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1.  

n

a

n
a...aa

a

n

i
i

n1 12 ;  a –  

, , , .), 1, 2, …, n  - -
,  -  , i – 

, n - . 
2.  

 i= i - :   
1 = 1 -  ,  2= 2 - , …,  n= n - . 

3. : 

n

a
a

n

i
i

1 , ia  -  i . 

4. : 
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1 0 0 % . 

5. ,  
, : 

 = ( ) . 
 

,  
, .  

. 
1.  1  9,  

0, . ,  
 203,0; 0,00470; 0,90 ,  

. 
2.  

, , -
. , -

 12,463 – 2,4234 + 1,2  11,2 -
. 

3.  
, -

. , 
2102,3731,0

8,427,49 . 

: , , -
,  

, ,  
. , 

29,43  2,54 104; 412,   3,52; n1,12  0,113. 
4.  

, . -
. 

5.  
. , 

.29,0
3,16
64,185,2

281,48,3
7,2)2,140524,17(  

 
  -

: 
 = ( )  %100 . 
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 , -
.  

1  2,  .  
, -

 .  
 .  

 1  2,   
. 

 1. : 
 = 3784 3;  = 52 3;   

%4,1%100*3784
52  

: =5 10 3, =378 10 3;  = 1,4 %. 
:  = (378  5) 10 3;   = 1,4 %. 

 2. : 
 = 4,271 ;  = 0,162 ;  

 = .0,162 *100% 3,79%4,271
 

:  = 0,16 ,  = 4,27 ;  = 4 %. 
:  = (4,27  0,16) ;   = 4%. 
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.  L  , 

 . -
, .  



7 
 

 
 

 
 

 ( . 2)  m   m + 1  
n, ,  ,   =  m  =  m+1 

. 
  - : 

1
..1

)1(1 mmm
ABABAB

m
AB

m
ABC  

 ( . 1 ),  9   10  n: 
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AB AB AB 9
C = - = = = 0,1 .

9 10 10 × 9 10 9 10
 

,  
.  PQ 

.  3)  -
. ,  

 . ,  PQ  
. , -

  (  3 –  
).  1  

10   , ,  
 0,1 .  
 ,   0,1 -

 ,  0,2 , 
 0,3 . . , , . . -

,  0,7 . 
,  PQ  6  + 0,7  = 6,7 . 

 
-

: CPma , 
 m –  

 ,  
,  — -

, -
,  – -

. 
. 4.  

  .   -
,  . -

 .  0,5 . 
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,  L. -
,  0,5 : -

,  --  
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-
,  D.  

 -
,  ,  -
 

C= 01,0
50

5.0 . 

-
, 

,  
)  L . -

-
. -

. -
,   . -

  
.  -
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 1.  

. 5) . 
1)    b , -

  – . . 
2)  
V = abc , -

. 
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3)  Vi = Vi –V .  

4) 
n

i
i 1 ,

V
V n

 n  –  

. 

5)  %
V

V 100 . 

6)  V = (V   V),  
. 

 
 
 

, 
 

b, 
 

c,  
 

 V, 
3 

V , 
3 

  Vi,     
3 

1       
2        
3       
4       
5       

 
: V= (                 )            , =         %. 

 
 

1) ?  
. 2) ? 3) 

, . 4) -
? 5) -

? 6) -
? 7) -
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 1-2 
 

» 
 

:  
, . 

 
 

. ,  
, .  

,  – . 
. -

, . -
 dA  F  d  

 F -
d : dFdA =F d os = F d ,   –  

 F  d , cosFF  -  F  

 d  ( .1).  , >0 -
 dA .  , <0  dA<0. -

  F  l  1  2  
, . 

2

1

2

1

cos dFdFA . 

 F   ,  
cosFA .  – :  

 N – , : 

N=dA/dt. . dA Fd ,  vdtd / ,  vFN  -  
,  v - .  – : 

 
 ,  

, , -
. , -

: 
0dF , 

 ( -
). -

. 



12 
 

.  
.2)  F=-kx,  k – ,  – 

 ( )  (  =0 -
). 1  

 2 -

 dl .  dA 

 d : 

dA=F d os ,  = dF ^ =0, cos =1. 

 d dx ( .2),  dA =-kxdx.  x1  x2 
. :  
A=kx2

1/2 – kx2
1/2.                                             (1) 

,  ,   
, . . 

. -
 1  2  

d  ( . 3).  dA -

: dA=mg d cos ,  = dgm ^ . . 

d cos =-dh ( . .3;  h  
,  dh   «-»),   =-mg dh. -

 1   2  
.  

A=mgh1-mgh2.                                            (2) 
. ,  

,  
. 

.  F  

 d  ( .4)  
,  v . -

, = dF ^
=1800,  cos =-1.  

. -
 (  4),  .  .  ,   

.  ,  
, .  

. ,    
,  – . 
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. . -
.  

: . 
. . -

 F -
 1  2. ( .1).  

F m a ,  dA Fd mad ;  

dtvda / => 
dv d

dA m d m dv
dt dt

. ,  vdtd / , -

 vdvmdA . .  vdvvd 22 , -
: vvv 2 =vvcos0=v2, 

2/)( 2vdvdv . , dA=md(v2/2).  Ap -

F  
 1  2:  

Ap=mv2
2/2 – mv2

1/2.                                    (3) 
 (3) ,  Ap   

 E =mv2/2,  .  
, -

.  (3) : 
 ( ) -

: 2 1KE .                (4) 
  ( , ) 

,  
): E = E i= miv2

i/2. , , 
 vi , , E = E i=( mi)v2/2=> 

E =mv2/2,  m= mi – . -
 i-  vi=ri ,  ri –  i  

,  – , .  -
: 

E = miv2
i/2=( mir2

i) 2/2 => E =( Ii) 2/2    E  =I 2/2,                 (5) 
 Ii=miri

2 –  i -
,  I= Ii – . 

. . -
 (1)  (2) ,  ( )  

,  (1)  
(2) .  (1)  (2),  -
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 , : 

1 2E                (6) 
 (1)  (2),   

 E =mgh,   E =kx2/2.  
,  

. 
 (6) ,   

. 
. .  

, ,  
 A  A : Ap=A +A . 

 A =Ap-A .  (3 )  (4), : 

2 1 2 21 2 1 1( ) (( ) )EE E E . 
    

          .  
                                       2 1E .                                    (7) 

.  
.  (4), (6)  (7) : 

2 1KE ;   1 2E ;   
2 1E . 

 .    
.  ,  ,  -

; , -
, , . 

, , .  
. 

 N . -

:                               d PF
d t

,        (8) 

 F - , , P pi
 - -

.  0iF , 0dP / dt .  
 :  

 constipP ,                               (9) 

. .  
,  ip -
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 ( ), , ,  ipP   
. 

.  
(7),   2 1E E  

: .  =0,  2 1 0E E . -

, 2 1E E   E=const.                                                       (10) 
 : -

, ,  
. -

. 
.  

,  ( .5).  
, -

 
.  

,  
 

. -
 

,   
 

: 
m1v2

01/2+m2v2
02/2 m1v2

1/2+m2v2
2/2  (11) 

 m1  m2 - , v01  v02 - , v1  v2 - -
.  

. :  

 2211022011 vmvmvmvm .  (12) 
, , -

 (11)  (12), . 
 , 

 
 ( . 6). -

:          vmmvmvm )( 21022011 ,          (13) 
: 

 )/()( 21022011 mmvmvmv .   (14) 
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. 
 ( .7)  3 -

,  1  2. 
 1 -

 5.  1 -
 6.  4 -

 1.   
,  01,  2. 

 ( .8)  1   ,  
  . á -

,  1  2. 
-

 (11) m1v2
01/2 = m1v2

1/2 + m2v2
2/2  (15) -

 (12) 2211011 vmvmvm  (16),  m1  m2 -  
, v01-  01 -

,  v02=0, 

1v  2v - . -
 (16) : 

 : m1v01=m1v1cos +m2v2cos  ,                                             (17) 
    : 0=-m1v1sin +m2v2sin .              (18) 

 
 v01  1  01 -

,  01 =  - 01 .9),  
 1  01  

 2.  F  01 :  = F 01cos180=- F 01. 
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 F  = N,   - , N  =  m1g - -
. , F  = m1g   =  - m1g 01.  

 (4)  = ,  ,   = 2 - 01. .  
,  2=0 => =- 01,  - m1g 01 = - m1v2

01/2. -
 

: v01 = 012 g . (19) 

 1  2 ( .8), 
 

,  v1  
v2 -

, -

 (19): v1= 12 g  v2= 22 g (20) 

 01, 1, 2  

 ( .8  9): 01= 01= - 01;  

1=
2 2 2 2

1 1 1 01 1 01( ) ( ) ( ) ( )  

2= 2 2 2 2

2 2 2 02 2 02( ) ( ) ( ) ( ) . 

. 8 ,  sin  = 11 / ; cos  = 11 / ; sin  = 22 / ; cos  
= 22 /  (21).  (19), (20)  (21)  
(17)  (18) -

:  

:                    011m = 1 1 1 2 2 2(m / ) (m / ) ,             (22) 

:                          1 1 1 2 2 20 ( m / ) (m / ) .                (23) 

 (19)  (20)  (15)  
:  

m1 01 = m1 1 + m2 2.                     (24) 
,  

-
 (22), (23)  (24). 

 
 

1)  ( )  m1  m2  
 1. 2)  1 ,  01  

 2 ( .7,8,9).  
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.1  01  01 
-

. 3) -
 ( .7), , 

.  1  
 6 . 4) .2 -

 ( .9). 5)  
 ( .3  4) 6 .  

 .2. 6)  2 , -
 02  ( .8). -

.1  02  02 -
. 7) , , 

 3.  1  
. 8) . 2  1, 1, 2  2  

 ( .8).  ( .7  
8) 6 ,  02. -

.2 
                                                                                             2 

 
 
 

 1 
m1=              m2=              
X01=            X02=            

01=            02=            

 
N 

  
) 1 ) 1 ) 2 ) 2 ) 

1      
2      
3      
4      
5      
6      

. = 
1 = 1 = 2 = 2 = 

y,x
 

01 01

  01=  
 

1 1 01

1=   
 

1 1 01

1=   
 

2 2 02

 
2=    

2 2 02

 
2=    

 
 01 = 01= 

 
1 = 2 2

1 1) ( )   

 = 
     

2 = 
2 2

2 2) ( )  

= 
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1) , 1 1 2 2 ; -

  01, 1, 1, 2, 2  01, 1  2   
.2.  2)  (22)  (23) , -

-
, .3. 3)  (24) -

, ,  
.3.  4)   

. -
 -    -  : 

 

1 1 1 2 2 2 1 01

1 01

100
( m / ) ( m / ) m

%
m

, 

1 1 1 2 2 2

1 1 1

100
( m / ) ( m / )

%
/

 

5)  
: p=( + )/2. 6)  

-
: 

E =[(m1 1+ m2 - m1 01)/ m1 01] 100%. 
 3 

 

=              , =                  ,   p =( + )/2=                                      ; E = 
 

, 
1/

2  

   
 

 1 01m = 
=         

= 

1 1 1 2 2 2(m / ) (m / )  

= 

 
 

0 
1 1 1 2 2 2( m / ) (m / )  

= 

 -
 

 

1 01m = 
 

m1 1 + m2 2=                  +                        = 
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 1) ? 2)  

? 3) ? -
, ? 4) -

, ? -
. 5)  

? 6) -
? 7)  

.? 8) -
? 9) ? 10)  

?  11)     
? 12) -

,  
? 13) -

, ? 14) 
, -

,   . 15) 
? 16)  

,  
. 
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 1-3  
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:  
.  
. 

 
 

-
.  – ,  

,  
 ( ). 

 ( )  . 
-

, . ,  
,  -

 ) .  ) – , -
.  

, -
. 

 
,  

.  
 -

 r ,  
 ( .1). -

 ( )  
 X,Y,Z  

 x, y, z 
: 

r xe ye zex y z , 

 xe , ye , ze -  ( ). -
 X,Y ( .1). -

-
 0 0 0x yr x e y e  x yr xe ye . ,  

,   
( 0r r r ). , ,  -
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.  ( ) S – , -
. 

 -
,  t  S,  -

. -
, .  

 , 
, .  

, , , -
 t  .  

,  
.  (  XY, .1), 

 x=f(t)  y=f(t) -
.  .  

- ,  
 r r( t ) . 

 ( ) -
 r   t: 

drv
dt

 

.  
.   

: x y
dx dyv , v
dt dt

.  v v  

 s  t: dsv
dt

.   

 s vdt ,   v const -

 s=vt,  const  
2

0 2s v t at / ,  v0 - . 
. -

-

: 
2

2
d v d ra
d t d t

.  

  
22

2 2
yx

x y
dvdv d yd xa , adt dtdt dt

. 

 ( .2): 
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2

n
va
R

  dva
dt

, -

. -
-

,  
. -

: n a . : 2 2
na a a . 

   
   ( .3) -

 r , , -
  (  [ ]).   

 Z,  -
.   

 ( .4). =t/N -  ([ ]= ),  
N –  t.   ( ) –  

: =N/.t  =1/T.  
 -  ( ), [ ]=1/ =1 .   ( ) 

  : d
dt

, -

-
 ( .4).  ( =const) t=2 /T=2 . 

 (t) :
2

1

t

t

dt . -

 t .  ) -
-

 
2

2

d d
dt dt

. -

.  ( =const) t 
: 0 t ,  0 – -
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 t=0  ( >0 – , <0 – ). 

: 
2

0 0 2
tt . 

  (v, , n  ,   )  
 ( , , ).  S= R ( .3). -

, : dS/dt=(d /dt)R.  ds/dt=v  
d /dt= ,  v= R. : dv d R

dt dt
. 

 dv/dt=a  d /dt= ,  a = R.  v= R  an, -
 an= 2R. 

   . 
  F ma ,  iF F  

) , .  p mv . 

. a dv / dt , : 
dpF
dt

. 

 3- , 
: 12 21F F  

: : 12 21 0F F .  
 (  ). , ,  
 )   (  

, ). -
  C ip p  (  

).   
 F F dp / dti, i, .  3-  

.  
:  

F dp / dt . 
. , -

,  
).   

F ( . 5 ).  M  

 r  F: M rF ,  

r  . -
 M=rFsin ,   –  r  F.  
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M ,  r  
F,  ( ):  

 r  F -
 ( . 5  M  

 « », ). -
 MZ  Z   M  

, . 
.5 , , -

 Z.  F .  
 Z ,   

 R.  F  
: F  ( -

 Z)  F  -
 Z).  F   

 Z.  -
 F .  -

 ( . 5): -
 F  ( ) 

 FR ( ). 
 Z  F .  

,   F  Z  MZ=RF   
.6 (  Z ) ,   

Mz= RF F  , 

 R -  F  ,  -  F  (  – -
, ). 
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 -
 I,  

.  ( ), -
 r  I=mr2.  .  -

, : I= mir2
i,  ri-  i - 

,  I= r2dm. .,  ( ) 
-

. .  , 
 m= mi. 

-
.   R -

: I=mR2 (  
).  

,  
: I=mR2/2. 

-
. , -

, ,  
:I=m 2/12. 

 I0 -  Z0, -
,   I -

  Z  : 
I=I0+md2,  m - , d -  Z 
 Z0 .7). 

 -
  -

 r  p : prL ,  r  
 . ,   

 Z: zL I ,  I – . 
:  

ZM I  z
z

dLM
dt

,  

 
dt

 - ,  

  Z   Z,iZ ; I – 
 Z.  ,   2-  

 ( amF )  m  
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,  
.  

 
 

 - -
,  O 

. .8). -
 3  mo.  ( .8 ), -

 mo.  
 2 . .  

 1  2  r. , -
 4, -

 5  m, -
.  h . 

,  
 " " ,  

 ( ) -
. -
.  h ,  

-
. , , ,  

.  h=at2/2,   a  –  
, t – . :  = 2h/t2.  

 :  

2
2
rt

h
r
a ,                                                (1) 

 r- .   m  
 T  mg.  2- : mg -T=ma =>  

T=mg-ma =>  = m(g - a)  mg, .  a << g. ,  
 m  t  h, -

  , -
:  

  = r = mg.                          (2)  
 

 M ,  I  =  -       
 =  + I .. 

  -
,   .  

   =  f( ),  
 (  = const, . 9)          
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 ( .9):   

=  + I  => I= M/ . 
 

 
  1.  
1)  mo -

 l  ( ,8 ); ,  
 12,5 ,  

 2 .   r (  
 - -

).  m1, m2,  m3, -
.  r, l, m  2. 2)  

 m1. ,  
,  

.  h, . -
,  

. -
 « » .   

 2  m1, . 3) -
 m1+ m2  m1+ m2+ m3,  

 2. 
  2. -

 
1) -

  ( , 

 =12,5 ).  m ( -
).  

,  r  3  m, r ,h  . 
2) ,  

 t ( . . 2  1). 3)  6  
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m,  2   

; .8 ).   
 t  3. 

 
 
 

 2 

 
 3 

 
 

 1. 1)   -
 (1)   (2).  2).   

 , . 3)  
 I = M/  ( -

 9).  4)   (   =0, 
.9). :  

 =0. 
 2. 1)  2  

: I=M/ . 2)  
  2.  

            1 

r1=0,010   r2=0,0175  

l=           ;  m1=            ;  m2=             ,  m3=            ;   h =             

r,   m1 =           m1+m2=              m1+m2+m3=       
t1, c M=m1gr= 

 
t2, c M=(m1+

m2)gr= 
t3, c M =( m1+ 

m2+ m3)gr 
=  

 
  
 

1 
2 
3 
4 

 1 
2 
3 
4 

 1 
2 
3 
4 

 

=2h/r2

= 
=2h/rt2 
 = 

=2h/rt2  
 = 

t = t = t = 

h =              ;     m =                 ;      r =             ;           = mgr=                                                                     
 ,  t  = 2h/rt2  2, 10-2 2  = / ,10-2 2 

1 12,5     
2 14,5     
3 16,5     
4 18,5     
5 20,5     
6 22,5     
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 I  =  f( 2) ,  
, , I = I  + 

4m 2 (  10). 6.  

 I :   = 0   I 
= I  .10). 

 
 

 
 

1) : , -
, , , , , -

, ? 2)  
? 3) -

. 4) -
? 5) ? 6) -

? 7). ?  
?  

? 8)  
. 9) -

 1? 10)   = f( )  
 1,  

? 11)   =f( 2)  
 2, . 
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 1-4 
 « .  

» 
 

: , -
,  

. 
 

 
  -

 1-3. 
.  

 Z: 
dMdA Z , 

 ZM -  Z, d  -   
.   

 ZM   

zA M d . 

,  ZA M .  
  

T = mv2/2  (v - ).  v= r, -
 : 

T=I 2/2, 
 2I mr -  Z, r –  

,  – .  
,  I -  

   
, ,  

:                                             2 1A T T -T . 
   

 ( , ),  
 

,  
: 

2 2

2 2
mv IT , 

 v – , I –  
, . 
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 U ,  
 h  

U=mgh, 
 g=9,8 2 – . 

 T  U  -
:                   = T+ U. 

: 
= . 
. 

 
.1.  1  

m0,  2  r -
. ,  

m, . 
  – 

 « »   h .  Uo =  mgho. 
, -

  = 
2

2
mv ,  

  = 
2

2
I ,  

  =  . -
»  « »  

: 

            mgho  =
2

2
mv  + 

2

2
I  + ,             (1) 

 v   -  
 « », I -  

, 
 - ,  -  

-
 ( )  ( ). 

  
 (v  = 0),  h  = 

2

2
t   = 2

2 oh
t

,   - , t - 

 
»  « »; v = t = 2

02h / t t            
v = 02h / t . -
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,   = v
r

 = 

2 oh
rt

. , , So = r  

 h , , . h  = r   = h /r 0 0A M h / r . 
 . -

, , -
. ,  

h  –  « ».  
 U = mgh       Uo 

= mgho ,  
 « »  « », .     = 

mgho-mgh= ,   - -
 « »  « ».  = S/r =(h0+h)/r,  S = h  + h -  ,  

-
 « »  « ».    (h0+h)/r   

 = o o

o

mgh mgh mg( h h )r
h h

. 

 v,  
   (1),  ,   

 

I = mr2
2

1
o o

hgt
h ( h h )

.                                        (2) 

 ( . 8)  
, -

.   
 m ,  

 
: Ip =  Io +  mo

2,  I0=m0R2/2 - -
, R – . -

 Ip=m0R2/2 + mo
2           Ip=mo(R2/2+ 2).                                   (3) 

 
 

 1.   
1)  .  2)  

 m  1.  3)   « »   « -
» ( ). 4) , -

 3  « ». 5) -
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 « » , -
, -

,  
, . 6)  

,  « » ( ). 
7) -

,  t -
. ,  h 

),  
, .  (t) -

 (h) . 1. 8) . 

 
 2.   

1)  2  m  ( -
),  ho ,  

 <I> ( .1). -
 R,  k  r  2. 2) -

 

 1. 
 
 t,  h,  I I   

 
1      

r = d/2 = 0,0125  
m =                
h  =             

2     
3     
4     
5     

  
I = (<I>  < I>)=                                               =< I>/<I>100% = 

 2 

 t,  h,  I  
  

 
1    m = 

h  = 
<I>= 

r = 1,25 10-2 ;  
k = 2 
m  = 

 = 
R = 2,1 10-2 ; 

2    
3    
4    
5    

  
I  =                     I  =  = |IP-I |/IP= 
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. 3)   

:     =  + n ,   = 2,5 , n = 1,2,3,4,5,6 - 

, ,  = 1  -  
. 4) , -

 5-9  1,  2. 
 

 1. 1)  
I  (2). 2)  <I> , -

 I= <I>-I ,  
 I>  =< I>/<I>100 %. -

: 
I = (<I>  < I>) 2;   =< I>/<I>100% = … %. 

 2. 1)  (2)  I  
 <I >. 2) 

 I -
. ,  

 
 <I >=<I> + kI ,  I  - -

, k - , <I> - 
 (  

1). ,   I  =(<I >  <I>)/k. 3)  
 (3)  Ip -

. 4) -
 I -

 Ip ,  
  = {|IP-I |/IP} 100 % . 

 
1) : , , 

, , , , -
, ? 2)  

? 3) -
. 4) ? 5) -

?  6)   
? 7). ? -

? -
?  ?  8)   

? 9) -
 

? .  
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  -
 1-3. 

 .  F  
 S ,    

cosA FS FS  (  -   F  S ).  
,  

.   
.  – ,  

. , 
.  

.  
 (F=mg),    

U=mgh, 
 m- , g - , h -  -

, -
.  T :  

T=mv2/2 . 
:  

,  
  E=U+T :  

E=U+T=const. 
, ,    

).  
,   

: , ,  
 ( : ).   

 
(MZ=const) :  A= MZ  , 

  - . 
, -

: 
=I 2/2, 
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 I – ,  – -
. 

   
 ( , ),  
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2 2

2 2
mv IT , 
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, . 

 
 

 ( .1),  -
 r.  ( .2) -

 2,  1  2.  
 ( ), , , -

, ,  
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, ; , 

 
), .  

 (  Z) -
. ,   h0 0sin 1  

0 1 (  <<1 sin ,   ),  
0,   h 2, .  

 v=at,  0=at2/2 => 
v=2 0/t,   

=v/r=2 0/(rt),                                       (1) 
 t- .  

 .  0  A=  . 0,  0=  0/r - 
 , , 

,  S,  
,  R  = S/R. .9  

0.,  r.  
  0 : 

mgh0=I 2/2+ . 0,                              (2) 
 I –  ( ) , m- 

, .  
 h0  h  

   ( 0 ): mgh0-mgh = ( 0 )/r. -
:  

=mg(h0-h)r/( 0 ).           (3) 
 (1)  (3)  (2) ,  h0 0= 1  h = 2, -

-
: 

  
2 2

1 2

0 02
mg ( )tI

( )
.                      (4) 

 I0 , ,  
: I= I0 +ma2.  I0=I-ma2=I-mr2.            (5) 

 a=r. 
 

 
 1.  ( ) . 

 ( .1 )  (m ), -
 (m ,    )  

(m0).  1 :  d  
 d ;   b  h , -

  d .  m= gV (  
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= 7,8.103 3 - , V - ) 
  m , m , m . 

,  
1   2.   

 2.  
 )  I , I , I .  

 I= I +I +I .  I  2. 
                     
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 
 
 
 

 
 
 
 
 
 
 
 

 

 1 
    

d=            a=            =           
d =          b=            d =          
m =          h=            m =         
  m =          

 

 2 
  

 
 

m,   
 

I 2 

  
1   I   
2   I   
3   I   

 
                                    3 
 t, c ,  1+ 1= 

=0,25  
 
m=1,03  
 
r =0,0045  
 

0=0,375  

1   
2   
3   
4   
5   
   

   

  4 
 b, 

 
t, c  b2 10-2 

2 
I 10-5 

2 
1+ 1= 

=0,25  
 
m=1,03  
r =0,0045  

0=0,375  
=             

 
 

1     
2     
3     
4     
5     

     

 

 I= I +I +I = 
     +         +        +  = 
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1) .  

. 2)  
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0 ) .  3)  
» . -

, . -
 3.   4) ,  

,   ,  3. -
. 

 3. -
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 ( .1 ). -

, , -
.  2b -

,  ( .1 ). 1)  
 4. 2) -

 b = 7 ,  -
 4. 3)  » -

0 . 4)  
» .  

.  t  
 4.   5) -

 4 ( ).   6)  
 4 ,  b  1 .  

 
 

 2. 1)   <t>  <  >.   (4) 
 ( )  I ,  

(5)  I0 , ,  
 3.    2)  I   

I0 :    =[(I0-I)/I]100% 
 3. 1)  ( -

)   b2  I   (4)     
 4.  2) -

 I=f(b2).  I  -
)  b2=0.  I=f(b2)  

 ( .3). 
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)  

.  M   (  O) -
 r ,  

,  F : FrM ,  ( . .5 . 25).  
  sinM rF ,   –  

. -
 Z. -

 zM  Z,   

            ZM F ,  

 F  – ,  
, -  – ,  

,  F  ( . .5 .6  
.25).  -
  : 

L r , p r ,mv , zL pl mvl . 
 p mv  - , v – ,  - .  

 : 
dLZ/dt=MZ. 

 -
. , -

, -
, . 

,  
, Mi,Z=d( Li,Z)/dt,  Mi,Z – -

, Li,Z –  
.  

Mi,Z =0 , Li,Z =const, 
.  : -
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-
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                               2I mr ,  
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: 2
i i iI I m r  2I R dm .   

  
ILZ , 

 dtd /  –  ( -
).  -

:  
IM Z , 

 22 // dtddtd  – . 
            -

.  I0 , -
,  I  

 Z,  : 2
0I I md ,  

m – , d –  . 
. -

 dMdA Z ,  d  –  -
. , -

    ZA M . 
  Ek=mv2/2. 

 : 2/2IEk . 

 E mgh ,  h – -
. 

            ( ,  
, ) -

: A E ,  E=Ek+E  – .  
,  A = 0, E = 0 => 

E = const. . .,  : 
 ( ) ,  

. -
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: 
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 ( ).  T  – : 
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: =N/t.  =1/T. 

 0  0=2 =2 /T. . -
, -

, -
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.  
-

 .  
-

: 
           )cos( 0tm , 

 ( m - ). . ., -
-
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: 

1 1 2 2 1 1 2 2I I I I ,    I1  I2 – -

; 1  2  – -
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: 1 1 1 2I ( I I )  (1). -
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 2
I

T
mgl
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2
111

1 4
)( glmm
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2

2
121221

12 4
)( glmmm

I ,  l12  –  

. 1  12  – -
 1 . -

 -
  1h l cos .  

, 
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2

2
I

mgh  

: 

 
2 1mg l ( cos )

I
 (3),  

2

2
I

 – -

, mgh  – -
,   (  

 h).  1 -
 , ,  

 ( . -
 ( )  2))  (3) :  

 1 1
1

1

2 1( m m )gl ( cos )
I

   (4) 

 ,  
, :  

 1 2 12
12

12

2 1( m m m )gl ( cos )
I

             (5) 

 
 

.  
. 

 ( .2)  
.  2)  .  1   l1, l2  l    

 m1, m2  m . 3)  
 l , l12 ,  2. 4.)  

.2)  « ».  1.  
,  « » . 
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».  t -
  1 .  10  

 t12 .  
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 3. 5) -
 I , I12  4. 

2

2
111

1 4
)( glmm

I , 

2

2
121221

12 4
)( glmmm

I . 

6)  1 c   
)  

.  5.  2  
. 

 ( .2.) -
 « » -  

0.  1  
,  

 – 
. 

 5 . 5, -
 . 7)  (4)  (5) -

,  6. 
8)  

.7. 9) ,  
: 

 1 
1  2   m1  m2  m  

0,27 0,27 0,47 1,187 1,215 0,428 

 2 
,,  12 ,,  

   
.3 

N=10 t =        c T =          c 
t12 =       c T12 =         ,c 

 4 
I1  

2 I1 , 2
 

  

 5 
    

 
 1  

2  
3  
4  
5  
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2

)(
2kxxE .  

  : 

x
E

F kx
x

. , -

, .  
. : xx maFamF . 
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2

2x
d xa
dt
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2 2 2

2 2 2   ;    0    ;    0d x d x d x kkx m m kx x
d t d t d t m

. 

 0
m
k   2

0

k
m

. -

  :  
2

2

02
0

d x
x

dt
. 

: 
)sin(  ;  )cos( 00 tAxtAx . 

, -
 ( ).  )2sin(cos   

  . , -
, . .  

 ( ) 
: 

         )cos( 0tAx  
 x  – , A  –   –  -

, 0 – -
, 0t+   – ,  – .  T -

 – : T=t/N,  N –  
 t.   – : =N/t.  

 =1/T.   
0=2 =2 /T. 

 xV   : 

dt
dxVx => )sin()cos( 00 tAVtA

dt
dV xx  

 0AVm . : 0x mV V sin ( t ) ,  
 mV . , ,   x,  

. 
 

, . . 
 - . -

. -
    : 

2 22 2E mV  ;   E k x .  
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)sin( 0tVV mx ,  - )cos( 0tAx   ( -

 = t0 ). 
2
cos   ;   

2
sin 2222 kAEmVE m

k .  0AVm  

-
: 

 
2
cos

2
sin 2222

0
2 kAmAEEEE k .  

 km 2
0   

2
2 2

2

kA
E (sin cos ) . 

.  
2

2
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E  - 

 -
, ,  2 2

mkA mV , 
 : 

22

2 2
mmVkAE  

 - ,  
. , 

. 
,  

 0 : 

m
k

0 ,  
k
mT 2  

-
: 

0x
dt

xd 2
02

2
 )tcos(Ax 0 . 

 – ,  
, -

 ( .2). .4  
. -

,  ( ), -
. -

 .   
, : 



53 
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,  –  ( -
)   (  “ ”).   

: sinmgM z .   “ ” 
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mg
dt
d
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z
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. 

. ,  
 F ,  F  ( ).  

, , , -
VrF  r - -

.  “ ”,  
:  

2

2  ;    ;  x x x x
dx d xF F ma kx rV ma V x a
d t d t

 

2 2

2 2 0dx d x d x r dx kkx r m x
d t d t d t m d t m
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m
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m
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2
02 2 0

d x dx
x

d t d t
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.  

)tcos(eAx t
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 =2,7 –  ( ), 0  
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). -

.4.  teAtA 0)(  
. .5. -

.  
 ( -
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TtA

tA lnlnln
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)(ln )(
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-
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10

0

1
t t

( t ) t

A eA( t ) e
A( t ) A e e e

 
1

 

  
 – , ,  

.  ( .6)  
 1 ,  

, .  
 2,  3,  

.  -
.  

 4.  
, ,  

,  . 
  g -

 T  g. 
,   

   22 2c c c cT I / mg I m / mg ,                (1) 

  – .  
,  2

cc mII ,   –  
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. -
 ,  , c  

 g 
. ,  

. ,  
,  

: 1 2 0T T T .  
 (1) : 

2 2 2
1 14T I ml / mgl ; 2 2 2

2 24T I ml / mgl .       (2) 

 l1  l2 – , 
 021 lll , -

.  (2)  Ic,  
 g :  

     
2

2

4 olg
T

.                                            (3) 

 g,  
,  

. 
 

 1. -
.  -

, . 
1)  (2) . 2) -

 10 . -
 « »  .   3)   N = 20 ,  

 « ».  t1  (2) .1. 4) -
 T1=t1/N .1. 5)  

 3 (  1). 6)  
t2  N=10 ,  T2=t2/N  t2    T2  

.2.   l2  (2)  (3) -
.2.  7)  l2  ( . 

.2)  2T .  

.2. 8)  2T  
 l2 .8). ,  1 

( 1 0),  l2 .8).  
 0l  ( .8),  
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, . . 1 2 0T T T .  

 (3) 
2

2

4 olg
T

-

 g. 10)  g -
 ( 0g  =  9,81  2)  

:
0

0
g g

gg
100%. 

 1 

                                       2 

 
 
 
 

2. . 
 ( .8), 

 « ».    

t1=          c N = 20 T1=             c 

 2  t2,  N  T2,  

1 0.46  10  

2 0,45  10  

3 0,44  10  

4 0,43  10  

5 0,42  10  

6 0,41  10  

7 0,40  10  

8 0,39  10  

9 0,38  10  

10 0,37  10  

11 0,36  10  

12 0,35  10  

13 0,34  10  
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tA( t ) A e . 
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TNA( t ) A e . -
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, . 5 (  t  

.3). 2)  A(N): lnA(N)=lnA0- TN. 
 ln .3.  3)  

 T=t/N,  .3  4)  -
 lnA  

N.  lnA(N) , .10.  5) 
  lnA(N)=lnA0- TN  -
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