
ISSN 1027-9636.   . . 18,  3, 2013 231

  . 2013, . 18,  3, c. 231–243

© . . , . . , 2013

. . , . . 

    . . ,

. , 4, . , 61022, 

E-mail: Leonid.F.Chernogor@univer.kharkov.ua

ÂÎÇÌÓÙÅÍÈß Â ÃÅÎÊÎÑÌÎÑÅ, ÑÎÏÐÎÂÎÆÄÀÂØÈÅ
ÏÀÄÅÍÈÅ ÌÅÒÅÎÐÈÒÀ “×ÅËßÁÈÍÑÊ”

        ,      -
  1 1000÷  ,       “ ”.   

        ,  GPS- -
.      ~ 2000 3000÷      

      266
3

    – .   
,    ,     .    -

      (  1 1000÷  ).
 : ,  ,   , -  ,

  ,  

 533.6.011.6+523.682

1. Ââåäåíèå

 ,   

“ ”,     15 -

 2013 .  03:20:26 UT (    

  UT) [1–3].  

      (  –

 270 ),°      -

    20 .°    -

  18.5 / ,   –

 18 ,   –  11  [1–3].

      

   1.88  (440   -

).     -

     

23 27÷  .    -

: 54.8° . .  61.5° . .  

  1 .  30 %  

    . -

,      ,

      

 .   ,

      -

       [4].

   -

   , 

  .

,  ,  -

,       65 .

    

    -

   , 

     “ ”.

2. Ñðåäñòâà è ìåòîäû

2.1. Ñîñòîÿíèå êîñìè÷åñêîé ïîãîäû

   

   , 

   , 

    ( ) ACE,

   -

      -

 (AE, stD   ).pK
     -

      -

 6 35 10 ,−⋅      400 / ,

  –  44 10⋅  .

 zB   

     0  –1 .

 stD -    

–30 .    (  03:00  18:00) -

  pK      0

 1,   AE –  30  150 .

 ,   -

     -

  ,    -

 .

2.2. Ïðèåìíî-îáðàáàòûâàþùàÿ
ðàäèîòåõíè÷åñêàÿ ñèñòåìà ìèðèàìåòðîâîãî
äèàïàçîíà

    -

  (   ) -



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

. . , . . 

      -

 –    -

    - -

 -66 [5].    -

     -

     
2

( 66
3

f =  ),

  . ,  ( -

 : 56.75° . ., 37.5° . .).

    . , -

 (  : 50° . .,

36.25° . .).

    -

    -

    -

    

   

      -

    -

  0 360 .° ÷ °   - -

   (  -

    -

   11(1 2) 10−÷ ⋅   -

     

 1010 )−     (

FE-5680A)  -

,   ( 1-69)  -

 .    , -

    , 

      

(USB- - ).  

    -

,  ,   0.1 0.3 ,° ÷ °   -

    -

  .

2.3. Èîíîçîíäû

     -

  , -

  -     (

,  : 55.5° . .,

37.3° . .),   -  (  -

,  : 43.15° . .,

76.54° . .).    -

    

( 3000R >  )    -

  (  :

50.0° . ., 14.6° . .)   ( -

 : 54.6° . ., 13.4° . .).

     -

 15 .

,     -

      , -

,      1510,

1730, 3145  3020  .

2.4. Ñïóòíèêè GPS

  , 

  ,  

    GPS.

    TUMP,

ARTU  TRIM.    

 -  

   .

    -

    -

   ,  -

   

( )    .LN
    

 ( )     -

      

.   20180sz ≈  ,

  3.8s =v  / ,  -

   – 12 .  -

    -

  350iz ≈  .  -

     -

   iz   ~100 / .  

      -

    -

      100 .

     

240 360R ≈ ÷  .   -

-   -  

.

,  -    -

  (  100 / )  -

     -

-  .  -

   , 

,     -

   -

,     .

    . 

     , 

  00:40  02:45   400  0 

,    -

   ,   -



ISSN 1027-9636.   . . 18,  3, 2013 233

  ,    “ ”

    

  .  

   (

 ) λ      -

  :

,i
s

s

z T
z

λ = v

  –   . 

, λ     -

 ,    -

      -

  .

    -

 ( ) d ( ) d .L LN t N t tΔ = Δ  

2
( ) cos ,L LmN t N t

T
πΔ = Δ

   

.
2

Lm
Lm

N TN ΔΔ =
π

(1)

 T –   , LmNΔ  –

  ( ).LN tΔ

2.5. Ìàãíèòîìåòð-ôëþêñìåòð

  , -

  .    ( -

 : 49.65° . ., 36.9° . .),

  -

-II     

( ) .    -

 (0.5 500÷      1 1000÷  

)    

  (  0.001  1 ). -

 -II   

 ,  -

    -

    

0.5 ,     -

      USB- -

.      ,

     

 GPS  BR-304, 

    -

 (    -

)   .

    -

    

   .

3. Ðåçóëüòàòû íàáëþäåíèé

 ,    -

    , 

     -

  15  2013 .  -

     -

 .

3.1. Âîçìóùåíèÿ â íèæíåé èîíîñôåðå

   ( )tϕ    -

 5    ( )A t   

  
2

66
3

    . 1  . 2

.  . 1 ,   

 ( )tϕ    6 

  7 8° ÷ °     -

 1 46tΔ ≈  ,   

 10    6 7° ÷ °  –  

2 68tΔ ≈  .   

 140  200  .

     T ≈
214 230÷      

04:52–05:20,   3 92tΔ ≈  , 

 4 .Δϕ ≈ °
   13, 16  17  2013 .

     (  -

   3 ,°  . . 1).

    -

 ( . . 2). 15  2013 .  -

  03:30–04:00   -

   10 . . ,  

  .    -

  ( )A t    -

 5 10 %÷     150 , -

   .

3.2. Âîçìóùåíèÿ â ìàêñèìóìå
ñëîÿ F2 èîíîñôåðû

  2( ),of F t    14,

15  16  2013 .,  -

  . 3, . 4  . 5   ,

- ,   .

 .  . 4  ,

 15  2013 .   04:00  

     

135T ≈  ,   0.5 0.6 ÷   



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

. . , . . 

   300 .  -

  14  16  2013 .  

 ( . . 3  . 5).

,    -

    03:00  04:45  

 300 0÷  .   

 15  2013 .  

  14  16  2013 .,

  0.1 02÷  .

15  2013 .   -

 2of F   1.5 2÷      

10:30  14:00 ( . . 4).

 - .    -

   300    00:20, 

   –  02:00. 14  16 -

 2013 .    03: 00 10 : 00−
     -

   60  120  ( . 3  . 5).

 2of Fδ   1 .

15  2013 .  2of F   04:00

 10:00     

  .   -

 2of F    04:00  

,    

. 1.        
2

66
3

    ( . )  -

  5       (15  2013 .)    .   

      



ISSN 1027-9636.   . . 18,  3, 2013 235

  ,    “ ”

 ( . . 4).  -

     

80T ≈      0.5 . -

  TΔ     5 .

 .   -

 2of F  15  2013 . 

  14  16  2013 . 

 04:35 ( . . 4).  06:00 

2of Fδ   –1.2 ,  2of Fδ  -

   1.1 ,   

.   -

  135T ≈     0.4 0.6÷  

 2 4 6of F ≈ ÷   .  -

      

( . . 3  . 5).

,   (  2 ) -

  2of F   15 -

 2013 .   10:30  12:00.

 .  ( 0.2≈ )

 2of F  15  2013 . (  

    )  

04:35,     09:00 ( .

. 4).    09 : 00 16 : 00−  -

   2of F   

0.5 1.0÷    70T ≈  .   2 7of F ≈ .

      

. 2.       
2

66
3

    ( . )   

  (15  2013 .)    



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

. . , . . 

  ARTU 15  2013 . -

  ( )LN t   

 03:38,    04:40.  -

   15 ,   -

 0.00075LmNΔ ≈  TECU/  ( . . 7).

   . 8, 15  2013 . -

  LN     0.001

TECU/   15T ≈     03:26,  -

  03:40.  05:00  08:00  -

    20 40T ≈ ÷    -

   

LN   0.0005  0.003 TECU/ .

,      -

 LN    ( . . 6–8).

3.4. Âîçìóùåíèÿ óðîâíÿ
ãåîìàãíèòíûõ ïóëüñàöèé

    -

     

1 1000T = ÷      14  16 

2013 .,       -

   . 9  . 10.  

 ,     -

    -

    .

4. Îáñóæäåíèå

    

  ,    

     .

. 5.    o 2f F  16  2013 .:

1 –  ; 2 –  - ; 3 –  -

; 4 –  

. 3.    o 2f F  14  2013 .:

1 –  ; 2 –  - ; 3 –  -

; 4 –  

. 4.    o 2f F  15  2013 .:

1 –  ; 2 –  - ; 3 –  -

; 4 –  

(  0.5 1.0÷  )  2,of F    

  ( . . 3  . 5).

3.3. Âîçìóùåíèÿ ïîëíîãî
ýëåêòðîííîãî ñîäåðæàíèÿ

   ( ) d d ,L LN t N t=
 LN  –    ,  

TUMP, ARTU  TRIM   . 6, . 7

 . 8 .

 . 6  ,  15  2013 .

  LN    03:30,  -

  04:10.   -

    10T ≈  . 

 LmNΔ   0.0015 TECU/
16 2(1 TECU 10 ).−=



ISSN 1027-9636.   . . 18,  3, 2013 237

  ,    “ ”

4.1. Âîçìóùåíèÿ â íèæíåé èîíîñôåðå

      

    46, 68

 92 .     -

  –   (  -

   
2

66
3

f =    65 ),

   -

       -

 0 2tΔ ≈  .   

      -

   1575R ≈  .  -

    -

    -

:

0

,
R
t t

=
Δ − Δ

v (2)

    R –   

     -

, 0tΔ  –   

    .  

(2)     

  1 600≈v  / , 2 400≈v  /

 3 290≈v  / .     -

  .   ,  -

. 6.   LN    G6 (  TUMP) . 7.   LN  
  G16 (  ARTU)



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

. . , . . 

    300 0÷    -

  03:00–04:45.   

    

( 65z ≈  ) 15  2013 .,    -

     .

 ,   

 400 / ,     -

. ,   -

      -

     .

 3v    -

     200 230÷  .

    

      

  ,   -

 ( ., , [6, 7]).

    Δϕ  -

     zΔ  -

    
2

66
3

  (  -

    4.5λ ≈  ; 

      –

      -

).    ,   

     sΔ  -

 :

2
.sπΔϕ = Δ

λ

   , 

4 4
2 sin ,

s

z zs z z z
s R

Δ = Δ β = Δ ≈ Δ

 sR  –    -

     -

 , β  –   

  . 

8
.

s

z z
R

πΔϕ ≈ Δ
λ

 700sR ≈  , 70z ≈    7Δϕ = °  

0.23zΔ ≈  .  4 ,Δϕ = °  0.13zΔ ≈  . 

 zΔ    -

 Nδ    N  -

 :

,N
N z
N L

Δ Δδ = ≈

 L –    N -

    .

 5L ≈  , 0.13 0.23zΔ ≈ ÷    Nδ ≈
2.7 4.6 %.÷

 ,   , 

     

   -

      -

      1575 .

4.2. Âîçìóùåíèÿ â ìàêñèìóìå ñëîÿ F2
èîíîñôåðû

    

  F2,   .

. 8.   LN    G18 (  TRIM)



ISSN 1027-9636.   . . 18,  3, 2013 239

  ,    “ ”

 .   -

,    04:00 15  2013 .

       

135 ,    300   -

 0.5 0.6÷     

2 4 6of F ≈ ÷   .   

  ,  

  40tΔ ≈  .   -

 25z ≈       

2F    0 9tΔ ≈  .  

1510R ≈  , 40tΔ ≈    810≈v  / .

  N   -

 :

2 2
.

2

o
N

o

f FN
N f F

δΔδ = ≈

 2 0.5 0.6of Fδ ≈ ÷    2 4 6of F ≈ ÷  

 25 20 %Nδ ≈ ÷  .

 - .   ,

 ,   -

 2,of F     04:15.

  55tΔ ≈  ,  630≈v  / . 

 1T ≈  ,  5TΔ ≈  .  -

   0.5 .  2 8 9of F ≈ ÷  

 11 13 %.Nδ ≈ ÷     -

      -

. 9.   H-    12–17  2013 .    1 1000÷  



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

. . , . . 

  ,   15  2013 .,  

,       

 ,  -

      

  4 .

 .  -

 2of F     135  

 04:35.   75tΔ ≈  ,  800≈v  / . -

 20 %,Nδ ≈   2 0.4 0.6of Fδ ≈ ÷  

 2 4 6of F ≈ ÷  .

 .   

2of F   04:35    

, 75tΔ ≈  .  0 9tΔ ≈    3020R ≈  

 760≈v  / .  2 0.2of Fδ ≈   

2 3.5of F ≈    11 %.Nδ ≈   

 ,   -

  09:00–16:00, 14 28 %.Nδ ≈ ÷
  . 

,  , 

   ,  

,     .

        -

  2of Fδ    - .

    . - ,

      ,

     

. 10.   D-    12–17  2013 .    1 1000÷  



ISSN 1027-9636.   . . 18,  3, 2013 241

  ,    “ ”

    .

  -     -

 .   2of Fδ   

     ( -

 0.5 ), -   2of F   Nδ
   (  - ) 

  2  . - , 

    ,   -

   (  , 

 )    -

,      .v   ,

    -

    

,      -

  .     -

  ,  

 - ,   

  .

      

     

 F2 .  ,  

   

 ,   

–  [7, 8].

 ,  

 ,    -

  ,  

 F2    800 /   -

  10 20 %.Nδ ≈ ÷   

 60 135÷  .    -

     -

  F2 ( ., , [7, 8]). 

2,of Fδ     

 10:30  12:00,     

  .  -

     

  .

4.3. Êâàçèïåðèîäè÷åñêèå âîçìóùåíèÿ ÏÝÑ

   

,LN     .

    

   .   .

- ,    N
   ( )   -

.    -

 N    

     .

- ,    -

     -

     

    N  -

  

,kw′ω = ω−

 ω  –   , k  – -

  , w  –   -

 .   

,
w

ω
′ω − ωδ = =

ω v

 w  –   w    ,k  v  –

 .   GPS 10 100w ≈ ÷ / ,

 600 800≈ ÷v  / .  0.01 0.17.ωδ ≈ ÷  -

 ω   T      -

  GPS   -

.        -

    

N  .  , 

  ,  -

  (  20 30 %÷   

 3 5÷   ).

   -

 LN       

 TUMP  ARTU   10  8 

.    

     -

   ,   

. ,    

 330 400÷  , ,   -

   670 690≈ ÷v  / .

  TRIM   ,LN
   ,

  7   .  -

     

  300  ,  710≈v  / . 

     

(670 690÷  / ).      ,

   TRIM   -

   -  .

,     

     

 .

   (1),  -

   .LN   LmNΔ ≈
0.00075 0.0015÷  TECU/ , 10 15T ≈ ÷    LN ≈
10 TECU  7.5 22.5 %.L LN Nδ = Δ ≈ ÷  

 Nδ   3 5÷    ,δ  . . 

30 100 %.÷



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

. . , . . 

4.4. Âîçìóùåíèÿ óðîâíÿ
ãåîìàãíèòíûõ ïóëüñàöèé

    H-  D- -

     -

 1 1000÷      -

   .  -

  , 

    ,  ,

   

 [9, 10].     

    ,    -

, ,  2.8  .

    

   1 1000÷    

     -

 -   (90 150÷  )

  . ,    -

 0j       -

      -

 . ,  7 2
0 10 / ,j −≈

10 %Nδ ≈       

30zΔ ≈      -

  [9, 10]

0 0 0.4NB j zΔ ≈ μ δ Δ ≈  .

 0μ  –  .

,     

    -

   30    

950     ( , , [10]).

,    -

   3.5 .   eE
    30 50÷    -

   .  -

,    

  1 3 ,eE R   -

  15  2013 .  

 1700     6 7÷   ,

    ,  

 4 5÷  .    -

   , 

    .

5. Âûâîäû

     -

     -

     -

     .

1.    -

     -

 ( 65 70z ≈ ÷  )    

  1575 ,  

    200 230÷  ,

   290 400÷  / .

   -

  2.7 4.6 %.÷   -

      -

  0.1 0.2÷  .  -

    4 7 .° ÷ °
2.    -

    F2 

  , -

   800 /    

 3000 .   -

   

10 20 %.÷    

 4 5÷  .

  2of F  (  0.5 1÷  ),

     09:00

 16:00       -

,  ,    -

   .  

   .

3.    

      

(      )

     -

   670 690÷  / , -

 40 60÷     10 20÷  .

     -

 10 20 %.÷
4.    

     

1 1000÷  .

 

01. Yeomans D. Fireball and Bolide Reports [

] // NASA/JPL Near-Earth Object Program Office. –

 : http://neo.jpl.nasa.gov/fireballs/

02. Yeomans D. Additional Details on the Large Fireball Event

over Russia on Feb. 15, 2013 [  ] //

NASA/JPL Near-Earth Object Program Office. – March 1,

2013. –  : http://neo.jpl.nasa.gov/news/

fireball_130301.html

03. Greicius T. Asteroid 2012 DA14 – Earth Flyby Reality

Check [  ] //  : http://

www.nasa.gov/topics/solarsystem/features/asteroidflyby.html

04. Chernogor L. F. Physical effects of Chelyabinsk meteorite

in the atmosphere and geospace / In: Astronomy and Space



ISSN 1027-9636.   . . 18,  3, 2013 243

  ,    “ ”

Physics in Kyiv University. Book of Abstracts. Interna-

tional Conference. – Kyiv (Ukraine). – 2013. – P. 82–84.

05.  . .,  . .,  . .,  . .

   -

   . .  – -

      -

 /  :   “ -

”.  . . . , . . . – :

, 2013. – . 160–182.

06.  . .    -

      -

    // -

  . – 2012. – . 17,  3. –

. 240–252.

07.  . .,  . .   . – .:

, 1978. – 532 .

08.  . . -    -

  // . . . – 1999. –

T. 42,  1. – C. 3–25.

09. Chernogor L. F. Oscillations of the Geomagnetic Field

Caused by the Flight of Vitim Bolide on September 24,

2002 // Geomagnetism and Aeronomy. – 2011. – Vol. 51,

No. 1. – P. 116–130.

10.  . .    : -

. – :   . . , 2012. –

556 .

. . , . . 

    . . ,

. , 4, . , 61022, 

  ,  -

   “ ”

     

  ,      

 1 1000÷  ,     

  “ ”.    -

      -

  ,   GPS- -

.     

~ 2000 3000÷      

      
2

66
3

 

  – .    ,

   ,     -

 .        -

  (  1 1000÷  ).

L. F. Chernogor and K. P. Garmash

V. Karazin National University of Kharkiv,

4, Svoboda Sq., Kharkiv, 61022, Ukraine

DISTURBANCES IN GEOSPACE ASSOCIATED WITH

THE CHELYABINSK METEORITE PASSAGE

Observations of disturbances in the geomagnetic field in the

1 1000÷  s period range and in the lower and upper ionosphere

that followed the Chelyabinsk meteorite passage and explo-

sion are presented. The effects in the vicinity of the Chelya-

binsk meteorite path were studied through the variations in

the total electron content recorded by the GPS satellites.

Ionospheric observations at a distance of ~ 2000 3000÷  km

were made using ionosonde data and the parameters of

2
66

3
 kHz radio signal along the Moscow–Kharkiv path.

The manifestation of both acoustic and gravitation waves

that followed the meteorite explosion were detected. Appre-

ciable variations in the geomagnetic field were not revealed

(1 1000÷  s period).
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