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ȼ ɋ Ɍ ɍ ɉ 

 

ɉɪɢ ɜɢɪɿɲɟɧɧɿ ɛɚɝɚɬɶɨɯ ɡɚɞɚɱ, ɹɤɿ ɫɬɨɫɭɸɬɶɫɹ ɞɢɧɚɦɿɤɢ ɦɟɯɚɧɿɡɦɿɜ ɿ 
ɦɚɲɢɧ, ɤɪɿɦ ɪɭɲɿɣɧɢɯ ɫɢɥ ɬɚ ɫɢɥ ɜɢɪɨɛɧɢɱɢɯ ɨɩɨɪɿɜ ɧɟɨɛɯɿɞɧɨ 

ɜɪɚɯɨɜɭɜɚɬɢ ɬɚɤɨɠ ɿ ɧɟɜɢɪɨɛɧɢɱɿ ɨɩɨɪɢ, ɡɨɤɪɟɦɚ ɫɢɥɢ ɬɟɪɬɹ. 
Ɍɟɪɬɹ – ɰɟ ɫɤɥɚɞɧɟ ɮɿɡɢɱɧɟ ɹɜɢɳɟ ɹɤɟ ɯɚɪɚɤɬɟɪɢɡɭє ɩɪɨɰɟɫ 

ɦɟɯɚɧɿɱɧɨʀ ɜɡɚєɦɨɞɿʀ ɞɜɨɯ ɬɿɥ, ɹɤɿ ɤɨɧɬɚɤɬɭɸɬɶ ɦɿɠ ɫɨɛɨɸ ɬɚ 
ɩɟɪɟɦɿɳɭɸɬɶɫɹ ɨɞɧɟ ɜɿɞɧɨɫɧɨ ɿɧɲɨɝɨ. Ɇɿɪɨɸ ɬɟɪɬɹ є ɫɢɥɚ ɬɟɪɬɹ – 

ɬɚɧɝɟɧɰɿɚɥɶɧɚ ɫɤɥɚɞɨɜɚ ɡɚɝɚɥɶɧɨʀ ɪɟɚɤɰɿʀ, ɳɨ ɜɢɧɢɤɚє ɜ ɦɿɫɰɿ ɤɨɧɬɚɤɬɭ 
ɞɜɨɯ ɬɿɥ. 

Ɂɚ ɫɭɱɚɫɧɨɸ ɝɿɩɨɬɟɡɨɸ ɩɪɨɰɟɫ ɬɟɪɬɹ ɩɪɢ ɤɨɜɡɚɧɧɿ ɩɨɜɟɪɯɨɧɶ є 
ɪɟɡɭɥɶɬɚɬɨɦ ɧɟ ɥɢɲɟ ɦɟɯɚɧɿɱɧɨʀ ɜɡɚєɦɨɞɿʀ ɩɨɜɟɪɯɨɧɶ, ɚɥɟ ɿ ɪɟɡɭɥɶɬɚɬɨɦ 
ɞɿʀ ɦɨɥɟɤɭɥɹɪɧɢɯ ɫɢɥ. ȼɩɥɢɜ ɨɛɨɯ ɮɚɤɬɨɪɿɜ ɜɢɜɱɚє ɧɚɭɤɚ ɬɪɢɛɨɥɨɝіɹ. ȼ 
ɞɚɧɢɯ ɦɟɬɨɞɢɱɧɢɯ ɜɤɚɡɿɜɤɚɯ ɦɢ ɪɨɡɝɥɹɧɟɦɨ ɥɢɲɟ ɦɟɯɚɧɿɱɧɭ ɫɤɥɚɞɨɜɭ 

ɹɜɢɳɚ ɬɟɪɬɹ, ɹɤɨʀ ɞɨɫɬɚɬɧɶɨ ɞɥɹ ɜɢɪɿɲɟɧɧɹ ɩɪɨɫɬɢɯ ɡɚɞɚɱ ɬɟɨɪɿʀ 
ɦɟɯɚɧɿɡɦɿɜ ɿ ɦɚɲɢɧ. 

Ɋɨɡɪɿɡɧɹɸɬɶ ɧɚɫɬɭɩɧɿ ɜɢɞɢ ɦɟɯɚɧɿɱɧɨɝɨ ɬɟɪɬɹ: ɱɢɫɬɟ ɚɛɨ ɫɭɯɟ; 
ɝɪɚɧɢɱɧɟ, ɹɤɳɨ ɩɨɜɟɪɯɧɿ ɪɨɡɞɿɥɹє ɲɚɪ ɦɚɫɬɢɥɚ ɡɚɜɬɨɜɲɤɢ ɧɟ ɛɿɥɶɲɟ 
ɧɿɠ 0,1 ɦɤɦ;  ɪɿɞɢɧɧɟ, ɹɤɳɨ ɩɨɜɟɪɯɧɿ ɩɟɜɧɿɫɬɸ ɪɨɡɞɿɥɟɧɿ ɲɚɪɨɦ 
ɦɚɫɬɢɥɚ; ɧɚɩɿɜɫɭɯɟ – ɨɞɧɨɱɚɫɧɨ ɫɭɯɟ ɿ ɝɪɚɧɢɱɧɟ; ɧɚɩɿɜɪɿɞɢɧɧɟ – 

ɨɞɧɨɱɚɫɧɨ ɪɿɞɢɧɧɟ ɿ ɝɪɚɧɢɱɧɟ. Ɂɚ ɜɢɞɨɦ ɪɭɯɭ ɪɨɡɪɿɡɧɹɸɬɶ: ɬɟɪɬɹ 
ɤɨɜɡɚɧɧɹ ɬɚ ɬɟɪɬɹ ɤɨɱɟɧɧɹ. 

Ɂɚɜɞɚɧɧɹ ɞɢɫɰɢɩɥɿɧɢ ɌɆɆ ɧɚɜɱɢɬɢ ɫɬɭɞɟɧɬɿɜ ɜɢɡɧɚɱɚɬɢ ɩɨɤɚɡɧɢɤɢ, 
ɹɤɿ ɯɚɪɚɤɬɟɪɢɡɭɸɬɶ ɩɪɨɰɟɫ ɬɟɪɬɹ: ɫɢɥɭ ɬɚ ɤɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ. 

Ⱦɚɧɿ ɦɟɬɨɞɢɱɧɿ ɜɤɚɡɿɜɤɢ ɞɨɡɜɨɥɹɸɬɶ ɫɬɭɞɟɧɬɚɦ ɞɟɧɧɨʀ ɬɚ ɡɚɨɱɧɨʀ 
ɮɨɪɦ ɧɚɜɱɚɧɧɹ ɡɧɚɬɢ ɨɫɧɨɜɧɿ ɩɨɤɚɡɧɢɤɢ, ɹɤɿ ɯɚɪɚɤɬɟɪɢɡɭɸɬɶ 
ɦɟɯɚɧɿɱɧɟ ɬɟɪɬɹ ɬɚ ɭɦіɬɢ ɫɚɦɨɫɬɿɣɧɨ ʀɯ ɜɢɡɧɚɱɚɬɢ ɞɥɹ ɪɿɡɧɢɯ ɤɥɚɫɿɜ ɿ 
ɜɢɞɿɜ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪ.  

Ɂɦɿɫɬ ɦɟɬɨɞɢɱɧɢɯ ɜɤɚɡɿɜɨɤ ɩɨɜɧɿɫɬɸ ɜɿɞɩɨɜɿɞɚє ɈɄɏ ɿ Ɉɉɉ 133 

«Ƚɚɥɭɡɟɜɟ ɦɚɲɢɧɨɛɭɞɭɜɚɧɧɹ» ɬɚ 274 «Ⱥɜɬɨɦɨɛɿɥɶɧɢɣ ɬɪɚɧɫɩɨɪɬ». 

 

1. ɁАȽАɅЬɇІ ȼІȾɈɆɈɋɌІ 
 

Ɍɟɪɬɹ ɤɨɜɡɚɧɧɹ. 

ɉɪɢ ɜɿɞɧɨɫɧɨɦɭ ɤɨɜɡɚɧɧɿ ɨɞɧɨɝɨ ɬɿɥɚ ɜɿɞɧɨɫɧɨ ɿɧɲɨɝɨ ɜɢɧɢɤɚє ɫɢɥɚ 
ɫɭɯɨɝɨ ɬɟɪɬɹ 

f
F , ɩɪɨɩɨɪɰɿɣɧɚ ɧɨɪɦɚɥɶɧɿɣ ɫɤɥɚɞɨɜɿɣ N  ɡɚɝɚɥɶɧɨʀ 

ɪɟɚɤɰɿʀ R  (ɪɢɫ. 1).   

fNF
f

,                           (1) 
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ɞɟ tgf  – ɤɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ ɤɨɜɡɚɧɧɹ;  – ɤɭɬ ɬɟɪɬɹ: ɤɭɬ ɦɿɠ 
ɡɚɝɚɥɶɧɨɸ ɪɟɚɤɰɿєɸ R  ɬɚ ʀʀ ɧɨɪɦɚɥɶɧɨɸ ɫɤɥɚɞɨɜɨɸ N ; 

g
F  – ɫɢɥɚ 

ɬɹɠɿɧɧɹ. 

 
Ɋɢɫ. 1 

 

ɋɢɥɚ ɬɟɪɬɹ ɡɚɜɠɞɢ ɧɚɩɪɚɜɥɟɧɚ ɭ ɫɬɨɪɨɧɭ ɩɪɨɬɢɥɟɠɧɭ ɧɚɩɪɹɦɤɭ 
ɪɭɯɭ ɬɿɥɚ. 

Ʉɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ ɡɚɥɟɠɢɬɶ ɜɿɞ ɛɚɝɚɬɶɨɯ ɮɚɤɬɨɪɿɜ: ɦɚɬɟɪɿɚɥɿɜ 
ɩɨɜɟɪɯɨɧɶ ɬɟɪɬɹ, ɯɚɪɚɤɬɟɪɭ ɧɚɜɚɧɬɚɠɟɧɧɹ, ɜɢɞɭ ɨɛɪɨɛɤɢ ɩɨɜɟɪɯɨɧɶ, 
ɭɦɨɜ ɪɨɛɨɬɢ, ɲɜɢɞɤɨɫɬɿ ɜɿɞɧɨɫɧɨɝɨ ɩɪɨɤɨɜɡɭɜɚɧɧɹ ɬɚ ɿɧ. 

 

Ɍɟɪɬɹ ɤɨɱɟɧɧɹ. 

Ɍɟɪɬɹ ɤɨɱɟɧɧɹ ɜɢɧɢɤɚє ɩɪɢ ɩɟɪɟɦɿɳɟɧɧɿ ɰɢɥɿɧɞɪɚ ɩɨ ɩɥɨɳɢɧɿ.  
 

 
Ɋɢɫ. 2 

 

Ɇɨɠɥɢɜɿ ɬɪɢ ɜɢɩɚɞɤɢ: 
1) ɐɢɥɿɧɞɪ ɡɧɚɯɨɞɢɬɶɫɹ ɜ ɫɬɚɧɿ  ɫɩɨɤɨɸ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɿɣ ɩɥɨɳɢɧɿ 

ɩɿɞ ɞɿєɸ ɫɢɥɢ ɬɹɠɿɧɧɹ 
g

F  (ɪɢɫ. 2, ɚ). 

2) ɐɢɥɿɧɞɪ ɪɿɜɧɨɦɿɪɧɨ ɤɨɬɢɬɶɫɹ ɩɿɞ ɞɿєɸ ɪɭɲɿɣɧɨɝɨ ɦɨɦɟɧɬɭ 
p

M  

(ɪɢɫ. 2, ɛ). 

ɚ) ɛ) ɜ) 
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3) ɐɢɥɿɧɞɪ ɪɿɜɧɨɦɿɪɧɨ ɤɨɬɢɬɶɫɹ ɩɿɞ ɞɿєɸ ɪɭɲɿɣɧɨʀ ɫɢɥɢ 
p

F , 

ɩɪɢɤɥɚɞɟɧɨʀ ɞɨ ɰɢɥɿɧɞɪɚ ɧɚ ɜɿɞɫɬɚɧɿ l  (ɪɢɫ. 2, ɜ). 

Ⱦɥɹ ɩɟɪɲɨɝɨ ɜɢɩɚɞɤɭ, ɤɨɥɢ ɰɢɥɿɧɞɪ ɡɧɚɯɨɞɢɬɶɫɹ ɭ ɫɬɚɧɿ ɫɩɨɤɨɸ, 
ɟɩɸɪɚ ɧɚɩɪɭɠɟɧɶ ɛɭɞɟ ɫɢɦɟɬɪɢɱɧɨɸ ɜɿɞɧɨɫɧɨ ɨɫɿ ɰɢɥɿɧɞɪɚ. Ⱦɥɹ 
ɞɪɭɝɨɝɨ ɬɚ ɬɪɟɬɶɨɝɨ ɜɢɩɚɞɤɿɜ, ɤɨɥɢ ɰɢɥɿɧɞɪ ɪɭɯɚєɬɶɫɹ – ɟɩɸɪɚ 
ɧɚɩɪɭɠɟɧɶ ɛɭɞɟ ɧɟɫɢɦɟɬɪɢɱɧɨɸ, ɚ ɧɨɪɦɚɥɶɧɚ ɪɟɚɤɰɿɹ N  ɡɦɿɫɬɢɬɶɫɹ 
ɜɿɞ ɨɫɿ ɰɢɥɿɧɞɪɚ ɧɚ ɜɟɥɢɱɢɧɭ k , ɹɤɚ ɧɚɡɢɜɚєɬɶɫɹ ɩɥɟɱɟɦ ɫɢɥɢ ɬɟɪɬɹ 
ɤɨɱɟɧɧɹ, ɚɛɨ ɤɨɟɮɿɰɿєɧɬɨɦ ɬɟɪɬɹ ɤɨɱɟɧɧɹ ɿ ɜɢɦɿɪɸєɬɶɫɹ ɭ ɦɦ. 

ɉɪɢ ɪɿɜɧɨɦɿɪɧɨɦɭ ɤɨɱɟɧɧɿ ɤɨɥɟɫɚ ɦɨɠɧɚ ɫɤɥɚɫɬɢ ɧɚɫɬɭɩɧɿ  ɪɿɜɧɹɧɧɹ 
ɪɿɜɧɨɜɚɝɢ: 

0NFF
gy

.         (2) 

0kFlFm
gpB

.         (3) 

Іɡ ɪɿɜɧɹɧɶ (2) ɿ (3) ɨɬɪɢɦɚєɦɨ 

g
FN , kFlF

gp
,                               (4) 

ɞɟ lFM
pp

 – ɦɨɦɟɧɬ ɪɭɲɿɣɧɢɯ ɫɢɥ; kFM
gf

 – ɦɨɦɟɧɬ ɫɢɥ ɬɟɪɬɹ. 
ɉɪɢ ɪɿɜɧɨɦɿɪɧɨɦɭ ɤɨɱɟɧɧɿ ɦɨɦɟɧɬ ɪɭɲɿɣɧɢɯ ɫɢɥ ɞɨɪɿɜɧɸє ɦɨɦɟɧɬɭ 

ɫɢɥ ɬɟɪɬɹ 

kFMM
gfp

.                              (5) 

ȼ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɬɨɝɨ, ɧɚ ɹɤɿɣ ɜɿɞɫɬɚɧɿ l  ɩɪɢɤɥɚɞɟɧɚ ɪɭɲɿɣɧɚ ɫɢɥɚ 
p

F , ɦɨɠɥɢɜɿ ɬɪɢ ɜɢɩɚɞɤɢ: 
1) ɐɢɥɿɧɞɪ ɥɢɲɟ ɩɪɨɤɨɜɡɭє ɩɨ ɩɥɨɳɢɧɿ (ɱɢɫɬɟ ɤɨɜɡɚɧɧɹ), 

ɜɿɞɛɭɜɚɬɢɦɟɬɶɫɹ ɩɪɢ fFFF
gfp

; NklF
p

, ɜɪɚɯɨɜɭɸɱɢ (1) 

kFflF
gg

, ɨɬɪɢɦɚєɦɨ: 

l

k
f .         (6) 

2) ɐɢɥɿɧɞɪ ɥɢɲɟ ɤɨɬɢɬɶɫɹ ɩɨ ɩɥɨɳɢɧɿ (ɱɢɫɬɟ ɤɨɱɟɧɧɹ), 

ɜɿɞɛɭɜɚɬɢɦɟɬɶɫɹ ɩɪɢ kFlF
gp

; 
gp

fFF , ɡɜɿɞɫɢ fF
l

kF
g

g
, ɚɛɨ: 

l

k
f .         (7) 

3) ɐɢɥɿɧɞɪ ɨɞɧɨɱɚɫɧɨ ɩɪɨɤɨɜɡɭє ɬɚ ɤɨɬɢɬɶɫɹ ɩɨ ɩɥɨɳɢɧɿ, 
ɜɿɞɛɭɜɚɬɢɦɟɬɶɫɹ ɩɪɢ 

gp
fFF  ɬɚ kFlF

gp
, ɡɜɿɞɫɢ kFlfF

gg
, ɚɛɨ: 
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l

k
f .                      (8) 

 

2. ɌȿɊɌЯ ȼ ɇɂɀɑɂɏ ɄІɇȿɆАɌɂɑɇɂɏ ɉАɊАɏ 

 

Ɋɨɡɝɥɹɧɟɦɨ ɬɟɪɬɹ ɜ ɧɢɠɱɢɯ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪɚɯ, ɹɤɿ ɧɚɣɱɚɫɬɿɲɟ 
ɡɭɫɬɪɿɱɚɸɬɶɫɹ ɜ ɦɟɯɚɧɿɡɦɚɯ. 

Ɍɟɪɬɹ ɧɚ ɩɨɯɢɥіɣ ɩɥɨщɢɧі. 

 
Ɋɢɫ. 3 

 

ɉɪɢ ɪɭɫɿ ɬɿɥɚ ɩɨ ɩɨɯɢɥɿɣ ɩɥɨɳɢɧɿ (ɪɢɫ. 3, ɚ) ɧɚ ɧɶɨɝɨ ɞɿɸɬɶ ɪɭɲɿɣɧɚ 
ɫɢɥɚ 

p
F  ɬɚ ɫɢɥɚ ɬɹɠɿɧɧɹ 

g
F . ɍ ɦɿɫɰɿ ɤɨɧɬɚɤɬɭ ɜɢɧɢɤɚє ɡɚɝɚɥɶɧɚ 

ɪɟɚɤɰɿɹ, ɹɤɭ ɦɨɠɟɦɨ ɪɨɡɤɥɚɫɬɢ ɧɚ ɫɤɥɚɞɨɜɿ: ɧɨɪɦɚɥɶɧɭ N  ɬɚ 
ɬɚɧɝɟɧɰɿɚɥɶɧɭ 

f
F  (ɫɢɥɭ ɬɟɪɬɹ).  – ɤɭɬ ɧɚɯɢɥɭ ɩɥɨɳɢɧɢ,  – ɤɭɬ 

ɩɪɢɤɥɚɞɚɧɧɹ ɪɭɲɿɣɧɨʀ ɫɢɥɢ. 
Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɪɭɲɿɣɧɨʀ ɫɢɥɢ ɩɨɛɭɞɭєɦɨ ɩɥɚɧ ɫɢɥ (ɪɢɫ. 3, ɛ). 

Ɂɝɿɞɧɨ ɬɟɨɪɟɦɢ ɫɢɧɭɫɿɜ: 

)](90sin[)sin(

gp
FF

,   (9) 

ɡɜɿɞɫɢ ɡɧɚɣɞɟɦɨ, ɳɨ 

)cos(

)sin(
g

p

F
F .   (10) 

əɤɳɨ ɪɭɲɿɣɧɚ ɫɢɥɚ ɩɪɢɤɥɚɞɟɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨ 

)(tgFF
gp

.                            (11) 

 

Ɍɟɪɬɹ ɭ ɤɥɢɧɱɚɫɬɨɦɭ ɬɚ ɰɢɥіɧɞɪɢɱɧɨɦɭ ɠɨɥɨɛɚɯ. 

Ɋɨɡɝɥɹɧɟɦɨ ɪɿɜɧɨɦɿɪɧɢɣ ɪɭɯ ɩɨɜɡɭɧɚ ɩɨ ɠɨɥɨɛɭ (ɪɢɫ. 4, ɚ). 

ɚ) ɛ) 
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Ⱦɥɹ ɩɨɜɡɭɧɚ, ɹɤɢɣ ɦɚє ɤɥɢɧɱɚɫɬɭ ɮɨɪɦɭ (ɪɢɫ. 4, ɛ) ɩɨɛɭɞɭєɦɨ ɩɥɚɧ 
ɫɢɥ (ɪɢɫ. 4, ɜ). 

 
Ɋɢɫ. 4 

 

ȼɪɚɯɨɜɭɸɱɢ, ɳɨ 

sin2

g
F

N .                                    (12) 

ɡɧɚɯɨɞɢɦɨ ɫɢɥɭ ɬɟɪɬɹ 

'
sin

fF
fF

F
g

g

f
,                                   (13) 

ɞɟ 
sin

'
f

f  – ɩɪɢɜɟɞɟɧɢɣ ɤɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ ɤɥɢɧɱɚɫɬɨɝɨ ɩɨɜɡɭɧɚ,  – 

ɤɭɬ, ɹɤɢɣ ɭɬɜɨɪɸє ɤɨɠɧɚ ɝɪɚɧɶ ɤɥɢɧɚ ɡ ɜɟɪɬɢɤɚɥɶɧɨɸ ɩɥɨɳɢɧɨɸ. 

 
Ɋɢɫ. 5 

 

əɤɳɨ ɩɨɜɡɭɧ ɰɢɥɿɧɞɪɢɱɧɢɣ (ɪɢɫ. 5), ɬɨɞɿ ɫɢɥɚ ɬɟɪɬɹ ɜɢɡɧɚɱɚєɬɶɫɹ: 
'

1
fFF

gf
,                                         (14) 

ɞɟ ff 27,1'
1

 – ɩɪɢɜɟɞɟɧɢɣ ɤɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ ɰɢɥɿɧɞɪɢɱɧɨɝɨ ɩɨɜɡɭɧɚ. 
 

 

ɚ) ɛ) ɜ) 

       

      



8  

Ɍɟɪɬɹ ɜ ɨɛɟɪɬɨɜіɣ ɤіɧɟɦɚɬɢɱɧіɣ ɩɚɪі. 

 
Ɋɢɫ. 6 

 

ɉɪɢ ɨɛɟɪɬɚɧɧɿ ɜɚɥɚ ɩɨ ɜɿɞɧɨɲɟɧɧɸ ɞɨ ɩɿɞɲɢɩɧɢɤɚ ɡ ɩɨɫɬɿɣɧɨɸ 
ɤɭɬɨɜɨɸ ɲɜɢɞɤɿɫɬɸ ɩɨɜɟɪɯɧɿ ɬɟɪɬɹ ɡ ɱɚɫɨɦ ɩɪɢɩɪɚɰɶɨɜɭɸɬɶɫɹ. 
Ɋɨɡɝɥɹɧɟɦɨ ɜɢɩɚɞɨɤ ɫɭɯɨɝɨ ɬɟɪɬɹ. ɇɟɯɚɣ ɤɭɬ ɤɨɧɬɚɤɬɭ ɩɨɜɟɪɯɨɧɶ ɬɟɪɬɹ 
ɞɨɪɿɜɧɸє 180° (ɪɢɫ. 6). Ɉɱɟɜɢɞɧɨ, ɳɨ ɧɚɞɿɣɧɢɣ ɤɨɧɬɚɤɬ ɞɜɨɯ 
ɰɢɥɿɧɞɪɢɱɧɢɯ ɩɨɜɟɪɯɨɧɶ ɬɟɪɬɹ – ɰɚɩɮɢ ɬɚ ɜɤɥɚɞɢɲɚ – ɛɭɞɟ ɜ ɬɨɦɭ 
ɜɢɩɚɞɤɭ, ɤɨɥɢ ɡɧɨɫ ɜɤɥɚɞɢɲɚ ɛɭɞɟ ɪɿɜɧɨɦɿɪɧɢɦ. 

ȼ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɦɨɦɟɧɬ ɬɟɪɬɹ ɜɢɡɧɚɱɚєɬɶɫɹ: 
'

1
rfFM

gf
,                                         (15) 

ɞɟ ff 27,1'
1

. 

əɤɳɨ ɩɨɜɟɪɯɧɿ ɬɟɪɬɹ ɧɟ ɩɪɢɩɪɚɰɶɨɜɚɧɿ: 
'

1
rfFM

gf
,                                         (16) 

ɞɟ ff 57,1'
1

. 

 

Ɍɟɪɬɹ ɭ ɝɜɢɧɬɨɜіɣ ɩɚɪі. 

 
Ɋɢɫ. 7 

ɚ) ɛ) ɜ) 
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Ɋɨɡɝɥɹɧɟɦɨ ɬɟɪɬɹ ɜ ɩɪɹɦɨɤɭɬɧɿɣ ɝɜɢɧɬɨɜɿɣ ɪɿɡɶɛɿ. 
Ƚɚɣɤɭ ɦɨɠɟɦɨ ɪɨɡɝɥɹɞɚɬɢ, ɹɤ ɩɚɪɚɥɟɥɟɩɿɩɟɞ, ɳɨ ɪɭɯɚєɬɶɫɹ ɩɨ ɜɢɬɤɭ 

ɪɿɡɶɛɢ ɝɜɢɧɬɚ (ɪɢɫ. 7, ɚ). 

Ɋɨɡɝɨɪɧɭɜɲɢ ɜɢɬɨɤ ɪɿɡɶɛɢ ɧɚ ɩɥɨɳɢɧɭ, ɨɬɪɢɦɚєɦɨ ɩɨɯɢɥɭ ɩɥɨɳɢɧɭ 
ɩɨ ɹɤɿɣ ɩɿɞ ɞɿєɸ ɪɭɲɿɣɧɨʀ ɫɢɥɢ, ɹɤɚ ɩɪɢɤɥɚɞɟɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨ, 
ɪɭɯɚєɬɶɫɹ ɩɨɜɡɭɧ (ɪɢɫ. 7, ɛ). Ɍɨɞɿ, ɚɧɚɥɨɝɿɱɧɨ (11) ɨɬɪɢɦɚєɦɨ: 

)(tgFF
gp

,                            (17) 

ɞɟ  – ɤɭɬ ɩɿɞɣɨɦɭ ɪɿɡɶɛɢ. 
ɉɪɢ ɪɿɜɧɨɦɿɪɧɨɦɭ ɪɭɫɿ ɫɢɥɚ ɬɟɪɬɹ ɞɨɪɿɜɧɸє ɪɭɲɿɣɧɿɣ ɫɢɥɿ, ɬɨ 

ɦɨɦɟɧɬ ɬɟɪɬɹ ɜ ɩɪɹɦɨɤɭɬɧɿɣ ɪɿɡɶɛɿ 
)(

2
tgrFM

gf
,                              (18) 

Ⱦɥɹ ɦɟɬɪɢɱɧɨʀ (ɬɪɢɤɭɬɧɨʀ) ɪɿɡɶɛɢ (ɪɢɫ. 7, ɜ) ɦɨɠɟɦɨ ɜɜɚɠɚɬɢ, ɳɨ 
ɪɭɯ ɝɜɢɧɬɚ ɚɧɚɥɨɝɿɱɧɢɣ ɩɟɪɟɦɿɳɟɧɧɸ ɤɥɢɧɱɚɫɬɨɝɨ ɩɨɜɡɭɧɚ ɜ ɠɨɥɨɛɿ, ɭ 
ɹɤɨɝɨ ɤɭɬ ɩɪɢ ɜɟɪɲɢɧɿ  ɪɿɜɧɢɣ 2 . 

Ɇɨɦɟɧɬ ɬɟɪɬɹ ɜ ɬɪɢɤɭɬɧɿɣ ɪɿɡɶɛɿ 
)'(

2
tgrFM

gf
,                              (19) 

ɞɟ 
cos

''
f

f  –  ɩɪɢɜɟɞɟɧɢɣ ɤɭɬ ɬɟɪɬɹ. 

 

ɉɪɢɤɥаɞ 1. ȼɚɥ ɨɛɟɪɬɚєɬɶɫɹ ɡ ɱɚɫɬɨɬɨɸ ɯɜɨɛn /600 , 

ɧɚɜɚɧɬɚɠɟɧɢɣ ɪɚɞɿɚɥɶɧɨɸ ɫɢɥɨɸ ɇF 9000 . Ʉɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ ɰɚɩɮ 
ɩɨ ɩɿɞɲɢɩɧɢɤɚɯ 08,0f , ɞɿɚɦɟɬɪ ɰɚɩɮ ɦɦd 60 . ȼɢɡɧɚɱɢɬɢ ɜɬɪɚɬɢ 
ɩɨɬɭɠɧɨɫɬɿ ɧɚ ɬɟɪɬɹ ɜ ɨɩɨɪɚɯ, ɜɜɚɠɚɸɱɢ, ɳɨ ɩɿɞɲɢɩɧɢɤɢ 
ɩɪɢɩɪɚɰɶɨɜɚɧɿ. 

Ɋоɡв’яɡоɤ. Ɇɨɦɟɧɬ ɫɢɥ ɬɟɪɬɹ ɜɢɡɧɚɱɚєɦɨ ɡɚ ɮɨɪɦɭɥɨɸ (15) 

ɇɦF
d

fM
f

47,279000
2

06,0
08,027,1

2
27,1 . 

Ɍɨɞɿ ɜɬɪɚɬɢ ɩɨɬɭɠɧɨɫɬɿ ɧɚ ɬɟɪɬɹ 

Вɬn
MMN

ff
3,1726

30

60014,3
47,27

30
. 

ɉɪɢɤɥаɞ 2. Ɍɿɥɨ ɧɚɜɚɧɬɚɠɟɧɟ ɫɢɥɨɸ Q  ɪɭɯɚєɬɶɫɹ ɪɿɜɧɨɦɿɪɧɨ (ɪɢɫ. 
8, ɚ). Ʉɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ ɤɨɜɡɚɧɧɹ 3,0f . ȼɢɡɧɚɱɢɬɢ ɩɪɢ ɹɤɨɦɭ ɤɭɬɿ , 

ɧɟɨɛɯɿɞɧɨ ɩɪɢɤɥɚɫɬɢ ɧɚɣɦɟɧɲɭ ɪɭɲɿɣɧɭ ɫɢɥɭ 
p

F . 
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Ɋɢɫ. 8 

 

Ɋоɡ’яɡоɤ. Ɂɚɦɿɧɢɦɨ ɧɨɪɦɚɥɶɧɭ ɪɟɚɤɰɿɸ N  ɬɚ ɫɢɥɭ ɬɟɪɬɹ 
p

F

ɡɚɝɚɥɶɧɨɸ ɪɟɚɤɰɿєɸ R . Ɋɨɡɝɥɹɧɟɦɨ ɨɬɪɢɦɚɧɭ ɫɢɫɬɟɦɭ ɭ ɪɿɜɧɨɜɚɡɿ. Ⱦɥɹ 
ɰɶɨɝɨ ɩɨɛɭɞɭєɦɨ ɩɥɚɧ ɫɢɥ ɡɝɿɞɧɨ ɜɟɤɬɨɪɧɨɝɨ ɪɿɜɧɹɧɧɹ 0

p
FRQ  

(ɪɢɫ. 8, ɛ). 

Ɂɚ ɭɦɨɜɨɸ ɜɟɥɢɱɢɧɚ ɬɚ ɧɚɩɪɹɦɨɤ ɪɭɲɿɣɧɨʀ ɫɢɥɢ 
p

F  ɦɨɠɭɬɶ 
ɡɦɿɧɸɜɚɬɢɫɶ, ɬɨɦɭ ɩɪɢ ɩɨɫɬɿɣɧɨɦɭ ɤɭɬɿ ɬɟɪɬɹ  ɛɭɞɟ ɡɦɿɧɸɜɚɬɢɫɶ 
ɡɚɝɚɥɶɧɚ ɪɟɚɤɰɿɹ R . ɇɚɣɦɟɧɲɨɸ ɜɟɥɢɱɢɧɚ ɪɭɲɿɣɧɨʀ ɫɢɥɢ 

minp
F  ɛɭɞɟ ɭ 

ɬɨɦɭ ɜɢɩɚɞɤɭ, ɤɨɥɢ ɜɨɧɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɚ ɡɚɝɚɥɶɧɿɣ ɪɟɚɤɰɿʀ, ɬɨɛɬɨ  
, 

QQQF
p

287,07,16sinsin
min

. 

 

ɉɪɢɤɥаɞ 3. ɇɚ ɩɨɜɡɭɧ ɤɪɢɜɨɲɢɩɧɨ-ɩɨɜɡɭɧɧɨɝɨ ɦɟɯɚɧɿɡɦɭ ɞɿє ɫɢɥɚ 

ɇF 100000 , ɤɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ ɦɿɠ ɩɨɜɡɭɧɨɦ ɬɚ ɧɚɩɪɚɜɥɹɸɱɨɸ 
1,0f , ɦɦl

OA
100 , ɦɦl

Aɋ 200 . ȼɢɡɧɚɱɢɬɢ ɪɟɚɤɰɿɸ 
12

R  ɜ 
ɡɚɞɚɧɨɦɭ ɩɨɥɨɠɟɧɧɿ ( 90

1
) ɞɥɹ ɧɚɫɬɭɩɧɢɯ ɜɢɩɚɞɤɿɜ: 

1) ɬɟɪɬɹɦ ɦɿɠ ɩɨɜɡɭɧɨɦ ɬɚ ɧɚɩɪɚɜɥɹɸɱɨɸ ɡɧɟɯɬɭɜɚɬɢ; 
2) ɬɟɪɬɹ ɦɿɠ ɩɨɜɡɭɧɨɦ ɬɚ ɧɚɩɪɚɜɥɹɸɱɨɸ ɜɪɚɯɭɜɚɬɢ, ɩɨɜɡɭɧ 

ɪɭɯɚєɬɶɫɹ ɜɩɪɚɜɨ; 
3) ɬɟɪɬɹ ɦɿɠ ɩɨɜɡɭɧɨɦ ɬɚ ɧɚɩɪɚɜɥɹɸɱɨɸ ɜɪɚɯɭɜɚɬɢ, ɩɨɜɡɭɧ 

ɪɭɯɚєɬɶɫɹ ɜɥɿɜɨ. 
Ɋоɡв’яɡоɤ. ɉɨɛɭɞɭєɦɨ ɩɥɚɧɢ ɫɢɥ ɞɥɹ ɜɫɿɯ ɜɢɩɚɞɤɿɜ ɧɚ ɨɫɧɨɜɿ 

ɜɟɤɬɨɪɧɨɝɨ ɪɿɜɧɹɧɧɹ ɪɿɜɧɨɜɚɝɢ: 0
03123

RRF  (ɪɢɫ. 9). 

ɚ) ɛ) 
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Ɍɚɤ ɹɤ ɭ ɪɨɡɪɚɯɭɧɤɚɯ ɜɪɚɯɨɜɭєɦɨ ɥɢɲɟ ɫɢɥɢ, ɹɤɿ ɞɿɸɬɶ ɧɚ ɥɚɧɤɭ 3, 

ɬɨ ɪɟɚɤɰɿɹ 
12

R  ɛɭɞɟ ɩɚɪɚɥɟɥɶɧɚ ɥɚɧɰɿ 2. 

Ⱦɥɹ ɩɟɪɲɨɝɨ ɜɢɩɚɞɤɭ (ɪɢɫ. 9, ɚ) ɪɟɚɤɰɿɸ 
12

R  ɡɧɚɣɞɟɦɨ ɿɡ ɩɨɞɿɛɧɨɫɬɿ 
ɩɥɚɧɭ ɫɢɥ ɿ ɬɪɢɤɭɬɧɢɤɚ ɈАɋ: 

H
l

l
FR

l

l

F

R

AC

AC

OC

AC 115470

2

3
200

200
100000

30cos
312

3

12 . 

Ɋɟɚɤɰɿɸ 
03

R  ɡɧɚɣɞɟɦɨ ɿɡ ɩɥɚɧɭ ɫɢɥ, ɹɤ ɩɪɨɬɢɥɟɠɧɢɣ ɤɚɬɟɬ 
ɩɪɹɦɨɤɭɬɧɨɝɨ ɬɪɢɤɭɬɧɢɤɚ: 

HRR 57735
2

1
11547030sin

1203
. 

 
Ɋɢɫ. 9 

Ⱦɥɹ ɞɪɭɝɨɝɨ ɜɢɩɚɞɤɭ (ɪɢɫ. 9, ɛ) ɪɟɚɤɰɿɸ 
12

R  ɡɧɚɣɞɟɦɨ ɡɚ ɬɟɨɪɟɦɨɸ 
ɫɢɧɭɫɿɜ: 

ɚ) 

ɛ) 

ɜ) 
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60sin90sin

312
FR

, 

ɞɟ  – ɤɭɬ ɬɟɪɬɹ. 
Ɂɜɿɞɫɢ ɨɬɪɢɦɚєɦɨ 

H
F

R 122544
71,560sin

71,5cos100000

60sin

cos
3

12
. 

Ⱥɧɚɥɨɝɿɱɧɨ ɡɧɚɣɞɟɦɨ ɪɟɚɤɰɿɸ 
03

R : 

60sin30sin

303
FR

; 

H
F

R 61578
71,560sin

30sin100000

60sin

30sin
3

03
. 

ɍ ɬɪɟɬɶɨɦɭ ɜɢɩɚɞɤɭ (ɪɢɫ. 9, ɜ) ɬɚɤɨɠ ɡɚɫɬɨɫɭєɦɨ ɬɟɨɪɟɦɭ ɫɢɧɭɫɿɜ: 

60sin90sin

312
FR

; 

H
F

R 109168
71,560sin

71,590sin100000

60sin

90sin
3

12
. 

60sin30sin

303
FR

; 

H
F

R 54856
71,560sin

30sin100000

60sin

30sin
3

03
. 

 

ɉɪɢɤɥаɞ 4. əɤɭ ɫɢɥɭ F  ɧɟɨɛɯɿɞɧɨ ɩɪɢɤɥɚɫɬɢ ɧɚ ɤɿɧɰɿ ɪɭɤɨɹɬɤɢ 
ɚɜɬɨɦɨɛɿɥɶɧɨɝɨ ɞɨɦɤɪɚɬɭ (ɪɢɫ. 10), ɳɨɛ ɩɿɞɧɹɬɢ ɜɚɧɬɚɠ HF

g
15000 . 

Ɋɿɡɶɛɚ ɝɜɢɧɬɚ ɤɜɚɞɪɚɬɧɚ ɿɡ ɤɪɨɤɨɦ ɦɦp 5 , ɡɨɜɧɿɲɧɿɣ ɞɿɚɦɟɬɪ ɪɿɡɶɛɢ 

ɦɦd 24 , ɜɧɭɬɪɿɲɧɿɣ ɦɦd 20
1

, ɞɨɜɠɢɧɚ ɪɭɤɨɹɬɤɢ ɦɦl 300 , 

ɤɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ ɭ ɪɿɡɶɛɿ 1,0f . Ɍɚɤɨɠ ɜɢɡɧɚɱɢɬɢ ɤ.ɤ.ɞ. ɞɨɦɤɪɚɬɚ. 
Ɍɟɪɬɹɦ ɭ ɝɨɥɨɜɰɿ ɞɨɦɤɪɚɬɚ ɡɧɟɯɬɭɜɚɬɢ. 

Ɋоɡв’яɡоɤ. Ɇɨɦɟɧɬ ɬɟɪɬɹ ɭ ɪɿɡɶɛɿ ɝɜɢɧɬɚ: 
. 

ɋɟɪɟɞɧɿɣ ɪɚɞɿɭɫ ɪɿɡɶɛɢ (ɪɢɫ. 7, ɜ): 

ɦɦdd
r 11

4

2024

4

1

2
. 
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Ʉɭɬ ɩɿɞɣɨɦɭ ɪɿɡɶɛɢ (ɪɢɫ. 7, ɛ): 

 
Ɋɢɫ. 10 

 

Ʉɭɬ ɬɟɪɬɹ 

. 

Ɍɨɞɿ 

 

Ʉ.ɤ.ɞ. ɞɨɦɤɪɚɬɚ 

 

 

3. ɌȿɊɌЯ ɍ ȼɂЩɂɏ ɄІɇȿɆАɌɂɑɇɂɏ ɉАɊАɏ 

 

ɉɟɪɟɦіщɟɧɧɹ ɜɚɧɬɚɠɭ ɧɚ ɤɚɬɤɚɯ. 

ɉɪɢɩɭɫɬɢɦɨ, ɳɨ ɜɚɧɬɚɠ ɜɚɝɨɸ 
g

F  ɥɟɠɢɬɶ ɧɚ ɞɜɨɯ ɤɚɬɤɚɯ (ɪɢɫ. 11). 

ɉɨɡɧɚɱɢɦɨ ɜɚɝɭ ɤɨɠɧɨɝɨ ɡ ɤɚɬɤɿɜ КF , ɚ ɪɚɞɿɭɫ R . Ɂɧɚɣɞɟɦɨ ɡɭɫɢɥɥɹ 

p
F , ɧɟɨɛɯɿɞɧɟ ɞɥɹ ɪɿɜɧɨɦɿɪɧɨɝɨ ɩɟɪɟɦɿɳɟɧɧɹ ɜɚɧɬɚɠɭ. 

ȼɢɡɧɚɱɢɦɨ ɦɨɦɟɧɬɢ ɬɟɪɬɹ ɤɨɱɟɧɧɹ, ɳɨ ɜɢɧɢɤɚɸɬɶ ɦɿɠ ɜɚɧɬɚɠɟɦ ɿ 
ɤɚɬɤɚɦɢ ɬɚ ɤɚɬɤɚɦɢ ɿ ɩɨɜɟɪɯɧɟɸ, ɩɨ ɹɤɿɣ ɜɨɧɢ ɪɭɯɚɸɬɶɫɹ: 

g
FkM

11
, Кg

FFkM 2
22

,    

ɞɟ 
21

,kk  – ɤɨɟɮɿɰɿєɧɬɢ ɬɟɪɬɹ ɤɨɱɟɧɧɹ, ɜɿɞɩɨɜɿɞɧɨ ɦɿɠ ɜɚɧɬɚɠɟɦ ɿ 
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ɤɚɬɤɚɦɢ ɬɚ ɤɚɬɤɚɦɢ ɿ ɩɨɜɟɪɯɧɟɸ, ɩɨ ɹɤɿɣ ɜɨɧɢ ɪɭɯɚɸɬɶɫɹ. 

 
Ɋɢɫ. 11 

 

ɋɭɦɚɪɧɢɣ ɦɨɦɟɧɬ ɬɟɪɬɹ 

22121
2 kFFkkMMM Кgf

.   

Іɡ ɪɿɜɧɨɫɬɿ ɟɥɟɦɟɧɬɚɪɧɢɯ ɪɨɛɿɬ ɫɢɥɢ 
p

F  ɬɚ ɫɭɦɚɪɧɨɝɨ ɦɨɦɟɧɬɭ ɬɟɪɬɹ 

f
M , ɨɬɪɢɦɚєɦɨ: 

R

kFFkk
F

Кg

p
2

2
221

.     (20) 

 

ɉɟɪɟɦіщɟɧɧɹ ɜɚɧɬɚɠɭ ɧɚ ɜіɡɤɭ. 

ɉɪɢ ɩɟɪɟɦɿɳɟɧɿ ɜɚɧɬɚɠɭ ɧɚ ɜɿɡɤɭ ɫɭɦɚɪɧɢɣ ɦɨɦɟɧɬ ɬɟɪɬɹ ɪɿɜɧɢɣ 
ɦɨɦɟɧɬɭ ɬɟɪɬɹ ɤɨɱɟɧɧɹ ɤɚɬɤɿɜ ɩɨ ɩɥɨɳɢɧɿ ɬɚ ɦɨɦɟɧɬɭ ɬɟɪɬɹ ɤɨɜɡɚɧɧɹ ɭ 
ɰɚɩɮɚɯ ɤɚɬɤɿɜ (ɪɢɫ. 12). 

 

 
Ɋɢɫ. 12 

 

Ɍɨɞɿ ɡ ɭɦɨɜɢ ɪɿɜɧɨɫɬɿ ɟɥɟɦɟɧɬɚɪɧɢɯ ɪɨɛɿɬ, ɨɬɪɢɦɚєɦɨ: 

R

kFFfrk
F

Кg

p

2
,    (21) 

ɞɟ r  – ɪɚɞɿɭɫ ɰɚɩɮ, fk ,  – ɜɿɞɩɨɜɿɞɧɨ ɤɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ ɤɨɱɟɧɧɹ ɤɚɬɤɿɜ 
ɩɨ ɩɥɨɳɢɧɿ ɬɚ ɤɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ ɤɨɜɡɚɧɧɹ ɭ ɰɚɩɮɚɯ ɤɚɬɤɿɜ. 

 

ɉɪɢɤɥаɞ 5. Ⱦɥɹ ɪɿɜɧɨɦɿɪɧɨɝɨ ɩɟɪɟɦɿɳɟɧɧɹ ɤɨɥɨɞɢ, ɫɢɥɚ ɬɹɠɿɧɧɹ 
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ɹɤɨʀ HF
g

10000 , ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɿɣ ɩɥɨɳɢɧɿ ɡɚɫɬɨɫɨɜɭɸɬɶ ɞɜɚ ɤɚɬɤɢ 

ɞɿɚɦɟɬɪɨɦ ɫɦD 20  ɬɚ ɫɢɥɨɸ ɬɹɠɿɧɧɹ HF
K

500  ɤɨɠɟɧ (ɪɢɫ. 11). 

Ʉɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ ɤɨɱɟɧɧɹ ɦɿɠ ɤɨɥɨɞɨɸ ɬɚ ɤɚɬɤɚɦɢ ɫɦk 12,0
1

, ɦɿɠ 
ɤɚɬɤɚɦɢ ɿ ɩɥɨɳɢɧɨɸ ɫɦk 18,0

1
. ɇɟɯɬɭɸɱɢ ɩɪɨɤɨɜɡɭɜɚɧɧɹɦ, 

ɜɢɡɧɚɱɢɬɢ ɪɭɲɿɣɧɭ ɫɢɥɭ 
p

F  ɧɚɩɪɚɜɥɟɧɭ ɩɚɪɚɥɟɥɶɧɨ ɩɥɨɳɢɧɿ. Ɍɚɤɨɠ 
ɡɧɚɣɬɢ ɦɿɧɿɦɚɥɶɧɢɣ ɤɭɬ ɩɿɞɣɨɦɭ ɩɥɨɳɢɧɢ , ɳɨɛ ɩɪɢ ɜɿɞɫɭɬɧɨɫɬɿ 
ɪɭɲɿɣɧɨʀ ɫɢɥɢ ɤɨɥɨɞɚ ɦɨɝɥɚ ɩɟɪɟɦɿɳɭɜɚɬɢɫɶ ɪɿɜɧɨɦɿɪɧɨ. 

Ɋоɡв’яɡоɤ. ȼɟɥɢɱɢɧɭ ɪɭɲɿɣɧɨʀ ɫɢɥɢ ɡɧɚɣɞɟɦɨ ɡɚ ɮɨɪɦɭɥɨɸ (20): 

H
R

kFFkk
F

Кg

p
159

102

18,050021000018,012,0

2

2
221

. 

Ʉɨɥɨɞɚ ɛɭɞɟ ɪɿɜɧɨɦɿɪɧɨ ɩɟɪɟɦɿɳɭɜɚɬɢɫɶ ɩɨ ɩɨɯɢɥɿɣ ɩɥɨɳɢɧɿ (ɪɢɫ. 
13) ɡɚ ɭɦɨɜɢ: 

sin2sin
2

cos2cos
221

Kg

Кg

p
FF

R

FkFkk
F , 

 

 
Ɋɢɫ.13 

ɚɛɨ 

 

Ɂɜɿɞɫɢ ɡɧɚɣɞɟɦɨ 

. 

Ɉɬɠɟ, 
. 

 

ɉɪɢɤɥаɞ 6. ɇɚ ɬɜɚɪɢɧɧɢɰɶɤɿɣ ɮɟɪɦɿ ɧɚɜɚɧɬɚɠɟɧɭ ɜɚɝɨɧɟɬɤɭ, ɫɢɥɚ 
ɬɹɠɿɧɧɹ ɹɤɨʀ HF

g
5000 , ɩɟɪɟɦɿɳɭɸɬɶ ɪɿɜɧɨɦɿɪɧɨ ɜɝɨɪɭ ɪɟɣɤɚɦɢ ɩɨ 

. 
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ɩɨɯɢɥɿɣ ɩɥɨɳɢɧɿ, ɹɤɚ ɧɚɯɢɥɟɧɚ ɞɨ ɝɨɪɢɡɨɧɬɭ ɩɿɞ ɤɭɬɨɦ 15   (ɪɢɫ. 14). 

ȼɢɡɧɚɱɢɬɢ ɩɨɬɭɠɧɿɫɬɶ ɞɜɢɝɭɧɚ N , ɧɟɨɛɯɿɞɧɭ ɞɥɹ ɩɟɪɟɦɿɳɟɧɧɹ 
ɜɚɝɨɧɟɬɤɢ, ɹɤɳɨ: ɫɢɥɚ ɬɹɠɿɧɧɹ ɤɨɥɿɫ ɜɚɝɨɧɟɬɤɢ HF

K
500 , ɤɨɟɮɿɰɿєɧɬ 

ɬɟɪɬɹ ɤɨɱɟɧɧɹ ɤɨɥɿɫ ɩɨ ɪɟɣɤɚɦ ɦɦk 08,0 , ɤɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ ɤɨɜɡɚɧɧɹ 
ɜ ɰɚɩɮɚɯ ɤɨɥɿɫ ɜɚɝɨɧɟɬɤɢ 1,0f , ɞɿɚɦɟɬɪ ɤɨɥɿɫ ɦɦD 200 , ɞɿɚɦɟɬɪ 
ɰɚɩɮ ɦɦd 50 , ɲɜɢɞɤɿɫɬɶ ɩɟɪɟɦɿɳɟɧɧɹ ɜɚɝɨɧɟɬɤɢ cɦv /5,1 . 

 
Ɋɢɫ. 14 

 

Ɋоɡв’яɡоɤ. ɉɨɬɭɠɧɿɫɬɶ, ɹɤɭ ɧɟɨɛɯɿɞɧɨ ɜɢɬɪɚɬɢɬɢ ɧɚ ɩɟɪɟɦɿɳɟɧɧɹ 
ɜɚɝɨɧɟɬɤɢ: 

fkg
NNNN , 

ɞɟ 
g

N  – ɩɨɬɭɠɧɿɫɬɶ, ɧɟɨɛɯɿɞɧɚ ɞɥɹ ɩɟɪɟɦɿɳɟɧɧɹ ɜɚɝɨɧɟɬɤɢ, 
k

N  – 

ɩɨɬɭɠɧɿɫɬɶ, ɧɟɨɛɯɿɞɧɚ ɞɥɹ ɩɨɞɨɥɚɧɧɹ ɬɟɪɬɹ ɤɨɱɟɧɧɹ ɦɿɠ ɤɨɥɟɫɚɦɢ 
ɜɚɝɨɧɟɬɤɢ ɿ ɩɥɨɳɢɧɨɸ, 

f
N  – ɩɨɬɭɠɧɿɫɬɶ, ɧɟɨɛɯɿɞɧɚ ɞɥɹ ɩɨɞɨɥɚɧɧɹ 

ɬɟɪɬɹ ɤɨɜɡɚɧɧɹ ɜ ɰɚɩɮɚɯ ɤɨɥɿɫ ɜɚɝɨɧɟɬɤɢ. 

Вɬ
vFFN

Kgg

37,23295,115sin500215sin5000

sin2sin
. 

Вɬ

D

v
kFFN

Kgk

55,69
2,0

5,12
0008,015cos500215cos5000

2
cos2cos

. 
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Вɬ

D

v
f

d
FN

gf

230
2,0

5,12
1,0

2

05,0
15cos500027,1

2

2
cos27,1

. 

ɉɪɢɦіɬɤɚ. ɍ ɮɨɪɦɭɥɢ ɜɫɿ ɞɚɧɿ ɩɿɞɫɬɚɜɥɟɧɿ ɭ ɫɢɫɬɟɦɿ ɋІ. Ʉɭɬɨɜɚ 

ɲɜɢɞɤɿɫɬɶ ɜɪɚɯɨɜɚɧɚ ɱɟɪɟɡ ɥɿɧɿɣɧɭ ɲɜɢɞɤɿɫɬɶ ɜɚɝɨɧɟɬɤɢ 
D

v2
. 

Ɍɨɞɿ 
ВɬN 92,262823055,6937,2329 . 

 

4. ɌȿɊɌЯ ȼ ɉАɋɈȼɂɏ ɌА ɎɊɂɄɐІɃɇɂɏ ɉȿɊȿȾАɑАɏ 

 

Ɍɟɪɬɹ ɜ ɩɚɫɨɜіɣ ɩɟɪɟɞɚɱі. 
Ɋɨɡɝɥɹɧɟɦɨ ɜɢɩɚɞɨɤ, ɤɨɥɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɝɧɭɱɤɨʀ ɥɚɧɤɢ (ɩɚɫɚ), 

ɩɟɪɟɤɢɧɭɬɨʀ ɱɟɪɟɡ ɧɟɪɭɯɨɦɢɣ ɰɢɥɿɧɞɪɢɱɧɢɣ ɛɚɪɚɛɚɧ, ɩɿɞɧɿɦɚєɬɶɫɹ 
ɜɚɧɬɚɠ m . Ɂɧɚɸɱɢ ɪɚɞɿɭɫ ɛɚɪɚɛɚɧɚ r  ɬɚ ɤɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ ɩɚɫɚ ɩɨ 
ɩɨɜɟɪɯɧɿ ɛɚɪɚɛɚɧɭ f , ɜɢɡɧɚɱɢɦɨ ɫɢɥɭ 

p
F , ɧɟɨɛɯɿɞɧɭ ɞɥɹ ɪɿɜɧɨɦɿɪɧɨɝɨ 

ɩɟɪɟɦɿɳɟɧɧɹ ɜɝɨɪɭ ɜɚɧɬɚɠɭ ɜɚɝɨɸ 
g

F  (ɪɢɫ. 15, ɚ). 

 
Ɋɢɫ. 15 

 

Ʉɭɬ ɦɿɠ ɜɿɬɤɚɦɢ ɩɚɫɚ , ɹɤɢɣ ɨɝɢɧɚє ɛɚɪɚɛɚɧ ɧɚɡɢɜɚєɬɶɫɹ ɤɭɬɨɦ 
ɨɛɯɜɚɬɭ. 

Ⱦɥɹ ɩɿɞɧɿɦɚɧɧɹ ɜɚɧɬɚɠɭ ɧɟɨɛɯɿɞɧɨ ɬɚɤɨɠ ɡɞɨɥɚɬɢ ɫɢɥɭ ɬɟɪɬɹ ɦɿɠ 
ɩɚɫɨɦ ɬɚ ɛɚɪɚɛɚɧɨɦ. Ɂɚɥɟɠɧɿɫɬɶ ɦɿɠ ɧɚɬɹɝɨɦ ɭ ɜɿɬɤɚɯ ɩɚɫɚ ɜɫɬɚɧɨɜɥɟɧɨ 
ɮɨɪɦɭɥɨɸ Еɣɥɟɪɚ. 

f

gp
eFF ,       (22) 

ɚ) ɛ) 
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Ⱦɥɹ ɤɥɢɧɨɜɨɝɨ ɩɚɫɚ ɮɨɪɦɭɥɚ (22) ɩɪɢɣɦɚє ɜɢɞ: 

sin

f

gp
eFF ,        (23) 

ɞɟ  – ɩɨɥɨɜɢɧɚ ɤɭɬɚ ɤɚɧɚɜɤɢ ɤɥɢɧɨɜɨɝɨ ɩɚɫɚ (ɪɢɫ. 15, ɛ). 

 

Ɍɟɪɬɹ ɭ ɮɪɢɤɰіɣɧіɣ ɩɟɪɟɞɚɱі. 
Іɧɤɨɥɢ ɫɢɥɢ ɬɟɪɬɹ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɞɥɹ ɜɿɞɬɜɨɪɟɧɧɹ ɪɭɯɭ ɨɤɪɟɦɢɯ 

ɥɚɧɨɤ ɦɟɯɚɧɿɡɦɿɜ. ɉɪɢɤɥɚɞɨɦ ɬɚɤɨɝɨ ɦɟɯɚɧɿɡɦɭ є ɮɪɢɤɰɿɣɧɢɣ 
ɦɟɯɚɧɿɡɦ, ɹɤɢɣ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɞɜɨɯ ɰɢɥɿɧɞɪɢɱɧɢɯ ɮɪɢɤɰɿɣɧɢɯ ɤɨɥɿɫ ɡ 
ɨɫɹɦɢ ɭ ɬɨɱɤɚɯ Ɉ1 ɬɚ Ɉ2 (ɪɢɫ. 16). 

 

 

Ɋɢɫ. 16 

 

ɉɟɪɟɞɚɱɚ ɪɭɯɭ ɦɿɠ ɤɨɥɟɫɚɦɢ 1 ɿ 2 ɦɨɠɥɢɜɚ, ɹɤɳɨ ɦɿɠ ɧɢɦɢ ɜɢɧɢɤɚє 
ɫɢɥɚ ɬɟɪɬɹ 

f
F  ɞɨɫɬɚɬɧɹ ɞɥɹ ɩɨɞɨɥɚɧɧɹ ɤɨɥɨɜɨʀ ɫɢɥɢ 

t
F . 

Ɂɝɿɞɧɨ (1) ɜɟɥɢɱɢɧɚ ɫɢɥɢ ɬɟɪɬɹ 
f

F  ɡɚɥɟɠɢɬɶ ɜɿɞ ɫɢɥɢ ɩɪɢɬɢɫɤɚɧɧɹ 
N  ɤɨɥɿɫ ɮɪɢɤɰɿɣɧɨʀ ɩɟɪɟɞɚɱɿ. ɉɪɨɤɨɜɡɭɜɚɧɧɹ ɦɿɠ ɤɨɥɟɫɚɦɢ ɛɭɞɟ 
ɜɿɞɫɭɬɧє ɩɪɢ 

tf
FF . 

ȼɿɞɧɨɲɟɧɧɹ 
t

f

F

F
 ɧɚɡɢɜɚєɬɶɫɹ ɤɨɟɮіɰієɧɬɨɦ ɡɚɩɚɫɭ ɡɱɟɩɥɟɧɧɹ. 

ɇɚ ɩɪɚɤɬɢɰɿ ɜɢɝɿɞɧɿɲɟ ɡɚɫɬɨɫɨɜɭɜɚɬɢ ɤɥɢɧɨɜɢɞɧɿ ɮɪɢɤɰɿɣɧɿ ɤɨɥɟɫɚ. 
ȼ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɤɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ ɜɢɡɧɚɱɚєɬɶɫɹ ɚɧɚɥɨɝɿɱɧɨ ɤɥɢɧɨɜɨɦɭ 
ɩɨɜɡɭɧɭ (ɪɢɫ. 4) 

sin

fN
FF

tf
.            (24) 

ɉɪɢɤɥɚɞɢ ɪɨɡɜ’ɹɡɤɭ ɡɚɞɚɱ ɞɥɹ ɩɚɫɨɜɢɯ ɬɚ ɮɪɢɤɰɿɣɧɢɯ ɩɟɪɟɞɚɱ 
ɛɭɞɭɬɶ ɪɨɡɝɥɹɧɭɬɿ ɩɪɢ ɜɢɜɱɟɧɿ ɞɢɫɰɢɩɥɿɧɢ «Ⱦɟɬɚɥɿ ɦɚɲɢɧ». 
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