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ɉȿɊȿɑȿɇɖ ɍɋɅɈȼɇɕɏ ɈȻɈɁɇȺɑȿɇɂɃ, ɋɂɆȼɈɅɈȼ, ɋɈɄɊȺɓȿɇɂɃ 

ɂ ɌȿɊɆɂɇɈȼ 

   

dэ - ɷɮɮɟɤɬɢɜɧɵɣ (ɷɤɜɢɜɚɥɟɧɬɧɵɣ) ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɞɢɚɦɟɬɪ, ɦ; 

η - ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɨɱɢɳɟɧɢɹ ɝɚɡɨɜ (ɤɨɷɮɮɢɰɢɟɧɬ ɫɟɩɚɪɚɰɢɢ, 

ɫɬɟɩɟɧɶ ɨɱɢɫɬɤɢ), %; 

ηɮ - ɮɪɚɤɰɢɨɧɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɨɱɢɫɬɤɢ, % ; 

a - ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɮɢɥɶɬɪɨɜɚɥɶɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɦ2
/ɦ3

; 

h - ɬɨɥɳɢɧɚ ɮɢɥɶɬɪɨɜɚɥɶɧɨɝɨ ɫɥɨɹ, ɦ; 

h - ɬɨɥɳɢɧɚ ɩɥɟɧɤɢ ɢɫɬɟɤɚɸɳɟɣ ɠɢɞɤɨɫɬɢ, ɦ; 

ɪɫɬ - ɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, ɉɚ; 

Rc - ɫɪɟɞɧɢɣ ɪɚɞɢɭɫ ɤɚɩɟɥɶ, ɦ; 

ɫɮ - ɫɨɞɟɪɠɚɧɢɟ ɱɚɫɬɢɰ ɞɚɧɧɨɣ ɮɪɚɤɰɢɢ ɜ ɚɷɪɨɞɢɫɩɟɪɫɧɨɣ  

ɫɢɫɬɟɦɟ, % (ɤɚɩɥɢ); 

w - ɫɤɨɪɨɫɬɶ ɤɚɩɟɥɶ ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ, ɦ/ɫ; 

Fɬ - ɫɢɥɚ ɬɹɠɟɫɬɢ, ɇ; 

Fa - ɫɢɥɚ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜ ɝɚɡɨɜɨɦ ɩɨɬɨɤɟ, ɇ; 

b - ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɰɟɧɬɪɚɥɶɧɨɣ ɥɢɧɢɢ ɧɚɛɟɝɚɸɳɟɝɨ ɩɨɬɨɤɚ ɞɨ 

ɤɪɢɬɢɱɟɫɤɨɣ ɬɪɚɟɤɬɨɪɢɢ, ɦ; 

Lɜ -  ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɜɨɥɨɤɧɚɦɢ ɮɢɥɶɬɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ, ɦ; 

Rɰ - ɪɚɞɢɭɫ ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ ɭɱɚɫɬɤɚ ɫɟɩɚɪɚɰɢɨɧɧɨɝɨ ɤɚɧɚɥɚ 

(ɠɚɥɸɡɢ), ɦ;   

R - ɪɚɞɢɭɫ ɤɚɩɥɢ, ɦ; 

m - ɩɨɪɢɫɬɨɫɬɶ ɮɢɥɶɬɪɨɜɚɥɶɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɦ3
/ɦ3

; 

s - ɩɨɥɧɵɣ ɲɚɝ ɪɚɫɩɨɥɨɠɟɧɢɹ ɝɨɮɪ ɠɚɥɸɡɢ, ɦ; 

p - ɩɨɥɧɨɟ ɞɚɜɥɟɧɢɟ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɨɱɤɟ ɩɨɬɨɤɚ, ɉɚ; 
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σ - ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɤɚɩɟɥɶ ɠɢɞɤɨɫɬɢ, ɇ/ɦ; 

ρ - ɩɥɨɬɧɨɫɬɶ ɫɪɟɞɵ, ɤɝ/ɦ3
; 

ρч - ɩɥɨɬɧɨɫɬɶ ɞɢɫɩɟɪɫɧɵɯ ɤɚɩɟɥɶ, ɤɝ/ɦ3
; 

ρг - ɩɥɨɬɧɨɫɬɶ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ, ɤɝ/ɦ3
; 

n(R) - ɩɥɨɬɧɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɢ ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ R; 

Cw - ɨɛɴɟɦɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɠɢɞɤɨɣ ɮɚɡɵ, ɦ3
/ɦ3

; 

Vч - ɨɛɴɟɦ ɤɚɩɥɢ, ɦ3
; 

G - ɧɚɝɪɭɡɤɚ ɭɫɬɚɧɨɜɤɢ ɩɨ ɝɚɡɨɜɨɦɭ ɩɨɬɨɤɭ, ɤɝ/ɫ;  

Ɇ - ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɝɚɡɚ, ɤɝ/ɤɦɨɥɶ; 

Rm - ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɞɢɭɫ ɤɚɩɟɥɶ, ɦ; 

m - ɦɚɫɫɚ ɱɚɫɬɢɰɵ, ɤɝ; 

hɤɪ - ɤɪɢɬɢɱɟɫɤɚɹ ɬɨɥɳɢɧɚ ɩɥɟɧɤɢ, ɦ; 

St - ɤɪɢɬɟɪɢɣ ɋɬɨɤɫɚ; 

Re - ɤɪɢɬɟɪɢɣ Ɋɟɣɧɨɥɶɞɫɚ; 

Ar - ɤɪɢɬɟɪɢɣ Ⱥɪɯɢɦɟɞɚ; 

η - ɤɨɷɮɮɢɰɢɟɧɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ; 

D - ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɤɚɩɟɥɶ, ɦ2/ɫ; 

μг - ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ, ɉɚɫ; 

N - ɤɨɥɢɱɟɫɬɜɨ ɤɚɩɟɥɶ ɜ ɟɞɢɧɢɰɟ ɨɛɴɟɦɚ, ɦ-3
; 

t - ɞɥɢɬɟɥɶɧɨɫɬɶ, ɫ; 

L - ɞɥɢɧɚ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ ɭɱɚɫɬɤɚ ɫɟɩɚɪɚɰɢɨɧɧɨɝɨ ɤɚɧɚɥɚ 

(ɠɚɥɸɡɢ), ɦ;   

Lɰ - ɞɥɢɧɚ ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ ɭɱɚɫɬɤɚ ɫɟɩɚɪɚɰɢɨɧɧɨɝɨ ɤɚɧɚɥɚ 

(ɠɚɥɸɡɢ), ɦ;   

ɪɞɢɧ - ɞɢɧɚɦɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ (ɫɤɨɪɨɫɬɧɨɣ ɧɚɩɨɪ), ɉɚ; 

dɤ - ɞɢɚɦɟɬɪ ɤɚɩɟɥɶ ɠɢɞɤɨɫɬɢ, ɦ; 

dɜ - ɞɢɚɦɟɬɪ ɜɨɥɨɤɨɧ, ɦ; 
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d1 - ɞɢɚɦɟɬɪ ɜɨɥɨɤɨɧ ɮɢɥɶɬɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ, ɦ; 

∆Ɋ - ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɉɚ; 

H - ɜɵɫɨɬɚ ɫɟɩɚɪɚɰɢɨɧɧɨɝɨ ɤɚɧɚɥɚ (ɠɚɥɸɡɢ), ɦ; 

t - ɜɪɟɦɹ, ɫ; 

Ɍɫ - ɜɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɤɚɩɥɢ ɜ ɫɟɩɚɪɚɬɨɪɟ, ɫ; 

T - ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, Ʉ; 

u - ɚɛɫɨɥɸɬɧɚɹ ɫɤɨɪɨɫɬɶ ɤɚɩɟɥɶ, ɦ/ɫ; 

v - ɚɛɫɨɥɸɬɧɚɹ ɫɤɨɪɨɫɬɶ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ, ɦ/ɫ; 

Vr(r), 

Vf(r) 

- 

- 

ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɤɨɪɨɫɬɢ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ, ɦ/ɫ; 

ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɤɨɪɨɫɬɢ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ, ɦ/ɫ; 

Wr(r) 

Wf(r) 

- 

- 

ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɤɨɪɨɫɬɢ ɤɚɩɟɥɶɧɨɝɨ ɩɨɬɨɤɚ, ɦ/ɫ; 

  ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɤɨɪɨɫɬɢ ɤɚɩɟɥɶɧɨɝɨ ɩɨɬɨɤɚ, ɦ/ɫ 

_ɋ1 

Иɋ2 

Иɋ3 

- 

- 

- 

ɤɨɧɫɬɚɧɬɚ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ; 

ɤɨɧɫɬɚɧɬɚ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ; 

ɤɨɧɫɬɚɧɬɚ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ; 

Fc - ɫɢɥɚ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚɩɥɢ, ɇ; 

Fɰ  - ɰɟɧɬɪɨɛɟɠɧɚɹ ɫɢɥɚ, ɇ; 

  - ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ; 

Ɇ - ɦɨɦɟɧɬ ɤɨɥɢɱɟɫɬɜɚ ɞɜɢɠɟɧɢɹ; 

Cw - ɫɨɞɟɪɠɚɧɢɟ ɜɥɚɝɢ ɜ ɝɚɡɟ, ɦ3/ɦ3
; 

L - ɞɥɢɧɚ ɠɚɥɸɡɢɣɧɨɣ ɧɚɫɚɞɤɢ,ɦ; 

Fa - ɤɨɷɮɮɢɰɢɟɧɬ ɠɢɜɨɝɨ ɫɟɱɟɧɢɹ ɧɚɫɚɞɤɢ; 

m - ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɞɢɭɫ ɠɚɥɸɡɢɣɧɨɣ ɧɚɫɚɞɤɢ,ɦ; 

 - ɫɤɨɪɨɫɬɶ ɧɚɛɟɝɚɧɢɹ ɝɚɡɚ ɜ ɥɨɛɨɜɨɟ ɫɟɱɟɧɢɟ ɠɚɥɸɡɢɣɧɨɣ 

ɧɚɫɚɞɤɢ, ɦ/ɫ; 

 - ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɩɪɢ ɪɚɛɨɱɢɯ ɭɫɥɨɜɢɹɯ, ɤɝ/ɦ3
; 

 - ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɠɚɥɸɡɢɣɧɨɣ ɧɚɫɚɞɤɢ; 
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Rc - ɫɪɟɞɧɢɣ ɪɚɞɢɭɫ ɤɚɩɥɢ, ɦ; 

sigma1 - ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ; 

n - ɤɨɦɩɥɟɤɫ; 

nR - ɥɨɝɧɨɪɦɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɚɩɟɥɶ ɧɚ ɜɯɨɞɟ ɜ ɫɟɩɚɪɚɬɨɪ; 

ɋ - ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɱɚɫɬɢɰ ɩɨ ɪɚɞɢɭɫɭ ɤɚɧɚɥɚ; 

rs - ɫɪɟɞɧɢɣ ɪɚɞɢɭɫ ɝɨɮɪɵ; 

mug - ɜɹɡɤɨɫɬɶ ɠɢɞɤɨɫɬɢ; 

 

Vt - ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɧɚ ɜɯɨɞɟ ɜ ɚɩɩɚɪɚɬ, ɦ/ɫ; 

 

r1, r2 - ɪɚɞɢɭɫɵ ɤɚɧɚɥɚ; 

nRi - ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɩɟɥɶ ɜ ɥɸɛɨɣ ɬɨɱɤɟ ɝɨɮɪɵ; 

nR1 - ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɩɟɥɶɜ 1-ɣɝɨɮɪɟ; 

nR2 - ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɩɟɥɶɜ 2-ɣɝɨɮɪɟ; 

nR3 - ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɩɟɥɶɜ 3-ɣɝɨɮɪɟ; 

nR4 - ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɩɟɥɶɜ 4-ɣɝɨɮɪɟ; 

phi1 - ɭɝɨɥ, ɧɚ ɤɨɬɨɪɨɦ ɜɟɞɟɬɫɹ ɪɚɫɱɟɬ; 

tau1 - ɜɪɟɦɹ ɪɟɥɚɤɫɚɰɢɢ ɤɚɩɥɢ; 

r,d,R - ɞɢɚɦɟɬɪ ɤɚɩɥɢ; 

r8 - ɪɚɞɢɭɫ ɝɨɮɪɵ; 

ef - ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɝɨɮɪɵ, %; 

oV  - ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɨ ɝɚɡɭ  ɩɪɢ ɧ.ɭ., ɧɦ3
/ɱ; 

P - ɞɚɜɥɟɧɢɟ ɝɚɡɚ ɜ ɚɩɩɚɪɚɬɟ, ɉɚ; 

T - ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ, Ʉ; 

oC  - ɤɨɧɰɟɧɬɪɚɰɢɹ ɠɢɞɤɨɣ ɮɚɡɵ ɜ ɝɚɡɟ, ɤɝ/ɦ3
;
 

oL  - ɦɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɠɢɞɤɨɫɬɢ ɧɚ ɜɯɨɞɟ, ɤɝ/ɫ; 

o  - ɩɥɨɬɧɨɫɬɶ ɝɚɡɨɜɨɣ ɫɦɟɫɢ ɩɪɢ ɧ.ɭ., ɤɝ/ɦ3
; 

ч  - ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ, ɤɝ/ɦ3
; 
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M - ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɝɚɡɚ; 

Z - ɤɨɷɮɮɢɰɢɟɧɬ ɫɠɢɦɚɟɦɨɫɬɢ ɝɚɡɚ; 

  - ɩɪɢɜɟɞɟɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, Ʉ; 

  - ɩɪɢɜɟɞɟɧɧɨɟ ɞɚɜɥɟɧɢɟ, ɉɚ; 

.n kpT ,

.n kpP  

 

- 

 

ɩɫɟɜɞɨɤɪɢɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ, Ʉ, ɉɚ; 

kpT ,
kpP  - ɤɪɢɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ, Ʉ, ɉɚ; 

d - ɞɢɚɦɟɬɪ ɤɚɩɥɢ, ɦ; 

mind  - ɦɢɧɢɦɚɥɶɧɵɣ ɞɢɚɦɟɬɪ ɤɚɩɥɢ,ɦ; 

n, d  - ɤɨɥɢɱɟɫɬɜɨ ɮɪɚɤɰɢɣ ɢ ɞɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ ɦɟɠɞɭ 
ɮɪɚɤɰɢɹɦɢ, ɦ; 

dm , d ,

2

1  

 

- 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ, ɞɢɫɩɟɪɫɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɩɟɥɶ ɢ 

ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ; 

ɨбщL ,

ɩɪяɦL  

- 

- 

ɞɥɢɧɚ ɨɛɳɚɹ ɠɚɥɸɡɢ, ɦ; 
 

ɞɥɢɧɚ ɨɛɳɚɹ ɩɪɹɦɨɝɨ ɭɱɚɫɬɤɚ, ɦ; 

t ,  - ɲɢɪɢɧɚ ɠɚɥɸɡɢ ɢ ɞɪɟɧɚɠɧɨɝɨ ɤɚɧɚɥɚ,ɦ; 

kn , n - ɱɢɫɥɨ ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɤɚɧɚɥɨɜ, ɲɬ.; 

1R  - ɪɚɞɢɭɫ ɝɨɮɪɵ, ɦ; 

A - ɲɚɝ ɝɨɮɪ ɠɚɥɸɡɟɣ, ɦ; 

C - ɩɟɪɟɤɪɵɬɢɟ ɝɨɮɪ ɠɚɥɸɡɟɣ,ɦ; 

  - ɭɝɨɥ ɪɚɫɤɪɵɬɢɹ ɝɨɮɪɵ, ɪɚɞ; 

D - ɞɢɚɦɟɬɪ ɫɟɩɚɪɚɬɨɪɚ, ɦ; 

H - ɜɵɫɨɬɚ ɠɚɥɸɡɢɣɧɨɝɨ ɩɚɤɟɬɚ, ɦ; 

S - ɩɥɨɳɚɞɶ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɫɟɩɚɪɚɬɨɪɚ, ɦ2
;
 

 rV  - ɞɨɩɭɫɬɢɦɚɹ ɫɤɨɪɨɫɬɶ ɝɚɡɚ, ɦ/ɫ; 

s - ɬɪɚɟɤɬɨɪɢɹ ɞɜɢɠɟɧɢɹ; 
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гV , fV ,

rV  

 

 

- 

 

 

 

ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɤɨɪɨɫɬɢ ɝɚɡɚ, ɦ/ɫ; 

kW ,W 

, rW  

 

- 

 

ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɤɨɪɨɫɬɢ ɤɚɩɥɢ, ɦ/ɫ; 

k
m  - ɦɚɫɫɚ ɞɢɫɩɟɪɫɧɨɣ ɤɚɩɥɢ, ɤɝ; 

2  - ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɤɚɩɥɢ, 1/ɫ; 

r - ɪɚɞɢɭɫ ɬɪɚɟɤɬɨɪɢɢ ɤɚɩɥɢ, ɦ; 

j - ɤɨɥɢɱɟɫɬɜɨ ɝɨɮɪ, ɲɬ.; 

эd  - ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɞɢɚɦɟɬɪ ɤɚɧɚɥɚ, ɦ; 

П  - ɫɦɚɱɢɜɚɟɦɵɣ ɩɟɪɢɦɟɬɪ, ɦ; 

æV  - ɨɛɴɟɦ ɠɢɞɤɨɫɬɢ ɜ ɷɥɟɦɟɧɬɚɪɧɨɦ ɭɱɚɫɬɤɟ, ɦ3
; 

m - ɩɨɪɢɫɬɨɫɬɶ ɮɢɥɶɬɪɚ, ɦ3/ɦ3
;
 

h - ɨɛɳɚɹ ɜɵɫɨɬɚ ɮɢɥɶɬɪɚ ɞɨ ɥɨɬɤɚ, ɦ; 

hɷɥ - ɜɵɫɨɬɚ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɭɱɚɫɬɤɚ, ɦ; 

nɷɥ - ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɦɟɧɬɚɪɧɵɯ ɭɱɚɫɬɤɨɜ, ɲɬ.; 

жS  - ɩɨɜɟɪɯɧɨɫɬɶ ɩɥɨɳɚɞɢ ɜɯɨɞɚ ɠɚɥɸɡɢɣɧɨɝɨ ɩɚɤɟɬɚ, ɦ2
;
 

cS  - ɩɨɜɟɪɯɧɨɫɬɶ ɩɥɨɳɚɞɢ ɫɜɨɛɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɚɩɩɚɪɚɬɚ, ɦ2
; 

minr  - ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɞɢɭɫ ɤɚɩɟɥɶ, ɦ; 

g - ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ, ɦ/ɫ2
;
 

Ʉ1 - ɞɨɥɹ ɠɢɞɤɨɫɬɢ,  ɭɥɚɜɥɢɜɚɟɦɚɹ ɜ ɩɟɪɜɨɣ ɝɨɮɪɟ; 

.ж ɭɥV  - ɤɨɥɢɱɟɫɬɜɨ ɭɥɨɜɥɟɧɧɨɣ ɠɢɞɤɨɫɬɢ ɜ ɨɞɧɨɦ ɷɥɟɦɟɧɬɚɪɧɨɦ 

ɨɛɴɟɦɟ ɜ ɩɟɪɜɨɣ ɝɨɮɪɟ, ɦ3/ɫ; 

ɮV  - ɨɛɴɟɦ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɨɛɴɟɦɚ ɮɢɥɶɬɪɚ, ɦ3
; 

Sɮ - ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɮɢɥɶɬɪɚ, ɦ2
;
 

Sr - ɩɟɪɟɦɟɳɟɧɢɟ ɤɚɩɥɢ ɩɨ ɨɫɢ r, ɦ; 
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Sphi - ɩɟɪɟɦɟɳɟɧɢɟ ɤɚɩɥɢ ɩɨ ɨɫɢ φ, ɦ; 

dphi - ɲɚɝ ɪɚɫɱɟɬɚ ɬɪɚɟɤɬɨɪɢɢ ɩɨɥɟɬɚ ɤɚɩɥɢ ɩɨ ɨɫɢ φ, ɪɚɞ; 

dtau - ɲɚɝ ɪɚɫɱɟɬɚ ɩɨ ɜɪɟɦɟɧɢ, ɫ. 
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ȼȼȿȾȿɇɂȿ 

ɇɟɨɛɯɨɞɢɦɵɦ ɭɫɥɨɜɢɟɦ ɤɚɱɟɫɬɜɟɧɧɨɣ ɩɨɞɝɨɬɨɜɤɢ ɩɪɢɪɨɞɧɨɝɨ ɢ ɧɟɮɬɹɧɨɝɨ 

ɝɚɡɚ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚ ɩɪɨɦɵɲɥɟɧɧɵɯ 

ɩɪɟɞɩɪɢɹɬɢɹɯ ɹɜɥɹɟɬɫɹ ɨɱɢɳɟɧɢɟ ɨɬ ɠɢɞɤɨɣ ɮɚɡɵ ɢ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ. ɀɢɞɤɚɹ 

ɮɚɡɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɜɨɞɵ ɢ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ(ɤɨɧɞɟɧɫɚɬ), 

ɜɵɧɨɫɢɬɫɹ  ɜɦɟɫɬɟ ɫ ɝɚɡɨɦ ɢɡ ɛɭɪɨɜɵɯ ɫɤɜɚɠɢɧ ɢɥɢ ɜɵɞɟɥɹɟɬɫɹ ɜɨ ɜɪɟɦɹ 

ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɚɦ ɩɪɢ ɫɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ. ɇɚɥɢɱɢɟ 

ɤɚɩɟɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɜ ɝɚɡɟ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɝɢɫɬɪɚɥɶɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɜ ɫɪɟɞɧɟɦ ɧɚ 20–

25% ɜ ɪɟɡɭɥɶɬɚɬɟɫɧɢɠɟɧɢɹ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ [1]. 

ɉɪɢɦɟɧɹɟɦɨɟ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɥɢɧɢɹɯ ɝɚɡɨɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɯ 

ɩɪɨɢɡɜɨɞɫɬɜ ɬɪɚɞɢɰɢɨɧɧɨɟ ɝɚɡɨɫɟɩɚɪɚɰɢɨɧɧɨɟ  ɨɛɨɪɭɞɨɜɚɧɢɟ ɨɬɥɢɱɚɟɬɫɹ ɧɢɡɤɨɣ 

ɫɬɟɩɟɧɶɸ ɪɚɡɞɟɥɟɧɢɹ ɢ ɜɵɫɨɤɢɦ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ[2].  

ɗɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚɩɪɚɜɥɟɧɵ  ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɨɝɨ 

ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɚɩɩɚɪɚɬɭɪɧɨɝɨ ɨɮɨɪɦɥɟɧɢɹ ɞɥɹ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ 

ɩɪɨɰɟɫɫɚ ɝɚɡɨɫɟɩɚɪɚɰɢɢ. Ɉɩɪɟɞɟɥɟɧɢɟ ɧɚɢɛɨɥɟɟ ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ 

ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɝɚɡɨɫɟɩɚɪɚɰɢɨɧɧɵɯ 

ɷɥɟɦɟɧɬɨɜ, ɤɨɦɩɥɟɤɫɧɨɟ ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɡɭɱɟɧɢɟ 

ɝɢɞɪɨɞɢɧɚɦɢɤɢ ɢ ɫɬɪɭɤɬɭɪɵ ɝɚɡɨɠɢɞɤɨɫɬɧɵɯ ɩɨɬɨɤɨɜ ɜ ɤɚɧɚɥɟ ɷɥɟɦɟɧɬɚ ɢ 

ɫɨɡɞɚɧɢɟ ɢɧɠɟɧɟɪɧɨɣ ɦɟɬɨɞɢɤɢ ɪɚɫɱɟɬɨɜ ɹɜɥɹɸɬɫɹ ɚɤɬɭɚɥɶɧɵɦɢ, ɩɨɬɨɦɭ ɱɬɨ 

ɪɟɲɚɸɬ ɨɞɧɭ ɢɡ ɜɚɠɧɵɯ ɩɪɨɛɥɟɦ ɧɟɮɬɟɝɚɡɨɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɍɤɪɚɢɧɵ ɢ ɦɢɪɚ 

ɧɚ ɫɨɜɪɟɦɟɧɧɨɦ ɷɬɚɩɟ.  

ɋɜɹɡɶ ɪɚɛɨɬɵ ɫ ɧɚɭɱɧɵɦɢ ɩɪɨɝɪɚɦɦɚɦɢ, ɩɥɚɧɚɦɢ, ɬɟɦɚɦɢ. 
Ⱦɢɫɫɟɪɬɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɨɬɜɟɱɚɟɬ ɬɟɦɚɬɢɱɟɫɤɨɦɭ ɩɥɚɧɭ ɧɚɭɱɧɨ-

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɪɚɛɨɬ, ɡɚɩɥɚɧɢɪɨɜɚɧɧɵɯ ɧɚ ɤɚɮɟɞɪɟ «ɉɪɨɰɟɫɫɵ ɢ 
ɨɛɨɪɭɞɨɜɚɧɢɟ ɯɢɦɢɱɟɫɤɢɯ ɢ ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɯ ɩɪɨɢɡɜɨɞɫɬɜ» (ɉɈɏɇɉ) 
ɋɭɦɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɜ ɪɚɦɤɚɯ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɬɟɦɚɬɢɤɢ 
«ɂɫɫɥɟɞɨɜɚɧɢɟ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɢ ɦɚɫɫɨɬɟɩɥɨɨɛɦɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
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ɭɫɬɪɨɣɫɬɜ ɫ ɜɢɯɪɟɜɵɦɢ ɢ ɜɵɫɨɤɨɬɭɪɛɭɥɢɡɢɪɨɜɚɧɧɵɦɢ ɨɞɧɨ- ɢ ɞɜɭɯɮɚɡɧɵɦɢ 
ɩɨɬɨɤɚɦɢ» (ɧɨɦɟɪ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɪɟɝɢɫɬɪɚɰɢɢ 0110U002632). 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢ ɪɚɫɱɟɬɟ ɝɚɡɨɫɟɩɚɪɚɰɢɨɧɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɐɟɧɬɪɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ  ɪɚɡɜɢɬɢɹ ɧɟɮɬɹɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ 

(PRDC)  (ɂɪɚɤ, ɝ. Ȼɚɝɞɚɞ).  

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɜɧɟɞɪɟɧɵ ɜ ɜɢɞɟ ɦɟɬɨɞɢɤɢ ɪɚɫɫɱɟɬɚɝɚɡɨɫɟɩɚɪɚɬɨɪɨɜ ɧɚ 
ɉɢɥɢɩɨɜɫɤɨɦ ɦɟɫɬɨɪɨɠɞɟɧɢɢ (ɈɈɈ «Ɂɚɩɚɞɬɟɯɧɨɝɚɡ») ɩɟɪɟɞɚɧɧɵɟ ɞɥɹ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɧɚ ɈɈɈ «ɌɟɯɇɟɮɬɟȽɚɡɋɟɪɜɢɫ». 

ɐɟɥɶ ɢ ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ.ɐɟɥɶɸ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ 
ɨɩɪɟɞɟɥɟɧɢɟ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ  
ɫɟɩɚɪɚɬɨɪɚ ɢ ɜɥɢɹɧɢɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɧɚ 
ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɪɚɡɞɟɥɟɧɢɹ ɜ ɧɟɦ. 

- Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ 
ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

- ɩɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɢɡɜɟɫɬɧɵɯ ɫɩɨɫɨɛɨɜ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɪɨɰɟɫɫɨɜ ɫɟɩɚɪɚɰɢɢ 
ɤɚɩɟɥɶ ɢɡ ɝɚɡɨɞɢɫɩɟɪɫɧɵɯ  ɩɨɬɨɤɨɜ, ɨɫɧɨɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɪɚɡɜɢɬɢɹ 
ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɣ ɬɟɯɧɢɤɢ ɢ ɬɟɯɧɨɥɨɝɢɣ ɝɚɡɨɨɱɢɫɬɤɢ, ɜɵɹɜɢɬɶ 
ɨɫɧɨɜɧɵɟ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɚɤɬɨɪɵ ɢ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, 
ɜɥɢɹɸɳɢɟ ɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɨɜ ɪɚɡɞɟɥɟɧɢɹ ɜ 
ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɚɯ; 

- ɪɚɡɪɚɛɨɬɚɬɶ ɮɢɡɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ ɝɚɡɨɤɚɩɟɥɶɧɵɯ ɩɨɬɨɤɨɜ ɜ 
ɠɚɥɸɡɢɣɧɵɯ ɛɥɨɤɚɯ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ ɢ ɩɪɨɜɟɫɬɢ 
ɞɚɥɶɧɟɣɲɟɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɝɢɞɪɨɞɢɧɚɦɢɤɢ ɜ 
ɤɪɢɜɨɥɢɧɟɣɧɨɦ ɢɧɟɪɰɢɨɧɧɨɦ ɫɟɩɚɪɚɰɢɨɧɧɨɦ ɤɚɧɚɥɟ ɫ ɮɢɥɶɬɪɭɸɳɢɦɢ 
ɷɥɟɦɟɧɬɚɦɢ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɨɣ ɞɥɹ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɫɤɨɪɨɫɬɢ ɢ 
ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɝɚɡɨɠɢɞɤɨɫɬɧɨɝɨ ɩɨɬɨɤɚ ɢ ɤɚɩɟɥɶ ɠɢɞɤɨɫɬɢ, 
ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɟɩɚɪɚɰɢɢ; 

- ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɫɫɥɟɞɨɜɚɬɶ ɪɚɛɨɬɭ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ  

ɫɟɩɚɪɚɬɨɪɨɜ ɜ ɪɚɡɥɢɱɧɵɯ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɪɟɠɢɦɚɯ, ɨɰɟɧɢɬɶ ɢɯ ɜɥɢɹɧɢɟ 
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ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɫɟɩɚɪɚɰɢɢ, ɨɩɪɟɞɟɥɢɬɶ ɨɫɧɨɜɧɵɟ 

ɫɟɩɚɪɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ; 

- ɪɚɡɪɚɛɨɬɚɬɶ ɢɧɠɟɧɟɪɧɭɸ ɦɟɬɨɞɢɤɭ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ 

ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ ɫ 

ɨɩɪɟɞɟɥɟɧɢɟɦ ɨɩɬɢɦɚɥɶɧɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ  

ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ; 

- ɩɪɨɜɟɫɬɢ ɚɩɪɨɛɚɰɢɸ ɢ ɩɪɨɦɵɲɥɟɧɧɨɟ ɜɧɟɞɪɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɧɚɭɱɧɵɯ 

ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɟɤɨɦɟɧɞɚɰɢɣ ɤ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɢɧɟɪɰɢɨɧɧɨ-

ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ. 

Ɉɛɴɟɤɬɢɫɫɥɟɞɨɜɚɧɢɹ–ɩɪɨɰɟɫɫɵ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɣ ɫɟɩɚɪɚɰɢɢ 

ɤɚɩɟɥɶ ɠɢɞɤɨɫɬɢ ɢɡ ɝɚɡɨɠɢɞɤɨɫɬɧɨɝɨ ɩɨɬɨɤɚ. 

ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ– ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ 

ɩɪɨɰɟɫɫɵ ɮɨɪɦɢɪɨɜɚɧɢɹ, ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɭɥɚɜɥɢɜɚɧɢɹ ɤɚɩɟɥɶ ɢ ɨɬɜɨɞɚ ɩɥɟɧɤɢ 

ɠɢɞɤɨɫɬɢ ɢɡ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ. 

Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. ȼ ɪɚɛɨɬɟ ɩɪɢɦɟɧɹɥɢɫɶ ɦɟɬɨɞɵ ɩɥɚɧɢɪɨɜɚɧɢɹ 

ɦɧɨɝɨɮɚɤɬɨɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ ɝɚɡɨɞɢɧɚɦɢɤɢ ɦɧɨɝɨɮɚɡɧɵɯ 

ɫɪɟɞ. 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɝɢɞɪɨɞɢɧɚɦɢɤɢ ɞɜɢɠɟɧɢɹ ɝɚɡɨɤɚɩɟɥɶɧɵɯ ɩɨɬɨɤɨɜ ɩɪɢɦɟɧɹɥɫɹ 

ɦɟɬɨɞ ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɣ ɞɜɭɯɮɚɡɧɨɣ ɝɢɞɪɨɞɢɧɚɦɢɤɢ ɜ 

ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɤɚɧɚɥɚɯ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɝɚɡɨɫɟɩɚɪɚɬɨɪɚ. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ: 

- ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ ɜɩɟɪɜɵɟ ɩɨɥɭɱɟɧɨ ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɢ 

ɧɟɪɚɡɪɵɜɧɨɫɬɢ ɩɨɬɨɤɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɨɫɬɚɜɥɹɸɳɢɯ ɥɨɤɚɥɶɧɵɯ ɫɤɨɪɨɫɬɟɣ 

ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɞɥɹ ɱɚɫɬɧɨɝɨ ɫɥɭɱɚɹ ɩɥɨɫɤɨɝɨ ɧɟɨɫɟɫɢɦɦɟɬɪɢɱɧɨɝɨ ɬɟɱɟɧɢɹ 

ɜ ɤɪɢɜɨɥɢɧɟɣɧɨɦ ɤɚɧɚɥɟ, ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɫɬɟɧɤɚɦɢ ɫɢɧɭɫɨɢɞɚɥɶɧɨɝɨ 

ɩɪɨɮɢɥɹ; 
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- ɪɚɫɲɢɪɟɧɨ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɛ ɨɫɧɨɜɧɵɯ ɦɟɬɨɞɚɯ ɢ ɦɟɯɚɧɢɡɦɚɯ ɢɧɟɪɰɢɨɧɧɨ-

ɮɢɥɶɬɪɭɸɳɢɯɫɟɩɚɪɚɰɢɢ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɪɟɞɥɨɠɟɧɧɨɣ ɮɢɡɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 
ɞɜɢɠɟɧɢɹ ɝɚɡɨɤɚɩɟɥɶɧɵɯ ɩɨɬɨɤɨɜ ɜ ɤɚɧɚɥɚɯ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ 
ɫɟɩɚɪɚɬɨɪɨɜ ɜɩɟɪɜɵɟ ɩɨɥɭɱɟɧɨ ɱɢɫɥɟɧɧɨɟ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ 
ɝɚɡɨɞɢɫɩɟɪɫɧɨɣ ɫɪɟɞɵ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ 

ɤɚɩɟɥɶ ɢ ɨɫɭɳɟɫɬɜɢɬɶ ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɩɪɨɮɢɥɢɪɨɜɚɧɢɟ ɤɪɢɜɨɥɢɧɟɣɧɵɯ 
ɤɚɧɚɥɨɜ ɫ ɮɢɥɶɬɪɭɸɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ; 

- ɩɨɥɭɱɢɥɚ ɞɚɥɶɧɟɣɲɟɟ ɪɚɡɜɢɬɢɟ ɤɨɧɬɢɧɭɚɥɶɧɚɹ ɦɨɞɟɥɶ ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ 
ɬɟɱɟɧɢɹ ɝɚɡɨɞɢɫɩɟɪɫɧɨɝɨ ɩɨɬɨɤɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɪɚɫɱɟɬɧɵɦ ɦɟɬɨɞɨɦ 
ɨɩɪɟɞɟɥɢɬɶ ɫɩɨɫɨɛ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɩɟɥɶ ɩɨ ɪɚɡɦɟɪɚɦ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɨɰɟɧɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɟɩɚɪɚɰɢɢ ɩɨɫɥɟ ɤɚɠɞɨɝɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ 
ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ ɭɱɚɫɬɤɚ ɫɟɩɚɪɚɰɢɨɧɧɨɝɨ ɤɚɧɚɥɚ; 

- ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɨɞɟɥɶɧɵɯ ɨɛɪɚɡɰɨɜ 
ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɤɚɧɚɥɨɜ ɢ ɢɯ ɨɛɨɛɳɟɧɢɹ ɨɩɪɟɞɟɥɟɧɵ 
ɨɫɧɨɜɧɵɟ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ 
ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ. 
ɉɪɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ: 

-  ɪɚɡɪɚɛɨɬɚɧɚ ɢɧɠɟɧɟɪɧɚɹ ɦɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ 
ɫɟɩɚɪɚɬɨɪɨɜ, ɩɨɡɜɨɥɹɸɳɚɹ ɨɩɪɟɞɟɥɢɬɶ ɨɫɧɨɜɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ ɭɡɥɨɜ ɢ 
ɨɰɟɧɢɬɶ ɮɪɚɤɰɢɨɧɧɭɸ ɢ ɫɭɦɦɚɪɧɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ; 

 - ɩɪɟɞɥɨɠɟɧɵ ɧɨɜɵɣ ɫɩɨɫɨɛ ɨɱɢɫɬɤɢ ɩɪɢɪɨɞɧɨɝɨ  ɢ ɩɨɩɭɬɧɨɝɨ ɝɚɡɨɜ ɨɬ 
ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɢ ɜɨɞɵ, ɚ ɬɚɤɠɟ ɧɨɜɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɢɧɟɪɰɢɨɧɧɨ-

ɮɢɥɶɬɪɭɸɳɢɯɫɟɩɚɪɚɬɨɪɨɜ, ɡɚɳɢɳɟɧɧɵɯ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɩɚɬɟɧɬɨɦ ɢ 
ɫɟɪɬɢɮɢɤɚɬɨɦ ɫɨɨɬɜɟɬɫɬɜɢɹ; 

-ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɧɚɭɱɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ 
ɜɨɡɦɨɠɧɵɦ ɪɚɫɫɱɢɬɵɜɚɬɶ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɤɨɧɫɬɪɭɢɪɨɜɚɬɶ 
ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɟ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɟ ɫɟɩɚɪɚɬɨɪɵ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɟɧɨ 
ɜɧɟɞɪɟɧɢɟɦ ɜ ɪɚɦɤɚɯ ɪɚɛɨɬ,  ɜɵɩɨɥɧɟɧɧɵɯ ɧɚɉɢɥɢɩɨɜɫɤɨɦ ɦɟɫɬɨɪɨɠɞɟɧɢɢ(ɝ. 
ɂɜɚɧɨ-Ɏɪɚɧɤɨɜɫɤ, ɨɛɨɪɭɞɨɜɚɧɢɟ ɮɢɪɦɵ ɈɈɈ «ɌɟɯɇɟɮɬɟȽɚɡɋɟɪɜɢɫ»)   ɫɨɝɥɚɫɧɨ 
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ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɪɨɝɪɚɦɦɟ  Ɇɢɧɢɫɬɟɪɫɬɜɚ ɧɟɮɬɢ ɢ ɝɚɡɚ Ɋɟɫɩɭɛɥɢɤɢ ɂɪɚɤ 
(PRDC)(ɩɪɢɥɨɠɟɧɢɹA,Ȼ). 

Ʌɢɱɧɵɣ ɜɤɥɚɞ ɫɨɢɫɤɚɬɟɥɹ. Ʌɢɱɧɵɣ ɜɤɥɚɞ ɫɨɢɫɤɚɬɟɥɹ ɫɨɫɬɨɢɬ ɜ 

ɩɪɨɜɟɞɟɧɢɢ ɮɢɡɢɱɟɫɤɨɝɨ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ, 

ɩɪɨɯɨɞɹɳɢɯ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɡɚɞɚɧɧɨɣ ɫɬɪɭɤɬɭɪɵɫ ɧɟɩɪɟɪɵɜɧɨ 

ɢɡɦɟɧɹɸɳɢɦɫɹ ɧɚɩɪɚɜɥɟɧɢɟɦ ɜɟɤɬɨɪɚ ɫɤɨɪɨɫɬɢ, ɜ ɩɨɞɛɨɪɟ ɢ ɚɩɪɨɛɚɰɢɢ ɦɟɬɨɞɢɤ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɢ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɚɡɨɜɨɝɨ ɢ ɤɚɩɟɥɶɧɨɝɨ ɩɨɬɨɤɨɜ ɜ ɪɚɛɨɱɟɣ ɨɛɥɚɫɬɢ ɤɚɠɞɨɝɨ ɢɡ 

ɠɚɥɸɡɢɣɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɟɩɚɪɚɬɨɪɚ,ɪɚɡɪɚɛɨɬɤɟ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɛɨɛɳɟɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ ɜɵɜɨɞɨɜ ɩɪɨɜɨɞɢɥɢɫɶ ɩɨɞ ɪɭɤɨɜɨɞɫɬɜɨɦ 

ɧɚɭɱɧɨɝɨ ɪɭɤɨɜɨɞɢɬɟɥɹ ɞ-ɪɚ ɬɟɯɧ. ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪɚ ȼ. 

ɂ.ɋɤɥɚɛɢɧɫɤɨɝɨ.ɋɨɢɫɤɚɬɟɥɶ ɩɪɢɧɢɦɚɥ ɭɱɚɫɬɢɟ ɧɚ ɜɫɟɯɫɬɚɞɢɹɯ ɧɚɭɱɧɨ-

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɪɚɛɨɬ. Ɉ ɪɟɡɭɥɶɬɚɬɚɯ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɨɫɧɨɜɧɨɟ ɫɨɞɟɪɠɚɧɢɟ 

ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ, ɫɨɢɫɤɚɬɟɥɟɦ ɞɨɤɥɚɞɵɜɚɥɨɫɶ ɧɚ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɢ 

ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɢɯ ɤɨɧɮɟɪɟɧɰɢɹɯ Д124-135]. Ɉɫɧɨɜɧɨɣ ɜɤɥɚɞ ɫɨɢɫɤɚɬɟɥɹ,  

ɢɡɥɨɠɟɧɧɵɣ  ɜ ɫɬɚɬɶɹɯ, ɧɚɩɢɫɚɧɧɵɯ ɜ ɫɨɚɜɬɨɪɫɬɜɟ ɢ ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ ɜ 

ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɢɡɞɚɬɟɥɶɫɬɜɚɯ, ɭɬɜɟɪɠɞɟɧɧɵɯ ȾȺɄ ɍɤɪɚɢɧɵ, ɫɬɚɬɶɢ ɜ 

ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɠɭɪɧɚɥɚɯ, [56,117-119,121 ,137], ɢ ɩɚɬɟɧɬ ɜ ɂɪɚɤɟ Д138Ж, ɫɨɫɬɨɢɬ 

ɜ ɫɥɟɞɭɸɳɟɦ: 

- ɩɪɨɜɟɞɟɧ ɨɛɡɨɪ ɨɫɧɨɜɧɵɯ ɦɟɬɨɞɨɜ ɫɟɩɚɪɚɰɢɢ ɢ ɞɨɤɚɡɚɧɵɩɪɟɢɦɭɳɟɫɬɜɚ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ ɜ ɧɟɮɬɟɝɚɡɨɜɨɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɪɚɡɪɚɛɨɬɚɧɚ ɮɢɡɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ ɝɚɡɨɤɚɩɟɥɶɧɵɯ 

ɩɨɬɨɤɨɜ ɜ ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɤɚɧɚɥɚɯ [56];  

- ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɨɫɧɨɜɧɵɟ ɩɨɞɯɨɞɵ  ɪɚɫɱɟɬɚ ɫɤɨɪɨɫɬɢ ɝɚɡɚ ɜ ɤɪɢɜɨɥɢɧɟɣɧɵɯ 

ɤɚɧɚɥɚɯ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ  ɫɟɩɚɪɚɬɨɪɨɜ [117]; 

- ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɥɭɱɟɧ ɨɛɳɢɣ ɜɢɞ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ  ɪɚɫɱɟɬɚ ɫɤɨɪɨɫɬɢ ɝɚɡɚ ɢ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 
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ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ [118]; 

- ɪɚɫɫɦɨɬɪɟɧɨ ɞɜɢɠɟɧɢɟ ɝɚɡɨɤɚɩɟɥɶɧɵɯ ɩɨɬɨɤɨɜ ɜ ɢɧɟɪɰɢɨɧɧɨ-

ɮɢɥɶɬɪɭɸɳɢɯɫɟɩɚɪɚɬɨɪɚɯ ɢ ɪɚɡɪɚɛɨɬɚɧɵ ɨɫɧɨɜɵ ɞɥɹ ɫɨɡɞɚɧɢɹ ɮɢɡɢɱɟɫɤɨɣ ɢ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ  ɢɯ ɪɚɫɱɟɬɚ [119];  

 -  ɩɪɨɜɟɞɟɧ ɨɛɡɨɪ ɜɨɡɦɨɠɧɵɯ ɫɮɟɪ ɩɪɢɦɟɧɟɧɢɹ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ 

ɫɟɩɚɪɚɬɨɪɨɜ ɢ ɞɚɧɵ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɩɪɢɦɟɧɟɧɢɸ ɞɚɧɧɨɝɨ ɬɢɩɚ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ [121]; 

- ɪɚɡɪɚɛɨɬɚɧɚ ɮɢɡɢɱɟɫɤɚɹ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢ 

 ɞɜɢɠɟɧɢɹ ɝɚɡɨɞɢɫɩɟɪɫɧɵɯ, ɜɵɫɨɤɨɬɭɪɛɭɥɢɡɢɪɨɜɚɧɧɵɯ  ɩɨɬɨɤɨɜ ɜ 

ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɤɚɧɚɥɚɯ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ 

ɫɟɩɚɪɚɬɨɪɨɜ[137]; 

-  ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ ɩɪɢɧɰɢɩɵ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹɢɧɟɪɰɢɨɧɧɨ-

ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ ɢ ɞɚɧɵ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɨɫɭɳɟɫɬɜɥɟɧɢɸ ɧɨɜɨɝɨ 

ɫɩɨɫɨɛɚ ɝɚɡɨɫɟɩɚɪɚɰɢɢ ɢ ɢɡɝɨɬɨɜɥɟɧɢɸ ɭɫɬɪɨɣɫɬɜɚ  [138]. 

Ⱥɩɪɨɛɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɞɢɫɫɟɪɬɚɰɢɢ. Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɢ ɪɟɡɭɥɶɬɚɬɵ 

ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɞɨɤɥɚɞɵɜɚɥɢɫɶ ɢ ɨɛɫɭɠɞɚɥɢɫɶ ɧɚ ɤɨɧɮɟɪɟɧɰɢɹɯ: 

- ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɩɪɟɩɨɞɚɜɚɬɟɥɟɣ, ɫɨɬɪɭɞɧɢɤɨɜ, 

ɚɫɩɢɪɚɧɬɨɜ ɢ ɫɬɭɞɟɧɬɨɜ ɢɧɠɟɧɟɪɧɨɝɨ ɮɚɤɭɥɶɬɟɬɚ  ɋɭɦɫɤɨɝɨ 

ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ,  ɫɟɤɰɢɹ  «ɏɢɦɢɱɟɫɤɚɹ  ɬɟɯɧɨɥɨɝɢɹ ɢ 

ɢɧɠɟɧɟɪɢɹ»(2011ɝ.) ; 

- VII Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «ɋɬɪɚɬɟɝɢɹ ɤɚɱɟɫɬɜɚ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ 

ɢ ɨɛɪɚɡɨɜɚɧɢɢ» (ɝ. ȼɚɪɧɚ, Ȼɨɥɝɚɪɢɹ, 2011ɝ.); 

- Ɇɟɠɞɭɧɚɪɨɞɧɨɣ  ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ  ɤɨɧɮɟɪɟɧɰɢɢ ɢ ɜɵɫɬɚɜɤɟ 

«ɇɟɮɬɟɝɚɡɨɜɚɹ ɷɧɟɪɝɟɬɢɤɚ-2011» (ɝ. ɂɜɚɧɨ-Ɏɪɚɧɤɨɜɫɤ, ɍɤɪɚɢɧɚ); 

- І ȼɫɟɭɤɪɚɢɧɫɤɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «ɏɢɦɢɱɟɫɤɚɹ 

ɬɟɯɧɨɥɨɝɢɹ:  ɧɚɭɤɚ ɢ  ɩɪɨɢɡɜɨɞɫɬɜɨ» (ɝ. ɒɨɫɬɤɚ, ɍɤɪɚɢɧɚ, 2012ɝ.); 

- ȼɫɟɭɤɪɚɢɧɫɤɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ«ɂɧɧɨɜɚɰɢɨɧɧɵɣ 

ɩɨɬɟɧɰɢɚɥ ɭɤɪɚɢɧɫɤɨɣ  ɧɚɭɤɢ  ɏɏI ɫɬɨɥɟɬɢɹ»(2011ɝ.); 
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- Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ«ɉɪɨɛɥɟɦɵ ɢ 

ɩɟɪɫɩɟɤɬɢɜɵ ɪɚɡɜɢɬɢɹ  ɧɟɮɬɟɝɚɡɨɜɨɝɨ ɤɨɦɩɥɟɤɫɚ» (ɝ. ɉɨɥɬɚɜɚ,2012ɝ.); 

- ȼɫɟ ɭɤɪɚɢɧɫɤɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ«ɏɢɦɢɱɟɫɤɚɹ  ɬɟɯɧɨɥɨɝɢɹ 

ɢ  ɢɧɠɟɧɟɪɢɹ» (ɋɭɦȽɍ, 2012ɝ.); 

- Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «Ɍɟɯɧɨɥɨɝɢɹ-2012»(ɝ. 

ɋɟɜɟɪɨɞɨɧɟɰɤ, 2012 ɝ.); 

- Ɍɪɟɬɶɟɣ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ«Ʉɨɦɩɶɸɬɟɪɧɨɟ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜ ɯɢɦɢɢ ɢ ɬɟɯɧɨɥɨɝɢɹɯ ɢɯ ɭɫɬɨɣɱɢɜɨɟ ɪɚɡɜɢɬɢɟ» (ɝ. 

Ɋɭɛɟɠɧɨɟ, 2012 ɝ.); 

- Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «ɋɨɜɪɟɦɟɧɧɵɟ 

ɧɚɩɪɚɜɥɟɧɢɹ ɬɟɨɪɬɢɱɟɫɤɢɯ ɢ ɩɪɢɤɥɚɞɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ» (ɝ. Ɉɞɟɫɫɚ,  ɬɨɦ 7, 

ɋ.70-75,2013 ɝ.); 

- ȼɬɨɪɨɣ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ 

«ȼɵɱɢɫɥɢɬɟɥɶɧɵɣ ɢɧɬɟɥɥɟɤɬ  – 2013» (ɪɟɡɭɥɶɬɚɬɵ, ɩɪɨɛɥɟɦɵ, ɩɟɪɫɩɟɤɬɢɜɵ) 

ComInt-2013(ɝ. ɑɟɪɤɚɫɫɵ, ɍɤɪɚɢɧɚ, 2013ɝ.); 

- IX Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «ɋɬɪɚɬɟɝɢɹɤɚɱɟɫɬɜɚ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ 

ɨɛɪɚɡɨɜɚɧɢɢ»(ɝ. ȼɚɪɧɚ, Ȼɨɥɝɚɪɢɹ, 2013 ɝ.). 

ɉɭɛɥɢɤɚɰɢɢ. Ɋɟɡɭɥɶɬɚɬɵ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɨɩɭɛɥɢɤɨɜɚɧɵ ɜ 

23ɧɚɭɱɧɵɯ ɪɚɛɨɬɚɯ, ɢɡ ɧɢɯ 10 ɫɬɚɬɟɣ– ɜ ɧɚɭɱɧɵɯ ɠɭɪɧɚɥɚɯ, (6 ɢɡ ɧɢɯ – ɜ ɧɚɭɱɧɵɯ 

ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɢɡɞɚɧɢɹɯ, ɭɬɜɟɪɠɞɟɧɧɵɯ ȾȺɄ ɍɤɪɚɢɧɵ, 2 ɫɬɚɬɶɢ ɜ 

ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɠɭɪɧɚɥɚɯ), 12– ɩɭɛɥɢɤɚɰɢɢ ɬɟɡɢɫɨɜ ɞɨɤɥɚɞɨɜ ɜ ɦɚɬɟɪɢɚɥɚɯ ɢ 

ɬɪɭɞɚɯ ɤɨɧɮɟɪɟɧɰɢɣ, ɢ 1 ɩɚɬɟɧɬ ɜ ɂɪɚɤɟ. 

ɋɬɪɭɤɬɭɪɚ ɢ ɨɛɴɟɦ ɞɢɫɫɟɪɬɚɰɢɢ. Ⱦɢɫɫɟɪɬɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɫɨɫɬɨɢɬ ɢɡ 

ɜɜɟɞɟɧɢɹ, ɩɹɬɢ ɪɚɡɞɟɥɨɜ, ɜɵɜɨɞɨɜ, ɫɩɢɫɤɚ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, ɧɚ 16 

ɫɬɪɚɧɢɰɚɯ,ɜɤɥɸɱɚɸɳɢɯ138 ɧɚɢɦɟɧɨɜɚɧɢɣ, ɩɪɢɥɨɠɟɧɢɣ. Ɉɛɳɢɣ ɨɛɴɟɦ 

ɞɢɫɫɟɪɬɚɰɢɢ - 208 ɫɬɪɚɧɢɰ, ɢɡ ɧɢɯ 172 ɫɬɪɚɧɢɰɵ ɨɫɧɨɜɧɨɝɨ ɬɟɤɫɬɚ, 9 ɬɚɛɥɢɰ, 

86ɢɥɥɸɫɬɪɚɰɢɣ,ɢ ɩɪɢɥɨɠɟɧɢɹ ɧɚ 19 ɫɬɪɚɧɢɰɚɯ. 

 

http://sti.lg.ua/index.php/ru/nauka/nauchnie-konferencii/315
http://sti.lg.ua/index.php/ru/nauka/nauchnie-konferencii/315
http://sti.lg.ua/index.php/ru/nauka/nauchnie-konferencii/315
http://sti.lg.ua/index.php/ru/nauka/nauchnie-konferencii/315
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ɊȺɁȾȿɅ 1 

ɅɂɌȿɊȺɌɍɊɇɕɃ ɈȻɁɈɊ ɂ ȼɕȻɈɊ ɇȺɉɊȺȼɅȿɇɂɃ ɂɋɋɅȿȾɈȼȺɇɂɃ 

 

 

1.1.Ɉɫɧɨɜɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɪɨɰɟɫɫɨɜ ɪɚɡɞɟɥɟɧɢɹ 

ɤɚɩɟɥɶ ɠɢɞɤɨɫɬɢ ɢ ɝɚɡɚ  

ɂɧɬɟɧɫɢɮɢɤɚɰɢɹ ɩɪɨɰɟɫɫɨɜ ɪɚɡɞɟɥɟɧɢɹ ɧɟɨɞɧɨɪɨɞɧɵɯ ɫɢɫɬɟɦ ɹɜɥɹɟɬɫɹ ɜ 

ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ, ɪɟɲɟɧɢɟ ɤɨɬɨɪɨɣ ɩɨɡɜɨɥɢɬ ɫɨɤɪɚɬɢɬɶ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɡɚɬɪɚɬɵ ɧɚ ɟɝɨ ɩɪɨɜɟɞɟɧɢɟ, ɭɥɭɱɲɢɬɶ ɤɚɱɟɫɬɜɨ ɩɨɥɭɱɚɟɦɵɯ 

ɰɟɥɟɜɵɯ ɩɪɨɞɭɤɬɨɜ, ɫɧɢɡɢɬɶ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɟɩɚɪɚɰɢɨɧɧɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ, ɢɡɜɥɟɱɶ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɪɹɞ ɰɟɧɧɵɯ ɩɪɨɞɭɤɬɨɜ, ɬɚɤɢɯ ɤɚɤ, 

ɧɚɩɪɢɦɟɪ, ɭɝɥɟɜɨɞɨɪɨɞɧɨɟ ɫɵɪɶɟ, ɢ ɪɟɲɢɬɶ ɪɹɞ ɞɪɭɝɢɯɡɚɞɚɱ. 

Ɋɚɡɞɟɥɟɧɢɟ ɧɟɨɞɧɨɪɨɞɧɵɯ ɫɪɟɞ, ɜɵɛɨɪ ɦɟɬɨɞɨɜ ɪɚɡɞɟɥɟɧɢɹ ɡɚɜɢɫɹɬ ɨɬ 

ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɪɚɡɞɟɥɹɟɦɵɯ ɩɨɬɨɤɨɜ ɢ ɢɯ ɮɚɡɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ. ɗɬɨ ɦɨɝɭɬ 

ɛɵɬɶ ɫɪɟɞɵ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɫɢɫɬɟɦɵ ɝɚɡ – ɬɜɟɪɞɵɟ ɬɟɥɚ, ɠɢɞɤɨɫɬɶ – 

ɜɡɜɟɲɟɧɧɵɟ ɬɜɟɪɞɵɟ ɱɚɫɬɢɰɵ, ɝɚɡ – ɠɢɞɤɨɫɬɶ (ɜ ɜɢɞɟ ɞɜɢɠɭɳɢɯɫɹ ɫ ɩɨɬɨɤɨɦ ɝɚɡɚ 

ɤɚɩɟɥɶ ɠɢɞɤɨɫɬɢ). ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɨɫɥɟɞɧɹɹ ɫɢɫɬɟɦɚ, 

ɫɨɫɬɨɹɳɚɹ ɢɡ ɞɜɢɠɭɳɟɝɨɫɹ ɩɨɬɨɤɚ ɝɚɡɚ, ɫɨɞɟɪɠɚɳɟɝɨ  ɤɚɩɥɢ ɠɢɞɤɨɫɬɢ. Ɉɫɨɛɟɧɧɨ 

ɚɤɬɭɚɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɩɪɨɰɟɫɫ ɪɚɡɞɟɥɟɧɢɹ ɬɚɤɢɯ ɫɢɫɬɟɦ, ɜ ɤɨɬɨɪɵɯ ɤɚɩɥɢ 

ɠɢɞɤɨɫɬɢ ɢɦɟɸɬ ɦɢɤɪɨɧɧɵɟ ɪɚɡɦɟɪɵ, ɢ ɫɤɨɪɨɫɬɢ ɝɚɡɨɜɨɝɨ ɢ ɤɚɩɟɥɶɧɨɝɨ 

ɠɢɞɤɨɫɬɧɨɝɨ ɩɨɬɨɤɨɜ ɩɪɚɤɬɢɱɟɫɤɢ ɪɚɜɧɵ. 

Ⱦɥɹ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɪɨɰɟɫɫɨɜ ɪɚɡɞɟɥɟɧɢɹ ɤɚɩɟɥɶ ɠɢɞɤɨɫɬɢ ɢ ɝɚɡɚ 

ɧɟɨɛɯɨɞɢɦɨ  ɪɚɫɫɦɨɬɪɟɬɶ ɨɫɧɨɜɧɵɟ ɩɨɞɯɨɞɵ ɤ ɢɯ ɪɚɡɞɟɥɟɧɢɸ, ɤɨɬɨɪɵɟ 

ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɡɥɢɱɢɹ ɜ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɷɬɢɯ ɩɨɬɨɤɨɜ: 

ɨɬɥɢɱɢɹ  ɜ ɩɥɨɬɧɨɫɬɹɯ ɝɚɡɚ ɢ ɠɢɞɤɨɫɬɢ,ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɚɫɫɨɜɵɯ ɫɢɥ ɝɪɚɜɢɬɚɰɢɢ, 

ɫɢɥɵ ɢɧɟɪɰɢɢ.  ȼɚɠɧɵ  ɪɚɡɦɟɪɵ ɤɚɩɟɥɶ ɠɢɞɤɨɫɬɢ ɢ ɟɟ ɫɜɨɣɫɬɜɚ  ɫɦɚɱɢɜɚɬɶ 

ɫɨɩɪɢɤɚɫɚɸɳɢɟɫɹ ɫ ɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɷɬɨɝɨ  ɫɟɩɚɪɚɬɨɪɵ, 
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ɢɫɩɨɥɶɡɭɸɳɢɟɫɹ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ (ɪɢɫɭɧɨɤ 1.1),  ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ 

ɝɪɚɜɢɬɚɰɢɨɧɧɵɟ, ɢɧɟɪɰɢɨɧɧɵɟ ɢ ɮɢɥɶɬɪɭɸɳɢɟ [3]. 

 

 

 

Ɋɢɫɭɧɨɤ 1.1 – Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɚɩɩɚɪɚɬɨɜ ɪɚɡɞɟɥɟɧɢɹ ɝɚɡɨɠɢɞɤɨɫɬɧɵɯ ɫɢɫɬɟɦ 
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Ɋɢɫɭɧɨɤ 1.2 – ɉɭɬɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɫɟɩɚɪɚɬɨɪɨɜ[4] 

 

Ʉɚɠɞɵɣ ɢɡ ɷɬɢɯ ɫɩɨɫɨɛɨɜ ɪɚɡɞɟɥɟɧɢɹ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ 

ɨɛɨɪɭɞɨɜɚɧɢɹ. Ⱦɥɹ ɜɵɹɜɥɟɧɢɹ ɞɨɫɬɨɢɧɫɬɜ ɢ ɧɟɞɨɫɬɚɬɤɨɜ ɢɦɟɸɳɢɯɫɹ ɫɩɨɫɨɛɨɜ 

ɪɚɡɞɟɥɟɧɢɹ ɪɚɫɫɦɨɬɪɢɦ ɤɚɠɞɵɣ ɢɡ ɦɟɬɨɞɨɜ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ, ɚ ɬɚɤɠɟ ɩɭɬɢ 

ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɤɚɠɞɨɝɨ, ɤɨɬɨɪɵɟ ɩɨɤɚɡɚɧɵ ɧɚ (ɪɢɫɭɧɨɤ 1.2) 

Ƚɪɚɜɢɬɚɰɢɨɧɧɵɟ ɢ ɢɧɟɪɰɢɨɧɧɵɟ ɫɩɨɫɨɛɵ ɨɱɢɫɬɤɢ ɝɚɡɚ ɨɫɧɨɜɚɧɵ ɧɚ 
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ɨɫɚɠɞɟɧɢɢ ɜɥɚɝɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ ɬɹɠɟɫɬɢ (ɝɪɚɜɢɬɚɰɢɢ), ɢɧɟɪɰɢɨɧɧɨɣ ɢɥɢ 

ɰɟɧɬɪɨɛɟɠɧɨɣ ɫɢɥɵ [4]. Ɉɬɞɟɥɟɧɢɟ ɝɚɡɚ ɨɬ ɤɚɩɟɥɶ ɠɢɞɤɨɫɬɢ ɩɭɬɟɦ ɮɢɥɶɬɪɚɰɢɢ 

ɨɫɧɨɜɚɧɨ ɧɚ ɩɪɨɯɨɠɞɟɧɢɢ ɝɚɡɚ ɱɟɪɟɡ ɩɨɪɢɫɬɵɟ ɢɥɢ ɜɨɥɨɤɧɢɫɬɵɟ ɩɟɪɟɝɨɪɨɞɤɢ 

(ɮɢɥɶɬɪɵ).  

ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɫɟɩɚɪɚɬɨɪɚ ɨɫɧɨɜɚɧ ɧɚ ɬɨɦ, ɱɬɨ ɝɚɡɨɜɵɣ 

ɢɥɢ ɜɨɡɞɭɲɧɵɣ ɩɨɬɨɤ ɩɨɩɚɞɚɟɬ ɜ ɪɚɫɲɢɪɹɸɳɭɸɫɹ ɨɫɚɠɞɚɸɳɭɸ ɤɚɦɟɪɭ (ɟɦɤɨɫɬɶ) 

ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɩɵɥɟɭɥɨɜɢɬɟɥɹ, ɜ ɤɨɬɨɪɨɣ ɡɚɦɟɞɥɹɟɬɫɹ ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚɝɚɡɚ. 

ɇɚɛɥɸɞɚɟɦ  ɭɦɟɧɶɲɟɧɢɟ ɜɟɥɢɱɢɧɵ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɥɵ, ɭɧɨɫɹɳɟɣ ɤɚɩɥɢ 

ɠɢɞɤɨɫɬɢ, ɢ ɨɫɚɠɞɟɧɢɟ ɞɢɫɩɟɪɫɧɨɣ ɜɥɚɝɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ  ɬɹɠɟɫɬɢ  (Ɋɢɫɭɧɨɤ 

1.3). 

Ʉɨɧɫɬɪɭɤɰɢɹ: ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɨɫɚɠɞɚɸɳɢɟ ɤɚɦɟɪɵ ɝɪɚɜɢɬɚɰɢɨɧɧɵɯ 

ɚɩɩɚɪɚɬɨɜ ɦɨɝɭɬ ɛɵɬɶ ɩɪɹɦɨɬɨɱɧɨɝɨ, ɥɚɛɢɪɢɧɬɧɨɝɨ ɢ ɩɨɥɨɱɧɨɝɨ ɬɢɩɨɜ. 

 

 

Ɋɢɫɭɧɨɤ 1.3. –  ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɫɟɩɚɪɚɬɨɪɚ [5] 

 

Ƚɪɚɜɢɬɚɰɢɨɧɧɵɣ ɫɩɨɫɨɛ ɨɱɢɫɬɤɢ ɝɚɡɚ ɩɨɡɜɨɥɹɟɬ ɭɥɚɜɥɢɜɚɬɶ ɤɪɭɩɧɵɟ ɜɡɜɟɫɢ 

ɫ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ 40–50%, ɩɪɢɱɟɦ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ ɨɫɚɠɞɚɸɬɫɹ ɱɚɫɬɢɰɵ 

ɛɨɥɟɟ ɱɟɦ 40–50ɦɤɦ [4].Ⱦɚɧɧɵɟ ɚɩɩɚɪɚɬɵ ɱɚɫɬɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɩɟɪɜɨɣ 

ɫɬɭɩɟɧɢ ɨɱɢɫɬɤɢ ɢ ɜ ɨɫɧɨɜɧɨɦ ɞɥɹ ɫɢɫɬɟɦ ɝɚɡ – ɬɜɟɪɞɵɟ ɱɚɫɬɢɰɵ. 

Ɉɫɧɨɜɧɵɦɢ ɧɟɞɨɫɬɚɬɤɚɦɢ ɝɪɚɜɢɬɚɰɢɨɧɧɵɯ ɫɟɩɚɪɚɬɨɪɨɜ ɹɜɥɹɸɬɫɹ ɢɯ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɚɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ (ɦɚɥɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ) ɢ 

ɛɨɥɶɲɢɟ ɝɚɛɚɪɢɬɵ. 

ɋ ɰɟɥɶɸ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɪɨɰɟɫɫɨɜ ɫɟɩɚɪɚɰɢɢ ɜ ɬɚɤɢɯ ɚɩɩɚɪɚɬɚɯ 
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ɩɪɢɦɟɧɹɸɬ ɭɫɬɚɧɨɜɤɭ ɪɚɡɥɢɱɧɵɯ ɢɧɟɪɰɢɨɧɧɵɯ ɧɚɫɚɞɨɤ, ɚ ɬɚɤɠɟɫɩɨɫɨɛɵ 

ɭɦɟɧɶɲɟɧɢɹ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɝɚɡɨɠɢɞɤɨɫɬɧɨɝɨ ɩɨɬɨɤɚ Д6]. 

ɂɧɟɪɰɢɨɧɧɵɣ ɫɩɨɫɨɛ ɨɱɢɫɬɤɢ ɝɚɡɚ ɨɫɧɨɜɚɧ ɧɚ ɢɧɟɪɰɢɨɧɧɨɦ ɨɫɚɠɞɟɧɢɢ 

ɜɥɚɝɢ ɢɥɢ ɜɡɜɟɲɟɧɧɵɯ ɱɚɫɬɢɰ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɦɚɫɫɨɜɵɯ ɫɢɥ ɢɧɟɪɰɢɢ, 

ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɧɚɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɹ ɝɚɡɨɤɚɩɟɥɶɧɨɝɨ ɩɨɬɨɤɚ[7]. 

Ƚɚɡɨɜɵɣ ɢɥɢ ɜɨɡɞɭɲɧɵɣ ɩɨɬɨɤ ɩɨɩɚɞɚɟɬ ɜ ɚɩɩɚɪɚɬ, ɝɞɟ ɝɟɨɦɟɬɪɢɹ ɩɪɨɬɨɱɧɨɣ 

ɱɚɫɬɢ ɢɦɟɟɬ  ɝɨɮɪɢɪɨɜɚɧɧɭɸ ɮɨɪɦɭ. ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɧɚɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɹ 

ɩɨɬɨɤɚ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɧɚ ɤɚɩɥɢ ɧɚɱɢɧɚɸɬ ɞɟɣɫɬɜɨɜɚɬɶ ɦɚɫɫɨɜɵɟ ɫɢɥɵ ɢɧɟɪɰɢɢ. 

ɉɨɞ ɢɯ ɞɟɣɫɬɜɢɟɦ ɩɪɨɢɫɯɨɞɢɬ  ɨɫɚɠɞɟɧɢɟɤɚɩɟɥɶ ɧɚ ɫɬɟɧɤɚɯ ɥɢɛɨ ɧɚɫɚɞɤɚɯ. ɉɨɫɥɟ 

ɨɫɚɠɞɟɧɢɹ ɭɥɨɜɥɟɧɧɚɹ ɜɥɚɝɚ ɨɬɜɨɞɢɬɫɹ, ɚ ɝɚɡɨɜɵɣ ɩɨɬɨɤ ɜɵɯɨɞɢɬ ɱɟɪɟɡ 

ɨɩɪɟɞɟɥɟɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɧɟ ɫɦɟɲɢɜɚɹɫɶ ɫ ɭɥɨɜɥɟɧɧɨɣ ɠɢɞɤɨɫɬɶɸ. 

ɇɟɞɨɫɬɚɬɤɚɦɢ ɢɧɟɪɰɢɨɧɧɨɝɨ ɦɟɬɨɞɚ ɪɚɡɞɟɥɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɜɬɨɪɢɱɧɵɣ ɭɧɨɫ 

ɠɢɞɤɨɫɬɢ, ɚ ɬɚɤɠɟ ɧɟɞɨɫɬɚɬɨɱɧɚɹ ɫɢɥɚ ɢɧɟɪɰɢɢ ɤɚɩɟɥɶ ɩɪɢ ɫɧɢɠɟɧɢɢ ɧɚɝɪɭɡɤɢ ɩɨ 

ɝɚɡɭ.ɂɧɟɪɰɢɨɧɧɵɣ ɫɩɨɫɨɛ ɨɱɢɫɬɤɢ ɝɚɡɚ ɩɨɡɜɨɥɹɟɬ ɭɥɚɜɥɢɜɚɬɶ ɱɚɫɬɢɰɵ ɪɚɡɦɟɪɨɦ 

ɨɬ 15–20 ɦɤɦ ɫ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ 60–90% [7].Ⱦɥɹ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɪɨɰɟɫɫɚ 

ɢɧɟɪɰɢɨɧɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬ ɭɜɟɥɢɱɟɧɢɟ ɢɧɟɪɰɢɨɧɧɵɯ ɫɢɥ ɢ ɭɫɤɨɪɟɧɢɟ 

ɨɬɜɨɞɚ ɭɥɨɜɥɟɧɧɨɣ ɠɢɞɤɨɫɬɢ ɢɡ ɪɚɛɨɱɟɣ ɡɨɧɵ ɚɩɩɚɪɚɬɚ. 

Ɏɢɥɶɬɪɚɰɢɨɧɧɵɣ ɦɟɬɨɞ ɨɱɢɫɬɤɢ ɨɫɧɨɜɚɧ ɧɚ ɪɚɡɞɟɥɟɧɢɢ ɝɚɡɨɠɢɞɤɨɫɬɧɨɣ 

ɫɦɟɫɢ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɱɟɪɟɡ ɮɢɥɶɬɪɭɸɳɭɸ ɩɟɪɟɝɨɪɨɞɤɭ. ɑɚɫɬɢɰɵ ɨɫɚɠɞɚɸɬɫɹ 

ɡɚ ɫɱɟɬ ɷɮɮɟɤɬɚ ɤɚɫɚɧɢɹ, ɧɚɥɢɩɚɧɢɹ, ɚ ɬɚɤɠɟ ɛɪɨɭɧɨɜɫɤɨɝɨ ɞɜɢɠɟɧɢɹ ɢ ɞɪɭɝɢɯ,  

ɦɟɧɟɟ ɡɧɚɱɢɦɵɯ, ɷɮɮɟɤɬɨɜ Д8Ж. ȼɥɢɹɬɟɥɶɧɵɦ ɮɚɤɬɨɪɨɦ ɹɜɥɹɟɬɫɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ 

ɤɨɚɝɭɥɹɰɢɹ ɱɚɫɬɢɰ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɭɥɭɱɲɚɟɬ ɫɬɟɩɟɧɶ ɪɚɡɞɟɥɟɧɢɹ. 

ɇɟɞɨɫɬɚɬɤɚɦɢ ɮɢɥɶɬɪɨɜ ɹɜɥɹɸɬɫɹ ɢɯ ɦɚɥɚɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ, 

ɜɵɫɨɤɨɟ ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ. Ⱦɨɫɬɨɢɧɫɬɜɨɦ – ɜɵɫɨɤɚɹ ɫɬɟɩɟɧɶ 

ɪɚɡɞɟɥɟɧɢɹ (ɞɨ 99,99%). Ɉɫɧɨɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɪɨɰɟɫɫɚ 

ɮɢɥɶɬɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɧɨɜɵɯ ɮɢɥɶɬɪɭɸɳɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɧɨɜɵɯ 

ɤɨɧɫɬɪɭɤɰɢɣ ɮɢɥɶɬɪɨɜ, ɚ ɬɚɤɠɟ ɧɨɜɵɯ ɦɟɬɨɞɨɜ ɨɪɝɚɧɢɡɚɰɢɢ ɩɨɬɨɤɨɜ ɜ ɬɟɥɟ 

ɮɢɥɶɬɪɭɸɳɟɣ ɩɟɪɟɝɨɪɨɞɤɢ Д8]. 
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1.2. Ʉɨɧɫɬɪɭɤɰɢɢ ɢɧɟɪɰɢɨɧɧɵɯ ɫɟɩɚɪɚɬɨɪɨɜ, ɮɢɥɶɬɪɨɜ ɢ ɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ɉɬɞɟɥɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ ɢ ɤɚɩɟɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɨɬ ɝɚɡɨɜɨɝɨ 

ɩɨɬɨɤɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɩɪɢɬɹɠɟɧɢɹ – ɧɚɢɛɨɥɟɟ ɪɚɧɧɢɣ ɢ 

ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɫɩɨɫɨɛ ɨɱɢɫɬɤɢ Д7Ж.ɉɪɨɰɟɫɫ ɨɫɚɠɞɟɧɢɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ 

ɬɹɠɟɫɬɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɬɞɟɥɟɧɢɟ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ, ɢɦɟɸɳɢɯ ɩɥɨɬɧɨɫɬɶ, 

ɩɪɟɜɵɲɚɸɳɭɸ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ, ɚ ɢɧɨɝɞɚ ɢ ɧɚ ɩɨɪɹɞɨɤ, ɩɥɨɬɧɨɫɬɶ ɝɚɡɨɜɨɝɨ 

ɩɨɬɨɤɚ, ɨɬ ɤɨɬɨɪɨɝɨ ɩɪɨɢɫɯɨɞɢɬ ɨɬɞɟɥɟɧɢɟ ɤɚɩɟɥɶɧɨɣ ɠɢɞɤɨɫɬɢ. 

Ɂɚɤɪɭɱɢɜɚɧɢɟ ɩɨɬɨɤɨɜ ɜ ɢɧɟɪɰɢɨɧɧɵɯ ɫɟɩɚɪɚɬɨɪɚɯ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ 

ɢɧɬɟɧɫɢɮɢɰɢɪɭɟɬ ɩɪɨɰɟɫɫɵɫɟɩɚɪɚɰɢɢ ɠɢɞɤɨɣ ɮɚɡɵ ɜ ɫɜɹɡɢ ɫ ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ 

ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɭɫɤɨɪɟɧɢɹ Д9–15Ж. ȿɫɥɢ ɜ ɝɪɚɜɢɬɚɰɢɨɧɧɨɦ ɫɟɩɚɪɚɬɨɪɟ ɨɫɚɠɞɟɧɢɟ 

ɩɪɨɢɫɯɨɞɢɬ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ ɬɹɠɟɫɬɢ, ɬɨ ɜ ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɢ ɡɚɤɪɭɱɟɧɧɵɯ 

ɩɨɬɨɤɚɯ ɜɨɡɧɢɤɚɸɬ ɦɚɫɫɨɜɵɟ ɫɢɥɵ ɢɧɟɪɰɢɢ ɜ ɫɜɹɡɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɢɧɟɪɰɢɨɧɧɨɝɨ 

ɩɨɥɹ,  ɜɨɡɧɢɤɚɸɳɟɝɨ ɜɫɥɟɞɫɬɜɢɟ ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɭɫɤɨɪɟɧɢɹ,  ɞɟɣɫɬɜɭɸɳɟɝɨ ɧɚ 

ɤɚɩɥɢ. Ɉɬɞɟɥɟɧɢɟ ɬɹɠɟɥɨɣ ɮɚɡɵ ɜ ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɢ ɡɚɤɪɭɱɟɧɧɵɯ ɩɨɬɨɤɚɯ 

ɨɛɵɱɧɨɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɠɚɥɸɡɢɣɧɵɯ, ɢɧɟɪɰɢɨɧɧɵɯ ɢ ɰɢɤɥɨɧɧɵɯ ɚɩɩɚɪɚɬɚɯ Д15-

32]. 

ȼ ɠɚɥɸɡɢɣɧɵɯ ɚɩɩɚɪɚɬɚɯ ɝɟɬɟɪɨɝɟɧɧɵɣ ɩɨɬɨɤ ɞɜɢɠɟɬɫɹ ɩɨ ɤɪɢɜɨɥɢɧɟɣɧɵɦ 

ɤɚɧɚɥɚɦ, ɜ ɢɧɟɪɰɢɨɧɧɵɯ – ɪɚɡɞɟɥɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɥɟ ɜɵɯɨɞɚ ɞɜɭɯɮɚɡɧɨɝɨ 

ɩɨɬɨɤɚ ɢɡ ɪɚɡɝɨɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɚ ɜ ɰɢɤɥɨɧɧɵɯ, ɰɟɧɬɪɨɛɟɠɧɵɯ ɫɟɩɚɪɚɬɨɪɚɯ ɩɨɥɟ 

ɰɟɧɬɪɨɛɟɠɧɵɯ ɫɢɥ ɜɨɡɧɢɤɚɟɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɜɢɠɟɧɢɹ ɩɨɬɨɤɚ ɩɨ ɫɩɢɪɚɥɢ. 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɩɪɢɦɟɫɢ ɢ ɤɚɩɟɥɶɧɚɹ ɠɢɞɤɨɫɬɶ ɜɨ ɜɫɟɯ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɫɥɭɱɚɹɯ 

ɨɫɚɠɞɚɸɬɫɹ ɢɡ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɧɚ ɫɬɟɧɤɢ ɚɩɩɚɪɚɬɚ (ɢɥɢ ɷɥɟɦɟɧɬɚ ɧɚɫɚɞɤɢ) ɩɨɞ 

ɞɟɣɫɬɜɢɟɦ ɢɧɟɪɰɢɨɧɧɨɣ ɢɥɢ ɰɟɧɬɪɨɛɟɠɧɨɣ ɫɢɥɵ. 

ɀɚɥɸɡɢɣɧɵɣ ɫɟɩɚɪɚɬɨɪ (ɪɢɫɭɧɨɤ 1.4) [3] ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɚɩɩɚɪɚɬ ɫ 

ɠɚɥɸɡɢɣɧɨɣɧɚɫɚɞɤɨɣ, ɢɦɟɸɳɟɣ ɜɨɥɧɢɫɬɭɸ ɮɨɪɦɭ (ɫɢɧɭɫɨɢɞɵ) ɢɥɢ 
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ɡɢɝɡɚɝɨɨɛɪɚɡɧɭɸ, ɟɫɥɢ ɧɚɫɚɞɤɚ ɜɵɩɨɥɧɟɧɚ ɜ ɜɢɞɟ ɧɚɛɨɪɚ ɭɝɨɥɤɨɜ. 

 

 

Ɋɢɫɭɧɨɤ 1.4 – ɀɚɥɸɡɢɣɧɵɣ ɫɟɩɚɪɚɬɨɪ 

1 – ɤɨɪɩɭɫ; 2 – ɩɚɤɟɬ ɠɚɥɸɡɢ; 3, – ɜɯɨɞɧɨɣ ɩɚɬɪɭɛɨɤ, 4 – ɜɵɯɨɞɧɨɣ ɩɚɬɪɭɛɨɤ; 

5 – ɞɪɟɧɚɠɧɵɣ ɩɚɬɪɭɛɨɤ; 6 – ɫɢɧɭɫɨɢɞɚɥɶɧɵɟ ɠɚɥɸɡɢ; 7 – ɭɝɨɥɤɨɜɵɟ ɠɚɥɸɡɢ 

 

ȼ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɩɪɚɤɬɢɤɟ ɧɚɢɛɨɥɶɲɟɟ ɩɪɢɦɟɧɟɧɢɟ ɧɚɯɨɞɹɬ ɩɟɪɜɵɟ, 

ɜɡɚɪɭɛɟɠɧɨɣ – ɜɬɨɪɵɟ Д5]. ȼ ɜɨɥɧɢɫɬɵɯ ɠɚɥɸɡɢ ɩɨɬɨɤ ɩɥɚɜɧɨ ɢɡɦɟɧɹɟɬ 

ɧɚɩɪɚɜɥɟɧɢɟ, ɚ ɱɚɫɬɢɰɵɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɢɧɟɪɰɢɨɧɧɵɯ ɫɢɥ 

ɨɫɟɞɚɸɬ ɧɚ ɜɨɝɧɭɬɵɯɩɨɜɟɪɯɧɨɫɬɹɯ ɢ ɫɬɟɤɚɸɬ ɩɨ ɧɢɦ ɜɧɢɡ ɚɩɩɚɪɚɬɚ. ȼ ɭɝɨɥɤɨɜɵɯ 

ɠɚɥɸɡɢ ɱɚɫɬɢɰɵɩɨɩɚɞɚɸɬ ɜ ɫɬɜɨɪ ɭɝɨɥɤɚ, ɤɚɤ ɜ ɥɨɜɭɲɤɭ, ɢ ɬɨɠɟ ɫɬɟɤɚɸɬ ɜɧɢɡ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɟɞɥɚɝɚɟɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɤɨɧɫɬɪɭɤɰɢɣɠɚɥɸɡɢɣɧɵɯ ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ. Ʉ ɬɚɤɢɦ ɤɨɧɫɬɪɭɤɰɢɹɦ 

ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɩɵɥɟɠɢɞɤɨɫɬɧɵɣ ɨɬɞɟɥɢɬɟɥɶ Д20Ж, ɜ ɤɨɬɨɪɨɦ ɩɪɨɞɨɥɶɧɵɟ 

ɫɟɩɚɪɚɰɢɨɧɧɵɟ ɷɥɟɦɟɧɬɵ  ɜɵɩɨɥɧɟɧɵ ɜ ɜɢɞɟ А-ɨɛɪɚɡɧɵɯ ɩɥɚɫɬɢɧ ɢ ɭɝɨɥɤɨɜ 

(ɪɢɫɭɧɨɤ 1.5).ȼ ɷɬɨɣ ɠɟ ɪɚɛɨɬɟ ɚɜɬɨɪɨɦ ɩɪɟɞɥɚɝɚɟɬɫɹ ɭɩɪɨɳɟɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ 

ɩɪɨɫɬɚɜɤɢ ɩɵɥɟɠɢɞɤɨɫɬɧɨɝɨ ɨɬɞɟɥɢɬɟɥɹ, ɤɨɬɨɪɚɹ ɩɪɚɤɬɢɱɟɫɤɢ ɚɧɚɥɨɝɢɱɧɚ ɩɟɪɜɨɣ, 

ɨɞɧɚɤɨ ɨɛɥɚɞɚɟɬ ɛɨɥɟɟ ɩɪɨɫɬɨɣ ɤɨɧɫɬɪɭɤɰɢɟɣ, ɭɩɪɨɳɟɧɢɟ ɤɨɬɨɪɨɣ ɧɟ ɩɪɢɜɨɞɢɬ ɤ 

ɫɭɳɟɫɬɜɟɧɧɵɦ ɢɡɦɟɧɟɧɢɹɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɬɞɟɥɢɬɟɥɹ. 
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Ɋɢɫɭɧɨɤ 1.5 – ɀɚɥɸɡɢɣɧɚɹ ɩɪɨɫɬɚɜɤɚ ɩɵɥɟɠɢɞɤɨɫɬɧɨɝɨ ɨɬɞɟɥɢɬɟɥɹ 

 

Ɍɟɦ ɠɟ ɚɜɬɨɪɨɦ ɩɪɟɞɥɨɠɟɧɵ ɤɨɧɫɬɪɭɤɰɢɢ ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɞɥɹ 

ɨɱɢɫɬɤɢ ɝɚɡɚ ɨɬ ɤɚɩɟɥɶɧɨɣ ɠɢɞɤɨɫɬɢ: ɝɚɡɨɠɢɞɤɨɫɬɧɵɣ ɫɟɩɚɪɚɬɨɪ [20Ж, ɜ ɤɨɬɨɪɨɦ 

ɠɚɥɸɡɢɣɧɚɹ ɩɪɨɫɬɚɜɤɚɢ ɫɟɩɚɪɚɬɨɪ ɤɚɩɟɥɶɧɨɣ ɠɢɞɤɨɫɬɢ Д24] ɫɨɛɢɪɚɸɬɫɹ ɢɡ 

ɨɬɞɟɥɶɧɵɯ А-ɨɛɪɚɡɧɵɯ ɩɥɚɫɬɢɧ.ɋɟɩɚɪɚɬɨɪ ɤɚɩɟɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɢɦɟɟɬ ɛɨɥɟɟ 

ɫɥɨɠɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ, ɧɨ ɬɨɠɟɫɨɛɢɪɚɟɬɫɹ ɢɡ ɨɬɞɟɥɶɧɵɯ ɮɢɝɭɪɧɵɯ 

ɱɚɫɬɟɣ.ɉɪɨɞɨɥɶɧɵɟ ɪɹɞɵ ɡɢɝɡɚɝɨɨɛɪɚɡɧɵɯ ɤɚɧɚɥɨɜ ɨɛɪɚɡɨɜɚɧɵ ɩɟɪɟɝɨɪɨɞɤɚɦɢ, 

ɤɨɬɨɪɵɟ ɫɨɫɬɚɜɥɟɧɵ ɢɡ ɷɥɟɦɟɧɬɨɜ-ɭɝɨɥɤɨɜ, ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɤɪɨɦɤɚɦɢ ɤɨɬɨɪɵɯ, 

ɚ ɬɚɤɠɟ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɪɚɫɩɨɥɨɠɟɧɵ U-ɨɛɪɚɡɧɵɟ ɥɨɜɭɲɤɢ. 

Ɏɪɚɧɰɭɡɫɤɚɹ ɮɢɪɦɚ «Ʉɪɟɡɨ-Ʌɭɚɪ», ɤɨɬɨɪɚɹ ɹɜɥɹɥɚɫɶ ɨɞɧɢɦ ɢɡ 

ɨɫɧɨɜɧɵɯɩɨɫɬɚɜɳɢɤɨɜ ɫɟɩɚɪɚɰɢɨɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɤɨɦɩɪɟɫɫɨɪɧɵɯ 

ɫɬɚɧɰɢɣ Ɂɚɩɚɞɧɨɣ ɢ ȼɨɫɬɨɱɧɨɣ ɋɢɛɢɪɢ, ɞɥɹ ɭɞɚɥɟɧɢɹ ɤɚɩɟɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɢɡ 

ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɩɪɟɞɥɚɝɚɟɬ ɩɪɹɦɨɬɨɱɧɵɟ ɫɟɩɚɪɚɬɨɪɵ ɠɚɥɸɡɢɣɧɨɝɨ ɬɢɩɚ (ɪɢɫɭɧɨɤ 

1.6)[6]. ȼ ɤɨɪɩɭɫɟ ɩɪɹɦɨɬɨɱɧɨɝɨ ɫɟɩɚɪɚɬɨɪɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚɛɨɪ ɩɚɪɚɥɥɟɥɶɧɵɯ 

ɩɥɚɫɬɢɧ ɫɩɟɰɢɚɥɶɧɨɣ ɮɨɪɦɵ. Ƚɚɡ, ɩɪɨɯɨɞɹ ɦɟɠɞɭ ɩɥɚɫɬɢɧɚɦɢ, ɦɧɨɝɨɪɚɡɨɜɨ 

ɢɡɦɟɧɹɟɬ ɧɚɩɪɚɜɥɟɧɢɟ ɞɜɢɠɟɧɢɹ. Ʉɚɩɟɥɶɧɚɹ ɠɢɞɤɨɫɬɶ ɨɫɟɞɚɟɬ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɩɥɚɫɬɢɧ ɢ ɫɬɟɤɚɟɬ ɜ ɧɢɠɧɸɸ ɱɚɫɬɶ ɚɩɩɚɪɚɬɚ. Ⱦɥɹ  ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɭɧɨɫɚ 

ɫɬɟɤɚɸɳɟɣ ɠɢɞɤɨɫɬɢ ɤ ɜɵɯɨɞɧɨɦɭ ɩɚɬɪɭɛɤɭ  ɧɚ ɜɵɫɬɭɩɚɸɳɢɯ ɱɚɫɬɹɯ ɩɥɚɫɬɢɧ 

ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɫɩɟɰɢɚɥɶɧɵɟ ɠɟɥɨɛɚ – ɥɨɜɭɲɤɢ. 
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Ɋɢɫɭɧɨɤ 1.6 – ɉɪɹɦɨɬɨɱɧɵɣ ɫɟɩɚɪɚɬɨɪ 

1 – ɜɯɨɞ ɫɦɟɫɢ; 2 – ɜɵɯɨɞ ɨɱɢɳɟɧɧɨɝɨ ɝɚɡɚ; 3 – ɫɥɢɜ ɨɬɫɟɩɚɪɢɪɨɜɚɧɧɵɯ 

ɩɪɢɦɟɫɟɣ; 4 – ɢɡɨɝɧɭɬɚɹ ɩɥɚɫɬɢɧɚ; 5 – ɠɟɥɨɛ-ɥɨɜɭɲɤɚ 

 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɜɫɟɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜɵɲɟ ɠɚɥɸɡɢɣɧɵɯ 

ɫɟɩɚɪɚɬɨɪɨɜɧɚɩɪɹɦɭɸ ɫɜɹɡɚɧɚ ɫ ɢɯ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ: ɱɟɦ 

ɛɨɥɶɲɟ ɠɟɥɨɛɨɜ- ɥɨɜɭɲɟɤ, ɩɨɜɨɪɨɬɨɜ, ɭɝɨɥɤɨɜ ɢ ɬ.ɞ.,  ɬɟɦ ɷɮɮɟɤɬɢɜɧɟɟ ɩɪɨɰɟɫɫ 

ɫɟɩɚɪɚɰɢɢ ɢ  ɜɵɲɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɚɩɩɚɪɚɬɚ. 

ȼ ɩɥɚɫɬɢɧɱɚɬɨɦ ɫɟɩɚɪɚɬɨɪɟ Д33Ж, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɦ ɞɥɹ ɨɬɞɟɥɟɧɢɹ 

ɤɚɩɟɥɶɠɢɞɤɨɫɬɢ, ɫɟɩɚɪɚɰɢɨɧɧɵɣ ɷɥɟɦɟɧɬ ɜɵɩɨɥɧɟɧ ɜ ɜɢɞɟ ɩɚɪɚɥɥɟɥɶɧɵɯ ɦɟɠɞɭ 

ɫɨɛɨɣ ɥɨɩɚɫɬɟɣ.ɑɚɫɬɢɰɵ ɠɢɞɤɨɫɬɢ ɨɫɚɠɞɚɸɬɫɹ ɧɚ ɥɨɩɚɫɬɹɯ, ɫɬɟɤɚɸɬ ɩɨ ɧɢɦ ɢ 

ɫɨɛɢɪɚɸɬɫɹ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɚɩɩɚɪɚɬɚ. Ⱦɚɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɩɪɨɫɬɚ ɜ ɢɡɝɨɬɨɜɥɟɧɢɢ 

ɢ ɢɦɟɟɬ ɦɚɥɨɟ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɬɨɤɚ, ɨɞɧɚɤɨ ɛɨɥɶɲɢɟ 

ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɭɜɟɥɢɱɟɧɢɹ ɜɪɟɦɟɧɢ 

ɧɚɯɨɠɞɟɧɢɹ ɫɦɟɫɢ ɜ ɚɩɩɚɪɚɬɟ, ɞɟɥɚɸɬ ɩɪɢɦɟɧɟɧɢɟ ɞɚɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɜ 

ɭɫɥɨɜɢɹɯ ɤɨɦɩɪɟɫɫɨɪɧɵɯ ɫɬɚɧɰɢɣ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɵɦ. 

ȼɟɪɬɢɤɚɥɶɧɵɣ ɫɟɩɚɪɚɬɨɪ,  ɢɡɨɛɪɚɠɟɧɧɵɣ ɧɚ ɪɢɫɭɧɨɤ 1.7[34], ɩɪɟɞɧɚɡɧɚɱɟɧ 

ɞɥɹ ɨɬɞɟɥɟɧɢɹ ɤɚɩɟɥɶ ɠɢɞɤɨɫɬɢ ɢɡ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ. Ɂɚɜɢɯɪɢɬɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ 

ɜɵɩɨɥɧɟɧɵ ɜ ɜɢɞɟ ɫɟɤɬɨɪɨɜ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɭɦɟɧɶɲɚɸɳɟɣɫɹ 

ɨɫɟɜɨɣ ɜɵɫɨɬɨɣ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɞɜɢɠɟɧɢɹ ɩɨɬɨɤɚ. 
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Ɋɢɫɭɧɨɤ 1.7 – Ƚɚɡɨɠɢɞɤɨɫɬɧɵɣ ɫɟɩɚɪɚɬɨɪ: 

1 – ɤɨɪɩɭɫ; 2 – ɫɛɨɪɧɢɤ ɠɢɞɤɨɫɬɢ; 3,4 – ɜɯɨɞɧɨɣ ɢ ɜɵɯɨɞɧɨɣ ɩɚɬɪɭɛɤɢ;  

5,6 – ɜɟɪɬɢɤɚɥɶɧɵɟ ɫɬɟɧɤɢ; 7 – ɡɚɜɢɯɪɢɬɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ 

 

ɗɥɟɦɟɧɬɵ ɡɚɤɪɟɩɥɟɧɵ ɧɚ ɞɜɭɯ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɫɬɟɧɤɚɯ ɜɟɪɬɢɤɚɥɶɧɨɝɨ 

ɤɨɪɩɭɫɚ. Ʌɨɜɭɲɤɢ ɠɢɞɤɨɣ ɮɚɡɵ, ɪɚɡɦɟɳɟɧɧɵɟ ɧɚ ɬɟɯ ɠɟ ɫɬɟɧɤɚɯ, ɜ ɡɨɧɚɯ 

ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɞɩɨɪɚ ɡɚɳɢɳɟɧɵ ɫɩɟɰɢɚɥɶɧɵɦɢ ɳɢɬɤɚɦɢ. 

Ⱥɜɬɨɪɵ ɪɚɛɨɬɵ ɭɬɜɟɪɠɞɚɸɬ, ɱɬɨ ɢɡ-ɡɚ ɭɦɟɧɶɲɟɧɢɹ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ 

ɩɨɝɚɡɭ ɩɨ ɦɟɪɟ ɟɝɨ ɩɨɞɴɟɦɚ ɤ ɜɵɯɨɞɧɨɦɭ ɩɚɬɪɭɛɤɭ ɫɟɩɚɪɚɬɨɪɚ ɩɨɜɵɲɚɟɬɫɹ 

ɫɬɟɩɟɧɶ ɤɪɭɬɤɢ ɩɪɢ ɨɛɬɟɤɚɧɢɢ ɡɚɜɢɯɪɢɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɭɥɭɱɲɚɸɬɫɹ ɭɫɥɨɜɢɹ,  ɫɩɨɫɨɛɫɬɜɭɸɳɢɟ ɜɵɞɟɥɟɧɢɸ ɠɢɞɤɨɣ ɮɚɡɵ ɢɡ ɩɨɬɨɤɚ ɫɦɟɫɢ. 

Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɞɚɧɧɨɝɨ ɫɟɩɚɪɚɬɨɪɚ ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɹɬ ɨɬ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ ɢ 

ɪɟɡɤɨ ɜɨɡɪɚɫɬɚɸɬ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɟɟ ɞɨ 15 – 20 ɦ/ɫ. 

 Ɉɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɠɚɥɸɡɢɣɧɵɯ ɷɥɟɦɟɧɬɨɜ ɹɜɥɹɟɬɫɹ ɰɢɤɥɢɱɟɫɤɚɹ 

ɫɦɟɧɚɧɚɩɪɚɜɥɟɧɢɹ ɞɟɣɫɬɜɢɹ ɢɧɟɪɰɢɨɧɧɨɣ ɫɢɥɵ.ɉɨɬɨɤ ɪɚɡɜɨɪɚɱɢɜɚɟɬɫɹ ɧɚ 45–120
0
 

ɜ ɨɞɧɭ ɫɬɨɪɨɧɭ, ɡɚɬɟɦ – ɜ ɨɛɪɚɬɧɭɸ ɢ ɬ.ɞ., ɱɬɨ ɩɨɜɵɲɚɟɬ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɚɩɩɚɪɚɬɨɜ ɞɚɧɧɨɝɨ ɬɢɩɚ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɩɪɨɢɫɯɨɞɹɬ  ɫɧɢɠɟɧɢɟ 

ɪɚɫɯɨɞɚ ɢ ɫɤɨɪɨɫɬɟɣ ɝɚɡɚ, ɚ ɬɚɤɠɟɩɨɧɢɠɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɟɩɚɪɚɰɢɢ ɤɚɩɟɥɶ ɢɡ 

ɩɨɬɨɤɚ ɝɚɡɚ.  

ɐɟɧɬɪɨɛɟɠɧɵɟ ɭɫɬɪɨɣɫɬɜɚ, ɜ ɤɨɬɨɪɵɯ ɧɟɨɱɢɳɟɧɧɵɣ ɩɨɬɨɤ ɩɨɩɚɞɚɟɬ ɜ 
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ɚɩɩɚɪɚɬ ɫ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɫɢɦɦɟɬɪɢɱɧɨɣ ɡɚɤɪɭɬɤɨɣ, ɨɬɧɨɫɹɬɫɹ ɤ ɬɢɩɭ 

ɢɧɟɪɰɢɨɧɧɵɯ ɫɟɩɚɪɚɬɨɪɨɜ.ɂɧɟɪɰɢɨɧɧɵɟ ɫɟɩɚɪɚɬɨɪɵ ɛɵɜɚɸɬ ɫ ɜɟɪɬɢɤɚɥɶɧɨɣ 

ɩɨɞɚɱɟɣ ɩɨɬɨɤɚ (ɫɦɟɫɢ)ɫɜɟɪɯɭ ɜɧɢɡ ɢɥɢ ɫɧɢɡɭ ɜɜɟɪɯ ɢɥɢ ɫ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ 

ɩɨɞɚɱɟɣ (ɪɢɫɭɧɨɤ 1.8). 

 

Ɋɢɫɭɧɨɤ 1.8 – ɂɧɟɪɰɢɨɧɧɵɟ ɫɟɩɚɪɚɬɨɪɵ: 

ɚ – ɜɟɪɬɢɤɚɥɶɧɵɣ ɫ ɩɨɞɚɱɟɣ ɫɦɟɫɢ ɜɧɢɡ; ɛ – ɜɟɪɬɢɤɚɥɶɧɵɣ ɫ ɩɨɞɚɱɟɣ ɫɦɟɫɢ 

ɜɜɟɪɯ; ɜ – ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ; 1 – ɪɚɡɝɨɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ; 2 – ɨɬɪɚɠɚɬɟɥɶ 

 

Ɉɫɧɨɜɧɵɦɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɬɚɤɨɝɨɢɧɟɪɰɢɨɧɧɨɝɨ ɫɟɩɚɪɚɬɨɪɚ 

ɹɜɥɹɸɬɫɹ ɡɚɜɢɯɪɢɬɟɥɶ(ɪɚɡɝɨɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ) ɢ ɨɬɪɚɠɚɬɟɥɶ. ȼ ɪɚɡɝɨɧɧɨɦ 

ɭɫɬɪɨɣɫɬɜɟ ɩɨɬɨɤ ɩɪɢɨɛɪɟɬɚɟɬ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɭɸ ɫɤɨɪɨɫɬɶ (ɞɨɫɬɢɝɚɟɬ 

ɜɟɥɢɱɢɧɵ ɞɨ 20 ɦ/ɫ) Д7Ж. ɇɚ ɨɬɪɚɠɚɬɟɥɶ ɜɵɩɚɞɚɸɬ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥ ɢɧɟɪɰɢɢ 

ɱɚɫɬɢɰɵ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ, ɚ ɩɨɬɨɤ ɫɩɥɨɲɧɨɣ ɮɚɡɵ ɦɟɧɹɟɬ ɧɚɩɪɚɜɥɟɧɢɟ (ɞɨ 180Ɉ
) 

ɜɨɤɪɭɝ ɨɫɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɤ ɧɚɩɪɚɜɥɟɧɢɸ ɞɜɢɠɟɧɢɹ ɫɩɥɨɲɧɨɣ ɮɚɡɵ. 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɢɧɟɪɰɢɨɧɧɵɯ ɫɟɩɚɪɚɬɨɪɨɜ ɧɚɯɨɞɢɬɫɹ ɧɚ 

ɭɪɨɜɧɟɝɪɚɜɢɬɚɰɢɨɧɧɵɯ, ɧɨ ɢɯ ɝɚɛɚɪɢɬɵ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ ɛɥɚɝɨɞɚɪɹ 

ɡɚɦɟɧɟɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɨɫɚɠɞɟɧɢɹ ɫɨ ɫɤɨɪɨɫɬɶɸ 0,05–0,2 ɦ/ɫ ɧɚ ɢɧɟɪɰɢɨɧɧɨɟ ɫɨ 

ɫɤɨɪɨɫɬɶɸ 5–20 ɦ/ɫ [35]. 
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Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɩɪɢɧɰɢɩɨɜ ɜɵɞɟɥɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ 

ɩɪɢɦɟɫɟɣ ɢ ɤɚɩɟɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɢɡ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɹɜɥɹɟɬɫɹ ɢɯ ɪɚɡɞɟɥɟɧɢɟ ɜ 

ɰɟɧɬɪɨɛɟɠɧɨɦ ɩɨɥɟ ɞɜɢɠɭɳɟɝɨɫɹ ɩɨ ɫɩɢɪɚɥɢ ɩɨɬɨɤɚ. ȼɢɯɪɟɜɨɟ ɞɜɢɠɟɧɢɟ 

ɞɜɭɯɮɚɡɧɨɝɨ ɩɨɬɨɤɚ ɜ ɡɨɧɟ ɫɟɩɚɪɚɰɢɢ ɪɟɚɥɢɡɨɜɚɧɨ ɜ ɰɢɤɥɨɧɧɵɯ ɢ  ɰɟɧɬɪɨɛɟɠɧɵɯ 

ɩɪɹɦɨɬɨɱɧɵɯ ɫɟɩɚɪɚɬɨɪɚɯ [36](ɪɢɫɭɧɨɤ 1.9). 

 

Ɋɢɫɭɧɨɤ 1.9 – ɐɟɧɬɪɨɛɟɠɧɵɟ ɫɟɩɚɪɚɬɨɪɵ 

ɚ – ɰɢɤɥɨɧɧɵɣ; ɛ – ɫ ɡɚɜɢɯɪɢɬɟɥɟɦ ɫ ɩɪɹɦɨɬɨɱɧɵɦ ɨɬɜɨɞɨɦ ɩɪɢɦɟɫɟɣ; 

ɜ – ɫ ɡɚɜɢɯɪɢɬɟɥɟɦ ɫ ɩɪɨɬɢɜɨɬɨɱɧɵɦ ɨɬɜɨɞɨɦ ɩɪɢɦɟɫɟɣ; 1 – ɤɨɪɩɭɫ 

ɫɟɩɚɪɚɬɨɪɚ; 2 – ɡɚɜɢɯɪɢɬɟɥɶ; 2 – ɭɡɟɥ ɨɬɜɨɞɚ ɠɢɞɤɨɫɬɢ 

 

ȼ ɰɢɤɥɨɧɧɨɦ ɚɩɩɚɪɚɬɟ (Ɋɢɫɭɧɨɤ 1.9 ɚ) ɫɦɟɫɶ ɩɨɞɚɟɬɫɹ  ɱɟɪɟɡɬɚɧɝɟɧɰɢɚɥɶɧɵɣ 

ɩɚɬɪɭɛɨɤ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɢɯɪɟɜɨɟ ɞɜɢɠɟɧɢɟ ɜ ɤɨɪɩɭɫɟ ɚɩɩɚɪɚɬɚ.Ɍɹɠɟɥɵɟ 

ɱɚɫɬɢɰɵ ɫɦɟɫɢ ɨɫɟɞɚɸɬ ɧɚ ɫɬɟɧɤɚɯ ɚɩɩɚɪɚɬɚ ɢ ɫɬɟɤɚɸɬ ɜ ɧɢɠɧɸɸ ɱɚɫɬɶ, ɚ 

ɨɱɢɳɟɧɧɵɣ ɝɚɡ ɩɨɞɧɢɦɚɟɬɫɹ ɜɜɟɪɯ ɢ ɜɵɜɨɞɢɬɫɹ ɢɡ ɚɩɩɚɪɚɬɚ.ȼ ɰɟɧɬɪɨɛɟɠɧɵɯ 

ɩɪɹɦɨɬɨɱɧɵɯ ɫɟɩɚɪɚɬɨɪɚɯ ɩɨɬɨɤ ɩɨɞɚɟɬɫɹ ɱɟɪɟɡ ɡɚɜɢɯɪɢɬɟɥɶ ɫɜɟɪɯɭ ɜɧɢɡ (ɪɢɫɭɧɨɤ 

1.9 ɛ) ɢɥɢ ɫɧɢɡɭ ɜɜɟɪɯ (ɪɢɫɭɧɨɤ 1.9 ɜ). ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɬɹɠɟɥɵɟ ɩɪɢɦɟɫɢ, 

ɜɵɞɟɥɹɸɳɢɟɫɹ ɢɡ ɝɚɡɚ, ɨɬɜɨɞɹɬɫɹ ɩɨ ɩɨɬɨɤɭ ɜ ɤɨɥɶɰɟɜɭɸ ɳɟɥɶ, ɜɨ ɜɬɨɪɨɦ –

ɧɚɜɫɬɪɟɱɭ ɩɨɬɨɤɭ, ɨɫɟɞɚɹ ɧɚ ɳɟɥɟɜɨɦ, ɞɵɪɱɚɬɨɦ ɢɥɢ ɞɪɭɝɨɦ ɭɡɥɟ ɨɬɜɨɞɚ. ȼ ɨɛɨɢɯ 
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ɫɥɭɱɚɹɯ ɫɩɥɨɲɧɚɹ ɮɚɡɚ ɞɜɢɠɟɬɫɹ ɩɪɹɦɨɬɨɱɧɨ ɜ ɨɬɥɢɱɢɟ ɨɬ ɰɢɤɥɨɧɧɵɯ ɚɩɩɚɪɚɬɨɜ, 

ɝɞɟ ɨɧɚ ɫɧɚɱɚɥɚ  ɩɨ ɜɧɟɲɧɟɣ ɫɩɢɪɚɥɢ ɫɩɭɫɤɚɟɬɫɹ ɜɧɢɡ ɚɩɩɚɪɚɬɚ, ɚ ɡɚɬɟɦ ɢɡɦɟɧɹɟɬ 

ɫɜɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɟ, ɢ,  ɩɨɞɧɢɦɚɹɫɶ ɩɨ  ɜɧɭɬɪɟɧɧɟɣ ɫɩɢɪɚɥɢ, 

ɱɟɪɟɡ ɜɵɯɨɞɧɨɣ ɩɚɬɪɭɛɨɤ ɜɵɜɨɞɢɬɫɹ ɢɡ ɚɩɩɚɪɚɬɚ. 

ɉɪɨɰɟɫɫ ɰɟɧɬɪɨɛɟɠɧɨɣ ɫɟɩɚɪɚɰɢɢ – ɹɜɥɟɧɢɟ ɨɱɟɧɶ ɫɥɨɠɧɨɟ ɢ 

ɬɪɭɞɧɨɩɨɞɞɚɸɳɟɟɫɹ ɚɧɚɥɢɬɢɱɟɫɤɨɦɭ ɨɩɢɫɚɧɢɸ. ȼ ɧɟɦ ɜɵɞɟɥɹɸɬ ɬɚɤɢɟ 

ɫɨɫɬɚɜɥɹɸɳɢɟ ɩɪɨɰɟɫɫɚ Д7]: 

- ɩɟɪɜɢɱɧɨɟ ɨɫɚɠɞɟɧɢɟ ɱɚɫɬɢɰ, ɜ ɱɚɫɬɧɨɫɬɢ, ɤɚɩɟɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɜ 

ɩɨɥɟɰɟɧɬɪɨɛɟɠɧɵɯ ɫɢɥ, ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɩɥɟɧɤɢ ɢɥɢ ɠɝɭɬɨɜ ɠɢɞɤɨɫɬɢ ɧɚ ɫɬɟɧɤɟ; 

- ɫɪɵɜ ɠɢɞɤɨɫɬɢ ɫ ɜɨɥɧɢɫɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɟɧɤɢ, ɬɟɤɭɳɟɣ ɩɨ 

ɫɬɟɧɤɚɦɚɩɩɚɪɚɬɚ; 

- ɪɚɡɛɪɵɡɝɢɜɚɧɢɟ ɩɥɟɧɤɢ ɠɢɞɤɨɫɬɢ ɨɫɚɠɞɚɸɳɢɦɢɫɹ ɤɚɩɥɹɦɢ; 

- ɬɭɪɛɭɥɟɧɬɧɚɹ ɞɢɮɮɭɡɢɹ ɩɟɪɜɢɱɧɨ ɧɟɨɫɟɜɲɢɯ ɢ ɫɨɪɜɚɧɧɵɯ ɤɚɩɟɥɶ ɜ ɝɚɡɟ. 

ɋɪɟɞɢ ɢɡɜɟɫɬɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɰɟɧɬɪɨɛɟɠɧɵɯ ɫɟɩɚɪɚɬɨɪɨɜ 

ɧɚɢɛɨɥɶɲɟɣɩɪɨɫɬɨɬɨɣ ɨɬɥɢɱɚɟɬɫɹ ɤɨɥɟɧɧɵɣ ɤɚɩɥɟɭɥɨɜɢɬɟɥɶ Д37Ж ɫ ɜɟɪɬɢɤɚɥɶɧɵɦ 

ɢɥɢɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɩɨɞɜɨɞɨɦ ɝɚɡɨɜ. 

Ʉɨɥɟɧɧɵɣ ɤɚɩɥɟɭɥɨɜɢɬɟɥɶ (ɪɢɫɭɧɨɤ 1.10) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɩɪɹɦɨɭɝɨɥɶɧɨɟ ɜɫɟɱɟɧɢɢ «ɤɨɥɟɧɨ» 1 ɫ ɜɯɨɞɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ 2 ɢ ɭɡɥɨɦ ɨɬɜɨɞɚ  

ɨɬɫɟɩɚɪɢɪɨɜɚɧɧɨɣ ɠɢɞɤɨɫɬɢ ɜ ɪɚɡɪɵɜɟ ɤɚɧɚɥɚ 3. 

 

Ɋɢɫɭɧɨɤ 1.10 – Ʉɨɥɟɧɧɵɣ ɤɚɩɥɟɭɥɨɜɢɬɟɥɶ 
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Ɇɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɰɟɧɬɪɨɛɟɠɧɵɟ ɚɩɩɚɪɚɬɵ, 

ɢɫɩɨɥɶɡɭɸɳɢɟɩɪɹɦɨɬɨɱɧɨ-ɜɢɯɪɟɜɨɣ ɩɪɢɧɰɢɩ ɞɜɢɠɟɧɢɹ ɩɨɬɨɤɚ ɜ ɡɨɧɟ ɫɟɩɚɪɚɰɢɢ,  

ɨɛɥɚɞɚɸɬɩɪɨɫɬɨɬɨɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɧɢɡɤɨɣ ɦɟɬɚɥɥɨɟɦɤɨɫɬɶɸ ɢ 

ɝɢɞɪɚɜɥɢɱɟɫɤɢɦɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɮɢɥɶɬɪɚɦɢ.Ȼɥɚɝɨɞɚɪɹ ɜɵɫɨɤɨɣ 

ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɧɢɡɤɢɦɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦ ɪɚɫɯɨɞɚɦ, ɨɧɢ  

ɩɟɪɫɩɟɤɬɢɜɧɵ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɬɟɯɧɨɥɨɝɢɢ ɤɨɦɩɪɟɫɫɨɪɧɵɯ 

ɫɬɚɧɰɢɣ ɪɚɡɥɢɱɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɯɨɬɹ ɢ ɧɟɫɤɨɥɶɤɨ ɭɫɬɭɩɚɸɬɮɢɥɶɬɪɚɦ ɩɨ ɫɬɟɩɟɧɢ 

ɨɱɢɫɬɤɢ. 

 Ɏɢɥɶɬɪɚɰɢɨɧɧɵɣ ɫɩɨɫɨɛ ɨɱɢɫɬɤɢ [38] ɨɫɧɨɜɚɧ ɧɚ ɮɢɥɶɬɪɚɰɢɢ ɝɚɡɚ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɟɪɚɦɢɱɟɫɤɢɯ, ɬɤɚɧɟɜɵɯ, ɩɨɥɢɦɟɪɧɵɯ ɢ ɢɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹɨɫɧɨɜɚɧ ɧɚ ɬɨɦ, ɱɬɨ ɝɚɡɨɜɵɣ ɩɨɬɨɤ ɧɚɩɪɚɜɥɹɟɬɫɹ ɧɚ ɮɢɥɶɬɪ, ɜ 

ɤɨɬɨɪɨɦ ɜɥɚɝɚ ɨɫɚɠɞɚɟɬɫɹ ɧɚ ɮɢɥɶɬɪɭɸɳɟɦ ɷɥɟɦɟɧɬɟ, ɩɪɨɯɨɞɹ ɱɟɪɟɡ 

ɮɢɥɶɬɪɨɜɚɥɶɧɭɸ ɩɟɪɟɝɨɪɨɞɤɭ. ɂɧɬɟɧɫɢɮɢɤɚɰɢɹ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɜɨɡɦɨɠɧɚ ɩɭɬɟɦ 

ɩɪɢɦɟɧɟɧɢɹ ɦɧɨɝɨɫɥɨɣɧɵɯ ɮɢɥɶɬɪɨɜ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɭɥɚɜɥɢɜɚɟɬ ɫɜɨɸ 

ɮɪɚɤɰɢɸ, ɥɢɛɨ ɩɪɨɢɫɯɨɞɢɬ ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɤɨɚɥɟɫɰɟɧɰɢɹ ɤɚɩɟɥɶ.Ɂɚ ɫɱɟɬ 

ɭɥɭɱɲɟɧɢɹ ɦɟɬɨɞɨɜ ɨɬɜɨɞɚ ɠɢɞɤɨɫɬɢ  ɩɪɨɢɫɯɨɞɢɬ ɩɪɟɞɨɬɜɪɚɳɟɧɢɟ ɫɪɵɜɚ 

ɭɥɨɜɥɟɧɧɵɯ ɱɚɫɬɢɰ. 

 Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɣ ɫɩɨɫɨɛ [39]ɨɱɢɫɬɤɢ ɝɚɡɚ ɨɫɧɨɜɚɧ ɧɚ ɩɨɝɥɨɳɟɧɢɢ 

ɜɟɳɟɫɬɜɚ, ɢɡ ɤɨɬɨɪɨɝɨ ɫɨɫɬɨɹɬ ɤɚɩɥɢ, ɬɜɟɪɞɵɦɢ ɚɤɬɢɜɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ 

(ɚɞɫɨɪɛɰɢɹ). Ⱥɞɫɨɪɛɰɢɹ ɝɚɡɨɨɛɪɚɡɧɵɯ ɩɪɢɦɟɫɟɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɪɚɡɥɢɱɧɵɯ ɩɨɪɢɫɬɵɯ ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ:  ɚɤɬɢɜɧɨɝɨ ɭɝɥɹ, ɫɢɥɢɤɚɝɟɥɹ, ɛɨɤɫɢɬɨɜ, 

ɰɟɨɥɢɬɨɜ. ȼɪɟɞɧɵɟ ɩɪɢɦɟɫɢ ɚɞɫɨɪɛɢɪɭɸɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɝɥɨɬɢɬɟɥɹ, ɚ ɩɨɫɥɟ 

ɟɝɨ ɧɚɫɵɳɟɧɢɹ ɨɬɝɨɧɹɸɬɫɹ ɩɪɨɞɭɜɤɨɣ ɝɨɪɹɱɢɦ ɜɨɡɞɭɯɨɦ, ɝɚɡɨɦ ɢɥɢ ɩɟɪɟɝɪɟɬɵɦ 

ɩɚɪɨɦ.  

 ɑɚɫɬɶ ɩɪɨɰɟɫɫɚ ɪɚɡɞɟɥɟɧɢɹ– ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɫɟɩɚɪɚɰɢɹ (ɇɌɋ) ɢ 

ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɤɨɧɞɟɧɫɚɰɢɹ (ɇɌɄ). ɉɟɪɫɩɟɤɬɢɜɧɨɣ ɤɨɧɫɬɪɭɤɰɢɟɣ ɹɜɥɹɟɬɫɹ 

ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɢɣ ɫɟɩɚɪɚɬɨɪ [40]. 
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Ɋɢɫɭɧɨɤ 1.11– Ƚɚɡɨɞɢɧɚɦɢɱɟɫɤɢɣ ɫɟɩɚɪɚɬɨɪ 

 

Ɉɫɧɨɜɨɣ ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɹɜɥɹɸɬɫɹ ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɢɟ 

ɷɥɟɦɟɧɬɵ ɜɢɯɪɟɜɨɝɨ ɬɢɩɚ. Ɏɢɡɢɱɟɫɤɨɣ ɨɫɧɨɜɨɣ ɨɱɢɫɬɤɢ ɩɨɬɨɤɚ ɨɬ ɝɟɬɟɪɨɝɟɧɧɵɯ 

ɩɪɢɦɟɫɟɣ ɜ ɚɩɩɚɪɚɬɚɯ ɜɢɯɪɟɜɨɝɨ ɬɢɩɚ ɹɜɥɹɟɬɫɹ ɧɚɥɨɠɟɧɢɟ ɞɟɣɫɬɜɢɹ [3]ɧɚ ɱɚɫɬɢɰɭ 

ɰɟɧɬɪɨɛɟɠɧɨɣ ɫɢɥɵ, ɧɚɩɪɚɜɥɟɧɧɨɣ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɬɪɚɟɤɬɨɪɢɢ(ɥɢɧɢɢ) 

ɞɜɢɠɟɧɢɹ ɜɪɚɳɚɸɳɟɝɨɫɹ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɢ ɜɢɯɪɟɜɵɯ ɫɢɥ. Ɋɟɡɭɥɶɬɢɪɭɸɳɚɹ ɫɢɥɚ, 

ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɱɚɫɬɢɰɭ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɜɟɞɟɧɢɟ ɱɚɫɬɢɰɵ ɢɡ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɧɚ 

ɜɧɭɬɪɟɧɧɢɟ ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɫɬɟɧɤɢ ɚɩɩɚɪɚɬɚ ɢ ɱɟɪɟɡ ɫɩɟɰɢɚɥɶɧɵɟ ɨɤɧɚ – ɜ 

ɫɛɨɪɧɢɤɢ ɲɥɚɦɚ. Ƚɚɡɨɞɢɧɚɦɢɱɟɫɤɢɟ ɚɩɩɚɪɚɬɵ ɩɨɡɜɨɥɹɸɬ ɨɛɟɫɩɟɱɢɬɶ [40] 

ɫɥɟɞɭɸɳɢɟ ɜɨɡɦɨɠɧɨɫɬɢ: 

- ɨɱɢɫɬɤɭ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɨɬ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɚɷɪɨɡɨɥɶɧɵɯ ɩɪɢɦɟɫɟɣ (ɤɚɩɟɥɶɧɵɯ 

ɠɢɞɤɨɫɬɟɣ) ɫ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɞɨ 95% ɢ ɪɚɡɦɟɪɨɦ ɱɚɫɬɢɰ ɨɬ 8 ɦɤɦ; 

- ɩɪɨɰɟɫɫ ɤɨɚɥɟɫɰɟɧɰɢɢ (ɭɤɪɭɩɧɟɧɢɟ) ɤɚɩɟɥɶ ɠɢɞɤɨɫɬɢ; 

- ɫɟɩɚɪɚɰɢɸ ɝɚɡɚ ɨɬ ɠɢɞɤɨɫɬɢ; 

- ɜɬɨɪɢɱɧɭɸ ɫɟɩɚɪɚɰɢɸ ɠɢɞɤɨɫɬɢ ɨɬ ɝɚɡɚ ɜ ɤɚɩɥɟɫɴɟɦɧɢɤɟ; 

- ɷɮɮɟɤɬɢɜɧɨɟ ɨɬɞɟɥɟɧɢɟ ɝɚɡɚ ɨɬ ɠɢɞɤɨɫɬɢ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɤɨɚɥɟɫɰɟɧɰɢɟɣ 

ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɜ 3-ɮɚɡɧɵɯ ɫɪɟɞɚɯ (ɝɚɡɨɧɟɮɬɹɧɨɣ ɤɨɧɞɟɧɫɚɬ, ɧɟɮɬɶ ɫ 

ɛɨɥɶɲɢɦ ɝɚɡɨɜɵɦ ɮɚɤɬɨɪɨɦ). 

ȼɵɲɟ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɤɨɧɫɬɪɭɤɰɢɢ ɪɚɡɥɢɱɧɵɯ ɫɟɩɚɪɚɬɨɪɨɜ. ȼ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɪɟɛɨɜɚɧɢɹ ɤ ɤɨɧɟɱɧɨɦɭ ɩɪɨɞɭɤɬɭ, ɟɝɨ ɯɢɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ, 

ɨɛɴɟɦɧɨɝɨ ɪɚɫɯɨɞɚ ɢɞɟɬ ɩɨɞɛɨɪ ɨɩɬɢɦɚɥɶɧɨɝɨ ɬɢɩɚ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɚ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢ ɨɪɝɚɧɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɨɬɨɤɨɜ. 
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1.3.Ƚɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 

ɫɟɩɚɪɚɰɢɢ 

ɇɚ ɩɪɨɰɟɫɫ ɫɟɩɚɪɚɰɢɢ ɜ ɢɧɟɪɰɢɨɧɧɵɯ ɠɚɥɸɡɢɣɧɵɯ ɷɥɟɦɟɧɬɚɯ ɨɤɚɡɵɜɚɸɬ 

ɜɥɢɹɧɢɟ ɤɚɤ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɫɟɩɟɪɚɰɢɨɧɧɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ[41–43], ɬɚɤ ɢ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɚɹ ɨɛɫɬɚɧɨɜɤɚ ɜ ɡɨɧɟ ɫɟɩɚɪɚɰɢɢ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹɫɹ ɪɹɞɨɦ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ: ɫɤɨɪɨɫɬɶɸ ɢ 

ɧɚɩɪɚɜɥɟɧɢɟɦ ɞɜɢɠɟɧɢɹ (ɪɟɠɢɦɵ ɬɟɱɟɧɢɹ), ɩɨɥɹɦɢ  ɞɚɜɥɟɧɢɣ ɜ ɨɛɥɚɫɬɢ ɞɜɢɠɟɧɢɹ 

ɤɚɩɟɥɶ. 

Ʉɚɱɟɫɬɜɨ ɪɚɡɞɟɥɟɧɢɹ ɢɧɟɪɰɢɨɧɧɵɯ ɫɟɩɚɪɚɬɨɪɨɜ ɡɚɜɢɫɢɬ ɨɬ ɞɢɚɦɟɬɪɚ 

ɩɨɞɜɨɞɹɳɟɝɨ ɤɚɧɚɥɚ, ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ, ɚ ɬɚɤɠɟ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɨɮɨɪɦɥɟɧɢɹ ɡɨɧ,  

ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɨɬɨɤɚ, ɫɟɩɚɪɚɰɢɸ ɢ ɜɵɞɟɥɟɧɢɟ ɞɢɫɩɟɪɫɧɨɣ 

ɮɚɡɵ. Ɋɚɡɦɟɪɵ ɫɟɩɚɪɚɬɨɪɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɢ ɬɪɟɛɭɟɦɨɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɪɚɡɞɟɥɟɧɢɹ. ɇɚɢɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɜɟɥɢɱɢɧɭ ɭɧɨɫɚ 

ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɢɡ ɚɩɩɚɪɚɬɚ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɡɞɟɥɟɧɢɹ 

ɨɤɚɡɵɜɚɟɬ ɫɤɨɪɨɫɬɶ ɝɚɡɚ, ɨɬ ɜɟɥɢɱɢɧɵ ɤɨɬɨɪɨɣ ɡɚɜɢɫɹɬ ɦɚɫɫɨɜɵɟ ɫɢɥɵ,  

ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɤɚɩɥɢ.  

Ɇɧɨɝɨɱɢɫɥɟɧɧɵɟ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɫɟɩɚɪɚɬɨɪɨɜ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɡɞɟɥɟɧɢɹ ɡɚɜɢɫɢɬ 

ɨɬ ɧɚɱɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ, ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ, ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ 

ɨɫɨɛɟɧɧɨɫɬɟɣ ɢ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɟɩɚɪɚɬɨɪɚ, ɚ ɬɚɤɠɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɢɰ ɩɨ ɪɚɡɦɟɪɚɦ [41Ж. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɫɟɩɚɪɚɬɨɪɨɜ ɜ 

ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɟɥɢɱɢɧɨɣ ɭɧɨɫɚ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɩɚɪɨɜɵɦ 

ɢɥɢ ɝɚɡɨɜɵɦ ɩɨɬɨɤɨɦ. ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɭɧɨɫ ɦɨɠɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɡɢɬɶ 

ɨɛɳɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɟɩɚɪɚɬɨɪɚ.  

ɋɥɨɠɧɨɫɬɶ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɬɭɪɛɭɥɟɧɬɧɨɦ ɩɨɬɨɤɟ ɞɟɥɚɟɬ 

ɫɬɪɨɝɨɟ ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɨ ɫɟɩɚɪɚɰɢɢ ɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ ɫ ɭɱɟɬɨɦ 

ɜɬɨɪɢɱɧɨɝɨ ɭɧɨɫɚ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɵɦ. Ⱦɥɹ ɷɬɨɣ ɰɟɥɢ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 



36 

 

ɞɚɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨ ɫɤɨɪɨɫɬɢ ɭɧɨɫɚ ɱɚɫɬɢɰ ɫ ɩɨɜɟɪɯɧɨɫɬɢ 

ɤɚɧɚɥɚ ɬɭɪɛɭɥɟɧɬɧɵɦ ɩɨɬɨɤɨɦ.  

ɉɪɢ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɦ ɪɚɡɞɟɥɟɧɢɢ ɜ ɫɟɩɚɪɚɬɨɪɚɯ [43]ɨɫɧɨɜɧɵɦ ɪɟɠɢɦɨɦ 

ɬɟɱɟɧɢɹ ɞɜɭɯɮɚɡɧɨɝɨ ɩɨɬɨɤɚ ɹɜɥɹɟɬɫɹ ɬɨɬ, ɤɨɬɨɪɵɣ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɬɟɱɟɧɢɟɦ 

ɩɥɟɧɤɢ ɠɢɞɤɨɫɬɢ ɩɨ ɫɬɟɧɤɟ ɤɚɧɚɥɚ ɢ ɩɨɩɭɬɧɵɦ ɩɨɬɨɤɨɦ ɝɚɡɚ ɢɥɢ ɩɚɪɚ, ɧɟɫɭɳɟɝɨ 

ɤɚɩɥɢ ɠɢɞɤɨɫɬɢ. ɉɪɨɰɟɫɫ ɪɚɡɞɟɥɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɧɟɫɤɨɥɶɤɨ ɨɫɧɨɜɧɵɯ 

ɷɬɚɩɨɜ: ɧɚɫɵɳɟɧɢɟ ɚɷɪɨɞɢɫɩɟɪɫɧɨɝɨ ɩɨɬɨɤɚ ɩɚɪɨɦ, ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɟ ɭɤɪɭɩɧɟɧɢɟ 

ɱɚɫɬɢɰ, ɜɵɞɟɥɟɧɢɟ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ.  

Ⱥɷɪɨɡɨɥɶɧɵɟ ɱɚɫɬɢɰɵ ɜ ɩɚɪɨɝɚɡɨɜɨɣ ɫɦɟɫɢ ɜɵɩɨɥɧɹɸɬ ɪɨɥɶ ɚɤɬɢɜɧɵɯ [42] 

ɰɟɧɬɪɨɜ ɤɨɧɞɟɧɫɚɰɢɢ, ɢ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɭɫɥɨɜɢɣ ɞɥɹ ɧɚɱɚɥɚ 

ɩɪɨɰɟɫɫɚ ɧɚ ɢɯ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɭɸɬɫɹ ɫɧɚɱɚɥɚ ɨɬɞɟɥɶɧɵɟ ɹɞɪɚ ɤɨɧɞɟɧɫɚɰɢɢ 

(ɦɟɥɤɢɟ ɤɚɩɥɢ ɧɨɜɨɣ ɮɚɡɵ), ɚ ɡɚɬɟɦ ɫɩɥɨɲɧɨɣ ɫɥɨɣ ɠɢɞɤɨɫɬɢ, ɬɨɥɳɢɧɚ ɤɨɬɨɪɨɝɨ ɜ 

ɞɚɥɶɧɟɣɲɟɦ ɩɪɨɞɨɥɠɚɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ, ɩɪɢɜɨɞɹ ɤ ɭɤɪɭɩɧɟɧɢɸ ɢ ɭɬɹɠɟɥɟɧɢɸ 

ɱɚɫɬɢɰ. ɉɪɢ ɷɬɨɦ ɫɦɚɱɢɜɚɟɦɨɫɬɶ ɢ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɢɫɯɨɞɧɨɣ ɱɚɫɬɢɰɵ ɭɠɟ ɧɟ 

ɢɝɪɚɸɬ ɫɭɳɟɫɬɜɟɧɧɨɣ ɪɨɥɢ, ɬɚɤ ɤɚɤ ɤɨɧɞɟɧɫɚɰɢɹ ɮɚɤɬɢɱɟɫɤɢ ɩɪɨɢɫɯɨɞɢɬ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɝɨ ɫɥɨɹ.  

ɋɤɨɪɨɫɬɶ ɤɨɧɞɟɧɫɚɰɢɢ ɢ ɞɢɚɦɟɬɪ ɤɚɩɥɢ ɞɥɹ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɫɥɭɱɚɹ (ɩɪɢ 

ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɞɚɜɥɟɧɢɢ) ɢ ɢɞɟɚɥɶɧɨɝɨ ɩɚɪɚ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɩɨ 

ɭɪɚɜɧɟɧɢɸ Ɇɚɤɫɜɟɥɥɚ [44Ж. ɉɪɢ ɨɯɥɚɠɞɟɧɢɢ ɩɚɪɨɝɚɡɨɜɨɣ ɫɦɟɫɢ, ɞɜɢɠɭɳɟɣɫɹ 

ɜɞɨɥɶ ɛɨɥɟɟ ɯɨɥɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɧɨɫ ɬɟɩɥɚ ɢ ɤɨɧɞɟɧɫɚɰɢɢ 

ɜɥɚɝɢ ɱɟɪɟɡ ɩɪɢɥɟɝɚɸɳɢɣ ɤ ɧɟɣ ɩɨɝɪɚɧɢɱɧɵɣ ɫɥɨɣ ɝɚɡɚ. ȿɫɥɢ ɜ ɫɦɟɫɢ ɢɦɟɟɬɫɹ 

ɞɢɫɩɟɪɫɧɚɹ ɮɚɡɚ (ɠɢɞɤɢɟ ɚɷɪɨɡɨɥɶɧɵɟ ɱɚɫɬɢɰɵ), ɬɨ ɤɨɧɞɟɧɫɚɰɢɹ ɩɪɨɢɫɯɨɞɢɬ ɧɟ 

ɬɨɥɶɤɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɧɚɥɚ, ɧɨ ɢ ɧɚ ɱɚɫɬɢɰɚɯ. ɋɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɦɚɫɫɚɦɢ 

ɤɨɧɞɟɧɫɚɬɚ, ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɧɚ ɱɚɫɬɢɰɚɯ ɢ ɧɚ ɨɯɥɚɠɞɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɧɚɥɚ, 

ɡɚɜɢɫɢɬ ɨɬ ɜɟɥɢɱɢɧɵ ɩɟɪɟɫɵɳɟɧɢɹ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɫɦɟɫɢ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ. ɉɪɢ 

ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɰɟɧɬɪɨɜ ɤɨɧɞɟɧɫɚɰɢɢ ɜ ɩɨɬɨɤɟ ɧɚ ɧɢɯ ɤɨɧɞɟɧɫɢɪɭɟɬɫɹ 

ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚ, ɱɟɦ ɧɚ ɫɬɟɧɤɚɯ ɤɚɧɚɥɚ. 



37 

 

Ɋɚɫɱɟɬɵ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɵɜɚɸɬ [45Ж, ɱɬɨ 

ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɟ ɭɤɪɭɩɧɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɜ ɨɛɵɱɧɵɯ ɭɫɥɨɜɢɹɯ ɭɜɟɥɢɱɢɬɶ ɪɚɡɦɟɪ 

ɱɚɫɬɢɰ ɨɬ 1 ɞɨ 10–15 ɦɤɦ. Ʉɨɧɟɱɧɵɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɟɥɢɱɢɧɨɣ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɢ ɩɪɢ 

ɫɤɨɪɨɫɬɢ ɝɚɡɚ ɛɨɥɟɟ 30 ɦ/ɫ ɢ ɱɢɫɥɟɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɛɨɥɟɟ 1012
 ɦ3ɫɥɚɛɨ ɡɚɜɢɫɢɬ 

ɨɬ ɫɤɨɪɨɫɬɢ ɢ ɧɚɱɚɥɶɧɨɝɨ ɪɚɡɦɟɪɚ, ɬɚɤ ɤɚɤ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɨɛɴɟɦ ɤɨɧɞɟɧɫɚɬɚ, 

ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɧɚ ɤɚɠɞɨɣ ɱɚɫɬɢɰɟ, ɝɨɪɚɡɞɨ ɛɨɥɶɲɟ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɨɛɴɟɦɚ 

ɫɚɦɨɣ ɱɚɫɬɢɰɵ. Ʉɨɧɞɟɧɫɚɰɢɨɧɧɨɟ ɭɤɪɭɩɧɟɧɢɟ ɱɚɫɬɢɰ ɜ ɩɚɪɨɝɚɡɨɜɨɦ ɩɨɬɨɤɟ 

ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɨɜɨɞɢɬɶ ɩɪɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɢɡɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɞɢɫɩɟɪɫɧɨɣ 

ɮɚɡɵ (ɞɨ 1012
 ɦ3), ɜɵɫɨɤɢɯ ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɤɚɯ ɢ ɦɚɥɵɯ ɫɤɨɪɨɫɬɹɯ ɩɨɬɨɤɚ (ɞɨ 30 

ɦ/ɫ). ɉɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɧɟɛɨɥɶɲɨɣ ɨɛɴɟɦ ɠɢɞɤɨɣ ɮɚɡɵ ɧɚ 

ɤɚɠɞɨɣ ɱɚɫɬɢɰɟ ɧɟ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɟɟ ɨɳɭɬɢɦɨɦɭ ɭɤɪɭɩɧɟɧɢɸ. ɍɜɟɥɢɱɟɧɢɟ 

ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɷɧɟɪɝɨɡɚɬɪɚɬ ɧɚ ɩɪɨɜɟɞɟɧɢɟ ɩɪɨɰɟɫɫɚ ɩɪɢ 

ɧɟɡɧɚɱɢɬɟɥɶɧɨɦ ɭɜɟɥɢɱɟɧɢɢ ɤɨɧɟɱɧɨɝɨ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ.  

Ɇɟɯɚɧɢɡɦ ɨɫɚɠɞɟɧɢɹ ɱɚɫɬɢɰ ɧɚ ɫɬɟɧɤɭ ɤɚɧɚɥɚ ɜ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɦ 

ɰɟɧɬɪɨɛɟɠɧɨɦ ɫɟɩɚɪɚɬɨɪɟ ɚɧɚɥɨɝɢɱɟɧ ɞɪɭɝɢɦ ɠɚɥɸɡɢɣɧɵɦ ɫɟɩɚɪɚɬɨɪɚɦ [7Ж.ɉɪɢ 

ɦɚɥɨɣ ɫɤɨɪɨɫɬɢ ɞɢɫɩɟɪɫɧɚɹ ɮɚɡɚ ɧɟ ɭɫɩɟɜɚɟɬ ɨɬɫɟɩɚɪɢɪɨɜɚɬɶɫɹ, ɚ ɩɪɢ ɛɨɥɶɲɢɯ –

ɭɜɟɥɢɱɢɜɚɟɬɫɹ  ɜɬɨɪɢɱɧɵɣ ɭɧɨɫ  ɜɫɥɟɞɫɬɜɢɟ ɭɜɟɥɢɱɟɧɢɹ ɩɨɥɧɨɣ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ 

ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ. ɉɪɢ ɫɤɨɪɨɫɬɹɯ, ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɢɯ ɨɩɬɢɦɚɥɶɧɵɯ 

ɡɧɚɱɟɧɢɣ (ɜɵɲɟ 35–40 ɦ/ɫ), ɜɟɥɢɱɢɧɚ ɭɧɨɫɚ ɭɠɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɭɝɥɚ 

ɩɨɜɨɪɨɬɚ ɠɚɥɸɡɢ, ɱɬɨ, ɜɢɞɢɦɨ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɫɪɵɜɟ ɩɥɟɧɤɢ ɢɫɤɥɸɱɢɬɟɥɶɧɨ 

ɬɭɪɛɭɥɟɧɬɧɵɦɢ ɩɭɥɶɫɚɰɢɹɦɢ ɝɚɡɚ.  

ɉɪɢ ɪɚɫɱɟɬɟ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɜɢɞɚ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɟɣ ɩɟɪɟɞ ɜɯɨɞɨɦ ɜ ɫɟɩɚɪɚɬɨɪ, ɱɬɨɛɵ 

ɧɟ ɞɨɩɭɫɬɢɬɶ ɧɚɥɢɱɢɹ ɛɨɥɶɲɨɝɨ ɜɬɨɪɢɱɧɨɝɨ ɭɧɨɫɚ. Ɍɚɤɠɟ ɫɥɟɞɭɟɬ ɨɛɪɚɬɢɬɶ 

ɜɧɢɦɚɧɢɟ ɧɚ ɩɪɨɰɟɫɫ ɤɨɧɞɟɧɫɚɰɢɢ ɢ ɤɨɚɝɭɥɹɰɢɢ ɤɚɩɟɥɶ ɩɪɢ ɞɜɢɠɟɧɢɢ ɩɨ ɤɚɧɚɥɚɦ. 
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1.4. Ⱦɜɢɠɟɧɢɟ ɝɚɡɚ ɢ ɠɢɞɤɨɫɬɢ ɜ ɢɧɟɪɰɢɨɧɧɵɯ ɫɟɩɚɪɚɬɨɪɚɯ 

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɪɚɛɨɬɵ ɢɧɟɪɰɢɨɧɧɵɯ ɫɟɩɚɪɚɬɨɪɨɜ ɧɟɨɛɯɨɞɢɦɨ ɨɬɞɟɥɶɧɨ 

ɨɛɪɢɫɨɜɚɬɶ ɞɜɢɠɟɧɢɹ ɝɚɡɨɜɨɣ ɢ ɠɢɞɤɨɫɬɧɨɣ ɮɚɡ. 

ɋɥɨɠɧɨɫɬɶ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɪɚɫɱɟɬɚ ɜɵɫɨɤɨɢɧɬɟɧɫɢɜɧɨɝɨ ɦɟɠɮɚɡɧɨɝɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ ɝɚɡɨɠɢɞɤɨɫɬɧɨɦ ɬɭɪɛɭɥɟɧɬɧɨɦ ɩɨɬɨɤɟ ɨɛɭɫɥɨɜɥɟɧɚ, ɜ ɩɟɪɜɭɸ 

ɨɱɟɪɟɞɶ, ɫɥɨɠɧɨɣ ɩɪɢɪɨɞɨɣ ɛɨɥɶɲɢɧɫɬɜɚ ɩɪɨɰɟɫɫɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɬɪɟɯɦɟɪɧɵɦ 

ɬɭɪɛɭɥɟɧɬɧɵɦ ɩɭɥɶɫɚɰɢɨɧɧɵɦ ɞɜɢɠɟɧɢɟɦ ɫɩɥɨɲɧɨɣ ɢ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡ.  

Ɍɪɚɞɢɰɢɨɧɧɵɣ ɩɨɞɯɨɞ ɤ ɢɡɭɱɟɧɢɸ ɬɚɤɢɯ ɫɢɫɬɟɦ ɛɚɡɢɪɭɟɬɫɹ ɧɚ 

ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɡɚɤɨɧɚɯ ɤɥɚɫɫɢɱɟɫɤɨɣ ɦɟɯɚɧɢɤɢ, ɦɟɯɚɧɢɤɢ ɠɢɞɤɨɫɬɢ ɢ ɝɚɡɚ, 

ɮɢɡɢɱɟɫɤɨɣ ɯɢɦɢɢ. Ɉɞɧɚɤɨ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɚɩɩɚɪɚɬɨɜ ɫ ɢɧɬɟɧɫɢɜɧɵɦ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɮɚɡ, ɭɱɢɬɵɜɚɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɫɬɪɭɤɬɭɪɵ ɩɨɬɨɤɨɜ ɢ 

ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ, ɧɟɨɛɯɨɞɢɦɨ ɧɚɪɹɞɭ ɫ 

ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɦɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɟɪɨɹɬɧɨɫɬɧɨ-ɫɬɨɯɚɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɢ 

ɦɨɞɟɥɢ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɞɨɥɠɧɵ ɭɱɢɬɵɜɚɬɶɫɹ ɫɥɟɞɭɸɳɢɟ ɫɥɭɱɚɣɧɵɟ ɮɚɤɬɨɪɵ: 

ɩɨɥɢɞɢɫɩɟɪɫɧɵɣ ɫɨɫɬɚɜ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɢ ɟɝɨ ɢɡɦɟɧɟɧɢɟ ɜɨ ɜɪɟɦɟɧɢ, 

ɫɬɨɯɚɫɬɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ ɞɜɢɠɟɧɢɹ ɢ ɪɚɡɥɢɱɧɨɟ ɜɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɱɚɫɬɢɰ ɜ 

ɨɛɴɟɦɟ ɚɩɩɚɪɚɬɚ, ɮɥɭɤɬɭɚɰɢɢ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɫɤɨɪɨɫɬɟɣ ɮɚɡ.  

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɟ 

ɫɟɩɚɪɚɬɨɪɵ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɠɚɥɸɡɢɣɧɵɟ ɷɥɟɦɟɧɬɵ. Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɞɜɢɠɟɧɢɹ ɜ 

ɤɚɧɚɥɚɯ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ ɠɚɥɸɡɢɣɧɵɟ ɷɥɟɦɟɧɬɵ [46–50], ɩɪɢɜɟɞɟɧɚ ɫɯɟɦɚ  

ɧɚ ɪɢɫɭɧɤɟ 1.12. 

 

Ɋɢɫɭɧɨɤ 1.12 – ɋɯɟɦɚ ɞɜɢɠɟɧɢɹ ɩɨɬɨɤɨɜ ɜ ɠɚɥɸɡɢɣɧɨɦ ɫɟɩɚɪɚɬɨɪɟ: 

 1 – ɝɚɡɨɠɢɞɤɨɫɬɧɵɣ ɩɨɬɨɤ; 2 – ɠɚɥɸɡɢ 
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ȼ ɠɚɥɸɡɢɣɧɵɣ ɩɚɤɟɬ ɭɫɬɪɨɣɫɬɜɚ ɩɨɞɜɨɞɢɬɫɹ ɝɚɡɨɠɢɞɤɨɫɬɧɵɣ ɩɨɬɨɤ, 

ɜɤɥɸɱɚɸɳɢɣ ɞɢɫɩɟɪɫɧɭɸ ɤɚɩɟɥɶɧɭɸ ɜɥɚɝɭ.ɗɬɨɬ ɩɨɬɨɤ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ 

ɤɪɢɜɨɥɢɧɟɣɧɵɟ ɤɚɧɚɥɵ 1, ɨɛɪɚɡɨɜɚɧɧɵɟ ɝɨɮɪɢɪɨɜɚɧɧɵɦɢ ɩɥɚɫɬɢɧɚɦɢ 2, ɩɪɢ 

ɩɪɨɯɨɠɞɟɧɢɢ ɤɨɬɨɪɵɯ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥ ɢɧɟɪɰɢɢ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɤɚɩɟɥɶ 

ɠɢɞɤɨɫɬɢɨɬɤɥɨɧɹɸɬɫɹ ɨɬ ɢɫɤɪɢɜɥɟɧɧɨɣ ɥɢɧɢɢ ɬɨɤɚ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ, ɨɝɢɛɚɸɳɟɝɨ 

ɤɪɢɜɨɥɢɧɟɣɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧɨɤ ɤɚɧɚɥɨɜ.Ʉɚɩɥɢ ɠɢɞɤɨɫɬɢ ɧɚɩɪɚɜɥɹɸɬɫɹ ɧɚ 

ɫɬɟɧɤɢ ɝɨɮɪɢɪɨɜɚɧɧɵɯ ɩɥɚɫɬɢɧ 2, ɝɞɟ ɜɫɥɟɞɫɬɜɢɟ ɢɧɟɪɰɢɨɧɧɨɝɨ ɫɬɨɥɤɧɨɜɟɧɢɹ ɢ 

ɷɮɮɟɤɬɚ ɤɚɫɚɧɢɹ ɩɪɨɢɫɯɨɞɹɬ ɢɯ ɨɫɟɞɚɧɢɟ ɢ ɨɬɜɨɞ ɡɚ ɩɪɟɞɟɥɵ ɫɟɩɚɪɚɬɨɪɚ. 

Ɍɚɤ ɤɚɤ ɜɨɡɦɨɠɧɚ ɧɟɡɧɚɱɢɬɟɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɱɚɫɬɢɰ ɜ ɠɚɥɸɡɢɣɧɨɦ 

ɫɟɩɚɪɚɬɨɪɟ, ɬɨ ɫɥɟɞɭɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɢɯ ɤɚɤ ɨɬɞɟɥɶɧɵɟ ɢ ɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɟ 

ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɩɪɢɧɹɬɶ ɩɨɬɨɤ ɦɨɧɨɞɢɫɩɟɪɫɧɵɦ Д50Ж. ɉɪɢ ɞɜɢɠɟɧɢɢ ɤɚɩɥɹ 

ɢɫɩɵɬɵɜɚɟɬ ɜɥɢɹɧɢɟ ɪɚɡɥɢɱɧɵɯ ɫɢɥ, ɡɚɜɢɫɹɳɢɯ ɨɬ ɫɤɨɪɨɫɬɟɣ ɤɚɩɟɥɶ ɢ ɝɚɡɨɜɨɝɨ 

ɩɨɬɨɤɚ. ɍɱɢɬɵɜɚɹ ɢɯ ɜɥɢɹɧɢɟ, ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɬɪɚɟɤɬɨɪɢɸ ɞɜɢɠɟɧɢɹ ɤɚɩɟɥɶ. 

ɏɚɪɚɤɬɟɪɧɵɦɢ ɪɚɡɦɟɪɚɦɢ ɢɧɟɪɰɢɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɹɜɥɹɸɬɫɹ ɪɚɞɢɭɫ ɝɨɮɪ ɢ ɭɝɨɥ 

ɪɚɫɤɪɵɬɢɹ, ɚ ɬɚɤɠɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɝɨɮɪɚɦɢ. ɍɦɟɧɶɲɟɧɢɟ ɭɝɥɚ ɧɚɤɥɨɧɚ ɫɬɟɧɨɤ 

ɩɪɢɜɨɞɢɬ ɤ ɭɥɭɱɲɟɧɢɸ ɭɫɥɨɜɢɣ ɫɟɩɚɪɚɰɢɢ ɤɚɩɟɥɶ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɪɚɞɢɭɫɚ ɝɨɮɪ 

ɩɨɬɨɤ ɞɜɢɠɟɬɫɹ ɩɥɚɜɧɟɟ, ɢ ɩɨɷɬɨɦɭ ɭɦɟɧɶɲɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɹɜɥɟɧɢɹ 

ɡɚɜɢɯɪɟɧɢɣ. 

ɂɫɯɨɞɹ ɢɡ  ɭɫɥɨɜɢɣ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɜɬɨɪɢɱɧɨɝɨ ɭɧɨɫɚ ɤɚɩɟɥɶ,  ɝɚɡ ɦɨɠɧɨ 

ɩɪɢɧɹɬɶ ɧɟɫɠɢɦɚɟɦɵɦ ɢ ɞɚɜɥɟɧɢɟ ɧɚ ɜɨɝɧɭɬɨɣ ɢ ɜɵɩɭɤɥɨɣ ɱɚɫɬɹɯ ɠɚɥɸɡɢ ɛɭɞɟɬ 

ɪɚɡɧɵɦ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɥɢɱɧɵɦ ɡɧɚɱɟɧɢɹɦ ɫɤɨɪɨɫɬɟɣ Д49Ж. ɉɨɞ ɞɟɣɫɬɜɢɟɦ 

ɢɧɟɪɰɢɨɧɧɵɯ ɫɢɥ ɦɢɤɪɨɩɨɪɰɢɢ ɝɚɡɚ ɢɡ ɹɞɪɚ ɩɨɬɨɤɚ ɨɬɬɟɫɧɹɸɬɫɹ ɤ ɜɧɟɲɧɢɦ 

ɫɬɟɧɤɚɦ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ ɞɚɜɥɟɧɢɹ, ɚ ɜɨɡɥɟ ɜɧɭɬɪɟɧɧɢɯ ɫɬɟɧɨɤ 

ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɪɟɠɟɧɢɟ. ɇɚ ɩɪɹɦɨɥɢɧɟɣɧɵɯ ɭɱɚɫɬɤɚɯ ɢɞɟɬ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɩɨɥɹ ɫɤɨɪɨɫɬɟɣ ɢ ɞɚɜɥɟɧɢɣ, ɩɨɫɥɟ ɱɟɝɨ ɧɚ ɫɥɟɞɭɸɳɟɣ ɝɨɮɪɟ ɩɪɨɢɫɯɨɞɢɬ ɬɨɬ ɠɟ 

ɩɪɨɰɟɫɫ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɤɚɧɚɥɚɯ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 

ɧɟɪɚɜɧɨɦɟɪɧɨɟ ɩɨɥɟ ɫɤɨɪɨɫɬɟɣ ɢ ɞɚɜɥɟɧɢɣ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ 

ɩɨɩɟɪɟɱɧɨɝɨ ɝɪɚɞɢɟɧɬɚ. 
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Ɍɚɤ ɤɚɤ ɤɨɧɰɟɧɬɪɚɰɢɸɤɚɩɟɥɶ ɜ ɝɚɡɟ ɨɛɵɱɧɨ ɩɪɢɧɢɦɚɸɬ ɧɟɛɨɥɶɲɨɣ, ɬɨ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɝɚɡɨɜɵɣ ɩɨɬɨɤ ɮɨɪɦɢɪɭɟɬ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɨɛɫɬɚɧɨɜɤɭ. 

ɉɨɷɬɨɦɭ ɜɧɚɱɚɥɟ ɞɥɹ ɪɚɫɱɟɬɚ ɝɢɞɪɨɞɢɧɚɦɢɤɢ ɠɚɥɸɡɢɣɧɵɯ ɷɥɟɦɟɧɬɨɜ ɧɟɨɛɯɨɞɢɦɨ 

ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɞɜɢɠɟɧɢɟ ɝɚɡɨɜɨɣ ɮɚɡɵ.Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɟɟ ɞɜɢɠɟɧɢɹ ɜ 

ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɤɚɧɚɥɚɯ ɱɚɳɟ ɜɫɟɝɨ ɢɫɩɨɥɶɡɭɸɬ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ 

[51Ж, ɩɨɡɜɨɥɹɸɳɢɟ  ɭɱɟɫɬɶ ɞɢɧɚɦɢɱɟɫɤɨɟ ɢɡɦɟɧɟɧɢɟ ɫɢɫɬɟɦɵ ɜ ɩɪɨɰɟɫɫɟ 

ɞɜɢɠɟɧɢɹ, ɚ ɬɚɤɠɟ ɪɚɫɫɱɢɬɚɬɶ ɩɚɪɚɦɟɬɪɵ ɞɜɢɠɟɧɢɹ ɝɚɡɚ ɜ ɨɩɪɟɞɟɥɟɧɧɵɣ ɦɨɦɟɧɬ 

ɜɪɟɦɟɧɢ ɢ ɜ ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɨɱɤɟ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɪɚɡɰɚ.  

ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɭɪɚɜɧɟɧɢɣ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬ ɫɢɫɬɟɦɭ 

ɭɪɚɜɧɟɧɢɣ ɇɚɜɶɟ – ɋɬɨɤɫɚ.ȼ ɜɟɤɬɨɪɧɨɦ ɜɢɞɟ ɞɥɹ ɧɟɫɠɢɦɚɟɦɨɣ ɠɢɞɤɨɫɬɢ 

ɡɚɩɢɫɵɜɚɸɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ [51]: 

ݔ߲ݕ߲  =  −ሺ⃗ݒ ∙ ∇ሻ⃗ݒ + ݒ⃗∆ݒ − ͳߩ ߩ∇ + ݂⃗ ,                                 ሺͳ.ͳሻ 
 

ɝɞɟ ∇  –ɨɩɟɪɚɬɨɪ Ƚɚɦɢɥɶɬɨɧɚ; Δ –ɨɩɟɪɚɬɨɪ Ʌɚɩɥɚɫɚ; t – ɜɪɟɦɹ, ⃗ݒ = ሺݒଵ     , … ,  .௡     ሻ– ɜɟɤɬɨɪɧɨɟ ɩɨɥɟ ɫɤɨɪɨɫɬɟɣ,݂⃗– ɜɟɤɬɨɪɧɨɟ ɩɨɥɟ ɦɚɫɫɨɜɵɯ ɫɢɥݒ 

 

Ⱦɥɹ ɪɟɲɟɧɢɹɡɚɞɚɱɢ ɨ ɧɚɯɨɠɞɟɧɢɢ ɡɧɚɱɟɧɢɣ ɫɤɨɪɨɫɬɟɣ ɢ ɞɚɜɥɟɧɢɣ ɜ ɫɢɫɬɟɦɭ 

ɭɪɚɜɧɟɧɢɣ ɇɚɜɶɟ–ɋɬɨɤɫɚ ɞɨɛɚɜɥɹɸɬ ɤɪɚɟɜɵɟ ɢ ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ.Ⱦɥɹ ɩɨɥɧɨɝɨ 

ɨɩɪɟɞɟɥɟɧɢɹ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ, ɩɨɥɭɱɚɸɳɢɯɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɡɚɩɢɫɢ ɭɪɚɜɧɟɧɢɹ ɜ 

ɩɪɨɟɤɰɢɢ ɧɚ ɤɚɠɞɭɸ ɢɡ ɨɫɟɣ ɤɨɨɪɞɢɧɚɬ, ɢɫɩɨɥɶɡɭɸɬ ɭɪɚɜɧɟɧɢɟ ɧɟɪɚɡɪɵɜɧɨɫɬɢ. 

Ɉɧɨ ɜɵɪɚɠɚɟɬ ɫɨɛɨɣ ɡɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɦɚɫɫɵ ɜ ɷɥɟɦɟɧɬɚɪɧɨɦ ɨɛɴɟɦɟ, ɬɨ ɟɫɬɶ 

ɧɟɩɪɟɪɵɜɧɨɫɬɶ ɩɨɬɨɤɚ ɠɢɞɤɨɫɬɢ ɢɥɢ ɝɚɡɚ [51]: 

 

 

 

 

http://ru.wikipedia.org/wiki/%D0%9E%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D0%BE%D1%80_%D0%BD%D0%B0%D0%B1%D0%BB%D0%B0
http://ru.wikipedia.org/wiki/%D0%9E%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D0%BE%D1%80_%D0%9B%D0%B0%D0%BF%D0%BB%D0%B0%D1%81%D0%B0
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%81%D1%81%D0%BE%D0%B2%D0%B0%D1%8F_%D1%81%D0%B8%D0%BB%D0%B0
http://ru.wikipedia.org/wiki/%D0%97%D0%B0%D0%BA%D0%BE%D0%BD_%D1%81%D0%BE%D1%85%D1%80%D0%B0%D0%BD%D0%B5%D0%BD%D0%B8%D1%8F_%D0%BC%D0%B0%D1%81%D1%81%D1%8B
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�ఘ�௧ + ݒ݌ݒ݅݀ = �ఘ�௧ + ݒݒ݅݀ߩ + ߩ݀ܽݎ݃ݒ = Ͳ,                   ሺͳ.ʹሻ 

 

ɝɞɟߩ = ,ݔሺߩ ,ݕ ,ݖ  ;ሻ – ɩɥɨɬɧɨɫɬɶɩɨɬɨɤɚ ɠɢɞɤɨɫɬɢ (ɢɥɢ ɝɚɡɚ)ݐ

v = v (ݔ, ,ݕ ,ݖ  ሻ–ɜɟɤɬɨɪ ɫɤɨɪɨɫɬɢ ɠɢɞɤɨɫɬɢ (ɢɥɢ ɝɚɡɚ) ɜ ɬɨɱɤɟ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢݐ

, ݔ) ,ݕ  .ሻ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢtݖ

ɉɪɢ ɚɧɚɥɢɡɟ ɮɢɡɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢ ɫɜɨɣɫɬɜ ɫɪɟɞɵ ɩɪɢɜɟɞɟɧɧɵɟ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ ɩɪɟɨɛɪɚɡɭɸɬɫɹ ɢ ɪɟɲɚɸɬɫɹ ɜ ɨɫɧɨɜɧɨɦ 

ɱɢɫɥɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɱɢɫɥɟɧɢɣ ɩɨɥɹ ɫɤɨɪɨɫɬɟɣ ɢ ɞɚɜɥɟɧɢɣ 

ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɟɩɚɪɚɰɢɨɧɧɨɝɨ ɷɥɟɦɟɧɬɚ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɝɚɡɨɜɚɹ ɞɢɧɚɦɢɤɚ ɦɧɨɝɨɮɚɡɧɵɯ ɫɪɟɞ ɪɚɡɜɢɜɚɟɬɫɹ ɩɨ 

ɧɟɫɤɨɥɶɤɢɦ ɧɚɩɪɚɜɥɟɧɢɹɦ, ɤɚɠɞɨɟ ɢɡ ɤɨɬɨɪɵɯ ɨɩɢɪɚɟɬɫɹ ɧɚ ɦɨɞɟɥɢ, ɝɞɟ ɜɨ ɝɥɚɜɟ 

ɭɝɥɚ ɥɟɠɢɬ ɪɹɞ ɭɩɪɨɳɚɸɳɢɯ ɞɨɩɭɳɟɧɢɣ, ɩɨɡɜɨɥɹɸɳɢɯ ɩɪɢɦɟɧɢɬɶ ɫɨɜɪɟɦɟɧɧɵɣ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ ɞɥɹ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɨɩɢɫɚɧɢɹ ɤɚɪɬɢɧɵ ɬɟɱɟɧɢɹ. Ɍɚɤɨɣ 

ɩɨɞɯɨɞ ɫɜɹɡɚɧ ɫɨ ɫɥɨɠɧɨɫɬɶɸ ɫɬɪɭɤɬɭɪɵ ɞɜɭɯɮɚɡɧɨɣ ɫɪɟɞɵ, ɧɚɥɢɱɢɟɦ ɬɟɩɥɨ- ɢ 

ɦɚɫɫɨɨɛɦɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ. Ȼɨɥɶɲɨɣ ɜɤɥɚɞ ɜ ɬɟɨɪɢɸ 

ɞɜɢɠɟɧɢɹ ɞɜɭɯɮɚɡɧɵɯ ɫɪɟɞ ɜɧɟɫɥɢ ɪɚɛɨɬɵɋ.ɋ. Ʉɭɬɚɬɟɥɚɞɡɟ [41Ж, ɇ. Ⱥ. ɋɥɟɡɤɢɧɚ, 

ɋ. Ƚ. Ɍɟɥɟɬɨɜɚ, Ɏ. ɂ. Ɏɪɟɧɤɟɥɹ, ɏ. Ⱥ. Ɋɚɯɦɚɬɭɥɥɢɧɚ. Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɤɚɪɬɢɧɵ 

ɬɟɱɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɪɚɡɧɨɨɛɪɚɡɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɦɨɞɟɥɢ Д7Ж, ɬɚɤɢɟ ɤɚɤ 

ɞɜɢɠɟɧɢɟ ɜ ɩɨɪɢɫɬɨɣ ɫɪɟɞɟ, ɭɫɪɟɞɧɟɧɧɵɟ ɭɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ ɫ ɭɱɟɬɨɦ ɮɚɡɨɜɵɯ 

ɩɟɪɟɯɨɞɨɜ, ɭɫɪɟɞɧɟɧɧɵɟ ɭɪɚɜɧɟɧɢɹ ɛɟɡ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɢ ɩɪ. 

ɇɚɢɛɨɥɟɟ ɯɨɪɨɲɨ ɩɨɞɞɚɸɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦɭ ɨɩɢɫɚɧɢɸ ɦɨɞɟɥɢ ɬɟɱɟɧɢɹ, ɜ 

ɤɨɬɨɪɵɯ ɞɢɫɩɟɪɫɧɚɹ ɮɚɡɚ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɚ ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ, ɬɚɤ ɤɚɤ ɜ 

ɷɬɨɦ ɫɥɭɱɚɟ ɜɨɡɦɨɠɧɨ ɩɪɢɦɟɧɟɧɢɟ ɯɨɪɨɲɨ ɪɚɡɜɢɬɨɝɨ ɚɩɩɚɪɚɬɚ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɢɫɱɢɫɥɟɧɢɹ. 

Ɉɛɵɱɧɨ ɜ ɚɩɩɚɪɚɬɚɯ ɯɢɦɢɱɟɫɤɢɯ ɬɟɯɧɨɥɨɝɢɣ ɫɨɨɬɧɨɲɟɧɢɹ ɧɚɝɪɭɡɨɤ ɩɨ 

ɮɚɡɚɦ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɨɛɴɟɦɧɨɣ ɱɚɫɬɢ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɦɨɝɭɬ ɢɡɦɟɧɹɬɶɫɹ ɜ 
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ɞɨɜɨɥɶɧɨ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ. Ⱦɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɬɟɱɟɧɢɣ, 

ɩɪɢɦɟɧɹɸɳɟɝɨɫɹ ɩɪɢ ɨɩɢɫɚɧɢɢ ɞɜɢɠɟɧɢɹ ɞɜɭɯɮɚɡɧɵɯ ɩɨɬɨɤɨɜ, Д51Ж ɩɨɥɭɱɢɥɢ 

ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɬɚɤɠɟ ɦɨɞɟɥɢ ɪɚɡɞɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɮɚɡ. ɗɬɚ 

ɞɜɭɯɠɢɞɤɨɫɬɧɚɹ ɦɨɞɟɥɶ ɪɚɫɫɦɚɬɪɢɜɚɟɬ ɞɜɭɯɮɚɡɧɵɣ ɩɨɬɨɤ ɤɚɤ 

ɜɡɚɢɦɨɩɪɨɧɢɤɚɸɳɢɣ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɣ, ɤɨɬɨɪɵɣ ɡɚɩɨɥɧɹɟɬ ɨɞɢɧ ɢ ɬɨɬ ɠɟ 

ɨɛɴɟɦ. Ⱦɥɹ ɬɚɤɨɣ ɦɨɞɟɥɢ ɩɪɢɧɢɦɚɟɬɫɹ ɭɫɥɨɜɢɟ, ɱɬɨ ɞɢɫɩɟɪɫɧɚɹ ɮɚɡɚ ɪɚɫɩɪɟɞɟɥɟɧɚ 

ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ, ɡɚɧɹɬɨɦɭ ɞɜɭɯɮɚɡɧɵɦ ɩɨɬɨɤɨɦ, ɢ ɩɚɪɚɦɟɬɪɵ, ɨɩɢɫɵɜɚɸɳɢɟ 

ɫɨɫɬɨɹɧɢɟ ɞɜɭɯɮɚɡɧɨɝɨ ɩɨɬɨɤɚ, ɩɪɢɧɢɦɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ: ɭɞɟɪɠɢɜɚɸɳɚɹ 

ɫɩɨɫɨɛɧɨɫɬɶ ɢɥɢ ɨɛɴɟɦɧɚɹ ɱɚɫɬɶ ɩɨ ɫɩɥɨɲɧɨɣ ɮɚɡɟ, ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ, 

ɬɟɦɩɟɪɚɬɭɪɚ, ɞɚɜɥɟɧɢɟ ɢ ɞɪɭɝɢɟ ɩɚɪɚɦɟɬɪɵ. Ʉ ɬɚɤɨɣ ɫɪɟɞɟ ɜɨɡɦɨɠɧɨ ɩɪɢɦɟɧɟɧɢɟ 

ɫɩɨɫɨɛɨɜ ɦɟɯɚɧɢɤɢ ɫɩɥɨɲɧɵɯ ɫɪɟɞ ɫ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ 

ɮɚɡɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɫɪɟɞɧɟɨɛɴɟɦɧɚɹ. ɉɪɢ ɷɬɨɦ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɪɚɡɦɟɪ 

ɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɟɣ, ɥɢɧɟɣɧɵɣ ɦɚɫɲɬɚɛ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ 

ɫɭɳɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ ɦɟɧɶɲɟ ɥɢɧɟɣɧɨɝɨ ɪɚɡɦɟɪɚ, ɯɚɪɚɤɬɟɪɧɨɝɨ ɞɥɹ ɝɟɨɦɟɬɪɢɢ 

ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɚɩɩɚɪɚɬɚ, ɜ ɤɨɬɨɪɨɦ ɩɪɨɬɟɤɚɸɬ ɷɬɢ ɩɪɨɰɟɫɫɵ. ȼ ɭɪɚɜɧɟɧɢɹ, 

ɨɩɢɫɵɜɚɸɳɢɟ  ɡɚɤɨɧɵ ɫɨɯɪɚɧɟɧɢɹ ɦɚɫɫɵ ɢ ɢɦɩɭɥɶɫɚ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ, 

ɜɤɥɸɱɚɸɬɫɹ ɫɨɫɬɚɜɥɹɸɳɢɟ, ɭɱɢɬɵɜɚɸɳɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɨɛɦɟɧ ɦɟɠɞɭ ɮɚɡɚɦɢ 

ɜɧɭɬɪɢ ɜɵɞɟɥɟɧɧɨɝɨ ɨɛɴɟɦɚ ɞɜɭɯɮɚɡɧɨɝɨ ɩɨɬɨɤɚ. 

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɩɨɞɯɨɞ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ ɨ ɞɜɢɠɟɧɢɢ ɞɜɭɯɮɚɡɧɵɯ 

ɞɢɫɩɟɪɫɧɵɯ ɩɨɬɨɤɨɜ ɜ ɷɥɟɦɟɧɬɚɯ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɯɢɦɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɩɪɟɞɩɨɥɚɝɚɟɬ ɜ ɫɜɨɟɣ ɨɫɧɨɜɟ ɪɹɞ ɪɚɡɥɢɱɧɵɯ ɞɨɩɭɳɟɧɢɣ, ɱɬɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ 

ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɩɨɥɭɱɚɟɦɵɯ ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ ɪɟɲɟɧɢɣ, ɧɨ, ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, 

ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨɛ ɨɞɧɨɪɨɞɧɨɫɬɢ ɫɪɟɞɵ ɩɨɡɜɨɥɹɟɬ ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ 

ɟɟ ɞɜɢɠɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɚɩɩɚɪɚɬ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɢɫɱɢɫɥɟɧɢɹ. 

ɉɪɢɦɟɪ ɬɚɤɨɝɨ ɩɨɞɯɨɞɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɚɛɨɬɚ ɇ. ɂ. Ɂɜɟɪɟɜɚ ɢ ɋ. Ƚ. ɍɲɚɤɨɜɚ 

ɜ ɫɢɫɬɟɦɚɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɩɵɥɢɧɤɢ ɜ ɩɨɥɹɪɧɵɯ 
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ɤɨɨɪɞɢɧɚɬɚɯ r ɢ φ[52,53]. ɍɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ ɜ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɤɨɨɪɞɢɧɚɬɚɯ 

ɡɚɩɢɫɚɧɵ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 

{  
  ݀ ௥ܹ݀ݐ = �ܹଶݎ  +  ߰ ͺ௠ˍ݀ˆ�ߨ ሺ ௥ܸ − ௥ܹሻ݀ ݐܹ݀� = − ௥ܹ ݎܹ�  +  ߰ ͺ௠ˍ݀ˆ�ߨ  ሺ �ܸ −ܹ� ሻ 

ݐ݀ݎ݀   ˈˇˆ  (1.3)    = ௥ܹ; ݐ݀�݀ݎ  = ܹ�;ܹ − ˔ˍˑ˓ˑ˔˕˟ ˚˃˔˕и˙˞ ሺ˒˞ˎиːˍи иˎи ˍ˃˒ˎиሻ; 
W - ɫɤɨɪɨɫɬɶ ɱɚɫɬɢɰɵ (ɩɵɥɢɧɤɢ ɢɥɢ ɤɚɩɥɢ);dt=dr/ Wr.; dt=rd /W . 

 

1.5. Ɉɫɧɨɜɧɵɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɟɩɚɪɚɰɢɨɧɧɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ 

ȼ ɫɜɹɡɢ ɫɨ ɫɥɨɠɧɨɫɬɶɸ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɟɣ ɫɤɨɪɨɫɬɟɣ 

ɢɞɚɜɥɟɧɢɣ ɜ ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɤɚɧɚɥɚɯ ɫɟɩɚɪɚɬɨɪɨɜ ɫ ɠɚɥɸɡɢɣɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ 

ɧɚɢɛɨɥɟɟ ɩɪɢɟɦɥɟɦɵɦ ɦɟɬɨɞɨɦ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɟɝɨ ɪɚɫɱɟɬ ɱɟɪɟɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɩɪɟɞɟɥɟɧɧɨɟ 

ɡɧɚɱɟɧɢɟ ɝɪɚɞɢɟɧɬɚ ɞɚɜɥɟɧɢɹ. ɇɨ ɞɚɠɟ ɩɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ 

ɦɧɨɠɟɫɬɜɨ ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɩɨɬɨɦɭ ɱɬɨ 

ɷɬɨɬ ɩɚɪɚɦɟɬɪ ɹɜɥɹɟɬɫɹ ɜɚɠɧɟɣɲɟɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɪɚɛɨɬɵ 

ɨɛɨɪɭɞɨɜɚɧɢɹ.  

Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɩɨɬɟɪɢ ɜ ɫɟɩɚɪɚɬɨɪɟ ɫɨɫɬɨɹɬ ɢɡ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɜ ɦɟɫɬɧɵɯ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹɯ ɩɪɢ ɪɚɫɲɢɪɟɧɢɢ ɢ ɫɭɠɟɧɢɢ ɩɨɬɨɤɚ ɝɚɡɚ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ 

ɫɟɩɚɪɚɬɨɪɚ ɜ ɫɜɨɛɨɞɧɨɦ ɨɛɴɟɦɟ, ɚ ɬɚɤɠɟ ɭɱɢɬɵɜɚɸɬɫɹ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ 

ɠɚɥɸɡɢɣɧɨɣ ɫɟɤɰɢɢ.ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɩɪɢ ɪɚɫɲɢɪɟɧɢɢ ɢ ɫɭɠɟɧɢɢ ɩɨɬɨɤɚ 

ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɢɡɜɟɫɬɧɵɦ ɮɨɪɦɭɥɚɦ[7]: 
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 ∆ ఘܲ = � ∙ ∙ ݌ ሺ߱଴ ሻଶʹ ,                                           ሺͳ.Ͷሻ 
ɝɞɟ ∆ ఘܲ- ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɩɪɢ ɪɚɫɲɢɪɟɧɢɢ; 

∆̝ܲ ˖ˉ = � ∙ ∙ ݌ ሺ߱଴ ሻଶʹ .                                                  ሺͳ.ͷሻ 
 

ɉɨɬɟɪɢ ɧɚ ɬɪɟɧɢɟ ɜ ɫɜɨɛɨɞɧɨɦ ɫɟɱɟɧɢɢ ɫɟɩɚɪɚɬɨɪɚ ɧɟɡɧɚɱɢɬɟɥɶɧɵ ɜɜɢɞɭ 

ɦɚɥɵɯ ɫɤɨɪɨɫɬɟɣ ɝɚɡɚ ɢ ɧɟɛɨɥɶɲɨɣ ɞɥɢɧɵ ɫɟɩɚɪɚɬɨɪɚ, ɩɨɷɬɨɦɭ ɢɦɢ ɦɨɠɧɨ 

ɩɪɟɧɟɛɪɟɱɶ [30]. 

ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɠɚɥɸɡɢ ɫɟɤɰɢɢ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ [7]: 

∆̝ܲ ˍ˓ =  � ∙ ∙ ݌ ߱ ଶʹ ∙ � ∙ ሺܨ௔ሻଶ  ∙ ܮ݉  .                                          ሺͳ.͸ሻ 
 

ɑɢɫɥɨ Re ɜɵɱɢɫɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ[54]: 

Re = ∙ ݓ ݀ˠ ∙ �ߩ ∙ � ∙ ௔ܨ ,                                                       ሺͳ.͹ሻ 
 

ɝɞɟ dэ – ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɞɢɚɦɟɬɪ ɠɚɥɸɡɢɣɧɨɣ ɧɚɫɚɞɤɢ,  ɦ, ɪɚɜɧɵɣ4f/ɉ·  (r 

– ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɞɢɭɫ). 

Ⱦɥɹ ɠɚɥɸɡɢɣɧɨɣ ɫɟɤɰɢɢ ɤɨɷɮɮɢɰɢɟɧɬ ɠɢɜɨɝɨ ɫɟɱɟɧɢɹ Fa, 

ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɞɢɭɫ m ɢ ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɞɢɚɦɟɬɪ ɨɬɧɨɫɹɬɫɹ ɤ ɤɚɧɚɥɭ. ɉɪɢ 

ɷɬɨɦ ɩɥɨɳɚɞɶ ɠɢɜɨɝɨ ɫɟɱɟɧɢɹ, ɨɦɵɜɚɟɦɵɣ ɩɟɪɢɦɟɬɪ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɠɢɜɨɝɨ 

ɫɟɱɟɧɢɹ ɤɚɧɚɥɚ ɠɚɥɸɡɢɣɧɨɣ ɫɟɤɰɢɢ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɚɦ[7]: 

 

 F = H ∙ a,     (1.8) 

 

 Ь = 2 ∙ (H + a),                       (1.9) 
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ܽܨ  = ܽܽ + ܾ,                                                      ሺͳ.ͳͲሻ 
 

ɝɞɟ H – ɜɵɫɨɬɚ ɤɚɧɚɥɚ,ɦ; ɚ – ɲɚɝ ɦɟɠɞɭ ɩɥɚɫɬɢɧɚɦɢ, ɦ;  

b – ɬɨɥɳɢɧɚ ɩɥɚɫɬɢɧɵ, ɦ. 

ɉɨɥɧɵɟ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɦɟɫɬɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɬɪɟɧɢɟ ɜ ɫɟɩɚɪɚɬɨɪɟ 

ɦɨɝɭɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɵ ɫɭɦɦɢɪɨɜɚɧɢɟɦ ɜɵɱɢɫɥɟɧɧɵɯ ɜɟɥɢɱɢɧ: 

 

p=pp+pɫɭɠ+pɫɤɪ   (1.11) 

 

Ƚɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢɧɟɪɰɢɨɧɧɵɯ ɤɚɩɥɟɭɥɨɜɢɬɟɥɟɣ ΔPc, ɉɚ, 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ [55] 

  
∆̝ܲ  = �೎   ഘమ   �ˆଶ                                (1.12) 

 

Ʉɨɷɮɮɢɰɢɟɧɬ �௖ ɞɥɹ ɩɪɹɦɨɬɨɱɧɨɝɨ ɫɟɩɚɪɚɬɨɪɚ Ʉɚɪɛɟɣɬɚ ɪɚɜɟɧ 6,5, ɞɥɹ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɫɟɬɤɢ ɩɪɢ ɬɨɥɳɢɧɟ ɧɚɫɚɞɤɢ 100 ɦɦ ɫɨɫɬɚɜɥɹɟɬ 1,8, ɞɥɹ 

ɠɚɥɸɡɢɣɧɵɯ ɫɟɩɚɪɚɬɨɪɨɜ �௖ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ, ɩɪɢɜɟɞɟɧɧɵɦ ɧɢɠɟ [55]: 

- ɞɥɹ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ, ɜɟɪɬɢɤɚɥɶɧɵɯ ɢ ɧɚɤɥɨɧɧɵɯ (ɭɝɨɥ ɧɚɤɥɨɧɚ 40 – 45°) 

ɩɚɤɟɬɨɜ ɜɨɥɧɢɫɬɨɝɨ ɩɪɨɮɢɥɹ �௖ = ሺʹ,ͷ݊�′ + Ͳ,Ͷሻܿݐ�ଶ ܽ;   (1.13) 

 

- ɞɥɹ ɜɟɪɬɢɤɚɥɶɧɵɯ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɩɚɤɟɬɨɜ ɭɝɨɥɤɨɜɨɝɨ ɩɪɨɮɢɥɹ 

 �௖ = ሺʹ,Ͷ݊ − ʹሻܿݐ�ଶ ܽ ;   (1.14) 
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- ɞɥɹ ɧɚɤɥɨɧɧɵɯ ɩɚɤɟɬɨɜ ɭɝɨɥɤɨɜɨɝɨ ɩɪɨɮɢɥɹ �ܿ = ሺͳ,ͺ݊ − Ͳ,ͻሻܿݐ�ʹ ܽ ,   (1.15) 

ɝɞɟ  �௖ – ɤɨɷɮɮɢɰɢɟɧɬ, ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɪɚɜɧɵɦ 0,20–0,25; ɩ– ɱɢɫɥɨ 

ɫɬɭɩɟɧɟɣ ɫɟɩɚɪɚɰɢɢ (ɤɨɥɢɱɟɫɬɜɨ ɫɟɤɰɢɣ ɜ ɨɞɧɨɣ ɢɡɨɝɧɭɬɨɣ ɩɥɚɫɬɢɧɟ 

ɠɚɥɸɡɢɣɧɨɝɨ ɫɟɩɚɪɚɬɨɪɚ), ɨɛɵɱɧɨ n=4. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɧɨɜɵɯ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ ɧɟɨɛɯɨɞɢɦɨ 

ɩɪɨɜɟɫɬɢ ɮɢɡɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ�௖ . 
 

1.6. Ⱦɜɢɠɟɧɢɟ ɤɚɩɟɥɶ  ɠɢɞɤɨɫɬɢ ɜ ɮɢɥɶɬɪɭɸɳɢɯ ɷɥɟɦɟɧɬɚɯ  

ɢ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɚɤɢɯ ɷɥɟɦɟɧɬɨɜ 

Ʉ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɮɢɥɶɬɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɨɬɧɨɫɹɬɫɹ ɬɚɤɢɟ 

ɩɚɪɚɦɟɬɪɵ[30]:  

- ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ ɧɚ ɮɢɥɶɬɪɟ (ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ, ɡɚɬɪɚɱɢɜɚɟɦɵɟ ɧɚ 

ɩɪɟɨɞɨɥɟɧɢɟ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɩɨɬɨɤɚ ɱɟɪɟɡ 

ɜɫɟ ɷɥɟɦɟɧɬɵ ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɥɨɹ, ɚ ɬɚɤɠɟ ɱɟɪɟɡ ɭɫɬɪɨɣɫɬɜɚ ɩɨɞɜɨɞɚ ɢ ɨɬɜɨɞɚ 

ɪɚɛɨɱɟɝɨ ɬɟɥɚ); 

- ɜɟɥɢɱɢɧɚ ɫɤɨɪɨɫɬɢ ɢɥɢ ɪɚɫɯɨɞɚ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɱɟɪɟɡ ɮɢɥɶɬɪ. 

ɏɚɪɚɤɬɟɪ ɫɜɹɡɢ ɦɟɠɞɭ ɷɬɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɡɚɜɢɫɢɬ ɨɬ ɦɧɨɝɢɯ ɮɚɤɬɨɪɨɜ. 

ɇɚɢɛɨɥɟɟ ɜɚɠɧɵɦɢ ɢɡ ɧɢɯ ɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ: ɬɨɥɳɢɧɚ ɫɥɨɹ, ɪɚɡɦɟɪ ɩɨɪ, 

ɪɟɠɢɦ ɬɟɱɟɧɢɹ ɪɚɛɨɱɟɝɨ ɬɟɥɚ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɜɨ 

ɜɫɟɦ ɨɛɴɟɦɟ ɮɢɥɶɬɪɚ. 

Ɉɛɳɟɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɪɚɫɱɟɬɚ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɧɚ ɥɸɛɨɦ ɝɢɞɪɚɜɥɢɱɟɫɤɨɦ 

ɦɟɫɬɧɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɡɚɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ [54]: 
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ɝɞɟ  �– ɤɨɷɮɮɢɰɢɟɧɬ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ;ߩ – ɩɥɨɬɧɨɫɬɶ 

ɪɚɛɨɱɟɝɨ ɬɟɥɚ; ߱ – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɬɟɥɚ. 

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɞɜɢɠɟɧɢɹ ɤɚɩɥɢ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɩɨɥɟ ɫɤɨɪɨɫɬɟɣ ɢ ɞɚɜɥɟɧɢɣ 

ɜ ɫɟɱɟɧɢɢ ɤɚɧɚɥɚ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɭɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɤɚɩɥɢ ɫɮɨɪɦɭɥɢɪɨɜɚɧɨ 

ɜɬɨɪɵɦ ɡɚɤɨɧɨɦ ɇɶɸɬɨɧɚ: ̅ܨ= mܽ̅,                                                      (1.17) 

ɝɞɟ ̅ܨ– ɫɭɦɦɚ ɜɫɟɯ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɤɚɩɥɸ (ɦɚɫɫɨɜɵɟ, ɢɧɟɪɰɢɨɧɧɵɟ ɢ 

ɬ.ɞ.), ɇ; ܽ̅– ɫɭɦɦɚɪɧɨɟ ɭɫɤɨɪɟɧɢɟ ɞɜɢɠɟɧɢɹ ɤɚɩɥɢ; m – ɦɚɫɫɚ ɤɚɩɥɢ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɱɚɥɶɧɵɯ ɢ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ 

ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɢɥ ɢ ɭɫɤɨɪɟɧɢɣ ɦɨɝɭɬ ɢɡɦɟɧɹɬɶɫɹ. Ⱥɧɚɥɢɬɢɱɟɫɤɨɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɫɭɦɦɚɪɧɵɯ ɫɢɥ ɢ ɭɫɤɨɪɟɧɢɣ ɩɨɥɭɱɚɸɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɪɚɛɨɬɤɢ ɢ 

ɚɧɚɥɢɡɚ ɮɢɡɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. ȼ ɩɪɨɰɟɫɫɟ ɢɡɭɱɟɧɢɹ ɤɚɤɨɝɨ-ɥɢɛɨ ɩɪɨɰɟɫɫɚ 

ɜɵɛɢɪɚɸɬ ɨɩɬɢɦɚɥɶɧɭɸ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ (ɩɪɹɦɨɭɝɨɥɶɧɭɸ, ɰɢɥɢɧɞɪɢɱɟɫɤɭɸ, 

ɫɮɟɪɢɱɟɫɤɭɸ), ɧɚ ɤɚɠɞɭɸ ɨɫɶ ɩɪɨɟɰɢɪɭɹ ɜɟɤɬɨɪɧɨɟ ɭɪɚɜɧɟɧɢɟ (1.17), ɢ 

ɩɪɢɧɢɦɚɸɬ ɪɹɞ ɞɨɩɭɳɟɧɢɣ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɟɬɫɹ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɜ 

ɩɪɨɟɤɰɢɹɯ ɧɚ ɨɫɢ ɤɨɨɪɞɢɧɚɬ, ɪɟɲɚɹ ɤɨɬɨɪɭɸɨɩɪɟɞɟɥɹɸɬ ɩɨɥɹ ɫɤɨɪɨɫɬɟɣ ɢ 

ɞɚɜɥɟɧɢɣ. 

 

1.7. Ɉɫɧɨɜɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ [56] ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɜ ɫɟɩɚɪɚɰɢɢ 

ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɨɟ ɪɚɡɞɟɥɟɧɢɟ ɞɜɭɯɮɚɡɧɵɯ ɫɢɫɬɟɦ ɦɨɠɟɬ ɛɵɬɶ 

ɞɨɫɬɢɝɧɭɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɋɯɟɦɚ 

ɝɟɨɦɟɬɪɢɢ ɤɚɧɚɥɨɜ ɢ ɞɜɢɠɟɧɢɹ ɩɨɬɨɤɨɜ ɜ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ  ɫɟɩɚɪɚɬɨɪɟ 

ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɨɤ 1.13. 
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Ɋɢɫɭɧɨɤ 1.13 – ɋɯɟɦɚ ɞɜɢɠɟɧɢɹ ɩɨɬɨɤɨɜ ɜ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɦ 

ɨɛɨɪɭɞɨɜɚɧɢɢ: 

1 – ɝɚɡɨɠɢɞɤɨɫɬɧɵɣ ɩɨɬɨɤ; 2 – ɠɚɥɸɡɢ; 3 – ɮɢɥɶɬɪɭɸɳɢɟ ɷɥɟɦɟɧɬɵ 

ȼ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯɫɟɩɚɪɚɬɨɪɚɯ ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸɹɜɥɹɟɬɫɹ 

ɠɚɥɸɡɢɣɧɵɣ ɩɚɤɟɬ[56], ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ  ɤɪɢɜɨɥɢɧɟɣɧɵɟ ɤɚɧɚɥɵ 1, 

ɨɛɪɚɡɨɜɚɧɧɵɟ ɝɨɮɪɢɪɨɜɚɧɧɵɦɢ ɩɥɚɫɬɢɧɚɦɢ 2.ɉɨɞ ɞɟɣɫɬɜɢɟɦ ɰɟɧɬɪɨɛɟɠɧɵɯ ɫɢɥ 

ɤɚɩɥɢ ɠɢɞɤɨɫɬɢ ɩɟɪɟɪɚɫɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɫɟɱɟɧɢɸ ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ ɤɚɧɚɥɚ. ɑɚɫɬɶ 

ɩɨɬɨɤɚ, ɧɚɢɛɨɥɟɟ ɧɚɫɵɳɟɧɧɚɹ ɤɚɩɥɹɦɢ ɠɢɞɤɨɫɬɢ,  ɧɚɩɪɚɜɥɹɟɬɫɹ ɧɚ ɩɨɥɨɫɵ ɢɡ 

ɜɨɥɨɤɧɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ 3, ɝɞɟ ɜɫɥɟɞɫɬɜɢɟ ɢɧɟɪɰɢɨɧɧɨɝɨ ɫɬɨɥɤɧɨɜɟɧɢɹ ɢ ɷɮɮɟɤɬɚ 

ɤɚɫɚɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɭɥɚɜɥɢɜɚɧɢɟ ɤɚɩɟɥɶ. Ⱦɚɥɟɟ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɬɟɤɚɧɢɹ 

ɜɬɨɪɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ ɨɫɚɠɞɟɧɢɹ ɜɧɨɜɶ ɩɨɫɬɭɩɚɸɳɢɯ ɤɚɩɟɥɶ ɧɚ ɭɠɟ ɨɫɚɠɞɟɧɧɵɯ 

ɢ ɤɚɩɢɥɥɹɪɧɵɯ ɹɜɥɟɧɢɣ ɜ ɜɨɥɨɤɧɢɫɬɨɦ ɦɚɬɟɪɢɚɥɟ ɩɪɨɢɫɯɨɞɹɬ ɭɜɟɥɢɱɟɧɢɟ 

ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɢ ɢɯ ɩɨɫɥɟɞɭɸɳɟɟ ɝɪɚɜɢɬɚɰɢɨɧɧɨɟ 

ɨɫɚɠɞɟɧɢɟ. ɋɥɨɣ ɩɨɥɨɫ ɢɡ ɜɨɥɨɤɧɢɫɬɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚɫɵɳɚɟɬɫɹ ɭɥɨɜɥɟɧɧɨɣ 

ɠɢɞɤɨɫɬɶɸ, ɨɬɜɨɞɹɳɟɣɫɹ ɜ ɜɢɞɟ ɩɥɟɧɤɢ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɝɨɮɪɢɪɨɜɚɧɧɵɯ ɩɥɚɫɬɢɧ 

ɢ ɞɚɥɟɟ – ɢɡ ɫɟɩɚɪɚɬɨɪɚ [56]. 

Ɉɫɧɨɜɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɬɚɤɢɯ ɚɩɩɚɪɚɬɨɜ – ɜɨɡɦɨɠɧɨɫɬɶ ɷɮɮɟɤɬɢɜɧɨɝɨ 

ɪɚɡɞɟɥɟɧɢɹ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɪɚɫɯɨɞɚ ɝɚɡɚ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ 

ɩɪɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɦ ɝɢɞɪɚɜɥɢɱɟɫɤɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɢ, ɧɚɞɟɠɧɨɫɬɶ ɢ 
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ɩɪɨɫɬɨɬɚ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ. ɉɪɢ ɩɪɢɦɟɪɧɨ ɪɚɜɧɵɯ ɡɚɬɪɚɬɚɯ ɷɧɟɪɝɢɢ ɢ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɵ ɩɪɟɜɨɫɯɨɞɹɬ 

ɨɛɵɱɧɵɟ ɢɧɟɪɰɢɨɧɧɵɟ ɷɥɟɦɟɧɬɵ ɩɨ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɡɞɟɥɟɧɢɹ, ɚ ɮɢɥɶɬɪɭɸɳɢɟ –  

ɩɨ ɨɛɴɟɦɭ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɫɪɟɞ. 
 

Ɍɚɛɥɢɰɚ 1.1 

ɋɪɚɜɧɢɬɟɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɧɟɪɰɢɨɧɧɵɯ ɢ ɮɢɥɶɬɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ Д56] 

 

ɉɚɪɚɦɟɬɪ ɀɚɥɸɡɢɣɧɵɟ ɭɫɬɪɨɣɫɬɜɚ Ɏɢɥɶɬɪɵ 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ, % 70-95 98-99,99 

ɋɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ 
ɩɨɬɨɤɚ, ɦ/ɫ 

3-5 0,05-2,5 

Ƚɢɞɪɚɜɥɢɱɟɫɤɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɉɚ   

100-500 ɞɨ 2500 

 

Ɂɚɦɟɧɚ ɧɚ ɧɟɤɨɬɨɪɵɯ ɩɪɨɢɡɜɨɞɫɬɜɚɯ ɢɧɟɪɰɢɨɧɧɵɯ ɫɟɩɚɪɚɬɨɪɨɜ ɧɚ 

ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɡɢɬɶ ɭɧɨɫ, ɩɨɜɵɫɢɬɶ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɡɞɟɥɟɧɢɹ ɢ ɨɛɟɫɩɟɱɢɬɶ ɫɬɚɛɢɥɶɧɭɸ ɪɚɛɨɬɭ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ 

ɪɟɠɢɦɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. 

ɇɨɜɵɣ ɫɩɨɫɨɛ ɨɪɝɚɧɢɡɚɰɢɢ ɩɨɬɨɤɨɜ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɫɨɜɫɟɦ ɧɟɞɚɜɧɨ, ɧɨ ɭɠɟ 

ɢɦɟɸɬɫɹ ɪɚɛɨɬɵ ɩɨ ɟɝɨ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɢ ɢɫɫɥɟɞɨɜɚɧɢɸ. ɉɪɟɞɩɪɢɧɢɦɚɸɬɫɹ 

ɩɨɩɵɬɤɢ ɩɨ ɨɩɬɢɦɢɡɚɰɢɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɢ ɪɟɠɢɦɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 

ɷɤɫɩɥɭɚɬɚɰɢɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ ɢɧɟɪɰɢɨɧɧɵɯ ɭɥɨɜɢɬɟɥɟɣ ɹɜɥɹɸɬɫɹ ɢɯ 

ɦɚɥɨɟ ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɩɨɬɨɤɚ, ɚ ɧɟɞɨɫɬɚɬɤɨɦ – 

ɦɚɥɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ.  

ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɠɟ ɮɢɥɶɬɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɚɹ ɫɬɟɩɟɧɶ 

ɨɱɢɫɬɤɢ ɝɚɡɨɜ, ɚ ɧɟɞɨɫɬɚɬɤɚɦɢ –  ɢɯ ɛɨɥɶɲɨɟ ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢ 

ɦɚɥɚɹ ɫɤɨɪɨɫɬɶ ɮɢɥɶɬɪɚɰɢɢ [57]. 
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ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɛɵɥɨ ɪɚɡɪɚɛɨɬɚɧɨ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɟ 

ɨɛɨɪɭɞɨɜɚɧɢɟ, ɨɛɴɟɞɢɧɹɸɳɟɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɨɛɨɢɯ ɦɟɯɚɧɢɡɦɨɜ ɪɚɡɞɟɥɟɧɢɹ Д46]. 

Ɍɚɤɨɣ ɫɟɩɚɪɚɬɨɪ ɢɦɟɟɬ ɜɵɫɨɤɭɸ ɫɬɟɩɟɧɶ ɪɚɡɞɟɥɟɧɢɹ, ɦɚɥɵɣ ɛɪɵɡɝɨɭɧɨɫ ɢ  

ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɧɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɚɤɢɯ ɷɥɟɦɟɧɬɨɜ ɟɳɟ 

ɦɚɥɨɢɡɭɱɟɧɵ ɢ ɧɟ ɫɭɳɟɫɬɜɭɟɬ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɞɥɹ ɢɯ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ. 

ɇɚ ɜɵɯɨɞɟ ɢɡ ɫɟɩɚɪɚɬɨɪɚ ɨɫɬɚɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɜɥɚɝɢ, ɟɟ 

ɫɨɞɟɪɠɚɧɢɟ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɮɢɥɶɬɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɪɚɡɥɢɱɧɵɯ 

ɬɢɩɨɜ ɮɢɥɶɬɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɞɚɧɧɨɦ ɭɫɬɪɨɣɫɬɜɟ ɹɜɥɹɟɬɫɹ ɩɟɪɜɨɨɱɟɪɟɞɧɨɣ 

ɡɚɞɚɱɟɣ ɞɥɹ ɫɨɫɬɚɜɥɟɧɢɹ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɦɟɬɨɞɢɤɢ ɪɚɫɱɟɬɚ ɜɫɟɝɨ ɷɥɟɦɟɧɬɚ. 

 

1.8. Ɉɫɧɨɜɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ 

ɫɟɩɚɪɚɬɨɪɨɜ 

ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɟɫɟɩɚɪɚɬɨɪɵ ɨɛɴɟɞɢɧɹɸɬ ɜ ɫɟɛɟ ɞɜɚ ɜɢɞɚ 

ɨɛɨɪɭɞɨɜɚɧɢɹ. ɗɬɨ ɢɧɟɪɰɢɨɧɧɵɟ ɢ ɮɢɥɶɬɪɭɸɳɢɟ ɷɥɟɦɟɧɬɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢ 

ɩɪɟɢɦɭɳɟɫɬɜɚ ɷɬɢɯ ɞɜɭɯ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɨɯɪɚɧɹɸɬɫɹ ɢ ɬɨɠɟ 

ɨɛɴɟɞɢɧɹɸɬɫɹ. ɇɨ ɤɚɠɞɵɣ ɢɡ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɷɥɟɦɟɧɬɨɜ ɬɚɤɠɟ ɢɦɟɟɬ ɫɜɨɢ 

ɧɟɞɨɫɬɚɬɤɢ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ, ɢɡɭɱɚɹ ɢɯ ɜɥɢɹɧɢɟ, ɬɚɤ ɤɚɤ ɜ 

ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɧɨɜɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫɟɩɚɪɚɬɨɪɨɜ ɦɨɠɟɬ 

ɩɪɢɜɟɫɬɢ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɫɧɢɠɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɡɞɟɥɟɧɢɹ ɝɚɡɨɠɢɞɤɨɫɬɧɵɯ 

ɫɦɟɫɟɣ. ȼɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ ɨɞɧɢɦ ɢɡ ɩɪɟɢɦɭɳɟɫɬɜ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ 

ɫɟɩɚɪɚɬɨɪɚ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɧɢɡɤɨɟ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɮɢɥɶɬɪɚɦɢ, ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɱɬɨ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɨɜɪɟɦɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɫɧɢɠɟɧɢɹ ɷɧɟɪɝɨɡɚɬɪɚɬ ɧɚ ɥɸɛɵɯ ɜɢɞɚɯ 

ɩɪɨɢɡɜɨɞɫɬɜ,  ɢ ɚɤɬɭɚɥɶɧɨ  ɢɫɫɥɟɞɨɜɚɧɢɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɚɧɧɨɝɨ 

ɜɢɞɚ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ƚɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ – ɮɭɧɤɰɢɹ  ɦɧɨɝɢɯ 

ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ, ɜɥɢɹɧɢɟ ɤɨɬɨɪɵɯ ɩɨɤɚ ɧɟ ɢɫɫɥɟɞɨɜɚɧɨ, ɢ ɡɚɞɚɱɟɣ 

ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯɫɟɩɚɪɚɬɨɪɨɜ. 
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ȼɵɜɨɞɵ ɤ ɪɚɡɞɟɥɭ 1 

- Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ, ɚ ɢɦɟɧɧɨ: ɨɩɪɟɞɟɥɟɧɢɟ 
ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ  ɫɟɩɚɪɚɬɨɪɚ, ɚ ɬɚɤɠɟ ɜɥɢɹɧɢɹ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ 
ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ 
ɩɪɨɰɟɫɫɨɜ ɫɟɩɚɪɚɰɢɢ, ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɢɡɜɟɫɬɧɵɯ ɫɩɨɫɨɛɨɜ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ 
ɩɪɨɰɟɫɫɨɜ ɫɟɩɚɪɚɰɢɢ ɤɚɩɟɥɶ ɢɡ ɝɚɡɨɞɢɫɩɟɪɫɧɵɯ  ɩɨɬɨɤɨɜ, ɨɫɧɨɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ 
ɪɚɡɜɢɬɢɹ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɣ ɬɟɯɧɢɤɢ ɢ ɬɟɯɧɨɥɨɝɢɣ ɝɚɡɨɨɱɢɫɬɤɢ, ɞɚɧɚ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɨɫɧɨɜɧɵɯ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɢ ɢɯ ɜɥɢɹɧɢɹ ɧɚ 
ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɤɨɬɨɪɨɟɨɛɭɫɥɚɜɥɢɜɚɟɬ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɨɜ ɪɚɡɞɟɥɟɧɢɹ ɜ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɚɯ, ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɧɚ ɨɫɧɨɜɟ ɥɢɬɟɪɚɬɭɪɧɨɝɨ ɨɛɡɨɪɚ ɩɨɫɬɚɜɥɟɧ ɪɹɞ ɡɚɞɚɱ, ɤɨɬɨɪɵɟ 
ɧɭɠɧɨ ɪɟɲɢɬɶ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: 

- ɪɚɡɪɚɛɨɬɚɬɶ ɮɢɡɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ ɝɚɡɨɤɚɩɟɥɶɧɵɯ ɩɨɬɨɤɨɜ ɜ 
ɠɚɥɸɡɢɣɧɵɯ ɛɥɨɤɚɯ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ ɢ ɩɪɨɜɟɫɬɢ 
ɞɚɥɶɧɟɣɲɟɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɝɢɞɪɨɞɢɧɚɦɢɤɢ ɜ ɤɪɢɜɨɥɢɧɟɣɧɨɦ 
ɢɧɟɪɰɢɨɧɧɨɦ ɫɟɩɚɪɚɰɢɨɧɧɨɦ ɤɚɧɚɥɟ ɫ ɮɢɥɶɬɪɭɸɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ – ɷɬɨ ɹɜɥɹɟɬɫɹ 
ɨɫɧɨɜɨɣ ɞɥɹ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɫɤɨɪɨɫɬɢ ɢ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ 
ɝɚɡɨɠɢɞɤɨɫɬɧɨɝɨ ɩɨɬɨɤɚ ɢ ɤɚɩɟɥɶ ɠɢɞɤɨɫɬɢ, ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɟɩɚɪɚɰɢɢ; 

- ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɫɫɥɟɞɨɜɚɬɶ ɪɚɛɨɬɭ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ 
ɫɟɩɚɪɚɬɨɪɨɜ ɜ ɪɚɡɥɢɱɧɵɯ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɪɟɠɢɦɚɯ, ɨɰɟɧɢɬɶ ɢɯ ɜɥɢɹɧɢɟ ɧɚ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɫɟɩɚɪɚɰɢɢ, ɨɩɪɟɞɟɥɢɬɶ ɨɫɧɨɜɧɵɟ ɫɟɩɚɪɚɰɢɨɧɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ; 

- ɪɚɡɪɚɛɨɬɚɬɶ ɢɧɠɟɧɟɪɧɭɸ ɦɟɬɨɞɢɤɭ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ 

ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ ɫ 
ɨɩɪɟɞɟɥɟɧɢɟɦ ɨɩɬɢɦɚɥɶɧɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ  
ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ; 

- ɩɪɨɜɟɫɬɢ ɚɩɪɨɛɚɰɢɸ ɢ ɩɪɨɦɵɲɥɟɧɧɨɟ ɜɧɟɞɪɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɧɚɭɱɧɵɯ 
ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɟɤɨɦɟɧɞɚɰɢɣ ɤ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɢɧɟɪɰɢɨɧɧɨ-

ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ. 
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ɊȺɁȾȿɅ 2 

 ɌȿɈɊȿɌɂɑȿɋɄɂȿ ɂɋɋɅȿȾɈȼȺɇɂə ȽɂȾɊɈȾɂɇȺɆɂɄɂ 

ɂɇȿɊɐɂɈɇɇɈ-ɎɂɅɖɌɊɍɘЩɂɏ ɋȿɉȺɊȺɌɈɊɈȼ 

 

 

2.1.  Ɋɚɡɪɚɛɨɬɤɚ ɮɢɡɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɝɚɡɨɤɚɩɟɥɶɧɵɯ ɩɨɬɨɤɨɜ 

ɜ ɪɚɛɨɱɟɣ ɩɨɥɨɫɬɢ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ 

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɮɢɡɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɤɚɤ ɤɚɩɟɥɶɧɨɝɨ,  ɬɚɤ ɢ ɝɚɡɨɜɨɝɨ 

ɩɨɬɨɤɨɜ ɜ ɤɚɧɚɥɚɯ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ ɧɟɨɛɯɨɞɢɦɨ ɜɧɚɱɚɥɟ 

ɨɩɪɟɞɟɥɢɬɶɫɹ ɫ ɝɟɨɦɟɬɪɢɟɣ ɠɚɥɸɡɢɣɧɵɯ ɷɥɟɦɟɧɬɨɜ,  ɬɚɤ ɤɚɤ ɢɯ 

ɝɟɨɦɟɬɪɢɹ,ɚɛɫɨɥɸɬɧɵɟ ɪɚɡɦɟɪɵ ɨɤɚɡɵɜɚɸɬ ɨɩɪɟɞɟɥɹɸɳɟɟ ɡɧɚɱɟɧɢɟ ɧɚ 

ɮɨɪɦɢɪɨɜɚɧɢɟ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ, ɤɨɬɨɪɵɣ,  ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ,  ɮɨɪɦɢɪɭɟɬ ɩɨɬɨɤ ɤɚɩɟɥɶ 

ɠɢɞɤɨɫɬɢ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɡɚɞɚɱɢ ɨ ɞɜɢɠɟɧɢɢ ɝɚɡɨɜɨɝɨ ɢ ɤɚɩɟɥɶɧɨɝɨ 

ɩɨɬɨɤɨɜ ɜ ɤɚɧɚɥɚɯ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɟɩɚɪɚɬɨɪɚ ɬɪɟɛɭɟɬɫɹ ɜɧɟɫɬɢ 

ɧɟɤɨɬɨɪɵɟ ɭɩɪɨɳɚɸɳɢɟ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɢ ɞɨɩɭɳɟɧɢɹ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɡɚɞɚɱɭ ɨ 

ɬɪɟɯɦɟɪɧɨɦ ɞɜɢɠɟɧɢɢ ɜɹɡɤɨɝɨ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɫɜɟɫɬɢ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ ɨ 

ɞɜɢɠɟɧɢɢ ɞɜɭɯɦɟɪɧɨɝɨ ɩɨɬɨɤɚ ɝɚɡɚ. 

ȼ ɨɫɧɨɜɟ ɬɚɤɢɯ ɞɨɩɭɳɟɧɢɣ ɥɟɠɢɬ ɛɨɥɶɲɚɹ ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɪɚɡɦɟɪɚɦɢ 

ɠɚɥɸɡɢɣɧɵɯ ɤɚɧɚɥɨɜ. Ɍɚɤ,  ɲɢɪɢɧɚ ɠɚɥɸɡɢɣɧɨɝɨ ɤɚɧɚɥɚ ɢɡɦɟɪɹɟɬɫɹ ɨɬ ɧɟɫɤɨɥɶɤɢɯ 

ɦɢɥɥɢɦɟɬɪɨɜ ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɞɟɫɹɬɤɨɜ ɦɢɥɥɢɦɟɬɪɨɜ. ȼɵɫɨɬɚ ɠɚɥɸɡɢɣɧɨɝɨ ɤɚɧɚɥɚ 

ɩɪɟɜɵɲɚɟɬ ɟɝɨ ɲɢɪɢɧɭ ɜ ɞɟɫɹɬɤɢ ɪɚɡ, ɚ ɜɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ – ɢ ɧɚ ɧɟɫɤɨɥɶɤɨ 

ɩɨɪɹɞɤɨɜ. Ɍɚɤɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɪɚɡɦɟɪɨɜ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ  ɧɚ ɫɤɨɪɨɫɬɢ ɝɚɡɨɜɨɝɨ 

ɩɨɬɨɤɚ. Ɉɧɢ  ɡɚɜɢɫɹɬ ɨɬ ɨɛɴɟɦɧɨɝɨ ɪɚɫɯɨɞɚ ɝɚɡɚ ɢ ɞɨɫɬɢɝɚɸɬ ɞɟɫɹɬɤɨɜ ɦɟɬɪɨɜ ɜ 

ɫɟɤɭɧɞɭ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɟɪɟɬɨɤɢ ɝɚɡɚ ɩɨ ɜɵɫɨɬɟ ɤɚɧɚɥɚ ɨɩɪɟɞɟɥɹɸɬɫɹ 

ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɢ ɬɟɱɟɧɢɟ ɝɚɡɚ ɜ ɷɬɨɦ ɧɚɩɪɚɜɥɟɧɢɢ 

ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɟɬ. 

Ⱦɚɧɧɚɹ ɤɚɪɬɢɧɚ ɞɜɢɠɟɧɢɹ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɩɨɡɜɨɥɹɟɬ ɫɜɟɫɬɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ 
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ɨɩɢɫɚɧɢɟ ɡɚɞɚɱɢ ɨ ɞɜɢɠɟɧɢɢ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɠɚɥɸɡɢɣɧɵɯ ɤɚɧɚɥɚɯ ɢɧɟɪɰɢɨɧɧɨ-

ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɟɩɚɪɚɬɨɪɚɤ ɞɜɭɦɟɪɧɨɣ ɡɚɞɚɱɟ ɨ ɞɜɢɠɟɧɢɢ ɝɚɡɚ ɜ ɩɥɨɫɤɨɫɬɢ, 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɠɚɥɸɡɢɣɧɵɦ ɫɬɟɧɤɚɦ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɟɩɚɪɚɬɨɪɚ. 

Ⱦɚɧɧɨɟ ɭɩɪɨɳɟɧɢɟ ɜɵɪɚɠɚɟɬɫɹ ɜ ɨɬɫɭɬɫɬɜɢɢ ɫɨɫɬɚɜɥɹɸɳɟɣ ɩɨɥɧɨɣ ɫɤɨɪɨɫɬɢ 

ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɜɞɨɥɶ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ ɠɚɥɸɡɟɣ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ 

ɫɟɩɚɪɚɬɨɪɚ. 

Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɝɟɨɦɟɬɪɢɢ ɫɬɟɧɤɢ ɠɚɥɸɡɢ ɦɨɠɧɨ 

ɢɫɯɨɞɢɬɶ ɢɡ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨ ɬɨɦ, ɱɬɨ ɠɚɥɸɡɢɣɧɵɟ ɫɬɟɧɤɢ ɜɫɟɯ ɤɚɧɚɥɨɜ 

ɨɞɢɧɚɤɨɜɵ, ɢ ɢɯ ɤɨɧɮɢɝɭɪɚɰɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɢɧɭɫɨɢɞɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɢɡɦɟɧɟɧɢɹ 

ɜɞɨɥɶ ɤɚɧɚɥɚ, ɱɬɨ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ, ɬɚɤ ɤɚɤ 

ɜɨɥɧɢɫɬɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɠɚɥɸɡɢ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨ ɦɨɠɧɨ ɨɩɢɫɚɬɶ 

ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɨɣ ɮɭɧɤɰɢɟɣ. 

 

Ɋɢɫɭɧɨɤ 2.1 – ɋɯɟɦɚ ɠɚɥɸɡɢɣɧɨɝɨ ɤɚɧɚɥɚ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ 

ɫɟɩɚɪɚɬɨɪɚ: в1 – ɥɢɧɢɹ, ɨɩɪɟɞɟɥɹɸɳɚɹ ɝɟɨɦɟɬɪɢɸ ɥɟɜɨɣ ɫɬɟɧɤɢ ɤɚɧɚɥɚ; в2– ɥɢɧɢɹ 

ɨɩɪɟɞɟɥɹɸɳɚɹ ɝɟɨɦɟɬɪɢɸ ɩɪɚɜɨɣ ɫɬɟɧɤɢ ɤɚɧɚɥɚ; вs ɢ вn– ɥɢɧɢɢ ɨɩɪɟɞɟɥɹɸɳɢɟ 

ɝɟɨɦɟɬɪɢɸ ɫɪɟɞɧɟɣ ɥɢɧɢɢ ɤɚɧɚɥɚ ɢ ɧɨɪɦɚɥɢ ɤ ɧɟɣ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ;r ɢ –

ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɤɨɨɪɞɢɧɚɬɵ 
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ɉɪɟɞɩɨɥɚɝɚɟɦɚɹ ɦɨɞɟɥɶ ɝɟɨɦɟɬɪɢɢ ɠɚɥɸɡɢɣɧɨɝɨ ɤɚɧɚɥɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 2.1, ɝɞɟ ɩɨɤɚɡɚɧɨ ɪɚɫɩɨɥɨɠɟɧɢɟ ɞɜɭɯ ɫɢɧɭɫɨɢɞɚɥɶɧɵɯ ɫɬɟɧɨɤ, ɨɛɪɚɡɭɸɳɢɯ 

ɠɚɥɸɡɢɣɧɵɣ ɤɚɧɚɥ. ȼ ɧɟɦ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɫɪɟɞɧɸɸ ɥɢɧɢɸ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɭɸ 

ɝɟɨɦɟɬɪɢɸ ɤɚɧɚɥɚ, ɢ ɧɨɪɦɚɥɶ ɤ ɷɬɨɣ ɥɢɧɢɢ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɫɨɫɬɚɜɥɹɸɳɚɹ 

ɩɨɥɧɨɣ ɫɤɨɪɨɫɬɢ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɚɹ ɤ ɷɬɨɣ ɧɨɪɦɚɥɢ ɫɪɟɞɧɟɣ ɥɢɧɢɢ 

ɠɚɥɸɡɢɣɧɨɝɨ ɤɚɧɚɥɚ ɢ ɨɩɪɟɞɟɥɹɟɬ ɜ ɰɟɥɨɦ ɪɚɫɯɨɞ ɝɚɡɚ ɩɨ ɷɬɨɦɭ ɤɚɧɚɥɭ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ, 

ɨɩɪɟɞɟɥɹɸɳɭɸ ɤɨɨɪɞɢɧɚɬɵ ɥɟɜɨɣ ɫɬɟɧɤɢ ɠɚɥɸɡɢɣɧɨɝɨ ɤɚɧɚɥɚ: 

 

 y1 = asin (bݔ + ܿሻ + ݀ଵ.   (2.1) 

 

ɉɨɞɨɛɧɭɸ ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɢ ɞɥɹ ɩɪɚɜɨɣ 

ɫɬɟɧɤɢ ɠɚɥɸɡɢɣɧɨɝɨ ɤɚɧɚɥɚ: 

y2 = asin (bݔ + ܿሻ + ݀ଶ.   (2.2) 

 

Ɍɨɝɞɚ ɞɥɹ ɥɸɛɨɣ ɬɨɱɤɢ «Ⱥ»,  ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɧɚ ɫɪɟɞɧɟɣ ɥɢɧɢɢ ɤɚɧɚɥɚ 

(Ɋɢɫɭɧɨɤ 2.2),  ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜɵɪɚɠɟɧɢɟ 

 

yA =a sin (b ݔ� + ܿሻ + ଵଶ݀ଵ + ଵଶ݀ଶ.              (2.3) 

 

Ⱥ ɜɵɪɚɠɟɧɢɟ ɥɢɧɢɢ, ɩɪɨɯɨɞɹɳɟɣ ɩɨ ɧɨɪɦɚɥɢ ɜ ɬɨɱɤɟ «Ⱥ» ɫɪɟɞɧɟɣ ɥɢɧɢɢ, 

ɢɦɟɟɬ ɜɢɞ ݕ� = ݔ − �ݔ + +  ܽ cosሺbݔ� + ܿሻܾݕ�ܽ cosሺbݔ� + ܿሻܾ  .                       ሺʹ.Ͷሻ 

 

Ɋɚɫɩɨɥɨɠɟɧɢɟ ɮɢɥɶɬɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɠɚɥɸɡɢɣɧɨɦ ɤɚɧɚɥɟ ɩɨɤɚɡɚɧɨ ɧɚ 

ɪɢɫɭɧɤɟ 2.2. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɲɢɪɢɧɚ ɷɬɢɯ ɷɥɟɦɟɧɬɨɜ ɧɟɛɨɥɶɲɚɹ ɩɨ ɫɪɚɜɧɟɧɢɸ 

ɫ ɲɢɪɢɧɨɣ ɠɚɥɸɡɢɣɧɨɝɨ ɤɚɧɚɥɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɧɚ ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɪɚɫɱɟɬɨɜ ɧɟ 
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ɭɱɢɬɵɜɚɬɶ ɫɬɟɫɧɟɧɢɟ ɩɨɬɨɤɚ ɝɚɡɚ ɜ ɠɚɥɸɡɢɣɧɨɦ ɤɚɧɚɥɟ ɮɢɥɶɬɪɭɸɳɟɣ ɜɫɬɚɜɤɨɣ. 

 

 

Ɋɢɫɭɧɨɤ 2.2 – ɋɯɟɦɚ ɠɚɥɸɡɢɣɧɵɯ ɤɚɧɚɥɨɜ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ 

ɫɟɩɚɪɚɬɨɪɚ ɫ ɮɢɥɶɬɪɭɸɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ: 1 –ɫɬɟɧɤɢ ɤɚɧɚɥɚ; 2 – ɩɨɜɟɪɯɧɨɫɬɶ 

ɮɢɥɶɬɪɭɸɳɟɣ ɜɫɬɚɜɤɢ;3 – ɮɢɥɶɬɪɭɸɳɚɹ ɜɫɬɚɜɤɚ 

Ɋɚɫɫɦɨɬɪɟɧɧɚɹ ɝɟɨɦɟɬɪɢɹ ɠɚɥɸɡɢɣɧɵɯ ɤɚɧɚɥɨɜ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ 

ɫɟɩɚɪɚɬɨɪɚ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɡɪɚɛɨɬɚɬɶ ɮɢɡɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ ɝɚɡɨɜɨɝɨ 

ɩɨɬɨɤɚ ɢ ɞɜɢɠɟɧɢɹ ɤɚɩɟɥɶ ɜ ɷɬɢɯ ɤɚɧɚɥɚɯ.  

Ⱦɥɹ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨɝɨ ɚɧɚɥɢɡɚ ɤɚɠɞɨɣ ɝɨɮɪɵ ɢ ɜɫɟɝɨ ɤɚɧɚɥɚ ɜɜɟɞɟɦ ɩɨɧɹɬɢɟ 

ɝɥɨɛɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ, ɜ ɤɨɬɨɪɨɣ ɢɡɨɛɪɚɠɟɧ ɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɜɟɫɶ ɤɚɧɚɥ 

(ɜ ɤɚɱɟɫɬɜɟ ɷɬɨɣ ɫɢɫɬɟɦɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɟɤɚɪɬɨɜɵ ɤɨɨɪɞɢɧɚɬɵ (x,y)). Ɍɚɤɠɟ 

ɥɨɤɚɥɶɧɚɹ ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ – ɰɢɥɢɧɞɪɢɱɟɫɤɚɹ (ɤɨɨɪɞɢɧɚɬɵ (r,φ)).Ⱦɥɹ ɢɯ 

ɜɡɚɢɦɨɫɜɹɡɢ ɢɫɩɨɥɶɡɭɟɦ ɫɬɚɧɞɚɪɬɧɵɟ ɚɥɝɟɛɪɚɢɱɟɫɤɢɟ ɜɵɪɚɠɟɧɢɹ[58], ɜ ɧɚɲɟɦ 

ɫɥɭɱɚɟ – ɤɨɨɪɞɢɧɚɬɚ  

ȼɡɚɢɦɨɫɜɹɡɶɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɨɜ ɦɟɠɞɭ ɝɥɨɛɚɥɶɧɨɣ (ɞɟɤɚɪɬɨɜɨɣ) ɢ 

ɥɨɤɚɥɶɧɵɦɢ (ɰɢɥɢɧɞɪɢɱɟɫɤɢɦɢ) ɫɢɫɬɟɦɚɦɢ ɤɨɨɪɞɢɧɚɬɞɥɹ ɤɚɧɚɥɚ ɢɧɟɪɰɢɨɧɧɨ-

ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɟɩɚɪɚɬɨɪɚ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ ɧɢɠɟ. 
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Ɋɢɫɭɧɨɤ 2.3 – Ʉɪɢɜɨɥɢɧɟɣɧɵɣ ɤɚɧɚɥ ɜ ɝɥɨɛɚɥɶɧɨɣ Ⱦɟɤɚɪɬɨɜɨɣ ɢ 

ɥɨɤɚɥɶɧɨɣ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɚɯ ɤɨɨɪɞɢɧɚɬ: 

L – ɨɛɳɚɹ ɞɥɢɧɧɚɹ ɤɚɧɚɥɚ;L1–L4 – ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɰɟɧɬɪɨɜ ɥɨɤɚɥɶɧɵɯ 

ɫɢɫɬɟɦ ɤɨɨɪɞɢɧɚɬ ɤɚɠɞɨɣ ɝɨɮɪɵ;R1 ɢ R2 – ɜɧɭɬɪɟɧɧɢɣ ɢ ɜɧɟɲɧɢɣ ɪɚɞɢɭɫɵ 

ɩɨɥɭɤɨɥɶɰɚ;R, φ –ɥɨɤɚɥɶɧɵɟ ɤɨɨɪɞɢɧɚɬɵ;, X, Y – ɝɥɨɛɚɥɶɧɵɟ ɤɨɨɪɞɢɧɚɬɵ; 

Rɫɪ – ɫɪɟɞɧɢɣ ɪɚɞɢɭɫ 

 

ɉɨɥɨɠɟɧɢɟ ɪɚɫɱɟɬɧɨɝɨ ɭɱɚɫɬɤɚ (ɩɨɥɭɤɨɥɶɰɚ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ, 

ɩɪɢɜɟɞɟɧɧɨɦɭ ɧɢɠɟ: 

- ɡɚɞɚɟɬɫɹ ɤɨɨɪɞɢɧɚɬɚ ɏ,ɦɦ, ɟɫɥɢ ɪɚɫɱɟɬɧɚɹ ɬɨɱɤɚɦɟɧɶɲɟ,  ɱɟɦ 2.
R2,  ɬɨ  

ɤɨɨɪɞɢɧɚɬɚ ɏ ɛɟɪɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: X1=X, ɚ ɤɨɨɪɞɢɧɚɬɚ Y– ɫɨ ɡɧɚɤɨɦ «+»; 

- ɟɫɥɢ ɪɚɫɱɟɬɧɚɹ ɬɨɱɤɚɧɚɯɨɞɢɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ  2R2<X<4R2,   ɬɨ ɤɨɨɪɞɢɧɚɬɚ ɏ 

ɛɟɪɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ X2=X–2R2, ɚ ɤɨɨɪɞɢɧɚɬɚ Y– ɫɨ ɡɧɚɤɨɦ «–»; 

- ɟɫɥɢ ɪɚɫɱɟɬɧɚɹ ɬɨɱɤɚ ɧɚɯɨɞɢɬɶɫɹ ɜ ɞɢɚɩɚɡɨɧɟ  4R2<X<6R2,  ɬɨ  ɤɨɨɪɞɢɧɚɬɚ 

ɏ ɛɟɪɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ X3=X–4R2, ɚ ɤɨɨɪɞɢɧɚɬɚ Y– ɫɨ ɡɧɚɤɨɦ «+»; 

- ɟɫɥɢ ɪɚɫɱɟɬɧɚɹ ɬɨɱɤɚ ɧɚɯɨɞɢɬɶɫɹ ɜ ɞɢɚɩɚɡɨɧɟ  6R2<X<8R2,  ɬɨ  ɤɨɨɪɞɢɧɚɬɚ 

ɏ ɛɟɪɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: X4=X–6R2, ɚ ɤɨɨɪɞɢɧɚɬɚ Y– ɫɨ ɡɧɚɤɨɦ «-». 
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Ⱥɥɝɨɪɢɬɦ ɪɚɫɱɟɬɚɫɤɨɪɨɫɬɢ ɝɚɡɚ ɜ ɥɸɛɨɣ ɬɨɱɤɟ ɤɚɧɚɥɚ: 

- ɡɚɞɚɟɦ ɤɨɨɪɞɢɧɚɬɵ ɬɨɱɤɢ ɜ ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ; 

- ɨɩɪɟɞɟɥɹɟɦ ɞɢɚɩɚɡɨɧ, ɜ ɤɨɬɨɪɵɣ ɩɨɩɚɞɚɟɬ  ɪɚɫɱɟɬɧɚɹ ɬɨɱɤɚ, ɢɫɨɝɥɚɫɧɨ 

ɜɵɲɟɩɪɢɜɟɞёɧɧɵɦ ɜɵɪɚɠɟɧɢɹɦ,  ɩɨɞɛɢɪɚɟɦ ɬɨ, ɩɨ ɤɨɬɨɪɨɦɭ ɫɱɢɬɚɟɦ ɫɤɨɪɨɫɬɶ; 

- ɪɚɫɫɱɢɬɵɜɚɟɦ ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɤɨɪɨɫɬɢ ɝɚɡɚ ɜ ɥɨɤɚɥɶɧɵɯ ɫɢɫɬɟɦɚɯ   (r,φ)  ɢ 

ɝɥɨɛɚɥɶɧɨɣ ɫɢɫɬɟɦɟ (ɏ,Y) ɫɨɝɥɚɫɧɨ ɜɵɪɚɠɟɧɢɹɦ,  ɩɪɢɜɟɞɟɧɧɵɦ ɜ ɩɪɢɥɨɠɟɧɢɢ Ʉ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ ɩɨɥɭɱɟɧɨ 8 ɜɵɪɚɠɟɧɢɣ ɞɥɹɫɨɫɬɚɜɥɹɸɳɢɯ ɫɤɨɪɨɫɬɢ(Vf 

,Vr) ɜ ɥɨɤɚɥɶɧɵɯ ɫɢɫɬɟɦɚɯ ɤɨɨɪɞɢɧɚɬ (r,φ) ɢ8 ɜɵɪɚɠɟɧɢɣ– ɞɥɹ ɫɨɫɬɚɜɥɹɸɳɢɯ 

ɫɤɨɪɨɫɬɢ ɜ ɝɥɨɛɚɥɶɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ(ɏ,Y). 

 

2.1.1. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɩɨɬɨɤɚ ɤɚɩɟɥɶ 

Ʉɚɩɥɢ ɠɢɞɤɨɣ ɮɚɡɵ (ɤɨɧɞɟɧɫɚɬɚ) ɮɨɪɦɢɪɭɸɬɫɹ ɜ ɩɨɬɨɤɟ ɩɨɩɭɬɧɨɝɨ 

ɧɟɮɬɹɧɨɝɨ ɢ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɨɜ, ɧɚɱɢɧɚɹ ɨɬ ɩɥɚɫɬɚ ɞɨ ɫɚɦɨɝɨ ɜɯɨɞɚ ɜ ɫɟɩɚɪɚɬɨɪ 

[50]. ɉɨ ɦɟɪɟ ɪɚɡɪɚɛɨɬɤɢ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɢ ɞɜɢɠɟɧɢɹ ɝɚɡɚ ɨɬ ɩɥɚɫɬɚ ɤ ɫɟɩɚɪɚɬɨɪɭ,  

ɞɚɜɥɟɧɢɟ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɧɟɩɪɟɪɵɜɧɨ ɦɟɧɹɸɬɫɹ.Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɟ ɪɚɜɧɨɜɟɫɢɟ 

ɜɫɟɣ ɞɜɭɯɮɚɡɧɨɣ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɵ ɢɡɦɟɧɹɟɬɫɹ, ɢ ɩɪɨɢɫɯɨɞɢɬ ɩɪɨɰɟɫɫ 

ɦɚɫɨɨɛɦɟɧɚ ɦɟɠɞɭ ɮɚɡɚɦɢ (ɤɨɧɞɟɧɫɚɰɢɹ ɢ ɜɵɩɚɪɢɜɚɧɢɟ) [50]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɞɜɢɠɟɧɢɟ ɝɚɡɨɤɚɩɟɥɶɧɵɯ ɩɨɬɨɤɨɜ ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɚɦ ɢ ɫɟɩɚɪɚɰɢɨɧɧɵɦ ɤɚɧɚɥɚɦ 

ɧɟɮɬɟɝɚɡɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɪɟɡɤɢɦ ɢɡɦɟɧɟɧɢɟɦ ɡɧɚɱɟɧɢɣ 

ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɫɨɫɬɚɜɨɦ ɢ ɫɨɨɬɧɨɲɟɧɢɟɦ 

ɠɢɞɤɨɫɬɧɨɣ ɢ ɝɚɡɨɜɨɣ ɮɚɡ, ɩɨɫɬɨɹɧɧɨ ɦɟɧɹɸɳɢɯɫɹ. Ɇɟɯɚɧɢɡɦ ɨɛɪɚɡɨɜɚɧɢɹ 

ɠɢɞɤɨɫɬɧɨɣ ɮɚɡɵ ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ ɨɫɧɨɜɚɧ ɧɚ ɩɪɨɰɟɫɫɟ ɚɞɢɚɛɚɬɢɱɟɫɤɨɝɨ 

ɪɚɫɲɢɪɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɨɛɴɟɦ ɫɦɟɫɢ, ɫɧɢɠɚɸɬɫɹ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɢ 

ɬɟɦɩɟɪɚɬɭɪɚ, ɩɨɬɨɦɭ ɱɬɨ ɪɚɛɨɬɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚ ɫɱɟɬ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɝɚɡɚ 

[59,60Ж. ɉɪɢ ɫɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɭɦɟɧɶɲɚɟɬɫɹ ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ, 

ɩɪɢɜɨɞɹɳɟɟ ɤ ɩɪɟɫɵɳɟɧɢɸ ɢ ɤɨɧɞɟɧɫɚɰɢɢ ɜ ɞɚɥɶɧɟɣɲɟɦ. ɋɤɨɪɨɫɬɶ ɩɪɨɰɟɫɫɚ 

ɤɨɧɞɟɧɫɚɰɢɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɩɥɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɢɮɮɭɡɢɟɣ ɩɚɪɚ ɤ ɷɬɨɣ 
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ɩɨɜɟɪɯɧɨɫɬɢ. ɉɪɢ ɭɫɤɨɪɟɧɧɨɦ ɩɪɟɫɵɳɟɧɢɢ ɫɤɨɪɨɫɬɶ ɞɢɮɮɭɡɢɢ ɦɨɠɟɬ ɛɵɬɶ 

ɧɟɞɨɫɬɚɬɨɱɧɨɣ,  ɩɪɢɜɨɞɹ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɨɛɪɚɡɨɜɚɧɢɸ ɡɚɪɨɞɵɲɟɣ,ɱɬɨ ɹɜɥɹɟɬɫɹ 

ɧɟɝɚɬɢɜɧɵɦ  ɜ ɩɪɨɰɟɫɫɟ ɫɟɩɚɪɚɰɢɢ. ɉɨɞɨɛɧɵɟ ɩɪɨɰɟɫɫɵ ɜɵɹɜɥɟɧɵ ɜ 

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ  ɪɚɛɨɬɚɯ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɢɡɭɱɟɧɢɟ  ɧɨɜɵɯ ɢɧɟɪɰɢɨɧɧɨ-

ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ[50]. 

Ʉɨɧɞɟɧɫɚɰɢɹ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɦɟɥɤɢɯ ɤɚɩɟɥɶ, ɪɚɡɦɟɪ ɤɨɬɨɪɵɯ 

ɦɟɧɹɟɬɫɹ ɡɚ ɫɱɟɬ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɝɨ ɪɨɫɬɚ ɜ ɭɫɥɨɜɢɹɯ ɩɪɟɫɵɳɟɧɢɹ ɢ ɤɨɚɝɭɥɹɰɢɢ, ɚ 

ɬɚɤɠɟ ɢɡɦɟɥɶɱɟɧɢɹ ɜ ɬɭɪɛɭɥɟɧɬɧɨɦ ɝɚɡɨɜɨɦ ɩɨɬɨɤɟ, ɱɬɨ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɵɦɢ 

ɦɟɯɚɧɢɡɦɚɦɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɚɩɥɢ [59Ж. ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɤɨɧɞɟɧɫɚɰɢɢ ɨɫɧɨɜɧɵɦɢ 

ɦɟɯɚɧɢɡɦɚɦɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɚɩɟɥɶ ɜ ɬɭɪɛɭɥɟɧɬɧɨɦ ɩɨɬɨɤɟ ɝɚɡɚ ɹɜɥɹɸɬɫɹ 

ɩɪɨɰɟɫɫɵ ɢɡɦɟɥɶɱɟɧɢɹ ɢ ɤɨɚɝɭɥɹɰɢɢ,  ɩɪɨɬɟɤɚɸɳɢɟ ɨɞɧɨɜɪɟɦɟɧɧɨ Д60].  

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɤɚɩɥɢ ɜ ɩɨɬɨɤɟ ɝɚɡɚ ɢɡɦɟɥɶɱɚɸɬɫɹ, ɟɫɥɢ ɢɯ ɪɚɞɢɭɫ ɩɪɟɜɵɲɚɟɬ 

ɧɟɤɨɬɨɪɵɣ ɤɪɢɬɢɱɟɫɤɢɣ Д59Ж. Ʉɚɩɥɢ ɪɚɞɢɭɫɨɦ ɦɟɧɶɲɟ ɤɪɢɬɢɱɟɫɤɨɝɨ ɦɨɝɭɬ ɬɨɥɶɤɨ 

ɤɨɚɝɭɥɢɪɨɜɚɬɶ. Ɍɚɤ ɤɚɤ ɩɥɨɬɧɨɫɬɢ ɤɚɩɥɢ ɢ ɨɤɪɭɠɚɸɳɟɝɨ ɟɟ ɝɚɡɚ ɫɢɥɶɧɨ 

ɨɬɥɢɱɚɸɬɫɹ, ɢɡɦɟɥɶɱɟɧɢɟ ɤɚɩɥɢ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɢɧɟɪɰɢɨɧɧɵɯ ɫɢɥ. 

ɍɫɬɚɧɨɜɥɟɧɧɨɟ ɨɩɪɟɞɟɥɟɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɚɩɟɥɶ ɩɨ ɪɚɡɦɟɪɚɦ ɢɦɟɟɬ ɜɢɞ 

ɥɨɝɚɪɢɮɦɢɱɟɫɤɢ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ Д59]. 

ɍɱɢɬɵɜɚɹ ɜɵɲɟɫɤɚɡɚɧɧɨɟ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɨɜɟɫɬɢ ɩɨɢɫɤ ɧɨɜɵɯ ɫɩɨɫɨɛɨɜ 

ɨɛɪɚɛɨɬɤɢ ɝɚɡɨɠɢɞɤɨɫɬɧɵɯ ɩɨɬɨɤɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ  ɜɵɫɨɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɪɚɡɞɟɥɟɧɢɹ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɨɝɨ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ 

ɝɚɡɨɫɟɩɚɪɚɰɢɨɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɨɡɜɨɥɹɸɳɟɝɨ ɢɡɵɦɚɬɶ ɜɥɚɝɭ ɞɚɠɟ ɜ ɜɢɞɟ 

ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɝɨ ɬɭɦɚɧɚ Д60]. ɉɨɷɬɨɦɭ ɩɪɢ ɫɨɡɞɚɧɢɢ ɚɞɟɤɜɚɬɧɨɝɨ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɝɚɡɨɞɢɧɚɦɢɤɢ ɞɜɢɠɟɧɢɹ ɝɚɡɨɠɢɞɤɨɫɬɧɨɝɨ ɩɨɬɨɤɚ ɞɥɹ 

ɢɧɟɪɰɢɨɧɧɨɣ ɢ ɮɢɥɶɬɪɭɸɳɟɣ ɫɟɤɰɢɣ ɝɚɡɨɫɟɩɚɪɚɬɨɪɚɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɨɬɪɟɬɶ 

ɮɢɡɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɤɚɧɚɥɚɯ ɢ ɮɢɥɶɬɪɭɸɳɢɯ 

ɫɟɤɰɢɹɯ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɝɚɡɨɫɟɩɚɪɚɬɨɪɨɜ. 

Ʉɚɤ ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɜ ɩɪɟɞɵɞɭɳɟɦ ɪɚɡɞɟɥɟ, ɤɚɧɚɥ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ 
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ɫɟɩɚɪɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɪɢɜɨɥɢɧɟɣɧɭɸ, ɧɟɩɪɟɪɵɜɧɨ ɢɡɦɟɧɹɸɳɭɸ 

ɧɚɩɪɚɜɥɟɧɢɟ ɞɜɢɠɟɧɢɹ ɩɨɬɨɤɚ ɝɚɡɚ ɩɨɥɨɫɬɶ, ɜ ɤɨɬɨɪɨɣ ɢ ɭɫɬɚɧɨɜɥɟɧɵ 

ɫɟɩɚɪɚɰɢɨɧɧɵɟ ɷɥɟɦɟɧɬɵ. ɍɫɬɚɧɨɜɤɚ ɬɚɤɢɯ ɷɥɟɦɟɧɬɨɜ ɞɨɥɠɧɚ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ 

ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɤɚɩɟɥɶ ɠɢɞɤɨɫɬɢ ɩɨ ɫɟɱɟɧɢɸ ɠɚɥɸɡɢɣɧɨɝɨ ɤɚɧɚɥɚ. ɗɬɨ ɧɟɨɛɯɨɞɢɦɨ 

ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɦɚɤɫɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɤɚɩɟɥɶ ɠɢɞɤɨɫɬɢ, ɞɜɢɠɭɳɢɯɫɹ ɜ ɝɚɡɨɜɨɦ 

ɩɨɬɨɤɟ ɩɨ ɤɪɢɜɨɥɢɧɟɣɧɵɦ ɬɪɚɟɤɬɨɪɢɹɦ, ɞɨɫɬɢɝɚɥɨ ɛɵ ɩɨɜɟɪɯɧɨɫɬɢ ɮɢɥɶɬɪɭɸɳɟɣ 

ɜɫɬɚɜɤɢ. ɇɚɡɧɚɱɟɧɢɟ ɠɟ ɮɢɥɶɬɪɭɸɳɟɣ ɜɫɬɚɜɤɢ – ɭɞɟɪɠɚɧɢɟ ɠɢɞɤɨɫɬɢ ɜɧɚɱɚɥɟ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɷɬɨɣ ɮɢɥɶɬɪɭɸɳɟɣ ɜɫɬɚɜɤɢ, ɬɨ ɟɫɬɶ «ɡɚɯɜɚɬ», ɚ ɡɚɬɟɦɨɬɜɨɞ ɩɨ ɟɟ 

ɜɧɭɬɪɟɧɧɢɦ ɤɚɧɚɥɚɦ ɡɚ ɩɪɟɞɟɥɵ ɫɟɩɚɪɚɰɢɨɧɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɫɚɦɨɝɨ 

ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɟɩɚɪɚɬɨɪɚ. 

Ⱦɥɹ ɜɵɹɜɥɟɧɢɹ ɤɚɪɬɢɧɵ ɞɜɢɠɟɧɢɹ ɤɚɩɟɥɶ ɠɢɞɤɨɫɬɢ ɜ ɤɪɢɜɨɥɢɧɟɣɧɨɦ 

ɠɚɥɸɡɢɣɧɨɦ ɤɚɧɚɥɟ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɟɩɚɪɚɬɨɪɚ ɪɚɫɫɦɨɬɪɢɦ,  ɤɚɤɢɟ 

ɫɢɥɵ ɨɤɚɡɵɜɚɸɬ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɤɚɩɥɢ, ɢ ɜɵɹɫɧɢɦ ɩɪɢɪɨɞɭ ɢɯ ɜɨɡɧɢɤɧɨɜɟɧɢɹ. ɇɚ 

ɪɢɫɭɧɤɟ 2.4 ɩɨɤɚɡɚɧɨ ɧɚɩɪɚɜɥɟɧɢɟ ɫɢɥɨɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɤɚɩɥɸ ɫɨ ɫɬɨɪɨɧɵ 

ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɢ ɨɬ ɰɟɧɬɪɨɛɟɠɧɨɣ ɫɢɥɵ.  

Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢ ɞɜɢɠɟɧɢɹ ɝɚɡɨɜɨɝɨ ɢ ɤɚɩɟɥɶɧɨɝɨ ɩɨɬɨɤɨɜ ɩɪɢɧɢɦɚɟɦ ɜɨ 

ɜɧɢɦɚɧɢɟ ɦɚɥɵɣ ɪɚɡɦɟɪ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɤɚɩɟɥɶ (ɧɟɫɤɨɥɶɤɨ ɦɤɦ), ɚ ɬɚɤɠɟ ɦɚɥɭɸ 

ɨɛɴɟɦɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɤɚɩɟɥɶ ɜ ɝɚɡɨɜɨɦ ɩɨɬɨɤɟ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɞɥɹ ɚɧɚɥɢɡɚ 

ɦɟɯɚɧɢɡɦɚ ɞɜɢɠɟɧɢɹ ɤɚɩɟɥɶ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɨɞɢɧɨɱɧɭɸ ɤɚɩɥɸ ɠɢɞɤɨɫɬɢ, ɢɦɟɸɳɭɸ 

ɪɚɡɦɟɪ, ɯɚɪɚɤɬɟɪɧɵɣ ɞɥɹ ɜɫɟɝɨ ɩɨɬɨɤɚ. Ɍɚɤ ɤɚɤ ɜɟɥɢɱɢɧɚ ɰɟɧɬɪɨɛɟɠɧɨɣ ɫɢɥɵ 

ɡɚɜɢɫɢɬ ɨɬ ɪɚɞɢɭɫɚ ɬɪɚɟɤɬɨɪɢɢ ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ ɞɜɢɠɟɧɢɹ ɤɚɩɥɢ, ɬɨ ɫ ɞɨɫɬɚɬɨɱɧɨɣ 

ɞɥɹ ɢɧɠɟɧɟɪɧɵɯ ɪɚɫɱɟɬɨɜ ɬɨɱɧɨɫɬɶɸ ɦɨɠɧɨ ɡɚɦɟɧɢɬɶ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɭɱɚɫɬɨɤ 

ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ ɠɚɥɸɡɢɣɧɨɝɨ ɤɚɧɚɥɚ ɤɪɢɜɨɥɢɧɟɣɧɵɦ ɤɚɧɚɥɨɦ ɫ ɪɚɞɢɭɫɚɦɢ ɫɬɟɧɨɤ 

R1 ɢ R2. ɇɚɩɪɚɜɥɟɧɢɟ ɞɟɣɫɬɜɢɹ ɰɟɧɬɪɨɛɟɠɧɨɣ ɫɢɥɵ Fc ɢ ɫɢɥɵ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɭɜɥɟɤɚɸɳɟɣ ɤɚɩɥɢ ɜ ɫɨɜɦɟɫɬɧɨɟ ɫ ɩɨɬɨɤɨɦ ɝɚɡɚ ɞɜɢɠɟɧɢɟ, Fs 

ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 2.4. ɇɚɩɪɚɜɥɟɧɢɟ ɞɟɣɫɬɜɢɹ ɷɬɢɯ ɫɢɥ ɭɞɨɛɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɜ 
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ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ, ɪɚɫɩɨɥɨɠɟɧɢɟ ɤɨɬɨɪɨɣ ɬɚɤɠɟ ɩɨɤɚɡɚɧɨ ɧɚ 

ɷɬɨɦ ɪɢɫɭɧɤɟ. 

ȼɟɥɢɱɢɧɵ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɰɟɧɬɪɨɛɟɠɧɵɯ ɫɢɥ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɜɧɵ ɢ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɜɵɪɚɠɟɧɢɹɦɢ: 

௦ܨ  =  ߰ గ଼ �ܸଶ݀௞ଶ(2.5)                           , ˆ݌ 

ܨ̝  = gߩ ௞ଷ͸݀ߨ   �ܹଶݎ  ,                                                 ሺʹ.͸ሻ 
 

ɝɞɟ W - ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ ɤɚɩɥɢ, ɧɚɩɪɚɜɥɟɧɢɟ ɤɨɬɨɪɨɣ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ 

ɪɚɞɢɭɫɭ ɤɪɢɜɢɡɧɵ ɠɚɥɸɡɢɣɧɨɝɨ ɤɚɧɚɥɚ ɜ ɞɚɧɧɨɣ ɬɨɱɤɟ; V - ɫɤɨɪɨɫɬɶ ɝɚɡɨɜɨɝɨ 

ɩɨɬɨɤɚ ɜ ɨɤɪɭɠɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. 

 

.  

Ɋɢɫɭɧɨɤ 2.4 – ɋɯɟɦɚ ɞɟɣɫɬɜɢɹ ɫɢɥ ɧɚ ɤɚɩɥɸ ɩɪɢ ɞɜɢɠɟɧɢɢ ɜ ɤɚɧɚɥɟ 

ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɟɩɚɪɚɬɨɪɚ:R1 – ɪɚɞɢɭɫ ɜɧɟɲɧɟɣ ɫɬɟɧɤɢ ɠɚɥɸɡɢɣɧɨɝɨ 

ɷɥɟɦɟɧɬɚ; R2  - ɪɚɞɢɭɫ ɜɧɭɬɪɟɧɧɟɣ ɫɬɟɧɤɢ ɠɚɥɸɡɢɣɧɨɝɨ ɷɥɟɦɟɧɬɚ; Fc – 

ɰɟɧɬɪɨɛɟɠɧɚɹ ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɤɚɩɥɸ; Fs – ɫɢɥɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɞɟɣɫɬɜɭɸɳɚɹ 

ɧɚ ɤɚɩɥɸ; r ɢ φ – ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɤɨɨɪɞɢɧɚɬɵ 

 

Ɋɚɫɫɦɚɬɪɢɜɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɰɟɧɬɪɨɛɟɠɧɵɯ 

ɫɢɥ ɢ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɦɨɠɧɨ ɭɜɢɞɟɬɶ, ɱɬɨ ɨɛɟ ɷɬɢ ɜɟɥɢɱɢɧɵ ɡɚɜɢɫɹɬ ɨɬ 

ɜɟɥɢɱɢɧɵ ɨɤɪɭɠɧɨɣ ɫɤɨɪɨɫɬɢ ɤɚɩɥɢ ɠɢɞɤɨɫɬɢ. Ɉɩɪɟɞɟɥɢɜ ɷɬɭ ɜɟɥɢɱɢɧɭ ɢɥɢ 

ɜɟɥɢɱɢɧɭ ɨɤɪɭɠɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ, ɦɨɠɧɨ, ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɜ 
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ɬɪɚɟɤɬɨɪɢɸ ɞɜɢɠɟɧɢɹ ɤɚɩɥɢ ɜ ɤɪɢɜɨɥɢɧɟɣɧɨɦ ɤɚɧɚɥɟ, ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ 

ɧɟɨɛɯɨɞɢɦɨɦ ɤɨɥɢɱɟɫɬɜɟ ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɞɥɢɧɟ ɠɚɥɸɡɢɣɧɨɝɨ ɤɚɧɚɥɚ, 

ɬɪɟɛɭɸɳɢɯɫɹ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɭɠɧɨɣ ɫɟɩɚɪɚɰɢɨɧɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ          

ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɟɩɚɪɚɬɨɪɚ, ɚ ɬɚɤɠɟ ɦɟɫɬɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ 

ɮɢɥɶɬɪɭɸɳɢɯ ɜɫɬɚɜɨɤ. 

ȿɫɥɢ ɭɱɟɫɬɶ, ɱɬɨ ɠɚɥɸɡɢɣɧɵɣ ɤɚɧɚɥ ɢɦɟɟɬ ɩɟɪɢɨɞɢɱɟɫɤɢ ɢɡɦɟɧɹɸɳɟɟɫɹ 

ɧɚɩɪɚɜɥɟɧɢɟ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢɡɦɟɧɹɸɳɟɟɫɹ ɧɚɩɪɚɜɥɟɧɢɟ ɞɜɢɠɟɧɢɹ ɝɚɡɨɜɨɝɨ 

ɩɨɬɨɤɚ, ɬɨ ɢ ɧɚɩɪɚɜɥɟɧɢɟ ɞɟɣɫɬɜɢɹ ɰɟɧɬɪɨɛɟɠɧɵɯ ɫɢɥ ɜ ɤɚɧɚɥɟ ɛɭɞɟɬ ɢɡɦɟɧɹɬɶɫɹ. 

ɇɚɢɛɨɥɟɟ ɪɟɡɭɥɶɬɚɬɢɜɧɵɦɛɵɥɨ ɛɵ ɞɜɢɠɟɧɢɟ ɞɜɭɯɮɚɡɧɨɝɨ ɩɨɬɨɤɚ, ɩɪɢ ɤɨɬɨɪɨɦ ɡɚ 

ɨɞɢɧ ɟɝɨɩɨɜɨɪɨɬ ɜɫɟ ɤɚɩɥɢ ɠɢɞɤɨɫɬɢ ɞɨɫɬɢɝɚɥɢ ɛɵ ɫɬɟɧɤɢ ɫ ɪɚɞɢɭɫɨɦ R1 (ɜ 

ɞɚɥɶɧɟɣɲɟɦ ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɷɬɭ ɫɬɟɧɤɭ ɜɧɟɲɧɟɣ ɫɬɟɧɤɨɣ ɠɚɥɸɡɢɣɧɨɝɨ ɤɚɧɚɥɚ), 

ɨɫɟɞɚɥɢ ɛɵ ɧɚ ɧɟɣ ɜ ɜɢɞɟ ɩɥɟɧɤɢ ɢ ɫɪɚɡɭ ɨɬɜɨɞɢɥɢɫɶ ɡɚ ɩɪɟɞɟɥɵ ɫɟɩɚɪɚɬɨɪɚ.  

 

Ɋɢɫɭɧɨɤ 2.5 – ɋɯɟɦɚ ɠɚɥɸɡɢɣɧɵɯ ɤɚɧɚɥɨɜ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ 

ɫɟɩɚɪɚɬɨɪɚ ɫ ɮɢɥɶɬɪɭɸɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ: 1 – ɜɧɟɲɧɹɹ ɫɬɟɧɤɚ ɤɚɧɚɥɚ; 2 – 

ɜɧɭɬɪɟɧɧɹɹ ɫɬɟɧɤɚ ɤɚɧɚɥɚ; 3 – ɮɢɥɶɬɪɭɸɳɚɹ ɜɫɬɚɜɤɚ; L – ɞɥɢɧɚ ɮɢɥɶɬɪɭɸɳɟɣ 

ɜɫɬɚɜɤɢ; 

1ɢ 2– ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɤɨɨɪɞɢɧɚɬɵ, ɜ ɩɪɟɞɟɥɚɯ ɤɨɬɨɪɵɯ ɪɚɫɩɨɥɚɝɚɟɬɫɹ 

ɮɢɥɶɬɪɭɸɳɚɹ ɜɫɬɚɜɤɚ 

 

ɇɨ, ɤɚɤ ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɜ ɩɪɟɞɵɞɭɳɢɯ ɝɥɚɜɚɯ, ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɤɚɩɥɹɦɢ 

ɜɧɟɲɧɟɣ ɫɬɟɧɤɢ ɤɚɧɚɥɚ ɩɪɨɢɫɯɨɞɢɬ  ɨɛɪɚɡɨɜɚɧɢɟɩɥɟɧɤɢ ɠɢɞɤɨɫɬɢ, ɤɨɬɨɪɚɹ ɩɨɞ 
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ɞɟɣɫɬɜɢɟɦ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɩɪɨɞɨɥɠɚɟɬ ɞɜɢɠɟɧɢɟ ɩɨ ɷɬɨɣ ɫɬɟɧɤɟ. ȼ ɫɥɟɞɭɸɳɟɦ 

ɠɚɥɸɡɢɣɧɨɦ ɷɥɟɦɟɧɬɟ ɩɨɬɨɤ ɦɟɧɹɟɬ ɫɜɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɜɞɨɥɶ ɨɫɢ в (ɪɢɫɭɧɨɤ 2.5), ɢ 

ɫɬɟɧɤɚ ɫ ɪɚɞɢɭɫɨɦ R1 ɩɥɚɜɧɨ ɩɟɪɟɯɨɞɢɬ ɤ ɪɚɞɢɭɫɭ R2, ɤɨɬɨɪɚɹ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ 

ɠɚɥɸɡɢɣɧɨɝɨ ɷɥɟɦɟɧɬɚ ɹɜɥɹɟɬɫɹ ɭɠɟ ɜɧɭɬɪɟɧɧɟɣ ɫɬɟɧɤɨɣ.  

ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɤɪɢɜɢɡɧɵ ɤɚɧɚɥɚ ɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ 

ɩɪɨɢɫɯɨɞɢɬ ɫɪɵɜ ɩɥɟɧɤɢ ɢ ɜɨɡɧɢɤɚɟɬ ɜɬɨɪɢɱɧɵɣ ɛɪɵɡɝɨɭɧɨɫ. ɇɚɡɧɚɱɟɧɢɟɦ ɠɟ 

ɮɢɥɶɬɪɭɸɳɢɯ ɜɫɬɚɜɨɤ ɹɜɥɹɟɬɫɹ ɭɥɚɜɥɢɜɚɧɢɟ ɤɚɩɟɥɶ ɧɚ ɜɧɟɲɧɟɣ ɫɬɟɧɤɟ 

ɠɚɥɸɡɢɣɧɨɝɨ ɤɚɧɚɥɚ ɢ ɨɬɜɨɞ ɡɚ ɟɝɨ ɩɪɟɞɟɥɵ. ɗɬɨ ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɜɬɨɪɢɱɧɵɣ 

ɛɪɵɡɝɨɭɧɨɫ ɢ ɩɨɜɵɲɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɟɩɚɪɚɰɢɢ ɫɟɩɚɪɚɬɨɪɨɜ. 

ɇɚ ɪɢɫɭɧɤɟ 2.5 ɫɯɟɦɚɬɢɱɟɫɤɢ ɩɨɤɚɡɚɧɨ,  ɤɚɤ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɰɟɧɬɪɨɛɟɠɧɵɯ 

ɫɢɥ ɮɨɪɦɢɪɭɟɬɫɹ, ɚ ɬɨɱɧɟɟ ɝɪɭɩɩɢɪɭɟɬɫɹ, ɫɬɚɧɨɜɢɬɫɹ ɛɨɥɟɟ ɩɥɨɬɧɵɦ ɩɨɬɨɤ ɤɚɩɟɥɶ ɭ 

ɜɧɟɲɧɟɣ ɫɬɟɧɤɢ ɠɚɥɸɡɢɣɧɨɝɨ ɷɥɟɦɟɧɬɚ. Ɂɚɞɚɱɟɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ 

ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɦɟɬɨɞɢɤɢ ɪɚɫɱɟɬɚ ɝɟɨɦɟɬɪɢɢ ɮɢɥɶɬɪɭɸɳɟɣ ɜɫɬɚɜɤɢ, ɦɟɫɬɚ ɟɟ 

ɭɫɬɚɧɨɜɤɢ ɜ ɠɚɥɸɡɢɣɧɨɦ ɷɥɟɦɟɧɬɟ (ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɨɪɞɢɧɚɬ ɧɚɱɚɥɚ ɢ ɨɤɨɧɱɚɧɢɹ 

ɷɮɮɟɤɬɢɜɧɨɝɨ ɭɥɚɜɥɢɜɚɧɢɹ ɠɢɞɤɨɫɬɢ ɫ ɭɱɟɬɨɦ ɞɨɫɬɚɬɨɱɧɨ ɩɥɨɬɧɨɝɨ ɩɨɬɨɤɚ 

ɤɚɩɟɥɶ), ɟɟ ɩɪɨɞɨɥɶɧɵɯ ɪɚɡɦɟɪɨɜ ɜɞɨɥɶ ɠɚɥɸɡɢɣɧɨɝɨ ɤɚɧɚɥɚ. 

 

2.1.2.  Ɏɨɪɦɢɪɨɜɚɧɢɟ ɩɨɥɹ ɫɤɨɪɨɫɬɟɣ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɤɪɢɜɨɥɢɧɟɣɧɨɦ 

ɤɚɧɚɥɟ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɟɩɚɪɚɬɨɪɚ 

ɉɨɫɥɟ ɩɪɹɦɨɥɢɧɟɣɧɵɯ ɭɱɚɫɬɤɨɜ ɧɚ ɜɯɨɞɟ ɫɟɩɚɪɚɰɢɨɧɧɨɝɨ ɤɚɧɚɥɚ,  

ɩɟɪɟɯɨɞɹɨɬɤɪɢɜɨɥɢɧɟɣɧɵɯ ɤ ɩɪɹɦɨɥɢɧɟɣɧɵɦ (ɤɨɧɮɭɡɨɪɧɵɦ) ɭɱɚɫɬɤɚɦ, 

ɥɨɤɚɥɶɧɵɟ ɫɤɨɪɨɫɬɢ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɦɨɧɨɬɨɧɧɨ ɭɜɟɥɢɱɢɜɚɸɬɫɹ, ɚ ɧɚ ɞɢɮɭɡɨɪɧɵɯ 

ɭɱɚɫɬɤɚɯ, ɨɛɨɪɭɞɨɜɚɧɧɵɯ ɮɢɥɶɬɪɭɸɳɢɦɢ ɫɟɤɰɢɹɦɢ, ɩɪɨɢɫɯɨɞɢɬ ɭɦɟɧɶɲɟɧɢɟ   

ɫɤɨɪɨɫɬɢ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ. ɇɚ ɷɬɨɦ ɭɱɚɫɬɤɟ ɫɨ ɫɧɢɠɟɧɢɟɦ ɫɤɨɪɨɫɬɢ 

ɝɚɡɨɠɢɞɤɨɫɬɧɨɝɨ ɩɨɬɨɤɚ ɭɦɟɧɶɲɚɟɬɫɹ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɚɹ ɫɢɥɚ, ɭɜɥɟɤɚɸɳɚɹ 

ɞɢɫɩɟɪɫɧɵɟ ɱɚɫɬɢɰɵ ɡɚ ɨɫɧɨɜɧɵɦ ɝɚɡɨɜɵɦ ɩɨɬɨɤɨɦ,  ɨɛɥɟɝɱɚɹ ɞɜɢɠɟɧɢɟ ɱɚɫɬɢɰ 
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ɩɨ ɢɧɟɪɰɢɢ ɤ ɩɥɚɫɬɭ ɮɢɥɶɬɪɚɢ ɭɫɢɥɢɜɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɟɩɚɪɚɰɢɢ. Ʉɪɨɦɟ 

ɬɨɝɨ,ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɚɜɥɟɧɢɟ ɜ ɞɪɟɧɢɪɭɸɳɢɯ ɤɚɧɚɥɚɯ ɞɜɨɣɧɵɯ ɠɚɥɸɡɢɣɧɵɯ 

ɝɨɮɪɢɪɨɜɚɧɧɵɯ ɩɥɚɫɬɢɧ, ɱɬɨ ɫɨɞɟɣɫɬɜɭɟɬ ɫɬɚɛɢɥɶɧɨɦɭ ɫɬɟɤɚɧɢɸ ɢ ɨɬɜɨɞɭ 

ɭɥɨɜɥɟɧɧɨɣ ɠɢɞɤɨɫɬɢ,ɚ ɬɚɤɠɟ  ɪɚɛɨɬɟ ɮɢɥɶɬɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɪɟɠɢɦɟ 

ɫɚɦɨɨɱɢɳɟɧɢɹ. ɉɨ ɞɨɫɬɢɠɟɧɢɸ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɪɟɠɢɦɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɟɩɚɪɚɰɢɢ, ɤɨɥɢɱɟɫɬɜɨ ɭɞɟɪɠɢɜɚɟɦɨɣ ɠɢɞɤɨɫɬɢ ɜ ɮɢɥɶɬɪɭɸɳɟɦ 

ɩɥɚɫɬɟ ɢ ɢɫɬɟɤɚɸɳɟɣ ɠɢɞɤɨɫɬɢ ɢɡ ɧɟɝɨ ɨɫɬɚɸɬɫɹ ɩɨɫɬɨɹɧɧɵɦɢ ɜɨ  ɜɪɟɦɟɧɢ ɩɪɢ 

ɧɟɢɡɦɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɮɢɥɶɬɪɨɜɚɧɢɹ, ɩɪɢ ɷɬɨɦ ɤɨɥɢɱɟɫɬɜɨ ɦɢɝɪɢɪɭɸɳɟɣ 

ɠɢɞɤɨɫɬɢ ɪɚɜɧɹɟɬɫɹ ɤɨɥɢɱɟɫɬɜɭ ɠɢɞɤɨɫɬɢ, ɩɨɩɚɞɚɸɳɟɣɫɹ ɜ ɩɥɚɫɬɟ ɮɢɥɶɬɪɚ. 

Ƚɪɚɧɢɰɚ ɪɚɡɞɟɥɟɧɢɹ ɢɧɟɪɰɢɨɧɧɨɣ ɡɨɧɵ ɫɟɩɚɪɚɰɢɨɧɧɨɝɨ ɤɚɧɚɥɚ ɢ ɮɢɥɶɬɪɭɸɳɟɣ 

ɫɟɤɰɢɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɭɫɥɨɜɧɭɸ ɫɬɟɧɤɭ (ɝɪɚɧɢɰɚ ɫɜɨɛɨɞɧɨɣ ɫɬɪɭɢ), ɧɚ 

ɤɨɬɨɪɨɣ ɫɤɨɪɨɫɬɶ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɢɦɟɟɬ ɩɨɫɬɨɹɧɧɨɟ ɡɧɚɱɟɧɢɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ 

ɩɨɫɬɨɹɧɧɨɦɭɞɚɜɥɟɧɢɸ ɩɨ ɫɟɱɟɧɢɸ ɮɢɥɶɬɪɚ ɜ ɞɪɟɧɢɪɭɸɳɢɯ ɤɚɧɚɥɚɯ. Ɉɫɨɛɨɟ 

ɜɧɢɦɚɧɢɟɫɥɟɞɭɟɬ ɭɞɟɥɢɬɶ ɩɪɨɮɢɥɢɪɨɜɚɧɢɸ ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɭɱɚɫɬɤɨɜ 

ɫɟɩɚɪɚɰɢɨɧɧɨɝɨ ɤɚɧɚɥɚ, ɝɞɟ ɫɚɦɵɟ ɛɨɥɶɲɢɟ ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɫɜɹɡɚɧɵ ɫ ɨɬɪɵɜɨɦ ɩɨɬɨɤɚ. ȼɨɡɦɨɠɧɨɫɬɶ ɨɬɪɵɜɧɨɝɨ ɬɟɱɟɧɢɹ ɨɝɪɚɧɢɱɢɜɚɟɬ 

ɝɪɚɞɢɟɧɬ ɫɤɨɪɨɫɬɢ (ɞɚɜɥɟɧɢɹ) ɧɚ ɫɬɟɧɤɚɯ ɫɟɩɚɪɚɰɢɨɧɧɨɝɨ ɤɚɧɚɥɚ. ɋɨɝɥɚɫɧɨ 

ɬɟɨɪɟɬɢɱɟɫɤɢɦ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ ɡɨɧɟ ɛɟɡɨɬɪɵɜɧɨɝɨ ɬɟɱɟɧɢɹ ɨɬɜɟɱɚɟɬ 

ɭɦɟɧɶɲɟɧɢɟ ɫɤɨɪɨɫɬɢ ɝɚɡɚ ɧɟ ɛɨɥɶɲɟ ɱɟɦ ɧɚ 25% ɧɚ ɞɥɢɧɟ ɫɬɟɧɤɢ, ɪɚɜɧɹɸɳɟɣɫɹ 

ɲɢɪɢɧɟ ɫɟɩɚɪɚɰɢɨɧɧɨɝɨ ɤɚɧɚɥɚ [61]. ɉɪɢɱɟɦ,ɩɨ ɪɟɤɨɦɟɧɞɚɰɢɹɦ, ɨɛɳɟɟ ɫɧɢɠɟɧɢɟ 

ɫɤɨɪɨɫɬɢ ɧɚ ɧɢɯ ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ ɬɪɟɯɤɪɚɬɧɨɟ. 

ȼ ɤɚɱɟɫɬɜɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɝɟɨɦɟɬɪɢɢ ɠɚɥɸɡɢɣɧɨɝɨ ɤɚɧɚɥɚ ɢɧɟɪɰɢɨɧɧɨ-

ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɟɩɚɪɚɬɨɪɚ ɩɪɢɧɢɦɚɟɦ ɤɪɢɜɨɥɢɧɟɣɧɵɣ ɤɚɧɚɥ, ɝɟɨɦɟɬɪɢɹ ɤɨɬɨɪɨɝɨ 

ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.5. Ⱦɜɢɠɟɧɢɟ ɜɹɡɤɨɝɨ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɬɚɤɨɦ 

ɤɪɢɜɨɥɢɧɟɣɧɨɦ ɤɚɧɚɥɟ ɭɞɨɛɧɨ ɨɩɢɫɵɜɚɬɶ ɫɢɫɬɟɦɨɣ ɭɪɚɜɧɟɧɢɣ ɇɚɜɶɟ– ɋɬɨɤɫɚ ɜ 

ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ (2.5). Ɍɭɪɛɭɥɟɧɬɧɵɣ ɯɚɪɚɤɬɟɪ ɞɜɢɠɟɧɢɹ ɩɨɬɨɤɚ 

ɝɚɡɚ ɦɨɠɧɨ ɭɱɟɫɬɶ ɩɭɬɟɦ ɡɚɦɟɧɵ ɤɨɷɮɮɢɰɢɟɧɬɚ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ  ɧɚ 
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ɤɨɷɮɮɢɰɢɟɧɬ ɬɭɪɛɭɥɟɧɬɧɨɣ ɜɹɡɤɨɫɬɢ, ɱɬɨ ɞɥɹ ɨɫɟɫɢɦɦɟɬɪɢɱɧɵɯ, ɜɢɯɪɟɜɵɯ ɩɨɬɨɤɨɜ 

ɩɨɡɜɨɥɹɟɬ ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɩɨɥɭɱɚɬɶ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɵɯ 

ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɡɚɞɚɱ Д51Ж. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɡɚɦɤɧɭɬɶ ɞɚɧɧɭɸ ɫɢɫɬɟɦɭ 

ɭɪɚɜɧɟɧɢɣ ɇɚɜɶɟ– ɋɬɨɤɫɚ,  ɞɨɩɨɥɧɹɟɦ ɟɟ ɱɟɬɜɟɪɬɵɦ ɭɪɚɜɧɟɧɢɟɦ ɧɟɪɚɡɪɵɜɧɨɫɬɢ. ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɟɦ ɫɢɫɬɟɦɭ ɢɡ ɱɟɬɵɪɟɯ ɭɪɚɜɧɟɧɢɣ ɫ ɱɟɬɵɪɶɦɹ ɧɟɢɡɜɟɫɬɧɵɦɢ (3 

ɩɪɨɟɤɰɢɢ ɫɤɨɪɨɫɬɟɣ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɧɚ ɬɪɢ ɨɫɢ ɢ ɜɟɥɢɱɢɧɚ ɞɚɜɥɟɧɢɹ). 

 

{  
   
  
   
  ௥ܸ �௏��௥ + ௏�௥ �௏��� + ௭ܸ �௏೥�௓ − ௏�మ௥ = − ଵఘ �௉�௥� +                      +� ቀ�మ ௏��௥మ + ଵ௥మ �మ௏���మ + �మ௏��௭మ + ଵ௥ �௏��௥ − ଶ௥మ �௏��� − ௏�௥మቁ ,௥ܸ �௏��௥ + ௏�௥ �௏��� + ௭ܸ �௏೥�௓ + ௏�௏�௥ = − ଵఘ௥ �௉�� +                +� ቀ�మ ௏��௥మ + ଵ௥మ �మ௏���మ + �మ௏��௭ + ଵ௥ �௏��௥ + ଶ௥మ �௏��� − ௏�௥మቁ௥ܸ �௏೥�௥ + ௏�௥ �௏೥�� + ௭ܸ �௏೥�௓ = − ଵఘ �௉�௥ +                               +� ቀ�మ ௏೥�௥మ + ଵ௥మ �మ௏೥��మ + �మ௏೥�௭మ + ଵ௥ �௏೥�௥ ቁ,                               �௏��௥ + ଵ௥ �௏��� + �௏೥�௭ + ௏�௥ = Ͳ.                                         

,              (2.7) 

 

Ⱦɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɫ ɰɟɥɶɸ ɩɨɥɭɱɢɬɶ ɜɢɞ, ɜ 

ɤɨɬɨɪɨɦ ɦɨɠɧɨ ɧɚɣɬɢ ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ, ɜɜɨɞɢɦ ɪɹɞ ɭɩɪɨɳɚɸɳɢɯ 

ɩɪɟɞɩɨɥɨɠɟɧɢɣ ɢ ɞɨɩɭɳɟɧɢɣ. ȼ ɫɜɹɡɢ ɫ ɬɟɦ ɱɬɨ ɨɫɧɨɜɧɨɟ ɞɜɢɠɟɧɢɟ ɝɚɡɨɜɨɝɨ 

ɩɨɬɨɤɚ ɩɪɨɢɫɯɨɞɢɬ ɜɞɨɥɶ ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ ɠɚɥɸɡɢɣɧɨɝɨ ɤɚɧɚɥɚ, ɩɪɟɞɩɨɥɚɝɚɟɦ, ɱɬɨ 

ɩɟɪɟɬɨɤɢ ɩɨ ɟɝɨ ɜɵɫɨɬɟ ɩɨ ɫɜɨɟɣ ɜɟɥɢɱɢɧɟ  ɧɚɦɧɨɝɨ ɦɟɧɶɲɟ ɫɤɨɪɨɫɬɟɣ ɝɚɡɚ ɜɞɨɥɶ 

ɤɚɧɚɥɚ (Vz=0). ɂɡɦɟɧɟɧɢɹ ɨɫɬɚɥɶɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɤɨɪɨɫɬɟɣ ɢ ɞɚɜɥɟɧɢɹ ɩɨ 

ɜɵɫɨɬɟ ɠɚɥɸɡɢɣɧɨɝɨ ɷɥɟɦɟɧɬɚ ɬɚɤɠɟ ɧɟ ɩɪɨɢɫɯɨɞɢɬ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɤɥɸɱɢɬɶ ɢɡ 

ɩɪɢɜɟɞɟɧɧɨɣ ɜɵɲɟ ɫɢɫɬɟɦɵ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɬɪɟɬɶɟ,  ɚ ɢɡ ɨɫɬɚɥɶɧɵɯ 

ɭɪɚɜɧɟɧɢɣ ɫɢɫɬɟɦɵ – ɜɫɟ ɫɥɚɝɚɟɦɵɟ, ɫɨɞɟɪɠɚɳɢɟ  ɨɫɟɜɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɩɨɥɧɨɣ 

ɫɤɨɪɨɫɬɢ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ. Ɍɚɤɠɟ ɩɪɟɞɩɨɥɚɝɚɟɦ, ɱɬɨ ɜ ɫɜɹɡɢ ɫ ɦɚɥɨɣ ɲɢɪɢɧɨɣ 

ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ ɤɚɧɚɥɚ ɜɟɥɢɱɢɧɚ ɞɚɜɥɟɧɢɹ ɩɨ ɟɝɨ ɲɢɪɢɧɟ ɢɡɦɟɧɹɟɬɫɹ 
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ɧɟɡɧɚɱɢɬɟɥɶɧɨ, ɚ ɨɫɧɨɜɧɨɟ ɢɡɦɟɧɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɜɞɨɥɶ. ɉɨɥɭɱɚɟɦ ɫɥɟɞɭɸɳɭɸ 

ɫɢɫɬɟɦɭ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɜ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ (ɞɥɹ ɭɩɪɨɳɟɧɢɹ 

ɡɚɩɢɫɶ ɩɪɨɢɡɜɨɞɢɦ ɛɟɡ ɭɤɚɡɚɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɞɢɭɫɚ ɢ ɨɤɪɭɠɧɨɣ ɤɨɨɪɞɢɧɚɬɵ): 

௥ܸങ��ങ�  + ��� ങ��ങ�  −  ��� = �(ങమ��ങ�మ  + భ�మങమ��ങ�మ +భ�ങ��ങ� − మ�మങ��ങ� − ��మቁ, 
 

௥ܸങ��ങ�  + ��� ങ��ങ�  −  ����� = − భ��೏�೏�+ �(ങమ��ങ�మ  + భ�మങమ��ങ�మ +భ�ങ��ങ� + మ�మങ��ങ� −���మ ቁ,ങ��ങ� +భ�ങ��ങ� +��� =଴.
 

(2.8) 

ȼ ɩɟɪɜɨɟ ɢ ɬɪɟɬɶɟ ɭɪɚɜɧɟɧɢɹ ɫɢɫɬɟɦɵ (2.1.8) ɜɯɨɞɹɬ ɬɨɥɶɤɨ ɞɜɟ ɫɨɫɬɚɜɥɹɸɳɢɟ 

ɫɤɨɪɨɫɬɢ: ɪɚɞɢɚɥɶɧɚɹ ɢ ɨɤɪɭɠɧɚɹ ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɤɨɪɨɫɬɟɣ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ. 

ɋɨɫɬɚɜɢɦ ɫɢɫɬɟɦɭ ɢɡ ɞɜɭɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ ɞɜɭɦɹ ɧɟɢɡɜɟɫɬɧɵɦɢ, 

ɤɨɬɨɪɚɹ  ɪɟɲɚɟɬɫɹ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɦ ɜɢɞɟ: 

ങ��ങ�  + ��� ങ��ങ�  −  ��మ� = �(ങమ��ങ�మ  + భ�మങమ��ങ�మ +భ�ങ��ങ� − మ�మങ��ങ� − ��మቁ, 
 ߲ ௥ܸ߲ݎ + ͳݎ ߲ �ܸ߲� + ௥ܸݎ = Ͳ 

(2.9) 

ɂɡ ɜɫɟɝɨ ɦɧɨɝɨɨɛɪɚɡɢɹ ɜɨɡɦɨɠɧɵɯ ɪɟɲɟɧɢɣ ɜɵɛɢɪɚɟɦ ɧɚɢɛɨɥɟɟ ɩɪɢɟɦɥɟɦɨɟ, 

ɩɨɥɭɱɚɸɳɟɟɫɹ ɜ ɨɛɥɚɫɬɢ ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɱɢɫɟɥ: 

{  
    ௥ܸሺݎ, �ሻ = ሺʹ�ሻ݊݅ݏ ͳܥଶݎ + ʹܥଶݎ cosሺʹ�ሻ + ݎ ͵ܥ ,                         

௙ܸሺݎ, � ሻ = ͳݎ ሺ– ʹܥ ଶݎ sinሺʹ�ሻ + ͳܥଶݎ cosሺʹ�ሻ + ሺݎସܥͳଶcos ሺʹ�ሻଶ ͳଶܥସݎ++ sin ቀʹ�ሻଶ + ଶʹܥସݎ − ଶሻଵ͵ܥ ଶ⁄ ቁ.                                         

(2.10) 
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Ʉɨɧɫɬɚɧɬɵ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ (_C1, _C2, _C3) ɛɭɞɭɬ ɨɩɪɟɞɟɥɟɧɵ ɜ ɩ. 4.2, 

ɭɱɢɬɵɜɚɹ ɨɩɨɪɧɵɟ ɡɧɚɱɟɧɢɹ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɤɨɪɨɫɬɢ, ɩɨɥɭɱɟɧɧɵɯ ɜ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɡɚɦɟɪɚɯ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɟɦ ɜɵɪɚɠɟɧɢɹɞɥɹ ɤɚɠɞɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 

ɫɤɨɪɨɫɬɢɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɥɨɤɚɥɶɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ, ɩɪɢɜɟɞɟɧɵɯ ɧɢɠɟ: 

ݎܸ   ≔ ͳ,ͺ͸ʹݎଶ sinሺʹ�ሻ − ͳ,ͺ͹ݎଶ cosሺʹ�ሻ + ʹ,͹͸͸ݎ  

 ܸ݂ ≔ ʹʹͳ͵ݎଶ ܿݏ݋ሺʹ�ሻ − ʹͳͺͳݎଶ ݊݅ݏሺʹ�ሻ + ቀଵ௥ ሺͶͺͻ͹͵͸ͻݎସܿݏ݋ሺʹ�ሻଶ  ++Ͷͺͻ͹͵͸ͻݎସ sinሺʹ�ሻଶ + Ͷ͹ͷ͸͹͸ͳݎସ − ͻ,͹͵ͶͶሻሻଵ ଶ⁄ .    (2.11) 

 

 

Ƚɪɚɮɢɱɟɫɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɝɚɡɚ ɩɨ ɪɚɞɢɭɫɭ ɢ ɞɥɢɧɟ 

ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ ɤɚɧɚɥɚ  ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.6 ɞɥɹ ɪɚɡɦɟɪɨɜ 

ɤɪɢɜɨɥɢɧɟɣɧɨɝɨɤɚɧɚɥɚ ɫ ɪɚɞɢɭɫɚɦɢ R1=80ɦɦ, R2 =180ɦɦ. 

 

 

Vr Vf 

 

Ɋɢɫɭɧɨɤ 2.5.1– Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɤɨɪɨɫɬɢ   ɩɨ ɫɪɟɞɧɢɦ 

ɤɨɷɮɮɢɰɢɟɧɬɚɦ ɋ ɜ ɝɨɮɪɟ 1 
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Ɋɢɫɭɧɨɤ 2.6 – ɉɪɢɦɟɪ ɝɪɚɮɢɱɟɫɤɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɚ 

ɢɡɦɟɧɟɧɢɹ ɪɚɞɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɤɨɪɨɫɬɢ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɜɞɨɥɶ 

ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ ɤɚɧɚɥɚ ɫ ɪɚɡɦɟɪɚɦɢ R1=80ɦɦ, R2 =180ɦɦ ɩɪɢ φ0=0  

 

Ɋɢɫɭɧɨɤ 2.7 – ɉɪɢɦɟɪ ɝɪɚɮɢɱɟɫɤɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɚ 

ɢɡɦɟɧɟɧɢɹ ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɤɨɪɨɫɬɢ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɜɞɨɥɶ 

ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ ɤɚɧɚɥɚ ɫ ɪɚɡɦɟɪɚɦɢ R1=80ɦɦ, R2 =180ɦɦ 
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ɂ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɫɬɪɨɟɧɵ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɩɨ ɫɟɱɟɧɢɸ 

ɤɚɧɚɥɚ ɩɪɢ r=0,14 ɦ ɞɥɹɝɨɮɪɵ 1, ɩɪɢ ɥɸɛɨɦ ɭɝɥɟ ɩɨɜɨɪɨɬɚ ɩɨɬɨɤɚ. 

 
 

Ɋɢɫɭɧɨɤ 2.8 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɟɣ 

VЫ ɢVf ɩɨ ɫɟɱɟɧɢɸ ɩɪɢ r=0,14ɦ ɤɚɧɚɥɚ 

ɩɪɢ ɪɚɫɯɨɞɟ ɝɚɡɚ 0,328 ɦ3/ɫ. Ƚɨɮɪɚ №1 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ  – 2.9 Ɋɢɫɭɧɨɤ

ɚɛɫɨɥɸɬɧɨɣ ɫɤɨɪɨɫɬɢ V ɩɨ 

ɫɟɱɟɧɢɸ ɤɚɧɚɥɚ ɩɪɢ φ=90
0
 ɩɪɢ 

ɪɚɫɯɨɞɟ ɝɚɡɚ 0,328 ɦ3/ɫ. Ƚɨɮɪɚ №1 

 

ȼ ɨɛɥɚɫɬɢ ɜɧɭɬɪɟɧɧɟɣ ɫɬɟɧɤɢ ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ ɤɚɧɚɥɚ (ɪɢɫɭɧɨɤ 

2.9)(ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɢɧɢɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ ɪɚɞɢɭɫɚ ɝɨɮɪɵ) ɧɚɛɥɸɞɚɟɬɫɹ 

ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ,ɚ ɜ ɨɛɥɚɫɬɢ ɜɧɟɲɧɟɣ ɫɬɟɧɤɢ 

(ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ ɪɚɞɢɭɫɚ ɝɨɮɪɵ) – ɦɢɧɢɦɚɥɶɧɚɹ 

ɫɤɨɪɨɫɬɶ. ɍɱɢɬɵɜɚɹ ɜɵɲɟ ɩɪɢɜɟɞɟɧɧɵɣ ɮɚɤɬ,  ɪɟɤɨɦɟɧɞɭɟɦ ɮɢɥɶɬɪɭɸɳɢɣ 

ɷɥɟɦɟɧɬ  ɪɚɫɩɨɥɨɠɢɬɶ ɜ ɨɛɥɚɫɬɢ ɜɧɟɲɧɟɣ ɫɬɟɧɤɢ ɤɚɧɚɥɚ. 

Ɋɚɫɫɦɨɬɪɢɦ ɚɥɝɨɪɢɬɦ ɫ ɡɚɜɢɫɢɦɨɫɬɶɸ ɨɬ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɤɪɢɬɟɪɢɹ 

Ɋɟɣɧɨɥɶɞɫɚ ɤɚɤ ɟɳɟ ɨɞɢɧ ɜɨɡɦɨɠɧɵɣ ɜɚɪɢɚɧɬ ɧɚɯɨɠɞɟɧɢɹ ɫɨɫɬɚɜɥɹɸɳɢɯ 

ɫɤɨɪɨɫɬɢ ɝɚɡɚ.  
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1. Ɂɚɩɢɫɵɜɚɟɦ ɨɛɳɭɸ ɮɨɪɦɭɥɭ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɤɪɢɬɟɪɢɹ Ɋɟɣɧɨɥɶɞɫɚ: 

Re=VНρ/μ, 

V – ɫɤɨɪɨɫɬɶ ɝɚɡɚ, ɦ/ɫ, ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɨɬ 0<V≤ 20 ɦ/ɫ; d – ɷɤɜɢɜɚɥɟɧɬɧɵɣ 

ɞɢɚɦɟɬɪ ɤɚɧɚɥɚ, ɦ, ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɤɚɧɚɥ ɢɦɟɟɬ ɪɚɡɦɟɪ 0,15ɯ0,1 ɦ ɢ 

ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɞɢɚɦɟɬɪ 0,03 ɦ;  ρ – ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ, ɜɨɡɞɭɯɚ, ρ=1,205 ɤɝ/ɦ3
;μ – 

ɜɹɡɤɨɫɬɶ ɜɨɡɞɭɯɚ ɩɪɢ t=20
0
C, μ= 2,5

.
10

- 6 ɦ2/ɫ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɞɢɩɚɡɨɧɚ ɫɤɨɪɨɫɬɟɣ ɪɚɫɫɱɢɬɵɜɚɟɦ ɤɪɢɬɟɪɢɣ Ɋɟɣɧɨɥɶɞɫɚ 

ɩɪɢ ɪɚɡɧɵɯ ɪɚɫɯɨɞɚɯ ɝɚɡɚ: 

 

Ɍɚɛɥɢɰɚ 2.1 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɨɥɧɨɣ ɫɤɨɪɨɫɬɢ ɝɚɡɚ 

 
Qɛ,  ɦ3/ɫ S, ɦ2

 Re v 

0 0,015 0 0 

0,015 0,015 15480 1 

0,03 0,015 30960 2 

0,075 0,015 77400 5 

0,106 0,015 123840 7 

0,1578 0,015 162840 10,52 

0,18 0,015 185760 12 

0,21 0,015 216720 14 

0,24 0,015 247680 16 

0,27 0,015 278640 18 

0,285 0,015 294120 19 

0,3 0,015 309600 20 

 

 

Ɂɧɚɹ ɮɨɪɦɭɥɭ ɞɥɹ ɪɚɫɱɟɬɚ ɤɪɢɬɟɪɢɹ Ɋɟɣɧɨɥɶɞɫɚ,  ɜɵɜɨɞɢɦ ɪɚɫɱɟɬɧɭɸ 

ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɹ ɧɚɲɢɯ ɭɫɥɨɜɢɣ:Re = 15480Q/S. 

Ⱦɚɥɟɟ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɤɨɧɫɬɚɧɬ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɧɭɠɧɨ ɩɪɨɜɟɫɬɢ 

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɡɨɧɞɢɪɨɜɚɧɢɟ ɩɨɬɨɤɚ, ɨɩɢɫɚɧɧɨɟ ɜ ɪɚɡɞɟɥɟ 4.2. 

ɍɱɢɬɵɜɚɹ ɢɡɥɨɠɟɧɧɭɸ ɦɟɬɨɞɢɤɭ, ɫɬɪɨɢɦ ɝɪɚɮɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ  ɞɥɹ 

ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɢ ɪɚɞɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɤɨɪɨɫɬɢ.  
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Ɋɢɫɭɧɨɤ2.10 ɚ –  Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɤɨɪɨɫɬɢ Vr 

 ɩɪɢ r = 0,14ɦ, Re =123840 

 

 
 

Ɋɢɫɭɧɨɤ 2.10 ɛ –  Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ 

ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɤɨɪɨɫɬɢ Vfɩɪɢ r=0,14 

ɦ,Re=123840 
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ɂɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜ ɞɪɭɝɢɯ ɝɨɮɪɚɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ  ɩɪɢɥɨɠɟɧɢɢ Ʌ. 

ȼɵɲɟɢɡɥɨɠɟɧɧɨɟ ɩɨɤɚɡɵɜɚɟɬ ɦɟɬɨɞɢɤɭ ɪɚɫɱɟɬɚ ɫɤɨɪɨɫɬɢ ɝɚɡɚ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɪɢɬɟɪɢɹ Ɋɟɣɧɨɥɶɞɫɚ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 1 ɞɨ 3096000 (ɬɚɛɥ. 2.3) ɢ 

ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜɟɫɬɢ ɪɚɫɱɟɬɵ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɫɜɨɣɫɬɜ ɫɪɟɞɵ (ɩɥɨɬɧɨɫɬɶ, 

ɜɹɡɤɨɫɬɶ). 

ȿɫɥɢ ɩɪɨɜɟɫɬɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɮɨɪɦɭɥ ɢɡ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣɜ ɞɟɤɚɪɬɨɜɭ 

ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ, ɩɨɥɭɱɢɦ ɬɚɤɢɟ ɜɵɪɚɠɟɧɢɹ ɩɪɢ ɭɝɥɟ ɪɚɫɤɪɵɬɢɹ ɝɨɮɪ  90 ɝɪɚɞ.:, 

R1=80 ɦɦ,R2=180 ɦɦ. 

ȼ ɝɥɨɛɚɥɶɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɜɵɪɚɠɟɧɢɹ: 
 ܸ݂ ≔ ʹʹͳ͵ሺݔଶ + ଶሻݕ cos ቀʹ arctan ቀݔݕቁቁ − ʹͳͺͳሺݔଶ + ݊݅ݏଶሻݕ + ሺ ͳ√ݔଶ + ଶݕ × × ሺͶͺͻ͹͵͸ͻሺݔଶ + ʹଶሻଶcos ሺݕ arctan ቀݔݕቁሻଶ + ሺͶͺͻ͹͵͸ͻ ሺݔଶ + ʹଶሻଶsin ሺݕ arctan ቀݔݕቁሻଶ ++ Ͷ͹ͷ͸͹͸ͳሺݔଶ + ଶሻଶݕ − ͻ.͹͵ͶͶሻሻଵ ଶ⁄ , 
. ௥ܸ ≔ ଵ√௫మ+௬మ(-1,862(ݔଶ+ݕଶሻ sin ሺʹ arctan ቀݔݕቁሻ ଶݔ)1,87+ + ଶሻݕ cos ቀʹ arctan ቀ௬௫ቁሻ −            −ʹ,͹͸͸ͳ.ͺ͹ሺݔଶݕଶሻ sin ቀͳ,͵͵͵͵͵͵͵͵͵ arctan ቀ௬௫ቁቁ ͳ,ͺ͹ሺݔଶ +ሻ cos ቀ͵,͹ͳͶʹͺͷ͹ͳͶ arctan ቀ௬௫ቁቁቁ.  

 ሺʹ.ͳʹሻ 
 

  

Ɋɢɫɭɧɨɤ 2.10 ɜ – Ɍɪɟɯɦɟɪɧɵɟ ɝɪɚɮɢɤɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɟɣ 
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2.1.3. Ɋɨɥɶ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ 

ɪɚɛɨɱɟɣ ɩɨɥɨɫɬɢ иːер˙иˑːːˑ-˗иль˕р˖ющи˘ ɫɟɩɚɪɚɬɨɪɨɜ 

ȼ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɚɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɨɧɫɬɪɭɤɰɢɢ 

ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɫɥɭɠɚɳɢɟ ɞɥɹ ɭɥɚɜɥɢɜɚɧɢɹ ɦɟɥɶɱɚɣɲɢɯ ɤɚɩɟɥɶ 

ɠɢɞɤɨɫɬɢ, ɭɧɨɫɢɦɵɯ ɩɨɬɨɤɨɦ ɝɚɡɚ. Ʉɚɩɥɟɭɥɨɜɢɬɟɥɶɧɚɹ ɫɟɤɰɢɹ ɤɨɧɫɬɪɭɤɬɢɜɧɨ 

ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɥɢɱɧɨɣ, ɢ ɟɟ ɪɚɛɨɬɚ ɨɫɧɨɜɵɜɚɟɬɫɹ  ɧɚ ɨɞɧɨɦ ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ 

ɩɪɢɧɰɢɩɚɯ, ɧɚɩɪɢɦɟɪ: 

- ɫɬɨɥɤɧɨɜɟɧɢɢ ɩɨɬɨɤɚ ɝɚɡɚ ɫ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɩɪɟɩɹɬɫɬɜɢɹɦɢ: ɩɪɢɥɢɩɚɧɢɟ 

ɤɚɩɟɥɶ ɠɢɞɤɨɫɬɢ, ɫɢɥɵ ɚɞɝɟɡɢɢ; 

-ɢɡɦɟɧɟɧɢɢ ɧɚɩɪɚɜɥɟɧɢɹ ɩɨɬɨɤɚ: ɫɢɥɵ ɢɧɟɪɰɢɢ; 

-ɢɡɦɟɧɟɧɢɢ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ; 

-ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɰɟɧɬɪɨɛɟɠɧɨɣ ɫɢɥɵ; 

- ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɨɚɥɟɫɰɢɪɭɸɳɟɣ ɧɚɛɢɜɤɢ (ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɫɟɬɤɢ) ɞɥɹ 

ɫɥɢɹɧɢɹ ɦɟɥɤɢɯ ɤɚɩɟɥɶ ɠɢɞɤɨɫɬɢ ɜ ɛɨɥɟɟ ɤɪɭɩɧɵɟ. 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɛɨɥɶɲɢɧɫɬɜɚ ɠɚɥɸɡɢɣɧɵɯ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ 

ɫɟɩɚɪɚɬɨɪɨɜ ɧɚɩɪɹɦɭɸ  ɡɚɜɢɫɢɬ ɨɬ ɢɯ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ: ɱɟɦ 

ɛɨɥɶɲɟ ɥɨɜɭɲɟɤ ɢɥɢ ɩɪɟɩɹɬɫɬɜɢɣ, ɬɟɦ ɷɮɮɟɤɬɢɜɧɟɟ ɩɪɨɰɟɫɫ ɪɚɡɞɟɥɟɧɢɹ ɢ ɬɟɦ 

ɜɵɲɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɚɩɩɚɪɚɬɚ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ 

ɨɫɨɛɟɧɧɨɫɬɟɣ, ɫɨɡɞɚɸɳɢɯ ɨɛɪɚɬɧɵɟ ɩɨɬɨɤɢ ɡɚɜɢɯɪɟɧɢɣ ɩɪɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦ 

ɤɨɧɬɚɤɬɟ ɝɚɡɨɤɚɩɟɥɶɧɨɝɨ ɩɨɬɨɤɚ  ɢ ɤɚɩɟɥɶ ɠɢɞɤɨɫɬɢ,  ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɪɭɲɟɧɢɸ 

ɫɬɪɭɤɬɭɪɵ ɩɥɟɧɤɢ ɢ ɛɪɵɡɝɨɭɧɨɫɭ, ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɫɤɨɪɨɫɬɶɸ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ.  

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɭɤɚɡɚɧɧɵɟ ɜɵɲɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɬɚɤɠɟ 

ɫɨɡɞɚɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ,  ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɩɨɜɵɲɟɧɢɸ ɨɛɳɟɝɨ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɧɟɜɨɡɦɨɠɧɨɫɬɢ 

ɞɨɫɬɢɠɟɧɢɹ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ ɨɱɢɫɬɤɢ, ɫɧɢɠɟɧɢɸ ɭɞɟɥɶɧɨɣ ɩɪɨɞɭɤɬɢɜɧɨɫɬɢ 

ɝɚɡɨɫɟɩɚɪɚɬɨɪɚД6]. 
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2.1.4.ȼɥɢɹɧɢɟ ɨɬɜɨɞɨɜ ɠɢɞɤɨɫɬɢ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɢɧɟɪɰɢɨɧɧɨ-

ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɟɩɚɪɚɬɨɪɚ 

ɉɪɢ ɪɚɛɨɬɟ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɨɞɧɢɦ ɢɡ 

ɨɫɧɨɜɧɵɯ ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɡɞɟɥɟɧɢɹ,  ɹɜɥɹɟɬɫɹ 

ɜɬɨɪɢɱɧɵɣ ɛɪɵɡɝɨɭɧɨɫ. ȼɟɥɢɱɢɧɚ ɟɝɨ ɡɚɜɢɫɢɬ ɨɬ ɷɮɮɟɤɬɢɜɧɨɣ ɪɚɛɨɬɵ 

ɮɢɥɶɬɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɢ ɫɤɨɪɨɫɬɢ ɨɬɜɨɞɚ ɭɥɨɜɥɟɧɧɨɣ ɠɢɞɤɨɫɬɢ [61].  ȼ ɞɚɧɧɨɣ 

ɝɥɚɜɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɨɞɟɥɢ ɧɚɤɨɩɥɟɧɢɹ ɢ ɨɬɜɨɞɚ ɠɢɞɤɨɫɬɢ ɢɡ 

ɮɢɥɶɬɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɪɚɡɥɢɱɧɨɣ ɮɨɪɦɵ ɩɪɢ ɫɯɟɦɟ ɞɜɢɠɟɧɢɹ, ɩɨɤɚɡɚɧɧɨɣ ɧɚ 

ɪɢɫɭɧɤɟ 2.11. 

Ɂɧɚɹ ɮɨɪɦɭ  ɢ ɪɚɡɦɟɪɵ ɮɢɥɶɬɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ, ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ,  ɤɚɤɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɠɢɞɤɨɫɬɢ ɞɚɧɧɵɣ ɷɥɟɦɟɧɬ ɦɨɠɟɬ ɜ ɫɟɛɹ ɜɦɟɫɬɢɬɶ. ȿɦɤɨɫɬɶ ɮɢɥɶɬɪɚ 

ɜɵɪɚɡɢɦ ɱɟɪɟɡ ɨɛɴɟɦ ɠɢɞɤɨɫɬɢ, ɤɨɬɨɪɭɸ ɦɨɠɟɬ ɩɨɝɥɨɬɢɬɶɮɢɥɶɬɪ[62]. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɱɟɦ ɛɨɥɶɲɟ ɨɛɴɟɦ ɠɢɞɤɨɫɬɢ,  ɤɨɬɨɪɵɣ ɜɦɟɳɚɟɬ  ɜ  ɫɟɛɹ  ɮɢɥɶɬɪɭɸɳɢɣ 

ɷɥɟɦɟɧɬ, ɬɟɦɛɪɵɡɝɨɭɧɨɫ ɦɟɧɶɲɟ.  

ɉɪɢ ɪɚɫɱɟɬɟ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ, ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ ɫɬɪɭɤɬɭɪɚ 

ɦɚɬɟɪɢɚɥɚ. 

 

 

Ɋɢɫɭɧɨɤ 2.11– ɋɯɟɦɚ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ ɜ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɦ 

ɷɥɟɦɟɧɬɟ, ɜ ɮɢɥɶɬɪɟ ɜɞɨɥɶ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ [31] 
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Ɍɚɤ ɤɚɤ ɜ ɨɫɧɨɜɧɨɦ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɮɢɥɶɬɪɵ ɜ ɜɢɞɟ 

ɩɨɥɨɫ,  ɬɨ ɩɪɢ ɛɨɥɶɲɢɯ ɪɚɫɯɨɞɚɯ ɠɢɞɤɨɫɬɢ ɦɨɝɭɬ ɜɨɡɧɢɤɚɬɶ ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɣ 

ɜɵɫɨɬɟ ɤɪɢɬɢɱɟɫɤɨɟ ɧɚɤɨɩɥɟɧɢɟ ɢ ɜɵɯɨɞ ɭɥɨɜɥɟɧɧɨɣ ɜɥɚɝɢ ɜ ɢɧɟɪɰɢɨɧɧɵɣ ɤɚɧɚɥ 

ɢɡ-ɡɚ ɬɨɝɨ, ɱɬɨ ɜɫɟ ɩɨɪɵ ɜ ɮɢɥɶɬɪɟ ɡɚɧɹɬɵ ɭɥɨɜɥɟɧɧɨɣ ɠɢɞɤɨɫɬɶɸ. 

ɇɚ ɠɢɞɤɨɫɬɶ ɜ ɮɢɥɶɬɪɟ ɞɟɣɫɬɜɭɟɬ ɫɢɥɚ ɬɹɠɟɫɬɢ 

F=mg .    (2.13) 

ȼ ɩɪɨɰɟɫɫɟ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɶ ɦɨɠɟɬ ɩɟɪɟɦɟɳɚɬɶɫɹ ɤ ɫɬɟɧɤɟ ɮɢɥɶɬɪɚ ɢ 

ɤɨɧɬɚɤɬɢɪɨɜɚɬɶ ɫ ɝɚɡɨɦ ɩɪɢ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɫɤɨɪɨɫɬɢ ɨɬɜɟɞɟɧɢɹ ɭɥɨɜɥɟɧɧɨɣ 

ɠɢɞɤɨɫɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɫɪɵɜɚ ɩɥɟɧɤɢ ɪɟɤɨɦɟɧɞɨɜɚɧɨ 

ɞɟɥɚɬɶ ɮɢɥɶɬɪɵ ɬɪɚɩɟɰɟɢɞɚɥɶɧɨɣ ɮɨɪɦɵ Д63]. 

ȼ ɜɟɪɬɢɤɚɥɶɧɵɯ ɝɚɡɨɫɟɩɚɪɚɬɨɪɚɯ  ɜɟɪɬɢɤɚɥɶɧɵɣ ɨɬɜɨɞ ɠɢɞɤɨɫɬɢ 

ɩɪɨɢɫɯɨɞɢɬ ɜ ɜɢɞɟ ɩɥɟɧɤɢ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ,  ɱɬɨ ɜɬɨɪɢɱɧɵɣ ɭɧɨɫ ɠɢɞɤɨɫɬɢ ɜ 

ɧɢɯ ɩɪɨɢɫɯɨɞɢɬ ɩɪɨ ɛɨɥɶɲɢɯ ɫɤɨɪɨɫɬɹɯ ɝɚɡɨɤɚɩɟɥɶɧɨɝɨ ɩɨɬɨɤɚ [64].  

Ʉɨɷɮɮɢɰɢɟɧɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɠɚɥɸɡɢɣɧɨɝɨ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ 

ɬɭɦɚɧɨɭɥɨɜɢɬɟɥɹ [48] ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 

 � = �ଵ + �ଶሺͳ − �ଵሻ,                                              (2.14) 
 

ɝɞɟ 1 2,  - ɤɨɷɮɮɢɰɢɟɧɬɵ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɟɪɰɢɨɧɧɨɣ ɢ ɮɢɥɶɬɪɭɸɳɟɣ 
ɫɟɤɰɢɣ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɫɦɨɬɪɟɧɢɹ ɜɫɟɯ ɮɚɤɬɨɪɨɜ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ 

ɩɪɚɜɢɥɶɧɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟɭɡɥɚ ɨɬɜɨɞɚ ɠɢɞɤɨɫɬɢɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ 

ɛɪɵɡɝɨɭɧɨɫɚ ɢ ɩɨɜɵɲɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ 

ɫɟɩɚɪɚɬɨɪɚ. 

Ɉɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɠɢɞɤɨɫɬɢ, ɤɨɬɨɪɵɣ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɮɢɥɶɬɪ ܳ = ݐܸ ,                                                            ሺʹ.ͳͷሻ  
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ɝɞɟ V – ɨɛɴɟɦ ɠɢɞɤɨɫɬɢ, ɦ3
;  t – ɜɪɟɦɹ, ɫ. 

ɋɤɨɪɨɫɬɶ ɮɢɥɶɬɪɚɰɢɢ:  ݑ = ܳܵ ,                                                              ሺʹ.ͳ͸ሻ 
 

ɝɞɟ S – ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ, ɦ2
. 

ȼ ɧɚɲɟɦ ɫɥɭɱɚɟɮɢɥɶɬɪɭɸɳɢɣ ɷɥɟɦɟɧɬ ɢɦɟɟɬ ɩɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɜ ɜɢɞɟ 

ɫɟɝɦɟɧɬɚ,  ɢ ɟɝɨ ɩɨɩɟɪɟɱɧɨɟ  ɫɟɱɟɧɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ 

ɩɥɨɳɚɞɢ ɫɟɝɦɟɧɬɚ, ɬɚɤ ɤɚɤ ɮɢɥɶɬɪ ɢɦɟɟɬ ɫɟɝɦɟɧɬɚɪɧɭɸ ɮɨɪɦɭ (ɪɢɫɭɧɨɤ 2.12): ݏ� = ܴ�ଶʹ  ሺߨ ∙ �ͳͺͲ sin�ሻ. 
 

 

Ɋɢɫɭɧɨɤ 2.12 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɮɢɥɶɬɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ 

 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɢɧɢɦɚɥɶɧɨɝɨ ɪɚɞɢɭɫɚ ɝɨɮɪɵ, ɩɪɢ ɤɨɬɨɪɨɦ ɛɭɞɟɬ 

ɩɪɨɢɫɯɨɞɢɬɶ ɭɥɚɜɥɢɜɚɧɢɟ ɤɚɩɟɥɶ ɡɚɞɚɧɧɨɝɨ ɞɢɚɦɟɬɪɚ,  ɩɪɢɦɟɧɢɦ ɮɨɪɦɭɥɭ, 

ɢɫɯɨɞɹ ɢɡ ɛɚɥɚɧɫɚ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɤɚɩɥɸ. Ɉɧɚ ɭɤɚɡɚɧɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɦɢɧɢɦɚɥɶɧɨɝɨ ɞɢɚɦɟɬɪɚ ɭɥɚɜɥɢɜɚɟɦɵɯ ɤɚɩɟɥɶ ɩɪɢ ɢɡɜɟɫɬɧɨɣ ɝɟɨɦɟɬɪɢɢ ɤɚɧɚɥɚ 

=  ௠௜௡ݎ   :[4] ͵ ሺ ଵܸ �ܹʹ ∙ g �̄ܲܲሻ଴,ହ ghܹ�ଶ ܴ௠௜௡మܮ ܵˉܵ௖ sin  ሺ�/ʹሻሻ.                      ሺʹ.ͳ͹ሻ 
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ɂɫɯɨɞɹ ɢɡ ɬɨɝɨ, ɱɬɨ ɦɵ ɡɧɚɟɦ ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɫɱɟɬɧɵɣ ɞɢɚɦɟɬɪ ɤɚɩɟɥɶ, 

ɤɨɬɨɪɵɟ ɧɭɠɧɨ ɭɥɨɜɢɬɶ ɜ ɧɚɲɟɦ ɫɟɩɚɪɚɬɨɪɟ, ɦɨɠɧɨ ɧɚɣɬɢ ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɞɢɭɫ 

ɝɨɮɪɵ, ɩɨɡɜɨɥɢɜɲɟɣ  ɷɬɨ ɫɞɟɥɚɬɶ:   

 ܴଵ = ܴ�ఘ = ʹ ∙ ܴ௠௜௡మ ∙ ܲ̄ ∙ �ܹଶ ∙ ܮ ∙ ܵ௖ͻ ∙ ℎ ∙ ܵˉ ∙ sin ሺ�/ʹሻ  ∙ ௥ܸ ∙ �ܹ ∙ �ܲ − ௠௜௡మݎ .                      ሺʹ.ͳͺሻ 
  

ɉɪɢɦɟɦ ɞɨɩɭɳɟɧɢɟ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɮɢɥɶɬɪɚɰɢɢ ɠɢɞɤɨɫɬɢ ɜ ɬɟɥɟ ɮɢɥɶɬɪɚ 

ɧɟɜɟɥɢɤɚ ɢ ɩɨɷɬɨɦɭ ɫɤɨɪɨɫɬɧɵɦ ɧɚɩɨɪɨɦ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ, ɬɨɝɞɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦ 

ɬɟɱɟɧɢɟ ɝɚɡɚ ɢ ɠɢɞɤɨɫɬɢ ɜ ɬɟɥɟ ɮɢɥɶɬɪɚ ɫɨɝɥɚɫɧɨ ɡɚɤɨɧɭ Ⱦɚɪɫɢ ɢ Ȼɟɪɧɭɥɥɢ. 

ɋɨɝɥɚɫɧɨ Д65] ɢ ɭɱɢɬɵɜɚɹ ɬɨ, ɱɬɨ ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ ɩɪɨɢɫɯɨɞɢɬ ɩɨɞ 

ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ ɬɹɠɟɫɬɢ ɢ ɜɞɨɥɶ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ г,  ݑ௭ = −�௭݉  ሺʹ.ͳͻሻ                                            . ݖ߲∗݌߲
Ɂɧɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɢ ɤɨɥɢɱɟɫɬɜɨ ɠɢɞɤɨɫɬɢ, ɤɨɬɨɪɨɟ ɩɨɫɬɭɩɚɟɬ ɜ ɮɢɥɶɬɪ, 

ɦɨɠɧɨ ɜɵɫɱɢɬɚɬɶ ɜɵɫɨɬɭ ɡɚɯɥɟɛɵɜɚɧɢɹ ɮɢɥɶɬɪɚ ɢ ɦɟɫɬɨ ɭɫɬɚɧɨɜɤɢ ɥɨɬɤɨɜ. 

Ⱦɥɹ ɷɬɨɝɨ ɧɭɠɧɨ ɡɧɚɬɶ ɜɥɚɝɨɟɦɤɨɫɬɶ ɮɢɥɶɬɪɚ 

V=m.Vф,     (2.20) 

ɝɞɟ Ц – ɨɛɴɟɦ ɠɢɞɤɨɫɬɢ, ɤɨɬɨɪɭɸ ɦɨɠɟɬ ɩɨɝɥɨɬɢɬɶ ɮɢɥɶɬɪ; 

Vɮ – ɨɛɴɟɦ ɮɢɥɶɬɪɚ, ɦ3
. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɨɜ ɩɪɢɦɟɦ ɬɚɤɢɟ ɞɨɩɭɳɟɧɢɹ. 

1. ȼ ɫɚɦɨɣ ɜɵɫɨɤɨɣ ɬɨɱɤɟ ɮɢɥɶɬɪɚ ɤɨɥɢɱɟɫɬɜɨ ɠɢɞɤɨɫɬɢ ɪɚɜɧɨ ɧɭɥɸ. 

2. ɉɨ ɜɫɟɣ ɜɵɫɨɬɟ ɮɢɥɶɬɪɚ ɜ ɧɟɝɨ ɩɨɫɬɭɩɚɟɬ ɨɞɢɧɚɤɨɜɨɟ ɤɨɥɢɱɟɫɬɜɨ ɠɢɞɤɨɫɬɢ. 

ɉɨɤɚ ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ: 

V=Vж.h   (2.21) 

 ɝɞɟ Vж – ɤɨɥɢɱɟɫɬɜɨ ɠɢɞɤɨɫɬɢ, ɤɨɬɨɪɨɟ ɩɨɫɬɭɩɚɟɬ ɧɚ ɟɞɢɧɢɰɟ ɜɵɫɨɬɵ ɜ 

ɮɢɥɶɬɪ, ɦ3
;h – ɜɵɫɨɬɚ ɮɢɥɶɬɪɚ ɭɠɟ ɧɚɜɟɪɯɭ, ɦ. 
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ɍɱɢɬɵɜɚɹ,ɱɬɨ ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɣ ɜɵɫɨɬɟ ɧɚɫɬɭɩɚɟɬ ɪɟɠɢɦ ɡɚɯɥɟɛɵɜɚɧɢɹ 

ɮɢɥɶɬɪɚ ɢ ɨɧ ɧɚɱɢɧɚɟɬ ɪɚɛɨɬɚɬɶ ɤɚɤ ɧɟɩɪɨɧɢɰɚɟɦɚɹ ɫɬɟɧɤɚ,ɜɟɫɶ ɠɢɞɤɨɫɬɧɵɣ 

ɩɨɬɨɤ, ɢɞɭɳɢɣ ɜ ɫɨɫɬɚɜɟɝɚɡɨɠɢɞɤɨɫɬɧɨɣ ɫɦɟɫɢ, ɧɟ ɨɬɞɟɥɹɟɬɫɹ ɨɬ ɧɟɝɨ, ɢ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɭɦɟɧɶɲɚɟɬɫɹ.Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɜɥɢɹɧɢɹ 

ɧɭɠɧɨ ɩɪɟɞɭɫɦɨɬɪɟɬɶ ɥɨɬɤɢ ɞɥɹ ɨɬɜɨɞɚ ɧɚ ɦɢɧɢɦɚɥɶɧɨɣ ɜɵɫɨɬɟ ɩɪɢ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɩɨ ɠɢɞɤɨɫɬɢ. 

ɂ ɷɬɚ ɦɚɤɫɢɦɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɞɨɥɠɧɚ ɛɵɬɶ ɭɤɚɡɚɧɚ ɜ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ  

ɫɟɩɚɪɚɬɨɪɚ. ɉɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɪɚɛɨɬɵ ɜ ɷɤɫɬɪɟɦɚɥɶɧɨɦ ɪɟɠɢɦɟ  ɧɭɠɧɨ 

ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɩɪɨɬɢɜɨɜɵɛɪɨɫɨɜɵɟ ɭɫɬɪɨɣɫɬɜɚ. 

Ⱦɚɥɟɟ ɫɜɹɠɟɦ ɜɵɫɨɬɭ ɤɚɧɚɥɚ ɢ ɧɚɥɢɱɢɟ ɜ ɧɟɦ  ɥɨɬɤɨɜ, ɚ ɬɚɤɠɟ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɭɫɬɪɨɣɫɬɜɚ. 

Ⱦɨɩɭɫɬɢɦ,ɱɬɨ ɜɵɫɨɬɚ ɜɫɟɝɨ ɮɢɥɶɬɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɪɚɜɧɚ H, ɜɟɥɢɱɢɧɚ, ɧɚ 

ɤɨɬɨɪɨɣ ɞɨɥɠɟɧ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧ ɥɨɬɨɤ,  – h1. 

Ɍɨɝɞɚ, ɟɫɥɢ ɥɨɬɤɚ ɧɟɬ, ɧɟɷɮɮɟɤɬɢɜɧɚɹ ɜɵɫɨɬɚ ɮɢɥɶɬɪɭɸɳɟɣ ɩɨɥɨɫɵ, ɧɚ 

ɤɨɬɨɪɨɣ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɜɵɯɨɞ ɭɥɨɜɥɟɧɧɨɣ ɠɢɞɤɨɫɬɢ ɨɛɪɚɬɧɨ ɜ ɤɚɧɚɥ, ɪɚɜɧɚ 

hнэ=H-h1.     (2.22) 

ɉɪɟɞɩɨɥɨɠɢɦ,  ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɜɫɟɝɨ ɫɟɩɚɪɚɬɨɪɚ ɩɪɢ ɬɨɦ, ɱɬɨ ɧɟɬ 

ɡɚɯɥɟɛɵɜɚɧɢɹ, ɪɚɜɧɚ 100%, ɬɨɝɞɚ ɩɪɢ ɜɵɯɨɞɟ ɧɚ ɜɵɫɨɬɭ h1 ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɛɭɞɟɬ 

 � = (ͳ − ܪ − ℎܪ ) ∙ ͳͲͲ % .                                   ሺʹ.ʹ͵ሻ 
 

ɉɨɫɥɟ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɝɚɡɨɤɚɩɟɥɶɧɨɝɨ ɩɨɬɨɤɚ ɜ ɮɢɥɶɬɪɭɸɳɢɟ ɫɟɤɰɢɢ 

ɭɥɚɜɥɢɜɚɧɢɟ ɤɚɩɟɥɶ ɠɢɞɤɨɫɬɢ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɫɥɨɠɧɵɦɢ ɜɬɨɪɢɱɧɵɦɢ 

ɩɪɨɰɟɫɫɚɦɢ ɜ ɩɥɚɫɬɟ ɮɢɥɶɬɪɚ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɟɝɨ ɫɬɪɭɤɬɭɪɚ ɫɭɳɟɫɬɜɟɧɧɨ 

ɦɟɧɹɟɬɫɹ [66]. ɍɥɨɜɥɟɧɧɵɟ ɜɨɥɨɤɧɚɦɢ ɤɚɩɥɢ ɪɚɫɬɟɤɚɸɬɫɹ ɩɨ ɢɯ ɩɨɜɟɪɯɧɨɫɬɢ ɫ 
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ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɥɟɧɤɢ, ɬɨɥɳɢɧɚ ɤɨɬɨɪɨɣ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɫɬɚɧɨɜɢɬɫɹ ɧɟɭɫɬɨɣɱɢɜɨɣ 

ɢ ɪɚɡɪɭɲɚɟɬɫɹ ɧɚ ɨɬɞɟɥɶɧɵɟ ɤɚɩɥɢ. 

ȼ ɝɚɡɨɤɚɩɟɥɶɧɨɦ ɩɨɬɨɤɟ (ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɣ ɬɭɦɚɧ) ɦɟɠɞɭ ɜɨɥɨɤɧɚɦɢ 

ɞɢɫɩɟɪɫɧɵɟ ɱɚɫɬɢɰɵ (ɤɚɩɥɢ) ɥɟɬɹɬɩɨ ɥɢɧɢɹɦ ɬɨɤɚ, ɨɝɢɛɚɸɳɢɦ ɜɨɥɨɤɧɚ, ɨɬɦɟɱɚɹ 

ɜɥɢɹɧɢɹ ɫɢɥ ɢɧɟɪɰɢɢ ɢ ɛɪɨɭɧɨɜɫɤɨɣ ɞɢɮɮɭɡɢɢ, ɱɬɨ  ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɫɛɢɜɚɧɢɹ 

ɢɯ ɢɡ ɥɢɧɢɣ ɬɨɤɚ ɢ ɦɨɠɟɬ  ɩɪɢɜɟɫɬɢ ɤ ɭɥɚɜɥɢɜɚɧɢɸ ɜɨɥɨɤɧɚɦɢ (ɩɨɤɚɡɚɧɨ ɧɚ 

ɪɢɫɭɧɤɟ 2.13 ɚ). ɉɪɢ ɷɬɨɦ ɜɨɡɦɨɠɧɵ ɫɥɟɞɭɸɳɢɟ ɦɟɯɚɧɢɡɦɵ ɨɫɚɠɞɟɧɢɹ ɤɚɩɟɥɶ ɧɚ 

ɜɨɥɨɤɧɚɯ. ɗɮɮɟɤɬ ɩɪɢɤɨɫɧɨɜɟɧɢɹ (ɡɚɰɟɩɥɟɧɢɟ) ɩɪɨɢɫɯɨɞɢɬ, ɤɨɝɞɚ ɥɢɧɢɢ ɬɨɤɚ 

ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ, ɫ ɤɨɬɨɪɵɦ ɞɜɢɝɚɸɬɫɹ ɤɚɩɥɢ, ɩɪɨɯɨɞɢɬ ɧɚɞ ɩɨɜɟɪɯɧɨɫɬɶɸ 

ɩɪɟɩɹɬɫɬɜɢɹ (ɜɨɥɨɤɧɚ) ɧɚ ɪɚɫɫɬɨɹɧɢɢ, ɪɚɜɧɨɦ ɪɚɞɢɭɫɭ ɤɚɩɥɢ ɢɥɢ ɛɥɢɠɟ. 

ɂɧɟɪɰɢɨɧɧɨɟ ɫɬɨɥɤɧɨɜɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɬɨɝɞɚ, ɤɨɝɞɚ ɦɚɫɫɚ ɤɚɩɥɢ ɢɥɢ ɫɤɨɪɨɫɬɶ ɟɟ 

ɞɜɢɠɟɧɢɹ ɧɚɫɬɨɥɶɤɨ ɡɧɚɱɢɬɟɥɶɧɵɟ, ɱɬɨ ɨɧɚ ɧɟ ɦɨɠɟɬ ɩɨɥɧɨɫɬɶɸ ɞɜɢɝɚɬɶɫɹ ɜɦɟɫɬɟ 

ɫ ɝɚɡɨɜɵɦ ɩɨɬɨɤɨɦ ɩɨ ɟɝɨ ɥɢɧɢɹɦ ɬɨɤɚ, ɪɟɡɤɨ ɨɝɢɛɚɸɳɢɦ ɩɪɟɩɹɬɫɬɜɢɹ. ɉɨɷɬɨɦɭ 

ɤɚɩɥɢ,  ɩɨɞɱɢɧɹɹɫɶ ɢɧɟɪɰɢɢ, ɩɪɨɞɨɥɠɚɸɬ ɫɜɨɟ ɞɜɢɠɟɧɢɟ ɩɨ ɛɨɥɟɟ 

ɩɪɹɦɨɥɢɧɟɣɧɵɦ ɬɪɚɟɤɬɨɪɢɹɦ ɢ ɫɯɨɞɹɬ ɫ ɥɢɧɢɣ ɬɨɤɚ. Ȼɪɨɭɧɨɜɫɤɨɟ ɞɜɢɠɟɧɢɟ 

ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ (ɤɚɩɟɥɶ)– ɪɟɡɭɥɶɬɚɬ ɫɬɚɥɤɢɜɚɧɢɹ ɝɚɡɨɜɵɯ ɦɨɥɟɤɭɥ ɫ 

ɩɨɜɟɪɯɧɨɫɬɶɸ ɤɚɩɟɥɶ  ɩɨɞɨɛɧɨ ɦɚɫɫɨɨɛɦɟɧɭ ɡɚ ɫɱɟɬ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɮɮɭɡɢɢ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɨɫɧɨɜɧɨɣ ɩɪɨɰɟɫɫ ɫɟɩɚɪɚɰɢɢ [67] ɦɨɠɟɬ ɚɤɬɢɜɧɨ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ 

ɜɬɨɪɢɱɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ ɫ ɜɵɯɨɞɨɦ ɧɚ ɪɟɠɢɦɵ ɧɟɫɬɚɰɢɨɧɚɪɧɨɣ ɮɢɥɶɬɪɚɰɢɢ. ɉɨɞ 

ɜɬɨɪɢɱɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ ɩɨɧɢɦɚɸɬɫɹ ɹɜɥɟɧɢɹ, ɜɵɡɵɜɚɸɳɢɟ ɢɡɦɟɧɟɧɢɟ ɡɧɚɱɟɧɢɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɟɩɚɪɚɰɢɢ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɨ ɜɪɟɦɟɧɟɦ.  ȼɫɥɟɞɫɬɜɢɟ ɫɥɨɠɧɨɫɬɢ 

ɢ ɦɧɨɝɨɫɬɨɪɨɧɧɨɫɬɢ ɜɬɨɪɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ ɫɬɚɞɢɹ ɧɟɫɬɚɰɢɨɧɚɪɧɨɣ ɮɢɥɶɬɪɚɰɢɢ 

ɢɡɭɱɟɧɚ ɧɟɞɨɫɬɚɬɨɱɧɨ. 

Ɏɢɥɶɬɪɭɸɳɢɟ ɷɥɟɦɟɧɬɵ ɜ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɦ ɝɚɡɨɫɟɩɚɪɚɰɢɨɧɧɨɦ 

ɷɥɟɦɟɧɬɟ,ɡɚɤɪɟɩɥɟɧɧɵɟ ɧɚ ɠɚɥɸɡɢɣɧɵɯ ɷɥɟɦɟɧɬɚɯ ɜɟɪɬɢɤɚɥɶɧɨ,ɩɪɟɞɫɬɚɜɥɹɸɬ 

ɫɨɛɨɣ ɩɨɥɨɫɵ ɜɨɥɨɤɧɢɫɬɨɝɨɩɨɥɢɩɪɨɩɢɥɟɧɚ.ɉɪɢ ɫɨɡɞɚɧɢɢ ɮɢɡɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

ɫɟɩɚɪɚɰɢɨɧɧɨɝɨ ɤɚɧɚɥɚ ɫ ɮɢɥɶɬɪɭɸɳɢɦɢ ɫɟɤɰɢɹɦɢ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ 
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ɝɚɡɨɫɟɩɚɪɚɬɨɪɚ ɛɵɥɨ ɩɪɢɦɟɧɟɧɨ ɢɝɥɨɩɪɨɛɢɜɧɨɟ ɩɨɥɨɬɧɨ ɢɡ ɫɢɧɬɟɬɢɱɟɫɤɢɯ 

ɩɨɥɢɩɪɨɩɢɥɟɧɨɜɵɯ ɜɨɥɨɤɨɧ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ ɩɨɥɢɩɪɨɩɢɥɟɧɨɜɵɟ 

ɦɚɬɟɪɢɚɥɵ,ɢɡɜɟɫɬɧɵɟ ɫɜɨɟɣ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɯɢɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɶɸ, ɬɚɤɠɟ 

ɯɨɪɨɲɨ ɫɦɚɱɢɜɚɸɬɫɹ(ɬɚɤ ɤɚɤ ɩɨɥɢɩɪɨɩɢɥɟɧ ɝɢɞɪɨɮɨɛɟɧ, ɢɦɟɟɬ ɧɢɡɤɭɸ 

ɫɬɨɢɦɨɫɬɶ) ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɷɮɮɟɤɬɢɜɧɨ ɭɥɚɜɥɢɜɚɸɬ ɭɝɥɟɜɨɞɨɪɨɞɧɵɟ ɤɚɩɥɢ 

ɡɚɞɚɧɧɨɝɨ ɞɢɚɦɟɬɪɚ, ɨɬɜɨɞɹ ɢɯ ɫ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɝɨ ɬɭɦɚɧɚ[56]. ɉɪɢ ɞɜɢɠɟɧɢɢ 

ɝɚɡɨɤɚɩɟɥɶɧɨɝɨ ɩɨɬɨɤɚ ɩɨ ɠɚɥɸɡɢɣɧɵɦ ɷɥɟɦɟɧɬɚɦ ɩɪɨɢɫɯɨɞɢɬ ɭɥɚɜɥɢɜɚɧɢɟ 

ɮɢɥɶɬɪɭɸɳɢɦɢ ɩɨɥɨɫɚɦɢ ɞɢɫɩɟɪɝɢɪɨɜɚɧɧɨɣ ɠɢɞɤɨɫɬɢ. 

 

u    (    z    )    

u    (    z    +    d    z    )    

z    

z    +    d    z    

d    q    (    z   )  

u    (    z    )    

u    (    z    +    d    z    )    

z    

z    +    d    z    

d    q    (    z   )  

 

Ɋɢɫɭɧɨɤ 2.13 ɚ – Ɇɟɯɚɧɢɡɦɵ 
ɭɥɚɜɥɢɜɚɧɢɹ ɤɚɩɥɢ ɮɢɥɶɬɪɨɦ 

Ɋɢɫɭɧɨɤ 2.13ɛ – Ʉɚɪɬɢɧɚ ɨɬɜɨɞɚ 
ɭɥɨɜɥɟɧɧɨɣ ɠɢɞɤɨɫɬɢ  

ɩɨ ɮɢɥɶɬɪɭɸɳɢɦ ɷɥɟɦɟɧɬɚɦ 

Ⱦɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɫɫɦɨɬɪɢɦ ɭɱɚɫɬɨɤ ɮɢɥɶɬɪɚ ɜɵɫɨɬɨɣ 

dz. 

ɋɨɝɥɚɫɧɨ ɨɛɳɟɢɡɜɟɫɬɧɵɦ ɩɨɧɹɬɢɹɦ ɝɢɞɪɨɫɬɚɬɢɤɢ ɞɚɜɥɟɧɢɟ ɧɚ ɨɬɦɟɬɤɟ г 

ɛɭɞɟɬ ɫɥɟɞɭɸɳɟɟ: 

Ɋ=Ɋɞɢɧ+gz,      (2.24) 

ɝɞɟ Ɋɞɢɧ – ɞɚɜɥɟɧɢɟ ɧɚ ɜɟɪɯɧɟɣ ɨɬɦɟɬɤɟ ɮɢɥɶɬɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ, ɉɚ; 

ρРг – ɞɚɜɥɟɧɢɟ ɫɬɨɥɛɚ ɠɢɞɤɨɫɬɢ ɜɵɫɨɬɨɣ г, ɉɚ. 
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Ɉɫɧɨɜɧɵɟ ɦɟɬɨɞɵ ɪɚɫɱɟɬɨɜ [63] ɧɟ ɭɱɢɬɵɜɚɸɬ ɞɨɛɚɜɥɟɧɢɹ ɠɢɞɤɨɫɬɢ ɤ 

ɮɢɥɶɬɪɭɸɳɟɦɭ ɷɥɟɦɟɧɬɭ ɩɨ ɛɨɤɚɦ ɮɢɥɶɬɪɚ, ɩɨɷɬɨɦɭ ɩɪɢ ɧɚɲɢɯ ɪɚɫɱɟɬɚɯ 

ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɩɨɫɬɨɹɧɧɨɟ ɩɨɫɬɭɩɥɟɧɢɟ ɠɢɞɤɨɫɬɢ ɫ ɮɢɥɶɬɪɭɸɳɟɝɨ 

ɷɥɟɦɟɧɬɚ. ɉɨɫɬɟɩɟɧɧɨɟ ɧɚɤɨɩɥɟɧɢɟ ɭɥɨɜɥɟɧɧɨɣ ɠɢɞɤɨɫɬɢ ɩɪɢɜɟɞɟɬ ɤ ɟɝɨ 

ɤɪɢɬɢɱɟɫɤɨɦɭ ɨɛɴɟɦɭ ɜ ɮɢɥɶɬɪɟ. ȼɵɫɨɬɚ, ɧɚ ɤɨɬɨɪɨɣ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ 

ɤɪɢɬɢɱɟɫɤɨɟ ɧɚɤɨɩɥɟɧɢɟ, ɩɨɤɚɠɟɬ, ɝɞɟ ɢɦɟɧɧɨ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɚɜɥɢɜɚɬɶ 

ɷɥɟɦɟɧɬɵ ɨɬɜɨɞɚ ɠɢɞɤɨɫɬɢ ɜ ɞɪɟɧɢɪɭɸɳɢɣ ɤɚɧɚɥ ɢ ɧɚɱɢɧɚɬɶ ɧɨɜɭɸ ɩɨɥɨɫɭ 

ɮɢɥɶɬɪɚ. 

Ɍɚɤ ɤɚɤ ɞɚɜɥɟɧɢɟ ɧɚ ɜɟɪɯɧɟɣ ɨɬɦɟɬɤɟ ɮɢɥɶɬɪɚ ɧɟɢɡɦɟɧɧɨɟ, ɬɨ ɦɨɠɧɨ 

ɫɱɢɬɚɬɶ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɞɚɜɥɟɧɢɹ ɩɨ ɜɵɫɨɬɟ ɮɢɥɶɬɪɚ ɛɭɞɟɬ ɥɢɲɶ ɮɭɧɤɰɢɟɣ 

ɫɤɨɪɨɫɬɢ ɮɢɥɶɬɪɚɰɢɢ [69]: ܼ݀ܲ݀ = −݂ሺݑሻ.                                               ሺʹ.ʹͷሻ 
 

ɉɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɭɸ ɮɨɪɦɭ ɮɢɥɶɬɪɚ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ 

ɜɟɫɬɢ ɪɚɫɱɟɬɵ ɜ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ.Ȼɟɪɟɦ  ɮɨɪɦɭɥɭ Ƚɚɲɟɧɚ-

ɉɭɚɡɟɣɥɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɱɟɧɢɹ ɜɹɡɤɨɣ ɠɢɞɤɨɫɬɢ ɩɨ ɬɟɥɭ ɮɢɥɶɬɪɚ [63]: 

 ݂ሺݑሻ = ͺ�௨ݎ�ଶ ,                                                          ሺʹ.ʹ͸ሻ 
 

ɞɟ – ɞɢɧɚɦɢɱɟɫɤɢɣ ɤɨɷɮ. ɜɹɡɤɨɫɬɢ, ɉɚ.ɫ; 

rɮ – ɪɚɞɢɭɫ ɷɥɟɦɟɧɬɚɪɧɨɣ ɬɪɭɛɤɢ ɮɢɥɶɬɪɚ, ɦ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɠɢɞɤɨɫɬɢ, ɤɨɬɨɪɚɹ ɩɨɫɬɭɩɢɥɚ ɤ ɮɢɥɶɬɪɭ ɧɚ 

ɜɵɫɨɬɟ Нг,   ɦɨɠɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɡɜɟɫɬɧɭɸ ɮɨɪɦɭɥɭ Ⱦɸɩɸɢ [80]: 
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 dqሺzሻ = ) ଵ�ߨʹ ଷܲ−ܲሺݖሻ)݀ݖ�ln �௥�  ,                                          ሺʹ.ʹ͹ሻ 
 

ɝɞɟ Ɋɡ– ɜɧɟɲɧɟɟ ɞɚɜɥɟɧɢɟ ɧɚ ɮɢɥɶɬɪɭɸɳɢɣ ɷɥɟɦɟɧɬ, ɉɚ; 

R– ɪɚɞɢɭɫ ɡɨɧɵ ɧɚɤɨɩɥɟɧɢɹ ɠɢɞɤɨɫɬɢ, ɦ. 

ɉɨɬɨɤ ɠɢɞɤɨɫɬɢ, ɩɨɫɬɭɩɚɸɳɢɣ ɢɡ ɨɬɦɟɬɤɢ г, ɛɭɞɟɬ:  
 

dq=rф2u(z) .                           (2.28) 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ ɧɚ ɨɬɦɟɬɤɟ г+Нг ɛɭɞɟɬ ɪɚɜɧɚ 

u (z+dz) = 
గ௥� మ ௨ሺ௭ሻగ௥�మ  =u (z)+ 

ଶ�భ ሺ௉య −௉ሺ೥ሻሻௗ௭�௥�మଵ௡ሺ ���ሻ   .                            (2.29) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨ ɮɨɪɦɭɥɟ (5) ɦɵ ɢɦɟɟɦ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ 

ɫɤɨɪɨɫɬɶ ɠɢɞɤɨɫɬɢ ɧɚ ɥɸɛɨɣ ɜɵɫɨɬɟ ɮɢɥɶɬɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ. 

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɩɪɢ ɞɜɢɠɟɧɢɢ ɠɢɞɤɨɫɬɢ ɩɨ ɮɢɥɶɬɪɭ ɞɨɥɠɧɨ 

ɜɵɩɨɥɧɹɬɶɫɹ ɭɪɚɜɧɟɧɢɟ(2): 

 ݀ܲሺݖ + ݖሻ݀ݖ݀ = ݖሺݑ)݂− +  ሻ).                                            ሺʹ.͵Ͳሻݖ݀
 

Ɍɨɝɞɚ,  ɭɱɢɬɵɜɚɹ ɩɪɟɞɵɞɭɳɟɟ ɡɧɚɱɟɧɢɟ,  ɢɡɦɟɧɟɧɢɟ ɧɚ ɭɱɚɫɬɤɟ Нг ɛɭɞɟɬ: 
 ݀ܲሺݖ + ݖሻ݀ݖ݀ − ݀ܲሺݖሻ݀ݖ = ሻሻݖሺݑ)݂− − ݂ሺݑሺݖ +  ሻ),                      ሺʹ.͵ͳሻݖ݀

 ݀ଶ ܲሺݖሻ݀ݖ =  −ʹ�ଵ ( ଷܲ − ܲሺ௭ሻ)݀ݎ�ݖ�ଶͳ݊ ( �௥�)  ሺʹ.͵ʹሻ                             .(ሻݖሺݑ)݂
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ȼ ɭɪɚɜɧɟɧɢɢ(9)ɧɟɢɡɜɟɫɬɧɵ ɞɜɟ ɮɭɧɤɰɢɢ – P(z)  ɢ u(z). 

ɋɨɝɥɚɫɧɨ 5ɦɨɠɧɨ ɧɚɣɬɢ Ю(г), ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɬɟɨɪɟɦɵ Ʌɚɝɪɚɧɠɚ[70,71] ɢ 

ɡɧɚɱɟɧɢɟdz=0: 

u ሺzሻ = ) ଶ  ʹ�ଵ�ݎߨ݃݀ ଷܲ − ܲሺ௭ሻ)݀ݎݖ�ଶ�ͳ݊ ( �௥�) =  ʹ�ଵ ݎ�ଶ�ͳ݊ ( �௥�)∫ሺ ଷܲ௭
଴ − ܲሺݖሻሻ݀ݖ.             ሺʹ.͵͵ሻ 

 

Ɂɧɚɹ ɤɪɚɟɜɵɟ ɭɫɥɨɜɢɹ ɢ ɡɧɚɱɟɧɢɹ ɞɥɹ ɮɭɧɤɰɢɢ Ю (г), ɦɨɠɧɨ ɧɚɣɬɢ 

ɤɨɥɢɱɟɫɬɜɨ ɠɢɞɤɨɫɬɢ, ɩɨɫɬɭɩɚɸɳɟɣ ɤ ɮɢɥɶɬɪɭɸɳɟɦɭ ɷɥɟɦɟɧɬɭ ɧɚ ɜɫɟɣ ɟɝɨ 

ɜɵɫɨɬɟ. ɗɬɨ ɞɚɫɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɩɪɨɟɤɬɢɪɨɜɚɬɶ ɪɚɡɦɟɪɵ ɮɢɥɶɬɪɚ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ 

ɫɩɪɚɜɥɹɬɶɫɹ ɫ ɭɥɚɜɥɢɜɚɧɢɟɦ ɢ ɨɬɜɨɞɨɦ ɠɢɞɤɨɫɬɢ ɢɡ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ 

ɷɥɟɦɟɧɬɨɜ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɜɵɫɨɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɰɟɫɫɨɜ ɫɟɩɚɪɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ 

ɫɨɡɞɚɧɢɟ ɜɵɫɨɤɨɢɧɬɟɧɫɢɜɧɵɯ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ ɞɜɢɠɟɧɢɹ ɩɨɬɨɤɨɜ ɜ 

ɝɚɡɨɫɟɩɚɪɚɰɢɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ Д50Ж. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ 

ɫɨɡɞɚɧɧɨɣ ɮɢɡɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɫɟɩɚɪɚɰɢɨɧɧɨɝɨ ɤɚɧɚɥɚ ɫ ɮɢɥɶɬɪɭɸɳɢɦɢ ɫɟɤɰɢɹɦɢ 

ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɝɚɡɨɫɟɩɚɪɚɬɨɪɚ (ɜ ɪɟɠɢɦɚɯ 2300≤Re≤100000) 

ɩɨɞɬɜɟɪɠɞɟɧɨ, ɱɬɨ ɜ ɩɟɪɟɯɨɞɧɨɦ ɪɟɠɢɦɟ ɝɚɡɨɜɵɣ ɩɨɬɨɤ ɜɹɡɤɨ ɧɟɨɬɪɵɜɧɨ 

ɨɛɬɟɤɚɟɬ, ɨɝɢɛɚɹ ɜɵɫɬɭɩɵ ɢ ɜɩɚɞɢɧɵ, ɩɪɚɤɬɢɱɟɫɤɢ ɬɨɱɧɨ ɩɨɜɬɨɪɹɹ 

ɝɟɨɦɟɬɪɢɱɟɫɤɭɸ ɤɨɧɮɢɝɭɪɚɰɢɸ ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ ɫɟɩɚɪɚɰɢɨɧɧɨɝɨ ɤɚɧɚɥɚ. 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɹɞɪɚ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ. 

ɉɨɝɪɚɧɢɱɧɵɟ (ɥɚɦɢɧɚɪɧɵɟ) ɩɥɚɫɬɵ ɜɛɥɢɡɢ ɫɬɟɧɨɤ ɤɚɧɚɥɚ, ɨɫɨɛɟɧɧɨ ɜ ɦɟɫɬɚɯ 

ɜɩɚɞɢɧ, ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɦɢɧɢɦɚɥɶɧɵɦɢ ɫɤɨɪɨɫɬɹɦɢ ɞɜɢɠɟɧɢɹ ɝɚɡɚ, ɜ ɧɟɤɨɬɨɪɵɯ 

ɞɚɠɟ ɞɨɫɬɨɜɟɪɧɵɦ ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ ɨɛɪɚɬɧɵɯ ɬɨɤɨɜ ɢ ɜɢɯɪɟɜɵɯ ɬɟɱɟɧɢɣ. ɉɪɢ 

ɪɚɡɜɢɬɨɦ ɬɭɪɛɭɥɟɧɬɧɨɦ ɬɟɱɟɧɢɢ ɩɨɬɨɤɚ (RО10000) ɜɵɹɜɥɟɧɨ ɭɜɟɥɢɱɟɧɢɟ ɛɨɥɟɟ 

ɱɟɦ ɜ ɞɜɚ ɪɚɡɚ ɥɨɤɚɥɶɧɵɯ ɫɤɨɪɨɫɬɟɣ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɛɥɢɡ ɜɵɫɬɭɩɨɜ 

ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɭɱɚɫɬɤɨɜ ɫɬɟɧɨɤ ɤɚɧɚɥɚ ( ɩɪɢ =70
0), ɱɬɨ ɹɜɥɹɸɬɫɹ ɡɨɧɚɦɢ 

ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɹ ɩɥɟɧɤɢ ɭɥɨɜɥɟɧɧɨɣ ɠɢɞɤɨɫɬɢ ɢ ɜɬɨɪɢɱɧɨɝɨ 
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ɛɪɵɡɝɨɭɧɨɫɚ Д56Ж. ȼ ɪɟɡɭɥɶɬɚɬɟ   ɚɧɚɥɢɡɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɥɨɤɚɥɶɧɵɯ ɫɤɨɪɨɫɬɟɣ 

ɞɜɢɠɟɧɢɹ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɩɨ ɤɪɢɜɨɥɢɧɟɣɧɨɦɭ ɫɟɩɚɪɚɰɢɨɧɧɨɦɭ ɤɚɧɚɥɭ ɱɟɬɤɨ 

ɨɩɪɟɞɟɥɟɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɡɨɧɵ ɰɟɥɟɫɨɨɛɪɚɡɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɮɢɥɶɬɪɭɸɳɢɯ 

ɷɥɟɦɟɧɬɨɜ ɜ ɦɟɫɬɚɯ ɜɩɚɞɢɧ ɫɟɩɚɪɚɰɢɨɧɧɨɝɨ ɤɚɧɚɥɚ ɜɩɪɢɬɵɤ ɤ ɫɬɟɧɤɚɦ ɠɚɥɸɡɢ, 

ɝɞɟ ɥɨɤɚɥɶɧɵɟ ɫɤɨɪɨɫɬɢ ɞɨɫɬɢɝɚɸɬ ɦɢɧɢɦɚɥɶɧɵɯ, ɢ ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, 

ɨɝɪɚɧɢɱɟɧɧɵɟ ɥɢɧɢɹɦɢ ɪɚɜɧɵɯ ɫɤɨɪɨɫɬɟɣ еЯе=МШЧЬЭ (ɢɡɨɬɚɯɚɦɢ) ɫɨ ɡɧɚɱɟɧɢɹɦɢ 

ɫɤɨɪɨɫɬɢ, ɪɚɜɧɹɸɳɢɦɢɫɹ ɫɤɨɪɨɫɬɢ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɧɚ ɜɯɨɞɟ ɜ ɤɪɢɜɨɥɢɧɟɣɧɵɣ 

ɤɚɧɚɥ ɢ ɡɧɚɱɟɧɢɹɦ ɭɝɥɚ =60 –110
0
. 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɥɹ ɫɤɨɪɨɫɬɟɣ ɢ ɞɚɜɥɟɧɢɣ 

ɩɨɞɬɨɥɤɧɭɥɢ ɤ ɫɨɡɞɚɧɢɸ ɧɨɜɨɝɨ ɫɩɨɫɨɛɚ ɫɟɩɚɪɚɰɢɢ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɨɣ ɤɚɩɟɥɶɧɨɣ 

ɠɢɞɤɨɫɬɢ ɢɡ ɝɚɡɨɠɢɞɤɨɫɬɧɨɝɨ ɩɨɬɨɤɚ ɢ ɫɨɡɞɚɧɢɸ ɦɨɞɟɥɢ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɨɝɨ 

ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɟɩɚɪɚɬɨɪɚ ɫ ɧɢɡɤɢɦ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ 

[56Ж. ɋɤɨɪɨɫɬɧɨɝɨ ɧɚɩɨɪɚ ɜ ɧɚɞɜɟɬɪɟɧɧɨɣ ɡɨɧɟ ɜɵɫɬɭɩɥɟɧɢɹ ɫɟɩɚɪɚɰɢɨɧɧɨɝɨ 

ɤɚɧɚɥɚ ɨɤɚɡɵɜɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɟɪɟɩɚɞɚ ɞɚɜɥɟɧɢɹ (ɞɜɢɠɭɳɟɣ ɫɢɥɵ) 

ɩɨ ɨɛɟ ɫɬɨɪɨɧɵ ɞɜɨɣɧɨɣ ɠɚɥɸɡɢ ɫɨ ɫɬɨɪɨɧɵ ɪɚɡɧɵɯ ɤɚɧɚɥɨɜ ɞɥɹ ɩɪɨɞɜɢɠɟɧɢɹ 

ɫɤɜɨɡɶ ɩɨɪɢɫɬɵɟ ɠɚɥɸɡɢ ɢ ɧɟɬɨɥɫɬɵɣ ɩɥɚɫɬ ɮɢɥɶɬɪɭɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ ɦɟɠɞɭ 

ɤɚɧɚɥɚɦɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɚ ɷɬɨɦ ɭɱɚɫɬɤɟ ɞɜɨɣɧɨɣ ɠɚɥɸɡɢ ɫɨ ɫɬɨɪɨɧɵ ɞɪɭɝɨɝɨ 

ɤɚɧɚɥɚ ɧɚɯɨɞɢɬɫɹ ɢɦɟɧɧɨ ɡɨɧɚ ɩɨɧɢɠɟɧɧɨɝɨ ɞɚɜɥɟɧɢɹ (ɡɚɫɬɨɣɧɚɹ ɡɨɧɚ), ɢɥɢ ɡɨɧɚ 

ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɣ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ 

ɞɜɢɠɟɧɢɹ ɫɩɥɨɲɧɨɣ ɧɟɫɭɳɟɣ ɮɚɡɵ ɩɨ ɫɟɩɚɪɚɰɢɨɧɧɵɦ ɤɚɧɚɥɚɦ. 

ɉɪɢ ɞɨɫɬɢɠɟɧɢɢ ɞɢɫɩɟɪɫɧɨɣ ɱɚɫɬɢɰɟɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɨɝɪɚɧɢɱɢɜɚɸɳɟɣ 

ɤɪɢɜɨɥɢɧɟɣɧɵɣ ɫɟɩɚɪɚɰɢɨɧɧɵɣ ɤɚɧɚɥ,  ɤɚɩɥɹ ɩɨɩɚɞɚɟɬ ɜ ɮɢɥɶɬɪ,ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ 

ɪɢɫɭɧɤɟ 2.14. 
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Ɋɢɫɭɧɨɤ 2.14 – ɋɯɟɦɚ ɡɚɯɜɚɬɚ ɤɚɩɥɢ ɮɢɥɶɬɪɨɦ 

 

2.2. ȼɥɢɹɧɢɟ ɫɜɨɣɫɬɜ ɝɚɡɨɤɚɩɟɥɶɧɨɣ ɫɪɟɞɵ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɟɩɚɪɚɬɨɪɚ 

Ⱦɥɹ ɪɚɫɫɦɨɬɪɟɧɢɹ ɜɥɢɹɧɢɹ ɪɚɞɢɭɫɚ ɤɚɩɟɥɶ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɡɞɟɥɟɧɢɹ 

ɝɚɡɨɠɢɞɤɨɫɬɧɨɣ ɫɦɟɫɢ ɪɚɫɫɦɨɬɪɢɦ ɪɚɫɱɟɬ ɫɤɨɪɨɫɬɢ ɭɧɨɫɚ ɤɚɩɟɥɶ. ȿɫɥɢ ɫɤɨɪɨɫɬɶ 

ɞɜɢɠɟɧɢɹ ɝɚɡɨɠɢɞɤɨɫɬɧɨɣ ɫɢɫɬɟɦɵ ɛɨɥɶɲɟ, ɱɟɦ ɤɪɢɬɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ ɭɧɨɫɚ, ɬɨ 

ɷɬɢ ɤɚɩɥɢ ɛɭɞɭɬ ɭɧɟɫɟɧɵ ɢɡ ɫɟɩɚɪɚɰɢɨɧɧɨɝɨ ɤɚɧɚɥɚ. 

Ⱦɥɹ ɟɟ ɪɚɫɱɟɬɚ ɧɟɨɛɯɨɞɢɦɨ ɫɥɟɞɭɸɳɟɟ: 

1. ɇɚɯɨɞɢɦ ɤɪɢɬɟɪɢɣ Ⱥɪɯɢɦɟɞɚ [72]: 

ȿɫɥɢ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɝɚɡɨɠɢɞɤɨɫɬɧɭɸ ɫɢɫɬɟɦɭ ɤɚɤ ɧɚɛɨɪ ɤɚɩɟɥɶ ɜ ɝɚɡɟ, ɬɨɜ 

ɜɵɞɟɥɟɧɧɨɦ ɨɛɴɟɦɟ,  ɦɨɠɧɨ ɜɜɟɫɬɢ ɩɨɧɹɬɢɟ ɩɨɪɨɡɧɨɫɬɢ. Ɍɨɝɞɚ ɩɪɢ ɫɤɨɪɨɫɬɢ 

ɭɧɨɫɚ ɩɨɪɨɡɧɨɫɬɶ ɛɭɞɟɬ ɪɚɜɟɧ 1,  ɬɚɤ ɤɚɤ ɜɫɟ ɤɚɩɥɢ ɛɭɞɭɬ  ɭɧɟɫɟɧɵ ɢɡ ɜɵɞɟɥɟɧɧɨɝɨ 

ɨɛɴɟɦɚ ɩɨɬɨɤɨɦ ɞɚɥɶɲɟ. Ɍɨɝɞɚ ɤɪɢɬɟɪɢɣ Ɋɟɣɧɨɥɶɞɫɚ [72]:  

Ɂɧɚɹ ɤɪɢɬɟɪɢɣ Ɋɟɣɧɨɥɶɞɫɚ,  ɧɚɯɨɞɢɦ ɫɤɨɪɨɫɬɶ ɭɧɨɫɚ: 
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ȿɫɥɢ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɝɚɡɚ ɛɨɥɶɲɟ, ɱɟɦ ɫɤɨɪɨɫɬɶ ɜɢɬɚɧɢɹ, ɬɨ ɜɫɟ  ɤɚɩɥɢ, 

ɧɚɯɨɞɹɳɢɟɫɹ ɜ ɩɨɬɨɤɟ, ɭɧɨɫɹɬɫɹ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɡɞɟɥɟɧɢɹ ɝɚɡɨɠɢɞɤɨɫɬɧɨɣ 

ɫɦɟɫɢ ɩɚɞɚɟɬ ɡɚ ɫɱɟɬ ɛɪɵɡɝɨɭɧɨɫɚ. ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨɭɜɟɥɢɱɢɜɚɬɶ  ɪɚɡɦɟɪ 

ɤɚɩɟɥɶ ɢ ɫɬɢɦɭɥɢɪɨɜɚɬɶɤɨɚɝɭɥɹɰɢɸ, ɱɬɨ ɛɭɞɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɩɪɨɰɟɫɫɭ 

ɨɫɚɠɞɟɧɢɹ ɤɚɩɟɥɶ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɡɞɟɥɟɧɢɹ ɝɚɡɨɠɢɞɤɨɫɬɧɨɣ ɫɦɟɫɢ ɜ ɫɟɩɚɪɚɬɨɪɟ  

ɧɭɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɤɪɢɬɢɱɟɫɤɢɣ ɪɚɞɢɭɫ ɤɚɩɟɥɶ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɟɟ 

ɪɚɡɪɭɲɟɧɢɟ. ȼ ɩɪɨɰɟɫɫɟ ɞɜɢɠɟɧɢɹ ɩɨ ɩɪɹɦɨɥɢɧɟɣɧɨɦɭ ɭɱɚɫɬɤɭ ɧɟɨɛɯɨɞɢɦɨ,  

ɱɬɨɛɵ ɤɨɚɝɭɥɹɰɢɹ ɩɪɨɢɫɯɨɞɢɥɚ,ɧɨ ɤ ɦɨɦɟɧɬɭ ɩɨɞɯɨɞɚ ɤ ɤɪɢɜɨɥɢɧɟɣɧɨɦɭ ɭɱɚɫɬɤɭ 

ɢ ɩɨɩɚɞɚɧɢɸ ɟɟ ɜ ɮɢɥɶɬɪ ɨɧɚ ɧɟ ɪɚɡɪɭɲɢɥɚɫɶ.  

ɉɪɢ ɪɚɜɧɨɜɟɫɢɢ ɤɚɩɥɢ ɫɢɥɵ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ 

ɛɨɥɶɲɟ,  ɱɟɦ ɫɢɥɵ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɬɨɥɶɤɨ ɬɨɝɞɚ ɤɚɩɥɹ ɧɟ 

ɛɭɞɟɬ ɞɪɨɛɢɬɶɫɹ[1]. 

Ʌɢɦɢɬɢɪɭɸɳɢɦ ɮɚɤɬɨɪɨɦ ɩɪɢ ɪɚɡɞɟɥɟɧɢɢ ɠɢɞɤɨɫɬɢ ɢ ɝɚɡɚ ɹɜɥɹɟɬɫɹ 

ɫɤɨɪɨɫɬɶ ɨɬɜɨɞɚ ɠɢɞɤɨɫɬɢ ɢɡ ɮɢɥɶɬɪɚ. 

ɉɥɨɬɧɨɫɬɶ ɝɚɡɚ ɩɪɹɦɨɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɫɢɥɭ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɫ ɟɟ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɢɢ, ɤɨɬɨɪɨɟ ɧɟɨɛɯɨɞɢɦɨ 

ɩɪɢɥɨɠɢɬɶ ɤ ɤɚɩɥɟ ɞɥɹ ɜɵɯɨɞɚ ɟɟ ɢɡ ɩɨɬɨɤɚ,  ɭɜɟɥɢɱɢɜɚɟɬɫɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ,  ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɞɚɜɥɟɧɢɹ ɜ ɚɩɩɚɪɚɬɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɢ ɦɨɠɟɬ 

ɭɦɟɧɶɲɚɬɶɫɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɡɞɟɥɟɧɢɹ ɝɚɡɚ ɢ ɠɢɞɤɨɫɬɢ. 

ɉɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ ɫɜɹɡɚɧɚ ɫ ɟɟ ɦɚɫɫɨɣ, ɚ ɦɚɫɫɚ ɩɪɹɦɨɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ 

ɜɥɢɹɟɬ ɧɚ ɰɟɧɬɪɨɛɟɠɧɭɸ ɫɢɥɭ. Ɇɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 

ɩɥɨɬɧɨɫɬɢɜɨɡɪɚɫɬɚɸɬ ɦɚɫɫɚ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ,– ɰɟɧɬɪɨɛɟɠɧɚɹ  ɫɢɥɚ, ɱɬɨ ɢ 

ɩɨɜɵɲɚɟɬ  ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɫɟɩɚɪɚɬɨɪɚ. 
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2.3. ȼɥɢɹɧɢɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢɧɟɪɰɢɨɧɧɨ-

ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɟɩɚɪɚɬɨɪɚ ɧɚ ɞɜɢɠɟɧɢɟ ɩɨɬɨɤɨɜ ɢ ɟɝɨ ɫɟɩɚɪɚɰɢɨɧɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ʉ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦ ɨɫɨɛɟɧɧɨɫɬɹɦ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ 

ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢɬɚɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: ɞɥɢɧɭ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ ɭɱɚɫɬɤɚ, ɪɚɞɢɭɫ 

ɤɪɢɜɢɡɧɵ ɝɨɮɪ, ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɠɚɥɸɡɢ ɢ ɭɝɨɥ ɪɚɫɤɪɵɬɢɹ ɝɨɮɪ.  

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ  ɜɝɨɮɪɭ ɝɚɡ ɡɚɯɨɞɢɬ ɧɨɪɦɚɥɶɧɨ, ɢ ɩɨɬɨɦ ɩɪɨɢɫɯɨɞɢɬ 

ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɢ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɨɤ 2.15. 

 

 

Ɋɢɫɭɧɨɤ 2.15 –. ɋɯɟɦɚ ɧɚɱɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɢ ɝɚɡɚ ɜ ɤɚɧɚɥɟ  

ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɟɩɚɪɚɬɨɪɚ  

 

Ⱦɥɹ ɬɨɝɨ,ɱɬɨɛɵ ɩɨɥɭɱɢɬɶ ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɢ,  

ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɞɥɢɧɭ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ ɭɱɚɫɬɤɚ ɪɚɡɦɟɪɨɦ [73]: 

 

 ݈ː˃˚  = ͵ ∙ ݀ˠ,   (2.37) 

 

ɝɞɟ dɷ – ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɞɢɚɦɟɬɪ ɤɚɧɚɥɚ, ɦ, 
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ɝɞɟ S – ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɤɚɧɚɥɚ, ɦ2
; 

ɉ – ɫɦɨɱɟɧɧɵɣ ɩɟɪɢɦɟɬɪ ɤɚɧɚɥɚ,ɦ. 

ɉɨɫɥɟ ɩɪɨɯɨɠɞɟɧɢɹ ɧɚɱɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɠɚɥɸɡɢ ɧɚɱɢɧɚɟɬɫɹ 

ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɢ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 2.16 [56]. 

 

Ɋɢɫɭɧɨɤ 2.16 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɥɨɤɚɥɶɧɵɯ ɫɤɨɪɨɫɬɟɣ ɢ ɬɪɚɟɤɬɨɪɢɹ ɞɜɢɠɟɧɢɹ 

ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɩɟɪɟɞ ɮɢɥɶɬɪɭɸɳɢɦ ɷɥɟɦɟɧɬɨɦ 

 

ȼɵɲɟɩɪɢɜɟɞɟɧɧɵɣ ɪɢɫɭɧɨɤ ɢɥɥɸɫɬɪɢɪɭɟɬ ɜɵɪɚɠɟɧɧɵɣ ɷɤɫɬɪɟɦɭɦ 

ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ, ɧɚɫɵɳɟɧɧɨɝɨ ɜɥɚɝɨɣ. ɉɪɢ ɧɚɥɢɱɢɢ ɬɚɤɨɝɨ ɩɪɨɮɢɥɹ ɫɤɨɪɨɫɬɟɣ 

ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɝɨɧ ɤɚɩɟɥɶ ɞɨ ɫɤɨɪɨɫɬɟɣ,  ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɢɯ ɨɬɤɥɨɧɟɧɢɹ  ɨɬ 

ɥɢɧɢɣ ɬɨɤɚ ɝɚɡɚ ɢ ɩɨɩɚɞɚɧɢɹ ɜ ɮɢɥɶɬɪɭɸɳɢɣ ɷɥɟɦɟɧɬ. 

ɉɨɫɥɟ ɩɪɨɯɨɠɞɟɧɢɹ ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ ɭɱɚɫɬɤɚ ɧɟɨɛɯɨɞɢɦɨ ɨɫɭɳɟɫɬɜɢɬɶ 

ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɟɣ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɢ ɪɚɡɨɝɧɚɬɶ ɤɚɩɥɢ ɞɥɹ ɢɯ ɨɬɞɟɥɟɧɢɹ 

ɜ ɫɥɟɞɭɸɳɟɦ ɮɢɥɶɬɪɭɸɳɟɦ ɷɥɟɦɟɧɬɟ.ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɧɚ ɝɨɮɪɟ ɫɤɨɪɨɫɬɶ ɢɦɟɟɬ 

ɩɪɨɮɢɥɶ [56], ɩɨɤɚɡɚɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 2.17. 
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:]56[ Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɢ ɩɨɫɥɟ ɮɢɥɶɬɪɚ–172. Ɋɢɫɭɧɨɤ 

β – ɭɝɨɥ ɧɚɛɟɝɚɧɢɹ ɩɨɬɨɤɚ ɧɚ ɮɢɥɶɬɪ, ɝɪɚɞ; α – ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɩɨɬɨɤɚ, ɝɪɚɞ;  

φ – ɭɝɨɥ ɪɚɫɤɪɵɬɢɹ ɝɨɮɪ 

Ɍɟɩɟɪɶ ɪɚɫɫɦɨɬɪɢɦ ɜɥɢɹɧɢɟ ɤɚɠɞɨɝɨ ɢɡ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ  ɧɚ 

ɩɪɨɮɢɥɶ ɫɤɨɪɨɫɬɢ. 

Ɋɚɞɢɭɫ ɩɨɜɨɪɨɬɚ ɫɜɹɡɚɧ ɫ ɩɭɬɟɦ, ɤɨɬɨɪɵɣ ɝɚɡ ɩɪɨɯɨɞɢɬ ɜ ɩɨɥɭɤɨɥɶɰɟ,ɬɚɤ 

 

L =2 ∙ ߨ ∙ ܴ௖௣,    (2.39) 

ɝɞɟ Rɫɪ – ɫɪɟɞɧɢɣ ɪɚɞɢɭɫ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɫɤɨɪɨɫɬɢ ɤɚɩɥɢ. 

ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ ɪɚɞɢɭɫɚ ɞɨ ɤɪɢɬɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ ɩɪɨɢɫɯɨɞɹɬ 

ɢɧɬɟɧɫɢɜɧɨɟ ɨɛɪɚɡɨɜɚɧɢɟ ɡɨɧ ɜɢɯɪɟɣ [56] ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ,ɫɧɢɠɟɧɢɟ  ɞɚɜɥɟɧɢɹ, 

ɱɬɨ ɨɬɪɢɰɚɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɨɬɨɤɚ. 

Ɍɚɤɠɟ ɜ ɡɨɧɟ ɭɫɬɚɧɨɜɤɢ ɮɢɥɶɬɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ  ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɡɨɧɵ 

ɫɧɢɠɟɧɧɵɯ ɫɤɨɪɨɫɬɟɣ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɛɪɵɡɝɨɭɧɨɫɚ, ɱɬɨ  ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 

ɧɟɫɤɨɥɶɤɢɦɢ ɫɩɨɫɨɛɚɦɢ: 

- ɧɚɥɢɱɢɟɦ ɪɚɫɲɢɪɟɧɢɹ ɩɪɢ ɩɨɜɨɪɨɬɟ ɤɚɧɚɥɚ; 

- ɭɫɬɚɧɨɜɤɨɣ  ɮɢɥɶɬɪɚ ɜɨ ɜɩɚɞɢɧɟ. 

Ɍɚɤɨɟ ɩɪɨɮɢɥɢɪɨɜɚɧɢɟ ɤɚɧɚɥɚ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɧɚɥɢɱɢɟ ɡɨɧ ɬɨɪɦɨɠɟɧɢɹ ɢ 

ɪɚɡɝɨɧɚ.ɉɨɞ ɡɨɧɨɣ ɪɚɡɝɨɧɚ ɩɨɬɨɤɚ ɩɨɧɢɦɚɸɬ ɩɪɹɦɨɥɢɧɟɣɧɵɣ ɭɱɚɫɬɨɤ, ɚ ɩɨɞ ɡɨɧɨɣ 

ɬɨɪɦɨɠɟɧɢɹ  – ɤɪɢɜɨɥɢɧɟɣɧɵɣ ɭɱɚɫɬɨɤ[55]. 
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Ɋɚɫɫɦɨɬɪɢɦ,  ɧɚɫɤɨɥɶɤɨ ɦɨɠɟɬ ɛɵɬɶ ɭɫɤɨɪɟɧ ɢɥɢ ɡɚɬɨɪɦɨɠɟɧ ɩɨɬɨɤ. 

Ʉɥɚɫɫɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɧɟɪɚɡɪɵɜɧɨɫɬɢ ɩɨɬɨɤɚ ɢɦɟɟɬ ɜɢɞ [72]:  

ଵܸ ∙ ଵܵ = ଶܸ ∙ ܵଶ.                                         (2.40) 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɭɦɟɧɶɲɢɬɶ ɫɤɨɪɨɫɬɶ,  ɧɭɠɧɨ ɭɜɟɥɢɱɢɬɶ ɩɪɨɯɨɞɧɨɟ ɫɟɱɟɧɢɟ 

ɩɪɹɦɨɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ, ɧɨ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɥɭɱɚɟ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 

ɬɨɪɦɨɡɢɬɶ ɜɟɫɶ ɩɨɬɨɤ, ɩɨɷɬɨɦɭ ɦɨɠɧɨ ɷɬɨɝɨ ɞɨɛɢɬɶɫɹ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɭɝɥɚ 

ɪɚɫɤɪɵɬɢɹ ɝɨɮɪɵɢ ɭɦɟɧɶɲɟɧɢɹ ɭɝɥɚ ɚɬɚɤɢ. 

Ɍɟɩɟɪɶ ɪɚɫɫɦɨɬɪɢɦ ɜɥɢɹɧɢɟ ɭɝɥɚ ɪɚɫɤɪɵɬɢɹ. ɉɪɢ ɦɚɥɨɦ ɭɝɥɟ ɪɚɫɤɪɵɬɢɹ (ɞɨ 

60
0
) ɨɛɪɚɡɭɟɬɫɹ ɨɫɬɪɵɣ ɭɝɨɥ, ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɡɨɧɚ ɨɛɪɚɬɧɨɝɨ 

ɬɟɱɟɧɢɹɩɨɬɨɤɚ ɩɨɥɭɱɚɟɬɫɹ ɞɥɢɧɧɨɣ ɢ, ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɨɬɨɤ ɜɵɪɚɜɧɹɥɫɹ,  

ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɜɚɬɶ ɩɪɹɦɨɥɢɧɟɣɧɵɣ ɭɱɚɫɬɨɤ, ɱɬɨ ɩɪɢɜɟɞɟɬ ɤ ɭɦɟɧɶɲɟɧɢɸ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ. 

Ⱦɥɹ ɩɪɹɦɨɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɣ ɫɜɹɡɢ ɬɪɚɟɤɬɨɪɢɢ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɜɪɟɦɹ,  

ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɬɨɤɚ. 

 

 

Ɋɢɫɭɧɨɤ 2.18 – Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɬɟɱɟɧɢɹ ɝɚɡɚ ɧɚ ɤɪɢɜɨɥɢɧɟɣɧɨɦ 

ɭɱɚɫɬɤɟ: 

h – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɠɚɥɸɡɢ, ɦ;L – ɞɥɢɧɧɚ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ ɭɱɚɫɬɤɚ, ɦ; U1, 

U2 – ɫɪɟɞɧɢɟɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ ɞɨ ɢ ɩɨɫɥɟ ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ ɭɱɚɫɬɤɚ, ɦ/ɫ 
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ɍɝɨɥ ɪɚɫɤɪɵɬɢɹ ɢ ɪɚɞɢɭɫ, ɜɨɡɦɨɠɧɨ,  ɢɦɟɸɬ ɜɥɢɹɧɢɟ ɧɚ ɜɪɟɦɹ ɢ ɪɚɫɫɬɨɹɧɢɟ, 

ɧɚ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɢ. 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɷɮɮɟɤɬɢɜɧɨɣ ɲɢɪɢɧɵ ɩɨɬɨɤɚ ɩɨɫɥɟ ɩɨɜɨɪɨɬɚ [72]: 

ଶݑଵݑ  ∙ ଵܽ݊݅ݏ = inܽଵݏߚinݏinܽଵݏ + sin ሺܽଵ + βሻ.                                  ሺʹ.Ͷͳሻ 
 

ɍɝɨɥ α ɡɚɜɢɫɢɬ ɨɬ ɩɪɨɮɢɥɹ ɫɤɨɪɨɫɬɢ ɩɨɫɥɟ ɮɢɥɶɬɪɚ. 

Ɍɟɩɟɪɶ ɪɚɫɫɦɨɬɪɢɦ ɜɥɢɹɧɢɟ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɠɚɥɸɡɹɦɢ ɧɚ ɩɪɨɰɟɫɫ 

ɫɟɩɚɪɚɰɢɢ.ȼɚɠɧɵɣ ɮɚɤɬɨɪ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɩɪɨɰɟɫɫɚ ɫɟɩɚɪɚɰɢɢ  – ɞɥɢɧɚ ɩɭɬɢ 

ɤɚɩɥɢ ɞɨ ɜɯɨɞɚ ɟɟ ɜ ɮɢɥɶɬɪɭɸɳɢɣ ɷɥɟɦɟɧɬ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɚɬɶ 

ɞɥɢɧɭ ɢ ɜɪɟɦɹ ɩɪɨɯɨɠɞɟɧɢɹ 

S=V∙�.                                      (2.42) 

 

 

 

Ɋɢɫɭɧɨɤ 2.19 – Ɍɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɤɚɩɟɥɶɤ ɮɢɥɶɬɪɭ, ɤɨɬɨɪɵɟ ɫɱɢɬɚɸɳɢɯɫɹ ɩɨ 

ɮɨɪɦɭɥɟ (2.3.6) 
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2.4 .Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɜɥɢɹɧɢɹ ɝɢɞɪɨɞɢɧɚɦɢɤɢ 

ɝɚɡɨɤɚɩɟɥɶɧɨɝɨ ɩɨɬɨɤɚ ɜ ɪɚɛɨɱɟɣ ɩɨɥɨɫɬɢ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ 

ɫɟɩɚɪɚɬɨɪɚ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɟɝɨ ɪɚɛɨɬɵ 

 

ɉɪɢ ɨɩɢɫɚɧɢɢ ɞɜɢɠɟɧɢɹ ɤɚɩɟɥɶ ɜ ɝɚɡɨɜɨɦ ɩɨɬɨɤɟ ɪɚɡɧɢɰɚ ɦɟɠɞɭ 

ɩɥɨɬɧɨɫɬɹɦɢ ɫɩɥɨɲɧɨɣ ɢ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡ ɞɨɫɬɢɝɚɟɬ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 1000 ɤɝ/ɦ3
, 

ɩɨɷɬɨɦɭ ɦɚɫɫɨɜɵɟ ɫɢɥɵ, ɞɟɣɫɬɜɭɸɳɢɟɧɚ ɤɚɩɥɸ, ɡɧɚɱɢɬɟɥɶɧɨ ɢɫɤɪɢɜɥɹɸɬ 

ɬɪɚɟɤɬɨɪɢɸɟɟ ɞɜɢɠɟɧɢɹ. 

ɇɚ ɧɟɟ ɞɟɣɫɬɜɭɸɬ ɬɚɤɢɟ ɫɢɥɵ: ɬɪɟɧɢɹ, ɢɧɟɪɰɢɢ, ɦɚɫɫɨɜɵɟ.  Ɍɚɤɠɟ 

ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɢɦɟɟɬ ɮɨɪɦɚ ɤɚɩɥɢ, ɭɱɢɬɵɜɚɸɳɚɹɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 

ɥɨɛɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ψ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ ɞɜɢɠɟɧɢɹ ɤɚɩɥɹ ɦɨɠɟɬ ɢɡɦɟɥɶɱɚɬɶɫɹ ɢ 

ɭɤɪɭɩɧɹɬɶɫɹ (ɤɨɚɝɭɥɢɪɨɜɚɬɶ). ȿɟ ɦɚɫɫɚ ɜɥɢɹɟɬ ɧɚ ɜɟɥɢɱɢɧɭ ɫɢɥɵ ɢɧɟɪɰɢɢ, ɚ ɬɚɤɠɟ 

ɧɚ ɭɝɨɥ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ. 

ɉɪɢ ɞɜɢɠɟɧɢɢ ɦɧɨɝɨɮɚɡɧɵɯ ɩɨɬɨɤɨɜ (ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɞɜɭɯɮɚɡɧɨɝɨ) ɜ 

ɫɪɚɜɧɟɧɢɢ ɫ ɨɞɧɨɮɚɡɧɵɦ ɨɩɢɫɚɧɢɟ ɞɜɢɠɟɧɢɹ ɤɚɠɞɨɣ ɮɚɡɵ ɨɫɥɨɠɧɟɧɨ. ɗɬɨ ɞɨɥɠɧɨ 

ɛɵɬɶ ɨɬɨɛɪɚɠɟɧɨ ɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɨɩɢɫɚɧɢɢ  ɞɜɢɠɟɧɢɹ, ɧɨ ɫ ɧɟɤɨɬɨɪɵɦɢ 

ɭɩɪɨɳɟɧɢɹɦɢ: 

-  ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɚɩɟɥɶ ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɚ, ɩɨɷɬɨɦɭ ɢɯ ɜɥɢɹɧɢɟɦ ɜɨɡɥɟ ɮɢɥɶɬɪɚ 

ɧɚ ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ; 

- ɤɚɩɥɢ ɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɦɟɠɞɭ ɫɨɛɨɣ ɜɨ ɜɪɟɦɹ ɞɜɢɠɟɧɢɹ (ɬɨɟɫɬɶ ɧɟ 

ɩɪɨɢɫɯɨɞɢɬ ɤɨɚɥɟɫɰɟɧɰɢɢ ɢ ɢɡɦɟɥɶɱɟɧɢɹ ɤɚɩɟɥɶ); 

- ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɢ ɤɚɩɟɥɶ ɩɨɫɬɨɹɧɧɚɹ; 

- ɤɚɩɥɢ ɢɦɟɸɬ ɫɮɟɪɢɱɟɫɤɭɸ ɮɨɪɦɭ; 

- ɩɨɬɨɤ ɟɫɬɶ ɩɥɨɫɤɢɦ, ɬɨ ɟɫɬɶ ɩɟɪɟɬɨɤɢ ɦɟɠɞɭ ɩɥɚɫɬɚɦɢ ɩɨ ɨɫɢ г ɩɨɱɬɢ 

ɪɚɜɧɹɸɬɫɹ ɧɭɥɸ; 

- ɫɦɟɫɶ ɹɜɥɹɟɬɫɹ ɦɨɧɨɞɢɫɩɟɪɫɧɨɣ. 
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ȼ ɨɛɳɟɦ ɜɢɞɟ ɫɢɥɚ ɢɧɟɪɰɢɢ ɤɚɩɥɢ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

ܨ̇   = ݉௞ ∙߱ଶ /(2.43)               .ݎ 

     

ɇɚ ɤɚɩɥɸ ɞɟɣɫɬɜɭɸɬ ɫɢɥɚ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɫɢɥɚ ɢɧɟɪɰɢɢ 

ɤɚɩɥɢ. 

Ɋɚɫɫɦɚɬɪɢɜɚɹ ɫɢɫɬɟɦɭ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɤɚɩɟɥɶ 

ɞɢɚɦɟɬɪɨɦ  ɜ ɩɨɥɹɪɧɵɯ ɤɨɨɪɞɢɧɚɬɚɯ,ɢɦɟɟɦ ɜɢɞ Д53Ж: 
 

m ௥݆ = �௥;m݆ܨ  (2.44)                                                  ,�ܨ =

 

ɝɞɟ ௥݆,   ݆�– ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ ɭɫɤɨɪɟɧɢɹ ɤɚɩɥɢ ɧɚ ɪɚɞɢɭɫ ɜɟɤɬɨɪɚ ɢ ɧɨɪɦɚɥɶ ɤ 

ɧɟɦɭ;ܨ௥ ,  .ɩɪɨɟɤɰɢɢ ɫɢɥɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹF –�ܨ

ɍɱɢɬɵɜɚɹ ɧɚɩɪɚɜɥɟɧɢɟ ɤɚɩɥɢ ɤɚɤ ɫɥɨɠɧɨɟ ɞɜɢɠɟɧɢɟ ɬɨɱɤɢ, ɩɨɥɭɱɢɦ: 
 �⃗ = �⃗௢˕ + �⃗௉�� + �⃗௄ை� ,                        (2.45) 

 

ɝɞɟ  �⃗௢˕– ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɫɤɨɪɟɧɢɟ;�⃗௉��– ɩɟɪɟɧɨɫɧɨɟ ɭɫɤɨɪɟɧɢɟ;�⃗௄ை�–

ɤɨɪɢɨɥɢɫɨɜɨ ɭɫɤɨɪɟɧɢɟ. 

ɇɚɯɨɞɢɦ ɞɚɥɟɟ ɷɬɢ ɭɫɤɨɪɟɧɢɹ: 

௥݆ = ݆ை�+ ݆�� = ݀ ௥ܹ/݀� −rݓଶଶ= d ௥ܹ/݀� − �ܹଶ/ r,                    (2.46) 

 ݆� = ݆ˍ˃˔+ ݆Кʝ� = ݀ݎ ௥ܹ/݀� + ଶݓʹ ௥ܹ = d �ܹ /  ݀� − ௥ܹ �ܹ/ r,            (2.47) 

 

ɝɞɟ݆��– ɰɟɧɬɪɨɫɬɪɟɦɢɬɟɥɶɧɨɟ ɭɫɤɨɪɟɧɢɟ,  ɢ݆௄��– ɤɚɫɚɬɟɥɶɧɨɟ ɭɫɤɨɪɟɧɢɟ. 

Ɍɚɤɠɟ ɧɚɯɨɞɢɦ ɚɞɚɩɬɢɪɨɜɚɧɧɵɟ ɮɨɪɦɭɥɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ  ɫɢɥ, 

ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɤɚɩɥɸ, ɭɱɢɬɵɜɚɹ ɮɨɪɦɭɥɵ (2.39 ɢ 2.40): 
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௥ܨ  = ܨ cos ߛ =  ௥/8,                        (2.48)ݑ௞݀ˆ�ߨ߰ = ௥/ uݑܨ

�ܨ  = =   ݑ/�ݑܨ= ߛ ݊݅ݏܨ  (2.49)                       . 8/ �ݑ௞݀ˆ�ߨ߰

 

ȼ ɜɵɪɚɠɟɧɢɹ ɜɯɨɞɹɬ ɫɨɫɬɚɜɥɹɸɳɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɤɨɪɨɫɬɢ ɤɚɩɥɢ:  ݑ௥= ௥ܸ − ௥ܹ, ݑ� = �ܸ − �ܹ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɟɦ ɫɢɫɬɟɦɭ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɩɨ ɤɨɬɨɪɵɦ 

ɦɨɠɟɦ ɧɚɣɬɢ ɫɤɨɪɨɫɬɢ ɤɚɩɥɢ.ɉɨɞɫɬɚɜɢɦ ɮɨɪɦɭɥɵ (2.46),( 2.47) ɢ (2.48),( 2.49) ɜ 

ɭɪɚɜɧɟɧɢɹ (2.44),ɩɨɥɭɱɢɦ 

 

{  
  ݀ ௥ܹ݀ݐ = �ܹଶݎ + ௗೖͺ௠ ˆ �ߨ߰ ሺ ௥ܸ − ௥ܹሻ,          ݀ ݐܹ݀� = − ௥ܹ ݎܹ� + ௗೖͺ௠ ˆ �ߨ߰ ( �ܸ − ݐ݀ݐ݀ .(ܹ� = ௥ܹ; ݐ݀�݀ݎ  = �ܹ;  

W - dt = dr/Wr, dt = rd�/ �ܹ .                                                   (2.50) 

 

ȼ ɞɚɧɧɨɣ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɨ ɞɜɚ ɜɚɪɢɚɧɬɚ ɪɟɲɟɧɢɹ 

ɧɚɯɨɠɞɟɧɢɹ ɫɤɨɪɨɫɬɟɣ ɤɚɩɟɥɶ ɜ ɤɚɧɚɥɟ. 

ȼɚɪɢɚɧɬ 1.Ⱥɧɚɥɢɬɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ 

ɉɪɢ ɚɧɚɥɢɬɢɱɟɫɤɨɦ ɪɟɲɟɧɢɢ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɤɚɩɟɥɶ ɫɮɟɪɢɱɟɫɤɨɣ 

ɮɨɪɦɵ ɧɚ ɨɫɧɨɜɚɧɢɢ ɜɬɨɪɨɝɨ ɡɚɤɨɧɚ ɇɶɸɬɨɧɚ  ɢ ɩɪɢ ɞɨɩɭɳɟɧɢɢ ɬɨɝɨ, ɱɬɨ 

ɬɚɧɝɟɧɰɢɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɤɚɩɟɥɶ ɢ ɝɚɡɚ ɨɬɥɢɱɚɟɬɫɹ ɧɟɦɧɨɝɨ, ɜɵɪɚɠɟɧɢɟ ɞɥɹ 

ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɤɨɪɨɫɬɢ ɤɚɩɟɥɶ ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɬɚɤɨɟ ɠɟ, ɤɚɤ ɢ 

ɞɥɹ ɝɚɡɚ (WV). ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɟɲɟɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɩɨɥɭɱɚɟɦ 

ɜɵɪɚɠɟɧɢɹ, ɩɨɤɚɡɵɜɚɸɳɢɟ ɡɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɤɚɩɟɥɶ ɨɬ ɥɨɤɚɥɶɧɵɯ ɤɨɨɪɞɢɧɚɬ 

(r,phi), ɱɬɨ ɩɨɡɜɨɥɢɬ ɪɚɫɫɱɢɬɚɬɶ ɫɤɨɪɨɫɬɶ ɤɚɩɟɥɶ ɜ ɤɚɧɚɥɟ ɩɨɥɭɤɨɥɶɰɚ.  
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ɋɨɝɥɚɫɧɨ ɧɚɲɟɦɭɩɪɟɞɩɨɥɨɠɟɧɢɸ ɨ ɬɨɦ, ɱɬɨ ɬɚɧɝɟɧɰɢɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ 

ɫɤɨɪɨɫɬɢ ɝɚɡɚ ɪɚɜɧɚ ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɤɨɪɨɫɬɢ ɤɚɩɟɥɶ 

(WV),ɛɟɪɟɦ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɩɟɪɜɨɣ ɝɨɮɪɵ: 
 ܹ݂ሺ�ሻ ≔ −ʹ͵ͺ͵ ଶcos ሺʹ�ሻݎ + ʹͻͻ͸ ଶݎ sinሺʹφሻ + ʹͻͻ͸ rଶcosሺͶ�ሻ + 

+ͳ͸√ʹʹ͸ͷ͹͸ݎସcos ሺʹ�ሻଶ + ʹʹ͸ͷ͹͸ݎସsin ሺʹ�ሻଶ + ͺͻͶͲͳݎସ − Ͳ.ͻͲʹͷݎ .     ሺʹ.ͷͳሻ 
 

Ⱦɚɥɟɟ ɩɵɬɚɟɦɫɹ ɪɟɲɚɬɶ ɫɢɫɬɟɦɭ ɢ ɧɟ ɩɨɥɭɱɚɟɦ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ 

Wr.

 

ɋɨɝɥɚɫɧɨ [74],ɜ ɤɚɱɟɫɬɜɟ ɯɚɪɚɤɬɟɪɧɨɣ ɫɤɨɪɨɫɬɢɜɧɭɬɪɢ ɤɚɧɚɥɚ ɩɪɢɧɢɦɚɟɦ 

ɫɪɟɞɧɸɸ ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ Vɫɪ, ɞɚɥɟɟ ɩɪɢɜɨɞɢɦ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɧɚ ɫɪɟɞɧɟɦ 

ɪɚɞɢɭɫɟ. Ɂɧɚɹ ɭɪɚɜɧɟɧɢɟ, ɫɬɪɨɢɦ ɬɪɟɯɦɟɪɧɵɣ ɝɪɚɮɢɤ ɩɪɢ r=0,14 ɦ ɞɥɹ 

ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɤɨɪɨɫɬɢ Wf. 

 

 

Ɋɢɫɭɧɨɤ 2.20 – Ƚɪɚɮɢɤ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɢ ɤɚɩɟɥɶ Wf 
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ɑɢɫɥɟɧɧɨɟ ɪɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɨɩɢɫɚɧɢɹ ɞɜɢɠɟɧɢɹ ɤɚɩɟɥɶ 

1. Ɂɚɩɢɲɟɦ ɞɚɥɟɟ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɤɚɩɥɢ: 

 

{ௗௐ�ௗ௧ = ௐ�మ௥ + ߰ గ� ˆ ೏ೖ଼೘ ሺ ௥ܸ − ௥ܹሻ,          ௗௐ�ௗ௧ = −ௐ�ௐ�௥ + ߰ గ� ˆ ೏ೖ଼೘ ( �ܸ − �ܹ).   (2.52) 

2. ȼɜɨɞɢɦ ɩɚɪɚɦɟɬɪɵ, ɩɨɡɜɨɥɹɸɳɢɟ ɪɚɫɫɱɢɬɚɬɶ ɬɪɚɟɤɬɨɪɢɸ ɤɚɩɥɢ:ܭ =߰ గ� ˆ ೏ೖ଼೘ ,  ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ, ɤɨɷɮɮɢɰɢɟɧɬ ɥɨɛɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ (ψ), ɞɢɚɦɟɬɪ 

ɤɚɩɟɥɶ, ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ, ɜɹɡɤɨɫɬɶ ɠɢɞɤɨɫɬɢ, ɦɚɫɫɭ ɤɚɩɟɥɶ. 

3. ȼɜɨɞɢɦ  ɧɚɱɚɥɶɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɬɨɱɤɢ ɫɬɚɪɬɚ  ɤɚɩɥɢ: r, φ. 

4. Ɂɚɞɚɟɦ ɲɚɝ ɢɡɦɟɧɟɧɢɹ ɩɨ ɭɝɥɨɜɨɣ ɤɨɨɪɞɢɧɚɬɟdphi. 

5. ɇɚɱɢɧɚɟɦ ɰɢɤɥ: 

5.1. Ɂɚɞɚɟɦ ɤɨɥɢɱɟɫɬɜɨ ɲɚɝɨɜ  ɜ ɨɛɳɟɦ  ɪɚɫɱɟɬɟ. 

5.2. Ɋɚɫɫɱɢɬɵɜɚɟɦ ɫɤɨɪɨɫɬɢ ɝɚɡɚ ɜ ɞɚɧɧɵɯ ɤɨɨɪɞɢɧɚɬɚɯ: 

 

 

{  
  ௥ܸሺݎ, �ሻ = ͳܥଶݎ sinሺʹ�ሻ + ʹܥଶݎ cosሺʹ�ሻ + ,ݎ௙ܸሺݎ͵ܥ �ሻ = ͳݎ ሺ−ݎଶܥʹ sinሺʹ�ሻ + ͳܥଶݎ cosሺʹ�ሻ + ሺݎସܥͳଶcos ሺʹ�ሻଶ ͳଶܥସݎ++ sin ቀʹ�ሻଶ + ଶʹܥସݎ − ଶሻଵ͵ܥ ଶ⁄ ቁ.                                                    

  (2.53) 
 

5.3.ɇɚɯɨɞɢɦ ɪɟɲɟɧɢɟɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɱɢɫɥɟɧɧɨ ɫɨɝɥɚɫɧɨ ɞɚɧɧɵɦr ɢ phi, 

ɩɪɢ ɡɚɞɚɧɧɵɯ ɧɚɦɢ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ. 

5.4. Ɋɚɫɫɱɢɬɚɜ ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɤɨɪɨɫɬɢ, ɫɱɢɬɚɟɦ ɩɟɪɟɦɟɳɟɧɢɹ ɩɨ ɨɫɹɦ rɢ 

phi: 
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Sr:=Wr(tau)*dtau: Sphi:=tan(dphi)*r: 

Wr(tau) ɩɪɨɫɱɢɬɵɜɚɟɦ ɩɨ ɩɪɨɝɪɚɦɦɟ, ɱɬɨ ɜɵɞɚɟɬ ɧɚɦ ɪɚɫɱɟɬɧɵɣ ɦɨɞɭɥɶ. 

5.5.ɍɱɢɬɵɜɚɹ ɬɨ, ɱɬɨ ɬɨɱɤɚ ɡɚ ɪɚɫɱɟɬɧɨɟ ɜɪɟɦɹ ɩɪɨɲɥɚ ɱɚɫɬɶ ɬɪɚɟɤɬɨɪɢɢ, 

ɪɚɫɫɱɢɬɵɜɚɟɦ ɧɨɜɨɟ ɩɨɥɨɠɟɧɢɟ ɤɚɩɥɢ: 

r:=r+Wr(tau)*dtau:phi:=phi+dphi: 

5.6. Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɚ ɬɪɚɟɤɬɨɪɢɢ ɜ ɞɟɤɚɪɬɨɜɵɯ ɤɨɨɪɞɢɧɚɬɚɯ 

ɩɪɢɜɨɞɢɦ ɮɨɪɦɭɥɵ ɞɥɹ ɩɟɪɟɯɨɞɚ ɢɡ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɤɨɨɪɞɢɧɚɬ ɜ ɞɟɤɚɪɬɨɜɵ: 

 x:=r*cos(phi):y:=r*sin(phi): 

6. ɋɬɪɨɢɦ ɝɪɚɮɢɤ ɬɪɚɟɤɬɨɪɢɢ ɬɨɱɤɢ ɢ ɝɪɚɧɢɰɵ ɤɚɧɚɥɚ. 

7. Ɂɧɚɹ ɤɨɥɢɱɟɫɬɜɨ ɢɬɟɪɚɰɢɣ, ɩɨɫɱɢɬɚɧɧɵɯ ɞɨ ɩɨɩɚɞɚɧɢɹ ɤɚɩɥɢ ɜ 

ɮɢɥɶɬɪɭɸɳɢɣ ɷɥɟɦɟɧɬ, ɧɚɯɨɞɢɦ ɜɪɟɦɹ ɟɟ ɞɜɢɠɟɧɢɹ ɢ ɫɬɪɨɢɦ ɝɪɚɮɢɤ ɫɤɨɪɨɫɬɢ: 

 

 
 

Ɋɢɫɭɧɨɤ 2.21–Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɤɚɩɥɢ, dk=5 ɦɤɦ
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɚ ɬɪɚɟɤɬɨɪɢɢ ɤɚɩɥɢ ɩɨ ɪɚɡɪɚɛɨɬɚɧɧɨɦɭ ɚɥɝɨɪɢɬɦɭ ɩɨɥɭɱɚɟɦ 

ɝɪɚɮɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɤɚɩɟɥɶ ɪɚɡɥɢɱɧɨɝɨ ɞɢɚɦɟɬɪɚ ɜɝɨɮɪɟ 1. 

 

Y
, 
ɦ 

 

Y
, 
ɦ 

 

X,ɦ X,ɦ 

Y
, 
ɦ 

 

Y
, 
ɦ 

 

X,ɦ X,ɦ 

 

Ɋɢɫɭɧɨɤ 2.22 – Ɍɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɤɚɩɟɥɶ ɪɚɡɥɢɱɧɨɝɨ ɞɢɚɦɟɬɪɚ ɜ ɝɨɮɪɟ 1 
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Ɋɢɫɭɧɨɤ 2.23 – Ɍɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɤɚɩɟɥɶ ɪɚɡɥɢɱɧɨɝɨ ɞɢɚɦɟɬɪɚ ɜ ɝɨɮɪɟ 2 
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, ɦ

 

X,ɦ X,ɦ 



99 

 

Ʌɢɫɬɢɧɝ ɩɪɨɝɪɚɦɦɵ  ɪɚɫɱɟɬɚ ɫɤɨɪɨɫɬɢ ɤɚɩɟɥɶ ɢ ɢɯ ɬɪɚɟɤɬɨɪɢɢɩɪɢɜɟɞɟɧ ɜ 

ɩɪɢɥɨɠɟɧɢɢ ɀ. 

Ⱥɧɚɥɢɡɢɪɭɹ ɩɨɥɭɱɟɧɧɵɟ ɝɪɚɮɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ 

ɤɚɩɟɥɶ, ɦɵ ɜɢɞɢɦ, ɱɬɨ ɤɚɩɥɢ ɛɨɥɶɲɟɝɨ ɞɢɚɦɟɬɪɚ ɨɫɚɠɞɚɸɬɫɹ ɜ ɧɚɱɚɥɟ ɝɨɮɪɵ 

(ɞɢaɦɟɬɪɵ 20 ɦɤɦ ɢ 10 ɦɤɦ), ɚ ɦɟɧɶɲɟɝɨ ɞɢɚɦɟɬɪɚ (5 ɢ 3 ɦɤɦ) –ɩɨɫɟɪɟɞɢɧɟ ɢ ɜɨ 

ɜɬɨɪɨɣ ɩɨɥɨɜɢɧɟ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɮɢɡɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɢɡɥɨɠɟɧɧɨɣ ɜ 

ɞɢɫɫɟɪɬɚɰɢɢ. 

ɉɨ ɪɚɡɧɢɰɟ ɬɨɱɟɤ ɩɟɪɟɫɟɱɟɧɢɹ ɬɪɚɟɤɬɨɪɢɢ ɢ ɜɧɟɲɧɟɣ ɝɨɮɪɵ ɦɨɠɟɦ 

ɨɩɪɟɞɟɥɢɬɶ ɦɟɫɬɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɮɢɥɶɬɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɞɥɹ 

ɷɮɮɟɤɬɢɜɧɨɝɨɪɚɡɞɟɥɟɧɢɹ ɝɚɡɨɠɢɞɤɨɫɬɧɨɣ ɫɦɟɫɢ ɜ ɧɚɲɟɦ ɤɚɧɚɥɟ. 

ɉɪɢ ɫɪɚɜɧɟɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɝɪɚɮɢɱɟɫɤɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ 

ɷɬɨ ɪɟɲɟɧɢɟ ɚɞɟɤɜɚɬɧɨ ɢ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɨ ɜ ɢɧɠɟɧɟɪɧɵɯ ɪɚɫɱɟɬɚɯ. 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶɧɚ ɨɫɧɨɜɚɧɢɢ ɡɚɤɨɧɚ ɥɨɝɧɨɪɦɚɥɶɧɨɝɨ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɩɟɥɶ ɩɨ ɪɚɡɦɟɪɚɦ ɜ ɩɨɬɨɤɟ ɧɚ ɜɯɨɞɟ ɜ ɫɟɩɚɪɚɰɢɨɧɧɵɣ ɤɚɧɚɥɟ,  

ɩɪɟɞɥɚɝɚɟɦ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɦɚɬɟɪɢɚɥɚɦɢ Д75Ж, ɜ ɤɨɬɨɪɵɯ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ 

ɤɨɧɬɢɧɭɚɥɶɧɚɹ ɦɨɞɟɥɶ ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ ɬɟɱɟɧɢɹ ɝɚɡɨɞɢɫɩɟɪɫɧɨɝɨ ɩɨɬɨɤɚ. Ⱦɚɥɟɟ 

ɩɪɟɞɥɚɝɚɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɟɞɥɨɠɟɧɧɭɸ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɫ ɚɞɚɩɬɚɰɢɟɣ 

ɩɨɞ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ ɤɚɧɚɥɚ ɢɧɟɪɰɢɨɧɧɨ-

ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɟɩɚɪɚɬɨɪɚ ɢ  ɪɚɫɱɟɬɧɵɦ ɦɟɬɨɞɨɦ ɨɩɪɟɞɟɥɹɬɶ ɫɟɩɚɪɚɰɢɨɧɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

1. ɇɚ ɜɯɨɞɟ ɦɵ ɡɚɞɚɟɦ ɥɨɝɧɨɪɦɚɥɶɧɵɣ ɡɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɩɟɥɶɜ 

ɩɨɬɨɤɟ ɝɚɡɚ ɫɨɝɥɚɫɧɨ ɪɢɫɭɧɤɭ 2.24. 
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n(R) 

 
 2 R, ɦɤɦ 

 

 

Ɋɢɫɭɧɨɤ 2.24 – Ʌɨɝɧɨɪɦɚɥɶɧɵɣ ɡɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɩɟɥɶ 

 

 

2. ȼɜɨɞɢɦ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɝɟɨɦɟɬɪɢɢ ɤɚɧɚɥɚ ɢ ɮɢɡɢɱɟɫɤɢɦ 

ɫɜɨɣɫɬɜɚɦ ɝɚɡɚ ɢ ɠɢɞɤɨɫɬɢ ɢ ɫɱɢɬɚɟɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɚɩɟɥɶ (nR) ɜ ɤɨɧɰɟ 

ɤɨɥɶɰɟɜɨɝɨ ɤɚɧɚɥɚ ɩɪɢ φ=π, ɩɨɥɭɱɚɹ ɝɪɚɮɢɤɢ [75]: ܴ݊݅ = ଴ߩ  ௠ܸ௠ܸ − ଶ� �ሺ௥−௥ሻ̅̅̅௥మ−௥భ exp ሺ− Ͷ�଴�ሺݎଶ − ଵሻݎ ሺʹ ௠ܸሺ̅ݎ − ሻݎ + 

 + ��ሺଷ௥మ−଺௥̅ ௥+௥భ௥మ+ଶ௥మሻ̅̅ ̅̅ ̅௥మ−௥భ  ሻ,                                                   (2.54) 

 
 

ɝɞɟ  nRi:– ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹɤɚɩɟɥɶɜ ɤɨɧɰɟ ɤɨɥɶɰɟɜɨɝɨ ɤɚɧɚɥɚ; 

C–ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɩɟɥɶ ɧɚ ɜɯɨɞɟ ɜ ɝɨɮɪɭ; 

tau1 – ɜɪɟɦɹ ɪɟɥɚɤɫɚɰɢɢ ɤɚɩɥɢ. 
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n(R) 

 

n(R) 

 

 2 R, ɦɤɦ 
 2 R, ɦɤɦ 

 Ɋɢɫɭɧɨɤ 2.25–ɉɥɨɬɧɨɫɬɶ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɩɟɥɶɜ ɤɨɧɰɟ 
ɝɨɮɪɵ 1 

 

 Ɋɢɫɭɧɨɤ 2.26–ɉɥɨɬɧɨɫɬɶ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɩɟɥɶɜ ɤɨɧɰɟ  
ɝɨɮɪɵ 2 

 
 

n(R) 

 

n(R) 

 

 2 R, ɦɤɦ 
 2 R, ɦɤɦ 

 Ɋɢɫɭɧɨɤ 2.27–ɉɥɨɬɧɨɫɬɶ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɩɟɥɶɜ ɤɨɧɰɟ 
ɝɨɮɪɵ 3 

 Ɋɢɫɭɧɨɤ 2.28–ɉɥɨɬɧɨɫɬɶ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɩɟɥɶɜ ɤɨɧɰɟ  
ɝɨɮɪɵ 4 
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Ⱦɚɥɟɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɚɫɱɟɬɵ ɷɮɮɟɤɬɢɜɧɨɫɬɵ ɪɚɛɨɬɵ ɤɚɠɞɨɣ ɝɨɮɪɵ ɩɨ 

ɪɚɡɞɟɥɟɧɢɸ ɝɚɡɨɠɢɞɤɨɫɬɧɨɣ ɫɦɟɫɢ 

 ܴ݊ ≔ Ͳ,ͲͲͲͲͲ͹ͺ͵ͺͺͻͲ͸͸݁−ଶ,଴଼ଷଷଷଷଷଷସ�௡ሺଶ଼ଵ଼଻,ସଶଵଶଽௗሻమ݀ . 
                                                                                                                      (2.55) 

 

 

 ܴ݊ଵ = ͳ݀ ሺͳ − ͸ʹ,͸ͲͲͲͲͲͲͲݓܥሻ ሺͲ,ͲͲͲͲͲ͸Ͳʹͻͷ͵ͲͲͷͳ݁−ଶ,଴଼ଷଷଷଷଷଷସ�௡ሺଶ଼ଵ଼଻,ସଶଵଶଽௗሻమ × 

 × ݁−ହ,ଷହ଴ସଶ଻ଷସ଼ ଵ଴ళௗమሺ−଴,ଶ଴଴଴଴଴଴଴଴−଴,଺଼଼଺଴଴଴଴଴଴ �௪ሻሻ.                     (2.56) 

 

 ܴ݊ଶ = − ͳ݀ ሺͳ − ͸ʹ,͸ͲͲͲͲͲͲͲݓܥሻ ሺͲ,ͲʹͲͳͶͳ͹͹͵ͳʹ݁−ଶ,଴଼ଷଷଷଷଷଷସ�௡ሺଶ଼ଵ଼଻,ସଶଵଶଽௗሻమ × 

 

  × ݁−ହ,ଷହ଴ସଶ଻ଷସ଼ ଵ଴ళௗమሺ−଴,ଶ଴଴଴଴଴଴଴଴−଴,଺଼଼଺଴଴଴଴଴଴ �௪ሻሻ.                          (2.57) 
 

 ܴ݊ଷ = − ݁−ହ,଴଴଼଴଴଴଴଴଴ − ͳ݀ ሺͳ − ͸ʹ.͸ͲͲͲͲͲͲͲݓܥሻ × 

× Ͳ,͵Ͷ͹ʹͻͷͶͲͻ݁−ଶ,଴଼ଷଷଷଷଷଷସ�௡ቌଶ଼ଵ଼଻,ସଶଵଶଽௗሻ మ  ೐−ఱ,యఱబరమళయరఴ భబళ೏మሺ−బ,బమబబబబబబబబ−బ,బలఴఴలబబబబబబ�ೢሻቍ + 
 + ͳ݀ሺͳ − ͸ʹ,͸ͲͲͲͲͲͲͲݓܥሻ (ͳ,ʹ͸Ͳͺ͹Ͷͻͻ͹݁−ହ,ଷହ଴ସଶ଻ଷସ଼ ଵ଴ళௗమሺ−଴,ଶ଴଴଴଴଴଴଴଴−଴,଺଼଼଺଴଴଴଴଴଴ �௪ሻሻ) 
 +ሺͳ.ʹͻ  ݁−ହ,଴଴଼଴଴଴଴଴଴+22.24288176݁−ହ,଴଴଼଴଴଴଴଴଴ − 

 

 − ͳ݀ሺͳ − ͸ʹ,͸ͲͲͲͲͲͲͲݓܥሻ Ͳ,͵Ͷ͹ʹͻͷͶͲͻʹ݁−ଶ,଴଼ଷଷଷଷଷଷସ�௡ሺଶ଼ଵ଼଻.ସଶଵଶଽௗሻమሻ. 
                                                                                                                                (2.58) 
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ܴ݊ସ = ሺ݁−ହ,ଷହ଴ସଶ଻ଷସ଼ ଵ଴ళௗమሺ−଴,ଶ଴଴଴଴଴଴଴଴−଴,଺଼଼଺଴଴଴଴଴଴ �௪ሻሻ /  ሺͳ + 

 + ͳ݀ሺ ͳ − ͸ʹ,͸ͲͲͲͲͲͲͲݓܥሻ ሺͳ.ʹ͸Ͳͺ͹Ͷͻͻ͹݁−ଶ,଴଼ଷଷଷଷଷଷସ�௡ሺଶ଼ଵ଼଻.ସଶଵଶଽௗሻమ ×                
 × ሺ݁−ହ,ଷହ଴ସଶ଻ଷସ଼ ଵ଴ళௗమሺ−଴,ଶ଴଴଴଴଴଴଴଴−଴,଺଼଼଺଴଴଴଴଴଴ �௪ሻሻ/ ͳ − ሺͺͲ,͹ͷͶͲͲͲͲͲ݁ହ,଴଴଼଴଴଴଴଴଴ − − ͳ݀ሺ ͳ − ͸ʹ,͸ͲͲͲͲͲͲͲݓܥሻ ሺͲ.͵Ͷ͹ʹͻͷͶͲͻʹ݁−ଶ,଴଼ଷଷଷଷଷଷସ�௡ሺଶ଼ଵ଼଻.ସଶଵଶଽௗሻమ × 

 × ݁௘−ఱ,యఱబరమళయరఴ భబళ೏మሺ−బ,మబబబబబబబబ−బ.లఴఴలబబబబబబ �ೢሻሻ + ሺͳ + 

 + ͳ݀ሺ ͳ − ͸ʹ,͸ͲͲͲͲͲͲͲݓܥሻ ͳ,ʹ͸Ͳͺ͹Ͷͻͻ͹݁−ଶ,଴଼ଷଷଷଷଷଷସ�௡ሺଶ଼ଵ଼଻.ସଶଵଶଽௗሻమ× 

 × ݁−ହ.ଷହ଴ସଶ଻ଷସ଼ ଵ଴ళௗమሺ−଴,ଶ଴଴଴଴଴଴଴଴−଴.଺଼଼଺଴଴଴଴଴଴ �௪ሻሻሻ.                        (2.59) 

nR1– ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɩɟɥɶ ɜ 1-ɣ ɝɨɮɪɟ; 

nR1– ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɩɟɥɶ ɜ 1-ɣɝɨɮɪɟ; 

nR2–  ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɩɟɥɶ ɜ 2-ɣɝɨɮɪɟ; 

nR3– ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɩɟɥɶ ɜ 3-ɣɝɨɮɪɟ; 

nR4–ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɩɟɥɶ ɜ 4-ɣɝɨɮɪɟ. 

Ʉɚɤ ɪɟɡɭɥɶɬɚɬ,–ɫɥɟɞɭɸɳɢɣ ɝɪɚɮɢɤ: 
 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 2.29 – Ʉɪɢɜɵɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɩɟɥɶ ɩɨ ɝɨɮɪɚɦ (ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ) 

 

n(R), 

ɞɨɥɹ 

 

dk, ɦɤɦ 
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Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɫɨɞɟɪɠɚɧɢɟ ɠɢɞɤɨɫɬɢ ɜ ɝɚɡɟ,  ɦɵ ɧɚɯɨɞɢɦ 

ɢɧɬɟɝɪɚɥ ɩɨɥɭɱɟɧɧɨɣ ɮɭɧɤɰɢɢ: 

 

ki=Gi=int(nR,d=0..0.0003);              ܩ௜ = ∫ ݊ሺܴሻଶ೤଴                                  (2.60) 

k1:= 0,000009625416240, 

ɤ2:=0,000007420321800, 

ɤ3:= 3,815334561ͳͲ−଼, 
ɤ4:=9,109742390ͳͲ−ସଵ, 

ɤ5:=2,165320114ͳͲ−଻ଷ. 

 

Ɂɧɚɹ ɤɨɥɢɱɟɫɬɜɨ ɜɥɚɝɢ ɜ ɤɚɠɞɨɣ ɝɨɮɪɟ, ɦɨɠɟɦ ɨɩɪɟɞɟɥɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɟɟ ɪɚɛɨɬɵ ɩɨ ɮɨɪɦɭɥɟ ɧɢɠɟ: 

η1=100·(k1-k2)/k1; ɢɥɢη1=100·(G1-G2)/G1.(2.61) 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬ ɩɨ ɤɚɠɞɨɣ ɝɨɮɪɟɫɥɟɞɭɸɳɢɟ: 

η1:=22,9; 

η2:=99,6; 

η3:=100; 

η4:=100. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɭɥɚɜɥɢɜɚɧɢɹ ɜɥɚɝɢ ɞɨɫɬɚɬɨɱɧɨ 3 ɝɨɮɪɵ. 
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ȼɵɜɨɞɵ ɤ  ɪɚɡɞɟɥɭ 2 

1. Ɋɚɡɪɚɛɨɬɚɧɚ ɮɢɡɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɞɜɢɠɟɧɢɹ ɝɚɡɨɤɚɩɟɥɶɧɵɯ 
ɩɨɬɨɤɨɜ ɜ ɪɚɛɨɱɟɣ ɩɨɥɨɫɬɢ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ, ɚ ɬɚɤɠɟ 
ɭɥɚɜɥɢɜɚɧɢɹ ɤɚɩɟɥɶ ɠɢɞɤɨɫɬɢ ɮɢɥɶɬɪɭɸɳɢɦ ɷɥɟɦɟɧɬɨɦ. 
2. ɇɚ ɨɫɧɨɜɚɧɢɢ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɮɢɡɢɱɟɫɤɨɣ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 
ɦɨɞɟɥɢ ɝɢɞɪɨɞɢɧɚɦɢɤɢ ɜ ɤɪɢɜɨɥɢɧɟɣɧɨɦ ɤɚɧɚɥɟ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ 
ɫɟɩɚɪɚɬɨɪɚ ɩɨɥɭɱɟɧɨ ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ 
ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɢ ɧɟɪɚɡɪɵɜɧɨɫɬɢ ɩɨɬɨɤɚ, ɩɨɡɜɨɥɹɸɳɟɟ ɨɩɪɟɞɟɥɢɬɶ ɩɨɥɟ 
ɫɤɨɪɨɫɬɟɣ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɞɥɹ ɱɚɫɬɧɨɝɨ ɫɥɭɱɚɹ ɩɥɨɫɤɨɝɨ ɧɟɨɫɟɫɢɦɦɟɬɪɢɱɧɨɝɨ 
ɬɟɱɟɧɢɹ ɜ ɤɪɢɜɨɥɢɧɟɣɧɨɦ ɤɚɧɚɥɟ, ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɫɬɟɧɤɚɦɢ ɫɢɧɭɫɨɢɞɚɥɶɧɨɝɨ 
ɩɪɨɮɢɥɹ. 
3. Ⱦɥɹ ɭɬɨɱɧɟɧɢɹ ɱɚɫɬɧɨɝɨ ɪɟɲɟɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɡɧɚɱɟɧɢɹ ɤɨɧɫɬɚɧɬ 
ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɹɯ ɨɬ ɪɚɞɢɚɥɶɧɨɣ ɢ ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɢɯ 

ɥɨɤɚɥɶɧɵɯ ɫɤɨɪɨɫɬɟɣ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɤɪɢɜɨɥɢɧɟɣɧɨɦ ɤɚɧɚɥɟ, ɩɪɨɜɟɞɹ 
ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɡɨɧɞɢɪɨɜɚɧɢɟ ɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɦɨɞɟɥɢ ɤɚɧɚɥɚ 
ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɟɩɚɪɚɬɨɪɚ. 

4. Ⱥɧɚɥɢɬɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ 
ɤɚɩɟɥɶ ɜ ɪɚɛɨɱɟɣ ɨɛɥɚɫɬɢ  ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɟɩɚɪɚɬɨɪɚ, ɢɫɯɨɞɹ ɢɡ 
ɛɚɥɚɧɫɚ ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɧɟɟ ɫɢɥ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɵɟ ɬɪɭɞɧɨɫɬɢ, ɚ 

ɩɨɥɭɱɟɧɧɨɟ ɱɢɫɥɟɧɧɨɟ ɪɟɲɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ 
ɤɚɩɟɥɶ ɢ ɨɫɭɳɟɫɬɜɢɬɶ ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɩɪɨɮɢɥɢɪɨɜɚɧɢɟ ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɤɚɧɚɥɨɜ ɫ 
ɮɢɥɶɬɪɭɸɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ. 
5. ɇɚ ɨɫɧɨɜɚɧɢɢ ɡɚɤɨɧɚ ɥɨɝɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɩɟɥɶ ɩɨ ɪɚɡɦɟɪɚɦ ɜ 
ɩɨɬɨɤɟ ɧɚ ɜɯɨɞɟ ɜ ɫɟɩɚɪɚɰɢɨɧɧɵɣ ɤɚɧɚɥ,  ɚ ɬɚɤɠɟ ɢɫɩɨɥɶɡɭɹ ɤɨɧɬɢɧɭɚɥɶɧɭɸ 
ɦɨɞɟɥɶ ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ ɬɟɱɟɧɢɹ ɝɚɡɨɞɢɫɩɟɪɫɧɨɝɨ ɩɨɬɨɤɚ ɪɚɫɱɟɬɧɵɦ ɦɟɬɨɞɨɦ 
ɨɩɪɟɞɟɥɟɧɵ ɫɟɩɚɪɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ 
ɫɟɩɚɪɚɬɨɪɨɜ. 

Ɉɫɧɨɜɧɵɟ ɧɚɭɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɡɞɟɥɚ ɨɩɭɛɥɢɤɨɜɚɧɵ ɜ ɪɚɛɨɬɚɯ 
[56,119,121,122,123,135,138]. 
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ɊȺɁȾȿɅ 3 

ɈɉɂɋȺɇɂȿ ɗɄɋɉȿɊɂɆȿɇɌȺɅɖɇɈȽɈ ɋɌȿɇȾȺ  

ɂ ɆȿɌɈȾɂɄɂ ɂɋɋɅȿȾɈȼȺɇɂɃ 

 

3.1.  Ɉɩɢɫɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɚɛɨɬɵ ɢɧɟɪɰɢɨɧɧɨ-

ɮɢɥɶɬɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɫɤɨɧɫɬɪɭɢɪɨɜɚɧ ɥɚɛɨɪɚɬɨɪɧɵɣ ɫɬɟɧɞ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ 

ɫɯɟɦɚ ɤɨɬɨɪɨɝɨ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɨɤ 3.1. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɟɞɥɚɝɚɥɨɫɶ ɩɪɨɜɨɞɢɬɶ ɧɚ ɨɫɧɨɜɟ ɬɟɨɪɢɢ ɩɨɞɨɛɢɹ ɧɚ 

ɩɨɞɨɛɧɨɣ ɫɢɫɬɟɦɟ ɜɨɡɞɭɯ-ɜɨɞɚ ɜ ɨɛɥɚɫɬɢ ɚɬɦɨɫɮɟɪɧɵɯ ɞɚɜɥɟɧɢɣ ɞɥɹ ɭɞɨɛɫɬɜɚ 

ɡɨɧɞɢɪɨɜɚɧɢɹ. Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɫɨɨɬɧɨɲɟɧɢɹ ɤɚɧɚɥɚ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɜ ɪɚɡɞɟɥɟ 2. 

Ɉɛɥɚɫɬɶ ɢɡɦɟɧɟɧɢɹ ɪɚɡɦɟɪɨɜ ɤɚɩɟɥɶ ɨɛɨɫɧɨɜɚɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɜɵɛɪɚɧɧɨɣ 

ɩɧɟɜɦɚɬɢɱɟɫɤɨɣ ɮɨɪɫɭɧɤɢ. Ɋɚɫɯɨɞ ɝɚɡɚ ɩɨɞɛɢɪɚɥɫɹ ɬɚɤ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ 

ɩɨɞɨɛɢɟ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ ɫ ɪɟɚɥɶɧɵɦ ɫɟɩɚɪɚɬɨɪɨɦ. 
 

 

 

Ɋɢɫɭɧɨɤ 3.1 – ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɫɬɟɧɞɚ:  

1 –  ɮɢɥɶɬɪ; 2 – ɝɚɡɨɞɭɜɤɢ; 3 – ɫɦɟɫɢɬɟɥɶ; 4 –  ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɣ ɷɥɟɦɟɧɬ; 

5 –  ɩɪɢɟɦɧɵɣ ɛɚɤ; 6 –  ɰɢɪɤɭɥɹɰɢɨɧɧɵɣ ɧɚɫɨɫ 
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Ƚɚɡɨɜɵɣ ɩɨɬɨɤ, ɩɪɨɯɨɞɹ ɱɟɪɟɡ ɮɢɥɶɬɪ 1, ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɞɚɜɥɟɧɢɹ, 

ɫɨɡɞɚɜɚɟɦɨɝɨ ɝɚɡɨɞɭɜɤɚɦɢ 2, ɩɨɩɚɞɚɟɬ ɜ ɛɥɨɤ ɫɦɟɲɟɧɢɹ 3, ɝɞɟ ɫɨɟɞɢɧɹɟɬɫɹ ɫ 

ɞɢɫɩɟɪɫɧɨɣ ɜɥɚɝɨɣ. Ⱦɚɥɟɟ ɝɚɡɨɠɢɞɤɨɫɬɧɵɣ ɩɨɬɨɤ ɩɨɩɚɞɚɟɬ ɜ ɢɧɟɪɰɢɨɧɧɨ-

ɮɢɥɶɬɪɭɸɳɢɣ ɷɥɟɦɟɧɬ 4, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɭɥɚɜɥɢɜɚɧɢɟ ɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ. 

ɍɥɨɜɥɟɧɧɚɹ  ɠɢɞɤɨɫɬɶ ɨɬɜɨɞɢɬɫɹ  ɢɡ ɷɥɟɦɟɧɬɚ ɜ ɜɢɞɟ ɩɥɟɧɤɢ ɢ ɩɨ ɞɪɟɧɢɪɭɸɳɢɦ 

ɤɚɧɚɥɚɦ  ɩɨɩɚɞɚɟɬ  ɜ ɩɪɢɟɦɧɵɣ ɛɚɤ  5. ɍɥɨɜɥɟɧɧɚɹ ɜɥɚɝɚ ɨɬɜɨɞɢɬɫɹ ɢɡ ɭɫɬɚɧɨɜɤɢ  

ɩɪɢ ɩɨɦɨɳɢ ɩɥɭɧɠɟɪɧɨɝɨ ɧɚɫɨɫɚ 6, ɚ ɨɱɢɳɟɧɧɵɣ ɝɚɡ ɩɨɩɚɞɚɟɬ ɜ ɚɬɦɨɫɮɟɪɭ. 

ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɦɨɞɟɥɶ ɢɫɫɥɟɞɭɟɦɵɯ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ 

ɷɥɟɦɟɧɬɨɜ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɨɤ 3.2 ɢ 3.3.  

 

 

Ɋɢɫɭɧɨɤ 3.2 –  ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɫɬɟɧɞ ɫ ɥɨɬɤɚɦɢ ɞɥɹ ɨɬɜɨɞɚ ɠɢɞɤɨɫɬɢ ɩɨ 

ɜɵɫɨɬɟ ɮɢɥɶɬɪɚ (ɜɵɫɨɬɚ 600 ɦɦ): 

 –  ɩɨɬɨɤ ɨɱɢɳɟɧɧɨɝɨ ɝɚɡɚ; 

–  ɩɨɬɨɤ ɠɢɞɤɨɫɬɢ; 

1–  ɝɚɡɨɞɭɜɤɢ; 2 –  ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɚɹ ɭɫɬɚɧɨɜɤɚ; 3  ɰɟɧɬɪɨɛɟɠɧɚɹ 

ɮɨɪɫɭɧɤɚ; 4 – ɛɭɧɤɟɪɧɚɹ ɟɦɤɨɫɬɶ; 5 – ɧɚɫɨɫ;   6–  ɥɨɬɤɢ; 7 – ɫɱɟɬɱɢɤ ɞɥɹ ɢɡɦɟɪɟɧɢɹ 

ɪɚɫɯɨɞɚ ɜɨɞɵ; 8– ɦɚɧɨɦɟɬɪɵ U-ɨɛɪɚɡɧɵɟ 

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɫɬɟɧɞ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɝɚɡɨɜɵɣ ɢ 

ɠɢɞɤɨɫɬɧɵɣ ɩɨɬɨɤ ɩɨɞɚɟɬɫɹ ɜ ɩɧɟɜɦɚɬɢɱɟɫɤɭɸ ɮɨɪɫɭɧɤɭ ɢ ɞɚɥɟɟ (ɭɠɟ ɤɚɤ 
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ɝɚɡɨɠɢɞɤɨɫɬɧɵɣ ɩɨɬɨɤ)  ɧɚɩɪɚɜɥɹɟɬɫɹ ɤ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɦɭ ɷɥɟɦɟɧɬɭ, 

ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɭɥɚɜɥɢɜɚɧɢɟ ɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ. ɂɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɚɹ 

ɱɚɫɬɶ ɫɨɫɬɨɢɬ ɢɡ ɱёɬɵɪɟɯ ɝɨɮɪ, ɩɪɨɢɡɜɟɞɟɧɧɵɯ ɢɡ ɨɪɝɫɬɟɤɥɚ ɞɥɹ ɜɢɡɭɚɥɶɧɨɝɨ 

ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɩɪɨɰɟɫɫɨɦ, ɧɚ ɤɚɠɞɨɣ ɢɡ ɤɨɬɨɪɵɯ ɡɚɤɪɟɩɥɟɧ ɮɢɥɶɬɪɭɸɳɢɣ 

ɷɥɟɦɟɧɬ. Ƚɚɡ,  ɩɪɨɣɞɹ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɭɸ ɱɚɫɬɶ,  ɨɬɞɟɥɹɟɬɫɹ ɨɬ ɠɢɞɤɨɣ 

ɮɚɡɵ ɢ ɜɵɜɨɞɢɬɫɹ ɜ ɚɬɦɨɫɮɟɪɭ. Ⱦɥɹ ɨɬɜɨɞɚ ɭɥɨɜɥɟɧɧɨɣ ɠɢɞɤɨɫɬɢ ɢɡ ɢɧɟɪɰɢɨɧɧɨ-

ɮɢɥɶɬɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɭɫɬɚɧɨɜɥɟɧ ɥɨɬɨɤ ɜɧɢɡɭ ɠɚɥɸɡɢ,  ɢɡ ɤɨɬɨɪɨɝɨ ɠɢɞɤɨɫɬɶ  

ɨɬɜɨɞɢɬɫɹ ɜ ɟɦɤɨɫɬɶ  4 ɢ ɫ ɩɨɦɨɳɶɸ ɩɥɭɧɠɟɪɧɨɝɨ ɧɚɫɨɫɚ5– ɜ  ɤɚɧɚɥɢɡɚɰɢɸ. 

 

Ɋɢɫɭɧɨɤ 3.3 – ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɫɬɟɧɞ ɫ ɜɵɫɨɬɨɣ ɝɨɮɪɵ 150 ɦɦ. 

1 –ɝɚɡɨɞɭɜɤɢ; 2 – ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɚɹ ɭɫɬɚɧɨɜɤɚ; 3 – ɰɟɧɬɪɨɛɟɠɧɚɹ 

ɮɨɪɫɭɧɤɚ; 4 – ɛɭɧɤɟɪɧɚɹ ɟɦɤɨɫɬɶ; 5 – ɧɚɫɨɫ; 7 – ɛɵɬɨɜɨɣ ɫɱɟɬɱɢɤ ɞɥɹ 

ɢɡɦɟɪɟɧɢɹ ɪɚɫɯɨɞɚ ɜɨɞɵ; 8- ɦɚɧɨɦɟɬɪɵ U-ɨɛɪɚɡɧɵɟ 

 

Ⱦɥɹ ɦɟɧɶɲɟɝɨ ɪɚɫɯɨɞɚ ɦɚɬɟɪɢɚɥɚ ɢ ɦɨɛɢɥɶɧɨɫɬɢ ɭɫɬɚɧɨɜɤɢ ɜɵɫɨɬɚ ɤɚɧɚɥɚ 

ɭɦɟɧɶɲɟɧɚ ɫ 600  ɞɨ150 ɦɦ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɪɟɠɢɦɨɜ ɬɟɱɟɧɢɹ ɝɚɡɚ ɢ ɠɢɞɤɨɫɬɢ.  

Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɝɨɮɪɚɦɢ ɩɪɢɧɹɬɨ 100 ɦɦ ɢɫɯɨɞɹ ɢɡ ɨɛɴɟɦɧɨɝɨ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ, 

ɤɨɬɨɪɵɣ ɩɨɞɚɸɬ  ɝɚɡɨɞɭɜɤɢ. Ɍɨɥɶɤɨ  ɬɚɤɢɟ ɞɚɧɧɵɟ ɦɨɝɭɬ  ɨɛɟɫɩɟɱɢɬɶ 

ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ, ɩɪɢ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɞɟɥɟɧɢɟ 

ɝɚɡɨɠɢɞɤɨɫɬɧɵɯ ɫɢɫɬɟɦ ɜ ɤɚɧɚɥɟ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɟɩɚɪɚɬɨɪɚ, ɱɬɨ 
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ɩɨɞɬɜɟɪɠɞɟɧɨ ɜɢɡɭɚɥɶɧɵɦɢ ɧɚɛɥɸɞɟɧɢɹɦɢ (ɷɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɧɚɥɢɱɢɟɦ ɬɨɥɶɤɨ 

ɬɚɤɨɝɨ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ). 

 

V=f(ξ) 

Ɋɢɫɭɧɨɤ 3.4 – ɗɩɸɪɵ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɥɹ ɫɤɨɪɨɫɬɟɣ ɝɚɡɚ ɜ  ɞɢɮɮɭɡɨɪɟ 

 

ȼ ɨɫɧɨɜɭ ɮɢɡɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɥɨɠɟɧɵ ɦɟɬɨɞɵ ɬɟɨɪɢɢ ɩɨɞɨɛɢɹ. ȼ 

ɨɩɵɬɚɯ ɧɚ ɦɨɞɟɥɢ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɨɦɵɲɥɟɧɧɵɦɢ ɭɫɥɨɜɢɹɦɢ) ɭɦɟɧɶɲɟɧɵ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ ɤɚɧɚɥɚ. Ƚɟɨɦɟɬɪɢɱɟɫɤɨɟ ɫɯɨɞɫɬɜɨ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ 

ɪɚɜɟɧɫɬɜɨɦ ɤɨɧɫɬɚɧɬ ɢ ɢɧɜɚɪɢɚɧɬɨɦ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɩɨɞɨɛɢɹ. Ɍɚɤɠɟ 

ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ ɨɛɹɡɚɬɟɥɶɧɨɟ ɜɵɩɨɥɧɟɧɢɟ ɭɫɥɨɜɢɹ: ɫɯɨɞɫɬɜɨ ɞɜɢɠɟɧɢɹ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɚɩɟɥɶɢ ɢɯ ɬɪɚɟɤɬɨɪɢɣ ɜ ɧɚɬɭɪɟ ɢ ɜ ɦɨɞɟɥɢ. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɚ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹɤɚɩɟɥɶ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɨɛɪɚɬɶ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɜɵɪɚɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɨɩɢɫɵɜɚɸɬ ɡɚɜɢɫɢɦɨɫɬɢ ɫɨɫɬɚɜɥɹɸɳɢɯ 

ɫɤɨɪɨɫɬɢ ɝɚɡɚ (Vx ɢ Vy)  ɨɬ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɤɚɧɚɥɚ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ 
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ɬɚɤɢɯ ɡɚɦɟɪɨɜ ɢɡɝɨɬɨɜɥɟɧ ɫɩɟɰɢɚɥɶɧɵɣ ɫɬɟɧɞ ɫ ɝɪɚɞɭɢɪɨɜɤɨɣ, ɤɨɧɫɬɪɭɤɰɢɹ 

ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜɵɲɟ, ɚ ɩɚɪɚɦɟɬɪɵ ɝɨɮɪɵ (ɞɥɢɧɚ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ ɭɱɚɫɬɤɚ, 

ɭɝɨɥ ɪɚɫɤɪɵɬɢɹ, ɪɚɞɢɭɫ ɝɨɮɪɵ) – ɧɚ ɪɢɫɭɧɨɤ3.4. 

 ȼ ɤɨɧɫɬɪɭɤɰɢɸ ɨɛɪɚɡɰɚ ɜɧɟɫɟɧɵ ɢɡɦɟɧɟɧɢɹ: ɤɚɧɚɥ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚ 

ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɫɟɬɤɟ ɫ ɤɨɨɪɞɢɧɚɬɧɵɦɢ ɨɫɹɦɢ Б ɢ В, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫ ɜɵɫɨɤɨɣ 

ɬɨɱɧɨɫɬɶɸ ɩɨɡɢɰɢɨɧɢɪɨɜɚɬɶ ɡɨɧɞ.  

 

 

 

Ɋɢɫɭɧɨɤ 3.5 – ɂɫɫɥɟɞɭɟɦɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɪɚɡɦɟɪɵ ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ 

ɫɟɩɚɪɚɰɢɨɧɧɨɝɨ ɤɚɧɚɥɚ: L – ɞɥɢɧɚ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ ɭɱɚɫɬɤɚ, ɦ; R – ɪɚɞɢɭɫ 

ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ ɭɱɚɫɬɤɚ, ɦ; α – ɭɝɨɥ ɪɚɫɤɪɵɬɢɹ ɝɨɮɪɵ, ɝɪɚɞ 

 

Ⱦɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ: ɧɚɝɪɭɡɤɚ ɩɨ ɝɚɡɭ: 0,2-0,306 ɦ3/ɫ; L=100, 150, 

200 ɦɦ; R=25, 55, 100 ɦɦ; α=600
, 90

0
, 120

0. Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɝɨɮɪɚɦɢ – 100 ɦɦ. 
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3.2.ɂɫɫɥɟɞɭɟɦɵɟ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ  ɢɧɟɪɰɢɨɧɧɨ-

ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ 

Ɉɫɧɨɜɧɵɟ  ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ  ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ  ɢɧɟɪɰɢɨɧɧɨ-

ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ:  

1. ɩɨɥɟ ɫɤɨɪɨɫɬɟɣ ɝɚɡɚ; 

2. ɩɨɥɟ ɞɚɜɥɟɧɢɹ ɝɚɡɚ; 

3. ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ  ɝɚɡɨɫɟɩɚɪɚɰɢɨɧɧɨɝɨ  ɷɥɟɦɟɧɬɚ; 

4. ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɡɞɟɥɟɧɢɹɠɢɞɤɨɫɬɢ ɢ ɝɚɡɚ; 

5. ɨɩɪɟɞɟɥɟɧɢɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ 

ɞɜɢɠɟɧɢɹ ɝɚɡɨɠɢɞɤɨɫɬɧɨɝɨ ɩɨɬɨɤɚ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ; 

6. ɨɩɪɟɞɟɥɟɧɢɟ ɜɥɢɹɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɤɚɧɚɥɚ(L,R,α)ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɟɩɚɪɚɬɨɪɚ ɧɚ ɝɢɞɪɨɞɢɧɚɦɢɤɭ 

ɬɟɱɟɧɢɹ ɝɚɡɚ. 

Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɨɛɥɚɞɚɸɬ ɧɚɢɛɨɥɶɲɢɦ ɜɥɢɹɧɢɟɦ ɧɚ ɭɫɥɨɜɢɹ 

ɪɚɛɨɬɵ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɚɹ ɷɥɟɦɟɧɬɚ, ɩɨɷɬɨɦɭ ɢɯ ɜɥɢɹɧɢɟ ɧɚ 

ɝɢɞɪɨɞɢɧɚɦɢɤɭ ɧɭɠɧɨ ɢɡɭɱɢɬɶ. 

Ɂɧɚɹ ɩɨɥɹ ɫɤɨɪɨɫɬɟɣ ɝɚɡɚ,ɢɦɟɟɦ ɜɨɡɦɨɠɧɨɫɬɶ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɫɤɨɪɨɫɬɟɣ  ɩɨ ɫɟɱɟɧɢɸ ɤɚɧɚɥɚ.ȼɫɟ ɷɬɢ ɡɧɚɱɟɧɢɹ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨɫɥɟ 

ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɨɜ,  ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɤɨɪɨɫɬɢ ɜ  VЫ  ɢ  VП ɢɥɢ Vб ɢ Vв. 

Ɂɧɚɹ  ɩɨɥɹ ɫɤɨɪɨɫɬɟɣ,  ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɪɟɠɢɦ ɬɟɱɟɧɢɹ ɝɚɡɨɜɨɝɨ ɢ 

ɝɚɡɨɠɢɞɤɨɫɬɧɨɝɨ ɩɨɬɨɤɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɩɪɨɦɵɲɥɟɧɧɵɯ 

ɨɛɪɚɡɰɨɜ ɦɵ ɫɦɨɠɟɦ ɫɨɯɪɚɧɢɬɶ ɪɟɠɢɦɧɵɟ ɩɚɪɚɦɟɬɪɵ ɪɚɡɞɟɥɟɧɢɹ ɝɚɡɨɠɢɞɤɨɫɬɧɨɣ 

ɫɢɫɬɟɦɵ. ɗɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɢɫɫɥɟɞɨɜɚɧɢɹ,  ɩɪɨɜɟɞɟɧɧɵɟ ɧɚ 

ɞɚɧɧɨɣ  ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ,  ɚɞɟɤɜɚɬɧɵ ɢ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ ɞɥɹ 

ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɨɛɪɚɡɰɚ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɚɤɨɩɥɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɩɨɥɭɱɟɧɵ ɝɪɚɮɢɤɢ 

ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɤɨɪɨɫɬɟɣ Vб ɢ Vв, ɤɨɬɨɪɵɟ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɵ ɩɨɥɢɧɨɦɨɦ. 
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ɉɨɥɭɱɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɮɢɡɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ  ɞɚɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɜɢɞɟ ɝɪɚɮɢɱɟɫɤɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɧɚ ɪɢɫɭɧɨɤ 3.6.  

 

Ɋɢɫɭɧɨɤ 3.6 – ɉɪɢɦɟɪ ɷɩɸɪɵ ɫɤɨɪɨɫɬɟɣ ɩɨ ɫɟɱɟɧɢɸ ɤɚɧɚɥɚ ɩɪɢ 

ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɡɧɚɱɟɧɢɢ ɩɚɪɚɦɟɬɪɚ ɏ ɩɪɢ Re=162238 

 

ɉɨɥɟ ɞɚɜɥɟɧɢɹ  ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɪɟɞɟɥɢɬɶ ɡɨɧɵ ɩɨɜɵɲɟɧɧɵɯ  ɢ 

ɩɨɧɢɠɟɧɧɵɯ ɞɚɜɥɟɧɢɣ ɝɚɡɚ. 

ȼ ɡɨɧɟ ɩɨɧɢɠɟɧɧɵɯ ɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɩɨɪɨɜ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɮɢɥɶɬɪɭɸɳɢɣ 

ɷɥɟɦɟɧɬ, ɱɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɭɥɨɜɥɟɧɧɵɟ ɤɚɩɥɢ  ɨɬɜɟɫɬɢ ɩɨ ɜɧɭɬɪɟɧɧɟɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɝɨɮɪɵ. ȿcɥɢ ɦɵ ɭɫɬɚɧɨɜɢɦ ɮɢɥɶɬɪɭɸɳɢɣ ɷɥɟɦɟɧɬ ɜ ɡɨɧɟ 

ɩɨɜɵɲɟɧɧɵɯ ɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɩɨɪɨɜ, ɬɨ ɜɨɡɦɨɠɧɨɧɚɥɢɱɢɟ  ɜɟɪɨɹɬɧɨɫɬɢ 

ɜɬɨɪɢɱɧɨɝɨ ɛɪɵɡɝɨɭɧɨɫɚ, ɚ ɬɚɤɠɟ ɫɪɵɜɚ ɩɥɟɧɤɢ ɭɥɨɜɥɟɧɧɨɣ ɠɢɞɤɨɫɬɢ.  

Ɂɚɦɟɪ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ  ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɭɠɟɧ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ  ɭɡɧɚɬɶ 

ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɩɨɬɨɤɚ, ɤɨɬɨɪɨɟ ɪɚɫɯɨɞɭɟɬɫɹ ɧɚ ɬɪɟɧɢɟ ɜ ɢɧɟɪɰɢɨɧɧɨ-
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ɮɢɥɶɬɪɭɸɳɟɦ ɷɥɟɦɟɧɬɟ ɩɪɢ ɪɚɡɞɟɥɟɧɢɢ ɝɚɡɨɠɢɞɤɨɫɬɧɨɣ ɫɦɟɫɢ.Ɍɨɝɞɚ ɦɨɠɧɨ 

ɩɨɞɨɛɪɚɬɶ ɨɩɬɢɦɚɥɶɧɵɣ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɪɟɠɢɦ,  ɩɪɢ ɤɨɬɨɪɨɦ ɨɛɪɚɡɭɟɬɫɹ 

ɜɵɫɨɤɚɹ ɫɬɟɩɟɧɶ ɪɚɡɞɟɥɟɧɢɹ ɝɚɡɨɠɢɞɤɨɫɬɧɨɣ ɫɢɫɬɟɦɵ, ɩɪɢ ɷɬɨɦ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ 

ɡɚɬɪɚɬɵ ɛɭɞɭɬ ɧɚ ɞɨɫɬɚɬɨɱɧɨɦ ɭɪɨɜɧɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨɪɚɡɪɚɛɨɬɚɬɶ 

ɪɟɤɨɦɟɧɞɚɰɢɢ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ  ɩɪɨɦɵɲɥɟɧɧɵɯ ɨɛɪɚɡɰɨɜ. 

 

3.3.  Ɇɟɬɨɞɵ ɡɚɦɟɪɚ  ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɨɫɧɨɜɧɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ  ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ 

ɋɨɝɥɚɫɧɨ ɫɭɳɟɫɬɜɭɸɳɢɦ ɦɟɬɨɞɢɤɚɦ ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɬɚɤɢɯ 

ɚɜɬɨɪɨɜ, ɤɚɤ:Ɇ.ɋ. ȼɢɧɚɪɫɤɢɣ, Ɇ.ȼ. Ʌɭɪɶɟ, ȼ.Ƚ. Ƚɨɪɫɤɢɣ, ɘ.ɉ. Ⱥɞɥɟɪ, ɇ. 

Ⱦɠɨɧɫɨɧ, Ɏ. Ʌɢɨɧ[61, 62],ɩɪɨɜɟɞɟɧɨ  ɨɛɨɛɳɟɧɢɟ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɝɨ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɛɳɟɩɪɢɧɹɬɚɹ ɦɟɬɨɞɢɤɚ ɞɥɹ ɡɚɦɟɪɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ 

ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɟɩɚɪɚɬɨɪɚ,  ɨɩɢɫɚɧɢɟ ɤɨɬɨɪɨɣ ɩɪɢɜɟɞɟɧɨ ɧɢɠɟ. 

1. Ɂɚɦɟɪɹɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɠɢɞɤɨɫɬɢ,  ɜɯɨɞɹɳɟɣ  ɜ ɚɩɩɚɪɚɬ, ɫ ɩɨɦɨɳɶɸ 

ɛɵɬɨɜɨɝɨ ɫɱɟɬɱɢɤɚ ResidiaJet (ɦɚɤɫɢɦɚɥɶɧɵɣ ɡɚɦɟɪɹɟɦɵɣ ɪɚɫɯɨɞ 3 ɦ3/ɱ ɞɥɹ 

Residia-JОЭ QN 1,5, ɦɚɤɫɢɦɚɥɶɧɨɟ ɢɡɛɵɬɨɱɧɨɟ ɞɚɜɥɟɧɢɟ 1 Ɇɉɚ.). 

2. ɀɚɥɸɡɢ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɥɨɬɤɟ, ɤɨɬɨɪɵɣ ɧɚɤɚɩɥɢɜɚɟɬ ɭɥɨɜɥɟɧɧɭɸ 

ɠɢɞɤɨɫɬɶ ɢ ɨɬɜɨɞɢɬ ɜ ɛɭɮɟɪɧɭɸ ɟɦɤɨɫɬɶ. 

3. ɍɥɨɜɥɟɧɧɚɹ  ɠɢɞɤɨɫɬɶ ɫɨɛɢɪɚɟɬɫɹ ɜ ɛɭɮɟɪɧɨɣ ɟɦɤɨɫɬɢ, ɢɡ ɤɨɬɨɪɨɣ 

ɨɬɜɨɞɢɬɫɹ ɧɚɫɨɫɨɦ. ɍɱɢɬɵɜɚɹ ɪɚɡɧɢɰɭ  ɜ ɭɪɨɜɧɹɯ ɠɢɞɤɨɫɬɢ ɜ ɟɦɤɨɫɬɢ ɞɨɢ ɩɨɫɥɟ 

ɷɤɫɩɟɪɢɦɟɧɬɚ,ɨɩɪɟɞɟɥɹɟɦ ɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɠɢɞɤɨɫɬɢ, ɤɨɬɨɪɨɟ ɛɵɥɨ ɭɥɨɜɥɟɧɨ. ɋ 

ɩɨɜɵɲɟɧɢɟɦ ɜɪɟɦɟɧɢ ɡɚɦɟɪɚ ɩɨɜɵɲɚɟɬɫɹ ɢ ɬɨɱɧɨɫɬɶɢɡɦɟɪɟɧɢɹ. 

Ⱦɥɹ ɡɚɦɟɪɚ ɩɨɤɚɡɚɬɟɥɟɣ ɫɤɨɪɨɫɬɢ ɦɵ ɢɫɩɨɥɶɡɭɟɦ ɬɪɭɛɤɢ ɉɢɬɨ-

ɉɪɚɧɞɥɹɫɨɜɦɟɫɬɧɨ ɫ ɦɢɤɪɨɦɚɧɨɦɟɬɪɨɦ ɆɆɇ 240. ɉɨɝɪɟɲɧɨɫɬɶ ɩɪɢɛɨɪɚ 

ɫɨɫɬɚɜɥɹɟɬ ± 1%. Ⱦɚɧɧɵɣ ɩɪɢɛɨɪ ɢɡɦɟɪɹɟɬ ɤɚɤ ɢɡɛɵɬɨɱɧɨɟ ɞɚɜɥɟɧɢɟ,  ɬɚɤ ɢ  

ɜɚɤɭɭɦ. 

Ⱦɥɹ ɡɚɦɟɪɚ ɫɤɨɪɨɫɬɢ  ɢɫɩɨɥɶɡɭɟɦ ɬɪɭɛɤɢ ɉɢɬɨ-ɉɪɚɧɞɬɥɹ.  
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Ɋɢɫɭɧɨɤ 3.7 – ȼɧɟɲɧɢɣ ɜɢɞ ɦɢɤɪɨɦɚɧɨɦɟɬɪɚ ɆɆɇ 240 

 

Ɇɟɬɨɞɢɤɚ ɡɚɦɟɪɚ ɫɤɨɪɨɫɬɢ:ɬɪɭɛɤɭɨɩɭɫɤɚɟɦ ɜ ɢɫɫɥɟɞɭɟɦɭɸ ɡɨɧɭ, ɩɨɦɟɳɚɟɦ 

ɬɪɚɧɫɩɨɪɬɢɪ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɢɡɦɟɪɹɟɦ  ɭɝɨɥ ɚɬɚɤɢ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ, ɢ 

ɜɪɚɳɚɟɦ ɬɪɭɛɤɭ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɩɨɤɚɡɚɬɟɥɢ ɜ ɜɟɬɤɚɯ U-ɨɛɪɚɡɧɨɝɨ ɦɚɧɨɦɟɬɪɚ, ɤ 

ɤɨɬɨɪɵɦ ɩɨɞɤɥɸɱɟɧɵ ɬɪɭɛɤɢ ɫɬɚɬɢɱɟɫɤɨɝɨ ɧɚɩɨɪɚ, ɧɟ ɛɭɞɭɬ ɪɚɜɧɵ. ȿɫɥɢ 

ɩɨɤɚɡɚɬɟɥɢ ɬɪɭɛɨɤ ɫɬɚɥɢ ɨɞɢɧɚɤɨɜɵɦɢ, ɫɧɢɦɚɟɦ ɩɨɤɚɡɚɧɢɹ ɫ ɰɟɧɬɪɚɥɶɧɨɣ ɬɪɭɛɤɢ  

ɩɨɥɧɨɝɨ ɧɚɩɨɪɚ, ɤɚɧɚɥ ɨɬ ɤɨɬɨɪɨɣ ɢɞɟɬ ɧɚ ɦɢɤɪɨɦɚɧɨɦɟɬɪ. ɉɨɫɥɟ ɷɬɨɝɨ ɛɟɪɟɦ ɟɳɟ 

ɨɞɧɭ ɬɪɭɛɤɭ ɢ ɡɚɦɟɪɹɟɦ ɫɬɚɬɢɱɟɫɤɢɣ ɧɚɩɨɪ ɜ ɞɚɧɧɨɣ ɬɨɱɤɟ. ɂɫɩɨɥɶɡɭɟɦɬɪɭɛɤɢ,  

ɤɨɬɨɪɵɟ  ɩɪɨɲɥɢ ɬɚɪɢɪɨɜɚɧɢɟ  ɢ ɩɪɨɜɟɪɤɭ.ɉɨɫɥɟ ɷɬɨɝɨ ɩɪɨɜɨɞɢɦ  

ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ  ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɩɪɢ ɡɚɦɟɪɚɯɢ ɭɡɧɚɟɦ ɩɨɥɧɭɸ 

ɫɤɨɪɨɫɬɶ, ɚ ɬɚɤɠɟ ɟɟ ɫɨɫɬɚɜɥɹɸɳɢɟ  VЫ  ɢ VП, ɢɥɢ Vб ɢ Vв [77].  

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɜɨɡɞɭɯɚ ɦɵ ɢɫɩɨɥɶɡɭɟɦ ɞɢɚɮɪɚɝɦɭ,  

ɩɨɞɫɨɟɞɢɧɟɧɧɭɸ  ɤ U-ɨɛɪɚɡɧɨɦɭ  ɦɚɧɨɦɟɬɪɭ,  ɩɨɤɚɡɵɜɚɸɳɟɦɭ ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ 

ɧɚ ɧɟɣ. ɉɨ ɬɚɪɢɪɨɜɨɱɧɨɦɭ ɝɪɚɮɢɤɭ ɨɩɪɟɞɟɥɹɟɦ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɜ ɦ3
/c. 
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Ⱦɥɹ ɪɚɫɯɨɞɚ ɠɢɞɤɨɫɬɢ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɞɜɭɯɮɚɡɧɵɯ ɩɨɬɨɤɨɜ  ɢɫɩɨɥɶɡɭɟɦ 

ɛɵɬɨɜɨɣ ɫɱɟɬɱɢɤ,ɞɥɹ ɩɨɞɚɱɢ ɝɚɡɚ – ɜɟɧɬɢɥɹɬɨɪɵ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ȼȼȾ-5 ɢ 

ȼȼȾ-10[81], ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɧɵ ɧɢɠɟ. 

 

 

Ɋɢɫɭɧɨɤ 3.8 – Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ȼȼȾ-10 

 

Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɝɢɞɪɨɞɢɧɚɦɢɤɢɜ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɦ ɷɥɟɦɟɧɬɟ ɱɟɪɟɡ 

15º ɜ ɪɚɞɢɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ  ɧɚɧɨɫɢɥɚɫɶɫɟɬɤɚ  ɡɚɦɟɪɚ ɫɤɨɪɨɫɬɢ (ɩɪɢ 

ɨɩɪɟɞɟɥɟɧɢɢ ɫɤɨɪɨɫɬɟɣ ɜ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ), ɜ ɤɨɬɨɪɨɣ  ɤɚɠɞɚɹ 

ɥɢɧɢɹ ɡɚɦɟɪɚ ɪɚɡɛɢɜɚɥɚɫɶ ɧɚ 5 ɬɨɱɟɤ. ɉɪɢ  ɢɫɫɥɟɞɨɜɚɧɢɢ ɬɟɱɟɧɢɹ ɞɜɭɯɮɚɡɧɵɯ 

ɩɨɬɨɤɨɜ ɜ ɝɚɡɨɫɟɩɚɪɚɬɨɪɚɯ ɨɞɧɨɣ ɢɡ ɜɚɠɧɵɯ ɡɚɦɟɪɹɟɦɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɹɜɥɹɟɬɫɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ  ɪɚɡɞɟɥɟɧɢɹ ɝɚɡɨɠɢɞɤɨɫɬɧɨɣ ɫɦɟɫɢ. Ɍɚɤɠɟ  ɜɚɠɧɨ  ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ  ɝɚɡɨɫɟɩɚɪɚɰɢɨɧɧɨɝɨ  ɷɥɟɦɟɧɬɚ, ɞɥɹ ɡɚɦɟɪɚ ɤɨɬɨɪɨɝɨ ɢɫɩɨɥɶɡɭɸɬɫɹ   

ɬɨɱɤɚ 1 ɜ ɧɚɱɚɥɟɝɨɮɪɵ ɢ  ɬɨɱɤɚ 2 ɜ ɤɨɧɰɟ ɝɨɮɪɵ, ɤɭɞɚ ɜɫɬɚɜɥɹɸɬɫɹ ɞɜɟ ɬɪɭɛɤɢ 

ɫɬɚɬɢɱɟɫɤɨɝɨ ɧɚɩɨɪɚ  ɢ ɩɨɞɫɨɟɞɢɧɹɸɬɫɹ ɤ U-ɨɛɪɚɡɧɨɦɭ ɦɚɧɨɦɟɬɪɭ, ɫ ɩɨɦɨɳɶɸ 

ɤɨɬɨɪɨɝɨ  ɦɨɠɧɨ  ɜɢɞɟɬɶ ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ ɧɚ ɞɚɧɧɨɦ ɭɫɬɪɨɣɫɬɜɟ.  
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Ɋɢɫɭɧɨɤ 3.9 – Ɍɨɱɤɢ ɡɚɦɟɪɚ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

 

Ⱦɥɹ ɡɚɦɟɪɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɚɤɨɣ ɚɥɝɨɪɢɬɦ:  ɤɨɥɢɱɟɫɬɜɨ 

ɠɢɞɤɨɫɬɢ ɧɚ ɜɯɨɞɟ  ɡɚɦɟɪɹɟɦ ɛɵɬɨɜɵɦ ɫɱɟɬɱɢɤɨɦ RОЬТНТК JОЭ. Ⱦɥɹ ɡɚɦɟɪɚ 

ɭɥɨɜɥɟɧɧɨɣ ɠɢɞɤɨɫɬɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɟɦɤɨɫɬɶ, ɚ ɞɥɹ ɟɟ ɨɬɜɨɞɚ – ɩɥɭɧɠɟɪɧɵɣ ɧɚɫɨɫ. 

Ɂɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɜɪɟɦɹ ɪɚɛɨɬɵ ɧɚɫɨɫɚ, ɧɚɯɨɞɢɦ ɤɨɥɢɱɟɫɬɜɨ ɨɬɜɟɞɟɧɧɨɣ 

ɠɢɞɤɨɫɬɢ ɜ ɞɚɧɧɨɟ ɜɪɟɦɹ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɫɱɢɬɵɜɚɟɦ 

ɫɨɨɬɧɨɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɨɬɜɟɞɟɧɧɨɣ ɠɢɞɤɨɫɬɢ  ɤ ɠɢɞɤɨɫɬɢ, ɩɨɞɚɧɧɧɨɣ ɜ 

ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɣ ɷɥɟɦɟɧɬ. 

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɬɭɪɛɭɥɟɧɬɧɵɣ ɪɟɠɢɦ ,ɫɞɟɥɚɧɨ 

ɩɪɟɞɩɨɥɨɠɟɧɢɟ: ɪɚɞɢɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɤɨɪɨɫɬɢ ɢɦɟɟɬ ɤɜɚɞɪɚɬɢɱɧɭɸ 

ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɩɚɪɚɦɟɬɪɨɜ Ы ɢ φ [51]. 

ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɧɟɟ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ  

  ௥ܸ ሺݎ, �ሻ = �ଵ�ଶ + �ଶݎଶ + �ଷݎ� + �ସ� + �ହݎ + �଺ ,  (3.1) 

 

ɝɞɟ A1…A6 – ɤɨɷɮɮɢɰɢɟɧɬɵ. 

ɂɦɟɹ ɨɛɳɢɣ ɜɢɞ ɡɚɜɢɫɢɦɨɫɬɢ ɪɚɞɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɤɨɪɨɫɬɢ ɨɬ 

ɫɦɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ,  ɦɨɠɧɨɧɚɣɬɢ ɡɧɚɱɟɧɢɟ ɞɥɹ ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 

ɫɤɨɪɨɫɬɢ, ɢɫɩɨɥɶɡɭɹ ɭɪɚɜɧɟɧɢɟ ɧɟɪɚɡɪɵɜɧɨɫɬɢ ɩɨɬɨɤɚ 
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 ௥ܸ ሺݎ, �ሻ = − ଵଷ�ଵ�ଷ − ଵଶ ሺʹݎ�ଷ + �ସሻ�ଶ + ሺ−͵�ଶݎଶ − ʹ�ହݎ − �଺ሻ� +  ሻ,(3.2)ݎଵሺܨ

 

ɝɞɟ F1(r) – ɤɨɧɫɬɚɧɬɚ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ. 

 Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɤɨɧɫɬɚɧɬɵ ɢɫɩɨɥɶɡɭɟɦ ɨɞɧɨ ɢɡ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ, ɤɨɝɞɚ 

ɡɧɚɱɟɧɢɟ �ܸ = �ܸభ:  �ܸభሺݎ, �ଵሻ = ܳܵ ,                                                         ሺ͵.͵ሻ 
 

ɝɞɟ Q – ɨɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ, ɦ 3/ɫ; 

S – ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɤɚɧɚɥɚ, ɦ2
. 

ሻݎଵሺܨ  = �ܸభ +ଵଷ�ଵ�ଵଷ + ଵଶ  (2r�ଷ + �ସሻ�ଵଶ − ሺ−͵�ଶݎଶ − ʹ�ହݎ − �଺ሻ�ଵ.(3.4) 

 

Ɍɨɝɞɚ ɨɛɳɢɣ ɜɢɞ ɡɚɜɢɫɢɦɨɫɬɢ V ɨɬ ɩɚɪɚɦɟɬɪɨɜ Ы ɢ  ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ 

 

�ܸሺݎ, �ሻ =  − ͳ͵�ͳ�͵ − ͳʹ
 (2r�ଷ + �ସሻ�ଶ + ሺ−͵�ଶݎଶ − ʹ�ହݎ − �଺ሻ�+ �ܸభ + + ଵଷ�ଵ�ଵଷ + ଵଶ (2r�ଷ + �ସሻ�ଵଶ − ሺ−͵�ଶݎଶ − ʹ�ହݎ − �଺ሻ�ଵ.                           (3.5) 

 

ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɳɢɯ ɜɵɪɚɠɟɧɢɣ ɞɥɹ ɫɤɨɪɨɫɬɟɣ ɝɥɚɜɧɨɣ ɡɚɞɚɱɟɣ 

ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ  Ⱥ1..Ⱥ6. ɢɡ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ: 

ɉɪɨɜɟɞɟɦ ɝɪɭɩɩɢɪɨɜɚɧɢɟ ɷɥɟɦɟɧɬɨɜɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜ 

ɭɪɚɜɧɟɧɢɹɯ: 

ɚ) ɞɥɹ ɪɚɞɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɤɨɪɨɫɬɢ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɡɧɚɱɟɧɢɢ 

ɭɝɥɚ 1: 

(�଺ + �ସ�ଵ+�ଵ�ଵଶሻ + ሺ�ଷ�ଵ + �ହሻݎ + �ଶݎଶ=ܥଵ + ݎଶܥ +  ଶ,   (3.6)ݎଷܥ

ɝɞɟ ɋ1…ɋ3 – ɤɨɷɮɮɢɰɢɟɧɬɵ; 
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ɛ) ɞɥɹ ɪɚɞɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɤɨɪɨɫɬɢ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɡɧɚɱɟɧɢɢ 

ɪɚɞɢɭɫɚ r: 

(�଺ + �ହݎଵ+�ଶݎଵଶሻ + ሺ�ଷݎଵ + �ସሻ� + �ଵ�ଶ=ܦଵ + �ଶܦ +  ଷ�ଶ,     (3.7)ܦ

ɝɞɟ D1…D3 – ɤɨɷɮɮɢɰɢɟɧɬɵ. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɨɩɪɟɞɟɥɢɦ ɧɟɤɨɬɨɪɨɟ ɤɨɥɢɱɟɫɬɜɨ ɡɧɚɱɟɧɢɣ 

ɞɥɹ:VЫ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɡɧɚɱɟɧɢɢ r, Vr ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ . 

ɋ ɩɨɦɨɳɶɸ ɫɢɫɬɟɦɵ (3.13)  ɨɩɪɟɞɟɥɢɦ ɯɚɪɚɤɬɟɪ ɡɚɜɢɫɢɦɨɫɬɢ ɢ ɡɧɚɱɟɧɢɟ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ C ɢ D, ɜɜɟɞɟɧɵɯ ɞɥɹ ɭɞɨɛɫɬɜɚ ɪɚɫɱɟɬɨɜ. 

Ɉɩɪɟɞɟɥɹɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ (ɋ ɢ D) ɧɚ ɨɫɧɨɜɟ 

ɪɟɡɭɥɶɬɚɬɨɜ ɡɚɦɟɪɚ,  ɦɨɠɟɦ ɧɚɣɬɢ ɤɨɟɮɮɢɰɢɟɧɬɵА1…А6,   ɢɫɯɨɞɹ ɢɡ ɫɥɟɞɭɸɳɟɣ 

ɫɢɫɬɟɦɵɭɪɚɜɧɟɧɢɣ: 

{  
  
  �ଶ ଷ,                             �ଷ�ଵܥ = + �ହ = ଶ,                �଺ܥ + �ସ�ଵ + �ଵ�ଵଶ  = ଵ,�ଵܥ ଵݎଷ,�ଷܦ = + �ସ = ଶ�଺ܦ + �ହݎଵ + �ଶݎଵଶ

                                                (3.8) 

 

ɉɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɤɨɟɮɢɰɢɟɧɤɬɨɜ А1…А6 ɧɚɯɨɞɢɦ ɨɛɳɢɟ ɜɵɪɚɠɟɧɢɹ ɞɥɹ 

ɞɜɭɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɤɨɪɨɫɬɟɣ ɢ,  ɩɨɞɫɬɚɜɢɜ ɜ ɞɜɚ ɞɪɭɝɢɯ ɭɪɚɜɧɟɧɢɹ ɫɢɫɬɟɦɵ, – 

ɡɚɜɢɫɢɦɨɫɬɶ P(r,). 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɩɨɥɭɱɚɟɦ ɫɥɟɞɭɸɳɢɟ ɜɵɪɚɠɟɧɢɹ 

ɞɥɹ: 

–ɪɚɞɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɤɨɪɨɫɬɢ; 

– ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɤɨɪɨɫɬɢ; 

–ɩɨɥɹɞɚɜɥɟɧɢɹ. 

Ɇɟɬɨɞɵ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɵ 

ɤɨɨɪɞɢɧɚɬ. 
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Ɉɞɧɚ ɢɡ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɤɨɪɨɫɬɢ ɪɚɜɧɚ [74]: 

V=A0+A1
.
x+A2

.
x

2
+A3

.
x

3
+A4

.
x

4
+A5

.
x

5
+A6

.
x

6
,   (3.9) 

 

ɝɞɟ  А0–А6 – ɞɢɧɚɦɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɤɨɨɪɞɢɧɚɬɵ Yɢ ɨɬ ɬɨɱɤɢ 

ɪɚɫɱɟɬɚ ɫɤɨɪɨɫɬɢ ɝɚɡɚ; 

ɯ – ɤɨɨɪɞɢɧɚɬɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɫɟɱɟɧɢɹ ɤɚɧɚɥɚ, ɦ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɢɹ ɪɹɞɚ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɩɨɞɛɨɪɭ 

ɩɨɥɢɧɨɦɚ ɞɥɹ ɞɢɧɚɦɢɱɟɫɤɢɯ  ɤɨɷɮɮɢɰɢɟɧɬɨɜ (А1–А6) ɧɚɢɛɨɥɟɟ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ 

ɢɯ ɨɩɢɫɚɧɢɟɦ ɹɜɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɣ ɩɨɥɢɧɨɦ(ɮɨɪɦɭɥɚ 3.15).ɉɪɢ ɩɨɫɬɟɩɟɧɧɨɦ 

ɭɜɟɥɢɱɟɧɢɢ ɫɬɟɩɟɧɢ ɩɨɥɢɧɨɦɚ ɨɬ 1 ɞɨ 6 ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɦɚɤɫɢɦɚɥɶɧɨɟ 

ɩɪɢɛɥɢɠɟɧɢɟ ɤ ɪɟɚɥɶɧɨɫɬɢ, ɤɨɬɨɪɨɟ ɨɩɢɫɵɜɚɟɬ ɢɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢɩɨ 

ɩɪɟɞɩɨɥɨɠɟɧɢɸ, ɩɨɞɬɜɟɪɠɞɟɧɧɨɦ ɧɚ ɪɢɫɭɧɤɟ 3.10:  

 

A=B0+B1
.
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6
 .     (3.10) 

 

 

Ɋɢɫɭɧɨɤ 3.10 – Ⱥɩɩɪɨɤɫɢɦɚɰɢɹ ɩɨɥɢɧɨɦɨɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 

 



120 

 

3.4.Ɉɩɪɟɞɟɥɟɧɢɟ ɨɲɢɛɨɤ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ  ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ 

 ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɟɨɛɯɨɞɢɦɨ 

ɨɛɪɚɛɚɬɵɜɚɬɶ ɪɟɡɭɥɶɬɚɬɵ, ɭɱɢɬɵɜɚɹ ɜɫɟ ɜɢɞɵ ɩɨɝɪɟɲɧɨɫɬɟɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 

ɩɨɜɥɢɹɬɶ ɧɚ ɚɞɟɤɜɚɬɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ. 

ɉɪɢɛɨɪɧɵɟ ɩɨɝɪɟɲɧɨɫɬɢ. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɞɚɧɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɛɭɞɟɬ ɭ ɞɜɭɯ 

ɩɪɢɛɨɪɨɜ:1- ɦɢɤɪɨɦɚɧɨɦɟɬɪ; 2- ɞɢɚɮɪɚɝɦɚ. 

ɇɚɪɹɞɭ ɫ ɩɪɢɛɨɪɧɵɦɢ ɨɲɢɛɤɚɦɢ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɟɳɟ ɞɜɟ ɝɪɭɩɩɵ ɨɲɢɛɨɤ, 

ɜɨɡɧɢɤɚɸɳɢɯ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɟɪɢɦɟɧɬɚ, - ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɟ  ɢ  ɫɥɭɱɚɣɧɵɟ. 

ɏɚɪɚɤɬɟɪɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɯ ɨɲɢɛɨɤ ɹɜɥɹɟɬɫɹ ɢɯ 

ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɭɫɬɪɚɧɢɦɨɫɬɶ ɢɥɢ ɜɨɡɦɨɠɧɨɫɬɶ ɤɨɪɪɟɤɰɢɢ. 

ɋɢɫɬɟɦɚɬɢɱɟɫɤɢɟ ɨɲɢɛɤɢ ɦɨɠɧɨ ɭɫɬɪɚɧɢɬɶ ɧɟɫɤɨɥɶɤɢɦɢ ɦɟɬɨɞɚɦɢ: 

1. ɂɫɩɨɥɶɡɨɜɚɬɶ ɜɦɟɫɬɨ ɜɨɞɵ ɜ  U-ɨɛɪɚɡɧɵɯ ɦɚɧɨɦɟɬɪɚɯ  ɫɩɢɪɬ, ɱɬɨ  

ɭɦɟɧɶɲɢɬ ɫɢɫɬɟɦɚɬɢɱɟɫɤɭɸ ɨɲɢɛɤɭ ɢɡ-ɡɚ ɛɨɥɶɲɟɝɨ,  ɱɟɦ ɭ ɜɨɞɵ, ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɨɛɴɟɦɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ. 

2. ɇɟɨɛɯɨɞɢɦɨ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɭɝɨɥ ɜɜɨɞɚ ɡɨɧɞɚ (ɨɧ ɞɨɥɠɟɧ ɛɵɬɶ 90 

ɝɪɚɞɭɫɨɜ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɠɚɥɸɡɢ).  

3. ɉɨɞɛɢɪɚɬɶɭɝɨɥ ɡɪɟɧɢɹ ɧɚ ɩɪɢɛɨɪ, ɬɚɤ ɤɚɤ ɷɬɨ ɜɥɢɹɟɬ ɧɚ ɬɨɱɧɨɫɬɶ 

ɫɧɹɬɢɹ ɩɨɤɚɡɚɧɢɹ. 

ȼɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 

ɷɤɫɩɟɪɢɦɟɧɬɚ. 

ɋɥɭɱɚɣɧɵɟ ɨɲɢɛɤɢ ɭɫɬɪɚɧɢɬɶ ɧɟɜɨɡɦɨɠɧɨ,  ɬɚɤɠɟ ɧɟɥɶɡɹ ɜɵɜɟɫɬɢ ɮɨɪɦɭɥɭ 

ɞɥɹ ɢɫɩɪɚɜɥɟɧɢɹ ɩɨɥɭɱɟɧɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ. ȼ ɬɨɠɟ ɜɪɟɦɹ ɜɥɢɹɧɢɟ ɫɥɭɱɚɣɧɵɯ 

ɨɲɢɛɨɤ ɦɨɠɟɬ ɛɵɬɶ ɭɦɟɧɶɲɟɧɨ ɩɪɨɜɟɞɟɧɢɟɦ ɩɨɜɬɨɪɧɵɯ ɢɡɦɟɪɟɧɢɣ ɢ 

ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɨɣ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ [96]. 

Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɝɪɭɛɨɣ ɨɲɢɛɤɢ ɩɪɨɜɨɞɢɦ ɫɟɪɢɸ ɢɡɦɟɪɟɧɢɣ 

ɩɪɢ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɩɚɪɚɦɟɬɪɚɯ, ɨɧɚ ɪɚɜɧɚ 5 (ɫɨɝɥɚɫɧɨ ɪɟɤɨɦɟɧɞɚɰɢɹɦ [54]). 
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ɉɨɥɭɱɟɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɡɚɩɢɫɵɜɚɟɦ ɜ ɬɚɛɥ. 3.1, ɧɚɱɢɧɚɹ ɢɯ ɨɛɪɚɛɨɬɤɭ: 

VЫ ɫɪ, ɢɥɢ ɏ ɫɪ =(11,822+10,526+9,691+9,809+9,379)/5  ≈ 10,25 ɦ/ɫ. 

Ⱦɚɥɟɟ ɩɪɨɜɨɞɢɦ ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɞɚɧɧɵɯ ɢ 

ɢɫɤɥɸɱɚɟɦ ɹɜɧɨ ɨɲɢɛɨɱɧɵɟ, ɤɨɬɨɪɵɟ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɨɛɳɟɣ ɦɚɫɫɵ, ɢ 

ɢɯ ɜɵɛɪɚɤɨɜɵɜɚɟɦ, ɞɟɥɚɹ ɜɵɛɨɪɤɭ ɪɟɡɭɥɶɬɚɬɨɜ.  

 

Ɍɚɛɥɢɰɚ 3.1 

Ⱦɚɧɧɵɟ ɢɡɦɟɪɟɧɢɣ ɢ ɢɯ ɨɛɪɚɛɨɬɤɚ 

№ ɏ ɏ ɫɪ Dɏ Dɏ2
 s

2
 s 

1 11,82 

10,25≈10 

1,57 2,46 

    

2 10,52 0,27 0,07 

3 9,69 -0,56 0,31 

4 9,8 -0,45 0,2 s
2 ɫɪ. s ɫɪ. 

5 9,37 -0,88 0,77 0,95 0,974 

 

Dɏɫɪ = (1,57+0,27-0,56-0,45-0,88)/5=-0,01 

 

ɉɨ ɞɚɧɧɵɦ ɬɚɛɥ. 3.1. ɜɢɞɢɦ, ɱɬɨ ɜɟɥɢɱɢɧɵDɏ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɪɚɡɛɪɨɫ 

ɞɚɧɧɵɯ. ɇɚ ɩɪɚɤɬɢɤɟ ɞɥɹ ɭɫɪɟɞɧɟɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɡɛɪɨɫɚ ɫɟɪɢɢ ɢɡɦɟɪɟɧɢɣ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɢɫɩɟɪɫɢɹ ɜɵɛɨɪɤɢ [55]: 

ଶݏ = ∑ሺ∆ݔሻଶ݊ − ͳ = ∑ሺݔ − ሻଶ݊ݔ̅ − ͳ = ଶݔ∑݊ − ሺ∑ݔሻଶ݊ሺ݊ − ͳሻ , 
s

2
 = (2,46+0,07+0,31+0,2+0,77)/(5-1) = 0,95. 

 

ɋɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ, ɢɥɢ ɫɬɚɧɞɚɪɬɧɨɟ, ɨɬɤɥɨɧɟɧɢɟ ɜɵɛɨɪɤɢ [48]: 
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ݏ  = ଶݏ√ = √∑ሺ∆ݔሻଶ݊ − ͳ = ଶݔ∑݊√ − ሺ∑ݔሻଶ݊ሺ݊ − ͳሻ , 
 

s = √0,95 = 0,974. 

Ⱦɚɥɟɟ ɪɚɫɫɱɢɬɵɜɚɟɦ ɨɛɳɟɟ ɡɧɚɱɟɧɢɟ ɢ ɫɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɫɪɟɞɧɟɝɨ 

ɡɧɚɱɟɧɢɹ, ɡɚ ɫɱɟɬ ɱɟɝɨ ɟɫɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɹ ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ, ɜ 

ɤɨɬɨɪɨɦ ɛɭɞɟɬ ɤɨɥɟɛɚɬɶɫɹ ɧɚɲɟ ɡɧɚɱɟɧɢɟɫɤɨɪɨɫɬɢ: 

ɏ ɫɪ =(11,822+10,526+9,691+9,809+9,379)/5  ≈ 10,25 ɦ/ɫ. 

Ⱦɢɫɩɟɪɫɢɸ ɢ ɫɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɨɩɪɟɞɟɥɹɟɦ ɩɨ 

ɮɨɪɦɭɥɚɦ [55]: ݏ˔ଶ˓ = ∑ሺ∆௫ሻమ௡−ଵ ˓˔ݏ; = √∑ሺ∆௫ሻమ௡−ଵ , 

˓˔ݏ = √ ͵.ͺͳͷሺͷ − ͳሻ = Ͳ,ͶͶ; 
s2

ɫɪ = 0,19ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 5 ɷɤɫɩɟɪɢɦɟɧɬɨɜ. 

Ɉɩɪɟɞɟɥɹɟɦ ɭɪɨɜɟɧɶ ɧɚɞɟɠɧɨɫɬɢ Ɋɩɨ ɮɨɪɦɭɥɟ,ɩɪɢɜɟɞɟɧɧɨɣ ɧɢɠɟ, ɚ ɬɚɤɠɟ 

ɨɩɪɟɞɟɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɋɬɶɸɞɟɧɬɚ ɢ ɧɚɯɨɞɢɦ ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɧɟɨɛɯɨɞɢɦɨ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɟɟ: 

Ⱦɂ = sɫɪ ·  tf.P 

Ⱦɂ= 0,44 · 2,78 = 1,22 

ɏ = ɏɫɪ  ± Ⱦɂ = 10,25±1,22. 

ɋɪɚɜɧɢɜɚɟɦ ɫɥɭɱɚɣɧɭɸ ɢ ɩɪɢɛɨɪɧɭɸ ɩɨɝɪɟɲɧɨɫɬɶ, ɭɱɢɬɵɜɚɹ  ɜɨɡɦɨɠɧɨɫɬɶ  

ɜɚɪɢɚɧɬɚ, ɱɬɨ ɫɥɭɱɚɣɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɛɭɞɟɬ ɛɨɥɶɲɟ,  ɱɟɦ ɩɪɢɛɨɪɧɚɹ.  ȼ ɷɬɨɦ 

ɫɥɭɱɚɟ ɩɪɨɜɨɞɢɦ ɩɨɜɬɨɪɧɵɟ ɢɡɦɟɪɟɧɢɹ, ɢ ɟɫɥɢ ɫɥɭɱɚɣɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɦɟɧɶɲɟ,  

ɱɟɦ ɩɪɢɛɨɪɧɚɹ, ɥɢɛɨ ɟɣ ɪɚɜɧɚ, ɬɨ ɜɵɱɢɫɥɹɟɦ ɨɛɳɭɸ ɨɲɢɛɤɭ ɩɨ ɮɨɪɦɭɥɟ [42]: 

Ⱦɂ ≥ Н = 1,22≥0,01. 
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ɋɥɭɱɚɣɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɛɨɥɶɲɟ, ɱɟɦ ɩɪɢɛɨɪɧɚɹ. ɉɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ 

ɢɡɦɟɪɟɧɢɹ ɦɨɠɧɨ, ɭɦɟɧɶɲɚɹ ɫɥɭɱɚɣɧɭɸ ɨɲɢɛɤɭ ɢ ɩɨɜɵɲɚɹ ɱɢɫɥɨ ɢɡɦɟɪɟɧɢɣ ɜ 

ɫɟɪɢɢ, ɫɧɢɠɚɹ ɬɪɟɛɨɜɚɧɢɹ ɤ ɧɚɞɟɠɧɨɫɬɢ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɱɢɫɥɟɧɢɹ ɜɫɟɯ ɜɢɞɨɜ ɩɨɝɪɟɲɧɨɫɬɟɣ ɡɚɩɢɫɵɜɚɟɦ ɪɟɡɭɥɶɬɚɬ ɜ 

ɜɢɞɟ ɏ=ɏ ɫɪ +– ɤɨɦɩɥɟɤɫɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ. 

ɏ = 10,25+1,22= 11,46%. 

ɉɨɫɥɟ ɷɬɨɝɨɨɰɟɧɢɜɚɟɦ  ɨɬɧɨɫɢɬɟɥɶɧɭɸ  ɨɲɢɛɤɭ ɢɡɦɟɪɟɧɢɣ, ɤɨɬɨɪɭɸ 

ɪɚɫɫɱɢɬɵɜɚɟɦ ɩɨ ɮɨɪɦɭɥɟȿ = Dɏ/ɏɫɪ = 1,22/10,25×100%=11,9%.Ɋɚɫɫɱɢɬɚɧɧɚɹ 

ɩɨɝɪɟɲɧɨɫɬɶ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɟɞɟɧɵ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɶɸ  ɞɥɹ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɜ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ. 

 

3.5. Ʉɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɱɟɧɢɹ ɝɚɡɚ ɜ ɤɚɧɚɥɟ ɢɧɟɪɰɢɨɧɧɨ-

ɮɢɥɶɬɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ 

Ɂɚɞɚɱɚ ɢɫɫɥɟɞɨɜɚɧɢɣ — ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɞɜɭɯɦɟɪɧɨɝɨ ɬɟɱɟɧɢɹ ɝɚɡɨɜɨɝɨ 

ɩɨɬɨɤɚ ɜ ɤɚɧɚɥɟ  ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɟɩɚɪɚɬɨɪɚ ɫ ɰɟɥɶɸ ɢɯ ɜɢɡɭɚɥɢɡɚɰɢɢ 

ɦɟɬɨɞɚɦɢ ɤɨɦɩɶɸɬɟɪɧɨɣ ɝɪɚɮɢɤɢ ɜ ɫɭɳɟɫɬɜɭɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɹɯ Д46-48Ж ɢ 

ɪɚɡɪɚɛɨɬɤɚ ɪɟɤɨɦɟɧɞɚɰɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɮɢɥɢɪɨɜɚɧɢɹ ɤɚɧɚɥɚ. 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ 3D –ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɧɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɪɚɡɜɢɬɢɹ 

ɤɨɦɩɶɸɬɟɪɧɨɣ ɬɟɯɧɢɤɢ ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ  ɩɪɨɞɭɤɬɨɜ. 

ɇɚɦɢ ɛɵɥɚ ɢɡɛɪɚɧɚ ɩɪɨɝɪɚɦɦɚ ɤɨɦɩɚɧɢɢ ȺɋɄɈɇ KШЦЩКЬ 3D V13. ɋ ɩɨɦɨɳɶɸ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ COSMOS FХШааШЫФЬ 2006 PЫО-Release 

(http://www.cosmosm.com/)CAD-ɫɢɫɬɟɦɵ SШХТНаШЫФЬ 2006 

(http://www.solidworks.com/) ɩɪɨɜɟɞɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɱɟɧɢɹ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ.  

Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɵɥɢ ɜɵɛɪɚɧɵ ɞɜɟ ɠɚɥɸɡɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɧɚ 

ɪɚɫɫɬɨɹɧɢɢ. ɉɪɨɜɟɞɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɭɠɞɚɟɬɫɹ ɜ ɚɞɚɩɬɚɰɢɢ ɩɨɥɭɱɟɧɧɨɣ  

ɦɨɞɟɥɢ:  ɭɩɪɨɳɟɧɢɢ ɝɟɨɦɟɬɪɢɢ, ɭɞɚɥɟɧɢɢ ɞɟɬɚɥɟɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɧɟɡɧɚɱɢɬɟɥɶɧɨ 

ɜɥɢɹɬɶ ɧɚ ɢɫɫɥɟɞɭɟɦɵɣ ɩɪɨɰɟɫɫ. Ⱦɥɹ ɷɬɨɝɨ ɜɫɟ ɫɜɨɛɨɞɧɵɟ ɜɯɨɞɵ ɢ ɜɵɯɨɞɵ 

http://www.cosmosm.com/
http://www.solidworks.com/
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ɡɚɦɟɧɹɸɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɵɦɢ «ɤɪɵɲɤɚɦɢ» (ɞɟɬɚɥɹɦɢ ɜ ɜɢɞɟ ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ, 

ɤɨɬɨɪɵɟ ɡɚɤɪɵɜɚɸɬ ɜɯɨɞ ɢ ɜɵɯɨɞ ɜ ɤɚɧɚɥ) ɢ ɡɚɞɚɸɬɫɹ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ 

(BШЮЧНКЫв МШЧНТЭТШЧЬ). ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɡɚɞɚɧɵ ɞɚɜɥɟɧɢɟ ɧɚ ɜɯɨɞɟ ɜ  ɠɚɥɸɡɢ ɢ  

ɨɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɷɥɟɦɟɧɬɚ.Ⱦɥɹ ɡɚɩɭɫɤɚ ɪɚɫɱɟɬɨɜ ɧɟɨɛɯɨɞɢɦɨ 

ɜɵɞɟɥɢɬɶ ɰɟɥɢ ɪɚɫɱɟɬɨɜ (GШКХЬ) ɢ ɩɨ ɨɤɨɧɱɚɧɢɢ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵɨɰɟɧɢɜɚɬɶ 

ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɡɚ ɫɱɟɬ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɨɜ, ɚ ɬɚɤɠɟ ɡɚɥɢɜɤɢ ɪɚɡɧɵɦɢ 

ɰɜɟɬɚɦɢ ɜɫɟɝɨ ɨɛɴɟɦɚ ɷɥɟɦɟɧɬɚ ɢɥɢ ɜɵɛɪɚɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ. 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɨɛɪɚɡɚ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɨɜ 

ɢɡɦɟɧɟɧɢɹ ɥɸɛɵɯ ɜɟɥɢɱɢɧ ɩɪɢɦɟɧɹɟɦ ɦɟɬɨɞ ɢɬɟɪɚɰɢɣ. 

ɉɪɢɦɟɪɵ ɩɨɥɭɱɟɧɧɵɯ ɝɪɚɮɢɤɨɜ ɩɪɢɜɟɞɟɧɵ ɧɢɠɟ ɩɪɢ Re=1622387. 

 

Ɋɢɫɭɧɨɤ 3.11– Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɚɜɧɵɯ ɫɤɨɪɨɫɬɢ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ 

ɤɚɧɚɥɚ ɩɪɢ ɏ=0,12 ɦ 

 

ȼɢɡɭɚɥɢɡɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ. Ɋɚɫɱɟɬɵ ɨɫɭɳɟɫɬɜɥɟɧɵ ɫ ɩɨɦɨɳɶɸ 

ɜɫɬɪɨɟɧɧɵɯ ɜ ɩɪɨɝɪɚɦɦɭ ɜɨɡɦɨɠɧɨɫɬɟɣ [139]. Ⱥɧɚɥɢɡ ɦɨɠɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɤɚɤ ɜ 

ɩɪɨɰɟɫɫɟ ɪɚɫɱɟɬɨɜ, ɬɚɤ ɢ ɩɨɫɥɟ ɟɝɨ ɨɤɨɧɱɚɧɢɹ. ɉɨɫɬɩɪɨɰɟɫɫɨɪ ɩɪɟɞɨɫɬɚɜɥɹɟɬ 

0

5

10

15

20

25

30

35

40

0 0.05 0.1 0.15 0.2 0.25 0.3

V
e

lo
c

it
y
 (

m
/s

) 

Length (m) 

Х=0,06 ɦ 

Х=0,12 ɦ 

Х=0,18 ɦ 

Х=0,24 ɦ 



125 

 

ɛɨɥɶɲɨɣ ɜɵɛɨɪ ɦɟɬɨɞɨɜ ɜɢɡɭɚɥɢɡɚɰɢɢ ɫɤɚɥɹɪɧɵɯ ɢ ɜɟɤɬɨɪɧɵɯ ɫɦɟɧɧɵɯ ɧɚ ɪɚɡɧɵɯ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɨɛɴɟɤɬɚɯ, ɚ ɬɚɤɠɟɫɨɯɪɚɧɹɟɬ ɞɚɧɧɵɟ ɜ ɮɚɣɥ ɞɥɹ ɨɛɪɚɛɨɬɤɢ 

ɞɪɭɝɢɦɢ ɫɪɟɞɫɬɜɚɦɢ. 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 3.12 – ȼɢɡɭɚɥɢɡɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɜɭɯɦɟɪɧɨɝɨ 

ɬɟɱɟɧɢɹ ɩɨɬɨɤɚ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɩɨ ɤɪɢɜɨɥɢɧɟɣɧɨɦɭ ɫɟɩɚɪɚɰɢɨɧɧɨɦɭ ɤɚɧɚɥɭ 

ɠɚɥɸɡɢɣɧɨɝɨ ɷɥɟɦɟɧɬɚ. ɂɡɦɟɧɟɧɢɟ ɩɨɥɹ ɫɤɨɪɨɫɬɟɣ 

 

ɉɨɥɭɱɢɜ ɜɢɞ ɩɨɥɹ ɫɤɨɪɨɫɬɟɣ,  ɦɨɠɧɨ ɭɜɢɞɟɬɶ, ɱɬɨ ɜɨ ɜɩɚɞɢɧɚɯ ɠɚɥɸɡɢ 

ɫɤɨɪɨɫɬɶ ɩɨɱɬɢ ɪɚɜɧɹɟɬɫɹ ɧɭɥɸ, ɬɨ ɟɫɬɶ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɚɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ 

ɧɭɠɧɚ ɝɨɮɪɚ ɧɟɫɤɨɥɶɤɨɞɪɭɝɨɣ ɮɨɪɦɵ, ɱɬɨɛɵ ɩɨɬɨɤ ɡɚɩɨɥɧɹɥ ɜɫɹ ɩɨɩɟɪɟɱɧɨɟ 

ɫɟɱɟɧɢɟ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɝɨɮɪ ɩɨɥɟ ɫɤɨɪɨɫɬɟɣ ɩɨɫɬɟɩɟɧɧɨ 

ɜɵɪɚɜɧɢɜɚɟɬɫɹ, ɬɨ ɟɫɬɶ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɝɨ ɢɯ ɤɨɥɢɱɟɫɬɜɚ 

ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɥɚɦɢɧɚɪɧɵɣ ɪɟɠɢɦ ɬɟɱɟɧɢɹ ɩɨɬɨɤɚ, ɱɬɨ  ɩɪɢɜɟɞɟɬ ɤ 

ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɫɧɢɠɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɷɥɟɦɟɧɬɚ. 

ȼ  ɯɨɞɟ ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɥɹ ɞɚɜɥɟɧɢɹ  ɜɢɞɢɦ, ɱɬɨ 

ɩɨɫɬɟɩɟɧɧɨ ɡɧɚɱɟɧɢɟ ɥɨɤɚɥɶɧɵɯ ɞɚɜɥɟɧɢɣ ɩɨɱɬɢ ɜɵɪɚɜɧɢɜɚɟɬɫɹ ɩɨ ɜɫɟɦɭ 

ɫɟɱɟɧɢɸ. ɇɨ, ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ, ɦɵ ɜɵɹɫɧɢɥɢ, ɱɬɨ ɩɪɢ 
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ɧɚɛɟɝɚɧɢɢ ɩɨɬɨɤɚ ɧɚɝɨɮɪɭ ɨɛɪɚɡɨɜɵɜɚɟɬɫɹ ɡɨɧɚ ɩɨɜɵɲɟɧɧɨɝɨ ɞɚɜɥɟɧɢɹ, ɚ ɩɨɫɥɟ ɟɟ 

ɨɝɢɛɚɧɢɹ ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ –  ɡɨɧɚ   ɩɨɧɢɠɟɧɧɨɝɨ ɞɚɜɥɟɧɢɹ (ɪɢɫɭɧɨɤ 3.13). ɗɬɨ 

ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɭɥɭɱɲɢɬɶ ɝɟɨɦɟɬɪɢɸ ɷɥɟɦɟɧɬɚ,  ɚ ɬɚɤɠɟ  ɩɨɜɵɫɢɬɶ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɟɝɨ ɪɚɛɨɬɵ. Ⱥɧɚɥɢɡɢɪɭɹ ɜɟɤɬɨɪɧɵɟ ɢɡɨɛɪɚɠɟɧɧɵɟ ɥɨɤɚɥɶɧɵɟ 

ɫɤɨɪɨɫɬɢ,  ɦɨɠɧɨ ɭɜɢɞɟɬɶ, ɤɚɤ ɨɧɢ ɦɟɧɹɸɬɫɹ ɩɪɢ ɞɜɢɠɟɧɢɢ ɩɨɬɨɤɚ ɧɚ ɤɚɠɞɨɦ 

ɨɬɪɟɡɤɟ, ɱɬɨ  ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɫɬɪɨɢɬɶ ɢɡɨɥɢɧɢɢ ɨɞɢɧɚɤɨɜɵɯ ɫɤɨɪɨɫɬɟɣ.  

 

  

Ɋɢɫɭɧɨɤ 3.13 – ȼɢɡɭɚɥɢɡɚɰɢɹ ɩɨɥɹ ɞɚɜɥɟɧɢɣ ɩɨ ɜɫɟɦɭ ɫɟɱɟɧɢɸ ɠɚɥɸɡɢ 

 

 

ɉɪɢ ɬɚɤɨɣ ɡɚɞɚɱɟ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ ɦɨɠɧɨ ɛɨɥɟɟ ɬɳɚɬɟɥɶɧɨ ɪɚɫɫɦɨɬɪɟɬɶ  

ɡɨɧɵ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢ ɚɧɨɦɚɥɶɧɨɝɨ ɩɨɜɟɞɟɧɢɹ ɩɨɬɨɤɚ.  ȿɫɥɢ ɷɬɨ ɢɦɟɟɬ ɦɟɫɬɨ, 

ɜɧɨɫɢɦ ɢɡɦɟɧɟɧɢɹ ɜ ɝɟɨɦɟɬɪɢɸ ɢ ɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɨɩɪɨɟɤɬɢɪɭɟɦ  ɤɚɧɚɥ ɞɥɹ 

ɜɵɛɨɪɚ ɦɟcɬɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɮɢɥɶɬɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɫ  ɩɨɫɥɟɞɭɸɳɢɦ 

ɢɫɫɥɟɞɨɜɚɧɢɟɦ ɤɚɧɚɥɚ ɫ ɮɢɥɶɬɪɭɸɳɢɦɢ ɜɫɬɚɜɤɚɦɢ.Ɂɨɧɵ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɹ 

ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ ɫ ɢɡɨɬɚɯɚɦɢ [56]: 
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Ɋɢɫɭɧɨɤ 3.14 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɟɣ ɜ ɤɪɢɜɨɥɢɧɟɣɧɨɦ ɤɚɧɚɥɟ ɢɧɟɪɰɢɨɧɧɨ-

ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɟɩɚɪɚɬɨɪɚ  

 

 

 

 

 

ɚ 

Ɋɢɫɭɧɨɤ 3.15 – ȼɢɡɭɚɥɢɡɚɰɢɹ 

ɜɟɤɬɨɪɧɨɝɨ ɩɨɤɚɡɚɧɢɹ ɧɚɩɪɚɜɥɟɧɢɹ 

ɥɨɤɚɥɶɧɵɯ ɫɤɨɪɨɫɬɟɣ, ɚ ɬɚɤɠɟ ɢɡɨɥɢɧɢɣ 

ɫɤɨɪɨɫɬɟɣ (ɚ); 

 

ɛ 
 

ɝɪɚɮɢɱɟɫɤɨɟ ɩɪɨɮɢɥɢɪɨɜɚɧɢɟ 

ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ 

ɮɢɥɶɬɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɜ 

ɨɛɥɚɫɬɢ ɝɨɮɪɵ [56] (ɛ) 
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ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɨɬɚɧɵ ɜ ɦɚɫɫɢɜɵ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɟ 

ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɢɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ɝɚɡɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɝɟɨɦɟɬɪɢɢ ɤɚɧɚɥɚ (ɪɚɞɢɭɫ 

ɝɨɮɪɵ, ɩɪɹɦɨɥɢɧɟɣɧɵɣ ɭɱɚɫɬɨɤ, ɭɝɨɥ ɪɚɫɤɪɵɬɢɹ). 

ɉɪɨɜɟɞɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɞɟɥɚɧɨ ɧɚ ɨɫɧɨɜɟ ɜɵɛɪɚɧɧɨɣ ɫɬɚɧɞɚɪɬɧɨɣ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. 

 

  

 

Ɋɢɫɭɧɨɤ 3.16 – Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɱɟɧɢɹ ɝɚɡɚ ɧɚ ɜɫɟɦ ɤɚɧɚɥɟɢɧɟɪɰɢɨɧɧɨ- 

ɮɢɥɶɬɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ 

 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɞɜɢɠɟɧɢɹɜɵɛɪɚɧɚ ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ ɦɨɞɟɥɶ, ɬɨ ɟɫɬɶ 

ɧɚɛɨɪ ɭɪɚɜɧɟɧɢɣ, ɤɨɬɨɪɵɦɢ ɨɩɢɫɵɜɚɟɬɫɹ ɞɜɢɠɟɧɢɟ ɝɚɡɚ. ɋɭɳɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ 

ɞɨɡɜɭɤɨɜɨɟ ɞɜɢɠɟɧɢɟ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɨɩɢɫɵɜɚɟɬɫɹ ɜɵɛɪɚɧɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɶɸ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɣ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɱɟɧɢɹ ɝɚɡɚ (ɠɢɞɤɨɫɬɢ) ɩɪɢ 

ɡɧɚɱɢɬɟɥɶɧɵɯ (Re>10000) (ɬɭɪɛɭɥɟɧɬɧɵɯ) ɱɢɫɥɚɯ Ɋɟɣɧɨɥɶɞɫɚ ɢ ɩɪɢ ɦɚɥɵɯ 
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ɢɡɦɟɧɟɧɢɹɯ ɩɥɨɬɧɨɫɬɢ. Ɂɚɞɚɱɢ ɨɩɪɟɞɟɥɹɥɢɫɶ  ɞɥɹ ɪɚɡɜɢɬɨɝɨ ɬɭɪɛɭɥɟɧɬɧɨɝɨ 

ɬɟɱɟɧɢɹ, ɜ ɤɨɬɨɪɨɦ ɪɟɲɚɸɬɫɹ ɬɨɥɶɤɨ ɭɪɚɜɧɟɧɢɹ ɇɚɜɶɟ-ɋɬɨɤɫɚ ɞɥɹ ɧɟɫɠɢɦɚɟɦɨɣ 

ɠɢɞɤɨɫɬɢ ɢ ɭɪɚɜɧɟɧɢɹ ɩɟɪɟɧɨɫɚ ɞɥɹ ɬɭɪɛɭɥɟɧɬɧɨɣ ɷɧɟɪɝɢɢ ɢ ɞɢɫɫɢɩɚɰɢɢ Д51]. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɜɢɠɟɧɢɹ ɝɚɡɨɤɚɩɟɥɶɧɨɝɨ ɩɨɬɨɤɚ ɜ ɩɪɨɝɪɚɦɦɟ 

FХШаVТЬТШЧ  ɩɨɥɭɱɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢ ɬɚɤɢɯ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɟ ɛɵɥɢ 

ɢɫɯɨɞɧɵɦɢ ɩɪɢ ɮɢɡɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ: 

- ɧɚɱɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɤɚɩɟɥɶ ɜ ɤɚɧɚɥɟ 7ɦ/ɫ; 

  -  ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɚɩɟɥɶ ɜ ɤɚɧɚɥɟ (ɥɨɝɧɨɪɦɚɥɶɧɨɟ); 

  - ɤɨɧɰɟɧɬɪɚɰɢɹ ɠɢɞɤɨɫɬɢ ɜ ɝɚɡɟ 0,01 ɤɝ/ɦ3
; 

  -   ɝɚɡ – ɜɨɡɞɭɯ, ɠɢɞɤɨɫɬɶ – ɜɨɞɚ. 

Ɋɟɡɭɥɶɬɚɬɨɦ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɤɨɦɩɥɟɤɫɧɨɟ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜɫɟɝɨ ɤɚɧɚɥɚ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɪɚɫɫɦɨɬɪɟɧɢɹ  ɜɡɚɢɦɧɨɝɨ ɜɥɢɹɧɢɹ 

ɝɨɮɪ ɞɪɭɝ ɧɚ ɞɪɭɝɚ (ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɟ ɢ ɨɬɜɨɞ ɠɢɞɤɨɫɬɢ). 

 

Ɋ, ɉɚ

 

 
 

Ɋɢɫɭɧɨɤ 3.17 – ɉɨɥɧɨɟ ɞɚɜɥɟɧɢɟ 

 

 

 
ɋ, ɤɝ/ɦ3 

 
 

 

Ɋɢɫɭɧɨɤ 3.18 – Ʉɨɧɰɟɧɬɪɚɰɢɹ ɤɚɩɟɥɶ 
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V, ɦ/ɫ 

 

 

 

 

 
 

Ɋɢɫɭɧɨɤ 3.19 – ɋɤɨɪɨɫɬɶ ɝɚɡɚ 

 

W, ɦ/ɫ 

 
 

 

Ɋɢɫɭɧɨɤ 3.20 – ɋɤɨɪɨɫɬɶ ɤɚɩɟɥɶ 

 

 

ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɪɚɫɱɟɬɚ ɩɨ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ (ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ). 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 3.21 – Ƚɪɚɮɢɤ 
ɢɡɦɟɧɟɧɢɹ ɚɛɫɨɥɸɬɧɨɣ 
ɫɤɨɪɨɫɬɢ ɤɚɩɥɢ  ɩɨ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, 

ɩɪɢ r=0,14 ɦ 
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Ɋɢɫɭɧɨɤ 3.22 – Ƚɪɚɮɢɤ 
ɢɡɦɟɧɟɧɢɹ ɚɛɫɨɥɸɬɧɨɣ 
ɫɤɨɪɨɫɬɢ ɤɚɩɥɢ ɩɨ 
ɪɟɡɭɥɶɬɚɬɚɦ 
ɤɨɦɩɶɸɬɟɪɧɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢ   

r=0,14 ɦ 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 3.23 – Ƚɪɚɮɢɤ 
ɢɡɦɟɧɟɧɢɹ ɨɛɳɟɣ 
ɫɤɨɪɨɫɬɢ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ 

ɩɪɢ r=0,14 ɦ 

 

ȼɫɟ ɩɨɥɭɱɟɧɧɵɟ ɝɪɚɮɢɤɢ ɩɨɦɨɝɚɸɬ  ɩɪɨɜɟɪɢɬɶ ɚɞɟɤɜɚɬɧɨɫɬɶ ɪɚɡɪɚɛɨɬɚɧɧɨɣ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ(ɪɢɫ 3.20) ɢ ɫɪɚɜɧɢɬɶ ɪɟɡɭɥɶɬɚɬɵ ɤɨɦɩɶɸɬɟɪɧɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ (3.21) ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ (3.22).  
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phi, ɪаɞ 

Сɤɨɪɨɫɬь ɱаɫɬиɰ в ɤаɧаɥɟ 
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ȼɵɜɨɞɵ ɤ ɪɚɡɞɟɥɭ 3 

1. Ɋɚɡɪɚɛɨɬɚɧɵ ɢ ɢɡɝɨɬɨɜɥɟɧɵ ɦɨɞɟɥɶɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɨɛɪɚɡɰɵ 

ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜ ɫ ɫɨɛɥɸɞɟɧɢɟɦ ɨɫɧɨɜɧɵɯ ɩɪɢɧɰɢɩɨɜ ɮɢɡɢɱɟɫɤɨɝɨ 

ɩɨɞɨɛɢɹ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɫɧɨɜɧɵɦ ɩɨɥɨɠɟɧɢɹɦ ɬɟɨɪɢɢ ɩɨɞɨɛɢɹ. 

2. Ɋɚɡɪɚɛɨɬɚɧɵ ɢ ɢɡɝɨɬɨɜɥɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɫɬɟɧɞ, ɩɨɡɜɨɥɹɸɳɢɣ 

ɩɪɨɜɟɫɬɢ ɦɧɨɝɨɮɚɤɬɨɪɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ, ɜɚɪɶɢɪɭɹ ɤɚɤ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ 

ɩɚɪɚɦɟɬɪɚɦɢ ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɤɚɧɚɥɨɜ ɫ ɮɢɥɶɬɪɭɸɳɢɦɢ 

ɷɥɟɦɟɧɬɚɦɢ, ɬɚɤ ɢ ɪɟɠɢɦɧɵɦɢ. 

3. Ɋɚɡɪɚɛɨɬɚɧɨ ɦɟɬɨɞɢɤɭ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɥɟɣ ɫɤɨɪɨɫɬɟɣ ɢ ɞɚɜɥɟɧɢɣ ɩɪɢ ɞɜɢɠɟɧɢɢ 

ɝɚɡɨɤɚɩɟɥɶɧɵɯ ɩɨɬɨɤɨɜ ɜ ɦɨɞɟɥɶɧɵɯ ɨɛɪɚɡɰɚɯ ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɢɧɟɪɰɢɨɧɧɨ-

ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɤɚɧɚɥɨɜ, ɚ ɬɚɤɠɟ ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɨɰɟɧɤɢ 

ɩɨɝɪɟɲɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ. 

4. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɞɜɭɯɮɚɡɧɨɝɨ ɬɟɱɟɧɢɹ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɜ 

ɤɚɧɚɥɟɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɟɩɚɪɚɬɨɪɚ ɜɵɩɨɥɧɟɧɨ ɱɢɫɥɟɧɧɵɦ ɦɟɬɨɞɨɦ 

ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɝɢɞɪɨɞɢɧɚɦɢɤɢ, ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɡɜɨɥɢɥɨ ɜɵɹɜɢɬɶ ɜɟɪɨɹɬɧɵɟ 

ɡɨɧɵ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɹ ɧɚ ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɭɱɚɫɬɤɚɯ. 

Ɉɫɧɨɜɧɵɟ ɧɚɭɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɡɞɟɥɚ ɨɩɭɛɥɢɤɨɜɚɧɵ ɜ ɪɚɛɨɬɚɯ 

[81,118,125,126,127,137] . 
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ɊȺɁȾȿɅ 4 

ɊȿɁɍɅɖɌȺɌɕ ɗɄɋɉȿɊɂɆȿɇɌȺɅɖɇɕɏ ɂɋɋɅȿȾɈȼȺɇɂɃ 

 

 

4.1. Ɉɫɧɨɜɧɵɟ ɫɟɩɚɪɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɧɟɪɰɢɨɧɧɨ-

ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ 

Ɉɫɧɨɜɧɵɟ  ɫɟɩɚɪɚɰɢɨɧɧɵɟ  ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ  ɞɚɧɧɨɝɨ ɜɢɞɚ ɝɚɡɨɫɟɩɚɪɚɬɨɪɨɜ-

ɷɬɨ ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɡɞɟɥɟɧɢɹ ɝɚɡɨɠɢɞɤɨɫɬɧɨɣ 

ɫɦɟɫɢ ɢ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɠɢɞɤɨɫɬɢ ɜ ɝɚɡɟ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ 

ɛɵɬɶ ɭɞɚɥɟɧɚ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɦ ɝɚɡɨɫɟɩɚɪɚɬɨɪɨɦ.  

ȼ ɩɪɨɰɟɫɫɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɛɨɬɵ ɨɩɵɬɧɨɝɨ ɨɛɪɚɡɰɚ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ ɦɚɥɨɟ 

ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɚɩɩɚɪɚɬɚ ɞɨ 300 ɉɚ (ɪɢɫɭɧɨɤ 4.1). 

ȼɵɫɨɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɩɪɢ ɧɚɥɢɱɢɢ 4 ɝɨɮɪ ɜ ɤɚɧɚɥɟ, ɯɨɬɹ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ ɥɢɲɶ 2-3 (ɪɚɡɞɟɥ 2, ɩ. 2.5). 

ɋɨɞɟɪɠɚɧɢɟ ɠɢɞɤɨɫɬɢ, ɤɨɬɨɪɚɹ ɷɮɮɟɤɬɢɜɧɨ ɭɥɚɜɥɢɜɚɟɬɫɹ  ɢ ɨɬɜɨɞɢɬɫɹ (ɞɨ 

200 ɝ/ɦ3
), ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɝɪɚɮɢɤɚɦɢ,  ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢɞɚɥɟɟ ɩɨ ɬɟɤɫɬɭ ɪɚɛɨɬɵ, 

ɬɚɦ ɠɟ –ɩɨɞɪɨɛɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢ ɝɪɚɮɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ. 

 

4.1.1. Ƚɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɪɟɠɢɦɵ ɪɚɛɨɬɵ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ 
ɫɟɩɚɪɚɬɨɪɨɜ ɢ ɢɯ ɜɥɢɹɧɢɟ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɫɟɩɚɪɚɰɢɢ 

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɩɪɨɰɟɫɫɚ ɢ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɟɝɨ 

ɚɞɟɤɜɚɬɧɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɧɚɛɨɪ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɡɚɞɚɧɢɹ 

ɝɪɚɧɢɱɧɵɯ ɢ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ, ɜɵɹɜɥɟɧɢɹ ɝɪɚɧɢɰ ɩɪɢɦɟɧɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɮɨɪɦɭɥ. ɉɪɨɜɟɞɟɧɧɵɣ ɥɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ ɪɚɛɨɬ [78-115], 

ɫɜɹɡɚɧɧɵɯ ɫ ɨɩɢɫɚɧɢɟɦ ɝɢɞɪɨɞɢɧɚɦɢɤɢ ɜ ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɤɚɧɚɥɚɯ,  ɩɨɤɚɡɚɥ, ɱɬɨ 

ɨɞɧɢɦ ɢɡ ɫɥɨɠɧɵɯ ɜɨɩɪɨɫɨɜ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɧɚɯɨɠɞɟɧɢɹ 

ɝɪɚɧɢɰɵ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɡɧɚɱɟɧɢɣ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ. 



134 

 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ  ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ, ɤɨɬɨɪɨɟ ɩɨɤɚɠɟɬ 

ɦɚɤɫɢɦɚɥɶɧɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɝɢɞɪɚɜɥɢɱɟɫɤɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɢ, 

ɛɵɥ ɢɡɝɨɬɨɜɥɟɧ ɫɬɟɧɞ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ  ɞɜɢɠɟɧɢɹ  ɝɚɡɨɠɢɞɤɨɫɬɧɵɯ ɩɨɬɨɤɨɜ. ɉɪɢ 

ɷɬɨɦ  ɢɡɦɟɧɹɥɚɫɶ ɧɚɝɪɭɡɤɚ ɩɨ ɝɚɡɭ ɢ ɨɩɪɟɞɟɥɹɥɨɫɶ ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 

ɧɚ ɫɭɯɨɦ ɚɩɩɚɪɚɬɟ.  

ɋɥɟɞɭɸɳɢɦ ɷɬɚɩɨɦ ɫɬɚɥɨ ɢɡɭɱɟɧɢɟ ɢɡɦɟɧɟɧɢɹ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɡɞɟɥɟɧɢɹ 

ɝɚɡɨɠɢɞɤɨɫɬɧɨɣ ɫɦɟɫɢ. ɉɪɨɰɟɫɫ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɧɚ ɞɜɭɯɮɚɡɧɨɣ ɫɢɫɬɟɦɟ 

– ɜɨɡɞɭɯ – ɜɨɞɚ. ȼ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɪɢ ɪɚɡɥɢɱɧɨɣ 

ɧɚɝɪɭɡɤɟ ɩɨ ɠɢɞɤɨɫɬɢ: 100 ɝ/ɦ3, 200 ɝ/ɦ3, 300 ɝ/ɦ3. ȼɥɢɹɧɢɟ ɷɬɨɝɨ ɩɚɪɚɦɟɬɪɚ ɧɚ 

ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɨɥɭɱɟɧɨ ɜ ɜɢɞɟ ɝɪɚɮɢɱɟɫɤɢɯ 

ɡɚɜɢɫɢɦɨɫɬɟɣ. ɋ ɩɨɦɨɳɶɸ ɤɪɢɬɟɪɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɦɨɠɧɨ ɩɟɪɟɧɟɫɬɢ 

ɪɟɡɭɥɶɬɚɬɵ ɷɬɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ ɫɢɫɬɟɦɭ ɩɪɢɪɨɞɧɵɣ ɝɚɡ – ɧɟɮɬɶ ɫɨɝɥɚɫɧɨ ɬɟɨɪɢɢ 

ɩɨɞɨɛɢɹ. ȼɫɟ ɩɨɥɭɱɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɨɛɪɚɛɨɬɚɧɵ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ,  ɩɨɞɬɜɟɪɠɞɚɸɳɢɯ ɚɞɟɤɜɚɬɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ 

ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɞɚɸɳɢɯ ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɪɟɞɟɥɢɬɶ ɩɨɝɪɟɲɧɨɫɬɢ ɩɪɨɜɨɞɢɦɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ. 

 

Ɋɢɫɭɧɨɤ 4.1– Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɨɬ ɫɤɨɪɨɫɬɢ ɝɚɡɚ ɧɚ ɜɯɨɞɟ 
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ɉɨɥɭɱɟɧɧɚɹ ɝɪɚɮɢɱɟɫɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ 

ɠɢɞɤɨɫɬɢ ɜ ɩɨɬɨɤ ɢ ɭɜɟɥɢɱɟɧɢɢ ɟɟ ɦɚɫɫɨɜɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ 

ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɫɨɯɪɚɧɹɹɫɶ ɧɚ ɭɪɨɜɧɟ ɞɨ 350  ɉɚ. 

 

Ɋɢɫɭɧɨɤ 4.2 – ɂɫɫɥɟɞɨɜɚɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɡɞɟɥɟɧɢɹ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 

ɫɤɨɪɨɫɬɹɯ ɢ ɫɨɞɟɪɠɚɧɢɹɯ ɠɢɞɤɨɣ ɮɚɡɵ 

 

ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɪɢ ɫɤɨɪɨɫɬɢ ɜ 18-20 ɦ/ɫ 

ɞɨɫɬɢɝɚɟɬɫɹ ɜɵɫɨɤɚɹ ɫɬɟɩɟɧɶ ɪɚɡɞɟɥɟɧɢɹ (ɧɚ ɭɪɨɜɧɟ 98-99%), ɢ ɞɚɥɶɧɟɣɲɟɟ 

ɭɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɩɪɢɜɟɞɟɬ ɬɨɥɶɤɨ ɤ ɭɜɟɥɢɱɟɧɢɸ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ. 

Ɋɟɡɭɥɶɬɚɬɨɦ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɨɩɪɟɞɟɥɟɧɢɹ 

ɨɩɬɢɦɚɥɶɧɨɝɨ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ, ɩɪɢ ɤɨɬɨɪɨɦ ɞɨɫɬɢɝɚɟɬɫɹ 

ɨɩɬɢɦɚɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɢ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɪɚɡɞɟɥɟɧɢɹ ɝɚɡɨɠɢɞɤɨɫɬɧɨɣ ɫɦɟɫɢ. 

Ⱦɚɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ  ɩɨɡɜɨɥɢɥɢ ɩɨɥɭɱɢɬɶ ɪɟɤɨɦɟɧɞɚɰɢɢ ɞɥɹ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɪɚɡɥɢɱɧɵɯ 

ɝɚɡɨɠɢɞɤɨɫɬɧɵɯ ɫɢɫɬɟɦɚɯ: ɧɟɮɬɶ – ɜɨɞɚ; ɩɪɢɪɨɞɧɵɣ ɝɚɡ – ɧɟɮɬɶ; ɜɨɡɞɭɯ– ɧɟɮɬɶɢ 
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ɞɪɭɝɢɯ ɫɢɫɬɟɦɚɯ, ɚ ɜɟɫɶ ɩɟɪɟɫɱɟɬ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɪɟɠɢɦɨɜ 

ɬɟɱɟɧɢɹ (ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ). 

 

4.1.2. ɋɪɚɜɧɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɚɡɥɢɱɧɵɯ ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜ 

ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɪɚɛɨɬɵ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɚɹ ɷɥɟɦɟɧɬɚ ɩɨɥɭɱɟɧɵ 

ɞɚɧɧɵɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. Ⱦɥɹ 

ɫɪɚɜɧɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɵ ɥɢɬɟɪɚɬɭɪɧɵɟ ɞɚɧɧɵɟ ɩɨ ɝɪɚɜɢɬɚɰɢɨɧɧɨɦɭ, 

ɢɧɟɪɰɢɨɧɧɨɦɭ ɢ ɮɢɥɶɬɪɭɸɳɟɦɭ ɝɚɡɨɫɟɩɚɪɚɬɨɪɚɦ [78]. 

Ɍɚɛɥɢɰɚ 4.1 

ɋɪɚɜɧɟɧɢɟ ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɚɡɥɢɱɧɵɯ ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜ 

 

ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɣ 

ɝɚɡɨɫɟɩɚɪɚɬɨɪ ɪɚɛɨɬɚɟɬ ɩɪɢ ɧɟɡɧɚɱɢɬɟɥɶɧɵɯ ɫɨɞɟɪɠɚɧɢɹɯ ɠɢɞɤɨɫɬɢ (L/G= 0,03), 

ɧɨ ɩɪɢ ɷɬɨɦ ɢɦɟɟɬ ɛɨɥɶɲɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ,  ɱɟɦ ɱɢɫɬɨ ɢɧɟɪɰɢɨɧɧɵɟ ɚɩɩɚɪɚɬɵ ɢ 

ɧɚɦɧɨɝɨ ɦɟɧɶɲɟɟ ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɱɟɦ ɱɢɫɬɨ ɮɢɥɶɬɪɭɸɳɢɟ 

ɚɩɩɚɪɚɬɵ. 

 

ɉɚɪɚɦɟɬɪ Ƚɪɚɜɢɬɚɰɢɨɧɧɵ
ɣ  

ɂɧɟɪɰɢɨɧɧɵɣ
, 

ɠɚɥɸɡɢɣɧɵɣ 

Ɏɢɥɶɬɪɭɸɳɢ
ɣ 

ɂɧɟɪɰɢɨɧɧɨ
-

ɮɢɥɶɬɪɭɸɳɢ
ɣ 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ, % 

 

ɞɨ 80 70-95 98-99,99 ɞɨ 99,9 

ɋɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ 
ɩɨɬɨɤɚ, ɦ/ɫ 

 

ɞɨ 0,1 3-5 0,05-2,5 ɞɨ 20 

Ƚɢɞɪɚɜɥɢɱɟɫɤɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɉɚ   
 

ɞɨ 1000 100-500 ɞɨ 2500 ɞɨ 300 

ɍɞɟɥɶɧɚɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬ
ɶ, L/G 

 ɞɨ 0,5 ɞɨ 0,1 ɞɨ 0,005 ɞɨ 0,03 
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4.2.Ɉɛɪɚɛɨɬɤɚ ɢ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɉɪɢ ɡɨɧɞɢɪɨɜɚɧɢɢ ɤɚɧɚɥɚ ɩɨɥɭɱɟɧ ɪɹɞ ɞɚɧɧɵɯ ɩɨ ɫɨɫɬɚɜɥɹɸɳɢɦ ɫɤɨɪɨɫɬɢ 

ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɤɚɠɞɨɣ ɝɨɮɪɟ. ɉɪɢɦɟɪ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɬɢɯ ɫɤɨɪɨɫɬɟɣ ɩɪɢɜɟɞɟɧ 

ɧɚ ɪɢɫɭɧɤɟ 4.3. 

 

Ɋɢɫɭɧɨɤ 4.3 – Ƚɪɚɮɢɤ  ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɤɨɪɨɫɬɢVf 

ɜ ɩɪɟɞɟɥɚɯ ɨɞɧɨɣ ɢɡ ɝɨɮɪ 

 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɚ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɨɛɪɚɬɶ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɜɵɪɚɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɨɩɢɫɵɜɚɸɬ ɡɚɜɢɫɢɦɨɫɬɢ ɫɨɫɬɚɜɥɹɸɳɢɯ 

ɫɤɨɪɨɫɬɢ ɝɚɡɚ (Vx ɢ Vy)  ɨɬ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɤɚɧɚɥɚ. 

Ɍɚɤɠɟ ɚɜɬɨɪɚɦɢ ɪɚɛɨɬɵ Д77Ж ɩɪɟɞɩɪɢɧɹɬɚ ɩɨɩɵɬɤɚ ɜɵɞɚɱɢ ɧɚɱɚɥɶɧɵɯ 

ɭɫɥɨɜɢɣ ɞɥɹ ɪɚɫɱɟɬɚ ɬɪɚɟɤɬɨɪɢɢ ɤɚɩɥɢ, ɧɨ, ɤɚɤ ɩɨɤɚɡɚɥ ɞɚɥɶɧɟɣɲɢɣ ɪɚɫɱɟɬ,  

ɡɚɜɢɫɢɦɨɫɬɶ 2-ɣ ɫɬɟɩɟɧɢ ɨɬ ɤɨɨɪɞɢɧɚɬ X,Yɧɟ ɞɚɟɬ ɧɟɨɛɯɨɞɢɦɨɣ ɬɨɱɧɨɫɬɢ, 

ɩɨɷɬɨɦɭ ɫɞɟɥɚɧɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨɛ ɭɜɟɥɢɱɟɧɢɢ ɫɬɟɩɟɧɢ ɩɨɥɢɧɨɦɚ ɞɨ 6.  

Ⱦɥɹ ɜɵɹɜɥɟɧɢɹ ɨɫɨɛɟɧɧɨɫɬɟɣ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɜ 

ɩɪɨɰɟɫɫɟ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢɡɦɟɧɹɥɢɫɶ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ: 

ɪɚɞɢɭɫ ɝɨɮɪɵ, ɭɝɨɥ ɪɚɫɤɪɵɬɢɹ ɝɨɮɪɵ ɢ ɞɥɢɧɚ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ 
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ɭɱɚɫɬɤɚ.Ɍɟɨɪɟɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɩɪɢ ɢɡɦɟɧɟɧɢɹɯ 

ɝɟɨɦɟɬɪɢɢ,  ɞɚɧɨ ɜ ɪɚɛɨɬɟ Д77]. 

Ⱦɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ: ɧɚɝɪɭɡɤɚ ɩɨ ɝɚɡɭ 0,2-0,306 ɦ3/ɫ; L=100, 

150, 200 ɦɦ; R=25, 55, 100 ɦɦ; α=600
, 90

0
, 120

0;ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɝɨɮɪɚɦɢ - 100 

ɦɦ. 

Ɇɟɬɨɞɢɤɚ ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɡɚɦɟɪɨɜ ɩɨɤɚɡɚɧɚ ɜ 

ɪɚɡɞɟɥɟ 3.3 ɢ, ɤɚɤ ɪɟɡɭɥɶɬɚɬ,ɥɢɧɢɹ ɬɪɟɧɞɚ ɱɟɪɟɡ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɧɵɟ ɞɚɧɧɵɟ 

ɨɩɢɫɵɜɚɟɬɫɹ ɩɨɥɢɧɨɦɨɦ 6-ɣ ɫɬɟɩɟɧɢ.  ɉɨɥɭɱɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 

ɨɩɪɟɞɟɥɢɬɶ ɬɟɨɪɟɬɢɱɟɫɤɭɸ ɫɤɨɪɨɫɬɶɧɚ ɨɫɧɨɜɟ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɞɚɧɧɵɯ, ɧɨ ɜ ɪɚɛɨɬɟ ɪɚɡɪɚɛɨɬɚɧɚ ɨɬɞɟɥɶɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ  ɧɚ ɨɫɧɨɜɟ 

ɤɥɚɫɫɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ ɝɢɞɪɨɞɢɚɧɚɦɢɤɢ, ɤɨɬɨɪɚɹ ɩɨɤɚɡɚɥɚ ɫɜɨɸ ɚɞɟɤɜɚɬɧɨɫɬɶ, 

ɩɨɷɬɨɦɭ ɞɚɥɟɟ ɩɪɢɜɨɞɢɦ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɡɚɦɟɪɨɜ, ɨɛɪɚɛɨɬɚɧɧɵɯ ɜ 

ɩɪɨɝɪɚɦɦɟ Excel,ɢ ɪɟɡɭɥɶɬɚɬɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɚ ɨɫɧɨɜɟ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. 

 

Ɋɢɫɭɧɨɤ 4.4 – ɋɪɚɜɧɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɫɤɨɪɨɫɬɢ 

ɝɚɡɚ ɜ ɤɚɧɚɥɟ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɟɩɚɪɚɬɨɪɚ, ɩɪɢ R=55 ɦɦ, L=200 ɦɦ, 

α=1200
;ɲɢɪɢɧɚ ɤɚɧɚɥɚ – 100 ɦɦ. Ɋɚɫɯɨɞ ɝɚɡɚ Q=0,106 ɦ3/ɫ 
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɨɜ ɩɨɥɭɱɟɧɵ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ 

ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɢ ɝɚɡɚ ɜ ɤɚɧɚɥɟ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɚɹ 

ɝɚɡɨɫɟɩɚɪɚɰɢɨɧɧɨɝɨ ɷɥɟɦɟɧɬɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɱɢɬɚɬɶ ɫɤɨɪɨɫɬɶ ɤɚɩɟɥɶ ɢ ɢɯ 

ɬɪɚɟɤɬɨɪɢɸ.ɗɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɪɟɞɟɥɢɬɶ ɦɟɫɬɨ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ 

ɮɢɥɶɬɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ.   

ɉɨɫɥɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɛɨɬɵ ɷɥɟɦɟɧɬɚ ɛɟɡ ɮɢɥɶɬɪɚ ɢ ɫ ɮɢɥɶɬɪɨɦ ɛɵɥ 

ɪɚɫɫɦɨɬɪɟɧ ɨɛɪɚɡɟɰ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɨɩɪɟɞɟɥɟɧɵ ɜ 

ɧɟɦ ɩɨɥɹ ɫɤɨɪɨɫɬɟɣ.  

Ⱦɚɥɟɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɦɟɫɢ ɜɨɡɞɭɯ-ɜɨɞɚɩɪɢ 

ɪɚɡɥɢɱɧɵɯ ɫɤɨɪɨɫɬɹɯ ɝɚɡɚ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɚɯ. 

 

 
ɚ 

 

 

Ɋɢɫɭɧɨɤ 4.5 – ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɡɞɟɥɟɧɢɹ ɝɚɡɨɠɢɞɤɨɫɬɧɨɣ ɫɦɟɫɢ ɜ ɢɧɟɪɰɢɨɧɧɨ-

ɮɢɥɶɬɪɭɸɳɟɦ ɝɚɡɨɫɟɩɚɪɚɬɨɪɟ ɩɪɢ ɨɩɬɢɦɚɥɶɧɵɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɚɯ:   
ɚ – R = 25 ɦɦ, L = 200, α =900;  ɛ –R=55 ɦɦ, L = 200, α = 900
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ɛ 

 

Ɋɢɫɭɧɨɤ 4.5, – ɥɢɫɬ 2 

 

Ɉɩɬɢɦɚɥɶɧɨɫɬɶ ɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɦɢɧɢɦɚɥɶɧɵɦ 

ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɜɫɟɝɨ ɚɩɩɚɪɚɬɚ, ɚ ɬɚɤɠɟ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɪɚɡɞɟɥɟɧɢɹ ɝɚɡɨɠɢɞɤɨɫɬɧɨɣ ɫɦɟɫɢ, ɢɡɨɛɪɚɠɟɧɧɨɣ ɧɚ 

ɝɪɚɮɢɱɟɫɤɢɯ ɡɚɜɢɫɢɦɨɫɬɹɯ.  

ɉɪɢ ɜɢɡɭɚɥɶɧɨɦ ɧɚɛɥɸɞɟɧɢɢ ɧɟ ɢɞɟɬ ɫɪɵɜ ɩɥɟɧɤɢ ɫ ɜɧɭɬɪɟɧɧɟɣ ɱɚɫɬɢ 

ɠɚɥɸɡɢ, ɨɧɚ ɩɥɚɜɧɨ ɩɟɪɟɦɟɳɚɟɬɫɹ ɩɨ ɫɬɟɧɤɟ ɤɚɧɚɥɚ ɢ ɫɬɟɤɚɟɬ ɜ ɮɢɥɶɬɪ. ɉɪɢ 

ɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 8-10 ɦ/ɫ, ɱɬɨ  ɩɨɞɬɜɟɪɠɞɟɧɨ 

ɜɢɡɭɚɥɶɧɵɦ ɧɚɛɥɸɞɟɧɢɟɦ. 
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ɚ 

 

 
ɛ 

Ɋɢɫɭɧɨɤ 4.6 – Ƚɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɡɞɟɥɟɧɢɹ ɝɚɡɨɠɢɞɤɨɫɬɧɨɝɨ 

ɩɨɬɨɤɚ ɩɪɢ ɪɚɡɥɢɱɧɨɣ ɫɤɨɪɨɫɬɢ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɢ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ 

ɩɚɪɚɦɟɬɪɨɜ ɤɚɧɚɥɚ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɟɩɚɪɚɬɨɪɚ (ɪɚɞɢɭɫ ɝɨɮɪɵ R, 

ɞɥɢɧɚ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ ɭɱɚɫɬɤɚ L, ɭɝɨɥ ɪɚɫɤɪɵɬɢɹ α): 

ɚ –R = 100 ɦɦ, L = 200, α = 900;  ɛ –R = 55 ɦɦ, L = 100, α = 900;  ɜ –R = 55 ɦɦ, L 

=150, α = 900;  ɝ –R = 55 ɦɦ, L = 200, α = 600; ɞ –R = 55 ɦɦ, L = 200, α = 1200 
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ɜ 

 
 

ɝ 

 

Ɋɢɫɭɧɨɤ 4.6, – ɥɢɫɬ 2 
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Ⱦ 

 

Ɋɢɫɭɧɨɤ 4.6, – ɥɢɫɬ 3 

 

ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɜɢɞɟ 

ɝɪɚɮɢɱɟɫɤɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ,ɩɨɤɚɡɵɜɚɸɳɢɯ ɩɨɜɟɞɟɧɢɟ ɞɜɭɯɮɚɡɧɨɝɨ ɩɨɬɨɤɚ  ɩɪɢ 

ɢɡɦɟɧɟɧɢɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɤɚɧɚɥɚ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ 

ɝɚɡɨɫɟɩɚɪɚɬɨɪɚ. 

ɉɨɥɭɱɟɧɧɚɹ ɝɚɮɢɱɟɫɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɤɚɡɜɚɟɬ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɞɥɢɧɵ 

ɭɱɚɫɬɤɚ ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɧɨ ɧɚ ɡɧɚɱɟɧɢɢ 200 ɦɦ ɝɪɚɮɢɤ 

ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ. ɍɜɟɥɢɱɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɜɨɡɦɨɠɧɨɫɬɢ 

ɩɟɪɟɮɨɪɦɚɬɢɪɨɜɚɧɢɹ ɩɨɬɨɤɚ ɢ ɩɨɜɬɨɪɧɨɝɨ ɟɝɨ ɪɚɡɞɟɥɟɧɢɹ ɧɚ ɞɜɟ ɡɨɧɵ (ɛɨɥɟɟ 

ɧɚɫɵɳɟɧɧɭɸ ɠɢɞɤɨɫɬɶɸ ɢ ɦɟɧɟɟ ɧɚɫɵɳɟɧɧɭɸ), ɩɨɷɬɨɦɭ ɨɩɬɢɦɚɥɶɧɨɣ ɹɜɥɹɟɬɫɹ 

ɞɥɢɧɚ 200 ɦɦ. Ɍɚɤɠɟ ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɠɢɞɤɨɫɬɢ 200 ɝ/ɦ3
  ɩɪɨɢɫɯɨɞɢɬ 

ɧɚɢɛɨɥɶɲɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɡɞɟɥɟɧɢɹ, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨɫɬɶɸ ɜɥɚɝɢ 

ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɨɰɟɫɫɚ ɤɨɚɝɭɥɹɰɢɢ, ɧɨ ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɶɸ ɞɥɹ ɩɨɜɵɲɟɧɧɨɝɨ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɪɨɛɥɟɧɢɹ. 
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Ɋɢɫɭɧɨɤ 4.7 – Ɂɚɜɢɫɢɦɨɫɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɡɞɟɥɟɧɢɹ ɝɚɡɨɠɢɞɤɨɫɬɧɨɣ 

ɫɦɟɫɢ ɨɬ ɞɥɢɧɵ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ ɭɱɚɫɬɤɚ 

 

 

 

Ɋɢɫɭɧɨɤ 4.8 – Ɂɚɜɢɫɢɦɨɫɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɡɞɟɥɟɧɢɹ ɫɦɟɫɢ ɨɬ ɭɝɥɚ 

ɪɚɫɤɪɵɬɢɹ ɝɨɮɪ 
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ɉɪɟɞɫɬɚɜɥɟɧɧɵɣ ɝɪɚɮɢɤ ɢɦɟɟɬ ɷɤɫɬɪɟɦɭɦ ɜ ɬɨɱɤɟ 900. Ɇɚɥɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɜ ɧɚɱɚɥɟ ɦɨɠɟɬ ɛɵɬɶ ɫɥɟɞɫɬɜɢɟɦ  ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɣ  ɢɜɬɨɪɢɱɧɨɝɨ ɛɪɵɡɝɨɭɧɨɫɚ. 

ɉɚɞɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɨɫɥɟ ɩɢɤɚ ɨɛɴɹɫɧɹɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟɦ ɰɟɧɬɪɨɛɟɠɧɵɯ 

ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ  ɧɚ ɤɚɩɥɸ, ɢ ɭɦɟɧɶɲɟɧɢɟɦ ɜɟɪɨɹɬɧɨɫɬɢ ɜɵɯɨɞɚ ɟɟ ɢɡɩɨɬɨɤɚ 

ɝɚɡɚ ɜ ɬɟɥɨ ɮɢɥɶɬɪɚ. 
 

 

 

Ɋɢɫɭɧɨɤ 4.9 – Ɂɚɜɢɫɢɦɨɫɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɝɚɡɨɫɟɩɚɪɚɰɢɢ ɨɬ ɪɚɞɢɭɫɚ 

ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɭɱɚɫɬɤɨɜ 

 

ȼɵɲɟɩɪɢɜɟɞɟɧɧɵɣ ɝɪɚɮɢɤ ɢɥɥɸɫɬɪɢɪɭɟɬ ɫɥɟɞɭɸɳɢɣ ɜɵɜɨɞ: ɩɨɜɵɲɟɧɢɟ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɢɫɯɨɞɢɬ ɞɨ ɡɧɚɱɟɧɢɹ ɪɚɞɢɭɫɚ 58 ɦɦ ɢ ɩɨɬɨɦ ɟɝɨ ɪɨɫɬ ɭɠɟ 

ɧɟɡɧɚɱɢɬɟɥɟɧ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɟɬɫɹ ɧɚɥɢɱɢɟɦ ɜɢɯɪɟɣ, ɢɡɨɛɪɚɠɟɧɧɵɯ ɧɚ ɪɢɫɭɧɨɤ 

4.10.Ⱥɧɚɥɢɡɢɪɭɹ ɞɚɧɧɵɟ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ, ɢɫɯɨɞɹ ɢɡ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɡɚɦɟɪɨɜ ɜ ɞɢɚɩɚɡɨɧɟ ɢɡɦɟɧɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ 

(R=25, 55, 100 ɦɦ;L=100, 150, 200, ɦɦ; α=600
, 90

0
, 120

0
),ɨɩɬɢɦɚɥɶɧɵɦɢ 

ɩɚɪɚɦɟɬɪɚɦɢ ɹɜɥɹɸɬɫɹ R = 55 ɦɦ, L = 200, α = 90
0
, ɬɚɤ ɤɚɤ ɩɪɢ ɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɡɞɟɥɟɧɢɹ ɝɚɡɨɠɢɞɤɨɫɬɧɨɣ ɫɦɟɫɢ ɹɜɥɹɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨɣ (ɧɚ 
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ɭɪɨɜɧɟ 99 %), ɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚ ɭɪɨɜɧɟ 350 ɉɚ, ɱɬɨ ɞɚɟɬ 

ɧɚɢɦɟɧɶɲɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɡɚɬɪɚɬɵ.ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɡɚɦɟɪɨɜ 

ɫɤɨɪɨɫɬɢ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɩɨ ɜɫɟɦ ɱɟɬɵɪɟɦ ɝɨɮɪɚɦ ɤɚɧɚɥɚ. 

 

1-ɹ ɝɨɮɪɚ 

 
 

2-ɹ ɝɨɮɪɚ 

 
 

Ɋɢɫɭɧɨɤ 4.10 – Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɡɚɦɟɪɨɜ ɫɤɨɪɨɫɬɢ ɝɚɡɚ ɜ ɤɚɧɚɥɟ  

ɤɚɠɞɨɣ ɝɨɮɪɵ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɟɩɚɪɚɬɨɪɚ 
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3-ɹ ɝɨɮɪɚ 

 
 

 

 

Ɋɢɫɭɧɨɤ 4.10, – ɥɢɫɬ 2 
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4-ɹ ɝɨɮɪɚ 

 
 

 

 

Ɋɢɫɭɧɨɤ 4.10, – ɥɢɫɬ 3 
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Ɋɢɫɭɧɨɤ 4.10, ɥɢɫɬ 3 

 

 

 

Ɋɟɡɭɥɶɬɚɬɵ ɡɚɦɟɪɨɜ,  ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɤɨɪɨɫɬɢ ɜ ɩɟɪɜɨɣ ɝɨɮɪɟ ɩɨ ɫɟɱɟɧɢɹɦ, ɚ 

ɨɫɬɚɥɶɧɵɟ– ɜ ɩɪɢɥɨɠɟɧɢɢ Ʌ.  

 

Ɍɚɛɥɢɰɚ 4.2 

Ɋɚɞɢɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɤɨɪɨɫɬɢ Vr ɞɥɹ ɝɨɮɪɵ 1 

ɇɨɦɟɪ 
ɡɚɦɟɪɚ 

1 

φ=450
 

2 

φ=600 
3 

φ=750
 

4 

φ=900
 

5 

φ=1050
 

6 

φ=1200
 

7 

φ=1350
 

ɉɚɪɚɦɟɬɪ r Vr r Vr r Vr r Vr r Vr r Vr r Vr 

ɋɟɱɟɧɢɟ 1 0,096 11,64 0,096 11,8 0,096 11,8 0,096 0,01 0,096 9,43 0,096 0,86 0,096 0,01 

ɋɟɱɟɧɢɟ 2 0,14 10,3 0,14 10,9 0,14 5,9 0,14 3,38 0,14 -6,67 0,14 6,12 0,14 -1,29 

ɋɟɱɟɧɢɟ 3 
0,17 5 0,17 3,37 0,17 0,77 0,17 -2,51 0,17 -2,51 0,17 -4,7 0,17 7 
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Ɍɚɛɥɢɰɚ 4.3 

Ɍɚɧɝɟɧɰɢɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɤɨɪɨɫɬɢ Vφ ɞɥɹ Ƚɨɮɪɵ 1 
 

ɇɨɦɟɪ 
ɡɚɦɟɪɚ 

1 

φ=45
0 

2 

φ=60 

3 

φ=75
0
 

4 

φ=90
0
 

5 

φ=105
0
 

6 

φ=120
0
 

7 

φ=1350
 

ɉɚɪɚɦɟɬɪ r Vφ r Vφ r Vφ r Vφ r Vφ r Vφ r Vφ 

ɋɟɱɟɧɢɟ 1 0,096 5,42 0,096 6,8 0,096 10,65 0,096 11,04 0,096 9,42 0,096 9,78 0,096 13,8 

ɋɟɱɟɧɢɟ 2 0,14 8,63 0,14 7,64 0,14 10,2 0,14 12,6 0,14 5,61 0,14 10,6 0,14 14,9 

ɋɟɱɟɧɢɟ 3 0,17 10,7 0,17 7,22 0,17 2,11 0,17 2,52 0,17 2,52 0,17 1,7 0,17 12,1 

 

ȼɵɲɟɢɡɥɨɠɟɧɧɚɹ ɢɧɮɨɪɦɚɰɢɹ (ɩɨɥɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɤɨɪɨɫɬɢ 

ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ) ɩɨɡɜɨɥɹɟɬ ɧɚɣɬɢ ɤɨɧɫɬɚɧɬɵ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɞɥɹ ɪɚɛɨɬɵ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ,ɬɚɤ ɤɚɤ ɪɚɧɟɟ ɜ ɪɚɡɞɟɥɟ 2.1.2 ɛɵɥɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɞɚɱɚ 

ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɨɩɪɟɞɟɥɟɧɧɵɯ ɤɨɧɫɬɚɧɬ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ (_ɋ1, _ɋ2, _ɋ3) , ɤɨɬɨɪɵɟ 

ɜɨɡɦɨɠɧɵ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɧɚ ɨɩɨɪɧɵɯ ɡɧɚɱɟɧɢɹɯ ɩɪɢ ɝɪɚɧɢɱɧɵɯ 

ɭɫɥɨɜɢɹɯ ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ ɞɢɚɩɚɡɨɧɟ. ɂɯ ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɬɨɥɶɤɨ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ 

ɞɢɚɩɚɡɨɧɚɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɤɚɧɚɥɚ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ 

ɫɟɩɚɪɚɬɨɪɚ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɹɯ ɪɟɠɢɦɚ (ɩɪɢ 

ɪɚɫɯɨɞɟ ɝɚɡɚ ɢ ɠɢɞɤɨɫɬɢ). ɗɬɢ ɡɧɚɱɟɧɢɹ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɪɚɡɞɟɥɟ 2.1.2 ɩɪɢ 

ɨɩɪɟɞɟɥɟɧɢɢ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɤɨɪɨɫɬɢ ɝɚɡɚ. 

Ɇɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɵɯ ɤɨɧɫɬɚɧɬ ɩɨ ɡɧɚɱɟɧɢɹɦ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ɩɪɢɜɟɞɟɧɚ ɧɢɠɟ. 

 

Ɋɢɫɭɧɨɤ 4.11–Cɯɟɦɚ ɧɚɯɨɠɞɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɋ ɩɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ 
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ɉɨɞɫɬɚɜɥɹɟɦ ɜ ɨɛɳɟɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɤɨɪɨɫɬɢ ɪɟɡɭɥɶɬɚɬɵ 

ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ ɥɸɛɵɯ ɬɪɟɯ ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɤɚɯ ɩɪɢ ɤɨɨɪɞɢɧɚɬɚɯ: 

 

  {ܸ�ଵ  (ݎଵ  ,�ଵ),ܸ�ଵ   ሺݎଶ  ,�ଵሻܸ�ଵ  (ݎଷ  ,�ଵ);,     (4.1.) 

 

 (.4.2)     .(ଷ  ,�ଵݎ)  ଷݎܸ,(ଶ  ,�ଵݎ)  ଶݎܸ,(ଵ  ,�ଵݎ)  ଵݎܸ}  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɟɦ ɫɢɫɬɟɦɭ ɞɥɹ ɤɚɠɞɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɤɨɪɨɫɬɢ ɢ 

ɧɚɯɨɞɢɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢ ɭɝɥɚɯ ɡɚɦɟɪɚ (450
, 60

0
, 75

0
, 90

0
, 105

0
, 120

0
, 135

0) ɩɨ 

ɩɪɨɝɪɚɦɦɟ ɩɪɢɥɨɠɟɧɢɹ Ʌ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɋ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚ ɞɥɹ  ɫɨɫɬɚɜɥɹɸɳɢɯ 

ɫɤɨɪɨɫɬɢ ɝɚɡɚ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥ. 4.4 ɢ 4.5. Ɉɫɬɚɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ 

ɩɪɢɜɟɞɟɧɵ ɜ (ɉɪɢɥɨɠɟɧɢɟ Ʉ) 

 

Ɍɚɛɥɢɰɚ 4.4  
Ʉɨɷɮɮɢɰɢɟɧɬɵ ɋ ɞɥɹ ɪɚɞɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɤɨɪɨɫɬɢ 

 

ɇɨɦɟɪ ɡɚɦɟɪɚ Иɋ1 Иɋ2 Иɋ3 

  1 1,75
 

-1,76 2,28 

2 2,05
 

-2,03 2,5 

3 1,92
 

-1,88 2,61 

4 1,87
 

-1,933 2,96 

5 1,65
 

-1,75 3,13 

6 2.08
 

-2,01 2,853 

7 1,72
 

-1,73 3,03 

ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ 1,862 -1,87 2,766 
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Ɍɚɛɥɢɰɚ 4.5  
Ʉɨɷɮɮɢɰɢɟɧɬɵ ɋ ɞɥɹ ɬɚɧɝɟɰɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɤɨɪɨɫɬɢ 

 

ɇɨɦɟɪ ɡɚɦɟɪɚ Иɋ1 Иɋ2 Иɋ3 

1 2230 2225 3,06 

2 2205 2224 2,27 

3 2218 2211 3,5 

4 2274 1882 3,94 

5 2208 1900 3,19 

6 2204 2696 2,96 

7 2284 2129 2,94 

ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ 2213 2181 3,12 

 

Ɋɚɧɟɟ ɢɡɥɨɠɟɧɧɚɹ ɜ ɪɚɡɞɟɥɟ 2.1.2 ɡɚɞɚɱɚ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɧɚɯɨɠɞɟɧɢɟ 

ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɧɫɬɚɧɬɵ  ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɨɬ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ. ɉɪɢɜɟɞɟɦ ɩɪɢɦɟɪ 

ɩɨɥɭɱɟɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɞɥɹ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɤɨɪɨɫɬɢ. 

 Ⱦɥɹ ɩɪɢɦɟɪɚ ɞɥɹ  ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɤɨɪɨɫɬɢ Vr: 

_C1:=0,000001·Re 

_C2:=-0,000001·Re; 

_C3:=0,0000007·Re. 

Ⱦɚɥɟɟ ɩɨɞɫɬɚɜɥɹɟɦ ɜ ɨɛɳɟɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɫɤɨɪɨɫɬɢ 

ݎܸ  ଶݎ ≕ ሺʹ�ሻ݊݅ݏ ͳܥ_ + ݎଶ c୭sଶ ሺʹ�ሻ+�ଷ�  −     ݎ ,   ˒ˑˎ˖˚˃ˈˏ ˅˞˓˃ˉˈːиˈ 
 

௥ܸ ≔ −Ͳ.ͲͲͲͲͲͳݎଶℜsinሺʹ�ሻ + Ͳ,ͲͲͲͲͲͳݎଶℜcosሺʹ�ሻ − ͹, ͳͲ−଻ℜݎ . 
 

ɉɪɨɜɨɞɢɦ ɬɚɤɢɟ ɠɟ ɪɚɫɱɟɬɵ  ɞɥɹ ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɤɨɪɨɫɬɢ ɝɚɡɚ: 

 

_C1:=0,0014·Re 
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_C2: = - 0,0013·Re; 

_C3:=0,000002·Re. 

 

Ⱦɚɥɟɟ ɩɨɞɫɬɚɜɥɹɟɦ ɜ ɨɛɳɟɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɫɤɨɪɨɫɬɢ 

 

 ܸ݂ ≔ ଶݎ  +sin ሺʹ�ሻʹܥ ₋ ሺʹ�ሻݏ݋ܿ ͳܥ_
ସݎ√+  ሺʹ�ሻଶݏ݋ͳଶܿܥ_ + ͳsin ሺʹ�ሻଶܥ₋ସݎ + ʹܥ ₋ସݎ − ݎଶ͵ܥ ₋ , 

 

ɩɨɥɭɱɚɟɦ ɜɵɪɚɠɟɧɢɟ 

 ܸ݂ ≔ Ͳ,ͲͲͲͲʹ͹ͶͶ ℜ cosሺʹ�ሻ + Ͳ,ͲͲͲͲʹͷͶͺ ℜ sinሺʹ�ሻ+ 

+(5,378240000ͳͲ−ଽℜଶcosሺʹ�ሻଶ +  

+5,378240000ͳͲ−ଽℜଶsinሺʹ�ሻଶ +Ͷ,͸Ͳͺ͹ͺͺͷ͹ʹͳͲ−ଽℜଶሻଵ ଶ⁄ . 

 

 

 

4.3. ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɡɦɟɪɟɧɢɣ ɫ 

ɪɟɡɭɥɶɬɚɬɚɦɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ 

ɉɪɢ ɚɧɚɥɢɡɟ ɝɪɚɮɢɱɟɫɤɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɫɤɨɪɨɫɬɢ ɝɚɡɚ, ɩɨɥɭɱɟɧɧɵɯ ɫ 

ɩɨɦɨɳɶɸ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɷɤɫɩɟɪɢɦɟɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɞɨɤɚɡɚɧɚɚɞɟɤɜɚɬɧɨɫɬɶ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɢ 

ɩɪɨɫɱɢɬɚɧɵɝɪɚɧɢɰɵ ɩɪɢɦɟɧɟɧɢɹ   ɫɭɳɟɫɬɜɭɸɳɟɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. 

ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɜ ɩɟɪɜɨɣ ɝɨɮɪɟ ɧɚ 

ɪɚɡɥɢɱɧɵɯ ɪɚɞɢɭɫɚɯ ɞɜɢɠɟɧɢɹ ɝɚɡɚ ɩɨ ɭɪɚɜɧɟɧɢɹɦ, ɩɨɥɭɱɟɧɧɵɦ ɩɪɢ ɫɨɜɦɟɫɬɧɨɦ 

ɪɟɲɟɧɢɢ ɭɪɚɜɧɟɧɢɣ ɇɚɜɶɟ-ɋɬɨɤɫɚ ɢ ɧɟɪɚɡɪɵɜɧɨɫɬɢ. 
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Ɋɢɫɭɧɨɤ 4.12 – Ƚɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɤɨɪɨɫɬɢ ɜ ɩɟɪɜɨɣ ɝɨɮɪɟ, 

ɩɪɢ Q=0.106 ɦ3/ɫ 

 

Ⱦɥɹ ɧɚɝɥɹɞɧɨɫɬɢ ɫɪɚɜɧɟɧɢɹ ɦɟɠɞɭ ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ ɢ ɩɪɚɤɬɢɱɟɫɤɢɦɢ 

ɪɟɡɭɥɶɬɚɬɚɦɢ ɩɪɢɜɟɞɟɦ ɩɪɢɦɟɪ ɞɥɹ ɫɪɟɞɧɟɝɨ ɪɚɞɢɭɫɚ: 

 
 

Ɋɢɫɭɧɨɤ 4.13 – ɋɪɚɜɧɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɡɚɦɟɪɨɜ ɫɤɨɪɨɫɬɢ ɝɚɡɚ ɢ 

ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɚ 
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ɉɪɢ ɫɪɚɜɧɟɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫ 

ɩɪɚɤɬɢɱɟɫɤɢɦ ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɩɪɢɛɥɢɠɟɧɢɢ ɤ ɫɬɟɧɤɟ ɧɚ ɦɢɧɢɦɚɥɶɧɨɟ ɪɚɫɫɬɨɹɧɢɟ 

ɫɤɨɪɨɫɬɶ ɭɛɵɜɚɟɬ ɩɥɚɜɧɨ, ɤɚɤ ɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɱɬɨ ɢɥɥɸɫɬɪɢɪɭɟɬɫɹ 

ɩɪɢɜɟɞɟɧɧɵɦɢ ɝɪɚɮɢɤɚɦɢ (ɧɚ ɜɧɭɬɪɟɧɧɟɣ ɫɬɟɧɤɟ ɧɚɢɛɨɥɶɲɢɟ ɫɤɨɪɨɫɬɢ, ɚ ɧɚ 

ɜɧɟɲɧɟɣ – ɧɚɢɦɟɧɶɲɢɟ).  

Ɍɚɤɠɟ ɧɚɥɢɱɢɟ ɬɭɪɛɭɥɟɧɬɧɵɯ ɜɢɯɪɟɜɵɯ ɬɟɱɟɧɢɣ (Re>10000)ɨɛɭɫɥɚɜɥɢɜɚɟɬ 

ɧɚɥɢɱɢɟ ɞɜɭɯ ɩɢɤɨɜ ɫɤɨɪɨɫɬɢ. Ⱥ ɩɪɢ ɪɚɫɱɟɬɟ ɬɟɨɪɟɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɨɧ ɜɫɟɝɞɚ 

ɨɞɢɧ. Ɍɚɤɠɟ ɫɦɟɳɟɧɢɟ ɩɢɤɚ ɫɤɨɪɨɫɬɢ ɛɥɢɡɤɨ ɤ ɫɬɟɧɤɟ ɦɨɠɟɬ ɜɵɡɵɜɚɬɶ ɫɪɵɜ 

ɩɥɟɧɤɢ ɭɥɨɜɥɟɧɧɨɣ ɠɢɞɤɨɫɬɢ. ɋ ɷɬɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɢ ɩɪɟɞɥɨɠɟɧɵ ɪɟɤɨɦɟɧɞɚɰɢɢ ɤ 

ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɦɭ ɩɪɨɮɢɥɢɪɨɜɚɧɢɸ ɫɟɩɚɪɚɰɢɨɧɧɨɝɨ ɤɚɧɚɥɚ. 

ɋɪɚɜɧɢɜɚɹ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ,  ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɪɚɡɪɚɛɨɬɚɧɧɵɣ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ ɦɟɬɨɞ ɪɚɫɱɟɬɚ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɫɨɡɞɚɧɢɹ ɢɧɠɟɧɟɪɧɨɣ 

ɦɟɬɨɞɢɤɢ ɪɚɫɱɟɬɚ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɝɚɡɨɫɟɩɚɪɚɬɨɪɨɜ.ɇɢɠɟ 

ɩɪɟɞɫɬɚɜɥɟɧɨɫɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ 

ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ  ɪɚɫɱɟɬɚ  ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɭɥɚɜɥɢɜɚɧɢɹ ɤɚɩɟɥɶ ɪɚɡɦɟɪɨɦ ɨɬ 0 ɞɨ 50 

ɦɤɦ 

 

Ɋɢɫɭɧɨɤ 4.14 – ɋɪɚɜɧɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɡɞɟɥɟɧɢɹ ɢ 

ɷɫɤɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ.  ɋɨɞɟɪɠɚɧɢɟ ɠɢɞɤɨɫɬɢ ɜ ɝɚɡɟ 200 ɦɝ/ɦ3 
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ȼɵɜɨɞɵ ɤ ɪɚɡɞɟɥɭ 4 

1. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɫɫɥɟɞɨɜɚɧ ɯɚɪɚɤɬɟɪ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɥɟɣ 

ɥɨɤɚɥɶɧɵɯ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ ɞɥɹ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɦɨɞɟɥɶɧɵɯ ɨɛɪɚɡɰɚɯ 

ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɤɚɧɚɥɨɜ ɜ ɨɛɥɚɫɬɢ 

ɭɫɬɨɣɱɢɜɨɝɨ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɪɟɠɢɦɚ ɞɜɢɠɟɧɢɹ (Re>10000). 

2. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɨɞɟɪɠɚɧɢɟ ɠɢɞɤɨɫɬɢ ɜ ɩɨɬɨɤɟ ɝɚɡɚ ɞɨ 300 ɝ/ɦ3
 

ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɩɨɬɟɪɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɩɨɪɚ ɜ ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɤɚɧɚɥɚɯ 

ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ, ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɬɨɪɵɯ 

ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɮɢɥɶɬɪɚɦɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɫɨɩɨɫɬɚɜɢɦɨ ɩɨ ɡɧɚɱɟɧɢɸ ɫ 

ɢɧɟɪɰɢɨɧɧɵɦɢ ɫɟɩɚɪɚɬɨɪɚɦɢ ɢ ɫɨɫɬɚɜɥɹɟɬ ɞɨ 350 ɉɚ. 

3. ȼɵɹɜɥɟɧɨ, ɱɬɨ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɝɚɡɨɤɚɩɟɥɶɧɵɯ ɩɨɬɨɤɨɜ ɜ 

ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯɫɟɩɚɪɚɬɨɪɚɯ ɨɩɬɢɦɚɥɶɧɵɣ ɞɢɚɩɚɡɨɧ ɪɚɛɨɱɢɯ ɫɤɨɪɨɫɬɟɣ 

ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 10-20 ɦ/ɫ. 

4. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɩɪɟɞɟɥɟɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ 

ɢ ɤɨɧɮɢɝɭɪɚɰɢɹ ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯɫɟɩɚɪɚɰɢɨɧɧɵɯ 

ɤɚɧɚɥɨɜ ɢɡ ɭɫɥɨɜɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɫɟɩɚɪɚɰɢɢ ɢ ɦɢɧɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. 

5. Ɉɬɦɟɱɟɧɨ, ɱɬɨ ɢɧɟɪɰɢɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɟ ɝɚɡɨɫɟɩɚɪɚɬɨɪɵ ɤɨɧɫɬɪɭɤɰɢɢ 

ɋɭɦȽɍ,  ɨɛɟɫɩɟɱɢɜɚɹ ɜɵɫɨɤɭɸ ɫɬɟɩɟɧɶ ɫɟɩɚɪɚɰɢɢ (ɞɨ 99,9%) ɡɚ ɫɱɟɬ 

ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɜɬɨɪɢɱɧɨɝɨ ɛɪɵɡɝɨɭɧɨɫɚ, ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɟɣ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɩɨ ɨɱɢɳɚɟɦɨɦɭ ɝɚɡɭ ɢ ɭɞɟɥɶɧɨɣ ɧɚɝɪɭɡɤɟ ɩɨ ɠɢɞɤɨɫɬɢ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɦɢɪɨɜɵɦɢ ɚɧɚɥɨɝɚɦɢ ɝɪɚɜɢɬɚɰɢɨɧɧɨ-ɢɧɟɪɰɢɨɧɧɨɝɨ ɢ ɮɢɥɶɬɪɭɸɳɟɝɨ 

ɬɢɩɚ. 

6. Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ 

ɫɪɚɜɧɢɬɟɥɶɧɵɦ ɚɧɚɥɢɡɨɦ ɪɟɡɭɥɶɬɚɬɨɜ ɱɢɫɥɟɧɧɨɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɨɤɚɡɵɜɚɹ ɢɯ ɯɨɪɨɲɭɸ 

ɫɯɨɞɢɦɨɫɬɶ. 

   Ɉɫɧɨɜɧɵɟ ɧɚɭɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɡɞɟɥɚ ɨɩɭɛɥɢɤɨɜɚɧɵ ɜ ɪɚɛɨɬɚɯ Д129,130]. 
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ɊȺɁȾȿɅ 5 

ɊȺɁɊȺȻɈɌɄȺ ɆȿɌɈȾɂɄɂ ɊȺɋɑȿɌɈȼ ɋȿɉȺɊȺɐɂɈɇɇɕɏ 
ɏȺɊȺɄɌȿɊɂɋɌɂɄ ɂɇȿɊɐɂɈɇɇɈ-ɎɂɅɖɌɊɍɘЩɂɏ ɋȿɉȺɊȺɌɈɊɈȼ 

 

 

5.1. Ɇɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɠɚɥɸɡɢɣɧɨɝɨ ɛɥɨɤɚ 
ɝɚɡɨɫɟɩɚɪɚɬɨɪɚ 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɵɯ ɬɟɨɪɟɬɢɱɟɫɤɢɯ  ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɚɡɪɚɛɨɬɚɧɵɚɥɝɨɪɢɬɦɵ ɪɚɫɱɟɬɚ ɢ ɪɹɞ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ 
ɡɚɜɢɫɢɦɨɫɬɟɣɧɟɨɛɯɨɞɢɦɵɯɞɥɹ ɪɚɫɱɟɬɚ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ 
ɡɚɞɚɧɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɭɱɢɬɶ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ 
ɪɚɡɦɟɪɵ ɠɚɥɸɡɢ: ɜɵɫɨɬɚ ɩɚɤɟɬɚ, ɪɚɡɦɟɪɵ ɠɚɥɸɡɢ (ɪɚɞɢɭɫ ɝɨɮɪ, ɤɨɥɢɱɟɫɬɜɨ ɝɨɮɪ, 
ɞɥɢɧɚ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ ɭɱɚɫɬɤɚ, ɭɝɨɥ ɪɚɫɤɪɵɬɢɹ ɝɨɮɪ), ɤɨɥɢɱɟɫɬɜɨ ɠɚɥɸɡɟɣ, 
ɜɵɫɨɬɭ, ɧɚ ɤɨɬɨɪɨɣ ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɡɦɟɳɟɧɵ ɳɟɥɢ ɞɥɹ ɨɬɜɨɞɚ ɭɥɨɜɥɟɧɧɨɣ 
ɠɢɞɤɨɫɬɢ ɢɡ ɮɢɥɶɬɪɚ. Ⱦɚɥɟɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɧɟɨɛɯɨɞɢɦɚɹ ɜɵɫɨɬɚ ɫɟɩɚɪɚɬɨɪɚ, 
ɞɢɚɦɟɬɪ, ɪɚɡɦɟɪɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɬɪɭɛɤɨɜ. 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɢɧɠɟɧɟɪɧɨɝɨ ɪɚɫɱɟɬɚ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ 
ɫɟɩɚɪɚɬɨɪɚ: 

 - ɮɪɚɤɰɢɨɧɧɵɣ ɫɨɫɬɚɜ ɠɢɞɤɨɫɬɢ ɜ ɝɚɡɟ (ɤɨɥɢɱɟɫɬɜɨ ɤɚɠɞɨɣ ɢɡ ɮɪɚɤɰɢɣ ɜ 
ɩɪɨɰɟɧɬɚɯ ɢ ɦɚɫɫɨɜɵɣ ɫɨɫɬɚɜ); 

- ɨɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ, ɦ3/ɫ; 
- ɬɪɟɛɨɜɚɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɟɩɚɪɚɬɨɪɚ; 
- ɧɚɥɢɱɢɟ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ (ɟɫɬɶ, ɧɟɬ); 
- ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɝɚɡɚ ɢ ɠɢɞɤɨɫɬɢ (ɩɥɨɬɧɨɫɬɶ, ɜɹɡɤɨɫɬɶ); 
- ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɜ ɫɟɩɚɪɚɬɨɪɟ (ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɞɚɜɥɟɧɢɟ). 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɝɚɡɨɫɟɩɚɪɚɬɨɪɚ ɛɵɥɢ ɭɩɪɨɳɟɧɵ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟɜɵɤɥɚɞɤɢ 
ɢɡɥɨɠɟɧɧɵɟ ɜ ɩɪɟɞɵɞɭɳɢɯ ɪɚɡɞɟɥɚɯ ɢ  ɫɨɫɬɚɜɥɟɧɚɢɧɠɟɧɟɪɧɚɹ ɦɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ, 
ɚɥɝɨɪɢɬɦ ɤɨɬɨɪɨɣ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɜɢɞɟ ɛɥɨɤ-ɫɯɟɦɵ (ɩɪɢɥɨɠɟɧɢɟ Ƚ). 
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ɂɧɠɟɧɟɪɧɚɹ ɦɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ 
ɝɚɡɨɫɟɩɚɪɚɬɨɪɚ 

 

Ɋɚɫɫɱɢɬɵɜɚɟɦ ɪɚɫɯɨɞɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɬɨɤɨɜ ɜ ɪɚɛɨɱɢɯ ɭɫɥɨɜɢɹɯ [153]: 

  

ߩ  = ଴ߩ �బ� , ଴ߩ = ெଶଶ,ସ .                                               ሺͷ.ͳሻ 
 

Ɇɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɝɚɡɚ ɢ ɠɢɞɤɨɫɬɢ ɪɚɫɫɱɢɬɵɜɚɟɦ ɩɨ ɮɨɪɦɭɥɟ ɧɢɠɟ [153]: 

 

G =ߩ଴  ܸ ଴ 

଴ܮ  = ଴ܥ ଴ܸ. ,                                                  (5.2) 

 

Ɉɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ ɜ ɪɨɛɨɱɢɯ ɭɫɥɨɜɢɹɯ[153]: 

 

 ܸ = ଶଶ,ସ�ெ �௉బ�௉ ܼ.                                                 ሺͷ.͵ሻ 
 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ: 

 ݉ௗ = ଵ௡∑ �−ଵ௡௜݀݊ܫ  .                        (5.4) 

 

Ⱦɢɫɩɟɪɫɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ:                                         �ௗ = √ ଵ௡−ଵ∑ ሺ݀݊ܫଵ −݉ௗ௡௜=� ሻଶ ,                       (5.5) 

 

                                                                �ଵଶ = ሺ݁�೏మ − ͳሻ݁ଶ௠೏−�೏మ.                      (5.6) 
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Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɤɚɩɟɥɶ  ɧɚ ɜɯɨɞɟ ɜ ɤɚɧɚɥ: 

  ݊଴ሺ݀ = ʹܴሻ = ͳ݀௜�ௗ√ʹߨ  ∙ ݌ݔ݁ ሺ݀݊ܫଵ −݉݀ሻଶʹ�ௗଶ .                         ሺͷ.͹ሻ 
 

ɂɫɯɨɞɹ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɢ ɫɤɨɪɨɫɬɢ ɭɧɨɫɚ, ɧɚɯɨɞɢɦ 
ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɹ ɪɚɫɱɟɬɚ ɤɪɢɬɢɱɟɫɤɨɣ ɫɤɨɪɨɫɬɢ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ. Ɋɟɚɥɶɧɚɹ 
ɫɤɨɪɨɫɬɶ ɜ ɫɟɩɚɪɚɬɨɪɟ ɞɨɥɠɧɚ ɛɵɬɶ ɦɟɧɶɲɟ, ɱɟɦ ɫɤɨɪɨɫɬɶ ɭɧɨɫɚ [4]: 

௖ܭ = Ͳ,͵͸,     [ ௥ܸ] = ̊ܲ√௖ܭ − ܲܲ .                                      ሺͷ.ͺሻ 
ɇɚɯɨɞɢɦ ɧɟɨɛɯɨɞɢɦɭɸ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ, ɢɫɯɨɞɹ ɢɡ ɨɛɴɟɦɧɨɝɨ 
ɪɚɫɯɨɞɚ ɝɚɡɨɜɨɣ ɫɦɟɫɢ ɢ ɞɨɩɭɫɬɢɦɨɣ ɫɤɨɪɨɫɬɢ: 

 

  S=V/ [ ௥ܸ].                                   (5.9) 

 
 

  

 

Ɋɢɫɭɧɨɤ  5.1 – Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ 
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Ɂɧɚɹ ɧɟɨɛɯɨɞɢɦɭɸ ɩɥɨɳɚɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ, ɧɚɯɨɞɢɦ ɧɟɨɛɯɨɞɢɦɭɸ 
ɜɵɫɨɬɭ ɠɚɥɸɡɢ: 

 H=√ܵ;D=√ʹ(5.10)                                                    .  ܪ 

Ʉɪɢɬɢɱɟɫɤɢɣ ɪɚɞɢɭɫ ɝɨɮɪɵ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ [4]:  

 ܴଵ = ܴ௞௣ = ʹ ∙ ܴ௠௜௡మ ∙ ˉ݌ ∙ ௞ܹଶ ∙ ܮ ∙ ܵ௖ͻ ∙ ℎ ∙ ܵˉ ∙ sin ሺ�/ʹሻ ∙ ௥ܸ ∙ ௞ܹ∙ܲ̊ − ௠௜௡మݎ              ሺͷ.ͳͳሻ 
 

ɉɨɫɥɟ ɜɵɹɫɧɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɠɚɥɸɡɢ ɧɚɯɨɞɢɦ ɫɨɫɬɚɜɥɹɸɳɢɟ 

ɫɤɨɪɨɫɬɢ ɝɚɡɚ ɢ ɨɛɳɭɸ ɫɤɨɪɨɫɬɶ.ɉɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɡɧɚɱɟɧɢɹɯ ɪɚɞɢɭɫɚ ɢ ɭɝɥɚ, ɩɪɢ 
ɥɸɛɨɦ ɡɧɚɱɟɧɢɢ Re ɞɥɹ ɩɟɪɜɨɣ ɝɨɮɪɵ ɛɭɞɟɦ ɢɦɟɬɶ ɜɵɪɚɠɟɧɢɟ  ௥ܸሺܴ = Ͳ,ͳͶ݉ሻ, ௙ܸሺܴ = Ͳ,ͳͶ݉ሻ, 

௥ܸ݉ܽݔ = √ ௥ܸଶ + ௙ܸଶ.                                          (5.12)  

௥ܸ ≔ −଴,଴଴଴଴଴ଵ௥మℜsi୬ሺଶ�ሻ+଴,଴଴଴଴଴ଵ௥మℜc୭sሺଶ�ሻ−଻,ଵ଴−ళℜ௥ ,                     (5.13)              ௙ܸ = Ͳ,ͲͲͲͲʹ͹ͶͶ ℜ cosሺʹ�ሻ + Ͳ,ͲͲͲͲʹͷͶͺℜsinሺʹ�ሻ ++ ሺͷ,͵͹ͺʹͶͲͲͲͲͳͲ−ଽℜcosሺʹ�ሻଶ + ͷ,͵͹ͺʹͶͲͲͲͲͳͲ−ଽℜଶsin ሺʹ�ሻଶ+ Ͷ,͸Ͳͺ͹ͺͺͷ͹ʹͳͲ−ଽℜଶሻଵ ଶ⁄  . 
Ɂɧɚɹ ɫɤɨɪɨɫɬɢ ɝɚɡɚ,  ɧɚɯɨɞɢɦ ɢɯ ɫɨɫɬɚɜɥɹɸɳɢɟ  ɢ ɨɛɳɭɸ ɫɤɨɪɨɫɬɶ ɤɚɩɟɥɶɩɨ 

ɦɟɬɨɞɢɤɟ, ɢɡɥɨɠɟɧɧɨɣ ɜ ɪɚɡɞɟɥɟ 2 (ɱɢɫɥɟɧɧɨɟ ɪɟɲɟɧɢɟ).ɇɢɠɟ ɩɪɢɜɟɞёɧ ɨɬɪɵɜɨɤ 
ɩɪɨɝɪɚɦɦɵ: 

sys:={diff(Wr(tau),tau)=Wf(tau)^2/r+psi*Pi*mu*dk/8/m*(Vr(r)-                                     

-Wr(tau)),diff(Wf(tau),tau)=-Wr(tau)*Wf(tau)/r+psi*Pi*mu*dk/8/m*(Vf(r)-Wf(tau))}: 

K=psi*Pi*mu*dk/8/m: 

rho[g]:=1.29: 

r:=0.08: 

psi:=0.44: 

dk:=evalf(3*10^(-6)): 
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rho[K]:=1000: 

mu:=0.000025: 

m:=0.5236*dk^3*rho[K]: 

K:=evalf(psi*Pi*rho[g]*dk^2/8/m):phi:=0.00001*Pi: 

dphi:=0.06: 

for c from 1 to 50 do 

C1:=2.173:C2:=-2.063:C3:=1.138: 

Vr(r):=((-r^2*C1*sin(2*phi)-r^2*C2*cos(2*phi)-C3)/r): 

_C3:=2.835: _C1:=2236: _C2:=2502: 

Vf(r):=(((r^2*_C1*cos(2*phi)-

r^2*_C2*sin(2*phi))+sqrt((r^4*_C1^2*cos(2*phi)^2+r^4*_C1^2*sin(2*phi)^2+r^4*_

C2^2-_C3^2)/r))): 

print(Vf(r)): 

sys:={diff(Wr(tau),tau)=Wf(tau)^2/r+K*((Vr(r))-Wr(tau)),diff(Wf(tau),tau)=                 

= -Wr(tau)*Wf(tau)/r+K*(Vf(r)-Wf(tau)),Wr(0)=0.001,Wf(0)=7}: 

dsol1 := dsolve(sys, numeric, output=listprocedure,range=0…0.001):dsol1(0.0010): 

Wr := subs(dsol1,Wr(tau)): Wf := subs(dsol1,Wf(tau)): 

print(Wr(tau),Wf(tau)): 

  ௞ܹ = √ ௥ܹଶ + �ܹଶ .                                 (5.14) 

 

Ɂɧɚɹ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ,  ɧɚɯɨɞɢɦ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɠɚɥɸɡɹɦɢ 
ɢ ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɤɚɧɚɥɨɜ ɜ ɩɚɤɟɬɟ ɫɟɩɚɪɚɬɨɪɚ: 

 

 

Ɋɢɫɭɧɨɤ 5.2 – ɋɯɟɦɚ ɞɜɢɠɟɧɢɹ ɤɚɩɥɢ ɜ ɤɚɧɚɥɟ 
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 ܵ → ݐ = ௥ܸ cos ܽg  ∙ ௞ܹ  ,                                           ሺͷ.ͳͷሻ ݊௞ = ݐܪ                                                               ሺͷ.ͳ͸ሻ 
 

Ɂɧɚɹ ɤɨɥɢɱɟɫɬɜɨ ɤɚɧɚɥɨɜ,  ɧɚɯɨɞɢɦ ɤɨɥɢɱɟɫɬɜɨ ɝɨɮɪ ɩɨ ɜɫɟɣ ɞɥɢɧɟ ɤɚɧɚɥɚ: 

 

௝ܮ   = ∫ ௝݊�ೕ೘�ೣ�ೕ೘೔೙ ( ௝ܴ),  ܮ௝ = ଴ܮ −  .௝ܮ
 (5.17) 

 

 

Ɋɢɫɭɧɨɤ5.3. Ɉɩɪɟɞɟɥɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɟɩɚɪɚɰɢɢ ɧɚ ɨɫɧɨɜɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɤɚɩɟɥɶ ɩɨ ɪɚɡɦɟɪɚɦ 

 

Ɉɩɪɟɞɟɥɢɜ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɩɚɪɚɦɟɬɪɵ ɠɚɥɸɡɢ,  ɧɚɯɨɞɢɦ 
ɟɟ ɷɮɮɟɤɬɢɜɧɨɫɬɶ: � = ଴ܮ − ଴ܮ௝ܮ  ∙ ͳͲͲ% .                                             ሺͷ.ͳͺሻ 
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Ⱦɥɹ ɪɚɫɱɟɬɚ ɞɥɢɧɵ ɠɚɥɸɡɢɧɚɯɨɞɢɦ ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɞɢɚɦɟɬɪ 
ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɫɟɩɚɪɚɰɢɨɧɧɨɝɨ ɤɚɧɚɥɚ: 

ɉ=2(H+t),  ݀ˠ = Ͷʞܵ .                                                            ሺͷ.ͳͻሻ 
 

ɂɫɯɨɞɹ ɢɡ ɪɟɤɨɦɟɧɞɚɰɢɣ ɢɫɬɨɱɧɢɤɚ Д73],  ɞɥɹ ɜɵɪɚɜɧɢɜɚɧɢɹ ɩɨɥɹ ɫɤɨɪɨɫɬɟɣ 
ɩɪɢɧɢɦɚɟɦ ɞɥɢɧɭ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ ɭɱɚɫɬɤɚ ɢ ɧɚɯɨɞɢɦ ɨɛɳɭɸ ɞɥɢɧɭ ɤɚɧɚɥɚ.            ܮ˒˓яˏ = ͵݀ˠ ܮˑ˄щ = ˏя˓˒ܮʹ + Ͳ,ͷ ∙  (5.20)                                    .ߨʹ݆

 

Ⱦɥɹ ɨɬɜɨɞɚ ɠɢɞɤɨɫɬɢ ɧɚɦ ɧɭɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɧɟɨɛɯɨɞɢɦɭɸ ɩɥɨɳɚɞɶ 
ɫɟɱɟɧɢɹ ɞɪɟɧɚɠɧɵɯ ɤɚɧɚɥɨɜ, ɪɚɜɧɭɸɫɭɦɦɚɪɧɨɣ ɩɥɨɳɚɞɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ 
ɜɫɟɯ ɮɢɥɶɬɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɪɚɜɧɟɧɢɹ ɪɚɫɯɨɞɚ 

    

ܵ�௣ = ሺ∑ ௅ೕ೙భ௣˚ ሻܹ̄ .                                                     ሺͷ.ʹͳሻ 
 

ɋɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ ɩɪɢɧɢɦɚɟɦ Аɠ=1…5 ɦ/ɫ. 

Ɂɧɚɹ ɤɨɥɢɱɟɫɬɜɨ ɝɨɮɪ, ɨɩɪɟɞɟɥɹɟɦ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ,  

ɧɟɨɛɯɨɞɢɦɭɸ ɞɥɹ ɨɬɜɨɞɚ ɠɢɞɤɨɫɬɢ. 

Ɂɧɚɹ, ɱɬɨ ɛɨɥɶɲɢɧɫɬɜɨ ɠɢɞɤɨɫɬɢ ɢɡ ɝɚɡɚ ɭɯɨɞɢɬ ɜ ɩɟɪɜɨɣ ɝɨɮɪɟ,  ɬɨ 
ɩɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɩɨ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɨɦɭ ɷɥɟɦɟɧɬɭ. 

 

Ɋɢɫɭɧɨɤ 5.4 – ɋɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɨɥɨɫ ɮɢɥɶɬɪɚ ɩɨ ɠɚɥɸɡɢ 
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ɇɚɯɨɞɢɦ ɜɵɫɨɬɭ ɮɢɥɶɬɪɚ, ɧɟɨɛɯɨɞɢɦɭɸ ɞɥɹ  ɭɫɬɚɧɨɜɤɢ  ɞɪɟɧɚɠɧɨɝɨ ɥɨɬɤɚ. 

ɋɯɟɦɚ ɪɚɫɱɟɬɚ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɨɤ 5.5. 

 

Ɋɢɫɭɧɨɤ 5.5. ɋɯɟɦɚ ɪɚɫɱɟɬɚ ɜɵɫɨɬɵ ɧɚɫɵɳɟɧɢɹ ɮɢɥɶɬɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ 

 

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɜɥɚɝɚ ɩɨɩɚɞɚɟɬ ɜ ɮɢɥɶɬɪ ɪɚɜɧɨɦɟɪɧɨ ɩɨ ɜɫɟɣ ɜɵɫɨɬɟ. 

ɉɥɨɳɚɞɶ ɮɢɥɶɬɪɚ: ܵ˗ = ܴଶʹ̠ ቀߨ ∙ �ͳͺͲ sinሺ�ሻቁ.                                     ሺͷ.ʹʹሻ 
 

Ɉɛɳɢɣ ɨɛɴɟɦ ɮɢɥɶɬɪɚ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

 ܸ̠ =ܵ˗ ∙  (5.23)  ܪ

 

ȿɦɤɨɫɬɶ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɫɥɨɹ ɮɢɥɶɬɪɚ ɪɚɜɧɚ: 
 ܸ̄ =ܸ̠ˠˎ ∙ ܸ݉̄ ,            (5.24) 

ɝɞɟ  m – ɩɨɪɢɫɬɨɫɬɶ ɮɢɥɶɬɪɚ ݊ˠˎ =  ℎˠˎ                                                 (5.25)/ܪ

 

Ʉɨɥɢɱɟɫɬɜɨ ɭɥɨɜɥɟɧɧɨɣ ɠɢɞɤɨɫɬɢ ɨɞɧɢɦ ɦɢɧɢɦɚɥɶɧɵɦ ɷɥɟɦɟɧɬɨɦ ɜ ɩɟɪɜɨɣ 

(ɧɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɨɣ) ɝɨɮɪɟ 
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ɝɞɟ K1 – ɱɚɫɬɶ ɠɢɞɤɨɫɬɢ, ɤɨɬɨɪɚɹ ɭɥɚɜɥɢɜɚɟɬɫɹ ɜ ɩɟɪɜɨɣ ɝɨɮɪɟ. 

 

Ɋɢɫɭɧɨɤ  5.6 – Ɋɚɡɛɢɜɤɚ ɮɢɥɶɬɪɚ ɧɚ ɷɥɟɦɟɧɬɚɪɧɵɟ ɜɵɫɨɬɧɵɟ ɱɚɫɬɢ 

Ʉɨɥɢɱɟɫɬɜɨ ɷɥɟɦɟɧɬɚɪɧɵɯ ɱɚɫɬɢɰ ɧɚɯɨɞɢɦ ɢɡ ɮɨɪɦɭɥɵ ɧɢɠɟ 

Ɉɛɳɚɹ ɜɵɫɨɬɚ ɮɢɥɶɬɪɚ ɞɨ ɥɨɬɤɚ ɪɚɜɧɚ 

h=hэɥ
.
nэɥ,                (5.27) 

ɝɞɟ hэɥ – ɜɵɫɨɬɚ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɭɱɚɫɬɤɚ ɮɢɥɶɬɪɚ, ɦ; 

nэɥ – ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɦɟɧɬɚɪɧɵɯ ɭɱɚɫɬɤɨɜ ɮɢɥɶɬɪɚ ɞɨ ɦɨɦɟɧɬɚ ɧɚɫɵɳɟɧɢɹ, ɲɬ. 
 

5.2.ɉɪɨɜɟɞɟɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɢɫɩɵɬɚɧɢɣ ɨɩɵɬɧɨ-ɩɪɨɦɵɲɥɟɧɧɵɯ 
ɨɛɪɚɡɰɨɜ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ 

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥ ɢɫɫɥɟɞɨɜɚɧ ɪɹɞ ɤɨɧɫɬɪɭɤɰɢɣ 

ɝɚɡɨɫɟɩɚɪɚɬɨɪɨɜ ɢ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɝɞɟ ɨɧɢ ɛɭɞɭɬ ɭɫɬɚɧɨɜɥɟɧɵ. ɉɨɫɥɟ ɨɤɨɧɱɚɧɢɹ 

ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɫɬɚɜɥɟɧɚ ɢ ɜɵɩɨɥɧɟɧɚ 

ɡɚɞɚɱɚ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɜɧɟɞɪɟɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ 

ɝɚɡɨɫɟɩɚɪɚɬɨɪɨɜ. 

ɇɚɭɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ 

«Ƚɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ», 

ɜɧɟɞɪɟɧɵ ɩɪɢ ɪɚɫɱɟɬɟ ɷɤɫɩɟɪɬɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɥɭɱɟɧɧɨɣ ɢɧɠɟɧɟɪɧɨɣ 
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ɦɟɬɨɞɢɤɢ ɫɩɟɰɢɚɥɢɫɬɚɦɢ ɰɟɧɬɪɚ «PRDC» (ɝ. Ȼɚɝɞɚɞ, ɂɪɚɤ) (ɩɪɢɥɨɠɟɧɢɟ Ⱥ) 

ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 

ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ. 

Ɋɟɡɭɥɶɬɚɬɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɢ ɮɢɡɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɜɚɪɢɚɧɬɚ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨɫɟɩɚɪɚɬɨɪɚ 

ɩɪɟɞɫɬɚɜɥɹɸɬ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɭɸ ɰɟɧɧɨɫɬɶ ɩɪɢ ɦɨɞɟɪɧɢɡɚɰɢɢ ɫɭɳɟɫɬɜɭɸɳɢɯ 

ɢ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ ɝɚɡɨɫɟɩɚɪɚɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɢ ɞɨɛɵɱɟ, 

ɩɟɪɟɪɚɛɨɬɤɟ ɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ. 

ȼ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɪɚɡɪɚɛɨɬɚɧɚ ɢɧɠɟɧɟɪɧɚɹ ɦɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ 

ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɉɪɟɞɥɨɠɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɜɵɞɚɱɢ ɞɚɧɧɵɯ ɞɥɹ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɪɨɦɵɲɥɟɧɧɵɯ ɝɚɡɨɫɟɩɚɪɚɬɨɪɨɜ ɞɥɹ ɬɨɧɤɨɣ ɨɱɢɫɬɤɢ ɝɚɡɚ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɜɵɫɢɬɶ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɡɞɟɥɟɧɢɹ ɝɚɡɨɠɢɞɤɨɫɬɧɵɯ ɫɢɫɬɟɦ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ 

ɤɚɱɟɫɬɜɚ ɝɚɡɨɜɨɝɨ ɫɵɪɶɹ. 

ɐɟɧɬɪ ɡɚɧɢɦɚɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟɦ ɧɨɜɵɯ ɪɚɡɪɚɛɨɬɨɤ ɜ ɧɟɮɬɹɧɨɣ ɢ ɝɚɡɨɜɨɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɢɯ ɜɧɟɞɪɟɧɢɟɦ ɜ ɩɪɨɢɡɜɨɞɫɬɜɨ. ȼ ɩɪɨɰɟɫɫɟ ɚɩɪɨɛɚɰɢɢ 

ɦɟɬɨɞɢɤɢ ɪɚɫɱɟɬɚ ɜɨɡɧɢɤɥɢ ɜɨɩɪɨɫɵ ɭ ɩɪɟɞɩɪɢɹɬɢɣ, ɤɨɬɨɪɵɟ ɩɨɦɨɝɚɸɬ ɛɨɥɟɟ 

ɬɨɱɧɨ ɨɩɪɟɞɟɥɢɬɶ ɨɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɚɩɩɚɪɚɬɚ. 

1. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɥɢɩɪɨɩɢɥɟɧɨɜɵɯ ɮɢɥɶɬɪɨɜ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɯ ɬɨɥɶɤɨ ɞɥɹ ɮɢɡɢɱɟɫɤɨɝɨ ɪɚɡɞɟɥɟɧɢɹ. ɇɢɤɚɤɨɣ ɯɢɦɢɱɟɫɤɨɣ 

ɪɟɚɤɰɢɢ ɜ ɝɚɡɨɫɟɩɚɪɚɬɨɪɟ ɧɟ ɩɪɨɢɫɯɨɞɢɬ. 

2. Ɍɚɤ ɤɚɤ ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɫɟɩɚɪɚɬɨɪɚ ɧɟ ɩɨɞɪɚɡɭɦɟɜɚɟɬ 

ɧɚɥɢɱɢɹ ɜ ɝɚɡɟ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ, ɬɨ ɮɢɥɶɬɪɵ ɪɚɛɨɬɚɸɬ ɜ ɪɟɠɢɦɟ ɫɚɦɨɨɱɢɫɬɤɢ, ɢ 

ɭɥɨɜɥɟɧɧɚɹ ɠɢɞɤɨɫɬɶ ɭɞɚɥɹɟɬɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ ɬɹɝɨɬɟɧɢɹ, ɬɨ ɟɫɬɶ ɮɢɥɶɬɪ ɜ 

ɪɟɝɟɧɟɪɚɰɢɢ ɢ ɨɱɢɫɬɤɟ ɧɟ ɧɭɠɞɚɟɬɫɹ. 

3. Ɍɚɤ ɤɚɤ ɧɟ ɜɟɫɶ ɩɨɬɨɤ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɮɢɥɶɬɪɭɸɳɭɸ ɬɤɚɧɶ, ɬɨ ɝɨɜɨɪɢɬɶ 

ɨ ɩɟɪɟɩɚɞɟ ɞɚɜɥɟɧɢɹ ɧɚ ɮɢɥɶɬɪɟ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ. ɉɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ ɧɚ 
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ɮɢɥɶɬɪɟ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɧɟ ɹɜɥɹɟɬɫɹ ɞɜɢɠɭɳɟɣ ɫɢɥɨɣ ɢ ɹɜɥɹɟɬɫɹ ɜɟɥɢɱɢɧɨɣ 

ɩɨɫɬɨɹɧɧɨɣ ɩɪɢ ɜɵɯɨɞɟ ɧɚ ɫɬɚɰɢɨɧɚɪɧɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ.  

4. ɉɪɢ ɫɨɯɪɚɧɟɧɢɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɦɨɠɧɨ ɝɚɪɚɧɬɢɪɨɜɚɬɶ 

ɫɟɩɚɪɚɰɢɸ ɠɢɞɤɨɣ ɮɚɡɵ. ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɢ ɩɟɪɟɯɨɞɟ 

ɤɨɦɩɨɧɟɧɬɨɜ ɢɡ ɠɢɞɤɨɫɬɢ ɜ ɝɚɡ  ɢɯ ɭɥɚɜɥɢɜɚɧɢɟ  ɧɟɜɨɡɦɨɠɧɨ. 

5. Ⱦɥɹ ɢɡɜɥɟɱɟɧɢɹ H2S ɢɡ ɝɚɡɨɜɨɣ ɮɚɡɵ ɩɟɪɟɞ ɝɚɡɨɫɟɩɚɪɚɬɨɪɨɦ ɦɨɠɧɨ 

ɭɫɬɚɧɨɜɢɬɶ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɣ ɜɢɯɪɟɜɨɣ ɦɚɫɫɨɛɦɟɧɧɵɣ ɚɩɩɚɪɚɬ, ɤɨɬɨɪɵɣ ɢɦɟɟɬ 

ɧɢɡɤɭɸ ɦɚɬɟɪɢɚɥɨɟɦɤɨɫɬɶ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɥɨɧɧɵɦɢ ɚɩɩɚɪɚɬɚɦɢ ɜ 7-10 ɪɚɡ). 

Ɍɚɤɠɟ ɟɝɨ ɷɤɫɩɥɭɚɬɚɰɢɹ ɬɪɟɛɭɟɬ ɦɟɧɶɲɢɯ ɡɚɬɪɚɬ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɫɦɨɬɪɟɧɢɹ ɤɨɦɢɫɫɢɹ ɜɵɧɟɫɥɚ ɪɟɲɟɧɢɟɪɟɤɨɦɟɧɞɨɜɚɬɶ 

ɜɧɟɞɪɢɬɶ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɣ ɝɚɡɨɫɟɩɚɪɚɬɨɪ ɧɚ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ ɢ 

ɧɟɮɬɟɝɚɡɨɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɯ ɡɚɜɨɞɚɯ. ɗɬɢ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨɞɬɜɟɪɠɞɟɧɵ ɚɤɬɨɦ 

ɜɧɟɞɪɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɪɢɜɟɞɟɧɧɵɦ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɩɩɚɪɚɬ ɜɧɟɞɪɟɧ ɜ ɫɨɫɬɚɜɟ ɫɥɟɞɭɸɳɟɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ. 

 

Ɋɢɫɭɧɨɤ 5.7 – Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɉɢɥɢɩɨɜɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɢ Ʉɋ: 

– ɜɟɧɬɢɥɶ, – ɤɨɦɩɪɟɫɫɨɪ, , – ɮɢɥɶɬɪɵ, – ɞɪɨɫɫɟɥɶ, – 

ɝɚɡɨɫɟɩɚɪɚɬɨɪ 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɜɧɟɞɪɟɧɵ ɩɪɢ ɪɚɫɱɟɬɟ ɝɚɡɨɫɟɩɚɪɚɬɨɪɨɜ ɉɢɥɢɩɨɜɫɤɨɝɨ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ (ɈɈɈ «Ɂɚɩɚɞɬɟɯɧɨɝɚɡ») ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɧɚ ɈɈɈ 
«Ɍɟɯɧɟɮɬɟɝɚɡɫɟɪɜɢɫ», ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɤɨɬɨɪɨɝɨ ɩɪɢɜɟɞɟɧɚ ɧɢɠɟ, ɚ ɚɤɬ 
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ɜɧɟɞɪɟɧɢɹ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ. 
Ɍɚɛɥɢɰɚ  5.1  

Ʉɨɦɩɨɧɟɧɬɧɵɣ ɫɨɫɬɚɜ ɝɚɡɚ ɩɪɢ ɪɚɛɨɬɟ ɍɉȽ 

№ Ʉɨɦɩɨɧɟɧɬ 

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɝɚɡɚ, % ɨɛ. ɋɬɟɩɟɧɶ 
ɢɡɜɥɟɱɟɧɢɹ 

ɤɨɦɩɨɧɟɧɬɨɜ, φ, % 
ɫɵɪɨɣ ɝɚɡ ɬɨɜɚɪɧɵɣ ɝɚɡ 

1 Ɇɟɬɚɧ 69,701 70,849 - 

2 ɗɬɚɧ 15,842 15,970 - 

3 ɉɪɨɩɚɧ 6,354 6,113   3,79 

4 ɂɡɨɛɭɬɚɧ 0,836 0,675 19,22 

5 ɇ-ɛɭɬɚɧ 1,626 1,146 29,48 

6 ɂɡɨɩɟɧɬɚɧ 0,295 0,119 59,52 

7 ɇ-ɩɟɧɬɚɧ 0,253 0,088 65,32 

8 Ƚɟɤɫɚɧ + ɜɵɫɲɢɟ 0,286 0,140 50,88 

9 Ⱦɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ 1,455 1,461 - 

10 Ʉɢɫɥɨɪɨɞ 0,072 0,103 - 

11 Ⱥɡɨɬ 3,282 3,336 - 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɩɪɨɦɵɲɥɟɧɧɨɣ ɭɫɬɚɧɨɜɤɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ 
ɩɨɞɬɜɟɪɠɞɟɧɨ ɩɪɟɢɦɭɳɟɫɬɜɨ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ ɩɪɢ ɪɚɛɨɬɟ ɧɚ 
ɫɬɚɰɢɨɧɚɪɧɨɦ ɪɟɠɢɦɟ   ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ. 

 5.3. ȼɵɜɨɞɵ ɢ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢɧɟɪɰɢɨɧɧɨ- 

ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ ɬɨɧɤɨɣ ɨɱɢɫɬɤɢ ɝɚɡɚ 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ 
ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɫɥɟɞɭɸɳɢɣ ɚɫɩɟɤɬ: ɩɪɨɢɫɯɨɞɢɬ ɥɢ ɦɨɞɟɪɧɢɡɚɰɢɹ ɭɠɟ 
ɫɭɳɟɫɬɜɭɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢɥɢ ɫɨɡɞɚɟɬɫɹ ɧɨɜɵɣ ɨɛɪɚɡɟɰ. 

ɉɪɨɜɟɞɟɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɱɚɫɬɢɰɵ ɦɟɥɶɱɟɦ ɱɟɦ 

20 ɦɤɦ ɯɭɠɟ ɭɥɚɜɥɢɜɚɸɬɫɹ, ɬɚɤ ɤɚɤ ɧɚ ɧɢɯ ɭɠɟ ɧɟɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɞɟɣɫɬɜɭɸɬ 
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ɛɪɨɭɧɨɜɫɤɢɟ ɦɟɯɚɧɢɡɦɵ ɭɥɚɜɥɢɜɚɧɢɹ, ɧɨ ɟɳɟ ɧɟɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ –
ɢɧɟɪɰɢɨɧɧɵɟ, ɩɨɷɬɨɦɭ ɪɟɤɨɦɟɧɞɭɟɦ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɧɚ ɜɯɨɞɟ ɜ ɝɚɡɨɫɟɩɚɪɚɬɨɪ 
ɤɨɚɝɭɥɹɬɨɪ ɢɥɢ ɞɪɭɝɢɟ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɭɤɪɭɩɧɟɧɢɹ ɤɚɩɟɥɶ. 

Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɤɚɧɚɥɨɜ ɢɦɟɸɬ ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɞɨ 300 ɉɚ, ɱɬɨ ɧɟɜɟɥɢɤɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɧɚɥɨɝɚɦɢ, ɧɨ  ɩɪɢ ɭɫɬɚɧɨɜɤɟ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɮɢɥɶɬɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɢɥɢ ɠɟ ɞɪɭɝɢɯ ɭɫɬɪɨɣɫɬɜ ɞɥɹ 
ɭɜɟɥɢɱɟɧɢɹ ɭɞɟɥɶɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɫɟɩɚɪɚɬɨɪɩɪɢ ɩɨɧɢɠɟɧɢɢ 
ɦɟɬɚɥɥɨɟɦɤɨɫɬɢ ɫɦɨɠɟɬ ɫɨɯɪɚɧɢɬɶ ɢɯ ɤɨɧɤɭɪɟɧɬɧɨɫɬɶ. 

ɉɪɨɜɟɞɟɧɧɵɣ ɪɚɫɱɟɬ  ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɞɨɫɬɚɬɨɱɧɨ ɢɦɟɬɶ ɜ ɤɚɧɚɥɟ ɥɢɲɶ ɬɪɢ 

ɝɨɮɪɵ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɷɮɮɟɤɬɚ ɪɚɡɞɟɥɟɧɢɹ ɝɚɡɨɠɢɞɤɨɫɬɧɨɣ 
ɫɦɟɫɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɨɟɤɬɢɪɨɜɚɬɶ ɚɩɩɚɪɚɬɵ, ɜ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɭɫɬɚɧɚɜɥɢɜɚɬɶ 
ɧɟɫɤɨɥɶɤɨ ɩɚɤɟɬɨɜ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɠɚɥɸɡɢɣɧɵɯ ɷɥɟɦɟɧɬɨɜ,  
ɪɚɛɨɬɚɸɳɢɯ ɩɚɪɚɥɥɟɥɶɧɨ. ɇɚɥɢɱɢɟ ɨɞɧɨɬɢɩɧɵɯ ɞɟɬɚɥɟɣ ɦɨɠɟɬ ɫɭɳɟɫɬɜɟɧɧɨ 
ɭɞɟɲɟɜɢɬɶ ɩɪɨɢɡɜɨɞɫɬɜɨ ɚɩɩɚɪɚɬɨɜ ɬɚɤɨɝɨ ɬɢɩɚ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜɵɫɨɤɨɩɨɪɢɫɬɵɯ ɢɥɢ ɞɜɭɯɫɥɨɣɧɵɯ ɮɢɥɶɬɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ 
ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɟɩɚɪɚɬɨɪɵ ɞɚɧɧɨɝɨ ɬɢɩɚ ɞɚɠɟ ɩɪɢ ɡɚɥɩɨɜɵɯ ɜɵɛɪɨɫɚɯ 
ɝɚɡɚ ɜ ɬɪɭɛɨɩɪɨɜɨɞ. 

ɍɦɟɧɶɲɟɧɢɟ ɪɚɞɢɭɫɚ ɩɨɜɨɪɨɬɚ ɩɨɬɨɤɚ ɧɟɝɚɬɢɜɧɨ ɜɥɢɹɟɬ ɧɚ ɜɬɨɪɢɱɧɵɣ 
ɛɪɵɡɝɨɭɧɨɫ, ɩɨɷɬɨɦɭ ɩɪɢ ɪɚɫɱɟɬɟ ɧɨɜɨɣ ɠɚɥɸɡɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɨɞɢɬɶ ɪɚɫɱɟɬ 
ɢ ɩɪɢɧɢɦɚɬɶ ɧɟɛɨɥɶɲɨɣ ɡɚɩɚɫ (10-15%), ɱɬɨ ɞɨɥɠɧɨ ɜɵɝɨɞɧɨ ɨɬɪɚɡɢɬɫɹ ɧɚ 
ɝɢɞɪɨɞɢɧɚɦɢɤɟ ɩɨɬɨɤɚ ɜ ɫɟɩɚɪɚɰɢɨɧɧɨɦ ɤɚɧɚɥɟ, ɧɟ ɭɯɭɞɲɚɹ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ.Ɋɚɫɱɟɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɷɮɮɟɤɬɢɜɧɨ ɩɪɨɢɫɯɨɞɢɬ ɭɥɚɜɥɢɜɚɧɢɟ 
ɤɚɩɟɥɶ ɞɢɚɦɟɬɪɨɦ ɨɬ 5 ɦɤɦ. 

ɇɟɝɚɬɢɜɧɵɦ ɮɚɤɬɨɪɨɦ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɜɵɡɜɚɬɶ ɜɵɯɨɞ ɢɡ ɫɬɪɨɹ 
ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɟɫɬɶ ɧɚɥɢɱɢɟ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ. ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ 
ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɣ ɫɟɩɚɪɚɬɨɪ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɟ 
ɩɨɫɥɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɝɪɭɛɨɣ ɨɱɢɫɬɤɢ ɨɬ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ.  
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ȼɵɜɨɞɵ ɤ ɪɚɡɞɟɥɭ 5 

1. Ɋɚɡɪɚɛɨɬɚɧɚ ɢɧɠɟɧɟɪɧɚɹ ɦɟɬɨɞɢɤɚ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ 

ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ ɫ 

ɨɩɪɟɞɟɥɟɧɢɟɦ ɨɩɬɢɦɚɥɶɧɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 

ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ. 

2. Ɋɚɡɪɚɛɨɬɚɧɵ ɚɥɝɨɪɢɬɦ ɢ ɩɪɨɝɪɚɦɦɚ ɧɚ ɗȼɆ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɪɚɫɱɟɬɚ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ 

ɫɟɩɚɪɚɬɨɪɨɜ. 

3. ɉɪɟɞɥɨɠɟɧɵ ɧɨɜɵɣ ɫɩɨɫɨɛ ɢ ɤɨɧɫɬɪɭɤɰɢɹ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ 

ɫɟɩɚɪɚɬɨɪɚ (ɡɚɳɢɳɟɧɧɵɟ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɫɟɪɬɢɮɢɤɚɬɨɦ ɫɨɨɬɜɟɬɫɬɜɢɹ ɢ ɩɚɬɟɧɬɨɦ 

Ɋɟɫɩɭɛɥɢɤɢ ɂɪɚɤ), ɩɨɡɜɨɥɹɸɳɢɟ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɫɢɬɶ ɫɬɟɩɟɧɶ ɨɱɢɫɬɤɢ 

ɩɪɢɪɨɞɧɨɝɨ ɢ ɩɨɩɭɬɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɩɨɬɨɤɨɜ ɝɚɡɚ ɨɬ ɜɨɞɵ ɢ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ 

ɤɨɧɞɟɧɫɚɬɚ. 

4. ɇɚɭɱɧɵɟ ɪɚɡɪɚɛɨɬɤɢ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ 

ɤɨɧɫɬɪɭɤɰɢɢ ɋɭɦȽɍ ɨɬɦɟɱɟɧɵ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɫɟɪɬɢɮɢɤɚɬɨɦ ɫɨɨɬɜɟɬɫɬɜɢɹ ɢ 

ɪɟɤɨɦɟɧɞɨɜɚɧɵ ɤ ɜɧɟɞɪɟɧɢɸ ɜ ɪɚɦɤɚɯ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɪɨɝɪɚɦɦɵ Ɇɢɧɢɫɬɟɪɫɬɜɚ 

ɧɟɮɬɢ ɢ ɝɚɡɚ (PRDC) Ɋɟɫɩɭɛɥɢɤɢ ɂɪɚɤ. 

5. ɉɪɟɞɥɨɠɟɧɵ ɩɪɚɤɬɢɱɟɫɤɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɤ ɩɪɨɰɟɫɫɭ ɪɚɡɪɚɛɨɬɤɢ ɢ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ. 

6. ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɜɧɟɞɪɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɧɚɭɱɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢ 

ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɟɤɨɦɟɧɞɚɰɢɣ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ 

ɫɟɩɚɪɚɬɨɪɨɜ ɧɚ ɩɪɨɦɵɲɥɟɧɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟɜ ɍɤɪɚɢɧɟ. 

  Ɉɫɧɨɜɧɵɟ ɧɚɭɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɡɞɟɥɚ ɨɩɭɛɥɢɤɨɜɚɧɵ ɜ ɪɚɛɨɬɚɯ Д132,134]. 
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ɈȻЩɂȿ ȼɕȼɈȾɕ 

 

1. ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɫɩɨɫɨɛɨɜ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɪɨɰɟɫɫɨɜ ɫɟɩɚɪɚɰɢɢ 

ɝɚɡɨɞɢɫɩɟɪɫɧɵɯ ɩɨɬɨɤɨɜ ɜɵɹɜɥɟɧɵ ɧɟɞɨɫɬɚɬɤɢ ɫɭɳɟɫɬɜɭɸɳɢɯ 

ɝɚɡɨɫɟɩɚɪɚɰɢɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɨɩɪɟɞɟɥɟɧɵ ɩɟɪɫɩɟɤɬɢɜɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ 

ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɣ ɝɚɡɨɫɟɩɚɪɚɰɢɢ ɢ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ 

ɝɚɡɨɫɟɩɚɪɚɬɨɪɨɜ, ɨɛɴɟɞɢɧɹɸɳɢɯ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢɧɟɪɰɢɨɧɧɵɯ ɢ ɮɢɥɶɬɪɭɸɳɢɯ 

ɦɟɬɨɞɨɜ ɪɚɡɞɟɥɟɧɢɹ ɝɚɡɨɠɢɞɤɨɫɬɧɵɯ ɫɢɫɬɟɦ, ɨɬɥɢɱɚɸɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ 

ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɫɟɩɚɪɚɰɢɢ ɝɚɡɚ ɝɚɡɚ ɨɬ ɤɚɩɟɥɶ ɠɢɞɤɨɫɬɢ ɜ 

ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɢɡɦɟɧɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɞɚɜɥɟɧɢɹ ɩɪɢ ɧɢɡɤɨɦ 

ɝɢɞɪɚɜɥɢɱɟɫɤɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɢ. 

2. Ɋɚɡɪɚɛɨɬɚɧɚ ɮɢɡɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɞɜɢɠɟɧɢɹ 

ɝɚɡɨɤɚɩɟɥɶɧɵɯ ɩɨɬɨɤɨɜ ɜ ɪɚɛɨɱɟɣ ɩɨɥɨɫɬɢ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ 

ɫɟɩɚɪɚɬɨɪɨɜ, ɤɨɬɨɪɚɹ ɢɫɩɨɥɶɡɨɜɚɧɚ ɩɪɢ ɨɩɬɢɦɢɡɚɰɢɨɧɧɨɦ ɝɟɨɦɟɬɪɢɱɟɫɤɨɦ 

ɩɪɨɮɢɥɢɪɨɜɚɧɢɢ ɫɟɱɟɧɢɹ ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɤɚɧɚɥɨɜ ɢ ɮɢɥɶɬɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ. 

3. Ɋɚɡɪɚɛɨɬɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɪɚɫɱɟɬɚ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɢ 

ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɢ ɞɜɢɠɟɧɢɢ ɧɟɨɫɟɫɢɦɦɟɬɪɢɱɧɵɯ ɝɚɡɨɤɚɩɟɥɶɧɵɯ 

ɩɨɬɨɤɨɜ ɜ ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɤɚɧɚɥɚɯ ɫɢɧɭɫɨɢɞɚɥɶɧɨɝɨ ɩɪɨɮɢɥɹ. 

4. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɫɫɥɟɞɨɜɚɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɥɟɣ ɫɤɨɪɨɫɬɟɣ ɢ 

ɞɚɜɥɟɧɢɣ ɩɪɢ ɞɜɢɠɟɧɢɢ ɝɚɡɨɞɢɫɩɟɪɫɧɨɝɨ ɩɨɬɨɤɚ ɜ ɦɨɞɟɥɶɧɵɯ ɨɛɪɚɡɰɚɯ 

ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɤɚɧɚɥɨɜ ɫ ɩɟɪɟɦɟɧɧɨɣ 

ɝɟɨɦɟɬɪɢɟɣ, ɨɩɪɟɞɟɥɟɧɵ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɢ ɫɟɩɚɪɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɦɨɞɟɥɶɧɵɯ ɨɛɪɚɡɰɨɜ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɫɟɩɚɪɚɬɨɪɨɜ, ɩɪɨɜɟɞɟɧɨ 

ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɫ ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ ɪɚɫɱɟɬɚɦɢ. 

5. Ɋɚɡɪɚɛɨɬɚɧɚ ɢɧɠɟɧɟɪɧɚɹ ɦɟɬɨɞɢɤɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɢ 

ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɪɚɫɱɟɬɨɜ ɠɚɥɸɡɢɣɧɵɯ ɛɥɨɤɨɜ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ 

ɫɟɩɚɪɚɬɨɪɨɜ. 
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6. ɉɪɟɞɥɨɠɟɧ ɧɨɜɵɣ ɫɩɨɫɨɛ ɢ ɤɨɧɫɬɪɭɤɰɢɹɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ 

ɫɟɩɚɪɚɬɨɪɚ (ɡɚɳɢɳɟɧɧɵɟ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɫɟɪɬɢɮɢɤɚɬɨɦ ɫɨɨɬɜɟɬɫɬɜɢɹ ɢ ɩɚɬɟɧɬɨɦ 

Ɋɟɫɩɭɛɥɢɤɢ ɂɪɚɤ), ɩɨɡɜɨɥɹɸɳɢɟ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɫɢɬɶ ɫɬɟɩɟɧɶ ɨɱɢɫɬɤɢ 

ɩɪɢɪɨɞɧɨɝɨ ɢ ɩɨɩɭɬɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɩɨɬɨɤɨɜ ɝɚɡɚ ɨɬ ɜɨɞɵ ɢ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ 

ɤɨɧɞɟɧɫɚɬɚ. 

7. ɉɪɨɜɟɞɟɧɨ ɜɧɟɞɪɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɧɚɭɱɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢ 

ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɟɤɨɦɟɧɞɚɰɢɣ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ  

ɫɟɩɚɪɚɬɨɪɨɜ ɧɚ ɩɪɟɞɩɪɢɹɬɢɹɯ ɍɤɪɚɢɧɵ. ɂɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɟ ɫɟɩɚɪɚɬɨɪɵ 

ɤɨɧɫɬɪɭɤɰɢɢ ɋɭɦȽɍ ɭɫɩɟɲɧɨ ɩɪɨɲɥɢ ɫɟɪɬɢɮɢɤɚɰɢɸ ɢ ɪɟɤɨɦɟɧɞɨɜɚɧɵ ɤ 

ɜɧɟɞɪɟɧɢɸ ɜ ɪɚɦɤɚɯ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɪɨɝɪɚɦɦɵ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɧɟɮɬɢ ɢ ɝɚɡɚ 

(PRDC)  Ɋɟɫɩɭɛɥɢɤɢ ɂɪɚɤ. 
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ 
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130. Ⱥɥɶ Ɋɚɦɦɚɯɿ Ɇ.Ɇ. ȼɢɫɨɤɨɟɮɟɤɬɢɜɧɿ ɿɧɟɪɰɿɣɧɨ-ɮɿɥɶɬɪɭɸɱɿ 

ɝɚɡɨɫɟɩɚɪɚɬɨɪɢ ɞɥɹ ɩɪɨɦɢɫɥɨɜɢɯ ɭɫɬɚɧɨɜɨɤ ɤɨɦɩɥɟɤɫɧɨʀ ɩɿɞɝɨɬɨɜɤɢ ɝɚɡɭ ɝɚɡɨɜɢɯ 
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ɉɪɢɥɨɠɟɧɢɟ Ⱥ 

Ⱥɤɬ ɜɧɟɞɪɟɧɢɹ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɡɭɥɶɬɚɬɨɜ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɧɚ 

ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ ɢ ɧɟɮɬɟɝɚɡɨɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɯ ɡɚɜɨɞɚɯ 
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ɉɪɢɥɨɠɟɧɢɟ  Ȼ. 

Ⱥɤɬ ɜɧɟɞɪɟɧɢɹ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɡɭɥɶɬɚɬɨɜ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɧɚ 

ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ ɢ ɧɟɮɬɟɝɚɡɨɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɯ ɡɚɜɨɞɚɯ 
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ɉɪɢɥɨɠɟɧɢɟ Ƚ 
Ɍɚɛɥɢɰɚ Ƚ. 1 

 Ɋɟɡɭɥɶɬɚɬɵ ɤɨɦɩɥɟɤɫɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɚɧɚɥɚ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɝɚɡɨɫɟɩɚɪɚɬɨɪɚ 
 

ȼɢɞ 
ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɇɨɦɟɪ 

ɝɨɮɪɵ 

Ɋɚɫɯɨɞ 
ɝɚɡɚ,  

Q, ɦ3/ɫ 

Ɋɚɫɯɨɞ 
ɠɢɞɤɨɫɬɢ,  

Q, ɦ3/ɫ 

Ʉɨɧɰɟɧɬɪɚ-

ɰɢɹ ɤɚɩɟɥɶ, 

ɧɚɱɚɥɨ 
ɝɨɮɪɵ, 
ɤɝ/ɦ3 

Ʉɨɧɰɟɧɬɪɚ-

ɰɢɹ ɤɚɩɟɥɶ, 

ɤɨɧɟɰ 
ɝɨɮɪɵ, 
ɤɝ/ɦ3

 

ɗɮɮɟɤɬɢɜ-

ɧɨɫɬɶ 
ɫɟɩɚɪɚɰɢɢ, 

% 

Ɇɢɧɢɦɚɥɶ-

ɧɵɣ 
ɞɢɚɦɟɬɪ 
ɱɚɫɬɢɰ, 

ɦɤɦ 

ɋɪɟɞɧɢɣ 
ɞɢɚɦɟɬɪɤɚɩɟɥɶ, 

ɦɤɦ 

Ɇɚɤɫɢɦɚɥɶ-

ɧɵɣ 
ɞɢɚɦɟɬɪ 

ɤɚɩɟɥɶ, ɦɤɦ 

ɋɪɟɞɧɹɹ 
ɫɤɨɪɨɫɬɶ 
ɝɚɡɚ, ɦ/ɫ 

ɋɪɟɞɧɹɹ 
ɫɤɨɪɨɫɬɶ 
ɤɚɩɟɥɶ, 

ɦ/ɫ 

Ɇɨɞɟɥɢ-

ɪɨɜɚɧɢɟ 

FlowVision 

1 0,105 0,000001 0,01 0,007 30 10 30 50 10,2 7,2 

2 0,105 7,35
.
10

-7
 0,007 0,003 70 5 12,5 20 10 7 

3 0,105 3,15
.
10

-7
 0,003 0,0005 95 3 6,5 10 9,2 6,5 

4 0,105 5,25
.
10

-8
 0,0005 0,000006 99,9 0,1 0,55 1 9,2 6,5 

Ɇɨɞɟɥɢ-

ɪɨɜɚɧɢɟ 

Cosmos 

FloWorks 

1 0,105 - - - - - - - 8 - 

2 0,105 - - - - - - - 7,5 - 

3 0,105 - - - - - - - 7,4 - 

4 0,105 - - - - - - - 7,4 - 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ 
ɦɨɞɟɥɢ-ɪɨɜɚɧɢɟ 

 

1 0,105 0,000001 0,01 0,0096 8,6 1 75 150 11 8 

2 0,105 0,00000097 0,0096 0,0074 26 1 4 10 10,1 7 

3 0,105 7,77
.
10

-7
 0,0074 0,0000003 99,97 0,5 4 8 9,5 7 

4 0,105 3,1
.
10

-10
 0,0000003 1

.
10

-41 
99,99 0,1 1 2 9,5 7 

ɗɤɫɩɟɪɢ-

ɦɟɧɬɚɥɶ-ɧɨɟ 
ɢɫɫɥɟɞɨ-ɜɚɧɢɟ 

1 0,105 0,000001 

0,01 ~1
.
10

-9
 99,9 10

* 
200

* 
500

* 
9 - 

2 0,105 - 

3 0,105 - 

4 0,105 ~1
.
10

-9
 

* 
- ɫɨɝɥɚɫɧɨ ɬɟɯɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɮɨɪɫɭɧɤɢ, ɢɫɩɨɥɶɡɭɟɦɨɣ ɞɥɹ ɪɚɫɩɵɥɟɧɢɹ. 
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ɉɪɢɥɨɠɟɧɢɟ Ⱦ.  

Ȼɥɨɤ-ɫɯɟɦɚ ɩɪɨɝɪɚɦɦɵ ɪɚɫɱɟɬɚ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɝɚɡɨɫɟɩɚɪɚɬɨɪɨɜ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱦ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ⱦ 

55 

 

      56 

      i=i(1)n 

 

       57 

Vж=Vɭɞmi 

Vж ɨбщ=Vжt 

 

       58 

ɇɟɬ   

     Vж<Vж ɭɞi 

 

       59 

               Дɚ 

    h=hэɥ i 

 

       60 

Выɜɨɞ 

D, H, С, t, δ,η, Т 

 

       61 

Кɨɧɟɰ 
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ɉɪɢɥɨɠɟɧɢɟ ȿ 

Ʌɢɫɬɢɧɝ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɪɚɫɱɟɬɚɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ 

 

restart; 

1.Vvod V0,C0,P,T,rho4,M 

2.Raschet rho0=M/22.4 

rho=rho0*(T0*P)/(T*P0)                        T0=273  P0=0.1 

3.Raschet G=rho0*V0 

        L=C0*V0 

4.Vvod yi,Tkri, Pkri 

5.Raschet ti=T/Tkri 

        Pi=P/Pkri 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȿ 

 

Tpkr=summa(yi*Tkri) 

        Ppkr=summa(yi*Prki) 

6. VuvodTpkr, Ppkr 

7. VЯШН    г (ɪɭɤɚɦɢ ɩɨ ɝɪɚɮɢɤɭ) 

8. Raschet  V=22.4*G*T*rho0*z/(M*T0*P) 

9. Vvod dmax, dmin 

10.n=0, i=0, di=dmin 

11. For i=0 to n do 

i=i+1 

di=d1+deltad 

                    n=n+1 

di=<dmax 

i=1 to n 

 For i=0 to n do 

md=(1/n)*(ln(d1)+ln(d2)+..ln(dn)) 

18. sigmaD=((1/(n-1))*((ln(d[i]+md)^2)^0.5 

19. sigma1=((exp^sigmad^2)-1)*exp^2*(md-sigmad^2) 

 For i=0 to n do 

21. Rc=R[i]=dmin-2 

22 no=(exp^(-(ln(d[i])-md)^2)/2*sigmad^2))/(d[i]*sigmad*2.51) 

23. no(R)>nmax(Rc) 

25. Vuvod V,G,L0 

d[i]=2*Ri,Rc,n0(R) 

26. Kc=0.367 

    [Vr]=Kc*((rho4-rho)/rho)^0.5 

27. S=V/[Vr] 

    H=s^0.5 

    D=1.41*H 

28.R1=Rkr=(2*Rmin^2*rho4*Vc^2*l*Sc)/(9*h*Sg*sin(phi/2)*Vr*w*rho4) 

 



198 

 

ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ ȿ 

 

29. Vf=r^2 

Vr=phi^2 

Vrmax=(Vf^2+Vr^2)^0.5 

33/ Wf=r^2 

    Wr=phi^2 

W4=(Wf^2+Wr^2)^0.5 

t=Vr*cos(alpha)*W4/g 

nk=H/t 

37 rho1=r^2 

 For i=0 to n do 

40 L[j]=int n[j](R[j]) 

deltaL[j]=L0-L[j] 

42 KPD=100%*(L0-L[j])/Lo 

end 

45 P=2*(h+t) 

de=4*S/P 

 For j=0 to n do 

46. Lpram=3*de 

    Lobw=2*Lpram+0.5*j*6.28 

47. Sdr=(deltaL[j]/rho4)/Wg 

Wg=1..5 

while r 

48. delta=Sdr/Lobw 

50. Vfil=Sfil*H 

    Vgfil=Vfil*m 

51. nel=H/hel 

52. Vfilel=Vgfil/hel 

54. Vgul=(Kpd*L0)/(rho4*j*nk*K1*nel) 

 For i=0 to n do 

57. Vg=Vel*m*i 

    Vgulobw=Vgul*i 

58. h=i*hel 

end 

end 
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ɉɪɢɥɨɠɟɧɢɟ ɀ 
Ʌɢɫɬɢɧɝ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɢ ɤɚɩɟɥɶ ɜ ɤɚɧɚɥɟ ɢɧɟɪɰɢɨɧɧɨ-

ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɟɩɚɪɚɬɨɪɚ 

 
> restart; 

s:=NULL: 

s1:=NULL: 

sys:={diff(Wr(tau),tau)=Wf(tau)^2/r+psi*Pi*mu*dk/8/m*(Vr(r)-Wr(tau)),diff(Wf(tau),tau)=-

Wr(tau)*Wf(tau)/r+psi*Pi*mu*dk/8/m*(Vf(r)-Wf(tau))}: 

K=psi*Pi*mu*dk/8/m: 

rho[g]:=1.29: 

r:=0.08: 

psi:=0.44: 

dk:=evalf(3*10^(-6)): 

rho[K]:=1000: 

mu:=0.000025: 

m:=0.5236*dk^3*rho[K]: 

K:=evalf(psi*Pi*rho[g]*dk^2/8/m):phi:=0.00001*Pi: 

dphi:=0.06: 

for c from 1 to 50 do 

C1:=2.173:C2:=-2.063:C3:=1.138: 

Vr(r):=((-r^2*C1*sin(2*phi)-r^2*C2*cos(2*phi)-C3)/r): 

_C3:=2.835: _C1:=2236: _C2:=2502: 

Vf(r):=(((r^2*_C1*cos(2*phi)-

r^2*_C2*sin(2*phi))+sqrt((r^4*_C1^2*cos(2*phi)^2+r^4*_C1^2*sin(2*phi)^2+r^4*_C2^2-_C3^2)/r))): 

print(Vf(r)): 

sys:={diff(Wr(tau),tau)=Wf(tau)^2/r+K*((Vr(r))-Wr(tau)),diff(Wf(tau),tau)=-

Wr(tau)*Wf(tau)/r+K*(Vf(r)-Wf(tau)),Wr(0)=0.001,Wf(0)=7}: 

dsol1 := dsolve(sys, numeric, output=listprocedure,range=0..0.001):dsol1(0.0010): 

Wr := subs(dsol1,Wr(tau)): Wf := subs(dsol1,Wf(tau)): 

print(Wr(tau),Wf(tau)): 

dtau:=0.0010: 

deltaSr:=Wr(0.001)*dtau: deltaSphi:=tan(dphi)*r: 

r:=r+Wr(0.001)*dtau: 

phi:=evalf(phi+dphi): 

x:=-r*cos(phi)+0.08: 

y:=r*sin(phi): 

s:=s,[0.1+x,y]: 

s1:=s1,[0.1+x,y]: 

unassign(Wr,Wf): 

end do: 

s2:=NULL: 

s3:=NULL: 

for m from 0 by 0.001 to 0.36 do 

s2:=s2,[m,sqrt(0.08*0.08-(m-0.18)*(m-0.18))]: 

s3:=s3,[m,sqrt(0.18*0.18-(m-0.18)*(m-0.18))]: 

end do: 

print(plot([[s],[s1],[s2],[s3]],style=[point,line,line,line],color=[red,blue,black,black],title="Ɍɪɚɟɤɬɨɪɢɹɞɜ
ɢɠɟɧɢɹɤɚɩɥɢ (S),  ɞɥɹ dk=3 ɦɤɦ"));
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ɉɪɢɥɨɠɟɧɢɟ Ʉ 

Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɋ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚ ɞɥɹ  ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɤɨɪɨɫɬɢ ɝɚɡɚ 

Ɍɚɛɥɢɰɚ Ʉ.1 

Ɋɚɞɢɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɤɨɪɨɫɬɢ ɞɥɹ ɝɨɮɪɵ 2 
 

ɇɨɦɟɪ 
ɡɚɦɟɪɚ 

1 

φ=45
0 

2 

φ=60 

3 

φ=75
0
 

4 

φ=90
0
 

5 

φ=105
0
 

6 

φ=120
0
 

7 

φ=135
0
 

ɉɚɪɚɦɟɬɪ r Vr r Vr r Vr r Vr r Vr r Vr r Vr 

ɋɟɱɟɧɢɟ 1 
0,096 3,06 0,096 4,97 0,096 2,45 0,096 -1,12 0,096 -0,23 0,096 -2,43 0,096 -4,6 

ɋɟɱɟɧɢɟ 2 
0,14 2,32 0,14 0,009 0,14 -4,24 0,14 0,009 0,14 -9,44 0,14 -0,38 0,14 -2,22 

ɋɟɱɟɧɢɟ 3 
0,17 2,67 0,17 -0,19 0,17 -0,54 0,17 -0,137 0,17 -11,1 0,17 -7,11 0,17 -2,87 

 

Ɍɚɛɥɢɰɚ Ʉ.2 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɞɥɹ ɪɚɞɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɤɨɪɨɫɬɢ 

ɇɨɦɟɪ ɡɚɦɟɪɚ Иɋ1 Иɋ2 Иɋ3 

1 1,73
 

-1,75 -2,85 

2 1,65
 

-2,03 2 

3 1,92
 

-1,88 2,65 

4 1,87
 

-1,933 -2,7 

5 1,65
 

-1,72 2,5 

6 1,08
 

-2.01 2,66 

7 1,72
 

-1.73 2,13 

ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ 1,8 -1,86 2,199 

௥ܸ: = ͳ.ͺ ݎଶ sinሺʹ�ሻ − ͳ.ͺ͸ݎଶܿݏ݋ሺʹ�ሻ + ʹ.ͳͻͻݎ  
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ʉ 

 

Ɍɚɛɥɢɰɚ Ʉ. 3 

Ɍɚɧɝɟɧɰɢɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɤɨɪɨɫɬɢ ɞɥɹ ɝɨɮɪɵ 2 
 

ɇɨɦɟɪ 
ɡɚɦɟɪɚ 

1 

φ=45
0 

2 

φ=60 

3 

φ=75
0
 

4 

φ=90
0
 

5 

φ=105
0
 

6 

φ=120
0
 

7 

φ=135
0
 

ɉɚɪɚɦɟɬɪ r Vφ r Vφ r Vφ r Vφ r Vφ r Vφ r Vφ 

ɋɟɱɟɧɢɟ 1 0,096 11,41 0,096 13,63 0,096 13,85 0,096 1,95 0,096 2,75 0,096 6,69 0,096 9,9 

ɋɟɱɟɧɢɟ 2 0,14 13,12 0,14 12,34 0,14 9,14 0,14 11,6 0,14 7,95 0,14 2,21 0,14 4,79 

ɋɟɱɟɧɢɟ 3 0,17 9,97 0,17 2,24 0,17 1,49 0,17 1,59 0,17 8,13 0,17 7,13 0,17 7,92 

 

Ɍɚɛɥɢɰɚ Ʉ.4. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɞɥɹ ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɤɨɪɨɫɬɢ 

ɇɨɦɟɪ 
ɡɚɦɟɪɚ 

Иɋ1 Иɋ2 Иɋ3 

1 2200 2225 3,06 

2 2205 2224 3,37 

3 2218 2280 5,58 

4 2192 2201 3,98 

5 2208 2200 3,11 

6 2187 2296 3.9 

7 2200 2129 3.75 

ɋɪɟɞɧɟɟ 
ɡɧɚɱɟɧɢɟ 

2229 2219 3,39 

 ܸ݂ ≔ ʹʹʹͻݎଶ cosሺʹ�ሻ − ʹʹͳͻݎଶ݊݅ݏሺʹ�ሻ + ሺͳݎ ሺͶͻ͸ͺͶͶͳݎସcos ሺʹ�ሻଶ + Ͷͻ͸ͺͶͶͳݎସ݊݅ݏሺʹ�ሻଶ + Ͷͻʹ͵ͻ͸ͳݎସ − ͳͳ.Ͷͻʹͳሻሻଵ ଶ⁄  
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ʉ 
 

Ɍɚɛɥɢɰɚ Ʉ.5 

Ɋɚɞɢɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɤɨɪɨɫɬɢ ɞɥɹ ɝɨɮɪɵ 3 
 

ɇɨɦɟɪ 
ɡɚɦɟɪɚ 

1 

φ=450 
2 

φ=60 

3 

φ=75
0
 

4 

φ=900
 

5 

φ=1050
 

6 

φ=1200
 

7 

φ=1350
 

ɉɚɪɚɦɟɬɪ r Vr r Vr r Vr r Vr r Vr r Vr r Vr 

ɋɟɱɟɧɢɟ 1 
0,096 8,5 0,096 2,44 0,096 -2,75 0,096 -1.53 0,096 -2,11 0,096 -2,97 0,096 -5,11 

ɋɟɱɟɧɢɟ 2 
0,14 4,17 0,14 -1,94 0,14 0,01 0,14 1.12 0,14 -7,58 0,14 -7,58 0,14 -3,64 

ɋɟɱɟɧɢɟ 3 
0,17 3,66 0,17 -5,11 0,17 -6,52 0,17 -4.57 0,17 -6,09 0,17 -7,21 0,17 0,01 

 

 Ɍɚɛɥɢɰɚ Ʉ.6 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɞɥɹ ɪɚɞɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɤɨɪɨɫɬɢ 

ɇɨɦɟɪ ɡɚɦɟɪɚ Иɋ1 Иɋ2 Иɋ3 

1 1,4
 

-1,76 2,13 

2 1,75
 

-2,03 2,88 

3 1,92
 

-1,78 2,87 

4 1,17
 

-1,87 2,4 

5 1,65
 

-1,95 2,98 

6 1,95
 

-2.02 3,02 

7 1.98
 

-1.813 2,45 

ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ 1,56 -1,878 2,53 

. 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ʉ 

Ɍɚɛɥɢɰɚ Ʉ.7 

Ɍɚɧɝɟɧɰɢɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɤɨɪɨɫɬɢ ɞɥɹ ɝɨɮɪɵ 3 
 

ɇɨɦɟɪ 
ɡɚɦɟɪɚ 

1 

φ=45
0 

2 

φ=60 

3 

φ=75
0
 

4 

φ=90
0
 

5 

φ=105
0
 

6 

φ=120
0
 

7 

φ=1350
 

ɉɚɪɚɦɟɬɪ r Vφ r Vφ r Vφ r Vφ r Vφ r Vφ r Vφ 

ɋɟɱɟɧɢɟ 1 0,096 4.9 0,096 6.69 0,096 4.8 0,096 4.23 0,096 1.77 0,096 2.98 0,096 6.1 

ɋɟɱɟɧɢɟ 2 0,14 10.68 0,14 9.67 0,14 13.33 0,14 12.8 0,14 9.06 0,14 9.06 0,14 10.04 

ɋɟɱɟɧɢɟ 3 0,17 10.04 0,17 6.1 0,17 4.57 0,17 8.2 0,17 5.12 0,17 6.06 0,17 8.73 

 

Ɍɚɛɥɢɰɚ Ʉ.8 

 Ʉɨɷɮɮɢɰɢɟɧɬɵ ɞɥɹ ɬɚɧɝɟɰɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɤɨɪɨɫɬɢ 

ɇɨɦɟɪ ɡɚɦɟɪɚ Иɋ1 Иɋ2 Иɋ3 

1 2222 2217 3,56 

2 2213 2213 3,02 

3 2245 2211 3,58 

4 2235 2285 3,15 

5 2187 2202 3,53 

6 2211 2025 3,58 

7 2225 2247 3,65 

ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ 2198 2230 3,42 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ʉ 
 

Ɍɚɛɥɢɰɚ Ʉ.9 

 Ɋɚɞɢɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɤɨɪɨɫɬɢ ɞɥɹ ɝɨɮɪɵ 4 
 

ɇɨɦɟɪ 
ɡɚɦɟɪɚ 

1 

φ=450 
2 

φ=60 

3 

φ=75
0
 

4 

φ=900
 

5 

φ=1050
 

6 

φ=1200
 

7 

φ=1350
 

ɉɚɪɚɦɟɬɪ r Vr r Vr r Vr r Vr r Vr r Vr r Vr 

ɋɟɱɟɧɢɟ 1 
0,096 5.04 0,096 -2.9 0,096 -3.84 0,096 -6.86 0,096 -0.97 0,096 -1.84 0,096 -3.43 

ɋɟɱɟɧɢɟ 2 
0,14 -1.69 0,14 -1.84 0,14 0.06 0,14 -5.39 0,14 -4.9 0,14 -5.7 0,14 -0.75 

ɋɟɱɟɧɢɟ 3 
0,17 1.75 0,17 -2.3 0,17 -2.09 0,17 -1.77 0,17 0.02 0,17 -3.97 0,17 -1.13 

 

Ɍɚɛɥɢɰɚ Ʉ.10 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɞɥɹ ɪɚɞɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɤɨɪɨɫɬɢ 

ɇɨɦɟɪ ɡɚɦɟɪɚ Иɋ1 Иɋ2 Иɋ3 

1 1,52
 

-1,76 -2,27 

2 1,75
 

-1,5 3,01 

3 1,72
 

-1,85 -2,5 

4 2,01
 

-1,95 2,25 

5 1,95
 

-1,15 2,58 

6 1,9
 

-2.03 2,45 

7 1.58
 

-1.88 -2,13 

ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ 1,77 -1,642 2, 56 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ʉ 

Ɍɚɛɥɢɰɚ Ʉ.11 

Ɍɚɧɝɟɧɰɢɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɤɨɪɨɫɬɢ ɞɥɹ ɝɨɮɪɵ 4 
 

ɇɨɦɟɪ 
ɡɚɦɟɪɚ 

1 

φ=45
0 

2 

φ=60 

3 

φ=75
0
 

4 

φ=90
0
 

5 

φ=105
0
 

6 

φ=120
0
 

7 

φ=1350
 

ɉɚɪɚɦɟɬɪ r Vφ r Vφ r Vφ r Vφ r Vφ r Vφ r Vφ 

ɋɟɱɟɧɢɟ 1 0,096 8.72 0,096 10.8 0,096 10.59 0,096 8.19 0,096 8.81 0,096 9.73 0,096 8.4 

ɋɟɱɟɧɢɟ 2 0,14 9.39 0,14 10.52 0,14 8.43 0,14 6.17 0,14 11.22 0,14 10.52 0,14 10.28 

ɋɟɱɟɧɢɟ 3 0,17 9.92 0,17 6.33 0,17 3.45 0,17 3.08 0,17 2.76 0,17 6.9 0,17 6.47 

 

Ɍɚɛɥɢɰɚ Ʉ.12 

 Ʉɨɷɮɮɢɰɢɟɧɬɵ ɞɥɹ ɬɚɧɝɟɰɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɤɨɪɨɫɬɢ 

ɇɨɦɟɪ ɡɚɦɟɪɚ Иɋ1 Иɋ2 Иɋ3 

1 2190 2213 3,03 

2 2223 2211 3,1 

3 2212 2284 3,23 

4 2255 2295 3,13 

5 2187 2269 3,45 

6 2203 2294 3, 38 

7 2199 2264 3,42 

ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ 2202 2238 3,28 
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ɉɪɢɥɨɠɟɧɢɟ Ʌ 
Ʌɢɫɬɢɧɝ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɤɨɪɨɫɬɢ ɝɚɡɚ ɢ 

ɪɟɡɭɥɶɬɚɬ ɪɚɫɱёɬɚ ɜ ɤɚɧɚɥɟ ɢɧɟɪɰɢɨɧɧɨ-ɮɢɥɶɬɪɭɸɳɟɝɨ ɫɟɩɚɪɚɬɨɪɚ.ɇɚɯɨɠɞɟɧɢɟ 

ɫɤɨɪɨɫɬɢ Vr: 

>restart;k:=3.14/4; 

K1:=10.52=(0.096^2*_C1*sin(2*k)+0.096^2*_C2*cos(2*k)+_C3)/0.096; 

K2:=9.89=(0.126^2*_C1*sin(2*k)+0.126^2*_C2*cos(2*k)+_C3)/0.126; 

K3:=5=(0.156^2*_C1*sin(2*k)+0.156^2*_C2*cos(2*k)+_C3)/0.156; 
 

 

 

 

 

ȽɈɎɊȺ 1 

> sys:={K1,K2,K3}; 
 

> K4:=solve(sys, {_C1,_C2,_C3}); 

 

> assign(%); 
 

ɇɚɯɨɠɞɟɧɢɟ ɫɤɨɪɨɫɬɢ Vf: 
>restart;r1:=0.096;r2:=0.14;r3:=0.17;phi3:=3.14/2;phi1:=phi3;phi2:=phi3; 

K1:=(r1^2*_C1*cos(2*phi1)-r1^2*_C2*sin(2*phi1)-

7.36)^2=(r1^4*_C1^2*cos(2*phi1)^2+r1^4*_C1^2*sin(2*phi1)^2+r1^4*_C2^2-_C3^2)/r1; 

K2:=(r2^2*_C1*cos(2*phi2)-r2^2*_C2*sin(2*phi2)-

7.72)^2=(r2^4*_C1^2*cos(2*phi2)^2+r2^4*_C1^2*sin(2*phi2)^2+r2^4*_C2^2-_C3^2)/r2; 

 

ɉɪɨɞɨɥɠɟɧɢɟɩɪɢɥɨɠɟɧɢɹɅ 
 

K3:=(r3^2*_C1*cos(2*phi3)-r3^2*_C2*sin(2*phi3)-

10.7)^2=(r3^4*_C1^2*cos(2*phi3)^2+r3^4*_C1^2*sin(2*phi3)^2+r3^4*_C2^2-_C3^2)/r3; 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ʌ 
 

 

 

 

> 

> sys:={K1,K2,K3}; 
 

> K4:=solve(sys, {_C1,_C2,_C3});> assign(%); 

 
 

Ɋɟɡɭɥɶɬɚɬɵ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɨɜ ɫɤɨɪɨɫɬɢ ɜ ɝɨɮɪɚɯ ɩɪɢ r=0,14 ɦ : 

 

Ƚɨɮɪɚ 1 
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ɉɪɨɞɨɥɠɟɧɢɟ ɩɪɢɥɨɠɟɧɢɹ Ʌ 

 

Ƚɨɮɪɚ 2 

 

 

 

 

 
 

Ƚɨɮɪɚ 3 

 

 

 

 

 

 

 
 

Ƚɨɮɪɚ 4 
 

  


	2.1.3. Роль и эффективность работы сепарационных элементов в рабочей полости инерционно-фильтрующих сепараторов

