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ɉɪɚɤɬɢɱɧɿ ɡɚɧɹɬɬɹ ɩɪɨɜɨɞɹɬɶɫɹ ɡ ɦɟɬɨɸ ɡɚɤɪɿɩɥɟɧɧɹ ɬɟɨɪɟɬɢɱɧɢɯ 
ɡɧɚɧɶ ɫɬɭɞɟɧɬɿɜ ɡ ɞɢɫɰɢɩɥɿɧɢ «ɉɪɨɰɟɫɢ ɬɚ ɚɩɚɪɚɬɢ  ɜɨɞɨɨɱɢɫɬɤɢ». 
Ⱦɥɹ ɩɿɞɝɨɬɨɜɤɢ ɞɨ ʀɯ ɜɢɤɨɧɚɧɧɹ ɫɬɭɞɟɧɬɭ ɧɟɨɛɯɿɞɧɨ ɜɢɜɱɢɬɢ 
ɜɿɞɩɨɜɿɞɧɿ ɪɨɡɞɿɥɢ ɪɟɤɨɦɟɧɞɨɜɚɧɨʀ ɧɚɜɱɚɥɶɧɨʀ ɥɿɬɟɪɚɬɭɪɢ ɬɚ ɰɿ 
ɦɟɬɨɞɢɱɧɿ ɜɤɚɡɿɜɤɢ. 

Ɍɟɦɢ ɩɪɚɤɬɢɱɧɢɯ ɡɚɧɹɬɶ: 1. Ɋɨɡɞɿɥɟɧɧɹ ɪɿɞɢɧɧɢɯ ɧɟɨɞɧɨɪɿɞɧɢɯ 
ɫɢɫɬɟɦ. 2. ȼɿɞɫɬɨɸɜɚɧɧɹ. 3. Ɏɿɥɶɬɪɭɜɚɧɧɹ. 4. ɐɟɧɬɪɢɮɭɝɭɜɚɧɧɹ.      
5. Ⱥɞɫɨɪɛɰɿɹ. 6. ɏɿɦɿɱɧɿ ɩɪɨɰɟɫɢ. 7. Ȼɿɨɯɿɦɿɱɧɿ ɩɪɨɰɟɫɢ.  

1. Ɋɨɡɞɿɥɟɧɧɹ ɪɿɞɢɧɧɢɯ ɧɟɨɞɧɨɪɿɞɧɢɯ ɫɢɫɬɟɦ 

Ɉɫɧɨɜɧɿ ɡɚɤɨɧɨɦɿɪɧɨɫɬɿ ɩɪɨɰɟɫɭ ɪɨɡɞɿɥɟɧɧɹ ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ, 
ɜɢɯɨɞɹɱɢ ɡ ɣɨɝɨ ɦɚɬɟɪɿɚɥьɧɨɝɨ ɛɚɥɚɧɫɭ. Ⱦɥɹ ɜɢɩɚɞɤɭ ɪɨɡɞɿɥɟɧɧɹ 
ɫɢɫɬɟɦɢ, ɹɤɚ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɨɞɧɨɪɿɞɧɨʀ ɮɚɡɢ, ɜ ɹɤɿɣ ɪɨɡɩɨɞɿɥɟɧɿ 
ɱɚɫɬɤɢ ɞɢɫɩɟɪɫɧɨʀ ɮɚɡɢ, ɩɪɢɣɦɟɦɨ ɩɨɡɧɚɱɟɧɧɹ: 
- 0pc G,G,G  - ɜɿɞɩɨɜɿɞɧɨ, ɦɚɫɢ ɜɢɯɿɞɧɨʀ ɫɭɦɿɲɿ, ɨɫɜɿɬɥɟɧɨʀ ɪɿɞɢɧɢ 
ɬɚ ɨɬɪɢɦɚɧɨɝɨ ɨɫɚɞɭ; 
- 0pc C,C,C  - ɜɦɿɫɬ ɪɟɱɨɜɢɧɢ ɭ ɜɢɯɿɞɧɿɣ ɫɭɦɿɲɿ, ɨɫɜɿɬɥɟɧɿɣ ɪɿɞɢɧɿ 
ɬɚ ɨɫɚɞɿ, ɜ ɦɚɫɨɜɢɯ ɞɨɥɹɯ. 

Ɂɚ ɭɦɨɜɢ ɜɿɞɫɭɬɧɨɫɬɿ ɜɬɪɚɬ ɪɿɜɧɹɧɧɹ ɦɚɬɟɪɿɚɥɶɧɨɝɨ ɛɚɥɚɧɫɭ 
ɩɪɨɰɟɫɭ ɦɚɬɢɦɟ ɜɢɝɥɹɞ: 

- ɞɥɹ ɡɚɝɚɥɶɧɨʀ ɦɚɫɢ ɪɟɱɨɜɢɧ 

                        0pc GGG                                              (1.1) 

 - ɞɥɹ ɦɚɫɢ ɞɢɫɩɟɪɫɧɨʀ ɮɚɡɢ (ɪɟɱɨɜɢɧɢ) 
                    00ppcc CGCGCG                                       (1.2) 

ɋɩɿɥɶɧɟ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɪɿɜɧɹɧɶ (1.1) ɬɚ (1.2) ɞɚє ɪɿɜɧɹɧɧɹ ɞɥɹ 
ɜɢɡɧɚɱɟɧɧɹ ɦɚɫɢ ɨɫɜɿɬɥɟɧɨʀ ɪɿɞɢɧɢ: 

                ;
CC

CC
GG

p0

c0
cp 


                                 (1.3) 

ɬɚ ɦɚɫɢ ɨɫɚɞɭ                   ;
CC

CC
GG

p0

pc

co 


                                   (1.4) 

ɉɪɢɤɥаɞ 1.1. ȼɢɡɧɚɱɢɬɢ ɦɚɫɨɜɭ ɞɨɥɸ ɬɜɟɪɞɨʀ ɮɚɡɢ ɬɚ ɜɨɥɨɝɿɫɬɶ 
ɨɫɚɞɭ ɜɿɞɫɬɿɣɧɢɤɚ, ɹɤɳɨ ɡɚɝɚɥɶɧɚ ɦɚɫɚ ɨɫɚɞɭ Go = 8 ɬ, ɦɚɫɚ ɜɢɯɿɞɧɨʀ 
ɫɭɫɩɟɧɡɿʀ Gc = 80 ɬ, ɤɨɧɰɟɧɬɪɚɰɿɹ ɬɜɟɪɞɨʀ ɮɚɡɢ ɜ ɧɿɣ 1,5ɝ/ɥ, ɚ ɜ 
ɨɫɜɿɬɥɟɧɿɣ ɜɨɞɿ 15 ɝ/ɥ.  

Ɋɨɡɜ’яɡɭɜаɧɧя. ȼɢɡɧɚɱɚєɦɨ ɤɨɧɰɟɧɬɪɚɰɿʀ ɬɜɟɪɞɨʀ ɮɚɡɢ ɭ ɦɚɫɨɜɢɯ 
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ɞɨɥɹɯ, ɡɜɚɠɚɸɱɢ, ɳɨ  1 ɝ/ɥ = 0,001 ɝ/ɝ, 1 ɦɝ/ɥ = 10
-6

 ɝ/ɝ. Ɉɬɠɟ, ɦɚɫɨɜɚ 
ɞɨɥɹ ɬɜɟɪɞɨʀ ɮɚɡɢ ɭ ɜɢɯɿɞɧɿɣ ɫɭɫɩɟɧɡɿʀ  ɋɫ = 0,0015, ɚ ɜ ɨɫɜɿɬɥɟɧɿɣ 
ɜɨɞɿ ɋɪ = 0,000015. 

Ɂɚɩɢɲɟɦɨ ɫɢɫɬɟɦɭ ɪɿɜɧɹɧɶ ɦɚɬɟɪɿɚɥɶɧɨɝɨ ɛɚɥɚɧɫɭ (1,2): 
;8G80 p   

;C8000015,0G0015,080 opc   

Ɂ ɩɟɪɲɨɝɨ ɪɿɜɧɹɧɧɹ ɫɢɫɬɟɦɢ Gp = 72 (ɬ); ɡ ɞɪɭɝɨɝɨ ɪɿɜɧɹɧɧɹ ɋɨ = 

0,014865 (ɝ/ɝ).  Ɇɚɫɨɜɭ ɞɨɥɸ ɬɜɟɪɞɨʀ ɮɚɡɢ ɦɨɠɧɚ ɡɧɚɣɬɢ ɬɚɤɨɠ ɡɚ 
ɮɨɪɦɭɥɨɸ (1.4):            p0pcc0 C)G)CC(G(C   

            01486,0000015,0)8)000015,00015,0(80(C0   

ȼɨɥɨɝɿɫɬɶ ɨɫɚɞɭ – 

                 51,98100014865,0100100C100W 00  %. 

ɉɪɢɤɥаɞ 1.2. ȼɢɡɧɚɱɢɬɢ ɟɮɟɤɬɢɜɧɿɫɬɶ ɨɫɜɿɬɥɟɧɧɹ ɬɚ 
ɤɨɧɰɟɧɬɪɚɰɿɸ ɬɜɟɪɞɨʀ ɮɚɡɢ ɨɫɜɿɬɥɟɧɨʀ ɜɨɞɢ, ɹɤɳɨ ɡɚɝɚɥɶɧɚ ɦɚɫɚ 
ɨɫɚɞɭ Go = 0,2 ɬ, ɦɚɫɚ ɜɢɯɿɞɧɨʀ ɫɭɫɩɟɧɡɿʀ Gc = 80 ɬ,  ɤɨɧɰɟɧɬɪɚɰɿɹ 
ɬɜɟɪɞɨʀ ɮɚɡɢ ɜ ɧɿɣ 150,0 ɦɝ/ɥ, ɜɨɥɨɝɿɫɬɶ ɨɫɚɞɭ   Wo = 95%. 

Ɋɨɡɜ’яɡɭɜаɧɧя.  
Ɇɚɫɨɜɚ ɞɨɥɹ ɬɜɟɪɞɨʀ ɮɚɡɢ ɭ ɜɢɯɿɞɧɿɣ ɫɭɫɩɟɧɡɿʀ ɋɫ = 0,00015; ɜ 

ɨɫɚɞɿ                 ɋɨ = (1 – 95/100) = 0,05  . 

Ɂɚɩɢɫɭєɦɨ ɫɢɫɬɟɦɭ ɪɿɜɧɹɧɶ ɦɚɬɟɪɿɚɥɶɧɨɝɨ ɛɚɥɚɧɫɭ (1,2): 
;2,0G80 p   

;05,02,0CG00015,080 ppc   

Ɂ ɩɟɪɲɨɝɨ ɜɢɪɚɡɭ ɡɧɚɯɨɞɢɦɨ ɦɚɫɭ ɨɫɜɿɬɥɟɧɨʀ ɪɿɞɢɧɢ - 

8,79Gp  ɬ.   Ɂɝɿɞɧɨ ɿɡ ɞɪɭɝɢɦ ɪɿɜɧɹɧɧɹɦ ɛɚɥɚɧɫɭ ɦɚɫɨɜɚ ɞɨɥɹ 
ɬɜɟɪɞɨʀ ɮɚɡɢ ɜ ɨɫɜɿɬɥɟɧɿɣ ɜɨɞɿ (ɝ/ɝ) - 

000025,0)8,79)05,02,000015,080G)CQCG(C pcoccp   

ɚɛɨ 25 ɦɝ/ɥ. ȿɮɟɤɬɢɜɧɿɫɬɶ ɨɫɜɿɬɥɟɧɧɹ ɫɬɚɧɨɜɢɬɶ, %: 

33,8300015,0/)000025,000015,0(100C/)CC(100E cpc   

             2. ȼɿɞɫɬɨɸɜɚɧɧɹ 

Ɂɚɥɟɠɧɨ ɜɿɞ ɭɦɨɜ, ɝɪɚɜɿɬɚɰɿɣɧɟ ɨɫɿɞɚɧɧɹ ɦɨɠɟ ɛɭɬɢ ɜɿɥɶɧɢɦ ɚɛɨ 
ɫɬɢɫɧɟɧɢɦ. 

Вɿɥьɧɟ ɨɫɿɞɚɧɧɹ ɯɚɪɚɤɬɟɪɧɟ ɞɥɹ ɦɚɥɨɤɨɧɰɟɧɬɪɨɜɚɧɢɯ ɫɭɦɿɲɟɣ, 
ɞɥɹ ɹɤɢɯ ɞɨɩɭɫɬɢɦɨ ɡɧɟɯɬɭɜɚɬɢ ɜɡɚєɦɧɢɦ ɜɩɥɢɜɨɦ ɫɭɫɿɞɧɿɯ ɱɚɫɬɨɤ 
ɞɢɫɩɟɪɫɧɨʀ ɮɚɡɢ. ȼ ɬɚɤɨɦɭ ɜɢɩɚɞɤɭ ɱɚɫɬɤɚ ɪɟɱɨɜɢɧɢ ɝɭɫɬɢɧɨɸ  ɬ,  
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ɹɤɚ ɦɚє ɟɤɜɿɜɚɥɟɧɬɧɢɣ ɞɿɚɦɟɬɪ  d,  ɜ ɫɬɚɧɿ ɪɿɜɧɨɜɚɝɢ ɪɭɯɚєɬɶɫɹ ɜ 
ɪɿɞɢɧɿ ɝɭɫɬɢɧɨɸ    ɪɿɜɧɨɦɿɪɧɨ ɿɡ ɲɜɢɞɤɿɫɬɸ ωɨɫ ɩɿɞ ɞɿєɸ ɜɡɚєɦɧɨ 
ɜɪɿɜɧɨɜɚɠɟɧɢɯ ɫɢɥ: 

- ɬɹɠɿɧɧɹ (ɫɩɪɹɦɨɜɚɧɚ ɜɟɪɬɢɤɚɥɶɧɨ ɜɧɢɡ)               g
6

d
ò

3


,  

ɬɚ ɫɩɪɹɦɨɜɚɧɢɯ ɭ ɩɪɨɬɢɥɟɠɧɨɦɭ ɧɚɩɪɹɦɤɭ : 

- ɜɢɲɬɨɜɯɭɜɚɥɶɧɨʀ (Ⱥɪɯɿɦɟɞɨɜɨʀ)                         g
6

d 3


 ,  

- ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨɨɩɨɪɭ                                      
24

d 2

oc

2   .  

Ɂɜɿɞɫɢ ɲɜɢɞɤɿɫɬɶ ɨɫɿɞɚɧɧɹ ɱɚɫɬɨɤ 

                               ;
3

)(gd4 ɬ
oc 

 
                          (2.1) 

ɞɟ  - ɤɨɟɮɿɰɿєɧɬ ɨɩɨɪɭ ɫɟɪɟɞɨɜɢɳɚ, ɹɤɢɣ ɡɚɥɟɠɢɬɶ ɜɿɞ ɪɟɠɢɦɭ ɪɭɯɭ 
ɪɿɞɢɧɢ (ɤɪɢɬɟɪɿɸ Ɋɟɣɧɨɥɶɞɫɚ  Re) ɬɚ ɞɿɣɫɧɨʀ ɮɨɪɦɢ ɱɚɫɬɨɤ. 

Ɂɚ ɧɚɣɫɩɪɢɹɬɥɢɜɿɲɢɯ ɭɦɨɜ ɨɫɿɞɚɧɧɹ (ɩɪɢ ɥɚɦɿɧɚɪɧɨɦɭ ɪɟɠɢɦɿ, 
Re  2), ɬɨɛɬɨ ɜ ɨɛɥɚɫɬɿ ɞɿʀ ɡɚɤɨɧɭ ɋɬɨɤɫɚ, ɤɨɟɮɿɰɿєɧɬ ɨɩɨɪɭ 

ɫɬɚɧɨɜɢɬɶ                 ;
d

24

Re

24

oc 
                                            (2.2) 

Ɇɚɤɫɢɦɚɥɶɧɢɣ ɞɿɚɦɟɬɪ ɱɚɫɬɨɤ, ɹɤɿ ɨɫɹɞɭɬɶ ɡɚ ɭɦɨɜɢ Re = 2, 

ɞɨɪɿɜɧɸє:             ;
)(g

36
d 3

ɬ

2

max 



                                 (2.3) 

ɞɟ    - ɞɢɧɚɦɿɱɧɚ ɜ’ɹɡɤɿɫɬɶ ɫɟɪɟɞɨɜɢɳɚ (ɪɿɞɢɧɢ). 
Ⱦɥɹ ɫɬɢɫɧɟɧɨɝɨ ɨɫɿɞɚɧɧɹ ɲɜɢɞɤɿɫɬɶ ɡɦɟɧɲɭєɬɶɫɹ ɱɟɪɟɡ ɜɡɚєɦɧɢɣ 

ɜɩɥɢɜ ɱɚɫɬɨɤ ɡɚ ɡɚɤɨɧɨɦ:             







1

123,0 3

occɬ ;      

 ɚɛɨ                                       ;10 )1(82,12

occɬ
2                      (2.4)  

ɞɟ  v – ɨɛ’єɦɧɚ ɱɚɫɬɤɚ ɪɿɞɢɧɢ ɜ ɧɟɨɞɧɨɪɿɞɧɿɣ ɫɢɫɬɟɦɿ (ɜɨɥɨɝɿɫɬɶ),   

Vp ɿ  Vɬ- ɜɿɞɩɨɜɿɞɧɨ, ɨɛ’єɦɢ ɪɿɞɢɧɢ ɿ ɱɚɫɬɨɤ ɜ ɫɢɫɬɟɦɿ,  ;
VV

V

ɬp

p


  

   ȿɮɟɤɬɢɜɧɿɫɬь ɜɿɞɫɬɨɸɜɚɧɧɹ ɜ ɩɪɚɤɬɢɰɿ ɜɨɞɨɨɛɪɨɛɤɢ 
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ɜɢɡɧɚɱɚєɬɶɫɹ ɱɟɪɟɡ ɩɨɱɚɬɤɨɜɭ  ɋn  ɬɚ ɤɿɧɰɟɜɭ  ɋɤ  ɤɨɧɰɟɧɬɪɚɰɿɸ 
ɱɚɫɬɨɤ  ɞɢɫɩɟɪɫɧɨʀ ɮɚɡɢ (ɡɚɜɢɫɥɢɯ ɪɟɱɨɜɢɧ), %: 

                        ;
C

CC
100E

n

kn                                        (2.5) 

ɉɪɢɤɥаɞ 2.1.  ȼɢɡɧɚɱɢɬɢ ɦɚɤɫɢɦɚɥɶɧɢɣ ɪɨɡɦɿɪ ɱɚɫɬɨɤ ɝɭɫɬɢɧɨɸ 
1,6 ɝ/ɫɦ3, ɹɤɿ ɨɫɹɞɭɬɶ ɭ ɜɨɞɿ ɡ ɤɨɟɮɿɰɿєɧɬɨɦ ɞɢɧɚɦɿɱɧɨʀ ɜ’ɹɡɤɨɫɬɿ  = 

0,01 ɫɉɡ ɬɚ ɝɭɫɬɢɧɨɸ 1,0 ɝ/ɫɦ3
 ɩɪɢ ɥɚɦɿɧɚɪɧɨɦɭ ɪɟɠɢɦɿ ɬɟɱɿʀ. 

Ɋɨɡɜ’яɡɭɜаɧɧя.  
Ɂɚ ɮɨɪɦɭɥɨɸ (2.3) (ɩɿɞɫɬɚɜɥɹєɦɨ ɡɧɚɱɟɧɧɹ ɭ ɫɢɫɬɟɦɿ ɨɞɢɧɢɰɶ ɋІ) 

ɦɚɤɫɢɦɚɥɶɧɢɣ ɪɨɡɦɿɪ ɱɚɫɬɢɧɨɤ ɫɬɚɧɨɜɢɬɶ, ɦɦ 

  000183,0
)10001600(8,91000

001,036
d 3

2

max 



 (ɦ) = 0,183  

ɉɟɪɟɜɿɪɢɦɨ ɲɜɢɞɤɿɫɬɶ ɨɫɿɞɚɧɧɹ ɬɚɤɢɯ ɱɚɫɬɨɤ ɭ ɜɨɞɿ ɡɚ ɡɚɤɨɧɨɦ 
ɋɬɨɤɫɚ, ɦ/ɫ:     

011,0
001,018

8,9)10001600(000183,0

18

g)(d 2

m

2

oc 











ɬɨɛɬɨ 11 ɦɦ/ɫ. ɑɢɫɥɨ Ɋɟɣɧɨɥɶɞɚ ɡɚ ɬɚɤɢɯ ɭɦɨɜ ɞɨɪɿɜɧɸє: 

                     01,2
001,0

1000000183,0011,0d
Re o 







 

ɳɨ ɡ ɞɨɫɬɚɬɧɶɨɸ ɬɨɱɧɿɫɬɸ ɡɚɞɨɜɨɥɶɧɹє ɩɪɢɩɭɳɟɧɧɹ, ɳɨ Re = 2. 

ɉɪɢɤɥаɞ 2.2. ȼɢɡɧɚɱɢɬɢ ɲɜɢɞɤɿɫɬɶ ɫɬɢɫɧɟɧɨɝɨ ɨɫɿɞɚɧɧɹ ɱɚɫɬɨɤ 
ɫɭɫɩɟɧɡɿʀ, ɹɤɳɨ ɨɛ’єɦɧɚ ɱɚɫɬɤɚ ɬɜɟɪɞɨʀ ɮɚɡɢ ɫɬɚɧɨɜɢɬɶ 0,1, ɚ 
ɲɜɢɞɤɿɫɬɶ ɜɿɥɶɧɨɝɨ ɨɫɿɞɚɧɧɹ ɱɚɫɬɨɤ –  1,4 ɦɦ/ɫ.  

Ɋɨɡɜ’яɡɭɜаɧɧя. Ɉɛ”єɦɧɚ ɱɚɫɬɤɚ ɪɿɞɢɧɢ ɫɬɚɧɨɜɢɬɶ v=1– 0,1 = 0,9.  

Ɂɚ ɮɨɪɦɭɥɨɸ (2.4) ɲɜɢɞɤɿɫɬɶ ɫɬɢɫɧɟɧɨɝɨ ɨɫɿɞɚɧɧɹ ɫɬɚɧɨɜɢɬɶ, ɦɦ/ɫ:                            
0,52100,91,4ω )0,91,82(12

cò

2

 
. 

3. Ɏɿɥьɬɪɭɜɚɧɧɹ 

Ɇɟɯɚɧɿɡɦ ɩɪɨɰɟɫɭ ɮɿɥɶɬɪɭɜɚɧɧɹ ɜɢɡɧɚɱɚєɬɶɫɹ ɡɚɤɨɧɨɦɿɪɧɿɫɬɸ 
ɡɪɨɫɬɚɧɧɹ ɨɩɨɪɭ ɩɪɨɬɹɝɨɦ ɮɿɥɶɬɪɭɜɚɧɧɹ. Ɂɚ ɰɿєɸ ɨɡɧɚɤɨɸ 
ɪɨɡɪɿɡɧɹɸɬɶɫɹ ɞɟɤɿɥɶɤɚ ɜɢɞɿɜ ɮɿɥɶɬɪɭɜɚɧɧɹ, ɜɫɬɚɧɨɜɥɟɧɧɹ ɨɞɧɨɝɨ ɡ 
ɹɤɢɯ ɜ ɤɨɧɤɪɟɬɧɨɦɭ ɩɪɨɰɟɫɿ ɡɞɿɣɫɧɸєɬɶɫɹ ɞɨɫɢɬɶ ɥɟɝɤɨ ɡɚ 
ɩɪɹɦɨɥɿɧɿɣɧɿɫɬɸ ɹɤɨɝɨɫɶ ɡ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɝɪɚɮɿɤɿɜ, 
ɩɨɛɭɞɨɜɚɧɢɯ ɭ ɜɿɞɩɨɜɿɞɧɢɯ ɤɨɨɪɞɢɧɚɬɚɯ (ɬɚɛɥ.3.1).  
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Ɋɢɫ. 3.1. ɉɪɢɤɥɚɞɢ ɩɨɛɭɞɨɜɢ 
ɝɪɚɮɿɤɿɜ ɞɥɹ ɜɫɬɚɧɨɜɥɟɧɧɹ 
ɦɟɯɚɧɿɡɦɭ ɮɿɥɶɬɪɭɜɚɧɧɹ 

ȼɫɿ ɝɪɚɮɿɤɢ (ɞɢɜ. ɪɢɫ.3.1) 
ɛɭɞɭɸɬɶɫɹ ɡɚ ɞɚɧɢɦɢ ɨɞɧɨɝɨ ɿ 
ɬɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ 
ɮɿɥɶɬɪɭɜɚɧɧɹ ɧɚ ɥɚɛɨɪɚɬɨɪɧɿɣ 
ɭɫɬɚɧɨɜɰɿ 

Ɍɚɛɥɢɰɹ 3.1 

Ʉɥаɫɢɮіɤаɰія ɜɢɞіɜ 
ɮіɥьɬɪɭɜаɧɧя 

Ʉɨɨɪɞɢɧɚɬɢ, ɡɚ ɹɤɢɯ ɝɪɚɮɿɤ 
ɩɪɨɰɟɫɭ ɮɿɥɶɬɪɭɜɚɧɧɹ є 

ɩɪɹɦɨɸ ɥɿɧɿєɸ 

ȼɢɞ ɩɪɨɰɟɫɭ 

ɮɿɥɶɬɪɭɜɚɧɧɹ 

q   - τ/q  ɍɬɜɨɪɟɧɧɹ ɲɚɪɭ ɨɫɚɞɭ ɧɚ 
ɮɿɥɶɬɪɭɜɚɥɶɧɿɣ ɩɟɪɟɬɢɧɰɿ 

   - τ/q  ɉɨɫɬɭɩɨɜɟ ɡɚɤɭɩɨɪɸɜɚɧɧɹ ɩɨɪɢ 
ɤɿɥɶɤɨɦɚ  ɱɚɫɬɤɚɦɢ 

q   -   ω ɉɨɜɧɟ ɡɚɤɭɩɨɪɸɜɚɧɧɹ ɩɨɪɢ ɨɞɧɿєɸ  
ɬɜɟɪɞɨɸ ɱɚɫɬɤɨɸ 

   - 1/ ω ɉɪɨɦɿɠɧɢɣ ɜɢɞ ɮɿɥɶɬɪɭɜɚɧɧɹ 

ɬɭɬ: q - ɩɢɬɨɦɢɣ ɨɛ’єɦ ɨɞɟɪɠɚɧɨɝɨ ɮɿɥɶɬɪɚɬɭ; ω  - ɲɜɢɞɤɿɫɬɶ 
ɮɿɥɶɬɪɭɜɚɧɧɹ;  - ɬɪɢɜɚɥɿɫɬɶ ɮɿɥɶɬɪɭɜɚɧɧɹ.  

Ɉɫɧɨɜɧɟ ɪɿɜɧɹɧɧɹ ɮɿɥɶɬɪɭɜɚɧɧɹ ɡɚɩɪɨɩɨɧɨɜɚɧɟ Ɋɭɬɨɦ-Ʉɚɪɦɚɧɨɦ 
ɭ ɬɚɤɨɦɭ ɜɢɝɥɹɞɿ: 

                             
)RR(

P

Sd

dV

noc 


 
                   (3.1) 

ɞɟ V – ɨɛ’єɦ ɮɿɥɶɬɪɚɬɭ; S - ɩɥɨɳɚ ɩɨɜɟɪɯɧɿ ɮɿɥɶɬɪɭɜɚɧɧɹ;  - 

ɬɪɢɜɚɥɿɫɬɶ ɮɿɥɶɬɪɭɜɚɧɧɹ; P  - ɜɬɪɚɬɢ ɬɢɫɤɭ ɛɟɡɩɨɫɟɪɟɞɧɶɨ ɧɚ 
ɮɿɥɶɬɪɭɜɚɥɶɧɿɣ ɩɟɪɟɬɢɧɰɿ (ɪɭɲɿɣɧɚ ɫɢɥɚ ɩɪɨɰɟɫɭ); 

oc
R  - ɨɩɿɪ ɲɚɪɭ 

ɨɫɚɞɭ; 
n

R  - ɨɩɿɪ ɮɿɥɶɬɪɭɜɚɥɶɧɨʀ ɩɟɪɟɬɢɧɤɢ. 
     ɉɟɪɟɬɜɨɪɟɧɧɹ ɪɿɜɧɹɧɧɹ (3.1) ɲɥɹɯɨɦ ɣɨɝɨ ɿɧɬɟɝɪɭɜɚɧɧɹ ɡɚɥɟɠɢɬɶ 
ɜɿɞ ɬɨɝɨ, ɹɤɿ ɭɦɨɜɢ ɿ ɹɤɢɣ ɦɟɯɚɧɿɡɦ ɪɟɚɥɿɡɭєɬɶɫɹ ɜ ɤɨɧɤɪɟɬɧɨɦɭ 
ɩɪɨɰɟɫɿ. ɐɟ ɪɿɜɧɹɧɧɹ ɭɡɚɝɚɥɶɧɸє ɭɫɿ ɜɢɞɢ ɩɪɚɤɬɢɱɧɨɝɨ 
ɮɿɥɶɬɪɭɜɚɧɧɹ: ɜɿɞ ɨɫɜɿɬɥɟɧɧɹ ɪɿɞɢɧ ɧɚ ɮɿɥɶɬɪɚɯ ɿɡ ɲɚɪɨɦ ɡɟɪɧɢɫɬɨɝɨ 
ɮɿɥɶɬɪɚɰɿɣɧɨɝɨ ɡɚɜɚɧɬɚɠɟɧɧɹ ɞɨ ɡɧɟɜɨɞɧɟɧɧɹ ɨɫɚɞɿɜ ɧɚ ɜɚɤɭɭɦ-

ɮɿɥɶɬɪɚɯ ɱɢ ɮɿɥɶɬɪ-ɩɪɟɫɚɯ, ɨɛɥɚɞɧɚɧɢɯ ɫɭɰɿɥɶɧɨɸ ɮɿɥɶɬɪɭɜɚɥɶɧɨɸ 
ɩɟɪɟɬɢɧɤɨɸ. 
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Ɋɨɡɝɥɹɧɟɦɨ ɞɥɹ ɩɪɢɤɥɚɞɭ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɪɿɜɧɹɧɧɹ (3.1) ɞɥɹ 
ɩɨɲɢɪɟɧɨɝɨ ɜ ɬɟɯɧɨɥɨɝɿʀ ɜɨɞɨɨɛɪɨɛɤɢ ɜɢɩɚɞɤɭ ɮɿɥьɬɪɭɜɚɧɧɹ ɡ 
ɭɬɜɨɪɟɧɧɹɦ ɧɟɫɬɢɫɥɢɜɨɝɨ ɨɫɚɞɭ ɧɚ ɧɟɫɬɢɫɥɢɜɿɣ ɮɿɥɶɬɪɭɜɚɥɶɧɿɣ 
ɩɟɪɟɬɢɧɰɿ. ɉɪɢ ɰɶɨɦɭ  Rɮɩ  ɡɚɥɢɲɚєɬɶɫɹ ɩɪɚɤɬɢɱɧɨ ɧɟɡɦɿɧɧɢɦ, ɚ 

ɨɩɿɪ ɨɫɚɞɭ ɡɚɥɟɠɢɬɶ ɜɿɞ ɬɨɜɳɢɧɢ ɣɨɝɨ ɲɚɪɭ: 
                                         ocR  = 0r och                                            (3.2) 

ɞɟ  0r  - ɩɢɬɨɦɢɣ ɨɩɿɪ ɨɫɚɞɭ; och  - ɬɨɜɳɢɧɚ ɲɚɪɭ ɨɫɚɞɭ. 
ȼɜɚɠɚɸɱɢ, ɳɨ ɨɛ’єɦ ɨɫɚɞɭ ɩɪɨɩɨɪɰɿɣɧɢɣ ɨɛ’єɦɨɜɿ ɨɞɟɪɠɚɧɨɝɨ 

ɮɿɥɶɬɪɚɬɭ,                       
S

V
xh ooc                                            (3.3) 

ɞɟ  
0

x   - ɨɛ’єɦɧɢɣ ɤɨɟɮɿɰɿєɧɬ ɩɪɨɩɨɪɰɿɣɧɨɫɬɿ, ɨɬɪɢɦɚєɦɨ: 

                                     

)R
S

V
xr(

P

Sd

dV

n00 


 
                         (3.4) 

Ɉɫɤɿɥɶɤɢ ɞɥɹ ɧɟɫɬɢɫɥɢɜɨɝɨ ɨɫɚɞɭ  0r   ɬɚ  
0

x   ɧɟɡɦɿɧɧɿ, ɬɚ ɡ 
ɭɪɚɯɭɜɚɧɧɹɦ ɬɨɝɨ, ɳɨ ɩɪɨɰɟɫ ɪɟɚɥɿɡɭєɬɶɫɹ ɩɪɢ ɩɨɫɬɿɣɧɿɣ ɪɿɡɧɢɰɿ 
ɬɢɫɤɭ, ɪɨɡɞɿɥɢɜɲɢ ɡɦɿɧɧɿ ɜ ɪɿɜɧɹɧɧɿ (3.4) ɿ ɩɪɨɿɧɬɟɝɪɭɜɚɜɲɢ ɣɨɝɨ ɜ 
ɿɧɬɟɪɜɚɥɿ ɜɿɞ 0 ɞɨ, ɜɿɞɩɨɜɿɞɧɨ,    ɿ  V,  ɨɬɪɢɦɚєɦɨ: 

                                



00

2

00

n2

xr

PS
2V

xr

SR
2V                   (3.5) 

Ɂ ɭɪɚɯɭɜɚɧɧɹɦ ɨɱɟɜɢɞɧɨɝɨ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ Rɮɩ  
0r , 

ɨɬɪɢɦɚɧɟ ɪɿɜɧɹɧɧɹ ɫɩɪɨɳɭєɬɶɫɹ ɞɨ ɨɫɬɚɬɨɱɧɨɝɨ ɜɢɝɥɹɞɭ: 

                                      



00

2
2

xr

PS
2V                                   (3.6) 

ɉɪɢ ɮɿɥьɬɪɭɜɚɧɧɿ ɡ ɩɨɫɬɭɩɨɜɢɦ ɡɚɤɭɩɨɪɸɜɚɧɧɹɦ ɩɨɪ ɲɚɪ 
ɨɫɚɞɭ ɧɟ ɭɬɜɨɪɸєɬɶɫɹ, ɜ ɡɜ’ɹɡɤɭ ɡ ɱɢɦ ɜ ɪɿɜɧɹɧɧɿ (3.1) ɡɚɥɢɲɚєɬɶɫɹ 
ɬɿɥɶɤɢ ɨɩɿɪ ɮɿɥɶɬɪɭɜɚɥɶɧɨʀ ɩɟɪɟɬɢɧɤɢ, ɩɨɱɚɬɤɨɜɚ ɜɟɥɢɱɢɧɚ ɹɤɨɝɨ 
ɜɢɡɧɚɱɚєɬɶɫɹ ɡɚ ɪɿɜɧɹɧɧɹɦ Ƚɚɝɟɧɚ-ɉɭɚɡɟɣɥɹ: 

                                

k

4

k

k
n

Nr

l8
R

                                       (3.7) 

ɞɟ  kl  - ɞɨɜɠɢɧɚ ɤɚɩɿɥɹɪɚ ɩɨɪɢ ɜ ɧɚɩɪɹɦɿ ɮɿɥɶɬɪɭɜɚɧɧɹ;                   

kr  - ɟɤɜɿɜɚɥɟɧɬɧɢɣ ɪɚɞɿɭɫ ɤɚɩɿɥɹɪɚ ɜ ɦɨɦɟɧɬ ɩɨɱɚɬɤɭ ɮɿɥɶɬɪɭɜɚɧɧɹ; 
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kN - ɤɿɥɶɤɿɫɬɶ ɨɞɧɚɤɨɜɢɯ ɤɚɩɿɥɹɪɿɜ ɧɚ ɨɞɢɧɢɰɿ ɩɥɨɳɿ ɩɨɜɟɪɯɧɿ 
ɮɿɥɶɬɪɭɜɚɧɧɹ. 

ȼɪɚɯɨɜɭɸɱɢ, ɳɨ ɨɫɚɞ, ɜɿɞɤɥɚɞɚɸɱɢɫɶ ɧɚ ɫɬɿɧɤɚɯ ɤɚɩɿɥɹɪɿɜ, 
ɡɦɟɧɲɭє ʀɯ ɟɤɜɿɜɚɥɟɧɬɧɢɣ ɪɚɞɿɭɫ ɩɪɨɩɨɪɰɿɣɧɨ ɩɢɬɨɦɨɦɭ ɨɛ’єɦɭ 
ɮɿɥɶɬɪɚɬɭ  dq ,  ɨɬɪɢɦɚєɦɨ ɛɚɥɚɧɫɨɜɟ ɪɿɜɧɹɧɧɹ: 
                                           drrl2Ndqx kk0                      (3.8) 

ɞɟ  r  - ɩɨɬɨɱɧɚ ɜɟɥɢɱɢɧɚ ɪɚɞɿɭɫɚ ɤɚɩɿɥɹɪɚ 

Іɧɬɟɝɪɭɸɱɢ ɪɿɜɧɹɧɧɹ (3.8), ɨɬɪɢɦɚєɦɨ: 

                                          )rr(
x

lN
q 22

k

0

kk 


                          (3.9) 

Ɂ ɪɿɜɧɹɧɧɹ Ƚɚɝɟɧɚ-ɉɭɚɡɟɣɥɹ (3.7) ɲɜɢɞɤɿɫɬɶ ɮɿɥɶɬɪɭɜɚɧɧɹ 

ɞɨɪɿɜɧɸє:                            
k

4

k

l8

rPN




                               (3.10) 

ɡɜɿɞɤɢ ɜɢɡɧɚɱɚɸɬɶɫɹ ɪɨɡɦɿɪɢ ɤɚɩɿɥɹɪɿɜ:    
PN

l8
r

k

0k4

k 


            (3.11)                      

                                                
PN

l8
r

k

k4




                                    (3.12) 

ɞɟ 
0  - ɲɜɢɞɤɿɫɬɶ ɮɿɥɶɬɪɭɜɚɧɧɹ ɧɚ ɩɨɱɚɬɤɭ ɩɪɨɰɟɫɭ;  - ɩɨɬɨɱɧɚ 

ɲɜɢɞɤɿɫɬɶ ɮɿɥɶɬɪɭɜɚɧɧɹ.  
ɉɪɢɤɥаɞ 3.1. ȼɫɬɚɧɨɜɢɬɢ ɦɟɯɚɧɿɡɦ ɮɿɥɶɬɪɭɜɚɧɧɹ, ɹɤɳɨ ɡɚ 

ɪɟɡɭɥɶɬɚɬɚɦɢ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɮɿɥɶɬɪɭɜɚɧɧɹ ɱɟɪɟɡ ɮɿɥɶɬɪ 
ɩɥɨɳɟɸ 1 ɦ2

 ɜɢɡɧɚɱɟɧɢɣ ɨɛ’єɦ V ɮɿɥɶɬɪɚɬɭ ɱɟɪɟɡ ɩɟɜɧɿ ɩɟɪɿɨɞɢ 
ɱɚɫɭ: 

V,ɦɥ 10 20 30 40 50 60 70 80 85 

, ɫ 0 15 50 120 210 330 480 650 900 

Ɋɨɡɜ’яɡɭɜаɧɧя. Ⱦɥɹ ɩɨɛɭɞɨɜɢ ɝɪɚɮɿɤɿɜ ɪɨɡɪɚɯɨɜɭєɦɨ ɡɧɚɱɟɧɧɹ 
ɬɨɱɨɤ  ɭ ɬɚɤɢɯ ɫɢɫɬɟɦɚɯ ɤɨɨɪɞɢɧɚɬ:  q - τ/q,  q  -  ω,     - τ/q,   - 1/ ω.   

ɉɢɬɨɦɢɣ ɨɛ’єɦ ɮɿɥɶɬɪɚɬɭ q ɜɢɡɧɚɱɚєɦɨ ɹɤ ɤɿɥɶɤɿɫɬɶ Vt ɮɿɥɶɬɪɚɬɭ, 

ɨɬɪɢɦɚɧɭ ɡɚ ɩɟɪɿɨɞ ɱɚɫɭ τ, ɜɿɞɧɟɫɟɧɭ ɞɨ ɩɥɨɳɿ ɮɿɥɶɬɪɭɜɚɧɧɹ. 
ɒɜɢɞɤɿɫɬɶ ɮɿɥɶɬɪɭɜɚɧɧɹ ω ɜɢɡɧɚɱɚєɬɶɫɹ ɹɤ ɜɿɞɧɨɲɟɧɧɹ ɜɢɬɪɚɬɢ 

qt,  ɹɤɚ ɧɚɞɿɣɲɥɚ ɡɚ ɱɚɫ Δt,  ɞɨ ɰɶɨɝɨ ɩɪɨɦɿɠɤɭ ɱɚɫɭ. 
 Ɋɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ ɧɚɜɟɞɟɧɿ ɜ ɬɚɛɥ. 3.2. 
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Ɍɚɛɥɢɰɹ  3.2.  
Ɋɟɡɭɥьɬаɬɢ ɪɨɡɪаɯɭɧɤіɜ 

τ 0 15 50 120 210 330 480 650 900 

q 0 10 20 30 40 50 60 70 75 

τ/q 0 1,5 2,5 4,0 5,25 6,6 8,0 9,3 12,0 

qt 0 10 10 10 10 10 10 10 5 

Δt 0 15 35 70 90 120 150 170 250 

ω=qt/Δt 0 0,67 0,29 0,14 0,11 0,083 0,067 0,059 0,02 

1/ ω - 1,5 3,5 7,0 9,0 12,0 15,0 17,0 50,0 

Ɇɟɯɚɧɿɡɦ ɮɿɥɶɬɪɭɜɚɧɧɹ – ɡ ɭɬɜɨɪɟɧɧɹɦ ɲɚɪɭ ɨɫɚɞɭ, ɨɫɤɿɥɶɤɢ 
ɩɪɹɦɚ ɥɿɧɿɹ ɨɬɪɢɦɚɧɚ ɜ ɤɨɨɪɞɢɧɚɬɚɯ    - 1/ ω. 
ɉɪɢɤɥаɞ 3.2 ȼɢɡɧɚɱɢɬɢ ɡɧɚɱɟɧɧɹ ɩɢɬɨɦɨɝɨ ɨɩɨɪɭ ɮɿɥɶɬɪɭɜɚɧɧɸ 
ɨɫɚɞɭ ɬɚ ɮɿɥɶɬɪɭɜɚɥɶɧɨʀ ɩɟɪɟɬɢɧɤɢ ɧɚ ɩɿɞɫɬɚɜɿ ɞɚɧɢɯ 
ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɮɿɥɶɬɪɭɜɚɧɧɹ ɧɚ ɮɿɥɶɬɪɿ ɡ ɮɿɥɶɬɪɭɸɱɨɸ 
ɩɨɜɟɪɯɧɟɸ S = 0,05 ɦ2, ɩɪɢ ɩɟɪɟɩɚɞɿ ɬɢɫɤɭ ΔɊ = 49100 ɉɚ, ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɿ 20 ɨɋ. ɉɢɬɨɦɢɣ ɨɛ’єɦ ɨɫɚɞɭ ɡ 1ɦ3

 ɮɿɥɶɬɪɚɬɭ ɯɨ = 0,012 

ɦ3/ɦ3
. ȼ’ɹɡɤɿɫɬɶ ɜɨɞɢ μ = 0,001ɉɚ.ɫ 

τ,ɫ 70 145 225 335 455 770 

V, ɥ 10 15 20 25 30 40 

Ɋɨɡɜ’яɡɭɜаɧɧя. ɉɿɞɫɬɚɜɥɹɸɱɢ ɜ ɪɿɜɧɹɧɧɹ (3.4) ɡɧɚɱɟɧɧɹ ɩɢɬɨɦɨʀ 

ɜɢɬɪɚɬɢ ɮɿɥɶɬɪɚɬɭ q=V/S, ɨɬɪɢɦɚєɦɨ:         
)Rqxr(

P

d

dq

n00 


 
 ; 

ɉɿɫɥɹ ɿɧɬɟɝɪɭɜɚɧɧɹ ɦɚєɦɨ:                           
P

R
q

P2

xr

q

n00





  ; 

Ɂɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɞɚɧɢɦɢ ɪɨɡɪɚɯɨɜɭєɦɨ ɬɨɱɤɢ ɝɪɚɮɿɤɚ 
ɡɚɥɟɠɧɨɫɬɿ  τ/q ɜɿɞ q :                                                               

q,ɦ3/ɦ2 0,2 0,3 0,4 0,5 0,6 0,8 

τ/qɫɦ2/ɦ3 350 480 562 670 758 962 

Ɂɝɚɞɭɸɱɢ ɦɚɬɟɦɚɬɢɤɭ ɬɚ ɩɨɞɚɜɲɢ ɪɿɜɧɹɧɧɹ ɹɤ   

                 baq
q




,               ɞɟ        ;
P

R
b;

P2

xr
a

n00





    

ɜɢɡɧɚɱɢɦɨ а ɹɤ ɬɚɧɝɟɧɫ ɤɭɬɚ β ɧɚɯɢɥɭ ɩɪɹɦɨʀ ɞɨ ɨɫɿ ɚɛɫɰɢɫ: 
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               




2,08,0

350962
tga   1020;        0r 1,02 10-10

=1020,  

 ɨɬɠɟ,                        0r = 10
13 ɉɚ.ɫ/ɦ2

.             

Ɂ ɭɦɨɜɢ, ɳɨ ɩɪɢ ;350
q

,2,0q 


 ɬɚ ɩɿɞɫɬɚɜɥɹɸɱɢ ɰɿ ɡɧɚɱɟɧɧɹ ɜ 

ɡɚɝɚɥɶɧɟ ɪɿɜɧɹɧɧɹ:          b2,01020350  ,       

ɡɧɚɯɨɞɢɦɨ                        146b  = ;
P

R n




  

Ɂɜɿɞɫɢ                        Rɮɩ =
001,0

49100146 
=  7,2   10

9
  ɉɚ.ɫ/ɦ2

.     

4. ɐɟɧɬɪɢɮɭɝɭɜɚɧɧɹ 

ɐɟɧɬɪɢɮɭɝɭɜɚɧɧɹ ɡɞɿɣɫɧɸєɬɶɫɹ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɫɭɰɿɥɶɧɢɯ 
(ɜɿɞɰɟɧɬɪɨɜɟ ɨɫɚɞɠɟɧɧɹ) ɚɛɨ ɮɿɥɶɬɪɭɸɱɢɯ (ɜɿɞɰɟɧɬɪɨɜɟ 
ɮɿɥɶɬɪɭɜɚɧɧɹ) ɩɨɜɟɪɯɨɧɶ ɪɨɬɨɪɿɜ ɰɟɧɬɪɢɮɭɝɢ. 

ȼɿɞɰɟɧɬɪɨɜɚ ɫɢɥɚ, ɹɤɚ ɞɿє ɧɚ ɦɚɫɭ m ɩɪɢ ɪɚɞɿɭɫɿ ɨɛɟɪɬɚɧɧɹ r , 

ɞɨɪɿɜɧɸє                       r/mF 2

u                                               (4.1) 

ɞɟ    - ɨɤɪɭɠɧɚ ɲɜɢɞɤɿɫɬɶ ɨɛɟɪɬɚɧɧɹ ɩɪɢ ɤɿɥɶɤɨɫɬɿ n ɨɛɟɪɬɿɜ ɡɚ 
ɫɟɤɭɧɞɭ:                         nr2                                                                                

Ɂ ɭɪɚɯɭɜɚɧɧɹɦ ɰɶɨɝɨ, ɜɿɞɰɟɧɬɪɨɜɚ ɫɢɥɚ ɜɢɡɧɚɱɚєɬɶɫɹ ɡɚ 
ɮɨɪɦɭɥɨɸ                     rmn4F 22

u                                             (4.2) 

ɇɚ ɬɭ ɠ ɦɚɫɭ, ɳɨ ɡɧɚɯɨɞɢɬɶɫɹ ɜ ɩɨɥɿ ɝɪɚɜɿɬɚɰɿʀ, ɞɿє ɫɢɥɚ ɬɹɠɿɧɧɹ                   

.mgFn   

ȼɿɞɧɨɲɟɧɧɹ ɜɿɞɰɟɧɬɪɨɜɨʀ ɫɢɥɢ ɞɨ ɫɢɥɢ ɝɪɚɜɿɬɚɰɿʀ ɧɚɡɢɜɚєɬɶɫɹ 
ɮɚɤɬɨɪɨɦ ɪɨɡɞɿɥɟɧɧɹ Ʉɪ,  ɹɤɢɣ ɩɨɤɚɡɭє, ɧɚɫɤɿɥɶɤɢ ɫɢɥɢ ɩɪɢ 
ɰɟɧɬɪɢɮɭɝɭɜɚɧɧɿ ɩɟɪɟɜɚɠɚɸɬɶ ɫɢɥɢ, ɹɤɿ ɞɿɸɬɶ ɩɪɢ ɝɪɚɜɿɬɚɰɿɣɧɨɦɭ 
ɜɿɞɫɬɨɸɜɚɧɧɿ: 

                       rn4grn4K 222

p                                     (4.3) 

Ɂɞɚɬɧɿɫɬɶ ɞɨ ɪɨɡɞɿɥɟɧɧɹ ɜɿɞɫɬɿɣɧɢɯ ɬɚ ɮɿɥɶɬɪɭɸɱɢɯ ɰɟɧɬɪɢɮɭɝ 
ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ ɿɧɞɟɤɫɨɦ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ Ip, ɹɤɢɣ ɜɿɞɩɨɜɿɞɚє 
ɩɥɨɳɿ ɜɿɞɫɬɿɣɧɢɤɚ (ɩɥɨɳɿ ɮɿɥɶɬɪɭ), ɳɨ ɣɨɦɭ ɟɤɜɿɜɚɥɟɧɬɧɚ 
ɰɟɧɬɪɢɮɭɝɚ ɡ ɩɥɨɳɟɸ F ɰɢɥɿɧɞɪɢɱɧɨʀ ɩɨɜɟɪɯɧɿ ɨɫɚɞɠɟɧɧɹ ɜ ɪɨɬɨɪɿ 
ɰɟɧɬɪɢɮɭɝɢ:                           m

pp FKI                                          (4.4) 
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ɞɟ m - ɤɨɟɮɿɰɿєɧɬ, ɹɤɢɣ ɡɚɥɟɠɢɬɶ ɜɿɞ ɪɟɠɢɦɭ ɨɫɚɞɠɟɧɧɹ ɱɚɫɬɨɤ ɜ 
ɪɨɬɨɪɿ:       m = 1 ɞɥɹ ɥɚɦɿɧɚɪɧɨɝɨ, m = 0,715 ɞɥɹ  ɩɟɪɟɯɿɞɧɨɝɨ ɿ m = 0,5 

ɞɥɹ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɪɟɠɢɦɭ. 
ɉɥɨɳɚ ɩɨɜɟɪɯɧɿ ɰɟɧɬɪɢɮɭɝɢ ɞɿɚɦɟɬɪɨɦ D (ɪɚɞɿɭɫɨɦ R) 

ɞɨɜɠɢɧɨɸ L ɞɨɪɿɜɧɸє F=2(R-0,5h)L ɩɪɢ ɫɟɪɟɞɧɿɣ ɬɨɜɳɢɧɿ ɲɚɪɭ 
ɨɫɚɞɭ h. ȼɿɞɩɨɜɿɞɧɨ ɮɚɤɬɨɪ ɪɨɡɞɿɥɟɧɧɹ ɬɚ ɿɧɞɟɤɫ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ  
ɰɟɧɬɪɢɮɭɝɢ ɩɪɢ m = 1 ɜɢɡɧɚɱɚɸɬɶ ɡɚ ɮɨɪɦɭɥɚɦɢ 

                            h5,0Rn4K 2

p                                        (4.5) 

                         22

p n)h5,0R(L8I                                   (4.6) 

Ɂɦɟɧɲɟɧɧɹ ɞɿɣɫɧɨʀ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɰɟɧɬɪɢɮɭɝɢ Qɞ ɩɨɪɿɜɧɹɧɨ ɡ 
ɬɟɨɪɟɬɢɱɧɨɸ Qɬ ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ ɤɨɟɮɿɰɿєɧɬɨɦ ɟɮɟɤɬɢɜɧɨɫɬɿ 
                                            ,QQ pu                                       (4.7) 

ɹɤɢɣ ɜɢɡɧɚɱɚєɬɶɫɹ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɞɥɹ ɤɨɠɧɨʀ ɤɨɧɫɬɪɭɤɰɿʀ 
ɰɟɧɬɪɢɮɭɝ. 

Вɿɞɫɬɿɣɧɿ ɬɚ ɮɿɥьɬɪɭɸɱɿ  ɰɟɧɬɪɢɮɭɝɢ ɪɨɡɪɚɯɨɜɭɸɬɶɫɹ ɜ ɬɚɤɿɣ 
ɩɨɫɥɿɞɨɜɧɨɫɬɿ: 

- ɜɢɡɧɚɱɚєɬɶɫɹ ɫɟɪɟɞɧɿɣ ɪɚɞɿɭɫ )rr(5,0r cpcp   ɰɟɧɬɪɢɮɭɝɢ, 

ɜɢɯɨɞɹɱɢ ɡ ɜɟɥɢɱɢɧɢ ɪɚɞɿɭɫɭ  rp  ɪɨɬɨɪɚ ɬɚ  rc=rp-h ɡɚɩɨɜɧɟɧɨʀ 
ɨɫɚɞɨɦ ɰɟɧɬɪɢɮɭɝɢ, ɬɚ ɩɥɨɳɚ F  ɩɨɜɟɪɯɧɿ ɮɿɥɶɬɪɭɜɚɧɧɹ 
(ɨɫɚɞɠɭɜɚɧɧɹ); 

- ɜɢɡɧɚɱɚєɬɶɫɹ ɿɧɞɟɤɫ  ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ  Іɪ ɜɢɛɪɚɧɨʀ ɰɟɧɬɪɢɮɭɝɢ; 
- ɪɨɡɪɚɯɨɜɭєɬɶɫɹ ɬɟɨɪɟɬɢɱɧɚ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ Qɬ ɰɟɧɬɪɢɮɭɝɢ: 

                                  Qɬ= α Іɪ;                                             (4.8) 

ɞɟ α ɞɥɹ ɜɿɞɫɬɿɣɧɢɯ ɰɟɧɬɪɢɮɭɝ є ɪɨɡɪɚɯɭɧɤɨɜɨɸ ɲɜɢɞɤɿɫɬɸ 
oc

 ɨɫɚɞɠɟɧɧɹ ɱɚɫɬɨɤ ɫɭɫɩɟɧɡɿʀ ɩɿɞ ɞɿєɸ ɫɢɥ ɬɹɠɿɧɧɹ, ɚ ɞɥɹ 
ɮɿɥьɬɪɭɸɱɢɯ ɰɟɧɬɪɢɮɭɝ – ɫɬɚɥɨɸ ɮɿɥɶɬɪɭɜɚɧɧɹ, ɹɤɚ ɡɚɥɟɠɢɬɶ ɜɿɞ 
ɝɭɫɬɢɧɢ  , ɤɿɧɟɦɚɬɢɱɧɨʀ ɜ’ɹɡɤɨɫɬɿ  ɬɚ ɩɢɬɨɦɨɝɨ ɨɩɨɪɭ ocr ɨɫɚɞɭ ɿ 
ɜɢɡɧɚɱɚєɬɶɫɹ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ:       ;

roc

2


   

- ɭɬɨɱɧɸєɬɶɫɹ ɞɿɣɫɧɚ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ Q  ɰɟɧɬɪɢɮɭɝɢ ɡ ɜɿɞɨɦɢɦ 
ɤɨɟɮɿɰɿєɧɬɨɦ    ɟɮɟɤɬɢɜɧɨɫɬɿ ɚɩɚɪɚɬɿɜ ɜɢɛɪɚɧɨɝɨ ɬɢɩɭ; 

- ɜɢɡɧɚɱɚєɬɶɫɹ ɩɨɬɪɿɛɧɚ ɤɿɥɶɤɿɫɬɶ ɰɟɧɬɪɢɮɭɝ ɞɥɹ ɩɟɪɟɪɨɛɤɢ 
ɡɚɞɚɧɨʀ   ɤɿɥɶɤɨɫɬɿ Q ɫɭɫɩɟɧɡɿʀ:              .QQN                          (4.9) 

ɉɪɢɤɥаɞ 4.1. ȼɢɡɧɚɱɢɬɢ ɬɟɨɪɟɬɢɱɧɭ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɮɿɥɶɬɪɭɸɱɨʀ 
ɰɟɧɬɪɢɮɭɝɢ ɡ ɪɚɞɿɭɫɨɦ ɪɨɬɨɪɚ 0,35 ɦ, ɞɨɜɠɢɧɨɸ 1,8 ɦ, ɹɤɢɣ 
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ɨɛɟɪɬɚєɬɶɫɹ ɡ ɲɜɢɞɤɿɫɬɸ 3600 ɨɛ/ɯɜ. Ɍɨɜɳɢɧɭ ɲɚɪɭ ɨɫɚɞɭ ɩɪɢɣɧɹɬɢ 
6ɫɦ. ɉɢɬɨɦɢɣ ɨɩɿɪ ɨɫɚɞɭ ɫɬɚɧɨɜɢɬɶ ocr =2,5ɯ109ɉɚ.ɫ/ɦ2

, 

ɝɭɫɬɢɧɚ  =1000 ɤɝ/ɦ3, ɜ’ɹɡɤɿɫɬɶ  =10
-3

 ɉɚ.ɫ. 
Ɋɨɡɜ’яɡɭɜаɧɧя. ɒɜɢɞɤɿɫɬɶ ɨɛɟɪɬɚɧɧɹ ɪɨɬɨɪɚ n = 3600/60 = 60 ɨɛ/ɫ.  

Ɏɚɤɬɨɪ ɪɨɡɞɿɥɟɧɧɹ ɰɟɧɬɪɢɮɭɝɢ ɡ ɲɚɪɨɦ ɨɫɚɞɭ (ɫɟɪɟɞɧɿɣ ɪɚɞɿɭɫ 
ɪɨɬɨɪɚ  rМɪ=(0,35-0,06/2) = 0,32 ɦ) ɡɧɚɯɨɞɢɦɨ ɡɚ ɮɨɪɦɭɥɨɸ (4.2): 
                                  460832,0604rn4K 2

cp

2

p  
. 

ɉɥɨɳɚ ɮɿɥɶɬɪɭɜɚɧɧɹ:F= 2πrcpL = 2   3,14   0,32   1,8 =3,617ɦ2
. 

Іɧɞɟɤɫ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɡɧɚɯɨɞɢɦɨ ɡɚ ɮɨɪɦɭɥɨɸ (4.4) ɩɪɢ m = 0,5 

ɞɥɹ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɪɟɠɢɦɭ, ɦ2
:          2464608617,3I 5,0

p  . 

ɋɬɚɥɚ ɮɿɥɶɬɪɭɜɚɧɧɹ:                      3

93

2

1094,3
105,210

100014,3 
 




 . 

Ɍɟɨɪɟɬɢɱɧɚ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ         Qɬ=0,00394
.
46 = 0,969 ɦ3/ɫ. 

 ɉɪɢɤɥаɞ 4.2. ȼɢɡɧɚɱɢɬɢ ɬɟɨɪɟɬɢɱɧɭ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ 
ɨɫɚɞɠɭɜɚɥɶɧɨʀ ɰɟɧɬɪɢɮɭɝɢ ɡ ɪɨɬɨɪɨɦ ɞɿɚɦɟɬɪɨɦ 0,3 ɦ, ɞɨɜɠɢɧɨɸ 
1,5 ɦ, ɹɤɢɣ ɨɛɟɪɬɚєɬɶɫɹ ɡ ɲɜɢɞɤɿɫɬɸ 3000 ɨɛ/ɯɜ. Ɍɨɜɳɢɧɭ ɲɚɪɭ 
ɨɫɚɞɭ ɩɪɢɣɧɹɬɢ 6 ɫɦ. Ƚɿɞɪɚɜɥɿɱɧɚ ɤɪɭɩɧɿɫɬɶ ɱɚɫɬɨɤ, ɹɤɿ 
ɡɚɬɪɢɦɭɸɬɶɫɹ ɰɟɧɬɪɢɮɭɝɨɸ, 1,4 ɦɦ/ɫ. 
Ɋɨɡɜ’яɡɭɜаɧɧя. Ɏɚɤɬɨɪ ɪɨɡɞɿɥɟɧɧɹ ɰɟɧɬɪɢɮɭɝɢ ɡ ɲɚɪɨɦ ɨɫɚɞɭ 
(ɫɟɪɟɞɧɿɣ ɪɚɞɿɭɫ ɪɨɬɨɪɚ rМɪ=(0,3/2-0,06/2) = 0,12ɦ) ɡɧɚɯɨɞɢɦɨ ɡɚ 
ɮɨɪɦɭɥɨɸ(4.2):    120012,0)60/3000(4rn4K 2

cp

2

p  . 

ɉɥɨɳɚ ɮɿɥɶɬɪɭɜɚɧɧɹ    F = 2πrcpL = 2 3,14   0,12   1,5 =1,13 ɦ2
. 

Іɧɞɟɤɫ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɡɧɚɯɨɞɢɦɨ ɡɚ ɮɨɪɦɭɥɨɸ (4.4) ɩɪɢ m = 0,5 

ɞɥɹ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɪɟɠɢɦɭ:                   3920013,1I 5,0

p  . 

 Ɂɚ ɮɨɪɦɭɥɨɸ (4.8) ɬɟɨɪɟɬɢɱɧɚ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ  ɫɬɚɧɨɜɢɬɶ 

Qɬ=0,0014   39 = 0,0585 ɦ3/ɫ = 210,6        ɦ3/ɝɨɞ. 

5. Ⱥɞɫɨɪɛɰɿɹ 

Ⱥɞɫɨɪɛɰɿɹ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɞɥɹ ɝɥɢɛɨɤɨɝɨ ɨɱɢɳɟɧɧɹ ɜɨɞɢ, ɹɤɚ 
ɩɿɞɩɚɞɚє ɩɿɞ ɜɢɡɧɚɱɟɧɧɹ ɪɨɡɜɟɞɟɧɢɯ ɪɨɡɱɢɧɿɜ. Ʉɨɟɮɿɰɿєɧɬ 
ɪɨɡɩɨɞɿɥɟɧɧɹ ɞɥɹ ɬɚɤɢɯ ɫɢɫɬɟɦ ɜɜɚɠɚєɬɶɫɹ ɫɬɚɥɨɸ ɜɟɥɢɱɢɧɨɸ: 

                            ;const
C

A
K                                        (5.1) 

ɞɟ   А  ɿ  ɋ  - ɪɿɜɧɨɜɚɠɧɿ ɤɨɧɰɟɧɬɪɚɰɿʀ ɪɨɡɩɨɞɿɥɟɧɨʀ ɪɟɱɨɜɢɧɢ 
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ɜɿɞɩɨɜɿɞɧɨ ɜ ɚɞɫɨɪɛɟɧɬɿ ɿ ɭ ɜɨɞɧɨɦɭ ɪɨɡɱɢɧɿ. 
Сɬɚɬɢɱɧɨɸ ɚɤɬɢɜɧɿɫɬɸ ɚɞɫɨɪɛɟɧɬɭ ɧɚɡɢɜɚɸɬɶ ɦɚɤɫɢɦɚɥɶɧɭ 

ɩɢɬɨɦɭ ɤɿɥɶɤɿɫɬɶ ɩɨɝɥɢɧɭɬɨʀ ɪɟɱɨɜɢɧɢ ɩɪɢ ɩɟɜɧɿɣ ʀʀ ɪɿɜɧɨɜɚɠɧɿɣ 
ɤɨɧɰɟɧɬɪɚɰɿʀ ɜ ɪɨɡɱɢɧɿ. 

Ȼɚɥɚɧɫɨɜɟ ɪɿɜɧɹɧɧɹ ɩɪɨɰɟɫɭ ɫɬɚɬɢɱɧɨʀ ɚɞɫɨɪɛɰɿʀ ɦɚє ɜɢɝɥɹɞ 

                       ;CGAGCGAG ɤ
В
ɤɤ

А
ɤɩ

B

ɩɩ
А
ɩ                               (5.2) 

ɞɟ  B

ɤ
B

ɩ
A

ɤ
A

ɩ G,G,G,G   - ɜɿɞɩɨɜɿɞɧɨ, ɦɚɫɢ ɚɞɫɨɪɛɟɧɬɭ ɿ ɜɨɞɢ ɞɨ ɿ ɩɿɫɥɹ 
ɩɪɨɰɟɫɭ ɚɞɫɨɪɛɰɿʀ; ɤɩɤɩ C,C,A,A  - ɜɿɞɩɨɜɿɞɧɨ, ɤɨɧɰɟɧɬɪɚɰɿʀ 
ɪɨɡɩɨɞɿɥɟɧɨʀ ɪɟɱɨɜɢɧɢ ɜ ɚɞɫɨɪɛɟɧɬɿ ɿ ɭ ɜɨɞɿ ɞɨ ɿ ɩɿɫɥɹ ɩɪɨɰɟɫɭ 
ɚɞɫɨɪɛɰɿʀ. 

ȼɪɚɯɨɜɭɸɱɢ ɨɱɟɜɢɞɧɿ ɫɩɪɨɳɟɧɧɹ, ( A

A

ɤ
A

ɩ GGG  ; 

B

B

ɤ
B

ɩ GGG  )  ɬɚ ɜɢɯɨɞɹɱɢ ɡ ɩɨɱɚɬɤɨɜɨʀ ɭɦɨɜɢ  0Aɩ  ,  ɲɥɹɯɨɦ 
ɩɪɨɫɬɨɝɨ ɩɟɪɟɬɜɨɪɟɧɧɹ ɪɿɜɧɹɧɧɹ (5.2) ɨɬɪɢɦɚєɦɨ 

                                            ɤBAɤɩ A)GG(CC                         (5.3) 

ɉɨɡɧɚɱɢɜɲɢ ɹɤ m ɩɢɬɨɦɭ ɜɢɬɪɚɬɭ ɚɞɫɨɪɛɟɧɬɭ, BA GGm  , ɿ 
ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿєɧɬɚ ɪɨɡɩɨɞɿɥɭ ɜ ɩɪɨɰɟɫɿ, 

ɤɤ CAK  , ɜɢɡɧɚɱɢɦɨ ɟɮɟɤɬ ɨɞɧɨɫɬɭɩɟɧɟɜɨɝɨ ɫɬɚɬɢɱɧɨɝɨ 

ɚɞɫɨɪɛɰɿɣɧɨɝɨ ɨɱɢɳɟɧɧɹ ɜɨɞɢ          
mK1

1
CC ɩɤ 

                 (5.4) 

Ⱦɥɹ n-ɫɬɭɩɟɧɟɜɨʀ ɩɨɫɥɿɞɨɜɧɨʀ ɫɬɚɬɢɱɧɨʀ ɚɞɫɨɪɛɰɿʀ ɡ 
ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɜ ɤɨɠɧɨɦɭ ɫɬɭɩɟɧɿ ɫɜɿɠɨɝɨ ɚɞɫɨɪɛɟɧɬɭ, ɩɢɬɨɦɚ 
ɜɢɬɪɚɬɚ ɹɤɨɝɨ m, ɟɮɟɤɬ ɨɱɢɳɟɧɧɹ ɫɬɚɧɨɜɢɬɢɦɟ 

                               
nɩɤ

)mK1(

1
CC


                             (5.5) 

Ⱥɧɚɥɿɡ ɪɿɜɧɹɧɧɹ (5.5) ɫɜɿɞɱɢɬɶ, ɳɨ ɡɞɚɬɧɿɫɬɶ ɚɞɫɨɪɛɟɧɬɭ ɞɨ 
ɩɨɝɥɢɧɚɧɧɹ ɡɧɚɱɧɨ ɩɨɜɧɿɲɟ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɩɪɢ ɣɨɝɨ 
ɛɚɝɚɬɨɫɬɭɩɟɧɟɜɨɦɭ ɞɪɨɛɨɜɨɦɭ ɜɜɟɞɟɧɧɿ, ɬɨɦɭ ɬɚɤɚ ɬɟɯɧɨɥɨɝɿɹ 
ɞɨɡɜɨɥɹє ɨɬɪɢɦɚɬɢ ɤɪɚɳɭ ɹɤɿɫɬɶ ɨɱɢɳɟɧɨʀ ɜɨɞɢ ɩɪɢ ɨɞɧɚɤɨɜɿɣ 
ɜɢɬɪɚɬɿ ɚɞɫɨɪɛɟɧɬɭ ɚɛɨ ɫɭɬɬєɜɨ ɡɦɟɧɲɢɬɢ ɣɨɝɨ ɜɢɬɪɚɬɭ ɩɪɢ ɡɚɞɚɧɿɣ 
ɹɤɨɫɬɿ ɨɱɢɳɟɧɨʀ ɜɨɞɢ. 

Ⱥɞɫɨɪɛɟɧɬ, ɹɤɢɣ ɧɚɫɢɱɟɧɢɣ ɞɨ ɫɬɚɧɭ ɪɿɜɧɨɜɚɝɢ ɜ ɪɨɡɱɢɧɿ ɩɟɜɧɨʀ 
ɤɨɧɰɟɧɬɪɚɰɿʀ, ɦɨɠɟ ɞɨɞɚɬɤɨɜɨ ɩɨɝɥɢɧɚɬɢ ɪɟɱɨɜɢɧɭ, ɹɤɳɨ ɣɨɝɨ 
ɩɨɦɿɫɬɢɬɢ ɜ ɛɿɥɶɲ ɤɨɧɰɟɧɬɪɨɜɚɧɢɣ ɪɨɡɱɢɧ ɬɿєʀ ɠ ɪɟɱɨɜɢɧɢ. ɐɟɣ 
ɜɢɫɧɨɜɨɤ ɩɿɞɬɜɟɪɞɠɭєɬɶɫɹ ɯɚɪɚɤɬɟɪɨɦ ɤɪɢɜɨʀ ɪɿɜɧɨɜɚɝɢ ɿ ɜɿɧ є 
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ɨɫɧɨɜɨɸ ɞɥɹ ɬɟɯɧɨɥɨɝɿʀ ɚɞɫɨɪɛɰɿʀ ɡ ɩɪɨɬɢɬɟɱɿєɸ. 

ȿɮɟɤɬ  n-ɫɬɭɩɟɧɟɜɨɝɨ ɚɞɫɨɪɛɰɿɣɧɨɝɨ ɨɱɢɳɟɧɧɹ ɡ ɩɪɨɬɢɬɟɱɿєɸ 

ɫɬɚɧɨɜɢɬɶ:                .
1)mK(

1mK
CC

1nɩɤ 


                                  (5.6) 

ɐɿɤɚɜɨ, ɳɨ ɰɟ ɪɿɜɧɹɧɧɹ (ɚ ɡɧɚɱɢɬɶ, ɿ ɫɬɭɩɟɧɟɜɚ ɚɞɫɨɪɛɰɿɹ ɡ 
ɩɪɨɬɢɬɟɱɿєɸ) ɦɚɸɬɶ ɩɟɜɧɢɣ ɮɿɡɢɱɧɢɣ ɫɟɧɫ ɥɢɲɟ ɩɪɢ ɡɧɚɱɟɧɧɹɯ    
mK  >  1. 

Ʉɿɥɶɤɿɫɬɶ ɫɬɭɩɟɧɿɜ n ɞɥɹ ɡɚɛɟɡɩɟɱɟɧɧɹ ɛɚɠɚɧɨɝɨ ɟɮɟɤɬɭ 

ɨɱɢɳɟɧɧɹ ɩɪɢ ɩɨɫɥɿɞɨɜɧɿɣ ɚɞɫɨɪɛɰɿʀ     
)mK1ln(

)CC(ln
n

gr


          (5.7) 

ɿ ɩɪɢ ɚɞɫɨɪɛɰɿʀ ɡ ɩɪɨɬɢɬɟɱɿєɸ      
)mKln(

)
C

C)1mK(C
ln(

n ɤ

ɤɩ 

     (5.8) 

ȼɢɬɪɚɬɚ ɚɞɫɨɪɛɟɧɬɭ ɩɪɢ  n-ɫɬɭɩɟɧɟɜɿɣ ɩɨɫɥɿɞɨɜɧɿɣ ɚɞɫɨɪɛɰɿʀ 

ɛɭɞɟ                                          
K

1

C

C
m n

ɤ

n                                   (5.9) 

ɚ ɩɪɢ ɚɞɫɨɪɛɰɿʀ ɡ ɩɪɨɬɢɬɟɱɿєɸ ɜɢɡɧɚɱɚєɬɶɫɹ ɡ ɪɿɜɧɹɧɧɹ: 

                                 
1n)mK( 

 - 01)1mK(
C

C

ɤ

ɩ                  (5.10) 

Ⱦɢɧɚɦɿɱɧɚ ɚɞɫɨɪɛɰɿɹ ɪɟɚɥɿɡɭєɬɶɫɹ ɲɥɹɯɨɦ ɮɿɥɶɬɪɭɜɚɧɧɹ 
ɡɚɛɪɭɞɧɟɧɨʀ ɜɨɞɢ ɱɟɪɟɡ ɲɚɪ ɚɞɫɨɪɛɟɧɬɭ. Ⱦɢɧɚɦɿɱɧɚ ɚɤɬɢɜɧɿɫɬɶ ɲɚɪɭ 
ɚɞɫɨɪɛɟɧɬɭ ɜɢɡɧɚɱɚєɬɶɫɹ ɫɟɪɟɞɧɶɨɸ ɜ ɰɶɨɦɭ ɲɚɪɿ ɤɨɧɰɟɧɬɪɚɰɿєɸ 
ɚɞɫɨɪɛɬɢɜɭ, ɹɤɚ ɞɨɫɹɝɚєɬɶɫɹ ɜ ɦɨɦɟɧɬ ɣɨɝɨ ɩɨɹɜɢ ɭ  ɮɿɥɶɬɪɚɬɿ. 

ɏɚɪɚɤɬɟɪ ɩɟɪɟɛɿɝɭ ɩɪɨɰɟɫɭ ɚɞɫɨɪɛɰɿʀ ɭ ɱɚɫɿ ɡɚɥɟɠɢɬɶ ɜɿɞ ɬɨɝɨ, ɜ 
ɹɤɨɦɭ ɪɟɠɢɦɿ – ɩɟɪɿɨɞɢɱɧɨɦɭ ɱɢ ɛɟɡɩɟɪɟɪɜɧɨɦɭ, - ɜɿɧ ɪɟɚɥɿɡɭєɬɶɫɹ. 
Ɋɨɡɞɿɥɟɧɧɹ ɪɟɠɢɦɿɜ ɧɚ ɩɟɪɿɨɞɢɱɧɿ ɬɚ ɛɟɡɩɟɪɟɪɜɧɿ ɩɨɜ’ɹɡɚɧɟ, ɩɟɪɲ ɡɚ 
ɜɫɟ, ɿɡ ɫɬɚɧɨɦ, ɜ ɹɤɨɦɭ ɩɟɪɟɛɭɜɚє ɜ ɩɪɨɰɟɫɿ ɲɚɪ ɚɞɫɨɪɛɟɧɬɭ: ɛɭɞɟ ɜɿɧ 
ɧɟɪɭɯɨɦɢɦ ɱɢ ɪɭɯɨɦɢɦ. 

ɉɟɪɿɨɞɢɱɧɿ ɩɪɨɰɟɫɢ ɚɞɫɨɪɛɰɿʀ ɡ ɧɟɪɭɯɨɦɢɦ ɚɞɫɨɪɛɟɧɬɨɦ ɞɨɰɿɥɶɧɿ 
ɡ ɬɨɱɤɢ ɡɨɪɭ ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɨɝɥɢɧɚɸɱɨʀ ɫɩɪɨɦɨɠɧɨɫɬɿ ɚɞɫɨɪɛɟɧɬɭ ɿ 
ɬɨɦɭ ɜɚɪɬɨ ɪɨɡɝɥɹɧɭɬɢ ʀɯ ɩɟɜɧɿ ɨɫɨɛɥɢɜɨɫɬɿ. 

əɤɳɨ ɞɨ ɲɚɪɭ ɱɢɫɬɨɝɨ ɚɞɫɨɪɛɟɧɬɭ ɛɟɡɩɟɪɟɪɜɧɨ ɧɚɞɯɨɞɢɬɶ ɿ 
ɪɭɯɚєɬɶɫɹ ɱɟɪɟɡ ɰɟɣ ɲɚɪ, ɧɚɩɪɢɤɥɚɞ, ɜ ɧɚɩɪɹɦɤɭ ɡɜɟɪɯɭ ɜɧɢɡ, ɜ 
ɪɟɠɢɦɿ ɿɞɟɚɥɶɧɨɝɨ ɜɢɬɢɫɤɭɜɚɧɧɹ ɩɨɬɿɤ ɜɨɞɢ ɡ ɩɟɜɧɨɸ ɩɨɱɚɬɤɨɜɨɸ 
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ɤɨɧɰɟɧɬɪɚɰɿєɸ ɪɟɱɨɜɢɧɢ, ɬɨ ɱɟɪɟɡ ɹɤɢɣɫɶ ɩɪɨɦɿɠɨɤ ɱɚɫɭ ɧɚ ɩɟɪɲɿɣ 

ɡɚ ɪɭɯɨɦ ɩɨɬɨɤɭ (ɥɨɛɨɜɿɣ ɱɢ ɮɪɨɧɬɚɥɶɧɿɣ) ɞɿɥɹɧɰɿ ɲɚɪɭ ɚɞɫɨɪɛɟɧɬɭ 
ɜɫɬɚɧɨɜɢɬɶɫɹ ɪɿɜɧɨɜɚɝɚ ɿ ɩɨɝɥɢɧɚɧɧɹ ɚɞɫɨɪɛɬɢɜɭ ɩɪɚɤɬɢɱɧɨ 
ɡɭɩɢɧɢɬɶɫɹ. Ɍɨɦɭ ɩɨɬɿɤ "ɩɪɨɫɤɚɤɭє" ɱɟɪɟɡ ɰɸ ɞɿɥɹɧɤɭ ɛɟɡ ɡɦɿɧɢ 
ɤɨɧɰɟɧɬɪɚɰɿʀ, ɚ ɡɨɧɚ ɩɨɝɥɢɧɚɧɧɹ ɩɟɪɟɦɿɫɬɢɬɶɫɹ ɜ ɧɚɫɬɭɩɧɢɣ ɡɚ 
ɥɨɛɨɜɢɦ ɲɚɪ ɚɞɫɨɪɛɟɧɬɭ. 

əɤɛɢ ɲɜɢɞɤɿɫɬɶ ɩɨɝɥɢɧɚɧɧɹ ɛɭɥɚ ɧɟɫɤɿɧɱɟɧɧɨ ɜɟɥɢɤɨɸ, 
ɚɞɫɨɪɛɰɿɹ ɜ ɧɚɫɬɭɩɧɢɯ ɲɚɪɚɯ ɩɪɨɯɨɞɢɥɚ ɛ ɥɢɲɟ ɩɿɫɥɹ ɩɨɜɧɨɝɨ 
ɧɚɫɢɱɟɧɧɹ ɚɞɫɨɪɛɬɢɜɨɦ ɩɨɩɟɪɟɞɧɿɯ ɲɚɪɿɜ. Ⱥɥɟ ɱɟɪɟɡ ɫɤɿɧɱɟɧɧɟ 
ɡɧɚɱɟɧɧɹ ɲɜɢɞɤɨɫɬɿ ɦɚɫɨɩɟɪɟɞɚɱɿ ɪɨɡɩɨɞɿɥ ɚɞɫɨɪɛɬɢɜɭ ɩɨ ɬɨɜɳɢɧɿ 
ɲɚɪɭ ɩɪɨɯɨɞɢɬɶ ɩɥɚɜɧɨ, ɡ ɭɬɜɨɪɟɧɧɹɦ ɮɪɨɧɬɭ ɚɞɫɨɪɛɰɿʀ. ɑɟɪɟɡ 
ɞɟɹɤɢɣ ɫɤɿɧɱɟɧɧɢɣ ɩɪɨɦɿɠɨɤ ɱɚɫɭ ɜɿɞ ɩɨɱɚɬɤɭ ɩɪɨɰɟɫɭ ɩɪɨɮɿɥɶ 
ɮɪɨɧɬɭ ɚɞɫɨɪɛɰɿʀ ɫɬɚɛɿɥɿɡɭєɬɶɫɹ ɿ ɫɬɚє ɩɪɚɤɬɢɱɧɨ ɧɟɡɦɿɧɧɢɦ. 
Ɍɪɢɜɚɥɿɫɬɶ ɪɨɛɨɬɢ ɲɚɪɭ ɚɞɫɨɪɛɟɧɬɭ ɞɨ ɬɚɤɨɝɨ ɧɚɫɢɱɟɧɧɹ ɣɨɝɨ 
ɥɨɛɨɜɨʀ ɞɿɥɹɧɤɢ ɜ ɩɟɪɿɨɞɢɱɧɨɦɭ ɩɪɨɰɟɫɿ ɧɚɡɢɜɚєɬɶɫɹ ɩɟɪɿɨɞɨɦ 
ɮɨɪɦɭɜɚɧɧɹ ɮɪɨɧɬɭ ɚɞɫɨɪɛɰɿʀ ɿ ɩɨɡɧɚɱɚєɬɶɫɹ ɱɟɪɟɡ 

0
 . 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɡɨɧɚ ɚɞɫɨɪɛɰɿʀ ɩɟɪɟɫɭɜɚєɬɶɫɹ ɡ ɱɚɫɨɦ ɩɨ ɜɫɶɨɦɭ 
ɲɚɪɭ ɚɞɫɨɪɛɟɧɬɭ ɜɝɥɢɛ ɡ ɩɟɜɧɨɸ ɩɥɚɜɧɨɸ ɡɦɿɧɨɸ ɤɨɧɰɟɧɬɪɚɰɿʀ 
ɚɞɫɨɪɛɬɢɜɭ ɜ ɡɨɧɿ. ɐɹ ɡɦɿɧɚ ɤɨɧɰɟɧɬɪɚɰɿʀ ɩɪɨɬɿɤɚє ɩɨ-ɪɿɡɧɨɦɭ ɞɥɹ 
ɥɨɛɨɜɨʀ ɬɚ ɧɚɫɬɭɩɧɢɯ ɞɿɥɹɧɨɤ ɲɚɪɭ. 

ɉɿɫɥɹ ɡɚɤɿɧɱɟɧɧɹ ɩɟɪɲɨɝɨ ɩɟɪɿɨɞɭ ɮɨɪɦɭɜɚɧɧɹ ɮɪɨɧɬɭ ɚɞɫɨɪɛɰɿʀ 
ɜ ɧɟɪɭɯɨɦɨɦɭ ɲɚɪɿ ɚɞɫɨɪɛɟɧɬɭ ɩɨɱɢɧɚєɬɶɫɹ ɞɪɭɝɢɣ ɩɟɪɿɨɞ - 

ɩɚɪɚɥɟɥɶɧɨɝɨ ɩɟɪɟɧɨɫɭ ɫɬɚɰɿɨɧɚɪɧɨɝɨ ɮɪɨɧɬɭ ɚɞɫɨɪɛɰɿʀ, ɹɤɢɣ 
ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ ɩɟɪɟɦɿɳɟɧɧɹɦ ɧɟɡɦɿɧɧɨɝɨ ɩɪɨɮɿɥɸ ɤɨɧɰɟɧɬɪɚɰɿɣ 
ɡɚ ɧɚɩɪɹɦɤɨɦ ɩɨɬɨɤɭ ɡ ɞɟɹɤɨɸ ɩɨɫɬɿɣɧɨɸ ɲɜɢɞɤɿɫɬɸ  u. 

ɉɨɱɢɧɚɸɱɢ ɜɿɞ ɦɨɦɟɧɬɭ ɜɢɯɨɞɭ ɡ ɲɚɪɭ ɚɞɫɨɪɛɟɧɬɭ ɬɨɱɤɢ ɮɪɨɧɬɭ 
ɡ ɧɭɥɶɨɜɨɸ ɤɨɧɰɟɧɬɪɚɰɿєɸ, ɳɨ ɜɿɞɩɨɜɿɞɚє ɩɨɱɚɬɤɭ "ɩɪɨɫɤɨɤɭ" 
ɚɞɫɨɪɛɬɢɜɭ, ɡɚɜɟɪɲɚєɬɶɫɹ ɩɟɪɿɨɞ ɚɞɫɨɪɛɰɿɣɧɨʀ ɚɛɨ ɡɚɯɢɫɧɨʀ ɞɿʀ 
ɲɚɪɭ. 

Ɍɚɤɚ ɫɩɪɨɳɟɧɚ ɦɨɞɟɥɶ ɩɪɨɰɟɫɭ ɩɟɪɿɨɞɢɱɧɨʀ ɚɞɫɨɪɛɰɿʀ 
ɧɚɡɢɜɚєɬɶɫɹ ɦɨɞɟɥɥɸ ɩɨɲɚɪɨɜɨɝɨ (ɮɪɨɧɬɚɥьɧɨɝɨ) ɜɿɞɩɪɚɰɸɜɚɧɧɹ 
ɲɚɪɭ ɚɞɫɨɪɛɟɧɬɭ. 

Ⱦɿɥɹɧɤɚ ɲɚɪɭ ɚɞɫɨɪɛɟɧɬɭ ɞɨɜɠɢɧɨɸ 
0

l , ɧɚ ɹɤɿɣ ɡɞɿɣɫɧɸєɬɶɫɹ 
ɫɩɚɞɚɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ ɚɞɫɨɪɛɬɢɜɭ ɜ ɩɨɬɨɰɿ ɜɿɞ ɩɨɱɚɬɤɨɜɨʀ ɞɨ 
ɧɭɥɶɨɜɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ, ɧɚɡɢɜɚєɬɶɫɹ ɩɪɚɰɸɸɱɢɦ ɲɚɪɨɦ ɚɛɨ ɡɨɧɨɸ 
ɦɚɫɨɩɟɪɟɞɚɱɿ. 

Ɋɿɜɧɹɧɧɹ ɪɟɠɢɦɭ ɩɚɪɚɥɟɥɶɧɨɝɨ ɩɟɪɟɧɨɫɭ ɡ ɩɨɫɬɿɣɧɨɸ ɲɜɢɞɤɿɫɬɸ 
ɮɪɨɧɬɭ ɚɞɫɨɪɛɰɿʀ ɜɢɡɧɚɱɚє ɬɪɢɜɚɥɿɫɬɶ  ɩɪ   (ɩɪɨɫɤɨɤɭ) ɡɚɯɢɫɧɨʀ ɞɿʀ 
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ɲɚɪɭ ɚɞɫɨɪɛɟɧɬɭ                0ïð
u

l                                           (5.11) 

ȼɚɪɬɨ ɡɚɭɜɚɠɢɬɢ, ɳɨ ɩɨɱɚɬɤɨɦ "ɩɪɨɫɤɨɤɭ" ɜɜɚɠɚєɬɶɫɹ ɦɨɦɟɧɬ, 
ɤɨɥɢ ɜɢɯɿɞɧɚ ɤɨɧɰɟɧɬɪɚɰɿɹ ɪɟɱɨɜɢɧɢ ɫɬɚɧɨɜɢɬɶ ɛɥɢɡɶɤɨ 5 % ɜɿɞ ʀʀ 
ɩɨɱɚɬɤɨɜɨʀ ɤɨɧɰɟɧɬɪɚɰɿʀ. 

ɉɪɢɤɥаɞ 5.1. ȼɢɡɧɚɱɢɬɢ ɩɢɬɨɦɭ ɜɢɬɪɚɬɭ ɚɞɫɨɪɛɟɧɬɭ ɧɚ 
ɨɞɧɨɫɬɭɩɟɧɟɜɭ ɫɬɚɬɢɱɧɭ ɚɞɫɨɪɛɰɿɸ ɩɪɢ ɤɨɟɮɿɰɿєɧɬɿ ɪɨɡɩɨɞɿɥɭ 

Ʉ1=180, ɹɤɳɨ ɞɥɹ ɚɧɚɥɨɝɿɱɧɢɯ ɭɦɨɜ ɩɢɬɨɦɚ ɜɢɬɪɚɬɚ ɚɞɫɨɪɛɟɧɬɭ ɡ 
ɤɨɟɮɿɰɿєɧɬɨɦ ɪɨɡɩɨɞɿɥɭ Ʉ2 = 160 ɫɬɚɧɨɜɢɥɚ  m2 = 0,05.  

Ɋɨɡɜ’яɡɭɜаɧɧя. Ɂɝɿɞɧɨ ɡ ɮɨɪɦɭɥɨɸ (5.4) ɞɥɹ ɨɛɨɯ ɜɢɩɚɞɤɿɜ 

ɡɚɩɢɲɟɦɨ:             ;
9

1

180m1

1

Km1

1
CC

111

ɩɤ 





  

;
9

1

16005,01

1

Km1

1
CC
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




  

Ɂɜɿɞɫɢ ɩɢɬɨɦɚ ɜɢɬɪɚɬɚ ɚɞɫɨɪɛɟɧɬɭ ɫɬɚɧɨɜɢɬɶ, ɤɝ/ɤɝ:  

                             044.0
180

160
05,0

K

K
mm

1

2
21   

ɉɪɢɤɥаɞ 5.2. ȼɢɡɧɚɱɢɬɢ ɤɨɟɮɿɰɿєɧɬ ɨɱɢɳɟɧɧɹ ɜɨɞɢ 
ɬɪɢɫɬɭɩɟɧɟɜɨɸ ɡ ɩɪɨɬɢɬɟɱɿєɸ ɚɞɫɨɪɛɰɿєɸ, ɹɤɳɨ ɤɨɟɮɿɰɿєɧɬ 
ɪɨɡɩɨɞɿɥɭ ɚɞɫɨɪɛɟɧɬɭ ɫɬɚɧɨɜɢɬɶ Ʉ=60, ɚ ɣɨɝɨ ɩɢɬɨɦɚ ɜɢɬɪɚɬɚ 
ɞɨɪɿɜɧɸє m=0,05. ȼɢɡɧɚɱɢɬɢ ɤɿɧɰɟɜɭ ɤɨɧɰɟɧɬɪɚɰɿɸ ɡɚɛɪɭɞɧɸɜɚɱɚ ɭ 
ɜɨɞɿ, ɹɤɳɨ ɩɨɱɚɬɤɨɜɚ ɫɬɚɧɨɜɢɬɶ Cɩ=2 ɦɝ/ɥ. 
Ɋɨɡɜ’яɡɭɜаɧɧя. Ɂɝɿɞɧɨ ɡ ɮɨɪɦɭɥɨɸ (5.6) ɤɨɟɮɿɰɿєɧɬ ɨɱɢɳɟɧɧɹ ɜɨɞɢ                      

ɫɬɚɧɨɜɢɬɶ                   0,025
160)(0,05

1)60(0,05
CC

13ɩɤ 



 

. 

Ʉɿɧɰɟɜɚ ɤɨɧɰɟɧɬɪɚɰɿɹ ɡɚɛɪɭɞɧɸɜɚɱɚ ɭ ɜɨɞɿ, ɦɝ/ɥ: 
                           05,00,2025,0Cɤ   

ɉɪɢɤɥаɞ 5.3. ȼɢɡɧɚɱɢɬɢ, ɹɤ ɡɦɿɧɢɬɶɫɹ ɤɨɧɰɟɧɬɪɚɰɿɹ ɡɚɛɪɭɞɧɟɧɶ ɜ 
ɨɱɢɳɟɧɿɣ ɜɨɞɿ ɩɪɢ ɩɟɪɟɯɨɞɿ ɜɿɞ ɨɞɧɨɫɬɭɩɟɧɟɜɨʀ ɞɨ ɞɜɨɫɬɭɩɟɧɟɜɨʀ ɡ 
ɩɨɫɥɿɞɨɜɧɨɸ ɬɚ ɩɪɨɬɢɬɟɱɿєɸ ɚɞɫɨɪɛɰɿʀ, ɹɤɳɨ ɡɚɛɪɭɞɧɟɧɚ ɜɨɞɚ 
ɦɿɫɬɢɥɚ Cɩ=25 ɦɝ/ɥ ɡɚɛɪɭɞɧɟɧɶ, ɤɨɟɮɿɰɿєɧɬ ɪɨɡɩɨɞɿɥɭ ɚɞɫɨɪɛɟɧɬɭ 
Ʉ=150, ɡɚɝɚɥɶɧɚ ɩɢɬɨɦɚ ɜɢɬɪɚɬɚ ɚɞɫɨɪɛɟɧɬɭ m = 0,02. 

Ɋɨɡɜ’яɡɭɜаɧɧя.ɉɪɢ ɨɞɧɨɫɬɭɩɟɧɟɜɿɣ ɚɞɫɨɪɛɰɿʀ ɡɚ ɮɨɪɦɭɥɨɸ (5.4) :  

                               6,25
1500,021

25
Cɤ 


  ɦɝ/ɥ. 
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ɉɪɢ ɞɜɨɫɬɭɩɟɧɟɜɿɣ ɩɨɫɥɿɞɨɜɧɿɣ ɚɞɫɨɪɛɰɿʀ ɩɢɬɨɦɚ ɜɢɬɪɚɬɚ 
ɫɨɪɛɟɧɬɭ ɧɚ 1 ɫɬɭɩɿɧɶ m = 0,02/2=0,01, ɬɨɞɿ, ɡɝɿɞɧɨ ɡ ɮɨɪɦɭɥɨɸ (5.5) 
ɤɨɧɰɟɧɬɪɚɰɿɹ ɡɚɛɪɭɞɧɟɧɶ ɡɦɟɧɲɢɬɶɫɹ ɜ 1,56 ɪɚɡɿɜ (6,25/4,0): 

                                4,0
50)10,01(1

25
C

2ɤ 


   ɦɝ/ɥ. 

ɉɪɢ ɞɜɨɫɬɭɩɟɧɟɜɿɣ ɚɞɫɨɪɛɰɿʀ ɡ ɩɪɨɬɢɬɟɱɿєɸ ɜɫɹ ɜɢɬɪɚɬɚ ɫɨɪɛɟɧɬɭ 
ɩɨɞɚєɬɶɫɹ ɜ ɨɫɬɚɧɧɿɣ ɫɬɭɩɿɧɶ, ɬɨɦɭ,  ɡɝɿɞɧɨ ɡ ɮɨɪɦɭɥɨɸ (5.6) 

                                0,077
1)150(0,02

11500,02
C

12ɤ 



           ɦɝ/ɥ. 

Ʉɨɧɰɟɧɬɪɚɰɿɹ ɡɚɛɪɭɞɧɟɧɶ ɡɦɟɧɲɢɬɶɫɹ ɭ 81 ɪɚɡ (6,25/0,077) 

ɩɨɪɿɜɧɹɧɨ ɡ ɨɞɧɨɫɬɭɩɟɧɟɜɨɸ ɫɨɪɛɰɿєɸ, ɬɚ ɜ 52 ɪɚɡɢ (4,0/0,077) 

ɩɨɪɿɜɧɹɧɨ ɡ ɞɜɨɫɬɭɩɟɧɟɜɨɸ ɩɨɫɥɿɞɨɜɧɨɸ ɫɨɪɛɰɿєɸ. 
ɉɪɢɤɥаɞ 5.4. ȼɢɡɧɚɱɢɬɢ  ɬɪɢɜɚɥɿɫɬɶ ɡɚɯɢɫɧɨʀ ɞɿʀ ɲɚɪɭ 

ɚɞɫɨɪɛɟɧɬɭ ɬɨɜɳɢɧɨɸ ɇ=1,5 ɦ, ɹɤɳɨ ɲɜɢɞɤɿɫɬɶ ɮɪɨɧɬɭ ɚɞɫɨɪɛɰɿʀ 
ɫɬɚɧɨɜɢɬɶ  u=0,01 ɦ/ɝɨɞ, ɿ ɬɪɢɜɚɥɿɫɬɶ ɮɨɪɦɭɜɚɧɧɹ ɮɪɨɧɬɭ ɚɞɫɨɪɛɰɿʀ  

o
 = 2,5 ɝɨɞ. 
Ɋɨɡɜ’яɡɭɜаɧɧя. Ɍɪɢɜɚɥɿɫɬɶ ɡɚɯɢɫɧɨʀ ɞɿʀ ɲɚɪɭ ɚɞɫɨɪɛɟɧɬɭ ɡɧɚɯɨɞɢɦɨ 

ɡɚ ɮɨɪɦɭɥɨɸ (5.11)  –         5,1525,2
01,0

5,1
ɩɪ           ɝɨɞɢɧ.                                                                            

6. ɏɿɦɿɱɧɿ ɩɪɨɰɟɫɢ 

Ɂɝɿɞɧɨ ɡ ɜɿɞɨɦɢɦ ɡɚɤɨɧɨɦ ɞɿɸɱɢɯ ɦɚɫ, ɲɜɢɞɤɿɫɬɶ ɩɪɨɫɬɨʀ ɪɟɚɤɰɿʀ  
                                     CBA                                         

ɜɢɡɧɚɱɚєɬɶɫɹ ɹɤ 

                             ];B][A[kv                                           (6.1) 

ɞɟ  А, ДВ] - ɦɨɥɹɪɧɿ ɤɨɧɰɟɧɬɪɚɰɿʀ ɪɟɚɝɭɸɱɢɯ ɪɟɱɨɜɢɧ, ɭɦɨɜɧɨ 
ɩɨɡɧɚɱɟɧɢɯ ɜ ɪɟɚɤɰɿʀ ɹɤ А, Вν k - ɤɨɧɫɬɚɧɬɚ ɲɜɢɞɤɨɫɬɿ ɪɟɚɤɰɿʀ. 

Ʉɨɥɢ ɪɟɚɤɰɿɹ ɦɚє ɛɿɥɶɲɟ ɪɟɚɝɭɸɱɢɯ ɪɟɱɨɜɢɧ ɬɚ ɳɟ ɿɡ ɪɿɡɧɢɦɢ 
ɫɬɟɯɿɨɦɟɬɪɢɱɧɢɦɢ ɤɨɟɮɿɰɿєɧɬɚɦɢ, ɧɚɩɪɢɤɥɚɞ,  

                                      DcCbBaA  ,                                                

ɬɨ ʀʀ ɲɜɢɞɤɿɫɬɶ ɜɢɡɧɚɱɚєɬɶɫɹ ɹɤ 

                                           
cba ]C[]B[]A[kv                            (6.2) 

Кɨɧɫɬɚɧɬɚ ɲɜɢɞɤɨɫɬɿ ɪɟɚɤɰɿʀ ɫɭɬɬєɜɨ ɡɚɥɟɠɢɬɶ ɜɿɞ 
ɬɟɦɩɟɪɚɬɭɪɢ, ɳɨ  ɜɢɡɧɚɱɚєɬɶɫɹ ɡɚ ɪɿɜɧɹɧɧɹɦ Ⱥɪɪɟɧɿɭɫɚ  
                                           ;ekk RT/E

0T

                                       (6.3) 
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ɞɟ  
0

k  ɿ 
T

k - ɜɿɞɩɨɜɿɞɧɨ, ɡɧɚɱɟɧɧɹ ɤɨɧɫɬɚɧɬɢ ɛɚɡɨɜɟ ɬɚ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɿ  Ɍν ɟ  - ɨɫɧɨɜɚ ɧɚɬɭɪɚɥɶɧɨɝɨ ɥɨɝɚɪɢɮɦɚ; ȿ - ɟɧɟɪɝɿɹ 
ɚɤɬɢɜɚɰɿʀ ɪɟɚɤɰɿʀ; R - ɭɧɿɜɟɪɫɚɥɶɧɚ ɝɚɡɨɜɚ ɫɬɚɥɚ; Ɍ  - ɚɛɫɨɥɸɬɧɚ 
ɬɟɦɩɟɪɚɬɭɪɚ. 

ɉɪɚɤɬɢɱɧɨ ɜɩɥɢɜ ɬɟɦɩɟɪɚɬɭɪɢ ɜɢɡɧɚɱɚєɬɶɫɹ ɬɟɦɩɟɪɚɬɭɪɧɢɦ 
ɤɨɟɮɿɰɿєɧɬɨɦ 

t
k , ɹɤɢɣ ɜɿɞɨɛɪɚɠɚє ɡɦɿɧɭ ɲɜɢɞɤɨɫɬɿ ɪɟɚɤɰɿʀ ɩɪɢ 

ɡɦɿɧɿ ɬɟɦɩɟɪɚɬɭɪɢ ɧɚ  C0
10 : 

                        
10)tt(

ttt
12

12
kvv

                                    (6.4) 

Ɂɧɚɱɟɧɧɹ ɰɶɨɝɨ ɤɨɟɮɿɰɿєɧɬɚ ɡɚɥɟɠɢɬɶ ɜɿɞ ɪɟɚɤɰɿʀ ɿ ɡɧɚɯɨɞɹɬɶɫɹ ɜ 
ɦɟɠɚɯ  2...4  (ɜ ɫɟɪɟɞɧɶɨɦɭ - 3), ɩɨɫɬɭɩɨɜɨ ɡɦɟɧɲɭɸɱɢɫɶ ɿ 
ɧɚɛɥɢɠɚɸɱɢɫɶ ɞɨ  1  ɩɪɢ ɡɛɿɥɶɲɟɧɧɿ ɬɟɦɩɟɪɚɬɭɪɢ. 

Ⱦɥɹ ɨɛɨɪɨɬɧɢɯ ɪɟɚɤɰɿɣ, ɹɤ ɞɥɹ ɛɭɞɶ-ɹɤɨɝɨ ɨɛɨɪɨɬɧɨɝɨ ɩɪɨɰɟɫɭ, 
ɜɫɬɚɧɨɜɥɸєɬɶɫɹ ɞɢɧɚɦɿɱɧɚ ɪɿɜɧɨɜɚɝɚ. ȼ ɫɬɚɧɿ ɬɚɤɨʀ ɪɿɜɧɨɜɚɝɢ 
ɪɟɚɤɰɿɹ ɮɚɤɬɢɱɧɨ ɧɟ ɩɪɢɩɢɧɹєɬɶɫɹ, ɚɥɟ ɲɜɢɞɤɿɫɬɶ ɩɪɹɦɨʀ ɪɟɚɤɰɿʀ 
ɞɨɪɿɜɧɸє ɲɜɢɞɤɨɫɬɿ ɡɜɨɪɨɬɧɨʀ ɪɟɚɤɰɿʀ, ɯɨɱɚ ɡɨɜɧɿ ɧɟɦɨɠɥɢɜɨ 
ɜɢɡɧɚɱɢɬɢ ɯɿɞ ɰɢɯ ɩɪɨɰɟɫɿɜ. 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɫɬɚɧ ɪɿɜɧɨɜɚɝɢ ɜɿɞɩɨɜɿɞɚє ɭɦɨɜɿ 

                                             ;vv


                                                    (6.5) 

Ɉɫɤɿɥɶɤɢ ɞɥɹ ɪɟɚɤɰɿʀ  DCBA    ɲɜɢɞɤɨɫɬɿ ɩɪɹɦɨʀ ɬɚ 

ɡɜɨɪɨɬɧɨʀ ɪɟɚɤɰɿɣ ɫɬɚɧɨɜɥɹɬɶ  ]B][A[kv


    ɬɚ    ]D][C[kv


 ,   

ɬɨ ɜ ɫɬɚɧɿ ɪɿɜɧɨɜɚɝɢ                 ]D][C[k]B][A[k


 .               (6.6) 

Ɉɱɟɜɢɞɧɿ ɩɟɪɟɬɜɨɪɟɧɧɹ ɪɿɜɧɹɧɧɹ  (6.6)  ɞɨɡɜɨɥɹɸɬɶ ɨɬɪɢɦɚɬɢ ɜ 
ɨɫɬɚɬɨɱɧɨɦɭ ɜɢɝɥɹɞɿ ɜɢɪɚɡ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɤɨɧɫɬɚɧɬɢ  ɪɿɜɧɨɜɚɝɢ  Ʉ  

ɡɜɨɪɨɬɧɨʀ ɪɟɚɤɰɿʀ               
]D][C[

]B][A[

k

k
K  



                                (6.7) 

Ɋɿɜɧɹɧɧɹ (6.7) є ɛɚɡɨɜɢɦ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ ɪɿɜɧɨɜɚɝɢ ɪɟɚɤɰɿɣ ɡ 
ɨɬɪɢɦɚɧɧɹɦ ɧɟɪɨɡɱɢɧɧɢɯ ɪɟɱɨɜɢɧ, ɜɧɚɫɥɿɞɨɤ ɱɨɝɨ ɫɬɚє ɦɨɠɥɢɜɢɦ ʀɯ 
ɧɚɫɬɭɩɧɟ ɝɿɞɪɨɦɟɯɚɧɿɱɧɟ ɜɢɞɚɥɟɧɧɹ ɡ ɜɨɞɢ. 

Ⱦɥɹ ɪɟɚɤɰɿʀ 
              4224 SONa)OH(ZnNaOH2ZnSO   

ɡ ɭɬɜɨɪɟɧɧɹɦ ɦɚɥɨɪɨɡɱɢɧɧɨɝɨ ɝɿɞɪɨɨɤɢɫɭ ɰɢɧɤɭ, ɹɤɚ ɜ ɿɨɧɧɿɣ ɮɨɪɦɿ 
ɦɚє ɜɢɝɥɹɞ                       

2

2 )OH(ZnOH2Zn            
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ɦɚєɦɨ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ ɪɿɜɧɨɜɚɝɢ 

                                ])OH(Zn[]OH][Zn[K
2

22

)OH(Zn 2

                 (6.8) 

ȼɢɯɨɞɹɱɢ ɡ ɦɿɪɤɭɜɚɧɶ, ɳɨ ɪɨɡɱɢɧɧɿɫɬɶ ɝɿɞɪɨɨɤɢɫɭ ɰɢɧɤɭ ɞɨɫɢɬɶ 
ɨɛɦɟɠɟɧɚ, ɚ ɭ ɪɿɜɧɹɧɧɿ (6.8) ɩɨɜɢɧɧɚ ɜɪɚɯɨɜɭɜɚɬɢɫɶ ɥɢɲɟ 
ɤɨɧɰɟɧɬɪɚɰɿɹ ɣɨɝɨ ɪɨɡɱɢɧɟɧɢɯ  ɧɟɞɢɫɨɰɿɣɨɜɚɧɢɯ ɦɨɥɟɤɭɥ, ɦɨɠɟɦɨ 
ɜɜɚɠɚɬɢ, ɳɨ, ɩɨɱɢɧɚɸɱɢ ɡ ɧɚɣɦɟɧɲɨʀ ɧɚɹɜɧɨɫɬɿ ɧɟɪɨɡɱɢɧɧɨɝɨ 
ɝɿɞɪɨɨɤɢɫɭ ɰɢɧɤɭ, ɦɚɬɢɦɟɦɨ ɜ ɪɨɡɱɢɧɿ  ɫɬɚɥɭ ɤɨɧɰɟɧɬɪɚɰɿɸ 
ɝɿɞɪɨɨɤɢɫɭ ɰɢɧɤɭ: constOHZn ])([ 2 .                                 

Ɍɨɦɭ ɜɢɡɧɚɱɢɦɨ ɩɨɤɚɡɧɢɤ (ɞɨɛɭɬɨɤ) ɪɨɡɱɢɧɧɨɫɬɿ 
2)OH(ZnȾɊ   ɹɤ 

ɧɨɜɭ ɫɬɚɥɭ ɜɟɥɢɱɢɧɭ 

const]OH][Zn[])OH(Zn[KȾɊ 22

2)OH(Zn)OH(Zn 22
 

 (6.9) 

ɉɨɤɚɡɧɢɤɢ ɪɨɡɱɢɧɧɨɫɬɿ ɨɫɧɨɜɧɢɯ ɪɟɱɨɜɢɧ ɧɚɜɟɞɟɧɿ ɜ ɯɿɦɿɱɧɢɯ 
ɞɨɜɿɞɧɢɤɚɯ ɿ ɲɢɪɨɤɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ 
ɟɮɟɤɬɢɜɧɨɫɬɿ ɯɿɦɿɱɧɢɯ ɩɪɨɰɟɫɿɜ ɿ ɨɱɢɳɟɧɧɹ ɜɨɞɢ ɡ ɭɬɜɨɪɟɧɧɹɦ 
ɦɚɥɨɪɨɡɱɢɧɧɢɯ ɫɩɨɥɭɤ. 

ɉɪɢɤɥаɞ 6.1. ȼɢɡɧɚɱɢɬɢ ɬɟɦɩɟɪɚɬɭɪɧɢɣ ɤɨɟɮɿɰɿєɧɬ ɯɿɦɿɱɧɨʀ 
ɪɟɚɤɰɿʀ, ɲɜɢɞɤɿɫɬɶ ɹɤɨʀ ɡɛɿɥɶɲɭєɬɶɫɹ ɭ 2 ɪɚɡɢ ɩɪɢ ɡɦɿɧɿ ɬɟɦɩɟɪɚɬɭɪɢ 
ɡ 12 ɞɨ 32 ɝɪɚɞ. 

Ɋɨɡɜ’яɡɭɜаɧɧя. Ɍɟɦɩɟɪɚɬɭɪɧɢɣ ɤɨɟɮɿɰɿєɧɬ ɯɿɦɿɱɧɨʀ ɪɟɚɤɰɿʀ 
ɡɧɚɯɨɞɢɦɨ ɡɚ ɮɨɪɦɭɥɨɸ (6.4). Ɉɫɤɿɥɶɤɢ ɡɝɿɞɧɨ ɿɡ ɡɚɜɞɚɧɧɹ 

12 tt v2v  , ɦɨɠɟɦɨ ɡɚɩɢɫɚɬɢ 

                2k 10)1232(

t  , ɡɜɿɞɤɢ      2kt                                              

ɉɪɢɤɥаɞ 6.2. ȼɢɡɧɚɱɢɬɢ, ɩɪɢ ɹɤɢɯ ɤɨɧɰɟɧɬɪɚɰɿɹɯ ɿɨɧɿɜ ɰɢɧɤɭ ɬɚ 
ɫɭɥɶɮɿɞ-ɿɨɧɿɜ ɩɨɱɧɟɬɶɫɹ ɜɢɞɿɥɟɧɧɹ ɜ ɨɫɚɞ ɫɭɥɶɮɿɞɭ ɰɢɧɤɭ. 
Ɋɨɡɜ’яɡɭɜаɧɧя. Ⱦɨɛɭɬɨɤ ɪɨɡɱɢɧɧɨɫɬɿ ɫɭɥɶɮɿɞɭ ɰɢɧɤɭ  
ȾɊZnS =1,6

.
10

-24
, ɬɨɛɬɨ    2422

ZnS 106,1]S][Zn[ȾɊ   . 

Ɂɜɚɠɚɸɱɢ, ɳɨ ɭ ɦɨɥɟɤɭɥɿ ɫɭɥɶɮɿɞɭ ɰɢɧɤɭ ɧɚ ɨɞɢɧ ɿɨɧ ɰɢɧɤɭ 
ɩɪɢɩɚɞɚє ɨɞɢɧ ɿɨɧ ɫɭɥɶɮɿɞɭ, ɦɨɥɹɪɧɿ ɤɨɧɰɟɧɬɪɚɰɿʀ ɰɢɯ ɿɨɧɿɜ ɛɭɞɭɬɶ 
ɪɿɜɧɢɦɢ, ɬɨɦɭ ɞɨɛɭɬɨɤ ɪɨɡɱɢɧɧɨɫɬɿ ɩɟɪɟɬɜɨɪɢɬɶɫɹ:   

            
242222

)OH(Zn 106,1]Zn[]Zn][Zn[ȾɊ
2

  , 

ɿ ɦɨɥɹɪɧɚ ɤɨɧɰɟɧɬɪɚɰɿɹ ɿɨɧɿɜ ɰɢɧɤɭ 
122 1026,1]Zn[   ɝ-ɦɨɥɶ/ɥ. 

Ɇɨɥɹɪɧɚ ɦɚɫɚ ɰɢɧɤɭ ɆZn=65 ɝ. Ʉɨɧɰɟɧɬɪɚɰɿɹ ɿɨɧɿɜ ɰɢɧɤɭ  
   ɋZn = 1,26

.
10

-12. .
65 =81,9

.
10

-12
 ɝ/ɥ=0,82.

10
-7ɦɝ/ɥ.   

Ɇɨɥɹɪɧɚ ɦɚɫɚ ɫɭɥɶɮɿɞ-ɿɨɧɭ ɆS=32 ɝ. Ʉɨɧɰɟɧɬɪɚɰɿɹ ɫɭɥɶɮɿɞ-ɿɨɧɿɜ  
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   ɋS = 1,26
.
10

-12.
32 =40,3

.
10

-12
 ɝ/ɥ=0,40.

10
-7ɦɝ/ɥ.   

ɉɪɢ ɧɚɹɜɧɨɫɬɿ ɭ ɪɨɡɱɢɧɿ ɡɚɡɧɚɱɟɧɢɯ ɤɨɧɰɟɧɬɪɚɰɿɣ ɿɨɧɿɜ  
ɩɨɱɢɧɚєɬɶɫɹ ɨɫɚɞɠɭɜɚɧɧɹ ɨɫɚɞɭ ɫɭɥɶɮɿɞɭ ɰɢɧɤɭ. ɐɿ ɤɨɧɰɟɧɬɪɚɰɿʀ 
ɦɨɠɧɚ ɜɜɚɠɚɬɢ ɡɚɥɢɲɤɨɜɢɦɢ ɞɥɹ ɪɨɡɱɢɧɭ ɩɿɫɥɹ ɨɫɚɞɠɭɜɚɧɧɹ. 
ɉɪɢɤɥаɞ 6.3 ȼɢɡɧɚɱɢɬɢ, ɩɪɢ ɹɤɢɯ ɤɨɧɰɟɧɬɪɚɰɿɹɯ ɿɨɧɿɜ ɰɢɧɤɭ ɬɚ 
ɝɿɞɪɨɤɫɢɞ-ɿɨɧɿɜ ɩɨɱɧɟɬɶɫɹ ɜɢɞɿɥɟɧɧɹ ɜ ɨɫɚɞ ɝɿɞɪɨɤɫɢɞɭ ɰɢɧɤɭ. 
Ɋɨɡɜ’яɡɭɜаɧɧя. Ⱦɨɛɭɬɨɤ ɪɨɡɱɢɧɧɨɫɬɿ ɝɿɞɪɨɤɫɢɞɭ ɰɢɧɤɭ 
ȾɊZn(Ɉɇ)2=4,5

.
10

-17,ɨɬɠɟ 17212

)OH(Zn 105,4]OH][Zn[ȾɊ
2

   

Ɂɜɚɠɚɸɱɢ, ɳɨ ɭ ɦɨɥɟɤɭɥɿ ɝɿɞɪɨɤɫɢɞɭ ɰɢɧɤɭ ɧɚ ɨɞɢɧ ɿɨɧ ɰɢɧɤɭ 
ɩɪɢɩɚɞɚє ɞɜɚ ɿɨɧɢ ɝɿɞɪɨɤɫɢɞɭ, ɦɨɥɹɪɧɿɣ ɤɨɧɰɟɧɬɪɚɰɿʀ ɿɨɧɿɜ ɰɢɧɤɭ 
ɜɿɞɩɨɜɿɞɚє ɞɜɿ ɦɨɥɹɪɧɿ ɤɨɧɰɟɧɬɪɚɰɿʀ ɿɨɧɿɜ ɝɿɞɪɨɤɫɢɞɭ, ɬɨɦɭ ɞɨɛɭɬɨɤ 
ɪɨɡɱɢɧɧɨɫɬɿ ɩɟɪɟɬɜɨɪɢɬɶɫɹ:       

1732222

)OH(Zn 105,4]Zn[25,0]Zn5,0][Zn[ȾɊ
2

  , 

ɿ ɦɨɥɹɪɧɚ ɤɨɧɰɟɧɬɪɚɰɿɹ ɿɨɧɿɜ ɰɢɧɤɭ 62 1065,5]Zn[   ɝ-ɦɨɥɶ/ɥ. 
Ɇɨɥɹɪɧɚ ɦɚɫɚ ɰɢɧɤɭ ɆZn=65 ɝ. Ʉɨɧɰɟɧɬɪɚɰɿɹ ɿɨɧɿɜ ɰɢɧɤɭ  
   ɋZn = 5,65

.
10

-6.
65 =3,67

.
10

-4
 ɝ/ɥ=0,367 ɦɝ/ɥ.   

Ɇɨɥɹɪɧɚ ɦɚɫɚ ɝɿɞɪɨɤɫɢɞ-ɿɨɧɭ Ɇɨɧ=17 ɝ. Ʉɨɧɰɟɧɬɪɚɰɿɹ ɝɿɞɪɨɤɫɢɞ-

ɿɨɧɿɜ      ɋɈɇ = 5,65
.
10

-6.
17/2 =0,48

.
10

-4
 ɝ/ɥ=0,048 ɦɝ/ɥ.   

ɉɪɢɤɥаɞ 6.4 ȼɢɡɧɚɱɢɬɢ ɞɨɡɭ ɜɚɩɧɹɧɨɝɨ ɦɨɥɨɤɚ ɞɥɹ ɨɫɚɞɠɭɜɚɧɧɹ 
ɿɨɧɿɜ ɰɢɧɤɭ ɡ ɪɨɡɱɢɧɭ, ɞɟ ʀɯ ɤɨɧɰɟɧɬɪɚɰɿɹ ɫɬɚɧɨɜɢɬɶ 25 ɦɝ/ɥ. 
Ⱥɤɬɢɜɧɿɫɬɶ ɬɨɜɚɪɧɨɝɨ ɩɪɨɞɭɤɬɭ 30%. ȼɢɡɧɚɱɢɬɢ ɤɿɥɶɤɿɫɬɶ ɨɫɚɞɭ, 
ɹɤɢɣ ɭɬɜɨɪɢɬɶɫɹ ɩɪɢ ɨɫɚɞɠɭɜɚɧɧɿ. 
Ɋɨɡɜ’яɡɭɜаɧɧя. Ɂɚɩɢɲɟɦɨ ɪɿɜɧɹɧɧɹ ɨɫɚɞɠɭɜɚɧɧɹ ɿɨɧɿɜ ɰɢɧɤɭ 
ɝɿɞɪɨɤɫɢɞɨɦ ɤɚɥɶɰɿɸ:    

   65               74                               99 

            Zn
+2

 + Ca(OH)2 = Zn(OH)2↓ + Ca
+2 

                                                          20                ɯ                              ɭ 

ɐɢɮɪɢ ɧɚɞ ɪɿɜɧɹɧɧɹɦ ɨɡɧɚɱɚɸɬɶ ɦɨɥɟɤɭɥɹɪɧɭ ɦɚɫɭ ɰɢɧɤɭ (65), 
ɝɿɞɪɨɤɫɢɞɭ ɤɚɥɶɰɿɸ (74) ɬɚ ɝɿɞɪɨɤɫɢɞɭ ɰɢɧɤɭ (99), ɩɿɞ ɪɿɜɧɹɧɧɹɦ – 

ɪɨɛɨɱɭ ɤɨɧɰɟɧɬɪɚɰɿɸ ɰɢɧɤɭ (20). ȼɿɞɩɨɜɿɞɧɨ ɞɨ ɫɬɟɯɿɨɦɟɬɪɢɱɧɨɝɨ 
ɪɿɜɧɹɧɧɹ ɨɬɪɢɦɚєɦɨ: 

- ɩɨɬɪɿɛɧɚ ɤɿɥɶɤɿɫɬɶ ɪɟɚɝɟɧɬɭ, ɦɝ/ɥ:     ɯ = 74 ɯ 20/65 = 22,8 , 

ɜɪɚɯɨɜɭɸɱɢ, ɳɨ ɚɤɬɢɜɧɚ ɱɚɫɬɢɧɚ ɪɟɚɝɟɧɬɭ ɫɬɚɧɨɜɢɬɶ 30%, ɞɨɡɚ 

ɬɨɜɚɪɧɨɝɨ ɜɚɩɧɚ  Х = 22,8/0,3=75,9 ɦɝ/ɥ. 
- ɤɿɥɶɤɿɫɬɶ ɨɫɚɞɭ, ɹɤɢɣ ɭɬɜɨɪɢɬɶɫɹ, ɦɝ/ɥ:  ɭ = 99 . 20/65 = 30,5.  

ɉɪɢɤɥаɞ 6.5. ȼɢɡɧɚɱɢɬɢ ɞɨɡɭ ɫɨɞɢ ɞɥɹ ɧɟɣɬɪɚɥɿɡɚɰɿʀ ɤɢɫɥɨɬɢ, ɹɤɚ 
ɭɬɜɨɪɢɬɶɫɹ ɩɪɢ ɜɜɟɞɟɧɧɿ ɤɨɚɝɭɥɹɧɬɭ ɝɥɢɧɨɡɟɦɭ ɞɨɡɨɸ 200 ɦɝ/ɥ. 
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ȼɢɡɧɚɱɢɬɢ ɤɿɥɶɤɿɫɬɶ ɨɫɚɞɭ, ɹɤɢɣ ɭɬɜɨɪɢɬɶɫɹ ɩɪɢ ɤɨɚɝɭɥɹɰɿʀ ɜɨɞɢ. 
Ɋɨɡɜ’яɡɭɜаɧɧя. Ɂɚɩɢɲɟɦɨ ɪɿɜɧɹɧɧɹ ɝɿɞɪɨɥɿɡɭ ɤɨɚɝɭɥɹɧɬɭ : 

                                     342                                               156                       6 

Аl2(SO4)3 + 6H2O =2 Al(OH)3↓ +6 H
+
 +3 SO4

-2
 

                                     200                                                    ɭ                          ɯ  

Ʉɿɥɶɤɿɫɬɶ ɧɚɞɥɢɲɤɨɜɢɯ ɿɨɧɿɜ ɜɨɞɧɸ, ɹɤɿ ɛɭɞɭɬɶ ɫɬɜɨɪɸɜɚɬɢ 
ɤɢɫɥɭ ɪɟɚɤɰɿɸ, ɦɝ/ɥ:               

 ɯ = 200 
.
 6 / 342 = 3,51 ,  

ɤɿɥɶɤɿɫɬɶ ɨɫɚɞɭ, ɦɝ/ɥ:               ɭ = 200 . 156 / 342 = 89,5.  

Ɋɿɜɧɹɧɧɹ ɧɟɣɬɪɚɥɿɡɚɰɿʀ ɿɨɧɿɜ ɜɨɞɧɸ ɫɨɞɨɸ: 
                                           106                       2                        

Na2CO3 + 2H
+ 

= 2Na
+
 + H2O + CO2↑ 

                                             z                       3,51  

ɉɨɬɪɿɛɧɚ ɤɿɥɶɤɿɫɬɶ ɫɨɞɢ, ɦɝ/ɥ:       z = 106 
.
 3,51 / 2 = 186 . 

   7. Ȼɿɨɯɿɦɿɱɧɿ ɩɪɨɰɟɫɢ 

ɒɜɢɞɤɿɫɬɶ ɮɟɪɦɟɧɬɚɬɢɜɧɨʀ ɪɟɚɤɰɿʀ, ɜɢɡɧɚɱɟɧɚ ɱɟɪɟɡ ɭɬɜɨɪɟɧɧɹ 
ɤɿɧɰɟɜɨɝɨ ɩɪɨɞɭɤɬɭ (ɤɨɦɩɥɟɤɫɭ ES ɮɟɪɦɟɧɬ-ɫɭɛɫɬɪɚɬ),  ɞɨɪɿɜɧɸє 

                                       ]ES[K
d

]ES[d
v ɬ


                        (7.1) 

ɚɛɨ, ɜɪɚɯɨɜɭɸɱɢ ɤɨɧɰɟɧɬɪɚɰɿʀ ɞɿɸɱɢɯ ɪɟɱɨɜɢɧ ɮɟɪɦɟɧɬɭ ȿ ɬɚ 

ɫɭɛɫɬɪɚɬɭ S                     
]S[K

]S][E[K
v

ɬ

0ɬ


                                     (7.2) 

Ɋɿɜɧɹɧɧɹ (7.2) ɧɨɫɢɬɶ ɧɚɡɜɭ ɪɿɜɧɹɧɧɹ Ɇɿɯɚɟɥɿɫɚ-Ɇɟɧɬɟɧ. 

Ʉɨɟɮɿɰɿєɧɬ ɬK   ɧɚɡɢɜɚєɬɶɫɹ ɤɨɧɫɬɚɧɬɨɸ ɧɚɫɢɱɟɧɧɹ.  

ȼɜɿɜɲɢ ɩɨɧɹɬɬɹ ɦɚɤɫɢɦɚɥɶɧɨʀ ɲɜɢɞɤɨɫɬɿ ɮɟɪɦɟɧɬɚɬɢɜɧɨʀ ɪɟɚɤɰɿʀ 
Ȟmax, ɡɚɩɢɲɟɦɨ ɪɿɜɧɹɧɧɹ (7.2) ɭ ɜɢɝɥɹɞɿ 

                                           
]S[K

]S[
vv

ɬ
max 

                               (7.3) 

ɇɟɜɚɠɤɨ ɜɢɡɧɚɱɢɬɢ, ɳɨ ɩɪɢ  ]S[K5,0vv ɬmax  . ɐɟ 
ɫɜɿɞɱɢɬɶ, ɳɨ ɤɨɧɫɬɚɧɬɚ ɧɚɫɢɱɟɧɧɹ ɤɿɥɶɤɿɫɧɨ ɞɨɪɿɜɧɸє ɤɨɧɰɟɧɬɪɚɰɿʀ 
ɫɭɛɫɬɪɚɬɭ, ɩɪɢ ɹɤɿɣ ɲɜɢɞɤɿɫɬɶ ɮɟɪɦɟɧɬɚɬɢɜɧɨʀ ɪɟɚɤɰɿʀ ɫɬɚɧɨɜɢɬɶ 
ɩɨɥɨɜɢɧɭ ɦɚɤɫɢɦɚɥɶɧɨʀ ɲɜɢɞɤɨɫɬɿ. 

ɒɜɢɞɤɿɫɬɶ ɪɨɫɬɭ ɛɿɨɦɚɫɢ  dx/d   ɩɪɨɩɨɪɰɿɣɧɚ ɤɨɧɰɟɧɬɪɚɰɿʀ  x  

ɛɿɨɦɚɫɢ                             ;xddx                                              (7.4) 

ɞɟ    - ɩɢɬɨɦɚ ɲɜɢɞɤɿɫɬɶ ɪɨɫɬɭ ɛɿɨɦɚɫɢ. 
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Ɍɨɞɿ ɞɥɹ ɮɚɡɢ ɥɨɝɚɪɢɮɦɿɱɧɨɝɨ ɪɨɫɬɭ ɩɪɢ   =const  ɩɪɢ 

ɿɧɬɟɝɪɭɜɚɧɧɿ ɪɿɜɧɹɧɧɹ  (7.4) ɦɚєɦɨ               0xlnxln       (7.5) 

ɚɛɨ                                      exx 0                                                 (7.6) 

ɞɟ  0x  - ɤɨɧɰɟɧɬɪɚɰɿɹ ɛɿɨɦɚɫɢ ɜ ɦɨɦɟɧɬ  0   ɧɚ ɩɨɱɚɬɤɭ 
ɥɨɝɚɪɢɮɦɿɱɧɨʀ ɮɚɡɢ.  

ɉɨɫɬɿɣɧɿɫɬɶ ɩɢɬɨɦɨʀ ɲɜɢɞɤɨɫɬɿ ɪɨɫɬɭ ɦɚє ɥɢɲɟ ɨɤɪɟɦɢɣ 
ɯɚɪɚɤɬɟɪ, ɨɫɤɿɥɶɤɢ ɛɿɨɯɿɦɿɱɧɢɣ ɩɪɨɰɟɫ, ɹɤ ɿ ɛɭɞɶ-ɹɤɚ ɯɿɦɿɱɧɚ 
ɪɟɚɤɰɿɹ, ɩɪɢɧɰɢɩɨɜɨ є ɮɭɧɤɰɿєɸ ɤɨɧɰɟɧɬɪɚɰɿʀ ɪɟɚɝɭɸɱɢɯ ɪɟɱɨɜɢɧ, 
ɞɨ ɹɤɢɯ ɜɿɞɧɨɫɢɬɶɫɹ ɿ ɫɭɛɫɬɪɚɬ. Ɂɚɥɟɠɧɿɫɬɶ ɩɢɬɨɦɨʀ ɲɜɢɞɤɨɫɬɿ ɪɨɫɬɭ 
ɜɿɞ ɤɨɧɰɟɧɬɪɚɰɿʀ ɫɭɛɫɬɪɚɬɭ ɨɩɢɫɭєɬɶɫɹ ɦɨɞɟɥɥɸ Ɇɨɧɨ 

                                     ;
)sK(

s

S

max 
                                            (7.7) 

ɞɟ  SK  - ɤɨɧɫɬɚɧɬɚ ɧɚɫɢɱɟɧɧɹ ɿ  max  - ɦɚɤɫɢɦɚɥɶɧɚ ɩɢɬɨɦɚ 
ɲɜɢɞɤɿɫɬɶ ɪɨɫɬɭ ɛɿɨɦɚɫɢ. ɋɬɪɭɤɬɭɪɧɨ ɪɿɜɧɹɧɧɹ ɚɧɚɥɨɝɿɱɧɟ ɪɿɜɧɹɧɧɸ 
Ɇɿɯɚɟɥɿɫɚ-Ɇɟɧɬɟɧ. 

əɤɳɨ ɞɥɹ ɪɨɫɬɭ ɩɟɪɿɨɞɢɱɧɨʀ ɤɭɥьɬɭɪɢ ɨɛɦɟɠɟɧɧɹɦ є ɥɢɲɟ 
ɩɨɱɚɬɤɨɜɚ ɤɨɧɰɟɧɬɪɚɰɿɹ ɫɭɛɫɬɪɚɬɭ ɿ ɪɟɚɥɿɡɭєɬɶɫɹ ɪɿɫɬ ɜ ɡɚɤɪɢɬɿɣ 
ɫɢɫɬɟɦɿ, ɬɨ ɦɚɬɟɦɚɬɢɱɧɚ ɦɨɞɟɥɶ ɩɪɨɰɟɫɭ ɦɨɠɟ ɛɭɬɢ ɫɮɨɪɦɨɜɚɧɚ 

ɨɱɟɜɢɞɧɢɦɢ ɪɿɜɧɹɧɧɹɦɢ:          

);ss(Yxx

;
Ks

s

;xd/dx

00

s

max












                     (7.8) 

ɞɟ x,x0  - ɩɨɱɚɬɤɨɜɚ ɬɚ ɩɨɬɨɱɧɚ ɤɨɧɰɟɧɬɪɚɰɿɹ ɛɿɨɦɚɫɢ ɜ ɩɪɨɰɟɫɿ; 
s,s0  - ɩɨɱɚɬɤɨɜɚ ɬɚ ɩɨɬɨɱɧɚ ɤɨɧɰɟɧɬɪɚɰɿɹ ɫɭɛɫɬɪɚɬɭ;  

Y - ɟɤɨɧɨɦɿɱɧɢɣ ɤɨɟɮɿɰɿєɧɬ (ɜɢɯɿɞ ɛɿɨɦɚɫɢ). 
ȿɤɨɧɨɦɿɱɧɢɣ ɤɨɟɮɿɰɿєɧɬ ɜɢɯɨɞɭ ɛɿɨɦɚɫɢ ɜɢɡɧɚɱɚєɬɶɫɹ ɡ ɪɿɜɧɹɧɧɹ  

                                           
s

x
Y




 ,                                             (7.9) 

ɜ ɹɤɨɦɭ  x  - ɡɛɿɥɶɲɟɧɧɹ ɛɿɨɦɚɫɢ ɡɚɜɞɹɤɢ ɫɩɨɠɢɜɚɧɧɸ ɫɭɛɫɬɪɚɬɭ ɜ 
ɤɿɥɶɤɨɫɬɿ  s . 

ɉɨɜɧɭ ɬɪɢɜɚɥɿɫɬɶ ɩɟɪɿɨɞɢɱɧɨɝɨ ɩɪɨɰɟɫɭ ɞɥɹ ɨɬɪɢɦɚɧɧɹ 
ɦɚɤɫɢɦɚɥɶɧɨʀ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɮɟɪɦɟɧɬɟɪɚ ɦɨɠɧɚ ɪɨɡɪɚɯɭɜɚɬɢ ɡɚ 
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ɪɿɜɧɹɧɧɹɦ                   ;
x

x
ln

1
d

om

p 


                                   (7.10) 

ɞɟ  d   - ɡɚɝɚɥɶɧɚ ɬɪɢɜɚɥɿɫɬɶ ɞɨɩɨɦɿɠɧɢɯ ɩɪɨɰɟɫɿɜ ɜ ɰɢɤɥɿ ɪɨɛɨɬɢ 
ɮɟɪɦɟɧɬɟɪɚ. 

Ⱥ ɦɚɤɫɢɦɚɥɶɧɚ ɩɪɨɞɭɤɬɢɜɧɿɫɬь ɮɟɪɦɟɧɬɟɪɚ ɩɟɪɿɨɞɢɱɧɨʀ ɞɿʀ 
ɫɬɚɧɨɜɢɬɢɦɟ                    

   

x
P

p

p 
                                                (7.11) 

Ɂ ɨɫɬɚɧɧɶɨɝɨ ɪɿɜɧɹɧɧɹ ɦɨɠɧɚ ɜɢɡɧɚɱɢɬɢ ɜɩɥɢɜ ɩɚɪɚɦɟɬɪɿɜ 
ɩɪɨɰɟɫɭ ɧɚ ɩɪɨɞɭɤɬɢɜɧɿɫɬɶ ɮɟɪɦɟɧɬɟɪɚ. 

Ⱦɥɹ ɨɞɧɨɫɬɚɞɿɣɧɨɝɨ ɯɟɦɨɫɬɚɬɭ ɩɨɞɚɱɚ ɚɛɨ ɫɬɟɪɢɥɶɧɚ, ɚɛɨ ɦɚє 
ɜɿɞɧɨɫɧɨ ɧɟɜɟɥɢɤɭ ɤɨɧɰɟɧɬɪɚɰɿɸ ɛɿɨɦɚɫɢ, ɚ ɬɨɦɭ ɞɨɰɿɥɶɧɨ ɜɜɚɠɚɬɢ  

00 x . Ʉɪɿɦ ɬɨɝɨ, ɞɥɹ ɛɿɥɶɲɨɫɬɿ ɛɟɡɩɟɪɟɪɜɧɢɯ ɤɭɥɶɬɭɪ     ɿ 
ɬɨɦɭ ɫɤɥɚɞɨɜɨɸ ɡɚɝɢɛɟɥɿ ɛɿɨɦɚɫɢ ɦɨɠɧɚ ɡɧɟɯɬɭɜɚɬɢ. Ɍɨɦɭ 
ɲɜɢɞɤɿɫɬɶ ɩɪɢɪɨɫɬɭ ɛɿɨɦɚɫɢ ɜɢɡɧɚɱɚєɦɨ ɡɚ ɮɨɪɦɭɥɨɸ 

                               
V

Qx
x

d

dx
 


                                    (7.12) 

Ɉɫɤɿɥɶɤɢ ɞɥɹ ɫɬɚɥɨɝɨ ɫɬɚɧɭ   0ddx  , ɨɫɬɚɬɨɱɧɨ ɦɚɬɢɦɟɦɨ  

(D = 
ox

x
V – ɪɨɡɜɟɞɟɧɧɹ )            D                                         (7.13) 

Ɇɚɬɟɪɿɚɥɶɧɢɣ ɛɚɥɚɧɫ ɥɿɦɿɬɭɸɱɨɝɨ ɫɭɛɫɬɪɚɬɭ ɦɚє ɜɢɝɥɹɞ 

                               



d

ds

Y

pxV
mxV

Y

xV
QsQs

p

0           (7.14) 

ȼɿɞɤɢɧɭɜɲɢ ɧɟɡɧɚɱɧɿ ɡɚ ɜɟɥɢɱɢɧɨɸ ɜɢɬɪɚɬɢ ɫɭɛɫɬɪɚɬɭ ɡ ɨɝɥɹɞɭ 
ɧɚ ʀɯ ɧɟɡɧɚɱɧɢɣ ɜɩɥɢɜ  ɧɚ ɠɢɬɬєɞɿɹɥɶɧɿɫɬɶ ɛɿɨɦɚɫɢ ɿ ɨɬɪɢɦɚɧɧɹ 
ɤɿɧɰɟɜɨɝɨ ɩɪɨɞɭɤɬɭ,  ɞɥɹ ɫɬɚɥɨɝɨ ɫɬɚɧɭ ɡ ɧɭɥɶɨɜɢɦ ɧɚɤɨɩɢɱɟɧɧɹɦ 

ɫɭɛɫɬɪɚɬɭ ɦɚɬɢɦɟɦɨ                      
Y

x
)ss(D 0


                       (7.15) 

ɚɛɨ, ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɪɿɜɧɹɧɧɹ (7.13),    )ss(Yx 0                   (7.16) 

Ɂɚɦɿɧɢɜɲɢ ɜ ɪɿɜɧɹɧɧɿ Ɇɨɧɨ ɩɢɬɨɦɭ ɲɜɢɞɤɿɫɬɶ ɩɪɢɪɨɫɬɭ ɧɚ 
ɪɨɡɜɟɞɟɧɧɹ, ɨɬɪɢɦɚєɦɨ ɣɨɝɨ ɦɨɞɢɮɿɤɚɰɿɸ ɞɥɹ ɨɞɧɨɫɬɚɞɿɣɧɨɝɨ 

ɯɟɦɨɫɬɚɬɭ                
sK

s
DD

sK

s

s

m

s

m 



                (7.17) 
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ɡɜɿɞɤɢ ɜɢɡɧɚɱɢɦɨ  s:               ;
DD

DK
s

m

s


                                      (7.18) 

ɩɿɞɫɬɚɜɢɜɲɢ ɹɤɟ ɜ ɪɿɜɧɹɧɧɹ (7.16), ɨɬɪɢɦɚєɦɨ ɜɢɪɚɡ 

                                        );
DD

DK
s(Yx

m

s
0 
                             (7.19) 

ɜ ɹɤɨɦɭ  
m

D   - ɦɚɤɫɢɦɚɥɶɧɚ ɲɜɢɞɤɿɫɬɶ ɪɨɡɜɟɞɟɧɧɹ, ɩɪɢ ɹɤɿɣ 
ɜɢɦɢɜɚɧɧɹ ɧɟ ɛɭɞɟ ɩɨɜɧɢɦ ɿ ɳɟ ɞɨɡɜɨɥɹɬɢɦɟ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ 
ɯɟɦɨɫɬɚɬɭ.  

ɉɪɨɞɭɤɬɢɜɧɿɫɬь ɜ ɛɟɡɩɟɪɟɪɜɧɿɣ  ɤɭɥɶɬɭɪɿ ɜɢɡɧɚɱɚєɬɶɫɹ ɹɤ 

                                    ;DxPɧ                                           (7.20) 

ɚɛɨ ɡ ɜɪɚɯɭɜɚɧɧɹɦ ɪɿɜɧɹɧɧɹ (7.19): )
DD

DK
s(DYP

m

s
0ɧ 
     (7.21) 

 Ɂɚɥɟɠɧɨɫɬɿ, ɨɬɪɢɦɚɧɿ ɞɥɹ ɨɞɧɨɫɬɚɞɿɣɧɨɝɨ ɯɟɦɨɫɬɚɬɭ, ɰɿɥɤɨɦ 
ɫɩɪɚɜɟɞɥɢɜɿ ɿ ɞɥɹ ɩɟɪɲɨʀ ɫɬɚɞɿʀ ɛɚɝɚɬɨɫɬɚɞɿɣɧɨɝɨ ɯɟɦɨɫɬɚɬɭ. 

 ɋɤɥɚɞɚɧɧɹ ɦɚɬɟɪɿɚɥɶɧɨɝɨ ɛɚɥɚɧɫɭ ɞɥɹ ɞɪɭɝɨʀ ɫɬɚɞɿʀ 
ɨɞɧɨɩɨɬɨɤɨɜɨɝɨ ɯɟɦɨɫɬɚɬɭ: 

- ɡɚ ɛɿɨɦɚɫɨɸ       ;
d

dx
VxQxQx 2

2221 
                         (7.22) 

     - ɡɚ ɥɿɦɿɬɨɜɚɧɢɦ ɫɭɛɫɬɪɚɬɨɦ 



d

ds

Y

Vx
QsQs 222

21  ;      (7.23)  

Ɋɨɡɜ’ɹɡɭɜɚɧɧɹ ɰɢɯ ɪɿɜɧɹɧɶ ɞɥɹ ɞɜɨɫɬɚɞɿɣɧɨɝɨ ɨɞɧɨɩɨɬɨɤɨɜɨɝɨ 
ɯɟɦɨɫɬɚɬɭ ɞɚє ɪɿɜɧɹɧɧɹ: 

- ɞɥɹ ɩɟɪɲɨʀ ɫɬɚɞɿʀ        
11 D ;                                              (7.24) 

                               );ss(Yx 101                                    (7.25) 

- ɞɥɹ ɞɪɭɝɨʀ ɫɬɚɞɿʀ        );
x

x
1(D

2

1
22                                   (7.26) 

                               )ss(Y
D

x 21

2

2
2 


;                          (7.27) 

Ⱦɥɹ ɞɪɭɝɨʀ ɫɬɚɞɿʀ ɞɜɨɯɩɨɬɨɤɨɜɨɝɨ ɯɟɦɨɫɬɚɬɭ, ɜ ɹɤɨɦɭ ɞɪɭɝɚ 
ɫɬɚɞɿɹ ɦɚє ɞɨɞɚɬɤɨɜɭ ɩɨɞɚɱɭ ɫɭɦɿɲɿ, ɡɚɥɟɠɧɨɫɬɿ ɛɭɞɭɬɶ ɫɭɬɬєɜɨ 
ɿɧɲɢɦɢ:                             ;

xV

xQ
D

22

11
22                                     (7.28) 

                                  )sD
V

sQ

V

sQ
(

Y
x 22

2

''

2

11

2

2 


.               (7.29) 
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Ⱦɥɹ ɫɯɟɦɢ ɿɡ ɡɚɬɪɢɦɤɨɸ ɛɚɥɚɧɫ ɛɿɨɦɚɫɢ ɜ ɯɟɦɨɫɬɚɬɿ ɨɩɢɫɭєɬɶɫɹ 

ɪɿɜɧɹɧɧɹɦ                 Dhx)c1(cDxx
d

dx
 


                    (7.30) 

ɚɛɨ                              ;x]}h)h1(c[D{
d

dx
 


                (7.31) 

ɞɟ  ɫ  - ɱɚɫɬɢɧɚ ɜɢɯɿɞɧɨɝɨ ɩɨɬɨɤɭ, ɹɤɚ ɧɟ ɨɫɜɿɬɥɸєɬɶɫɹ ;   
Сɯ  - ɤɨɧɰɟɧɬɪɚɰɿɹ ɛɿɨɦɚɫɢ ɭ ɜɿɞɮɿɥɶɬɪɨɜɚɧɨɦɭ ɩɨɬɨɰɿ. 

ȼ ɫɬɚɰɿɨɧɚɪɧɨɦɭ ɫɬɚɧɿ ɩɪɢ  0
d

dx



  ɨɬɪɢɦɚєɦɨ: ;AD  (7.32) 

ɞɟ  h)h1(cA    - ɩɨɤɚɡɧɢɤ ɡɚɬɪɢɦɤɢ. 
əɤɳɨ ɜɢɯɿɞɧɢɣ ɨɫɜɿɬɥɟɧɢɣ ɩɨɬɿɤ ɜɿɞɮɿɥɶɬɪɨɜɚɧɨ ɩɨɜɧɿɫɬɸ, ɬɨ     

h = 0  ɿ ɬɨɞɿ  А = ɫ. Ʉɨɥɢ ɠ ɜ ɰɶɨɦɭ ɩɨɬɨɰɿ ɛɿɨɦɚɫɚ ɡɨɜɫɿɦ ɧɟ 
ɜɿɞɞɿɥɹєɬɶɫɹ, ɬɨ  1h   ɿ  A = h = 1. 

Ɉɫɤɿɥɶɤɢ  1c   ɬɚ  1h  ,  ɬɨ ɡɚɜɠɞɢ  1A    ɿ  ɬɨɦɭ  D . 

ɉɿɞɫɬɚɜɢɜɲɢ ɜ (7.32) ɡɧɚɱɟɧɧɹ     ɡ ɪɿɜɧɹɧɧɹ Ɇɨɧɨ, ɜɢɡɧɚɱɢɦɨ 
ɤɨɧɰɟɧɬɪɚɰɿɸ ɫɭɛɫɬɪɚɬɭ ɧɚ ɜɢɯɨɞɿ ɡ ɯɟɦɨɫɬɚɬɭ 

                                        )AD(DAKs ms   ;                           (7.33)         

Ʉɨɧɰɟɧɬɪɚɰɿɹ ɛɿɨɦɚɫɢ, ɹɤɚ ɜɫɬɚɧɨɜɢɬɶɫɹ ɜ ɯɟɦɨɫɬɚɬɿ, 

ɫɬɚɧɨɜɢɬɢɦɟ                 ;
A

Y
)ss(x 0                                          (7.34) 

ɳɨ ɫɜɿɞɱɢɬɶ ɩɪɨ ɦɨɠɥɢɜɿɫɬɶ ɲɥɹɯɨɦ ɡɚɬɪɢɦɤɢ ɡɛɿɥɶɲɢɬɢ 
ɤɨɧɰɟɧɬɪɚɰɿɸ ɛɿɨɦɚɫɢ ɜ 1/А ɪɚɡɿɜ. 

ɉɪɨɞɭɤɬɢɜɧɿɫɬɶ ɨɞɢɧɢɰɿ ɨɛ’єɦɭ ɯɟɦɨɫɬɚɬɭ ɛɭɞɟ 

                                       ]ch)c1[(DxPɡ  ;                          (7.35) 

Ɋɨɡɝɥɹɞɚɸɱɢ ɚɧɚɥɨɝɿɱɧɨ ɡɨɜɧɿɲɧє ɩɨɜɟɪɧɟɧɧɹ ɛɿɨɦɚɫɢ, 

ɨɬɪɢɦɚєɦɨ ɪɿɜɧɹɧɧɹ, ɜɿɞɩɨɜɿɞɧɨ, ɞɥɹ ɤɨɧɰɟɧɬɪɚɰɿʀ ɫɭɛɫɬɪɚɬɭ, 
ɤɨɧɰɟɧɬɪɚɰɿʀ ɛɿɨɦɚɫɢ ɿ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɫɢɫɬɟɦɢ: 

                          ;
BD

K
BDs

m

s





                                   (7.36) 

                          );ss(
B

Y
x 0                                        (7.37) 

                          BDxPɜ  .                                                (7.38) 
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ɉɪɢɤɥаɞ 7.1. ȼɢɡɧɚɱɢɬɢ ɟɤɨɧɨɦɿɱɧɢɣ ɤɨɟɮɿɰɿєɧɬ ɛɿɨɯɿɦɿɱɧɨɝɨ 
ɩɪɨɰɟɫɭ, ɹɤɳɨ ɞɨɡɚ ɦɭɥɭ ɡɪɨɫɥɚ ɡ 2,0 ɝ/ɥ ɞɨ 2,15 ɝ/ɥ, ɚ ɤɨɧɰɟɧɬɪɚɰɿɹ 
ɫɭɛɫɬɪɚɬɭ ɡɚ ȻɉɄ ɡɦɟɧɲɢɥɚɫɶ ɡ 300 ɦɝ/ɥ ɞɨ 20 ɦɝ/ɥ.  
Ɋɨɡɜ’яɡɭɜаɧɧя. ɉɪɢɪɿɫɬ ɛɿɨɦɚɫɢ ɜ ɩɪɨɰɟɫɿ ɞɨɪɿɜɧɸє 

0xx  = 2,15 – 2,0 = 0,15(ɝ/ɥ), ɚ ɡɦɟɧɲɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ ɫɭɛɫɬɪɚɬɭ  
ss 0 =300 – 20 = 280 (ɦɝ/ɥ) = 0,28 ɝ/ɥ. 

ȿɤɨɧɨɦɿɱɧɢɣ ɤɨɟɮɿɰɿєɧɬ ɜɢɯɨɞɭ ɛɿɨɦɚɫɢ ɞɨɪɿɜɧɸє      
                                   536,028,015,0Y  . 

ɉɪɢɤɥаɞ 7.2. ȼɢɡɧɚɱɢɬɢ ɦɚɤɫɢɦɚɥɶɧɭ ɲɜɢɞɤɿɫɬɶ ɮɟɪɦɟɧɬɚɬɢɜɧɨʀ 
ɪɟɚɤɰɿʀ, ɹɤɳɨ ʀʀ ɲɜɢɞɤɿɫɬɶ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɿʀ ɫɭɛɫɬɪɚɬɭ, ɹɤɚ ɤɿɥɶɤɿɫɧɨ 
ɞɨɪɿɜɧɸє ɡɧɚɱɟɧɧɸ ɤɨɧɫɬɚɧɬɢ ɧɚɫɢɱɟɧɧɹ, ɫɬɚɧɨɜɢɬɶ 0,08 ɦɨɥɶ/ɯɜ. 
Ɋɨɡɜ’яɡɭɜаɧɧя. ȼɢɯɨɞɹɱɢ ɡ ɜɢɡɧɚɱɟɧɧɹ ɤɨɧɫɬɚɧɬɢ ɧɚɫɢɱɟɧɧɹ, ɡɚ 
ɮɨɪɦɭɥɨɸ (7.3) ɦɚɤɫɢɦɚɥɶɧɚ ɲɜɢɞɤɿɫɬɶ ɫɬɚɧɨɜɢɬɶ 

              0,1620,08
[S]

[S]
2vvmax  ɦɨɥɶ/ɯɜ. 

ɉɪɢɤɥаɞ 7.3. ȼɢɡɧɚɱɢɬɢ ɩɢɬɨɦɭ ɲɜɢɞɤɿɫɬɶ ɪɨɫɬɭ ɛɿɨɦɚɫɢ ɜ 
ɚɟɪɨɬɟɧɤɭ, ɹɤɳɨ ɡɚ 3 ɝɨɞ. ɚɟɪɚɰɿʀ ɤɨɧɰɟɧɬɪɚɰɿɹ ɛɿɨɦɚɫɢ (ɞɨɡɚ ɦɭɥɭ) 
ɡɛɿɥɶɲɭєɬɶɫɹ ɡ 1,5 ɝ/ɥ ɞɨ 1,7 ɝ/ɥ. 
Ɋɨɡɜ’яɡɭɜаɧɧя. Ɂɚ ɮɨɪɦɭɥɨɸ (7.5) ɩɢɬɨɦɚ ɲɜɢɞɤɿɫɬɶ ɪɨɫɬɭ ɛɿɨɦɚɫɢ 

ɫɬɚɧɨɜɢɬɶ                        0,04
3

ln1,5ln1,7μ 


  ɝɨɞ-1 

ɉɪɢɤɥаɞ 7.4 ȼɢɡɧɚɱɢɬɢ ɦɚɤɫɢɦɚɥɶɧɭ ɩɢɬɨɦɭ ɲɜɢɞɤɿɫɬɶ 

max
v ɫɩɨɠɢɜɚɧɧɹ ɫɭɛɫɬɪɚɬɭ ɬɚ ɤɨɧɫɬɚɧɬɭ Km ɧɚɫɢɱɟɧɧɹ, ɹɤɳɨ ɩɪɢ 
ɤɨɧɰɟɧɬɪɚɰɿʀ ɫɭɛɫɬɪɚɬɭ 

1
S =120 ɦɝ/ɥ ɩɢɬɨɦɚ ɲɜɢɞɤɿɫɬɶ ɫɩɨɠɢɜɚɧɧɹ 

ɫɭɛɫɬɪɚɬɭ
1

v ɫɬɚɧɨɜɢɬɶ 0,05 ɝɨɞ-1, ɚ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɿʀ ɫɭɛɫɬɪɚɬɭ 
2

S =280 ɦɝ/ɥ ɩɢɬɨɦɚ ɲɜɢɞɤɿɫɬɶ ɫɩɨɠɢɜɚɧɧɹ ɫɭɛɫɬɪɚɬɭ
2

v ɫɬɚɧɨɜɢɬɶ 
0,07 ɝɨɞ-1

. 

Ɋɨɡɜ’яɡɭɜаɧɧя. Ɂɚ ɮɨɪɦɭɥɨɸ (7.3) ɡɚɩɢɲɟɦɨ ɪɿɜɧɹɧɧɹ ɞɥɹ ɩɢɬɨɦɨʀ 
ɲɜɢɞɤɨɫɬɿ ɫɩɨɠɢɜɚɧɧɹ ɫɭɛɫɬɪɚɬɭ ɭ ɞɜɨɯ ɜɢɩɚɞɤɚɯ: 

   
120,0K

120,0
v05,0

ɬ
max 

    

   
280,0K

280,0
v07,0

ɬ
max 

    

Ɋɨɡɜ”ɹɡɭɸɱɢ ɰɸ ɫɢɫɬɟɦɭ ɪɿɜɧɹɧɶ, ɨɬɪɢɦɚєɦɨ:  
120,0Kɬ   (ɝ/ɥ),   1,0vmax   ɝɨɞ-1

. 
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