
ISSN 1027-9636.   . . 18,  3, 2013210

  . 2013, . 18,  3, c. 210–219

. .  1,  . .  1 ,

. .  1, . .  2

1    ,

. , 4, . , 61002, 

E-mail: kalinich@rian.kharkov.ua

2     

. . .   ,

. , 27/29, . , 36014, 

E-mail: brazhai@gmail.com

ÐÀÇÄÅËÅÍÈÅ ÌÅÆÏËÀÍÅÒÍÛÕ È ÈÎÍÎÑÔÅÐÍÛÕ ÌÅÐÖÀÍÈÉ
ÊÎÑÌÈ×ÅÑÊÈÕ ÈÑÒÎ×ÍÈÊÎÂ
Â ÄÅÊÀÌÅÒÐÎÂÎÌ ÄÈÀÏÀÇÎÍÅ ÐÀÄÈÎÂÎËÍ

          -
       ( -     

, -      ,   -
,    ).      -

       .
 :  ,  ,  ,  

 523.164.42

© . . , . . ,

   . . , . . , 2013

1. Ââåäåíèå

  , 

  ,   .

    -

  ,    -

    (5 6÷  ).

    -

        -

  .   -

  ,  

    , -

    

  ( )  -

.   –  -

   , -

   

     [1]. -

    

     -

 (       , -

   ),   -

    

 [2, 3].  

   ε  (   

     

)    .λ   

    

    .  -

     -

     -

    ,

 ,   -

,  , ,   ,

   [4].

    -

    

     -

 ,    .  -

    ( )

    

 F    

  (200 350÷  ) [5, 6].  -

 ,  ,   

   E  -

 [7].     -

      

 10 30÷      -

   0.06 0.1÷    0.02 0.04÷  

.  ,   

    -

      

   .

     

     -

   



ISSN 1027-9636.   . . 18,  3, 2013 211

          

 1′′  (     -

  )   

  .   -

    

  [8].   [9]   -

       

  20 30÷  .   

   

    -

   –  

  -  

,      

     

  DSP-z [10]. -

  ,   -

      -

     -

   ,    

 -  ,    -

 DSP-z      

.  ,   -

 ,     -

    

 “Robin”   -2,

     -

     -

    

     

 [11].

  –   -

     -

    -

    

( -     

, -   -

   , -

  ,  -

  ),   

    -

     

 .

2. Íàáëþäåíèÿ

  c 21  28  2013 .   -

, -2   -

  . .    

( .   .) [12]  -2 ( -

) [13] (  152 ),    -

   .

 (8 32÷  ) -  -

 -2     :

“ – ” (   – )  “ – ” ( -

  – ), –     

   – 150 000 2.

   -2 -

    

    

238 118×  .    -

 -2     8 32÷  .

    

   3 144, 3 196

 3 274 (    

   110 ).ε > °   3C144

    

 [14]   [15, 16] -

      

   5′′θ <    

 1000    20  25 . -

 3 196    

   . 

  [17]  -

   3 196 :

  2.4 0.13′′ ′′θ = ±  (   20 )

 2.2 0.05′′ ′′θ = ±  (   25 ), 

 (100 10)±     20  25 .

     2.0 1.5′′ ′′θ = ±
  (130 25)±     25  [14].

   100f <   -

 3 274 (  )    -

 5000      .

  –    

1,′θ ≈   –     16 ,′θ ≈
     

       -

       

   [18, 19].

    

   Fθ    -

      

 .   , 

     -

  ,

2
,F kz

π=θ

 2k = π λ  –  , λ  –  

; z –    .

 1z =  . . (  )  12λ =
 (1)  5 ,F ′′θ ≈    350z =



212 ISSN 1027-9636.   . . 18,  3, 2013

. .   .

( ) – 50 .F ′θ ≈   , -

    5′′θ <    -

    ,

    5 50′′ ′< θ <  –   -

 ,  50′θ >   -

      . 

,   

3 144, 3 196  3 274    

  ,  -

 3 274   -

 ,  3 144  3 196 –   

(   ).

    -

  1h±     -

  4 .     -

   

DSP-z.   ( 32fΔ =  ) -

    

  (  70 )  

    -

   8192   

  4 .   DSP-z 

     “ – ” (4 -

)  “ – ”    -2  

      

     -2.

     

    :

  – 20.63 28.88÷  , 

   20t =  .

   –    -

   DSP-z,   

 (       -

) ( )x± τ     -

 ( , )u t f±     -

   [10]:

2
( , ) ( , ) ,u t f X t f± ±=

(1)

2

2

2

1
( , ) ( ) ( ) d ,

t T
i f

t T

t f g tx eX T

+
− π τ

± ±
−

= τ τ − τ∫

 ( )g t − τ  – ,  T –  , -

   , t –   .

,w sT N t= Δ

 wN  –  , 1 ,s st fΔ =  sf  – 

 .

   142 16384,wN = = 66sf =  

   2048  , 

 4s wf f NΔ = ≈     .

3. Ìåòîäèêà îáðàáîòêè äàííûõ

    .  -

       -

  ,   DSPz,

  ,u u u+ −= −  -

   

 -2  -2.   -

,    ,  -

     -

   -

    -

 120pT =      -

   .  , -

   -2,  

  68   

1 ( 1)

1
( , ) ( , ),

jn

j j k
k n j

U t f u t f
n = + −

= ∑

( )1 ( 1) 2,j jn n jf f f + −= −

 68,n =  1 30.j = ÷
    -

  ( 68)n =     

    2010–2013 .

  ,    -

 /     

 ,    – 

    ,

 .   

   -2  -

  , 

 ,      -

  -2,  

    ( 340).n =   -

,    -

 30     0.272 

  -2  6    -

 1.36    -2, -

   20.63 28.88÷  .

     -

     -

   . -

    



ISSN 1027-9636.   . . 18,  3, 2013 213

          

,   ,

   

     

  20.63 28.88÷  ,  -

     -

       -

 20.63 28.88÷  ,  

 4 .

   ( )P ν  -

   ,  ,

    -

  (1).    

   ,   -

 ,ν     -

  t  max( 1 50tν = =  ).

    

2 2
( )

,
( ) ( )

m
I t I t

+σ − σσ= =

 ( )I t  –   ,

   ,   -

 ( ) ; 
2 ,σ  

2 ,σ
2
( )+σ  –   , 

  .  2
( )+σ   2σ  

     -

   :

1

2
( )

1

( )d ,

p

t

T

P+ +σ = ν ν∫              

1

2

1

( )d ,

p

t

T

Pσ = ν ν∫

 ν  –  , P +  – -

  , P  –  -

   ,P +  

. -   

     , ( )fR τ
 ( ),sR τ     ( )R τ =

1 2( ) ( )d .

p

p

T

T

I t I t t
−

+ τ∫      -

  1I   2I  –   -

      

  20.63 28.88÷  ,   -

  1I   2I  –   

,    -

,     .

   

W     -

  ( ) .I I− σ

4. Ðåçóëüòàòû è îáñóæäåíèå

  

    :  -

 ,    

.

4.1. Ñëàáîå âëèÿíèå èîíîñôåðû Çåìëè

 . 1    

  ( , )u t f  

. 1.      

  ,  26  2013 .

   3 144  -

 -2 ( )  -2 ( ),     -

    24  (   – 

-2,  –  -2) ( )



214 ISSN 1027-9636.   . . 18,  3, 2013

. .   .

3 144,    ,

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

     .

 . 1,    

   24  (   –

 -2,  –  -2).

   –   -

   -

 .    ( . 1, – )

     

.  

     

   2.  

( . 2, ), -   -

    ( . 2, ),  -

   ( . 2, ),  -

  2( 0.16,m − =  2 0.15),m − =
   ,  .

     (

,      

 , 
2 2 )σ = σ  

  0.1 0.3÷    1 2÷   -

.  ,  4 

  ,     -

, max 0.7,R >  -  

       -

 ( . 2, , ).  -  -

      -

   0,τ =    -

     -

    0.4 , 

   -

     -2 – -2

 380 /c.   -

      

 ( . 2, ).

4.2. Ñëàáûå èîíîñôåðíûå ìåðöàíèÿ ( 0.3)<<<<m

  ,   

     

    -

. 2.   ,     3 144  

-2  -2      :  – ,  – -   

  ,  –    ,  – -   

  



ISSN 1027-9636.   . . 18,  3, 2013 215

          

    .

    

 ,   60 % -

     -

    . -

    -

 3 274   0.3m <  ( . 3)

    

    -

  3 144 ( . 4).

. 4.     (  3 274)    (  3 144), -

 28  2013 .:  – ,  – -      ,  – 

  ,  – -      

. 3.     ,    28  2013 .  3 274

   -2 ( )  -2 ( )



216 ISSN 1027-9636.   . . 18,  3, 2013

. .   .

,    

    -2

( . 3, )  -2 ( . 3, ).  

     -

   20.63 28.88÷  .  ,

     -

  -2  01:58:00 ( . 3, ).

    -

     

     

(8 12÷  ).    

  3 274  

    , -

    -

    ( , ).

,    ,

     ,

      -

  0.02 0.04÷   ( . 4, ), ,

    , - -

     

( . 4, ),   -

    -

  ( . 4, )  

  -2 – -2 ( . 4, ).

4.3. Ñèëüíûå èîíîñôåðíûå ìåðöàíèÿ ( 0.3)>>>>m

 ,   

     -

 ( -2)     -

   0.3m >  ( . 5, ),    -

 ( -2) –   -

  ( . 5, ).  . 5, –

,     

    

  -

 ,   .

 ,   

,    -2

(   ( . 6, ), - -

     

( . 6, ),   

( . 6, ), -   

   ( . 6, )   -

)    

    ( , 

-    

      -

 ( . 6, ),    

   ( . 6, )

 . .).      -

  .     -

        -

,        -

 –  .  , 

      

   , - -

. 5.       

,     3 196

  -2, ( ),   

,     3 196

  -2     -

, ( ),       

 24  (   –  -2,  –

 -2) ( )



ISSN 1027-9636.   . . 18,  3, 2013 217

          

       -

    

 .  ,   -

     -

   , ,  

 .

  ,  

    

      -

   ,  

     . 

 ,     -

     , -

   152 .  , 

    

 ( , -2),  

     -

     ( -2).

 ,   -

   -

  152 ,    . 

,      -

   , -

     .

5. Âûâîäû

   ,  

 .

1.      

    

 ,  

 .

2.     -

    -

   8   150 

.

3.    -

,      ( -

     -

, -   

   , -

  ,  -

. 6.        ,    -2,  

     ,    -2,   

3 196:  – ,  – -      ,  –   -

 ,  – -      



218 ISSN 1027-9636.   . . 18,  3, 2013

. .   .

  )   -

    .

4.    -

    

. ,     -

,    , -

       .

5.     -

   

    -

.    

    -

    (   

0.04ν <  ),  (    -

 ) -   -

   ,  max( 0.7)R <  -

  ,  -

   .

     

     -

   .

   . .  

. .      -

.

    

 “   

     -

  2012–2016 .”.

 

01. Hewish A., Scott P. F., and Wills D. Interplanetary Scintil-

lation of Small Diameter Radio Sources // Nature. –

1964. – Vol. 203, Is. 4951. – P. 1214–1217.

02. Readhead A. C. S. Interplanetary scintillations of radio

sources at metre wavelengths // Mon. Not. R. Astron. Soc. –

1971. – Vol. 155. – P. 185–197.

03. Coles W. A. Interplanetary scintillations // Space Sci. Rev. –

1978. – Vol. 21. – P. 411–425.

04.  . .   -

 4 21.53    

  43°–138° //   -

. – 2011. – . 16,  4. – . 386–393.

05. rane R. K. Ionospheric scintillations // Proc. IEEE. –

1977. – Vol. 65, No. 2. – P. 180–199.

06. Bovkoon V. P. and Zhouck I. N. Scintillations of cosmic

radio sources in the decametre waveband // Astrophys.

Space Sci. – 1981. – Vol. 79, No. 1. – P. 165–180.

07.  . .   -

    -

      

 ( ) //  . . – 1962. –

. 5,  5. – . 839–865.

08.  . .,  . .    -

      -

      -

 //  . – 1981. – . ,  6. – . 69–71.

09.  . .,  . .,  . .,
 . .,  .,  . .  -

    -

    20–30  //   -

. – 2005. – . 10,  2. – . 113–119.

10. Ryabov V. B., Vavriv D. M., Zarka P., Ryabov B. P., Ko-
zhin R. V., Vinogradov V. V., and Denis L. A low-noise,

high-dynamic-range, digital receiver for radio astronomy

applications: an efficient solution for observing radio-bursts

from Jupiter, the Sun, pulsars, and other astrophysical

plasmas below 30 MHz // Astron. Astrophys. – 2010. –

Vol. 510. – A16, doi: 10.1051/0004–6361/20091335.

11. Lecacheux ., Konovalenko A. A., and Rucker H. O. Using

large radio telescopes at decametre wavelengths // Planet.

Space Sci. – 2004. – Vol. 52, Is. 15. – P. 1357–1374.

12.  . .,  . .,  . . 
   -2 // . –

: . – 1978. – . 26. – . 3–14.

13.  . .,  . .,  . .,  . .,
 . .,  . .  -

   -2 // 

 . – 2003. – . 8,  4. – . 345–356.

14.  . .,  . .   -

      -

     // -

   . – 1992. –  7. – . 80–91.

15. Bobeiyko A. L., Bovkoon V. P., Braude S. Ya., Megn A. V.,
and Sergienko Yu. Yu. Measurements of radio emission

from the compact source in the Crab nebula with the

URAN-1 interferometer at 16.7, 20 and 25 MHz // Astro-

phys. Space Sci. – 1979. – Vol. 66, Is. 1. – P. 211–221.

16.  . .,  . .,  . . 
    

  -1   16,7;

20  25  //  . – 1979. – . 259. – . 811–813.

17.  . .,  . .,  . .,
 . .,  . .,  . .,
 . .,  . .,  . . 

   3 196  -

   //   . . –

1996. – . 22,  6. – . 428–433.

18. Kassim N. E., Perley R. A., Erikson W. C., and Dwara-
kanath K. S. Subarcminute resolution imaging of radio

sources at 74 MHz with the Very Large Array // Astron. J. –

1993. – Vol. 106, No. 6. – P. 2218–2228.

19. De Gasperin F., Orrú E., Murgia M., Merloni A., Falcke H.,
Beck R., Beswick R., Bîrzan L., Bonafede A., Brüggen M.,
Brunetti G., Chy y  K., Conway J., Croston J. H., Enß-
lin T., Ferrari C., Heald G., Heidenreich S., Jackson N.,
Macario G., McKean J., Miley G., Morganti R., Offrin-
ga A., Pizzo R., Rafferty D., Röttgering H., Shulevski A.,
Steinmetz M., Tasse C., van der Tol S., van Driel W.,
van Weeren R. J., van Zwieten J. E., Alexov A., Ander-
son J., Asgekar A., Avruch M., Bell M., Bell M. R., Ben-
tum M., Bernardi G., Best P., Breitling F., Broderick J. W.,
Butcher A., Ciardi B., Dettmar R. J., Eisloeffel J., Fries-
wijk W., Gankema H., Garrett M., Gerbers M.,. Griess-



ISSN 1027-9636.   . . 18,  3, 2013 219

          

meier J. M, Gunst A. W., Hassall T. E., Hessels J., Hoeft M.,
Horneffer A., Karastergiou A., Köhler J., Koopman Y.,
Kuniyoshi M.,. Kuper G, Maat P., Mann G., Mevius M.,
Mulcahy D. D., Munk H., Nijboer R., Noordam J.,
Paas H., Pandey M., Pandey V. N., Polatidis A., Reich W.,
Schoenmakers A. P., Sluman J., Smirnov O., Sobey C.,
Stappers B., Swinbank J., Tagger M., Tang Y., van Bem-
mel I., van Cappellen W., van Duin A. P., van Haarlem M.,
van Leeuwen J., Vermeulen R., Vocks C., White S., Wise M.,
Wucknitz O., and Zarka P. M87 at metre wavelengths: the

LOFAR picture // Astron. Astrophys. – 2012. – Vol. 547. –

A56, doi:101051/0004-6361/201220209.

. .  1,  . .  1  ,
. .  1, . .  2

1    ,

   . , 4, . , 61002, 

2    

    . . .   

   . ’ , 27/29, . , 36014, 

   

  

   

     

    

     

( -      ,

-     

,   , -

   ).  -

     

      .

N. N. Kalinichenko 1,  I. S. Falkovich 1  , A. A. Konovalenko 1,
and A. I. Brazhenko 2

1 Institute of Radio Astronomy, National Academy

   of Sciences of Ukraine,

   4, Chervonopraporna St., Kharkiv, 61002, Ukraine
2 Poltava Gravimetric Observatory, S. Subotin Institute

   of  Geophysics, National Academy of Sciences of Ukraine,

   27/29, Miasoiedov St., Poltava, 36029, Ukraine

SEPARATION OF INTERPLANETARY AND

IONOSPHERIC SCINTILLATIONS OF COSMIC

SOURCES AT DECAMETER WAVELENGTHS

The influence of Earth’s ionosphere on statistic characteris-

tics of compact space sources scintillations (cross-correlation

function of scintillations at two frequencies, cross-correlation

function of scintillations at two radio telescopes, power spec-

trum of scintillations, probability density function of scintilla-

tions) has been experimentally estimated at decameter wave-

length. A new method for selection of interplanetary scintilla-

tions from experimental data obtained with the URAN system

radio telescopes has been developed.
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