
ʃɸɹʆʈɸʊʆʈʀɱʉʂɸ ɺɽɾɹɸ IV 

ʉʀʄʋʃɸʎʀɱɸ ʀʅɼʋʂʎʀʆʅʆɻ ɿɸɻʈɽɺɸɳɸ  

ʋ ʇʈʆɻʈɸʄʉʂʆʄ ʇɸʂɽʊʋ COMSOL 

ɺʝʞʙʫ ʧʨʠʧʨʝʤʠʣʠ: 

ʘʩʠʩʪʝʥʪ ɸʣʝʢʩʘʥʜʘnoʨ ʊʘʪʘʣʦʚʠ˂ ʠ ʠʩʪʨʘʞʠʚʘʯ ʩʘʨʘʜʥʠʢ ʋʨʦʰ ʈʘʜʦʤʘʥ 

1. ʋɺʆɼ 

ʎʠˀ ʣʘʙʦʨʘʪʦʨʠʿʩʢʝ ʚʝʞʙʝ ʿʝ ʜʘ ʩʝ ʩʪʫʜʝʥʪʠ ʫʧʦʟʥʘʿʫ ʩʘ ʧʨʠʤʝʥʦʤ ʩʦʬʪʚʝʨʘ ʙʘʟʠʨʘʥʦʛ ʥʘ 

ʤʝʪʦʜʠ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʫ ʘʥʘʣʠʟʠ ʠʥʜʫʢʮʠʦʥʦʛ ʟʘʛʨʝʚʘˁʘ. ɽʣʝʢʪʨʦʤʘʛʥʝʪʩʢʝ ʠ ʪʦʧʣʦʪʥʝ 

ʧʦʿʘʚʝ ʩʫ ʩʧʨʝʛʥʫʪʝ ʢʨʦʟ ʟʘʚʠʩʥʦʩʪ ʨʘʩʧʦʜʝʣʝ ʪʦʧʣʦʪʥʠʭ ʠʟʚʦʨʘ ʦʜ ʨʘʩʧʦʜʝʣʝ ʠʥʜʫʢʦʚʘʥʠʭ ʩʪʨʫʿʘ 

ʠ ʢʨʦʟ ʪʝʤʧʝʨʘʪʫʨʥʫ ʟʘʚʠʩʥʦʩʪ ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʤʘʛʥʝʪʩʢʠʭ ʦʩʦʙʠʥʘ ʤʘʪʝʨʠʿʘʣʘ. ʆʚʝ ʩʠʩʪʝʤʝ ʿʝ 

ʥʝʤʦʛʫ˂ʝ ʫ ʧʦʪʧʫʥʦʩʪʠ ʘʥʘʣʠʟʠʨʘʪʠ ʘʥʘʣʠʪʠʯʢʠ ʟʙʦʛ ʩʣʦʞʝʥʦʩʪʠ ʩʠʩʪʝʤʘ ʧʘʨʮʠʿʘʣʥʠʭ 

ʜʠʬʝʨʝʥʮʠʿʘʣʥʠʭ ʿʝʜʥʘʯʠʥʘ ʢʦʿʠ ʠʭ ʦʧʠʩʫʿʫ ʠ ˁʠʭʦʚʝ ʥʝʣʠʥʝʘʨʥʦʩʪʠ, ʯʘʢ ʠ ʫ ʩʣʫʯʘʿʫ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʛʝʦʤʝʪʨʠʿʘ ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʝ ʚʠʩʦʢ ʩʪʝʧʝʥ ʩʠʤʝʪʨʠʿʝ. ʋ ʥʦʚʠʿʝ ʚʨʝʤʝ ʩʝ ʟʘ ʦʚʝ 

ʧʦʪʨʝʙʝ ʠʥʪʝʥʟʠʚʥʦ ʢʦʨʠʩʪʠ ʥʫʤʝʨʠʯʢʘ ʤʝʪʦʜʘ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʠ ʩʦʬʪʚʝʨʠ ʟʘʩʥʦʚʘʥʠ ʥʘ ˁʦʿ. 

ʆʚʠ ʩʦʬʪʚʝʨʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʜʘ ʩʝ ʫ ʦʜʨʝʹʝʥʦʤ ʙʨʦʿʫ ʪʘʯʘʢʘ ʫʥʫʪʘʨ ʧʦʩʤʘʪʨʘʥʦʛ ʜʦʤʝʥʘ ʠʟʨʘʯʫʥʘʿʫ 

ʚʝʣʠʯʠʥʝ ʧʦʩʤʘʪʨʘʥʦʛ ʬʠʟʠʯʢʦʛ ʧʦˀʘ (ʚʝʢʪʦʨ ʤʘʛʥʝʪʥʦʛ ʧʦˀʘ, ʚʝʢʪʦʨ ʛʫʩʪʠʥʝ ʩʪʨʫʿʝ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ) ʠ ʪʠʤʝ ʦʜʨʝʜʠ ˁʠʭʦʚʘ ʨʘʩʧʦʜʝʣʘ. ʇʦʜʝʣʘ ʧʦʩʤʘʪʨʘʥʦʛ ʜʦʤʝʥʘ ʥʘ ʜʝʣʦʚʝ ʥʘʟʠʚʘ ʩʝ 

Mesh ʠ ʦʜ ˁʝʥʝ ʬʠʥʦ˂ʝ (ʪʿ. ʙʨʦʿʘ ʪʘʯʘʢʘ ʫ ʢʦʿʠʤʘ ʩʝ ʨʘʯʫʥʘʿʫ ʚʨʝʜʥʦʩʪʠ ʧʦʩʤʘʪʨʘʥʦʛ ʬʠʟʠʯʢʦʛ 

ʧʦˀʘ) ʟʘʚʠʩʠ ʪʘʯʥʦʩʪ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ, ʘʣʠ ʠ ʟʘʭʪʝʚʘʥʝ ʨʘʯʫʥʘʨʩʢʝ ʧʝʨʬʦʨʤʘʥʩʝ ʠ ʪʨʘʿʘˁʝ 

ʩʠʤʫʣʘʮʠʿʝ. 

ʇʨʝʜʤʝʪ ʚʝʞʙʝ ʿʝ ʧʨʠʤʝʥʘ ʧʨʦʛʨʘʤʩʢʦʛ ʧʘʢʝʪʘ COMSOL ʥʘ ʘʥʘʣʠʟʫ ʟʘʛʨʝʚʘˁʘ ʮʠʣʠʥʜʨʠʯʥʝ 

ʛʚʦʟʜʝʥʝ ʰʘʨʞʝ ʢʦʿʘ ʿʝ ʧʦʩʪʘʚˀʝʥʘ ʫʥʫʪʘʨ ʮʠʣʠʥʜʨʠʯʥʦʛ ʠʥʜʫʢʪʦʨʘ, ʩʘ ʮʠˀʝʤ ʜʦʙʠʿʘˁʘ ʨʘʩʧʦʜʝʣʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʝʣʝʢʪʨʠʯʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʝʢʚʠʚʘʣʝʥʪʥʝ ʠʤʧʝʜʘʥʩʝ) ʫʨʝʹʘʿʘ ʟʘ ʠʥʜʫʢʮʠʦʥʦ 

ʟʘʛʨʝʚʘˁʝ ʢʦʿʠ ʩʝ ʧʨʠʢˀʫʯʫʿʝ ʥʘ ʤʨʝʞʫ. ʀʥʜʫʢʪʦʨ ʩʝ ʥʘʧʘʿʘ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʦʤ ʩʪʨʫʿʦʤ ʚʠʩʦʢʝ 

ʫʯʝʩʪʘʥʦʩʪʠ (10 kHz), ʫʩʣʝʜ ʯʝʛʘ ʿʝ ʠ ʫʥʫʪʘʨ ʩʘʤʦʛ ʥʘʤʦʪʘʿʘ ʠʥʜʫʢʪʦʨʘ ʠʟʨʘʞʝʥ ʩʢʠʥ ʝʬʝʢʘʪ. 

  



2. ɼɽʌʀʅʀʉɸɳɽ ɻɽʆʄɽʊʈʀɱɽ ʀ ʂɸʈɸʂʊɽʈʀʉʊʀʂɸ ʄɸʊɽʈʀɱɸʃɸ 

ʇʨʠ ʧʦʢʨʝʪʘˁʫ COMSOL-ʘ, ʦʪʚʘʨʘ ʩʝ ʥʠʟ ʜʠʿʘʣʦʛʘ ʫ ʦʢʚʠʨʫ ʢʦʿʠʭ ʢʦʨʠʩʥʠʢ ʙʠʨʘ ʙʨʦʿ 

ʜʠʤʝʥʟʠʿʘ ʤʦʜʝʣʘ, ʞʝˀʝʥʫ ʬʠʟʠʯʢʫ ʧʦʿʘʚʫ ʠʣʠ ʧʦˀʝ ʠ ʚʨʩʪʫ ʩʪʫʜʠʿʝ-ʩʠʤʫʣʘʮʠʿʝ (ʩʠʤʫʣʘʮʠʿʘ 

ʫʩʪʘˀʝʥʦʛ ʩʪʘˁʘ ʠʣʠ ʩʠʤʫʣʘʮʠʿʘ ʧʨʝʣʘʟʥʦʛ ʧʨʦʮʝʩʘ ʫ ʚʨʝʤʝʥʩʢʦʤ ʠʣʠ ʬʨʝʢʚʝʥʪʥʦʤ ʜʦʤʝʥʫ, 

ʘʥʘʣʠʟʘ ʩʦʧʩʪʚʝʥʠʭ ʫʯʝʩʪʘʥʦʩʪʠ, ʘʥʘʣʠʟʘ ʤʘʣʠʭ ʩʠʛʥʘʣʘ, ʠʪʜ.) ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 1. 

 

ʉʣʠʢʘ 1 ï ʇʨʦʟʦʨʠ ʫ ʦʢʚʠʨʫ ʢʦʿʠʭ ʢʦʨʠʩʥʠʢ ʙʠʨʘ ʙʨʦʿ ʜʠʤʝʥʟʠʿʘ ʤʦʜʝʣʘ, ʬʠʟʠʯʢʫ ʧʦʿʘʚʫ / ʧʦˀʝ ʢʦʿʫ ʘʥʘʣʠʟʠʨʘ ʠ 

ʚʨʩʪʫ ʩʠʤʫʣʘʮʠʿʝ 

ʅʘ ʩʘʤʦʤ ʧʦʯʝʪʢʫ, ʙʠʨʘ ʩʝ ʛʝʦʤʝʪʨʠʿʘ ʤʦʜʝʣʘ. ʂʦʨʠʩʥʠʢ ʧʨʠ ʢʨʝʠʨʘˁʫ ʤʦʜʝʣʘ ʙʠʨʘ ʙʨʦʿ 

ʜʠʤʝʥʟʠʿʘ ʤʦʜʝʣʘ (3D, 2D, 2D axisymmetric ʠʪʜ.). ʂʘʢʦ ʤʦʜʝʣ ʢʦʿʠ ʿʝ ʧʨʝʜʤʝʪ ʦʚʝ ʚʝʞʙʝ ʧʦʩʝʜʫʿʝ 

ʘʢʩʠʿʘʣʥʫ ʩʠʤʝʪʨʠʿʫ, ʢʦʨʠʩʪʠ ʩʝ 2D axisymmetric ʤʦʜʝʣ, ʯʠʤʝ ʤʦʜʝʣ ʧʦʩʪʘʿʝ ʿʝʜʥʦʩʪʘʚʥʠʿʠ ʠ 

ʦʤʦʛʫ˂ʘʚʘ ʩʝ ʬʠʥʠʿʘ ʧʦʜʝʣʘ ʩʨʝʜʠʥʝ ʥʘ ʜʝʣʦʚʝ ʠ ʙʦˀʘ ʪʘʯʥʦʩʪ ʩʘ ʠʩʪʠʤ ʨʘʯʫʥʘʨʩʢʠʤ ʨʝʩʫʨʩʠʤʘ ʫ 

ʦʜʥʦʩʫ ʥʘ 3D ʤʦʜʝʣ. 

ʇʨʠ ʦʜʘʙʠʨʫ ʞʝˀʝʥʝ ʬʠʟʠʯʢʝ ʧʦʿʘʚʝ (Physics) ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʙʠʨʘ ʩʝ Heat transfer / 

Electromagnetic heating / Induction heating. ʀʟʙʦʨʦʤ Induction heating ʘʫʪʦʤʘʪʩʢʠ ʩʝ ʫ ʤʦʜʝʣ ʜʦʜʘʿʫ 



node-ʦʚʠ (node ʿʝ ʠʤʝ ʿʝʜʥʦʛ ʝʣʝʤʝʥʪʘ/ʛʨʘʥʝ ʫ tree ʜʠʿʘʛʨʘʤʫ ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ ʫ ʧʨʦʟʦʨʫ Model 

Builder (ʩʣʠʢʘ 3), ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ ʧʨʝʛʣʝʜ ʤʦʜʝʣʘ ʠ ʦʤʦʛʫ˂ʘʚʘ ʣʘʢʫ ʥʘʚʠʛʘʮʠʿʫ) Magnetic Fields ʠ 

Heat Transfer in Solids, ʥʘʤʝˁʝʥʠ ʤʦʜʝʣʦʚʘˁʫ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʠ ʠʥʜʫʢʦʚʘʥʠʭ ʩʪʨʫʿʘ, ʦʜʥʦʩʥʦ 

ʧʨʝʥʦʩʘ ʪʦʧʣʦʪʝ ʫ ʯʚʨʩʪʠʤ ʪʝʣʠʤʘ. ʇʨʠ ʪʦʤʝ ʩʝ ʜʝʬʠʥʠʰʝ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ Multiphysics, ʢʦʿʠ 

ʧʨʘʢʪʠʯʥʦ ʧʨʝʜʩʪʘʚˀʘ ʚʝʟʫ ʠʟʤʝʹʫ ʜʚʝ ʠʣʠ ʚʠʰʝ ʬʠʟʠʯʢʠʭ ʧʦʿʘʚʘ ʠ ʚʨʰʠ ˁʠʭʦʚʦ ʫʧʘʨʠʚʘˁʝ 

(Coupling). 

ʇʨʠʣʠʢʦʤ ʠʟʙʦʨʘ ʚʨʩʪʝ ʩʪʫʜʠʿʝ, ʧʦʪʨʝʙʥʦ ʿʝ ʦʜʘʙʨʘʪʠ ʩʪʫʜʠʿʫ Frequency-Transient ʢʦʿʘ 

ʨʘʩʧʦʜʝʣʫ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʠ ʠʥʜʫʢʦʚʘʥʠʭ ʩʪʨʫʿʘ ʠʟʨʘʯʫʥʘʚʘ ʫ ʬʨʝʢʚʝʥʪʥʦʤ ʜʦʤʝʥʫ ʫ ʦʜʨʝʹʝʥʦʤ 

ʥʠʟʫ ʚʨʝʤʝʥʩʢʠʭ ʪʨʝʥʫʪʘʢʘ ʫ ʢʦʿʠʤʘ ʩʝ ʠʟʨʘʯʫʥʘʚʘ ʠ ʨʘʩʧʦʜʝʣʘ ʪʝʤʧʝʨʘʪʫʨʘ. 

ʇʨʠʣʠʢʦʤ ʜʝʬʠʥʠʩʘˁʘ ʛʝʦʤʝʪʨʠʿʝ ʤʦʜʝʣʘ, ʧʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ ʫʥʦʩʘ ʧʦʜʘʪʘʢʘ ʧʦʤʦ˂ʫ ʥʝʢʦʛ ʦʜ 

ʩʪʘʥʜʘʨʜʥʠʭ CAD ʧʨʦʛʨʘʤʘ (ʧʦʩʪʦʿʠ ʦʧʮʠʿʘ import ʢʦʿʘ ʧʨʝʧʦʟʥʘʿʝ ʚʝ˂ʠʥʫ ʩʪʘʥʜʘʨʜʥʠʭ ʪʠʧʦʚʘ 

CAD ʬʘʿʣʦʚʘ). ʄʝʹʫʪʠʤ, COMSOL ʩʪʘʚˀʘ ʢʦʨʠʩʥʠʢʫ ʥʘ ʨʘʩʧʦʣʘʛʘˁʝ ʚʝʣʠʢʠ ʙʨʦʿ ʩʦʧʩʪʚʝʥʠʭ 

ʝʣʝʤʝʥʘʪʘ ʠ ʘʣʘʪʘ ʟʘ ʫʥʦʰʝˁʝ ʛʝʦʤʝʪʨʠʿʝ. ʊʠ ʘʣʘʪʠ ʤʦʛʫ ʩʝ ʜʦʙʠʪʠ ʠʟ ʧʘʣʝʪʝ Geometry ʠʣʠ ʜʝʩʥʠʤ 

ʢʣʠʢʦʤ ʥʘ ʠʩʪʦʠʤʝʥʫ ʛʨʘʥʫ tree ʜʠʿʘʛʨʘʤʘ. ʇʦʨʝʜ ʿʝʜʥʦʩʪʘʚʥʠʭ ʣʠʥʠʿʘ, ʬʠʛʫʨʘ ʠ ʪʝʣʘ, ʤʦʛʫ ʩʝ 

ʜʝʬʠʥʠʩʘʪʠ ʠ ʩʣʦʞʝʥʠʿʝ ʛʝʦʤʝʪʨʠʿʝ ʧʨʠʤʝʥʦʤ ʘʥʘʣʠʪʠʯʢʦʛ ʟʘʜʘʚʘˁʘ ʣʠʥʠʿʘ ʠ ʧʦʚʨʰʠ, ʩʢʫʧʦʚʥʠʭ 

ʦʧʝʨʘʮʠʿʘ, ʨʦʪʘʮʠʿʝ ʠ ʪʨʘʥʩʣʘʮʠʿʝ, ʟʘʦʙˀʘʚʘˁʝʤ ʠʚʠʮʘ, ʠʪʜ. ʇʨʠ ʜʦʜʘʚʘˁʫ ʥʝʢʦʛ ʝʣʝʤʝʥʪʘ, ʦʥ ʩʝ 

ʧʦʿʘʚˀʫʿʝ ʫ ʛʨʘʥʠ tree ʜʠʿʘʛʨʘʤʘ Geometry ʠ ʫ ʛʨʘʬʠʯʢʦʤ ʧʨʦʟʦʨʫ (ʥʘʢʦʥ ʧʨʠʪʠʩʢʘ ʥʘ ʜʫʛʤʝ build). 

ɳʝʛʦʚʠʤ ʩʝʣʝʢʪʦʚʘˁʝʤ ʦʪʚʘʨʘ ʩʝ ʧʨʦʟʦʨ ʫʥʫʪʘʨ ʢʦʛʘ ʿʝ ʧʦʪʨʝʙʥʦ ʫʥʝʪʠ ʧʦʜʘʪʢʝ ʦ ʝʣʝʤʝʥʪʫ (ʥʧʨ. 

ʟʘ ʧʨʘʚʦʫʛʘʦʥʠʢ ʿʝ ʧʦʪʨʝʙʥʦ ʜʝʬʠʥʠʩʘʪʠ ʜʫʞʠʥʫ, ʰʠʨʠʥʫ, ʦʨʠʿʝʥʪʘʮʠʿʫ ʠ ʢʦʦʨʜʠʥʘʪʝ ʿʝʜʥʝ 

ʨʝʬʝʨʝʥʪʥʝ ʪʘʯʢʝ ï ʥʧʨ. ʜʦˁʝʛ ʣʝʚʦʛ ʪʝʤʝʥʘ). 

ɻʝʦʤʝʪʨʠʿʘ ʫʨʝʹʘʿʘ (ʩʣʠʢʘ 2.) ʫʥʝʪʘ ʿʝ ʫ ʤʦʜʝʣ (ʥʘ ʩʣʠʮʠ 3.). ʆʩʠʤ ʧʨʘʚʦʫʛʘʦʥʠʢʘ ʢʦʿʠ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʰʘʨʞʫ (ʫ ʧʦʛʣʘʚˀʫ 5. ˂ʝ ʙʠʪʠ ʦʙʿʘʰˁʝʥʦ ʟʘʰʪʦ ʤʦʜʝʣ ʰʘʨʞʝ ʩʘʜʨʞʠ ʜʚʘ ʜʝʣʘ) ʠ 

ʥʘʤʦʪʘʿ ʠʥʜʫʢʪʦʨʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʝʬʠʥʠʩʘʪʠ ʠ ʜʦʤʝʥ (ʠʩʧʫˁʝʥ ʚʘʟʜʫʭʦʤ) ʢʦʿʠ ʠʭ ʦʢʨʫʞʫʿʝ. 

ʃʠʥʠʿʝ ʤʘʛʥʝʪʥʦʛ ʧʦˀʘ ʩʝ ʟʘʪʚʘʨʘʿʫ ʢʨʦʟ ʚʘʟʜʫʭ ʠ, ʪʝʦʨʝʪʩʢʠ, ʰʠʨʝ ʩʝ ʫ ʙʝʩʢʦʥʘʯʥʦʩʪ. ʀʘʢʦ ʿʝ 

ʝʥʝʨʛʠʿʘ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʢʦʿʝ ʧʦʪʠʯʝ ʦʜ ʩʪʨʫʿʘ ʥʘʤʦʪʘʿʘ ʧʨʘʢʪʠʯʥʦ ʫ ʮʝʣʦʩʪʠ ʩʢʦʥʮʝʥʪʨʠʩʘʥʘ ʫ 

ʥʝʧʦʩʨʝʜʥʦʿ ʙʣʠʟʠʥʠ ʥʘʤʦʪʘʿʘ ʠ ʰʘʨʞʝ, ʟʙʦʛ ʪʘʯʥʦʩʪʠ ʧʨʦʨʘʯʫʥʘ, ʜʠʤʝʥʟʠʿʝ ʦʢʦʣʥʦʛ ʤʝʜʠʿʫʤʘ 

ʪʨʝʙʘʣʝ ʙʠ ʙʠʪʠ ʥʝʢʦʣʠʢʦ ʧʫʪʘ ʚʝ˂ʝ ʦʜ ʥʘʤʦʪʘʿʘ ʠ ʰʘʨʞʝ. ʋ ʠʩʪʦ ʚʨʝʤʝ, ʪʨʝʙʘ ʚʦʜʠʪʠ ʨʘʯʫʥʘ ʜʘ 

ʜʦʤʝʥ ʙʫʜʝ ʰʪʦ ʤʘˁʠ ʟʙʦʛ ʨʘʮʠʦʥʘʣʥʠʿʝ ʫʧʦʪʨʝʙʝ ʨʘʯʫʥʘʨʩʢʠʭ ʨʝʩʫʨʩʘ. ʀʟ ʦʚʘ ʜʚʘ ʨʘʟʣʦʛʘ, ʮʝʦ 

ʜʦʤʝʥ ʿʝ ʦʢʨʫʞʝʥ ʧʦʣʫʧʨʩʪʝʥʦʤ ʢʦʿʠ ʯʠʥʝ ʪʟʚ. Ăʙʝʩʢʦʥʘʯʥʠ ʢʦʥʘʯʥʠ ʝʣʝʤʝʥʪʠñ (ʩʣʠʢʘ 4.). ʅʘ ʦʚʘʿ 

ʥʘʯʠʥ ʩʝ ʨʝʣʘʪʠʚʥʦ ʤʘʣʠʤ ʙʨʦʿʝʤ ʝʣʝʤʝʥʘʪʘ ʧʨʘʢʪʠʯʥʦ ʩʠʤʫʣʠʨʘ ʙʝʩʢʦʥʘʯʘʥ ʧʨʦʩʪʦʨ. 



ʉʣʠʢʘ 2 ï ɻʝʦʤʝʪʨʠʿʘ ʤʦʜʝʣʘ ï ʦʨʪʦʛʦʥʘʣʥʘ ʧʨʦʿʝʢʮʠʿʘ ʮʠʣʠʥʜʨʠʯʥʦʛ ʥʘʤʦʪʘʿʘ ʠ ʰʘʨʞʝ ʩʘ ʜʠʤʝʥʟʠʿʘʤʘ ʜʘʪʠʤ ʫ 

ʤʠʣʠʤʝʪʨʠʤʘ (ʮʨʪʝʞ ʥʠʿʝ ʫ ʨʘʟʤʝʨʠ) 

 

ʉʣʠʢʘ 3 ï ɻʝʦʤʝʪʨʠʿʘ ʤʦʜʝʣʘ ʫʥʝʪʘ ʫ COMSOL ï GUI, ʧʨʠʤʝʨ ʫʥʦʰʝˁʘ ʧʦʣʫʢʨʫʞʥʦʛ ʜʦʤʝʥʘ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ 

ʦʢʦʣʥʫ ʩʨʝʜʠʥʫ (ʚʘʟʜʫʭ) ʠʥʜʫʢʪʦʨʘ ʠ ʠʥʜʫʢʪʘ 
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ʉʣʠʢʘ 4 ï ʆʙʣʘʩʪ ʫ ʢʦʿʦʿ ʩʫ ʜʝʬʠʥʠʩʘʥʠ ʙʝʩʢʦʥʘʯʥʠ ʢʦʥʘʯʥʠ ʝʣʝʤʝʥʪʠ (ʧʣʘʚʘ ʙʦʿʘ) 

ʅʘʢʦʥ ʜʝʬʠʥʠʩʘˁʘ ʛʝʦʤʝʪʨʠʿʝ ʤʦʜʝʣʘ, ʩʚʘʢʦʤ ʜʦʤʝʥʫ (ʫ ʦʚʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʿʫ, ʩʚʘʢʦʿ 2D 

ʧʦʚʨʰʠʥʠ) ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʝʬʠʥʠʩʘʪʠ ʤʘʪʝʨʠʿʘʣ, ʪʿ. ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʘʪʝʨʠʿʘʣʘ ʦʜ ʠʥʪʝʨʝʩʘ ʟʘ 

ʧʦʩʤʘʪʨʘʥʠ ʬʠʟʠʯʢʠ ʬʝʥʦʤʝʥ (ʠʣʠ ʚʠʰʝ ˁʠʭ, ʰʪʦ ˂ʝ ʙʠʪʠ ʩʣʫʯʘʿ ʩʘ ʰʘʨʞʦʤ). ʋ ʧʦʩʤʘʪʨʘʥʦʤ 

ʤʦʜʝʣʫ ʧʦʪʨʝʙʥʦ ʿʝ ʜʝʬʠʥʠʩʘʪʠ ʪʦʧʣʦʪʥʝ ʠ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʝ ʧʘʨʘʤʝʪʨʝ ʛʚʦʞʹʘ (ʰʘʨʞʘ), ʠ 

ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʝ ʧʘʨʘʤʝʪʨʝ ʙʘʢʨʘ (ʥʘʤʦʪʘʿ) ʠ ʦʢʦʣʥʦʛ ʚʘʟʜʫʭʘ. COMSOL ʧʦʩʝʜʫʿʝ ʙʠʙʣʠʦʪʝʢʫ ʩʘ 

ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ ʚʝ˂ ʧʨʝʜʝʬʠʥʠʩʘʥʠʭ ʤʘʪʝʨʠʿʘʣʘ. 

ʄʝʹʫʪʠʤ, ʩʪʘʥʜʘʨʜʥʝ ʙʠʙʣʠʦʪʝʢʝ ʥʘʿʯʝʰ˂ʝ ʥʝ ʫʚʘʞʘʚʘʿʫ ʥʝʣʠʥʝʘʨʥʦʩʪ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʤʘʪʝʨʠʿʘʣʘ. ɿʙʦʛ ʪʦʛʘ ʧʦʥʝʢʘʜ, ʢʘʦ ʰʪʦ ʿʝ ʩʣʫʯʘʿ ʧʨʠ ʤʦʜʝʣʦʚʘˁʫ ʨʘʟʤʘʪʨʘʥʦʛ ʠʥʜʫʢʮʠʦʥʦʛ 

ʟʘʛʨʝʚʘˁʘ ʬʝʨʦʤʘʛʥʝʪʥʝ ʰʘʨʞʝ, ʧʦʪʨʝʙʥʦ ʩʘʤʦʩʪʘʣʥʦ ʜʝʬʠʥʠʩʘʪʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʘʪʝʨʠʿʘʣʘ 

ʫʤʝʩʪʦ ʫʟʠʤʘˁʘ ʧʦʜʘʪʘʢʘ ʠʟ ʩʪʘʥʜʘʨʜʥʝ ʙʠʙʣʠʦʪʝʢʝ. ʂʘʢʦ ʙʠ ʦʚʦ ʫʯʠʥʠʦ, ʢʦʨʠʩʥʠʢ ʥʘ 

ʨʘʩʧʦʣʘʛʘˁʫ ʠʤʘ ʙʨʦʿʥʝ ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ ʟʘʜʘʚʘˁʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʪʝʨʠʿʘʣʘ ʫ ʬʫʥʢʮʠʿʠ ʿʝʜʥʝ ʠʣʠ 

ʚʠʰʝ ʫʣʘʟʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ. 

ʋ ʦʚʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʿʫ, ʧʦʪʨʝʙʥʦ ʿʝ ʨʘʟʤʦʪʨʠʪʠ ʠ ʟʘʜʘʪʠ ʩʣʝʜʝ˂ʝ ʬʠʟʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʤʘʪʝʨʠʿʘʣʘ: 

¶ B-H ʢʘʨʘʢʪʝʨʠʩʪʠʢʫ ʛʚʦʞʹʘ, 

¶ ɿʘʚʠʩʥʦʩʪ ʪʦʧʣʦʪʥʝ ʧʨʦʚʦʜʥʦʩʪʠ ʛʚʦʞʹʘ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ, 



¶ ɿʘʚʠʩʥʦʩʪ ʝʣʝʢʪʨʠʯʥʝ ʧʨʦʚʦʜʥʦʩʪʠ ʛʚʦʞʹʘ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ, 

¶ ɿʘʚʠʩʥʦʩʪ ʪʦʧʣʦʪʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʛʚʦʞʹʘ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ, ʠ 

¶ ʋʪʠʮʘʿ ʧʨʦʤʝʥʝ ʤʘʛʥʝʪʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʛʚʦʞʹʘ ʢʘʜʘ ˁʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʝʹʝ 

ʂʠʨʠʿʝʚʫ 

ɿʘ B-H ʢʘʨʘʢʪʝʨʠʩʪʠʢʫ ʛʚʦʞʹʘ ʧʨʝʫʟʝʪʘ ʿʝ ʚʝ˂ ʧʦʩʪʦʿʝ˂ʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʟ COMSOL 

ʙʠʙʣʠʦʪʝʢʝ ʟʘ ʤʝʢʦ ʛʚʦʞʹʝ. ʆʚʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʿʝ ʜʘʪʘ ʫ ʦʙʣʠʢʫ ʧʘʨʦʚʘ ʚʨʝʜʥʦʩʪʠ ʤʘʛʥʝʪʩʢʝ 

ʠʥʜʫʢʮʠʿʝ ʠ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ (ʩʣʠʢʘ 5). ɺʨʝʜʥʦʩʪʠ ʠʟʤʝʹʫ ʟʘʜʘʪʠʭ ʪʘʯʘʢʘ ʩʝ ʨʘʯʫʥʘʿʫ ʣʠʥʝʘʨʥʦʤ 

ʠʥʪʝʨʧʦʣʘʮʠʿʦʤ. ʋ ʧʦʩʪʫʧʢʫ ʨʝʘʣʠʟʘʮʠʿʝ ʤʦʜʝʣʘ ʠʟ ʟʘʜʘʪʝ B-H ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʝ ʬʦʨʤʠʨʘ 

ʘʥʘʣʠʪʠʯʢʘ ʬʫʥʢʮʠʿʘ ʨʝʣʘʪʠʚʥʝ ʤʘʛʥʝʪʩʢʝ ʧʝʨʤʝʘʙʠʣʥʦʩʪʠ, 

‘
ὄ ὄ

‘ϽὭὲὺὄὌὄ ὄ

 

ʛʜʝ ʩʫ Ba ʠ Br ʘʢʩʠʿʘʣʥʘ ʠ ʨʘʜʠʿʘʣʥʘ ʢʦʤʧʦʥʝʥʪʘ ʤʘʛʥʝʪʩʢʝ ʠʥʜʫʢʮʠʿʝ, ʘ invBH ʧʨʝʜʝʬʠʥʠʩʘʥʘ 

ʬʫʥʢʮʠʿʘ ʢʦʿʘ ʠʟ B-H ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʟʘ ʜʘʪʫ ʚʨʝʜʥʦʩʪ ʤʦʜʫʣʘ ʤʘʛʥʝʪʩʢʝ ʠʥʜʫʢʮʠʿʝ ʨʘʯʫʥʘ 

ʤʘʛʥʝʪʩʢʦ ʧʦˀʝ (H). ʆʚʘʢʦ ʠʟʨʘʯʫʥʘʪʘ ʚʨʝʜʥʦʩʪ ʧʝʨʤʝʘʙʠʣʥʦʩʪʠ ʩʝ ʢʦʨʠʩʪʠ ʢʘʦ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʤʘʪʝʨʠʿʘʣʘ. 

 

ʉʣʠʢʘ 5 ï B-H ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʢʦʛ ʛʚʦʞʹʘ 



ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʚʠʩʥʦʩʪ ʪʦʧʣʦʪʥʝ ʧʨʦʚʦʜʥʦʩʪʠ (ʩʣʠʢʘ 6.), ʝʣʝʢʪʨʠʯʥʝ ʧʨʦʚʦʜʥʦʩʪʠ ʠ 

ʪʦʧʣʦʪʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʟʘʜʘʪʝ ʩʫ ʥʘ ʠʩʪʠ ʥʘʯʠʥ ʢʘʦ ʠ B-H ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ï ʢʘʦ ʧʘʨʦʚʠ ʚʨʝʜʥʦʩʪʠ 

ʫʣʘʟʥʦʛ ʘʨʛʫʤʝʥʪʘ (ʫ ʦʚʦʤ ʩʣʫʯʘʿ ʪʝʤʧʝʨʘʪʫʨʝ) ʠ ʚʨʝʜʥʦʩʪʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʪʝʨʠʿʘʣʘ. ɺʨʝʜʥʦʩʪʠ 

ʠʟʤʝʹʫ ʟʘʜʘʪʠʭ ʪʘʯʘʢʘ ʜʦʙʠʿʘʿʫ ʩʝ ʣʠʥʝʘʨʥʦʤ ʠʥʪʝʨʧʦʣʘʮʠʿʦʤ. ɺʨʝʜʥʦʩʪʠ ʦʚʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʨʝʫʟʝʪʝ ʩʫ ʠʟ ʨʘʜʘ (Mat¼ġ OCILKA, Dobroslav KOVĆĻ, SIMULATION MODEL OF INDUCTION 

HEATING IN COMSOL MULTIPHYSICS, Acta Electrotechnica et Informatica, Vol. 15, No. 1, 2015, 

29ï33, DOI: 10.15546/aeei-2015-0005) 

 

ʉʣʠʢʘ 6 ï ʊʦʧʣʦʪʥʘ ʧʨʦʚʦʜʥʦʩʪ ʫ ʬʫʥʢʮʠʿʠ ʦʜ ʘʧʩʦʣʫʪʥʝ ʪʝʤʧʝʨʘʪʫʨʝ 

ʋ ʧʨʦʮʝʩʫ ʝʣʝʢʪʨʦʠʥʜʫʢʮʠʦʥʦʛ ʟʘʛʨʝʚʘˁʘ ʬʝʨʦʤʘʛʥʝʪʩʢʠʭ ʤʘʪʝʨʠʿʘʣʘ, ʧʨʠ ʚʝʦʤʘ ʚʠʩʦʢʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʤʘʪʝʨʠʿʘʣ ʥʘʛʣʦ ʛʫʙʠ ʩʚʦʿʘ ʬʝʨʦʤʘʛʥʝʪʩʢʘ ʩʚʦʿʩʪʘʚʘ. ɼʦ ʦʚʝ ʧʦʿʘʚʝ ʜʦʣʘʟʠ ʥʘ ʪʟʚ. 

ʂʠʨʠʿʝʚʦʿ ʪʝʤʧʝʨʘʪʫʨʠ, ʢʦʿʘ ʟʘ ʛʚʦʞʹʝ ʠʟʥʦʩʠ 770°C. ʅʘ ʩʣʠʮʠ 7. ʧʨʠʢʘʟʘʥʘ ʿʝ ʧʦʿʝʜʥʦʩʪʘʚˀʝʥʘ 

ʬʫʥʢʮʠʿʘ ʥʘʛʣʦʛ ʩʤʘˁʝˁʘ ʨʝʣʘʪʠʚʥʝ ʧʝʨʤʝʘʙʠʣʥʦʩʪʠ ʫ ʦʢʦʣʠʥʠ ʂʠʨʠʿʝʚʝ ʪʝʤʧʝʨʘʪʫʨʝ. 



 

ʉʣʠʢʘ 7 ï ʋʪʠʮʘʿ ʚʠʩʦʢʝ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʬʝʨʦʤʘʛʥʝʪʥʘ ʩʚʦʿʩʪʚʘ ʛʚʦʟʜʝʥʝ ʰʘʨʞʝ ï ʧʦʤʦ˂ʥʘ ʬʫʥʢʮʠʿʘ ʧʦʤʦ˂ʫ ʢʦʿʝ 

˂ʝ ʩʝ ʜʝʬʠʥʠʩʘʪʠ ʧʨʦʤʝʥʘ ʨʝʣʘʪʠʚʥʝ ʧʝʨʤʝʘʙʠʣʥʦʩʪʠ ʫ ʬʫʥʢʮʠʿʠ ʘʧʩʦʣʫʪʥʝ ʪʝʤʧʝʨʘʪʫʨʝ 

3. ɼɽʌʀʅʀʉɸɳɽ ɽʃɽʂʊʈʆʄɸɻʅɽʊʉʂʆɻ ʄʆɼɽʃɸ 

ɿʘ ʧʦʪʨʝʙʝ ʤʦʜʝʣʦʚʘˁʘ ʠʥʜʫʢʮʠʦʥʦʛ ʟʘʛʨʝʚʘˁʘ, ʘʫʪʦʤʘʪʩʢʠ ʿʝ ʫ ʤʦʜʝʣ ʫʢˀʫʯʝʥ node Magnetic 

Fields (ʢʦʿʠ ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ ʿʝ ʠʩʪʦʠʤʝʥʠ ʠʥʪʝʨʬʝʿʩ ʜʦʜʘʪ ʫ ʤʦʜʝʣ). ʆʚʘʿ ʠʥʪʝʨʬʝʿʩ ʦʤʦʛʫ˂ʘʚʘ 

ʠʟʨʘʯʫʥʘʚʘˁʝ ʨʘʩʧʦʜʝʣʝ ʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʫ ʧʨʦʩʪʦʨʫ ʠ ʠʥʜʫʢʦʚʘʥʠʭ ʩʪʨʫʿʘ ʫ ʧʨʦʚʦʜʥʠʤ 

ʩʨʝʜʠʥʘʤʘ. ʆʤʦʛʫ˂ʝʥʦ ʿʝ ʤʦʜʝʣʦʚʘˁʝ ʥʘʤʦʪʘʿʘ ʢʦʨʠʰ˂ʝˁʝʤ ʝʣʝʤʝʥʪʘ (node-ʘ) Coil, ʧʨʠʢʘʟʘʥʦʛ ʥʘ 

ʩʣʠʮʠ 8. ʅʘʢʦʥ ʜʦʜʘʚʘˁʘ ʝʣʝʤʝʥʪʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʩʝʣʝʢʪʦʚʘʪʠ ʜʝʦ ʧʨʦʩʪʦʨʘ ʫ ʢʦʤʝ ʩʝ ʥʘʣʘʟʠ ʥʘʤʦʪʘʿ 

ʠ ʫʥʝʪʠ ʧʦʜʘʪʢʝ ʦ ʙʨʦʿʫ ʥʘʚʦʿʘʢʘ ʠ ʥʘʯʠʥʫ ʧʦʙʫʹʠʚʘˁʘ. ʅʘʤʦʪʘʿ ʩʝ ʤʦʞʝ ʧʦʙʫʹʠʚʘʪʠ ʥʘʧʦʥʦʤ ʠʣʠ 

ʩʪʨʫʿʦʤ ʠʣʠ ʠʟ ʧʦʩʝʙʥʦʛ ʤʦʜʝʣʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʣʘ. ʋ ʧʦʩʤʘʪʨʘʥʦʤ ʩʣʫʯʘʿʫ ʢʦʨʠʰ˂ʝʥʦ ʿʝ 

ʧʦʙʫʹʠʚʘˁʝ ʩʪʨʫʿʦʤ, ʧʨʠ ʯʝʤʫ ʩʝ ʫʥʦʩʠ ˁʝʥʘ ʚʨʝʜʥʦʩʪ. 



 

ʉʣʠʢʘ 8 ï ʄʦʜʝʣʦʚʘˁʝ ʥʘʤʦʪʘʿʘ ʠʥʜʫʢʪʦʨʘ ʧʦʤʦ˂ʫ ʦʧʮʠʿʝ Coil 

ʆʩʠʤ ʧʦʜʨʘʟʫʤʝʚʘʥʠʭ ʝʣʝʤʝʥʘʪʘ (default) ʠ Coil-a ʧʦʪʨʝʙʥʦ ʿʝ ʜʝʬʠʥʠʩʘʪʠ ʿʦʰ ʿʝʜʘʥ ʜʦʜʘʪʥʠ 

node Ampère's law (ʿʝʜʘʥ nodʝ Ampère's law ʚʝ˂ ʧʦʩʪʦʿʠ, ʢʘʦ ʧʦʜʨʘʟʫʤʝʚʘʥʠ). ɱʝʜʥʦʤ ʦʜ ʦʚʘ ʜʚʘ 

nodʝ-ʘ ʜʦʜʝʣʠ˂ʝ ʩʝ ʜʦʤʝʥʠ ʥʘʤʦʪʘʿʘ ʠ ʚʘʟʜʫʭʘ, ʧʨʠ ʯʝʤʫ ˂ʝ ʿʝʜʥʘʯʠʥʝ ʫ ʦʙʟʠʨ ʫʟʝʪʠ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʘʪʝʨʠʿʘʣʘ ʜʝʬʠʥʠʩʘʥʝ ʥʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʠʟ ʙʠʙʣʠʦʪʝʢʝ ʤʘʪʝʨʠʿʘʣʘ. ʋ ʜʨʫʛʦʤ 

nodʝ-ʫ, ʟʘ ʰʘʨʞʫ (ʩʣʠʢʘ 9), ʧʦʜʘʮʠ ʦ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʟʘʜʘʪʠ ʩʫ ʧʦʤʦ˂ʫ ʬʫʥʢʮʠʿʘ ʜʝʬʠʥʠʩʘʥʠʭ ʫ 

ʧʨʝʪʭʦʜʥʦʤ ʧʦʛʣʘʚˀʫ. 



 

ʉʣʠʢʘ 9 ï ʄʦʜʝʣʦʚʘˁʝ ʥʝʣʠʥʝʘʨʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʰʘʨʞʝ 

4. ɼɽʌʀʅʀʉɸɳɽ ʊɽʈʄʀʏʂʆɻ ʄʆɼɽʃɸ 

ʇʨʝʥʦʩ ʪʦʧʣʦʪʝ ʤʦʜʝʣʦʚʘʥ ʿʝ ʧʦʤʦ˂ʫ ʠʥʪʝʨʬʝʿʩʘ Heat Transfer in Solids. COMSOL ʢʦʨʠʩʥʠʢʫ 

ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʦʛʨʘʥʠʯʠ ʜʝʦ ʢʦʤʧʣʝʪʥʦʛ ʤʦʜʝʣʘ ʟʘ ʢʦʿʠ ˂ʝ ʙʠʪʠ ʧʦʩʤʘʪʨʘʥʘ ʦʜʨʝʹʝʥʘ ʬʠʟʠʯʢʘ 

ʧʦʿʘʚʘ. ɼʝʦ ʤʦʜʝʣʘ ʫʥʫʪʘʨ ʢʦʛʘ ˂ʝ ʙʠʪʠ ʧʨʠʤʝˁʝʥʘ Ăʬʠʟʠʢʘñ Heat Transfer in Solids ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ 

ʩʣʠʮʠ 10. ʋ ʦʢʚʠʨʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʝ ʚʝʞʙʝ, ʤʦʜʝʣʦʚʘʥ ʿʝ ʩʘʤʦ ʧʨʝʥʦʩ ʪʦʧʣʦʪʝ ʫʥʫʪʘʨ ʰʘʨʞʝ. 

ʊʝʨʤʠʯʢʠ ʧʘʨʘʤʝʪʨʠ ʤʘʪʝʨʠʿʘʣʘ, ʜʝʬʠʥʠʩʘʥʠ ʫ ʧʦʛʣʘʚˀʫ 2. ʜʦʜʝˀʝʥʠ ʩʫ (ʩʣʠʢʘ 10) ʥʘ ʩʣʠʯʘʥ 

ʥʘʯʠʥ ʢʘʦ ʰʪʦ ʩʫ ʝʣʝʢʪʨʠʯʥʠ ʧʘʨʘʤʝʪʨʠ ʟʘʜʘʪʠ ʫ ʧʦʛʣʘʚˀʫ 3. 



 

ʉʣʠʢʘ 10 ï ʉʝʣʝʢʪʦʚʘˁʝ ʜʝʣʘ ʤʦʜʝʣʘ ʫʥʫʪʘʨ ʢʦʛʘ ˂ʝ ʙʠʪʠ ʤʦʜʝʣʦʚʘʥ ʧʨʝʥʦʩ ʪʦʧʣʦʪʝ 

ʂʦʤʧʣʝʪʘʥ ʪʦʧʣʦʪʥʠ ʤʦʜʝʣ, ʢʦʿʠ ʙʠ ʦʙʫʭʚʘʪʠʦ ʠ ʠʥʜʫʢʪʦʨ, ʤʦʨʘʦ ʙʠ ʜʘ ʙʫʜʝ ʧʨʦʰʠʨʝʥ ʠ ʥʘ 

ʩʪʨʫʿʘˁʝ ʚʘʟʜʫʭʘ ʫ ʚʘʟʜʫʰʥʦʤ ʟʘʟʦʨʫ ʠʟʤʝʹʫ ʠʥʜʫʢʪʦʨʘ ʠ ʠʥʜʫʢʪʘ, ʨʘʟʤʝʥʫ ʝʥʝʨʛʠʿʝ ʟʨʘʯʝˁʝʤ 

ʠʟʤʝʹʫ ʥʘʩʧʨʘʤʥʠʭ ʧʦʚʨʰʠ ʠʥʜʫʢʪʦʨʘ ʠ ʠʥʜʫʢʪʘ, ʢʘʦ ʠ ʧʨʦʰʠʨʠʚʘˁʝʤ ʪʝʨʤʠʯʢʦʛ ʤʦʜʝʣʘ ʥʘ 

ʠʥʜʫʢʪʦʨ. COMSOL ʦʤʦʛʫ˂ʘʚʘ ʧʨʘʚˀʝˁʝ ʦʚʘʢʚʠʭ ʤʦʜʝʣʘ, ʘʣʠ ʙʠ ʪʦ ʟʘʭʪʝʚʘʣʦ ʧʨʠʤʝʥʫ ʜʦʜʘʪʥʠʭ 

ʠʥʪʝʨʬʝʿʩʘ ʠ ʟʥʘʪʥʦ ʙʠ ʫʩʣʦʞʥʠʣʦ ʤʦʜʝʣ, ʧʦʚʝ˂ʘʣʦ ʭʘʨʜʚʝʨʩʢʝ ʟʘʭʪʝʚʝ ʩʠʤʫʣʘʮʠʿʝ ʢʘʦ ʠ ʪʨʘʿʘˁʝ 

ʩʠʤʫʣʘʮʠʿʝ. ɼʘʢʣʝ, ʤʦʜʝʣ ʢʦʿʠ ʿʝ ʨʝʘʣʠʟʦʚʘʥ ʢʨʦʟ ʦʚʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʫ ʚʝʞʙʫ ʪʨʝʙʘ ʩʭʚʘʪʠʪʠ ʢʘʦ 

ʠʣʫʩʪʨʘʮʠʿʫ, ʜʦʢ ʙʠ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʨʘʩʧʦʜʝʣʝ ʪʝʤʧʝʨʘʪʫʨʝ ʩʪʚʝʨʥʦʛ ʫʨʝʹʘʿʘ ʙʠʣʦ ʥʝʦʧʭʦʜʥʦ 

ʧʨʦʰʠʨʠʪʠ ʪʝʨʤʠʯʢʠ ʤʦʜʝʣ. ʇʦʨʝʜ ʪʦʛʘ, ʙʠʣʦ ʙʠ ʧʦʪʨʝʙʥʦ ʧʨʠʤʝʥʠʪʠ ʠ ʢʦʤʧʣʝʢʩʥʠʿʝ ʤʦʜʝʣʦʚʘˁʝ 

ʦʜ ʧʨʠʤʝˁʝʥʝ ʧʨʝʪʧʦʩʪʘʚʢʝ ʨʘʚʥʦʤʝʨʥʝ ʨʘʩʧʦʜʝʣʝ ʩʪʨʫʿʝ ʧʦ ʧʦʚʨʰʠ ʠʥʜʫʢʪʦʨʘ ʜʘ ʙʠ ʩʝ ʦʜʨʝʜʠʣʠ 

ʛʫʙʠʮʠ ʫ ʥʘʤʦʪʘʿʫ ʠʥʜʫʢʪʦʨʘ. ʈʘʟʣʦʛ ʿʝ ʰʪʦ ʫ ʥʘʚʦʿʮʠʤʘ ʥʘʤʦʪʘʿʘ ʧʨʠʤʘʨʘ ʜʦʣʘʟʠ ʜʦ ʧʦʪʠʩʢʠʚʘˁʘ 

ʩʪʨʫʿʝ, ʧʦʛʦʪʦʚʫ ʧʨʠ ʫʯʝʩʪʘʥʦʩʪʠʤʘ ʢʦʿʝ ʩʫ ʜʦʩʪʘ ʚʠʰʝ ʦʜ ʤʨʝʞʥʝ (ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʩʣʫʯʘʿʫ 10 kHz). 

ʅʘ ʩʧʦˀʘʰˁʠʤ ʧʦʚʨʰʠʤʘ ʰʘʨʞʝ (ʦʙʣʘʩʪ ʥʘ ʢʦʿʫ ʿʝ ʧʨʠʤʝˁʝʥ ʠʥʪʝʨʬʝʿʩ Heat Transfer in 

Solids) ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʦʩʪʘʚʠʪʠ ʛʨʘʥʠʯʥʝ ʫʩʣʦʚʝ, ʰʪʦ ʿʝ ʫʯʠˁʝʥʦ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

ʅʘ ʩʚʠʤ ʛʨʘʥʠʯʥʠʤ ʧʦʚʨʰʠʤʘ ʿʝ ʫʚʘʞʝʥ ʧʨʝʥʦʩ ʪʦʧʣʦʪʝ ʩʪʨʫʿʘˁʝʤ ʚʘʟʜʫʭʘ ʜʦʜʘʚʘˁʝʤ nodʝ-ʘ 

Heat Flux (ʿʝʜʘʥ ʦʜ ʝʣʝʤʝʥʘʪʘ ʧʦʥʫʹʝʥʠʭ ʫ ʦʢʚʠʨʫ Heat Transfer in Solids). ʅʘʢʦʥ ʜʦʜʘʚʘˁʘ nodʝ-ʘ, 

ʧʦʿʘʚˀʫʿʝ ʩʝ ʧʨʦʟʦʨ (ʩʣʠʢʘ 11) ʫ ʦʢʚʠʨʫ ʢʦʛʘ ʩʫ ʧʨʠʢʘʟʘʥʠ ʣʠʩʪʘ ʧʦʚʨʰʠ ʟʘ ʢʦʿʝ ʩʝ ʧʦʩʪʘʚˀʘ 

ʛʨʘʥʠʯʥʠ ʫʩʣʦʚ ʠ ʜʦʜʘʪʥʘ ʧʦʜʝʰʘʚʘˁʘ. ʇʦʚʨʰʠ (ʪʘʯʥʠʿʝ ʣʠʥʠʿʝ ʫ 2D ʤʦʜʝʣʫ) ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ ʥʘ 


