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1 ɉɪɚɤɬɢɱɟɫɤɨɟ ɡɚɧɹɬɢɟ №1. Ɋɚɫɱɟɬ ɡɚɞɚɧɧɨɣ ɫɯɟɦɵ 
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                       ɉɪɚɤɬɢɱɟɫɤɨɟ  ɡɚɧяɬɢɟ  №1               
          
Ɍɟɦɚ: Ɋɚɫɱɟɬ ɡɚɞɚɧɧɨɣ ɫɯɟɦɵ ɨɛɨɝɚщɟɧɢя 

 
 
Ɂɚɞɚɧɢɟ №1 

 

- 1. ɉɨ ɡɚɞɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɟ ɨɛɨɝɚɳɟɧɢɹ (ɩɪɢɥɨɠɟɧɢɟ 1) 

ɢ ɡɚɞɚɧɧɵɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɨɤɚɡɚɬɟɥɹɦ ɨɛɨɝɚɳɟɧɢɹ (ɩɪɢɥɨɠɟɧɢɟ 2) 

ɪɚɫɫɱɢɬɚɬɶ ɤɚɱɟɫɬɜɟɧɧɨ-ɤɨɥɢɱɟɫɬɜɟɧɧɭɸ ɫɯɟɦɭ ɨɛɨɝɚɳɟɧɢɹ. 
 
2. Ɋɚɫɫɱɢɬɚɬɶ ɜɨɞɧɨ-ɲɥɚɦɨɜɭɸ ɫɯɟɦɭ. 
 

ɉɨ ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɚɱɟɫɬɜɟɧɧɨ-

ɤɨɥɢɱɟɫɬɜɟɧɧɚɹ ɫɯɟɦɚ (ɜɵɯɨɞɵ, ɫɨɞɟɪɠɚɧɢɟ, ɢɡɜɥɟɱɟɧɢɹ, ɩɪɨɢɡɜɨ-

ɞɢɬɟɥɶɧɨɫɬɢ) [1]. ȼɫɟ ɜɵɯɨɞɵ ɢ ɢɡɜɥɟɱɟɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɫɫɱɢɬɚ-ɧɵ ɤɚɤ 

ɚɛɫɨɥɸɬɧɵɟ, ɬ.ɟ. ɨɬ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɭɦɦɚ ɜɵɯɨɞɨɜ 

ɢ ɢɡɜɥɟɱɟɧɢɣ ɤɨɧɟɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɞɨɥɠɧɚ ɛɵɬɶ ɪɚɜ-ɧɨɣ 100 %. 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɢɡɜɟɫɬɧɵɟ ɮɨɪɦɭɥɵ. ȼɵɯɨɞ i – ɝɨ ɩɪɨɞɭɤɬɚ 

ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

i = (Qi /Qɢɫɯ) 100,% 

ɝɞɟ Qi ɢ Qɢɫɯ – ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɨ i – ɦɭ 

ɩɪɨɞɭɤɬɭ ɢ ɢɫɯɨɞɧɨɦɭ ɩɪɨɞɭɤɬɭ (ɢɫɯɨɞɧɨɦɭ ɩɢɬɚɧɢɸ). 

Ɍɚɤɠɟ, ɞɥɹ ɫɥɭɱɚɹ ɪɚɡɞɟɥɟɧɢɹ ɧɚ ɞɜɚ ɩɪɨɞɭɤɬɚ – ɤɨɧɰɟɧ-ɬɪɚɬ ɢ 

ɯɜɨɫɬɵ ɢɯ ɜɵɯɨɞ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɱɟɪɟɡ ɫɨɞɟɪɠɚɧɢɹ ɩɨ ɫɥɟɞɭɸɳɢɦ 

ɮɨɪɦɭɥɚɦ: 

ɤ 
ɢɫɯ ɯɜ 100 , % ; 

 

ɤ- ɯɜ 

ɯɜ 
ɤ ɢɫɯ 100 , % 

 

ɤ- ɯɜ 

 

ɝɞɟ ȕɤ ɢ ȕɯɜ ɫɨɞɟɪɠɚɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜ ɤɨɧɰɟɧɬɪɚɬɟ ɢ ɯɜɨɫɬɚɯ. 
ɋɭɦɦɚ ɜɵɯɨɞɨɜ ɤɨɧɰɟɧɬɪɚɬɚ ɢ ɯɜɨɫɬɨɜ ɪɚɜɧɚ: 

ɤ + ɯɜ = 100 %. Ɉɱɟɜɢɞɧɨ, ɱɬɨ 

Qɤ + Qɯɜ = Qɢɫɯ; 

ɗɬɚ ɮɨɪɦɭɥɚ ɫɩɪɚɜɟɞɥɢɜɚ ɢ ɞɥɹ ɥɸɛɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɪɨ-ɞɭɤɬɨɜ: 

1 + 2 +…+ n = 100 %. 

Ⱥɧɚɥɨɝɢɱɧɨ ɢ ɞɥɹ Q. 
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(ɉɪɢ ɨɛɨɝɚɳɟɧɢɢ ɩɨɥɟɡɧɵɯ ɢɫɤɨɩɚɟɦɵɯ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɨ-ɥɭɱɚɸɬ 

ɜɫɟɝɨ ɞɜɚ ɩɪɨɞɭɤɬɚ – ɤɨɧɰɟɧɬɪɚɬ ɢ ɯɜɨɫɬɵ, ɧɨ ɧɟ ɜɫɟɝɞɚ, ɢɧɨɝɞɚ 

ɩɪɨɞɭɤɬɨɜ ɦɨɠɟɬ ɛɵɬɶ ɛɨɥɶɲɟ). 

ɋɨɞɟɪɠɚɧɢɟ ɜ i – ɨɦ ɩɪɨɞɭɤɬɟ: 

ȕi 
P 

100 , % i 

ɂɡɜɥɟɱɟɧɢɟ ɩɨɥɟɡɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɜ i – ɣ ɩɪɨɞɭɤɬ: 

i 
P

i
 

100, %. 
P ɢɫɯ 

Ɍɚɤɠɟ ɢɡɜɥɟɱɟɧɢɟ ɪɚɫɱɺɬɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɜ ɥɸɛɨɣ ɩɪɨɞɭɤɬ 
ɨɛɨɝɚɳɟɧɢɹ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɩɨɥɭɱɚɟɦɨɝɨ ɢɯ ɱɢɫɥɚ, ɩɪɢ ɢɡɜɟɫɬɧɨɦ ɟɝɨ 
ɜɵɯɨɞɟ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɩɨ ɮɨɪɦɭɥɟ: 

i 
i i , % 

ɢɫɯ 

ɋɭɦɦɚ ɢɡɜɥɟɱɟɧɢɣ ɤɨɧɰɟɧɬɪɚɬɚ ɢ ɯɜɨɫɬɨɜ ɪɚɜɧɚ: ɤ + ɯɜ = 100 %. 

ɗɬɚ ɮɨɪɦɭɥɚ ɫɩɪɚɜɟɞɥɢɜɚ ɢ ɞɥɹ ɥɸɛɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɪɨ-ɞɭɤɬɨɜ: 

1 + 2 +… n = 100 % 

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɜ ɩɪɨɞɭɤɬɟ ɫɦɟɲɟɧɢɹ ɦɨɠɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɚɤ ɧɚɡɵɜɚɟɦɨɟ ɭɪɚɜɧɟɧɢɟ ɛɚɥɚɧɫɚ (ɞɥɹ ɫɥɭɱɚɹ ɪɚɡ-ɞɟɥɟɧɢɹ 

ɧɚ ɞɜɚ ɩɪɨɞɭɤɬɚ): 

ɤ ɤ + ɯɜ ɤ = ɢɫɯ ɢɫɯ. 

Ɍɚɤɠɟ ɷɬɭ ɮɨɪɦɭɥɭ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ 
ɫɨɞɟɪɠɚɧɢɹ ɜ ɭɫɥɨɜɧɨɣ ɫɦɟɫɢ ɜɫɟɯ ɩɪɨɞɭɤɬɨɜ ɪɚɡɞɟɥɟɧɢɹ. 

ɍɪɚɜɧɟɧɢɟ ɫɩɪɚɜɟɞɥɢɜɨ ɬɚɤɠɟ ɞɥɹ ɥɸɛɨɝɨ ɱɢɫɥɚ ɩɪɨɞɭɤ-ɬɨɜ: 

1 1 + 2 2 +…+ n n = ɢɫɯ ɢɫɯ 

ɝɞɟ n – ɜɵɯɨɞ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ n-ɝɨ ɩɪɨɞɭɤɬɚ; n – ɫɨɞɟɪ-ɠɚɧɢɟ 
ɪɚɫɱɟɬɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɜ ɩɪɨɞɭɤɬɟ n. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɢɫɯ= 100 %. 

Пɪɢɦɟɪ ɪɚɫɱɟɬɚ ɮɪɚɝɦɟɧɬɚ ɤɚɱɟɫɬɜɟɧɧɨɣ ɫɯɟɦɵ ɩɪɢ ɩɨɥɭ-ɱɟɧɢɢ 

ɞɜɭɯ ɩɪɨɞɭɤɬɨɜ (ɪɢɫ. 2.1.). Ɂɚɞɚɧɨ 5, 6, 7 ɜ ɩɪɨɰɟɧɬɚɯ; 5 ɪɚɫɫɱɢɬɚɧ 
ɪɚɧɟɟ. 

         5 Ɋɚɫɫɱɢɬɵɜɚɸɬ ɜɵɯɨɞ ɩɪɨɞɭɤɬɚ 6:    
 

Ɉɛɨɝɚɳɟɧɢɟ                                     
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Ɋɢɫ. 2. ȼɵ ɯɨɞ ɩɪɨɞɭɤɬɚ 7 ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɩɨ ɪɚɡɧɨɫɬɢ:  Ȗ7 = Ȗ 5 - 
 Ȗ 6.  

 
 

 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ Q6 ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: Q6 = Ȗ6·Qɢɫɯ, 

ɝɞɟ Qɢɫɯ – ɡɚɞɚɧɧɚɹ ɢɫɯɨɞɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ. ɂɡɜɥɟɱɟɧɢɟ 

ɪɚɫɱɟɬɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɜ ɩɪɨɞɭɤɬɵ 6 ɢ 7 ɪɚɫɫɱɢ- 
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ɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

6 
6 6 , 

ɢɫɯ 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ 5 = 6 + 7. 

ȿɫɥɢ ɡɚɞɚɧɨ 5, 6, 6 ɜ ɩɪɨɰɟɧɬɚɯ, 5 ɪɚɫɫɱɢɬɚɧ ɪɚɧɟɟ. ɇɟɨɛɯɨɞɢɦɨ 

ɧɚɣɬɢ 7. ȼɨɫɩɨɥɶɡɭɟɦɫɹ ɭɪɚɜɧɟɧɢɟɦ ɛɚɥɚɧɫɚ ɞɥɹ ɷɬɨɝɨ ɮɪɚɝɦɟɧɬɚ 

ɫɯɟɦɵ: 
5 5 6 6 7 7 

Ɍɨɝɞɚ 

5 5 6 6 
7 

7 

Пɪɢɦɟɪ ɪɚɫɱɺɬɚ ɮɪɚɝɦɟɧɬɚ ɤɚɱɟɫɬɜɟɧɧɨɣ ɫɯɟɦɵ ɩɪɢ ɨɛɴɟ-ɞɢɧɟɧɢɢ 

ɞɜɭɯ ɩɪɨɞɭɤɬɨɜ (ɪɢɫ. 2.2.). Ɋɚɫɫɱɢɬɚɧɵ ɪɚɧɟɟ 7, 8, ɢ 7, 8, ɧɟɨɛɯɨɞɢɦɨ 
ɧɚɣɬɢ 9, 9. Ɋɚɫɫɱɢɬɵɜɚɟɦ 9: 

9 = 7+ 8 

Ɂɞɟɫɶ ɬɚɤɠɟ ɦɨɠɧɨ ɫɨɫɬɚɜɢɬɶ ɭɪɚɜɧɟɧɢɟ ɛɚɥɚɧɫɚ, ɤɚɤ ɢ ɜ ɩɪɢɦɟɪɟ ɩɨ 

ɪɢɫ. β.1., ɬɨɝɞɚ 

Ȗ9 ȕ9 Ȗ8 ȕ8 Ȗ7 ȕ7 , ɢ 

Ȗ8 ȕ8 Ȗ7 ȕ7 
9 Ȗ7 
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Ɋɢɫ. β1.1 ɫɯɟɦɚ ɩɪɨɞɭɤɬɨɜ 7,8,9 

 

Пɨɫɥɟ ɪɚɫɱɺɬɚ ɫɯɟɦɵ ɨɛɨɝɚɳɟɧɢɹ ɪɚɫɫɱɢɬɵɜɚɸɬ ɢ ɜɵɛɢɪɚɸɬ 

ɨɫɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɤɚɠɞɨɣ ɨɩɟɪɚɰɢɢ. 
ɉɨ ɞɚɧɧɵɦ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɫɯɟɦɵ ɫ ɭɱɺɬɨɦ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 

ɚɩɩɚɪɚɬɚ ɪɚɫɫɱɢɬɵɜɚɸɬ ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɚɩɩɚɪɚɬɨɜ ɜɵɛɪɚɧɧɨɝɨ 

ɬɢɩɚ ɢ ɪɚɡɦɟɪɚ. ɉɪɢ ɜɵɛɨɪɟ ɚɩɩɚɪɚɬɚ ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɤɪɭɩɧɨɫɬɶ, ɦɚɝɧɢɬɧɭɸ ɜɨɫ-

ɩɪɢɢɦɱɢɜɨɫɬɶ, ɬɜɺɪɞɨɫɬɶ, ɜɥɚɠɧɨɫɬɶ ɢ ɬ.ɞ.) 

ɉɪɢ ɜɵɛɨɪɟ ɢ ɪɚɫɱɺɬɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ ɬɚɤɠɟ ɢ 

ɜɨɡɦɨɠɧɭɸ ɟɝɨ ɤɨɦɩɨɧɨɜɤɭ. ɇɟɥɶɡɹ, ɧɚɩɪɢɦɟɪ, ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɧɚ ɞɜɟ 

ɦɟɥɶɧɢɰɵ ɨɞɢɧ ɝɢɞɪɨɰɢɤɥɨɧ ɢɥɢ ɭɫɬɚɧɨɜɢɬɶ ɧɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɦɚɝɧɢɬɧɨɣ 

ɫɟɩɚɪɚɰɢɢ ɬɪɢ ɦɚɝɧɢɬɧɵɯ ɫɟɩɚɪɚɬɨɪɚ, ɚ ɧɚ ɜɬɨɪɨɣ ɩɹɬɶ. 

Пɪɢɦеɪ ɪаɫчеɬа ɤачеɫɬвеɧɧɨ-ɤɨɥɢчеɫɬвеɧɧɨɣ ɫхеɦы. Ɂɚɞɚɧɨ  
 
 

ȕɢɫɯ = ȕ1 = 30,0 %. Qɢɫɯ = 1000 ɬ/ɱ. ȕ3 = 45,0 %, ε3 = 89,0 %; Ȗ / = 200 %;

 ȕ9 = 59,0 %, ε9 = 86,0 %;     ȕ11 = 65,0 %, 

ε9 = 80,0 %. 
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Ɋɚɫɱɟɬ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ Ȗ1 = 100 %, ε1 = 100 %. Ɍɚɤɠɟ Ȗ2 = Ȗ1 = 100 %,      

ε2 = ε1= 100 %.      ȕ2 = ȕ1 = 30 %. ɂɯ ɮɨɪɦɭɥɵ ε3 = Ȗ3·ȕ3/ȕɢɫɯ, Ȗ3 = ε3·ȕɢɫɯ/ȕ3. Ȗ3 = 

89,0·30,0/45,0 = 59,3 %. Ȗ4 = Ȗ2 – Ȗ3. Ȗ4 = 100,0 - 59,3 % = 40,7 %. 

Ⱦɥɹ ɨɩɟɪɚɰɢɣ ɢɡɦɟɥɶɱɟɧɢɹ ɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɚɬɶ 

ɬɨɥɶɤɨ ɜɵɯɨɞɵ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɬ.ɤ. ɨɱɟɜɢɞɧɨ, ɱɬɨ 

ȕ7 = ȕ3, ε7 = ε3 (ɤɨɧɟɱɧɨ ɢ Ȗ7 = Ȗ3, Q7 = Q3). Ȗ8 = Ȗ3· Ȗ / /100. 

Ȗ8 = 59,γ·β00/100 = 118,7 %. Q8 = Q8 = 118,7·1000 = 1187 ɬ/ɱ. Ɉɩɟɪɚɰɢɢ V ɢ VI ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ 
ɚɛɫɨɥɸɬɧɨ ɚɧɚɥɨɝɢɱɧɨ. Ⱦɚɥɟɟ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɨ 
ɜɫɟɦ ɩɪɨɞɭɤɬɚɦ ɩɨ ɮɨɪɦɭɥɟ Qn = Ȗi·Qɢɫɯ/100. ɇɚɩɪɢɦɟɪ, Q3 = Ȗ3·Qɢɫɯ/100. 

Q3 = 59,3·1000/100 = 59γ,0 ɬ/ɱ. 
ɉɪɨɜɟɪɤɚ ɩɪɚɜɢɥɶɧɨɫɬɢ ɪɚɫɱɟɬɚ. ɋɭɦɦɚ ɜɫɟɯ ɜɵɯɨɞɨɜ, ɢɡɜɥɟɱɟɧɢɣ ɢ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɟɣ ɤɨɧɟɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɞɨɥɠɧɚ ɪɚɜɧɹɬɶɫɹ ɢɫɯɨɞɧɵɦ. 

Ɍ.ɟ., ɜ ɤɨɧɤɪɟɬɧɨɦ ɩɪɢɦɟɪɟ, Ȗ11 + Ȗ13 = 100 %, ε11 + ε13 = 100 %, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɟɣ
 Q11 + Q13 = 1000 ɬ/ɱ. (Ȗ13 = Ȗ4 + Ȗ10 + Ȗ12; ε13= ε4+ ε10 ε12; Q13 = Q4+ Q10+ Q12)  

 
 

Ȗ11 ȕ11 Ȗ13 ȕ13  =  36,9 65,0 

 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɡɚɧɟɫɬɢ ɜ ɫɥɟɞɭɸɳɭɸ ɬɚɛɥɢɰɭ: 

 

Ɍɚɛɥɢɰɚ 1 – Ɋɟɡɭɥɶɬɚɬɵ ɤɚɱɟɫɬɜɟɧɧɨ-ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɫɯɟɦɵ 
ɨɛɨɝɚɳɟɧɢɹ 

 
№ 

ɨɩɟɪɚɰɢɢ 
ɢ 

ɩɪɨɞɭɤɬɚ 

ȼɵɯɨɞ Ȗ, % ɋɨɞɟɪɠɚɧɢɟ ȕ, 

% 

ɂɡɜɥɟɱɟɧɢɟ ε, 

% 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
Q, ɬ/ɱ 
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