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Аɧɨɬаɰіɹ. ɍ ɫɭɱɚɫɧɢɯ ɩɪɨɬɢɭɝɿɧɧɢɯ ɫɢɫɬɟɦɚɯ ɡɚɫɬɨɫɨɜɭєɬɶɫɹ ɱɚɫɬɨɬɧɚ ɦɨɞɭɥɹɰɿɹ i ɮɚɡɨɜɚ 
ɦɨɞɭɥɹɰɿɹ. Oɫɤɿɥɶɤɢ ɲɢɪɢɧɚ ɫɩɟɤɬɪɭ ɫɢɝɧɚɥɭ є ɨɛɦɟɠɟɧɨɸ, ɬɨ ɡ’ɹɜɥɹєɬɶɫɹ ɦɨɠɥɢɜɿɫɬɶ ɩɟɪɟ-
ɯɨɩɥɸɜɚɬɢ ɫɢɝɧɚɥ ɡ ɩɨɞɚɥɶɲɢɦ ɜɿɞɤɥɸɱɟɧɧɹɦ ɫɢɝɧɚɥɿɡɚɰɿʀ  ɜ ɩɨɬɪɿɛɧɢɣ ɦɨɦɟɧɬ. ɋɭɬɬєɜɟ ɩɿɞ-

ɜɢɳɟɧɧɹ ɡɚɜɚɞɨɫɬɿɣɤɨɫɬɿ ɜ ɫɭɱɚɫɧɢɯ  ɩɪɨɬɢɭɝɿɧɧɢɯ ɫɢɫɬɟɦɚɯ ɦɨɠɥɢɜɟ ɩɪɢ ɜɢɤɨɪɢɫɬɚɧɧɿ ɲɢ-
ɪɨɤɨɫɦɭɝɨɜɢɯ ɫɢɝɧɚɥɿɜ. 
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Аɧɧɨɬаɰиɹ. В ɫɨɜɪɟɦɟɧɧɵɯ ɩɪɨɬɢɜɨɭɝɨɧɧɵɯ ɫɢɫɬɟɦɚɯ ɩɪɢɦɟɧɹɟɬɫɹ ɱɚɫɬɨɬɧɚɹ ɦɨɞɭɥɹɰɢɹ ɢ 
ɮɚɡɨɜɚɹ ɦɨɞɭɥɹɰɢɹ. Ɍɚɤ ɤɚɤ ɲɢɪɢɧɚ ɫɩɟɤɬɪɚ ɫɢɝɧɚɥɚ ɨɝɪɚɧɢɱɟɧɚ, ɬɨ ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ 
ɩɟɪɟɯɜɚɬɵɜɚɬɶ ɫɢɝɧɚɥ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɬɤɥɸɱɟɧɢɟɦ ɫɢɝɧɚɥɢɡɚɰɢɢ ɜ ɧɭɠɧɵɣ ɦɨɦɟɧɬ. ɋɭɳɟɫɬ-

ɜɟɧɧɨɟ ɩɨɜɵɲɟɧɢɟ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɢ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɩɪɨɬɢɜɨɭɝɨɧɧɵɯ ɫɢɫɬɟɦɚɯ ɜɨɡɦɨɠɧɨ 
ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɲɢɪɨɤɨɩɨɥɨɫɧɵɯ ɫɢɝɧɚɥɨɜ. 
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Abstract. In modern ani-theft systems they use frequency and phase modulation. Since the width of the 

signal is limited, it is possible to intercept the signal and then switch off the alarm at the right time.To 

ensure the noise immunity and secrecy manufacturers use more sophisticated codes using the methods 

of cryptography. Significant increase in noise immunity in modern ani-theft systems is possible using 

broadband signals. 
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Ɋɚɧɧɿ ɫɢɫɬɟɦɢ ɞɢɫɬɚɧɰɿɣɧɨɝɨ ɤɟɪɭɜɚɧɧɹ ɩɟ-
ɪɟɞɚɜɚɥɢ ɮɿɤɫɨɜɚɧɢɣ ɤɨɞ ɚɛɨ ɡɦɿɧɧɢɣ ɤɨɞ ɡ 
ɧɟɜɟɥɢɤɨɝɨ ɮɿɤɫɨɜɚɧɨɝɨ ɧɚɛɨɪɭ, ɹɤɢɣ ɦɨɠɧɚ 

ɫɤɚɧɭɜɚɬɢ ɿ ɜɿɞɬɜɨɪɸɜɚɬɢ  ɜ ɧɟɨɛɯɿɞɧɢɣ ɦɨ-
ɦɟɧɬ. Ɍɚɤɿ  ɫɢɝɧɚɥɢ ɡɚɣɦɚɸɬɶ ɮɿɤɫɨɜɚɧɭ ɫɦɭ-

ɝɭ ɱɚɫɬɨɬ ɿ ɦɨɠɭɬɶ ɩɪɢɣɦɚɬɢɫɹ ɧɟ ɬɿɥɶɤɢ 

ɰɟɧɬɪɚɥɶɧɢɦ ɛɥɨɤɨɦ ɩɪɨɬɢɭɝɿɧɧɨʀ ɫɢɫɬɟɦɢ, 

ɚɥɟ ɿ ɩɪɢɣɦɚɱɟɦ, ɫɩɟɰɿɚɥɶɧɨ ɧɚɥɚɲɬɨɜɚɧɢɦ  
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ɩɟɪɟɯɨɩɥɸɜɚɬɢ ɤɨɞ, ɿ ɤɪɢɩɬɨɚɧɚɥɿɬɢɤ ɡɚ ɡɚ-
ɩɢɫɚɦɢ ɞɟɤɿɥɶɤɨɯ ɪɟɚɥɿɡɚɰɿɣ ɞɢɧɚɦɿɱɧɨɝɨ 
ɤɨɞɭ, ɨɞɟɪɠɚɧɢɯ ɝɪɚɛɛɟɪɨɦ, ɦɨɠɟ ɜɢɡɧɚɱɢɬɢ 

ɚɥɝɨɪɢɬɦ ɪɨɛɨɬɢ ɝɟɧɟɪɚɬɨɪɚ ɿ ɬɚєɦɧɢɣ  ɤɥɸɱ. 
 

Ɂɚɫɬɨɫɭɜɚɧɧɹ ɲɢɪɨɤɨɫɦɭɝɨɜɨɝɨ ɫɢɝɧɚɥɭ ɡɪɨ-
ɛɢɬɶ ɧɟɦɨɠɥɢɜɢɦ ɩɟɪɟɯɨɩɥɟɧɧɹ ɫɢɝɧɚɥɭ ɤɟ-
ɪɭɜɚɧɧɹ, ɚ ɨɬɠɟ, ɧɟɦɚє ɩɨɬɪɟɛɢ ɡɚɫɬɨɫɨɜɭɜɚ-
ɬɢ ɫɤɥɚɞɧɿ ɤɨɞɢ. ɒɢɪɨɤɨɫɦɭɝɨɜɿ ɫɢɝɧɚɥɢ 

ɬɚɤɨɠ ɡɚɛɟɡɩɟɱɭɸɬɶ ɡɚɜɚɞɨɫɬɿɣɤɿɫɬɶ, ɬɚєɦ-

ɧɿɫɬɶ ɿ ɛɚɝɚɬɨɤɚɧɚɥɶɧɿɫɬɶ ɩɟɪɟɞɚɱɿ ɪɚɞɿɨɤɨ-
ɦɚɧɞ ɤɟɪɭɜɚɧɧɹ. 
 

  

 

ɍ ɪɨɛɨɬɿ [1] ɩɪɟɞɫɬɚɜɥɟɧɨ ɪɿɡɧɿ ɦɟɯɚɧɿɱɧɿ ɬɚ 
ɟɥɟɤɬɪɨɧɧɿ ɫɯɟɦɢ ɩɪɨɬɢɭɝɿɧɧɢɯ ɩɪɢɫɬɪɨʀɜ, 
ɪɨɡɤɪɢɬɨ ɩɪɢɧɰɢɩɢ ɮɨɪɦɭɜɚɧɧɹ ɮɚɡɨɦɚɧɿɩɭ-

ɥɶɨɜɚɧɨɝɨ ɫɢɝɧɚɥɭ. 
 

ɍ ɪɨɛɨɬɿ [2] ɩɪɨɚɧɚɥɿɡɨɜɚɧɨ ɪɿɡɧɿ ɬɢɩɢ ɟɥɟɤɬ-
ɪɨɧɧɢɯ ɩɪɢɫɬɪɨʀɜ, ɹɤɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɜ 
ɫɭɱɚɫɧɢɯ ɚɜɬɨɦɨɛɿɥɹɯ, ɜɤɥɸɱɚɸɱɢ ɟɥɟɤɬɪɨɧ-

ɧɿ ɩɪɨɬɢɭɝɿɧɧɿ ɩɪɢɫɬɪɨʀ. ɉɨɤɚɡɚɧɢɣ ɩɪɢɧɰɢɩ 

ɮɨɪɦɭɜɚɧɧɹ ɮɚɡɨɦɚɧɿɩɭɥɶɨɜɚɧɨɝɨ ɫɢɝɧɚɥɭ, 

ɜɤɥɸɱɚɸɱɢ Ɇ-ɩɨɫɥɿɞɨɜɧɨɫɬɿ, ɹɤɿ ɡɚɛɟɡɩɟɱɭ-
ɸɬɶ ɮɨɪɦɭɜɚɧɧɹ ɩɫɟɜɞɨɜɢɩɚɞɤɨɜɢɯ ɩɨɫɥɿɞɨ-
ɜɧɨɫɬɟɣ. 
 

ɍ ɪɨɛɨɬɿ [3] ɩɨɤɚɡɚɧɨ ɡɚɫɬɨɫɭɜɚɧɧɹ ɲɢɪɨɤɨ-
ɫɦɭɝɨɜɢɯ ɫɢɝɧɚɥɿɜ ɭ ɪɚɞɿɨɦɟɪɟɠɚɯ. 
 

ɍ ɪɨɛɨɬɿ [4] ɪɨɡɝɥɹɧɭɬɨ ɪɿɡɧɿ ɦɟɬɨɞɢ ɮɨɪɦɭ-
ɜɚɧɧɹ ɲɢɪɨɤɨɫɦɭɝɨɜɢɯ ɫɢɝɧɚɥɿɜ. 
 

ɋɭɱɚɫɧɿ ɟɥɟɤɬɪɨɧɧɿ ɩɪɨɬɢɭɝɿɧɧɿ ɫɢɫɬɟɦɢ  

ɩɪɚɰɸɸɬɶ ɭ ɩɟɜɧɨɦɭ ɞɿɚɩɚɡɨɧɿ ɱɚɫɬɨɬ ɡ ɧɟɫɭ-

ɱɨɸ ɱɚɫɬɨɬɨɸ 433,92 ɆȽɰ. ɍ ɫɢɫɬɟɦɚɯ ɡ ɮɚ-
ɡɨɜɨɸ ɦɨɞɭɥɹɰɿєɸ ɛɚɝɚɬɨɤɚɧɚɥɶɧɿɫɬɶ ɡɚɛɟɡ-
ɩɟɱɭєɬɶɫɹ ɤɨɞɭɜɚɧɧɹɦ ɤɨɦɚɧɞ ɤɟɪɭɜɚɧɧɹ. 
ɉɿɞɜɢɳɟɧɧɹ ɪɨɡɪɹɞɧɨɫɬɿ ɤɨɞɭ ɞɨ 62 ɿ ɡɚɫɬɨ-
ɫɭɜɚɧɧɹ ɞɢɧɚɦɿɱɧɨɝɨ ɤɨɞɭ, ɤɨɥɢ ɤɨɞ ɡɦɿɧɸ-

ɜɚɜɫɹ ɡ ɤɨɠɧɨɸ ɩɨɫɢɥɤɨɸ, ɩɿɞɜɢɳɢɥɨ ɡɚɯɢ-

ɳɟɧɿɫɬɶ ɤɚɧɚɥɭ ɩɟɪɟɞɚɱɿ ɤɨɦɚɧɞ. ɇɟɞɨɥɿɤɢ 

ɬɪɚɞɢɰɿɣɧɢɯ ɫɢɫɬɟɦ ɦɨɞɭɥɹɰɿʀ – ɚɦɩɥɿɬɭɞɧɨʀ, 
ɱɚɫɬɨɬɧɨʀ ɿ ɮɚɡɨɜɨʀ – ɧɚɣɛɿɥɶɲɟ ɩɪɨɹɜɥɹɸɬɶ-
ɫɹ ɭ ɦɿɫɰɹɯ ɫɤɭɩɱɟɧɧɹ ɚɜɬɨɦɨɛɿɥɿɜ ɧɚ ɩɚɪɤɨ-
ɜɤɚɯ, ɫɬɨɹɧɤɚɯ ɿ ɜ ɝɚɪɚɠɚɯ. ɋɢɝɧɚɥɢ ɤɟɪɭɜɚɧ-

ɧɹ ɦɨɠɧɚ ɧɟ ɬɿɥɶɤɢ ɩɟɪɟɯɨɩɥɸɜɚɬɢ, ɚ ɿ 
ɡɚɝɥɭɲɭɜɚɬɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɩɟɪɟɞɚɜɚɱɚ ɡɚɜɚɞ, 

ɬɨɞɿ ɤɨɦɚɧɞɚ, ɧɚɩɪɢɤɥɚɞ, ɩɨɫɬɚɧɨɜɤɢ ɧɚ ɨɯɨ-
ɪɨɧɭ, ɦɨɠɟ ɧɟ ɩɨɩɚɫɬɢ ɧɚ ɩɪɢɣɦɚɥɶɧɭ ɚɧɬɟɧɭ 
ɰɟɧɬɪɚɥɶɧɨɝɨ ɛɥɨɤɚ ɟɥɟɤɬɪɨɧɧɨʀ ɩɪɨɬɢɭɝɿɧ-

ɧɨʀ ɫɢɫɬɟɦɢ ɿ ɚɜɬɨɦɨɛɿɥɶ ɡɚɥɢɲɢɬɶɫɹ ɛɟɡ 
ɨɯɨɪɨɧɢ. Ɍɚɤɢɦ ɱɢɧɨɦ ɬɪɚɞɢɰɿɣɧɿ ɫɢɫɬɟɦɢ 

ɦɨɞɭɥɸɜɚɧɧɹ ɤɨɦɚɧɞ ɤɟɪɭɜɚɧɧɹ ɧɟ ɡɚɛɟɡɩɟ-
ɱɭɸɬɶ ɜɢɫɨɤɢɯ ɩɨɤɚɡɧɢɤɿɜ ɛɚɝɚɬɨɤɚɧɚɥɶɧɨɫ-

ɬɿ,  ɬɚєɦɧɨɫɬɿ, ɡɚɜɚɞɨɡɚɯɢɳɟɧɨɫɬɿ. ɐɢɦ ɜɢɦɨ-
ɝɚɦ ɛɿɥɶɲɟ ɜɿɞɩɨɜɿɞɚɸɬɶ ɲɢɪɨɤɨɫɦɭɝɨɜɿ ɫɢɫ-
ɬɟɦɢ ɩɟɪɟɞɚɱɿ ɤɨɦɚɧɞ ɤɟɪɭɜɚɧɧɹ. 
 

    

 

Ɇɟɬɨɸ ɫɬɚɬɬɿ є ɚɧɚɥɿɡ ɫɢɝɧɚɥɿɜ, ɹɤɿ ɜɢɤɨɪɢɫ-
ɬɨɜɭɸɬɶɫɹ ɜ ɟɥɟɤɬɪɨɧɧɢɯ ɩɪɨɬɢɭɝɿɧɧɢɯ ɩɪɢ-

ɫɬɪɨɹɯ ɚɜɬɨɦɨɛɿɥɹ. ɉɨɤɚɡɚɬɢ, ɳɨ ɡɚɫɬɨɫɭɜɚɧ-

ɧɹ ɲɢɪɨɤɨɫɦɭɝɨɜɢɯ ɫɢɝɧɚɥɿɜ ɡɚɛɟɡɩɟɱɢɬɶ 
ɛɿɥɶɲɭ ɡɚɜɚɞɨɫɬɿɣɤɿɫɬɶ ɬɚ ɩɪɢɯɨɜɚɧɿɫɬɶ ɪɨɛɨ-
ɬɢ ɪɚɞɿɨɤɚɧɚɥɭ. ɉɪɨɚɧɚɥɿɡɭɜɚɬɢ ɦɟɬɨɞɢ ɮɨɪ-
ɦɭɜɚɧɧɹ ɒɋɋ ɿ ɨɛɪɚɬɢ ɧɚɣɛɿɥɶɲ ɩɪɢɣɧɹɬɧɢɣ 

ɞɥɹ ɡɚɫɬɨɫɭɜɚɧɧɹ ɜ ɟɥɟɤɬɪɨɧɧɢɯ ɩɪɨɬɢɭɝɿɧ-

ɧɢɯ ɫɢɫɬɟɦɚɯ. 
 

   

 

ɒɢɪɨɤɨɫɦɭɝɨɜɢɦɢ ɧɚɡɢɜɚɸɬɶɫɹ ɬɚɤɿ ɫɢɝɧɚ-
ɥɢ, ɜ ɹɤɢɯ ɛɚɡɚ ɫɢɝɧɚɥɿɜ, ɬɨɛɬɨ ɜɿɞɧɨɲɟɧɧɹ 
ɲɢɪɢɧɢ ɫɩɟɤɬɪɭ ɫɢɝɧɚɥɭ Δfɫ ɞɨ ɲɢɪɢɧɢ 

ɫɩɟɤɬɪɭ ɩɨɜɿɞɨɦɥɟɧɧɹ ΔF  ɛɿɥɶɲɟ ɨɞɢɧɢɰɿ 
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  .                             (1) 

    

Ɂɧɚɱɟɧɧɹ ɛɚɡɢ ɫɢɝɧɚɥɭ ɤɿɥɶɤɿɫɧɨ ɯɚɪɚɤɬɟɪɢ-

ɡɭє ɱɚɫɬɨɬɧɭ ɧɚɞɦɿɪɧɿɫɬɶ ɫɢɝɧɚɥɭ. ɍ ɫɢɝɧɚɥɚɯ 
ɡɿ ɡɜɢɱɚɣɧɢɦɢ ɜɢɞɚɦɢ ɦɨɞɭɥɹɰɿʀ ɿ ɦɚɧɿɩɭɥɹ-
ɰɿʀ ɛɚɡɚ ɫɢɝɧɚɥɭ ɞɨɪɿɜɧɸє 1 (В ≈ 1). 

 

ɇɚɩɪɢɤɥɚɞ, ɞɥɹ ɮɚɡɨɦɚɧɿɩɭɥɶɨɜɚɧɨɝɨ ɫɢɝɧɚ-
ɥɭ ɲɢɪɢɧɚ ɫɩɟɤɬɪɭ  

 

T
f

1  ,                          (2) 

 

ɞɟ Ɍ – ɩɟɪɿɨɞ ɫɥɿɞɭɜɚɧɧɹ ɿɦɩɭɥɶɫɿɜ. 
 

ɑɟɪɟɡ ɬɟ, ɳɨ ɜ ɮɚɡɨɦɚɧɿɩɭɥɶɨɜɚɧɢɯ ɫɢɝɧɚɥɚɯ  
Ɍ = 0T , ɚ ɨɬɠɟ cf F   , ɬɨ ɛɚɡɚ ɮɚɡɨɦɚɧɿɩɭ-

ɥɶɨɜɚɧɨɝɨ ɫɢɝɧɚɥɭ ɞɨɪɿɜɧɸє 
 

0 1c
c

f
B f T

F

     ,                (3) 

 

ɞɟ Ɍ0 – ɱɚɫ, ɧɟɨɛɯɿɞɧɢɣ ɞɥɹ ɩɟɪɟɞɚɱɿ ɨɞɧɨɝɨ 
ɛɿɬɚ ɿɧɮɨɪɦɚɰɿʀ.  
 

Ɂɚɜɚɞɨɫɬɿɣɤɿɫɬɶ ɩɪɢɣɦɚɧɧɹ ɫɢɝɧɚɥɿɜ ɧɚ ɮɨɧɿ 
ɲɢɪɨɤɨɫɦɭɝɨɜɨʀ ɡɚɜɚɞɢ q  ɜɢɡɧɚɱɚєɬɶɫɹ ɜɿɞ-

ɧɨɲɟɧɧɹɦ ɟɧɟɪɝɿʀ ɫɢɝɧɚɥɭ  ȿɫ  ɞɨ ɟɧɟɪɝɿʀ  ɡɚ-
ɜɚɞ  ȿɡ 

                  
ɡ

cE
q

E
                                (4)    
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ɿ ɧɟ ɡɚɥɟɠɢɬɶ ɜɿɞ ɜɢɞɭ ɫɢɝɧɚɥɭ. ɇɟɯɚɣ ɲɢɪɢ-

ɧɚ ɫɩɟɤɬɪɭ ɨɪɝɚɧɿɡɨɜɚɧɨʀ ɡɚɜɚɞɢ ɞɨɪɿɜɧɸє  
Δfɫ= Δfɡ, ɚ ɲɢɪɢɧɚ ɫɩɟɤɬɪɭ ɫɢɝɧɚɥɭ ɧɚ ɜɢɯɨɞɿ 
ɤɨɪɟɥɹɰɿɣɧɨɝɨ ɩɪɢɣɦɚɱɚ – ɲɢɪɢɧɿ ɫɩɟɤɬɪɭ 

ɿɧɮɨɪɦɚɰɿɣɧɨɝɨ ɩɨɜɿɞɨɦɥɟɧɧɹ. ɉɪɢ ɰɶɨɦɭ 
ɫɩɟɤɬɪɚɥɶɧɚ ɳɿɥɶɧɿɫɬɶ ɩɨɬɭɠɧɨɫɬɿ ɡɚɜɚɞɢ 

 

           ɡ ɡ

ɡ c

P P
N

f f
   ,                      (5) 

 

ɿ ɨɬɠɟ ɜɿɞɧɨɲɟɧɧɹ ɫɢɝɧɚɥ/ɡɚɜɚɞɚ ɧɚ ɜɢɯɨɞɿ 
ɤɨɪɟɥɹɰɿɣɧɨɝɨ ɩɪɢɣɦɚɱɚ ɚɛɨ  ɭɡɝɨɞɠɟɧɨɝɨ 

ɮɿɥɶɬɪɚ  ɞɨɪɿɜɧɸє 
 

ɡ ɡ ɡ/

c c c c

c

P T P f P
q B

P f P F P

       .           (6) 

 

əɤ ɜɢɯɨɞɢɬɶ ɡ ɮɨɪɦɭɥɢ (6), ɜɿɞɧɨɲɟɧɧɹ ɫɢɝ-
ɧɚɥ/ɡɚɜɚɞɚ ɭ ɲɢɪɨɤɨɫɦɭɝɨɜɢɯ ɫɢɫɬɟɦɚɯ ɩɟɪɟ-
ɞɚɱɿ  ɿɧɮɨɪɦɚɰɿʀ ɡɛɿɥɶɲɭєɬɶɫɹ ɭ В ɪɚɡɿɜ, ɬɨɛɬɨ 
ɩɪɨɩɨɪɰɿɣɧɨ ɛɚɡɿ ɫɢɝɧɚɥɭ. əɤ ɡɚɜɚɞɚ ɦɨɠɟ 
ɪɨɡɝɥɹɞɚɬɢɫɹ ɛɭɞɶ-ɹɤɟ ɜɢɩɪɨɦɿɧɸɜɚɧɧɹ, ɹɤɟ 
ɞɿє ɭ ɪɨɛɨɱɿɣ ɫɦɭɡɿ.  
 

ɉɪɢɯɨɜɚɧɿɫɬɶ ɩɟɪɟɞɚɱɿ ɫɢɝɧɚɥɭ ɤɚɧɚɥɚɦɢ 

ɡɜ’ɹɡɤɭ ɩɨɜ’ɹɡɚɧɚ ɡɿ ɡɦɟɧɲɟɧɧɹɦ ɫɩɟɤɬɪɚɥɶ-
ɧɨʀ ɳɿɥɶɧɨɫɬɿ ɩɨɬɭɠɧɨɫɬɿ ɫɢɝɧɚɥɭ ɭ ɪɟɡɭɥɶ-
ɬɚɬɿ ɡɛɿɥɶɲɟɧɧɹ ɣɨɝɨ ɛɚɡɢ. Ⱦɿɣɫɧɨ, ɫɩɟɤɬɪɚɥɶ-
ɧɚ ɳɿɥɶɧɿɫɬɶ ɩɨɬɭɠɧɨɫɬɿ ɲɢɪɨɤɨɫɦɭɝɨɜɨɝɨ 
ɫɢɝɧɚɥɭ (ɟɧɟɪɝɿɹ) ɞɨɪɿɜɧɸє 
 

FB

P

f

P
N c

c

c

c  ,                    (7) 

 

ɬɨɛɬɨ ɜ В ɪɚɡɿɜ є ɦɟɧɲɨɸ, ɧɿɠ ɭ ɜɭɡɶɤɨ-
ɫɦɭɝɨɜɨɝɨ ɫɢɝɧɚɥɭ. 

 

ȼɿɞɧɨɲɟɧɧɹ ɫɢɝɧɚɥ/ɡɚɜɚɞɚ ɧɚ ɜɯɨɞɿ ɩɪɢɣɦɚɱɚ 
ɞɨɪɿɜɧɸє 
 

    
BN

TP

N

N cc 
 ,                           (8) 

 

ɬɨɛɬɨ ɜ В ɪɚɡɿɜ ɦɟɧɲɟ, ɧɿɠ ɭ ɜɭɡɶɤɨɫɦɭɝɨɜɨɝɨ 
ɫɢɝɧɚɥɭ ɡɚ ɪɿɜɧɢɯ ɟɧɟɪɝɿɣ ɿ ɲɜɢɞɤɨɫɬɿ ɩɟɪɟ-
ɞɚɱɿ ɿɧɮɨɪɦɚɰɿʀ. Ɍɨɦɭ ɜ ɬɨɱɰɿ ɩɪɢɣɦɚɧɧɹ ɩɪɢ 

ɧɟɨɩɬɢɦɚɥɶɧɿɣ ɨɛɪɨɛɰɿ ɫɢɝɧɚɥɭ ɿɦɨɜɿɪɧɿɫɬɶ 
ɣɨɝɨ ɜɢɹɜɥɟɧɧɹ є ɦɚɥɨɸ. Ɂɚɫɬɨɫɭɜɚɧɧɹ  
ɲɢɪɨɤɨɫɦɭɝɨɜɨɝɨ ɫɢɝɧɚɥɭ ɡɚɛɟɡɩɟɱɭє ɟɥɟɤ-
ɬɪɨɦɚɝɧɿɬɧɭ ɫɭɦɿɫɧɿɫɬɶ ɪɚɞɿɨɫɢɫɬɟɦ, ɳɨ 
ɨɫɨɛɥɢɜɨ ɜɚɠɥɢɜɨ ɞɥɹ ɚɜɬɨɦɨɛɿɥɿɜ, ɹɤɿ 
ɡɧɚɯɨɞɹɬɶɫɹ ɧɚ ɫɬɨɹɧɰɿ.  
 

ɋɢɝɧɚɥɢ ɡ ɪɨɡɲɢɪɟɧɢɦ ɫɩɟɤɬɪɨɦ ɜɨɥɨɞɿɸɬɶ 
ɞɜɨɦɚ ɯɚɪɚɤɬɟɪɧɢɦɢ ɨɡɧɚɤɚɦɢ (ɪɢɫ. 1). 
 

 

Ɋɢɫ. 1. ɋɩɟɤɬɪɚɥɶɧɚ ɳɿɥɶɧɿɫɬɶ ɜɭɡɶɤɨɫɦɭɝɨ-
ɜɨɝɨ ɫɢɝɧɚɥɭ Nc1  ɿ ɲɢɪɨɤɨɫɦɭɝɨɜɨɝɨ ɫɢ-
ɝɧɚɥɭ Nc2 

 

1. ɋɦɭɝɚ ɱɚɫɬɨɬ ɩɟɪɟɞɚɧɨɝɨ ɫɢɝɧɚɥɭ cf  ɿɫ-
ɬɨɬɧɨ ɛɿɥɶɲɟ, ɧɿɠ ɫɦɭɝɚ ɱɚɫɬɨɬ ɦɨɞɭɥɸɸɱɨ-
ɝɨ ɰɢɮɪɨɜɨɝɨ ɫɢɝɧɚɥɭ F . 
2. Ɋɨɡɲɢɪɟɧɧɹ ɫɦɭɝɢ ɱɚɫɬɨɬ ɩɟɪɟɞɚɧɨɝɨ ɫɢɝ-
ɧɚɥɭ ɩɪɨɜɨɞɢɬɶɫɹ ɧɟɡɚɥɟɠɧɢɦ ɜɿɞ ɩɟɪɟɞɚɧɨʀ 
ɿɧɮɨɪɦɚɰɿʀ ɫɢɝɧɚɥɨɦ (ɰɢɮɪɨɜɚ ɩɨɫɥɿɞɨɜ-
ɧɿɫɬɶ), ɩɟɪɫɨɧɚɥɶɧɨ ɩɪɢɡɧɚɱɟɧɢɦ ɤɨɠɧɨɦɭ 
ɤɨɪɢɫɬɭɜɚɱɟɜɿ ɿ ɡɚɡɞɚɥɟɝɿɞɶ ɜɿɞɨɦɨɦɭ ɹɤ ɭ 
ɩɪɢɣɦɚɱɿ, ɬɚɤ ɿ ɜ ɩɟɪɟɞɚɜɚɱɿ.  
 
ɉɨɧɹɬɬɹ «ɲɢɪɨɤɨɫɦɭɝɨɜɿ ɫɢɫɬɟɦɢ ɪɚɞɿɨ-
ɡɜ’ɹɡɤɭ» ɧɚ ɫɶɨɝɨɞɧɿ ɜɤɥɸɱɚє ɜ ɫɟɛɟ ɜɟɥɢɤɭ 
ɤɿɥɶɤɿɫɬɶ ɜɚɪɿɚɧɬɿɜ ɬɚɤɢɯ ɫɢɫɬɟɦ, ɳɨ ɜɿɞɪɿɡ-
ɧɹɸɬɶɫɹ ɨɞɧɚ ɜɿɞ ɨɞɧɨʀ ɡɚ ɮɨɪɦɨɸ ɜɢɤɨ-
ɪɢɫɬɨɜɭɜɚɧɢɯ ɫɢɝɧɚɥɿɜ, ɦɟɬɨɞɨɦ ʀɯ ɮɨɪɦɭ-
ɜɚɧɧɹ, ɦɟɬɨɞɨɦ ɩɪɢɣɨɦɭ ɿ ɪɹɞɨɦ ɿɧɲɢɯ 
ɨɡɧɚɤ. ȼɿɞɩɨɜɿɞɧɨ ɣ ɨɛɥɚɫɬɿ ɡɚɫɬɨɫɭɜɚɧɧɹ 
ɲɢɪɨɤɨɫɦɭɝɨɜɢɯ ɫɢɫɬɟɦ ɡɜ’ɹɡɤɭ ɬɚɤɨɠ є ɞɭɠɟ 
ɪɿɡɧɨɦɚɧɿɬɧɢɦɢ [4]. 
 
ȼɟɥɢɤɭ ɝɪɭɩɭ ɲɢɪɨɤɨɫɦɭɝɨɜɢɯ ɫɢɫɬɟɦ ɭɬɜɨ-
ɪɸɸɬɶ ɬɚɤ ɡɜɚɧɿ ɜɡɚєɦɧɨ-ɤɨɪɟɥɹɰɿɣɧɿ ɚɤɬɢɜɧɿ 
ɿ ɩɚɫɢɜɧɿ ɫɢɫɬɟɦɢ. ɍ ɜɡɚєɦɧɨ-ɤɨɪɟɥɹɰɿɣɧɢɯ 
ɚɤɬɢɜɧɢɯ ɫɢɫɬɟɦɚɯ ɫɢɝɧɚɥ ɪɟєɫɬɪɭєɬɶɫɹ ɭ 
ɩɪɢɣɦɚɥɶɧɨɦɭ ɩɪɢɫɬɪɨʀ ɲɥɹɯɨɦ ɩɨɪɿɜɧɹɧɧɹ ɡ 
ɟɬɚɥɨɧɚɦɢ, ɫɮɨɪɦɨɜɚɧɢɦɢ ɡɚ ɬɢɦ ɠɟ ɩɪɢɧ-
ɰɢɩɨɦ, ɳɨ ɿ ɧɚ ɩɟɪɟɞɚɜɚɥɶɧɨɦɭ ɤɿɧɰɿ. ɋɢɫ-
ɬɟɦɢ ɬɚɤɨɝɨ ɬɢɩɭ ɞɨɡɜɨɥɹɸɬɶ ɧɚɣɛɿɥɶɲ ɩɨɜɧɨ 
ɪɟɚɥɿɡɭɜɚɬɢ ɩɨɬɟɧɰɿɣɧɭ ɡɚɜɚɞɨɫɬɿɣɤɿɫɬɶ. 
ɇɚɣɛɿɥɶɲɿ ɬɪɭɞɧɨɳɿ ɜɢɤɥɢɤɚɸɬɶɫɹ ɧɟɨɛɯɿɞ-
ɧɿɫɬɸ ɬɨɱɧɨʀ ɫɢɧɯɪɨɧɿɡɚɰɿʀ ɨɩɨɪɧɢɯ ɫɢɝɧɚɥɿɜ, 
ɹɤɿ ɜɢɪɨɛɥɹɸɬɶɫɹ ɭ ɩɪɢɣɦɚɥɶɧɨɦɭ ɩɪɢɫɬɪɨʀ, 
ɡ ɩɪɢɣɧɹɬɢɦɢ. Ⱦɥɹ ɰɢɯ ɫɢɫɬɟɦ є ɯɚɪɚɤɬɟɪɧɢɦ 
ɬɚɤɨɠ ɜɿɞɧɨɫɧɨ ɜɟɥɢɤɢɣ, ɩɨɪɿɜɧɹɧɨ ɡ ɿɧɲɢɦɢ 
ɫɢɫɬɟɦɚɦɢ, ɱɚɫ ɜɯɨɞɠɟɧɧɹ ɭ ɡɜ’ɹɡɨɤ, ɳɨ 
ɡɧɢɠɭє ɡɚɯɨɜɚɧɿɫɬɶ ɪɨɛɨɬɢ ɿ ɭɫɤɥɚɞɧɸє 
ɪɨɛɨɬɭ ɤɨɪɨɬɤɢɦɢ ɫɟɚɧɫɚɦɢ. 
 
ɉɿɞ ɜɡɚєɦɧɨ-ɤɨɪɟɥɹɰɿɣɧɢɦɢ ɩɚɫɢɜɧɢɦɢ ɫɢɫ-
ɬɟɦɚɦɢ ɪɨɡɭɦɿɸɬɶ ɬɚɤɿ, ɭ ɹɤɢɯ ɜɿɞɨɦɨɫɬɿ ɩɪɨ 
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ɩɪɢɣɧɹɬɿ ɫɢɝɧɚɥɢ ɡɚɤɥɚɞɟɧɿ ɜ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɚɯ ɭɡɝɨɞɠɟɧɢɯ ɮɿɥɶɬɪɿɜ ɩɪɢɣɦɚɥɶɧɨɝɨ 
ɩɪɢɫɬɪɨɸ. Ɍɚɤɿ ɫɢɫɬɟɦɢ ɬɚɤɨɠ ɞɨɡɜɨɥɹɸɬɶ 
ɪɟɚɥɿɡɭɜɚɬɢ ɩɨɬɟɧɰɿɣɧɭ ɡɚɜɚɞɨɫɬɿɣɤɿɫɬɶ. ɍ 
ɰɢɯ ɫɢɫɬɟɦɚɯ, ɞɨɩɭɫɬɢɜɲɢ ɧɟɜɟɥɢɤɢɣ ɟɧɟɪ-
ɝɟɬɢɱɧɢɣ ɩɪɨɝɪɚɲ, ɦɨɠɧɚ ɜɿɞɦɨɜɢɬɢɫɹ ɜɿɞ 
ɫɢɧɯɪɨɧɿɡɚɰɿʀ ɜɡɚɝɚɥɿ ɚɛɨ ɡɧɚɱɧɨ ɡɧɢɡɢɬɢ 
ɜɢɦɨɝɭ ɞɨ ʀʀ ɬɨɱɧɨɫɬɿ. Ɋɟɚɥɿɡɚɰɿɹ ɬɚɤɢɯ 
ɫɢɫɬɟɦ ɩɪɢɡɜɨɞɢɬɶ ɬɚɤɨɠ ɞɨ ɞɨɫɢɬɶ ɝɪɨɦɿɡɞ-
ɤɢɯ ɩɪɢɫɬɪɨʀɜ ɿ ɩɨɜ’ɹɡɚɧɚ ɡ ɩɟɜɧɢɦɢ 
ɬɟɯɧɿɱɧɢɦɢ ɬɪɭɞɧɨɳɚɦɢ. 

 

ȱɧɲɭ ɝɪɭɩɭ ɲɢɪɨɤɨɫɦɭɝɨɜɢɯ ɫɢɫɬɟɦ ɭɬɜɨ-
ɪɸɸɬɶ ɚɜɬɨɤɨɪɟɥɹɰɿɣɧɿ ɫɢɫɬɟɦɢ, ɡɚɜɚɞɨ-

ɫɬɿɣɤɿɫɬɶ ɹɤɢɯ ɝɿɪɲɟ ɡɚɜɚɞɨɫɬɿɣɤɨɫɬɿ ɜɡɚєɦɧɨ-
ɤɨɪɟɥɹɰɿɣɧɢɯ. Ɉɞɧɚɤ ɜɨɧɢ ɜɢɝɿɞɧɨ ɜɿɞɪɿɡɧɹ-
ɸɬɶɫɹ ɜɿɞ ɨɫɬɚɧɧɿɯ ɡɧɚɱɧɨ ɛɿɥɶɲɨɸ ɩɪɨɫɬɨ-
ɬɨɸ ɪɟɚɥɿɡɚɰɿʀ ɿ ɜɿɞɩɨɜɿɞɧɨ ɛɿɥɶɲ ɜɢɫɨɤɨɸ 

ɧɚɞɿɣɧɿɫɬɸ ɿ ɤɨɦɩɚɤɬɧɿɫɬɸ ɚɩɚɪɚɬɭɪɢ. Ⱦɨɫɢɬɶ 
ɿɫɬɨɬɧɢɦ є ɬɚɤɨɠ ɿ ɬɟ, ɳɨ ɚɜɬɨɤɨɪɟɥɹɰɿɣɧɿ 
ɫɢɫɬɟɦɢ ɦɚɥɨ ɫɯɢɥɶɧɿ ɞɨ ɲɤɿɞɥɢɜɨɝɨ ɜɩɥɢɜɭ 
ɛɚɝɚɬɨɩɪɨɦɟɧɟɜɨɫɬɿ ɿ ɞɢɫɩɟɪɫɧɨɫɬɿ ɤɚɧɚɥɭ 
ɡɜ’ɹɡɤɭ ɿ, ɹɤ ɩɪɚɜɢɥɨ, ɧɟ ɜɢɦɚɝɚɸɬɶ ɜɢɫɨɤɨʀ 
ɫɬɚɛɿɥɶɧɨɫɬɿ ɱɚɫɬɨɬɢ ɪɚɞɿɨɥɿɧɿʀ.  
 

Ⱥɜɬɨɤɨɪɟɥɹɰɿɣɧɿ ɫɢɫɬɟɦɢ ɪɚɡɨɦ ɡ ɬɢɦ ɦɚɸɬɶ ɿ 
ɬɭ ɩɟɪɟɜɚɝɭ, ɳɨ ɜ ɧɢɯ ɹɤ ɩɟɪɟɧɨɫɧɢɤ ɡɪɭɱɧɨ 
ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɜɿɞɪɿɡɤɢ ɛɿɥɨɝɨ ɲɭɦɭ, ɬɨɛɬɨ 
ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɜ ɩɨɜɧɨɦɭ ɪɨɡɭɦɿɧɧɿ ɫɥɨɜɚ 
«ɲɭɦɨɩɨɞɿɛɧɿ» ɫɢɝɧɚɥɢ. Ɂɚɭɜɚɠɢɦɨ, ɳɨ ɭ 
ɜɫɿɯ ɜɡɚєɦɧɨ-ɤɨɪɟɥɹɰɿɣɧɢɯ ɫɢɫɬɟɦɚɯ ɜɢɤɨɪɢɫ-
ɬɨɜɭɸɬɶɫɹ ɫɢɝɧɚɥɢ, ɹɤɿ ɫɤɨɪɿɲɟ ɜɚɪɬɨ ɧɚɡɜɚɬɢ 

ɲɭɦɨɩɨɞɿɛɧɢɦɢ, ɨɫɤɿɥɶɤɢ ɧɚɫɩɪɚɜɞɿ ɜɨɧɢ є 
ɰɿɥɤɨɦ ɪɟɝɭɥɹɪɧɢɦɢ, ɿ ɫɚɦɟ ɬɨɱɧɟ ɡɧɚɧɧɹ ʀɯ 

ɫɬɪɭɤɬɭɪɢ ɞɨɡɜɨɥɹє ɭɫɩɿɲɧɨ ɜɢɞɿɥɹɬɢ ʀɯ ɡ 
ɲɭɦɿɜ ɭ ɩɪɢɣɦɚɥɶɧɨɦɭ ɩɪɢɫɬɪɨʀ. ɉɨɪɿɜɧɹɧɧɹ 
ɡɚɜɚɞɨɫɬɿɣɤɨɫɬɿ ɫɢɫɬɟɦ ɚɜɬɨɤɨɪɟɥɹɰɿɣɧɨɝɨ 

ɩɪɢɣɨɦɭ ɿɡ ɫɢɫɬɟɦɚɦɢ ɧɟɤɨɝɟɪɟɧɬɧɨɝɨ 
ɩɪɢɣɨɦɭ ɩɨɤɚɡɭє, ɳɨ ʀɯ ɟɧɟɪɝɟɬɢɱɧɢɣ 

ɩɪɨɝɪɚɲ ɜɢɹɜɥɹєɬɶɫɹ ɪɿɜɧɢɦ ɩɪɢɛɥɢɡɧɨ  

F T , ɬɨɛɬɨ ɞɨɫɢɬɶ ɡɧɚɱɧɢɦ. Ȳɯ ɜɢɤɨ-
ɪɢɫɬɚɧɧɹ ɬɨɦɭ ɜɢɹɜɥɹєɬɶɫɹ ɞɨɰɿɥɶɧɢɦ ɬɿɥɶɤɢ 

ɬɨɞɿ, ɤɨɥɢ ɩɟɪɟɜɚɝɢ, ɡɚɡɧɚɱɟɧɿ ɜɢɳɟ, ɦɚɸɬɶ 
ɛɿɥɶɲ ɜɚɠɥɢɜɟ ɡɧɚɱɟɧɧɹ. 
 

ɍ ɞɢɫɤɪɟɬɧɨ-ɚɞɪɟɫɧɢɯ ɫɢɫɬɟɦɚɯ ɭ ɩɟɪɟɞɚ-
ɜɚɥɶɧɨɦɭ ɩɪɢɫɬɪɨʀ ɤɨɠɧɢɣ ɿɧɮɨɪɦɚɰɿɣɧɢɣ 

ɟɥɟɦɟɧɬ ɤɨɞɭєɬɶɫɹ ɧɚɛɨɪɨɦ ɫɢɝɧɚɥɿɜ, ɩɪɢɡ-
ɧɚɱɟɧɢɦ ɬɿɥɶɤɢ ɞɥɹ ɡɜ’ɹɡɤɭ ɡ ɩɟɜɧɢɦ ɚɛɨ-
ɧɟɧɬɨɦ. ɉɪɢɣɦɚɥɶɧɢɣ ɩɪɢɫɬɪɿɣ ɜɢɞɿɥɹє 
ɬɿɥɶɤɢ ɫɢɝɧɚɥɢ, ɩɪɢɡɧɚɱɟɧɿ ɞɚɧɨɦɭ ɤɨɪɟɫ-
ɩɨɧɞɟɧɬɭ, ɿ ɧɟ ɩɪɢɣɦɚє ɿɧɲɿ, ɯɨɱɚ ɜɨɧɢ 

ɜɢɩɪɨɦɿɧɸɸɬɶɫɹ ɜ ɬɿɣ ɠɟ ɫɦɭɡɿ ɱɚɫɬɨɬ. ȼ 

ɹɤɨɫɬɿ ɫɢɝɧɚɥɿɜ ɬɭɬ ɡɜɢɱɚɣɧɨ ɜɢɤɨɪɢɫɬɨ-
ɜɭєɬɶɫɹ ɧɚɛɿɪ ɤɨɪɨɬɤɢɯ ɪɚɞɿɨɿɦɩɭɥɶɫɿɜ. ɉɪɢ 

ɰɶɨɦɭ ɩɪɢɧɰɢɩɨɜɨ ɦɨɠɟ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɢɣ 

ɛɭɞɶ-ɹɤɢɣ ɜɢɞ ɿɦɩɭɥɶɫɧɨʀ ɦɨɞɭɥɹɰɿʀ: 
ɚɦɩɥɿɬɭɞɧɨ-ɿɦɩɭɥɶɫɧɚ ɦɨɞɭɥɹɰɿɹ (ȺȱɆ),  

ɮɚɡɨ-ɿɦɩɭɥɶɫɧɚ ɦɨɞɭɥɹɰɿɹ (ɎȱɆ), ɱɚɫɬɨɬɧɨ-
ɿɦɩɭɥɶɫɧɚ ɦɨɞɭɥɹɰɿɹ (ɑȱɆ) ɬɚ ɿɧ. 

 

ȱɫɧɭɸɬɶ ɪɿɡɧɿ ɫɩɨɫɨɛɢ ɪɨɡɲɢɪɟɧɧɹ ɫɦɭɝɢ ɱɚ-
ɫɬɨɬ ɩɟɪɟɞɚɧɨɝɨ ɫɢɝɧɚɥɭ ɡɚɥɟɠɧɨ ɜɿɞ ɫɩɨɫɨɛɭ 
ɦɨɞɭɥɹɰɿʀ ɜɢɯɿɞɧɨɝɨ ɿɧɮɨɪɦɚɰɿɣɧɨɝɨ ɫɢɝɧɚ-
ɥɭ, ɧɚɩɪɢɤɥɚɞ, ɪɨɡɲɢɪɟɧɧɹ ɫɩɟɤɬɪɭ ɛɟɡɩɨɫɟ-
ɪɟɞɧɶɨɸ ɦɨɞɭɥɹɰɿєɸ (DSSS – Direct 

Sequence Spread Spectrum) ɬɚ ɪɨɡɲɢɪɟɧɧɹ 
ɫɩɟɤɬɪɭ ɫɬɪɢɛɤɚɦɢ ɱɚɫɬɨɬɢ (FHSS – 

Frequency Hopping Spread Spectrum). 

 

Ɂɚɝɚɥɶɧɚ ɜɢɦɨɝɚ ɡɚɯɨɜɚɧɨɫɬɿ ɪɚɞɿɨɡɜ’ɹɡɤɭ 
ɪɨɡɩɚɞɚєɬɶɫɹ ɧɚ ɬɪɢ ɫɚɦɨɫɬɿɣɧɢɯ ɜɢɦɨɝɢ: ɩɨ-
ɩɟɪɲɟ, ɡɚɛɟɡɩɟɱɟɧɧɹ ɡɚɯɨɜɚɧɨɫɬɿ ɫɚɦɨɝɨ ɮɚɤɬɭ 
ɪɨɛɨɬɢ ɪɚɞɿɨɥɿɧɿʀ (ɩɟɪɟɞɚɜɚɱɚ); ɩɨ-ɞɪɭɝɟ, 
ɡɚɛɟɡɩɟɱɟɧɧɹ ɡɚɯɨɜɚɧɨɫɬɿ ɮɚɤɬɭ ɧɚɹɜɧɨɫɬɿ ɜ 
ɞɚɧɨɦɭ ɫɢɝɧɚɥɿ ɿɧɮɨɪɦɚɰɿʀ; ɩɨ-ɬɪɟɬє, 
ɡɚɛɟɡɩɟɱɟɧɧɹ ɡɚɯɨɜɚɧɨɫɬɿ ɫɚɦɨʀ ɿɧɮɨɪɦɚɰɿʀ. 
 

ɍɫɿɦ ɰɢɦ ɬɪɶɨɦ ɜɢɦɨɝɚɦ ɲɢɪɨɤɨɫɦɭɝɨɜɿ 
ɫɢɫɬɟɦɢ ɪɚɞɿɨɡɜ’ɹɡɤɭ ɡɚɞɨɜɨɥɶɧɹɸɬɶ, ɹɤ ɩɪɚ-
ɜɢɥɨ, ɞɟɳɨ ɛɿɥɶɲɨɸ ɦɿɪɨɸ, ɧɿɠ ɡɜɢɱɚɣɧɿ, 
ɜɭɡɶɤɨɫɦɭɝɨɜɿ. ɍ ɲɢɪɨɤɨɫɦɭɝɨɜɢɯ ɫɢɫɬɟɦɚɯ 
ɡɚɫɬɨɫɨɜɭɸɬɶɫɹ ɫɤɥɚɞɧɿ ɫɢɝɧɚɥɢ ɡ ɛɚɡɨɸ  

ȼ >> 1. ɉɪɚɤɬɢɱɧɨ ɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿєɧɬ ȼ  

ɞɨɫɹɝɚє ɜɿɞ 100 ɞɨ 1000 ɿ ɛɿɥɶɲɟ. ȼɢɹɜɥɹєɬɶɫɹ, 
ɳɨ ɩɪɢ ɜɢɤɨɪɢɫɬɚɧɧɿ ɬɚɤɢɯ ɫɢɝɧɚɥɿɜ 
ɩɪɢɣɦɚɧɧɹ ɫɢɝɧɚɥɿɜ ɞɢɫɤɪɟɬɧɨʀ ɿɧɮɨɪɦɚɰɿʀ 
ɦɨɠɟ ɡɞɿɣɫɧɸɜɚɬɢɫɹ ɡɚ ɩɨɬɭɠɧɨɫɬɿ ɫɢɝɧɚɥɭ, 
ɳɨ ɩɪɢɩɚɞɚє ɧɚ ɨɞɢɧɢɰɸ ɫɦɭɝɢ ɱɚɫɬɨɬ, ɦɟɧɲɭ 
ɡɚ ɫɩɟɤɬɪɚɥɶɧɭ ɩɨɬɭɠɧɿɫɬɶ ɮɥɸɤɬɚɰɿɣɧɢɯ 
ɡɚɜɚɞ ɭ ɫɦɭɡɿ ɱɚɫɬɨɬ, ɬɨɛɬɨ ɦɨɜɛɢ ɡɧɚɯɨɞɹɬɶɫɹ 
ɩɿɞ ɲɭɦɨɦ. ȱɧɲɢɦɢ ɫɥɨɜɚɦɢ, ɜɢɹɜɥɹєɬɶɫɹ 
ɦɨɠɥɢɜɢɦ ɜɟɫɬɢ ɩɪɢɣɨɦ, ɤɨɥɢ ɫɢɝɧɚɥ ɧɚ 
ɡɜɢɱɚɣɧɢɣ ɜɭɡɶɤɨɫɦɭɝɨɜɢɣ ɩɪɢɣɦɚɱ ɩɪɨɫɬɨ ɧɟ 
ɛɭɞɟ ɜɢɹɜɥɟɧɢɣ. 

 

Ɂɚɯɨɜɚɧɿɫɬɶ ɧɚɹɜɧɨɫɬɿ ɜ ɫɢɝɧɚɥɿ ɿɧɮɨɪɦɚɰɿʀ 
ɞɥɹ ɲɢɪɨɤɨɫɦɭɝɨɜɢɯ ɫɢɫɬɟɦ ɡɜ’ɹɡɤɭ ɡɚɛɟɡɩɟ-
ɱɭєɬɶɫɹ ɧɚɫɚɦɩɟɪɟɞ ɲɭɦɨɩɨɞɿɛɧɿɫɬɸ ɫɢɝɧɚɥɭ. 
ɉɪɢ ɩɪɢɣɨɦɿ ɧɚ ɡɜɢɱɚɣɧɢɣ ɜɭɡɶɤɨɫɦɭɝɨɜɢɣ 

ɩɪɢɣɦɚɱ ɿ ɧɚ ɲɢɪɨɤɨɫɦɭɝɨɜɢɣ ɩɪɢɣɦɚɱ, ɭ 
ɹɤɨɦɭ ɧɟ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɿɧɮɨɪɦɚɰɿɹ ɩɪɨ 
ɫɩɨɫɿɛ ɮɨɪɦɭɜɚɧɧɹ ɫɢɝɧɚɥɭ ɞɚɧɨɝɨ ɲɢɪɨɤɨ-

ɫɦɭɝɨɜɨɝɨ ɩɟɪɟɞɚɜɚɱɚ, ɣɨɝɨ ɫɢɝɧɚɥ ɛɭɞɟ 
ɫɩɪɢɣɦɚɬɢɫɹ ɹɤ ɡɜɢɱɚɣɧɢɣ ɲɭɦ. ɇɚɣɛɿɥɶɲɚ 
ɡɚɯɨɜɚɧɨɫɬɶ ɮɚɤɬɭ ɧɚɹɜɧɨɫɬɿ ɿɧɮɨɪɦɚɰɿʀ ɜ 
ɲɭɦɨɜɨɦɭ ɫɢɝɧɚɥɿ ɦɚɛɭɬɶ ɦɨɠɟ ɛɭɬɢ ɞɨɫɹɝ-
ɧɭɬɚ ɜ ɫɢɫɬɟɦɚɯ, ɞɟ ɹɤ ɩɟɪɟɧɨɫɧɢɤ ɜɢɤɨɪɢɫ-
ɬɨɜɭɸɬɶɫɹ ɜɿɞɪɿɡɤɢ ɛɿɥɨɝɨ ɲɭɦɭ. 
 

Ɂɚɯɨɜɚɧɨɫɬɿ ɫɚɦɨʀ ɿɧɮɨɪɦɚɰɿʀ ɜ ɲɢɪɨɤɨɫɦɭ-
ɝɨɜɢɯ ɫɢɫɬɟɦɚɯ ɦɨɠɧɚ ɞɨɫɹɝɬɢ ɞɨɫɬɚɬɧɶɨɸ 



АȐȠȜȚȜȏȖșȪțȩȗ ȠȞȎțȟȝȜȞȠ, Ȑȩȝ. 33, 2013 109

ɫɤɥɚɞɧɿɫɬɸ ɤɨɞɭɜɚɧɧɹ ɫɢɝɧɚɥɭ ɬɚ ɩɨɪɿɜɧɹɥɶ-
ɧɨɸ ɩɪɨɫɬɨɬɨɸ ɡɦɿɧɢ ɤɨɞɭɜɚɧɧɹ. Ⱦɥɹ ɜɢɞɿ-
ɥɟɧɧɹ ɿɧɮɨɪɦɚɰɿʀ ɧɟɨɛɯɿɞɧɨ ɰɿɥɤɨɦ ɩɟɜɧɟ ɤɨ-
ɝɟɪɟɧɬɧɟ ɩɟɪɟɬɜɨɪɟɧɧɹ ɫɢɝɧɚɥɭ, ɧɟɜɿɞɨɦɟ ɜ 
ɩɭɧɤɬɿ ɩɟɪɟɯɨɩɥɟɧɧɹ, ɚ ɩɚɪɚɦɟɬɪɢ ɰɶɨɝɨ ɩɟ-
ɪɟɬɜɨɪɟɧɧɹ ɦɨɠɭɬɶ ɡɦɿɧɸɜɚɬɢɫɹ ɩɪɢɯɨɜɚɧɨɸ 

ɜɿɞ ɩɪɨɬɢɜɧɢɤɚ ɩɪɨɝɪɚɦɨɸ ɡ ɞɨɫɬɚɬɧɶɨɸ 

ɲɜɢɞɤɿɫɬɸ ɿ ɫɤɥɚɞɧɿɫɬɸ. ɉɪɢɪɨɞɧɨ, ɳɨ ɜɢɥɭ-

ɱɟɧɧɹ ɿɧɮɨɪɦɚɰɿʀ ɧɚɜɿɬɶ ɿɡ ɡɚɮɿɤɫɨɜɚɧɨɝɨ ɫɢɝ-
ɧɚɥɭ ɜ ɬɚɤɢɯ ɜɢɩɚɞɤɚɯ ɜɢɦɚɝɚє ɦɚɬɢ ɞɨɫɢɬɶ 
ɫɤɥɚɞɧɭ ɚɩɚɪɚɬɭɪɭ, ɨɫɨɛɥɢɜɨ ɹɤɳɨ ɜɪɚɯɭɜɚɬɢ, 

ɳɨ ɡɚ ɜɟɥɢɤɢɯ ɡɧɚɱɟɧɶ ɛɚɡɢ В ɱɢɫɥɨ ɦɨɠɥɢ-

ɜɢɯ ɞɥɹ ɜɢɤɨɪɢɫɬɚɧɧɹ ɮɨɪɦ ɫɢɝɧɚɥɿɜ ɜɢɹɜɥɹ-
єɬɶɫɹ ɞɭɠɟ ɜɟɥɢɤɢɦ. 

 

ȼɪɚɯɨɜɭɸɱɢ ɜɢɦɨɝɢ ɳɨɞɨ ɡɚɯɨɜɚɧɨɫɬɿ, ɳɨ 
ɜɢɫɭɜɚɸɬɶɫɹ ɞɨ ɤɚɧɚɥɿɜ ɞɢɫɬɚɧɰɿɣɧɨɝɨ ɤɟɪɭ-

ɜɚɧɧɹ ɩɪɨɬɢɭɝɿɧɧɢɦɢ ɫɢɫɬɟɦɚɦɢ, ɡɚ ɩɪɨɫɬɨ-
ɬɨɸ, ɦɚɥɨɸ ɜɚɪɬɿɫɬɸ ɿ ɧɚɞɿɣɧɿɫɬɸ, ɚ ɬɚɤɨɠ 

ɭɦɨɜɢ ʀɯ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ, ɬɚɤɿ ɹɤ ɦɚɥɿ ɜɿɞɫ-
ɬɚɧɿ (ɞɨ 100 ɦ), ɜɿɞɫɭɬɧɿɫɬɶ ɛɭɞɶ-ɹɤɢɯ ɩɟɪɟɲ-

ɤɨɞ ɩɨɲɢɪɟɧɧɸ ɪɚɞɿɨɯɜɢɥɶ, ɦɨɠɧɚ ɡɪɨɛɢɬɢ 

ɜɢɫɧɨɜɨɤ, ɳɨ ɧɚɣɤɪɚɳɢɦ ɱɢɧɨɦ ɡɚɡɧɚɱɟɧɢɦ 

ɜɢɦɨɝɚɦ ɜɿɞɩɨɜɿɞɚɬɢɦɭɬɶ ɲɢɪɨɤɨɫɦɭɝɨɜɿ ɚɜ-
ɬɨɤɨɪɟɥɹɰɿɣɧɿ ɥɿɧɿʀ ɡɜ’ɹɡɤɭ.  

 

ɉɪɢɧɰɢɩɨɜɚ ɪɟɚɥɿɡɚɰɿɹ ɚɜɬɨɤɨɪɟɥɹɰɿɣɧɨʀ ɲɢ-

ɪɨɤɨɫɦɭɝɨɜɨʀ ɫɢɫɬɟɦɢ ɡɜ’ɹɡɤɭ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɧɚ ɪɢɫ. 2 ɿ 3, ɳɨ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɩɟɪɟɞɚɜɚɥɶɧɨʀ 
(ɪɢɫ. 2) ɿ ɩɪɢɣɦɚɥɶɧɨʀ ɱɚɫɬɢɧ (ɪɢɫ. 3). 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 2. ɉɟɪɟɞɚɜɚɥɶɧɚ ɱɚɫɬɢɧɚ ɚɜɬɨɤɨɪɟɥɹɰɿɣ-

ɧɨʀ  ɲɢɪɨɤɨɫɦɭɝɨɜɨʀ ɫɢɫɬɟɦɢ  

 

Ɂɞɿɣɫɧɟɧɧɹ ɩɟɪɟɞɚɱɿ ɿɧɮɨɪɦɚɰɿʀ ɪɟɚɥɿɡɭєɬɶɫɹ 
ɨɛɱɢɫɥɟɧɧɹɦ ɚɜɬɨɤɨɪɟɥɹɰɿɣɧɨʀ ɮɭɧɤɰɿʀ ɲɭ-

ɦɨɜɨɝɨ ɫɢɝɧɚɥɭ, ɦɚɤɫɢɦɭɦ ɹɤɨʀ ɞɨɫɹɝɚєɬɶɫɹ 
ɦɿɠ ɫɤɥɚɞɨɜɢɦɢ ɫɢɝɧɚɥɭ, ɳɨ ɩɪɨɣɲɥɢ ɱɟɪɟɡ 
ɨɞɧɚɤɨɜɿ ɥɿɧɿʀ ɡɚɬɪɢɦɤɢ τ1 ɧɚ ɩɟɪɟɞɚɜɚɥɶɧɿɣ 

ɬɚ ɩɪɢɣɦɚɥɶɧɿɣ ɫɬɨɪɨɧɚɯ.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 3. ɉɪɢɣɦɚɥɶɧɚ  ɱɚɫɬɢɧɚ  ɚɜɬɨɤɨɪɟɥɹɰɿɣ-

ɧɨʀ  ɲɢɪɨɤɨɫɦɭɝɨɜɨʀ ɫɢɫɬɟɦɢ 

 

ɉɟɪɟɜɨɪɨɬ ɮɚɡɢ ɫɢɝɧɚɥɭ ɧɚ ɩɟɪɟɞɚɜɚɱɿ ɩɪɢ-

ɜɨɞɢɬɶ ɞɨ ɡɦɿɧɢ ɡɧɚɤɭ ɚɜɬɨɤɨɪɟɥɹɰɿɣɧɨʀ ɮɭɧ-

ɤɰɿʀ ɭ ɩɪɢɣɦɚɱɿ, ɳɨ ɞɨɡɜɨɥɹє ɮɨɪɦɭɜɚɬɢ ɩɟ-
ɪɟɞɚɱɭ ɛɿɧɚɪɧɨɝɨ ɤɨɞɭ. 

 

 

 

ɒɢɪɨɤɨɫɦɭɝɨɜɢɣ ɫɢɝɧɚɥ ɡɚɛɟɡɩɟɱɭє ɜɢɫɨɤɿ 
ɩɨɤɚɡɧɢɤɢ ɫɢɫɬɟɦ ɩɟɪɟɞɚɱɿ ɤɨɦɚɧɞ ɤɟɪɭɜɚɧ-

ɧɹ, ɬɚɤɿ ɹɤ ɡɚɜɚɞɨɫɬɿɣɤɿɫɬɶ, ɩɪɢɯɨɜɚɧɿɫɬɶ,  
ɛɚɝɚɬɨɤɚɧɚɥɶɧɿɫɬɶ ɬɚ ɪɨɡɪɿɡɧɸɜɚɥɶɧɿ ɜɥɚɫɬɢ-

ɜɨɫɬɿ. ɉɨɛɭɞɨɜɚ ɤɚɧɚɥɿɜ ɤɟɪɭɜɚɧɧɹ ɟɥɟɤɬɪɨɧ-

ɧɨɸ ɩɪɨɬɢɭɝɿɧɧɨɸ ɫɢɫɬɟɦɨɸ ɚɜɬɨɦɨɛɿɥɹ ɧɚ 
ɨɫɧɨɜɿ ɲɢɪɨɤɨɫɦɭɝɨɜɢɯ ɫɢɝɧɚɥɿɜ ɞɨɡɜɨɥɢɬɶ 
ɭɧɢɤɧɭɬɢ ɧɟɞɨɥɿɤɿɜ, ɩɪɢɬɚɦɚɧɧɢɯ ɤɥɚɫɢɱɧɢɦ 

ɫɩɨɫɨɛɚɦ ɦɨɞɭɥɹɰɿʀ ɫɢɝɧɚɥɿɜ. 
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