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Anaconda 2002 (Afghanistan) 

Kelly et al. 2010 



ʂʨʘʪʢʠʡ ʦʙʟʦʨ ʤʦʜʝʣʠ IRI  
  ʄʦʜʝʣʴ IRI ʦʧʠʩʳʚʘʝʪ ʢʣʠʤʘʪʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʠʦʥʦʩʬʝʨʳ ʠ ʫʩʧʝʰʥʦ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ 40 ʣʝʪ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʦʜʝʣʴ IRI ʚ 
ʩʨʝʜʥʝʤ ʜʘʝʪ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʶ ʠʦʥʦʩʬʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ 
ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷ.  

CCIR ï 1967 
Jones and Gallet, 1962 

Jones et al., 1969 
ʀʦʥʦʟʦʥʜ 1954ï1958 

 
ʄʦʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 
ʠʦʥʦʩʬʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 
ʚ ʶʞʥʦʤ ʧʦʣʫʰʘʨʠʠ ʠ ʥʘʜ 
ʦʢʝʘʥʘʤʠ ʧʦʣʫʯʘʶʪʩʷ 
ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ ʚʜʦʣʴ 
ʣʠʥʠʡ ʧʦʩʪʦʷʥʥʦʛʦ 
ʤʘʛʥʠʪʥʦʛʦ ʜʠʧʦʣʷ. 

 

IRTAM ï 2012 
Galkin, Reinisch, Huang and 

Bilitza, 2012 
 
45 ʮʠʬʨʦʚʳʭ ʠʦʥʦʟʦʥʜʦʚ 
ʀʩʧʦʣʴʟʫʝʪʩʷ Non-linear 
Error Compensating Technique 
for Associative Restoration 
(NECTAR) ʜʣʷ ʫʪʦʯʥʝʥʠʷ 
ʢʦʵʬʬʠʮʠʝʥʪʦʚ CCIR ʠ 
ʩʨʘʚʥʝʥʠʷ ʤʦʜʝʣʴʥʳʭ 
ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʜʘʥʥʳʤʠ 
ʥʘʙʣʶʜʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ 
ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʥʘ ʩʝʪʠ 
ʠʦʥʦʟʦʥʜʦʚ Global 
Ionosphere Radio Observatory 
(GIRO)). 

URSI ï 1988 
Fox and McNamara,1988 

Rush et al.,1989 
 
ʆʢʦʣʦ 45,000 ʤʘʩʩʠʚʦʚ 
ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʜʘʥʥʳʭ 
ʟʦʥʜʠʨʦʚʘʥʠʷ ʠʦʥʦʩʬʝʨʳ. 
ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 
ʧʨʠʚʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ 
ʩ ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʘ 

foF2, ʥʘʙʣʶʜʘʶʱʠʤʠʩʷ ʥʘ 
ʤʠʨʦʚʦʡ ʩʝʪʠ ʩʪʘʥʮʠʡ. 

 



ʄʦʜʝʣʴ ɻʣʘʚʥʦʛʦ ʀʦʥʦʩʬʝʨʥʦʛʦ ʇʨʦʚʘʣʘ (ɻʀʇ) 

http://www.izmiran.ru/ionosphere/sm-mit/ 

http://www.izmiran.ru/ionosphere/sm-mit/
http://www.izmiran.ru/ionosphere/sm-mit/
http://www.izmiran.ru/ionosphere/sm-mit/


ɹʘʥʢ ʜʘʥʥʳʭ 
 4 300 000 COSMIC ʧʨʦʬʠʣʝʡ (2006-2015) 
 200 000 GRACE ʧʨʦʬʠʣʝʡ (2007-2015) 
 300 000 CHAMP ʧʨʦʬʠʣʝʡ (2001-2008) 
 http://cdaac-www.cosmic.ucar.edu/cdaac/products.html - ʤʘʩʩʠʚ ʜʘʥʥʳʭ 
 http://lasp.colorado.edu/lisird/tss/noaa_radio_flux.html - ʟʥʘʯʝʥʠʷ F10.7 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ɺʦʟʤʦʞʥʳʝ ʜʦʧʦʣʥʝʥʠʷ 
200 000 N(h)-ʧʨʦʬʠʣʝʡ ʀʥʪʝʨʢʦʩʤʦʩ-19 
ɼʘʥʥʳʝ ʥʘʟʝʤʥʳʭ ʠʦʥʦʟʦʥʜʦʚ 
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ʂʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ COSMIC, CHAMP, GRACE 
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ɼʘʥʥʳʝ ʠʦʥʦʟʦʥʜʦʚ ʈɿ ʜʘʥʥʳʝ 

GPS TEC 

ɿʠʤʥʷʷ ʘʥʦʤʘʣʠʷ ʚ NmF2 ʠ TEC  



      

ʄʦʜʝʣʴ ɻʉʄ ʊʀʇ 

 

     ɻʣʦʙʘʣʴʥʘʷ ʉʘʤʦʩʦʛʣʘʩʦʚʘʥʥʘʷ 

ʄʦʜʝʣʴ ʊʝʨʤʦʩʬʝʨʳ, 

ʀʦʥʦʩʬʝʨʳ ʠ ʇʨʦʪʦʥʦʩʬʝʨʳ 

(ɻʉʄ ʊʀʇ), ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ 

ɿʆ ʀɿʄʀʈɸʅ. ʄʦʜʝʣʴ ɻʉʄ 

ʊʀʇ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʘ   

    ʅʘʤʛʘʣʘʜʟʝ ʠ ʜʨ., 1988; 

ʂʦʨʝʥʴʢʦʚ ʠ ʜʨ., 1998.  

ʊʝʨʤʦʩʬʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ: 

Tn, O2, N2, O, NO, N(4S),N(2D)  

ʧʣʦʪʥʦʩʪʠ; ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʝʡ;  

(ʦʪ 80 ʢʤ ʜʦ 526 ʢʤ) 
 

ʀʦʥʦʩʬʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ: 

ʧʣʦʪʥʦʩʪʠ O+, H+, Mol+;  

Ti  ʠ Te;  

ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʝʡ ʠʦʥʦʚ 

(ʦʪ 80 ʢʤ ʜʦ 15 ʨʘʜʠʫʩʦʚ ɿʝʤʣʠ) 
 

ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ: 

ɺ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʦʚʳʡ ʙʣʦʢ 

ʨʘʩʯʝʪʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ  

ʂʣʠʤʝʥʢʦ ʠ ʜʨ., 2006, 2007.  



Klimenko et al., 2011 

Radio Sci. 

ʄʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ F3 ʩʣʦʷ ʥʘ ʵʢʚʘʪʦʨʝ 



Klimenko et al., 2015 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʣʝʪʥʠʭ ʩʫʪʦʯʥʳʭ ʘʥʦʤʘʣʠʡ 



ʀʦʥʦʩʬʝʨʥʳʡ ʦʪʢʣʠʢ ʥʘ ʛʝʦʤʘʛʥʠʪʥʳʝ ʙʫʨʠ 

hmF2 

n(N2) 

I ʈʦʩʪ ʚʳʩʦʪʳ F2 ʩʣʦʷ 

(1) ʥʘʛʨʝʚ ʚʳʩʦʢʠʭ ʰʠʨʦʪ 

(2) ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʝʪʝʨ ʢ ʵʢʚʘʪʦʨʫ 

(3) ʥʘʛʨʝʚ ʩʨʝʜʥʠʭ ʰʠʨʦʪ 

(4) ʫʚʝʣʠʯʝʥʠʝ n(N2) 

(5) ñʧʦʜʲʝʜʘʥʠʝò ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ Ne 

II ʋʚʝʣʠʯʝʥʠʝ NmF2 ʥʘ ʥʠʟʢʠʭ ʰʠʨʦʪʘʭ 

(1) ʧʦʜʲʝʤ ʧʣʘʟʤʳ ʚ ʦʙʣʘʩʪʴ ʤʝʥʴʰʠʭ n(N2) 

(2) ʧʝʨʝʥʦʩ n(O) ʢ ʵʢʚʘʪʦʨʫ 

(3) ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʥʝʡʪʨʘʣʦʚ 

(4) ʦʭʣʘʞʜʝʥʠʝ ʥʝʡʪʨʘʣʦʚ ʠ ʫʤʝʥʴʰʝʥʠʝ n(N2) 

(5) ʫʚʝʣʠʯʝʥʠʝ n(O)/n(N2) 

(6) ñʩʛʦʥʢʘ ʧʣʘʟʤʳò ʢ ʵʢʚʘʪʦʨʫ (ʨʘʚʥʦʜʝʥʩʪʚʠʝ) 

Tn n(N2) 

ɟ grad(p) 

NmF2 
III ʋʚʝʣʠʯʝʥʠʝ NmF2 ʥʘ ʬʘʟʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

(1) ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ ʢ ʧʦʣʶʩʫ  

(2) ʧʝʨʝʥʦʩ n(O) ʢ ʧʦʣʶʩʫ  

(3) ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʥʝʡʪʨʘʣʦʚ 

(4) ʦʭʣʘʞʜʝʥʠʝ ʥʝʡʪʨʘʣʦʚ ʠ ʫʤʝʥʴʰʝʥʠʝ n(N2) 

(5) ʫʚʝʣʠʯʝʥʠʝ n(O)/n(N2) 



delta foF2 (MHz)       =105  E
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ȹ foF2 ȹ Tn, K 

ȹ n(N2) ȹ n(O) 

ʀʦʥʦʩʬʝʨʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʥʘ ʬʘʟʝ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʡ ʙʫʨʠ 


