
 621.0
. , . , . , .

      
    

        

 2009 -
. 

, , 
, -

, -
, 

, .

 2009 -
. -

, -
, , -

, -
, -

, -
.

.
-

 ( ) .
 ( ) 

, -

, 
.

 ( ) 
, , ,  [5, 11, 13].

-
-

, , , -
, . 

-
 [4, 5, 11]. , -

, , -
, 

.
 ( ), 

 ( ) .

, , 
-

 [3–6, 11]. -
, , .

, 
, , 

., ., ., ., 2010



, -
, -

, , -
-

.
, -

: u(t) i(t) ( -
); ;  ( -

) ; -
 ( ) ;

 ( )  [2, 5, 11].
, 

:
–  ( , - );
–  ( , );
–  ( , );
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, -
; .  ( ) -

 ( )  ( ), 
: 1) 

; 2) Q .
1. A .

,  [2, 8, 9].

i(t) . W  = R I 2T = =R P2T/U2, 
i (t), W  = R I 2T =

=R Q 2T/U2, i (t) ( R
), i(t) = i (t) + i (t).

-
 ( ,  – ) 
:

– , , – -
 { };

–  ( ,
) –  { };

–  ( ,
, ) –  { }.

 { },  { }   { } n , , n ,
n , . n  = n , + n ,  + n ,

 { } = { } { } { }. , n -
 { } j [ x1

j ,..., xi
j,...,



xns
j], j = 1,..., n , x(t) (ns – x(t),

; xi
j – i x(t) 

j ).
 { } -

,  ( , -
), . -

 { }  ( -
)  [2].

[ x1
j,..., xi

j,..., xns
j] -

. j[ x1
j ,...,

xi
j,..., xns

j], j = 1,..., n , i (t) :
n

I 2    =  Ij
2                                                                 (1)

                                                                                                         j=1

 (1) Q u(t) = Umsin t -
:

n n
                                               Q 2 = U2Ij

2 = Q ,j
2,                                                        (2)

                                                                                     j=1                      j=1

Q ,j – j , j = 1,..., n , .
 (2) 

n n
                                        u(t) = u(j1)(t) = Um(j1)sin( t + j1)

   j1=1 j1=1
n

n n
                                            Q 2 = Uj1

2Ij2,
2 = Q j1,j2

2,                                              (3)
 j1,j2=1 j1,j2=1

Q j1,j2 – , j1
} u(t) j2 i(t).

u(t) i (t) i (t) . 
u(t) i (t) NU -

NI : U  = {U1, ..., UNU}; I  = {I ,1, ..., I ,NI}.  [Q ]NU,NI
 [R]NU,NI,  ( qj1,j2 rj1,j2) qj1,j2 =

=Uj1Ij2, ; rj1,j2 = Uj1/Ij2, ; j1 = 1, ..., NU; j2 = 1, ..., NI .
qj1,j2  [Q ]NU,NI , -

j1 j2 . 
,   [R]NU,NI

[Q ]NU,NI  = [R]NU,NI [I 2], j i ,j (j = 1, ..., NI)  [I 2] -
i ,j  = I ,j

2.
 [Q 2]NU,NI , q2,j1,j2 (j1 = 1, ..., NU; j1 = 1, ..., NI ) 
q2,j1,j2 = q2

j1,j2 = Uj1
2Ij2,p

2, Q -

NU NI

                                                          Q  = q2,j1,j2.
  j1 = 1 j2 = 1

 [Q 2]NU,NI  (
 { },  { }   { }).  ,   [Q 2,1]NU,NI

[Q 2,2]NU,NI Q
 { 1}) . , 

 ( Q , ), :



                                  Q ,  = q2,j1,j2: j1  {NU }; j2  {NI }.                                     (4)
 j1 j2

 (4)  
j , j = 1,..., n , -

 ( -
),  (  {NU }  {NI }).

,  1
 2  ( . . 1). 

 (
i (t) ) -

-
,

T  1- 1  2- -
2 .

:
2

, 1, 1,1 1,1 1,3
0

( sin( ) sin(3 ))
T

pP I t K I t dt ;

2
, 2, 2,1 2,1 2,1 2,3

0

( sin( ) sin(3 ))
T

pP I t K I t dt ;

2

, , 1,1 1,1 1,3 2,1 2,1 2,1 2,3
0

( sin( ) sin(3 )) ( sin( ) sin(3 ))
T

p pP I t K I t I t K I t dt .

, . 1,
1 2:

, 1,
1

, ,

P
P

 ; , 2,
2

, ,

P
P

.

: 1,1 1I ; 2,1 1,5I ; 2 f ; 50f ; ;6 3 ;

1,3 0; 4 ; 2,3 ;04 ; 1,3 1,1pI K I ; 2,3 2,1pI K I ; 0;2pK .

. 2 2,1  0 
/2; 2,3  0; /6; /3. . 2, 2,3 / 6

pK  0  1, 2,1 1 . -

pK  1  2) 2,1, 1 -
 0,17~0,19.

2. .
-

 [6, 7]. i(t) u(t) 
)  ( ) : i(t) = i (t) + i (t); i (t) = i ,1(t) + i , (t); i (t) =

=i ,1(t) + i , (t); u(t) = u1(t) + u (t).
u1(t), u (t), i ,1(t), i , (t), i ,1(t) i , (t) 

. -
u(t) i(t)  -

P  1-  (P1)  (P ) 
u(t) i(t) 

      Pi i   , i = 1, 2, …, n, n – 

. 1



 [6, 10, 12]. W , -
 ( i (t)) -

u(t) i(t), 
,  ( ) 

i (t).

. -
: I  – ; I ,i – i , i=1,

…, n, .
-

Q   , -
- , ,

 [6, 7].
:

            Q 2  = Q1
2 + D1

2; Q 2  = Q 2 + D 2; Q 2  = QD
2 + DD

2; Q 2  = QI
2 + DI

2,           (5)
D1, D , DD, DI – .

W . QB, QD, QI, Q -
I ,B, I ,D, I , I , :

         I ,1 = Q1/U; I ,B = QB /U; I ,D = QD / U; I ,I = QI /U; I = Q /U.                            (6)
:

       1 = (Q1 /Q )2;     B = (QB /Q )2; D = (QD /Q )2;     I = (QI /Q )2;    = (Q /Q )2.     (7)
 (7) 

, , -
, -

Q .
1, B, D, I, -

 (5)…(7) u(t) i(t) -
, -

. , Q , QB, QD, QI, Q -
Q1, -

. -
 (Q /Q1)2 u(t) i(t) . 

. 3 1 B 1 3 -
u(t) i(t)  = (U3I3) / (U1I1) = 0,5.

          . 2           . 3



1 ( /6... /2), , 
 1  1 = /6;  2  1 = /5;  3  1 = /4;  4  1 = /3; -

 5  1 = /2. 3 ( /6… /3) 
1. 1 = /6 , 1 = /2 – . 

1 = /2 3.
, -

-
, . -

, , . 
.  

-
,  ,  

.
3. A .
Q S  P, -

R R  = U2/P R = U2/Q . R
, R||, -

-
. R  = R P/Q ;

R /R  = P/Q ; S = U2( R 2 + R 2)1/2/R R ; R  = U/I = R R /( R 2 + R 2)1/2.
R /R  = P/Q

.
-

:
T

1 =  (u(t)/i(t) - R )dt/(TR );                                                       (8)
 0

2 = Q /P; 3 = Q/Q  - ,                                                   (9)
Q  –  [2].

1 2 -
. 3

. 
1, 2, 3 .

 “ ”  “ ” -
 [6–8]:

  T

                  KE1 = R  /R  = Q /P; KE2(t) = i (t) / i (t); KE2,  =  KE2(t) dt;                       (10)
   0

                           T

                 KE3(t) = i (t)  / i (t) ; KE3,  =  KE3(t) dt; KE4 = I /I ,                               (11)
                                  0

  T                                                   T

I  = ( i 2(t)dt/T)1/2;      I  = (  i 2(t)dt/T)1/2.
 0                                                    0

 (13)…(16) 
, . 

, , -
, .

-
 [2, 5–7].

n  1 n  2 -
-

:



n n
 = qi / qi = Ai qi;                                                   (12)

 i=1 i=1
                                                                   n

/  = S qi qi,                                                           (13)
i=1

 – ; qi – i -
; n  – -

; Ai – ; qi = qi/qi – i ; S qi =
=(qi/ )( / qi) – .

-
Kj1,j2 j1 j2 . -

, , ,   
 [4–7]. 

:
 nE nE

                                   xj2 =  Kj1,j2xj1; xj2 = K j1,j2 xj1.                                     (14)
  j1=1 j1=1

13109-97 
 ( ). -

 ( ) .
, -

 ( ) 
, , -
 [1, 5, 12, 14]. 

, Q . -
, -

, -
Z(n ) Y(n ). 

Q
Q iP(t) .

, -
. 
  (  = P1 + P ) kP = P  / P1, P P1 – -

, .
. 1, u(t) 

i(t)  1 2 : u(t) = u1(t) + u (t); i(t)
= i1(t) + i (t). iP(t) -

Q . 
u(t)  (  1), j  ( j), -

 {H}  ( H),  ( )  ( ) 
:

 t+

                                        Q (1) = 1/T u(t)Im(1)sin( t - 1
i)dt;                                            (15)

                                                               0
 t+

                                     Q (j) = 1/T u(t) (Im(j)sin(j t - j
i))dt.                                            (16)

 0
t+

                                  Q (H) = 1/T u(t) ( Im(k)sin(k t - k
i))dt.                                    (17)

0 k  {H}



 t+ N
                                 Q ) = 1/T u(t) ( Im(k)sin(k t - k

i))dt.                                        (18)
0 k=2
 t+ N

                                  Q ( ) = 1/T u(t) ( Im(k)sin(k t - k
i))dt.                                       (19)

0 k=1
 [2, 4]:

– ;
– ,  ( ) 

 (  / );
– 

;
– , , Z(n ) Y(n )

,  (  ( )
, ).

-
. -

.  -
-

, , 

.  
, .

j -
-

, -
. 

 (15)…(19) 
j :

                                            Q ,j = Q ,j / Q S,                                                                  (20)
Q ,j – j ; n  – -

, ;
n                   n

                                      Q S = Q ,j; Q ,j = 1.                                                      (21)
                                                               j = 1 j = 1

:
1) ;
2) ;
3) ;
4)  ( Q 1 Q 2) -

, ,  (15)…(19);
5) j  (20), (21).

, ,  ( ) Si
j

Q ,i i j j :
kQ,  = Si

j = Q ,i / j (  (12)…(14)).
2 1

 (  { S 2}  { S 1}), -
Q ,S2 Q ,S1, 

kQ,S =  Q ,S1 /  Q ,S2. 
S 1}  { S 2} , .



-
2 1 -

t = t2 – t1 kQ,t
kQ,t =

=(Q ,H1(t2) – Q ,H1(t1))/(Q ,H2(t2) – Q ,H2(t1)), 
Q ,H1(t1) Q ,H1(t2) – -

1 t1 t2;
Q ,H2(t1) Q ,H2(t2) – -

2 t1 t2.
-

j
-

, 
. -

, 
 (13)…(16).

. 1. 
1 2 -

,  .  -
1 sin ;mu t U t -

1 2

1 1sinBm BB
i t I t 1 1sinCm CC

i t I t

, 2 1 3sin 3I H Cm CK I t . -
A C Bi t i t i t . 

2: sin cos sini i
p 1 m(3) 3m 1i (t)= I t +I (3 t+ ).

.  4 -
,  ,  

 (23)) -

2 , 
1 1U B ; 1 1BmI A ; m  1,1  1,5

 0,1 ; o
1 30C ; o

3 0 ;C
o

1 30B .
. 5 

Q (3) / Q (1)  = Q ) / Q (1)

3 0, 25pK . 

1 100U ; 1 10I . -
. , . 4  5, -

2
, 

2.
-

, , 
 13109-97 . -

, -
-

, -
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