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METHODOLOGY OF CREATION OF THE EXPERT SYSTEM  
OF INTEGRATED DIAGNOSTICS AND CONTROL

OF THE STUDIES QUALITY 
. ɉɿɞɜɢɳɟɧɧɹ ɹɤɨɫɬɿ ɧɚɜɱɚɧɧɹ ɬɚ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɨɫɜɿɬɢ ɡɚɜɞɹɤɢ ɪɨɡɪɨɛɰɿ ɬɚ ɜɬɿɥɟɧɧɸ ɭ ɧɚɜɱɚɥɶɧɢɣ

ɩɪɨɰɟɫ ɟɤɫɩɟɪɬɧɨʀ ɫɢɫɬɟɦɢ ɿɧɬɟɝɪɨɜɚɧɨʀ ɞɿɚɝɧɨɫɬɢɤɢ ɬɚ ɭɩɪɚɜɥɿɧɧɹ ɹɤɿɫɬɸ ɚɭɞɢɬɨɪɧɨʀ ɬɚ ɫɚɦɨɫɬɿɣɧɨʀ ɮɨɪɦ ɧɚ-
ɜɱɚɧɧɹ ɭ ɜɢɳɨɦɭ ɧɚɜɱɚɥɶɧɨɦɭ ɡɚɤɥɚɞɿ.

. Ɇɟɬɨɞɢɤɚ ɞɨɫɥɿɞɠɟɧɶ ɛɚɡɭɽɬɶɫɹ ɧɚ ɫɢɫɬɟɦɧɨɦɭ ɚɧɚɥɿɡɿ ɫɤɥɚɞɧɢɯ ɫɢɫɬɟɦ ɬɚ ɬɟɨɪɿʀ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɨɛɪɚɡɿɜ.
. Ɋɟɡɭɥɶɬɚɬɚɦɢ ɞɨɫɥɿɞɠɟɧɶ ɽ: ɮɨɪɦɚɥɿɡɚɰɿɹ ɦɟɬɨɞɢɤɢ ɫɬɪɭɤɬɭɪɢɡɚɰɿʀ ɧɚɜɱɚɥɶɧɨɝɨ ɦɚɬɟɪɿɚɥɭ, ɳɨ

ɡɚɛɟɡɩɟɱɭɽ ɤɨɦɩɚɤɬɧɟ ɡɛɟɪɿɝɚɧɧɹ ɬɚ ɲɜɢɞɤɢɣ ɩɨɲɭɤ ɩɚɤɟɬɿɜ ɩɨɪɰɿɣ ɡɤɨɪɪɟɥɶɨɜɚɧɢɯ ɮɨɪɦ ɧɚɜɱɚɥɶɧɨɝɨ ɤɨɧɬɟɧ-
ɬɭ; ɪɨɡɪɨɛɤɚ ɦɨɞɟɥɿ ɿɧɬɟɝɪɨɜɚɧɨʀ ɞɿɚɝɧɨɫɬɢɤɢ ɹɤɨɫɬɿ ɧɚɜɱɚɧɧɹ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɿɧɫɬɪɭɦɟɧɬɿɜ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɨɛ-
ɪɚɡɿɜ, ɳɨ ɡɚɛɟɡɩɟɱɭɽ ɿɧɬɟɥɟɤɬɭɚɥɶɧɢɣ ɚɧɚɥɿɡ ɫɬɭɩɟɧɸ ɫɚɦɨɫɬɿɣɧɨɝɨ, ɩɨɬɨɱɧɨɝɨ ɬɚ ɩɿɞɫɭɦɤɨɜɨɝɨ ɡɚɫɜɨɽɧɧɹ ɧɚ-
ɜɱɚɥɶɧɨɝɨ ɦɚɬɟɪɿɚɥɭ, ɟɮɟɤɬɢɜɧɨɫɬɿ ɨɪɝɚɧɿɡɚɰɿʀ ɿɧɞɢɜɿɞɭɚɥɶɧɨʀ ɪɨɛɨɬɢ ɫɬɭɞɟɧɬɿɜ; ɹɤɨɫɬɿ ɨɪɝɚɧɿɡɚɰɿʀ ɡɜɨɪɨɬɧɨɝɨ
ɡɜ’ɹɡɤɭ (ɧɚɞɿɣɧɨɫɬɿ ɬɚ ɜɚɥɿɞɧɨɫɬɿ ɬɟɫɬɨɜɨɝɨ ɦɚɬɟɪɿɚɥɭ).  

. ɇɚɭɤɨɜɚ ɧɨɜɢɡɧɚ ɫɤɥɚɞɚɽɬɶɫɹ ɭ ɩɨɫɬɚɧɨɜɰɿ ɬɚ ɜɢɪɿɲɟɧɧɿ ɩɪɨɛɥɟɦɢ ɜɞɨɫɤɨɧɚɥɟɧɧɹ ɿɧ-
ɫɬɪɭɦɟɧɬɿɜ ɞɿɚɝɧɨɫɬɢɤɢ ɬɚ ɭɩɪɚɜɥɿɧɧɹ ɹɤɿɫɬɸ ɧɚɜɱɚɧɧɹ ɭ ȼɇɁ ɲɥɹɯɨɦ ɨɛʉɪɭɧɬɭɜɚɧɧɹ ɞɨɰɿɥɶɧɨɫɬɿ ɬɚ ɟɮɟɤɬɢɜɧɨ-
ɫɬɿ ɡɚɫɬɨɫɭɜɚɧɧɹ ɱɨɬɢɪɶɨɯ ɤɪɢɬɟɪɿʀɜ ɿɧɬɟɝɪɨɜɚɧɨʀ ɞɿɚɝɧɨɫɬɢɤɢ ɹɤɨɫɬɿ ɧɚɜɱɚɧɧɹ, ɚ ɫɚɦɟ ɤɪɢɬɟɪɿɸ ɤɿɥɶɤɿɫɧɨɝɨ ɪɿɜ-
ɧɹ ɨɩɚɧɭɜɚɧɧɹ ɧɚɜɱɚɥɶɧɢɦ ɦɚɬɟɪɿɚɥɨɦ, ɬɚ ɤɪɢɬɟɪɿʀɜ ɹɤɿɫɧɨɝɨ ɪɿɜɧɹ ɨɩɚɧɭɜɚɧɧɹ ɧɚɜɱɚɥɶɧɢɦ ɦɚɬɟɪɿɚɥɨɦ – 
ɤɨɟɮɿɰɿɽɧɬɭ ɤɨɪɟɥɹɰɿʀ ɦɿɠ ɪɹɞɚɦɢ ɮɚɤɬɢɱɧɨɝɨ ɬɚ ɧɨɪɦɚɬɢɜɧɨɝɨ ɱɚɫɭ, ɳɨ ɜɢɬɪɚɱɟɧɨ ɧɚ ɜɿɪɧɿ ɜɿɞɩɨɜɿɞɿ ɧɚ ɬɟɫɬɨɜɿ
ɡɚɜɞɚɧɧɹ, ɤɨɟɮɿɰɿɽɧɬɭ ɡɦɿɳɟɧɧɹ ɩɨɪɹɞɤɭ ɜɢɛɨɪɭ ɬɟɫɬɨɜɢɯ ɡɚɜɞɚɧɶ ɜɿɞɧɨɫɧɨ ɜɫɬɚɧɨɜɥɟɧɨɝɨ ɩɨɪɹɞɤɭ ʀɯ ɜɢɜɨɞɭ ɧɚ
ɟɤɪɚɧ ɬɚ ɤɨɟɮɿɰɿɽɧɬɭ ɜɢɛɨɪɭ ɬɟɫɬɨɜɢɯ ɡɚɜɞɚɧɶ ɞɥɹ ɩɨɜɬɨɪɧɨʀ ɜɿɞɩɨɜɿɞɿ.

. ɉɪɚɤɬɢɱɧɚ ɡɧɚɱɭɳɿɫɬɶ ɪɨɛɨɬɢ ɩɨɥɹɝɚɽ ɭ ɮɨɪɦɭɜɚɧɧɿ ɟɤɫɩɟɪɬɧɨʀ ɛɚɡɢ ɡɧɚɧɶ ɬɚ ɚɥɝɨ-
ɪɢɬɦɭ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨʀ ɩɿɞɬɪɢɦɤɢ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɧɹ ɳɨɞɨ ɜɢɡɧɚɱɟɧɧɹ ɧɚɣɛɿɥɶɲ ɟɮɟɤɬɢɜɧɢɯ ɮɨɪɦ ɧɚɜɱɚɥɶɧɨʀ
ɪɨɛɨɬɢ ɬɚ ɧɚɜɱɚɥɶɧɢɯ ɟɥɟɦɟɧɬɿɜ (ɩɨɪɰɿɣ), ɳɨ ɩɨɬɪɟɛɭɸɬɶ ɰɿɥɟɫɩɪɹɦɨɜɚɧɢɯ ɮɨɪɦ ɪɨɡ’ɹɫɧɟɧɧɹ ɚɛɨ ɡɚɤɪɿɩɥɟɧɧɹ, ɚ
ɬɚɤɨɠ ɧɚɞɚɧɧɹ ɦɨɠɥɢɜɨɫɬɿ ɚɜɬɨɦɚɬɢɡɨɜɚɧɨɝɨ ɧɚɫɬɪɨɸɜɚɧɧɹ ɩɨɬɨɱɧɨɝɨ ɫɥɚɣɞ-ɤɨɧɫɩɟɤɬɭ ɥɟɤɰɿɣ ɚɛɨ ɩɨɪɰɿɣ
ɩɪɚɤɬɢɱɧɢɯ (ɥɚɛɨɪɚɬɨɪɧɢɯ) ɪɨɛɿɬ. Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɤɨɧɰɟɩɰɿʀ ɦɚɤɫɢɦɚɥɶɧɨ ɟɮɟɤɬɢɜɧɨʀ ɿɧɬɟɝɪɚɰɿʀ ɟɤɫɩɟɪɬɧɨʀ ɫɢɫ-
ɬɟɦɢ ɜ ɧɚɜɱɚɥɶɧɟ ɿɧɮɨɪɦɚɰɿɣɧɟ ɫɟɪɟɞɨɜɢɳɟ ɜɢɳɢɯ ɧɚɜɱɚɥɶɧɢɯ ɡɚɤɥɚɞɿɜ ɍɤɪɚʀɧɢ. ȿɤɫɩɟɪɬɧɚ ɫɢɫɬɟɦɚ, ɳɨ ɜɬɿɥɸɽ
ɦɟɬɨɞɨɥɨɝɿɸ ɚɜɬɨɪɿɜ, ɪɟɚɥɿɡɨɜɚɧɚ ɧɚ ɤɚɮɟɞɪɿ ɟɤɨɧɨɦɿɱɧɨʀ ɤɿɛɟɪɧɟɬɢɤɢ ɿ ɦɚɬɟɦɚɬɢɱɧɢɯ ɦɟɬɨɞɿɜ ɜ ɟɤɨɧɨɦɿɰɿ
Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ ɿɦ. Ⱥ. ɇɨɛɟɥɹ. Ⱥɩɪɨɛɚɰɿɹ ɰɿɽʀ ɫɢɫɬɟɦɢ, ɲɥɹɯɨɦ ɨɪɝɚɧɿɡɚɰɿʀ ɧɚɜɱɚɥɶɧɨɝɨ ɩɪɨ-
ɰɟɫɭ ɡɚ ɩɪɨɮɿɥɶɧɢɦɢ ɞɢɫɰɢɩɥɿɧɚɦɢ ɫɬɭɞɟɧɬɿɜ II–IV ɤɭɪɫɿɜ ɧɚɩɪɹɦɭ 6.030502– „ȿɤɨɧɨɦɿɱɧɚ ɤɿɛɟɪɧɟɬɢɤɚ“, ɞɨɡɜɨ-
ɥɢɥɚ ɡɚ ɩɟɪɿɨɞ ɞɜɨɯ ɧɚɜɱɚɥɶɧɢɯ ɫɟɦɟɫɬɪɿɜ ɩɿɞɜɢɳɢɬɢ ʀɯ ɚɛɫɨɥɸɬɧɭ ɭɫɩɿɲɧɿɫɬɶ ɭ ɫɟɪɟɞɧɶɨɦɭ ɧɚ 10–15%. 
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. 3 ɋɭɱɚɫɧɿ ɟɤɨɧɨɦɿɱɧɿ ɬɚ ɫɨɰɿɨɤɭɥɶɬɭɪɧɿ ɭɦɨ-
ɜɢ ɜɢɡɧɚɱɢɥɢ ɨɫɧɨɜɧɿ ɩɪɢɧɰɢɩɢ Ȼɨɥɨɧɫɶɤɨɝɨ ɩɪɨɰɟɫɭ,
ɡɭɦɨɜɢɥɢ ɧɟɨɛɯɿɞɧɿɫɬɶ ɮɨɪɦɭɜɚɧɧɹ ɧɨɜɨɝɨ ɪɨɡɭɦɿɧɧɹ
ɹɤɨɫɬɿ ɨɫɜɿɬɢ ɜ ɭɦɨɜɚɯ ɣɨɝɨ ɦɨɞɟɪɧɿɡɚɰɿʀ. ɍ ɰɶɨɦɭ ɤɨɧ-
ɬɟɤɫɬɿ ɩɨɫɬɭɩɨɜɨ ɡɦɿɧɸɽɬɶɫɹ ɣ ɤɨɧɰɟɩɰɿɹ ɮɨɪɦɭɥɸ-
ɜɚɧɧɹ ɦɟɬɢ ɧɚɜɱɚɥɶɧɨɝɨ ɩɪɨɰɟɫɭ – ɧɟ ɬɿɥɶɤɢ (ɿ ɧɟ ɫɬɿ-
ɥɶɤɢ) ɩɨɥɿɩɲɟɧɧɹ ɹɤɨɫɬɿ ɜɢɤɥɚɞɚɧɧɹ, ɚ ɣ ɩɨɫɬɿɣɧɟ
ɩɿɞɜɢɳɟɧɧɿ ɹɤɨɫɬɿ ɧɚɜɱɚɧɧɹ ɬɚ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɨɫɜɿɬɢ.
ȱɧɧɨɜɚɰɿɣɧɚ ɠ ɫɤɥɚɞɨɜɚ ɨɫɜɿɬɧɶɨɝɨ ɩɪɨɰɟɫɭ ɜ ɧɨɜɿɣ
ɩɚɪɚɞɢɝɦɿ ɜɢɳɨʀ ɨɫɜɿɬɢ ɩɟɪɟɞɛɚɱɚɽ ɧɚɫɬɭɩɧɿ ɡɦɿɧɢ:

1. ɉɟɪɟɪɨɡɩɨɞɿɥ ɱɚɫɭ ɦɿɠ ɫɚɦɨɫɬɿɣɧɨɸ ɿ ɚɭɞɢɬɨɪɧɨɸ
ɪɨɛɨɬɨɸ ɧɚ ɤɨɪɢɫɬɶ ɩɟɪɲɨʀ ɬɚ ɨɞɧɨɱɚɫɧɟ ɡɛɿɥɶɲɟɧɧɹ ɱɚ-
ɫɭ ɨɫɨɛɢɫɬɨɝɨ ɫɩɿɥɤɭɜɚɧɧɹ ɫɬɭɞɟɧɬɿɜ ɡ ɜɢɤɥɚɞɚɱɟɦ.
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2. Ɋɨɡɪɨɛɤɚ ɬɚ ɜɢɤɨɪɢɫɬɚɧɧɹ ɫɭɱɚɫɧɢɯ ɦɟɬɨɞɨɥɨ-
ɝɿɣ ɨɪɝɚɧɿɡɚɰɿʀ ɧɚɜɱɚɧɧɹ ɬɚ ɫɚɦɨɧɚɜɱɚɧɧɹ ɫɬɭɞɟɧɬɿɜ,
ɛɟɡɩɟɪɟɪɜɧɨɝɨ ɦɨɧɿɬɨɪɢɧɝɭ ɬɚ ɤɨɧɬɪɨɥɶɧɨɝɨ ɨɰɿɧɸ-
ɜɚɧɧɹ ɡɧɚɧɶ, ɚ ɬɚɤɨɠ ɮɨɪɦɭɜɚɧɧɹ ɿɧɞɢɜɿɞɭɚɥɶɧɨʀ
ɩɪɨɞɭɤɬɢɜɧɨʀ ɬɪɚɽɤɬɨɪɿʀ ɧɚɜɱɚɥɶɧɨɝɨ ɩɪɨɰɟɫɭ ɡɚ ɪɚ-
ɯɭɧɨɤ ɪɨɡɪɨɛɤɢ ɬɚ ɨɪɝɚɧɿɡɚɰɿʀ ɟɮɟɤɬɢɜɧɨʀ ɫɢɫɬɟɦɢ
ɡɜɨɪɨɬɧɨɝɨ ɡɜ’ɹɡɤɭ.

3. ȱɧɬɟɧɫɢɜɧɟ ɡɚɫɬɨɫɭɜɚɧɧɹ ɤɨɦɩ’ɸɬɟɪɧɢɯ ɬɟɯɧɨ-
ɥɨɝɿɣ ɧɟ ɬɿɥɶɤɢ ɹɤ ɡɚɫɨɛɿɜ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɬɚ ɿɧɮɨɪɦɚ-
ɰɿɣɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ ɨɫɧɨɜɧɢɯ ɫɬɚɞɿɣ ɧɚɜɱɚɥɶɧɨɝɨ
ɩɪɨɰɟɫɭ, ɚ ɣ ɹɤ ɿɧɬɟɥɟɤɬɭɚɥɶɧɢɯ ɤɨɧɫɭɥɶɬɚɧɬɿɜ-
ɟɤɫɩɟɪɬɿɜ ɭ ɝɚɥɭɡɿ ɫɭɩɪɨɜɨɞɠɟɧɧɹ ɬɚ ɩɿɞɬɪɢɦɤɢ ɩɪɢ-
ɣɧɹɬɬɹ ɪɿɲɟɧɶ ɩɪɟɞɫɬɚɜɧɢɤɚɦɢ ɨɛɨɯ ɫɬɨɪɿɧ-ɭɱɚɫɧɢɤɿɜ
ɧɚɜɱɚɥɶɧɨɝɨ ɩɪɨɰɟɫɭ.
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. Ɉɫɤɿɥɶɤɢ ɩɪɨɰɟɫ ɩɿɞɜɢ-
ɳɟɧɧɹ ɹɤɨɫɬɿ ɨɫɜɿɬɢ ɯɚɪɚɤɬɟɪɢɡɭɽɬɶɫɹ ɡɦɿɫɬɨɦ ɨɫɜɿɬɢ,
ɬɟɯɧɨɥɨɝɿɽɸ ɬɚ ɪɟɡɭɥɶɬɚɬɚɦɢ ɧɚɜɱɚɧɧɹ, ɬɨ ɚɤɬɭɚɥɶɧɨɸ
ɧɚɭɤɨɜɨɸ ɩɪɨɛɥɟɦɨɸ ɽ ɪɨɡɪɨɛɤɚ ɦɟɬɨɞɨɥɨɝɿʀ ɫɬɜɨɪɟɧ-
ɧɹ ɟɤɫɩɟɪɬɧɨʀ ɫɢɫɬɟɦɢ ɞɿɚɝɧɨɫɬɢɤɢ ɬɚ ɭɩɪɚɜɥɿɧɧɹ ɹɤɿɫ-
ɬɸ ɧɚɜɱɚɧɧɹ, ɹɤɚ ɩɨɜɢɧɧɚ ɡɚɛɟɡɩɟɱɭɜɚɬɢ ɦɟɬɨɞɨɥɨɝɿɱ-
ɧɭ ɬɚ ɚɩɚɪɚɬɧɭ ɩɿɞɬɪɢɦɤɭ ɧɚɫɬɭɩɧɢɯ ɬɟɯɧɨɥɨɝɿɣ:
ɿɧɬɟɥɟɤɬɭɚɥɶɧɨɝɨ ɚɧɚɥɿɡɭ ɪɿɜɧɹ ɡɚɫɜɨɽɧɧɹ ɧɚɜɱɚɥɶɧɨɝɨ
ɦɚɬɟɪɿɚɥɭ (ɹɤɨɫɬɿ ɧɚɜɱɚɧɧɹ), ɟɮɟɤɬɢɜɧɨɫɬɿ ɧɚɜɱɚɥɶɧɨɝɨ
ɩɪɨɰɟɫɭ ɬɚ ɹɤɨɫɬɿ ɿɧɫɬɪɭɦɟɧɬɭ ɡɜɨɪɨɬɧɨɝɨ ɡɜ’ɹɡɤɭ; ɿɧ-
ɬɟɥɟɤɬɭɚɥɶɧɨʀ ɩɿɞɬɪɢɦɤɢ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɧɹ ɳɨɞɨ
ɚɞɚɩɬɢɜɧɨɝɨ ɤɨɪɟɝɭɜɚɧɧɹ ɡɦɿɫɬɭ ɬɚ ɮɨɪɦɢ ɩɪɨɜɟɞɟɧɧɹ
ɧɚɜɱɚɥɶɧɢɯ ɡɚɧɹɬɶ; ɮɨɪɦɭɜɚɧɧɹ ɬɚ ɫɭɩɪɨɜɨɞɠɟɧɧɹ ɛɚ-
ɡɢ ɡɧɚɧɶ ɫɢɫɬɟɦɢ ɧɚɜɱɚɧɧɹ – ɦɨɞɟɥɿ ɭɱɧɹ ɬɚ ɜɢɤɥɚɞɚɱɚ.

. ɋɭɱɚɫɧɿ ɧɚɭɤɨɜɿ ɞɨ-
ɫɥɿɞɠɟɧɧɹ ɜ ɝɚɥɭɡɿ ɫɬɜɨɪɟɧɧɹ ɟɤɫɩɟɪɬɧɢɯ ɫɢɫɬɟɦ, ɳɨ
ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɜ ɧɚɜɱɚɥɶɧɨɦɭ ɩɪɨɰɟɫɿ, ɦɨɠɥɢɜɨ
ɪɨɡɞɿɥɢɬɢ ɧɚ ɧɚɫɬɭɩɧɿ ɤɚɬɟɝɨɪɿʀ:

1. ȱɧɬɟɥɟɤɬɭɚɥɶɧɿ ɧɚɜɱɚɥɶɧɿ ɫɢɫɬɟɦɢ (ȱɇɋ): ɿɧɮɨ-
ɪɦɚɰɿɣɧɨ-ɞɨɜɿɞɤɨɜɿ ɫɢɫɬɟɦɢ; ɫɢɫɬɟɦɢ ɤɨɧɫɭɥɶɬɚɬɢɜ-
ɧɨɝɨ ɬɢɩɭ; ɿɧɬɟɥɟɤɬɭɚɥɶɧɨ-ɬɪɟɧɭɜɚɥɶɧɿ (ɟɤɫɩɟɪɬɧɨ-
ɬɪɟɧɭɜɚɥɶɧɿ) ɫɢɫɬɟɦɢ; ɫɢɫɬɟɦɢ ɫɭɩɪɨɜɨɞɠɭɸɱɨɝɨ ɬɢ-
ɩɭ (ɧɚɩɪɢɤɥɚɞ, ELM-ART-II, AST, ADI, ART-Web, 
ACE, KBS-Hyperbook, ILESA, DCG, SIETTE) [1]. 

2. ɋɢɫɬɟɦɢ ɞɢɫɬɚɧɰɿɣɧɨɝɨ ɧɚɜɱɚɧɧɹ (ɋȾɇ), ɳɨ
ɫɬɜɨɪɸɸɬɶɫɹ ɡɚ ɫɬɚɧɞɚɪɬɚɦɢ SCORM, ɫɩɟɰɢɮɿɤɚɰɿɹ-
ɦɢ ɤɨɧɫɨɪɰɿɭɦɭ ȼɫɟɫɜɿɬɧɶɨʀ Ɉɫɜɿɬɢ IMS / GLC ɬɚ ɤɨ-
ɦɿɬɟɬɭ ɡ ɤɨɦɩ’ɸɬɟɪɧɨɝɨ ɧɚɜɱɚɧɧɹ ɜ ɚɜɿɚɰɿɣɧɿɣ ɩɪɨɦɢ-
ɫɥɨɜɨɫɬɿ AICC, ɿ ɪɟɝɥɚɦɟɧɬɭɸɬɶ ɬɚɤɿ ɚɫɩɟɤɬɢ
ɪɨɡɪɨɛɤɢ ɬɚ ɜɢɤɨɪɢɫɬɚɧɧɹ ɋȾɇ, ɹɤ: ɚɪɯɿɬɟɤɬɭɪɚ ɫɢɫ-
ɬɟɦɢ ɬɚ ʀʀ ɜɡɚɽɦɨɞɿɹ ɿɡ ɡɨɜɧɿɲɧɿɦɢ ɫɢɫɬɟɦɚɦɢ; ɫɩɨɫɨ-
ɛɢ ɜɡɚɽɦɨɞɿʀ ɧɚɜɱɚɥɶɧɨʀ ɫɢɫɬɟɦɢ ɬɚ ɧɚɜɱɚɥɶɧɢɯ ɪɟɫɭ-
ɪɫɿɜ; ɩɪɟɞɫɬɚɜɥɟɧɧɹ ɜɦɿɫɬɭ ɤɭɪɫɿɜ; ɦɨɞɟɥɿ ɭɩɪɚɜɥɿɧɧɹ
ɧɚɜɱɚɧɧɹɦ; ɚɥɝɨɪɢɬɦɢ ɬɟɫɬɭɜɚɧɧɹ ɬɚ ɫɩɨɫɨɛɢ ɩɪɟɞ-
ɫɬɚɜɥɟɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ (ɧɚɩɪɢɤɥɚɞ, BaumanTraining, 
ɋȾɈ „ɉɪɨɦɟɬɟɣ“, eLearning 3000, WebTutor) [2]. 

3. Ⱦɿɚɝɧɨɫɬɢɱɧɿ ɬɚ ɩɥɚɧɭɸɱɿ ɟɤɫɩɟɪɬɧɿ ɧɚɜɱɚɥɶɧɿ
ɫɢɫɬɟɦɢ ɧɚ ɛɚɡɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ɦɟɬɨɞɨɥɨɝɿɱɧɢɯ ɿɧ-
ɫɬɪɭɦɟɧɬɿɜ ɤɨɦɩ’ɸɬɟɪɧɨɝɨ ɬɟɫɬɭɜɚɧɧɹ [3–6]. 

. ɇɟ-
ɡɜɚɠɚɸɱɢ ɧɚ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɧɚɭɤɨɜɢɯ ɞɨɫɹɝɧɟɧɶ ɬɚ
ɪɢɧɤɨɜɢɯ ɩɪɨɩɨɡɢɰɿɣ ɭ ɝɚɥɭɡɿ ɪɨɡɪɨɛɤɢ ɟɤɫɩɟɪɬɧɢɯ
ɫɢɫɬɟɦ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɭ ɧɚɜɱɚɥɶɧɨɦɭ ɩɪɨɰɟ-
ɫɿ, ɭɫɿ ɜɨɧɢ ɦɚɸɬɶ ɪɹɞ ɨɫɨɛɥɢɜɨɫɬɟɣ:

− ɜɢɤɨɪɢɫɬɚɧɧɹ ȱɇɋ ɬɚ ɋȾɇ ɬɿɥɶɤɢ ɹɤ ɿɧɫɬɪɭɦɟ-
ɧɬɭ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨʀ ɩɿɞɬɪɢɦɤɢ ɩɪɨɰɟɫɭ ɫɚɦɨɧɚɜɱɚɧ-
ɧɹ, ɚ ɧɟ ɹɤ ɿɧɬɟɝɪɨɜɚɧɨɝɨ ɟɤɫɩɟɪɬɧɨɝɨ ɫɭɩɪɨɜɨɞɠɟɧɧɹ
ɬɚ ɭɩɪɚɜɥɿɧɧɹ ɚɭɞɢɬɨɪɧɢɦ ɿ ɫɚɦɨɫɬɿɣɧɢɦ ɧɚɜɱɚɥɶɧɢɦ
ɩɪɨɰɟɫɨɦ ɨɱɧɨʀ (ɡɚɨɱɧɨʀ, ɜɟɱɿɪɧɶɨʀ) ɮɨɪɦ ɧɚɜɱɚɧɧɹ;

− ɜɢɤɨɪɢɫɬɚɧɧɹ ɤɨɦɩ’ɸɬɟɪɧɨɝɨ ɬɟɫɬɭɜɚɧɧɹ, ɜ
ɨɫɧɨɜɧɨɦɭ, ɹɤ ɡɚɫɨɛɭ ɜɢɦɿɪɸɜɚɧɧɹ ɿɧɞɢɜɿɞɭɚɥɶɧɢɯ
ɞɨɫɹɝɧɟɧɶ ɫɬɭɞɟɧɬɿɜ, ɜɿɞɫɭɬɧɿɫɬɶ ɦɟɬɨɞɢɤ ɣɨɝɨ ɡɚɫɬɨ-
ɫɭɜɚɧɧɹ ɹɤ ɿɧɫɬɪɭɦɟɧɬɭ ɧɚɞɚɧɧɹ ɫɬɪɚɬɟɝɿɱɧɨʀ ɿɧɮɨɪ-
ɦɚɰɿʀ ɳɨɞɨ ɫɬɭɩɟɧɸ ɞɨɫɬɭɩɧɨɫɬɿ ɬɚ ɹɤɨɫɬɿ ɩɨɞɚɧɧɹ
ɧɚɜɱɚɥɶɧɨɝɨ ɦɚɬɟɪɿɚɥɭ;

− ɩɨɬɪɟɛɚ ɞɨɞɚɬɤɨɜɨɝɨ ɪɨɡɜɢɬɤɭ ɦɟɬɨɞɢɤɢ ɿɧɬɟ-
ɥɟɤɬɭɚɥɶɧɨʀ ɞɿɚɝɧɨɫɬɢɤɚ ɪɿɜɧɹ ɡɧɚɧɶ ɭɱɧɿɜ ɹɤ ɿɡ ɬɨɱɤɢ
ɡɨɪɭ ɤɨɦɩɥɟɤɫɭ ɤɪɢɬɟɪɿʀɜ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ, ɬɚɤ
ɿ ɦɨɠɥɢɜɨɫɬɿ ɪɨɡɲɢɪɟɧɧɹ ɝɚɥɭɡɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ɨɬɪɢ-

ɦɚɧɨʀ ɿɧɮɨɪɦɚɰɿʀ ɭ ɧɚɩɪɹɦɿ ɜɞɨɫɤɨɧɚɥɟɧɧɹ ɹɤɨɫɬɿ ɬɟ-
ɯɧɨɥɨɝɿʀ ɨɪɝɚɧɿɡɚɰɿʀ ɡɜɨɪɨɬɧɨɝɨ ɡɜ’ɹɡɤɭ;

− ɠɨɪɫɬɤɿ ɜɢɦɨɝɢ ɛɿɥɶɲɨɫɬɿ ȱɇɋ ɬɚ ɋȾɇ ɞɨ ɧɟ-
ɨɛɯɿɞɧɨɝɨ ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ ɬɚ ɬɟɯɧɿɱɧɢɯ
ɯɚɪɚɤɬɟɪɢɫɬɢɤ (ɡɨɤɪɟɦɚ, ɩɨɬɭɠɧɨɫɬɿ) ɤɨɦɩ’ɸɬɟɪɿɜ, ɧɚ
ɹɤɢɯ ɩɨɜɢɧɧɿ ɪɨɡɝɨɪɬɚɬɢɫɹ ɫɢɫɬɟɦɢ, ɬɚ ɜɢɫɨɤɿ ɜɢɦɨɝɢ
ɞɨ ɲɜɢɞɤɨɫɬɿ ɬɚ ɱɚɫɭ ɜɢɤɨɪɢɫɬɚɧɧɹ ɪɟɫɭɪɫɿɜ Internet, 
ɳɨ ɩɨɤɢ ɳɨ ɫɤɥɚɞɧɨ ɪɟɚɥɿɡɭɜɚɬɢ ɜ ɪɚɦɤɚɯ ɛɿɥɶɲɨɫɬɿ
ȼɇɁ ɍɤɪɚʀɧɢ.

ɽ ɪɨɡɪɨɛɤɚ ɦɟɬɨɞɨɥɨɝɿʀ ɫɬɜɨɪɟɧɧɹ
ɟɤɫɩɟɪɬɧɨʀ ɫɢɫɬɟɦɢ ɿɧɬɟɝɪɨɜɚɧɨʀ ɞɿɚɝɧɨɫɬɢɤɢ ɬɚ
ɭɩɪɚɜɥɿɧɧɹ ɹɤɿɫɬɸ ɚɭɞɢɬɨɪɧɨʀ ɬɚ ɫɚɦɨɫɬɿɣɧɨʀ ɮɨɪɦ
ɧɚɜɱɚɧɧɹ ɭ ȼɇɁ ɧɚ ɛɚɡɿ ɿɧɧɨɜɚɰɿɣɧɢɯ ɪɿɲɟɧɶ ɳɨɞɨ:
ɫɢɫɬɟɦɧɨɝɨ ɚɧɚɥɿɡɭ ɬɚ ɫɬɪɭɤɬɭɪɢɡɚɰɿʀ ɧɚɜɱɚɥɶɧɨɝɨ
ɤɨɧɬɟɧɬɭ; ɩɿɞɜɢɳɟɧɧɹ ɨɛ’ɽɤɬɢɜɧɨɫɬɿ ɬɚ ɪɨɡɲɢɪɟɧɧɹ
ɝɚɥɭɡɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ɬɟɯɧɨɥɨɝɿʀ ɤɨɦɩ’ɸɬɟɪɧɨɝɨ ɬɟɫɬɭ-
ɜɚɧɧɹ ɹɤ ɿɧɫɬɪɭɦɟɧɬɭ ɨɪɝɚɧɿɡɚɰɿʀ ɡɜɨɪɨɬɧɨɝɨ ɡɜ’ɹɡɤɭ;
ɚɞɚɩɬɢɜɧɨɝɨ ɪɟɝɭɥɸɜɚɧɧɹ ɫɬɪɭɤɬɭɪɢ, ɡɦɿɫɬɭ, ɝɪɚɮɿɤɭ
ɩɪɨɜɟɞɟɧɧɹ ɬɚ ɦɟɬɨɞɢɤɢ ɨɪɝɚɧɿɡɚɰɿʀ ɧɚɜɱɚɥɶɧɨɝɨ
ɩɪɨɰɟɫɭ; ɦɚɤɫɢɦɚɥɶɧɨ ɟɮɟɤɬɢɜɧɨʀ ɿɧɬɟɝɪɚɰɿʀ ɫɢɫɬɟɦɢ
ɜ ɧɚɜɱɚɥɶɧɟ ɿɧɮɨɪɦɚɰɿɣɧɟ ɫɟɪɟɞɨɜɢɳɟ.

ɇɚɭɤɨɜɿ ɞɨɫɥɿɞɠɟɧɧɹ ɛɚɡɭɸɬɶɫɹ ɧɚ ɩɨɩɟɪɟɞɧɿɯ ɞɨ-
ɫɥɿɞɠɟɧɧɹɯ ɚɜɬɨɪɚ [7–10]. Ɍɨɦɭ ɨɫɧɨɜɧɭ ɭɜɚɝɭ ɜ ɫɬɚɬ-
ɬɿ ɩɪɢɞɿɥɹɽɬɶɫɹ ɪɨɡɪɨɛɰɿ ɿɧɫɬɪɭɦɟɧɬɿɜ ɿɧɬɟɝɪɨɜɚɧɨɝɨ
ɿɧɬɟɥɟɤɬɭɚɥɶɧɨɝɨ ɚɧɚɥɿɡɭ ɹɤɨɫɬɿ ɧɚɜɱɚɧɧɹ ɬɚ ɩɿɞɬɪɢɦ-
ɤɢ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɧɹ ɳɨɞɨ ɚɞɚɩɬɢɜɧɨɝɨ ɤɨɪɟɝɭɜɚɧ-
ɧɹ ɡɦɿɫɬɭ ɬɚ ɮɨɪɦɢ ɩɪɨɜɟɞɟɧɧɹ ɧɚɜɱɚɥɶɧɢɯ ɡɚɧɹɬɶ.

. Ɂɝɿɞɧɨ ɿɡ ɫɮɨɪɦɭɥɶɨɜɚ-
ɧɨɸ ɦɟɬɨɸ ɪɨɛɨɬɢ ɚɜɬɨɪɨɦ ɩɟɪɟɞɛɚɱɟɧɨ ɬɚɤɿ ɿɧɧɨɜɚ-
ɰɿɣɧɿ ɪɿɲɟɧɧɹ ɳɨɞɨ ɫɬɜɨɪɟɧɧɹ ɟɤɫɩɟɪɬɧɨʀ ɫɢɫɬɟɦɢ ɞɿ-
ɚɝɧɨɫɬɢɤɢ ɬɚ ɭɩɪɚɜɥɿɧɧɹ ɹɤɿɫɬɸ ɧɚɜɱɚɧɧɹ:

 1. Ɇɟɬɨɞɢɤɚ ɫɢɫɬɟɦɧɨɝɨ ɚɧɚɥɿɡɭ ɬɚ ɫɬɪɭ-
ɤɬɭɪɢɡɚɰɿʀ ɧɚɜɱɚɥɶɧɨɝɨ ɤɨɧɬɟɧɬɭ, ɳɨ ɩɨɥɹɝɚɽ ɜ ɧɚ-
ɫɬɭɩɧɨɦɭ:

− ɧɚ ɟɬɚɩɿ ɩɿɞɝɨɬɨɜɤɢ ɧɚɜɱɚɥɶɧɨɝɨ ɩɪɨɰɟɫɭ ɩɪɨ-
ɰɟɞɭɪɚ ɮɨɪɦɭɜɚɧɧɹ ɧɚɜɱɚɥɶɧɨɝɨ ɤɨɧɬɟɧɬɭ ɜɢɤɨɧɭɽɬɶɫɹ
ɲɥɹɯɨɦ ɪɟɚɥɿɡɚɰɿʀ ɩɨɫɥɿɞɨɜɧɨɫɬɿ ɩɪɨɰɟɞɭɪ: ɞɟɤɨɦɩɨ-
ɡɢɰɿʀ ɧɚɜɱɚɥɶɧɨɝɨ ɦɚɬɟɪɿɚɥɭ – ɡ ɦɟɬɨɸ ɜɢɞɿɥɟɧɧɹ ɧɚ-
ɫɬɭɩɧɢɯ ɿɽɪɚɪɯɿɱɧɨ ɩɿɞɥɟɝɥɢɯ ɧɚɜɱɚɥɶɧɢɯ ɨɞɢɧɢɰɶ, ɬɚ-
ɤɢɯ ɹɤ ɦɨɞɭɥɶ, ɬɟɦɚ (ɩɪɨɛɥɟɦɚ), ɩɢɬɚɧɧɹ (ɩɿɞɩɢɬɚɧɧɹ), 
ɩɨɧɹɬɬɹ (ɬɟɪɦɿɧ, ɩɨɤɚɡɧɢɤ); ɮɨɪɦɭɜɚɧɧɹ ɫɯɟɦɢ ɜɡɚɽ-
ɦɨɡɜ’ɹɡɤɿɜ ɦɿɠ ɧɚɜɱɚɥɶɧɢɦɢ ɨɞɢɧɢɰɹɦɢ; ɫɢɧɬɟɡɭ ɛɥɨ-
ɤɿɜ ɧɚɜɱɚɥɶɧɨɝɨ ɦɚɬɟɪɿɚɥɭ – ɡ ɦɟɬɨɸ ɮɨɪɦɭɜɚɧɧɹ ɩɨ-
ɱɚɬɤɨɜɨɝɨ ɧɚɛɨɪɭ „ɩɨɪɰɿɣ“ ɧɚɜɱɚɥɶɧɨɝɨ ɤɨɧɬɟɧɬɭ
(ɪɨɡɝɥɹɧɭɬɢɯ ɡɚ ɨɞɧɭ ɚɤɚɞɟɦɿɱɧɭ ɝɨɞɢɧɭ) ɜɿɞɩɨɜɿɞɧɨ
ɞɨ ɡɚɝɚɥɶɧɨʀ ɤɿɥɶɤɨɫɬɿ ɧɚɜɱɚɥɶɧɢɯ ɝɨɞɢɧ ɡ ɞɢɫɰɢɩɥɿɧɢ;

− ɫɢɫɬɟɦɧɨ-ɫɬɪɭɤɬɭɪɨɜɚɧɢɣ ɧɚɜɱɚɥɶɧɢɣ ɤɨɧɬɟɧɬ
ɫɤɥɚɞɚɽɬɶɫɹ ɡ ɧɚɫɬɭɩɧɢɯ ɫɤɨɨɪɞɢɧɨɜɚɧɢɯ ɩɚɤɟɬɿɜ ɩɨɪ-
ɰɿɣ: ɫɥɚɣɞ-ɤɨɧɫɩɟɤɬɿɜ ɥɟɤɰɿɣɧɨɝɨ ɧɚɜɱɚɥɶɧɨɝɨ ɦɚɬɟɪɿ-
ɚɥɭ ɞɥɹ ɞɟɦɨɧɫɬɪɚɰɿʀ ɿ ɨɛɝɨɜɨɪɟɧɧɹ ɩɿɞ ɱɚɫ ɚɤɚɞɟɦɿɱ-
ɧɨɝɨ ɡɚɧɹɬɬɹ; ɩɨɜɧɨɝɨ ɬɟɤɫɬɨɜɨɝɨ ɿ ɫɥɚɣɞ-ɤɨɧɫɩɟɤɬɿɜ
ɥɟɤɰɿɣ ɞɥɹ ɫɚɦɨɫɬɿɣɧɨɝɨ ɨɜɨɥɨɞɿɧɧɹ ɦɚɬɟɪɿɚɥɨɦ; ɩɪɚɤ-
ɬɢɱɧɢɯ (ɬɜɨɪɱɢɯ, ɫɢɬɭɚɰɿɣɧɢɯ) ɡɚɜɞɚɧɶ ɞɥɹ ɫɚɦɨɫɬɿɣ-
ɧɨɝɨ ɱɢ ɝɪɭɩɨɜɨɝɨ ɜɢɤɨɧɚɧɧɹ; ɬɟɫɬɨɜɢɯ ɡɚɜɞɚɧɶ ɞɥɹ
ɨɰɿɧɤɢ ɫɬɭɩɟɧɹ ɨɜɨɥɨɞɿɧɧɹ ɧɚɜɱɚɥɶɧɢɦ ɦɚɬɟɪɿɚɥɨɦ.

Ɂɚɩɪɨɩɨɧɨɜɚɧɢɣ ɩɿɞɯɿɞ ɞɨ ɮɨɪɦɭɜɚɧɧɹ ɧɚɜɱɚɥɶ-
ɧɨɝɨ ɤɨɧɬɟɧɬɭ ɜɢɤɨɧɭɽ ɪɨɥɶ ɦɟɬɨɞɨɥɨɝɿɱɧɨɝɨ ɬɚ ɬɟɯ-
ɧɿɱɧɨɝɨ ɮɭɧɞɚɦɟɧɬɭ, ɳɨ ɡɚɛɟɡɩɟɱɭɽ ɦɨɠɥɢɜɿɫɬɶ ɪɨɡ-
ɪɨɛɤɢ ɬɚ ɮɨɪɦɚɥɿɡɚɰɿʀ ɧɚɫɬɭɩɧɢɯ ɧɚɭɤɨɜɢɯ ɪɿɲɟɧɶ.
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 2. Ɇɟɬɨɞɢɤɚ ɩɿɞɜɢɳɟɧɧɹ ɨɛ’ɽɤɬɢɜɧɨɫɬɿ ɬɚ
ɪɨɡɲɢɪɟɧɧɹ ɝɚɥɭɡɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ɬɟɯɧɨɥɨɝɿʀ
ɤɨɦɩ’ɸɬɟɪɧɨɝɨ ɬɟɫɬɭɜɚɧɧɹ ɹɤ ɿɧɫɬɪɭɦɟɧɬɭ ɨɪɝɚɧɿɡɚɰɿʀ
ɡɜɨɪɨɬɧɨɝɨ ɡɜ’ɹɡɤɭ.

Ȼɚɡɭɽɬɶɫɹ ɧɚ ɡɚɩɪɨɩɨɧɨɜɚɧɿɣ ɚɜɬɨɪɨɦ ɦɨɞɟɥɿ ɿɧɬɟɝ-
ɪɨɜɚɧɨʀ ɞɿɚɝɧɨɫɬɢɤɢ ɹɤɨɫɬɿ ɧɚɜɱɚɧɧɹ ɲɥɹɯɨɦ ɪɟɚɥɿɡɚɰɿʀ
ɦɟɬɨɞɨɥɨɝɿɱɧɨ-ɬɟɯɧɨɥɨɝɿɱɧɨʀ ɩɪɨɰɟɞɭɪɢ ɩɨɡɚɚɭɞɢɬɨɪ-
ɧɨɝɨ ɬɚ ɚɭɞɢɬɨɪɧɨɝɨ (ɟɤɡɚɦɟɧɚɰɿɣɧɨɝɨ) ɤɨɦɩ’ɸɬɟɪɧɨɝɨ
ɬɟɫɬɭɜɚɧɧɹ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɿɧɫɬɪɭɦɟɧɬɿɜ ɪɨɡɩɿɡɧɚ-
ɜɚɧɧɹ ɨɛɪɚɡɿɜ ɞɥɹ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨɝɨ ɚɧɚɥɿɡɭ:

– ɫɬɭɩɟɧɸ ɫɚɦɨɫɬɿɣɧɨɝɨ ɡɚɫɜɨɽɧɧɹ ɧɚɜɱɚɥɶɧɨɝɨ
ɦɚɬɟɪɿɚɥɭ (ɹɤɨɫɬɿ ɧɚɜɱɚɧɧɹ) ɬɚ ɟɮɟɤɬɢɜɧɨɫɬɿ ɨɪɝɚɧɿ-
ɡɚɰɿʀ ɿɧɞɢɜɿɞɭɚɥɶɧɨʀ ɪɨɛɨɬɢ ɫɬɭɞɟɧɬɿɜ;

– ɩɨɬɨɱɧɨɝɨ ɬɚ ɩɿɞɫɭɦɤɨɜɨɝɨ ɫɬɭɩɟɧɸ ɡɚɫɜɨɽɧɧɹ
ɧɚɜɱɚɥɶɧɨɝɨ ɦɚɬɟɪɿɚɥɭ (ɹɤɨɫɬɿ ɧɚɜɱɚɧɧɹ) ɬɚ ɟɮɟɤɬɢɜ-
ɧɨɫɬɿ ɨɪɝɚɧɿɡɚɰɿʀ ɧɚɜɱɚɥɶɧɨɝɨ ɩɪɨɰɟɫɭ ɭ ɰɿɥɨɦɭ;

– ɹɤɨɫɬɿ ɨɪɝɚɧɿɡɚɰɿʀ ɡɜɨɪɨɬɧɨɝɨ ɡɜ’ɹɡɤɭ (ɧɚɞɿɣɧɨɫɬɿ
ɬɚ ɜɚɥɿɞɧɨɫɬɿ ɬɟɫɬɨɜɨɝɨ ɦɚɬɟɪɿɚɥɭ) [9, 10]. 

ȼ ɨɫɧɨɜɭ ɦɨɞɟɥɿ, ɳɨ ɡɚɩɪɨɩɨɧɨɜɚɧɨ, ɩɨɤɥɚɞɟɧɨ
ɧɟɨɛɯɿɞɧɿɫɬɶ ɡɚɫɬɨɫɭɜɚɧɧɹ ɧɚɫɬɭɩɧɢɯ ɤɪɢɬɟɪɿʀɜ ɿɧɬɟɝ-
ɪɨɜɚɧɨʀ ɞɿɚɝɧɨɫɬɢɤɢ ɹɤɨɫɬɿ ɧɚɜɱɚɧɧɹ:

1. Ʉɪɢɬɟɪɿɣ ɤɿɥɶɤɿɫɧɨɝɨ ɪɿɜɧɹ ɨɩɚɧɭɜɚɧɧɹ ɧɚɜɱɚ-
ɥɶɧɢɦ ɦɚɬɟɪɿɚɥɨɦ 1K .

2. Ʉɪɢɬɟɪɿɣ ɹɤɿɫɧɨɝɨ ɪɿɜɧɹ ɨɩɚɧɭɜɚɧɧɹ ɧɚɜɱɚɥɶ-
ɧɢɦ ɦɚɬɟɪɿɚɥɨɦ 2K , ɳɨ ɜɦɿɳɭɽ:

2.1. Ʉɨɟɮɿɰɿɽɧɬ ɤɨɪɟɥɹɰɿʀ ɦɿɠ ɪɹɞɚɦɢ ɮɚɤɬɢɱ-
ɧɨɝɨ ɬɚ ɧɨɪɦɚɬɢɜɧɨɝɨ ɱɚɫɭ, ɳɨ ɜɢɬɪɚɱɟɧɨ ɧɚ ɜɿɪɧɿ ɜɿ-
ɞɩɨɜɿɞɿ ɧɚ ɬɟɫɬɨɜɿ ɡɚɜɞɚɧɧɹ 21K .

2.2. Ʉɨɟɮɿɰɿɽɧɬ ɡɦɿɳɟɧɧɹ ɩɨɪɹɞɤɭ ɜɢɛɨɪɭ ɬɟɫ-
ɬɨɜɢɯ ɡɚɜɞɚɧɶ ɜɿɞɧɨɫɧɨ ɜɫɬɚɧɨɜɥɟɧɨɝɨ ɩɨɪɹɞɤɭ ʀɯ ɜɢ-
ɜɨɞɭ ɧɚ ɟɤɪɚɧ 22K .

2.3. Ʉɨɟɮɿɰɿɽɧɬ ɜɢɛɨɪɭ ɬɟɫɬɨɜɢɯ ɡɚɜɞɚɧɶ ɞɥɹ
ɩɨɜɬɨɪɧɨʀ ɜɿɞɩɨɜɿɞɿ 23K .

ɇɚ ɩɿɞɫɬɚɜɿ ɰɢɯ ɤɪɢɬɟɪɿʀɜ ɩɪɨɩɨɧɭɽɬɶɫɹ:
ɚ) ɜɢɡɧɚɱɚɬɢ , ɡɧɚɱɟɧɧɹ ɹɤɨʀ

ɤɨɦɩɥɟɤɫɧɨ ɯɚɪɚɤɬɟɪɢɡɭɽ ɪɿɜɟɧɶ ɡɚɫɜɨɽɧɧɹ ɦɚɬɟɪɿɚɥɭ,
ɧɚ ɩɿɞɫɬɚɜɿ ɿɧɮɨɪɦɚɰɿʀ ɩɪɨ ɹɤɢɣ ɦɚɽ ɩɪɢɣɦɚɬɢɫɹ ɨɛ-
ʉɪɭɧɬɨɜɚɧɟ ɞɨɰɿɥɶɧɟ ɪɿɲɟɧɧɹ ɳɨɞɨ ɧɟɨɛɯɿɞɧɨɫɬɿ ɤɨɨɪ-
ɞɢɧɚɰɿʀ ɬɚ ɤɨɪɟɝɭɜɚɧɧɹ ɝɪɚɮɿɤɭ ɩɪɨɜɟɞɟɧɧɹ, ɦɟɬɨɞɢɤɢ
ɨɪɝɚɧɿɡɚɰɿʀ, ɫɬɪɭɤɬɭɪɢ ɬɚ ɡɦɿɫɬɭ ɧɚɜɱɚɥɶɧɨɝɨ ɩɪɨɰɟɫɭ;

ɛ) ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɤɪɢɬɟɪɿʀ ɨɞɢɧ ɜɿɞ ɨɞ-
ɧɨɝɨ ɡ ɦɟɬɨɸ ɜɞɨɫɤɨɧɚɥɟɧɧɹ ɩɟɜɧɨɝɨ ɚɫɩɟɤɬɭ ɧɚ-
ɜɱɚɧɧɹ, ɧɚɩɪɢɤɥɚɞ:

− ɹɤɳɨ ɫɬɚɜɢɬɶɫɹ ɩɢɬɚɧɧɹ ɜɢɡɧɚɱɟɧɧɹ ɩɿɞɫɭɦɤɨ-
ɜɨɝɨ ɪɿɜɧɹ ɡɧɚɧɶ ɡ ɞɢɫɰɢɩɥɿɧɢ ɚɛɨ ɡ ɨɤɪɟɦɢɯ ʀʀ ɩɢɬɚɧɶ,
ɞɿɚɝɧɨɫɬɢɤɚ ɛɭɞɟ, ɡɞɟɛɿɥɶɲɨɝɨ, ɧɚɰɿɥɟɧɚ ɧɚ ɜɢɡɧɚɱɟɧɧɹ
ɩɪɨɰɟɧɬɭ ɨɩɚɧɭɜɚɧɧɹ ɧɚɜɱɚɥɶɧɢɦ ɦɚɬɟɪɿɚɥɨɦ, ɚ ɤɨɟ-
ɮɿɰɿɽɧɬ 21K ɛɭɞɟ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢɫɹ ɞɥɹ ɤɨɪɟɝɭɜɚɧɧɹ
ɨɰɿɧɤɢ ɡ ɦɟɬɨɸ ɩɿɞɜɢɳɟɧɧɹ ʀʀ ɨɛ’ɽɤɬɢɜɧɨɫɬɿ [7]; 

− ɹɤɳɨ ɧɚɹɜɧɚ ɫɢɬɭɚɰɿɹ ɩɨɬɪɟɛɭɽ ɩɢɥɶɧɨʀ ɭɜɚɝɢ
ɞɨ ɩɪɨɰɟɫɭ ɫɬɚɪɚɧɧɨɫɬɿ ɫɬɭɞɟɧɬɿɜ, ɚ ɬɚɤɨɠ ɦɿɰɧɨɫɬɿ ɬɚ
ɬɪɢɜɤɨɫɬɿ ɨɬɪɢɦɚɧɢɯ ɡɧɚɧɶ, 21K ɛɭɞɟ ɜɢɫɬɭɩɚɬɢ ɹɤ
ɩɨɤɚɡɧɢɤ ɜɿɪɨɝɿɞɧɨɫɬɿ ɜɝɚɞɭɜɚɧɧɹ ɩɪɚɜɢɥɶɧɨʀ ɜɿɞɩɨ-
ɜɿɞɿ, ɚ ɬɚɤɨɠ, ɭ ɤɨɦɩɥɟɤɫɿ ɿɡ ɩɨɤɚɡɧɢɤɚɦɢ 22K ɬɚ 23K –
ɦɿɪɨɸ ɫɬɚɛɿɥɶɧɨɫɬɿ ɡɧɚɧɶ ɫɬɭɞɟɧɬɿɜ;

− ɭ ɪɚɡɿ ɧɟɨɛɯɿɞɧɨɫɬɿ ɜɢɡɧɚɱɟɧɧɹ ɫɬɭɩɟɧɸ ɹɤɨɫɬɿ
(ɨɛ’ɽɤɬɢɜɧɨɫɬɿ, ɞɢɮɟɪɟɰɸɸɱɨʀ ɡɞɿɛɧɨɫɬɿ, ɞɟɦɨɤɪɚɬɢɱɧɨ-
ɫɬɿ) ɿɧɫɬɪɭɦɟɧɬɭ ɡɜɨɪɨɬɧɨɝɨ ɡɜ’ɹɡɤɭ, ɩɨɤɚɡɧɢɤɢ 21K , 22K
ɬɚ 23K ɜɢɫɬɭɩɚɸɬɶ ɹɤ ɿɧɧɨɜɚɰɿɣɧɿ ɤɪɢɬɟɪɿʀ ɪɨɡɲɢɪɟɧɨʀ

ɞɿɚɝɧɨɫɬɢɤɢ ɪɿɜɧɹ ɹɤɨɫɬɿ ɨɪɝɚɧɿɡɚɰɿʀ ɡɜɨɪɨɬɧɨɝɨ ɡɜ’ɹɡɤɭ
(ɧɚɞɿɣɧɨɫɬɿ ɬɚ ɜɚɥɿɞɧɨɫɬɿ ɬɟɫɬɨɜɨɝɨ ɦɚɬɟɪɿɚɥɭ) [8, 10].  

ɉɟɪɲɢɣ ɤɪɢɬɟɪɿɣ – ɤɿɥɶɤɿɫɧɢɣ ɪɿɜɟɧɶ ɨɩɚɧɭɜɚɧɧɹ
ɧɚɜɱɚɥɶɧɢɦ ɦɚɬɟɪɿɚɥɨɦ ɜɢɡɧɚɱɟɧɨʀ i-ʀ ɨɞɢɧɢɰɿ (ɩɢ-
ɬɚɧɧɹ, ɩɿɞɩɢɬɚɧɧɹ) ɧɚɜɱɚɥɶɧɨɝɨ ɦɚɬɟɪɿɚɥɭ 1

iK  – ɜɢ-
ɡɧɚɱɚɽɬɶɫɹ ɡɚ ɮɨɪɦɭɥɨɸ

n
Q

K i
i =1 ,
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iQ  – ɤɿɥɶɤɿɫɬɶ ɩɪɚɜɢɥɶɧɢɯ ɜɿɞɩɨɜɿɞɟɣ ɧɚ ɬɟɫɬɨɜɟ

ɡɚɜɞɚɧɧɹ, ɳɨ ɫɬɪɭɤɬɭɪɧɨ ɫɤɨɨɪɞɢɧɨɜɚɧɚ ɡ i-ɸ ɨɞɢɧɢ-
ɰɟɸ ɧɚɜɱɚɥɶɧɨɝɨ ɦɚɬɟɪɿɚɥɭ; n – ɤɿɥɶɤɿɫɬɶ ɫɬɭɞɟɧɬɿɜ ɭ
ɝɪɭɩɿ, ɳɨ ɚɧɚɥɿɡɭɽɬɶɫɹ.

Ɂɝɿɞɧɨ ɡ ɚɥɝɨɪɢɬɦɨɦ ɬɟɨɪɿʀ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɨɛɪɚɡɿɜ,
ɧɟɨɛɯɿɞɧɨ ɜɢɡɧɚɱɢɬɢ ɝɪɭɩɢ ɤɥɚɫɿɜ, ɞɨ ɹɤɢɯ ɦɨɠɥɢɜɨ
ɜɿɞɧɟɫɬɢ ɣɨɝɨ ɡɧɚɱɟɧɧɹ.

 1 

Ʉɥɚɫɢ, ɞɨ ɹɤɢɯ ɦɨɠɥɢɜɨ ɜɿɞɧɟɫɬɢ ɡɧɚɱɟɧɧɹ ɩɨɤɚɡɧɢɤɭ
„ɤɿɥɶɤɿɫɧɢɣ ɪɿɜɟɧɶ ɨɩɚɧɭɜɚɧɧɹ ɧɚɜɱɚɥɶɧɢɦ

ɦɚɬɟɪɿɚɥɨɦ“

ɍɦɨɜɢ
Ʉɥɚɫɢ

Ʉɥɚɫ 1 Ʉɥɚɫ 2 Ʉɥɚɫ 3 
ɍɦɨɜɢ ɜɿɞɧɟ-
ɫɟɧɧɹ ɞɨ ɤɥɚɫɭ 8,0K1

i ≥ 5,0K8,0 1
i ≥> 5,0K1

i <

Ɉɱɟɜɢɞɧɨ, ɳɨ ɞɨ Ʉɥɚɫɭ 1 ɧɚɥɟɠɚɬɶ ɬɿ ɨɞɢɧɢɰɿ ɧɚ-
ɜɱɚɥɶɧɨɝɨ ɦɚɬɟɪɿɚɥɭ, ɹɤɿ ɦɚɤɫɢɦɚɥɶɧɨ ɨɩɚɧɨɜɚɧɿ ɫɬɭ-
ɞɟɧɬɚɦɢ, ɞɨ Ʉɥɚɫɭ 2 – ɡɚɞɨɜɿɥɶɧɨ ɨɩɚɧɨɜɚɧɿ ɬɚ ɞɨ
Ʉɥɚɫɭ 3 – ɧɚɜɱɚɥɶɧɿ ɨɞɢɧɢɰɿ, ɡ ɹɤɢɯ ɪɿɜɟɧɶ ɡɧɚɧɶ ɫɬɭ-
ɞɟɧɬɿɜ ɧɟɡɚɞɨɜɿɥɶɧɢɣ.

Ⱥɥɟ, ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɜɿɞɨɦɢɯ ɧɟɞɨɥɿɤɿɜ ɬɟɫɬɨɜɨʀ
ɮɨɪɦɢ ɤɨɧɬɪɨɥɸ (ɬɚɤɢɯ ɹɤ ɦɨɠɥɢɜɿɫɬɶ ɜɝɚɞɭɜɚɧɧɹ
ɜɿɪɧɨʀ ɜɿɞɩɨɜɿɞɿ, ɫɤɥɚɞɧɿɫɬɶ ɤɨɪɟɤɬɧɨɝɨ ɮɨɪɦɭɥɸɜɚɧ-
ɧɹ ɩɢɬɚɧɶ ɬɚ ɜɿɪɨɝɿɞɧɢɯ ɞɢɫɬɪɚɤɬɨɪɿɜ, ɚ ɬɚɤɨɠ ɫɤɥɚɞ-
ɧɿɫɬɶ ɮɨɪɦɚɥɿɡɚɰɿʀ ɩɪɨɰɟɫɭ ɜɢɦɿɪɭ ɹɤɨɫɬɿ ɬɟɫɬɨɜɨɝɨ
ɦɚɬɟɪɿɚɥɭ), ɩɿɞɜɢɳɟɧɧɹ ɨɛ’ɽɤɬɢɜɧɨɫɬɿ ɜɢɫɧɨɜɤɿɜ ɳɨ-
ɞɨ ɪɟɡɭɥɶɬɚɬɿɜ ɨɰɿɧɤɢ ɪɿɜɧɹ ɹɤɨɫɬɿ ɧɚɜɱɚɧɧɹ ɩɪɨɩɨɧɭ-
ɽɬɶɫɹ ɞɨɫɹɝɧɭɬɢ ɲɥɹɯɨɦ ɭɪɚɯɭɜɚɧɧɹ ɩɫɢɯɨɥɨɝɿɱɧɢɯ
ɨɫɨɛɥɢɜɨɫɬɟɣ ɩɨɜɟɞɿɧɤɢ ɫɬɭɞɟɧɬɿɜ – ɩɨɤɚɡɧɢɤɿɜ ɫɬɭ-
ɩɟɧɸ ɫɬɿɣɤɨɫɬɿ ɬɚ ɜɩɟɜɧɟɧɨɫɬɿ ɡɧɚɧɶ (ɱɚɫɬɤɨɜɢɯ ɤɪɢ-
ɬɟɪɿʀɜ ɞɪɭɝɨɝɨ ɪɿɜɧɹ). 

Ⱥɜɬɨɪɨɦ ɜɫɬɚɧɨɜɥɟɧɨ [7], ɳɨ ɨɞɧɢɦ ɡ ɨɛ’ɽɤɬɢɜɧɢɯ
ɿɧɫɬɪɭɦɟɧɬɿɜ ɹɤɿɫɧɨʀ ɨɰɿɧɤɢ ɫɬɭɩɟɧɸ ɫɬɿɣɤɨɫɬɿ ɡɧɚɧɶ
ɫɬɭɞɟɧɬɚ ɽ ɤɨɟɮɿɰɿɽɧɬ ɤɨɪɟɥɹɰɿʀ )Y,X(R iii

ɦɿɠ ɱɢɫɥɨ-
ɜɢɦɢ ɪɹɞɚɦɢ ɱɚɫɭ, ɮɚɤɬɢɱɧɨ ɜɢɬɪɚɱɟɧɨɝɨ ɧɚ ɩɿɞɝɨɬɨ-
ɜɤɭ ɜɿɞɩɨɜɿɞɿ ɧɚ ɬɟɫɬɨɜɟ ɡɚɜɞɚɧɧɹ, ɳɨ ɫɬɪɭɤɬɭɪɧɨ
ɫɤɨɨɪɞɢɧɨɜɚɧɢɣ ɡ i-ɸ ɨɞɢɧɢɰɟɸ ɧɚɜɱɚɥɶɧɨɝɨ ɦɚɬɟɪɿ-
ɚɥɭ, ɿ ɜɫɬɚɧɨɜɥɟɧɨɝɨ ɧɨɪɦɚɬɢɜɧɨɝɨ ɱɚɫɭ ɧɚ ɩɪɚɜɢɥɶɧɭ
ɜɿɞɩɨɜɿɞɶ ɧɚ ɰɟ ɡɚɜɞɚɧɧɹ. ɉɪɢɱɨɦɭ, ɡɧɚɱɟɧɧɹ ɤɨɟɮɿ-
ɰɿɽɧɬɚ ɤɨɪɟɥɹɰɿʀ: 5,0)Y,X(R iii ≥ ( ɪɿɜɟɧɶ 1) ɫɜɿɞɱɢɬɶ
ɩɪɨ ɨɫɦɢɫɥɟɧɢɣ ɪɨɡɩɨɞɿɥ ɱɚɫɭ ɧɚ ɜɿɞɩɨɜɿɞɿ ɦɿɠ ɫɤɥɚ-
ɞɧɢɦɢ ɿ ɩɪɨɫɬɢɦɢ ɩɢɬɚɧɧɹɦɢ ɿ ɿɧɬɟɪɩɪɟɬɭɽɬɶɫɹ ɹɤ
ɩɨɤɚɡɧɢɤ ɞɨɫɢɬɶ ɦɿɰɧɢɯ ɿ ɜɩɟɜɧɟɧɢɯ ɡɧɚɧɶ;

49,0)Y,X(R3,0 iii ≤≤ (ɪɿɜɟɧɶ 2) ɦɨɠɟ ɫɜɿɞɱɢɬɢ ɩɪɨ ɧɟ-
ɞɨɫɬɚɬɧɶɨ ɜɩɟɜɧɟɧɿ ɡɧɚɧɧɹ ɨɫɨɛɢ, ɳɨ ɬɟɫɬɭɽɬɶɫɹ, ɿ, ɭ
ɤɪɚɣɧɿɯ ɜɢɩɚɞɤɚɯ, ɩɪɨɹɜ ɜɿɞɯɢɥɟɧɶ ɜɿɞ ɧɨɪɦɢ ɱɚɫɭ – 
ɩɪɨ ɣɦɨɜɿɪɧɟ ɜɝɚɞɭɜɚɧɧɿ; 29,0)Y,X(R iii ≤  (ɪɿɜɟɧɶ 3)
ɫɜɿɞɱɢɬɶ ɩɪɨ ɧɟɫɬɿɣɤɿ ɡɧɚɧɧɹ ɿ ɦɨɠɥɢɜɭ ɩɪɢɫɭɬɧɿɫɬɶ
ɟɮɟɤɬɭ „ɜɝɚɞɭɜɚɧɧɹ“ ɛɿɥɶɲɨʀ ɱɚɫɬɢɧɢ ɩɢɬɚɧɶ ɡ ɩɨɩ-



ISSN 2071-2227, Науковий вісник НГУ, 2012, № 2 121

І Н Ф О Р М А Ц І Й Н І  Т Е Х Н О Л О Г І Ї ,  С И С Т Е М Н И Й  А Н А Л І З  Т А  К Е Р У В А Н Н Я

ɪɚɜɤɨɸ ɧɚ ɫɭɛ’ɽɤɬɢɜɧɢɣ ɩɪɨɹɜ ɫɩɟɰɢɮɿɱɧɢɯ ɨɫɨɛɥɢ-
ɜɨɫɬɟɣ ɦɢɫɥɟɧɧɹ ɨɫɨɛɢ, ɳɨ ɬɟɫɬɭɽɬɶɫɹ.

ɋɥɿɞ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɰɶɨɝɨ ɬɜɟɪ-
ɞɠɟɧɧɹ ɧɟ ɨɛɦɟɠɭɽ ɩɪɚɜɚ ɬɚɤ ɡɜɚɧɢɯ „ɫɬɭɞɟɧɬɿɜ-
ɬɭɝɨɞɭɦɿɜ“, ɩɫɢɯɨɥɨɝɿɱɧɿ ɨɫɨɛɥɢɜɨɫɬɿ ɹɤɢɯ ɩɨɜɢɧɧɿ
ɩɪɨɹɜɥɹɬɢɫɹ ɬɚɤɢɦ ɱɢɧɨɦ, ɳɨ ɜɨɧɢ ɧɚ ɜɫɿ ɩɢɬɚɧɧɹ
ɛɭɞɭɬɶ ɜɿɞɩɨɜɿɞɚɬɢ ɞɨɫɢɬɶ ɞɨɜɝɨ, ɚ ɰɟ ɨɡɧɚɱɚɽ, ɳɨ
ɛɭɞɟ ɩɪɨɫɬɟɠɭɜɚɬɢɫɹ ɩɟɜɧɚ ɡɚɤɨɧɨɦɿɪɧɿɫɬɶ ɬɚ ɤɨɟɮɿ-
ɰɿɽɧɬ ɤɨɪɟɥɹɰɿʀ ɬɚɤɨɠ ɛɭɞɟ ɧɚɛɥɢɠɚɬɢɫɹ ɞɨ ɨɞɢɧɢɰɿ.

Ʉɥɚɫɢ, ɞɨ ɹɤɢɯ ɦɨɠɥɢɜɨ ɜɿɞɧɟɫɬɢ ɪɟɡɭɥɶɬɚɬɢ ɬɟɫ-
ɬɭɜɚɧɧɹ ɡɧɚɧɶ ɫɬɭɞɟɧɬɿɜ ɡɚ ɩɨɤɚɡɧɢɤɨɦ 21K , ɜɢɡɧɚ-
ɱɚɸɬɶɫɹ ɡɚ ɧɚɫɬɭɩɧɢɦ ɚɥɝɨɪɢɬɦɨɦ:

 1. ȼɢɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿɽɧɬɚ ɤɨɪɟɥɹɰɿʀ
)Y,X(R iii
ɦɿɠ ɱɢɫɥɨɜɢɦɢ ɪɹɞɚɦɢ ɱɚɫɭ, ɮɚɤɬɢɱɧɨ ɜɢ-

ɬɪɚɱɟɧɨɝɨ ɧɚ ɩɿɞɝɨɬɨɜɤɭ ɜɿɞɩɨɜɿɞɿ ɧɚ ɬɟɫɬɨɜɟ ɡɚɜɞɚɧ-
ɧɹ, ɳɨ ɫɬɪɭɤɬɭɪɧɨ ɫɤɨɨɪɞɢɧɨɜɚɧɟ ɡ i-ɸ ɨɞɢɧɢɰɟɸ ɧɚ-
ɜɱɚɥɶɧɨɝɨ ɦɚɬɟɪɿɚɥɭ, ɿ ɜɫɬɚɧɨɜɥɟɧɨɝɨ ɧɨɪɦɚɬɢɜɧɨɝɨ
ɱɚɫɭ ɧɚ ɩɪɚɜɢɥɶɧɭ ɜɿɞɩɨɜɿɞɶ ɧɚ ɰɟ ɡɚɜɞɚɧɧɹ.

 2. ȼɢɡɧɚɱɟɧɧɹ ɩɨɤɚɡɧɢɤɚ ɞɨɥɿ ɡɧɚɱɟɧɶ ɤɨɟ-
ɮɿɰɿɽɧɬɿɜ ɤɨɪɟɥɹɰɿʀ )Y,X(R ii

1
i

, )Y,X(R ii
2
i

, )Y,X(R ii
3
i

ɹɤɿ ɜɿɞɩɨɜɿɞɚɸɬɶ ɜɢɳɟɧɚɡɜɚɧɢɦ ɪɿɜɧɹɦ 1, 2 ɬɚ 3 ɰɶɨɝɨ
ɤɨɟɮɿɰɿɽɧɬɚ

n
R_Kol)Y,X(DR

1
i

iii
1
i =

;

n
R_Kol)Y,X(RD

2
i

ii
2
i =

;

n
R_Kol)Y,X(RD

3
i

ii
3
i =

,

ɞɟ 1
iR_Kol – ɤɿɥɶɤɿɫɬɶ ɡɧɚɱɟɧɶ 5,0)Y,X(R iii ≥ ; 2

iR_Kol –
ɤɿɥɶɤɿɫɬɶ ɡɧɚɱɟɧɶ 49,0)Y,X(R3,0 iii ≤≤ ;

3
iR_Kol – ɤɿɥɶ-

ɤɿɫɬɶ ɡɧɚɱɟɧɶ 29,0)Y,X(R iii ≤ .
 3. ȼɢɡɧɚɱɟɧɧɹ ɛɟɡɩɨɫɟɪɟɞɧɶɨ ɤɥɚɫɿɜ, ɞɨ ɹɤɢɯ

ɦɨɠɥɢɜɨ ɜɿɞɧɟɫɬɢ ɡɧɚɱɟɧɧɹ ɩɨɤɚɡɧɢɤɚ 21K .
Ɍɚɤɢɦ ɱɢɧɨɦ, ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɨɤɚɡɧɢɤɚ 21K ɭ ɩɪɨ-

ɰɟɫɿ ɞɿɚɝɧɨɫɬɢɤɢ ɹɤɨɫɬɿ ɧɚɜɱɚɧɧɹ ɞɨɡɜɨɥɹɽ ɩɿɞɜɢɳɢɬɢ
ɫɬɭɩɿɧɶ ɨɛ’ɽɤɬɢɜɧɨɫɬɿ ɨɰɿɧɤɢ ɪɿɜɧɹ ɡɚɫɜɨɽɧɧɹ ɧɚɜɱɚ-
ɥɶɧɨɝɨ ɦɚɬɟɪɿɚɥɭ ɬɚ ɡɦɟɧɲɢɬɢ ɜɿɪɨɝɿɞɧɿɫɬɶ ɜɝɚɞɭɜɚɧ-
ɧɹ ɩɪɚɜɢɥɶɧɢɯ ɜɿɞɩɨɜɿɞɟɣ ɧɚ ɬɟɫɬɨɜɿ ɡɚɜɞɚɧɧɹ.

 2 

Ʉɥɚɫɢ, ɞɨ ɹɤɢɯ ɦɨɠɥɢɜɨ ɜɿɞɧɟɫɬɢ ɡɧɚɱɟɧɧɹ
ɤɨɟɮɿɰɿɽɧɬɚ ɤɨɪɟɥɹɰɿʀ ɦɿɠ ɱɢɫɥɨɜɢɦɢ ɪɹɞɚɦɢ
ɮɚɤɬɢɱɧɨɝɨ ɬɚ ɧɨɪɦɚɬɢɜɧɨɝɨ ɱɚɫɭ, ɜɢɬɪɚɱɟɧɨɝɨ
ɧɚ ɩɿɞɝɨɬɨɜɤɭ ɜɿɞɩɨɜɿɞɿ ɧɚ ɬɟɫɬɨɜɟ ɡɚɜɞɚɧɧɹ

Ʉɥɚɫɢ ɍɦɨɜɢ ɜɿɞɧɟɫɟɧɧɹ ɞɨ ɤɥɚɫɭ

Ʉɥɚɫ 1 
)Y,X(RD)Y,X(RD ii

2
iii

1
i >

)Y,X(RD)Y,X(RD ii
3
iii

1
i >

Ʉɥɚɫ 2
)Y,X(RD)Y,X(RD ii

1
iii

2
i >

)Y,X(RD)Y,X(RD ii
3
iii

2
i >

Ʉɥɚɫ 3
)Y,X(RD)Y,X(RD ii

1
iii

3
i >

)Y,X(RD)Y,X(RD ii
2
iii

3
i >

ȼɜɟɞɟɧɧɹ ɭ ɪɨɡɝɥɹɞ ɤɪɢɬɟɪɿʀɜ 22K ɬɚ 23K ɨɛʉɪɭɧɬɨ-
ɜɚɧɨ ɦɨɠɥɢɜɿɫɬɸ ɜɢɤɨɪɢɫɬɚɧɧɹ ɤɨɦɩ’ɸɬɟɪɧɨɝɨ ɬɟɫɬɭ-

ɜɚɧɧɹ ɹɤ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɿɧɫɬɪɭɦɟɧɬɭ ɜɢɡɧɚɱɟɧɧɹ ɪɿɜɧɹ
ɹɤɨɫɬɿ ɧɚɜɱɚɧɧɹ, ɿ ɹɤ ɿɧɧɨɜɚɰɿɣɧɨɝɨ ɿɧɫɬɪɭɦɟɧɬɭ ɨɪɝɚɧɿ-
ɡɚɰɿʀ ɩɪɨɰɟɫɭ ɧɚɜɱɚɧɧɹ ɬɚ ɫɚɦɨɧɚɜɱɚɧɧɹ. Ɉɬɠɟ, ɭ ɪɚɡɿ
ɣɨɝɨ ɡɚɫɬɨɫɭɜɚɧɧɹ, ɹɤ ɿɧɫɬɪɭɦɟɧɬɭ ɿɧɞɢɜɿɞɭɚɥɶɧɨɝɨ
ɩɪɨɦɿɠɧɨɝɨ ɤɨɧɬɪɨɥɸ ɪɿɜɧɹ ɡɚɫɜɨɽɧɧɹ ɧɚɜɱɚɥɶɧɨɝɨ ɦɚ-
ɬɟɪɿɚɥɭ, ɬɟɯɧɨɥɨɝɿɹ ɬɟɫɬɭɜɚɧɧɹ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ,
ɦɨɠɟ ɯɚɪɚɤɬɟɪɢɡɭɜɚɬɢɫɹ ɩɨɦ’ɹɤɲɟɧɢɦɢ ɭɦɨɜɚɦɢ – ɚ
ɫɚɦɟ ɦɨɠɥɢɜɿɫɬɸ: ɫɚɦɨɫɬɿɣɧɨɝɨ (ɞɨɜɿɥɶɧɨɝɨ) ɩɨɪɹɞɤɭ
ɩɨɫɥɿɞɨɜɧɨɫɬɿ ɜɢɛɨɪɭ ɬɟɫɬɨɜɢɯ ɡɚɜɞɚɧɶ ɿɡ ɩɨɜɧɨɝɨ ɫɩɢɫ-
ɤɭ, ɳɨ ɨɞɧɨɱɚɫɧɨ ɩɨɞɚɧɿ ɧɚ ɟɤɪɚɧ, ɬɚ ɧɚɞɚɜɚɧɧɹ ɩɨɜɬɨɪ-
ɧɨʀ ɜɿɞɩɨɜɿɞɿ ɜ ɦɟɠɚɯ ɨɡɧɚɱɟɧɨɝɨ ɱɚɫɭ ɬɟɫɬɭɜɚɧɧɹ.

əɤɿɫɧɢɣ ɩɨɤɚɡɧɢɤ ɡɦɿɳɟɧɧɹ ɩɨɫɥɿɞɨɜɧɨɫɬɿ ɜɢɛɨɪɭ
ɬɟɫɬɨɜɢɯ ɡɚɜɞɚɧɶ, ɜɿɞɧɨɫɧɨ ɜɢɡɧɚɱɟɧɨɝɨ ɩɪɨɝɪɚɦɨɸ
ɤɨɦɩ’ɸɬɟɪɧɨɝɨ ɬɟɫɬɭɜɚɧɧɹ ɩɨɪɹɞɤɭ ʀɯ ɜɢɜɨɞɭ ɧɚ ɟɤ-
ɪɚɧ 22K , ɜɢɡɧɚɱɚɽɬɶɫɹ ɡɚ ɧɚɫɬɭɩɧɢɦ ɚɥɝɨɪɢɬɦɨɦ:

 1. ȼɢɡɧɚɱɟɧɧɹ ɩɨɤɚɡɧɢɤɚ r
iDis ɫɬɭɩɟɧɸ ɜɿɞ-

ɧɨɫɧɨɝɨ ɡɦɿɳɟɧɧɹ ɜɢɛɨɪɭ r-ɦ ɫɬɭɞɟɧɬɨɦ ɬɟɫɬɨɜɨɝɨ
ɡɚɜɞɚɧɧɹ, ɳɨ ɫɬɪɭɤɬɭɪɧɨ ɫɤɨɨɪɞɢɧɨɜɚɧɨ ɡ i-ɸ ɨɞɢɧɢ-
ɰɟɸ ɧɚɜɱɚɥɶɧɨɝɨ ɦɚɬɟɪɿɚɥɭ, ɿɡ ɩɨɜɧɨɝɨ ɫɩɢɫɤɭ ɡɚɩɪɨ-
ɩɨɧɨɜɚɧɢɯ ɡɚɜɞɚɧɶ

k
PosPos

Dis
r
if

r
ipr

i

)( −
= ,

ɞɟ r
ipPos  – ɩɥɚɧɨɜɚ (ɫɮɨɪɦɨɜɚɧɚ ɩɪɨɝɪɚɦɨɸ

ɤɨɦɩ’ɸɬɟɪɧɨɝɨ ɬɟɫɬɭɜɚɧɧɹ) ɩɨɡɢɰɿɹ ɬɟɫɬɨɜɨɝɨ ɡɚ-
ɜɞɚɧɧɹ ɧɚ ɟɤɪɚɧɿ; r

ifPos  – ɮɚɤɬɢɱɧɢɣ ɩɨɪɹɞɤɨɜɢɣ ɧɨ-
ɦɟɪ ɜɿɞɩɨɜɿɞɿ ɧɚ ɬɟɫɬɨɜɟ ɡɚɜɞɚɧɧɹ r-ɦ ɫɬɭɞɟɧɬɨɦ;
k – ɡɚɝɚɥɶɧɚ ɤɿɥɶɤɿɫɬɶ ɩɢɬɚɧɶ ɭ ɬɟɫɬɨɜɨɦɭ ɫɟɚɧɫɿ.

 2. ȼɢɡɧɚɱɟɧɧɹ ɩɨɤɚɡɧɢɤɚ ɞɨɥɿ ɤɪɢɬɢɱɧɨɝɨ
ɩɨɡɢɬɢɜɧɨɝɨ +

iDisP _ ɬɚ ɧɟɝɚɬɢɜɧɨɝɨ −
iDisP _ ɫɬɭɩɟɧɸ

ɜɿɞɧɨɫɧɨɝɨ ɡɦɿɳɟɧɧɹ ɜɢɛɨɪɭ ɬɟɫɬɨɜɨɝɨ ɡɚɜɞɚɧɧɹ, ɳɨ
ɫɬɪɭɤɬɭɪɧɨ ɫɤɨɨɪɞɢɧɨɜɚɧɚ ɡ i-ɸ ɨɞɢɧɢɰɟɸ ɧɚɜɱɚɥɶ-
ɧɨɝɨ ɦɚɬɟɪɿɚɥɭ, ɿɡ ɩɨɜɧɨɝɨ ɫɩɢɫɤɭ ɡɚɩɪɨɩɨɧɨɜɚɧɢɯ
ɡɚɜɞɚɧɶ (ɛɿɥɶɲɨɝɨ ɚɛɨ ɦɟɧɲɨɝɨ ɤɪɢɬɢɱɧɨʀ ɜɟɥɢɱɢɧɢ

−
iDisKr _ ɬɚ +

iDisKr _ ɜɿɞɩɨɜɿɞɧɨ, ɜɫɬɚɧɨɜɥɟɧɨʀ ɟɤɫ-
ɩɟɪɬɧɢɦ ɲɥɹɯɨɦ)

n
KolDisP i

i

−
− =_ ;

n
KolDisP i

i

+
+ =_ ,

ɞɟ −
iKol – ɤɿɥɶɤɿɫɬɶ r

iDis −
iDisKr _ ; +

iKol – ɤɿɥɶɤɿɫɬɶ
r
iDis +

iDisKr _ .
 3. ȼɢɡɧɚɱɟɧɧɹ ɤɥɚɫɿɜ, ɞɨ ɹɤɢɯ ɦɨɠɥɢɜɨ ɜɿɞ-

ɧɟɫɬɢ ɡɧɚɱɟɧɧɹ ɩɨɤɚɡɧɢɤɚ 22K .

 3 

Ʉɥɚɫɢ, ɞɨ ɹɤɢɯ ɦɨɠɥɢɜɨ ɜɿɞɧɟɫɬɢ
ɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿɽɧɬɭ ɡɦɿɳɟɧɧɹ ɩɨɫɥɿɞɨɜɧɨɫɬɿ

ɜɢɛɨɪɭ ɬɟɫɬɨɜɢɯ ɡɚɜɞɚɧɶ

Ʉɥɚɫɢ ɍɦɨɜɢ ɜɿɞɧɟɫɟɧɧɹ ɞɨ ɤɥɚɫɭ

Ʉɥɚɫ 1 22K =0, ɹɤɳɨ +
iDisP _ = −

iDisP _ =0

Ʉɥɚɫ 2 22K =+1, ɹɤɳɨ +
iDisP _ −

iDisP _

Ʉɥɚɫ 3 22K =–1, ɹɤɳɨ −
iDisP _ +

iDisP _
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ɍ ɜɿɞɩɨɜɿɞɧɨɫɬɿ ɞɨ ɜɢɡɧɚɱɟɧɢɯ ɚɜɬɨɪɨɦ ɤɥɚɫɿɜ, ɪɟ-
ɡɭɥɶɬɚɬɢ ɬɟɫɬɭɜɚɧɧɹ, ɜɿɞɧɟɫɟɧɿ ɞɨ Ʉɥɚɫɭ 1, ɭ ɩɨɽɞɧɚɧɧɿ
ɡ ɩɨɩɟɪɟɞɧɿɦɢ ɩɨɤɚɡɧɢɤɚɦɢ 1K ɬɚ 21K , ɦɚɸɬɶ ɛɿɥɶɲ
ɬɨɧɤɢɣ (ɪɨɡɲɢɪɟɧɢɣ) ɜɿɞɬɿɧɨɤ ɫɬɚɛɿɥɶɧɨɫɬɿ ɬɚ ɜɩɟɜɧɟ-
ɧɨɫɬɿ ɧɚɞɛɚɧɢɯ ɫɬɭɞɟɧɬɚɦɢ ɡɧɚɧɶ – ɩɨɫɥɿɞɨɜɧɢɣ ɜɢɛɿɪ
ɬɟɫɬɨɜɢɯ ɡɚɜɞɚɧɶ ɿɡ ɜɢɜɟɞɟɧɨɝɨ ɧɚ ɟɤɪɚɧɿ ɫɩɢɫɤɭ.

əɤɳɨ ɪɟɡɭɥɶɬɚɬɢ ɬɟɫɬɭɜɚɧɧɹ ɜɿɞɧɨɫɹɬɶɫɹ ɞɨ Ʉɥɚɫɭ
2, ɰɟ ɦɨɠɟ, ɭ ɩɨɽɞɧɚɧɧɿ ɡ ɩɨɩɟɪɟɞɧɿɦɢ ɩɨɤɚɡɧɢɤɚɦɢ

1K ɬɚ 21K , ɜɢɫɬɭɩɚɬɢ ɜ ɹɤɨɫɬɿ ɞɨɞɚɬɤɨɜɨʀ ɪɨɡɲɢɪɟɧɨʀ
ɿɧɮɨɪɦɚɰɿʀ ɹɤ ɩɪɨ ɜɩɟɜɧɟɧɿɫɬɶ ɡɧɚɧɶ ɫɬɭɞɟɧɬɿɜ, ɬɚɤ ɿ
ɩɪɨ ɧɚɞɥɢɲɤɨɜɭ ɩɪɨɫɬɨɬɭ ɬɟɫɬɨɜɢɯ ɡɚɜɞɚɧɶ (ɬɨɱɧɿɲɟ,
ɩɪɨ ʀɯ ɧɢɡɶɤɭ ɹɤɿɫɬɶ). 

Ʉɥɚɫ 3, ɭ ɩɨɽɞɧɚɧɧɿ ɡ ɩɨɩɟɪɟɞɧɿɦɢ ɩɨɤɚɡɧɢɤɚɦɢ
1K ɬɚ 21K , ɭɬɪɢɦɭɽ ɞɨɞɚɬɤɨɜɭ ɿɧɮɨɪɦɚɰɿɸ ɹɤ ɩɪɨ ɧɟ-

ɜɩɟɜɧɟɧɿɫɬɶ ɬɚ ɧɟɫɬɚɛɿɥɶɧɿɫɬɶ ɡɧɚɧɶ ɫɬɭɞɟɧɬɿɜ, ɬɚɤ ɿ
ɩɪɨ ɧɚɞɥɢɲɤɨɜɭ ɫɤɥɚɞɧɿɫɬɶ ɬɟɫɬɨɜɢɯ ɡɚɜɞɚɧɶ.

Ⱥɧɚɥɨɝɿɱɧɨ, ɤɨɟɮɿɰɿɽɧɬ ɜɢɛɨɪɭ ɬɟɫɬɨɜɢɯ ɡɚɜɞɚɧɶ
ɞɥɹ ɩɨɜɬɨɪɧɨʀ ɜɿɞɩɨɜɿɞɿ 23K ɜɢɡɧɚɱɚɽɬɶɫɹ ɡɚ ɧɚɫɬɭɩ-
ɧɢɦ ɚɥɝɨɪɢɬɦɨɦ:

 1. ȼɢɡɧɚɱɟɧɧɹ ɩɨɤɚɡɧɢɤɚ r
iRep ɧɚɹɜɧɨɫɬɿ ɩɨ-

ɜɬɨɪɧɨʀ ɜɿɞɩɨɜɿɞɿ r-ɦ ɫɬɭɞɟɧɬɨɦ ɧɚ ɬɟɫɬɨɜɟ ɡɚɜɞɚɧɧɹ,
ɳɨ ɫɬɪɭɤɬɭɪɧɨ ɫɤɨɨɪɞɢɧɨɜɚɧɨ ɡ i-ɸ ɨɞɢɧɢɰɟɸ ɧɚɜɱɚ-
ɥɶɧɨɝɨ ɦɚɬɟɪɿɚɥɭ.

 2. Ⱦɥɹ ɫɬɭɞɟɧɬɿɜ ɡɿ ɡɧɚɱɟɧɧɹɦ 1Rep =r
i

ɜɢɡɧɚ-
ɱɚɽɬɶɫɹ ɡɧɚɱɟɧɧɹ ɩɨɤɚɡɧɢɤɚ r

iR Rep_  – ɪɟɡɭɥɶɬɚɬɭ ɨɫ-
ɬɚɬɨɱɧɨʀ ɩɨɜɬɨɪɧɨʀ ɜɿɞɩɨɜɿɞɿ r-ɦ ɫɬɭɞɟɧɬɨɦ ɧɚ ɬɟɫɬɨ-
ɜɟ ɡɚɜɞɚɧɧɹ, ɳɨ ɫɬɪɭɤɬɭɪɧɨ ɫɤɨɨɪɞɢɧɨɜɚɧɨ ɡ i-ɸ
ɨɞɢɧɢɰɟɸ ɧɚɜɱɚɥɶɧɨɝɨ ɦɚɬɟɪɿɚɥɭ: 1Rep_ +=+r

iR , ɹɤ-
ɳɨ ɨɫɬɚɬɨɱɧɢɣ ɪɟɡɭɥɶɬɚɬ ɜɿɪɧɢɣ; 1Rep_ −=−r

iR , ɹɤɳɨ
ɨɫɬɚɬɨɱɧɢɣ ɪɟɡɭɥɶɬɚɬ ɧɟɜɿɪɧɢɣ.

 3. ȼɢɡɧɚɱɟɧɧɹ ɩɨɤɚɡɧɢɤɚ ɩɪɨɰɟɧɬɿɜ ɤɪɢɬɢɱ-
ɧɨʀ ɤɿɥɶɤɨɫɬɿ ɜɿɪɧɢɯ +

ipP Re_ ɬɚ −
ipP Re_ ɩɨɜɬɨɪɧɢɯ

ɜɿɞɩɨɜɿɞɟɣ ɧɚ ɬɟɫɬɨɜɟ ɡɚɜɞɚɧɧɹ, ɳɨ ɫɬɪɭɤɬɭɪɧɨ ɫɤɨɨ-
ɪɞɢɧɨɜɚɧɨ ɡ i-ɸ ɨɞɢɧɢɰɟɸ ɧɚɜɱɚɥɶɧɨɝɨ ɦɚɬɟɪɿɚɥɭ
(ɛɿɥɶɲɨɝɨ ɚɛɨ ɦɟɧɲɨɝɨ ɤɪɢɬɢɱɧɨʀ ɜɟɥɢɱɢɧɢ

−
ipKr Re_ ɬɚ +

ipKr Re_ ɜɿɞɩɨɜɿɞɧɨ, ɜɫɬɚɧɨɜɥɟɧɨʀ ɟɤ-
ɫɩɟɪɬɧɢɦ ɲɥɹɯɨɦ)

n
KolpP

r
i

i

−
− =Re_ ;

n
KolpP

r
i

i

+
+ =Re_ ,

ɞɟ +r
iKol – ɤɿɥɶɤɿɫɬɶ ++ ≥ i

r
i pKrR Re_Rep_ ; −r

iKol ɧɚ – 
ɤɿɥɶɤɿɫɬɶ −r

iR Rep_ −
ipKr Re_ .

 4. ȼɢɡɧɚɱɟɧɧɹ ɤɥɚɫɿɜ, ɞɨ ɹɤɢɯ ɦɨɠɥɢɜɨ ɜɿɞ-
ɧɟɫɬɢ ɡɧɚɱɟɧɧɹ ɩɨɤɚɡɧɢɤɚ 23K .

 4 

Ʉɥɚɫɢ, ɞɨ ɹɤɢɯ ɦɨɠɥɢɜɨ ɜɿɞɧɟɫɬɢ
ɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿɽɧɬɭ ɜɢɛɨɪɭ ɬɟɫɬɨɜɢɯ ɡɚɜɞɚɧɶ

ɞɥɹ ɩɨɜɬɨɪɧɨʀ ɜɿɞɩɨɜɿɞɿ

Ʉɥɚɫɢ ɍɦɨɜɢ ɜɿɞɧɟɫɟɧɧɹ ɞɨ ɤɥɚɫɭ

Ʉɥɚɫ 1 23K =0, ɹɤɳɨ r
iRep =0

Ʉɥɚɫ 2 23K =+1, ɹɤɳɨ +−
ii pPpP Re_Re_

Ʉɥɚɫ 3 23K = –1, ɹɤɳɨ +−
ii pPpP Re_Re_

ɇɚɜɟɞɟɧɚ ɤɥɚɫɢɮɿɤɚɰɿɹ ɬɚɤɨɠ ɞɨɡɜɨɥɹɽ ɪɨɡɲɢɪɢɬɢ
ɫɩɟɤɬɪ ɹɤɿɫɧɨʀ ɨɰɿɧɤɢ ɪɟɡɭɥɶɬɚɬɿɜ ɬɟɫɬɭɜɚɧɧɹ, ɛɨ ɞɨ-
ɡɜɨɥɹɽ ɡ ɿɧɲɨɝɨ ɛɨɤɭ ɩɪɨɚɧɚɥɿɡɭɜɚɬɢ ɫɬɭɩɿɧɶ ɜɩɟɜɧɟ-
ɧɨɫɬɿ ɡɧɚɧɶ ɫɬɭɞɟɧɬɚ. Ɉɬɠɟ, Ʉɥɚɫ 1 ɭ ɩɨɽɞɧɚɧɧɿ ɿɡ ɩɨ-
ɩɟɪɟɞɧɿɦɢ ɩɨɤɚɡɧɢɤɚɦɢ 1K ɞɨɞɚɬɤɨɜɨ ɯɚɪɚɤɬɟɪɢɡɭɽ
ɜɢɫɨɤɢɣ ɫɬɭɩɿɧɶ ɫɬɚɛɿɥɶɧɨɫɬɿ ɡɧɚɧɶ, Ʉɥɚɫɢ 2 ɬɚ 3 ɞɨ-
ɞɚɸɬɶ ɹɤɿɫɧɭ ɿɧɮɨɪɦɚɰɿɸ ɩɪɨ ɪɿɜɟɧɶ ɧɟɜɩɟɜɧɟɧɨɫɬɿ,
ɬɟɧɞɟɧɰɿɸ ɭ ɩɪɨɰɟɫɿ ɡɚɫɜɨɽɧɧɹ ɧɚɜɱɚɥɶɧɨɝɨ ɦɚɬɟɪɿɚ-
ɥɭ ɬɚ ɫɩɟɰɢɮɿɤɭ ɦɢɫɥɟɧɧɹ ɫɬɭɞɟɧɬɿɜ.

Ɂɝɿɞɧɨ ɿɡ ɪɨɡɪɨɛɥɟɧɨɸ ɦɟɬɨɞɢɤɨɸ ɿɧɬɟɝɪɨɜɚɧɨʀ ɞɿ-
ɚɝɧɨɫɬɢɤɢ ɹɤɨɫɬɿ ɧɚɜɱɚɧɧɹ, ɿɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɦɟɬɨɞɭ
ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɨɛɪɚɡɿɜ, ɛɭɥɨ ɜɢɤɨɧɚɧɨ ɝɪɭɩɭɜɚɧɧɹ ɜɢ-
ɡɧɚɱɟɧɢɯ ɦɨɠɥɢɜɢɯ ɞɿɚɝɧɨɫɬɢɱɧɢɯ ɤɥɚɫɿɜ ɡɚɡɧɚɱɟɧɢɯ
ɤɪɢɬɟɪɿʀ ɜ ɭ ɦɨɠɥɢɜɿ ɚɥɶɬɟɪɧɚɬɢɜɢ ɞɥɹ ɩɪɢɣɧɹɬɬɹ ɪɿ-
ɲɟɧɧɹ ɳɨɞɨ ɤɨɪɢɝɭɜɚɧɧɹ ɝɪɚɮɿɤɭ ɩɪɨɜɟɞɟɧɧɹ, ɦɟɬɨ-
ɞɢɤɢ ɨɪɝɚɧɿɡɚɰɿʀ ɬɚ ɡɦɿɫɬɭ ɧɚɜɱɚɥɶɧɨɝɨ ɩɪɨɰɟɫɭ ɚɛɨ
ɜɢɡɧɚɱɟɧɧɹ ɤɿɥɶɤɿɫɧɨʀ ɨɰɿɧɤɢ ɩɪɨɦɿɠɧɨɝɨ ɪɿɜɧɹ ɡɚ-
ɫɜɨɽɧɧɹ ɞɢɫɰɢɩɥɿɧɢ.

Ɉɫɤɿɥɶɤɢ ɭ ɫɭɤɭɩɧɨɫɬɿ ɛɭɥɨ ɜɢɡɧɚɱɟɧɨ ɱɨɬɢɪɢ ɱɚ-
ɫɬɤɨɜɢɯ ɤɪɢɬɟɪɿʀ, ɞɿɚɩɚɡɨɧ ɤɨɥɢɜɚɧɶ ɡɧɚɱɟɧɶ ɹɤɢɯ
ɩɪɢɩɚɞɚɽ ɧɚ ɜɢɡɧɚɱɟɧɿ ɬɪɢ ɤɥɚɫɢ, ɬɨ ɜɟɫɶ ɦɨɠɥɢɜɢɣ
ɩɨɜɧɢɣ ɧɚɛɿɪ ɫɢɬɭɚɰɿɣ ɞɿɚɝɧɨɫɬɢɤɢ ɹɤɨɫɬɿ ɧɚɜɱɚɧɧɹ
ɦɨɠɟ ɛɭɬɢ ɨɩɢɫɚɧɢɣ 81 (34) ɜɚɪɿɚɧɬɨɦ ʀɯ ɤɨɦɛɿɧɚɰɿɣ.
Ɉɬɠɟ, ɡɝɿɞɧɨ ɡ ɿɧɬɟɝɪɚɥɶɧɨɸ ɮɭɧɤɰɿɽɸ, ɛɭɞɶ-ɹɤɭ ɧɚɹ-
ɜɧɭ ɫɢɬɭɚɰɿɸ ɜ ɤɿɥɶɤɿɫɧɨɦɭ ɜɢɦɿɪɿ ɦɨɠɧɚ ɨɩɢɫɚɬɢ ɡɚ-
ɥɟɠɧɿɫɬɸ U = f ( 1K , 21K , 22K , 23K ).

Ɍɨɞɿ, ɹɤɳɨ ɡɚ ɤɪɢɬɟɪɿɽɦ ɤɿɥɶɤɿɫɧɨɝɨ ɪɿɜɧɹ ɨɩɚɧɭ-
ɜɚɧɧɹ ɧɚɜɱɚɥɶɧɨɝɨ ɦɚɬɟɪɿɚɥɭ i-ɚ ɨɞɢɧɢɰɹ (ɩɢɬɚɧɧɹ,
ɩɿɞɩɢɬɚɧɧɹ) ɜɿɞɧɨɫɢɬɶɫɹ ɞɨ ɩɟɪɲɨɝɨ ɤɥɚɫɭ ( 11 =iK ),

ɩɨɜɧɢɣ ɧɚɛɿɪ ɫɢɬɭɚɰɿɣ ɞɥɹ ɰɶɨɝɨ ɜɢɩɚɞɤɭ ɛɭɞɟ ɫɤɥɚ-
ɞɚɬɢ 33 = 27 

Ɉɫɤɿɥɶɤɢ ɤɨɠɟɧ ɤɪɢɬɟɪɿɣ ɯɚɪɚɤɬɟɪɢɡɭɽ ɨɤɪɟɦɭ
ɫɩɟɰɢɮɿɱɧɭ ɫɤɥɚɞɨɜɭ ɿɧɬɟɝɪɨɜɚɧɨɝɨ ɩɨɤɚɡɧɢɤɚ ɤɿɥɶɤɿ-
ɫɧɨɝɨ ɬɚ ɹɤɿɫɧɨɝɨ ɪɿɜɧɹ ɡɚɫɜɨɽɧɧɹ ɧɚɜɱɚɥɶɧɨɝɨ ɦɚɬɟ-
ɪɿɚɥɭ ɬɚ ɦɨɠɟ ɩɪɢɣɦɚɬɢ ɪɿɡɧɿ, ɱɚɫɬɨ ɩɪɨɬɢɥɟɠɧɿ, ɡɧɚ-
ɱɟɧɧɹ, ɬɨ ɩɟɜɧɿ ɤɨɦɛɿɧɚɰɿʀ ɡ ɩɨɜɧɨɝɨ ɧɚɛɨɪɭ ɦɨɠɭɬɶ
ɧɟ ɿɫɧɭɜɚɬɢ ɜ ɪɟɚɥɶɧɿɣ ɩɪɚɤɬɢɰɿ ɞɿɚɝɧɨɫɬɢɤɢ ɡɧɚɧɶ ɿ
ɬɨɦɭ ʀɯ ɜɚɪɬɨ ɜɢɤɥɸɱɢɬɢ ɡ ɩɨɜɧɨɝɨ ɧɚɛɨɪɭ ɞɿɚɝɧɨɫ-
ɬɢɱɧɢɯ ɫɢɬɭɚɰɿɣ (ɭ ɬɚɛɥ. 5 ɜɨɧɢ ɜɢɡɧɚɱɟɧɿ ɠɢɪɧɢɦ
ɤɭɪɫɢɜɨɦ). ɇɚɩɪɢɤɥɚɞ:

− ɫɢɬɭɚɰɿʀ U1,1,1,3; U1,1,2,3; U1,1,2,3 ɧɟ ɦɨɠɭɬɶ ɿɫɧɭɜɚ-
ɬɢ ɜ ɪɟɚɥɶɧɿɣ ɩɪɚɤɬɢɰɿ ɧɚɞɚɧɧɹ ɫɬɭɞɟɧɬɚɦɢ ɜɿɞɩɨɜɿ-
ɞɟɣ ɬɚ ɨɰɿɧɤɢ ʀɯ ɹɤɨɫɬɿ, ɨɫɤɿɥɶɤɢ ɦɚɤɫɢɦɚɥɶɧɢɣ ɫɬɭ-
ɩɿɧɶ ɡɚɫɜɨɽɧɧɹ 1K =1, ɩɪɢ ɧɚɹɜɧɨɫɬɿ ɦɿɰɧɢɯ ɿ
ɜɩɟɜɧɟɧɢɯ ɡɧɚɧɶ 21K =1, ɭɫɭɜɚɽ ɦɨɠɥɢɜɿɫɬɶ ɧɚɞɚɧɧɹ
ɩɨɜɬɨɪɧɢɯ ɧɟɩɪɚɜɢɥɶɧɢɯ ɜɿɞɩɨɜɿɞɟɣ 23K =3 ɧɚ ɬɟɫɬɨɜɿ
ɡɚɜɞɚɧɧɹ, ɮɚɤɬ ɹɤɨɝɨ, ɩɨ-ɩɟɪɲɟ, ɩɨɜɢɧɟɧ ɡɧɚɱɧɨ
ɡɧɢɠɭɜɚɬɢ ɡɧɚɱɟɧɧɹ 1K ɩɨɤɚɡɧɢɤɚ ɪɿɜɧɹ ɡɚɫɜɨɽɧɧɹ,
ɩɨ-ɞɪɭɝɟ − ɩɨɝɿɪɲɢɬɢ ɩɨɤɚɡɧɢɤ ɭɡɝɨɞɠɟɧɨɫɬɿ ɮɚɤɬɢ-
ɱɧɢɯ ɬɚ ɧɨɪɦɚɬɢɜɧɢɯ ɱɚɫɨɜɢɯ ɪɹɞɿɜ 21K ;

−ɧɟɦɨɠɥɢɜɢɦɢ ɬɚɤɨɠ ɽ U1,3,1,1, U1,3,1,1, U1,3,3,1,
U1,3,1,2, U1,3,2,2, U1,3,3,2 – ɫɢɬɭɚɰɿʀ ɨɞɧɨɱɚɫɧɨɝɨ ɩɨɽɞɧɚɧ-
ɧɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɫɬɭɩɟɧɸ ɡɚɫɜɨɽɧɧɹ 1K =1 ɬɚ ɩɪɢɫɭ-
ɬɧɨɫɬɿ ɡɧɚɱɧɨʀ ɣɦɨɜɿɪɧɨɫɬɿ ɟɮɟɤɬɭ „ɜɝɚɞɭɜɚɧɧɹ“ ɛɿ-
ɥɶɲɨʀ ɱɚɫɬɢɧɢ ɩɢɬɚɧɶ 21K =3.

ȼɢɯɨɞɹɱɢ ɡ ɬɢɯ ɠɟ ɭɦɨɜ, ɳɨ ɣ ɞɥɹ ɩɨɩɟɪɟɞɧɶɨɝɨ
ɡɧɚɱɟɧɧɹ ɤɪɢɬɟɪɿɸ, ɧɟɦɨɠɥɢɜɢɦɢ ɜ ɪɟɚɥɶɧɿɣ ɩɪɚɤɬɢ-
ɰɿ ɧɚɞɚɧɧɹ ɫɬɭɞɟɧɬɚɦɢ ɜɿɞɩɨɜɿɞɟɣ ɬɚ ɨɰɿɧɤɢ ʀɯ ɹɤɨɫɬɿ
ɛɭɞɭɬɶ U2,1,1,2, U2,1,2,1, U2,1,3,2, U2,1,2,3, U2,2,1,2, U2,2,2,2,
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U2,2,3,2, U2,3,1,2, U2,3,2,2, U2,3,3,2 (ɜɢɡɧɚɱɟɧɿ ɠɢɪɧɢɦ ɤɭɪɫɢ-
ɜɨɦ ɭ ɬɚɛɥ. 6): 

 – ɫɢɬɭɚɰɿʀ ɿɡ ɩɪɨɬɢɥɟɠɧɢɦɢ ɧɚɛɨɪɚɦɢ ɡɧɚɱɟɧɶ
ɤɪɢɬɟɪɿʀɜ ɜɢɩɟɪɟɞɠɟɧɨɝɨ ɚɛɨ ɡɚɩɿɡɧɟɧɨɝɨ ɜɢɛɨɪɭ ɬɟɫ-
ɬɨɜɢɯ ɡɚɜɞɚɧɶ ( 222 =K ɚɛɨ 322 =K ) ɭ ɫɩɨɥɭɱɟɧɧɿ ɡ ɩɨɤ-
ɪɚɳɟɧɧɹɦ ɪɟɡɭɥɶɬɚɬɿɜ ɬɟɫɬɭɜɚɧɧɹ ɜ ɪɟɡɭɥɶɬɚɬɿ ɩɨɜɬɨ-
ɪɧɨʀ ɜɿɞɩɨɜɿɞɿ ( 223 =K );

– ɫɢɬɭɚɰɿʀ ɫɩɨɥɭɱɟɧɧɹ ɩɨɤɚɡɧɢɤɿɜ ɡɚɞɨɜɿɥɶɧɨɝɨ
ɚɛɨ ɧɟɡɚɞɨɜɿɥɶɧɨɝɨ ɪɿɜɧɹ ɡɚɫɜɨɽɧɧɹ ɫɬɭɞɟɧɬɚɦɢ ɧɚ-
ɜɱɚɥɶɧɨɝɨ ɦɚɬɟɪɿɚɥɭ ( 21 =K ) ɣ ɧɟɞɨɫɬɚɬɧɶɨ ɜɩɟɜɧɟ-
ɧɢɯ ɡɧɚɧɶ ɨɫɨɛɢ, ɳɨ ɬɟɫɬɭɽɬɶɫɹ, ɚ ɬɚɤɨɠ ɩɪɢɫɭɬɧɨɫɬɿ
ɟɮɟɤɬɭ ɜɝɚɞɭɜɚɧɧɹ ( 221 =K ɚɛɨ 321 =K ).  

Ⱥɧɚɥɨɝɿɱɧɿ ɧɚɛɨɪɢ ɫɢɬɭɚɰɿɣ, ɳɨ ɞɨɡɜɨɥɹɸɬɶ ɿɧ-
ɬɟɝɪɚɥɶɧɨ ɞɿɚɝɧɨɫɬɭɜɚɬɢ ɪɿɜɟɧɶ ɡɚɫɜɨɽɧɧɹ ɦɚɬɟɪɿɚɥɭ,
ɞɨɰɿɥɶɧɨ ɜɢɤɥɸɱɢɬɢ ɿɡ ɩɨɜɧɨɝɨ ɧɚɛɨɪɭ ɫɢɬɭɚɰɿɣ ɩɪɢ

31 =iK .
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Ɇɨɠɥɢɜɿ ɫɢɬɭɚɰɿʀ ɞɿɚɝɧɨɫɬɢɤɢ ɹɤɨɫɬɿ ɧɚɜɱɚɧɧɹ ɡɚ
ɭɦɨɜɢ 11 =iK

Ʉ
ɨɦ

ɛɿ
ɧɚ
ɰɿ
ʀɡ
ɧɚ
ɱɟ
ɧɶ

ɱɚ
ɫ-

ɬɤ
ɨɜ
ɢɯ

ɤɪ
ɢɬ
ɟɪ
ɿʀɜ

Ʉɨɦɛɿɧɚɰɿʀ ɡɧɚɱɟɧɶ ɱɚɫɬɤɨɜɢɯ ɤɪɢɬɟɪɿʀɜ
(1,1,1,1) (1,1,1,2) (1,1,1,3) 
(1,1,2,1) (1,1,2,2) (1,1,2,3) 
(1,1,3,1) (1,1,3,2) (1,1,3,3) 
(1,2,1,1) (1,2,1,2) (1,2,1,3) 
(1,2,2,1) (1,2,2,2) (1,2,2,3) 
(1,2,3,1) (1,2,3,2) (1,2,3,3) 
(1,3,1,1) (1,3,1,2) (1,3,1,3)
(1,3,2,1) (1,3,2,2) (1,3,2,3)
(1,3,3,1) (1,3,3,2) (1,3,3,3)

ɉɨɜɧɭ ɡɚɝɚɥɶɧɭ ɜɢɛɿɪɤɭ ɞɥɹ 21 =iK ɧɚɜɟɞɟɧɨ ɭ
ɬɚɛɥ. 2. 
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Ɇɨɠɥɢɜɿ ɫɢɬɭɚɰɿʀ ɞɿɚɝɧɨɫɬɢɤɢ ɹɤɨɫɬɿ ɧɚɜɱɚɧɧɹ ɡɚ ɭɦɨɜɢ
21 =iK

Ʉ
ɨɦ

ɛɿ
ɧɚ
ɰɿ
ʀɡ
ɧɚ
ɱɟ
ɧɶ

ɱɚ
ɫɬ

-
ɤɨ
ɜɢ
ɯ
ɤɪ
ɢɬ
ɟɪ
ɿʀɜ

Ʉɨɦɛɿɧɚɰɿʀ ɡɧɚɱɟɧɶ ɱɚɫɬɤɨɜɢɯ ɤɪɢɬɟɪɿʀɜ
(2,1,1,1) (2,1,1,2) (2,1,1,3)
(2,1,2,1) (2,1,2,2) (2,1,2,3) 
(2,1,3,1) (2,1,3,2) (2,1,3,3)
(2,2,1,1) (2,2,1,2) (2,2,1,3)
(2,2,2,1) (2,2,2,2) (2,2,2,3)
(2,2,3,1) (2,2,3,2) (2,2,3,3)
(2,3,1,1) (2,3,1,2) (2,3,1,3)
(2,3,2,1) (2,3,2,2) (2,3,2,3) 
(2,3,3,1) (2,3,3,2) (2,3,3,3)

Ɂɚ ɪɟɡɭɥɶɬɚɬɚɦɢ ɩɪɨɜɟɞɟɧɨɝɨ ɚɧɚɥɿɡɭ ɛɭɥɨ ɜɢɤɨ-
ɧɚɧɨ ɝɪɭɩɭɜɚɧɧɹ ɨɬɪɢɦɚɧɢɯ ɫɢɬɭɚɰɿɣ ɭ 10 ɤɥɚɫɿɜ, ɹɤɿ
ɨɛ’ɽɞɧɭɸɬɶ ɭ ɫɜɨɽɦɭ ɫɤɥɚɞɿ ɜɿɞɧɨɫɧɨ ɫɯɨɠɿ ɤɨɦɛɿɧɚ-
ɰɿʀ. ɉɪɢɧɰɢɩ ɨɛ’ɽɞɧɚɧɧɹ ɤɨɦɛɿɧɚɰɿɣ ɭ ɤɥɚɫɢ ʉɪɭɧɬɭ-
ɽɬɶɫɹ ɧɚ ɞɜɨʀɫɬɨɦɭ ɩɿɞɯɨɞɿ: ɡ ɨɞɧɨɝɨ ɛɨɤɭ ɜɪɚɯɨɜɭ-
ɽɬɶɫɹ ɤɿɥɶɤɿɫɧɢɣ ɪɿɜɟɧɶ ɨɩɚɧɭɜɚɧɧɹ ɧɚɜɱɚɥɶɧɨɝɨ
ɦɚɬɟɪɿɚɥɭ, ɚ ɡ ɿɧɲɨɝɨ – ɣɨɝɨ ɹɤɿɫɧɢɣ ɪɿɜɟɧɶ (ɞɿɚɝɧɨɫ-
ɬɢɤɚ ɡ ɬɨɱɤɢ ɡɨɪɭ ɹɤɨɫɬɿ ɬɟɫɬɨɜɢɯ ɡɚɜɞɚɧɶ, ɡɝɿɞɧɨ ɡ
ɹɤɢɦ ɧɟɦɨɠɥɢɜɨ ɨɛ’ɽɤɬɢɜɧɨ ɨɰɿɧɸɜɚɬɢ ɪɿɜɟɧɶ ɡɧɚɧɶ
ɫɬɭɞɟɧɬɿɜ, ɧɚɜɟɞɟɧɨ ɭ [9, 10]). 

Ɋɿɲɟɧɧɹ 3. Ⱥɧɚɥɿɡ ɫɮɨɪɦɨɜɚɧɢɯ ɞɿɚɝɧɨɫɬɢɱɧɢɯ
ɤɥɚɫɿɜ ɬɚ ɨɛɪɨɛɤɚ ɨɬɪɢɦɚɧɢɯ ɚɜɬɨɪɨɦ ɟɤɫɩɟɪɬɧɢɯ
ɨɰɿɧɨɤ ɞɨɡɜɨɥɢɥɢ ɫɮɨɪɦɭɜɚɬɢ ɛɚɡɭ ɡɧɚɧɶ (ɬɚɛɥ. 7) ɟɤ-
ɫɩɟɪɬɧɨʀ ɫɢɫɬɟɦɢ ɿɧɬɟɝɪɨɜɚɧɨʀ ɞɿɚɝɧɨɫɬɢɤɢ ɬɚ ɭɩɪɚɜ-

ɥɿɧɧɹ ɹɤɿɫɬɸ ɧɚɜɱɚɧɧɹ, ɳɨ ɩɪɢɡɧɚɱɟɧɚ ɞɥɹ ɿɧɬɟɥɟɤɬɭ-
ɚɥɶɧɨʀ ɩɿɞɬɪɢɦɤɢ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɧɹ ɳɨɞɨ ɚɞɚɩɬɢɜ-
ɧɨɝɨ ɤɨɪɟɝɭɜɚɧɧɹ ɡɦɿɫɬɭ ɬɚ ɮɨɪɦɢ ɩɪɨɜɟɞɟɧɧɹ ɧɚɜɱɚ-
ɥɶɧɢɯ ɡɚɧɹɬɶ.
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Ȼɚɡɚ ɡɧɚɧɶ ɟɤɫɩɟɪɬɧɨʀ ɫɢɫɬɟɦɢ

ʋ
Ʉɥɚɫɭ

ɉɪɟɞ-
ɫɬɚɜɧɢ-
ɰɶɤɚ

ɜɢɛɿɪɤɚ

ɋɬɢɫɥɚ ɯɚɪɚɤɬɟɪɢɫ-
ɬɢɤɚ ɤɥɚɫɭ

Ɇɨɠɥɢɜɿ ɪɟɤɨɦɟɧɞɚɰɿʀ
ɳɨɞɨ ɭɩɪɚɜɥɿɧɧɹ

Ʉɥɚɫ 1 U 1,1,1,1;
U 1,1,2,1

Ɇɚɤɫɢɦɚɥɶɧɢɣ ɪɿɜɟɧɶ
ɡɚɫɜɨɽɧɧɹ ɦɚɬɟɪɿɚɥɭ
ɬɚ ɞɭɠɟ ɫɬɿɣɤɿ ɡɧɚɧɧɹ

Ɋɟɤɨɦɟɧɞɨɜɚɧɨ ɚɧɚɥɿɬɢɱɧɿ
ɬɚ ɞɨɫɥɿɞɧɢɰɶɤɿ ɜɢɞɢ ɪɨɛɿɬ

Ʉɥɚɫ 2 U 1,1,1,2;
U 1,1,2,2;
U 1,1,3,2;
U 1,1,3,1

Ɇɚɤɫɢɦɚɥɶɧɢɣ ɪɿɜɟɧɶ
ɡɚɫɜɨɽɧɧɹ ɦɚɬɟɪɿɚɥɭ
ɬɚ ɫɬɿɣɤɿ ɡɧɚɧɧɹ

ɉɨɬɪɿɛɧɟ ɡɚɤɪɿɩɥɟɧɧɹ ɨɫ-
ɧɨɜɧɢɯ ɩɨɥɨɠɟɧɶ. Ʉɨɪɢɫɧɟ
ɜɢɤɨɪɢɫɬɚɧɧɹ ɬɜɨɪɱɢɯ ɜɢ-
ɞɿɜ ɪɨɛɿɬ

Ʉɥɚɫ 3 U 1,2,1,1;
U 1,2,2,1;
U 1,2,3,1

Ɇɚɤɫɢɦɚɥɶɧɢɣ ɪɿɜɟɧɶ
ɡɚɫɜɨɽɧɧɹ ɦɚɬɟɪɿɚɥɭ
ɬɚ ɞɨɫɢɬɶ ɫɬɿɣɤɿ
ɡɧɚɧɧɹ

Ʉɨɪɢɫɧɟ ɜɢɤɨɪɢɫɬɚɧɧɹ ɫɢ-
ɬɭɚɰɿɣɧɢɯ ɬɚ ɿɝɪɨɜɢɯ ɜɢɞɿɜ
ɪɨɛɨɬɢ ɡ ɩɨɞɚɥɶɲɢɦ ɨɛɝɨ-
ɜɨɪɟɧɧɹɦ ɬɚ ɞɢɫɩɭɬɚɦɢ

Ʉɥɚɫ 4 U 1,2,1,2;
U 1,2,2,2;
U 1,2,3,2;
U 1,2,1,3

Ɇɚɤɫɢɦɚɥɶɧɢɣ ɪɿɜɟɧɶ
ɡɚɫɜɨɽɧɧɹ ɦɚɬɟɪɿɚɥɭ,
ɚɥɟ ɧɟ ɡɨɜɫɿɦ ɫɬɿɣɤɢ-
ɦɢ ɡɧɚɧɧɹɦɢ (ɤɨɥɢ-
ɜɚɧɧɹ ɩɨɝɥɹɞɿɜ)

Ʉɨɪɢɫɧɟ ɩɪɨɜɟɞɟɧɧɹ ɿɧɬɟ-
ɧɫɢɜɧɢɯ ɩɪɚɤɬɢɱɧɢɯ ɬɚ ɫɢ-
ɬɭɚɰɿɣɧɢɯ ɡɚɧɹɬɶ ɿɡ
ɪɨɡ’ɹɫɧɟɧɧɹɦ ɫɤɥɚɞɧɢɯ
ɦɨɦɟɧɬɿɜ. Ȼɚɠɚɧɨ ɱɟɪɝɭ-
ɜɚɧɧɹ ɿɧɞɢɜɿɞɭɚɥɶɧɨʀ ɬɚ
ɝɪɭɩɨɜɨʀ ɪɨɛɨɬɢ ɡ ɦɟɬɨɸ
ɜɫɬɚɧɨɜɥɟɧɧɹ „ɿɫɬɢɧɢ“

Ʉɥɚɫ 5 U 2,1,1,1;
U 2,1,2,1;
U 2,1,3,1

Ɂɚɞɨɜɿɥɶɧɢɣ (ɞɨɫɬɚɬ-
ɧɿɣ) ɪɿɜɟɧɶ ɡɚɫɜɨɽɧɧɹ
ɦɚɬɟɪɿɚɥɭ ɬɚ ɫɬɿɣɤɿ
ɡɧɚɧɧɹ

Ɋɟɤɨɦɟɧɞɨɜɚɧɚ ɫɚɦɨɫɬɿɣɧɚ
ɩɪɚɤɬɢɱɧɚ ɪɨɛɨɬɚ (ɭɡɚ-
ɝɚɥɶɧɸɸɱɚ, ɪɨɡɪɚɯɭɧɤɨɜɚ,
ɩɪɢɤɥɚɞɧɚ)

Ʉɥɚɫ 6 U 2,1,1,3;
U 2,1,3,3

Ɂɚɞɨɜɿɥɶɧɢɣ (ɞɨɫɬɚɬ-
ɧɿɣ) ɪɿɜɟɧɶ ɡɚɫɜɨɽɧɧɹ
ɦɚɬɟɪɿɚɥɭ ɬɚ ɞɨɫɢɬɶ
ɫɬɿɣɤɿ ɡɧɚɧɧɹ, ɚɥɟ ɠ
ɩɨɬɪɿɛɧɟ ɡɚɤɪɿɩɥɟɧɧɹ
ɨɫɧɨɜɧɢɯ ɩɨɥɨɠɟɧɶ

Ɋɟɤɨɦɟɧɞɨɜɚɧɚ ɝɪɭɩɨɜɚ
ɩɪɚɤɬɢɱɧɚ ɪɨɛɨɬɚ ɡ ɧɟɨɛ-
ɯɿɞɧɿɫɬɸ ɜɢɤɥɚɞɟɧɧɹ ɭɡɚ-
ɝɚɥɶɧɟɧɢɯ ɬɟɨɪɟɬɢɱɧɢɯ ɬɚ
ɩɪɚɤɬɢɱɧɢɯ ɨɫɧɨɜ ɧɚɜɱɚ-
ɥɶɧɨɝɨ ɦɚɬɟɪɿɚɥɭ ɬɚ ɩɪɨɜɟ-
ɞɟɧɧɹ ɪɨɡɪɚɯɭɧɤɿɜ ɚɛɨ ɭɡɚ-
ɝɚɥɶɧɟɧɧɹ ɬɚ ɚɧɚɥɿɡɭ
ɮɚɤɬɢɱɧɨɝɨ ɦɚɬɟɪɿɚɥɭ

Ʉɥɚɫ 7 U 2,2,1,1;
U 2,2,2,1;
U2,2,3,1;
U 2,2,3,3

Ɂɚɞɨɜɿɥɶɧɢɣ (ɞɨɫɬɚɬ-
ɧɿɣ) ɪɿɜɟɧɶ ɡɚɫɜɨɽɧɧɹ
ɦɚɬɟɪɿɚɥɭ ɬɚ ɧɟ ɞɭɠɟ
ɫɬɿɣɤɿ ɡɧɚɧɧɹ

Ʉɨɪɢɫɧɟ ɩɪɨɜɟɞɟɧɧɹ ɿɧɬɟ-
ɧɫɢɜɧɢɯ ɩɪɚɤɬɢɱɧɢɯ ɡɚ-
ɧɹɬɶ ɿɡ ɪɨɡ’ɹɫɧɟɧɧɹɦ ɫɤɥɚ-
ɞɧɢɯ ɦɨɦɟɧɬɿɜ. Ȼɚɠɚɧɿ
ɿɧɞɢɜɿɞɭɚɥɶɧɿ ɤɨɧɫɭɥɶɬɚɰɿʀ
ɬɚ ɝɪɭɩɨɜɚ ɪɨɛɨɬɚ ɡ ɦɟɬɨɸ
ɜɫɬɚɧɨɜɥɟɧɧɹ „ɿɫɬɢɧɢ“

Ʉɥɚɫ 8 U 3,1,1,1;
U 3,1,2,1; 
U3,1,3,1;
U 3,1,2,3, 
U3,1,1,3

Ɇɚɬɟɪɿɚɥ ɫɬɭɞɟɧɬɚɦɢ
ɩɨɤɢ ɳɨ ɧɟ ɡɚɫɜɨɽɧɢɣ

Ȼɿɥɶɲɭ ɱɚɫɬɢɧɭ ɦɚɬɟɪɿɚɥɭ
ɞɨɰɿɥɶɧɨ ɩɟɪɟɧɟɫɬɢ ɜ ɪɨɡ-
ɞɿɥ ɚɭɞɢɬɨɪɧɨɝɨ ɪɨɡɝɥɹ-
ɞɚɧɧɹ

Ʉɥɚɫ 9 U 3,2,1,2;
U 3,2,2,2;
U3,2,3,2;
U 3,2,2,3

Ɇɚɬɟɪɿɚɥ ɫɬɭɞɟɧɬɚɦɢ
ɧɟ ɡɚɫɜɨɽɧɢɣ

ɉɨɬɪɿɛɧɟ ɩɨɜɬɨɪɧɟ ɫɚɦɨɫ-
ɬɿɣɧɟ ɪɨɡɝɥɹɞɚɧɧɹ.

Ʉɥɚɫ
10 

U 1,3,1,2;
U 1,3,2,2;
U1,3,3,2;
U 1,3,1,3;
U1,3,2,3;
U 1,3,3,3;
U 2,3,1,1;
U 2,3,2,1;
U2,3,3,1

ɇɢɡɶɤɢɣ ɪɿɜɟɧɶ ɹɤɨɫ-
ɬɿ ɬɟɫɬɨɜɢɯ ɡɚɜɞɚɧɶ

ɇɟɨɛɯɿɞɧɨ ɩɪɨɜɟɫɬɢ ɪɨɡ-
ɲɢɪɟɧɢɣ ɚɧɚɥɿɡ ɹɤɨɫɬɿ ɬɟɫ-
ɬɨɜɢɯ ɡɚɜɞɚɧɶ [8, 10] 
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Ⱥɥɝɨɪɢɬɦ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨʀ ɩɿɞɬɪɢɦɤɢ ɩɪɢɣɧɹɬɬɹ
ɪɿɲɟɧɧɹ ɳɨɞɨ ɚɞɚɩɬɢɜɧɨɝɨ ɤɨɪɟɝɭɜɚɧɧɹ ɡɦɿɫɬɭ ɬɚ
ɮɨɪɦɢ ɩɪɨɜɟɞɟɧɧɹ ɧɚɜɱɚɥɶɧɢɯ ɡɚɧɹɬɶ ɛɚɡɭɽɬɶɫɹ ɧɚ
ɧɚɫɬɭɩɧɢɯ ɤɨɧɰɟɩɰɿɹɯ [9]: 

1. ɉɨɩɟɪɟɞɧɽ ɬɟɫɬɭɜɚɧɧɹ ɫɬɭɞɟɧɬɿɜ ɩɟɪɟɞ ɩɪɨɜɟ-
ɞɟɧɧɹɦ ɚɭɞɢɬɨɪɧɨɝɨ ɧɚɜɱɚɥɶɧɨɝɨ ɡɚɧɹɬɬɹ ɦɚɽ ɧɚ ɦɟɬɿ:

ɚ) ɿɧɬɟɥɟɤɬɭɚɥɶɧɭ ɞɿɚɝɧɨɫɬɢɤɭ (ɛɚɡɚ ɡɧɚɧɶ, ɬɚɛɥ.
7) ɪɿɜɧɹ ɡɚɫɜɨɽɧɧɹ ɦɚɬɟɪɿɚɥɭ (ɹɤɨɫɬɿ ɧɚɜɱɚɧɧɹ), ɳɨ
ɩɨɩɨɪɟɞɧɶɨ ɛɭɜ ɨɬɪɢɦɚɧɢɣ ɫɬɭɞɟɧɬɨɦ, ɬɚ ɜɿɞɧɟɫɟɧɨ-
ɝɨ, ɡɝɿɞɧɨ ɡ ɪɨɛɨɱɨɸ ɩɪɨɝɪɚɦɨɸ, ɞɥɹ ɫɚɦɨɫɬɿɣɧɨɝɨ
ɨɩɚɧɭɜɚɧɧɹ ɬɚ/ɚɛɨ ɜɢɞɚɧɨɝɨ ɜɢɤɥɚɞɚɱɟɦ ɞɥɹ ɩɨɩɟɪɟ-
ɞɧɶɨɝɨ ɨɡɧɚɣɨɦɥɟɧɧɹ ɛɟɡɩɨɫɟɪɟɞɧɶɨ ɩɟɪɟɞ ɩɪɨɜɟɞɟɧ-
ɧɹɦ ɚɭɞɢɬɨɪɧɨɝɨ ɡɚɧɹɬɬɹ;

ɛ) ɩɿɞɬɪɢɦɤɭ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɧɹ ɳɨɞɨ ɚɞɚɩɬɢɜ-
ɧɨɝɨ ɪɟɝɭɥɸɜɚɧɧɹ ɫɬɪɭɤɬɭɪɢ ɬɚ ɡɦɿɫɬɭ ɧɚɜɱɚɥɶɧɢɯ
ɡɚɧɹɬɶ ɡɝɿɞɧɨ ɡɿ ɫɮɨɪɦɨɜɚɧɢɦɢ ɜ ɛɚɡɿ ɡɧɚɧɶ (ɬɚɛɥ. 7) 
ɟɤɫɩɟɪɬɧɢɦɢ ɪɟɤɨɦɟɧɞɚɰɿɹɦɢ, ɚ ɫɚɦɟ:

– ɜɢɡɧɚɱɟɧɧɹ ɧɚɣɛɿɥɶɲ ɟɮɟɤɬɢɜɧɢɯ ɮɨɪɦ ɧɚɜɱɚ-
ɥɶɧɨʀ ɪɨɛɨɬɢ (ɝɪɭɩɨɜɚ, ɫɚɦɨɫɬɿɣɧɚ, ɬɜɨɪɱɚ, ɪɨɡɪɚɯɭɧ-
ɤɨɜɚ, ɞɨɫɥɿɞɧɢɰɶɤɚ, ɤɨɦɚɧɞɧɚ);

– ɜɢɡɧɚɱɟɧɧɹ ɧɚɜɱɚɥɶɧɢɯ ɟɥɟɦɟɧɬɿɜ, ɳɨ ɩɨɬɪɟɛɭ-
ɸɬɶ ɫɩɟɰɢɮɿɱɧɢɯ ɮɨɪɦ ɪɨɡ’ɹɫɧɟɧɧɹ ɚɛɨ ɡɚɤɪɿɩɥɟɧɧɹ
(ɭɡɚɝɚɥɶɧɟɧɧɹ, ɩɨɜɬɨɪ, ɩɪɚɤɬɢɱɧɿ ɩɪɢɤɥɚɞɢ);

– ɚɜɬɨɦɚɬɢɡɨɜɚɧɟ ɧɚɫɬɪɨɸɜɚɧɧɹ ɫɥɚɣɞ-ɤɨɧɫɩɟɤɬɭ
ɥɟɤɰɿɣ ɚɛɨ ɩɨɪɰɿɣ ɩɪɚɤɬɢɱɧɢɯ (ɥɚɛɨɪɚɬɨɪɧɢɯ) ɪɨɛɿɬ ɿɡ
ɪɟɤɨɦɟɧɞɚɰɿɹɦɢ ɨɛɨɜ’ɹɡɤɨɜɨɝɨ ɪɨɡɝɥɹɞɚɧɧɹ, ɦɨɠɥɢ-
ɜɨɝɨ ɪɨɡɝɥɹɞɚɧɧɹ ɬɚ ɜɿɞɫɭɬɧɨɫɬɿ ɧɟɨɛɯɿɞɧɨɫɬɿ ɪɨɡɝɥɹ-
ɞɚɧɧɹ ɜɧɚɫɥɿɞɨɤ ɹɤɿɫɧɨɝɨ ɨɩɚɧɭɜɚɧɧɹ ɫɬɭɞɟɧɬɚɦɢ ɜɢ-
ɡɧɚɱɟɧɨɝɨ ɧɚɜɱɚɥɶɧɨɝɨ ɦɚɬɟɪɿɚɥɭ.

2. ɉɨɜɬɨɪɧɟ ɬɟɫɬɭɜɚɧɧɹ ɧɚɩɪɢɤɿɧɰɿ ɩɨɬɨɱɧɨɝɨ
ɡɚɧɹɬɬɹ ɦɚɽ ɧɚ ɦɟɬɿ:

ɚ) ɜɢɡɧɚɱɟɧɧɹ ɩɨɤɚɡɧɢɤɿɜ ɫɬɭɩɟɧɸ ɹɤɨɫɬɿ (ɡɪɨɡɭ-
ɦɿɥɨɫɬɿ, ɞɨɫɬɭɩɧɨɫɬɿ, ɟɮɟɤɬɢɜɧɨɫɬɿ) ɧɚɜɱɚɥɶɧɨɝɨ ɩɪɨ-
ɰɟɫɭ ɡɚ ɪɟɡɭɥɶɬɚɬɚɦɢ ɚɧɚɥɿɡɭ ɞɢɧɚɦɿɤɢ ɩɨɤɚɡɧɢɤɿɜ ɪɿ-
ɜɧɹ ɡɚɫɜɨɽɧɧɹ ɦɚɬɟɪɿɚɥɭ (ɹɤɨɫɬɿ ɧɚɜɱɚɧɧɿ);  

ɛ) ɮɨɪɦɭɜɚɧɧɹ ɬɚ ɫɭɩɪɨɜɨɞɠɟɧɧɹ ɞɢɧɚɦɿɱɧɨʀ ɛɚɡɢ
ɡɧɚɧɶ ɫɢɫɬɟɦɢ ɧɚɜɱɚɧɧɹ – ɦɨɞɟɥɿ ɭɱɧɹ ɬɚ ɜɢɤɥɚɞɚɱɚ [10]. 

Ɋɿɲɟɧɧɹ 4. Ɇɚɤɫɢɦɚɥɶɧɨ ɟɮɟɤɬɢɜɧɚ ɿɧɬɟɝɪɚɰɿɹ ɜ
ɧɚɜɱɚɥɶɧɟ ɿɧɮɨɪɦɚɰɿɣɧɟ ɫɟɪɟɞɨɜɢɳɟ ɟɤɫɩɟɪɬɧɨʀ ɫɢɫ-
ɬɟɦɢ ɿɧɬɟɝɪɨɜɚɧɨʀ ɞɿɚɝɧɨɫɬɢɤɢ ɬɚ ɭɩɪɚɜɥɿɧɧɹ ɹɤɿɫɬɸ
ɧɚɜɱɚɧɧɹ ɩɟɪɟɞɛɚɱɚɽ [10]: 

1. ȼɢɤɨɪɢɫɬɚɧɧɹ ɜ ɹɤɨɫɬɿ ɿɧɫɬɪɭɦɟɧɬɚɥɶɧɨʀ ɛɚɡɢ
ɞɥɹ ɫɬɜɨɪɟɧɧɹ ɭɧɿɮɿɤɨɜɚɧɢɯ ɟɤɫɩɟɪɬɧɢɯ ɫɢɫɬɟɦ ɡɚɫɨ-
ɛɿɜ MS Office (ɿɡ ɡɚɫɬɨɫɭɜɚɧɧɹɦ ɦɨɠɥɢɜɨɫɬɟɣ ɩɪɨ-
ɝɪɚɦɭɜɚɧɧɹ ɭ VBA) ɹɤ ɧɚɣɛɿɥɶɲ ɩɨɲɢɪɟɧɢɯ ɬɚ ɞɨɫ-
ɬɭɩɧɢɯ ɩɪɨɝɪɚɦɧɢɯ ɩɪɨɞɭɤɬɿɜ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ
ɭ ȼɇɁ ɍɤɪɚʀɧɢ.

2. ɍɫɭɧɟɧɧɹ ɨɛɦɟɠɟɧɶ ɳɨɞɨ ɬɟɯɧɿɱɧɢɯ ɜɢɦɨɝ ɞɨ
ɤɨɦɩ’ɸɬɟɪɿɜ, ɹɤɢɦɢ ɨɛɥɚɞɧɚɧɨ ɛɿɥɶɲɿɫɬɶ ȼɇɁ, ɲɥɹ-
ɯɨɦ ɪɨɡɦɿɳɟɧɧɹ ɧɚɜɱɚɥɶɧɨɝɨ ɤɨɧɬɟɧɬɭ ɧɚ ɩɨɬɭɠɧɨɦɭ
(ɦɨɠɥɢɜɨ ɜɿɞɞɚɥɟɧɨɦɭ) ɫɟɪɜɟɪɿ ɜ Internet-ɦɟɪɟɠɿ.

3. Ɂɚɛɟɡɩɟɱɟɧɧɹ ɦɚɤɫɢɦɚɥɶɧɨʀ ɟɤɨɧɨɦɿɱɧɨɫɬɿ ɬɚ
ɟɮɟɤɬɢɜɧɨɫɬɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ɦɟɪɟɠɟɜɢɯ ɪɟɫɭɪɫɿɜ ɡɚɜɞɹɤɢ
ɦɨɠɥɢɜɨɫɬɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ɪɟɠɢɦɿɜ ɩɟɪɟɞɚɱɿ ɫɮɨɪɦɨɜɚ-
ɧɢɯ ɡɚ ɡɚɩɢɬɨɦ ɜɢɤɥɚɞɚɱɚ, ɡɝɿɞɧɨ ɡ ɧɚɜɱɚɥɶɧɢɦ ɩɥɚɧɨɦ,
ɩɚɤɟɬɿɜ ɩɨɪɰɿɣ ɧɚɜɱɚɥɶɧɨɝɨ ɦɚɬɟɪɿɚɥɭ ɜɫɿɯ ɮɨɪɦ: ɤɨɪɨɬ-
ɤɨɱɚɫɧɨɝɨ ɫɟɚɧɫɭ ɡɜ’ɹɡɤɭ ɩɨ Internet-ɦɟɪɟɠɿ ɿɡ ɫɟɪɜɟɪɨɦ;
ɪɨɡɫɢɥɤɢ ɩɨɲɬɨɸ ɡɚɫɨɛɚɦɢ ɛɟɡɞɪɨɬɨɜɨɝɨ ɡɜ’ɹɡɤɭ ɚɛɨ
ɜɧɭɬɪɿɲɧɶɨɝɨ ɦɟɪɟɠɟɜɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ; ɦɨɛɿɥɶɧɨɝɨ
(ɞɢɫɬɚɧɰɿɣɧɨɝɨ) ɪɟɠɢɦɭ ɪɨɛɨɬɢ ɫɢɫɬɟɦɢ.

. Ɍɚɤɢɦ ɱɢɧɨɦ, ɡɚɩɪɨɩɨɧɨɜɚɧɚ ɚɜɬɨɪɨɦ
ɦɟɬɨɞɨɥɨɝɿɹ ɫɬɜɨɪɟɧɧɹ ɟɤɫɩɟɪɬɧɨʀ ɫɢɫɬɟɦɢ ɞɨɡɜɨɥɹɽ
ɩɿɞɜɢɳɢɬɢ ɹɤɿɫɬɶ ɧɚɜɱɚɧɧɹ ɬɚ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɨɫɜɿɬɢ
ɡɚɜɞɹɤɢ ɪɨɡɪɨɛɰɿ ɦɟɬɨɞɢɤ:

1. ɋɢɫɬɟɦɧɨɝɨ ɚɧɚɥɿɡɭ ɬɚ ɫɬɪɭɤɬɭɪɢɡɚɰɿʀ ɧɚɜɱɚɥɶ-
ɧɨɝɨ ɤɨɧɬɟɧɬɭ, ɳɨ ɡɚɛɟɡɩɟɱɭɽ: ɤɨɦɩɚɤɬɧɟ ɡɛɟɪɿɝɚɧɧɹ
ɬɚ ɲɜɢɞɤɢɣ ɩɨɲɭɤ ɩɚɤɟɬɿɜ ɩɨɪɰɿɣ ɫɤɨɪɟɥɶɨɜɚɧɢɯ
ɮɨɪɦ ɧɚɜɱɚɥɶɧɨɝɨ ɤɨɧɬɟɧɬɭ; ɦɟɬɨɞɨɥɨɝɿɱɧɭ ɬɚ ɚɩɚɪɚ-
ɬɧɭ ɩɿɞɬɪɢɦɤɭ ɬɟɯɧɨɥɨɝɿʀ ɿɧɬɟɥɟɤɬɭɚɥɶɧɨɝɨ ɚɧɚɥɿɡɭ
ɪɿɜɧɹ ɡɚɫɜɨɽɧɧɹ ɧɚɜɱɚɥɶɧɨɝɨ ɦɚɬɟɪɿɚɥɭ (ɹɤɨɫɬɿ ɧɚ-
ɜɱɚɧɧɹ), ɟɮɟɤɬɢɜɧɨɫɬɿ ɪɨɛɨɬɢ ɜɢɤɥɚɞɚɱɚ ɬɚ ɹɤɨɫɬɿ ɿɧ-
ɫɬɪɭɦɟɧɬɭ ɡɜɨɪɨɬɧɨɝɨ ɡɜ’ɹɡɤɭ.

2. ɉɿɞɜɢɳɟɧɧɹ ɨɛ’ɽɤɬɢɜɧɨɫɬɿ ɬɚ ɪɨɡɲɢɪɟɧɧɹ ɝɚ-
ɥɭɡɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ɬɟɯɧɨɥɨɝɿʀ ɤɨɦɩ’ɸɬɟɪɧɨɝɨ ɬɟɫɬɭ-
ɜɚɧɧɹ ɹɤ ɿɧɫɬɪɭɦɟɧɬɭ ɨɪɝɚɧɿɡɚɰɿʀ ɡɜɨɪɨɬɧɨɝɨ ɡɜ’ɹɡɤɭ,
ɳɨ ɡɚɛɟɡɩɟɱɭɽ: ɿɧɬɟɥɟɤɬɭɚɥɶɧɢɣ ɚɧɚɥɿɡ ɪɿɜɧɹ ɫɚɦɨɫ-
ɬɿɣɧɨɝɨ ɡɚɫɜɨɽɧɧɹ ɧɚɜɱɚɥɶɧɨɝɨ ɦɚɬɟɪɿɚɥɭ ɬɚ ɟɮɟɤɬɢɜ-
ɧɨɫɬɿ ɨɪɝɚɧɿɡɚɰɿʀ ɿɧɞɢɜɿɞɭɚɥɶɧɨʀ ɪɨɛɨɬɢ ɿ ɧɚɜɱɚɥɶɧɨɝɨ
ɩɪɨɰɟɫɭ ɜ ɰɿɥɨɦɭ.

3. Ⱥɞɚɩɬɢɜɧɨɝɨ ɪɟɝɭɥɸɜɚɧɧɹ ɫɬɪɭɤɬɭɪɢ, ɡɦɿɫɬɭ,
ɝɪɚɮɿɤɭ ɩɪɨɜɟɞɟɧɧɹ ɬɚ ɦɟɬɨɞɢɤɢ ɨɪɝɚɧɿɡɚɰɿʀ ɧɚɜɱɚɥɶ-
ɧɨɝɨ ɩɪɨɰɟɫɭ ɡɚ ɚɥɝɨɪɢɬɦɨɦ, ɜɢɡɧɚɱɟɧɢɦ ɧɚ ɩɿɞɫɬɚɜɿ
ɿɧɬɟɥɟɤɬɭɚɥɶɧɨʀ ɛɚɡɢ ɡɧɚɧɶ.

4. Ɇɚɤɫɢɦɚɥɶɧɨ ɟɮɟɤɬɢɜɧɨʀ ɿɧɬɟɝɪɚɰɿʀ ɫɢɫɬɟɦɢ ɜ
ɧɚɜɱɚɥɶɧɟ ɿɧɮɨɪɦɚɰɿɣɧɟ ɫɟɪɟɞɨɜɢɳɟ ɛɿɥɶɲɨɫɬɿ ȼɇɁ
ɍɤɪɚʀɧɢ.
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ɫɬɪɭɤɬɭɪɢɡɚɰɢɢ ɭɱɟɛɧɨɝɨ ɤɨɧɬɟɧɬɚ, ɤɨɬɨɪɚɹ ɨɛɟɫɩɟ-
ɱɢɜɚɟɬ ɤɨɦɩɚɤɬɧɨɟ ɯɪɚɧɟɧɢɟ ɢ ɛɵɫɬɪɵɣ ɩɨɢɫɤ ɩɚɤɟ-
ɬɨɜ ɩɨɪɰɢɣ ɤɨɪɪɟɥɢɪɨɜɚɧɧɵɯ ɮɨɪɦ ɭɱɟɛɧɨɝɨ ɤɨɧɬɟɧ-
ɬɚ; ɪɚɡɪɚɛɨɬɤɚ ɦɨɞɟɥɢ ɢɧɬɟɝɪɢɪɨɜɚɧɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ
ɤɚɱɟɫɬɜɚ ɨɛɭɱɟɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɧɫɬɪɭɦɟɧɬɨɜ
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɪɚɡɨɜ ɞɥɹ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɝɨ ɚɧɚɥɢ-
ɡɚ ɫɬɟɩɟɧɢ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ, ɬɟɤɭɳɟɝɨ ɢ ɢɬɨɝɨɜɨɝɨ
ɭɫɜɨɟɧɢɹ ɭɱɟɛɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɪɝɚ-
ɧɢɡɚɰɢɢ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɪɚɛɨɬɵ ɫɬɭɞɟɧɬɨɜ, ɤɚɱɟɫɬɜɚ
ɨɪɝɚɧɢɡɚɰɢɢ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ (ɧɚɞɟɠɧɨɫɬɢ ɢ ɜɚɥɢɞɧɨ-
ɫɬɢ ɬɟɫɬɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ).  

. ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɫɨɫɬɨɢɬ ɜ ɩɨ-
ɫɬɚɧɨɜɤɟ ɢ ɪɟɲɟɧɢɢ ɩɪɨɛɥɟɦɵ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ
ɢɧɫɬɪɭɦɟɧɬɨɜ ɞɢɚɝɧɨɫɬɢɤɢ ɢ ɭɩɪɚɜɥɟɧɢɹ ɤɚɱɟɫɬɜɨɦ
ɨɛɭɱɟɧɢɹ ɜ ȼɍɁɟ ɩɭɬɟɦ ɨɛɨɫɧɨɜɚɧɢɹ ɰɟɥɟɫɨɨɛɪɚɡɧɨ-
ɫɬɢ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɱɟɬɵɪɟɯ ɤɪɢɬɟ-
ɪɢɟɜ ɢɧɬɟɝɪɢɪɨɜɚɧɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ ɤɚɱɟɫɬɜɚ ɨɛɭɱɟ-
ɧɢɹ, ɚ ɢɦɟɧɧɨ: ɤɪɢɬɟɪɢɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɭɪɨɜɧɹ
ɭɫɜɨɟɧɢɹ ɭɱɟɛɧɨɝɨ ɦɚɬɟɪɢɚɥɚ; ɤɪɢɬɟɪɢɟɜ ɤɚɱɟɫɬɜɟɧ-
ɧɨɝɨ ɭɪɨɜɧɹ ɭɫɜɨɟɧɢɹ – ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɨɪɪɟɥɹɰɢɢ
ɦɟɠɞɭ ɪɹɞɚɦɢ ɮɚɤɬɢɱɟɫɤɨɝɨ ɢ ɧɨɪɦɚɬɢɜɧɨɝɨ ɜɪɟɦɟ-
ɧɢ, ɤɨɬɨɪɨɟ ɡɚɬɪɚɱɟɧɨ ɧɚ ɩɪɚɜɢɥɶɧɵɣ ɨɬɜɟɬ ɧɚ ɬɟɫɬɨ-
ɜɨɟ ɡɚɞɚɧɢɟ; ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɦɟɳɟɧɢɹ ɩɨɪɹɞɤɚ ɜɵɛɨ-
ɪɚ ɬɟɫɬɨɜɵɯ ɡɚɞɚɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ
ɩɨɪɹɞɤɚ ɢɯ ɜɵɜɨɞɭ ɧɚ ɷɤɪɚɧ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɵɛɨɪɚ
ɬɟɫɬɨɜɵɯ ɡɚɞɚɧɢɣ ɞɥɹ ɩɨɜɬɨɪɧɨɝɨ ɨɬɜɟɬɚ.

. ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚ-
ɱɢɦɨɫɬɶ ɪɚɛɨɬɵ ɫɨɫɬɨɢɬ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɷɤɫɩɟɪɬɧɨɣ
ɛɚɡɵ ɡɧɚɧɢɣ ɢ ɚɥɝɨɪɢɬɦɚ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɩɨɞ-
ɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɧɚɢɛɨɥɟɟ
ɷɮɮɟɤɬɢɜɧɵɯ ɮɨɪɦ ɭɱɟɛɧɨɣ ɪɚɛɨɬɵ ɢ ɭɱɟɛɧɵɯ ɷɥɟ-
ɦɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɬɪɟɛɭɸɬ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɮɨɪɦ ɨɛɴ-
ɹɫɧɟɧɢɹ ɢɥɢ ɡɚɤɪɟɩɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ
ɜɨɡɦɨɠɧɨɫɬɢ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɧɚɫɬɪɨɣɤɢ ɬɟɤɭ-
ɳɟɝɨ ɫɥɚɣɞ-ɤɨɧɫɩɟɤɬɚ ɥɟɤɰɢɣ ɢɥɢ ɩɨɪɰɢɣ ɩɪɚɤɬɢɱɟ-
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ɫɤɢɯ (ɥɚɛɨɪɚɬɨɪɧɵɯ) ɪɚɛɨɬ. ɉɪɟɞɥɨɠɟɧɚ ɤɨɧɰɟɩɰɢɹ
ɦɚɤɫɢɦɚɥɶɧɨ ɷɮɮɟɤɬɢɜɧɨɣ ɢɧɬɟɝɪɚɰɢɢ ɷɤɫɩɟɪɬɧɨɣ
ɫɢɫɬɟɦɵ ɜ ɭɱɟɛɧɭɸ ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ ɫɪɟɞɭ ȼɍɁɨɜ
ɍɤɪɚɢɧɵ. ɗɤɫɩɟɪɬɧɚɹ ɫɢɫɬɟɦɚ, ɜɨɩɥɨɳɚɸɳɚɹ ɦɟɬɨ-
ɞɨɥɨɝɢɸ ɚɜɬɨɪɨɜ, ɪɟɚɥɢɡɨɜɚɧɚ ɧɚ ɤɚɮɟɞɪɟ ɷɤɨɧɨɦɢ-
ɱɟɫɤɨɣ ɤɢɛɟɪɧɟɬɢɤɢ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɜ
ɷɤɨɧɨɦɢɤɟ Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɢɦ.
Ⱥ. ɇɨɛɟɥɹ. Ⱥɩɪɨɛɚɰɢɹ ɷɬɨɣ ɫɢɫɬɟɦɵ, ɩɭɬɟɦ ɨɪɝɚɧɢ-
ɡɚɰɢɢ ɭɱɟɛɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɨ ɩɪɨɮɢɥɶɧɵɦ ɞɢɫɰɢɩɥɢ-
ɧɚɦ ɫɬɭɞɟɧɬɨɜ II–IV ɤɭɪɫɨɜ ɧɚɩɪɚɜɥɟɧɢɹ 6.030502– 
„ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɤɢɛɟɪɧɟɬɢɤɚ“, ɩɨɡɜɨɥɢɥɚ ɡɚ ɩɟɪɢɨɞ
ɞɜɭɯ ɭɱɟɛɧɵɯ ɫɟɦɟɫɬɪɨɜ ɩɨɜɵɫɢɬɶ ɢɯ ɚɛɫɨɥɸɬɧɭɸ
ɭɫɩɟɜɚɟɦɨɫɬɶ ɜ ɫɪɟɞɧɟɦ ɧɚ 10–15%. 
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Purpose. To increase the quality of teaching and effi-
ciency of education due to the development and introduc-
tion of expert system of integrated diagnostic and quality 
control of self-maintained and class work in the higher 
education institution.  

Methodology. The research methodology is based on 
the system analysis of complex systems and the theory of 
pattern identification.  

Findings. The following research results have been ob-
tained: formalization of methods of system analysis and 
study content structuring, which provides the compact sto-
rage and quick search of any packages of portions of cor-
related content forms; development of the model of inte-
grated diagnostic of the studies quality with the use of 
pattern identification for intellectual analysis of the rate of 
independent, current and total learning of study material; 
to the effectiveness of students’ individual work organiza-
tion; to the quality of reverse connection organization (in-
dicators of reliability and validity of test material).  

Originality consists in the statement and resolution 
of the problem of improving the instruments of diagnos-
tics and quality control of education in the higher educa-
tion institution – by means of reasoning the appropriate-
ness and effectiveness of using four criteria of integrated 
diagnostic of education quality, namely of the criterion of 
quantity level of study material learning and criteria of 
quality level of learning. There are three indices of the 
quality: the index of correlation between the rows of real 
and standard time, which is spent on the right test answer; 
the index of displacement of the testing tasks sequence rel-
atively to the set order of their displaying; the index of 
testing tasks selection for the repeated answering.  

Practical value of the work consists in forming the 
expert knowledge base and the algorithm of intellectual 
support of decision making for determination of the most 
effective forms of study work and study elements. These 
elements require specific forms of explanation and setting 
as well as the possibility of automated adjustment of the 
current lectures’ slide-summary or some portions of prac-
tice (laboratory) works. The concept of the maximum ef-
fective integration of expert system into the study informa-
tional sphere among Ukrainian higher educational 
institutions is offered. The expert system, which realizes 
the authors’ methodology, is fulfilled at the department of 
Department of Economic Cybernetics and Mathematical 
Methods in Economics in the Dnipropetrovsk Alfred No-
bel University. This system’s approbation by means of or-
ganizing the study process in the core subjects for students 
of II–IV courses (field 6.030502 – “Economic Cybernet-
ics”) during two semesters allowed to increase students’ 
absolute progress in average by 10–15%. 

Keywords: expert system, studies quality, reverse 
connection, pattern identification, diagnostics
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