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ȺɅȽɈɊɂɌɆɈȼ ȽɊȺȼɂɌȺɐɂɈɇɇɈȽɈ ɉɈɂɋɄȺ ɂ ɉɊɕȽȺɘɓɂɏ ɅəȽɍɒȿɄ 

Ɇ.Ȼ. Ȼɚɪɞɚɦɨɜɚ 23 

ɉɊɈɋɌɊȺɇɋɌȼȿɇɇɈȿ ɊȺɋɉɊȿȾȿɅȿɇɂȿ ɂɁɆȿɇȿɇɂɃ ɉɈɄȺɁȺɌȿɅə ɉɊȿɅɈɆɅȿɇɂə, 
ɂɇȾɍɐɂɊɈȼȺɇɇɕɏ ɉɊɂ ɎɈɊɆɂɊɈȼȺɇɂɂ ɄȺɇȺɅɖɇɕɏ ȼɈɅɇɈȼɈȾɈȼ  
ȼ ɉɈȼȿɊɏɇɈɋɌɇɈ ɅȿȽɂɊɈȼȺɇɇɈɆ ɄɊɂɋɌȺɅɅȿ ɇɂɈȻȺɌȺ ɅɂɌɂə 
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ɒɂɊɈɄɈȺɉȿɊɌɍɊɇɕɃ ɍɋɄɈɊɂɌȿɅɖ ɗɅȿɄɌɊɈɇɈȼ ɇȺ ɈɋɇɈȼȿ ɂɈɇɇɈ-ɗɅȿɄɌɊɈɇɇɈɃ 
ɗɆɂɋɋɂɂ ɋ ȼɕȼɈȾɈɆ ɉɍɑɄȺ ȼ ȺɌɆɈɋɎȿɊɍ 
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ɄɊɂɋɌȺɅɅɈȼ ɋɄȺɇȾɈȻɈɊȺɌɈȼ 
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ȼɏɈȾɇɈȽɈ ȻɅɈɄȺ ɂɁɆȿɊɂɌȿɅə ɄɈɗɎɎɂɐɂȿɇɌȺ ɈɌɊȺɀȿɇɂə ɇȺ ɌɈɑɇɈɋɌɖ 

ɂɁɆȿɊȿɇɂɃ 

Ɇ.Ⱥ. Ʉɚɧɢɧɚ 50 

ɋȻɈɊ ȾȺɇɇɕɏ ȼ ɋɂɋɌȿɆȿ ȽɅɈȻȺɅɖɇɈȽɈ ɉɈɁɂɐɂɈɇɂɊɈȼȺɇɂə ɋ ɂɋɉɈɅɖɁɈȼȺɇɂȿɆ 
ɉɊɈȽɊȺɆɆɇɈ ɈɉɊȿȾȿɅəȿɆɈɃ ɊȺȾɂɈɋɂɋɌȿɆɕ 
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ɉɈɌȿɇɐɂȺɅ ɂɁɈɅɂɊɈȼȺɇɇɈɃ Ɇɂɒȿɇɂ, ɈȻɅɍɑȺȿɆɈɃ ɗɅȿɄɌɊɈɇɇɕɆ ɉɍɑɄɈɆ  
ȼ ɋɊȿȾɇȿɆ ȼȺɄɍɍɆȿ, ɉɊɂ ɇȺɅɂɑɂɂ ȾɈɉɈɅɇɂɌȿɅɖɇɈȽɈ ɗɅȿɄɌɊɈȾȺ ȼȻɅɂɁɂ 
Ɇɂɒȿɇɂ 

Ʉ.ɂ. Ʉɚɪɩɨɜ, Ⱦ.Ȼ. Ɂɨɥɨɬɭɯɢɧ 56 
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ɉɈɅɖɁɈȼȺɌȿɅə ɉɈ ȿȽɈ ɉɈȾɉɂɋɂ 
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ɊȺɁɊȺȻɈɌɄȺ ɌȿɏɇɈɅɈȽɂɂ ɂ ɉɊɈȽɊȺɆɆɇɈɃ ɋɂɋɌȿɆɕ ȾɅə ɌɊȿɏɆȿɊɇɈɃ 
ɊȿɄɈɇɋɌɊɍɄɐɂɂ ɎɈɊɆɕ ɋɌɈɉɕ ɑȿɅɈȼȿɄȺ ɉɈ ȼɂȾȿɈɉɈɌɈɄɍ 
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ɊȺɁɊȺȻɈɌɄȺ ɉɊɈȽɊȺɆɆɇɈɃ ɋɂɋɌȿɆɕ ȾɅə ȺɇȺɅɂɁȺ ɌɈɇȺɅɖɇɈɋɌɂ ɈɌɁɕȼɈȼ 
ɉɈɅɖɁɈȼȺɌȿɅȿɃ  
ɇ.ɋ. Ɇɚɦɟɟɜ 68 

ɂɋɉɈɅɖɁɈȼȺɇɂȿ ECLIPSE THEIA ȾɅə ɋɈɁȾȺɇɂə ɂɇɌȿȽɊɂɊɈȼȺɇɇɈɃ ɋɊȿȾɕ 
ɊȺɁɊȺȻɈɌɄɂ ȾɅə əɁɕɄȺ REFLEX 

Ʉ.ȼ. Ɇɚɪɱɟɧɤɨ 71 

ȼɅɂəɇɂȿ ɌɈɅɓɂɇɕ Al2O3-Ti ɄɈɆɉɈɁɂɌȺ ɇȺ ȼɈɁɆɈɀɇɈɋɌɖ ɋɉȿɄȺɇɂə ȿȽɈ 
ɗɅȿɄɌɊɈɇɇɈ-ɅɍɑȿȼɕɆ ɆȿɌɈȾɈɆ ȼ ɎɈɊȼȺɄɍɍɆȿ 
Ƚ.Ɏ. Ɇɚɪɱɭɤ, ȼ.Ɍ. ɑɚɧ 74 

ȺɇȺɅɂɁ ɁȺȾȿɊɀȿɄ ɂɆɉɍɅɖɋɈȼ ɊȺɁɅɈɀȿɇɂə ȼ ɋɂɋɌȿɆȿ ɄȺȻȿɅɖ – ɉɅȺɌȺ 
ɋ ɆɈȾȺɅɖɇɕɆ ɊȿɁȿɊȼɂɊɈȼȺɇɂȿɆ 
Ⱥ.ȼ. Ɇɟɞɜɟɞɟɜ 78 

ȺȼɌɈɆȺɌɂɁȺɐɂə ɋɈɁȾȺɇɂə ɈɌɑȿɌɈȼ ɉɈ ɗɎɎȿɄɌɂȼɇɈɋɌɂ ɊȺȻɈɌɕ ɊȿɄɅȺɆɇɕɏ 
ɄȺɆɉȺɇɂɃ 

Ɇ.Ƚ. Ɇɨɫɤɚɥɟɜ 81 

ɄɈɊɉɈɊȺɌɂȼɇɕɃ ɒɅɘɁ ɇȺ ȻȺɁȿ ɈɌȿɑȿɋɌȼȿɇɇɈȽɈ ɋȿɊȼȿɊɇɈȽɈ ɉɊɈȽɊȺɆɆɇɈȽɈ 
ɈȻȿɋɉȿɑȿɇɂə 

Ⱦ.Ⱥ. Ɉɜɱɢɧɧɢɤɨɜ 84 

ɂɋɋɅȿȾɈȼȺɇɂȿ ɈɉɌɂɑȿɋɄɂɏ ɋɉȿɄɌɊɈȼ ɂɁɅɍɑȿɇɂə ɉɅȺɁɆɕ, ȽȿɇȿɊɂɊɍȿɆɈɃ 
ɂɆɉɍɅɖɋɇɕɆ ɗɅȿɄɌɊɈɇɇɕɆ ɉɍɑɄɈɆ ȼ ɎɈɊȼȺɄɍɍɆɇɈɆ ȾɂȺɉȺɁɈɇȿ ȾȺȼɅȿɇɂɃ 

Ⱥ.ȼ. Ʉɚɡɚɤɨɜ, Ⱥ.ȼ. Ɇɟɞɨɜɧɢɤ, ɇ.Ⱥ. ɉɚɧɱɟɧɤɨ 87 

ɐɂɎɊɈȼȺə ɅɈȽɂɋɌɂɄȺ ȼ ɍɉɊȺȼɅȿɇɂɂ ɐȿɉəɆɂ ɉɈɋɌȺȼɈɄ: ɉɊɈȻɅȿɆɕ ɂ 
ɉȿɊɋɉȿɄɌɂȼɕ 

ɘ.ȼ. ɉɚɪɮɟɧɬɶɟɜ  90 

ɑȿɌɕɊȿɏɅɍɑȿȼȺə ɎȺɊ ɋ ɂɁɅɍɑȺɌȿɅəɆɂ ɄɈɇɐȿȼɈȽɈ ɌɂɉȺ 

ɘ.ɇ. ɉɚɪɲɢɧ 93 

ɂɇɎɈɊɆȺɐɂɈɇɇȺə ɋɂɋɌȿɆȺ ɈɌȾȿɅȺ ɄȺȾɊɈȼ ɍɇɂȼȿɊɋɂɌȿɌȺ ɉȺɌɌɂɆɍɊɕ, ȺɆȻɈɇ - 
ɂɇȾɈɇȿɁɂə 

ȼ.ɗ. ɉɚɬɬɢɪɚɞɞɠɚɜɚɧɟ 96 

ɋɂɋɌȿɆȺ ɉȿɊɋɈɇȺɅɂɁȺɐɂɂ ɗɅȿɄɌɊɈɇɇɈȽɈ ɉɈɊɌɎɈɅɂɈ ɇȺ ɈɋɇɈȼȿ ɁȺȽɊɍɀȿɇɇɕɏ 
ɆȺɌȿɊɂȺɅɈȼ 

Ɏ.Ⱦ. ɉɢɪɚɤɨɜ 99 

ȼɅɂəɇɂȿ ɋɄɈɊɈɋɌɂ ɇȺȽɊȿȼȺ Al2O3-Ti ɄɈɆɉɈɁɂɌȺ ɇȺ ɈȾɇɈɊɈȾɇɈɋɌɖ ȿȽɈ ɋɉȿɄȺɇɂə 
ɋ ɂɋɉɈɅɖɁɈȼȺɇɂȿɆ ɎɈɊȼȺɄɍɍɆɇɈȽɈ ɉɅȺɁɆȿɇɇɈȽɈ ɗɅȿɄɌɊɈɇɇɈȽɈ ɂɋɌɈɑɇɂɄȺ 
Ⱥ.Ⱥ. ɉɨɞɞɭɛɧɨɜ, Ⱥ.ȿ. ɉɟɬɪɨɜ, ȼ.Ɍ. ɑɚɧ 102 

ɊȺɁɊȺȻɈɌɄȺ ɉɊɈȽɊȺɆɆɇɈɃ ɋɂɋɌȿɆɕ ȾɅə ɄɅȺɋɌȿɊɂɁȺɐɂɂ ɉɈɌɊȿȻɂɌȿɅȿɃ  
ɉɈ ɂɏ ɈɌɇɈɒȿɇɂɘ Ʉ ȺɋɉȿɄɌȺɆ ɉɊɈȾɍɄɌȺ  
Ʉ.ɘ. ɉɨɩɨɜɚ 105 

ȺȼɌɈɆȺɌɂɁȺɐɂə ɉɊɈɐȿɋɋȺ ɍɋɌȺɇɈȼɄɂ ɉɊɈȽɊȺɆɆɇɈȽɈ ɈȻȿɋɉȿɑȿɇɂə ɇȺ ɊȺȻɈɑȿɆ 
ɆȿɋɌȿ ȼ ɄɈɊɉɈɊɈɌɂȼɇɈɃ ɋȿɌɂ 

ȼ.ɂ. ɉɭɫɬɵɧɧɢɤɨɜ 108 

ɂɋɋɅȿȾɈȼȺɇɂȿ ɉȺɊȺɆȿɌɊɈȼ ɄɈɇɌɊȺȽɂɊɈȼȺɇɇɈȽɈ ȾɍȽɈȼɈȽɈ ɊȺɁɊəȾȺ  
ȼ ɎɈɊȼȺɄɍɍɆɇɈɆ ȾɂȺɉȺɁɈɇȿ ȾȺȼɅȿɇɂɃ 

Ⱥ.ȼ. Ʉɚɡɚɤɨɜ, ɋ.ȿ. Ɋɚɡɭɦɨɜ, ɇ.Ⱥ. ɉɚɧɱɟɧɤɨ 
111 
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ɂɋɋɅȿȾɈȼȺɇɂȿ ɄɈɆɉȿɇɋȺɐɂɂ ȾɂɎɊȺɄɐɂɈɇɇɈɃ ɊȺɋɏɈȾɂɆɈɋɌɂ ɅȺɁȿɊɇɕɏ 
ɉɍɑɄɈȼ ȼ ɋȿȽɇȿɌɈɗɅȿɄɌɊɂɑȿɋɄɈɆ ɄɊɂɋɌȺɅɅȿ ɇɂɈȻȺɌȺ ɅɂɌɂə ɉɊɂ ɂɁɆȿɇȿɇɂɂ 
ɌȿɆɉȿɊȺɌɍɊɕ 

Ⱦ.Ʉ. Ɋɨɦɚɧɟɧɤɨ, Ɇ.ɇ. Ƚɚɩɩɚɪɨɜɚ, Ⱥ.ȼ. ɋɨɤɨɥɶɧɢɤɨɜ 114 

ɆɈȾȿɅɂɊɈȼȺɇɂȿ ȼɊȿɆȿɇɇɈȽɈ ɈɌɄɅɂɄȺ ɇȺ ȼɈɁȾȿɃɋɌȼɂȿ ɋȼȿɊɏɄɈɊɈɌɄɈȽɈ 
ɂɆɉɍɅɖɋȺ Ⱦȼɍɏ ɉɈɋɅȿȾɈȼȺɌȿɅɖɇɈ ɋɈȿȾɂɇȿɇɇɕɏ ɆɈȾȺɅɖɇɕɏ ɎɂɅɖɌɊɈȼ 
ɋ ɉȺɋɋɂȼɇɕɆ ɉɊɈȼɈȾɇɂɄɈɆ ȼ ȼɕɊȿɁȿ ɈɉɈɊɇɈɃ ɉɅɈɋɄɈɋɌɂ 

Ɇ.Ⱥ. ɋɚɦɨɣɥɢɱɟɧɤɨ, Ⱥ.Ɇ. Ɂɚɛɨɥɨɰɤɢɣ 117 

ɌɊȺɇɋɅəɐɂə ɋɉȿɐɂɎɂɄȺɐɂɃ ɋ ȿɋɌȿɋɌȼȿɇɇɈȽɈ əɁɕɄȺ ȼ ɋȿɆȺɇɌɂɑȿɋɄɂɃ 
ɉɊȿȾɆȿɌɇɈ-ɈɊɂȿɇɌɂɊɈȼȺɇɇɕɃ əɁɕɄ D0SL 

Ⱦ.Ɋ. ɋɟɪɨɜ 120 

ɂɁɆȿɇȿɇɂȿ ɆɈȾȿɅɂ ɍȽɊɈɁ ȼ ȽɈɋɍȾȺɊɋɌȼȿɇɇɕɏ ɂɇɎɈɊɆȺɐɂɈɇɇɕɏ ɋɂɋɌȿɆȺɏ, 
ɋȼəɁȺɇɇɕȿ ɋ ɂɁɆȿɇȿɇɂəɆɂ 17 ɉɊɂɄȺɁȺ ɎɋɌɗɄ 

Ɇ.ȼ. ɋɨɥɨɞɤɨɜ 123 

ɋɊȺȼɇɂɌȿɅɖɇɕɃ ȺɇȺɅɂɁ ɌȿɏɇɂɑȿɋɄɂɏ ɋɊȿȾɋɌȼ ɄɈɇɌɊɈɅə ɅɈɉȺɋɌɇɕɏ ɂɁȾȿɅɂɃ 

Ʉ.ɂ. ɏɚɧ, Ɇ.Ⱥ. Ʉɚɠɦɚɝɚɧɛɟɬɨɜɚ 126 

ɈɐȿɇɄȺ ȼɅɂəɇɂə ɆȺȽɇɂɌɇɈɃ ɉɊɈɇɂɐȺȿɆɈɋɌɂ ɉɈȾɅɈɀɄɂ ɇȺ ɑȺɋɌɈɌɇɕȿ 
ɏȺɊȺɄɌȿɊɂɋɌɂɄɂ ɆɂɄɊɈɉɈɅɈɋɄɈȼɈȽɈ ɆɈȾȺɅɖɇɈȽɈ ɎɂɅɖɌɊȺ 

ȿ.Ȼ. ɑɟɪɧɢɤɨɜɚ, Ⱥ.Ⱥ. Ʉɜɚɫɧɢɤɨɜ 129 

ɂɋɋɅȿȾɈȼȺɇɂȿ ɌȿɆɉȿɊȺɌɍɊɇɈɃ ɋɌȺȻɂɅɖɇɈɋɌɂ ȻȺɊɖȿɊɇɕɏ ɄɈɇɌȺɄɌɈȼ  
Ʉ ȺɊɋȿɇɂȾɍ ȽȺɅɅɂə 

Ⱥ.ɇ. ɒɚɥɟɜ, Ɉ.ɇ. Ɇɢɧɢɧ 132 

ɉɈȼɕɒȿɇɂȿ ɋɌȺȻɂɅɖɇɈɋɌɂ ɊȺȻɈɌɕ ɂɋɌɈɑɇɂɄȺ ɗɅȿɄɌɊɈɇɈȼ ɋ ɉɅȺɁɆȿɇɇɕɆ 
ɄȺɌɈȾɈɆ ɉɍɌȿɆ ɈɌɄɅɈɇȿɇɂə ɉɍɑɄȺ ȼȿȾɍɓɂɆ ɆȺȽɇɂɌɇɕɆ ɉɈɅȿɆ 

ȼ.ɂ. ɒɢɧ, ɉ.ȼ. Ɇɨɫɤɜɢɧ, ɋ.ɘ. Ⱦɨɪɨɲɤɟɜɢɱ 135 

ɆȿɌɈȾɂɄȺ ɈɉɊȿȾȿɅȿɇɂə ɍȽɊɈɁ ɂɇɎɈɊɆȺɐɂɂ ɂ ȿȿ ɇɈɋɂɌȿɅəɆ 

ɋ.ɂ. ɒɬɵɪɟɧɤɨ 138 

ɈɐȿɇɄȺ ɊȺȻɈɌɕ ɉɊɈȽɊȺɆɆɇɈȽɈ ɄɈɆɉɅȿɄɋȺ ɉɈ ɊȺɋɉɈɁɇȺȼȺɇɂɘ ɇɈɌ 

Ⱥ.ɘ. əɤɢɦɭɤ 141  
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 COMPARISON OF QUASISTATIC AND ELECTRODYNAMIC ESTIMATIONS  OF THE RADIATED EMISSION FROM TWO COUPLED WIRES OVER A GROUND PLANE  Alhaj hasan Adnan Scientific supervisor: Prof., Doctor of Science in Engineering T.R. Gazizov Tomsk State University of Control Systems and Radioelectronics, Russia, Tomsk, Lenin ave., 40, 634050 E-mail: alhaj.hasan.adnan@tu.tusur.ru  СРАВНЕНИЕ КВАЗИСТАТИЧЕСКОЙ И ЭЛЕКТРОДИНАМИЧЕСКОЙ ОЦЕНОК ИЗЛУЧАЕМОЙ ЭМИССИИ ОТ ДВУХ СВЯЗАННЫХ ПРОВОДОВ НАД ПЛОСКОСТЬЮ ЗЕМЛИ Алхадж хасан Аднан Научный руководитель: профессор, д.т.н. Т.Р. Газизов Томский государственный университет систем управления и радиоэлектроники, Россия, г. Томск, пр. Ленина, 40, 634050 E-mail: alhaj.hasan.adnan@tu.tusur.ru  Аннотация. Предложен алгоритм оценки излучаемой эмиссии от цепей с модальным резервированием, который показал приемлемое совпадение в распределении тока и диаграмме направленности двухпроводной тестовой структуры. Данная работа направлена на апробацию данного алгоритма на более сложной структуре из двух связанных проводов над плоскостью земли с учетом ее аппроксимации при моделировании. Применение этого алгоритма дало достаточно близкие по сравнению с электродинамическим анализом результаты в диаграммах направленности и распределении тока в активном проводе, но сильно отличаются для пассивного провода.  Introduction. The construction and assembling of circuits with modal reservation considering the level of radiated emission from them are important to solve the problem of electromagnetic compatibility and it is highly sensitive and necessary when it comes to the reliability of critical systems [1]. Simulation of the far-zone field components for the radiation pattern from a structure using the calculated results of the current in multiconductor transmission lines structure from the quasi-static analysis will reduce the computational costs and gives more accurate results. Therefore, implementation and testing of new software tools are important. The studied structure. We have considered a case of two coupled wires above an infinite ground (see Fig. 1a), assuming short circuit at the input and open circuit at the output with a length (L) of 0.3 m and a radius (R) of 50 µm with the number of segments n = 640 for each wire. Considering that, the surrounding area as air and the wires are lossless to simplify the test. The distance that separates the wires is equal to 50 µm. The wires are placed at a distance (H) of 50 µm from the ground, which is chosen as minimum as possible to satisfy the weakest coupling between the wires. The initial data for designing the circuit diagram are the following:     R1=10-8 Ohm, R2 = R3 = R4 = 106 Ohm and harmonic source E =1 V as excitation at the input connected to the active conductor (see Fig. 1b). We chose the matrix of per-unit-length coefficients of electrostatic induction   C	= � 0.509521  -0.178968-0.178968   0.509521 � pF/m 
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 after calculating its value for different number of segments at conductors' cross-section boundaries, which has changed from 20 to 70 segments until convergence. The distance at which we calculated the electric field intensity in the far zone is about 1.8 m.  
      (a)       (b) Fig. 1. The cross section (a) and circuit diagram (b) of the tested structure  The equivalent structure was modeled using the electrodynamic analysis by replacing the infinite ground with two mirror wires with the same length and the same number of segments and distances. The harmonic source was replaced with E = 2 V excitation between the active conductor and its mirror (see Fig. 2a). Simulation results. By performing the simulation in the TALGAT [2] software using the quasi-static analysis at the frequency of 500 MHz, we can get the frequency response and the current values for each segment. Using the currents for E-field calculation, we obtained the radiation pattern (Fig. 2b). By performing the simulation using the electrodynamic analysis at the same frequency, we obtained the radiation pattern shown in Fig. 2c.  

                 (a)    (b)     (c) Fig. 2. The equivalent presentation of the tested structure (a), the radiation patterns of the tested structure using the proposed algorithm (b) and the electrodynamic analysis (c)  The simulation shows that using this algorithm gives close enough results in the radiation patterns and the maximum magnitudes of the total field (0.93 and 0.78 mV/m, respectively). The current magnitude distributions along all the wires are shown in Fig. 3. They are very close in maximum values for the active wire with the deviation of ± 1%; however, differ considerably for the passive wire with the deviation of ± 72%, and this will be the next issue to work on it. 
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 Fig. 3. The current distributions along the wire calculated by the two approaches  Conclusion. The implemented algorithm showed that it gives close enough results even for more complex structure taking into account the ground effect. Following up on research and implementation of this algorithm will allow us to design circuits with the modal reservation considering the level of radiated emission from them. This study was funded by the Russian Science Foundation (project №19-19-00424) in TUSUR.  REFERENCES  1. Gazizov T.R., et al. (2017, March). Printed circuit boards with reserve circuits arrangement method. R.F. Patent 2 614 156 C2. 2. Kuksenko S.P. Preliminary results of TUSUR University project for design of spacecraft power distribution network: EMC simulation // IOP Conference Series: Materials Science and Engineering. – 2019. – Vol. 560/ P. 1-7. 


