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Ⱥɧɨɬɚɰɿɹ. Ɋɨɡɝɥɹɧɭɬɨ ɦɟɬɨɞɢ, ɳɨ ɞɨɡɜɨɥɹɸɬɶ ɿɧɬɟɥɟɤɬɭɚɥɿɡɨɜɚɧɢɦ ɡɚɫɨɛɚɦ ɟɤɫɩɥɭɚɬɚɰɿʀ 
ɚɜɬɨɦɨɛɿɥɶɧɨɝɨ ɬɪɚɧɫɩɨɪɬɭ ɫɩɪɢɣɦɚɬɢ ɧɚɜɤɨɥɢɲɧɽ ɫɟɪɟɞɨɜɢɳɟ. Ʉɥɚɫɢɮɿɤɨɜɚɧɨ ɡɚɜɞɚɧɧɹ ɩɪɨ-
ɰɟɫɭ ɫɩɪɢɣɧɹɬɬɹ, ɨɩɢɫɚɧɨ ɣɦɨɜɿɪɧɿɫɧɿ ɦɨɞɟɥɿ, ɚ ɬɚɤɨɠ ɞɟɬɚɥɿɡɨɜɚɧɨ ɨɫɧɨɜɧɿ ɟɬɚɩɢ ɜɿɞɨɛɪɚ-
ɠɟɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɫɟɧɫɨɪɧɢɯ ɜɢɦɿɪɿɜ ɧɚ ɜɧɭɬɪɿɲɧɿ ɫɬɪɭɤɬɭɪɢ ɩɪɟɞɫɬɚɜɥɟɧɧɹ ɧɚɜɤɨɥɢɲɧɶɨɝɨ 
ɫɟɪɟɞɨɜɢɳɚ. 
 
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɚɜɬɨɦɨɛɿɥɶɧɢɣ ɬɪɚɧɫɩɨɪɬ, ɟɤɫɩɥɭɚɬɚɰɿɹ, ɫɩɪɢɣɧɹɬɬɹ. 
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Ⱥɧɧɨɬɚɰɢɹ. Ɋɚɫɫɦɨɬɪɟɧɵ  ɦɟɬɨɞɵ, ɩɨɡɜɨɥɹɸɳɢɟ ɢɧɬɟɥɥɟɤɬɭɚɥɢɡɢɪɨɜɚɧɧɵɦ ɫɪɟɞɫɬɜɚɦ ɷɤɫɩ-
ɥɭɚɬɚɰɢɢ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɜɨɫɩɪɢɧɢɦɚɬɶ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. Ʉɥɚɫɫɢɮɢɰɢɪɨɜɚɧɵ 
ɡɚɞɚɱɢ ɩɪɨɰɟɫɫɚ ɜɨɫɩɪɢɹɬɢɹ, ɨɩɢɫɚɧɵ ɜɟɪɨɹɬɧɨɫɬɧɵɟ ɦɨɞɟɥɢ, ɚ ɬɚɤɠɟ ɞɟɬɚɥɢɡɢɪɨɜɚɧɵ ɨɫɧɨ-
ɜɧɵɟ ɷɬɚɩɵ ɨɬɨɛɪɚɠɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɫɟɧɫɨɪɧɵɯ ɢɡɦɟɪɟɧɢɣ ɧɚ ɜɧɭɬɪɟɧɧɢɟ ɫɬɪɭɤɬɭɪɵ ɩɪɟɞ-
ɫɬɚɜɥɟɧɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ.  
 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɚɜɬɨɦɨɛɢɥɶɧɵɣ ɬɪɚɧɫɩɨɪɬ, ɷɤɫɩɥɭɚɬɚɰɢɹ, ɜɨɫɩɪɢɹɬɢɟ. 
 

PERCEPTION OF ENVIRONMENT BY INTELLECTUALIZED MEANS OF 
MOTOR TRANSPORT OPERATION 

 
V. Fedchenko, post-graduate, KhNAHU 

 
Abstract. The methods allowing intellectualized means of operation of motor transport to perceive the 
environment are considered. The problems of perception process are classified, the probability models 
are described, as well as the basic stages of results display of sensor measurements on internal 
structures of environment representation are classified. 
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ȼɫɬɭɩ 
 
ɋɭɱɚɫɧɢɣ ɚɜɬɨɦɨɛɿɥɶ – ɰɟ ɫɩɥɚɜ ɧɨɜɿɬɧɿɯ ɬɟ-
ɯɧɨɥɨɝɿɣ ɜ ɚɝɪɟɝɚɬɨɛɭɞɭɜɚɧɧɿ ɬɚ ɟɥɟɤɬɪɨɧɿɰɿ, 
ɜ ɹɤɨɦɭ ɨɞɧɭ ɡ ɧɚɣɜɚɠɥɢɜɿɲɢɯ ɪɨɥɟɣ ɜɿɞɿɝɪɚɽ 
ɟɥɟɤɬɪɨɧɧɚ ɱɚɫɬɢɧɚ [1].   
 
ȿɥɟɤɬɪɨɧɿɤɚ ɨɫɨɛɥɢɜɨ ɝɥɢɛɨɤɨ ɩɪɨɧɢɤɚɽ ɜ 
ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ [2]. Ɂɚɦɿɧɸɸɱɢ ɬɿ, ɳɨ ɿɫ-
ɧɭɜɚɥɢ ɜ ɪɚɧɧɿɯ ɚɜɬɨɦɨɛɿɥɹɯ ɦɟɯɚɧɿɱɧɿ ɿ ɝɿɞ-

ɪɚɜɥɿɱɧɿ ɱɚɫɬɢɧɢ, ɞɨɞɚɸɱɢ ɧɨɜɿ ɜɭɡɥɢ ɤɟɪɭ-
ɜɚɧɧɹ, ɞɿɚɝɧɨɫɬɢɤɢ ɿ ɤɨɧɬɪɨɥɸ, ɜɨɧɚ ɪɨɛɢɬɶ 
ɫɶɨɝɨɞɧɿɲɧɿ ɚɜɬɨɦɨɛɿɥɿ ɛɿɥɶɲ ɿɧɬɟɥɟɤɬɭɚɥɶ-
ɧɢɦɢ, ɧɚɞɿɣɧɢɦɢ, ɛɟɡɩɟɱɧɢɦɢ ɿ ɤɨɦɮɨɪɬ-
ɧɢɦɢ. 
 
ɇɢɧɿ ɽ ɚɤɬɭɚɥɶɧɢɦ ɩɢɬɚɧɧɹ ɫɬɜɨɪɟɧɧɹ ɚɜɬɨ-
ɦɨɛɿɥɹ, ɡɞɚɬɧɨɝɨ ɮɭɧɤɰɿɨɧɭɜɚɬɢ ɭ ɪɟɚɥɶɧɨɦɭ 
ɫɜɿɬɿ ɛɟɡ ɭɱɚɫɬɿ ɥɸɞɢɧɢ-ɜɨɞɿɹ.  
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ɍ ɰɿɣ ɫɬɚɬɬɿ ɪɨɡɝɥɹɞɚɽɬɶɫɹ ɨɞɧɟ ɿɡ ɡɚɜɞɚɧɶ, 
ɹɤɿ ɫɬɨɹɬɶ ɩɟɪɟɞ ɩɪɨɟɤɬɭɜɚɥɶɧɢɤɚɦɢ ɚɜɬɨɦɨ-
ɛɿɥɿɜ ɡɿ ɲɬɭɱɧɢɦ ɿɧɬɟɥɟɤɬɨɦ: ɡɚɜɞɚɧɧɹ 
ɫɩɪɢɣɧɹɬɬɹ ɟɥɟɤɬɪɨɧɿɤɨɸ ɧɚɜɤɨɥɢɲɧɶɨɝɨ 
ɫɜɿɬɭ – ɪɨɛɨɬɨɬɟɯɧɿɱɧɟ ɫɩɪɢɣɧɹɬɬɹ.  

 
Ⱥɧɚɥɿɡ ɩɭɛɥɿɤɚɰɿɣ 

 
ɉɪɨɛɥɟɦɚɬɢɰɿ ɪɨɛɨɬɨɬɟɯɧɿɱɧɨɝɨ ɫɩɪɢɣɧɹɬɬɹ 
ɧɚɜɤɨɥɢɲɧɶɨɝɨ ɫɟɪɟɞɨɜɢɳɚ ɩɪɢɫɜɹɱɟɧɨ  
ɛɚɝɚɬɨ ɪɨɛɿɬ. ȼɚɠɥɢɜɿ ɿɞɟʀ, ɳɨ ɫɬɨɫɭɸɬɶɫɹ 
ɨɰɿɧɤɢ ɫɬɚɧɭ ɞɢɧɚɦɿɱɧɢɯ ɫɢɫɬɟɦ, ɛɭɥɨ ɜɢ-
ɫɥɨɜɥɟɧɨ ɳɟ ɦɚɬɟɦɚɬɢɤɨɦ Ʉɚɪɥɨɦ Ɏɪɿɞɪɿɯɨɦ 
Ƚɚɭɫɨɦ ɭ ɪɨɛɨɬɿ [3], ɹɤɢɣ ɫɮɨɪɦɭɥɸɜɚɜ ɞɟɬɟ-
ɪɦɿɧɨɜɚɧɢɣ ɚɥɝɨɪɢɬɦ ɧɚɣɦɟɧɲɢɯ ɤɜɚɞɪɚɬɿɜ. 
Ɋɨɫɿɣɫɶɤɢɣ ɦɚɬɟɦɚɬɢɤ Ɇɚɪɤɨɜ Ⱥɧɞɪɿɣ Ⱥɧɞ-
ɪɿɣɨɜɢɱ [4] ɜɢɤɥɚɜ ɭ ɫɜɨʀɯ ɩɪɚɰɹɯ, ɩɪɢɫɜɹɱɟ-
ɧɢɯ ɚɧɚɥɿɡɭ ɫɬɨɯɚɫɬɢɱɧɢɯ ɩɪɨɰɟɫɿɜ, ɩɿɞɯɿɞ, 
ɳɨ ɞɿɫɬɚɜ ɧɚɞɚɥɿ ɧɚɡɜɭ ɦɚɪɤɿɜɫɶɤɨɝɨ ɩɪɢɩɭ-
ɳɟɧɧɹ. ȼɚɠɥɢɜɢɣ ɜɧɟɫɨɤ ɫɬɨɫɨɜɧɨ ɮɿɥɶɬɪɚɰɿʀ 
ɡɪɨɛɥɟɧɢɣ ɩɿɞ ɱɚɫ Ⱦɪɭɝɨʀ ɫɜɿɬɨɜɨʀ ɜɿɣɧɢ ȼɿ-
ɧɟɪɨɦ ɇɨɪɛɟɪɬɨɦ ɞɥɹ ɛɟɡɩɟɪɟɪɜɧɢɯ ɬɢɦɱɚ-
ɫɨɜɢɯ ɩɪɨɰɟɫɿɜ ɿ Ʉɨɥɦɨɝɨɪɨɜɢɦ Ⱥɧɞɪɿɽɦ Ɇɢ-
ɤɨɥɚɣɨɜɢɱɟɦ – ɞɥɹ ɞɢɫɤɪɟɬɧɢɯ ɬɢɦɱɚɫɨɜɢɯ 
ɩɪɨɰɟɫɿɜ. Ɋɨɛɨɬɢ ɉɿɬɟɪɚ ɋɜɟɪɥɿɧɝɚ ɿ Ɋɭɞɨɥɶ-
ɮɚ Ʉɚɥɦɚɧɚ [5] ɩɪɢɫɜɹɱɟɧɿ ɛɟɡɩɨɫɟɪɟɞɧɶɨɦɭ 
ɦɨɞɟɥɸɜɚɧɧɸ ɫɬɨɯɚɫɬɢɱɧɢɯ ɩɪɨɰɟɫɿɜ ɡɚ ɞɨ-
ɩɨɦɨɝɨɸ ɩɪɨɫɬɨɪɭ ɫɬɚɧɿɜ.  
 
Ɋɭɞɨɥɶɮɨɦ Ʉɚɥɦɚɧɨɦ ɛɭɥɨ ɡɚɩɪɨɩɨɧɨɜɚɧɨ 
ɦɟɬɨɞ ɩɪɹɦɨɝɨ ɣɦɨɜɿɪɧɿɫɧɨɝɨ ɜɢɜɨɞɭ ɜ ɥɿɧɿɣ-
ɧɢɯ ɫɢɫɬɟɦɚɯ ɿɡ ɝɚɭɫɨɜɢɦ ɲɭɦɨɦ, ɜɿɞɨɦɢɣ 
ɬɟɩɟɪ ɩɿɞ ɧɚɡɜɨɸ ɮɿɥɶɬɪɿɜ Ʉɚɥɦɚɧɚ. ɍ ɛɚɝɚ-
ɬɶɨɯ ɡɚɫɬɨɫɭɜɚɧɧɹɯ ɤɚɥɦɚɧɨɜɫɶɤɿɣ ɮɿɥɶɬɪɚɰɿʀ 
ɞɨɜɨɞɢɬɶɫɹ ɫɬɢɤɚɬɢɫɹ ɧɟ ɥɢɲɟ ɡ ɧɟɜɢɡɧɚɱɟ-
ɧɢɦɢ ɞɚɧɢɦɢ ɫɩɪɢɣɧɹɬɬɹ ɿ ɧɟɜɿɞɨɦɢɦɢ ɡɚɤɨ-
ɧɚɦɢ, ɚɥɟ ɬɚɤɨɠ ɿ ɡ ɧɟɜɢɡɧɚɱɟɧɨɸ ɿɞɟɧɬɢɮɿ-
ɤɚɰɿɽɸ. ɐɟ ɨɡɧɚɱɚɽ, ɳɨ ɹɤɳɨ ɜɟɞɟɬɶɫɹ 
ɩɨɬɨɱɧɢɣ ɤɨɧɬɪɨɥɶ ɡɚ ɱɢɫɥɟɧɧɢɦɢ ɨɛ’ɽɤɬɚɦɢ, 
ɫɢɫɬɟɦɚ ɦɚɽ ɜɢɡɧɚɱɢɬɢ, ɹɤɿ ɞɚɧɿ ɫɩɨɫɬɟɪɟ-
ɠɟɧɶ ɡɿɛɪɚɧɿ ɜɿɞ ɬɢɯ ɚɛɨ ɿɧɲɢɯ ɨɛ’ɽɤɬɿɜ, ɩɟɪɲ 
ɧɿɠ ɡ’ɹɜɢɬɶɫɹ ɦɨɠɥɢɜɿɫɬɶ ɜɿɞɧɨɜɢɬɢ ɨɰɿɧɤɢ 
ɫɬɚɧɿɜ ɤɨɠɧɨɝɨ ɡ ɰɢɯ ɨɛ’ɽɤɬɿɜ. ɍ ɰɶɨɦɭ ɩɨɥɹ-
ɝɚɽ ɩɪɨɛɥɟɦɚ ɚɫɨɰɿɸɜɚɧɧɹ ɞɚɧɢɯ.  
 
Ⱦɢɧɚɦɿɱɧɿ ɛɚɣɽɫɨɜɫɶɤɿ ɦɟɪɟɠɿ (Dynamic 
Bayesian Network – DBN) ɦɨɠɭɬɶ ɪɨɡɝɥɹɞɚ-
ɬɢɫɹ ɹɤ ɫɩɨɫɿɛ ɪɨɡɪɿɞɠɟɧɨɝɨ ɤɨɞɭɜɚɧɧɹ ɦɚɪ-
ɤɿɜɫɶɤɨɝɨ ɩɪɨɰɟɫɭ. Ȳɯ ɛɭɥɨ ɜɩɟɪɲɟ ɡɚɫɬɨɫɨ-
ɜɚɧɨ ɜ ɲɬɭɱɧɨɦɭ ɿɧɬɟɥɟɤɬɿ Ⱥ. ɇɿɤɨɥɫɨɧɨɦ ɬɚ 
ɍ. Ʉɶɽɪɭɥɶɮɨɦ, Ɍ. Ⱦɿɧɨɦ ɿ Ʉ. Ʉɚɧɚɞɡɚɜɚ [6]. 
Ⱦɢɧɚɦɿɱɧɿ ɛɚɣɽɫɨɜɫɶɤɿ ɦɟɪɟɠɿ ɲɢɪɨɤɨ ɡɚɫɬɨ-
ɫɨɜɭɸɬɶɫɹ ɞɥɹ ɦɨɞɟɥɸɜɚɧɧɹ ɪɿɡɧɢɯ ɫɤɥɚɞɧɢɯ 
ɩɪɨɰɟɫɿɜ ɪɭɯɭ ɜ ɫɢɫɬɟɦɚɯ ɦɚɲɢɧɧɨɝɨ ɡɨɪɭ. 
 

ɉɟɪɲɿ ɚɥɝɨɪɢɬɦɢ ɮɨɪɦɭɜɚɧɧɹ ɜɢɛɿɪɨɤ ɞɥɹ 
ɮɿɥɶɬɪɚɰɿʀ ɛɭɥɨ ɪɨɡɪɨɛɥɟɧɨ Ⱦ. ɏɟɧɞɲɢɧɢɦ ɿ 
Ⱦɟɜɿɞɨɦ Ɇɟɣɧɨɦ [7], ɹɤɿ ɧɚɥɟɠɚɥɢ ɞɨ ɫɩɿɜɬɨ-
ɜɚɪɢɫɬɜɚ ɮɚɯɿɜɰɿɜ ɡ ɬɟɨɪɿʀ ɭɩɪɚɜɥɿɧɧɹ, ɚ ɿɞɟɹ 
ɩɨɜɬɨɪɧɨɝɨ ɮɨɪɦɭɜɚɧɧɹ ɜɢɛɨɪɨɤ, ɳɨ ɥɟɠɢɬɶ 
ɜ ɨɫɧɨɜɿ ɚɥɝɨɪɢɬɦɭ ɮɿɥɶɬɪɚɰɿʀ ɱɚɫɬɨɤ, 
ɡ’ɹɜɢɥɚɫɹ ɜ ɨɞɧɿɣ ɡ ɩɭɛɥɿɤɚɰɿɣ ɜ ɪɚɞɹɧɫɶɤɨɦɭ 
ɠɭɪɧɚɥɿ ɳɨɞɨ ɫɢɫɬɟɦ ɭɩɪɚɜɥɿɧɧɹ. ɇɚɞɚɥɿ ɰɟɣ 
ɚɥɝɨɪɢɬɦ ɛɭɥɨ ɳɟ ɪɚɡ ɜɿɞɤɪɢɬɨ, ɿ ɜ ɬɟɨɪɿʀ 
ɲɬɭɱɧɨɝɨ ɿɧɬɟɥɟɤɬɭ ɜɿɧ ɜɿɞɨɦɢɣ ɩɿɞ ɧɚɡɜɨɸ 
«ɜɢɠɢɜɚɧɧɹ ɧɚɣɛɿɥɶɲ ɩɪɢɫɬɨɫɨɜɚɧɨɝɨ», ɚ ɜ 
ɨɛɥɚɫɬɿ ɦɚɲɢɧɧɨɝɨ ɡɨɪɭ – ɩɿɞ ɧɚɡɜɨɸ «ɤɨɧ-
ɞɟɧɫɚɰɿɹ».  
 
Ɏɿɥɶɬɪɢ Ʉɚɥɦɚɧɚ ɡɚɫɬɨɫɨɜɭɸɬɶɫɹ ɹɤ ɦɟɬɨɞ 
ɥɨɤɚɥɿɡɚɰɿʀ ɩɪɨɬɹɝɨɦ ɛɚɝɚɬɶɨɯ ɞɟɫɹɬɢɥɿɬɶ, ɚ ɜ 
ɥɿɬɟɪɚɬɭɪɿ ɡɿ ɲɬɭɱɧɨɝɨ ɿɧɬɟɥɟɤɬɭ ɡɚɝɚɥɶɧɟ 
ɣɦɨɜɿɪɧɿɫɧɟ ɮɨɪɦɭɥɸɜɚɧɧɹ ɡɚɜɞɚɧɧɹ ɥɨɤɚɥɿ-
ɡɚɰɿʀ ɡ’ɹɜɢɥɨɫɹ ɧɚɛɚɝɚɬɨ ɩɿɡɧɿɲɟ, ɡɚɜɞɹɤɢ 
ɜɧɟɫɤɭ Ɍɨɦɚ Ⱦɿɧɚ ɿ ɣɨɝɨ ɤɨɥɟɝ, ɚ ɬɚɤɨɠ 
Ɋ. ɋɢɦɨɧɫɚ ɿ ɋ. Ʉɟɧɿɝɚ, ɞɟ ɛɭɥɨ ɡɚɩɪɨɩɨɧɨɜɚ-
ɧɨ ɬɟɪɦɿɧ «ɦɚɪɤɿɜɫɶɤɚ ɥɨɤɚɥɿɡɚɰɿɹ».  
 
Ɇɟɬɨɞ ɥɨɤɚɥɿɡɚɰɿʀ Ɇɨɧɬɟ-Ʉɚɪɥɨ, ɨɫɧɨɜɚɧɢɣ 
ɧɚ ɮɿɥɶɬɪɚɯ ɱɚɫɬɨɤ, ɛɭɥɨ ɪɨɡɪɨɛɥɟɧɨ 
Ⱦ. Ɏɨɤɫɨɦ ɬɚ ɿɧɲɢɦɢ, ɿ ɧɢɧɿ ɜɿɧ ɫɬɚɜ ɲɢɪɨɤɨ 
ɪɨɡɩɨɜɫɸɞɠɟɧɢɦ. ɍ ɮɿɥɶɬɪɿ ɱɚɫɬɨɤ, ɳɨ ɞɿɽ ɡɚ 
ɩɪɢɧɰɢɩɨɦ Ɋɚɨ-Ȼɥɟɤɜɟɥɥɚ, ɨɛ’ɽɞɧɭɸɬɶɫɹ ɡɚ-
ɫɨɛɢ ɮɿɥɶɬɪɚɰɿʀ ɱɚɫɬɨɤ ɞɥɹ ɥɨɤɚɥɿɡɚɰɿʀ ɪɨɛɨɬɚ 
ɿɡ ɡɚɫɨɛɚɦɢ ɬɨɱɧɨʀ ɮɿɥɶɬɪɚɰɿʀ ɞɥɹ ɫɤɥɚɞɚɧɧɹ 
ɤɚɪɬɢ.  
 
Ɉɫɧɨɜɧɨɸ ɤɨɧɮɟɪɟɧɰɿɽɸ ɡ ɪɨɛɨɬɨɬɟɯɧɿɤɢ ɽ 
IEEE International Conference on Robotics and 
Automation. Ⱦɨ ɱɢɫɥɚ ɪɨɛɨɬɨɬɟɯɧɿɱɧɢɯ ɠɭɪ-
ɧɚɥɿɜ ɜɯɨɞɹɬɶ IEEE Robotics and Automation, 
International Journal of Robotics Research, ɚ 
ɬɚɤɨɠ Robotics and Autonomous Systems. 
 

Ɇɟɬɚ ɬɚ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɿ 
 
Ɇɟɬɨɸ ɫɬɚɬɬɿ ɽ ɜɢɤɥɚɞ ɦɟɬɨɞɿɜ, ɳɨ ɞɨɡɜɨɥɹ-
ɸɬɶ ɪɨɛɨɬɢɡɨɜɚɧɨɦɭ ɚɜɬɨɦɨɛɿɥɸ ɫɩɪɢɣɦɚɬɢ 
ɞɨɜɤɿɥɥɹ. ɉɪɢ ɰɶɨɦɭ ɫɬɚɜɥɹɬɶɫɹ ɡɚɞɚɱɿ ɤɥɚ-
ɫɢɮɿɤɭɜɚɬɢ ɩɪɨɰɟɫ ɫɩɪɢɣɧɹɬɬɹ, ɨɩɢɫɚɬɢ ɣɦɨ-
ɜɿɪɧɿɫɧɿ ɦɨɞɟɥɿ, ɚ ɬɚɤɨɠ ɞɟɬɚɥɿɡɭɜɚɬɢ ɨɫɧɨɜɧɿ 
ɟɬɚɩɢ ɜɿɞɨɛɪɚɠɟɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɫɟɧɫɨɪɧɢɯ 
ɜɢɦɿɪɿɜ ɧɚ ɜɧɭɬɪɿɲɧɿ ɫɬɪɭɤɬɭɪɢ ɩɪɟɞɫɬɚɜɥɟɧ-
ɧɹ ɫɟɪɟɞɨɜɢɳɚ.  
 

ɋɩɪɢɣɧɹɬɬɹ ɧɚɜɤɨɥɢɲɧɶɨɝɨ  
ɫɟɪɟɞɨɜɢɳɚ ɿɧɬɟɥɟɤɬɭɚɥɿɡɨɜɚɧɢɦɢ  

ɡɚɫɨɛɚɦɢ ɟɤɫɩɥɭɚɬɚɰɿʀ ɚɜɬɨɬɪɚɧɫɩɨɪɬɭ 
 
Ɋɨɛɨɬɨɬɟɯɧɿɱɧɟ ɫɩɪɢɣɧɹɬɬɹ – ɰɟ ɩɪɨɰɟɫ, ɜ 
ɯɨɞɿ ɹɤɨɝɨ ɪɨɛɨɬɢ ɜɿɞɨɛɪɚɠɚɸɬɶ ɪɟɡɭɥɶɬɚɬɢ 
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ɫɟɧɫɨɪɧɢɯ ɜɢɦɿɪɿɜ ɧɚ ɜɧɭɬɪɿɲɧɿ ɫɬɪɭɤɬɭɪɢ 
ɩɪɟɞɫɬɚɜɥɟɧɧɹ ɫɟɪɟɞɨɜɢɳɚ.  
 
Ɂɚɜɞɚɧɧɹ ɫɩɪɢɣɧɹɬɬɹ ɽ ɫɤɥɚɞɧɢɦ, ɨɫɤɿɥɶɤɢ 
ɿɧɮɨɪɦɚɰɿɹ, ɳɨ ɩɨɫɬɭɩɚɽ ɜɿɞ ɞɚɬɱɢɤɿɜ, ɹɤ 
ɩɪɚɜɢɥɨ, ɡɚɲɭɦɥɟɧɚ, ɚ ɫɟɪɟɞɨɜɢɳɟ ɽ ɱɚɫɬɤɨ-
ɜɨ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɦ, ɧɟɩɟɪɟɞɛɚɱɭɜɚɧɢɦ ɿ 
ɱɚɫɬɨ ɞɢɧɚɦɿɱɧɢɦ.  
 
Ⱦɥɹ ɨɬɪɢɦɚɧɧɹ ɩɟɪɜɢɧɧɨʀ ɿɧɮɨɪɦɚɰɿʀ ɩɪɨ 
ɧɚɜɤɨɥɢɲɧɽ ɫɟɪɟɞɨɜɢɳɟ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ 
ɫɩɟɰɿɚɥɿɡɨɜɚɧɿ ɞɚɬɱɢɤɢ [8], ɹɤɿ ɽ ɿɧɬɟɪɮɟɣɫɨɦ 
ɦɿɠ ɪɨɛɨɬɨɦ ɿ ɧɚɜɤɨɥɢɲɧɿɦ ɫɟɪɟɞɨɜɢɳɟɦ, ɜ 
ɹɤɨɦɭ ɜɨɧɢ ɞɿɸɬɶ. Ɂɚ ɞɨɩɨɦɨɝɨɸ ɰɶɨɝɨ ɿɧɬɟ-
ɪɮɟɣɫɭ ɡɚɛɟɡɩɟɱɭɽɬɶɫɹ ɩɟɪɟɞɚɱɚ ɪɟɡɭɥɶɬɚɬɿɜ 
ɫɩɪɢɣɧɹɬɬɹ. ɉɚɫɢɜɧɿ ɞɚɬɱɢɤɢ, ɬɚɤɿ ɹɤ ɜɿɞɟɨ-
ɤɚɦɟɪɢ, ɜɢɤɨɧɭɸɬɶ ɮɭɧɤɰɿʀ ɫɩɨɫɬɟɪɿɝɚɱɚ ɡɚ 
ɫɟɪɟɞɨɜɢɳɟɦ – ɜɨɧɢ ɩɟɪɟɯɨɩɥɸɸɬɶ ɫɢɝɧɚɥɢ, 
ɫɬɜɨɪɸɜɚɧɿ ɿɧɲɢɦɢ ɞɠɟɪɟɥɚɦɢ ɫɢɝɧɚɥɿɜ ɜ 
ɫɟɪɟɞɨɜɢɳɿ. Ⱥɤɬɢɜɧɿ ɞɚɬɱɢɤɢ, ɬɚɤɿ ɹɤ ɥɨɤɚɬɨ-
ɪɢ, ɩɨɫɢɥɚɸɬɶ ɟɧɟɪɝɿɸ ɜ ɫɟɪɟɞɨɜɢɳɟ. Ȳɯ ɞɿɹ 
ʉɪɭɧɬɭɽɬɶɫɹ ɧɚ ɬɨɦɭ, ɳɨ ɱɚɫɬɢɧɚ ɜɢɩɪɨɦɿɧɸ-
ɜɚɧɨʀ ɟɧɟɪɝɿʀ ɜɿɞɛɢɜɚɽɬɶɫɹ ɿ ɡɧɨɜɭ ɩɨɫɬɭɩɚɽ ɜ 
ɞɚɬɱɢɤ. əɤ ɩɪɚɜɢɥɨ, ɚɤɬɢɜɧɿ ɞɚɬɱɢɤɢ ɞɨɡɜɨ-
ɥɹɸɬɶ ɨɬɪɢɦɚɬɢ ɛɿɥɶɲɟ ɿɧɮɨɪɦɚɰɿʀ, ɧɿɠ ɩɚ-
ɫɢɜɧɿ, ɚɥɟ ɡɚ ɪɚɯɭɧɨɤ ɡɛɿɥɶɲɟɧɧɹ ɫɩɨɠɢɜɚɧɧɹ 
ɟɧɟɪɝɿʀ ɜɿɞ ɞɠɟɪɟɥɚ ɠɢɜɥɟɧɧɹ. ɓɟ ɨɞɧɢɦ ʀɯ 
ɧɟɞɨɥɿɤɨɦ ɽ ɬɟ, ɳɨ ɡɚ ɨɞɧɨɱɚɫɧɨɝɨ ɜɢɤɨɪɢɫ-
ɬɚɧɧɹ ɱɢɫɥɟɧɧɢɯ ɚɤɬɢɜɧɢɯ ɞɚɬɱɢɤɿɜ ɦɨɠɟ 
ɜɢɧɢɤɧɭɬɢ ɿɧɬɟɪɮɟɪɟɧɰɿɹ.  
 
ȼ ɰɿɥɨɦɭ ɞɚɬɱɢɤɢ (ɚɤɬɢɜɧɿ ɿ ɩɚɫɢɜɧɿ) ɦɨɠɧɚ 
ɪɨɡɩɨɞɿɥɢɬɢ ɧɚ ɬɪɢ ɬɢɩɢ ɡɚɥɟɠɧɨ ɜɿɞ ɬɨɝɨ, ɱɢ 
ɪɟɽɫɬɪɭɸɬɶ ɜɨɧɢ ɜɿɞɫɬɚɧɿ ɞɨ ɨɛ’ɽɤɬɿɜ, ɮɨɪ-
ɦɭɸɬɶ ɡɨɛɪɚɠɟɧɧɹ ɫɟɪɟɞɨɜɢɳɚ ɚɛɨ ɤɨɧɬɪɨ-
ɥɸɸɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɚɦɨɝɨ ɚɜɬɨɦɨɛɿɥɹ. 
 
əɤ ɟɦɩɿɪɢɱɧɢɦ ɩɪɚɜɢɥɨɦ ɦɨɠɧɚ ɤɟɪɭɜɚɬɢɫɹ 
ɬɢɦ, ɳɨ ɹɤɿɫɧɿ ɜɧɭɬɪɿɲɧɿ ɫɬɪɭɤɬɭɪɢ ɩɪɟɞɫɬɚ-
ɜɥɟɧɧɹ ɦɚɸɬɶ ɬɪɢ ɜɥɚɫɬɢɜɨɫɬɿ: ɦɿɫɬɹɬɶ ɞɨɫ-
ɬɚɬɧɶɨ ɿɧɮɨɪɦɚɰɿʀ ɞɥɹ ɬɨɝɨ, ɳɨɛ ɪɨɛɨɬ ɦɿɝ 
ɩɪɢɣɦɚɬɢ ɩɪɚɜɢɥɶɧɿ ɪɿɲɟɧɧɹ, ɩɨɛɭɞɨɜɚɧɿ ɬɚɤ, 
ɳɨɛ ʀɯ ɦɨɠɧɚ ɛɭɥɨ ɟɮɟɤɬɢɜɧɨ ɨɧɨɜɥɸɜɚɬɢ, ɿ 
ɽ ɩɪɢɪɨɞɧɢɦɢ ɜ ɬɨɦɭ ɫɟɧɫɿ, ɳɨ ɜɧɭɬɪɿɲɧɿ 
ɩɟɪɟɦɿɧɧɿ ɜɿɞɩɨɜɿɞɚɸɬɶ ɩɪɢɪɨɞɧɢɦ ɩɟɪɟɦɿɧ-
ɧɢɦ ɫɬɚɧɭ ɭ ɮɿɡɢɱɧɨɦɭ ɫɜɿɬɿ. 
 
Ɋɨɛɨɬɢɡɨɜɚɧɢɣ ɚɜɬɨɦɨɛɿɥɶ ɡɧɚɯɨɞɢɬɶɫɹ ɜ 
ɭɦɨɜɚɯ ɱɚɫɬɤɨɜɨ ɫɩɨɫɬɟɪɟɠɭɜɚɧɨɝɨ ɫɟɪɟɞɨ-
ɜɢɳɚ, ɬɨɦɭ ɦɨɞɟɥɿ ɫɩɪɢɣɧɹɬɬɹ ɿ ɩɟɪɟɯɨɞɭ 
ɦɨɠɭɬɶ ɛɭɬɢ ɩɪɟɞɫɬɚɜɥɟɧɿ ɡɚ ɞɨɩɨɦɨɝɨɸ ɮɿ-
ɥɶɬɪɿɜ Ʉɚɥɦɚɧɚ, ɩɪɢɯɨɜɚɧɢɯ ɦɚɪɤɿɜɫɶɤɢɯ ɦɨ-
ɞɟɥɟɣ ɿ ɞɢɧɚɦɿɱɧɢɯ ɛɚɣɽɫɨɜɫɶɤɢɯ ɦɟɪɟɠ. ɍ 
[9] ɨɩɢɫɚɧɨ ɿ ɬɨɱɧɿ, ɿ ɧɚɛɥɢɠɟɧɿ ɚɥɝɨɪɢɬɦɢ 
ɨɧɨɜɥɟɧɧɹ ɞɨɜɿɪɱɨɝɨ ɫɬɚɧɭ – ɪɨɡɩɨɞɿɥɢ ɚɩɨɫ-
ɬɟɪɿɨɪɧɨʀ ɜɿɪɨɝɿɞɧɨɫɬɿ ɡɚ ɩɟɪɟɦɿɧɧɢɦɢ ɫɬɚɧɭ 
ɫɟɪɟɞɨɜɢɳɚ.  

ɇɚ ɪɢɫ. 1 ɩɨɤɚɡɚɧɨ ɩɪɨɰɟɫ ɪɨɛɨɬɨɬɟɯɧɿɱ-ɧɨɝɨ 
ɫɩɪɢɣɧɹɬɬɹ, ɳɨ ɪɨɡɝɥɹɞɚɽɬɶɫɹ ɹɤ ɱɚɫɨɜɢɣ 
ɚɥɝɨɪɢɬɦɿɱɧɢɣ ɜɢɜɿɞ ɧɚ ɩɿɞɫɬɚɜɿ ɩɨɫɥɿɞɨɜɧɨ-
ɫɬɿ ɞɿɣ ɿ ɜɢɦɿɪɿɜ, ɹɤɢɣ ɞɟɦɨɧɫɬɪɭɽɬɶɫɹ ɧɚ 
ɩɪɢɤɥɚɞɿ ɞɢɧɚɦɿɱɧɨʀ ɛɚɣɽɫɨɜɫɶɤɨʀ ɦɟɪɟɠɿ. 
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Ɋɢɫ. 1. ɉɪɨɰɟɫ ɪɨɛɨɬɨɬɟɯɧɿɱɧɨɝɨ ɫɩɪɢɣɧɹɬɬɹ 
 
ɇɚ ɩɪɢɜɟɞɟɧɨɦɭ ɪɢɫɭɧɤɭ Xt – ɫɬɚɧ ɫɟɪɟɞɨɜɢ-
ɳɚ (ɜɤɥɸɱɚɸɱɢ ɚɜɬɨɦɚɬɢɡɨɜɚɧɢɣ ɚɜɬɨɦɨ-
ɛɿɥɶ) ɩɿɞ ɱɚɫ t; Zt – ɪɟɡɭɥɶɬɚɬɢ ɫɩɨɫɬɟɪɟɠɟɧɶ, 
ɨɬɪɢɦɚɧɿ ɩɿɞ ɱɚɫ t; At – ɞɿɹ, ɜɢɤɨɧɚɧɚ ɩɿɫɥɹ 
ɨɬɪɢɦɚɧɧɹ ɰɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɫɩɨɫɬɟɪɟɠɟɧɧɹ. 
Ɂɚɜɞɚɧɧɹ ɮɿɥɶɬɪɚɰɿʀ, ɚɛɨ ɨɧɨɜɥɟɧɧɹ ɞɨɜɿɪ-
ɱɨɝɨ ɫɬɚɧɭ, ɩɨɥɹɝɚɽ ɜ ɬɨɦɭ, ɳɨ ɦɚɽ ɛɭɬɢ  
ɜɢɱɢɫɥɟɧɢɣ ɧɨɜɢɣ ɞɨɜɿɪɱɢɣ ɫɬɚɧ 
P(Xt+1|Z1:t+1,A1:t) ɧɚ ɩɿɞɫɬɚɜɿ ɩɨɬɨɱɧɨɝɨ ɞɨɜɿɪ-
ɱɨɝɨ ɫɬɚɧɭ P(Xt|Z1:t,A1:t-1) ɿ ɧɨɜɨɝɨ ɫɩɨɫɬɟɪɟ-
ɠɟɧɧɹ Zt+1. Ɋɟɤɭɪɫɢɜɧɟ ɪɿɜɧɹɧɧɹ ɮɿɥɶɬɪɚɰɿʀ 
ɜɢɝɥɹɞɚɬɢɦɟ ɬɚɤɢɦ ɱɢɧɨɦ 
 

1 1: 1 1:( , )t t tP X Z A   )( 11 tt XZP  

       ttttttt dxAZXPAXXP ),(),( 1:1:11  ,     (1) 
 
ɞɟ At – ɞɚɧɿ ɩɪɨ ɩɨɩɟɪɟɞɧɸ ɞɿɸ; Zt+1 – ɞɚɧɿ 
ɩɪɨ ɩɨɬɨɱɧɿ ɫɟɧɫɨɪɧɿ ɜɢɦɿɪɢ. 
 
Ɋɨɡɩɨɞɿɥ ɚɩɨɫɬɟɪɿɨɪɧɨʀ ɜɿɪɨɝɿɞɧɨɫɬɿ ɩɨ 
P(Xt|Z1:t,A1:t-1) – ɰɟ ɪɨɡɩɨɞɿɥ ɜɿɪɨɝɿɞɧɨɫɬɿ ɩɨ 
ɭɫɿɯ ɫɬɚɧɚɯ, ɳɨ ɜɿɞɛɢɜɚɽ ɭɫɟ, ɳɨ ɜɿɞɨɦɨ ɩɪɨ 
ɦɢɧɭɥɿ ɪɟɡɭɥɶɬɚɬɢ ɫɟɧɫɨɪɧɢɯ ɜɢɦɿɪɿɜ ɿ ɩɪɨ 
ɤɟɪɿɜɧɿ ɞɿʀ. Ɋɿɜɧɹɧɧɹ (1) ɩɨɤɚɡɭɽ, ɹɤ ɪɟɤɭɪ-
ɫɢɜɧɨ ɨɰɿɧɢɬɢ ɰɟ ɦɿɫɰɟɡɧɚɯɨɞɠɟɧɧɹ, ɿɧɤɪɟ-
ɦɟɧɬɧɨ ɪɨɡɝɨɪɬɚɸɱɢ ɨɛɱɢɫɥɟɧɧɹ ɿ ɜɤɥɸɱɚɸ-
ɱɢ ɜ ɰɟɣ ɩɪɨɰɟɫ ɞɚɧɿ ɫɟɧɫɨɪɧɢɯ ɜɢɦɿɪɿɜ 
(ɧɚɩɪɢɤɥɚɞ, ɡɨɛɪɚɠɟɧɧɹ ɡ ɜɿɞɟɨɤɚɦɟɪ) ɬɚ ɤɨ-
ɦɚɧɞɢ ɤɟɪɭɜɚɧɧɹ ɪɭɯɨɦ ɧɚɲɨɝɨ ɚɜɬɨɦɚɬɢɡɨ-
ɜɚɧɨɝɨ ɚɜɬɨɦɨɛɿɥɹ. ȼɿɪɨɝɿɞɧɿɫɬɶ P(Xt+1|Xt,At) 
ɧɚɡɢɜɚɽɬɶɫɹ ɦɨɞɟɥɥɸ ɩɟɪɟɯɨɞɭ, ɚɛɨ ɦɨɞɟɥɥɸ 
ɪɭɯɭ, ɚ ɜɿɪɨɝɿɞɧɿɫɬɶ P(Zt+1|Xt+1) ɽ ɦɨɞɟɥɥɸ 
ɫɩɪɢɣɧɹɬɬɹ.  
 
Ʌɨɤɚɥɿɡɚɰɿɹ – ɰɟ ɭɧɿɜɟɪɫɚɥɶɧɢɣ ɩɪɢɤɥɚɞ ɪɨ-
ɛɨɬɨɬɟɯɧɿɱɧɨɝɨ ɫɩɪɢɣɧɹɬɬɹ. ȼɨɧɚ ɽ ɡɚɜɞɚɧ-
ɧɹɦ ɜɢɡɧɚɱɟɧɧɹ ɬɨɝɨ, ɞɟ ɳɨ ɡɧɚɯɨɞɢɬɶɫɹ ɿ ɽ 
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ɨɞɧɢɦ ɿɡ ɧɚɣɛɿɥɶɲ ɩɨɲɢɪɟɧɢɯ ɡɚɜɞɚɧɶ 
ɫɩɪɢɣɧɹɬɬɹ ɜ ɪɨɛɨɬɨɬɟɯɧɿɰɿ, ɨɫɤɿɥɶɤɢ ɡɧɚɧɧɹ 
ɩɪɨ ɦɿɫɰɟɡɧɚɯɨɞɠɟɧɧɹ ɨɛ’ɽɤɬɿɜ ɿ ɫɚɦɨɝɨ ɞɿɸ-
ɱɨɝɨ ɫɭɛ’ɽɤɬɚ ɽ ɨɫɧɨɜɨɸ ɛɭɞɶ-ɹɤɨʀ ɭɫɩɿɲɧɨʀ 
ɮɿɡɢɱɧɨʀ ɜɡɚɽɦɨɞɿʀ. ȱɫɧɭɸɬɶ ɬɪɢ ɪɿɡɧɨɜɢɞɢ 
ɡɚɜɞɚɧɧɹ ɥɨɤɚɥɿɡɚɰɿʀ ɡɿ ɡɪɨɫɬɚɸɱɨɸ ɫɤɥɚɞɧɿɫ-
ɬɸ. əɤɳɨ ɩɟɪɜɢɧɧɟ ɩɨɥɨɠɟɧɧɹ ɨɛ’ɽɤɬɚ, ɳɨ 
ɥɨɤɚɥɿɡɭɽɬɶɫɹ, ɜɿɞɨɦɟ, ɬɨ ɥɨɤɚɥɿɡɚɰɿɹ ɡɜɨ-
ɞɢɬɶɫɹ ɞɨ ɡɚɜɞɚɧɧɹ ɜɿɞɫɬɟɠɭɜɚɧɧɹ ɬɪɚɽɤɬɨɪɿʀ. 
Ɂɚɜɞɚɧɧɹ ɜɿɞɫɬɟɠɭɜɚɧɧɹ ɬɪɚɽɤɬɨɪɿʀ ɯɚɪɚɤɬɟ-
ɪɢɡɭɸɬɶɫɹ ɨɛɦɟɠɟɧɨɸ ɧɟɜɢɡɧɚɱɟɧɿɫɬɸ. 
ɋɤɥɚɞɧɿɲɢɦ ɽ ɡɚɜɞɚɧɧɹ ɝɥɨɛɚɥɶɧɨʀ ɥɨɤɚɥɿɡɚ-
ɰɿʀ, ɜ ɹɤɨɦɭ ɩɟɪɜɢɧɧɟ ɦɿɫɰɟɡɧɚɯɨɞɠɟɧɧɹ 
ɨɛ’ɽɤɬɚ ɩɨɜɧɿɫɬɸ ɧɟɜɿɞɨɦɟ. Ɂɚɜɞɚɧɧɹ ɝɥɨɛɚ-
ɥɶɧɨʀ ɥɨɤɚɥɿɡɚɰɿʀ ɩɟɪɟɬɜɨɪɸɸɬɶɫɹ ɜ ɡɚɜɞɚɧɧɹ 
ɜɿɞɫɬɟɠɭɜɚɧɧɹ ɬɪɚɽɤɬɨɪɿʀ ɜɿɞɪɚɡɭ ɩɿɫɥɹ ɥɨɤɚ-
ɥɿɡɚɰɿʀ ɨɛ’ɽɤɬɚ, ɳɨ ɡɧɚɯɨɞɢɬɶɫɹ ɭ ɩɨɲɭɤɭ, ɚɥɟ 
ɭ ɩɪɨɰɟɫɿ ʀɯ ɪɿɲɟɧɧɹ ɜɢɧɢɤɚɸɬɶ ɬɚɤɿ ɟɬɚɩɢ, 
ɤɨɥɢ ɪɨɛɨɬɨɜɿ ɞɨɜɨɞɢɬɶɫɹ ɜɪɚɯɨɜɭɜɚɬɢ ɞɭɠɟ 
ɲɢɪɨɤɢɣ ɩɟɪɟɥɿɤ ɧɟɜɢɡɧɚɱɟɧɢɯ ɫɬɚɧɿɜ. ɇɚ-
ɪɟɲɬɿ ɨɛɫɬɚɜɢɧɢ ɦɨɠɭɬɶ ɫɤɥɚɫɬɢɫɹ ɬɚɤ, ɳɨ 
ɫɬɚɧɟɬɶɫɹ «ɜɢɤɪɚɞɟɧɧɹ» (ɬɨɛɬɨ ɪɚɩɬɨɜɟ ɡɧɢɤ-
ɧɟɧɧɹ) ɨɛ’ɽɤɬɚ, ɹɤɢɣ ɜɿɧ ɧɚɦɚɝɚɜɫɹ ɥɨɤɚɥɿɡɭ-
ɜɚɬɢ. Ɂɚɜɞɚɧɧɹ ɥɨɤɚɥɿɡɚɰɿʀ ɜ ɬɚɤɢɯ ɧɟɜɢɡɧɚ-
ɱɟɧɢɯ ɨɛɫɬɚɜɢɧɚɯ ɧɚɡɢɜɚɽɬɶɫɹ ɡɚɜɞɚɧɧɹɦ 
ɜɢɤɪɚɞɟɧɧɹ. ɋɢɬɭɚɰɿɹ ɜɢɤɪɚɞɟɧɧɹ ɱɚɫɬɨ ɜɢ-
ɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɞɥɹ ɩɟɪɟɜɿɪɤɢ ɧɚɞɿɣɧɨɫɬɿ ɦɟ-
ɬɨɞɭ ɥɨɤɚɥɿɡɚɰɿʀ ɭ ɜɤɪɚɣ ɧɟɫɩɪɢɹɬɥɢɜɢɯ ɭɦɨ-
ɜɚɯ. ɍ ɪɨɛɨɬɿ [9] ɨɩɢɫɚɧɨ ɮɿɥɶɬɪ Ʉɚɥɦɚɧɚ, ɳɨ 
ɞɨɡɜɨɥɹɽ ɩɪɟɞɫɬɚɜɢɬɢ ɞɨɜɿɪɱɢɣ ɫɬɚɧ ɭ ɜɢɝɥɹ-
ɞɿ ɨɞɧɨɝɨ ɛɚɝɚɬɨɜɢɦɿɪɧɨɝɨ ɝɚɭɫɨɜɨɝɨ ɪɨɡɩɨ-
ɞɿɥɟɧɧɹ, ɿ ɮɿɥɶɬɪ ɱɚɫɬɨɤ, ɹɤɢɣ ɩɪɟɞɫɬɚɜɥɹɽ 
ɞɨɜɿɪɱɢɣ ɫɬɚɧ ɭ ɜɢɝɥɹɞɿ ɤɨɥɟɤɰɿɣ ɱɚɫɬɨɤ, ɜɿɞ-
ɩɨɜɿɞɧɢɯ ɫɬɚɧɭ. ɍ ɛɿɥɶɲɨɫɬɿ ɫɭɱɚɫɧɢɯ ɚɥɝɨ-
ɪɢɬɦɿɜ ɥɨɤɚɥɿɡɚɰɿʀ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɨɞɧɟ ɡ 
ɰɢɯ ɞɜɨɯ ɩɪɟɞɫɬɚɜɥɟɧɶ ɞɨɜɿɪɱɨɝɨ ɫɬɚɧɭ ɪɨɛɨ-
ɬɚ, P(Xt|Z1:t,A1:t-1). Ʌɨɤɚɥɿɡɚɰɿɹ ɡ ɜɢɤɨɪɢɫɬɚɧ-
ɧɹɦ ɮɿɥɶɬɪɚɰɿʀ ɱɚɫɬɨɤ ɧɚɡɢɜɚɽɬɶɫɹ ɥɨɤɚɥɿɡɚ-
ɰɿɽɸ Ɇɨɧɬɟ-Ʉɚɪɥɨ. 
 
ɓɟ ɨɞɢɧ ɜɚɠɥɢɜɢɣ ɫɩɨɫɿɛ ɥɨɤɚɥɿɡɚɰɿʀ ʉɪɭɧɬɭ-
ɽɬɶɫɹ ɧɚ ɡɚɫɬɨɫɭɜɚɧɧɿ ɮɿɥɶɬɪɚ Ʉɚɥɦɚɧɚ. 
Ɏɿɥɶɬɪ Ʉɚɥɦɚɧɚ ɩɪɟɞɫɬɚɜɥɹɽ ɚɩɨɫɬɟɪɿɨɪɧɭ 
ɜɿɪɨɝɿɞɧɿɫɬɶ P(Xt|Z1:t,A1:t-1) ɡɚ ɞɨɩɨɦɨɝɨɸ ɝɚɭ-
ɫɨɜɨɝɨ ɪɨɡɩɨɞɿɥɟɧɧɹ. Ɉɫɧɨɜɧɢɦ ɧɟɞɨɥɿɤɨɦ 
ɜɢɤɨɪɢɫɬɚɧɧɹ ɝɚɭɫɨɜɢɯ ɞɨɜɿɪɱɢɯ ɫɬɚɧɿɜ ɽ ɬɟ, 
ɳɨ ɜɨɧɢ ɽ ɡɚɦɤɧɭɬɢɦɢ ɬɿɥɶɤɢ ɩɪɢ ɜɢɤɨɪɢɫ-
ɬɚɧɧɿ ɥɿɧɿɣɧɢɯ ɦɨɞɟɥɟɣ ɪɭɯɭ f ɿ ɥɿɧɿɣɧɢɯ ɦɨ-
ɞɟɥɟɣ ɜɢɦɿɪɭ h. ɍ ɪɚɡɿ ɧɟɥɿɧɿɣɧɢɯ f ɚɛɨ h ɪɟ-
ɡɭɥɶɬɚɬ ɨɧɨɜɥɟɧɧɹ ɮɿɥɶɬɪɚ, ɡɚɡɜɢɱɚɣ ɧɟ ɽ 
ɝɚɭɫɨɜɢɦ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɚɥɝɨɪɢɬɦɢ ɥɨɤɚɥɿɡɚ-
ɰɿʀ, ɜ ɹɤɢɯ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɮɿɥɶɬɪ Ʉɚɥɦɚɧɚ, 
ɳɨ ɥɿɧɟɚɪɢɡɭɽ ɦɨɞɟɥɿ ɪɭɯɭ ɿ ɫɩɪɢɣɧɹɬɬɹ. 
Ɏɿɥɶɬɪ Ʉɚɥɦɚɧɚ, ɥɿɧɟɚɪɢɡɭɸɱɢɣ ɮɭɧɤɰɿʀ f ɿ h 
ɡɚ ɞɨɩɨɦɨɝɨɸ ɪɨɡɤɥɚɞɚɧɧɹ ɜ ɪɹɞ Ɍɟɣɥɨɪɚ 
(ɩɟɪɲɨɝɨ ɫɬɭɩɟɧɹ), ɧɚɡɢɜɚɽɬɶɫɹ ɪɨɡɲɢɪɟɧɢɦ 
ɮɿɥɶɬɪɨɦ Ʉɚɥɦɚɧɚ (ɚɛɨ Extended Kalman 
Filter – EKF).  

ȼ ɪɨɛɨɬɨɬɟɯɧɿɰɿ ɩɨɲɭɤ ɱɚɫɬɨ ɡɞɿɣɫɧɸɽɬɶɫɹ ɜ 
ɰɿɥɹɯ ɥɨɤɚɥɿɡɚɰɿʀ ɜɿɞɪɚɡɭ ɞɟɤɿɥɶɤɨɯ ɨɛ’ɽɤɬɿɜ. 
Ʉɥɚɫɢɱɧɢɦ ɩɪɢɤɥɚɞɨɦ ɬɚɤɨɝɨ ɡɚɜɞɚɧɧɹ ɽ 
ɫɤɥɚɞɚɧɧɹ ɤɚɪɬɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɪɨɛɨɬɚ. Ɉɞɧɟ 
ɿɡ ɡɚɜɞɚɧɶ, ɜɥɚɫɬɢɜɢɯ ɪɨɛɨɬɨɬɟɯɧɿɰɿ, ɩɨɥɹɝɚɽ 
ɭ ɫɬɜɨɪɟɧɧɿ ɚɥɝɨɪɢɬɦɿɜ, ɳɨ ɞɨɡɜɨɥɹɸɬɶ ɪɨɛɨ-
ɬɚɦ ɜɢɪɿɲɭɜɚɬɢ ɡɚɞɚɱɿ, ɳɨ ɨɩɢɫɭɸɬɶ ɜɟɥɢɤɿ 
ɨɛ’ɽɤɬɢ ɩɪɨɫɬɨɪɭ. ɍ ɥɿɬɟɪɚɬɭɪɿ [9] ɡɚɜɞɚɧɧɹ 
ɫɤɥɚɞɚɧɧɹ ɤɚɪɬɢ ɪɨɛɨɬɨɦ ɱɚɫɬɨ ɧɚɡɢɜɚɸɬɶ 
ɡɚɜɞɚɧɧɹɦ ɨɞɧɨɱɚɫɧɨʀ ɥɨɤɚɥɿɡɚɰɿʀ ɿ ɫɤɥɚɞɚɧɧɹ 
ɤɚɪɬɢ, ɫɤɨɪɨɱɟɧɨ ɨɡɧɚɱɚɸɱɢ ʀʀ ɹɤ SLAM 
(Simultaneous Localization And Mapping). Ɋɨ-
ɛɨɬ ɧɟ ɥɢɲɟ ɡɨɛɨɜ’ɹɡɚɧɢɣ ɫɤɥɚɫɬɢ ɤɚɪɬɭ, ɚɥɟ 
ɿ ɩɨɜɢɧɟɧ ɡɪɨɛɢɬɢ ɰɟ, ɫɩɨɱɚɬɤɭ ɧɟ ɡɧɚɸɱɢ, ɞɟ 
ɜɿɧ ɡɧɚɯɨɞɢɬɶɫɹ. SLAM – ɨɞɧɟ ɡ ɧɚɣɛɿɥɶɲ 
ɜɚɠɥɢɜɢɯ ɡɚɜɞɚɧɶ ɭ ɪɨɛɨɬɨɬɟɯɧɿɰɿ. ȼɟɪɫɿɹ 
ɰɶɨɝɨ ɡɚɜɞɚɧɧɹ, ɜ ɹɤɿɣ ɫɟɪɟɞɨɜɢɳɟ ɽ ɮɿɤɫɨɜɚ-
ɧɢɦ, ɽ ɧɚɣɩɪɨɫɬɿɲɨɸ. ɇɚɜɿɬɶ ɰɟɣ ɜɚɪɿɚɧɬ  
ɡɚɜɞɚɧɧɹ ɧɟ ɩɪɨɫɬɨ ɩɿɞɞɚɽɬɶɫɹ ɪɿɲɟɧɧɸ. ɉɨ-
ɥɨɠɟɧɧɹ ɫɬɚɽ ɳɟ ɫɤɥɚɞɧɿɲɢɦ, ɤɨɥɢ ɜ ɫɟɪɟɞɨ-
ɜɢɳɿ ɞɨɩɭɫɤɚɽɬɶɫɹ ɜɢɧɢɤɧɟɧɧɹ ɡɦɿɧ ɭ ɯɨɞɿ 
ɩɟɪɟɦɿɳɟɧɧɹ ɪɨɛɨɬɚ. Ɂ ɬɨɱɤɢ ɡɨɪɭ ɫɬɚɬɢɫɬɢɱ-
ɧɨɝɨ ɩɿɞɯɨɞɭ, ɡɚɜɞɚɧɧɹ ɫɤɥɚɞɚɧɧɹ ɤɚɪɬɢ ɡɜɨ-
ɞɢɬɶɫɹ ɞɨ ɡɚɜɞɚɧɧɹ ɛɚɣɽɫɨɜɫɶɤɨɝɨ ɚɥɝɨɪɢɬɦɿ-
ɱɧɨɝɨ ɜɢɜɨɞɭ, ɬɚɤ ɫɚɦɨ, ɹɤ ɿ ɥɨɤɚɥɿɡɚɰɿɹ. 
əɤɳɨ ɤɚɪɬɚ ɩɨɡɧɚɱɚɬɢɦɟɬɶɫɹ ɱɟɪɟɡ M, ɚ ɩɨ-
ɥɨɠɟɧɧɹ ɧɚɲɨɝɨ ɪɨɛɨɬɢɡɨɜɚɧɨɝɨ ɚɜɬɨɦɨɛɿɥɹ 
ɩɿɞ ɱɚɫ t – ɱɟɪɟɡ Xt, ɬɨ ɦɨɠɧɚ ɩɟɪɟɮɨɪɦɭɥɸ-
ɜɚɬɢ ɪɿɜɧɹɧɧɹ (1), ɳɨɛ ɜɤɥɸɱɢɬɢ ɞɚɧɿ ɩɪɨ 
ɭɫɸ ɤɚɪɬɭ ɭ ɜɢɪɚɠɟɧɧɹ ɞɥɹ ɚɩɨɫɬɟɪɿɨɪɧɨʀ 
ɜɿɪɨɝɿɞɧɨɫɬɿ 
 

 ),,( :11:11 ttt AZMXP  

 ),( 11 MXZP tt  

  ttttttt dxAZMXPAXXP ),,(),( 1:1:11  .    (2) 
 
Ha ɨɫɧɨɜɿ ɰɶɨɝɨ ɪɿɜɧɹɧɧɹ ɮɚɤɬɢɱɧɨ ɦɨɠɧɚ 
ɡɪɨɛɢɬɢ ɞɟɹɤɿ ɩɪɚɤɬɢɱɧɿ ɜɢɫɧɨɜɤɢ: ɪɨɡɩɨɞɿɥɢ 
ɭɦɨɜɧɨʀ ɜɿɪɨɝɿɞɧɨɫɬɿ, ɧɟɨɛɯɿɞɧɿ ɞɥɹ ɜɤɥɸɱɟɧ-
ɧɹ ɞɚɧɢɯ ɩɪɨ ɞɿʀ ɿ ɜɢɦɿɪɢ, ɩɨ ɫɭɬɿ ɽ ɬɚɤɢɦɢ ɠ, 
ɹɤ ɿ ɜ ɡɚɜɞɚɧɧɿ ɥɨɤɚɥɿɡɚɰɿʀ ɪɨɛɨɬɚ. ȯɞɢɧɚ ɨɛɟ-
ɪɟɠɧɿɫɬɶ ɩɨɜ’ɹɡɚɧɚ ɡ ɬɢɦ, ɳɨ ɧɨɜɢɣ ɩɪɨɫɬɿɪ 
ɫɬɚɧɿɜ (ɩɪɨɫɬɿɪ ɭɫɿɯ ɩɨɥɨɠɟɧɶ ɪɨɛɨɬɢɡɨɜɚɧɨ-
ɝɨ ɚɜɬɨɦɨɛɿɥɹ ɿ ɭɫɿɯ ɤɚɪɬ) ɦɚɽ ɡɧɚɱɧɨ ɛɿɥɶɲɟ 
ɜɢɦɿɪɿɜ. Ɂɚɜɞɚɧɧɹ ɭɫɤɥɚɞɧɸɽɬɶɫɹ ɳɟ ɛɿɥɶɲɟ 
ɭ ɡɜ’ɹɡɤɭ ɡ ɬɢɦ ɮɚɤɬɨɦ, ɳɨ ɪɨɛɨɬ ɦɨɠɟ ɧɚɜɿɬɶ 
ɧɟ ɡɧɚɬɢ ɡɚɡɞɚɥɟɝɿɞɶ ɩɪɨ ɬɟ, ɧɚɫɤɿɥɶɤɢ ɜɟɥɢ-
ɤɢɦ ɽ ɣɨɝɨ ɫɟɪɟɞɨɜɢɳɟ. ɐɟ ɨɡɧɚɱɚɽ, ɳɨ ɣɨɦɭ 
ɞɨɜɟɞɟɬɶɫɹ ɞɢɧɚɦɿɱɧɨ ɤɨɪɢɝɭɜɚɬɢ ɪɨɡɦɿɪ-
ɧɿɫɬɶ Ɇ ɭ ɩɪɨɰɟɫɿ ɫɤɥɚɞɚɧɧɹ ɤɚɪɬɢ. Ɇɟɬɨɞ 
EKF ɽ ɨɞɧɢɦ ɿɡ ɧɚɣɛɿɥɶɲ ɲɢɪɨɤɨ ɜɠɢɜɚɧɢɯ 
ɦɟɬɨɞɿɜ ɪɨɡ’ɹɡɚɧɧɹ ɡɚɞɚɱɿ SLAM.  
 
ɇɟ ɭɫɿ ɡɚɫɨɛɢ ɪɨɛɨɬɨɬɟɯɧɿɱɧɨɝɨ ɫɩɪɢɣɧɹɬɬɹ 
ɩɪɢɡɧɚɱɟɧɿ ɞɥɹ ɥɨɤɚɥɿɡɚɰɿʀ ɿ ɫɤɥɚɞɚɧɧɹ ɤɚɪɬ. 
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Ɋɨɛɨɬɿɜ ɧɚɞɿɥɹɸɬɶ ɬɚɤɨɠ ɡɞɚɬɧɨɫɬɹɦɢ ɫɩɪɢɣ-
ɦɚɬɢ ɬɟɦɩɟɪɚɬɭɪɭ, ɡɚɩɚɯɢ, ɚɤɭɫɬɢɱɧɿ ɫɢɝɧɚɥɢ 
ɿ ɬɚɤ ɞɚɥɿ. Ȼɚɝɚɬɨ ɡ ɰɢɯ ɜɢɦɿɪɸɜɚɧɢɯ ɜɟɥɢɱɢɧ 
ɦɨɠɟ ɩɿɞɞɚɜɚɬɢɫɹ ɣɦɨɜɿɪɧɿɫɧɿɣ ɨɰɿɧɰɿ, ɹɤ ɿ 
ɩɪɢ ɥɨɤɚɥɿɡɚɰɿʀ ɿ ɫɤɥɚɞɚɧɧɿ ɤɚɪɬ. Ⱦɥɹ ɰɶɨɝɨ 
ɜɢɦɚɝɚɽɬɶɫɹ ɥɢɲɟ, ɳɨɛ ɬɚɤɢɦɢ ɡɚɫɨɛɚɦɢ ɨɰɿ-
ɧɤɢ ɫɥɭɠɢɥɢ ɪɨɡɩɨɞɿɥɢ ɭɦɨɜɧɨʀ ɜɿɪɨɝɿɞɧɨɫɬɿ, 
ɹɤɿ ɯɚɪɚɤɬɟɪɢɡɭɸɬɶ ɟɜɨɥɸɰɿɸ ɩɟɪɟɦɿɧɧɢɯ 
ɫɬɚɧɭ ɜ ɱɚɫɿ, ɚ ɬɚɤɨɠ ɿɧɲɿ ɪɨɡɩɨɞɿɥɢ, ɹɤɿ ɨɩɢ-
ɫɭɸɬɶ ɡɜ’ɹɡɨɤ ɦɿɠ ɪɟɡɭɥɶɬɚɬɚɦɢ ɜɢɦɿɪɿɜ ɿ ɩɟ-
ɪɟɦɿɧɧɢɦɢ ɫɬɚɧɭ. 
 
ɉɪɨɬɟ ɧɟ ɭɫɿ ɩɪɚɤɬɢɱɧɨ ɜɠɢɜɚɧɿ ɜ ɪɨɛɨɬɨɬɟɯ-
ɧɿɰɿ ɫɢɫɬɟɦɢ ɫɩɪɢɣɧɹɬɬɹ ɫɩɢɪɚɸɬɶɫɹ ɧɚ ɣɦɨ-
ɜɿɪɧɿɫɧɿ ɩɪɟɞɫɬɚɜɥɟɧɧɹ. ɇɢɧɿ ɜ ɪɨɛɨɬɨɬɟɯɧɿɰɿ 
ɹɫɧɨ ɜɢɪɚɠɟɧɚ ɬɟɧɞɟɧɰɿɹ ɞɨ ɜɢɤɨɪɢɫɬɚɧɧɹ 
ɩɪɟɞɫɬɚɜɥɟɧɶ ɿɡ ɩɨɜɧɿɫɬɸ ɜɢɡɧɚɱɟɧɨɸ ɫɟɦɚɧ-
ɬɢɤɨɸ. Ⱥɥɟ ɣɦɨɜɿɪɧɿɫɧɿ ɦɟɬɨɞɢ ɩɟɪɟɜɟɪɲɭ-
ɸɬɶ ɿɧɲɿ ɩɿɞɯɨɞɢ ɡɚ ɫɜɨɽɸ ɩɪɨɞɭɤɬɢɜɧɿɫɬɸ ɜ 
ɪɿɲɟɧɧɿ ɛɚɝɚɬɶɨɯ ɜɚɠɤɢɯ ɡɚɜɞɚɧɶ ɫɩɪɢɣɧɹɬɬɹ, 
ɬɚɤɢɯ ɹɤ ɥɨɤɚɥɿɡɚɰɿɹ ɿ ɫɤɥɚɞɚɧɧɹ ɤɚɪɬ.  
 
ɋɬɚɬɢɫɬɢɱɧɿ ɦɟɬɨɞɢ ɿɧɨɞɿ ɫɬɚɸɬɶ ɡɚɧɚɞɬɨ 
ɝɪɨɦɿɡɞɤɢɦɢ, ɬɨɦɭ ɧɚ ɩɪɚɤɬɢɰɿ ɦɨɠɭɬɶ ɜɢ-
ɹɜɢɬɢɫɹ ɬɚɤɢɦɢ ɠ ɟɮɟɤɬɢɜɧɢɦɢ ɩɪɨɫɬɿɲɿ ɪɿ-
ɲɟɧɧɹ.  
 

ȼɢɫɧɨɜɤɢ 
 
1. Ⱦɥɹ ɨɬɪɢɦɚɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɫɩɪɢɣɧɹɬɬɹ ɡɿ 
ɫɜɨɝɨ ɫɟɪɟɞɨɜɢɳɚ ɚɜɬɨɦɨɛɿɥɶ ɡ ɿɧɬɟɥɟɤɬɭɚɥɿ-
ɡɨɜɚɧɢɦɢ ɡɚɫɨɛɚɦɢ ɟɤɫɩɥɭɚɬɚɰɿʀ ɦɚɽ ɛɭɬɢ 
ɨɫɧɚɳɟɧɢɣ ɫɢɫɬɟɦɨɸ ɞɚɬɱɢɤɿɜ ɬɚ ɩɨɬɭɠɧɢɦ 
ɩɪɨɰɟɫɨɪɨɦ ɞɥɹ ɨɛɪɨɛɤɢ ɿɧɮɨɪɦɚɰɿʀ, ɨɬɪɢɦɭ-
ɜɚɧɨʀ ɧɢɦɢ, ɿɡ ɡɚɫɬɨɫɭɜɚɧɧɹɦ ɫɩɟɰɿɚɥɶɧɢɯ 
ɦɨɞɟɥɟɣ. 
2. ɍ ɩɪɨɰɟɫɿ ɪɨɛɨɬɨɬɟɯɧɿɱɧɨɝɨ ɫɩɪɢɣɧɹɬɬɹ 
ɦɨɠɭɬɶ ɡɚɫɬɨɫɨɜɭɜɚɬɢɫɹ ɬɚɤɿ ɣɦɨɜɿɪɧɿɫɧɿ ɚɥ-
ɝɨɪɢɬɦɢ ɮɿɥɶɬɪɚɰɿʀ ɹɤ ɮɿɥɶɬɪɢ Ʉɚɥɦɚɧɚ ɿ ɮɿ-
ɥɶɬɪɢ ɱɚɫɬɨɤ. ɐɿ ɦɟɬɨɞɢ ɡɚɛɟɡɩɟɱɭɸɬɶ ɩɿɞɬ-
ɪɢɦɤɭ ɞɨɜɿɪɱɨɝɨ ɫɬɚɧɭ, ɬɨɛɬɨ ɪɨɡɩɨɞɿɥ 
ɚɩɨɫɬɟɪɿɨɪɧɨʀ ɜɿɪɨɝɿɞɧɨɫɬɿ ɩɨ ɩɟɪɟɦɿɧɧɢɯ 
ɫɬɚɧɭ. 
3. Ɋɨɛɨɬɨɬɟɯɧɿɱɧɟ ɫɩɪɢɣɧɹɬɬɹ ɩɪɢɡɧɚɱɟɧɟ 
ɞɥɹ ɨɰɿɧɤɢ ɤɿɥɶɤɿɫɧɢɯ ɡɧɚɱɟɧɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɫɟɪɟɞɨɜɢɳɚ, ɧɟɨɛɯɿɞɧɢɯ ɞɥɹ ɭɯɜɚɥɟɧɧɹ ɪɿ-
ɲɟɧɶ, ɧɚ ɩɿɞɫɬɚɜɿ ɫɟɧɫɨɪɧɢɯ ɞɚɧɢɯ. Ⱦɥɹ ɜɢ-
ɤɨɧɚɧɧɹ ɰɢɯ ɮɭɧɤɰɿɣ ɩɨɬɪɿɛɧɨ ɜɧɭɬɪɿɲɧɽ 
ɩɪɟɞɫɬɚɜɥɟɧɧɹ ɿ ɦɟɬɨɞ ɨɧɨɜɥɟɧɧɹ ɰɶɨɝɨ ɜɧɭ-
ɬɪɿɲɧɶɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɧɹ ɜ ɱɚɫɿ.  
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