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ɉȿɊɋɉȿɄɌɂȼɇɕȿ ɇȺɉɊȺȼɅȿɇɂə ɊȺɁȼɂɌɂə ɋȺɆɈȾȼɂɀɍɓɂɏɋə 
ɋɌɊɈɂɌȿɅɖɇɕɏ ɉɇȿȼɆɈɉɊɈȻɈɃɇɂɄɈȼ ȾɅə ɈȻɊȺɁɈȼȺɇɂə  

ɋɄȼȺɀɂɇ ȼ ȽɊɍɇɌȿ 
 

ȼ.Ʉ. ɉɟɪɟɞɟɪɟɣ, ɫɬ. ɩɪɟɩ., 
Ʉɢɪɨɜɨɝɪɚɞɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

  
Аɧɧɨɬаɰиɹ. ɉɪɢɜɟɞɟɧɵ ɤɨɧɫɬɪɭɤɰɢɢ ɫɚɦɨɞɜɢɠɭɳɟɝɨɫɹ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɚ  ɫ ɝɚɡɨɜɨɣ ɫɦɚɡɤɨɣ 
ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɫɤɜɚɠɢɧ ɜ ɝɪɭɧɬɟ ɢ ɫɬɨɩɨɪɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɤ ɧɟɦɭ. Уɤɚɡɚɧɵ ɢɯ ɩɪɟɢɦɭɳɟɫɬɜɚ 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɤɨɧɫɬɪɭɤɰɢɹɦɢ. ɂɯ ɩɪɢɦɟɧɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ ɩɪɨɢɡɜɨ-
ɞɢɬɟɥɶɧɨɫɬɶ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɨɜ.  
 
Клɸɱевые ɫлɨва: ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤ, ɝɪɭɧɬ, ɫɤɜɚɠɢɧɚ, ɝɚɡɨɜɚɹ ɫɦɚɡɤɚ, ɫɬɨɩɨɪɧɵɣ ɦɟɯɚɧɢɡɦ, 
ɞɚɜɥɟɧɢɟ ɜɨɡɞɭɯɚ. 
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ȼ.Ʉ. ɉɟɪɟɞɟɪɿɣ, ɫɬ. ɜɢɤɥ., 

Ʉɿɪɨɜɨɝɪɚɞɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɬɟɯɧɿɱɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ 
 
Аɧɨɬаɰіɹ. ɉɪɢɜɟɞɟɧɨ ɤɨɧɫɬɪɭɤɰɿʀ ɫɚɦɨɪɭɲɧɨɝɨ ɩɧɟɜɦɨɩɪɨɛɿɣɧɢɤɚ ɡ ɝɚɡɨɜɢɦ ɦɚɫɬɢɥɨɦ ɞɥɹ 
ɭɬɜɨɪɟɧɧɹ ɫɜɟɪɞɥɨɜɢɧ ɭ ґɪɭɧɬɿ ɬɚ ɫɬɨɩɨɪɧɨɝɨ ɦɟɯɚɧɿɡɦɭ ɞɨ ɧɶɨɝɨ. Вɤɚɡɚɧɨ ʀɯ ɩɟɪɟɜɚɝɢ ɭ ɩɨɪɿɜ-
ɧɹɧɧɿ ɡ ɜɿɞɨɦɢɦɢ ɤɨɧɫɬɪɭɤɰɿɹɦɢ. Їɯ ɡɚɫɬɨɫɭɜɚɧɧɹ ɞɨɡɜɨɥɹє ɡɛɿɥɶɲɢɬɢ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɩɧɟɜɦɨ-
ɩɪɨɛɿɣɧɢɤɿɜ. 
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ɬɢɫɤ ɩɨɜɿɬɪɹ. 
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KТЫШЯШРЫКН ІКtТШЧКХ TОМСЧТМКХ UЧТЯОЫЬТtв 
 
Abstract. TСe conПiРurations oП selП-movinР pneumatic driПt аitС tСe Рas lubrication Пor makinР аells 
in tСe Рround and tСe lockinР mecСanism to it is presented. TСeir advantaРes compared to tСe eбistinР 
conПiРurations are mentioned. TСeir usaРe alloаs to increase tСe productivitв oП pneumatic driПts.  
 
Key words: pneumatic driПt, аell, Рround, Рas lubrication, lockinР mecСanism, air pressure. 
 
 

ȼɜɟɞɟɧɢɟ 
 
ɇɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɫɪɟɞɫɬɜɨɦ ɦɟɯɚɧɢ-
ɡɚɰɢɢ ɪɚɛɨɬ ɩɪɢ ɛɟɫɬɪɚɧɲɟɣɧɨɦ ɫɩɨɫɨɛɟ 
ɩɪɨɤɥɚɞɤɢ ɢɧɠɟɤɬɨɪɧɵɯ ɤɨɦɦɭɧɢɤɚɰɢɣ ɹɜ-
ɥɹɸɬɫɹ ɫɚɦɨɞɜɢɠɭɳɢɟɫɹ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɢ 
ɤɨɧɫɬɪɭɤɰɢɢ ɂɧɫɬɢɬɭɬɚ ɝɨɪɧɨɝɨ ɞɟɥɚ ɋɢɛɢɪ-
ɫɤɨɝɨ ɨɬɞɟɥɟɧɢɹ Ɋɨɫɫɢɣɫɤɨɣ Ⱥɤɚɞɟɦɢɢ ɇɚɭɤ 
(ɂȽȾ ɋɈ ɊȺɇ) Д1Ж, ɝɥɚɜɧɨɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ 
ɧɚɡɧɚɱɟɧɢɟ ɤɨɬɨɪɵɯ – ɩɪɨɛɢɜɚɧɢɟ ɝɨɪɢɡɨɧ-

ɬɚɥɶɧɵɯ ɢ ɧɚɤɥɨɧɧɵɯ ɫɤɜɨɡɧɵɯ ɢ ɝɥɭɯɢɯ 
ɫɤɜɚɠɢɧ ɜ ɝɪɭɧɬɟ. Ⱦɚɥɶɧɟɣɲɟɟ ɫɨɜɟɪɲɟɧɫɬɜɨ-
ɜɚɧɢɟ ɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɭɥɭɱɲɟɧɢɟ ɬɟɯɧɢɱɟ-
ɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɚɤɬɭɚɥɶɧɨɣ 
ɡɚɞɚɱɟɣ. ɉɪɟɠɞɟ ɜɫɟɝɨ ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɬɶ 
ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɨɜ, ɨɬ 
ɤɨɬɨɪɨɣ ɡɚɜɢɫɢɬ ɢɯ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ – ɨɫ-
ɧɨɜɧɨɣ ɩɨɤɚɡɚɬɟɥɶ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɷɮɮɟɤɬɢɜ-
ɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɦɟɯɚɧɢɡɦɚ. 
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Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 
 
Ⱥɧɚɥɢɡ ɩɚɬɟɧɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɢɱɟɫɤɨɣ 
ɥɢɬɟɪɚɬɭɪɵ ɩɨɡɜɨɥɢɥ ɜɵɹɜɢɬɶ ɨɫɧɨɜɧɵɟ  
ɦɟɬɨɞɵ ɩɨɜɵɲɟɧɢɹ ɫɤɨɪɨɫɬɢ ɩɧɟɜɦɨ-
ɩɪɨɛɨɣɧɢɤɨɜ. 
 
ɍɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɨɜ 
ɜɨɡɦɨɠɧɨ ɡɚ ɫɱɟɬ ɩɨɜɵɲɟɧɢɹ ɷɧɟɪɝɢɢ ɢ ɱɚ-
ɫɬɨɬɵ ɭɞɚɪɨɜ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɞɚɪɧɨɣ ɦɨɳ-
ɧɨɫɬɢ. Эɧɟɪɝɢɹ ɢ ɱɚɫɬɨɬɚ ɭɞɚɪɨɜ, ɩɪɢ ɩɪɨɱɢɯ 
ɪɚɜɧɵɯ ɭɫɥɨɜɢɹɯ, ɬɟɦ ɛɨɥɶɲɟ, ɱɟɦ ɜɵɲɟ ɞɚɜ-
ɥɟɧɢɟ ɜɨɡɞɭɯɚ ɜ ɫɟɬɢ. Ɉɞɧɚɤɨ ɜɨɡɦɨɠɧɨɫɬɶ 
ɭɥɭɱɲɟɧɢɹ ɷɬɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɭɬɟɦ ɩɨɜɵɲɟ-
ɧɢɹ ɪɚɛɨɱɟɝɨ ɞɚɜɥɟɧɢɹ ɨɝɪɚɧɢɱɟɧɚ ɢɡ-ɡɚ ɨɬ-
ɫɭɬɫɬɜɢɹ ɜ ɫɬɪɨɢɬɟɥɶɧɵɯ ɨɪɝɚɧɢɡɚɰɢɹɯ ɤɨɦ-
ɩɪɟɫɫɨɪɨɜ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ. 
 
ɍɜɟɥɢɱɟɧɢɟ ɷɧɟɪɝɢɢ ɭɞɚɪɨɜ ɦɨɠɧɨ ɨɫɭɳɟ-
ɫɬɜɢɬɶ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɦɚɫɫɵ ɭɞɚɪɧɢɤɚ 
ɛɟɡ ɭɜɟɥɢɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɫɨɭɞɚɪɟɧɢɹ ɢɥɢ ɡɚ 
ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɫɨɭɞɚɪɟɧɢɹ ɩɪɢ 
ɧɟɢɡɦɟɧɧɨɣ ɦɚɫɫɟ ɭɞɚɪɧɢɤɚ. ȼ ɩɟɪɜɨɦ ɫɥɭ-
ɱɚɟ, ɱɬɨɛɵ ɦɚɫɫɚ ɦɚɲɢɧɵ ɨɫɬɚɥɚɫɶ ɧɟɢɡɦɟɧ-
ɧɨɣ, ɜɬɨɪɨɫɬɟɩɟɧɧɵɟ ɞɟɬɚɥɢ ɧɟɨɛɯɨɞɢɦɨ ɢɡ-
ɝɨɬɚɜɥɢɜɚɬɶ ɢɡ ɛɨɥɟɟ ɥɟɝɤɢɯ ɦɚɬɟɪɢɚɥɨɜ. ȼɨ 
ɜɬɨɪɨɦ ɫɥɭɱɚɟ ɩɪɢ ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɯɟɦɟ 
ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɚ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ 
ɪɚɰɢɨɧɚɥɶɧɭɸ, ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɪɨɱɧɨɫɬɢ, 
ɤɨɧɫɬɪɭɤɰɢɸ ɭɞɚɪɧɢɤɚ. 
 
ɉɨɜɵɲɟɧɢɟ ɭɞɚɪɧɨɣ ɦɨɳɧɨɫɬɢ ɞɨɫɬɢɝɚɟɬɫɹ 
ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ ɛɭɮɟɪɧɨɝɨ ɰɢɤɥɚ ɢ ɧɨɜɵɯ 
ɫɯɟɦ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɟɧɢɹ Д2–4Ж. ȼ ɤɨɧ-
ɫɬɪɭɤɰɢɢ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɨɜ ɬɢɩɚ 
«GruЧНШЦКt» (ɮɢɪɦɚ «TrКМtШ TОМСЧТФ PКuХ 
SСМЦТНt», Ƚɟɪɦɚɧɢɹ) ɩɨɜɵɲɟɧɢɟ ɫɤɨɪɨɫɬɢ 
ɩɪɨɯɨɞɤɢ ɫɤɜɚɠɢɧ ɞɨɫɬɢɝɚɟɬɫɹ ɩɭɬɟɦ ɥɭɱɲɟ-
ɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɞɚɪɧɨɣ ɦɨɳɧɨɫɬɢ ɡɚ ɫɱɟɬ 
ɩɨɞɜɢɠɧɨɝɨ ɢ ɩɨɞɩɪɭɠɢɧɟɧɧɨɝɨ ɨɬɧɨɫɢɬɟɥɶ-
ɧɨ ɤɨɪɩɭɫɚ ɭɞɚɪɧɨɝɨ ɥɢɞɟɪɚ Д1Ж. Ⱥɧɚɥɨɝɢɱɧɨɟ 
ɤɨɧɫɬɪɭɤɬɢɜɧɨɟ ɜɵɩɨɥɧɟɧɢɟ ɢɦɟɸɬ ɩɧɟɜɦɨ-
ɩɪɨɛɨɣɧɢɤɢ ɮɢɪɦɵ «TОrrК» (ɒɜɟɣɰɚɪɢɹ). 
 
ɍɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɚ 
ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɨ ɫɧɢɠɟɧɢɟɦ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɹ ɝɪɭɧɬɚ ɩɪɨɤɨɥɭ ɜɫɥɟɞɫɬɜɢɟ ɭɦɟɧɶ-
ɲɟɧɢɹ ɜɧɟɲɧɟɝɨ ɬɪɟɧɢɹ ɝɪɭɧɬɚ ɧɚɝɪɟɜɨɦ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɦɚɲɢɧɵ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ Д5Ж 
ɢ ɩɪɢɦɟɧɟɧɢɟɦ ɷɥɟɤɬɪɨɨɫɦɨɫɚ Д6Ж. Ɉɞɧɚɤɨ 
ɬɚɤɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɧɟ ɪɚɛɨɬɨɫɩɨɫɨɛɧɵ, ɬɚɤ 
ɤɚɤ ɡɚ ɫɱɟɬ ɬɪɟɧɢɹ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤ ɞɜɢɠɟɬ-
ɫɹ ɜ ɝɪɭɧɬɟ. ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɜ 
ɪɚɡɜɢɬɢɢ ɫɚɦɨɞɜɢɠɭɳɢɯɫɹ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢ-
ɤɨɜ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɢɟ ɝɚɡɨɜɨɡɞɭɲɧɨɣ 
ɫɦɚɡɤɢ, ɩɪɢ ɤɨɬɨɪɨɣ ɜ ɡɨɧɭ ɬɪɟɧɢɹ ɝɪɭɧɬɚ ɫ 

ɩɨɜɟɪɯɧɨɫɬɶɸ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɚ ɨɫɭɳɟɫɬɜ-
ɥɹɟɬɫɹ ɩɭɥɶɫɢɪɭɸɳɚɹ ɩɨɞɚɱɚ ɫɠɚɬɨɝɨ  
ɜɨɡɞɭɯɚ. 
 
Ɉɫɨɛɟɧɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɚ ɫ ɝɪɭɧɬɨɦ ɢ ɩɪɢɧɰɢɩɚ 
ɪɚɛɨɬɵ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɸɬ ɟɝɨ ɫɤɨɪɨɫɬɶ 
ɢɡ-ɡɚ ɞɟɣɫɬɜɢɹ ɭɩɪɭɝɢɯ ɫɢɥ ɝɪɭɧɬɚ ɢ ɪɟɚɤ-
ɬɢɜɧɨɣ ɫɢɥɵ ɨɬɞɚɱɢ. ɍɫɬɪɚɧɢɬɶ ɷɬɨɬ ɧɟɞɨ-
ɫɬɚɬɨɤ ɦɨɠɧɨ ɩɪɢɦɟɧɟɧɢɟɦ ɫɬɨɩɨɪɧɨɝɨ  
ɦɟɯɚɧɢɡɦɚ ɤ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɭ, ɢɫɤɥɸɱɚɸ-
ɳɟɝɨ ɨɛɪɚɬɧɨɟ ɞɜɢɠɟɧɢɟ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɚ 
ɢɡ ɫɤɜɚɠɢɧɵ. 
 
ɂɡɜɟɫɬɧɚ ɤɨɧɫɬɪɭɤɰɢɹ ɫɬɨɩɨɪɧɨɝɨ ɦɟɯɚɧɢɡɦɚ 
ɜ ɜɢɞɟ ɧɟɭɩɪɚɜɥɹɟɦɵɯ ɩɨɞɩɪɭɠɢɧɟɧɧɵɯ ɥɚɩ 
(ɚ.ɫ. ɋɋɋɊ № 313941, E02F5/18). ɇɟɞɨɫɬɚɬ-
ɤɨɦ ɬɚɤɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɩɪɢ 
ɢɡɜɥɟɱɟɧɢɢ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɚ ɢɡ ɫɤɜɚɠɢɧɵ 
ɩɪɨɢɫɯɨɞɢɬ ɟɝɨ ɡɚɤɥɢɧɢɜɚɧɢɟ – ɟɝɨ ɧɟɜɨɡ-
ɦɨɠɧɨ ɢɡɜɥɟɱɶ ɢɡ ɧɟɟ ɛɟɡ ɩɨɥɨɦɤɢ ɢ ɪɚɡɪɭ-
ɲɟɧɢɹ ɫɚɦɨɣ ɫɤɜɚɠɢɧɵ. ɉɧɟɜɦɚɬɢɱɟɫɤɢɣ 
ɫɬɨɩɨɪɧɵɣ ɦɟɯɚɧɢɡɦ Д7Ж ɫɧɢɠɚɟɬ ɫɤɨɪɨɫɬɶ 
ɞɜɢɠɟɧɢɹ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɚ, ɬɚɤ ɤɚɤ ɭɞɟɪ-
ɠɢɜɚɸɳɢɟ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤ ɜ ɫɤɜɚɠɢɧɟ 
ɫɬɨɩɨɪɧɵɟ ɷɥɟɦɟɧɬɵ ɩɨɫɬɨɹɧɧɨ ɧɚɯɨɞɹɬɫɹ 
ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ ɢ ɫɨɡɞɚɸɬ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɜɢɠɟɧɢɸ 
ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɚ ɜ ɝɪɭɧɬɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɞɪɭɝɢɦ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɜ ɪɚɡ-
ɜɢɬɢɢ ɫɚɦɨɞɜɢɠɭɳɢɯɫɹ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɨɜ 
ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɪɚɛɨɬɤɚ ɧɚɞɟɠɧɵɯ ɢ ɷɮɮɟɤ-
ɬɢɜɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫɬɨɩɨɪɧɵɯ ɦɟɯɚɧɢɡɦɨɜ 
ɤ ɧɢɦ.  
 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 
 
ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɫɫɦɨɬɪɟɧɢɟ ɧɨɜɵɯ 
ɤɨɧɫɬɪɭɤɰɢɣ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɨɜ ɧɚ ɨɫɧɨɜɚ-
ɧɢɢ ɧɚɦɟɱɟɧɧɵɯ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɧɚɩɪɚɜɥɟ-
ɧɢɣ ɪɚɡɜɢɬɢɹ ɫɚɦɨɞɜɢɠɭɳɢɯɫɹ ɩɧɟɜɦɨɩɪɨ-
ɛɨɣɧɢɤɨɜ ɩɨɤɚɡɚɬɶ ɧɨɜɵɟ ɤɨɧɫɬɪɭɤɰɢɢ 
ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɨɜ ɫ ɝɚɡɨɜɨɣ ɫɦɚɡɤɨɣ ɢ ɫɬɨ-
ɩɨɪɧɵɦ ɦɟɯɚɧɢɡɦɨɦ, ɨɩɢɫɚɬɶ ɩɪɢɧɰɢɩ ɢɯ 
ɪɚɛɨɬɵ; ɩɪɢɜɟɞɟɧɢɟ ɮɨɪɦɭɥɵ ɞɥɹ ɨɩɪɟɞɟɥɟ-
ɧɢɹ ɨɩɟɪɟɠɟɧɢɹ ɜɩɭɫɤɚ ɜɨɡɞɭɯɚ ɞɥɹ ɫɦɚɡɤɢ, 
ɩɨɜɵɲɚɸɳɟɝɨ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɧɟɜɦɨɩɪɨ-
ɛɨɣɧɢɤɚ, ɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɜɟɥɢɱɟɧɢɹ ɩɟ-
ɪɟɦɟɳɟɧɢɹ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɚ ɫɨ ɫɬɨɩɨɪɧɵɦ 
ɦɟɯɚɧɢɡɦɨɦ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦ.  
 

ɇɨɜɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɫɚɦɨɞɜɢɠɭɳɢɯɫя  
ɫɬɪɨɢɬɟɥɶɧɵɯ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɨɜ 

 
Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɷɮɮɟɤɬɚ ɝɚɡɨɜɨɡɞɭɲɧɨɣ 
ɫɦɚɡɤɢ ɜ ɫɚɦɨɞɜɢɠɭɳɟɦɫɹ ɩɧɟɜɦɨɩɪɨɛɨɣ-
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ɧɢɤɟ ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɤɨɧɫɬɪɭɤɰɢɢ Д8, 9Ж, ɜ 
ɤɨɬɨɪɵɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɥɶɫɢɪɭɸɳɚɹ ɩɨ-
ɞɚɱɚ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ ɜ ɡɨɧɭ ɬɪɟɧɢɹ ɝɪɭɧɬɚ ɫ 
ɩɨɜɟɪɯɧɨɫɬɶɸ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɚ. Ɍɚɤɚɹ ɩɨ-
ɞɚɱɚ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ ɧɟ ɭɦɟɧɶɲɚɟɬ ɫɢɥɵ 
ɬɪɟɧɢɹ ɦɟɠɞɭ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɤɨɪ-
ɩɭɫɚ ɢ ɫɬɟɧɤɚɦɢ ɫɤɜɚɠɢɧɵ, ɡɚ ɫɱɟɬ ɤɨɬɨɪɨɣ 
ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤ ɭɞɟɪɠɢɜɚɟɬɫɹ ɨɬ ɩɟɪɟɦɟ-
ɳɟɧɢɹ ɜ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɜ ɩɟɪɢɨɞ 
ɞɟɣɫɬɜɢɹ ɫɢɥ ɨɬɞɚɱɢ ɢ ɭɩɪɭɝɢɯ ɫɢɥ ɝɪɭɧɬɚ. 
 
ɇɟɞɨɫɬɚɬɤɨɦ ɷɬɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɹɜɥɹɟɬɫɹ ɬɨ, 
ɱɬɨ ɨɧɢ ɧɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɨɥɧɭɸ ɷɮɮɟɤɬɢɜ-
ɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɝɚɡɨɜɨɡɞɭɲɧɨɣ ɫɦɚɡɤɢ, 
ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɡɚɜɢɫɟɬɶ ɨɬ ɞɚɜɥɟɧɢɹ ɜɨɡɞɭɯɚ ɜ 
ɤɨɥɶɰɟɜɨɣ ɤɚɦɟɪɟ, ɢɡ-ɡɚ ɦɚɥɨɝɨ ɜɪɟɦɟɧɢ ɫɨ-
ɨɛɳɟɧɢɹ ɤɨɥɶɰɟɜɨɣ ɢ ɤɚɦɟɪɵ ɩɪɹɦɨɝɨ ɯɨɞɚ. 
ɉɨɷɬɨɦɭ ɜɩɭɫɤ ɜɨɡɞɭɯɚ ɜ ɤɨɥɶɰɟɜɭɸ ɤɚɦɟɪɭ 
ɞɨɥɠɟɧ ɧɚɱɢɧɚɬɶɫɹ ɫ ɧɟɤɨɬɨɪɵɦ ɨɩɟɪɟɠɟɧɢ-
ɟɦ ɞɨ ɦɨɦɟɧɬɚ ɭɞɚɪɚ ɭɞɚɪɧɢɤɚ ɨ ɩɟɪɟɞɧɸɸ 
ɱɚɫɬɶ ɤɨɪɩɭɫɚ. 
 
Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ Д10, 11Ж ɥɢɲɟɧɵ 
ɷɬɨɝɨ ɧɟɞɨɫɬɚɬɤɚ. ɉɧɟɜɦɨɩɪɨɛɨɣɧɢɤ (ɪɢɫ. 1) 
ɫɨɫɬɨɢɬ ɢɡ ɤɨɪɩɭɫɚ 1, ɧɚ ɤɨɬɨɪɨɦ ɡɚɤɪɟɩɥɟɧ 
ɤɨɠɭɯ 2, ɭɞɚɪɧɢɤ 3 ɢ ɩɚɬɪɭɛɨɤ 4. ȼ ɬɨɪɟɰ 
ɤɨɠɭɯɚ ɜɜɢɧɱɟɧɚ ɝɚɣɤɚ 5. ɍɞɚɪɧɢɤ 3 ɫ ɤɨɪɩɭ-
ɫɨɦ 1 ɨɛɪɚɡɭɸɬ ɤɚɦɟɪɭ 6 ɨɛɪɚɬɧɨɝɨ ɯɨɞɚ, ɚ ɫ 
ɩɚɬɪɭɛɤɨɦ 4 – ɤɚɦɟɪɭ 7 ɩɪɹɦɨɝɨ ɯɨɞɚ. Ȼɨɤɨ-
ɜɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɤɨɪɩɭɫɚ 1, ɜɧɭɬɪɟɧɧɹɹ ɩɨ-
ɜɟɪɯɧɨɫɬɶ ɤɨɠɭɯɚ 2 ɢ ɬɨɪɟɰ ɝɚɣɤɢ 5 ɨɛɪɚɡɭɸɬ 
ɤɨɥɶɰɟɜɭɸ ɤɚɦɟɪɭ 8. ɇɚ ɤɨɧɢɱɟɫɤɨɣ ɩɨɜɟɪɯ-
ɧɨɫɬɢ ɤɨɠɭɯɚ ɜɵɩɨɥɧɟɧɵ ɨɬɜɟɪɫɬɢɹ 9. ȼ ɩɟ-
ɪɟɞɧɟɣ ɱɚɫɬɢ ɤɨɠɭɯɚ ɭɫɬɚɧɨɜɥɟɧ ɤɨɧɭɫ 10, 
ɨɛɪɚɡɭɸɳɢɣ ɫ ɤɨɧɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ 
ɤɨɠɭɯɚ ɡɚɡɨɪ 11. ȼ ɤɨɪɩɭɫɟ 11 ɜɵɩɨɥɧɟɧɵ 
ɪɚɞɢɚɥɶɧɵɟ ɤɚɧɚɥɵ 12. 
 
ɍɞɚɪɧɢɤ 3 ɧɚ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢɦɟɟɬ 
ɨɤɧɚ 13, ɚ ɧɚ ɟɝɨ ɧɚɩɪɚɜɥɹɸɳɟɦ ɩɨɹɫɤɟ ɩɪɨ-
ɫɜɟɪɥɟɧɵ ɪɚɞɢɚɥɶɧɵɟ ɤɚɧɚɥɵ 14. ɇɚ ɜɧɭɬ-
ɪɟɧɧɟɣ ɢ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɹɯ ɧɚɩɪɚɜɥɹ-
ɸɳɟɝɨ ɩɨɹɫɤɚ ɩɨ ɤɪɚɹɦ ɤɚɧɚɥɨɜ 14 
ɜɵɩɨɥɧɟɧɵ ɩɪɨɞɨɥɶɧɵɟ ɤɚɧɚɜɤɢ 15. ɉɚɬɪɭ-
ɛɨɤ 4 ɜɵɩɨɥɧɟɧ ɫ ɪɚɞɢɚɥɶɧɵɦɢ ɨɬɜɟɪɫɬɢɹɦɢ 
16 ɢ ɨɤɧɚɦɢ 17. Ɉɤɧɚ 13 ɭɞɚɪɧɢɤɚ ɢ ɩɚɬɪɭɛɤɚ 
17 ɪɚɫɩɨɥɨɠɟɧɵ ɧɚ ɨɞɧɨɣ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ 
ɨɫɢ, ɫɦɟɳɟɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɚɞɢɚɥɶɧɵɯ ɤɚ-
ɧɚɜɨɤ 14 ɭɞɚɪɧɢɤɚ ɢ ɧɟ ɫɨɨɛɳɚɸɬɫɹ ɫ ɧɢɦɢ. 
ȼ ɝɚɣɤɟ 5 ɩɪɨɫɜɟɪɥɟɧɵ ɤɚɧɚɥɵ 18 ɞɥɹ ɜɵɯɥɨ-
ɩɚ ɜɨɡɞɭɯɚ ɜ ɚɬɦɨɫɮɟɪɭ. ȼ ɩɟɪɟɞɧɟɣ ɱɚɫɬɢ 
ɤɨɪɩɭɫɚ 1 ɡɚɤɪɟɩɥɟɧɚ ɧɚɤɨɜɚɥɶɧɹ 19. 
 
ɍɫɬɪɨɣɫɬɜɨ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. 
ɉɪɢ ɪɚɫɩɨɥɨɠɟɧɢɢ ɭɞɚɪɧɢɤɚ ɜ ɤɪɚɣɧɟɦ ɩɪɚ-
ɜɨɦ ɩɨɥɨɠɟɧɢɢ ɧɚɱɢɧɚɟɬɫɹ ɟɝɨ ɪɚɛɨɱɢɣ ɯɨɞ 

(ɪɢɫ. 1, ɚ). ɋɠɚɬɵɣ ɜɨɡɞɭɯ ɩɨɞɚɟɬɫɹ ɩɨ ɩɚ-
ɬɪɭɛɤɭ 4 ɜ ɤɚɦɟɪɭ 7, ɨɤɧɚ 13 ɩɟɪɟɤɪɵɬɵ ɛɨ-
ɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɩɚɬɪɭɛɤɚ. Ⱦɚɜɥɟɧɢɟ ɜ 
ɤɚɦɟɪɟ 7 ɩɪɹɦɨɝɨ ɯɨɞɚ ɩɨɜɵɲɚɟɬɫɹ, ɜɫɥɟɞ-
ɫɬɜɢɟ ɱɟɝɨ ɭɞɚɪɧɢɤ 3 ɧɚɱɢɧɚɟɬ ɞɜɢɝɚɬɶɫɹ 
ɜɩɟɪɟɞ. ɍɫɬɪɨɣɫɬɜɨ ɭɞɟɪɠɢɜɚɟɬɫɹ ɜ ɝɪɭɧɬɟ ɡɚ 
ɫɱɟɬ ɫɢɥ ɬɪɟɧɢɹ ɝɪɭɧɬɚ ɨ ɛɨɤɨɜɭɸ ɩɨɜɟɪɯ-
ɧɨɫɬɶ ɤɨɠɭɯɚ 2. ȼ ɧɟɤɨɬɨɪɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟ-
ɧɢ, ɞɨ ɭɞɚɪɚ ɭɞɚɪɧɢɤɚ ɨ ɧɚɤɨɜɚɥɶɧɸ 19 ɤɨɪ-
ɩɭɫɚ 1, ɪɚɞɢɚɥɶɧɵɟ ɨɬɜɟɪɫɬɢɹ 16 ɩɚɬɪɭɛɤɚ 
ɫɨɜɦɟɳɚɸɬɫɹ ɫ ɩɟɪɟɞɧɢɦɢ ɤɪɨɦɤɚɦɢ ɩɪɨ-
ɞɨɥɶɧɵɯ ɤɚɧɚɜɨɤ 15 ɧɚ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯ-
ɧɨɫɬɢ ɭɞɚɪɧɢɤɚ 3 (ɪɢɫ. 1, ɛ). ɇɚɱɢɧɚɟɬɫɹ 
ɜɩɭɫɤ ɜɨɡɞɭɯɚ ɜ ɤɨɥɶɰɟɜɭɸ ɤɚɦɟɪɭ 8 ɱɟɪɟɡ 
ɪɚɞɢɚɥɶɧɵɟ ɤɚɧɚɥɵ 14, ɩɪɨɞɨɥɶɧɵɟ ɤɚɧɚɜɤɢ 
15 ɧɚ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɭɞɚɪɧɢɤɚ ɢ ɪɚ-
ɞɢɚɥɶɧɵɟ ɤɚɧɚɥɵ ɜ ɤɨɪɩɭɫɟ 1. Ⱦɥɢɬɟɥɶɧɨɫɬɶ 
ɜɩɭɫɤɚ ɜɨɡɞɭɯɚ ɞɨ ɭɞɚɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɥɢ-
ɧɨɣ ɩɪɨɞɨɥɶɧɵɯ ɤɚɧɚɜɨɤ 15. Ⱦɚɜɥɟɧɢɟ ɜ 
ɤɨɥɶɰɟɜɨɣ ɤɚɦɟɪɟ ɩɨɜɵɲɚɟɬɫɹ. 
 
Ɂɚɬɟɦ ɭɞɚɪɧɢɤ 3 ɧɚɧɨɫɢɬ ɭɞɚɪ ɩɨ ɧɚɤɨɜɚɥɶɧɟ 
ɤɨɪɩɭɫɚ 1, ɜɧɟɞɪɹɹ ɭɫɬɪɨɣɫɬɜɨ ɜ ɝɪɭɧɬ, ɚ ɜɨɡ-
ɞɭɯ ɢɡ ɤɨɥɶɰɟɜɨɣ ɤɚɦɟɪɵ 8 ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɹ 9 ɢ 
ɡɚɡɨɪ 11, ɨɛɪɚɡɨɜɚɧɧɵɣ ɤɨɧɭɫɨɦ 10 ɫ ɤɨɧɢɱɟ-
ɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɤɨɠɭɯɚ 2, ɫ ɛɨɥɶɲɨɣ ɫɤɨ-
ɪɨɫɬɶɸ ɧɚɱɢɧɚɟɬ ɩɨɫɬɭɩɚɬɶ ɧɚ ɤɨɧɢɱɟɫɤɭɸ ɢ 
ɧɚɪɭɠɧɭɸ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɠɭɯɚ, ɭɦɟɧɶɲɚɹ 
ɬɪɟɧɢɟ ɝɪɭɧɬɚ. 
 
ɇɚɱɢɧɚɟɬɫɹ ɨɛɪɚɬɧɵɣ ɯɨɞ ɭɞɚɪɧɢɤɚ. ɋɠɚɬɵɣ 
ɜɨɡɞɭɯ ɢɡ ɤɚɦɟɪɵ 7 ɱɟɪɟɡ ɨɤɧɚ 13 ɭɞɚɪɧɢɤɚ 
ɩɨɫɬɭɩɚɟɬ ɜ ɤɚɦɟɪɭ ɨɛɪɚɬɧɨɝɨ ɯɨɞɚ 6, ɞɟɣ-
ɫɬɜɭɹ ɧɚ ɜɫɸ ɬɨɪɰɟɜɭɸ ɩɥɨɳɚɞɶ ɭɞɚɪɧɢɤɚ 3. 
Ɍɚɤ ɤɚɤ ɬɨɪɰɟɜɚɹ ɩɥɨɳɚɞɶ ɭɞɚɪɧɢɤɚ ɫɨ ɫɬɨ-
ɪɨɧɵ ɤɚɦɟɪɵ 6 ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ, ɱɟɦ ɫɨ 
ɫɬɨɪɨɧɵ ɤɚɦɟɪɵ 7, ɭɞɚɪɧɢɤ ɞɜɢɠɟɬɫɹ ɧɚɡɚɞ. 
ɉɪɢ ɷɬɨɦ ɩɪɟɤɪɚɳɚɟɬɫɹ ɩɨɞɚɱɚ ɜɨɡɞɭɯɚ ɞɥɹ 
ɫɦɚɡɤɢ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɠɭɯɚ, ɬɚɤ 
ɤɚɤ ɪɚɞɢɚɥɶɧɵɟ ɨɬɜɟɪɫɬɢɹ 16 ɩɚɬɪɭɛɤɚ ɩɟɪɟ-
ɤɪɵɜɚɸɬɫɹ ɜɧɭɬɪɟɧɧɟɣ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨ-
ɫɬɶɸ ɭɞɚɪɧɢɤɚ. ȼ ɧɟɤɨɬɨɪɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 
ɨɤɧɚ 13 ɭɞɚɪɧɢɤɚ ɩɟɪɟɤɪɵɜɚɸɬɫɹ ɛɨɤɨɜɨɣ 
ɩɨɜɟɪɯɧɨɫɬɶɸ ɩɚɬɪɭɛɤɚ 4 ɢ ɩɨɫɬɭɩɥɟɧɢɟ 
ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ ɜ ɤɚɦɟɪɭ 6 ɩɪɟɤɪɚɳɚɟɬɫɹ. 
Ⱦɚɥɟɟ ɭɞɚɪɧɢɤ 3 ɞɜɢɠɟɬɫɹ ɡɚ ɫɱɟɬ ɪɚɫɲɢɪɟ-
ɧɢɹ ɜɨɡɞɭɯɚ ɜ ɤɚɦɟɪɟ 6 ɢ ɡɚ ɫɱɟɬ ɫɨɛɫɬɜɟɧɧɨɣ 
ɢɧɟɪɰɢɢ. 
 
ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɞɜɢɠɟɧɢɢ ɭɞɚɪɧɢɤɚ ɟɝɨ  
ɨɤɧɚ 13 ɫɨɜɦɟɳɚɸɬɫɹ ɫ ɨɤɧɚɦɢ 17 ɩɚɬɪɭɛɤɚ 
4, ɢ ɩɪɨɢɫɯɨɞɢɬ ɜɵɯɥɨɩ ɜɨɡɞɭɯɚ ɢɡ ɤɚɦɟɪɵ 6 
ɱɟɪɟɡ ɨɤɧɚ 13, 17 ɢ ɤɚɧɚɥɵ 18 ɜ ɚɬɦɨɫɮɟɪɭ. 
ɍɞɚɪɧɢɤ ɨɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɞɚɜɥɟɧɢɟɦ ɫɠɚɬɨɝɨ 
ɜɨɡɞɭɯɚ ɜ ɤɚɦɟɪɟ 7, ɧɟ ɧɚɧɨɫɹ ɭɞɚɪɚ ɩɨ  
ɝɚɣɤɟ 5. Ɂɚɬɟɦ ɰɢɤɥ ɩɨɜɬɨɪɹɟɬɫɹ.  
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ȼ ɨɬɥɢɱɢɟ ɨɬ ɪɚɫɫɦɨɬɪɟɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ 
ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɚ ɫ ɨɛɳɢɦ ɩɨɞɜɨɞɨɦ ɫɠɚ-
ɬɨɝɨ ɜɨɡɞɭɯɚ, ɜ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɟ ɧɚ ɪɢɫ. 2 
ɫɠɚɬɵɣ ɜɨɡɞɭɯ ɩɨɞɚɟɬɫɹ ɜ ɤɚɦɟɪɵ ɩɪɹɦɨɝɨ 
ɯɨɞɚ 1 ɢ ɤɨɥɶɰɟɜɭɸ 2 ɩɨ ɪɚɡɞɟɥɶɧɵɦ ɲɥɚɧ-
ɝɚɦ 3 ɢ 4. 

ȼ ɩɟɪɟɞɧɟɣ ɱɚɫɬɢ ɤɨɪɩɭɫɚ ɭɫɬɚɧɨɜɥɟɧɚ ɧɚɤɨ-
ɜɚɥɶɧɹ 5 ɫ ɤɨɧɭɫɨɦ 6. ɇɚ ɧɚɤɨɜɚɥɶɧɟ ɦɟɠɞɭ 
ɤɨɧɭɫɨɦ ɢ ɤɨɧɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɤɨɠɭɯɚ 
ɪɚɡɦɟɳɟɧ ɤɥɚɩɚɧ 7 ɫ ɩɪɭɠɢɧɨɣ ɫɠɚɬɢɹ 8.  

 

 
ɚ 

 
Ɋɢɫ. 1. ɍɫɬɪɨɣɫɬɜɨ ɭɞɚɪɧɨɝɨ ɞɟɣɫɬɜɢɹ ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɫɤɜɚɠɢɧ ɜ ɝɪɭɧɬɟ (ɤɨɧɫɬɪɭɤɰɢɹ ɏȺȾɂ): 

ɚ – ɫɯɟɦɚ ɭɫɬɪɨɣɫɬɜɚ; ɛ – ɩɨɥɨɠɟɧɢɟ ɭɞɚɪɧɢɤɚ ɜ ɦɨɦɟɧɬ ɧɚɱɚɥɚ ɜɩɭɫɤɚ ɜɨɡɞɭɯɚ ɜ ɤɨɥɶɰɟ-
ɜɭɸ ɤɚɦɟɪɭ; ɜ – ɩɨɥɨɠɟɧɢɟ ɭɞɚɪɧɢɤɚ ɜ ɤɨɧɰɟ ɩɪɹɦɨɝɨ ɯɨɞɚ (ɦɨɦɟɧɬ ɭɞɚɪɚ); ɝ – ɫɟɱɟɧɢɟ  
Ⱥ-Ⱥ: 1 – ɤɨɪɩɭɫ; 2 – ɤɨɠɭɯ; 3 – ɭɞɚɪɧɢɤ; 4 – ɩɚɬɪɭɛɨɤ; 5 – ɝɚɣɤɚ; 6 – ɤɚɦɟɪɚ ɨɛɪɚɬɧɨɝɨ ɯɨ-
ɞɚ; 7 – ɤɚɦɟɪɚ ɩɪɹɦɨɝɨ ɯɨɞɚ; 8 – ɤɨɥɶɰɟɜɚɹ ɤɚɦɟɪɚ; 9 – ɨɬɜɟɪɫɬɢɹ; 10 – ɤɨɧɭɫ; 11 – ɡɚɡɨɪ; 
12 – ɪɚɞɢɚɥɶɧɵɟ ɤɚɧɚɥɵ; 13 – ɨɤɧɚ; 14 – ɪɚɞɢɚɥɶɧɵɟ ɤɚɧɚɥɵ; 15 – ɩɪɨɞɨɥɶɧɵɟ ɤɚɧɚɜɤɢ; 
16 – ɪɚɞɢɚɥɶɧɵɟ ɨɬɜɟɪɫɬɢɹ; 17 – ɨɤɧɚ; 18 – ɤɚɧɚɥɵ; 19 – ɧɚɤɨɜɚɥɶɧɹ 
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Ɋɢɫ. 2. ɍɫɬɪɨɣɫɬɜɨ ɭɞɚɪɧɨɝɨ ɞɟɣɫɬɜɢɹ ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɫɤɜɚɠɢɧ ɜ ɝɪɭɧɬɟ (ɤɨɧɫɬɪɭɤɰɢɹ ɄɂɋɆ): 
ɚ – ɫɯɟɦɚ ɭɫɬɪɨɣɫɬɜɚ; ɛ – ɩɟɪɟɞɧɹɹ ɱɚɫɬɶ ɭɫɬɪɨɣɫɬɜɚ ɞɨ ɭɞɚɪɚ ɭɞɚɪɧɢɤɚ ɨ ɧɚɤɨɜɚɥɶɧɸ; ɜ – 
ɩɟɪɟɞɧɹɹ ɱɚɫɬɶ ɭɫɬɪɨɣɫɬɜɚ ɜɨ ɜɪɟɦɹ ɭɞɚɪɚ: 1 – ɤɚɦɟɪɚ ɩɪɹɦɨɝɨ ɯɨɞɚ; 2 – ɤɨɥɶɰɟɜɚɹ ɤɚɦɟɪɚ; 
3,4 – ɲɥɚɧɝɢ; 5 – ɧɚɤɨɜɚɥɶɧɹ; ɛ – ɤɨɧɭɫ; 7 – ɤɥɚɩɚɧ; 8 – ɩɪɭɠɢɧɚ; 9 – ɫɬɚɤɚɧ; 10 – ɲɬɨɤ; 
11 – ɩɪɭɠɢɧɚ; 12 – ɪɚɞɢɚɥɶɧɵɣ ɩɚɡ; 13 – ɲɬɢɮɬ; 14 – ɨɬɜɟɪɫɬɢɹ 

 
ȼɧɭɬɪɢ ɧɚɤɨɜɚɥɶɧɢ ɭɫɬɚɧɨɜɥɟɧ ɫɬɚɤɚɧ 9 ɫ 
ɜɦɨɧɬɢɪɨɜɚɧɧɵɦɢ ɜ ɧɟɝɨ ɲɬɨɤɨɦ 10 ɢ ɩɪɭ-
ɠɢɧɨɣ ɫɠɚɬɢɹ 11, ɠɟɫɬɤɨɫɬɶ ɤɨɬɨɪɨɣ ɛɨɥɶɲɟ 
ɠɟɫɬɤɨɫɬɢ ɩɪɭɠɢɧɵ 8. ȼ ɧɚɤɨɜɚɥɶɧɟ ɜɵɩɨɥ-
ɧɟɧ ɫɤɜɨɡɧɨɣ ɪɚɞɢɚɥɶɧɵɣ ɩɚɡ 12, ɜ ɤɨɬɨɪɵɣ 
ɜɯɨɞɢɬ ɲɬɢɮɬ 13, ɫɨɟɞɢɧɹɸɳɢɣ ɫɬɚɤɚɧ ɫ 
ɤɥɚɩɚɧɨɦ (ɩɨɫɥɟɞɧɢɟ ɦɨɝɭɬ ɫɨɜɦɟɫɬɧɨ ɩɟɪɟ-
ɦɟɳɚɬɶɫɹ ɜ ɨɫɟɜɨɦ ɧɚɩɪɚɜɥɟɧɢɢ). ɒɬɨɤ ɜɵɫ-
ɬɭɩɚɟɬ ɡɚ ɬɨɪɟɰ ɧɚɤɨɜɚɥɶɧɢ ɧɚ ɜɟɥɢɱɢɧɭ L 
ɞɥɹ ɨɩɟɪɟɠɟɧɢɹ ɜɩɭɫɤɚ ɜɨɡɞɭɯɚ ɞɥɹ ɫɦɚɡɤɢ 
ɢɡ ɤɚɦɟɪɵ 2. 
 
ɉɪɢ ɩɪɹɦɨɦ ɯɨɞɟ ɭɞɚɪɧɢɤ ɞɟɣɫɬɜɭɟɬ ɧɚ ɲɬɨɤ 
ɢ ɫ ɩɨɦɨɳɶɸ ɩɪɭɠɢɧɵ 11 ɩɟɪɟɦɟɳɚɟɬ ɫɬɚɤɚɧ 
ɫ ɤɥɚɩɚɧɨɦ, ɫɠɢɦɚɹ ɩɪɭɠɢɧɭ 8. ɉɪɢ ɷɬɨɦ 
ɨɬɤɪɵɜɚɸɬɫɹ ɨɬɜɟɪɫɬɢɹ 14, ɢ ɜ ɨɛɪɚɡɨɜɚɜ-
ɲɢɣɫɹ ɡɚɡɨɪ, ɚ ɡɚɬɟɦ ɧɚ ɤɨɧɢɱɟɫɤɭɸ ɩɨɜɟɪɯ-
ɧɨɫɬɶ ɤɨɠɭɯɚ ɢɡ ɤɨɥɶɰɟɜɨɣ ɤɚɦɟɪɵ ɧɚɱɢɧɚɟɬ 
ɩɨɫɬɭɩɚɬɶ ɫɠɚɬɵɣ ɜɨɡɞɭɯ. 
 
ɉɨɫɥɟ ɭɩɨɪɚ ɫɬɚɤɚɧɚ 9 ɜɨ ɜɧɭɬɪɟɧɧɢɣ ɬɨɪɟɰ 
ɧɚɤɨɜɚɥɶɧɢ ɭɞɚɪɧɢɤ ɩɟɪɟɦɟɳɚɟɬ ɲɬɨɤ, ɫɠɢ-
ɦɚɹ ɩɪɭɠɢɧɭ 11, ɢ ɡɚɬɟɦ ɧɚɧɨɫɢɬ ɭɞɚɪ ɩɨ ɧɚ-
ɤɨɜɚɥɶɧɟ – ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤ ɧɚɱɢɧɚɟɬ ɜɧɟɞ-
ɪɹɬɶɫɹ ɜ ɝɪɭɧɬ. 

ɉɪɢ ɨɛɪɚɬɧɨɦ ɯɨɞɟ ɭɞɚɪɧɢɤɚ ɩɪɭɠɢɧɚ 11 
ɪɚɡɠɢɦɚɟɬɫɹ ɞɨ ɫɜɨɛɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɩɟ-
ɪɟɦɟɳɚɟɬ ɲɬɨɤ ɜɩɪɚɜɨ. ɉɨɫɥɟ ɷɬɨɝɨ ɪɚɡɠɢ-
ɦɚɟɬɫɹ ɩɪɭɠɢɧɚ 8 ɢ ɨɬɜɨɞɢɬ ɤɥɚɩɚɧ 7 ɧɚɡɚɞ, 
ɡɚɤɪɵɜɚɹ ɨɬɜɟɪɫɬɢɹ 14 ɢ ɩɪɟɤɪɚɳɚɹ ɩɨɫɬɭɩ-
ɥɟɧɢɟ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ ɢɡ ɤɨɥɶɰɟɜɨɣ ɤɚɦɟɪɵ. 
Ɉɞɧɨɜɪɟɦɟɧɧɨ ɜ ɢɫɯɨɞɧɨɟ ɩɨɥɨɠɟɧɢɟ ɩɟɪɟ-
ɦɟɳɚɸɬɫɹ ɫɬɚɤɚɧ, ɩɪɭɠɢɧɚ 11 ɢ ɲɬɨɤ. 
 
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɫɨɩɨɫɬɚɜɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ 
ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤ-
ɬɢɜɧɨɣ ɛɭɞɟɬ ɜɬɨɪɚɹ ɤɨɧɫɬɪɭɤɰɢɹ, ɬɚɤ ɤɚɤ ɜ 
ɩɟɪɜɨɣ ɢɡ-ɡɚ ɨɬɜɨɞɚ ɱɚɫɬɢ ɜɨɡɞɭɯɚ ɧɚ ɫɦɚɡɤɭ 
ɫɧɢɠɚɟɬɫɹ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɭɞɚɪɧɢɤɚ ɢ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɭɞɚɪɧɚɹ ɦɨɳɧɨɫɬɶ ɢ ɫɤɨ-
ɪɨɫɬɶ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɚ. 
 
ȼɟɥɢɱɢɧɚ ɨɩɟɪɟɠɟɧɢɹ ɜɩɭɫɤɚ ɜɨɡɞɭɯɚ (ɚ ɞɥɹ 
ɜɬɨɪɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɨɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɫɫ-
ɬɨɹɧɢɟɦ L) ɛɭɞɟɬ ɡɚɜɢɫɟɬɶ ɨɬ ɨɛɴɟɦɚ ɤɨɥɶɰɟ-
ɜɨɣ ɤɚɦɟɪɵ, ɞɚɜɥɟɧɢɹ ɜɨɡɞɭɯɚ ɜ ɧɟɣ ɢ ɞɢɚɦɟ-
ɬɪɚ ɩɪɨɩɭɫɤɧɵɯ ɨɬɜɟɪɫɬɢɣ ɢ ɦɨɠɟɬ ɛɵɬɶ 
ɨɩɪɟɞɟɥɟɧɚ ɜ ɛɟɡɪɚɡɦɟɪɧɨɣ ɮɨɪɦɟ ɩɨ ɮɨɪɦɭ-
ɥɟ Д12Ж 
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, (1) 

 
ɝɞɟ 0 2 ɜɩ, , ,Z     – ɛɟɡɪɚɡɦɟɪɧɵɟ ɤɨɷɮɮɢɰɢ-
ɟɧɬɵ; 2,1  – ɩɨɤɚɡɚɬɟɥɶ ɩɨɥɢɬɪɨɩɵ.  
 
Ⱦɟɣɫɬɜɢɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɨɩɟɪɟɠɟɧɢɹ ɜɩɭɫɤɚ  
ɜɨɡɞɭɯɚ ɜɩX  ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɟɪɟɯɨɞɨɦ ɨɬ ɛɟɡ-
ɪɚɡɦɟɪɧɨɣ ɮɨɪɦɵ 
 

 ɜɩ 0
ɜɩ

1

Z WX
S


 , (2) 

 
ɝɞɟ 0W  – ɨɛɴɟɦ ɤɚɦɟɪɵ ɨɛɪɚɬɧɨɝɨ ɯɨɞɚ ɩɪɢ 
ɤɪɚɣɧɟɦ ɩɟɪɟɞɧɟɦ ɩɨɥɨɠɟɧɢɢ ɭɞɚɪɧɢɤɚ; 1S  – 
ɪɚɛɨɱɚɹ ɩɥɨɳɚɞɶ ɭɞɚɪɧɢɤɚ ɫɨ ɫɬɨɪɨɧɵ ɤɚɦɟ-
ɪɵ ɨɛɪɚɬɧɨɝɨ ɯɨɞɚ.  
 
ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɬɨɩɨɪɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɤ 
ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɭ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɞɜɚ ɜɚɪɢ-
ɚɧɬɚ ɦɟɯɚɧɢɡɦɚ ɢɯ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢ ɨɬɜɨɞɟ ɫɬɨ-
ɩɨɪɹɳɢɯ ɷɥɟɦɟɧɬɨɜ ɨɬ ɫɬɟɧɤɢ ɫɤɜɚɠɢɧɵ – ɦɟ-
ɯɚɧɢɱɟɫɤɢɣ (ɬɪɨɫɨɜɵɣ) ɢ ɩɧɟɜɦɚɬɢɱɟɫɤɢɣ. 
 
Ʉɨɧɫɬɪɭɤɰɢɹ ɫɬɨɩɨɪɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɫ ɦɟɯɚ-
ɧɢɱɟɫɤɢɦ ɭɩɪɚɜɥɟɧɢɟɦ ɪɚɫɩɨɪɧɵɦɢ ɥɚɩɚɦɢ 
ɩɨɫɪɟɞɫɬɜɨɦ ɬɪɨɫɚ, ɩɪɢɜɟɞɟɧɧɚɹ ɜ ɪɚɛɨɬɟ 
Д13Ж, ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɨɫɬɚɬɨɱɧɨɣ ɧɚɞɟɠɧɨ-
ɫɬɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɯɜɚɬɨɜ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 40–
50 ɦ ɨɬ ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɫɤɜɚɠɢɧɟ ɩɧɟɜɦɨ-
ɩɪɨɛɨɣɧɢɤɚ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɢɡɧɨɲɟɧɧɵɯ ɞɟ-
ɬɚɥɹɯ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɬɚɤɨɣ ɫɢ-
ɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ.  
 
Эɬɨɬ ɧɟɞɨɫɬɚɬɨɤ ɭɫɬɪɚɧɟɧ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ Д14, 
15Ж, ɜ ɤɨɬɨɪɵɯ ɬɪɨɫ ɫɨɟɞɢɧɟɧ ɧɟ ɫ ɪɚɫɩɨɪɧɵɦɢ 
ɥɚɩɚɦɢ, ɚ ɫ ɡɚɳɟɥɤɨɣ, ɨɫɜɨɛɨɠɞɚɸɳɟɣ ɫɢɥɨɜɨɣ 
ɷɥɟɦɟɧɬ – ɩɪɭɠɢɧɭ ɢɥɢ ɩɨɫɬɨɹɧɧɵɟ ɦɚɝɧɢɬɵ ɫ 
ɨɞɧɨɢɦɟɧɧɵɦɢ ɩɨɥɸɫɚɦɢ, ɤɨɬɨɪɵɟ ɨɬɜɨɞɹɬ 
ɬɨɪɦɨɡɧɵɟ ɛɚɲɦɚɤɢ ɨɬ ɫɬɟɧɤɢ ɫɤɜɚɠɢɧɵ ɞɥɹ 
ɢɡɜɥɟɱɟɧɢɹ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɚ ɢɡ ɧɟɟ. ɇɟɞɨ-
ɫɬɚɬɨɤ ɷɬɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, 
ɱɬɨ ɬɨɪɦɨɡɧɵɟ ɛɚɲɦɚɤɢ ɩɨɫɬɨɹɧɧɨ ɩɪɢɠɚɬɵ ɤ 
ɫɬɟɧɤɚɦ ɫɤɜɚɠɢɧɵ ɩɪɢ ɟɟ ɮɨɪɦɢɪɨɜɚɧɢɢ ɢ ɫɨ-
ɡɞɚɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɜɢɠɟ-
ɧɢɸ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɚ ɜ ɝɪɭɧɬɟ, ɚ ɦɟɯɚɧɢɡɦ 
ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɢɬɫɹ ɜ ɞɟɣɫɬɜɢɟ ɨɩɟɪɚɬɨ-
ɪɨɦ.  
 
ȼ ɤɨɧɫɬɪɭɤɰɢɢ Д16Ж ɢɫɤɥɸɱɟɧ ɦɟɯɚɧɢɡɦ 
ɭɩɪɚɜɥɟɧɢɹ ɬɨɪɦɨɡɧɵɦɢ ɛɚɲɦɚɤɚɦɢ, ɮɭɧɤ-

ɰɢɹ ɤɨɬɨɪɨɝɨ ɜɵɩɨɥɧɹɟɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ 
ɢɡɦɟɧɟɧɢɟɦ ɞɚɜɥɟɧɢɹ ɜɨɡɞɭɯɚ ɜ ɤɚɦɟɪɟ ɪɚɛɨ-
ɱɟɝɨ ɯɨɞɚ.  
 
ɉɧɟɜɦɨɩɪɨɛɨɣɧɢɤ (ɪɢɫ. 3) ɫɨɫɬɨɢɬ ɢɡ ɤɨɪɩɭ-
ɫɚ 1, ɫɬɭɩɟɧɱɚɬɨɝɨ ɭɞɚɪɧɢɤɚ 2, ɜɨɡɞɭɯɨɪɚɫɩ-
ɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɩɚɬɪɭɛɤɚ 3 ɢ ɝɚɣɤɢ 4. ɉɚɬɪɭ-
ɛɨɤ ɜɵɩɨɥɧɟɧ ɫ ɨɤɧɚɦɢ 5 ɢ ɧɚɩɪɚɜɥɹɸɳɢɦ 
ɩɨɹɫɤɨɦ 6 ɢ ɢɦɟɟɬ ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶ-
ɧɵɟ ɤɪɨɦɤɢ 7 ɢ 8. ɉɟɪɟɞɧɹɹ ɱɚɫɬɶ ɭɞɚɪɧɢɤɚ 2 
ɢ ɤɨɪɩɭɫ 1 ɨɛɪɚɡɭɸɬ ɪɚɛɨɱɭɸ ɤɚɦɟɪɭ ɯɨɥɨɫ-
ɬɨɝɨ ɯɨɞɚ 9. ɉɟɪɟɞɧɹɹ ɫɬɭɩɟɧɶ 10 ɩɚɬɪɭɛɤɚ 3 
ɜɯɨɞɢɬ ɜɨ ɜɧɭɬɪɟɧɧɸɸ ɩɨɥɨɫɬɶ ɭɞɚɪɧɢɤɚ 2 ɢ 
ɨɛɪɚɡɭɟɬ ɤɚɦɟɪɭ ɪɚɛɨɱɟɝɨ ɯɨɞɚ 11. Ƚɚɣɤɚ 4, 
ɯɜɨɫɬɨɜɚɹ ɱɚɫɬɶ ɤɨɪɩɭɫɚ 1, ɩɚɬɪɭɛɨɤ 3 ɢ ɬɨ-
ɪɟɰ ɭɞɚɪɧɢɤɚ 2 ɨɛɪɚɡɭɸɬ ɤɚɦɟɪɭ ɜɵɯɥɨɩɚ 12, 
ɤɨɬɨɪɚɹ ɩɨɫɬɨɹɧɧɨ ɫɨɨɛɳɟɧɚ ɫ ɚɬɦɨɫɮɟɪɨɣ 
ɫɤɜɨɡɧɵɦɢ ɤɚɧɚɥɚɦɢ 13, ɤɨɬɨɪɵɟ ɜɵɩɨɥɧɟɧɵ 
ɜ ɬɨɪɰɟ ɝɚɣɤɢ. Ɂɚ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɨɦ ɧɚ ɩɚ-
ɬɪɭɛɤɟ 3 ɫɦɨɧɬɢɪɨɜɚɧɵ ɱɟɬɵɪɟ ɫɬɨɩɨɪɧɵɯ 
ɦɟɯɚɧɢɡɦɚ 14. 
 
ɋɬɨɩɨɪɧɵɣ ɦɟɯɚɧɢɡɦ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɤɨɚɤ-
ɫɢɚɥɶɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɫɬɚɤɚɧɨɜ – ɜɧɟɲɧɟ-
ɝɨ 15 ɢ ɜɧɭɬɪɟɧɧɟɝɨ 16 ɫ ɨɛɳɢɦ ɨɫɧɨɜɚɧɢɟɦ 
17. ȼɵɫɨɬɚ ɜɧɭɬɪɟɧɧɟɝɨ ɫɬɚɤɚɧɚ ɦɟɧɶɲɟ ɜɵ-
ɫɨɬɵ ɜɧɟɲɧɟɝɨ. Ɇɟɠɞɭ ɫɬɟɧɤɚɦɢ ɫɬɚɤɚɧɨɜ 
ɨɛɪɚɡɨɜɚɧɚ ɤɨɥɶɰɟɜɚɹ ɩɨɥɨɫɬɶ 18. ȼɨ ɜɧɭɬ-
ɪɟɧɧɟɦ ɫɬɚɤɚɧɟ 16 ɪɚɫɩɨɥɨɠɟɧ ɩɨɪɲɟɧɶ 19 
ɫɨ ɲɬɨɤɨɦ 20 ɢ ɬɨɪɦɨɡɧɵɦ ɛɚɲɦɚɤɨɦ 21 ɧɚ 
ɤɨɧɰɟ ɲɬɨɤɚ. ȼ ɲɬɨɤɨɜɨɣ ɩɨɥɨɫɬɢ ɫɬɚɤɚɧɚ 
ɭɫɬɚɧɨɜɥɟɧɚ ɩɪɭɠɢɧɚ 22. ɉɨɪɲɟɧɶ, ɫɬɟɧɤɚ 
ɫɬɚɤɚɧɚ 16 ɢ ɩɚɬɪɭɛɨɤ 3 ɨɛɪɚɡɭɸɬ ɤɚɦɟɪɭ 23.  
 
ȼ ɫɬɟɧɤɟ ɫɬɚɤɚɧɚ 15 ɜɵɩɨɥɧɟɧɨ ɨɬɜɟɪɫɬɢɟ 24, ɜ 
ɤɨɬɨɪɨɦ ɡɚɤɪɟɩɥɟɧ ɨɞɢɧ ɤɨɧɟɰ ɫɢɥɶɮɨɧɚ 25, ɚ 
ɞɪɭɝɨɣ ɟɝɨ ɤɨɧɟɰ – ɜ ɨɞɧɨɦ ɢɡ ɫɤɜɨɡɧɵɯ ɤɚɧɚɥɨɜ 
26, ɤɨɬɨɪɵɟ ɜɵɩɨɥɧɟɧɵ ɜ ɬɨɪɰɟ ɝɚɣɤɢ 4. 
 
ȼ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɬɟɧɤɟ ɩɟɪɟɞɧɟɣ ɫɬɭɩɟɧɢ 10 
ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɩɚɬɪɭɛɤɚ 3 ɜɵ-
ɩɨɥɧɟɧɵ ɨɬɜɟɪɫɬɢɹ 27. Ɇɟɠɞɭ ɩɟɪɟɞɧɟɣ ɫɬɭ-
ɩɟɧɶɸ 10 ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɩɚ-
ɬɪɭɛɤɚ ɢ ɝɚɣɤɨɣ 4 ɪɚɫɩɨɥɨɠɟɧɵ ɫɢɥɶɮɨɧɵ 
28, ɤɨɧɰɵ ɤɨɬɨɪɵɯ ɡɚɤɪɟɩɥɟɧɵ ɜ ɨɬɜɟɪɫɬɢɹɯ 
27 ɢ ɤɚɧɚɥɚɯ 26. 
 
ɉɧɟɜɦɨɩɪɨɛɨɣɧɢɤ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛ-
ɪɚɡɨɦ. ɋɠɚɬɵɣ ɜɨɡɞɭɯ ɩɨɞɚɟɬɫɹ ɩɨ ɩɚɬɪɭɛɤɭ 
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3 ɜ ɤɚɦɟɪɭ 11 ɢ ɱɟɪɟɡ ɨɤɧɚ 5 ɩɨɫɬɭɩɚɟɬ ɢɡ ɧɟё 
ɜ ɤɚɦɟɪɭ 9. Ⱦɚɜɥɟɧɢɟ ɜ ɤɚɦɟɪɟ 12 ɩɨɫɬɨɹɧɧɨ 
ɢ ɪɚɜɧɨ ɚɬɦɨɫɮɟɪɧɨɦɭ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɠɚ-
ɬɵɣ ɜɨɡɞɭɯ ɫɨ ɫɬɨɪɨɧɵ ɤɚɦɟɪɵ 9 ɞɟɣɫɬɜɭɟɬ 

ɧɚ ɜɫɸ ɬɨɪɰɟɜɭɸ ɩɥɨɳɚɞɶ ɭɞɚɪɧɢɤɚ 2, ɚ ɫɨ 
ɫɬɨɪɨɧɵ ɡɚɞɧɟɣ ɱɚɫɬɢ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɚ – 
ɬɨɥɶɤɨ ɧɚ ɟɝɨ ɦɟɧɶɲɭɸ ɫɬɭɩɟɧɶ. 

 

 
Ɋɢɫ. 3. ɋɚɦɨɞɜɢɠɭɳɢɣɫɹ ɩɧɟɜɦɨɩɪɨɛɨɣɢɢɤ ɫ ɩɧɟɜɦɚɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɨɣ ɭɩɪɚɜɥɟɧɢɹ ɫɬɨɩɨɪɧɵɦ 

ɦɟɯɚɧɢɡɦɨɦ: ɚ – ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ; ɛ – ɩɨɥɨɠɟɧɢɟ ɫɬɨɩɨɪɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɩɪɢ ɪɚɡɝɨɧɟ 
ɭɞɚɪɧɢɤɚ; ɜ – ɩɨɥɨɠɟɧɢɟ ɫɬɨɩɨɪɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɩɪɢ ɜɵɯɨɞɟ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɚ ɢɡ ɫɤɜɚ-
ɠɢɧɵ; ɝ – ɫɟɱɟɧɢɟ Ⱥ-Ⱥ; ɞ – ɫɟɱɟɧɢɟ Ȼ-Ȼ; 1 – ɤɨɪɩɭɫ; 2 – ɫɬɭɩɟɧɱɚɬɵɣ ɭɞɚɪɧɢɤ; 3 – ɩɚɬɪɭ-
ɛɨɤ; 4 – ɝɚɣɤɚ; 5 – ɨɤɧɚ; 6 – ɧɚɩɪɚɜɥɹɸɳɢɣ ɩɨɹɫɨɤ; 7, 8 – ɜɨɡɞɭɯɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɤɪɨɦ-
ɤɢ; 9 – ɪɚɛɨɱɚɹ ɤɚɦɟɪɚ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ; 10 – ɩɟɪɟɞɧɹɹ ɫɬɭɩɟɧɶ ɩɚɬɪɭɛɤɚ; 11 – ɤɚɦɟɪɚ 
ɪɚɛɨɱɟɝɨ ɯɨɞɚ; 12 – ɤɚɦɟɪɚ ɨɬɜɨɞɚ ɨɬɪɚɛɨɬɚɜɲɟɝɨ ɜɨɡɞɭɯɚ; 13 – ɤɚɧɚɥɵ; 14 – ɫɬɨɩɨɪɧɵɟ 
ɦɟɯɚɧɢɡɦɵ; 15 – ɜɧɟɲɧɢɣ ɫɬɚɤɚɧ; 16 – ɜɧɭɬɪɟɧɧɢɣ ɫɬɚɤɚɧ; 17 – ɨɫɧɨɜɚɧɢɟ ɫɬɚɤɚɧɨɜ; 18 – 
ɤɨɥɶɰɟɜɚɹ ɩɨɥɨɫɬɶ; 19 – ɩɨɪɲɟɧɶ; 20 – ɲɬɨɤ; 21 – ɬɨɪɦɨɡɧɵɟ ɛɚɲɦɚɤɢ; 22 – ɩɪɭɠɢɧɚ; 23 – 
ɤɚɦɟɪɚ; 24 – ɨɬɜɟɪɫɬɢɟ; 25, 28 – ɫɢɥɶɮɨɧɵ; 26 – ɫɤɜɨɡɧɵɟ ɤɚɧɚɥɵ; 27 – ɨɬɜɟɪɫɬɢɹ 
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ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɭɞɚɪɧɢɤ  ɧɚɱɢɧɚɟɬ ɞɜɢɝɚɬɶ-
ɫɹ ɧɚɡɚɞ (ɧɚ ɪɢɫ. 3, ɚ – ɜɩɪɚɜɨ). ɉɪɢ ɷɬɨɦ ɨɤ-
ɧɚ 5 ɩɟɪɟɤɪɵɜɚɸɬɫɹ ɤɪɨɦɤɨɣ 7 ɩɚɬɪɭɛɤɚ 3, ɢ 
ɩɨɫɬɭɩɥɟɧɢɟ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ ɜ ɤɚɦɟɪɭ 9 
ɩɪɟɤɪɚɳɚɟɬɫɹ. Ⱦɚɥɶɲɟ ɭɞɚɪɧɢɤ 2 ɞɜɢɝɚɟɬɫɹ 
ɡɚ ɫɱɟɬ ɪɚɫɲɢɪɟɧɢɹ ɜɨɡɞɭɯɚ ɜ ɤɚɦɟɪɟ 9 ɢ ɡɚ 
ɫɱɟɬ ɫɨɛɫɬɜɟɧɧɨɣ ɢɧɟɪɰɢɢ. 
 
ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɞɜɢɠɟɧɢɢ ɭɞɚɪɧɢɤɚ ɨɤɧɚ 5 
ɜɵɯɨɞɹɬ ɡɚ ɤɪɨɦɤɭ 8 – ɩɪɨɢɫɯɨɞɢɬ ɜɵɯɥɨɩ 
ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ ɢɡ ɤɚɦɟɪɵ 9 ɱɟɪɟɡ ɨɤɧɚ 5 ɜ 
ɤɚɦɟɪɭ 11 ɢ ɤɚɧɚɥɵ 13 ɜ ɚɬɦɨɫɮɟɪɭ. ɉɪɢ ɷɬɨɦ 
ɞɚɜɥɟɧɢɟ ɜ ɤɚɦɟɪɟ ɪɚɛɨɱɟɝɨ ɯɨɞɚ 11 ɩɨɜɵɲɚɟɬ-
ɫɹ ɞɨ ɫɟɬɟɜɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɡɞɭɯɚ, ɤɨɬɨɪɵɣ ɩɨ-
ɞɚɟɬɫɹ ɨɬ ɤɨɦɩɪɟɫɫɨɪɚ ɤ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɭ. 
ɋɢɥɚ ɨɬɞɚɱɢ, ɤɨɬɨɪɚɹ ɜɨɡɧɢɤɚɟɬ, ɛɭɞɟɬ ɫɬɪɟ-
ɦɢɬɶɫɹ ɞɜɢɝɚɬɶ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤ ɜ ɧɚɩɪɚɜɥɟ-
ɧɢɢ ɢɡ ɫɤɜɚɠɢɧɵ (ɨɫɨɛɟɧɧɨ ɩɪɢ ɪɚɛɨɬɟ ɜ ɝɪɭɧ-
ɬɚɯ ɪɚɡɧɨɣ ɩɥɨɬɧɨɫɬɢ ɢ ɜɥɚɠɧɨɫɬɢ, ɤɨɝɞɚ 
ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɝɪɭɧɬɚ ɨ ɤɨɪɩɭɫ ɩɧɟɜɦɨɩ-
ɪɨɛɨɣɧɢɤɚ ɡɧɚɱɢɬɟɥɶɧɨ ɭɦɟɧɶɲɚɟɬɫɹ). 
 
ɑɟɪɟɡ ɨɬɜɟɪɫɬɢɹ 27, ɫɢɥɶɮɨɧɵ 28, ɤɚɧɚɥɵ 26 ɢ 
ɫɢɥɶɮɨɧɵ 25 ɫɠɚɬɵɣ ɜɨɡɞɭɯ ɢɡ ɤɚɦɟɪɵ ɪɚɛɨɱɟ-
ɝɨ ɯɨɞɚ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɹ 24 ɜɨ ɜɧɟɲɧɢɯ ɫɬɚɤɚ-
ɧɚɯ ɫɬɨɩɨɪɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɩɨɩɚɞɚɟɬ ɜ ɤɨɥɶɰɟ-
ɜɵɟ ɩɨɥɨɫɬɢ 18 ɢ ɤɚɦɟɪɵ 23 ɢ ɞɟɣɫɬɜɭɟɬ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɪɲɧɟɣ 19. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ 
ɩɨɪɲɧɢ ɧɚɱɢɧɚɸɬ ɞɜɢɝɚɬɶɫɹ ɜɜɟɪɯ, ɫɠɢɦɚɹ 
ɩɪɭɠɢɧɵ 22 ɢ ɩɪɢɠɢɦɚɹ ɬɨɪɦɨɡɧɵɟ ɛɚɲɦɚɤɢ 
21 ɤ ɫɬɟɧɤɚɦ ɫɤɜɚɠɢɧɵ, ɭɞɟɪɠɢɜɚɹ ɩɧɟɜɦɨɩ-
ɪɨɛɨɣɧɢɤ ɜ ɧɟɣ. 
 
ɍɞɚɪɧɢɤ 2 ɨɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɞɚɜɥɟɧɢɟɦ ɫɠɚ-
ɬɨɝɨ ɜɨɡɞɭɯɚ ɜ ɤɚɦɟɪɟ 11, ɧɟ ɫɨɜɟɪɲɚɹ ɭɞɚɪɨɜ 
ɩɨ ɝɚɣɤɟ 4, ɢ ɧɚɱɢɧɚɟɬ ɞɜɢɝɚɬɶɫɹ ɜɩɟɪɟɞ (ɧɚ 
ɪɢɫ. 3, ɚ – ɜɥɟɜɨ). Ɉɤɧɚ 5 ɫɧɨɜɚ ɩɟɪɟɤɪɵɜɚɸ-
ɬɫɹ ɤɪɨɦɤɨɣ 8, ɢ ɞɚɜɥɟɧɢɟ ɜɨɡɞɭɯɚ ɜ ɤɚɦɟɪɟ 
11 ɨɫɬɚɟɬɫɹ ɪɚɜɧɵɦ ɫɟɬɟɜɨɦɭ. ɇɚ ɩɧɟɜɦɨɩɪɨ-
ɛɨɣɧɢɤ ɩɪɨɞɨɥɠɚɟɬ ɞɟɣɫɬɜɨɜɚɬɶ ɫɢɥɚ ɨɬɞɚɱɢ, 
ɚ ɬɨɪɦɨɡɧɵɟ ɛɚɲɦɚɤɢ ɩɪɢɠɚɬɵ ɤ ɫɬɟɧɤɚɦ 
ɫɤɜɚɠɢɧɵ. Ʉɨɝɞɚ ɨɤɧɚ 5 ɜɵɣɞɭɬ ɡɚ ɤɪɨɦɤɭ 7, 
ɫɠɚɬɵɣ ɜɨɡɞɭɯ ɢɡ ɤɚɦɟɪɵ 11 ɫɧɨɜɚ ɛɭɞɟɬ ɩɨ-
ɫɬɭɩɚɬɶ ɜ ɤɚɦɟɪɭ 9. Ⱦɚɜɥɟɧɢɟ ɜɨɡɞɭɯɚ ɜ ɤɚ-
ɦɟɪɟ 11 ɭɦɟɧɶɲɢɬɫɹ, ɩɪɭɠɢɧɵ 22 ɛɭɞɭɬ ɞɟɣ-
ɫɬɜɨɜɚɬɶ ɧɚ ɩɨɪɲɧɢ 19, ɩɟɪɟɦɟɳɚɬɶ ɢɯ ɜɧɢɡ 
ɢ ɨɬɜɨɞɢɬɶ ɬɨɪɦɨɡɧɵɟ ɛɚɲɦɚɤɢ 21 ɨɬ ɫɬɟɧɤɢ 
ɫɤɜɚɠɢɧɵ. ɍɞɚɪɧɢɤ 2 ɛɭɞɟɬ ɞɜɢɝɚɬɶɫɹ ɩɨ 
ɢɧɟɪɰɢɢ ɢ ɫɨɜɟɪɲɚɬɶ ɭɞɚɪ ɩɨ ɤɨɪɩɭɫɭ 1. 
ɉɧɟɜɦɨɩɪɨɛɨɣɧɢɤ ɧɚɱɢɧɚɟɬ ɜɧɟɞɪɹɬɶɫɹ ɜ 
ɝɪɭɧɬ, ɨɛɪɚɡɨɜɵɜɚɹ ɫɤɜɚɠɢɧɭ, ɚ ɫɬɨɩɨɪɧɵɣ 
ɦɟɯɚɧɢɡɦ 14 ɧɟ ɩɪɟɩɹɬɫɬɜɭɟɬ ɟɝɨ ɞɜɢɠɟɧɢɸ. 
Ⱦɚɥɟɟ ɰɢɤɥ ɩɨɜɬɨɪɹɟɬɫɹ. 
 
ɉɪɢɦɟɧɟɧɢɟ ɫɬɨɩɨɪɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɜ ɩɧɟɜ-
ɦɨɩɪɨɛɨɣɧɢɤɚɯ ɩɨɡɜɨɥɢɬ ɭɜɟɥɢɱɢɬɶ ɢɯ ɩɟɪɟ-

ɦɟɳɟɧɢɟ ɡɚ ɭɞɚɪ ɧɚ ɜɟɥɢɱɢɧɭ, ɨɩɪɟɞɟɥɹɟɦɭɸ 
ɩɨ ɮɨɪɦɭɥɟ Д17Ж 
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ɝɞɟ ɨɬɞF  – ɪɟɚɤɬɢɜɧɚɹ ɫɢɥɚ ɨɬɞɚɱɢ; ɬɪF  – ɪɚɜ-
ɧɨɞɟɣɫɬɜɭɸɳɚɹ ɫɢɥ ɬɪɟɧɢɹ ɝɪɭɧɬɚ ɨ ɰɢɥɢɧ-
ɞɪɢɱɟɫɤɭɸ ɱɚɫɬɶ ɤɨɪɩɭɫɚ; ɤm  – ɦɚɫɫɚ ɤɨɪɩɭ-
ɫɚ; pt  – ɜɪɟɦɹ ɞɜɢɠɟɧɢɹ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɚ 
ɩɪɢ ɪɚɡɝɨɧɟ ɭɞɚɪɧɢɤɚ; Мt  – ɜɪɟɦɹ ɞɜɢɠɟɧɢɹ 
ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɚ ɜ ɦɨɦɟɧɬ ɫɨɭɞɚɪɟɧɢɹ 
ɭɞɚɪɧɢɤɚ ɫ ɧɚɤɨɜɚɥɶɧɟɣ ɤɨɪɩɭɫɚ.  
 

ȼɵɜɨɞɵ 
 
ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɜ ɪɚɡɜɢɬɢɢ 
ɫɚɦɨɞɜɢɠɭɳɢɯɫɹ ɫɬɪɨɢɬɟɥɶɧɵɯ ɩɧɟɜɦɨɩɪɨ-
ɛɨɣɧɢɤɨɜ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɢɟ ɷɮɮɟɤɬɚ 
ɝɚɡɨɜɨɣ ɫɦɚɡɤɢ ɢ ɫɬɨɩɨɪɧɨɝɨ ɦɟɯɚɧɢɡɦɚ. 
ɉɟɪɜɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ 
ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɚ ɡɚ 
ɫɱɟɬ ɫɧɢɠɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɝɪɭɧɬɚ ɩɪɨɤɨ-
ɥɭ, ɜɬɨɪɨɟ – ɡɚ ɫɱɟɬ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɛɪɚɬ-
ɧɨɝɨ ɯɨɞɚ ɭɞɚɪɧɢɤɚ ɢɡ ɫɤɜɚɠɢɧɵ ɩɨɞ ɞɟɣ-
ɫɬɜɢɟɦ ɭɩɪɭɝɢɯ ɫɢɥ ɝɪɭɧɬɚ ɢ ɫɢɥɵ ɨɬɞɚɱɢ. 
Ɋɚɡɪɚɛɨɬɚɧɵ ɧɨɜɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɩɧɟɜɦɨɩɪɨ-
ɛɨɣɧɢɤɨɜ. ɉɨɥɭɱɟɧɵ ɮɨɪɦɭɥɵ ɞɥɹ ɨɩɪɟɞɟɥɟ-
ɧɢɹ ɩɚɪɚɦɟɬɪɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɧɚɢɛɨɥɶ-
ɲɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɧɟɜɦɨɩɪɨɛɨɣɧɢɤɚ ɨɬ 
ɩɪɢɦɟɧɟɧɢɹ ɷɮɮɟɤɬɚ ɝɚɡɨɜɨɣ ɫɦɚɡɤɢ ɢ ɫɬɨ-
ɩɨɪɧɨɝɨ ɦɟɯɚɧɢɡɦɚ.  
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