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TIPAKTI,ITIECKOE 3A}UITI4E 4

CPEACTBA BbLflBJIEIJklfl, KAHAJIOB yrErrKI,I UHOOPMAUI,IIT

.I4nsoprvrarlr4 oHHbre pecypcbr, coAepxailIue cBeAeHlr-rl, cB-fl3allHble c rocy-

A apcrB eHu ofi rafi n ofi. u xon Q Ia4eH III4 anbH ofi raH 4) opla aqra efi .

o CpeAcrBa rr. raHsoprvraqr{oHHbre cr4creMbr (cpe4cma Bblql4cJlzrelsuofi rex-

Hr4Kr4, cerr4 Lr cucreusr), [porpaMMHble cpeAcrBa (ouepaquoHHble cl4creMbl,

cr4creMbr yrrpaBneHus. 6azaNtr4 AaHHbIx, [p]IKJIaAHoe ilporpaMMHoe o6ecue'{e-

uue), aBToMaru3trpoBaHHbre clrcreMbr y[paBJIeHI4q, c]rcreMbl cBfl3lr u [epeAarrfl

AaHHbIx, rexHuqecKl4e cpeAcrBa upu$ua, flepeAaqlz u o6pa6orru uuQopMaIII{I4

orpaHr4qeHHoro Aocryna (:nyrosarrr4cb, 3ByKoycHJIeHI{e, 3ByKoBoc[poI43BeAe-

Hrae, neperoBopHbre Lr reJreBrr3r{oHHble ycrpoficrna, cpeAcrBa }I3roroBJleHufl'

Tr4paxr4poBaH6e AoKyMeHToB t4 Apyrl4e rexHr{qecKl4e cpeAcrBa o6pa6orxil tpa-

Suuecxofi, crr,rsrcllosofi ra 6yxneHno-qraQposofi uu$opuaWr), r.e. crrcreMbl I'I

cpeAcrBa, HerrocpeAcrBeHHo o6pa6arblBaloqze xouQIrAeHuvaJIbHyIo raufiopn'la-

rlktlo u uusopMauvlo, orHoc-srqyrocfl K Kareroplll4 rocyAapcrBeHsofi rafissI. 3ru

cpeAcTBa I4 ct4cTeMbl rlacTo Ha3bIBaloT TexHIIqecKI{MI4 CpeACTBaVTU npueua, o6-

pa6orxu I4 xpaHeHIar uHQopMaIIIrIa (TCn@.

o TexsuqecKrae cpeAcrBa rr cr4creMbl, He BxoAqIrII4e B cocras TC[II'I, Ho

reppr{Topr{zurbHo HaxoAflrq:aecfl B IIoMeIqeHuqx o6pa6omu ceKpersoit u xoH$u-

AeHrlr4arrssofi unSoplra\r4rl.Tarue rexHr4qecKze cpeAcrBa I4 cl4creMbl Ha3bIBa-

rorc-fl BcrroMorareJrbHr,rMr4 TexHr4qecKr{Mr{ cpeAcrBaMpl 14 CI4CTeManru (BTCC).

K sul,r orHoc-rrrcfl: TexHr4qecKlre cpelcrBa rele$ouuofi, rpoMKoroBoprulei't cefl,-

3r{, cr4creMbr rroxapHofi r4 oxpaHsofi cursanr43apr, paAuorpaHcnrUr4r4, qaco-

fruxaqrau, cpeAcrBa vr cvcreMbr fiepep.arrtr AaHHbIx B cl4creMe paAl4ocBfl3r4, KoH-

TponbHo-r43MepureJrbHafl arrnaparypa, slexrpo6blToBble upra6opsr u r.A., a

TaKxe caMrr rroMerrleHr4-f,, rrpeAHa3HaqeHHble Anfl o6pa6orxa uHSopMaIIpI[ or-

paHnrreHHof o pacnpocTpaHeHl4s.

oTCIIZ MoxHo paccMarpr{Barb KaK crrcreMy, BKJI}oqaroUy}o craUrloHap-

Hoe o6opy,qoBaHr4e, uepuQepufiuue ycrpoficrBa, coeAI,IHrITeJIbHbIe JII{HI'IL4, pac-

flpelengTeJrbHbre r4 KoMMyHrrKaUI4oHHbIe ycrpoficrBa, cHcreMbl 3JIeKTporII4Ta-

IHtlfl., CpICTeMbI 3a3eMJIeHI4fl .

TexsuqecKr4e cpeACTBa, rpeAHa3HaqeHHble Anfl o6pa6orxu xou$uAeHul4-

alruofi rau$opuail:ar, BKJrloqa.s rroMeIrIeHI,I-s, B Koropblx oH[I pa3Melqatorc-fl,

rrpelcraBr-f,Ior o 1uercm TC II LI.

1.2. TexnuqecKrre KaHaJrr,I yreqKl{ unQopruauuu.

Crpyrcryp a, KJr accu Qurcaq ufl, v o cHoBHbre xapaxTepr.rcrl{K}r

Hau6olststuit r4HTepec c rorrKr4 3peHl4s o6pa:oeaHnfl, KaHarIoB yreqKl4 aH-

tpopnlaquu rpeAcraBJr.rrlor TCII4 ra BTCC, I4MerouII4e BbIxoA 3a npeAenbl KoH-

mpolupyeuoil soHbt (K3), r.e. 3oHbr c rponycxsofi clrcreMofi. Kporvre coe.qI'IHI4-

reJrbHbrx nu]g{uir TCIIZ u BTCC 3a IIpeAeJIbI KoHrponl4pyeN{ofi soHbl Moryr

I,IMCTr BsIXOI IrPOXOA'IIIUC qEPC3 NOMEUIEHI4-fl TIOCTOPOHHI{E IPOBOAHI4KI'I' HC

cB-n3aHHbIe c TCIIZ u BTCC (puc. 1.1).
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.  я  я  
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  –     .  

        

,         . 

       , -

     . 

       

      [35].  

     -

: E
r

 –    ( / ); D
r

 –  

 (   ) ( 2( / );  H
r

–  

  ( / ); B
r

 –   ( ). 

        

     .      

    : 

;D E=ε
r r

                                                      (1.1)  

,B H=μ
r r

                                                     (1.2) 

 ε= 0rε ε  –   ; 0ε = 128,855 10−⋅  – 

   ( / ); rε –  -

  ,    ; 0rμ=μ μ  – 

   ; 7
0 4 10−μ = π⋅  –  

  ( / ); rμ  –   -

 . 

  rε   rμ      -

. ,      0°  1,0006.rε =  
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.       

        : 

           rot .
D

H
t

=δ+
r

rr
                                            (1.3) 

       -
:       -

   δ
r

       ( -

   D
r

).  
D

t

r

   

 .  δ
r

       
    

           
0

lim ,
S

I

SΔ →

Δ
δ=

Δ

r
                                           (1.4) 

 IΔ  –    SΔ ,  δ
r

.   

 ,Eδ= γ
r r

  γ  –  . 

 
D

t
δ+

r
r

    . 

       

 B
r

    (rot)  

  E
r

: 

          rot .
B

E
t

=−
r

r
                                             (1.5)  

       ,  
       -

,        (   
 B
r

). 
      S  -

 L ( . 1.4),      rotE
r

   -

. 

 (1.5) : 

           rot .
S S

B
EdS dS

t
=−∫ ∫

r
r rr

                                     (1.6) 

  dS
r

     

dS        0n
r

. 

   ( rot ,
S L

vdV vdl=∫ ∫
rr r

   v
r

 –  )  

         
 rot E

r
   E

r
  ,  : 
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            ,
L S

Edl BdS
t

=−∫ ∫
r rr r

                                     (1.7) 

 dl
r

 –    dl      

 0τ
r

. 

 (1.7)       -

 . 

  S ( . 1.5)     L ( -

, ),   (1.7)    

            ,e
t

=−                                              (1.8) 

   E
r

       ,   

L

e Edl= ∫
rr

 ,        

,  
S

d
BdS

t dt
− =−∫

rr
,   –  .    -

       

: 
d

e
dt

=− .  

 

 

 

 

 

 

 

 

 

 

 

 

 
. 1.4                                                       . 1.5 

 

       

  . 

       

     (1.3)   

 S   L    : 

        .
L S S

Hdl DdS dS
t

= + δ∫ ∫ ∫
r r r rr r

                                      (1.9) 

S 

L 

rot  E
r

rot  n E
r

0τ
r

rot  E
r

rot  n E
r

B
r

L
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S

dS Iδ =∫
r r

 –   δ
r

   S –  

 ,   ,   

S

DdS I
t

=∫
rr

 –  .  I I+    . 

        

   : 

            div ;D=ρ
r

                                              (1.10)  

               div 0.B =
r

                                              (1.11)  

      

    ρ  – ,   

: 

             
0

,lim
V

q

VΔ →

Δ
ρ=

Δ
                                         (1.12) 

 qΔ  – ,     VΔ . 

    (1.10)   

 V       -  

 

             .
S

DdS q=∫
rr

                                            (1.13) 

 S – ,   V,  
V

q dV= ρ∫  –  

   . 

 (1.13)      

(1.10)     :   -

        . 

   (1.11)   

divB
r

   V    - : 

          0.
S

BdS =∫
rr

                                          (1.14)  

       -

   . 

 : 

         

,

, ,

0.

L S S

L S S

S

d
H dl DdS dS

dt

d
Edl BdS DdS q

dt

BdS

= + δ

=− =

=

∫ ∫ ∫

∫ ∫ ∫

∫

r r r rr r

r r rr r r

rr



 



                           (1.15)  
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 : 

         

rot ,

rot ,

div ,

div 0,

,

,

.

D
H

t

B
E

t

D

B

B H

D E

E

= +δ

=−

=ρ

=

=μ

=ε

δ= γ

r
rr

r
r

r

r

r r

v v

r r

                                          (1.16)    

 (  D B
v v

)   (1.16) 

   ,      

    : 

0 0
0

rot , rot , div ( const),

div 0 ( const), ( 0).

r r r
r

r

E H
H E E

t t

H E E

ρ
=ε ε +δ =−μ μ = ε =

ε ε

= μ = δ= γ =

v v
rr r r

rr r r
   (1.17) 

  (1.15)…(1.17)     

 . 

      

 .     -

,      -

,       -

  cos( )m t ψψ=ψ ω +ϕ .     V
v

   

,    : 

1 1 1 2 2 2 3 3 3cos( ) cos( ) cos( ),m m mV a V t a V t a V t= ω +ϕ + ω +ϕ + ω +ϕ
v v v v

     (1.18) 

 1 2 3, ,a a a
v v v

 –     1 2 3, ,q q q . 

 2 fω= π      -

; mψ  imV  – , ψϕ   iϕ  –  . 

     -

   ,    -

   .     

( ) cos( ) sin( )j t
e t j t

ω +ϕ = ω +ϕ + ω +ϕ  

,   ψ  ( . )   V
v

    -
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1 2 3

( )

( ) ( ) ( )
1 1 2 2 3 3

;

,

j t
m

j t j t j t
m m m

e

V a V e a V e a V e

ψω +ϕ

ω +ϕ ω +ϕ ω +ϕ

ψ=ψ

= + +

v&

v v v v&
    (1.19) 

   .  (1.19) 1 2 3, ,a a a
r r r

 –   

 .   Re , Re .V Vψ= ψ =
vv &&  

   V
v&

  

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

m m mV a V e a V e a V e
ϕ ϕ ϕ= + +

v v v v&
                  (1.20) 

   .   -

    V
v&

  .j t
mV V e

ω=
v v& &

  

       .jω  

  V
v&

    -

 ,      -

   . 

       (1.17) 

    : 

          

0

0

0

rot ;

rot ;

div 0;

div ;

.

m m r m

m r m

m

m
m

r

m m

H j E

E j H

H

E

E

=δ + ωε ε

=− ωμ μ

=
ρ

=
ε ε

δ = γ

vv v&& &

v v& &

v&

v &&

v v& &

                          (1.21) 

 (1.21)   ,  ,  

1,0006.rε =  

   V ( . 1.6),     

 ( 0ρ≠ )    ( 0δ≠
r

).      

 ,    φ       -

 

       
2 2 2

2 2 2
x y z

ϕ ϕ ϕ ρ
+ + =−

ε
                               (1.22) 

    

           
1 1

,
4 V

dV
r

ϕ= ρ
πε ∫

                                         (1.23)  

   ,    A
r

, -

    2
A∇ =−μδ
r r
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1
,

4 V

A dV
r

μ
= δ

π ∫
r r

 

 0 0 0x y z
x y z

∇= + +
r r r

 –  . 

 

 
 

 
. 1.6 

 

    (1.21)    

   ϕ    A  

: 

         

1 1
( ) ( ) ,

4

1
( ) ( ) ,

4

V

V

r
t t dV

r v

r
A t t dV

r v

ϕ = ρ −
πε

μ
= δ −

π

∫

∫
r r

                            (1.24)   

 r  –     M ; v  –    

,        

 k   .k
v

ω
=   ρ   δ

r
   

  

         .
d

div
dt

ρ
δ=−
r

                                          (1.25)     

      -

 : 

          

1
,

4

.    
4

jkr

m
V

jkr

V

e
dV

r

e
A dV

r

−

−

ϕ = ρ
πε

μ
= δ

π

∫

∫

& &

r r& &
                             (1.26) 

  ,     -

 cos cos ,m mq V t q t=ρ Δ ω = ω     VΔ ,  

 (1.26)       

          ,
4

jkr
m

m
q e

r

−
ϕ = ⋅

πε
&

&                                     (1.27)   

   : 

           cos( ).
4

mq
t kr

r
ϕ= ω −

πε
                                 (1.28) 

δ
r

ρ
0

M
r
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       ,   

,    ,   v. 

     ϕ     -

     

          
0

1
rot ;

grad ,

H A

A
E

t

=
μμ

=− − ϕ

rr

r
r

                                     (1.29) 

  

grad

d

dx

d

dy

d

dz

⎧ ϕ
⎪
⎪
ϕ⎪ϕ=⎨

⎪
⎪ ϕ
⎪
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 I   p
r

.  

          

 m I S=−μ
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m I

S
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=−μ

r r
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   l,     z 

     cosmI I t= ω  ( . 1.7). 

 [35] ,        
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( . 1.8)     

          .m
m
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ω
&                                            (1.30) 

 

 

 

 

 

 

 

 

 ,        

 ,   0mp z lq=
r r&    -

   ω       

0.m
m

I l
p j z=−

ω
r r&                                          (1.31) 

  . 1.7   (  ) -

        

. 

      ( . 1.9) -

      : 

0 0( cos sin ) .
4

jkrm
m

lI
A r e

r

−μ
= ϑ−ϑ ϑ

π

r rr&
                           (1.32) 

 

 

 

 

 

 

 

 

 

 
. 1.9 

 

 ,       

 ( , , )M r ϑ α ,       
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2

2

2 2

1
[ cos( ) sin( )]sin ;

4

1
[ sin( ) cos( )]cos ;

2

1 1
[( 1)sin( ) cos( )]sin ;

4

0.

m

m
r

m

r

klI
H t kr t kr

r kr

klI
E t kr t kr

krr

k lI
E t kr t kr

r krk r

H H E

α

ϑ

ϑ α

= ω − − ω − ϑ
π

= ω − + ω − ϑ
πωε

= − ω − + ω − ϑ
πωε

= = =

         (1.33) 

  (  ).    

  r >> l (l –      

)  kr << 1,  r << 1/k.    k = 2π/λ   

  r << λ/2π (  ).    

(        ) 

 (1.33)  ,      

     kr: 

   

2 3

3

sin cos ; cos sin ;
4 2

sin sin ; .
4

m m
r

m m
m

lI p
H t E t

r r

p lI
E t p

r

α

ϑ

= ϑ ω = ϑ ω
π πε

= ϑ ω =
ωπε

           (1.34)   

  (1.34)    ,    

(1.34)         

 .      

  .  (1.34)   -

         

     , 

      « » -

.  (1.34) ,   E  H       90°. 
 .    ,  -

  ,   1r krλ  .     

   2 21 k r   1 kr .   (1.33) 

  [35]: 

0

sin sin( );
4

0;

sin sin( ).
4

m

r

m

klI
H t kr

r

E

klW I
E t kr

r

α

ϑ

=− ϑ ω −
π

=

=− ϑ ω −
π

                          (1.35) 
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 (1.35)    mE
 

 mH ,   

0 m

m

E
W

H

μ
= =

ε
      

.   0 0

0

120  W
μ

= = π
ε

[ ]. 

 (1.35)   .   

  .  E
r

  H
r

  -

    ,    

.      ( 90 )ϑ= °   

    ( 0).ϑ=   

       -

 ( . 1.10),    .  -

     , 

  mE  (  mH )    ϑ  

  .r         

 .  ,   

,   

       2 0 2( ) .
3

m
l

P I W
π

=
λ

r
                                     (1.36) 

 ,        

  (l <<λ ). 

 

 

 

 

 

 

 

 

 

 
. 1.10.   

 

 
1.2.1.3. Э     

 

     [35],   

 ( . 1.11, )        -

            -

   ( . 1.11, )   0 .m z I S= μ
r r

  

z
ϑ

r

00

0E

ϑ=
=

90

E E

ϑ= °
=
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    cosmI I t= ω   -

     0 mm z I S= μ
r r& & . -

       -

  . 

        -

    

( )
0

2 ( )
0 02 2

1
( ) sin ;

4

2 1 1 1
[ ( )cos ( )sin ] .

4

j t krm

j t krm

j I S
E jk e

r r

I S k
H r jk j k e

r r rr r

ω −

ω −

ωμ
=−α + ϑ

π

= + ϑ+ϑ + − ϑ
π

r r&

rr r&
     (1.37) 

 

 

 

 

 

 

 

 

 

 

 (1.37)     : 
2 0

2

2

2 2

1
[ sin( ) cos( )]sin ;

4

1
[ cos( ) sin( )]cos ;

2

1 1
[( 1)cos( ) sin( )]sin ;

4

0.

m

m
r

m

r

I k SW
E t kr t kr

r kr

I kS
H t kr t kr

krr

I k S
H t kr t kr

r krk r

E E H

α

ϑ

ϑ α

= ω − + ω − ϑ
π

= ω − − ω − ϑ
π

= − ω − − ω − ϑ
π

= = =

    (1.38) 

 (1.33)  (1.38) ,    -

  . 

 (1.38)    : 

2 3

3

sin sin ; cos cos ;
4 2

cos cos ;
4

m m
r

m
m m

I S m
E t H t

r r

m
H t m I S

r

α

ϑ

μ ω
= ϑ ω = ϑ ω

π πμ

= ϑ ω = μ
πμ

            (1.39) 

  : 

S

zz

m
q+

m
q−

m
r⎧

⎨
⎩l

. 1.11 
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2 0

2

cos( )sin ; 0;
4

cos( )sin .
4

m
r

m

I k SW
E t kr H

r

I k S
H t kr

r

α

ϑ

= ω − ϑ =
π

=− ω − ϑ
π

              (1.40)  
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2 2
. 1 1 2 2( ) / 1 ,U U C U C R T= − ω + ω                (1.41) 

 1 2,C  –       ,  

  1 2;C ≠ ω  –   ; ,R  –  

     . 

 (1.41) ,       -

 1 2C =   1 2.U U=  

   1 2C =    -

       -

    ,     

  .   1 2U U=     -

      .  
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