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ʇʈɽɼʀʉʃʆɺʀɽ 

 

ʅʘʩʪʦʷʱʝʝ ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʦʩʥʦʚʥʳʝ ʪʝʤʳ ʨʘʟʜʝʣʘ 

çʄʝʭʘʥʠʢʘè, çʕʣʝʢʪʨʠʯʝʩʪʚʦè ʠ çʄʘʛʥʝʪʠʟʤè ʢʫʨʩʘ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠ ʧʦʣ-

ʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤʫ ʩʪʘʥʜʘʨʪʫ 

ʚʩrh ʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ.   

ɺʝʩʴ ʤʘʪʝʨʠʘʣ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ 16 ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ. ɼʣʷ ʢʘʞ-

ʜʦʛʦ ʠʟ ʥʠʭ ʧʝʨʝʯʠʩʣʝʥʳ ʦʩʥʦʚʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʩʪʫʜʝʥʪʘʤ, ʧʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʘ ʪʘʢʞʝ ʟʘʜʘʯʠ ʜʣʷ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʥʘ ʟʘʥʷʪʠʷʭ. ɿʘʜʘʯʠ ʧʦʜʦʙʨʘʥʳ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʡ  ʪʘʢʠʭ ʢʘʢ: ɸ.ɻ. ʏʝʨʪʦʚ, ɸ.ɸ. ɺʦʨʦʙʴʝʚ çɿʘʜʘʯʥʠʢ ʧʦ ʬʠ-

ʟʠʢʝè, ʀ.ʃ. ʂʘʩʘʪʢʠʥʘ çʈʝʧʝʪʠʪʦʨ ʧʦ ʬʠʟʠʢʝè, ʅ.ɺ. ʊʫʨʯʠʥʘ, ʃ.ʀ. ʈʫʜʘʢʦʚʘ ʠ 

ʜʨ. ç3800 ʟʘʜʘʯ ʧʦ ʬʠʟʠʢʝè, ɸʢʩʝʥʦʚʠʯ ʃ.ɸ. ʠ ʜʨ. çʌʠʟʠʢʘ. ʇʨʘʢʪʠʯʝʩʢʠʝ ʟʘ-

ʥʷʪʠʷè, ʅ.ɸ. ʇʘʨʬʝʥʪʴʝʚʘ,  ʄ.ɺ. ʌʦʤʠʥʘ çʇʨʘʚʠʣʴʥʳʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦ ʬʠ-

ʟʠʢʝè, ʊ.ʀ. ʊʨʦʬʠʤʦʚʘ, ɿ.ɻ. ʇʘʚʣʦʚʘ çʉʙʦʨʥʠʢ ʟʘʜʘʯ ʧʦ ʢʫʨʩʫ ʬʠʟʠʢʠè,   

ʇʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ  ʦʙʱʝʡ ʬʠʟʠʢʠ ʠ ʩʪʫʜʝʥʪʦʚ ʪʝʭʥʠ-

ʯʝʩʢʠʭ ʚʫʟʦʚ.  
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ʊʝʤʘ 1 

ʂʠʥʝʤʘʪʠʢʘ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

 

ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ 

§ ʇʦʣʦʞʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘʜʘʝʪʩʷ ʨʘʜʠʫʩʦʤ-

ʚʝʢʪʦʨʦʤ r :  

r=ix+jy+kz, 

ʛʜʝ   i, j , k ïʝʜʠʥʠʯʥʳʝ ʚʝʢʪʦʨʳ ʥʘʧʨʘʚʣʝʥʠʡ (ʦʨʪʳ);  x, y, z ï ʢʦʦʨʜʠʥʘʪʳ 

ʪʦʯʢʠ. 

ʂʠʥʝʤʘʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ (ʮʝʥʪʨʘ ʤʘʩʩ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ) ʚʜʦʣʴ ʦʩʠ ʍ: 

x = f(t), 

ʛʜʝ f(t) - ʥʝʢʦʪʦʨʘʷ ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʠ. 

§ ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ  

t

r

D

D
=

C
C
u . 

  ʉʨʝʜʥʷʷ ʧʫʪʝʚʘʷ ʩʢʦʨʦʩʪʴ  

t

S

D

D
=u , 

ʛʜʝ DS - ʧʫʪʴ, ʧʨʦʡʜʝʥʥʳʡ ʪʦʯʢʦʡ ʟʘ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ Dt. 

 ʄʛʥʦʚʝʥʥʘʷ ʩʢʦʨʦʩʪʴ   

ɡ= =
dt

rd
C

 iɡx+jɡy+kɡz 

dt

dx
x =u ,  

dt

dy
y =u ,   

dt

dz
z =u - ʧʨʦʝʢʮʠʠ  ʩʢʦʨʦʩʪʠ u ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ. 

ʄʦʜʫʣʴ ʩʢʦʨʦʩʪʠ 
222

zyx uuuu ++=  

§ ʋʩʢʦʨʝʥʠʝ 

ʘ= =
dt

du
C

 iʘx+jʘy+kʘz, 

 

dt

d
a x

x

u
= , 

dt

d
a

y

y

u
= , 

dt

d
a z

z

u
= - ʧʨʦʝʢʮʠʠ ʫʩʢʦʨʝʥʠʷ ʘ ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ. 

ʄʦʜʫʣʴ ʫʩʢʦʨʝʥʠʷ  
222

zyx ʘʘʘʘ ++=  

ʇʨʠ ʢʨʠʚʦʣʠʥʝʡʥʦʤ ʜʚʠʞʝʥʠʠ ʧʦʣʥʦʝ ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ (ʠʣʠ ʪʝʣʘ) ʷʚ-

ʣʷʝʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʫʤʤʦʡ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ (ʢʘʩʘʪʝʣʴʥʦʡ) ʠ ʥʦʨʤʘʣʴʥʦʡ 

(ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʡ) ʩʦʩʪʘʚʣʷʶʱʠʭ. 

 ʄʦʜʫʣʠ ʵʪʠʭ ʫʩʢʦʨʝʥʠʡ: 

R
ʘn

2u
= ;         

dt

d
ʘ

u
t= , 

ʛʜʝ R- ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʪʨʘʝʢʪʦʨʠʠ.  
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ʇʦʣʥʦʝ ʫʩʢʦʨʝʥʠʝ 

ʊʘʙʣʠʮʘ 1.1 

ɺʠʜʳ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ 
ʈʘʚʥʦʤʝʨʥʦʝ ʧʨʷʤʦʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ ʈʘʚʥʦʧʝʨʝʤʝʥʥʦʝ ʧʨʷʤʦʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ 

ʂʠʥʝʤʘʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʚʜʦʣʴ ʦʩʠ ʭ 

txx u+= 0
, 

ʛʜʝ ʭ0-ʥʘʯʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ, t- ʚʨʝʤʷ. 2

2

00

at
txx ++= u ,  

ʛʜʝ ɡ0- ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ. 

ʇʨʦʡʜʝʥʥʳʡ ʧʫʪʴ 

tS u=  

2

2

0

at
tS +=u  

ʉʢʦʨʦʩʪʴ ʪʦʯʢʠ 

t

S
=u  

at+= 0uu  

ʋʩʢʦʨʝʥʠʝ ʪʦʯʢʠ 

0=ʘ  

t
ʘ 0uu-=  

 

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ  

 

ʇʨʷʤʦʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ 

ʇʨʠʤʝʨ 1. ʂʠʥʝʤʘʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʧʦ 

ʧʨ̫ʤʦʡ (ʦʩʴ x) ʠʤʝʝʪ ʚʠʜ x=A+Bt+Ct3, ʛʜʝ A=4ʤ, ɺ=2ʤ/ʩ, ʉ=-0,5ʤ/ʩ3. ɼʣʷ ʤʦ-

ʤʝʥʪʘ ʚʨʝʤʝʥʠ t1=2c ʦʧʨʝʜʝʣʠʪʴ: 1) ʢʦʦʨʜʠʥʘʪʫ ʭ1 ʪʦʯʢʠ, 2) ʤʛʥʦʚʝʥʥʫʶ ʩʢʦ-

ʨʦʩʪʴ ɡ1, 3) ʤʛʥʦʚʝʥʥʦʝ ʫʩʢʦʨʝʥʠʝ ʘ1. 

ʈʝhʝʥʠʝ. 1. ʂʦʦʨʜʠʥʘʪʫ ʪʦʯʢʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʠʟʚʝʩʪʥʦ ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ ʫʨʘʚ-

ʥʝʥʠʝ ʜʚʠʞʝʥʠʷ, ʥʘʡʜʝʤ, ʧʦʜʩʪʘʚʠʚ ʚ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʚʤʝʩʪʦ t  ʟʘʜʘʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʠ t1: 

x=A+Bt1+C 3

1t . 

ʇʦʜʩʪʘʚʠʚ ʚ ʵʪʦ ʚʳʨʘʞʝʥʠʝ A, ɺ, ʉ, t1 ʠ ʧʨʦʠʟʚʝʜʝʤ ʚʳʯʠʩʣʝʥʠʷ: 

ʭ1=(4+4-4)ʤ=4ʤ. 

2.ʄʛʥʦʚʝʥʥʫʶ ʩʢʦʨʦʩʪʴ ʚ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʘʡʜʝʤ, ʧʨʦ-

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʚ ʢʦʦʨʜʠʥʘʪʫ ʭ ʧʦ ʚʨʝʤʝʥʠ: 23CtB
dt

dx
+==u . 

ʊʦʛʜʘ ʚ ʟʘʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t1 ʤʛʥʦʚʝʥʥʘʷ ʩʢʦʨʦʩʪʴ 2

11 3CtB+=u . 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʟʥʘʯʝʥʠʡ ʧʦʣʫʯʠʤ: 

ʩʤ/41 -=u . 

ɿʥʘʢ ʤʠʥʫʩ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t1=2c ʪʦʯʢʘ ʜʚʠʛʘʣʘʩʴ ʚ ʦʪʨʠʮʘ-

ʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʭ. 

22

tʘʘʘ n +=
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3.ʄʛʥʦʚʝʥʥʦʝ ʫʩʢʦʨʝʥʠʝ ʚ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʘʡʜʝʤ, ʚʟʷʚ 

ʚʪʦʨʫʶ ʧʨʦʠʟʚʦʜʥʫʶ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʭ ʧʦ ʚʨʝʤʝʥʠ: 

 Ct
dt

d

dt

xd
a 6

2

2

===
u

. ʄʛʥʦʚʝʥʥʦʝ ʫʩʢʦʨʝʥʠʝ ʚ ʟʘʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t1 

ʨʘʚʥʦ 
11 6Cta = . ɺʳʯʠʩʣʷʝʤ: 2

1 /6 ʩʤa -= . 

 ɿʥʘʢ ʤʠʥʫʩ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʫʩʢʦʨʝʥʠʷ ʩʦʚʧʘʜʘ-

ʝʪ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʩʠ. 

 

ʂʨʠʚʦʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ 

ʇʨʠʤʝʨ 2. ɸʚʪʦʤʦʙʠʣʴ ʜʚʠʞʝʪʩʷ ʧʦ ʟʘʢʨʫʛʣʝʥʠʶ ʰʦʩʩʝ, ʠʤʝʶʱʝʤʫ ʨʘʜʠʫʩ 

ʢʨʠʚʠʟʥʳ R=50ʤ. ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ɝ(t)=A+Bt+Ct2, ʛʜʝ 

ɸ=10ʤ, ɺ=10ʤ/ʩ, ʉ=-0,5ʤ/ʩ2. ʅʘʡʪʠ: 1) ʩʢʦʨʦʩʪʴ ɡ ʘʚʪʦʤʦʙʠʣʷ, ʝʛʦ ʪʘʥʛʝʥʮʠ-

ʘʣʴʥʦʝ ŬŰ, ʥʦʨʤʘʣʴʥʦʝ Ŭn ʠ ʧʦʣʥʦʝ Ŭ ʫʩʢʦʨʝʥʠʷ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t1=5c; 2) 

ʜʣʠʥʫ ʧʫʪʠ s ʘʚʪʦʤʦʙʠʣʷ ʟʘ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ Ű=10ʩ, ʦʪʩʯʠʪʘʥʥʳʡ ʩ ʤʦʤʝʥʪʘ 

ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ. 

ʈʝhʝʥʠʝ. 1. ɿʥʘʷ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ, ʥʘʡʜʝʤ ʩʢʦʨʦʩʪʴ, ʚʟʷʚ ʧʝʨʚʫʶ ʧʨʦʠʟ-

ʚʦʜʥʫʶ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʧʦ ʚʨʝʤʝʥʠ: 

 CtB
dt

d
2+==

x
u . ʇʦʜʩʪʘʚʠʚ ʚ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʟʥʘʯʝʥʠʷ ɺ, ʉ, t1 ʠ ʧʨʦʠʟʚʝʜʝʤ 

ʚʳʯʠʩʣʝʥʠʷ:  ʩʤ/5=u . 

ʊʘʥʛʝʥʮʠʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʥʘʡʜʝʤ, ʚʟʷʚ ʧʝʨʚʫʶ ʧʨʦʠʟʚʦʜʥʫʶ ʦʪ ʩʢʦʨʦʩʪʠ 

ʧʦ ʚʨʝʤʝʥʠ ʉ
dt

d
ʘ 2==

u
t . ʇʦʜʩʪʘʚʠʚ ʟʥʘʯʝʥʠʝ ʉ, ʧʦʣʫʯʠʤ 2/1 ʩʤʘ -=t . 

ʅʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 
R

ʘn

2u
= . ʇʦʜʩʪʘʚʠʤ ʩʶʜʘ 

ʥʘʡʜʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠ ʟʘʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʜʠʫʩʘ ʢʨʠʚʠʟʥʳ ʪʨʘʝʢ-

ʪʦʨʠʠ ʠ ʧʨʦʠʟʚʝʜʝʤ ʚʳʯʠʩʣʝʥʠʷ: 
2/5,0 ʩʤʘn = . 

ʄʦʜʫʣʴ ʧʦʣʥʦʛʦ ʫʩʢʦʨʝʥʠʷ 22

tʘʘʘ n += . ʇʦʜʩʪʘʚʠʚ ʚ ʵʪʦ ʚʳʨʘʞʝʥʠʝ 

ʥʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ nʘʠ tʘ, ʧʦʣʫʯʠʤ 
2/1 ʩʤʘ= . 

2.ʇʫʪʴ, ʧʨʦʡʜʝʥʥʳʡ ʘʚʪʦʤʦʙʠʣʝʤ  ʨʘʚʝʥ ʠʟʤʝʥʝʥʠʶ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʢʦ-

ʦʨʜʠʥʘʪʳ ɝ, ʪ.ʝ.   )0()( xtx -=S , ʠʣʠ 22 tttt CBACBAS +=-++= . 

ʇʦʜʩʪʘʚʠʤ ʚ ʧʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʟʥʘʯʝʥʠʷ ɺ, ʉ, Ű ʠ ʧʨʦʠʟʚʝʜʝʤ ʚʳʯʠʩʣʝ-

ʥʠʷ: S=50ʤ. 

ɿʘʜʘʯʠ ʜʣʷ ʨʝʰʝʥʠʷ 

 

ʇʨʷʤʦʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ 

1.1 ɼʚʠʞʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʟʘʜʘʥʦ ʫʨʘʚʥʝʥʠʝʤ x=At+Bt2, ʛʜʝ A=4 ʤ/ʩ, 

ɺ=-0,05 ʤ/ʩ2. ʆʧʨʝʜʝʣʠʪʴ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʚ ʢʦʪʦʨʳʡ ʩʢʦʨʦʩʪʴ ɡ ʪʦʯʢʠ ʨʘʚʥʘ 

ʥʫʣʶ. ʅʘʡʪʠ ʢʦʦʨʜʠʥʘʪʫ ʠ ʫʩʢʦʨʝʥʠʝ ʚ ʵʪʦʪ ʤʦʤʝʥʪ. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʢʦʦʨʜʠʥʘʪʳ, ʧʫʪʠ, ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʵʪʦʛʦ ʜʚʠʞʝʥʠʷ ʦʪ ʚʨʝ-

ʤʝʥʠ. 
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1.2 ɼʚʠʞʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʟʘʜʘʥʦ ʫʨʘʚʥʝʥʠʝʤ x=At+Bt2+Dt3,  ʛʜʝ 

A=5 ʤ/ʩ, ɺ=-0,1 ʤ/ʩ2 D=0,01ʤ/ʩ3. ʆʧʨʝʜʝʣʠʪʴ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʚ ʢʦʪʦʨʳʡ 

ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ ʨʘʚʥʦ ʥʫʣʶ. ʅʘʡʪʠ ʢʦʦʨʜʠʥʘʪʫ ʠ ʩʢʦʨʦʩʪʴ ʚ ʵʪʦʪ ʤʦʤʝʥʪ. 

1.3. ɼʚʠʞʝʥʠʷ ʜʚʫʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ ʚʳʨʘʞʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ: 

x1=A1+B1t+C1t
2, x2=A2+B2t+C2t

2,ʛʜʝ ɸ1=20ʤ, ɸ2=2ʤ, ɺ1=ɺ2=2ʤ/ʩ, ʉ1=-4ʤ/ʩ2, 

ʉ2=0,5ʤ/ʩ
2. ɺ ʢʘʢʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʩʢʦʨʦʩʪʠ ʵʪʠʭ ʪʦʯʝʢ ʙʫʜʫʪ ʦʜʠʥʘʢʦʚʳ-

ʤʠ? ʆʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʠ  ɡ1 ʠ ɡ2 ʠ ʫʩʢʦʨʝʥʠʷ ʘ1 ʠ ʘ2 ʪʦʯʝʢ ʚ ʵʪʦʪ ʤʦʤʝʥʪ. 

1.4. ɼʚʝ ʤʘʪʝʨʠʘʣʴʥʳʝ ʪʦʯʢʠ ʜʚʠʞʫʪʩʷ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʷʤ: 

x1=A1t+B1t
2+C1t

3,  x2=A2t+B2t
2+C2t

3, ʛʜʝ ɸ1=4 ʤ/ʩ, ɺ1=8ʤ/ʩ
2, ʉ1=-16 ʤ/ʩ3, ɸ2=2 

ʤ/ʩ, ɺ2=-4 ʤ/ʩ2, ʉ2=1 ʤ/ʩ3. ɺ ʢʘʢʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʫʩʢʦʨʝʥʠʷ ʵʪʠʭ ʪʦʯʝʢ 

ʙʫʜʫʪ ʦʜʠʥʘʢʦʚʳ? ʅʘʡʪʠ ʩʢʦʨʦʩʪʠ ɡ1 ʠ ɡ2 ʪʦʯʝʢ ʚ ʵʪʦʪ ʤʦʤʝʥʪ. 

 

ʂʨʠʚʦʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ 

1.5. ɼʚʠʞʝʥʠʝ ʪʦʯʢʠ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʦʤ R=4 ʤ ʟʘʜʘʥʦ ʫʨʘʚʥʝʥʠʝʤ 

ɝ=ɸ+ɺt+Ct2, ʛʜʝ ɸ=10 ʤ, ɺ=-2 ʤ/ʩ, ʉ=1 ʤ/ʩ2. ʅʘʡʪʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ŬŰ, ʥʦʨ-

ʤʘʣʴʥʦʝ Ŭn, ʠ ʧʦʣʥʦʝ Ŭ  ʫʩʢʦʨʝʥʠʷ ʪʦʯʢʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t1=2 c. 

1.6. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʡʜʝʥʥʦʛʦ ʪʝʣʦʤ ʧʫʪʠ  ʧʦ ʢʨʠʚʦʡ ʨʘʜʠʫʩʦʤ 3ʤ ʟʘʜʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ s=At2+Bt (A=0,4 ʤ/ʩ2, ɺ=0,1 ʤ/ʩ). ʆʧʨʝʜʝʣʠʪʝ ʜʣʷ ʤʦʤʝʥʪʘ ʚʨʝ-

ʤʝʥʠ 1ʩ ʧʦʩʣʝ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ ʫʩʢʦʨʝʥʠʝ: 1) ʥʦʨʤʘʣʴʥʦʝ, 2) ʪʘʥʛʝʥʮʠʘʣʴ-

ʥʦʝ, 3) ʧʦʣʥʦʝ. 

1.7. ʊʦʯʢʘ ʜʚʠʞʝʪʩʷ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʦʤ R=2 ʤ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ 

ɝ=ɸt3, ʛʜʝ ɸ=2 ʤ/ʩ. ɺ ʢʘʢʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʥʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ 

ʙʫʜʝʪ ʨʘʚʥʦ ʪʘʥʛʝʥʮʠʘʣʴʥʦʤʫ? ʆʧʨʝʜʝʣʠʪʴ ʧʦʣʥʦʝ ʫʩʢʦʨʝʥʠʝ ʚ ʵʪʦʪ ʤʦʤʝʥʪ. 

1.8. ʇʦ ʜʫʛʝ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʦʤ 3 ʤ ʜʚʠʞʝʪʩʷ ʪʦʯʢʘ. ɺ ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʥʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ an=1,5 ʤ/ʩ2; ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʚʝʢʪʦʨʳ 

ʧʦʣʥʦʛʦ ʠ ʥʦʨʤʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʡ ʦʙʨʘʟʫʶʪ ʫʛʦʣ 300. ʅʘʡʪʠ ʩʢʦʨʦʩʪʴ ʠ ʪʘʥ-

ʛʝʥʮʠʘʣʥɹʦʝ ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ. 

1.9. ʄʘʪʝʨʠʘʣʴʥʘʷ ʪʦʯʢʘ ʥʘʯʠʥʘʝʪ ʜʚʠʛʘʪʴʩʷ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʦʤ R=2 ʤ  

ʩ ʧʦʩʪʦʷʥʥʳʤ ʪʘʥʛʝʥʮʠʘʣʴʥʳʤ ʫʩʢʦʨʝʥʠʝʤ 5 ʤ/ʩ2. ʆʧʨʝʜʝʣʠʪʝ: 1) ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʝʢʪʦʨ ʧʦʣʥʦʛʦ ʫʩʢʦʨʝʥʠʷ  ʦʙʨʘʟʫʝʪ ʩ ʚʝʢʪʦʨʦʤ ʩʢʦʨʦ-

ʩʪʠ ʫʛʦʣ  600. 

   

 

ʊʝʤʘ 2 

 ɼʠʥʘʤʠʢʘ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

 

ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ 

§ ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ (ʚʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ):  

ʚ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ 

ä
-

=
N

i

iF
dt

pd

1

CC

, ʠʣʠ ä
-

=
N

i

iFam
1

CC
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  ʛʜʝ ä
-

N

i

iF
1

C
 -  ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʫʤʤʘ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ  ʥʘ ʤʘʪʝʨʠʘʣʴʥʫʶ 

ʪʦʯʢʫ; m- ʤʘʩʩʘ; ʘ ï ʫʩʢʦʨʝʥʠʝ;  u
GC

mp=  - ʠʤʧʫʣʴʩ;  N-ʯʠʩʣʦ ʩʠʣ, ʜʝʡʩʪʚʫ-

ʶʱʠʭ ʥʘ ʪʦʯʢʫ; 

ʚ ʢʦʦʨʜʠʥʘʪʥʦʡ ʬʦʨʤʝ (ʩʢʘʣʷʨʥʦʡ)  

ä= xix Fma , ä= yiy Fma , ä= ziz Fma , 

ʛʜʝ ʧʦʜ ʟʥʘʢʦʤ ʩʫʤʤʳ ʩʪʦʷʪ ʧʨʦʝʢʮʠʠ ʩʠʣ iF  ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʩʠ ʢʦʦʨ-

ʜʠʥʘʪ. 

§ ʆʩʥʦʚʥʳʝ ʩʠʣʳ ʚ ʜʠʥʘʤʠʢʝ ʠʣʣʶʩʪʨʠʨʫʶʪʩʷ ʩʣʝʜʫʶʱʝʡ ʪʘʙʣʠʮʝʡ: 

 

ʊʘʙʣʠʮʘ 2.1 

 ʉʀʃʓ ɺ ɼʀʅɸʄʀʂɽ 

ʅʘʟʚʘʥʠʝ ʆʧʨʝʜʝʣʝʥʠʝ ʌʦʨʤʫʣʘ  

ʠʣʠ ʦʙʦʟʥʘʯʝʥʠʝ 

ʈʠʩʫʥʦʢ 

ʉʠʣʘ  

ɺʩʝʤʠʨʥʦʛʦ 

ʪʷʛʦʪʝʥʠʷ 

ʉʠʣʘ, ʩ ʢʦʪʦʨʦʡ ʚʩʝ ʪʝʣʘ ʧʨʠʪʷ-

ʛʠʚʘʶʪʩʷ ʜʨʫʛ  ʢ ʜʨʫʛʫ. 

ʅʘʧʨʘʚʣʝʥʘ ʧʦ ʧʨʷʤʦʡ, ʩʦʝʜʠ-

ʥʷʶʱʝʡ ʮʝʥʪʨʳ ʪʝʣ. 

2

21

r

mm
GF =  

r- ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥ-

ʪʨʘʤʠ ʪʝʣ. 

G=6,67 10-11ʅʤ2/ʢʛ2- ʛʨʘ-

ʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʥ̫ʥʘʷ 

 

ʉʠʣʘ  

ʪʷʞʝʩʪʠ 

ʉʠʣʘ, ʩ ʢʦʪʦʨʦʡ ɿʝʤʣʷ ʧʨʠʪʷ-

ʛʠʚʘʝʪ ʢ ʩʝʙʝ ʚʩʝ ʪʝʣʘ (ʯʘʩʪʥʳʡ 

ʩʣʫʯʘʡ ʩʠʣʳ ɺʩʝʤʠʨʥʦʛʦ ʪʷʛʦ-

ʪʝʥʠʷ). 

ʅʘʧʨʘʚʣʝʥʘ ʚʥʠʟ ʢ ɿʝʤʣʝ. 

 

mg
R

mM
GF

ʟ

ʟ ==
2

 

2

2
/8,9 ʩʤ

R

M
Gg

ʟ

ʟ==  

 

ʉʠʣʘ  

ʫʧʨʫʛʦʩʪʠ 

ʉʠʣʘ, ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʘʝʪ ʧʨʠ 

ʣʶʙʳʭ ʜʝʬʦʨʤʘʮʠʷʭ. 

ʅʘʧʨʘʚʣʝʥʘ ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠ-

ʚʦʧʦʣʦʞʥʫʶ ʥʘʧʨʘʚʣʝʥʠʶ 

ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʪʝʣʘ. 

kxF
ʫʧʨ
-=  

ʢ- ʢʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦ-

ʩʪʠ 

ʭ- ʫʜʣʠʥʝʥʠʝ (ʩʞʘʪʠʝ) 

 

ʉʠʣʘ  

ʨʝʘʢʮʠʠ 

ʦʧʦʨʳ 

ʏʘʩʪʥʳʡ ʩʣʫʯʘʡ ʩʠʣʳ ʫʧʨʫʛʦ-

ʩʪʠ. 

ʅʘʧʨʘʚʣʝʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

 

N 
 

ʉʠʣʘ  

ʥʘʪ̫ʞʝʥʠʷ 

ʥʠʪʠ 

ʏʘʩʪʥʳʡ ʩʣʫʯʘʡ ʩʠʣʳ ʫʧʨʫʛʦ-

ʩʪʠ. 

ʅʘʧʨʘʚʣʝʥʘ ʦʪ ʪʝʣʘ ʧʦ ʥʠʪʠ. 

 

 

T 
 

ʉʠʣʘ ʪʨʝʥʠʷ 

ʩʢʦʣʞɹʝʥʠʷ 

ʉʠʣʘ, ʚʦʟʥʠʢʘʶʱʘʷ, ʧʨʠ ʜʚʠ-

ʞʝʥʠʠ ʦʜʥʦʛʦ ʪʝʣʘ ʧʦ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʜʨʫʛʦʛʦ. 

ʅʘʧʨʘʚʣʝʥʘ ʧʨʦʪʠʚ ʜʚʠʞʝʥʠʷ 

ʪʝʣʘ. 

 

NFʪʨ m=  

Õ-ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

ʩʢʦʣʞɹʝʥʠʷ 

 

   F1,2        F2,1 

r 

gm
C

 
 

 

gm
C

 

N
C

 

ʪʨF
C

 

u
C
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ɺʝʩ ʪʝʣʘ ʉʠʣʘ, ʩ ʢʦʪʦʨʦʡ ʪʝʣʦ, ʚʩʣʝʜ-

ʩʪʚʠʝ ʧʨʠʪʷʞʝʥʠʷ ʢ ʟʝʤʣʝ ʜʘ-

ʚʠʪ ʥʘ ʦʧʦʨʫ ʠʣʠ ʨʘʩʪʷʛʠʚʘʝʪ 

ʧʦʜʚʝʩ. 

ʅʘʧʨʘʚʣʝʥʘ ʚʥʠʟ, ʢ ɿʝʤʣʝ. 

mgP=  (ʪʝʣʦ ʚ ʧʦʢʦʝ) 

)( agmP -=  (ʪʝʣʦ ʜʚʠ-

ʞʝʪʩʷ ʩ ʫʩʢʦʨʝʥʠʝʤ ʚʥʠʟ) 

)( agmʈ += (ʪʝʣʦ ʜʚʠ-

ʞʝʪʩʷ ʩ ʫʩʢʦʨʝʥʠʝʤ ʚʚʝʨʭ) 

0=P (ʪʝʣʦ ʜʚʠʞʝʪʩʷ ʩ 

ʫʩʢʦʨʝʥʠʝʤ ʩʚʦʙʦʜʥʦʛʦ 

ʧʘʜʝʥʠʷ 

 

 

 

 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʥʘ ʜʠʥʘʤʠʢʫ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʣɹʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʤ ʘʣʛʦʨʠʪʤʦʤ:   

ʉʭʝʤʘ 2.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ʇʨʠʤʝʨ 1.ʊʝʣʦ ʤʘʩʩʦʡ 50 ʢʛ ʜʚʠʞʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ 300 ʅ. ʆʧʨʝʜʝ-

ʣʠʪʴ ʫʩʢʦʨʝʥʠʝ, ʩ ʢʦʪʦʨʳʤ ʜʚʠʞʝʪʩʷ ʪʝʣʦ ʚ ʜʚʫʭ ʩʣʫʯʘʷʭ: 1) ʩʠʣʘ ʥʘʧʨʘʚʣʝʥʘ 

Ȭ
ȷ
ȯ
Ⱥ
ȼ
ȴ
Ⱦ
ȸ
 
ȼ
ȱ
Ʉ
ȱ
ȹ
ȴ
ɋ
 
ȳ
Ȭ
Ȱ

Ȭ
Ƀ
 
Ȼ
Ⱥ
 
Ȱ
ȴ
ȹ
Ȭ
ȸ
ȴ
ȶ
ȱ

 

ɸʅɸʃʀɿ ʋʉʃʆɺʀʗ ɿɸɼɸʏʀ 

ɿɸʇʀʉʔ ʋʉʃʆɺʀʗ 

ʇʆʉʊʈʆɽʅʀɽ ʏɽʈʊɽɾɸ. ɺʓɹʆʈ ʉʀʉʊɽʄʓ ʆʊʉʏɽʊɸ 

ʈɸʉʉʊɸʅʆɺʂɸ ɼɽʁʉʊɺʋʖʑʀʍ ʉʀʃ 

ɿɸʇʀʉʔ ʋʈɸɺʅɽʅʀʗ ɼɺʀɾɽʅʀʗ 

 (1 ʀʃʀ 2 ɿɸʂʆʅɸ ʅʔʖʊʆʅɸ) ɺ ɺɽʂʊʆʈʅʆʁ ʌʆʈʄɽ 

ɿɸʇʀʉʔ ʇʈʆɽʂʎʀʁ ʋʈɸɺʅɽʅʀʗ ʅɸ ʂʆʆʈɼʀʅɸʊʅʓɽ ʆʉʀ 

ʉʆɺʄɽʉʊʅʆɽ ʈɽʐɽʅʀɽ ʋʈɸɺʅɽʅʀʁ 

ɺʓʏʀʉʃɽʅʀʗ, ɸʅɸʃʀɿ ʆʊɺɽʊɸ 
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ʛʦʨʠʟʦʥʪʘʣʴʥʦ; 2) ʩʠʣʘ ʥʘʧʨʘʚʣʝʥʘ ʧʦʜ ʫʛʣʦʤ 300 ʢ  ʛʦʨʠʟʦʥʪʫ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʨʝʥʠʷ 0,1. 

ʈʝhʝʥʠʝ.   1.ɺʳʧʦʣʥʠʤ ʯʝʨʪʝʞ ʠ ʨʘʩʩʪʘʚʠʤ ʚʩʝ ʜʝʡʩʪʚʫʶʱʠʝ ʩʠʣʳ: 

 

ɿʘʧʠʰʝʤ 2 ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʚ ʚʝʢ-

ʪʦʨʥʦʤ ʚʠʜʝ amNFgmF ʪʨ

CCCCC
=+++         

(1).  

ɼʘʣʝʝ, ʩʣʝʜʫʷ ʘʣʛʦʨʠʪʤʫ, ʟʘʧʠʰʝʤ 

ʵʪʦʪ ʟʘʢʦʥ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʦʩʠ ʢʦ-

ʦʨʜʠʥʘʪ: 

maFF ʪʨ=- :ʦʭ    (2).  

ɼʣʷ  ʥʘʭʦʞʜʝʥʠʷ ʠʩʢʦʤʦʛʦ ʫʩʢʦʨʝ-

ʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʩʠʣʫ ʪʨʝʥʠʷ 

ʧʦ ʬʦʨʤʫʣʝ NFʪʨ m= .  

ʉʠʣʫ ʨʝʘʢʮʠʠ ʦʧʦʨʳ N ʥʘʡʜʝʤ, ʩʧʨʦʝʮʠʨʦʚʘʚ (1) ʥʘ ʦʩʴ ʫ: 

0=-mgN , ʦʪʢʫʜʘ mgN=  ʠ mgFʪʨ m= , ʧʦʜʩʪʘʚʠʤ ʚ (2) 

mamgF =-m . ɺʳʨʘʟʠʤ ʫʩʢʦʨʝʥʠʝ: 
m

mgF
a

m-
= . 

ʇʨʦʠʟʚʝʜʝʤ ʚʳʯʠʩʣʝʥʠʷ 2/02,5
50

8,9501,0300
ʩʤʘ =

ÖÖ-
=  

2.ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʠʣʘ ʪʷʛʠ  ʥʘʧʨʘʚʣʝʥʘ ʧʦʜ ʫʛʣʦʤ 300, ʨʠʩʫʥʦʢ ʚʳʛʣʷʜʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

ɿʘʧʠʰʝʤ 2 ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʚ ʚʝʢʪʦʨʥʦʤ 

ʚʠʜʝ amNFgmF ʪʨ

CCCCC
=+++          (3).  

ʉʧʨʦʝʮʠʨʫʝʤ ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ: 

 
maFF ʪʨ=-Ö acos :ʦʭ             (4).  

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʩʠʣʳ ʪʨʝʥʠʷ ʚʦʟʤɹʝʤ 

ʧʨʦʝʢʮʠʶ ʥʘ ʦʩʴ ʫ: 0sin =-+Ö mgNF a ,  

,sinaÖ-= FmgN   

ʪʦʛʜʘ ʩʠʣʘ ʪʨʝʥʠʷ )sin( amm Ö-== FmgNFʪʨ , ʧʦʜʩʪʘʚʠʤ ʚ (4). 

maFmgF =Ö--Ö )sin(cos ama , ʦʪʩʶʜʘ ʠʩʢʦʤʦʝ ʫʩʢʦʨʝʥʠʝ: 

m

FmgF
a

)sin(cos ama Ö--Ö
= . 

ɺʳʯʠʩʣʷʝʤ: 2/48,4
50

)30sin3008,950(1,030cos300
ʩʤa =

Ö-Ö-Ö
=  

ʭ 

ʭ 

ʫ ʘ
C

 N

 

 

F
C

 
 

ʪʨF
C

 

 

gm
C

 
 

0 

ʈʠʩ. 2.1 

ʫ ʘ
C

 N

 

 
F
C

 
 ʪʨF

C
 

 

gm
C

 
 

0 

Ŭ 

ʈʠʩ. 2.2 
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ʇʨʠʤʝʨ 2. ɸʚʪʦʙʫʩ ʜʚʠʞʝʪʩʷ ʚ ʛʦʨʫ ʧʨʷʤʦʣʠʥʝʡʥʦ ʩ ʫʩʢʦʨʝʥʠʝʤ 3 ʤ/ʩ2. ʉʠʣʘ 

ʪʷʛʠ ʜʚʠʛʘʪʝʣʷ ʨʘʚʥʘ Fʪʷʛʠ=30 ʢʅ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʨʘʚʝʥ 0,4. ʅʘʡʪʠ 

ʤʘʩʩʫ ʘʚʪʦʙʫʩʘ. ɻʦʨʘ ʨʘʩʧʦʣʦʞʝʥʘ  ʧʦʜ ʫʛʣʦʤ 015=a  ʢ ʛʦʨʠʟʦʥʪʫ. 

 ʈʝhʝʥʠʝ. ʉʜʝʣʘʝʤ ʯʝʨʪʝʞ. 

ɿʘʧʠʰʝʤ 2 ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʚ ʚʝʢʪʦʨʥʦʤ ʚʠʜʝ amNFgmF ʪʨ

CCCCC
=+++ (1).  

ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʟʘʧʠʩʘʪʴ ʵʪʦʪ ʟʘ-

ʢʦʥ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʦʩʠ ʢʦʦʨʜʠ-

ʥʘʪ: 

maFmgF ʪʨ=-Ö- asin :ʦʭ    (2).  

ʅʘʡʜʝʤ ʥʝʠʟʚʝʩʪʥʫʶ  ʩʠʣʫ ʪʨʝ-

ʥʠʷ ʧʦ ʬʦʨʤʫʣʝ NFʪʨ m= .  

ʉʠʣʫ ʨʝʘʢʮʠʠ ʦʧʦʨʳ N ʥʘʡʜʝʤ, 

ʩʧʨʦʝʮʠʨʦʚʘʚ (1) ʥʘ ʦʩʴ ʫ: 

0cos =- amgN , ʦʪʢʫʜʘ 

acosmgN=  ʠ am cosmgFʪʨ= , 

ʧʦʜʩʪʘʚʠʤ ʚ (2) 

mamgmgF =-- ama cossin . 

ʉʛʨʫʧʧʠʨʫʝʤ ʠ ʚʳʨʘʟʠʤ ʤʘʩʩʫ:  

ama cossin gga

F
m

++
= .  

ɺʳʯʠʩʣʠʤ:  ʢʛm 5424
15cos8,94,015sin8,93

30000
=

ÖÖ+Ö+
=  

 

ʇʨʠʤʝʨ 3. ʅʘ ʥʠʪʠ, ʧʝʨʝʢʠʥʫʪʦʡ ʯʝʨʝʟ ʥʝʧʦʜʚʠʞʥʳʡ ʥʝʚʝʩʦʤʳʡ ʙʣʦʢ, ʚʠʩʷʪ 

ʜʚʘ ʛʨʫʟʘ ʤʘʩʩʘʤʠ 200 ʠ 150 ʛ. ʇʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʩʘʤʠ ʩʝʙʝ ʛʨʫʟʳ ʧʨʠʰʣʠ  ʚ 

ʜʚʠʞʝʥʠʝ. ʆʧʨʝʜʝʣʠʪʴ ʫʩʢʦʨʝʥʠʝ ʠ ʩʠʣʳ ʥʘʪʷʞʝʥʠʷ ʥʠʪʝʡ ʚʦ ʚʨʝʤʷ ʜʚʠʞʝ-

ʥʠʷ. ʊʨʝʥʠʝʤ ʚ ʙʣʦʢʝ ʧʨʝʥʝʙʨʝʯʴ. 

ʈʝhʝʥʠʝ. ɺʳʧʦʣʥʠʤ ʯʝʨʪʝʞ ʢ ʟʘʜʘʯʝ (ʨʠʩ. 2.4). 

ɿʘʧʠʰʝʤ 2 ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʚ ʚʝʢʪʦʨʥʦʤ ʚʠʜʝ ʜʣʷ 

ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʪʝʣ: 

 
îí

î
ì
ë

=+

=+

amgmʊ

amgmʊ
CCC

CCC

22

11           

ɺ ʧʨʦʝʢʮʠʷʭ ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ ʦʫ ʠ ʦʫô: 

í
ì
ë

=-

=+

amgmT

amgmʊ

22

11-
    

ʉʣʦʞʠʤ ʫʨʘʚʥʝʥʠʷ, ʚʭʦʜʷʱʠʝ ʚ ʩʠʩʪʝʤʫ: 
)( 2121 mmagmgm +=-  

21

21 )(

mm

mmg
a

+

-
= . ɺʳʯʠʩʣʷʝʤ: 

2/4,1
15,02,0

)15,02,0(8,9
ʩʤa =

+

-
=  

ʈʠʩ. 2.4 

a
ʈʠʩ. 2.3 
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ɺʳʨʘʟʠʤ ʩʠʣʫ ʥʘʪʷʞʝʥʠʷ ʊ ʠʟ ʧʝʨʚʦʛʦ 

ʫʨʘʚʥʝʥʠʷ: )(2 gamʊ +=  ʠ  ʚʳʯʠʩʣʠʤ 

ʅT 68,1)8,94,1(15,0 =+=  

 

 

ɿʘʜʘʯʠ ʜʣʷ ʨʝʰʝʥʠʷ 

 

ɼʚʠʞʝʥʠʝ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ 

2.1.ʋʧʨʷʞʢʘ ʩʦʙʘʢ ʧʨʠ ʜʚʠʞʝʥʠʠ ʩʘʥʝʡ ʧʦ ʩʥʝʛʫ ʤʦʞʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʩ ʩʠʣʦʡ 

ʪʷʛʠ 
ʪʷʛʠF =0,5 ʢʅ. ʂʘʢʦʡ ʤʘʩʩʳ  ʪ  ʩʘʥʠ ʩ ʛʨʫʟʦʤ ʤʦʞʝʪ ʧʝʨʝʤʝʱʘʪʴ ʵʪʘ 

ʫʧʨʷʞʢʘ, ʜʚʠʛʘʷʩʴ ʨʘʚʥʦʤʝʨʥʦ ʠ ʧʨʷʤʦʣʠʥʝʡʥʦ, ʝʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

ʧʦʣʦʟʴʝʚ ʦ ʩʥʝʛ k = 0,1? 

2.2.ʊʷʛʘʯ ʪʷʥʝʪ ʙʨʝʚʥʦ ʤʘʩʩʦʡ ʪ, ʧʨʠʣʘʛʘʷ ʩʠʣʫ ʪʷʛʠ ʪʷʛʠF . ʂʘʥʘʪ, ʢʦʪʦʨʳʤ 

ʙʨʝʚʥʦ ʧʨʠʚʷʟʘʥʦ ʢ ʪʷʛʘʯʫ, ʦʨʠʝʥʪʠʨʦʚʘʥ ʧʦʜ ʫʛʣʦʤ Ŭ ʢ ʛʦʨʠʟʦʥʪʫ. ʅʘʡʪʠ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ k ʙʨʝʚʥʘ ʦ ʧʦʯʚʫ, ʝʩʣʠ ʦʥʦ ʜʚʠʞʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʠ ʧʨʷʤʦ-

ʣʠʥʝʡʥʦ. 

2.3. ʅʘ ʩʪʦʣʝ ʣʝʞʠʪ ʙʨʫʩʦʢ ʤʘʩʩʦʡ m=4 ʢʛ. ʂ ʙʨʫʩʢʫ ʧʨʠʚʷʟʘʥ ʰʥʫʨ, ʢʦ ʚʪʦ-

ʨʦʤʫ ʢʦʥʮʫ ʢʦʪʦʨʦʛʦ ʧʨʠʣʦʞʝʥʘ ʩʠʣʘ F=10 ʅ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʧʘʨʘʣʣʝʣʴʥʦ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʩʪʦʣʘ. ʅʘʡʪʠ ʫʩʢʦʨʝʥʠʝ ʘ ʙʨʫʩʢʘ, ʝʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 0,05. 

2.4. ʄʘʪʝʨʠʘʣʴʥʘʷ ʪʦʯʢʘ ʤʘʩʩʦʡ m=2ʢʛ ʜʚʠʞʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʝʢʦʪʦʨʦʡ 

ʩʠʣʳ F ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ x=ɸ+Bt+Ct2+Dt3, ʛʜʝ ʉ=1 ʤ/ʩ2, D=-0.2 

ʤ/ʩ3.ʅʘʡʪʠ ʟʥʘʯʝʥʠʷ ʵʪʦʡ ʩʠʣʳ ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t=2ʩ ʠ t=5ʩ. ɺ ʢʘʢʦʡ ʤʦ-

ʤʝʥʪ ʚʨʝʤʝʥʠ ʩʠʣʘ ʨʘʚʥʘ ʥʫʣʶ? 

2.5. ɸʚʪʦʤʦʙʠʣʴ ʜʚʠʞʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ɡ0 = 10 ʤ/ʩ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʜʦʨʦ-

ʛʝ. ʇʨʦʡʜʷ ʩ ʚʳʢʣʶʯʝʥʥʳʤ ʤʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʝ S = 150 ʤ, ʦʥ ʦʩʪʘʥʘʚʣʠʚʘʝʪ-

ʩʷ. ʂʘʢʦʝ ʚʨʝʤʷ t ʘʚʪʦʤʦʙʠʣʴ ʜʚʠʛʘʣʩʷ ʩ ʚʳʢʣʶʯʝʥʥʳʤ ʤʦʪʦʨʦʤ, ʠ ʢʘʢʦʚ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ  ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ? 

 

ɼʚʠʞʝʥʠʝ ʧʦ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ 

2.6. ʅʘʢʣʦʥʥʘʷ ʧʣʦʩʢʦʩʪʴ, ʦʙʨʘʟʫʶʱʘʷ ʫʛʦʣ Ŭ=25Á ʩ ʧʣʦʩʢʦʩʪʴʶ ʛʦʨʠʟʦʥʪʘ, 

ʠʤʝʝʪ ʜʣʠʥʫ l=2ʤ. ʊʝʣʦ, ʜʚʠʛʘʷʩʴ ʨʘʚʥʦʫʩʢʦʨʝʥʥʦ, ʩʦʩʢʦʣʴʟʥʫʣʦ ʩ ʵʪʦʡ ʧʣʦʩ-

ʢʦʩʪʠ ʟʘ ʚʨʝʤʷ t=2ʩ. ʆʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ  ʪʝʣʘ ʦ ʧʣʦʩʢʦʩʪʴ. 

2.7.ɸʚʪʦʤʦʙʠʣʴ ʤʘʩʩʦʡ 4 ʪ ʜʚʠʞʝʪʩʷ ʚ ʛʦʨʫ ʩ ʫʩʢʦʨʝʥʠʝʤ 0,2 ʤ/ʩ2. ʅʘʡʜʠʪʝ 

ʩʠʣʫ ʪʷʛʠ, ʝʩʣʠ ʫʢʣʦʥ ʨʘʚʝʥ 0,02 ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 0,04.  

2.8. ɺʘʛʦʥ ʤʘʩʩʦʡ 10 ʪ ʩʧʫʩʢʘʶʪ ʧʦ ʢʘʥʘʪʥʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ ʩ ʫʢʣʦʥʦʤ 150 

ʢ ʛʦʨʠʟʦʥʪʫ. ʇʨʠʥʠʤʘʷ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 0,04, ʦʧʨʝʜʝʣʠʪʴ ʩʠʣʫ ʥʘʪʷʞʝ-

ʥʠʷ ʢʘʥʘʪʘ ʚ ʢʦʥʮʝ ʩʧʫʩʢʘ, ʝʩʣʠ ʩʢʦʨʦʩʪʴ ʚ ʥʘʯʘʣʝ ʪʦʨʤʦʞʝʥʠʷ 10 ʤ/ʩ, ʘ ʚʨʝ-

ʤʷ ʪʦʨʤʦʞʝʥʠʷ 30 ʩ. 

 

ɼʚʠʞʝʥʠʝ ʩʚʷʟʘʥʥʳʭ ʪʝʣ 

2.9. ʅʘ ʩʪʦʣʝ ʩʪʦʠʪ ʪʝʣʝʞʢʘ ʤʘʩʩʦʡ m1=4 ʢʛ. ʂ ʪʝʣʝʞʢʝ ʧʨʠʚʷʟʘʥ ʦʜʠʥ ʢʦʥʝʮ 

ʰʥʫʨʘ, ʧʝʨʝʢʠʥʫʪʦʛʦ ʯʝʨʝʟ ʙʣʦʢ. ʉ ʢʘʢʠʤ ʫʩʢʦʨʝʥʠʝʤ Ŭ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʪʝ-

ʣʝʞʢʘ, ʝʩʣʠ ʢ ʜʨʫʛʦʤʫ ʢʦʥʮʫ ʰʥʫʨʘ ʧʨʠʚʷʟʘʪʴ ʛʠʨʶ ʤʘʩʩʦʡ m2=1 ʢʛ? 
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2.10. ʅʘ ʛʣʘʜʢʦʤ ʩʪʦʣʝ ʣʝʞʠʪ ʙʨʫʩʦʢ ʤʘʩʩʦʡ m=4 ʢʛ. ʂ ʙʨʫʩʢʫ ʧʨʠʚʷʟʘʥʳ ʜʚʘ 

ʰʥʫʨʘ, ʧʝʨʝʢʠʥʫʪʳʝ ʯʝʨʝʟ ʥʝʧʦʜʚʠʞʥʳʝ ʙʣʦʢʠ, ʧʨʠʢʨʝʧʣʸʥʥʳʝ ʢ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʳʤ ʢʦʥʮʘʤ ʩʪʦʣʘ. ʂ ʢʦʥʮʘʤ ʰʥʫʨʦʚ ʧʦʜʚʝʰʝʥʳ ʛʠʨʠ, ʤʘʩʩʳ ʢʦʪʦʨʳʭ 

m1=1 ʢʛ ʠ m2=2 ʢʛ. ʅʘʡʪʠ ʫʩʢʦʨʝʥʠʝ ʘ, ʩ ʢʦʪʦʨʳʤ ʜʚʠʞʝʪʩʷ ʙʨʫʩʦʢ, ʠ ʩʠʣʫ 

ʥʘʪʷʞʝʥʠʷ T ʢʘʞʜʦʛʦ ʠʟ ʰʥʫʨʦʚ. ʄʘʩʩʦʡ ʙʣʦʢʦʚ ʠ ʪʨʝʥʠʝʤ ʧʨʝʥʝʙʨʝʯʴ. 

2.11. ʅʘ ʚʝʨʰʠʥʝ ʧʣʦʩʢʦʩʪʠ ʫʢʨʝʧʣʝʥ ʥʝʚʝʩʦʤʳʡ ʙʣʦʢ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʝ-

ʨʝʙʨʦʰʝʥʘ ʥʠʪʴ. ʂ ʢʦʥʮʘʤ ʥʠʪʠ ʧʨʠʚʷʟʘʥʳ ʜʚʘ 

ʛʨʫʟʘ (ʨʠʩ. 2.5). ʅʘʡʪʠ ʤʘʩʩʫ ʪ1 ʛʨʫʟʘ, ʧʦʜʥʠʤʘʶ-

ʱʝʛʦʩʷ ʩ ʫʩʢʦʨʝʥʠʝʤ ʘ ʧʦ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ 

ʫʛʣʦʤ ʧʨʠ ʦʩʥʦʚʘʥʠʠ a, ʝʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

ʝʛʦ ʦ ʥʘʢʣʦʥʥʫʶ ʧʣʦʩʢʦʩʪʴ k, ʘ ʤʘʩʩʘ ʚʪʦʨʦʛʦ ʛʨʫ-

ʟʘ, ʦʧʫʩʢʘʶʱʝʛʦʩʷ ʩ ʫʩʢʦʨʝʥʠʝʤ ʘ, ʨʘʚʥʘ ʪ2. 

2.12 ɿʘ ʢʘʢʦʝ ʚʨʝʤʷ t ʛʨʫʟ 2ʪ ʧʨʦʝʜʝʪ ʦʪ ʦʜʥʦʛʦ 

ʢʨʘʷ ʩʪʦʣʘ ʜʣʠʥʦʡ l ʜʦ ʜʨʫʛʦʛʦ? ɹʣʦʢʠ ʥʝʚʝʩʦʤʳ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʛʨʫʟʘ 2ʪ ʨʘʚʝʥ k. ɼʚʠʞʝʥʠʝ 

ʛʨʫʟʦʚ ʨʘʚʥʦʫʩʢʦʨʝʥʥʦʝ ʙʝʟ ʥʘʯʘʣʥɹʦʡ ʩʢʦʨʦʩʪʠ 

(ʨʠʩ. 2.6). 

 

 

 

 

ʊʝʤʘ 3 

ʂʠʥʝʤʘʪʠʢʘ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

 

ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ 

§ ʂʠʥʝʤʘʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʧʦ ʦʢʨʫʞʥʦ-

ʩʪʠ: 
),(tf=j  

§ ʋʛʣʦʚʘʷ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ  

tD

D
=
j

w , 

    ʋʛʣʦʚʘʷ ʤʛʥʦʚʝʥʥʘʷ ʩʢʦʨʦʩʪʴ  

dt

dj
w=  

§ ʋʛʣʦʚʦʝ ʩʨʝʜʥʝʝ ʫʩʢʦʨʝʥʠʝ  

tD

D
=
w

e , 

    ʋʛʣʦʚʦʝ ʤʛʥʦʚʝʥʥʦʝ ʫʩʢʦʨʝʥʠʝ  

dt

dw
e=  

ʄʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ  ʠ ʫʨʘʚʥʝʥʠʷʤʠ  ʢʠʥʝʤʘʪʠʢʠ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʜʚʠ-

ʞʝʥʠʷ ʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʘʥʘʣʦʛʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ 

ʪʘʙʣʠʮʘʭ 3.1  ʠ 3.2. 

ʊʘʙʣʠʮʘ 3.1 

ɸʥʘʣʦʛʠʷ ʠ ʩʚʷʟʴ  ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ  

ʈʠʩ. 2.5 

ʈʠʩ.2.6 



 16 

ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʃʠʥʝʡʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʞʝʥʠʷ ʋʛʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʞʝʥʠʷ 

ʇʫʪʴ  S  (ʤ) ʋʛʦʣ ʧʦʚʦʨʦʪʘ ű (ʨʘʜ) 

ʉʢʦʨʦʩʪʴ ɡ (ʤ/ʩ) ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ɤ (ʨʘʜ/ʩ) 

ʋʩʢʦʨʝʥʠʝ   a (ʤ/ʩ2) ʋʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ Ů (ʨʘʜ/ʩ2) 

ɺʨʝʤʷ t (ʩ)  ɺʨʝʤʷ t (ʩ) 

ʉʚʷʟʴ ʤʝʞʜʫ ʫʛʣʦʚʳʤʠ ʠ ʣʠʥʝʡʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʚʠʞʝʥʠʷ 
RS j=  

Rwu=  

rara ʧ

2, wet ==   
22
we +=Rʘ  

 

 

 

ɸʥʘʣʦʛʠʷ ʤʝʞʜʫ ʫʨʘʚʥʝʥʠʷʤʠ 

ʊʘʙʣʠʮʘ 3.2 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʞʝʥʠʷ 
ʃʠʥʝʡʥʳʝ ʋʛʣʦʚʳʝ 

ʂʠʥʝʤʘʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʥɹʦʡ ʪʦʯʢʠ 

2

2

00

at
txx ++= u  

2

2

00

t
t
e

wjj ++=  

ʄʛʥʦʚʝʥʥʘʷ ʩʢʦʨʦʩʪʴ  

dt

dS
=u  w

j
=

d

dt
 

ʄʛʥʦʚʝʥʥʦʝ ʫʩʢʦʨʝʥʠʝ 

2

2

dt

Sd

dt

d
a ==

u
 

2

2

dt

d

dt

d jw
e ==  

ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ 

at+= 0uu  teww += 0  

t
ʘ 0uu-=  t

0ww
e

-
=  

2

2

0

at
tS +=u  2

2
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e
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2 uu-
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ww
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2
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ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ʇʨʠʤʝʨ 1. ʄʘʭʦʚʠʢ, ʚʨʘʱʘʶʱʠʡʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʦʡ  v0=10c-1, ʧʨʠ 

ʪʦʨʤʦʞʝʥʠʠ ʥʘʯʘʣ ʚʨʘʱʘʪʴʩʷ ʨʘʚʥʦʟʘʤʝʜʣʝʥʥʦ. ʂʦʛʜʘ ʪʦʨʤʦʞʝʥʠʝ ʧʨʝʢʨʘ-

ʪʠʣʦʩʴ, ʚʨʘʱʝʥʠʝ ʤʘʭʦʚʠʢʘ ʩʥʦʚʘ ʩʪʘʣʦ ʨʘʚʥʦʤʝʨʥʳʤ, ʥʦ ʫʞʝ ʩ ʯʘʩʪʦʪʦʡ 

v=6c-1. ʆʧʨʝʜʝʣʠʪʴ ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ Ů ʤʘʭʦʚʠʢʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ t 
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ʪʦʨʤʦʞʝʥʠʷ, ʝʩʣʠ ʟʘ ʚʨʝʤʷ ʨʘʚʥʦʟʘʤʝʜʣʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʘʭʦʚʠʢ ʩʜʝʣʘʣ 

N=50 ʦʙʦʨʦʪʦʚ. 

Pʝʰʝʥʠʝ. ʋʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʤʘʭʦʚʠʢʘ ʩʚʷʟʘʥʦ ʩ ʥʘʯʘʣʴʥʦʡ ʠ ʢʦʥʝʯʥʦʡ ʫʛʣʦ-

ʚʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʩʦʦʪʥʦʰʝʥʠʝʤ 
j

ww
e

2

2

0

2-
= .  ʋʯʪʝʤ, ʯʪʦ Npj 2= , ʘ vpw 2= , 

ʪʦʛʜʘ 
N

vv )( 2

0

2 -
=
p

e . ɺʳʯʠʩʣʠʚ, ʧʦʣʫʯʠʤ  

2/02,450/)10036(14,3 ʩʨʘʜ-=-=e  

ɿʥʘʢ ʤʠʥʫʩ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʤʘʭʦʚʠʢ ʚʨʘʱʘʣʩʷ ʟʘʤʝʜʣʝʥʥʦ. 

ʆʧʨʝʜʝʣʠʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʪʦʨʤʦʞʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ 

t

0ww
e

-
= . ʊ.ʢ. vpw 2= , ʪʦ ʬʦʨʤʫʣʘ ʧʨʠʤʝʪ ʚʠʜ 

t

vv )(2 0-=
p

e . 

 ɺʳʨʘʟʠʤ ʚʨʝʤʷ t: 
e

p )(2 0vv
t

-
= . 

ʇʦʜʩʪʘʚʠʚ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʠ ʧʨʦʠʟʚʝʜʷ ʚʳʯʠʩʣʝʥʠʷ, ʧʦʣʫʯʠʤ 

ct 25,6
02,4

)106(2
=

-

-
=
p

.  

ʇʨʠʤʝʨ 2. ɼʠʩʢ ʨʘʜʠʫʩʦʤ r=20ʩʤ ʚʨʘʱʘʝʪʩʷ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ 

ű=ɸ+ɺt+ʉt3, ʛʜʝ ɸ=3 ʨʘʜ, ɺ=-1 ʨʘʜ/ʩ, ʉ=0,1 ʨʘʜ/ʩ3. ʆʧʨʝʜʝʣʠʪʴ ʪʘʥʛʝʥʮʠʘʣʴ-

ʥʦʝ ʘŰ, ʥʦʨʤʘʣʴʥʦʝ ʘn ʠ ʧʦʣʥʦʝ ʘ ʫʩʢʦʨʝʥʠʷ ʪʦʯʝʢ ʥʘ ʦʢʨʫʞʥʦʩʪʠ ʜʠʩʢʘ ʜʣʷ 

ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ t=10ʩ. 

ʈʝʰʝʥʠʝ. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ raʧ
2w= , ʥʝʦʙʭʦʜʠʤʦ 

ʥʘʡʪʠ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʢʘʢ ʧʝʨʚʫʶ ʧʨʦʠʟʚʦʜʥʫʶ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʧʦ ʚʨʝ-

ʤʝʥʠ:  

23ʉtɺ
dt

d
+==

j
w . 

 ʊʦʛʜʘ ʥʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ: rCtBraʧ
222 )3( +==w . 

ɺ ʬʦʨʤʫʣʫ ʪʘʥʛʝʥʮʠʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ra et= ʚʭʦʜʠʪ ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ, ʢʦ-

ʪʦʨʦʝ ʥʘʡʜʝʤ, ʚʟʷʚ ʧʝʨʚʫʶ ʧʨʦʠʟʚʦʜʥʫʶ ʦʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʦ ʚʨʝʤʝʥʠ: 

ʉt
dt

d
6==

w
e . ʇʦʜʩʪʘʚʠʤ ʧʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʚ ʬʦʨʤʫʣʫ ʜʣʷ ʪʘʥʛʝʥʮʠʘʣʴ-

ʥʦʛʦ ʫʩʢʦʨʝʥʠʷ: 

Ctra 6=t . 

ʇʨʦʠʟʚʝʜʝʤ ʚʳʯʠʩʣʝʥʠʷ: 
222 /2,13,0)1001,031( ʩʤaʧ =ÖÖ+-=  

2/2,12,0101,06 cʤa =ÖÖÖ=t . 

ʅʘʡʜʝʤ ʧʦʣʥʦʡ ʫʩʢʦʨʝʥʠʝ ʧʦ ʬʦʨʤʫʣʝ 22

tʘʘʘ n += . ʘ=1,2 ʤ/ʩ2. 

 

ɿʘʜʘʯʠ ʜʣʷ ʨʝʰʝʥʠʷ 
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3.1. ʄʘʭʦʚʠʢ ʥʘʯʘʣ ʚʨʘʱʘʪʴʩʷ ʨʘʚʥʦʫʩʢʦʨʝʥʥʦ ʠ ʟʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ 

æt=10ʩ ʜʦʩʪʠʛ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ n=300 ʤʠʥ-1. ʆʧʨʝʜʝʣʠʪʴ ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ 

Ů ʤʘʭʦʚʠʢʘ ʠ ʯʠʩʣʦ N ʦʙʦʨʦʪʦʚ, ʢʦʪʦʨʦʝ ʦʥ ʩʜʝʣʘʣ ʟʘ ʵʪʦ ʚʨʝʤʷ. 

3.2. ɺʝʣʦʩʠʧʝʜʥʦʝ ʢʦʣʝʩʦ ʚʨʘʱʘʝʪʩʷ ʩ ʯʘʩʪʦʪʦʡ n=5 ʩ-1. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ 

ʪʨʝʥʠʷ ʦʥʦ ʦʩʪʘʥʦʚʠʣʦʩʴ ʯʝʨʝʟ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ  æt=1 ʤʠʥ. ʆʧʨʝʜʝʣʠʪʴ ʫʛ-

ʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ Ů ʠ ʯʠʩʣʦ N ʦʙʦʨʦʪʦʚ, ʢʦʪʦʨʦʝ ʩʜʝʣʘʝʪ ʢʦʣʝʩʦ ʟʘ ʵʪʦ ʚʨʝʤʷ. 

3.3. ʂʦʣʝʩʦ ʘʚʪʦʤʘʰʠʥʳ ʚʨʘʱʘʝʪʩʷ ʨʘʚʥʦʫʩʢʦʨʝʥʥʦ. ʉʜʝʣʘʚ N=50 ʧʦʣʥʳʭ 

ʦʙʦʨʦʪʦʚ, ʦʥʦ ʠʟʤʝʥʠʣʦ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʦʪ n1=4 c-1 ʜʦ n2=6 c-1. ʆʧʨʝʜʝʣʠʪʴ 

ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ Ů ʢʦʣʝʩʘ. 

3.4. ɼʠʩʢ ʚʨʘʱʘʝʪʩʷ ʩ ʫʛʣʦʚʳʤ ʫʩʢʦʨʝʥʠʝʤ Ů=-2 ʨʘʜ/ʩ2. ʉʢʦʣʴʢʦ ʦʙʦʨʦʪʦʚ N 

ʩʜʝʣʘʝʪ ʜʠʩʢ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʦʪ n1=240 ʤʠʥ
-1 ʜʦ n2=90 ʤʠʥ

-

1? ʅʘʡʪʠ ʚʨʝʤʷ æt, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʵʪʦ ʧʨʦʠʟʦʡʜʸʪ. 

3.5. ʋʨʘʚʥʝʥʠʝ ʚʨʘʱʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ j=3t2+t. ʆʧʨʝʜʝʣʠʪʴ ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ 

ʪʝʣʘ, ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ, ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʯʝʨʝʟ 10 ʩ ʧʦʩʣʝ ʥʘʯʘʣʘ ʚʨʘʱʝ-

ʥʠʷ. 

3.6. ʂʦʣʝʩʦ ʨʘʜʠʫʩʦʤ 0,1 ʤ ʚʨʘʱʘʝʪʩʷ ʪʘʢ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʨʘ-

ʜʠʫʩʘ ʢʦʣʝʩʘ ʦʪ ʚʨʝʤʝʥʠ ʜʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ j=2t+t 3. ɼʣʷ ʪʦʯʝʢ, ʣʝʞʘʱʠʭ ʥʘ 

ʦʙʦʜʝ ʢʦʣʝʩʘ, ʥʘʡʪʠ ʯʝʨʝʟ 2 ʩ ʧʦʩʣʝ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ ʩʣʝʜʫʶʱʠʝ ʚʝʣʠʯʠʥʳ: 

ʫʛʣʦʚʫʶ ʠ ʣʠʥʝʡʥʫʶ ʩʢʦʨʦʩʪʴ, ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ, ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ʠ ʥʦʨ-

ʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʷ. 

3.7. ɼʠʩʢ ʚʨʘʱʘʝʪʩʷ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ ű=ɸ-ɺt+2ʉt3.ʆʧʨʝʜʝʣʠʪʴ ʧʦʣʥʦʝ 

ʫʩʢʦʨʝʥʠʝ ʘ ʪʦʯʝʢ ʥʘ ʦʙʦʜʝ ʜʠʩʢʘ ʜʣʷ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ t=10ʩ. ɸ=3ʤ, ɺ=1ʤ/ʩ, 

ʉ=0,1 ʤ/ʩ3, R=0,5 ʤ. 

3.8. ʂʦʣʝʩʦ ʚʨʘʱʘʝʪʩʷ ʪʘʢ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʨʘʜʠʫʩʘ ʢʦʣʝʩʘ ʦʪ 

ʚʨʝʤʝʥʠ ʜʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ű=A+Bt+Ct3, ʛʜʝ A=const, B=const, ʉ=1 ʨʘʜ/ʩ3. 

ʅʘʡʪʠ ʨʘʜʠʫʩ ʢʦʣʝʩʘ R, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢ ʢʦʥʮʫ ʚʪʦʨʦʡ ʩʝʢʫʥʜʳ ʚʨʘʱʝʥʠʷ 

ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʪʦʯʢʠ ʦʙʦʜʘ ʢʦʣʝʩʘ ta =4,8 ʤ/ʩ2. 

3.9. ʂʦʣʝʩʦ ʚʨʘʱʘʝʪʩʷ ʪʘʢ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʨʘʜʠʫʩʘ ʢʦʣʝʩʘ ʦʪ 

ʚʨʝʤʝʥʠ ʜʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ű=ɸ+ɺt2+2Ct3, ʛʜʝ A=const, B=0,4 ʨʘʜ/ʩ2, 

ʉ=0,1ʨʘʜ/ʩ3. ʅʘʡʪʠ ʜʠʘʤʝʪʨ ʢʦʣʝʩʘ d, ʝʩʣʠ ʢ ʢʦʥʮʫ ʧʝʨʚʦʡ ʩʝʢʫʥʜʳ ʝʛʦ ʚʨʘ-

ʱʝʥʠʷ ʥʦʨʤʘʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʪʦʯʝʢ ʥʘ ʦʙʦʜʝ ʢʦʣʝʩʘ ʘn=2ʤ/ʩ
2. 

 

 

ʊʝʤʘ 4 

ɼʠʥʘʤʠʢʘ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

 

ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ 

§ ʄʦʤʝʥʪ ʩʠʣʳ F, ʜʝʡʩʪʚʫʶʱʝʡ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ 

lFM Ö= ^ , 

ʛʜʝ F̂ - ʧʨʦʝʢʮʠʷ ʩʠʣʳ F ʥʘ ʧʣʦʩʢʦʩʪʴ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʦʩʠ ʚʨʘʱʝʥʠʷ; 

l- ʧʣʝʯʦ ʩʠʣʳ F (ʢʨʘʪʯʘʡʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ ʜʦ ʣʠʥʠʠ ʜʝʡ-

ʩʪʚʠʷ). 

§ ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ: 

ʘ) ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ 
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2mrJ = , 

ʛʜʝ mï ʤʘʩʩʘ ʪʦʯʢʠ, r- ʨʘʩʩʪʦʷʥʠʝ ʝʝ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ; 

ʙ) ʜʠʩʢʨʝʪʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

ä
=

ÖD=
n

i

ii rmJ
1

2 , 

ʛʜʝ  ȹmi ï ʤʘʩʩʘ iïʛʦ ʵʣʝʤʝʥʪʘ ʪʝʣʘ; r i - ʨʘʩʩʪʦʷʥʠʝ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʦʪ ʦʩʠ 

ʚʨʘʱʝʥʠʷ; n- ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʵʪʦʛʦ ʪʝʣʘ 

ʚ) ʉʧʣʦʰʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

ñ= dmrJ 2 . 

ɽʩʣʠ ʪʝʣʦ ʦʜʥʦʨʦʜʥʦ, ʪ.ʝ. ʝʛʦ ʧʣʦʪʥʦʩʪʴ ʦʜʠʥʘʢʦʚʘ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ, ʪʦ  

dVdm r=  ʠ ñ= dVrJ 2r , ʛʜʝ V- ʦʙʲʝʤ ʪʝʣʘ. 

§ ʄʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʥʝʢʦʪʦʨʳʭ ʪʝʣ ʧʨʘʚʠʣʴʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ: 

 

ʊʘʙʣʠʮʘ 4.1 
ʊʝʣʦ ʆʩʴ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ 

ʌʦʨʤʫʣʘ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ 

ʊʦʥʢʠʡ ʦʜʥʦʨʦʜʥʳʡ 

ʩʪʝʨʞʝʥɹ ʜʣʠʥʦʡ l  

 

ʇʨʦʭʦʜʠʪ ʯʝʨʝʟ ʮʝʥʪʨ ʪʷʞʝʩʪʠ 

ʩʪʝʨʞʥʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʩʪʝʨʞʥ  ʁ

2

12

1
?mJz =  

ʇʨʦʭʦʜʠʪ ʯʝʨʝʟ ʢʦʥʝʮ ʩʪʝʨʞʥʷ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʪʝʨʞʥʶ 
2

3

1
?mJz =  

ʊʦʥʢʦʝ ʢʦʣʴʮʦ, ʦʙʨʫʯ, 

ʪʨʫʙʘ, ʤʘʭʦʚʠʢ ʨʘʜʠʫ-

ʩʦʤ R  ʠ ʤʘʩʩʦʡ m. 

ʇʨʦʭʦʜʠʪ ʯʝʨʝʟ ʮʝʥʪʨ ʧʝʨʧʝʥ-

ʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʦʩʥʦʚʘʥʠʷ 

2mRJ z =  

ʂʨʫʛʣʳʡ ʦʜʥʦʨʦʜʥʳʡ 

ʜʠʩʢ (ʮʠʣʠʥʜʨ) ʨʘʜʠʫ-

ʩʦʤ R  ʠ ʤʘʩʩʦʡ m. 

ʇʨʦʭʦʜʠʪ ʯʝʨʝʟ ʮʝʥʪʨ ʜʠʩʢʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʦʩ-

ʥʦʚʘʥʠʷ 

2

2

1
mRJ z =  

ʆʜʥʦʨʦʜʥʳʡ ʰʘʨ ʨʘʜʠ-

ʫʩʦʤ  R  ʠ ʤʘʩʩʦʡ m. 

ʇʨʦʭʦʜʠʪ ʯʝʨʝʟ ʮʝʥʪʨ ʰʘʨʘ 2

5

2
mRJz =  

§ ʊʝʦʨʝʤʘ ʐʪʝʡʥʝʨʘ.  ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʠʟʚʦʣʴ-

ʥʦʡ ʦʩʠ 

J = J0 + mʘ2, 

ʛʜʝ J0ïʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʵʪʦʛʦ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ 

ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʪʝʣʘ ʧʘʨʘʣʣʝʣʴʥʦ ʟʘʜʘʥʥʦʡ ʦʩʠ; ʘ - ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʷ-

ʤʠ;  

§ ʄʦʤʝʥʪ ʠʤʧʫʣʴʩʘ ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʝʣʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ  

wÖ=JL  

w - ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʦʩʠ.  

§ ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ 

constL
n

i

i =ä
=1

 

ʛʜʝ Liï ʤʦʤʝʥʪ ʠʤʧʫʣʴʩʘ iï ʛʦ ʪʝʣʘ, ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʩʠʩʪʝʤʳ. 

ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ʜʣʷ ʜʚʫʭ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣ 
'

2

'

2

'`

1

'

12211 wwww JJJJ +=+ , 
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ʛʜʝ 
2211 ,,, ww JJ - ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʠ ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʪʝʣ ʜʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ; '

2

'

2

'`

1

'

1 ,,, ww JJ - ʪʝ ʞʝ ʚʝʣʠʯʠʥʳ ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ɿʘʢʦʥ  ʩʦʭʨʘʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ʜʣʷ ʦʜʥʦʛʦ ʪʝʣʘ, ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ 

ʢʦʪʦʨʦʛʦ ʤʝʥʷʝʪʩʷ, 

2211 ww JJ = , 

ʛʜʝ 
21,JJ - ʥʘʯʘʣʴʥʳʡ ʠ ʢʦʥʝʯʥʳʡ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ; 

21,ww - ʥʘʯʘʣʴʥʘʷ ʠ 

ʢʦʥʝʯʥʘʷ ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʪʝʣʘ. 

§ ʆʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʧʦʜʚʠʞʥʦʡ ʦʩʠ  

)( w
CC

JddtM = , 

ʛʜʝ M
C

- ʤʦʤʝʥʪ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʪʝʣʦ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ ; J -ʤʦʤʝʥʪ 

ʠʥʝʨʮʠʠ ʪʝʣʘ; w - ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ; w
C

J  - ʤʦʤʝʥʪ ʠʤʧʫʣʴʩʘ. 

ɽʩʣʠ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʠ ʤʦʤʝʥʪʳ ʩʠʣ ʦʜʠʥʘʢʦʚʳ, ʪʦ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʟʘʧʠ-

ʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ: 

w
CC
D=D JtM . 

ɺ ʩʣʫʯʘʝ ʧʦʩʪʦʷʥʥʦʛʦ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʦʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ 

ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʨʠʥʠʤʘʝʪ ʚʠʜ  

e
CC
Ö=JM , 

Ů- ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ. 

§ ʈʘʙʦʪʘ ʧʦʩʪʦʷʥʥʦʛʦ ʤʦʤʝʥʪʘ ʩʠʣʳ ʄ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʚʨʘʱʘʶʱʝʝʩʷ 

ʪʝʣʦ, 

jMA= , 

ʛʜʝ ű ï ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʪʝʣʘ. 

§ ʄʛʥʦʚʝʥʥʘʷ ʤʦʱʥʦʩʪʴ, ʨʘʟʚʠʚʘʝʤʘʷ ʧʨʠ ʚʨʘʱʝʥʠʠ ʪʝʣʘ 

wMN= . 

§ ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʨʘʱʘʶʱʝʛʦʩʷ  ʪʝʣʘ 

2

2

1
wJT=  ʠʣʠ 

J

L
T

2

2

= . 

§ ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʪʝʣʘ, ʢʘʪʷʱʝʛʦʩʷ ʧʦ ʧʣʦʩʢʦʩʪʠ ʙʝʟ ʩʢʦʣʴʞʝʥʠʷ, 

22

22 wu Jm
T += , 

ʛʜʝ 
2

2um
- ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʝʣʘ;  ɡ- ʩʢʦ-

ʨʦʩʪʴ ʮʝʥʪʨʘ ʠʥʝʨʮʠʠ ʪʝʣʘ; 
2

2wJ
- ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ   ʪʝʣʘ ʚʦʢʨʫʛ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʮʝʥʪʨ ʠʥʝʨʮʠʠ. 

 

ɺʝʣʠʯʠʥʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʜʠʥʘʤʠʢʫ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʠ ʬʦʨ-

ʤʫʣʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʵʪʦ ʜʚʠʞʝʥʠʝ, ʘʥʘʣʦʛʠʯʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʚʝʣʠʯʠ-

ʥʘʤ ʠ ʬʦʨʤʫʣʘʤ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

ʕʪʘ ʘʥʘʣʦʛʠʷ ʨʘʩʢʨʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʪʘʙʣʠʮʘʤʠ: 

ʊʘʙʣʠʮʘ 4.2 

ɸʥʘʣʦʛʠʷ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ  
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ʜʠʥʘʤʠʢʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʃʠʥʝʡʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʞʝʥʠʷ ʋʛʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʠʞʝʥʠʷ 

ʄʘʩʩʘ m (ʢʛ) ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ J (ʢʛ*ʤ2) 

ʉʠʣʘ  F (ʅ) ʄʦʤʝʥʪ ʩʠʣʳ  M (ʅ*ʤ) 

ʀʤʧʫʣʴʩ  p (ʢʛ*ʤ/ʩ2) ʄʦʤʝʥʪ ʠʤʧʫʣʴʩʘ L (ʢʛ*ʤ2/ʩ) 

 

ʊʘʙʣʠʮʘ 4.3 

ɸʥʘʣʦʛʠʷ ʤʝʞʜʫ ʫʨʘʚʥʝʥʠʷʤʠ  

ʜʠʥʘʤʠʢʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʆʩʥʦʚʥʦʡ ʟʘʢʦʥ ʜʠʥʘʤʠʢʠ 

12 uu mmtF -=D  
12 ww JJtM -=D  

maF =  eJM =  

ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ 

ʠʤʧʫʣʴʩʘ 

ä
=

=
n

i

ii constm
1

u  

ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ 

constJ
n

i

ii =ä
=1

w  

ʈʘʙʦʪʘ ʠ ʤʦʱʥʦʩʪʴ 

SFA Ö=  

uÖ=FN  
jMA=  

wMN=  

ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

2

2um
ɽʢ=  

2

2

1
wJɽʢ=  

 

 

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ 

ʇʨʠʤʝʨ 1. ʏʝʤʫ ʨʘʚʝʥ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʪʘʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘ ʜʠʘʤʝʪʨʦʤ ʦʩ-

ʥʦʚʘʥʠʷ d=5 ʩʤ ʠ ʚʳʩʦʪʦʡ h=20 ʩʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ O1O2, ʩʦʚʧʘʜʘʶʱʝʡ ʩ 

ʝʛʦ ʦʙʨʘʟʫʶɦ ʝʡ?  

ʈʝʰʝʥʠʝ. ʉʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ ʐʪʝʡʥʝʨʘ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʮʠʣʠʥʜʨʘ J ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʦʩʠ O1O2 ʨʘʚʝʥ ʩʫʤʤʝ ʝʛʦ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ J0 ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʩʠʤ-

ʤʝʪʨʠʠ OO, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʮʝʥʪʨ ʮʠʣʠʥʜʨʘ ʉ, ʠ ʧʨʦʠʟʚʝʜʝʥʠʷ ʤʘʩʩʳ m 

ʮʠʣʠʥʜʨʘ  ʥʘ ʢʚʘʜʨʘʪ ʨʘʩʩʪʦʷʥʠʷ ʘ ʤʝʞʜʫ ʦʩʤ̫ʠ O1O2 ʠ O O 

(ʨʠʩ. 4.1): 

                        J = J0 + mʘ2                                           (1) 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʮʠʣʠʥʜʨʘ  ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʆʆ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ 
2

2

0

mR
J = , ʛʜʝ 2/dR= , ʧʦʵʪʦʤʫ 

8

2

0

md
J =                                                                          (2). 

ʄʘʩʩʫ ʮʠʣʠʥʜʨʘ m ʚʳʨʘʟʠʤ ʯʝʨʝʟ  ʝʛʦ ʧʣʦʪʥʦʩʪʴ ɟ  ʠ 

ʦʙʲʝʤ V: 

Vm r= , ʛʜʝ SHV = , ʧʦʵʪʦʤʫ SHm r=  
ʈʠʩ. 4.1 
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ʇʣʦʱʘʜʴ ʦʩʥʦʚʘʥʠʷ ʮʠʣʠʥʜʨʘ 
4

2d
S
p
= .  

ʊʦʛʜʘ                
4

2d
Hm
p

r=                                                                                (3). 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʷʤʠ O O ʠ O1O2    
2

d
a=                                                                                 (4). 

ʇʦʜʩʪʘʚʠʚ (2), (3) ʠ (4) ʚ (1), ʤʳ ʨʝʰʠʤ ʟʘʜʘʯʫ: 

4

4

2

22

32

3

48

3

8

3

48
Hd

d
Hmd

mdmd
J pr

p
r ===+=  

ʈʘʩʩʯʠʪʘʝʤ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ, ʧʦʣʫʯʠʤ: 231089,2 ʤʢʛJ ÖÖ= -  

ʇʨʠʤʝʨ 2. ʆʙʨʫʯ ʤʘʩʩʦʡ m=1 ʢʛ ʠ ʨʘʜʠʫʩʦʤ R=0,2 ʤ ʚʨʘʱʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʦʩʠ O1O2  ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʩʝʨʝʜʠʥʫ  ʝʛʦ ʨʘʜʠʫʩʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩ-

ʢʦʩʪʠ ʦʙʨʫʯʘ (ʨʠʩ. 4.2). ʆʧʨʝʜʝʣʠʪʴ ʤʦ-

ʤʝʥʪ ʠʥʝʨʮʠʠ ʦʙʨʫʯʘ. 

ʈʝʰʝʥʠʝ. ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʦʙʨʫʯʘ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʦʩʠ ʧʦ ʪʝʦʨʝʤʝ ʐʪʝʡʥʝʨʘ ʨʘʚʝʥ 

ʩʫʤʤʝ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʵʪʦʛʦ ʦʙʨʫʯʘ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʦʩʠ OO, ʧʨʦʭʦʜʷɦ ʝʡ ʯʝʨʝʟ 

ʮʝʥʪʨ ʉ, ʠ ʧʨʦʠʟʚʝʜʝʥʠʷ ʤʘʩʩʳ ʦʙʨʫʯʘ ʥʘ 

ʢʚʘʜʨʘʪ ʨʘʩʩʪʦʷʥʠʷ ʘ ʤʝʞʜʫ ʦʩʷʤʠ OO  ʠ 

O1O2 , ʢʦʪʦʨʦʝ ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩ 4.2  

ʨʘʚʥʦ 
2

R
ʘ= : 

4

2

0

R
mJJ += , ʛʜʝ 20 mRJ = . ʊʦʛʜʘ, ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʧʦʣʫʯʘʝʤ: 

 2
2

2

4

5

4
mR

mR
mRJ =+=  

ʈʘʩʩʯʠʪʘʝʤ: 205,004,01
4

5
ʤʢʛJ Ö=ÖÖ=   

ʇʨʠʤʝʨ 3. ʌʠʟʠʯʝʩʢʠʡ ʤʘʷʪʥʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʪʝʨʞʝʥʴ ʜʣʠʥʦʡ l=1 ʤ ʠ ʤʘʩʩʦʡ m1=1 

ʢʛ ʩ ʧʨʠʢʨʝʧʣʸʥʥʳʤ ʢ ʦʜʥʦʤʫ ʠʟ ʝʛʦ ʢʦʥʮʦʚ 

ʜʠʩʢʦʤ ʤʘʩʩʦʡ m2=0,5 m1. ʆʧʨʝʜʝʣʠʪʴ ʤʦʤʝʥʪ 

ʠʥʝʨʮʠʠ Jz ʪʘʢʦʛʦ ʤʘʷʪʥʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ 

Oz, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʪʦʯʢʫ O ʥʘ ʩʪʝʨʞʥʝ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʯʝʨʪʝʞʘ (ʨʠʩ. 

4.3). 

ʈʝhʝʥʠʝ. ʆʙʱʠʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʤʘʷʪʥʠʢʘ 

ʨʘʚʝʥ ʩʫʤʤʝ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʩʪʝʨʞʥʷ Jz1  ʠ 

ʜʠʩʢʘ Jz2: 

21 zzz JJJ +=                                                      (1) 

ʌʦʨʤʫʣʳ, ʧʦ ʢʦʪʦʨʳʤ ʚʳʯʠʩʣʷʶʪʩʷ ʤʦ-

ʤʝʥʪʳ ʠʥʝʨʮʠʠ ʩʪʝʨʞʥʷ J1 ʠ ʜʠʩʢʘ J2 ʦʪʥʦʩʠ-

ʈʠʩ.4.2 

ʈʠʩ. 4.3 
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ʪʝʣʴʥʦ ʦʩʝʡ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʠʭ ʮʝʥʪʨʳ ʤʘʩʩ ʜʘʥʳ ʚ ʪʘʙʣ. 4.1. ʏʪʦʙʳ ʦʧʨʝ-

ʜʝʣʠʪʴ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ Jz1  ʠ  Jz2 ʥʘʜʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʝʦʨʝʤʦʡ ʐʪʝʡʥʝʨʘ: 

J = Jʉ + mʘ2.                                                     (2) 

ɺʳʨʘʟʠʤ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʪʝʨʞʥʷ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (2): 
2

11

2

11 12/1 amlmJz += . 

ʈʘʩʩʪʦʷʥʠʝ ʘ1 ʤʝʞʜʫ ʦʩʴʶ  Oz ʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʝʡ ʦʩʴʶ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ 

ʮʝʥʪʨ ʤʘʩʩ ʉ1 ʩʪʝʨʞʥʷ ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩ. 4.3, ʨʘʚʥʦ lll
6

1

3

1

2

1
=- . ʉ ʫʯʝʪʦʤ 

ʵʪʦʛʦ ʟʘʧʠʰʝʤ 
2

1

2

1

2

1

2

11 111,0
9

1)
6

1(
12

1 lmlmlmlmJz ==+= . 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʜʠʩʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ (2) ʨʘʚʝʥ 
2

22

2

22 2
1 amRmJ z += , 

ʛʜʝ Rï ʨʘʜʠʫʩ ʜʠʩʢʘ;  lR
4

1= . ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʴʶ ʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʝʡ 

ʦʩʴʶ, ʧʨʦʭʦʜʷɦ ʝʡ ʯʝʨʝʟ ʮʝʥʪʨ ʜʠʩʢʘ, ʨʘʚʥʦ (ʨʠʩ. 4.3) lll
12

11
4

1
3

2 =+ . 

 ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʟʘʧʠh ʝʤ  
2

2

2

2

2

2

2

2

2

22 871,0840,00312,0)
12

11()
4

1(
2

1 lmlmlmlmlmJz =+-+= . 

ʇʦʜʩʪʘʚʠʚ ʧʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʚ ʬʦʨʤʫʣʫ (1), ʥʘʡʜʝʤ 
2

21

2

2

2

1 )871,0111,0(871,0111,0 lmmlmlmJz +=+= , 

ʠʣʠ, ʫʯʠʪʳʚʘʷ, ʯʪʦ m2=0,5 m1, 
2

1547,0 lmJz = . 

ʇʨʦʠʟʚʝʜʷ ʚʳʯʠʩʣʝʥʠʷ, ʧʦʣʫʯʠʤ ʟʥʘʯʝʥʠʝ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʬʠʟʠʯʝʩʢʦʛʦ 

ʤʘʷʪʥʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ Oz: 
2547,0 ʤʢʛJ z Ö= . 

 

ʆʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʇʨʠʤʝʨ 4. ɺʘʣ ʚ ʚʠʜʝ ʩʧʣʦʰʥʦʛʦ ʮʠʣʠʥʜʨʘ ʤʘʩʩʦʡ 
1m=10 ʢʛ ʥʘʩʘʞʝʥ ʥʘ ʛʦ-

ʨʠʟʦʥʪʘʣʴʥʫʶ ʦʩʴ. ʅʘ ʮʠʣʠʥʜʨ ʥʘʤʦʪʘʥ ʰʥʫʨ, ʢ ʩʚʦʙʦʜʥʦʤʫ ʢʦʥʮʫ ʢʦʪʦʨʦʛʦ 

ʧʦʜʚʝʰʝʥʘ ʛʠʨʷ ʤʘʩʩʦʡ 
2m=2 ʢʛ (ʨʠʩ. 4.4). ʉ ʢʘʢʠʤ ʫʩʢʦʨʝʥʠʝʤ ʙʫʜʝʪ ʦʧʫʩ-

ʢʘʪʴʩʷ ʛʠʨʷ, ʝʩʣʠ ʝʸ ʧʨʝʜʦʩʪʘʚʠʪʴ ʩʘʤʦʡ ʩʝʙʝ? 

ʈʝʰʝʥʠʝ. ʃʠʥʝʡʥʦʝ ʫʩʢʦʨʝʥʠʝ a ʛʠʨʠ ʨʘʚʥʦ ʪʘʥʛʝʥʮʠʘʣʴʥʦʤʫ ʫʩʢʦʨʝʥʠʶ ʪʦ-

ʯʝʢ ʚʘʣʘ, ʣʝʞʘʱʠʭ ʥʘ ʝʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ ʩʚʷʟʘʥʦ ʩ ʫʛʣʦʚʳʤ 

ʫʩʢʦʨʝʥʠʝʤ e ʚʘʣʘ ʩʦʦʪʥʦh ʝʥʠʝʤ 

                                   ra Ö=e ,                                                     (1) 

ʛʜʝ r - ʨʘʜʠʫʩ ʚʘʣʘ. 

ʋʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʚʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʦ ʦʩ-

ʥʦʚʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʜʠʥʘʤʠʢʠ ʚʨʘʱʘʶɦ ʝʛʦ ʪʝʣʘ  

                          
J

M
=e                  (2), 

 ʛʜʝ M - ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʚʘʣ, 

J - ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʚʘʣʘ. 

ʈʠʩ.4.4 
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ʈʘʩʩʤʘʪʨʠʚʘʝʤ ʚʘʣ ʢʘʢ ʦʜʥʦʨʦʜʥʳʡ ʮʠʣʠʥʜʨ. ʊʦʛʜʘ ʝʛʦ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ J  

ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʩʠ 

2

1
2

1
rmJ = . 

ɺʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ M, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʚʘʣ, ʨʘʚʝʥ ʧʨʦʠʟʚʝʜʝʥʠʶ ʩʠʣʳ 

ʥʘʪʷʞʝʥʠʷ ʰʥʫʨʘ T  ʥʘ ʨʘʜʠʫʩ ʚʘʣʘ  

TrM = . 

ʉʠʣʫ ʥʘʪʷʞʝʥʠʷ ʰʥʫʨʘ ʥʘʡʜʸʤ  ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʦʦʙʨʘʞʝʥʠʡ. ʅʘ ʛʠʨʶ ʜʝʡ-

ʩʪʚʫʝʪ ʜʚʝ ʩʠʣʳ: ʩʠʣʘ ʪʷʞʝʩʪʠ gm2 , ʥʘʧʨʘʚʣʝʥʥʘʷ ʚʥʠʟ, ʠ ʩʠʣʘ ʥʘʪʷʞʝʥʠʷ T  

ʰʥʫʨʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʚʚʝʨʭ. ʈʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ ʵʪʠʭ ʩʠʣ ʚʳʟʳʚʘʝʪ ʨʘʚʥʦ-

ʫʩʢʦʨʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʛʠʨʠ. 

ʇʦ ʚʪʦʨʦʤʫ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ  

amTgm 22 =- , 

ʦʪʢʫʜʘ  

)(2 agmT -= . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ 

ragmM )(2 -= . 

ʋʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʚʘʣʘ  

rm

agm

rm

ragm

J

M

1

2

2

1

2 )(2

2

1

)( -
=

-
=e . 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʢʦʨʝʥʠʷ  ʛʠʨʠ ʧʦʜʩʪʘʚʠʤ ʧʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʚ ʬʦʨ-

ʤʫʣʝ (1). ʇʦʣʫʯʠʤ  

1

2 )(2

m

agm
a

-
= , 

 ʦʪʢʫʜʘ                           81,9
2210

22

2

2

21

2 Ö
Ö+

Ö
=

+
= g

mm

m
a ʤ/ʩ2 = 2,80 ʤ/ʩ2. 

ʇʨʠʤʝʨ 5. ʏʝʨʝʟ ʙʣʦʢ ʚ ʚʠʜʝ ʜʠʩʢʘ, ʠʤʝʶʱʠʡ ʤʘʩʩʫ m=80 ʛ (ʨʠʩ 4.5) ʧʝʨʝʢʠ-

ʥʫʪʘ  ʪʦʥʢʘʷ, ʛʠʙʢʘʷ  ʥʠʪʴ, ʢ ʢʦʥʮʘʤ ʢʦʪʦʨʦʡ ʧʦʜʚʝ-

ʰʝʥʳ ʛʨʫʟʳ ʤʘʩʩʘʤʠ   m1 =100 ʛ ʠ m2 =200 ʛ. ʉ ʢʘʢʠʤ 

ʫʩʢʦʨʝʥʠʝʤ ʙʫʜʫʪ ʜʚʠʛʘʪʴʩʷ ʛʨʫʟʳ, ʝʩʣʠ ʠʭ ʧʨʝʜʦʩʪʘ-

ʚʠʪʴ ʩʘʤʠʤ ʩʝʙʝ? ʊʨʝʥʠʝʤ ʧʨʝʥʝʙʨʝʯʴ. 

ʈʝʰʝʥʠʝ. ʇʨʠʤʝʥʠʤ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ  ʦʩʥʦʚʥʳʝ ʟʘ-

ʢʦʥʳ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʅʘ 

ʢʘʞʜʳʡ ʠʟ ʜʚʠʞʫʱʠʭʩʷ ʛʨʫʟʦʚ ʜʝʡʩʪʚʫʶʪ ʜʚʝ ʩʠʣʳ: 

ʩʠʣʘ ʪʷʞʝʩʪʠ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʚʥʠʟ ʠ ʩʠʣʘ ʥʘʪʷʞʝʥʠʷ 

ʥʠʪʠ  T, ʥʘʧʨʘʚʣʝʥʥʘʷ ʚʚʝʨʭ (ʨʠʩ. 4.5).ʊʘʢ ʢʘʢ ʫʩʢʦ-

ʨʝʥʠʝ a ʛʨʫʟʘ m1 ʥʘʧʨʘʚʣʝʥʦ ʚʚʝʨʭ, ʪʦ T1>m1g. ʇʦ 

ʚʪʦʨʦʤʫ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ ʵʪʠʭ 

ʩʠʣ, ʨʘʚʥʘʷ ʠʭ ʨʘʟʥʦʩʪʠ, ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʤʘʩʩʝ ʛʨʫʟʘ ʠ ʫʩʢʦʨʝʥʠʶ, ʩ ʢʦʪʦʨʳʤ ʦʥ ʜʚʠʞʝʪʩʷ, ʪ.ʝ. 

amgmT 111 =- , 

ʦʪʢʫʜʘ  

                     amgmT 111 +=                 (1). 

ʈʠʩ.4.5 
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ʋʩʢʦʨʝʥʠʝ a  ʛʨʫʟʘ 
2m  ʥʘʧʨʘʚʣʝʥʦ ʚʥʠʟ, ʩʣʝʜʦʚʘʪʝʣʥɹʦ, gmT 22 B . ɿʘʧʠʰʝʤ 

ʬʦʨʤʫʣʫ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʜʣʷ ʵʪʦʛʦ ʛʨʫʟʘ 

amTgm 222 =- ,  

ʦʪʢʫʜʘ   amgmT 222 -=                                          (2). 

ʉʦʛʣʘʩʥʦ ʦʩʥʦʚʥʦʤʫ ʟʘʢʦʥʫ ʜʠʥʘʤʠʢʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʨʘʱʘʶʱʠʡ 

ʤʦʤʝʥʪ ʄ, ʧʨʠʣʦʞʝʥʥʳʡ ʢ ʜʠʩʢʫ, ʨʘʚʝʥ ʧʨʦʠʟʚʝʜʝʥʠʶ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ J 

ʜʠʩʢʘ ʥʘ ʝʛʦ ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ e. 

                                eÖ=JM                                          (3). 

ʆʧʨʝʜʝʣʠʤ ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ. ʉʠʣʳ ʥʘʪʷʞʝʥʠʷ ʥʠʪʝʡ ʜʝʡʩʪʚʫʝʪ ʥʝ 

ʪʦʣʴʢʦ ʥʘ ʛʨʫʟʳ, ʥʦ ʠ ʥʘ ʜʠʩʢ. ʇʦ ʪʨʝʪʴʝʤʫ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ ʩʠʣʳ `

1T  ʠ `

2T , 

ʧʨʠʣʦʞʝʥʥʳʝ ʢ ʦʙʦʜʫ ʜʠʩʢʘ, ʧʦ ʚʝʣʠʯʠʥʝ ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʠʣʘʤ 
1T  ʠ 

2T , ʥʦ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʠʤ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʛʨʫʟʦʚ ʜʠʩʢ 

ʫʩʢʦʨʝʥʦ ʚʨʘʱʘʝʪʩʷ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, `

1

`

2 TT = . ɺʨʘʱʘʶʱʠʡ 

ʤʦʤʝʥʪ, ʧʨʠʣʦʞʝʥʥʳʡ ʢ ʜʠʩʢʫ, ʨʘʚʝʥ ʧʨʦʠʟʚʝʜʝʥʠʶ ʨʘʟʥʦʩʪʠ ʵʪʠʭ ʩʠʣ ʥʘ 

ʧʣʝʯʦ, ʨʘʚʥʦʝ ʨʘʜʠʫʩʫ ʜʠʩʢʘ, ʪ.ʝ. 

rTTM )( `

1

`

2 -= . 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʜʠʩʢʘ 
2

2mr
J = ; ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʣʠʥʝʡʥʳʤ 

ʫʩʢʦʨʝʥʠʝʤ ʛʨʫʟʦʚ  ʩʦʦʪʥʦʰʝʥʠʝʤ 
r

a
=e . ʇʦʜʩʪʘʚʠʤ ʚ ʬʦʨʤʫʣʫ (3) ʚʳʨʘʞʝ-

ʥʠʷ M, J ʠ e, ʧʦʣʫʯʠʤ 
r

amr
rTT Ö=-

2
)(

2
`

1

`

2 , 

ʦʪʢʫʜʘ  

                                                               a
m

TT
2

`

1

`

2 =- .                                                                                    (4) 

ʊʘʢ ʢʘʢ `

`

1 TT =  ʠ 
2

`

2 TT = , ʪʦ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʩʠʣʳ `

1T  ʠ `

2T  ʚʳʨʘʞʝʥʠʷʤʠ ʧʦ 

ʬʦʨʤʫʣʘʤ (1) ʠ (2), ʪʦʛʜʘ 

a
m

amgmgmgm
2

1122 =---     

ʠʣʠ                                          a
m

mmgmm )
2

()( 1212 ++=- , 

ʦʪʢʫʜʘ                                     g
m

mm

mm
a

2
12

12

++

-
= ,                                                (5) 

ʆʪʥʦʰʝʥʠʝ ʤʘʩʩ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʬʦʨʤʫʣʳ (5) ʝʩʪʴ ʚʝʣʠʯʠʥʘ ʙʝʟʨʘʟʤʝʨʥʘʷ. 

ʇʦʵʪʦʤʫ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʤʘʩʩ 1m , 2m  ʠ m ʤʦʞʥʦ ʚʟʷʪʴ ʚ ʛʨʘʤʤʘʭ, ʢʘʢ ʦʥʠ 

ʜʘʥʳ ʚ ʫʩʣʦʚʠʷʭ ʟʘʜʘʯʠ. ʏʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʫʩʢʦʨʝʥʠʷ g ʥʘʜʦ ʚʟʷʪʴ ʚ ʝʜʠʥʠ-

ʮʘʭ ʉʀ. ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʧʦʣʫʯʠʤ: 

81,9

2

80
100200

100200
Ö

++

-
=

ʛ
ʛʛ

ʛʛ
a ʤ/ʩ2  = 2,88ʤ/ʩ2. 

ʇʨʠʤʝʨ 6. ʄʘʭʦʚʠʢ ʚ ʚʠʜʝ ʜʠʩʢʘ ʤʘʩʩʦʡ m=50 ʢʛ ʠ ʨʘʜʠʫʩʦʤ r=20 ʩʤ ʙʳʣ 
ʨʘʩʢʨʫʯʝʥ ʜʦ ʯʘʩʪʦʪʳ 1n=480 ʦʙ/ʤʠʥ ʠ ʟʘʪʝʤ ʧʨʝʜʦʩʪʘʚʣʝʥ ʩʘʤʦʤʫ ʩʝʙʝ. ʇʦʜ 
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ʚʣʠ̫ʥʠʝʤ ʪʨʝʥʠʷ ʤʘʭʦʚʠʢ ʦʩʪʘʥʦʚʠʣʩʷ. ʅʘʡʪʠ ʤʦʤʝʥʪ M  ʩʠʣ ʪʨʝʥʠʷ, ʩʯʠʪʘʷ 

ʝʛʦ ʧʦʩʪʦʷʥʥʳʤ, ʧʨʠʥʠʤʘʷ, ʯʪʦ: ʘ) ʤʘʭʦʚʠʢ ʦʩʪʘʥʦʚʠʣʩʷ ʯʝʨʝʟ t=50 ʩ; ʙ) ʤʘ-

ʭʦʚʠʢ ʜʦ ʧʦʣʥʦʡ ʦʩʪʘʥʦʚʢʠ ʩʜʝʣʘʣ N=200 ʦʙ. 

ʈʝʰʝʥʠʝ. ʇʦ ʚʪʦʨʦʤʫ ʟʘʢʦʥʫ ʜʠʥʘʤʠʢʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠʟʤʝʥʝʥʠʝ 

ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʪʝʣʘ ʨʘʚʥʦ ʧʨʦʠʟʚʝʜʝʥʠʶ ʤʦʤʝʥʪʘ ʩʠʣʳ, 

ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʪʝʣʦ, ʥʘ ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ ʵʪʦʛʦ ʤʦʤʝʥʪʘ  

12 ww JJtM -=D , 

ʛʜʝ J- ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʤʘʭʦʚʠʢʘ, 1w  ʠ 
2w - ʥʘʯʘʣʴʥʘʷ ʠ ʢʦʥʝʯʥʘʷ ʫʛʣʦʚʳʝ 

ʩʢʦʨʦʩʪʠ. 

ʊʘʢ ʢʘʢ 02 =w , ʪʦ 

1wJtM -=D , 

ʦʪʢʫʜʘ 

                                                         
t

J
M

D
-= 1w .                                                   (1) 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʜʠʩʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʩʠ  

2

2

1
mrJ = . 

 ʇʦʩʪʘʚʠʚ ʚʳʨʘʞʝʥʠʝ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʚ ʬʦʨʤʫʣʫ (1),  ʥʘʡʜʝʤ  

                                                        1

2

2
w

t

mr
M

D
-= .                                                  (2) 

ɺʳʨʘʟʠʤ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʯʝʨʝʟ ʯʘʩʪʦʪʫ  

60

48014,32
2 11

ÖÖ
== npw ʨʘʜ/ʩ=50,2 ʨʘʜ/ʩ. 

 ʇʦʜʩʪʘʚʠʚ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʚ ʬʦʨʤʫʣʫ (2), ʧʦʣʫʯʠʤ  

2,50
502

)2,0(50 2

Ö
-=M ʅʤ = - 1 ʅʤ. 

ɿʥʘʢ çʤʠʥʫʩè ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʦʤʝʥʪ ʩʠʣʳ ʪʨʝʥʠʷ ʦʢʘʟʳʚʘʝʪ ʪʦʨʤʦʟʷʱʝʝ 

ʜʝʡʩʪʚʠʝ. 

 

ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ 

ʇʨʠʤʝʨ 7. ʇʣʘʪʬʦʨʤʘ ʚ ʚʠʜʝ ʜʠʩʢʘ ʨʘʜʠʫʩʦʤ R=1,5 ʤ ʠ ʤʘʩʩʦʡ 1801=m  ʢʛ 

ʚʨʘʱʘʝʪʩʷ ʧʦ ʠʥʝʨʮʠʠ ʦʢʦʣʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ, ʜʝʣʘʷ v=10 ʦʙ/ʤʠʥ. ɺ ʮʝʥʪʨʝ 

ʧʣʘʪʬʦʨʤʳ ʩʪʦʠʪ ʯʝʣʦʚʝʢ ʤʘʩʩʦʡ 602 =m  ʢʛ. ʂʘʢʫʶ ʣʠʥʝʡʥʫʶ ʩʢʦʨʦʩʪʴ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʧʦʣʘ ʧʦʤʝʱʝʥʠʷ ʙʫʜʝʪ ʠʤʝʪʴ ʯʝʣʦʚʝʢ, ʝʩʣʠ ʦʥ ʧʝʨʝʡʜʝʪ ʥʘ ʢʨʘʡ 

ʧʣʘʪʬʦʨʤʳ? 

ʈʝʰʝʥʠʝ. ʇʦ ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ  

                                                     2

/

21121 )()( ww JJJJ +=+ ,                                      (1) 

ʛʜʝ 1J - ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʧʣʘʪʬʦʨʤʳ, 2J - ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʯʝʣʦʚʝʢʘ, ʩʪʦʷʱʝʛʦ 

ʚ ʮʝʥʪʨʝ ʧʣʘʪʬʦʨʤʳ, 1w - ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʣʘʪʬʦʨʤʳ ʩ ʯʝʣʦʚʝʢʦʤ, ʩʪʦʷʱʝʤ 

ʚ ʝʝ ʮʝʥʪʨʝ, /

2J - ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʯʝʣʦʚʝʢʘ, ʩʪʦʷʱʝʛʦ ʥʘ ʢʨʘʶ ʧʣʘʪʬʦʨʤʳ, 2w - 

ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʣʘʪʬʦʨʤʳ ʩ ʯʝʣʦʚʝʢʦʤ, ʩʪʦʷʱʠʤ ʥʘ ʝʛʦ ʢʨʘʶ. 

ʃʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʯʝʣʦʚʝʢʘ, ʩʪʦʷʱʝʛʦ ʥʘ ʢʨʘʶ ʧʣʘʪʬʦʨʤʳ, ʩʚʷʟʘʥʘ ʩ ʫʛʣʦ-

ʚʦʡ ʩʢʦʨʦʩʪʴʶ ʩʦʦʪʥʦʰʝʥʠʝʤ:  
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                                                    R2wu= .                                                             (2) 

 ʆʧʨʝʜʝʣʠʚ ʠʟ ʫʨʘʚʥʝʥʠʷ (1)
2wʠ ʧʦʜʩʪʘʚʠʚ ʧʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʚ ʬʦʨʤʫ-

ʣʫ(2), ʙʫʜʝʤ ʠʤʝʪ ɹ

                                                     R
JJ

JJ
1/

21

21 wu
+

+
= .                                                 (3) 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʧʣʘʪʬʦʨʤʳ ʨʘʩʩʯʠʪʳʚʘʝʤ ʢʘʢ ʜʣʷ ʜʠʩʢʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ:  

2

11
2

1
RmJ =                                

 ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʯʝʣʦʚʝʢʘ ʨʘʩʩʯʠʪʳʚʘʝʤ ʢʘʢ ʜʣʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ. ʇʦ-

ʵʪʦʤʫ  
,02 =J  

2

2

/

2 RmJ = . 

 ʋʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʣʘʪʬʦʨʤʳ ʜʦ ʧʝʨʝʭʦʜʘ ʯʝʣʦʚʝʢʘ  

pnw 21= . 

ɿʘʤʝʥʠʚ ʚ ʬʦʨʤʫʣʝ (3) ʚʝʣʠʯʠʥʳ/

221 ,, JJJ  ʠ 1w  ʠʭ ʚʳʨʘʞʝʥʠʷʤʠ, ʧʦʣʫʯʠʤ  

R

RmRm

Rm
pnu 2

2

1
2

1

2

2

2

1

2

1

Ö

+

= . 

 ʇʦʩʣʝ ʫʧʨʦʱʝʥʠʷ ʧʦʣʫʯʠʤ ʦʢʦʥʯʘʪʝʣʴʥʦ R
mm

m
pnu 2

2 21

1 Ö
+

= . 

ʉʜʝʣʘʚ ʧʦʜʩʪʘʥʦʚʢʫ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ ʚʝʣʠʯʠʥ, ʚʳʯʠʩʣʠʤ ʠʩʢʦʤʫʶ ʣʠʥʝʡ-

ʥʫʶ ʩʢʦʨʦʩʪʴ ʯʝʣʦʚʝʢʘ 

5,1
60

10
14,32

602180

180
ÖÖÖÖ

Ö+
=u ʤ/ʩ = 0,94 ʤ/ʩ.  

ʇʨʠʤʝʨ 8. ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʣʘʪʬʦʨʤʘ ʤʘʩʩʦʡ 100 ʢʛ ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʚʝʨ-

ʪʠʢʘʣʴʥʦʡ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʮʝʥʪʨ ʧʣʘʪʬʦʨʤʳ, ʜʝʣʘʷ 10 ʦʙ/ʤʠʥ (ʨʠʩ. 

4.6). ʏʝʣʦʚʝʢ ʤʘʩʩʦʡ 60 ʢʛ ʩʪʦʠʪ ʥʘ ʝʝ ʢʨʘʶ. ʉ ʢʘʢʦʡ ʯʘʩʪʦʪʦʡ  ʩʪʘʥʝʪ ʚʨʘ-

ʱʘʪʴʩʷ ʧʣʘʪʬʦʨʤʘ, ʝʩʣʠ ʯʝʣʦʚʝʢ ʧʝʨʝʡʜʝʪ ʚ ʝʝ ʮʝʥʪʨ. ʉʯʠʪʘʪʴ ʧʣʘʪʬʦʨʤʫ 

ʢʨʫʛʣʳʤ  ʦʜʥʦʨʦʜʥʳʤ ʜʠʩʢʦʤ, ʯʝʣʦʚʝʢʘ ï ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʦʡ. 

ʈʝʰʝʥʠʝ.  ɽʩʣʠ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘ ʩʠʩʪʝʤʫ ʪʝʣ  ʯʝʣʦʚʝʢ ï ʧʣʘʪʬʦʨʤʘ ʤʦʤʝʥʪʳ 

ʚʥʝʰʥʠʭ ʩʠʣ ʥʝ ʜʝʡʩʪʚʫʶʪ (ʥʘ ʥʠʭ ʜʝʡʩʪʚʫʶʪ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʥʦ ʠʭ ʤʦʤʝʥʪ 

ʨʘʚʝʥ ʥʫʣʶ), ʪʦ ʜʣʷ ʨʝʰʝʥʠʷ ʣʫʯʰʝ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ 

ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ. 

ʇʦ ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ ʩʫʤʤʘʨʥʳʡ ʠʤʧʫʣʴʩ ʧʣʘʪʬʦʨʤʳ L01 

ʠ ʯʝʣʦʚʝʢʘ L02, ʢʦʛʜʘ ʦʥ ʩʪʦʷʣ ʥʘ ʝʝ ʢʨʘʶ  (ʨʠʩ. 4.6), ʜʦʣʞʝʥ ʩʦʭʨʘʥʠʪʴʩʷ, ʪ.ʝ.   

ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʚʥʳʤ ʩʫʤʤʘʨʥʦʤʫ ʤʦʤʝʥʪʫ ʠʤʧʫʣʴʩʘ ʧʣʘʪʬʦʨʤʳ L1 ʠ ʯʝʣʦ-

ʚʝʢʘ L2 ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʯʝʣʦʚʝʢ ʧʝʨʝʰʝʣ ʚ ʮʝʥʪʨ ʧʣʘʪʬʦʨʤʳ (ʨʠʩ. 4.6): 
 

                                  

 

 

 

 

ʈʠʩ. 4.6 
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210201 LLLL +=+                                                                       (1) 

ʄʦʤʝʥʪ ʠʤʧʫʣʴʩʘ ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʝʣʘ ʨʘʚʝʥ ʧʨʦʠʟʚʝʜʝʥʠʶ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ 

ʪʝʣʘ ʠ ʝʛʦ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʧʦʵʪʦʤʫ 

                      111110201 )( www ʯʝʣʧʣʯʝʣʧʣ JJJJLL +=+=+                                       (2) 

 ʠ    
2222221 )( www ʯʝʣʧʣʯʝʣʧʣ JJJJLL +=+=+ . 

ɿʜʝʩʴ  ɤ1 -ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪ ɹʧʣʘʪʬʦʨʤʳ ʠ ʯʝʣʦʚʝʢʘ, ʢʦʛʜʘ ʦʥ ʩʪʦʷʣ ʥʘ ʝʝ 

ʢʨʘʁ, ʘ  ɤ2ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʣʘʪʬʦʨʤʳ ʠ ʯʝʣʦʚʝʢʘ, ʢʦʛʜʘ ʦʥ ʧʝʨʝʰʝʣ ʚ ʝʝ 

ʮʝʥʪʨ. ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʧʣʘʪʬʦʨʤʳ ʢʘʢ ʦʜʥʦʨʦʜʥʦʛʦ ʮʠʣʠʥʜʨʘ 2

1
2

1
RmJʧʣ=  

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʯʝʣʦʚʝʢʘ, ʩʪʦʷʱʝʛʦ ʥʘ ʢʨʘʶ ʧʣʘʪʬʦʨʤʳ, ʦʧʨʝʜʝʣʠʤ ʧʦ 

ʬʦʨʤʫʣʝ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ 2

21 RmJʯʝʣ= . 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʯʝʣʦʚʝʢʘ ʚ ʮʝʥʪʨʝ ʧʣʘʪʬʦʨʤʳ 2ʯʝʣJ ʨʘʚʝʥ ʥʫʣʶ, ʪ.ʢ. ʨʘʜʠʫʩ 

ʦʢʨʫʞʥʦʩʪʠ ʧʦ ʢʦʪʦʨʦʡ ʦʥ ʜʚʠʞʝʪʩʷ, ʪʘʢʞʝ ʨʘʚʝʥ ʥʫʣʶ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦ-

ʤʝʥʪ ʠʤʧʫʣʴʩʘ ʯʝʣʦʚʝʢʘ ʚ ʮʝʥʪʨʝ ʧʣʘʪʬʦʨʤʳ ʪʘʢʞʝ ʨʘʚʝʥ ʥʫʣʶ. 

ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ (1)ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢ: 1210201 LLLLL =+=+ . 

ʊʝʧʝʨʴ ʧʦʜʩʪʘʚʠʤ ʚʳʨʘʞʝʥʠ ̫ʜʣʷ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʠ ʚ (2) ʠ (3) ʠ ʧʨʠʨʘʚʥʷ-

ʝʤ ʧʨʘʚʳʝ ʯʘʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ: 

2

2

1
1

2

2

2

1

22
ww

Rm
Rm

Rm
=öö

÷

õ
ææ
ç

å
+ ,   21121 5,0)5,0( ww mmm =+ . 

ʇʦʩʢʦʣʴʢʫ ʚ ʫʩʣʦʚʠʠ ʟʘʜʘʯʠ ʨʝʯʴ ʠʜʝʪ ʥʝ ʦ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʷʭ ɤ1 ʠ ɤ2, ʘ ʦ ʯʘ-

ʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ ɜ1 ʠ ɜ2, ʪʦ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʩʦʦʪʥʦʰʝʥʠʷʤʠ  vpw 2= , ʟʘ-

ʧʠʰʝʤ: 21121 5,0)5,0( vmvmm =+ .  

 ʆʪʩʶʜʘ ʥʘʡʜʝʤ ʠʩʢʦʤʫʶ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ öö
÷

õ
ææ
ç

å
+=

1

2
12

2
1

m

m
vv  

ʇʦʜʩʪʘʚʠʤ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ, ʧʨʦʠʟʚʝʜʝʤ ʚʳʯʠʩʣʝʥʠʷ: 1

2 37,0 -= ʩv . 

ʇʨʠʤʝʨ 9. ʏʝʣʦʚʝʢ ʩʪʦʠʪ ʚ ʮʝʥʪʨʝ ʩʢʘʤʴʠ ɾʫʢʦʚʩʢʦʛʦ ʠ ʚʤʝʩʪʝ ʩ ʥʝʡ ʚʨʘʱʘ-

ʝʪʩʷ ʧʦ ʠʥʝʨʮʠʠ. ʏʘʩʪʦʪʘ ʦʙʨʘʱʝʥʠʷ 5,01 =n  ʦʙ/ʩ. ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʪʝʣʘ ʯʝ-

ʣʦʚʝʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ J=1,6 2ʤʢʛÖ . ɺ ʚʳʪʷʥʫʪʳʭ ʚ ʩʪʦʨʦʥʳ ʨʫ-

ʢʘʭ ʯʝʣʦʚʝʢ ʜʝʨʞʠʪ ʛʠʨʠ ʤʘʩʩʦʡ m=2 ʢʛ ʢʘʞʜʘʷ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʛʠʨʷʤʠ 

6,11 =l  ʤ. ʉʢʦʣʴʢʦ ʦʙʦʨʦʪʦʚ ʩʝʢʫʥʜʫ ʙʫʜʝʪ ʜʝʣʘʪʴ ʩʢʘʤʝʡʢʘ ʩ ʯʝʣʦʚʝʢʦʤ, ʝʩʣʠ 

ʦʥ ʦʧʫʩʪʠʪ ʨʫʢʠ ʠ ʨʘʩʩʪʦʷʥʠʝ 2l  ʤʝʞʜʫ ʛʠʨʷʤʠ ʩʪʘʥʝʪ ʨʘʚʥʳʤ 0,4 ʤ? ʤʦʤʝʥ-

ʪʦʤ ʠʥʝʨʮʠʠ ʩʢʘʤʝʡʢʠ ʧʨʝʥʝʙʨʝʯʴ. 

ʈʝʰʝʥʠʝ. ʏʝʣʦʚʝʢ, ʜʝʨʞʘʱʠʡ ʛʠʨʠ, ʩʦʩʪʘʚʣʷʝʪ ʚʤʝʩʪʝ ʩʦ ʩʢʘʤʝʡʢʦʡ ʠʟʦʣʠʨʦ-

ʚʘʥʥʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʧʦʵʪʦʤʫ ʤʦʤʝʥʪ ʠʤʧʫʣʴʩʘwJ  ʵʪʦʡ ʩʠʩʪʝʤʳ 

ʜʦʣʞʝʥ ʠʤʝʪʴ ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʥʘh ʝʛʦ ʩʣʫʯʘʷ 

2211 ww JJ = ,(1) ʛʜʝ 1J  ʠ 1w - ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʪʝʣʘ ʯʝʣʦʚʝʢʘ ʠ ʫʛʣʦʚʘʷ ʩʢʦ-
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ʨʦʩʪʴ ʩʢʘʤʝʡʢʠ ʠ ʯʝʣʦʚʝʢʘ ʩ ʚʳʪʷʥʫʪʳʤʠ ʨʫʢʘʤʠ, 
2J ʠ 2w - ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ 

ʪʝʣʘ ʯʝʣʦʚʝʢʘ ʠ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʩʢʘʤʝʡʢʠ ʠ ʯʝʣʦʚʝʢʘ ʩ ʦʧʫʱʝʥʥʳʤʠ ʨʫʢʘ-

ʤʠ. ʆʪʩʶʜʘ 1

2

1
2 ww

J

J
=       (2).  

ɿʘʤʝʥʠʚ ʚ ʫʨʘʚʥʝʥʠʠ (2) ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ  ʝʝ ʚʳʨʘʞʝʥʠʝʤ ʯʝʨʝʟ ʯʠʩʣʦ ʦʙʦ-

ʨʦʪʦʚ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ )2( npw= ʠ ʩʦʢʨʘʪʠʚ ʥʘ p2 , ʧʦʣʫʯʠʤ 1
1

2 n
J

J
n = .(3). 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʠʩʪʝʤʳ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʚ ʜʘʥʥʦʡ ʟʘʜʘʯʝ, ʨʘʚʝʥ ʩʫʤʤʝ 

ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʪʝʣʘ ʯʝʣʦʚʝʢʘ 
0J  ʠ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʛʠʨʴ ʚ ʨʫʢʘʭ ʯʝʣʦʚʝʢʘ. 

ʊʘʢ ʢʘʢ ʨʘʟʤʝʨ ʛʠʨʴ ʤʥʦʛʦ ʤʝʥʴʰʝ ʨʘʩʩʪʦʷʥʠʷ ʠʭ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ, ʪʦ ʤʦ-

ʤʝʥʪ ʠʥʝʨʮʠʠ ʛʠʨʴ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʤʘʪʝʨʠ-

ʘʣʴʥʦʡ ʪʦʯʢʠ 2mrJ= . ʉʣʝʜʦʚʘʪʝʣʥɹʦ, ,
2

2

2

1
01 ö

÷

õ
æ
ç

å
+=

l
mJJ ,

2
2

2

2
02 ö

÷

õ
æ
ç

å
+=

l
mJJ   ʛʜʝ 

m- ʤʘʩʩʘ ʢʘʞʜʦʡ ʠʟ ʛʠʨʴ, 1l - ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʛʠʨʷʤʠ, 
2l - 

ʢʦʥʝʯʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ. ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʷ 1J  ʠ 
2J  ʚ ʫʨʘʚʥʝ-

ʥʠʝ (3), ʧʦʣʫʯʠʤ 12

2
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2
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2
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= .(4). ʇʦʜʩʪʘʚʣʷʷ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠ-

ʯʠʥʳ ʚ ʚʳʨʘʞʝʥʠʝ (4), ʥʘʡʜʝʤ 5,0

2

4,0
226,1

2

6,1
226,1

2

2

2 Ö

ö
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æ
ç

å
Ö+

ö
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æ
ç

å
Ö+

=n ʦʙ/ʩ = 1,18 ʦʙ/ʩ. 

 

ɿʘʜʘʯʠ ʜʣʷ ʨʝʰʝʥʠʷ 

 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ 

4.1. ɼʚʘ ʰʘʨʘ ʤʘʩʩʘʤʠ m ʠ 2m (m=10 ʛ) ʟʘ-

ʢʨʝʧʣʝʥʳ ʥʘ ʪʦʥʢʦʤ ʥʝʚʝʩʦʤʦʤ ʩʪʝʨʞʥʝ 

ʜʣʠʥʦʡ l=40 ʩʤ ʪʘʢ, ʢʘʢ ʵʪʦ ʫʢʘʟʘʥʦ ʥʘ ʨʠʩ. 

4.7. ʆʧʨʝʜʝʣʠʪʴ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ J ʩʠʩʪʝ-

ʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ 

ʩʪʝʨʞʥʶ ʠ ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʝʛʦ 

ʢʦʥʝʮ ʚ ʵʪʠʭ ʜʚʫʭ ʩʣʫʯʘʷʭ. ʈʘʟʤʝ-

ʨʘʤʠ ʰʘʨʦʚ ʧʨʝʥʝʙʨʝʯʴ. 

4.2. ʆʧʨʝʜʝʣʠʪʴ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ J 

ʪʦʥʢʦʛʦ ʦʜʥʦʨʦʜʥʦʛʦ ʩʪʝʨʞʥʷ ʜʣʠ-

ʥʦʡ l=60 ʩʤ ʠ ʤʘʩʩʦʡ m=100 ʛ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʦʩʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ 

ʝʤʫ ʠ ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʪʦʯʢʫ 

ʩʪʝʨʞʥʷ, ʫʜʘʣʸʥʥʫʶ ʥʘ a=20 ʩʤ ʦʪ 

ʦʜʥʦʛʦ ʠʟ ʢʦʥʮʦʚ. 

ʈʠʩ. 4.7 

ʈʠʩ.4.8 
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4.3. ʅʘ ʢʦʥʮʘʭ ʪʦʥʢʦʛʦ ʦʜʥʦʨʦʜʥʦʛʦ ʩʪʝʨʞʥʷ ʜʣʠʥʦʡ l ʠ ʤʘʩʩʦʡ 3m ʧʨʠʢʨʝʧ-

ʣʝʥʳ ʤʘʣʝʥʴʢʠʝ ʰʘʨʠʢʠ ʤʘʩʩʘʤʠ m ʠ 2m. ʆʧʨʝʜʝʣʠʪʴ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ J ʪʘ-

ʢʦʡ ʩʠʩʪʝʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʩʪʝʨʞʥʶ ʠ ʧʨʦʭʦʜʷɦ ʝʡ 

ʯʝʨʝʟ ʪʦʯʢʫ ʆ, ʣʝʞʘʱʫʶ ʥʘ ʦʩʠ ʩʪʝʨʞʥʷ. ɺʳʯʠʩʣʝʥʠʷ ʚʳʧʦʣʥʠʪʴ ʜʣʷ ʩʣʫʯʘʝʚ 

ʘ, ʙ, ʚ, ʛ, ʜ, ʝ,  ʠʟʦʙʨʘʞʸʥʥʳʭ ʥʘ ʨʠʩ. 4.8. ʇʨʠ ʨʘʩʯʸʪʘʭ ʧʨʠʥʷʪʴ l=1 ʤ, m=0,1 

ʢʛ. ʐʘʨʠʢʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʘʪʝʨʠʘʣʴʥʳʝ ʪʦʯʢʠ. 

4.4. ʆʧʨʝʜʝʣʠʪʴ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʰʘʨʘ ʨʘʜʠʫʩʦʤ 20 ʩʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ, 

ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʩʝʨʝʜʠʥʫ ʨʘʜʠʫʩʘ. ʄʘʩʩʘ ʰʘʨʘ 1 ʢʛ. 

  

 

 

ʆʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʠʥʘʤʠʢʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

4.4.ʊʦʥʢʠʡ ʦʜʥʦʨʦʜʥʳʡ ʩʪʝʨʞʝʥʴ ʜʣʠʥʦʡ l=50 ʩʤ ʠ ʤʘʩʩʦʡ m=400 ʛ ʚʨʘʱʘʝʪ-

ʩʷ ʩ ʫʛʣʦʚʳʤ ʫʩʢʦʨʝʥʠʝʤ Ů=3 ʨʘʜ/ʩ2 ʦʢʦʣʦ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʩʪʝʨʞʥʶ ʯʝʨʝʟ ʝʛʦ ʩʝʨʝʜʠʥʫ. ʆʧʨʝʜʝʣʠʪʴ ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ M. 

4.5. ʅʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʦʩʴ ʥʘʩʘʞʝʥʳ ʤʘʭʦʚʠʢ ʠ ʣʸʛʢʠʡ ʰʢʠʚ ʨʘʜʠʫʩʦʤ R=5 

ʩʤ. ʅʘ ʰʢʠʚ ʥʘʤʦʪʘʥ ʰʥʫʨ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʚʷʟʘʥ ʛʨʫʟ ʤʘʩʩʦʡ m=0,4 ʢʛ. 

ʆʧʫʩʢʘʷʩʴ ʨʘʚʥʦʫʩʢʦʨʝʥʥʦ, ʛʨʫʟ ʧʨʦʰʸʣ ʧʫʪʴ s=1,8 ʤ ʟʘ ʚʨʝʤʷ t=3 ʩ. ʆʧʨʝʜʝ-

ʣʠʪʴ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ J ʤʘʭʦʚʠʢʘ. ʄʘʩʩʫ ʰʢʠʚʘ ʩʯʠʪʘʪʴ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘ-

ʣʦʡ. 

4.7. ʏʝʨʝʟ ʙʣʦʢ, ʠʤʝʶʱʠʡ ʬʦʨʤʫ ʜʠʩʢʘ, ʧʝʨʝʢʠʥʫʪ ʰʥʫʨ. ʂ ʢʦʥʮʘʤ ʰʥʫʨʘ 

ʧʨʠʚʷʟʘʣʠ ʛʨʫʟʠʢʠ ʤʘʩʩʦʡ m1=100 ʛ ʠ m2=110 ʛ. ʉ ʢʘʢʠʤ ʫʩʢʦʨʝʥʠʝʤ ʘ ʙʫʜʫʪ 

ʜʚʠʛʘʪʴʩʷ ʛʨʫʟʠʢʠ, ʝʩʣʠ ʤʘʩʩʘ m ʙʣʦʢʘ ʨʘʚʥʘ 400 ʛ? ʊʨʝʥʠʝ ʧʨʠ ʚʨʘʱʝʥʠʠ 

ʙʣʦʢʘ ʥʠʯʪʦʞʥʦ ʤʘʣʦ. 

4.8. ʐʘʨ ʤʘʩʩʦʡ m=10 ʢʛ ʠ ʨʘʜʠʫʩʦʤ R=20 ʩʤ ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʦʩʠ, ʧʨʦʭʦ-

ʜʷʱʝʡ ʯʝʨʝʟ ʝʛʦ ʮʝʥʪʨ. ʋʨʘʚʥʝʥʠʝ ʚʨʘʱʝʥʠʷ ʰʘʨʘ ʠʤʝʝʪ ʚʠʜ ű=A+Bt2+Ct3, 

ʛʜʝ ɺ=4 ʨʘʜ/ʩ2, ʉ=-1 ʨʘʜ/ʩ3. ʅʘʡʪʠ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʤʦʤʝʥʪʘ ʩʠʣ, ʜʝʡʩʪʚʫʶ-

ʱʠʭ ʥʘ ʰʘʨ. ʆʧʨʝʜʝʣʠʪʴ ʤʦʤʝʥʪ ʩʠʣ ʄ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t=2 ʩ. 

 

ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ 

4.9. ʏʝʣʦʚʝʢ ʩʪʦʠʪ ʥʘ ʩʢʘʤʴʝ ɾʫʢʦʚʩʢʦʛʦ ʠ ʣʦʚʠʪ ʨʫʢʦʡ ʤʷʯ ʤʘʩʩʦʡ m=0,4 ʢʛ, ʣʝ-

ʪʷʱʠʡ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ɡ=20 ʤ/ʩ. ʊʨʘʝʢʪʦʨʠʷ ʤʷʯʘ 

ʧʨʦʭʦʜʠʪ ʥʘ ʨʘʩʩʪʦʷʥʠʠ r=0,8 ʤ ʦʪ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʚʨʘʱʝʥʠʷ ʩʢʘʤʴʠ. ʉ ʢʘʢʦʡ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ɤ ʥʘʯʥʸʪ ʚʨʘʱʘʪʴʩʷ ʩʢʘʤʴʷ ɾʫʢʦʚʩʢʦʛʦ ʩ ʯʝʣʦʚʝʢʦʤ, ʧʦʡʤʘʚ-

ʰʠʤ ʤʷʯ, ʝʩʣʠ ʩʫʤʤʘʨʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ J ʯʝʣʦʚʝʢʘ ʠ ʩʢʘʤʴʠ ʨʘʚʝʥ 6 ʢʛĿʤ2? 

4.10. ʅʘ ʢʨʘʶ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ, ʠʤʝʶʱʝʡ ʬʦʨʤʫ ʜʠʩʢʘ ʨʘʜʠʫʩʦʤ 

R=2 ʤ, ʩʪʦʠʪ ʯʝʣʦʚʝʢ ʤʘʩʩʦʡ m1=80 ʢʛ. ʄʘʩʩʘ m2 ʧʣʘʪʬʦʨʤʳ ʨʘʚʥʘ 240 ʢʛ. 

ʇʣʘʪʬʦʨʤʘ ʤʦʞʝʪ ʚʨʘʱʘʪʴʩʷ ʚʦʢʨʫʛ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʝʸ 

ʮʝʥʪʨ. ʇʨʝʥʝʙʨʝʛʘʷ ʪʨʝʥʠʝʤ, ʥʘʡʪʠ, ʩ ʢʘʢʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ɤ ʙʫʜʝʪ ʚʨʘ-

ʱʘʪʴʩʷ ʧʣʘʪʬʦʨʤʘ, ʝʩʣʠ ʯʝʣʦʚʝʢ ʙʫʜʝʪ ʠʜʪʠ ʚʜʦʣʴ ʝʸ ʢʨʘʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ɡ=2 

ʤ/ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʘʪʬʦʨʤʳ. 

4.11. ʇʣʘʪʬʦʨʤʘ ʚ ʚʠʜʝ ʜʠʩʢʘ ʨʘʜʠʫʩʦʤ R=1 ʤ ʚʨʘʱʘʝʪʩʷ ʧʦ ʠʥʝʨʮʠʠ ʩ ʯʘʩʪʦ-

ʪʦʡ n1=6 ʤʠʥ
-1. ʅʘ ʢʨʘʶ ʧʣʘʪʬʦʨʤʳ ʩʪʦʠʪ ʯʝʣʦʚʝʢ, ʤʘʩʩʘ m ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ 

80 ʢʛ. ʉ ʢʘʢʦʡ ʯʘʩʪʦʪʦʡ n ʙʫʜʝʪ ʚʨʘʱʘʪʴʩʷ ʧʣʘʪʬʦʨʤʘ, ʝʩʣʠ ʯʝʣʦʚʝʢ ʧʝʨʝʡʜʸʪ 
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ʚ ʝʸ ʮʝʥʪʨ? ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ J ʧʣʘʪʬʦʨʤʳ ʨʘʚʝʥ 120 ʢʛĿʤ2. ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ 

ʯʝʣʦʚʝʢʘ ʨʘʩʩʯʠʪʳʚʘʪʴ ʢʘʢ ʜʣʷ ʤʘʪʝʨʠʘʣʥɹʦʡ ʪʦʯʢʠ. 

 

  

ʊʝʤʘ 5  

ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʠʤʧʫʣʴʩʘ  

 

ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ 

§ ʀʤʧʫʣʴʩ ʪʝʣʘ 

u
CC

mp= , 

ʛʜʝ mïʤʘʩʩʘ ʪʝʣʘ, ɡ -ʝʛʦ ʩʢʦʨʦʩʪʴ.  

§ ʀʤʧʫʣʴʩ ʩʠʣ r

tFp D=
CC

 

ʛʜʝ Fï ʩʠʣʘ, t-ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ ʵʪʦʡ ʩʠʣʳ. 

§ ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ 

constp
n

i

i =ä
=1

C
, ʠʣʠ constm

n

i

i =ä
=1

u
C

, ʛʜʝ N-ʯʠʩʣʦ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ (ʠʣʠ ʪʝʣ), 

ʚʭʦʜʷʱʠʭ ʚ ʩʠʩʪʝʤʫ. 

§ ʇʨʠʤʝʥʷʷ ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʠʤʧʫʣʴʩʘ ʢ ʧʨʷʤʦʤʫ ʮʝʥʪʨʘʣʴ-

ʥʦʤʫ ʫʜʘʨʫ ʰʘʨʦʚ, ʧʦʣʫʯʘʝʤ ʬʦʨʤʫʣʳ ʩʢʦʨʦʩʪʠ ʘʙʩʦʣʶʪʥʦ ʫʧʨʫʛʠʭ ʰʘʨʦʚ  

ʧʦʩʣʝ ʫʜʘʨʘ: 

21

22211
1

2)(

mm

mmm
u

+

+-
=

uu
,   

21

11122
2

2)(

mm

mmm
u

+

+-
=

uu
, 

ʛʜʝ  m1 ʠ m2 - ʤʘʩʩʳ ʰʘʨʦʚ, ɡ1 ʠ ɡ2 - ʠʭ ʩʢʦʨʦʩʪʠ ʜʦ ʫʜʘʨʘ. 

ɿʘʜʘʯʠ ʥʘ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʨʝʰʘʶʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʘʣʛʦʨʠʪʤʫ: 

ʉʭʝʤʘ 5.1 
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ʇʨʠ- ʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʩɹʘ 

ʇʨʠʤʝʨ 1. ɼʚʘ ʰʘʨʘ ʤʘʩʩʘʤʠ m1=1 ʢʛ ʠ m2=2 ʢʛ, ʜʚʠʞʫʪʩʷ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ɡ1 

=10 ʤ/ʩ ʠ ɡ2=  2 ʤ/ʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ. ʆʧʨʝʜʝʣʠʪʴ ʠʭ 

ʩʢʦʨʦʩʪʠ ʧʦʩʣʝ ʥʝʫʧʨʫʛʦʛʦ ʫʜʘʨʘ. 

ʈʝʰʝʥʠʝ. 

ʉʣʝʜʫʷ ʘʣʛʦʨʠʪʤʫ, ʚʳʧʦʣʥʠʤ ʜʚʘ ʯʝʨʪʝʞʘ (ʜʦ ʠ ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ), ʨʘʩ-

ʩʪʘʚʠʤ ʚʩʝ ʠʤʧʫʣʴʩʳ ʠ ʚʳʙʝʨʝʤ ʩʠʩʪʝʤʫ ʦʪʩʯʝʪʘ. 

 

 

 

 

 

 

Ȭ
ȷ
ȯ
Ⱥ
ȼ
ȴ
Ⱦ
ȸ
 
ȼ
ȱ
Ʉ
ȱ
ȹ
ȴ
ɋ
 
ȳ
Ȭ
Ȱ

Ȭ
Ƀ
 ȹ
Ȭ
  

ȳ
Ȭ
ȶ
Ⱥ
ȹ
 
Ƚ
Ⱥ
Ɂ
ȼ
Ȭ
ȹ
ȱ
ȹ
ȴ
ɋ
 
ȴ

ȸ
Ȼ
ȿ
ȷ
Ɉ
Ƚ
Ȭ 

ɸʅɸʃʀɿ ʋʉʃʆɺʀʗ ɿɸɼɸʏʀ 

ɿɸʇʀʉʔ ʋʉʃʆɺʀʗ 

ʇʆʉʊʈʆɽʅʀɽ ɼɺʋʍ ʏɽʈʊɽɾɽʁ:  

ɼʆ ʀ ʇʆʉʃɽ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ 

ʈɸʉʉʊɸʅʆɺʂɸ ʀʄʇʋʃʔʉʆɺ ʊɽʃ 

ɺʓɹʆʈ ʉʀʉʊɽʄʓ ʆʊʉʏɽʊɸ 

ɿɸʇʀʉʔ ɿɸʂʆʅɸ ʉʆʍʈɸʅɽʅʀʗ ʀʄʇʋʃʔʉɸ 

 ɺ ɺɽʂʊʆʈʅʆʄ ɺʀɼɽ 

ʉʆɺʄɽʉʊʅʆɽ ʈɽʐɽʅʀɽ ʋʈɸɺʅɽʅʀʁ 

ɺʓʏʀʉʃɽʅʀʗ, ɸʅɸʃʀɿ ʆʊɺɽʊɸ 

ɿɸʇʀʉʔ ʇʈʆɽʂʎʀʁ ʋʈɸɺʅɽʅʀʗ ʅɸ ʂʆʆʈɼʀʅɸʊʅʓɽ 

ʆʉʀ 
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ɿʘʧʦʣʥʠʤ ʪʘʙʣʠʮʫ 

 ɼʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʇʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

1 ʰʘʨ 11u
C

m  ʦʙʱmm u
C

)( 21+  

2 ʰʘʨ 22u
C

m  

 

ʉʯʠʪʘʷ ʩʠʩʪʝʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣ ʟʘʤʢʥʫʪʦʡ, ʟʘʧʠʰʝʤ  ʟʘʢʦʥ ʩʦʭʨʘ-

ʥʝʥʠʷ ʠʤʧʫʣʴʩʘ: ʦʙʱmmmm uuu
CCC

)( 212211 +=+ .  

ʉʧʨʦʝʮʠʨʫʝʤ ʧʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʥʘ ʦʩʴ ʭ: ʦʙʱmmmm uuu )( 212211 +=- . ɺʳʨʘ-

ʟʠʤ ʦʙʱʫʶ ʩʢʦʨʦʩʪʴ: 
21

2211

mm

mm
ʦʙʱ

+

-
=

uu
u .  

ʇʨʦʠʟʚʝʜʝʤ ʚʳʯʠʩʣʝʥʠʷ, ʧʦʣʫʯʠʤ  ɡ=0,4 ʤ/ʩ. 

ʇʨʠʤʝʨ 2.  ɺ ʷʱʠʢ ʩ ʧʝʩʢʦʤ ʤʘʩʩʦʡ m1=9 ʢʛ, ʩʦʩʢʘʣʴʟʳʚʘʶʱʠʡ ʩ ʛʣʘʜʢʦʡ 

ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ɡ1 = 6 ʤ/ʩ, ʧʦʧʘʜʘʝʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʣʝʪʷ-

ʱʝʝ ʩʦ ʩʢʦʨʦʩʪʴʶ ɡ2=12 ʤ/ʩ ʷʜʨʦ ʤʘʩʩʦʡ m2=2 ʢʛ ʠ  ʟʘʩʪʨʝʚʘʝʪ ʚ ʥʝʤ.  ʅʘʡʪʠ 

ʩʢʦʨʦʩʪʴ ʷʱʠʢʘ ʧʦʩʣʝ ʧʦʧʘʜʘʥʠʷ ʷʜʨʘ.  ʋʛʦʣ ʥʘʢʣʦʥʘ ʧʣʦʩʢʦʩʪʠ ʢ ʛʦʨʠʟʦʥʪʫ 

600. 

ʈʝʰʝʥʠʝ. ɺʳʧʦʣʥʠʤ ʜʚʘ ʯʝʨʪʝʞʘ (ʜʦ ʠ ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ), ʨʘʩʩʪʘʚʠʤ ʚʩʝ 

ʠʤʧʫʣʴʩʳ ʠ ʚʳʙʝʨʝʤ ʩʠʩʪʝʤʫ ʦʪʩʯʝʪʘ (ʨʠʩ. 5.2). 

 

 

ɿʘʧʦʣʥʠʤ ʪʘʙʣʠʮʫ: 

 ɼʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʇʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʗʱʠʢ ʩ ʧʝʩʢʦʤ 11u
C

m  ʦʙʱmm u
C

)( 21+  

ʗʜʨʦ 22u
C

m  

ʉʯʠʪʘʷ ʩʠʩʪʝʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣ ʟʘʤʢʥʫʪʦʡ, ʟʘʧʠʰʝʤ  ʟʘʢʦʥ ʩʦʭʨʘ-

ʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʚ ʚʝʢʪʦʨʥʦʤ ʚʠʜʝ: ʦʙʱmmmm uuu
CCC

)( 212211 +=+ .  

ʉʧʨʦʝʮʠʨʫʝʤ ʧʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʥʘ ʦʩʴ ʭ: ʦʙʱmmmm uauu )(cos 212211 +=- . 

a a

ʈʠʩ. 5.2 
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 ɺʳʨʘʟʠʤ ʦʙʱʫʶ ʩʢʦʨʦʩʪʴ: 
)(

cos

21

2211

mm

mm
ʦʙʱ

+

-
=

auu
u .  

ʇʨʦʠʟʚʝʜʝʤ ʚʳʯʠʩʣʝʥʠʷ, ʧʦʣʫʯʠʤ  ɡ=0,545 ʤ/ʩ. 

 

ɿʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʠʤʧʫʣʴʩʘ 

ʇʨʠʤʝʨ 3. ʄʷʯʠʢ  ʤʘʩʩʦʡ 300 ʛ, ʜʚʠʞʫʱʠʡʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ɡ1=20 ʤ/ʩ ʫʜʘʨʷ-

ʝʪʩʷ ʦ ʩʪʝʥʢʫ ʠ ʦʪʩʢʘʢʠʚʘʝʪ ʦʪ ʥʝʝ ʩʦ ʩʢʦ-

ʨʦʩʪʴʶ ɡ2=15 ʤ/ʩ. ʂʘʢʦʚʘ ʩʨʝʜʥʷʷ ʩʠʣʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʷʯʘ ʠ ʩʪʝʥʢʠ ʚʦ ʚʨʝʤʷ 

ʫʜʘʨʘ, ʝʩʣʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʫʜʘʨʘ 0,05 ʩ? 

ʈʝʰʝʥʠʝ. ʉʜʝʣʘʝʤ ʨʠʩʫʥʦʢ ʠ ʨʘʩʩʪʘʚʠʤ ʚʩʝ 

ʠʤʧʫʣʴʩʳ ʠ ʩʠʣʫ (ʨʠʩ. 5.3). 

ʇʨʠʤʝʥʠʤ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʠʤʧʫʣʴʩʘ  

tFʨp D=-
CCC

12 . ɺ ʧʨʦʝʢʮʠʠ ʥʘ ʦʩʴ ʭ: 

tFmm D=-- )( 12 uu . ɺʳʨʘʟʠʤ ʠʩʢʦʤʫʶ ʚʝʣʠ-

ʯʠʥʫ: 
t

m
F

D

+
=

)( 21 uu
. ʇʦʩʣʝ ʨʘʩʯʝʪʦʚ ʧʦʣʫ-

ʯʘʝʤ F=210 H. 

 

ɿʘʜʘʯʠ ʜʣʷ ʨʝʰʝʥʠʷ 

 

ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʩɹʘ 

5.1. ʐʘʨ ʤʘʩʩʦʡ m1=10ʢʛ, ʜʚʠʞʫʱʠʡʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ɡ1=4ʤ/ʩ, ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ 

ʰʘʨʦʤ ʤʘʩʩʦʡ  m2=4ʢʛ, ʩʢʦʨʦʩʪʴ ɡ2 ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ 12ʤ/ʩ. ʉʯʠʪʘʷ ʫʜʘʨ ʧʨʷ-

ʤʳʤ, ʥʝʫʧʨʫʛʠʤ, ʥʘʡʪʠ ʩʢʦʨʦʩʪʴ u ʰʘʨʦʚ ʧʦʩʣʝ ʫʜʘʨʘ ʚ ʜʚʫʭ ʩʣʫʯʘʷʭ: 1) ʤʘ-

ʣʳʡ ʰʘʨ ʥʘʛʦʥʷʝʪ ʙʦʣʴʰʦʡ ʰʘʨ, ʜʚʠʞʫʱʠʡʩʷ ʚ ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ; 2) ʰʘʨʳ 

ʜʚʠʞʫʪʩʷ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ. 

5.2. ɹʝʣʢʘ ʤʘʩʩʦʡ 0,5 ʢʛ ʩʠʜʠʪ ʥʘ ʘʙʩʦʣʶʪʥʦ ʛʣʘʜʢʦʡ ʦʙʣʝʜʝʥʝʣʦʡ, ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʦʡ, ʧʣʦʩʢʦʡ ʢʨʳʰʝ. ʏʝʣʦʚʝʢ ʙʨʦʩʘʝʪ ʙʝʣʢʝ ʰʠʰʢʫ ʤʘʩʩʦʡ 100 ʛ. ʐʠʰ-

ʢʘ ʣʝʪʠʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʩʦ ʩʢʦʨʦʩʪʴʶ 6 ʤ/ʩ. ɹʝʣʢʘ ʭʚʘʪʘʝʪ  ʰʠʰʢʫ ʠ ʫʜʝʨʞʠ-

ʚʘʝʪ ʝʝ. ʅʘʡʪʠ ʩʢʦʨʦʩʪʴ ʙʝʣʢʠ, ʧʦʡʤʘʚʰʝʡ ʰʠʰʢʫ. 

5.3. ɺ ʣʦʜʢʝ ʤʘʩʩʦʡ m1=240 ʢʛ ʩʪʦʠʪ ʯʝʣʦʚʝʢ ʤʘʩʩʦʡ m2=60 ʢʛ. ʃʦʜʢʘ ʧʣʳʚʸʪ 

ʩʦ ʩʢʦʨʦʩʪʴʶ ɡ1=2 ʤ/ʩ. ʏʝʣʦʚʝʢ ʧʨʳʛʘʝʪ ʩ ʣʦʜʢʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝ-

ʥʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ɡ2=4 ʤ/ʩ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʝʤʣʠ). ʅʘʡʪʠ ʩʢʦʨʦʩʪʴ u ʜʚʠʞʝʥʠʷ 

ʣʦʜʢʠ ʧʦʩʣʝ ʧʨʳʞʢʘ ʯʝʣʦʚʝʢʘ ʚ ʜʚʫʭ ʩʣʫʯʘʷʭ: 1) ʯʝʣʦʚʝʢ ʧʨʳʛʘʝʪ ʚʧʝʨʸʜ ʧʦ 

ʜʚʠʞʝʥʠʶ ʣʦʜʢʠ ʠ 2) ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʜʚʠʞʝʥʠʶ ʣʦʜʢʠ. 

 5.4. ʅʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʧʣʘʪʬʦʨʤʝ ʫʩʪʘʥʦʚʣʝʥʦ ʦʨʫʜʠʝ. ʄʘʩʩʘ ʧʣʘʪʬʦʨʤʳ 

ʩ ʦʨʫʜʠʝʤ M=15ʪ. ʆʨʫʜʠʝ ʩʪʨʝʣʷʝʪ ʚʚʝʨʭ ʧʦʜ ʫʛʣʦʤ ű=60Á ʢ ʛʦʨʠʟʦʥʪʫ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʫʪʠ. ʉ ʢʘʢʦʡ ʩʢʦʨʦʩʪʴʶ ɡ1 ʧʦʢʘʪʠʪʩʷ ʧʣʘʪʬʦʨʤʘ ʚʩʣʝʜʩʪʚʠʝ 

ʦʪʜʘʯʠ, ʝʩʣʠ ʤʘʩʩʘ ʩʥʘʨʷʜʘ m=20ʢʛ ʠ ʦʥ ʚʳʣʝʪʘʝʪ ʩʦ ʩʢʦʨʦʩʪʴʶ ɡ2=600 ʤ/ʩ.?  

5.5. ʉʥʘʨʷʜ ʤʘʩʩʦʡ m=10 ʢʛ ʦʙʣʘʜʘʣ ʩʢʦʨʦʩʪʴʶ ɡ=200 ʤ/ʩ ʚ ʚʝʨʭʥʝʡ ʪʦʯʢʝ 

ʪʨʘʝʢʪʦʨʠʠ. ɺ ʵʪʦʡ ʪʦʯʢʝ ʦʥ ʨʘʟʦʨʚʘʣʩʷ ʥʘ ʜʚʝ ʯʘʩʪʠ. ʄʝʥʴʰʘʷ ʤʘʩʩʦʡ m1=3 

ʢʛ ʧʦʣʫʯʠʣʘ ʩʢʦʨʦʩʪʴ u1=400 ʤ/ʩ ʚ ʧʨʝʞʥʝʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʅʘʡʪʠ ʩʢʦʨʦʩʪʴ u2 

ʚʪʦʨʦʡ, ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʦʩʣʝ ʨʘʟʨʚrʘ. 
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5.6.ɺ ʧʨʝʜʳʜʫʱʝʡ ʟʘʜʘʯʝ ʥʘʡʪʠ, ʩ ʢʘʢʦʡ ʩʢʦʨʦʩʪʴʶ u2 ʠ ʧʦʜ ʢʘʢʠʤ ʫʛʣʦʤ ű2 ʢ 

ʛʦʨʠʟʦʥʪʫ ʧʦʣʝʪʠʪ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʩʥʘʨʷʜʘ, ʝʩʣʠ ʤʝʥʴʰʘʷ ʧʦʣʝʪʝʣʘ ʚʧʝʨʸʜ 

ʧʦʜ ʫʛʣʦʤ ű1=60Á ʢ ʛʦʨʠʟʦʥʪʫ. 

 

ɿʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʠʤʧʫʣʴʩʘ 

5.7.ʂʘʢʦʚʘ ʩʨʝʜʥʷʷ ʩʠʣʘ ʜʘʚʣʝʥʠʷ ʥʘ ʧʣʝʯʦ ʧʨʠ ʩʪʨʝʣʴʙʝ ʠʟ  ʘʚʪʦʤʘʪʘ, ʝʩʣʠ 

ʤʘʩʩʘ ʧʫʣʠ 10 ʛ, ʘ ʩʢʦʨʦʩʪʴ ʚʳʣʝʪʘ  300 ʤ/ʩ. ɸʚʪʦʤʘʪ ʜʝʣʘʝʪ  300 ʚʳʩʪʨʝʣʦʚ ʚ 

ʤʠʥʫʪʫ. 

5.8.ʄʷʯ  ʤʘʩʩʦʡ 1,8 ʢʛ, ʜʚʠʞʫʱʠʡʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 6,5 ʤ/ʩ, ʧʦʜ ʧʨʷʤʳʤ ʫʛʣʦʤ 

ʫʜʘʨʷʝʪʩʷ ʦ ʩʪʝʥʢʫ ʠ ʦʪʩʢʘʢʠʚʘʝʪ ʦʪ ʥʝʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 4,8 ʤ/ʩ. ʏʝʤʫ ʨʘʚʝʥ 

ʠʤʧʫʣʴʩ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʤʷʯ? 

5.9.ʇʣʦʚʝʮ, ʤʘʩʩʘ ʢʦʪʦʨʦʛʦ 100 ʢʛ, ʩʧʦʩʦʙʝʥ ʦʪʪʦʣʢʥʫʪʴʩʷ ʦʪ ʢʨʘʷ ʙʘʩʩʝʡʥʘ ʩ ʩʠ-

ʣʦʡ 2,5 ʢʅ. ʂʘʢʫʶ ʩʢʦʨʦʩʪʴ ʦʥ ʧʨʠʦʙʨʝʪʝʪ  ʧʨʠ ʪʘʢʦʤ ʪʦʣʯʢʝ ʟʘ 0,1 ʩ?  ʇʦʯʝʤʫ 

ʙʳ ʥʝ ʧʦʨʝʢʦʤʝʥʜʦʚʘʪʴ ʧʣʦʚʮʫ ʦʪʪʘʣʢʠʚʘʪʴʩʷ ʧʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʚ ʪʝʯʝʥʠʝ 0,3 ʩ? 

5.10.ɼʚʘ ʥʝʫʧʨʫʛʠʭ ʰʘʨʠʢʘ ʤʘʩʩʘʤʠ m1=200ʛ ʠ m
2
=300ʛ ʜʚʠʞʫʪʩʷ ʧʦ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ ʩʦ ʩʢʦʨʦʩʪʷʤʠ 4 ʤ/ʩ  ʠ 2 ʤ/ʩ . 

ʉʪʦʣʢʥʫʚʰʠʩʴ, ʦʥʠ ʩʣʠʧʘʶʪʩʷ. ʉʢʦʣʴʢʦ ʚʨʝʤʝʥʠ t ʙʫʜʫʪ ʜʚʠʛʘʪʴʩʷ ʪʝʣʘ ʧʦ-

ʩʣʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʜʦ ʦʩʪʘʥʦʚʢʠ, ʝʩʣʠ ʩʠʣʘ ʪʨʝʥʠʷ, ʠʭ ʦ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʩʪʦ-

ʷʥʥʘ ʠ ʨʘʚʥʘ ʅFʪʨ 1,0= ? 

ʊʝʤʘ 6 

 ʄʝʭʘʥʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʠ ʤʦʱʥʦʩʪʴ. ʂʧʜ 

 

ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ 

§ ʈʘʙʦʪʘ, ʩʦʚʝʨʰʘʝʤʘʷ ʧʦʩʪʦʷʥʥʦʡ ʩʠʣʦʡ 

acosÖÖ= SFA ,  

ʛʜʝ   Ŭ- ʫʛʦʣ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʷʤʠ  ʚʝʢʪʦʨʦʚ ʩʠʣʳ F ʠ ʧʝʨʝʤʝʱʝʥʠʷ S. 

§ ʈʘʙʦʪʘ, ʩʦʚʝʨʰʘʝʤʘʷ  ʧʝʨʝʤʝʥʥʦʡ ʩʠʣʦʡ ʥʘ ʧʫʪʠ S      

ñ=
L

dsFɸ acos ,  

ʛʜʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʚʝʜʝʪʩʷ ʚʜʦʣʴ ʪʨʘʝʢʪʦʨʠʠ, ʦʙʦʟʥʘʯʘʝʤʦʡ  L. 

§ ʉʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʟʘ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ȹt 

t

A
N

D

D
= . 

§ ʄʛʥʦʚʝʥʥʘʷ ʤʦʱʥʦʩʪʴ 

aucosF
dt

dA
N == , 

ʛʜʝ dA ï ʨʘʙʦʪʘ, ʩʦʚʝʨʰʘʝʤʘʷ ʟʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ dt. 

§ ʄʦʱʥʦʩʪʴ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʧʨʷʤʦʣʠʥʝʡʥʦʤ ʜʚʠʞʝʥʠʠ 
uFN=  

§ ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ 

%100Ö=
ʟʘʪʨ

ʧʦʣ

ɸ

ɸ
h  

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 
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ʄʝʭʘʥʠʯʝʩʢʘʷ ʨʘʙʦʪʘ 

ʇʨʠʤʝʨ 1.   ɻʨʫʟ ʤʘʩʩʦʡ m ʧʦʜʥʠʤʘʶʪ ʨʘʚʥʦʤʝʨʥʦ ʥʘ ʢʘʥʘʪʝ ʦʪ ʦʩʥʦʚʘ-

ʥʠʷ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʢ ʝʝ ʚʝʨʰʠʥʝ. ɼʣʠʥʘ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ l, ʚʳ-

ʩʦʪʘ h. ʂʘʢʫʶ ʨʘʙʦʪʫ ɸ1 ʩʦʚʝʨʰʘʝʪ ʯʝʣʦʚʝʢ, ʧʦʜʥʠʤʘʶʱʠʡ ʛʨʫʟ? ʏʝʤʫ ʨʘʚ-

ʥʘ ʨʘʙʦʪʘ ʩʠʣʳ ʪʷʞʝʩʪʠ ɸ2? ʏʝʤʫ ʨʘʚʥʘ ʨʘʙʦʪʘ ʩʠʣʳ ʪʨʝʥʠʷ ɸ3 , ʝʩʣʠ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʛʨʫʟʘ ʦ ʧʣʦʩʢʦʩʪʴ ʨʘʚʝʥ k?  

ʈʝʰʝʥʠʝ. ʈʘʙʦʪʘ ɸ1 ʩʦʚʝʨʰʝʥʥʘʷ 

ʯʝʣʦʚʝʢʦʤ,  ʚʪʘʩʢʠʚʘʶʱʠʤ ʥʘ ʢʘ-

ʥʘʪʝ ʛʨʫʟ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʠʟʚʝʜʝ-

ʥʠʝʤ ʤʦʜʫʣʷ ʩʠʣʳ, ʧʨʠʣʦʞʝʥʥʦʡ ʢ 

ʢʘʥʘʪʫ, ʥʘ ʤʦʜʫʣʴ ʧʝʨʝʤʝʱʝʥʠʷ 

ʛʨʫʟʘ, ʨʘʚʥʳʡ ʜʣʠʥʝ ʥʘʢʣʦʥʥʦʡ 

ʧʣʦʩʢʦʩʪʠ l, ʠ ʥʘ ʢʦʩʠʥʫʩ ʫʛʣʘ a1, 

ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʠʣʳ ʥʘʪʷ-

ʞʝʥʠʷ ʢʘʥʘʪʘ ʠ ʚʝʢʪʦʨʦʤ ʧʝʨʝʤʝ-

ʱʝʥʠʷ: 
11 cosaFlA =                       (1) 

ʇʦʩʢʦʣʴʢʫ ʜʚʠʞʝʥʠʝ ʛʨʫʟʘ 

ʨʘʚʥʦʤʝʨʥʦʝ ʠ ʧʨʷʤʦʣʠʥʝʡʥʦʝ, 

ʪʦ ʩʦʛʣʘʩʥʦ ʧʝʨʚʦʤʫ ʟʘʢʦʥʫ ʅʴʁ-

ʪʦʥʘ ʚʩʝ ʩʠʣʳ, ʧʨʠʣʦʞʝʥʥʳʝ ʢ 

ʛʨʫʟʫ, ʫʨʘʚʥʦʚʝʰʠʚʘʶʪ ʜʨʫʛ ʜʨʫʛʘ, ʪ. ʝ. ʠʭ ʚʝʢʪʦʨʥʘʷ ʩʫʤʤʘ ʨʘʚʥʘ ʥʫʣʶ. 

ʅʘ ʛʨʫʟ ʜʝʡʩʪʚʫʶʪ ʯʝʪʳʨʝ ʩʠʣʳ: ʩʠʣʘ ʪʷʛʠ F , ʩʠʣʘ ʪʷʞʝʩʪʠ mg, ʩʠʣʘ 

ʪʨʝʥʠʷ FTp ʠ ʩʠʣʘ ʨʝʘʢʮʠʠ ʦʧʦʨʳ (ʨʠʩ. 6.1).  

ʇʦ ʧʝʨʚʦʤʫ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ 0=+++ NFgmF ʪʨ

CCCC
, ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʦʩʴ ʭ: 

                                      0sin =-- ʪʨFmgF a                               (2)  

ʠ 0cos =- amgN                                                                                   (3). 

ʇʦ ʬʦʨʤʫʣʝ ʩʠʣʳ ʪʨʝʥʠʷ kNFʪʨ= , ʠʣʠ ʩʦʛʣʘʩʥʦ (2) 

                             acoskmgFʪʨ=                                               (4). 

ɿʜʝʩʴ ʫʛʦʣ a ʧʨʠ ʦʩʥʦʚʘʥʠʠ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘʤ ʥʝ ʠʟʚʝʩʪʝʥ, ʥʦ ʝʛʦ 

ʩʠʥʫʩ ʠ ʢʦʩʠʥʫʩ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʩ ʛʠ-

ʧʦʪʝʥʫʟʦʡ, ʨʘʚʥʦʡ ʜʣʠʥʝ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ l, ʠ ʢʘʪʝʪʘʤʠ - h, ʨʘʚʥʳʤ 

ʚʳʩʦʪʝ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʠ 22 hl - , ʨʘʚʥʳʤ ʝʝ ʦʩʥʦʚʘʥʠʶ, 
l

h
=asin  (5) ʠ 

l

hl 22

cos
-

=a    (6)  

ʇʦʜʩʪʘʚʠʤ (6) ʚ (4): 
l

hl
kmgFʪʨ

22 -
=                                                    (7). 

ʊʝʧʝʨʴ ʧʦʜʩʪʘʚʠʤ (5) ʠ (7) ʚ (2). ʊʘʢ ʤʳ ʥʘʡʜʝʤ ʩʠʣʫ ʪʷʛʠ, ʪʨʝʙʫʝʤʫʶ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʙʦʪʳ ɸ1: ( )22
22

hlkh
l

mg

l

hl
kmg

l

h
mgF -+=

-
+=               (8) 

a
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ʋʛʦʣ 1a  ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʚʝʢʪʦʨʦʚ ʩʠʣʳ ʥʘʪʷʞʝʥʠʷ ʠ ʧʝʨʝʤʝʱʝʥʠʷ 

ʛʨʫʟʘ ʨʘʚʝʥ ʥʫʣʶ, ʚʝʜʴ ʵʪʠ ʚʝʢʪʦʨʳ ʩʦʥʘʧʨʘʚʣʝʥʳ. ʇʦʩʢʦʣʴʢʫ 10cos =̄, ʪʦ ʩ 

ʫʯʝʪʦʤ (8) ʨʘʙʦʪʘ ʩʠʣʳ ʥʘʪʷʞʝʥʠʷ ( )lhlkh
l

mg
A Ö-+= 22

1  

 ʠʣʠ, ʩʦʢʨʘʪʠʚ l, ʧʦʣʫʯʠʤ: ( )22

1 hlkhmgA -+=  

 ʈʘʙʦʪʘ ʩʠʣʳ ʪʷʞʝʩʪʠ ɸ2 ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʤʦʜʫʣʷ ʩʠʣʳ ʪʷʞʝ-

ʩʪʠ mg ʥʘ ʤʦʜʫʣʴ ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʫʟʘ, ʢʦʪʦʨʳʡ ʧʦ-ʧʨʝʞʥʝʤʫ ʨʘʚʝʥ ʜʣʠʥʝ 

ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ l, ʠ ʥʘ ʢʦʩʠʥʫʩ ʫʛʣʘ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ 

ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʫʟʘ ʦʪ ʦʩʥʦʚʘʥʠʷ ʢ ʚʝʨʰʠʥʝ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩ-

ʢʦʩʪʠ. ʀʟ ʨʠʩ.6.1 ʩʣʝʜʫʝʪ, ʯʪʦ ʵʪʦʪ ʫʛʦʣ ʨʘʚʝʥ ( )a+̄90 . ʊʦʛʜʘ 

( )a+̄= 90cos2 mglA , ʛʜʝ ( )aa sin)90cos -=+̄ , ʧʦʵʪʦʤʫ asin2 mglA -=  ʠʣʠ ʩ ʫʯʝ-

ʪʦʤ (5) 
l

h
mglA -=2 , mghA -=2

. 

ʈʘʙʦʪʘ ʩʠʣʳ ʪʨʝʥʠʷ ɸ3 ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʩʠʣʳ ʪʨʝʥʠʷ Fʪʨ ʥʘ ʤʦ-

ʜʫʣʴ ʧʝʨʝʤʝʱʝʥʠʷ, ʨʘʚʥʳʡ ʜʣʠʥʝ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ l, ʠ ʥʘ ʢʦʩʠʥʫʩ ʫʛʣʘ ɸ3 

ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ ʩʠʣʳ ʠ ʧʝʨʝʤʝʱʝʥʠʷ. ʅʦ ʩʠʣʘ ʪʨʝʥʠʷ ʘʥʪʠʥʘʧʨʘʚʣʝʥʘ ʧʝʨʝ-

ʤʝʱʝʥʠʶ ʛʨʫʟʘ, ʚʝʜʴ ʦʥʘ ʥʘʧʨʘʚʣʝʥʘ ʢ ʦʩʥʦʚʘʥʠʶ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʘ 

ʛʨʫʟ ʧʝʨʝʤʝʱʘʝʪʩʷ ʢ ʚʝʨʰʠʥʝ, ʧʦʵʪʦʤʫ ¯=1803a , 1180cos -=̄ . ʊʦʛʜʘ 

lFA ʪʨ-=3  ʠʣʠ ʩ ʫʯʝʪʦʤ (7) l
l

hl
kmgA

22

3

-
-= . 

 ɿʘʜʘʯʘ ʨʝʰʝʥʘ. 

ʆʪʚʝʪ: ( )22

1 hlkhmgA -+= , mghA -=2
, 22

3 hlkmgA --= . 

ʇʨʠʤʝʨ 2. ʂʘʢʫʶ ʨʘʙʦʪʫ ɸ ʩʦʚʝʨʰʘʝʪ ʜʚʠʛʘʪʝʣʴ ʘʚʪʦʤʦʙʠʣʷ çɾʠʛʫʣʠè ʤʘʩ-

ʩʦʡ  ʪ = 1,3 ʪ, ʪʨʦʛʘʷʩʴ  ʩ ʤʝʩʪʘ ʥʘ ʧʝʨʚʳʭ S = 75 ʤ ʧʫʪʠ, ʝʩʣʠ ʵʪʦ ʨʘʩʩʪʦʥ̫ʠʝ 

ʘʚʪʦʤʦʙʠʣʴ ʧʨʦʭʦʜʠʪ ʟʘ  t = 10 ʩ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ 

ʨʘʚʝʥ  k = 0,05? 

ʈʝʰʝʥʠʝ. ɼʚʠʛʘʪʝʣʴ ʘʚʪʦʤʦʙʠʣʷ ʩʦʚʝʨʰʘʝʪ ʨʘʙʦʪʫ ɸ, ʨʘʟʚʠʚʘʷ ʩʠʣʫ ʪʷʛʠ,      

ʩʦʥʘʧʨʘʚʣʝʥʥʫʶ ʩ ʧʝʨʝʤʝʱʝʥʠʝʤ ʘʚʪʦʤʦʙʠʣʷ. ʇʦʵʪʦʤʫ ʫʛʦʣ a ʤʝʞʜʫ ʚʝʢʪʦ-

ʨʦʤ  ʩʠʣʳ ʪʷʛʠ ʠ  ʚʝʢʪʦʨʦʤ ʧʝʨʝʤʝʱʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʨʘʚʝʥ 0Á ʠ 1cos =a .  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʙʦʪʘ ʩʠʣʳ ʪʷʛʠ SFSFA ʪʷʛʠʪʷʛʠ == acos                                  (1) 

ʉʠʣʫ ʪʷʛʠ Fʪʷʛʠ ʦʧʨʝʜʝʣʠʤ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʚʪʦʨʳʤ ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘ. ɺ 

ʧʨʦʝʢʮʠʷʭ ʩʠʣ  ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ ʚʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʵʪʦʡ ʟʘʜʘʯʝ: 

ʩʦʧʨʪʷʛʠFFma -= , ʛʜʝ kmgkNFʩʦʧʨ == . 

       ʊʦʛʜʘ  )( kgamkmgmaFmaF ʩʦʧʨʪʷʛʠ +=+=+=                                              (2). 

ʋʩʢʦʨʝʥʠʝ a ʥʘʡʜʝʤ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʦʨʤʫʣʦʡ ʢʠʥʝʤʘ-

ʪʠʢʠ:   
2

2at
S=    ʧʨʠ 00 =u ,  ʦʪʢʫʜʘ     

2

2

t

S
a=                                                     (3) 

ʇʦʜʩʪʘʚʠʤ (2) ʠ (3) ʚ (1). ʇʦʣʫʯʠʤ:    ö
÷

õ
æ
ç

å
+= kg

t

S
mSA

2

2
 

ɿʘʜʘʯʘ ʚ ʦʙʱʝʤ ʚʠʜʝ ʨʝʰʝʥʘ. ʇʝʨʝʚʝʜʝʤ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʚ ʉʀ: 1,3 ʪ = 1,3 Å 103 

ʢʛ. 
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ʇʦʜʩʪʘʚʠʤ ʯʠʩʣʘ ʠ ʧʨʦʠʟʚʝʜʝʤ ʚʳʯʠʩʣʝʥʠʷ: 

ɸ = 1,3 Å 103  Å75 ö
÷

õ
æ
ç

å
¶+

¶
8.905.0

100

752
ɼʞ=2 Å105  ɼʞ. 

ʆʪʚʝʪ: ɸ = 2 Å 105 ɼʞ = 0,2 ʄɼʞ. 

 

ʇʨʠʤʝʨ 3. ɻʨʫʞʝʥʘʷ ʰʘʭʪʥʘʷ ʢʣʝʪʴ ʤʘʩʩʦʡ ʪ = 10 ʪ ʧʦʜʥʠʤʘʝʪʩʷ ʩ ʫʩʢʦʨʝʥʠ-

ʝʤ ʘ = 0,5 ʤ/ʩ2. ʆʧʨʝʜʝʣʠʪʴ ʨʘʙʦʪʫ ɸ ʧʦ ʧʦʜʲʝʤʫ ʢʣʝʪʠ ʟʘ ʧʝʨʚʳʝ  t = 10 ʩ 

ʜʚʠʞʝʥʠʷ. 

ʈʝʰʝʥʠʝ. ɿʜʝʩʴ 0u  - ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʢʣʝʪʠ, g - 

ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. ʂ ʧʦʜʥʠʤʘʝʤʦʡ 

ʢʣʝʪʠ ʧʨʠʣʦʞʝʥʘ ʩʠʣʘ ʪʷʛʠ F, ʥʘʧʨʘʚʣʝʥʥʘʷ ʚʚʝʨʭ. 

ɽʡ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʝʪ ʥʘʧʨʘʚʣʝʥʥʘʷ ʚʥʠʟ ʩʠʣʘ ʪʷʞʝ-

ʩʪʠ mg, ʢʦʪʦʨʘʷ ʯʠʩʣʝʥʥʦ ʤʝʥʴʰʝ ʩʠʣʳ ʥʘʪʷʞʝʥʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʢʣʝʪʴ ʜʚʠʞʝʪʩʷ ʩ ʫʩʢʦʨʝʥʠʝʤ ʚʚʝʨʭ. 

 ʈʘʙʦʪʫ ʩʦʚʝʨʰʘʝʪ ʥʝʢʦʪʦʨʳʡ ʜʚʠʛʘʪʝʣʴ, ʨʘʟʚʠʚʘ-

ʶʱʠʡ ʩʠʣʫ ʪʷʛʠ, ʢʦʪʦʨʘʷ ʩʦʥʘʧʨʘʚʣʝʥʘ ʩ ʧʝʨʝʤʝ-

ʱʝʥʠʝʤ ʢʘʥʘʪʘ, ʧʦʵʪʦʤʫ ʬʦʨʤʫʣʫ ʨʘʙʦʪʳ ʧʨʠʤʝʥʠ-

ʪʝʣʴʥʦ ʢ ʵʪʦʡ ʟʘʜʘʯʝ ʤʳ ʟʘʧʠʰʝʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘ-

ʟʦʤ: 

 FSFSA == acos ,                                                     (1) 

ʧʦʩʢʦʣʴʢʫ ¯=0a   ʠ 1cos =a . 

      ʉʠʣʫ ʪʷʛʠ  F ʥʘʡʜʝʤ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʚʪʦʨʳʤ 

ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘ, ʟʘʧʠʩʘʥʥʦʤ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʦʩʴ ʫ (ʨʠʩ. 6.2 ):   

  mgFma -= , 

 ʦʪʢʫʜʘ )( gammgmaF +=-=                                    (2). 

ʇʫʪʴ S, ʧʨʦʡʜʝʥʥʳʡ ʢʣʝʪʴʶ ʟʘ ʚʨʝʤʷ t (ʠʣʠ ʚʳʩʦʪʫ ʧʦʜʲʝʤʘ ʢʣʝʪʠ), 

ʥʘʡʜʝʤ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʦʨʤʫʣʦʡ ʢʠʥʝʤʘʪʠʢʠ: 

2

2at
S=  ʧʨʠ 00 =u . 

ʇʦʜʩʪʘʚʠʚ (2) ʠ (3) ʚ (1), ʧʦʣʫʯʠʤ  
2

)(
2at

gamA +=  ʠʣʠ )(5,0 2 gamatA +=  

ʇʝʨʝʚʝʜʝʤ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʚ ʉʀ: 10 ʪ = 1 Å 104 ʢʛ. 

ʇʦʜʩʪʘʚʠʤ ʯʠʩʣʘ ʠ ʧʨʦʠʟʚʝʜʝʤ ʚʳʯʠʩʣʝʥʠʷ: 

 ɸ = 0,5 Å 1 Å 104 Å 0,5 Å 100(0,5 + 9,8) ɼʞ = 2,6 Å 106 ɼʞ. 

 ʆʪʚʝʪ: ɸ = 2,6 Å 106 ɼʞ = 2,6 ʄɼʞ. 

 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ 

ʇʨʠʤʝʨ 4. ʇʦʝʟʜ ʤʘʩʩʦʡ 1600 ʪ, ʜʚʠʛʘʷʩʴ ʨʘʚʥʦ-

ʫʩʢʦʨʝʥʥʦ, ʦʪʭʦʜʠʪ ʦʪ ʩʪʘʥʮʠʠ ʩ ʫʩʢʦʨʝʥʠʝʤ 0,07 

ʤ/ʩ2. ʆʧʨʝʜʝʣʠʪʴ ʤʦʱʥʦʩʪʴ ʚ ʢʦʥʮʝ ʜʝʩʷʪʦʡ ʩʝʢʫʥ-

ʜʳ ʦʪ ʥʘʯʘʣʘ ʜʚʠʞʝʥʠʷ. ʉʦʧʨʦʪʠʚʣʝʥʠʝʤ ʧʨʝʥʝ-

ʙʨʝʯʴ. 

ʈʝʰʝʥʠʝ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʨʝʯʴ ʠʜʝʪ ʦ ʥʘʭʦʞʜʝʥʠʠ 

ʤʛʥʦʚʝʥʥʦʡ ʤʦʱʥʦʩʪʠ, ʪ.ʢ. ʚ ʫʩʣʦʚʠʠ ʛʦʚʦʨʠʪʩʷ ʦ 

ʈʠʩ. 6.2 

ʈʠʩ. 6.3 
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ʢʦʥʢʨʝʪʥʦʤ ʤʦʤʝʥʪʝ ʚʨʝʤʝʥʠ (ʜʝʩʷʪʘʷ ʩʝʢʫʥʜʘ). ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʬʦʨʤʫʣʦʡ 

ʤʛʥFN u=                                                            (1).  

ʄʛʥʦʚʝʥʥʫʶ ʩʢʦʨʦʩʪʴ  ʤʦʞʥʦ ʥʘʡʪʠ ʧʦ ʬʦʨʤʫʣʝ atʤʛʥ=u  ( 00 =u )                                                        

(2). 

ʉʠʣʫ ʪʷʛʠ ʥʘʡʜʝʤ ʠʟ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʦʩʴ ʭ (ʨʠʩ. 

6.3) 
                      maF=                                                              (3). 

ʇʦʜʩʪʘʚʠʤ (2)  ʠ (3) ʚ (1), ʧʦʣʫʯʠʤ: 

tmamaN ʤʛʥ

2== u . 

ʇʨʦʠʟʚʝʜʝʤ ʨʘʩʯʝʪʳ ɺʪN 784001007,01600000 2 =ÖÖ= . 

ʆʪʚʝʪ: ʢɺʪN 4,78= . 

ʇʨʠʤʝʨ 5.ʃʦʢʦʤʦʪʠʚ ʤʦʱʥʦʩʪʴʶ N = 2 Å 103 ʣ. ʩ. (ʣʦʰʘʜʠʥʳʭ ʩʠʣ) ʚʝʜʝʪ ʚ 

ʛʦʨʫ ʧʦʝʟʜ ʤʘʩʩʦʡ ʪ = 2,5 Å 105 ʢʛ. ʂʘʢʦʡ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʢʣʦʥ ʦʥ ʤʦʞʝʪ ʧʨʝ-

ʦʜʦʣʝʪʴ ʧʨʠ ʩʢʦʨʦʩʪʠ 36 ʢʤ/ʯ, ʝʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ k 

= 0,005? 

ʈʝʰʝʥʠʝ. ʋʢʣʦʥʦʤ ʟʜʝʩʴ ʥʘʟʚʘʥʦ ʦʪʥʦʰʝʥʠʝ ʚʳʩʦʪʳ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʢ 

ʝʝ ʦʩʥʦʚʘʥʠʶ, ʪ. ʝ. ʪʘʥʛʝʥʩ ʫʛʣʘ ʧʨʠ ʦʩʥʦʚʘʥʠʠ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʉʫʜʷ ʧʦ 

ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ, ʣʦʢʦʤʦʪʠʚ ʜʚʠʞʝʪʩʷ ʚ ʛʦʨʫ ʨʘʚʥʦʤʝʨʥʦ ʠ ʧʨʷʤʦʣʠʥʝʡʥʦ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʱʥʦʩʪʴ ʣʦʢʦʤʦʪʠʚʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʬʦʨʤʫʣʝ 

jucosʊʗɻʀFN=  ʫʛʦʣ j ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʩʠʣʳ ʪʷʛʠ 


F ʪʷʛʠ ʠ ʧʝʨʝʤʝʱʝʥʠʷ 

ʟʜʝʩʴ ʨʘʚʝʥ ʥʫʣʶ ʠ cosj = 1, ʧʦʵʪʦʤʫ ʧʝʨʝʧʠʰʝʤ ʧʦʩʣʝʜʥʶʶ ʬʦʨʤʫʣʫ ʪʘʢ: 

uʊʗɻʀFN= .                                                                                                            (1) 

ʇʦ ʧʝʨʚʦʤʫ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ ʚ ʩʣʫʯʘʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʠ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʜʚʠ-

ʞʝʥʠʷ ʚʩʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʣʦʢʦʤʦʪʠʚ, ʫʨʘʚʥʦʚʝʰʝʥʳ, ʧʦʵʪʦʤʫ 

ʉʆʇʈʊʗɻʀ FmgF += asin  ʠ acosmgFN = . 

ʆʧʨʝʜʝʣʠʤ ʩʠʣʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ  Fʩʦʧʨ : acoskmgkNFʩʦʧʨ ==    (2) 

ʇʦʜʩʪʘʚʠʤ (2) ʚ (1): 

uaa )cossin( kmgmgN +=   ʠʣʠ  )cos(sin aau kmgN += .                   (3) 

ʀʟ ʚʳʨʘʞʝʥʠʷ (ɿ) ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʪʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʣʦʩʢʦʩʪʠ ʢ ʛʦ-

ʨʠʟʦʥʪʫ. ʄʦʞʥʦ, ʢʦʥʝʯʥʦ, ʧʝʨʝʡʪʠ ʩʝʡʯʘʩ ʦʪ ʩʠʥʫʩʘ ʠ ʢʦʩʠʥʫʩʘ ʫʛʣʘ ʢ ʪʘʥʛʝʥ-

ʩʫ ʵʪʦʛʦ ʫʛʣʘ, ʧʨʠʤʝʥʠʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʷ, ʘ ʟʘʪʝʤ ʦʧʨʝʜʝʣʷʪʴ tga ʠʟ ʧʦʣʫʯʠʚʰʝʛʦʩʷ ʚʳʨʘʞʝʥʠʷ. ʅʦ ʩʨʘʟʫ ʚʠʜ-

ʥʦ, ʯʪʦ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʙʫʜʝʪ ʯʨʝʟʚʳʯʘʡʥʦ ʛʨʦʤʦʟʜʢʠʤ, ʘ ʝʛʦ ʨʝʰʝʥʠʝ ʧʨʠʚʝ-

ʜʝʪ ʢ ʝʱʝ ʙʦʣʝʝ ʛʨʦʤʦʟʜʢʦʤʫ ʢʚʘʜʨʘʪʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʠʟ-

ʚʝʩʪʥʦʛʦ tga, ʠ ʚ ʠʪʦʛʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʪʨʝʙʫʶʪ ʦʯʝʥʴ 

ʤʥʦʛʦ ʤʝʩʪʘ ʠ ʚʨʝʤʝʥʠ. ʀʥʦʛʜʘ ʵʪʦʛʦ ʥʝ ʠʟʙʝʞʘʪʴ, ʥʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʝʰʝ-

ʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴ, ʝʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ 

ʫʛʦʣ ʘ ʧʨʠ ʦʩʥʦʚʘʥʠʠ ʛʦʨʳ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣ (a ¢ 5Á40'). ɽʩʣʠ ʤʳ ʧʨʠʤʝʤ ʵʪʦ 

ʜʦʧʫʱʝʥʠʝ, ʪʦ ʫʯʪʝʤ, ʯʪʦ ʧʨʠ ʪʘʢʠʭ ʤʘʣʳʭ ʫʛʣʘʭ aa sinºtg   ʠ 1cos ºa . ʊʦʛʜʘ 

ʧʦʣʫʯʠʤ ʙʦʣʝʝ ʧʨʦʩʪʦʝ ʚʳʨʘʞʝʥʠʝ: 

)( ktgmgN += au . 

ʆʪʩʶʜʘ ʫʞʝ ʣʝʛʢʦ ʤʦʞʥʦ ʥʘʡʪʠ ʠʩʢʦʤʳʡ atg : 
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u
a

mg

N
ktg =+  , k

mg

N
tg -=

u
a  

ʇʝʨʝʚʝʜʝʤ ʚʩʝ ʝʜʠʥʠʮʳ ʚ ʉʀ: 

2 Å 103ʣ. ʩ. = 2 Å 103 Å736 ɺʪ = 1,5 Å 106 ɺʪ, 

ʩ

ʤ

ʩ

ʤ

ʯ

ʢʤ
10

3600

100036
36 =

¶
= . 

ʇʦʜʩʪʘʚʠʤ ʯʠʩʣʘ ʠ ʧʨʦʠʟʚʝʜʝʤ ʚʯrʠʩʣʝʥʠʷ: 

 tga =
108.9105.2

1047.1
5

6

¶¶¶

¶
 - 0,005=0,055. 

ʆʪʚʝʪ: tga = 0,055. 

 

ʇʨʠʤʝʨ 6. ɸʚʪʦʤʦʙʠʣʴ ʤʘʩʩʦʡ ʪ = 1 ʪ ʜʚʠʞʝʪʩʷ ʧʦʜ ʫʢʣʦʥ ʧʨʠ ʚʳʢʣʶʯʝʥʥʦʤ 

ʤʦʪʦʨʝ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ 9 ʢʤ/ʯ. ʋʢʣʦʥ ʛʦʨʳ ʩʦʩʪʘʚʣʷʝʪ h = 4ʤ ʥʘ ʢʘʞ-

ʜʳʝ l = 100 ʤ ʧʫʪʠ. ʂʘʢʫʶ ʤʦʱʥʦʩʪʴ N ʜʦʣʞʝʥ ʨʘʟʚʠʚʘʪʴ ʜʚʠʛʘʪʝʣʴ ʵʪʦʛʦ ʘʚ-

ʪʦʤʦʙʠʣʷ, ʯʪʦʙʳ ʜʚʠʛʘʪʴʩʷ ʩ ʪʦʡ ʞʝ ʩʢʦʨʦʩʪʴʶ ʚ ʛʦʨʫ ʩ ʪʝʤ ʞʝ ʫʢʣʦʥʦʤ? ʉʠ-

ʣʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʯʠʪʘʪʴ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʦʩʪʦʷʥʥʦʡ. 

ʈʝʰʝʥʠʝ. ɺʳʧʦʣʥʠʤ ʯʝʨʪʝʞ ʠ ʨʘʩʩʪʘʚʠʤ ʚʩʝ ʜʝʡʩʪʚʫʶʱʠʝ ʩʠʣʳ (ʩʠʣʘ ʪʷʞʝ-

ʩʪʠ m


g  ʩʦ ʩʪʦʨʦʥʳ ɿʝʤʣʠ, ʩʠ-

ʣʘ ʨʝʘʢʮʠʠ ʦʧʦʨʳ N
C

  ʩʦ ʩʪʦ-

ʨʦʥʳ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ 

ʩʠʣʘ ʪʨʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʥʝ-

ʨʦʚʥʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʠ) (ʨʠʩ. 

6.4). ɿʘʧʠʰʝʤ ʧʝʨʚʳʡ ʟʘʢʦʥ 

ʅʴʶʪʦʥʘ:  0=++ ʪʨFNgm
CCC

. 

 ɼʣʷ ʤʦʜʫʣʝʡ ʧʨʦʝʢʮʠʡ ʵʪʦʪ 

ʞʝ ʟʘʢʦʥ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʩʧʫʩʢʘʶʱʝʤʫʩʷ ʘʚʪʦʤʦʙʠʣʶ 

ʧʨʠʤʝʪ ʚʠʜ: ʪʨFmg =asin  (1)    

ʠ    acosmgN= . 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʘʚʪʦʤʦʙʠʣʷ 

ʚʚʝʨʭ ʧʦ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ  

ʥʘ ʥʝʛʦ ʙʫʜʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʫʞʝ 

ʯʝʪʳʨʝ ʩʠʣʳ (ʨʠʩ. 6.5), ʧʦʩʢʦʣʴ-

ʢʫ ʢ ʧʨʝʞʥʠʤ ʪʨʝʤ ʜʦʙʘʚʠʪʩʷ 

ʩʠʣʘ ʪʷʛʠ ʜʚʠʛʘʪʝʣʷ 


F ʪ̫ʛʠ. ʊʦʛʜʘ 

ʧʦ ʧʝʨʚʦʤʫ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ, ʟʘ-

ʧʠʩʘʥʥʦʤʫ ʚ ʚʝʢʪʦʨʥʦʤ ʚʠʜʝ,  

0=+++ ʊʗɻʀʪʨ FFNgm
CCCC

. 

ʇʦʩʢʦʣʴʢʫ ʪʝʧʝʨʴ ʩʠʣʘ ʪʨʝ-

ʥʠʷ ʥʘʧʨʘʚʣʝʥʘ ʢ ʦʩʥʦʚʘʥʠʶ 

ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʪʦ ʜʣʷ 

ʤʦʜʫʣʝʡ ʧʨʦʝʢʮʠʡ ʵʪʦʪ ʞʝ ʟʘʢʦʥ 

a

ʈʠʩ. 6.4 

a

ʈʠʩ. 6.5 
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ʧʨʠʤʝʪ ʚʠʜ   asinmgFF ʪʨʊʗɻʀ +=
CC

   (2) ʠ acosmgN= . 

ʅʦ ʥʠ ʚ ʦʜʥʦ ʠʟ ʟʘʧʠʩʘʥʥʳʭ ʥʘʤʠ ʫʨʘʚʥʝʥʠʡ ʤʦʱʥʦʩʪʴ ʧʦʢʘ ʥʝ ʚʭʦʜʠʪ. 

ʇʦʩʢʦʣʴʢʫ ʜʚʠʛʘʪʝʣʴ ʘʚʪʦʤʦʙʠʣʷ, ʦʙʣʘʜʘʷ ʤʦʱʥʦʩʪʴʶ N, ʨʘʟʚʠʚʘʝʪ ʩʠʣʫ ʪʷʛʠ 


F ʪʷʛʠ , ʚʳʨʘʟʠʤ ʩʠʣʫ ʪʷʛʠ ʯʝʨʝʟ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʬʦʨ-

ʤʫʣʦʡ jucosʪʷʛʠFN
C

= . ɿʜʝʩʴ ʫʛʦʣ  j ð ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ ʩʢʦʨʦʩʪʠ ʘʚʪʦ-

ʤʦʙʠʣʷ ʠ ʩʠʣʳ ʪʷʛʠ. ʇʦʩʢʦʣʴʢʫ ʵʪʠ ʚʝʢʪʦʨʳ ʧʨʠ ʧʦʜʲʝʤʝ ʘʚʪʦʤʦʙʠʣʷ ʚ ʛʦʨʫ 

ʩʦʥʘʧʨʘʚʣʝʥʳ, ʫʛʦʣ j ʤʝʞʜʫ ʥʠʤʠ ʨʘʚʝʥ ʥʫʣʶ, ʘ 10cos =̄, ʧʦʵʪʦʤʫ, 

uʪʷʛʠFN
C

=  .                                   (3) 

ɿʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ (1) ʠ (2) ʨʷʜʦʤ:  ʪʨFmg =asin  ʠ 

asinmgFF ʪʨʪʷ += , ʩʣʝʜʦʚʘʪʝʣʴʥʦ,    asin2mgFʪʷʛʠ=                    (4). 

ʊʝʧʝʨʴ ʧʦʜʩʪʘʚʠʤ (4) ʚ (3): 

ausin2mgN= . 

ʉʠʥʫʩ ʫʛʣʘ aʥʘʡʜʝʤ ʠʟ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʩ ʛʠʧʦʪʝʥʫʟʦʡ l ʠ ʢʘʪʝ-

ʪʦʤ h, ʣʝʞʘɦ ʠʤ ʧʨʦʪʠʚ ʫʛʣʘ a: 

l

h
=asin  . 

ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ 
l

h
mgN u2=  . 

ʇʝʨʝʚʝʜʝʤ ʝʜʠʥʠʮʳ ʤʘʩʩʳ ʠ ʩʢʦʨʦʩʪʠ ʚ ʉʀ: 

1ʪ=1¶ 103 ʢʛ, 9
ʯ

ʢʤ
 = 

ʩ

ʤ

1000

36009¶
 = 2,5 

ʩ

ʤ
   

ʇʦʜʩʪʘʚʠʤ ʯʠʩʣʘ ʠ ʧʨʦʠʟʚʝʜʝʤ ʚʳʯʠʩʣʝʥʠʷ: 

N = 2 Å 103 Å 9,8 Å 2,5
100

4
 ɺʪ= 2 Å 103 ɺʪ =2 ʢɺʪ 

ʆʪʚʝʪ: N =2 ʢɺʪ. 

ʇʨʠʤʝʨ 7. ɸʚʪʦʤʦʙʠʣʴ ʤʘʩʩʦʡ ʪ = 3 ʪ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʧʦʜʲʝʤʫ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ɡ 0= 18 ʢʤ/ʯ. ʅʘʡʪʠ ʤʦʱʥʦʩʪʴ N, ʨʘʟʚʠʚʘʝʤʫʶ ʜʚʠʛʘʪʝʣʝʤ ʘʚʪʦʤʦʙʠʣʷ ʥʘ 

ʧʦʜʲʝʤʝ ʜʣʠʥʦʡ l = 100 ʤ ʠ ʚʳʩʦʪʦʡ h = 10 ʤ, ʝʩʣʠ ʝʛʦ ʩʢʦʨʦʩʪʴ ʥʘ ʚʝʨh ʠʥʝ 

ʩʪʘʣʘ ɡ= 27 ʢʤ/ʯ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʥʘ ʚʩʝʤ ʧʦʜʲʝʤʝ k 

= 0,2 . 

ʈʝʰʝʥʠʝ. ɺʥʠʤʘʥʠʝ! ɽʩʣʠ ʜʚʠʞʝʥʠʝ ʧʝʨʝʤʝʥʥʦʝ, ʪʦ ʤʦʱʥʦʩʪʴ ʥʘ ʚʩʝʤ ʧʫʪʠ - 

ʵʪʦ ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ, ʘ ʝʩʣʠ ʨʝʯʴ ʠʜʝʪ ʦ ʤʦʱʥʦʩʪʠ ʚ ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ ʚʨʝ-

ʤʝʥʠ ʠʣʠ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ɡ0= 18 ʢʤ/ʯ  ʪʨʘʝʢʪʦʨʠʠ (ʥʘʧʨʠʤʝʨ, ʥʘ ʚʝʨʠhʥʝ ʛʦʨʳ 

ʠʣʠ ʥʘ ʝʝ ʩʝʨʝʜʠʥʝ ʠ ʪ. ʧ.), ʨʝʯʴ ʠʜʝʪ ʦ ʤʛʥʦʚʝʥʥʦʡ l = 100 ʤ                    ʤʦɦ-

ʥʦʩʪʠ. ɽʩʣʠ ʨʝʯʴ ʠʜʝʪ ʦ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ, ʪʦ ʧʨʠʣʦʞʝʥʥʫʶ ʢ ʪʝʣʫ ʩʠʣʫ 

ʥʫʞʥʦ ʫʤʥʦʞʘʪʴ ʥʘ ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʪʝʣʘ, ʘ ʝʩʣʠ ʦ ʤʛʥʦʚʝʥʥʦʡ ʤʦʱʥʦʩʪʠ, 

ʪʦ ʥʘ ʤʛʥʦʚʝʥʥʫʶ ʩʢʦʨʦʩʪʴ, ʪ. ʝ. ʩʢʦʨʦʩʪʴ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ɺ ʥʘʰʝʡ 

ʟʘʜʘʯʝ ʩʧʨʘʰʠʚʘʝʪʩʷ ʦ ʤʦʱʥʦʩʪʠ ʥʘ ʚʩʝʤ ʧʦʜʲʝʤʝ, ʟʥʘʯʠʪ, ʨʝʯʴ ʠʜʝʪ ʦ ʩʨʝʜ-

ʥʝʡ ʤʦʱʥʦʩʪʠ. ʂ ʘʚʪʦʤʦʙʠʣʶ ʧʨʠʣʦʞʝʥʳ ʩʠʣʘ ʪʷʛʠ 


F ʪʷʛʠ , ʩʠʣʘ ʪʷʞʝʩʪʠ m


g , 

ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ


F ʩʦʧʨ  ʠ ʩʠʣʘ ʨʝʘʢʮʠʠ ʦʧʦʨʳ 


F N. ʅʦ ʨʘʙʦʪʫ ʧʦ ʧʦʜʲʝʤʫ 
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ʘʚʪʦʤʦʙʠʣʷ ʢ ʚʝʨʰʠʥʝ ʩʦʚʝʨʰʘʝʪ ʠʤʝʥʥʦ ʩʠʣʘ ʪʷʛʠ ʟʘ ʩʯʝʪ ʨʘʟʚʠʚʘʝʤʦʡ ʜʚʠ-

ʛʘʪʝʣʝʤ ʤʦʱʥʦʩʪʠ, ʧʦʵʪʦʤʫ ju cosʉʈʊʗɻʀFN
C

= . 

ɿʜʝʩʴ vʩʨ - ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ,  j- ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ ʩʠʣʳ 

ʪʷʛʠ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ. ʇʦʩʢʦʣʴʢʫ ʵʪʦʪ ʫʛʦʣ ʨʘʚʝʥ ʥʫʣʶ, a 10cos =̄ , 

ʪʦ    ʉʈʊʗɻʀFN u
C

= .                                                                                  (1) 

ʉʠʣʫ ʪʷʛʠ ʥʘʡʜʝʤ, ʧʨʠʤʝʥʠʚ ʚʪʦʨʦʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ. ɺ ʧʨʦʝʢʮʠʷʭ ʥʘ ʦʩʠ ʢʦ-

ʦʨʜʠʥʘʪ ʦʥ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ  

ʉʆʇʈʊʗɻʀ FmgFma
CC
--= asin , ʦʪʢʫʜʘ  ʉʆʇʈʊʗɻʀ FmgmaF

CC
++= asin                         (2) 

ʅʘʤ ʠʟʚʝʩʪʥʳ ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ v0, ʝʛʦ ʢʦʥʝʯʥʘʷ ʩʢʦʨʦʩʪʴ v  ʠ 

ʧʨʦʜʝʣʘʥʥʳʡ ʠʤ ʧʫʪʴ, ʨʘʚʥʳʡ ʜʣʠʥʝ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ l , ʧʦʵʪʦʤʫ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʢʦʨʝʥʠʷ  ʘ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʬʦʨʤʫʣʦʡ ʢʠʥʝʤʘʪʠʢʠ 

al22

0 =-uu , ʦʪʢʫʜʘ 
l

a
2

2

0

2 uu -
=                                                                          (3) 

ʉʠʥʫʩ ʫʛʣʘ a ʧʨʠ ʦʩʥʦʚʘʥʠʠ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʧʨʝʜʝʣʠʤ ʠʟ ʧʨʷʤʦ-

ʫʛʦʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʩ ʛʠʧʦʪʝʥʫʟʦʡ  l ʠ ʧʨʦʪʠʚʦʣʝʞʘʱʠʤ ʢʘʪʝʪʦʤ h: 

l

h
=asin  .                                                                                                             (4) 

ɺʳʨʘʟʠʤ  F ʩʦʧʨ  ʯʝʨʝʟ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ k: 

kNFʩʦʧʨ=  , ʛʜʝ  acosmgN=    ʠ  
l

hl 22

cos
-

=a . 

ʊʦʛʜʘ       
l

hl
kmgFʩʦʧʨ

22 -
=                                                                            (5) 

ʇʦʜʩʪʘʚʠʤ (3), (4) ʠ (5) ʚ (2):   

( )öö
÷

õ

æ
æ

ç

å
-++

-
=

-
++

-
= 22

2

0

2222

0

2

22
hlkhg

l

m

l

hl
kmg

l

h
mg

l
mFʊʗɻʀ

uuuu
. 

 

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʨʘʚʥʦʫʩʢʦʨʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ 

2
0 uu

u
+

=ʉʈ                       (7) 

ʅʘʤ ʦʩʪʘʣʦʩʴ ʧʦʜʩʪʘʚʠʪʴ (6) ʠ (7) ʚ (1): 

( ) ( ) ( )( )222

0

2

0 5.0
2

hlkhg
l

m
N -++-+= uuuu  

ʇʝʨʝʚʝʜʝʤ ʚʩʝ ʝʜʠʥʠʮʳ ʚ ʉʀ: 3 ʪ = 3 Å 103ʢʛ, 18 ʢʤ/ʯ =
ʩ

ʤ

ʩ

ʤ
5

3600

100018
=

¶
, 

27ʢʤ/ʯ=
ʩ

ʤ

ʩ

ʤ
5,7

3600

100027
=

¶
 

ʇʨʦʠʟʚʝʜʝʤ ʚʳʯʠʩʣʝʥʠʷ: 

N =
1002

103 3

¶

¶
(5 + 7,5)( 0,5(7,52 -52)+ 9,8( 10 + 0,2 22 10100 - ))ɺʪ = 5,8 Å 104 ɺʪ = 

58 ʢɺʪ.   

ʆʪʚʝʪ: N = 58 ʢɺʪ.   

 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ 
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 ʇʨʠʤʝʨ 8. ʇʦʜʲʝʤʥʳʡ ʢʨʘʥ ʧʦʜʥʠʤʘʝʪ ʛʨʫʟ ʤʘʩʩʦʡ  ʪ = 4 ʪ ʩʦ ʩʢʦʨʦʩʪʴʶ u 

= 9 ʤ/ʤʠʥ. ʆʧʨʝʜʝʣʠʪʴ ʤʦʱʥʦʩʪʴ N ʜʚʠʛʘʪʝʣʷ ʢʨʘʥʘ, ʝʩʣʠ ʝʛʦ ʂʇɼ h= 60%.  

ʈʝʰʝʥʠʝ. ɿʘʜʘʯʠ, ʚ ʢʦʪʦʨʳʭ ʜʘʥ ʠʣʠ ʩʧʨʘʰʠʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ 

ʜʝʡʩʪʚʠʷ (ʂʇɼ, h)  

ʫʜʦʙʥʦ ʥʘʯʠʥʘʪʴ ʩ ʬʦʨʤʫʣʳ ʂʇɼ: %100
ʟʘʪʨ

ʧʦʣ

A

A
=h                                            (1) 

ɿʜʝʩʴ ɸʧʦʣ - ʧʦʣʝʟʥʘʷ ʨʘʙʦʪʘ, ʪ. ʝ. ʪʘ ʨʘʙʦʪʘ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʩʦʚʝʨh ʠʪʴ ʚ 

ʥʘʰʝʤ ʩʣʫʯʘʝ g = 9,8 ʤ/ʩ2ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʥʷʪʴ ʛʨʫʟ ʥʘ ʚʳʩʦʪʫ ʅ, ʧʝʨʝʤʝɦ ʘʷ 

ʝʛʦ ʨʘʚʥʦʤʝʨʥʦ ʚʚʝʨʭ, ʟʥʘʯʠʪ, ʩʠʣʘ,  

ʧʨʠʣʦʞʝʥʥʘʷ ʢ ʛʨʫʟʫ ʠ ʩʦʚʝʨʰʘʶʱʘʷ ʧʦʣʝʟʥʫʶ ʨʘʙʦʪʫ, ʫʨʘʚʥʦʚʝʰʝʥʘ ʩʠʣʦʡ 

ʪʷʞʝʩʪʠ ʛʨʫʟʘ, ʧʦʵʪʦʤʫ ʧʦʣʝʟʥʘʷ ʨʘʙʦʪʘ 

                                           mgHAʇʆʃ=                                                             (2) 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʢʦʩʠʥʫʩ ʫʛʣʘ ʤʝʞʜʫ ʩʠʣʦʡ, ʧʦʜʥʠʤʘʶʱʝʡ ʛʨʫʟ, ʠ ʝʛʦ ʧʝʨʝ-

ʤʝʱʝʥʠʝʤ ʨʘʚʝʥ ʝʜʠʥʠʮʝ, ʧʦʩʢʦʣʴʢʫ ʚʝʢʪʦʨʳ ʵʪʦʡ ʩʠʣʳ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʩʦʥʘ-

ʧʨʘʚʣʝʥʳ. 

ʅʦ, ʢʨʦʤʝ ʩʘʤʦʛʦ ʛʨʫʟʘ, ʜʚʠʛʘʪʝʣʴ ʧʦʜʥʠʤʘʝʪ ʝʱʝ ʠ ʢʘʥʘʪ, ʢ ʢʦʪʦʨʦʤʫ 

ʛʨʫʟ ʧʨʠʢʨʝʧʣʝʥ, ʩʪʨʝʣʫ ʩ ʢʨʶʢʦʤ, ʧʨʝʦʜʦʣʝʚʘʝʪ ʪʨʝʥʠʝ ʚ ʯʘʩʪʷʭ ʤʝʭʘʥʠʟʤʘ, 

ʪ. ʝ. ʩʦʚʝʨʰʘʝʪ ʙʦʣʴʰʫʶ ʨʘʙʦʪʫ, ʢʦʪʦʨʫʶ ʤʳ ʥʘʟʦʚʝʤ ʟʘʪʨʘʯʝʥʥʦʡ ɸʟʘʪʨ. ʕʪʫ 

ʨʘʙʦʪʫ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʫʤʥʦʞʠʚ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ (ʚʝʜʴ ʠʤʝʥʥʦ ʟʘ ʩʯʝʪ 

ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʧʦʜʥʠʤʘʶʪʩʷ ʠ ʛʨʫʟ, ʠ ʢʨʘʥ ʠ ʢʘʥʘʪ, ʠ ʧʨʝʦʜʦʣʝʚʘʝʪʩʷ 

ʪʨʝʥʠʝ) ʥʘ ʚʨʝʤʷ ʧʦʜʲʝʤʘ ʛʨʫʟʘ ʥʘ ʚʳʩʦʪʫ ʅ:  

                                                NtAɿɸʊʈ=                                                        (3) 

ʇʨʘʚʜʘ, ʥʘʤ ʥʠ ʚʨʝʤʷ ʧʦʜʲʝʤʘ t, ʥʠ ʚʳʩʦʪʘ ʅ ʥʝ ʜʘʥʳ, ʥʦ ʤʳ ʟʥʘʝʤ, ʯʪʦ 

ʜʚʠʞʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦʝ, ʟʥʘʯʠʪ, ʚʳʩʦʪʫ ʅ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʧʨʦʠʟʚʝʜʝ-

ʥʠʝ ʠʟʚʝʩʪʥʦʡ ʩʢʦʨʦʩʪʠ u ʠ ʚʨʝʤʝʥʠ t: tH u=                                            (4) 

ʇʦʜʩʪʘʚʠʤ (2), (3) ʠ (4) ʚ (1): 

                             %100%100%100
N

mg

Nt

tmg

Nt

mgH uu
h ===                                    (5) 

ʀʟ (5) ʦʧʨʝʜʝʣʠʤ ʠʩʢʦʤʫʶ ʤʦʱʥʦʩʪʴ N: 

                                    %100
h

umg
N=  

ʇʝʨʝʚʝʜʝʤ ʚʩʝ ʝʜʠʥʠʮʳ ʚ ʉʀ:  

4 ʪ = 4 Å 103 ʢʛ,  9
ʩ

ʤ

ʩ

ʤ

ʤʠʥ

ʤ
15,0

60

9
== . 

 ʇʨʦʠʟʚʝʜʝʤ ʚʳʯʠʩʣʝʥʠʷ: 

N=
60

15,08,9104 3 ¶¶¶
100 ɺʪ = 9800 ɺʪ = 9,8 ʢɺʪ. 

ʆʪʚʝʪ: N = 9,8 ʢɺʪ. 

ʇʨʠʤʝʨ 9. ʂʘʢʫʶ ʨʘʙʦʪʫ  ɸ,ʘʪʨ  ʥʘʜʦ ʩʦʚʝʨʰʠʪʴ, ʯʪʦʙʳ ʧʦ ʧʣʦʩʢʦʩʪʠ ʩ ʫʛʣʦʤ 

ʥʘʢʣʦʥʘ a = 30Á ʚʪʘʱʠʪʴ ʛʨʫʟ ʤʘʩʩʦʡ ʪ = 400 ʢʛ ʥʘ ʚʳʩʦʪʫ h = 2ʤ ʧʨʠ ʢʦʵʬ-

ʬʠʮʠʝʥʪʝ ʪʨʝʥʠʷ k = 0,3? ʂʘʢʦʚ ʧʨʠ ʵʪʦʤ ʂʇɼ, h? ɼʚʠʞʝʥʠʝ ʛʨʫʟʘ ʨʘʚʥʦ-

ʤʝʨʥʦʝ ʠ ʧʨʷʤʦʣʠʥʝʡʥʦʝ.  

ʈʝʰʝʥʠʝ. ʈʘʙʦʪʫ ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʫʟʘ ʧʦ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ɸʟʘʪʨ (ʟʘʪʨʘʯʝʥ-

ʥʫʶ ʨʘʙʦʪʫ) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʫʤʤʦʡ ʨʘʙʦʪʳ ʧʦ ʧʨʝʦʜʦʣʝʥʠʶ ʩʠʣʳ ʪʨʝʥʠʷ 
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ɸʪ ʨ(ʪ. ʝ. ʨʘʙʦʪʳ ʥʝʢʦʪʦʨʦʡ ʩʠʣʳ, ʯʠʩʣʝʥʥʦ ʨʘʚʥʦʡ ʩʠʣʝ ʪʨʝʥʠʷ, ʥʦ ʘʥʪʠ-

ʥʘʧʨʘʚʣʝʥʥʦʡ ʝʡ) ʠ ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʳ ɸʧʦʣ ʧʦ ʧʦʜʲʝʤʫ ʪʝʣʘ ʥʘ ʚʳʩʦʪʫ h: 

ʇʆʃʊʈɿɸʊʈ AAA += . 

ɿʜʝʩʴ lFA ʊʈʊʈ=  ʠ mghAʇʆʃ= . 

ʉʠʣʘ ʪʨʝʥʠʷ kNFʪʨ= , ʛʜʝ acosmgN= . 

ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ acoskmgFʪʨ= , mghkmgAɿɸʊʈ += acos . ɿʜʝʩʴ 
asin

h
l = . 

ʊʦʛʜʘ mghkmghAɿɸʊʈ +=
a

a

sin

cos
,       )1( += akctgmghAɿɸʊʈ  . 

ʕʪʫ ʟʘʜʘʯʫ ʤʦʞʥʦ ʨʝʰʠʪʴ ʠʥʳʤ ʩʧʦʩʦʙʦʤ, ʠʩʧʦʣʴʟʫʷ ʟʘʢʦʥʳ ʜʠʥʘʤʠʢʠ. 

ɿʘʪʨʘʯʝʥʥʫʶ ʨʘʙʦʪʫ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʘʢ: 

lFA ʊʗɻʀʊʈ= . 

ʇʦ ʧʝʨʚʦʤʫ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ 

aa cossin kmgmgFʊʗɻʀ += , ʪʦʛʜʘ  

a
a

a
aa sin

sin

cos
1)cossin( lkmglkmgmgAɿɸʊʈ ö

÷

õ
æ
ç

å
+=+=  , ʛʜʝ 

l

h
=asin . 

ʊʦʛʜʘ ʦʧʷʪʴ ʧʦʣʫʯʠʤ )1( akctgmghAɿɸʊʈ += . 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʨʝʰʝʥʠʠ ʵʪʠʤ ʩʧʦʩʦʙʦʤ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʜʝʡʩʪʚʠʝ ʚʥʫʪ-

ʨʝʥʥʠʭ ʩʠʣ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʪʝʣ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʨʝʰʝʥʠʠ ʧʝʨʚʳʤ ʩʧʦʩʦʙʦʤ ʠʭ 

ʜʝʡʩʪʚʠʝ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ, ʧʦʵʪʦʤʫ ʧʝʨʚʳʡ ʩʧʦʩʦʙ ʥʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝ-

ʩʢʦʣʴʢʦ ʧʨʦʱʝ. 

ʂʇɼ ʧʨʦʮʝʩʩʘ ʥʘʡʜʝʤ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʳ mghAʇʆʃ=  ʧʦ ʧʦʜʲ-

ʝʤʫ ʛʨʫʟʘ ʥʘ ʚʳʩʦʪʫ h ʢʦ ʚʩʝʡ ʟʘʪʨʘʯʝʥʥʦʡ ʨʘʙʦʪʝ ɸ,ʘʪʨ:  

                            %100
ʟʘʪʨ

ʧʦʣ

ɸ

A
=h  ʠʣʠ %100

ʟʘʪʨA

mgh
=h  

ʄʳ ʨʝʰʠʣʠ ʟʘʜʘʯʫ ʚ ʦʙʱʝʤ ʚʠʜʝ. 

ʇʦʜʩʪʘʚʠʤ ʯʠʩʣʘ ʠ ʧʨʦʠʟʚʝʜʝʤ ʚʳʯʠʩʣʝʥʠʷ: 

ɸ,ʘʪʨ = 400 Å 9,8 Å 2(0,3 Å ctg 30Á + 1) ɼʞ = 1,2 Å 104 ɼʞ  

ʆʪʚʝʪ: ɸ,ʘʪʨ = 1,2-104 ɼʞ, h = 65%. 

 

ɿʘʜʘʯʠ ʜʣʷ ʨʝʰʝʥʠʷ 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʨʘʙʦʪʘ 

6.1. ʇʦʜʲʝʤʥʳʡ ʢʨʘʥ ʧʦʜʥʠʤʘʝʪ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ t = 2 ʤʠʥ ʩʪʘʣʴʥʫʶ ʧʣʠʪʫ 

ʩʦ ʩʢʦʨʦʩʪʴʶ ɡ = 0,5 ʤ/ʩ. ɼʣʠʥʘ ʧʣʠʪʳ l = 4 ʤ, ʰʠʨʠʥʘ r = 50 ʩʤ, ʚʩrʦʪʘ h = 40 

ʩʤ. ʂʘʢʫʶ ʧʦʣʝʟʥʫʶ ʨʘʙʦʪʫ ɸ ʩʦʚʝʨʰʘʝʪ ʢʨʘʥ? ʇʣʦʪʥʦʩʪʴ ʩʪʘʣʠ r = 7,8 Å 103 

ʢʛ/ʤ3.  

6.2. ʂʘʢʫʶ ʨʘʙʦʪʫ ʩʦʚʝʨʰʘʝʪ ʯʝʣʦʚʝʢ ʧʨʠ ʧʦʜʲʝʤʝ ʪʝʣʘ ʤʘʩʩʦʡ 2 ʢʛ ʥʘ ʚʳʩʦ-

ʪʫ 1 ʤ ʩ ʫʩʢʦʨʝʥʠʝʤ 1ʤ/ʩ2.  

6.3. ʇʣʦʪ ʧʝʨʝʜʚʠʛʘʶʪ ʙʘʛʨʦʤ, ʧʨʠʢʣʘʜʳʚʘʷ ʢ ʥʝʤʫ ʩʠʣʫ 200 ʅ. ʉʦʚʝʨʰʝʥʥʘʷ 

ʧʨʠ ʵʪʦʤ ʨʘʙʦʪʘ 1000 ɼʞ. ʅʘ ʢʘʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʧʨʠ ʵʪʦʤ ʧʝʨʝʤʝʩʪʠʣʩʷ ʧʣʦʪ, 

ʝʩʣʠ ʫʛʦʣ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʠʣʳ ʠ ʧʝʨʝʤʝʱʝʥʠʷ 600.  

6.4. ʂʘʢʫʶ ʨʘʙʦʪʫ ʩʦʚʝʨʰʠʪ ʩʠʣʘ 20 ʅ, ʧʦʜʥʷʚ ʧʦ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʛʨʫʟ 

ʤʘʩʩʦʡ 2 ʢʛ ʥʘ ʚʳʩʦʪʫ 2,5 ʤ ʩ ʫʩʢʦʨʝʥʠʝʤ 5 ʤ/ʩ2. ʉʠʣʘ ʜʝʡʩʪʚʫʝʪ ʧʘʨʘʣʣʝʣʴʥʦ 
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ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʉʦʧʨʦʪʠʚʣʝʥʠʝʤ ʧʨʝʥʝʙʨʝʯʴ. 6.5. ʅʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ 

ʫʯʘʩʪʢʝ  ʧʫʪʠ ʜʣʠʥʦʡ  2 ʢʤ ʩʢʦʨʦʩʪʴ ʧʦʝʟʜʘ ʫʚʝʣʠʯʠʣʘʩʴ ʩ 54 ʢʤ/ʯ ʜʦ 72 ʢʤ/ʯ. 

ʆʧʨʝʜʝʣʠʪʴ ʨʘʙʦʪʫ, ʨʘʟʚʠʚʘʝʤʫʶ ʧʘʨʦʚʦʟʦʤ. ʄʘʩʩʘ ʧʦʝʟʜʘ 800 ʪ, ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ  0,05.  

 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ 

6.6. ʆʧʨʝʜʝʣʠʪʴ ʩʨʝʜʥʶʶ ʤʦʱʥʦʩʪʴ, ʨʘʟʚʠʚʘʝʤʫʶ ʵʣʝʢʪʨʦʚʦʟʦʤ, ʝʩʣʠ  ʥʘ ʛʦ-

ʨʠʟʦʥʪʘʣʴʥʦʤ ʫʯʘʩʪʢʝ  ʧʫʪʠ ʜʣʠʥʦʡ  1 ʢʤ ʩʢʦʨʦʩʪʴ ʧʦʝʟʜʘ ʫʚʝʣʠʯʠʣʘʩʴ ʩ  36 

ʢʤ/ʯ ʜʦ 54 ʢʤ/ʯ. ʄʘʩʩʘ ʧʦʝʟʜʘ 800 ʪ, ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ  0,08. 

6.7. ʆʧʨʝʜʝʣʠʪʴ ʤʦʱʥʦʩʪʴ ʪʨʘʤʚʘʷ ʢ ʢʦʥʮʫ  ʧʷʪʦʡ ʩʝʢʫʥʜʳ ʧʦʩʣʝ ʥʘʯʘʣʘ ʜʚʠ-

ʞʝʥʠʷ, ʝʩʣʠ ʦʥ ʨʘʟʚʠʣ ʢ ʵʪʦʤʫ ʤʦʤʝʥʪʫ ʩʢʦʨʦʩʪʴ 18 ʢʤ/ʯ. ʄʘʩʩʘ ʪʨʘʤʚʘʷ 10 ʪ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝʤ ʜʚʠʞʝʥʠʶ ʧʨʝʥʝʙʨʝʯʴ. 

6.8. ʊʝʧʣʦʚʦʟ (ʤʘʩʩʘ 60 ʪ) ʨʘʚʥʦʤʝʨʥʦ ʧʦʜʥʠʤʘʝʪʩʷ ʚ ʛʦʨʫ ʩ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʢ 

ʛʦʨʠʟʦʥʪʫ 40.  ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 0,03. ʆʧʨʝʜʝʣʠʪʴ ʨʘʟʚʠʚʘʝʤʫʶ ʪʝʧʣʦʚʦ-

ʟʦʤ ʤʦʱʥʦʩʪʴ ʧʨʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 36 ʢʤ/ʯ.  

 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ 

6.9. ʄʦʪʦʨʳ ʵʣʝʢʪʨʦʧʦʝʟʜʘ ʧʦʪʨʝʙʣʷʶʪ ʤʦʱʥʦʩʪʴ 900 ʢɺʪ. ʉʢʦʨʦʩʪʴ ʧʦʝʟʜʘ 

54 ʢʤ/ʯ, ʂʇɼ ʤʦʪʦʨʦʚ 80%. ʆʧʨʝʜʝʣʠʪʴ ʩʠʣʫ ʪʷʛʠ ʤʦʪʦʨʦʚ. 

6.10. ʇʦʜʲʝʤʥʳʡ ʢʨʘʥ ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʝʡʩʪʚʠʝ ʜʚʠʛʘʪʝʣʝʤ ʤʦʱʥʦʩʪʴʶ 10 ʢɺʪ. 

ʉʢʦʣʴʢʦ ʩʝʢʫʥʜ ʧʦʪʨʝʙʫʝʪʩʷ ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʦʜʲʝʤʘ ʛʨʫʟʘ ʤʘʩʩʦʡ 2 ʪ ʥʘ 

ʚʳʩʦʪʫ 50 ʤ, ʝʩʣʠ ʂʇɼ ʜʚʠʛʘʪʝʣʷ 80%? 

6.11. ʅʘʩʦʩ ʧʦʜʥʠʤʘʝʪ ʥʝʬʪʴ ʤʘʩʩʦʡ 50 ʪ ʥʘ ʚʳʩʦʪʫ 10 ʤ ʟʘ 12 ʤʠʥ. ʅʘʡʪʠ 

ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʥʘʩʦʩʘ, ʝʩʣʠ ʝʛʦ ʂʇɼ 45 %. 

 

 

 

 

 

 

 

ʊʝʤʘ 7 

 ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

 

ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ 

 

ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ  

§ ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʪʝʣʘ, ʜʚʠʞʫʱʝʛʦʩʷ ʧʦʩʪʫʧʘʪʝʣʴʥʦ 

2

2um
ɽʢ=   ʠʣʠ  

m

p
Ek

2

2

= . 

§ ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ: 

ʘ) ʫʧʨʫʛʦʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʧʨʫʞʠʥʳ 

2

2kx
Eʧ= , 
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ʛʜʝ k - ʞʝʩʪʢʦʩʪʴ ʧʨʫʞʠʥʳ; 

ʭ - ʘʙʩʦʣʶʪʥʘʷ ʜʝʬʦʨʤʘʮʠʷ; 

ʙ) ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

r

mm
GEʧ

21-=  

ʛʜʝ G- ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ; 

m1 ʠ m2 -  ʤʘʩʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣ; 

r - ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ; 

ʚ) ʪʝʣʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʦʜʥʦʨʦʜʥʦʤ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ 

mghEʧ= ,  

ʛʜʝ g - ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ; 

h - ʚʳʩʦʪʘ ʪʝʣʘ ʥʘʜ ʫʨʦʚʥʝʤ, ʧʨʠʥʷʪʳʤ ʟʘ ʥʫʣʝʚʦʡ (ʬʦʨʤʫʣʘ ʩʧʨʘʚʝʜʣʠʚʘ, ʝʩʣʠ 

h<<R, ʛʜʝ R - ʨʘʜʠʫʩ ɿʝʤʣʠ). 

§ ʇʦʣʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʧk EEE +=  

§ ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʧʦʣʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ: 
constEEE ʧk =+=  

§ ɿʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʧʦʣʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

III EEEA -=D= . 
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ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʧʦʣʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʇʨʠʤʝʨ 1.  ʊʝʣʦ ʙʨʦʰʝʥʦ ʧʦʜ ʫʛʣʦʤ ʢ ʛʦʨʠʟʦʥʪʫ ʩ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ɡ0 = 

20 ʤ/ʩ. ʅʘʡʪʠ ʩʢʦʨʦʩʪʴ ɡ ʵʪʦʛʦ ʪʝʣʘ ʥʘ ʚʳʩʦʪʝ h=10 ʤ. 

ʈʝʰʝʥʠʝ. ʉʣʝʜʫʷ ʘʣʛʦʨʠʪʤʫ, ʩʜʝʣʘʝʤ ʯʝʨʪʝʞ ʠ ʚʳʙʝʨʝʤ ʜʚʘ ʩʦʩʪʦʷʥʠʷ ʦʪʩʯʝ-

ʪʘ ʧʦʣʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ (ʨʠʩ. 7.1). 

 

 

 

Ȭ
ȷ
ȯ
Ⱥ
ȼ
ȴ
Ⱦ
ȸ
 
ȼ
ȱ
Ʉ
ȱ
ȹ
ȴ
ɋ
 
ȳ
Ȭ
Ȱ

Ȭ
Ƀ
 ȹ
Ȭ
 
ȳ
Ȭ
ȶ
Ⱥ
ȹ
 
Ƚ
Ⱥ
Ɂ
ȼ
Ȭ
ȹ
ȱ
ȹ
ȴ
ɋ
 

 

ȴ
 
ȳ
Ȭ
ȶ
Ⱥ
ȹ
 
ȴ
ȳ
ȸ
ȱ
ȹ
ȱ
ȹ
ȴ
ɋ
 
Ȼ
Ⱥ

ȷ
ȹ
Ⱥ
ȵ
 
ȸ
ȱ
Ɂ
Ȭ
ȹ
ȴ
Ƀ
ȱ
Ƚ
ȶ
Ⱥ
ȵ
 
ɉ
ȹ

ȱ
ȼ
ȯ
ȴ
ȴ 

ɸʅɸʃʀɿ ʋʉʃʆɺʀʗ ɿɸɼɸʏʀ 

ɿɸʇʀʉʔ ʋʉʃʆɺʀʗ 

ʇʆʉʊʈʆɽʅʀɽ ʏɽʈʊɽɾɸ 

ɺʓɹʆʈ ɼɺʋʍ ʀʃʀ ɹʆʃɽɽ ʉʆʉʊʆʗʅʀʁ ʆʊʉʏɽʊɸ ʇʆʃʅʆʁ 

ʄɽʍɸʅʀʏɽʉʂʆʁ ʕʅɽʈɻʀʀ ʉʀʉʊɽʄʓ 

ɺʓɹʆʈ ʅʋʃɽɺʆɻʆ ʋʈʆɺʅʗ ʆʊʉʏɽʊɸ ʇʆʊɽʅʎʀɸʃʔʅʆʁ 

ʕʅɽʈɻʀʀ 

ɿɸʇʀʉʔ ʇʆʃʅʆʁ ʄɽʍɸʅʀʏɽʉʂʆʁ ʕʅɽʈɻʀʀ ɼʃʗ ʂɸɾɼʆɻʆ 

ʉʆʉʊʆʗʅʀʗ 

ʉʆɺʄɽʉʊʅʆɽ ʈɽʐɽʅʀɽ ʋʈɸɺʅɽʅʀʁ 

ɺʓʏʀʉʃɽʅʀʗ, ɸʅɸʃʀɿ ʆʊɺɽʊɸ 

ɿɸʇʀʉʔ ɿɸʂʆʅɸ ʉʆʍʈɸʅɽʅʀʗ ʀʃʀ ɿɸʂʆʅɸ ʀɿʄɽʅɽʅʀʗ 

ʇʆʃʅʆʁ ʄɽʍɸʅʀʏɽʉʂʆʁ ʕʅɽʈɻʀʀ 
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ɿʘʧʦʣʥʠʤ ʪʘʙʣʠʮʫ, ʢʦʪʦʨʘʷ 

ʧʦʤʦʞʝʪ ʧʨʘʚʠʣʴʥʦ ʟʘʧʠʩʘʪʴ 

ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʧʦʣʥʦʡ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

 

I ʩʦʩʪʦʷʥʠʝ II  ʩʦʩʪʦʷʥʠʝ 

2

2

0um
ɽʢ=  

0=ʧE  

2

2um
ɽʢ=  

mghEʧ=  

2

2

0um
ɽI =  mgh

m
ɽII +=

2

2u
 

 

ʇʦ ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʧʦʣʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 
III EE = , ʪʦʛʜʘ 

mgh
mm

+=
22

22

0 uu
, ʦʪʩʶʜʘ ʚʳʨʘʟʠʤ ʠʩʢʦʤʫʶ ʩʢʦʨʦʩʪʴ gh22

0 -= uu . 

ʇʨʦʠʟʚʝʜʝʤ ʨʘʩʯʝʪʳ ʩʤ/28,14=u  

ʇʨʠʤʝʨ 2. ʉ ʢʘʢʦʡ ʩʢʦʨʦʩʪʴʶ ʚʳʣʝʪʘʝʪ ʠʟ ʧʨʫʞʠʥʥʦʛʦ ʧʠʩʪʦʣʝʪʘ ʰʘʨʠʢ 

ʤʘʩʩʦʡ, ,200ʛm=  ʝʩʣʠ ʧʨʫʞʠʥʘ ʩʞʘʪʘ ʥʘ ʩʤx 80 = . ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʩʞʘʪʠʷ 

ʵʪʦʡ ʧʨʫʞʠʥʳ ʥʘ ʩʤx 10=  ʪʨʝʙʫʝʪʩʷ ʩʠʣʘ F = 5 ʅ. 

ʈʝʰʝʥʠʝ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʨʠ ʚʳʩʪʨʝʣʝ ʚʩʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʩʞʘ-

ʪʦʡ ʧʨʫʞʠʥʳ ɽʧ ʧʨʝʚʨʘʪʠʣʘʩʴ ʚ ʢʠʥʝʪʠʯʝʩʢʫʶ ɽʢ ʚʳʣʝʪʘʶʱʝʡ ʠʟ ʩʪʚʦʣʘ ʧʫ-

ʣʠ. ʊʘʢ, ʢʦʥʝʯʥʦ, ʥʝ ʙʳʚʘʝʪ, ʧʦʪʦʤʫ ʯʪʦ ʯʘʩʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʧʨʫ-

ʞʠʥʳ ʦʙʟ̫ʘʪʝʣʴʥʦ ʠʜʝʪ ʥʘ ʥʘʛʨʝʚʘʥʠʝ ʩʪʚʦʣʘ, ʪ. ʝ. ʥʘ ʠʟʤʝʥʝʥʠʝ ʚʥʫʪʨʝʥʥʝʡ 

ʵʥʝʨʛʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʅʦ ʚ ʫʩʣʦʚʠʠ ʟʘʜʘʯʠ ʥʝʪ ʠ ʥʘʤʝʢʘ ʥʘ ʵʪʦ ʦʙʩʪʦʷ-

ʪʝʣʴʩʪʚʦ, ʧʦʵʪʦʤʫ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨ-

ʛʠʠ ʢ ʩʠʩʪʝʤʝ ʧʨʫʞʠʥʘ - ʧʫʣʷ ʧʨʠʤʝʥʠʤ. ɺʳʜʝʣʠʤ ʜʚʘ ʩʦʩʪʦʷʥʠʷ ʦʪʩʯʝʪʘ 

ʧʦʣʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʟʘʧʦʣʥʠʤ ʪʘʙʣʠʮʫ: 

 

I ʩʦʩʪʦʷʥʠʝ II  ʩʦʩʪʦʷʥʠʝ 
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ʊ.ʢ. III EE = , ʪʦ 
22

22

0 umkx
= , 

2

02 umkx = , ʦʪʢʫʜʘ  

m

k
x

m

kx
0

2

0 ==u                                                                                    (1) 

ʅʦ ʟʜʝʩʴ ʥʘʤ ʥʝ ʠʟʚʝʩʪʥʘ ʞʝʩʪʢʦʩʪʴ ʧʨʫʞʠʥʳ k. ʆʜʥʘʢʦ ʤʳ ʝʝ ʤʦʞʝʤ 

ʦʧʨʝʜʝʣʠʪʴ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʟʘʢʦʥʦʤ ɻʫʢʘ. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʟʘʢʦʥʫ ʩʠʣʘ 

ʫʧʨʫʛʦʩʪʠ Fynp, ʚʦʟʥʠʢʘʶʱʘʷ ʚ ʧʨʫʞʠʥʝ ʧʨʠ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʜʝʬʦʨʤʘʮʠʠ ʧʨʫʞʠʥʳ, ʚʟʷʪʦʡ ʩʦ ʟʥʘʢʦʤ çʤʠʥʫʩè: Fyup = - 

0u

ʈʠʩ.7.1 
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kx. ʅʦ ʧʦ ʪʨʝʪʴʝʤʫ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ ʚʥʝʰʥʷʷ ʩʠʣʘ F, ʩʦʦʙʱʘʶʱʘʷ ʧʨʫʞʠʥʝ 

ʜʝʬʦʨʤʘʮʠʶ ʭ, ʨʘʚʥʘ ʠ ʘʥʪʠʥʘʧʨʘʚʣʝʥʘ ʩʠʣʝ ʫʧʨʫʛʦʩʪʠ, ʧʦʵʪʦʤʫ ʤʳ ʤʦʞʝʤ     

ʟʘʧʠʩʘʪʴ: F = = - Fynp, ʠ ʪʦʛʜʘ F = kx. 

ʆʪʩʶʜʘ    
x

F
k=                                                                                                     (2) 

ʇʦʜʩʪʘʚʠʚ (2) ʚ (1), ʤʳ ʨʝʰʠʤ ʟʘʜʘʯʫ: 
xm

F
x0=u  

 

ɺʳʨʘʟʠʤ ʚʩʝ ʝʜʠʥʠʮʳ ʚ ʉʀ 200 ʛ = 0,2 ʢʛ, 8ʩʤ= 0,08 ʤ, 10 ʩʤ = 0,1 ʤ. 

ʇʨʦʠʟʚʝʜʝʤ ʚʳʯʠʩʣʝʥʠʷ: ʤʤ 3,1
2,01,0

5
08,0 =

Ö
=u . 

ʆʪʚʝʪ: ɡ= 1,3 ʤ/ʩ. 

ʇʨʠʤʝʨ 3. ɺ ʧʦʜʚʝʰʝʥʥʳʡ ʥʘ ʥʝʚʝʩʦʤʦʡ ʥʠʪʠ ʰʘʨ ʤʘʩʩʦʡ ʄ ʧʦʧʘʜʘʝʪ ʧʫʣʷ 

ʤʘʩʩʦʡ ʪ, ʣʝʪʝʚʰʘʷ ʧʦʜ ʫʛʣʦʤ, Ŭ ʢ ʛʦʨʠʟʦʥʪʫ (ʨʠʩ. 7.2) ʩʦ ʩʢʦʨʦʩʪʴʶ u0, ʠ ʟʘ-

ʩʪʨʝʚʘʝʪ ʚ ʥʝʤ. ʅʘ ʢʘʢʫʶ ʚʳʩʦʪʫ h ʧʦʜʥʠʤʫʪʩʷ ʰʘʨ ʩ ʧʫʣʝʡ? 

ʈʝʰʝʥʠʝ. ʐʘʨ ʩ ʟʘʩʪʨʷʚʰʝʡ ʚ ʥʝʤ ʧʫʣʝʡ ʧʨʠʦʙʨʝʪʘʝʪ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ 

0ʂE , ʢʦʪʦʨʘʷ ʮʝʣʠʢʦʤ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʰʘʨʘ ʇɽ  ʥʘ 

ʚʳʩʦʪʝ h ʚ ʪʦʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʦʥ ʧʦʜʥʠʤʘʝʪʩʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʳʩʦʪʫ h.  

 

I ʩʦʩʪʦʷʥʠʝ II  ʩʦʩʪʦʷʥʠʝ 

2

)( 2

ʦʙʱ

ʢ

ʄm
ɽ

u+
=  

0=ʧE  0=ʢɽ  ghʄmEʧ )( +=  

2

)( 2

ʦʙʱ

I

ʄm
ɽ

u+
=  

ghMmɽII )( +=  

 

ʇʦ ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ 
III EE = , ʧʦʵʪʦʤʫ 

ghmM
mM ʦʙʱ

)(
2

)( 2

+=
+ u

 ʠ 

ghʦʙʱ 22 =u ,  

ʦʪʢʫʜʘ 
g

h
ʦʙʱ

2

2u
=                                   (1) 

ɿʜʝʩʴ ɡ - ʩʢʦʨʦʩʪʴ ʰʘʨʘ ʩ ʧʫʣʝʡ ʚ ʪʦʪ 

ʤʦʤʝʥʪ, ʢʦʛʜʘ ʦʥʘ ʧʦʧʘʣʘ ʚ ʰʘʨ. ʕʪʫ 

ʩʢʦʨʦʩʪʴ ʦʧʨʝʜʝʣʠʤ ʧʦ ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʰʘʨʘ ʠ ʧʫʣʠ. ɼʦ ʧʦʧʘ-

ʜʘʥʠʷ ʧʫʣʠ ʚ ʰʘʨ ʝʝ ʠʤʧʫʣʴʩ ʙʳʣ ʨʘʚʝʥ, u
C

m ʘ ʠʤʧʫʣʴʩ ʰʘʨʘ ʙʳʣ ʨʘʚʝʥ ʥʫ-

ʣʶ, ʧʦʪʦʤʫ ʯʪʦ ʰʘʨ ʧʦʢʦʠʣʩʷ. ʇʦʩʣʝ ʧʦʧʘʜʘʥʠʷ ʩʢʦʨʦʩʪʴ ʰʘʨʘ ʩ ʧʫʣʝʡ ʩʪʘʣʘ 

ʨʘʚʥʘ ʦʙʱu
C

.  ʇʦ ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ, ʟʘʧʠʩʘʥʥʦʤʫ ʚ ʚʝʢʪʦʨʥʦʤ ʚʠ-

ʜʝ, ʦʙʱmMm uu
CC

)( += . 

ɺ ʧʨʦʝʢʮʠʠ ʥʘ ʦʩʴ ʭ: ʦʙʱmMm uau )(cos += ,  

a

ʈʠʩ. 7.2 
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ʆʪʢʫʜʘ     a
u

u cos
mM

m
ʦʙʱ

+
=                                                                             (2) 

 ʅʘʤ ʦʩʪʘʣʦʩʴ ʧʦʜʩʪʘʚʠʪʴ (2) ʚ (1), ʠ ʟʘʜʘʯʘ ʙʫʜʝʪ ʨʝʰʝʥʘ: 
2

0 cos
2

1
ö
÷

õ
æ
ç

å

+
= a

u

mM

m

g
h . 

ɿʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʧʦʣʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʇʨʠʤʝʨ 4. ʇʫʣʷ ʤʘʩʩʦʡ 10 ʛ, ʣʝʪʝʚʰʘʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 400 ʤ/ʩ, ʧʨʦʙʠʚ ʜʦʩʢʫ 

ʪʦʣʱʠʥʦʡ 5 ʩʤ, ʫʤʝʥʴʰʠʣʘ ʩʢʦʨʦʩʪʴ ʚʜʚʦʝ. ʆʧʨʝʜʝʣʠʪʴ ʩʨʝʜʥʶʶ ʩʠʣʫ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʜʦʩʢʠ ʜʚʠʞʝʥʠʶ ʧʫʣʠ.  

ʈʝʰʝʥʠʝ.  ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʝʨʚʦʝ ʩʦʩʪʦʷʥʠʝ ʦʪʩʯʝʪʘ ʧʦʣʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ï ʚ ʤʦʤʝʥʪ ʧʦʧʘʜʘʥʠʷ ʚ ʜʦʩʢʫ, ʘ ʚʪʦʨʦʝ ʚ ʤʦʤʝʥʪ ʚʳʣʝʪʘ. ʉʦʩʪʘʚʠʤ 

ʪʘʙʣʠʮʫ:  

 

 

ʇʦ ʟʘʢʦʥʫ ʠʟʤʝʥʝʥʠʷ ʧʦʣʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

0180cosÖÖ==- SFAEE ʩʦʧʨIII , ʪʦʛʜʘ      SF
mm

ʩʦʧʨ-=-
22

2

1

2

2 uu
, ʛʜʝ Sï ʰʠʨʠʥʘ ʜʦʩʢʠ. 

ʆʪʩʶʜʘ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʩʠʣʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ   
S

m
Fʩʦʧʨ

2

)( 2

2

2

1 uu-
= .  

ʈʘʩʩʯʠʪʘʝʤ, ʧʦʣʫʯʠʤ HFʩʦʧʨ
4102,1 Ö= . 

 

ɿʘʜʘʯʠ ʜʣʷ ʨʝʰʝʥʠʷ 

 

ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʧʦʣʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

7.1. ʂʘʤʝʥʴ ʙʨʦʰʝʥ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ ʩʦ ʩʢʦʨʦʩʪʴʶ 10 

ʤ/ʩ. ʅʘ ʢʘʢʦʡ ʚʳʩʦʪʝ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʫʤʝʥʴʰʠʪʩʷ ʚ 5 ʨʘʟ? 

7.2. ʊʝʣʦ ʤʘʩʩʦʡ 0,5 ʢʛ ʙʨʦʰʝʥʦ ʩ ʚʳʩʦʪʳ 10 ʤ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʦ ʩʢʦʨʦ-

ʩʪʴʶ 10 ʤ/ʩ. ʂʘʢʦʡ ʙʫʜʝʪ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʪʝʣʘ ʚ ʤʦʤʝʥʪ ʧʨʠʟʝʤʣʝʥʠʷ 

ʥʘ ʟʝʤʣʶ? 

7.3. ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʦʛʘʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʟʠʥʦʚʳʡ ʰʥʫʨ ʞʝʩʪʢʦʩʪʴʶ  

400 ʅ/ʤ. ʀʟ ʨʦʛʘʪʢʠ ʚʳʩʪʨʝʣʠʣʠ ʢʘʤʥʝʤ ʤʘʩʩʦʡ 10 ʛ, ʧʦʤʝʩʪʠʚ ʝʛʦ ʚ ʩʝʨʝʜʠ-

ʥʫ ʰʥʫʨʘ ʠ ʧʦʪʷʥʫʚ ʩ ʩʠʣʦʡ 40 ʅ. ʉ ʢʘʢʦʡ ʩʢʦʨʦʩʪʴʶ ʚʳʣʝʪʠʪ ʢʘʤʝʥʴ? (ʉʠʣʘ, 

ʩ ʢʦʪʦʨʦʡ ʥʘʪʷʛʠʚʘʶʪ ʨʦʛʘʪʢʫ ʚ 2 ʨʘʟʘ ʙʦʣʴʰʝ ʩʠʣʳ ʥʘʪʷʞʝʥʠʷ ʰʥʫʨʘ). 

7.4. ʊʝʣʝʞʢʘ ʥʘ ʘʤʝʨʠʢʘʥʩʢʠʭ ʛʦʨʢʘʭ ʥʘʯʠʥʘʝʪ ʜʚʠʞʝʥʠʝ ʙʝʟ ʥʘʯʘʣʴʥʦʡ ʩʢʦ-

ʨʦʩʪʠ ʚ ʥʘʠʚʳʩʰʝʡ ʪʦʯʢʝ ʥʘ ʚʳʩʦʪʝ 20 ʤ ʥʘʜ ʟʝʤʣʝʡ. ʆʥʘ ʨʝʟʢʦ ʦʧʫʩʢʘʝʪʩʷ ʜʦ 

ʚʳʩʦʪʳ 2 ʤ ʠ ʢʨʫʪʦ ʚʟʣʝʪʘʝʪ ʚʚʝʨʭ ʜʦ ʚʳʩʦʪʳ 15 ʤ. ʅʘʡʪʠ ʩʢʦʨʦʩʪʴ ʚ ʞʝʣʦʙʝ 

ʠ ʥʘ ʚʳʩʦʪʝ 15 ʤ. 

I ʩʦʩʪʦʷʥʠʝ II  ʩʦʩʪʦʷʥʠʝ 
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7.5. ʇʣʘʩʪʤʘʩʩʦʚʳʡ ʰʘʨ ʤʘʩʩʦʡ ʄ ʣʝʞʠʪ ʥʘ ʧʦʜʩʪʘʚʢʝ ʩ ʦʪʚʝʨʩʪʠʝʤ. ʉʥʠʟʫ 

ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ ʚ ʰʘʨ ʧʦʧʘʜʘʝʪ ʧʫʣʷ ʤʘʩʩʦʡ m ʠ ʧʨʦʙʠʚʘʝʪ ʝʛʦ ʥʘʩʢʚʦʟʴ. ʇʨʠ 

ʵʪʦʤ ʰʘʨ ʧʦʜʩʢʘʢʠʚʘʝʪ ʥʘ ʚʳʩʦʪʫ H. ʅʘ ʢʘʢʫʶ ʚʳʩʦʪʫ h ʧʦʜʥʠʤʝʪʩʷ ʧʫʣʷ, 

ʝʩʣʠ ʧʝʨʝʜ ʧʦʧʘʜʘʥʠʝʤ ʚ ʰʘʨ ʝʝ ʩʢʦʨʦʩʪʴ ʙʳʣʘ ɡ0? 

7.6. ʇʫʣʷ, ʣʝʪʷʱʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʧʦʧʘʜʘʝʪ ʚ ʰʘʨ, ʧʦʜʚʝʰʝʥʥʳʡ ʥʘ ʦʯʝʥʴ 

ʣʝʛʢʦʤ ʞʝʩʪʢʦʤ ʩʪʝʨʞʥʝ, ʠ ʟʘʩʪʨʝʚʘʝʪ ʚ ʥʝʤ. ʄʘʩʩʘ ʰʘʨʘ ʚ 1000 ʨʘʟ ʙʦʣʴʰʝ 

ʤʘʩʩʳ ʧʫʣʠ. ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʪʦʯʢʠ ʧʦʜʚʝʩʘ ʩʪʝʨʞʥʷ ʜʦ ʮʝʥʪʨʘ ʰʘʨʘ l=1ʤ. 

ʅʘʡʪʠ ʩʢʦʨʦʩʪʴ ʧʫʣʠ, ʝʩʣʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʪʝʨʞʝʥʴ ʩ ʰʘʨʦʤ ʦʪʢʣʦʥʠʣʩʷ ʦʪ 

ʫʜʘʨʘ ʧʫʣʠ ʥʘ ʫʛʦʣ Ŭ=10Ü. 

 

ɿʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʧʦʣʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

7.7. ʂʘʤʝʥʴ, ʩʢʦʣʴʟʷʱʠʡ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʣʴʜʘ, ʦʩʪʘʥʘʚʣʠʚʘ-

ʝʪʩʷ, ʧʨʦʡʜʷ ʨʘʩʩʪʦʷʥʠʝ 48 ʤ. ʆʧʨʝʜʝʣʠʪʴ ʥʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʢʘʤʥʷ, ʝʩʣʠ 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 0,06. 

7.8. ɻʨʫʟ ʤʘʩʩʦʡ 2 ʢʛ, ʧʘʜʘʶʱʠʡ ʩ ʚʳʩʦʪʳ 5 ʤ, ʧʨʦʥʠʢʘʝʪ ʚ ʤʷʛʢʠʡ ʛʨʫʥʪ ʥʘ 

ʛʣʫʙʠʥʫ 5 ʩʤ. ʆʧʨʝʜʝʣʠʪʴ ʩʨʝʜʥʶʶ ʩʠʣʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʨʫʥʪʘ. 

7.9. ʅʘ ʢʘʢʫʶ ʚʳʩʦʪʫ ʧʦʜʥʠʤʝʪʩʷ  ʰʘʡʙʘ, ʙʨʦʰʝʥʥʘʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ɡ ʚʚʝʨʭ 

ʧʦ ʣʝʜʷʥʦʡ ʛʦʨʢʝ ʩ ʫʛʣʦʤ ʥʘʢʣʦʥʘ Ŭ, ʝʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ɛ? 

7.10. ɹʨʫʩʦʢ ʩʢʦʣʴʟʠʪ ʩʥʘʯʘʣʘ ʧʦ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʜʣʠʥʦʡ l1= 42 ʩʤ ʠ 

ʚʳʩʦʪʦʡ h =7 ʩʤ, ʘ ʧʦʪʦʤ, ʧʨʦʡʜʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʨʘʩʩʪʦʷʥʠʝ 

l2=142 ʩʤ, ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. ʅʘʡʪʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. 

7.11. ʂʦʥʴʢʦʙʝʞʝʮ ʤʘʩʩʦʡ 70 ʢʛ, ʩʪʦʷ ʥʘ  ʢʦʥʴʢʘʭ ʥʘ ʣʴʜʫ, ʙʨʦʩʘʝʪ ʚ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʰʘʡʙʫ ʤʘʩʩʦʡ 0,3 ʢʛ ʩʦ ʩʢʦʨʦʩʪʴʶ 40 ʤ/ʩ. ʅʘ ʢʘʢʦʝ ʨʘʩ-

ʩʪʦʷʥʠʝ ʦʪʢʘʪʠʪʩʷ ʢʦʥʴʢʦʙʝʞʝʮ, ʝʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʢʦʥʢɹʦʚ ʦ ʣʝʜ 

0,02? 

                      

ʊʝʤʘ 8 

 ɿʘʢʦʥ ʂʫʣʦʥʘ. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣ  ̫

 

ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ 

 

§ ɿʘʢʦʥ ʂʫʣʦʥʘ: 

2

0

21

4 r

QQ
F

epe
= , 

ʛʜʝ F - ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʦʯʝʯʥʳʭ ʟʘʨʷʜʦʚ Q1 ʠ Q2: 

r - ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʟʘʨʷʜʘʤʠ; e -ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ,  

e0 = 8,85Ö10-12 ʌ/ʤ - ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

§ ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ: 

Q

F
E

C
C
= ;         

 

§ ʉʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʪʦʯʝʯʥʳʡ ʟʘʨʷʜ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ 
ʧʦʣʝ: 

EQF
CC
Ö= ;         
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§ ʅʘʧʨʷʞʝʥʥʦʩʪʴ, ʩʦʟʜʘʚʘʝʤʘʷ ʩʠʩʪʝʤʦʡ ʪʦʯʝʯʥʳʭ ʟʘʨʷʜʦʚ (ʧʨʠʥʮʠʧ ʩʫ-

ʧʝʨʧʦʟʠʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ): 

ä
=

=
N

i

iEE
1

CC
 ;            

ʛʜʝ iE
C

 - ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ i - ʤ ʟʘʨʷʜʦʤ. 

§  ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʪʦʯʝʯʥʳʤ ʟʘʨʜ̫ʦʤ: 

2

04 r

Q
E

pee
= ;     

ʛʜʝ r - ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʟʘʨʷʜʘ Q ʜʦ ʪʦʯʢʠ, ʚ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʧʨʷʞʝʥ-

ʥʦʩʪʴ. 

§ ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʧʨʦʚʦʜʷʱʝʡ ʟʘʨʷʞʝʥʥʦʡ ʩʬʝʨʦʡ 
ʨʘʜʠʫʩʘ R ʥʘ ʨʘʩʩʪʦʷʥʠʠ r ʦʪ ʮʝʥʪʨʘ ʩʬʝʨʳ: 

ʘ) ʝʩʣʠ r < R, ʪʦ ɽ = 0;   

ʙ) ʝʩʣʠ r = R, ʪʦ 
2

04 R

Q
E

pee
= ;      

ʚ) ʝʩʣʠ r > R, ʪʦ   
2

04 r

Q
E

pee
= ;   

ʛʜʝ  Q - ʟʘʨʷʜ ʩʬʝʨʳ. 

§ ʃʠʥʝʡʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ (ʟʘʨʷʜ, ʧʨʠʭʦʜʷʱʠʡʩʷ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʫ 
ʟʘʨʷʞʝʥʥʦʛʦ ʪʝʣʘ): 

?

Q
=t , 

§ ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ (ʟʘʨʷʜ, ʧʨʠʭʦʜʷʱʠʡʩʷ ʥʘ ʝʜʠʥʠʮʫ 

ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʨʷʞʝʥʥʦʛʦ ʪʝʣʘ): 

S

Q
=s . 

§ ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʟʘʨʜ̫ʘʤʠ.  

ɽʩʣʠ ʟʘʨʷʜ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥ ʚʜʦʣʴ ʣʠʥʠʠ ʩ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ t, 
ʪʦ ʥʘ ʣʠʥʠʠ ʚʳʜʝʣʷʝʪʩʷ ʤʘʣʳʡ ʫʯʘʩʪʦʢ ʜʣʠʥʳ dl ʩ ʟʘʨʷʜʦʤ dldQ Ö=t . ʊʘʢʦʡ 

ʟʘʨʷʜ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʪʦʯʝʯʥʳʡ. ʅʘʧʨʷʞʝʥʥʦʩʪʴ (Ed
C
)  ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʟʘʨʷʜʦʤ dQ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

r

r

r

dl
Ed

CC
Ö

ÖÖ

Ö
=

2

04 eep

t
;        

ʛʜʝ r
C
 - ʨʘʜʠʫʩ-ʚʝʢʪʦʨ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʦʪ ʚʳʜʝʣʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ dl ʢ ʪʦʯʢʝ, ʚ 

ʢʦʪʦʨʦʡ ʚʳʯʠʩʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ. 

 ʀʩʧʦʣʴʟʫʷ ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʥʘʭʦʜʠʤ ʠʥʪʝ-

ʛʨʠʨʦʚʘʥʠʝʤ ʥʘʧʨʷʞʝʥʥʦʩʪʴ E
C

 ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʟʘʨʜ̫ʦʤ: 

ñÖ
Ö

=
r

r

r

dl

ŮŮ4ˊ

Ű
E

2

0

C

; 

 ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʚʝʜʝʪʩʷ ʚʜʦʣʴ ʚʩʝʡ ʜʣʠʥʳ l ʟʘʨʷʞʝʥʥʦʡ ʣʠʥʠʠ. 

§ ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʙʝʩʢʦʥʝʯʥʦʡ ʧʨʷʤʦʡ ʨʘʚʥʦʤʝʨʥʦ ʟʘ-

ʨʷʞʝʥʥʦʡ ʣʠʥʠʝʡ ʠʣʠ ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʳʤ ʮʠʣʠʥʜʨʦʤ: 
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r
E

ÖÖ
=

eep

t

02
, 

ʛʜʝ r - ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʠʪʠ ʠʣʠ ʦʩʠ ʮʠʣʠʥʜʨʘ ʜʦ ʪʦʯʢʠ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʚ 

ʢʦʪʦʨʦʡ ʚʳʯʠʩʣʷʝʪʩʷ. 

§ ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʙʝʩʢʦʥʝʯʥʦʡ ʨʘʚʥʦʤʝʨʥʦ ʟʘʨʷʞʝʥ-

ʥʦʡ ʧʣʦʩʢʦʩʪʴʶ: 

02 ee

s

Ö
=E . 

  

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ɿʘʢʦʥ ʂʫʣʦʥʘ 

ʇʨʠʤʝʨ 1. ɼʚʘ ʪʦʯʝʯʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʘ Q1=1 ʥʂʣ, Q2= 4 ʥʂʣ ʥʘʭʦ-

ʜʷʪʩʷ ʚ ʚʦʟʜʫʭʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ r=5 ʩʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʆʧʨʝʜʝʣʠʪʴ ʩʠʣʫ, ʩ ʢʦʪʦ-

ʨʦʡ ʵʪʠ ʜʚʘ ʟʘʨʷʜʘ ʙʫʜʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʟʘʨʷʜ Q0= 5 ʥʂʣ, ʧʦʤʝʱʝʥʥʳʡ ʚ ʪʦʯ-

ʢʫ ɸ, ʫʜʘʣʝʥʥʫ  ʁ1) ʦʪ ʟʘʨʷʜʘ Q1 ʥʘ ʨʘʩʩʪʦʷʥʠʝ  r1=2 ʩʤ ʠ ʦʪ ʟʘʨʷʜʘ Q2 ʥʘ r2=3 

ʩʤ; 2) ʦʪ ʟʘʨʷʜʘ Q1 ʥʘ ʨʘʩʩʪʦʷʥʠʝ  r1=4 ʩʤ ʠ ʦʪ ʟʘʨʷʜʘ Q2 ʥʘ r2=3 ʩʤ; 3) ʦʪ ʟʘ-

ʨʷʜʘ Q1 ʥʘ ʨʘʩʩʪʦʷʥʠʝ  r1=6 ʩʤ ʠ ʦʪ ʟʘʨʷʜʘ Q2 ʥʘ r2=8 ʩʤ. 

ʈʝʰʝʥʠʝ. ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʳʡ ʩʣʫʯʘʡ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. 

1) ɺʳʧʦʣʥʠʤ ʯʝʨʪʝʞ (ʨʠʩ. 8.1): 

 

 

 

 

 

 

 

 

 

ʀʟ ʨʠʩ. 8.1 ʚʠʜʥʦ, ʯʪʦ ʩʫʤʤʘʨʥʘʷ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʩʦ ʩʪʦʨʦʥʳ Q1 ʠ Q2 ʥʘ 

Q0, ʨʘʚʥʘ:   12 FFF -=                                                                    (1).  

ɿʘʧʠʰʝʤ, ʯʝʤʫ ʨʘʚʥʘ ʢʘʞʜʘʷ ʠʟ ʩʠʣ: 

  
2

10

01
1

4 r

QQ
F

epe
=  ,      

2

20

02
2

4 r

QQ
F

epe
= , ʧʦʜʩʪʘʚʠʤ ʵʪʠ ʚʳʨʘʞʝʥʠʷ ʚ (1): 

ö
ö
÷

õ
æ
æ
ç

å
-=-=

2

1

1

2

2

2

0

0

2

10

01

2

20

02

444 r

Q

r

QQ

r

QQ

r

QQ
F

epeepeepe
. 

ʇʨʦʠʟʚʝʜʝʤ ʚʳʯʠʩʣʝʥʠʷ, ʧʦʣʫʯʠʤ ʂʣF 51075,8 -Ö= . 

2) ʀʟ ʫʩʣʦʚʠʷ ʷʩʥʦ, ʚʩʝ ʪʨʠ ʟʘʨʷʜʘ ʙʫʜʫʪ ʣʝʞʘʪʴ ʚ ʚʝʨh ʠʥʘʭ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 

ʪʨʝʫʛʦʣʴʥʠʢʘ (ʝʛʠʧʝʪʩʢʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʩʪʦʨʦʥʳ ʢʦʪʦʨʦʛʦ ʩʦʦʪʥʦʩʷʪʩʷ ʢʘʢ 

3:4:5). ʇʦʩʪʨʦʠʤ ʯʝʨʪʝʞ: 

ʉʫʤʤʘʨʥʘʷ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʩʦ ʩʪʦʨʦʥʳ Q1 ʠ Q2 ʥʘ Q0, ʨʘʚʥʘ 

21 FFF
CCC

+= . ʉʢʘʣʷʨʥʦ ʟʥʘʯʝʥʠʝ ʠʩʢʦʤʦʡ ʩʠʣʳ ʥʘʡʜʝʤ ʧʦ ʪʝʦʨʝʤʝ ʇʠʬʘʛʦʨʘ: 

                                          2

2

2

1 FFF +=                                             (2). 

ʈʠʩ. 8.1 
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ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ 

2

10

01
1

4 r

QQ
F

epe
= ,      

2

20

02
2

4 r

QQ
F

epe
= , ʚʳʨʘʞʝʥʠʝ 

(2) ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 
2

2

2

2

2

2

1

1

0

0

2

2

20

02

2

2

10

01

444 ö
ö
÷

õ
æ
æ
ç

å
+ö

ö
÷

õ
æ
æ
ç

å
=ö

ö
÷

õ

æ
æ
ç

å
+ö

ö
÷

õ

æ
æ
ç

å
=

r

Q

r

QQ

r

QQ

r

QQ
F

epeepeepe

. 

ɺʳʯʠʩʣʠʤ ʠ ʧʦʣʫʯʠʤ 

ʂʣF 51020 -Ö=  

 

3) ɺ ʪʨʝʪʴʝʤ ʩʣʫʯʘʝ ʯʝʨ-

ʪʝʞ ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶɦ ʠʡ ʚʠʜ (ʨʠʩ. 8.3): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʫʤʤʘʨʥʘʷ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʩʦ ʩʪʦʨʦʥʳ Q1 ʠ Q2 ʥʘ Q0, ʨʘʚʥʘ 

21 FFF
CCC

+= . ʉʢʘʣʷʨʥʦ ʟʥʘʯʝʥʠʝ ʠʩʢʦʤʦʡ ʩʠʣʳ ʥʘʡʜʝʤ ʧʦ ʪʝʦʨʝʤʝ ʢʦʩʠʥʫʩʦʚ: 

                                          acos2 21

2

2

2

1 FFFFF ++=                                             (3). 

ɿʘʧʠʰʝʤ, ʯʝʤʫ ʨʘʚʥʘ ʢʘʞʜʘʷ ʠʟ ʩʠʣ: 

  
2

10

01
1

4 r

QQ
F

epe
=  ,      

2

20
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2

4 r

QQ
F

epe
= , ʧʦʜʩʪʘʚʠʤ ʵʪʠ ʚʳʨʘʞʝʥʠʷ ʚ (3): 

a
epe

a
epeepeepeepe

cos2
4

cos
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2
44

2

2

2

1
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2

2

2
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0
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2
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2
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2
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÷

õ
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ç

å
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ö
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=

=ÖÖ+ö
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÷

õ

æ
æ

ç

å
+ö

ö

÷

õ

æ
æ

ç

å
=

rr

QQ

r

Q

r

QQ

r

QQ

r

QQ

r

QQ

r

QQ
F

                                    (4). 

ɿʜʝʩʴ ʫʛʦʣ Ŭ ï ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ  F1 ʠ F2  ʨʘʚʝʥ ʫʛʣʫ Ŭ ʚ ʪʨʝʫʛʦʣʴʥʠʢʝ.  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʘʡʪʠ ʵʪʦʪ ʫʛʦʣ (ʘ ʪʦʯʥʝʝ ʢʦʩʠʥʫʩ ʵʪʦʛʦ ʫʛʣʘ) ʥʘʤ ʧʨʠʜʝʪʩʷ 

ʟʘʧʠʩʘʪʴ ʪʝʦʨʝʤʫ ʢʦʩʠʥʫʩʦʚ ʜʣʷ ʪʨʝʫʛʦʣʴʥʠʢʘ 

ʈʠʩ. 8.2 

ʈʠʩ. 8.3 

a
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acos2 21

2

2

2

1 rrrrr -+=                                                                                          (5). 

ɺʳʨʘʟʠʤ ʠʟ (5) ʢʦʩʠʥʫʩ Ŭ: 

2

2

2

1

22

2

2

1

2
cos

rr

rrr -+
=a . ʇʦʩʯʠʪʘʝʤ ʯʝʤʫ ʨʘʚʝʥ ʢʦʩʠʥʫʩ Ŭ: 

78,0
862

586
cos

222

=
ÖÖ

-+
=a . 

ʊʝʧʝʨʴ ʚ ʟʘʜʘʯʝ ʠʟʚʝʩʪʥʳ ʚʩʝ ʚʝʣʠʯʠʥʳ, ʠ ʤʦʞʥʦ ʥʘʡʪʠ ʠʩʢʦʤʫʶ ʩʠʣʫ, ʧʦʜ-

ʩʪʘʚʠʚ ʟʥʘʯʝʥʠʷ ʚ ʬʦʨʤʫʣʫ (4), ʩʜʝʣʘʝʤ ʚʳʯʠʩʣʝʥʠʷ ʠ ʧʦʣʫʯʠʤ  

ʂʣF 5108,3 -Ö=  

 

ʇʨʠʤʝʨ 2. ɼʚʘ ʟʘʨʷʜʘ  9Q ʠ  Q  ʟʘʢʨʝʧʣʝʥʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ r=50 ʩʤ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ. ʊʨʝʪʠʡ ʟʘʨʷʜ Q1 ʤʦʞʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʪʦʣʴʢʦ ʚʜʦʣʴ ʧʨʷʤʦʡ, ʧʨʦʭʦʜʷ-

ʱʝʡ ʯʝʨʝʟ ʟʘʨʷʜʳ. ʆʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʝʥʠʝ ʟʘʨʷʜʘ Q1, ʧʨʠ ʢʦʪʦʨʦʤ  ʦʥ ʙʫʜʝʪ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ.  

ʈʝʰʝʥʠʝ ɿʘʨʷʜ Q1  ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʚ ʪʦʤ ʩʣʫʯʘʝ ʝʩʣʠ ʚʝʢʪʦʨ-

ʥʘʷ ʩʫʤʤʘ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʝʛʦ, ʙʫʜʝʪ ʨʘʚʥʘ ʥʫʣʶ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʥʘ 

ʟʘʨʷʜ Q1  ʜʦʣʞʥʳ ʜʝʡʩʪʚʦʚʘʪʴ ʜʚʝ ʩʠʣʳ, ʨʘʚʥʳʝ ʧʦ ʤʦʜʫʣʶ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʳʝ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʟʘʨʷʜ Q1 ï ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʡ. ʆʯʝʚʠʜʥʦ, 

ʯʪʦ ʟʘʨʷʜ ʥʫʞʥʦ ʧʦ-

ʤʝʩʪʠʪʴ ʚ ʪʦʯʢʫ, ʙʦ-

ʣʝʝ ʫʜʘʣʝʥʥʫʶ ʦʪ ʟʘ-

ʨʷʜʘ 9Q ʠ ʤʝʥʝʝ ʫʜʘ-

ʣʝʥʥʫʶ ʦʪ ʟʘʨʷʜʘ Q. 

ʇʨʠʯʝʤ ʟʘʨʷʜ Q1 

ʜʦʣʞʝʥ ʣʝʞʘʪʴ ʥʘ 

ʧʨʷʤʦʡ, ʩʦʝʜʠʥʷʶʱʝʡ 

ʟʘʨʷʜʳ  Q  ʠ 9Q . ʉʜʝ-

ʣʘʝʤ ʨʠʩʫʥʦʢ (ʨʠʩ. 

8.4). 

ʅʘ ʟʘʨʷʜ ʜʝʡʩʪʚʫʶʪ ʜʚʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʳʝ ʩʠʣʳ F1 ʠ F2, ʢʦ-

ʪʦʨʳʝ, ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ, ʜʦʣʞʥʳ ʙʳʪʴ ʦʜʠʥʘʢʦʚʳ ʧʦ ʤʦʜʫʣʶ, ʪ. ʝ.  

                                                        
21 FF =                                                  (1) 

ʇʫʩʪʴ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʤʝʥʴʰʝʛʦ ʟʘʨʷʜʘ ʜʦ ʟʘʨʷʜʘ Q1 ʨʘʚʥʦ ʭ, ʪʦʛʜʘ ʨʘʩʩʪʦʷ-

ʥʠʝ ʦʪ ʙʦʣʴʰʝʛʦ ʟʘʨʷʜʘ ʙʫʜʝʪ xr- . ɿʘʧʠʰʝʤ ʩʠʣʳ  F1 ʠ F2 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʟʘʢʦʥʦʤ ʂʫʣʦʥʘ: 

                 
2

0

1
1

4 ʭ

QQ
F

epe
=         ʠ             

2

0

1
2

)(4

9

ʭr

QQ
F

-

Ö
=

epe
 

ʇʨʠʨʘʚʥʷʝʤ ʧʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (1): 

2

0

1

2

0

1

)(4

9

4 xr

QQ

ʭ

QQ

-

Ö
=

epeepe
 

ʉʦʢʨʘʱʘʷ ʥʘ QQ1 ʠ ʠʟʚʣʝʢʘʷ ʠʟ ʦʙʝʠʭ ʯʘʩʪʝʡ ʨʘʚʝʥʩʪʚʘ ʢʚʘʜʨʘʪʥʳʡ ʢʦʨʝʥʴ, 

ʥʘʡʜʝʤ  
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xrx -
=

31
, ʦʪʢʫʜʘ 4/rx= . 

ʤx 125,0=  

 

ʇʨʠʤʝʨ 3. ʊʨʠ ʪʦʯʝʯʥʳʭ ʟʘʨʷʜʘ Q1=Q2=Q3=1 ʥʂʣ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʚʝʨʰʠʥʘʭ 

ʨʘʚʥʦʩʪʦʨʦʥʥʝʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ. ʂʘʢʦʡ ʟʘʨʷʜ Q4 ʥʫʞʥʦ ʧʦʤʝʩʪʠʪʴ ʚ ʮʝʥʪʨʝ 

ʪʨʝʫʛʦʣʴʥʠʢʘ, ʯʪʦʙʳ ʫʢʘʟʘʥʥʘʷ ʩʠʩʪʝʤʘ ʟʘʨʷʜʦʚ ʥʘʭʦʜʠʣʘʩʴ ʚ ʨʘʚʥʦʚʝʩʠʠ? 

ʈʝʰʝʥʠʝ: ɺʩʝ ʪʨʠ ʟʘʨʷʜʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʚʝʨʰʠʥʘʭ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʥʘʭʦ-

ʜʷʪʩʷ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ. ʇʦʵʪʦʤʫ ʜʦʩʪʘʪʦʯʥʦ ʚʳʷʩʥʠʪʴ, ʢʘʢʦʡ ʟʘʨʷʜ 

ʩʣʝʜʫʝʪ ʧʦʤʝʩʪʠʪʴ ʚ ʮʝʥʪʨʝ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʯʪʦʙʳ ʢʘʢʦʡ-ʥʠʙʫʜʴ ʦʜʠʥ ʠʟ ʪʨʝʭ 

ʟʘʨʷʜʦʚ, ʥʘʧʨʠʤʝʨ, Q1, ʥʘʭʦʜʠʣʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ. ɿʘʨʷʜ Q1  ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ 

ʨʘʚʥʦʚʝʩʠʠ, ʝʩʣʠ ʚʝʢʪʦʨʥʘʷ ʩʫʤʤʘ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʝʛʦ ʩʠʣ ʨʘʚʥʘ ʥʫʣʶ 

(ʨʠʩ.8.5): 

04432 =+=++ FFFFF
CCCCC

                         (1) 

ʛʜʝ 2F
C

, 3F
C

, 4F
C

 - ʩʠʣʳ, ʩ ʢʦʪʦ-

ʨʳʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʝʡ-

ʩʪʚʫʶʪ ʥʘ ʟʘʨʷʜ Q1 ʟʘʨʜ̫ʳ Q2, 

Q3, Q4; F
C

 - ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ 

ʩʠʣ 2F
C

 ʠ 3F
C

. 

ʊʘʢ ʢʘʢ ʩʠʣʳ F
C
 ʠ 4F

C
 

ʥʘʧʨʘʚʣʝʥʳ ʧʦ ʦʜʥʦʡ ʧʨʷʤʦʡ ʠ 

ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʪʦʨʦʥʳ, 

ʪʦ ʚʝʢʪʦʨʥʦʝ ʨʘʚʝʥʩʪʚʦ (1) 

ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʩʢʘʣʷʨʥʳʤ 

ʨʘʚʝʥʩʪʚʦʤ F - F4 = 0, ʦʪʢʫʜʘ 

F4 = F 

ɺʳʨʘʟʠʤ ʚ ʧʦʩʣʝʜʥʝʤ ʨʘʚʝʥ-

ʩʪʚʝ F ʯʝʨʝʟ F2 ʠ F3 ʠ, ʫʯʠʪʳ-

ʚʘʷ, ʯʪʦ F3=F2 ʧʦʣʫʯʠʤ    

( )acos1224 +=FF . 

ʇʨʠʤʝʥʷʷ ʟʘʢʦʥ ʂʫʣʦʥʘ,  ʠ ʠʤʝʷ ʚ ʚʠʜʫ, ʯʪʦ Q2=Q3=Q1, ʥʘʡʜʝʤ 

( )a
pepe

cos12
44 2

0

2

1

2

10

41 +=
r

Q

r

QQ
, 

ʦʪʢʫʜʘ                                         ( )acos12
2

2

11
4 +=

r

rQ
Q                           (2) 

ʀʟ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ ʚ ʨʘʚʥʦʩʪʦʨʦʥʥʝʤ ʪʨʝʫʛʦʣʴʥʠʢʝ ʩʣʝʜʫʝʪ, ʯʪʦ 

330cos2
2

cos

2/
01

rrr
r ===

a
  

ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʬʦʨʤʫʣʘ (2) ʧʨʠʤʝʪ ʚʠʜ 

3

1
4

Q
Q =  

ʇʦʜʩʪʘʚʠʤ ʩʶʜʘ ʯʠʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ Q1=1 ʥʂʣ=10
-9 ʂʣ ʧʦʣʫʯʠʤ 

ʧʂʣQ 5774 =  
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʚʥʦʚʝʩʠʝ ʩʠʩʪʝʤʳ ʟʘʨʜ̫ʦʚ ʙʫʜʝʪ ʥʝʫʩʪʦʡʯʠʚʳʤ. 

 

ʇʨʠʤʝʨ 4.  ɼʚʘ   ʦʜʠʥʘʢʦʚʳʭ ʥʝʙʦʣʴʰʠʭ ʰʘʨʠʢʘ ʤʘʩʩʦʡ 0,1 ʛ ʢʘʞʜʳʡ ʧʦʜ-

ʚʝʰʝʥʳ ʥʘ ʥʠʪʷʭ ʜʣʠʥʦʡ 25 ʩʤ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʰʘʨʠʢʘʤ ʙʳʣʠ ʩʦʦʙʱʝʥʳ 

ʦʜʠʥʘʢʦʚʳʝ ʟʘʨʷʜʳ, ʦʥʠ ʨʘʟʦʰʣʠʩʴ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 5 ʩʤ. ʆʧʨʝʜʝʣʠʪʴ ʟʘʨʷʜʳ 

ʘhʨʠʢʦʚ. 

ʈʝʰʝʥʠʝ. ʅʘ ʢʘʞʜʳʡ ʠʟ ʦʪʢʣʦʥʝʥʥʳʭ ʰʘʨʠʢʦʚ ʜʝʡʩʪʚʫʶʪ: ʩʠʣʘ ʪʞ̫ʝʩʪʠ, ʩʠʣʘ 

ʥʘʪʷʞʝʥʠʷ ʥʠʪʠ, ʢʫʣʦʥʦʚʩʢʘʷ ʩʠʣʘ ʦʪʪʘʣʢʠʚʘʥʠʷ. ʉʜʝʣʘʝʤ ʯʝʨʪʝʞ ʠ ʨʘʩʩʪʘ-

ʚʠʤ ʚʩʝ ʜʝʡʩʪʚʫʶʱʠʝ ʩʠʣʳ (ʨʠʩ. 8.6). 

ɿʘʧʠʰʝʤ ʧʝʨʚʳʡ ʟʘʢʦʥ ʅʴʶʪʦʥʘ ʚ 

ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ: 0=++ ʢFʊgm
CCC

 

ʉʧʨʦʝʮʠʨʫʝʤ ʧʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝ-

ʥʠʝ ʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ:  

ʆʭ: 0sin =+- ʢFʊ a  

ʆʫ: 0cos =-mgʊ a  

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʜʝʣʠʤ 

ʧʦʯʣʝʥʥʦ ʦʜʥʦ ʫʨʘʚʥʝʥʠʝ ʥʘ ʜʨʫ-

ʛʦʝ, ʧʦʣʫʯʠʤ: 

                        
mg

F
tg ʢ=a                                                                                      

(1). 

ʋʯʠʪʳʚʘʷ, ʯʪʦ 
2

0

21

4 r

QQ
F

epe
= , ʟʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ (1)  ʚ ʚʠʜʝ: 

                                             
mg

QQ
tg

0

21

4pe
a=                                                              (2). 

ʀʟ ʨʠʩ ʚʠʜʥʦ, ʯʪʦ            
2/

)2/( 22

r

rl
tg

-
=a                                                          (3). 

 ʇʨʠʨʘʚʥʷʝʤ (2) ʠ (3): 
2/

)2/(

4

22

0

21

r

rl

mg

QQ -
=

pe
 

ɺʳʨʘʟʠʤ ʠʩʢʦʤʳʡ ʟʘʨʷʜ, ʫʯʠʪʳʚʘʷ, ʯʪʦ Q1=Q2=Q: 

2/

)2/(4 22

0

r

rlmg
Q

-
=

pe
 

ɺʳʧʦʣʥʠʤ ʚʳʯʠʩʣʝʥʠʷ ʂʣQ 61004,1 -Ö= . 

 

ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʪʦʯʝʯʥʳʭ ʟʘʨʷʜʦʚ 

ʇʨʠʤʝʨ 5. ɼʚʘ ʪʦʯʝʯʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʘ Q1=1 ʥʂʣ, Q2= - 2 ʥʂʣ ʥʘʭʦ-

ʜʷʪʩʷ ʚ ʚʦʟʜʫʭʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ r=10 ʩʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʆʧʨʝʜʝʣʠʪʴ ʥʘʧʨʷʞʝʥ-

ʥʦʩʪʴ E
C
 ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʵʪʠʤʠ ʟʘʨʷʜʘʤʠ ʚ ʪʦʯʢʝ ɸ, ʫʜʘʣʝʥʥʦʡ ʦʪ ʟʘʨʷʜʘ 

Q1 ʥʘ ʨʘʩʩʪʦʷʥʠʝ 1) r1=2 ʩʤ ʠ ʦʪ ʟʘʨʷʜʘ Q2 ʥʘ r2=8 ʩʤ; 2) r1=6 ʩʤ ʠ ʦʪ ʟʘʨʷʜʘ 

Q2 ʥʘ r2=8 ʩʤ; 3) r1=7 ʩʤ ʠ ʦʪ ʟʘʨʷʜʘ Q2 ʥʘ r2=9 ʩʤ. 

ʈʝʰʝʥʠʝ. ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʩʫʧʝʨʧʦʟʠʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʢʘʞʜʳʡ 

ʟʘʨʷʜ ʩʦʟʜʘʝʪ ʧʦʣʝ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʨʫʛʠʭ ʟʘʨʷ-

ʜʦʚ. ʇʦʵʪʦʤʫ ʥʘʧʨʞ̫ʝʥʥʦʩʪʴ E
C
 ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʠʩʢʦʤʦʡ ʪʦʯʢʝ ʤʦʞʝʪ 

a
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ʙʳʪʴ ʥʘʡʜʝʥʘ ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʫʤʤʘ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ  1E
C

 ʠ 2E
C

 ʧʦʣʝʡ, ʩʦ-

ʟʜʘʚʘʝʤʳʭ ʢʘʞʜʳʤ ʟʘʨʷʜʦʤ ʚ ʦʪʜʝʣʴʥʦʩʪʠ: 21 EEE
CCC
+= . ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʚ ʚʦʟʜʫʭʝ (e=1) ʟʘʨʜ̫ʦʤ Q1, ʨʘʚʥʘ 

                         )4/( 2

1011 rQE pe=                                                                              (1),   

ʟʘʨʷʜʦʤ Q2      )4/( 2

2022 rQE pe=                                                                             (2). 

ʈʘʩʩʤʦʪʨʠʤ ʚʩʝ ʩʣʫʯʘʝ, ʫʢʘʟʘʥʥʳʝ ʚ ʫʩʣʦʚʠʠ ʟʘʜʘʯʠ. 

1)  ʊʦʯʢʘ ɸ ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʨʷʤʦʡ, ʩʦʝʜʠʥʷʶʱʝʡ ʟʘʨʷʜʳ (ʨʠʩ. 8.7).  

ɺʝʢʪʦʨ 1E
C

 ʥʘʧʨʘʚʣʝʥ ʧʦ ʩʠʣʦʚʦʡ ʣʠʥʠʠ ʦʪ ʟʘʨʷʜʘ Q1, ʪʘʢ ʢʘʢ ʟʘʨʷʜ Q1 ʧʦʣʦ-

ʞʠʪʝʣʝʥ. ɺʝʢʪʦʨ 2E
C

 ʥʘʧʨʘʚʣʝʥ ʪʘʢʞʝ ʧʦ ʩʠʣʦʚʦʡ ʣʠʥʠʠ, ʥʦ ʢ ʟʘʨʷʜʫ Q2, ʪʘʢ 

ʢʘʢ ʟʘʨʷʜ Q2 ʦʪʨʠʮʘʪʝʣʝʥ.  

 

 

 

 

 

 

 

 

 

ʪʦʨʘ E
C

 ʥʘʡʜʝʤ ʢʘʢ ʩʫʤʤʫ: ɸʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʚʝʢ-
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ʇʦʜʩʪʘʚʠʤ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ: 
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2) ʊʦʯʢʘ ɸ ʣʝʞʠʪ ʚ ʚʝʨʰʠʥʝ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ (ʨʠʩ. 8.8). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ,  ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʧʦʣʷ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ.  

 

 

 

 

 

 

 

 

 

 

 

 

ɸʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ 

ʚʝʢʪʦʨʘ E
C

 ʥʘʡʜʝʤ, ʠʩ-

ʧʦʣʴʟʫʷ ʪʝʦʨʝʤʫ ʇʠʬʘʛʦʨʘ: 

 

ʈʠʩ. 8.7 

ʈʠʩ. 8.8 
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ʇʨʦʠʟʚʝʜʝʤ ʚʳʯʠʩʣʝʥʠʷ: 
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3) ʊʦʯʢʘ ɸ, ʘ ʪʘʢʞʝ ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʟʘʨʷʜʳ ʣʝʞʘʪ  ʚ ʚʝʨʰʠʥʘʭ ʪʨʝʫʛʦʣʥɹʠʢʘ 

(ʨʠʩ. 8.9), ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʦʚ ʫʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ: 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɸʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʚʝʢʪʦʨʘ E
C
 ʥʘʡʜʝʤ ʧʦ ʪʝʦʨʝʤʝ ʢʦʩʠʥʫʩʦʚ: 

                  acos2 21

2

2

2

1 EEEEE ++=                           (3) 

ʛʜʝ a - ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ E1 ʠ E2, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥ ʠʟ ʪʨʝ-

ʫʛʦʣʴʥʠʢʘ ʩʦ ʩʪʦʨʦʥʘʤʠ r1, r2 ʠ d: 
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ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʦ ʠʟʙʝʞʘʥʠʝ ʛʨʦʤʦʟʜʢʠʭ ʟʘʧʠʩʝʡ  ʫʜʦʙʥʦ ʟʥʘʯʝʥʠʝ cosa 

ʚʳʯʠʩʣʠʪʴ ʦʪʜʝʣʴʥʦ:  
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ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʝ E1 ʠʟ ʬʦʨʤʫʣʳ (1) ʠ E2 ʠʟ ʬʦʨʤʫʣʳ (2) ʚ ʨʘʚʝʥʩʪʚʦ (3) 

ʠ ʚʳʥʦʩʷ ʦʙʱʠʡ ʤʥʦʞʠʪʝʣʴ 1/(4pe0) ʟʘ ʟʥʘʢ ʢʦʨʥʷ, ʧʦʣʫʯʠʤ: 
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ʇʦʜʩʪʘʚʠʤ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ ʚ ʬʦʨʤʫʣʫ (4) ʠ ʧʨʦʠʟʚʝʜʝʤ ʚʳ-
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ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ɽ ʟʥʘʢ ʟʘʨʷʜʘ Q2 ʦʧʫʱʝʥ, ʪʘʢ ʢʘʢ ʟʥʘʢ ʟʘʨʷʜʘ ʦʧʨʝʜʝʣʷʝʪ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ, ʘ ʥʘʧʨʘʚʣʝʥʠʝ 2E
C

  ʙʳʣʦ ʫʯʪʝʥʦ ʧʨʠ ʝʛʦ 

ʛʨʘʬʠʯʝʩʢʦʤ ʠʟʦʙʨʘʞʝʥʠʠ. 

ʈʠʩ. 8.9 
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ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʦʯʝʯʥʳʭ ʟʘʨʷʜʦʚ. ɿʘʢʦʥ ʂʫʣʦʥʘ 

8.1. ʉ ʢʘʢʦʡ ʩʠʣʦʡ F ʜʝʡʩʪʚʫʶʪ ʜʚʘ ʪʦʯʝʯʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʘʨʷʜʘ q1=1 

ʥʂʣ ʠ q2=2 ʥʂʣ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ  ʥʘ ʨʘʩʩʪʦʷʥʠʠ r=5 ʩʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʥʘ ʟʘ-

ʨʜ̫ q0=3 ʥʂʣ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ r1=3 ʩʤ ʦʪ ʟʘʨʷʜʘ q1 ʠ r2=4 ʩʤ ʦʪ 

ʟʘʨʷʜʘ q2? ʉʨʝʜʘ ï ʚʦʟʜʫʭ. 

ʇʨʠʤʝʯʘʥʠʝ: ʦʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ ʥʘ ʨʘʩʩʪʦʷʥʠʷ 3, 4 ʠ 5 ʩʤ. 

8.2. ʅʘʵʣʝʢʪʨʠʟʦʚʘʥʥʳʡ ʤʘʣʝʥʴʢʠʡ ʰʘʨʠʢ ʙʳʣ ʧʨʠʚʝʜʝʥ ʚ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʝ 

ʩ ʨʘʚʥʳʤ ʝʤʫ ʥʝʥʘʵʣʝʢʪʨʠʟʦʚʘʥʥʳʤ, ʧʦʩʣʝ ʯʝʛʦ ʰʘʨʠʢʠ ʨʘʟʜʚʠʥʫʣʠ ʥʘ ʨʘʩ-

ʩʪʦ̫ʥʠʝ r=9 ʩʤ. ʇʨʠ ʵʪʦʤ ʤʝʞʜʫ ʥʠʤʠ ʚʦʟʥʠʢʣʘ ʩʠʣʘ ʦʪʪʘʣʢʠʚʘʥʠʷ F=0,25 

ʤʅ. ʂʘʢʦʚ ʙʳʣ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʟʘʨʷʜ q0 ʥʘ ʰʘʨʠʢʝ? 

8.3. ɼʚʘ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʦʯʝʯʥʳʭ ʟʘʨʷʜʦʚ Q ʠ 4Q ʟʘʢʨʝʧʣʝʥʳ ʥʘ ʨʘʩʩʪʦʷʥʠʝ  

l = 60 ʩʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʆʧʨʝʜʝʣʠʪʴ, ʚ ʢʘʢʦʡ ʪʦʯʢʝ ʥʘ ʧʨʷʤʦʡ, ʧʨʦʭʦʜʷʱʝʡ 

ʯʝʨʝʟ ʟʘʨʷʜʳ, ʩʣʝʜʫʝʪ ʧʦʤʝʩʪʠʪʴ ʪʨʝʪʠʡ ʟʘʨʷʜ  Q1 ʪʘʢ, ʯʪʦʙʳ ʦʥ ʥʘʭʦʜʠʣʩʷ ʚ 

ʨʘʚʥʦʚʝʩʠʠ. ʋʢʘʟʘʪʴ, ʢʘʢʦʡ ʟʥʘʢ ʜʦʣʞʝʥ ʠʤʝʪʴ ʵʪʦʪ ʟʘʨʷʜ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʨʘʚʥʦʚʝʩʠʝ ʙʳʣʦ ʫʩʪʦʡʯʠʚʳʤ, ʝʩʣʠ ʧʝʨʝʤʝʱʝʥʠʝ ʟʘʨʷʜʘ ʚʦʟʤʦʞʥʳ ʪʦʣʴʢʦ 

ʚʜʦʣʴ ʧʨʤ̫ʦʡ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʟʘʢʨʝʧʣʸʥʥʳʝ ʟʘʨʷʜʳ. 

8.4. ɼʚʘ ʰʘʨʠʢʘ ʤʘʩʩʦʡ m=0,1 ʛ ʢʘʞʜʳʡ ʧʦʜʚʝʰʝʥʳ ʚ ʦʜʥʦʡ ʪʦʯʢʝ ʥʘ ʥʠʪʷʭ 

ʜʣʠʥʦʡ l=20 ʩʤ ʢʘʞʜʘʷ. ʇʦʣʫʯʠʚ ʦʜʠʥʘʢʦʚʳʡ ʟʘʨʷʜ, ʰʘʨʠʢʠ ʨʘʟʦʰʣʠʩʴ ʪʘʢ, 

ʯʪʦ ʥʠʪʠ ʦʙʨʘʟʦʚʘʣʠ ʤʝʞʜʫ ʩʦʙʦʡ ʫʛʦʣ Ŭ=60ʦ. ʅʘʡʪʠ ʟʘʨʷʜ ʢʘʞʜʦʛʦ ʰʘʨʠʢʘ. 

8.5. ɼʚʘ ʦʜʠʥʘʢʦʚʳʭ ʟʘʨʷʞʝʥʥʳʭ ʰʘʨʠʢʘ ʧʦʜʚʝʰʝʥʳ ʚ ʦʜʥʦʡ ʪʦʯʢʝ ʥʘ ʥʠʪʷʭ 

ʦʜʠʥʘʢʦʚʦʡ ʜʣʠʥʳ. ʇʨʠ ʵʪʦʤ ʥʠʪʠ ʨʘʟʦʰʣʠʩʴ ʥʘ ʫʛʦʣ Ŭ. ʐʘʨʠʢʠ ʧʦʛʨʫʞʘʶʪ-

ʩʷ ʚ ʤʘʩʣʦ ʧʣʦʪʥʦʩʪʴʶ ɟ0=8Å10
2 ʢʛ/ʤ3. ʆʧʨʝʜʝʣʠʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠ-

ʮʘʝʤʦʩʪʴ Ů ʤʘʩʣʘ, ʝʩʣʠ ʫʛʦʣ ʨʘʩʭʦʞʜʝʥʠʷ ʥʠʪʝʡ ʧʨʠ ʧʦʛʨʫʞʝʥʠʠ ʰʘʨʠʢʦʚ ʚ 

ʤʘʩʣʦ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ. ʇʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʰʘʨʠʢʦʚ ɟ=1,6Å103 ʢʛ/ʤ3. 

8.6. ɼʚʘ ʦʜʠʥʘʢʦʚʳʭ ʧʨʦʚʦʜʷʱʠʭ ʟʘʨʷʞʝʥʥʳʭ ʰʘʨʘ ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

r =60 ʩʤ. ʉʠʣʘ ʧʨʠʪʷʞʝʥʠʷ F1 ʰʘʨʦʚ ʨʘʚʥʘ 70 ʤʢʅ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʰʘʨʳ ʧʨʠ-

ʚʝʣʠ ʚ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʝ ʠ ʫʜʘʣʠʣʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʧʨʝʞʥʝʝ ʨʘʩʩʪʦʷʥʠʝ, ʩʠʣʘ 

ʦʪʪʘʣʢʠʚʘʥʠʷ ʚʦʟʨʦʩʣʘ ʠ ʩʪʘʣʘ ʨʘʚʥʦʡ F2=160 ʤʢʅ. ɺʳʯʠʩʣʠʪʴ ʟʘʨʷʜʳ  Q1 ʠ 

Q2 ʢʦʪʦʨʳʝ ʙʳʣʠ ʥʘ ʰʘʨʘʭ ʜʦ ʠʭ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ. ɼʠʘʤʝʪʨ ʰʘʨʦʚ ʩʯʠʪʘʪʴ 

ʤʥʦʛʦ ʤʝʥʴʰʠʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. 

 

 

ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʪʦʯʝʯʥʳʭ ʟʘʨʷʜʦʚ 

8.7. ʈʘʩʩʪʦʷʥʠʝ d ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʝʯʥʳʤʠ ʟʘʨʷʜʘʤʠ Q1=+8 ʥʂʣ ʠ Q2= ï5,3 

ʥʂʣ ʨʘʚʥʦ 40 ʩʤ. ɺʳʯʠʩʣʠʪʴ ʥʘʧʨʷʞʸʥʥʦʩʪʴ ɽ ʧʦʣʷ ʚ ʪʦʯʢʝ, ʣʝʞʘʱʝʡ ʧʦʩʝ-

ʨʝʜʠʥʝ ʤʝʞʜʫ ʟʘʨʷʜʘʤʠ. ʏʝʤʫ  ʨʘʚʥʘ ʥʘʧʨʷʞʝʥʥʦʩʪʴ, ʝʩʣʠ ʚʪʦʨʦʡ ʟʘʨʷʜ ʙʫʜʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ?  

8.8. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʩʦʟʜʘʥʦ ʜʚʫʤʷ ʪʦʯʝʯʥʳʤʠ ʟʘʨʷʜʘʤʠ Q1=10ʥʂʣ ʠ Q2= 

-20 ʥʂʣ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ d=20 ʩʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʆʧʨʝʜʝʣʠʪʴ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ E ʧʦʣʷ ʚ ʪʦʯʢʝ, ʫʜʘʣʝʥʥʦʡ ʦʪ ʧʝʨʚʦʛʦ ʟʘʨʷʜʘ ʥʘ r1=30 ʩʤ ʠ ʦʪ 

ʚʪʦʨʦʛʦ ʥʘ r2=50 ʩʤ.  
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8.9. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽ 1 ʥʘ ʨʘʩʩʪʦʷʥʠʠ r  1=4ʩʤ ʦʪ ʪʦʯʝʯ-

ʥʦʛʦ ʟʘʨʷʜʘ ʨʘʚʥʘ 50 ɺ/ʤ. ʅʘ ʢʘʢʦʤ ʨʘʩʩʪʦʷʥʠʠ r2 ʦʪ  ʵʪʦʛʦ ʞʝ ʟʘʨʷʜʘ ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʴ ʧʦʣʷ ɽ2=5 ɺ/ʤ? 

8.10. ɼʚʘ ʪʦʯʝʯʥʳʭ ʟʘʨʷʜʘ Q1=2Q ʠ Q2= ïQ ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ d ʜʨʫʛ 

ʦʪ ʜʨʫʛʘ. ʅʘʡʪʠ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʥʘ ʧʨʷʤʦʡ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʵʪʠ ʟʘʨʷʜʳ, 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ɽ ʧʦʣʷ ʚ ʢʦʪʦʨʦʡ ʨʘʚʥʘ ʥʫʣʶ. 

8.11. ɺ ʚʝʨʰʠʥʘʭ ʢʚʘʜʨʘʪʘ ʩʦ ʩʪʦʨʦʥʦʡ 10 ʩʤ ʨʘʩʧʦʣʦʞʝʥʳ ʪʨʠ ʧʦʣʦʞʠʪʝʣʴ-

ʥʳʭ ʟʘʨʷʜʘ  Q=10-11 ʂʣ. ʅʘʡʪʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ɽ ʧʦʣʷ ʵʪʠʭ ʟʘʨʷʜʦʚ ʚ ʯʝʪʚʝʨ-

ʪʦʡ ʚʝʨh ʠʥʝ.  

 

ʊʝʤʘ 9 

ʇʦʪʝʥʮʠʘʣ. ʈʘʙʦʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

 

ʆʩʥʦʚʥʳʝ ʬʦʨʤʫʣʳ 

§ ʇʦʪʝʥʮʠʘʣ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʝʩʪʴ ʚʝʣʠʯʠʥʘ, ʨʘʚʥʘʷ ʦʪʥʦʰʝʥʠʶ ʧʦ-

ʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʪʦʯʝʯʥʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ, ʧʦʤʝʱʝʥʥʦʛʦ ʚ ʜʘʥ-

ʥʫʶ ʪʦʯʢʫ ʧʦʣʷ, ʢ ʵʪʦʤʫ ʟʘʨʷʜʫ:  

Q

ʇ
=j  

§ ʇʦʪʝʥʮʠʘʣ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʳʡ ʪʦʯʝʯʥʳʤ ʟʘʨʷʜʦʤ Q ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ r  ʦʪ ʟʘʨʷʜʘ,                      
r

Q

epe
j

04
=       

§ ʇʦʪʝʥʮʠʘʣ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʧʨʦʚʦʜʷʱʝʡ ʟʘʨʷʞʝʥʥʦʡ 

ʩʬʝʨʦʡ ʨʘʜʠʫʩʘ R ʥʘ ʨʘʩʩʪʦʷʥʠʠ r ʦʪ ʮʝʥʪʨʘ ʩʬʝʨʳ: 

ʘ) ʝʩʣʠ r < R, ʪʦ 
R

Q

04pee
j= ;   

ʙ) ʝʩʣʠ r = R, ʪʦ 
R

Q

04pee
j= ;      

ʚ) ʝʩʣʠ r > R, ʪʦ   
r

Q

04pee
j= ;   

ʛʜʝ  Q - ʟʘʨʷʜ ʩʬʝʨʳ. 

§ ʇʦʪʝʥʮʠʘʣ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʦʣʷ, ʩʦʟʜʘʥʥʦʛʦ ʩʠʩʪʝʤʦʡ  N ʪʦʯʝʯʥʳʭ ʟʘʨʷ-

ʜʦʚ, ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʩʫʧʝʨʧʦʟʠʮʠʠ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʧʦʣʝʡ:                                                     

j j=
=

ä i

i

N

1

 

 ji - ʧʦʪʝʥʮʠʘʣ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ i - ʤ ʟʘʨʜ̫ʦʤ. 

§ ʕʥʝʨʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ ʪʦʯʝʯʥʳʭ ʟʘʨʷʜʦʚ: 

ä
=

=
N

i

iiQW
12

1
j ,  
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ʛʜʝ ji - ʧʦʪʝʥʮʠʘʣ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʚʩʝʤʠ N-1 ʟʘʨʷʜʘʤʠ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

i -ʛʦ) ʚ ʪʦʯʢʝ ʧʦʣʷ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥ ʟʘʨʷʜ Qi. 

§ ʉʚʷʟʴ ʧʦʪʝʥʮʠʘʣʘ ʩ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ: 

ʘ) ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ: 

jgradE -=
C

,   ʠʣʠ   öö
÷

õ
ææ
ç

å
++-=

z
k

y
j

x
iE

µ

µj

µ

µj

µ

µj CCCC
 

ʙ) ʚ ʩʣʫʯʘʝ ʦʜʥʦʨʦʜʥʦʛʦ ʧʦʣʷ: 

d
E 21 jj-
= ; 

ʚ) ʚ ʩʣʫʯʘʝ ʧʦʣʷ, ʦʙʣʘʜʘʶʱʝʛʦ ʮʝʥʪʨʘʣʴʥʦʡ ʠʣʠ ʦʩʝʚʦʡ ʩʠʤʤʝʪʨʠʝʡ: 

dr

d
E

j
-= . 

§ ʈʘʙʦʪʘ ʧʝʨʝʤʝʱʝʥʠʷ ʟʘʨʷʜʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʠʟ ʪʦʯʢʠ ɸ ʚ ʪʦʯʢʫ ɺ                                               

( )ñ=
B

A

ldEEdlqA
CC

,cos , ʠʣʠ )( ABqA jj-=                                          

§ ʇʦʪʝʥʮʠʘʣ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʟʘʨʜ̫ʘʤʠ.  

ɽʩʣʠ ʟʘʨʷʜ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥ ʚʜʦʣʴ ʣʠʥʠʠ ʩ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ t, 
ʪʦ ʥʘ ʣʠʥʠʠ ʚʳʜʝʣʷʝʪʩʷ ʤʘʣʳʡ ʫʯʘʩʪʦʢ ʜʣʠʥʳ dl ʩ ʟʘʨʷʜʦʤ dldQ Ö=t . ʊʘʢʦʡ 

ʟʘʨʷʜ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʪʦʯʝʯʥʳʡ. ʇʦʪʝʥʮʠʘʣ (dj)  ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 
ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʟʘʨʷʜʦʤ dQ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

d
dl

r
j

t

pee
=

Ö

Ö Ö4 0

 

ʛʜʝ r
C
 - ʨʘʜʠʫʩ-ʚʝʢʪʦʨ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʦʪ ʚʳʜʝʣʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ dl ʢ ʪʦʯʢʝ, ʚ 

ʢʦʪʦʨʦʡ ʚʳʯʠʩʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ. 

ʀʩʧʦʣʴʟʫʷ ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʥʘʭʦʜʠʤ ʠʥʪʝʛʨʠʨʦ-

ʚʘʥʠʝʤ ʧʦʪʝʥʮʠʘʣ j ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʟʘʨʜ̫ʦʤ: 

ñÖ
=

r

dl

eep

t
j

04
. 

ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʚʝʜʝʪʩʷ ʚʜʦʣʴ ʚʩʝʡ ʜʣʠʥʳ l ʟʘʨʷʞʝʥʥʦʡ ʣʠʥʠʠ. 

 

ʇʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

 

ʇʦʪʝʥʮʠʘʣ ʧʦʣʷ ʪʦʯʝʯʥʳʭ ʟʘʨʷʜʦʚ 

ʇʨʠʤʝʨ 1.  ʀʤʝʶʪʩʷ ʪʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʦʯʝʯʥʳʭ ʟʘʨʷʜʘ Q1 =  2 ʥʂʣ,  Q2 =4 

ʥʂʣ, Q3 =8 ʥʂʣ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʟʘʨʷʜʘʤʠ 30 ʩʤ. ʆʧʨʝʜʝʣʠʪʴ ʧʦʪʝʥʮʠʘʣ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʥʥʦʛʦ ʵʪʠʤʠ ʟʘʨʷʜʘʤʠ ʚ ʪ. ɸ ʚ ʪʨʝʭ ʩʣʫʯʘʷʭ: 1) ʟʘ-

ʨʷʜʳ ʣʝʞʘʪ ʥʘ ʦʜʥʦʡ ʧʨʷʤʦʡ, ʪ.  ɸ ʨʘʚʥʦʫʜʘʣʝʥʘ ʦʪ ʜʚʫʭ ʢʨʘʡʥʠʭ ʟʘʨʷʜʦʚ ʠ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 30 ʩʤ ʦʪ ʟʘʨʷʜʘ, ʣʝʞʘʱʝʛʦ ʧʦʩʝʨʝʜʠʥʝ; 2) ʟʘʨʷʜʳ 

ʣʝʞʘʪ ʚ ʪʨʝʭ ʚʝʨʰʠʥʘʭ ʢʚʘʜʨʘʪʘ, ʪ. ɸ - ʚ ʯʝʪʚʝʨʪʦʡ; 3) ʟʘʨʷʜʳ ʣʝʞʘʪ ʚ ʚʝʨ-

ʰʠʥʘʭ ʨʘʚʥʦʩʪʦʨʦʥʥʝʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʪ. ɸ ï ʚ ʮʝʥʪʨʝ ʪʨʝʫʛʦʣʴʥʠʢʘ. 

ʈʝʰʝʥʠʝ. 

1) ʉʜʝʣʘʝʤ ʯʝʨʪʝʞ ʩʦʛʣʘʩʥʦ ʫʩʣʦʚʠʶ ʟʘʜʘʯʠ: 
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ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʩʫʧʝʨʧʦʟʠʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ  j j=
=

ä i

i

N

1

. ɺ 

ʥʘh ʝʤ ʩʣʫʯʘʝ  321 jjjj ++=                                                (1). 

 ɿʘʧʠʰʝʤ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ, ʩʦʟʜʘʥʥʳʭ ʢʘʞʜʳʤ ʠʟ ʟʘʨʷʜʦʚ: 

 
24 0

1
1

r

Q

pee
j= , 

r

Q

0

2
2

4pee
j = , 

24 0

3

3
r

Q

pee
j = , ʧʦʜʩʪʘʚʠʤ ʚ (1): 

 

ö
÷

õ
æ
ç

å
++=

224

1 3
2

1

0

Q
Q

Q

rpee
j .  

ʇʨʦʠʟʚʝʜʝʤ ʨʘʩʯʝʪʳ, ʧʦʣʫʯʠʤ ű=334 ɺ. 

2) ɺʳʧʦʣʥʠʤ ʯʝʨʪʝʞ (ʨʠʩ. 9.2): 

ʇʦʪʝʥʮʠʘʣ ʚ ʪʦʯʢʝ ɸ, ʠʩʭʦʜʷ ʠʟ ʧʨʠʥʮʠʧʘ 

ʩʫʧʝʨʧʦʟʠʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ: 

                                                           

321 jjjj ++=                                                (2). 

ɻʜʝ 
r

Q

0

1
1

4pee
j= , 

24 0

2
2

r

Q

pee
j = , 

r

Q

0

3
3

4pee
j = , 

ʧʦʜʩʪʘʚʠʤ ʚ (2): 

ö
÷

õ
æ
ç

å
++= 3

2
1

0 24

1
Q

Q
Q

rpee
j . ʉʜʝʣʘʝʤ ʚʳ-

ʯʠʩʣʝʥʠʷ, ʧʦʣʫʯʠʤ: ű=385 ɺ. 

 

3) ʏʝʨʪʝʞ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ (ʨʠʩ. 9.3) 

ʀʩʢʦʤʳʡ ʧʦʪʝʥʮʠʘʣ ʚ ʪʦʯʢʝ ɸ: 

                                                           

321 jjjj ++=                                              

(3). 

ʀʟ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ ʚ ʨʘʚʥʦ-

ʩʪʦʨʦʥʥʝʤ ʪʨʝʫʛʦʣʴʥʠʢʝ ʩʣʝʜʫʝʪ, ʯʪʦ 

2 2

ʈʠʩ. 9.1 

2

ʈʠʩ. 9.2 

ʈʠʩ. 9.3 
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3/4 0
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j , 
3/4 0
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j , 
3/4 0
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pee

j , ʧʦʜʩʪʘʚʠʤ ʚ (3): 

( )321

04

3
QQQ

r
++=

pee
j . ʉʜʝʣʘʝʤ ʚʳʯʠʩʣʝʥʠʷ, ʧʦʣʫʯʠʤ: ű=727 ɺ. 

 

 

ʈʘʙʦʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʇʨʠʤʝʨ 2. ɿʘʨʷʜʳ Q1=3 ʤʢʂʣ ʠ Q2 =20 ʥʂʣ ʥʘʭʦʜʷʪʩʷ ʚ ʚʘʢʫʫʤʝ ʥʘ ʨʘʩʩʪʦʷ-

ʥʠʠ r 1=1,5 ʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʆʧʨʝʜʝʣʠʪʴ ʨʘʙʦʪʫ ɸ, ʢʦʪʦʨʫʶ ʥʘʜʦ ʩʦʚʝʨʰʠʪʴ, 

ʯʪʦʙʳ ʩʙʣʠʟʠʪʴ ʟʘʨʷʜʳ ʜʦ ʨʘʩʩʪʦʥ̫ʠʷ r
2
=1 ʤ. 

ʈʝʰʝʥʠʝ. ʇʦʣʦʞʠʤ, ʯʪʦ ʧʝʨʚʳʡ ʟʘʨʷʜ Q1  ʦʩʪʘʝʪʩʷ ʥʝʧʦʜʚʠʞʥʳʤ, ʘ ʚʪʦʨʦʡ 

Q
2
 ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʩʠʣ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʧʦʣʝ, ʩʦʟʜʘʥʥʦʤ ʟʘʨʷʜʦʤ Q1 , 

ʧʨʠʙʣʠʞʘʷʩʴ ʢ ʥʝʤʫ ʩ ʨʘʩʩʪʦʷʥʠʷ r 1=1,5 ʤ ʜʦ r
2
=1 ʤ. 

ʈʘʙʦʪʘ ɸ'  ʚʥʝʰʥʝʡ ʩʠʣʳ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʟʘʨʷʜʘ Q ʠʟ ʦʜʥʦʡ ʪʦʯʢʠ ʧʦʣʷ ʩ 

ʧʦʪʝʥʮʠʘʣʦʤ 1j ʚ ʜʨʫʛʫʶ, ʧʦʪʝʥʮʠʘʣ ʢʦʪʦʨʦʡ 
2j, ʨʘʚʥʘ ʧʦ ʤʦʜʫʣʶ ʠ ʧʨʦʪʠ-

ʚʦʧʦʣʦʞʥʘ ʧʦ ʟʥʘʢʫ ʨʘʙʦʪʝ ɸ ʩʠʣ ʧʦʣʷ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʟʘʨʷʜʘ ʤʝʞʜʫ ʪʝʤʠ 

ʞʝ ʪʦʯʢʘʤʠ:  ɸ' =-ɸ. 

ʈʘʙʦʪʘ ɸ ʩʠʣ ʧʦʣʷ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʟʘʨʷʜʘ ɸ=Q ( 1j-
2j ). 

ʊʦʛʜʘ ʨʘʙʦʪʘ ɸ'  ʚʥʝʰʥʠʭ ʩʠʣ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʚ ʚʠʜʝ:  

               ɸ' =-Q ( 1j-
2j )=Q (

2j - 1j)       (1) 

ʇʦʪʝʥʮʠʘʣ ʪʦʯʝʢ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ ʧʫʪʠ ʚʳʨʘʟʷʪʩʷ ʬʦʨʤʫʣʘʤʠ 

 1j= ;
4 10

1

r

Q

pe
      

2j= .
4 20

1
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pe
 

ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʷ 1j ʠ 2j  ʚ ʬʦʨʤʫʣʫ (1) ʠ ʫʯʠʪʳʚʘʷ, ʯʪʦ ʜʣʷ ʜʘʥʥʦʛʦ 

ʩʣʫʯʘʷ ʧʝʨʝʥʦʩʠʤʳʡ ʟʘʨʷʜ Q=Q2, ʧʦʣʫʯʠʤ  

 .
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4 120
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æ
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-=¡

rr

QQ
ɸ

pe
         (2) 

ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ 1/(40pe)=9*109  ʤ/ʌ, ʪʦ ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʟʥʘʯʝʥʠʡ ʚʝʣʠ-

ʯʠʥ ʚ ʬʦʨʤʫʣʫ (2) ʠ ʚʳʯʠʩʣʝʥʠʷ ʥʘʡʜʝʤ  

 ɸ'=180 ʤʢɼʞ. 

ʇʨʠʤʝʨ 3. ʆʧʨʝʜʝʣʠʪʴ ʨʘʙʦʪʫ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʩʦʚʝʨʰʠʪʴ ʜʣʷ ʪʦʛʦ,  

ʯʪʦʙʳ ʟʘʨʷʜ Q= 10ʥʂʣ ʧʝʨʝʤʝʩʪʠʪʴ ʠʟ ʪʦʯʢʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

r=10 ʩʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʨʷʞʝʥʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʰʘʨʘ ʨʘʜʠʫʩʦʤ R=4 ʩʤ 

ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʴ. ɿʘʨʷʜ ʥʘ ʰʘʨʝ Q0 = 5 ʥʂʣ.  

ʈʝʰʝʥʠʝ. 

 

 

 ¤j ¤j
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ʈʘʙʦʪʫ ʩʠʣ ʧʦʣʷ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʟʘʨʷʜʘ Q ʠʟ ʪʦʯʢʠ 1 ʧʦʣʷ ʩ ʧʦʪʝʥʮʠʘʣʦʤ j 

ʚ ʪʦʯʢʫ 2 ʧʦʣʷ ʩ ʧʦʪʝʥʮʠʘʣʦʤ 
¤j  ʥʘʡʜʝʤ ʧʦ ʬʦʨʤʫʣʝ 

          )( ¤-= jjQɸ                   (1) 

ɿʜʝʩʴ j - ʧʦʪʝʥʮʠʘʣ ʰʘʨʘ ʚ ʪ. 1, ʥʘ ʨʘʩʩʪʦʷʥʠʠ  r ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʰʘʨʘ: 

)(4 0

0

Rr

Q

+
=
pee

j    

¤j  - ʧʦʪʝʥʮʠʘʣ ʰʘʨʘ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, 0=¤j , ʧʦʜʩʪʘʚʠʤ ʚ (1): 

ö
÷

õ
æ
ç

å
-

+
= 0

1

4 0

0

Rr

QQ
ɸ

pee
. 

ɺʳʧʦʣʥʠʤ ʨʘʩʯʝʪ, ʧʦʣʫʯʠʤ: ɼʞɸ 61032,0 -Ö= .  

 

ʇʨʠʤʝʨ 4. ʅʘʡʪʠ ʨʘʙʦʪʫ ɸ ʧʦʣʷ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʟʘʨʜ̫ʘ Q=10 ʥʂʣ ʠʟ ʪʦʯʢʠ 

1 ʚ ʪʦʯʢʫ 2 (ʨʠʩ. 9.5), ʥʘʭʦʜʷʱʠʝʩʷ ʤʝʞʜʫ ʜʚʫʤʷ ʨʘʟʥʦʠʤʝʥʥʦ ʟʘʨʷʞʝʥʥʤrʠ ʩ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ s=0,4 ʤʢʂʣ/ʤ2  ʙʝʩʢʦʥʝʯʥʳʤʠ ʧʘʨʘʣʣʝʣʴʥʳʤʠ 

ʧʣʦʩʢʦʩʪʷʤʠ, ʨʘʩʩʪʦʷʥʠʝ l ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʨʘʚʥʦ 3 ʩʤ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʝʰʝʥʠʝ. ɺʦʟʤʦʞʥʳ ʜʚʘ ʩʧʦʩʦʙʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 

1-ʡ ʩʧʦʩʦʙ. ʈʘʙʦʪʫ ʩʠʣ ʧʦʣʷ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʟʘʨʷʜʘ Q ʠʟ ʪʦʯʢʠ 1 ʧʦʣʷ ʩ ʧʦ-

ʪʝʥʮʠʘʣʦʤ 1j ʚ ʪʦʯʢʫ 2 ʧʦʣʷ ʩ ʧʦʪʝʥʮʠʘʣʦʤ 2j  ʥʘʡʜʝʤ ʧʦ ʬʦʨʤʫʣʝ 

ɸ=Q( 1j- 2j )                               (1) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʪʦʯʢʘʭ 1 ʠ 2 ʧʨʦʚʝʜʝʤ ʯʝʨʝʟ ʵʪʠ ʪʦʯʢʠ ʵʢʚʠ-

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ I ʠ II. ʕʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʜʫʪ ʧʣʦʩʢʦʩʪʷʤʠ, ʪʘʢ 

ʢʘʢ ʧʦʣʝ ʤʝʞʜʫ ʜʚʫʤʷ ʨʘʚʥʦʤʝʨʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʙʝʩʢʦʥʝʯʥʳʤʠ ʧʘʨʘʣʣʝʣʴ-

ʥʳʤʠ ʧʣʦʩʢʦʩʪʷʤʠ ʦʜʥʦʨʦʜʥʦ. ɼʣʷ ʪʘʢʦʛʦ ʧʦʣʷ ʩʧʨʘʚʝʜʣʠʚʦ ʩʦʦʪʥʦʰʝʥʠʝ  

   1j- 2j=ɽl,            (2) 

a

s-

s+
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