
ʉʠʥʛʫʣʷʨʥʳʝ ʪʦʢʦʚʳʝ 

ʩʪʨʫʢʪʫʨʳ ʚ ʢʦʩʤʠʯʝʩʢʦʡ 

ʧʣʘʟʤʝ  

 

ʇʨʠ ʫʯʘʩʪʠʠ: ʍ.ɺ. ʄʘʣʦʚʦʡ (ʅʀʀʗʌ ʄɻʋ), ɺ.ʖ. ʇʦʧʦʚʘ (ʌʠʟ. 

ʌ-ʪ ʄɻʋ), ɽ.ɽ. ɻʨʠʛʦʨʝʥʢʦ (ʀʂʀ ʈɸʅ), ɺ.ʀ. ɼʦʤʨʠʥʘ (ʅʀʀʗʌ 

ʄɻʋ) 

ʃ.ʄ. ɿʝʣʝʥʳʡ (ʀʂʀ ʈɸʅ) 



ʀʩʪʦʨʠʯʝʩʢʦʝ ʬʦʪʦ: ʀʂʀ-ʅʀʀʗʌ 
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ʈʘʙʦʪʳ ʉ.ʀ. ʉʳʨʦʚʘʪʩʢʦʛʦ ʧʦ ʪʦʢʦʚʳʤ 

ʩʣʦʷʤ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ 
ʊʦʢʦʚʳʡ ʩʣʦʡ ʢʘʢ ʪʝʧʣʦʚʦʡ ʪʨʠʛʛʝʨ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ: 

               ʊʉ   ɺ ʄɻɼ  

ʉʀʅɻʋʃʗʈʅʓɽ  ʉʊʈʋʂʊʋʈʓ  !!! 



ʀʜʝʠ ɹ.ɸ. ʊʚʝʨʩʢʦʛʦ ʠ ɺ.ʇ. ʐʘʙʘʥʩʢʦʛʦ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʅʀʀʗʌ/ʀʂʀ  ʧʣʘʟʤʝʥʥʳʭ ʩʣʦʝʚ ʚ ʢʦʩʤʦʩʝ 

ɹ.ɸ. ʊʚʝʨʩʢʦʡ ʧʨʝʜʣʦʞʠʣ ʤʦʜʝʣʴ  

ʠʟʦʪʨʦʧʥʦʛʦ ʪʦʢʦʚʦʛʦ ʩʣʦʷ (ʊʚʝʨʩʢʦʡ, 1972).  

ɺ ʥʝʡ ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʣ ʘʜʠʘʙʘʪʠʯʝʩʢʠʝ 

ʠʥʚʘʨʠʘʥʪʳ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʚ ʤʦʜʝʣʠ ʊʉ. 

ɺ.ʇ. ʐʘʙʘʥʩʢʠʡ ï ʠʜʝʠ ʧʘʨʘʙʦʣʦʠʜʥʦʡ ʤʦʜʝʣʠ 

ʤʘʛʥʠʪʦʩʬʝʨʳ (Shabansky, SSR, 1971; ʚ ʢʥ. ʗʚʣ. 

ʦʢʦʣʦʟʝʤ. ʢʦʩʤ. ʧʨʦʩʪʨ., 1972);  ʨʘʟʨʝʟʥʦʛʦ 

ʢʦʣʴʮʝʚʦʛʦ ʪʦʢʘ; ʥʘʨʫʰʝʥʠʷ ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ 

ʠʥʚʘʨʠʘʥʪʦʚ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ; ʚʧʝʨʚʳʝ ʦʧʠʩʘʣ 

ʚʣʦʞʝʥʥʦʩʪʴ ʪʦʢʦʚʦʛʦ ʩʣʦʷ. 



ɸ.ʇ. ʂʨʦʧʦʪʢʠʥ: ʪʝʦʨʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ɺʂʊʉ ï 

ʚʳʥʫʞʜʝʥʥʦʛʦ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʪʦʢʦʚʦʛʦ ʩʣʦʷ 

(ʂropotkin&Domrin, 1995-2007) 

ʈʘʟʚʠʪʠʝ ʤʦʜʝʣʝʡ ʤʘʛʥʠʪʦʩʬʝʨʥʳʭ ʪʦʢʦʚʳʭ ʩʠʩʪʝʤ ʠ 

ʪʦʢʦʚʳʭ ʩʣʦʝʚ ʨʘʟʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ 

ʀ.ʀ ɸʣʝʢʩʝʝʚ (ʨʘʙʦʪʳ ʩ 1993ʛ. ʧʦ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ): ʨʘʟʚʠʪʠʝ 

ʧʘʨʘʙʦʣʦʠʜʥʦʡ ʤʦʜʝʣʠ 

ʤʘʛʥʠʪʦʩʬʝʨʳ ɿʝʤʣʠ; 

ʧʦʩʣʝʜʫʶʱʝʝ ʦʙʦʙʱʝʥʠʝ ʝʝ ʥʘ 

ʤʘʛʥʠʪʦʩʬʝʨʳ ʜʨʫʛʠʭ ʧʣʘʥʝʪ 

ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ, ʛʝʣʠʦʩʬʝʨʫ, 

ʵʢʟʦʧʣʘʥʝʪʳ. 

ʀ.ʉ. ɺʝʩʝʣʦʚʩʢʠʡ: ʨʘʟʚʠʪʠʝ ʤʦʜʝʣʝʡ 

ʛʝʣʠʦʩʬʝʨʥʦʛʦ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʚ ʩʦʣʥʝʯʥʦʤ 

ʚʝʪʨʝ, ʠʟʫʯʝʥʠʝ ʧʣʘʟʤʝʥʥʳʭ ʨʘʚʥʦʚʝʩʠʡ 



ɻʨʫʧʧʘ ʀ.ʀ. ɸʣʝʢʩʝʝʚʘ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʣʘʥʝʪʥʳʭ 

ʤʘʛʥʠʪʦʩʬʝʨ, ʨʘʟʚʠʪʠʝ ʧʘʨʘʙʦʣʦʠʜʥʦʡ ʤʦʜʝʣʠ 

ʤʘʛʥʠʪʦʩʬʝʨʳ 

ʀ.ʀ. ɸʣʝʢʩʝʝʚ ɽ.ʉ. ɹʝʣʝʥʴʢʘʷ ɺ.ɺ. ʂʘʣʝʛʘʝʚ 

ʍ.ɺ. ʄʘʣʦʚʘ ʠ  

ʄ.ʉ.ɹʣʦʭʠʥʘ 



ʂʚʘʟʠʘʜʠʘʙʘʪʠʯʝʩʢʦʝ  ʦʧʠʩʘʥʠʝ  
ʜʚʠʞʝʥʠʷ çʥʝʟʘʤʘʛʥʠʯʝʥʥʳʭèʯʘʩʪʠʮ     Iz 

 (Buechner and Zelenyi, JGR, 1989) 

QT 
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Neistadt, 1986; Timofeev, 1978 

Cary, Escande, Tennyson, 1986 
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ɼʠʬʬʫʟʠʷ ʤʝʞʜʫ ʩʧʝʡʩʝʨʦʚʩʢʦʡ ʠ 

ʢʚʘʟʠʟʘʭʚʘʯʝʥʥʦʡ ʦʙʣʘʩʪʷʤʠ 

                   ʉʃɸɹʆ ʈɽɻʋʃʗʈʅʆɽ 

 ʀ ʊʆʃʔʂʆ ʀʅʆɻɼɸ ʍɸʆʊʀʏɽʉʂʆɽ ɼɺʀɾɽʅʀɽ  



ʈʘʟʚʠʪʠʝ ʤʦʜʝʣʝʡ ʪʦʥʢʠʭ ʪʦʢʦʚʳʭ ʩʣʦʝʚ (ʊʊʉ) ʚ 

ʨʘʤʢʘʭ ʢʚʘʟʠʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ 

ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʟʤʝ 

Kropotkin, Malova, Sitnov, JGR, 1997 ï  

ʤʦʜʝʣʴ ʊʊʉ ʚ ʧʨʝʜʝʣʝ ʩʠʣʴʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ; 

 

Sitnov,Zelenyi,Malova  JGR, 2000 ï 

 ʤʦʜʝʣʴ ʊʊʉ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʡ 

              ʘʥʠʟʦʪʨʦʧʠʠ 

 

Zelenyi et al., NPG, 2000  

ï ʤʦʜʝʣʴ ʊʊʉ ʩ ʫʯʝʪʦʤ  

ʚʣʠʷʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ  

ʧʦʣʷ ʠ ʦʮʝʥʢʦʡ ʤʘʩʰʪʘʙʦʚ 

ʄ.ʀ. ʉʠʪʥʦʚ 

ɺ.ʀ. ɼʦʤʨʠʥ ʠ ʍ.ɺ. ʄʘʣʦʚʘ 

Domrin et al., 2016-2021 ï  

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʚʣʦʞʝʥʥʳʭ ʊʊʉ 

ɺ ʨʘʤʢʘʭ ʜʠʥʘʤʠʯʝʩʢʦʡ ʠ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʤʦʜʝʣʝʡ 



ʂʦʤʘʥʜʘ ʀʂʀ- ʚ ʩʦʜʨʫʞʝʩʪʚʝ ʩ ʄɻʋ- ʀɿʄʀʈɸʅ - ʇɻʀ: 

ʨʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʊʊʉ ʚ ʢʦʩʤʦʩʝ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ 

ɽ.ɽ. ɻʨʠʛʦʨʝʥʢʦ 

ɺ.ʖ. ʇʦʧʦʚ 

ʆ.ɺ. ʍʘʙʘʨʦʚʘ ʠ 

ʆ.ɺ. ʄʠʥʛʘʣʝʚ 

ʈ.ɸ.ʂʠʩʣʦʚ 

ʈʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʊʊʉ ʚ ʭʚʦʩʪʝ ʤʘʛʥʠʪʦʩʬʝʨʳ ɿʝʤʣʠ; ʚ ʧʨʠʤʝʥʝʥʠʠ ʢ 

ʤʘʛʥʠʪʦʩʬʝʨʘʤ ʧʣʘʥʝʪ; ʚ ʩʦʣʥʝʯʥʦʤ ʚʝʪʨʝ; ʚ ʤ/ʩʬʝʨʘʭ ʵʢʟʦʧʣʘʥʝʪ 



ʄʘʩʰʪʘʙ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ï ʧʦʨʷʜʢʘ ʦʜʥʦʛʦ ʠʣʠ 
ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʪʦʥʥʳʭ ʛʠʨʦʨʘʜʠʫʩʦʚ:  

L ~ ri~   250 km - 2000 km 

15-20 Re 

100 Re 

TCS Earth 
Magnetic field 

lines 

ʊʦʢʦʚʳʡ ʩʣʦʡ ʚ ʭʚʦʩʪʝ ʤʘʛʥʠʪʦʩʬʝʨʳ ɿʝʤʣʠ  

ʠ ʦʙʣʘʩʪʠ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ 

11 )()( -- µµ=>>=µµ zBBLLxBB xxzxzz
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CS metastability: 

During CS disruption accumulated energy 

releases: plasma flows go out from the 

region of spontaneous reconnection 

ʕʚʦʣʶʮʠʷ ʊʉ ʜʦ ʥʘʯʘʣʘ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʵʥʝʨʛʠʠ.        

                                                                       ʄʝʪʘʩʪʘʙʠʣʴʥʦʩʪʴ 
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L x<20-30 

RE 

ʄʦʜʝʣʠ ʩ ʠʟʦʪʨʦʧʥʳʤ 

ʜʘʚʣʝʥʠʝʤ 

ʄʦʜʝʣʠ ʩ ʘʥʠʟʦʪʨʦʧʥʳʤ 

ʜʘʚʣʝʥʠʝʤ 

ʊʊʉ - ʅʦʚʳʡ ʪʠʧ ʧʣʘʟʤʝʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 



ʊʨʠ ʪʠʧʘ ʪʦʢʦʚʳʭ ʩʣʦʝʚ, ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚ Cluster 
   (Runov et al., Annales Geophysicae, 24, 247ï262, 2006) 

ɸ. Symmetrical with a single peak in 

the center      h<2000~5rLp 

 

 

ɺ. Bifurcated with two peaks 

h~4000 km~10rLp 

 

 

ʉ. Asymmetrical 

h<2000~5rLp 

ʉʚʦʡʩʪʚʘ ʊʊʉ: 

Å ɺʣʦʞʝʥʥʦʩʪʴ 

Å ɸʥʠʟʦʪʨʦʧʠʷ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʦʥʦʚ, ʙʳʩʪʨʳʝ ʧʣʘʟʤʝʥʥʳʝ ʧʦʪʦʢʠ 

ʚʜʦʣʴ ʩʠʣʦʚʳʭ ʣʠʥʠʡ 

Å ʄʘʣʘʷ ʪʦʣʱʠʥʘ ï ʧʦʨʷʜʢʘ 

ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʪʦʥʥʳʭ ʛʠʨʦʨʘʜʠʫʩʦʚ 

Å 1-2- ʧʠʢʘ ʥʘ ʧʨʦʬʠʣʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ, 

ʘʩʠʤʤʝʪʨʠʷ 

Å ɺʝʨʪʠʢʘʣʴʥʳʝ ʬʣʘʧʧʠʨʫʶʱʠʝ 

ʢʦʣʝʙʘʥʠʷ (DB~several tens of nT, time 

period T~10 sec ï several minutes) 



Asano, JGR, 2004 
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ʕʚʦʣʶʮʠʷ ʊʉ ʜʦ ʥʘʯʘʣʘ ʚʟʨʳʚʥʦʡ ʬʘʟʳ 

ɿʝʣʝʥʳʡ ʠ ʜʨ., ʋʌʅ, 2010 



ʌʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʦʥʦʚ 

ʥʝʛʠʨʦʪʨʦʧʥʘ 

3 cases of thin current sheets 

vx ͟ ͣκͫ vx ͟ ͣκͫ 

v
y ͟
ͣ
κ
ͫ
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vx ͟ ͣκͫ 

Results of analytical model 

Zelenyi et al. 2004 

Burkhart et al. 1992 

Particle-in cell 
model 

vx ͟ ͣκͫ 

Speiser ions 

Quasi-

trapped ions 



ʂʚʘʟʠʘʜʠʘʙʘʪʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʧʨʦʪʦʥʦʚ ʚ ʭʚʦʩʪʝ 

ʤʘʛʥʠʪʦʩʬʝʨʳ ɿʝʤʣʠ 
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Neistadt, 1986; Timofeev, 1978 

Cary, Escande, Tennyson, 1986 

 

Quasiadiabatic approximation: 
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ʋʨʘʚʥʝʥʠʷ ɺʣʘʩʦʚʘ-ʄʘʢʩʚʝʣʣʘ ʜʣʷ ʢʚʘʟʠʘʜʠʘʙʘʪʠʯʝʩʢʠʭ 
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The distribution function       
f trans, trap 

can be presented as a 
function of integrals of 
motion {W0,Iz} and using 
Liouville theorem could 
be  be calculated at all 
locations within  CS 
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ʈʘʚʥʦʚʝʩʥʳʝ ʨʝʰʝʥʠʷ ʚ ʤʦʜʝʣʠ ʊʉ ʙʝʟ ʵʣʝʢʪʨʦʥʦʚ: ʚ ʥʠʭ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʘ 

ʚʣʦʞʝʥʥʦʩʪʴ ʪʦʥʢʦʛʦ ʪʦʢʦʚʦʛʦ ʩʣʦʷ ʚʥʫʪʨʠ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ  ʧʣʘʟʤʝʥʥʦʛʦ 

ʩʣʦʷ ʢʘʢ ʦʩʥʦʚʥʦʝ ʩʚʦʡʩʪʚʦ ʊʉ 

Jy 

z 

n 

z 

/T Dv ve=

n 

Jy 

z 
ɺʣʦʞʝʥʥʳʡ ʊʉ 

Zelenyi et al., NPG, 2000 

ʇʦʣʫʯʝʥʥʦʝ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʝ ʨʝʰʝʥʠʝ ʠʤʝʣʦ 

ʪʦʣʱʠʥʫ ʧʦʨʷʜʢʘ ʦʜʥʦʛʦ-ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʪʦʥʥʳʭ 

ʛʠʨʦʨʘʜʠʫʩʦʚ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. 

ʆʮʝʥʢʘ ʰʠʨʠʥʳ ʊʉ ʟʘʚʠʩʝʣʘ ʦʪ ʦʪʥʦʰʝʥʠʷ e 
ʪʝʧʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʨʦʪʦʥʦʚ ʢ ʠʭ ʧʦʪʦʢʦʚʦʡ ʩʢʦʨʦʩʪʠ.  



ʕʣʝʢʪʨʦʥʥʳʝ ʜʨʝʡʬʳ ʢʨʠʚʠʟʥʳ ʚ ʦʙʨʘʱʝʥʥʦʤ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ 

1/Rcurv 
Rcurv 

e- 

Jy 
Rcurv is minimum 

Curvature electron drift  



ʋʯʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ: ʧʨʦʬʠʣʠ 

ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʊʊʉ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʠ ʠʟʦʪʨʦʧʥʦʛʦ ʜʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ 
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Zelenyi L. M., H. V. Malova, V. Yu. Popov, D. Delcourt, and A.S. Sharma, Nonlinear equilibrium 

structure of thin currents sheets: influence of electron pressure  anisotropy, Nonlinear 

Processes in Geophysics, v. 11 , pp. 579-587, 2004 



ʄʘʩʰʪʘʙʳ ʪʦʣʱʠʥ ʪʦʢʦʚʳʭ ʩʣʦʝʚ: 

Å ɺ ʤʦʜʝʣʠ ʍʘʨʨʠʩʘ  ʪʦʣʱʠʥʘ ʊʉ 
ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʣʴ ʫʛʦʜʥʦ 
ʙʦʣʴʰʦʡ 

e<<1: 

L º rDe
4/3 = rTe

1/3  
(Francfort and Pellat, 1976) 

e²1:     L º rT  
 

(Ashour-Abdalla, Zelenyi et al., 

1994);  rD=vD/w0, rT= vT/w0 

vTi i

pi i e i

c T
L

u T Tw
=

+

ɺ ʤʦʜʝʣʠ ʊʊʉ ʤʘʩʰʪʘʙ  

ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʘ 

e=VT/VD ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʨʦʪʦʥʥʳʤ ʛʠʨʦʨʘʜʠʫʩʦʤ 

ʊʦʣʱʠʥʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʣʦʷ: 

ʪʦʣʱʠʥʘ ʊʉ ʩ  ʢʚʘʟʠʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʠʦʥʥʦʡ ʜʠʥʘʤʠʢʦʡ 

ʠʤʝʝʪ ʤʘʩʰʪʘʙ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʪʦʥʥʳʭ  

ʛʠʨʦʨʘʜʠʫʩʦʚ 

2~ ~e i inL l d r



ʄʝʭʘʥʠʟʤʳ ʫʩʣʦʞʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʊʊʉ:  

Åʋʯʝʪ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ ʠ ʜʨʫʛʠʭ ʪʷʞʝʣʳʭ ʠʦʥʦʚ  

Åɺʣʠʷʥʠʝ ʟʘʭʚʘʯʝʥʥʳʭ ʠ ʢʚʘʟʠʟʘʭʚʘʯʝʥʥʳʭ 

ʠʦʥʦʚ 

Åʅʝʤʘʢʩʚʝʣʣʦʚʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʘʟʤʳ 

Åʅʘʣʠʯʠʝ ʰʠʨʦʚʦʡ ʢʦʤʧʦʥʝʥʪʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 
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