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2004 1300 1300 1345 1445 1530 1730 1700 1530 1400 1245 1230 1200
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10 1145–1300 1130–1245 2330–0030 211–227 211–222 270–303

11 1130–1215 1215–1245 0015–0045 202–215 200–221 272–310

12 1100–1200 1200–1245 0000–0045 196–217 196–217 273–310



123

. 6.        HWM93  15  ( ) 
 15  ( )       

 120  340    ,   –     
  .    hmF2,   1  T2

1
 

 . 5,  – ,  –  .    
h £ hmF2.           

   foF2,     W
d 
(LT) – 

,   -    
.       W

d
    

    foF2.    , 
  

     W
d 

(LT)  W
d 

(h),   -

 ( )  .     foF2   1600 LT.  -

  ( )  . 6 ,     1600 LT 



124

 ∆W
d 
/∆h       h = 150–200 ,  

 hmF2.  -     (0900–1000 LT) 

  LT,    W
d 
(LT),  h = 160–240 .  -

   . 6 ,   0900 LT    ∆W
d 

/∆h 

 h = 150–200 , ,      ,  hmF2. 

   -      -

 -   W
d
  .   ,     

        W
d 

 -

  .  15   h = 160–220  (      

),  15  (    ) – h  220 . 

       

   ,     F2    

       ,   -

  ,       . 

       11-05-00908  13-05-91159. 

1.  . .,  . .  . .: , 1988. 527 .

2.  . .,  . .,  . .  .    

 //  . 2005.  1–2. . 54–59. 

3.  . .,  . .,  . .     

F2-     //   . 2000. . 40.  2. C. 107–111. 

4.  . .,  . .   . .: 

, 1965. 244 . 

5. Alcayde D. Diurnal and long-term behavior of the exospheric temperature as observed by in-

cogerent scatter sounding in the F
2
 region // Radio Sci. 1974. V. 9. No. 2. P. 239–245. 

6. Altadill D., Apostolov E.M., Boska J. et al. Planetary and gravity wave signatures in the F-region 

ionosphere with impact on radio propagation predictions and variability // Ann. Geophys. 2004. 

V. 47. No. 2/3. P. 1109–1119. 

7. Drob D.P., Emmert J.T., Crowley G. et al. An empirical model of the Earth’s horizontal wind 

Þ elds: HWM07 // J. Geophys. Res. 2008. V. 113. A12304, doi:10.1029/2008JA013668.

8. Forbes J.M. Vertical coupling by the semidiurnal tide in Earth’s atmosphere // Climate 

and Weather of the Sun-Earth System (CAWSES): Selected Papers from the 2007 Kyoto 

Symposium, Edited by T. Tsuda, R. Fujii, K. Shibata, and M. A. Geller. TERRAPUB, Tokyo. 

2009. P. 337–348. 

9. Goodmam J. Space Weather & Telecommunications. Springer. 2005. 382 . 

10. Hedin A. E. Neutral Atmosphere Empirical Model from the surface to lower exosphere 

MSISE90 // J. Geophys. Res. 1991. V. 96. P. 1159–1172. 



125

11. Mendillo M., Rishbeth H., Roble R.G., Wroten J. Modelling F2-layer seasonal trends and day-

to-day variability driven by coupling with the lower atmosphere // J. Atmosph. Solar-Terr. 

Phys. 2002. V. 64. P. 1911–1931. 

12. Pirog O.M., Polekh N.M., Romanova E.B. et al. The main ionospheric trough in the East Asian 

region: Observation and modeling // J.Atmosph. Solar-Terr. Phys. 2009. V. 71. No. 1. P. 49–60. 

13. Pirog O.M., Polekh N.M., Romanova E.B. et al. F2 layer response to geomagnetic disturbances 

in Eastern Asia under the low solar activity // Adv. Space Res. 2010. V. 46. No. 7. P. 921–933.

14. Rishbeth H. How the thermospheric circulation affects the ionospheric F2-layer // J. Atmosph. 

Solar-Terr. Phys. 1998. V. 60. P. 1385–1402. 

15. Romanova E.B., Tashchilin A.V., Zherebtsov G.A. et al. Modeling of the seasonal effects of 

geomagnetic storms in the Eastern Asia ionosphere // International Journal of Geomagnetism 

and Aeronomy. 2006. V. 6. N G13003. –P.doi:10.1029/2005GI000119.

16. Romanova E.B., Pirog O.M., Polekh N.M. et al. Modeling of ionospheric parameter variations 

in East Asia during the moderate geomagnetic disturbances // Adv. Space Res. 2008. V. 41. 

No 8. P. 569–578. 

17. Salah J.E., Holt J.M. Midlatitude thermospheric winds from incoherent scatter radar and the-

ory // Radio Sci. 1974. V. 9. No. 2. P. 301–313. 

18. Tamer Ataç, Atila Özgüç, Rõza Pekta . The variability of foF2 in different phases of solar 

cycle 23 // J. Atmosph. Solar-Terr. Phys. 2009. V. 71. No. 5. P. 583–588. 

19. Zolotukhina N., Polekh N., Pirog O. Variability of the ionosphere over Irkutsk at low solar 

activity // Advances in Space Research. 2011. V. 48. No. 10. P. 1606–1612. 

Seasonal variability of the diurnal and semi-diurnal F2 layer components 

over Irkutsk, according to ionospheric radio sounding data

N. Zolotukhina, N. Polekh, E. Romanova, A. Polyakova

Institute of Solar-Terrestrial Physics of Siberian Branch 
of Russian Academy of Sciences, Irkutsk, Russia

E-mail: zolot@iszf.irk.ru

The ß uctuations of the critical frequency (foF2) and peak height (hmF2) of the F2 layer over Irkutsk (52.5û N, 

104.0û E) in 2003–2011 are studied. The ß uctuations contain components with periods T  24/n hours (n = 1–7). 

Amplitudes of the foF2 and hmF2 diurnal components vary gradually from winter maximum to summer minimum. 

Amplitudes of the foF2 semidiurnal component vary abruptly, thus forming a narrow winter peak in November – 

January. The phase of the diurnal foF2 component increases gradually by 4–6 hours from winter to summer. The 

phase of the semidiurnal foF2 component is nearly stable in winter/summer and decreases (increases) sharply by 

2–3 hours near the spring (fall) equinox. The phase of the hmF2 diurnal component varies slightly between 1130 and 

1300 LT; that of the semidiurnal one decreases (increases) by 4–6 hours in February (October).

Keywords: parameters of the ionospheric F2 layer, seasonal variations, diurnal and semidiurnal components.


