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ɤɨɦɩɨɧɟɧɬɚ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɤɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɡɧɚɧɢɣ ɫɬɭɞɟɧɬɨɜ ɩɨ ɮɢɡɢɤɟ 
ɩɪɟɞɨɩɪɟɞɟɥɹɟɬ ɨɫɨɡɧɚɧɢɟ ɥɢɱɧɨɫɬɧɨɝɨ ɢ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɭɫɜɨɟɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɢ ɭɦɟɧɢɟ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɮɢɡɢɱɟɫɤɢɟ ɡɧɚɧɢɹ ɜ ɞɚɥɶɧɟɣɲɟɣ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ ɩɨɞɝɨɬɨɜɤɟ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɨɛɪɚɡɨɜɚɧɢɟ, ɮɢɡɢɤɚ, ɩɪɨɮɢɥɶɧɵɣ ɤɨɦɩɨɧɟɧɬ, ɤɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɵɟ 
ɦɚɬɟɪɢɚɥɵ, ɡɧɚɧɢɹ, ɫɬɭɞɟɧɬɵ, ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɚɹ ɧɚɩɪɚɜɥɟɧɧɨɫɬɶ. 

 

ȼȿȾɈɆɈɋɌɂ ɈȻ ȺȼɌɈɊȿ 
Ɂɚɞɨɪɨɠɧɚ ɀɚɧɧɚ Ⱥɧɬɨɧɿɜɧɚ – ɚɫɢɫɬɟɧɬ ɤɚɮɟɞɪɢ ɮɿɡɢɤɨ–ɦɚɬɟɦɚɬɢɱɧɢɯ ɬɚ 

ɡɚɝɚɥɶɧɨɬɟɯɧɿɱɧɢɯ ɞɢɫɰɢɩɥɿɧ ɿɧɠɟɧɟɪɧɨ–ɬɟɯɧɿɱɧɨɝɨ ɮɚɤɭɥɶɬɟɬɭ ɉɨɞɿɥɶɫɶɤɨɝɨ ɞɟɪɠɚɜɧɨɝɨ 
ɚɝɪɚɪɧɨ–ɬɟɯɧɿɱɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ. 

Ʉɨɥɨ ɧɚɭɤɨɜɢɯ ɿɧɬɟɪɟɫɿɜμ ɩɪɨɛɥɟɦɢ ɦɟɬɨɞɢɤɢ ɨɪɝɚɧɿɡɚɰɿʀ ɤɨɧɬɪɨɥɸ ɡɧɚɧɶ ɡ ɮɿɡɢɤɢ. 
 

 

ɍȾɄ 371.3λ8+37.012.7 

Ʉ.ɋ. ȱɥɶɧɿɰɶɤɚ, ɘ.Ɇ. Ʉɪɚɫɧɨɛɨɤɢɣ 

ɍɦɚɧɫɶɤɢɣ ɞɟɪɠɚɜɧɢɣ ɩɟɞɚɝɨɝɿɱɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ ɉɚɜɥɚ Ɍɢɱɢɧɢ 
 

ɁȺɋɌɈɋɍȼȺɇɇə ɆȿɌɈȾɍ ɆɈȾȿɅɘȼȺɇɇə ȾɈ ɊɈɁȼ’əɁȺɇɇə 
ȺɋɌɊɈɎȱɁɂɑɇɂɏ ɁȺȾȺɑ 

 

ɍ ɫɬɚɬɬɿ ɧɚ ɩɪɢɤɥɚɞɿ ɚɫɬɪɨɮɿɡɢɱɧɨʀ ɡɚɞɚɱɿ ɩɪɨ ɝɪɚɜɿɬɚɰɿɣɧɢɣ ɜɩɥɢɜ ɧɚ Ɂɟɦɥɸ ɋɨɧɰɹ ɿ 
Ɇɿɫɹɰɹ ɩɪɨɞɟɦɨɧɫɬɪɨɜɚɧɚ ɟɮɟɤɬɢɜɧɿɫɬɶ ɡɚɫɬɨɫɭɜɚɧɧɹ ɦɟɬɨɞɭ ɦɨɞɟɥɸɜɚɧɧɹ ɳɨɞɨ ʀʀ ɪɨɡɜ’ɹɡɚɧɧɹ 
ɬɚ ɚɧɚɥɿɡɭ ɨɞɟɪɠɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ. 

ȼɧɚɫɥɿɞɨɤ ɫɩɥɸɫɧɭɬɨɫɬɿ Ɂɟɦɥɿ ɧɚ ɩɨɥɸɫɚɯ ɋɨɧɰɟ ɿ Ɇɿɫɹɰɶ ɭ ɪɟɡɭɥɶɬɚɬɿ ɝɪɚɜɿɬɚɰɿɣɧɨɝɨ 
ɜɩɥɢɜɭ ɧɚ ɧɟʀ ɫɬɜɨɪɸɸɬɶ ɩɟɜɧɿ ɦɟɯɚɧɿɱɧɿ ɨɛɟɪɬɨɜɿ ɦɨɦɟɧɬɢ ɫɢɥ. ɋɬɜɨɪɢɜɲɢ ɭɹɜɧɭ ɦɨɞɟɥɶ 
ɪɨɡɝɥɹɞɭɜɚɧɨɝɨ ɹɜɢɳɚ ɡ ɜɢɡɧɚɱɟɧɧɹ ɝɪɚɜɿɬɚɰɿɣɧɨɝɨ ɜɩɥɢɜɭ ɬɿɥɚ ɦɚɫɨɸ Ɇ ɧɚ ɞɜɚ ɠɨɪɫɬɤɨ ɡɜ’ɹɡɚɧɢɯ 
ɦɿɠ ɫɨɛɨɸ ɿ ɪɿɡɧɨɜɿɞɞɚɥɟɧɢɯ ɜɿɞ ɧɶɨɝɨ ɬɿɥɚ ɡ ɨɞɧɚɤɨɜɢɦɢ ɦɚɫɚɦɢ m, ɜɢɜɟɞɟɧɨ ɮɨɪɦɭɥɭ ɨɛɟɪɬɨɜɨɝɨ 
ɦɨɦɟɧɬɭ. Ɂɚɫɬɨɫɭɜɚɜɲɢ ɰɸ ɮɨɪɦɭɥɭ ɞɨ ɞɜɨɯ ɬɨɱɨɤ ɧɚ ɩɨɜɟɪɯɧɿ Ɂɟɦɥɿ ɧɚ ɜɿɞɫɬɚɧɹɯ 
ɟɤɜɚɬɨɪɿɚɥɶɧɨɝɨ ɿ ɩɨɥɹɪɧɨɝɨ ʀʀ ɪɚɞɿɭɫɿɜ, ɜɢɡɧɚɱɟɧɨ ɜɿɞɧɨɲɟɧɧɹ ɦɨɦɟɧɬɿɜ ɫɢɥ, ɹɤɿ ɫɬɜɨɪɸɸɬɶ ɧɚ 
Ɂɟɦɥɸ ɋɨɧɰɟ ɿ Ɇɿɫɹɰɶ (ɜɨɧɨ ɫɬɚɧɨɜɢɬɶз0,47). 

Ɂɚ ɡɪɨɛɥɟɧɢɯ ɩɪɢɩɭɳɟɧɶ, ɳɨ Ɂɟɦɥɹ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɨɞɧɨɪɿɞɧɨʀ ɿ ɧɟɫɬɢɫɥɢɜɨʀ ɪɟɱɨɜɢɧɢ ɬɚ ɡɚ 
ɭɦɨɜɢ ɫɬɚɥɨɫɬɿ ɚɬɦɨɫɮɟɪɧɨɝɨ ɬɢɫɤɭ ɧɚ ʀʀ ɩɨɜɟɪɯɧɿ, ɜɢɡɧɚɱɟɧɨ ɜɟɥɢɱɢɧɭ ɫɩɥɸɫɧɭɬɨɫɬɿ Ɂɟɦɥɿ, 
ɜɢɤɥɢɤɚɧɭ ʀʀ ɨɫɶɨɜɢɦ ɨɛɟɪɬɚɧɧɹɦ. ɋɬɜɨɪɟɧɚ ɦɨɞɟɥɶ ɞɚє ɜɟɥɢɱɢɧɭ ɫɩɥɸɫɧɭɬɨɫɬɿ ɪɿɜɧɭ з1/580 (ɡɚ 
ɫɭɱɚɫɧɢɦɢ ɞɚɧɢɦɢ ɜɨɧɚ ɫɬɚɧɨɜɢɬɶ з1/232). 

 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: Ɂɟɦɥɹ, ɋɨɧɰɟ, Ɇɿɫɹɰɶ, ɦɟɬɨɞ ɦɨɞɟɥɸɜɚɧɧɹ, ɫɩɥɸɫɧɭɬɿɫɬɶ Ɂɟɦɥɿ, ɦɨɦɟɧɬ 
ɨɛɟɪɬɚɧɧɹ. 

 

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɢ. Ɂɚɝɚɥɶɧɨɜɿɞɨɦɢɣ ɟɮɟɤɬ ɜɿɞ ɡɚɫɬɨɫɭɜɚɧɧɹ ɦɟɬɨɞɭ 
ɦɨɞɟɥɸɜɚɧɧɹ ɜ ɧɚɭɰɿ ɿ ɡɨɤɪɟɦɚ ɭ ɮɿɡɢɰɿ, ɚ ɬɚɤɨɠ ɜɿɞ ɡɚɫɬɨɫɭɜɚɧɧɹ ɦɚɬɟɦɚɬɢɱɧɢɯ ɦɟɬɨɞɿɜ 
ɨɩɢɫɭ ɦɨɞɟɥɶɨɜɚɧɢɯ ɮɿɡɢɱɧɢɯ ɹɜɢɳ ɿ ɩɪɨɰɟɫɿɜ. ȼɢɤɨɪɢɫɬɚɧɧɹ ɰɢɯ ɦɟɬɨɞɿɜ є ɨɫɨɛɥɢɜɨ 
ɩɪɨɞɭɤɬɢɜɧɢɦ ɩɪɢ ɜɢɜɱɟɧɧɿ ɚɫɬɪɨɮɿɡɢɱɧɢɯ ɹɜɢɳ, ɹɤɿ, ɜɪɚɯɨɜɭɸɱɢ ɦɚɫɲɬɚɛɢ ʀɯ 
ɩɪɨɬɿɤɚɧɧɹ, ɧɟɦɨɠɥɢɜɨ ɜɿɞɬɜɨɪɢɬɢ ɜ ɥɚɛɨɪɚɬɨɪɧɢɯ ɭɦɨɜɚɯ ɲɥɹɯɨɦ ɩɪɹɦɨɝɨ ɮɿɡɢɱɧɨɝɨ 
ɟɤɫɩɟɪɢɦɟɧɬɭ [1, ɋ.103-104]. 

ɉɨɫɢɥɚɧɧɹ ɧɚ ɧɚɹɜɧɿ ɩɭɛɥɿɤɚɰɿʀ. Ɋɿɡɧɢɦ ɡɚɫɬɨɫɭɜɚɧɧɹɦ ɦɟɬɨɞɭ ɦɨɞɟɥɸɜɚɧɧɹ ɭ 
ɮɿɡɢɰɿ ɩɪɢɫɜɹɱɟɧɨ ɛɚɝɚɬɨ ɩɭɛɥɿɤɚɰɿɣ ɿ ɞɢɫɟɪɬɚɰɿɣɧɢɯ ɞɨɫɥɿɞɠɟɧɶ. Ɇɢ ɠ ɩɪɢ ɩɿɞɝɨɬɨɜɰɿ 
ɩɪɨɩɨɧɨɜɚɧɨɝɨ ɦɚɬɟɪɿɚɥɭ ɫɤɨɪɢɫɬɚɥɢɫɹ ɜ ɨɫɧɨɜɧɨɦɭ ɜɢɞɚɧɧɹɦɢ ɬɚɤɢɯ ɚɜɬɨɪɿɜ ɹɤ 
Ⱦ.ȼ.ɋɢɜɭɯɿɧ Д2, C.323-325Ж, Ɋ.Ɏɟɣɧɦɚɧ Д3, ɋ.53-54Ж, ȱ.Ɉ.əɤɨɜɥєɜ ɬɚ ɿɧ. Д4, ɋ.λ2-104Ж, ɚ 
ɬɚɤɨɠ ɚɜɬɨɪɫɶɤɢɦɢ ɡɛɿɪɧɢɤɚɦɢ ɡɚɞɚɱ Д5, ɋ.106-107; 6, ɋ.116-117]. 
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Ɇɟɬɚ ɫɬɚɬɬɿ. ɇɚ ɩɪɢɤɥɚɞɿ ɪɨɡɜ’ɹɡɚɧɧɹ ɤɨɧɤɪɟɬɧɨʀ ɡɚɞɚɱɿ ɩɪɨɞɟɦɨɧɫɬɪɭɜɚɬɢ 
ɟɮɟɤɬɢɜɧɿɫɬɶ ɦɟɬɨɞɭ ɦɨɞɟɥɸɜɚɧɧɹ ɚɫɬɪɨɮɿɡɢɱɧɢɯ ɹɜɢɳ, ɩɨɜ’ɹɡɚɧɢɯ ɡ ɝɪɚɜɿɬɚɰɿɣɧɢɦ 
ɜɩɥɢɜɨɦ ɧɚ Ɂɟɦɥɸ ɋɨɧɰɹ ɿ Ɇɿɫɹɰɹ. 

Ɂɚɜɞɚɧɧɹ: ɧɚ ɨɫɧɨɜɿ ɩɪɢɩɭɳɟɧɶ ɭɦɨɜɢ ɡɚɞɚɱɿ, ɩɨɤɥɚɞɟɧɢɯ ɜ ɨɫɧɨɜɭ ɦɨɞɟɥɿ 
ɪɨɡɝɥɹɞɭɜɚɧɨɝɨ ɹɜɢɳɚ, ɜɢɡɧɚɱɢɬɢ ɜɿɞɧɨɲɟɧɧɹ ɨɛɟɪɬɨɜɢɯ ɦɨɦɟɧɬɿɜ, ɹɤɿ ɱɢɧɹɬɶ ɧɚ Ɂɟɦɥɸ 
ɋɨɧɰɟ ɿ Ɇɿɫɹɰɶ; ɜɢɯɨɞɹɱɢ ɿɡ ɫɬɜɨɪɟɧɨʀ ɭɹɜɧɨʀ ɦɨɞɟɥɿ, ɜɢɡɧɚɱɢɬɢ ɜɟɥɢɱɢɧɭ ɫɩɥɸɫɧɭɬɨɫɬɿ 
Ɂɟɦɥɿ, ɜɢɤɥɢɤɚɧɭ ʀʀ ɨɫɶɨɜɢɦ ɨɛɟɪɬɚɧɧɹɦ; ɩɨɪɿɜɧɹɬɢ ɨɬɪɢɦɚɧɿ ɪɟɡɭɥɶɬɚɬɢ ɡ ɪɟɡɭɥɶɬɚɬɚɦɢ, 
ɨɬɪɢɦɚɧɢɦɢ ɿɧɲɢɦɢ ɦɟɬɨɞɚɦɢ ɬɚ ɡ’ɹɫɭɜɚɬɢ ɩɪɢɱɢɧɢ ʀɯ ɪɨɡɛɿɠɧɨɫɬɟɣ. 

ȼɢɤɥɚɞ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɿɚɥɭ. Ɉɞɢɧ ɡ ɜɚɪɿɚɧɬɿɜ ɨɩɢɫɭɜɚɧɨʀ ɡɚɞɚɱɿ ɦɨɠɟ ɛɭɬɢ 
ɫɮɨɪɦɭɥɶɨɜɚɧɢɣ ɧɚɫɬɭɩɧɢɦ ɱɢɧɨɦμ ɜɿɞɨɦɨ, ɳɨ Ɂɟɦɥɹ ɹɜɥɹє ɫɨɛɨɸ ɞɟɳɨ ɫɩɥɸɫɧɭɬɟ ɬɿɥɨ. 
Ɍɨɦɭ ɿ ɋɨɧɰɟ, ɿ Ɇɿɫɹɰɶ ɭ ɪɟɡɭɥɶɬɚɬɿ ɝɪɚɜɿɬɚɰɿɣɧɨɝɨ ɜɩɥɢɜɭ ɧɚ ɧɟʀ ɫɬɜɨɪɸɸɬɶ ɩɟɜɧɿ 
ɦɟɯɚɧɿɱɧɿ ɨɛɟɪɬɨɜɿ ɦɨɦɟɧɬɢ ɫɢɥ. ȼɢɡɧɚɱɢɬɢ, ɹɤɟ ɡ ɰɢɯ ɧɟɛɟɫɧɢɯ ɬɿɥ ɫɬɜɨɪɸє ɛɿɥɶɲɢɣ 
ɨɛɟɪɬɨɜɢɣ ɦɨɦɟɧɬ ɿ ɩɪɢɛɥɢɡɧɨ ɭ ɫɤɿɥɶɤɢ ɪɚɡɿɜ. ȼɢɡɧɚɱɢɬɢ ɬɚɤɨɠ ɜɟɥɢɱɢɧɭ ɫɩɥɸɫɧɭɬɨɫɬɿ 
Ɂɟɦɥɿ, ɜɜɚɠɚɸɱɢ, ɳɨ ɜɨɧɚ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɨɞɧɨɪɿɞɧɨʀ ɿ ɧɟɫɬɢɫɥɢɜɨʀ ɪɟɱɨɜɢɧɢ. 

ɓɨɛ ɞɚɬɢ ɜɿɞɩɨɜɿɞɶ ɧɚ ɩɢɬɚɧɧɹ ɡɚɞɚɱɿ, ɪɨɡɝɥɹɧɟɦɨ ɫɩɨɱɚɬɤɭ ɦɨɞɟɥɶ ɨɩɢɫɭɜɚɧɨɝɨ ɜ 
ɧɿɣ ɹɜɢɳɚμ ɧɟɯɚɣ ɞɜɚ ɬɿɥɚ ɡ ɨɞɧɚɤɨɜɢɦɢ ɦɚɫɚɦɢ ɬ , ɹɤɿ ɡ’єɞɧɚɧɿ ɠɨɪɫɬɤɢɦ ɫɬɟɪɠɧɟɦ (ɳɨ ɧɟ 
ɦɚє ɦɚɫɢ) ɧɚ ɜɿɞɫɬɚɧɿ r2  ɨɞɧɟ ɜɿɞ ɨɞɧɨɝɨ, ɩɪɢɬɹɝɭɸɬɶɫɹ ɬɿɥɨɦ ɡ ɦɚɫɨɸ Ɇ , ɪɨɡɬɚɲɨɜɚɧɢɦ 
ɧɚ ɜɿɞɫɬɚɧɿ R >> r  ɜɿɞ ɰɟɧɬɪɚ ɫɬɟɪɠɧɹ Ɉ (ɞɢɜ. ɦɚɥ.). ɋɬɟɪɠɟɧɶ ɫɤɥɚɞɚє ɤɭɬ   ɡ ɧɚɩɪɹɦɨɦ 
R . ȼɢɡɧɚɱɢɬɢ (ɩɪɢɛɥɢɡɧɨ) ɜɟɥɢɱɢɧɭ ɨɛɟɪɬɨɜɨɝɨ ɦɨɦɟɧɬɭ, ɹɤɢɣ ɫɬɜɨɪɸє ɬɿɥɨ Ɇ ɜɿɞɧɨɫɧɨ 
ɰɟɧɬɪɚ ɫɬɟɪɠɧɹ. 

 
 

Ɂɪɨɛɢɦɨ ɪɨɡɪɚɯɭɧɨɤ ɨɩɢɫɚɧɨʀ ɦɨɞɟɥɿ. ɋɢɥɢ ɩɪɢɬɹɝɚɧɧɹ ɬɿɥ ɦɚɫɚɦɢ ɬ  ɞɨ ɬɿɥɚ 
ɦɚɫɨɸ Ɇ  ɜɢɡɧɚɱɚɸɬɶɫɹ ɡɚ ɡɚɤɨɧɨɦ ɜɫɟɫɜɿɬɧɶɨɝɨ ɬɹɠɿɧɧɹ. Ⱦɥɹ ɨɛɪɚɧɨʀ ɦɨɞɟɥɿ ɜɿɧ ɦɚɬɢɦɟ 
ɜɢɝɥɹɞμ 
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ɍ ɩɪɨɰɟɫɿ ɨɬɪɢɦɚɧɧɹ ɰɢɯ ɧɚɛɥɢɠɟɧɢɯ ɜɢɪɚɡɿɜ ɦɢ ɡɧɟɯɬɭɜɚɥɢ 2
r  ɩɨɪɿɜɧɹɧɨ ɡ 2

R  ɬɚ, 
ɫɤɨɪɢɫɬɚɜɲɢɫɶ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦ ɯɯ 1)1/(1   ɩɪɢ ɯ <<1ɜɪɚɯɭɜɚɥɢ, ɳɨ   cos/ Rr <<1. 

Ɉɛɟɪɬɨɜɢɣ ɦɨɦɟɧɬ   ɞɨɪɿɜɧɸє ɪɿɡɧɢɰɿ ɦɨɦɟɧɬɿɜ ɫɢɥ 1F
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 sinsin 21 rFrF   (ɩɥɟɱɿ ɨɛɨɯ ɫɢɥ ɩɪɢɛɥɢɡɧɨ ɪɿɜɧɿ sinr ). ɉɿɞɫɬɚɜɢɜɲɢ ɡɚɦɿɫɬɶ 
1F


 ɿ 

2F


 ʀɯɧɿ ɡɧɚɱɟɧɧɹ, ɨɬɪɢɦɭєɦɨ  2sin
2

3

2

R

GmMr
 . 

Ɂɜɟɪɬɚєɦɨ ɭɜɚɝɭ, ɳɨ ɦɨɦɟɧɬ ɞɨɪɿɜɧɸє ɧɭɥɸ ɩɪɢ ɞɜɨɯ ɩɨɥɨɠɟɧɧɹɯ ɦɚɫμ ɤɨɥɢ 0  

(ɚ, ɨɬɠɟ, ɣ ɦɨɦɟɧɬ ɫɢɥɢ ɩɪɢɬɹɝɚɧɧɹ ɤɨɠɧɨʀ ɦɚɫɢ ɬ  ɞɨɪɿɜɧɸє ɧɭɥɸ) ɿ ɤɨɥɢ 2/  , ɬɨɛɬɨ 
ɤɨɥɢ ɦɨɞɭɥɿ ɫɢɥ 

1F


 ɿ 
2F


 ɞɨɪɿɜɧɸɸɬɶ ɨɞɢɧ ɨɞɧɨɦɭ ɿ ʀɯ ɦɨɦɟɧɬɢ ɜɡɚєɦɧɨ ɤɨɦɩɟɧɫɭɸɬɶɫɹ. 
Ɍɟɩɟɪ ɜɥɚɫɧɟ ɳɨɞɨ ɫɚɦɨʀ ɡɚɞɚɱɿ. ɋɩɥɸɫɧɭɬɿɫɬɶ Ɂɟɦɥɿ ɩɪɢ ɨɛɱɢɫɥɟɧɧɿ ɞɿɸɱɨɝɨ ɧɚ ɧɟʀ 

ɦɨɦɟɧɬɭ ɫɢɥ ɦɨɠɧɚ ɩɪɢɛɥɢɡɧɨ ɜɢɪɚɯɭɜɚɬɢ, ɡɚɦɿɧɢɜɲɢ Ɂɟɦɥɸ ɞɜɨɦɚ ɬɨɱɤɨɜɢɦɢ ɦɚɫɚɦɢ, 
ɹɤɿ ɡɧɚɯɨɞɹɬɶɫɹ ɧɚ ɞɟɹɤɿɣ ɜɿɞɫɬɚɧɿ ɨɞɧɚ ɜɿɞ ɨɞɧɨʀ. Ⱦɚɥɿ, ɫɤɨɪɢɫɬɚɜɲɢɫɶ ɪɟɡɭɥɶɬɚɬɚɦɢ 
ɪɨɡɪɚɯɭɧɤɿɜ ɧɚ ɦɨɞɟɥɿ, ɡɧɚɣɬɢ ɜɿɞɧɨɲɟɧɧɹ ɨɛɟɪɬɨɜɢɯ ɦɨɦɟɧɬɿɜ, ɫɬɜɨɪɸɜɚɧɢɯ ɋɨɧɰɟɦ ɿ 

Ɇɿɫɹɰɟɦ. ȼɨɧɨ ɪɿɜɧɟ 47,0
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, 

ɞɟ τɫ ɿ τɦ – ɨɛɟɪɬɨɜɿ ɦɨɦɟɧɬɢ, ɹɤɿ ɱɢɧɹɬɶ ɧɚ Ɂɟɦɥɸ ɋɨɧɰɟ ɿ Ɇɿɫɹɰɶ; ɆɆ  ɿ ɋɆ  – ɦɚɫɢ 

Ɇɿɫɹɰɹ ɿ ɋɨɧɰɹ; ɆR  ɿ ɋR  – ɜɿɞɫɬɚɧɿ ɜɿɞ Ɂɟɦɥɿ ɞɨ Ɇɿɫɹɰɹ ɿ ɋɨɧɰɹ ɜɿɞɩɨɜɿɞɧɨ. 
Ⱦɥɹ ɪɨɡɜ’ɹɡɚɧɧɹ ɞɪɭɝɨɝɨ ɡɚɜɞɚɧɧɹ ɡɚɞɚɱɿ ɡɪɨɛɢɦɨ ɳɟ ɨɞɧɟ ɩɪɢɩɭɳɟɧɧɹμ 

ɜɜɚɠɚɬɢɦɟɦɨ, ɳɨ ɮɿɝɭɪɚ Ɂɟɦɥɿ ɦɚɥɨ ɜɿɞɪɿɡɧɹєɬɶɫɹ ɜɿɞ ɤɭɥɹɫɬɨʀ. Ɍɨɞɿ, ɡɚ ɭɦɨɜɢ, ɳɨ ɜɨɧɚ 
ɨɞɧɨɪɿɞɧɚ ɿ ɧɟɫɬɢɫɥɢɜɚ, ɦɨɠɧɚ ɜɜɚɠɚɬɢ ɩɪɢɫɤɨɪɟɧɧɹ ɜɿɥɶɧɨɝɨ ɩɚɞɿɧɧɹ ɜɫɟɪɟɞɢɧɿ ɡɟɦɧɨʀ 
ɤɭɥɿ ɫɩɪɹɦɨɜɚɧɢɦ ɞɨ ɰɟɧɬɪɚ Ɂɟɦɥɿ ɿ ɩɪɨɩɨɪɰɿɣɧɢɦ ɜɿɞɫɬɚɧɿ ɞɨ ʀʀ ɰɟɧɬɪɚ. Ɋɨɡɦɿɫɬɢɦɨ 
ɩɨɱɚɬɨɤ ɤɨɨɪɞɢɧɚɬ ɭ ɰɟɧɬɪɿ Ɂɟɦɥɿ, ɚ ɜɿɫɶ z  ɫɩɪɹɦɭєɦɨ ɭɡɞɨɜɠ ɨɫɿ ʀʀ ɨɛɟɪɬɚɧɧɹ. Ɂɚ 
ɡɪɨɛɥɟɧɢɯ ɧɚɛɥɢɠɟɧɶ ɬɚ ɡ ɜɪɚɯɭɜɚɧɧɹɦ ɜɿɞɰɟɧɬɪɨɜɨʀ ɫɢɥɢ ɪɿɜɧɹɧɧɹ ɝɿɞɪɨɫɬɚɬɢɤɢ ɭ 
ɩɪɨɟɤɰɿɹɯ ɧɚ ɨɫɿ ɤɨɨɪɞɢɧɚɬ ɧɚɛɭɜɚɸɬɶ ɜɢɝɥɹɞɭ 
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ɞɟ 0R  – ɪɚɞɿɭɫ Ɂɟɦɥɿ,   – ɤɭɬɨɜɚ ɲɜɢɞɤɿɫɬɶ ʀʀ ɨɛɟɪɬɚɧɧɹ. 
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ɞɟ C  – ɫɬɚɥɚ ɿɧɬɟɝɪɭɜɚɧɧɹ, ɹɤɚ ɜɢɡɧɚɱɚє ɡɧɚɱɟɧɧɹ ɬɢɫɤɭ P  ɧɚ ɡɟɦɧɿɣ ɩɨɜɟɪɯɧɿ (ɣɨɝɨ 
ɦɨɠɧɚ ɜɜɚɠɚɬɢ ɪɿɜɧɢɦ ɧɭɥɸ, ɨɫɤɿɥɶɤɢ ɚɬɦɨɫɮɟɪɧɢɣ ɬɢɫɤ ɧɟɡɪɿɜɧɹɧɧɨ ɦɚɥɢɣ). 
ɋɩɥɸɫɧɭɬɿɫɬɶ Ɂɟɦɥɿ ɜɢɡɧɚɱɢɬɶɫɹ ɡ ɭɦɨɜɢ ɫɬɚɥɨɫɬɿ ɬɢɫɤɭ ɧɚ ɡɟɦɧɿɣ ɩɨɜɟɪɯɧɿ. Ɉɛɪɚɜɲɢ 
ɫɩɨɱɚɬɤɭ ɬɨɱɤɭ ɧɚ ɟɤɜɚɬɨɪɿ, ɚ ɩɨɬɿɦ ɧɚ ɩɨɥɸɫɿ, ɡɚɩɢɲɟɦɨμ ),0,0()0,0,( ne RPRP  , ɞɟ eR  ɿ 

nR – ɟɤɜɚɬɨɪɿɚɥɶɧɢɣ ɿ ɩɨɥɹɪɧɢɣ ɪɚɞɿɭɫɢ Ɂɟɦɥɿ. Ɂ ɭɪɚɯɭɜɚɧɧɹɦ ɹɜɧɨɝɨ ɜɢɞɭ ɬɢɫɤɭ 
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Ɉɬɠɟ, ɞɥɹ ɫɩɥɸɫɧɭɬɨɫɬɿ   ɡɟɦɧɨʀ ɤɭɥɿ ɨɬɪɢɦɭєɦɨ ɡɧɚɱɟɧɧɹ 
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ɇɚɫɩɪɚɜɞɿ, ɫɩɥɸɫɧɭɬɿɫɬɶ Ɂɟɦɥɿ ɦɚɣɠɟ ɭɞɜɿɱɿ ɛɿɥɶɲɚ, ɚ ɫɚɦɟ 1/297 . Ɋɨɡɛɿɠɧɿɫɬɶ 
ɩɨɹɫɧɸєɬɶɫɹ, ɧɚɩɟɜɧɟ, ɧɟɤɨɪɟɤɬɧɿɫɬɸ ɡɪɨɛɥɟɧɢɯ ɧɚɦɢ ɜ ɭɦɨɜɿ ɡɚɞɚɱɿ ɩɪɢɩɭɳɟɧɶ ɿ 
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ɦɿɪɤɭɜɚɧɶ, ɩɨɤɥɚɞɟɧɢɯ ɜ ɨɫɧɨɜɭ ɦɨɞɟɥɿ, ɳɨ ɣ ɜɢɹɜɢɥɨɫɹ ɜ ʀʀ ɧɟɩɨɜɧɿɣ ɜɿɞɩɨɜɿɞɧɨɫɬɿ ɳɨɞɨ 
ɩɟɪɟɛɿɝɭ ɪɨɡɝɥɹɞɭɜɚɧɨɝɨ ɹɜɢɳɚ ɜ ɩɪɢɪɨɞɿ, ɚ ɬɚɤɨɠ ɧɟɞɨɫɤɨɧɚɥɿɫɬɸ ɦɟɬɨɞɭ ɪɨɡɪɚɯɭɧɤɭ. Ɂɚ 
ɭɦɨɜɢ ɬɨɱɧɿɲɨʀ ɩɨɫɬɚɧɨɜɤɢ ɡɚɞɚɱɿ ɧɟɨɛɯɿɞɧɨ ɜɪɚɯɨɜɭɜɚɬɢ, ɳɨ ɩɨɥɟ ɬɹɠɿɧɧɹ ɫɩɥɸɫɧɭɬɨʀ 
ɤɭɥɿ ɧɟ є ɰɟɧɬɪɚɥɶɧɢɦ (ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɰɿєʀ ɨɛɫɬɚɜɢɧɢ ɪɨɡɪɚɯɭɧɨɤ ɞɚє ɡɧɚɱɟɧɧɹ 

/2321/4/5 0

2  gR ). Ɍɢɦ ɫɚɦɢɦ ɡɚɞɚɱɚ ɧɚɞɬɨ ɭɫɤɥɚɞɧɸєɬɶɫɹ, ɨɫɤɿɥɶɤɢ ɫɚɦɟ 
ɝɪɚɜɿɬɚɰɿɣɧɟ ɩɨɥɟ ɡɚɜɱɚɫɧɨ ɧɟɜɿɞɨɦɟ, ɚ ɡɚɥɟɠɢɬɶ ɜɿɞ ɧɟɜɿɞɨɦɨʀ ɮɨɪɦɢ ɩɨɜɟɪɯɧɿ Ɂɟɦɥɿ. 
Ⱦɟɬɚɥɶɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɩɨɤɚɡɭɸɬɶ, ɳɨ ɡɚɞɚɱɚ, ɫɮɨɪɦɭɥɶɨɜɚɧɚ ɬɚɤɢɦ ɱɢɧɨɦ, ɧɟ ɦɚє 
ɨɞɧɨɡɧɚɱɧɨɝɨ ɜɢɪɿɲɟɧɧɹ. Ɇɨɠɥɢɜɿ ɜɚɪɿɚɧɬɢ ɞɟɤɿɥɶɤɨɯ ɪɿɡɧɢɯ ɮɨɪɦ ɪɿɜɧɨɜɚɠɧɨʀ ɩɨɜɟɪɯɧɿ, 
ɭ ɬɨɦɭ ɱɢɫɥɿ ɣ ɟɥɿɩɫɨʀɞɭ ɨɛɟɪɬɚɧɧɹ ɡ ɩɟɜɧɢɦ ɫɬɭɩɟɧɟɦ ɫɬɢɫɧɟɧɧɹ. 

ȼɢɫɧɨɜɨɤ. ɍ ɪɟɡɭɥɶɬɚɬɿ ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɩɿɞɯɨɞɭ ɞɨ ɪɨɡɜ’ɹɡɚɧɧɹ ɚɫɬɪɨɮɿɡɢɱɧɢɯ 
ɡɚɞɚɱ є ɦɨɠɥɢɜɿɫɬɶ ɩɪɨɞɟɦɨɧɫɬɪɭɜɚɬɢ ɫɬɭɞɟɧɬɚɦ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɡɚɫɬɨɫɭɜɚɧɧɹ ɦɟɬɨɞɭ 
ɦɨɞɟɥɸɜɚɧɧɹ (ɣɨɝɨ ɩɟɪɟɜɚɝɢ ɿ ɧɟɞɨɥɿɤɢ), ɡɚɤɪɿɩɢɬɢ ɿ ɩɨɝɥɢɛɢɬɢ ɡɧɚɧɧɹ ɨɫɧɨɜɧɢɯ ɡɚɤɨɧɿɜ 
ɞɢɧɚɦɿɤɢ ɬɚ ɿɧɲɢɯ ɪɨɡɞɿɥɿɜ ɮɿɡɢɤɢ, ɜɿɞɩɨɜɿɞɧɢɯ ɬɟɦ ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɚɧɚɥɿɡɭ ɬɚ ɮɨɪɦɭɥ 
ɧɚɛɥɢɠɟɧɢɯ ɨɛɱɢɫɥɟɧɶ, ɪɨɡɜɢɜɚɬɢ ɭɹɜɭ ɬɚ ɚɛɫɬɪɚɤɬɧɟ ɦɢɫɥɟɧɧɹ ɫɬɭɞɟɧɬɿɜ. 

ɉɟɪɫɩɟɤɬɢɜɧɢɦ ɿ ɤɨɪɢɫɧɢɦ ɭ ɰɶɨɦɭ ɧɚɩɪɹɦɿ ɛɭɥɚ ɛ ɪɨɡɪɨɛɤɚ ɫɢɫɬɟɦɢ ɡɚɞɚɱ, 
ɪɨɡɜ’ɹɡɚɧɧɹ ɹɤɢɯ ɜɢɦɚɝɚɥɨ ɛ ɫɬɜɨɪɟɧɧɹ ɜɿɞɩɨɜɿɞɧɢɯ ɦɨɞɟɥɟɣ ɧɚ ɨɫɧɨɜɿ ɿɧɬɟɝɪɚɰɿʀ ɡɧɚɧɶ ɡ 
ɪɿɡɧɢɯ ɝɚɥɭɡɟɣ. 
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APPLICATION OF MODELING TO SOLVING ASTROPHYSICAL TASK 

 
In the article on the example of astrophysical task of the gravitational influence of the Earth 

Moon and the Sun. Demonstrated the effectiveness of a method of modeling to its solution and analyze the 

results. 

Due to the flattening of the Earth at the poles of the Sun and the Moon as a result of the 

gravitational influence it creates certain mechanical rotational torques. By creating an imaginary model 

of the phenomenon to determine the gravitational influence of the body mass M in the two bodies with the 

same mass m, which are rigidly connected to each other and removed from the body M on different 

distances, a formula torque. Applying this formula to the two points on the Earth's surface at distances of 

the equatorial and polar radii of it, determined the ratio of moments of forces that create the Earth and 

the Sun Moon (it is equal to ~ 0.47). Under these assumptions, that the Earth consists of a homogeneous 

and incompressible substance, and subject to the constancy of atmospheric pressure on the surface, 
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determined by the amount of flattening of the Earth caused by its axial rotation. The created model gives 

a value of flattening is ~ 1/580. 

In fact, almost flattening the Earth twice, namely 1/297 . The discrepancy is due probably 

impropriety made by us in the problem assumptions and considerations on the basis of the model, which 

was in compliance with its incomplete on the proposed course of phenomena in nature and imperfect 

method of calculation. With the more precise formulation of the problem, be aware that the gravitational 

field oblate balls is not the central (in view of the circumstances giving value calculation 

/2321/4/5 0

2  gR ). Thus, the problem is too complicated, because the gravitational field is 

unknown beforehand, but depends on an unknown form Earth's surface. Detailed studies show that the 

problem is formulated thus no clear solution. The options are several different forms of equilibrium 

surface, including the ellipsoid of revolution with a certain degree of compression. 

Key words: Earth, Sun, Moon, modeling method, flattened Earth, moment of rotation. 

 

Ʉ.ɋ. ɂɥɶɧɢɰɤɢɣ, ɘ. Ʉɪɚɫɧɨɛɨɤɢɣ 

ɍɦɚɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɩɟɞɚɝɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ ɉɚɜɥɚ Ɍɵɱɢɧɵ 

ɉɊɂɆȿɇȿɇɂȿ ɆȿɌɈȾɈȼ ɆɈȾȿɅɂɊɈȼȺɇɂə Ʉ Ɋȿɒȿɇɂɘ ȺɋɌɊɈɎɂɁɂɑȿɋɄɂɏ 

ɁȺȾȺɑ 
 

ȼ ɫɬɚɬɶɟ ɧɚ ɩɪɢɦɟɪɟ ɚɫɬɪɨɮɢɡɢɱɟɫɤɨɣ ɡɚɞɚɱɢ ɨ ɝɪɚɜɢɬɚɰɢɨɧɧɨɦ ɜɥɢɹɧɢɢ ɧɚ Ɂɟɦɥɸ 
ɋɨɥɧɰɚ ɢ Ʌɭɧɵ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɤ ɟɟ 
ɪɟɲɟɧɢɸ ɢ ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. 

ȼɫɥɟɞɫɬɜɢɟ ɫɩɥɸɳɟɧɧɨɫɬɢ Ɂɟɦɥɢ ɧɚ ɩɨɥɸɫɚɯ ɋɨɥɧɰɟ ɢ Ʌɭɧɚ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɧɟɟ ɫɨɡɞɚɸɬ ɨɩɪɟɞɟɥɟɧɧɵɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɜɪɚɳɚɬɟɥɶɧɵɟ ɦɨɦɟɧɬɵ 
ɫɢɥ. ɋɨɡɞɚɜ ɜɨɨɛɪɚɠɚɟɦɭɸ ɦɨɞɟɥɶ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɹɜɥɟɧɢɹ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ 
ɜɥɢɹɧɢɹ ɬɟɥɚ ɦɚɫɫɨɣ Ɇ ɧɚ ɞɜɚ ɬɟɥɚ ɫ ɨɞɢɧɚɤɨɜɵɦɢ ɦɚɫɫɚɦɢ m, ɤɨɬɨɪɵɟ ɠɟɫɬɤɨ ɫɜɹɡɚɧɵ ɦɟɠɞɭ 
ɫɨɛɨɣ ɢ ɭɞɚɥɟɧɵ ɨɬ ɬɟɥɚ Ɇ ɧɚ ɪɚɡɧɵɟ ɪɚɫɫɬɨɹɧɢɹ, ɜɵɜɟɞɟɧɚ ɮɨɪɦɭɥɚ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɦɨɦɟɧɬɚ. 
ɉɪɢɦɟɧɢɜ ɷɬɭ ɮɨɪɦɭɥɭ ɤ ɞɜɭɦ ɬɨɱɤɚɦ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ Ɂɟɦɥɢ ɧɚ ɪɚɫɫɬɨɹɧɢɹɯ ɷɤɜɚɬɨɪɢɚɥɶɧɨɝɨ ɢ 
ɩɨɥɹɪɧɨɝɨ ɟɟ ɪɚɞɢɭɫɨɜ, ɨɩɪɟɞɟɥɟɧɨ ɨɬɧɨɲɟɧɢɟ ɦɨɦɟɧɬɨɜ ɫɢɥ, ɤɨɬɨɪɵɟ ɫɨɡɞɚɸɬ ɧɚ Ɂɟɦɥɸ ɋɨɥɧɰɟ 
ɢ Ʌɭɧɚ (ɨɧɨ ɪɚɜɧɨз0,47). ɉɪɢ ɫɞɟɥɚɧɧɵɯ ɩɪɟɞɩɨɥɨɠɟɧɢɹɯ, ɱɬɨ Ɂɟɦɥɹ ɫɨɫɬɨɢɬ ɢɡ ɨɞɧɨɪɨɞɧɨɝɨ ɢ 
ɧɟɫɠɢɦɚɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɢ ɩɪɢ ɭɫɥɨɜɢɢ ɩɨɫɬɨɹɧɫɬɜɚ ɚɬɦɨɫɮɟɪɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɟɟ ɩɨɜɟɪɯɧɨɫɬɢ, 
ɨɩɪɟɞɟɥɟɧɨ ɜɟɥɢɱɢɧɭ ɫɩɥɸɳɟɧɧɨɫɬɢ Ɂɟɦɥɢ, ɜɵɡɜɚɧɧɭɸ ɟɟ ɨɫɟɜɵɦ ɜɪɚɳɟɧɢɟɦ. ɋɨɡɞɚɧɧɚɹ ɦɨɞɟɥɶ 
ɞɚɟɬ ɜɟɥɢɱɢɧɭ ɫɩɥɸɳɟɧɧɨɫɬɢ ɪɚɜɧɭɸ з1/580 (ɫɨɝɥɚɫɧɨ ɫɨɜɪɟɦɟɧɧɵɦ ɞɚɧɧɵɦ ɨɧɚ ɪɚɜɧɚ з1/232). 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: Ɂɟɦɥɹ, ɋɨɥɧɰɟ, Ʌɭɧɚ, ɦɟɬɨɞ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɫɩɥɸɳɟɧɧɨɫɬɶ Ɂɟɦɥɢ, 

ɦɨɦɟɧɬ ɫɢɥ ɜɪɚɳɟɧɢɹ. 
 

ȼȱȾɈɆɈɋɌȱ ɉɊɈ ȺȼɌɈɊȱȼ 
ȱɥɶɧɿɰɶɤɚ Ʉɚɬɟɪɢɧɚ ɋɟɪɝɿʀɜɧɚ – ɜɢɤɥɚɞɚɱ ɤɚɮɟɞɪɢ ɮɿɡɢɤɢ ɿ ɚɫɬɪɨɧɨɦɿʀ ɬɚ ɦɟɬɨɞɢɤɢ ʀɯ 

ɜɢɤɥɚɞɚɧɧɹ ɍɦɚɧɫɶɤɨɝɨ ɞɟɪɠɚɜɧɨɝɨ ɩɟɞɚɝɨɝɿɱɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ ɿɦɟɧɿ ɉɚɜɥɚ Ɍɢɱɢɧɢ. 
Ʉɨɥɨ ɧɚɭɤɨɜɢɯ ɿɧɬɟɪɟɫɿɜμ ɩɪɨɛɥɟɦɢ ɦɟɬɨɞɢɤɢ ɧɚɜɱɚɧɧɹ ɮɿɡɢɤɢ. 
Ʉɪɚɫɧɨɛɨɤɢɣ ɘɪɿɣ Ɇɢɤɨɥɚɣɨɜɢɱ – ɤɚɧɞɢɞɚɬ ɮɿɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɧɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ 

ɤɚɮɟɞɪɢ ɮɿɡɢɤɢ ɿ ɚɫɬɪɨɧɨɦɿʀ ɬɚ ɦɟɬɨɞɢɤɢ ʀɯ ɜɢɤɥɚɞɚɧɧɹ ɍɦɚɧɫɶɤɨɝɨ ɞɟɪɠɚɜɧɨɝɨ ɩɟɞɚɝɨɝɿɱɧɨɝɨ 
ɭɧɿɜɟɪɫɢɬɟɬɭ ɿɦɟɧɿ ɉɚɜɥɚ Ɍɢɱɢɧɢ. 

Ʉɨɥɨ ɧɚɭɤɨɜɢɯ ɿɧɬɟɪɟɫɿɜμ ɩɪɨɛɥɟɦɢ ɦɟɬɨɞɢɤɢ ɧɚɜɱɚɧɧɹ ɮɿɡɢɤɢ. 
 


