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2
The effect of the ionosphere on radio waves | The Planetary Society

˱ͦͤͦͫͺ͔ͪ͊

Å ˻͋͊ͫͭ͡Έ ͊ͭͣͦͫͺ͔͙ͪ ό~60 1000 ͟ ͣύΣ
Ύ͊͟ ͙ͣͫͭͭ͜Έ ͊ͪ͘Ύ͔͒͗ͤ͜ ;͙͙͊ͫͭͤ͟Φ

Å ˿͙͡Έͤͦ ͍͙͍ͨ͊͡Ί ͤ͊ ͨͦ΄͙͔ͪͤͤΎ 
ͪ͊͒ͦ͜ͻ͍͙͡ΈΦ

Å ˾͙ͦ͋ͭΈ ͙͍͙ͣͦ͗ͣ͡ ͍ͪ͊͒ͦ͘͜ΩΎͦ͘͟ ͤ͊ 
͍͔͙͙͟͡ͻ ͍͒ͫͭ͊ͤ͜Ύͻ ͔͋͘ ͙͍ͫͯͨͯͭͤ͟͜Φ

Å ˹͔͎͙͍͊ͭͤͦ ͍͙͍ͨ͊͡Ί ͤ͊ ͭͦ;ͤͫͭ͜Έ 
͙͔ͫͫͭͣ ͙͍ͫͯͨͯͭͤͦͦ͟͝ ͍͎ͤ͊͊͜ͼ͜͝Φ

Å ̐ ͔͒ͯ͗ ͙͍ͣͤͦ͜͡Ό ό͙͍ͦͫͦ͋ͦ͡ ͨ͒͜ ;͊ͫ 
΄͍ͭͦͪͣ͜ ͤ͊ ˿ͦͤͼ͜ύΦ

˨͔ͦͫ͒͗ͤͤ͜͡Ύ ͙͙ͪͭ͟;ͤͦ ͔ͤͦ͋ͻ͒ͤ͜͜ ͒͡ΎΥ
Å ˾ͦͪ͊͘ͻͯͤͯ͟ ͍͊ͤ͊͟͜͡ ͨͦ΄͙͔ͪͤͤΎ 
ͪ͊͒ͦ͜ͻ͍͙͡ΈΦ

Å ˽͎͍ͪͦͤͦͯ͊ͤͤ͘Ύ ͨͦͪͯ΄͔ͤΈ 
͍ͪ͊͒ͦ͘͜ΩΎͯ͘͟Φ

Å ˴͙͎͍ͦͪͯ͊ͤͤΎ ͨͦͻ͙͋ͦ͟ ͍͙ͤ͊͘;͔ͤͤΎ 
͙ͦͦͪ͒ͤ͊ͭ͟ ͦ͋ϥΊ͍ͭ͟͜ ͍͎ͤ͊͊͜ͼ͚͙͙ͤͣ͜ 
͙͔͙ͫͫͭͣ͊ͣ ͙ͭͨͯ GPS.

https://www.planetary.org/space-images/the-effect-of-the-ionosphere-on-radio-waves


'Space bubbles' may have led to deadly battle in Afghanistan |
Science | AAAS

п ͡Ό͎ͭͦͦ нллн ͪͦͯ͟ ;͔͔ͪ͘ ͊ͤͦͣ͊͡Έ͔ͤ 
ͨͦͪͯ΄͔ͤͤΎ ͍ͪ͊͒ͦ͘͜ϥΎͯ͘͟ ͍͚ͫ͜Έ͍ͦ͟͜ ˿̊ˢ ͔ͤ 
͎͙ͣͦ͘͡ ͍;͊ͫͤͦ ͔͔͙͙ͨͦͨͪ͒ͭ ͪΎ͍ͭͯ͊͡Έͤͯ 
ͦͣ͊ͤ͒ͯ͟ ͎͔͔ͦͨͭͪ͊͜͟͡ MH-47E Chinook ͨͪͦ 
͔͔͔ͤ͋ͨ͘;͙͚ͤ ͚ͪ͊ͦͤ ͍ ˢͺ͎͊ͤͫͭ͊ͤ͜͜Φ ˤͤ͊ͫ͒ͦ͜͟͡ 
ͼΈ͎ͦͦ ͎͔͔ͦͨͭͪ͜͟͡ ͙͍ͨͦͭͪ͊ͨ ͯ ͊ͫ͒ͯ͘͜͟ ͭ͊ ͍͋ͯ 
͙͙͚͋ͭ͘ ͚͍͙͙͋ͦͦ͊ͣ͟ ˢ͡Έ-˴͙͊͒͝Φ ˤ ͊ͭ͊ͫͭͪͦ͟ͺ͜ ͭ͊ 
͋ͦΌ ͎͙͙͊ͤͯ͘͡ ͔͔ͫͣͪͦ ͍͚ͫ͜Έ͍͙ͦ͟ͻ ˿̊ˢΦ

˽ͪ ͍͔͔͔ͦ͒ͤ͒ͦͫ͒͗ͤͤ͜͜͡Ύ͙ͨͦ͊͊͘͟͡Σ ΅ͦ ΄ͭͦͪͣ 
ͤ͊ ˿ͦͤͼ͜Σ Ύ͙͚͟ ͍͍͒͋ͯͫ͜Ύ ͎ͭͦͦ ͒ͤΎΣ ͙͍͍ͨͪ͘͜ ͒ͦ 
͍͙͙͔ͤͤͤͤ͟Ύ ͍ ͦͤͦͫ͜ͺ͔ͪ͜ ͤ͊͒ ͔͎ͪͦͤͦͣ͜ 
͍͙ͨ͊ͣͦ͘͡ͻ ͋ ͯ͡Έ͋͊΄ͦ͟, Ύ͟͜ ͣ ͎͙ͦ͡ ͍͒͜ͻ͙͙͙ͭ͡ 
͙͎͙ͪ͊͒ͦͫͤ͊͜͡ ͍͚ͫ͜Έ͍͙ͦ͟ͻ ͙͍ͫͯͨͯͭͤ͟͜ ͤ͊ͫͭ͜͡Έ͙͟Σ 
΅ͦ ͼ͔ ͙ͫͨͪ;͙͙ͤͦ͡ ͨͦͪͯ΄͔ͤͤΎ͍ͪ͊͒ͦ͘͜ΩΎͯ͘͟Φ 

˹͔ͪͦͯͣͤͤ͘͜Ύ ͙ͫͭͯ͊ͼ͜͝ ͍ ͦͤͦͫ͜ͺ͔ͪ͜ ͔ͣͦ͗ ͙ͫͭ͊ͭ ͺ͊ͭ͊͡Έ͙ͤͣ

https://agupubs.onlinelibrary.wiley.com/doi/full/
10.1002/2014SW001081
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https://www.science.org/content/article/space-bubbles-may-have-led-deadly-battle-afghanistan
https://www.science.org/content/article/space-bubbles-may-have-led-deadly-battle-afghanistan
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2014SW001081
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2014SW001081


˹͔ͪͦͯͣͤͤ͘͜Ύ ͙ͫͭͯ͊ͼ͜͝ ͍ ͊ͭͣͦͫͺ͔ͪ͜  ͔ͭ͗

˿͙͙ͯͨͯͭͤ͟ Starlink͎ͦͪ͊͘ΌͭΈ ͍ ͊ͭͣͦͫͺ͔ͪ͜Φ ˶Ό͙͚ͭ нлнн ͪͦͯ͟

˹͊ ͨͦ;͊ͭͯ͟͡Ό͎ͭͦͦ нлнн ͪͦͯ͟ ͦ͒ͪ͊ͯ͘
оу ͙͍ͫͯͨͯͭͤ͟͜ StarlinkΣ Ύ͟͜ ͔͔͍͙ͨͪ͋ͯ͊͡ ͤ͊ 
͚ͨͪͦͣ͗ͤ͜͜ ͦͪ͋ͭ͜͜ нлл ͣ͟Σ ͙͋ͯ͡ ͍ͭͪ͊;͔ͤ͜ 
;͔͔ͪ͘ ͔ͤͦ;͍͙ͯ͊ͤͦͫ͜͟͡Έ͔ͤ ͎͊͡Έ͍ͣͯ͊ͤͤΎ 
͍ ͊ͭͣͦͫͺ͔ͪ͜Φ ͔̇ ͫͭ͊ͦ͡ ͚͍ͤ͊ͣ͊ͫͦ͜΄ͦΌ 
͍ͭͪ͊ͭͦΌ ͦͫͣ͟͜;͙ͤͻ ͍͊ͨ͊ͪ͊ͭ͜ ͊͘ ͍ͫΌ 
˴ͦͫͣ͜;ͤͯ ͔ͪͯΦ ˽͙ͪ;͙ͤ͊ ²͘ ͋͜͡Έ΄͔ͤͤΎ 
͎͙͙ͯͫͭͤ ͊ͭͣͦͫͺ͔͙ͪΣ Ύ͔͟ ͔ͤ ͋ͯͦ͡ ͍;͊ͫͤͦ 
͎͍ͫͨͪͦͤͦͦ͊ͤͦ͘Φ ˭͙͙͋ͭ͟ ͦͣͨ͊ͤ͟͜͝ SpaceX 
͙ͫ͊͟͡͡ ~50 ͣ ͜͡Έ͚͍ͦͤ͜ ͍͒ͦ͊ͪ͜͡.

Figure 1 from The Possible Cause of the 40 SpaceX Starlink Satellite Losses in 
February 2022: Prompt Penetrating Electric Fields and the Dayside 
Equatorial and Midlatitude Ionospheric Convective Uplift | Semantic Scholar
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https://www.semanticscholar.org/paper/The-Possible-Cause-of-the-40-SpaceX-Starlink-Losses-Tsurutani-Green/1511cc3151422469341bc22d81fbb4e4fcd88bd0/figure/0
https://www.semanticscholar.org/paper/The-Possible-Cause-of-the-40-SpaceX-Starlink-Losses-Tsurutani-Green/1511cc3151422469341bc22d81fbb4e4fcd88bd0/figure/0
https://www.semanticscholar.org/paper/The-Possible-Cause-of-the-40-SpaceX-Starlink-Losses-Tsurutani-Green/1511cc3151422469341bc22d81fbb4e4fcd88bd0/figure/0


˹˨˱ ˱ͦͤͦͫͺ͔͙ͪΥ ͒ͦͫ͒͗ͯ͜͡Ίͣͦ ͍͔ͫΈ ͍͔͙͚ͤ͊ͦͦͣͤ͘͟͡ ͦͫͣ͟͜;͙͚ͤ ͨͪͦͫͭͪ͜

Å ˱͙ͫͭͦͪ;ͤͦ ͔ͨͪ΄͙͚ ͤ͊ͨͪΎͣ 
͔͒ͦͫ͒͗ͤ͜͡Έ  ͙͎ͣͦͤͭͦͪͤ͜ 
ͦͤͦͫ͜ͺ͔͙ͪ ͊͘ ͎͒ͦͨͦͣͦͦΌ 
ͯͤ͊͜͟͡Έ͎ͤͦͦ ͪ͊͒͊ͪ͊ 
͔͎͔͔͎ͤͦͪͤͭͤͦͦ͟ ͪͦͫ͘͜ΎͤͤΎΦ

Å ˭͊ͪ͊͘ ͒ͦͫ͒͗ͯ͜͡ΌͭΈͫΎ ͔ͤ ͙͡΄͔ 
ͦͤͦͫ͜ͺ͔ͪ͊Σ ͔͊͡ ͚ ͊ͭͣͦͫͺ͔ͪ͊Σ 
ͨ͊ͣͦͫ͘͡ͺ͔ͪ͊Σ ͎ͣ͊ͤͭͦͫ͜ͺ͔ͪ͊ ͭ͊ 
͎͔ͦͦͪͦͤ͊͟ ͭͦ͋ͭͦ ͍ͫ͜ ͟͡Ό;͍ͦ͜ 
͙͔͙ͫͫͭͣ ͍͔͎ͤ͊ͦͦͣͤͦͦ͘͟͡ 
ͦͫͣ͟͜;͎ͤͦͦ ͨͪͦͫͭͦͪͯΣ ͚͎ͦͦ ͫͭ͊ͤ 
ͭ͊ ͙͍ͣͤͫͭ͜͜͡Έ όͦͫͣ͟͜;ͤ͊ ͎ͨͦͦ͒͊ύΦ

Å ˽ͪͦͭΎ͎ͦͣ ͦͫͭ͊ͤͤ͜ͻ мр ͍ͪͦ͟͜ 
͍͍͔ͫͭ͊ͤͦͤ͜͡ ͙͍͊ͭͤ͟͜ ͦ͊͋ͦͪ͊͟͡ͼ͜͝
͘ ͍͙͙ͨͪͦ͒ͤͣ͜ ͍͙͙ͤ͊ͯͦͣ͟ 
ͼ͔͙ͤͭͪ͊ͣ ͍ ͎͊ͯ͘͜͡ ͦͫͣ͟͜;͙ͤͻ 
͔͒ͦͫ͒͗ͤ͜͡Έ ͘͜ ˿̊ˢΣ ̒ͨͦͤ͜͝ ͭ͊ ̐˿Φ

˥͍͙͚ͦͦͤ͡ ͪ͊͒͊ͪ ˹˨˱ ˱ͦͤͦͫͺ͔͙ͪΣ ͔͒͊ͣͭͪ͜ млл ͔͍ͣͭͪ͜
5



˨͊ͤ͜ ͔ͣͦ͒͜͡ IRI-2012:

˨͊ͤ͜ ˱͙ͤͫͭͭͯͭͯ ͦͤͦͫ͜ͺ͔͙ͪΥ

N[H+]/N, %

ˤ͙͒ͪͭͭ͜͟Ύ ͍͙ͤͦͻ ͦͤͦͫ͜ͺ͔͙ͪͤͻ ͚͊ͤͦͣ͊͜͡ 

˾͔ͯ͘͡Έͭ͊ͭΥ ͙͊ͪ͒ͤ͊͟͡Έ͙͚ͤ ͔͔͎ͨͪ͡Ύ͒ 
͎ͣ͗ͤ͊ͪͦ͒ͤͦͦ͜ ͫͭ͊ͤ͒͊ͪͭͯ ͦͤͦͫ͜ͺ͔͙ͪ
International Reference ionosphere

˭͚͔ͤ͊͒ͤͦΣ ΅ͦ 
͟͜͡Έͫͭ͟͜Έ ͔͎͙͟͡ͻ ͍ͦͤ͜͜ 
͍ͦ͒ͤΌ ͍ ͦͤͦͫ͜ͺ͔ͪ͜ ͍ 
͔ͨͪͦ͒͜ ͣͤͣͯͣͯ͜͜ 
ноκнп ͼ͙ͯ͟͡ ͫͦͤΎ;ͤͦ͝ 
͙͍͊ͭͤͦͫͭ͟͜ ͋ͯ͊͡ ͍ ͙ͪ͊͘ 
͋͜͡Έ΄ͦΌΣ ͤ͗͜ 
ͦ;͍ͯ͊ͦͫ͜͟͡Ύ
(ͨͦ͒͋ͤ͜͜ ͒͊ͤ͜ ͙͋ͯ͡ 
ͦ͒ͤͦ;͊ͫͤͦ ͙ͦͭͪͣ͊ͤ͜ 
͙ͫͯͨͯͭͤͦͣ͟ Air Force 
Research Laboratory, 
˿̊ˢ ͤ͊͒ ͔͍͊ͭͦͪͦͣ͟ύΦ

Night-time light ion 
transition height behaviour
over the Kharkiv (50ϲN, 
36ϲE) IS radar during the 
equinoxes of 2006ς2010 -
ScienceDirect 6

https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248
https://www.sciencedirect.com/science/article/abs/pii/S1364682615001248


̂;͊ͫͭΈ ͯ ͍͔ͫͭͦͪͤͤ͜ ͍͙ͤͦͻ ͔͔͚ͣͦ͒͒͡͡Ύ ˸͎͗ͤ͊ͪͦ͒ͤͦͦ͜ ͫͭ͊ͤ͒͊ͪͭͯ ͦͤͦͫ͜ͺ͔͙ͪ

˿͍͔ͭͦͪͤͦ ͎ͦ͋͊͡͡Έͤͯ 
͔ͣͦ͒͡Έ ͔͔͙ͭͣͨͪ͊ͭͯͪ 
͍ͦͤ͜͜ ͒͡Ύ ͎ͣ͗ͤ͊ͪͦ͒ͤͦͦ͜ 
ͫͭ͊ͤ͒͊ͪͭͯ ͦͤͦͫ͜ͺ͔͙ͪ
International Reference 
ionosphere
(ͫͨ͜͡Έͤͦ ͘ Institute of 
Atmospheric Physics, 
͔̉ͻ͜Ύ ͭ͊ George Mason 
UniversityΣ ˿̊ˢ).

A Global Empirical Model of the Ion Temperature in the Ionosphere for the International Reference Ionosphere
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https://www.mdpi.com/2073-4433/12/8/1081


˱ͦͤͦͫͺ͔ͪ͊  ͙͡΄͔ ͍͙͚ͫͭ͊ͪͭͦ ͚ͣ͊͒͊ͤ;͙͟

˽͊ͣͦͫ͘͡ͺ͔ͪ͊˭͔ͣ͜͡:

Å ˾ͦͭ͊͘΄͍ͦ͊ͤ͊ ͤ͊͒ ͦͤͦͫ͜ͺ͔ͪͦΌ 
(Ϥмллл плллл ͣ͟ύΦ

Å ˭͍͊ͨͦͤΌΊͭΈͫΎ ͨ͊ͣͦ͘͡ΌΣ ΅ͦ 
͍ͯͭͦͪΌΊͭΈͫΎ ͍ ͦͤͦͫ͜ͺ͔ͪ͜Φ

Å ˸͙ͫͭͭ͜Έ ͋͜͡Έ΄ͫͭ͜Έ ͊ͪ͘Ύ͔͙͒͗ͤͻ 
;͙͊ͫͭͤͦ͟ ͍ ͍͔ͤ͊ͦͦͣͤͦͣͯ͘͟͡ 
ͨͪͦͫͭͦͪ͜  ό~90%)

Å ˤ͙͍ͨ͊͡Ί ͤ͊ ͫͦͤΎ;ͤͦ-͔ͣͤͯ͘ 
͍͊͘Ίͣͦ͒͜Ό ͭ͊ ͎ͣ͊ͤͭͤ͜͜ ͋ͯͪ͜Φ

Å ˤ͙͍ͨ͊͡Ί ͤ͊ ͍͔ͪͤ͜Έ 
ͪ͊͒͊͜ͼ͚͎ͤͦͦ͜ ͔ͦͨͪͦͣͤͤͤ͜Ύ 
͍͍͊ͫͭͪͦͤ͊ͭ͜Σ ͍ͨͦͭ͜͜͡ ͍ͭ͊͜͟͜͡ ͭ͊ 
͍͙͍͊͊ͨ͊ͫ͊͗ͪ͜͜Φ

Å ˤ͙͍ͨ͊͡Ί ͤ͊ ͭͦ;ͤͫͭ͜Έ 
͙͍ͫͯͨͯͭͤͦͦ͟͝ ͍͎ͤ͊͊͜ͼ͜͝Φ

8NASA SVS | Tour of the Plasmasphere and Plasmapause

https://svs.gsfc.nasa.gov/3050/


˹͊΄͔ ͍͙͒ͪͭͭ͜͟ΎΥ ͨ͊ͣͦͫ͘͡ͺ͔͔ͪ͊͒ͯ͗ ;͙͍ͯͭ͊͡ ͒ͦ ͟͜͡Έͦͫͭ͟͜ ͍ͦ͒ͤΌ ͍ ͊ͭͣͦͫͺ͔ͪ͜
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͔͚̇ ͔ͪͯ͘͡Έͭ͊ͭ ͍ͫͨͪͦͫͭͦͯΊ ͔ͣͦ͒͡Έͤͪͦͪ͊͘͜ͻ͙ͯͤ͟ ˤ͚ͫ͜Έ͍ͦͦ͟-ͣͦͪͫΈͦ͟͝ ͊͋ͦͪ͊ͭͦͪ͜͡͝ ˿̊ˢ

The Unknown Hydrogen Exosphere: Space Weather Implications -
Krall - 2018 - Space Weather - Wiley Online Library

˿͍ͨͪͦͫͭͦ͊ͤͦ

Frontiers | Interhemispheric ionosphere-plasmasphere 
system shows a high sensitivity to the exospheric 
neutral hydrogen density: a caution of the global 
reference atmospheric model hydrogen density

˹͊΄͜ ͔ͪͯ͘͡Έ͙ͭ͊ͭ ͙ͨͦ͊͊͘͟͡Σ ΅ͦ 
ͦͤ͟ͼ͔ͤͭͪ͊ͼ͜Ύ ͊ͪ͘Ύ͔͙͒͗ͤͻ 
;͙͊ͫͭͤͦ͟ ͨ͊ͣͦͫ͘͡ͺ͔͙ͪͤ͊ 
ͨͦͪΎ͒ͦ͟ ͙ͫ͡Έͤ͜΄͔ ͔͙͊͗ͭ͘͡Έ ͍͒͜ 
ͦͤ͟ͼ͔ͤͭͪ͊ͼ͜͝ ͊ͭͣͦͫͺ͔͎ͪͤͦͦ 
͍ͦ͒ͤΌΣ ͤ͗͜ ͨͦ͊ͯ͘͟ΌͭΈ ͦͼ͙ͤ͜͟ 
͔͎ͦ͟͡ ͘ Naval Research Laboratory.
˽͙ͪ;͙ͤ͊ ²͍ ͙ͦͤ ͍͙͍͙ͦͤͯ͊͟͡ 
͔ͣͦ͒͡Ό͍͊ͤͤΎΣ ͔ͤ ͙ͫͨͪ͊Ό;͙ͫΈ ͤ͊ 
͒͊ͤ͜ ͔͔͔ͫͨͦͫͭͪ͗ͤΈ ͦͤͦͫ͜ͺ͔͙ͪΦ
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https://agupubs.onlinelibrary.wiley.com/doi/10.1002/2017SW001780
https://agupubs.onlinelibrary.wiley.com/doi/10.1002/2017SW001780
https://agupubs.onlinelibrary.wiley.com/doi/10.1002/2017SW001780
https://agupubs.onlinelibrary.wiley.com/doi/10.1002/2017SW001780
https://agupubs.onlinelibrary.wiley.com/doi/10.1002/2017SW001780
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˸͙ ς͡ ͔͒ͪͣ͗ͤ͊ͪͦ͒ͤͦ͜͜͝ ͙ͦͣ͊ͤ͒͟Σ ΅ͦ ͙ͪͦ͋͊͘͡ ͍͙͒ͪͭͭ͜͟Ύ

Frontiers | Interhemispheric ionosphere-plasmasphere system shows 
a high sensitivity to the exospheric neutral hydrogen density: a 
caution of the global reference atmospheric model hydrogen density
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https://www.frontiersin.org/journals/astronomy-and-space-sciences/articles/10.3389/fspas.2023.1113706/full
https://www.frontiersin.org/journals/astronomy-and-space-sciences/articles/10.3389/fspas.2023.1113706/full
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˽͔ͪ΄͔ ͔ͦ͋ͪ͊͗ͤͤ͘Ύ ͍͔͍ͦ͒ͤͦ͝ ͙ͦͪͦͤ͟ ˭͔ͣ͜͡Σ мфтн

˹͔ ͔ͣͤ΄ ͍͙͍͙͚͊͗͡ ͔ͪͯ͘͡Έͭ͊ͭ ͼΈ͎ͦͦ ͨͪͦΊͭͯ͟Υ
͔͔͎ͨͪ͡Ύ͒ рл-ͪ͜;͙ͤͻ ͯΎ͍͔ͤ͡Έ ͨͪͦ ͍͔͍ͦ͒ͤͯ ͦͪͦͤͯ͟ ˭͔ͣ͜͡

ˢ͍͙ͫͭͪͦͤ͊ͭ Apollo 16ͅ ͎ͦͭͦͪ͊ͺͯΌͭΈ 
͎͔ͦͦͪͦͤͯ͘͟ ͍͔ͨͦͪͻͤ͜ ˸ͫ͜ΎͼΎΣ мфтн

˹͊΄͔ ͍͙͒ͪͭͭ͜͟ΎΥ ͎͙ͯͫͭͤ͊ ͙͋͊͘ ͎͔͙ͦͦͪͦͤͤ͊͟ млл҈ ͋͜͡Έ΄͊Σ ͤ͗͜ ͍͍͊͗͊ͦͫ͡ΎΦ

Geocorona - Wikipedia

12

Å ˹͚͊͋͜͡Έ΄͊ 
͔ͣ͊ͭͪ͊͜͡Έͤ͊ ͙͔ͫͫͭͣ͊ 
˭͔ͣ͜͡ όͨͪͦͫͭΎ͎͊ΊͭΈͫΎ 
͊͘ ͦͪ͋ͭͯ͜ ˸ͫ͜ΎͼΎύΦ

Å ˽ͦͪͦ͒͗ͯΊ 
ͨ͊ͣͦͫ͘͡ͺ͔ͪͯ.

Å ˴͜͡Έͫͭ͟͜Έ ͊ͪ͘Ύ͔͙͒͗ͤͻ 
;͙͊ͫͭͤͦ͟ ͍ 
ͨ͊ͣͦͫ͘͡ͺ͔ͪ͜
ͨͪͦͨͦͪͼ͚ͤ͊͜ ͎͙ͯͫͭͤ͜ 
͎͔͙ͦͦͪͦͤ͟. 

https://en.wikipedia.org/wiki/Geocorona
https://en.wikipedia.org/wiki/Geocorona
https://en.wikipedia.org/wiki/Geocorona


˹͍ͦ͊ ͣͫ͜͜Ύ NASAΣ ͫͨͦͪΎ͔͒͗ͤ͊͒͡Ύ ͍͙͍;͔ͤͤΎ ͎ ͔͙ͦͦͪͦͤ͟.

˿͔͊ͣ ͍ ;͊ͫͤͦ: NASA ͨ ͔ͦͭͪ͋ͯΊ ͔͔͙ͫͨͪͭͤ͟ͻ ͤ͊ͤ͘Έ ͒͡Ύ ͊ͤ͊ͯ͘͜͡ ͙͒͊ͤͻ ͍ͤͦͦ͝ ͣͫ͜͜͝

˽͔ͪ΄͙ ͙ͤͣ͘͜͟ ͎͔͙ͦͦͪͦͤͤ͊͟ ΄͡Ύͻͯ ͍͒͜ ˭͔ͣ͜͡
͒ͦ ͔ͨͪ΄ͦ͝ ͭͦ;͙͟ ˶͎͊ͪ͊ͤ͗͊Σ 16͎ͪͯ͒ͤΎ2025:

NASA's Carruthers Reveals First Light

13

https://science.nasa.gov/blogs/carruthers-geocorona-observatory/2025/12/16/nasas-carruthers-geocorona-observatory-reveals-first-light-images/


˿͍ͨͪͦͫͭͦ͊ͤͦ

˹͊΄͊ ͔͔͙ͫͨͪͭ͊͘͟ ͔͚ͭͦͪ͜

˸͙ ͍͙ͫͨͪͦͫͭͯ͊͡ ͔ͭͦͪ͜Ό ͎͊ͪΎ;ͦ͝ ͙͋͊͘ ͎͔͙ͦͦͪͦͤ͟,
͍ͦͨͯ͋ͦ͊ͤͯ͜͟͡ PICarruthers Geocorona Observatory͍ ͗ͯͪͤ͊͜͡ Nature Communications.

Non-thermal hydrogen atoms in the terrestrial upper thermosphere 
| Nature Communications

Frontiers | Hydrogen atoms near the 
exobase are cold: independent observations 
do not support the hot exosphere concept

˹͊΄ ͍͙͍ͫͤͦͦ͟Υ
͋͊͊͘ ͎͔͙ͦͦͪͦͤ͟ͻͦͦ͒ͤ͊͡Φ
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https://www.nature.com/articles/ncomms13655
https://www.nature.com/articles/ncomms13655
https://www.nature.com/articles/ncomms13655
https://www.nature.com/articles/ncomms13655
https://www.frontiersin.org/journals/astronomy-and-space-sciences/articles/10.3389/fspas.2023.1200959/full
https://www.frontiersin.org/journals/astronomy-and-space-sciences/articles/10.3389/fspas.2023.1200959/full
https://www.frontiersin.org/journals/astronomy-and-space-sciences/articles/10.3389/fspas.2023.1200959/full


˾͔ͯ͘͡Έͭ͊ͭΥ ͊ͨͪͦ͘΄͔ͤͤΎ ͒ ͦ ͯ;͊ͫͭ͜ ͍  ͣͦ ͔͒͡Ό͍͊ͤͤ ͎͔͙ͦͦͪͦͤ͜͟
͎͋͊͊ͭͦͪ͜;͙ͤͣ PI͎͙ͨͪͦͪ͊ͣ ͊ͤ͊ͯ͘͜͡ ͙͒͊ͤͻ ͚ͣͫ͜͜ Apollo

15

ˤ͔ͨͪ΄͔ ͚͔ͤ͊͒ͤͦ͘Σ ΅ͦ ͍ͭͪ͊ͭ͊ ͍ͦ͒ͤΌ ͘ ͊ͭͣͦͫͺ͔͙ͪ ˭͔ͣ͜͡ όescape)͍͍͒͋ͯ͊͜ΊͭΈͫΎ ͚͔ͣ͊͗ 
͍͙͟͡Ό;ͤͦ ;͔͔ͪ͘ ͻ͍ͫͭ͜ ͎͔͙ͦͦͪͦͤ͟Σ ΅ͦ ͺͦͪͣͯΊͭΈͫΎ͝͝ ͍͊͘Ίͣͦ͒͜ΊΌ ͘ ͨͦͭͦͦͣ͟ ͺ͍ͦͭͦͤ͜ ͫͦͤΎ;͎ͤͦͦ 
͍͙ͨͪͦͣͤ͜Ό͍͊ͤͤΎΦ ͔̇ ͍͙͒ͪͭͭ͜͟Ύ ͣͤ͘͜ΌΊ ͯΎ͍͔ͤͤ͡Ύ ͨͪͦ ͍͔͙ͦͣ͊ͫ͟͡΄ͭ͊͋ͤ͜ ͍͎͙͍͒ͦͦͭͪ͊͜͡ 
ͨͪͦͼ͔͙ͫ ͍͙ͭͪ͊ͭ ͔ͪ;͍͙͙ͦͤ ͘ ͤ͊΄ͦ͝ ͔͙ͨ͊ͤͭ͡Φ 
(ͫͨ͜͡Έͤͦ ͘ Laboratory for Atmospheric and Space Physics ͭ͊ SyntekTechnologiesΣ ˿̊ˢ).

15



˽͔ͦ͗͗͊ ͍ ͍͔͋ͯ͒͜͡Έͤͦͣͯ ͎͔͔ͨͪͣ͊ͪͭ͜͟͜ ά˩ ͨ͜ͼ͔ͤͭͪέ, 
͍͙͙͊ͤ͊͟͟͡ ͚ͪͦͫͫ͜Έ͙ͣ͟ ͍͋ͦͣ͋͊ͪ͒ͯ͊ͤͤΎͣΣ ͍̆͊ͪ͟͜Σ
нп ͍ͭͪ͊ͤΎ нлнп ͪͦͯ͟Σ мо:30 UT:
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˨͎͙͊ͤͦͫͭ͊͜͟ ͜ ͦͤͦͫͺ͔͙ͪͤͻ ͘ ͔͋ͯͪͤΈ ͤ ͊͒ ̂ͪ͊ͤͦ͟͝Ό, 
͍͙͙͙͊ͤ͟͟͡ͻ ͨ ͙͙͙ͪͪͦ͒ͤͣ ͭ ͊ ͔ͭͻ͎͔͙͙ͤͦͤͤͣ ͨ ͪͦͼ͔͙ͫ͊ͣ

˭͔ͦͪͣ͊͟Σ ͒ͦͫ͒͗ͯ͜͡ΌͭΈͫΎ ͦͤͦͫ͜ͺ͔ͪͤ͜ ͔ͺ͔͙ͭ͟ ͍͙͋ͯͻ͍͜ ͜ ͔ͨͦ͗͗Σ 
͍͙͙͙͊ͤ͟͟͡ͻ ͚͍͙͙͋ͦͦͣ ͒͜Ύ͙ͣΦ

˽͙ͪ͊͒͟͡  ͔ͨͦ͗͗͊ ͍ ͍͔͋ͯ͒͜͡Έͤͦͣͯ ͎͔͔ͨͪͣ͊ͪͭ͜͟͜ ͍ ͍̆͊ͪͦ͟͜Σ Ύ͊͟ 
ͫͭ͊͊ͫ͡Ύ ͨ͒͜ ;͊ͫ ͎͎͒ͪͯͦͦ ͤ͊ͫͭͯͨͯ ͪͦͫ͜Ύͤ ͤ͊ ͍̆͊ͪ͟͜Φ

˾͔͙͚͊ͭͤ͟ ͯ͒͊ͪ ͨͦ ˩ͨ͜ͼ͔ͤͭͪͯ ͍  ̆͊ ͍ͪͦ͟͜ - ͫ ͟͜͡Έ͙͟ ͡ Ό͔͚͒ ͎͙͙͊ͤͯ͘͡ 16

https://babel.ua/news/107468-v-epicentri-na-moment-udaru-mogli-perebuvali-bilshe-200-lyudey-narazi-vidomo-pro-11-postrazhdalih
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https://babel.ua/news/107468-v-epicentri-na-moment-udaru-mogli-perebuvali-bilshe-200-lyudey-narazi-vidomo-pro-11-postrazhdalih
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Reference day May 22 The fire day May 25

Oscillations of the atmosphere

with buoyancy frequency
Waves generated by

convection column

and its interaction 

with wind?

Kotov et al., AtmoSense/AIRWaveSConference, April 15-17, 2025, Daytona Beach, FL

˽͔ͪ΄͜ ͍ ͍ͫͭ͜͜ ͒͊ͤ͜ ͨͪͦ ͍͙͍ͨ͡ ͔͍͔͙͙ͤ͟͡ͻ ͔ͨͦ͗͗ ͤ͊ ͍͔͙͚ͤ͊ͦͦͣͤ͘͟͡ ͦͫͣͦͫ͟

˾͔ͯ͘͡Έ͙ͭ͊ͭ ͔͍͔ͨͪ͒ͫͭ͊ͤͦ͡
ͤ͊ ͦͤ͟ͺ͔͔ͪͤͼ͜͝Σ ͙͚͊ͪͭ͘͟͜ 
͒͡Ύ ΄͙ͪͦͦ͟͝ ͙ͨͯ͋͜͟͡ ͭ͊ 
͔ͣ͒͊͜Σ ͎͍͚ͦͪ͊ͤͦ͊ͤ͘͜͜ 
The Defense Advanced 
Research Projects Agency 

Registration | 
AtmoSense/AIRWaveS| 
Conferences | Embry-Riddle 
Aeronautical University
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https://commons.erau.edu/atmosense-airwaves/registration.html
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˿͍͔ͭͦͪͤͦ ͭ͊ 
ͤͫͭ͊͜͡Έ͍ͦ͊ͤͦ 
͙͔ͫͫͭͣͯ ͒͡Ύ 
͔͒ͦͫ͒͗ͤ͜͡Έ VLF-
͙͎͍ͫͤ͊͜͡ ͒͡Ύ 
ͨ͊ͣͦͫ͘͡ͺ͔͙ͪͤͻ
͔͔͔ͫͨͦͫͭͪ͗ͤΈΣ нлнп

˱ͦͤͦͫͺ͔ͪͤ͊ ͔͍ͦ͋ͫͪ͊ͭͦͪ͜Ύ ͍ͨͪͦ͒ͦ͗ͯΊ ͍͙͍͙ͪͦ͊ͭͫ͘Ύ

˻͔ͪͣ͟͜ ͒͊ͤ͜ ͙ͤ͊͒ͫ͊͡ΌͭΈͫΎ ͒ͦ ͔͍ͫͪͫͯ͜ ͦͫͣ͟͜;ͤͦ͝ 
͎͙ͨͦͦ͒ ͍͔͚̐ͪͦͨͫΈ͎ͦͦ͟ ͦͫͣ͟͜;͎ͤͦͦ ͎͔͍͊ͤͭͫͭ͊Υ

18



˽͙ͪ͒͋͊ͤͦ ͭ͊ ͤͫͭ͊͜͡Έ͍ͦ͊ͤͦ ;͙͍͙͚ͯͭ͡ ͎͔ͣ͊ͤͭͦͣͭͪ͜ ͒͡Ύ 
͔͒ͦͫ͒͗ͤͤ͜͡Ύ ͍͊ͪ͊͜ͼ͚͜ ͎͔͎͎ͦͣ͊ͤͭͤͦͦ͜ ͨͦ͡ΎΣ ΅ͦ ͣͦ͗ͯͭΈ 
͍͍͙ͫͯͨͪͦͦ͒͗ͯ͊ͭ ͔͒Ύ͟͜ ͙ͨͪͪͦ͒ͤ͜ ͭ͊ ͎͔͊ͤͭͪͦͨͦͤͤ͜ Ύ͍͙΅͊Σ 
2024

˨͍ͦ͋ͦ͜ ͍͊ͪ͊͜ͼ͜͝ ͭͪΈͦͻ 
͎ͦͪͭͦͦͤ͊͡Έ͙ͤͻ 
͔ͦͣͨͦͤͤͭ͟ 
͎͔͎͎ͦͣ͊ͤͭͤͦͦ͜ ͨͦ͡ΎΣ 
͍͙ͣͪ͜Ύͤ͜ ͎͔ͣ͊ͤͭͦͣͭͪͦͣ͜ 
͍ ˱ͦͤͦͫͺ͔͚ͪͤ͜ 
͔͍ͦ͋ͫͪ͊ͭͦͪ͜͝ ˹˨˱ 
˱ͦͤͦͫͺ͔͙ͪ 

19

˱ͦͤͦͫͺ͔ͪͤ͊ ͔͍ͦ͋ͫͪ͊ͭͦͪ͜Ύ ͍ͨͪͦ͒ͦ͗ͯΊ ͍͙͍͙ͪͦ͊ͭͫ͘Ύ



˻͋͊͒ͤ͊ͤͤ͡Ύ 
͔͎ͦ͟͡ ͘ ˥͍͎ͦͦͤͦͦ͡ 
ͼ͔ͤͭͪͯ 
͔ͫͨͼ͊͜͡Έ͎ͤͦͦ 
ͦͤͭͪͦ͟͡ΌΣ 
͍͍͔͔ͫͭ͊ͤͦͤ͡ ͍ 
˱ͦͤͦͫͺ͔͚ͪͤ͜ 
͔͍ͦ͋ͫͪ͊ͭͦͪ͜͝ ˹˨˱ 
˱ͦͤͦͫͺ͔͙ͪΦ

ˤ͍͔ͫͭ͊ͤͦͤͦ͡ 
͙͊ͯͫͭ͟;ͤ͜ ͭ͊ 
͔͚ͫͫͣ͜;ͤ͜ 
͔͙ͫͤͫͦͪΣ нлнп

˾͍͙ͦͭͦ͘͟ ͔͍ͦ͋ͫͪ͊ͭͦͪ͜͝ ͯ ͍ͫͨͨͪ͊͜ͼ͜ ͘ ͔͎͙ͦ͊ͣ͟͡ ͘ ͙̂ͪ͊ͤ͟͝ 

20



˹͊΄͊ ͍ͤ͊ͯͦͦ͟-
͔ͭͻͤ͜;ͤ͊ ͔͔͙ͫͨͪͭ͊͘͟ 
ςͤ ͊ ̂ͪ͊ͤͫ͟͝Έ͚͟͜ 
͙͊ͤͭ͊ͪͭ͟;͚ͤ͜ ͫͭ͊ͤͼ͜͝

˿ΦͤΦͫΦ ˹˨˱ ˱ͦͤͦͫͺ͔͙ͪ 
˻͔ͫ͊ͤ͒ͪ͟͡ ˣ͎ͦͦͣ͊͘ ς
͎͔ͦͺ͙͘͜͟ нт-ͦ͝ ͭ͊ нф-ͦ͝ 
ͯͪ͊ͤͫ͟͝Έ͙͟ͻ 
͙͊ͤͭ͊ͪͭ͟;͙ͤͻ 
͔͔͙ͫͨ͒͟ͼ͚͜

XXIX ̂ ͪ͊ͤͫ͟͝Έ͊͟ 
͙͊ͤͭ͊ͪͭ͟;ͤ͊ 
͔͔͙ͫͨ͒͟ͼ͜Ύ τ ʕ ͔ͨ͒͜͟͜͜Ύ
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https://uk.wikipedia.org/wiki/XXIX_%D0%A3%D0%BA%D1%80%D0%B0%D1%97%D0%BD%D1%81%D1%8C%D0%BA%D0%B0_%D0%B0%D0%BD%D1%82%D0%B0%D1%80%D0%BA%D1%82%D0%B8%D1%87%D0%BD%D0%B0_%D0%B5%D0%BA%D1%81%D0%BF%D0%B5%D0%B4%D0%B8%D1%86%D1%96%D1%8F
https://uk.wikipedia.org/wiki/XXIX_%D0%A3%D0%BA%D1%80%D0%B0%D1%97%D0%BD%D1%81%D1%8C%D0%BA%D0%B0_%D0%B0%D0%BD%D1%82%D0%B0%D1%80%D0%BA%D1%82%D0%B8%D1%87%D0%BD%D0%B0_%D0%B5%D0%BA%D1%81%D0%BF%D0%B5%D0%B4%D0%B8%D1%86%D1%96%D1%8F
https://uk.wikipedia.org/wiki/XXIX_%D0%A3%D0%BA%D1%80%D0%B0%D1%97%D0%BD%D1%81%D1%8C%D0%BA%D0%B0_%D0%B0%D0%BD%D1%82%D0%B0%D1%80%D0%BA%D1%82%D0%B8%D1%87%D0%BD%D0%B0_%D0%B5%D0%BA%D1%81%D0%BF%D0%B5%D0%B4%D0%B8%D1%86%D1%96%D1%8F
https://uk.wikipedia.org/wiki/XXIX_%D0%A3%D0%BA%D1%80%D0%B0%D1%97%D0%BD%D1%81%D1%8C%D0%BA%D0%B0_%D0%B0%D0%BD%D1%82%D0%B0%D1%80%D0%BA%D1%82%D0%B8%D1%87%D0%BD%D0%B0_%D0%B5%D0%BA%D1%81%D0%BF%D0%B5%D0%B4%D0%B8%D1%86%D1%96%D1%8F
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