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Ɍɚɛɥɢɰɚ γ. Ɍɪɚɫɫɢɪɨɜɤɚ ɥɭɱɟɣ ɜ ɤɨɥɢɱɟɫɬɜɟ 
1600000 ɜ ФН-ɞɟɪɟɜɟ. ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ. ɏɚɪɚɤ-
ɬɟɪɢɫɬɢɤɢ ɞɟɪɟɜɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1 

Ɇɟɬɨɞ 

ɑɢɫɥɨ ɩɨɫɟɳɟɧɧɵɯ ɭɡɥɨɜ 
(ɫɪɟɞɧɟɟ), ɨɞɢɧ ɥɭɱ 

ɒɚɝɨɜ 
ɬɪɚɜɟɪɫɚ 

Ʌɢɫɬɶɟɜ 
ɉɭɫɬɵɯ 
ɥɢɫɬɶɟɜ 

ɐɟɧɬɪ 1324,25 27,8 1037 
Ɇɟɞɢɚɧɚ 1865,75 40 1585,25 
SAH 875,25 25,5 605,25 

 
Ɍɚɛɥɢɰɚ 4. Ɍɪɚɫɫɢɪɨɜɤɚ ɥɭɱɟɣ ɜ ɤɨɥɢɱɟɫɬɜɟ 
1600000 ɜ ФН-ɞɟɪɟɜɟ. ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ. ɏɚɪɚɤ-
ɬɟɪɢɫɬɢɤɢ ɞɟɪɟɜɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1 

Ɇɟɬɨɞ 

ɑɢɫɥɨ ɩɨɫɟɳɟɧɧɵɯ ɭɡɥɨɜ 
(ɫɪɟɞɧɟɟ), ɩɚɤɟɬɵ 

ɒɚɝɨɜ 
ɬɪɚɜɟɪɫɚ 

Ʌɢɫɬɶɟɜ 
ɉɭɫɬɵɯ 
ɥɢɫɬɶɟɜ 

ɐɟɧɬɪ 1324,25 27,8 1037 
Ɇɟɞɢɚɧɚ 1865,75 40 1585,25 

SAH 875,25 25,5 605,25 
 
Ɂɚɤɥɸɱɟɧɢɟ 
ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ 

ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵμ ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɨɰɟɧɨɱ-
ɧɵɟ ɮɭɧɤɰɢɢ ɬɪɟɛɭɸɬ ɛɨɥɶɲɢɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ 
ɪɟɫɭɪɫɨɜ, ɛɥɚɝɨɞɚɪɹ ɢɦ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɞɟɪɟɜɨ, ɜ 
ɤɨɬɨɪɨɦ ɬɪɚɫɫɢɪɨɜɤɚ ɥɭɱɟɣ ɢɞɟɬ ɛɵɫɬɪɟɟ, ɱɟɦ ɜ 
ɞɟɪɟɜɶɹɯ ɩɨɫɬɪɨɟɧɧɵɯ ɝɪɭɛɵɦɢ ɦɟɬɨɞɚɦɢ. Ɍɚɤ ɠɟ 
ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɟɫɶɦɚ ɜɵɝɨɞɧɵɦ ɪɟɲɟɧɢɟɦ 
ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɚɤɟɬɧɨɣ ɬɪɚɫɫɢɪɨɜɤɢ, 
ɨɧɚ ɩɨɡɜɨɥɹɟɬ ɩɪɨɫɥɟɠɢɜɚɬɶ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ 
ɥɭɱɟɣ ɡɚ ɦɟɧɶɲɟɟ ɜɪɟɦɹ. 

 
Ʌɢɬɟɪɚɬɭɪɚ 
1. Wald I. Realtime Ray Tracing and Interac-

tive Global Illumination. 2004 – 3 – 1β4ɫ 
2. Havran V, Kopal T, Bittner J, Zara J. Fast 

robust BSP tree traversal algorithm for ray tracing, 
1998

 
ɍɋɌɊɈɃɋɌȼɈ ȾɅə ɂɁɆȿɊȿɇɂə ɌȿɆɉȿɊȺɌɍɊɕ 

Ƚɭɥɢɧ Ⱥ.Ɉ. 
Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

6γ4050, Ɋɨɫɫɢɹ, ɝ. Ɍɨɦɫɤ, ɩɪ–ɬ Ʌɟɧɢɧɚ, γ0 
E-mail: martjushev@tpu.ru 

 
ȼɜɟɞɟɧɢɟ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɤɚɤ ɮɢɡɢɱɟɫɤɚɹ ɜɟɥɢɱɢɧɚ ɹɜɥɹɟɬ-

ɫɹ ɨɞɧɢɦ ɢɡ ɨɩɪɟɞɟɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ, 
ɩɨɡɜɨɥɹɸɳɢɯ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɩɪɨɬɟɤɚɧɢɟ ɫɚɦɵɯ 
ɪɚɡɥɢɱɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ. ɂɡɦɟɪɟ-
ɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ – ɜɚɠɧɟɣɲɢɣ ɢɫɬɨɱɧɢɤ ɢɧɮɨɪ-
ɦɚɰɢɢ ɨ ɯɨɞɟ ɮɢɡɢɱɟɫɤɢɯ ɹɜɥɟɧɢɣ ɢ ɨɛ ɢɡɦɟɧɟɧɢɢ 
ɫɨɫɬɨɹɧɢɹ ɜɟɳɟɫɬɜɚ. ɉɨɫɤɨɥɶɤɭ ɢɡ ɜɫɟɯ ɬɟɪɦɨɞɢ-
ɧɚɦɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ ɫɨɫɬɨɹɧɢɹ ɜɟɳɟɫɬɜɚ ɬɟɦɩɟ-
ɪɚɬɭɪɚ ɧɚɢɛɨɥɟɟ ɢɡɭɱɟɧɚ ɜ ɦɟɬɪɨɥɨɝɢɱɟɫɤɨɦ ɨɬ-
ɧɨɲɟɧɢɢ, ɟɟ ɩɪɚɤɬɢɱɟɫɤɢ ɨɤɚɡɵɜɚɟɬɫɹ ɩɨɥɟɡɧɵɦ 
ɢɡɦɟɪɹɬɶ ɜɡɚɦɟɧ ɩɪɹɦɨɝɨ ɢɡɦɟɪɟɧɢɹ ɪɹɞɚ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤ ɨɛɴɟɤɬɚ, ɡɚɜɢɫɹɳɢɯ ɨɬ ɟɝɨ ɫɨɫɬɨɹɧɢɹ ɢ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɧɬɟɪɟɫɭɸɳɢɯ ɬɟɯɧɨɥɨɝɚ. Ʉ ɬɚ-
ɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɨɬɧɨɫɹɬɫɹ ɷɧɟɪɝɢɹ ɜɟɳɟɫɬɜɚ, 
ɟɝɨ ɯɢɦɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ, ɜɹɡɤɨɫɬɶ, ɬɜɟɪɞɨɫɬɶ, 
ɢɡɦɟɧɟɧɢɟ ɟɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɢɥɢ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨ-
ɜɟɫɢɹ, ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɫɬɪɭɤɬɭɪɵ, ɬɟɩɥɨɜɨɟ 
ɪɚɫɲɢɪɟɧɢɟ, ɢɡɦɟɧɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢ ɦɚɝɧɢɬ-
ɧɵɯ ɫɜɨɣɫɬɜ ɢ ɬ.ɞ [1]. 

ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɢɡɦɟɪɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɤɨɧ-
ɬɚɤɬɧɵɦɢ ɦɟɬɨɞɚɦɢ ɫ ɩɨɦɨɳɶɸ ɬɟɪɦɨɦɟɬɪɨɜ, 
ɩɪɢɜɨɞɢɦɵɯ ɜ ɬɟɩɥɨɜɨɣ ɤɨɧɬɚɤɬ ɫ ɨɛɴɟɤɬɨɦ ɢɡɦɟ-
ɪɟɧɢɹ, ɩɪɢɫɭɳɢ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɬɪɭɞɧɨɫɬɢ, ɪɟɡɤɨ 
ɜɨɡɪɚɫɬɚɸɳɢɟ ɩɨ ɦɟɪɟ ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ. 
ɗɬɢ ɬɪɭɞɧɨɫɬɢ ɫɜɹɡɚɧɵ ɫ ɜɵɛɨɪɨɦ ɦɚɬɟɪɢɚɥɚ ɞɥɹ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ, ɤɨɬɨɪɵɟ ɛɵ ɨɛɟɫɩɟɱɢ-
ɜɚɥɢ ɫɬɚɛɢɥɶɧɨɫɬɶ ɩɨɤɚɡɚɧɢɣ ɢ ɦɢɧɢɦɚɥɶɧɨɟ ɜɨɡ-
ɞɟɣɫɬɜɢɟ ɧɚ ɨɛɴɟɤɬ ɢɡɦɟɪɟɧɢɣ, ɫ ɜɵɛɨɪɨɦ ɢɡɨɥɹ-

ɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɬɟɪɦɨ-
ɦɟɬɪɨɜ. ɉɨɝɪɟɲɧɨɫɬɢ, ɫɜɹɡɚɧɧɵɟ ɩɪɢ ɤɨɧɬɚɤɬɧɵɯ 
ɢɡɦɟɪɟɧɢɹɯ ɫ ɧɟɫɨɜɟɪɲɟɧɫɬɜɨɦ ɬɟɩɥɨɜɨɝɨ ɪɚɜɧɨ-
ɜɟɫɢɹ ɦɟɠɞɭ ɬɟɪɦɨɦɟɬɪɨɦ ɢ ɨɛɴɟɤɬɨɦ, ɫ ɩɥɨɯɢɦ 
ɬɟɩɥɨɜɵɦ ɤɨɧɬɚɤɬɨɦ ɢ ɩɨɫɬɨɪɨɧɧɢɦɢ ɬɟɩɥɨɜɵɦɢ 
ɜɥɢɹɧɢɹɦɢ ɦɨɝɭɬ ɛɵɬɶ ɡɧɚɱɢɬɟɥɶɧɵɦɢ. Ⱦɥɹ ɪɟɚɥɢ-
ɡɚɰɢɢ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɡɚɞɚɱ ɧɚ 
ɤɚɮɟɞɪɚɯ ɆɌɆ ɢ ɉɆɗ ɛɵɥ ɢɡɨɛɪɟɬɟɧ ɩɪɢɛɨɪ ɞɥɹ 
ɚɜɬɨɦɚɬɢɱɟɫɨɣ ɮɢɤɫɚɰɢɢ ɬɨɱɧɵɯ ɡɧɚɱɟɧɢɣ ɬɟɦɩɟ-
ɪɚɬɭɪɵ ɜ ɬɟɱɟɧɢɢ ɜɪɟɦɟɧɢ ɜ ɧɟɫɤɨɥɶɤɢɯ ɬɨɱ-
ɤɚɯ ДβЖ. ɂɡɨɛɪɟɬɟɧɢɟ ɨɬɧɨɫɢɬɫɹ ɤ ɬɟɯɧɢɤɟ ɢɡɦɟɪɟ-
ɧɢɹ ɮɢɡɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɴɟɤɬɚ ɫ ɩɨɦɨɳɶɸ 
ɬɟɪɦɨɩɚɪɵ. ɉɟɪɟɞ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟɦ ɭɫɬɪɨɣɫɬɜɚ 
ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɩɨɢɫɤ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɢɯ ɚɧɚɥɨ-
ɝɨɜ ɢ ɚɧɚɥɢɡ ɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ. ɉɟɪɜɵɦ ɛɵɥɨ 
ɧɚɣɞɟɧɨ ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ, 
ɩɚɬɟɧɬ ɊɎ ʋβ4γ706κ ɨɬ β010.06.γ0 – ɩɢɪɨɦɟɬɪ, 
ɜɤɥɸɱɚɸɳɢɣ ɩɟɪɜɵɣ ɢ ɜɬɨɪɨɣ ɤɚɧɚɥɵ, ɤɚɠɞɵɣ ɢɡ 
ɤɨɬɨɪɵɯ ɫɨɞɟɪɠɢɬ ɨɩɬɨɷɥɟɤɬɪɨɧɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚ-
ɬɟɥɶ ɢ ɫɢɧɯɪɨɧɧɵɣ ɞɟɬɟɤɬɨɪ. ɉɢɪɨɦɟɬɪ ɫɨɞɟɪɠɢɬ 
ɨɩɬɢɱɟɫɤɢ ɫɜɹɡɚɧɧɵɣ ɫ ɩɟɪɜɵɦ ɢ ɜɬɨɪɵɦ ɤɚɧɚɥɚ-
ɦɢ ɦɨɞɭɥɹɬɨɪ ɢɡɥɭɱɟɧɢɹ, ɨɩɬɢɱɟɫɤɢ ɫɜɹɡɚɧɧɵɣ ɫɨ 
ɜɬɨɪɵɦ ɤɚɧɚɥɨɦ ɢɫɬɨɱɧɢɤ ɨɩɨɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɢ 
ɫɨɟɞɢɧɟɧɧɵɣ ɫ ɜɵɯɨɞɚɦɢ ɤɚɧɚɥɨɜ ɩɪɨɰɟɫɫɨɪ, ɩɨɞ-
ɤɥɸɱɟɧɧɵɣ ɤ ɪɟɝɢɫɬɪɚɬɨɪɭ ДγЖ. ɉɢɪɨɦɟɬɪ ɫɨɞɟɪ-
ɠɢɬ ɢɫɬɨɱɧɢɤ ɲɭɦɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɤɨɬɨɪɵɣ ɩɨɞ-
ɤɥɸɱɟɧ ɤ ɩɪɨɰɟɫɫɨɪɭ, ɢ ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ, ɩɨɞ-
ɤɥɸɱɟɧɧɵɣ ɤ ɢɫɬɨɱɧɢɤɭ ɲɭɦɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ ɢ 
ɫɢɧɯɪɨɧɧɵɦ ɞɟɬɟɤɬɨɪɚɦ ɨɛɨɢɯ ɤɚɧɚɥɨɜ. 
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Ɋɢɫ. 1. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 

 
ɇɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɝɨ ɢɡɨɛɪɟɬɟɧɢɹ ɹɜɥɹɟɬɫɹ ɬɨ, 

ɱɬɨ ɨɧɨ ɩɨɡɜɨɥɹɟɬ ɢɡɦɟɪɢɬɶ ɥɢɲɶ ɬɟɦɩɟɪɚɬɭɪɭ 
ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɴɟɤɬɚ. Ɍɟɦɩɟɪɚɬɭɪɭ ɜɧɭɬɪɟɧɧɢɯ 
ɫɥɨɟɜ ɨɛɴɟɤɬɚ ɢɡɦɟɪɟɧɢɹ ɫ ɩɨɦɨɳɶɸ ɷɬɨɝɨ ɩɪɢɛɨ-
ɪɚ ɢɡɦɟɪɢɬɶ ɧɟɥɶɡɹ. 

ɋɥɟɞɭɸɳɢɦ ɧɚɣɞɟɧɧɵɦ ɩɪɢɛɨɪɨɦ ɛɵɥɨ 
ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ, Ⱥɋ 
ʋ κγλγ70 ɨɬ β7.05.β005, ɫɨɞɟɪɠɚɳɟɟ ɬɟɪɦɨɱɭɜ-
ɫɬɜɢɬɟɥɶɧɵɣ ɷɥɟɦɟɧɬ, ɫɨɟɞɢɧɟɧɧɵɣ ɫ ɹɞɟɪɧɨ-
ɤɜɚɞɪɭɩɨɥɶɧɵɦ ɪɟɡɨɧɚɧɫɧɵɦ ɞɟɬɟɤɬɨɪɨɦ, ɭɫɢɥɢ-
ɬɟɥɶ, ɝɟɧɟɪɚɬɨɪ ɥɢɧɟɣɧɨ ɢɡɦɟɧɹɸɳɟɝɨɫɹ ɧɚɩɪɹɠɟ-
ɧɢɹ, ɞɜɟ ɰɟɩɢ ɩɟɪɟɫɬɪɨɣɤɢ ɪɟɡɨɧɚɧɫɧɨɣ ɱɚɫɬɨɬɵ, 
ɤɨɦɦɭɬɢɪɭɸɳɢɣ ɤɥɸɱ, ɩɨɪɨɝɨɜɵɣ ɛɥɨɤ, ɜɯɨɞ ɤɨ-
ɬɨɪɨɝɨ ɩɨɞɤɥɸɱɟɧ ɤ ɜɵɯɨɞɭ ɭɫɢɥɢɬɟɥɹ, ɚ ɨɞɢɧ ɢɡ 
ɜɵɯɨɞɨɜ ɛɥɨɤɚ ɤ ɛɥɨɤɢɪɭɸɳɟɦɭ ɜɯɨɞɭ ɝɟɧɟɪɚɬɨɪɚ 
ɥɢɧɟɣɧɨ ɢɡɦɟɧɹɸɳɟɝɨɫɹ ɧɚɩɪɹɠɟɧɢɹν ɜɬɨɪɨɣ ɜɵ-
ɯɨɞ – ɢɧɜɟɪɫɧɵɣ – ɤ ɭɩɪɚɜɥɹɸɳɟɝɨ ɜɯɨɞɭ ɤɨɦɦɭ-
ɬɢɪɭɸɳɟɝɨ ɤɥɸɱɚ, ɢ ɜɤɥɸɱɟɧɧɨɝɨ ɜ ɰɟɩɶ ɢɧɮɨɪ-
ɦɚɰɢɨɧɧɨɝɨ ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɝɨ ɜɵɯɨɞɚ ɹɞɟɪɧɨ-
ɤɜɚɞɪɭɩɨɥɶɧɨɝɨ ɞɟɬɟɤɬɨɪɚ, ɚɧɚɥɨɝɨɜɵɣ ɜɵɯɨɞ ɤɨ-
ɬɨɪɨɝɨ ɩɨɞɤɥɸɱɟɧ ɱɟɪɟɡ ɭɫɢɥɢɬɟɥɶ ɤ ɨɞɧɨɣ ɢɡ ɰɟ-
ɩɟɣ ɩɟɪɟɫɬɪɨɣɤɢ ɪɟɡɨɧɚɧɫɧɨɣ ɱɚɫɬɨɬɵ, ɚ ɜɬɨɪɚɹ 
ɰɟɩɶ ɩɟɪɟɫɬɪɨɣɤɢ ɪɟɡɨɧɚɧɫɧɨɣ ɱɚɫɬɨɬɵ ɩɨɞɤɥɸ-
ɱɟɧɚ ɤ ɜɵɯɨɞɭ ɦɨɫɬɨɜɨɣ ɫɯɟɦɵ Д4Ж. ȼ ɭɫɬɪɨɣɫɬɜɨ 
ɜɜɟɞɟɧɵ ɞɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɦɨɫɬɨɜɚɹ ɫɯɟɦɚ 
ɢɡɦɟɪɟɧɢɹ ɟɝɨ ɫɢɝɧɚɥɚ. ȼ ɭɫɬɪɨɣɫɬɜɟ ɩɨɪɨɝɨɜɵɣ 
ɛɥɨɤ ɜɵɩɨɥɧɟɧ ɜ ɜɢɞɟ ɬɪɢɝɝɟɪɚ ɒɦɢɞɬɚ. 

ɇɟɞɨɫɬɚɬɤɨɦ ɭɫɬɪɨɣɫɬɜɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɧɨ 
ɩɨɡɜɨɥɹɟɬ ɢɡɦɟɪɹɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɥɢɲɶ ɜ ɨɞɧɨɣ 
ɬɨɱɤɟ ɢ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɨ ɜ ɢɡɝɨɬɨɜɥɟɧɢɢ ɢɡ-ɡɚ 
ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɦɟɧɬɨɜ. 

ɇɚɢɛɨɥɟɟ ɛɥɢɡɤɢɦ ɤ ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɬɪɟɛɨɜɚ-
ɧɢɹɦ ɫɬɚɥɨ ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭ-
ɪɵ ɫ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦ ɨɬɫɱɟɬɨɦ (ɩɚɬɟɧɬ ɊɎ 
ʋ β0170κκ). ɂɡɨɛɪɟɬɟɧɢɟ ɨɬɧɨɫɢɬɫɹ ɤ ɬɟɦɩɟɪɚ-
ɬɭɪɧɵɦ ɢɡɦɟɪɟɧɢɹɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɪɦɨɩɚɪɵ, 
ɞɚɬɱɢɤɚ ɬɟɦɩɟɪɚɬɭɪɵ, ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɞɢɮɮɟ-

ɪɟɧɰɢɚɥɶɧɨɝɨ ɭɫɢɥɢɬɟɥɹ, ɢɫɬɨɱɧɢɤɚ ɨɩɨɪɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ [5]. 

ɇɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɝɨ ɢɡɨɛɪɟɬɟɧɢɹ ɹɜɥɹɟɬɫɹ ɟɝɨ 
ɧɟɫɩɨɫɨɛɧɨɫɬɶ ɢɡɦɟɪɹɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨ ɬɟɦɩɟɪɚ-
ɬɭɪɭ ɜ ɧɟɫɤɨɥɶɤɢɯ ɬɨɱɤɚɯ, ɤɪɨɦɟ ɬɨɝɨ ɞɚɧɧɵɣ 
ɩɪɢɛɨɪ ɧɟ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɡɚɩɢɫɶ ɡɧɚɱɟɧɢɣ 
ɢɡɦɟɪɟɧɢɣ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɣ ɨɛɪɚɛɨɬɤɢ. 

ȼ ɢɬɨɝɟ ɡɚɞɚɱɚ ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɫɬɚɥɨ ɫɨɡɞɚɧɢɟ 
ɢɡɦɟɪɢɬɟɥɹ, ɨɞɧɨɜɪɟɦɟɧɧɨ ɫɧɢɦɚɸɳɟɝɨ ɩɨɤɚɡɚɧɢɹ 
ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɜ ɧɟɫɤɨɥɶɤɢɯ ɬɨɱɤɚɯ ɢɫ-
ɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ ɢ ɫɨɯɪɚɧɹɸɳɟɝɨ ɢɯ ɞɥɹ ɞɚɥɶ-
ɧɟɣɲɟɣ ɨɛɪɚɛɨɬɤɢ. 

ɋɩɪɨɟɤɬɢɪɨɜɚɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɢɡɦɟɪɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ, ɫɨɞɟɪɠɢɬ ɬɟɪɦɨɩɚɪɵ, ɞɢɮɮɟɪɟɧɰɢ-
ɚɥɶɧɵɟ ɭɫɢɥɢɬɟɥɢ. Ʉɚɠɞɚɹ ɢɡ ɬɟɪɦɨɩɚɪ ɩɨɞɤɥɸ-
ɱɟɧɚ ɤ ɜɯɨɞɭ ɫɜɨɟɝɨ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɫɢɥɢɬɟ-
ɥɹ, ɜɵɯɨɞ ɤɨɬɨɪɨɝɨ ɩɨɞɤɥɸɱɟɧ ɤ ɜɯɨɞɭ ɨɛɳɟɝɨ 
ɤɨɦɩɚɪɚɬɨɪɚ. Ʉɨɦɩɚɪɚɬɨɪ ɩɨɞɤɥɸɱɟɧ ɤ ɜɯɨɞɭ ɚɧɚ-
ɥɨɝɨɜɨ-ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ, ɜɵɯɨɞ ɤɨɬɨ-
ɪɨɝɨ ɩɨɞɤɥɸɱɟɧ ɤ ɜɯɨɞɭ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɢ ɫɨ-
ɟɞɢɧɟɧɧɨɝɨ ɩɟɪɜɨɣ ɲɢɧɨɣ ɨɛɦɟɧɚ ɞɚɧɧɵɯ ɫ ɤɥɚ-
ɜɢɚɬɭɪɨɣ, ɜɬɨɪɨɣ ɲɢɧɨɣ ɨɛɦɟɧɚ ɞɚɧɧɵɣ ɫ ɩɨɪɬɨɦ 
ɫɜɹɡɢ ɫ ɤɨɦɩɶɸɬɟɪɨɦ RSβγβ, ɩɟɪɜɵɣ ɜɵɯɨɞ ɤɨɬɨ-
ɪɨɝɨ ɫɨɟɞɢɧɟɧ ɫ ɜɯɨɞɨɦ ɰɢɮɪɨɜɨɝɨ ɢɧɞɢɤɚɬɨɪɚ ɢ 
ɜɬɨɪɵɦ ɜɵɯɨɞɨɦ ɫ ɜɯɨɞɨɦ ɤɨɦɩɚɪɚɬɨɪɚ ɞɥɹ ɨɛɪɚ-
ɡɨɜɚɧɢɹ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ. 

Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɫɨɯɪɚɧɹɟɬ ɞɚɧɧɵɟ ɢ ɩɪɢ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜɵɜɨɞɢɬ ɢɯ ɧɚ ɩɟɪɫɨɧɚɥɶɧɵɣ ɤɨɦ-
ɩɶɸɬɟɪ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɨɛɪɚɛɨɬɤɢ. ɋ ɩɨɦɨɳɶɸ 
ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɦɨɠɟɬ ɭɩɪɚɜ-
ɥɹɬɶ ɪɚɛɨɬɨɣ ɤɨɦɩɚɪɚɬɨɪɚ, ɡɚɞɚɜɚɹ ɝɪɚɧɢɰɵ ɩɪɢ-
ɧɢɦɚɟɦɨɝɨ ɫɢɝɧɚɥɚ ɫ ɬɟɪɦɨɩɚɪ [6]. 

ɇɚ ɪɢɫɭɧɤɟ 1 ɢɡɨɛɪɚɠɟɧɚ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ 
ɫɯɟɦɚ ɪɚɛɨɬɵ ɡɚɹɜɥɹɟɦɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɢɡɦɟɪɟ-
ɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ. 

Ɍɟɯɧɢɱɟɫɤɢɣ ɪɟɡɭɥɶɬɚɬ, ɩɨɥɭɱɚɟɦɵɣ ɩɪɢ ɢɡɝɨ-
ɬɨɜɥɟɧɢɢ ɭɫɬɪɨɣɫɬɜɚ, ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ. 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɤɥɸɱɟɧɢɹ ɜ ɫɯɟɦɭ ɪɚɛɨɬɵ ɤɨɦɩɚɪɚ-
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ɬɨɪɚ γ ɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ 5 ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠ-
ɧɨɫɬɶ ɩɨɥɭɱɚɬɶ ɞɚɧɧɵɟ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɫ 
ɧɟɫɤɨɥɶɤɢɯ ɬɟɪɦɨɩɚɪ 1-N ɨɞɧɨɜɪɟɦɟɧɧɨ, ɫɨɯɪɚ-
ɧɹɬɶ ɢɯ ɢ ɩɟɪɟɞɚɜɚɬɶ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɨɛɪɚɛɨɬɤɢ. 
ɇɚ ɩɭɬɢ ɞɜɢɠɟɧɢɹ ɫɢɝɧɚɥɚ ɨɬ ɬɟɪɦɨɩɚɪ 1-σ, ɫɨ-
ɟɞɢɧɟɧɧɵɯ ɫ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦɢ ɭɫɢɥɢɬɟɥɹɦɢ 
Ⱦɍ1, Ⱦɍβ, …, Ⱦɍ σ ɤ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɭ 5 ɪɚɫɩɨ-
ɥɨɠɟɧ ɤɨɦɩɚɪɚɬɨɪ γ. Ʉɨɦɩɚɪɚɬɨɪ γ ɨɬɫɟɤɚɟɬ ɧɟɩɨ-
ɩɚɞɚɸɳɢɟ ɜ ɢɧɬɟɪɜɚɥ ɬɟɦɩɟɪɚɬɭɪ ɡɧɚɱɟɧɢɹ, ɡɚɬɟɦ 
ɫɢɝɧɚɥ ɫ ɩɨɦɨɳɶɸ Ⱥɐɉ 4 ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɰɢɮɪɨ-
ɜɭɸ ɮɨɪɦɭ ɢ ɭɠɟ ɧɭɠɧɵɟ ɞɚɧɧɵɟ ɩɨɩɚɞɚɸɬ ɞɥɹ 
ɨɛɪɚɛɨɬɤɢ ɧɚ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ 5. ɉɪɢɱɟɦ, ɧɚɥɢ-
ɱɢɟ ɤɨɦɩɚɪɚɬɨɪɚ γ ɦɟɠɞɭ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɦ 5 ɢ 
ɬɟɪɦɨɩɚɪɨɣ 1 ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɩɪɢɧɢɦɚɬɶ ɫɢɝɧɚɥ ɫ ɧɟɫɤɨɥɶɤɢɯ ɬɟɪɦɨɩɚɪ 1-σ ɫɪɚ-
ɡɭ. Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ 5 ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɱɟɪɟɡ 
ɨɛɪɚɬɧɭɸ ɫɜɹɡɶ ɭɩɪɚɜɥɹɬɶ ɪɚɛɨɬɨɣ ɤɨɦɩɚɪɚɬɨɪɚ 3, 
ɧɚɫɬɪɚɢɜɚɬɶ ɪɚɛɨɱɢɟ ɢɧɬɟɪɜɚɥɵ ɬɟɦɩɟɪɚɬɭɪ, ɜɨɫ-
ɩɪɢɧɢɦɚɟɦɵɟ ɤɨɦɩɚɪɚɬɨɪɨɦ 3. Ɍɚɤɠɟ ɦɢɤɪɨ-
ɤɨɧɬɪɨɥɥɟɪ 5 ɜɵɜɨɞɢɬ ɩɨɥɭɱɚɟɦɵɟ ɞɚɧɧɵɟ ɧɚ ɢɧ-
ɞɢɤɚɬɨɪ 7, ɜɵɜɨɞɢɬ ɞɚɧɧɵɟ ɱɟɪɟɡ ɩɨɪɬ RS232 κ ɧɚ 
ɤɨɦɩɶɸɬɟɪ. ɍɩɪɚɜɥɟɧɢɟ ɪɚɛɨɬɨɣ ɦɢɤɪɨɤɨɧɬɪɨɥ-
ɥɟɪɚ 5 ɢ ɭɫɬɪɨɣɫɬɜɚ ɜ ɰɟɥɨɦ ɨɫɭɳɟɫɬɜɥɹɸɬ ɱɟɪɟɡ 
ɤɥɚɜɢɚɬɭɪɭ 6. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ 
ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɜɵɩɨɥɧɟɧɵ ɩɪɢ ɩɨɞɞɟɪɠɤɟ 
ɝɪɚɧɬɵ ɉɪɟɡɢɞɟɧɬɚ ɊɎ εK-6661.2013.8. 
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ȼɜɟɞɟɧɢɟ 
ȼɟɪɬɢɤɚɥɶɧɨɟ ɫɟɣɫɦɢɱɟɫɤɨɟ ɩɪɨɮɢɥɢɪɨɜɚɧɢɟ 

(ȼɋɉ) – ɨɞɢɧ ɢɡ ɦɟɬɨɞɨɜ ɫɤɜɚɠɢɧɧɨɣ ɫɟɣɫɦɨɪɚɡ-
ɜɟɞɤɢ, ɜ ɨɫɧɨɜɟ ɤɨɬɨɪɨɝɨ ɥɟɠɢɬ ɢɡɭɱɟɧɢɟ ɨɫɨɛɟɧ-
ɧɨɫɬɟɣ ɜɨɥɧɨɜɨɝɨ ɩɨɥɹ ɜɨ ɜɧɭɬɪɟɧɧɢɯ ɬɨɱɤɚɯ ɫɪɟ-
ɞɵ. Ɉɛɳɟɣ ɡɚɞɚɱɟɣ ȼɋɉ, ɤɚɤ ɢ ɥɸɛɨɝɨ ɞɪɭɝɨɝɨ 
ɦɟɬɨɞɚ ɢɡɭɱɟɧɢɹ ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɫɪɟɞ, ɹɜɥɹɟɬɫɹ 
ɭɬɨɱɧɟɧɢɟ ɚɩɪɢɨɪɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɦɨɞɟɥɢ ɫɪɟ-
ɞɵ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɨɫɬɪɨɟɧɢɟ ɩɥɚɫɬɨɜɨɣ ɦɨɞɟɥɢ 
ɫɪɟɞɵ. ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨ-
ɫɬɟɣ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɫɟɣɫɦɢɱɟɫɤɢɯ ɜɨɥɧ ɜ ɪɟɚɥɶ-
ɧɵɯ ɫɪɟɞɚɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɧɨɠɟɫɬɜɨɦ ɮɚɤɬɨɪɨɜ, 
ɝɥɚɜɧɵɦ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɸɬɫɹ ɞɜɚ - ɫɥɨɢɫɬɨɫɬɶ ɢ 
ɝɨɪɧɨɟ ɞɚɜɥɟɧɢɟ. Ⱦɟɣɫɬɜɢɟ ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɨɫɥɨɠɧɹɟɬ ɯɚɪɚɤɬɟɪ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɮɢ-
ɡɢɤɨ-ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɝɨɪɧɵɯ ɩɨɪɨɞ ɩɨ ɝɨ-
ɪɢɡɨɧɬɚɥɢ ɢ ɜɟɪɬɢɤɚɥɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɩɪɟɞɟɥɟ-
ɧɢɟ ɡɧɚɱɟɧɢɣ ɫɤɨɪɨɫɬɟɣ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɭɩɪɭɝɢɯ 
ɜɨɥɧ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɱɟɧɶ 
ɫɥɨɠɧɭɸ ɮɭɧɤɰɢɸ ɤɨɨɪɞɢɧɚɬ ɩɪɨɫɬɪɚɧɫɬɜɚ. Ɉɞ-
ɧɚɤɨ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɪɟɚɥɶɧɨɣ ɜɨɡɦɨɠɧɨɫɬɢ ɪɟ-
ɲɟɧɢɹ ɩɪɢɤɥɚɞɧɵɯ ɡɚɞɚɱ ɜ ɫɟɣɫɦɨɪɚɡɜɟɞɤɟ ɧɟɨɛ-
ɯɨɞɢɦɨ ɩɪɢɛɟɝɚɬɶ ɤ ɩɨɫɬɪɨɟɧɢɸ ɭɩɪɨɳɟɧɧɨɣ ɫɟɣ-
ɫɦɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɢɡɭɱɚɟɦɨɣ ɫɪɟɞɵ. Ɉɫɧɨɜɨɣ ɬɚ-

ɤɨɝɨ ɭɩɪɨɳɟɧɢɹ ɹɜɥɹɟɬɫɹ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɫɟɣ-
ɫɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɫɥɨɹ Д1Ж. ɐɟɥɶɸ ɩɪɟɞɫɬɚɜ-
ɥɟɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɨɫɬɪɨɟɧɢɟ ɮɢɡɢɱɟɫɤɨɣ 
ɦɨɞɟɥɢ ɫɪɟɞɵ. 

ɉɨɞ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ ɜ ɫɟɣ-
ɫɦɨɪɚɡɜɟɞɤɟ ɩɨɞɪɚɡɭɦɟɜɚɸɬ ɩɪɨɰɟɞɭɪɵ ɩɨɫɬɪɨɟ-
ɧɢɹ ɫɟɣɫɦɨɝɟɨɥɨɝɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ 
ɨɩɢɫɚɧɢɟ ɟɟ ɩɚɪɚɦɟɬɪɨɜ, ɪɚɫɱɟɬɵ ɜɨɥɧɨɜɵɯ ɩɨɥɟɣ 
ɞɥɹ ɡɚɞɚɧɧɵɯ ɫɯɟɦ ɧɚɛɥɸɞɟɧɢɣ, ɨɛɪɚɛɨɬɤɭ ɢ ɢɧ-
ɬɟɪɩɪɟɬɚɰɢɸ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ. ɂɧɬɟɪɩɪɟɬɚ-
ɰɢɹ ɪɟɚɥɶɧɵɯ ɜɨɥɧɨɜɵɯ ɩɨɥɟɣ ɧɚ ɨɫɧɨɜɟ ɦɚɬɟɦɚ-
ɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɟɞɩɨɥɚɝɚɟɬ ɭɬɨɱɧɟɧɢɟ 
ɚɩɪɢɨɪɧɨɣ ɦɨɞɟɥɢ, ɩɪɨɜɟɞɟɧɢɟ ɧɨɜɵɯ ɪɚɫɱɟɬɨɜ 
ɜɨɥɧɨɜɵɯ ɩɨɥɟɣ, ɫɪɚɜɧɟɧɢɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɫɟɣ-
ɫɦɨɝɪɚɦɦ ɫ ɪɟɚɥɶɧɵɦɢ [2]. 

 
Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɦɨɞɟɥɢ 
Ʉɚɤ ɩɪɚɜɢɥɨ, ɦɨɞɟɥɶ ɨɩɢɫɵɜɚɟɬɫɹ ɝɪɚɧɢɱɧɵɦɢ 

ɭɫɥɨɜɢɹɦɢ ɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɥɚɫɬɨɜ ɜ ɨɬɞɟɥɶɧɵɯ 
ɬɨɱɤɚɯ ɫɪɟɞɵ, ɚ ɞɥɹ ɪɚɫɱɟɬɚ ɜɨɥɧɨɜɵɯ ɩɨɥɟɣ ɜ 
ɞɜɭɦɟɪɧɵɯ ɢ ɬɪɟɯɦɟɪɧɵɯ ɫɪɟɞɚɯ ɬɪɟɛɭɟɬɫɹ ɧɚɯɨ-
ɞɢɬɶ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ ɜ ɥɸɛɨɣ ɬɨɱɤɟ, ɱɬɨ ɬɪɟɛɭ-
ɟɬ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ 
ɦɨɞɟɥɢ. Ⱦɚɥɟɟ ɪɚɫɫɦɨɬɪɢɦ ɦɨɞɟɥɶ ɝɨɪɢɡɨɧɬɚɥɶɧɨ-


