ ʨʦʙʦʪʘ [12]. 
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3.3. Frontier-based ʩʪʨʘʪʝʛʠʿʝ ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ 

 

ʇʨʠʣʠʢʦʤ Ăʜʠʟʘʿʥʠʨʘˁʘñ ʩʪʨʘʪʝʛʠʿʝ ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ, ʛʣʘʚʥʠ ʠʟʘʟʦʚ ʿʝ 

ʧʦʩʪʠʟʘˁʝ ʜʦʙʨʠʭ ʛʣʦʙʘʣʥʠʭ (ʜʫʛʦʨʦʯʥʠʭ) ʧʝʨʬʦʨʤʘʥʩʠ ʧʨʝʜʫʟʠʤʘˁʝʤ ʣʦʢʘʣʥʠʭ 

(ʢʨʘʪʢʦʨʦʯʥʠʭ) ʦʜʣʫʢʘ ʢʦʿʝ ʩʝ ʜʦʥʦʩʝ ʥʘ ʦʩʥʦʚʫ ʦʛʨʘʥʠʯʝʥʝ, ʦʙʠʯʥʦ ʥʝʜʦʚʦˀʥʝ ʢʦʣʠʯʠʥʝ 

ʠʥʬʦʨʤʘʮʠʿʘ ʫ ʪʨʝʥʫʪʢʫ ʦʜʣʫʯʠʚʘˁʘ. ʅʘʿʚʝ˂ʠ ʙʨʦʿ frontier-based ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʧʨʝʪʨʘʛʫ 

ʦʢʨʫʞʝˁʘ ʚʨʰʠ ʠʟʙʦʨ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ ʘʥʘʣʠʟʠʨʘʿʫ˂ʠ ʧʦʛʦʜʥʦʩʪ ʩʚʘʢʝ ʧʦʟʠʮʠʿʝ-

ʢʘʥʜʠʜʘʪʘ ʧʨʝʤʘ ʫʥʘʧʨʝʜ ʦʜʨʝʹʝʥʠʤ ʢʨʠʪʝʨʠʿʫʤʠʤʘ ʢʦʤʙʠʥʫʿʫ˂ʠ ʠʭ ʫ ʬʦʨʤʠ ʥʝʢʝ 

ʬʫʥʢʮʠʿʝ. ʅʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠ ʢʨʠʪʝʨʠʿʫʤʠ ʟʘ ʪʫ ʥʘʤʝʥʫ ʥʘʚʝʜʝʥʠ ʩʫ ʫ ʇʦʛʣʘʚˀʫ 3.2. 

ʅʝʢʝ ʦʜ ʙʘʟʠʯʥʠʭ frontier-based ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ ʢʦʿʝ ʩʝ ʧʨʝʜʣʘʞʫ ʫ 

ʣʠʪʝʨʘʪʫʨʠ ʩʫ ʩʣʝʜʝ˂ʝ: 

 

- ʇʨʚʘ ʩʪʨʘʪʝʛʠʿʘ ʿʝ ʪʨʠʚʠʿʘʣʥʘ ʠ ʦʥʘ ʟʘ ʩʣʝʜʝ˂ʫ ʧʦʟʠʮʠʿʫ ʨʦʙʦʪʘ ʙʠʨʘ ʦʥʫ ʜʦ ʢʦʿʝ ʿʝ 
ʧʣʘʥʝʨ y ʦʜʥʦʩʫ ʥʘ ʘʢʪʫʝʣʥʫ ʧʦʟʠʮʠʿʫ ʨʦʙʦʪʘ ʠʟʨʘʯʫʥʘʦ ʥʘʿʤʘˁʫ ʜʫʞʠʥʫ ʠʣʠ ʮʝʥʫ 

ʧʫʪʘˁʝ ʨʘʯʫʥʘʿʫ˂ʠ ʩʚʝ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʝ. ʆʙʠʯʥʦ ʩʝ ʦʟʥʘʯʘʚʘ ʩʘ Dist_Min. 

 

- ʉʪʨʘʪʝʛʠʿʘ ʧʨʝʟʝʥʪʦʚʘʥʘ ʧʨʚʠ ʧʫʪ ʫ [83] ʢʦʤʙʠʥʫʿʝ ʢʨʠʪʝʨʠʿʫʤʝ ɸ(p) ʠ L(p) ʫ 

ʬʦʨʤʠ ʣʠʥʝʘʨʥʝ ʬʫʥʢʮʠʿʝ:  

 

                                                     u(p) = Ŭɸ(p) - L(p)                                                       (3) 

 

ʆʚʘ ʩʪʨʘʪʝʛʠʿʘ ʩʝ ʦʙʨʘʹʫʿʝ ʠ ʫ ʨʘʜʫ [12] ʫ ʠʟʤʝˁʝʥʦʿ ʬʦʨʤʠ:  

 

                                                    () () ()u r A r L r= -b                                                    (4) 

 

ʛʜʝ ʧʘʨʘʤʝʪʝʨ ɓ ʨʝʛʫʣʠʰʝ ʫʪʠʮʘʿ ʢʨʠʪʝʨʠʿʫʤʘ L(p) ʫ ʦʜʥʦʩʫ ʥʘ ʢʨʠʪʝʨʠʿʫʤ ɸ(p) ʥʘ 

ʠʟʙʦʨ ʧʦʟʠʮʠʿʝ. ʂʦʜ ʦʚʝ ʩʪʨʘʪʝʛʠʿʝ ʫ ʦʙʝ ʥʘʚʝʜʝʥʝ ʧʦʿʘʚʥʝ ʬʦʨʤʝ ʚʨʝʜʥʦʩʪʠ ɸ(p) ʠ 

L(p) ʩʝ ʧʨʝʪʭʦʜʥʦ ʥʦʨʤʘʣʠʟʫʿʫ ʤʘʢʩʠʤʘʣʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʪʠʭ ʢʨʠʪʝʨʠʿʫʤʘ, 

ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʩʚʝ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʝ ʯʠʿʘ ʝʚʘʣʫʘʮʠʿʘ ʩʝ ʨʘʜʠ ʫ ʘʢʪʫʝʣʥʦʤ 

ʢʦʨʘʢʫ ʦʜʣʫʯʠʚʘˁʘ. ʇʦ ʘʫʪʦʨʠʤʘ ʢʦʿʠ ʩʫ ʿʝ ʧʨʚʠ ʧʨʝʜʣʦʞʠʣʠ ʦʚʘ ʩʪʨʘʪʝʛʠʿʘ ʫ 

ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʥʘʟʠʚʘ ʢʘʦ WS ʩʪʨʘʪʝʛʠʿʘ [12]. 

 

- ʋ [13] ʩʝ ʧʨʝʜʣʘʞʝ ʩʪʨʘʪʝʛʠʿʘ ʢʦʿʘ ʦʧʠʩʫʿʝ ʧʦʟʠʮʠʿʫ-ʢʘʥʜʠʜʘʪʘ p ʫ ʬʦʨʤʠ 

ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʝ ʬʫʥʢʮʠʿʝ ʢʨʠʪʝʨʠʿʫʤʘ ɸ(p) ʠ L(p): 

 

                                                    () () ( )exp ( )u r A r L r= Ö -l                                         (5) 

 

ʇʘʨʘʤʝʪʘʨ ɚ ʿʝ ʚʝ˂ʠ ʦʜ 0. Oʚʘ ʩʪʨʘʪʝʛʠʿʘ ʫ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʥʘʟʠʚʘ, ʪʘʢʦʹʝ ʧʦ 

ʘʫʪʦʨʠʤʘ, ʢʘʦ GBL ʩʪʨʘʪʝʛʠʿʘ [10,12] ʠʣʠ ʢʘʦ Latombe ʩʪʨʘʪʝʛʠʿʘ [8] (ʧʦ ʿʝʜʥʦʤ ʦʜ 

ʘʫʪʦʨʘ).  

 

- ʋʢˀʫʯʠʚʘˁʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʫʩʧʦʩʪʘʚˀʘˁʘ ʢʦʤʫʥʠʢʘʮʠʿʝ ʠʟʤʝʹʫ ʨʦʙʦʪʘ ʠ ʙʘʟʥʝ 

ʩʪʘʥʠʮʝ ʫ ʧʨʦʮʝʩ ʝʚʘʣʫʘʮʠʿʝ ʧʦʟʠʮʠʿʘ-ʢʘʥʜʠʜʘʪʘ, ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʟʥʘʯʘʿ ʪʦʛ 

ʢʨʠʪʝʨʠʿʫʤʘ, ʧʦʩʝʙʥʦ ʫ ʤʠʩʠʿʘʤʘ ʪʨʘʛʘˁʘ ʠ ʩʧʘʩʘʚʘˁʘ (ʢʘʜʘ ʟʘ ʰʪʦ ʢʨʘ˂ʝ ʚʨʝʤʝ 

ʪʨʝʙʘ ʧʨʦʩʣʝʜʠʪʠ ʧʨʠʢʫʧˀʝʥʝ ʧʦʜʘʪʢʝ ʩʘ ʪʝʨʝʥʘ), ʧʨʚʠ ʧʫʪ ʿʝ ʧʨʝʜʣʦʞʝʥʦ ʫ [14] ʫ 

ʩʣʝʜʝ˂ʦʿ ʬʦʨʤʠ: 

 

                                                         ()
()()

()

A r P r
u r

L r
=                                                        (6) 
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ʋ [12] ʩʝ ʦʚʘ ʩʪʨʘʪʝʛʠʿʘ ʥʘʟʠʚʘ AOJRF ʩʪʨʘʪʝʛʠʿʘ, ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʿʝ ʠʩʪʫ ʩʘ 

ʫʩʧʝʭʦʤ ʢʦʨʠʩʪʠʦ ʪʠʤ Amsterdam Oxford Joint Rescue Forces ʥʘ ʪʘʢʤʠʯʝˁʫ 

RoboCup Rescue Virtual Robots Competition 2009. ʛʦʜʠʥʝ. 

 

ʋ ʧʦʩʣʝʜˁʦʿ ʜʝʮʝʥʠʿʠ, ʧʦʨʝʜ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʠʭ ʩʪʨʘʪʝʛʠʿʘ, ʩʚʝ ʚʠʰʝ ʩʝ ʢʦʨʠʩʪʝ 

ʢʣʘʩʠʯʥʝ ʤʝʪʦʜʝ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʦʜʣʫʯʠʚʘˁʘ (ɺʂʆ) ʟʘ ʠʟʙʦʨ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ 

ʨʦʙʦʪʘ ʫ ʤʠʩʠʿʘʤʘ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ. ʆʩʥʦʚʥʠ ʤʦʪʠʚ ʟʘ ʪʦ ʿʝ ʯʠˁʝʥʠʮʘ ʜʘ ɺʂʆ ʧʨʫʞʘ 

ʰʠʨʦʢ ʠ ʬʣʝʢʩʠʙʠʣʘʥ ʧʨʠʩʪʫʧ ʫ ʦʜʘʙʠʨʫ ʢʨʠʪʝʨʠʿʫʤʘ ʠ ˁʠʭʦʚʠʭ ʪʝʞʠʥʘ ʢʦʿʠ ʩʝ ʤʦʛʫ 

ʢʦʨʠʩʪʠʪʠ ʟʘ ʝʚʘʣʫʘʮʠʿʫ ʧʦʟʠʮʠʿʘ-ʢʘʥʜʠʜʘʪʘ, ʯʠʤʝ ʩʝ ʦʙʝʟʙʝʹʫʿʝ ʝʬʠʢʘʩʥʦ ʫʧʨʘʚˀʘˁʝ 

ʧʨʝʪʨʘʛʦʤ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʫʩʣʦʚʘ ʫ ʢʦʿʠʤʘ ʩʝ ʦʜʚʠʿʘ ʠ ˁʝʥʠʭ ʮʠˀʝʚʘ [8,12]. ʋ [8,12], ʥʘ 

ʧʨʠʤʝʨ, ʧʨʝʜʣʦʞʝʥʘ ʿʝ ʩʪʨʘʪʝʛʠʿʘ ʢʦʿʘ ʢʦʨʠʩʪʠ ʪʟʚ. Choquet fuzzy ʠʥʪʝʛʨʘʣ ʟʘ ʠʟʙʦʨ 

ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ. ʈʝʟʫʣʪʘʪʠ ʧʨʝʟʝʥʪʦʚʘʥʠ ʫ [12] ʧʦʢʘʟʫʿʫ ʜʘ ʫ ʩʣʫʯʘʿʫ ʧʨʝʪʨʘʛʝ 

ʦʢʨʫʞʝˁʘ ʿʝʜʥʠʤ ʨʦʙʦʪʦʤ ʩʪʨʘʪʝʛʠʿʘ ʙʘʟʠʨʘʥʘ ʥʘ Choquet fuzzy ʠʥʪʝʛʨʘʣʫ ʠʤʘ ʫʧʦʨʝʜʠʚʝ 

ʧʝʨʬʦʨʤʘʥʩʝ ʩʘ WS ʠ AOJRF ʩʪʨʘʪʝʛʠʿʦʤ, ʘ ʙʦˀʝ ʧʝʨʬʦʨʤʘʥʩʝ ʫ ʦʜʥʦʩʫ ʥʘ Dist_Min 

ʩʪʨʘʪʝʛʠʿʫ. ʋ [10] ʩʝ ʟʘ ʠʟʙʦʨ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ ʧʨʝʜʣʘʞʝ ʩʪʘʥʜʘʨʜʥʘ ʤʝʪʦʜʘ ɺʂʆ 

PROMETHEE II. ʆʚʘ ʤʝʪʦʜʘ ʧʨʫʞʘ, ʧʦʨʝʜ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʢʨʠʪʝʨʠʿʫʤʘ, 

ʬʫʥʢʮʠʿʝ ʧʨʝʬʝʨʝʥʮʠʿʝ ʢʘʦ ʜʦʜʘʪʥʠ ʤʝʭʘʥʠʟʘʤ ʢʦʿʠ ʢʨʦʟ ʦʮʝʥʫ ʤʝʹʫʩʦʙʥʦʛ ʦʜʥʦʩʘ 

ʢʨʠʪʝʨʠʿʫʤʘ ʫʪʠʯʝ ʥʘ ʦʜʣʫʯʠʚʘˁʝ. ʈʝʟʫʣʪʘʪʠ ʧʨʝʟʝʥʪʦʚʘʥʠ ʫ [10] ʧʦʢʘʟʫʿʫ ʜʘ ʩʪʨʘʪʝʛʠʿʘ 

ʢʦʿʘ ʢʦʨʠʩʪʠ PROMETHEE II ʠʤʘ ʫʧʦʨʝʜʠʚʝ ʧʝʨʬʦʨʤʘʥʩʝ ʩʘ GBL ʠ ʩʪʨʘʪʝʛʠʿʦʤ 

ʙʘʟʠʨʘʥʦʤ ʥʘ Choquet fuzzy ʠʥʪʝʛʨʘʣʫ, ʘ ʪʘʢʦʹʝ ʙʦˀʝ ʧʝʨʬʦʨʤʘʥʩʝ ʫ ʦʜʥʦʩʫ ʥʘ Dist_Min 

ʩʪʨʘʪʝʛʠʿʫ. ʉʪʨʘʪʝʛʠʿʘ ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ ʙʘʟʠʨʘʥʘ ʥʘ ɺʂʆ ʤʝʪʦʜʠ ARAS (Additive Ratio 

Assessment) ʩʫʛʝʨʠʰʝ ʩʝ ʫ [84]. ʋ ʦʢʚʠʨʫ ʪʝ ʩʪʨʘʪʝʛʠʿʝ ʟʘ ʠʟʙʦʨ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ 

ʢʦʤʙʠʥʫʿʫ ʩʝ, ʧʦʨʝʜ ʢʨʠʪʝʨʠʿʫʤʘ Ăʜʫʞʠʥʘ ʧʫʪʘˁʝ ʦʜ ʘʢʪʫʝʣʥʝ ʧʦʟʠʮʠʿʝ ʜʦ ʧʦʟʠʮʠʿʝ-

ʢʘʥʜʠʜʘʪʘñ ʠ Ăʠʥʬʦʨʤʘʪʠʚʥʠ ʧʦʪʝʥʮʠʿʘʣ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘñ ʠ ʩʣʝʜʝ˂ʠ ʢʨʠʪʝʨʠʿʫʤʠ: 

ʧʨʝʦʩʪʘʣʠ ʢʘʧʘʮʠʪʝʪ ʙʘʪʝʨʠʿʝ ʨʦʙʦʪʘ, ʚʝʨʦʚʘʪʥʦ˂ʘ ʩʫʜʘʨʘ ʩʘ ʜʨʫʛʠʤ ʦʙʿʝʢʪʠʤʘ, ʙʨʦʿ 

ʧʦʪʨʝʙʥʠʭ ʨʦʪʘʮʠʿʘ ʨʦʙʦʪʘ, ʠʪʜ. ʋ [9] ʧʨʝʜʣʘʞʝ ʩʝ ʧʨʠʩʪʫʧ ʧʦ ʢʦʤʝ ʩʝ ʫ ʦʢʚʠʨʫ ʩʪʨʘʪʝʛʠʿʘ 

ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ ʢʦʿʝ ʩʫ ʙʘʟʠʨʘʥʝ ʥʘ ɺʂʆ ʢʦʨʠʩʪʠ ʥʘʮʨʪ ʤʘʧʝ ʦʢʨʫʞʝˁʘ, ʠʘʢʦ ʿʝ ʦʥ ʫ 

ʤʘˁʦʿ ʠʣʠ ʚʝ˂ʦʿ ʤʝʨʠ ʥʝʧʨʝʮʠʟʘʥ. ʈʝʟʫʣʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʫʿʫ ʜʘ ʧʨʝʜʣʦʞʝʥʠ 

ʧʨʠʩʪʫʧ ʠʤʘ ʙʦˀʝ ʧʝʨʬʦʨʤʘʥʩʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʪʠʧʦʚʠʤʘ ʦʢʨʫʞʝˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʪʨʘʪʝʛʠʿʫ 

ʙʝʟ ʧʨʝʪʭʦʜʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ. ʀʘʢʦ ʫʧʦʪʨʝʙʘ ʧʨʝʮʠʟʥʠʿʠʭ ʧʨʝʪʭʦʜʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ 

ʜʦʚʦʜʠ ʜʦ ʟʥʘʯʘʿʥʦʛ ʧʦʙʦˀʰʘˁʘ ʧʝʨʬʦʨʤʘʥʩʠ, ʢʦʨʠʰ˂ʝˁʝ ʥʝʜʦʚʦˀʥʦ ʧʦʫʟʜʘʥʠʭ 

ʠʥʬʦʨʤʘʮʠʿʘ ʤʦʞʝ, ʪʘʢʦʹʝ, ʜʦʚʝʩʪʠ ʜʦ ʦʜʨʝʹʝʥʠʭ ʧʨʝʜʥʦʩʪʠ. ʋ [85] ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ 

ʩʪʨʘʪʝʛʠʿʝ ʟʘ ʘʫʪʦʥʦʤʥʫ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ ʥʘʢʦʥ ʥʫʢʣʝʘʨʥʝ ʢʘʪʘʩʪʨʦʬʝ. ʆʚʠ ʧʨʠʩʪʫʧʠ ʩʫ 

ʨʘʟʚʠʿʝʥʠ ʟʘ ʤʦʙʠʣʥʝ ʨʦʙʦʪʝ ʢʦʿʠ ʢʦʨʠʩʪʝ ʤʝʨʥʝ ʠʥʩʪʨʫʤʝʥʪʝ ʟʘ ʦʪʢʨʠʚʘˁʝ ʨʘʜʠʦʘʢʪʠʚʥʠʭ 

ʞʘʨʠʰʪʘ. ʅʘ ʦʩʥʦʚʫ ʧʨʝʟʝʥʪʦʚʘʥʠʭ ʨʝʟʫʣʪʘʪʘ, ʟʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʩʪʨʘʪʝʛʠʿʝ ʙʘʟʠʨʘʥʝ ʥʘ ɺʂʆ 

ʠʤʘʿʫ ʜʦʙʨʝ ʧʝʨʬʦʨʤʘʥʩʝ ʫ ʦʪʢʨʠʚʘˁʫ ʠ ʤʘʧʠʨʘˁʫ ʠʟʚʦʨʘ ʨʘʜʠʦʘʢʪʠʚʥʦʛ ʟʨʘʯʝˁʘ. 

ʄʦʛʫ˂ʝ ʿʝ ʠ ʧʦʪʝʥʮʠʿʘʣʥʦ ʫʢˀʫʯʠʚʘˁʝ ʪʝʦʨʠʿʝ soft ʩʢʫʧʦʚʘ ʫ ɺʂʆ [86] ʟʘ ʧʦʪʨʝʙʝ ʧʨʠʤʝʥʝ 

ʫ ʤʠʩʠʿʘʤʘ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ. 

 

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʧʨʝʪʭʦʜʥʦ ʜʘʪ ʧʨʝʛʣʝʜ ʣʠʪʝʨʘʪʫʨʝ, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʝ ʢʘʦ 

ʨʝʬʝʨʝʥʪʥʝ ʩʪʨʘʪʝʛʠʿʝ ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʝ Dist_Min, GBL, AOJRF ʠ 

WS [8,10,12]. 

 

ʋ ʧʨʠʣʦʛ ʪʦʤʝ ʜʘ ʩʫ Dist_Min, GBL, AOJRF ʠ WS ʫ ʣʠʪʝʨʘʪʫʨʠ ʧʨʠʤʘʨʥʦ 

ʨʘʟʤʘʪʨʘʥʝ ʢʘʦ ʢʣʘʩʠʯʥʝ ʠ ʫʿʝʜʥʦ ʨʝʬʝʨʝʥʪʥʝ ʩʪʨʘʪʝʛʠʿʝ ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ ʤʦʞʝ ʩʝ 

ʜʦʜʘʪʠ ʠ ʩʣʝʜʝ˂ʝ. ʋ [16] ʩʝ ʚʨʰʠ ʧʦʨʝʹʝˁʝ ʚʠʰʝ ʩʪʨʘʪʝʛʠʿʘ, ʩʘ ʘʢʮʝʥʪʦʤ ʥʘ GBL ʠ 

ʫʥʘʧʨʝʹʝʥʫ ʚʘʨʠʿʘʥʪʫ Dist_Min. GBL ʩʝ ʢʣʘʩʠʬʠʢʫʿʝ ʢʘʦ Ăstate-of-the-art decision-

theoreticñ ʩʪʨʘʪʝʛʠʿʘ, ʘ ʮʠˀ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʨʘʜʫ ʿʝ ʜʦʢʘʟʠʚʘˁʝ ʜʘ Dist_Min ʩʪʨʘʪʝʛʠʿʘ, 

ʠʘʢʦ ʪʨʠʚʠʿʘʣʥʘ, ʤʦʞʝ ʫ ʥʝʢʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʜʘʪʠ ʫʧʦʨʝʜʠʚʝ ʠʣʠ ʙʦˀʝ ʨʝʟʫʣʪʘʪʝ ʦʜ GBL 

ʩʪʨʘʪʝʛʠʿʝ. ʈʝʬʝʨʝʥʮʠʨʘʿʫ˂ʠ ʩʝ ʥʘ [16] ʫ [17] ʩʝ ʧʨʝʜʣʘʞʝ ʧʨʠʤʝʥʘ Dist_Min ʢʦʜ 

ʨʦʙʦʪʩʢʠʭ ʫʩʠʩʠʚʘʯʘ. ʋ [15] ʩʝ ʧʨʝʜʣʘʞʝ WS ʢʘʦ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ ʢʦʿʦʤ ʩʝ 

ʧʦʩʪʠʞʝ ʜʦʙʘʨ ʙʘʣʘʥʩ ʠʟʤʝʹʫ ʫʢʫʧʥʝ ʧʨʝʹʝʥʝ ʜʫʞʠʥʝ ʧʫʪʘ ʨʦʙʦʪʘ ʠ ʙʨʦʿʘ ʧʦʟʠʮʠʿʘ ʢʦʿʝ 
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ʨʦʙʦʪ ʤʦʨʘ ʜʘ ʧʦʩʝʪʠ ʪʦʢʦʤ ʧʨʝʪʨʘʛʝ (ʰʪʦ ʿʝ ʫ ʜʠʨʝʢʪʥʦʿ ʚʝʟʠ ʩʘ ʠʥʬʦʨʤʘʪʠʚʥʠʤ 

ʧʦʪʝʥʮʠʿʘʣʦʤ ʧʦʟʠʮʠʿʘ ʢʦʿʝ ʩʝ ʙʠʨʘʿʫ). 

 

ʅʘ ʦʩʥʦʚʫ ʥʘʚʝʜʝʥʦʛ ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ, ʩʪʨʘʪʝʛʠʿʝ ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ Dist_Min, 

GBL, AOJRF ʠ WS ʩʫ ʠ ʫ ʜʠʩʝʨʪʘʮʠʿʠ ʢʦʨʠʰ˂ʝʥʝ ʢʘʦ ʨʝʬʝʨʝʥʪʥʝ. 

 

3.4. ɺʨʩʪʝ ʩʝʥʟʦʨʘ ʢʦʿʝ ʨʦʙʦʪ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʠ ʫ ʤʠʩʠʿʘʤʘ ʧʨʝʪʨʘʛʝ 

ʦʢʨʫʞʝˁʘ 

 

ɺʠʰʝ ʪʠʧʦʚʘ ʩʝʥʟʦʨʘ ʢʦʿʠ ʩʝ ʦʜʣʠʢʫʿʫ ʨʘʟʣʠʯʠʪʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʤʦʞʝ ʩʝ 

ʢʦʨʠʩʪʠ ʫ ʧʦʠʤʘˁʫ ʩʮʝʥʝ ʢʦʿʘ ʦʢʨʫʞʫʿʝ ʨʦʙʦʪʘ ʪʿ. ʟʘ ʦʧʘʞʘˁʝ ʦʢʨʫʞʝˁʘ ʫ ʢʦʿʝʤ ʦʙʘʚˀʘ 

ʟʘʜʘʪʢʝ. ʉʣʝʜʝ ʧʨʠʤʝʨʠ ʥʝʢʠʭ ʦʜ ʩʝʥʟʦʨʘ ʢʦʿʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʝ ʫ ʤʠʩʠʿʘʤʘ ʧʨʝʪʨʘʛʝ 

ʦʢʨʫʞʝˁʘ [87]: 

¶ ʆʧʪʠʯʢʠ ʩʝʥʟʦʨʠ 

- ʀʥʬʨʘʮʨʚʝʥʠ (IC) ʩʝʥʟʦʨʠ: ʩʝʥʟʦʨʠ ʢʦʿʠ ʬʫʥʢʮʠʦʥʠʰʫ ʧʦ ʧʨʠʥʮʠʧʫ 

ʝʤʠʪʦʚʘˁʘ ʠʤʧʫʣʩʥʦʛ ʟʨʘʯʝˁʘ ʠ ˁʝʛʦʚʝ ʧʦʚʨʘʪʥʝ ʨʝʬʣʝʢʩʠʿʝ. ʋʜʘˀʝʥʦʩʪ 

ʦʙʿʝʢʪʘ ʤʦʞʝ ʜʘ ʩʝ ʦʜʨʝʜʠ ʤʝʨʝˁʝʤ ʚʨʝʤʝʥʘ ʧʦʪʨʝʙʥʦʛ ʜʘ ʩʝ ʩʚʝʪʣʦʩʪ 

(ʟʨʘʯʝˁʝ) ʝʤʠʪʫʿʝ ʠ ʧʨʠʤʠ ʢʘʦ ʨʝʬʣʝʢʪʦʚʘʥʠ ʩʠʛʥʘʣ ʦʜ ʦʙʿʝʢʪʘ; 

- Light Detection and Ranging (LIDAR): ʜʝʪʝʢʪʦʨ ʩʚʝʪʣʦʩʪʠ ʠ ʤʝʨʘʯ ʜʘˀʠʥʝ 

(ʯʝʩʪʦ ʥʘʟʠʚʘʥ ʠ ʢʘʦ ʣʘʩʝʨʩʢʠ ʩʢʝʥʝʨ) ʦʤʦʛʫ˂ʘʚʘ ʤʝʨʝˁʝ ʫʜʘˀʝʥʦʩʪʠ ʜʦ 

ʦʙʿʝʢʪʘ ʢʦʨʠʰ˂ʝˁʝʤ ʠʤʧʫʣʩʥʦʛ ʣʘʩʝʨʩʢʦʛ ʟʨʘʯʝˁʘ; 

- RGB ʢʘʤʝʨʘ: ʢʘʤʝʨʘ ʩʘ ʧʨʠʢʘʟʦʤ ʩʣʠʢʝ ʩʮʝʥʝ ʫ ʙʦʿʠ; 

- ʉʪʝʨʝʦ ʢʘʤʝʨʘ: ʚʨʩʪʘ ʢʘʤʝʨʝ ʢʦʿʘ ʢʦʨʠʩʪʠ ʜʚʘ ʠʣʠ ʚʠʰʝ ʩʦʯʠʚʘ ʦʜ ʢʦʿʠʭ 
ʩʚʘʢʦ ʠʤʘ ʧʦʩʝʙʘʥ ʩʝʥʟʦʨ ʟʘ ʛʝʥʝʨʠʩʘˁʝ ʩʣʠʢʝ; 

- RGB-D ʢʘʤʝʨʘ: ʧʨʝʜʩʪʘʚˀʘ ʘʢʚʠʟʠʮʠʦʥʠ ʩʠʩʪʝʤ ʢʦʿʠ ʦʙʫʭʚʘʪʘ ʢʘʤʝʨʫ ʫ ʙʦʿʠ 

ʠ Ăʜʫʙʠʥʩʢʫñ ʢʘʤʝʨʫ ʫ ʮʠˀʫ 3D ʦʧʘʞʘˁʘ ʦʢʨʫʞʝˁʘ (ʥʧʨ. Microsoft Kinect); 

¶ GPS ʩʝʥʟʦʨ: ʤʦʜʫʣ ʥʘʤʝˁʝʥ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʧʦʣʦʞʘʿʘ ʠ ʜʝʪʝʢʮʠʿʫ ʢʨʝʪʘˁʘ; 

¶ ʀʥʝʨʮʠʿʘʣʥʠ ʤʝʨʥʠ ʩʝʥʟʦʨʠ (IMU): ʦʤʦʛʫ˂ʘʚʘʿʫ ʤʝʨʝˁʝ ʩʧʝʮʠʬʠʯʥʠʭ ʧʘʨʘʤʝʪʘʨʘ 

ʨʦʙʦʪʘ, ʧʨʝ ʩʚʝʛʘ ʫʙʨʟʘˁʘ ʠ ʠʥʢʣʠʥʘʮʠʿʝ ʪʿ. ʥʘʛʠʙʘ (ʥʧʨ. ʘʢʮʝʣʝʨʦʤʝʪʘʨ ʠ 

ʞʠʨʦʩʢʦʧ); 

¶ ʂʦʥʪʘʢʪʥʠ ʩʝʥʟʦʨʠ: ʦʤʦʛʫ˂ʘʚʘʿʫ ʧʨʦʚʝʨʫ ʜʘ ʣʠ ʿʝ ʨʦʙʦʪ ʜʦʰʘʦ ʫ ʬʠʟʠʯʢʠ ʢʦʥʪʘʢʪ 

ʩʘ ʥʝʢʠʤ ʦʙʿʝʢʪʦʤ; 

¶ ʉʝʥʟʦʨʠ ʙʣʠʟʠʥʝ: ʦʤʦʛʫ˂ʘʚʘʿʫ ʜʝʪʝʢʮʠʿʫ ʧʨʠʩʫʩʪʚʘ ʦʙʿʝʢʘʪʘ ʫ ʙʣʠʟʠʥʠ ʙʝʟ 

ʬʠʟʠʯʢʦʛ ʢʦʥʪʘʢʪʘ, ʥʧʨ. SONAR ʿʝ ʩʝʥʟʦʨ ʢʦʿʠ ʧʨʦʚʝʨʘʚʘ ʙʣʠʟʠʥʫ ʦʢʦʣʥʠʭ ʦʙʿʝʢʘʪʘ 

ʢʦʨʠʩʪʝ˂ʠ ʟʚʫʯʥʠ ʪʘʣʘʩ.  
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4. ʋʅɸʇʈɽɫɽɳɽ ʇʈɽʊʈɸɻɽ ʆʂʈʋɾɽɳɸ ʇʈʀʄɽʅʆʄ 

ɺʀʐɽʂʈʀʊɽʈʀɱʋʄʉʂʆɻ ʆɼʃʋʏʀɺɸɳɸ ʀ D* Lite  

ɸʃɻʆʈʀʊʄɸ 
 

ʆʚʦ ʧʦʛʣʘʚˀʝ ʧʦʩʚʝ˂ʝʥʦ ʿʝ ʫʥʘʧʨʝʹʝˁʫ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ʧʨʠʤʝʥʦʤ 

ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʦʜʣʫʯʠʚʘˁʘ ʠ D* Lite ʘʣʛʦʨʠʪʤʘ, ʢʘʦ ʠ ʫʥʘʧʨʝʹʝˁʫ ʧʣʘʥʠʨʘˁʘ 

ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʫ ʤʠʩʠʿʘʤʘ ʪʨʘʛʘˁʘ ʠ ʩʧʘʩʘʚʘˁʘ ʠ ʠʤʘ ʪʨʠ ʮʝʣʠʥʝ. ʅʘ ʧʦʯʝʪʢʫ ʧʨʚʝ ʮʝʣʠʥʝ 

ʫʚʦʜʝ ʩʝ ʩʪʨʘʪʝʛʠʿʝ ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ ʢʦʿʝ ʟʘ ʠʟʙʦʨ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ ʢʦʨʠʩʪʝ 

ʤʝʪʦʜʝ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʦʜʣʫʯʠʚʘˁʘ SAW, COPRAS ʠ TOPSIS. ʇʦʩʣʝ ʦʧʠʩʘ ʤʦʜʝʣʘ 

ʦʢʨʫʞʝˁʘ ʟʘ ʧʨʝʪʨʘʛʫ ʠ ʢʨʠʪʝʨʠʿʫʤʘ ʟʘ ʠʟʙʦʨ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ, ʚʨʰʠ ʩʝ ʦʧʩʝʞʥʦ 

ʪʝʩʪʠʨʘˁʝ ʧʫʪʝʤ ʩʠʤʫʣʘʮʠʿʘ ʫ ʄʘʪʣʘʙʫ ʨʘʟʣʠʯʠʪʠʭ ʩʮʝʥʘʨʠʿʘ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ 

ʧʨʠʤʝʥʦʤ ʧʦʤʝʥʫʪʠʭ ʤʝʪʦʜʘ ɺʂʆ, ʢʘʦ ʠ ʢʣʘʩʠʯʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ ʠʟ 

ʣʠʪʝʨʘʪʫʨʝ ʘʥʘʣʠʟʠʨʘʥʠʭ ʫ ʜʠʩʝʨʪʘʮʠʿʠ (Dist_Min, GBL, AOJRF, WS). ʅʘ ʢʨʘʿʫ ʦʚʝ ʮʝʣʠʥʝ 

ʧʨʝʟʝʥʪʫʿʫ ʩʝ ʨʝʟʫʣʪʘʪʠ ʠ ʚʨʰʠ ʜʠʩʢʫʩʠʿʘ ʫ ʚʝʟʠ ʩʘ ʠʩʪʠʤ. ʋ ʜʨʫʛʦʿ ʮʝʣʠʥʠ ʫ ʦʢʚʠʨʫ ʦʚʦʛ 

ʧʦʛʣʘʚˀʘ ʧʨʝʜʣʦʞʝʥʘ ʩʫ ʜʚʘ ʧʨʠʩʪʫʧʘ ʟʘ ʫʥʘʧʨʝʹʝˁʝ ʧʣʘʥʠʨʘˁʘ ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʧʨʠʤʝʥʦʤ 

D* Lite ʘʣʛʦʨʠʪʤʘ ʫ ʤʠʩʠʿʘʤʘ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ʟʘ ʧʦʪʨʝʙʝ ʪʨʘʛʘˁʘ ʠ ʩʧʘʩʘʚʘˁʘ ʫ 

ʫʨʙʘʥʦʤ ʦʢʨʫʞʝˁʫ. ʇʨʚʠ ʧʨʠʩʪʫʧ ʧʨʝʜʩʪʘʚˀʘ ʧʨʠʤʝʥʫ D* Lite ʘʣʛʦʨʠʪʤʘ ʫ ʢʦʤʙʠʥʘʮʠʿʠ 

ʩʘ ʬʘʟʠ ʣʦʛʠʢʦʤ, ʘ ʜʨʫʛʠ ʧʨʠʤʝʥʫ D* Lite ʘʣʛʦʨʠʪʤʘ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ on-line ʫʯʝˁʝʤ. 

ʊʨʝ˂ʘ ʮʝʣʠʥʘ ʙʘʚʠ ʩʝ ʚʝʨʠʬʠʢʘʮʠʿʦʤ ʢˀʫʯʥʠʭ ʨʝʟʫʣʪʘʪʘ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʨʠʰ˂ʝˁʝʤ 

Gazebo ʩʠʤʫʣʘʪʦʨʘ (ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʦʛ ʦʢʨʫʞʝˁʘ ʟʘ 3D ʩʠʤʫʣʘʮʠʿʫ ʨʦʙʦʪʘ) ʫ ʢʦʤʙʠʥʘʮʠʿʠ 

ʩʘ ʧʘʢʝʪʠʤʘ ʢʦʿʠ ʨʘʜʝ ʧʦʜ Robot Operating System (ROS), ʢʘʦ ʚʝʨʦʜʦʩʪʦʿʥʘ ʟʘʤʝʥʘ ʟʘ 

ʪʝʩʪʠʨʘˁʝ ʘʥʘʣʠʟʠʨʘʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ ʥʘ ʨʝʘʣʥʠʤ ʨʦʙʦʪʠʤʘ. ɿʘ ʪʝ 

ʧʦʪʨʝʙʝ ʧʨʠʤʝˁʝʥ ʿʝ ʚʠʨʪʫʝʣʥʠ ʤʦʜʝʣ Turtlebot 3 ʨʦʙʦʪʘ. 

 

4.1. ʉʪʨʘʪʝʛʠʿʝ ʟʘ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦ ʦʜʣʫʯʠʚʘˁʝ ʫ ʧʨʝʪʨʘʟʠ ʦʢʨʫʞʝˁʘ 

 

ʋ ʮʠˀʫ ʪʝʩʪʠʨʘˁʘ ʧʫʪʝʤ ʩʠʤʫʣʘʮʠʿʘ ʫ ʄʘʪʣʘʙʫ ʨʘʟʣʠʯʠʪʠʭ ʩʮʝʥʘʨʠʿʘ ʧʨʝʪʨʘʛʝ 

ʦʢʨʫʞʝˁʘ ʧʨʠʤʝʥʦʤ ʧʦʤʝʥʫʪʠʭ ʤʝʪʦʜʘ ɺʂʆ, ʢʘʦ ʠ ʢʣʘʩʠʯʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʧʨʝʪʨʘʛʫ ʠʟ 

ʣʠʪʝʨʘʪʫʨʝ ʢʦʿʘ ʧʨʦʫʯʘʚʘ ʦʚʫ ʦʙʣʘʩʪ, ʥʘʿʧʨʝ ʪʨʝʙʘ ʜʝʬʠʥʠʩʘʪʠ ʤʦʜʝʣʝ ʦʢʨʫʞʝˁʘ ʟʘ 

ʧʨʝʪʨʘʛʫ ʠ ʠʟʘʙʨʘʪʠ ʢʨʠʪʝʨʠʿʫʤʝ ʟʘ ʝʚʘʣʫʘʮʠʿʫ ʧʦʟʠʮʠʿʘ-ʢʘʥʜʠʜʘʪʘ. 

4.1.1. ʄʦʜʝʣʠ ʦʢʨʫʞʝˁʘ ʠ ʧʦʩʪʘʚʢʘ ʧʨʦʙʣʝʤʘ 

 

ɽʚʘʣʫʘʮʠʿʘ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʧʨʝʪʨʘʛʫ ʠʟʚʨʰʠ˂ʝ ʩʝ ʩʠʤʫʣʘʮʠʿʦʤ ʧʨʝʪʨʘʞʠʚʘˁʘ 

ʦʢʨʫʞʝˁʘ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʩʪʝʧʝʥʦʤ ʢʦʤʧʣʝʢʩʥʦʩʪʠ, ʘ ʫ ʮʠˀʫ ˁʠʭʦʚʦʛ ʪʝʩʪʠʨʘˁʘ ʫ 

ʫʩʣʦʚʠʤʘ ʰʪʦ ʙʣʠʞʠʤ ʨʘʟʣʠʯʠʪʠʤ ʨʝʘʣʠʩʪʠʯʥʠʤ ʩʮʝʥʘʨʠʿʠʤʘ. ʆʩʥʦʚʥʝ ʤʘʧʝ ʦʢʨʫʞʝˁʘ ʩʫ 

ʧʨʝʜʩʪʘʚˀʝʥʝ ʫ ʙʠʥʘʨʥʦʿ ʬʦʨʤʠ, ʪʘʢʦ ʜʘ ʿʝ ʩʣʦʙʦʜʘʥ ʧʨʦʩʪʦʨ ʦʟʥʘʯʝʥ ʙʝʣʦʤ ʙʦʿʦʤ, ʘ 

ʧʨʝʧʨʝʢʝ (ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʟʠʜʦʚʠ) ʮʨʥʦʤ ʙʦʿʝ. ʆʩʪʘʣʝ ʚʨʩʪʝ ʧʨʝʧʨʝʢʘ ʩʫ ʠʟʦʩʪʘʚˀʝʥʝ ʠ ʥʝ 

ʨʘʟʤʘʪʨʘʿʫ ʩʝ. ɼʠʤʝʥʟʠʿʝ ʤʘʧʘ ʩʫ ʧʨʠʢʘʟʘʥʝ ʫ ʦʜʥʦʩʫ ʥʘ ˁʠʭʦʚʫ ʜʠʩʢʨʝʪʠʟʦʚʘʥʫ ʬʦʨʤʫ ʪʿ. 

ʧʨʝʤʘ ʙʨʦʿʫ ˂ʝʣʠʿʘ ʜʦʙʠʿʝʥʠʭ ʜʠʩʢʨʝʪʠʟʘʮʠʿʦʤ. ʇʨʝʪʧʦʩʪʘʚʢʘ ʿʝ ʜʘ ʩʫ ʩʚʝ ˂ʝʣʠʿʝ ʫ ʩʚʠʤ 

ʩʣʫʯʘʿʝʚʠʤʘ ʢʚʘʜʨʘʪʥʦʛ ʦʙʣʠʢʘ ʠ ʿʝʜʥʘʢʠʭ ʜʠʤʝʥʟʠʿʘ. 

 

ʉʪʨʘʪʝʛʠʿʝ ʩʫ ʪʝʩʪʠʨʘʥʝ ʫ ʪʨʠ Ăindoorñ ʦʢʨʫʞʝˁʘ. ʇʨʚʦ ʦʢʨʫʞʝˁʝ ʿʝ ʜʠʤʝʥʟʠʿʘ 

100ʭ100 ˂ʝʣʠʿʘ ʠ ʩʠʤʫʣʠʨʘ ʧʦʩʣʦʚʥʠ ʠʣʠ ʩʪʘʤʙʝʥʠ ʧʨʦʩʪʦʨ ʩʘ ʚʠʰʝ ʦʜʚʦʿʝʥʠʭ ʧʨʦʩʪʦʨʠʿʘ 

ʨʘʟʣʠʯʠʪʠʭ ʚʝʣʠʯʠʥʘ. ɼʨʫʛʦ ʦʢʨʫʞʝˁʝ je ʜʠʤʝʥʟʠʿʘ 150ʭ150 ˂ʝʣʠʿʘ ʠ ʩʠʤʫʣʠʨʘ ʥʧʨ. ʿʝʜʘʥ 

ʩʧʨʘʪ ʪʨʞʥʦʛ ʮʝʥʪʨʘ ʩʘ ʧʨʦʩʪʦʨʠʿʘʤʘ ʩʣʠʯʥʠʭ ʚʝʣʠʯʠʥʘ ʠ ʜʫʛʘʯʢʠʤ ʭʦʜʥʠʮʠʤʘ. ʋ ʦʙʘ 

ʩʣʫʯʘʿʘ ʧʨʦʩʪʦʨʠʿʝ ʩʫ ʦʜʚʦʿʝʥʝ ʟʠʜʦʚʠʤʘ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʿʝʜʠʥʝ ʧʨʝʧʨʝʢʘ ʩʘ ʘʩʧʝʢʪʘ 

ʢʨʝʪʘˁʘ ʨʦʙʦʪʘ. ʊʨʝ˂ʝ ʦʢʨʫʞʝˁʝ ʿʝ ʜʠʤʝʥʟʠʿʘ 100ʭ100 ˂ʝʣʠʿʘ ʠ ʩʠʤʫʣʠʨʘ ʿʝʜʥʫ ʚʝ˂ʫ 

ʧʨʦʩʪʦʨʠʿʫ ʪʠʧʘ ʤʘʛʘʮʠʥʘ ʢʦʿʘ ʩʘʜʨʞʠ ʧʝʪ ʧʦʣʫʧʨʝʛʨʘʜʥʠʭ ʟʠʜʦʚʘ. ʉʪʨʘʪʝʛʠʿʝ ʩʫ, ʪʘʢʦʹʝ, 

ʪʝʩʪʠʨʘʥʝ ʠ ʫ ʿʝʜʥʦʤ Ăoutdoorñ ʦʢʨʫʞʝˁʫ ʜʠʤʝʥʟʠʿʘ 150ʭ150 ˂ʝʣʠʿʘ, ʢʦʿʝ ʩʠʤʫʣʠʨʘ ʿʝʜʘʥ 
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ʩʪʘʤʙʝʥʠ ʙʣʦʢ. ʇʨʠʩʫʪʥʦʩʪ ʧʨʝʧʨʝʢʘ (ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʟʠʜʦʚʘ) ʠ ˁʠʭʦʚʝ ʜʠʤʝʥʟʠʿʝ ʩʫ ʤʝʨʘ 

ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʦʢʨʫʞʝˁʘ. ʄʘʧʝ ʥʘʚʝʜʝʥʠʭ ʦʢʨʫʞʝˁʘ ʢʦʿʝ ˂ʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʪʝʩʪʠʨʘˁʝ 

ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʧʨʝʪʨʘʛʫ ʧʨʠʢʘʟʘʥʝ ʩʫ ʥʘ ʉʣʠʮʠ 25. 

 

  

 

 

   
ʘ) ĂIndoorñ ʦʢʨʫʞʝˁʘ A (100ʭ100) ʠ B (150x150) 

 

 

 

   
ʙ) ĂOutdoorñ ʦʢʨʫʞʝˁʝ C (150ʭ150) ʠ Ăindoorñ ʦʢʨʫʞʝˁʝ D (100ʭ100) 

 

ʉʣʠʢʘ 25. ʄʘʧʝ ʦʢʨʫʞʝˁʘ ʢʦʨʠʰ˂ʝʥʝ ʟʘ ʪʝʩʪʠʨʘˁʝ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʧʨʝʪʨʘʛʫ. 

 

 

  ɿʘ ʠʟʙʦʨ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ ʫ ʪʦʢʫ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ʧʨʠʤʝˁʫʿʫ ʩʝ ʤʝʪʦʜʝ 

ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʦʜʣʫʯʠʚʘˁʘ SAW, COPRAS ʠ TOPSIS, ʟʘʪʠʤ ʩʝ ʪʝʩʪʠʨʘ ʠ ʧʦʨʝʜʠ 

ˁʠʭʦʚʘ ʝʬʠʢʘʩʥʦʩʪ ʤʝʹʫʩʦʙʥʦ, ʢʘʦ ʠ ʩʘ ʦʩʪʘʣʠʤ ʘʥʘʣʠʟʠʨʘʥʠʤ ʢʣʘʩʠʯʥʠʤ ʩʪʨʘʪʝʛʠʿʘʤʘ ʠʟ 

ʣʠʪʝʨʘʪʫʨʝ (Dist_Min, GBL, AOJRF, WS). 

B 

ɸ 

C 

D 
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ʅʘ ʙʘʟʠ ʧʨʦʫʯʝʥʝ ʣʠʪʝʨʘʪʫʨʝ, ʟʘ ʤʝʨʫ ʝʬʠʢʘʩʥʦʩʪʠ ʧʨʝʪʨʘʛʝ ʫʟʝʪ ʿʝ ʧʨʦʩʝʯʘʥ 

ʫʢʫʧʘʥ ʧʨʝ́ʝʥʠ ʧʫʪ ʨʦʙʦʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ʚʠʰʝ ʩʪʘʨʪʥʠʭ ʧʦʟʠʮʠʿʘ ʠ ʪʦ ʟʘ ʧʦʪʨʝʙʝ 

ʨʝʘʣʠʟʘʮʠʿʝ ʧʨʝʪʨʘʛʝ 90% ʦʢʨʫʞʝˁʘ (ʧʨʝʦʩʪʘʣʠʭ 10% ʦʢʨʫʞʝˁʘ ʫʛʣʘʚʥʦʤ ʩʝ ʦʜʥʦʩʠ ʥʘ 

ʫʛʣʦʚʝ ʠ ʤʘˁʝ ʧʨʠʩʪʫʧʘʯʥʝ ʜʝʣʦʚʝ) [10,12]. ɺʠʰʝ ʩʪʘʨʪʥʠʭ ʧʦʟʠʮʠʿʘ ʩʝ ʪʝʩʪʠʨʘ ʠʟ ʨʘʟʣʦʛʘ 

ʰʪʦ ʦʥʝ ʫʪʠʯʫ ʥʘ ʧʦʯʝʪʥʝ ʫʩʣʦʚʝ ʢʦʿʠ ʫʩʤʝʨʘʚʘʿʫ ʜʘˀʠ ʪʦʢ ʧʨʝʪʨʘʛʝ [8]. 

 

4.1.2. ʂʨʠʪʝʨʠʿʫʤʠ ʟʘ ʠʟʙʦʨ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ  

 

ɿʘ ʠʟʙʦʨ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ (p), ʫ ʜʠʩʝʨʪʘʮʠʿʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʩʣʝʜʝ˂ʠ 

ʢʨʠʪʝʨʠʿʫʤʠ, ʙʣʠʞʝ ʦʙʿʘʰˁʝʥʠ ʫ ʇʦʛʣʘʚˀʫ 3.2: 

- L(p), ʜʫʞʠʥʘ ʧʫʪʘˁʝ ʦʜ ʘʢʪʫʝʣʥʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ ʜʦ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘ p, 

- ɸ(p), ʠʥʬʦʨʤʘʪʠʚʥʠ ʧʦʪʝʥʮʠʿʘʣ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘ p, 

- P(p), ʫʜʘˀʝʥʦʩʪ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘ p ʦʜ ʙʘʟʥʝ ʩʪʘʥʠʮʝ. 

 

ɿʘ ʦʜʨʝʹʠʚʘˁʝ ʚʨʝʜʥʦʩʪʠ ʢʨʠʪʝʨʠʿʫʤʘ L(p) ʫ ʜʠʩʝʨʪʘʮʠʿʠ ʩʝ ʢʦʨʠʩʪʠ D* Lite 

ʘʣʛʦʨʠʪʘʤ, ʦʧʠʩʘʥ ʫ ʇʦʛʣʘʚˀʫ 2.3.1. 

 

ɺʨʝʜʥʦʩʪ ʢʨʠʪʝʨʠʿʫʤʘ P(p) ʧʨʝʜʩʪʘʚˀʘ ɽʫʢʣʠʜʦʚʫ ʫʜʘˀʝʥʦʩʪ p ʦʜ ʙʘʟʥʝ ʩʪʘʥʠʮʝ 

[12].  

 

ɺʨʝʜʥʦʩʪ ʢʨʠʪʝʨʠʿʫʤʘ ɸ(p), ʢʦʿʠ ʫ ʩʪʚʘʨʠ ʧʨʝʜʩʪʘʚˀʘ ʫʥʘʧʨʝʜ ʧʨʦʮʝˁʝʥʫ ʜʦʙʠʪ 

ʧʦʜʘʪʘʢʘ ʦ ʦʢʨʫʞʝˁʫ ʢʦʿʫ ʨʦʙʦʪ ʤʦʞʝ ʦʩʪʚʘʨʠʪʠ ʩʚʦʿʠʤ ʩʝʥʟʦʨʠʤʘ ʫʢʦʣʠʢʦ ʜʦʹʝ ʥʘ 

ʧʦʟʠʮʠʿʫ p, ʠʟʨʘʯʫʥʘʚʘ ʩʝ ʥʘ ʥʘʯʠʥ ʦʧʠʩʘʥ ʫ ʥʘʩʪʘʚʢʫ [9]. ʂʘʢʦ ʩʝ ʚʨʰʠ ʜʝʬʠʥʠʩʘˁʝ 

ʧʦʟʠʮʠʿʘ-ʢʘʥʜʠʜʘʪʘ ʢʦʜ frontier-based ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ʠʟʣʦʞʝʥʦ ʿʝ ʫ ʇʦʛʣʘʚˀʫ 3.2. ɼʘ 

ʙʠ ʩʝ ʧʨʦʮʝʥʠʣʘ ʚʠʜˀʠʚʦʩʪ ʪʘʯʢʝ s ʩʝʥʟʦʨʦʤ ʨʦʙʦʪʘ ʜʦʤʝʪʘ r ʠʟ ʪʘʯʢʝ p (ʫ ʩʣʫʯʘʿʫ 

ʧʦʟʠʮʠʦʥʠʨʘˁʘ ʨʦʙʦʪʘ ʫ ʪʘʯʢʫ p) ʧʦʪʨʝʙʥʦ ʿʝ ʧʨʦʚʝʨʠʪʠ ʜʘ ʣʠ ʪʘʯʢʘ s ʧʨʠʧʘʜʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʦʿ ʣʠʥʠʿʠ ʚʠʟʠʨʘˁʘ. ʅʘʿʧʨʝ ʪʨʝʙʘ ʧʨʦʚʝʨʠʪʠ ʜʘ ʣʠ ʿʝ ʪʘʯʢʘ s ʫ ʜʦʤʝʪʫ ʩʝʥʟʦʨʘ 

ʨʦʙʦʪʘ ʰʪʦ ʩʝ ʨʘʜʠ ʠʟʨʘʯʫʥʘʚʘˁʝʤ ɽʫʢʣʠʜʦʚʝ ʫʜʘˀʝʥʦʩʪʠ ʠʟʤʝʹʫ ʪʘʯʘʢʘ p ʠ s. ɿʘʪʠʤ ʩʝ 

ʧʨʦʚʝʨʘʚʘ ʠʤʘ ʣʠ ʧʨʝʧʨʝʢʘ ʠʟʤʝʹʫ ʪʘʯʘʢʘ p ʠ s ʠʜʫ˂ʠ ʦʜ p ʧʨʝʤʘ s ʢʦʿʝ ʙʠ ʦʥʝʤʦʛʫ˂ʠʣʝ 

ʚʠʜˀʠʚʦʩʪ ʪʘʯʢʝ s ʩʝʥʟʦʨʦʤ ʨʦʙʦʪʘ ʠʟ ʪʘʯʢʝ p. ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʩʝ ʤʘʧʘ ʦʢʨʫʞʝˁʘ ʫ 

ʢʦʿʝʤ ʩʝ ʢʨʝ˂ʝ ʨʦʙʦʪ ʧʨʝʜʩʪʘʚˀʘ ʫ ʚʠʜʫ ʤʨʝʞʝ ˂ʝʣʠʿʘ ʫʥʠʬʦʨʤʥʝ ʨʝʟʦʣʫʮʠʿʝ, ʥʘ ʉʣʠʮʠ 26. 

ʩʫ ʧʣʘʚʦʤ ʙʦʿʦʤ ʦʟʥʘʯʝʥʝ ˂ʝʣʠʿʝ ʢʦʿʝ ʧʨʠʧʘʜʘʿʫ ʣʠʥʠʿʠ ʚʠʟʠʨʘˁʘ ʠʟʤʝʹʫ ʪʘʯʘʢʘ p ʠ s, ʛʜʝ 

ʿʝ ʪʘʯʢʘ q ʦʟʥʘʯʝʥʘ ʟʝʣʝʥʦʤ ʙʦʿʦʤ ʠ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʧʨʠʧʘʜʘ ʣʠʥʠʿʠ ʚʠʟʠʨʘˁʘ. ɴʝʣʠʿʝ ʢʦʿʝ 

ʧʨʠʧʘʜʘʿʫ ʧʨʝʪʨʘʞʝʥʦʤ ʜʝʣʫ ʦʢʨʫʞʝˁʘ ʩʫ ʦʟʥʘʯʝʥʝ ʙʝʣʦʤ ʙʦʿʦʤ, ʘ ˂ʝʣʠʿʝ ʢʦʿʝ ʧʨʠʧʘʜʘʿʫ 

ʥʝʧʨʝʪʨʘʞʝʥʦʤ ʜʝʣʫ ʦʢʨʫʞʝˁʘ ʩʠʚʦʤ ʙʦʿʦʤ. ɴʝʣʠʿʝ ʢʦʿʝ ʧʨʠʧʘʜʘʿʫ ʧʨʝʧʨʝʢʘʤʘ (ʟʠʜʦʚʠʤʘ) 

ʩʫ ʦʟʥʘʯʝʥʝ ʮʨʥʦʤ ʙʦʿʦʤ. 

 

 

 
 

ʉʣʠʢʘ 26. ʃʠʥʠʿʘ ʚʠʟʠʨʘˁʘ (˂ʝʣʠʿʝ ʦʟʥʘʯʝʥʝ ʧʣʘʚʦʤ ʙʦʿʦʤ) ʠʟʤʝʹʫ ʧʦʟʠʮʠʿʘ p ʠ s ʫ 

ʜʠʩʢʨʝʪʠʟʦʚʘʥʦʿ ʤʘʧʠ ʦʢʨʫʞʝˁʘ, ʤʦʜʠʬʠʢʦʚʘʥʘ ʩʣʠʢʘ ʠʟ [9].  
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ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦ, ʥʘ ʉʣʠʮʠ 27. ʠʣʫʩʪʨʦʚʘʥʘ ʿʝ ʧʨʦʮʝʥʘ 

ʚʨʝʜʥʦʩʪʠ ʠʥʬʦʨʤʘʪʠʚʥʦʛ ʧʦʪʝʥʮʠʿʘʣʘ ʧʦʟʠʮʠʿʝ p (ʩʢʫʧ ˂ʝʣʠʿʘ ʦʟʥʘʯʝʥʠʭ ʧʣʘʚʦʤ ʙʦʿʦʤ). 

 

 

 
 

ʉʣʠʢʘ 27. ʇʨʦʮʝʥʘ ʚʨʝʜʥʦʩʪʠ ʠʥʬʦʨʤʘʪʠʚʥʦʛ ʧʦʪʝʥʮʠʿʘʣʘ (˂ʝʣʠʿʝ ʦʟʥʘʯʝʥʝ ʧʣʘʚʦʤ 

ʙʦʿʦʤ) ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘ p, ʤʦʜʠʬʠʢʦʚʘʥʘ ʩʣʠʢʘ ʠʟ [9]. 

 

 

ʅʘ ʉʣʠʮʠ 28. ʠʣʫʩʪʨʦʚʘʥʘ ʿʝ ʧʨʦʮʝʥʘ ʠʥʬʦʨʤʘʪʠʚʥʦʛ ʧʦʪʝʥʮʠʿʘʣʘ ʟʘ ʪʨʠ ʨʘʟʣʠʯʠʪʝ 

ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʝ. 

 

 

        
      ʘ) ʤʘʧʘ ʧʨʝʪʨʘʞʝʥʦʛ ʜʝʣʘ ʦʢʨʫʞʝˁʘ                        ʙ) ʩʪʚʘʨʥʘ ʤʘʧʘ ʦʢʨʫʞʝˁʘ 

 

ʉʣʠʢʘ 28. ʇʨʦʮʝʥʘ ʚʨʝʜʥʦʩʪʠ ʠʥʬʦʨʤʘʪʠʚʥʦʛ ʧʦʪʝʥʮʠʿʘʣʘ (˂ʝʣʠʿʝ ʦʟʥʘʯʝʥʝ ʧʣʘʚʦʤ 

ʙʦʿʦʤ) ʧʦʟʠʮʠʿʘ-ʢʘʥʜʠʜʘʪʘ p1, p2 ʠ p3. ʊʨʝʥʫʪʥʘ ʧʦʟʠʮʠʿʘ ʨʦʙʦʪʘ ʿʝ ʦʟʥʘʯʝʥʘ ʩʘ q. 

ʄʦʜʠʬʠʢʦʚʘʥʘ ʩʣʠʢʘ ʠʟ [9]. 

 

 

ʉʘ ʉʣʠʢʝ 28. ʚʠʜʠ ʩʝ ʜʘ ʿʝ ʜʦʰʣʦ ʜʦ ʛʨʝʰʢʝ ʫ ʧʨʦʮʝʥʠ ʠʥʬʦʨʤʘʪʠʚʥʦʛ ʧʦʪʝʥʮʠʿʘʣʘ 

ʟʘ ʧʦʟʠʮʠʿʫ-ʢʘʥʜʠʜʘʪʘ p2, ʿʝʨ ʩʝ ʫ ʥʝʧʨʝʪʨʘʞʝʥʦʤ ʜʝʣʫ ʦʢʨʫʞʝˁʘ ʥʘʣʘʟʠ ʿʦʰ ʿʝʜʘʥ 

ʧʨʝʛʨʘʜʥʠ ʟʠʜ ʢʦʿʠ ˂ʝ, ʫʢʦʣʠʢʦ ʨʦʙʦʪ ʠʟʘʙʝʨʝ ʪʫ ʧʦʟʠʮʠʿʫ, ʫʤʘˁʠʪʠ ʩʪʚʘʨʥʦ ʦʧʘʞʘˁʝ 

ʩʝʥʟʦʨʦʤ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʮʝʥʫ ʠʟʚʝʜʝʥʫ ʥʘ ʙʘʟʠ ˁʝʛʦʚʝ ʤʘʢʩʠʤʘʣʥʝ ʤʦʛʫ˂ʥʦʩʪʠ.  
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4.1.3. ʆʧʠʩ ʤʝʪʦʜʘ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʦʜʣʫʯʠʚʘˁʘ SAW, COPRAS ʠ 

TOPSIS 

 

¶ TOPSIS (Technique for Ordering Preference by Similarity to Ideal Solution) 

 

TOPSIS ʤʝʪʦʜʘ [33,35,88-91] ʦʤʦʛʫ˂ʘʚʘ ʨʘʥʛʠʨʘˁʝ ʘʣʪʝʨʥʘʪʠʚʘ ʧʦ ʚʠʰʝ 

ʢʨʠʪʝʨʠʿʫʤʘ ʥʘ ʦʩʥʦʚʫ ʧʦʨʝʹʝˁʘ ʫʜʘˀʝʥʦʩʪʠ ʦʜ ʠʜʝʘʣʥʦʛ ʠ ʘʥʪʠ-ʠʜʝʘʣʥʦʛ ʨʝʰʝˁʘ. 

ʀʜʝʘʣʥʦ ʨʝʰʝˁʝ ʤʠʥʠʤʠʟʠʨʘ ʢʨʠʪʝʨʠʿʫʤʝ ʪʨʦʰʢʦʚʥʦʛ ʪʠʧʘ, ʘ ʤʘʢʩʠʤʠʟʠʨʘ ʢʨʠʪʝʨʠʿʫʤʝ 

ʙʝʥʝʬʠʪʥʦʛ ʪʠʧʘ, ʜʦʢ ʟʘ ʥʝʛʘʪʠʚʥʦ ʠʜʝʘʣʥʦ ʨʝʰʝˁʝ ʚʘʞʠ ʦʙʨʥʫʪʦ. ʇʨʦʩʪ ʧʨʠʤʝʨ ʿʝ 

ʥʘʩʪʦʿʘˁʝ ʜʘ ʩʝ ʫ ʧʦʩʣʦʚʥʦʤ ʦʜʣʫʯʠʚʘˁʫ ʜʦʥʦʩʝ (ʠʜʝʥʪʠʬʠʢʫʿʫ) ʦʜʣʫʢʝ ʫ ʢʦʿʠʤʘ ʩʝ 

ʤʘʢʩʠʤʠʟʠʨʘ ʧʨʦʬʠʪ, ʘ ʤʠʥʠʤʠʟʠʨʘ ʨʠʟʠʢ. ʆʧʪʠʤʘʣʥʘ ʘʣʪʝʨʥʘʪʠʚʘ ʿʝ ʦʥʘ ʢʦʿʘ ʿʝ ʫ 

ʛʝʦʤʝʪʨʠʿʩʢʦʤ ʩʤʠʩʣʫ ʥʘʿʙʣʠʞʘ ʠʜʝʘʣʥʦʤ ʨʝʰʝˁʫ, ʦʜʥʦʩʥʦ ʥʘʿʜʘˀʘ ʦʜ ʘʥʪʠ-ʠʜʝʘʣʥʦʛ 

(ʠʜʝʘʣʥʦʛ ʥʝʛʘʪʠʚʥʦʛ) ʨʝʰʝˁʘ. 

 

ʇʨʦʙʣʝʤ ʬʦʨʤʘʣʥʦ ʧʨʠʢʘʟʫʿʝʤʦ ʠʟʙʦʨʦʤ ʿʝʜʥʝ ʦʜ n  ʦʧʮʠʿʘ (ʘʣʪʝʨʥʘʪʠʚʘ), ʢʦʿʝ 

ʦʮʝˁʫʿʝʤʦ ʠ ʧʦʨʝʜʠʤʦ ʤʝʹʫ ʩʦʙʦʤ ʥʘ ʦʩʥʦʚʫ m  ʢʨʠʪʝʨʠʿʫʤʘ ʯʠʿʝ ʩʫ ʥʘʤ ʚʨʝʜʥʦʩʪʠ 

ʧʦʟʥʘʪʝ. ɸʣʪʝʨʥʘʪʠʚʝ ʧʨʠʢʘʟʫʿʝʤʦ ʚʝʢʪʦʨʠʤʘ ijr , ʛʜʝ ʿʝ ijr  ʚʨʝʜʥʦʩʪ i -ʪʝ ʘʣʪʝʨʥʘʪʠʚʝ ʧʦ j -

ʪʦʤ ʢʨʠʪʝʨʠʿʫʤʫ. ʄʘʪʨʠʮʘ ʦʜʣʫʯʠʚʘˁʘ R ʠʤʘ ʦʙʣʠʢ (7): 
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                                                         (7) 

 

ʋ ʦʚʘʢʦ ʬʦʨʤʠʨʘʥʦʿ ʤʘʪʨʠʮʠ ʦʜʣʫʯʠʚʘˁʘ R , ʩʚʘʢʠ ʨʝʜ ʤʘʪʨʠʮʝ ʦʜʛʦʚʘʨʘ ʿʝʜʥʦʿ 

ʘʣʪʝʨʥʘʪʠʚʠ ʠʟ ʩʢʫʧʘ ʘʣʪʝʨʥʘʪʠʚʘ (1, 2,..., nA A A), ʘ ʩʚʘʢʘ ʢʦʣʦʥʘ ʿʝʜʥʦʤ ʢʨʠʪʝʨʠʿʫʤʫ ʠʟ 

ʩʢʫʧʘ ʢʨʠʪʝʨʠʿʫʤʘ (1, 2,..., mC C C ). 

 

ɹʫʜʫ˂ʠ ʜʘ ʢʨʠʪʝʨʠʿʫʤʠ ʫ ʨʘʟʣʠʯʠʪʦʿ ʤʝʨʠ ʫʪʠʯʫ ʥʘ ʢʦʥʘʯʥʝ ʦʮʝʥʝ ʘʣʪʝʨʘʥʪʠʚʘ, 

ʩʚʘʢʦʤ ʢʨʠʪʝʨʠʿʫʤʫ ʧʨʠʧʠʩʫʿʝʤʦ ʪʝʞʠʥʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪ wj, j=1,2,é,m (ʛʜʝ ʿʝ 
1

1
m

jj
w

=
=ä ) 

ʢʦʿʠ ʦʜʨʘʞʘʚʘ ˁʝʛʦʚ ʨʝʣʘʪʠʚʥʠ ʟʥʘʯʘʿ ʫ ʦʮʝˁʠʚʘˁʫ ʘʣʪʝʨʥʘʪʠʚʘ.  

 

ʇʨʠʤʝʥʘ TOPSIS ʤʝʪʦʜʘ ʧʦʜʨʘʟʫʤʝʚʘ ʩʣʝʜʝ˂ʝ ʢʦʨʘʢʝ: 

 

ʂʦʨʘʢ 1. ʅʦʨʤʘʣʠʟʘʮʠʿʘ ʚʨʝʜʥʦʩʪʠ ʤʘʪʨʠʮʝ ʦʜʣʫʯʠʚʘˁʘ. ʂʦʜ ʚʝ˂ʠʥʝ ʤʝʪʦʜʘ 

ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʦʜʣʫʯʠʚʘˁʘ, ʧʨʚʠ ʢʦʨʘʢ ʧʨʝʜʩʪʘʚˀʘ ʥʦʨʤʘʣʠʟʘʮʠʿʘ ʝʣʝʤʝʥʘʪʘ 

ʤʘʪʨʠʮʝ ʦʜʣʫʯʠʚʘˁʘ ʜʘ ʙʠ ʩʝ ʜʦʙʠʣʘ ʤʘʪʨʠʮʘ ʫ ʢʦʿʦʿ ʩʫ ʩʚʠ ʝʣʝʤʝʥʪʠ ʙʝʟʜʠʤʝʥʟʠʦʥʘʣʥʝ 

ʚʝʣʠʯʠʥʝ. ʂʦʜ TOPSIS ʤʝʪʦʜʝ ʧʨʠʤʝˁʫʿʝ ʩʝ ʚʝʢʪʦʨʩʢʘ ʥʦʨʤʘʣʠʟʘʮʠʿʘ ʢʦʿʘ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ 

ʩʣʝʜʝ˂ʠʤ ʠʟʨʘʟʦʤ: 

 

                                                                    
2

1

ij

ij
n

ij

i

r
x
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=
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ä

                                                                (8)      

 

ʅʘʢʦʥ ʩʧʨʦʚʦʹʝˁʘ ʥʦʨʤʘʣʠʟʘʮʠʿʝ, ʜʦʙʠʿʘʤʦ ʤʘʪʨʠʮʫ X  ʫ ʢʦʿʦʿ ʩʫ ʩʚʠ ʝʣʝʤʝʥʪʠ 

ʥʦʨʤʠʨʘʥʠ ʠ ʥʘʣʘʟʝ ʩʝ ʫ ʠʥʪʝʨʚʘʣʫ [0, 1]: 
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1 11 12 1

2 21 22 2

3 1 2

...

...

... ... ...

...

m

m

n n nm

A x x x

A x x x
X

A x x x

è ø
é ù
é ù=
é ùÖ
é ù
ê ú

                                                      (9) 

 

ʂʦʨʘʢ 2. ʄʥʦʞʝˁʝ ʥʦʨʤʘʣʠʟʦʚʘʥʠʭ ʚʨʝʜʥʦʩʪʠ ʤʘʪʨʠʮʝ X  ʪʝʞʠʥʩʢʠʤ ʢʦʝʬʠʮʠʿʝʥʪʠʤʘ 

ʢʨʠʪʝʨʠʿʫʤʘ: 

 

                                                                ;   1,2,...,ij ij jv x w j m= Ö =                                                (10) 

 

ʇʦʤʦ˂ʫ ʨʝʣʘʮʠʿʝ (10) ʜʦʙʠʿʘʤʦ ʝʣʝʤʝʥʪʝ ʦʪʝʞʘʥʝ ʥʦʨʤʘʣʠʟʦʚʘʥʝ ʤʘʪʨʠʮʝ ( )ijV v= , ʛʜʝ ʿʝ 

ʩʚʘʢʦ ijv  ʧʨʦʠʟʚʦʜ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʥʦʨʤʘʣʠʟʦʚʘʥʝ ʧʝʨʬʦʨʤʘʥʩʝ ʘʣʪʝʨʥʘʪʠʚʝ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ 

ʪʝʞʠʥʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʢʨʠʪʝʨʠʿʫʤʘ: 

 

                                

1 11 12 1 1 1 11 2 12 1

2 21 22 2 2 1 21 2 22 2

3 1 2 3 1 1 2 2

... ...

... ...

... ... ... ... ... ... ... ...

... ...

m m m

m m m

n n nm n n m nm

A v v v A w x w x w x

A v v v A w x w x w x
V

A v v v A w x w x w x

Ö Ö Öè ø è ø
é ù é ù

Ö Ö Ö
é ù é ù= =
é ù é ù
é ù é ù

Ö Ö Öê ú ê ú

                                     (11) 

 

ʂʦʨʘʢ 3. ʆʜʨʝʹʠʚʘˁʝ ʠʜʝʘʣʥʦʛ ʠ ʘʥʪʠ-ʠʜʝʘʣʥʦʛ ʨʝʰʝˁʘ. ʀʜʝʘʣʥʦ ʨʝʰʝˁʝ A* ʠ ʘʥʪʠ-

ʠʜʝʘʣʥʦ ʨʝʰʝˁʝ A- ʦʜʨʝʹʫʿʫ ʩʝ ʧʦʤʦ˂ʫ ʨʝʣʘʮʠʿʘ: 

 

                                   { } { }'

1 2(max | ),(min , ), 1,.., , ,...,ij ij mA v j G v j G i n v v v* * * *= Í Í = =                       (12) 

                                  { } { }'

1 2(min | ),(max , ), 1,.., , ,...,ij ij mA v j G v j G i n v v v- - - -= Í Í = =                       (13) 

 

ʛʜʝ je  

 

                                   { }1,2,..., | ʧʨʠʧʘʜʘʢʨʠʪʝʨʠʿʫʤʠʤʘʢʦʿʠʩʝʤʘʢʩʠʤʠʟʠʨʘʿʫG j m j= =  

                                   { }' 1,2,..., | ʧʨʠʧʘʜʘʢʨʠʪʝʨʠʿʫʤʠʤʘʢʦʿʠʩʝʤʠʥʠʤʠʟʠʨʘʿʫG j m j= =  

 

ʅʘʿʙʦˀʝ ʘʣʪʝʨʥʘʪʠʚʝ ʩʫ ʦʥʝ ʢʦʿʝ ʠʤʘʿʫ ʥʘʿʚʝ˂ʝ ijv  ʫ ʦʜʥʦʩʫ ʥʘ ʢʨʠʪʝʨʠʿʫʤʝ ʢʦʿʠ ʩʝ 

ʤʘʢʩʠʤʠʟʠʨʘʿʫ ʠ ʥʘʿʤʘˁʝ ijv  ʫ ʦʜʥʦʩʫ ʥʘ ʢʨʠʪʝʨʠʿʫʤʝ ʢʦʿʠ ʩʝ ʤʠʥʠʤʠʟʠʨʘʿʫ. A* ʫʢʘʟʫʿʝ ʥʘ 

ʠʜʝʘʣʥʦ ʨʝʰʝˁʝ, ʘ ʧʦ ʠʩʪʦʿ ʣʦʛʠʮʠ A- ʫʢʘʟʫʿʝ ʥʘ ʘʥʪʠ-ʠʜʝʘʣʥʦ (ʠʜʝʘʣʥʦ ʥʝʛʘʪʠʚʥʦ) 

ʨʝʰʝˁʝ. 

 

ʂʦʨʘʢ 4: ʆʜʨʝʹʠʚʘˁʝ ʨʘʩʪʦʿʘˁʘ ʘʣʪʝʨʥʘʪʠʚʘ ʦʜ ʠʜʝʘʣʥʠʭ ʨʝʰʝˁʘ. ʋ ʦʚʦʤ ʢʦʨʘʢʫ ʩʝ 

ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʠʭ ʨʝʣʘʮʠʿʘ: 

  

                                                       2

1

( ) ,   1,...,
m

i ij j

j

S v v i n* *

=

= - =ä                                                 (14) 

                                                       2

1

( ) ,   1,...,
m

i ij j

j

S v v i n- -

=

= - =ä                                                (15) 

 

ʠʟʨʘʯʫʥʘʚʘʿʫ n  ʜʠʤʝʥʟʠʦʥʘ ɽʫʢʣʠʜʩʢʘ ʨʘʩʪʦʿʘˁʘ ʩʚʠʭ ʘʣʪʝʨʥʘʪʠʚʘ ʦʜ ʠʜʝʘʣʥʦʛ ʠ ʘʥʪʠ-

ʠʜʝʘʣʥʦʛ ʨʝʰʝˁʘ. 
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ʂʦʨʘʢ 5. ʆʜʨʝʹʠʚʘˁʝ ʨʝʣʘʪʠʚʥʝ ʙʣʠʟʠʥʝ ʘʣʪʝʨʥʘʪʠʚʘ ʠʜʝʘʣʥʦʤ ʨʝʰʝˁʫ. ɿʘ ʩʚʘʢʫ 

ʘʣʪʝʨʥʘʪʠʚʫ ʦʜʨʝʹʫʿʝ ʩʝ ʨʝʣʘʪʠʚʥʦ ʦʜʩʪʦʿʘˁʝ: 

  

                                                           , 1,...,i
i

i i

S
Q i n

S S

-
*

* -
= =
+

                                                       (16) 

 

ʛʜʝ ʿʝ 0 1iQ*¢ ¢. ɸʣʪʝʨʥʘʪʠʚʘ iA  ʿʝ ʙʣʠʞʘ ʠʜʝʘʣʥʦʤ ʨʝʰʝˁʫ ʘʢʦ ʿʝ iQ* ʙʣʠʞʝ ʚʨʝʜʥʦʩʪʠ 1, 

ʠʣʠ, ʰʪʦ ʿʝ ʠʩʪʦ, ʘʢʦ ʿʝ iS* ʙʣʠʞʝ ʚʨʝʜʥʦʩʪʠ 0.  

 

ʂʦʨʘʢ 6. ʈʘʥʛʠʨʘˁʝ ʘʣʪʝʨʥʘʪʠʚʘ. ɸʣʪʝʨʥʘʪʠʚʝ ʩʝ ʨʘʥʛʠʨʘʿʫ ʧʦ ʦʧʘʜʘʿʫ˂ʠʤ ʚʨʝʜʥʦʩʪʠʤʘ 

iQ*. ʅʘʿʙʦˀʘ ʘʣʪʝʨʥʘʪʠʚʘ ʿʝ ʦʥʘ ʘʣʪʝʨʥʘʪʠʚʘ ʯʠʿʘ ʿʝ ʚʨʝʜʥʦʩʪ *

iQ  ʥʘʿʚʝ˂ʘ ʠ ʦʙʨʥʫʪʦ. 

 

¶ COPRAS (Compressed Proportional Assessment) 

 

COPRAS ʤʝʪʦʜʫ [34,92,93] ʢʘʨʘʢʪʝʨʠʰʝ ʫ ʦʜʨʝʹʝʥʦʿ ʤʝʨʠ ʢʦʤʧʣʝʢʩʥʠʿʠ ʧʦʩʪʫʧʘʢ 

ʘʛʨʝʛʘʮʠʿʝ ʚʨʝʜʥʦʩʪʠ ʢʨʠʪʝʨʠʿʫʤʩʢʠʭ ʬʫʥʢʮʠʿʘ ʠ ʧʦʿʝʜʥʦʩʪʘʚˀʝʥʠ ʧʦʩʪʫʧʘʢ 

ʥʦʨʤʘʣʠʟʘʮʠʿʝ ʧʦʜʘʪʘʢʘ (ʥʝ ʨʘʟʤʘʪʨʘ ʩʝ ʢʘʨʘʢʪʝʨ ʢʨʠʪʝʨʠʿʫʤʘ - ʙʝʥʝʬʠʪʥʠ/ʪʨʦʰʢʦʚʥʠ). ʋ 

ʥʘʨʝʜʥʦʤ ʜʝʣʫ ʫʢʨʘʪʢʦ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʤʘʪʝʤʘʪʠʯʢʠ ʘʧʘʨʘʪ COPRAS ʤʝʪʦʜʝ. 

 

ʇʨʦʙʣʝʤ ʬʦʨʤʘʣʥʦ, ʢʘʦ ʠ ʢʦʜ TOPSIS ʤʝʪʦʜʝ, ʧʨʠʢʘʟʫʿʝʤʦ ʤʘʪʨʠʮʦʤ ʦʜʣʫʯʠʚʘˁʘ 

R(7). ʉʚʘʢʠ ʨʝʜ ʤʘʪʨʠʮʝ R  ʦʜʛʦʚʘʨʘ ʿʝʜʥʦʿ ʘʣʪʝʨʥʘʪʠʚʠ ʠʟ ʩʢʫʧʘ ʘʣʪʝʨʥʘʪʠʚʘ 

( 1, 2,..., nA A A), ʘ ʩʚʘʢʘ ʢʦʣʦʥʘ ʿʝʜʥʦʤ ʢʨʠʪʝʨʠʿʫʤʫ ʠʟ ʩʢʫʧʘ ʢʨʠʪʝʨʠʿʫʤʘ (1, 2,..., mC C C ). 

 

ʂʦʜ ʧʨʠʤʝʥʝ COPRAS ʤʝʪʦʜʝ, ʢʦʨʘʮʠ 1. ʠ 2. ʩʫ ʠʜʝʥʪʠʯʥʠ ʢʘʦ ʢʦʜ TOPSIS, ʩ ʪʠʤ ʜʘ 

ʩʝ ʝʣʝʤʝʥʪʠ ijx  ʥʦʨʤʘʣʠʟʦʚʘʥʝ ʤʘʪʨʠʮʝ X ʢʦʜ COPRAS ʜʦʙʠʿʘʫʿ ʧʨʠʤʝʥʦʤ ʘʜʠʪʠʚʥʝ 

ʥʦʨʤʘʣʠʟʘʮʠʿʝ:  
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  (17) 

 

ʂʦʨʘʢ 3. ʋ ʪʨʝ˂ʝʤ ʢʦʨʘʢʫ ʩʫʤʠʨʘʿʫ ʩʝ ʝʣʝʤʝʥʪʠ ʦʪʝʞʘʥʝ ʥʦʨʤʘʣʠʟʦʚʘʥʝ ʤʘʪʨʠʮʝ V 

(ʬʦʨʤʠʨʘʥʝ ʫ ʢʦʨʘʢʫ 2.) ʧʦ ʨʝʜʦʚʠʤʘ ʠ ʪʦ ʪʘʢʦ ʜʘ ʩʝ ʟʘ ʩʚʘʢʫ ʘʣʪʝʨʥʘʪʠʚʫ ʬʦʨʤʠʨʘʿʫ ʜʚʝ 

ʚʨʝʜʥʦʩʪʠ - Si
+ ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʩʫʤʫ ʦʪʝʞʘʥʠʭ ʥʦʨʤʘʣʠʟʦʚʘʥʠʭ ʚʨʝʜʥʦʩʪʠ ijv  ʟʘ 

ʙʝʥʝʬʠʪʥʝ ʢʨʠʪʝʨʠʿʫʤʝ ʠ Si
- ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʩʫʤʫ ʦʪʝʞʘʥʠʭ ʥʦʨʤʘʣʠʟʦʚʘʥʠʭ ʚʨʝʜʥʦʩʪʠ ijv  

ʟʘ ʧʦʪʨʦʰʥʝ ʢʨʠʪʝʨʠʿʫʤʝ. 

 

ʂʦʨʘʢ 4. ɸʛʨʝʛʘʮʠʿʘ ʚʨʝʜʥʦʩʪʠ ʢʨʠʪʝʨʠʿʫʤʩʢʠʭ ʬʫʥʢʮʠʿʘ. ʋ ʯʝʪʚʨʪʦʤ ʢʦʨʘʢʫ, ʧʨʠʤʝʥʦʤ 

ʠʟʨʘʟʘ (18) ʦʜʨʝʹʫʫʿ ʩʝ ʢʨʠʪʝʨʠʿʫʤʩʢʝ ʬʫʥʢʮʠʿʝ ʟʘ ʩʚʘʢʫ ʦʜ ʘʣʪʝʨʥʘʪʠʚʘ ʠʟ ʩʢʫʧʘ 

ʘʣʪʝʨʥʘʪʠʚʘ ʢʦʿʝ ʩʝ ʧʦʨʝʜʝ.   
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                                         (18) 

ʂʦʨʘʢ 5. ʈʘʥʛʠʨʘˁʝ ʘʣʪʝʨʥʘʪʠʚʘ. ʋ ʧʦʩʣʝʜˁʝʤ, ʧʝʪʦʤ, ʢʦʨʘʢʫ ʚʨʰʠ ʩʝ ʨʘʥʛʠʨʘˁʝ 

ʘʣʪʝʨʥʘʪʠʚʘ ʥʘ ʦʩʥʦʚʫ ʜʦʜʝˀʝʥʝ ʚʨʝʜʥʦʩʪʠ ʢʨʠʪʝʨʠʿʫʤʩʢʝ ʬʫʥʢʮʠʿʝ, ʘʣʠ ʪʘʢʦ ʰʪʦ ʩʝ 

ʧʨʝʪʭʦʜʥʦ ʦʥʝ ʧʨʝʪʚʘʨʘʿʫ ʫ ʧʨʦʮʝʥʪʝ ʧʨʠʤʝʥʦʤ ʠʟʨʘʟʘ (19). 
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max

100%i
i

Q
N

Q
= Ö                                                                  (19) 

ɸʣʪʝʨʥʘʪʠʚʘ ʢʦʿʘ ʥʘ ʦʚʘʿ ʥʘʯʠʥ ʜʦʙʠʿʝ ʚʨʝʜʥʦʩʪ ʢʨʠʪʝʨʠʿʫʤʩʢʝ ʬʫʥʢʮʠʿʝ 100% ʙʠʨʘ ʩʝ ʢʘʦ 

ʥʘʿʙʦˀʘ. 

 

¶ SAW (Simple Additive Weighting) 

 

SAW ʤʝʪʦʜʘ [33,94] ʩʝ ʫʙʨʘʿʘ ʫ ʿʝʜʥʫ ʦʜ ʥʘʿʧʦʟʥʘʪʠʿʠʭ ʠ ʩʚʘʢʘʢʦ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʠʭ 

ʤʝʪʦʜʘ ʫ ʦʙʣʘʩʪʠ ʚʠʰʝʢʨʠʪʝʨʠʿʫʤʩʢʦʛ ʦʜʣʫʯʠʚʘˁʘ. ɿʘ ʩʚʘʢʫ ʘʣʪʝʨʥʘʪʠʚʫ ʨʘʯʫʥʘ ʩʝ ʟʙʠʨʥʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʚʨʝʜʥʦʩʪ ʜʦʙʠʿʝʥʫ ʩʫʤʠʨʘˁʝʤ ʦʪʝʞʘʥʠʭ ʥʦʨʤʘʣʠʟʦʚʘʥʠʭ 

ʚʨʝʜʥʦʩʪʠ ʧʦ ʩʚʠʤ ʢʨʠʪʝʨʠʿʫʤʠʤʘ. ʆʥʘ ʘʣʪʝʨʥʘʪʠʚʘ ʢʦʿʦʿ ʦʜʛʦʚʘʨʘ ʥʘʿʚʝ˂ʘ ʦʚʘʢʦ 

ʠʟʨʘʯʫʥʘʪʘ ʚʨʝʜʥʦʩʪ ʧʨʝʜʩʪʘʚˀʘ Ăʥʘʿʙʦˀʝñ ʨʝʰʝˁʝ. ʇʦʨʝʜ ʪʦʛʘ ʰʪʦ SAW ʤʝʪʦʜʘ 

ʦʙʝʟʙʝʹʫʿʝ ʚʝʦʤʘ ʿʝʜʥʦʩʪʘʚʘʥ ʠ ʧʨʘʢʪʠʯʘʥ ʧʦʩʪʫʧʘʢ ʨʘʥʛʠʨʘˁʘ ʘʣʪʝʨʥʘʪʠʚʘ, ʨʝʟʫʣʪʘʪʠ 

ʢʦʿʠ ʩʝ ʜʦʙʠʿʘʿʫ ˁʝʥʦʤ ʧʨʠʤʝʥʦʤ ʫʛʣʘʚʥʦʤ ʥʝ ʦʜʩʪʫʧʘʿʫ ʦʜ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ ʥʝʢʠʤ 

ʪʟʚ. ʥʘʧʨʝʜʥʠʤ ʤʝʪʦʜʘʤʘ. 

 

ʅʘ ʦʩʥʦʚʫ ʥʘʚʝʜʝʥʦʛ, ʬʫʥʢʮʠʿʘ ʘʛʨʝʛʘʮʠʿʝ ʟʘ ʨʘʥʛʠʨʘˁʝ ʘʣʪʝʨʥʘʪʠʚʘ ʢʦʜ SAW 

ʤʝʪʦʜʝ ʤʦʞʝ ʩʝ ʠʟʨʘʟʠʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ [95,96]: 

 
1

m

i ij j

j

Q x w
=

= Öä  (20) 

ʛʜʝ wj ʧʨʝʜʩʪʘʚˀʘ ʪʝʞʠʥʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪ ʢʨʠʪʝʨʠʿʫʤʘ ,ʿ m ʧʨʝʜʩʪʘʚˀʘ ʫʢʫʧʘʥ ʙʨʦʿ 

ʢʨʠʪʝʨʠʿʫʤʘ, ʜʦʢ xij ʧʨʝʜʩʪʘʚˀʘ ʥʦʨʤʘʣʠʟʦʚʘʥʫ ʚʨʝʜʥʦʩʪ ʢʨʠʪʝʨʠʿʫʤʘ  ʿʟʘ ʘʣʪʝʨʥʘʪʠʚʫ i 

(i=1,2,é,n). 

 

ɱʝʜʘʥ ʦʜ ʛʣʘʚʥʠʭ ʥʝʜʦʩʪʘʪʘʢʘ ʦʚʝ ʤʝʪʦʜʝ ʿʝ ʰʪʦ ʩʝ ʤʦʞʝ ʜʠʨʝʢʪʥʦ ʧʨʠʤʝʥʠʪʠ ʩʘʤʦ 

ʘʢʦ ʩʫ ʩʚʠ ʢʨʠʪʝʨʠʿʫʤʠ ʙʝʥʝʬʠʪʥʦʛ ʪʠʧʘ, ʜʦʢ ʩʝ ʢʨʠʪʝʨʠʿʫʤʠ ʪʨʦʰʢʦʚʥʦʛ ʪʠʧʘ ʤʦʨʘʿʫ 

ʧʨʚʦ ʢʦʥʚʝʨʪʦʚʘʪʠ ʫ ʙʝʥʝʬʠʪʥʝ ʢʘʢʦ ʙʠ ʩʝ ʤʦʛʣʠ ʤʘʢʩʠʤʠʟʠʨʘʪʠ. 

 

4.1.4. ʈʝʟʫʣʪʘʪʠ ʪʝʩʪʠʨʘˁʘ 

 

ʋ ʩʢʣʦʧʫ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʘ ʩʫ ʧʨʝʪʭʦʜʠʣʘ ʧʨʠʧʨʝʤʠ ʟʘ ʠʟʨʘʜʫ ʜʠʩʝʨʪʘʮʠʿʝ, ʘʫʪʦʨ 

ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʧʫʙʣʠʢʦʚʘʦ ʨʘʜ ʫ ʢʦʤʝ ʿʝ ʪʝʩʪʠʨʘʥʘ ʧʨʠʤʝʥʘ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʧʨʝʪʨʘʛʫ 

ʦʢʨʫʞʝˁʘ ʢʦʿʝ ʟʘ ʠʟʙʦʨ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ ʪʘʢʦʹʝ ʢʦʨʠʩʪʝ ɺʂʆ ʤʝʪʦʜʝ SAW, 

COPRAS ʠ TOPSIS, ʢʘʦ ʠ ʧʨʠʤʝʥʘ ʩʪʨʘʪʝʛʠʿʘ Dist_Min ʠ GBL ʫ ʦʢʨʫʞʝˁʠʤʘ ʢʦʿʘ 

ʦʜʛʦʚʘʨʘʿʫ ʦʢʨʫʞʝˁʠʤʘ ʫ ʜʠʩʝʨʪʘʮʠʿʠ ɸ, ɺ ʠ D [97]. ʋ ʦʢʚʠʨʫ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʧʦʚʝ˂ʘʥ ʙʨʦʿ 

ʪʝʩʪʠʨʘʥʠʭ ʩʪʘʨʪʥʠʭ ʧʦʟʠʮʠʿʘ ʩʘ 4 ʥʘ 12 ʧʦ ʦʢʨʫʞʝˁʫ (ʧʦ ʪʨʠ ʩʘ ʩʚʘʢʝ ʩʪʨʘʥʝ ʩʘ ʿʝʜʥʘʢʠʤ 

ʤʝʹʫʩʦʙʥʠʤ ʨʘʩʪʦʿʘˁʝʤ ʢʦʿʝ ʠʟʥʦʩʠ ı ʩʪʨʘʥʝ ʧʨʠ ʯʝʤʫ ʿʝ ʿʝʜʥʘ ʪʘʯʥʦ ʥʘ ʩʨʝʜʠʥʠ ʩʪʨʘʥʝ), 

ʘ ʪʘʢʦʹʝ ʿʝ ʩʠʤʫʣʘʮʠʿʦʤ ʦʙʫʭʚʘ˂ʝʥ ʚʝ˂ʠ ʙʨʦʿ ʦʢʨʫʞʝˁʘ (ʯʝʪʠʨʠ), ʢʘʦ ʠ ʚʝ˂ʠ ʙʨʦʿ 

ʩʪʨʘʪʝʛʠʿʘ ʢʦʿʝ ʥʠʩʫ ʙʘʟʠʨʘʥʝ ʥʘ ɺʂʆ (Dist_Min, GBL, AOJRF, WS) ʠ ʩʚʝ ʪʦ ʟʘ ʚʠʰʝ 

ʚʘʨʠʿʘʥʪʠ ʜʦʤʝʪʘ ʩʝʥʟʦʨʘ ʨʦʙʦʪʘ ʫ ʦʢʨʫʞʝˁʠʤʘ A ʠ B. ɼʦʤʝʪ ʩʝʥʟʦʨʘ ʨʦʙʦʪʘ ʠʟʨʘʞʝʥ ʿʝ ʫ 

ʙʨʦʿʫ ʿʝʜʠʥʠʯʥʠʭ ʜʠʤʝʥʟʠʿʘ ˂ʝʣʠʿʝ ʤʘʧʝ. 

 

ɿʘ ʚʨʝʜʥʦʩʪ ʢʦʝʬʠʮʠʿʝʥʪʘ ɓ ʫ ʠʟʨʘʟʫ (4) ʟʘ WS ʩʪʨʘʪʝʛʠʿʫ ʥʘ ʦʩʥʦʚʫ [12] 

ʜʝʬʠʥʠʩʘʥʦ ʿʝ ɓ=1, ʜʦʢ ʿʝ ʟʘ ʚʨʝʜʥʦʩʪ ʢʦʝʬʠʮʠʿʝʥʪʘ ɚ ʫ ʠʟʨʘʟʫ (5) ʟʘ GBL ʩʪʨʘʪʝʛʠʿʫ ʥʘ 

ʦʩʥʦʚʫ [10,13] ʜʝʬʠʥʠʩʘʥʦ ɚ=0.2. 

ʈʝʟʫʣʪʘʪʠ ʪʝʩʪʠʨʘˁʘ ʫ ʩʤʠʩʣʫ ʧʨʦʩʝʯʥʠʭ (ʩʨʝʜˁʠʭ) ʫʢʫʧʥʠʭ ʜʫʞʠʥʘ ʧʫʪʘˁʘ 

ʨʦʙʦʪʘ ʫ ʮʠˀʫ ʧʨʝʪʨʘʛʝ 90% ʦʢʨʫʞʝˁʘ A, B, C ʠ D (ʉʣʠʢʘ 25) ʟʘ ʘʥʘʣʠʟʠʨʘʥʝ ʩʪʨʘʪʝʛʠʿʝ 

ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʊʘʙʝʣʘʤʘ 4, 5, 6. ʠ 7. ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʨʝʟʫʣʪʘʪʘ ʪʝʩʪʠʨʘˁʘ ʢʦʿʠ ʫʢˀʫʯʫʿʝ 

ʠ ʩʪʘʥʜʘʨʜʝ ʜʝʚʠʿʘʮʠʿʝ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʉʣʠʢʘʤʘ 29, 31, 33, 36, 37, 39. ʠ 41. 
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ʋ ʦʢʚʠʨʫ ʪʝʩʪʠʨʘˁʘ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ɸ ʜʘʪʠ ʩʫ ʠ ʛʨʘʬʠʢʦʥʠ ʟʘʚʠʩʥʦʩʪʠ 

ʧʨʠʨʘʩʪʘ ʧʨʝʪʨʘʞʝʥʦʛ ʜʝʣʘ ʦʢʨʫʞʝˁʘ ʦʜ ʜʫʞʠʥʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʟʘ ʧʦ ʿʝʜʥʫ ʠʟʘʙʨʘʥʫ 

ʩʪʘʨʪʥʫ ʧʦʟʠʮʠʿʫ, ʟʘ ʩʚʝ ʪʝʩʪʠʨʘʥʝ ʩʪʨʘʪʝʛʠʿʝ ʠ ʚʘʨʠʿʘʥʪʝ ʜʦʤʝʪʘ ʩʝʥʟʦʨʘ ʨʦʙʦʪʘ (ʉʣʠʢʝ 

30, 32. ʠ 34). ʅʘ ʢʨʘʿʫ ʩʫ ʜʘʪʠ ʨʝʟʫʣʪʘʪʠ ʪʝʩʪʠʨʘˁʘ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʝ ɸ ʩʘ ʧʨʦʤʝʥʦʤ 

ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʢʨʠʪʝʨʠʿʫʤʘ ʪʦʢʦʤ ʪʨʘʿʘˁʘ ʧʨʝʪʨʘʛʝ (ʊʘʙʝʣʘ 8. ʠ ʉʣʠʢʘ 43). 

 

ʇʨʠʤʝʨʠ ʧʫʪʘˁʘ ʨʦʙʦʪʘ ʛʝʥʝʨʠʩʘʥʠʭ ʦʜ ʩʪʨʘʥʝ D* Lite ʘʣʛʦʨʠʪʤʘ ʪʦʢʦʤ ʧʨʝʪʨʘʛʝ 

ʨʘʟʤʘʪʨʘʥʠʭ ʦʢʨʫʞʝˁʘ, ʢʘʦ ʠ ʤʘʧʝ ʦʢʨʫʞʝˁʘ ʬʦʨʤʠʨʘʥʝ ʥʘʢʦʥ ʧʨʝʪʨʘʛʝ ʧʨʠʤʝʥʦʤ ʥʝʢʝ 

ʦʜ ʪʝʩʪʠʨʘʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʉʣʠʢʘʤʘ 35, 38, 40. ʠ 42. 

 

ʇʦʜʩʝ˂ʘˁʘ ʨʘʜʠ, ʟʘ ʠʟʙʦʨ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ (p), ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʢʨʠʪʝʨʠʿʫʤʠ, 

ʙʣʠʞʝ ʦʙʿʘʰˁʝʥʠ ʫ ʇʦʛʣʘʚˀʫ 3.2: 

- L(p), ʜʫʞʠʥʘ ʧʫʪʘˁʝ ʦʜ ʘʢʪʫʝʣʥʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ ʜʦ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘ p, 

- ɸ(p), ʠʥʬʦʨʤʘʪʠʚʥʠ ʧʦʪʝʥʮʠʿʘʣ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘ p, 

- P(p), ʫʜʘˀʝʥʦʩʪ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘ p ʦʜ ʙʘʟʥʝ ʩʪʘʥʠʮʝ. 

 

ʂʦʦʨʜʠʥʘʪʝ ʩʪʘʨʪʥʠʭ ʧʦʟʠʮʠʿʘ ʨʦʙʦʪʘ ʜʝʬʠʥʠʩʘʥʝ ʩʫ ʫ ʦʜʥʦʩʫ ʥʘ ɼʝʢʘʨʪʦʚ 

ʢʦʦʨʜʠʥʘʪʥʠ ʩʠʩʪʝʤ ʚʝʟʘʥ ʟʘ ʣʝʚʠ ʜʦˁʠ ʫʛʘʦ ʤʘʧʝ. ɱʝʜʘʥ ʧʦʜʝʦʢ ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪʥʦʛ 

ʩʠʩʪʝʤʘ ʿʝʜʥʘʢ ʿʝ ʜʠʤʝʥʟʠʿʠ ˂ʝʣʠʿʝ ʤʘʧʝ. 

 

 

¶ ʆʢʨʫʞʝˁʝ ɸ (ʜʠʤʝʥʟʠʿʝ 100x100)  

 

 

ʊʘʙʝʣʘ 4. ʇʨʦʩʝʯʥʝ (ʩʨʝʜˁʝ) ʜʫʞʠʥʝ ʧʫʪʘˁʘ ʨʦʙʦʪʘ ʟʘ ʧʦʪʨʝʙʝ ʧʨʝʪʨʘʛʝ 90% ʦʢʨʫʞʝˁʘ 

ɸ ʧʨʠʤʝʥʦʤ ʪʝʩʪʠʨʘʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʪʨʠ ʚʘʨʠʿʘʥʪʝ ʜʦʤʝʪʘ ʩʝʥʟʦʨʘ. 

 

Strategije za pretragu okruģenja 

Srednje duģine putanja robota u okruģenju A        

domet senzora 

r=10 

domet senzora 

r=15 

domet senzora 

r=20 

VKO 

SAW 1119.05 813.03 697.51 

COPRAS 1049.31 806.06 667.88 

TOPSIS 1038.63 769.82 630.24 

Dist_Min 1249.13 848.32 749.96 

GBL 1225.11 778.08 736.85 

AOJRF 1612.30 897.26 742.89 

WS 1243.21 793.76 662.06 

Napomena: Kod metoda VKO primenjene su kombinacije teģinskih koeficijenata (0.7, 0.2, 

0.1) pri r=10, odnosno (0.6, 0.3, 0.1) pri r=15 i r=20, za kriterijume L(p), A(p) i P(p), 

respektivno. 
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ʉʣʠʢʘ 29. ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʧʨʦʩʝʯʥʠʭ (ʩʨʝʜˁʠʭ) ʜʫʞʠʥʘ ʧʫʪʘˁʘ ʠ ʩʪʘʥʜʘʨʜʥʠʭ 

ʜʝʚʠʿʘʮʠʿʘ ʟʘ ʧʦʪʨʝʙʝ ʧʨʝʪʨʘʛʝ 90% ʦʢʨʫʞʝˁʘ ɸ ʧʨʠʤʝʥʦʤ ʪʝʩʪʠʨʘʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʟʘ 

ʚʘʨʠʿʘʥʪʫ ʜʦʤʝʪʘ ʩʝʥʟʦʨʘ r=10 ʠ ʢʦʤʙʠʥʘʮʠʿʫ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʢʦʜ ɺʂʆ (0.7, 

0.2, 0.1) ʟʘ ʢʨʠʪʝʨʠʿʫʤʝ L(p), A(p) ʠ P(p), ʨʝʩʧʝʢʪʠʚʥʦ. 

 

 

 

 
 

ʉʣʠʢʘ 30. ɿʘʚʠʩʥʦʩʪ ʧʨʠʨʘʩʪʘ ʧʨʝʪʨʘʞʝʥʦʛ ʜʝʣʘ ʦʢʨʫʞʝˁʘ ʦʜ ʜʫʞʠʥʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ 

ʟʘ ʧʦʪʨʝʙʝ ʧʨʝʪʨʘʛʝ 90% ʦʢʨʫʞʝˁʘ ɸ ʧʨʠʤʝʥʦʤ ʪʝʩʪʠʨʘʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʚʘʨʠʿʘʥʪʫ 

ʜʦʤʝʪʘ ʩʝʥʟʦʨʘ r=10, ʢʦʤʙʠʥʘʮʠʿʫ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʢʦʜ ɺʂʆ (0.7, 0.2, 0.1) ʟʘ 

ʢʨʠʪʝʨʠʿʫʤʝ L(p), A(p) ʠ P(p), ʨʝʩʧʝʢʪʠʚʥʦ, ʠ ʩʪʘʨʪʥʫ ʧʦʟʠʮʠʿʫ ʨʦʙʦʪʘ  (x=2, y=50), ʫ 

ʦʜʥʦʩʫ ʥʘ ɼʝʢʘʨʪʦʚ ʂʉ ʚʝʟʘʥ ʟʘ ʜʦˁʠ ʣʝʚʠ ʫʛʘʦ ʤʘʧʝ. 
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ʉʣʠʢʘ 31. ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʧʨʦʩʝʯʥʠʭ (ʩʨʝʜˁʠʭ) ʜʫʞʠʥʘ ʧʫʪʘˁʘ ʠ ʩʪʘʥʜʘʨʜʥʠʭ 

ʜʝʚʠʿʘʮʠʿʘ ʟʘ ʧʦʪʨʝʙʝ ʧʨʝʪʨʘʛʝ 90% ʦʢʨʫʞʝˁʘ ɸ ʧʨʠʤʝʥʦʤ ʪʝʩʪʠʨʘʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʟʘ 

ʚʘʨʠʿʘʥʪʫ ʜʦʤʝʪʘ ʩʝʥʟʦʨʘ r=15 ʠ ʢʦʤʙʠʥʘʮʠʿʫ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʢʦʜ ɺʂʆ (0.6, 

0.3, 0.1) ʟʘ ʢʨʠʪʝʨʠʿʫʤʝ L(p), A(p) ʠ P(p), ʨʝʩʧʝʢʪʠʚʥʦ. 

 

 

 

 
 

ʉʣʠʢʘ 32. ɿʘʚʠʩʥʦʩʪ ʧʨʠʨʘʩʪʘ ʧʨʝʪʨʘʞʝʥʦʛ ʜʝʣʘ ʦʢʨʫʞʝˁʘ ʦʜ ʜʫʞʠʥʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ 

ʟʘ ʧʦʪʨʝʙʝ ʧʨʝʪʨʘʛʝ 90% ʦʢʨʫʞʝˁʘ ɸ ʧʨʠʤʝʥʦʤ ʪʝʩʪʠʨʘʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʚʘʨʠʿʘʥʪʫ 

ʜʦʤʝʪʘ ʩʝʥʟʦʨʘ r=15, ʢʦʤʙʠʥʘʮʠʿʫ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʢʦʜ ɺʂʆ (0.6, 0.3, 0.1) ʠ 

ʩʪʘʨʪʥʫ ʧʦʟʠʮʠʿʫ ʨʦʙʦʪʘ  (x=50, y=99), ʫ ʦʜʥʦʩʫ ʥʘ ɼʝʢʘʨʪʦʚ ʂʉ ʚʝʟʘʥ ʟʘ ʜʦˁʠ ʣʝʚʠ ʫʛʘʦ 

ʤʘʧʝ. 
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ʉʣʠʢʘ 33. ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʧʨʦʩʝʯʥʠʭ (ʩʨʝʜˁʠʭ) ʜʫʞʠʥʘ ʧʫʪʘˁʘ ʠ ʩʪʘʥʜʘʨʜʥʠʭ 

ʜʝʚʠʿʘʮʠʿʘ ʟʘ ʧʦʪʨʝʙʝ ʧʨʝʪʨʘʛʝ 90% ʦʢʨʫʞʝˁʘ ɸ ʧʨʠʤʝʥʦʤ ʪʝʩʪʠʨʘʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʟʘ 

ʚʘʨʠʿʘʥʪʫ ʜʦʤʝʪʘ ʩʝʥʟʦʨʘ r=20 ʠ ʢʦʤʙʠʥʘʮʠʿʫ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʢʦʜ ɺʂʆ (0.6, 

0.3, 0.1) ʟʘ ʢʨʠʪʝʨʠʿʫʤʝ L(p), A(p) ʠ P(p), ʨʝʩʧʝʢʪʠʚʥʦ. 

 

 

 

 
 

ʉʣʠʢʘ 34. ɿʘʚʠʩʥʦʩʪ ʧʨʠʨʘʩʪʘ ʧʨʝʪʨʘʞʝʥʦʛ ʜʝʣʘ ʦʢʨʫʞʝˁʘ ʦʜ ʜʫʞʠʥʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ 

ʟʘ ʧʦʪʨʝʙʝ ʧʨʝʪʨʘʛʝ 90% ʦʢʨʫʞʝˁʘ ɸ ʧʨʠʤʝʥʦʤ ʪʝʩʪʠʨʘʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʚʘʨʠʿʘʥʪʫ 

ʜʦʤʝʪʘ ʩʝʥʟʦʨʘ r=20, ʢʦʤʙʠʥʘʮʠʿʫ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʢʦʜ ɺʂʆ (0.6, 0.3, 0.1) ʟʘ 

ʢʨʠʪʝʨʠʿʫʤʝ L(p), A(p) ʠ P(p), ʨʝʩʧʝʢʪʠʚʥʦ, ʠ ʩʪʘʨʪʥʫ ʧʦʟʠʮʠʿʫ ʨʦʙʦʪʘ  (x=2, y=50), ʫ 

ʦʜʥʦʩʫ ʥʘ ɼʝʢʘʨʪʦʚ ʂʉ ʚʝʟʘʥ ʟʘ ʜʦˁʠ ʣʝʚʠ ʫʛʘʦ ʤʘʧʝ. 
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ʉʣʠʢʘ 35. ʇʫʪʘˁʘ ʨʦʙʦʪʘ ʛʝʥʝʨʠʩʘʥʘ D* Lite ʘʣʛʦʨʠʪʤʦʤ ʪʦʢʦʤ ʧʨʝʪʨʘʛʝ 90% 

ʦʢʨʫʞʝˁʘ ɸ (ʣʝʚʦ) ʠ ʤʘʧʘ ʦʢʨʫʞʝˁʘ ʥʘʢʦʥ ʧʨʝʪʨʘʛʝ (ʜʝʩʥʦ) ʧʨʠʤʝʥʦʤ TOPSIS ʤʝʪʦʜʝ ʟʘ 

ʠʟʙʦʨ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ ʫʟ ʢʦʤʙʠʥʘʮʠʿʫ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ (0.6, 0.3, 0.1) ʟʘ 

ʢʨʠʪʝʨʠʿʫʤʝ L(p), A(p) ʠ P(p), ʨʝʩʧʝʢʪʠʚʥʦ, ʟʘ ʚʘʨʠʿʘʥʪʫ ʜʦʤʝʪʘ ʩʝʥʟʦʨʘ r=15 ʠ ʩʪʘʨʪʥʫ 

ʧʦʟʠʮʠʿʫ ʨʦʙʦʪʘ (x=50, y=99), ʦʟʥʘʯʝʥʫ ʟʝʣʝʥʠʤ ʢʨʫʞʠ˂ʝʤ ʥʘ ʩʣʠʮʠ ʣʝʚʦ. 

 

 

¶ ʆʢʨʫʞʝˁʝ B (ʜʠʤʝʥʟʠʿʝ 150x150) 

 

 

ʊʘʙʝʣʘ 5. ʇʨʦʩʝʯʥʝ (ʩʨʝʜˁʝ) ʜʫʞʠʥʝ ʧʫʪʘˁʘ ʨʦʙʦʪʘ ʟʘ ʧʦʪʨʝʙʝ ʧʨʝʪʨʘʛʝ 90% ʦʢʨʫʞʝˁʘ 

B ʧʨʠʤʝʥʦʤ ʪʝʩʪʠʨʘʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʜʚʝ ʚʘʨʠʿʘʥʪʝ ʜʦʤʝʪʘ ʩʝʥʟʦʨʘ. 

 

Strategije za pretragu okruģenja 

Srednje duģine putanja robota u okruģenju B 

domet senzora 

r=15 

domet senzora 

r=25 

VKO 

SAW 2249.14 1625.73 

COPRAS 2121.23 1493.00 

TOPSIS 2011.27 1525.05 

Dist_Min 2493.17 1703.50 

GBL 2134.32 1378.85 

AOJRF 2473.43 1694.00 

WS 2325.25 1555.50 

Napomena: Kod metoda VKO primenjena je kombinacija teģinskih 

koeficijenata (0.7, 0.2, 0.1) za kriterijume L(p), A(p) i P(p), respektivno, u obe 

varijante dometa senzora. 
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ʉʣʠʢʘ 36. ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʧʨʦʩʝʯʥʠʭ (ʩʨʝʜˁʠʭ) ʜʫʞʠʥʘ ʧʫʪʘˁʘ ʠ ʩʪʘʥʜʘʨʜʥʠʭ 

ʜʝʚʠʿʘʮʠʿʘ ʟʘ ʧʦʪʨʝʙʝ ʧʨʝʪʨʘʛʝ 90% ʦʢʨʫʞʝˁʘ B ʧʨʠʤʝʥʦʤ ʪʝʩʪʠʨʘʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʟʘ 

ʚʘʨʠʿʘʥʪʫ ʜʦʤʝʪʘ ʩʝʥʟʦʨʘ r=15 ʠ ʢʦʤʙʠʥʘʮʠʿʫ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʢʦʜ ɺʂʆ (0.7, 

0.2, 0.1) ʟʘ ʢʨʠʪʝʨʠʿʫʤʝ L(p), A(p) ʠ P(p), ʨʝʩʧʝʢʪʠʚʥʦ. 

 

 

 

 
 

ʉʣʠʢʘ 37. ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʧʨʦʩʝʯʥʠʭ (ʩʨʝʜˁʠʭ) ʜʫʞʠʥʘ ʧʫʪʘˁʘ ʠ ʩʪʘʥʜʘʨʜʥʠʭ 

ʜʝʚʠʿʘʮʠʿʘ ʟʘ ʧʦʪʨʝʙʝ ʧʨʝʪʨʘʛʝ 90% ʦʢʨʫʞʝˁʘ B ʧʨʠʤʝʥʦʤ ʪʝʩʪʠʨʘʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʟʘ 

ʚʘʨʠʿʘʥʪʫ ʜʦʤʝʪʘ ʩʝʥʟʦʨʘ r=25 ʠ ʢʦʤʙʠʥʘʮʠʿʫ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʢʦʜ ɺʂʆ (0.7, 

0.2, 0.1) ʟʘ ʢʨʠʪʝʨʠʿʫʤʝ L(p), A(p) ʠ P(p), ʨʝʩʧʝʢʪʠʚʥʦ. 
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ʉʣʠʢʘ 38. ʇʫʪʘˁʘ ʨʦʙʦʪʘ ʛʝʥʝʨʠʩʘʥʘ D* Lite ʘʣʛʦʨʠʪʤʦʤ ʪʦʢʦʤ ʧʨʝʪʨʘʛʝ 90% 

ʦʢʨʫʞʝˁʘ B (ʣʝʚʦ) ʠ ʤʘʧʘ ʦʢʨʫʞʝˁʘ ʥʘʢʦʥ ʧʨʝʪʨʘʛʝ (ʜʝʩʥʦ) ʧʨʠʤʝʥʦʤ COPRAS ʤʝʪʦʜʝ 

ʟʘ ʠʟʙʦʨ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ ʫʟ ʢʦʤʙʠʥʘʮʠʿʫ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ (0.7, 0.2, 0.1) 

ʟʘ ʢʨʠʪʝʨʠʿʫʤʝ L(p), A(p) ʠ P(p), ʨʝʩʧʝʢʪʠʚʥʦ, ʟʘ ʚʘʨʠʿʘʥʪʫ ʜʦʤʝʪʘ ʩʝʥʟʦʨʘ r=25 ʠ 

ʩʪʘʨʪʥʫ ʧʦʟʠʮʠʿʫ ʨʦʙʦʪʘ (x=75, y=2), ʦʟʥʘʯʝʥʫ ʟʝʣʝʥʠʤ ʢʨʫʞʠ˂ʝʤ ʥʘ ʩʣʠʮʠ ʣʝʚʦ. 

 

 

¶ ʆʢʨʫʞʝˁʝ C (ʜʠʤʝʥʟʠʿʝ 150x150) 

 

 

ʊʘʙʝʣʘ 6. ʇʨʦʩʝʯʥʝ (ʩʨʝʜˁʝ) ʜʫʞʠʥʝ ʧʫʪʘˁʘ ʨʦʙʦʪʘ ʟʘ ʧʦʪʨʝʙʝ ʧʨʝʪʨʘʛʝ 90% ʦʢʨʫʞʝˁʘ 

C ʧʨʠʤʝʥʦʤ ʪʝʩʪʠʨʘʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʿʝʜʥʫ ʚʘʨʠʿʘʥʪʫ ʜʦʤʝʪʘ ʩʝʥʟʦʨʘ. 

 

Strategije za pretragu okruģenja 

Srednje duģine putanja robota 

u okruģenju C 

domet senzora 

r=15 

VKO 

SAW 1480.25 

COPRAS 1470.03 

TOPSIS 1386.08 

Dist_Min 1740.79 

GBL 1429.30 

AOJRF 1729.88 

WS 1436.55 

Napomena: Kod metoda VKO primenjena je kombinacija 

teģinskih koeficijenata (0.7, 0.2, 0.1) za kriterijume L(p), A(p) i 

P(p), respektivno. 
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ʉʣʠʢʘ 39. ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʧʨʦʩʝʯʥʠʭ (ʩʨʝʜˁʠʭ) ʜʫʞʠʥʘ ʧʫʪʘˁʘ ʠ ʩʪʘʥʜʘʨʜʥʠʭ 

ʜʝʚʠʿʘʮʠʿʘ ʟʘ ʧʦʪʨʝʙʝ ʧʨʝʪʨʘʛʝ 90% ʦʢʨʫʞʝˁʘ C ʧʨʠʤʝʥʦʤ ʪʝʩʪʠʨʘʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʟʘ 

ʚʘʨʠʿʘʥʪʫ ʜʦʤʝʪʘ ʩʝʥʟʦʨʘ r=15 ʠ ʢʦʤʙʠʥʘʮʠʿʫ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʢʦʜ ɺʂʆ (0.7, 

0.2, 0.1) ʟʘ ʢʨʠʪʝʨʠʿʫʤʝ L(p), A(p) ʠ P(p), ʨʝʩʧʝʢʪʠʚʥʦ. 

 

    

 

       
 

ʉʣʠʢʘ 40. ʇʫʪʘˁʘ ʨʦʙʦʪʘ ʛʝʥʝʨʠʩʘʥʘ D* Lite ʘʣʛʦʨʠʪʤʦʤ ʪʦʢʦʤ ʧʨʝʪʨʘʛʝ 90% 

ʦʢʨʫʞʝˁʘ C (ʣʝʚʦ) ʠ ʤʘʧʘ ʦʢʨʫʞʝˁʘ ʥʘʢʦʥ ʧʨʝʪʨʘʛʝ (ʜʝʩʥʦ) ʧʨʠʤʝʥʦʤ GBL ʩʪʨʘʪʝʛʠʿʝ 

ʟʘ ʠʟʙʦʨ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ, ʟʘ ʚʘʨʠʿʘʥʪʫ ʜʦʤʝʪʘ ʩʝʥʟʦʨʘ r=15 ʠ ʩʪʘʨʪʥʫ ʧʦʟʠʮʠʿʫ 

ʨʦʙʦʪʘ (x=2, y=75), ʦʟʥʘʯʝʥʫ ʟʝʣʝʥʠʤ ʢʨʫʞʠ˂ʝʤ ʥʘ ʩʣʠʮʠ ʣʝʚʦ. 
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¶ ʆʢʨʫʞʝˁʝ D (ʜʠʤʝʥʟʠʿʝ 100x100) 

  

 

ʊʘʙʝʣʘ 7. ʇʨʦʩʝʯʥʝ (ʩʨʝʜˁʝ) ʜʫʞʠʥʝ ʧʫʪʘˁʘ ʨʦʙʦʪʘ ʟʘ ʧʦʪʨʝʙʝ ʧʨʝʪʨʘʛʝ 90% ʦʢʨʫʞʝˁʘ 

D ʧʨʠʤʝʥʦʤ ʪʝʩʪʠʨʘʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʿʝʜʥʫ ʚʘʨʠʿʘʥʪʫ ʜʦʤʝʪʘ ʩʝʥʟʦʨʘ. 

  

Strategije za pretragu okruģenja 

Srednje duģine putanja robota 

u okruģenju D 

domet senzora 

r=15 

VKO 

SAW 469.62 

COPRAS 427.87 

TOPSIS 456.82 

Dist_Min 673.10 

GBL 455.41 

AOJRF 457.72 

WS 465.98 

Napomena: Kod metoda VKO primenjena je kombinacija 

teģinskih koeficijenata (0.6, 0.3, 0.1) za kriterijume L(p), A(p) i 

P(p), respektivno. 

 

 

 

 
 

ʉʣʠʢʘ 41. ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʧʨʦʩʝʯʥʠʭ (ʩʨʝʜˁʠʭ) ʜʫʞʠʥʘ ʧʫʪʘˁʘ ʠ ʩʪʘʥʜʘʨʜʥʠʭ 

ʜʝʚʠʿʘʮʠʿʘ ʟʘ ʧʦʪʨʝʙʝ ʧʨʝʪʨʘʛʝ 90% ʦʢʨʫʞʝˁʘ D ʧʨʠʤʝʥʦʤ ʪʝʩʪʠʨʘʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʟʘ 

ʚʘʨʠʿʘʥʪʫ ʜʦʤʝʪʘ ʩʝʥʟʦʨʘ r=15 ʠ ʢʦʤʙʠʥʘʮʠʿʫ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʢʦʜ ɺʂʆ (0.6, 

0.3, 0.1) ʟʘ ʢʨʠʪʝʨʠʿʫʤʝ L(p), A(p) ʠ P(p), ʨʝʩʧʝʢʪʠʚʥʦ. 
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ʉʣʠʢʘ 42. ʇʫʪʘˁʘ ʨʦʙʦʪʘ ʛʝʥʝʨʠʩʘʥʘ D* Lite ʘʣʛʦʨʠʪʤʦʤ ʪʦʢʦʤ ʧʨʝʪʨʘʛʝ 90% 

ʦʢʨʫʞʝˁʘ D (ʣʝʚʦ) ʠ ʤʘʧʘ ʦʢʨʫʞʝˁʘ ʥʘʢʦʥ ʧʨʝʪʨʘʛʝ (ʜʝʩʥʦ) ʧʨʠʤʝʥʦʤ WS ʩʪʨʘʪʝʛʠʿʝ ʟʘ 

ʠʟʙʦʨ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ, ʟʘ ʚʘʨʠʿʘʥʪʫ ʜʦʤʝʪʘ ʩʝʥʟʦʨʘ r=15 ʠ ʩʪʘʨʪʥʫ ʧʦʟʠʮʠʿʫ 

ʨʦʙʦʪʘ (x=2, y=2), ʦʟʥʘʯʝʥʫ ʟʝʣʝʥʠʤ ʢʨʫʞʠ˂ʝʤ ʥʘ ʩʣʠʮʠ ʣʝʚʦ. 

 

 

¶ ʆʢʨʫʞʝˁʝ ɸ (ʜʠʤʝʥʟʠʿʝ 100x100), ʩʘ ʧʨʦʤʝʥʦʤ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ 

ʢʨʠʪʝʨʠʿʫʤʘ ʪʦʢʦʤ ʪʨʘʿʘˁʘ ʧʨʝʪʨʘʛʝ 

 

 

 
 

ʉʣʠʢʘ 43. ɿʘʚʠʩʥʦʩʪ ʧʨʠʨʘʩʪʘ ʧʨʝʪʨʘʞʝʥʦʛ ʜʝʣʘ ʦʢʨʫʞʝˁʘ ʦʜ ʜʫʞʠʥʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ 

ʟʘ ʧʦʪʨʝʙʝ ʧʨʝʪʨʘʛʝ 90% ʦʢʨʫʞʝˁʘ ɸ ʧʨʠʤʝʥʦʤ ʪʝʩʪʠʨʘʥʠʭ ɺʂʆ ʤʝʪʦʜʘ ʟʘ ʠʟʙʦʨ 

ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ ʫʟ ʧʨʦʤʝʥʫ ʢʦʤʙʠʥʘʮʠʿʘ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʪʦʢʦʤ 

ʪʨʘʿʘˁʘ ʧʨʝʪʨʘʛʝ, ʟʘ ʚʘʨʠʿʘʥʪʫ ʜʦʤʝʪʘ ʩʝʥʟʦʨʘ r=20 ʠ ʩʪʘʨʪʥʫ ʧʦʟʠʮʠʿʫ ʨʦʙʦʪʘ (x=2, 

y=50), ʫ ʦʜʥʦʩʫ ʥʘ ɼʝʢʘʨʪʦʚ ʂʉ ʚʝʟʘʥ ʟʘ ʜʦˁʠ ʣʝʚʠ ʫʛʘʦ ʤʘʧʝ. 
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ʊʘʙʝʣʘ 8. ʇʨʦʩʝʯʥʝ (ʩʨʝʜˁʝ) ʜʫʞʠʥʝ ʧʫʪʘˁʘ ʨʦʙʦʪʘ ʟʘ ʧʦʪʨʝʙʝ ʧʨʝʪʨʘʛʝ 90% ʦʢʨʫʞʝˁʘ 

ɸ ʧʨʠʤʝʥʦʤ ʪʝʩʪʠʨʘʥʠʭ ɺʂʆ ʤʝʪʦʜʘ ʟʘ ʠʟʙʦʨ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ ʫʟ ʧʨʦʤʝʥʫ 

ʢʦʤʙʠʥʘʮʠʿʘ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʪʦʢʦʤ ʪʨʘʿʘˁʘ ʧʨʝʪʨʘʛʝ. 

 

Strategije za pretragu okruģenja 

Srednje duģine putanja robota 

u okruģenju ɸ 

domet senzora 

r=20 

VKO 

SAW 800.35 

COPRAS 783.45 

TOPSIS 664.38 

Napomena: U prvom delu pretrage primenjena je kombinacija 

teģinskih koeficijenata (0.2, 0.7, 0.1), a u drugom delu 

kombinacija (0.6, 0.3, 0.1) za kriterijume L(p), A(p) i P(p), 

respektivno. Promena vrednosti teģinskih koeficijenata vrġi se u 

trenutku kada se pretraģi 80% okruģenja. 

 

4.1.5. ɼʠʩʢʫʩʠʿʘ 

 

  ʈʘʜʠ ʘʜʝʢʚʘʪʥʦʛ ʫʚʦʜʘ ʫ ʜʠʩʢʫʩʠʿʫ, ʥʘ ʧʦʯʝʪʢʫ ˂ʝ ʙʠʪʠ ʜʦʜʘʪʥʦ ʦʙʨʘʟʣʦʞʝʥʝ 

ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʤʝʪʦʜʝ ɺʂʆ TOPSIS ʠ ʠʟʘʙʨʘʥʠʭ ʢʨʠʪʝʨʠʿʫʤʘ ʟʘ ʝʚʘʣʫʘʮʠʿʫ (ʚʨʝʜʥʦʚʘˁʝ) 

ʧʦʟʠʮʠʿʘ-ʢʘʥʜʠʜʘʪʘ ʨʦʙʦʪʘ ʪʦʢʦʤ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ, ʢʘʦ ʠ ʦʧʰʪʝ ʠ ʧʦʩʝʙʥʝ 

ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʢʦʤʧʣʝʢʩʥʠʭ ʦʢʨʫʞʝˁʘ ʠʟʘʙʨʘʥʠʭ ʟʘ ʪʝʩʪʠʨʘˁʝ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʧʨʝʪʨʘʛʫ ʫ 

ʜʠʩʝʨʪʘʮʠʿʠ.  

 

ʉʧʝʮʠʬʠʯʥʦʩʪ TOPSIS ʤʝʪʦʜʝ ʿʝ ʜʘ ʩʚʝ ʘʣʪʝʨʥʘʪʠʚʝ ʧʨʝʜʩʪʘʚˀʘ ʫ n-

ʜʠʤʝʥʟʠʦʥʘʣʥʦʤ ʧʨʦʩʪʦʨʫ (ʛʜʝ ʿʝ n ʙʨʦʿ ʢʨʠʪʝʨʠʿʫʤʘ) ʪʘʢʦ ʜʘ ʧʨʠ ʦʜʣʫʯʠʚʘˁʫ ʙʠʨʘ ʦʥʫ 

ʘʣʪʝʨʥʘʪʠʚʫ ʢʦʿʘ ʠʤʘ ʥʘʿʤʘˁʫ ɽʫʢʣʠʜʦʚʫ ʫʜʘˀʝʥʦʩʪ ʦʜ ʠʜʝʘʣʥʦʛ ʨʝʰʝˁʘ ʠ ʠʩʪʦʚʨʝʤʝʥʦ 

ʥʘʿʚʝ˂ʫ ʤʦʛʫ˂ʫ ɽʫʢʣʠʜʦʚʫ ʫʜʘˀʝʥʦʩʪ ʦʜ ʘʥʪʠ-ʠʜʝʘʣʥʦʛ ʨʝʰʝˁʘ. ʀʜʝʘʣʥʦ ʨʝʰʝˁʝ ʿʝ 

ʭʠʧʦʪʝʪʠʯʢʦ ʨʝʰʝˁʝ ʠ ʟʘ ˁʝʛʘ ʩʚʝ ʚʨʝʜʥʦʩʪʠ ʢʨʠʪʝʨʠʿʫʤʘ ʦʜʛʦʚʘʨʘʿʫ ʥʘʿʧʦʞʝˀʥʠʿʠʤ 

ʚʨʝʜʥʦʩʪʠʤʘ ʢʨʠʪʝʨʠʿʫʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʚʝ ʘʣʪʝʨʥʘʪʠʚʝ. ɸʥʪʠ-ʠʜʝʘʣʥʦ ʨʝʰʝˁʝ ʿʝ ʪʘʢʦʹʝ 

ʭʠʧʦʪʝʪʠʯʢʦ ʠ ʢʦʜ ˁʝʛʘ ʩʚʝ ʚʨʝʜʥʦʩʪʠ ʢʨʠʪʝʨʠʿʫʤʘ ʦʜʛʦʚʘʨʘʿʫ ʥʘʿʥʝʧʦʞʝˀʥʠʿʠʤ 

ʚʨʝʜʥʦʩʪʠʤʘ ʢʨʠʪʝʨʠʿʫʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʚʝ ʘʣʪʝʨʥʘʪʠʚʝ. ʄʘʢʩʠʤʘʣʥʠʤ ʫʜʘˀʘʚʘˁʝʤ ʦʜ 

ʘʥʪʠ-ʠʜʝʘʣʥʦʛ ʨʝʰʝˁʘ ʤʠʥʠʤʠʟʫʿʝ ʩʝ ʨʠʟʠʢ ʫ ʦʜʣʫʯʠʚʘˁʫ [36]. ɿʙʦʛ ʥʘʚʝʜʝʥʠʭ ʦʩʦʙʠʥʘ 

TOPSIS ʤʝʪʦʜʘ ʩʝ ʯʝʩʪʦ ʢʦʨʠʩʪʠ ʫ ʩʬʝʨʘʤʘ ˀʫʜʩʢʝ ʜʝʣʘʪʥʦʩʪʠ ʢʘʜʘ ʩʝ ʧʨʠ ʦʜʣʫʯʠʚʘˁʫ 

ʪʝʞʠ ʤʘʢʩʠʤʘʣʥʦʤ ʙʝʥʝʬʠʪʫ, ʫʟ ʠʩʪʦʚʨʝʤʝʥʦ ʤʘʢʩʠʤʘʣʥʦ ʤʦʛʫ˂ʝ ʠʟʙʝʛʘʚʘˁʝ ʨʠʟʠʢʘ (ʥʧʨ. 

ʫ ʝʢʦʥʦʤʠʿʠ).  

 

ɼʨʫʛʠʤ ʨʝʯʠʤʘ, TOPSIS ʥʘʩʪʦʿʠ ʜʘ ʧʨʠ ʦʜʣʫʯʠʚʘˁʫ ʤʘʢʩʠʤʠʟʫʿʝ ʢʨʠʪʝʨʠʿʫʤʝ 

ʙʝʥʝʬʠʪʥʦʛ ʪʠʧʘ ʠ ʤʠʥʠʤʠʟʫʿʝ ʢʨʠʪʝʨʠʿʫʤʝ ʪʨʦʰʢʦʚʥʦʛ ʪʠʧʘ, ʘʣʠ ʪʘʢʦ ʜʘ ʠʩʪʦʚʨʝʤʝʥʦ 

ʪʝʞʠ ʜʘ ʠʟʘʙʨʘʥʘ ʘʣʪʝʨʥʘʪʠʚʘ ʠʤʘ ʫʿʝʜʥʦ ʰʪʦ ʤʘˁʫ ɽʫʢʣʠʜʦʚʫ ʫʜʘˀʝʥʦʩʪ ʦʜ ʠʜʝʘʣʥʦʛ 

ʨʝʰʝˁʘ ʠ ʰʪʦ ʚʝ˂ʫ ɽʫʢʣʠʜʦʚʫ ʫʜʘˀʝʥʦʩʪ ʦʜ ʘʥʪʠ-ʠʜʝʘʣʥʦʛ ʨʝʰʝˁʘ. ʅʘ ʪʘʿ ʥʘʯʠʥ ʩʤʘˁʫʿʝ 

ʩʝ ʨʠʟʠʢ ʠʟʙʦʨʘ ʥʝʢʝ ʘʣʪʝʨʥʘʪʠʚʝ ʥʘ ʨʘʯʫʥ ʪʦʛʘ ʰʪʦ ʚʝ˂ʠʥʘ ʢʨʠʪʝʨʠʿʫʤʘ ʠʤʘ ʨʝʣʘʪʠʚʥʦ 

ʧʦʚʦˀʥʝ ʚʨʝʜʥʦʩʪʠ, ʘʣʠ ʯʠʿʘ ʥʧʨ. ʚʨʝʜʥʦʩʪ ʿʝʜʥʦʛ ʢʨʠʪʝʨʠʿʫʤʘ ʠʤʘ ʫ ʟʥʘʯʘʿʥʠʿʦʿ ʤʝʨʠ 

ʣʦʰʠʿʫ ʚʨʝʜʥʦʩʪ. ʂʦʜ ʜʨʫʛʠʭ ʘʥʘʣʠʟʠʨʘʥʠʭ ʤʝʪʦʜʘ ɺʂʆ, ʢʘʦ ʠ ʢʦʜ ʢʣʘʩʠʯʥʠʭ ʩʪʨʘʪʝʛʠʿʘ, 

ʤʦʞʝ ʩʝ ʜʝʩʠʪʠ ʜʘ ʩʝ ʥʘ ʨʘʯʫʥ ʧʦʚʦˀʥʠʭ ʚʨʝʜʥʦʩʪʠ ʦʩʪʘʣʠʭ ʢʨʠʪʝʨʠʿʫʤʘ ʠʟʘʙʝʨʝ 

ʘʣʪʝʨʥʘʪʠʚʘ ʢʦʿʘ ʠʤʘ ʫ ʟʥʘʯʘʿʥʠʦʿʿ ʤʝʨʠ ʣʦʰʫ ʚʨʝʜʥʦʩʪ ʿʝʜʥʦʛ ʢʨʠʪʝʨʠʿʫʤʘ, ʘ ʧʦʰʪʦ ʫ 

ʧʨʠʤʝˁʝʥʦʤ ʤʦʜʝʣʫ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ʜʚʘ ʦʜ ʪʨʠ ʢʨʠʪʝʨʠʿʫʤʘ ʥʝʧʦʩʨʝʜʥʦ ʫʪʠʯʫ ʥʘ 
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ʝʬʠʢʘʩʥʦʩʪ ʧʨʝʪʨʘʛʝ, ʦʥʜʘ ʧʦʩʪʦʿʠ ʪʝʥʜʝʥʮʠʿʘ ʜʘ ʿʝ ʜʦʥʝʪʘ ʦʜʣʫʢʘ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʣʦʰʠʿʝʛ 

ʢʚʘʣʠʪʝʪʘ ʥʝʛʦ ʢʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ TOPSIS. 

 

ʆʜ ʠʟʘʙʨʘʥʠʭ ʢʨʠʪʝʨʠʿʫʤʘ ʟʘ ʝʚʘʣʫʘʮʠʿʫ (ʚʨʝʜʥʦʚʘˁʝ) ʧʦʟʠʮʠʿʘ-ʢʘʥʜʠʜʘʪʘ ʨʦʙʦʪʘ 

ʪʦʢʦʤ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ - Ăʜʫʞʠʥʘ ʧʫʪʘˁʝ ʜʦ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘñ (L(p)), 

Ăʠʥʬʦʨʤʘʪʠʚʥʠ ʧʦʪʝʥʮʠʿʘʣ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘñ (ɸ(p)) ʠ Ăʫʜʘˀʝʥʦʩʪ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘ 

ʦʜ ʙʘʟʥʝ ʩʪʘʥʠʮʝñ ï (P(p)), ʧʦʩʝʙʥʦ ʩʫ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʧʨʚʘ ʜʚʘ (L(p) ʠ ɸ(p)), ʧʦʰʪʦ 

ʜʠʨʝʢʪʥʦ ʫʪʠʯʫ ʥʘ ʝʬʠʢʘʩʥʦʩʪ ʧʨʝʪʨʘʛʝ (ʰʪʦ ʩʝ ʥʝ ʤʦʞʝ ʨʝ˂ʠ ʟʘ ʪʨʝ˂ʠ ʢʨʠʪʝʨʠʿʫʤ ʠʟʘʙʨʘʥ 

ʫ ʜʠʩʝʨʪʘʮʠʿʠ, ʘʣʠ ʥʠ ʟʘ ʜʨʫʛʝ ʢʨʠʪʝʨʠʿʫʤʝ ʢʦʿʠ ʩʝ ʧʨʝʜʣʘʞʫ ʫ ʣʠʪʝʨʘʪʫʨʠ, ʢʘʦ ʰʪʦ ʿʝ ʥʧʨ. 

ʧʨʝʦʩʪʘʣʠ ʢʘʧʘʮʠʪʝʪ ʙʘʪʝʨʠʿʝ ʨʦʙʦʪʘ, ʪʠʧ ʦʙʿʝʢʘʪʘ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʜʝʣʫ ʦʢʨʫʞʝˁʘ, ʠʪʜ, 

ʧʨʠ ʯʝʤʫ ʪʨʝʙʘ ʥʘʛʣʘʩʠʪʠ ʜʘ ʿʝ ʩʚʘʢʠ ʦʜ ˁʠʭ ʙʠʪʘʥ ʩʘ ʥʝʢʦʛ ʘʩʧʝʢʪʘ ʠ ʢʦʨʠʩʪʠ ʩʝ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʦʥʢʨʝʪʥʝ ʩʠʪʫʘʮʠʿʝ). 

 

ʀʩʪʦʚʨʝʤʝʥʦ, ʢˀʫʯʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʤʧʣʝʢʩʥʠʭ ʦʢʨʫʞʝˁʘ (ʦʢʨʫʞʝˁʘ ʩʘ 

ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ ʧʨʝʧʨʝʢʘ) ʿʝ ʜʘ ʩʝ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʠ (ʘʣʪʝʨʥʘʪʠʚʝ ʧʨʠ ʦʜʣʫʯʠʚʘˁʫ) 

ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʫʿʫ ʫʧʨʘʚʦ ʫ ʧʦʛʣʝʜʫ ʚʨʝʜʥʦʩʪʠ ʢʨʠʪʝʨʠʿʫʤʘ Ăʠʥʬʦʨʤʘʪʠʚʥʠ ʧʦʪʝʥʮʠʿʘʣ 

ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘñ ʠ Ăʜʫʞʠʥʘ ʧʫʪʘˁʝ ʜʦ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘñ, ʟʙʦʛ ʯʝʛʘ ʿʝ ʫ ʦʚʦʤ 

ʩʣʫʯʘʿʫ ʠʟʨʘʞʝʥ ʨʠʟʠʢ ʦʜ ʣʦʰʝʛ ʠʟʙʦʨʘ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ. ʊʝ ʨʘʟʣʠʢʝ ʩʫ ʫʟʨʦʢʦʚʘʥʝ 

ʧʨʠʩʫʩʪʚʦʤ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʧʨʝʧʨʝʢʘ ʢʦʿʝ ʥʘ ʨʘʟʣʠʯʠʪʝ ʥʘʯʠʥʝ ʦʛʨʘʥʠʯʘʚʘʿʫ ʦʧʘʞʘˁʝ 

ʦʢʨʫʞʝˁʘ ʩʝʥʟʦʨʦʤ ʨʦʙʦʪʘ (ʉʣʠʢʘ 28), ʧʨʠ ʯʝʤʫ ʪʦ ʦʛʨʘʥʠʯʝˁʝ ʟʘʚʠʩʠ ʠ ʦʜ ʪʦʛʘ ʢʦʣʠʢʦ ʿʝ 

ʨʦʙʦʪ ʙʣʠʟʫ ʧʨʝʧʨʝʢʘʤʘ [12]. ʇʨʠʩʫʩʪʚʦ ʧʨʝʧʨʝʢʘ ʢʦʤʧʣʠʢʫʿʝ ʠ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ 

ʦʜ ʿʝʜʥʝ ʜʦ ʜʨʫʛʝ ʧʦʟʠʮʠʿʝ ʟʘʭʪʝʚʘʿʫ˂ʠ ʜʦʩʪʘ ʟʘʦʙʠʣʘʞʝˁʘ ʠ ʤʘʥʝʚʘʨʘ ʧʨʦʤʝʥʝ ʧʨʘʚʘʮʘ.  

 

ʅʘ ʙʘʟʠ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦʛ, ʢʘʦ ʠ ʧʨʝʟʝʥʪʦʚʘʥʠʭ ʨʝʟʫʣʪʘʪʘ ʪʝʩʪʠʨʘˁʘ, ʤʦʞʝ ʩʝ 

ʟʘʢˀʫʯʠʪʠ ʜʘ TOPSIS ʧʨʠ ʧʨʝʪʨʘʟʠ ʢʦʤʧʣʝʢʩʥʠʭ ʦʢʨʫʞʝˁʘ, ʫʟ ʠʟʘʙʨʘʥʝ ʢʨʠʪʝʨʠʿʫʤʝ ʟʘ 

ʦʜʣʫʯʠʚʘˁʝ L(p) ʠ ɸ(p)), ʤʠʥʠʤʠʟʫʿʝ ʨʠʟʠʢ ʣʦʰʝʛ ʠʟʙʦʨʘ ʠ ʫ ʧʨʦʩʝʢʫ ʙʠʨʘ ʙʦˀʫ 

ʘʣʪʝʨʥʘʪʠʚʫ ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʝ ʜʚʝ ʘʥʘʣʠʟʠʨʘʥʝ ʤʝʪʦʜʝ ɺʂʆ - SAW ʠ COPRAS, ʢʘʦ ʠ ʫ 

ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ ʢʣʘʩʠʯʥʝ ʩʪʨʘʪʝʛʠʿʝ ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ ʘʥʘʣʠʟʠʨʘʥʝ ʫ ʦʚʦʿ 

ʜʠʩʝʨʪʘʮʠʿʠ (Dist_Min, GBL, AOJRF, WS), ʠ ʪʠʤʝ ʦʙʝʟʙʝʹʫʿʝ ʜʘ ʩʝ ʧʨʝʪʨʘʛʘ ʨʝʘʣʠʟʫʿʝ ʟʘ 

ʢʨʘ˂ʠ ʫʢʫʧʘʥ ʧʨʝʹʝʥʠ ʧʫʪ ʨʦʙʦʪʘ. ʆʚʦʤʝ ʜʦʧʨʠʥʦʩʠ ʠ ʯʠˁʝʥʠʮʘ ʜʘ ʢʦʤʧʣʝʢʩʥʘ ʦʢʨʫʞʝˁʘ 

ʟʘʭʪʝʚʘʿʫ ʚʝʣʠʢʠ ʙʨʦʿ ʩʫʢʮʝʩʠʚʥʠʭ ʦʜʣʫʯʠʚʘˁʘ (ʢʦʨʘʢʘ ʧʨʝʪʨʘʛʝ) ʩʘ ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ 

ʘʣʪʝʨʥʘʪʠʚʘ ʫ ʩʚʘʢʦʤ ʢʦʨʘʢʫ, ʟʙʦʛ ʯʝʛʘ ʜʦʣʘʟʠ ʜʦ ʘʢʫʤʫʣʠʨʘˁʘ ʙʝʥʝʬʠʪʘ ʫ ʧʨʦʩʝʢʫ ʙʦˀʝʛ 

ʦʜʣʫʯʠʚʘˁʘ. 

 

ʆʜ ʟʥʘʯʘʿʘ ʟʘ ʜʝʪʘˀʥʠʿʫ ʜʠʩʢʫʩʠʿʫ ʨʝʟʫʣʪʘʪʘ ʿʝ ʠ ʯʠˁʝʥʠʮʘ ʜʘ Ăindoorñ ʦʢʨʫʞʝˁʘ 

ɸ, ɺ ʠ D ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʨʝʜʠʥʝ ʩʘ ʧʨʝʧʨʝʢʘʤʘ (ʟʠʜʦʚʠʤʘ) ʢʦʿʝ ʦʛʨʘʥʠʯʘʚʘʿʫ ʢʨʝʪʘˁʝ 

ʨʦʙʦʪʘ, ʜʘʢʣʝ ʨʘʜʠ ʩʝ ʦ ʢʦʤʧʣʝʢʩʥʠʤ ʦʢʨʫʞʝˁʠʤʘ, ʘʣʠ ʩʫ ʨʘʟʣʠʯʠʪʦʛ ʥʠʚʦʘ 

ʢʦʤʧʣʝʢʩʥʦʩʪʠ. ʆʢʨʫʞʝˁʝ D ʢʘʨʘʢʪʝʨʠʰʝ ʩʘʤʦ 5 ʧʦʣʫʧʨʝʛʨʘʜʥʠʭ ʟʠʜʦʚʘ ʪʝ ʿʝ ʠʟ ʪʦʛ 

ʨʘʟʣʦʛʘ ʦʥʦ ʟʥʘʯʘʿʥʦ ʤʘˁʝʛ ʥʠʚʦʘ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʦʢʨʫʞʝˁʘ ɸ ʠ ɺ. ɸʢʦ 

ʧʦʨʝʜʠʤʦ ʦʢʨʫʞʝˁʘ ɸ ʠ ɺ, ʤʦʞʝ ʩʝ ʧʨʠʤʝʪʠʪʠ ʩʧʝʮʠʬʠʯʥʦʩʪ ʦʢʨʫʞʝˁʝ ɸ ʢʦʿʘ ʩʝ ʦʛʣʝʜʘ ʫ 

ʪʦʤʝ ʜʘ ʩʘʜʨʞʠ ʜʚʝ ʧʨʦʩʪʦʨʠʿʝ ʢʦʿʝ ʩʫ ʟʥʘʯʘʿʥʦ ʚʝ˂ʝ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ. 

 

ʂʘʦ ʰʪʦ ʩʝ ʤʦʞʝ ʢʦʥʩʪʘʪʦʚʘʪʠ ʠʟ ʧʨʝʟʝʥʪʦʚʘʥʠʭ ʨʝʟʫʣʪʘʪʘ, ʪʦʢʦʤ ʪʝʩʪʠʨʘˁʘ 

ʚʨʰʝʥʘ ʿʝ ʠ ʧʨʦʤʝʥʘ ʜʦʤʝʪʘ ʩʝʥʟʦʨʘ (r). ɼʦʤʝʪ ʩʝʥʟʦʨʘ ʜʠʨʝʢʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʫʪʠʯʝ 

ʥʘ ʚʨʝʜʥʦʩʪ ʢʨʠʪʝʨʠʿʫʤʘ Ăʠʥʬʦʨʤʘʪʠʚʥʠ ʧʦʪʝʥʮʠʿʘʣ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘñ, ʪʘʢʦ ʜʘ ʿʝ ʦʚʘ 

ʧʨʦʤʝʥʘ ʨʘ́ʝʥʘ ʨʘʜʠ ʩʣʝʜʝ˂ʠʭ ʘʥʘʣʠʟʘ: 

- ɼʘ ʣʠ ʿʝ ʧʨʦʤʝʥʘ r, ʫ ʮʠˀʫ ˁʝʛʦʚʦʛ ʧʦʚʦˀʥʠʿʝʛ ʦʜʥʦʩʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʜʠʤʝʥʟʠʿʘʤʘ 

ʦʢʨʫʞʝˁʘ, ʜʦʚʦˀʘʥ ʫʩʣʦʚ ʟʘ ʧʨʠʤʝʥʫ ʘʛʨʝʩʠʚʥʠʿʝ ʩʪʨʘʪʝʛʠʿʝ, ʥʝʟʘʚʠʩʥʦ ʦʜ 

ʩʪʨʫʢʪʫʨʝ ʦʢʨʫʞʝˁʘ; 

- ɼʘ ʣʠ ʧʨʦʤʝʥʘ r ʫʪʠʯʝ ʥʘ ʨʘʥʛ ʪʝʩʪʠʨʘʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʧʦ ʝʬʠʢʘʩʥʦʩʪʠ ʧʨʝʪʨʘʛʝ ʫ 

ʜʝʬʠʥʠʩʘʥʠʤ ʦʢʨʫʞʝˁʠʤʘ. 
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ʀʟʘʙʨʘʥʦ ʿʝ ʜʘ ʩʝ ʧʨʦʤʝʥʘ r ʚʨʰʠ ʪʘʢʦ ʜʘ ʿʝ ʜʦʤʝʪ ʩʝʥʟʦʨʘ ʤʘʢʩʠʤʘʣʥʦ 10 ʧʫʪʘ 

ʤʘˁʠ ʦʜ ʜʠʤʝʥʟʠʿʘ ʦʢʨʫʞʝˁʘ.  

 

ʈʘʥʛ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ ʧʨʝʤʘ ʧʨʝʟʝʥʪʦʚʘʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ ʫ 

ʇʦʛʣʘʚˀʫ 4.1.4, ʪʿ . ʩʘ ʘʩʧʝʢʪʘ ʝʬʠʢʘʩʥʦʩʪʠ ʧʨʝʪʨʘʛʝ ʟʘ ʯʠʿʫ ʤʝʨʫ ʿʝ ʜʝʬʠʥʠʩʘʥ ʧʨʦʩʝʯʘʥ 

ʫʢʫʧʘʥ ʧʨʝ́ʝʥʠ ʧʫʪ ʨʦʙʦʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ʚʠʰʝ ʩʪʘʨʪʥʠʭ ʧʦʟʠʮʠʿʘ ʟʘ ʧʦʪʨʝʙʝ ʨʝʘʣʠʟʘʮʠʿʝ 

ʧʨʝʪʨʘʛʝ 90% ʦʢʨʫʞʝˁʘ, ʫ ʩʚʠʤ ʪʝʩʪʠʨʘʥʠʤ ʩʮʝʥʘʨʠʿʠʤʘ, ʧʨʠʢʘʟʘʥ ʿʝ ʫ ʊʘʙʝʣʠ 9. 

 

 

ʊʘʙʝʣʘ 9. ʈʘʥʛ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ ʧʨʝʤʘ ʝʬʠʢʘʩʥʦʩʪʠ ʫ ʩʚʠʤ 

ʪʝʩʪʠʨʘʥʠʤ ʩʮʝʥʘʨʠʿʠʤʘ. 

 

Rang 
Okruģenje A Okruģenje B Okruģenje C Okruģenje D 

r=10 r=15 r=20 r=15 r=25 r=15 r=15 

1 TOPSIS TOPSIS TOPSIS TOPSIS GBL TOPSIS COPRAS 

2 COPRAS GBL WS COPRAS COPRAS GBL GBL 

3 SAW WS COPRAS GBL TOPSIS WS TOPSIS 

4 GBL COPRAS SAW SAW WS COPRAS AOJRF 

5 WS SAW GBL WS SAW SAW WS 

6 Dist_Min Dist_Min AOJRF AOJRF AOJRF AOJRF SAW 

7 AOJRF AOJRF Dist_Min Dist_Min Dist_Min Dist_Min Dist_Min 

 

 

ʀʟ ʊʘʙʝʣʝ 9. ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ TOPSIS ʧʦʩʪʠʛʣʘ ʥʘʿʙʦˀʝ ʨʝʟʫʣʪʘʪʝ ʫ ʦʜʥʦʩʫ 

ʥʘ ʩʚʝ ʢʦʥʢʫʨʝʥʪʥʝ ʩʪʨʘʪʝʛʠʿʝ ʫ 5 ʦʜ 7 ʪʝʩʪʠʨʘʥʠʭ ʩʮʝʥʘʨʠʿʘ. ʋ ʿʝʜʥʦʤ ʩʮʝʥʘʨʠʿʫ ʥʘʿʙʦˀʝ 

ʨʝʟʫʣʪʘʪʝ ʿʝ ʠʤʘʣʘ GBL ʩʪʨʘʪʝʛʠʿʘ, ʘ ʫ ʿʝʜʥʦʤ COPRAS. ʇʨʦʩʝʯʘʥ ʨʘʥʛ ʩʪʨʘʪʝʛʠʿʘ ʩʘ 

ʘʩʧʝʢʪʘ ʝʬʠʢʘʩʥʦʩʪʠ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ʫ ʪʝʩʪʠʨʘʥʠʤ ʩʮʝʥʘʨʠʿʠʤʘ, ʛʨʘʬʠʯʢʠ ʿʝ ʧʨʠʢʘʟʘʥ 

ʥʘ ʉʣʠʮʠ 44. 

 

 

 
 

ʉʣʠʢʘ 44. ʇʨʦʩʝʯʘʥ ʨʘʥʛ ʩʪʨʘʪʝʛʠʿʘ ʫ ʪʝʩʪʠʨʘʥʠʤ ʩʮʝʥʘʨʠʿʠʤʘ. TOPSIS ʤʝʪʦʜʘ ʠʤʘ 

ʥʘʿʙʦˀʝ ʨʝʟʫʣʪʘʪʝ ʫ 5 ʦʜ 7 ʩʮʝʥʘʨʠʿʘ, ʟʘʪʠʤ ʩʣʝʜʝ COPRAS ʤʝʪʦʜʘ ʠ GBL. ʅʘʿʣʦʰʠʿʝ ʩʫ 

ʨʘʥʛʠʨʘʥʝ ʩʪʨʘʪʝʛʠʿʝ AOJRF ʠ Dist_Min.  
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ɸʥʘʣʠʟʠʨʘʿʫ˂ʠ ʉʣʠʢʫ 44. ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʧʦʩʣʝ TOPSIS ʧʦ ʝʬʠʢʘʩʥʦʩʪʠ 

ʩʣʝʜʝ ʩʪʨʘʪʝʛʠʿʝ COPRAS ʠ GBL, ʟʘʪʠʤ WS ʠ SAW, ʜʦʢ ʩʫ ʥʘʿʣʦʰʠʿʝ ʨʝʟʫʣʪʘʪʝ ʫ 

ʪʝʩʪʠʨʘʥʠʤ ʩʮʝʥʘʨʠʿʠʤʘ ʠʤʘʣʝ ʩʪʨʘʪʝʛʠʿʝ AOJRF ʠ Dist_Min.   

 

ʋ ʦʢʨʫʞʝˁʫ D, TOPSIS ʿ ʝ ʪʨʝ˂ʘ ʧʦ ʨʘʥʛʫ ʦʩʪʚʘʨʝʥʠʭ ʨʝʟʫʣʪʘʪʘ. ʆʚʦ ʩʝ ʦʙʨʘʟʣʘʞʝ 

ʪʠʤʝ ʜʘ D ʧʨʝʜʩʪʘʚˀʘ ʦʢʨʫʞʝˁʝ ʤʘʣʝ ʢʦʤʧʣʝʢʩʥʦʩʪʠ, ʪʘʢʦ ʜʘ ʥʝ ʜʦʣʘʟʝ ʜʦ ʠʟʨʘʞʘʿʘ 

ʙʝʥʝʬʠʪʠ ʙʦˀʝʛ ʦʜʣʫʯʠʚʘˁʘ, ʢʦʿʠ ʩʫ ʢʘʦ ʰʪʦ ʿʝ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʟʘ 

ʧʨʠʤʝʥʫ TOPSIS ʢʦʜ ʧʨʝʪʨʘʛʝ ʢʦʤʧʣʝʢʩʥʠʭ ʦʢʨʫʞʝˁʘ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʠʟʘʙʨʘʥʠʤ 

ʢʨʠʪʝʨʠʿʫʤʠʤʘ ʟʘ ʝʚʘʣʫʘʮʠʿʫ ʧʦʟʠʮʠʿʘ-ʢʘʥʜʠʜʘʪʘ. ʉ ʪʠʤ ʫ ʚʝʟʠ, ʘʥʘʣʠʟʠʨʘʿʫ˂ʠ ʉʣʠʢʫ 41. ʠ 

ʊʘʙʝʣʫ 7, ʤʦʞʝ ʩʝ ʧʨʠʤʝʪʠʪʠ ʜʘ ʫ ʩʣʫʯʘʿʫ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ D ʩʚʝ ʪʝʩʪʠʨʘʥʝ ʩʪʨʘʪʝʛʠʿʝ 

ʧʦʩʪʠʞʫ ʫʧʦʨʝʜʠʚʝ ʨʝʟʫʣʪʘʪʝ, ʠʟʫʟʝʚ Dist_Min.  

 

ʆʙʨʘʟʣʦʞʝˁʝ ʟʘʰʪʦ TOPSIS ʥʠʿʝ ʜʘʣʘ ʥʘʿʙʦˀʝ ʨʝʟʫʣʪʘʪʝ ʧʨʠ ʧʨʝʪʨʘʟʠ ʦʢʨʫʞʝˁʘ ɺ 

ʟʘ ʚʘʨʠʿʘʥʪʫ ʜʦʤʝʪʘ ʩʝʥʟʦʨʘ r=25 je ʚʝʟʘʥʦ ʟʘ ʜʨʫʛʫ ʙʠʪʥʫ ʢʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʦʤʧʣʝʢʩʥʠʭ 

ʦʢʨʫʞʝˁʘ, ʘ ʪʦ ʿʝ ʠʟʨʘʞʝʥ ʨʠʟʠʢ ʦʜ ʛʨʝʰʢʝ ʫ ʧʨʦʮʝʥʠ ʠʥʬʦʨʤʘʪʠʚʥʦʛ ʧʦʪʝʥʮʠʿʘʣʘ 

ʧʦʟʠʮʠʿʘ-ʢʘʥʜʠʜʘʪʘ. ʋʢʦʣʠʢʦ ʿʝ ʜʦʤʝʪ ʩʝʥʟʦʨʘ ʚʝ˂ʠ, ʚʝ˂ʘ ʿʝ ʠ ʚʨʝʜʥʦʩʪ ʢʨʠʪʝʨʠʿʫʤʘ ɸ(p)), 

ʘ ʩʘʤʠʤ ʪʠʤ ʿʝ ʠ ʚʝ˂ʠ ʨʠʟʠʢ ʦʜ ʛʨʝʰʢʝ ʫ ˁʝʛʦʚʦʿ ʧʨʦʮʝʥʠ (ʫʩʣʝʜ ʧʨʠʩʫʩʪʚʘ ʧʨʝʧʨʝʢʘ ʫ 

ʢʦʤʧʣʝʢʩʥʠʤ ʦʢʨʫʞʝˁʠʤʘ), ʰʪʦ ʿʝ ʦʙʿʘʰˁʝʥʦ ʜʝʪʘˀʥʠʿʝ ʫ ʇʦʛʣʘʚˀʫ 4.1.2. ʠ ʧʨʠʢʘʟʘʥʦ ʥʘ 

ʉʣʠʮʠ 28. ʆʚʘʿ ʨʠʟʠʢ ʿʝ ʧʦʩʝʙʥʦ ʠʟʨʘʞʝʥ ʥʘ ʧʦʯʝʪʢʫ ʧʨʝʪʨʘʛʝ. ʉʘ ʧʦʚʝ˂ʘˁʝʤ ʠʩʪʨʘʞʝʥʦʛ 

ʜʝʣʘ ʦʢʨʫʞʝˁʘ ʛʨʝʰʢʘ ʫ ʧʨʦʮʝʥʠ ʠʥʬʦʨʤʘʪʠʚʥʦʛ ʧʦʪʝʥʮʠʿʘʣʘ ʧʦʟʠʮʠʿʘ-ʢʘʥʜʠʜʘʪʘ ʩʝ 

ʩʤʘˁʫʿʝ. 

 

ɼʘˀʝ, ʨʝʟʫʣʪʘʪʠ ʧʨʝʟʝʥʪʦʚʘʥʠ ʫ ʊʘʙʝʣʘʤʘ 4, 5, 6. ʠ 7. ʫ ʇʦʛʣʘʚˀʫ 4.1.4. ʧʦʢʘʟʫʿʫ ʜʘ 

ʩʝ ʦʧʪʠʤʘʣʥʠ ʙʘʣʘʥʩ ʠʟʤʝʹʫ ʢʨʠʪʝʨʠʿʫʤʘ ʢʦʜ ʩʚʘʢʝ ʪʝʩʪʠʨʘʥʝ ʤʝʪʦʜʝ ɺʂʆ ʪʦʢʦʤ ʧʨʝʪʨʘʛʝ 

ʧʦʩʪʠʞʝ ʩʘ ʢʦʤʙʠʥʘʮʠʿʦʤ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ (0.6, 0.3, 0.1) ʠʣʠ (0.7, 0.2, 0.1), ʟʘ 

ʢʨʠʪʝʨʠʿʫʤʝ Ăʜʫʞʠʥʘ ʧʫʪʘˁʝ ʜʦ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘñ, Ăʠʥʬʦʨʤʘʪʠʚʥʠ ʧʦʪʝʥʮʠʿʘʣ 

ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘñ ʠ Ăʫʜʘˀʝʥʦʩʪ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘ ʦʜ ʙʘʟʥʝ ʩʪʘʥʠʮʝñ, ʨʝʩʧʝʢʪʠʚʥʦ. 

 

ʇʨʠ ʪʦʤʝ, ʘʛʨʝʩʠʚʥʠʿʘ ʩʪʨʘʪʝʛʠʿʘ (0.6, 0.3, 0.1) ʧʨʝʧʦʨʫʯʫʿʝ ʩʝ ʩʘʤʦ ʘʢʦ ʩʫ 

ʠʩʧʫˁʝʥʘ ʜʚʘ ʫʩʣʦʚʘ: ʜʘ ʿʝ ʦʜʥʦʩ ʜʠʤʝʥʟʠʿʘ ʦʢʨʫʞʝˁʘ ʠ ʜʦʤʝʪʘ ʩʝʥʟʦʨʘ ʨʦʙʦʪʘ ʤʘˁʠ ʦʜ 10 

ʠ ʘʢʦ ʩʝ ʧʨʦʮʝʥʠ ʜʘ ʿʝ ʩʪʨʫʢʪʫʨʘ ʦʢʨʫʞʝˁʘ ʪʘʢʚʘ ʜʘ ʤʦʞʝ ʜʦʥʝʪʠ ʟʥʘʯʘʿʥʦ ʚʝ˂ʠ ʙʝʥʝʬʠʪ 

ʧʦ ʧʠʪʘˁʫ ʢʨʠʪʝʨʠʿʫʤʘ Ăʠʥʬʦʨʤʘʪʠʚʥʠ ʧʦʪʝʥʮʠʿʘʣ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘñ. ʅʘ ʦʚʘʢʘʚ 

ʟʘʢˀʫʯʘʢ ʫʧʫ˂ʫʿʫ ʨʝʟʫʣʪʘʪʠ ʪʝʩʪʠʨʘˁʘ ʧʨʝʤʘ ʢʦʿʠʤʘ ʿʝ ʪʦʢʦʤ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ B ʠ 

ʧʦʨʝʜ ʧʦʚʝ˂ʘˁʘ ʜʦʤʝʪʘ ʩʝʥʟʦʨʘ ʥʘ r=25 (ʦʜʥʦʩ ʜʠʤʝʥʟʠʿʘ ʦʢʨʫʞʝˁʘ ʠ ʜʦʤʝʪʘ ʩʝʥʟʦʨʘ ʿʝ 6) 

ʥʘʿʙʦˀʝ ʨʝʟʫʣʪʘʪʝ ʩʚʘʢʘ ʪʝʩʪʠʨʘʥʘ ɺʂʆ ʤʝʪʦʜʘ ʠʤʘʣʘ ʩʘ ʢʦʤʙʠʥʘʮʠʿʦʤ ʪʝʞʠʥʩʢʠʭ 

ʢʦʝʬʠʮʠʿʝʥʘʪʘ (0.7, 0.2, 0.1). ɿʘ ʦʢʨʫʞʝˁʝ ɸ ʩʝ ʚʝʞʝ ʩʧʝʮʠʬʠʯʥʦʩʪ ʜʘ ʠʤʘ ʪʘʢʚʫ ʩʪʨʫʢʪʫʨʫ 

(ʩʘʜʨʞʠ ʜʚʝ ʧʨʦʩʪʦʨʠʿʝ ʢʦʿʝ ʩʫ ʟʥʘʯʘʿʥʦ ʚʝ˂ʝ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ) ʜʘ ʤʦʞʝ ʜʦʥʝʪʠ ʟʥʘʯʘʿʥʦ 

ʚʝ˂ʠ ʙʝʥʝʬʠʪ ʧʦ ʧʠʪʘˁʫ ʠʥʬʦʨʤʘʪʠʚʥʦʛ ʧʦʪʝʥʮʠʿʘʣʘ [12], ʪʘʢʦ ʜʘ ʟʘ ʚʘʨʠʿʘʥʪʝ ʜʦʤʝʪʘ 

ʩʝʥʟʦʨʘ r=15 (ʦʜʥʦʩ ʜʠʤʝʥʟʠʿʘ ʦʢʨʫʞʝˁʘ ʠ ʜʦʤʝʪʘ ʩʝʥʟʦʨʘ ʿʝ 6,7) ʠ r=20 (ʦʜʥʦʩ ʜʠʤʝʥʟʠʿʘ 

ʦʢʨʫʞʝˁʘ ʠ ʜʦʤʝʪʘ ʩʝʥʟʦʨʘ ʿʝ 5) ʘʛʨʝʩʠʚʥʠʿʘ ʩʪʨʘʪʝʛʠʿʘ ʜʘʿʝ ʙʦˀʝ ʨʝʟʫʣʪʘʪʝ.       

 

ʐʪʦ ʩʝ ʪʠʯʝ ʛʝʥʝʨʘʣʥʦʛ ʫʪʠʮʘʿʘ ʧʨʦʤʝʥʝ ʜʦʤʝʪʘ ʩʝʥʟʦʨʘ ʨʦʙʦʪʘ ʥʘ ʨʘʥʛ ʩʪʨʘʪʝʛʠʿʘ 

ʧʦ ʝʬʠʢʘʩʥʦʩʪʠ ʧʨʝʪʨʘʛʝ, ʰʪʦ ʿʝ ʪʝʩʪʠʨʘʥʦ ʫ ʦʢʨʫʞʝˁʠʤʘ A ʠ B, ʠʟ ʊʘʙʝʣʘ 4. ʠ 5, ʢʘʦ ʠ ʩʘ 

ʉʣʠʢʘ 29, 31, 33, 36. ʠ 37, ʚʠʜʠʤʦ ʜʘ ʿʝ ʠ ʧʦ ʪʦʤ ʧʘʨʘʤʝʪʨʫ TOPSIS ʥʘʿʙʦˀʠ ʫ ʩʤʠʩʣʫ ʜʘ ʿʝ 

ʥʘʿʠʤʫʥʠʿʠ ʥʘ ʧʨʦʤʝʥʫ ʚʨʝʜʥʦʩʪʠ r. ɼʨʫʛʠʤ ʨʝʯʠʤʘ, ʦʧʠʩʘʥʘ ʧʨʝʜʥʦʩʪ ʢʦʿʫ TOPSIS ʫ 

ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʝ ʩʪʨʘʪʝʛʠʿʝ ʠʩʧʦˀʘʚʘ ʫ ʧʨʝʪʨʘʟʠ ʢʦʤʧʣʝʢʩʥʠʭ ʦʢʨʫʞʝˁʘ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ 

ʠʟʘʙʨʘʥʠʤ ʢʨʠʪʝʨʠʿʫʤʠʤʘ ʥʝ ʟʘʚʠʩʠ ʦʜ ʧʨʦʤʝʥʝ ʜʦʤʝʪʘ ʩʝʥʟʦʨʘ ʨʦʙʦʪʘ. 

 

ɼʘʢʣʝ, ʫ ʪʝʩʪʠʨʘʥʠʤ ʩʮʝʥʘʨʠʿʠʤʘ ʢʦʤʙʠʥʘʮʠʿʝ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʪʝʞʠʥʩʢʦʛ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʢʨʠʪʝʨʠʿʫʤʘ Ăʠʥʬʦʨʤʘʪʠʚʥʠ ʧʦʪʝʥʮʠʿʘʣ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘñ ʠʟʥʘʜ 

ʚʨʝʜʥʦʩʪʠ 0.3 ʠ ʠʩʪʦʚʨʝʤʝʥʦ ʩʤʘˁʝˁʝʤ ʪʝʞʠʥʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʢʨʠʪʝʨʠʿʫʤʘ Ăʜʫʞʠʥʘ 

ʧʫʪʘˁʝ ʜʦ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘñ ʠʩʧʦʜ 0.6 ʠʤʘʿʫ ʟʘ ʘʥʘʣʠʟʠʨʘʥʝ ɺʂʆ ʩʪʨʘʪʝʛʠʿʝ ʥʘ ʧʦʯʝʪʢʫ 
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ʧʨʝʪʨʘʛʝ ʧʦʩʪʠʞʫ ʜʦʙʨʝ ʨʝʟʫʣʪʘʪʝ, ʘʣʠ ʢʘʩʥʠʿʝ, ʬʦʨʩʠʨʘʿʫ˂ʠ ʩʪʘʣʥʦ ʨʦʙʦʪʘ ʜʘ ʙʠʨʘ 

ʧʦʟʠʮʠʿʝ ʩʘ ʚʝ˂ʠʤ ʠʥʬʦʨʤʘʪʠʚʥʠʤ ʧʦʪʝʥʮʠʿʘʣʦʤ, ʦʚʘʿ ʧʨʠʩʪʫʧ ʜʦʚʦʜʠ ʜʦ ʪʦʛʘ ʜʘ ʫʢʫʧʘʥ 

ʧʨʝʹʝʥʠ ʧʫʪ ʧʦʯʠˁʝ ʫʙʨʟʘʥʦ ʜʘ ʨʘʩʪʝ, ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʩʝ ʧʨʝʪʨʘʞʝʥʠ ʜʝʦ ʧʨʦʩʪʦʨʘ 

ʢʦʥʩʪʘʥʪʥʦ ʫʚʝ˂ʘʚʘ ʧʘ ʩʫ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʩʚʝ ʫʜʘˀʝʥʠʿʝ ʦʜ ʪʨʝʥʫʪʥʝ.  

 

ɺʝ˂ ʿʝ ʥʘʚʝʜʝʥʦ ʜʘ ʿʝ ʿʝʜʥʘ ʦʜ ʦʩʥʦʚʥʠʭ ʧʨʝʜʥʦʩʪʠ ʩʪʨʘʪʝʛʠʿʘ ʙʘʟʠʨʘʥʠʭ ʥʘ ɺʂʆ ʪʦ 

ʰʪʦ ʧʨʫʞʘʿʫ ʰʠʨʦʢ ʠ ʬʣʝʢʩʠʙʠʣʘʥ ʧʨʠʩʪʫʧ ʫ ʦʜʘʙʠʨʫ ʢʨʠʪʝʨʠʿʫʤʘ ʠ ˁʠʭʦʚʠʭ ʪʝʞʠʥʘ 

ʢʦʿʠ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʟʘ ʝʚʘʣʫʘʮʠʿʫ ʧʦʟʠʮʠʿʘ-ʢʘʥʜʠʜʘʪʘ ʫ ʮʠˀʫ ʠʟʙʦʨʘ ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ 

ʨʦʙʦʪʘ, ʯʠʤʝ ʩʝ ʦʙʝʟʙʝʹʫʿʝ ʝʬʠʢʘʩʥʦ ʫʧʨʘʚˀʘˁʝ ʧʨʝʪʨʘʛʦʤ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʫʩʣʦʚʘ ʫ 

ʢʦʿʠʤʘ ʩʝ ʦʜʚʠʿʘ ʠ ˁʝʥʠʭ ʮʠˀʝʚʘ. ʉ ʪʠʤ ʫ ʚʝʟʠ, ʫ ʥʝʢʠʤ ʩʮʝʥʘʨʠʿʠʤʘ ʧʦʩʪʦʿʠ ʧʦʪʨʝʙʘ ʜʘ ʩʝ 

ʰʪʦ ʚʝ˂ʠ ʜʝʦ ʦʢʨʫʞʝˁʘ ʧʨʝʪʨʘʞʠ ʟʘ ʰʪʦ ʢʨʘ˂ʝ ʚʨʝʤʝ. ʅʘ ʧʨʠʤʝʨ, ʘʢʦ ʿʝ ʦʛʨʘʥʠʯʝʥʦ ʚʨʝʤʝ 

ʟʘ ʧʨʝʪʨʘʛʫ, ʤʦʞʝʤʦ ʥʘ ʧʦʯʝʪʢʫ ʜʘ ʜʦʟʚʦʣʠʤʦ ʨʦʙʦʪʫ ʧʨʠʚʠʣʝʛʠʿʫ ʜʘ ʙʠʨʘ ʫʜʘˀʝʥʠʿʝ 

ʧʦʟʠʮʠʿʝ ʘʢʦ ʧʨʦʮʝʥʠ ʜʘ ʦʥʝ ʠʤʘʿʫ ʚʝ˂ʠ ʠʥʬʦʨʤʘʪʠʚʥʠ ʧʦʪʝʥʮʠʿʘʣ. ʂʘʢʦ ʠʩʪʠʯʝ ʚʨʝʤʝ 

ʧʨʝʪʨʘʛʝ ʙʠʪʥʠʿʝ ʿʝ ʜʘ ʪʦ ʚʨʝʤʝ ʨʦʙʦʪ ʥʝ ʪʨʦʰʠ ʥʘ ʧʨʝʣʘʟʘʢ ʚʝ˂ʠʭ ʨʘʩʪʦʿʘˁʘ, ʚʝ˂ ʜʘ 

ʧʨʝʪʨʘʞʫʿʝ ʫ ʣʦʢʘʣʫ, ʧʘ ʩʝ ʩʪʦʛʘ ʧʦʚʝ˂ʘʚʘ ʟʥʘʯʘʿ ʤʠʥʠʤʠʟʘʮʠʿʝ ʢʨʠʪʝʨʠʿʫʤʘ Ăʜʫʞʠʥʘ 

ʧʫʪʘˁʝ ʜʦ ʧʦʟʠʮʠʿʝ-ʢʘʥʜʠʜʘʪʘñ. ʋ ʪʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʧʦʞʝˀʥʦ ʿʝ ʧʨʠʤʝʥʠʪʠ ʫ ʩʪʘʨʪʫ 

ʝʢʩʪʨʝʤʥʦ ʘʛʨʝʩʠʚʥʫ ʩʪʨʘʪʝʛʠʿʫ ʧʨʝʪʨʘʛʝ (ʚʨʝʜʥʦʩʪ ʪʝʞʠʥʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʢʨʠʪʝʨʠʿʫʤʘ 

A(p) ʿʝ ʟʥʘʯʘʿʥʦ ʚʝ˂ʘ ʦʜ ʚʨʝʜʥʦʩʪʠ ʪʝʞʠʥʩʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʢʨʠʪʝʨʠʿʫʤʘ L(p)), ʢʦʿʘ ˂ʝ 

ʬʦʨʩʠʨʘʪʠ ʨʦʙʦʪʘ ʜʘ ʙʠʨʘ ʧʦʟʠʮʠʿʝ ʩʘ ʚʝ˂ʠʤ ʠʥʬʦʨʤʘʪʠʚʥʠʤ ʧʦʪʝʥʮʠʿʘʣʦʤ, ʤʘˁʝ ʚʦʜʝ˂ʠ 

ʨʘʯʫʥʘ ʦ ˁʠʭʦʚʦʿ ʫʜʘˀʝʥʦʩʪʠ ʦʜ ʪʨʝʥʫʪʥʝ ʧʦʟʠʮʠʿʝ. ʂʘʢʦ ʚʨʝʤʝ ʠʩʪʠʯʝ ʦʚʘ ʩʪʨʘʪʝʛʠʿʘ ʜʘʿʝ 

ʩʚʝ ʣʦʰʠʿʝ ʨʝʟʫʣʪʘʪʝ, ʿʝʨ ʩʝ ʧʨʝʪʨʘʞʝʥʠ ʜʝʦ ʦʢʨʫʞʝˁʘ ʫʚʝ˂ʘʚʘ, ʪʘʢʦ ʜʘ ʨʦʙʦʪ ʧʨʝʣʘʟʠ ʩʚʝ 

ʚʝ˂ʘ ʨʘʩʪʦʿʘˁʘ (ʪʝʞʝ˂ʠ ʜʘ ʠ ʜʘˀʝ ʦʙʠʣʘʟʠ ʧʦʟʠʮʠʿʝ ʩʘ ʚʝ˂ʠʤ ʠʥʬʦʨʤʘʪʠʚʥʠʤ 

ʧʦʪʝʥʮʠʿʘʣʦʤ). ʉʪʦʛʘ ʿʝ ʧʦʞʝˀʥʦ ʫ ʥʝʢʦʤ ʪʨʝʥʫʪʢʫ ʧʨʦʤʝʥʠʪʠ ʚʨʝʜʥʦʩʪ ʪʝʞʠʥʩʢʠʭ 

ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʢʨʠʪʝʨʠʿʫʤʘ A(p) ʠ L(p), ʢʘʢʦ ʙʠ ʩʝ ʫ ʜʘˀʝʤ ʪʦʢʫ ʧʨʝʪʨʘʛʝ ʧʨʠʤʝʥʠʣʘ ʤʘˁʝ 

ʘʛʨʝʩʠʚʥʘ ʩʪʨʘʪʝʛʠʿʘ.  

 

ʆʚʘʿ ʢʦʥʮʝʧʪ ʿʝ ʪʝʩʪʠʨʘʥ ʥʘ ʧʨʠʤʝʨʫ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ɸ. ʋ ʧʨʚʦʤ ʜʝʣʫ ʧʨʝʪʨʘʛʝ 

ʧʨʠʤʝˁʝʥʘ ʿʝ ʢʦʤʙʠʥʘʮʠʿʘ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ (0.2, 0.7, 0.1), ʘ ʫ ʜʨʫʛʦʤ ʜʝʣʫ 

ʢʦʤʙʠʥʘʮʠʿʘ (0.6, 0.3, 0.1). ʇʨʦʤʝʥʘ ʚʨʝʜʥʦʩʪʠ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʚʨʰʠ ʩʝ ʫ 

ʪʨʝʥʫʪʢʫ ʢʘʜʘ ʩʝ ʧʨʝʪʨʘʞʠ 80% ʦʢʨʫʞʝˁʘ.  

 

ʉʘ ʉʣʠʢʘ 34. ʠ 43. ʤʦʞʝ ʩʝ ʧʨʠʤʝʪʠʪʠ ʜʘ ʿʝ ʨʦʙʦʪʫ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʧʦʪʨʝʙʥʦ ʦʢʦ 

40% ʢʨʘ˂ʘ ʧʫʪʘˁʘ ʜʘ ʧʨʝʪʨʘʞʠ 80% ʦʢʨʫʞʝˁʘ, ʥʝʛʦ ʢʘʜʘ ʿʝ ʪʦʢʦʤ ʮʝʣʝ ʧʨʝʪʨʘʛʝ 

ʧʨʠʤʝˁʠʚʘʥʘ ʩʪʨʘʪʝʛʠʿʘ ʩʘ ʢʦʤʙʠʥʘʮʠʿʦʤ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ (0.6, 0.3, 0.1). 

ʄʝʹʫʪʠʤ, ʩʨʝʜˁʘ ʫʢʫʧʥʘ ʜʫʞʠʥʘ ʧʫʪʘˁʘ (ʠʟʨʘʯʫʥʘʪʘ ʫ ʦʜʥʦʩʫ ʥʘ ʠʩʪʝ ʩʪʘʨʪʥʝ ʧʦʟʠʮʠʿʝ) 

ʿʝ ʚʝ˂ʘ ʫ ʩʣʫʯʘʿʫ ʧʨʦʤʝʥʝ ʪʝʞʠʥʩʢʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʢʨʠʪʝʨʠʿʫʤʘ ʪʦʢʦʤ ʪʨʘʿʘˁʘ ʧʨʝʪʨʘʛʝ 

ʥʝʛʦ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʩʫ ʚʨʝʜʥʦʩʪʠ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʢʦʥʩʪʘʥʪʥʝ, ʰʪʦ ʩʝ ʤʦʞʝ ʢʦʥʩʪʘʪʦʚʘʪʠ 

ʧʦʨʝʜʝ˂ʠ ʨʝʟʫʣʪʘʪʝ ʠʟ ʊʘʙʝʣʘ 4. ʠ 8. 

 

ʂˀʫʯʥʦ ʦʛʨʘʥʠʯʝˁʝ ʧʨʝʜʣʦʞʝʥʦʛ ʧʨʠʩʪʫʧʘ ʩʘ ʧʨʠʤʝʥʦʤ TOPSIS ʤʝʪʦʜʝ ʟʘ ʠʟʙʦʨ 

ʩʣʝʜʝ˂ʝ ʧʦʟʠʮʠʿʝ ʨʦʙʦʪʘ ʧʨʠ ʧʨʝʪʨʘʟʠ ʦʢʨʫʞʝˁʘ ʧʨʦʠʩʪʠʯʝ ʠʟ ʧʨʝʪʭʦʜʥʦ ʜʝʣʘ ʪʝʢʩʪʘ ʫ 

ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʠ ʦʛʣʝʜʘ ʩʝ ʫ ʩʣʝʜʝ˂ʝʤ: 

- ʋ ʩʣʫʯʘʿʫ ʠʟʙʦʨʘ ʜʨʫʛʠʭ ʢʨʠʪʝʨʠʿʫʤʘ ʟʘ ʝʚʘʣʫʘʮʠʿʫ ʧʦʟʠʮʠʿʘ-ʢʘʥʜʠʜʘʪʘ ʠ/ʠʣʠ 

ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ʤʘʣʝ ʢʦʤʧʣʝʢʩʥʦʩʪʠ (ʩʘ ʤʘʣʠʤ ʙʨʦʿʝʤ ʧʨʝʧʨʝʢʘ) ʥʝ ʤʦʞʝ ʩʝ 

ʦʯʝʢʠʚʘʪʠ ʜʘ ˂ʝ TOPSIS ʜʘʪʠ ʙʦˀʝ ʨʝʟʫʣʪʘʪʝ ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʝ ʩʪʨʘʪʝʛʠʿʝ ʟʘ 

ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ ʘʥʘʣʠʟʠʨʘʥʝ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ.  
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4.2. ʇʨʠʩʪʫʧʠ ʟʘ ʫʥʘʧʨʝʹʝˁʝ ʧʣʘʥʠʨʘˁʘ ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʫ ʤʠʩʠʿʘʤʘ 

ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ʟʘ ʧʦʪʨʝʙʝ ʪʨʘʛʘˁʘ ʠ ʩʧʘʩʘʚʘˁʘ ʫ ʫʨʙʘʥʦʤ ʦʢʨʫʞʝˁʫ 

 

ʇʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ ʩʚʝ ʚʝ˂ʘ ʧʘʞˁʘ ʧʦʩʚʝ˂ʫʿʝ ʩʝ ʨʦʙʦʪʠʤʘ ʟʘ ʪʨʘʛʘˁʝ ʠ ʩʧʘʩʘʚʘˁʝ, 

ʢʘʢʦ ʦʜ ʩʪʨʘʥʝ ʠʩʪʨʘʞʠʚʘʯʘ ʫ ʦʙʣʘʩʪʠ ʨʦʙʦʪʠʢʝ, ʪʘʢʦ ʠ ʦʜ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʢʦʨʠʩʥʠʢʘ ʦʚʠʭ 

ʨʦʙʦʪʘ [7,98]. ʈʦʙʦʪʠ ʤʦʛʫ ʧʦʤʦ˂ʠ ˀʫʜʠʤʘ ʫ ʟʘʜʘʮʠʤʘ ʤʠʩʠʿʘ ʪʨʘʛʘˁʘ ʠ ʩʧʘʩʘʚʘˁʘ ʥʘ 

ʥʝʢʦʣʠʢʦ ʥʘʯʠʥʘ. ɱʝʜʥʘ ʦʜ ʦʩʥʦʚʥʠʭ ʫʣʦʛʘ ʤʦʙʠʣʥʠʭ ʨʦʙʦʪʘ ʫ ʦʚʠʤ ʤʠʩʠʿʘʤʘ ʿʝ ʜʘ ʨʘʜʝ 

ʢʘʦ ʫʨʝʹʘʿʠ ʟʘ ʜʘˀʠʥʩʢʦ ʜʝʪʝʢʪʦʚʘˁʝ ʢʦʿʠʤ ʩʝ ʧʨʠʢʫʧˀʘʿʫ ʢʦʨʠʩʥʠ ʧʦʜʘʮʠ ʩʘ ʦʧʘʩʥʠʭ 

ʤʝʩʪʘ ʜʦ ʢʦʿʠʭ ˀʠʜʠ ʥʝ ʤʦʛʫ ʣʘʢʦ ʠ/ʠʣʠ ʙʝʟʙʝʜʥʦ ʜʦ˂ʠ. ʇʦʩʝʙʘʥ ʠʟʘʟʦʚ ʜʘʥʘʩ ʧʨʝʜʩʪʘʚˀʘ 

ʘʥʛʘʞʦʚʘˁʝ ʫ ʤʠʩʠʿʘʤʘ ʪʨʘʛʘˁʘ ʠ ʩʧʘʩʘʚʘˁʘ ʤʦʙʠʣʥʠʭ ʨʦʙʦʪʘ ʩʘ ʦʜʨʝʹʝʥʠʤ ʩʪʝʧʝʥʦʤ 

ʘʫʪʦʥʦʤʠʿʝ. ɸʫʪʦʥʦʤʥʠ ʠ ʧʦʣʫʘʫʪʦʥʦʤʥʠ ʨʦʙʦʪʠ ʤʦʛʫ ʜʘ ʦʙʨʘʹʫʿʫ ʧʨʠʢʫʧˀʝʥʝ ʧʦʜʘʪʢʝ 

ʩʘʤʦʩʪʘʣʥʦ ʥʘ ʦʜʨʝʹʝʥʦʤ ʥʠʚʦʫ. ʇʦʣʫʘʫʪʦʥʦʤʥʠ ʨʦʙʦʪʠ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʘʫʪʦʥʦʤʥʠʭ, 

ʬʫʥʢʮʠʦʥʠʰʫ ʢʨʦʟ ʦʛʨʘʥʠʯʝʥʫ ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ ʯʦʚʝʢʦʤ ʦʧʝʨʘʪʦʨʦʤ. ʆʚʘʿ ʢʦʥʮʝʧʪ 

ʦʤʦʛʫ˂ʘʚʘ ʯʦʚʝʢʫ ʜʘ ʢʦʥʪʨʦʣʠʰʝ ʚʠʰʝ ʨʦʙʦʪʘ ʪʘʢʦ ʰʪʦ ʜʘʿʝ ʢʦʤʘʥʜʝ ʚʠʩʦʢʦʛ ʥʠʚʦʘ, ʥʘ 

ʧʨʠʤʝʨ, Ăʠʩʪʨʘʞʠ ʦʚʫ ʦʙʣʘʩʪñ, Ăʜʦʩʪʠʛʥʠ ʦʚʫ ʪʘʯʢʫñ [7], ʠʪʜ. ʋ ʩʣʫʯʘʿʫ ʧʨʠʚʨʝʤʝʥʦʛ ʢʚʘʨʘ 

ʫ ʢʦʤʫʥʠʢʘʮʠʿʠ, ʤʦʙʠʣʥʝ ʨʦʙʦʪʩʢʝ ʧʣʘʪʬʦʨʤʝ ʦʙʠʯʥʦ ʥʘʩʪʘʚʝ ʩʘ ʠʟʚʨʰʘʚʘˁʝʤ ʪʝʢʫ˂ʝʛ 

ʟʘʜʘʪʢʘ, ʥʘʢʦʥ ʯʝʛʘ ʩʝ ʚʨʘʪʝ ʥʘ ʫʥʘʧʨʝʜ ʜʝʬʠʥʠʩʘʥʫ ʦʩʥʦʚʥʫ ʧʦʟʠʮʠʿʫ [99,100].  

 

ʋ ʤʠʩʠʿʘʤʘ ʪʨʘʛʘˁʘ ʠ ʩʧʘʩʘʚʘˁʘ ʤʦʛʫ˂ʝ ʿʝ ʘʥʛʘʞʦʚʘˁʝ ʿʝʜʥʦʛ ʨʦʙʦʪʘ, ʢʦʿʠ ʪʘʜʘ 

ʤʦʨʘ ʢʦʨʠʩʪʠʪʠ ʨʘʟʣʠʯʠʪʝ ʩʝʥʟʦʨʩʢʝ ʫʨʝʹʘʿʝ, ʢʘʢʦ ʙʠ ʠʟʚʨʰʠʦ ʤʠʩʠʿʫ [7]. ʅʘ ʧʨʠʤʝʨ, ʤʦʨʘ 

ʠʤʘʪʠ ʩʝʥʟʦʨʝ ʟʘ ʦʧʘʞʘˁʝ ʦʢʨʫʞʝˁʘ ʫ ʮʠˀʫ ʬʦʨʤʠʨʘˁʘ ˁʝʛʦʚʝ ʤʘʧʝ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, 

ʦʪʢʨʠʚʘˁʝ ʧʦʚʨʝʹʝʥʠʭ ʣʠʮʘ ʟʘʭʪʝʚʘ ʩʝʥʟʦʨʝ ʜʨʫʛʝ ʚʨʩʪʝ, ʢʦʿʠ ʩʫ ʦʙʠʯʥʦ ʢʨʘ˂ʝʛ ʜʦʤʝʪʘ ʦʜ 

ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʠʭ. ɿʙʦʛ ʥʘʚʝʜʝʥʠʭ ʩʧʝʮʠʬʠʯʥʦʩʪʠ, ʫʤʝʩʪʦ ʿʝʜʥʦʛ ʨʦʙʦʪʘ ʫ ʤʠʩʠʿʘʤʘ 

ʪʨʘʛʘˁʘ ʠ ʩʧʘʩʘʚʘˁʘ ʦʙʠʯʥʦ ʩʝ ʘʥʛʘʞʫʿʫ ʚʠʰʝʨʦʙʦʪʩʢʠ ʩʠʩʪʝʤʠ ʭʝʪʝʨʦʛʝʥʦʛ ʩʘʩʪʘʚʘ, ʛʜʝ 

ʩʚʘʢʠ ʨʦʙʦʪ ʠʤʘ ʩʚʦʿ ʟʘʜʘʪʘʢ. 

 

ɸʫʪʦʥʦʤʥʠ ʨʦʙʦʪʠ ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʟʘʜʘʪʘʢ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ʟʘ ʧʦʪʨʝʙʝ ʪʨʘʛʘˁʘ ʠ 

ʩʧʘʩʘʚʘˁʘ ʤʦʨʘʿʫ ʙʠʪʠ ʫ ʩʪʘˁʫ ʜʘ ʬʦʨʤʠʨʘʿʫ ʤʘʧʫ ʦʢʨʫʞʝˁʘ ʠ ʜʘ ʠʩʪʦʚʨʝʤʝʥʦ ʦʜʨʝʹʫʿʫ 

ʩʚʦʿ ʧʦʣʦʞʘʿ ʫ ʦʜʥʦʩʫ ʥʘ ʪʫ ʤʘʧʫ (Simultaneous Localization and Mapping, SLAM), ʘʣʠ ʠ ʜʘ 

ʦʜʣʫʯʫʿʫ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʠʤʝˁʝʥʦʤ ʩʪʨʘʪʝʛʠʿʦʤ ʟʘ ʧʨʝʪʨʘʛʫ ʦʢʨʫʞʝˁʘ ʢʦʿʫ ˂ʝ ʩʣʝʜʝ˂ʫ 

ʧʦʟʠʮʠʿʫ ʜʘ ʧʦʩʝʪʝ, ʢʘʦ ʠ ʜʘ ʧʣʘʥʠʨʘʿʫ ʧʫʪʘˁʫ ʜʦ ʠʟʘʙʨʘʥʝ ʧʦʟʠʮʠʿʝ [7]. 

 

ʅʘ ʉʣʠʮʠ 45. ʿʝ ʧʨʠʢʘʟʘʥ ʧʨʠʤʝʨ ʘʫʪʦʥʦʤʥʦʛ ʨʦʙʦʪʘ ʟʘ ʤʠʩʠʿʝ ʪʨʘʛʘˁʘ ʠ ʩʧʘʩʘʚʘˁʘ. 

ʈʘʜʠ ʩʝ ʦ ʨʦʙʦʪʫ ʧʦʜ ʥʘʟʠʚʦʤ NuBot, ʢʦʿʝʛ ʿʝ ʢʨʝʠʨʘʦ ʪʠʤ ʠʟ ʩʘʩʪʘʚʘ National University of 

Defense Technology ʠʟ ʂʠʥʝ [98]. ʇʦʤʝʥʫʪʠ ʪʠʤ ʿʝ ʩʘ ʦʚʠʤ ʨʦʙʦʪʦʤ ʦʩʚʦʿʠʦ 1. ʤʝʩʪʦ ʫ 

ʢʣʘʩʠ ʤʘʣʠʭ ʨʦʙʦʪʘ ʥʘ ʪʘʢʤʠʯʝˁʫ RoboCup Rescue Robot League (RRL) 2016. ʛʦʜʠʥʝ ʫ 

ʃʘʿʧʮʠʛʫ (ʅʝʤʘʯʢʘ), ʢʘʦ ʠ ʧʨʚʦ ʤʝʩʪʦ ʥʘ ʪʘʢʤʠʯʝˁʫ RoboCup China Open RRL 2017. 

ʛʦʜʠʥʝ.  
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ʉʣʠʢʘ 45. ʆʧʨʝʤˀʝʥʦʩʪ ʩʝʥʟʦʨʠʤʘ NuBot-ʘ, ʘʫʪʦʥʦʤʥʦʛ ʨʦʙʦʪʘ ʟʘ ʪʨʘʛʘˁʝ ʠ ʩʧʘʩʘʚʘˁʝ, 

ʤʦʜʠʬʠʢʦʚʘʥʘ ʩʣʠʢʘ ʠʟ [98].  

 

 

NuBot ʿʝ ʦʧʨʝʤˀʝʥ ʣʘʩʝʨʩʢʠʤ ʩʢʝʥʝʨʦʤ (LIDAR), ʠʥʝʨʮʠʿaʣʥʠʤ ʤʝʨʥʠʤ ʩʝʥʟʦʨʦʤ 

(IMU), ʤʠʢʨʦʬʦʥʦʤ, USB ʢʘʤʝʨʘʤʘ ʠ ʪʝʨʤʘʣʥʦʤ ʢʘʤʝʨʦʤ. 

 

ɹʣʦʢ-ʰʝʤʘ ʩʦʬʪʚʝʨʩʢʝ ʘʨʭʠʪʝʢʪʫʨʝ NuBot-ʘ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʉʣʠʮʠ 46.  

 

 

 
 

ʉʣʠʢʘ 46. ɹʣʦʢ-ʰʝʤʘ ʩʦʬʪʚʝʨʩʢʝ ʘʨʭʠʪʝʢʪʫʨʝ NuBot-ʘ, ʘʫʪʦʥʦʤʥʦʛ ʨʦʙʦʪʘ ʟʘ ʪʨʘʛʘˁʝ 

ʠ ʩʧʘʩʘʚʘˁʝ, ʤʦʜʠʬʠʢʦʚʘʥʘ ʩʣʠʢʘ ʠʟ [98]. 
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NuBot ʿʝ ʠʟʨʘʹʝʥ ʥʘ ʛʫʩʝʥʠʯʥʦʿ ʧʣʘʪʬʦʨʤʠ, ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʦʚʝ ʧʣʘʪʬʦʨʤʝ ʫ 

ʦʜʥʦʩʫ ʥʘ ʪʦʯʢʘʰʢʝ ʦʤʦʛʫ˂ʘʚʘʿʫ ʚʝ˂ʫ ʧʨʦʭʦʜʥʦʩʪ ʧʦ ʪʝʰʢʦʤ ʪʝʨʝʥʫ, ʢʦʿʠ ʿʝ ʧʦʩʝʙʥʦ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʘʥ ʟʘ ʤʠʩʠʿʝ ʪʨʘʛʘˁʘ ʠ ʩʧʘʩʘʚʘˁʘ ʫ ʫʨʙʘʥʦʤ ʦʢʨʫʞʝˁʫ (urban search and 

rescue, USAR). 

 

4.2.1. ʇʨʠʤʝʥʘ D* Lite  ʘʣʛʦʨʠʪʤʘ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʬʘʟʠ ʣʦʛʠʢʦʤ 

 

ɸʣʛʦʨʠʪʤʠ ʢʦʿʠ ʧʨʦʨʘʯʫʥ ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʚʨʰʝ ʥʘ ʙʘʟʠ ʦʙʨʘʜʝ ʛʨʘʬʘ, ʢʘʦ ʰʪʦ ʿʝ D* 

Lite, ʧʦʛʦʜʥʠ ʩʫ ʟʘ ʧʨʠʤʝʥʫ ʨʘʟʣʠʯʠʪʠʭ ʤʝʪʦʜʘ ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʪʝʞʠʥʘ ˂ʝʣʠʿʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ 

ʤʘʧʝ (cost maps), ʢʘʢʦ ʙʠ ʩʝ ʫʥʘʧʨʝʜʠʦ ʧʨʦʮʝʩ ʧʣʘʥʠʨʘˁʘ. Cost maps ʪʝʭʥʠʢʝ ʧʦʩʝʙʥʦ 

ʧʨʫʞʘʿʫ ʤʦʛʫ˂ʥʦʩʪ ʨʝʘʣʠʩʪʠʯʥʦʛ ʦʩʣʠʢʘʚʘˁʘ ʩʣʦʞʝʥʦʩʪʠ ʪʝʨʝʥʘ ʩʘ ʘʩʧʝʢʪʘ ʧʨʦʭʦʜʥʦʩʪʠ 

ʪʿ. ʤʦʛʫ˂ʥʦʩʪʠ ʢʨʝʪʘˁʘ ʨʦʙʦʪʘ, ʰʪʦ ʦʙʝʟʙʝʹʫʿʝ ʚʝ˂ʫ ʧʦʫʟʜʘʥʦʩʪ ʫ ʛʝʥʝʨʠʩʘˁʫ ʧʫʪʘˁʝ ʫ 

ʩʤʠʩʣʫ ʜʘ ʥʝ˂ʝ ʟʘʭʪʝʚʘʪʠ ʦʟʙʠˀʥʠʿʝ ʥʘʢʥʘʜʥʝ ʢʦʨʝʢʮʠʿʝ. 

 

ʋ [37] ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʢʦʥʮʝʧʪ ʜʝʬʠʥʠʩʘˁʝ ʪʝʞʠʥʘ ˂ʝʣʠʿʘ ʥʘ ʙʘʟʠ ʚʝʨʦʚʘʪʥʦ˂ʝ, ʢʦʿʘ 

ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʥʝʧʦʪʧʫʥʦ ʧʦʟʥʘʚʘˁʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʝʨʝʥʘ. ʈʦʙʦʪ ʫ ʪʦʢʫ ʢʨʝʪʘˁʘ ʫʧʦʟʥʘʿʝ 

ʙʦˀʝ ʪʝʨʝʥ ʠ ʧʦ ʧʦʪʨʝʙʠ ʢʦʨʠʛʫʿʝ ʧʨʝʪʭʦʜʥʦ ʠʟʨʘʯʫʥʘʪʫ ʧʫʪʘˁʫ. ʋ ʮʠˀʫ ʫʥʘʧʨʝʹʝˁʘ 

ʧʣʘʥʠʨʘˁʘ ʧʫʪʘˁʝ ʨʦʙʦʪʘ, ʫ [38] ʿʝ ʦʧʠʩʘʥ ʧʨʠʩʪʫʧ ʢʦʿʠ ʫʢˀʫʯʫʿʝ ʜʝʬʠʥʠʩʘˁʝ ʪʝʞʠʥʘ 

˂ʝʣʠʿʘ ʥʘ ʙʘʟʠ ʧʦʟʥʘʪʠʭ ʩʪʘʪʠʯʢʠʭ ʧʨʝʧʨʝʢʘ, ʢʘʦ ʠ ʥʘ ʙʘʟʠ ʩʪʨʫʢʪʫʨʝ ʧʫʪʝʚʘ ʫ ʦʢʨʫʞʝˁʫ ʠ 

ʜʨʫʛʠʭ ʜʦʩʪʫʧʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʪʝʨʝʥʫ ʢʦʿʝ ʤʦʛʫ ʫʪʠʮʘʪʠ ʥʘ ʢʨʝʪʘˁʝ ʨʦʙʦʪʘ. ɼʠʥʘʤʠʯʢʝ 

ʧʨʝʧʨʝʢʝ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʢʘʦ ʨʝʛʠʦʥʠ ʦʜʨʝʹʝʥʠʭ ʜʠʤʝʥʟʠʿʘ ʠ ʦʙʣʠʢʘ ʩʘ ˂ʝʣʠʿʘʤʘ ʚʝʣʠʢʠʭ 

ʪʝʞʠʥʘ ʢʘʢʦ ʙʠ ʩʝ ʦʩʠʛʫʨʘʣʘ ʙʝʟʙʝʜʥʘ ʫʜʘˀʝʥʦʩʪ ʨʦʙʦʪʘ.  

 

ʇʦʩʝʙʘʥ ʠʟʘʟʦʚ ʧʨʝʜʩʪʘʚˀʘ ʜʝʬʠʥʠʩʘˁʝ ʪʝʞʠʥʘ ˂ʝʣʠʿʘ ʫ ʤʘʧʠ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ 

ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʫ ʦʢʨʫʞʝˁʫ ʛʜʝ ʩʫ ʧʨʠʩʫʪʥʠ ˀʫʜʠ. ʉ ʪʠʤ ʫ ʚʝʟʠ, ʫ [39] ʿʝ 

ʧʨʝʟʝʥʪʦʚʘʥ ʧʨʠʩʪʫʧ ʧʦ ʢʦʤʝ ʩʝ ʫ ʬʘʟʠ ʧʨʝʜʧʣʘʥʠʨʘˁʘ ʥʘ ʦʩʥʦʚʫ ʠʥʠʮʠʿʘʣʥʝ ʤʘʧʝ 

ʛʝʥʝʨʠʰʫ ʧʫʪʘˁʝ ʨʦʙʦʪʘ, ʠʩʪʦʚʨʝʤʝʥʦ ʩʝ ʩʠʤʫʣʠʨʘʿʫ ʧʫʪʘˁʝ ʧʝʰʘʢʘ (ʥʘ ʦʩʥʦʚʫ 

ʧʨʝʪʭʦʜʥʠʭ ʧʦʩʤʘʪʨʘˁʘ) ʠ ʥʘ ʦʩʥʦʚʫ ʪʦʛʘ ʩʝ ʜʝʬʠʥʠʰʫ ʢʦʥʘʯʥʝ ʪʝʞʠʥʝ ˂ʝʣʠʿʘ. ʋ ʪʘʢʦ 

ʘʞʫʨʠʨʘʥʦʿ ʤʘʧʠ ʩʝ ʧʣʘʥʠʨʘʿʫ ʢʦʥʘʯʥʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ. ʋ [40] ʠ [41] ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʘ 

ʯʝʪʠʨʠ ʘʣʛʦʨʠʪʤʘ ʙʘʟʠʨʘʥʘ ʥʘ ɸ* ʘʣʛʦʨʠʪʤʫ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʫ ʦʢʨʫʞʝˁʫ ʛʜʝ 

ʩʫ ʧʨʠʩʫʪʥʠ ˀʫʜʠ (CSA*, Flow-A*, Risk-A* ʠ CUSUM-A*). ʅʘ ʧʦʯʝʪʢʫ, ʢʘʜʘ ʨʦʙʦʪ ʥʝʤʘ 

ʠʥʬʦʨʤʘʮʠʿʫ ʦ ʧʨʠʩʫʩʪʚʫ ˀʫʜʠ ʫ ʦʢʨʫʞʝˁʫ, ʩʚʘʢʠ ʦʜ ʦʚʠʭ ʘʣʛʦʨʠʪʘʤʘ ʛʝʥʝʨʠʰʝ ʧʫʪʘˁʝ 

ʢʦʿʝ ʩʫ ʠʜʝʥʪʠʯʥʝ ʨʝʰʝˁʠʤʘ ʦʨʠʛʠʥʘʣʥʦʛ ɸ* ʘʣʛʦʨʠʪʤʘ. ʄʝʹʫʪʠʤ, ʢʘʜʘ ʨʦʙʦʪ ʟʘʧʦʯʥʝ 

ʢʨʝʪʘˁʝ ʠ ʩʫʢʮʝʩʠʚʥʦ ʫʧʦʟʥʘʿʝ ʦʢʨʫʞʝˁʝ, ʚʨʰʠ ʩʝ ʘʞʫʨʠʨʘˁʝ ʪʝʞʠʥʘ ˂ʝʣʠʿʘ ʫ ʤʘʧʠ. ʂʘʜʘ 

ʩʝ ʧʨʠʢʫʧʠ ʜʦʚʦˀʥʦ ʠʥʬʦʨʤʘʮʠʿʘ ʠ ʘʞʫʨʠʨʘ ʩʝ ʤʘʧʘ, CSA* ʦʙʝʟʙʝʹʫʿʝ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʘ 

ʢʦʿʝ ʿʝʜʥʦʩʪʘʚʥʦ ʠʟʙʝʛʘʚʘʿʫ ʜʝʣʦʚʝ ʦʢʨʫʞʝˁʘ ʩʘ ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ ˀʫʜʠ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, 

Flow-A* ʫ ʧʨʦʨʘʯʫʥ ʫʢˀʫʯʫʿʝ ʠ ʧʨʘʚʮʝ ʢʨʝʪʘˁʘ ʛʨʫʧʘ ˀʫʜʠ ʢʘʢʦ ʙʠ ʛʝʥʝʨʠʩʘʦ ʧʫʪʘˁʫ ʢʦʿʘ 

ʠʟʙʝʛʘʚʘ ʪʝ ʧʨʘʚʮʝ. ʄʝʹʫʪʠʤ, ˀʫʜʠ ʦʙʠʯʥʦ ʤʝˁʘʿʫ ʩʚʦʿʝ ʢʨʝʪʘˁʝ ʫ ʧʨʠʩʫʩʪʚʫ ʨʦʙʦʪʘ. ʋ 

ʪʘʢʚʠʤ ʩʮʝʥʘʨʠʿʠʤʘ, ʥʘ ʙʘʟʠ ʝʚʝʥʪʫʘʣʥʠʭ ʨʠʟʠʯʥʠʭ ʢʦʥʪʘʢʪʘ ʩʘ ˀʫʜʠʤʘ Risk-A* ʢʦʨʠʩʪʠ 

ʤʦʜʝʣʝ ʟʘ ʧʣʘʥʠʨʘˁʝ ʙʝʟʙʝʜʥʠʿʠʭ ʧʫʪʘˁʘ. CUSUM-A* ʧʨʘʪʠ ʧʨʦʤʝʥʝ ʫ ʦʙʨʘʩʮʠʤʘ 

ʢʨʝʪʘˁʘ ʚʝ˂ʠʭ ʛʨʫʧʘ ˀʫʜʠ ʠ ʧʨʝʤʘ ˁʠʤʘ ʧʨʠʣʘʛʦʹʘʚʘ ʧʫʪʘˁʝ ʨʦʙʦʪʘ. 

 

ʋ ʤʠʩʠʿʘʤʘ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ʟʘ ʧʦʪʨʝʙʝ ʪʨʘʛʘˁʘ ʠ ʩʧʘʩʘʚʘˁʘ ʯʝʩʪʝ ʩʫ ʩʠʪʫʘʮʠʿʝ 

ʜʘ ʿʝ ʥʘ ʧʦʯʝʪʢʫ ʩʘʤʦ ʜʝʣʠʤʠʯʥʦ ʧʦʟʥʘʪʦ ʦʢʨʫʞʝˁʝ. ʅʘ ʧʨʠʤʝʨ, ʠʘʢʦ ʧʦʩʪʦʿʠ ʜʝʪʘˀʥʘ 

ʤʘʧʘ ʥʝʢʦʛ ʪʝʨʝʥʘ ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʘʢʮʠʜʝʥʪʘ ʧʨʠ ʢʦʿʝʤ ʿʝ ʜʦʰʣʦ ʜʦ ʜʝʣʠʤʠʯʥʦʛ ʫʨʫʰʘʚʘˁʘ 

ʦʙʿʝʢʘʪʘ, ʰʪʦ ʿʝ ʧʦʩʝʙʥʦ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʟʘ ʫʨʙʘʥʦ ʦʢʨʫʞʝˁʝ. ʋ ʪʘʢʚʠʤ, ʢʦʤʧʣʝʢʩʥʠʤ 

ʩʮʝʥʘʨʠʿʠʤʘ, ʦʙʠʯʥʦ ʩʝ ʫ ʧʦʜʨʫʯʿʘ ʧʦʛʦʹʝʥʘ ʘʢʮʠʜʝʥʪʦʤ ʫʧʫ˂ʫʿʫ ʠʩʪʦʚʨʝʤʝʥʦ ʠ ʨʦʙʦʪʠ ʟʘ 

ʤʘʧʠʨʘˁʝ, ʘʣʠ ʠ ʨʦʙʦʪʠ ʠ ˀʫʜʠ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ ʜʨʫʛʠʭ ʟʘʜʘʪʘʢʘ, ʥʧʨ. ʟʘ ʝʚʘʢʫʘʮʠʿʫ 

ʧʦʚʨʝʹʝʥʠʭ, ʫʢʣʘˁʘˁʝ ʧʨʝʧʨʝʢʘ, ʥʝʫʪʨʘʣʠʩʘˁʝ ʦʧʘʩʥʠʭ ʤʘʪʝʨʠʿʘ [7], ʠʪʜ. ʀʩʪʦʚʨʝʤʝʥʦ, 

ʤʦʛʫ˂ʠ ʩʫ ʩʮʝʥʘʨʠʿʠ ʜʘ ʩʝ ʫ ʟʦʥʠ ʦʜ ʠʥʪʝʨʝʩʘ ʟʘ ʤʠʩʠʿʫ ʪʨʘʛʘˁʘ ʠ ʩʧʘʩʘʚʘˁʘ ʥʘʣʘʟʝ 

ʦʙʿʝʢʪʠ ʨʘʟʣʠʯʠʪʝ ʥʘʤʝʥʝ (ʥʘʩʝˀʝʥʠ ʦʙʿʝʢʪʠ, ʩʢʣʘʜʠʰʪʘ ʦʧʘʩʥʠʭ ʤʘʪʝʨʠʿʘ, ʥʘʧʫʰʪʝʥʠ 
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ʦʙʿʝʢʪʠ ʠ ʩʣ.), ʢʦʿʠ ʩʫ ʫʩʣʝʜ ʪʦʛʘ ʠ ʨʘʟʣʠʯʠʪʦʛ ʧʨʠʦʨʠʪʝʪʘ ʟʘ ʧʨʝʪʨʘʛʫ. ʋ ʮʠˀʫ ʫʧʨʘʚˀʘˁʘ 

ʧʨʝʪʨʘʛʦʤ ʦʢʨʫʞʝˁʘ ʫ ʦʚʘʢʚʠʤ ʫʩʣʦʚʠʤʘ, ʘ ʟʘ ʧʦʪʨʝʙʝ ʝʬʠʢʘʩʥʝ ʨʝʘʣʠʟʘʮʠʿʝ ʤʠʩʠʿʝ 

ʪʨʘʛʘˁʘ ʠ ʩʧʘʩʘʚʘˁʘ, ʫ ʜʠʩʝʨʪʘʮʠʿʠ ʩʝ ʧʨʝʜʣʘʞʝ ʧʨʠʤʝʥʘ ʬʘʟʠ ʣʦʛʠʢʝ ʟʘ ʜʝʬʠʥʠʩʘˁʝ 

ʪʝʞʠʥʘ ˂ʝʣʠʿʘ ʤʘʧʝ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʘ ʨʦʙʦʪʘ. ʋ ʩʢʣʦʧʫ ʠʩʪʨʘʞʠʚʘˁʘ 

ʢʦʿʘ ʩʫ ʧʨʝʪʭʦʜʠʣʘ ʧʨʠʧʨʝʤʠ ʟʘ ʠʟʨʘʜʫ ʜʠʩʝʨʪʘʮʠʿʝ, ʘʫʪʦʨ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʧʫʙʣʠʢʦʚʘʦ ʨʘʜ 

ʫ ʢʦʤʝ ʿʝ ʢʦʤʙʠʥʦʚʘʥʘ ʫʧʦʪʨʝʙʘ D* Lite ʘʣʛʦʨʠʪʤʘ ʠ ʬʘʟʠ ʣʦʛʠʢʝ ʧʨʠʤʝˁʝʥʘ ʟʘ 

ʫʥʘʧʨʝʹʝˁʝ ʧʣʘʥʠʨʘˁʘ ʢʨʝʪʘˁʘ ʨʦʙʦʪʘ ʫ ʩʮʝʥʘʨʠʿʫ ʧʨʦʜʘʿʥʦʛ ʮʝʥʪʨʘ [61]. 

 

ʋ ʦʢʚʠʨʫ ʜʠʩʝʨʪʘʮʠʿʝ, ʛʣʘʚʥʘ ʠʜʝʿʘ ʧʨʠʤʝʥʝ ʬʘʟʠ ʣʦʛʠʢʝ ʿʝ ʜʘ ʩʝ ʦʙʝʟʙʝʜʠ ʧʨʝʪʨʘʛʘ 

ʦʢʨʫʞʝˁʘ ʥʘ ʪʘʢʘʚ ʥʘʯʠʥ ʠ ʪʠʤ ʨʝʜʦʤ ʜʘ Ăʧʦʢʨʠʚʘñ ʦʙʿʝʢʪʝ ʧʨʝʤʘ ʧʨʠʦʨʠʪʝʪʫ, ʦʜ ʥʘʿʚʝ˂ʝʛ 

ʢʘ ʥʘʿʤʘˁʝʤ, ʠ ʪʦ ʪʘʢʦ ʜʘ ʨʦʙʦʪʠ ʟʘ ʤʘʧʠʨʘˁʝ ʫ ʰʪʦ ʤʘˁʦʿ ʤʝʨʠ ʦʤʝʪʘʿʫ ʜʨʫʛʝ ʨʦʙʦʪʝ ʠʣʠ 

ˀʫʜʝ, ʢʦʿʠ ʟʙʦʛ ʧʨʠʨʦʜʝ ʩʚʦʿʠʭ ʟʘʜʘʪʘʢʘ ʦʙʠʯʥʦ ʤʦʨʘʿʫ ʧʨʠ˂ʠ ʙʣʠʞʝ ʦʙʿʝʢʪʠʤʘ (ʪʘʢʦʹʝ 

Ăʧʦʢʨʠʚʘʿʫ˂ʠñ ʦʙʿʝʢʪʝ ʧʨʝʤʘ ʠʩʪʦʤ ʨʝʜʦʩʣʝʜʫ ʧʨʠʦʨʠʪʝʪʘ). ʉʪʦʛʘ ʩʝ ʫʚʦʜʠ ʜʦʜʘʪʥʠ 

ʧʘʨʘʤʝʪʘʨ ï ʩʪʝʧʝʥ ʨʝʘʣʠʟʘʮʠʿʝ ʣʦʢʘʣʥʝ ʧʨʝʪʨʘʛʝ, ʢʦʿʠ ˂ʝ ʩʘ ʿʝʜʥʝ ʩʪʨʘʥʝ ʜʘ ʦʥʝʤʦʛʫ˂ʠ 

ʫʜʘˀʘʚʘˁʝ ʨʦʙʦʪʘ ʟʘ ʤʘʧʠʨʘˁʝ ʧʨʝ ʠʟʚʨʰʘʚʘˁʘ ʟʘʜʘʪʢʘ ʠʟ ʟʦʥʝ ʿʝʜʥʦʛ ʦʙʿʝʢʪʘ ʫ ʟʦʥʫ 

ʜʨʫʛʦʛ ʦʙʿʝʢʪʘ (ʧʨʝʤʘ ˁʠʭʦʚʦʤ ʧʨʠʦʨʠʪʝʪʫ), ʘ ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ˂ʝ ʜʘ ʨʝʛʫʣʠʰʝ ʥʠʚʦ 

ʧʝʥʘʣʠʟʘʮʠʿʝ ˁʝʛʦʚʠʭ ʧʫʪʘˁʘ ʢʦʿʝ ʧʨʦʣʘʟʝ ʙʣʠʟʫ ʦʙʿʝʢʪʘ ʥʘ ʜʠʨʝʢʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʘʥ 

ʥʘʯʠʥ (ʥʠʚʦ ʧʝʥʘʣʠʟʘʮʠʿʝ ʩʝ ʧʦʚʝ˂ʘʚʘ ʩʘ ʧʦʨʘʩʪʦʤ ʩʪʝʧʝʥʘ ʨʝʘʣʠʟʘʮʠʿʝ ʣʦʢʘʣʥʝ ʧʨʝʪʨʘʛʝ). 

 

ʉʭʦʜʥʦ ʥʘʚʝʜʝʥʦʤ, ʬʘʟʠ ʩʠʩʪʝʤ ʪʨʝʙʘ ʜʘ ʨʝʛʫʣʠʰʝ ʜʝʬʠʥʠʩʘˁʝ ʪʝʞʠʥʘ ˂ʝʣʠʿʘ ʤʘʧʝ 

ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʣʘʥʠʨʘˁʝ ʢʨʝʪʘˁʘ, ʪʘʢʦ ʜʘ ʪʝʞʠʥʘ ˂ʝʣʠʿʘ ʟʘʚʠʩʠ ʦʜ ʪʨʠ ʬʘʢʪʦʨʘ: ʚʨʩʪʝ 

ʦʙʿʝʢʪʘ ʦʜʥʦʩʥʦ ˁʝʛʦʚʦʛ ʧʨʠʦʨʠʪʝʪʘ ʟʘ ʧʨʝʪʨʘʛʫ, ʫʜʘˀʝʥʦʩʪʠ ˂ʝʣʠʿʝ ʦʜ ʦʙʿʝʢʪʘ ʠ ʩʪʝʧʝʥʘ 

ʨʝʘʣʠʟʘʮʠʿʝ ʧʨʝʪʨʘʛʝ ʣʦʢʘʣʥʦʛ ʦʢʨʫʞʝˁʘ ʦʢʦ ʪʦʛ ʦʙʿʝʢʪʘ. ʇʦʰʪʦ ʿʝ ʿʝʜʥʦʩʪʘʚʥʠʿʝ 

ʧʦʜʝʩʠʪʠ ʬʘʟʠ ʩʠʩʪʝʤ ʩʘ ʜʚʘ ʥʝʛʦ ʩʘ ʪʨʠ ʫʣʘʟʘ, ʫ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʿʫ ʧʨʝʜʣʘʞʝ ʩʝ 

ʫʧʦʪʨʝʙʘ ʪʟʚ. ʬʘʟʠ ʠʥʪʝʛʨʘʣʥʦʛ ʩʠʩʪʝʤʘ [101]. ʆʥ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʜʚʘ ʬʘʟʠ ʝʢʩʧʝʨʪʩʢʘ 

ʩʠʩʪʝʤʘ ʠ ʬʘʟʠ ʩʚʠʯʘ (ʉʣʠʢʘ 47). 

 

ʆʙʘ ʬʘʟʠ ʩʠʩʪʝʤʘ ʠʤʘʿʫ ʠʩʪʝ ʫʣʘʟʝ ʠ ʠʟʣʘʟʝ, ʩ ʪʠʤ ʰʪʦ ʿʝʜʘʥ ʩʠʩʪʝʤ ʠʤʘ ʤʘˁʫ 

ʦʩʝʪˀʠʚʦʩʪ ʧʨʦʤʝʥʝ ʪʝʞʠʥʝ ˂ʝʣʠʿʘ ʤʘʧʝ, ʘ ʜʨʫʛʠ ʚʝ˂ʫ ʦʩʝʪˀʠʚʦʩʪ. ʌʘʟʠ ʩʚʠʯ ʠʤʘ ʿʝʜʘʥ 

ʫʣʘʟ ʠ ʜʚʘ ʠʟʣʘʟʘ ʠ ʦʥ ʦʜʨʝʹʫʿʝ ʢʦʿʠ ʬʘʟʠ ʩʠʩʪʝʤ ʫ ʢʦʤ ʪʨʝʥʫʪʢʫ ʠʤʘ ʚʝ˂ʠ ʫʪʠʮʘʿ ʥʘ 

ʬʦʨʤʠʨʘˁʝ ʢʦʥʘʯʥʝ ʪʝʞʠʥʝ ˂ʝʣʠʿʝ. 

 

 

 
 

ʉʣʠʢʘ 47. ɹʣʦʢ ʰʝʤʘ ʬʘʟʠ ʠʥʪʝʛʨʘʣʥʦʛ ʩʠʩʪʝʤʘ. 
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ʆʜʛʦʚʘʨʘʿʫ˂ʝ ʙʣʦʢ ʰʝʤʝ ʬʘʟʠ ʝʢʩʧʝʨʪʩʢʠʭ ʩʠʩʪʝʤʘ ʠ ʬʘʟʠ ʩʚʠʯʘ ʠʤʧʣʝʤʝʥʪʠʨʘʥʝ ʫ 

ʄʘʪʣʘʙʫ ʧʨʠʢʘʟʘʥʝ ʩʫ ʥʘ ʉʣʠʮʠ 48. 

 

 

 
ʘ) ʌʘʟʠ ʝʢʩʧʝʨʪʩʢʠ ʩʠʩʪʝʤ 1 

 

 
ʙ) ʌʘʟʠ ʝʢʩʧʝʨʪʩʢʠ ʩʠʩʪʝʤ 2 

 

 
ʮ) ʌʘʟʠ ʩʚʠʯ 

 

ʉʣʠʢʘ 48. ɹʣʦʢ ʰʝʤʝ ʬʘʟʠ ʝʢʩʧʝʨʪʩʢʠʭ ʩʠʩʪʝʤʘ ʠ ʬʘʟʠ ʩʚʠʯʘ ʠʤʧʣʝʤʝʥʪʠʨʘʥʝ ʫ ʄʘʪʣʘʙʫ 

ʫ ʦʢʚʠʨʫ ʠʩʪʨʘʞʠʚʘˁʘ ʦʙʫʭʚʘ˂ʝʥʠʭ ʜʠʩʝʨʪʘʮʠʿʦʤ 

 

 

ʇʨʝʜʣʦʞʝʥʠ ʬʘʟʠ ʠʥʪʝʛʨʘʣʥʠ ʩʠʩʪʝʤ ʿʝ ʪʝʩʪʠʨʘʥ ʥʘ ʩʠʤʫʣʠʨʘʥʦʤ ʩʮʝʥʘʨʠʿʫ. 

ʇʦʣʘʟʥʘ ʧʨʝʪʧʦʩʪʘʚʢʘ ʿʝ ʜʘ ʩʝ ʤʠʩʠʿʘ ʪʨʘʛʘˁʘ ʠ ʩʧʘʩʘʚʘˁʘ ʩʧʨʦʚʦʜʠ ʫ ʦʢʨʫʞʝˁʫ ʩʘ 4 

ʦʙʿʝʢʪʘ ʯʠʿʘ ʠʥʠʮʠʿʘʣʥʘ ʤʘʧʘ ʿʝ ʧʦʟʥʘʪʘ (ʉʣʠʢʘ 49), ʘʣʠ ʥʠʿʝ ʧʦʟʥʘʪʦ ʫ ʢʦʤ ʩʪʝʧʝʥʫ ʠ ʥʘ 

ʢʦʿʠ ʥʘʯʠʥ ʿʝ ʘʢʮʠʜʝʥʪ ʫʨʫʰʠʦ ʦʙʿʝʢʪʝ ʠ ʠʟʤʝʥʠʦ ʠʥʠʮʠʿʘʣʥʫ ʤʘʧʫ (ʟʙʦʛ ʯʝʛʘ ʿʝ ʧʨʝʪʭʦʜʥʦ 

ʩʣʦʙʦʜʘʥ ʧʨʦʩʪʦʨ ʥʘ ʩʣʠʮʠ ʧʨʠʢʘʟʘʥ ʰʨʘʬʠʨʘʥʦ), ʪʝ ʿʝ ʠʟ ʪʦʛ ʨʘʟʣʦʛʘ ʥʝʦʧʭʦʜʥʦ ʜʘ ʩʝ 

ʧʨʝʪʨʘʞʠ ʦʢʨʫʞʝˁʝ ʢʘʢʦ ʙʠ ʩʝ ʬʦʨʤʠʨʘʣʘ ˁʝʛʦʚʘ ʤʘʧʘ ʥʘʢʦʥ ʘʢʮʠʜʝʥʪʘ. 
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ɼʘˀʝ, ʧʨʝʪʧʦʩʪʘʚʠʤʦ ʜʘ ʙʨʦʿʯʘʥʦ ʠʟʨʘʞʝʥ ʥʠʚʦ ʧʨʠʦʨʠʪʝʪʘ ʦʙʿʝʢʘʪʘ, ʠʜʫ˂ʠ ʦʜ 

ʦʙʿʝʢʪʘ ʛʦʨʝ ʣʝʚʦ, ʧʨʝʢʦ ʦʙʿʝʢʪʘ ʛʦʨʝ ʜʝʩʥʦ ʠ ʦʙʿʝʢʪʘ ʜʦʣʝ ʜʝʩʥʦ ʜʦ ʦʙʿʝʢʪʘ ʜʦʣʝ ʣʝʚʦ, 

ʠʟʥʦʩʠ 0.9, 0.6, 0.1 ʠ 0.05, ʨʝʩʧʝʢʪʠʚʥʦ. 

 

 

 
 

ʉʣʠʢʘ 49. ʀʥʠʮʠʿʘʣʥʘ ʤʘʧʘ ʦʢʨʫʞʝˁʘ ʫ ʪʝʩʪʠʨʘʥʦʤ ʩʮʝʥʘʨʠʿʫ ʤʠʩʠʿʝ ʪʨʘʛʘˁʘ ʠ 

ʩʧʘʩʘʚʘˁʘ. 

 

 

ʌʫʥʢʮʠʿʝ ʧʨʠʧʘʜʥʦʩʪʠ ʫʣʘʟʥʠʭ ʚʘʨʠʿʘʙʣʠ ʠ ʠʟʣʘʟʥʝ ʚʘʨʠʿʘʙʣʝ ʬʘʟʠ ʝʢʩʧʝʨʪʩʢʠʭ 

ʩʠʩʪʝʤʘ ʧʨʠʢʘʟʘʥʝ ʩʫ ʥʘ ʉʣʠʢʘʤʘ 50. ʠ 51. 

 

 

      
 

ʉʣʠʢʘ 50. ʌʫʥʢʮʠʿʝ ʧʨʠʧʘʜʥʦʩʪʠ ʫʣʘʟʥʠʭ ʚʘʨʠʿʘʙʣʠ ʬʘʟʠ ʝʢʩʧʝʨʪʩʢʠʭ ʩʠʩʪʝʤʘ. 

 

 

ʂʘʢʦ ʙʠ ʩʝ ʧʦʩʪʠʛʣʦ ʜʘ ʿʝʜʘʥ ʬʘʟʠ ʩʠʩʪʝʤ (FES1) ʠʤʘ ʤʘˁʫ ʦʩʝʪˀʠʚʦʩʪ ʧʨʦʤʝʥʝ 

ʪʝʞʠʥʝ ˂ʝʣʠʿʘ ʫ ʦʜʥʦʩʫ ʥʘ ʫʣʘʟʥʝ ʚʘʨʠʿʘʙʣʝ (ʧʨʠʦʨʠʪʝʪ ʦʙʿʝʢʪʘ ʠ ʫʜʘˀʝʥʦʩʪ ˂ʝʣʠʿʝ ʤʘʧʝ 

ʦʜ ʦʙʿʝʢʪʘ), ʘ ʜʨʫʛʠ ʬʘʟʠ ʩʠʩʪʝʤ (FES2) ʚʝ˂ʫ ʦʩʝʪˀʠʚʦʩʪ, ʮʝʥʪʨʦʠʜ ʬʫʥʢʮʠʿʘ ʧʨʠʧʘʜʥʦʩʪʠ 

ʿʝ ʫ ʧʨʚʦʤ ʩʣʫʯʘʿʫ ʧʦʤʝʨʝʥ ʣʝʚʦ ʙʣʠʞʝ ʥʫʣʠ, ʘ ʫ ʜʨʫʛʦʤ ʩʣʫʯʘʿʫ ʿʝ ʪʨʘʥʩʣʠʨʘʥ ʚʠʰʝ ʜʝʩʥʦ 

(ʉʣʠʢʘ 51) [101]. 
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ʉʣʠʢʘ 51. ʌʫʥʢʮʠʿʝ ʧʨʠʧʘʜʥʦʩʪʠ ʠʟʣʘʟʥʝ ʚʘʨʠʿʘʙʣʝ ʬʘʟʠ ʝʢʩʧʝʨʪʩʢʠʭ ʩʠʩʪʝʤʘ (ʣʝʚʦ ï 

FES1, ʜʝʩʥʦ ï FES2). 

 

 

ʌʫʥʢʮʠʿʘ ʧʨʠʧʘʜʥʦʩʪʠ ʫʣʘʟʥʝ ʚʘʨʠʿʘʙʣʝ ʬʘʟʠ ʩʚʠʯʘ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʉʣʠʮʠ 52. 

 

 
 

ʉʣʠʢʘ 52. ʌʫʥʢʮʠʿʘ ʧʨʠʧʘʜʥʦʩʪʠ ʫʣʘʟʥʝ ʚʘʨʠʿʘʙʣʝ ʬʘʟʠ ʩʚʠʯʘ. 

 

 

ʌʘʟʠ ʧʨʘʚʠʣʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʪʝʞʠʥʘ ˂ʝʣʠʿʘ ʤʘʧʝ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʣʘʥʠʨʘˁʝ 

ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʜʘʪʘ ʩʫ ʫ ʊʘʙʝʣʠ 10. 

 

 

ʊʘʙʝʣʘ 10. ʌʘʟʠ ʧʨʘʚʠʣʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʪʝʞʠʥʘ ˂ʝʣʠʿʘ ʤʘʧʝ. 

 

Teģina ĺelije mape 

(fazi izlaz) 

Prioritet objekta 

(fazi ulaz 1) 

mali srednji veliki 

Udaljenost ĺelije 

mape 

od objekta 

(fazi ulaz 2) 

blizu mala srednja velika 

srednje mala mala srednja 

daleko 
veoma 

mala 
mala mala 

Tip fazi pravila: ĂØñ 
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ʈʝʟʫʣʪʘʪʠ ʩʠʤʫʣʘʮʠʿʝ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʉʣʠʢʘʤʘ 53. ʠ 54. ʅʘ ʉʣʠʮʠ 53. ʿʝ ʧʨʠʢʘʟʘʥ 

ʩʣʫʯʘʿ ʢʘʜʘ ʿʝ ʧʨʠʤʝˁʝʥ ʧʨʝʜʣʦʞʝʥʠ ʬʘʟʠ ʠʥʪʝʛʨʘʣʥʠ ʩʠʩʪʝʤ ʟʘ ʫʧʨʘʚˀʘˁʝ ʧʨʝʪʨʘʛʦʤ 

ʦʢʨʫʞʝˁʘ ʫ ʤʠʩʠʿʠ ʪʨʘʛʘˁʘ ʠ ʩʧʘʩʘʚʘˁʘ. ʄʦʞʝ ʩʝ ʧʨʠʤʝʪʠʪʠ ʜʘ ʿʝ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʿʠ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ʠʩʧʦʰʪʦʚʘʥ ʧʨʠʦʨʠʪʝʪ ʦʙʿʝʢʘʪʘ, ʠ ʪʦ ʥʘ ʥʘʯʠʥ ʜʘ ʨʦʙʦʪ ʟʘ 

ʤʘʧʠʨʘˁʝ ʚʝ˂ʠʤ ʜʝʣʦʤ ʧʫʪʘˁʝ ʥʝ ʧʨʠʣʘʟʠ ʧʨʝʚʠʰʝ ʙʣʠʟʫ ʦʙʿʝʢʪʠʤʘ, ʧʦʩʝʙʥʦ ʥʝ 

ʦʙʿʝʢʪʠʤʘ ʚʝʣʠʢʦʛ ʧʨʠʦʨʠʪʝʪʘ.  

 

  

     
 

ʉʣʠʢʘ 53. ʇʫʪʘˁʘ ʨʦʙʦʪʘ ʪʦʢʦʤ ʧʨʝʪʨʘʛʝ (ʣʝʚʦ) ʠ ʤʘʧʘ ʦʢʨʫʞʝˁʘ ʬʦʨʤʠʨʘʥʘ ʥʘʢʦʥ 

ʧʨʝʪʨʘʛʝ (ʜʝʩʥʦ) ʫʟ ʧʨʠʤʝʥʫ ʬʘʟʠ ʠʥʪʝʛʨʘʣʥʦʛ ʩʠʩʪʝʤʘ ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʪʝʞʠʥʘ ˂ʝʣʠʿʘ 

ʤʘʧʝ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʪʝʞʠʥʝ ˂ʝʣʠʿʘ ʠʤʘʿʫ ʰʠʨʠ ʨʘʩʧʦʥ ʚʨʝʜʥʦʩʪʠ, ʪʘʢʦ ʜʘ D* Lite 

ʘʣʛʦʨʠʪʘʤ ʛʝʥʝʨʠʰʝ ʧʫʪʘˁʫ ʥʘʿʤʘˁʝ ʮʝʥʝ. ʉʪʘʨʪʥʘ ʧʦʟʠʮʠʿʘ ʨʦʙʦʪʘ ʿʝ ʦʟʥʘʯʝʥʘ 

ʟʝʣʝʥʠʤ ʢʨʫʞʠ˂ʝʤ ʥʘ ʩʣʠʮʠ ʣʝʚʦ. 

 

 

ʋ ʜʨʫʛʦʤ ʩʣʫʯʘʿʫ, ʢʘʜʘ ʥʠʿʝ ʧʨʠʤʝˁʝʥ ʬʘʟʠ ʠʥʪʝʛʨʘʣʥʠ ʩʠʩʪʝʤ (ʉʣʠʢʘ 54), ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʿʠ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ʥʠʿʝ ʠʩʧʦʰʪʦʚʘʥ ʧʨʠʦʨʠʪʝʪ ʦʙʿʝʢʘʪʘ.  

  

 

     
 

ʉʣʠʢʘ 54. ʇʫʪʘˁʘ ʨʦʙʦʪʘ ʪʦʢʦʤ ʧʨʝʪʨʘʛʝ (ʣʝʚʦ) ʠ ʤʘʧʘ ʦʢʨʫʞʝˁʘ ʬʦʨʤʠʨʘʥʘ ʥʘʢʦʥ 

ʧʨʝʪʨʘʛʝ (ʜʝʩʥʦ) ʙʝʟ ʧʨʠʤʝʥʝ ʬʘʟʠ ʠʥʪʝʛʨʘʣʥʦʛ ʩʠʩʪʝʤʘ. ʋ ʦʚʦʿ ʦʧʮʠʿʠ ʪʝʞʠʥʝ ˂ʝʣʠʿʘ 

ʠʤʘʿʫ ʙʠʥʘʨʥʝ ʚʨʝʜʥʦʩʪʠ, ʪʘʢʦ ʜʘ D* Lite ʘʣʛʦʨʠʪʘʤ ʫʚʝʢ ʛʝʥʝʨʠʰʝ ʧʫʪʘˁʫ ʥʘʿʤʘˁʝ 

ʜʫʞʠʥʝ ʯʠʤʝ ʩʝ ʛʫʙʠ ʬʣʝʢʩʠʙʠʣʥʦʩʪ ʫ ʫʧʨʘʚˀʘˁʫ ʤʠʩʠʿʦʤ. ʉʪʘʨʪʥʘ ʧʦʟʠʮʠʿʘ ʨʦʙʦʪʘ ʿʝ 

ʦʟʥʘʯʝʥʘ ʟʝʣʝʥʠʤ ʢʨʫʞʠ˂ʝʤ ʥʘ ʩʣʠʮʠ ʣʝʚʦ. 
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ɼʦʜʘʪʥʠ ʧʨʦʙʣʝʤ ʧʨʝʜʩʪʘʚˀʘ ʪʦ ʰʪʦ ʨʦʙʦʪ ʟʘ ʤʘʧʠʨʘˁʝ ʪʦʢʦʤ ʧʨʝʪʨʘʛʝ ʧʨʠʣʘʟʠ 

ʧʨʝʚʠʰʝ ʙʣʠʟʫ ʦʙʿʝʢʪʠʤʘ, ʨʘʯʫʥʘʿʫ˂ʠ ʠ ʦʙʿʝʢʪʝ ʚʝʣʠʢʦʛ ʧʨʠʦʨʠʪʝʪʘ, ʪʘʢʦ ʜʘ ʿʝ ʨʠʟʠʢ ʦʜ 

ʥʝʧʦʞʝˀʥʠʭ ʢʦʥʪʘʢʪʘ ʩʘ ʜʨʫʛʠʤ ʨʦʙʦʪʠʤʘ ʟʥʘʯʘʿʥʦ ʠʟʨʘʞʝʥ.  

 

4.2.2. ʇʨʠʤʝʥʘ D* Lite  ʘʣʛʦʨʠʪʤʘ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ on-line ʫʯʝˁʝʤ 

 

ʇʦʨʝʜ ʥʘʚʝʜʝʥʦʛ ʫ ʇʦʛʣʘʚˀʫ 4.2.1, ʧʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ ʿʝʜʘʥ ʦʜ ʛʣʘʚʥʠʭ ʧʨʘʚʘʮʘ 

ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʨʦʙʦʪʠʮʠ ʿʝ ʧʨʠʤʝʥʘ ʨʘʟʣʠʯʠʪʠʭ ʪʝʭʥʠʢʘ ʫʯʝˁʘ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ 

ʘʣʛʦʨʠʪʤʠʤʘ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ. ʎʠˀ ʿʝ ʜʘ ʩʝ ʥʘ ʦʚʘʿ ʥʘʯʠʥ ʧʨʠʤʝʥʠ ʩʪʝʯʝʥʦ 

ʠʩʢʫʩʪʚʦ ʢʘʢʦ ʙʠ ʩʝ ʫʥʘʧʨʝʜʠʦ ʧʨʦʮʝʩ ʧʨʦʨʘʯʫʥʘ ʧʫʪʘˁʝ.  

 

ʂʦʥʮʝʧʪ ʧʨʝʜʣʦʞʝʥ ʫ [42-44] ʢʦʨʠʩʪʠ ʬʦʨʤʠʨʘʥʫ ʙʘʟʫ ʧʦʜʘʪʘʢʘ ʢʦʿʘ ʯʫʚʘ ʩʝʛʤʝʥʪʝ 

ʥʘʫʯʝʥʠʭ ʣʦʢʘʣʥʠʭ ʧʫʪʘˁʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʫʦʙʠʯʘʿʝʥʠʭ ʛʝʦʤʝʪʨʠʿʩʢʦʛ ʦʙʣʠʢʘ ʧʨʝʧʨʝʢʘ ʫ 

ʦʢʨʫʞʝˁʫ, ʢʘʢʦ ʙʠ ʩʝ ʥʘ ʦʩʥʦʚʫ ˁʠʭ ʬʦʨʤʠʨʘʣʘ ʛʣʦʙʘʣʥʘ ʧʫʪʘˁʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʙʫʜʫ˂ʝ 

ʢʦʥʢʨʝʪʥʝ ʩʠʪʫʘʮʠʿʝ. ʇʣʘʥʠʨʘˁʝ ʧʫʪʘˁʝ ʢʦʨʠʰ˂ʝˁʝʤ ʫʯʝˁʘ ʪʘʢʦʹʝ ʿʝ ʧʨʝʜʣʦʞʝʥʦ ʠ ʫ [45-

47], ʛʜʝ ʩʫ ʫʚʝʜʝʥʠ ʪʘʢʦʟʚʘʥʠ Ăʛʨʘʬʦʚʠ ʙʘʟʠʨʘʥʠ ʥʘ ʠʩʢʫʩʪʚʫñ, ʢʦʿʠ ʫ ʩʪʚʘʨʠ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʤʨʝʞʫ ʧʫʪʘˁʘ ʠʟ ʧʨʝʪʭʦʜʥʠʭ ʠʪʝʨʘʮʠʿʘ. ʆʚʘʿ ʧʨʠʩʪʫʧ ʿʝ ʚʝʦʤʘ ʢʦʨʠʩʪʘʥ ʫ ʦʢʨʫʞʝˁʫ ʢʦʿʝ 

ʧʦʩʝʜʫʿʝ ʫ ʦʜʨʝʹʝʥʦʤ ʜʝʣʫ ʬʠʢʩʥʫ ʩʪʨʫʢʪʫʨʫ, ʘ ʫ ʜʨʫʛʦʤ ʜʝʣʫ ʩʫ ʤʦʛʫ˂ʝ ʧʨʦʤʝʥʝ. 

ʀʥʪʝʨʝʩʘʥʪʘʥ ʧʨʠʩʪʫʧ ʢʦʨʠʰ˂ʝˁʘ ʥʘʫʯʝʥʠʭ ʤʘʥʝʚʘʨʘ ʠʟ ʧʨʝʪʭʦʜʥʠʭ ʩʠʪʫʘʮʠʿʘ ʢʦʿʠ ʩʫ 

ʟʘʭʪʝʚʘʣʠ ʠʟʙʝʛʘʚʘˁʝ ʩʫʜʘʨʘ ʩʘ ʧʨʝʧʨʝʢʘʤʘ ʢʘʢʦ ʙʠ ʩʝ ʧʦʙʦˀʰʘʣʦ ʧʣʘʥʠʨʘˁʝ ʫ ʥʘʨʝʜʥʠʤ 

ʠʪʝʨʘʮʠʿʘʤʘ ʨʘʟʤʘʪʨʘ ʩʝ ʫ [102].  

 

ʋ ʩʮʝʥʘʨʠʿʠʤʘ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʿʝ ʚʠʩʦʢʦ ʧʦʥʘʚˀʘʿʫ˂ʝ ʢʨʝʪʘˁʝ 

ʨʦʙʦʪʘ ʢʨʦʟ ʠʩʪʠ ʧʨʦʩʪʦʨ, ʿʝʨ ʩʝ ʧʫʪʘˁʝ ʨʦʙʦʪʘ ʫ ʤʘˁʦʿ ʠʣʠ ʚʝ˂ʦʿ ʤʝʨʠ ʫʢʨʰʪʘʿʫ ʠʜʫ˂ʠ ʦʜ 

ʿʝʜʥʝ ʜʦ ʜʨʫʛʝ ʧʦʟʠʮʠʿʝ. ʅʘʚʝʜʝʥʦ ʩʝ ʤʦʞʝ ʠʩʢʦʨʠʩʪʠʪʠ ʟʘ ʧʨʠʤʝʥʫ on-line ʫʯʝˁʘ 

ʙʘʟʠʨʘʥʦʛ ʥʘ ĂM-out-of-Nñ ʜʝʪʝʢʪʦʨʫ ʢʘʢʦ ʙʠ ʩʝ ʝʚʝʥʪʫʘʣʥʝ ʩʧʦʨʦʧʨʦʤʝʥˀʠʚʝ ʧʨʝʧʨʝʢʝ 

ʜʝʪʝʢʪʦʚʘʥʝ ʫ ʧʨʝʪʨʘʞʝʥʦʤ ʜʝʣʫ ʦʢʨʫʞʝˁʘ (ʜʨʫʛʠ ʨʦʙʦʪʠ, ʤʘʰʠʥʝ ʠʣʠ ʛʨʫʧʘ ˀʫʜʠ ʢʦʿʠ ʥʘ 

ʥʝʢʦʿ ʬʠʢʩʥʦʿ ʧʦʟʠʮʠʿʠ ʦʜʨʝʹʝʥʦ ʚʨʝʤʝ ʨʘʜʝ ʩʚʦʿʝ ʟʘʜʘʪʢʝ ʠ ʩʣ.), ʠʥʪʝʛʨʠʩʘʣʝ ʦʜʥʦʩʥʦ 

ʙʨʠʩʘʣʝ ʠʟ ʤʘʧʝ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʣʘʥʠʨʘˁʝ ʧʫʪʘˁʘ ʨʦʙʦʪʘ ʥʘ ʥʘʯʠʥ ʢʦʿʠ ʤʦʞʝ ʜʘ 

ʫʥʘʧʨʝʜʠ ʧʨʦʮʝʩ ʧʣʘʥʠʨʘˁʘ. ʆʚʝ ʩʠʪʫʘʮʠʿʝ ʩʫ ʪʘʢʦʹʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʟʘ ʪʨʘʛʘˁʝ ʠ 

ʩʧʘʩʘʚʘˁʝ ʫ ʫʨʙʘʥʦʤ ʦʢʨʫʞʝˁʫ, ʘʣʠ ʥʠʩʫ ʦʛʨʘʥʠʯʝʥʝ ʩʘʤʦ ʥʘ ʪʫ ʚʨʩʪʫ ʤʠʩʠʿʘ ʧʨʝʪʨʘʛʝ 

ʦʢʨʫʞʝˁʘ. ʆʚʜʝ ʩʝ ʨʘʜʠ ʦ ʩʧʦʨʦʧʨʦʤʝʥˀʠʚʠʤ ʧʨʝʧʨʝʢʘʤʘ ʜʝʪʝʢʪʦʚʘʥʠʤ ʩʝʥʟʦʨʠʤʘ ʢʦʿʝ 

ʨʦʙʦʪ ʢʦʨʠʩʪʠ ʟʘ ʙʝʟʙʝʜʥʦ ʢʨʝʪʘˁʝ ʧʨʘʪʝ˂ʠ ʛʝʥʝʨʠʩʘʥʫ ʧʫʪʘˁʫ, ʢʦʿʠ ʩʫ ʫ ʛʝʥʝʨʘʣʥʦʤ 

ʩʣʫʯʘʿʫ ʟʥʘʯʘʿʥʦ ʦʩʝʪˀʠʚʠʿʠ, ʘʣʠ ʠ ʟʥʘʯʘʿʥʦ ʤʘˁʝʛ ʜʦʤʝʪʘ ʦʜ ʩʝʥʟʦʨʘ ʢʦʿʝ ʢʦʨʠʩʪʠ ʟʘ 

ʦʧʩʝʨʚʘʮʠʿʫ ʦʢʨʫʞʝˁʘ ʩʘ ʩʫʢʮʝʩʠʚʥʠʭ ʧʦʟʠʮʠʿʘ ʢʦʿʝ ʧʦʩʝ˂ʫʿʝ ʫ ʮʠˀʫ ʧʨʠʢʫʧˀʘˁʘ 

ʧʦʜʘʪʘʢʘ ʟʥʘʯʘʿʥʠʭ ʟʘ ʩʘʤʫ ʧʨʝʪʨʘʛʫ [87]. ʀʩʪʦʚʨʝʤʝʥʦ ʪʨʝʙʘ ʥʘʛʣʘʩʠʪʠ ʜʘ ʩʝ ʦʚʜʝ ʥʝ 

ʛʦʚʦʨʠ ʦ ʠʟʙʝʛʘʚʘˁʫ ʧʦʢʨʝʪʥʠʭ ʧʨʝʧʨʝʢʘ ʪʦʢʦʤ ʢʨʝʪʘˁʘ ʨʦʙʦʪʘ, ʟʘ ʰʪʘ ʩʝ ʢʦʨʠʩʪʝ 

ʧʦʩʝʙʥʠ ʘʣʛʦʨʠʪʤʠ ʠ ʪʝʭʥʠʢʝ. ʋ ʩʢʣʦʧʫ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʘ ʩʫ ʧʨʝʪʭʦʜʠʣʘ ʧʨʠʧʨʝʤʠ ʟʘ 

ʠʟʨʘʜʫ ʜʠʩʝʨʪʘʮʠʿʝ, ʘʫʪʦʨ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʧʫʙʣʠʢʦʚʘʦ ʨʘʜ ʫ ʢʦʤʝ ʿʝ ʢʦʤʙʠʥʦʚʘʥʘ ʫʧʦʪʨʝʙʘ 

D* Lite ʘʣʛʦʨʠʪʤʘ ʠ on-line ʫʯʝʘˁ ʙʘʟʠʨʘʥʦʛ ʥʘ ĂM-out-of-Nñ ʜʝʪʝʢʪʦʨʫ ʧʨʠʤʝˁʝʥʘ ʟʘ 

ʫʥʘʧʨʝʹʝˁʝ ʧʣʘʥʠʨʘˁʘ ʢʨʝʪʘˁʘ ʨʦʙʦʪʘ ʫ ʩʮʝʥʘʨʠʿʫ ʧʨʦʜʘʿʥʦʛ ʮʝʥʪʨʘ [61]. 

 

ʋ ʠʟʚʦʨʥʦʿ ʬʦʨʤʠ, ĂM-out-of-Nñ ʜʝʪʝʢʪʦʨ ʩʝ ʢʦʨʠʩʪʠ ʫ ʨʘʜʘʨʩʢʦʿ ʪʝʭʥʠʮʠ ʟʘ 

ʜʝʪʝʢʮʠʿʫ ʮʠˀʝʚʘ ʠ ʠʟʨʘʞʘʚʘ ʩʝ ʟʘ k-ʪʫ ʦʧʩʝʨʚʘʮʠʿʫ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ [103]:   
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ʋ (21) ʚʘʞʠ ʜʘ ʿʝ k Ó n, ʛʜʝ ʿʝ n = N ʜʫʞʠʥʘ ʧʨʦʟʦʨʘ ʜʝʪʝʢʪʦʨʘ, ʜʦʢ yi ʧʨʝʜʩʪʘʚˀʘ i-

ʪʫ ʦʧʩʝʨʚʘʮʠʿʫ ʠ ʫ ʠʜʝʘʣʥʦʤ ʩʣʫʯʘʿʫ ʠʤʘ ʚʨʝʜʥʦʩʪ Ă1ñ ʢʘʜʘ ʿʝ ʜʦʙʠʿʝʥ ʦʜʨʘʟ ʦʜ ʮʠˀʘ (ʫ 

ʩʫʧʨʦʪʥʦʤ ʠʤʘ ʚʨʝʜʥʦʩʪ Ă0ñ). ʇʨʠʩʫʩʪʚʦ ʮʠˀʘ ʩʝ ʧʨʦʛʣʘʰʘʚʘ ʥʘʢʦʥ ʧʦʨʝʹʝˁʘ ʚʨʝʜʥʦʩʪʠ 

Wkn ʩʘ ʧʨʘʛʦʤ M, ʪʿ. ʘʢʦ ʩʝ ʟʘʜʦʚʦˀʠ ʫʩʣʦʚ Wkn Ó M.       

 

ʋ ʦʢʚʠʨʫ ʜʠʩʝʨʪʘʮʠʿʝ, ʢʦʤʙʠʥʦʚʘʥʘ ʫʧʦʪʨʝʙʘ D* Lite ʘʣʛʦʨʠʪʤʘ ʠ on-line ʫʯʝˁʘ 

ʙʘʟʠʨʘʥʦʛ ʥʘ ĂM-out-of-Nñ ʜʝʪʝʢʪʦʨʫ ʟʘ ʫʥʘʧʨʝʹʝˁʝ ʧʣʘʥʠʨʘˁʘ ʢʨʝʪʘˁʘ ʨʦʙʦʪʘ ʫ ʤʠʩʠʿʘʤʘ 

ʧʨʝʪʨʘʛʘ ʦʢʨʫʞʝˁʘ ʙʠ˂ʝ ʪʝʩʪʠʨʘʥʘ ʥʘ ʧʨʠʤʝʨʫ ʩʠʤʫʣʘʮʠʿʝ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ ʧʨʠʢʘʟʘʥʦʛ 

ʥʘ ʉʣʠʮʠ 55. ʎʠˀ ʧʨʠʤʝʥʝ ʘʣʛʦʨʠʪʤʘ ʫʯʝˁʘ ʿʝ ʜʘ ʩʝ ʧʦʜʘʮʠ ʧʨʠʢʫʧˀʝʥʠ ʩʝʥʟʦʨʠʤʘ 

ʨʦʙʦʪʘ ʟʘ ʙʝʟʙʝʜʥʦ ʢʨʝʪʘˁʝ ʠʟ ʧʨʝʪʭʦʜʥʠʭ ʢʦʨʘʢʘ ʧʨʝʪʨʘʛʝ ʦʢʨʫʞʝˁʘ, ʠʩʢʦʨʠʩʪʝ ʥʘ 

ʧʦʯʝʪʢʫ ʩʣʝʜʝ˂ʝʛ ʢʦʨʘʢʘ ʧʨʝʪʨʘʛʝ ʫ ʬʘʟʠ ʧʣʘʥʠʨʘˁʘ ʧʫʪʘˁʝ ʨʦʙʦʪʘ. ʉ ʪʠʤ ʫ ʚʝʟʠ, ʫ ʦʢʚʠʨʫ 

ʧʨʦʮʝʩʘ ʧʨʝʪʨʘʛʝ ʩʚʘʢʦʿ ˂ʝʣʠʿʠ ʧʨʝʪʨʘʞʝʥʦʛ ʜʝʣʘ ʦʢʨʫʞʝˁʘ ʟʘ ʧʦʪʨʝʙʝ ʧʨʠʤʝʥʝ ʘʣʛʦʨʠʪʤʘ 

ʫʯʝˁʘ ʜʦʜʝˀʫʿʝ ʩʝ ʩʪʘʪʫʩ ʧʨʝʤʘ ʙʠʥʘʨʥʦʿ ʢʣʘʩʠʬʠʢʘʮʠʿʠ, ʪʿ. Ă0ñ (ʩʣʦʙʦʜʥʘ ˂ʝʣʠʿʘ) ʠʣʠ Ă1ñ 

(ʙʣʦʢʠʨʘʥʘ ˂ʝʣʠʿʘ). ʉʪʘʪʫʩ ʩʚʘʢʝ ˂ʝʣʠʿʝ ʤʘʧʝ ʧʨʝʪʨʘʞʝʥʦʛ ʜʝʣʘ ʦʢʨʫʞʝˁʘ ʩʝ ʧʨʘʪʠ ʠ 

ʧʘʤʪʠ ʫ ʩʫʢʮʝʩʠʚʥʠʤ ʢʦʨʘʮʠʤʘ ʧʨʝʪʨʘʛʝ ʪʿ. ʧʨʝʜʩʪʘʚˀʘ ʩʝ ʫ ʬʦʨʤʠ ʙʠʥʘʨʥʝ ʚʨʝʤʝʥʩʢʝ 

ʩʝʨʠʿʝ.  

 

 

 
 

ʉʣʠʢʘ 55. ʄʘʧʘ ʦʢʨʫʞʝˁʘ ʟʘ ʪʝʩʪʠʨʘˁʝ ʧʨʠʤʝʥʝ D* Lite ʘʣʛʦʨʠʪʤʘ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ on-

line ʫʯʝˁʝʤ ʙʘʟʠʨʘʥʠʤ ʥʘ ĂM-out-of-Nñ ʜʝʪʝʢʪʦʨʫ. 

 

 

ɸʢʦ ʧʦʩʤʘʪʨʘʤʦ ʢʦʥʢʨʝʪʥʫ ˂ʝʣʠʿʫ ʤʘʧʝ, ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʙʠʥʘʨʥʫ ʚʨʝʤʝʥʩʢʫ ʩʝʨʠʿʫ 

ʧʨʦʤʝʥʝ ˁʝʥʦʛ ʩʪʘʪʫʩʘ ʦʙʨʘʹʫʿʝ ĂM-out-of-Nñ ʜʝʪʝʢʪʦʨ ʠ ʜʝʢʣʘʨʠʰʝ ʥʘ ʧʦʯʝʪʢʫ (k+1)-ʦʛ 

ʢʦʨʘʢʘ ʧʨʝʪʨʘʛʝ ʧʨʦʤʝʥʫ ʩʪʘʪʫʩʘ ˂ʝʣʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʩʪʘʪʫʩ ʢʦʿʠ ʿʝ ʠʤʘʣʘ ʥʘ ʢʨʘʿʫ (k-N)-ʪʦʛ 

ʢʦʨʘʢʘ (ʘ ʧʨʝ ʦʪʧʦʯʠˁʘˁʘ (k-N+1)-ʦʛ ʢʦʨʘʢʘ) ʧʨʝʪʨʘʛʝ, ʫ ʩʣʫʯʘʿʫ ʜʘ ʩʝ ʥʘ ʢʨʘʿʫ k-ʪʦʛ 

ʢʦʨʘʢʘ ʧʨʝʪʨʘʛʝ ʟʘʜʦʚʦˀʠ ʩʣʝʜʝ˂ʠ ʩʪʘʪʠʩʪʠʯʢʠ ʪʝʩʪ: ʧʦʩʪʦʿʠ ʥʘʿʤʘˁʝ M ʦʜ ʧʦʩʣʝʜˁʠʭ N 

ʙʠʪʦʚʘ ʩʫʧʨʦʪʥʝ ʚʨʝʜʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʚʨʝʜʥʦʩʪ ʙʠʪʘ ʥʘ ʢʨʘʿʫ (ʢ-N)-ʪʦʛ ʢʦʨʘʢʘ ʧʨʝʪʨʘʛʝ, 

ʛʜʝ ʿʝ N ʜʫʞʠʥʘ Ăʧʨʦʟʦʨʘñ ʜʝʪʝʢʪʦʨʘ. 

 

ʆʜʛʦʚʘʨʘʿʫ˂ʘ ʙʣʦʢ ʰʝʤʘ ʘʣʛʦʨʠʪʤʘ ʫʯʝˁʘ ʙʘʟʠʨʘʥʦʛ ʥʘ ĂM-out-of-Nñ ʜʝʪʝʢʪʦʨʫ, 

ʤʦʜʠʬʠʢʦʚʘʥʦʤ ʟʘ ʧʨʠʤʝʥʫ ʫ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʿʫ, ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʉʣʠʮʠ 56.  
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ʉʣʠʢʘ 56. ɹʣʦʢ ʰʝʤʘ ʘʣʛʦʨʠʪʤʘ ʫʯʝˁʘ. 

 

 

ʇʨʠʤʝˁʝʥʦ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʧʨʠʤʝʨʫ, ʦʚʦ ʟʥʘʯʠ ʜʘ ʘʢʦ ʩʝ ʫ N ʫʟʘʩʪʦʧʥʠʭ ʢʦʨʘʢʘ 

ʧʨʝʪʨʘʛʝ ʄ ʧʫʪʘ ʜʝʪʝʢʪʫʿʝ ʧʨʝʧʨʝʢʘ ʫ ˂ʝʣʠʿʠ ʢʦʿʘ ʿʝ ʥʘ ʢʨʘʿʫ (k-N)-ʪʦʛ ʢʦʨʘʢʘ ʧʨʝʪʨʘʛʝ 

ʙʠʣʘ ʩʣʦʙʦʜʥʘ, ʦʥʜʘ ʩʝ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʛʝʥʝʨʠʩʘˁʘ ʧʫʪʘˁʝ ʥʘ ʧʦʯʝʪʢʫ (k+1)-ʦʛ ʢʦʨʘʢʘ 

ʧʨʝʪʨʘʛʝ ʦʚʘ ˂ʝʣʠʿʘ ʜʝʢʣʘʨʠʰʝ ʢʘʦ ʙʣʦʢʠʨʘʥʘ. ɻʝʥʝʨʘʣʥʦ, ʠʩʪʘ ʣʦʛʠʢʘ ʩʝ ʧʨʠʤʝˁʫʿʝ ʟʘ 

˂ʝʣʠʿʝ ʢʦʿʝ ʩʫ ʥʘ ʢʨʘʿʫ (k-N)-ʪʦʛ ʢʦʨʘʢʘ ʧʨʝʪʨʘʛʝ ʙʠʣʝ ʙʣʦʢʠʨʘʥʝ. ʅʘʨʘʚʥʦ, ʫ ʩʚʘʢʦʤ 

ʢʦʨʘʢʫ ʧʨʝʪʨʘʛʝ ʢʘʜʘ ʥʝʢʘ ˂ʝʣʠʿʘ ʥʠʿʝ ʦʧʘʞʝʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʩʝʥʟʦʨʦʤ ʨʦʙʦʪʘ, ˁʦʿ ʩʝ 

ʜʦʜʝˀʫʿʝ ʩʪʘʪʫʩ ʢʦʿʠ ʦʜʛʦʚʘʨʘ ʦʩʥʦʚʥʦʿ ʤʘʧʠ ʧʨʝʪʨʘʞʝʥʦʛ ʜʝʣʘ ʦʢʨʫʞʝˁʘ. 

 

ʆʚʘʢʦ ʩʧʝʮʠʬʠʮʠʨʘʥ ʜʝʪʝʢʪʦʨ ʧʘʤʪʠ ʩʪʘʪʫʩʝ ˂ʝʣʠʿʘ ʤʘʧʝ ʩʘʤʦ ʫ ʦʜʨʝʹʝʥʦʤ ʙʨʦʿʫ 

ʧʦʩʣʝʜˁʠʭ ʢʦʨʘʢʘ ʧʨʝʪʨʘʛʝ, ʰʪʦ ʿʝ ʨʝʛʫʣʠʩʘʥʦ ʜʫʞʠʥʦʤ ʧʨʦʟʦʨʘ N, ʯʠʤʝ ʩʝ ʦʙʝʟʙʝʹʫʿʝ 

ʧʨʘ˂ʝˁʝ ʧʨʦʤʝʥʘ ʫ ʤʘʧʠ ʫ ʩʢʣʘʜʫ ʩʘ ˁʠʭʦʚʦʤ ʜʠʥʘʤʠʢʦʤ. ʇʘʨʘʤʝʪʘʨ ʄ ʩʝ ʧʦʜʝʰʘʚʘ 

ʧʨʝʤʘ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʢʦʥʢʨʝʪʥʦʛ ʦʢʨʫʞʝˁʘ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʦʯʝʢʠʚʘʥʠʭ ʧʨʦʤʝʥʘ. 

 

ʉʮʝʥʘʨʠʦ ʫ ʢʦʤ ʿʝ ʪʝʩʪʠʨʘʥ ʧʨʝʜʣʦʞʝʥʠ ʧʨʠʩʪʫʧ ʿʝ ʪʘʢʦ ʢʦʥʮʠʧʠʨʘʥ ʜʘ ʩʝ ʧʨʝʧʨʝʢʘ 

ʧʦʿʘʚʠʣʘ ʪʦʢʦʤ ʧʨʝʪʨʘʛʝ ʠ ʪʦ ʫ ʧʨʝʪʨʘʞʝʥʦʤ ʜʝʣʫ ʦʢʨʫʞʝˁʘ ʥʘʢʦʥ ʠʟʚʨʰʝʥʝ ʧʨʝʪʨʘʛʝ 

60% ʦʢʨʫʞʝˁʘ, ʘ ʥʝʩʪʘʣʘ ʿʝ ʥʘʢʦʥ ʠʟʚʨʰʝʥʝ ʧʨʝʪʨʘʛʝ 85% ʦʢʨʫʞʝˁʘ. ʅʘ ʉʣʠʢʘʤʘ 57. ʠ 58. 

ʧʨʠʢʘʟʘʥʠ ʩʫ ʧʫʪʘˁʘ ʨʦʙʦʪʘ ʠ ʤʘʧʘ ʦʢʨʫʞʝˁʘ ʥʘʢʦʥ ʠʟʚʨʰʝʥʝ ʧʨʝʪʨʘʛʝ 80% ʦʢʨʫʞʝˁʘ, ʪʿ. 

ʫ ʪʨʝʥʫʪʢʫ ʢʘʜʘ ʿʝ ʧʨʠʩʫʪʥʘ ʧʨʝʧʨʝʢʘ ʢʦʿʘ ʿʝ ʠ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʢʘʤʘ (ʦʟʥʘʯʝʥʘ 

ʩʪʨʝʣʠʮʦʤ). 

 

 

       
 

ʉʣʠʢʘ 57. ʇʫʪʘˁʘ ʨʦʙʦʪʘ (ʣʝʚʦ) ʠ ʤʘʧʘ ʦʢʨʫʞʝˁʘ ʥʘʢʦʥ ʠʟʚʨʰʝʥʝ ʧʨʝʪʨʘʛʝ 80% 

ʦʢʨʫʞʝˁʘ (ʜʝʩʥʦ) ʙʝʟ ʧʨʠʤʝʥʝ ʘʣʛʦʨʠʪʤʘ ʫʯʝˁʘ. ɼʠʥʘʤʠʯʢʘ ʧʨʝʧʨʝʢʘ (ʦʟʥʘʯʝʥʘ 

ʩʪʨʝʣʠʮʦʤ) ʿʝ ʧʨʠʩʫʪʥʘ, ʘʣʠ ʿʝ ʨʦʙʦʪ ʜʝʪʝʢʪʫʿʝ ʪʝʢ ʢʘʜʘ ʧʨʠʹʝ ʨʝʣʘʪʠʚʥʦ ʙʣʠʟʫ, ʥʘʢʦʥ 

ʯʝʛʘ D* Lite ʘʣʛʦʨʠʪʘʤ ʚʨʰʠ ʢʦʨʝʢʮʠʿʫ ʧʫʪʘˁʝ. ʉʪʘʨʪʥʘ ʧʦʟʠʮʠʿʘ ʨʦʙʦʪʘ ʿʝ ʦʟʥʘʯʝʥʘ 

ʟʝʣʝʥʠʤ ʢʨʫʞʠ˂ʝʤ ʥʘ ʩʣʠʮʠ ʣʝʚʦ. 














































