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ɿʘʜʘʯʘ 1. 

 ʉʪʦʣʙ ʤʘʩʩʦʡ m, ʫʧʠʨʘʶʱʠʡʩʷ ʦʜʥʠʤ ʢʦʥʮʦʤ ʚ ʧʨʷʤʦʡ ʫʛʦʣ, ʨʘʚʥʦʤʝʨʥʦ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʩʠʣʦʡ F, ʧʨʠʣʦʞʝʥʥʦʡ ʢʦ ʚʪʦʨʦʤʫ ʢʦʥʮʫ ʩʪʦʣʙʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʪʦʣʙʫ. 

ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʩʠʣʳ F  ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʥʫʣʷ.  

ʅʘʡʪʠ ʟʘʢʦʥʳ ʠʟʤʝʥʝʥʠʷ ʩʠʣʳ F ʠ ʨʝʘʢʮʠʠ   ʢʘʢ ʬʫʥʢʮʠʠ ʫʛʣʘ a.  

ƄƄƄƄƄ 

 

 
ɺʳʙʝʨʝʤ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʧʦʢʘʟʘʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ. ʇʦʩʢʦʣʴʢʫ ʩʪʦʣʙ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ 

ʨʘʚʥʦʤʝʨʥʦ, ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ. 

  ʋʩʣʦʚʠʝ ʨʘʚʝʥʩʪʚʘ ʥʫʣʶ ʩʫʤʤʘʨʥʦʛʦ ʤʦʤʝʥʪʘ ʩʠʣ: 

,0cos
2

=- lF
l

mg a  

 ʛʜʝ l ï ʜʣʠʥʘ ʩʪʦʣʙʘ. 

  ʀʟ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦʣʫʯʠʤ: 

2

cosamg
F = , 

 

ʪ.ʝ. ʩʠʣʘ F ʩ ʨʦʩʪʦʤ ʫʛʣʘ a ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 
2

1
 ʜʦ 0.  

ɿʘʧʠʰʝʤ ʫʩʣʦʚʠʝ ʨʘʚʝʥʩʪʚʘ ʥʫʣʶ ʧʨʦʝʢʮʠʡ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʠ ʚʝʨʪʠʢʘʣʴʥʫʶ ʦʩʠ: 

  ὊÓÉÎὥ π 
  άὫ ὊÃÏÓὥ π 

ʦʪʢʫʜʘ: 

  άὫ
ὰ ὧέίὥ

ς
 

 
άὫÓÉÎςὥ

τ
 

         

 ʧʦʩʢʦʣʴʢʫ                 , ʪʦ ʦʢʦʥʯʘʪʝʣʴʥʦ ʠʤʝʝʤ  

 

 
άὫ

ς
ὰ σίὭὲὥ 

, 

 ʪ.ʝ. ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʛʣʘ a ʦʪ 0 ʜʦ 
2

p
, ʨʝʘʢʮʠʷ   ʚʦʟʨʘʩʪʘʝʪ ʦʪ mg

2

1
 ʜʦ mg.  
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ɿʘʜʘʯʘ 2.  

    ʇʦʣʠʩʧʘʩʪ ï ʵʪʦ ʛʨʫʟʦʧʦʜʲʸʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʧʦʜʚʠʞʥʳʭ ʠ ʥʝʧʦʜʚʠʞʥʳʭ ʙʣʦʢʦʚ, 

ʦʛʠʙʘʝʤʳʭ ʢʘʥʘʪʦʤ ʠʣʠ ʮʝʧʴʶ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʛʨʫʟʦʧʦʜʲʸʤʥʳʭ ʤʘʰʠʥ 

(ʢʨʘʥʦʚ, ʣʝʙʸʜʦʢ). ɺʝʩ ʧʦʜʥʠʤʘʝʤʦʛʦ ʛʨʫʟʘ ʩ ʧʦʤʦʱʴʶ ʧʦʣʠʩʧʘʩʪʘ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʚʝʪʚʝʡ 

ʢʘʥʘʪʳ, ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʙʣʦʢʦʚ. ʇʦʵʪʦʤʫ ʢ ʪʷʛʦʚʦʤʫ ʢʦʥʮʫ ʢʘʥʘʪʘ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦʝ ʫʩʠʣʠʝ. ʆʜʥʘʢʦ, ʜʘʚʘʷ ʚʳʠʛʨʳʰ ʚ ʩʠʣʝ, ʧʦʣʠʩʧʘʩʪ ʫʤʝʥʴʰʘʝʪ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʛʨʫʟʘ.  

   ʆʧʨʝʜʝʣʠʪʴ ʚʳʠʛʨʳʰ ʚ ʩʠʣʝ ʫ ʧʦʣʠʩʧʘʩʪʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ N ʧʦʜʚʠʞʥʳʭ ʙʣʦʢʦʚ, ʝʩʣʠ ʢʘʞʜʳʡ ʠʟ 

ʥʠʭ ʠʤʝʝʪ ʤʘʩʩʫ m. ʂ ʧʝʨʚʦʤʫ ʙʣʦʢʫ ʧʦʜʚʝʰʝʥ ʛʨʫʟ ʚʝʩʦʤ P .  

ƄƄƄƄƄ 

 
 

    ʀʟ ʯʝʨʪʝʞʘ ʚʠʜʥʦ:  

2
1

mgP
T

+
= ; 

;
2

)21(

22

2
222

+
+=

+
+

=
mgP

mg
mgP

T  

;
2

221

2 3

2

33

++
+= mg

P
T  

   ʆʙʦʙʱʘʷ ʥʘ ʩʣʫʯʘʡ N ʙʣʦʢʦʚ, ʧʦʣʫʯʠʤ: 

n

n

n

n

nn

mgP
mg

P
fT

2

)12(

2

2...2221

2

132 -+
=

+++++
+==

-

 

 

ɿʘʜʘʯʘ 3.  

   ʆʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʤ ʜʦʣʞʝʥ ʙʳʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ m ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʢʣʠʥ, ʟʘʢʦʣʦʯʝʥʥʳʡ 

ʚ ʙʨʝʚʥʦ, ʥʝ ʚʳʩʢʦʯʠʣ ʠʟ ʥʝʛʦ. ʇʨʠʥʷʪʴ ʫʛʦʣ ʧʨʠ ʚʝʨʰʠʥʝ ʢʣʠʥʘ ʨʘʚʥʳʤ a=30 ṭṡ 

ƄƄƄƄƄ 

 
   ʅʘ ʦʜʥʫ ʛʨʘʥʴ ʢʣʠʥʘ ʚ ʙʨʝʚʥʝ ʜʝʡʩʪʚʫʶʪ ʜʚʝ ʩʠʣʳ: ï ʩʠʣʘ ʨʝʘʢʮʠʠ ʙʨʝʚʥʘ ʠ ʩʠʣʘ ʪʨʝʥʠʷ ʧʦʢʦʷ  

0ʪʨ
F   

   ʈʘʟʣʦʞʠʤ ʠʭ ʧʦ ʜʚʫʤ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. 

;21 qqq +=  
02010 ʪʨʪʨʪʨ FFF +=  
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   ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 2q ʠ 
02ʪʨF  ʩʠʣ qʠ 

0ʪʨ
F  ʨʘʚʥʳ ʧʦ ʤʦʜʫʣʶ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʩʦʩʪʘʚʣʷʶʱʠʤ 
'

2q  ʠ '

2ʪʨ
F , ʜʝʡʩʪʚʫʶʱʠʤ ʩʦ ʩʪʦʨʦʥʳ ʙʨʝʚʥʘ ʥʘ ʚʪʦʨʫʶ 

ʛʨʘʥʴ ʢʣʠʥʘ: ʦʥʠ ʧʦʧʘʨʥʦ ʢʦʤʧʝʥʩʠʨʫʶʪ ʜʨʫʛ ʜʨʫʛʘ.  

   ɺʝʨʪʠʢʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 1q  ʠ 
'

1q , 
01ʪʨF  ʠ 

02ʪʨF  ʩʢʣʘʜʳʚʘʶʪʩʷ, ʪʘʢ ʢʘʢ ʠʤʝʶʪ ʧʦʧʘʨʥʦ 

ʦʜʠʥʘʢʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ.  

  ʂʣʠʥ ʥʝ ʙʫʜʝʪ ʚʳʩʢʘʢʠʚʘʪʴ ʠʟ ʙʨʝʚʥʘ ʧʨʠ ʫʩʣʦʚʠʠ:  

ς  ςὊ̓ Ƞ̑  Ὂ̓̑Ƞ ίὭὲ
ὥ

ς
Ὂ̓ ὧ̑έί

ὥ

ς
 

;  

   ʆʪʩʶʜʘ ʠʤʝʝʤ:  

Ὂ̓̑  ὸὫ
ὥ

ς
Ὂ̓̑ ʈ  

 ʠʣʠ 
2

a
m tg² . ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ tg²m 15  ṭ å 0, 268.  

 

ɿʘʜʘʯʘ 4.  

   ʎʠʣʠʥʜʨ ʤʘʩʩʦʡ m ʫʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʫʛʣʦʤ ʥʘʢʣʦʥʘ a ʣʝʥʪʦʡ, 

ʟʘʢʨʝʧʣʸʥʥʦʡ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʥʘ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʘ ʩ ʜʨʫʛʦʡ ï ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦ. 

ʆʧʨʝʜʝʣʠʪʴ ʩʠʣʫ F  ʥʘʪʷʞʝʥʠʷ ʣʝʥʪʳ.  

    ƄƄƄƄƄ 

 
   

ɺʳʙʝʨʝʤ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʧʦʢʘʟʘʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ, ʠ ʠʟʦʙʨʘʟʠʤ ʚʩʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ 

ʮʠʣʠʥʜʨ.  

   ʇʝʨʚʦʝ ʫʩʣʦʚʠʝ ʨʘʚʥʦʚʝʩʠʷ ʮʠʣʠʥʜʨʘ (ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʦʩʠ ʆʭ ʠ ʆʫ) ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 

                                                  

                                                   ⱥ sinŬ- F cos Ŭ = 0 , 

                                                   ⱥ cos Ŭ + F sin Ŭ+ F- mg=0 

 

                                                         

        ʉʦʚʤʝʩʪʥʦʝ ʨʝʰʝʥʠʝ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʜʘʸʪ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʠʣʳ ʥʘʪʷʞʝʥʠʷ ʣʝʥʪʳ:  

a

a

sin1

sin

+
=

mg
F  

 

 

ɿʘʜʘʯʘ 5.   

   ʅʘ ʮʠʣʠʥʜʨ ʥʘʤʦʪʘʥʘ ʥʠʪʴ, ʦʜʠʥ ʠʟ ʢʦʥʮʦʚ ʢʦʪʦʨʦʡ ʧʨʠʢʨʝʧʣʸʥ ʢ ʩʪʦʡʢʝ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʪʘʢ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ. ʇʨʠ ʢʘʢʦʤ ʫʛʣʝ a ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʮʠʣʠʥʜʨ ʥʝ 

ʙʫʜʝʪ ʦʪʢʘʪʳʚʘʪʴʩʷ ʩ ʥʝʸ, ʝʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʮʠʣʠʥʜʨʘ ʦ ʧʣʦʩʢʦʩʪʴ ʨʘʚʝʥ m?  

ƄƄƄƄƄ 
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   ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʮʠʣʠʥʜʨʘ ʚ ʚʝʢʪʦʨʥʦʤ ʚʠʜʝ: 

0
0
=+++ ʪʨFTgmq , 

ʛʜʝ q - ʩʠʣʘ ʨʝʘʢʮʠʠ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ, 

gm  - ʩʠʣʘ ʪʷʞʝʩʪʠ, 

T - ʩʠʣʘ ʥʘʪʷʞʝʥʠʷ ʥʠʪʠ, 

0ʪʨ
F - ʩʠʣʘ ʪʨʝʥʠʷ ʧʦʢʦʷ. 

   ʀʟ ʧʨʦʝʢʮʠʡ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʥʘ ʢʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ ʥʘʡʜʸʤ: 

aq

a

cos

,sin
0

mg

TmgFʪʨ

=

-=
 

   ɿʘʧʠʰʝʤ ʧʨʘʚʠʣʦ ʤʦʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʮʝʥʪʨ ʤʘʩʩ 

ʮʠʣʠʥʜʨʘ (ʪʦʯʢʘ ʆ): 

RFTR ʪʨ0
= , 

 ʛʜʝ R ï ʨʘʜʠʫʩ ʮʠʣʠʥʜʨʘ. 

ʆʪʩʶʜʘ: ,sin,
000 ʪʨʪʨʪʨ FmgFTF -== a  ʠʣʠ asin

2

1
0

mgFʪʨ=  

   ʇʦʩʢʦʣʴʢʫ amqm cosmax

00
mgFF ʪʨʪʨ ==¢ , ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ ʫʩʣʦʚʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʮʠʣʠʥʜʨ ʥʝ 

ʙʫʜʝʪ ʩʢʘʪʳʚʘʪʴʩʷ ʩ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ: 

m
a

a
2

cos

sin
¢ , ʠʣʠ ma 2¢tg  

    ʀʥʪʝʨʚʘʣ ʟʥʘʯʝʥʠʡ ʫʛʣʘ a, ʧʨʠ ʢʦʪʦʨʳʭ ʮʠʣʠʥʜʨ ʥʝ ʙʫʜʝʪ ʩʢʘʪʳʚʘʪʴʩʷ ʩ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ:  

)2( ma arctg¢  

 

ɿʘʜʘʯʘ 6.  

   ʇʨʦʚʦʣʦʢʘ ʤʘʩʩʦʡ m ʠʟʦʛʥʫʪʘ ʪʘʢ, ʯʪʦ ʝʸ ʯʘʩʪʠ ʦʙʨʘʟʫʶʪ ʧʨʷʤʦʡ ʫʛʦʣ. ɽʸ ʧʦʜʚʝʩʠʣʠ ʟʘ ʦʜʠʥ ʠʟ 

ʢʦʥʮʦʚ ʥʘ ʰʘʨʥʠʨʝ. ʆʧʨʝʜʝʣʠʪʴ ʫʛʦʣ a, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪ ʧʨʦʚʦʣʦʢʘ ʩ ʚʝʨʪʠʢʘʣʴʶ ʚ ʧʦʣʦʞʝʥʠʠ 
ʨʘʚʥʦʚʝʩʠʷ.  

ƄƄƄƄƄ 
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   ʇʫʩʪʴ 
2

l
= OA = AE ï ʜʣʠʥʘ ʧʦʣʦʚʠʥʳ ʧʨʦʚʦʣʦʢʠ, 

2
21

m
mm ==  ï ʤʘʩʩʘ ʧʦʣʦʚʠʥʳ ʧʨʦʚʦʣʦʢʠ, D 

ï ʮʝʥʪʨ ʤʘʩʩ ʚʝʨʭʥʝʡ ʯʘʩʪʠ, B ï ʥʠʞʥʝʡ ʯʘʩʪʠ, ʘ C ï ʚʩʝʡ ʧʨʦʚʦʣʦʢʠ.  

   ʇʨʦʚʦʣʦʢʘ ʙʫʜʝʪ ʚ ʨʘʚʥʦʚʝʩʠʠ, ʢʦʛʜʘ ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʫʤʤʘ ʩʠʣ ʪʷʞʝʩʪʠ gm1
ʠ gm2

 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ O, ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʰʘʨʥʠʨʦʤ, ʙʫʜʝʪ ʨʘʚʥʘ ʥʫʣʶ.  

   ʀʟ ʯʝʨʪʝʞʘ: atg
ll

ACABBCAB
l

OD
24

;
4

-=-===  

   ʅʝʪʨʫʜʥʦ ʚʠʜʝʪʴ, ʯʪʦ: 

( ) aaa cos21
4

sin
4

21 tg
l

m
l

gm -=  ʠʣʠ ( ) aaa cos21
2

sin
2

tg
mm
-= , ʦʪʢʫʜʘ 

3

1
=atg  

   ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʢʦʤʳʡ ʫʛʦʣ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪ ʩ ʚʝʨʪʠʢʘʣʴʶ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʧʨʦʚʦʣʦʢʠ ʚ 

ʧʦʣʦʞʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ: 

4,18
3

1
º=arctga  ṡṡ 

 

ɿʘʜʘʯʘ 7.  

   ʂʘʢʦʡ ʜʣʠʥʥʳʡ l ʥʫʞʥʦ ʚʟʷʪʴ ʥʠʪʴ, ʯʪʦʙʳ ʧʦʜʚʝʩʠʪʴ ʥʘ ʥʝʡ ʫ ʩʪʝʥʳ ʢʫʙʠʢ ʩʦ ʩʪʦʨʦʥʦʡ a ʪʘʢ, 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ? ʇʨʠʥʷʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʤʝʞʜʫ ʩʪʝʥʦʡ ʠ ʢʫʙʠʢʦʤ ʨʘʚʥʳʤ m. 

ƄƄƄƄƄ 

                            
   ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʢʫʙʠʢʘ ʚ ʚʝʢʪʦʨʥʦʤ ʚʠʜʝ ʠ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʠ 

ʚʝʨʪʠʢʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʷ: 

,0
0

=+++ gmFT ʪʨq  

ʛʜʝ T - ʩʠʣʘ ʥʘʪʷʞʝʥʠʷ ʥʠʪʠ, 

0ʪʨ
F - ʩʠʣʘ ʪʨʝʥʠʷ ʧʦʢʦʷ, 

gm - ʩʠʣʘ ʪʷʞʝʩʪʠ, 

q- ʨʝʘʢʮʠʷ ʩʪʝʥʳ. 
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í
ì
ë

=-

=-+

0

,0

1

20

T

mgTFʪʨ

q
 

ʛʜʝ 1T  ʠ 2T  - ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʠ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʣʳ T ʥʘʪʷʞʝʥʠʷ ʥʠʪʠ. 

   ʅʝʪʨʫʜʥʦ ʚʠʜʝʪʴ, ʯʪʦ: 

ama

mqm

tgTTmgtgTT

TFTmgF ʪʨʪʨ

2221

1

max

2

;

,
00

¢-=

==¢-=
 

ʠʣʠ ( )21Ttgmg +¢ am  

   ɺ ʧʨʝʜʝʣʴʥʦʤ ʩʣʫʯʘʝ ʩʠʣ ʨʝʘʢʮʠʠ ʩʪʝʥʳ q ʙʫʜʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʚʝʨʭʥʝʝ ʨʝʙʨʦ ʢʫʙʠʢʘ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ ʧʣʦʩʢʦʩʪʠ ʨʠʩʫʥʢʘ (ʪʦʯʢʘ ɸ). 

   ɿʘʧʠʰʝʤ ʧʨʘʚʠʣʦ ʤʦʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ ɸ: 

,
2

2aT
a

mg =  ʦʪʢʫʜʘ 
2

2

mg
T =  

   ʄʦʤʝʥʪ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʣʳ ʫʧʨʫʛʦʩʪʠ ʥʠʪʠ 1T ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʢʘʟʘʥʥʦʡ ʪʦʯʢʠ, ʪʘʢ ʞʝ ʢʘʢ ʠ 

ʤʦʤʝʥʪʳ ʩʠʣ   ʠ  
0ʪʨ

F ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʸ, ʨʘʚʥʳ ʥʫʣʶ. 

   ʆʪʩʶʜʘ ʠʤʝʝʤ:  

( )
2

1
mg

tgmg +¢ am  ʠʣʠ 
m

a
1
²tg  

 

   ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ a, ʨʘʚʥʦʝ 
m

a
1

min arctg=  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ 

ʜʣʠʥʳ ʥʠʪʠ:  

min

max
sina

a
l = , ʦʪʢʫʜʘ: 

22

min

2

min
min

1

1

11

1

1
sin

m
m

m

a

a
a

+
=

ö
÷
õ

æ
ç
å+

=
+

=
tg

tg
 

ʇʨʠ minaa= ʜʣʠʥʘ ʥʠʪʠ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʦʡ: a
a

l ==
max

min
sina

,  

ʧʦʩʢʦʣʴʢʫ 1sin max =a  ʧʨʠ 
2

max

p
a =  

   ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʠʥʳ ʥʠʪʠ, ʫʜʝʨʞʠʚʘʶʱʝʡ ʢʫʙ, ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ:  

21 m+¢¢ ala  

 

ɿʘʜʘʯʘ 8.  

   ʅʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʦʣʫ ʣʝʞʠʪ ʢʣʠʥ ʤʘʩʩʦʡ m, ʚʝʨʰʠʥʘ ʢʦʪʦʨʦʛʦ ʢʘʩʘʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʦʡ  

ʩʪʝʥʢʠ. ʉʚʝʨʭʫ ʥʘ ʢʣʠʥ ʧʦʣʦʞʠʣʠ ʙʨʝʚʥʦ ʤʘʩʩʦʡ M, ʧʨʠʯʸʤ M >> m. ʇʨʠ ʢʘʢʦʤ ʫʛʣʝ a ʢʣʠʥ ʥʝ 

ʩʜʚʠʥʝʪʩʷ ʩ ʤʝʩʪʘ, ʝʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʢʣʠʥʘ ʦ ʧʦʣ ʨʘʚʝʥ m, ʘ ʪʨʝʥʠʝ ʙʨʝʚʥʘ ʦ ʩʪʝʥʢʫ ʠ ʦ ʢʣʠʥ 

ʧʨʝʥʝʙʨʝʞʠʪʝʣʴʥʦ ʤʘʣʦ.  

ƄƄƄƄƄ 
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   ʆʙʦʟʥʘʯʠʤ ʚʩʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʙʨʝʚʥʦ ʠ ʥʘ ʢʣʠʥ.  

gM ï ʩʠʣʳ ʪʷʞʝʩʪʠ ʙʨʝʚʥʘ,  

1q  ï ʩʠʣʘ ʨʝʘʢʮʠʠ ʦʧʦʨʳ, ʜʝʡʩʪʚʫʶʱʘʷ ʩʦ ʩʪʦʨʦʥʳ ʢʣʠʥʘ, 

gm  ï ʩʠʣʘ ʪʷʞʝʩʪʠ ʢʣʠʥʘ, 

q ï ʥʦʨʤʘʣʴʥʘʷ ʨʝʘʢʮʠʷ ʦʧʦʨʳ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʢʣʠʥ, 

2q  ï ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʢʣʠʥ ʩʦ ʩʪʦʨʦʥʳ ʙʨʝʚʥʘ. 

ʪʨF  ï ʩʠʣʘ ʪʨʝʥʠʷ ʤʝʞʜʫ ʢʣʠʥʦʤ ʠ ʩʪʦʣʦʤ.  

 

   ʇʦ ʪʨʝʪʴʝʤʫ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ: 21 qq =  

   ɿʘʧʠʰʝʤ ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ ʢʣʠʥʘ ʠ ʙʨʝʚʥʘ ʚ ʧʨʦʝʢʮʠʷ ʥʘ ʦʩʠ ʆʭ ʠ ʆʫ: 

ʂʣʠʥ: ;sin0 2 ʪʨF-= aq  

           aqq cos0 2--= mg  ; 

ɹʨʝʚʥʦ: Mg-= aqcos0 2
 

   ʉ ʫʯʸʪʦʤ ʪʦʛʦ, ʯʪʦ qmaq ¢= sin2ʪʨF , ʠʤʝʝʤ: 

ö
÷

õ
æ
ç

å
+¢ 1

M

m
tg ma  

   ʇʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ 1<<
M

m
, ʧʦʵʪʦʤʫ ma¢tg  - ʵʪʦ ʫʩʣʦʚʠʝ ʪʦʛʦ, ʯʪʦ ʥʠ ʢʣʠʥ, ʥʠ ʙʨʝʚʥʦ ʩ ʤʝʩʪʘ 

ʥʝ ʩʜʚʠʥʫʪʩʷ.  

 

 

 

ɿʘʜʘʯʘ 9.  
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ʀʟ ʷʤʳ ʩ ʧʦʤʦʱʴʶ ʥʘʩʪʠʣʘ, ʥʘʢʣʦʥʸʥʥʦʛʦ ʧʦʜ ʫʛʣʦʤ a= 38 ṡ , ʠ ʙʣʦʢʘ ʚʳʪʘʩʢʠʚʘʶʪ ʙʨʝʚʥʦ 

ʤʘʩʩʦʡ m=10 ʢʛ. ɺ ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ ʙʨʝʚʥʦ ʩʦʩʪʘʚʣʷʝʪ ʩ ʛʦʨʠʟʦʥʪʦʤ ʫʛʦʣ y= 20 ṡ  ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʨʝʥʠʷ ʤʝʞʜʫ ʙʨʝʚʥʦʤ ʠ ʟʝʤʣʝʡ 
1m = 0,5, ʘ ʤʝʞʜʫ ʙʨʝʚʥʦʤ ʠ ʥʘʩʪʠʣʦʤ 

2m  = 0,1. ʇʨʝʥʝʙʨʝʛʘʷ ʪʨʝʥʠʝʤ 

ʚ ʙʣʦʢʝ ʠ ʪʦʣʱʠʥʦʡ ʙʨʝʚʥʘ, ʦʧʨʝʜʝʣʠʪʝ ʩʠʣʫ F  ʥʘʪʷʞʝʥʠʷ ʚʝʨʸʚʢʠ ʠ ʩʠʣʳ 
21 ʜʘʚʣʜʘʚʣFʠF ʙʨʝʚʥʘ ʥʘ ʟʝʤʣʶ 

ʠ ʥʘ ʥʘʩʪʠʣ.  

ƄƄƄƄƄ 

 
 

ʉʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʙʨʝʚʥʦ: 

gm  ï ʩʠʣʘ ʪʷʞʝʩʪʠ, ʧʨʠʣʦʞʝʥʘ ʢ ʩʝʨʝʜʠʥʝ ʙʨʝʚʥʘ, ʥʘʧʨʘʚʣʝʥʘ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ, 

1q  ï ʩʠʣʘ ʨʝʘʢʮʠʠ ʦʧʦʨʳ ʩʦ ʩʪʦʨʦʥʳ ʟʝʤʣʠ, 

1ʪʨ
F  - ʩʠʣʘ ʪʨʝʥʠʷ, ʧʨʝʧʷʪʩʪʚʫʶʱʘʷ ʩʢʦʣʴʞʝʥʠʶ ʙʨʝʚʥʘ ʧʦ ʟʝʤʣʝ, 

2q  ï ʩʠʣʘ ʨʝʘʢʮʠʠ ʩʦ ʩʪʦʨʦʥʳ ʥʘʩʪʠʣʘ, 

2ʪʨ
F  - ʩʠʣʘ ʪʨʝʥʠʷ, ʧʨʝʧʷʪʩʪʚʫʶʱʘʷ ʩʢʦʣʴʞʝʥʠʶ ʧʦ ʥʘʩʪʠʣʫ, 

F  ï ʩʠʣʘ ʥʘʪʷʞʝʥʠʷ ʢʘʥʘʪʘ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ 

1
1
q=ʜʘʚʣF  ʠ 2

2
q=ʜʘʚʣF  

ʇʦʵʪʦʤʫ: 

22

11

2

1

qm

qm

=

=

ʪʨ

ʪʨ

F

F
 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʪʝʣʦ ʥʝ ʫʯʘʩʪʚʦʚʘʣʦ ʚ ʧʦʩʪʫʧʘʪʝʣʴʥʦʤ ʫʩʢʦʨʝʥʥʦʤ ʜʚʠʞʝʥʠʠ, ʩʫʤʤʘ ʚʩʝʭ ʩʠʣ, 

ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʪʝʣʦ, ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ ʥʫʣʶ. 

ɺ ʧʨʦʝʢʮʠʷʭ ʧʦ ʦʩʠ ʆx ʠ ʆʫ: 

0cossincos;0 11222 =+++-=ä qmaqmaqaFFx                                       (1) 

ä =+--+= 0sincossin;0 2222 qaqmaqa mgFFy                                    (2) 

ʏʪʦʙʳ ʪʝʣʦ ʥʝ ʫʯʘʩʪʚʦʚʘʣʦ ʚʦ ʚʨʘʱʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʩʫʤʤʘ ʤʦʤʝʥʪʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʶʙʦʡ ʧʨʦʠʟʚʦʣʴʥʦʡ ʦʩʠ ʨʘʚʥʷʣʘʩʴ ʥʫʣʶ. 

ʋʜʦʙʥʝʝ ʚʳʙʨʘʪʴ ʦʩʴ ʚʨʘʱʝʥʠʷ, ʧʨʦʭʦʜʷʱʫʶ ʯʝʨʝʟ ʪʦʯʢʫ ɸ: ʝʩʣʠ l ï ʜʣʠʥʘ ʙʨʝʚʥʘ, ʪʦ: 

ä =--= 0sincoscos
2

;0 111 yyly
l

mgM z qmq                                          (3) 

ʀʟ ʩʦʚʤʝʩʪʥʦʛʦ ʨʝʰʝʥʠʷ (1), (2) ʠ (3) ʥʘʡʜʸʤ ʩʠʣʳ F , 1q ʠ 2q . 

ʀʟ (3) ʥʘʭʦʜʠʤ: 

( )
H

ytg

mg
225

12 1

1 =
+

=
m

q  

ʀʟ (1) ʠ (2) ʥʘʭʦʜʠʤ: 

H5552 =q  ʠ HF 535=  
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ɿʘʜʘʯʘ 10. 

ʉ ʢʘʢʦʡ ʩʠʣʦʡ ʥʘ ʩʪʝʥʫ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʩʪʘʢʘʥʘ ʜʘʚʠʪ ʧʘʣʦʯʢʘ ʤʘʩʩʦʡ m, ʥʘʧʦʣʦʚʠʥʫ 

ʧʦʛʨʫʞʸʥʥʘʷ ʚ ʚʦʜʫ? ʋʛʦʣ ʥʘʢʣʦʥʘ ʧʘʣʦʯʢʠ ʢ ʛʦʨʠʟʦʥʪʫ ʨʘʚʝʥ a, ʪʨʝʥʠʝʤ ʧʨʝʥʝʙʨʝʯʴ. 

ƄƄƄƄƄ 

                  
ʅʘ ʧʦʛʨʫʞʸʥʥʫʶ ʚ ʚʦʜʫ ʯʘʩʪʴ ʧʘʣʦʯʢʠ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ ɸʨʭʠʤʝʜʘʘʨʭF , ʨʘʚʥʘʷ ʚʝʩʫ ʚʳʪʝʩʥʝʥʥʦʡ 

ʚʦʜʳ, ʧʨʠʣʦʞʝʥʥʘʷ ʢ ʮʝʥʪʨʫ ʤʘʩʩ ʚʳʪʝʩʥʝʥʥʦʛʦ ʦʙʲʸʤʘ. 

ʅʘ ʯʝʨʪʝʞʝ: 

1qʠ 2q  - ʩʠʣʳ ʨʝʘʢʮʠʠ ʩʪʝʥʦʢ ʩʪʘʢʘʥʘ, 

gm  - ʚʝʩ ʧʘʣʦʯʢʠ.  

g
V

Fʘʨʭ
2
r= , ʛʜʝ r - ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ, V ï ʦʙʲʸʤ ʧʘʣʦʯʢʠ.  

ʋʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʧʘʣʦʯʢʠ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʠ ʚʝʨʪʠʢʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʷ:  

210 qq-= , 

mgFʘʨʭ-=0  

ɼʦʙʘʚʠʤ ʢ ʥʠʤ ʧʨʘʚʠʣʦ ʤʦʤʝʥʪʦʚ ʚʩʝʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʧʘʣʦʯʢʫ, ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʪʦʯʢʫ ʢʘʩʘʥʠʷ ʥʠʞʥʝʛʦ ʢʦʥʮʘ ʧʘʣʦʯʢʠ ʩʦ ʩʪʘʢʘʥʦʤ (ʪʦʯʢʘ ɸ): 

aqaa sincos
4

cos
2

0 2 l
l

F
l

mg ʘʨʭ --= , 

ʛʜʝ l ï ʜʣʠʥʘ ʧʘʣʦʯʢʠ. 

ʃʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ:  

aqq ctg
mg

4
21 =-  - ʩʠʣʘ ʨʝʘʢʮʠʠ ʥʘ ʧʘʣʦʯʢʫ ʩʦ ʩʪʦʨʦʥʳ ʩʪʘʢʘʥʘ. 

ʀʩʧʦʣʴʟʫʝʤ 3 ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʠ ʥʘʡʜʸʤ ʜʣʷ ʩʠʣ ʜʘʚʣʝʥʠʷ ʧʘʣʦʯʢʠ ʥʘ ʩʪʝʥʢʠ ʩʪʘʢʘʥʘ: 

actg
mg

FF ʜʘʚʣʜʘʚʣ
421

==  

 

ɿʘʜʘʯʘ 11.  

ɼʚʘ ʦʜʠʥʘʢʦʚʳʭ ʰʘʨʘ ʨʘʜʠʫʩʘʤʠ R = 10 ʩʤ ʠ ʤʘʩʩʘʤʠ m = 600 ʛ ʢʘʞʜʳʡ ʧʦʣʦʞʠʣʠ ʚ 

ʚʝʨʪʠʢʘʣʴʥʳʡ, ʦʪʢʨʳʪʳʡ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ, ʪʦʥʢʦʩʪʝʥʥʳʡ ʮʠʣʠʥʜʨ ʨʘʜʠʫʩʦʤ R = 15 ʩʤ, ʩʪʦʷʱʠʡ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʇʨʝʥʝʙʨʝʛʘʷ ʪʨʝʥʠʝʤ, ʦʧʨʝʜʝʣʠʪʴ, ʧʨʠ ʢʘʢʦʡ ʥʘʠʤʝʥʴʰʝʡ ʤʘʩʩʝ M 

ʮʠʣʠʥʜʨʘ ʰʘʨʳ ʝʛʦ ʥʝ ʦʧʨʦʢʠʥʫʪ. 

ƄƄƄƄƄ 
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ɽʩʣʠ ʮʠʣʠʥʜʨ ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʨʘʥʠ ʦʧʨʦʢʠʜʳʚʘʥʠʷ, ʪʦ ʦʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʣʦʩʢʦʩʪʴʶ ʪʦʣʴʢʦ ʚ 

ʪʦʯʢʝ ʆ.  

ɽʩʣʠ ʥʘʯʘʪʴ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩ ʥʘʧʠʩʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʤʦʤʝʥʪʦʚ ʜʣʷ ʮʠʣʠʥʜʨʘ, ʪʦ ʧʨʠʜʸʪʩʷ ʚʚʝʩʪʠ ʠ 

ʚʳʯʠʩʣʠʪʴ ʩʠʣʳ ʜʘʚʣʝʥʠʷ ʰʘʨʦʚ ʥʘ ʝʛʦ ʩʪʝʥʢʠ, ʘ ʜʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʙʫʜʝʪ ʟʘʧʠʩʘʪʴ ʠ ʫʨʘʚʥʝʥʠʝ ʤʦʤʝʥʪʦʚ 

ʜʣʷ ʚʝʨʭʥʝʛʦ ʰʘʨʘ. 

ʇʨʝʜʣʘʛʘʝʤ ʫʯʘʱʝʤʫʩʷ ʧʨʦʚʝʩʪʠ ʪʘʢʦʛʦ ʨʦʜʘ ʨʘʩʯʸʪʳ, ʘ ʤʳ ʧʦʢʘʞʝʤ, ʢʘʢ ʫʜʘʯʥʳʡ ʚʳʙʦʨ ʦʙʲʝʢʪʘ 

ʜʣʷ ʟʘʧʠʩʠ ʫʩʣʦʚʠʡ ʨʘʚʥʦʚʝʩʠʷ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ. 

ʀʩʩʣʝʜʫʝʤ ʨʘʚʥʦʚʝʩʠʝ ʩʠʩʪʝʤʳ <ʮʠʣʠʥʜʨ-ʰʘʨʳ> ʠ ʟʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʤʦʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʪʦʯʢʠ ʆ. ʇʦʩʢʦʣʴʢʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʰʘʨʦʚ ʩ ʮʠʣʠʥʜʨʦʤ ʠ ʤʝʞʜʫ ʩʦʙʦʡ ʷʚʣʷʶʪʩʷ ʚʥʫʪʨʝʥʥʠʤʠ, ʠʭ 

ʫʯʠʪʳʚʘʪʴ ʥʝ ʥʘʜʦ: 

( )( ) 0222 =+-- RgmMRq  

ʉʠʣʫ ʨʝʘʢʮʠʠ qʧʣʦʩʢʦʩʪʠ ʥʘʡʜʸʤ ʠʟ ʧʝʨʚʦʛʦ ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ ʩʠʩʪʝʤʳ ʠʟ ʜʚʫʭ ʰʘʨʦʚ (ʚ 
ʧʨʦʝʢʮʠʠ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫʶ ʦʩʴ): 

02 =-mgq  

ʉʦʚʤʝʩʪʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʜʘʸʪ: 

ʛ
R

Rm
M 400

)2(2
=

-
=  

 

ɿʘʜʘʯʘ 12.  

ʃʝʩʪʥʠʮʘ ʜʣʠʥʦʡ l = 4 ʤ ʧʨʠʩʪʘʚʣʝʥʘ ʢ ʛʣʘʜʢʦʡ ʩʪʝʥʝ ʧʦʜ ʫʛʣʦʤ a= 60 ṡ  ʢ ʧʦʣʫ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʩʠʣʘ ʪʨʝʥʠʷ ʤʝʞʜʫ ʣʝʩʪʥʠʮʝʡ ʠ ʧʦʣʦʤ max

0ʪʨ
F  = 200 ʅ. ʅʘ ʢʘʢʫʶ ʚʳʩʦʪʫ h ʤʦʞʝʪ ʧʦʜʥʷʪʴʩʷ ʧʦ 

ʣʝʩʪʥʠʮʝ ʯʝʣʦʚʝʢ ʤʘʩʩʦʡ m = 60 ʢʛ, ʧʨʝʞʜʝ ʯʝʤ ʣʝʩʪʥʠʮʘ, ʤʘʩʩʦʡ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʥʘʯʥʸʪ 

ʩʢʦʣʴʟʠʪʴ? 

ƄƄƄƄƄ 
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ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʣʝʩʪʥʠʮʳ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʠ ʚʝʨʪʠʢʘʣʴʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʷ:  

í
ì
ë

-=

-=

,0

,0

1

2 0

mg

Fʪʨ

q

q
 

ʦʪʢʫʜʘ  
max

2

1

00 ʪʨʪʨ FF

mg

¢=

=

q

q
 

ɿʘʧʠʰʝʤ ʧʨʘʚʠʣʦ ʤʦʤʝʥʪʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʣʝʩʪʥʠʮʫ ʩʠʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ ɸ: 

,sincos 2 aqa lXmg =  

ʛʜʝ acosX  - ʧʣʝʯʦ ʩʠʣʳ gm ,  

asinl  - ʧʣʝʯʦ ʩʠʣʳ 
2q  

ACX =  - ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʠʞʥʝʡ ʪʦʯʢʠ ʣʝʩʪʥʠʮʳ ʜʦ ʪʦʯʢʠ ʉ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʯʝʣʦʚʝʢ. 

ʇʦʩʢʦʣʴʢʫ max

2 0ʪʨ
F=q , ʠʤʝʝʤ: 

atglFXmg ʪʨ

max

0
=  

ʇʦʩʢʦʣʴʢʫ asinXh=  - ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʧʦʜʲʸʤʘ ʯʝʣʦʚʝʢʘ: 

ʤ
mg

tglF
h

ʪʨ
2

sinmax

0 ==
aa

 

  

ɿʘʜʘʯʘ 13.  

ʃʝʩʪʥʠʮʘ ʜʣʠʥʦʡ l = 4ʤ ʧʨʠʩʪʘʚʣʝʥʘ ʢ ʛʣʘʜʢʦʡ ʩʪʝʥʝ ʧʦʜ ʫʛʣʦʤ a = 60 ṡ  ʢ ʛʦʨʠʟʦʥʪʫ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʤʝʞʜʫ ʣʝʩʪʥʠʮʝʡ ʠ ʧʦʣʦʤ m = 0,25. ʅʘ ʢʘʢʦʝ ʨʘʩʩʪʦʷʥʠʝ X ʚʜʦʣʴ ʣʝʩʪʥʠʮʳ 

ʤʦʞʝʪ ʧʦʜʥʷʪʴʩʷ ʯʝʣʦʚʝʢ, ʧʨʝʞʜʝ ʯʝʤ ʣʝʩʪʥʠʮʘ ʥʘʯʥʸʪ ʩʢʦʣʴʟʠʪʴ? ʄʘʩʩʦʡ ʣʝʩʪʥʠʮʳ ʧʨʝʥʝʙʨʝʯʴ. 

ƄƄƄƄƄ 

 
 

ʋʩʣʦʚʠʝ ʥʘʯʘʣʘ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʥʠʞʥʝʛʦ ʢʦʥʮʘ ʣʝʩʪʥʠʮʳ 

1qm=ʪʨF  

ʀʩʢʦʤʦʝ ʨʘʩʩʪʦʷʥʠʝ X ʤʦʞʝʪ ʚʦʡʪʠ ʪʦʣʴʢʦ ʚ ʫʨʘʚʥʝʥʠʝ ʤʦʤʝʥʪʦʚ: ʚʳʙʝʨʝʤ ʦʩʴ ʚʨʘʱʝʥʠʷ 

ʣʝʩʪʥʠʮʳ ʚ ʪʦʯʢʝ ʆ: ʩʠʣ ʙʫʜʝʪ ʤʝʥʴʰʝ, ʘ é ʧʨʦʱʝ: 

0cossin1 =- aaq Xmgl  

ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʩʝʭ ʥʝʠʟʚʝʩʪʥʳʭ ʩʠʣ ʟʘʧʠʰʝʤ ʧʝʨʚʦʝ ʫʩʣʦʚʠʝ ʨʘʚʥʦʚʝʩʠʷ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʠ ʚʝʨʪʠʢʘʣʴʥʫʶ ʦʩʠ: 

0

,0

1

2

=-

=-

mg

Fʪʨ

q

q
 

ʉʦʚʤʝʩʪʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʜʘʸʪ: ʤtglX 2,1== am  

ɿʘʤʝʯʘʥʠʝ:  



16 

 

ʆʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʧʨʠ ʩʧʝʮʠʘʣʴʥʦʤ ʚʳʙʦʨʝ ʦʩʠ ʚʨʘʱʝʥʠʷ ʣʝʩʪʥʠʮʳ ʚʤʝʩʪʦ ʪʨʸʭ 

ʧʨʝʜʳʜʫʱʠʭ ʫʨʘʚʥʝʥʠʡ ʤʦʞʥʦ ʦʙʦʡʪʠʩʴ ʦʜʥʠʤ ʫʨʘʚʥʝʥʠʝʤ ʤʦʤʝʥʪʦʚ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʚʪʦʨʦʝ 

ʫʩʣʦʚʠʝ ʨʘʚʥʦʚʝʩʠʷ ʟʘʧʠʩʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ (ʪʦʯʢʠ 
1O), ʪʦ ʩʠʣʳ 1Q  ʠ gm ʙʫʜʫʪ ʠʩʢʣʶʯʝʥʳ: 

0cossin 1 =- aqa XlFʪʨ  

ʇʦʜʩʪʘʚʣʷʷ ʚ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʝ 1qm=ʪʨF , ʧʨʠʭʦʜʠʤ ʩʨʘʟʫ ʢ ʚʳʨʘʞʝʥʠʶ: 

amtglX =  

 

ɿʘʜʘʯʘ 14. 

ʆʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʩʠʣʳ F, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʣʦʞʠʪʴ ʢ ʪʝʣʫ ʤʘʩʩʦʡ m=60ʢʛ, ʯʪʦʙʳ ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʤʝʱʘʪʴ ʝʛʦ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʤʝʞʜʫ 

ʪʝʣʦʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʛ22,0=m , ʫʛʦʣ 30=a  ṡ.  

ƄƄƄƄƄ 

 
 

ɿʘʧʠʰʝʤ ʫʩʣʦʚʠʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ: 

,0=+++ qʪʨFFgm  

ʛʜʝ ʪʨF  - ʩʠʣʘ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʪʝʣʘ ʦ ʧʦʚʝʨʭʥʦʩʪʴ, q - ʨʝʘʢʮʠʷ ʦʧʦʨʳ.  

ʉʧʨʦʝʢʪʠʨʫʝʤ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʥʘ ʦʩʠ X ʠ Y: 

í
ì
ë

-+=

-=

mgF

FF ʪʨ

1

2

0

,0

q
 

ʉ ʫʯʸʪʦʤ ʪʦʛʦ, ʯʪʦ qma === ʪʨFFFF 2cos1 , , ʧʦʣʫʯʠʤ: 

ʅ
mg

F 6,158
sincos

=
+

=
ama

m
 

ʀʟ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ a, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʠ 

ʨʘʚʥʦʤʝʨʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ ʛʨʫʟʘ ʩʠʣʘ F  ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʦʡ. 

ʇʝʨʝʧʠʰʝʤ ʧʨʝʜʳʜʫʱʝʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʠʣʳ F ʚ ʚʠʜʝ: 

( )y

mgmgmg
F

-+
=

ö
ö

÷

õ

æ
æ

ç

å

+
+

+
++

=
+Ö

=
am

m

a
m

m
a

m
mm

m

ama

m

cos1
sin

1
cos

1

1
11

sincos1 2

22

22

, 

ʛʜʝ 
21

sin
m

m

+
=y , 

21

1
cos

m+
=y , m==

y

y
ytg

cos

sin
, marctgy=  - ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʫʛʦʣ. 

ʉʠʣʘ 
( )y

mg
F

-+
=

am

m

cos1 2
 ʙʫʜʝʪ ʠʤʝʪʴ ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʫʩʣʦʚʠʠ ( ) 1cos =-ya , ʠʣʠ 

ma arctgy== . 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʠʣʳ F, ʥʘʧʨʘʚʣʝʥʠʝ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ ʫʛʦʣ ma arctg=  ʩ 

ʛʦʨʠʟʦʥʪʦʤ, ʨʘʚʥʦ: 

2
min

1 m

m

+
=

mg
F  

 

ɿʘʜʘʯʘ 15.  

ʄʘʣʝʥʴʢʠʝ ʰʘʨʠʢʠ (N ï ʠʭ ʯʠʩʣʦ), ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʤʘʩʩʫ m, ʪʷʥʫʪ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʚʥʦʤʝʨʥʦ ʩ ʩʠʣʦʡ F, ʥʘʧʨʘʚʣʝʥʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʤʝʞʜʫ 

ʰʘʨʠʢʘʤʠ ʠ ʧʣʦʩʢʦʩʪʴʶ ʨʘʚʝʥm. ʐʘʨʠʢʠ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʣʸʛʢʠʤʠ (ʥʝʚʝʩʦʤʳʤʠ) ʧʨʫʞʠʥʘʤʠ, 

ʠʤʝʶʱʠʤʠ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʜʣʠʥʫ l. ʇʦʣʘʛʘʷ, ʯʪʦ ʞʸʩʪʢʦʩʪʴ ʢʘʞʜʦʡ ʧʨʫʞʠʥʳ k, ʦʧʨʝʜʝʣʠʪʴ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʨʘʡʥʠʤʠ ʰʘʨʠʢʘʤʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʩʠʩʪʝʤʳ.  

ƄƄƄƄƄ 

 
ʈʘʩʩʤʦʪʨʠʤ ʫʩʣʦʚʠʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʰʘʨʠʢʦʚ, ʝʩʣʠ ʚʥʝʰʥʷʷ ʩʠʣʘ 

ʧʨʠʣʦʞʝʥʘ ʢ N-ʤʫ ʰʘʨʠʢʫ: 

gmFF ʪʨʫʧʨ +++= q10 ,              (1) 

ʛʜʝ 1ʫʧʨF - ʩʠʣʘ ʫʧʨʫʛʦʩʪʠ ʧʨʫʞʠʥʳ, ʩʦʝʜʠʥʷʶʱʝʡ ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʰʘʨʠʢʠ, 

      ʪʨF - ʩʠʣʘ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ, 

       gm - ʚʝʩ ʰʘʨʠʢʘ. 

gmFFF ʫʧʨʪʨʫʧʨ ++++= q2

'

10 ,        (2) 

ʛʜʝ 1

'

1 ʫʧʨʫʧʨ FF -= , ( )'

1 ʫʧʨʫʧʨ FF =  - ʩʠʣʘ ʫʧʨʫʛʦʩʪʠ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʚʪʦʨʦʡ ʰʘʨʠʢ ʩʦ ʩʪʦʨʦʥʳ 

ʧʨʫʞʠʥʳ, ʩʚʷʟʳʚʘʶʱʝʡ ʝʛʦ ʩ ʧʝʨʚʳʤ ʰʘʨʠʢʦʤ, 

      2ʫʧʨF - ʩʠʣʘ ʫʧʨʫʛʦʩʪʠ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʚʪʦʨʦʡ ʰʘʨʠʢ ʩʦ ʩʪʦʨʦʥʳ ʧʨʫʞʠʥʳ, ʩʚʷʟʳʚʘʶʱʝʡ ʝʛʦ ʩ 

ʪʨʝʪʴʠʤ ʰʘʨʠʢʦʤ.  

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ (1) ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʠ ʚʝʨʪʠʢʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʷ. 

í
ì
ë

-=

-=

,0

,0 1

mg

FF ʪʨʫʧʨ

q
 

ʦʪʢʫʜʘ 
k

mg
xmgFʫʧʨ
m

m == 11 ,  - ʫʜʣʠʥʝʥʠʝ ʧʨʫʞʠʥʳ, ʩʚʷʟʳʚʘʶʱʝʡ ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʰʘʨʠʢʠ.  

ʋʨʘʚʥʝʥʠʝ (2) ʚ ʧʨʦʝʢʮʠʠ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʠ ʚʝʨʪʠʢʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʷ: 

îí

î
ì
ë

-=

--=

mg

FFF ʪʨʫʧʨʫʧʨ

q0

,0 '

12  

ʆʪʩʶʜʘ ʠʤʝʝʤ: mgFFFFmgFFF ʫʧʨʪʨʫʧʨʫʧʨʪʨʫʧʨʫʧʨ mq 2,,,2
2112

'' =====-  

ʇʦʩʢʦʣʴʢʫ mgxk m22 = , ʠʤʝʝʤ ʜʣʷ ʫʨʘʚʥʝʥʠʷ 2-ʦʡ ʧʨʫʞʠʥʳ: 

k

mg
x

m2
2 =  
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ʆʙʦʙʱʘʷ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʜʣʷ ʫʜʣʠʥʝʥʠʷ N-ʦʡ ʧʨʫʞʠʥʳ: 

k

mgN
xN

m
=  

ʋʯʪʸʤ, ʯʪʦ ʯʠʩʣʦ ʧʨʫʞʠʥ ʥʘ ʝʜʠʥʠʮʫ ʤʝʥʴʰʝ ʯʠʩʣʘ ʰʘʨʠʢʦʚ (ʚʦʟʴʤʸʤ, ʥʘʧʨʠʤʝʨ, ʪʨʠ ʰʘʨʠʢʘ, 

ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʧʨʫʞʠʥʘʤʠ), ʪʦ ʝʩʪʴ 1max -=Nn . 

ʋʜʣʠʥʝʥʠʝ ʚʩʝʭ ʧʨʫʞʠʥ, ʩʚʷʟʳʚʘʶʱʠʭ ʰʘʨʠʢʠ, ʩʦʩʪʘʚʠʪ: 

( )
( )[ ]1...21

1
...

2
...

max21 -+++=
-

+++=+++=D N
k

mg

k

mgN

k

mg

k

mg
xxxx n

mmmm
 

ɺ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʢʘʭ ʘʨʠʬʤʝʪʠʯʝʩʢʘʷ ʧʨʦʛʨʝʩʩʠʷ ï ʩʫʤʤʘ ʚʩʝʭ ʥʘʪʫʨʘʣʴʥʳʭ ʯʠʩʝʣ ʦʪ 1 ʜʦ (N-1). 

ʉʫʤʤʘ ʯʣʝʥʦʚ ʵʪʦʡ ʧʨʦʛʨʝʩʩʠʠ: 

( )
( ) ( )1

2
1

2

11
-=-

-+
= N

N
N

N
S  

ʇʦʵʪʦʤʫ ʫʜʣʠʥʝʥʠʝ ʚʩʝʭ ʧʨʫʞʠʥ: 
( )
k

NNmg
x

2

1-
=D
m

 

ʊʦʛʜʘ, ʧʦʣʘʛʘʷ, ʯʪʦ ʩʫʤʤʘʨʥʘʷ ʜʣʠʥʘ ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʫʞʠʥ ( )lNl 10 -= , ʦʧʨʝʜʝʣʠʤ 

ʩʫʤʤʘʨʥʫʶ ʜʣʠʥʫ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʫʞʠʥ: 

( )
( )
k

NNmg
lNL

2

1
1

-
+-=
m

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʢʦʤʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʨʘʡʥʠʤʠ ʰʘʨʠʢʘʤʠ: 

( )1
2

-ö
÷

õ
æ
ç

å
+= N

k

Nmg
lL
m

 

 

ɿʘʜʘʯʘ 16.  

ɻʨʫʟ ʤʘʩʩʦʡ m=50 ʢʛ ʧʨʠʞʘʪ ʩʠʣʦʡ F=118H ʢ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʝʥʝ. ʂʘʢʫʶ ʤʠʥʠʤʘʣʴʥʫʶ ʩʠʣʫ 
minT

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʣʦʞʠʪʴ ʢ ʛʨʫʟʫ, ʯʪʦʙʳ ʫʜʝʨʞʘʪʴ ʝʛʦ ʚ ʧʦʢʦʝ? ʏʪʦ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩ ʛʨʫʟʦʤ, ʝʩʣʠ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠʣʦʞʠʪʴ ʩʠʣʫ: ʘ) 460ʅ; ʙ)490ʅ? ʂʘʢʦʚʘ ʙʫʜʝʪ ʧʨʠ ʵʪʦʤ ʩʠʣʘ ʪʨʝʥʠʷ? 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʛʨʫʟʘ ʧʦ ʩʪʝʥʝ m=0,3. 

ƄƄƄƄƄ 

  
ɿʘʧʠʰʝʤ ʫʩʣʦʚʠʝ ʨʘʚʥʦʚʝʩʠʷ ʛʨʫʟʘ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʝ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʷ 

(ʨʠʩ.1):  

í
ì
ë

-=

-+=

F

mgFT ʪʨ

q0

)1(,0
0  

ʆʪʢʫʜʘ ʠʤʝʝʤ: ,max

00
FFTmgF ʪʨʪʨ mqm ==¢-=  

ʛʜʝ T - ʠʩʢʦʤʘʷ ʩʠʣʘ, 

      F - ʩʠʣʘ, ʧʨʠʞʠʤʘʶʱʘʷ ʛʨʫʟ ʢ ʩʪʝʥʢʝ, 

      
0ʪʨ

F - ʩʠʣʘ ʪʨʝʥʠʷ ʧʦʢʦʷ, 

     q- ʨʝʘʢʮʠʷ ʩʪʝʥʳ.  
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ʅʝʪʨʫʜʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʠʟ (1) ʩʣʝʜʫʝʪ: FmgT m-²  

HFmgT 6,454min =-= m - ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʠʣʳ F. 

ɽʩʣʠ ʛʨʫʟ ʜʚʠʞʝʪʩʷ ʧʦ ʩʪʝʥʝ ʨʘʚʥʦʤʝʨʥʦ ʚʚʝʨʭ, ʠʟʤʝʥʠʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʩʠʣʳ ʪʨʝʥʠʷ: ʪʝʧʝʨʴ ʵʪʦ 

ʩʠʣʘ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʧʨʦʪʠʚ ʜʚʠʞʝʥʠʷ ʛʨʫʟʘ (ʨʠʩ.2).  

 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ: 

îí

î
ì
ë

=

--

,

)2(,

qmʪʨ

ʪʨ

F

mgFT
 

ʦʪʢʫʜʘ HmgFT 4,525=+=m  

ɽʩʣʠ ʥʘ ʛʨʫʟ ʜʝʡʩʪʚʫʝʪ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʠʣʘ HT 4601 = , ʪʦ ʩʠʣʘ ʪʷʞʝʩʪʠ gm , 

ʜʝʡʩʪʚʫʶʱʘʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʩʠʣʝ 
1T , ʨʘʚʥʘ ʧʦ ʤʦʜʫʣʶ Hgm 490= .  

ʇʦʵʪʦʤʫ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ ʩʠʣ gm ʠ 1T  ʥʘʧʨʘʚʣʝʥʘ ʚʥʠʟ ʠ ʨʘʚʥʘ .30* HF =  

ʇʦʧʳʪʢʘ ʩʜʚʠʥʫʪʴ ʛʨʫʟ ʚʥʠʟ ʧʨʠʚʝʜʸʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʠʣʳ ʪʨʝʥʠʷ ʧʦʢʦʷ 
0ʪʨ

F , ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʚʚʝʨʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʩʠʣʝ .*F  

ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʠʣʳ ʪʨʝʥʠʷ ʧʦʢʦʷ ʩʦʩʪʘʚʠʪ ʚʝʣʠʯʠʥʫ: 

HFFʪʨ 4,35max

0
==m  

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʠʣʘ ʪʨʝʥʠʷ ʧʦʢʦʷ 
0ʪʨ

F ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʩʠʣʦʡ *F  ʠ ʛʨʫʟ ʙʫʜʝʪ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʩʪʝʥʢʝ ʧʦʢʦʠʪʴʩʷ.  

ʈʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ ʩʠʣʘ HT 4902 = ʠ Hmg 490= ʨʘʚʥʘ ʥʫʣʶ: ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʛʨʫʟ ʙʫʜʝʪ ʧʦʢʦʠʪʴʩʷ 

ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʝʥʝ. ʉʠʣʘ ʪʨʝʥʠʷ ʧʦʢʦʷ ʧʨʠ ʵʪʦʤ ʥʝ ʚʦʟʥʠʢʥʝʪ: .0
0
=ʪʨF  

 

ɿʘʜʘʯʘ 17.  

ʂʘʢʦʡ ʛʨʫʟ ʤʦʞʥʦ ʫʜʝʨʞʘʪʴ ʥʘ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ l=1ʤ ʠ ʚʳʩʦʪʦʡ h=0,5ʤ ʩʠʣʦʡ F=49ʅ, 

ʥʘʧʨʘʚʣʝʥʥʦʡ ʧʘʨʘʣʣʝʣʴʥʦ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʝʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʨʘʚʝʥ m=0,4? ʂʘʢ 

ʠʟʤʝʥʠʪʩʷ ʦʪʚʝʪ, ʝʩʣʠ ʩʠʣʫ ʧʨʠʣʦʞʠʪʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ? 

ƄƄƄƄƄ 

 
 

ʋʨʘʚʥʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʛʨʫʟʘ: 

)1(,0
0

q+++= gmFF ʪʨ  

ʛʜʝ F  - ʫʜʝʨʞʠʚʘʶʱʘʷ ʩʠʣʘ, 

      
0ʪʨ

F - ʩʠʣʘ ʪʨʝʥʠʷ ʧʦʢʦʷ, 

      q- ʨʝʘʢʮʠʷ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

ɿʘʧʠʰʝʤ (1) ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʦʩʠ X ʠ Y: 

í
ì
ë

-=

--=

,0

)1(0

2

1

F

FFF ʪʨ

q
 



20 

 

ʛʜʝ asin1 mgF =  ʠ acos2 mgF =  - ʤʦʜʫʣʠ ʩʦʩʪʘʚʣʷʶʱʠʭ 1F  ʠ 2F  ʩʠʣʳ gm  ʚʜʦʣʴ ʢʦʦʨʜʠʥʘʪʥʳʭ 

ʦʩʝʡ.  

 

ʇʦʩʢʦʣʴʢʫ qm=¢ max

00 ʪʨʪʨ FF , ʣʝʛʢʦ ʠʟ (1) ʧʦʣʫʯʠʪʴ: 

ama cossin -
¢

F
mg , ʛʜʝ .cos,sin

22

l

hl

l

h -
== aa  

ʆʪʩʶʜʘ, ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʝʩʘ ʛʨʫʟʘ, ʫʜʝʨʞʠʚʘʝʤʦʛʦ ʩʠʣʦʡ F, ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ (h ï ʚʳʩʦʪʘ, l ï ʜʣʠʥʘ) ʧʦʣʫʯʠʤ: 

( ) H
hlh

lF
mg 319

22max =
--

=
m

 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʩʠʣʘ Fʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʠʣʘ F  

ʙʫʜʝʪ ʩʦʚʧʘʜʘʪʴ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩ ʩʦʩʪʘʚʣʷʶʱʝʡ 2F  ʩʠʣʳ ʪʷʞʝʩʪʠ gm .  

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʫʜʝʨʞʠʚʘʝʤʦʛʦ ʛʨʫʟʘ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʦʩʠ X ʠ Y: 

í
ì
ë

--=

-=

FF

FF ʪʨ

2

1

0

)2(,0
0

q
 

ʉ ʫʯʸʪʦʤ ʪʦʛʦ, ʯʪʦ qma =¢== max

1 00
sin ʪʨʪʨ FmgFF , ʠʤʝʝʤ: 

ama

m

cossin -
¢

F
mg  

ʊʦʛʜʘ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʝʩ ( )
max

mg ʫʜʝʨʞʠʚʘʝʤʦʛʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʪʝʣʘ: 

( ) H
hlh

lF
mg 6,122

22max =
--

=
m

m
 

 

ɿʘʜʘʯʘ 18.  

ʂʫʙ ʤʘʩʩʦʡ m ʩʪʦʠʪ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʉ ʢʘʢʦʡ ʤʠʥʠʤʘʣʴʥʦʡ ʩʠʣʦʡ Fʥʫʞʥʦ ʪʷʥʫʪʴ 

ʢʫʙ ʟʘ ʚʝʨʭʥʝʝ ʨʝʙʨʦ, ʯʪʦʙʳ ʦʥ ʥʘʯʘʣ ʦʧʨʦʢʠʜʳʚʘʪʴʩʷ ʙʝʟ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ, ʝʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

ʢʫʙʘ ʦ ʧʣʦʩʢʦʩʪʴ ʨʘʚʝʥ m? 

ƄƄƄƄƄ 

(ʨʠʩ. 1) 

ʇʫʩʪʴ a ï ʩʪʦʨʦʥʘ ʢʫʙʘ. ʉʥʘʯʘʣʘ ʚʳʷʩʥʠʤ, ʧʨʠ ʢʘʢʠʭ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ m ʢʫʙ 

ʦʧʨʦʢʠʥʝʪʩʷ ʩʠʣʦʡ F, ʥʘʧʨʘʚʣʝʥʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦ (ʨʠʩ.1). 

ɺ ʧʨʝʜʝʣʴʥʦʤ ʩʣʫʯʘʝ ʦʧʨʦʢʠʜʳʚʘʥʠʷ ʢʫʙʘ ʚʦʢʨʫʛ ʩʚʦʝʛʦ ʥʠʞʥʝʛʦ ʨʝʙʨʘ (ʪʦʯʢʘ ɸ): 

aF
a

mg ¢
2

, ʦʪʢʫʜʘ 
2

mg
F ²  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʠʣʳ ʜʣʷ ʦʧʨʦʢʠʜʳʚʘʥʠʷ ʢʫʙʘ: 

2
min

mg
F =  

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʢʫʙʘ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʠ ʚʝʨʪʠʢʘʣʴʥʫʶ ʦʩʠ: 
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í
ì
ë

-=

-=

mg

FF ʪʨ

q0

)1(,0
0min

 

ʇʦʩʢʦʣʴʢʫ max

min
20 ʪʨʪʨ F

mg
FF ¢== , ʣʝʛʢʦ ʥʘʡʪʠ, ʯʪʦ 

2

1
²m  

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʫʛʦʣ 0̧a  ʠ 
2

1
<m   

(ʨʠʩ.2). 

 

ʋʨʘʚʥʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʢʫʙʘ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʠ ʚʝʨʪʠʢʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʷ: 

í
ì
ë

--=

-=

,0

)2(,0

2

1 0

Fmg

FF ʪʨ

q
 

ʛʜʝ 1F  ʠ 2F  - ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʣʳ F  ʚʜʦʣʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 

ʅʝʪʨʫʜʥʦ ʚʠʜʝʪʴ, ʯʪʦ: 

( )amaqm sincos,min

00
FmgFFF ʪʨʪʨ +¢=¢  

ɼʦʙʘʚʠʤ ʢ (2) ʧʨʘʚʠʣʦ ʤʦʤʝʥʪʦʚ ʚʩʝʭ ʩʠʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ ɸ: 

2
cos,

2

a
mg>1

mg
FaF ²a  

ʊʝʧʝʨʴ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ 

( ) ,sinsin
2

ammam FmgFmg
mg

+=+¢  

ʦʪʢʫʜʘ: 

( )
m

m
a

2

21
sin

-
²

mg
F  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʘ ʩʠʩʪʝʤʘ ʥʝʨʘʚʝʥʩʪʚ: 

( )

)3(

2
cos

2

21
sin

î
î

í

îî

ì

ë

²

-
²

mg
F

mg
F

a

m

m
a

 

ʅʘʯʘʣʫ ʦʧʨʦʢʠʜʳʚʘʥʠʷ ʢʫʙʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʢ ʨʘʚʝʥʩʪʚʘ ʚ ʦʙʦʠʭ ʥʝʨʘʚʝʥʩʪʚʘʭ: 

( )

,
2

cos

,
2

21
sin

min

min

mg
F

mg
F

=

-
=

a

m

m
a

                                        (4) 

ʦʪʢʫʜʘ 
m

m
a

21-
=tg  ʠʣʠ 

m

m
a

21-
=arctg  

ɺʝʨʥʸʤʩʷ ʢ ʧʝʨʚʦʤʫ ʫʨʘʚʥʝʥʠʶ ʚ (4): 

( )
m

m
a

2

21
sinmin

-
=

mg
F , ʦʪʢʫʜʘ 

( )
am

m

sin2

21
min

-
=

mg
F  
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ʇʦʩʢʦʣʴʢʫ 
145

21

21
1

21

1
sin

222
+-

-
=

öö
÷

õ
ææ
ç

å-
+

-
=

+
=

mm

m

m

m
m

m

a

a
a

tg

tg
 

ʊʦʛʜʘ ʦʧʨʝʜʝʣʠʪʩʷ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʠʣʳ F, ʥʘʧʨʘʚʣʝʥʥʦʡ ʧʦʜ ʫʛʣʦʤ 

m

m
a

21-
=arctg  ʢ ʛʦʨʠʟʦʥʪʫ ʚ ʩʣʫʯʘʝ 

2

1
<m  ʚ ʚʠʜʝ: 

m

mm

2

145 2

min

+-
=

mg
F  

 

ɿʘʜʘʯʘ 19.  

ʆʧʨʝʜʝʣʠʪʴ ʤʠʥʠʤʘʣʴʥʫʶ ʩʠʣʫ minF , ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʦʧʨʦʢʠʥʫʪʴ ʯʝʨʝʟ ʨʝʙʨʦ ʢʫʙ, ʣʝʞʘʱʠʡ ʥʘ 

ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʂʘʢʦʚ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʠ ʵʪʦʤ ʤʠʥʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 
minm ʢʫʙʘ ʦ 

ʧʣʦʩʢʦʩʪʠ, ʝʩʣʠ ʤʘʩʩʘ ʢʫʙʘ ʨʘʚʥʘ M?  

ƄƄƄƄƄ 

 
ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʠʣʳ Fʙʫʜʝʪ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʝʸ ʧʣʝʯʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʙʫʜʝʪ 

ʤʘʢʩʠʤʘʣʴʥʳʤ. ʇʫʩʪʴ ʦʩʴ ʚʨʘʱʝʥʠʷ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʥʠʞʥʝʝ ʨʝʙʨʦ ʢʫʙʘ (ʪʦʯʢʘ ɸ). ʊʦʛʜʘ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʧʣʝʯʦʤ ʩʠʣʳ Fʙʫʜʝʪ ʜʠʘʛʦʥʘʣʴ ʢʫʙʘ (,2aAB=  ʛʜʝ a ï ʨʝʙʨʦ ʢʫʙʘ). ʉʠʣʘ Fʜʦʣʞʥʘ ʙʳʪʴ ʧʨʠʣʦʞʝʥʘ ʢ 

ʚʝʨʭʥʝʤʫ ʨʝʙʨʫ (ʪʦʯʢʘ ɺ) ʠ ʥʘʧʨʘʚʣʝʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʠʘʛʦʥʘʣʴʥʦʤʫ ʩʝʯʝʥʠʷ ʨʝʙʨʘ: ʦʯʝʚʠʜʥʦ, ʯʪʦ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʫʛʦʣ 45=a  ṡ 

ʇʝʨʚʦʝ ʫʩʣʦʚʠʝ ʨʘʚʥʦʚʝʩʠʷ ʢʫʙʘ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʝ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʷ: 

,0

,0

01

2

=+

=++

ʪʨFF

gMFq
 

ʛʜʝ q- ʨʝʘʢʮʠʷ ʦʧʦʨʳ, 

      1F  - ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʠʣʳ F , 

      2F  - ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʠʣʳ F , 

      
0ʪʨ

F - ʩʠʣʘ ʪʨʝʥʠʷ ʧʦʢʦʷ. 

ʅʝʪʨʫʜʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʠʤʝʶʪ ʤʝʩʪʦ ʩʦʦʪʥʦʰʝʥʠʷ: 

aaqaa cos;sin;sin;cos
021 FFFMgFFFF ʪʨ=-===  

ɺʪʦʨʦʝ ʫʩʣʦʚʠʝ ʨʘʚʥʦʚʝʩʠʷ ʪʝʣʘ ʜʘʸʪ ʫʩʣʦʚʠʝ ʜʣʷ ʥʘʯʘʣʘ ʦʧʨʦʢʠʜʳʚʘʥʠʷ ʢʫʙʘ ʚʦʢʨʫʛ ʪʦʯʢʠ ɸ: 

2

a
MgF ²  

ʦʪʢʫʜʘ 
4

2
min

Mg
F =  

ʆʧʨʝʜʝʣʠʤ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʢʫʙʘ ʦ ʧʣʦʩʢʦʩʪʴ: 
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( )ama sincos max

00
FMgFFF ʪʨʪʨ -=¢= , ʦʪʢʫʜʘ 

a

a
m

sin

cos

FMg

F

-
²  

ʠ ʧʦʵʪʦʤʫ  
3

1
min =m  

 

ɿʘʜʘʯʘ 20. 

ʄʘʩʩʘ ʢʦʣʝʩʘ m=100ʢʛ, ʘ ʝʛʦ ʨʘʜʠʫʩ R=0,5 ʤ. ʆʧʨʝʜʝʣʠʪʴ ʤʠʥʠʤʘʣʴʥʫʶ ʩʠʣʫ 
minF , ʢʦʪʦʨʫʶ 

ʥʫʞʥʦ ʧʨʠʣʦʞʠʪʴ ʢ ʢʦʣʝʩʫ, ʯʪʦʙʳ ʧʝʨʝʢʘʪʠʪʴ ʝʛʦ ʯʝʨʝʟ ʩʪʫʧʝʥʴʢʫ ʚʳʩʦʪʦʡ h=0,10 ʤ. ʅʘʡʪʠ ʪʘʢʞʝ 

ʤʠʥʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 
minm  ʤʝʞʜʫ ʢʦʣʝʩʦʤ ʠ ʚʳʩʪʫʧʦʤ ʩʪʫʧʝʥʴʢʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʦʞʥʦ 

ʵʪʦ ʩʜʝʣʘʪʴ. 

ƄƄƄƄƄ 

 
 

ʄʠʥʠʤʘʣʴʥʦʡ ʩʠʣʘ F  ʙʫʜʝʪ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʥʘ ʙʫʜʝʪ ʧʨʠʣʦʞʝʥʘ ʢ ʢʦʣʝʩʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʜʠʘʤʝʪʨʫ AC ʢʦʣʝʩʘ, ʧʨʦʭʦʜʷʱʝʤ ʯʝʨʝʟ ʪʦʯʢʫ ɸ ʚʳʩʪʫʧʘ ʩʪʫʧʝʥʴʢʠ ʠ ʪʦʯʢʫ ʆ ï ʮʝʥʪʨ ʢʦʣʝʩʘ.  

ʀʟ ʯʝʨʪʝʞʘ ʚʠʜʥʦ: 

R

hR-
=acos  

ʆʧʨʝʜʝʣʠʤ ʚʝʣʠʯʠʥʫ asin : 

R

hhR 2

2 2
cos1sin

-
=-= aa  

ɿʘʧʠʰʝʤ ʧʨʘʚʠʣʦ ʤʦʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ ɸ: 

,sin2 aRmgRF =Ö  

ʛʜʝ R2  - ʧʣʝʯʦ ʩʠʣʳ F , 

      asinR  - ʧʣʝʯʦ ʩʠʣʳ gm  

ʉʠʣʘ 
R

hRhmg
F

2

sin2 2 a-
=  ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʦʡ , ʝʩʣʠ 

2

p
a= : 

H
R

hRhmg
F 294

2

2 2

min =
-

=  

ʈʘʩʩʤʦʪʨʠʤ ʚʨʘʱʝʥʠʝ ʢʦʣʝʩʘ ʚʦʢʨʫʛ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʝʛʦ ʮʝʥʪʨ. ʇʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʪʫʧʘ ʩʪʫʧʝʥʴʢʠ ʤʦʤʝʥʪʳ ʩʠʣ minF  ʠ ʪʨF ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʮʝʥʪʨʘ ʢʦʣʝʩʘ ʚ ʤʦʤʝʥʪ ʦʪʨʳʚʘ ʢʦʣʝʩʘ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ: 

,min RFRF ʪʨ=  ʦʪʢʫʜʘ qm=¢= max

min 00 ʪʨʪʨ FFF  

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʢʦʣʝʩʘ ʚ ʧʨʦʝʢʮʠʠ ʥʘ ʝʛʦ ʜʠʘʤʝʪʨ ɸʉ: 

qa-= cos0 mg , ʦʪʢʫʜʘ 
( )
R

hRmg -
=q  - ʨʝʘʢʮʠʷ ʛʘ ʢʦʣʝʩʦ ʩʦ ʩʪʦʨʦʥʳ ʚʳʩʪʫʧʘ. 
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ʊʦʛʜʘ: 
( )
R

hRmg
F

-
¢
m

min
, ʦʪʢʫʜʘ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʤʝʞʜʫ ʢʦʣʝʩʦʤ ʠ 

ʚʳʩʪʫʧʦʤ ʩʪʫʧʝʥʴʢʠ:  

( )
325,0min =

-
=

hRmg

RFʪʨ
m  

 

ɿʘʜʘʯʘ 21.  

ʊʨʠ ʪʨʫʙʳ ʦʜʠʥʘʢʦʚʦʛʦ ʜʠʘʤʝʪʨʘ ʠ ʤʘʩʩʳ ʫʣʦʞʝʥʳ ʦʜʥʘ ʥʘ ʜʨʫʛʫʶ ʪʘʢ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ. 

ʆʧʨʝʜʝʣʠʪʴ ʤʠʥʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ m, ʧʨʠ ʢʦʪʦʨʦʤ ʪʨʫʙʳ ʝʱʸ ʙʫʜʫʪ ʦʩʪʘʚʘʪʴʩʷ 

ʥʝʧʦʜʚʠʞʥʳʤʠ.  

ƄƄƄƄƄ 

 
ʆʧʨʝʜʝʣʠʤ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʣʝʚʫʶ ʥʠʞʥʶʶ ʪʨʫʙʫ: 

F - ʩʠʣʘ ʜʘʚʣʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʚʝʨʭʥʝʡ ʪʨʫʙʳ, 

ʪʨF - ʩʠʣʘ ʪʨʝʥʠʷ ʤʝʞʜʫ ʪʨʫʙʘʤʠ, 

ʪʨf - ʩʠʣʘ ʪʨʝʥʠʷ ʤʝʞʜʫ ʪʨʫʙʦʡ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ, 

gm - ʩʠʣʘ ʪʷʞʝʩʪʠ, 

q- ʨʝʘʢʮʠʷ ʦʧʦʨʳ. 

 ʇʦ ʚʪʦʨʦʤʫ ʫʩʣʦʚʠʶ ʨʘʚʥʦʚʝʩʠʷ ʩʫʤʤʘ ʤʦʤʝʥʪʦʚ ʩʠʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ ʆ: 

,0=- ZfZF ʪʨʪʨ  

ʛʜʝ Z ï ʨʘʜʠʫʩ ʪʨʫʙʳ.  

ʇʦ ʧʝʨʚʦʤʫ ʫʩʣʦʚʠʶ ʨʘʚʥʦʚʝʩʠʷ ʩʫʤʤʘ ʧʨʦʝʢʮʠʡ ʩʠʣ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʦʩʴ ʪʘʢʞʝ ʨʘʚʥʘ ʥʫʣʶ: 

060cos30cos =-+ FFf ʪʨʪʨ  

ʆʯʝʚʠʜʥʦ, ʯʪʦ FFʪʨ m= . ʊʦʛʜʘ, ʠʩʢʣʶʯʘʷ ʠʭ ʦʙʦʠʭ ʫʨʘʚʥʝʥʠʡ ʥʝʠʟʚʝʩʪʥʫʶ ʪʨf , ʥʘʡʜʸʤ: 

32
32

1

30cos1

60cos
-=

+
=

+
²m  

 

ɿʘʜʘʯʘ 22.  

ʐʝʩʪʴ ʦʜʠʥʘʢʦʚʳʭ ʮʠʣʠʥʜʨʦʚ ʨʘʜʠʫʩʦʤ R ʢʘʞʜʳʡ ʫʣʦʞʝʥʳ ʪʘʢ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ. ʇʦʜ 

ʢʨʘʡʥʠʝ ʥʠʞʥʠʝ ʮʠʣʠʥʜʨʳ ʫʣʦʞʝʥʳ ʧʦʜʢʣʘʜʢʠ ʚʳʩʦʪʦʡ h, ʫʜʝʨʞʠʚʘʶʱʠʝ ʮʠʣʠʥʜʨʳ. ʆʧʨʝʜʝʣʠʪʴ 

ʥʘʠʤʝʥʴʰʫʶ ʚʳʩʦʪʫ ʧʦʜʢʣʘʜʦʢ. ʊʨʝʥʠʝʤ ʧʨʝʥʝʙʨʝʯʴ. 

ƄƄƄƄƄ 
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ʈʘʩʩʤʦʪʨʠʤ ʣʝʚʳʡ ʥʠʞʥʠʡ ʮʠʣʠʥʜʨ. ʅʘ ʥʝʛʦ ʜʝʡʩʪʚʫʶʪ: 

gm - ʩʠʣʘ ʪʷʞʝʩʪʠ, 

q- ʩʠʣʘ ʨʝʘʢʮʠʠ, 

f - ʩʠʣʘ ʨʝʘʢʮʠʠ ʧʦʜʢʣʘʜʢʠ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʧʦ ʨʘʜʠʫʩʫ ʦʪ ʪʦʯʢʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʮʠʣʠʥʜʨʘ ʩ 

ʧʦʜʢʣʘʜʢʦʡ ʢ ʮʝʥʪʨʫ ʮʠʣʠʥʜʨʘ, 

F2 - ʫʜʚʦʝʥʥʘʷ ʩʠʣʘ ʩʦ ʩʪʦʨʦʥʳ ʚʝʨʭʥʠʭ ʮʠʣʠʥʜʨʦʚ, ʩʪʨʝʤʷʱʘʷʩʷ ʧʝʨʝʢʘʪʠʪʴ ʥʠʞʥʠʡ ʣʝʚʳʡ 

ʮʠʣʠʥʜʨ ʚʣʝʚʦ ʦʪ ʧʨʝʧʷʪʩʪʚʠʷ ʚʳʩʦʪʦʡ h.  

ʊʦʯʢʦʡ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʝʥ ʧʦʚʦʨʦʪ, ʷʚʣʷʝʪʩʷ ʪʦʯʢʘ ɸ. ʇʝʨʝʢʘʪʳʚʘʥʠʷ ʥʝ ʧʨʦʠʟʦʡʜʸʪ 

ʧʨʠ ʫʩʣʦʚʠʠ: 

( ) 21 2 SFSmg ²-q  

ʄʦʤʝʥʪ ʩʠʣʳ f  ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ ɸ ʨʘʚʝʥ ʥʫʣʶ. ʇʦʩʢʦʣʴʢʫ (ʠʟ ʯʝʨʪʝʞʘ): 

( ),30sin,sin 21 aa -== RSRS  ʠʤʝʝʤ: 

( )
( )

( ),30sin
3

2
sin a

q
aq -

-
²-

Rmg
Rmg  

ʦʪʢʫʜʘ 
32

1
²atg  

ʀʟ ʨʠʩʫʥʢʘ: ( )acos1-=Rh . ʇʦʩʢʦʣʴʢʫ ,96,0
13

12
cos º<a  ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ ʜʣʷ ʚʳʩʦʪʳ 

ʧʨʦʢʣʘʜʢʠ: 

Rh 04,0²  

 

 

 

ɿʘʜʘʯʘ 23.  

ʇʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʪʷʛʠ ʧʦʝʟʜ ʦʩʪʘʥʦʚʠʣʩʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʧʫʪʠ ʯʝʨʝʟ ʚʨʝʤʷ t=60 ʩ. 

ʆʧʨʝʜʝʣʠʪʴ ʨʘʩʩʪʦʷʥʠʝ S, ʧʨʦʡʜʝʥʥʦʝ ʧʦʝʟʜʦʤ ʟʘ ʵʪʦ ʚʨʝʤʷ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʶ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʠ ʩʦʩʪʘʚʣʷʝʪ 2% ʦʪ ʚʝʩʘ ʚʩʝʛʦ ʩʦʩʪʘʚʘ.  

ƄƄƄƄƄ 
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ɿʘʧʠʰʝʤ ʚʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ: 

amgmFʩʦʧʨ =++q  

ʉʧʨʦʝʢʪʠʨʫʝʤ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʠ ʚʝʨʪʠʢʘʣʴʥʫʶ ʦʩʠ ʩ ʫʯʸʪʦʤ ʪʦʛʦ, ʯʪʦ  

:02,0, mgFaa ʩʦʧʨx -=-=  

mga

ga

=

= ,02,0
 

ʇʫʪʴ, ʧʨʦʡʜʝʥʥʳʡ ʧʦʝʟʜʦʤ, ʜʚʠʞʫʱʠʤʩʷ ʩ ʥʘʯʘʣʴʥʦʡ ʩ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ Vʟʘ ʚʨʝʤʷ t: 

 

ʘ ʝʛʦ ʩʢʦʨʦʩʪʴ:  

ʇʦʩʢʦʣʴʢʫ ʧʦʩʣʝʜʥʷʷ ʨʘʚʥʘ V=0 (ʧʦʝʟʜ ʦʩʪʘʥʦʚʠʣʩʷ), ʠʤʝʝʤ: 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ: 

 

ɿʘʜʘʯʘ 24.  

ʏʝʨʝʟ ʩʢʦʣʴʢʦ ʩʝʢʫʥʜ ʪʝʣʦ, ʙʨʦʰʝʥʥʦʝ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ ʩʦ ʩʢʦʨʦʩʪʴʶ , ʫʧʘʣʦ ʥʘ 

ʟʝʤʣʶ, ʝʩʣʠ ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʥʝ ʟʘʚʠʩʝʣʘ ʦʪ ʩʢʦʨʦʩʪʠ ʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʣʘ? 

ƄƄƄƄƄ 

 
ʈʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ ʜʚʠʞʝʥʠʝ ʪʝʣʘ ʚʚʝʨʭ (ʦʪ ʤʦʤʝʥʪʘ ʙʨʦʩʢʘ ʜʦ ʪʦʯʢʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʜʲʸʤʘ). 

ɿʘʧʠʰʝʤ ʚʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ: 


