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Abstract 
The aim of this thesis is to familiarize students with the automated systems, 

consisting of the NXT logical part, the MatlabΩǎ ǇǊƻƎǊŀƳƳƛƴƎ ƛƴǘŜǊŦŀŎŜ ŀƴŘ ǘƘŜ ŀōƛƭƛǘȅ 

ǘƻ ǊŜŀŎǘ ǿƛǘƘ ŜŀŎƘ ƻǘƘŜǊΦ wǳōƛƪΩǎ ŎǳōŜ ǿŀǎ ŎƘƻǎŜƴ ŀǎ ŎŀǎŜ ƻŦ ǎǘǳŘȅΣ ǎƛƴŎŜ 

mechanically is challenging to build all over a system of engines and sensors with 

relatively limited capabilities such as those of Lego-NXT, ǿƘƻ Ŏŀƴ άǎŜŜέ ǘƘŜ wǳōƛƪΩǎ 

cube and rotate it. Using MatlabΩǎ ǎƻŦǘǿŀǊŜΣ ǘƘƛǎ ǘƘŜǎƛǎ ǿƛƭƭ ǘǊȅ ǘƻ ǳǎŜ ǘƘŜǎŜ ƳƻǘƻǊǎ 

and sensors with great precision but also create an optimal code to resolve the cube 

with the least possible moves. Finally, the long-term goal of this NXT-Matlab system is 

to inspire other students to better understand the communication between robots 

and computers and be able to solve more complex problems. 
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ɣɞɮɚɤɚɢɨ 1 
 

1. ɞʅʎɻɾʖɾʙ 
ʅˍˇ ˁʶ˒ʱ˂ʰʽˇ ʰˎˍˈ ʰ˄ʰ˂ˏˇ˄ˍʰʽ ˍʰ ʵˇ˃ʽˁʱ ˋˍˇʽ˔ʶʾʰ ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ˁʰʽ ˍˇ 

ˉʶˊʽʲʱ˂˂ˇ˄ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˈˉ˖ˌ ʰˁˈ˃ʰ ˁʰʽ ˍʰ ʰˉʰˊʰʾˍʹˍʰ 

ʲˇʹʻʹˍʽˁʱ ˂ˇʴʽˋ˃ʽˁʱ. 

 

1.1 ɣʞɼʋʏ ʐʋʑ 2ÕÂÉË 
 

ʁ ˁˏ̡ ˇˌ ˍˇˎ ʄˇˏ˃ˉʽˁ ʶʾ˄ʰʽ ʷ˄ʰ ˍˊʽ̀ɻʽʱˋˍʰˍˇ ˃ʹ˔ʰ˄ʽˁˈ ˉʰʸ˂ [1]Φ ɳˉʽ˄ˇʺʻʹˁʶ ˍˇ мфтп 

ʰˉˈ ˍˇ˄ ʁˏʴʴˊˇ ʴ˂ˏˉˍʹ ˁʰʽ ˁʰʻʹʴʹˍʺ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺˌ ɴˊ˄ˇ ʄˇˏ˃ˉʽˁΦ ʁ ʄˇˏ˃ˉʽˁ 

ʵʹ˃ʽˇˏˊʴʹˋʶ ˍˇ˄ ˁˏʲˇ ˋʶ ˃ʽʰ ˉˊˇˋˉʱʻʶʽʰ ˄ʰ ʲˇʹʻʺˋʶʽ ˍˇˎˌ ˒ˇʽˍʹˍʷˌ ˍˇˎ ˄ʰ 

ˁʰˍʰ˄ˇʺˋˇˎ˄ ˍˊʽˋʵʽʱˋˍʰˍʰ ˉˊˇʲ˂ʺ˃ʰˍʰΦ ʂˍʰ˄ ʷ˒ˍʽʰ˅ʶ ˍˇ˄ ˉˊ˗ˍˇ ˁˏʲˇ ˁʰʽ 

ʰ˄ʰˁʱˍʶ˕ʶ ˍʰ ˔ˊ˗˃ʰˍʰΣ ˍˇˎ ˉʺ́ʶ ˉʱ˄˖ ʰˉˈ ʷ˄ʰ˄ ˃ʺ˄ʰ ʴʽʰ ˄ʰ ˁʰˍʰ˒ʷˊʶʽ ˄ʰ ˍˇ˄ 

ʶˉʰ˄ʰ˒ʷˊʶʽ ˋˍʹ˄ ʰˊ˔ʽˁʺ ̱ ˇˎ ˁ ʰˍʱˋˍʰˋʹΦ 

 

ɳʽˁˈ˄ʰΦ 1 ɼˏʲˇˌ ˍˇˎ ʄˇˏ˃ˉʽˁ ˍˇ мфтп όʰˊʽˋˍʶˊʱύ ˁʰʽ ˋʺ˃ʶˊʰ όʵʶ˅ʽʱύ 

ɴ˖ˌ ˍˇ˄ ɹʰ˄ˇˎʱˊʽˇ ˍˇˎ нллфΣ орл ʶˁʰˍˇ˃˃ˏˊʽʰ ˁˏʲˇʽ ʶʾ˔ʰ˄ ˉˇˎ˂ʹʻʶʾ ˉʰʴˁˇˋ˃ʾ˖ˌ 

ˁʱ˄ˇ˄ˍʰˌ ˍˇ˄ ˍˇ ʶ˃ˉˇˊʽˁˈˍʶˊˇ ˉʰʽ˔˄ʾʵʽ ˉʰʸ˂ ˉʰʴˁˇˋ˃ʾ˖ˌ,  ʁ ˄˗ ʻʶ˖ˊʶʾˍʰʽ ʶˎˊʷ˖ˌ ˍˇ 

ʶ˃ˉˇˊʽˁˈˍʶˊˇ ˉʰʽ˔˄ʾʵʽ ˋˍˇ˄ ˁˈˋ˃ˇΦ ʅʶ ʷ˄ʰ˄ ˁ˂ʰˋˋʽˁˈ ˁˏʲˇ ˍˇˎ ʄˇˏ˃ˉʽˁ, ˁʱʻʶ ˃ʾʰ 

ʰˉˈ ˍʽˌ ʷ˅ʽ ʷʵˊʶˌ ˁʰ˂ˏˉˍʶˍʰʽ ʰˉˈ ʶ˄˄ʽʱ ʰˎˍˇˁˈ˂˂ʹˍʰ ˃ʶ ʷ˅ʽ ˔ˊ˗˃ʰˍʰ όˉʰˊʰʵˇˋʽʰˁʱ 

˂ʶˎˁˈΣ ˁˈˁˁʽ˄ˇΣ ˁʾˍˊʽ˄ˇΣ ˉˊʱˋʽ˄ˇΣ ˃ˉ˂ʶ ˁʰʽ ˉˇˊˍˇˁʰ˂ʾύΦ ɴ˄ʰˌ ˃ʹ˔ʰ˄ʽˋ˃ˈˌ ˉʶˊʽˋˍˊˇ˒ʺˌ 

ʶˉʽˍˊʷˉʶʽ ˋʶ ˁʱʻʶ ʷʵˊʰ ˄ʰ ˉʶˊʽˋˍˊʷ˒ʶˍʰʽ ʰ˄ʶ˅ʱˊˍʹˍʰ ʰˉˈ ˍʽˌ ʱ˂˂ʶˌΣ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ 

˄ʰ ˋˎʴ˔ʷˇ˄ˍʰʽ ˍʰ ˔ˊ˗˃ʰˍʰΦ ʆʰ ˁʷ˄ˍˊʰ ˍ˖˄ ʶʵˊ˗˄Σ ˇʽ ˁʶ˄ˍˊʽˁˇʾ ˎˉˇˁˏʲˇʽΣ ˃ˉˇˊˇˏ˄ ˄ʰ 



 

2 

 

ʻʶ˖ˊʹʻˇˏ˄ ʰˁʾ˄ʹˍʰΦ ʁʽ ˁʽ˄ʺˋʶʽˌ ˍ˖˄ ʶʵˊ˗˄ ʶʾ˄ʰʽ ˋˍˊˇ˒ʷˌ ˉʶˊʾ ˍʰ ˁʷ˄ˍˊʰ ¦Σ [Σ CΣ wΣ.Σ 

5 ˍ˖˄ ʶʵˊ˗˄ ˍˇˎ ˁˏʲˇˎΣ ˇ˄ˈ˃ʰˍʰ ˉˇˎ ˉˊˇʶˊ˔ˈ˃ʶ˄ʰ ʰˉˈ ˍʽˌ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ʰʴʴ˂ʽˁʷˌ 

ʷ˄˄ˇʽʶˌΦ ʆˇ ý ˍˇˏ˃ʶ˄ˇ ʶʾ˄ʰʽΣ ˅ʶˁʽ˄˗˄ˍʰˌ ʰˉˈ ˃ʾʰ ˍˎ˔ʰʾʰ ʵˎ˄ʰˍʺ ˁʰˍʱˋˍʰˋʹ ˄ʰ 

ˁʰˍʰ˂ʺ˅ˇˎ˃ʶΣ ˃ʷˋ˖ ʶˉʰ˂˂ʹ˂ʾʰˌ ʶˉʽˍˊʶˉˈ˃ʶ˄˖˄ ˋˍˊˇ˒˗˄Σ ˋʶ с ˇ˃ˈ˔ˊ˖˃ʶˌ ʷʵˊʶˌΣ 

ˁʰˍʱˋˍʰˋʹ ˍʹ˄ ˇˉˇʾʰ ˇ˄ˇ˃ʱʸˇˎ˃ʶ ˂ˎ˃ʷ˄ʹ ˃ˇˊ˒ʺΦ [2] 

 

1.2 ɩʍʋʂɾʋʞʈʀʉʀʏ ɿʅʀʉʘʍɾʀʅʀʏ ʀʌʚʇʑʎʂʏ 
 

ʁʽ ˉˊ˗ˍʶˌ ˉˊˇˋˉʱʻʶʽʶˌ ʴʽʰ ˄ʰ ˂ˎʻʶʾ ˇ ˁˏʲˇˌ ˍˇˎ wǳōƛƪ ˃ʶ ˊˇ˃ˉˈˍ ʶˎˊʶʾʰˌ 

ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˈˉ˖ˌ ˍˇ NXT ʺ ˇ ˉˊˇˁʱˍˇ˔ˈˌ ˍˇˎ w/· ˅ʶˁʾ˄ʹˋʰ˄ ˍˇ нллтΦ ɾʷ˔ˊʽ ˍˈˍʶ 

ʶʾ˄ʰʽ ˂ʾʴʶˌ ˇʽ ˁʰˍʰʴʶʴˊʰ˃˃ʷ˄ʶˌ ˉˊˇˋˉʱʻʶʽʶˌ ˂ˏˋʹˌ ˍˇˎ ˁˏʲˇˎΣ ˃ʶ ʶ˅ʷ˔ˇˎˋʰ ʰˎˍʺ ˍʹˌ 

Kawasaki ˃ ʶ ̱h  ɻˎ ˇ ˊˇ˃ˉˈˍ C{лоΦ ʃʰˊˈ˂ʰ ʰˎˍʱΣ ˈ˂ʶˌ ʰˎˍʷˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏˋʰ˄ 

ʲʽˇ˃ʹ˔ʰ˄ʽˁʺ ˍʶ˔˄ˇ˂ˇʴʾʰ ˉˇˎ ʵʶ˄ ʺˍʰ˄ ˉˊˇˋʲʱˋʽ˃ʹ ˋˍˇ ˁˇʽ˄ˈΦ ɶ ˉˊ˗ˍʹ ʶˉʽˍˎ˔ʹ˃ʷ˄ʹ 

ˉˊˇˋˉʱʻʶʽʰ ˋʹ˃ʶʽ˗ʻʹˁʶ ˃ʶ ˍˇ Wt .ǊƻǿƴΩǎ Lego wǳōƛƪ {ƻƭǾŜǊ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏˋʶ 

ˈ˃˖ˌ ˉˇ˂˂ˇˏˌ ˁʽ˄ʹˍʺˊʶˌ ˁʰʽ ʰʽˋʻʹˍʺˊʶˌΣ ˃ʽʰ ˁʱ˃ʶˊʰ ǿŜōΣ ʷ˄ʰ ˉˊˇˋʰˊ˃ˇˋ˃ʷ˄ˇ 

ˉˊˈʴˊʰ˃˃ʰ ʵʽʰˋˏ˄ʵʶˋʹˌ ˋˍˇ˄ ɶκʇ ˁʰʽ ʷ˄ʰ˄ ʺʵʹ ʹ˃ʽʲʷ˂ˍʽˋˍˇ ʰ˂ʴˈˊʽʻ˃ˇ ˉˇˎ 

ʲˊʽˋˁˈˍʰ˄ ˋˍˇ˄ ʽˋˍˈ ʶˁʶʾ˄ʹ ˍʹ˄ ʶˉˇ˔ʺΦ ɳˉʰˁˈ˂ˇˎʻʰΣ ʱˊ˔ʽˋʶ ˄ʰ ʵʽʰʵʾʵʶˍʰʽ ʹ ʴ˄˗ˋʹ 

ˍʹˌ ʽˁʰ˄ˈˍʹˍʰˌ ˍ˖˄ .ǊƛŎƪǎ ˄ʰ ˂ˏ˄ˇˎ˄ ˍˇ˄ ˁˏʲˇΦ ʅˍˇ ˉʷˊʰˋ˃ʰ ˍˇˎ ˔ˊˈ˄ˇˎ ˇʽ 

ˁʰˍʰˋˁʶˎʷˌ ʰˉ˂ˇˉˇʽʺʻʹˁʰ˄ ˁʰʽ ʷʴʽ˄ʰ˄ ˉʽˇ ʴˊʺʴˇˊʶˌΣ ʵʹ˃ʽˇˎˊʴ˗˄ˍʰˌ ˍʰˎˍˈ˔ˊˇ˄ʰ 

ʷ˄ʰ˄ ʰ˄ˍʰʴ˖˄ʽˋ˃ˈ ʴʽʰ ˍˇ˄ ˁʰ˂ˏˍʶˊˇ ˁʰʽ ʴˊʹʴˇˊˈˍʶˊˇ ˃ʹ˔ʰ˄ʽˋ˃ˈΦ ʅʰ˄ ʰˉˇˍʷ˂ʶˋ˃ʰΣ 

ˋʶ ˃ʾʰ ˔ˊˇ˄ʽˁʺ ˉʶˊʾˇʵˇ ˍˇ ˉʽˇ ʴˊʺʴˇˊˇ ˊˇ˃ˉˈˍ ʶˉʾ˂ˎˋʹˌ ˁˏʲˇˎ ʺˍʰ˄ 

ˁʰˍʰˋˁʶˎʰˋ˃ʷ˄ˇ ʰˉˈ ˍˇ Lego ŜǾоΣ ˍˇ˄ ʰˉˈʴˇ˄ˇ ˍˇˎ NXTΦ ʅʺ˃ʶˊʰ ˍˇ ˉʰʴˁˈˋ˃ʽˇ 

ˊʶˁˈˊ ʰˉˈ ʲʽˇ˃ʹ˔ʰ˄ʽˁʱ ˁʰˍʰˋˁʶˎʰˋ˃ʷ˄ˇ ˊˇ˃ˉˈˍ ʶʾ˄ʰʽ ˃ˈ˂ʽˌ лΦоуǎŜŎ. 
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ɳʽˁˈ˄ʰ 2 ɶ ˋˎ˄ ʵʶˋʽ˃ˈˍʹˍʰ ˁʰʽ ˇ ˃ʹ˔ʰ˄ʽˋ˃ˈˌ ˍˇˎ ˁˏʲˇˎ 

1.3 Lego Mindstorms NXT 
 

ʆʰ Lego Mindstorms ʶʾ˄ʰʽ ˃ʽʰ ʴˊʰ˃˃ʺ ˉʰˊʰʴ˖ʴʺˌ ˍʹˌ Lego ˉˇˎ ˋˎ˄ʵˎʱʸʶʽ 

ˉˊˇʴˊʰ˃˃ʰˍʽʸˈ˃ʶ˄ʰ ˍˇˏʲ˂ʰ ˃ʶ ʹ˂ʶˁˍˊʽˁʷˌ ˃ʹ˔ʰ˄ʷˌΣ ʰʽˋʻʹˍʺˊʶˌΣ ˍˇˏʲ˂ʰ LegoΣ ˁʰʽ 

ˍʶ˔˄ʽˁʱ ˁˇ˃˃ʱˍʽʰ Lego όˈˉ˖ˌ ʶˊʴʰ˂ʶʾʰΣ ʱ˅ˇ˄ʶˌΣ ʰˁˍʾ˄ʶˌΣ ˁʰʽ ˎʵˊʰˎ˂ʽˁʱ ˃ʷˊʹύ 

ˁʰˍʱ˂˂ʹ˂ʰ ʴʽʰ ˄ʰ ˔ˍʾˋʶʽ ˇ ˔ˊʺˋˍʹˌ ˊˇ˃ˉˈˍ ˁʰʽ ʱ˂˂ʰ ʰˎˍˇ˃ʰˍˇˉˇʽʹ˃ʷ˄ʰ ʺ 

ʰ˂˂ʹ˂ʶˉʽʵˊʰˋˍʽˁʱ ˋˎˋˍʺ˃ʰˍʰΦ [3] 

 

ɳʽˁˈ˄ʰ 3 ʆˇ Lego Mindstroms 
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ɶ ˉˊ˗ˍʹ ˂ʽʰ˄ʽˁʺ ʷˁʵˇˋʹ ˍ˖˄ Lego Mindstorms ˁˎˁ˂ˇ˒ˈˊʹˋʶ ˍˇ мффу ˁʰʽ ˉ˖˂ʺʻʹˁʶ 

ʶ˃ˉˇˊʽˁʱ ˃ʶ ˍʹ˄ ʶˉ˖˄ˎ˃ʾʰ Robotics Invention System (RISύΦ ɶ ˍˊʷ˔ˇˎˋʰ ʷˁʵˇˋʹ 

ˁˎˁ˂ˇ˒ˈˊʹˋʶ ˍˇ нллс ˖ˌ Lego Mindstorms NXT.  

 

 

ɳʽˁˈ˄ʰΦ 4 ʆʰ ʶ˅ʰˊˍʺ˃ʰˍʰ ˍˇˎ Lego Mindstorms  

ɶ ʰˊ˔ʽˁʺ ʷˁʵˇˋʹ Mindstorms Robotics Invention System ˉʶˊʽʶʾ˔ʶ ʵˏˇ ˃ʹ˔ʰ˄ʷˌΣ ʵˏˇ 

ʰʽˋʻʹˍʺˊʶˌ ʰ˒ʺˌ ˁʰʽ ʷ˄ʰ˄ ʰʽˋʻʹˍʺˊʰ ˒˖ˍˈˌΦ ɶ ʷˁʵˇˋʹ NXT ʷ˔ʶʽ ˍˊʶʽˌ 

ˋʶˊʲˇˁʽ˄ʹˍʺˊʶˌ ˁʰʽ ˍʷˋˋʶˊʽˌ ʰʽˋʻʹˍʺˊʶˌΣ ʵˏˇ ʴʽʰ ˍʹ˄ ʰ˒ʺΣ ˍˇ ˒˖ˌ ˁʰʽ ˍʹ˄ 

ʰˉˈˋˍʰˋʹΦ ʆʰ Lego Mindstorms ˃ˉˇˊˇˏ˄ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʴʽʰ ˄ʰ ˁʰˍʰˋˁʶˎʰˋˍʶʾ 

ʷ˄ʰ ˃ˇ˄ˍʷ˂ˇ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ˇˎ ˋˎˋˍʺ˃ʰˍˇˌ ˃ʶ ʹ˂ʶˁˍˊˇ˃ʹ˔ʰ˄ʽˁʱ ˃ʷˊʹ ʶ˂ʶʴ˔ˈ˃ʶ˄ʰ 

ʰˉˈ ˎˉˇ˂ˇʴʽˋˍʺΦ ʃˇ˂˂ʱ ʶʾʵʹ ˉˊʰʴ˃ʰˍʽˁ˗˄ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄˖˄ ˋˎˋˍʹ˃ʱˍ˖˄Σ ʰˉˈ 

ʶ˂ʶʴˁˍʷˌ ʰ˄ʶ˂ˁˎˋˍʺˊ˖˄ ʷ˖ˌ ʲʽˇ˃ʹ˔ʰ˄ʽˁʱ ˊˇ˃ˉˈˍΣ ˃ˉˇˊˇˏ˄ ˄ʰ ʵʽʰ˃ˇˊ˒˖ʻˇˏ˄ 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍʰ Mindstorms. ʆʰ Mindstorms kits ˉ˖˂ˇˏ˄ˍʰʽ ʶˉʾˋʹˌ ˁʰʽ 

˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˖ˌ ʶˁˉʰʽʵʶˎˍʽˁʱ ʶˊʴʰ˂ʶʾʰΣ ʷ˔ˇ˄ˍʰˌ ˖ˌ ʰ˒ʶˍʹˊʾʰ ˃ʽʰ ˋˎ˄ʶˊʴʰˋʾʰ 

˃ʶˍʰ˅ˏ ˍʹˌ Lego ˁʰʽ ˍˇˎ ɳˊʴʰˋˍʹˊʾˇˎ ʃˇ˂ˎ˃ʷˋ˖˄ ˍˇˎ MIT (MIT Media Laboratory). ɶ 

ʶˁˉʰʽʵʶˎˍʽˁʺ ʷˁʵˇˋʹ ˍ˖˄ ˉˊˇʿˈ˄ˍ˖˄ ˁʰ˂ʶʾˍʰʽ Lego Mindstorms for SchoolsΣ ˁʰʽ 

ʷˊ˔ʶˍʰʽ ˃ʶ ˍˇ ʴˊʰ˒ʽˁˈ ˂ˇʴʽˋ˃ʽˁˈ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ ROBOLABΣ ˉˇˎ ʰ˄ʰˉˍˏ˔ʻʹˁʶ ˋˍˇ 

ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ Tufts ˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˖ˌ ˃ʹ˔ʰ˄ʺ ˍˇ LabVIEW ˍʹˌ National 

Instruments. 
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1.3.1 ɤʀʅʐʋʑʍɾʅʆʗ ʔɻʍɻʆʐʂʍʅʎʐʅʆʗ  
 

 ʁ ʁʴˁʷ˒ʰ˂ˇˌ ˍˇˎ NXT Intelligent Brick h ˉˇˍʶ˂ʶʾˍʰʽ h ˉˈ: [4] 

¶ 32-bit Atmel AT91SAM7S256 main microcontroller (256 KB flash memory, 
64 KB RAM) 

¶ 8-bit Atmel ATmega48 microcontroller @ 4 MHz (4 KB flash memory, 512 Bytes 
RAM) 

 

 

ɳʽˁˈ˄ʰΦ 5 ʁ ʶʴˁʷ˒ʰ˂ˇˌ ˍˇˎ NXT Intelligent Brick 

 

ʆˇ ˁ̌ˎˍʾ ̄ ˇˎ ˋˎ˄ʵʷʶʽ ̱ ˇ ɿʋʆ ˃ʶ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄ ̫ ˔ʶʽ ̄ ˊˇˋʰˊ˃ˇˋ˃ʷ˄ʰ ̄ ʱ˄˖ ˍˇˎΥ 

¶ ɾʽʰ LCD ̌ ʻˈ˄ʹ ˃ ʶ h˄ʱ˂ˎˋʹ мллҎсп ǇƛȄŜƭ  

¶ ʆʷˋˋʶˊʽˌ 6-pin ̒ ˏˊʶˌ ʁ ʽˋˈʵˇˎ (ʻˏˊʶˌ 1-4) 

¶ ʆˊʶʽˌ  с-pin ̒ ˏˊʶˌ ʁ ˅ˈʵˇˎ (ʻˏˊʶˌ  A-C) 

¶ USB ̒ ˏˊʰ 

¶ ɳ˄ˋ˖˃ʰˍ˖˃ʷ˄ˇ Bluetooth Class II V2.0 

¶ ɶ˔ʶʾʰ  ς 8 kHz sound quality, 8-bit resolution, 2ς16 kHz sample rate 

¶ ʆʷˋˋʶˊʰ ˁ ˇˎ˃ˉʽʱ : 

o ʃˇˊˍˇˁʰ˂ʾ ˁ ˇˎ˃ˉʾ: On/Enter 

o ʃˊʱˋʽ˄ʰ ˁ ˇˎ˃ˉʽʱ: ˁ ʾ˄ʹˋʹ ɻ ʶ˅ʽʱ ˁ ʰʽ ʰˊʽˋˍʶˊʱ ̀ ˍˇ ˃ʶ˄ˇˏ  

o ɱˁˊʽ ˁ ˇˎ˃ˉʾ: Clear/Go back 

¶ ʆˊˇ˒ˇʵˇˍʶʾˍʰʽ h ˉˈ ̫ ˅ʽ AA batteries ̋  ʰˉˈ ˍʹ˄ ʶˉʰ˄ʰ˒ˇˊˍʽʸˈ˃ʶ˄ʹ ˃ ˉʰˍʰˊʾʰ ̱ ˇˎΦ 

https://en.wikipedia.org/wiki/Atmel
https://en.wikipedia.org/wiki/AT91SAM7
https://en.wikipedia.org/wiki/Microcontroller
https://en.wikipedia.org/wiki/Flash_memory
https://en.wikipedia.org/wiki/RAM
https://en.wikipedia.org/wiki/Atmel_AVR
https://en.wikipedia.org/wiki/USB
https://en.wikipedia.org/wiki/Bluetooth
https://en.wikipedia.org/wiki/AA_batteries
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ɳʽˁˈ˄ʰΦ 6 ʆˇ ˁˇˎˍʾ ˍˇˎ NXT 

 

1.3.2 ɛɻʎʅʆʋʚ ɻʅʎʃʂʐʙʍʀʏ  
 

ʆˇ h́ ˔ʽˁˈ ˉʰˁʷˍˇ ˉʶˊʽʷ˔ʶʽ ˍʷˋˋʶˊʽˌ ʰʽˋʻʹˍʺˊʶˌ. ɴ˄ʰ˄ ʰʽˋʻʹˍʺˊʰ ˔ˊ˗˃ʰˍˇˌΣ ʵˎˇ 

ʰʽˋʻʹˍʺˊʶˌ ʰ˒ʺˌ ˁʰʽ ʷ˄ʰ˄ ˎˉʶˊʹ˔ʹˍʽˁˈ ʰʽˋʻʹˍʺˊʰΦ ʁʽ ˎˉˈ˂ˇʽˉˇʽ ʰʽˋʻʹˍʺˊʶˌ 

˃ˉˇˊˇˏ˄ ˄ ʰ hɹˇˊʰˋˍˇˏ˄ ˅ ʶ˔˖ˊʽˋˍʱ. 

1. ɮ̔ ˋʻʹˍʺˊʰ ˔ˊ˗˃ʰˍˇˌ όфсфпύΣ ʴʽʰ ˍʹ˄ ʰ˄ʾ˔˄ʶˎˋʹ с ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˔ˊ˖˃ʱˍ˖˄Υ 

˃ˉ˂ʶΣ ˉˊʱˋʽ˄ˇΣ ˁˈˁˁʽ˄ˇΣ ˁʾˍˊʽ˄ˇΣ ˂ʶˎˁˈΣ ˃ʰˏˊˇ 

 

ɳʽˁˈ˄ʰΦ 7 ʁ h̔ ˋʻʹˍʺˊʰˌ ˔ˊ˗˃ʰˍˇˌ 

2. ɮʽˋʻʹˍʺˊʰ ˒˖ˍˈˌ όфуппύΣ ʴʽʰ ˍʹ˄ ʰ˄ʾ˔˄ʶˎˋʹ ʶˉʽˉʷʵ˖˄ ˒˖ˍˈˌΦ 

όʅˎ˃ˉʶˊʽ˂ʰ˃ʲʱ˄ʶˍʰʽ ˋˍʹ˄ ˉˊ˗ˍʹ ʷˁʵˇˋʹΣ ʰ˂˂ʱ ˋˍʹ˄ v2.0, ̫ ˔ʶʽ ʰ˄ˍʽˁʰˍʰˋˍʰʻʶʾ 

ʰˉˈ ˍˇ˄ ʰʽˋʻʹˍʺˊʰ ˔ˊ˗˃ʰˍˇˌΦύ 

 

3. ɮʽˋʻʹˍʺˊʰ ʰ˒ʺˌ όфупоύΣ ʷ˄ʰ ʰˉ˂ˈ ˁˇˎ˃ˉʾ ˉˇˎ ʰ˄ʽ˔˄ʶˏʶʽ ʰ˄ ˁʱˍʽ ˉʽʷʸʶˍʰʽ ˋʶ 

ʰˎˍˈ˄. 
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ɳʽˁˈ˄ʰΦ 8 ʁ ʰʽˋʻʹˍʺˊʰˌ ʰ˒ʺˌ 

 

4. ʇˉʶˊʹ˔ʹˍʽˁˈ ʰʽˋʻʹˍʺˊʰ όфупсύΣ ʴʽʰ ˍʹ ˃ʷˍˊʹˋʹ ʰˉˇˋˍʱˋʶ˖˄ 

˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ  ʹ˔ʹˍʽˁʱ ˁˏ˃ʰˍʰΦ 

 

ɳʽˁˈ˄ʰΦ 9 ʁ ˎ̄ʁ ˊʹ˔ʹˍʽˁˈ ̩ʰʽˋʻʹˍʺˊʰ ̩

 

5. ɮʽˋʻʹˍʺˊʰ ʺ˔ˇˎ όфупрύΣ ʴʽʰ ʲʰˋʽˁʺ ϦʰˁˊˈʰˋʹϦΦ ɴ˔ʶʽ ˍʹ˄ ʵˎ˄ʰˍˈˍʹˍʰ 

˃ʷˍˊʹˋʹˌ ˍʹˌ ʷ˄ˍʰˋʹˌΣ ʰ˂˂ʱ ʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ˁʰˍʰʴˊʱ˕ʶʽ ˍˇˎˌ ˉˊʰʴ˃ʰˍʽˁˇˏˌ 

ʺ˔ˇˎˌΦ  

 

ɳʽˁˈ˄ʰΦ 10 ʁ ʰ̔̀ ʻʹˍʺˊʰ ̩ʺ˔ˇˎ 

 
6. ɮʽˋʻʹˍʺˊʰ ˉˎ˅ʾʵʰˌ όa{млопύΣ ʴʽʰ ʰ˄ʾ˔˄ʶˎˋʹ ˍʹˌ ˁʰˍʶˏʻˎ˄ˋʹˌΦ ɲʽʰʻʷˍʶʽ 
ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ˇ ʲʰʻ˃ˇ˄ˇ˃ʹˍʺ ʴʽʰ ˍʹ ˃ʶʾ˖ˋʹ ˍ˖˄ ˉʰˊʶ˃ʲˇ˂˗˄ ʰˉˈ ʱ˂˂ʰ 
˃ʰʴ˄ʹˍʽˁʱ ˋˍˇʽ˔ʶʾʰΦ 

 
ɳʽˁˈ˄ʰΦ 11  ʁ ʰ̔̀ ʻʹˍʺˊʰ ̩ˉˎ˅ʾʵʰˌ 

 

7. ɮʽˋʻʹˍʺˊʰ ʶˉʽˍʰ˔ˎ˄ˋʽˇ˃ʷˍˊˇˎ όa{млплύΣ ʴʽʰ ˍʹ˄ ʰ˄ʾ˔˄ʶˎˋʹ ˍʹˌ ʴʶ˄ʽˁʺˌ 

ˁʰˍʶˏʻˎ˄ˋʹˌ ˋˍʹ˄ ˇˉˇʾʰ ˁʽ˄ʶʾˍʰʽΦ ɾˉˇˊʶʾ ʶˉʾˋʹˌ ˄ʰ ˃ʶˍˊʺˋʶʽ ˍʹ force-g. 

 

8. ɮʽˋʻʹˍʺˊʰ wCL5Σ ʴʽʰ ʶˉʽˁˇʽ˄˖˄ʾʰ ˃ʶˍʰ˅ˏ ˉˇ˂˂ʰˉ˂˗˄ ˊˇ˃ˉˈˍΦ 
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ɳʽˁˈ˄ʰΦ 12 ʁ ʰʽˋʻʹˍʺˊʰˌ RFID 

 

9. ɮʽˋʻʹˍʺˊʰ ̄ʶˊʽˋˍˊˇ˒ʺˌ όʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ˇ ˋˍˇˎˌ ˋʶˊʲˇˁʽ˄ʹˍʺˊʶˌύΣ ʴʽʰ ˍʹ 

˃ʷˍˊʹˋʹ ˍˇˎ ʲʰʻ˃ˇˏ ˋˍˇ˄ ˇˉˇʾˇ ʷ˔ʶʽ ʴˎˊʾˋʶʽΦ ɶ ʽʵʽʰʽˍʶˊˈˍʹˍʱ ˍˇˎ ʶʾ˄ʰʽ ˈˍʽ 

˃ʶˍˊʱ ˃ʶ ʲʱˋʹ ˍʹ ˋˍˊˇ˒ʺ ˍ˖˄ ʶˋ˖ˍʶˊʽˁ˗˄ ʴˊʰ˄ʰʸʽ˗˄Σ ʰ˄ˍʾ ʴʽʰ ˍˇ˄ ʾʵʽˇ ˍˇ˄ 

ˁʽ˄ʹˍʺˊʰΦ 

 

10. ɳˉʽˁˇʽ˄˖˄ʾʰ .ƭǳŜǘƻƻǘƘ όʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ʹ ˋˍˇ ϦLƴǘŜƭƭƛƎŜƴǘ ōǊƛŎƪϦύΣ ʴʽʰ 

ʶˉʽˁˇʽ˄˖˄ʾʰ ˃ʶ ʱ˂˂ʶˌ ˋˎˋˁʶˎʷˌΦ ɾˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˋˍˇ ˃ʷˋˇ ˍˇˎ 

ˉˊˇʴˊʱ˃˃ʰˍˇˌ ˁ ʰʽ ɹ ʽʰ ˂ʺ˕ʹ ˄ʷ˖˄ ˉˊˇʴˊʰ˃˃ʱˍ˖˄ ˁʰʽ ʵʶʵˇ˃ʷ˄˖˄Φ 

 

1.3.3  ɫʀʍɼʋʆʅʉʂʐʙʍʀʏ  
 

ʆˇ ̄h ˁʷˍˇ ˉʶˊʽʷ˔ʶʽ ʰˁˈ˃ʰ ˍˊʶʽˌ ˋʶˊʲˇˁʽ˄ʹˍʺˊʶˌ ˁʰʽ ˉʰˊʷ˔ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ 

ˋˎʴ˔ˊˇ˄ʽˋ˃ʷ˄ʹˌ ˔ˊʺˋʹˌ. ʆʰ ̝h ˊʰˁˍʹˊʽˋˍʽˁʱ ˍ˖˄ ˁʽ˄ʹˍʺˊ˖˄ ʵʶ˄ ˉˊˇˋʵʽˇˊʾʸˇ˄ˍʰʽ ʰˉˈ 

ˍʹ˄ ʶˍʰʽˊʾʰ. 

 

 

ɳʽˁˈ˄ʰΦ 13 ʁʽ ˋʶˊʲˇˁʽ˄ʹˍʺˊʶˌ ˍˇˎ NXT 

 

 

 

1.3.4 ɚʅʎʃʂʐʙʍʀʏ ʗʇʇʖʉ ʀʐɻʅʍʅʡʉ 
ɱʽʰ ˍʹ˄ ʶˁˉˈ˄ʹˋʹ ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌ ˉʷˊʰ˄ ˍˇˎ ʲʰˋʽˁˇˏ ˉʰˁʷˍˇˎ ˍˇˎ Lego 

NXT, ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˁʰʽ ʷ˄ʰˌ ʰʽˋʻʹˍʺˊʰˌ ˔ˊ˗˃ʰˍˇˌ ʵʽʰ˒ˇˊʶˍʽˁʺˌ ʶˍʰʽˊʾʰˌΣ ˇ 

HiTechnic NXT Color Sensor Version 2. [5] 
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ɳʽˁˈ˄ʰ. 14 ʁ ʰʽˋʻʹˍʺˊʰˌ HiTechnic NXT Color Sensor Version 2 

 

ʁ ̀ ˎʴˁʶˁˊʽ˃ʷ˄ˇˌ ʰʽˋʻʹˍʺˊʰˌ ʵʾ˄ʶʽ ˍʹ˄ ɻˎ˄ʰˍˈˍʹˍʰ ʶˏˊʶˋʹˌ ˉʶˊʽˋˋˈˍʶˊ˖˄ 

˔ˊ˖˃ʱˍ˖˄, ʶˉʽˋˍˊʷ˒ʶʽ ˉʽˇ ʰˁˊʽʲʺ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˁʰʽ ʷ˔ʶʽ ˃ʶʴʰ˂ˏˍʶˊʹ ʶ˃ʲʷ˂ʶʽʰ 

˂ʺ˕ʹˌ. 

 

ɳʽˁˈ˄ʰΦ 15 ʆˇ ˔ˊ˖˃ʰˍʽˁˈ ʶˏˊˇˌ ˍˇˎ ʰʽˋʻʹˍʺˊʰ 
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1.4 Matlab 
 

1.4.1 ɜʀʉʅʆʗ  
 

ʆˇ MATLAB όƳŀǘǊƛȄ ƭŀōƻǊŀǘƻǊȅύ ʶʾ˄ʰʽ ʷ˄ʰ ˉʶˊʽʲʱ˂˂ˇ˄ ʰˊʽʻ˃ʹˍʽˁʺˌ ˎˉˇ˂ˇʴʽˋˍʽˁʺˌ ˁʰʽ 

˃ʽʰ ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʽˁʺ ʴ˂˗ˋˋʰ ˍʷˍʰˊˍʹˌ ʴʶ˄ʽʱˌΦ ɮˉˇʻʹˁʶˏʶʽ ˁʰʽ ˁʱ˄ʶʽ ˍʽˌ ˉˊʱ˅ʶʽˌ ˃ʶ 

ʲʱˋʹ ˍʹ˄ ʱ˂ʴʶʲˊʰ ˃ʹˍˊ˗˄Φ [6] 

 

ɳʽˁˈ˄ʰΦ 16 ʆˇ ˂ˇʴˈˍˎˉˇ ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏ Matlab 

ɳˉʽˍˊʷˉʶʽ ˔ʶʽˊʽˋ˃ˇˏˌ ˋʶ ˉʾ˄ʰˁʶˌΣ ˋ˔ʶʵʾʰˋʹ ˂ʶʽˍˇˎˊʴʽ˗˄ ˁʰʽ ʵʶʵˇ˃ʷ˄˖˄Σ ˎ˂ˇˉˇʾʹˋʹ 

ʰ˂ʴˇˊʾʻ˃˖˄Σ ʵʹ˃ʽˇˎˊʴʾʰ ʵʽʶˉʰ˒˗˄ ˔ˊʺˋˍʹ ˁʰʽ ʵʽʰˋˏ˄ʵʶˋʹ ˃ʶ ˉˊˇʴˊʱ˃˃ʰˍʰ 

ʴˊʰ˃˃ʷ˄ʰ ˋʶ ʱ˂˂ʶˌ ʴ˂˗ˋˋʶˌΣ ˈˉ˖ˌ /Σ / ҌҌΣ / ІΣ WŀǾŀΣ CƻǊǘǊŀƴ ˁʰʽ tȅǘƘƻƴΦ ʃh ˊˈ˂ˇ ˉˇˎ 

ˍˇ MATLAB ˉˊˇˇˊʾʸʶˍʰʽ ˁˎˊʾ˖ˌ ʴʽʰ ʰˊʽʻ˃ʹˍʽˁʺ ˎˉˇ˂ˇʴʽˋˍʽˁʺΣ ˃ʽʰ ˉˊˇʰʽˊʶˍʽˁʺ 

ʶˊʴʰ˂ʶʽˇʻʺˁʹ ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ˍˇ ˋˎ˃ʲˇ˂ʽˁˈ ˃ʹ˔ʰ˄ʽˋ˃ˈ aǳt!5Σ ʶˉʽˍˊʷˉˇ˄ˍʰˌ ˍʹ˄ 

ˉˊˈˋʲʰˋʹ ˋʶ ˋˎ˃ʲˇ˂ʽˁʷˌ ˎˉˇ˂ˇʴʽˋˍʽˁʷˌ ʽˁʰ˄ˈˍʹˍʶˌΦ ɴ˄ʰ ˉˊˈˋʻʶˍˇ ˉʰˁʷˍˇΣ ʹ 

{ƛƳǳƭƛƴƪΣ ˉˊˇˋʻʷˍʶʽ ʴˊʰ˒ʽˁʺ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˉˇ˂˂ʰˉ˂˗˄ ˍˇ˃ʷ˖˄ ˁʰʽ ˋ˔ʶʵʽʰˋ˃ˈ ˃ʶ 

ʲʱˋʹ ˍˇ ˃ˇ˄ˍʷ˂ˇ ʴʽʰ ʵˎ˄ʰ˃ʽˁʱ ˁʰʽ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ʰ ˋˎˋˍʺ˃ʰˍʰΦ ɮˉˈ ˍˇ нлмуΣ ˍˇ 

MATLAB ʷ˔ʶʽ ˉʶˊʽˋˋˈˍʶˊˇˎˌ ʰˉˈ о ʶˁʰˍˇ˃˃ˏˊʽʰ ˔ˊʺˋˍʶˌ ˉʰʴˁˇˋ˃ʾ˖ˌ Φ ʁʽ ˔ˊʺˋˍʶˌ 

ˍˇˎ MATLAB ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ʵʽʱ˒ˇˊʰ ˉʶˊʽʲʱ˂˂ˇ˄ˍʰ ˃ʹ˔ʰ˄ʽˁʺˌΣ ʶˉʽˋˍʹ˃˗˄ ˁʰʽ 

ˇʽˁˇ˄ˇ˃ʾʰˌΦ 

1.4.2  ɢʎʐʋʍʚɻ 
 

ʁ /ƭŜǾŜ aƻƭŜǊΣ ˉˊˈʶʵˊˇˌ ˍˇˎ ˍ˃ʺ˃ʰˍˇˌ ˉ˂ʹˊˇ˒ˇˊʽˁʺˌ ˍˇˎ ʃʰ˄ʶˉʽˋˍʹ˃ʾˇˎ ˍˇˎ ɿʷˇˎ 

ɾʶ˅ʽˁˇˏΣ ʱˊ˔ʽˋʶ ˄ʰ ʰ˄ʰˉˍˏˋˋʶʽ ˍˇ MATLAB ˋˍʰ ˍʷ˂ʹ ˍʹˌ ʵʶˁʰʶˍʾʰˌ ˍˇˎ мфтлΦ ʆˇ 

ˋ˔ʶʵʾʰˋʶ ʴʽʰ ˄ʰ ʵ˗ˋʶʽ ˋˍˇˎˌ ˃ʰʻʹˍʷˌ ˍˇˎ ˉˊˈˋʲʰˋʹ ˋʶ [Lbt!/Y ˁʰʽ 9L{t!/Y ˔˖ˊʾˌ 

˄ʰ ˔ˊʶʽʱʸʶˍʰʽ ˄ʰ ˃ʱʻˇˎ˄ CƻǊǘǊŀƴΦ ʅˏ˄ˍˇ˃ʰ ʶ˅ʰˉ˂˗ʻʹˁʶ ˋʶ ʱ˂˂ʰ ˉʰ˄ʶˉʽˋˍʺ˃ʽʰ ˁʰʽ 

ʲˊʺˁʶ ʷ˄ʰ ʽˋ˔ˎˊˈ ˁˇʽ˄ˈ ˋˍˇ ˉ˂ʰʾˋʽˇ ˍʹˌ ʶ˒ʰˊ˃ˇˋ˃ʷ˄ʹˌ ˃ʰʻʹ˃ʰˍʽˁʺˌ ˁˇʽ˄ˈˍʹˍʰˌΦ ʁ 

WŀŎƪ [ƛǘǘƭŜΣ ʷ˄ʰˌ ˃ʹ˔ʰ˄ʽˁˈˌΣ ΨΩʁˁ ˍʷʻʹˁʶΩΩ ˋʶ ʰˎˍˈ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˃ʽʰˌ ʶˉʾˋˁʶ˕ʹˌ ˍˇˎ 

Moler ˉˇˎ ʷʴʽ˄ʶ ˋˍˇ ʃʰ˄ʶˉʽˋˍʺ˃ʽˇ ˍˇˎ ʅˍʱ˄˒ˇˊ˄ˍ ˍˇ мфуоΦ ɮ˄ʰʴ˄˖ˊʾʸˇ˄ˍʰˌ ˍˇ 

ʶ˃ˉˇˊʽˁˈ ˍˇˎ ʵˎ˄ʰ˃ʽˁˈΣ ʶ˄˗ʻʹˁʶ ˃ʶ ˍˇ˄ aƻƭŜǊ ˁʰʽ ˍˇ˄ {ǘŜǾŜ .ŀƴƎŜǊǘΦ ɳˉʰ˄ʷʴˊʰ˕ʰ˄ 

ˍ ̌ MATLAB ˋˍʹ / ˁʰʽ ʾʵˊˎˋʰ˄ ˍʹ˄ aŀǘƘ²ƻǊƪǎ ˍˇ мфуп ʴʽʰ ˄ʰ ˋˎ˄ʶ˔ʾˋˇˎ˄ ˍʹ˄ 

ʰ˄ʱˉˍˎ˅ʺ ˍˇˎΦ ʆˇ MATLAB ˎʽˇʻʶˍʺʻʹˁʶ ˉˊ˗ˍʹ ˒ˇˊʱ ʰˉˈ ʶˊʶˎ˄ʹˍʷˌ ˁʰʽ 
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ʶˉʰʴʴʶ˂˃ʰˍʾʶˌ ˋˍˇ˄ ˍˇ˃ʷʰ ˍʹˌ ˃ʹ˔ʰ˄ʽˁʺˌ ʶ˂ʷʴ˔ˇˎΣ ʶʽʵʽˁˈˍʹˍʰ ˍˇˎ [ƛǘǘƭŜΣ ʰ˂˂ʱ 

ʴˊʺʴˇˊʰ ʶ˅ʰˉ˂˗ʻʹˁʶ ˋʶ ˉˇ˂˂ˇˏˌ ʱ˂˂ˇˎˌ ˍˇ˃ʶʾˌΦ ʅʺ˃ʶˊʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʶˉʾˋʹˌ 

ˋˍʹ˄ ʶˁˉʰʾʵʶˎˋʹΣ ʽʵʽʰʾˍʶˊʰ ˋˍʹ ʵʽʵʰˋˁʰ˂ʾʰ ˍʹˌ ʴˊʰ˃˃ʽˁʺˌ ʱ˂ʴʶʲˊʰˌΣ ˍʹˌ 

ʰˊʽʻ˃ʹˍʽˁʺˌ ʰ˄ʱ˂ˎˋʹˌΣ ˁʰʽ ʶʾ˄ʰʽ ʵʹ˃ˇ˒ʽ˂ʺˌ ˋˍˇˎˌ ʶˉʽˋˍʺ˃ˇ˄ʶˌ ˉˇˎ ʰˋ˔ˇ˂ˇˏ˄ˍʰʽ ˃ʶ 

ˍʹ˄ ʶˉʶ˅ʶˊʴʰˋʾʰ ʶʽˁˈ˄˖˄Φ [7] 

 

1.5 ɞɾʆɻʐʗʎʐɻʎʂ ʇʋɾʅʎʈʅʆʋʞ 
 

ɱʽʰ ˍʹ˄ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ ˁ˗ʵʽˁʰ ʰ˂˂ʱ ˁʰʽ ʴʽʰ ˇˉˇʽʰʵʺˉˇˍʶ ˔ˊʺˋʹ ˍˇˎ Lego NXT ʶʾ˄ʰʽ 

ʰˉʰˊʰʾˍʹˍʰ ̱ ʰ ̱́ʾʰ ̄ ʰ́ʰˁʱˍ˖ ˂ˇʴʽˋ˃ʽˁʱ. 

1.5.1  Matlab 
 

ʂ˂ʶˌ ˇʽ ʶˁʵˈˋʶʽˌ ˍˇˎ Matlab ʷ˔ˇˎ˄ ˍʹ ɻˎ˄ʰˍˈˍʹˍʰ ʶˉʽˁˇʽ˄˖˄ʾʰˌ ˁʰʽ ˔ˊʺˋʹˌ ˍˇˎ NXT. 

ɱʽʰ ˍʹ˄ ˉʰˊˇˏˋʰ ʵʽˉ˂˖˃ʰˍʽˁʺ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʹ нлмрaΦ ɱʽʰ ˍʹ˄ ʰˉˈˁˍʹˋ ̋ˍˇˎ 

ˎˉʱˊ˔ˇˎ˄ ˍˊʶʽˌ ʵʽʰ˒ˇˊʶˍʽˁˇʾ ˍˊˈˉˇʽ. ʁ ˉˊ˗ˍˇˌ ʶʾ˄ʰʽ ˄ʰ ̝́ ʹˋʽ˃ˇˉˇʽʹʻʶʾ ˃ʶ ˍʹ˄ 

ʵ˖ˊʶʱ˄ ʷˁʵˇˋʹ ʴʽʰ ол ˃ʷˊʶˌΣ ˃ʽʰ ʶˉʽ˂ˇʴʺ ˉˇˎ ʶ˅ʰˋ˒ʰ˂ʾʸʶʽ ˍʹ˄ ʵˇˁʽ˃ʰˋˍʽˁʺ ˔ˊʺˋʹ 

ˍˇˎ ˉˊˇʿˈ˄ˍˇˌ. ʁ ʵʶˏˍʶˊˇˌ ʶʾ˄ʰʽ ʹ ˁh ˄ˇ˄ʽˁʺ h ʴˇˊʱ ̱ ˇˎ ˉˊˇʿˈ˄ˍˇˌ ˁ ʰʽ ˍʷ˂ˇˌ ́  ɻ̟ ˊʶʱ˄ 

˔ˊʺˋʹ ʴʽʰ ˒ˇʽˍʹˍʷˌ ˉˇˎ ˉˇʽˁʾ˂ʶʽ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍh ʽʵˊˏ˃ʰ̱ hˁʰʽ ˍʽˌ ˋˎ˃˒˖˄ʾʶˌ ˉˇˎ 

ʷ˔ˇˎ˄ ̀ ˎ˄ʱ˕ʶʽ. 

1.5.2  RWTH Aachen MINDSTORMS NXT Toolbox 
 

ɶ ̡ʽʲ˂ʽˇʻʺˁʹ ˉˇˎ ˉʰˊʷ˔ʶʽ ˍˇ ̄h ˄ʶˉʽˋˍʺ˃ʽˇ ˍˇˎ Aachen  ʵʾ˄ʶʽ ˍʹ˄ ʵˎ˄ʰˍˈˍʰˍʰ 

˔ˊʺˋʹˌ ˈ˂˖˄ ˍ˖˄ ʰʽˋʻʹˍʺˊ˖˄ ˍˇˎ ʲʰˋʽˁˇˏ ˉʰˁʷˍˇˎ Lego NXT ʰ˂˂ʱ ˁʰʽ ʰʽˋʻʹˍʺˊ˖˄ 

ʰˉˈ ʱ˂˂ʶˌ ʶˍʰʽˊʾʶˌ ˈˉ˖ˌ ʹ HitechnicΦ ɾʶ ˍʹ˄ ʶʴˁʰˍʱˋˍʰˋʹ ˍˇˎ, ˇ ̝́ ʺˋˍʹˌ ˃ˉˇˊʶʾ ˄ʰ 

˔ˊʹˋʽ˃ˇˉˇʽʺˋʶʽ ̍ ˂ʶˌ ̱ ʽˌ ˂ʶʽˍˇˎˊʴʽʷˌ ˍˇˎ NXT όˁʰʽ ˍ˖˄ ʰʽˋʻʹˍʺˊ˖˄ ̱ ˇˎύ ˃ʷˋʰ h ˉˈ ˍʹ˄ 

Matlab ̝ ˖ˊʾˌ  ˄ ʰ ̝́ʶʽʱʸˇ˄ˍʰʽ ̄ ʶˊʰʽˍʷˊ˖ ̄ ˊˇʴˊʱ˃˃ʰˍʰΦ ʁʽ ʶ˄ˍˇ˂ʷˌ ̱ ˇˎ ʻʰ ʰ˄ʰ˂ˎʻˇˏ˄ 

ˋʶ ʁ̄ˈ˃ʶ˄ˇ ˁ ʶ˒ʱ˂ʰʽˇ. ʃˊˇˍʶʽ˄ˈ˃ʶ˄ʹ ̫ ˁʵˇˋʹ v4.07. [8] 
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1.5.3  LEGO MINDSTORMS NXT Driver 
 

ʆʷ˂ˇˌ, ˔ˊʶʽʱʸʶˍʰʽ ˇ LEGO MINDSTORMS NXT Driver ʴʽʰ ˄ʰ ˃ˉˇˊʷˋʶʽ ˇ ˎˉˇ˂ˇʴʽˋˍʺˌ 

˄ʰ ʁ̄ ʽˁˇʽ˄˖˄ʺˋʶʽ ʰˉˇˍʶ˂ʶˋ˃ʰˍʽˁʱ ˃ʶ ˍˇ NXT ˃ʷˋ˖ ˍˇˎ ˁʰ˂˖ʵʾˇˎ USB. ɲˎˋˍˎ˔˗ˌ, ˍˇ 

NXT ʵʶ˄ ˎˉˇˋˍʹˊʾʸʶˍʰʽ ˉ˂ʷˇ˄ ʰˉˈ ˍʹ˄ Lego, ˇˉˈˍʶ ʵʶ˄ ˎˉʱˊ˔ʶʽ driver ʰˉˈ ˍʹ˄ ʾʵʽʰ 

ˍʹ˄ ʶˍʰʽˊʾʰ. ʃˊˇˍʶʽ˄ˈ˃ʶ˄ˇˌ driver NXT Fantom Driver. [9] 

 

ɳʽˁˈ˄ʰ. 17 ʁ ɿʋʆ Fantom Driver 

 

https://www.lego.com/r/www/r/mindstorms/-/media/franchises/mindstorms%202014/downloads/firmware%20and%20software/nxt%20software/nxt%20fantom%20drivers%20v120.zip?l.r2=-964392510
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1.6 ɫʑʉɿʀʎʈʋʇʋɾʚɻ 
 

ɱʽʰ ˍʹ˄ ʶˉʾ˂ˎˋʹ ˍˇˎ ˁˏʲˇˎ ̝ ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ̫ ˄ʰ brick ɿʋʆΣ ˍˊʶʽˌ ˋʁ ˊ̡̌ ˁʽ˄ʹˍʺˊʶˌ ˁʰʽ 

ʷ˄ʰˌ ʰʽˋʻʹˍʺˊʰˌ ˔ˊ˗˃ʰˍˇˌΦ ʁ ʰʽˋʻʹˍʺˊʰˌ ˔ˊ˗˃ʰˍˇˌ ˍˇˉˇʻʶˍʺʻʹˁʶ ˋˍʹ˄ ˍˊʾˍʹ input 

ʻʷˋʹ ˍˇˎ ɿʋʆΣ ʶ˄˗ ˇʽ ˋʶˊʲˇˁʽ˄ʹˍʺˊʶˌ ˁʰˍʷ˂ʰʲʰ˄ ˁʰʽ ˍʽˌ ˍˊʶʽˌ ʵʽʰʻʷˋʽ˃ʶˌ ʻʷˋʶʽˌ. 

ʅˍʹ˄ ʻʷˋʹ ɮ ̱̌ ˉˇʻʶˍʺʻʹˁʶ ˇ ˁ̔ ˄ʹˍʺˊʰˌ ʴʽʰ ˍʹ˄ ˉʶˊʽˋˍˊˇ˒ʺ ˍˇˎ ˁˏʲˇˎΣ ˋˍʹ˄ ʻʷˋʹ ɰ 

ˇ ˁ̔ ˄ʹˍʺˊʰˌ ʴʽʰ ˍʹ˄ ˁʾ˄ʹˋʹ ˍˇˎ ʰʽˋʻʹˍʺˊʰ ˔ˊ˗˃ʰˍˇˌ, ʶ˄˗ ˋˍʹ˄ ˍʶ˂ʶˎˍʰʾΣh ˍʹ ʻʷˋʹ C, 

ˇ ˁʽ˄ʹˍʺˊʰˌ ˍʹˌ ʵʰʴˁʱ˄ʰˌ. ʂ˂ʶˌ ˇʽ ̄hˊʰˉʱ˄˖ ˋˎ˄ʵʷˋʶʽˌ ʷʴʽ˄ʰ˄ ˃ʶ ˁh ˂˗ʵʽʰ ˉˇˎ 

ˉʰˊʷ˔ˇ˄ˍʰʽ ˋˍˇ ʲʰˋʽˁˈ ˉʰˁʷˍˇ ˍˇˎ Lego ƳƛƴŘǎǘƻǊƳ ˁʰʽ ʷ˔ˇˎ˄ ʲˏˋ˃ʰˍʰ RJ12. ʆˇ 

ˋˏˋˍʹ˃ʰ brick, ʰʽˋʻʹˍʺˊ˖˄ ˁʰʽ ˁʽ˄ʹˍʺˊ˖˄ ˋˎ˄ʵʷʶˍʰʽ ˋʶ ́˂ ʶˁˍˊˇ˄ʽˁˈ ˎˉˇ˂ˇʴʽˋˍʺ ˃ʶ 

ˁʰ˂˗ʵʽˇ usb type A to type B, ˉˇˎ ʶˉʾˋʹˌ ʲˊʾˋˁʶˍʰʽ ˋˍˇ ʲʰˋʽˁˈ ˋʶˍΦ ɱʽʰ ˄ʰ 

ʶˉʽˁˇʽ˄˖˄ʺˋʶʽ ˇ ɶκʇ ˃ʶ ˍˇ NXT ˉʷˊʰ ʰˉˈ ˍʹ˄ ˒ˎˋʽˁʺ ˋˏ˄ʵʶˋʹ, ˔ˊʹˋʽ˃ˇˉˇʽʶʾ ʷ˄ʰ 

ˉˊˈʴˊʰ˃˃ʰ b·/ ˉˇˎ ˇ˄ˇ˃ʱʸʶˍʰʽ aƻǘƻǊ/ƻƴǘǊƻƭ ˁʰʽ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶˍʰʽ ˋˍʹ˄ 

ʶˊʴʰ˂ʶʽˇʻʺˁʹ w²¢I - Mindstorms NXT. ɮˎˍˈ ˍˇ ˉˊˈʴˊʰ˃˃ʰ ʴʾ˄ʶˍʰʽ ŎƻƳǇƛƭŜŘ 

ό˔ˊʹˋʽ˃ˇˉˇʽ˗˄ˍʰˌ ˍˇ˄ ˃ʶˍʰʴ˂˖ˍˍʽˋˍʺ b·/ κ b./ύ ˋʶ ʷ˄ʰ ʵˎʰʵʽˁˈ ʰˊ˔ʶʾˇ w·9 ˉˇˎ 

˃ʶˍʰ˒ʷˊʶˍʰʽ ˋˍˇ brick NXTΦ ɼʰˍʱ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˍ˖˄ ˉˊˇʴˊʰ˃˃ʱˍ˖˄ MATLABΣ ˍˇ 

aƻǘƻǊ/ƻƴǘǊƻƭ ˋˎ˄ʶ˔ʾʸʶʽ ˄ʰ ˍˊʷ˔ʶʽ ˋˍˇ NXT ˁʰʽ ˂ʰ˃ʲʱ˄ʶʽ ʶ˄ˍˇ˂ʷˌΦ ʆˇ ˉˊˈʴˊʰ˃˃ʰ b·/ 

ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ ˒ˊˇ˄ˍʾʸʶʽ ʴʽʰ ˍˇˎˌ ˁʽ˄ʹˍʺˊʶˌ ˁʰʽ ˍˇˎˌ ʶ˂ʷʴ˔ʶʽ ˃ʶ ʰˁˊʾʲʶʽʰΣ ʶ˄˗ ˍˇ 

ˉˊˈʴˊʰ˃˃ʰ MATLAB ˃ˉˇˊʶʾ ˄ʰ ˋˎ˄ʶ˔ʾˋʶʽ ˄ʰ ʶˁˍʶ˂ʶʾˍʰʽΦ ɶ ˍʶ˂ʶˎˍʰʾʰ ʷˁʵˇˋʹ ʶʾ˄ʰʽ ˍˇ 

MotorControl 2.2 (̄ ʶˊʽ˂ʰ˃ʲʱ˄ʶˍʰʽ ˋˍʹ˄ ʷˁʵˇˋʹ пΦлп ˍˇˎ w²¢I - Mindstorms NXT). 
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ɣɞɮɚɤɚɢɨ ς  
 

2. ɥʂʔɻʉʅʆʙ ʆɻʐɻʎʆʀʑʙ 
ʅˍˇ ˁʶ˒ʱ˂ʰʽˇ ʰˎˍˈ ʴʾ˄ʶˍʰʽ ˉʰˊˇˎˋʾʰˋʹ ˍʹˌ ˃ʹ˔ʰ˄ʽˁʺˌ ˁʰˍʰˋˁʶˎʺˌ ʴʽʰ ˍʹ˄ ʶˉʾ˂ˎˋʹ 

ˍˇˎ ˁˏʲˇˎ. 

2.1 ɞʅʎɻɾʖɾʙ 
 

ɱʽʰ ˄ʰ ˂ˎʻʶʾ ˇ ˁˏʲˇˌ ˍˇ ̄́ ˗ˍˇ ˉˊˈʲ˂ʹ˃ʰ ˉˇˎ h˄ ˍʽ˃ʶˍ˖ˉʾˋˍʹˁʶ ʺˍʰ˄ ˄ʰ 

ʵʹ˃ʽˇˎˊʴʹʻʶʾ ʹ ˃ʹ˔ʰ˄ʽˁʺ ˁʰˍʰˋˁʶˎʺΦ ʆˇ ʾʵʽˇ ˍˇ ̄́ ˈʲ˂ʹ˃ʰ ʵʽʰ˔˖ˊʾʸʶˍʰʽ ˋʶ ʵˏˇ 

ˎˉˇˉˊˇʲ˂ʺ˃ʰˍʰΦ ʆˇ ˉˊ˗ˍˇ ʶʾ˄ʰʽ ʹ ˋʱˊ˖ˋʹ ˍˇˎ ˁˏʲˇˎ, ʵʽʰʵʽˁʰˋʾʰ ˁʰˍʱ ˍʹ˄ ̌̄ ˇʾʰ ˇ 

ʰʽˋʻʹˍʺˊʰˌ ˔ˊ˗˃ʰˍˇˌ ˉʶˊ˄ʱʶʽ ˉʱ˄˖ ʰˉˈ ˁʱʻʶ ˎˉˇˍʶˍˊʱʴ˖˄ˇ ˍˇˎ ˁˏʲˇˎ, ʷˍˋʽ ˗ˋˍʶ 

˄ʰ ˃̄ ˇˊʷˋʶʽ ˄ʰ h̄ ˇʻʹˁʶˏˋʶʽ ˍʹ˄ ̀ˎ ˄ˇ˂ʽˁʺ ʶʽˁˈ˄ʰ ˍˇˎ ˁˏʲˇˎΦ ʆˇ ʵʶˏˍʶˊˇ ʶʾ˄ʰʽ ʹ 

ʵʽʰʵʽˁʰˋʾʰ ʶˉʾ˂ˎˋʹˌ ˍˇˎ ˁˏʲˇˎ. ʃˊʷˉʶʽ  ˂ˇʽˉˈ˄ ˄ʰ ɻ́ ˃ʽˇˎˊʴʹʻʶʾ ʷ˄ʰ ˋˏˋˍʹ˃ʰ 

ˁʽ˄ʹˍʺˊ˖˄  ˃ʶ ˍˇ ˈˉˇʽˇ ˃ˉˇˊʶʾ ˇ ˁˏ ʲˇˌ ˄ʰ ̄ʁ ˊʽˋˍˊʰ˒ʶʾ ˋʶ ̍˂ ˇˎˌ ˍˇˎˌ ʱ˅ˇ˄ʶˌ ˁʰʽ  ˇ 

ʰʽˋʻʹˍʺˊʰˌ ˔ˊ˗˃ʰˍˇˌ ˄ʰ ̫̝ ʶʽ ˍʹ˄ ɻˎ ˄ʰˍˈˍʹˍʰ ˁʾ˄ʹˋʹˌ ʷˍˋʽ ˗ˋˍʶ ˄ʰ ˃ʹ˄ ʁ˃ ˉˇʵʾʸʶʽ 

ˇˉˇʽʰʵʺˉˇˍʶ ˁʾ˄ʹˋʹ ̱ ˇˎ ˁˏʲˇˎ. [10] 

2.2 ɫʀʍɼʋʆʅʉʂʐʙʍʀʏ ʆɻʅ ʂ ʆʚʉʂʎʙ ʐʋʑʏ ʎʐʋʉ 

ʔʡʍʋ. 
 

ʁʽ ̀ʁ ˊʲˇˁʽ˄ʹˍʺˊʶˌ ˉˇˎ ̫̝ ˇˎ˃ʶ ˋˍʹ˄ ʵʽʱʻʶˋʺ ˃ʰˌ ̫̝ ˇˎ˄ ˍʹ˄ ɻˎ˄ʰˍˈˍʹˍʰ 

ˉʶˊʽˋˍˊˇ˒ʽˁʺˌ ˁʾ˄ʹˋʹˌΣ ˇˉˈˍʶ ʴʽʰ ˇˉˇʽʰʵʺˉˇˍʶ ˁʾ˄ʹˋʹ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʹ ʹ 

ʵʹ˃ʽˇˎˊʴʾʰ ʲˊʰ˔ʽˈ˄˖˄Σ ˍʷˍˇʽ˖˄ ˗ˋˍʶ ʹ ˉʶˊʽˋˍˊˇ˒ʽˁʺ ˁʾ˄ʹˋʹ ˄ʰ ˃ʁ ˍʰˍˊʷˉʶʽ  ˋʶ 

ʴˊʰ˃˃ʽˁʺ ʺ ˇˉˇʽʰʵʺˉˇˍʶ ʱ˂˂ʹ ˁʾ˄ʹˋʹ. ɴ˄ʰˌ ʰˁˈ˃ʰ ˉʶˊʽˇˊʽˋ˃ˈˌ ˉˇˎ ˎˉʱˊ˔ʶʽ ʶʾ˄ʰʽ  ́

ˁʰˍˇ˔ʺ ˃ˈ˄ˇ ˍˊʽ˗˄ ˁʽ˄ʹˍʺˊ˖˄, ˇˉˈˍʶ ʴʽʰ ˍʹ˄ ˁʾ˄ʹˋʹ ˍˇˎ ˁˏʲˇˎ ˋʶ ̍˂ˇˎˌ ˍˇˎˌ ʱ˅ˇ˄ʶˌ 

ˉˊʷˉʶʽ ˄ʰ ̝́ ʹˋʽ˃ˇˉˇʽʹʻʶʾ ʷ˄ʰˌ ˋˎ˄ʵˎʰˋ˃ˈˌ ˍˇˎˌ ˁʰʽ ˈ˔ʽ ʷ˄ʰˌ ˅ʶ˔˖ˊʽˋˍˈˌ 

ʰʽˋʻʹˍʺˊʰˌ ɹ ʽʰ ˁʱʻʶ ˁʾ˄ʹˋʹ. 

2.3 ɣʚʉʂʎʂ ɻʅʎʃʂʐʙʍɻ ʔʍʡʈɻʐʋʏ 
 

ʁ ˃ʹ˔ʰ˄ʽˁˈˌ ̡ ˊʰ˔ʾˇ˄ʰˌ ɹ ʽʰ ˍʹ˄ ˁʾ˄ʹˋʹ ̱ ˇˎ ʰʽˋʻʹˍʺˊʰ ̝ ˊ˗˃ʰˍˇˌ ʁ ʾ˄ʰʽ ˍˇˉˇʻʶˍʹ˃ʷ˄ˇˌ 

ˋˍˇ ʵʶ˅ʾ ˃ʷˊˇˌ ˍˇˎ ˊˇ˃ˉˈˍ. ʃˊʷˉʶʽ ˄ʰ ̫̝ ʶʽ ˍʹ˄ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ˃ʁ ˍʰˁʽ˄ʶʾˍʰʽ ˉˊˇˌ ˍˇ 



 

13 

 

ˁʷ˄ˍˊˇ, ʶˁʶʾ ˉˇˎ ʶʾ˄ʰʽ ˍˇˉˇʻʶˍʹ˃ʷ˄ˇˌ ˇ ˁˏʲˇˌ ˁʰʽ ˋˍʹ˄ ˋˎ˄ʷ˔ʶʽʰ ˄ʰ ʁ̄ ʽˋˍˊʷ˒ʶʽ 

˃ʰˁˊʽʱ ʰˉˈ ʰˎˍˈ˄ ʷˍˋʽ ˗ˋˍʶ ˄ʰ ʵʾ˄ʶʽ ˍʹ˄ ʵˎ˄ʰˍˈˍʹˍʰ ˋˍʹ˄ ʵʰʴˁʱ˄ʰ ˄ʰ ˁ̔˄ʶʾˍʰʽ ˔˖ˊʾˌ 

˄ʰ ˍʹ˄ ʶ˃ˉˇʵʾʸʶʽ. ɮˉʰˊʰʾˍʹˍˇ ʶʾ˄ʰʽ ʰˁˈ˃ʰ, ˄ʰ ̫̝ ʶʽ ˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ ˁɦ ˄ʶʽ ˃ʽˁˊʷˌ 

ˁʽ˄ʺˋʶʽˌ ʷˍˋʽ ˗ˋˍʶ ˄ʰ ˃̄ ˇˊʶʾ ˄ʰ ̡́ ʾˋˁʶˍʰʽ ˉʱ˄˖ ʰˉˈ ˍʰ ˉ˂ʱʴʽʰ ˁˇ˃˃ʱˍʽʰ ˍˇˎ ˁˏʲˇˎ 

ʰ˂˂ʱ ˁʰʽ ˍʰ ʴ˖˄ʽʰˁʱΣ ˃ʽʰˌ ˁʰʽ ʰˎˍʱ ˍʰ ʵˎˇ ʲˊʾˋˁˇ˄ˍʰʽ ˋʶ ɻ̔ ʰ˒ˇˊʶˍʽˁʷˌ ʻʷˋʶʽˌΣ 

ˁʰʻ˗ˌ ̌  ˁˏ ʲˇˌ ̄ ʶˊʽˋˍˊʷ˒ʶˍʰʽ. 

 

ɳʽˁˈ˄ʰΦ 18 ɶ ˉʶʽˊʰ˃ʰˍʽˁʺ ʵʽʱˍʰ˅ʹ ˃ʶ ˍˇ˄ ʰʽˋʻʹˍʺˊʰ ˔ˊ˗˃ʰˍˇˌ 

 ʅˎ˄ʶˉ˗ˌΣ ʴʽʰ ˍˇ˄ ʰʽˋʻʹˍʺˊʰ ˔ˊ˗˃ʰˍˇˌ ʹ ˁʾ˄ʹˋʹ ˉˇˎ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʹ ʶʾ˄ʰʽ ˄ʰ 

˃ˉˇˊʶʾ ˄ ʰ ˁ̔˄ʶʾˍʰʽ ˃ ˉˊˇˌ ˁʰʽ ˉʾˋ˖ ɻ ʹ˂ʰʵʺ ˃ ʶ ˒̌ˊʱ ̄ ˊˇˌ ˍˇ˄ ˁˏʲˇ ˁ ʰʽ ʰ˄ʱˉˇʵʰ. 

 

ɳʽˁˈ˄ʰΦ 19 ɮ˄ʱʴ˄˖ˋʹ ˔ˊ˗˃ʰˍˇˌ ʰˉˈ ˍˇ˄ ʰʽˋʻʹˍʺˊʰ 

2.4 ɩʀʍʅʎʐʍʋʒʙ ʐʋʑ ʆʞɼʋʑ 
 

ɶ ˁʾ˄ʹˋʹ ʰˎˍʺ ˍˇˎ ˁˏʲˇˎ ʶʾ˄ʰʽ ʹ ˉʽˇ ʰˉ˂ʺ ʰˉˈ ˍʽˌ ˍˊʶʽˌΦ ʆˇ ˃ˈ˄ˇ ˉˇˎ ˔ˊʶʽʱʸʶˍʰʽ 

ʶʾ˄ʰʽ ʹ ˋˏ˄ʵʶˋʹ ˍˇˎ ˁˏʲˇˎ ˃ʶ ʷ˄ʰ˄ ʰˉˈ ˍˇˎˌ ˁʽ˄ʹˍʺˊʶˌΣ ʷˍˋʽ ˗ˋˍʶ ʰˎˍˈˌ ˄ʰ ˃̄ ˇˊʶʾ 

˄ʰ ̄ʁ ˊʽˋˍˊʷ˒ʶˍʰʽΦ ɮˎˍˈ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʶ ʷ˄ʰ ˋˏˋˍʹ˃ʰ ʴˊʰ˄ʰʸʽ˗˄ ˁʰʽ ˃ʽʰ ʲʱˋʹ 

ˋˍʹ˄ ˇˉˇʾʰ ˉʱ˄˖ ˍˇˉˇʻʶˍʶʾˍʰʽ ˇ ˁˏʲˇˌ. ɮˎˍˈˌ ˃ʰˌ ʷʵ˖ˋʶ ˍʹ˄ ʵˎ˄ʰˍˈˍʹˍʰ ˄ʰ 

ˉʶˊʽˋˍˊʷ˒ˇˎ˃ʶ ̱ ˇ˄ ˁˏʲˇ ɻ ʶ˅ʽˈˋˍˊˇ˒ʰ ̋  h́ ʽˋˍʶˊˈˋˍˊˇ˒ʰ. 
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ɳʽˁˈ˄ʰΦ 20 ʃʶˊʽˋˍˊˇ˒ʽˁʺ ˁʾ˄ʹˋʹ ˍˇˎ ˁˏʲˇˎ м
ˇ
 ˋˍʱʵʽˇ 

 

ɳʽˁˈ˄ʰΦ 21 ʃʶˊʽˋˍˊˇ˒ʽˁʺ ˁʾ˄ʹˋʹ ˍˇˎ ˁˏʲˇˎ н
ˇ
 ˋˍʱʵʽˇ 

 

ɳʽˁˈ˄ʰΦ 22 ʃʶˊʽˋˍˊˇ˒ʽˁʺ ˁʾ˄ʹˋʹ ˍˇˎ ˁˏʲˇˎ о
ˇ
 ˋˍʱʵʽˇ 

 

2.5 ɛʗʎʂ ʐʋʑ ʆʞɼʋʑ 
 

ɶ ̡ʱˋʹ ˍˇˎ ˁˏʲˇˎ ʵʹ˃ʽˇˎˊʴʺʻʹˁʶ ʰˉˈ ʷ˄ʰ ˍʶˍˊʱʴ˖˄ˇ ˉˇˎ ʹ ˔ˊʹˋʽ˃ˈˍʹˍʰ ˍˇˎ ʶʾ˄ʰʽ 

˄ʰ ̱̀ ʹˊʽ˔ˍʶʾ ˇ ˁˏʲˇˌ ˁʰʽ ʷ˄ʰ ˉ˂ʰʾˋʽˇ ˉʱ˄˖ ˁʰʽ ʴˏˊ˖ ʰˉˈ ʰˎˍˈΦ ɶ ̝ˊʺˋʹ ˍˇˎ 

ˍʶ˂ʶˎˍʰʾˇˎ ʷ˔ʶʽ ˖  ̩ˋˁˇˉˈ ˈˍʰ˄ ʹ ʵʰʴˁʱ˄ʰ ˉʽʱ˄ʶʽ ˍˇ˄ ˁˏʲˇ ˁʰʽ ˉˊˇˋˉʰʻʶʾ ˄ʰ ˍˇ˄ 

ˉʶˊʽˋˍˊʷ˕ʶʽ ˋˍˇ˄ ʶʴˁʱˊˋʽˇ ʱ˅ˇ˄ʰΣ ˄ʰ ˃̄ ˇˊʶʾ ˄ʰ ̡́ ʾˋˁʶʽ ʰ˄ˍʾˋˍʰˋʹ ˗ˋˍʶ ʹ 

ˉʶˊʽˋˍˊˇ˒ʺ ̱ ˇˎ ˄ ʰ ʶʾ˄ʰʽ ʵˎ˄ʰˍʺ. 
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2.6 ɝɻɾʆʗʉɻ ʌʀʍʅʎʐʍʋʒʙʏ 
 

ʆˇ ˍʶ˂ʶˎˍʰʾˇ ˁʰʽ  ˉʽˇ ʰˉʰʽˍʹˍʽˁˈ ˃ʷˊˇˌ ʺˍʰ˄ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ˉʶˊʽˋˍˊˇ˒ʺˌ ˍˇˎ ˁˏʲˇˎ 

ˋˍˇ ʶʴˁʱˊˋʽˇ ʱ˅ˇ˄ʰΣ ʰ˂˂ʱ ˁʰʽ ʹ ʽˁʰ˄ˈˍʹˍʰ ˋˍʰʻʶˊˇˉˇʾʹˋʺˌ ˍˇˎΣ ʷˍˋʽ ˗ˋˍʶ ˄ʰ 

˃ˉˇˊˇˏ˄ ˃ʶ ˍʹ˄ ˉʶˊʽˋˍˊˇ˒ʺ ˍʹˌ ʲʱˋʹˌ ˄ʰ ʰ˂˂ʱʸˇˎ˄ ʻʷˋʶʽˌ ˇʽ ˉ˂ʶˎˊʷˌ ˍˇˎΦ ɮˎˍˈ 

ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˃ʶ ˍʹ˄ ʵʹ˃ʽˇˎˊʴʾʰ ˃ʽʰˌ ʵʰʴˁʱ˄ʰˌ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˉʶˊʽˋˍˊʷ˒ʶˍʰʽ ˉʱ˄˖ 

ʰˉˈ ˍˇ˄ ˁˏʲˇΦ 

 

ɳʽˁˈ˄ʰΦ 23 ɶ ʵʰʴˁʱ˄ʰ ˉʶˊʽˋˍˊˇ˒ʺˌ 

ɱʽʰ ˍʹ˄ ʶʴˁʱˊˋʽʰ ˃ʶˍʰˍˈˉʽˋʹ ˍˇˎ ˁˏʲˇˎ ʹ ɻʰʴˁʱ˄ʰ ˍˇˉˇʻʶˍʶʾˍʰʽ ˋˍˇ ˉʱ˄˖ ˃ʷˊˇˌ 

ˍˇˎ, ˍˇ˄ ˋʷˊ˄ʶʽ ˉˊˇˌ ˍˇ ˃ʷˊˇˌ ˍʹˌ ˁʰʽ ˋˍʹ˄ ˋˎ˄ʷ˔ʶʽʰ ˍˇ˄ ʰˉ˖ʻʶʾΣ ˇʵʹʴ˗˄ˍʰˌ ˍˇ˄ ˋʶ 

˃ʽʰ ˉʶˊʽˋˍˊˇ˒ʽˁʺ ˁʾ˄ʹˋʹΣ ʰ˂˂ʱʸˇ˄ˍʱˌ ˍˇˎ ˍʽˌ ˉ˂ʶˎˊʷˌΦ ɮˁˈ˃ʰΣ ʷ˔ʶʽ ˍʹ˄ ʵˎ˄ʰˍˈˍʹˍʰ 

˄ʰ ʁ˒ ʱˉˍʶˍʰʽ ˋˍˇ ˉʱ˄˖ ˃ʷˊˇˌ ˍˇˎ ˁʰʽ ˃ʶ ˍˇ ˉ˂ʰʾˋʽˇ ˍʹˌ ˄ʰ ˍˇ˄ ʶ˃ˉˇʵʾʸʶʽ ˄ʰ ˁ̔ ˄ʹʻʶʾ 

ˉʶˊʽˋˍˊˇ˒ʽˁʱΣ ʷˍˋʽ ˗ˋˍʶ ˄ʰ ˃̄ ˇˊʶʾ ˄ʰ h˂ ˂ʱ˅ʶʽ ʻʷˋʹ ˃ˈ˄ˇ ʹ ˁʱˍ˖ ˍˇˎ ˉ˂ʶˎˊʱ όʹ 

ˉ˂ʶˎˊʱ ̄ ˇˎ ˔ˊʶʽʱʸʶˍʰʽ ˄ ʰ ˃ʶˍʰˁʽ˄ʹʻʶʾ ˗ˋˍʶ ˄ʰ ˂ˎʻʶʾ ̌  ˁˏ ʲˇˌ). 

 

ɳʽˁˈ˄ʰΦ 24 ɳʴˁʱˊˋʽʰ ˃ʶˍʰˍˈˉʽˋʹ ˍˇˎ ˁˏʲˇˎ м
ˇ
 ˋˍʱʵʽˇ 
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ɳʽˁˈ˄ʰΦ 25 ɳʴˁʱˊˋʽʰ ˃ʶˍʰˍˈˉʽˋʹ ˍˇˎ ˁˏʲˇˎ н
ˇ
 ˋˍʱʵʽˇ 

 

ɳʽˁˈ˄ʰΦ 26 ɳʴˁʱˊˋʽʰ ˃ʶˍʰˍˈˉʽˋʹ ˍˇˎ ˁˏʲˇˎ о
ˇ
 ˋˍʱʵʽˇ 

 

 












































