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ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɨɫɬɪɨɟɧɢɟ ɢ ɢɫɫɥɟ-
ɞɨɜɚɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɤɨɚɤɫɢɚɥɶɧɨɝɨ 
ɦɚɝɧɢɬɨɩɥɚɡɦɟɧɧɨɝɨ ɭɫɤɨɪɢɬɟɥɹ (ɄɆɉɍ) ɢ ɢɫɫɥɟ-
ɞɨɜɚɧɢɟ ɮɢɡɢɱɟɫɤɢɯ ɹɜɥɟɧɢɣ ɜ ɭɫɤɨɪɢɬɟɥɟ ɦɟɬɨ-
ɞɚɦɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɂɫɫɥɟɞɨɜɚ-
ɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɩɪɢɦɟɪɟ ɦɨɞɟɥɶɧɨɝɨ 
ɄɆɉɍ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɪɟɚɥɶɧɨ ɢɫɩɨɥɶɡɭɟɦɨɝɨ 
ɧɚ ɩɪɚɤɬɢɤɟ ɭɫɬɪɨɣɫɬɜɚ [1]. 

ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɭɩɪɨɳɟɧɧɚɹ ɦɨɞɟɥɶ 
ɄɆɉɍ. Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ 
ɄɆɉɍ ɩɪɟɞɫɬɚɜɢɦ ɟɝɨ ɤɚɤ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɟ 
ɭɫɬɪɨɣɫɬɜɨ, ɫɱɢɬɚɹ, ɱɬɨ ɦɚɫɫɚ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɩɥɚɡɦɵ ɩɨɫɬɨɹɧɧɵ.  

 
づóï. 1. í – ÜäëÜàñÖÖí　 ½ÜÑñ¿á äëÜçÜÑ　àñú ôíïöó  

ä¿í£½ñÖÖÜÇÜ Üï¡Üëóöñ¿　; ß – ñÇÜ ïñôñÖóñ;  

ï – ~¿ñ¡öëÜöñêÖóôñï¡í　 ïêñ½í £í½ñàñÖó　 とぜぢば 

ɇɚ ɬɨɦ ɠɟ ɪɢɫɭɧɤɟ ɩɪɢɜɨɞɢɬɫɹ ɷɥɟɤɬɪɨɬɟɯɧɢ-
ɱɟɫɤɚɹ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ, ɜ ɤɨɬɨɪɨɣ C  – ɟɦɤɨɫɬɶ 
ɛɚɬɚɪɟɢ ɤɨɧɞɟɧɫɚɬɨɪɨɜ, ( ( ))L z t – ɢɧɞɭɤɬɢɜɧɨɫɬɶ 
ɩɥɚɡɦɟɧɧɨɝɨ ɲɧɭɪɚ, R  – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɥɚɦɟɧ-

ɧɨɝɨ ɫɝɭɫɬɤɚ, 0L  – ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɢɧɞɭɤɬɨɪɚ.  
Ⱦɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɪɚɫɫɦɚɬɪɢ-

ɜɚɟɦɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɜɟɥɢɱɢɧɵ 

ɩɚɪɚɦɟɬɪɨɜ 0 , , ( ),L R L t C  ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ. ɉɪɢɜɟɞɟɦ ɢɯ ɨɩɢɫɚɧɢɟ. 
ȼ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɣ ɫɯɟɦɟ ɛɚɬɚɪɟɹ ɤɨɧɞɟɧ-

ɫɚɬɨɪɨɜ ɟɦɤɨɫɬɶɸ 330 10 ɎC −= ⋅  ɡɚɪɹɠɚɟɬɫɹ ɞɨ 
ɧɚɩɪɹɠɟɧɢɹ 0 3 ɤȼU = . ɗɧɟɪɝɢɹ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟ-
ɫɤɨɝɨ ɩɨɥɹ, ɡɚɩɚɫɟɧɧɚɹ ɜ ɤɨɧɞɟɧɫɚɬɨɪɟ, ɩɟɪɟɞɚɟɬɫɹ 
ɜ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɰɟɩɶ. ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɰɟɩɢ ɛɭɞɟɦ 

ɫɱɢɬɚɬɶ ɪɚɜɧɵɦ 310 ɈɦR −= . Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ 
ɪɚɫɫɱɢɬɚɬɶ ɞɜɚ ɫɥɟɞɭɸɳɢɯ ɩɚɪɚɦɟɬɪɚ 0L  ɢ ( )L t .  

ɂɧɞɭɤɬɢɜɧɨɫɬɶ ɤɨɚɤɫɢɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɠɝɭɬ-
ɷɥɟɤɬɪɨɞ ( )L t  ɨɩɪɟɞɟɥɹɟɦ ɢɡ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɫɨ-
ɨɬɧɨɲɟɧɢɹ 2 2.W I L= . 

Ɂɚɩɢɲɟɦ ɷɧɟɪɝɢɸ ɫɢɫɬɟɦɵ:  
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ɡɞɟɫɶ 74 10μ π −= – ɦɚɝɧɢɬɧɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ 
ɜɨɡɞɭɯɚ, 2 1,R R – ɪɚɞɢɭɫɵ ɷɥɟɤɬɪɨɞɚ ɫɬɜɨɥɚ ɢ 

ɩɥɚɡɦɟɧɧɨɝɨ ɠɝɭɬɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, z – ɤɨɨɪɞɢɧɚ-
ɬɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɠɝɭɬɚ. 

ɂɡ ɩɨɫɥɟɞɧɟɝɨ ɫɨɨɬɧɨɲɟɧɢɹ (1) ɫɥɟɞɭɟɬ, ɱɬɨ 
ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ ɥɢɧɟɣɧɨɣ 

ɮɭɧɤɰɢɢ ɤɨɨɪɞɢɧɚɬɵ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ:  

 
2

2

1

( ) ln
4

Rz I
L z L z

R

μ
π

⎛ ⎞
′= =⎜ ⎟

⎝ ⎠
.  (2) 

ɉɨɫɬɨɹɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ L′  ɩɪɢ ɤɨɨɪɞɢɧɚɬɟ 
z  ɧɚɡɵɜɚɟɬɫɹ ɩɨɝɨɧɧɨɣ ɢɧɞɭɤɬɢɜɧɨɫɬɶɸ (ɢɧɞɭɤ-
ɬɢɜɧɨɫɬɶ ɟɞɢɧɢɰɵ ɞɥɢɧɵ) [2]. ɉɨɫɥɟ ɩɨɞɫɬɚɧɨɜɤɢ 

ɧɟɨɛɯɨɞɢɦɵɯ ɜɟɥɢɱɢɧ ɩɨɥɭɱɚɟɦ ɟɝɨ ɡɧɚɱɟɧɢɟ (3): 

 
2

2

1

ln
4

RI
L

R

μ
π

⎛ ⎞
′ = ⎜ ⎟

⎝ ⎠
. (3) 

ɉɨɫɬɚɜɢɜ ɧɟɨɛɯɨɞɢɦɵɟ ɡɧɚɱɟɧɢɹ, ɩɨɥɭɱɚɟɦ 

ɜɟɥɢɱɢɧɭ ɩɨɝɨɧɧɨɣ ɢɧɞɭɤɬɢɜɧɨɫɬɢ 
710 10 Ƚɧ/ɦL −′ = ⋅ . 

 
づóï. 2. でñôñÖóñ äëÜçÜÑÖó¡í ç çóÑñ ¡Ü¿áîí 

ɂɧɞɭɤɬɨɪ ɢɦɟɟɬ ɫɥɨɠɧɭɸ ɤɨɧɮɢɝɭɪɚɰɢɸ 

ɷɥɟɤɬɪɨɞɨɜ, ɩɨɷɬɨɦɭ ɪɚɫɱɟɬ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɢɧɞɭɤ-
ɬɨɪɚ ɬɚɤɠɟ ɩɪɨɜɟɞɟɧ ɱɟɪɟɡ ɢɡɜɟɫɬɧɨɟ ɷɧɟɪɝɟɬɢɱɟ-
ɫɤɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɬɨɪɵɦ: 
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Ɂɞɟɫɶ I – ɬɨɤ ɜ ɰɟɩɢ, ぜW – ɷɧɟɪɝɢɹ ɦɚɝɧɢɬ-
ɧɨɝɨ ɩɨɥɹ, L – ɢɧɞɭɤɬɢɜɧɨɫɬɶ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ 
ɷɧɟɪɝɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ (4) ɩɪɢ ɡɚɞɚɧɧɨɣ ɤɨɧɮɢ-

ɝɭɪɚɰɢɢ ɷɥɟɤɬɪɨɞɨɜ ɢ ɡɚɞɚɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
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ɬɨɤɨɜ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɢɫɩɨɥɶɡɭɹ ɩɨɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨɫɬɶ ɫɨɨɬɧɨɲɟɧɢɣ [1]: 

 0 2 2

21 1

2

ぜ
ぜ

V V

W
W dV L dV

I I
= → = =∫ ∫Aį Aį , (5) 

ɝɞɟ A – ɜɟɤɬɨɪɧɵɣ ɦɚɝɧɢɬɧɵɣ ɩɨɬɟɧɰɢɚɥ, į – 

ɜɟɤɬɨɪ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ. 
ɉɨɫɥɟ ɧɟɫɥɨɠɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɢɡ (5) ɩɨ-

ɥɭɱɢɦ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɨɞɧɨɝɨ 
ɤɨɥɶɰɚ ɫ ɩɪɹɦɨɭɝɨɥɶɧɵɦ ɫɟɱɟɧɢɟɦ, ɫ ɭɱɟɬɨɦ ɬɨɝɨ, 
ɱɬɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɬɨɥɶɤɨ ɨɛɴɟɦɭ 
ɩɪɨɜɨɞɧɢɤɚ [3] ɢ, ɱɬɨ ɬɨɤ ɜ ɤɨɥɶɰɟ ɪɚɜɟɧ 1I A= , 

(ɩɚɪɚɦɟɬɪɵ ɤɨɥɶɰɚ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 2): 
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ɉɪɢ ɧɚɥɢɱɢɢ ɱɟɬɵɪɟɯ ɤɨɥɟɰ ɜ ɢɧɞɭɤɬɨɪɟ ɜ ɫɨ-
ɨɬɜɟɬɫɬɜɢɢ ɫ ɪɢɫɭɧɤɨɦ 3 ɢ (6) ɢɦɟɟɦ [4]: 

 

づóï. 3. ごÖÑÜ¡öÜë ï ôñö▲ëá½　 ¡Ü¿áîí½ó 
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ ɩɨɥɭɱɟɧɚ ɢɧɞɭɤɬɢɜ-

ɧɨɫɬɶ ɢɧɞɭɤɬɨɪɚ 7
0 8.764 10 ȽɧL −= ⋅ . 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɫɬɚɜɥɟɧ ɩɪɨɦɟɠɭɬɨɱɧɵɣ 

ɷɬɚɩ ɪɚɛɨɬɵ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨ-
ɞɟɥɢ ɤɨɚɤɫɢɚɥɶɧɨɝɨ ɦɚɝɧɢɬɨɩɥɚɡɦɟɧɧɨɝɨ ɭɫɤɨɪɢ-

ɬɟɥɹ. 
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɨ ɦɧɨɝɢɯ ɫɬɚɬɶɹɯ ɢ ɜɵ-

ɫɬɭɩɥɟɧɢɹɯ ɡɚɬɪɚɝɢɜɚɸɬɫɹ ɜɨɩɪɨɫɵ ɷɧɟɪɝɨɫɛɟɪɟ-
ɠɟɧɢɹ ɢ ɷɤɨɥɨɝɢɢ, ɩɪɚɤɬɢɱɟɫɤɢ, ɧɟ ɤɚɫɚɹɫɶ ɜɨɩɪɨ-
ɫɨɜ ɜɡɚɢɦɨɫɜɹɡɢ ɫɢɫɬɟɦ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ ɢ ɷɧɟɪɝɟ-
ɬɢɱɟɫɤɨɝɨ ɦɟɧɟɞɠɦɟɧɬɚ, ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɚɭɞɢɬɨɜ ɢ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɨɛɫɥɟɞɨɜɚɧɢɣ ɢ ɩɪɨɰɟɫɫɨɜ ɧɨɪɦɢ-

ɪɨɜɚɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɧɚ ɩɪɨɦɵɲɥɟɧɧɵɯ 

ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɨɛɴɟɤɬɚɯ. Ɉɞɧɚɤɨ, ɢɧɬɟɝɪɚɰɢɹ 
ɷɬɢɯ ɧɚɩɪɚɜɥɟɧɢɣ ɫɬɚɧɨɜɢɬɫɹ ɢ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɢ 

ɜɨɡɦɨɠɧɨɫɬɶɸ ɜ ɩɪɨɰɟɫɫɟ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜ-
ɧɨɫɬɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɩɨɥɢɬɢɤɢ ɝɨɫɭɞɚɪɫɬɜɚ [1].  

ɗɧɟɪɝɟɬɢɱɟɫɤɨɟ ɨɛɫɥɟɞɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ ɩɟɪɜɵɦ 

ɢ ɜɚɠɧɟɣɲɢɦ ɷɬɚɩɨɦ ɜ ɪɚɡɪɚɛɨɬɤɟ ɢ ɪɟɚɥɢɡɚɰɢɢ 

ɤɨɦɩɥɟɤɫɚ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɸ ɢ 

ɩɨɜɵɲɟɧɢɸ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. 

Ɉɫɧɨɜɧɵɦɢ ɰɟɥɹɦɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɨɛɫɥɟɞɨ-
ɜɚɧɢɹ ɹɜɥɹɸɬɫɹ: 

1) ɩɨɥɭɱɟɧɢɟ ɨɛɴɟɤɬɢɜɧɵɯ ɞɚɧɧɵɯ ɨɛ ɨɛɴɺɦɟ 
ɢɫɩɨɥɶɡɭɟɦɵɯ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ; 

2) ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜ-
ɧɨɫɬɢ; 

3) ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɬɟɧɰɢɚɥɚ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ 
ɢ ɩɨɜɵɲɟɧɢɹ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ; 

4) ɪɚɡɪɚɛɨɬɤɚ ɩɟɪɟɱɧɹ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɷɧɟɪ-
ɝɨɫɛɟɪɟɠɟɧɢɸ ɢ ɩɨɜɵɲɟɧɢɸ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨ-

ɫɬɢ ɢ ɨɰɟɧɤɚ ɢɯ ɫɬɨɢɦɨɫɬɢ.  

ɉɪɚɜɢɥɶɧɨ ɨɪɝɚɧɢɡɨɜɚɧɧɨɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɟ 
ɨɛɫɥɟɞɨɜɚɧɢɟ ɢɡ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɨɰɟɧɤɟ ɷɮɮɟɤ-
ɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ ɢ ɷɧɟɪɝɢɢ 

ɢ ɩɪɨɜɟɪɤɢ ɫɨɫɬɨɹɧɢɹ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ ɩɪɟɜɪɚ-
ɳɚɟɬɫɹ ɜ ɷɥɟɦɟɧɬ ɫɢɫɬɟɦɵ, ɩɪɢɡɜɚɧɧɨɣ ɨɛɟɫɩɟɱɢɬɶ 
ɫɬɚɛɢɥɶɧɨɫɬɶ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ/ 
ɨɪɝɚɧɢɡɚɰɢɢ ɡɚ ɫɱɟɬ ɩɨɜɵɲɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɢ 

ɩɨɞɞɟɪɠɚɧɢɹ ɪɟɫɭɪɫɨɜ ɧɚ ɧɟɨɛɯɨɞɢɦɨɦ ɭɪɨɜɧɟ, ɚ 
ɬɚɤɠɟ ɭɤɪɟɩɥɟɧɢɹ ɢ ɪɚɫɲɢɪɟɧɢɹ ɪɵɧɨɱɧɵɯ ɩɨɡɢ-

ɰɢɣ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ 
ɨɛɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɨɫɧɨɜɟ ɤɨɦɩɥɟɤɫɧɨ-

ɝɨ ɚɧɚɥɢɡɚ. Ɉɛɴɟɤɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢ ɷɬɨɦ 

ɹɜɥɹɸɬɫɹ ɧɟ ɬɨɥɶɤɨ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚ-
ɡɚɬɟɥɢ ɩɪɟɞɩɪɢɹɬɢɣ/ɨɪɝɚɧɢɡɚɰɢɣ, ɧɨ ɢ ɢɧɜɟɫɬɢɰɢ-

ɨɧɧɚɹ, ɫɛɵɬɨɜɚɹ ɢ ɞɪɭɝɢɟ ɜɢɞɵ ɞɟɹɬɟɥɶɧɨɫɬɢ. 

XVI Ɇɟɠɞɭɧɚɪɨɞɧɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɫɬɭɞɟɧɬɨɜ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ «ɋɨɜɪɟɦɟɧɧɵɟ ɬɟɯɧɢɤɚ ɢ ɬɟɯɧɨɥɨɝɢɢ»


