
506

,

. . , . . , . . , . .

. . .

61077 , . , . ,4,

E-mail: Nikolay.N. Gorobets@univer.kharkov.ua

,

.

,

. , , ,

.

: , , , .

 ( )

,

,

,

, , ,

 ( ).

 1 .

 1.

.
,

,

SkyMed 1-4 3,1  1  100 20 - 50 

RadarSat -2 5,6 8  100 10  60 

TerraSAR 3,1 1  16 20  55 

ENVISAT 5,6 30  1000 15  45 

PalSAR 23,5 7  100 10  51 

 -  9,6 1  20 30  50 

 1984  ( S), 

,

[1].

, [2],

.



507

,

.

-

. ,

,

,

 (

. .).  ( .

., [3 - 5])

 25  100 . [5].

,

,

: ,

,

, . .

 GPS «Garmin» 

 10 .

,

,

[6]. ,

 (  20 - 25 ),

.

. 1  (S - ,

 S;  ~ 1 ,  ~ 300),

100 , ,

, . ,

.

, ,

.

, .

1

2

3

4
5

. 1. 

,  1

 300 .

1. - 100 ,
;

2. - ;

3. - ,
;

4. - ,

;
5. - ;



508

,

 (  -  5l,

l - )

. . .

.

,

[5,6]: .  - 

. 2.  14 ,

 2  10 , 3,5  4 .

 2  6 , .

 -40

[7].

- -

.  400.

[7],

:

,

, .

.

.

 BOSCH DLE 70 (  1,5 )  3 2  (  2"). 

 1:10 (1,4  0,2  0,35  0,6  0,2 ).

.

 9 

,  9 .

, :

,  0,5  1,0 .

 9 

in citu [8]  2. 

,

[9] ,  0,05 .

 1. 

. 2. 

 « »



509

 2.

 1 %  20 % 

 3,72 - i 0,35 17,08 - i 0,88

 3,94 - i 0,27 14,76- i 0,73 

5-1 77 -1 -

[9] 3,80- i 0,03 13,00- i 0,13 

.

 9 ,  9 

 ( ) 300  750 .

 3.

 3.

 1%  20% 

. . . .

300 750 300 750 300 750 300 750

 0,01 0,25 0,52 0,28 0,32 0,62 0,79 0,62 

.  0,01 0,25 0,52 0,30 0,25 0,57 0,75 0,57 

5-1 77-1 

0,00 0,28 0,53 0,30 0,29 0,60 0,76 0,58 

, 5-1 

, 77 - 1 

 20%.  300

.

 0,8. 

 750

. ,

 ( . .1),

.

 3 

 [15].  

.

.

 = 9  0,1 2 ,  10 2.

0,4 2, ,  40 2.

 1,2  120 2.

.

,

,  [10 - 11] ,

k , k - ,

.

 2,8

Top-hat reflector [12] .

.



510

 ( , )

.

,  300  750

 1 -2 ,

.

, , ,

.  ( , )

,

 ( 77 - 1), .

 (  [13] 

5 - 1)  « » 5 - 1 

.

.

 300 . 4, 

 750  5.  

 4.  ( 2)  300

. .

. .

 990 10 20 10 2000 3700 

 2500 10 630 10 2000 3700 

 20-

 ( : 80 - 100 , : 0 - 20 ).

. .

,  « » ,

/ , ,

.

 5.  ( 2)  750

. .

.

- ,

 1800 10 60 10 3840 3990 

.  3050 250 870 90 3840 3990 

 3030 220 850 80 3840 3990 

 2220 40 610 20 3840 3990 

[14], ,

[15] , [10 - 11].

,

,



511

.

, ,  20  20 =

9  ~10 ,

, , .

, ,

( , , ) ,

.

/ , -

, . ,

, /

,

.

 S. 

.

,

,

,

,

.

 - 

 - 

,

 GPS. 

.

,

.

.

-

, .

.

,

, ,

.

1. CEOS SAR Workshop/ European Space Agency and CNES, FRANCE. 26-29 October 1999, 

Toulouse, France. Proceedings. 730 p. 

2. Kosaman S., Gruen A. Orientation and calibration of ALOS/PRISM imagery // ISPRS Workshop 

“High Resolution Earth Imaging for Geospatial Information”, 29 May - 1June, 2007. Hannover, 

Germany, (proceedings on CD - ROM). 



512

3. . , . ., . ., . .

 PALSAR // 

« ». , ,

12-16  2007 .  - [ ] - :

http://d902.iki.rssi.ru/theses-cgi/thesis.pl?id=991

4. . ., . .  - 

’ .

 «

 GEO-UA 2008». ,3-5  2008 ., ,« », 2008. . 96- 97. 

5. . ., . ., . ., . .

 // .

. .  2008. . 6, . II. . 265-271. 

6. Atroshenko L.M., Gorobets N.N., Safronova L.P. Application of synthetic-aperture radar (SAR) 

data in tackling the problems of land inventory, diagnosis of crops condition, gullying processes and 

hydrology. Telecommunications and Radio Engineering – 2006. Vol. 65.  18. pp. 1729-1737. 

7. . . . . - ., . 1948. – 456 .

8. Atroshenko L.M., Gaikovich K.P., Gorobets N.N. Soil absorption profiling and complex 

dielectric permittivity based on microwave radiometry. //2006 International Conference on Mathematical 

Methods in Electromagnetic Theory (MM'ET 2006). Kharkov. Ukraine. June 26-29. 2006. pp. 366-367. 

9. . . // . . . . .

. . 1991. 1232 .

10. . ., . . . . . . -

. 1959. 532 .

11. . ., . . . . . 1967. .2. 460 .

12. Carrara W.G., Goodman R.S., Majevsky R.M. Spotlight synthetic aperture radar signal 

processing algoritms. Boston, London, Artech House, 1995. 554 p.

13. Ulaby F.T. Handbook of radar scattering statistics for terrain. University of Michigan. Artech 

House. 1976. 360 p. 

14. Ross R.A. Scattering by finite cylinder. Proc. IEE (London), 1967. Vol. 114.  7. p. 864 - 868. 

15.

 // . . . - . 2009. 468 .

Radar cross-section of ground objects used as radar-reference 
points

L.M. Atroshenko, N.N. Gorobets, A.N. Gorobets, L.P. Safronova 

V.N. Karazin Kharkov National University 

4, Svobodi sq., Kharkov, Ukraine, 61077 

E-mail: Nikolay.N. Gorobets@univer.kharkov.ua

On the basis of a method of electrodynamics similarity in compact antenna range the radar cross-

section of models of metal ground objects used as reference points during operation SAR of space basing 

are measured. Dependence RCS on a kind of polarization of a probing signal, corners of sliding and an 

azimuth of a location is investigated. It is shown, that, objects which models are investigated, can be used 

for flight calibration of equipment SAR.  
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