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ʆʚʘʿ ʫ˅ʙʝʥʠʢ ʥʘʩʪʘʦ ʿʝ ʥʘ ʦʩʥʦʚʫ ʧʨʝʜʘʚʘˁʘ, ʚʝʞʙʠ ʠ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ ʚʝʞʙʠ ʢʦʿʝ ʿʝ ʘʫʪʦʨ 

ʜʨʞʘʦ ʥʘ ʧʨʝʜʤʝʪʫ ʄʠʢʨʦʪʘʣʘʩʥʘ ʤʝʨʝˁʘ ʪʦʢʦʤ ʥʠʟʘ ʛʦʜʠʥʘ. ʎʠˀ ʧʨʝʜʤʝʪʘ ʿʝ ʪʝʦʨʠʿʩʢʘ ʠ 

ʧʨʘʢʪʠʯʥʘ ʦʙʫʢʘ ʩʪʫʜʝʥʘʪʘ ʟʘ ʠʟʚʦʹʝˁʝ ʤʝʨʝˁʘ ʥʘ ʤʠʢʨʦʪʘʣʘʩʥʠʤ ʫʯʝʩʪʘʥʦʩʪʠʤʘ. ʋ˅ʙʝʥʠʢ ʫ 

ʧʦʪʧʫʥʦʩʪʠ ʧʦʢʨʠʚʘ ʛʨʘʜʠʚʦ ʧʨʝʜʤʝʪʘ, ʘ ʧʦʩʝʙʥʘ ʧʘʞˁʘ ʧʦʩʚʝ˂ʝʥʘ ʿʝ ʤʝʨʝˁʠʤʘ ʢʦʿʘ ʩʝ ʠʟʚʦʜʝ 

ʢʦʨʠʰ˂ʝˁʝʤ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʤʝʨʝˁʝ ʨʝʣʘʪʠʚʥʦʛ ʜʠʿʘʛʨʘʤʘ ʟʨʘʯʝˁʘ ʘʥʪʝʥʘ. 

ʋ˅ʙʝʥʠʢ ʿʝ ʧʨʚʝʥʩʪʚʝʥʦ ʥʘʤʝˁʝʥ ʩʪʫʜʝʥʪʠʤʘ ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ, ʘʣʠ 

ʤʦʞʝ ʧʦʩʣʫʞʠʪʠ ʠ ʜʨʫʛʠʤʘ ʢʦʿʠ ʩʫ ʟʘʠʥʪʝʨʝʩʦʚʘʥʠ ʟʘ ʤʠʢʨʦʪʘʣʘʩʥʘ ʤʝʨʝˁʘ. 

ɸʫʪʦʨ ʩʝ ʥʘ ʧʦʜʨʰʮʠ ʪʦʢʦʤ ʧʠʩʘˁʘ ʫ˅ʙʝʥʠʢʘ ʟʘʭʚʘˀʫʿʝ ʩʚʦʿʠʤ ʢʦʣʝʛʘʤʘ ʩʘ ʂʘʪʝʜʨʝ ʟʘ 

ʦʧʰʪʫ ʝʣʝʢʪʨʦʪʝʭʥʠʢʫ: ʘʢʘʜʝʤʠʢʫ ʜʨ ɸʥʪʦʥʠʿʫ ɫʦʨʹʝʚʠ˂ʫ, ʨʝʜʦʚʥʠʤ ʧʨʦʬʝʩʦʨʠʤʘ 

ʜʨ ɹʨʘʥʢʫ ʂʦʣʫʥ˅ʠʿʠ, ʜʨ ɼʝʿʘʥʫ ʊʦʰʠ˂ʫ, ʜʨ ʄʠʣʘʥʫ ʀʣʠ˂ʫ, ʜʨ ʄʠʣʢʠ ʇʦʪʨʝʙʠ˂ ʀʚʘʥʠʰ, 

ʜʨ ɼʨʘʛʘʥʫ ʆʣ˂ʘʥʫ ʠ ʜʨ ʄʘʨʠʿʠ ʉʪʝʚʘʥʦʚʠ˂, ʚʘʥʨʝʜʥʦʤ ʧʨʦʬʝʩʦʨʫ ʜʨ ʉʣʦʙʦʜʘʥʫ ʉʘʚʠ˂ʫ, 

ʜʦʮʝʥʪʠʤʘ ʜʨ ʅʠʢʦʣʠ ɹʘʩʪʠ ʠ ʜʨ ɱʝʣʝʥʠ ɼʠʥʢʠ˂ ʠ ʘʩʠʩʪʝʥʪʠʤʘ ʤʩ ɱʦʚʘʥʠ ʇʝʪʨʦʚʠ˂ ʠ 

ʤʩ ɼʘʨʢʫ ʅʠʥʢʦʚʠ˂ʫ. ɸʫʪʦʨ ʩʝ ʟʘʭʚʘˀʫʿʝ ʠ ʩʪʫʜʝʥʪʠʤʘ ʢʦʿʠ ʩʫ ʩʚʦʿʠʤ ʜʠʧʣʦʤʩʢʠʤ ʠ ʤʘʩʪʝʨ 

ʨʘʜʦʚʠʤʘ ʜʦʧʨʠʥʝʣʠ ʫʥʘʧʨʝʹʝˁʫ ʢʫʨʩʘ ʠʟ ʄʠʢʨʦʪʘʣʘʩʥʠʭ ʤʝʨʝˁʘ. ʇʦʩʝʙʥʫ ʟʘʭʚʘʣʥʦʩʪ ʘʫʪʦʨ 

ʫʧʫ˂ʫʿʝ ʥʘʰʝʤ ʜʨʘʛʦʤ ʧʨʦʬʝʩʦʨʫ ʜʨ ʄʦʤʯʠʣʫ ʄʦʮʠ ɼʨʘʛʦʚʠ˂ʫ, ʢʦʿʠ ʦʜʘʚʥʦ ʥʠʿʝ ʩʘ ʥʘʤʘ, ʘʣʠ 

ʯʠʿʠ ʩʝ ʝʥʪʫʟʠʿʘʟʘʤ ʠ ʧʨʝʛʘʣʘʰʪʚʦ ʠ ʜʘʥʘʩ ʚʠʜʝ ʠ ʦʩʝ˂ʘʿʫ ʫ ʨʘʜʫ ʃʘʙʦʨʘʪʦʨʠʿʝ ʟʘ ʘʥʪʝʥʝ ʠ 

ʧʨʦʩʪʠʨʘˁʝ, ʢʦʿʫ ʢʦʨʠʩʪʠʤʦ ʠ ʥʘ ʢʫʨʩʫ ʠʟ ʄʠʢʨʦʪʘʣʘʩʥʠʭ ʤʝʨʝˁʘ. 
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1 ʄʝʨʝˁʝ s-ʧʘʨʘʤʝʪʘʨʘ 

ʘʥʘʣʠʟʘʪʦʨʦʤ ʤʨʝʞʘ 

ʇʘʨʘʤʝʪʨʠ ʨʘʩʝʿʘˁʘ (ʠʣʠ s-ʧʘʨʘʤʝʪʘʨʠ) ʩʫ ʢʦʤʧʣʝʢʩʥʠ ʙʨʦʿʝʚʠ ʢʦʿʠʤʘ ʫ ʬʨʝʢʚʝʥʮʠʿʩʢʦʤ 

ʜʦʤʝʥʫ ʦʧʠʩʫʿʝʤʦ ʢʦʝʬʠʮʠʿʝʥʪʝ ʨʝʬʣʝʢʩʠʿʝ ʠ ʪʨʘʥʩʤʠʩʠʿʝ ʤʠʢʨʦʪʘʣʘʩʥʠʭ ʩʢʣʦʧʦʚʘ (ʬʠʣʪʘʨʘ, 

ʩʧʨʝʞˁʘʢʘ, ʤʠʢʩʝʨʘ, ʧʦʿʘʯʘʚʘʯʘ, ʘʥʪʝʥʘ ʠ ʜʨʫʛʠʭ). ʆʚʠ ʧʘʨʘʤʝʪʨʠ ʫ ʧʦʪʧʫʥʦʩʪʠ ʢʘʨʘʢʪʝʨʠʰʫ 

ʩʢʣʦʧ ʧʨʠ ʣʠʥʝʘʨʥʦʤ ʥʘʯʠʥʫ ʨʘʜʘ, ʦʜʘʢʣʝ ʧʨʦʠʟʠʣʘʟʠ ˁʠʭʦʚ ʦʛʨʦʤʘʥ ʟʥʘʯʘʿ. ʇʨʠ ʣʠʥʝʘʨʥʦʤ 

ʥʘʯʠʥʫ ʨʘʜʘ ʫʯʝʩʪʘʥʦʩʪ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʦʛ ʩʠʛʥʘʣʘ ʥʘ ʠʟʣʘʟʫ ʿʝʜʥʘʢʘ ʿʝ ʫʯʝʩʪʘʥʦʩʪʠ 

ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʦʛ ʩʠʛʥʘʣʘ ʥʘ ʫʣʘʟʫ, ʤʝˁʘʿʫ ʩʝ (ʩʘʤʦ) ʘʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ. (ʇʨʠ ʥʝʣʠʥʝʘʨʥʦʤ 

ʥʘʯʠʥʫ ʨʘʜʘ ʩʢʣʦʧʦʚʠ ʤʦʛʫ ʧʨʦʤʝʥʠʪʠ ʫʯʝʩʪʘʥʦʩʪ ʩʠʛʥʘʣʘ ʩʘ ʫʣʘʟʘðʥʧʨ. ʤʠʢʩʝʨ, ʘ ʥʘ ʠʟʣʘʟʫ 

ʤʦʛʫ ʧʦʩʪʦʿʘʪʠ ʠ ʜʦʜʘʪʥʠ ʩʠʛʥʘʣʠðʥʧʨ. ʭʘʨʤʦʥʠʮʠ.) ʋʨʝʹʘʿ ʥʘʤʝˁʝʥ ʤʝʨʝˁʫ s-ʧʘʨʘʤʝʪʘʨʘ 

ʥʘʟʠʚʘ ʩʝ ʘʥʘʣʠʟʘʪʦʨ ʤʨʝʞʘ. ɸʥʘʣʠʟʘʪʦʨ ʤʨʝʞʘ ʢʦʿʠ ʤʝʨʠ ʩʘʤʦ ʤʦʜʫʣ ʢʦʤʧʣʝʢʩʥʠʭ s-

ʧʘʨʘʤʝʪʘʨʘ ʥʘʟʠʚʘʤʦ ʩʢʘʣʘʨʥʠʤ, ʜʦʢ ʦʥʘʿ ʢʦʿʠ ʤʝʨʠ ʠ ˁʠʭʦʚ ʘʨʛʫʤʝʥʪ ʥʘʟʠʚʘʤʦ ʚʝʢʪʦʨʩʢʠʤ 

ʘʥʘʣʠʟʘʪʦʨʦʤ ʤʨʝʞʘ (VNAïVector Network Analyzer). ʋ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ s-ʧʘʨʘʤʝʪʘʨʠ 

ʜʝʬʠʥʠʰʫ ʩʝ ʟʘ ʝʣʝʢʪʨʠʯʥʫ ʤʨʝʞʫ ʩʘ n  ( 1n²) ʧʨʠʩʪʫʧʘ (ʪʿ. ʧʦʨʪʦʚʘ). ʇʦʨʪʦʚʠ ʪʨʝʙʘ ʜʘ 

ʦʙʝʟʙʝʜʝ ʧʨʦʩʪʠʨʘˁʝ ʪʨʘʥʩʚʝʨʟʘʣʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʠʭ (ʊɽʄ) ʪʘʣʘʩʘ. ɸʥʘʣʠʟʘʪʦʨʠ ʤʨʝʞʘ 

ʧʦʩʝʜʫʿʫ ʧʦʨʪʦʚʝ ʢʦʿʠʤʘ ʩʝ ʧʦʚʝʟʫʿʫ ʩʘ ʩʢʣʦʧʦʤ ʢʦʿʠ ʩʝ ʢʘʨʘʢʪʝʨʠʰʝ. ʉʪʘʥʜʘʨʜʥʘ ʠʤʧʝʜʘʥʩʘ 

ʧʦʨʪʦʚʘ ʢʦʜ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʿʝ 50W ʠʣʠ 75W, ʘ ʫ ʧʨʘʢʩʠ ʩʫ ʥʘʿʯʝʰ˂ʠ ʘʥʘʣʠʟʘʪʦʨʠ ʤʨʝʞʘ 

ʩʘ ʜʚʘ ʧʦʨʪʘ, ʜʦʢ ʩʝ ʨʝʹʝ ʩʨʝ˂ʫ ʦʥʠ ʩʘ ʯʝʪʠʨʠ ʧʦʨʪʘ. ɹʨʦʿ ʧʦʨʪʦʚʘ ʚʝ˂ʠ ʦʜ ʯʝʪʠʨʠ ʨʝʘʣʠʟʫʿʝ ʩʝ 

ʥʘʤʝʥʩʢʠʤ ʜʦʜʘʪʥʠʤ ʩʢʣʦʧʦʚʠʤʘ. (ʅʘʧʦʤʝʥʠʤʦ ʜʘ ʧʦʩʪʦʿʝ ʠ x-ʧʘʨʘʤʝʪʨʠ, ʢʦʿʠ ʦʧʠʩʫʿʫ 

ʩʢʣʦʧʦʚʝ ʧʨʠ ʥʝʣʠʥʝʘʨʥʦʤ ʥʘʯʠʥʫ ʨʘʜʘ, ʢʘʦ ʠ ʥʝʣʠʥʝʘʨʥʠ ʘʥʘʣʠʟʘʪʦʨʠ ʤʨʝʞʘðNVNAðʢʦʿʠ 

ʩʣʫʞʝ ʟʘ ʤʝʨʝˁʝ x-ʧʘʨʘʤʝʪʘʨʘ, ʘʣʠ ʩʝ ˁʠʤʘ ʥʝ˂ʝʤʦ ʙʘʚʠʪʠ.) 

1.1 ʇʘʨʘʤʝʪʨʠ ʨʘʩʝʿʘˁʘ (s-ʧʘʨʘʤʝʪʨʠ) 

ʇʨʦʩʪʠʨʘˁʝ ʪʘʣʘʩʘ ʠ ʚʝʣʠʯʠʥʝ ʧʦʪʨʝʙʥʝ ʟʘ ʜʝʬʠʥʠʩʘˁʝ s-ʧʘʨʘʤʝʪʘʨʘ (s-parameters, 

scattering parameters) ʜʚʦʧʦʨʪʥʦʛ ʪʝʩʪʠʨʘʥʦʛ ʫʨʝʹʘʿʘ (DUTïDevice Under Test) ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ 

ʩʣʠʮʠ 1.1.1. ʇʨʦʩʪʦʧʝʨʠʦʜʠʯʥʠ ʪʘʣʘʩʠ ʩʝ ʦʧʠʩʫʿʫ ʠʥʪʝʥʟʠʪʝʪʦʤ ʪʘʣʘʩʘ, ʢʦʤʧʣʝʢʩʥʠʤ ʙʨʦʿʝʤ 

ʯʠʿʘ ʿʝ ʤʦʜʫʣ ʿʝʜʥʘʢ ʢʦʨʝʥʫ ʠʟ ʩʨʝʜˁʝ ʩʥʘʛʝ ʢʦʿʘ ʩʝ ʧʨʝʥʦʩʠ ʪʘʣʘʩʦʤ, ʘ ʘʨʛʫʤʝʥʪ ʿʝʜʥʘʢ 

ʧʦʯʝʪʥʦʿ ʬʘʟʠ ʢʦʤʧʣʝʢʩʥʦʛ ʧʨʝʜʩʪʘʚʥʠʢʘ ʝʣʝʢʪʨʠʯʥʦʛ ʧʦˀʘ ʪʘʣʘʩʘ. 

 

ʉʣʠʢʘ 1.1.1.  ʊʦʢ ʩʠʛʥʘʣʘ ʜʚʦʧʦʨʪʥʦʛ ʩʢʣʦʧʘ (ʫʟ ʜʝʬʠʥʠʮʠʿʫ s-ʧʘʨʘʤʝʪʘʨʘ). 
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ʇʨʝʪʧʦʩʪʘʚʠʤʦ ʜʘ ʧʦʩʪʦʿʠ ʩʘʤʦ ʠʥʮʠʜʝʥʪʥʠ ʪʘʣʘʩ ʢʘ ʧʦʨʪʫ 1 (ʧʦʙʫʜʘ ʿʝ ʧʨʠʢˀʫʯʝʥʘ ʥʘ ʧʦʨʪ 

1, ʘ ʥʘ ʧʦʨʪʫ 2 ʿʝ ʧʨʠʣʘʛʦʹʝˁʝðʧʨʠʿʝʤʥʠʢ ʦʜ 50W ʠʣʠ 75W), ʠʥʪʝʥʟʠʪʝʪʘ ʪʘʣʘʩʘ 1a . ɱʝʜʘʥ 

ʜʝʦ ʠʥʮʠʜʝʥʪʥʦʛ ʪʘʣʘʩʘ ʩʝ ʨʝʬʣʝʢʪʫʿʝ ʦʜ DUT-ʘ. ʀʥʪʝʥʟʠʪʝʪ ʨʝʬʣʝʢʪʦʚʘʥʦʛ ʪʘʣʘʩʘ ʿʝ 

1 11 1b s a=  , ʛʜʝ ʿʝ 11s  ʢʦʝʬʠʮʠʿʝʥʪ ʨʝʬʣʝʢʩʠʿʝ DUT-ʘ ʥʘ ʧʦʨʪʫ 1 (ʠ ʢʦʣʠʯʥʠʢ ʿʝ ʠʥʪʝʥʟʠʪʝʪʘ 

ʨʝʬʣʝʢʪʦʚʘʥʦʛ ʠ ʠʥʮʠʜʝʥʪʥʦʛ ʪʘʣʘʩʘ). ɼʨʫʛʠ ʜʝʦ ʠʥʮʠʜʝʥʪʥʦʛ ʪʘʣʘʩʘ ʩʝ ʪʨʘʥʩʤʠʪʫʿʝ ʢʨʦʟ 

DUT. ʀʥʪʝʥʟʠʪʝʪ ʪʨʘʥʩʤʠʪʦʚʘʥʦʛ ʪʘʣʘʩʘ ʿʝ 2 21 1b s a= , ʛʜʝ ʿʝ 21s ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʘʥʩʤʠʩʠʿʝ DUT-

ʘ ʦʜ ʧʦʨʪʘ 1 ʢʘ ʧʦʨʪʫ 2 (ʠ ʢʦʣʠʯʥʠʢ ʿʝ ʠʥʪʝʥʟʠʪʝʪʘ ʪʨʘʥʩʤʠʪʦʚʘʥʦʛ ʠ ʠʥʮʠʜʝʥʪʥʦʛ ʪʘʣʘʩʘ). 

ʉʣʠʯʥʦ, ʘʢʦ ʧʦʩʪʦʿʠ ʩʘʤʦ ʠʥʮʠʜʝʥʪʥʠ ʪʘʣʘʩ ʢʘ ʧʦʨʪʫ 2, ʠʥʪʝʥʟʠʪʝʪʘ ʪʘʣʘʩʘ 2a , ʜʝʬʠʥʠʰʝʤʦ 

ʢʦʝʬʠʮʠʿʝʥʪ ʨʝʬʣʝʢʩʠʿʝ DUT-ʘ ʥʘ ʧʦʨʪʫ 2, 22 2 2s b a=  ʠ ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʘʥʩʤʠʩʠʿʝ DUT-ʘ ʦʜ 

ʧʦʨʪʘ 2 ʢʘ ʧʦʨʪʫ 1, 12 1 2s b a= . ʋʢʦʣʠʢʦ ʠʥʮʠʜʝʥʪʠ ʪʘʣʘʩʠ ʢʘ ʧʦʨʪʦʚʠʤʘ 1 ʠ 2 ʧʦʩʪʦʿʝ 

ʠʩʪʦʚʨʝʤʝʥʦ, ʠʥʪʝʥʟʠʪʝʪʠ ʪʘʣʘʩʘ ʢʦʿʠ Ăʠʟʣʘʟʝñ ʠʟ ʧʦʨʪʦʚʘ 1 ʠ 2, 1b  ʠ 2b , ʩʫ ʣʠʥʝʘʨʥʘ 

ʢʦʤʙʠʥʘʮʠʿʘ ʠʥʪʝʥʟʠʪʝʪʘ ʠʥʮʠʜʝʥʪʥʠʭ ʪʘʣʘʩʘ, 1a  ʠ 2a : 

 1 11 1 12 2b s a s a= + , (1.1.1) 

 2 21 1 22 2b s a s a= + . (1.1.2) 

ʊʝʞʠʥʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʣʠʥʝʘʨʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʩʫ s-ʧʘʨʘʤʝʪʨʠ 11s , 21s , 22s  ʠ 12s , ʢʘʦ ʫ 

ʠʟʨʘʟʠʤʘ (1.1.1) ʠ (1.1.2). ʅʘ ʪʘʿ ʥʘʯʠʥ ʿʝ ʤʠʢʨʦʪʘʣʘʩʥʠ ʩʢʣʦʧ ʫ ʣʠʥʝʘʨʥʦʤ ʨʝʞʠʤʫ ʨʘʜʘ ʦʧʠʩʘʥ 

ʩʚʦʿʠʤ s-ʧʘʨʘʤʝʪʨʠʤʘ. ʅʘ ʩʣʠʯʘʥ ʥʘʯʠʥ ʤʦʞʝʤʦ ʜʝʬʠʥʠʩʘʪʠ s-ʧʘʨʘʤʝʪʨʝ ʩʢʣʦʧʦʚʘ ʩʘ ʚʠʰʝ ʦʜ 

ʜʚʘ ʧʦʨʪʘ. ʀʤʧʝʜʘʥʩʘ ʧʦʨʪʦʚʘ (50W ʠʣʠ 75W) ʥʘʟʠʚʘ ʩʝ ʥʦʤʠʥʘʣʥʘ ʠʤʧʝʜʘʥʩʘ ʠ ʪʝʦʨʠʿʩʢʠ 

ʤʦʞʝ ʫʟʠʤʘʪʠ ʠ ʜʨʫʛʝ ʚʨʝʜʥʦʩʪʠ ʦʜ ʦʥʠʭ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʫ ʧʨʘʢʩʠ (50W ʠʣʠ 75W). ɺʨʝʜʥʦʩʪʠ 

s-ʧʘʨʘʤʝʪʘʨʘ ʟʘʚʠʩʝ ʦʜ ʥʦʤʠʥʘʣʥʝ ʠʤʧʝʜʘʥʩʝ. 

ʊʦʢ ʩʠʛʥʘʣʘ ʩʘ ʩʣʠʢʝ 1.1.1, ʦʧʠʩʘʥ ʠʟʨʘʟʠʤʘ (1.1.1) ʠ (1.1.2), ʧʦʥʝʢʘʜ ʿʝ ʧʦʛʦʜʥʦ ʧʨʠʢʘʟʘʪʠ 

ʧʨʝʢʦ ʜʠʿʘʛʨʘʤʘ ʪʦʢʘ ʩʠʛʥʘʣʘ, ʢʘʦ ʥʘ ʩʣʠʮʠ 1.1.2. ɼʠʿʘʛʨʘʤ ʪʦʢʘ ʩʠʛʥʘʣʘ ʿʝ ʛʨʘʬ ʫ ʢʦʿʝʤ ʩʫ 

ʠʥʪʝʥʟʠʪʝʪʠ ʪʘʣʘʩʘ ʧʨʝʜʩʪʘʚˀʝʥʠ ʯʚʦʨʦʚʠʤʘ, ʘ s-ʧʘʨʘʤʝʪʨʠ ʫʩʤʝʨʝʥʠʤ ʛʨʘʥʘʤʘ ʢʦʿʝ ʧʦʚʝʟʫʿʫ 

ʯʚʦʨʦʚʝ. ʉʚʘʢʘ ʛʨʘʥʘ ʢʦʿʘ ʩʝ ʩʪʠʯʝ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʯʚʦʨʫ ʠ ʫʩʤʝʨʝʥʘ ʿʝ ʢʘ ˁʝʤʫ ʧʨʝʜʩʪʘʚˀʘ 

ʿʝʜʘʥ ʪʘʣʘʩ ʢʦʿʠ ʫʣʘʟʠ ʫ ʯʚʦʨ, ʘ ʠʥʪʝʥʟʠʪʝʪ ʪʦʛ ʪʘʣʘʩʘ ʿʝʜʥʘʢ ʿʝ ʧʨʦʠʟʚʦʜʫ s-ʧʘʨʘʤʝʪʨʘ ʛʨʘʥʝ ʠ 

ʠʥʪʝʥʟʠʪʝʪʘ ʪʘʣʘʩʘ ʜʨʫʛʦʛ ʯʚʦʨʘ ʛʨʘʥʝ. ʀʥʪʝʥʟʠʪʝʪ ʪʘʣʘʩʘ ʧʦʩʤʘʪʨʘʥʦʛ ʯʚʦʨʘ ʿʝʜʥʘʢ ʿʝ ʟʙʠʨʫ 

ʠʥʪʝʥʟʠʪʝʪʘ ʩʚʠʭ ʪʘʣʘʩʘ ʢʦʿʠ ʫʣʘʟʝ ʫ ʪʘʿ ʯʚʦʨ. ʉʪʦʛʘ ʟʘ 1b  ʠ 2b  ʚʘʞʝ ʠʟʨʘʟʠ (1.1.1) ʠ (1.1.2), ʜʦʢ 

ʚʨʝʜʥʦʩʪʠ 1a  ʠ 2a  ʟʘʚʠʩʝ ʦʜ ʩʢʣʦʧʦʚʘ ʧʨʠʢˀʫʯʝʥʠʭ ʥʘ ʧʦʨʪʦʚʝ ʧʦʩʤʘʪʨʘʥʦʛ ʜʚʦʧʦʨʪʥʦʛ 

ʩʢʣʦʧʘ. ʇʨʠʤʝʪʠʤʦ ʜʘ ʿʝ ʿʝʜʘʥ ʧʦʨʪ ʦʧʠʩʘʥ ʩʘ ʜʚʘ ʯʚʦʨʘ (ʧʦʨʪ 1 ʯʚʦʨʦʚʠʤʘ 1a  ʠ 1b, ʘ ʧʦʨʪ 2 

ʯʚʦʨʦʚʠʤʘ 2a  ʠ 2b ). 

 

ʉʣʠʢʘ 1.1.2.  ɼʠʿʘʛʨʘʤ ʪʦʢʘ ʩʠʛʥʘʣʘ ʟʘ ʜʚʦʧʦʨʪʥʠ ʩʢʣʦʧ ʦʧʠʩʘʥ s-ʧʘʨʘʤʝʪʨʠʤʘ. 
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1.2 ʇʘʨʘʤʝʪʨʠ ʨʝʬʣʝʢʩʠʿʝ ʠ ʪʨʘʥʩʤʠʩʠʿʝ 

ʋ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʩʢʣʦʧʘ ʩʘ n  ʧʦʨʪʦʚʘ, ʧʘʨʘʤʝʪʘʨ iis  ( 1,..,i n= ) ʿʝ ʢʦʝʬʠʮʠʿʝʥʪ ʨʝʬʣʝʢʩʠʿʝ 

ʥʘ ʧʦʨʪʫ i, ʘ ʧʘʨʘʤʝʪʘʨ jks  ( , 1,..,j k n=  ʠ j ķ) ʿʝ ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʘʥʩʤʠʩʠʿʝ ʦʜ ʧʦʨʪʘ k  ʢʘ 

ʧʦʨʪʫ j . ʂʦʜ ʩʢʣʦʧʦʚʘ ʢʦʿʠʤʘ ˂ʝʤʦ ʩʝ ʙʘʚʠʪʠ ʤʦʜʫʣ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ ʫʟʠʤʘ 

ʚʨʝʜʥʦʩʪʠ ʠʟʤʝʹʫ ʥʫʣʘ (ʥʝʤʘ ʨʝʬʣʝʢʩʠʿʝ) ʠ ʿʝʜʘʥ (ʯʠʪʘʚ ʫʣʘʟʥʠ ʩʠʛʥʘʣ ʩʝ ʨʝʬʣʝʢʪʫʿʝ), ʪʿ. ʚʘʞʠ: 

 0 1iis¢ ¢, (1.2.1) 

ʜʦʢ ʤʦʜʫʣ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʘʥʩʤʠʩʠʿʝ ʤʦʞʝ ʙʠʪʠ ʠ ʤʘˁʘ ʠ ʚʝ˂ʘ ʦʜ ʿʝʜʘʥ, ʧʘ ʬʦʨʤʘʣʥʦ ʚʘʞʠ: 

 0 jks¢ <¤. (1.2.2) 

ʋ ʧʨʘʢʩʠ, ʤʦʜʫʣ ʧʦʩʤʘʪʨʘʥʦʛ s-ʧʘʨʘʤʝʪʨʘ, ʫ ʬʨʝʢʚʝʥʮʠʿʩʢʦʤ ʦʧʩʝʛʫ ʦʜ ʠʥʪʝʨʝʩʘ, ʤʦʞʝ ʜʘ 

ʩʝ ʧʨʦʤʝʥʠ ʟʘ ʥʝʢʦʣʠʢʦ ʨʝʜʦʚʘ ʚʝʣʠʯʠʥʘ, ʧʘ ʩʝ ʯʝʩʪʦ ʠʟʨʘʞʘʚʘ ʫ ʜʝʮʠʙʝʣʠʤʘ. ʄʦʜʫʣ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ ʫ ʜʝʮʠʙʝʣʠʤʘ ʿʝ: 

 [ ] 10dB 20logii iis s= , (1.2.3) 

ʦʜʥʦʩʥʦ, ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ (1.2.1), [ ]dBiis  ʤʦʞʝ ʙʠʪʠ ʥʫʣʘ ʠʣʠ ʥʝʛʘʪʠʚʥʘ. ʋ ʤʠʢʨʦʪʘʣʘʩʥʠʤ 

ʤʝʨʝˁʠʤʘ ʩʝ ʦʚʦʿ ʚʝʣʠʯʠʥʠ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʦʥʪʝʢʩʪʘ, ʯʝʩʪʦ ʜʦʜʝˀʫʿʫ ʠ ʜʨʫʛʘ ʠʤʝʥʘ. ʊʘʢʦ ʩʝ 

ʟʘ ʠʩʧʠʪʠʚʘʥʠ (i-ʪʠ) ʧʦʨʪ ʤʠʢʨʦʪʘʣʘʩʥʦʛ ʩʢʣʦʧʘ ʫʚʦʜʠ ʪʝʨʤʠʥ Ăʧʦʚʨʘʪʥʦ ʩʣʘʙˀʝˁʝñ (RL ï 

Return Loss) ʢʦʿʝ ʩʝ ʫ ʜʝʮʠʙʝʣʠʤʘ ʜʝʬʠʥʠʰʝ ʢʘʦ: 

 [ ] 10dB 20log iiRL s=- , (1.2.4) 

ʦʜʥʦʩʥʦ ʧʨʝʜʩʪʘʚˀʘ ʤʦʜʫʣ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ ʫ ʜʝʮʠʙʝʣʠʤʘ ʩʘ ʠʟʤʝˁʝʥʠʤ ʧʨʝʜʟʥʘʢʦʤ 

(ʢʦʜ ʩʢʣʦʧʦʚʘ ʢʦʿʠʤʘ ˂ʝʤʦ ʩʝ ʙʘʚʠʪʠ, ʤʦʞʝ ʙʠʪʠ ʥʫʣʘ ʠʣʠ ʧʦʟʠʪʠʚʥʦ). ʇʨʘʢʪʠʯʥʦ, ʧʦʚʨʘʪʥʦ 

ʩʣʘʙˀʝˁʝ ʢʘʞʝ ʟʘ ʢʦʣʠʢʦ ʿʝ ʜʝʮʠʙʝʣʘ ʨʝʬʣʝʢʪʦʚʘʥʠ ʩʠʛʥʘʣ ʦʩʣʘʙˀʝʥ ʫ ʦʜʥʦʩʫ ʥʘ ʠʥʮʠʜʝʥʪʥʠ 

ʩʠʛʥʘʣ. ʀʜʝʥʪʠʯʥʘ ʚʝʣʠʯʠʥʘ ʩʝ ʢʦʜ ʧʦʙʫʹʝʥʦʛ (ʧʨʝʜʘʿʥʦʛ) ʧʦʨʪʘ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʥʘʟʠʚʘ 

Ăʧʨʠʣʘʛʦʹʝˁʝ ʠʟʚʦʨʘñ (SM ï Source Match): 

 [ ] 10dB 20log iiSM s=- , (1.2.5) 

ʘ ʢʦʜ ʥʝʧʦʙʫʹʝʥʦʛ (ʧʨʠʿʝʤʥʦʛ) ʧʦʨʪʘ Ăʧʨʠʣʘʛʦʹʝˁʝ ʧʨʠʿʝʤʥʠʢʘñ (LM ï Load Match): 

 [ ] 10dB 20log iiLM s=- . (1.2.6) 

ʏʝʩʪʦ ʩʝ ʫʤʝʩʪʦ ʤʦʜʫʣʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ (ʪʿ. ʤʦʜʫʣʘ ʧʘʨʘʤʝʪʨʘ iis ) ʢʦʨʠʩʪʠ 

ʘʣʪʝʨʥʘʪʠʚʥʘ ʚʝʣʠʯʠʥʘ, Ăʢʦʝʬʠʮʠʿʝʥʪ ʩʪʦʿʝ˂ʠʭ ʪʘʣʘʩʘñ (SWR ï Standing Wave Ratio; VSWR ï 

Voltage Standing Wave Ratio), ʢʦʿʠ ʩʝ ʤʦʞʝ ʠʟʨʘʟʠʪʠ ʧʨʝʢʦ ʤʦʜʫʣʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ: 

 
1

1

ii

ii

s
SWR

s

+
=
-

. (1.2.7) 
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ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ (1.2.1), ʚʘʞʠ ʜʘ ʿʝ 1SWR², ʧʨʠ ʯʝʤʫ ʚʨʝʜʥʦʩʪʠ 1 ʦʜʛʦʚʘʨʘ ʩʣʫʯʘʿ ʢʘʜʘ ʥʝʤʘ 

ʨʝʬʣʝʢʩʠʿʝ, ʜʦʢ ʧʨʠ ʧʦʚʝʘ˂ˁʫ ʨʝʬʣʝʢʩʠʿʝ ʨʘʩʪʝ ʠ SWR. ʅʘ ʧʨʠʤʝʨ, ʟʘ 1,2SWR=  je 

[dB] 20,83dBiis =- , ʘ ʟʘ 2SWR=  ʿʝ [dB] 9,54dBiis =- . 

ʂʦʜ ʪʨʘʥʩʤʠʩʠʿʝ, ʘʢʦ ʿʝ 1jks ¢, ʜʝʬʠʥʠʰʝʤʦ Ăʫʥʝʪʦ ʩʣʘʙˀʝˁʝñ (IL ï Insertion Loss) ʫ 

ʜʝʮʠʙʝʣʠʤʘ: 

 
1020log jkIL s=- , (1.2.8) 

ʘ ʘʢʦ ʿʝ 1jks ²  ʜʝʬʠʥʠʰʝʤʦ Ăʧʦʿʘʯʘˁʝñ ʩʥʘʛʝ (G ï Gain) ʫ ʜʝʮʠʙʝʣʠʤʘ: 

 20log10 jkG s= . (1.2.9) 

ʉʤʘʪʨʘ˂ʝʤʦ ʜʘ ʩʫ ʚʝʣʠʯʠʥʝ ʜʝʬʠʥʠʩʘʥʝ ʠʟʨʘʟʠʤʘ (1.2.8) ʠ (1.2.9) ʩʫ ʧʦʟʠʪʠʚʥʝ ʠʣʠ ʿʝʜʥʘʢʝ 

ʥʫʣʠ (ʥʫʣʘ ʩʫ ʢʘʜʘ ʿʝ 1jks =, ʫ ʢʦʤ ʩʣʫʯʘʿʫ ʿʝ ʩʚʝʿʝʜʥʦ ʜʘ ʣʠ ˂ʝʤʦ ʛʦʚʦʨʠʪʠ ʦ ʩʣʘʙˀʝˁʫ ʠʣʠ 

ʧʦʿʘʯʘˁʫ). 

1.3 ʉʪʨʫʢʪʫʨʘ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ 

ɹʣʦʢ ʰʝʤʘ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 1.3.1. 

 

 

ʉʣʠʢʘ 1.3.1.  ɹʣʦʢ ʰʝʤʘ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ. 

ʊʨʘʜʠʮʠʦʥʘʣʥʦ, ʫ ʙʣʦʢ ʰʝʤʠ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʧʨʝʧʦʟʥʘʿʝʤʦ ʯʝʪʠʨʠ ʮʝʣʠʥʝ: (1) ʧʦʙʫʜʥʠ 

ʛʝʥʝʨʘʪʦʨ, (2) ʜʝʦ ʟʘ ʨʘʟʜʚʘʿʘˁʝ ʩʠʛʥʘʣʘ, (3) ʧʨʠʿʝʤʥʠʢ (ʠʣʠ ʜʝʪʝʢʪʦʨ) ʠ (4) ʜʝʦ ʟʘ ʦʙʨʘʜʫ ʠ 

ʧʨʠʢʘʟ ʧʦʜʘʪʘʢʘ. ʆʥʝ ʦʙʘʚˀʘʿʫ ʧʨʠʥʮʠʧʩʢʠ ʿʝʜʥʦʩʪʘʚʘʥ ʧʦʩʪʫʧʘʢ ʤʝʨʝˁʘ: ʧʦʙʫʜʥʠ ʛʝʥʝʨʘʪʦʨ 

ʦʙʝʟʙʝʹʫʿʝ ʠʥʮʠʜʝʥʪʥʠ ʩʠʛʥʘʣ (ʪʘʣʘʩ), ʜʝʦ ʟʘ ʨʘʟʜʚʘʿʘˁʝ ʩʠʛʥʘʣʘ ʧʨʦʩʣʝʹʫʿʝ ʠʥʮʠʜʝʥʪʠ, 

ʨʝʬʣʝʢʪʦʚʘʥʠ ʠ ʪʨʘʥʩʤʠʪʦʚʘʥʠ ʩʠʛʥʘʣ ʜʦ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʧʨʠʿʝʤʥʠʢʘ ʢʦʿʠ ʠʭ ʤʝʨʝ, ʜʘ ʙʠ ʜʝʦ ʟʘ 

ʦʙʨʘʜʫ ʠ ʧʨʠʢʘʟ ʧʦʜʘʪʘʢʘ ʠʟʨʘʯʫʥʘʦ ʧʦʪʨʝʙʥʝ ʚʝʣʠʯʠʥʝ ʠ ʧʨʠʢʘʟʘʦ ʠʭ ʥʘ ʝʢʨʘʥʫ (ʠʣʠ ʩʘʯʫʚʘʦ 
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ʫ ʤʝʤʦʨʠʿʠ). ʂʦʜ ʧʨʚʦʙʠʪʥʠʭ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ, ʥʘʩʪʘʣʠʭ ʢʘʩʥʠʭ ʰʝʟʜʝʩʝʪʠʭ ʛʦʜʠʥʘ 

ʜʚʘʜʝʩʝʪʦʛ ʚʝʢʘ ʠ ʟʥʘʯʘʿʥʦ ʫʥʘʧʨʝʹʝʥʠʭ ʜʦ ʩʨʝʜʠʥʝ ʦʩʘʤʜʝʩʝʪʠʭ, ʛʝʥʝʨʘʪʦʨ ʠ ʜʝʦ ʟʘ ʨʘʟʜʚʘʿʘˁʝ 

ʩʠʛʥʘʣʘ (ʪʟʚ. ʪʝʩʪ-ʩʝʪ) ʙʠʣʠ ʩʫ ʧʦʩʝʙʥʠ ʫʨʝʹʘʿʠ, ʢʦʿʠ ʩʫ ʩʝ ʩʧʦˀʘ ʧʦʚʝʟʠʚʘʣʠ ʩʘ ʦʩʪʘʪʢʦʤ 

ʩʠʩʪʝʤʘ. ʅʘ ʩʣʠʮʠ 1.3.2 ʧʨʠʢʘʟʘʥʘ ʿʝ ʤʦʜʫʣʘʨʥʘ ʩʪʨʫʢʪʫʨʘ ʿʝʜʥʦʛ ʪʘʢʚʦʛ ʚʝʢʪʦʨʩʢʦʛ 

ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ, HP 8510b (ʛʝʥʝʨʘʪʦʨ ʩʝ ʥʘʣʘʟʠ ʥʘ ʚʨʭʫ, ʪʝʩʪ ʩʝʪ ʥʘ ʜʥʫ). ʄʦʜʝʨʥʠ 

ʘʥʘʣʠʟʘʪʦʨʠ ʤʨʝʞʘ (ʥʘʩʪʘʣʠ ʥʘ ʧʨʝʣʘʩʢʫ ʠʟ ʜʚʘʜʝʩʝʪʦʛ ʫ ʜʚʘʜʝʩʝʪʧʨʚʠ ʚʝʢ) ʩʫ ʫ ʧʦʪʧʫʥʦʩʪʠ 

ʠʥʪʝʛʨʠʩʘʥʠ ʫʨʝʹʘʿʠ, ʢʦʿʠ ʦʙʿʝʜʠˁʫʿʫ (ʫ ʠʩʪʦʿ ʢʫʪʠʿʠ) ʤʠʢʨʦʪʘʣʘʩʥʝ ʢʦʤʧʦʥʝʥʪʝ ʟʘ ʤʝʨʝˁʝ ʠ 

ʫʧʨʘʚˀʘʯʢʝ ʧʝʨʩʦʥʘʣʥʝ ʨʘʯʫʥʘʨʝ. ʇʨʠʤʝʨ ʤʦʜʝʨʥʦʛ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʩʘ ʚʨʭʘ ʧʦʥʫʜʝ ʿʝ 

N5227A PNA, ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 1.3.3. 

 

ʉʣʠʢʘ 1.3.2.  ɸʥʘʣʠʟʘʪʦʨ ʤʨʝʞʘ HP 8510b, ʧʨʝʜʩʪʘʚˀʝʥ 1988. ʛʦʜʠʥʝ. 

 

ʉʣʠʢʘ 1.3.3.  ɸʥʘʣʠʟʘʪʦʨ ʤʨʝʞʘ Agilent N5227A PNA, ʧʨʝʜʩʪʘʚˀʝʥ 2011. ʛʦʜʠʥʝ. 
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1.3.1 ʇʦʙʫʜʥʠ ʛʝʥʝʨʘʪʦʨ (ʠʟʚʦʨ) 

ʇʦʙʫʜʥʠ ʛʝʥʝʨʘʪʦʨ (ʠʟʚʦʨ) ʦʙʝʟʙʝʹʫʿʝ (ʠʥʮʠʜʝʥʪʠ) ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʠ ʩʠʛʥʘʣ ʥʝʦʧʭʦʜʘʥ ʟʘ 

ʤʝʨʝˁʝ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʨʝʬʣʝʢʩʠʿʝ ʠ ʪʨʘʥʩʤʠʩʠʿʝ. ʆʩʥʦʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠʟʚʦʨʘ ʩʫ ʦʧʩʝʛ 

ʫʯʝʩʪʘʥʦʩʪʠ ʠ ʦʧʩʝʛ ʩʥʘʛʘ ʢʦʿʠ ʦʙʝʟʙʝʹʫʿʝ. ʄʦʜʝʨʥʠ ʘʥʘʣʠʟʘʪʦʨʠ ʤʨʝʞʘ ʩʘ ʢʦʘʢʩʠʿʘʣʥʠʤ 

ʧʦʨʪʦʚʠʤʘ ʠʟʨʘʹʫʿʫ ʩʝ ʜʦ ʫʯʝʩʪʘʥʦʩʪʠ ʦʜ 110 GHz, ʜʦʢ ʩʥʘʛʝ ʠʟʚʦʨʘ ʫ ʘʥʘʣʠʟʘʪʦʨʠʤʘ ʤʨʝʞʘ 

ʦʙʠʯʥʦ ʥʠʩʫ ʚʝ˂ʝ ʦʜ 100 mW. ʀʟʚʦʨʠ ʫ ʧʨʚʦʙʠʪʥʠʤ ʘʥʘʣʠʟʘʪʦʨʠʤʘ ʤʨʝʞʘ ʦʤʦʛʫ˂ʘʚʘʣʠ ʩʫ 

ʘʫʪʦʤʘʪʩʢʦ ʤʝʨʝˁʝ ʫ ʦʧʩʝʛʫ ʫʯʝʩʪʘʥʦʩʪʠ (frequency sweep), ʜʦʢ ʤʦʜʝʨʥʠ ʘʥʘʣʠʟʘʪʦʨʠ ʤʨʝʞʘ 

ʦʤʦʛʫ˂ʘʚʘʿʫ ʠ ʘʫʪʦʤʘʪʩʢʦ ʤʝʨʝˁʝ ʫ ʦʧʩʝʛʫ ʩʥʘʛʘ (power sweep). ɼʠʥʘʤʠʢʘ ʩʥʘʛʝ ʠʟʚʦʨʘ 

(ʨʘʩʧʦʥ ʠʟʤʝʹʫ ʤʠʥʠʤʘʣʥʝ ʠ ʤʘʢʩʠʤʘʣʥʝ ʠʟʣʘʟʥʝ ʩʥʘʛʝ) ʟʘʚʠʩʠ ʦʜ ʢʦʥʢʨʝʪʥʦʛ ʘʥʘʣʠʟʘʪʦʨʘ 

ʤʨʝʞʘ, ʘ ʦʧʮʠʦʥʦ ʩʝ ʫʛʨʘʹʫʿʫ ʠ ʦʩʣʘʙˀʠʚʘʯʠ ʢʘʢʦ ʙʠ ʩʝ ʩʘ ʠʩʪʦʤ ʜʠʥʘʤʠʢʦʤ ʨʘʜʠʣʦ ʥʘ ʤʘˁʠʤ 

ʩʥʘʛʘʤʘ (ʨʘʟʣʠʯʠʪʠ ʩʢʣʦʧʦʚʠ ʠʤʘʿʫ ʠ ʨʘʟʣʠʯʠʪʝ ʨʘʜʥʝ ʩʥʘʛʝ). ʇʨʦʩʪʦʧʝʨʠʦʜʠʯʥʠ ʩʠʛʥʘʣ 

ʛʝʥʝʨʠʰʝ ʩʝ ʫ ʧʦʜʝʩʠʚʦʤ ʦʩʮʠʣʘʪʦʨʫ (ʦʙʠʯʥʦ ʦʩʮʠʣʘʪʦʨ ʩʘ YIGðYttrium Iron Garnet 

ʝʣʝʤʝʥʪʦʤ, ʠʣʠ ʥʘʧʦʥʩʢʠ ʢʦʥʪʨʦʣʠʩʘʥʠ ʦʩʮʠʣʘʪʦʨ ʩʘ ʚʘʨʘʢʪʦʨ ʜʠʦʜʦʤ, VCOðVoltage 

Controlled Oscilator), ʢʦʿʠ ʿʝ ʫ ʤʦʜʝʨʥʠʤ ʘʥʘʣʠʟʘʪʦʨʠʤʘ ʤʨʝʞʘ ʩʧʨʝʛʥʫʪ (ʢʨʦʟ ʪʟʚ. PLLðPhased 

Lock Loop) ʩʘ ʨʝʬʝʨʝʥʪʥʠʤ ʦʩʮʠʣʘʪʦʨʦʤ (ʦʙʠʯʥʦ ʦʩʮʠʣʘʪʦʨ ʩʘ ʢʨʠʩʪʘʣʦʤ ʢʚʘʨʮʘ), ʨʘʜʠ 

ʧʦʚʝ˂ʘˁʘ ʪʘʯʥʦʩʪʠ ʠ ʩʪʘʙʠʣʥʦʩʪʠ ʫʯʝʩʪʘʥʦʩʪʠ. ʀʟʚʦʨ ʩʘ ʪʘʢʚʦʤ ʧʦʚʨʘʪʥʦʤ ʩʧʨʝʛʦʤ 

ʫʦʙʠʯʘʿʝʥʦ ʩʝ ʥʘʟʠʚʘ ʩʠʥʪʝʪʠʟʘʪʦʨ ʫʯʝʩʪʘʥʦʩʪʠ. ɹʣʦʢ ʰʝʤʘ ʩʠʥʪʝʪʠʟʘʪʦʨʘ ʫʯʝʩʪʘʥʦʩʪʠ 

ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 1.3.1.1.  

 

ʉʣʠʢʘ 1.3.1.1.  ʉʠʥʪʝʪʠʟʘʪʦʨ ʫʯʝʩʪʘʥʦʩʪʠ. 

ʋʯʝʩʪʘʥʦʩʪ ʩʠʛʥʘʣʘ ʠʟ ʨʝʬʝʨʝʥʪʥʦʛ ʦʩʮʠʣʘʪʦʨʘ, rf , ʧʦʨʝʜʠ ʩʝ ʩʘ N-ʪʠʤ (N ʿʝ ʫ ʦʧʰʪʝʤ 

ʩʣʫʯʘʿʫ ʨʘʮʠʦʥʘʣʘʥ ʙʨʦʿ) ʜʝʣʦʤ ʫʯʝʩʪʘʥʦʩʪʠ ʩʠʛʥʘʣʘ ʠʟ ʧʦʜʝʩʠʚʦʛ ʦʩʮʠʣʘʪʦʨʘ, cf , ʫ ʬʘʟʥʦʤ 

ʜʝʪʝʢʪʦʨʫ, ʘ ˁʠʭʦʚʘ ʩʝ ʨʘʟʣʠʢʘ, ʫ ʚʠʜʫ ʩʠʛʥʘʣʘ ʛʨʝʰʢʝ, ʢʦʨʠʩʪʠ ʟʘ ʢʦʨʝʢʮʠʿʫ ʫʯʝʩʪʘʥʦʩʪʠ 

ʧʦʜʝʩʠʚʦʛ ʦʩʮʠʣʘʪʦʨʘ. ʅʘ ʢʨʘʿʫ ʦʚʦʛ ʧʨʦʮʝʩʘ (ʢʘʜʘ ʿʝ ʩʠʛʥʘʣ ʛʨʝʰʢʝ ʥʫʣʘ, ʪʿ. ʢʘʜʘ ʿʝ Ăʧʝʪˀʘ 

ʟʘʢˀʫʯʘʥʘñ) ʫʯʝʩʪʘʥʦʩʪ cf  ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʿʝ ʫʯʝʩʪʘʥʦʩʪʠ rf , c rf N f= , ʦʜʥʦʩʥʦ cf  ʜʦʙʠʿʘ 

ʪʘʯʥʦʩʪ ʠ ʩʪʘʙʠʣʥʦʩʪ ʫʯʝʩʪʘʥʦʩʪʠ rf . 
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ʊʘʯʥʦʩʪ ʠ ʩʪʘʙʠʣʥʦʩʪ ʫʯʝʩʪʘʥʦʩʪʠ ʦʩʮʠʣʘʪʦʨʘ ʠʩʢʘʟʫʿʝ ʩʝ ʫ ʨʝʣʘʪʠʚʥʦʿ ʿʝʜʠʥʠʮʠ ppm (Parts 

Per Million). ɸʢʦ ʪʘʯʥʦʩʪ ʦʩʮʠʣʘʪʦʨʘ ʥʘ ʫʯʝʩʪʘʥʦʩʪʠ cf  ʠʟʥʦʩʠ ppmx , ʦʜʩʪʫʧʘˁʝ ʫʯʝʩʪʘʥʦʩʪʠ 

cfD  (ʦʜ ʧʦʜʝʰʝʥʝ ʫʯʝʩʪʘʥʦʩʪʠ cf ) ʙʠ˂ʝ 
6

c c 10f f xD = . ʊʝʤʧʝʨʘʪʫʨʥʘ ʩʪʘʙʠʣʥʦʩʪ ʩʝ ʠʟʨʘʞʘʚʘ 

ʫ ppm ʧʦ C̄, ʘ ʜʫʛʦʨʦʯʥʘ ʩʪʘʙʠʣʥʦʩʪ ʫ ppm ʧʦ ʛʦʜʠʥʠ. ʈʝʬʝʨʝʥʪʥʠ ʦʩʮʠʣʘʪʦʨʠ ʩʘ ʢʨʠʩʪʘʣʦʤ 

ʢʚʘʨʮʘ ʦʙʠʯʥʦ ʜʦʣʘʟʝ ʫ ʜʚʝ ʚʝʨʟʠʿʝ: TCXO (Temperature-controlled crystal oscillator) ʠ OCXO 

(Oven-controlled crystal oscillator). ʋ TCXO-ʫ ʩʝ ʚʨʰʠ ʢʦʥʪʨʦʣʘ ʪʝʤʧʝʨʘʪʫʨʝ ʢʨʠʩʪʘʣʘ ʠ 

ʢʦʨʝʢʮʠʿʘ ʧʘʨʘʤʝʪʘʨʘ ʢʦʤʧʝʥʟʘʮʠʦʥʝ ʚʘʨʘʢʪʦʨ ʜʠʦʜʝ ʫ ʩʢʣʘʜʫ ʩʘ ʪʝʢʫ˂ʦʤ ʪʝʤʧʝʨʘʪʫʨʦʤ. ʋ 

OCXO-ʫ ʩʝ ʢʨʠʩʪʘʣ (ʠ ʜʨʫʛʠ ʪʝʤʧʝʨʘʪʫʨʥʦ ʦʩʝʪˀʠʚʠ ʝʣʝʤʝʥʪʠ) ʥʘʣʘʟʝ ʫ ʢʦʤʦʨʠ ʩʘ ʩʪʘʙʠʣʥʦʤ 

ʪʝʤʧʝʨʘʪʫʨʦʤ, ʦʜʘʙʨʘʥʦʤ ʪʘʢʦ ʜʘ ʿʝ ʥʘʛʠʙ ʢʨʠʚʝ ʢʦʿʘ ʦʧʠʩʫʿʝ ʧʨʦʤʝʥʫ ʫʯʝʩʪʘʥʦʩʪʠ ʦʩʮʠʣʘʪʦʨʘ 

ʩʘ ʪʝʤʧʝʨʘʪʫʨʦʤ ʥʫʣʘ. ʊʘʯʥʦʩʪ ʠ ʩʪʘʙʠʣʥʦʩʪ (ʠ ʪʝʤʧʝʨʘʪʫʨʥʘ ʠ ʜʫʛʦʨʦʯʥʘ) TCXO-ʘ ʿʝ ʨʝʜʘ 

1ppm, ʜʦʢ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʚʨʝʜʥʦʩʪʠ ʢʦʜ OCXO-ʘ ʤʦʛʫ ʙʠʪʠ ʠ ʜʦ ʜʚʘ ʨʝʜʘ ʚʝʣʠʯʠʥʝ ʤʘˁʝ, ʫʟ 

ʟʥʘʪʥʦ ʚʝ˂ʫ ʮʝʥʫ OCXO-ʘ. 

ʈʝʘʣʘʥ ʩʧʝʢʪʘʨ ʩʠʛʥʘʣʘ ʠʟ ʦʩʮʠʣʘʪʦʨʘ, ʧʦʜʝʰʝʥʦʛ ʥʘ ʫʯʝʩʪʘʥʦʩʪ cf , ʩʘʜʨʞʠ ʠ ʢʦʤʧʦʥʝʥʪʝ 

ʫ ʦʢʦʣʠʥʠ ʫʯʝʩʪʘʥʦʩʪʠ cf  (ʬʘʟʥʠ ʰʫʤðphase noise), ʢʦʤʧʦʥʝʥʪʝ ʥʘ ʫʯʝʩʪʘʥʦʩʪʠʤʘ ʢʦʿʝ ʩʫ 

ʮʝʣʦʙʨʦʿʥʠ ʫʤʥʦʰʮʠ cf  (ʭʘʨʤʦʥʠʮʠðharmonics), ʢʘʦ ʠ ʢʦʤʧʦʥʝʥʪʝ ʢʦʿʝ ʥʠʩʫ ʫ ʦʢʦʣʠʥʠ cf  ʠ 

ʥʠʩʫ ʭʘʨʤʦʥʠʮʠ (ʥʝʨʝʛʫʣʘʨʥʠ ʩʠʛʥʘʣʠðspurious tones). ʂʘʦ ʠʣʫʩʪʨʘʮʠʿʘ, ʥʘ ʩʣʠʮʠ 1.3.1.2 

ʧʨʠʢʘʟʘʥ ʿʝ ʩʥʠʤˀʝʥʠ ʩʧʝʢʪʘʨ ʩʠʛʥʘʣʘ ʥʘ ʠʟʣʘʟʥʦʤ ʧʦʨʪʫ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ, ʫ ʦʢʦʣʠʥʠ 

ʫʯʝʩʪʘʥʦʩʪʠ cf  ʥʘ ʢʦʿʫ ʿʝ ʧʦʜʝʰʝʥ ʧʦʙʫʜʥʠ ʛʝʥʝʨʘʪʦʨ. ʌʘʟʥʠ ʰʫʤ ʢʚʘʥʪʠʪʘʪʠʚʥʦ ʩʝ ʠʟʨʘʞʘʚʘ 

ʢʘʦ ʦʜʥʦʩ ʿʝʜʥʦʩʪʨʘʥʝ ʩʧʝʢʪʨʘʣʥʝ ʛʫʩʪʠʥʝ ʩʥʘʛʝ ʩʠʛʥʘʣʘ ʫ ʦʢʦʣʠʥʠ ʫʯʝʩʪʘʥʦʩʪʠ cf  ʠ ʩʥʘʛʝ ʥʘ 

ʫʯʝʩʪʘʥʦʩʪʠ cf , ʘ ʿʝʜʠʥʠʮʘ ʿʝ cdB Hz. ɱʝʜʠʥʠʮʘ cdB  ʦʟʥʘʯʘʚʘ dB ʫ ʦʜʥʦʩʫ ʥʘ ʥʦʩʠʣʘʮ 

(carrier). ʋʤʝʩʪʦ ʧʨʝʢʦ ʩʧʝʢʪʨʘʣʥʝ ʛʫʩʪʠʥʝ ʩʥʘʛʝ ʫ cdB Hz, ʬʘʟʥʠ ʰʫʤ ʩʝ ʤʦʞʝ ʜʘʪʠ ʠ ʧʨʝʢʦ 

ʫʢʫʧʥʝ ʩʥʘʛʝ ʫ cdB , ʧʨʠ ʯʝʤʫ ʩʝ ʪʘ ʩʥʘʛʘ ʨʘʯʫʥʘ ʫ ʦʧʩʝʛʫ ʦʜ 1Hz.ʋ ʩʧʝʮʠʬʠʢʘʮʠʿʘʤʘ ʫʨʝʹʘʿʘ 

ʬʘʟʥʠ ʰʫʤ ʩʝ ʦʙʠʯʥʦ ʜʘʝʿ ʟʘ ʥʠʟ ʦʧʩʝʛʘ ʫʯʝʩʪʘʥʦʩʪʠ cf  ʠ ʥʝʢʦʣʠʢʦ ʫʯʝʩʪʘʥʦʩʪʠ ʩʘ ʟʘʜʘʪʠʤ 

ʧʦʤʝʨʘʿʝʤ (ʦffset) ʫ ʦʜʥʦʩʫ ʥʘ cf  (ʪʠʧʠʯʥʦ ʟʘ ʧʦʤʝʨʘʿʝ ʦʜ 100 Hz ʜʦ 1ʄHz). ʅʘ ʧʨʠʤʝʨ, ʟʘ 

ʧʦʤʝʥʫʪʠ ʘʥʘʣʠʟʘʪʦʨ ʤʨʝʞʘ N5227A, ʬʘʟʥʠ ʰʫʤ ʥʘ ʦffset-ʫ 1kHz ʠʟʥʦʩʠ ( )c101dB Hz-  ʟʘ 

ʦʧʩʝʛ 1GHz 2 GHz- , a ( )c71dB Hz-  ʟʘ ʦʧʩʝʛ 32 GHz 64 GHz- .  

 

ʉʣʠʢʘ 1.3.1.2.  ʉʧʝʢʪʘʨ ʩʠʛʥʘʣʘ ʥʘ ʠʟʣʘʟʥʦʤ ʧʦʨʪʫ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ. 
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ʍʘʨʤʦʥʠʮʠ ʠ ʥʝʨʝʛʫʣʘʨʥʠ ʩʠʛʥʘʣʠ, ʙʫʜʫ˂ʠ ʜʘ ʿʝ ʨʝʯ ʦ ʧʦʿʝʜʠʥʘʯʥʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ, ʜʘʿʫ ʩʝ 

ʧʨʝʢʦ ʫʢʫʧʥʝ ʩʥʘʛʝ ʫ cdB . ʂʦʜ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ N5227A, ʩʧʝʮʠʬʠʮʠʨʘʥʠ ʨʝʣʘʪʠʚʥʠ ʥʠʚʦ 

ʜʨʫʛʦʛ ʠ ʪʨʝ˂ʝʛ ʭʘʨʤʦʥʠʢʘ, ʧʨʠ ʤʘʢʩʠʤʘʣʥʦʿ ʠʟʣʘʟʥʦʿ ʩʥʘʟʠ, ʿʝ c20 dB-  ʟʘ ʦʧʩʝʛ 

4 GHz 24 GHz- , a c60 dB-  ʟʘ ʦʧʩʝʛ 40,5 GHz 67 GHz- . 

ʉʠʛʥʘʣ ʩʝ ʠʟ ʩʠʥʪʝʪʠʟʘʪʦʨʘ ʫʯʝʩʪʘʥʦʩʪʠ ʚʦʜʠ ʥʘ ʠʟʣʘʟʥʠ ʩʪʝʧʝʥ, ʛʜʝ ʩʝ ʚʨʰʠ ʦʜʨʞʘʚʘˁʝ 

ʟʘʜʘʪʦʛ ʥʠʚʦʘ ʩʠʛʥʘʣʘ (ALCðAutomatic Level Control) ʠ ʝʚʝʥʪʫʘʣʥʦ ʩʣʘʙˀʝˁʝ, ʯʠʤʝ ʜʦʙʠʿʘʤʦ 

ʠʟʣʘʟʥʠ ʩʠʛʥʘʣ ʠʟʚʦʨʘ. ʋʯʝʩʪʘʥʦʩʪ ʦʚʦʛ ʩʠʛʥʘʣʘ ʠʤʘ ʪʠʧʠʯʥʫ ʨʝʟʦʣʫʮʠʿʫ (ʥʘʿʤʘˁʠ ʢʦʨʘʢ 

ʧʦʜʝʰʘʚʘˁʘ) 1 Hz, ʘ ʠʟʣʘʟʥʘ ʩʥʘʛʘ ʪʠʧʠʯʥʫ ʨʝʟʦʣʫʮʠʿʫ 0,01 dB. 

1.3.2 ʈʘʟʜʚʘʿʘˁʝ ʩʠʛʥʘʣʘ 

ɼʝʦ ʟʘ ʨʘʟʜʚʘʿʘˁʝ ʩʠʛʥʘʣʘ (ʫʦʙʠʯʘʿʝʥʦʛ ʥʘʟʠʚʘ ʪʝʩʪ ʩʝʪ) ʩʣʫʞʠ ʜʘ ʩʝ ʜʝʣʦʚʠ ʠʥʮʠʜʝʥʪʥʦʛ, 

ʨʝʬʣʝʢʪʦʚʘʥʦʛ ʠ ʪʨʘʥʩʤʠʪʦʚʘʥʦʛ ʩʠʛʥʘʣʘ ʧʨʦʩʣʝʜʝ ʜʦ ʧʨʠʿʝʤʥʠʢʘ ʢʦʿʠ ˂ʝ ʠʭ ʠʟʤʝʨʠʪʠ, ʨʘʜʠ 

ʢʘʩʥʠʿʝʛ ʦʜʨʝʹʠʚʘˁʘ ˁʠʭʦʚʦʛ ʦʜʥʦʩʘ (ʪʿ. ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʨʝʬʣʝʢʩʠʿʝ ʠ ʪʨʘʥʩʤʠʩʠʿʝ). ʉ ʦʙʟʠʨʦʤ 

ʜʘ ʩʝ ʠʥʮʠʜʝʥʪʥʠ ʠ ʨʝʬʣʝʢʪʦʚʘʥʠ ʩʠʛʥʘʣ ʧʨʦʩʪʠʨʫ ʜʫʞ ʠʩʪʝ ʣʠʥʠʿʝ ʟʘ ʧʨʝʥʦʩ, ʫ ʣʠʪʝʨʘʪʫʨʠ ʩʝ 

ʦʙʠʯʥʦ ʛʦʚʦʨʠ ʦ ʜʚʘ ʧʦʩʪʫʧʢʘ: ʠʟʜʚʘʿʘˁʫ ʠʥʮʠʜʝʥʪʥʦʛ ʠ ʠʟʜʚʘʿʘˁʫ ʨʝʬʣʝʢʪʦʚʘʥʦʛ ʩʠʛʥʘʣʘ 

(ʪʨʘʥʩʤʠʪʦʚʘʥʠ ʩʠʛʥʘʣ ʥʠʿʝ ʧʨʦʙʣʝʤʘʪʠʯʘʥ ʫ ʪʦʤ ʩʤʠʩʣʫ). ʋ ʤʦʜʝʨʥʠʤ ʘʥʘʣʠʟʘʪʦʨʠʤʘ ʤʨʝʞʘ 

ʩʝ ʟʘ ʦʙʘ ʧʦʩʪʫʧʢʘ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʫʩʤʝʨʝʥʠ ʩʧʨʝʞˁʘʮʠ (Directional Couplers), ʜʦʢ ʩʝ ʟʘ 

ʠʟʜʚʘʿʘˁʝ ʜʝʣʘ ʠʥʮʠʜʝʥʪʥʦʛ ʩʠʛʥʘʣʘ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʠ ʨʘʟʜʝʣʥʠʮʠ ʩʥʘʛʝ (Power Splitters), ʘ ʟʘ 

ʠʟʜʚʘʿʘˁʝ ʜʝʣʘ ʨʝʬʣʝʢʪʦʚʘʥʦʛ ʩʠʛʥʘʣʘ ʤʦʛʫ ʩʝ ʢʦʨʠʩʪʠʪʠ ʠ ʫʩʤʝʨʝʥʠ ʤʦʩʪʦʚʠ (Directional 

Bridges). ʇʦʨʪʦʚʠ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʜʝʦ ʩʫ ʪʝʩʪ ʩʝʪʘ, ʘ ʧʦʙʫʜʥʠ (ʠʥʮʠʜʝʥʪʥʠ) ʩʠʛʥʘʣ ʤʦʞʝ 

ʩʝ ʧʨʦʩʣʝʹʠʚʘʪʠ ʩʘʤʦ ʥʘ ʿʝʜʘʥ ʦʜ ʧʦʨʪʦʚʘ (ʪʟʚ. transmission/reflectionðT/Rðʪʝʩʪ ʩʝʪ) ʠʣʠ ʥʘ 

ʦʙʘ ʧʦʨʪʘ (ʪʟʚ. S-parameter ʪʝʩʪ ʩʝʪ). ɸʥʘʣʠʟʘʪʦʨ ʤʨʝʞʘ ʩʘ T/R ʪʝʩʪ ʩʝʪʦʤ ʤʝʨʠ ʢʦʝʬʠʮʠʿʝʥʪ 

ʨʝʬʣʝʢʩʠʿʝ ʠ ʪʨʘʥʩʤʠʩʠʿʝ ʩʘʤʦ ʫ ʿʝʜʥʦʤ ʩʤʝʨʫ, ʧʘ ʟʘ ʜʦʙʠʿʘˁʝ ʩʚʘ ʯʝʪʠʨʠ s-ʧʘʨʘʤʝʪʨʘ 

ʜʚʦʧʦʨʪʥʦʛ ʩʢʣʦʧʘ ʤʦʨʘʤʦ ʜʘ ʠʟʚʨʰʠʤʦ ʜʚʘ ʤʝʨʝˁʘ (ʧʦ ʿʝʜʥʦ ʟʘ ʩʚʘʢʠ ʧʦʨʪ ʩʢʣʦʧʘ ʧʨʠʢˀʫʯʝʥ 

ʥʘ ʧʦʙʫʜʥʠ ʧʦʨʪ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ). ʂʦʜ S-parameter ʪʝʩʪ ʩʝʪʘ ʩʚʠ ʧʘʨʘʤʝʪʨʠ ʩʝ ʜʦʙʠʿʘʿʫ ʫ 

ʿʝʜʥʦʤ ʤʝʨʝˁʫ. ʍʘʨʜʚʝʨʩʢʦ ʨʝʰʝˁʝ ʩʘ T/R ʪʝʩʪ ʩʝʪʦʤ ʿʝ ʿʝʬʪʠʥʠʿʝ, ʘʣʠ ʟʘʭʪʝʚʘ ʜʦʜʘʪʥʠ ʥʘʧʦʨ 

ʧʨʠ ʤʝʨʝˁʫ ʠ ʥʝ ʦʤʦʛʫ˂ʘʚʘ ʧʨʠʤʝʥʫ ʥʘʿʪʘʯʥʠʿʠʭ ʤʝʪʦʜʘ ʟʘ ʦʪʢʣʘˁʘˁʝ ʩʠʩʪʝʤʘʪʩʢʠʭ ʛʨʝʰʘʢʘ 

ʤʝʨʝˁʘ. 

 

ʉʣʠʢʘ 1.3.2.1.  ʀʟʜʚʘʿʘˁʝ ʜʝʣʘ ʠʥʮʠʜʝʥʪʥʦʛ (R) ʩʠʛʥʘʣʘ. 

ʇʨʠʥʮʠʧʩʢʘ ʰʝʤʘ ʠʟʜʚʘʿʘˁʘ ʜʝʣʘ ʠʥʮʠʜʝʥʪʥʦʛ ʩʠʛʥʘʣʘ (R je ʫʦʙʠʯʘʿʝʥa ʦʟʥʘʢʘ ʪʦʛ ʜʝʣʘ 

ʩʠʛʥʘʣ) ʢʦʨʠʰ˂ʝˁʝʤ ʫʩʤʝʨʝʥʦʛ ʩʧʨʝʞˁʘʢʘ, ʦʜʥʦʩʥʦ ʨʘʟʜʝʣʥʠʢʘ ʩʥʘʛʝ, ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ 
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ʩʣʠʮʠ 1.3.2.1. ʇʨʝʜʥʦʩʪ ʫʩʤʝʨʝʥʠʭ ʩʧʨʝʞˁʘʢʘ ʿʝ ʪʦ ʰʪʦ ʩʝ ʠʟʜʚʘʿʘ ʩʘʤʦ ʤʘʣʠ ʜʝʦ ʧʦʙʫʜʥʦʛ 

ʩʠʛʥʘʣʘ (ʩʘ ʧʨʘʢʪʠʯʥʦʛ ʩʪʘʥʦʚʠʰʪʘ ʟʘʥʝʤʘʨˀʠʚ), ʪʘʢʦ ʜʘ ʥʘʿʚʝ˂ʠ ʜʝʦ ʧʦʙʫʜʥʦʛ ʩʠʛʥʘʣʘ 

ʥʘʩʪʘʚˀʘ ʢʘ DUT-ʫ . ʂʦʜ ʨʘʟʜʝʣʥʠʢʘ ʩʥʘʛʝ, ʧʘʢ, ʠʤʘʤʦ ʟʥʘʯʘʿʥʦ ʩʣʘʙˀʝˁʝ (ʦʙʠʯʥʦ 6 dB) ʫ 

ʛʨʘʥʠ ʢʦʿʘ ʥʘʩʪʘʚˀʘ ʢʘ ʪʝʩʪʠʨʘʥʦʤ ʫʨʝʹʘʿʫ (ʰʪʦ ʩʤʘˁʫʿʝ ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʤʝʨʝˁʘ). ʉ ʜʨʫʛʝ 

ʩʪʨʘʥʝ, ʨʘʟʝʜʝʣʥʠʮʠ ʩʥʘʛʝ ʩʫ ʫ ʧʨʝʜʥʦʩʪʠ ʢʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ ʨʘʜ ʥʘ ʚʝʦʤʘ ʥʠʩʢʠʤ 

ʫʯʝʩʪʘʥʦʩʪʠʤʘðʨʘʜʝ ʧʨʘʢʪʠʯʥʦ ʜʦ DC ʫʯʝʩʪʘʥʦʩʪʠ (Direct Current, ʫʯʝʩʪʘʥʦʩʪ ʥʫʣʘ), ʜʦʢ 

ʫʩʤʝʨʝʥʠ ʩʧʨʝʞˁʘʮʠ ʠʤʘʿʫ ʠʟʨʘʞʝʥʦ ʩʣʘʙˀʝˁʝ ʥʘ ʥʠʞʠʤ ʫʯʝʩʪʘʥʦʩʪʠʤʘ (ʨʝʜʘ MHz). 

ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʫʩʤʝʨʝʥʦʛ ʩʧʨʝʞˁʘʢʘ ʢʦʿʠ ˂ʝʤʦ ʢʦʨʠʩʪʠʪʠ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 1.3.2.2ʘ, 

ʘ ʪʦʢʦʚʠ ʩʠʛʥʘʣʘ ʩʘ ʥʘʟʥʘʯʝʥʠʤ ʧʦʨʪʦʚʠʤʘ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ s-ʧʘʨʘʤʝʪʨʠʤʘ ʥʘ ʩʣʠʮʠ 1.3.2.2ʙ. 

ɼʫʞ ʛʣʘʚʥʦʛ ʪʦʢʘ ʩʠʛʥʘʣʘ, ʦʜ ʧʦʨʪʘ 1 ʢʘ ʧʦʨʪʫ 2, ʧʦʩʪʦʿʠ ʚʨʣʦ ʤʘʣʦ ʩʣʘʙˀʝˁʝ, ʜʦʢ ʩʝ ʩʘʤʦ 

ʤʘʣʠ ʜʝʦ ʪʦʛ ʩʠʛʥʘʣʘ ʧʦʿʘʚˀʫʿʝ ʥʘ Ăʩʧʨʝʛʥʫʪʦʤñ ʧʦʨʪʫ 3. ʀʟʤʝʹʫ ʧʦʨʪʦʚʘ 2 ʠ 3 ʥʝ ʙʠ ʪʨʝʙʘʣʦ 

ʜʘ ʧʦʩʪʦʿʠ ʧʨʝʥʦʩ, ʘʣʠ ʫ ʧʨʘʢʩʠ ʪʘ Ăʠʟʦʣʘʮʠʿʘñ ʥʠʿʝ ʩʘʚʨʰʝʥʘ. 

ʘ)                  ʙ)  

ʉʣʠʢʘ 1.3.2.2.  ʋʩʤʝʨʝʥʠ ʩʧʨʝʞˁʘʢ: ʘ) ʰʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʠ ʙ) ʪʦʢʦʚʠ ʩʠʛʥʘʣʘ. 

ɺʝʣʠʯʠʥʝ ʢʦʿʠʤʘ ʢʘʨʘʢʪʝʨʠʰʝʤʦ ʫʩʤʝʨʝʥʠ ʩʧʨʝʞˁʘʢ, ʩʣʘʙˀʝˁʝ (Loss), ʩʧʨʝʛʘ (Coupling), 

ʠʟʦʣʘʮʠʿʘ (Isolation) ʠ ʫʩʤʝʨʝʥʦʩʪ (Directivity), ʜʝʬʠʥʠʰʫ ʩʝ (ʫ ʜʝʮʠʙʝʣʠʤʘ) ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

 [ ] 10 21Loss dB 20log s=- , (1.3.2.1) 

 [ ] 10 31Coupling dB 20log s=- , (1.3.2.2) 

 [ ] 10 32Isolation dB 20log s=- , (1.3.2.3) 

 [ ] 32
10

31

Directivity dB 20log
s

s
=- . (1.3.2.4) 

ʇʘʩʠʚʥʠ ʨʘʟʜʝʣʥʠʮʠ ʩʥʘʛʝ ʩʝ ʩʪʘʥʜʘʨʜʥʦ ʨʝʘʣʠʟʫʿʫ ʩʘ ʜʚʘ ʠʣʠ ʪʨʠ ʦʪʧʦʨʥʠʢʘ. ʅʘ 

ʩʣʠʮʠ 1.3.2.3ʘ ʧʨʠʢʘʟʘʥʦ ʿʝ ʨʝʰʝˁʝ ʩʘ ʜʚʘ ʦʪʧʦʨʥʠʢʘ, ʘ ʥʘ ʩʣʠʮʠ 1.3.2.3ʙ ʨʝʰʝˁʝ ʩʘ ʪʨʠ 

ʦʪʧʦʨʥʠʢʘ, ʟʘ ʥʦʤʠʥʘʣʥʫ ʠʤʧʝʜʘʥʩʫ ʦʜ 50 ʦʤʘ. ʈʝʰʝˁʘ ʩʫ ʧʨʠʢʘʟʘʥʘ ʫ ʚʠʜʫ ʝʣʝʢʪʨʠʯʥʠʭ 

ʤʨʝʞʘ, ʛʜʝ ʩʚʘʢʠ ʧʨʠʩʪʫʧ ʠʤʘ ʜʚʘ ʧʨʠʢˀʫʯʢʘ. ʅʘʧʦʤʝʥʠʤʦ ʜʘ ʧʦʿʝʜʠʥʠ ʧʨʦʠʟʚʦʹʘʯʠ ʠ 

ʧʦʿʝʜʠʥʠ ʘʫʪʦʨʠ ʧʨʘʚʝ ʪʝʨʤʠʥʦʣʦʰʢʫ ʨʘʟʣʠʢʫ ʠʟʤʝʹʫ ʨʝʰʝˁʘ ʩʘ ʜʚʘ ʦʪʧʦʨʥʠʢʘ (Power 

Splitter) ʠ ʨʝʰʝˁʝ ʩʘ ʪʨʠ ʦʪʧʦʨʥʠʢʘ (Power Divider). ʂʘʦ ʰʪʦ ˂ʝʤʦ ʚʠʜʝʪʠ, ʦʚʘ ʜʚʘ ʨʝʰʝˁʘ 

ʠʤʘʿʫ ʙʠʪʥʦ ʨʘʟʣʠʯʠʪʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ, ʰʪʦ ʩʚʘʢʦ ʦʜ ˁʠʭ ʯʠʥʠ ʧʦʛʦʜʥʠʤ ʟʘ ʦʜʨʝʹʝʥʝ, 

ʤʝʹʫʩʦʙʥʦ ʨʘʟʣʠʯʠʪʝ, ʥʘʤʝʥʝ. 
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ʘ)           ʙ)            ʚ)  

ʉʣʠʢʘ 1.3.2.3.  ʈʘʟʜʝʣʥʠʮʠ ʩʥʘʛʝ ʩʘ ʘ) ʜʚʘ ʠ ʙ) ʪʨʠ ʦʪʧʦʨʥʠʢʘ ʠ ʚ) ʰʝʤʘ ʨʘʟʜʝʣʥʠʢʘ ʩʘ ʦʟʥʘʯʝʥʠʤ 

ʧʦʨʪʦʚʠʤʘ ʠ ʩʠʛʥʘʣʠʤʘ. 

ʆʜʨʝʜʠʤʦ s-ʧʘʨʘʤʝʪʨʝ ʨʘʟʜʝʣʥʠʢʘ ʩʥʘʛʝ ʩʘ ʜʚʘ ʦʪʧʦʨʥʠʢʘ. ʅʘ ʩʚʘʢʦʤ ʧʦʨʪʫ ʨʘʟʜʝʣʥʠʢʘ 

ʧʦʩʪʦʿʝ ʧʨʠʩʪʫʧʥʠ ʚʦʜʦʚʠ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʠʤʧʝʜʘʥʩʝ c 50Z = W (ʥʦʤʠʥʘʣʥʘ ʠʤʧʝʜʘʥʩʘ). ʋ 

ʫʩʪʘˀʝʥʦʤ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʦʤ ʨʝʞʠʤʫ ʩʝ, ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ, ʜʫʞ ʩʚʘʢʦʛ ʧʨʠʩʪʫʧʥʦʛ ʚʦʜʘ 

ʧʨʦʩʪʠʨʫ ʜʚʘ ʪʘʣʘʩʘ, ʫ ʨʘʟʣʠʯʠʪʠʤ ʩʤʝʨʦʚʠʤʘ. ʋʢʦʣʠʢʦ ʿʝ ʜʨʫʛʠ ʢʨʘʿ ʧʨʠʩʪʫʧʥʦʛ ʚʦʜʘ 

ʟʘʪʚʦʨʝʥʦʤ ʧʨʠʿʝʤʥʠʢʦʤ ʠʤʧʝʜʘʥʩʝ ʿʝʜʥʘʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦʿ ʠʤʧʝʜʘʥʩʠ (ʧʨʠʣʘʛʦʹʝˁʝʤ), ʥʝ 

ʧʦʩʪʦʿʠ ʪʘʣʘʩ ʢʦʿʠ ʩʝ ʧʨʦʩʪʠʨʝ ʢʘ ʨʘʟʜʝʣʥʠʢʫ. ʌʦʨʤʘʣʥʦ, ʪʘʣʘʩ ʢʦʿʠ ʩʝ ʧʨʦʩʪʠʨʝ ʢʘ 

ʧʦʩʤʘʪʨʘʥʦʤ ʧʦʨʪʫ ʥʘʟʠʚʘ ʩʝ ʠʥʮʠʜʝʥʪʥʠʤ (ʩʠʛʥʘʣʦʤ) ʟʘ ʪʘʿ ʧʦʨʪ, ʘ ʪʘʣʘʩ ʢʦʿʠ ʩʝ ʢʨʝ˂ʝ ʦʜ 

ʧʦʩʤʘʪʨʘʥʦʛ ʧʦʨʪʘ ʥʘʟʠʚʘ ʩʝ ʨʝʬʣʝʢʪʦʚʘʥʠʤ (ʩʠʛʥʘʣʦʤ) ʟʘ ʪʘʿ ʧʦʨʪ. ʅʘʨʘʚʥʦ, ʠʥʮʠʜʝʪʥʠ 

ʩʠʛʥʘʣ ʧʦʩʤʘʪʨʘʥʦʛ ʧʦʨʪʘ ʙʠ˂ʝ ʨʝʬʣʝʢʪʦʚʘʥʠ ʩʠʛʥʘʣ ʜʨʫʛʦʛ, ʩʘ ˁʠʤ ʧʦʚʝʟʘʥʦʛ ʧʦʨʪʘ (ʜʨʫʛʦʛ 

ʫʨʝʹʘʿʘ), ʘ ʨʝʬʣʝʢʪʦʚʘʥʠ ʩʠʛʥʘʣ ʧʦʩʤʘʪʨʘʥʦʛ ʧʦʨʪʘ ʙʠ˂ʝ ʠʥʮʠʜʝʪʥʠ ʩʠʛʥʘʣ ʪʦʛ ʜʨʫʛʦʛ ʧʦʨʪʘ. 

ʀʥʮʠʜʝʥʪʥʠ ( ia ) ʠ ʨʝʬʣʝʢʪʦʚʘʥʠ ( ib ) ʩʠʛʥʘʣʠ ʨʘʟʜʝʣʥʠʢʘ ʩʥʘʛʝ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʩʣʠʮʠ 1.3.2.3ʚ. 

ʇʨʠʤʝ˂ʫʿʝʤʦ ʜʘ ʩʝ ʫ ʦʚʦʿ ʬʦʨʤʘʣʥʦʿ ʪʝʨʤʠʥʦʣʦʛʠʿʠ ʥʝ ʧʦʤʠˁʝ ʪʨʘʥʩʤʠʪʦʚʘʥʠ ʩʠʛʥʘʣ. 

ɿʘʧʨʘʚʦ, ʢʘʜʘ ʿʝ ʧʦʙʫʹʝʥ ʩʘʤʦ ʿʝʜʘʥ ʧʦʨʪ ʧʦʩʤʘʪʨʘʥʦʛ ʩʢʣʦʧʘ (ʦʜʥʦʩʥʦ, ʧʦʩʪʦʿʠ ʠʥʮʠʜʝʥʪʥʠ 

ʩʠʛʥʘʣ ʟʘ ʪʘʿ ʧʦʨʪ), ʘ ʥʘ ʩʚʝ ʧʨʝʦʩʪʘʣʝ ʧʦʨʪʦʚʝ ʧʨʠʢˀʫʯʝʥʦ ʧʨʠʣʘʛʦʹʝˁʝ (ʪʘʢʦ ʜʘ ʥʝ ʧʦʩʪʦʿʝ 

ʠʥʮʠʜʝʥʪʥʠ ʩʠʛʥʘʣʠ ʪʠʭ ʧʦʨʪʦʚʘ), ʨʝʬʣʝʢʪʦʚʘʥʠ ʩʠʛʥʘʣʠ ʪʠʭ (ʧʨʝʦʩʪʘʣʠʭ) ʧʦʨʪʦʚʘ ʩʫ 

ʩʫʰʪʠʥʩʢʠ ʪʨʘʥʩʤʠʪʦʚʘʥʠ ʩʠʛʥʘʣʠ ʦʜ ʧʦʙʫʹʝʥʦʛ ʧʦʨʪʘ ʢʘ ʪʠʤ ʧʦʨʪʦʚʠʤʘ. ʋ ʥʘʩʪʘʚʢʫ ʦʚʦʛ 

ʦʜʝˀʢʘ ʜʨʞʘ˂ʝʤʦ ʩʝ ʬʦʨʤʘʣʥʝ ʪʝʨʤʠʥʦʣʦʛʠʿʝ (ʦ ʠʥʮʠʜʝʥʪʥʠʤ ʠ ʨʝʬʣʝʢʪʦʚʘʥʠʤ ʩʠʛʥʘʣʠʤʘ), 

ʘʣʠ ˂ʝʤʦ ʠʤʘʪʠ ʫ ʚʠʜʫ ʩʫʰʪʠʥʩʢʦ ʟʥʘʯʝˁʝ ʪʨʘʥʩʤʠʪʦʚʘʥʦʛ ʪʘʣʘʩʘ ʧʨʠ ʦʜʨʝʹʠʚʘˁʫ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʘʥʩʤʠʩʠʿʝ. 

ʇʘʨʘʤʝʪʘʨ iis  (ʢʦʝʬʠʮʠʿʝʥʪ ʨʝʬʣʝʢʩʠʿʝ) ʦʜʨʝʜʠ˂ʝʤʦ ʥʘ ʦʩʥʦʚʫ ʧʦʟʥʘʪʝ ʚʝʟʝ ʢʦʿʠ ʦʥ ʠʤʘ ʩʘ 

ʢʦʤʧʣʝʢʩʥʦʤ ʠʤʧʝʜʘʥʩʦʤ iZ  ʥʘ ʧʦʩʤʘʪʨʘʥʦʤ ʧʨʠʩʪʫʧʫ: 

 c

c

i
ii

i

Z Z
s

Z Z

-
=
+

. (1.3.2.5) 

ʄʦʜʫʣ ʧʘʨʘʤʝʪʨʘ jks  (ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʘʥʩʤʠʩʠʿʝ) ʿʝ: 

 

2

r cr r

2
ii

i c

jj jj

jk

k kk
k

u ZP ub
s

a uP u Z

= = = = , (1.3.2.6) 
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ʛʜʝ ʿʝ rjP  ʩʨʝʜˁʘ ʩʥʘʛa ʨʝʬʣʝʢʪʦʚʘʥʦʛ ʩʠʛʥʘʣʘ ʥʘ ʧʦʨʪʫ j, ikP  ʩʨʝʜˁʘ ʩʥʘʛa ʠʥʮʠʜʝʥʪʥʦʛ 

ʩʠʛʥʘʣʘ ʥʘ ʧʦʨʪʫ k, rju  ʝʬʝʢʪʠʚʥʘ ʚʨʝʜʥʦʩʪ ʥʘʧʦʥʘ ʨʝʬʣʝʢʪʦʚʘʥʦʛ ʩʠʛʥʘʣʘ ʥʘ ʧʦʨʪʫ j ʠ iku  

ʝʬʝʢʪʠʚʥʘ ʚʨʝʜʥʦʩʪ ʥʘʧʦʥʘ ʠʥʮʠʜʝʥʪʥʦʛ ʩʠʛʥʘʣʘ ʥʘ ʧʦʨʪʫ k. ʇʨʠʤʝʪʠʤʦ ʜʘ (1.3.2.6) ʚʘʞʠ ʟʘ 

ʧʨʦʠʟʚʦˀʥʦ j ʠ k, ʦʜʥʦʩʥʦ ʠ ʟʘ iis  (ʢʦʝʬʠʮʠʿʝʥʪʝ ʨʝʬʣʝʢʩʠʿʝ). ʇʦʰʪʦ ʩʫ ʧʦʯʝʪʥʝ ʬʘʟʝ 

ʢʦʤʧʣʝʢʩʥʠʭ ʥʘʧʦʥʘ ʠʥʮʠʜʝʥʪʥʦʛ ʠ ʨʝʬʣʝʢʪʦʚʘʥʦʛ ʪʘʣʘʩʘ ʥʘ ʧʨʠʩʪʫʧʠʤʘ ʿʝʜʥʘʢʝ ʧʦʯʝʪʥʠʤ 

ʬʘʟʘʤʘ ʝʣʝʢʪʨʠʯʥʦʛ ʧʦˀʘ ʪʘʣʘʩʘ ʥʘ ʧʨʠʩʪʫʧʥʠʤ ʚʦʜʦʚʠʤʘ, ʟʘ ʧʨʦʠʟʚʦˀʥʦ j ʠ k ʚʘʞʠ ʠ: 

 
r

i

j

jk

k

u
s

u
= , (1.3.2.7) 

ʛʜʝ ʿʝ rju  ʢʦʤʧʣʝʢʩʥʠ ʧʨʝʜʩʪʘʚʥʠʢ ʥʘʧʦʥʘ (ʢʦʤʧʣʝʢʩʥʠ ʥʘʧʦʥ) ʨʝʬʣʝʢʪʦʚʘʥʦʛ ʩʠʛʥʘʣʘ ʥʘ 

ʧʦʨʪʫ j, ʘ iku  ʢʦʤʧʣʝʢʩʥʠ ʥʘʧʦʥ ʠʥʮʠʜʝʥʪʥʦʛ ʩʠʛʥʘʣʘ ʥʘ ʧʦʨʪʫ k. ʋʢʫʧʘʥ ʢʦʤʧʣʝʢʩʥʠ ʥʘʧʦʥ 

ʥʘ ʧʦʩʤʘʪʨʘʥʦʤ ʧʦʨʪʫ ʿʝʜʥʘʢ ʿʝ ʟʙʠʨʫ ʢʦʤʧʣʝʢʩʥʠʭ ʥʘʧʦʥʘ ʠʥʮʠʜʝʥʪʥʦʛ ʠ ʨʝʬʣʝʢʪʦʚʘʥʦʛ 

ʩʠʛʥʘʣʘ ʥʘ ʪʦʤ ʧʦʨʪʫ, i rj j ju u u= + , ʘ ʢʦʤʧʣʝʢʩʥʠ ʥʘʧʦʥʠ ʠʥʮʠʜʝʥʪʥʦʛ ʠ ʨʝʬʣʝʢʪʦʚʘʥʦʛ 

ʩʠʛʥʘʣʘ ʧʦʚʝʟʘʥʠ ʩʫ ʧʨʝʢʦ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ ʧʦʩʤʘʪʨʘʥʦʛ ʧʦʨʪʘ r iʿ jj ju s u= , ʧʘ ʿʝ: 

 ( )i 1j j jju u s= + . (1.3.2.8) 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʨʝʯ ʦ ʦʪʧʦʨʥʠʯʢʦʿ ʤʨʝʞʠ, ʩʚʝ ʢʦʤʧʣʝʢʩʥʝ ʠʤʧʝʜʘʥʩʝ ʥʘ ʧʨʠʩʪʫʧʠʤʘ ʩʫ ʨʝʘʣʥʝ, 

ʘʨʛʫʤʝʥʪʠ ʩʚʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʪʨʘʥʩʤʠʩʠʿʝ ʩʫ ʥʫʣʘ ( jk jks s= ) ʠ ʤʨʝʞʘ ʿʝ ʨʝʮʠʧʨʦʯʥʘ 

( jk kʿs s= ). 

ʘ)      ʙ)  

ʉʣʠʢʘ 1.3.2.4.  ʋʟ ʦʜʨʝʹʠʚʘˁʝ s-ʧʘʨʘʤʝʪʘʨʘ ʨʘʟʜʝʣʥʠʢʘ ʩʥʘʛʝ ʩʘ ʜʚʘ ʦʪʧʦʨʥʠʢʘ: ʘ) ʧʦʙʫʜʘ ʥʘ ʧʦʨʪʫ 1 ʠ 

ʙ) ʧʦʙʫʜʘ ʥʘ ʧʦʨʪʫ 2. 

ɸʢʦ ʿʝ ʧʦʙʫʜʘ ʧʨʠʢˀʫʯʝʥʘ ʥʘ ʧʦʨʪ 1, ʘ ʥʘ ʧʦʨʪʦʚʝ 2 ʠ 3 ʧʨʠʢˀʫʯʝʥʠ ʦʪʧʦʨʥʠʮʠ ʦʜ 50 ʦʤʘ 

(ʧʨʠʣʘʛʦʹʝˁʘ), ʢʘʦ ʥʘ ʩʣʠʮʠ 1.3.2.4ʘ, ʢʦʤʧʣʝʢʩʥʘ ʠʤʧʝʜʘʥʩʘ ʥʘ ʧʨʠʩʪʫʧʫ 1 ʿʝ 1 50Z = W (ʠʟ 

ʪʘʯʢʝ 1 ʚʠʜʝ ʩʝ ʜʚʝ ʧʘʨʘʣʝʣʥʝ ʛʨʘʥʝ ʦʜ ʧʦ 100 ʦʤʘ), ʧʘ ʿʝ, ʥʘ ʦʩʥʦʚʫ (1.3.2.5), 11 0s =  ʠ 

ʧʦʩʣʝʜʠʯʥʦ, ʥʘ ʦʩʥʦʚʫ (1.3.2.8), 1 1iu u= . ʊʘʢʦʹʝ ʿʝ, ʫʦʯʘʚʘʿʫ˂ʠ ʧʨʦʩʪʝ ʨʘʟʜʝʣʥʠʢʝ ʥʘʧʦʥʘ, 

2 1 2u u=  ʠ 3 1 2u u= . ʇʦʰʪʦ ʩʫ ʧʨʠʩʪʫʧʥʠ ʚʦʜʦʚʠ ʥʘ ʧʦʨʪʦʚʠʤʘ 2 ʠ 3 ʨʘʟʜʝʣʥʠʢʘ ʟʘʪʚʦʨʝʥʠ 

ʧʨʠʣʘʛʦʹʝˁʝʤ, ʥʝʤʘ ʩʠʛʥʘʣʘ ʢʦʿʠ ʩʝ ʚʨʘ˂ʘʿʫ ʢʘ ʧʦʨʪʦʚʠʤʘ 2 ʠ 3 (ʠʥʮʠʜʝʥʪʥʠʭ ʩʠʛʥʘʣʘ ʪʠʭ 

ʧʦʨʪʦʚʘ), ʧʘ ʿʝ 2 2ru u=  ʠ 3 3ru u= . ʉʪʦʛʘ, ʥʘ ʦʩʥʦʚʫ (1.3.2.7), ʜʦʙʠʿʘʤʦ 21 2r 1i 2 1 0,5s u u u u= = =  

ʠ 31 0,5s = . 
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ɸʢʦ ʿʝ ʧʦʙʫʜʘ ʧʨʠʢˀʫʯʝʥʘ ʥʘ ʧʦʨʪ 2, ʘ ʥʘ ʧʦʨʪʦʚʝ 1 ʠ 3 ʧʨʠʢˀʫʯʝʥʠ ʦʪʧʦʨʥʠʮʠ ʦʜ 50 ʦʤʘ 

(ʧʨʠʣʘʛʦʹʝˁʘ), ʢʘʦ ʥʘ ʩʣʠʮʠ 1.3.2.4ʙ, ʢʦʤʧʣʝʢʩʥʘ ʠʤʧʝʜʘʥʩʘ ʥʘ ʧʨʠʩʪʫʧʫ 2 ʿ ʝ 2 250 3Z = W (ʠʟ 

ʪʘʯʢʝ 2 ʚʠʜʠ ʩʝ ʛʨʘʥʘ ʦʜ 50 ʦʤʘ ʚʝʟʘʥʘ ʨʝʜʥʦ ʩʘ ʜʚʝ ʧʘʨʘʣʝʣʥʝ ʛʨʘʥʝ ʦʜ 50 ʦʤʘ ʠ 100 ʦʤʘ), ʧʘ 

ʿʝ, ʥʘ ʦʩʥʦʚʫ (1.3.2.5), 22 0,25s =  ʠ ʧʦʩʣʝʜʠʯʥʦ, ʥʘ ʦʩʥʦʚʫ (1.3.2.8), 2i 20,8u u= . ʊʘʢʦʹʝ ʿʝ, 

ʫʦʯʘʚʘʿʫ˂ʠ ʧʨʦʩʪʝ ʨʘʟʜʝʣʥʠʢʝ ʥʘʧʦʥʘ, 1 20,4u u=  ʠ 3 20,2u u= . ʇʦʰʪʦ ʩʫ ʧʨʠʩʪʫʧʥʠ ʚʦʜʦʚʠ ʥʘ 

ʧʦʨʪʦʚʠʤʘ 1 ʠ 3 ʨʘʟʜʝʣʥʠʢʘ ʟʘʪʚʦʨʝʥʠ ʧʨʠʣʘʛʦʹʝˁʝʤ, ʥʝʤʘ ʩʠʛʥʘʣʘ ʢʦʿʠ ʩʝ ʚʨʘ˂ʘʿʫ ʢʘ 

ʧʦʨʪʦʚʠʤʘ 1 ʠ 3 (ʠʥʮʠʜʝʥʪʥʠʭ ʩʠʛʥʘʣʘ ʪʠʭ ʧʦʨʪʦʚʘ), ʧʘ ʿʝ 1 1ru u=  ʠ 3 3ru u= . ʉʪʦʛʘ, ʥʘ ʦʩʥʦʚʫ 

(1.3.2.7), ʜʦʙʠʿʘʤʦ 32 3r 2i 2 20,2 0,8 0,25s u u u u= = = . ʇʦʨʪʦʚʠ 2 ʠ 3 ʩʫ ʩʠʤʝʪʨʠʯʥʠ, ʧʘ ʿʝ 

33 22 0,25s s= = . ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʨʝʮʠʧʨʦʯʥʦʩʪ ʦʚʝ ʦʪʧʦʨʥʠʯʢʝ ʤʨʝʞʝ, ʦʜʨʝʜʠʣʠ ʩʤʦ ʩʚʝ s-

ʧʘʨʘʤʝʪʨʝ, ʧʘ ʤʦʞʝʤʦ ʜʘ ʥʘʧʠʰʝʤʦ ʚʝʟʫ ʠʟʤʝʹʫ ʠʥʮʠʜʝʥʪʥʠʭ ʠ ʨʝʬʣʝʢʪʦʚʘʥʠʭ ʩʠʛʥʘʣʘ 

ʨʘʟʜʝʣʥʠʢʘ ʩʥʘʛʝ ʩʘ ʜʚʘ ʦʪʧʦʨʥʠʢʘ (ʩʣʠʢʘ 1.3.2.3ʙ), ʫ ʤʘʪʨʠʯʥʦʤ ʦʙʣʠʢʫ: 

 

1 11 12 13 1

2 21 22 23 2

3 31 32 33 3

b s s s a

b s s s a

b s s s a

è ø è øè ø
é ù é ùé ù
=

é ù é ùé ù
é ù é ùé ùê ú ê úê ú

. (1.3.2.9) 

ʌʦʨʤʘʣʥʦ, (1.3.2.9) ʤʦʞʝʤʦ ʟʘʧʠʩʘʪʠ ʢʘʦ: 

 2R=b S a, (1.3.2.10) 

ʛʜʝ ʩʫ a  ʠ b  ʚʝʢʪʦʨʠ ʠʥʮʠʜʝʥʪʥʠʭ, ʦʜʥʦʩʥʦ ʨʝʬʣʝʢʪʦʚʘʥʠʭ ʩʠʛʥʘʣʘ, ʘ 

 2R

0 0,5 0,5

0,5 0,25 0,25

0,5 0,25 0,25

è ø
é ù
=
é ù
é ùê ú

S  (1.3.2.11) 

ʤʘʪʨʠʮʘ s-ʧʘʨʘʤʝʪʘʨʘ ʨʘʟʜʝʣʥʠʢʘ ʩʥʘʛʝ ʩʘ ʜʚʘ ʦʪʧʦʨʥʠʢʘ. ʅʘ ʩʣʠʯʘʥ ʥʘʯʠʥ ʤʦʛʫ ʩʝ ʠʟʨʘʯʫʥʘʪʠ 

s-ʧʘʨʘʤʝʪʨʠ ʨʘʟʜʝʣʥʠʢʘ ʩʥʘʛʝ ʩʘ ʪʨʠ ʦʪʧʦʨʥʠʢʘ, ʯʠʿʘ ʿʝ ʤʘʪʨʠʮʘ s-ʧʘʨʘʤʝʪʘʨʘ: 

 3R

0 0,5 0,5

0,5 0 0,5

0,5 0,5 0

è ø
é ù
=
é ù
é ùê ú

S . (1.3.2.12) 

ʇʨʝʪʧʦʩʪʘʚʠʤʦ ʜʘ ʩʝ ʨʘʟʜʝʣʥʠʢ ʩʥʘʛʝ ʢʦʨʠʩʪʠ ʟʘ ʠʟʜʚʘʿʘˁʝ ʜʝʣʘ ʠʥʮʠʜʝʥʪʥʦʛ ʩʠʛʥʘʣʘ, ʢʘʦ 

ʥʘ ʩʣʠʮʠ 1.3.2.1, ʠ ʜʘ ʿʝ ʜʝʦ ʩʠʩʪʝʤʘ ʟʘ ʤʝʨʝˁʝ ʢʦʣʠʯʥʠʢʘ ʜʚʘ ʩʠʛʥʘʣʘ (ʨʝʬʣʝʢʪʦʚʘʥʦʛ ʠ 

ʠʥʮʠʜʝʥʪʥʦʛ, ʠʣʠ ʪʨʘʥʩʤʠʪʦʚʘʥʦʛ ʠ ʠʥʮʠʜʝʥʪʥʦʛ). ʅʝʢʘ ʿʝ ʧʦʙʫʜʥʠ ʛʝʥʝʨʘʪʦʨ ʧʨʠʢˀʫʯʝʥ ʥʘ 

ʧʦʨʪ 1, ʩʢʣʦʧ ʟʘ ʤʝʨʝˁʝ ʠʟʜʚʦʿʝʥʦʛ ʜʝʣʘ ʠʥʮʠʜʝʥʪʥʦʛ ʩʠʛʥʘʣʘ ʥʘ ʧʦʨʪ 3, ʜʦʢ ʩʝ ʩʠʛʥʘʣ ʩʘ ʧʦʨʪʘ 

2 ʚʦʜʠ ʢʘʦ ʠʥʮʠʜʝʥʪʥʠ ʩʠʛʥʘʣ ʥʘ ʩʢʣʦʧ ʢʦʿʠ ʢʘʨʘʢʪʝʨʠʰʝʤʦ (DUT). ʇʦʨʪ 2 ʩʝ, ʜʘʢʣʝ, ʧʦʥʘʰʘ 

ʢʘʦ ʝʢʚʠʚʘʣʝʥʪʥʠ ʠʟʚʦʨ ʧʦʙʫʜʥʦʛ ʩʠʛʥʘʣʘ ʟʘ DUT. ʋ ʥʘʩʪʘʚʢʫ ˂ʝʤʦ ʦʜʨʝʜʠʪʠ ʧʘʨʘʤʝʪʨʝ ʪʦʛ 

ʝʢʚʠʚʘʣʝʥʪʥʦʛ ʠʟʚʦʨʘ. ɼʠʿʘʛʨʘʤ ʪʦʢʘ ʩʠʛʥʘʣʘ ʟʘ ʦʚʘʢʚʫ ʧʦʩʪʘʚʢʫ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 1.3.2.5ʘ. 

ʂʘʦ ʰʪʦ ʩʤʦ ʚʝ˂ ʨʝʢʣʠ, ʩʠʛʥʘʣʠ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʯʚʦʨʦʚʠʤʘ. ʇʦʨʝʜ ʠʥʮʠʜʝʥʪʥʠʭ ʠ 

ʨʝʬʣʝʢʪʦʚʘʥʠʭ ʩʠʛʥʘʣʘ ʨʘʟʜʝʣʥʠʢʘ ʩʥʘʛʝ (ʦʟʥʘʯʝʥʠʭ ʥʘ ʩʣʠʮʠ 1.3.2.3ʙ), ʠʤʘʤʦ ʠ ʧʦʙʫʜʥʠ 

ʩʠʛʥʘʣ ʠʟʚʦʨʘ sE  (ʢʦʿʠ ʿʝ ʫ ʜʠʨʝʢʪʥʦʿ ʚʝʟʠ ʩʘ ʩʨʝʜˁʦʤ ʩʥʘʛʦʤ ʢʦʿʫ ʠʟʚʦʨ ʠʩʧʦʨʫʯʫʿʝ 

ʧʨʠʣʘʛʦʹʝʥʦʤ ʧʨʠʿʝʤʥʠʢʫ, ʘ ʢʦʿʫ ˂ʝʤʦ ʠʟʚʝʩʪʠ ʫ ʧʦʛʣʘʚˀʫ ʦ ʤʝʨʝˁʫ ʩʥʘʛʝ). ʊʝʞʠʥʩʢʠ 
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ʢʦʝʬʠʮʠʿʝʥʪʠ ʛʨʘʥʘ ʩʫ, ʧʦʨʝʜ s-ʧʘʨʘʤʝʪʘʨʘ ʨʘʟʜʝʣʥʠʢʘ ʩʥʘʛʝ, ʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʨʝʬʣʝʢʩʠʿʝ 

ʠʟʚʦʨʘ ( 1G), ʩʢʣʦʧʘ ʟʘ ʤʝʨʝˁʝ ʠʟʜʚʦʿʝʥʦʛ ʜʝʣʘ ʠʥʮʠʜʝʥʪʥʦʛ ʩʠʛʥʘʣʘ (3G) ʠ ʢʦʝʬʠʮʠʿʝʥʪ 

ʨʝʬʣʝʢʩʠʿʝ ʢʦʿʠ ʩʝ ʚʠʜʠ ʢʘ ʩʢʣʦʧʫ ʢʦʿʠ ʢʘʨʘʢʪʝʨʠʰʝʤʦ (2G ). ɺʘʞʥʦ ʿʝ ʫʦʯʠʪʠ ʜʘ ʩʫ sE , 1G ʠ 

3G  ʬʠʢʩʥʠ ʜʝʣʦʚʠ ʧʦʩʪʘʚʢʝ, ʪʿ. ʤʦʞʝʤʦ ʢʦʥʪʨʦʣʠʩʘʪʠ ˁʠʭʦʚʝ ʚʨʝʜʥʦʩʪʠ (ʪʘʢʦ ʰʪʦ ˂ʝʤʦ 

ʦʜʘʙʨʘʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʩʢʣʦʧʦʚʝ ʧʨʠ ˁʠʭʦʚʦʿ ʨʝʘʣʠʟʘʮʠʿʠ). ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, 2G  ʫ ʦʧʰʪʝʤ 

ʩʣʫʯʘʿʫ ʟʘʚʠʩʠ ʦʜ ʩʢʣʦʧʘ ʢʦʿʠ ʢʘʨʘʢʪʝʨʠʰʝʤʦ, ʧʘ ʿʝ ʟʘ ʥʘʩ ʥʝʟʘʚʠʩʥʘ ʧʨʦʤʝʥˀʠʚʘ (ʪʿ. ʥʝ 

ʤʦʞʝʤʦ ʜʘ ʫʪʠʯʝʤʦ ʥʘ ˁʫ). ʊʘʢʦʹʝ, ʠʟʚʦʨ ʩʝ ʢʘʨʘʢʪʝʨʠʰʝ ʩʘ ʜʚʘ ʧʘʨʘʤʝʪʨʘ, sE  ʠ 1G. 

ʘ)           ʙ)  

ʉʣʠʢʘ 1.3.2.5.  ʘ) ɼʠʿʘʛʨʘʤ ʪʦʢʘ ʩʠʛʥʘʣʘ ʨʘʟʜʝʣʥʠʢʘ ʩʥʘʛʝ ʫ ʢʦʥʬʠʛʫʨʘʮʠʿʠ ʟʘ ʤʝʨʝˁʘ ʢʦʣʠʯʥʠʢʘ ʜʚʘ 

ʩʠʛʥʘʣʘ ʠ ʙ) ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʝʢʚʠʚʘʣʝʥʪʥʠ ʠʿʘʛʨʘʤ ʪʦʢʘ ʩʠʛʥʘʣʘ ʟʘ ʧʦʨʪ 2 ʢʘʦ ʝʢʚʠʚʘʣʝʥʪʥʠ ʠʟʚʦʨ. 

ʋ ʩʠʩʪʝʤʫ ʩʘ ʩʣʠʢʝ 1.3.2.5ʘ ʩʠʛʥʘʣ 3b  ʩʣʫʞʠ ʟʘ ʤʝʨʝˁʝ ʠʥʮʠʜʝʥʪʥʦʛ ʩʠʛʥʘʣʘ, ʘ ʩʠʛʥʘʣ 2b  ʟʘ 

ʧʦʙʫʜʫ DUT-a . ʇʨʝ ʥʝʛʦ ʰʪʦ ʠʟʚʝʜʝʤʦ ʝʛʟʘʢʪʥʝ ʠʟʨʘʟʝ ʟʘ ʩʠʛʥʘʣʝ 2b  ʠ 3b , ʫʦʯʠʤʦ ʢʘʢʦ ʩʝ 

ʨʘʩʧʦʜʝˀʫʿʝ ʩʠʛʥʘʣ 2a , ʢʦʿʠ ʩʝ ʧʨʦʩʪʠʨʝ ʢʘ ʧʦʨʪʫ 2 ʨʘʟʜʝʣʥʠʢʘ ʩʥʘʛʝ ( 2a  ʿʝ ʜʝʦ ʩʠʛʥʘʣʘ 2b  

ʢʦʿʠ ʩʝ ʨʝʬʣʝʢʪʦʚʘʦ ʦʜ ʩʠʩʪʝʤʘ ʫ ʢʦʿʝʤ ʿʝ DUT, 2 2 2a b=G ). ʂʦʜ ʨʘʟʜʝʣʥʠʢʘ ʩʥʘʛʝ ʩʘ ʜʚʘ 

ʦʪʧʦʨʥʠʢʘ ʿʝ 22 32 0,25s s= = , ʧʘ ʩʝ ʿʝʜʥʘʢʠ ʜʝʣʦʚʠ ʩʠʛʥʘʣʘ 2a  ʧʨʝʣʠʚʘʿʫ ʫ ʩʠʛʥʘʣʝ 2b  ʠ 3b . ʊʦ 

ʥʠʿʝ ʩʣʫʯʘʿ ʢʦʜ ʨʘʟʜʝʣʥʠʢʘ ʩʥʘʛʝ ʩʘ ʪʨʠ ʦʪʧʦʨʥʠʢʘ, ʿʝʨ ʿʝ 22 0s = , ʘ 32 0,5s = . 

ʂʦʨʠʰ˂ʝˁʝʤ ʄʝʿʩʦʥʦʚʦʛ ʧʨʘʚʠʣʘ (the nontouching loop rule), ʢʦʿʝ ʿʝ ʥʘʚʝʜʝʥʦ ʫ ʧʦʛʣʘʚˀʫ 

1.11, ʜʦʙʠʿʘʤʦ ʬʫʥʢʮʠʿʝ ʧʨʝʥʦʩʘ: 

 
( )21 3 33 31 3 232

21

s

1s s s sb
T

E

-G + G
= =

D
, (1.3.2.13) 

 
( )31 2 22 21 2 323

31

s

1s s s sb
T

E

-G + G
= =

D
, (1.3.2.14) 

ʛʜʝ ʿʝ D ʜʝʪʝʨʤʠʥʘʥʪʘ ʩʠʩʪʝʤʘ. ɼʝˀʝˁʝʤ ʧʨʝʪʭʦʜʥʝ ʜʚʝ ʿʝʜʥʘʯʠʥʝ ʜʦʙʠʿʘʤʦ: 

 
( )

( )
21 3 33 31 3 2321 2

31 3 31 2 22 21 2 32

1

1

s s s sT b

T b s s s s

-G + G
= =

-G + G
, (1.3.2.15) 

ʦʜʥʦʩʥʦ, ʥʘʢʦʥ ʩʨʝʹʠʚʘˁʘ, 
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. (1.3.2.16) 

ɼʘ ʙʠʩʤʦ ʧʦʙʦˀʰʘʣʠ ʧʨʠʣʘʛʦʹʝˁʝ ʝʢʚʠʚʘʣʝʥʪʥʦʛ ʠʟʚʦʨʘ, ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʧʦʨʪ 2, ʩʠʛʥʘʣ 3b  

˂ʝʤʦ ʦʜʨʞʘʚʘʪʠ ʢʦʥʩʪʘʥʪʥʠʤ (ʧʦʜʝʰʘʚʘˁʝʤ sE ), ʧʘ ʧʨʝʪʭʦʜʥʠ ʠʟʨʘʟ ʤʦʞʝʤʦ ʥʘʧʠʩʘʪʠ ʫ 

ʦʙʣʠʢʫ: 

 
eq

2

eq 21

E
b =

-G G
, (1.3.2.17) 

ʛʜʝ ʿʝ eqE  ʧʦʙʫʜʥʠ ʩʠʛʥʘʣ ʝʢʚʠʚʘʣʝʥʪʥʦʛ ʠʟʚʦʨʘ, 

 31 2321
eq 33 3 3

31 21

1
s ss

E s b
s s

å õå õ
= - - Gæ öæ öæ ö

ç ÷ç ÷

, (1.3.2.18) 

a eqG  ʢʦʝʬʠʮʠʿʝʥʪ ʨʝʬʣʝʢʩʠʿʝ ʝʢʚʠʚʘʣʝʥʪʥʦʛ ʠʟʚʦʨʘ, 

 21 32
eq 22

31

s s
s

s
G = - . (1.3.2.19) 

ɽʢʚʠʚʘʣʝʥʪʥʠ ʜʠʿʘʛʨʘʤ ʪʦʢʘ ʩʠʛʥʘʣʘ, ʦʧʠʩʘʥ ʠʟʨʘʟʦʤ (1.3.2.17), ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ 

ʩʣʠʮʠ 1.3.2.5.ʙ. ɿʘʤʝʥʦʤ s-ʧʘʨʘʤʝʪʘʨʘ ʟʘ ʨʘʟʜʝʣʥʠʢ ʩʥʘʛʝ ʩʘ ʜʚʘ ʦʪʧʦʨʥʠʢʘ ʫ (1.3.2.19), 

ʜʦʙʠʿʘʤʦ ʜʘ ʿʝ ʢʦʝʬʠʮʠʿʝʥʪ ʨʝʬʣʝʢʩʠʿʝ ʝʢʚʠʚʘʣʝʥʪʥʦʛ ʠʟʚʦʨʘ eq2R 0G = ( 2RSWR 1= ), ʦʜʥʦʩʥʦ 

ʨʘʟʜʝʣʥʠʢ ʩʥʘʛʝ ʩʘ ʜʚʘ ʦʪʧʦʨʥʠʢʘ ʩʝ ʥʘ ʧʦʨʪʫ 2 ʪʝʦʨʠʿʩʢʠ ʧʦʥʘʰʘ ʢʘʦ ʩʘʚʨʰʝʥʦ ʧʨʠʣʘʛʦʹʝʥʠ 

ʝʢʚʠʚʘʣʝʥʪʥʠ ʠʟʚʦʨ (ʫ ʧʨʘʢʩʠ ˂ʝ, ʥʘʨʘʚʥʦ, ʧʦʩʪʦʿʘʪʠ ʤʘʣʦ ʥʝʧʨʠʣʘʛʦʹʝˁʝ). ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, 

ʟʘʤʝʥʦʤ s-ʧʘʨʘʤʝʪʘʨʘ ʟʘ ʨʘʟʜʝʣʥʠʢ ʩʥʘʛʝ ʩʘ ʪʨʠ ʦʪʧʦʨʥʠʢʘ ʫ (1.3.2.19), ʜʦʙʠʿʘʤʦ eq3R 0,5G =-  

( 3RSWR 3= ), ʰʪʦ ʿʝ ʚʨʣʦ ʚʝʣʠʢʘ ʚʨʝʜʥʦʩʪ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ ʠ ʨʘʟʣʦʛ ʟʘʰʪʦ ʩʝ ʟʘ 

ʠʟʜʚʘʿʘˁʝ ʠʥʮʠʜʝʥʪʥʦʛ ʩʠʛʥʘʣʘ ʫ ʤʝʨʝˁʠʤʘ ʢʦʨʠʩʪʠ ʠʩʢˀʫʯʠʚʦ ʨʘʟʜʝʣʥʠʢ ʩʥʘʛʝ ʩʘ ʜʚʘ 

ʦʪʧʦʨʥʠʢʘ.  

ʇʦʰʪʦ ʿʝ ʟʘ ʨʘʟʜʝʣʥʠʢ ʩʥʘʛʝ ʩʘ ʜʚʘ ʦʪʧʦʨʥʠʢʘ 21 31 0,5s s= = , ʜʝˀʝˁʝʤ ʧʦʙʫʜʥʦʛ ʩʠʛʥʘʣʘ 

ʫʥʦʩʠʤʦ ʩʣʘʙˀʝˁʝ ʦʜ 6 dB ʫ ʩʚʘʢʫ ʦʜ ʛʨʘʥʘ ʩʘ ʦʪʧʦʨʥʠʮʠʤʘ (ʥʘ ʩʚʘʢʦʤ ʦʜ ʯʝʪʠʨʠ ʦʪʧʦʨʥʠʢʘ 

ʜʝʩʥʦ ʦʜ ʪʘʯʢʝ 1 ʥʘ ʩʣʠʮʠ 1.3.2.4ʘ ʜʠʩʠʧʠʨʘ ʩʝ ʧʦ ʯʝʪʚʨʪʠʥʘ ʩʥʘʛʝ ʠʥʮʠʜʝʥʪʥʦʛ ʩʠʛʥʘʣʘ ʥʘ 

ʧʦʨʪʫ 1). ʈʘʟʜʝʣʥʠʢ ʙʝʟ ʦʪʧʦʨʥʠʢʘ ʩʝ ʥʝ ʢʦʨʠʩʪʠ ʿʝʨ ʙʠ ʧʦʩʪʦʿʘʣʘ ʚʝʣʠʢʘ ʨʝʬʣʝʢʩʠʿʘ 

ʠʥʮʠʜʝʥʪʦʛ ʩʠʛʥʘʣʘ ʥʘ ʧʦʨʪʫ 1 (ʫʣʘʟʥʘ ʠʤʧʝʜʘʥʩʘ ʙʠ ʙʠʣʘ 25 ʦʤʘ) ʠ ʥʝ ʙʠ ʙʠʣʦ ʥʠʢʘʢʚʝ 

ʠʟʦʣʘʮʠʿʝ ʠʟʤʝʹʫ ʧʦʨʪʦʚʘ. 

ʀʟʨʘʟ (1.3.2.19) ʩʝ ʤʦʞʝ ʧʨʠʤʝʥʠʪʠ ʠ ʥʘ ʤʝʨʥʠ ʩʠʩʪʝʤ ʫ ʢʦʿʝʤ ʩʝ ʟʘ ʠʟʜʚʘʿʘˁʝ ʜʝʣʘ 

ʠʥʮʠʜʝʥʪʥʦʛ ʩʠʛʥʘʣʘ ʢʦʨʠʩʪʠ ʫʩʤʝʨʝʥʠ ʩʧʨʝʞˁʘʢ. ɻʣʝʜʘʿʫ˂ʠ ʩʣʠʢʫ 1.3.2.2ʙ ʠ ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ 

ʜʘ ʿʝ 21 1s º  (ʫ ʧʨʘʢʩʠ ʿʝ ʥʝʰʪʦ ʤʘˁʝ ʦʜ ʿʝʜʘʥ) ʠ ʜʘ ʿʝ 32 31s s , ʜʦʙʠʿʘʤʦ ʜʘ ʿʝ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ 

ʢʦʝʬʠʮʠʿʝʥʪ ʨʝʬʣʝʢʩʠʿʝ ʝʢʚʠʚʘʣʝʥʪʥʦʛ ʠʟʚʦʨʘ eqDC 22sG º , ʰʪʦ ʿʝ ʫ ʧʨʘʢʩʠ ʥʝʰʪʦ ʚʝ˂ʘ 



15 
 

ʚʨʝʜʥʦʩʪ (ʪʿ. ʥʝʰʪʦ ʣʦʰʠʿʝ) ʥʝʛʦ ʢʦʜ ʨʘʟʜʝʣʥʠʢʘ ʩʥʘʛʝ ʩʘ ʜʚʘ ʦʪʧʦʨʥʠʢʘ. ʂʘʦ ʰʪʦ ʿʝ ʨʘʥʠʿʝ 

ʨʝʯʝʥʦ, ʨʘʟʜʝʣʥʠʢ ʩʥʘʛʝ ʩʘ ʜʚʘ ʦʪʧʦʨʥʠʢʘ ʿʝ ʫ ʧʨʝʜʥʦʩʪʠ ʠ ʢʘʜʘ ʿʝ ʨʝʯ ʦ ʬʨʝʢʚʝʥʮʠʿʩʢʦʤ 

ʦʧʩʝʛʫ, ʿʝʨ ʫʩʤʝʨʝʥʠ ʩʧʨʝʞˁʘʢ ʥʝ ʨʘʜʠ ʥʘ ʚʝʦʤʘ ʥʠʩʢʠʤ ʫʯʝʩʪʘʥʦʩʪʠʤʘ (ʨʝʜʘ MHz). ɿʘʫʟʚʨʘʪ, 

ʢʦʜ ʫʩʤʝʨʝʥʦʛ ʩʧʨʝʞˁʘʢʘ ʛʦʪʦʚʦ ʜʘ ʥʝʤʘ ʩʣʘʙˀʝˁʘ ʩʠʛʥʘʣʘ ʫ ʛʨʘʥʠ ʢʘ DUT-ʫ, ʿʝʨ ʿʝ 21 1s º , 

ʧʘ ʩʘ ʫʩʤʝʨʝʥʠʤ ʩʧʨʝʞˁʘʢʦʤ ʠʤʘʤʦ ʧʦʪʝʥʮʠʿʘʣʥʦ ʚʝ˂ʠ ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʤʝʨʝˁʘ ʥʝʛʦ ʩʘ 

ʨʘʟʜʝʣʥʠʢʦʤ ʩʥʘʛʝ ʩʘ ʜʚʘ ʦʪʧʦʨʥʠʢʘ. 

ʇʨʠʥʮʠʧʩʢʘ ʰʝʤʘ ʠʟʜʚʘʿʘˁʘ ʜʝʣʘ ʨʝʬʣʝʢʪʦʚʘʥʦʛ ʩʠʛʥʘʣʘ ʟʘ ʤʝʨʝˁʝ (ɸ je ʫʦʙʠʯʘʿʝʥa ʦʟʥʘʢʘ 

ʪʦʛ ʜʝʣʘ ʩʠʛʥʘʣʘ) ʢʦʨʠʰ˂ʝˁʝʤ ʫʩʤʝʨʝʥʦʛ ʩʧʨʝʞˁʘʢʘ, ʦʜʥʦʩʥʦ ʫʩʤʝʨʝʥʦʛ ʤʦʩʪʘ, ʧʨʠʢʘʟʘʥʘ ʿʝ 

ʥʘ ʩʣʠʮʠ 1.3.2.6. ʂʦʜ ʫʩʤʝʨʝʥʦʛ ʩʧʨʝʞˁʘʢʘ ʧʦʙʫʜʥʠ ʩʠʛʥʘʣ (ʦʥʘʿ ʢʦʿʠ ʥʘʧʫʰʪʘ ʧʦʨʪ 2 

ʨʘʟʜʝʣʥʠʢʘ ʩʥʘʛʝ ʩʘ ʩʣʠʢʝ 1.3.2.3ʚ) ʧʨʘʢʪʠʯʥʦ ʥʝʦʩʣʘʙˀʝʥ ʧʨʦʣʘʟʠ ʦʜ ʧʦʨʪʘ 2 ʢʘ ʧʦʨʪʫ 1 (ʦʜ 

ʧʦʨʪʘ 2 ʢʘ ʧʦʨʪʫ 3 ʠʜʝʘʣʥʦ ʥʝʤʘ ʧʨʝʥʦʩʘ, ʜʦʢ ʫ ʧʨʘʢʩʠ ʧʦʩʪʦʿʠ ʤʘʣʠ ʧʨʝʥʦʩ, ʪʿ. ʠʟʦʣʘʮʠʿʘ ʿʝ 

ʢʦʥʘʯʥʘ), ʨʝʬʣʝʢʪʫʿʝ ʩʝ ʦʜ DUT-ʘ ʠ ʜʝʦ ʪʦʛ ʨʝʬʣʝʢʪʦʚʘʥʦʛ ʩʠʛʥʘʣʘ ʧʨʝʥʦʩʠ ʩʝ ʜʦ ʧʦʨʪʘ 3. 

ʇʦʰʪʦ ʿʝ ʧʨʝʥʦʩ ʦʜ ʧʦʨʪʘ 2 ʜʦ ʧʦʨʪʘ 3 ʟʥʘʪʥʦ ʤʘˁʠ ʦʜ ʧʨʝʥʦʩʘ ʦʜ ʧʦʨʪʘ 1 ʜʦ ʧʦʨʪʘ 3 

(ʚʨʝʜʥʦʩʪʠ ʫʩʤʝʨʝʥʦʩʪʠ, ʜʝʬʠʥʠʩʘʥʝ ʠʟʨʘʟʦʤ (1.3.2.4), ʦʨʠʿʝʥʪʘʮʠʦʥʦ ʩʝ ʢʨʝ˂ʫ ʦʜ 10 dB ʜʦ 

40 dB), ʩʠʛʥʘʣ A ʿʝ ʜʠʨʝʢʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʘʥ ʩʠʛʥʘʣʫ ʨʝʬʣʝʢʪʦʚʘʥʦʤ ʦʜ DUT-ʘ. ʅʘʿʚʝ˂ʠ ʜʝʦ 

ʩʠʛʥʘʣʘ ʨʝʬʣʝʢʪʦʚʘʥʦʛ ʦʜ DUT-ʘ ʩʝ ʧʨʝʢʦ ʧʦʨʪʘ 2 ʚʨʘ˂ʘ ʢʘ ʨʘʟʜʝʣʥʠʢʫ ʩʥʘʛʝ (ʠʣʠ ʫʩʤʝʨʝʥʦʤ 

ʩʧʨʝʞˁʘʢʫ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʦʛʘ ʢʦʿʠ ʦʜ ʪʠʭ ʩʢʣʦʧʦʚʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʠʟʜʚʘʿʘˁʝ ʠʥʮʠʜʝʥʪʥʦʛ 

ʩʠʛʥʘʣʘ), ʧʘ ʿʝ ʚʘʞʥʦ ʜʘ ʩʠʛʥʘʣ ʥʘ ʪʫ ʩʪʨʘʥʫ ʚʠʜʠ ʰʪʦ ʤʘˁʠ ʢʦʝʬʠʮʠʿʝʥʪ ʨʝʬʣʝʢʩʠʿʝ (ʜʘ ʩʝ ʥʝ 

ʙʠ ʚʨʘ˂ʘʦ ʢʘ DUT-ʫ ʠ ʩʪʚʘʨʘʦ ʛʨʝʰʢʫ ʤʝʨʝˁʘ). ʋʩʤʝʨʝʥʠ ʤʦʩʪ ʿʝ ʩʫʰʪʠʥʩʢʠ ɺʠʪʩʪʦʥʦʚ ʤʦʩʪ, 

ʥʘ ʯʠʿʫ ʩʝ ʿʝʜʥʫ ʜʠʿʘʛʦʥʘʣʫ ʜʦʚʦʜʠ ʧʦʙʫʜʥʠ ʩʠʛʥʘʣ, ʜʦʢ ʩʝ ʫ ʜʨʫʛʦʿ ʜʠʿʘʛʦʥʘʣʠ ʤʝʨʠ ʩʠʛʥʘʣ A. 

ʇʦʰʪʦ ʩʝ DUT ʧʨʠʢˀʫʯʫʿʝ ʫ ʿʝʜʥʫ ʛʨʘʥʫ ʤʦʩʪʘ, ʜʦʢ ʩʫ ʫ ʧʨʝʦʩʪʘʣʠʤ ʛʨʘʥʘʤʘ ʦʪʧʦʨʥʠʮʠ ʦʜ 

50 ʦʤʘ, ʩʠʛʥʘʣ A ʙʠ˂ʝ ʧʨʦʧʦʨʮʠʦʥʘʣʘʥ ʜʝʙʘʣʘʥʩʫ ʢʦʿʠ ʫ ʤʦʩʪ ʫʥʦʩʠ ʠʤʧʝʜʘʥʩʘ DUT-ʘ. ɸʢʦ ʿʝ 

ʠʤʧʝʜʘʥʩʘ DUT-ʘ ʿʝʜʥʘʢʘ 50 ʦʤʘ, ʩʠʛʥʘʣ A ʙʠ˂ʝ ʥʫʣʘ, ʧʘ ˂ʝ ʥʫʣʘ ʙʠʪʠ ʠ ʠʟʤʝʨʝʥʠ ʢʦʝʬʠʮʠʿʝʥʪ 

ʨʝʬʣʝʢʩʠʿʝ (A/R). ɸʢʦ ʿʝ ʠʤʧʝʜʘʥʩʘ DUT-ʘ ʨʘʟʣʠʯʠʪʘ ʦʜ 50 ʦʤʘ, ʩʠʛʥʘʣ A ʙʠ˂ʝ ʨʘʟʣʠʯʠʪ ʦʜ 

ʥʫʣʝ, ʘ ʠʟʤʝʨʝʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʨʝʬʣʝʢʩʠʿʝ ʙʠ˂ʝ ʫʪʦʣʠʢʦ ʚʝ˂ʠ ʫʢʦʣʠʢʦ ʿʝ ʚʝ˂ʝ ʦʜʩʪʫʧʘˁʝ 

ʠʤʧʝʜʘʥʩʝ DUT-ʘ ʦʜ 50 ʦʤʘ.  

 

ʉʣʠʢʘ 1.3.2.6.  ʀʟʜʚʘʿʘˁʝ ʜʝʣʘ ʨʝʬʣʝʢʪʦʚʘʥʦʛ (A) ʩʠʛʥʘʣʘ. 

ʋʩʤʝʨʝʥʠ ʤʦʩʪ ʧʦʥʘʰʘ ʩʝ ʩʣʠʯʥʦ ʫʩʤʝʨʝʥʦʤ ʩʧʨʝʞˁʘʢʫ, ʧʘ ʢʦʨʠʩʪʠʤʦ ʠʩʪʠ ʰʝʤʘʪʩʢʠ 

ʧʨʠʢʘʟ ʟʘ ʦʙʘ ʩʢʣʦʧʘ. ʊʦʢʦʚʠ ʩʠʛʥʘʣʘ ʠ ʥʘʧʦʥʠ ʥʘ ʧʨʠʩʪʫʧʫ ʝʣʝʢʪʨʠʯʥʝ ʤʨʝʞʝ ʫʩʤʝʨʝʥʦʛ 

ʤʦʩʪʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʩʣʠʮʠ 1.3.2.7. 
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ʘ)    ʙ)  

ʉʣʠʢʘ 1.3.2.7.  ʋʩʤʝʨʝʥʠ ʤʦʩʪ, ʘ) ʪʦʢʦʚʠ ʩʠʛʥʘʣʘ ʩʘ ʥʘʟʥʘʯʝʥʠʤ s-ʧʘʨʘʤʝʪʨʠʤʘ ʠ ʙ) ʝʣʝʢʪʨʠʯʥʘ ʤʨʝʞʘ 

ʫʩʤʝʨʝʥʦʛ ʤʦʩʪʘ ʩʘ ʦʟʥʘʯʝʥʠʤ ʥʘʧʦʥʠʤʘ ʧʨʠʩʪʫʧʘ. 

ʇʨʠʤʝʥʦʤ ʧʦʩʪʫʧʢʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ s-ʧʘʨʘʤʝʪʘʨʘ ʦʪʧʦʨʥʠʯʢʝ ʤʨʝʞʝ, ʦʧʠʩʘʥʠʤ ʟʘ ʨʘʟʜʝʣʥʠʢ 

ʥʘʧʦʥʘ ʩʘ ʜʚʘ ʦʪʧʦʨʥʠʢʘ, ʜʦʙʠʿʘʤʦ ʤʘʪʨʠʮʫ s-ʧʘʨʘʤʝʪʘʨʘ ʫʩʤʝʨʝʥʦʛ ʤʦʩʪʘ: 

 DB

0 0,5 0,5

0,5 0 0

0,5 0 0

è ø
é ù
=
é ù
é ùê ú

S . (1.3.2.20) 

ʀʟ ʤʘʪʨʠʮʝ ʩʝ ʚʠʜʠ ʜʘ ʩʫ ʧʦʨʪʦʚʠ 2 ʠ 3 ʪʝʦʨʠʿʩʢʠ ʩʘʚʨʰʝʥʦ ʠʟʦʣʦʚʘʥʠ (32 0s = ), ʰʪʦ ʦʙʝ˂ʘʚʘ 

ʜʦʙʨʝ ʨʝʟʫʣʪʘʪʝ ʠ ʫ ʧʨʘʢʪʠʯʥʦʿ ʨʝʘʣʠʟʘʮʠʿʠ (ʛʜʝ ʠʟʦʣʘʮʠʿʘ ʥʝ˂ʝ ʙʠʪʠ ʩʘʚʨʰʝʥʘ). ʉʣʘʙˀʝˁʝ 

ʜʫʞ ʛʣʘʚʥʝ ʛʨʘʥʝ ʿʝ 3 dB ( 21 0,5s = ), ʰʪʦ ʿʝ ʩʚʘʢʘʢʦ ʚʠʰʝ ʥʝʛʦ ʢʦʜ ʫʩʤʝʨʝʥʦʛ ʩʧʨʝʞˁʘʢʘ. 

ʇʦʰʪʦ ʿʝ ʫ ʧʠʪʘˁʫ ʨʝʟʠʩʪʠʚʥʘ ʤʨʝʞʘ, ʪʨʝʙʘʣʦ ʙʠ ʜʘ ʫʩʤʝʨʝʥʠ ʤʦʩʪ ʨʘʜʠ ʠ ʥʘ DC ʫʯʝʩʪʘʥʦʩʪʠ. 

ʄʝʹʫʪʠʤ, ʧʦʰʪʦ ʧʨʠʩʪʫʧ 3 ʥʝʤʘ ʥʠ ʿʝʜʘʥ ʧʨʠʢˀʫʯʘʢ ʥʘ ʤʘʩʠ, ʫ ʧʨʘʢʩʠ ʩʝ ʢʦʨʠʩʪʠ ʙʘʣʫʥ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʢʦʿʠ ʢʚʘʨʠ ʫʧʦʪʨʝʙˀʠʚʦʩʪ ʥʘ ʥʘʿʥʠʞʠʤ ʫʯʩʝʩʪʘʥʦʩʪʠʤʘ. ʋʩʤʝʨʝʥʠ ʤʦʩʪ 

ʦʧʠʩʫʿʝ ʩʝ ʠʩʪʠʤ ʧʘʨʘʤʝʪʨʠʤʘ ʢʘʦ ʠ ʫʩʤʝʨʝʥʠ ʩʧʨʝʞˁʘʢ. ʋʩʤʝʨʝʥʠ ʩʧʨʝʞˁʘʢ ʩʝ ʦʙʠʯʥʦ 

ʨʝʘʣʠʟʫʿʝ ʧʦʤʦ˂ʫ ʩʧʨʝʛʥʫʪʠʭ ʚʦʜʦʚʘ, ʘ ʘʥʘʣʠʟʘ ˁʝʛʦʚʦʛ ʨʘʜʘ ʿʝ ʩʣʦʞʝʥʘ, ʧʘ ˂ʝʤʦ ʪʠʧʠʯʥʝ 

ʧʘʨʘʤʝʪʨʝ ʫʩʤʝʨʝʥʦʛ ʩʧʨʝʞˁʘʢʘ ʢʦʨʠʩʪʠʪʠ ʙʝʟ ʫʣʘʞʝˁʘ ʫ ʩʪʨʫʢʪʫʨʥʝ ʜʝʪʘˀʝ. ʌʦʨʤʘʣʥʠʤ 

ʩʧʘʿʘˁʝʤ ʜʚʘ ʫʩʤʝʨʝʥʘ ʩʧʨʝʞˁʘʢʘ Ăʣʝʹʘ ʦ ʣʝʹʘñ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 1.3.2.8, 

ʜʦʙʠʿʘʤʦ ʪʘʢʦʟʚʘʥʠ ʜʚʦʩʪʨʫʢʠ ʫʩʤʝʨʝʥʠ ʩʧʨʝʞˁʘʢ (Dual directional coupler). ʂʦʜ ʪʠʧʠʯʥʦʛ 

ʜʚʦʩʪʨʫʢʦʛ ʫʩʤʝʨʝʥʦʛ ʩʧʨʝʞˁʘʢʘ ʩʣʘʙˀʝˁʝ ʠʟʤʝʹʫ ʧʦʨʪʦʚʘ 1 ʠ 2 ʿʝ ʪʨʝʙʘ ʜʘ ʿʝ ʥʘʿʤʘˁʝ ʤʦʛʫ˂ʝ, 

ʧʦʨʪ 3 ʿʝ ʩʧʨʝʛʥʫʪ ʩʘ ʧʦʨʪʦʤ 1, ʘ ʧʦʨʪ 4 ʿʝ ʩʧʨʝʛʥʫʪ ʩʘ ʧʦʨʪʦʤ 2. ʀʟʤʝʹʫ ʧʦʨʪʦʚʘ 1 ʠ 4, ʦʜʥʦʩʥʦ 

2 ʠ 3, ʧʨʝʥʦʩ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʙʫʜʝ ʤʠʥʠʤʘʣʘʥ.  

 

ʉʣʠʢʘ 1.3.2.8.  ɼʚʦʩʪʨʫʢʠ ʫʩʤʝʨʝʥʠ ʩʧʨʝʞˁʘʢ ʧʦʥʘʰʘ ʩʝ ʢʘʦ ʚʝʟʘ ʜʚʘ ʫʩʤʝʨʝʥʘ ʩʧʨʝʞˁʘʢʘ Ăʣʝʹʘ ʦ 

ʣʝʹʘñ. 
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1.3.3 ʇʨʠʿʝʤʥʠʮʠ ʠ ʜʝʪʝʢʪʦʨʠ 

ʇʨʠʿʝʤʥʠʮʠ (receivers) ʠ ʜʝʪʝʢʪʦʨʠ (detectors) ʩʣʫʞʝ ʟʘ ʤʝʨʝˁʝ ʠʥʮʠʜʝʥʪʥʦʛ (R), 

ʨʝʬʣʝʢʪʦʚʘʥʦʛ (A) ʠ ʪʨʘʥʩʤʠʪʦʚʘʥʦʛ (B) ʩʠʛʥʘʣʘ. ʇʦʜ ʜʝʪʝʢʪʦʨʠʤʘ ʩʝ ʧʦʜʨʘʟʫʤʝʚʘjʫ ʫʨʝʹʘʿʠ 

ʢʦʿʠ ʤʝʨʝ ʩʘʤʦ ʘʤʧʣʠʪʫʜʫ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʦʛ ʩʠʛʥʘʣʘ, ʘ ʧʦʜ ʧʨʠʿʝʤʥʠʮʠʤʘ ʫʨʝʹʘʿʠ ʢʦʿʠ ʤʝʨʝ 

ʠ ʘʤʧʣʠʪʫʜʫ ʠ ʬʘʟʫ. ʉʪʦʛʘ ʩʝ (ʜʠʦʜʥʠ) ʜʝʪʝʢʪʦʨʠ ʢʦʨʠʩʪʝ ʢʦʜ ʩʢʘʣʘʨʥʠʭ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ, ʘ 

(ʭʝʪʝʨʦʜʠʥʠ) ʧʨʠʿʝʤʥʠʮʠ ʢʦʜ ʚʝʢʪʦʨʩʢʠʭ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ. ʉʪʦʛʘ ʛʦʚʦʨʠʤʦ ʦ Ăʩʢʘʣʘʨʥʦñʿ ʠ 

Ăʚʝʢʪʦʨʩʢʦñʿ ʜʝʪʝʢʮʠʿʠ, ʢʦʿʝ ʩʫ ʠʣʫʩʪʨʦʚʘʥʝ ʥʘ ʩʣʠʮʠ 1.3.3.1. 

 

ʉʣʠʢʘ 1.3.3.1.  ʉʢʘʣʘʨʥʘ ʠ ʚʝʢʪʦʨʩʢʘ ʜʝʪʝʢʮʠʿʘ. 

ʇʨʦʩʪʦʧʝʨʠʦʜʠʯʥʠ ʩʠʛʥʘʣ ʢʦʿʠ ʤʝʨʠʤʦ ʦʟʥʘʯʘʚʘʤʦ ʩʘ RF (Radio Frequency). ʉʢʘʣʘʨʥʦʤ 

ʜʝʪʝʢʮʠʿʦʤ ʩʝ ʥʘ ʦʩʥʦʚʫ RF ʩʠʛʥʘʣʘ ʜʦʙʠʿʘ DC ʩʠʛʥʘʣ ʯʠʿʠ ʿʝ ʥʠʚʦ ʿʝʜʥʘʢ ʘʤʧʣʠʪʫʜʠ RF 

ʩʠʛʥʘʣʘ. ɿʘʪʠʤ ʩʝ ʤʝʨʠ ʥʠʚʦ ʪʦʛ DC ʩʠʛʥʘʣʘ. (ʅʘʯʠʥ ʤʝʨʝˁʘ DC ʩʠʛʥʘʣʘðʫ ʘʥʘʣʦʛʥʦʤ ʦʙʣʠʢʫ, 

ʠʣʠ ʥʘʢʦʥ ʜʠʛʠʪʘʣʠʟʘʮʠʿʝðʥʝ ʩʧʘʜʘ ʫ ʜʦʤʝʥ ʤʠʢʨʦʪʘʣʘʩʥʠʭ ʤʝʨʝˁʘ.) ɿʘ ʩʢʘʣʘʨʥʫ ʜʝʪʝʢʮʠʿʫ 

ʫʦʙʠʯʘʿʝʥʦ ʩʝ ʢʦʨʠʩʪʠ ʜʠʦʜʥʠ ʜʝʪʝʢʪʦʨ, ʯʠʿʘ ʿʝ ʧʦʿʝʜʥʦʩʪʘʚˀʝʥʘ ʝʣʝʢʪʨʠʯʥʘ ʰʝʤʘ ʧʨʠʢʘʟʘʥʘ 

ʥʘ ʩʣʠʮʠ 1.3.3.2. ʅʘ ʠʟʣʘʟʫ ʜʠʦʜʝ, ʢʦʿʘ ʿʝ ʥʝʣʠʥʝʘʨʘʥ ʝʣʝʤʝʥʪ, ʧʦʿʘʚˀʫʿʫ ʩʝ, ʧʦʨʝʜ ʦʩʥʦʚʥʝ 

ʫʯʝʩʪʘʥʦʩʪʠ ʠ ʭʘʨʤʦʥʠʢʘ RF ʩʠʛʥʘʣʘ, ʠ DC ʩʠʛʥʘʣ ʯʠʿʠ ʿʝ ʥʠʚʦ ʧʨʦʧʦʨʮʠʦʥʘʣʘʥ ʘʤʧʣʠʪʫʜʠ 

RF ʩʠʛʥʘʣʘ. ɿʘʪʠʤ ʩʝ ʬʠʣʪʨʦʤ ʧʨʦʧʫʩʥʠʢʦʤ ʥʠʩʢʠʭ ʫʯʝʩʪʘʥʦʩʪʠ ʥʘ ʠʟʣʘʟ ʧʨʦʩʣʝʹʫʿʝ ʩʘʤʦ ʪʘʿ 

DC ʩʠʛʥʘʣ.  

 

ʉʣʠʢʘ 1.3.3.2.  ɼʠʦʜʥʠ ʜʝʪʝʢʪʦʨ. 

ʇʦʰʪʦ ʿʝ DC ʩʠʛʥʘʣ ʥʘ ʠʟʣʘʟʫ ʜʠʦʜʥʦʛ ʜʝʪʝʢʪʦʨʘ ʨʝʣʘʪʠʚʥʦ ʤʘʣʦʛ ʥʘʧʦʥʘ, ʣʘʢʦ ʛʘ ʿʝ 

ʟʘʤʘʩʢʠʨʘʪʠ ʩʠʛʥʘʣʦʤ ʰʫʤʘ ʢʦʿʠ ʧʦʪʠʯʝ ʦʜ ʨʘʟʣʠʯʠʪʠʭ ʝʣʝʤʝʥʘʪʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʣʘ. ɼʘ ʙʠ ʩʝ 

ʪʦ ʠʟʙʝʛʣʦ, ʧʨʠʤʝˁʫʿʝ ʩʝ ʤʦʜʫʣʘʮʠʿʘ RF ʩʠʛʥʘʣʘ, ʪʿ. ˁʝʛʦʚʦ ʤʥʦʞʝˁʝ ʧʦʚʦʨʢʦʤ ʧʨʘʚʦʫʛʘʦʥʠʭ 

ʠʤʧʫʣʩʘ (ʦʙʠʯʥʦ ʫʯʝʩʪʘʥʦʩʪʠ 1 kHz). ʅʘʢʦʥ ʤʦʜʫʣʘʮʠʿʝ ʩʝ ʩʢʘʣʘʨʥʦʤ ʜʝʪʝʢʮʠʿʦʤ, ʫʤʝʩʪʦ DC 

ʩʠʛʥʘʣʘ, ʜʦʙʠʿʘ AC ʩʠʛʥʘʣʘðʧʦʚʦʨʢʘ ʧʨʘʚʦʫʛʘʦʥʠʭ ʠʤʧʫʣʩʘ (ʫʯʝʩʪʘʥʦʩʪʠ 1 kHz), ʘʤʧʣʠʪʫʜʝ 
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ʧʨʦʧʦʨʮʠʦʥʘʣʥʝ ʘʤʧʣʠʪʫʜʠ RF ʩʠʛʥʘʣʘ (ʰʪʦ ʿʝ ʪʘʢʦʹʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 1.3.3.2). ɿʘʪʠʤ ʩʝ 

AC ʩʠʛʥʘʣ, ʧʨʝ ʤʝʨʝˁʘ ˁʝʛʦʚʝ ʘʤʧʣʠʪʫʜʝ, ʧʨʦʧʫʪhʘ ʢʨʦʟ ʬʠʣʪʘʨ ʧʨʦʧʫʧʫʩʥʠʢ ʦʧʩʝʛʘ 

ʫʯʝʩʪʘʥʦʩʪʠ (ʩʘ ʮʝʥʪʨʘʣʥʦʤ ʫʯʝʩʪʘʥʦʰ˂ʫ 1 kHz), ʢʘʢʦ ʙʠ ʩʝ ʧʦʙʦˀʰʘʦ ʦʜʥʦʩ ʩʠʛʥʘʣ-ʰʫʤ. 

ɿʘ ʚʝʢʪʦʨʩʢʫ ʜʝʪʝʢʮʠʿʫ ʩʝ ʢʦʨʠʩʪʠ ʭʝʪʝʨʦʜʠʥʠ ʧʨʠʿʝʤʥʠʢ, ʯʠʿʘ ʿʝ ʫʧʨʦʰ˂ʝʥʘ ʰʝʤʘ 

ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 1.3.3.3. RF ʩʠʛʥʘʣ ʩʝ ʤʝʰʘ ʩʘ ʩʠʛʥʘʣʦʤ ʠʟ ʣʦʢʘʣʥʦʛ ʦʩʮʠʣʘʪʦʨʘ (LOðLocal 

Oscillator), ʧʨʦʠʟʚʦʜʝ˂ʠ ʪʘʢʦ IF (Intermediate Frequency) ʩʠʛʥʘʣ ʥʠʞʝ ʫʯʝʩʪʘʥʦʩʪʠ (down 

conversion). ʋʯʝʩʪʘʥʦʩʪ IF ʩʠʛʥʘʣʘ ʜʦʙʠʿʘ ʩʝ ʢʘʦ ʨʘʟʣʠʢʘ ʫʯʝʩʪʘʥʦʩʪʠ LO ʩʠʛʥʘʣʘ ʠ RF ʩʠʛʥʘʣʘ, 

IF LO RFf f f= - . ɼʘˀʝ ʤʝʨʝˁʝ ʚʨʰʠ ʩʝ ʥʘ IF ʩʠʛʥʘʣʫ, ʢʦʿʠ ˂ʝ ʩʘʯʫʚʘʪʠ ʧʦʪʨʝʙʥʝ ʠʥʬʦʨʤʘʮʠʿʝ 

ʦ ʘʤʧʣʠʪʫʜʠ ʠ ʬʘʟʠ RF ʩʠʛʥʘʣʘ. ʆʚʦ ʦʣʘʢʰʘʚʘ ʨʝʘʣʠʟʘʮʠʿʫ ʩʢʣʦʧʦʚʘ ʧʦʪʨʝʙʥʠʭ ʟʘ ʤʝʨʝˁʝ 

ʩʠʛʥʘʣʘ, ʿʝʨ ʩʫ ʧʦʜʝʰʝʥʠ ʜʘ ʨʘʜʝ ʥʘ ʿʝʜʥʦʿ ʫʯʝʩʪʘʥʦʩʪʠ, IFf , ʫʤʝʩʪʦ ʫ ʦʧʩʝʛʫ ʫʯʝʩʪʘʥʦʩʪʠ ʢʦʿʠ 

ʘʥʘʣʠʟʘʪʦʨ ʤʨʝʞʘ ʧʦʢʨʠʚʘ, RFmin RF RFmaxf f f¢ ¢ . IF ʩʠʛʥʘʣ ʩʝ ʥʘʿʧʨʝ ʧʨʦʧʫʰʪʘ ʢʨʦʟ ʬʠʣʪʘʨ 

ʧʨʦʧʫʩʥʠʢ ʦʧʩʝʛʘ ʫʯʝʩʪʘʥʦʩʪʠ, ʩʘ ʮʝʥʪʨʘʣʥʦʤ ʫʯʝʩʪʘʥʦʰ˂ʫ IFf  ʠ ʧʦʜʝʩʠʚʠʤ ʧʨʦʧʫʩʥʠʤ 

ʦʧʩʝʛʦʤ (bandwidth), ʯʠʤʝ ʩʝ ʧʦʚʝ˂ʘʚʘ ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʤʝʨʝˁʘ. ʇʦʪʦʤ ʩʝ IF ʩʠʛʥʘʣ 

ʜʠʛʠʪʘʣʠʟʫʿʝ ʫ ʘʥʘʣʦʛʥʦ-ʜʠʛʠʪʘʣʥʦʤ ʢʦʥʚʝʨʪʦʨʫ (ADC) ʠ ʜʘˀʝ ʩʝ ʚʨʰʠ ʜʠʛʠʪʘʣʥʘ ʦʙʨʘʜʘ 

ʩʠʛʥʘʣʘ (DSP). ɸʤʧʣʠʪʫʜʘ IF ʩʠʛʥʘʣʘ ʙʠ˂ʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʘʤʧʣʠʪʫʜʠ RF ʩʠʛʥʘʣʘ, ʩʘ 

ʧʦʟʥʘʪʠʤ ʢʦʝʬʠʮʠʿʝʥʪʥʦʤ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦʩʪʠ, ʧʘ ʿʝ ʿʝʜʥʦʩʪʘʚʥʦʠʟʤʝʨʠʪʠ ʿʝ. ʌʘʟʘ IF ʩʠʛʥʘʣʘ 

˂ʝ ʩʝ ʥʘʢʦʥ ʢʦʚʝʨʟʠʿʝ ʫʯʝʩʪʘʥʦʩʪʠ, ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ, ʧʨʦʤʝʥʠʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʬʘʟʫ RF ʩʠʛʥʘʣʘ. 

ʄʝʹʫʪʠʤ, ʪʘ ʧʨʦʤʝʥʘ ˂ʝ ʙʠʪʠ ʠʩʪʘ ʟʘ ʜʚʘ RF ʩʠʛʥʘʣʘ ʯʠʿʠ ʢʦʣʠʯʥʠʢ ʪʨʘʞʠʤʦ (A ʠ R ʧʨʠ ʤʝʨʝˁʫ 

ʨʝʬʣʝʢʩʠʿʝ, ʦʜʥʦʩʥʦ B ʠ R ʧʨʠ ʤʝʨʝˁʫ ʪʨʘʥʩʤʠʩʠʿʝ), ʧʘ ˂ʝ ʩʝ, ʧʨʠʣʠʢʦʤ ʧʦʜʝʣʝ ʢʦʤʧʣʝʢʩʥʠʭ 

ʧʨʝʜʩʪʘʚʥʠʢʘ ʪʘ ʜʚʘ ʩʠʛʥʘʣʘ, ʧʦʥʠʰʪʠʪʠ. ʉʫʰʪʠʥʩʢʠ, ʦʚʦ ʦʜʛʦʚʘʨʘ ʧʦʨʝʹʝˁʫ ʬʘʟʘ IF ʩʠʛʥʘʣʘ 

ʟʘ A (ʠʣʠ B) ʠ R ʩʠʛʥʘʣ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 1.3.3.1 ʟʘ ʚʝʢʪʦʨʩʢʫ ʜʝʪʝʢʮʠʿʫ.  

 

ʉʣʠʢʘ 1.3.3.3.  ʍʝʪʝʨʦʜʠʥʠ ʧʨʠʿʝʤʥʠʢ. 

ɿʘ ʤʝʰʘˁʝ RF ʠ LO ʩʠʛʥʘʣʘ ʢʦʨʠʩʪʝ ʩʝ ʤʠʢʩʝʨ, ʭʘʨʤʦʥʠʿʩʢʠ ʤʠʢʩʝʨ, ʠʣʠ ʩʝʤʧʣʝʨ. ʄʠʢʩʝʨ 

ʧʦʜʨʘʟʫʤʝʚʘ ʧʦʩʪʦʿʘˁʝ ʣʦʢʘʣʥʦʛ ʦʩʮʠʣʘʪʦʨʘ ʢʦʿʠ ʧʦʢʨʠʚʘ ʯʠʪʘʚ ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʦʧʩʝʛ ʨʘʜʘ 

ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ, ʦʜʥʦʩʥʦ RFmin IF LO RFmax IFf f f f f+ ¢ ¢ +. ʋ ʩʣʫʯʘʿʫ ʚʝʣʠʢʠʭ 

ʬʨʝʢʚʝʥʮʠʿʩʢʠʭ ʦʧʩʝʛʘ (ʘʥʘʣʠʟʘʪʦʨʠ ʤʨʝʞʘ, ʫ ʦʩʥʦʚʥʦʿ ʢʦʥʬʠʛʫʨʘʮʠʿʠ, ʤʦʛʫ ʜʘ ʨʘʜʝ ʜʦ 

110 GHz) ʨʝʰʝˁʝ ʩʘ ʤʠʢʩʝʨʦʤ ʤʦʞʝ ʜʘ ʙʫʜʝ ʚʝʦʤʘ ʩʢʫʧʦ ʨʝʰʝˁʝ (ʙʝʟ ʦʙʟʠʨʘ ʜʘ ʣʠ ʧʦʩʪʦʿʠ 

ʿʝʜʘʥ ʣʦʢʘʣʥʠ ʦʩʮʠʣʘʪʦʨ, ʢʦʿʠ ʧʦʢʨʠʚʘ ʯʠʪʘʚ ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʦʧʩʝʛ ʦʜ ʠʥʪʝʨʝʩʘ, ʠʣʠ ʧʦʩʪʦʿʠ 

ʚʠʰʝ ʣʦʢʘʣʥʠʭ ʦʩʮʠʣʘʪʦʨʘ ʩʘ ʤʘˁʠʤ ʬʨʝʢʚʝʥʮʠʿʩʢʠʤ ʦʧʩʝʛʦʤ). ʈʝʰʝˁʝ ʩʘ ʭʘʨʤʦʥʠʿʩʢʠʤ 

ʤʠʢʩʝʨʦʤ, ʠʣʠ ʩʘ ʩʝʤʧʣʝʨʦʤ (ʫʟ ʠʟʚʝʩʥʝ ʨʘʟʣʠʢʝ, ʢʦʿʠʤʘ ʩʝ ʦʚʜʝ ʥʝ ʙʘʚʠʤʦ), ʧʨʠʥʮʠʧʩʢʠ 

ʬʫʥʢʮʠʦʥʠʰʝ ʥʘ ʩʣʠʯʘʥ ʥʘʯʠʥ. ʅʘʠʤʝ, ʢʦʨʠʩʪʠ ʩʝ ʣʦʢʘʣʥʠ ʦʩʮʠʣʘʪʦʨ ʤʘʢʩʠʤʘʣʥʝ 

ʫʯʝʩʪʘʥʦʩʪʠ (ʟʥʘʪʥʦ) ʥʠʞʝ ʦʜ ʧʦʪʨʝʙʥʝ, ʧʘ ʩʝ ʢʦʨʠʰ˂ʝˁʝʤ ʥʝʣʠʥʝʘʨʥʠʭ ʝʣʝʤʝʥʘʪʘ (ʜʠʦʜʘ) 

ʛʝʥʝʨʠʰʫ ʭʘʨʤʦʥʠʮʠ ʩʠʛʥʘʣʘ ʦʩʥʦʚʥʝ ʫʯʝʩʪʘʥʦʩʪʠ, ʢʦʿʠ ʩʝ ʟʘʪʠʤ ʢʦʤʙʠʥʫʿʫ ʨʘʜʠ ʜʦʙʠʿʘˁʘ 
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ʧʦʪʨʝʙʥʝ LOf  ʫʯʝʩʪʘʥʦʩʪʠ. ʊʘʢʚʦ ʨʝʰʝˁʝ ʿʝ ʿʝʬʪʠʥʠʿʝ, ʘʣʠ ʩʤʘˁʫʿʝ ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ 

(ʭʘʨʤʦʥʠʮʠ ʠʤʘʿʫ ʤʘˁʝ ʩʥʘʛʝ ʦʜ ʦʩʥʦʚʥʦʛ ʩʠʛʥʘʣʘ) ʫ ʦʜʥʦʩʫ ʥʘ ʨʝʰʝˁʝ ʩʘ ʤʠʢʩʝʨʦʤ. 

ʋʢʦʣʠʢʦ ʥʘʤ ʠʟ ʥʝʢʦʛ ʨʘʟʣʦʛʘ ʥʝ ʪʨʝʙʘ ʤʝʨʝˁʝ ʘʨʛʫʤʝʥʪʘ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʨʝʬʣʝʢʩʠʿʝ ʠ 

ʪʨʘʥʩʤʠʩʠʿʝ, ʜʘ ʣʠ ʠʟʘʙʨʘʪʠ ʩʢʘʣʘʨʥʫ (ʜʠʦʜʥʠ ʜʝʪʝʢʪʦʨ) ʠʣʠ ʚʝʢʪʦʨʩʢʫ (ʭʝʪʝʨʦʜʠʥʠ 

ʧʨʠʿʝʤʥʠʢ) ʜʝʪʝʢʮʠʿʫ? ʈʝʰʝˁʝ ʩʘ ʜʠʦʜʥʠʤ ʜʝʪʝʢʪʦʨʦʤ ʿʝ ʿʝʬʪʠʥʠʿʝ, ʠ ʪʦ ʿʝ ʿʝʜʠʥʘ ʿʘʩʥʘ 

ʧʨʝʜʥʦʩʪ ʩʢʘʣʘʨʥʝ ʜʝʪʝʢʮʠʿʝ. ɼʠʦʜʥʠ ʜʝʪʝʢʪʦʨ ʦʤʦʛʫ˂ʘʚʘ ʰʠʨʦʢʦʧʦʿʘʩʥʫ ʜʝʪʝʢʮʠʿʫ (ʩʠʛʥʘʣʠ 

ʠʟ ʚʝʣʠʢʦʛ ʦʧʩʝʛʘ ʫʯʝʩʪʘʥʦʩʪʠ ʥʘ RF ʫʣʘʟʫ ˂ʝ ʜʦʧʨʠʥʝʪʠ ʠʟʣʘʟʥʦʤ DC ʩʠʛʥʘʣʫ, ʥʝ ʩʘʤʦ ʦʥʘʿ 

ʞʝˀʝʥʠ, ʥʘ ʫʯʝʩʪʘʥʦʩʪʠ RFf ), ʜʦʢ ʿʝ ʨʝʰʝˁʝ ʩʘ ʭʝʪʝʨʦʜʠʥʠʤ ʧʨʠʿʝʤʥʠʢʦʤ ʫʩʢʦʧʦʿʘʩʥʦ (ʟʙʦʛ 

IF ʬʠʣʪʨʘ). ɼʦʙʨʘ ʩʪʨʘʥʘ ʰʠʨʦʢʦʧʦʿʘʩʥʝ ʜʝʪʝʢʮʠʿʝ ʿʝ ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʿʝʜʥʦʩʪʘʚʥʦ ʤʝʨʝˁʝ 

ʩʢʣʦʧʦʚʘ ʢʦʿʠ ʧʦʤʝʨʘʿʫ ʫʯʝʩʪʘʥʦʩʪ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ, ʥʘ ʧʨʠʤʝʨ ʤʠʢʩʝʨʘ. ʂʦʜ ʚʝʢʪʦʨʩʢʝ 

(ʫʩʢʦʧʦʿʘʩʥʝ) ʜʝʪʝʢʮʠʿʝ, ʤʝʨʝˁʝ ʤʠʢʩʝʨʘ ʟʘʭʪʝʚʘ ʧʨʦʰʠʨʝˁʝ ʦʩʥʦʚʥʝ ʢʦʥʬʠʛʫʨʘʮʠʿʝ ʤʝʨʥʦʛ 

ʫʨʝʹʘʿʘ, ʰʪʦ ʜʦʜʘʪʥʦ ʢʦʰʪʘ. ʃʦʰʘ ʩʪʨʘʥʘ ʰʠʨʦʢʦʧʦʿʘʩʥʝ ʜʝʪʝʢʮʠʿʝ ʿʝ ʪʦ ʰʪʦ ʠʟʣʘʟʥʦʤ ʩʠʛʥʘʣʫ 

ʜʦʧʨʠʥʦʩʠ ʠ ʩʘʚ ʩʠʛʥʘʣ ʰʫʤʘ ʩʘ ʫʣʘʟʘ, ʫ (ʚʝʣʠʢʦʤ) ʧʨʦʧʫʩʥʦʤ ʦʧʩʝʛʫ ʜʝʪʝʢʪʦʨʘ, ʯʠʤʝ ʩʝ 

ʟʥʘʯʘʿʥʦ ʩʤʘˁʫʿʝ ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʤʝʨʝˁʘ. ʇʦʜ ʜʠʥʘʤʠʯʢʠʤ ʦʧʩʝʛʦʤ ʧʦʜʨʘʟʫʤʝʚʘʤʦ ʦʜʥʦʩ 

ʥʠʚʦʘ ʥʘʿʚʝ˂ʝʛ ʠ ʥʘʿʤʘˁʝʛ RF ʩʠʛʥʘʣʘ ʢʦʿʠ ʤʦʞʝʤʦ ʜʘ ʤʝʨʠʤʦ. ʅʘʿʚʝ˂ʠ ʩʠʛʥʘʣ ʦʛʨʘʥʠʯʝʥ ʿʝ 

ʩʥʘʛʦʤ ʩʠʛʥʘʣʘ ʠʟ ʠʟʚʦʨʘ, ʘ ʥʘʿʤʘˁʠ ʥʠʚʦʦʤ ʰʫʤʘ ʢʦʿʠ ʫʧʘʜʘ ʫ ʦʧʩʝʛ ʤʝʨʝˁʘ (ʦ ʰʫʤʫ ˂ʝ ʙʠʪʠ 

ʚʠʰʝ ʨʝʯʠ ʫ ʧʦʩʝʙʥʦʤ ʧʦʛʣʘʚˀʫ). ʂʦʜ ʩʢʘʣʘʨʥʝ ʜʝʪʝʢʮʠʿʝ ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʤʦʞʝʤʦ ʜʘ 

ʧʦʚʝ˂ʘʤʦ ʿʝʜʠʥʦ ʧʦʚʝ˂ʘˁʝʤ ʩʥʘʛʝ ʩʠʛʥʘʣʘ ʠʟ ʠʟʚʦʨʘ. ʂʦʜ ʫʩʢʦʧʦʿʘʩʥʝ ʜʝʪʝʢʮʠʿʝ ʥʘ 

ʨʘʩʧʦʣʘʛʘˁʫ ʩʫ ʥʘʤ ʿʦʰ ʜʚʘ ʥʘʯʠʥʘ ʜʘ ʧʦʚʝ˂ʘʤʦ ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ: ʩʤʘˁʝˁʝʤ ʧʨʦʧʫʩʥʦʛ 

ʦʧʩʝʛʘ IF ʬʠʣʪʨʘ ʠ ʫʩʨʝʜˁʘʚʘˁʝʤ. ʀʟʙʦʨ ʧʨʦʧʫʩʥʦʛ ʦʧʩʝʛʘ IF ʬʠʣʪʨʘ ʿʝ ʢʦʤʧʦʨʤʠʩ ʠʟʤʝʹʫ 

ʜʠʥʘʤʠʯʢʦʛ ʦʧʩʝʛʘ ʠ ʙʨʟʠʥʝ ʤʝʨʝˁʘðʤʘˁʠ ʧʨʦʧʫʩʥʠ ʦʧʩʝʛ (IF bandwidth) ʩʤʘˁʫʿʝ ʥʠʚʦ ʰʫʤʘ 

ʢʦʿʠ ʤʝʨʠʤʦ ʠ ʪʠʤʝ ʧʦʚʝ˂ʘʚʘ ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ, ʘʣʠ ʠʩʪʦʚʨʝʤʝʥʦ ʧʨʦʜʫʞʘʚʘ ʚʨʝʤʝ ʪʨʘʿʘˁʘ 

ʤʝʨʝˁʘ. ʆʧʪʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʧʨʦʧʫʩʥʦʛ ʦʧʩʝʛʘ IF ʬʠʣʪʨʘ ʟʘʚʠʩʠ ʦʜ ʢʦʥʢʨʝʪʥʦʛ ʤʝʨʝˁʘ, ʘʣʠ 

ʟʘ ʚʝ˂ʠʥʫ ʧʨʠʤʝʥʘ 1 kHz ʿʝ ʜʦʙʨʘ ʧʦʯʝʪʥʘ ʚʨʝʜʥʦʩʪ. ʋʩʨʝʜˁʘʚʘˁʝʤ ʩʝ ʫʟʠʤʘ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 

ʠʟ n ʫʟʘʩʪʦʧʥʠʭ ʤʝʨʝˁʘ. ʋʩʨʝʜˁʘʚʘˁʝ ʥʝ ʫʪʠʯʝ ʥʘ RF ʩʠʛʥʘʣ (ʿʝʨ ʩʝ ʦʥ ʥʝ ʤʝˁʘ ʪʦʢʦʤ ʤʝʨʝˁʘ), 

ʘʣʠ ʦʯʝʢʫʿʝʤʦ ʜʘ ʩʤʘˁʠ ʥʠʚʦ ʰʫʤʘ, ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʩʪʘʪʠʩʪʠʯʢʫ ʧʨʠʨʦʜʫ ʰʫʤʘ (ʬʘʟʝ ʫʟʠʤʘʿʫ 

ʩʣʫʯʘʿʥʝ ʚʨʝʜʥʦʩʪʠ). ʇʦʨʝʜ ʙʦˀʝʛ ʜʠʥʘʤʠʯʢʦʛ ʦʧʩʝʛʘ, ʫʩʢʦʧʦʿʘʩʥʘ ʜʝʪʝʢʮʠʿʘ ʫʩʧʝʰʥʦ 

ʧʦʪʠʩʢʫʿʝ ʭʘʨʤʦʥʠʢʝ ʠ ʥʝʨʝʛʫʣʘʨʥʝ ʩʠʛʥʘʣʝ ʧʦʙʫʜʥʦʛ ʛʝʥʝʨʘʪʦʨʘ, ʰʪʦ ʥʠʿʝ ʩʣʫʯʘʿ ʢʦʜ 

ʰʠʨʦʢʦʧʦʿʘʩʥʝ ʜʝʪʝʢʮʠʿʝ. ʈʘʟʣʠʢʘ ʠʟʤʝʹʫ ʰʠʨʦʢʦʧʦʿʘʩʥʝ ʠ ʫʩʢʦʧʦʿʘʩʥʝ ʜʝʪʝʢʮʠʿʝ ʧʨʠ ʤʝʨʝˁʫ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʘʥʩʤʠʩʠʿʝ ʬʠʣʪʨʘ ʧʨʦʧʫʩʥʠʢʘ ʦʧʩʝʛʘ ʫʯʝʩʪʘʥʦʩʪʠ ʠʣʫʩʪʨʦʚʘʥʘ ʿʝ ʥʘ 

ʩʣʠʮʠ 1.3.3.4. ʉʢʘʣʘʨʥʠ ʘʥʘʣʠʟʘʪʦʨ ʤʨʝʞʘ ʠʤʧʨʦʚʠʟʦʚʘʥ ʿʝ ʫ ʦʢʚʠʨʫ ʩʪʫʜʝʥʪʩʢʦʛ ʜʠʧʣʦʤʩʢʦʛ 

ʨʘʜʘ [32]. ʉʘ ʩʣʠʢʝ ʩʝ ʚʠʜʠ ʜʘ ʿʝ ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʧʨʠ ʰʠʨʦʢʦʧʦʿʘʩʥʦʿ ʜʝʪʝʢʮʠʿʠ ʦʢʦ 64 dB, ʠ 

ʜʘ ʩʝ ʟʙʦʛ ʪʦʛʘ ʥʝ ʤʦʞʝ ʠʟʤʝʨʠʪʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʘʥʩʤʠʩʠʿʝ ʥʠʞʠ ʦʜ 64 dB- . ʇʨʠ 

ʫʩʢʦʧʦʿʘʩʥʦʿ ʜʝʪʝʢʮʠʿʠ ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʿʝ ʦʢʦ 100 dB. ʅʘ ʥʠʚʦʠʤʘ ʠʩʧʦʜ 90 dB-  ʚʠʜʠ ʩʝ 

ʟʥʘʯʘʿʥʠʿʝ ʧʨʠʩʫʩʪʚʦ ʰʫʤʘ, ʜʘ ʙʠ ʥʘ ʥʠʚʦʠʤʘ ʠʩʧʦʜ 100 dB-  (ʟʘ ʫʯʝʩʪʘʥʦʩʪʠ ʚʝ˂ʝ ʦʜ 1,4 GHz) 

ʰʫʤ ʧʦʩʪʘʦ ʜʦʚʦˀʥʦ ʚʝʣʠʢʠ ʜʘ ʤʘʩʢʠʨʘ ʤʝʨʝʥʠ RF ʩʠʛʥʘʣ. ʂʦʜ ʰʠʨʦʢʦʧʦʿʘʩʥʝ ʜʝʪʝʢʮʠʿʝ 

ʧʨʠʤʝ˂ʫʿʝʤʦ ʧʨʠʩʫʩʪʚʦ ʥʝʨʝʛʫʣʘʨʥʠʭ ʦʜʟʠʚʘ ʥʘ ʫʯʝʩʪʘʥʦʩʪʠʤʘ ʠʩʧʦʜ 0,5 GHz. ʅʘ ʦʩʥʦʚʫ ʦʚʦʛ 

ʧʨʠʤʝʨʘ ʤʦʞʝʤʦ ʟʘʢˀʫʯʠʪʠ ʜʘ ʰʠʨʦʢʦʧʦʿʘʩʥʘ ʜʝʪʝʢʮʠʿʘ ʥʠʿʝ ʦʧʮʠʿʘ ʟʘ ʤʝʨʝˁʝ ʩʢʣʦʧʦʚʘ ʯʠʿʠ 

ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ (ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ ʠʣʠ ʪʨʘʥʩʤʠʩʠʿʝ) ʧʨʝʚʘʟʠʣʘʟʠ 60 dB, ʢʦʣʠʢʦ 

ʪʠʧʠʯʥʦ ʠʟʥʦʩʠ ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʧʨʠ ʰʠʨʦʢʦʧʦʿʘʩʥʦʿ ʜʝʪʝʢʮʠʿʠ. ʊʘʢʦʹʝ, ʫʩʢʦʧʦʿʘʩʥʘ 

ʜʝʪʝʢʮʠʿʘ ʥʫʜʠ ʪʝʭʥʠʢʝ ʟʘ ʢʦʨʝʢʮʠʿʫ ʛʨʝʰʢʠ ʤʝʨʝˁʘ ʢʦʿʝ ʥʝ ʧʦʩʪʦʿʝ ʢʦʜ ʰʠʨʦʢʦʧʦʿʘʩʥʝ 
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ʜʝʪʝʢʮʠʿʝ, ʰʪʦ ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʤʝʨʝˁʘ ʫʩʢʦʧʦʿʘʩʥʦʤ ʜʝʪʝʢʮʠʿʦʤ ʤʦʞʝ ʧʦʚʝ˂ʘʪʠ ʠ ʥʘ 120 dB. 

ʆ ʢʦʨʝʢʮʠʿʠ ʛʨʝʰʘʢʘ ʤʝʨʝˁʘ ʚʠʰʝ ˂ʝʤʦ ʛʦʚʦʨʠʪʠ ʫ ʥʘʩʪʘʚʢʫ. 

 

ʉʣʠʢʘ 1.3.3.4.  ʋʩʢʦʧʦʿʘʩʥʘ ʠ ʰʠʨʦʢʦʧʦʿʘʩʥʘ ʜʝʪʝʢʮʠʿʘ ʧʨʠ ʤʝʨʝˁʫ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʘʥʩʤʠʩʠʿʝ ʬʠʣʪʨʘ 

ʧʨʦʧʫʩʥʠʢʘ ʦʧʩʝʛʘ ʫʯʝʩʪʘʥʦʩʪʠ. 

1.3.4 ʆʙʨʘʜʘ ʠ ʧʨʠʢʘʟ ʧʦʜʘʪʘʢʘ 

ɼʝʦ ʟʘ ʦʙʨʘʜʫ ʠ ʧʨʠʢʘʟ ʧʦʜʘʪʘʢʘ ʥʘ ʦʩʥʦʚʫ ʠʟʤʝʨʝʥʠʭ ʩʠʛʥʘʣʘ R, A ʠ B, ʠʟʨʘʯʫʥʘʚʘ 

s-ʧʘʨʘʤʝʪʨʝ ʠʣʠ ˁʠʤʘ ʩʨʦʜʥʝ ʚʝʣʠʯʠʥʝ ʠ ʧʨʠʢʘʟʫʿʝ ʠʭ ʥʘ ʝʢʨʘʥʫ ʫʨʝʹʘʿʘ. ʄʦʜʝʨʥʠ 

ʘʥʘʣʠʟʘʪʦʨʠ ʤʨʝʞʘ ʢʘʦ ʩʘʩʪʘʚʥʠ ʜʝʦ ʩʘʜʨʞʝ ʧʝʨʩʦʥʘʣʥʠ ʨʘʯʫʥʘʨ, ʧʘ ʩʝ ʦʙʨʘʜʘ ʥʘʤʝʥʩʢʠʤ 

ʩʦʬʪʚʝʨʦʤ ʚʨʰʠ ʥʘʜ ʜʠʛʠʪʘʣʠʟʦʚʘʥʠʤ ʧʦʜʘʮʠʤʘ ʤʝʨʝˁʘ ʠ ʧʨʠʢʘʟʫʿʝ ʥʘ LCD ʝʢʨʘʥʠʤʘ 

ʘʥʘʣʠʟʘʪʦʨʘ (ʢʦʿʠ ʩʫ ʯʝʩʪʦ ʦʩʝʪˀʠʚʠ ʥʘ ʜʦʜʠʨ, ʰʪʦ ʜʦʜʘʪʥʦ ʦʣʘʢʰʘʚʘ ʨʘʜ). ʅʘʤʝʥʩʢʠ ʩʦʬʪʚʝʨ, 

ʦʤʦʛʫ˂ʘʚʘ ʧʦʜʝʰʘʚʘˁʝ ʩʚʠʭ ʧʘʨʘʤʝʪʘʨʘ ʤʝʨʝˁʘ, ʧʦʜʝʰʘʚʘˁʝ ʥʘʯʠʥʘ ʢʦʨʝʢʮʠʿʝ ʛʨʝʰʢʝ 

(ʢʘʣʠʙʨʘʮʠʿʝ), ʧʨʠʢʘʟ ʠʟʤʝʨʝʥʠʭ s-ʧʘʨʘʤʝʪʘʨʘ ʫ ʞʝˀʝʥʦʤ ʬʦʨʤʘʪʫ ʥʘ LCD ʝʢʨʘʥʠʤʘ, ʠʣʠ 

ˁʠʭʦʚʦ ʩʥʠʤʘˁʝ ʥʘ ʠʥʪʝʨʥʫ ʠʣʠ ʝʢʩʪʝʨʥʫ ʤʝʤʦʨʠʿʫ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ.  

ɸʥʘʣʠʟʘʪʦʨ ʤʨʝʞʘ ʦʤʦʛʫ˂ʘʚʘ ʠ ʧʦʚʝʟʠʚʘˁʝ ʩʘ ʝʢʩʪʝʨʥʠʤ ʨʘʯʫʥʘʨʦʤ, ʢʦʿʠ ʤʦʞʝ ʫʧʨʘʚˀʘʪʠ 

ʤʝʨʥʠʤ ʧʦʩʪʫʧʢʦʤ. ʅʘ ʧʨʠʤʝʨ, ʘʥʘʣʠʟʘʪʦʨ ʤʨʝʞʘ PNA N5227A ʥʫʜʠ ʜʚʘ ʤʦʜʝʣʘ ʟʘ ʫʜʘˀʝʥʠ 

ʧʨʠʩʪʫʧ: COM (Component Object Model) ʠ SCPI (Standard Commands for Programmable 

Instruments). ɺʝʟʘ ʩʝ ʦʩʪʚʘʨʫʿʝ ʧʫʪʝʤ ʩʪʘʥʜʘʨʜʠʟʦʚʘʥʦʛ GPIB (General Purpose Interface Bus) 

ʧʨʠʢˀʫʯʢʘ ʠʣʠ ʧʫʪʝʤ LAN (Local Area Network) ʧʨʠʢˀʫʯʢʘ. ɿʘ GPIB ʧʦʩʪʦʿʝ ʥʘʤʝʥʩʢʠ GPIB-

USB ʘʜʘʧʪʝʨʠ, ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʥʘʿʚʝ˂ʠ ʜʝʦ ʧʦʩʣʘ ʫ ʚʝʟʠ ʩʘ ʧʦʚʝʟʠʚʘˁʝʤ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʠ 

ʝʢʩʪʝʨʥʦʛ ʨʘʯʫʥʘʨʘ ʠ ʦʩʪʘʚˀʘʿʫ ʢʦʨʠʩʥʠʢʫ ʜʘ ʫ ʩʢʨʠʧʪ ʿʝʟʠʢʫ, ʧʨʝʜʚʠʹʝʥʦʤ ʟʘ ʢʦʥʢʨʝʪʥʠ 

ʘʥʘʣʠʟʘʪʦʨ ʤʨʝʞʘ, ʠʩʧʠʰʝ ʞʝˀʝʥʠ ʩʢʫʧ ʥʘʨʝʜʙʠ. ʇʦʚʝʟʠʚʘˁʝ ʧʫʪʝʤ LAN ʧʨʠʢˀʫʯʢʘ ʟʘʭʪʝʚʘ 

ʦʜ ʢʦʨʠʩʥʠʢʘ ʠʟʚʝʩʥʦ ʧʦʟʥʘʚʘˁʝ ʦʙʿʝʢʪʥʦʛ ʤʦʜʝʣʘ ʘʥʘʣʠʟʘʪʦʨʘ, ʘʣʠ ʥʝ ʟʘʭʪʝʚʘ ʜʦʜʘʪʥʠ 

ʭʘʨʜʚʝʨ ʠ ʦʤʦʛʫ˂ʘʚʘ ʥʝʰʪʦ ʜʠʨʝʢʪʥʠʿʠ ʧʨʠʩʪʫʧ ʩʚʠʤ ʢʦʤʘʥʜʘʤʘ. ʀʟʤʝʨʝʥʠ ʧʦʜʘʮʠ ʤʦʛʫ ʩʝ 

ʧʨʝʫʟʝʪʠ ʩʘ ʚʠʰʝ ʤʝʩʪʘ ʫ ʣʘʥʮʫ ʦʙʨʘʜʝ ʧʦʜʘʪʘʢʘ, ʥʧʨ. ʧʨʝ ʠʣʠ ʧʦʩʣʝ ʢʘʣʠʙʨʘʮʠʿʝ, ʧʨʝ ʠʣʠ 

ʧʦʩʣʝ ʫʩʨʝʜˁʘʚʘˁʘ, ʧʨʝ ʠʣʠ ʧʦʩʣʝ ʬʦʨʤʘʪʠʨʘˁʘ ʠ ʩʣʠʯʥʦ. 
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ʀʟʤʝʨʝʥʠ s-ʧʘʨʘʤʝʪʨʠ ʤʦʛʫ ʙʠʪʠ ʧʨʠʢʘʟʘʥʠ ʫ ʧʨʘʚʦʫʛʘʦʥʦʤ ʠʣʠ ʧʦʣʘʨʥʦʤ ʢʦʦʨʜʠʥʘʪʥʦʤ 

ʩʠʩʪʝʤʫ, ʢʘʦ ʠ ʫ ʉʤʠʪʦʚʦʤ ʜʠʿʘʛʨʘʤʫ. ʋ ʧʨʘʚʦʫʛʘʦʥʦʤ ʢʦʦʨʜʠʥʘʪʥʦʤ ʩʠʩʪʝʤʫ ʩʝ ʦʙʠʯʥʦ 

ʢʦʨʠʩʪʠ ʧʨʠʢʘʟ ʤʦʜʫʣʘ ʫ ʣʦʛʘʨʠʪʘʤʩʢʦʿ ʨʘʟʤʝʨʠ (ʢʘʦ ʥʘ ʩʣʠʮʠ 1.3.3.4), ʘʢʦ ʿʝ ʫ ʧʠʪʘˁʫ 

ʢʦʝʬʠʮʠʿʝʥʪ ʨʝʬʣʝʢʩʠʿʝ ʘʣʪʝʨʥʘʪʠʚʥʦ ʩʝ ʤʦʞʝ ʛʣʝʜʘʪʠ ʠ ʢʦʝʬʠʮʠʿʝʥʪ ʩʪʦʿʝ˂ʠʭ ʪʘʣʘʩʘ, ʘ ʢʦʜ 

ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʪʨʘʥʩʤʠʩʠʿʝ ʤʦʞʝ ʙʠʪʠ ʦʜ ʠʥʪʝʨʝʩʘ ʠ ˁʝʛʦʚ ʘʨʛʫʤʝʥʪ ʠʣʠ ʛʨʫʧʥʦ ʢʘʰˁʝˁʝ. 

ʊʘʢʦʹʝ, ʤʦʛʫ˂ʝ ʿʝ ʧʨʠʢʘʟʘʪʠ ʠ ʨʝʘʣʥʠ ʠ ʠʤʘʛʠʥʘʨʥʠ ʜʝʦ ʧʦʩʤʘʪʨʘʥʦʛ s-ʧʘʨʘʤʝʪʨʘ. ʋ ʧʦʣʘʨʥʦʤ 

ʩʠʩʪʝʤʫ ʩʝ ʩʪʘʥʜʘʨʜʥʦ ʧʨʠʢʘʟʫʿʫ ʤʦʜʫʣ (ʫ ʣʠʥʝʘʨʥʦʿ ʠʣʠ ʣʦʛʘʨʠʪʘʤʩʢʦʿ ʨʘʟʤʝʨʠ) ʠ ʘʨʛʫʤʝʥʪ  

ʧʦʩʤʘʪʨʘʥʦʛ s-ʧʘʨʘʤʝʪʨʘ, ʜʦʢ ʿʝ ʧʨʠʢʘʟ ʫ ʉʤʠʪʦʚʦʤ ʜʠʿʘʛʨʘʤʫ ʪʨʘʜʠʮʠʦʥʘʣʥʦ ʟʥʘʯʘʿʘʥ ʟʘ 

ʤʠʢʨʦʪʘʣʘʩʥʝ ʠʥʞʝˁʝʨʝ. ʅʘ ʝʢʨʘʥʫ ʩʝ ʠʩʪʦʚʨʝʤʝʥʦ ʤʦʞʝ ʧʨʠʢʘʟʘʪʠ ʚʠʰʝ ʨʘʟʣʠʯʠʪʠʭ 

s-ʧʘʨʘʤʝʪʘʨʘ ʫ ʦʜʘʙʨʘʥʦʤ ʬʦʨʤʘʪʫ, ʠ ʪʦ ʢʘʢʦ ʦʥʠʭ ʢʦʿʠ ʩʝ ʪʨʝʥʫʪʥʦ ʤʝʨʝ ʪʘʢʦ ʠ ʦʥʠʭ ʨʘʥʠʿʝ 

ʤʝʤʦʨʠʩʘʥʠʭ ʫ ʘʥʘʣʠʟʘʪʦʨʫ ʤʨʝʞʘ (ʦʙʠʯʥʦ ʩʘʤʦ ʿʝʜʘʥ ʪʘʢʘʚ), ʰʪʦ ʦʣʘʢʰʘʚʘ ʧʦʨʝʹʝˁʝ 

ʨʝʟʫʣʪʘʪʘ. 

1.4 ʉʢʘʣʘʨʥʠ ʘʥʘʣʠʟʘʪʦʨ ʤʨʝʞʘ 

ʋ ʜʘʥʘʰˁʝ ʚʨʝʤʝ, ʟʙʦʛ ʩʚʦʿʠʭ ʙʨʦʿʥʠʭ ʧʨʝʜʥʦʩʪʠ ʠ ʩʚʝ ʧʦʚʦˀʥʠʿʝ ʮʝʥʝ, ʚʝʢʪʦʨʩʢʠ 

ʘʥʘʣʠʟʘʪʦʨʠ ʤʨʝʞʘ ʩʫ ʧʨʝʫʟʝʣʠ ʧʨʠʤʘʪ ʥʘʜ ʩʢʘʣʘʨʥʠʤ ʘʥʘʣʠʟʘʪʦʨʠʤʘ. ʄʝʹʫʪʠʤ, ʫʢʦʣʠʢʦ ʥʠʿʝ 

ʜʦʩʪʫʧʘʥ ʚʝʢʪʦʨʩʢʠ ʘʥʘʣʠʟʘʪʦʨ ʤʨʝʞʘ, ʘ ʜʦʩʪʫʧʥʝ ʩʫ ʧʦʿʝʜʠʥʝ ʥʝʟʘʚʠʩʥʝ ʢʦʤʧʦʥʝʥʪʝ ʟʘ 

ʤʝʨʝˁʝ, ʠʤʧʨʦʚʠʟʦʚʘˁʝ ʩʢʘʣʘʨʥʦʛ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʤʦʞʝ ʙʠʪʠ ʧʨʠʭʚʘʪˀʠʚʘ ʦʧʮʠʿʘ. 

ɹʣʦʢ ʰʝʤʘ ʩʢʘʣʘʨʥʦʛ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 1.4.1. ɿʘ ʩʢʣʘʧʘˁʝ ʦʚʝ 

ʧʦʩʪʘʚʢʝ ʧʦʪʨʝʙʥʠ ʩʫ ʠʟʚʦʨ, ʜʚʘ ʫʩʤʝʨʝʥʘ ʩʧʨʝʞˁʘʢʘ, ʪʨʠ ʜʝʪʝʢʪʦʨʘ ʠ ʨʘʯʫʥʘʨ ʢʦʿʠʤ ʩʝ 

ʫʧʨʘʚˀʘ ʤʝʨʥʠʤ ʧʨʦʮʝʩʦʤ. ʂʘʦ ʠʟʚʦʨ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʙʠʣʦ ʢʦʿʠ ʛʝʥʝʨʘʪʦʨ 

ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʠʭ ʩʠʛʥʘʣʘ. ʋʤʝʩʪʦ ʫʩʤʝʨʝʥʦʛ ʩʧʨʝʞˁʘʢʘ, ʟʘ ʠʟʜʚʘʿʘˁʝ ʩʠʛʥʘʣʘ R ʤʦʞʝ ʩʝ 

ʢʦʨʠʩʪʠʪʠ ʠ ʨʘʟʜʝʣʥʠʢ ʩʥʘʛʝ ʩʘ ʜʚʘ ʦʪʧʦʨʥʠʢʘ, ʘ ʟʘ ʠʟʜʚʘʿʘˁʝ ʩʠʛʥʘʣʘ A ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʠ 

ʫʩʤʝʨʝʥʠ ʤʦʩʪ. ʋʤʝʩʪʦ ʜʠʦʜʥʠʭ ʜʝʪʝʢʪʦʨʘ, ʤʦʛʫ ʩʝ ʢʦʨʠʩʪʠʪʠ ʩʝʥʟʦʨʠ ʩʥʘʛʝ. ʄʝʨʝˁʝ ʩʝ ʤʦʞʝ 

ʠʟʚʨʰʠʪʠ ʠ ʩʘ ʿʝʜʥʠʤ ʜʝʪʝʢʪʦʨʦʤ, ʘʣʠ ʪʘʜʘ ʿʝ ʧʦʪʨʝʙʥʦ ʧʨʝʦʩʪʘʣʝ ʧʦʨʪʦʚʝ ʥʘʤʝˁʝʥʝ 

ʧʨʠʢˀʫʯʝˁʫ ʜʝʪʝʢʪʦʨʘ ʟʘʪʚʦʨʠʪʠ ʧʨʠʣʘʛʦʹʝˁʝʤ, ʠ ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʚʨʰʠʪʠ ʚʠʰʝ ʤʝʨʝˁʘ (ʥʧʨ. 

ʟʘ ʤʝʨʝˁʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ ʧʦʪʨʝʙʥʦ ʿʝ ʥʘʿʧʨʝ ʠʟʚʨʰʠʪʠ ʤʝʨʝˁʝ ʩʠʛʥʘʣʘ R, ʧʘ ʟʘʪʠʤ 

ʤʝʨʝˁʝ ʩʠʛʥʘʣʘ A). 

ʇʦʰʪʦ ʩʫ ʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ R, A ʠ B ʥʝʥʝʛʘʪʠʚʥʠ ʨʝʘʣʥʠ ʙʨʦʿʝʚʠ, ʢʦʨʝʢʮʠʿʘ ʛʨʝhʢʝ ʧʨʠ 

ʤʝʨʝˁʫ ʫ ʩʣʫʯʘʿʫ ʩʢʘʣʘʨʥʦʛ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʩʚʦʜʠ ʩʝ ʥʘ ʥʦʨʤʘʣʠʟʘʮʠʿʫ. ʇʨʠ ʤʝʨʝˁʫ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ, ʥʘʿʧʨʝ ʩʝ ʚʨʰʠ ʪʟʚ. ʢʘʣʠʙʨʘʮʠʦʥʦ ʤʝʨʝˁʝ, ʛʜʝ ʩʝ ʥʘ ʤʝʩʪʦ DUT-ʘ 

ʚʝʟʫʿʝ ʩʢʣʦʧ ʧʦʟʥʘʪʦʛ ʤʦʜʫʣʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ, 11cal_ts  ʠ ʠʟʤʝʨʠ ʩʝ ˁʝʛʦʚ ʤʦʜʫʣ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ, 11cal_ms  (ʢʦʿʘ ˂ʝ ʩʝ, ʟʙʦʛ ʥʝʩʘʚʨʰʝʥʦʩʪʠ ʤʝʨʥʝ ʧʦʩʪʘʚʢʝ, ʨʘʟʣʠʢʦʚʘʪʠ 

ʦʜ 11cal_ts ). ɿʘʪʠʤ ʩʝ ʚʨʰʠ ʤʝʨʝˁʝ ʤʦʜʫʣʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ DUT-ʘ, 11DUT_ms , ʘ 

ʢʦʨʠʛʦʚʘʥʫ ʚʨʝʜʥʦʩʪ ʪʝ ʚʝʣʠʯʠʥʝ ʜʦʙʠʿʘʤʦ ʢʘʦ 11DUT_t 11DUT_m 11cal_t 11cal_ms s s s= . ʆʙʠʯʥʦ ʧʨʠ 

ʢʘʣʠʙʨʘʮʠʦʥʦʤ ʤʝʨʝˁʫ ʚʝʟʫʿʝʤʦ ʢʨʘʪʘʢ ʩʧʦʿ ʠ ʫʩʚʘʿʘʤʦ 11cal_t 1s =. ʇʨʠ ʤʝʨʝˁʫ ʪʨʘʥʩʤʠʩʠʿʝ, 

ʢʘʣʠʙʨʘʮʠʦʥʠʤ ʤʝʨʝˁʝ ʩʢʣʦʧʘ ʧʦʟʥʘʪʦʛ ʤʦʜʫʣʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʘʥʩʤʠʩʠʿʝ, 21cal_ts , ʜʦʙʠʿʘʤʦ 

ʠʟʤʝʨʝʥʫ ʚʨʝʜʥʦʩʪ 21cal_ms , ʧʘ ʩʝ ʧʦʤʦ˂ʫ ʠʟʤʝʨʝʥʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʘʥʩʤʠʩʠʿʝ DUT-ʘ, 21DUT_ms , 

ʜʦʙʠʿʘ ʢʦʨʠʛʦʚʘʥʘ ʚʨʝʜʥʦʩʪ 21DUT_t 21DUT_m 21cal_t 21cal_ms s s s= . ʆʙʠʯʥʦ ʧʨʠ ʢʘʣʠʙʨʘʮʠʦʥʦʤ ʤʝʨʝˁʫ 

ʢʦʨʠʩʪʠʤʦ ʜʠʨʝʢʪʘʥ ʩʧʦʿ (ʠʟʤʝʹʫ ʧʨʠʢˀʫʯʘʢʘ ʥʘ ʢʦʿʝ ʩʝ ʧʦʚʝʟʫʿʝ DUT) ʠ ʫʩʚʘʿʘʤʦ 21cal_t 1s = . 



22 
 

 

ʉʣʠʢʘ 1.4.1.  ɹʣʦʢ ʰʝʤʘ ʩʢʘʣʘʨʥʦʛ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ. 

1.5 ʊʝʩʪ ʩʝʪ 

ʉʠʩʪʝʤ ʟʘ ʨʘʟʜʚʘʿʘˁʝ ʩʠʛʥʘʣʘ ʥʘʟʠʚʘ ʩʝ ʪʝʩʪ ʩʝʪ. ʋ ʧʨʚʦʙʠʪʥʠʤ ʚʝʢʪʦʨʩʢʠʤ ʘʥʘʣʠʟʘʪʦʨʠʤʘ 

ʤʨʝʞʘ ʪʝʩʪ ʩʝʪ ʿʝ ʙʠʦ ʧʦʩʝʙʥʘ ʢʦʤʧʦʥʝʥʪʘ, ʜʦʢ ʿʝ ʫ ʤʦʜʝʨʥʠʤ ʘʥʘʣʠʟʘʪʦʨʠʤʘ ʤʨʝʞʘ ʠʥʪʝʛʨʠʩʘʥ 

ʫ ʟʘʿʝʜʥʠʯʢʦ ʢʫ˂ʠʰʪʝ ʩʘ ʦʩʪʘʣʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ. ʈʘʟʣʠʢʫʿʝʤʦ ʜʚʝ ʚʨʩʪʝ ʪʝʩʪ ʩʝʪʦʚʘ: ʢʦʜ ʧʨʚʦʛ 

ʩʝ ʧʦʙʫʜʥʠ ʩʠʛʥʘʣ ʧʨʦʩʣʝʹʫʿʝ ʩʘʤʦ ʥʘ ʿʝʜʘʥ ʧʦʨʪ (T/RðTransmission/Reflection ʪʝʩʪ ʩʝʪ), ʘ ʢʦʜ 

ʜʨʫʛʦʛ ʩʝ ʧʦʙʫʜʥʠ ʩʠʛʥʘʣ ʧʨʦʩʣʝʹʫʿʝ ʩʘʤʦ ʥʘ ʦʙʘ ʧʦʨʘ (S-parameter ʪʝʩʪ ʩʝʪ). ɹʣʦʢ ʰʝʤʘ 

ʜʚʦʧʦʨʪʥʦʛ ʚʝʢʪʦʨʩʢʦʛ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʩʘ T/R ʪʝʩʪ ʩʝʪʦʤ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 1.5.1ʘ, ʘ 

ʙʣʦʢ ʰʝʤʘ ʚʝʢʪʦʨʩʢʦʛ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʩʘ S-parameter ʪʝʩʪ ʩʝʪʦʤ ʥʘ ʩʣʠʮʠ 1.5.1ʙ.  

ʘ)    ʙ)  

ʉʣʠʢʘ 1.5.1.  ɹʣʦʢ ʰʝʤʘ ʜʚʦʧʦʨʪʥʦʛ ʚʝʢʪʦʨʩʢʦʛ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʩʘ ʘ) T/R ʪʝʩʪ ʩʝʪʦʤ ʠ 

ʙ) S-parameter ʪʝʩʪ ʩʝʪʦʤ. 
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T/R ʪʝʩʪ ʩʝʪ ʩʝ ʧʨʠʤʝˁʫʿʝ ʟʙʦʛ ʫʰʪʝʜʝ. ʅʠʿʝ ʧʦʪʨʝʙʘʥ ʧʨʝʢʣʦʧʥʠʢ ʠʣʠ ʩʚʠʯ (switch) ʟʘ 

ʧʨʦʩʣʝʹʠʚʘˁʝ ʩʠʛʥʘʣʘ ʥʘ ʧʨʦʠʟʚʦˀʥʠ ʧʦʨʪ, ʥʠʩʫ ʥʝʦʧʭʦʜʥʠ ʫʩʤʝʨʝʥʠ ʩʧʨʝʞˁʘʮʠ ʥʘ ʧʦʨʪʫ ʥʘ 

ʢʦʿʠ ʩʝ ʥʝ ʧʨʦʩʣʝʹʫʿʝ ʧʦʙʫʜʘ ʠ, ʢʘʦ ʰʪʦ ʚʠʜʠʤʦ ʩʘ ʩʣʠʢʝ, ʠʤʘ ʪʨʠ ʧʨʠʿʝʤʥʠʢʘ, ʫʤʝʩʪʦ ʯʝʪʠʨʠ 

ʢʦʜ ʨʝʰʝˁʝʤ ʩʘ S-parameter ʪʝʩʪ ʩʝʪʦʤ. ʂʘʢʦ ʩʝ ʦʚʘ ʫʰʪʝʜʘ ʦʜʨʘʞʘʚʘ ʫ ʧʨʘʢʪʠʯʥʦʤ ʨʘʜʫ? ʇʨʝ 

ʩʚʝʛʘ, ʫ ʿʝʜʥʦʤ ʤʝʨʝˁʫ ʜʚʦʧʦʨʪʥʦʛ ʩʢʣʦʧʘ (DUT-ʘ) ʤʦʛʫ˂ʝ ʿʝ ʠʟʤʝʨʠʪʠ ʩʘʤʦ ʜʚʘ ˁʝʛʦʚʘ s-

ʧʘʨʘʤʝʪʨʘ. ɼʘ ʙʠʩʤʦ ʜʦʙʠʣʠ ʧʨʝʦʩʪʘʣʘ ʜʚʘ s-ʧʘʨʘʤʝʪʨʘ, ʧʦʙʫʜʘ ʤʦʨʘ ʜʘ ʩʝ ʧʨʝʤʝʩʪʠ ʥʘ ʜʨʫʛʠ 

ʧʦʨʪ, ʘ ʪʦ ʿʝ ʦʚʜʝ ʤʦʛʫ˂ʝ ʩʘʤʦ ʠʩʢˀʫʯʠʚʘˁʝʤ DUT-ʘ ʩʘ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʠ ˁʝʛʦʚʠʤ 

ʧʦʥʦʚʥʠʤ ʧʨʠʢˀʫʯʠʚʘˁʝʤ ʩʘ ʦʙʨʥʫʪʠʤ ʨʝʜʦʩʣʝʜʦʤ ʧʦʨʪʦʚʘ. ɼʘʢʣʝ, ʧʦʚʝ˂ʘʚʘ ʩʝ ʦʙʠʤ ʧʦʩʣʘ ʠ 

ʪʨʘʿʘˁʝ ʤʝʨʝˁʘ. ʆʥʦ ʰʪʦ ʥʠʿʝ ʪʦʣʠʢʦ ʦʯʠʛʣʝʜʥʦ ʿʝ ʜʘ ʘʥʘʣʠʟʘʪʦʨ ʤʨʝʞʘ ʩʘ T/R ʪʝʩʪ ʩʝʪʦʤ ʥʝ 

ʤʦʞʝ ʜʘ ʫʨʘʜʠ ʢʦʨʝʢʮʠʿʫ ʛʨʝʰʢʝ ʩʘ ʪʘʯʥʦʰ˂ʫ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʩʘ S-parameter ʪʝʩʪ ʩʝʪʦʤ, ʦ 

ʯʝʤʫ ˂ʝ ʪʝʢ ʙʠʪʠ ʨʝʯʠ. ʂʦʜ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʩʘ S-parameter ʪʝʩʪ ʩʝʪʦʤ ʩʚʘ ʯʝʪʠʨʠ s-

ʧʘʨʘʤʝʪʨʘ ʜʚʦʧʦʨʪʥʦʛ ʩʢʣʦʧʘ ʤʦʞʝʤʦ ʠʟʤʝʨʠʪʠ ʙʝʟ ʦʙʨʪʘˁʘ ʧʦʨʪʦʚʘ, ʫ (ʫʩʣʦʚʥʦ ʨʝʯʝʥʦ) 

ʿʝʜʥʦʤ ʤʝʨʝˁʫ. ɼʘ ʙʠʩʤʦ ʧʨʠʤʝʥʠʣʠ ʥʘʿʪʘʯʥʠʿʝ ʧʦʩʪʫʧʢʝ ʟʘ ʦʪʢʣʘˁʘˁʝ ʛʨʝʰʢʠ ʤʝʨʝˁʘ, 

ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʧʦʩʪʦʿʝ ʜʚʘ ʧʨʠʿʝʤʥʠʢʘ ʟʘ ʤʝʨʝˁʝ R ʩʠʛʥʘʣʘ, 1R  ʠ 2R , ʢʘʦ ʥʘ ʩʣʠʮʠ 1.5.1ʙ. ʅʘ 

ʧʨʝʜˁʝʤ ʧʘʥʝʣʫ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʛʨʘʬʠʯʢʠ ʿʝ ʦʟʥʘʯʝʥʘ ʚʨʩʪʘ ˁʝʛʦʚʦʛ ʪʝʩʪ ʩʝʪʘ. 

1.6 ʂʦʘʢʩʠʿʘʣʥʠ ʢʘʙʣʦʚʠ, ʢʦʥʝʢʪʦʨʠ ʠ ʘʜʘʧʪʝʨʠ 

ɿʘ ʧʦʚʝʟʠʚʘˁʝ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʠ ʪʝʩʪʠʨʘʥʦʛ ʫʨʝʹʘʿʘ (DUT-ʘ), ʢʘʦ ʠ ʜʨʫʛʠʭ ʩʢʣʦʧʦʚʘ ʫ 

ʤʝʨʥʦʿ ʧʦʩʪʘʚʮʠ, ʦʙʠʯʥʦ ʩʝ ʢʦʨʠʩʪʝ ʢʦʘʢʩʠʿʘʣʥʠ ʢʘʙʣʦʚʠ. ʇʦʜ ʢʦʘʢʩʠʿʘʣʥʠʤ ʢʘʙʣʦʤ 

ʧʦʜʨʘʟʫʤʝʚʘ˂ʝʤʦ ʢʦʤʘʜ (ʤʘˁʝ ʠʣʠ ʚʠʰʝ ʩʘʚʠʪˀʠʚʦʛ) ʢʦʘʢʩʠʿʘʣʥʦʛ ʚʦʜʘ, ʢʦʿʠ ʥʘʤʝʥʩʢʠ 

ʢʦʨʠʩʪʠʤʦ ʟʘ ʧʦʚʝʟʠʚʘˁʝ ʩʢʣʦʧʦʚʘ ʧʨʠ ʤʝʨʝˁʠʤʘ. ʈʘʜʠ ʣʘʢʦʛ ʤʝʹʫʩʦʙʥʦʛ ʩʧʘʿʘˁʘ, ʠ ʩʢʣʦʧʦʚʠ 

ʠ ʢʘʙʣʦʚʠ ʟʘʚʨʰʝʥʠ ʩʫ ʢʦʘʢʩʠʿʘʣʥʠʤ ʢʦʥʝʢʪʦʨʠʤʘ. ʂʦʥʝʢʪʦʨʠ ʩʫ ʤʝʭʘʥʠʯʢʠ ʨʦʙʫʩʥʠ 

ʧʨʠʢˀʫʯʮʠ ʢʦʿʠ ʧʦʩʝʜʫʿʫ ʿʝʜʥʦʩʪʘʚʥʝ ʤʝʭʘʥʠʟʤʝ ʟʘ ʤʝʹʫʩʦʙʥʦ ʩʧʘʿʘˁʝ, ʘ ʫ ʮʠˀʫ ʦʩʪʚʘʨʠʚʘˁʘ 

ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʥʪʘʢʪʘ ʢʦʿʠ ˂ʝ ʤʠʥʠʤʘʣʥʦ ʥʘʨʫʰʠʪʠ ʧʨʦʩʪʠʨʘˁʝ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʦʛ ʪʘʣʘʩʘ 

ʢʨʦʟ ʩʧʦʿ. ʇʦʨʪʦʚʠ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʨʝʘʣʠʟʦʚʘʥʠ ʩʫ ʧʫʪʝʤ ʢʦʘʢʩʠʿʘʣʥʠʭ ʢʦʥʝʢʪʦʨʘ 

ʧʨʝʜʚʠʹʝʥʠʭ ʟʘ ʨʘʜ ʫ ʟʘʜʘʪʦʤ ʬʨʝʢʚʝʥʮʠʿʩʢʦʤ ʦʧʩʝʛʫ. ʋʨʝʹʘʿ ʯʠʿʝ s-ʧʘʨʘʤʝʪʨʝ ʤʝʨʠʤʦ ʪʘʢʦʹʝ 

ʪʨʝʙʘ ʜʘ ʠʤʘ ʢʦʘʢʩʠʿʘʣʥʝ ʢʦʥʝʢʪʦʨʝðʫʢʦʣʠʢʦ ʥʠʿʝ ʧʨʝʜʚʠʹʝʥ ʩʘ ʨʘʜ ʩʘ ʢʦʥʝʢʪʦʨʠʤʘ, ʧʦʪʨʝʙʥʦ 

ʿʝ ʩʤʝʩʪʠʪʠ ʛʘ ʫ ʤʝʨʥʦ ʢʫ˂ʠʰʪʝ ʩʘ ʢʦʥʝʢʪʦʨʠʤʘ (fixture). 

 

ʉʣʠʢʘ 1.6.1.  ʂʦʘʢʩʠʿʘʣʥʠ ʚʦʜ, ʠʩʝʯʘʢ ʩʘ ʜʠʤʝʥʟʠʿʘʤʘ. 

ʂʦʘʢʩʠʿʘʣʥʠ ʚʦʜ ʩʝ ʫ ʦʩʥʦʚʥʦʿ ʢʦʥʬʠʛʫʨʘʮʠʿʠ ʩʘʩʪʦʿʠ ʠʟ ʮʠʣʠʥʜʨʠʯʥʦʛ ʫʥʫʪʨʘʰˁʝʛ 

ʧʨʦʚʦʜʥʠʢʘ ʠ ˁʝʤʫ ʢʦʘʢʩʠʿʘʣʥʦʛ ʩʧʦˀʘʰˁʝʛ ʰʫʧˀʝʛ ʧʨʦʚʦʜʥʠʢʘ, ʠʟʤʝʹʫ ʢʦʿʠʭ ʩʝ ʥʘʣʘʟʠ 

ʜʠʝʣʝʢʪʨʠʢ, ʢʘʦ ʥʘ ʩʣʠʮʠ 1.6.1. ʆʙʠʯʥʦ ʩʝ ʧʦʣʫʧʨʝʯʥʠʢ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʫʥʫʪʨʘʰˁʝʛ 
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ʧʨʦʚʦʜʥʠʢʘ ʦʟʥʘʯʘʚʘ ʩʘ a, ʘ ʫʥʫʪʨʘʰˁʠ ʧʦʣʫʧʨʝʯʥʠʢ ʩʧʦˀʘʰˁʝʛ ʧʨʦʚʦʜʥʠʢʘ ʩʘ b . ɼʫʞ 

ʢʦʢʘʩʠʿʘʣʥʦʛ ʚʦʜʘ ʩʝ ʚʝ˂ ʦʜ DC ʫʯʝʩʪʘʥʦʩʪʠ ʧʨʦʩʪʠʨʫ ʪʨʘʥʩʚʝʨʟʘʣʥʠ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʠ (TEM) 

ʪʘʣʘʩʠ, ʘʣʠ ʩʝ, ʧʨʠ ʜʦʚʦˀʥʦ ʚʠʩʦʢʦʿ ʫʯʝʩʪʘʥʦʩʪʠ, ʧʨʦʩʪʠʨʫ ʠ ʜʨʫʛʠ ʪʠʧʦʚʠ ʪʘʣʘʩʘ (ʚʠʰʠ 

ʤʦʜʦʚʠ). ʇʨʦʩʪʠʨʘˁʝ ʚʠʰʠʭ ʤʦʜʦʚʘ ʥʠʿʝ ʜʦʧʫʩʪʠʚʦ, ʿʝʨ ʠʥʪʝʨʬʝʨʝʥʮʠʿʘ ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʦʚʘ 

ʜʦʚʦʜʠ ʜʦ ʥʝʧʨʝʜʚʠʜʠʚʠʭ ʝʬʝʢʘʪʘ, ʧʨʝ ʩʚʝʛʘ ʜʦ ʚʝʣʠʢʠʭ ʛʫʙʠʪʘʢʘ ʠ ʚʝʣʠʢʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ 

ʨʝʬʣʝʢʩʠʿʝ, ʧʘ ʚʦʜ ʧʦʩʪʘʿʝ ʥʝʫʧʦʪʨʝʙˀʠʚ. ʋʯʝʩʪʘʥʦʩʪ ʧʨʠ ʢʦʿʦʿ ʜʦʣʘʟʠ ʜʦ ʧʨʦʩʪʠʨʘˁʘ ʧʨʚʦʛ 

ʚʠʰʝʛ ʤʦʜʘ (11T ) ʜʫʞ ʢʦʘʢʩʠʿʘʣʥʦʛ ʚʦʜʘ (ʢʨʠʪʠʯʥʘ ʫʯʝʩʪʘʥʦʩʪðcutoff frequency), ʜʦʙʠʿʘ ʩʝ ʠʟ 

ʠʟʨʘʟʘ: 
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ʛʜʝ ʿʝ 0c  ʙʨʟʠʥʘ ʩʚʝʪʣʦʩʪʠ ʫ ʚʘʢʫʫʤʫ, ʘ re ʨʝʣʘʪʠʚʥʘ ʧʝʨʤʠʪʠʚʥʦʩʪ ʜʠʝʣʝʢʪʨʠʢʘ ʚʦʜʘ. ʊʠʧʠʯʥʦ 

ʩʝ ʢʘʦ ʤʘʪʝʨʠʿʘʣ ʟʘ ʜʠʝʣʝʢʪʨʠʢ ʢʦʜ ʢʦʤʝʨʮʠʿʘʣʥʦ ʨʘʩʧʦʣʦʞʠʚʠʭ ʢʦʘʢʩʠʿʘʣʥʠʭ ʢʘʙʣʦʚʘ ʢʦʨʠʩʪʠ 

ʪʝʬʣʦʥ, ʯʠʿʘ ʿʝ ʚʨʝʜʥʦʩʪ ʨʝʣʘʪʠʚʥʝ ʧʝʨʤʠʪʠʚʥʦʩʪʠ ʦʢʦ 2. ɾʘʨʛʦʥʩʢʠ ʢʘʞʝʤʦ ʜʘ ʢʦʘʢʩʠʿʘʣʥʠ 

ʚʦʜ Ăʨʘʜʠñ ʜʦ ʫʯʝʩʪʘʥʦʩʪʠ ʜʘʪʝ ʠʟʨʘʟʦʤ (1.6.1), ʥʘ ʦʩʥʦʚʫ ʢʦʿʝʛ (ʠʟʨʘʟʘ) ʩʣʝʜʠ ʜʘ ʩʫ ʥʘʤ ʟʘ 

ʚʠʰʝ ʨʘʜʥʝ ʫʯʝʩʪʘʥʦʩʪʠ ʧʦʪʨʝʙʥʠ ʢʦʘʢʩʠʿʘʣʥʠ ʚʦʜʦʚʠ ʤʘˁʠʭ ʜʠʤʝʥʟʠʿʘ a  ʠ b . ʇʨʠ ʪʦʤʝ, 

ʧʦʪʨʝʙʘʥ ʿʝ ʦʜʥʦʩ a  ʠ b  ʪʘʢʘʚ ʜʘ ʩʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʠʤʧʝʜʘʥʩʘ ʢʦʘʢʩʠʿʘʣʥʦʛ ʚʦʜʘ, ʜʘʪʘ 

ʠʟʨʘʟʦʤ (ʩʤʘʪʨʘ˂ʝʤʦ ʜʘ ʿʝ ʙʨʟʠʥʘ ʩʚʝʪʣʦʩʪʠ ʫ ʚʘʢʫʫʤʫ 
8

0 3 10 m sc = Ö ): 

 c

r

60
ln

b
Z

a

W
=
e

, (1.6.2) 

ʙʫʜʝ ʿʝʜʥʘʢʘ ʥʦʤʠʥʘʣʥʦʿ ʠʤʧʝʜʘʥʩʠ, ʢʦʿʘ ʿʝ ʫ ʥʘʰʝʤ ʩʣʫʯʘʿʫ 50 ʦʤʘ. ʇʨʠ ʠʟʙʦʨʫ ʜʠʤʝʥʟʠʿʘ 

ʢʦʘʢʩʠʿʘʣʥʦʛ ʚʦʜʘ ʧʨʦʠʟʚʦʹʘʯʠ ʚʦʜʝ ʨʘʯʫʥʘ ʠ ʦ ʛʫʙʠʮʠʤʘ ʠ ʤʘʢʩʠʤʘʣʥʦ ʧʨʝʥʦʩʠʚʦʿ ʩʥʘʟʠ. 

ʊʝʦʨʠʿʩʢʠ, ʩʘʤʦ ʢʦʝʬʠʮʠʿʝʥʪ ʩʣʘʙˀʝˁʘ ʫ ʧʨʦʚʦʜʥʠʮʠʤʘ ʚʦʜʘ ʟʘʚʠʩʠ ʦʜ ʜʠʤʝʥʟʠʿʘ 

ʢʦʘʢʩʠʿʘʣʥʦʛ ʚʦʜʘ, ʠ ʜʘʪ ʿʝ ʠʟʨʘʟʦʤ: 
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ʛʜʝ ʿʝ s ʩʧʝʮʠʬʠʯʥʘ ʧʨʦʚʦʜʥʦʩʪ ʧʨʦʚʦʜʥʠʢʘ ʚʦʜʘ, f  ʨʘʜʥʘ ʫʯʝʩʪʘʥʦʩʪ, ʘ 0m  ʧʝʨʤʝʘʙʠʣʥʦʩʪ 

ʚʘʢʫʫʤʘ. ʉʥʘʛʘ ʢʦʿʘ ʩʝ ʤʦʞʝ ʧʨʝʥʦʩʠʪʠ ʢʦʘʢʩʠʿʘʣʥʠʤ ʚʦʜʦʤ ʦʛʨʘʥʠʯʝʥʘ ʿʝ ʿʘʯʠʥʦʤ 

ʝʣʝʢʪʨʠʯʥʦʛ ʧʦʘˀ ʧʨʠ ʢʦʿʦ ʿʜʦʣʘʟʠ ʜʦ ʧʨʦʙʦʿʘ ʜʠʝʣʝʢʪʨʠʢʘ ʚʦʜʘ, krE . ʊʘ ʩʥʘʛʘ ʜʘʪʘ ʿʝ ʠʟʨʘʟʦʤ: 
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ʄʘʢʩʠʤʘʣʥʘ ʩʥʘʛʘ ʜʦʙʠʿʘ ʩʝ ʢʘʜʘ ʿʝ 1,649b a= , ʫ ʢʦʤ ʩʣʫʯʘʿʫ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʠʤʧʝʜʘʥʩʘ 

ʢʦʘʢʩʠʿʘʣʥʦʛ ʚʦʜʘ, ʟʘ ʚʘʟʜʫʰʥʠ ʜʠʝʣʝʢʪʠʢ, ʠʟʥʦʩʠ c 30Z = W. ʄʠʥʠʤʫʤ ʢʦʝʬʠʮʠʿʝʥʪʘ 

ʩʣʘʙˀʝˁʘ ʜʦʙʠʿʘ ʩʝ ʢʘʜʘ ʿʝ 3,591b a= , ʫ ʢʦʤ ʩʣʫʯʘʿʫ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʠʤʧʝʜʘʥʩʘ 

ʢʦʘʢʩʠʿʘʣʥʦʛ ʚʦʜʘ ʟʘ ʚʘʟʜʫʰʥʠ ʜʠʝʣʝʢʪʠʢ ʠʟʥʦʩʠ c 76,7Z = W. ɺʠʜʠʤʦ ʜʘ ʿʝ ʫ ʢʦʤʝʨʮʠʿʘʣʥʦʤ 
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ʩʤʠʩʣʫ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʘ ʠʤʧʝʜʘʥʩʘ ʚʦʜʦʚʘ (ʠ, ʛʝʥʝʨʘʣʥʦ, ʩʠʩʪʝʤʘ), ʦʜ 50 ʦʤʘ, ʠʟʤʝʹʫ ʦʚʝ ʜʚʝ 

ʚʨʝʜʥʦʩʪʠ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʠʤʧʝʜʘʥʩʠ. ɼʨʫʛʘ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʘ ʠʤʧʝʜʘʥʩʘ, ʦʜ 75 ʦʤʘ, 

ʢʦʨʠʩʪʠ ʩʝ ʧʨʝʚʘʩʭʦʜʥʦ ʫ ʢʘʙʣʦʚʩʢʦʿ ʪʝʣʝʚʠʟʠʿʠ. 

ʆʩʥʦʚʥʘ ʧʦʜʝʣʘ ʢʦʘʢʩʠʿʘʣʥʠʭ ʢʘʙʣʦʚʘ ʧʦ ʤʝʭʘʥʠʯʢʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʿʝ ʥʘ ʩʘʚʠʪˀʠʚʝ 

(flexible), ʧʦʣʫʢʨʫʪʝ (semi-rigid) ʠ ʢʨʫʪʝ (rigid). ʋ ʤʠʢʨʦʪʘʣʘʩʥʠʤ ʤʝʨʝˁʠʤʘ ʥʘʿ ʯʝʰ˂ʝ ʩʝ 

ʢʦʨʠʩʪʝ ʩʘʚʠʪˀʠʚʠ ʢʘʙʣʦʚʠ, ʨʘʜʠ ʣʘʢʰʝʛ ʧʦʚʝʟʠʚʘˁʘ ʤʝʨʥʠʭ ʠ ʪʝʩʪʠʨʘʥʠʭ ʫʨʝʹʘʿʘ ʫ 

ʨʘʟʣʠʯʠʪʠʤ ʢʦʥʬʠʛʫʨʘʮʠʿʘʤʘ. ɸʢʦ ʿʝ ʧʦʪʨʝʙʥʘ ʥʘʿʚʠʰʘ ʩʘʚʠʪˀʠʚʦʩʪ, ʫʥʫʪʨʘʰˁʠ ʧʨʦʚʦʜʥʠʢ 

ʩʘʯʠˁʝʥ ʿʝ ʦʜ ʚʝ˂ʝʛ ʙʨʦʿʘ ʪʘʥʢʠʭ ʧʨʦʚʦʜʥʠʢʘ, ʙʣʘʛʦ ʩʧʠʨʘʣʥʦ ʫʚʠʿʝʥʠʭ (stranded), ʘ ʜʠʝʣʝʢʪʨʠʢ 

ʿʝ ʩʘʯʠˁʝʥ ʦʜ ʧʦʣʠʝʪʠʣʝʥʩʢʝ ʧʝʥʝ (PE foam). ʋ ʧʨʦʪʠʚʥʦʤ, ʢʦʨʠʩʪʠ ʩʝ ʧʫʥ ʫʥʫʪʨʘʰˁʠ ʙʘʢʘʨʥʠ 

ʧʨʦʚʦʜʥʠʢ ʠ ʪʝʬʣʦʥʩʢʠ (PTFE) ʜʠʝʣʝʢʪʨʠʢ, ʢʦʿʠ ʦʙʝʟʙʝʹʫʿʫ ʥʝʰʪʦ ʙʦˀʝ ʝʣʝʢʪʨʠʯʥʝ ʦʩʦʙʠʥʝ, 

ʧʦ ʮʝʥʫ ʤʘˁʝ ʩʘʚʠʪˀʠʚʦʩʪʠ. ʉʧʦˀʘʰˁʠ ʧʨʦʚʦʜʥʠʢ ʿʝ ʦʙʠʯʥʦ ʦʜ ʫʧʣʝʪʥʝ ʞʠʮʝ (braided) ʠʣʠ 

ʫʧʣʝʪʝʥʠʭ ʤʝʪʘʣʥʠʭ ʪʨʘʢʘ (woven). ʄʦʞʝ ʙʠʪʠ ʩʘʯʠˁʝʥ ʠ ʠʟ ʚʠʰʝ ʩʣʦʿʝʚʘ ʠ ʦʙʝʟʙʝʹʫʿʝ ʠ 

ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʫ ʠʟʦʣʘʮʠʿʫ (shielding), ʧʨʝʤʜʘ ʥʝ ʩʘʚʨʰʝʥʫ (ʟʙʦʛ ʩʚʦʿʝ ʫʧʣʝʪʝʥʝ ʩʪʨʫʢʪʫʨʝ). 

ɽʣʝʢʪʨʦʤʘʛʥʝʪʩʢʘ ʠʟʦʣʘʮʠʿʘ ʧʦʜʨʘʟʫʤʝʚʘ ʩʧʨʝʯʘʚʘˁʝ ʩʧʦˀʘʰˁʝʛ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ ʜʘ 

ʧʨʦʜʨʝ ʫ ʢʦʘʢʩʠʿʘʣʥʠ ʢʘʙʣ, ʢʘʦ ʠ ʩʧʨʝʯʘʚʘˁʝ ʜʘ ʩʝ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʦ ʧʦˀʝ ʢʦʿʝ ʧʦʩʪʦʿʠ ʫ ʢʘʙʣʫ 

ʧʨʝʥʝʩʝ ʫ ʩʧʦˀʰˁʫ ʩʨʝʜʠʥʫ. ʅʘ ʢʨʘʿʫ, ʧʨʝʢʦ ʩʧʦˀʘʰˁʝʛ ʧʨʦʚʦʜʥʠʢʘ ʧʦʩʪʘʚˀʝʥ ʿʝ ʟʘʰʪʠʪʥʠ 

ʦʤʦʪʘʯ ʦʜ ʧʣʘʩʪʠʯʥʦʛ ʤʘʪʝʨʠʿʘʣʘ. ʉʘʚʠʿʘˁʝʤ ʩʝ ʤʦʛʫ ʥʘʨʫʰʠʪʠ ʝʣʝʢʪʨʠʯʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʢʘʙʣʘ, ʰʪʦ ʿʝ ʠʥʭʝʨʝʥʪʥʠ ʥʝʜʦʩʪʘʪʘʢ ʦʚʝ ʚʨʩʪʝ ʢʘʙʣʦʚʘ. ʇʦʣʫʢʨʫʪʠ ʢʦʘʢʩʠʿʘʣʥʠ ʢʘʙʣʦʚʠ ʠʤʘʿʫ 

ʩʧʦˀʘʰˁʠ ʦʤʦʪʘʯ ʫ ʚʠʜʫ ʤʝʪʘʣʥʝ ʮʝʚʠ, ʯʠʤʝ ʦʙʝʟʙʝʹʫʿʫ ʛʦʪʦʚʦ ʩʘʚʨʰʝʥʫ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʫ 

ʟʘʰʪʠʪʫ ʠ ʧʦʩʪʦʿʘʥʝ ʝʣʝʢʪʨʠʯʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ (ʟʙʦʛ ʥʝʧʨʦʤʝʥˀʠʚʦʛ ʨʘʩʪʦʿʘˁʘ ʠʟʤʝʹʫ ʦʩʝ 

ʫʥʫʪʨʘʰˁʝʛ ʧʨʦʚʦʜʥʠʢʘ ʠ ʨʘʟʜʚʦʿʥʝ ʧʦʚʨʰʠ ʜʠʝʣʝʢʪʨʠʢʘ ʠ ʩʧʦˀʘʰˁʝʛ ʧʨʦʚʦʜʥʠʢʘ). 

ʇʦʣʫʢʨʫʪʠ ʧʨʦʚʦʜʥʠʮʠ ʩʝ ʦʙʠʯʥʦ ʩʘʚʠʿʘʿʫ ʩʘʤʦ ʿʝʜʥʦʤ, ʧʨʠʣʠʢʦʤ ʤʦʥʪʘʞʝ, ʢʦʨʠʰ˂ʝˁʝʤ 

ʥʘʤʝʥʩʢʠʭ ʘʣʘʪʘ. ʋ ʧʦʩʣʝʜˁʝ ʚʨʝʤʝ ʩʝ ʫʤʝʩʪʦ ʧʦʣʫʢʨʫʪʠʭ ʢʘʙʣʦʚʘ ʢʦʨʠʩʪʝ ʪʟʚ. 

ʧʦʣʫʩʘʚʠʪˀʠʚʠ ʢʘʙʣʦʚʠ (hand formable, conformable), ʢʦʿʠ ʠʤʘʿʫ ʩʘʚʠʪˀʠʚʠʿʠ ʩʧʦˀʘʰˁʠ 

ʧʨʦʚʦʜʥʠʢ, ʯʠʤʝ ʧʦʩʪʠʞʫ ʚʝ˂ʫ ʬʣʝʢʩʠʙʠʣʥʦʩʪ (ʤʦʛʫ ʩʝ ʩʘʚʠʿʘʪʠ ʨʫʢʦʤ), ʫʟ ʥʝʰʪʦ ʤʘˁʫ 

ʤʝʭʘʥʠʯʢʫ ʧʦʩʪʦʿʘʥʦʩʪ ʠ ʥʝʰʪʦ ʩʣʘʙʠʿʝ ʝʣʝʢʪʨʠʯʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ, ʘʣʠ ʠ ʥʝʰʪʦ ʥʠʞʫ ʮʝʥʫ ʫ 

ʦʜʥʦʩʫ ʥʘ ʧʦʣʫʢʨʫʪʝ ʢʘʙʣʦʚʝ. ʂʦʜ ʢʨʫʪʠʭ ʢʦʘʢʩʠʿʘʣʥʠʭ ʢʘʙʣʦʚʘ ʧʨʦʚʦʜʥʠʮʠ ʩʫ ʜʚʝ ʤʝʪʘʣʥʝ 

ʮʝʚʠ, ʠʟʤʝʹʫ ʢʦʿʠʭ ʿʝ ʥʘ ʦʜʨʝʹʝʥʠʤ ʨʘʩʪʦʿʘˁʠʤʘ ʧʦʩʪʘʚˀʝʥʘ ʪʝʬʣʦʥʩʢʘ ʧʦʪʧʦʨʘ. ʂʦʨʠʩʪʝ ʩʝ 

ʢʘʜʘ ʿʝ ʧʦʪʨʝʙʘʥ ʧʨʝʥʦʩ ʚʝʣʠʢʠʭ ʩʥʘʛʘ, ʨʝʜʘ ʩʪʦʪʠʥʘ ʢʠʣʦʚʘʪʘ. ʋ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʤʝʨʝˁʠʤʘ 

ʢʨʫʪʠ ʢʦʘʢʩʠʿʘʣʥʠ ʚʦʜ ʩʝ ʢʦʨʠʩʪʠ ʫ ʚʠʜʫ ʧʨʦʨʝʟʘʥʦʛ ʚʦʜʘ, ʟʘ ʤʝʨʝˁʝ ʥʝʧʦʟʥʘʪʝ ʠʤʧʝʜʘʥʩʝ 

ʘʥʘʣʠʟʦʤ ʩʪʦʿʝ˂ʝʛ ʪʘʣʘʩʘ ʥʘ ʚʦʜʫ. ʀʟʙʦʨ ʢʘʙʣʦʚʘ ʿʝ ʟʥʘʪʥʦ ʦʣʘʢʰʘʥ ʧʦʩʪʦʿʘˁeʤ ʪʘʢʦʟʚʘʥʦʛ RG 

(Radio Guide) ʩʪʘʥʜʘʨʜʘ ʟʘ ʢʘʙʣʦʚʝ, ʢʦʿʠʤ ʩʫ ʦʧʠʩʘʥʝ ʝʣʝʢʪʨʠʯʥʝ ʠ ʤʝʭʘʥʠʯʢʝ ʦʩʦʙʠʥʝ 

ʢʦʢʘʩʠʿʘʣʥʠʭ ʢʘʙʣʦʚʘ ʠ ʢʦʿʠ ʚʘʞʝ ʟʘ ʩʚʝ ʧʨʦʠʟʚʦʹʘʯʝ. 

ʎʝʥʘ ʩʘʚʠʪˀʠʚʠʭ ʢʘʙʣʦʚʘ ʤʦʞʝ ʜʘ ʚʘʨʠʨʘ ʠ ʟʘ ʚʠʰʝ ʦʜ ʿʝʜʥʦʛ ʨʝʜʘ ʚʝʣʠʯʠʥʝ ʫ ʟʘʚʠʩʥʦʩʪʠ 

ʦʜ ʤʘʢʩʠʤʘʣʥʝ ʨʘʜʥʝ ʫʯʝʩʪʘʥʦʩʪʠ, ʤʠʥʠʤʘʣʥʦʛ ʩʣʘʙˀʝˁʘ, ʤʘʢʩʠʤʘʣʥʦ ʜʦʧʫʩʪʠʚʝ ʩʥʘʛʝ, 

ʠʟʦʣʘʮʠʿʝ ʠ ʤʠʥʠʤʘʣʥʦ ʜʦʧʫʩʪʠʚʦʛ ʨʘʜʠʿʫʩʘ ʩʘʚʠʿʘˁʘ (ʧʨʠ ʢʦʿʝʤ ʥʝ ʜʦʣʘʟʠ ʜʦ ʦʰʪʝ˂ʝˁʘ 

ʢʘʙʣʘ). ʊʠʧʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʩʣʘʙˀʝˁʘ ʚʘʨʠʨʘʿʫ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʫʯʝʩʪʘʥʦʩʪʠ, ʧʘ ʤʦʛʫ ʜʘ ʠʜʫ ʦʜ 

ʠʩʧʦʜ 0,5 dB/m ʥʘ ʫʯʝʩʪʘʥʦʩʪʠ 1 GHz, ʜʦ ʧʨʝʢʦ ʜʚʘʜʝʩʝʪ dB/m ʥʘ ʫʯʝʩʪʘʥʦʩʪʠ 110 GHz. 

ʀʟʦʣʘʮʠʿʘ ʦʙʠʯʥʦ ʠʟʥʦʩʠ ʩʪʦʪʠʥʘʢ dB. ʇʦʣʫʢʨʫʪʠ ʠ ʧʦʣʫʩʘʚʠʪˀʠʚʠ ʢʘʙʣʦʚʠ ʩʫ ʧʦ ʧʨʘʚʠʣʫ 

ʩʢʫʧˀʠ ʦʜ ʩʘʚʠʪˀʠʚʠʭ ʢʦʘʢʩʠʿʘʣʥʠʭ ʢʘʙʣʦʚʘ, ʪʝ ʿʝ ʧʦʪʨʝʙʥʦ ʧʘʞˀʠʚʦ ʨʘʟʤʦʪʨʠʪʠ ʝʢʦʥʦʤʩʢʫ 

ʦʧʨʘʚʜʘʥʦʩʪ ˁʠʭʦʚʝ ʫʧʦʪʨʝʙʝ. ʇʦʨʝʜ ʢʦʘʢʩʠʿʘʣʥʠʭ ʢʘʙʣʦʚʘ, ʢʦʤʝʨʮʠʿʘʣʥʦ ʩʫ ʜʦʩʪʫʧʥʠ ʠ 

ʢʦʘʢʩʠʿʘʣʥʠ ʢʘʙʣʦʚʠ ʩʘ ʬʘʙʨʠʯʢʠ ʫʛʨʘʹʝʥʠʤ ʢʦʥʝʢʪʦʨʠʤʘ (cable assembly). ʊʠʤʝ ʩʝ ʦʙʝʟʙʝʹʫʿʝ 

ʦʧʪʠʤʘʣʘʥ ʝʣʝʢʪʨʠʯʥʠ ʠ ʤʝʭʘʥʠʯʢʠ ʢʚʘʣʠʪʝʪ ʢʘʙʣʦʚʘ. ʂʘʙʣʦʚʠ ʩʘ ʬʘʙʨʠʯʢʠ ʫʛʨʘʹʝʥʠʤ 
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ʢʦʥʝʢʪʦʨʠʤʘ ʥʘʿʚʠʰʠʭ ʧʝʨʬʦʨʤʘʥʩʠ ʦʙʠʯʥʦ ʫ ʩʚʦʤ ʥʘʟʠʚʫ ʠʤʘʿʫ ʠ ʨʝʯ Ăʧʨʝʮʠʟʥʠñ (precission), 

ʢʦʿʘ ʛʦʚʦʨʠ ʜʘ ʩʫ ʥʘʤʝˁʝʥʠ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʤʝʨʝˁʠʤʘ ʢʦʿʘ ʟʘʭʪʝʚʘʿʫ ʥʘʿʚʝ˂ʫ ʤʦʛʫ˂ʫ ʪʘʯʥʦʩʪ. 

ʊʘʢʚʠ ʢʘʙʣʦʚʠ ʠʤʘʿʫ ʠ ʟʥʘʯʘʿʥʦ ʚʝ˂ʫ ʮʝʥʫ ʫ ʦʜʥʦʩʫ ʥʘ ʢʘʙʣʦʚʝ ʟʘ Ăʩʪʘʥʜʘʨʜʥʝñ ʧʨʠʤʝʥʝ. 

ʇʨʝʤʜʘ ʠʤʘ ʤʥʦʛʦ ʚʨʩʪʘ ʢʦʘʢʩʠʿʘʣʥʠʭ ʢʦʥʝʢʪʦʨʘ, ʦʚʜʝ ˂ʝʤʦ ʩʝ ʙʘʚʠʪʠ ʧʨʝʚʘʩʭʦʜʥʦ ʦʥʠʤʘ 

ʢʦʿʝ ʧʦʢʨʠʚʘ ʩʪʘʥʜʘʨʜ ʟʘ ʧʨʝʮʠʟʥʝ ʢʦʘʢʩʠʿʘʣʥʝ ʢʦʥʝʢʪʦʨʝ ʟʘ ʫʯʝʩʪʘʥʦʩʪʠ ʦʜ DC ʜʦ 110 GHz, 

IEEE Std 287-2007. ʎʠˀ ʦʚʦʛ ʩʪʘʥʜʘʨʜʘ ʿʝ ʩʧʝʮʠʬʠʢʘʮʠʿʘ ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʤʝʭʘʥʠʯʢʠʭ ʦʩʦʙʠʥʘ 

ʤʠʥʠʤʘʣʥʦʛ ʩʢʫʧʘ ʧʨʝʮʠʟʥʠʭ ʢʦʥʝʢʪʦʨʘ ʢʦʿʠ ʧʦʢʨʠʚʘʿʫ ʥʘʚʝʜʝʥʠ ʦʧʩʝʛ ʫʯʝʩʪʘʥʦʩʪʠ, ʢʘʦ ʠ 

ʩʧʝʮʠʬʠʢʘʮʠʿʘ ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʤʝʨʝˁʝ. ʋ ʩʪʘʥʜʘʨʜ ʿʝ ʫʢˀʫʯʝʥʦ ʦʩʘʤ ʢʦʥʝʢʪʦʨʘ, ʢʦʿʠ ʨʘʜʝ 

ʦʜ DC ʫʯʝʩʪʘʥʦʩʪʠ, ʘʣʠ ʠʤʘʿʫ ʨʘʟʣʠʯʠʪʝ ʤʘʢʩʠʤʘʣʥʝ ʩʧʝʮʠʬʠʮʠʨʘʥʝ ʫʯʝʩʪʘʥʦʩʪʠ. ʆʟʥʘʢʝ ʪʠʭ 

ʢʦʥʝʢʪʦʨʘ, ʩʘ ʤʘʢʩʠʤʘʣʥʠʤ ʩʧʝʮʠʬʠʮʠʨʘʥʠʤ ʫʯʝʩʪʘʥʦʩʪʠʤʘ ʫ ʟʘʛʨʘʜʘʤʘ, ʩʫ: 14 mm (8,5 GHz), 

7 mm (18 GHz), ʪʠʧ N (18 GHz), 3.5 mm (33 GHz), 2.92 mm (40 GHz), 2.4 mm (50 GHz), 1.85 mm 

(65 GHz) ʠ 1 mm (110 GHz). ʊʝʦʨʠʿʩʢʝ ʤʘʢʩʠʤʘʣʥʦ ʜʦʧʫʩʪʠʚʝ ʫʯʝʩʪʘʥʦʩʪʠ ʟʘ ʚʘʟʜʫʰʥʠ 

ʜʠʝʣʝʢʪʨʠʢ, ʧʨʝʤʘ ʠʟʨʘʟʫ (1.6.1), ʩʫ ʥʝʰʪʦ ʚʝ˂ʝ ʦʜ ʩʧʝʮʠʬʠʮʠʨʘʥʠʭ. ɹʨʦʿʝʚʠ ʫ ʦʟʥʘʮʠ 

ʢʦʥʝʢʪʦʨʘ ʩʫ ʚʨʝʜʥʦʩʪʠ ʫʥʫʪʨʘʰˁʝʛ ʧʨʝʯʥʠʢʘ ʩʧʦˀʘʰˁʝʛ ʧʨʦʚʦʜʥʠʢʘ ʚʦʜʘ (ʪʿ. ʚʨʝʜʥʦʩʪʠ ʟʘ 

2b), ʠʟʫʟʝʚ ʟʘ 14 mm ʢʦʥʝʢʪʦʨ, ʢʦʜ ʢʦʿʝʛ ʿʝ 2 14,29 mmb= . ʂʦʥʝʢʪʦʨ ʪʠʧʘ N ʠʤʘ 2 7 mmb= . 

 

ʉʣʠʢʘ 1.6.2.  ʂʦʥʝʢʪʦʨ, ʧʨʠʥʮʠʧʩʢʘ ʰʝʤʘ ʩʧʘʿʘˁʝ ʤʫʰʢʝ ʠ ʞʝʥʩʢʝ ʚʝʨʟʠʿʝ. 

ʇʨʝʤʘ ʥʘʯʠʥʫ ʤʝʹʫʩʦʙʥʦʛ ʩʧʘʿʘˁʘ, ʢʦʥʝʢʪʦʨʠ ʦʧʠʩʘʥʠ ʫ ʩʪʘʥʜʘʨʜʫ ʩʝ ʜʝʣʝ ʥʘ ʙʝʩʧʦʣʥʝ 

ʢʦʥʝʢʪʦʨʝ (hermaphroditic, sexless) ʠ ʢʦʥʝʢʪʦʨʝ ʢʦʜ ʢʦʿʠʭ ʨʘʟʣʠʢʫʿʝʤʦ ʧʦʣ (pin and socket, 

sexed), ʦʜʥʦʩʥʦ ʨʘʟʣʠʢʫʿʝʤʦ ʤʫʰʢʝ (mïmale) ʠ ʞʝʥʩʢʝ (fïfemale) ʢʦʥʝʢʪʦʨʝ ʧʦʩʤʘʪʨʘʥʦʛ ʪʠʧʘ. 

ʂʦʜ ʙʝʩʧʦʣʥʠʭ ʢʦʥʝʢʪʦʨʘ ʩʧʦʿ ʩʝ ʦʩʪʚʘʨʫʿʝ ʩʧʘʿʘˁʝʤ ʜʚʘ ʠʜʝʥʪʠʯʥʘ ʢʦʥʝʢʪʦʨʘ, ʦʜʥʦʩʥʦ 

ˁʠʭʦʚʠʭ ʫʥʫʪʨʘʰˁʠʭ ʠ ʩʧʦˀʘʰˁʠʭ ʧʨʦʚʦʜʥʠʢʘ, ʢʦʿʠ ʩʫ ʢʦʧʣʘʥʘʨʥʠ. ɱʝʜʠʥʘ ʜʚʘ ʙʝʩʧʦʣʥʘ 

ʢʦʥʝʢʪʦʨʘ ʫ ʦʚʦʤ ʩʪʘʥʜʘʨʜʫ ʩʫ ʢʦʥʝʢʪʦʨʠ 14 mm ʠ 7 mm. ʂʦʜ ʢʦʥʝʢʪʦʨʘ ʢʦʜ ʢʦʿʠʭ ʨʘʟʣʠʢʫʿʝʤʦ 

ʧʦʣ, ʩʧʦʿ ʩʝ ʦʩʪʚʘʨʫʿʝ ʩʧʘʿʘˁʝʤ ʤʫʰʢʝ ʠ ʞʝʥʩʢʝ ʚʝʨʟʠʿʝ ʢʦʥʝʢʪʦʨʘ, ʧʨʠ ʯʝʤʫ ʧʠʥ (pin) 

ʫʥʫʪʨʘʰˁʝʛ ʧʨʦʚʦʜʥʠʢʘ ʤʫʰʢʦʛ ʢʦʥʝʢʪʦʨʘ ʫʣʘʟʠ ʫ ʫʪʠʯʥʠʮʫ (socket) ʫʥʫʪʨʘʰˁʝʛ ʧʨʦʚʦʜʥʠʢʘ 

ʞʝʥʩʢʦʛ ʢʦʥʝʢʪʦʨʘ, ʢʘʦ ʥʘ ʩʣʠʮʠ 1.6.2. ɿʙʦʛ ʧʨʦʠʟʚʦʜʥʝ ʪʦʣʝʨʘʥʮʠʿʝ ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʧʦʿʘʚʝ 

ʨʘʟʤʘʢʘ ʫ ʩʧʦʿʫ, ʰʪʦ ʥʝʧʦʚʦˀʥʦ ʫʪʠʯʝ ʥʘ ˁʝʛʦʚ ʢʦʝʬʠʮʠʿʝʥʪ ʨʝʬʣʝʢʩʠʿʝ (ʪʿ. ʢʦʝʬʠʮʠʿʝʥʪ 

ʨʝʬʣʝʢʩʠʿʝ ʩʝ ʧʦʚʝ˂ʘʚʘ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʨʘʟʤʘʢʘ). 
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ʘ)   ʙ)   ʚ)   ʛ)  

ʉʣʠʢʘ 1.6.3.  ɾʝʥʩʢʝ ʠ ʤʫʰʢʝ ʚʝʨʟʠʿʝ ʧʨʝʮʠʟʥʠʭ ʢʦʥʝʢʪʦʨʘ ʘ) N, ʙ) 3.5 mm, ʚ) 1.85 mm ʠ ʛ) ʙʝʩʧʦʣʥʠ 

ʧʨʝʮʠʟʥʠ ʢʦʥʝʢʪʦʨ 7 mm. 

ʋʪʠʯʥʠʮʝ ʞʝʥʩʢʠʭ ʢʦʥʝʢʪʦʨʘ ʩʝ ʤʝʭʘʥʠʯʢʠ ʨʝʘʣʠʟʫʿʫ ʥʘ ʜʚʘ ʥʘʯʠʥʘ. ʇʨʚʦʙʠʪʥʦ ʩʫ ʩʝ 

ʢʦʨʠʩʪʠʣʝ ʫʪʠʯʥʠʮʝ ʩʘ ʣʦʥʛʠʪʫʜʠʥʘʣʥʠʤ ʧʨʦʨʝʟʠʤʘ, ʢʦʿʝ ʩʫ ʧʦʧʫʪ ʰʪʠʧʘˀʢʠ ʦʙʫʭʚʘʪʘʣʝ ʠ 

ʟʘʪʝʟʘʣʝ ʧʠʥ ʤʫʰʢʦʛ ʢʦʥʝʢʪʦʨʘ. ʄʝʹʫʪʠʤ, ʧʨʦʨʝʟʠ ʩʪʚʘʨʘʿʫ ʜʠʩʢʦʥʪʠʥʫʠʪʝʪ ʟʘ ʧʨʦʩʪʠʨʫ˂ʠ 

ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʠ ʪʘʣʘʩ, ʘ ʫ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʦʤ ʩʤʠʩʣʫ ʥʠʿʝ ʟʘʥʝʤʘʨˀʠʚ ʥʠ ʫʪʠʮʘʿ ʚʘʨʠʿʘʮʠʿʝ 

ʫ ʚʝʣʠʯʠʥʠ ʧʠʥʘ ʫʩʣʝʜ ʧʨʦʠʟʚʦʜʥʝ ʪʦʣʝʨʘʥʮʠʿʝ. ʂʘʩʥʠʿʝ (ʠʟʤʝʹʫ 1984. ʠ 1988. ʛʦʜʠʥʝ) ʫʚʝʜʝʥʝ 

ʩʫ ʫʪʠʯʥʠʮʝ ʞʝʥʩʢʠʭ ʢʦʥʝʢʪʦʨʘ ʙʝʟ ʧʨʦʨʝʟʘ, ʢʦʿʝ ʩʫ ʫʛʣʘʚʥʦʤ ʦʪʢʣʦʥʠʣʝ ʦʚʝ ʧʨʦʙʣʝʤʝ. ʅʘ ʪʘʿ 

ʟʥʘʯʠʥ ʿʝ ʟʥʘʯʘʿʥʦ ʧʦʙʦˀʰʘʥʘ Ăʧʦʥʦʚˀʠʚʦʩʪñ ʩʧʘʿʘˁʘ. ɾʝʥʩʢʠ ʠ ʤʫʰʢʠ ʧʨʝʮʠʟʥʠ ʢʦʥʝʢʪʦʨʠ 

ʪʠʧʘ N ʠ 3.5 mm (ʩʘ ʞʝʥʩʢʠʤ ʫʪʠʯʥʠʮʘʤʘ ʩʘ ʧʨʦʨʝʟʠʤʘ) ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʩʣʠʢʘʤʘ 1.6.3ʘ-b, ʘ 

ʞʝʥʩʢʠ ʠ ʤʫʰʢʠ ʧʨʝʮʠʟʥʠ ʢʦʥʝʢʪʦʨʠ 1.85 mm (ʩʘ ʞʝʥʩʢʦʤ ʫʪʠʯʥʠʮʦʤ ʙʝʟ ʧʨʦʨʝʟʘ) ʧʨʠʢʘʟʘʥʠ 

ʩʫ ʥʘ ʩʣʠʮʠ 1.6.3ʚ. ɹʝʩʧʦʣʥʠ ʢʦʥʝʢʪʦʨ 7 mm (ʧʦʟʥʘʪ ʠ ʢʘʦ APC-7) ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 1.6.3ʛ. 

ʄʝʭʘʥʠʯʢʦ ʧʨʠʯʚʨʰ˂ʠʚʘˁʝ ʜʚʘ ʧʨʝʮʠʟʥʘ ʢʦʥʝʢʪʦʨʘ ʢʦʿʠ ʩʫ ʫ ʩʧʦʿʫ ʚʨʰʠ ʩʝ ʧʨʝʢʦ ʥʘʚʦʿʘ 

ʥʘ ʪʝʣʫ ʢʦʥʝʢʪʦʨʘ. ʅʘʚʦʿ ʥʘ ʞʝʥʩʢʦʤ ʢʦʥʝʢʪʦʨʫ ʿʝ ʬʠʢʩʠʨʘʥ, ʜʦʢ ʩʝ ʥʘ ʤʫʰʢʦʤ ʢʦʥʝʢʪʦʨʫ 

ʥʘʣʘʟʠ ʟʘʚʨʪʘˁ, ʧʘ ʩʝ ʧʨʠʯʚʨʰ˂ʠʚʘˁʝ ʚʨʰʠ ʟʘʚʨʪʘˁʝʤ ʤʫʰʢʦʛ ʢʦʥʝʢʪʦʨʘ ʥʘ ʥʘʚʦʿ ʞʝʥʩʢʦʛ 

ʢʦʥʝʢʪʦʨʘ. ʂʦʥʝʢʪʦʨʠ ʢʦʿʠ ʢʦʨʠʩʪʝ ʠʩʪʠ ʪʠʧ ʥʘʚʦʿʘ ʩʫ ʤʝʭʘʥʠʯʢʠ ʢʦʤʧʘʪʠʙʠʣʥʠ ʠ ʤʦʛʫ ʩʝ 

ʤʝʹʫʩʦʙʥʦ ʩʧʘʿʘʪʠ. ʊʘʢʦ ʩʝ ʤʝʹʫʩʦʙʥʦ ʤʦʛʫ ʩʧʘʿʘʪʠ ʧʨʝʮʠʟʥʠ ʢʦʥʝʢʪʦʨʠ 3.5 mm ʠ 2.92 mm, 

ʦʜʥʦʩʥʦ ʧʨʝʮʠʟʥʠ ʢʦʥʝʢʪʦʨʠ 2.4 mm ʠ 1.85 mm. ʆʚʦ ʩʝ ʤʦʞʝ ʦʙʘʚʠʪʠ ʨʫʯʥʦ, ʘʣʠ ʩʝ 

ʧʨʝʧʦʨʫʯʫʿʝ ʫʧʦʪʨʝʙʘ ʤʦʤʝʥʪʥʠʭ ʢˀʫʯʝʚʘ. ɿʘ ʩʚʘʢʠ ʪʠʧ ʢʦʥʝʢʪʦʨʘ ʩʧʝʮʠʬʠʮʠʨʘʥ ʿʝ ʦʙʨʪʥʠ 

ʤʦʤʝʥʘʪ ʧʦʪʨʝʙʘʥ ʟʘ ʧʨʠʯʚʨʰ˂ʠʚʘˁʝ ʠ ʤʘʢʩʠʤʘʣʥʠ ʜʦʧʫʰʪʝʥʠ ʦʙʨʪʥʠ ʤʦʤʝʥʘʪ (ʧʨʠ ʢʦʿʝʤ 

ʥʝ˂ʝ ʜʦ˂ʠ ʜʦ ʬʠʟʠʯʢʦʛ ʦʰʪʝ˂ʝˁʘ ʢʦʥʝʢʪʦʨʘ). 

ʉʚʠ ʧʨʝʮʠʟʥʠ ʢʦʥʝʢʪʦʨʠ ʪʨʝʙʘ ʜʘ ʠʤʘʿʫ ʚʘʟʜʫʰʥʠ ʜʠʝʣʝʢʪʨʠʢ ʫ ʟʦʥʠ ʩʧʦʿʘ ʠ, ʦʩʠʤ ʪʠʧʘ N, 

ʩʚʠʤʘ ʩʝ ʨʘʚʥʠ ʩʧʦʿʘ ʟʘ ʫʥʫʪʨʘʰˁʠ ʠ ʩʧʦˀʘʰˁʠ ʧʨʦʚʦʜʥʠʢ ʧʦʜʫʜʘʨʘʿʫ (ʪʿ. ʢʦʧʣʘʥʘʨʥʠ ʩʫ). 

ʈʘʟʣʠʢʫʿʝʤʦ ʦʧʰʪʝ ʧʨʝʮʠʟʥʝ ʢʦʥʝʢʪʦʨʝ (GPCðGeneral Precision Connector), ʢʦʿʠ ʤʦʛʫ ʠʤʘʪʠ 

ʜʝʣʠʤʠʯʥʫ ʜʠʝʣʝʢʪʨʠʯʥʫ ʧʦʪʧʦʨʫ (ʘʣʠ ʥʝ ʫ ʟʦʥʠ ʩʧʦʿʘ) ʠ ʣʘʙʦʨʘʪʦʨʠʿʩʢʝ ʧʨʝʮʠʟʥʝ ʢʦʥʝʢʪʦʨʝ 

(LPCðLaboratory Precision Connectors), ʢʦʜ ʢʦʿʠʭ ʩʫ ʧʨʦʚʦʜʥʠʮʠ ʫ ʚʘʟʜʫʭʫ (ʪʿ. ʠʤʘʿʫ ʚʘʟʜʫʰʥʠ 

ʜʠʝʣʝʢʪʨʠʢ). ʂʦʜ LPC ʢʦʥʝʢʪʦʨʘ ʩʝ, ʟʙʦʛ ʯʠʩʪʦ ʚʘʟʜʫʰʥʦʛ ʜʠʝʣʝʢʪʨʠʢʘ, ʧʦʩʪʠʞʝ ʚʝ˂ʘ ʪʘʯʥʦʩʪ 

ʠʤʧʝʜʘʥʩʝ ʠ ʤʘˁʠ ʛʫʙʠʮʠ, ʧʘ ʩʝ ˁʠʤʘ ʧʦʩʪʠʞʫ ʙʦˀʝ ʝʣʝʢʪʨʠʯʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ. ʉʪʦʛʘ ʿʝ ʟʘ 

ˁʠʭ ʩʧʝʮʠʬʠʢʘʮʠʿʘ ʜʦʟʚʦˀʝʥʦʛ ʦʜʩʪʫʧʘˁʘ ʦʜ ʟʘʭʪʝʚʘʥʝ ʠʤʧʝʜʘʥʩʝ ʩʪʨʦʞʘ ʥʝʛʦ ʟʘ GPC 

ʢʦʥʝʢʪʦʨʝ. ʂʦʥʢʨʝʪʥʝ ʚʨʝʜʥʦʩʪʠ ʟʘʚʠʩʝ ʦʜ ʢʦʥʝʢʪʦʨʘðʟʘ 14 mm ʠ 7 mm GPC ʢʦʥʝʢʪʦʨʝ 

ʤʘʢʩʠʤʘʣʥʦ ʜʦʧʫʰʪʝʥʦ ʦʜʩʪʫʧʘˁʝ ʠʤʧʝʜʘʥʩʝ ʿʝ 0,2 %, ʘ ʟʘ 1 mm GPC ʢʦʥʝʢʪʦʨ ʤʘʢʩʠʤʘʣʥʦ 

ʜʦʧʫʰʪʝʥʦ ʦʜʩʪʫʧʘˁʝ ʠʤʧʝʜʘʥʩʝ ʿʝ 1,2 %, ʜʦʢ ʩʫ ʜʦʧʫʰʪʝʥʘ ʦʜʩʪʫʧʘˁʘ ʟʘ ʦʩʪʘʣʝ ʢʦʥʝʢʪʦʨʝ 
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ʠʟʤʝʹʫ ʦʚʝ ʜʚʝ ʚʨʝʜʥʦʩʪʠ. ɿʘ LPC ʢʦʥʝʢʪʦʨʝ ʚʨʝʜʥʦʩʪʠ ʤʘʢʩʠʤʘʣʥʦ ʜʦʧʫʰʪʝʥʦʛ ʦʜʩʪʫʧʘˁʘ 

ʠʤʧʝʜʘʥʩʝ ʩʫ ʥʘʿʤʘˁʝ ʜʚʦʩʪʨʫʢʦ ʤʘˁʝ ʦʜ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ GPC ʢʦʥʝʢʪʦʨʝ. 

ʅʘʯʝʣʥʦ, ʩʪʘʥʜʘʨʜʦʤ ʿʝ ʧʨʝʮʠʟʠʨʘʥʦ ʢʦʿʝ ʤʝʭʘʥʠʯʢʝ ʠ ʝʣʝʢʪʨʠʯʥʝ ʦʩʦʙʠʥʝ ʪʨʝʙʘ ʜʘ 

ʟʘʜʦʚʦˀʘʚʘ ʩʚʘʢʠ ʦʜ ʪʠʧʦʚʘ ʧʨʝʮʠʟʥʠʭ ʢʦʥʝʢʪʦʨʘ, ʫ GPC ʠʣʠ LPC ʠʟʚʝʜʙʠ. ʆʜ ʤʝʭʘʥʠʯʢʠʭ 

ʦʩʦʙʠʥʘ, ʧʦʨʝʜ ʧʨʝʯʥʠʢʘ ʫʥʫʪʨʘʰˁʝʛ ʧʨʦʚʦʜʥʠʢʘ ʠ ʫʥʫʪʨʘʰˁʝʛ ʧʨʝʯʥʠʢʘ ʩʧʦˀʘʰˁʝʛ 

ʧʨʦʚʦʜʥʠʢʘ, ʠʟʜʚʦʿʠʤʦ ʙʨʦʿ ʮʠʢʣʫʩʘ ʩʧʘʿʘˁʘ ʠ ʛʦʨʝ ʧʦʤʝʥʫʪʝ ʪʠʧ ʥʘʚʦʿʘ ʠ ʦʙʨʪʥʝ ʤʦʤʝʥʪʝ ʧʨʠ 

ʧʨʠʯʚʨʰ˂ʠʚʘˁʫ ʜʚʘ ʢʦʥʝʢʪʦʨʘ. ɽʣʝʢʪʨʠʯʥʝ ʦʩʦʙʠʥʝ ʩʝ ʜʝʬʠʥʠʰʫ ʟʘ ʜʚʘ ʩʧʦʿʝʥʘ ʢʦʥʝʢʪʦʨʘ. 

ʇʦʨʝʜ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʠʤʧʝʜʘʥʩʝ ʠ ˁʝʥʦʛ ʦʜʩʪʫʧʘˁʘ, ʧʦʩʤʘʪʨʘʿʫ ʩʝ ʠ ʤʦʜʫʣ ʢʦʝʬʠʮʠʿʝʥʪʘ 

ʨʝʬʣʝʢʩʠʿʝ (ʫ ʚʠʜʫ ʧʦʚʨʘʪʥʦʛ ʩʣʘʙˀʝˁʘ), ʤʦʜʫʣ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʘʥʩʤʠʩʠʿʝ (ʫ ʚʠʜʫ ʫʥʝʪʦʛ 

ʩʣʘʙˀʝˁʘ), ʘʨʛʫʤʝʪ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʘʥʩʤʠʩʠʿʝ ʠ ʢʦʥʪʘʢʪʥʘ ʦʪʧʦʨʥʦʩʪ ʟʘ DC ʩʠʛʥʘʣʝ. ɿʘ ʦʚʝ 

ʯʝʪʠʨʠ ʚʝʣʠʯʠʥʝ ʜʝʬʠʥʠʰʝ ʩʝ ʠ Ăʧʦʥʦʚˀʠʚʦʩʪñ (Repeatability)ðʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʤʘʢʩʠʤʘʣʥʝ 

ʠ ʤʠʥʠʤʘʣʥʝ ʠʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʧʦʩʤʘʪʨʘʥʝ ʚʝʣʠʯʠʥʝ ʥʘʢʦʥ ʟʘʜʘʪʦʛ ʙʨʦʿʘ ʤʝʨʝˁʘ, ʧʨʠ ʯʝʤʫ 

ʩʝ ʢʦʥʝʢʪʦʨʠ ʠʟʥʦʚʘ ʩʧʘʿʘʿʫ ʧʨʠ ʩʚʘʢʦʤ ʤʝʨʝˁʫ. ʂʦʜ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ ʫʟʠʤʘ ʩʝ 

ʨʘʟʣʠʢʘ ʢʦʤʧʣʝʢʩʥʠʭ ʧʨʝʜʩʪʘʚʥʠʢʘ, ʧʘ ʩʝ ʪʨʘʞʠ ʧʦʚʨʘʪʥʦ ʩʣʘʙˀʝˁʝ (ʫ ʜʝʮʠʙʝʣʠʤʘ). ʂʦʜ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʘʥʩʤʠʩʠʿʝ, ʫʟʠʤʘ ʩʝ ʨʘʟʣʠʢʘ ʫ ʜʝʮʠʙʝʣʠʤʘ. ɿʘʪʦ ʿʝ ʧʦʥʦʚˀʠʚʦʩʪ ʧʦʚʨʘʪʥʦʛ 

ʩʣʘʙˀʝˁʘ ʨʝʜʘ ʥʝʢʦʣʠʢʦ ʜʝʩʝʪʠʥʘ ʜʝʮʠʙʝʣʘ, ʘ ʧʦʥʦʚˀʠʚʦʩʪ ʫʥʝʪʦʛ ʩʣʘʙˀʝˁʘ ʨʝʜʘ ʩʪʦʪʠʭ 

ʜʝʣʦʚʘ ʜʝʮʠʙʝʣʘ. ʋ ʝʣʝʢʪʨʠʯʥʝ ʦʩʦʙʠʥʝ ʩʧʘʜʘ ʠ ʝʬʠʢʘʩʥʦʩʪ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʝ ʠʟʦʣʘʮʠʿʝ 

(ʝʬʠʢʘʩʥʦʩʪ ʦʢʣʘʧʘˁʘðshielding effectiveness), ʚʝʣʠʯʠʥʘ ʢʦʿʘ ʧʦʢʘʟʫʿʝ ʟʘ ʢʦʣʠʢʦ ʜʝʮʠʙʝʣʘ 

ʦʩʣʘʙʠ ʩʥʘʛʘ ʩʠʛʥʘʣʘ ʧʨʠ ʧʨʦʜʦʨʫ ʫ ʚʦʜ ʠʣʠ ʠʟ ʚʦʜʘ ʩʧʦˀʘ. 

ʉʪʘʥʜʘʨʜʦʤ ʩʫ ʧʨʝʧʦʨʫʯʝʥʝ ʠ ʪʝʭʥʠʢʝ ʟʘ ʤʝʨʝˁʝ ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʦʥʝʢʪʦʨʘ. ʄʝʨʝ 

ʩʝ ʩʧʦʿʝʥʠ ʧʘʨʦʚʠ ʢʦʥʝʢʪʦʨʘ (GPC/GPC, GPC/LPC, LPC/GPC ʠ LPC/LPC). ɿʘ ʤʝʨʝˁʝ 

ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʨʝʬʣʝʢʩʠʿʝ ʠ ʪʨʘʥʩʤʠʩʠʿʝ ʢʦʨʠʩʪʠ ʩʝ ʚʝʢʪʦʨʩʢʠ ʘʥʘʣʠʟʘʪʦʨ ʤʨʝʞʘ ʠ ʧʦʪʨʝʙʘʥ 

ʙʨʦʿ ʧʨʝʮʠʟʥʠʭ ʢʦʘʢʩʠʿʘʣʥʠʭ ʚʦʜʦʚʘ ʩʘ ʚʘʟʜʫʰʥʠʤ ʜʠʝʣʝʢʪʨʠʢʦʤ. ɸʥʘʣʠʟʘʪʦʨ ʤʨʝʞʘ ʿʝ 

ʧʨʦʧʠʩʥʦ ʢʘʣʠʙʨʠʩʘʥ, ʚʦʜʦʚʠ ʩʝ ʥʘʣʘʟʝ ʠʟʤʝʹʫ ʪʝʩʪʠʨʘʥʠʭ ʧʘʨʦʚʘ ʩʧʦʿʝʥʠʭ ʢʦʥʝʢʪʦʨʘ, ʘ 

ʨʝʟʫʣʪʘʪ ʟʘ ʧʦʩʤʘʪʨʘʥʠ ʧʘʨ ʢʦʥʝʢʪʦʨʘ ʜʦʙʠʿʘ ʩʝ ʠʟʜʚʘʿʘˁʝʤ ʜʝʣʘ ʚʨʝʤʝʥʩʢʦʛ ʦʜʟʠʚʘ ʦʜ 

ʠʥʪʝʨʝʩʘðtime domain gating-ʦʤ (ʦ ʢʘʣʠʙʨʘʮʠʦʥʠʤ ʪʝʭʥʠʢʘʤʘ ʟʘ ʦʪʢʣʘˁʘˁʝ ʛʨʝʰʘʢʘ ʠ time 

domain gating-ʫ ʛʦʚʦʨʠ˂ʝʤʦ ʫ ʥʘʩʪʘʚʢʫ). ʄʝʨʝˁʝ ʧʦʥʦʚˀʠʚʦʩʪʠ ʩʝ ʨʘʜʠ ʙʝʟ ʨʦʪʘʮʠʿʝ ʠ ʩʘ 

ʨʦʪʘʮʠʿʦʤ. ʄʝʨʝˁʝ ʙʝʟ ʨʦʪʘʮʠʿʝ ʩʝ ʚʨʰʠ ʪʘʢʦ ʰʪʦ ʩʝ ʧʨʝʜ ʩʚʘʢʦ ʤʝʨʝˁʝ ʪʝʩʪʠʨʘʥʠ ʧʘʨ 

ʢʦʥʝʢʪʦʨʘ ʨʘʟʜʚʦʿʠ, ʘ ʟʘʪʠʤ ʧʦʥʦʚʦ ʧʨʠʯʚʨʩʪʠ, ʪʘʢʦ ʰʪʦ ʩʝ ʤʫʰʢʠ ʢʦʥʝʢʪʦʨ ʫ ʧʦʪʧʫʥʦʩʪʠ 

ʟʘʰʨʘʬʠ ʥʘ ʥʘʚʦʿ ʞʝʥʩʢʦʛ ʢʦʥʝʢʪʦʨʘ. ʂʦʜ ʤʝʨʝˁʘ ʩʘ ʨʦʪʘʮʠʿʦʤ, ʰʨʘʬˀʝˁʝ ʩʝ ʚʨʰʠ ʫ ʦʩʘʤ 

ʨʘʟʣʠʯʠʪʠʭ ʧʦʣʦʞʘʿʘ ʫ ʦʧʩʝʛʫ ʦʜ ʜʚʘ ʧʫʥʘ ʟʘʚʨʪʘʿʘ (ʪʿ. ʩʘ ʢʦʨʘʢʦʤ ʦʜ 45 ʩʪʝʧʝʥʠ). ʄʝʨʝˁʝ ʩʘ 

ʨʦʪʘʮʠʿʦʤ ʩʝ ʥʝ ʚʨʰʠ ʟʘ LPC/LPC ʧʘʨ, ʿʝʨ ʜʦʣʘʟʠ ʜʦ ʧʦʤʝʨʘʿʘ ʦʩʝ ʩʧʘʿʘˁʘ. ʄʝʨʝˁʝ 

ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʝ ʠʟʦʣʘʮʠʿʝ ʩʝ ʦʙʠʯʥʦ ʚʨʰʠ ʢʦʨʠʰ˂ʝˁʝʤ ʪʨʠʘʢʩʠʘʿʣʥʝ ʪʝʭʥʠʢʝ. ʅʘʠʤʝ, 

ʢʦʨʠʩʪʠ ʩʝ ʪʨʠʘʢʩʠʘʿʣʥʠ ʚʦʜ. ʋ ʫʥʫʪʨʘʰˁʠ ʢʦʘʢʩʠʿʘʣʥʠ ʚʦʜ, ʢʦʿʠ ʯʠʥʝ ʫʥʫʪʨʘʰˁʠ ʠ 

ʮʝʥʪʨʘʣʥʠ ʧʨʦʚʦʜʥʠʢ, ʧʨʠʢˀʫʯʫʿʝ ʩʝ ʪʝʩʪʠʨʘʥʠ ʩʧʦʿʝʥʠ ʧʘʨ ʢʦʥʝʢʪʦʨʘ, ʠ ʦʥ ʩʝ ʧʦʙʫʹʫʿʝ 

ʛʝʥʝʨʘʪʦʨʦʤ. ʉʧʦˀʘʰˁʠ ʢʦʘʢʩʠʿʘʣʥʠ ʚʦʜ, ʢʦʿʠ ʯʠʥʝ ʮʝʥʪʨʘʣʥʠ ʠ ʩʧʦˀʘʰˁʠ ʧʨʦʚʦʜʥʠʢ, 

ʧʦʙʫʹʫʿʝ ʩʝ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʠʤ ʪʘʣʘʩʦʤ ʢʦʿʠ ʧʨʦʜʠʨʝ ʠʟ ʫʥʫʪʨʘʰˁʝʛ ʚʦʜʘ. ɽʬʠʢʘʩʥʦʩʪ 

ʦʢʣʘʧʘˁʘ ʧʨʝʜʩʪʘʚˀʘ ʦʜʥʦʩ ʩʥʘʛʘ ʪʘʣʘʩʘ ʢʨʦʟ ʫʥʫʪʨʘʰˁʠ ʚʦʜ (ʛʣʘʚʥʠ ʪʦʢ ʩʠʛʥʘʣʘ) ʠ 

ʩʧʦˀʘʰˁʠ ʚʦʜ (ʩʠʛʥʘʣ Ăʮʫʨʝˁʘñ), ʫ ʜʝʮʠʙʝʣʠʤʘ. 

ʇʨʠʤʝʨʘ ʨʘʜʠ, ʟʘ ʧʨʝʮʠʟʥʠ 3.5 mm ʢʦʥʝʢʪʦʨ, ʫ ʩʪʘʥʜʘʨʜʫ ʿʝ ʩʧʝʮʠʬʠʮʠʨʘʥʦ ʧʦʚʨʘʪʥʦ 

ʩʣʘʙˀʝˁʝ 32 dB (GPC/GPC) ʠ 36 dB (LPC/GPC), ʧʦʥʦʚˀʠʚʦʩʪ ʧʦʚʨʘʪʥʦʛ ʩʣʘʙˀʝˁʘ 55 dB 

(GPC/GPC) ʠ 60 dB (LPC/GPC) ʥʘ 26,5 GHz, ʫʥʝʪʦ ʩʣʘʙˀʝˁʝ 0,3 dB (GPC/GPC ʠ LPC/GPC) ʥʘ 
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33 GHz, ʧʦʥʦʚˀʠʚʦʩʪ ʫʥʝʪʦʛ ʩʣʘʙˀʝˁʘ 0,008 dB (GPC/GPC ʠ LPC/GPC) ʥʘ 33 GHz, 

ʝʬʠʢʘʩʥʦʩʪ ʦʢʣʘʧʘˁʘ 100 dB (GPC/GPC ʠ LPC/GPC). 

ɿʘ ʧʨʝʮʠʟʥʠ 1.85 mm ʢʦʥʝʢʪʦʨ, ʫ ʩʪʘʥʜʘʨʜʫ ʿʝ ʩʧʝʮʠʬʠʮʠʨʘʥʦ ʧʦʚʨʘʪʥʦ ʩʣʘʙˀʝˁʝ 22 dB 

(GPC/GPC) ʠ 26 dB (LPC/GPC), ʧʦʥʦʚˀʠʚʦʩʪ ʧʦʚʨʘʪʥʦʛ ʩʣʘʙˀʝˁʘ 45 dB (GPC/GPC) ʠ 50 dB 

(LPC/GPC), ʫʥʝʪʦ ʩʣʘʙˀʝˁʝ 0,4 dB (GPC/GPC ʠ LPC/GPC), ʧʦʥʦʚˀʠʚʦʩʪ ʫʥʝʪʦʛ ʩʣʘʙˀʝˁʘ 

0,015 dB (GPC/GPC ʠ LPC/GPC) ʥʘ 65 GHz, ʝʬʠʢʘʩʥʦʩʪ ʦʢʣʘʧʘˁʘ 100 dB (GPC/GPC ʠ 

LPC/GPC). 

ʇʦʨʝʜ ʧʨʝʮʠʟʥʠʭ ʢʦʥʝʢʪʦʨʘ, ʜʝʬʠʥʠʩʘʥʠʭ ʩʪʘʥʜʘʨʜʦʤ, ʚʨʣʦ ʯʝʩʪʦ ʩʝ ʫ ʤʠʢʨʦʪʘʣʘʩʥʠʤ 

ʤʝʨʝˁʠʤʘ ʢʦʨʠʩʪʝ ʠ SMA, ʨʝʹʝ BNC, ʘ ʧʨʠ ʨʘʜʫ ʩʘ ʩʪʘʨʠʿʠʤ ʫʨʝʹʘʿʠʤʘ ʤʦʛʫ ʩʝ ʩʨʝʩʪʠ ʠ GR874 

ʢʦʥʝʢʪʦʨʠ. ʆʚʝ ʪʨʠ ʚʨʩʪʝ ʢʦʥʝʢʪʦʨʘ ʧʨʠʢʘʟʘʥʝ ʩʫ ʥʘ ʩʣʠʮʠ 1.6.4.  

ʘ)    ʙ)    ʚ)  

ʉʣʠʢʘ 1.6.4.  ɾʝʥʩʢʝ ʠ ʤʫʰʢʝ ʚʝʨʟʠʿʝ ʢʦʥʝʢʪʦʨʘ ʘ) SMA ʠ ʙ) BNC ʠ ʚ) ʙʝʩʧʦʣʥʠ ʢʦʥʝʢʪʦʨ GR874. 

ʋʥʫʪʨʘʰˁʠ ʧʨʝʯʥʠʢ ʩʧʦˀʘʰˁʝʛ ʧʨʦʚʦʜʥʠʢʘ ʢʦʜ SMA ʢʦʥʝʢʪʦʨʘ ʿʝ 3,5 mm, ʤʝʭʘʥʠʯʢʠ ʩʫ 

ʢʦʤʧʘʪʠʙʠʣʥʠ ʩʘ ʧʨʝʮʠʟʥʠʤ 3.5 mm ʢʦʥʝʢʪʦʨʠʤʘ, ʘʣʠ SMA ʩʝ ʧʨʦʠʟʚʦʜʠ ʠʩʢˀʫʯʠʚʦ ʩʘ 

ʜʠʝʣʝʢʪʨʠʢʦʤ ʢʦʿʠ ʥʠʿʝ ʚʘʟʜʫʭ. ʇʦʨʝʜ ʪʦʛʘ, SMA ʢʦʥʝʢʪʦʨʠ ʠʤʘʿʫ ʤʘˁʫ ʪʦʣʝʨʘʥʮʠʿʫ ʠʟʨʘʜʝ 

ʦʜ ʧʨʝʮʠʟʥʠʭ 3.5 mm ʢʦʥʝʢʪʦʨʘ (ʠ ʟʥʘʪʥʦ ʩʫ ʿʝʬʪʠʥʠʿʠ), ʧʘ ʧʨʠ ʩʧʘʿʘˁʫ ʦʚʘ ʜʚʘ ʪʠʧʘ ʤʦʞʝ 

ʜʦ˂ʠ ʜʦ ʦʰʪʝ˂ʝˁʘ ʢʦʥʝʢʪʦʨʘ, ʟʙʦʛ ʯʝʛʘ ʩʝ ˁʠʭʦʚʦ ʩʧʘʿʘˁʝ ʥʝ ʧʨʝʧʦʨʫʯʫʿʝ (ʠ ʧʦʨʝʜ ʤʝʭʘʥʠʯʢʝ 

ʢʦʤʧʘʪʠʙʠʣʥʦʩʪʠ). SMA ʢʦʥʝʢʪʦʨʠ ʩʫ ʩʧʦʩʦʙʥʠ ʟʘ ʨʘʜ ʜʦ ʫʯʝʩʪʘʥʦʩʪʠ 18 GHz, ʘ ʫ ʥʝʢʠʤ 

ʥʘʧʨʝʜʥʠʿʠʤ ʚʝʨʟʠʿʘʤʘ ʠ ʜʦ 26,5 GHz. BNC ʢʦʥʝʢʪʦʨʠ, ʧʦʧʫʪ SMA ʢʦʥʝʢʪʦʨʘ, ʠʤʘʿʫ ʤʫʰʢʫ ʠ 

ʞʝʥʩʢʫ ʚʝʨʟʠʿʫ, ʘʣʠ ʩʘ ʜʨʫʛʘʯʠʿʠʤ ʤʝʭʘʥʠʟʤʦʤ ʧʨʠʯʚʨʰ˂ʠʚʘˁʘðʫʤʝʩʪʦ ʥʘʚʦʿʘ, ʢʦʨʠʩʪʝ 

ʟʘʢˀʫʯʘʚʘˁʝ (twist locks). BNC ʢʦʥʝʢʪʦʨʠ ʩʫ ʥʘʤʝˁʝʥʠ ʥʝʰʪʦ ʥʠʞʠʤ ʫʯʝʩʪʘʥʦʩʪʠʤʘ ʠ ʦʙʠʯʥʦ 

ʩʝ ʥʘʣʘʟʝ ʥʘ AC/DC ʠʟʣʘʟʠʤʘ ʜʝʪʝʢʪʦʨʘ ʠʣʠ ʥʘ ʫʣʘʟʠʤʘ AC/DC ʤʝʨʥʠʭ ʫʨʝʹʘʿʘ. ʂʦʥʝʢʪʦʨʠ 

ʬʠʨʤʝ General Radio, GR874, ʩʫ ʙʝʩʧʦʣʥʠ ʢʦʥʝʢʪʦʨʠ ʩʘ ʩʧʝʮʠʬʠʯʥʠʤ ʤʝʭʘʥʠʟʤʦʤ 

ʧʨʠʯʚʨʰʠʚʘˁʘ (push-on)ðʞˀʝʙʦʚʠ ʩʧʦˀʘʰˁʠʭ ʧʨʦʚʦʜʥʠʢʘ ʜʚʘ ʠʩʪʦʚʝʪʥʘ GR874 ʢʦʥʝʢʪʦʨʘ 

ʩʝ Ăʫʯʝʰˀʘʿʫñ. GR874 ʩʝ ʤʦʞʝ ʥʘ˂ʠ ʥʘ ʥʝʢʠʤ ʩʪʘʨʠʿʠʤ ʤʝʨʥʠʤ ʫʨʝʹʘʿʠʤʘ, ʥʘ ʧʨʠʤʝʨ ʤʝʨʥʠʤ 

ʚʦʜʦʚʠʤʘ. 

ʘ)         ʙ)  

ʉʣʠʢʘ 1.6.5.  ʘ) ʇʠʥ N ʢʦʥʝʢʪʦʨʘ ʧʨʠʯʚʨʰ˂ʝʥ ʥʘ ʫʥʫʪʨʘʰˁʠ ʧʨʦʚʦʜʥʠʢ ʢʦʘʢʩʠʿʘʣʥʦʛ ʢʘʙʣʘ ʠ 

ʙ) 1.85 mm ʢʦʥʝʢʪʦʨ ʟʘ ʚʠʰʝʢʨʘʪʥʫ ʤʦʥʪʘʞʫ ʥʘ ʰʪʘʤʧʘʥʫ ʧʣʦʯʫ. 



30 
 

ʂʦʥʝʢʪʦʨʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʤʦʥʪʠʨʘʿʫ ʥʘ ʢʘʙʣʦʚʝ ʠʣʠ ʰʪʘʤʧʘʥʝ ʧʣʦʯʝ, ʧʘ ʩʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʪʦʛʘ ʨʘʟʣʠʢʫʿʫ ˁʠʭʦʚʠ ʜʝʣʦʚʠ ʟʘ ʤʦʥʪʘʞʫ. ʅʘ ʩʣʠʮʠ 1.6.5ʘ ʧʨʠʢʘʟʘʥʘ ʿʝ ʧʦʯʝʪʥʘ ʬʘʟʘ 

ʤʦʥʪʠʨʘˁʘ N ʢʦʥʝʢʪʦʨʘ ʥʘ ʢʦʘʢʩʠʿʘʣʥʠ ʢʘʙʣðʧʨʠʯʚʨʰ˂ʠʚʘˁʝ ʧʠʥʘ ʥʘ ʫʥʫʪʨʘʰˁʠ ʧʨʦʚʦʜʥʠʢ 

ʢʘʙʣʘ. ʉʘ ʩʣʠʢʝ ʩʝ ʚʠʜʠ ʫʥʫʪʨʘʰˁʘ ʩʪʨʫʢʪʫʨʘ ʢʦʘʢʩʠʿʘʣʥʦʛ ʢʘʙʣʘ. ʋʥʫʪʨʘʰˁʠ ʧʨʦʚʦʜʥʠʢ 

ʢʦʘʢʩʠʿʘʣʥʦʛ ʢʘʙʣʘ ʩʘʯʠˁʝʥ ʿʝ ʦʜ ʙʣʘʛʦ ʫʚʠʿʝʥʠʭ ʪʘʥʢʠʭ ʞʠʮʘ, ʘ ʜʠʝʣʝʢʪʨʠʢ ʿʝ ʧʣʘʩʪʠʯʥʠ 

ʦʤʦʪʘʯ ʫ ʚʠʜʫ ʮʝʚʠ. ʅʘ ʩʣʠʮʠ 1.6.5ʙ ʧʨʠʢʘʟʘʥ ʿʝ 1.85 mm ʢʦʥʝʢʪʦʨ ʥʘʤʝˁʝʥ ʤʦʥʪʘʞʠ ʥʘ 

ʰʪʘʤʧʘʥʝ ʧʣʦʯʝ. ʆʚʘʿ ʢʦʥʝʢʪʦʨ ʠʤʘ ʰʨʘʬʦʚʝ ʟʘ ʧʨʠʯʚʨʰ˂ʠʚʘˁʝ ʥʘ ʧʣʦʯʫ (ʥʝ ʣʝʤʠ ʩʝ) ʠ 

ʧʦʛʦʜʘʥ ʿʝ ʟʘ ʚʠʰʝʢʨʘʪʥʫ ʫʧʦʪʨʝʙʫ. ɱʝʬʪʠʥʠʿʠ ʢʦʥʝʢʪʦʨʠ ʩʝ ʫʚʝʢ ʣʝʤʝ, ʯʠʤʝ ʩʫ, ʪʝʦʨʠʿʩʢʠ, 

ʫʧʦʪʨʝʙˀʠʚʠ ʩʘʤʦ ʿʝʜʥʦʤ. 

 

ʉʣʠʢʘ 1.6.6.  ɼʚʘ ʢʦʘʢʩʠʿʘʣʥʘ ʢʘʙʣʘ ʩʘ ʬʘʙʨʠʯʢʠ ʫʛʨʘʹʝʥʠʤ 1.85 mm ʢʦʥʝʢʪʦʨʠʤʘ. 

ʅʘ ʩʣʠʮʠ 1.6.6 ʧʨʠʢʘʟʘʥʘ ʩʫ ʜʚʘ ʢʦʘʢʩʠʿʘʣʥʘ ʢʘʙʣʘ ʩʘ ʬʘʙʨʠʯʢʠ ʤʦʥʪʠʨʘʥʠʤ ʢʦʥʝʢʪʦʨʠʤʘ 

1.85 mm. ɼʝʙˀʠ (ˀʫʙʠʯʘʩʪʠ) ʢʘʙʣ ʠʤʘ ʙʦˀʫ ʝʬʠʢʘʩʥʦʩʪ ʦʢʣʘʧʘˁʘ, ʚʝ˂ʫ ʤʝʭʘʥʠʯʢʠ 

ʠʟʜʨʞˀʠʚʦʩʪ, ʩʧʝʮʠʬʠʮʠʨʘʥ ʿʝ ʟʘ ʨʘʜ ʜʦ 67 GHz ʠ ʚʠʰʝʩʪʨʫʢʦ ʿʝ ʩʢʫʧˀʠ ʦʜ ʪʘˁʝʛ ʢʘʙʣʘ, ʢʦʿʠ 

ʿʝ ʩʧʝʮʠʬʠʮʠʨʘʥ ʟʘ ʨʘʜ ʜʦ 65 GHz. 

ʆʜʨʞʘʚʘˁʝ ʢʦʥʝʢʪʦʨʘ ʧʦʜʨʘʟʫʤʝʚʘ ʧʨʦʚʝʨʫ ʠ ʦʜʨʞʘʚʘˁʝ ʯʠʩʪʦ˂ʝ ʢʦʥʪʘʢʪʥʠʭ ʧʦʚʨʰʠʥʘ, 

ʧʘʞˁʫ ʧʨʠʣʠʢʦʤ ʩʧʘʿʘˁʘ ʢʦʥʝʢʪʦʨʘ ʢʘʢʦ ʥʝ ʙʠ ʜʦʰʣʦ ʜʦ ʦʰʪʝ˂ʝˁʘ ʠ ʧʝʨʠʦʜʠʯʥʫ ʧʨʦʚʝʨʫ 

ʢʨʠʪʠʯʥʠʭ ʜʠʤʝʥʟʠʿʘ ʢʦʥʝʢʪʦʨʘ. ʄʝʨʘʯʠ ʜʫʙʠʥʝ ʧʨʦʜʠʨʘˁʘ ʧʠʥʘ 3.5 mm ʢʦʥʝʢʪʦʨʘ ʧʨʠʢʘʟʘʥʠ 

ʩʫ ʥʘ ʩʣʠʮʠ 1.6.6. 

   

ʉʣʠʢʘ 1.6.6.  ʄʝʨʘʯʠ ʜʠʤʝʥʟʠʿʘ 3.5 mm ʤʫʰʢʠʭ (ʣʝʚʦ) ʠ ʞʝʥʩʢʠʭ (ʜʝʩʥʦ) ʢʦʥʝʢʪʦʨʘ, ʘ) ʧʦʛʣʝʜ ʥʘ 

ʧʨʠʢˀʫʯʢʝ ʟʘ ʢʦʥʝʢʪʦʨʝ ʠ ʙ) ʧʦʛʣʝʜ ʥʘ ʩʢʘʣʫ ʤʝʨʘʯʘ. 

ɸʜʘʧʪʝʨʠ ʩʫ ʧʨʝʣʘʟʠ ʠʟʤʝʹʫ ʜʚʘ ʢʦʥʝʢʪʦʨʘ ʠʩʪʦʛ ʠʣʠ ʨʘʟʣʠʯʠʪʦʛ ʪʠʧʘ. ʆʥʠ ʦʙʝʟʙʝʹʫʿʫ 

ʬʣʝʢʩʠʙʠʣʥʦʩʪ ʧʨʠʣʠʢʦʤ ʧʦʚʝʟʠʚʘˁʘ ʤʝʨʥʝ ʧʦʩʪʘʚʢʝ, ʧʦʰʪʦ ʿʝ ʯʝʩʪ ʩʣʫʯʘʿ ʜʘ ʫ ʧʦʩʪʘʚʮʠ 

ʫʯʝʩʪʚʫʿʫ ʩʢʣʦʧʦʚʠ ʩʘ ʢʦʥʝʢʪʦʨʠʤʘ ʨʘʟʣʠʯʠʪʦʛ ʪʠʧʘ ʠʣʠ ʧʦʣʘ. ɿʘ ʘʜʘʧʪʝʨʝ ʩʝ ʫ ʧʨʠʥʮʠʧʫ ʜʘʿʫ 
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ʩʣʠʯʥʝ ʩʧʝʮʠʬʠʢʘʮʠʿʝ ʢʘʦ ʠ ʟʘ ʧʘʨʦʚʝ ʢʦʥʝʢʪʦʨʘ ʫ ʩʧʦʿʫ. ʆʜ ʧʨʝʚʘʩʭʦʜʥʦʛ ʠʥʪʝʨʝʩʘ ʩʫ 

ʧʦʚʨʘʪʥʦ ʠ ʫʥʝʪʦ ʩʣʘʙˀʝˁʝ. ʅʘ ʩʣʠʮʠ 1.6.7. ʿʝ ʧʨʠʢʘʟʘʥ ʿʝʜʘʥ ʦʜ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠʭ 

ʘʜʘʧʪʝʨʘ, ʧʨʝʣʘʟ ʩʘ ʞʝʥʩʢʦʛ SMA ʢʦʥʝʢʪʦʨʘ ʥʘ ʞʝʥʩʢʠ N ʢʦʥʝʢʪʦʨ. 

 

ʉʣʠʢʘ 1.6.7.  ɸʜʘʧʪʝʨ ʩʘ ʞʝʥʩʢʦʛ SMA ʢʦʥʝʢʪʦʨʘ (ʣʝʚʦ) ʥʘ ʞʝʥʩʢʠ N ʢʦʥʝʢʪʦʨ (ʜʝʩʥʦ). 

1.7 ʆʜʨʝʹʠʚʘˁʝ ʛʨʝʰʢʝ ʧʨʠ ʤʝʨʝˁʫ s-ʧʘʨʘʤʝʪʘʨʘ 

ʋ ʦʚʦʤ ʦʜʝˀʢʫ ʨʘʟʤʦʪʨʠ˂ʝʤʦ ʦʩʥʦʚʥʝ ʛʨʝʰʢʝ ʧʨʠʣʠʢʦʤ ʤʝʨʝˁʘ s-ʧʘʨʘʤʝʪʘʨʘ 

(ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʨʝʬʣʝʢʩʠʿʝ ʠ ʪʨʘʥʩʤʠʩʠʿʝ). ʇʦʿʝʜʥʦʩʪʘʚˀʝʥʘ ʰʝʤʘ ʤʝʨʥʝ ʧʦʩʪʘʚʢʝ ʟʘ ʤʝʨʝˁʝ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ ʜʚʦʧʦʨʪʥʦʛ ʩʢʣʦʧʘ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 1.7.1. ʇʦʩʪʘʚʢʫ ʯʠʥʝ ʠʟʚʦʨ 

ʩʠʛʥʘʣʘ, ʜʚʘ ʫʩʤʝʨʝʥʘ ʩʧʨʝʞˁʘʢʘ (ʟʘ ʠʟʜʚʘʿʘˁʝ ʜʝʣʘ ʠʥʮʠʜʝʥʪʥʦʛ, ʦʜʥʦʩʥʦ ʨʝʬʣʝʢʪʦʚʘʥʦʛ 

ʪʘʣʘʩʘ), ʩʢʣʦʧ ʯʠʿʠ ʢʦʝʬʠʮʠʿʝʥʪ ʨʝʬʣʝʢʩʠʿʝ ʤʝʨʠʤʦ (DUT) ʠ ʝʢʚʠʚʘʣʝʥʪʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʥʘ 

ʜʨʫʛʦʤ ʧʦʨʪʫ DUT-ʘ (ʧʨʚʠ ʧʦʨʪ DUT-ʘ ʧʨʠʢˀʫʯʝʥ ʿʝ ʥʘ ʧʦʙʫʹʝʥʠ ʧʦʨʪ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ, ʘ 

ʜʨʫʛʠ ʧʦʨʪ DUT-ʘ, ʯʠʿʠ ʢʦʝʬʠʮʠʿʝʥʪ ʨʝʬʣʝʢʩʠʿʝ ʩʝ ʥʝ ʤʝʨʠ ʫ ʦʚʦʿ ʧʦʩʪʘʚʮʠ, ʤʦʞʝ ʙʠʪʠ 

ʟʘʚʨʰʝʥ ʧʨʠʿʝʤʥʠʢʦʤ ʟʘ ʧʨʠʣʘʛʦʹʝˁʝ ʠʣʠ ʧʨʠʢˀʫʯʝʥ ʥʘ ʜʨʫʛʠ ʧʦʨʪ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ). 

ʂʦʝʬʠʮʠʿʝʥʪ ʨʝʬʣʝʢʩʠʿʝ ʩʝ ʜʦʙʠʿʘ ʥʘ ʦʩʥʦʚʫ ʦʜʥʦʩʘ ʩʠʛʥʘʣʘ A  ʠ R. 

 

ʉʣʠʢʘ 1.7.1.  ʇʦʿʝʜʥʦʩʪʘʚˀʝʥʘ ʰʝʤʘ ʤʝʨʥʝ ʧʦʩʪʘʚʢʝ ʟʘ ʤʝʨʝˁʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ ʠ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʪʦʢʦʚʠ ʩʠʛʥʘʣʘ. 

ʅʘ ʩʣʠʮʠ 1.7.1 ʿʝ ʢʨʘʿ ʩʚʘʢʦʛ ʩʢʣʦʧʘ ʫʧʠʩʘʥ ʧʘʨʘʤʝʪʘʨ ʢʦʿʠ ʛʘ ʢʘʨʘʢʪʝʨʠʰʝ: ʤʦʜʫʣ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ ʠʟʚʦʨʘ ʿʝ Sr  ( S 1r ), ʫʩʤʝʨʝʥʦʩʪ ʠʜʝʥʪʠʯʥʠʭ ʫʩʤʝʨʝʥʠʭ ʩʧʨʝʞˁʘʢʘ 

ʿʝ D , ʤʦʜʫʣ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ ʦʧʪʝʨʝ˂ʝˁʘ ʿʝ Lr  ( L 1r ), ʜʦʢ ʿʝ DUT ʦʧʠʩʘʥ ʩʘ ʜʚʘ 

ʧʘʨʘʤʝʪʨʘ: ʤʦʜʫʣʦʤ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ, DUTr , ʠ ʤʦʜʫʣʦʤ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʘʥʩʤʠʩʠʿʝ, 

DUTt  (ʧʦʩʤʘʪʨʘ˂ʝʤʦ ʩʠʤʝʪʨʠʯʘʥ ʩʢʣʦʧ, ʪʿ. ʩʤʘʪʨʘ˂ʝʤʦ ʜʘ ʿʝ ʢʦʝʬʠʮʠʿʝʥʪ ʨʝʬʣʝʢʩʠʿʝ ʠʩʪʠ ʥʘ 

ʦʙʘ ʧʦʨʪʘ ʠ ʜʘ ʩʫ ʢʦʝʬʠʮʠʿʝʥʪʠ ʪʨʘʥʩʤʠʩʠʿʝ ʠʩʪʠ ʫ ʦʙʘ ʩʤʝʨʘ). ʉʚʝ ʚʝʣʠʯʠʥʝ ʩʫ ʫ ʣʠʥʝʘʨʥʦʿ 

ʩʢʘʣʠ (ʦʩʠʤ ʫʩʤʝʨʝʥʦʩʪʠ D, ʢʦʿʘ ʩʝ ʜʘʿʝ ʫ ʜʝʮʠʙʝʣʠʤʘ). ʄʦʜʫʣ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʘʥʩʤʠʩʠʿʝ 
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ʠʟʤʝʹʫ ʩʧʨʝʛʥʫʪʠʭ ʧʦʨʪʦʚʘ ʫʩʤʝʨʝʥʦʛ ʩʧʨʝʞˁʘʢʘ ʦʟʥʘʯʠ˂ʝʤʦ ʩʘ 

c, ʘ ʤʦʜʫʣ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʘʥʩʤʠʩʠʿʝ ʠʟʤʝʹʫ ʠʟʦʣʦʚʘʥʠʭ ʧʦʨʪʦʚʘ ʫʩʤʝʨʝʥʦʛ ʩʧʨʝʞˁʘʢʘ 

ʦʟʥʘʯʠ˂ʝʤʦ ʩʘ i . ɿʘʥʝʤʘʨʠ˂ʝʤʦ ʨʝʬʣʝʢʩʠʿʫ ʥʘ ʧʦʨʪʦʚʠʤʘ ʫʩʤʝʨʝʥʦʛ ʩʧʨʝʞˁʘʢʘ ʠ, ʧʦʰʪʦ ʩʫ c  

ʠ i  ʤʥʦʛʦ ʤʘˁʠ ʦʜ ʿʝʜʘʥ, ʟʘʥʝʤʘʨʠ˂ʝʤʦ ʠ ʩʣʘʙˀʝˁʝ ʛʣʘʚʥʦʛ ʪʦʢʘ ʩʠʛʥʘʣʘ ʢʨʦʟ ʫʩʤʝʨʝʥʝ 

ʩʧʨʝʞˁʘʢʝ (ʦʜʥʦʩʥʦ ʩʤʘʪʨʘ˂ʝʤʦ ʜʘ ʿʝ ʤʦʜʫʣ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʘʥʩʤʠʩʠʿʝ ʠʟʤʝʹʫ ʧʦʨʪʦʚʘ ʜʫʞ 

ʛʣʘʚʥʦʛ ʪʦʢʘ ʩʠʛʥʘʣʘ ʿʝʜʥʘʢʘ ʿʝʜʘʥ). ʊʘʢʦʹʝ, ʩʤʘʪʨʘ˂ʝʤʦ ʜʘ ʩʫ ʧʨʠʿʝʤʥʠʮʠ ʢʦʿʠ ʤʝʨʝ ʩʠʛʥʘʣʝ 

R ʠ A  ʩʘʚʨʰʝʥʦ ʧʨʠʣʘʛʦʹʝʥʠ (ʪʿ. ʜʘ ʦʜ ˁʠʭ ʥʝʤʘ ʨʝʬʣʝʢʩʠʿʝ). 

ɸʥʘʣʠʟʫ ˂ʝʤʦ ʦʙʘʚʠʪʠ ʧʨʘ˂ʝˁʝʤ ʨʝʬʣʝʢʩʠʿʘ ʠ ʪʨʘʥʩʤʠʩʠʿʘ ʩʠʛʥʘʣʘ ʢʦʿʠ ʧʦʣʘʟʠ ʠʟ 

ʛʝʥʝʨʘʪʦʨʘ ʠ ʩʪʠʞʫ ʜʦ ʧʦʨʪʦʚʘ R ʠ A. ʊʝʦʨʠʿʩʢʠ, ʪʘʢʚʠʭ ʩʠʛʥʘʣʘ ʠʤʘ ʙʝʩʢʦʥʘʯʥʦ, ʘʣʠ ʫ 

ʧʨʘʢʩʠ ʩʝ ʩʠʛʥʘʣʠ ʢʦʿʠ ʧʦʪʠʯʫ ʦʜ ʚʠʰʝʩʪʨʫʢʠʭ ʨʝʬʣʝʢʩʠʿʘ ʤʦʛʫ ʟʘʥʝʤʘʨʠʪʠ, ʧʘ ʧʨʘʢʪʠʯʥʦ 

ʩʘʤʦ ʥʝʢʦʣʠʢʦ ʩʠʛʥʘʣʘ ʙʠʪʥʦ ʫʪʠʯʝ ʥʘ ʢʦʥʘʯʘʥ ʨʝʟʫʣʪʘʪ. ʇʨʠʤʝʪʠʤʦ ʜʘ ʿʝ ʦʚʜʝ ʨʝʯ ʦ 

ʢʦʤʧʣʝʢʩʥʠʤ ʧʨʝʜʩʪʘʚʥʠʮʠʤʘ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʠʭ ʩʠʛʥʘʣʘ ʠ ʜʘ ʪʨʘʞʠʤʦ ʨʝʰʝˁʝ ʫ ʫʩʪʘˀʝʥʦʤ 

ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʦʤ ʨʝʞʠʤʫ. ɱʝʜʘʥ ʥʘʯʠʥ ʟʘ ʪʦ ʿʝ ʜʘ ʫ ʩʨʝʜʠʥʘʤʘ ʦʜ ʠʥʪʝʨʝʩʘ ʟʘʜʦʚʦˀʠʤʦ 

ʿʝʜʥʘʯʠʥʝ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʦʛ ʧʦˀʘ, ʘ ʥʘ ˁʠʭʦʚʠʤ ʨʘʟʜʚʦʿʥʠʤ ʧʦʚʨʰʠʤʘ ʛʨʘʥʠʯʥʝ ʫʩʣʦʚʝ. 

ɼʨʫʛʠ ʥʘʯʠʥ ʿʝ ʦʚʘʿ ʢʦʿʠ ˂ʝʤʦ ʧʨʠʤʝʥʠʪʠ, ʛʜʝ ʩʤʘʪʨʘʤʦ ʜʘ ʫ ʿʝʜʥʦʿ ʩʨʝʜʠʥʠ ʧʦʩʪʦʿʠ ʙʝʩʢʦʥʘʯʘʥ 

ʙʨʦʿ ʧʘʨʮʠʿʘʣʥʠʭ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʠʭ ʦʜʟʠʚʘ ʠ ʜʘ ʩʝ ʫʢʫʧʘʥ ʦʜʟʠʚ ʜʦʙʠʿʘ ʢʘʦ ʟʙʠʨ 

ʢʦʤʧʣʝʢʩʥʠʭ ʧʨʝʜʩʪʘʚʥʠʢʘ ʧʘʨʮʠʿʘʣʥʠʭ ʦʜʟʠʚʘ. 

ʇʨʝʪʧʦʩʪʘʚʠʤʦ ʜʘ ʠʟʚʦʨ ʛʝʥʝʨʠʰʝ ʩʠʛʥʘʣ ʯʠʿʠ ʿ ʝ ʤʦʜʫʣ ʠʥʪʝʥʟʠʪʝʪʘ ʪʘʣʘʩʘ I . ɼʫʞ ʛʣʘʚʥʦʛ 

ʪʦʢʘ ʩʠʛʥʘʣʘ ʢʨʦʟ ʜʚʘ ʩʧʨʝʞˁʘʢʘ (ʧʣʘʚʘ ʣʠʥʠʿʘ ʥʘ ʩʣʠʮʠ) ʩʠʛʥʘʣ ʠʟ ʛʝʥʝʨʘʪʦʨʘ ʧʨʦʣʘʟʠ 

ʧʨʘʢʪʠʯʥʦ ʥʝʦʩʣʘʙˀʝʥ ʠ ʩʪʠʞʝ ʜʦ DUT-ʘ. ʅʘ ʧʦʨʪʫ R ʧʨʚʦʛ ʫʩʤʝʨʝʥʦʛ ʩʧʨʝʞˁʘʢʘ ʩʝ, ʟʙʦʛ 

ʩʧʨʝʛʝ, ʧʦʿʘʚˀʫʿʝ (ʚʝʦʤʘ ʤʘʣʠ) ʜʝʦ ʩʠʛʥʘʣʘ ʠʟ ʛʝʥʝʨʘʪʦʨʘ, ʤʦʜʫʣʘ ʠʥʪʝʥʟʠʪʝʪʘ ʪʘʣʘʩʘ Ic . ʅʘ 

ʧʦʨʪʫ A ʜʨʫʛʦʛ ʫʩʤʝʨʝʥʦʛ ʩʧʨʝʞˁʘʢʘ ʩʝ, ʟʙʦʛ ʢʦʥʘʯʥʝ ʠʟʦʣʘʮʠʿʝ, ʧʦʿʘʚˀʫʿʝ (ʿʦʰ ʤʘˁʠ) ʜʝʦ 

ʩʠʛʥʘʣʘ ʠʟ ʛʝʥʝʨʘʪʦʨʘ, ʤʦʜʫʣʘ ʠʥʪʝʥʟʠʪʝʪʘ ʪʘʣʘʩʘ Ii . 

ʉʠʛʥʘʣ ʠʟ ʠʟʚʦʨʘ ʢʦʿʠ ʩʝ ʨʝʬʣʝʢʪʫʿʝ ʦʜ DUT-ʘ ʠʤʘ ʤʦʜʫʣ ʠʥʪʝʥʟʠʪʝʪʘ ʪʘʣʘʩʘ DUTIr . ɺʝʦʤʘ 

ʤʘʣʠ ʜʝʦ ʪʦʛ ʨʝʬʣʝʢʪʦʚʘʥʦʛ ʩʠʛʥʘʣʘ ʩʝ, ʟʙʦʛ ʩʧʨʝʛʝ, ʧʦʿʘʚˀʫʿʝ ʥʘ ʧʦʨʪʫ A  ʜʨʫʛʦʛ ʫʩʤʝʨʝʥʦʛ 

ʩʧʨʝʞˁʘʢʘ, ʘ ʤʦʜʫʣ ʠʥʪʝʥʟʠʪʝʪʘ ʪʦʛ ʪʘʣʘʩʘ ʿʝ DUTI cr . ʆʜ DUT-ʘ ʨʝʬʣʝʢʪʦʚʘʥʠ ʩʠʛʥʘʣ ˂ʝ ʩʝ, 

ʟʙʦʛ ʢʦʥʘʯʥʝ ʠʟʦʣʘʮʠʿʝ, ʧʦʿʘʚʠʪʠ ʠ ʥʘ ʧʦʨʪʫ R ʧʨʚʦʛ ʫʩʤʝʨʝʥʦʛ ʩʧʨʝʞˁʘʢʘ. ʇʦʰʪʦ ʿʝ ˁʝʛʦʚ 

ʤʦʜʫʣ ʠʥʪʝʥʟʠʪʝʪʘ ʪʘʣʘʩʘ, DUTI ir , ʤʥʦʛʦ ʤʘˁʘ ʦʜ Ic  (ʿʝʨ ʿʝ DUT 1r ¢ ʠ i c ), ʫ ʦʚʦʤ 

ʨʘʟʤʘʪʨʘˁʫ ˂ʝʤʦ ʛʘ ʟʘʥʝʤʘʨʠʪʠ. ʊʘʢʦʹʝ ˂ʝʤʦ ʟʘʥʝʤʘʨʠʪʠ ʩʠʛʥʘʣ ʢʦʿʠ ʩʝ ʨʝʬʣʝʢʪʦʚʘʦ ʠʟʤʝʹʫ 

DUT-ʘ ʠ ʧʦʪʦʤ ʨʝʬʣʝʢʪʦʚʘʦ ʦʜ ʠʟʚʦʨʘ, ʤʦʜʫʣʘ ʠʥʪʝʥʟʠʪʝʪʘ ʪʘʣʘʩʘ DUT SIr r, ʿʝʨ ʦʯʝʢʫʿʝʤʦ ʤʫ 

ʿʝ ʤʦʜʫʣ ʟʥʘʪʥʦ ʤʘˁʠ ʦʜ ʤʦʜʫʣʘ ʧʨʚʦʙʠʪʥʦʛ ʩʠʛʥʘʣʘ ʠʟ ʠʟʚʦʨʘ, I  (ʿʝʨ ʿʝ S 1r ). ɼʨʫʛʠʤ 

ʨʝʯʠʤʘ, ʟʘʥʝʤʘʨʠ˂ʝʤʦ ʜʦʧʨʠʥʦʩ ʩʠʛʥʘʣʘ ʢʦʿʠ ʩʝ ʨʝʬʣʝʢʪʦʚʘʦ ʦʜ DUT-ʘ (ʠ ʧʨʦʰʘʦ ʢʨʦʟ 

ʫʩʤʝʨʝʥʠ ʩʧʨʝʞˁʘʢ ʧʨʠʢˀʫʯʝʥ ʟʘ DUT) ʩʠʛʥʘʣʠʤʘ A  ʠ R, ʘ ʪʠʤʝ ˂ʝʤʦ ʟʘʥʝʤʘʨʠʪʠ ʠ ʩʚʝ 

ˁʝʛʦʚʝ ʚʠʰʝʩʪʨʫʢʝ ʨʝʬʣʝʢʩʠʿʝ, ʢʦʿʝ ʩʠʛʫʨʥʦ ʠʤʘʿʫ ʤʘˁʠ ʤʦʜʫʣ ʠʥʪʝʥʟʠʪʝʪʘ ʪʘʣʘʩʘ. 

ʇʨʠʤʝʪʠʤʦ ʩʣʝʜʝ˂ʝðʧʨʠ ʧʨʘ˂ʝˁʫ ʨʝʬʣʝʢʩʠʿʘ ʚʠʰʝʛ ʨʝʜʘ ʫʦʙʠʯʘʿʝʥʦ ʩʝ, ʜʘ ʙʠ ʩʝ ʧʦʩʪʠʛʣʘ 

ʚʠʩʦʢʘ ʪʘʯʥʦʩʪ, ʟʘʥʝʤʘʨʫʿʫ ʯʣʘʥʦʚʠ ʧʨʦʧʦʨʮʠʦʥʘʣʥʠ ʤʘʣʠʤ ʚʝʣʠʯʠʥʘʤʘ ʜʨʫʛʦʛ ʨʝʜʘ (ʪʿ. 

ʢʚʘʜʨʠʨʘʥʠʤ ʤʘʣʠʤ ʚʝʣʠʯʠʥʘʤʘ). ʊʦ ʟʘ ʩʠʛʥʘʣ ʤʦʜʫʣʘ DUT SIr r ʥʝ ʤʦʨʘ ʜʘ ʙʫʜʝ ʩʣʫʯʘʿ (ʤʦʞʝʤʦ 

ʤʝʨʠʪʠ ʠ ʩʢʣʦʧ ʯʠʿʠ ʿʝ DUTr  ʚʝʣʠʢʠ, ʧʘ ʦʥʜʘ ʪʦ ʥʠʿʝ ʤʘʣʘ ʚʝʣʠʯʠʥʘ ʜʨʫʛʦʛ ʨʝʜʘ). ʆʚʜʝ ˂ʝʤʦ ʪʘʿ 

ʩʠʛʥʘʣ ʟʘʥʝʤʘʨʠʪʠ ʟʙʦʛ ʿʝʜʥʦʩʪʘʚʥʦʩʪʠ ʘʥʘʣʠʟʝ ʠ ʯʠˁʝʥʠʮʝ ʜʘ ˁʝʛʦʚ ʜʦʧʨʠʥʦʩ ʫ ʤʝʨʝˁʫ 

ʨʝʬʣʝʢʩʠʿʝ ʥʠʿʝ ʢˀʫʯʘʥ.  
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ʉʠʛʥʘʣ ʠʟ ʠʟʚʦʨʘ ʢʦʿʠ ʩʝ ʪʨʘʥʩʤʠʪʫʿʝ ʢʨʦʟ DUT ʠ ʟʘʪʠʤ ʨʝʬʣʝʢʪʫʿʝ ʦʜ ʦʧʪʝʨʝ˂ʝˁʘ ʠʤʘ 

ʤʦʜʫʣ ʠʥʪʝʥʟʠʪʝʪʘ ʪʘʣʘʩʘ DUT LIt r. ɼʝʦ ʪʦʛ ʩʠʛʥʘʣʘ ʩʝ ʦʜʤʘʭ ʪʨʘʥʩʤʠʪʫʿʝ ʢʨʦʟ DUT ʫ 

ʩʫʧʨʦʪʥʦʤ ʩʤʝʨʫ (ʢʘ ʠʟʚʦʨʫ), ʘ ʜʝʣʦʚʠ ʩʝ ʪʨʘʥʩʤʠʪʫʿʫ ʥʘʢʦʥ ʨʝʬʣʝʢʩʠʿʘ ʠʟʤʝʹʫ DUT-ʘ ʠ 

ʧʦʪʨʦʰʘʯʘ. ʄʦʜʫʣ ʠʥʪʝʥʟʠʪʝʪʘ ʪʘʣʘʩʘ ʩʠʛʥʘʣʘ ʢʦʿʠ ʩʝ ʦʜʤʘʭ ʪʨʘʥʩʤʠʪʫʿʝ ʿʝ 2

DUT LIt r. ɺʝʦʤʘ 

ʤʘʣʠ ʜʝʦ ʪʦʛ ʨʝʬʣʝʢʪʦʚʘʥʦʛ ʩʠʛʥʘʣʘ ʩʝ, ʟʙʦʛ ʩʧʨʝʛʝ, ʧʦʿʘʚˀʫʿʝ ʥʘ ʧʦʨʪʫ A  ʜʨʫʛʦʛ ʫʩʤʝʨʝʥʦʛ 

ʩʧʨʝʞˁʘʢʘ, ʘ ʤʦʜʫʣ ʠʥʪʝʥʟʠʪʝʪʘ ʪʦʛ ʪʘʣʘʩʘ 2

DUT LI ct r. ɼʘˀʠ ʪʦʢ ʜʝʣʘ ʪʦʛ ʩʠʛʥʘʣʘ ʢʦʿʠ ʥʘʩʪʘʚˀʘ 

ʢʘ ʫʩʤʝʨʝʥʦʤ ʩʧʨʞˁʘʢʫ R ʤʦʞʝ ʩʝ ʟʘʥʝʤʘʨʠʪʠ (ʿʝʨ ʩʤʦ ʠʟʥʘʜ ʧʦʢʘʟʘʣʠ ʜʘ ʿʝ ˁʝʛʦʚ ʜʦʧʨʠʥʦʩ 

ʩʠʛʥʘʣʠʤʘ R ʠ A ʟʘʥʝʤʘʨˀʠʚ). ʄʦʜʫʣ ʠʥʪʝʥʟʠʪʝʪʘ ʪʘʣʘʩʘ ʩʠʛʥʘʣʘ ʢʦʿʠ ʩʝ k  ( 1k² ) ʧʫʪʘ 

ʨʝʬʣʝʢʪʦʚʘʦ ʠʟʤʝʹʫ DUT-ʘ ʠ ʧʦʪʨʦʰʘʯʘ ʿʝ 2 1

DUT DUT L

k kI +t r r. ʇʦʰʪʦ ʿʝ 1

L

k+r  ʤʘʣʘ ʚʝʣʠʯʠʥʘ ʙʘʨ 

ʜʨʫʛʦʛ ʨʝʜʘ, ʩʠʛʥʘʣ ʢʦʿʠ ʩʝ ʪʨʘʥʩʤʠʪʫʿʝ ʢʨʦʟ DUT (ʢʘ ʠʟʚʦʨʫ) ʥʘʢʦʥ ʚʠʰʝʩʪʨʫʢʠʭ ʨʝʬʣʝʢʩʠʿʘ 

ʠʟʤʝʹʫ DUT-ʘ ʠ ʧʦʪʨʦʰʘʯʘ ʠʤʘ ʟʥʘʪʥʦ ʤʘˁʠ ʤʦʜʫʣ ʠʥʪʝʥʟʠʪʝʪʘ ʪʘʣʘʩʘ ʦʜ ʩʠʛʥʘʣʘ ʢʦʿʠ ʩʝ 

ʦʜʤʘʭ ʪʨʘʥʩʤʠʪʫʿʝ, ʧʘ ʩʝ ˁʝʛʦʚ ʜʦʧʨʠʥʦʩ ʩʠʛʥʘʣʠʤʘ A  ʠ R ʤʦʞʝ ʟʘʥʝʤʘʨʠʪʠ.  

ɼʘʢʣʝ, ʩʠʛʥʘʣ R ʠʤʘ ʩʘʤʦ ʿʝʜʥʫ ʟʥʘʯʘʿʥʫ ʢʦʤʧʦʥʝʥʪʫ, ʤʦʜʫʣʘ ʠʥʪʝʥʟʠʪʝʪʘ ʪʘʣʘʩʘ Ic, ʜʦʢ 

ʩʠʛʥʘʣ A ʯʠʥʝ ʪʨʠ ʢʦʤʧʦʥʝʥʪʝ ʢʦʿʝ ʙʠ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʘʨʘʤʝʪʘʨʘ ʤʝʨʥʝ ʧʦʩʪʘʚʢʝ, ʤʦʛʣʝ ʜʘ 

ʙʫʜʫ ʟʥʘʯʘʿʥʝ. ʇʨʚʘ ʦʜ ˁʠʭ ʿʝ Ăʢʦʨʠʩʥʠñ ʩʠʛʥʘʣ, ʤʦʜʫʣʘ ʠʥʪʝʥʟʠʪʝʪʘ ʪʘʣʘʩʘ DUTI cr  (ʿʝʜʠʥʠ 

ʢʦʿʠ ʥʦʩʠ ʠʥʬʦʨʤʘʮʠʿʫ ʦ ʚʝʣʠʯʠʥʠ ʢʦʿʫ ʞʝʣʠʤʦ ʜʘ ʠʟʤʝʨʠʤʦ, ʤʦʜʫʣʘ ʢʦʝʬʠʮʠʿʝʥʪʘ 

ʨʝʬʣʝʢʩʠʿʝ, DUTr ). ɼʨʫʛʘ ʜʚʘ ʩʫ ʩʠʛʥʘʣʠ ʛʨʝʰʢʝ ʧʨʠ ʤʝʨʝˁʫ, ʤʦʜʫʣʘ ʠʥʪʝʥʟʠʪʝʪʘ ʪʘʣʘʩʘ Ii  

(ʧʦʪʠʯʝ ʦʜ ʥʝʩʘʚʨʰʝʥʦʩʪʠ ʫʩʤʝʨʝʥʦʛ ʩʧʨʝʞˁʘʢʘ, ʦʜʥʦʩʥʦ ʢʦʥʘʯʥʝ ʠʟʦʣʘʮʠʿʝ) ʠ 2

DUT LI ct r 

(ʧʦʪʠʯʝ ʦʜ ʥʝʩʘʚʨʰʝʥʦʩʪʠ ʦʧʪʝʨʝ˂ʝˁʘ, ʪʿ. ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ). ʇʦʢʘʟʘʣʠ ʩʤʦ ʜʘ 

ʥʝʩʘʚʨʰʝʥʦʩʪ ʠʟʚʦʨʘ ʥʝ ʫʪʠʯʝ ʟʥʘʯʘʿʥʦ ʥʘ ʦʚʦ ʤʝʨʝˁʝ. ʐʪʦ ʩʝ ʪʠʯʝ ʬʘʟʘ ʦʚʠʭ ʩʠʛʥʘʣʘ, ʦʥʝ ʥʝ 

ʟʘʚʠʩʝ ʩʘʤʦ ʦʜ ʩʢʣʦʧʦʚʘ ʥʘ ʩʣʠʮʠ, ʚʝ˂ ʠ ʦʜ ʢʦʘʢʩʠʿʘʣʥʠʭ ʢʘʙʣʦʚʘ ʢʦʿʠʤʘ ʩʫ ʪʠ ʩʢʣʦʧʦʚʠ 

ʧʦʚʝʟʘʥʠ (ʟʘ ʢʘʙʣʦʚʝ ʩʤʘʪʨʘʤʦ ʜʘ ʥʝ ʫʪʠʯʫ ʙʠʪʥʦ ʥʘ ʤʦʜʫʣ ʩʠʛʥʘʣʘ, ʘʣʠ ʤʦʛʫ ʜʘ ʟʥʘʯʘʿʥʦ 

ʧʨʦʤʝʥʝ ʬʘʟʫ, ʢʦʿʘ ʩʝ ʤʝˁʘ ʧʨʠ ʧʨʦʩʪʠʨʘˁʫ ʪʘʣʘʩʘ ʢʨʦʟ ʢʘʙʣʦʚʝ). ʉʪʦʛʘ ˂ʝʤʦ ʬʘʟʝ ʩʠʛʥʘʣʘ ʫ 

ʧʨʦʠʟʚʦˀʥʦʿ ʧʦʩʪʘʚʮʠ ʦʚʜʝ ʪʨʝʪʠʨʘʪʠ ʢʘʦ ʩʣʫʯʘʿʥʝ ʚʝʣʠʯʠʥʝ. ʀʤʘʿʫ˂ʠ ʪʦ ʫ ʚʠʜʫ, ʤʦʞʝʤʦ ʜʘ 

ʦʜʨʝʜʠʤʦ ʛʨʘʥʠʮʝ ʫ ʢʦʿʠʤʘ ʩʝ ʤʝʨʝʥʘ ʚʝʣʠʯʠʥʘ ʤʦʞʝ ʥʘʣʘʟʠʪʠ. ʆʜʩʪʫʧʘˁʝ ʦʜ ʪʘʯʥʦʛ ʨʝʟʫʣʪʘʪʘ 

ʙʠ˂ʝ ʥʘʿʚʝ˂ʝ ʘʢʦ ʩʫ ʩʠʛʥʘʣʠ ʛʨʝʰʢʝ ʫ ʬʘʟʠ (ʤʦʜʫʣʠ ʠʥʪʝʥʟʠʪʝʪʘ ʪʘʣʘʩʘ ʩʝ ʩʘʙʠʨʘʿʫ), ʧʘ ʩʝ ʪʘ 

ʟʙʠʨʥʘ ʛʨʝʰʢʘ ʩʘʙʠʨʘ ʩʘ ʢʦʨʠʩʥʠʤ ʩʠʛʥʘʣʦʤ (ʫ ʬʘʟʠ ʩʫ) ʠʣʠ ʩʝ ʦʜ ˁʝʛʘ ʦʜʫʟʠʤʘ (ʫ ʧʨʦʪʠʚʬʘʟʠ 

ʩʫ). ʊʘʢʦ ʤʠʥʠʤʘʣʥʫ ʠʟʤʝʨʝʥʫ ʚʨʝʜʥʦʩʪ ʟʘ ʤʦʜʫʣ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ ʜʦʙʠʿʘʤʦ ʥʘ 

ʦʩʥʦʚʫ ʠʟʨʘʟʘ: 

 ( )
( )2

DUT DUT L 2

DUT DUT DUT Lmin

I c Ii I c i

Ic c

r - + t r å õ
r = = r - +t ræ ö

ç ÷
, (1.7.1) 

a ʤʘʢʩʠʤʘʣʥʫ ʠʟʤʝʨʝʥʫ ʚʨʝʜʥʦʩʪ ʟʘ ʤʦʜʫʣ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ ʜʦʙʠʿʘʤʦ ʥʘ ʦʩʥʦʚʫ 

ʠʟʨʘʟʘ: 

 ( )
2

2DUT DUT L
DUT DUT DUT Lmax

I c Ii I c i

Ic c

r + + t r å õ
r = = r + +t ræ ö

ç ÷
, (1.7.2) 

ɺʠʜʠʤʦ ʜʘ ʩʠʛʥʘʣ ʛʨʝʰʢʝ ʧʦʪʠʯʝ ʦʜ ʫʩʤʝʨʝʥʦʩʪʠ ʫʩʤʝʨʝʥʦʛ ʩʧʨʝʞˁʘʢʘ (ʦʜʥʦʩʘ i c) ʠ 

ʥʝʧʨʠʣʘʛʦʹʝˁʘ ʧʦʪʨʦʰʘʯʘ (Lr). ʂʘʜʘ ʙʠ ʦʙʝ ʦʚʝ ʚʝʣʠʯʠʥʝ ʙʠʣʝ ʥʫʣʘ, ʥʝ ʙʠʩʤʦ ʠʤʘʣʠ ʛʨʝʰʢʫ 
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ʧʨʠ ʤʝʨʝˁʫ (ʥʘʨʘʚʥʦ, ʫʟ ʦʩʪʘʣʝ ʫʚʝʜʝʥʝ ʧʨʝʪʧʦʩʪʘʚʢʝ, ʢʘʦ ʠ ʦʥʝ ʢʦʿʝ ʩʤʦ ʪʨʝʥʫʪʥʦ 

ʧʨʝʥʝʙʨʝʛʥʫʣʠ). ɿʘʤʠʩʣʠʤʦ ʩʘʜʘ ʜʘ ʿʝ Lr  ʜʦʚʦˀʥʦ ʤʘʣʦ, ʪʘʢʦ ʜʘ ʤʦʞʝʤʦ ʟʘʥʝʤʘʨʠʪʠ ʯʣʘʥ 

2

DUT Lt r (ʪʦ ʿʝ ʩʣʫʯʘʿ ʘʢʦ ʿʝ ʥʘ ʥʝʧʦʙʫʹʝʥʠ ʧʦʨʪ DUT-ʘ ʧʨʠʢˀʫʯʝʥʦ ʧʨʝʮʠʟʥʦ ʧʨʠʣʘʛʦʹʝˁʝ). 

ʄʠʥʠʤʘʣʥʫ ʠ ʤʘʢʩʠʤʘʣʥʫ ʚʨʝʜʥʦʩʪ ʟʘ ʤʦʜʫʣ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ DUT-ʘ ʤʦʞʝʤʦ 

ʧʨʦʮʝʥʠʪʠ ʥʘ ʦʩʥʦʚʫ ʠʟʨʘʟʘ (1.7.1) ʠ (1.7.2), ʘʣʠ ʜʘ ʣʠ ʤʦʞʝʤʦ ʜʘ ʧʨʦʮʝʥʠʤʦ ʢʘʢʦ ʩʝ ʚʨʝʜʥʦʩʪ 

ʪʦʛ ʤʦʜʫʣʘ ʤʝˁʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʫʯʝʩʪʘʥʦʩʪʠ ʥʘ ʢʦʿʦʿ ʚʨʰʠʤʦ ʤʝʨʝˁʝ? ʂʘʦ ʰʪʦ ʤʦʞʝʤʦ 

ʚʠʜʝʪʠ ʩʘ ʩʣʠʢʝ 1.7.1, ʩʠʛʥʘʣ (ʤʦʜʫʣʘ ʠʥʪʝʥʟʠʪʝʪʘ ʪʘʣʘʩʘ) DUTI cr , ʦʜ ʢʦʿʝʛ ʧʦʪʠʯʝ ʯʣʘʥ DUTr  ʫ 

ʠʟʨʘʟʠʤʘ (1.7.1) ʠ (1.7.2), ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʧʨʝʣʘʟʠ ʨʘʟʣʠʯʠʪ ʧʫʪ ʦʜ ʩʠʛʥʘʣʘ Ii , ʦʜ ʢʦʿʝʛ ʫ ʪʠʤ 

ʠʟʨʘʟʠʤʘ ʧʦʪʠʯʝ ʯʣʘʥ i c . ɸʢʦ ʧʨʝʪʧʦʩʪʘʚʠʤʦ ʜʘ ʩʠʛʥʘʣ DUTI cr  ʧʨʝʣʘʟʠ ʟʘ dʜʫʞʠ ʧʫʪ, ʦʥ ˂ʝ 

ʬʘʟʥʦ ʢʘʩʥʠʪʠ ʟʘ ʩʠʛʥʘʣʦʤ Ii  ʟʘ db, ʛʜʝ ʿʝ 
r 02 f cb= p e ʬʘʟʥʠ ʢʦʝʬʠʮʠʿʝʥʪ TEM ʪʘʣʘʩʘ, re 

ʨʝʣʘʪʠʚʥʘ ʧʝʨʤʠʪʠʚʥʦʩʪ ʤʝʜʠʿʫʤʘ ʢʨʦʟ ʢʦʿʠ ʩʝ ʪʘʣʘʩ ʧʨʦʩʪʠʨʝ, ʘ 0c  ʿʝ ʙʨʟʠʥʘ ʩʚʝʪʣʦʩʪʠ ʫ 

ʚʘʢʫʫʤʫ. ʉʪʦʛʘ ˂ʝ ʤʦʜʫʣ ʠʥʪʝʥʟʠʪʝʪʘ ʪʘʣʘʩʘ ʟʙʠʨʘ ʦʚʘ ʜʚʘ ʩʠʛʥʘʣʘ (ʩʠʛʥʘʣʘ R) ʙʠʪʠ 

j

DUT

DUT

1 e di
I c

c

+ br +
r

, ʘ ʥʘʢʦʥ ʜʝˀʝˁʘ ʩʠʛʥʘʣʦʤ A  ʜʦʙʠ˂ʝʤʦ ʠʟʨʘʟ ʟʘ ʠʟʤʝʨʝʥʠ ʤʦʜʫʣ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ DUT-ʘ: 

 ( ) 0 r

j2

DUT DUTm

DUT

1 e

d
f

ci c + p
e

r =r +
r

. (1.7.3) 

ʇʦʰʪʦ ˂ʝ ʩʝ ʝʢʩʧʦʥʝʥʮʠʿʘʣʥʠ ʯʣʘʥ ʫ ʧʨʝʪʭʦʜʥʦʤ ʠʟʨʘʟʫ ʩʘ ʢʦʥʪʠʥʫʘʣʥʦʤ ʧʨʦʤʝʥʦʤ 

ʫʯʝʩʪʘʥʦʩʪʠ ʢʦʥʪʠʥʫʘʣʥʦ ʠ ʧʝʨʠʦʜʠʯʥʦ ʤʝˁʘʪʠ ʠʟʤʝʹʫ -1 ʠ 1, ʜʦʙʠ˂ʝʤʦ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ 

ʪʘʣʘʩʘˁʝ, ʢʦʿʝ ʧʦʪʠʯʝ ʦʜ ʫʩʤʝʨʝʥʦʩʪʠ ʩʧʨʝʞˁʘʢʘ, ʘ ʯʠʿʘ ˂ʝ ʘʤʧʣʠʪʫʜʘ ʟʘʚʠʩʠʪʠ ʦʜ ʦʜʥʦʩʘ i c  

ʠ DUTr . ʇʨʠʤʝʪʠʤʦ ʜʘ ˂ʝ, ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ, i c  ʠ DUTr  ʟʘʚʠʩʠʪʠ ʦʜ ʫʯʝʩʪʘʥʦʩʪʠ. 

ʇʨʠʤʝʨ 1.7.1. ʅʘ ʩʣʠʮʠ 1.7.1 ʧʨʠʢʘʟʘʥʘ ʿʝ ʧʦʩʪʘʚʢʘ ʟʘ ʤʝʨʝˁʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ, 

ʠʟʨʘʞʝʥʦʛ ʦʜʥʦʩʦʤ ʩʠʛʥʘʣʘ A R, ʜʚʦʧʦʨʪʥʦʛ ʫʨʝʹʘʿʘ (DUT-ʘ). ʋʩʤʝʨʝʥʠ ʩʧʨʝʞˁʘʮʠ ʩʫ 

ʠʜʝʥʪʠʯʥʠ, ʫʩʤʝʨʝʥʦʩʪʠ 25dBD= . ʇʨʠʣʘʛʦʹʝˁʝ (load match) ʦʧʪʝʨʝ˂ʝˁʘ (LOAD) ʿʝ 

15dBLM = . ʀʟʚʦʨ ʠ ʧʨʠʿʝʤʥʠʮʠ ʢʦʿʠ ʤʝʨʝ ʢʦʤʧʣʝʢʩʥʝ ʩʠʛʥʘʣʝ A  (ʨʝʬʣʝʢʪʦʚʘʥʠ) ʠ R  

(ʠʥʮʠʜʝʥʪʥʠ) ʩʘʚʨʰʝʥʦ ʩʫ ʧʨʠʣʘʛʦʹʝʥʠ. ɸʢʦ ʿʝ DUT ʩʠʤʝʪʨʠʯʘʥ ʠ ʠʤʘ ʧʦʚʨʘʪʥʦ ʩʣʘʙˀʝˁʝ 

(return loss) DUT 13dBRL =  ʠ ʫʥʝʪʦ ʩʣʘʙˀʝˁʝ (insertion loss) DUT 1dBIL = , ʠʟʨʘʯʫʥʘʪʠ ʫ ʢʦʿʠʤ 

ʛʨʘʥʠʮʘʤʘ ˂ʝ ʩʝ ʥʘʣʘʟʠʪʠ ʠʟʤʝʨʝʥʘ ʚʨʝʜʥʦʩʪ ʟʘ ʧʦʚʨʘʪʥʦ ʩʣʘʙˀʝˁʝ DUT-ʘ. ɿʘʥʝʤʘʨʠʪʠ 

ʩʣʘʙˀʝˁʝ ʛʣʘʚʥʦʛ ʪʦʢʘ ʩʠʛʥʘʣʘ ʢʨʦʟ ʫʩʤʝʨʝʥʝ ʩʧʨʝʞˁʘʢʝ. 

ʈʝʰʝˁʝ: ʅʘʿʧʨʝ ʿʝ ʩʚʝ ʚʝʣʠʯʠʥʝ ʟʘʜʘʪʝ ʫ ʜʝʮʠʙʝʣʠʤʘ ʧʦʪʨʝʙʥʦ ʧʨʠʢʘʟʘʪʠ ʫ ʣʠʥʝʘʨʥʦʿ ʩʢʘʣʠ. 

ʅʘ ʦʩʥʦʚʫ ʠʟʨʘʟʘ ( 20)10 Di c -= , 
( 20)

L 10 LM-r = , DUT( 20)

DUT 10
RL-

r =  ʠ DUT( 20)

DUT 10
IL-

t = , ʜʦʙʠʿʘʤʦ 

ʚʨʝʜʥʦʩʪʠ 0,0562i c= , L 0,1778r = , DUT 0,2239r =  ʠ DUT 0,8912t = . ɿʘʪʠʤ, ʥʘ ʦʩʥʦʚʫ ʠʟʨʘʟʘ 

(1.7.1) ʠ (1.7.2) ʜʦʙʠʿʘʤʦ ʤʠʥʠʤʘʣʥʫ ʠ ʤʘʢʩʠʤʘʣʥʫ ʠʟʤʝʨʝʥʫ ʚʨʝʜʥʦʩʪ ʢʦʝʬʠʮʠʿʝʥʪʘ 

ʨʝʬʣʝʢʩʠʿʝ, ( )DUT min
0,0264r =  ʠ ( )DUT max

0,4214r = . Mʘʢʩʠʤʘʣʥʦ ʠ ʤʠʥʠʤʘʣʥʦ ʠʟʤʝʨʝʥʦ 

ʧʦʚʨʘʪʥʦ ʩʣʘʙˀʝˁʝ ʿʝ ( ) ( )
10DUT DUTmax min

20logRL =- r  ʠ ( ) ( )
10DUT DUTmin max

20logRL =- r , 

ʦʜʥʦʩʥʦ ʜʦʙʠʿʘʤʦ ʚʨʝʜʥʦʩʪʠ ( )DUT max
31,6 dBRL =  ( )DUT min

7,5 dBRL = . 
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ʅʘ ʧʨʝʪʭʦʜʥʦʤ ʧʨʠʤʝʨʫ ʚʠʜʠʤʦ ʜʘ ʠʟʤʝʨʝʥʘ ʚʨʝʜʥʦʩʪ ʧʦʚʨʘʪʥʦʛ ʩʣʘʙˀʝˁʘ ʤʦʞʝ ʜʘ ʚʝʦʤʘ 

ʚʘʨʠʨʘ ʫ ʦʜʥʦʩʫ ʥʘ ʪʘʯʥʫ ʚʨʝʜʥʦʩʪ. ʂʦʥʢʨʝʪʥʦ, ʦʚʜʝ ʿʝ ʨʝʯ ʦ DUT-ʫ ʩʘ ʤʘʣʠʤ ʫʥʝʪʠʤ 

ʩʣʘʙˀʝˁʝʤ ʠ ʥʝʜʦʚʦˀʥʦ ʜʦʙʨʠʤ ʧʨʠʣʘʛʦʹʝˁʝʤ ʦʧʪʝʨʝ˂ʝˁʘ ʥʘ ʥʝʧʦʙʫʹʝʥʦʤ ʧʦʨʪʫ DUT-ʘ. ʋ 

ʪʘʢʚʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʧʨʠʙʝʛʘʚʘ ʩʝ ʫʙʘʮʠʚʘˁʫ ʦʩʣʘʙˀʠʚʘʯʘ (ʘʪʝʥʫʘʪʦʨʘ) ʩʘ ʤʘʣʠʤ 

ʢʦʝʬʠʮʠʿʝʥʪʦʤ ʨʝʬʣʝʢʩʠʿʝ (ʪʿ. ʤʘʣʠʤ ʢʦʝʬʠʮʠʿʝʥʪʦʤ ʩʪʦʿʝ˂ʠʭ ʪʘʣʘʩʘ) ʫ ʤʝʨʥʫ ʧʦʩʪʘʚʢʫ, 

ʠʟʤʝʹʫ DUT-ʘ ʠ ʦʧʪʝʨʝ˂ʝˁʘ. ʊʠʧʠʯʥʦ ʩʝ ʟʘ ʦʚʘʢʚʝ ʧʨʠʤʝʥʝ ʢʦʨʠʩʪʝ ʘʪʝʥʫʘʪʦʨʠ ʩʣʘʙˀʝˁʘ 

10 dB ʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʩʪʦʿʝ˂ʝʛ ʪʘʣʘʩʘ ʠʟʤʝʹʫ 1,1 ʠ 1,3. ʄʝʨʥʘ ʧʦʩʪʘʚʢʘ ʩʘ ʜʦʜʘʪʠʤ ʘʪʝʥʫʘʪʦʨʦʤ 

ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʪʦʢʦʚʠ ʩʠʛʥʘʣʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʩʣʠʮʠ 1.7.2. 

 

 

ʉʣʠʢʘ 1.7.2.  ʇʦʿʝʜʥʦʩʪʘʚˀʝʥʘ ʰʝʤʘ ʤʝʨʥʝ ʧʦʩʪʘʚʢʝ, ʩʘ ʜʦʜʘʪʠʤ ʘʪʝʥʫʘʪʦʨʦʤ, ʟʘ ʤʝʨʝˁʝ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʪʦʢʦʚʠ ʩʠʛʥʘʣʘ. 

ʇʨʠʤʝʥʦʤ ʘʥʘʣʠʟʝ ʩʣʠʯʥʝ ʘʥʘʣʠʟʠ ʧʨʠʤʝʨʘ ʩʘ ʩʣʠʢʝ 1.7.1. ʟʘʢˀʫʯʫʿʝʤʦ ʜʘ ʩʠʛʥʘʣʫ A  

ʟʥʘʯʘʿʥʦ ʜʦʧʨʠʥʦʩʝ, ʧʦʨʝʜ (ʢʦʨʠʩʥʦʛ) ʩʠʛʥʘʣʘ ʨʝʬʣʝʢʪʦʚʘʥʦʛ ʦʜ DUT-ʘ ʠ ʩʠʛʥʘʣʘ (ʛʨʝʰʢʝ) 

ʟʙʦʛ ʢʦʥʘʯʥʝ ʠʟʦʣʘʮʠʿʝ ʫʩʤʝʨʝʥʦʛ ʩʧʨʝʞˁʘʢʘ, ʠ ʩʠʛʥʘʣʠ (ʛʨʝʰʢʝ) ʿʝʜʥʦʤ ʨʝʬʣʝʢʪʦʚʘʥʠ ʦʜ 

ʘʪʝʥʫʘʪʦʨʘ, ʦʜʥʦʩʥʦ ʦʜ ʦʧʪʝʨʝ˂ʝˁʘ. ʇʫʪʘˁʝ ʩʚʠʭ ʟʥʘʯʘʿʥʠʭ ʩʠʛʥʘʣʘ ʠ ˁʠʭʦʚʠ ʤʦʜʫʣʠ 

ʠʥʪʝʥʟʠʪʝʪʘ ʪʘʣʘʩʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʩʣʠʮʠ 1.7.2. ʆʜʘʪʣʝ ʜʦʙʠʿʘʤʦ ʠʟʨʘʟ ʟʘ ʤʠʥʠʤʘʣʥʫ 

ʠʟʤʝʨʝʥʫ ʚʨʝʜʥʦʩʪ ʤʦʜʫʣʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ: 

 ( ) min 2 2 2

DUT DUT DUT ATT DUT ATT Lmin

ɸ i

R c

å õ
r = = r - +t r +t t ræ ö

ç ÷
, (1.7.4) 

ʦʜʥʦʩʥʦ ʠʟʨʘʟ ʟʘ ʤʘʢʩʠʤʘʣʥʫ ʠʟʤʝʨʝʥʫ ʚʨʝʜʥʦʩʪ ʤʦʜʫʣʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ: 

 ( ) max 2 2 2

DUT DUT DUT ATT DUT ATT Lmax

ɸ i

R c

å õ
r = = r + +t r +t t ræ ö

ç ÷
. (1.7.5) 

ʉʫʰʪʠʥʩʢʘ ʫʣʦʛʘ ʘʪʝʥʫʘʪʦʨʘ ʿʝ ʜʘ ʩʚʦʿʠʤ ʩʣʘʙˀʝˁʝʤ ʩʤʘˁʠ ʫʪʠʮʘʿ ʨʝʬʣʝʢʩʠʿʝ ʦʜ ʦʧʪʝʨʝ˂ʝˁʘ, 

ʘ ʜʘ ʧʨʠ ʪʦʤʝ ʥʝ ʜʦʧʨʠʥʝʩʝ ʙʠʪʥʦ ʩʠʛʥʘʣʫ ʛʨʝʰʢʝ, ʰʪʦ ʩʝ ʧʦʩʪʠʞʝ ʠʟʙʦʨʦʤ ʘʪʝʥʫʘʪʦʨʘ ʩʘ 

ʤʘʣʠʤ ʢʦʝʬʠʮʠʿʝʥʪʦʤ ʨʝʬʣʝʢʩʠʿʝ. 

ʇʨʠʤʝʨ 1.7.2. ʅʘ ʩʣʠʮʠ 1.7.2 ʧʨʠʢʘʟʘʥʘ ʿʝ ʧʦʩʪʘʚʢʘ ʟʘ ʤʝʨʝˁʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ, 

ʠʟʨʘʞʝʥʦʛ ʦʜʥʦʩʦʤ ʩʠʛʥʘʣʘ A R, ʜʚʦʧʦʨʪʥʦʛ ʫʨʝʹʘʿʘ (DUT-ʘ). ʋʩʤʝʨʝʥʠ ʩʧʨʝʞˁʘʮʠ ʩʫ 

ʠʜʝʥʪʠʯʥʠ, ʫʩʤʝʨʝʥʦʩʪʠ 25dBD= . ɸʪʝʥʫʘʪʦʨ (ɸʊʊ) ʠʤʘ ʫʥʝʪʦ ʩʣʘʙˀʝˁʝ (insertion loss) 

ATT 10 dBIL =  ʠ ʢʦʝʬʠʮʠʿʝʥʪ ʩʪʦʿʝ˂ʠʭ ʪʘʣʘʩʘ ATT 1,1SWR = . ʇʨʠʣʘʛʦʹʝˁʝ (load match) 

ʦʧʪʝʨʝ˂ʝˁʘ (LOAD) ʿʝ 15dBLM = . ʀʟʚʦʨ ʠ ʧʨʠʿʝʤʥʠʮʠ ʢʦʿʠ ʤʝʨʝ ʢʦʤʧʣʝʢʩʥʝ ʩʠʛʥʘʣʝ A  
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(ʨʝʬʣʝʢʪʦʚʘʥʠ) ʠ R (ʠʥʮʠʜʝʥʪʥʠ) ʩʘʚʨʰʝʥʦ ʩʫ ʧʨʠʣʘʛʦʹʝʥʠ. ɸʢʦ ʿʝ DUT ʩʠʤʝʪʨʠʯʘʥ ʠ ʠʤʘ 

ʧʦʚʨʘʪʥʦ ʩʣʘʙˀʝˁʝ (return loss) DUT 13dBRL =  ʠ ʫʥʝʪʦ ʩʣʘʙˀʝˁʝ DUT 1dBIL = , ʠʟʨʘʯʫʥʘʪʠ ʫ 

ʢʦʿʠʤ ʛʨʘʥʠʮʘʤʘ ˂ʝ ʩʝ ʥʘʣʘʟʠʪʠ ʠʟʤʝʨʝʥʘ ʚʨʝʜʥʦʩʪ ʟʘ ʧʦʚʨʘʪʥʦ ʩʣʘʙˀʝˁʝ DUT-ʘ. ɿʘʥʝʤʘʨʠʪʠ 

ʩʣʘʙˀʝˁʝ ʛʣʘʚʥʦʛ ʪʦʢʘ ʩʠʛʥʘʣʘ ʢʨʦʟ ʫʩʤʝʨʝʥʝ ʩʧʨʝʞˁʘʢʝ. 

ʈʝʰʝˁʝ: ʅʘʿʧʨʝ ʚʝʣʠʯʠʥʝ ʟʘʜʘʪʝ ʫ ʜʝʮʠʙʝʣʠʤʘ ʠʟʨʘʯʫʥʘʚʘʤʦ ʫ ʣʠʥʝʘʨʥʦʿ ʩʢʘʣʠ, 

0,0562i c= , ɸʊʊ 0,3162t = , L 0,1778r = , DUT 0,2239r =  ʠ DUT 0,8912t = . ʂʦʝʬʠʮʠʿʝʥʪ 

ʨʝʬʣʝʢʩʠʿʝ ʘʪʝʥʫʘʪʦʨʘ ʜʦʙʠʿʘʤʦ ʠʟ ʠʟʨʘʟʘ ( )( )ɸʊʊ ɸʊʊ ɸʊʊ1 1SWR SWRr = - +, ʧʘ ʿʝ 

ɸʊʊ 0,0476r = . ɿʘʪʠʤ, ʥʘ ʦʩʥʦʚʫ ʠʟʨʘʟʘ (1.7.4) ʠ (1.7.5) ʜʦʙʠʿʘʤʦ ʤʠʥʠʤʘʣʥʫ ʠ ʤʘʢʩʠʤʘʣʥʫ 

ʠʟʤʝʨʝʥʫ ʚʨʝʜʥʦʩʪ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ, ( )DUT min
0,1487r =  ʠ ( )DUT max

0,2990r = . ʆʜʘʪʣʝ 

ʜʦʙʠʿʘʤʦ ʤʘʢʩʠʤʘʣʥʦ ʠ ʤʠʥʠʤʘʣʥʦ ʠʟʤʝʨʝʥʦ ʧʦʚʨʘʪʥʦ ʩʣʘʙˀʝˁʝ, ( )DUT max
16,5 dBRL =  ʠ 

( )DUT min
10,5 dBRL = . 

ʀʟ ʧʨʠʤʝʨʘ 1.7.2 ʚʠʜʠʤʦ ʜʘ ʠʟʤʝʨʝʥʦ ʧʦʚʨʘʪʥʦ ʩʣʘʙˀʝˁʝ ʫ ʤʝʨʥʦʿ ʧʦʩʪʘʚʮʠ ʩʘ ʘʪʝʥʫʘʪʦʨʦʤ 

ʠʤʘ ʟʥʘʥʪʥʦ ʤʘˁʝ ʧʨʦʮʝˁʝʥʦ ʦʜʩʪʫʧʘˁʝ ʦʜ ʪʘʯʥʝ ʚʨʝʜʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʦʥʦ ʠʟʤʝʨʝʥʦ 

ʧʦʩʪʘʚʢʦʤ ʙʝʟ ʘʪʝʥʫʘʪʦʨʘ. 

ʇʦʿʝʜʥʦʩʪʘʚˀʝʥʘ ʰʝʤʘ ʤʝʨʥʝ ʧʦʩʪʘʚʢʝ ʟʘ ʤʝʨʝˁʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ ʜʚʦʧʦʨʪʥʦʛ 

ʩʢʣʦʧʘ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 1.7.3. ʇʦʩʪʘʚʢʫ ʯʠʥʝ ʠʟʚʦʨ ʩʠʛʥʘʣʘ, ʩʢʣʦʧ ʯʠʿʠ ʢʦʝʬʠʮʠʿʝʥʪ 

ʨʝʬʣʝʢʩʠʿʝ ʤʝʨʠʤʦ (DUT) ʠ ʝʢʚʠʚʘʣʝʥʪʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʥʘ ʜʨʫʛʦʤ ʧʦʨʪʫ DUT-ʘ ʇʨʚʠ ʧʦʨʪ 

DUT-ʘ ʧʨʠʢˀʫʯʝʥ ʿʝ ʥʘ ʧʦʙʫʹʝʥʠ ʧʦʨʪ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ, ʘ ʜʨʫʛʠ ʧʦʨʪ DUT-ʘ ʥʘ ʥʝʧʦʙʫʹʝʥʠ 

ʧʦʨʪ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ. ʂʨʘʿ ʩʚʘʢʦʛ ʩʢʣʦʧʘ ʥʘ ʩʣʠʮʠ ʫʧʠʩʘʥ ʿʝ ʧʘʨʘʤʝʪʘʨ ʢʦʿʠ ʛʘ ʢʘʨʘʢʪʝʨʠʰʝ: 

ʤʦʜʫʣ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ ʠʟʚʦʨʘ ʿʝ Sr  ( S 1r ), ʤʦʜʫʣ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ 

ʦʧʪʝʨʝ˂ʝˁʘ ʿʝ Lr  ( L 1r ), ʜʦʢ ˂ʝʤʦ ʩʤʘʪʨʘʪʠ ʜʘ ʿʝ DUT ʩʠʤʝʪʨʠʯʘʥ ʠ ʦʧʠʩʘʥ ʩʘ ʜʚʘ 

ʧʘʨʘʤʝʪʨʘ: ʤʦʜʫʣʦʤ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ, DUTr , ʠ ʤʦʜʫʣʦʤ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʘʥʩʤʠʩʠʿʝ, 

DUTt . ʉʚʝ ʚʝʣʠʯʠʥʝ ʩʫ ʫ ʣʠʥʝʘʨʥʦʿ ʩʢʘʣʠ. 

 

ʉʣʠʢʘ 1.7.3.  ʇʦʿʝʜʥʦʩʪʘʚˀʝʥʘ ʰʝʤʘ ʤʝʨʥʝ ʧʦʩʪʘʚʢʝ ʟʘ ʤʝʨʝˁʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʘʥʩʤʠʩʠʿʝ ʠ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʪʦʢʦʚʠ ʩʠʛʥʘʣʘ. 

ɼʘ ʙʠʩʤʦ ʩʝ ʬʦʢʫʩʠʨʘʣʠ ʥʘ ʛʣʘʚʥʝ ʪʦʢʦʚʝ ʩʠʛʥʘʣʘ ʛʨʝʰʢʝ, ʤʝʨʥʫ ʧʦʩʪʘʚʢʫ ʩʤʦ ʤʘʢʩʠʤʘʣʥʦ 

ʧʦʿʝʜʥʦʩʪʘʚʠʣʠ, ʠʟʙʘʮʫʿʫ˂ʠ ʩʧʨʝʞˁʘʢʝ ʟʘ ʠʟʜʚʘʿʘˁʝ ʜʝʣʘ ʠʥʮʠʜʝʥʪʥʦʛ ʠ ʪʘʥʩʤʠʪʦʚʘʥʦʛ 

ʩʠʛʥʘʣʘ. ʉʪʦʛʘ ˂ʝʤʦ ʩʤʘʪʨʘʪʠ ʜʘ ʢʦʝʬʠʮʠʿʝʥʪ ʪʨʘʥʩʤʠʩʠʿʝ ʜʦʙʠʿʘʤʦ ʢʘʦ ʢʦʣʠʯʥʠʢ ʠʥʪʝʥʟʠʪʝʪʘ 

ʪʘʣʘʩʘ ʩʠʛʥʘʣʘ ʢʦʿʠ ʩʪʠʞʝ ʜʦ ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʠʥʠʮʠʿʘʣʥʦʛ ʩʠʛʥʘʣʘ ʠʟ ʠʟʚʦʨʘ (I ). ɼʦ ʦʧʪʝʨʝ˂ʝˁʘ 

ʩʪʠʞʫ: ʜʠʨʝʢʪʥʠ ʩʠʛʥʘʣ ʢʦʿʠ ʿʝ ʠʟ ʠʟʚʦʨʘ ʧʨʦʰʘʦ ʢʨʦʟ DUT ( DUTIt ), ʩʠʛʥʘʣ ʢʦʿʠ ʩʝ ʿʝʜʥʦʤ 

ʨʝʬʣʝʢʪʦʚʘʦ ʠʟʤʝʹʫ DUT-ʘ ʠ ʠʟʚʦʨʘ ʧʨʝ ʥʝʛʦ ʰʪʦ ʿʝ ʧʨʦʰʘʦ ʢʨʦʟ DUT ( DUT S DUTIr r t), ʩʠʛʥʘʣ 

ʢʦʿʠ ʩʝ ʥʘʢʦʥ ʧʨʦʣʘʩʢʘ ʢʨʦʟ DUT ʿʝʜʥʦʤ ʨʝʬʣʝʢʪʦʚʘʦ ʠʟʤʝʹʫ ʦʧʪʝʨʝ˂ʝˁʘ ʠ DUT-ʘ (
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DUT L DUTIt r r) ʠ ʩʠʛʥʘʣ ʢʦʿʠ ʩʝ ʨʝʬʣʝʢʪʦʚʘʦ ʠʟʤʝʹʫ ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʠʟʚʦʨʘ, ʧʨʠ ʪʦʤʝ ʪʨʠ ʧʫʪʘ 

ʧʨʦʰʘʚʰʠ ʢʨʦʟ DUT ʧʨʝ ʥʝʛʦ ʰʪʦ ʩʝ ʚʨʘʪʠʦ ʜʦ ʦʧʪʝʨʝ˂ʝˁʘ (3

DUT L SIt r r). ʇʨʚʠ ʦʜ ʦʚʠʭ ʩʠʛʥʘʣʘ 

ʿʝ ʦʥʘʿ ʧʦʞʝˀʥʠ, ʧʨʝʦʩʪʘʣʘ ʪʨʠ ʩʫ ʩʠʛʥʘʣʠ ʛʨʝʰʢʝ. ʉʚʠ ʩʠʛʥʘʣʠ ʠ ˁʠʭʦʚʠ ʤʦʜʫʣʠ ʠʥʪʝʥʟʠʪʝʪʘ 

ʪʘʣʘʩʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʩʣʠʮʠ 1.7.3. ʂʘʦ ʰʪʦ ʩʤʦ ʚʝ˂ ʨʝʢʣʠ ʧʨʠ ʘʥʘʣʠʟʠ ʨʝʬʣʝʢʩʠʿʝ ʤʝʨʥʦʤ 

ʧʦʩʪʘʚʢʦʤ ʩʘ ʩʣʠʢʝ 1.7.1, ʬʘʟʝ ʦʚʠʭ ʩʠʛʥʘʣʘ ʥʝ ʤʦʞʝʤʦ ʜʘ ʧʨʝʜʚʠʜʠʤʦ ʦʚʦʤ ʚʨʩʪʦʤ ʘʥʘʣʠʟʝ, 

ʧʘ ʠʭ ʩʤʘʪʨʘʤʦ ʩʣʫʯʘʿʥʠʤ ʧʨʦʤʝʥˀʠʚʠʤ. ʄʦʞʝʤʦ ʩʘʤʦ ʜʘ ʧʨʦʮʝʥʠʤʦ ʛʨʘʥʠʮʝ ʫ ʢʦʿʠʤʘ ˂ʝ ʩʝ 

ʠʟʤʝʨʝʥʘ ʚʝʣʠʯʠʥʘ ʥʘʣʘʟʠʪʠ, ʘ ˁʠʭ ʜʦʙʠʿʘʤʦ ʘʢʦ ʩʫ ʩʠʛʥʘʣʠ ʛʨʝʰʢʝ ʫ ʬʘʟʠ, ʘ ʢʦʨʠʩʥʠ ʩʠʛʥʘʣ 

ʫ ʧʨʦʪʠʚʬʘʟʠ ʠʣʠ ʫ ʬʘʟʠ ʩʘ ʫʢʫʧʥʠʤ ʩʠʛʥʘʣʦʤ ʛʨʝʰʢʝ. ʆʜʘʪʣʝ ʜʦʙʠʿʘʤʦ ʠʟʨʘʟ ʟʘ ʤʠʥʠʤʘʣʥʫ 

ʠʟʤʝʨʝʥʫ ʚʨʝʜʥʦʩʪ ʤʦʜʫʣʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʘʥʩʤʠʩʠʿʝ: 

 ( ) ( )3

DUT DUT DUT S DUT DUT L DUT DUT L Smin
t = t - r r t +t r r +t r r, (1.7.6) 

ʦʜʥʦʩʥʦ ʠʟʨʘʟ ʟʘ ʤʘʢʩʠʤʘʣʥʫ ʠʟʤʝʨʝʥʫ ʚʨʝʜʥʦʩʪ ʤʦʜʫʣʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʘʥʩʤʠʩʠʿʝ: 

 ( ) ( )3

DUT DUT DUT S DUT DUT L DUT DUT L Smax
t = t + r r t +t r r +t r r. (1.7.7) 

ʇʨʠʤʝʨ 1.7.3. ʅʘ ʩʣʠʮʠ 17.3 ʧʨʠʢʘʟʘʥʘ ʿʝ ʧʦʩʪʘʚʢʘ ʟʘ ʤʝʨʝˁʝ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʘʥʩʤʠʩʠʿʝ 

ʩʠʤʝʪʨʠʯʥʦʛ ʜʚʦʧʦʨʪʥʦʛ ʫʨʝʹʘʿʘ (DUT), ʧʦʚʨʘʪʥʦʛ ʩʣʘʙˀʝˁʘ (return loss) DUT 13 dBRL =  ʠ 

ʫʥʝʪʦʛ ʩʣʘʙˀʝˁʘ (insertion loss) DUT 1dBIL = . ʇʨʠʣʘʛʦʹʝˁʝ ʠʟʚʦʨʘ (source match) je 

16 dBSM= , a ʧʨʠʣʘʛʦʹʝˁʝ ʦʧʪʝʨʝ˂ʝˁa (load match) 15 dBLM = . ʀʟʨʘʯʫʥʘʪʠ ʫ ʢʦʿʠʤ 

ʛʨʘʥʠʮʘʤʘ ˂ʝ ʩʝ ʥʘʣʘʟʠʪʠ ʠʟʤʝʨʝʥʘ ʚʨʝʜʥʦʩʪ ʟʘ ʫʥʝʪʦ ʩʣʘʙˀʝˁʝ DUT-ʘ. 

ʈʝʰʝˁʝ: ʅʘʿʧʨʝ ʚʝʣʠʯʠʥʝ ʟʘʜʘʪʝ ʫ ʜʝʮʠʙʝʣʠʤʘ ʠʟʨʘʯʫʥʘʚʘʤʦ ʫ ʣʠʥʝʘʨʥʦʿ ʩʢʘʣʠ, 

S 0,1585r = , L 0,1778r = , DUT 0,2239r =  ʠ DUT 0,8912t = . ɿʘʪʠʤ, ʥʘ ʦʩʥʦʚʫ ʠʟʨʘʟʘ (1.7.6) ʠ 

(1.7.7) ʜʦʙʠʿʘʤʦ ʤʠʥʠʤʘʣʥʫ ʠ ʤʘʢʩʠʤʘʣʥʫ ʠʟʤʝʨʝʥʫ ʚʨʝʜʥʦʩʪ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʘʥʩʤʠʩʠʿʝ, 

( )DUT min
0,8041t =  ʠ ( )DUT max

0,9783t = . ʆʜʘʪʣʝ ʜʦʙʠʿʘʤʦ ʤʘʢʩʠʤʘʣʥʦ ʠ ʤʠʥʠʤʘʣʥʦ ʠʟʤʝʨʝʥʦ 

ʫʥʝʪʦ ʩʣʘʙˀʝˁʝ, ( )DUT max
1,9 dBIL =  ʠ ( )DUT min

0,2 dBRL = . 

ʂʘʦ ʠ ʫ ʩʣʫʯʘʿʫ ʤʝʨʝˁʘ ʨʝʬʣʝʢʩʠʿʝ, ʤʝʨʥʘ ʥʝʩʠʛʫʨʥʦʩʪ (ʤʦʛʫ˂ʝ ʦʜʩʪʫʧʘˁʝ ʤʝʨʝʥʦʛ 

ʧʘʨʘʤʝʪʨʘ) ʤʦʞʝ ʩʝ ʩʤʘˁʠʪʠ ʫʙʘʮʠʚʘˁʝʤ ʘʪʝʥʫʘʪʦʨʘ ʩʘ ʤʘʣʠʤ ʢʦʝʬʠʮʠʿʝʥʪʦʤ ʨʝʬʣʝʢʩʠʿʝ 

ʠʟʤʝʹʫ DUT-ʘ ʠ ʦʧʪʝʨʝ˂ʝˁʘ, ʘ ʘʥʘʣʠʟʘ ʿʝ ʩʣʠʯʥʘ ʢʘʦ ʫ ʜʨʫʛʠʤ ʧʨʠʤʝʨʠʤʘ ʠʟ ʦʚʦʛ ʧʦʛʣʘʚˀʘ. 

ʋ ʧʨʝʪʭʦʜʥʠʤ ʘʥʘʣʠʟʘʤʘ, ʧʨʠʣʠʢʦʤ ʧʨʦʮʝʥʝ ʤʝʨʥʝ ʥʝʩʠʛʫʨʥʦʩʪʠ, ʫ ʦʙʟʠʨ ʩʤʦ ʫʟʝʣʠ 

ʥʝʩʘʚʨʰʝʥʦʩʪʠ ʫʩʤʝʨʝʥʦʛ ʩʧʨʝʞˁʘʢʘ, ʠʟʚʦʨʘ ʠ ʦʧʪʝʨʝ˂ʝˁʘ, ʘʣʠ ʥʝ ʠ ʢʦʤʧʦʥʝʥʪʝ ʢʦʿʝ ʩʣʫʞʝ 

ʟʘ ʩʧʘʿʘˁʝ ʝʣʝʤʝʥʘʪʘ ʤʝʨʥʝ ʧʦʩʪʘʚʢʝ: ʢʘʙʣʦʚʝ, ʢʦʥʝʢʪʦʨʝ ʠ ʘʜʘʧʪʝʨʝ. ʊʘʢʦʹʝ, ʥʠʩʤʦ ʫʟʝʣʠ ʫ 

ʦʙʟʠʨ ʥʝʫʩʘʛʣʘʰʝʥʦʩʪ ʠʟʤʝʹʫ ʧʨʠʿʝʤʥʠʢʘ ʟʘ ʤʝʨʝˁʝ ʠʥʮʠʜʝʥʪʥʦʛ, ʨʝʬʣʝʢʪʦʚʘʥʦʛ ʠ 

ʪʨʘʥʩʤʠʪʦʚʘʥʦʛ ʩʠʛʥʘʣʘ. ʉʚʝ ʥʘʚʝʜʝʥʝ ʢʦʤʧʦʥʝʥʪʝ ʠ ˁʠʭʦʚʝ ʥʝʩʘʚʨʰʝʥʦʩʪʠ ʫʟʨʦʢʫʿʫ ʛʨʝʰʢʝ 

ʤʝʨʝˁʘ ʢʦʿʝ ʥʘʟʠʚʘʤʦ ʩʠʩʪʝʤʘʪʩʢʠʤ ʛʨʝʰʢʘʤʘ. ʆʥʝ ʩʝ ʤʦʛʫ ʫʦʯʠʪʠ ʠ ʢʦʨʠʛʦʚʘʪʠ ʫ ʧʦʩʪʫʧʢʫ 

ʢʦʿʠ ʥʘʟʠʚʘʤʦ ʢʘʣʠʙʨʘʮʠʿʦʤ. ʄʦʜʝʣʠʤʘ ʛʨʝʰʢʝ ʠ ˁʠʭʦʚʠʤ ʢʦʨʝʢʮʠʿʘʤʘ ʙʘʚʠ˂ʝʤʦ ʩʝ ʫ 

ʥʘʩʪʘʚʢʫ. ʇʦʨʝʜ ʩʠʩʪʝʤʘʪʩʢʠʭ, ʧʨʝʧʦʟʥʘʿʝʤʦ ʠ ʩʣʫʯʘʿʥʝ ʛʨʝʰʢʝ (ʥʘʿʯʝʰ˂ʝ ʟʙʦʛ ʩʠʛʥʘʣʘ ʰʫʤʘ 

ʫ ʠʥʩʪʨʫʤʝʥʪʠʤʘ ʠ ʧʦʥʦʚˀʠʚʦʩʪʠ ʢʦʥʝʢʪʦʨʘ ʠ ʧʨʝʢʣʦʧʥʠʢʘðʩʚʠʯʝʚʘ) ʠ ʪʟʚ. ʛʨʝʰʢʝ ʜʨʠʬʪʘ 

(drift)ðʟʙʦʛ ʧʨʦʤʝʥʘ ʧʘʨʘʤʝʪʘʨʘ ʤʝʨʥʦʛ ʩʠʩʪʝʤʘ ʥʘʢʦʥ ʢʘʣʠʙʨʘʮʠʿʝ, ʟʙʦʛ ʧʨʦʤʝʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠʣʠ ʧʨʦʪʦʢʘ ʚʨʝʤʝʥʘ. ʉʣʫʯʘʿʥʠʤ ʛʨʝʰʢʘʤʘ ʠ ʛʨʝʰʢʘʤʘ ʜʨʠʬʪʘ ʩʝ ʥʝ˂ʝʤʦ ʙʘʚʠʪʠ. 
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ʈʘʜʠ ʩʧʨʦʚʦʹʝˁʘ ʢʘʣʠʙʨʘʮʠʿʝ ʧʦʪʨʝʙʥʦ ʿʝ ʫʩʧʦʩʪʘʚʠʪʠ ʤʦʜʝʣ ʛʨʝʰʢʝ ʧʨʠ ʤʝʨʝˁʫ. ʊʘʿ ʤʦʜʝʣ 

ʛʨʝʰʢʝ ʟʘʚʠʩʠ ʦʜ ʢʦʥʩʪʨʫʢʮʠʿʝ ʪʝʩʪ ʩʝʪʘ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ. ʂʘʦ ʰʪʦ ʩʤʦ ʚʝ˂ ʨʝʢʣʠ, 

ʘʥʘʣʠʟʘʪʦʨʠ ʤʨʝʞʘ ʤʦʛʫ ʠʤʘʪʠ T/R ʪʝʩʪ ʩʝʪ (ʛʜʝ ʩʝ ʧʦʙʫʜʥʠ ʩʠʛʥʘʣ ʜʦʚʦʜʠ ʩʘʤʦ ʥʘ ʿʝʜʘʥ ʦʜ 

ʧʦʨʪʦʚʘ) ʠʣʠ s-ʧʘʨʘʤʝʪʘʨ ʪʝʩʪ ʩʝʪ (ʛʜʝ ʩʝ ʧʦʙʫʜʥʠ ʩʠʛʥʘʣ ʤʦʞʝ ʜʦʚʝʩʪʠ ʥʘ ʩʚʘʢʠ ʦʜ ʧʦʨʪʦʚʘ). 

ʂʦʜ s-ʧʘʨʘʤʝʪʘʨ ʪʝʩʪ ʩʝʪʦʚʘ ʜʚʦʧʦʨʪʥʦʛ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʨʘʟʣʠʢʫʿʝʤʦ ʜʚʝ ʠʟʚʝʜʙʝ: ʩʘ ʪʨʠ 

ʧʨʠʿʝʤʥʠʢʘ ʠʣʠ ʩʘ ʯʝʪʠʨʠ ʧʨʠʿʝʤʥʠʢʘ. ʂʦʜ s-ʧʘʨʘʤʝʪʘʨ ʪʝʩʪ ʩʝʪʦʚʘ ʩʘ ʪʨʠ ʧʨʠʿʝʤʥʠʢʘ 

ʠʥʮʠʜʝʥʪʥʠ ʩʠʛʥʘʣ ʤʝʨʠ ʩʝ ʟʘʿʝʜʥʠʯʢʠʤ ʧʨʠʿʝʤʥʠʢʦʤ, ʘ ʟʘ ʩʚʘʢʠ ʧʦʨʪ ʧʦʩʪʦʿʠ ʟʘʩʝʙʥʠ 

ʧʨʠʿʝʤʥʠʢ ʢʦʿʠ ʤʝʨʠ ʨʝʬʣʝʢʪʦʚʘʥʠ (ʫʢʦʣʠʢʦ ʿʝ ʪʘʿ ʧʦʨʪ ʧʦʙʫʹʝʥ) ʠʣʠ ʪʨʘʥʩʤʠʪʦʚʘʥʠ (ʫʢʦʣʠʢʦ 

ʪʘʿ ʧʦʨʪ ʥʠʿʝ ʧʦʙʫʹʝʥ) ʩʠʛʥʘʣ. ʂʦʜ s-ʧʘʨʘʤʝʪʘʨ ʪʝʩʪ ʩʝʪʦʚʘ ʩʘ ʯʝʪʠʨʠ ʧʨʠʿʝʤʥʠʢʘ ʟʘ ʩʚʘʢʠ ʧʦʨʪ 

ʧʦʩʪʦʿʝ ʟʘʩʝʙʥʠ ʧʨʠʿʝʤʥʠʮʠ ʟʘ ʤʝʨʝˁʝ ʠ ʠʥʮʠʜʝʥʪʥʦʛ ʩʠʛʥʘʣʘ ʠ ʨʝʬʣʝʢʪʦʚʘʥʦʛ (ʘʢʦ ʿʝ 

ʧʦʙʫʹʝʥ) ʠʣʠ ʪʨʘʥʩʤʠʪʦʚʘʥʦʛ (ʘʢʦ ʥʠʿʝ ʧʦʙʫʹʝʥ) ʩʠʛʥʘʣʘ. ʋ ʥʘʩʪʘʚʢʫ ˂ʝʤʦ ʥʘʿʧʨʝ ʫʚʝʩʪʠ ʤʦʜʝʣ 

ʛʨʝʰʢʝ ʟʘ s-ʧʘʨʘʤʝʪʘʨ ʪʝʩʪ ʩʝʪ ʩʘ ʯʝʪʠʨʠ ʧʨʠʿʝʤʥʠʢʘ ʢʦʿʠ ʿʝ, ʧʨʝʤʜʘ ʭʨʦʥʦʣʦʰʢʠ ʥʠʿʝ ʧʨʚʠ 

ʥʘʩʪʘʦ, ʥʘʿʦʧʰʪʠʿʠ ʤʦʜʝʣ ʛʨʝʰʢʝ. ʇʨʝʪʭʦʜʥʦ ˂ʝʤʦ ʩʝ ʧʦʜʩʝʪʠʪʠ ʪʨʘʥʩʤʠʩʠʦʥʠʭ (t) 

ʧʘʨʘʤʝʪʘʨʘ, ʢʦʿʠ ˂ʝ ʥʘʤ ʙʠʪʠ ʧʦʪʨʝʙʥʠ ʟʘ ʪʘʿ ʤʦʜʝʣ ʛʨʝʰʢʝ. 

1.8 ʊʨʘʥʩʤʠʩʠʦʥʠ ʧʘʨʘʤʝʪʨʠ (t-ʧʘʨʘʤʝʪʨʠ) 

ʊʨʘʥʩʤʠʩʠʦʥʠ ʧʘʨʘʤʝʪʨʠ (t-ʧʘʨʘʤʝʪʨʠ) ʩʣʫʞʝ ʜʘ ʧʨʠʢʘʞʫ ʠʥʪʝʥʟʠʪʝʪʝ ʪʘʣʘʩʘ ʩʠʛʥʘʣʘ ʥʘ 

ʿʝʜʥʦʤ ʧʦʨʪʫ (ʫʣʘʟʥʦʤ) ʫ ʬʫʥʢʮʠʿʠ ʠʥʪʝʥʟʠʪʝʪʘ ʪʘʣʘʩʘ ʩʠʛʥʘʣʘ ʥʘ ʜʨʫʛʦʤ ʧʦʨʪʫ (ʠʟʣʘʟʥʦʤ). 

ʇʦʩʤʘʪʨʘʤʿʦ ʜʚʘ ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʘʥʘ ʩʢʣʦʧʘ, ʦʟʥʘʯʝʥʘ ʩʘ A ʠ B ʠ ʟʘʿʝʜʥʦ ʩʘ ʠʥʪʝʥʟʠʪʝʪʠʤʘ 

ʪʘʣʘʩʘ ʩʠʛʥʘʣʘ ʢʦʿʠ ʫʣʘʟʝ ʠ ʠʟʣʘʟʝ ʠʟ ʩʢʣʦʧʦʚʘ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 1.8.1. ɿʘ ʩʢʣʦʧ A ʤʦʞʝʤʦ 

ʜʘ ʥʘʧʠʰʝʤʦ ʠʟʨʘʟ (ʜʝʬʠʥʠʮʠʦʥʠ ʠʟʨʘʟ ʟʘ t-ʧʘʨʘʤʝʪʨʝ): 

 
1A 11A 12A 2A

1A 21A 22A 2A

b t t a

a t t b

è ø è øè ø
=é ù é ùé ù

ê ú ê úê ú
, (1.8.1) 

ʛʜʝ ʩʫ 1Aa  ʠ 1Ab  ʠʥʪʝʥʟʠʪʝʪʠ ʪʘʣʘʩʘ ʩʠʛʥʘʣʘ ʢʦʿʠ ʫʣʘʟʝ ʠ ʠʟʣʘʟʝ ʠʟ ʧʨʚʦʛ (ʣʝʚʦʛ) ʧʦʨʪʘ ʩʢʣʦʧʘ 

A, 2Aa ʠ 2Ab  ʠʥʪʝʥʟʠʪʝʪʠ ʪʘʣʘʩʘ ʩʠʛʥʘʣʘ ʢʦʿʠ ʫʣʘʟʝ ʠ ʠʟʣʘʟʝ ʠʟ ʜʨʫʛʦʛ (ʜʝʩʥʦʛ) ʧʦʨʪʘ ʩʢʣʦʧʘ 

A, ʘ 11At , 12At , 21At  ʠ 22At  ʩʫ t-ʧʘʨʘʤʝʪʨʠ ʩʢʣʦʧʘ A. ʋʦʯʠʤʦ ʜʘ ʩʤʦ ʫ ʧʨʝʪʭʦʜʥʦʤ ʠʟʨʘʟʫ ʤʦʛʣʠ 

ʠ ʜʘ ʠʟʤʝʥʠʤʦ ʨʝʜʦʩʣʝʜ ʩʠʛʥʘʣʘ ʩʘ ʣʝʚʝ ʠ ʜʝʩʥʝ ʩʪʨʘʥʝ: ʩʘ ʣʝʚʝ ʩʪʨʘʥʝ 1Aa  ʿ ʝ ʤʦʛʘʦ ʙʠʪʠ ʧʨʚʠ, 

ʘ 1Ab  ʜʨʫʛʠ ʯʣʘʥ ʤʘʪʨʠʮʝ-ʢʦʣʦʥʝ, ʘ ʩʘ ʜʝʩʥʝ ʩʪʨʘʥʝ ʙʠ ʪʘʜʘ 2Ab  ʙʠʦ ʧʨʚʠ, ʘ 2Aa  ʜʨʫʛʠ ʯʣʘʥ 

ʤʘʪʨʠʮʝ-ʢʦʣʦʥʝ. ʊʝ ʜʚʝ ʜʝʬʠʥʠʮʠʿʝ t-ʧʘʨʘʤʝʪʘʨʘ ʩʫ ʨʘʚʥʦʧʨʘʚʥʝ. ʉʣʠʯʘʥ ʠʟʨʘʟ ʤʦʞʝʤʦ ʜʘ 

ʥʘʧʠʰʝʤʦ ʟʘ ʩʢʣʦʧ B: 

 
1B 11B 12B 2B

1B 21B 22B 2B

b t t a

a t t b

è ø è øè ø
=é ù é ùé ù

ê ú ê úê ú
, (1.8.2) 

ʘ ʟʥʘʯʝˁʝ ʯʣʘʥʦʚʘ ʠʜʝʥʪʠʯʥʦ ʿʝ ʢʘʦ ʢʦʜ ʩʢʣʦʧʘ A (ʩʘʤʦ ʫ ʧʦʩʤʘʪʨʘʥʠʤ ʚʝʣʠʯʠʥʘʤʘ ʠʥʜʝʢʩ A 

ʪʨʝʙʘ ʟʘʤʝʥʠʪʠ ʠʥʜʝʢʩʦʤ B).  
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ʉʣʠʢʘ 1.8.1.  ɼʚʘ ʤʝʹʫʩʦʙʥʦ ʧʦʚʝʟʘʥʘ ʩʢʣʦʧʘ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʪʦʢʦʚʠ ʩʠʛʥʘʣʘ. 

ʌʦʨʤʘʣʥʦ, ʨʘʜʠ ʢʦʤʧʘʢʪʥʠʿʝʛ ʟʘʧʠʩʘ, ʤʦʞʝʤʦ ʫʚʝʩʪʠ ʪʨʘʥʩʤʠʩʠʦʥʝ ʤʘʪʨʠʮʝ (ʤʘʪʨʠʮʝ t-

ʧʘʨʘʤʝʪʘʨʘ) ʩʢʣʦʧʦʚʘ A ʠ B, AT  ʠ BT : 

 
11A 12A

A

21A 22A

t t

t t

è ø
=é ù
ê ú

T ,   
11B 12B

B

21B 22B

t t

t t

è ø
=é ù
ê ú

T . (1.8.3) 

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʿʝ (ʘ ʰʪʦ ʩʝ ʚʠʜʠ ʩʘ ʩʣʠʢʝ 1.8.1) 2A 1Ba b=  ʠ 2A 1Bb a= , ʟʘʤʝʥʦʤ (1.8.2) ʫ 

(1.8.1) ʜʦʙʠʿʘʤʦ ʟʘʚʠʩʥʦʩʪ ʩʠʛʥʘʣʘ ʥʘ ʫʣʘʟʫ ʫ ʩʢʣʦʧ A ʦʜ ʩʠʛʥʘʣʘ ʥʘ ʠʟʣʘʟʫ ʩʢʣʦʧʘ B: 

 
1A 11A 12A 11B 12B 2B 2B

AB

1A 21A 22A 21B 22B 2B 2B

b t t t t a a

a t t t t b b

è ø è øè øè ø è ø
= =é ù é ùé ùé ù é ù

ê ú ê úê úê ú ê ú
T . (1.8.4) 

ʀʟ (1.8.3) ʠ (1.8.4) ʩʣʝʜʠ ʜʘ ʿʝ ʨʝʟʫʣʪʘʥʪʥʘ ʪʨʘʥʩʤʠʩʠʦʥʘ ʤʘʪʨʠʮʘ ʚʝʟʝ ʩʢʣʦʧʦʚʘ A ʠ B, ABT , 

ʿʝʜʥʘʢʘ ʤʘʪʨʠʯʥʦʤ ʧʨʦʠʟʚʦʜʫ ʪʨʘʥʩʤʠʩʠʦʥʠʭ ʤʘʪʨʠʮʘ ʧʦʿʝʜʠʥʘʯʥʠʭ ʩʢʣʦʧʦʚʘ A ʠ B: 

 
11AB 12AB

AB A B
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ʊʘʢʦʹʝ, ʫʢʦʣʠʢʦ ʠʤʘʤʦ ʥʠʟ ʦʜ ʚʠʰʝ ʤʝʹʫʩʦʙʥʦ ʩʧʦʿʝʥʠʭ ʩʢʣʦʧʦʚʘ, ˁʠʭʦʚʘ ʨʝʟʫʣʪʘʥʪʥʘ 

ʪʨʘʥʩʤʠʩʠʦʥʘ ʤʘʪʨʠʮʘ ʙʠ˂ʝ ʿʝʜʥʘʢʘ ʤʘʪʨʠʯʥʦʤ ʧʨʦʠʟʚʦʜʫ ʧʦʿʝʜʠʥʘʯʥʠʭ ʪʨʘʥʩʤʠʩʠʦʥʠʭ 

ʤʘʪʨʠʮʘ (ʧʨʝʤʘ ʨʝʜʦʩʣʝʜʫ ʧʦʚʝʟʠʚʘˁʘðʧʦʜʩʝʪʠʤʦ ʩʝ ʜʘ ʤʘʪʨʠʯʥʠ ʧʨʦʠʟʚʦʜ ʥʠʿʝ ʢʦʤʫʪʘʪʠʚʥʘ 

ʦʧʝʨʘʮʠʿʘ). ʂʘʜʘ ʦʜʨʝʜʠʤʦ ʨʝʟʫʣʪʘʥʪʥʫ ʪʨʘʥʩʤʠʩʠʦʥʫ ʤʘʪʨʠʮʫ, ʨʝʟʫʣʪʘʥʪʥʘ ʤʘʪʨʠʮʫ s-

ʧʘʨʘʤʝʪʘʨʘ ABS  ʣʘʢʦ ʦʜʨʝʹʫʿʝʤʦ ʥʘ ʦʩʥʦʚʫ ʠʟʨʘʟʘ ʟʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʫ t-ʧʘʨʘʤʝʪʘʨʘ ʫ s-

ʧʘʨʘʤʝʪʨʝ: 
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S . (1.8.6) 

ʀʟ ʧʨʝʪʭʦʜʥʦʛ ʨʘʟʤʘʪʨʘˁʘ ʧʨʦʠʩʪʠʯʝ ʟʥʘʯʘʿ t-ʧʘʨʘʤʝʪʘʨʘ. ʅʘʠʤʝ, t-ʧʘʨʘʤʝʪʨʠ ʩʫ ʧʦʛʦʜʥʠ ʟʘ 

ʪʝʦʨʠʿʩʢʠ ʠ ʧʨʘʢʪʠʯʥʠ ʪʨʝʪʤʘʥ ʥʠʟʘ ʩʧʦʿʝʥʠʭ ʩʢʣʦʧʦʚʘ, s-ʧʘʨʘʤʝʪʨʠ ʩʫ ʧʦʛʦʜʥʠ ʠ ʦʜʦʤʘ˂ʝʥʠ 

ʟʘ ʧʨʝʜʩʪʘʚˀʘˁʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʠʢʨʦʪʘʣʘʩʥʠʭ ʩʢʣʦʧʦʚʘ, ʘ ʧʨʝʣʘʟ ʠʟʤʝʹʫ t-ʧʘʨʘʤʝʪʘʨʘ ʠ s-

ʧʘʨʘʤʝʪʘʨʘ ʿʝ ʤʘʪʝʤʘʪʠʯʢʠ ʿʝʜʥʦʩʪʘʚʘʥ. ʊʨʘʥʩʬʦʨʤʘʮʠʿʘ ʠʟ s-ʧʘʨʘʤʝʪʘʨʘ ʫ t-ʧʘʨʘʤʝʪʨʝ 

ʜʚʦʧʦʨʪʥʦʛ ʩʢʣʦʧʘ, ʦʜʥʦʩʥʦ ʜʦʙʠʿʘˁʝ ʪʨʘʥʩʤʠʩʠʦʥʝ ʤʘʪʨʠʮʝ T  ʥʘ ʦʩʥʦʚʫ ʧʦʟʥʘʪʠʭ s-

ʧʘʨʘʤʝʪʘʨʘ ʜʘʪʦ ʿʝ ʠʟʨʘʟʦʤ: 
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T . (1.8.7) 

1.9 ʄʦʜʝʣ ʛʨʝʰʢʝ ʤʝʨʝˁʘ ʟʘ s-ʧʘʨʘʤʝʪʘʨ ʪʝʩʪ ʩʝʪ ʩʘ 

ʯʝʪʠʨʠ ʧʨʠʿʝʤʥʠʢʘ 

ɹʣʦʢ ʰʝʤʘ s-ʧʘʨʘʤʝʪʘʨ ʪʝʩʪ ʩʝʪʘ ʩʘ ʯʝʪʠʨʠ ʧʨʠʿʝʤʥʠʢʘ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 1.9.1.  

 

ʉʣʠʢʘ 1.9.1.  ɹʣʦʢ ʰʝʤʘ s-ʧʘʨʘʤʝʪʘʨ ʪʝʩʪ ʩʝʪʘ ʩʘ ʯʝʪʠʨʠ ʧʨʠʿʝʤʥʠʢʘ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʪʦʢʦʚʠ ʩʠʛʥʘʣʘ. 

ʉʠʛʥʘʣ ʠʟ ʠʟʚʦʨʘ ʩʝ ʩʚʠʯʝʤ ʧʨʦʩʣʝʹʫʿʝ ʥʘ ʛʨʘʥʫ ʟʘ ʦʙʨʘʜʫ ʧʦʨʪʘ 1 ʠʣʠ ʧʦʨʪʘ 2, ʜʦʢ ʩʝ ʜʨʫʛʘ 

ʛʨʘʥʘ ʟʘʚʨʰʘʚʘ ʦʧʪʝʨʝ˂ʝˁʝʤ (ʢʦʿʝ ʿʝ ʫ ʨʝʘʣʥʦʤ ʩʣʫʯʘʿʫ ʥʠʿʝ ʩʘʚʨʰʝʥʦ ʧʨʠʣʘʛʦʹʝˁʝ). ʋ ʩʚʘʢʦʿ 

ʛʨʘʥʠ ʧʦʩʪʦʿʠ Ăʨʝʬʣʝʢʪʦʤʝʪʘʨñðʜʚʦʩʪʨʫʢʠ ʫʩʤʝʨʝʥʠ ʩʧʨʝʞˁʘʢ (ʫ ʧʨʘʢʩʠ ʩʝ ʦʙʠʯʥʦ ʨʝʘʣʠʟʫʿʝ 

ʧʨʝʢʦ ʜʚʘ ʦʙʠʯʥʘ ʫʩʤʝʨʝʥʘ ʩʧʨʝʞˁʘʢʘ) ʢʦʿʠ ʨʘʟʘʜʚʘʿʘ ʩʠʛʥʘʣʝ ʢʦʿʠ ʩʝ ʢʨʦʟ ʪʫ ʛʨʘʥʫ ʢʨʝ˂ʫ ʫ 

ʩʫʧʨʦʪʥʠʤ ʩʤʝʨʦʚʠʤʘ. (ʆʚʘʢʚʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʥʘʟʠʚʘ ʩʝ Ăʜʚʦʩʪʨʫʢʠ ʨʝʬʣʝʢʪʦʤʝʪʘʨñ.) ʊʠ 

ʩʠʛʥʘʣʠ ʩʝ ʫ ʛʨʘʥʠ 1 ʤʝʨʝ ʧʨʠʿʝʤʥʠʮʠʤʘ 1m  ʠ 2m , ʘ ʫ ʛʨʘʥʠ 2 ʧʨʠʿʝʤʥʠʮʠʤʘ 3m  4m . 

ʀʟʤʝʹʫ ʧʦʨʪʦʚʘ ʪʝʩʪ ʩʝʪʘ (ʪʿ. ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʢʦʿʝʤ ʪʝʩʪ ʩʝʪ ʧʨʠʧʘʜʘ) ʧʨʠʢˀʫʯʝʥ ʿʝ ʩʢʣʦʧ 

ʯʠʿʝ s-ʧʘʨʘʤʝʪʨʝ ʞʝʣʠʤʦ ʜʘ ʠʟʤʝʨʠʤʦ (DUT). ʋ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ, ʩʧʘʿʘˁʝ ʧʦʨʪʦʚʘ ʘʥʘʣʠʟʘʪʦʨʘ 

ʤʨʝʞʘ ʠ ʧʦʨʪʦʚʘ DUT-ʘ ʦʙʘʚˀʘ ʩʝ ʢʦʘʢʩʠʿʘʣʥʠʤ ʢʘʙʣʦʚʠʤʘ ʟʘʚʨʰʝʥʠʤ ʢʦʥʝʢʪʦʨʠʤʘ. ʋʢʦʣʠʢʦ 

ʢʦʥʝʢʪʦʨʠ ʥʘ ʧʦʨʪʦʚʠʤʘ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʥʠʩʫ ʢʦʤʧʘʪʠʙʠʣʥʠ ʩʘ ʢʦʥʝʢʪʦʨʠʤʘ ʥʘ 

ʢʦʘʢʩʠʿʘʣʥʠʤ ʢʘʙʣʦʚʠʤʘ, ʟʘ ʩʧʘʿʘˁʝ ʩʝ ʢʦʨʠʩʪʝ ʢʦʘʢʩʠʿʘʣʥʠ ʘʜʘʧʪʝʨʠ. ʈʘʚʘʥ ʫ ʢʦʿʦʿ ʩʝ ʩʧʘʿʘʿʫ 

ʩʧʦˀʘʰˁʠ ʧʨʦʚʦʜʥʠʮʠ ʢʦʥʝʢʪʦʨʘ ʥʘ DUT-ʫ ʠ ʢʦʥʝʢʪʦʨʘ ʥʘ ʢʦʘʢʩʠʿʘʣʥʠʤ ʢʘʙʣʦʚʠʤʘ ʥʘʟʠʚʘ 

ʩʝ ʨʝʬʝʨʝʥʪʥʘ ʨʘʚʘʥ. ʀʥʪʝʥʟʠʪʝʪʠ ʪʘʣʘʩʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʨʘʚʥʝ ʊɽʄ ʪʘʣʘʩʝ, ʧʘ ˁʠʭʦʚʝ 

ʚʨʝʜʥʦʩʪʠ ʤʝˁʘʿʫ ʟʘʚʠʩʝ ʦʜ ʬʠʟʠʯʢʝ ʧʦʟʠʮʠʿʝ ʨʘʚʥʠ ʫ ʢʦʿʦʿ ʩʝ ʧʦʩʤʘʪʨʘʿʫ. ɼʨʫʛʠʤ ʨʝʯʠʤʘ, 

ʠʟʤʝʨʝʥʠ s-ʧʘʨʘʤʝʪʨʠ DUT-ʘ ʟʘʚʠʩʠ˂ʝ ʦʜ ʨʝʬʝʨʝʥʪʥʠʭ ʨʘʚʥʠ. ʋ ʥʘʰʝʤ ʩʣʫʯʘʿʫ, s-ʧʘʨʘʤʝʪʨʠ 

DUT-ʘ ʜʝʬʠʥʠʩʘʥʠ ʩʫ ʠʟʤʝʹʫ ʜʚʝ ʨʝʬʝʨʝʥʪʥʝ ʨʘʚʥʠ ʥʘʟʥʘʯʝʥʝ ʥʘ ʩʣʠʮʠ 1.9.1. ʊʦʢʦʚʠ ʩʠʛʥʘʣʘ 

ʢʦʿʠ ʧʦʩʪʦʿʝ ʪʦʢʦʤ ʤʝʨʝˁʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʩʣʠʮʠ 1.9.1. 

ʇʦʩʤʘʪʨʘʿʤʦ ʨʝʬʣʝʢʪʦʤʝʪʘʨ A, ʧʨʠʢˀʫʯʝʥ ʫ ʛʨʘʥʫ ʧʦʨʪʘ 1. ʈʝʯ ʿʝ ʦ ʩʢʣʦʧʫ ʩʘ ʯʝʪʠʨʠ ʧʦʨʪʘ, 

ʢʦʿʠ ʩʝ ʤʦʞʝ ʦʧʠʩʘʪʠ ʩʚʦʠʿʤ s-ʧʘʨʘʤʝʪʨʠʤʘ: 
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. (1.9.1) 

ʆʥʦ ʰʪʦ ʤʝʨʠʤʦ ʩʫ ʩʠʛʥʘʣʠ ʠʥʪʝʥʟʠʪʝʪʘ ʪʘʣʘʩʘ 2Ab  ʠ 4Ab . ʇʦʰʪʦ ʧʨʠʿʝʤʥʠʮʠ ʥʠʩʫ ʠʜʝʘʣʥʠ, 

ʦʥʦ ʰʪʦ ˂ʝʤʦ ʜʦʙʠʪʠ ʢʘʦ ʨʝʟʫʣʪʘʪ ʤʝʨʝˁʘ ʿʝʩʫ ʤʘʣʦ ʤʦʜʠʬʠʢʦʚʘʥʝ ʚʨʝʜʥʦʩʪʠ 2Ab  ʠ 4Ab , ʢʦʿʝ 

˂ʝʤʦ ʦʟʥʘʯʠʪʠ (ʢʘʦ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʧʨʠʿʝʤʥʠʢʝ) ʩʘ 1m  ʠ 2m : 

 1 1 2Am b=h , 2 2 4Am b=h . (1.9.2) 

ʋ ʧʨʝʪʭʦʜʥʦʤ ʠʟʨʘʟʫ 1h ʠ 2h  ʢʦʤʧʣʝʢʩʥʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʢʦʿʠ ʦʧʠʩʫʿʫ ʥʝʩʘʚʨʰʝʥʦʩʪ 

ʧʨʠʿʝʤʥʠʢʘ. ʆʥʦ ʰʪʦ ʥʘʤ ʿʝ ʧʦʪʨʝʙʥʦ ʜʘ ʙʠʩʤʦ ʦʜʨʝʜʠʣʠ s-ʧʘʨʘʤʝʪʨʝ DUT-ʘ ʩʫ ʠʥʪʝʥʟʠʪʝʪʠ 

ʪʘʣʘʩʘ 1a  ʠ 1b  (ʥʘʨʘʚʥʦ, ʠ 2a  ʠ 2b , ʘʣʠ ʪʨʝʥʫʪʥʦ ʩʝ ʙʘʚʠʤʦ ʛʨʘʥʦʤ ʧʦʨʪʘ 1). ʉʘ ʩʣʠʢʝ 1.9.1 

ʚʠʜʠʤʦ ʜʘ ʫ ʨʝʬʝʨʝʥʪʥʦʿ ʨʘʚʥʠ ʩʘ ʣʝʚʝ ʩʪʨʘʥʝ ʚʘʞʠ: 

 1 3Aa b= , 1 3Ab a= . (1.9.3) 

ɼʘʢʣʝ, ʫ ʩʤʠʩʣʫ ʦʜʨʝʹʠʚʘˁʘ s-ʧʘʨʘʤʝʪʘʨʘ DUT-ʘ, ʫ ʛʨʘʥʠ ʧʦʨʪʘ 1 ʟʘʥʠʤʘ ʥʘʩ ʩʘʤʦ ʚʝʟʘ ʠʟʤʝʹʫ 

1m  ʠ 2m  ʩʘ ʿʝʜʥʝ ʠ 1a  ʠ 1b  ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ. ʀʤʘʿʫ˂ʠ, ʧʘʢ, ʫ ʚʠʜʫ ʠʟʨʘʟʝ (1.9.2) ʠ (1.9.3), ʪʦ ʿʝ 

ʝʢʚʠʚʘʣʝʥʪʥʦ ʥʘʣʘʞʝˁʫ ʚʝʟʝ ʠʟʤʝʹʫ 2Ab  ʠ 4Ab  ʩʘ ʿʝʜʥʝ ʠ 3Ab  ʠ 3Aa  ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ.  

ʀʥʪʝʥʟʠʪʝʪʝ ʪʘʣʘʩʘ 2Aa  ʠ 4Aa  ʤʦʞʝʤʦ ʜʘ ʝʣʠʤʠʥʠʰʝʤʦ ʠʟ ʨʘʟʤʘʪʨʘˁʘ ʧʨʝʢʦ ˁʠʭʦʚʝ ʚʝʟʝ 

ʩʘ ʠʥʪʝʥʟʠʪʝʪʠʤʘ ʪʘʣʘʩʘ 2Ab  ʠ 4Ab : 

 2A 1 2Ama r b= , 4A 2 4Ama r b= . (1.9.4) 

ʋ ʧʨʝʪʭʦʜʥʦʤ ʠʟʨʘʟʫ 1mr  ʠ 2mr  ʩʫ ʢʦʝʬʠʮʠʿʝʥʪʠ ʨʝʬʣʝʢʩʠʿʝ ʧʨʠʿʝʤʥʠʢʘ 1m  ʠ 2m . ʋ ʤʘʪʨʠʯʥʦʤ 

ʦʙʣʠʢʫ ʦʧʠʩʘʥ ʩʠʩʪʝʤ ʿʝʜʥʘʯʠʥʘ (1.9.1) ʠʤʘ ʯʝʪʠʨʠ ʿʝʜʥʘʯʠʥʝ. ʇʦʰʪʦ 1Ab  ʥʝ ʢʦʨʠʩʪʠʤʦ, ʧʨʚʫ 

ʿʝʜʥʘʯʠʥʫ ʦʜʙʘʮʫʿʝʤʦ, ʘ ʠʥʪʝʥʟʠʪʝʪʝ ʪʘʣʘʩʘ 1Aa  ʤʦʞʝʤʦ ʜʘ ʠʟʨʘʟʠʤʦ ʠʟ ʪʨʝ˂ʝ ʿʝʜʥʘʯʠʥʝ ʠ 

ʫʙʘʮʠʤʦ ʪʘʿ ʠʟʨʘʟ ʫ ʜʨʫʛʫ ʠ ʯʝʪʚʨʪʫ ʿʝʜʥʘʯʠʥʫ. ʊʘʢʦ ʜʦʙʠʿʘʤʦ ʜʚʝ ʿʝʜʥʘʯʠʥʝ ʫ ʢʦʿʠʤʘ 

ʬʠʛʫʨʠʰʫ ʩʘʤʦ 2Ab , 4Ab , 3Ab  ʠ 3Aa . ʀʟʨʘʞʘʚʘʿʫ˂ʠ ʧʨʝʪʭʦʜʥʝ ʯʝʪʠʨʠ ʚʝʣʠʯʠʥʝ ʧʨʝʢʦ 1m , 2m , 

1a  ʠ 1b, ʢʦʨʠʰ˂ʝˁʝʤ ʠʟʨʘʟʘ (1.9.2) ʠ (1.9.3), ʥʦʚʦʥʘʩʪʘʣʠ ʩʠʩʪʝʤ ʿʝʜʥʘʯʠʥʘ ʤʦʞʝʤʦ ʧʨʠʢʘʟʘʪʠ 

ʫ ʦʙʣʠʢʫ: 
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1 21 22 1 1
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A , (1.9.5) 

ʛʜʝ ʧʘʨʘʤʝʪʨʠ 11A , 12A , 21A  ʠ 22A  ʟʘʚʠʩʝ (ʩʘʤʦ) ʦʜ s-ʧʘʨʘʤʝʪʘʨʘ ʨʝʬʣʝʢʪʦʤʝʪʨʘ A ʠ ʧʘʨʘʤʝʪʘʨʘ 

1h, 2h , 1mr  ʠ 2mr . ʅʘ ʩʣʠʯʘʥ ʥʘʯʠʥ ʜʦʙʠʿʘʤʦ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʚʝʟʫ ʟʘ ʨʝʬʣʝʢʪʦʤʝʪʘʨ B: 
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3 32 11 12

2 21 22 4 4

m ma B B

b B B m m

è ø è øè ø è ø
= =é ù é ùé ù é ù

ê ú ê úê ú ê ú
B , (1.9.6) 

ʛʜʝ ʧʘʨʘʤʝʪʨʠ 11B , 12B , 21B  ʠ 22B  ʟʘʚʠʩʝ (ʩʘʤʦ) ʦʜ s-ʧʘʨʘʤʝʪʘʨʘ ʨʝʬʣʝʢʪʦʤʝʪʨʘ B ʠ ʧʘʨʘʤʝʪʘʨʘ 

3h, 4h , 3mr  ʠ 4mr , ʜʝʬʠʥʠʩʘʥʠʭ ʘʥʘʣʦʛʥʦ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʧʘʨʘʤʝʪʨʠʤʘ ʨʝʬʣʝʢʪʦʨʘ A. 

ʈʝʣʘʮʠʿʘ (1.9.5) ʩʝ ʬʦʨʤʘʣʥʦ ʤʦʞʝ ʠʥʪʝʨʧʨʝʪʠʨʘʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: ʘʢʦ ʢʦʤʧʣʝʢʩʥʝ 

ʙʨʦʿʝʚʝ 1m  ʠ 2m  ʟʘʤʠʩʣʠʤʦ ʢʘʦ ʠʥʝʥʟʠʪʝʪʝ ʪʘʣʘʩʘ ʩʠʛʥʘʣʘ ʢʦʿʠ ʫʣʘʟʝ (1m), ʦʜʥʦʩʥʦ ʠʟʣʘʟʝ 

( 2m ) ʠʟ ʭʠʧʦʪʝʪʠʯʢʦʛ ʩʢʣʦʧʘ ʩʘ ʜʚʘ ʧʦʨʪʘ, ʢʦʿʠ ʿʝ ʜʠʨʝʢʪʥʦ ʩʧʦʿʝʥ ʩʘ DUT-ʦʤ, ʪʘʜʘ ʿʝ ʤʘʪʨʠʮʘ 

A  ʪʨʘʥʩʤʠʩʠʦʥʘ ʤʘʪʨʠʮʘ ʪʦʛ ʭʠʧʦʪʝʪʠʯʢʦʛ ʩʢʣʦʧʘ. ʉʣʠʯʥʦ ʚʘʞʠ ʟʘ ʨʝʣʘʮʠʿʫ (1.9.6). ʐʝʤʘ 

ʢʦʿʘ ʧʨʝʜʩʪʘʚˀʘ ʦʚʫ ʠʥʪʝʨʧʨʝʪʘʮʠʿʫ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 1.9.2. ʅʘʨʘʚʥʦ, ʥʠʪʠ ʩʫ 1m  ʠ 2m , 

ʦʜʥʦʩʥʦ 3m  ʠ 4m , ʠʥʝʥʟʠʪʝʪʠ ʪʘʣʘʩʘ ʩʠʛʥʘʣʘ, ʥʠʪʠ ʜʚʦʧʦʨʪʥʝ ʤʨʝʞʝ ʦʧʠʩʘʥʝ ʤʘʪʨʠʮʘʤʘ A  ʠ 

B  ʠʤʘʿʫ ʦʩʦʙʠʥʝ ʨʝʘʣʥʠʭ ʬʠʟʠʯʢʠʭ ʩʢʣʦʧʦʚʘ. ʊʝ ʜʚʦʧʦʨʪʥʝ ʤʨʝʞʝ ʥʘʟʠʚʘ˂ʝʤʦ ʤʨʝʞʘʤʘ 

ʛʨʝʰʢʝ, ʘ ˁʠʭʦʚʝ ʤʘʪʨʠʮʝ ʤʘʪʨʠʮʘʤʘ ʛʨʝʰʢʝ. ɸʣʪʝʨʥʘʪʠʚʥʦ ʠʭ ʤʦʞʝʤʦ ʟʚʘʪʠ ʘʜʘʧʪʝʨʠʤʘ 

ʛʨʝʰʢʝ. ʆʜʦʤʘ˂ʝʥʠ ʥʘʟʠʚ ʥʘ ʝʥʛʣʝʩʢʦʤ ʿʝʟʠʢʫ ʿʝ ñerror boxesò. 

 

ʉʣʠʢʘ 1.9.2.  ʀʥʪʝʨʧʨʝʪʘʮʠʿʘ ʨʝʣʘʮʠʿʘ (1.9.5) ʠ (1.9.6). 

ʇʦʰʪʦ ʩʫ ʫʣʘʟʥʠ ʩʠʛʥʘʣʠ ʫ DUT ʠ ʠʟʣʘʟʥʠ ʩʠʛʥʘʣʠ ʠʟ DUT-ʘ ʧʦʚʝʟʘʥʠ ʪʨʘʥʩʤʠʩʠʦʥʦʤ 

ʤʘʪʨʠʮʦʤ ʜʫʪʘ, DUTT : 

 
1 2

DUT

1 2

b a

a b

è ø è ø
=é ù é ù

ê ú ê ú
T , (1.9.7) 

ʟʘ ʨʝʜʥʫ (ʢʘʩʢʘʜʥʫ) ʚʝʟʫ ʜʚʦʧʦʨʪʥʠʭ ʤʨʝʞʘ ʩʘ ʩʣʠʢʝ 1.9.2, ʘ ʥʘ ʦʩʥʦʚʫ ʠʟʨʘʟʘ (1.9.5), (1.9.6) ʠ 

(1.9.7), ʤʦʞʝʤʦ ʜʘ ʧʠʰʝʤʦ: 
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DUT

1 4

mm

m m

è øè ø
= é ùé ù

ê ú ê ú
AT B . (1.9.8) 

ɸʢʦ ʨʝʟʫʣʪʘʪʝ ʤʝʨʝˁʘ ʢʘʜʘ ʿʝ ʩʚʠʯ ʫ ʧʦʣʦʞʘʿʫ 1 ʦʟʥʘʯʠʤʦ ʩʘ () ()1 1

1 4m m- , ʘ ʨʝʟʫʣʪʘʪʝ ʤʝʨʝˁʘ 

ʢʘʜʘ ʿʝ ʩʚʠʯ ʫ ʧʦʣʦʞʘʿʫ 2 ʦʟʥʘʯʠʤʦ ʩʘ () ()2 2

1 4m m- , (1.9.8) ʤʦʞʝʤʦ ʜʘ ʥʘʧʠʰʝʤʦ ʫ ʦʙʣʠʢʫ: 
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AT B . (1.9.9) 

ɸʢʦ ʫʚʝʜʝʤʦ ʤʘʪʨʠʮʫ ʤʝʨʝˁʘ DUT-ʘ, DUTM , 
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M , (1.9.10) 

ʠʟʨʘʟ (1.9.9) ʤʦʞʝʤʦ ʜʘ ʥʘʧʠʰʝʤʦ ʫ ʦʙʣʠʢʫ: 

 DUT DUT=ʄ AT B. (1.9.11) 

ɸʢʦ ʟʥʘʤʦ ʤʘʪʨʠʮʝ A  ʠ B , ʥʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ (ʪʿ. ʥʘ ʦʩʥʦʚʫ ʪʠʭ ʨʝʟʫʣʪʘʪʘ ʦʜʨʝʹʝʥʝ 

ʤʘʪʨʠʮʝ DUTM ), ʠʟ (1.9.11) ʤʦʞʝʤʦ ʜʘ ʦʜʨʝʜʠʤʦ ʪʨʘʥʩʤʠʩʠʦʥʫ ʤʘʪʨʠʮʫ DUT-ʘ: 

 
1 1

DUT DUT
- -=T A ʄ B , (1.9.12) 

ʘ ʟʘʪʠʤ, ʢʦʨʠʰ˂ʝˁʝʤ ʠʟʨʘʟʘ (1.8.6) ʠ s-ʧʘʨʘʤʝʪʨʝ DUT-ʘ ʠʟʤʝʹʫ ʨʝʬʝʨʝʥʪʥʠʭ ʨʘʚʥʠ. 

ɼʘʢʣʝ, ʥʝʩʘʚʨʰʝʥʦʩʪ ʤʝʨʥʦʛ ʩʠʩʪʝʤʘ ʝʥʢʘʧʩʫʣʠʨʘʥʘ ʿʝ ʫ ʤʨʝʞʝ ʛʨʝʰʢʝ, ʘ ʦʪʢʣʘˁʘˁʝ 

ʛʨʝʰʢʝ ʤʝʨʝˁʘ ʧʦʜʨʘʟʫʤʝʚʘ ʦʜʨʝʹʠʚʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʤʨʝʞa ʛʨʝʰʢʝ ʠ ʠʟʜʚʘʿʘˁʝ (ʪʿ. 

ʝʢʩʪʨʘʢʮʠʿʫ) ʢʦʨʠʛʦʚʘʥʦʛ ʨʝʟʫʣʪʘʪʘ ʠʟ ʠʟʤʝʨʝʥʦʛ (de-embedding). ʆʚʘʿ ʧʦʩʪʫʧʘʢ ʢʦʨʝʢʮʠʿʝ 

ʩʠʩʪʝʤʘʪʩʢʠʭ ʛʨʝʰʘʢʘ ʤʝʨʝˁʘ ʥʘʟʠʚʘ ʩʝ ʢʘʣʠʙʨʘʮʠʿʘ (calibration ). ʉʫʰʪʠʥʩʢʠ ʢʦʨʘʢ ʫ 

ʢʘʣʠʙʨʘʮʠʿʠ ʿʝ ʦʜʨʝʹʠʚʘˁʝ ʤʘʪʨʠʮʘ A  ʠ B. ʊʦ ʧʦʩʪʠʞʝʤʦ ʚʝʟʠʚʘˁʝʤ ʩʢʣʦʧʦʚʘ ʧʦʟʥʘʪʠʭ s-

ʧʘʨʘʤʝʪʘʨʘ (ʩʘʤʠʤ ʪʠʤ ʠ t-ʧʘʨʘʤʝʪʘʨʘ), ʪʘʢʦʟʚʘʥʠʭ ʩʪʘʥʜʘʨʜʘ, ʥʘ ʤʝʩʪʦ DUT-ʘ ʠ ʚʨʰʝˁʝʤ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʤʝʨʝˁʘ. ʄʝʨʝˁʝ ʟʘ ʩʚʘʢʠ ʩʪʘʥʜʘʨʜ ʜʘ˂ʝ ʥʘʤ ʧʦ ʿʝʜʥʫ ʤʘʪʨʠʯʥʫ ʿʝʜʥʘʯʠʥʫ 

ʦʙʣʠʢʘ (1.9.11). ʇʦʩʪʘʚˀʘ ʩʝ ʧʠʪʘˁʝ ʢʦʣʠʢʦ ʥʘʤ ʿʝ ʪʘʢʚʠʭ ʤʘʪʨʠʯʥʠʭ ʿʝʜʥʘʯʠʥʘ (ʪʿ. ʩʪʘʥʜʘʨʜʘ) 

ʧʦʪʨʝʙʥʦ ʜʘ ʙʠʩʤʦ ʦʜʨʝʜʠʣʠ ʤʘʪʨʠʮʝ A  ʠ B. ʅʘ ʧʨʚʠ ʧʦʛʣʝʜ, ʧʦʰʪʦ ʠʤʘʤʦ 8 ʢʦʤʧʣʝʢʩʥʠʭ 

ʥʝʧʦʟʥʘʪʠʭ ʚʝʣʠʯʠʥʘ (ʧʦ 4 ʫ ʩʚʘʢʦʿ ʦʜ ʤʘʪʨʠʮʘ A  ʠ B ), ʘ ʩʚʘʢʘ ʤʘʪʨʠʯʥʘ ʿʝʜʥʘʯʠʥʘ (1.9.11) 

ʜʘʿʝ 4 ʨʝʣʘʮʠʿʝ ʠʟʤʝʹʫ ʪʠʭ ʥʝʧʦʟʥʘʪʠʭ ʚʝʣʠʯʠʥʘ, ʜʝʣʫʿʝ ʜʘ ʩʫ ʥʘʤ ʜʦʚʦˀ ʥʘ ʜʚʘ ʩʪʘʥʜʘʨʜʘ. 

ʇʦʢʘʟʘ˂ʝʤʦ, ʤʝʹʫʪʠʤ, ʜʘ ʿʝ ʠʧʘʢ ʧʦʪʨʝʙʥʦ ʜʘ ʠʤʘʤʦ ʥʘʿʤʘˁʝ ʪʨʠ ʩʪʘʥʜʘʨʜʘ, ʧʨʝʤʜʘ ʥʝ ʤʦʨʘʤʦ 

ʟʥʘʪʠ ʧʦʪʧʫʥʫ ʤʘʪʨʠʮʫ t-ʧʘʨʘʤʝʪʘʨʘ ʟʘ ʩʚʘʢʠ ʦʜ ˁʠʭ. 

ʆʟʥʘʯʠʤʦ ʤʘʪʨʠʮʝ t-ʧʘʨʘʤʝʪʘʨʘ ʪʨʠ ʩʪʘʥʜʘʨʜʘ ʩʘ s1T , s2T  ʠ s3T , ʨʝʜʦʤ. ʆʜʛʦʚʘʨʘʿʫ˂ʝ 

ʤʘʪʨʠʮʝ ʤʝʨʝˁʘ ʦʚʘ ʪʨʠ ʩʪʘʥʜʘʨʜʘ ʦʟʥʘʯʠ˂ʝʤʦ, ʪʘʢʦʹʝ ʨʝʜʦʤ, ʩʘ 1M , 2M  ʠ 3M . ɿʘ ʩʚʘʢʦ ʦʜ 

ʤʝʨʝˁʘ ʜʦʙʠʿʘʤʦ ʧʦ ʿʝʜʥʫ ʤʘʪʨʠʯʥʘ ʿʝʜʥʘʯʠʥʫ ʦʙʣʠʢʘ (1.9.11): 

 1 s1=ʄ AT B,  2 s2=ʄ AT B,  3 s3=ʄ AT B. (1.9.13) 

ɽʣʠʤʠʥʘʮʠʿʦʤ 1-
B  ʠʟ ʧʨʚʝ ʜʚʝ ʿʝʜʥʘʯʠʥʝ ʜʦʙʠʿʘʤʦ: 

 =AP QA , ʠʣʠ 
1-=P A QA , (1.9.14) 

ʛʜʝ ʩʤʦ ʤʘʪʨʠʮʫ P ʬʦʨʤʠʨʘʣʠ ʢʦʨʠʰ˂ʝˁʝʤ ʪʨʘʥʩʤʠʩʠʦʥʠʭ ʤʘʪʨʠʮʘ ʧʨʚʘ ʜʚʘ ʩʪʘʥʜʘʨʜʘ, ʘ 

ʤʘʪʨʠʮʫ Q  ʢʦʨʠʰ˂ʝˁʝʤ ʤʘʪʨʠʮʘ ʤʝʨʝˁʘ ʧʨʚʘ ʜʚʘ ʩʪʘʥʜʘʨʜʘ: 

 
1

s2 s1

-

=P T T ,  
1

2 1

-

=Q M M . (1.9.15) 

ɼʚʝ ʤʘʪʨʠʯʥʝ ʿʝʜʥʘʯʠʥʝ (1.9.14) ʩʫ ʝʢʚʠʚʘʣʝʥʪʥʝ, ʩʘʤʦ ʜʨʫʛʘʯʠʿʝ ʥʘʧʠʩʘʥʝ. ʇʦʰʪʦ ʩʫ ʤʘʪʨʠʮʝ 

P ʠ Q  ʧʦʟʥʘʪʝ (ʿʝʨ ʩʫ ʥʘʤ ʧʦʟʥʘʪʝ ʤʘʪʨʠʮʝ s1T  ʠ s2T , ʦʜʥʦʩʥʦ 1M  ʠ 2M ), ʫ ʤʘʪʨʠʯʥʦʿ 

ʿʝʜʥʘʯʠʥʠ (1.9.14) ʥʝʧʦʟʥʘʪʘ ʿʝ ʩʘʤʦ ʤʘʪʨʠʮʘ A. ɸʢʦ ʫʤʝʤʦ ʜʘ ʦʜʨʝʜʠʤʦ ʤʘʪʨʠʮʫ A, ʠʟ ʙʠʣʦ 
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ʢʦʿʝ ʦʜ ʤʘʪʨʠʯʥʠʭ ʿʝʜʥʘʯʠʥʘ (1.9.13) ʤʦʞʝʤʦ ʜʘ ʦʜʨʝʜʠʤʦ ʤʘʪʨʠʮʫ B, ʯʠʤʝ ʿʝ, ʩʫʰʪʠʥʩʢʠ, 

ʢʘʣʠʙʨʘʮʠʦʥʠ ʧʨʦʙʣʝʤ ʨʝʰʝʥ. 

ʅʘʧʠʰʠʤʦ ʧʨʚʫ ʦʜ ʤʘʪʨʠʯʥʠʭ ʿʝʜʥʘʯʠʥʘ (1.9.14) ʫ ʨʘʟʚʠʿʝʥʦʤ ʦʙʣʠʢʫ: 

 
11 12 11 12 11 12 11 12

21 22 21 22 21 22 21 22

A A P P Q Q A A

A A P P Q Q A A

è øè ø è øè ø
=é ùé ù é ùé ù

ê úê ú ê úê ú
. (1.9.16) 

ɼʘ ʙʠʩʤʦ ʿʝʜʥʦʩʪʘʚʥʠʿʝ ʨʘʟʤʘʪʨʘʣʠ (1.9.16), 2 2³ʤʘʪʨʠʮʫ A  ʧʨʝʧʘʢʦʚʘ˂ʝʤʦ ʫ ʤʘʪʨʠʮʫ-

ʢʦʣʦʥʫ, ʥʘʢʦʥ ʯʝʛʘ ʩʝ ʠ ʤʘʪʨʠʯʥʠ ʧʨʦʠʟʚʦʜʠ AP  ʠ QA  ʤʦʛʫ ʧʨʝʧʘʢʦʚʘʪʠ, ʧʘ ʩʝ ʤʘʪʨʠʯʥʘ 

ʿʝʜʥʘʯʠʥʘ (1.9.16) ʤʦʞʝ ʥʘʧʠʩʘʪʠ ʫ ʦʙʣʠʢʫ: 
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T
12 11 12 12

T
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, (1.9.17) 

ʛʜʝ ʩʫ 
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I  (1.9.18) 

ʠ T
P  ʪʨʘʥʩʤʠʪʦʚʘʥʘ ʤʘʪʨʠʮʘ P. ʆʙʝ 4 4³  ʤʘʪʨʠʮʘ ʢʦʿʝ ʤʥʦʞʝ ʤʘʪʨʠʮʫ-ʢʦʣʦʥʫ ʩʘʯʠˁʝʥʫ ʦʜ 

ʝʣʝʤʝʥʘʪʘ ʤʘʪʨʠʮʝ A  ʫ (1.9.17) ʧʨʠʢʘʟʘʥʝ ʩʫ ʧʨʝʢʦ ʯʝʪʠʨʠ 2 2³  ʧʦʜʤʘʪʨʠʮʝ. ʇʨʝʙʘʮʠʚʘˁʝʤ 

ʩʚʠʭ ʯʣʘʥʦʚʘ (1.9.17) ʥʘ ʣʝʚʫ ʩʪʨʘʥʫ ʠ ʩʧʘʿʘˁʝʤ ʜʚʝ 4 4³  ʤʘʪʨʠʮʝ ʜʦʙʠʿʘʤʦ: 
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ʧʦʟʥʘʪʘ 4 4³  ʤʘʪʨʠʮʘ ʩʠʩʪʝʤʘ, ʧʨʠʢʘʟʘʥʘ ʧʨʝʢʦ ʯʝʪʠʨʠ 2 2³  ʧʦʜʤʘʪʨʠʮʝ. ʅʝʧʦʟʥʘʪʝ ʝʣʝʤʝʥʪʝ 

ʤʘʪʨʠʮʝ A  ʜʦʙʠʿʘʤʦ ʨʝʰʘʚʘˁʝʤ (1.9.19). 

ʇʦʰʪʦ ʿʝ ʩʠʩʪʝʤ (1.9.19) ʭʦʤʦʛʝʥ, ʥʝʪʨʠʚʠʿʘʣʥʦ ʨʝʰʝˁʝ ʧʦʩʪʦʿʠ ʩʘʤʦ ʘʢʦ ʿʝ ʜʝʪʝʨʤʠʥʘʥʪʘ 

ʤʘʪʨʠʮʝ ʩʠʩʪʝʤʘ ʿʝʜʥʘʢʘ ʥʫʣʠ. ʂʘʢʦ ʦʚʜʝ, ʟʙʦʛ ʧʨʠʨʦʜʝ ʧʨʦʙʣʝʤʘ, ʩʠʛʫʨʥʦ ʧʦʩʪʦʿʠ 

ʥʝʪʨʠʚʠʿʘʣʥʦ ʨʝʰʝˁʝ, ʜʝʪʝʨʤʠʥʘʥʪʘ ʩʠʩʪʝʤʘ (1.9.19) ʿʝ ʿʝʜʥʘʢʘ ʥʫʣʠ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʧʦʩʪʦʿʠ ʙʘʨ 

ʿʝʜʘʥ ʧʘʨ ʣʠʥʝʘʨʥʦ ʟʘʚʠʩʥʠʭ ʿʝʜʥʘʯʠʥʘ, ʦʜʥʦʩʥʦ ʨʘʥʛ ʩʠʩʪʝʤʘ ʿ ʝ ʪʨʠ ʠʣʠ ʤʘˁʠ. ʇʦʢʘʟʘ˂ʝʤʦ ʜʘ 

ʿʝ ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʨʘʥʛ ʤʘʪʨʠʮʝ ʩʠʩʪʝʤʘ (1.9.19) ʿʝʜʥʘʢ 2. 

ʀʟ (1.9.14) ʧʨʦʠʟʠʣʘʟʠ ʜʘ ʩʫ ʤʘʪʨʠʮʝ P ʠ Q  ʩʣʠʯʥʝ, ʧʦʰʪʦ ʩʫ ʨʝʣʘʮʠʿʝ (1.9.14) ʠʩʪʦʚʨʝʤʝʥʦ 

ʠ ʜʝʬʠʥʠʮʠʿʝ ʩʣʠʯʥʦʩʪʠ ʜʚʝ ʤʘʪʨʠʮʝ. ʄʦʞʝ ʩʝ ʧʦʢʘʟʘʪʠ ʜʘ ʩʣʠʯʥʝ ʤʘʪʨʠʮʝ ʠʤʘʿʫ ʠʩʪʝ 
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ʩʦʧʩʪʚʝʥʝ ʚʨʝʜʥʦʩʪʠ, ʠʩʪʠ ʪʨʘʛ (ʟʙʠʨ ʝʣʝʤʝʥʘʪʘ ʥʘ ʛʣʘʚʥʦʿ ʜʠʿʘʛʦʥʘʣʠ) ʠ ʠʩʪʝ ʜʝʪʝʨʤʠʥʘʥʪʝ. 

ʉʦʧʩʪʚʝʥʝ ʚʨʝʜʥʦʩʪʠ ʤʘʪʨʠʮʝ ʩʫ ʥʫʣʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛ ʧʦʣʠʥʦʤʘ ʤʘʪʨʠʮʝ: 

 ( )det 0-l =P I . (1.9.21) 

ʇʦʰʪʦ ʩʫ P ʠ I  ʤʘʪʨʠʮʝ 2 2³ , (ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ) ʧʦʣʠʥʦʤ ʧʦ l ʫ (1.9.21) ʿʝ ʜʨʫʛʦʛ ʩʪʝʧʝʥʘ, 

ʦʜʥʦʩʥʦ ʜʦʙʠʿʘʤʦ ʜʚʝ ʚʨʝʜʥʦʩʪʠ ʟʘ l, 1l ʠ 2l . ʉʦʧʩʪʚʝʥʠ ʚʝʢʪʦʨʠ ʤʘʪʨʠʮʝ P, 1x  ʠ 2x , 

ʜʦʙʠʿʘʿʫ ʩʝ ʠʟ ʤʘʪʨʠʯʥʝ ʿʝʜʥʘʯʠʥʝ: 

 ( ) 0, 1,2k k k-l = =P I x . (1.9.22) 

ʉ ʦʙʟʠʨʦʤ ʥʘ (1.9.21), ʩʠʩʪʝʤ ʦʜ ʜʚʝ ʿʝʜʥʘʯʠʥʝ (1.9.22) ʥʝʤʘ ʿʝʜʥʦʟʥʘʯʥʦ ʨʝʰʝˁʝðʪʝ 

ʿʝʜʥʘʯʠʥʝ ʩʫ ʣʠʥʝʘʨʥʦ ʟʘʚʠʩʥʝ, ʧʘ ʫʩʚʘʿʘʤʦ ʿʝʜʥʫ ʦʜ ʜʚʝ ʢʦʦʨʜʠʥʘʪʝ ʚʝʢʪʦʨʘ ʨʝʰʝˁʘ ʟʘ 1x , 

ʦʜʥʦʩʥʦ 2x , ʪʿ. ʨʝʰʝˁʝ ʬʦʨʤʘʣʥʦ ʤʦʞʝʤʦ ʜʘ ʧʨʝʜʩʪʘʚʠʤʦ ʫ ʧʘʨʘʤʝʪʘʨʩʢʦʤ ʦʙʣʠʢʫ: 
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ʛʜʝ ʩʫ 1a ʠ 2a  ʧʘʨʘʤʝʪʨʠ (ʧʨʦʤʝʥˀʠʚʝ ʚʝʣʠʯʠʥʝ), ʜʦʢ ʩʫ 11x , 12x , 21x  ʠ 22x  ʢʦʥʩʪʘʥʪʝ. ʅʘ 

ʩʣʠʯʘʥ ʥʘʯʠʥ ʜʦʙʠʿʘʤʦ ʩʦʧʩʪʚʝʥʝ ʚʝʢʪʦʨʝ ʤʘʪʨʠʮʝ Q , 1y  ʠ 2y , 
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ʛʜʝ ʩʫ 1b ʠ 2b  ʧʘʨʘʤʝʪʨʠ, a 11y , 12y , 21y  ʠ 22y  ʢʦʥʩʪʘʥʪʝ. ʅʘ ʦʩʥʦʚʫ ʧʦʟʥʘʪʠʭ ʩʦʧʩʪʚʝʥʠʭ 

ʚʨʝʜʥʦʩʪʠ ʠ ʩʦʧʩʪʚʝʥʠʭ ʚʝʢʪʦʨʘ ʤʘʪʨʠʮʝ P ʠ Q, ʤʦʞʝʤʦ ʥʘʧʠʩʘʪʠ ʩʣʝʜʝ˂ʠ ʨʘʟʚʦʿ: 

 
1 1- -L= =X PX Y QY , (1.9.25) 

ʛʜʝ ʿʝ L ʤʘʪʨʠʮʘ ʩʦʧʩʪʚʝʥʠʭ ʚʨʝʜʥʦʩʪʠ, ʘ X  ʠ Y  ʤʘʪʨʠʮʝ ʩʦʧʩʪʚʝʥʠʭ ʚʝʢʪʦʨʘ, ʜʘʪʝ ʠʟʨʘʟʠʤʘ 
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ʀʟ (1.9.25) ʩʣʝʜʠ: 

 
1 1- -=P XY QYX , (1.9.27) 

ʧʘ ʧʦʨʝʹʝˁʝʤ (1.9.27) ʠ ʜʨʫʛʝ ʦʜ ʿʝʜʥʘʯʠʥʘ (1.9.14) ʜʦʙʠʿʘʤʦ 
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ʀʟ (1.9.28) ʧʨʦʠʟʠʣʘʟʠ ʜʘ ʫ ʨʝʰʝˁʫ ʟʘ A, ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ, ʬʠʛʫʨʠʰʫ ʜʚʘ ʧʘʨʘʤʝʪʨʘ, 

1 1 1g =b a ʠ 2 2 2g =b a. ʇʦʰʪʦ ʿʝ ʟʙʠʨ ʨʘʥʛʘ ʤʘʪʨʠʮʝ ʩʠʩʪʝʤʘ ʠ ʙʨʦʿʘ ʧʘʨʘʤʝʪʘʨʘ ʫ ʨʝʰʝˁʫ 

ʩʠʩʪʝʤʘ ʿʝʜʥʘʢ ʨʝʜʫ ʩʠʩʪʝʤʘ (ʪʿ. ʙʨʦʿʫ ʣʠʥʝʘʨʥʠʭ ʿʝʜʥʘʯʠʥʘ), ʨʘʥʛ ʤʘʪʨʠʮʝ ʩʠʩʪʝʤʘ (1.9.19) ʿʝ 

2 (4 ʿʝʜʥʘʯʠʥʝ, ʤʠʥʫʩ 2 ʧʘʨʘʤʝʪʨʘ). ʊʦ ʟʥʘʯʠ ʜʘ ʩʠʩʪʝʤ (1.9.19) ʠʤʘ ʜʚʝ ʥʝʟʘʚʠʩʥʝ ʿʝʜʥʘʯʠʥʝ, 

ʘ ʜʘ ʙʠʩʤʦ ʠʤʘʣʠ ʿʝʜʥʦʟʥʘʯʥʦ ʨʝʰʝˁʝ ʟʘ DUTT  ʧʨʝʤʘ (1.9.12), ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʠʤʘ ʪʨʠ ʥʝʟʘʚʠʩʥʝ 

ʿʝʜʥʘʯʠʥʝ, ʦʜʥʦʩʥʦ ʨʘʥʛ ʤʘʪʨʠʮʝ ʩʠʩʪʝʤʘ ʪʨʝʙʘ ʜʘ ʿʝ 3.  

ɼʦʢʘʟʘ˂ʝʤʦ ʧʨʝʪʭʦʜʥʫ ʪʚʨʜˁʫ. ʂʘʦ ʰʪʦ ʩʤʦ ʚʝ˂ ʢʦʥʩʪʘʪʦʚʘʣʠ, ʧʦʰʪʦ ʿʝ ʩʠʩʪʝʤ (1.9.19) 

ʭʦʤʦʛʝʥ ʠ ʠʤʘ ʥʝʪʨʠʚʠʿʘʣʥʦ ʨʝʰʝˁʝ, ʨʘʥʛ ʤʘʪʨʠʮʝ ʩʠʩʪʝʤʘ ʿʝ ʥʘʿʚʠʰʝ 3. ʋ ʩʣʫʯʘʿʫ ʜʘ ʿʝ ʨʘʥʛ 

3, ʨʝʰʝˁʝ ʩʠʩʪʝʤʘ ʠʤʘ ʩʘʤʦ ʿʝʜʘʥ ʧʘʨʘʤʝʪʘʨ. ɸʢʦ ʪʘʿ ʧʘʨʘʤʝʪʘʨ ʦʟʥʘʯʠʤʦ ʩʘ a, ʩʚʠ ʯʣʘʥʦʚʠ 

ʤʘʪʨʠʮʝ A  ʙʠ˂ʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʠ ʩʘ a. ʇʦʰʪʦ ʩʝ ʜʨʫʛʘ ʪʨʘʥʩʤʠʩʠʦʥʘ ʤʘʪʨʠʮʘ ʛʨʝʰʢʝ, B , 

ʜʦʙʠʿʘ ʠʟ ʥʝʢʝ ʦʜ ʨʝʣʘʮʠʿʘ (1.9.13), ʩʚʠ ʯʣʘʥʦʚʠ ʤʘʪʨʠʮʝ B  ʙʠ˂ʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʠ ʩʘ 1a. 

ʉʪʦʛʘ ˂ʝ ʩʝ ʫ ʤʘʪʨʠʯʥʦʤ ʤʥʦʞʝˁʫ ʩʘ ʜʝʩʥʝ ʩʪʨʘʥʝ (1.9.12) ʧʘʨʘʤʝʪʨʠ a ʠ 1a ʧʦʥʠʰʪʠʪʠ, 

ʦʜʥʦʩʥʦ DUTT  ʥʝ˂ʝ ʟʘʚʠʩʠʪʠ ʦʜ a. ʉʘ ʨʘʥʛʦʤ ʜʚʘ, ʦʜʥʦʩʥʦ ʜʚʘ ʧʘʨʘʤʝʪʨʘ, ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ 

ʪʦ ʥʝ˂ʝ ʙʠʪʠ ʠʩʧʫˁʝʥʦðʪʘ ʜʚʘ ʧʘʨʘʤʝʪʨʘ ʬʠʛʫʨʠʩʘ˂ʝ ʫ ʨʝʰʝˁʫ ʟʘ DUTT , ʦʜʥʦʩʥʦ ʪʦ ʨʝʰʝˁʝ 

ʥʝ˂ʝ ʙʠʪʠ ʿʝʜʥʦʟʥʘʯʥʦ. ɼʘʢʣʝ, ʠʟ ʩʠʩʪʝʤʘ (1.9.19) ʥʝ ʤʦʞʝʤʦ ʜʘ ʜʦʙʠʿʝʤʦ ʨʝʰʝˁʝ ʟʘ A  ʠ B  

ʥʘ ʦʩʥʦʚʫ ʢʦʛʘ ʤʦʞʝʤʦ ʜʘ ʠʟʚʨʰʠʤʦ ʝʢʩʪʨʘʢʮʠʿʫ DUTT , ʦʜʥʦʩʥʦ ʧʦʪʨʝʙʥʝ ʩʫ ʥʘʤ ʜʦʜʘʪʥʝ 

ʿʝʜʥʘʯʠʥʝ. ʉʪʦʛʘ ʢʦʤʙʠʥʫʿʝʤʦ ʧʨʚʫ ʠ ʪʨʝ˂ʫ ʿʝʜʥʘʯʠʥʫ (1.9.13), ʩʣʠʯʥʦ ʢʘʦ ʰʪʦ ʩʤʦ ʪʦ ʫʨʘʜʠʣʠ 

ʟʘ ʧʨʚʫ ʠ ʜʨʫʛʫ ʿʝʜʥʘʯʠʥʫ, ʠ ʜʦʙʠʿʘʤʦ: 

 1-=U A VA , (1.9.29) 

ʛʜʝ ʩʤʦ ʤʘʪʨʠʮʫ U  ʬʦʨʤʠʨʘʣʠ ʢʦʨʠʰ˂ʝˁʝʤ ʪʨʘʥʩʤʠʩʠʦʥʠʭ ʤʘʪʨʠʮʘ ʧʨʚʦʛ ʠ ʪʨʝ˂ʝʛ 

ʩʪʘʥʜʘʨʜʘ, ʘ ʤʘʪʨʠʮʫ V  ʢʦʨʠʰ˂ʝˁʝʤ ʤʘʪʨʠʮʘ ʤʝʨʝˁʘ ʧʨʚʦʛ ʠ ʪʨʝ˂ʝʛ ʩʪʘʥʜʘʨʜʘ: 
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ʀʟ (1.9.29) ʜʦʙʠʿʘʤʦ ʤʘʪʨʠʯʥʫ ʿʝʜʥʘʯʠʥʫ ʩʣʠʯʥʫ ʩʘ (1.9.19): 
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ʧʦʟʥʘʪʘ 4 4³  ʤʘʪʨʠʮʘ ʩʠʩʪʝʤʘ, ʧʨʠʢʘʟʘʥʘ ʧʨʝʢʦ ʯʝʪʠʨʠ 2 2³  ʧʦʜʤʘʪʨʠʮʝ. ʉʠʩʪʝʤ (1.9.31) ʠʤʘ 

ʜʚʝ ʥʝʟʘʚʠʩʥʝ ʿʝʜʥʘʯʠʥʝ, ʰʪʦ ʩʝ ʧʦʢʘʟʫʿʝ ʩʣʠʯʥʦ ʢʘʦ ʟʘ ʩʠʩʪʝʤ (1.9.19). ʂʦʤʙʠʥʦʚʘˁʝʤ ʧʦ ʜʚʝ 

ʥʝʟʘʚʠʩʥʝ ʿʝʜʥʘʯʠʥʝ ʠʟ ʩʠʩʪʝʤʘ (1.9.19) ʠ (1.9.31)ðʥʝʟʘʚʠʩʥʝ ʿʝʜʥʘʯʠʥʝ ʤʦʛʫ ʩʝ ʦʜʨʝʜʠʪʠ 

ʧʨʠʤʝʥʦʤ ɻʘʫʩʦʚʝ ʝʣʠʤʠʥʘʮʠʿʝðʜʦʙʠʿʘʤʦ ʥʦʚʠ ʩʠʩʪʝʤ: 
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ʉʠʩʪʝʤ (1.9.31) ʿʝ ʭʦʤʦʛʝʥ, ʘ ʧʦʰʪʦ ʠʤʘ ʥʝʪʨʠʚʠʿʘʣʥʦ ʨʝʰʝˁʝ ʨʘʥʛ ʤʘʪʨʠʮʝ ʩʠʩʪʝʤʘ ʿʝ ʪʨʠ, 

ʦʜʥʦʩʥʦ ʨʝʰʝˁʝ ʩʘʜʨʞʠ ʿʝʜʘʥ ʧʘʨʘʤʝʪʘʨ, ʢʦʿʠ ˂ʝʤʦ ʦʟʥʘʯʠʪʠ ʩʘ a, ʧʘ ʿʝ ʤʘʪʨʠʮʘ A  (ʨʝʰʝˁʝ 

ʩʠʩʪʝʤʘ): 

 =aA A , (1.9.31) 

ʛʜʝ ʿʝ A  ʿʝʜʥʦ ʧʨʦʠʟʚʦˀʥʦ ʨʝʰʝˁʝ ʩʠʩʪʝʤʘ (1.9.31), ʥʘ ʧʨʠʤʝʨ ʦʥʦ ʟʘ ʢʦʿʝ ʿʝ ʜʝʪʝʨʤʠʥʘʥʪʘ 

ʤʘʪʨʠʮʝ A  ʿʝʜʥʘʢʘ ʿʝʜʠʥʠʮʠ. ɿʘʤʝˁʫʿʫ˂ʠ A  ʠʟ (1.9.31) ʠ B  ʠʟ ʧʨʚʝ ʦʜ ʿʝʜʥʘʯʠʥʘ (1.9.13) ʫ 

(1.9.12) ʜʦʙʠʿʘ ʩʝ ʝʢʩʪʨʘʭʦʚʘʥʘ (de-embeded) ʪʨʘʥʩʤʠʩʠʦʥʘ ʤʘʪʨʠʮʘ DUT-a: 

 
1 11 1

DUT DUT 1 s1 DUT 1 s1

1 - -- -= a =
a

T A ʄ M AT A ʄ M AT. (1.9.32) 

ʂʘʦ ʰʪʦ ʩʤʦ ʨʘʥʠʿʝ ʚʝ˂ ʟʘʢˀʫʯʠʣʠ, DUTT  ʥʝ ʟʘʚʠʩʠ ʦʜ ʧʘʨʘʤʝʪʨʘ a, ʦʜʥʦʩʥʦ ʤʦʞʝ ʩʝ ʜʦʙʠʪʠ 

ʥʘ ʦʩʥʦʚʫ ʿʝʜʥʦʛ ʧʨʦʠʟʚʦˀʥʦʛ ʨʝʰʝˁʘ ʟʘ A , A . 

ʇʨʠʤʝʪʠʤʦ ʜʘ ʩʤʦ ʥʘ ʦʩʥʦʚʫ 12 ʿʝʜʥʘʯʠʥʘ ʜʦʙʠʿʝʥʠʭ ʠʟ ʪʨʠ ʤʝʨʝˁʘ ʜʚʦʧʦʨʪʥʠʭ ʩʪʘʥʜʘʨʜʘ, 

ʦʜʨʝʜʠʣʠ 7 ʥʝʧʦʟʥʘʪʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʫ ʤʘʪʨʠʮʘʤʘ ʛʨʝʰʢʝ A  ʠ B  (ʧʦ 4 ʟʘ ʩʚʘʢʫ ʦʜ ʤʘʪʨʠʮʘ, 

ʤʠʥʫʩ ʧʘʨʘʤʝʪʘʨ a). ʇʨʝʦʩʪʘʣʠʭ 5 ʿʝʜʥʘʯʠʥʘ ʥʠʩʤʦ ʠʩʢʦʨʠʩʪʠʣʠ ʟʘ ʥʘʣʘʞʝˁʝ A  ʠ B, ʰʪʦ 

ʟʥʘʯʠ ʜʘ ʥʠʩʤʦ ʠʩʢʦʨʠʩʪʠʣʠ ʩʚʝ ʧʘʨʘʤʝʪʨʝ ʜʚʦʧʦʨʪʥʠʭ ʩʪʘʥʜʘʨʜʘ. ʇʘʨʘʤʝʪʨʠ ʢʦʿʝ ʥʠʩʤʦ 

ʠʩʢʦʨʠʩʪʠʣʠ ʥʝ ʤʦʨʘʿʫ ʜʘ ʙʫʜʫ ʧʦʟʥʘʪʠ, ʦʜʥʦʩʥʦ ʤʦʛʫ ʩʝ ʦʜʨʝʜʠʪʠ ʪʦʢʦʤ ʢʘʣʠʙʨʘʮʠʦʥʝ 

ʧʨʦʮʝʜʫʨʝ. ʆʚʫ ʤʦʛʫ˂ʥʦʩʪ ʥʝʢʠ ʘʫʪʦʨʠ ʥʘʟʠʚʘʿʫ ʩʘʤʦʢʘʣʠʙʨʘʮʠʿʦʤ (self-calibration). ɸʢʦ 

ʧʨʝʪʧʦʩʪʘʚʠʤʦ ʜʘ ʿʝ ʧʨʚʠ ʩʪʘʥʜʘʨʜ ʫ ʧʦʪʧʫʥʦʩʪʠ ʧʦʟʥʘʪ, ʜʨʫʛʠ ʩʪʘʥʜʘʨʜ ʤʦʞʝ ʜʘ ʠʤʘ ʜʚʘ 

ʥʝʧʦʟʥʘʪʘ ʧʘʨʘʤʝʪʨʘ, ʢʦʿʘ ʦʜʨʝʹʫʿʝʤʦ ʠʟ ʜʚʝ ʿʝʜʥʘʯʠʥʝ ʜʦʙʠʿʝʥʝ ʥʘ ʦʩʥʦʚʫ ʩʣʠʯʥʦʩʪʠ ʤʘʪʨʠʮʘ 

P ʠ Q  (1.9.14): ʧʨʚʘ ʿʝ ʜʘ ʩʫ ʜʝʪʝʨʤʠʥʘʥʪʝ ʦʚʝ ʜʚʝ ʤʘʪʨʠʮʝ ʿʝʜʥʘʢʝ, ʘ ʜʨʫʛʘ ʜʘ ʩʫ ʠʤ ʪʨʘʛʦʚʠ 

ʿʝʜʥʘʢʠ. ʇʦʰʪʦ ʿʝ ʤʘʪʨʠʮʘ Q  ʧʦʟʥʘʪʘ (ʜʦʙʠʿʝʥʘ ʿʝ ʤʝʨʝˁʝʤ), ʦʚʝ ʜʚʝ ʿʝʜʥʘʯʠʥʝ ʜʘʿʫ ʜʚʝ ʚʝʟʝ 

ʠʟʤʝʹʫ ʧʘʨʘʤʝʪʘʨʘ ʪʨʘʥʩʤʠʩʠʦʥʝ ʤʘʪʨʠʮʝ ʜʨʫʛʦʛ ʩʪʘʥʜʘʨʜʘ, s2T ðʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʧʨʚʫ 

ʿʝʜʥʘʯʠʥʫ (1.9.15) ʠ ʪʦ ʜʘ ʿʝ ʪʨʘʥʩʤʠʩʠʦʥʘ ʤʘʪʨʠʮʘ ʧʨʚʦʛ ʩʪʘʥʜʘʨʜʘ, s1T , ʧʦʟʥʘʪʘ. ʅʘ ʠʩʪʠ 

ʥʘʯʠʥ, ʧʦʣʘʟʝ˂ʠ ʦʜ ʩʣʠʯʥʦʩʪʠ ʤʘʪʨʠʮʘ U  ʠ V  (1.9.29), ʠʟʿʝʜʥʘʯʘʚʘʿʫ˂ʠ ˁʠʭʦʚʝ ʜʝʪʝʨʤʠʥʘʥʪʝ 

ʠ ʪʨʘʛʦʚʝ, ʜʦʙʠʿʘʤʦ ʜʚʝ ʚʝʟʝ ʠʟʤʝʹʫ ʧʘʨʘʤʝʪʘʨʘ ʪʨʘʥʩʤʠʩʠʦʥʝ ʤʘʪʨʠʮʝ ʪʨʝ˂ʝʛ ʩʪʘʥʜʘʨʜʘ, s3T

ðʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʧʨʚʫ ʿʝʜʥʘʯʠʥʫ (1.9.30) ʠ, ʦʧʝʪ, ʪʦ ʜʘ ʿʝ ʪʨʘʥʩʤʠʩʠʦʥʘ ʤʘʪʨʠʮʘ ʧʨʚʦʛ 

ʩʪʘʥʜʘʨʜʘ, s1T , ʧʦʟʥʘʪʘ. ɱʦʰ ʿʝʜʥʫ ʚʝʟʫ ʠʟʤʝʹʫ ʧʘʨʘʤʝʪʘʨʘ ʜʨʫʛʦʛ ʠ ʪʨʝ˂ʝʛ ʩʪʘʥʜʘʨʜʘ ʤʦʞʝʤʦ 

ʜʘ ʜʦʙʠʿʝʤʦ ʢʦʤʙʠʥʦʚʘˁʝʤ ʪʨʘʥʩʤʠʩʠʦʥʠʭ ʤʘʪʨʠʮʘ, ʦʜʥʦʩʥʦ ʤʘʪʨʠʮʘ ʤʝʨʝˁʘ ʜʨʫʛʦʛ ʠ ʪʨʝ˂ʝʛ 

ʩʪʘʥʜʘʨʜʘ. ɿʘ ʪʘʢʦ ʥʘʩʪʘʣʝ ʤʘʪʨʠʮʝ (ʢʘʦ ʠ ʟʘ ʤʘʪʨʠʮʝ P ʠ Q, ʦʜʥʦʩʥʦ ʤʘʪʨʠʮʝ U  ʠ V ) 

ʤʦʞʝʤʦ ʜʘ ʥʘʧʠʰʝʤʦ ʿʝʜʥʘʢʦʩʪ ˁʠʭʦʚʠʭ ʪʨʘʛʦʚʘ, ʜʦʢ ʿʝʜʥʘʢʦʩʪ ˁʠʭʦʚʠʭ ʜʝʪʝʨʤʠʥʘʪʥʠ ʥʝ 

ʜʦʥʦʩʠ ʥʦʚʫ ʥʝʟʘʚʠʩʥʫ ʿʝʜʥʘʯʠʥʫ (ʪʘ ʩʝ ʿʝʜʥʘʯʠʥʘ, ʥʘʠʤʝ, ʜʦʙʠʿʘ ʢʦʤʙʠʥʘʮʠʿʦʤ ʿʝʜʥʘʯʠʥʘ ʟʘ 

ʿʝʜʥʘʢʦʩʪ ʜʝʪʝʨʤʠʥʘʪʥʠ ʤʘʪʨʠʮʘ P ʠ Q, ʦʜʥʦʩʥʦ ʤʘʪʨʠʮʘ U  ʠ V ). 



48 
 

ɼʘ ʟʘʢˀʫʯʠʤʦ ʧʨʝʪʭʦʜʥʠ ʧʘʩʫʩ: ʘʢʦ ʿʝ ʪʨʘʥʩʤʠʩʠʦʥʘ ʤʘʪʨʠʮʘ ʧʨʚʦʛ ʩʪʘʥʜʘʨʜʘ, s1T , ʫ 

ʧʦʪʧʫʥʦʩʪʠ ʧʦʟʥʘʪʘ, ʪʨʘʥʩʤʠʩʠʦʥʘ ʤʘʪʨʠʮʘ ʜʨʫʛʦʛ ʩʪʘʥʜʘʨʜʘ, s2T , ʤʦʞʝ ʠʤʘʪʠ ʜʚʘ ʥʝʧʦʟʥʘʪʘ 

ʧʘʨʘʤʝʪʨʘ ʘ ʪʨʘʥʩʤʠʩʠʦʥʘ ʤʘʪʨʠʮʘ ʪʨʝ˂ʝʛ ʩʪʘʥʜʘʨʜʘ, s3T , ʤʦʞʝ ʠʤʘʪʠ ʪʨʠ ʥʝʧʦʟʥʘʪʘ 

ʧʘʨʘʤʝʪʨʘ. ʆʚʦ ʩʝ ʤʦʞʝ ʠʩʢʦʨʠʩʪʠʪʠ ʧʨʠʣʠʢʦʤ ʠʟʙʦʨʘ ʘʣʛʦʨʠʪʘʤʘ ʟʘ ʢʦʨʝʢʮʠʿʫ ʛʨʝʰʘʢʘ, 

ʢʘʣʠʙʨʘʮʠʿʫ. ʅʘʿʟʘʩʪʫʧˀʝʥʠʿʠ ʘʣʛʦʨʠʪʘʤ ʟʘ ʢʘʣʠʙʨʘʮʠʿʫ, ʟʘʩʥʦʚʘʥ ʥʘ ʧʨʝʪʭʦʜʥʦ ʦʧʠʩʘʥʦʿ 

ʤʝʪʦʜʠ, ʿʝ TRL (Thru-Reflect-Line) ʘʣʛʦʨʠʪʘʤ, ʦ ʢʦʿʝʤ ʛʦʚʦʨʠʤʦ ʫ ʥʘʨʝʜʥʦʤ ʧʦʛʣʘʚˀʫ. 

1.10 TRL ʢʘʣʠʙʨʘʮʠʿʘ 

TRL ʢʘʣʠʙʨʘʮʠʿʘ ʥʦʩʠ ʠʤʝ ʧʦ ʧʨʚʠʤ ʩʣʦʚʠʤʘ ʥʘʟʠʚʘ ʩʪʘʥʜʘʨʜʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ: Thru, Reflect 

ʠ Line. Line, ʣʠʥʠʿʘ, ʦʟʥʘʯʘʚʘ ʚʦʜ ʟʘ ʧʨʦʩʪʠʨʘˁʝ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʠʭ ʪʘʣʘʩʘ, ʦʜʨʝʹʝʥʝ (ʥʝʥʫʣʪʝ) 

ʜʫʞʠʥʝ. Thru, ʜʠʨʝʢʪʘʥ ʩʧʦʿ, ʦʟʥʘʯʘʚʘ ʣʠʥʠʿʫ ʥʫʣʪʝ ʜʫʞʠʥʝ (ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʦʥʪʝʢʩʪʘ, ʤʦʞʝ 

ʧʨʝʜʩʪʘʚˀʘʪʠ ʠ ʣʠʥʠʿʫ ʙʠʪʥʦ ʤʘˁʝ ʝʣʝʢʪʨʠʯʥʝ ʜʫʞʠʥʝ ʦʜ Line ʩʪʘʥʜʘʨʜʘ. Reflect, ʨʝʬʣʝʢʪʦʨ, 

ʦʟʥʘʯʘʚʘ ʿʝʜʥʦʧʦʨʪʥʠ ʩʢʣʦʧ ʩʘ ʠʟʨʘʞʝʥʦʤ ʨʝʬʣʝʢʩʠʿʦʤ. 

ʄʘʪʨʠʮʘ s-ʧʘʨʘʤʝʪʘʨʘ ʟʘ Thru ʩʪʘʥʜʘʨʜ ʿʝ: 

 s1

0 1
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S . (1.10.1) 

Thru ʩʪʘʥʜʘʨʜ ʧʦʪʧʫʥʦ ʿʝ ʧʦʟʥʘʪ. ɼʝʬʠʥʠʩʘʥ ʿʝ ʢʘʦ ʩʢʣʦʧ ʙʝʟ ʨʝʬʣʝʢʩʠʿʝ (s1,11 s1,22 0s s= =) ʠ 

ʙʝʟ ʩʣʘʙˀʝˁʘ ʠ ʢʘʰˁʝˁʘ ( s1,12 s1,21 1s s= =). ʆʜʛʦʚʘʨʘʿʫ˂ʘ ʪʨʘʥʩʤʠʩʠʦʥʘ ʤʘʪʨʠʮʘ, ʧʨʝʤʘ ʠʟʨʘʟʫ 

(1.8.7), ʿʝ: 
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T . (1.10.2) 

ʄʘʪʨʠʮʘ s-ʧʘʨʘʤʝʪʘʨʘ ʟʘ Line ʩʪʘʥʜʘʨʜ ʿʝ: 
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S , (1.10.3) 

ʛʜʝ ʿʝ g ʢʦʤʧʣʝʢʩʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʧʨʦʩʪʠʨʘˁʘ, ʘ l  ʬʠʟʠʯʢʘ ʜʫʞʠʥʘ ʣʠʥʠʿʝ (lg ʿʝ ʝʣʝʢʪʨʠʯʥʘ 

ʜʫʞʠʥʘ ʣʠʥʠʿʝ). Line ʩʪʘʥʜʘʨʜ ʿʝ ʜʝʣʠʤʠʯʥʦ ʧʦʟʥʘʪ. ɼʝʬʠʥʠʩʘʥ ʿʝ ʢʘʦ ʩʢʣʦʧ ʙʝʟ ʨʝʬʣʝʢʩʠʿʝ 

( s2,11 s2,22 0s s= =) ʠ ʙʝʟ ʩʣʘʙˀʝˁʘ, ʘʣʠ ʩʘ ʢʘʰˁʝˁʝʤ (s2,12 s2,21 e ls s -g= = ), ʛʜʝ ʿʝ e l-g ʥʝʧʦʟʥʘʪʘ 

ʚʝʣʠʯʠʥʘ. ʇʨʠʤʝʪʠʤʦ ʜʘ ʩʤʦ ʟʘʧʠʩʦʤ e l-g
 ʧʨʠʢʘʟʘʣʠ ʬʠʟʠʯʢʫ ʧʨʠʨʦʜʫ ʦʚʝ ʥʝʧʦʟʥʘʪʝ, ʘʣʠ 

ʠʥʘʯʝ e l-g
 ʫ ʧʦʩʪʫʧʢʫ ʢʘʣʠʙʨʘʮʠʿʝ ʪʨʝʪʠʨʘʤʦ ʢʘʦ ʙʠʣʦ ʢʦʿʫ ʢʦʤʧʣʝʢʩʥʫ ʥʝʧʦʟʥʘʪʫ. 

ʆʜʛʦʚʘʨʘʿʫ˂ʘ ʪʨʘʥʩʤʠʩʠʦʥʘ ʤʘʪʨʠʮʘ, ʧʨʝʤʘ ʠʟʨʘʟʫ (1.8.7), ʿʝ: 
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T . (1.10.4) 
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Reflect ʩʪʘʥʜʘʨʜ ʿʝ ʿʝʜʥʦʧʦʨʪʥʠ ʩʢʣʦʧ, ʘʣʠ, ʩʤʘʪʨʘʿʫ˂ʠ ʜʘ ˂ʝ ʙʠʪʠ ʧʨʠʢˀʫʯʝʥ ʥʘʿʧʨʝ ʥʘ 

ʤʨʝʞʫ ʛʨʝʰʢʝ A, ʘ ʟʘʪʠʤ ʠ ʥʘ ʤʨʝʞʫ ʛʨʝʰʢʝ B, ʤʘʪʨʠʮʘ s-ʧʘʨʘʤʝʪʘʨʘ ʟʘ Reflect ʩʪʘʥʜʘʨʜ ʩʝ 

ʬʦʨʤʘʣʥʦ ʤʦʞʝ ʟʘʧʠʩʘʪʠ ʢʘʦ: 
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S , (1.10.5) 

ʛʜʝ ʿʝ Rr  ʥʝʧʦʟʥʘʪʠ ʢʦʤʧʣʝʢʩʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʨʝʬʣʝʢʩʠʿʝ (Reflect ʩʪʘʥʜʘʨʜʘ). ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ 

s3,12 s3,21 0s s= =, ʥʠʿʝ ʤʦʛʫ˂ʝ ʦʜʨʝʜʠʪʠ ʪʨʘʥʩʤʠʩʠʦʥʫ ʤʘʪʨʠʮʫ Reflect ʩʪʘʥʜʘʨʜʘ ʧʨʝʤʘ ʠʟʨʘʟʫ 

(1.8.7). ʉʪʦʛʘ ʪʨʝ˂ʠ ʩʪʘʥʜʘʨʜ ʥʝ˂ʝʤʦ ʤʦ˂ʠ ʜʘ ʪʨʝʪʠʨʘʤʦ ʧʨʝʢʦ ʪʨʘʥʩʤʠʩʠʦʥʝ ʤʘʪʨʠʮʝ, ʚʝ˂ 

˂ʝʤʦ ʧʨʠʤʝʥʠʪʠ ʥʝʰʪʦ ʜʨʫʛʘʯʠʿʠ ʧʨʠʩʪʫʧ.  

ʂʦʤʙʠʥʦʚʘˁʝʤ ʪʨʘʥʩʤʠʩʠʦʥʠʭ ʤʘʪʨʠʮʘ ʧʨʚʦʛ ʠ ʜʨʫʛʦʛ ʩʪʘʥʜʘʨʜʘ, (1.10.2) ʠ (1.10.4), ʧʨʝʤʘ 

ʧʨʚʦʤ ʠʟʨʘʟʫ (1.9.15) ʜʦʙʠʿʘʤʦ: 
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l

l

-
-g
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è ø
= = =é ù

é ùê ú

P T T T . (1.10.6) 

ʇʦʰʪʦ ʿʝ P ʜʠʿʘʛʦʥʘʣʥʘ ʤʘʪʨʠʮʘ, ʝʣʝʤʝʥʪʠ ʥʘ ʛʣʘʚʥʦʿ ʜʠʿʘʛʦʥʘʣʠ ʩʫ ʩʦʧʩʪʚʝʥʝ ʚʨʝʜʥʦʩʪʠ ʪʝ 

ʤʘʪʨʠʮʝ. ɺʠʜʠʤʦ ʜʘ ʩʫ ʪʝ ʜʚʝ ʩʦʧʩʪʚʝʥʝ ʚʨʝʜʥʦʩʪʠ ʤʝʹʫʩʦʙʥʦ ʨʝʮʠʧʨʦʯʥʝ, ʘ ʜʝʪʝʨʤʠʥʘʥʪʘ 

ʤʘʪʨʠʮʝ P ʿʝ ʿʝʜʥʘʢʘ ʿʝʜʘʥ. ʄʝʨʝˁʝʤ ʧʨʚʘ ʜʚʘ ʩʪʘʥʜʘʨʜʘ ʠ ʢʦʤʙʠʥʦʚʘˁʝʤ ʤʘʪʨʠʮʘ ʤʝʨʝˁʘ, 

ʧʨʝʤʘ ʜʨʫʛʦʤ ʠʟʨʘʟʫ (1.9.15) ʜʦʙʠʿʘʤʦ ʤʘʪʨʠʮʫ Q. ʉʦʧʩʪʚʝʥʝ ʚʨʝʜʥʦʩʪʠ ʤʘʪʨʠʮʝ P ʤʦʞʝʤʦ 

ʜʦʙʠʪʠ ʢʦʨʠʰ˂ʝˁʝʤ ʯʠˁʝʥʠʮʝ ʜʘ ʩʫ ʤʘʪʨʠʮʝ P ʠ Q  ʩʣʠʯʥʝ ʠ ʜʘ ʩʫ ʠʤ ʩʪʦʛʘ ʿʝʜʥʘʢʠ ʪʨʘʛʦʚʠ 

(ʧʦʜʩʝʪʠʤʦ ʩʝ, ʪʨʘʛ ʤʘʪʨʠʮʝ ʿʝ ʟʙʠʨ ʝʣʝʤʝʥʘʪʘ ʥʘ ʛʣʘʚʥʦʿ ʜʠʿʘʛʦʥʘʣʠ), ʧʘ ʚʘʞʠ: 

 11 22e +el l Q Q-g +g= + . (1.10.7) 

ʇʨʝʪʭʦʜʥʘ ʿʝʜʥʘʯʠʥʘ ʿʝ ʢʚʘʜʨʘʪʥʘ ʿʝʜʥʘʯʠʥʘ ʧʦ ʥʝʧʦʟʥʘʪʦʿ e l-g, ʘ ʨʝʰʝˁʝ ʿʝ: 

 
( )

2

11 22 11 22 4
e

2

l
Q Q Q Q

-g
+ ° + -

= . (1.10.8) 

ʋ (1.10.8) ʩʝ ʧʦʩʪʘʚˀʘ ʧʠʪʘˁʝ ʠʟʙʦʨʘ ʟʥʘʢʘ ʧʨʝ ʢʦʨʝʥʘðʿʝʜʘʥ ʟʥʘʢ ˂ʝ ʜʘʪʠ e l-g, ʘ ʜʨʫʛʠ e l+g. 

ɱʝʜʥʘʯʠʥʘ (1.10.7) ʿʝ ʩʠʤʝʪʨʠʯʥʘ ʧʦ e l-g ʠ e l+g, ʧʘ ʩʝ ʥʝ ʤʦʞʝ ʫʥʘʧʨʝʜ ʨʝ˂ʠ ʢʦʿʝ ʨʝʰʝˁʝ 

ʦʜʛʦʚʘʨʘ ʥʝʧʦʟʥʘʪʦʿ e l-g, ʘ ʢʦʿʝ ʥʝʧʦʟʥʘʪʦʿ e l+g (ʨʝʰʝˁʘ ʩʫ ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʜʚʘ ʢʦʤʧʣʝʢʩʥʘ 

ʙʨʦʿʘ). ʇʦʰʪʦ ʿʝ jg=a+ b, ʛʜʝ ʿʝ 0a² ʢʦʝʬʠʮʠʿʝʥʪ ʩʣʘʙˀʝˁʘ (b ʿʝ ʬʘʟʥʠ ʢʦʝʬʠʮʠʿʝʥʪ) 

ʤʦʞʝʤʦ ʠʩʢʦʨʠʩʪʠʪʠ ʫʩʣʦʚ ʧʘʩʠʚʥʦʩʪʠ, ʪʿ. ʜʘ ʿʝ ʤʦʜʫʣ e l-g ʤʘˁʠ ʦʜ ʿʝʜʘʥ: 

 je e e e 1l l l l-g -a - b -a= = ¢. (1.10.9) 

ʅʘ ʪʘʿ ʥʘʯʠʥ ʨʝʰʝˁʝ (1.10.8) ʢʦʿʝ ʟʘʜʦʚʦˀʘʚʘ ʫʩʣʦʚ (1.10.9) ʜʦʜʝˀʫʿʝʤʦ ʥʝʧʦʟʥʘʪʦʿ e l-g, ʘ 

ʧʨʝʦʩʪʘʣʦ ʨʝʰʝˁʝ ʜʦʜʝˀʫʿʝʤʦ ʥʝʧʦʟʥʘʪʦʿ e l+g. ʄʝʹʫʪʠʤ, ʟʙʦʛ ʤʘʣʦʛ ʩʣʘʙˀʝˁʘ ʚʦʜʦʚʘ, ʦʚʘʿ 

ʢʨʠʪʝʨʠʿʫʤ ʥʠʿʝ ʧʦʫʟʜʘʥ, ʿʝʨ ʙʠ ʠ ʥʘʿʤʘˁʘ ʛʨʝʰʢʘ ʤʝʨʝˁʘ ʤʦʛʣʘ ʜʘ ʫʟʨʦʢʫʿʝ ʛʨʝʰʢʫ ʫ 

ʦʜʣʫʯʠʚʘˁʫ. 
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ɸʢʦ ʿʝ 1lg  (ʪʿ. je el l-g - bº ), ʧʦʫʟʜʘʥʠʿʠ ʥʘʯʠʥ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʨʝʰʝˁʘ (1.10.8) ʿʝ ʧʨʦʮʝʥʘ 

ʝʣʝʢʪʨʠʯʥʝ ʜʫʞʠʥʝ Line ʩʪʘʥʜʘʨʜʘ. ʅʘʠʤʝ, ʟʥʘʿʫ˂ʠ ʢʦʣʠʢʦ ʿʝ ʦʪʧʨʠʣʠʢʝ lb, ʤʦʞʝʤʦ ʜʘ 

ʦʜʨʝʜʠʤʦ ʢʦʿʝ ʦʜ ʨʝʰʝˁʘ (1.10.8) ʿʝ je l- b, ʘ ʢʦʿʝ je l+ b. ʅʘ ʦʩʥʦʚʫ ʩʣʠʢʝ 1.10.1 ʤʦʞʝʤʦ 

ʟʘʢˀʫʯʠʪʠ ʜʘ ʨʘʟʣʫʯʠʚʘˁʝ je l- b ʠ je l+ b ʤʦʞʝ ʙʠʪʠ ʧʨʦʙʣʝʤʘʪʠʯʥʦ ʩʘʤʦ ʟʘ l kb = p, ʛʜʝ ʿʝ k  

ʮʝʦ ʥʝʥʝʛʘʪʠʚʘʥ ʙʨʦʿ, ʿʝʨ ʩʫ ʪʘʜʘ ʚʨʭʦʙʠ ʚʝʢʪʦʨʘ je l- b ʠ je l+ b ʫ ʢʦʤʧʣʝʢʩʥʦʿ ʨʘʚʥʠ ʚʨʣʦ ʙʣʠʟʫ 

ʿʝʜʘʥ ʜʨʫʛʦʛ (ʪʿ. ʙʣʠʟʫ ʧʦʟʠʪʠʚʥʦʛ ʠʣʠ ʥʝʛʘʪʠʚʥʦʛ ʜʝʣʘ ʨʝʘʣʥʝ ʦʩʝ). ʅʘ ʿʝʜʥʦʿ ʫʯʝʩʪʘʥʦʩʪʠ, 

ʚʨʭʦʚʠ ʦʚʘ ʜʚʘ ʚʝʢʪʦʨʘ ʩʫ ʥʘʿʜʘˀʠ ʟʘ 2l kb =p + p, ʦʜʥʦʩʥʦ, ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʿʝ g2b= p l, 

ʟʘ ʬʠʟʠʯʢʫ ʜʫʞʠʥʫ Line ʩʪʘʥʜʘʨʜʘ ( )g2 1 4l k= + l . ʋ ʧʨʝʪʭʦʜʥʠʤ ʠʟʨʘʟʠʤʘ gl  ʿʝ ʪʘʣʘʩʥʘ 

ʜʫʞʠʥʘ ʥʘ ʚʦʜʫ (Line ʩʪʘʥʜʘʨʜʫ). ʋ ʧʨʘʢʩʠ ʩʝ ʢʘʣʠʙʨʘʮʠʿʘ ʩʧʨʦʚʦʜʠ ʫ ʦʧʩʝʛʫ ʫʯʝʩʪʘʥʦʩʪʠ, ʘ 

ʜʫʞʠʥʘ Line ʩʪʘʥʜʘʨʜʘ l  ʪʨʝʙʘ ʜʘ ʿʝ ʪʘʢʚʘ ʜʘ ʚʘʞʠ 9 8 9lp ¢b ¢ p ʟʘ ʩʚʘʢʫ ʫʯʝʩʪʘʥʦʩʪ ʠʟ 

ʢʘʣʠʙʨʘʮʠʦʥʦʛ ʦʧʩʝʛʘ. ʆʚʦ ʿʝ ʠʣʫʩʪʨʦʚʘʥʦ ʮʨʚʝʥʠʤ ʠʩʝʯʢʦʤ ʥʘ ʩʣʠʮʠ 1.10.1, ʜʦʢ ʧʣʘʚʠ ʠʩʝʯʘʢ 

ʧʨʠʢʘʟʫʿʝ ʦʧʩʝʛ ʟʘ l-b. ɺʠʜʠ ʩʝ ʜʘ ʩʫ ʠʩʝʯʮʠ, ʫ ʢʦʿʠʤʘ ʩʝ ʥʘʣʘʟʝ ʚʝʢʪʦʨʠ 
je l+ b ʠ je l- b, 

ʨʘʟʤʘʢʥʫʪʠ ʪʘʢʦ ʜʘ ʥʝ ʤʦʞʝ ʜʘ ʜʦʹʝ ʜʦ ʧʦʛʨʝʰʥʝ ʠʥʪʝʨʧʨʝʪʘʮʠʿʝ ʨʝʝhˁʘ (1.8.10). 

 

ʉʣʠʢʘ 1.10.1.  ʆʜʨʝʹʠʚʘˁʝ ʨʝʰʝˁʘ (1.10.8). 

ʌʘʟʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʿʝ ʩʘ ʫʯʝʩʪʘʥʦʰ˂ʫ ʧʦʚʝʟʘʥ ʠʟʨʘʟʦʤ 2 fb= p me, ʛʜʝ ʩʫ m ʠ e 

ʧʝʨʤʝʘʙʠʣʥʦʩʪ ʠ ʧʝʨʤʠʪʠʚʥʦʩʪ ʚʦʜʘ. ɸʢʦ ʿʝ l  ʦʜʘʙʨʘʥʦ ʪʘʢʦ ʜʘ ʟʘ ʜʦˁʫ ʫʯʝʩʪʘʥʦʩʪ 

ʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʦʧʩʝʛʘ, 1f , ʚʘʞʠ 1 9lb =p, ʦʥʜʘ ʿʝ ʤʘʢʩʠʤʘʣʥʘ ʛʦʨˁʘ ʫʯʝʩʪʘʥʦʩʪ 

ʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʦʧʩʝʛʘ, 2f , ʦʜʨʝʹʝʥʘ ʫʩʣʦʚʦʤ 2 8 9lb = p. ʀʟ ʧʨʝʪʭʦʜʥʦʛ ʩʣʝʜʠ ʜʘ ʿʝ 

2 1 2 1 8f fb b = =, ʦʜʥʦʩʥʦ ʧʦʫʟʜʘʥʘ ʢʘʣʠʙʨʘʮʠʿʘ ʩʝ ʤʦʞʝ ʠʟʚʨʰʠʪʠ ʫ ʦʧʩʝʛʫ ʫʯʝʩʪʘʥʦʩʪʠ ʦʜ 

1f  ʜʦ 18 f . ɸʢʦ ʥʘʤ ʿʝ ʧʦʪʨʝʙʘʥ ʰʠʨʠ ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʦʧʩʝʛ, ʤʦʨʘʤʦ ʠʤʘʪʠ ʜʦʜʘʪʥʝ (ʿʝʜʘʥ ʠʣʠ 

ʚʠʰʝ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʦʧʩʝʛʘ) Line ʩʪʘʥʜʘʨʜʝ, ʜʨʫʛʘʯʠʿʠʭ ʜʫʞʠʥʘ. ʆʚʦ ʿʝ ʿʝʜʘʥ ʥʝʜʦʩʪʘʪʘʢ TRL 

ʢʘʣʠʙʨʘʮʠʿʝ. ɼʨʫʛʠ ʥʝʜʦʩʪʘʪʘʢ ʿʝ ʜʘ ʟʘ ʜʦʚʦˀʥʦ ʥʠʩʢʝ ʫʯʝʩʪʘʥʦʩʪʠ ʜʫʞʠʥʝ Line ʩʪʘʥʜʘʨʜʘ 

ʧʦʩʪʘʿʫ ʥʝʧʨʘʢʪʠʯʥʦ ʚʝʣʠʢʝ. 

ʇʦʰʪʦ ʩʤʦ ʦʜʨʝʜʠʣʠ je l- b, ʧʦʟʥʘʪʘ ʥʘʤ ʿʝ ʤʘʪʨʠʮʘ P ʠ ʤʦʞʝʤʦ ʬʦʨʤʠʨʘʪʠ ʤʘʪʨʠʮʫ ʩʠʩʪʝʤʘ 

(1.9.20) ʟʘ ʤʘʪʨʠʯʥʠ ʩʠʩʪʝʤ (1.9.19). ʂʘʦ ʰʪʦ ʩʤʦ ʧʦʢʘʟʘʣʠ, ʪʘʿ ʩʠʩʪʝʤ ʠʤʘ ʩʘʤʦ ʜʚʝ ʥʝʧʦʟʥʘʪʝ 

ʿʝʜʥʘʯʠʥʝ, ʘ ʧʨʝʦʩʪʘʣʝ ʜʚʝ ʿʝʜʥʘʯʠʥʝ (ʧʦʪʨʝʙʥʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʤʘʪʨʠʮʝ A), ʜʦʙʠ˂ʝʤʦ ʤʝʨʝˁʝʤ 

ʿʝʜʥʦʧʦʨʪʥʦʛ Reflect ʩʪʘʥʜʘʨʜʘ. ʊʦ ʠʟʚʦʜʠʤʦ ˁʝʛʦʚʠʤ ʚʝʟʠʚʘˁʝʤ ʥʘ ʩʚʘʢʠ ʦʜ ʧʦʨʪʦʚʘ 
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ʧʦʥʘʦʩʦʙ, ʪʿ. ʩʘʤʦ ʥʘ ʤʨʝʞʫ ʛʨʝʰʢʝ A, ʢʘʜʘ ʿʝ ʧʦʙʫʜʘ ʥʘ ʧʦʨʪʫ 1, ʧʘ ʩʘʤʦ ʥʘ ʤʨʝʞʫ ʛʨʝʰʢʝ B, 

ʢʘʜʘ ʿʝ ʧʦʙʫʜʘ ʥʘ ʧʦʨʪʫ 2. ʄʝʨʝˁʝ Reflect ʩʪʘʥʜʘʨʜʘ ʧʨʠʢʘʟʘʥʦ ʿʝ ʥʘ ʩʣʠʮʠ 1.10.2. 

 

ʉʣʠʢʘ 1.10.2.  ʄʝʨʝˁʝ Reflect ʩʪʘʥʜʘʨʜʘ. 

ʂʘʜʘ ʿʝ Reflect ʩʪʘʥʜʘʨʜ ʧʨʠʢˀʫʯʝʥ ʥʘ ʤʨʝʞʫ ʛʨʝʰʢʝ A, ʘ ʧʦʙʫʜʘ ʿʝ ʥʘ ʧʦʨʪʫ 1 (ʧʨʝʤʘ 

ʩʣʠʮʠ 1.9.1), ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʠʟʨʘʟ (1.9.5), ʤʦʞʝʤʦ ʜʘ ʧʠʰʝʤʦ: 

 2 11 1 12 1 11 1 1 12 11 R 12
A

1 21 1 22 1 21 1 1 22 21 R 22

m A b A a A b a A A r A

m A b A a A b a A A r A

+ + +
= = = =G

+ + +
, (1.10.10) 

ʛʜʝ ʿʝ A 2 1m mG =  ʠʟʤʝʨʝʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʨʝʬʣʝʢʩʠʿʝ, ʘ R 1 1r b a=  ʩʪʚʘʨʥʠ ʢʦʝʬʠʮʠʿʝʥʪ 

ʨʝʬʣʝʢʩʠʿʝ Reflect ʩʪʘʥʜʘʨʜʘ. ʀʟ ʧʨʚʝ ʦʜ ʿʝʜʥʘʯʠʥʘ (1.9.13) ʠ ʠʟʨʘʟʘ (1.10.2) ʤʦʞʝʤʦ ʠʟʨʘʟʠʪʠ 

ʠʥʚʝʨʟʥʫ ʤʘʪʨʠʮʫ ʛʨʝʰʢʝ 1-
B  ʧʨʝʢʦ ʠʥʚʝʨʟʥʝ ʤʘʪʨʠʮʝ ʤʝʨʝˁʘ ʧʨʚʦʛ ʩʪʘʥʜʘʨʜʘ 

1
1
-

M  ʠ 

ʤʘʪʨʠʮʝ ʛʨʝʰʢʝ A : 

 
1 n1,11 11 n1,12 21 n1,11 12 n1,12 221

1
n1,21 11 n1,22 21 n1,21 12 n1,22 22

M A M A M A M A

M A M A M A M A

--
- -è ø

= =é ù
- + - +ê ú

B M A , (1.10.11) 

ʛʜʝ ʩʫ n1,ijM  ʯʣʘʥʦʚʠ ʤʘʪʨʠʮʝ 1M , ʧʦʜʝˀʝʥʠ ʜʝʪʝʨʤʠʥʘʥʪʦʤ ʪʝ ʤʘʪʨʠʮʝ. ʇʦʰʪʦ ʿʝ ʥʘ ʦʩʥʦʚʫ 

(1.9.6): 

 
13 2 21

1

2 24

m a a

b bm

--è ø è ø è ø
= =é ù é ù é ù

ê ú ê úê ú
B M A , (1.10.12) 

ʢʘʜʘ ʿʝ Reflect ʩʪʘʥʜʘʨʜ ʧʨʠʢˀʫʯʝʥ ʥʘ ʤʨʝʞʫ ʛʨʝʰʢʝ B, ʘ ʧʦʙʫʜʘ ʿʝ ʥʘ ʧʦʨʪʫ 2 (ʩʣʠʢʘ 1.9.1), 

ʤʦʞʝʤʦ ʜʘ ʧʠʰʝʤʦ: 

 
( )
( )

n1,21 11 n1,22 21 n1,21 12 n1,22 22 R4
B

n1,11 11 n1,12 21 n1,11 12 n1,12 22 R3

M A M A M A M A rm

M A M A M A M A rm

¡ - + + - +
= =G
¡ - + -

, (1.10.13) 

ʛʜʝ ʿʝ B 4 3m m¡ ¡G =  ʠʟʤʝʨʝʥʠ ʢʦʝʬʠʮʠʿʝʥʪ ʨʝʬʣʝʢʩʠʿʝ, ʘ R 2 2r b a¡ ¡=  ʩʪʚʘʨʥʠ ʢʦʝʬʠʮʠʿʝʥʪ 

ʨʝʬʣʝʢʩʠʿʝ Reflect ʩʪʘʥʜʘʨʜʘ. 

ʊʘʢʦ ʥʘ ʦʩʥʦʚʫ ʤʝʨʝˁʘ Reflect ʩʪʘʥʜʘʨʜʘ ʜʦʙʠʿʘʤʦ ʿʦʰ ʜʚʝ ʿʝʜʥʘʯʠʥʝ ʧʦ ʥʝʧʦʟʥʘʪʠʤ 

ʝʣʝʤʝʥʪʠʤʘ ʤʘʪʨʠʮʝ A, ʠ ʪʦ ʠʟ (1.10.10): 

 R 11 12 A R 21 A 22 0r A A r A A+ -G -G =, (1.10.14) 

ʠ ʠʟ (1.10.13): 

 1 11 1 R 12 2 21 2 R 22 0c A c r A c A c r A+ - - =, (1.10.15) 



52 
 

ʛʜʝ ʩʫ 

 1 n1,21 B n1,11c M M= +G , 2 n1,22 B n1,12c M M= +G   (1.10.16) 

ʂʦʤʙʠʥʫʿʫ˂ʠ ʿʝʜʥʘʯʠʥʝ (1.10.14) ʠ (1.10.15), ʜʦʙʠʿʝʥʝ ʤʝʨʝˁʠʤʘ Reflect ʩʪʘʥʜʘʨʜʘ, ʩʘ ʜʚʝ 

ʥʝʟʘʚʠʩʥʝ ʿʝʜʥʘʯʠʥʝ ʠʟ ʤʘʪʨʠʮʝ ʩʠʩʪʝʤʘ (1.9.20), ʜʦʙʠʿʝʥʝ ʢʦʤʙʠʥʘʮʠʿʦʤ ʤʝʨʝˁʘ Thru ʠ Line 

ʩʪʘʥʜʘʨʜʘ, ʜʦʙʠʿʘʤʦ ʩʠʩʪʝʤ ʿʝʜʥʘʯʠʥʘ ʧʦ ʥʝʧʦʟʥʘʪʠʤ ʝʣʝʤʝʥʪʠʤʘ ʤʘʪʨʠʮʝ ʛʨʝʰʢʝ A : 
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, (1.10.17) 

ʛʜʝ ʩʫ ijC  ʢʦʝʬʠʮʠʿʝʥʪʠ ʜʚʝ ʥʝʟʘʚʠʩʥʝ ʿʝʜʥʘʯʠʥʝ ʜʦʙʠʿʝʥʝ ʢʦʤʙʠʥʘʮʠʿʦʤ ʤʝʨʝˁʘ Thru ʠ Line 

ʩʪʘʥʜʘʨʜʘ. ʇʦʰʪʦ ʿʝ ʩʠʩʪʝʤ (1.10.17) ʭʦʤʦʛʝʥ ʠ ʠʤʘ ʥʝʪʨʠʚʠʿʘʣʥʦ ʨʝʰʝˁʝ, ʜʝʪʝʨʤʠʥʘʥʪʘ 

ʩʠʩʪʝʤʘ ʿʝ ʿʝʜʥʘʢʘ ʥʫʣʠ. ʀʟ ʪʦʛ ʫʩʣʦʚʘ ʜʦʙʠʿʘ ʩʝ ʢʚʘʜʨʘʪʥʘ ʿʝʜʥʘʯʠʥʘ ʧʦ ʥʝʧʦʟʥʘʪʦʤ 

ʢʦʝʬʠʮʠʿʝʥʪʫ ʨʝʬʣʝʢʩʠʿʝ Reflect ʩʪʘʥʜʘʨʜʘ, Rr : 

 

11 12 13 14

21 22 23 24

R

R A R A

1 1 R 2 2 R

0
1

C C C C

C C C C
r

r r

c c r c c r

= Ý
-G -G

-

. (1.10.18) 

ʇʨʠ ʠʟʙʦʨʫ ʟʥʘʢʘ ʫ ʨʝʰʝˁʫ ʢʚʘʜʨʘʪʥʝ ʿʝʜʥʘʯʠʥʝ ʧʦʪʨʝʙʥʦ ʿʝ ʧʦʟʥʘʚʘʪʠ ʧʨʠʨʦʜʫ Reflect 

ʩʪʘʥʜʘʨʜʘ, ʧʘ ʩʝ ʩʪʦʛʘ ʟʘ Reflect ʩʪʘʥʜʘʨʜ ʦʙʠʯʥʦ ʫʟʠʤʘʿʫ ʦʪʚʦʨʝʥʘ ʚʝʟʘ ʠʣʠ ʢʨʘʪʘʢ ʩʧʦʿ. 

ʇʨʦʮʝʜʫʨʘ ʟʘ ʠʟʚʦʹʝˁʝ TRL ʢʘʣʠʙʨʘʮʠʿʝ ʩʣʠʯʥʘ ʿʝ ʥʘ ʩʚʠʤ ʘʥʘʣʠʟʘʪʦʨʠʤʘ ʤʨʝʞʘ. ʀʟʤʝʹʫ 

ʧʦʨʪʦʚʘ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʧʦʚʝʟʫʿʫ ʩʝ ʠ ʤʝʨʝ Thru ʠ Line ʩʪʘʥʜʘʨʜ, ʘ ʟʘʪʠʤ ʩʝ ʥʘ ʩʚʘʢʠ ʦʜ 

ʧʦʨʪʦʚʘ ʧʦʚʝʟʫʿʝ ʠ ʤʝʨʠ Reflect ʩʪʘʥʜʘʨʜ. ʇʨʝʤʜʘ Thru ʩʪʘʥʜʘʨʜ ʫ ʧʦʿʝʜʠʥʠʤ ʠʟʚʝʜʙʘʤʘ ʤʦʞʝ 

ʜʘ ʙʫʜʝ ʥʝʥʫʣʪʝ ʜʫʞʠʥʝ, ʥʘʿʧʨʝʮʠʟʥʠʿʘ ʢʘʣʠʙʨʘʮʠʿʘ ʜʦʙʠʿʘ ʩʝ ʘʢʦ ʿʝ ʫ ʧʠʪʘˁʫ ʜʠʨʝʢʪʘʥ ʩʧʦʿ 

ʠʟʤʝʹʫ ʧʨʠʢˀʫʯʘʢʘ ʛʜʝ ʩʝ ʧʦʚʝʟʫʿʝ DUT. Thru ʩʪʘʥʜʘʨʜ ʩʝ ʦʙʠʯʥʦ ʢʦʨʠʩʪʠ ʟʘ ʜʝʬʠʥʠʮʠʿʫ 

ʨʝʬʝʨʝʥʪʥʝ ʨʘʚʥʠ. Line ʩʪʘʥʜʘʨʜ ʪʨʝʙʘ ʜʘ ʠʤʘ ʦʜʨʝʹʝʥʦ ʝʣʝʢʪʨʠʯʥʦ ʢʘʰˁʝˁʝ, ʘ ʝʣʝʢʪʨʠʯʥʘ 

ʜʫʞʠʥʘ ʪʨʝʙʘ ʜʘ ʩʝ ʨʘʟʣʠʢʫʿʝ ʦʜ ʝʣʝʢʪʨʠʯʥʝ ʜʫʞʠʥʝ Thru ʩʪʘʥʜʘʨʜʘ (ʢʦʿʘ ʿʝ, ʟʘ ʜʠʨʝʢʪʘʥ ʩʧʦʿ, 

ʥʫʣʘ). ʀʤʧʝʜʘʥʩʘ Line ʩʪʘʥʜʘʨʜʘ ʦʜʨʝʹʫʿʝ ʨʝʬʝʨʝʥʪʥʫ ʠʤʧʝʜʘʥʩʫ ʢʘʣʠʙʨʘʮʠʿʝ, ʧʘ ʪʨʝʙʘ ʜʘ 

ʙʫʜʝ ʰʪʦ ʧʨʠʙʣʠʞʥʠʿʘ ʥʦʤʠʥʘʣʥʦʿ (50 ʦʤʘ). ʅʝʧʦʟʥʘʪʠ ʧʘʨʘʤʝʪʘʨ Line ʩʪʘʥʜʘʨʜʘ ʦʜʨʝʹʫʿʝ ʩʝ 

ʠʟ (1.10.8), ʘ ʜʘ ʙʠ ʩʤʦ ʧʨʘʚʠʣʥʦ ʦʜʘʙʨʘʣʠ ʟʥʘʢ ʫ ʪʦʤ ʠʟʨʘʟʫ, ʝʣʝʢʪʨʠʯʥʘ ʜʫʞʠʥʘ Line 

ʩʪʘʥʜʘʨʜʘ ʟʘ ʩʚʝ ʫʯʝʩʪʘʥʦʩʪʠ ʠʟ ʢʘʣʠʙʨʘʮʠʦʥʦʛ ʦʧʩʝʛʘ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʠʟʤʝʹʫ 20̄  ʠ 160̄ . ʀʟ 

ʧʨʝʪʭʦʜʥʦʛ ʧʨʦʠʟʠʣʘʟʠ ʜʘ ʿʝʜʘʥ Line ʩʪʘʥʜʘʨʜ (ʦʜʘʙʨʘʥʝ ʬʠʟʠʯʢʝ ʜʫʞʠʥʝ) ʤʦʞʝ ʜʘ ʩʝ ʢʦʨʠʩʪʠ 

ʟʘ ʢʘʣʠʙʨʘʮʠʿʫ ʫ ʦʧʩʝʛʫ ʫʯʝʩʪʘʥʦʩʪʠ ʦʜ 1f  ʜʦ 18 f . Reflect ʩʪʘʥʜʘʨʜ ʪʨʝʙʘ ʜʘ ʠʤʘ ʚʝʣʠʢʠ 

ʢʦʝʬʠʮʠʿʝʥʪ ʨʝʬʣʝʢʩʠʿʝ, ʢʦʿʠ ʥʝ ʤʦʨʘ ʜʘ ʙʫʜʝ ʧʦʟʥʘʪ, ʠʟʫʟʝʚ ʧʨʠʨʦʜʝ ʨʝʬʣʝʢʩʠʿʝ (ʫ ʩʫʰʪʠʥʠ, 

ʜʘ ʣʠ ʿʝ ʫ ʧʠʪʘˁʫ ʦʪʚʦʨʝʥʘ ʚʝʟʘ ʠʣʠ ʢʨʘʪʘʢ ʩʧʦʿ). ʂʦʝʬʠʮʠʿʝʥʪ ʨʝʬʣʝʢʩʠʿʝ Reflect ʩʪʘʥʜʘʨʜʘ 

ʦʜʨʝʹʫʿʝʤʦ ʠʟ (1.10.18), ʘ ʥʘʢʦʥ ʪʦʛʘ ʝʣʝʤʝʥʪʝ ʤʘʪʨʠʮʝ ʛʨʝʰʢʝ A  ʠʟ (1.10.17), ʫ ʦʙʣʠʢʫ (1.9.31) 

ʠ ʤʘʪʨʠʮʫ ʛʨʝʰʢʝ B  ʠʟ ʧʨʚʝ ʦʜ ʿʝʜʥʘʯʠʥʘ (1.9.13), ʯʠʤʝ ʿʝ ʢʘʣʠʙʨʘʮʠʦʥʠ ʧʨʦʮʝʩ ʟʘʚʨʰʝʥ. 

ʅʘʢʦʥ ʤʝʨʝˁʘ DUT-ʘ, ʢʦʨʝʢʮʠʿʘ ʠʟʤʝʨʝʥʠʭ ʨʝʟʫʣʪʘʪʘ (ʢʘʣʠʙʨʠʩʘʥʦ ʤʝʨʝˁʝ) ʚʨʰʠ ʩʝ 

ʢʦʨʠʰ˂ʝˁʝʤ ʠʟʨʘʟʘ (1.9.32). 
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ʂʦʨʝʢʮʠʿʘ ʧʨʝʢʦ ʤʦʜʝʣʘ ʛʨʝʰʢʝ ʦʧʠʩʘʥʦʛ ʫ ʧʨʝʪʭʦʜʥʦʤ ʧʦʛʣʘʚˀʫ ʤʦʛʫ˂ʘ ʿʝ, ʦʩʠʤ TRL 

ʢʘʣʠʙʨʘʮʠʿʦʤ, ʠ ʜʨʫʛʠʤ ʩʨʦʜʥʠʤ ʪʝʭʥʠʢʘʤʘ ʢʘʣʠʙʨʘʮʠʿʝ, ʢʘʦ ʰʪʦ ʩʫ TRM (Thru, Reflect, 

Match), LRL (Line, Reflect, Line) ʠ LRM (Line, Reflect, Match). 

TRL ʢʘʣʠʙʨʘʮʠʿʘ ʩʧʘʜʘ ʫ ʥʘʿʪʘʯʥʠʿʝ ʢʘʣʠʙʨʘʮʠʿʝ, ʘʣʠ ʠ ʧʦʨʝʜ ʪʦʛʘ ʥʘʿʚʠʰʝ ʩʝ ʢʦʨʠʩʪʠ ʫ 

ʥʝʢʦʘʢʩʠʿʘʣʥʠʤ ʧʨʠʤʝʥʘʤʘ, ʢʘʜʘ ʿʝ ʨʝʬʝʨʝʥʪʥʘ ʨʘʚʘʥ ʥʘ ʩʘʤʦʿ ʰʪʘʤʧʘʥʦʿ ʧʣʦʯʠ. ʏʝʩʪʦ ʩʝ 

ʢʘʣʠʙʨʘʮʠʦʥʠ ʩʪʘʥʜʘʨʜʠ ʠʟʨʘʹʫʿʫ ʥʘ ʠʩʪʦʿ ʰʪʘʤʧʘʥʦʿ ʧʣʦʯʠ ʢʘʦ ʠ ʧʨʦʪʦʪʠʧ ʪʝʩʪʠʨʘʥʦʛ 

ʫʨʝʹʘʿʘ. ʇʨʠʤʝʨ ʪʝʩʪʠʨʘʥʦʛ ʫʨʝʹʘʿʘ (DUT-ʘ) ʠ ʢʘʣʠʙʨʘʮʠʦʥʠʭ ʩʪʘʥʜʘʨʜʘ ʠʟʨʘ́ ʝʥʠʭ ʫ 

ʤʠʢʨʦʩʪʨʠʧ ʪʝʭʥʦʣʦʛʠʿʠ, ʫ ʦʢʚʠʨʫ ʩʪʫʜʝʥʪʩʢʦʛ ʤʘʩʪʝʨ ʨʘʜʘ [33] ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 1.10.3. 

ɸʢʦ ʿʝ DUT ʥʘʤʝˁʝʥ ʢʦʨʠʰ˂ʝˁʫ ʥʘ ʰʪʘʤʧʘʥʦʿ ʧʣʦʯʠ, ʙʝʟ ʢʦʥʝʢʪʦʨʘ, ʦʥʜʘ ʩʝ ʧʣʦʯʘ ʩʘ 

ʢʦʥʝʢʪʦʨʠʤʘ ʢʦʨʠʩʪʠ ʢʘʦ ʢʫ˂ʠʰʪʝ ʟʘ ʤʝʨʝˁʝ (fixture)ðʜʘ ʙʠʩʤʦ ʤʦʛʣʠ ʜʘ ʤʝʨʠʤʦ 

ʘʥʘʣʠʟʘʪʦʨʦʤ ʤʨʝʞʘ, ʘ TRL ʢʘʣʠʙʨʘʮʠʿʦʤ ʨʝʬʝʨʝʥʪʥʝ ʨʘʚʥʠ ʟʘ s-ʧʘʨʘʤʝʪʨʝ DUT-ʘ 

Ăʜʦʚʦʜʠʤʦñ ʥʘ ʤʠʢʨʦʩʪʨʠʧ ʣʠʥʠʿʫ (ʚʦʜ). 

ʘ)         ʙ)  

ʉʣʠʢʘ 1.10.3.  DUT ʠ TRL ʢʘʣʠʙʨʘʮʠʦʥʠ ʩʪʘʥʜʘʨʜʠ ʥʘ ʠʩʪʦʿ ʰʪʘʤʧʘʥʦʿ ʧʣʦʯʠ, ʘ) ʤʦʜʝʣ ʟʘ 

ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʫ ʘʥʘʣʠʟʫ ʠ ʙ) ʠʟʨʘʹʝʥʠ ʧʨʦʪʦʪʠʧ ʩʘ ʟʘʣʝʤʝˀʝʥʠʤ SMA ʢʦʥʝʢʪʦʨʠʤʘ. 

ʅʘ ʩʣʠʮʠ 1.10.3ʘ ʧʨʠʢʘʟʘʥ ʿʝ ʛʝʦʤʝʪʨʠʿʩʢʠ ʤʦʜʝʣ, ʢʦʿʠ ʢʦʨʠʩʪʠʤʦ ʟʘ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʫ 

ʘʥʘʣʠʟʫ. Thru ʩʪʘʥʜʘʨʜ ʿʝ ʜʝʬʠʥʠʩʘʥ ʢʘʦ ʣʠʥʠʿʘ ʥʫʣʪʝ ʜʫʞʠʥʝ, ʧʘ ʤʦʞʝʤʦ ʩʤʘʪʨʘʪʠ ʜʘ ʿʝ 

ʨʝʬʝʨʝʥʪʥʘ ʨʘʚʘʥ ʧʨʠ ʤʝʨʝˁʫ Thru ʩʪʘʥʜʘʨʜʘ ʥʘ ˁʝʛʦʚʦʿ ʩʨʝʜʠʥʠ. ʇʨʠ ʤʝʨʝˁʫ Line ʩʪʘʥʜʘʨʜʘ 

ʠ DUT-ʘ, ʨʝʬʝʨʝʥʪʥʝ ʨʘʚʥʠ ʩʘ ʣʝʚʝ ʠ ʜʝʩʥʝ ʩʪʨʘʥʝ ʥʘʣʘʟʝ ʩʝ ʥʘ ʨʘʩʪʦʿʘˁʫ ʦʜ ʧʦʣʦʚʠʥʝ ʜʫʞʠʥʝ 

Thru ʩʪʘʥʜʘʨʜʘ ʦʜ ʢʨʘʿʝʚʘ ʤʠʢʨʦʩʪʨʠʧ ʣʠʥʠʿʘ, ʢʘʦ ʰʪʦ ʿʝ ʚʝʨʪʠʢʘʣʥʠʤ ʣʠʥʠʿʘʤʘ ʧʨʠʢʘʟʘʥʦ ʥʘ 

ʩʣʠʮʠ. Reflect ʩʪʘʥʜʘʨʜ ʿʝ ʦʪʚʦʨʝʥʘ ʚʝʟʘ ʢʦʿʘ ʠʤʘ ʬʠʟʠʯʢʫ ʜʫʞʠʥʫ ʦʜ ʧʦʣʦʚʠʥʝ ʜʫʞʠʥʝ Thru 

ʩʪʘʥʜʘʨʜʘ, ʪʘʢʦ ʜʘ ʩʝ ʝʬʝʢʪʠʚʥʦ ʧʦʥʘʰʘ ʢʘʦ (ʩʢʦʨʦ) ʠʜʝʘʣʥʘ ʦʪʚʦʨʝʥʘ ʚʝʟʘ. ʀʟʨʘʹʝʥʠ ʧʨʦʪʦʪʠʧ 

ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 1.10.3ʙ. ʉʠʤʫʣʠʨʘʥʠ ʠ ʠʟʤʝʨʝʥʠ (ʧʨʠʤʝʥʦʤ TRL ʢʘʣʠʙʨʘʮʠʿʝ) ʨʝʟʫʣʪʘʪʠ 

ʧʦʢʘʟʘʣʠ ʩʫ ʠʟʫʟʝʪʥʦ ʜʦʙʨʦ ʩʣʘʛʘˁʝ. 

ʄʦʜʝʣ ʛʨʝʰʢʝ ʩʘ ʩʣʠʢʝ 1.9.2 ʤʦʞʝ ʩʝ ʧʨʠʢʘʟʘʪʠ ʠ ʧʨʝʢʦ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʜʠʿʘʛʨʘʤʘ ʪʦʢʘ 

ʩʠʛʥʘʣʘ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 1.10.4. 
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ʉʣʠʢʘ 1.10.4.  ɼʠʿʘʛʨʘʤ ʪʦʢʘ ʩʠʛʥʘʣʘ ʤʦʜʝʣʘ ʛʨʝʰʢʝ ʩʘ ʤʨʝʞʘʤʘ ʛʨʝʰʢʝ. 

ʄʨʝʞʝ ʛʨʝʰʢʝ ʧʨʠʢʘʟʘʥʝ ʩʫ ʧʨʝʢʦ ʧʘʨʘʤʝʪʘʨʘ a, DFE , SFE , RFE , b, DRE , SRE , RRE . ʅʘʟʠʚʠ 

ʧʘʨʘʤʝʪʘʨʘ ʫʩʚʦʿʝʥʠ ʩʫ ʪʘʢʦ ʜʘ ʘʩʦʮʠʨʘʿʫ ʥʘ ʥʘʟʠʚʝ ʩʣʠʯʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʦʜ ʤʦʜʝʣʘ ʛʨʝʰʢʝ 

ʢʦʿʠ ʿʝ ʩʚʦʿʩʪʚʝʥ s-ʧʘʨʘʤʝʪʘʨ ʪʝʩʪ ʩʝʪʫ ʩʘ ʪʨʠ ʧʨʠʿʝʤʥʠʢʘ, ʘ ʦ ʢʦʿʝʤ ˂ʝʤʦ ʛʦʚʦʨʠʪʠ ʫ ʥʘʩʪʘʚʢʫ. 

ʄʘʪʨʠʮʘ ʤʝʨʝˁʘ (1.9.11) ʩʝ ʧʨʝʢʦ ʦʚʠʭ ʧʘʨʘʤʝʪʘʨʘ ʤʦʞʝ ʧʨʠʢʘʟʘʪʠ ʫ ʦʙʣʠʢʫ: 

RF DF SF DF RR DR SR SR

DUT DUT

SF DRRR

1

1 1

E E E E E E E E

E EE

- -è ø è øb
= é ù é ù

- -a ê úê ú
ʄ T . (1.10.19) 

ʀʟ ʧʨʝʪʭʦʜʥʦʛ ʠʟʨʘʟʘ ʚʠʜʠʤʦ ʜʘ ʩʝ ʧʨʦʤʝʥˀʠʚʝ a ʠ b ʿʘʚˀʘʿʫ ʩʘʤʦ ʫ ʦʙʣʠʢʫ ʢʦʣʠʯʥʠʢʘ 

b a, ʦʜʥʦʩʥʦ ʨʝʯ ʿʝ ʦ ʩʘʤʦ ʿʝʜʥʦʤ ʧʘʨʘʤʝʪʨʫ (ʰʪʦ ʩʤʦ ʚʝ˂ ʟʘʢˀʫʯʠʣʠ ʨʘʥʠʿʝ).  

ɸʢʦ ʩʫ ʧʦʟʥʘʪʠ ʧʘʨʘʤʝʪʨʠ ʤʨʝʞʝ ʛʨʝʰʢʝ (ʦʜʨʝʹʝʥʠ ʫ ʧʨʦʮʝʩʫ ʢʘʣʠʙʨʘʮʠʿʝ), ʘʥʘʣʠʟʦʤ 

ʜʠʿʘʛʨʘʤʘ ʪʦʢʘ ʩʠʛʥʘʣʘ ʤʦʞʝʤʦ ʜʦʙʠʪʠ ʨʝʣʘʮʠʿʝ ʠʟʤʝʹʫ ʠʟʤʝʨʝʥʠʭ ʩʠʛʥʘʣʘ, 1m , 2m , 3m  ʠ 4m  

ʠ ʩʠʛʥʘʣʘ ʥʘ ʧʨʠʩʪʫʧʫ DUT-ʫ, 1ʘ, 1b , 2a  ʠ 2b , ʦʜʥʦʩʥʦ ʤʦʞʝʤʦ ʫʨʘʜʠʪʠ ʝʢʩʪʨʘʢʮʠʿʫ Ăʪʘʯʥʠʭñ 

ʨʝʟʫʣʪʘʪʘ. 

1.11 ʄʦʜʝʣ ʛʨʝʰʢʝ ʤʝʨʝˁʘ ʟʘ s-ʧʘʨʘʤʝʪʘʨ ʪʝʩʪ ʩʝʪ ʩʘ ʪʨʠ 

ʧʨʠʿʝʤʥʠʢʘ 

ɹʣʦʢ ʰʝʤʘ s-ʧʘʨʘʤʝʪʘʨ ʪʝʩʪ ʩʝʪʘ ʩʘ ʪʨʠ ʧʨʠʿʝʤʥʠʢʘ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 1.11.1. ɼʝʦ 

ʩʠʛʥʘʣʘ ʠʟ ʠʟʚʦʨʘ ʩʝ ʠʟʜʚʘʿʘ ʥʘ ʩʧʨʝʛʥʫʪʦʤ ʧʦʨʪʫ ʫʩʤʝʨʝʥʦʛ ʩʧʨʝʞˁʘʢʘ R, ʟʘ ʤʝʨʝˁʝ 

ʠʥʮʠʜʝʥʪʥʦʛ ʩʠʛʥʘʣʘ, ʜʦʢ ʦʩʪʘʪʘʢ ʩʪʠʞʝ ʜʦ ʩʚʠʯʘ, ʦʜʘʢʣʝ ʩʝ ʧʨʦʩʣʝʹʫʿʝ ʥʘ ʛʨʘʥʫ ʟʘ ʦʙʨʘʜʫ 

ʧʦʨʪʘ 1 ʠʣʠ ʧʦʨʪʘ 2, ʜʦʢ ʩʝ ʜʨʫʛʘ ʛʨʘʥʘ ʟʘʚʨʰʘʚʘ ʦʧʪʝʨʝ˂ʝˁʝʤ (ʢʦʿʝ ʿʝ ʫ ʨʝʘʣʥʦʤ ʩʣʫʯʘʿʫ ʥʠʿʝ 

ʩʘʚʨʰʝʥʦ ʧʨʠʣʘʛʦʹʝˁʝ). ʋ ʩʚʘʢʦʿ ʛʨʘʥʠ (1 ʠʣʠ 2) ʧʦʩʪʦʿʠ ʩʘʤʦ ʧʦ ʿʝʜʘʥ ʧʨʠʿʝʤʥʠʢ ʢʦʿʠ 

ʬʦʨʤʘʣʥʦ ʤʝʨʠ ʨʝʬʣʝʢʪʦʚʘʥʠ ʩʠʛʥʘʣ ʦʜ ʧʦʩʤʘʪʨʘʥʦʛ ʧʦʨʪʘ DUT-ʘ (1 ʠʣʠ 2), ʘ ʩʫʰʪʠʥʩʢʠ ʤʝʨʠ 

ʿʝʜʘʥ ʨʝʬʣʝʢʪʦʚʘʥʠ ʠ ʿʝʜʘʥ ʪʨʘʥʩʤʠʪʦʚʘʥʠ ʩʠʛʥʘʣ. 
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ʉʣʠʢʘ 1.11.1.  ɹʣʦʢ ʰʝʤʘ s-ʧʘʨʘʤʝʪʘʨ ʪʝʩʪ ʩʝʪʘ ʩʘ ʪʨʠ ʧʨʠʿʝʤʥʠʢʘ ʠ ʪʦʢʦʚʠ ʩʠʛʥʘʣʘ. 

ʇʨʝʪʧʦʩʪʘʚʠʤʦ ʜʘ ʩʚʠʯ ʧʨʦʩʣʝʹʫʿʝ ʩʠʛʥʘʣ ʠʟ ʠʟʚʦʨʘ ʫ ʛʨʘʥʫ 1. ʇʨʠʿʝʤʥʠʢ 0m  ʤʝʨʠ 

ʠʥʮʠʜʝʥʪʥʠ ʩʠʛʥʘʣ ʢʘ ʧʦʨʪʫ 1 DUT-ʘ (2Aa ), ʧʨʠʿʝʤʥʠʢ 2m  ʤʝʨʠ ʩʠʛʥʘʣ ʨʝʬʣʝʢʪʦʚʘʥ ʦʜ ʧʦʨʪʘ 

1 DUT-ʘ (1b), ʜʦʢ ʧʨʠʿʝʤʥʠʢ 4m  ʤʝʨʠ ʩʠʛʥʘʣ ʪʨʘʥʩʤʠʪʦʚʘʥ ʦʜ ʧʦʨʪʘ 1 ʜʦ ʧʦʨʪʘ 2 DUT-ʘ (2b ). 

ɿʘ ʨʘʟʣʠʢʫ ʦʜ s-ʧʘʨʘʤʝʪʘʨ ʪʝʩʪ ʩʝʪʘ ʩʘ ʯʝʪʠʨʠ ʧʨʠʿʝʤʥʠʢʘ (ʧʨʠʢʘʟʘʥʦʛ ʥʘ ʩʣʠʮʠ 1.9.1), s-

ʧʘʨʘʤʝʪʘʨ ʪʝʩʪ ʩʝʪ ʩʘ ʪʨʠ ʧʨʠʿʝʤʥʠʢʘ ʥʝ ʤʝʨʠ ʠʥʮʠʜʝʥʪʥʠ ʩʠʛʥʘʣ ʢʘ ʧʦʨʪʫ 2 DUT-ʘ (2Ba ), ʧʘ 

ʥʠʿʝ ʤʦʛʫ˂ʝ ʢʦʨʠʩʪʠʪʠ ʠʩʪʠ ʤʦʜʝʣ ʛʨʝʰʢʝ ʢʘʦ ʟʘ ʪʝʩʪ ʩʝʪ ʩʘ ʯʝʪʠʨʠ ʧʨʠʿʝʤʥʠʢʘ. ʋʤʝʩʪʦ 

ʥʝʜʦʩʪʘʿʫ˂ʝʛ ʤʝʨʝʥʦʛ ʩʠʛʥʘʣʘ ʢʘ ʧʦʨʪʫ 2 DUT-ʘ, ʫ ʤʦʜʝʣ ʛʨʝʰʢʝ ʤʦʨʘʤʦ ʫʥʝʪʠ ʦʧʪʝʨʝ˂ʝˁʝ 

ʩʚʠʯʘ, ʢʦʿʝ ʟʘʪʚʘʨʘ ʛʨʘʥʫ 2. ʉʣʠʯʥʦ, ʘʢʦ ʩʚʠʯ ʧʨʦʩʣʝʹʫʿʝ ʩʠʛʥʘʣ ʠʟ ʠʟʚʦʨʘ ʫ ʛʨʘʥʫ 2, s-

ʧʘʨʘʤʝʪʘʨ ʪʝʩʪ ʩʝʪ ʩʘ ʪʨʠ ʧʨʠʿʝʤʥʠʢʘ ʥʝ ʤʝʨʠ ʠʥʮʠʜʝʥʪʥʠ ʩʠʛʥʘʣ ʢʘ ʧʦʨʪʫ 1 DUT-ʘ (2Aa ), ʘ 

ʦʧʪʝʨʝ˂ʝˁʝ ʩʚʠʯʘ ʢʦʿʝ ʟʘʪʚʘʨʘ ʛʨʘʥʫ 1 ʥʝ ʤʦʞʝʤʦ ʩʤʘʪʨʘʪʠ ʠʩʪʠʤ ʢʘʦ ʦʥʦ ʢʦʿʝ ʫ ʧʨʝʪʭʦʜʥʦʤ 

ʩʣʫʯʘʿʫ ʟʘʪʚʘʨʘ ʛʨʘʥʫ 2 (ʿʝʨ ʿʝ ʩʚʠʯ ʫ ʜʨʫʭʘʯʠʿʝʤ ʧʦʣʦʞʘʿʫ). ʉʪʦʛʘ ʩʝ ʤʦʜʝʣ ʛʨʝʰʢʝ ʧʨʝʢʦ 

ʤʨʝʞʠ ʛʨʝʰʢʝ ʫ ʩʣʫʯʘʿʫ s-ʧʘʨʘʤʝʪʘʨ ʪʝʩʪ ʩʝʪʘ ʩʘ ʪʨʠ ʧʨʠʿʝʤʥʠʢʘ ʨʘʟʣʠʢʫʿʝ ʘʢʦ ʩʚʠʯ ʧʨʦʩʣʝʹʫʿʝ 

ʩʠʛʥʘʣ ʠʟ ʠʟʚʦʨʘ ʫ ʛʨʘʥʫ 1 (ʩʣʫʯʘʿ ʢʦʿʠ ʦʙʝʣʝʞʘʚʘʤʦ ʩʣʦʚʦʤ FðForward) ʠ ʘʢʦ ʛʘ ʧʨʦʩʣʝʹʫʿʝ 

ʫ ʛʨʘʥʫ 2 (ʩʣʫʯʘʿ ʢʦʿʠ ʦʙʝʣʝʞʘʚʘʤʦ ʩʣʦʚʦʤ RðReverse). ʊʘ ʜʚʘ ʤʦʜʝʣʘ ʛʨʝʰʢʝ ʧʨʠʢʘʟʘʥʘ ʩʫ ʥʘ 

ʩʣʠʢʘʤʘ 1.11.2 (F) ʠ 1.11.3 (R). ʎʨʚʝʥʠʤ ʩʪʨʝʣʠʮʘʤʘ ʥʘʟʥʘʯʝʥʝ ʩʫ ʚʝʣʠʯʠʥʝ ʢʦʿʝ ʩʝ ʥʝ ʤʝʨʝ. 

 

ʉʣʠʢʘ 1.11.2.  ʄʦʜʝʣ ʛʨʝʰʢʝ ʤʝʨʝˁʘ ʟʘ s-ʧʘʨʘʤʝʪʘʨ ʪʝʩʪ ʩʝʪ ʩʘ ʪʨʠ ʧʨʠʿʝʤʥʠʢʘ ʧʨʝʢʦ ʤʨʝʞʘ ʛʨʝʰʢʝ 

(ʧʦʙʫʜʘ ʧʨʦʩʣʝʹʝʥʘ ʥʘ ʧʦʨʪ 1 DUT-ʘ, Forward ʩʤʝʨ) 

 

ʉʣʠʢʘ 1.11.3.  ʄʦʜʝʣ ʛʨʝʰʢʝ ʤʝʨʝˁʘ ʟʘ s-ʧʘʨʘʤʝʪʘʨ ʪʝʩʪ ʩʝʪ ʩʘ ʪʨʠ ʧʨʠʿʝʤʥʠʢʘ ʧʨʝʢʦ ʤʨʝʞʘ ʛʨʝʰʢʝ 

(ʧʦʙʫʜʘ ʧʨʦʩʣʝʹʝʥʘ ʥʘ ʧʦʨʪ 1 DUT-ʘ, Reverse ʩʤʝʨ). 
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ʇʨʝʪʭʦʜʥʘ ʜʚʘ ʤʦʜʝʣʘ ʘʥʘʣʦʛʥʘ ʩʫ ʤʦʜʝʣʫ ʩʘ ʩʣʠʢʝ 1.9.2 ʟʘ s-ʧʘʨʘʤʝʪʘʨ ʪʝʩʪ ʩʝʪʘ ʩʘ ʯʝʪʠʨʠ 

ʧʨʠʿʝʤʥʠʢʘ. ʀʧʘʢ, ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠ ʤʦʜʝʣ ʛʨʝʰʢʝ ʟʘ s-ʧʘʨʘʤʝʪʘʨ ʪʝʩʪ ʩʝʪ ʩʘ ʪʨʠ 

ʧʨʠʿʝʤʥʠʢʘ ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʘʥʘʣʠʟʠ ʜʝʪʘˀʥʦʛ ʜʠʿʘʛʨʘʤʘ ʪʦʢʘ ʩʠʛʥʘʣʘ ʙʣʦʢ ʰʝʤʝ ʩʘ ʩʣʠʢʝ 1.11.1 

ʠ ʧʨʠʤʝʥʠ ʩʘʞʠʤʘˁʘ ʧʦʿʝʜʠʥʠʭ ʯʚʦʨʦʚʘ ʠ ʛʨʘʥʘ. ʂʦʥʘʯʘʥ ʨʝʟʫʣʪʘʪ ʿʝ Ăʜʚʘʥʘʝʩʪʦʯʣʘʥʠñ ʤʦʜʝʣ 

ʛʨʝʰʢʝ (twelve-term error ʤʦʜʝʣ)ðʧʦ ʿʝʜʘʥ ʜʠʿʘʛʨʘʤ ʪʦʢʘ ʩʠʛʥʘʣʘ ʟʘ ʩʤʝʨ ʦʜ ʧʦʨʪʘ 1 ʢʘ ʧʦʨʪʫ 

2 DUT-ʘ (Forward) ʠ ʟʘ ʦʙʨʥʫʪʠ ʩʤʝʨ (Reverse), ʦʜ ʢʦʿʠʭ ʩʚʘʢʠ ʩʘʜʨʞʠ ʧʦ ʰʝʩʪ ʧʘʨʘʤʝʪʘʨʘ 

ʛʨʝʰʢʝ. ʄʦʜʝʣʠ ʩʫ ʧʨʠʢʘʟʘʥʠ ʥʘ ʩʣʠʮʠ 1.11.4ʘ (Forward) ʠ 1.11.4ʙ (Reverse). ʉʚʝ ʠʟʤʝʨʝʥʝ 

ʚʨʝʜʥʦʩʪʠ ( 0m , 2m  ʠ 4m ) ʩʫ ʥʦʨʤʘʣʠʟʦʚʘʥʝ ʩʘ 0m  ʠ ʯʚʦʨʦʚʠ ʢʦʿʠ ʠʭ ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʘ ʩʣʠʮʠ 

ʥʘʧʠʩʘʥʠ ʩʫ ʫ ʪʦʤ ʥʦʨʤʘʣʠʟʦʚʘʥʦʤ ʦʙʣʠʢʫ. ʊʘʢʦ ʿʝ ʫ Forward ʩʤʝʨʫ 2 0 11mm m s=  ʠ 

4 0 21mm m s= , ʘ ʫ Reverse ʩʤʝʨʫ 2 0 12mm m s=  ʠ 4 0 22mm m s= , ʛʜʝ ʩʫ 11ms , 12ms , 21ms  ʠ 22ms  

ʠʟʤʝʨʝʥʠ s-ʧʘʨʘʤʝʪʨʠ. 

ʘ)      ʙ)  

ʉʣʠʢʘ 1.11.4.  Ăɼʚʘʥʘʝʩʪʦʯʣʘʥʠñ ʤʦʜʝʣ ʛʨʝʰʢʝ ʤʝʨʝˁʘ: ʘ) Forward ʩʤʝʨ ʠ ʙ) Reverse ʩʤʝʨ. 

ʇʘʨʘʤʝʪʨʠ ʛʨʝʰʢʝ ʤʦʛʫ ʩʝ ʩʚʨʩʪʘʪʠ ʫ ʪʨʠ ʛʨʫʧʝ. ʇʦʰʪʦ ʩʫ ʛʨʝʰʢʝ ʠʜʝʥʪʠʯʥʝ ʫ ʦʙʘ ʩʤʝʨʘ, 

ʧʦʩʤʘʪʨʘ˂ʝʤʦ ʩʘʤʦ Forward ʩʤʝʨ. 

ʂʨʝʥʠʤʦ ʦʜ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʦʧʠʩʫʿʫ ʢʦʥʘʯʥʫ ʠʟʦʣʘʮʠʿʫ ʤʝʨʥʦʛ ʩʠʩʪʝʤʘ: DFE  ʠ XFE . 

ʇʘʨʘʤʝʪʘʨ DFE  ʥʘʟʠʚʘ ʩʝ ʜʠʨʝʢʪʠʚʥʦʩʪ (Directivity). ʆʥ ʦʧʠʩʫʿʝ ʢʦʥʘʯʥʫ ʠʟʦʣʘʮʠʿʫ ʫʩʤʝʨʝʥʠʭ 

ʩʧʨʝʞˁʘʢʘ (ʠʣʠ ʫʩʤʝʨʝʥʠʭ ʤʦʩʪʦʚʘ) ʧʨʠ ʨʘʟʜʚʘʿʘˁʫ ʠʥʮʠʜʝʥʪʥʦʛ ʠ ʨʝʬʣʝʢʪʦʚʘʥʦʛ ʩʠʛʥʘʣʘ. 

ʆʚʫ ʛʨʝʰʢʫ ʩʤʦ ʚʝ˂ ʨʘʟʤʘʪʨʘʣʠ, ʘ ʦʧʠʩʘʥʘ ʿʝ ʯʣʘʥʦʤ i c  ʫ ʠʟʨʘʟʠʤʘ (1.7.1) ʠ (1.7.2). ʇʦʰʪʦ ʩʝ 

ʫ ʪʠʤ ʠʟʨʘʟʠʤʘ i c  ʩʘʙʠʨʘ (ʠʣʠ ʦʜʫʟʠʤʘ) ʩʘ Ăʪʘʯʥʦʤñ ʚʨʝʜʥʦʰ˂ʫ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ 

(ʧʘʨʘʤʝʪʨʘ 11s ) DUT-ʘ, ʫ ʜʠʿʘʛʨʘʤʫ ʪʦʢʘ ʩʠʛʥʘʣʘ ʩʘ ʩʣʠʢʝ ʧʘʨʘʤʝʪʘʨ DFE  ʿʝ ʪʝʞʠʥʩʢʠ 

ʢʦʝʬʠʮʠʿʝʥʪ (ʧʦʿʘʯʘˁʝ) ʛʨʘʥʝ ʢʦʿʘ ʠʜʝ ʜʠʨʝʢʪʥʦ ʦʜ ʯʚʦʨʘ 1 ʜʦ ʯʚʦʨʘ 11s . ʇʘʨʘʤʝʪʘʨ XFE  ʥʘʟʠʚʘ 

ʩʝ ʠʟʦʣʘʮʠʿʘ ʠʣʠ ʧʨʝʩʣʫʰʘʚʘˁʝ (Isolation/Crosstalk). ʆʥ ʦʧʠʩʫʿʝ ʪʨʘʥʩʤʠʩʠʿʫ ʠʟʤʝʹʫ ʧʦʨʪʦʚʘ 

1 ʠ 2 ʠ ʢʘʜʘ DUT ʥʠʿʝ ʧʨʠʢˀʫʯʝʥ (ʦʜʥʦʩʥʦ ʢʘʜʘ ʥʘ ʜʠʿʘʛʨʘʤʫ ʪʦʢʘ ʩʠʛʥʘʣʘ ʧʦʩʪʦʿʠ ʧʨʝʢʠʜ ʥʘ 

ʤʝʩʪʫ s-ʧʘʨʘʤʝʪʘʨʘ DUT-ʘ. ʊʦʢʦʚʠ ʜʚʘ ʩʠʛʥʘʣʘ ʛʨʝʰʢʝ ʢʦʿʝ ʦʧʠʩʫʿʫ ʧʘʨʘʤʝʪʨʠ DFE  ʠ XFE  

ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʩʣʠʮʠ 1.11.5. 

 

ʉʣʠʢʘ 1.11.5.  ʇʘʨʘʤʝʪʨʠ ʛʨʝʰʢʝ ʢʦʿʠ ʦʧʠʩʫʿʫ ʠʟʦʣʘʮʠʿʫ ʫ Ăʜʚʘʥʘʝʩʪʦʯʣʘʥʦʤñ ʤʦʜʝʣʫ ʛʨʝʰʢʝ 

(Directivity ʠ Isolation/Crosstalk). 
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ɼʨʫʛʫ ʛʨʫʧʫ ʯʠʥʝ ʧʘʨʘʤʝʪʘʨʠ ʢʦʿʠ ʦʧʠʩʫʿʫ ʥʝʩʘʚʨʰʝʥʦ ʧʨʠʣʘʛʦʹʝˁʝ, ʪʿ. ʨʝʬʣʝʢʩʠʿʫ ʥʘ 

ʩʪʨʘʥʠ ʧʦʨʪʘ 1 (ʠʟʚʦʨʘðSource) ʠ ʧʦʨʪʘ 2 (ʧʨʠʿʝʤʥʠʢʘðLoad): SFE  ʠ LFE . ʇʘʨʘʤʝʪʘʨ SFE  

ʥʘʟʠʚʘ ʩʝ ʧʨʠʣʘʛʦʹʝˁʝ ʠʟʚʦʨʘ (Source match). ʆʥ ʦʧʠʩʫʿʝ ʨʝʬʣʝʢʩʠʿʫ ʥʘ ʩʪʨʘʥʠ ʠʟʚʦʨʘ. ʆʚʫ 

ʛʨʝʰʢʫ ʥʠʩʤʦ ʨʘʟʤʘʪʨʘʣʠ ʫ ʧʦʛʣʘʚˀʫ 1.7. ʇʘʨʘʤʝʪʘʨ LFE  ʥʘʟʠʚʘ ʩʝ ʧʨʠʣʘʛʦʹʝˁʝ ʧʨʠʿʝʤʥʠʢʘ 

(Load match). ɻʨʝʰʢʘ ʦʚʦʛ ʪʠʧʘ ʫʢˀʫʯʝʥʘ ʿʝ ʫ ʠʟʨʘʟʝ (1.7.6) ʠ (1.7.7). ʊʦʢʦʚʠ ʜʚʘ ʩʠʛʥʘʣʘ 

ʛʨʝʰʢʝ ʢʦʿʝ ʦʧʠʩʫʿʫ ʧʘʨʘʤʝʪʨʠ SFE  ʠ LFE  ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʩʣʠʮʠ 1.11.6. 

 

ʉʣʠʢʘ 1.11.6.  ʇʘʨʘʤʝʪʨʠ ʛʨʝʰʢʝ ʢʦʿʠ ʦʧʠʩʫʿʫ ʥʝʩʘʚʨʰʝʥʦ ʧʨʠʣʘʛʦʹʝˁʝ ʫ Ăʜʚʘʥʘʝʩʪʦʯʣʘʥʦʤñ ʤʦʜʝʣʫ 

ʛʨʝʰʢʝ (Source match ʠ Load match). 

ʊʨʝ˂ʫ ʛʨʫʧʫ ʯʠʥʝ ʧʘʨʘʤʝʪʘʨʠ ʢʦʿʠ, ʧʨʝ ʩʚʝʛʘ, ʦʧʠʩʫʿʫ ʥʝʿʝʜʥʘʢʦʩʪ ʬʨʝʢʚʝʥʮʠʿʩʢʠʭ ʦʜʟʠʚʘ 

ʧʨʠʿʝʤʥʠʢʘ: RFE  ʠ TFE . ʇʘʨʘʤʝʪʘʨ RFE  ʥʘʟʠʚʘ ʩʝ ʫʩʘʛʣʘʰʝʥʦʩʪ ʨʝʬʣʝʢʩʠʿʝ (Reflection 

tracking). ʆʥ ʦʧʠʩʫʿʝ ʥʝʿʝʜʥʘʢʦʩʪ ʬʨʝʢʚʝʥʮʠʿʩʢʠʭ ʦʜʟʠʚʘ ʧʨʠʿʝʤʥʠʢʘ ʢʦʿʠ ʤʝʨʝ ʠʥʮʠʜʝʥʪʥʠ ʠ 

ʨʝʬʣʝʢʪʦʚʘʥʠ ʩʠʛʥʘʣ. ʇʘʨʘʤʝʪʘʨ TFE  ʥʘʟʠʚʘ ʩʝ ʫʩʘʛʣʘʰʝʥʦʩʪ ʪʨʘʥʩʤʠʩʠʿʝ (Transmission 

tracking). ʆʥ ʦʧʠʩʫʿʝ ʥʝʿʝʜʥʘʢʦʩʪ ʬʨʝʢʚʝʥʮʠʿʩʢʠʭ ʦʜʟʠʚʘ ʧʨʠʿʝʤʥʠʢʘ ʢʦʿʠ ʤʝʨʝ ʠʥʮʠʜʝʥʪʥʠ ʠ 

ʪʨʘʥʩʤʠʪʦʚʘʥʠ ʩʠʛʥʘʣ. ʊʦʢʦʚʠ ʜʚʘ ʩʠʛʥʘʣʘ ʛʨʝʰʢʝ ʢʦʿʝ ʦʧʠʩʫʿʫ ʧʘʨʘʤʝʪʨʠ RFE  ʠ TFE  

ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʩʣʠʮʠ 1.11.7. 

 

ʉʣʠʢʘ 1.11.7.  ʇʘʨʘʤʝʪʨʠ ʛʨʝʰʢʝ ʢʦʿʠ ʦʧʠʩʫʿʫ ʥʝʿʝʜʥʘʢʦʩʪ ʬʨʝʢʚʝʥʮʠʿʩʢʠʭ ʦʜʟʠʚʘ ʧʨʠʿʝʤʥʠʢʘ ʫ 

Ăʜʚʘʥʘʝʩʪʦʯʣʘʥʦʤñ ʤʦʜʝʣʫ ʛʨʝʰʢʝ (Reflection tracking ʠ Transmission tracking). 

ʅʘ ʦʩʥʦʚʫ ʜʠʿʘʛʨʘʤʘ ʪʦʢʘ ʩʠʛʥʘʣʘ ʩʘ ʩʣʠʢʝ 1.11.4 ʣʘʢʦ ʿʝ ʦʜʨʝʜʠʪʠ ʠʟʨʘʟ ʟʘ ʠʟʤʝʨʝʥʝ s-

ʧʘʨʘʤʝʪʨʝ ʫ ʬʫʥʢʮʠʿʠ ʧʘʨʘʤʝʪʘʨʘ ʛʨʝʰʢʝ ʠ Ăʩʪʚʘʨʥʠʭñ s-ʧʘʨʘʤʝʪʘʨʘ. ʀʟʨʘʟ ʟʘ ʬʫʥʢʮʠʿʫ 

ʧʨʝʥʦʩʘ (ʪʨʘʥʩʬʝʨ ʬʫʥʢʮʠʿʫ), T , ʠʟʤʝʹʫ ʜʚʘ ʯʚʦʨʘ ʜʠʿʘʛʨʘʤʘ ʪʦʢʘ ʩʠʛʥʘʣʘ ʜʘʪ ʿʝ ʄʝʿʩʦʥʦʚʠʤ 

ʧʨʘʚʠʣʦʤ: 

 

k k

k

T

T

D

=
D

ä
. (1.11.1) 

ʋ ʧʨʝʪʭʦʜʥʦʤ ʠʟʨʘʟʫ ʠʥʜʝʢʩʦʤ k  ʦʙʝʣʝʞʝʥʘ ʿʝ k -ʪʘ ʧʫʪʘˁʘ ʠʟʤʝʹʫ ʧʦʣʘʟʥʦʛ ʠ ʦʜʨʝʜʠʰʥʦʛ 

ʯʚʦʨʘ. ʇʫʪʘˁʘ ʿʝ ʥʠʟ ʠʩʪʦʚʝʪʥʦ ʫʩʤʝʨʝʥʠʭ ʛʨʘʥʘ, ʦʜ ʢʦʿʠʭ ʿʝ ʧʨʚʘ ʛʨʘʥʘ ʧʦʚʝʟʘʥʘ ʩʘ ʧʦʣʘʟʥʠʤ 

ʯʚʦʨʦʤ ʠ ʫʩʤʝʨʝʥʘ ʦʜ ˁʝʛʘ, ʘ ʧʦʩʣʝʜˁʘ ʛʨʘʥʘ ʧʦʚʝʟʘʥʘ ʩʘ ʦʜʨʝʜʠʰʥʠʤ ʯʚʦʨʦʤ ʠ ʫʩʤʝʨʝʥʘ ʢʘ 

ˁʝʤʫ. ʉʚʠ ʯʚʦʨʦʚʠ ʧʫʪʘˁʝ ʠʟʤʝʹʫ ʧʦʣʘʟʥʦʛ ʠ ʦʜʨʝʜʠʰʥʦʛ ʯʚʦʨʘ ʩʫ ʨʘʟʣʠʯʠʪʠ. ʇʦʿʘʯʘˁʝ k -ʪʝ 
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ʧʫʪʘˁʝ, kʊ, ʿʝ ʧʨʦʠʟʚʦʜ ʧʦʿʘʯʘˁʘ (ʪʝʞʠʥʩʢʠʭ ʬʘʢʪʦʨʘ) ʩʚʠʭ ʛʨʘʥʘ ʪʝ ʧʫʪʘˁʝ. ʇʫʪʘˁʝ ʩʝ 

ʜʦʜʠʨʫʿʫ ʘʢʦ ʠʤʘʿʫ ʙʘʨ ʿʝʜʘʥ ʟʘʿʝʜʥʠʯʢʠ ʯʚʦʨ, ʫ ʧʨʦʪʠʚʥʦʤ ʩʝ ʥʝ ʜʦʜʠʨʫʿʫ. ʇʫʪʘˁʘ ʢʦʜ ʢʦʿʝ ʩʫ 

ʧʦʯʝʪʥʠ ʠ ʦʜʨʝʜʠʰʥʠ ʯʚʦʨ ʠʩʪʠ ʥʘʟʠʚʘ ʩʝ ʧʝʪˀʘ. ɺʝʣʠʯʠʥʘ D ʫ (1.10.20) ʜʝʬʠʥʠʩʘʥʘ ʿʝ ʢʘʦ: 

1 ʧʦʿʘʯʘˁʘʩʚʠʭʧʝʪˀʠ

ʧʨʦʠʟʚʦʜʧʦʿʘʯʘˁʘʩʚʠʭʢʦʤʙʠʥʘʮʠʿʘʦʜʧʦ2ʧʝʪˀʝʢʦʿʝʩʝʥʝʜʦʜʠʨʫʿʫ

ʧʨʦʠʟʚʦʜʧʦʿʘʯʘˁʘʩʚʠʭʢʦʤʙʠʥʘʮʠʿʘʦʜʧʦ3ʧʝʪˀʝʢʦʿʝʩʝʥʝʜʦʜʠʨʫʿʫ

...

D= -

+

-

+

ä

ä

ä

ä

, (1.11.2) 

ʜʦʢ ʿʝ kD  ʚʨʝʜʥʦʩʪ D ʠʟʨʘʯʫʥʘʪʘ ʩʘʤʦ ʟʘ ʧʝʪˀʝ ʢʦʿʝ ʥʝ ʜʦʜʠʨʫʿʫ k -ʪʫ ʧʫʪʘˁʫ. 

ʅʘ ʦʩʥʦʚʫ ʩʣʠʢʝ 1.11.4a ʠ ʠʟʨʘʟʘ (1.11.2), ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʿʝ ʧʦʣʘʟʥʠ ʯʚʦʨ ʫʚʝʢ 1, ʘ 

ʦʜʨʝʜʠʰʥʠ ʯʚʦʨ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʠʟʤʝʨʝʥʦʛ s-ʧʘʨʘʤʝʪʨʘ, ʜʦʙʠʿʘʤʦ: 

 11 LF s
11m DF RF

SF 11 LF 22 SF LF s1

s E
s E E

E s E s E E

- D
= +

- - + D
, (1.11.3) 

 21
21m XF TF

SF 11 LF 22 SF LF s1

s
s E E

E s E s E E
= +

- - + D
, (1.11.4) 

ʜʦʢ ʥʘ ʩʣʠʯʘʥ ʥʘʯʠʥ, ʥʘ ʦʩʥʦʚʫ ʩʣʠʢʝ 1.11.4ʙ, ʜʦʙʠʿʘʤʦ: 

 12
12m XR TR

LR 11 SR 22 SR LR s1

s
s E E

E s E s E E
= +

- - + D
, (1.11.5) 

 22 LR s
22m DR RR

LR 11 SR 22 SR LR s1

s E
s E E

E s E s E E

- D
= +

- - + D
. (1.11.6) 

ʋ ʠʟʨʘʟʠʤʘ (1.11.3)ï(1.11.6) ʚʝʣʠʯʠʥʘ sD  ʿʝ ʜʝʪʝʨʤʠʥʘʥʪʘ ʤʘʪʨʠʮʝ s-ʧʘʨʘʤʝʪʘʨʘ DUT-ʘ: 

 s 11 22 12 21s s s sD = - . (1.11.7) 

ɸʢʦ ʟʥʘʤʦ 12 ʧʘʨʘʤʝʪʘʨʘ ʛʨʝʰʢʝ (DFE , XFE , SFE , LFE , RFE , TFE , DRE , XRE , SRE , LRE , RRE  ʠ 

TRE ), ʥʘ ʦʩʥʦʚʫ ʠʟʤʝʨʝʥʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ s-ʧʘʨʘʤʝʪʨʝ (11ms , 12ms , 21ms  ʠ 22ms ) ʠ ʠʟʨʘʟʘ (1.11.3)ï

(1.11.6), ʤʦʞʝʤʦ ʜʘ ʦʜʨʝʜʠʤʦ ʢʦʨʠʛʦʚʘʥʝ (Ăʩʪʚʘʨʥʝñ) s-ʧʘʨʘʤʝʪʨʝ DUT-ʘ (11s , 12s , 21s  ʠ 22s ). 

Ăʉʪʚʘʨʥʝñ ʩʪʘʚˀʘʤʦ ʧʦʜ ʥʘʚʦʜʥʠʢʝ ʿʝʨ ʪʘʯʥʦʩʪ ʪʦʛ ʨʝʰʝˁʘ ʟʘʚʠʩʠ ʦʜ ʪʦʛʘ ʢʦʣʠʢʦ ʩʤʦ ʪʘʯʥʦ 

ʦʪʢʣʦʥʠʣʠ ʩʠʩʪʝʤʘʪʩʢʝ ʛʨʝʰʢʝ (ʪʘʯʥʦʩʪ ʤʦʜʝʣʘ ʠ ʪʘʯʥʦʩʪ ʢʘʣʠʙʨʘʮʠʦʥʠʭ ʩʪʘʥʜʘʨʜʘ), ʢʘʦ ʠ ʦʜ 

ʪʦʛʘ ʢʦʿʝ ʛʨʝʰʢʝ ʥʠʩʤʦ ʥʠ ʧʨʦʙʘʣʠ ʜʘ ʦʪʢʣʦʥʠʤʦ (ʰʫʤ, ʜʨʠʬʪ ʥʘʢʦʥ ʢʘʣʠʙʨʘʮʠʿʝ, 

ʥʝʣʠʥʝʘʨʥʦʩʪ ʧʨʠʿʝʤʥʠʢʘ, ʧʦʥʦʚˀʠʚʦʩʪ ʢʦʥʝʢʪʦʨʘ). 

ʀʘʢʦ ʿʝ ʧʨʝʜʚʠʹʝʥ ʟʘ ʧʨʠʤʝʥʫ ʥʘ s-ʧʘʨʘʤʝʪʘʨ ʪʝʩʪ ʩʝʪʫ ʩʘ ʪʨʠ ʧʨʠʿʝʤʥʠʢʘ, ʥʝʤʘ ʥʠʢʘʢʚʠʭ 

ʧʨʝʧʨʝʢʘ ʜʘ ʩʝ ʜʚʘʥʘʝʩʪʦʯʣʘʥʠ ʤʦʜʝʣ ʛʨʝʰʢʝ ʢʦʨʠʩʪʠ ʠ ʢʦʜ s-ʧʘʨʘʤʝʪʘʨ ʪʝʩʪ ʩʝʪʘ ʩʘ ʯʝʪʠʨʠ 

ʧʨʠʿʝʤʥʠʢʘ (ʧʨʦʩʪʦ ʩʝ ʟʘʥʝʤʘʨʠ ʧʦʢʘʟʠʚʘˁʝ ʯʝʪʚʨʪʦʛ ʧʨʠʿʝʤʥʠʢʘ). ʂʘʣʠʙʨʘʮʠʿʘ ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʜʚʘʥʘʝʩʪʦʯʣʘʥʦʤ ʤʦʜʝʣʫ ʛʨʝʰʢʝ ʿʝ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʘ ʢʘʣʠʙʨʘʮʠʿʘ ʫ ʘʥʘʣʠʟʘʪʦʨʠʤʘ ʤʨʝʞʘ. 

ɽʢʩʪʨʘʢʮʠʿʘ ʢʦʨʠʛʦʚʘʥʠʭ s-ʧʘʨʘʤʝʪʘʨʘ DUT-ʘ ʠʟ ʠʟʨʘʟʘ (1.11.3)ï(1.11.6) ʿʝ ʜʠʨʝʢʪʥʘ (ʧʦʩʪʦʿʠ 
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ʘʥʘʣʠʪʠʯʢʦ ʨʝʰʝˁʝ), ʘ ʢʦʤʝʨʮʠʿʘʣʥʦ ʩʫ ʜʦʩʪʫʧʥʠ ʨʘʟʣʠʯʠʪʠ ʢʘʣʠʙʨʘʮʠʦʥʠ ʩʪʘʥʜʘʨʜʠ ʫ 

ʢʦʘʢʩʠʿʘʣʥʦʿ ʪʝʭʥʦʣʦʛʠʿʠ. 

ʆʩʚʨʥʠʤʦ ʩʝ ʫʢʨʘʪʢʦ ʠ ʥʘ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʤʦʜʝʣʘ ʛʨʝʰʢʝ ʩʘ ʤʨʝʞʘʤʘ ʛʨʝʰʢʝ (error boxes), 

ʧʨʠʢʘʟʘʥʦʛ ʥʘ ʩʣʠʮʠ 1.11.3 ʠ ʜʚʘʥʘʝʩʪʦʯʣʘʥʦʛ ʤʦʜʝʣʘ ʛʨʝʰʢʝ (twelve-term), ʧʨʠʢʘʟʘʥʦʛ ʥʘ 

ʩʣʠʮʠ 1.11.4. ʄʦʜʝʣ ʩʘ ʤʨʝʞʘʤʘ ʛʨʝʰʢʝ ʦʤʦʛʫ˂ʘʚʘ ʿʝʜʥʦʩʪʘʚʥʫ ʢʦʨʝʢʮʠʿʫ ʫʢʦʣʠʢʦ ʩʝ 

ʨʝʬʝʨʝʥʪʥʘ ʨʘʚʘʥ ʧʦʤʝʨʘ ʟʙʦʛ ʧʨʠʩʫʩʪʚʘ ʜʦʜʘʪʥʠʭ ʢʘʙʣʦʚʘ, ʢʦʥʝʢʪʦʨʘ ʠ ʘʜʘʧʪʝʨʘ. ʅʘʯʝʣʥʦ, 

ʦʚʘʿ ʤʦʜʝʣ ʿʝ ʫ ʧʨʝʜʥʦʩʪʠ ʘʢʦ ʤʨʝʞʝ ʛʨʝʰʢʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʨʝʘʣʘʥ ʬʠʟʠʯʢʠ ʩʢʣʦʧ, ʿʝʨ ʩʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʪʦʛ ʩʢʣʦʧʘ ʜʠʨʝʢʪʥʦ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʘʨʘʤʝʪʨʠʤʘ ʤʨʝʞʘ ʛʨʝʰʢʝ, ʘ ʤʦʛʫ˂ʝ ʿʝ ʫ 

ʧʨʦʮʝʩʫ ʢʘʣʠʙʨʘʮʠʿʝ ʠ ʢʘʨʘʢʪʝʨʠʩʘʪʠ ʪʝ ʩʢʣʦʧʦʚʝ. ɼʚʘʥʘʝʩʪʦʯʣʘʥʠ ʤʦʜʝʣ ʥʝʤʘ ʪʘʢʚʝ 

ʤʦʛʫ˂ʥʦʩʪʠ, ʚʝ˂ ʩʣʫʞʠ (ʩʘʤʦ) ʟʘ ʜʦʙʠʿʘˁʝ ʢʦʨʠʛʦʚʘʥʠʭ ʨʝʟʫʣʪʘʪʘ ʟʘ ʠʟʤʝʨʝʥʝ s-ʧʘʨʘʤʝʪʨʝ. 

ʋ ʥʘʩʪʘʚʢʫ ˂ʝʤʦ ʩʝ ʙʘʚʠʪʠ ʢʘʣʠʙʨʘʮʠʦʥʠʤ ʤʝʪʦʜʘʤʘ ʟʘʩʥʦʚʘʥʠʤ ʥʘ ʜʚʘʥʘʝʩʪʦʯʣʘʥʦʤ 

ʤʦʜʝʣʫ ʛʨʝʰʢʝ: ʧʦʪʧʫʥʦʤ ʿʝʜʥʦʧʦʨʪʥʦʤ ʢʘʣʠʙʨʘʮʠʿʦʤ, ʧʦʪʧʫʥʦʤ ʜʚʦʧʦʨʪʥʦʤ ʢʘʣʠʙʨʘʮʠʿʦʤ ʠ 

ˁʠʭʦʚʠʤ ʧʦʜʚʘʨʠʿʘʥʪʘʤʘ. 

1.12 ʇʦʪʧʫʥʘ ʿʝʜʥʦʧʦʨʪʥʘ ʢʘʣʠʙʨʘʮʠʿʘ (Full 1-Port 

Calibration)  

ʂʦʜ ʧʦʪʧʫʥʝ ʿʝʜʥʦʧʦʨʪʥʝ ʢʘʣʠʙʨʘʮʠʿʝ ʤʝʨʠ ʩʝ ʩʘʤʦ ʿʝʜʘʥ s-ʧʘʨʘʤʝʪʘʨ (11s ), ʙʝʟ ʦʙʟʠʨʘ ʜʘ 

ʣʠ ʿʝ ʨʝʯ ʦ ʿʝʜʥʦʧʦʨʪʥʦʤ ʩʢʣʦʧʫ ʠʣʠ ʥʝ. ʇʦʰʪʦ ʩʝ ʧʦʙʫʜʘ ʧʨʦʩʣʝʹʫʿʝ ʥʘ ʩʘʤʦ ʿʝʜʘʥ ʧʦʨʪ, 

ʧʦʩʪʦʿʠ ʩʘʤʦ ʿʝʜʘʥ ʩʤʝʨ ʤʝʨʝˁʘ, ʧʘ ʛʘ ʥʝ ʪʨʝʙʘ ʧʦʩʝʙʥʦ ʥʘʛʣʘʰʘʚʘʪʠ. ʀʟ ʠʩʪʦʛ ʨʘʟʣʦʛʘ, 

ʿʝʜʥʦʧʦʨʪʥʘ ʢʘʣʠʙʨʘʮʠʿʘ ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʥʝ ʩʘʤʦ ʢʦʜ s-ʧʘʨʘʤʝʪʘʨ ʪʝʩʪ ʩʝʪʦʚʘ, ʚʝ˂ ʠ ʢʦʜ 

ʪʝʩʪ ʩʝʪʦʚʘ ʢʦʿʠ ʧʦʙʫʜʫ ʧʨʦʩʣʝʹʫʿʫ ʥʘ ʩʘʤʦ ʿʝʜʘʥ ʦʜ ʧʦʨʪʦʚʘ (T/R ʪʝʩʪ ʩʝʪ). ɼʚʘʥʘʝʩʪʦʯʣʘʥʠ 

ʤʦʜʝʣ ʛʨʝʰʢʝ ʩʘ ʩʣʠʢʝ 1.11.4ʘ ʩʝ ʫ ʪʦʤ ʩʣʫʯʘʿʫ ʩʚʦʜʠ ʥʘ ʤʦʜʝʣ ʛʨʝʰʢʝ ʩʘ ʪʨʠ ʧʘʨʘʤʝʪʨʘ 

ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 1.12.1: 

 

ʉʣʠʢʘ 1.12.1.  ʊʨʦʯʣʘʥʠ ʤʦʜʝʣ ʛʨʝʰʢʝ ʟʘ ʤʝʨʝˁʝ ʿʝʜʥʦʧʦʨʪʥʠʭ ʩʢʣʦʧʦʚʘ. 

ʀʟʨʘʟ ʟʘ ʠʟʤʝʨʝʥʠ s-ʧʘʨʘʤʝʪʘʨ 11ms  ʿʝ: 

 R 11
11m D

S 111

E s
s E

E s
= +

-
. (1.12.1) 

ʇʘʨʘʤʝʪʨʝ DE , SE , ʠ RE  ʢʦʿʝ ʥʘʟʠʚʘʤʦ, ʨʝʜʦʤ, ʜʠʨʝʢʪʠʚʥʦʩʪ, ʧʨʠʣʘʛʦʹʝˁʝ ʠʟʚʦʨʘ ʠ 

ʫʩʘʛʣʘʰʝʥʦʩʪ ʨʝʬʣʝʢʩʠʿʝ, ʦʧʠʩʘʣʠ ʩʤʦ ʫ ʧʨʝʪʭʦʜʥʦʤ ʧʦʛʣʘʚˀʫ. ʆʚʝ ʧʘʨʘʤʝʪʨʝ ʪʨʝʙʘ ʦʜʨʝʜʠʪʠ 

ʫ ʧʦʩʪʫʧʢʫ ʢʘʣʠʙʨʘʮʠʿʝ. ɿʘ ʦʜʨʝʹʠʚʘˁʝ ʪʨʠ ʥʝʧʦʟʥʘʪʘ ʧʘʨʘʤʝʪʨʘ ʧʦʪʨʝʙʥʝ ʩʫ ʥʘʤ ʪʨʠ 

ʥʝʟʘʚʠʩʥʝ ʿʝʜʥʘʯʠʥʝ, ʢʦʿʝ ʜʦʙʠʿʘʤʦ (ʢʘʣʠʙʨʘʮʠʦʥʠʤ) ʤʝʨʝˁʝʤ ʪʨʠ ʧʦʟʥʘʪʘ ʩʢʣʦʧʘ 

(ʢʘʣʠʙʨʘʮʠʦʥʘ ʩʪʘʥʜʘʨʜʘ). ʂʘʦ ʢʘʣʠʙʨʘʮʠʦʥʠ ʩʪʘʥʜʘʨʜʠ ʩʝ ʢʦʨʠʩʪʝ ʢʨʘʪʘʢ ʩʧʦʿ (Short), 

ʦʪʚʦʨʝʥʘ ʚʝʟʘ (Open) ʠ ʧʨʠʣʘʛʦʹʝˁʝ (Load). ʆʚʘ ʪʨʠ ʩʪʘʥʜʘʨʜʘ ʩʫ ʿʝʜʥʦʩʪʘʚʥʘ ʟʘ ʠʟʨʘʜʫ ʫ 

ʢʦʘʢʩʠʿʘʣʥʦʿ ʪʝʭʥʠʮʠ, ʘ ˁʠʭʦʚʠ 11s  ʧʘʨʘʤʝʪʨʠ ʜʦʚʦˀʥʦ ʩʫ ʨʘʟʤʘʢʥʫʪʠ ʫ ʢʦʤʧʣʝʢʩʥʦʿ ʨʘʚʥʠ. 
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ʀʜʝʘʣʥʦ, ʟʘ ʢʨʘʪʘʢ ʩʧʦʿ ʿʝ 11S 1s =-, ʟʘ ʦʪʚʦʨʝʥʫ ʚʝʟʫ ʿʝ 11O 1s =, ʘ ʟʘ ʧʨʠʣʘʛʦʹʝˁʝ ʿʝ 11L 0s = . 

ʈʝʘʣʥʠ ʧʘʨʘʤʝʪʨʠ ʦʚʠʭ ʢʘʣʠʙʨʘʮʠʦʥʠʭ ʩʪʘʥʜʘʨʜʘ ʦʜʩʪʫʧʘʿʫ ʦʜ ʠʜʝʘʣʥʠʭ ʚʨʝʜʥʦʩʪʠ ʠ ʤʦʨʘʿʫ 

ʙʠʪʠ ʧʦʟʥʘʪʠ. 

ʘ)                 ʙ)  

ʉʣʠʢʘ 1.12.2.  ɱʝʜʥʦʧʦʨʪʥʘ ʢʘʣʠʙʨʘʮʠʿʘ, ʘ) ʧʦʚʝʟʠʚʘˁʝ ʢʘʣʠʙʨʘʮʠʦʥʠʭ ʩʪʘʥʜʘʨʜʘ ʨʘʜʠ ʦʜʨʝʹʠʚʘˁʘ 

ʧʘʨʘʤʝʪʘʨʘ ʛʨʝʰʢʝ ʠ ʙ) ʧʦʚʝʟʠʚʘˁʝ DUT-ʘ ʨʘʜʠ ʦʜʨʝʹʠʚʘˁʘ ʢʦʨʠʛʦʚʘʥʦʛ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ. 

ʇʨʦʮʝʜʫʨʘ ʟʘ ʿʝʜʥʦʧʦʨʪʥʫ ʢʘʣʠʙʨʘʮʠʿʫ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 1.12.2. ʅʘʿʧʨʝ ʩʝ ʥʘ ʧʦʨʪ 1 

ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ (ʥʘʨʘʚʥʦ, ʤʦʞʝ ʙʠʪʠ ʠ ʜʨʫʛʠ ʧʦʨʪ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʢʦʿʝʤ ʩʝ ʤʦʞʝ 

ʧʨʦʩʣʝʜʠʪʠ ʧʦʙʫʜʥʠ ʩʠʛʥʘʣ) ʧʨʠʢˀʫʯʫʿʫ ʢʘʣʠʙʨʘʮʠʦʥʠ ʩʪʘʥʜʘʨʜʠ Short, Open ʠ Load (ʥʝ 

ʥʫʞʥʦ ʫ ʪʦʤ ʨʝʜʦʩʣʝʜʫ) ʠ ʟʘ ʩʚʘʢʠ ʦʜ ʧʨʠʢˀʫʯʝʥʠʭ ʩʪʘʥʜʘʨʜʘ ʚʨʰʠ ʩʝ ʧʦ ʿʝʜʥʦ ʢʘʣʠʙʨʘʮʠʦʥʦ 

ʤʝʨʝˁʝ 11s  ʧʘʨʘʤʝʪʨʘ, ʰʪʦ ʨʝʟʫʣʪʫʿʝ ʩʘ ʪʨʠ ʠʟʨʘʟʘ ʦʙʣʠʢʘ: 

R 11S
11mS D

S 11S1

E s
s E

E s
= +

-
, R 11O

11mO D

S 11O1

E s
s E

E s
= +

-
, R 11L

11mL D

S 11L1

E s
s E

E s
= +

-
, (1.12.2) 

ʛʜʝ ʩʫ 11mSs , 11mOs  ʠ 11mLs , ʨʝʜʦʤ, ʠʟʤʝʨʝʥʠ 11s  ʧʘʨʘʤʝʪʨʠ ʟʘ Short, Open ʠ Load.ɿʘʪʠʤ ʩʝ ʠʟ 

ʩʠʩʪʝʤʘ ʿʝʜʥʘʯʠʥʘ (1.12.2) ʦʜʨʝʹʫʿʫ ʧʘʨʘʤʝʪʨʠ ʛʨʝʰʢʝ DE , SE , ʠ RE . ʅʘʢʦʥ ʪʦʛʘ ʩʝ ʥʘ ʧʦʨʪ 1 

ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʧʨʠʢˀʫʯʫʿʝ DUT, ʤʝʨʠ ˁʝʛʦʚ ʧʘʨʘʤʝʪʘʨ 11mDUTs  ʠ ʠʟ ʠʟʨʘʟʘ (1.12.1), 

ʢʦʨʠʰ˂ʝˁʝʤ ʧʘʨʘʤʝʪʘʨʘ ʛʨʝʰʢʝ DE , SE , ʠ RE , ʦʜʨʝʹʫʿʝ ʢʦʨʠʛʦʚʘʥʘ (ʩʪʚʘʨʥʘ) ʚʨʝʜʥʦʩʪ 

ʠʟʤʝʨʝʥʦʛ 11s  ʧʘʨʘʤʝʪʨʘ DUT-ʘ: 

 
( )

11m D
11

11m S D S R

s E
s

s E E E E

-
=

- -
. (1.12.3) 

1.13 ʇʦʪʧʫʥʘ ʜʚʦʧʦʨʪʥʘ ʢʘʣʠʙʨʘʮʠʿʘ 

(Full 2-Port Calibration)  

ʇʦʪʧʫʥʘ ʜʚʦʧʦʨʪʥʘ ʢʘʣʠʙʨʘʮʠʿʘ (Full 2-Port Calibration) ʟʘʩʥʠʚʘ ʩʘ ʥʘ ʜʚʘʥʘʝʩʪʦʯʣʘʥʦʤ 

ʤʦʜʝʣʫ ʛʨʝʰʢʝ, ʧʨʠʢʘʟʘʥʦʤ ʥʘ ʩʣʠʮʠ 1.11.4. ʋ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ, ʤʦʜʝʣ ʛʨʝʰʢʝ ʿʝ ʦʧʠʩʘʥ ʩʘ 12 

ʧʘʨʘʤʝʪʘʨʘðʧʦ ʰʝʩʪ ʟʘ ʧʦʙʫʜʫ ʫ ʩʚʘʢʦʤ ʦʜ ʜʚʘ ʩʤʝʨʘ. ɼʘ ʙʠʩʤʦ ʦʜʨʝʜʠʣʠ ʪʠʭ 12 ʧʘʨʘʤʝʪʘʨʘ 

ʛʨʝʰʢʝ, ʧʦʪʨʝʙʥʦ ʥʘʤ ʿʝ 12 ʿʝʜʥʘʯʠʥʘ, ʢʦʿʝ ʜʦʙʠʿʘʤʦ ʢʘʣʠʙʨʘʮʠʦʥʠʤ ʤʝʨʝˁʠʤʘ 

ʢʘʣʠʙʨʘʮʠʦʥʠʭ ʩʪʘʥʜʘʨʜʘ (ʩʢʣʦʧʦʚʘ ʩʘ ʧʦʟʥʘʪʠʤ ʧʘʨʘʤʝʪʨʠʤʘ). ʂʘʦ ʢʘʣʠʙʨʘʮʠʦʥʠ ʩʪʘʥʜʘʨʜʠ 

ʢʦʨʠʩʪʝ ʩʝ ʢʨʘʪʘʢ ʩʧʦʿ (Short), ʦʪʚʦʨʝʥʘ ʚʝʟʘ (Open), ʧʨʠʣʘʛʦʹʝˁʝ (Load) ʠ ʜʠʨʝʢʪʘʥ ʩʧʦʿ 
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(Thru). ʇʨʚʘ ʪʨʠ ʩʪʘʥʜʘʨʜʘ (Short, Open ʠ Load) ʠʩʪʘ ʩʫ ʢʘʦ ʠ ʢʦʜ ʧʦʪʧʫʥʝ ʿʝʜʥʦʧʦʨʪʥʝ 

ʢʘʣʠʙʨʘʮʠʿʝ, ʜʦʢ ʿʝ ʯʝʪʚʨʪʠ ʩʪʘʥʜʘʨʜ ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʢʦʘʢʩʠʿʘʣʥʠ ʚʦʜ ʧʦʟʥʘʪʠʭ ʧʘʨʘʤʝʪʘʨʘ. 

ʇʨʦʮʝʜʫʨʘ ʟʘ ʧʦʪʧʫʥʫ ʜʚʦʧʦʨʪʥʫ ʢʘʣʠʙʨʘʮʠʿʫ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 1.13.1. ʅʘʿʧʨʝ ʩʝ ʥʘ 

ʧʦʨʪ 1 ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʧʨʠʢˀʫʯʫʿʫ ʢʘʣʠʙʨʘʮʠʦʥʠ ʩʪʘʥʜʘʨʜʠ Short, Open ʠ Load ʠ ʟʘ ʩʚʘʢʠ 

ʦʜ ʧʨʠʢˀʫʯʝʥʠʭ ʩʪʘʥʜʘʨʜʘ ʚʨʰʠ ʩʝ ʧʦ ʿʝʜʥʦ ʢʘʣʠʙʨʘʮʠʦʥʦ ʤʝʨʝˁʝ 11s  ʧʘʨʘʤʝʪʨʘ, ʘ ʟʘʪʠʤ ʩʝ 

ʥʘ ʦʩʥʦʚʫ ʪʨʠ ʿʝʜʥʘʯʠʥʝ ʦʙʣʠʢʘ (1.12.2) ʦʜʨʝʹʫʿʫ ʧʘʨʘʤʝʪʨʠ ʛʨʝʰʢʝ DFE , SFE  ʠ RFE . ɿʘʪʠʤ ʩʝ 

ʩʣʠʯʥʘ ʧʨʦʮʝʜʫʨʘ ʧʦʥʘʚˀʘ ʟʘ ʧʦʨʪ 2 ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ: ʧʨʠʢˀʫʯʫʿʫ ʩʝ ʢʘʣʠʙʨʘʮʠʦʥʠ 

ʩʪʘʥʜʘʨʜʠ Short, Open ʠ Load, ʟʘ ʩʚʘʢʠ ʦʜ ʧʨʠʢˀʫʯʝʥʠʭ ʩʪʘʥʜʘʨʜʘ ʚʨʰʠ ʩʝ ʧʦ ʿʝʜʥʦ 

ʢʘʣʠʙʨʘʮʠʦʥʦ ʤʝʨʝˁʝ 11s  ʧʘʨʘʤʝʪʨʘ ʠ ʥʘ ʦʩʥʦʚʫ ʪʠʭ ʤʝʨʝˁʘ ʦʜʨʝʹʫʿʫ ʩʝ ʧʘʨʘʤʝʪʨʠ ʛʨʝʰʢʝ 

DRE , SRE  ʠ RRE . ʋ ʩʣʝʜʝ˂ʝʤ ʢʦʨʘʢʫ ʧʨʠʢˀʫʯʫʿʫ ʩʝ ʜʚʘ Load ʢʘʣʠʙʨʘʮʠʦʥʘ ʩʪʘʥʜʘʨʜʘ ʥʘ ʦʙʘ 

ʧʦʨʪʘ ʠʩʪʦʚʨʝʤʝʥʦ ʠ ʚʨʰʝ ʩʝ ʜʚʘ ʢʘʣʠʙʨʘʮʠʦʥʘ ʤʝʨʝˁʘ, ʟʘ s-ʧʘʨʘʤʝʪʨʝ 21ms  ʠ 12ms  ʜʘʪʝ 

ʠʟʨʘʟʠʤʘ (1.11.4) ʠ (1.11.5), ʨʝʩʧʝʢʪʠʚʥʦ. ʇʦʰʪʦ ʩʤʦ ʚʝʟʘʣʠ ʿʝʜʥʦʧʦʨʪʥʝ ʢʘʣʠʙʨʘʮʠʦʥʝ 

ʩʪʘʥʜʘʨʜʝ, ʢʦʿʠ ʥʝʤʘʿʫ ʪʨʘʥʩʤʠʩʠʿʫ ( 21 0s =  ʠ 12 0s = ), ʥʘ ʦʩʥʦʚʫ (1.11.4) ʜʠʨʝʢʪʥʦ ʜʦʙʠʿʘʤʦ 

ʧʘʨʘʤʝʪʘʨ ʧʨʝʩʣʫʰʘʚʘˁʘ XFE  ( XF 21mE s= ), ʘ ʥʘ ʦʩʥʦʚʫ (1.11.5) ʧʘʨʘʤʝʪʘʨ ʧʨʝʩʣʫʰʘʚʘˁʘ XRE

( XR 12mE s= ). ʅʘ ʢʨʘʿʫ ʠʟʤʝʹʫ ʧʦʨʪʦʚʘ 1 ʠ 2 ʧʨʠʢˀʫʯʫʿʝʤʦ ʢʘʣʠʙʨʘʮʠʦʥʠ ʩʪʘʥʜʘʨʜ Thru ʠ 

ʚʨʰʠʤʦ ʢʘʣʠʙʨʘʮʠʦʥʦ ʤʝʨʝˁʝ ʩʚʘ ʯʝʪʠʨʠ s-ʧʘʨʘʤʝʪʨʘ (11ms , 12ms , 21ms  ʠ 22ms ), ʥʘʢʦʥ ʯʝʛʘ ʠʟ 

ʠʟʨʘʟʘ (1.11.3)ï(1.11.6) ʤʦʞʝʤʦ ʦʜʨʝʜʠʪʠ ʧʨʝʦʩʪʘʣʘ ʯʝʪʠʨʠ ʥʝʧʦʟʥʘʪʘ ʧʘʨʘʤʝʪʨʘ ʛʨʝʰʢʝ: 

LFE , TFE , LRE  ʠ TRE . 

 

ʉʣʠʢʘ 1.13.1.  ʇʦʪʧʫʥʘ ʜʚʦʧʦʨʪʥʘ ʢʘʣʠʙʨʘʮʠʿʘ, ʧʦʚʝʟʠʚʘˁʝ ʢʘʣʠʙʨʘʮʠʦʥʠʭ ʩʪʘʥʜʘʨʜʘ ʨʘʜʠ 

ʦʜʨʝʹʠʚʘˁʘ ʧʘʨʘʤʝʪʘʨʘ ʛʨʝʰʢʝ. 

ʅʘʧʦʤʝʥʠʤʦ ʜʘ ʿʝ ʢʘʣʠʙʨʘʮʠʦʥʦ ʤʝʨʝˁʝ ʩʘ ʜʚʘ Load ʢʘʣʠʙʨʘʮʠʦʥʘ ʩʪʘʥʜʘʨʜʘ ʥʘ ʦʙʘ ʧʦʨʪʘ 

ʠʩʪʦʚʨʝʤʝʥʦ (ʠʟʦʣʘʮʠʿʘ) ʥʘʿʯʝʰ˂ʝ ʦʧʮʠʦʥʦ. ʅʘʠʤʝ, ʧʘʨʘʤʝʪʨʠ ʛʨʝʰʢʝ XFE  ʠ XRE  

(ʧʨʝʩʣʫʰʘʚʘˁʝ ʠʟʤʝʹʫ ʧʦʨʪʦʚʘ) ʩʫ ʚʝʦʤʘ ʤʘʣʠ ʠ ʤʦʛʫ ʜʘ ʙʫʜʫ ʟʥʘʯʘʿʥʠ ʩʘʤʦ ʫ ʩʣʫʯʘʿʫ ʤʝʨʝˁʘ 

ʩʢʣʦʧʦʚʘ ʩʘ ʚʝʣʠʢʦʤ ʠʟʦʣʘʮʠʿʦʤ ʠʟʤʝʹʫ ʧʦʨʪʦʚʘ, ʥʘ ʧʨʠʤʝʨ ʘʢʦ ʩʝ ʤʝʨʠ ʪʨʘʩʥʤʠʩʠʿʘ 

ʧʦʿʘʯʘʚʘʯʘ ʫ ʠʥʚʝʨʟʥʦʤ ʩʤʝʨʫ. ʋ ʦʩʪʘʣʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʦʚʦ ʤʝʨʝˁʝ ʩʝ ʤʦʞʝ ʧʨʝʩʢʦʯʠʪʠ, 

ʦʜʥʦʩʥʦ ʤʦʞʝ ʩʝ ʟʘʥʝʤʘʨʠʪʠ ʧʨʝʩʣʫʰʘʚʘˁʝ. 
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ʅʘʢʦʥ ʰʪʦ ʩʫ ʦʜʨʝʹʝʥʠ ʩʚʠ ʧʘʨʘʤʝʪʨʠ ʛʨʝʰʢʝ, ʠʟʤʝʹʫ ʧʦʨʪʦʚʘ 1 ʠ 2 ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ 

ʧʨʠʢˀʫʯʫʿʝ ʩʝ DUT ʠ ʤʝʨʝ ʩʝ ˁʝʛʦʚʠ s-ʧʘʨʘʤʝʪʨʠ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 1.13.2.  

 

ʉʣʠʢʘ 1.13.2.  ʇʦʪʧʫʥʘ ʜʚʦʧʦʨʪʥʘ ʢʘʣʠʙʨʘʮʠʿʘ, ʧʦʚʝʟʠʚʘˁʝ DUT-ʘ ʨʘʜʠ ʦʜʨʝʹʠʚʘˁʘ ʢʦʨʠʛʦʚʘʥʦʛ 

ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ. 

ʅʘ ʦʩʥʦʚʫ ʠʟʤʝʨʝʥʠʭ s-ʧʘʨʘʤʝʪʘʨʘ DUT-ʘ (11ms , 12ms , 21ms  ʠ 22ms ) ʠ ʦʜʨʝʹʝʥʠʭ ʧʘʨʘʤʝʪʘʨʘ 

ʛʨʝʰʢʝ, ʥʘ ʦʩʥʦʚʫ ʠʟʨʘʟʘ (1.11.3)ï(1.11.6) ʤʦʞʝʤʦ ʦʜʨʝʜʠʪʠ s-ʧʘʨʘʤʝʪʨʝ DUT-ʘ (11s , 12s , 21s  ʠ 

22s ). ʈʝʯ ʿʝ ʦ ʥʝʣʠʥʝʘʨʥʦʤ ʩʠʩʪʝʤʫ ʿʝʜʥʘʯʠʥʘ, ʘ ʤʦʞʝ ʩʝ ʧʦʢʘʟʘʪʠ ʜʘ ʩʝ ʦʜʨʝʹʝʥʠʤ ʩʤʝʥʘʤʘ 

ʤʦʞʝ ʘʥʘʣʠʪʠʯʢʦ ʨʝʰʝˁʝ ʤʦʞʝ ʜʦʙʠʪʠ ʫ ʦʙʣʠʢʫ: 

 
( )11 22 SR 12 21 LF

11

1c c E c c E
s

D

+ -
= , (1.13.1) 

 
( )( )21 22 SR LF

21

1c c E E
s

D

+ -
= , (1.13.2) 

 
( )22 11 SF 12 21 LR

22

1c c E c c E
s

D

+ -
= , (1.13.3) 

 
( )( )12 11 SF LR
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1c c E E
s

D

+ -
= . (1.13.4) 

ʅʦʚʦʫʚʝʜʝʥʠ ʧʘʨʘʤʝʪʨʠ ʫ ʠʟʨʘʟʠʤʘ (1.13.1)ï(1.13.4) ʩʫ: 
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-
= , (1.13.5) 

 ( )( )11 SF 22 SR 12 21 LF LR1 1D c E c E c c E E= + + - . (1.13.6) 

ʂʘʣʠʙʨʘʮʠʦʥʠ ʩʪʘʥʜʘʨʜʥʠ ʦʧʠʩʫʿʫ ʩʝ ʧʘʨʘʤʝʪʨʠʤʘ. ɼʚʦʧʦʨʪʥʠ ʢʘʣʠʙʨʘʮʠʦʥʠ ʩʪʘʥʜʘʨʜ 

Thru ʤʦʜʝʣʫʿʝ ʩʝ ʢʘʦ ʚʦʜ (ʟʘ ʧʨʦʩʪʠʨʘˁʝ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʠʭ ʪʘʣʘʩʘ), ʘ ʿʝʜʥʦʧʦʨʪʥʠ 

ʢʘʣʠʙʨʘʮʠʦʥʠ ʩʪʘʥʜʘʨʜʠ (Short, Open ʠ Load) ʤʦʜʝʣʫʿʫ ʩʝ ʢʘʦ ʚʦʜʦʚʠ ʩʘ ʟʘʚʨʰʝʪʢʦʤ (ʢʨʘʪʢʠʤ 

ʩʧʦʿʝʤ, ʦʪʚʦʨʝʥʦʤ ʚʝʟʦʤ ʠʣʠ ʧʨʠʣʘʛʦʹʝˁʝʤ). ʅʘ ʦʩʥʦʚʫ ʪʠʭ ʤʦʜʝʣʘ ʜʝʬʠʥʠʰʫ ʩʝ ʧʘʨʘʤʝʪʨʠ 

ʢʦʿʠʤʘ ʩʝ ʦʧʠʩʫʿʫ ʩʪʘʥʜʘʨʜʠ. ɿʘ ʚʦʜ ʩʝ ʜʝʬʠʥʠʰʫ ʢʘʰˁʝˁʝ, ʛʫʙʠʮʠ ʠ ʠʤʧʝʜʘʥʩʘ ʠ ʦʚʠ 

ʧʘʨʘʤʝʪʨʠ ʟʘʿʝʜʥʠʯʢʠ ʩʫ ʟʘ ʩʚʝ ʩʪʘʥʜʘʨʜʝ, ʿʝʨ ʩʚʠ ʩʪʘʥʜʘʨʜʠ ʫ ʤʦʜʝʣʫ ʩʘʜʨʞʝ ʚʦʜ. ɿʘ 

ʿʝʜʥʦʧʦʨʪʥʝ ʩʪʘʥʜʘʨʜʝ ʧʦʩʪʦʿʝ ʜʦʜʘʪʥʠ ʧʘʨʘʤʝʪʨʠ ʢʦʿʠʤʘ ʩʝ ʢʘʨʘʢʪʝʨʠʰʝ ʟʘʚʨʰʝʪʘʢ ʚʦʜʘ. 

ʂʘʰˁʝˁʝ ʦʧʠʩʫʿʝ ʧʦʤʝʨʘʿ ʠʟʤʝʹʫ ʨʝʬʝʨʝʥʪʥʝ ʨʘʚʥʠ ʛʜʝ ʩʝ ʧʦʚʝʟʫʿʝ ʩʪʘʥʜʘʨʜ (ʧʨʝʢʦ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʢʦʥʝʢʪʦʨʘ) ʠ ʨʘʚʥʠ ʛʜʝ ʩʝ ʟʘʧʨʘʚʦ ʥʘʣʘʟʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʝʣʝʤʝʥʪ, ʥʘ ʧʨʠʤʝʨ 

ʢʨʘʪʘʢ ʩʧʦʿ ʠʣʠ ʦʪʚʦʨʝʥʘ ʚʝʟʘ (ʦʚʝ ʜʚʝ ʨʘʚʥʠ ʤʦʛʫ ʙʠʪʠ ʧʦʤʝʨʝʥʝ ʠʟ ʤʝʭʘʥʠʯʢʠʭ ʨʘʟʣʦʛʘ). 

ʂʘʰˁʝˁʝ ʩʝ ʟʘʜʘʿʝ ʩʝ ʫ ʧʠʢʦʩʝʢʫʥʜʘʤʘ. ɻʫʙʠʮʠʤʘ ʩʝ ʜʝʬʠʥʠʰʫ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʠ ʛʫʙʠʮʠ ʫ 

ʤʘʪʝʨʠʿʘʣʠʤʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʠʟʨʘʜʫ ʩʪʘʥʜʘʨʜʘ. ɻʫʙʠʮʠ ʩʝ ʜʝʬʠʥʠʰʫ ʥʘ ʥʘʯʠʥ ʧʦʛʦʜʘʥ ʟʘ 
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ʢʦʨʠʰ˂ʝˁʝ ʫ ʤʦʜʝʣʠʤʘ ʢʘʣʠʙʨʘʮʠʦʥʠʭ ʩʪʘʥʜʘʨʜʘ, ʘ ʿʝʜʠʥʠʮʘ ʠʤ ʿʝ ʛʠʛʘʦʤ ʧʦ ʩʝʢʫʥʜʠ. 

ʀʤʧʝʜʘʥʩʘ ʢʦʘʢʩʠʿʘʣʥʠʭ ʩʪʘʥʜʘʨʜʘ ʢʦʿʝ ʢʦʨʠʩʪʠʤʦ ʿʝ 50 ʦʤʘ. 

ɿʘʚʨʰʝʪʘʢ Short ʤʦʜʝʣʘ ʦʧʠʩʫʿʝ ʩʝ ʠʥʜʫʢʪʠʚʥʦʰ˂ʫ, ʘ ʟʘʚʠʩʥʦʩʪ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʦʜ 

ʫʯʝʩʪʘʥʦʩʪʠ ʦʧʠʩʫʿʝ ʩʝ ʩʘ ʯʝʪʠʨʠ ʧʘʨʘʤʝʪʨʘ: 

 
2 3

Short 0 1 2 3L L L f L f L f= + + + , (1.13.6) 

ʛʜʝ ʩʫ 0L , 1L , 2L  ʠ 3L  ʧʘʨʘʤʝʪʨʠ, ʘ f  ʿʝ ʫʯʝʩʪʘʥʦʩʪ. ʂʦʤʧʣʝʢʩʥʘ ʠʤʧʝʜʘʥʩʘ ʟʘʚʨʰʝʪʢʘ Short 

ʢʘʣʠʙʨʘʮʠʦʥʦʛ ʩʪʘʥʜʘʨʜʘ ʿʝ Short Shortj 2Z f L= p . 

ɿʘʚʨʰʝʪʘʢ Open ʤʦʜʝʣʘ ʦʧʠʩʫʿʝ ʩʝ ʢʘʧʘʮʠʪʠʚʥʦʰ˂ʫ, ʘ ʟʘʚʠʩʥʦʩʪ ʢʘʧʘʮʠʪʠʚʥʦʩʪʠ ʦʜ 

ʫʯʝʩʪʘʥʦʩʪʠ ʦʧʠʩʫʿʝ ʩʝ ʩʘ ʯʝʪʠʨʠ ʧʘʨʘʤʝʪʨʘ: 

 2 3
Open 0 1 2 3C C C f C f C f= + + + , (1.13.7) 

ʛʜʝ ʩʫ 0C , 1C , 2C  ʠ 3C  ʧʘʨʘʤʝʪʨʠ, ʘ f  ʿʝ ʫʯʝʩʪʘʥʦʩʪ. ʂʦʤʧʣʝʢʩʥʘ ʠʤʧʝʜʘʥʩʘ ʟʘʚʨʰʝʪʢʘ Open 

ʢʘʣʠʙʨʘʮʠʦʥʦʛ ʩʪʘʥʜʘʨʜʘ ʿʝ Opne Open1 j 2Z f C= p . 

ʅʘʿʿʝʜʥʦʩʪʘʚʥʠʿʘ ʠʟʚʝʜʙʘ Thru ʩʪʘʥʜʘʨʜʘ ʿʝ ʪʘʢʦʟʚʘʥʠ Thru ʩʪʘʥʜʘʨʜ ʥʫʣʪʝ ʜʫʞʠʥʝ (zero-

lenght Thru). ʆʥ ʩʝ ʜʦʙʠʿʘ ʜʠʨʢʝʪʥʠʤ ʧʦʚʝʟʠʚʘˁʝʤ ʧʨʠʢˀʫʯʘʢʘ ʧʨʝʢʦ ʢʦʿʠʭ ʿʝ DUT ʙʠʦ ʩʧʦʿʝʥ 

ʩʘ ʘʥʘʣʠʟʘʪʦʨʦʤ ʤʨʝʞʘ, ʢʘʦ ʰʪʦ ʿʝ ʠʣʫʩʪʨʦʚʘʥʦ ʥʘ ʩʣʠʮʠ 1.13.3. 

 

ʉʣʠʢʘ 1.13.3.  Thru ʩʪʘʥʜʘʨʜ ʥʫʣʪʝ ʜʫʞʠʥʝ (zero-length Thru). 

Thru ʩʪʘʥʜʘʨʜ ʥʫʣʪʝ ʜʫʞʠʥʝ ʤʦʛʫ˂ ʿʝ ʘʢʦ DUT ʠʤʘ ʙʝʩʧʦʣʥʝ ʢʦʥʝʢʪʦʨʝ ʠʩʪʦʛ ʪʠʧʘ ʠʣʠ 

ʢʦʥʝʢʪʦʨʝ ʠʩʪʦʛ ʪʠʧʘ (ʠʣʠ ʢʦʤʧʘʪʠʙʠʣʥʝ) ʘ ʨʘʟʣʠʯʠʪʦʛ ʧʦʣʘ (ʘʢʦ ʩʫ ʫ ʧʠʪʘˁʫ ʢʦʥʝʢʪʦʨʠ ʢʦʜ 

ʢʦʿʠʭ ʨʘʟʣʠʢʫʿʝʤʦ ʧʦʣ). ʉʢʣʦʧʦʚʠ (DUT) ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘʿʫ Thru ʩʪʘʥʜʘʨʜ ʥʫʣʪʝ ʜʫʞʠʥʝ 

ʥʘʟʠʚʘʿʫ ʩʝ Ăʫʤʝʪˀʠʚʠñ ʩʢʣʦʧʦʚʠ (Insertable devices). Thru ʩʪʘʥʜʘʨʜ ʥʫʣʪʝ ʜʫʞʠʥʝ ʿʝ ʩʘʚʨʰʝʥ 

ʩʪʘʥʜʘʨʜ: ʥʝʤʘ ʢʘʰˁʝˁʝ ʠ ʛʫʙʠʪʢʝ, ʧʘ ʛʘ ʪʨʝʙʘ ʢʦʨʠʩʪʠʪʠ ʘʢʦ ʿʝ ʪʦ ʤʦʛʫ˂ʝ. ɸʢʦ ʥʠʿʝ (ʪʿ. ʘʢʦ 

DUT ʥʠʿʝ ʫʤʝʪˀʠʚð Noninsertable device), ʤʦʨʘ ʩʝ ʢʦʨʠʩʪʠʪʠ Thru ʩʪʘʥʜʘʨʜ ʢʦʥʘʯʥʝ ʜʫʞʠʥʝ, 

ʢʦʿʠ ʩʝ ʫʦʙʠʯʘʿʝʥʦ ʥʘʟʠʚʘ ʦʢʘʨʘʢʪʝʨʠʩʘʥʠ Thru (characterized Thru). ʆʢʘʨʘʢʪʝʨʠʩʘʥʠ Thru 

ʩʪʘʥʜʘʨʜ ʿʝ ʥʝʧʦʚʦˀʥʠʿʠ ʠʟʦʙʦʨ ʦʜ Thru ʩʪʘʥʜʘʨʜʘ ʥʫʣʪʝ ʜʫʞʠʥʝ: ʤʦʨʘʤʦ ʤʫ ʟʥʘʪʠ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ, ʘ ʟʙʦʛ ˁʠʭʦʚʝ ʚʘʨʠʿʘʮʠʿʝ ʠʤʘ˂ʝʤʦ ʤʘˁʝ ʪʘʯʥʦ ʤʝʨʝˁʝ. ɿʙʦʛ ʪʦʛʘ ʩʝ ʧʨʠ 
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ʢʘʣʠʙʨʘʮʠʦʥʦʤ ʤʝʨʝˁʫ ʯʝʩʪʦ ʧʨʠʤʝˁʫʿʝ ʪʝʭʥʠʢʘ ʧʦʟʥʘʪʘ ʢʘʦ Ăʟʘʤʝʥʘ ʿʝʜʥʘʢʠʭ ʘʜʘʧʪʝʨʘñ 

(swap equal adapters), ʢʦʿʘ ʝʤʫʣʠʨʘ ʢʘʣʠʙʨʘʮʠʿʫ Thru ʩʪʘʥʜʘʨʜʦʤ ʥʫʣʪʝ ʜʫʞʠʥʝ. ʂʦʜ ʦʚʝ 

ʪʝʭʥʠʢʝ ʧʦʩʪʦʿʝ ʘʜʘʧʪʝʨʠ ʿʝʜʥʘʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʘʣʠ ʩʘ ʨʘʟʣʠʯʠʪʠʤ 

ʢʦʤʙʠʥʘʮʠʿʘʤʘ (ʧʦʣʦʚʘ) ʢʦʥʝʢʪʦʨʘ. ʇʨʠ ʤʝʨʝˁʫ Thru ʩʪʘʥʜʘʨʜʘ, ʠʟʤʝʹʫ ʧʨʠʢˀʫʯʘʢʘ ʟʘ DUT 

ʚʝʟʫʿʝ ʩʝ ʘʜʘʧʪʝʨ, ɸ1, ʢʦʿʠ ʠʤʘ ʢʦʤʙʠʥʘʮʠʿʫ ʢʦʥʝʢʪʦʨʘ ʪʘʢʚʫ ʜʘ ʛʘ ʿʝ ʤʦʛʫ˂ʝ ʧʦʚʝʟʘʪʠ ʥʘ ʤʝʩʪʦ 

DUT-ʘ, ʘʣʠ ʩʝ ʪʨʝʪʠʨʘ ʢʘʦ Thru ʩʪʘʥʜʘʨʜ ʥʫʣʪʝ ʜʫʞʠʥʝ. ɿʘʪʠʤ ʩʝ ʘʜʘʧʪʝʨ ɸ1 ʫʢʣʘˁʘ, ʘ ʟʘ ʿʝʜʘʥ 

ʦʜ ʧʨʠʢˀʫʯʘʢʘ ʧʦʚʝʟʫʿʝ ʩʝ ʘʜʘʧʪʝʨ, ɸ2, ʢʦʿʠ ʠʤʘ ʢʦʤʙʠʥʘʮʠʿʫ ʢʦʥʝʢʪʦʨʘ ʪʘʢʚʫ ʜʘ ʦʤʦʛʫ˂ʫʿʝ 

ʧʨʠʢˀʫʯʠʚʘˁʝ DUT-ʘ. ɸʜʘʧʪʝʨ ɸ2 ʦʩʪʘʿʝ ʧʦʚʝʟʘʥ ʧʨʠ ʤʝʨʝˁʫ ʦʩʪʘʣʠʭ ʢʘʣʠʙʨʘʮʠʦʥʠʭ 

ʩʪʘʥʜʘʨʜʘ ʠ ʧʨʠ ʤʝʨʝˁʫ DUT-ʘ. ɸʢʦ ʩʫ ʝʣʝʢʪʨʠʯʥʝ ʦʩʦʙʠʥʝ ʘʜʘʧʪʝʨʘ ɸ1 ʠ ɸ2 ʿʝʜʥʘʢʝ, 

ʨʝʬʝʨʝʥʪʥʝ ʨʘʚʥʠ ʢʘʣʠʙʨʠʩʘʥʝ ʟʘ ʤʝʨʝˁʝ DUT-ʘ ʥʝ˂ʝ ʩʝ ʤʝˁʘʪʠ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʢʘʣʠʙʨʘʮʠʿʝ. 

ʇʦʩʪʫʧʘʢ ʟʘʤʝʥʝ ʿʝʜʥʘʢʠʭ ʘʜʘʧʪʝʨʘ ʠʣʫʩʪʨʦʚʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 1.3.4. 

ʇʨʝʤʘ ʧʦʯʝʪʥʠʤ ʩʣʦʚʠʤʘ ʢʘʣʠʙʨʘʮʠʦʥʠʭ ʩʪʘʥʜʘʨʜʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʢʘʣʠʙʨʘʮʠʿʫ ʥʘ 

ʦʩʥʦʚʫ ʜʚʘʥʘʝʩʪʦʯʣʘʥʦʛ ʤʦʜʝʣʘ ʛʨʝʰʢʝ (Short-Open-Load-Thru), ʧʦʪʧʫʥʘ ʜʚʦʧʦʨʪʥʘ 

ʢʘʣʠʙʨʘʮʠʿʘ ʠ ˁʝʥʠ ʜʝʨʠʚʘʪʠ ʧʦʟʥʘʪʘ ʿʝ ʧʦʜ ʥʘʟʠʚʦʤ SOLT ʢʘʣʠʙʨʘʮʠʿʘ. ʂʦʤʧʣʝʪʠ ʢʦʿʠ 

ʩʘʜʨʞʝ ʧʦʪʨʝʙʥʝ ʢʘʣʠʙʨʘʮʠʦʥʝ ʩʪʘʥʜʘʨʜʝ (ʟʘ ʦʜʨʝʹʝʥʠ ʪʠʧ ʢʦʥʝʢʪʦʨʘ) ʥʘʟʠʚʘʿʫ ʩʝ 

ʢʘʣʠʙʨʘʮʠʦʥʠ ʢʠʪʦʚʠ. ʂʘʣʠʙʨʘʮʠʦʥʠ ʢʠʪʦʚʠ ʦʙʠʯʥʦ ʩʘʜʨʞʝ ʤʫʰʢʝ ʠ ʞʝʥʩʢʝ ʚʝʨʟʠʿʝ Short, 

Open ʠ Load ʢʘʣʠʙʨʘʮʠʦʥʠʭ ʩʪʘʥʜʘʨʜʘ ʠ ʧʦʪʨʝʙʥʝ ʘʜʘʧʪʝʨʝ ʟʘ ʪʝʭʥʠʢʫ ʟʘʤʝʥʝ ʿʝʜʥʘʢʠʭ 

ʘʜʘʧʪʝʨʘ, ʘ ʙʦˀʝ ʦʧʨʝʤˀʝʥʝ ʚʝʨʟʠʿʝ ʩʘʜʨʞʝ ʠ ʤʦʤʝʥʪʥʝ ʢˀʫʯʝʚʝ ʟʘ ʧʨʠʯʚʨʰ˂ʠʚʘˁʝ ʥʘʚʦʿʘ 

ʢʦʥʝʢʪʦʨʘ ʠ ʤʝʨʘʯʝ ʤʝʭʘʥʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʥʝʢʪʦʨʘ. 

 

ʉʣʠʢʘ 1.13.4.  ʇʦʩʪʫʧʘʢ ʟʘʤʝʥʝ ʿʝʜʥʘʢʠʭ ʘʜʘʧʪʝʨʘ. 

ʂʘʣʠʙʨʘʮʠʦʥʠ ʩʪʘʥʜʘʨʜʠ ʩʘ ʞʝʥʩʢʠʤ ʢʦʥʝʢʪʦʨʠʤʘ ʪʠʧʘ 3.5 mm ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ 

ʩʣʠʮʠ 1.13.5ʘ. 
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ʘ)       ʙ)  

ʉʣʠʢʘ 1.13.5.  ʘ) ʂʘʣʠʙʨʘʮʠʦʥʠ ʩʪʘʥʜʘʨʜʠ ʩʘ ʞʝʥʩʢʠʤ ʢʦʥʝʢʪʦʨʠʤʘ 3.5 mm ʠ ʘʜʘʧʪʝʨʠ ʟʘ ʪʝʭʥʠʢʫ 

ʟʘʤʝʥʝ ʿʝʜʥʘʢʠʭ ʘʜʘʧʪʝʨʘ, ʙ) ʢʘʣʠʙʨʘʮʠʦʥʠ ʢʠʪ ʩʘ 1.85 mm ʢʦʥʝʢʪʦʨʠʤʘ. 

ʈʝʯ ʿʝ ʦ ʢʘʣʠʙʨʘʮʠʦʥʠʤ ʩʪʘʥʜʘʨʜʠʤʘ ʠʟ ʢʘʣʠʙʨʘʮʠʦʥʦʛ ʢʠʪʘ HP 85052A. ɼʦʣʝ ʣʝʚʦ ʿʝ Open 

ʩʪʘʥʜʘʨʜ, ʘ ʜʝʩʥʦ ʦʜ ˁʝʛʘ ʿʝ ʥʘʩʪʘʚʘʢ ʟʘ Open ʩʪʘʥʜʘʨʜ, ʢʦʿʠ ʦʙʝʟʙʝʹʫʿʝ ʧʦʫʟʜʘʥʝ ʧʝʨʬʦʨʤʘʥʩʝ 

ʥʘ ʚʠʰʠʤ ʫʯʝʩʪʘʥʦʩʪʠʤʘ. ʋ ʩʨʝʜʠʥʠ ʣʝʚʦ ʿʝ Short ʩʪʘʥʜʘʨʜ, ʘ ʜʝʩʥʦ ʦʜ ˁʝʛʘ Load ʩʪʘʥʜʘʨʜ. 

ɸʜʘʧʪʝʨʠ ʟʘ ʪʝʭʥʠʢʫ ʟʘʤʝʥʝ ʿʝʜʥʘʢʠʭ ʘʜʘʧʪʝʨʘ ʩʫ ʫ ʛʦʨˁʝʤ ʨʝʜʫðʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʩʣʠʢʫ 1.13.4, 

ʘʜʘʧʪʝʨ ɸ1 ʿʝ ʜʝʩʥʦ, ʘ ʘʜʘʧʪʝʨ ɸ2 ʣʝʚʦ. ʇʨʠʣʠʢʦʤ ʢʘʣʠʙʨʘʮʠʿʝ ʥʘ ʘʥʘʣʠʟʘʪʦʨʫ ʤʨʝʞʘ, 

ʧʦʪʨʝʙʥʦ ʿʝ ʥʘʿʧʨʝ ʦʜʘʙʨʘʪʠ ʢʘʣʠʙʨʘʮʠʦʥʠ ʢʠʪ. ɸʢʦ ʢʘʣʠʙʨʘʮʠʦʥʠ ʢʠʪ ʢʦʿʠ ʢʦʨʠʩʪʠʤʦ ʥʠʿʝ 

ʜʦʩʪʫʧʘʥ ʟʘ ʠʟʙʦʨ, ʧʦʪʨʝʙʥʦ ʿʝ ʜʝʬʠʥʠʩʘʪʠ ʥʦʚʠ ʢʘʣʠʙʨʘʮʠʦʥʠ ʢʠʪ ʠ ʫʥʝʪʠ ʧʘʨʘʤʝʪʨʝ 

ʩʪʘʥʜʘʨʜʘ. ʂʦʜ ʥʝʢʠʭ ʢʘʣʠʙʨʘʮʠʦʥʠʭ ʢʠʪʦʚʘ ʝʣʝʢʪʨʠʯʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʫʰʢʝ ʠ ʞʝʥʩʢʝ 

ʚʝʨʟʠʿʝ ʩʪʘʥʜʘʨʜʘ ʩʫ ʨʘʟʣʠʯʠʪʝ, ʧʘ ʪʨʝʙʘ ʦʜʘʙʨʘʪʠ ʢʦʥʢʨʝʪʘʥ ʧʦʣ ʧʨʠʣʠʢʦʤ ʢʘʣʠʙʨʘʮʠʿʝ. ʆʚʜʝ 

ʪʨʝʙʘ ʚʦʜʠʪʠ ʨʘʯʫʥʘ ʜʘ ʧʦʿʝʜʠʥʠ ʘʥʘʣʠʟʘʪʦʨʠ ʤʨʝʞʘ ʧʦʜ ʠʟʙʦʨʦʤ ʧʦʣʘ ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʧʦʣ 

ʢʦʥʝʢʪʦʨʘ ʥʘ ʢʦʿʠ ʩʝ ʩʪʘʥʜʘʨʜ ʧʨʠʢˀʫʯʫʿʝ, ʘ ʥʝ ʧʦʣ ʩʘʤʦʤ ʢʘʣʠʙʨʘʮʠʦʥʦʛ ʩʪʘʥʜʘʨʜʘ. ʅʘ 

ʩʣʠʮʠ 1.13.5ʙ ʧʨʠʢʘʟʘʥ ʿʝ ʢʘʣʠʙʨʘʮʠʦʥʠ ʢʠʪ ʟʘ ʢʦʥʝʢʪʦʨʝ ʪʠʧʘ 1.85 mm. 

ʂʘʣʠʙʨʘʮʠʦʥʠ ʩʪʘʥʜʘʨʜʠ ʠ ʢʠʪʦʚʠ ʧʨʠʢʘʟʘʥʠ ʥʘ ʩʣʠʮʠ 1.13.5 ʩʧʘʜʘʿʫ ʫ ʤʝʭʘʥʠʯʢʝ 

ʢʘʣʠʙʨʘʮʠʦʥʝ ʢʠʪʦʚʝ. ʉʚʘʢʠ ʦʜ ʩʪʘʥʜʘʨʜʘ ʧʦʪʨʝʙʥʦ ʿʝ ʧʨʠʯʚʨʩʪʠʪʠ ʟʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʧʨʠʢˀʫʯʘʢ 

ʠ ʟʘʪʠʤ ʧʦʢʨʝʥʫʪʠ ʤʝʨʝˁʝ. ʅʘ ʧʨʠʤʝʨ, ʟʘ ʧʦʪʧʫʥʫ ʜʚʦʧʦʨʪʥʫ ʢʘʣʠʙʨʘʮʠʿʫ, ʙʝʟ ʩʧʨʦʚʦʹʝˁʘ 

ʤʝʨʝˁʘ ʟʘ ʠʟʦʣʘʮʠʿʫ (ʧʨʝʩʣʫʰʘʚʘˁʝ), ʧʦʪʨʝʙʥʦ ʿʝ Short, Open ʠ Load ʢʘʣʠʙʨʘʮʠʦʥʝ ʩʪʘʥʜʘʨʜʝ 

ʧʨʠʯʚʨʩʪʠʪʠ ʟʘ ʧʨʠʢˀʫʯʢʝ ʥʘ ʧʦʨʪʫ 1, ʧʘ ʟʘʪʠʤ ʥʘ ʧʦʨʪʫ 2, ʰʪʦ ʿʝ 6 ʧʦʚʝʟʠʚʘˁʘ. ɿʘʪʠʤ ʩʝ 

ʚʝʟʫʿʝ Thru ʢʘʣʠʙʨʘʮʠʦʥʠ ʩʪʘʥʜʘʨʜ, ʰʪʦ ʿʝ ʿʦʰ ʿʝʜʥʦ ʧʦʚʝʟʠʚʘˁʝ. ʅʘʨʘʚʥʦ, ʩʚʘʢʠ ʧʫʪ ʿʝ 

ʩʪʘʥʜʘʨʜ ʧʦʪʨʝʙʥʦ ʠ ʨʘʟʚʝʟʘʪʠ. ɸʢʦ ʩʝ ʨʘʜʠ ʠ ʟʘʤʝʥʘ ʿʝʜʥʘʢʠʭ ʘʜʘʧʪʝʨʘ, ʠʤʘʤʦ ʿʦʰ ʿʝʜʥʦ 

ʧʦʚʝʟʠʚʘˁʝ. ʇʦʨʝʜ ʪʦʛʘ ʰʪʦ ʿʝ ʧʨʦʮʝʜʫʨʘ ʟʘʤʝʪʥʘ, ʧʦʚʝ˂ʘʚʘ ʩʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʛʨʝʰʢʝ, ʟʙʦʛ 

ʧʦʥʦʚˀʠʚʦʩʪʠ ʢʦʥʝʢʪʦʨʘ. 

ʇʨʦʮʝʜʫʨʘ ʢʘʣʠʙʨʘʮʠʿʝ ʤʦʞʝ ʩʝ ʩʢʨʘʪʠʪʠ, ʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʛʨʝʰʢʝ ʩʤʘˁʠʪʠ ʢʦʨʠʰ˂ʝˁʝʤ 

ʝʣʝʢʪʨʦʥʩʢʠʭ ʢʘʣʠʙʨʘʮʠʦʥʠʭ ʩʪʘʥʜʘʨʜʘ (ECalðElectronic Calibration). ECal ʤʦʜʫʣ ʧʦʚʝʟʫʿʝ ʩʝ 

ʩʘ ʘʥʘʣʠʟʘʪʦʨʦʤ ʤʨʝʞʘ (ʦʙʠʯʥʦ ʧʫʪʝʤ USB ʧʨʠʢˀʫʯʢʘ). ʇʨʠʣʠʢʦʤ ʢʘʣʠʙʨʘʮʠʿʝ, ECal ʤʦʜʫʣ 

ʩʝ ʧʨʝʢʦ ʩʚʦʿʠʭ ʢʦʘʢʩʠʿʘʣʥʠʭ ʧʨʠʢˀʫʯʘʢʘ (ʩʘ ʦʜʘʙʨʘʥʠʤ ʪʠʧʦʤ ʢʦʥʝʢʪʦʨʘ) ʧʦʚʝʟʫʿʝ ʠʟʤʝʹʫ 

ʧʨʠʢˀʫʯʘʢʘ ʫ ʢʘʣʠʙʨʘʮʠʦʥʠʤ ʨʘʚʥʠʤʘ ʩʘʤʦ ʿʝʜʥʦʤ. ʂʘʣʠʙʨʘʮʠʦʥʠʤ ʧʦʩʪʫʧʢʦʤ ʜʘˀʝ ʫʧʨʘʚˀʘ 

ʨʘʯʫʥʘʨ ʫ ʘʥʘʣʠʟʘʪʦʨʫ ʤʨʝʞʝ, ʢʦʿʠ ʧʫʪʝʤ ʧʦʣʫʧʨʦʚʦʜʥʠʯʢʠʭ ʚʝʟʘ ʧʦʚʝʟʫʿʝ ʢʘʣʠʙʨʘʮʠʦʥʝ 

ʩʪʘʥʜʘʨʜʝ, ʩʘʜʨʞʘʥʝ ʫ ECal ʤʦʜʫʣʫ, ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʧʨʠʢˀʫʯʢʝ ʠ ʧʦʢʨʝ˂ʝ ʢʘʣʠʙʨʘʮʠʦʥʘ 

ʤʝʨʝˁʘ. ʇʦʚʝʟʠʚʘˁʝ ECal ʤʦʜʫʣʘ ʧʨʠʢʘʟʘʥʦ ʿʝ ʥʘ ʩʣʠʮʠ 1.13.6. ʎʝʥʘ ECal ʤʦʜʫʣʘ ʿʝ ʦʙʠʯʥʦ 

ʟʥʘʪʥʦ ʚʝ˂ʘ ʦʜ ʮʝʥʝ ʤʝʭʘʥʠʯʢʠʭ ʢʘʣʠʙʨʘʮʠʦʥʠʭ ʢʠʪʦʚʘ ʠʩʪʝ ʢʣʘʩʝ ʪʘʯʥʦʩʪʠ. 
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ʉʣʠʢʘ 1.13.6.  ɽʣʝʢʪʨʦʥʩʢʘ ʢʘʣʠʙʨʘʮʠʿʘ ʢʦʨʠʰ˂ʝˁʝʤ ECal ʤʦʜʫʣʘ. 

1.14 ʅʝʧʦʪʧʫʥʝ ʢʘʣʠʙʨʘʮʠʿʝ 

ʅʝʧʦʪʧʫʥʝ ʢʘʣʠʙʨʘʮʠʿʝ ʢʦʨʠʩʪʝ ʜʝʣʠʤʠʯʥʝ ʚʝʨʟʠʿʝ ʧʦʪʧʫʥʠʭ ʤʦʜʝʣʘ ʛʨʝʰʢʝ: ʪʨʦʯʣʘʥʦʛ 

ʤʦʜʝʣʘ ʛʨʝʰʢʝ ʩʘ ʩʣʠʢʝ 1.12.1 ʠʣʠ ʜʚʘʥʘʝʩʪʦʯʣʘʥʦʛ ʤʦʜʝʣʘ ʛʨʝʰʢʝ ʫ ʿʝʜʥʦʤ ʩʤʝʨʫ ʩʘ 

ʩʣʠʢʝ 1.11.4ʘ. ʅʝʧʦʪʧʫʥʝ ʢʘʣʠʙʨʘʮʠʿʝ ʢʦʨʠʩʪʝ ʩʝ ʢʘʜʘ ʥʠʿʝ ʧʦʪʨʝʙʥʘ ʚʝʣʠʢʘ ʪʘʯʥʦʩʪ ʤʝʨʝˁʘ 

ʠʣʠ ʢʘʜʘ ʥʠʿʝ ʤʦʛʫ˂ʝ ʧʨʠʤʝʥʠʪʠ ʧʦʪʧʫʥʫ ʢʘʣʠʙʨʘʮʠʿʫ. ʅʘ ʧʨʠʤʝʨ, ʟʘ ʧʦʪʧʫʥʫ ʜʚʦʧʦʨʪʥʫ 

ʢʘʣʠʙʨʘʮʠʿʫ, ʢʦʿʘ ʢʦʨʠʩʪʠ ʧʦ 6 ʧʘʨʘʤʝʪʘʨʘ ʛʨʝʰʢʝ ʫ ʩʚʘʢʦʤ ʩʤʝʨʫ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʠʤʘʪʠ 

ʚʝʢʪʦʨʩʢʠ ʘʥʘʣʠʟʘʪʦʨ ʤʨʝʞʘ ʩʘ s-ʧʘʨʘʤʝʪʘʨ ʪʝʩʪ ʩʝʪʦʤ (ʢʦʜ ʢʦʿʝʛ ʩʝ ʧʦʙʫʜʥʠ ʩʠʛʥʘʣ ʤʦʞʝ 

ʩʧʨʦʚʝʩʪʠ ʜʦ ʦʙʘ ʧʦʨʪʘ). ɸʢʦ ʢʦʨʠʩʪʠʤʦ ʚʝʢʪʦʨʩʢʠ ʘʥʘʣʠʟʘʪʦʨ ʤʨʝʞʘ ʩʘ T/R ʪʝʩʪ ʩʝʪʦʤ (ʢʦʜ 

ʢʦʿʝʛ ʩʝ ʧʦʙʫʜʥʠ ʩʠʛʥʘʣ ʤʦʞʝ ʩʝ ʩʧʨʦʚʝʩʪʠ ʩʘʤʦ ʜʦ ʿʝʜʥʦʛ ʦʜ ʧʦʨʪʦʚʘ), ʤʦʨʘʤʦ ʩʝ ʦʧʨʝʜʝʣʠʪʠ 

ʟʘ ʥʝʧʦʪʧʫʥʫ ʜʚʦʧʦʨʪʥʫ ʢʘʣʠʙʨʘʮʠʿʫ ʫ ʿʝʜʥʦʤ ʩʤʝʨʫ. 

ʅʝʧʦʪʧʫʥʘ ʢʘʣʠʙʨʘʮʠʿʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʪʨʦʯʣʘʥʦʤ ʤʦʜʝʣʫ ʛʨʝʰʢʝ ʢʦʨʠʩʪʠ ʿʝʜʘʥ ʦʜ ʜʚʘ 

ʫʧʨʦʰ˂ʝʥʘ ʤʦʜʝʣʘ ʛʨʝʰʢʝ ʟʘ ʿʝʜʥʦʧʦʨʪʥʫ ʢʘʣʠʙʨʘʮʠʿʫ, ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 1.14.1. ʋ ʧʨʚʦʤ 

ʤʦʜʝʣʫ (ʩʣʠʢʘ 1.14.1ʘ) ʧʦʩʪʦʿʠ ʩʘʤʦ ʧʘʨʘʤʝʪʘʨ ʛʨʝʰʢʝ RE  (ʫʩʘʛʣʘʰʝʥʦʩʪ ʨʝʬʣʝʢʩʠʿʝ), ʘ ʦʚʘ 

ʢʘʣʠʙʨʘʮʠʿʘ ʫʦʙʠʯʘʿʝʥʦ ʩʝ ʥʘʟʠʚʘ ʥʦʨʤʘʣʠʟʘʮʠʿʘ ʠʣʠ ʢʘʣʠʙʨʘʮʠʿʘ ʦʜʟʠʚʘ ʧʨʠ ʤʝʨʝˁʫ 

ʨʝʬʣʝʢʩʠʿʝ (Open/Short Response). ʋ ʜʨʫʛʦʤ ʤʦʜʝʣʫ (ʩʣʠʢʘ 1.14.1ʙ) ʜʦʜʘʪ ʿʝ ʠ ʧʘʨʘʤʝʪʘʨ 

ʛʨʝʰʢʝ DE  (ʜʠʨʝʢʪʠʚʥʦʩʪ), ʢʦʿʠʤ ʩʝ ʤʦʜʝʣʫʿʝ ʠʟʦʣʘʮʠʿʘ ʧʨʠʣʠʢʦʤ ʤʝʨʝˁʘ ʨʝʬʣʝʢʩʠʿʝ 

(Open/Short Response+Isolation). 

ʘ)     ʙ)  

ʉʣʠʢʘ 1.14.1.  ʅʝʧʦʪʧʫʥʠ ʤʦʜʝʣʠ ʛʨʝʰʢʝ ʧʨʠ ʤʝʨʝˁʫ ʨʝʬʣʝʢʩʠʿʝ, ʘ) ʥʦʨʤʘʣʠʟʘʮʠʿʘ ʠ 

ʙ) ʥʦʨʤʘʣʠʟʘʮʠʿʘ ʠ ʠʟʦʣʘʮʠʿʘ. 

ʇʨʦʮʝʜʫʨʘ ʟʘ ʢʘʣʠʙʨʘʮʠʿʫ ʦʜʟʠʚʘ ʧʨʠ ʤʝʨʝˁʫ ʨʝʬʣʝʢʩʠʿʝ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 1.14.2ʘ. ʅʘ 

ʧʦʨʪ 1 ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʧʨʠʢˀʫʯʫʿʝʤʦ ʿʝʜʘʥ ʦʜ ʜʚʘ ʢʘʣʠʙʨʘʮʠʦʥʘ ʩʪʘʥʜʘʨʜʘ ʩʘ ʚʝʣʠʢʠʤ 

ʢʦʝʬʠʮʠʿʝʥʪʦʤ ʨʝʬʣʝʢʩʠʿʝ: Short ʠʣʠ Open. ʂʘʣʠʙʨʘʮʠʦʥʠʤ ʤʝʨʝˁʝʤ ʨʝʬʣʝʢʩʠʿʝ ʜʦʙʠʿʘʤʦ 

11mRs , ʘ ʥʘ ʦʩʥʦʚʫ ʤʦʜʝʣʘ ʛʨʝʰʢʝ ʩʘ ʩʣʠʢʝ 1.14.1ʘ ʜʦʙʠʿʘʤʦ ʧʘʨʘʤʝʪʘʨ ʛʨʝʰʢʝ RE . 
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ʘ)       ʙ)  

ʉʣʠʢʘ 1.14.2.  ʂʘʣʠʙʨʘʮʠʿʘ ʦʜʟʠʚʘ ʧʨʠ ʤʝʨʝˁʫ ʨʝʬʣʝʢʩʠʿʝ, ʧʦʚʝʟʠʚʘˁʝ ʢʘʣʠʙʨʘʮʠʦʥʠʭ ʩʪʘʥʜʘʨʜʘ 

ʨʘʜʠ ʦʜʨʝʹʠʚʘˁʘ ʧʘʨʘʤʝʪʘʨʘ ʛʨʝʰʢʝ ʘ) ʥʦʨʤʘʣʠʟʘʮʠʿʘ ʠ ʙ) ʠʟʦʣʘʮʠʿʘ (ʦʧʮʠʦʥʦ). 

ʇʨʠ ʢʘʣʠʙʨʘʮʠʿʠ ʦʜʟʠʚʘ ʧʨʠ ʤʝʨʝˁʫ ʨʝʬʣʝʢʩʠʿʝ ʠʟʦʣʘʮʠʿʘ ʿʝ ʦʧʮʠʦʥʘ. ɸʢʦ ʩʝ ʢʦʨʠʩʪʠ, ʥʘ 

ʧʦʨʪ 1 ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʧʨʠʢˀʫʯʫʿʝʤʦ Load ʩʪʘʥʜʘʨʜ ʠ ʚʨʰʠʤʦ ʿʦʰ ʿʝʜʥʦ ʢʘʣʠʙʨʘʮʠʦʥʦ 

ʤʝʨʝˁʝ ʨʝʬʣʝʢʩʠʿʝ (ʧʦʨʝʜ ʤʝʨʝˁʘ Short ʠʣʠ Open ʩʪʘʥʜʘʨʜʘ), ʢʦʿʠʤ ʜʦʙʠʿʘʤʦ 11mLs . ʆʚʘ ʜʚʘ 

ʢʘʣʠʙʨʘʮʠʦʥʘ ʤʝʨʝˁʘ ʨʝʟʫʣʪʫʿʫ ʩʘ ʜʚʘ ʠʟʨʘʟʘ ʦʙʣʠʢʘ: 

 11mR D R 11Rs E E s= + , 11mL D R 11Ls E E s= + , (1.14.1) 

ʠʟ ʢʦʿʠʭ se, ʥʘ ʦʩʥʦʚʫ ʧʦʟʥʘʪʠʭ ʧʘʨʘʤʘʪʘʨʘ ʢʘʣʠʙʨʘʮʠʦʥʠʭ ʩʪʘʥʜʘʨʜʘ 11Rs  ʠ 11Ls , ʦʜʨʝʹʫʿʫ 

ʧʘʨʘʤʝʪʨʠ ʛʨʝʰʢʝ DE  ʠ RE . ɿʘʪʠʤ ʩʝ ʦʚʠ ʧʘʨʘʤʝʪʨʠ ʛʨʝʰʢʝ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʠʟʘʙʨʘʥʦʛ ʤʦʜʝʣʘ 

ʛʨʝʰʢʝ (RE  ʘʢʦ ʢʘʣʠʙʨʠʰʝʤʦ ʩʘʤʦ ʦʜʟʠʚ, DE  ʠ RE  ʘʢʦ ʢʘʣʠʙʨʠʰʝʤʦ ʦʜʟʠʚ ʠ ʠʟʦʣʘʮʠʿʫ) 

ʢʦʨʠʩʪʝ ʧʨʠ ʤʝʨʝˁʫ DUT-ʘ, ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʢʦʨʠʛʦʚʘʥʝ ʛʨʝʰʢʝ ʤʝʨʝˁʘ. 

ʂʘʣʠʙʨʘʮʠʿʘ ʦʜʟʠʚʘ (ʥʦʨʤʘʣʠʟʘʮʠʿʘ) ʧʨʠ ʤʝʨʝˁʫ ʪʨʘʥʩʤʠʩʠʿʝ ʢʦʨʠʩʪʠ ʿʝʜʘʥ ʦʜ ʜʚʘ 

ʫʧʨʦʰ˂ʝʥʘ ʤʦʜʝʣʘ ʛʨʝʰʢʝ ʩʘ ʜʚʘʥʘʝʩʪ ʯʣʘʥʦʚʘ, ʫ ʿʝʜʥʦʤ ʩʤʝʨʫ, ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 1.14.3. ʋ 

ʧʨʚʦʤ ʤʦʜʝʣʫ (ʩʣʠʢʘ 1.14.3ʘ) ʧʦʩʪʦʿʠ ʩʘʤʦ ʧʘʨʘʤʝʪʘʨ ʛʨʝʰʢʝ TE  (ʫʩʘʛʣʘʰʝʥʦʩʪ ʪʨʘʥʩʤʠʩʠʿʝ), 

ʘ ʫ ʜʨʫʛʦʤ ʤʦʜʝʣʫ (ʩʣʠʢʘ 1.14.3ʙ) ʜʦʜʘʪ ʿʝ ʠ ʧʘʨʘʤʝʪʘʨ ʛʨʝʰʢʝ XE  (ʧʨʝʩʣʫʰʘʚʘˁʝ), ʢʦʿʠʤ ʩʝ 

ʤʦʜʝʣʫʿʝ ʠʟʦʣʘʮʠʿʘ ʧʨʠʣʠʢʦʤ ʤʝʨʝˁʘ ʨʝʬʣʝʢʩʠʿʝ (Thru Response+Isolation). 

ʘ)     ʙ)  

ʉʣʠʢʘ 1.14.3.  ʅʝʧʦʪʧʫʥʠ ʤʦʜʝʣʠ ʛʨʝʰʢʝ ʧʨʠ ʤʝʨʝˁʫ ʪʨʘʥʩʤʠʩʠʿʝ, ʘ) ʥʦʨʤʘʣʠʟʘʮʠʿʘ ʠ 

ʙ) ʥʦʨʤʘʣʠʟʘʮʠʿʘ ʠ ʠʟʦʣʘʮʠʿʘ. 

ʇʨʦʮʝʜʫʨʘ ʟʘ ʢʘʣʠʙʨʘʮʠʿʫ ʦʜʟʠʚʘ ʧʨʠ ʤʝʨʝˁʫ ʪʨʘʥʩʤʠʩʠʿʝ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 1.14.4ʘ. 

ʀʟʤʝʹʫ ʧʦʨʪʦʚʘ 1 ʠ 2 ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʧʨʠʢˀʫʯʫʿʝʤʦ Thru ʢʘʣʠʙʨʘʮʠʦʥʠ ʩʪʘʥʜʘʨʜ. 

ʂʘʣʠʙʨʘʮʠʦʥʠʤ ʤʝʨʝˁʝʤ ʪʨʘʥʩʤʠʩʠʿʝ ʜʦʙʠʿʘʤʦ 21mTs , ʘ ʥʘ ʦʩʥʦʚʫ ʤʦʜʝʣʘ ʛʨʝʰʢʝ ʩʘ 

ʩʣʠʢʝ 1.14.3ʘ ʜʦʙʠʿʘʤʦ ʧʘʨʘʤʝʪʘʨ ʛʨʝʰʢʝ TE . 

ʇʨʠ ʢʘʣʠʙʨʘʮʠʿʠ ʦʜʟʠʚʘ ʧʨʠ ʤʝʨʝˁʫ ʪʨʘʥʩʤʠʩʠʿʝ ʠʟʦʣʘʮʠʿʘ ʿʝ ʦʧʮʠʦʥʘ. ɸʢʦ ʩʝ ʢʦʨʠʩʪʠ, ʥʘ 

ʧʦʨʪʦʚʝ 1 ʠ 2 ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʧʨʠʢˀʫʯʫʿʝʤʦ Load ʩʪʘʥʜʘʨʜʝ ʠ ʚʨʰʠʤʦ ʿʦʰ ʿʝʜʥʦ 

ʢʘʣʠʙʨʘʮʠʦʥʦ ʤʝʨʝˁʝ ʪʨʘʥʩʤʠʩʠʿʝ (ʧʦʨʝʜ ʤʝʨʝˁʘ Thru ʩʪʘʥʜʘʨʜʘ), ʢʦʿʠʤ ʜʦʙʠʿʘʤʦ 21mLs . ʆʚʘ 

ʜʚʘ ʢʘʣʠʙʨʘʮʠʦʥʘ ʤʝʨʝˁʘ ʨʝʟʫʣʪʫʿʫ ʩʘ ʜʚʘ ʠʟʨʘʟʘ ʦʙʣʠʢʘ: 

 21mT X T 21Ts E E s= + , 21mL X T 21Ls E E s= + , (1.14.2) 
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ʠʟ ʢʦʿʠʭ ʩe, ʥʘ ʦʩʥʦʚʫ ʧʦʟʥʘʪʠʭ ʧʘʨʘʤʘʪʘʨʘ ʢʘʣʠʙʨʘʮʠʦʥʠʭ ʩʪʘʥʜʘʨʜʘ 21Ts  ʠ 21Ls , ʦʜʨʝʹʫʿʫ 

ʧʘʨʘʤʝʪʨʠ ʛʨʝʰʢʝ XE  ʠ TE . ɿʘʪʠʤ ʩʝ ʦʚʠ ʧʘʨʘʤʝʪʨʠ ʛʨʝʰʢʝ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʠʟʘʙʨʘʥʦʛ ʤʦʜʝʣʘ 

ʛʨʝʰʢʝ (TE  ʘʢʦ ʢʘʣʠʙʨʠʰʝʤʦ ʩʘʤʦ ʦʜʟʠʚ, XE  ʠ TE  ʘʢʦ ʢʘʣʠʙʨʠʰʝʤʦ ʦʜʟʠʚ ʠ ʠʟʦʣʘʮʠʿʫ) 

ʢʦʨʠʩʪʝ ʧʨʠ ʤʝʨʝˁʫ DUT-ʘ, ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʢʦʨʠʛʦʚʘʥʝ ʛʨʝʰʢʝ ʤʝʨʝˁʘ. 

ʘ)       ʙ)  

ʉʣʠʢʘ 1.14.4.  ʂʘʣʠʙʨʘʮʠʿʘ ʦʜʟʠʚʘ ʧʨʠ ʤʝʨʝˁʫ ʪʨʘʥʩʤʠʩʠʿʝ, ʧʦʚʝʟʠʚʘˁʝ ʢʘʣʠʙʨʘʮʠʦʥʠʭ ʩʪʘʥʜʘʨʜʘ 

ʨʘʜʠ ʦʜʨʝʹʠʚʘˁʘ ʧʘʨʘʤʝʪʘʨʘ ʛʨʝʰʢʝ ʘ) ʥʦʨʤʘʣʠʟʘʮʠʿʘ ʠ ʙ) ʠʟʦʣʘʮʠʿʘ (ʦʧʮʠʦʥʦ). 

ʇʨʠ ʤʝʨʝˁʫ ʚʝʢʪʦʨʩʢʠʤ ʘʥʘʣʠʟʘʪʦʨʦʤ ʤʨʝʞʘ ʩʘ T/R ʪʝʩʪ ʩʝʪʦʤ, ʧʦʙʫʜʘ ʩʝ ʧʨʦʩʣʝʹʫʿʝ ʩʘʤʦ ʥʘ 

ʧʦʨʪ 1, ʧʘ ʿʝ ʠʩʪʦʚʨʝʤʝʥʦ ʤʦʛʫ˂ʝ ʤʝʨʠʪʠ ʩʘʤʦ ʜʚʘ s-ʧʘʨʘʤʝʪʨʘ (11s  ʠ 21s ). ʊʦ ʟʥʘʯʠ ʜʘ ʿʝ ʧʨʠ 

ʜʚʦʧʦʨʪʥʦʤ ʤʝʨʝˁʫ ʤʦʛʫ˂ʝ ʢʦʨʠʩʪʠʪʠ ʩʘʤʦ ʤʦʜʝʣ ʛʨʝʰʢʝ ʫ ʿʝʜʥʦʤ ʩʤʝʨʫ. ʋ ʪʦʤ ʤʦʜʝʣʫ 

ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʫ ʠʟʨʘʟʠʤʘ (1.11.3) ʠ (1.11.4) ʬʠʛʫʨʠʰʫ ʩʘʤʦ ʠʟʤʝʨʝʥʝ ʠ ʢʦʨʠʛʦʚʘʥʝ ʚʨʝʜʥʦʩʪʠ 

s-ʧʘʨʘʤʝʪʘʨʘ ʫ ʿʝʜʥʦʤ ʩʤʝʨʫ, ʦʜʥʦʩʥʦ ʥʝ ʪʨʝʙʘ ʜʘ ʩʝ ʧʦʿʘʚˀʫʿʫ ʚʨʝʜʥʦʩʪʠ ʟʘ (22s  ʠ 12s ). ʊʦ ʿʝ 

ʤʦʛʫ˂ʝ ʩʘʤʦ ʘʢʦ ʿʝ LF 0E = , ʰʪʦ ʦʜʛʦʚʘʨʘ ʫʢʣʘˁʘˁʫ ʪʝ ʛʨʘʥʝ ʠʟ ʤʦʜʝʣʘ ʛʨʝʰʢʝ. ʊʘʢʦ ʜʦʙʠʿʘʤʦ 

ʤʦʜʝʣ ʛʨʝʰʢʝ ʟʘ ʩʘ ʧʝʪ ʧʘʨʘʤʝʪʘʨʘ, ʟʘ ʜʚʦʧʦʨʪʥʦ ʤʝʨʝˁʝ s-ʧʘʨʘʤʝʪʘʨʘ ʫ ʿʝʜʥʦʤ ʩʤʝʨʫ, 

ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 1.14.5. 

 

ʉʣʠʢʘ 1.14.5.  ʄʦʜʝʣ ʛʨʝʰʢʝ ʤʝʨʝˁʘ ʩʘ ʧʝʪ ʧʘʨʘʤʝʪʘʨʘ. 

ʇʨʦʮʝʜʫʨʘ ʟʘ ʥʝʧʦʪʧʫʥʫ ʜʚʦʧʦʨʪʥʫ ʢʘʣʠʙʨʘʮʠʿʫ ʫ ʿʝʜʥʦʤ ʩʤʝʨʫ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ 

ʩʣʠʮʠ 1.14.6. ʅʘʿʧʨʝ ʩʝ ʥʘ ʧʦʨʪ 1 ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʧʨʠʢˀʫʯʫʿʫ ʢʘʣʠʙʨʘʮʠʦʥʠ ʩʪʘʥʜʘʨʜʠ 

Short, Open ʠ Load ʠ ʟʘ ʩʚʘʢʠ ʦʜ ʧʨʠʢˀʫʯʝʥʠʭ ʩʪʘʥʜʘʨʜʘ ʚʨʰʠ ʩʝ ʧʦ ʿʝʜʥʦ ʢʘʣʠʙʨʘʮʠʦʥʦ 

ʤʝʨʝˁʝ 11s  ʧʘʨʘʤʝʪʨʘ, ʘ ʟʘʪʠʤ ʩʝ ʥʘ ʦʩʥʦʚʫ ʪʨʠ ʿʝʜʥʘʯʠʥʝ ʦʙʣʠʢʘ (1.12.2) ʦʜʨʝʹʫʿʫ ʧʘʨʘʤʝʪʨʠ 

ʛʨʝʰʢʝ DE , SE  ʠ RE . ʋ ʩʣʝʜʝ˂ʝʤ ʢʦʨʘʢʫ ʧʨʠʢˀʫʯʫʿʫ ʩʝ ʜʚʘ Load ʢʘʣʠʙʨʘʮʠʦʥʘ ʩʪʘʥʜʘʨʜʘ ʥʘ 

ʦʙʘ ʧʦʨʪʘ ʠʩʪʦʚʨʝʤʝʥʦ ʠ ʚʨʰʠ ʩʝ ʿʝʜʥʦ ʢʘʣʠʙʨʘʮʠʦʥʘ ʤʝʨʝˁʝ ʟʘ 21ms , ʧʘ ʩʝ (ʧʦʰʪʦ ʩʤʦ ʚʝʟʘʣʠ 

ʿʝʜʥʦʧʦʨʪʥʝ ʢʘʣʠʙʨʘʮʠʦʥʝ ʩʪʘʥʜʘʨʜʝ ʠ 21 0s = ) ʠʟ ʠʟʨʘʟʘ (1.11.4) ʜʠʨʝʢʪʥʦ ʜʦʙʠʿʘ ʧʘʨʘʤʝʪʘʨ 

ʧʨʝʩʣʫʰʘʚʘˁʘ XE  ( X 21mE s= ). ʅʘ ʢʨʘʿʫ ʩʝ ʠʟʤʝʹʫ ʧʦʨʪʦʚʘ 1 ʠ 2 ʧʨʠʢˀʫʯʫʿʝ ʢʘʣʠʙʨʘʮʠʦʥʠ 

ʩʪʘʥʜʘʨʜ Thru ʠ ʚʨʰʠ ʩʝ ʿʦʰ ʿʝʜʥʦ ʢʘʣʠʙʨʘʮʠʦʥʦ ʤʝʨʝˁʝ ʟʘ 21ms , ʥʘʢʦʥ ʯʝʛʘ ʩʝ ʠʟ ʠʟʨʘʟʘ 

(1.11.4) ʜʦʙʠʿʘ ʧʘʨʘʤʝʪʘʨ ʛʨʝʰʢʝ TE . ʂʦʥʘʯʥʦ ʩʝ ʥʘ ʦʩʥʦʚʫ ʠʟʤʝʨʝʥʠʭ ʧʘʨʘʤʝʪʘʨʘ DUT-ʘ, 11ms  

ʠ 21ms , ʠʟ ʠʟʨʘʟʘ (1.11.3) ʠ (1.11.4) ʦʜʨʝʹʫʿʫ ʢʦʨʠʛʦʚʘʥʠ s-ʧʘʨʘʤʝʪʘʨʠ DUT-ʘ, 11s  ʠ 21s . ʋ 

Keysight/Agilent/HP ʘʥʘʣʠʟʘʪʦʨʠʤʘ ʤʨʝʞʘ ʦʚʘ ʢʘʣʠʙʨʘʮʠʿʘ ʩʝ ʟʦʚʝ Enhanced Response. 
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ʉʣʠʢʘ 1.14.6.  ʅʝʧʦʪʧʫʥʘ ʜʚʦʧʦʨʪʥʘ ʢʘʣʠʙʨʘʮʠʿʘ ʫ ʿʝʜʥʦʤ ʩʤʝʨʫ, ʧʦʚʝʟʠʚʘˁʝ ʢʘʣʠʙʨʘʮʠʦʥʠʭ 

ʩʪʘʥʜʘʨʜʘ ʨʘʜʠ ʦʜʨʝʹʠʚʘˁʘ ʧʘʨʘʤʝʪʘʨʘ ʛʨʝʰʢʝ ʠ ʤʝʨʝˁʝ DUT-ʘ. 

1.15 ʇʦʩʪʫʧʘʢ ʤʝʨʝˁʘ s-ʧʘʨʘʤʝʪʘʨʘ ʘʥʘʣʠʟʘʪʦʨʦʤ ʤʨʝʞʘ 

ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʙʘʚʠ˂ʝʤʦ ʩʝ ʧʨʘʢʪʠʯʥʠʤ ʘʩʧʝʢʪʠʤʘ ʤʝʨʝˁʘ s-ʧʘʨʘʤʝʪʘʨʘ ʤʠʢʨʦʪʘʣʘʩʥʠʭ 

ʩʢʣʦʧʦʚʘ (DUT) ʢʦʿʠʤʘ ʩʝ ʧʨʠʩʪʫʧʘ ʧʨʝʢʦ ʢʦʘʢʩʠʿʘʣʥʠʭ ʢʦʥʝʢʪʦʨʘ, ʦʧʠʩʘʥʠʭ ʫ ʧʦʛʣʘʚˀʫ 1.6. 

ɺʝʢʪʦʨʩʢʠ ʘʥʘʣʠʟʘʪʦʨʠ ʤʨʝʞʘ (VNA) ʥʘ ʩʚʦʿʠʤ ʧʨʠʩʪʫʧʠʤʘ (ʧʦʨʪʦʚʠʤʘ) ʪʘʢʦʹʝ ʠʤʘʿʫ 

ʢʦʘʢʩʠʿʘʣʥʝ ʢʦʥʝʢʪʦʨʝ, ʯʠʿʠ ʪʠʧ ʟʘʚʠʩʠ ʦʜ ʤʘʢʩʠʤʘʣʥʝ ʨʘʜʥʝ ʫʯʝʩʪʘʥʦʩʪʠ VNA. ʆʙʠʯʥʦ ʥʘ 

ʧʘʥʝʣʫ ʢʨʘʿ ʧʨʠʩʪʫʧʘ VNA ʧʠʰʝ ʢʦʣʠʢʠ ʩʫ ʜʦʟʚʦˀʝʥʠ DC ʥʘʧʦʥ ʠ RF ʩʥʘʛʘ, ʢʦʿʠ ʩʝ ʥʝ ʩʤʝʿʫ 

ʧʨʝʢʦʨʘʯʠʪʠ, ʿʝʨ ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʦʰʪʝ˂ʝˁʘ ʩʢʣʦʧʦʚʘ ʫ VNA. ʆʚʦ ʿʝ ʥʘʨʦʯʠʪʦ ʢʨʠʪʠʯʥʦ 

ʧʨʠʣʠʢʦʤ ʤʝʨʝˁʘ s-ʧʘʨʘʤʝʪʘʨʘ ʧʦʿʘʯʘʚʘʯʘ, ʢʦʿʠ ʥʘ ʩʚʦʤ ʠʟʣʘʟʫ ʤʦʛʫ ʜʘʚʘʪʠ ʚʝʣʠʢʝ RF ʩʥʘʛʝ, 

ʘ ʟʘ ʯʠʿʝ ʥʘʧʘʿʘˁʝ ʩʝ ʢʦʨʠʩʪʠ DC ʥʘʧʦʥ. ʊʘʢʦʹʝ, ʯʦʚʝʢ ʤʦʞʝ ʜʦʜʠʨʠʚʘˁʝʤ ʧʦʨʪʦʚʘ VNA 

ʠʟʘʟʚʘʪʠ ʝʣʝʢʪʨʠʯʥʦ ʧʨʘʞˁʝˁʝ ʢʦʿʝ ʤʦʞʝ ʦʰʪʝʪʠʪʠ VNA. ʉʪʦʛʘ ʿʝ ʜʦʙʨʘ ʧʨʘʢʩʘ ʧʨʝ ʧʦʯʝʪʢʘ 

ʤʝʨʝˁʘ Ăʫʟʝʤˀʠʪʠ ʩʝñ ʜʦʜʠʨʠʚʘˁʝʤ ʰʘʩʠʿʝ VNA (ʢʦʿʘ ʿʝ ʫʟʝʤˀʝʥʘ). ʇʦʢʨʝʪʘˁʝ ʤʦʜʝʨʥʠʭ 

VNA ʿʝ ʪʨʠʚʠʿʘʣʥʦðʧʨʠʪʠʩʢʦʤ ʥʘ ʜʫʛʤʝ, ʧʦʢʨʝ˂ʫ ʩʝ ʤʝʨʥʠ ʫʨʝʹʘʿ ʠ ʨʘʯʫʥʘʨ ʩʘ ʦʧʝʨʘʪʠʚʥʠʤ 

ʩʠʩʪʝʤʦʤ, ʢʦʿʠ ʿʝ ʜʝʦ VNA. ʏʠʤ ʩʝ ʦʧʝʨʘʪʠʚʥʠ ʩʠʩʪʝʤ VNA ʧʦʜʠʛʥʝ, ʘʫʪʦʤʘʪʩʢʠ ʩʝ ʩʪʘʨʪʫʿʝ 

ʘʧʣʦʢʘʮʠʿʘ ʟʘ ʤʝʨʝˁʝ s-ʧʘʨʘʤʝʪʘʨʘ. ʉʪʘʨʠʿʠ VNA, ʢʦʿʠ ʩʫ ʤʦʜʫʣʘʨʥʝ ʧʨʠʨʦʜʝ, ʟʘʭʪʝʚʘʿʫ 

ʦʜʨʝʹʝʥʠ ʨʝʜʦʩʣʝʜ ʫʢˀʫʯʠʚʘˁʘ ʢʦʤʧʦʥʝʥʪʠðʫ ʩʫʰʪʠʥʠ, ʚʘʞʥʦ ʿʝ ʜʘ ʩʝ ʫʧʨʘʚˀʘʯʢʠ ʜʝʦ 

ʫʨʝʹʘʿʘ ʫʢˀʫʯʠ ʧʦʩʣʝʜˁʠ, ʢʘʢʦ ʙʠ ʧʨʠʣʠʢʦʤ ʫʢˀʫʯʠʚʘˁʘ ʧʨʝʧʦʟʥʘʦ ʩʚʝ ʫʨʝʹʘʿʝ ʢʦʿʝ ʪʨʝʙʘ ʜʘ 

ʢʦʥʪʨʦʣʠʰʝ. 

ɼʘ ʙʠʩʤʦ ʠʟʤʝʨʠʣʠ s-ʧʘʨʘʤʝʪʨʝ DUT-a, ʧʦʪʨʝʙʥʦ ʿʝ ʦʙʝʟʙʝʜʠʪʠ ˁʝʛʦʚʦ ʩʧʘʿʘˁʝ ʩʘ VNA. 

ʈʝʪʢʦ ʩʝ ʪʘʢʚʦ ʩʧʘʿʘˁʝ ʤʦʞʝ ʦʙʘʚʠʪʠ ʙʝʟ ʢʦʨʠʰ˂ʝˁʘ ʙʠʣʦ ʢʘʢʚʠʭ ʢʦʘʢʩʠʿʘʣʥʠʭ ʢʘʙʣʦʚʘ ʠ 

ʘʜʘʧʪʝʨʘðʪʝʦʨʠʿʩʢʠ, ʧʨʠʣʠʢʦʤ ʤʝʨʝˁʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ ʿʝʜʥʦʧʦʨʪʥʠʭ ʩʢʣʦʧʦʚʘ, 

ʢʦʿʠ ʠʤʘʿʫ ʢʦʥʝʢʪʦʨ ʢʦʿʠ ʩʝ ʤʦʞʝ ʜʠʨʝʢʪʥʦ ʩʧʦʿʠʪʠ ʩʘ ʢʦʥʝʢʪʦʨʦʤ ʥʘ ʘʥʘʣʠʟʘʪʦʨʫ ʤʨʝʞʘ. ʋ 

ʧʨʘʢʩʠ ʿʝ ʦʚʘʢʘʚ ʩʣʫʯʘʿ ʚʝʦʤʘ ʨʝʜʘʢ, ʿʝʨ ʩʝ ʫʦʙʠʯʘʿʝʥʦ ʥʘ ʦʨʠʛʠʥʘʣʥʝ ʧʨʠʩʪʫʧʥʝ ʢʦʥʝʢʪʦʨʝ 

VNA ʧʨʠʢˀʫʯʫʿʫ ʢʚʘʣʠʪʝʪʥʠ ʘʜʘʧʪʝʨʠ (Connector savers), ʥʘʤʝˁʝʥʠ ʯʫʚʘˁʫ ʦʨʠʛʠʥʘʣʥʠʭ 

ʢʦʥʝʢʪʦʨʘ. ɸʢʦ ʩʝ ʘʜʘʧʪʝʨ ʦʰʪʝʪʠ, ʣʘʢʦ ʛʘ ʿʝ ʟʘʤʝʥʠʪʠ. ɼʘʢʣʝ, ʧʦʪʨʝʙʥʦ ʿʝ ʦʙʝʟʙʝʜʠʪʠ 

ʤʠʥʠʤʘʣʘʥ ʙʨʦʿ ʢʘʙʣʦʚʘ (ʟʘʚʨʰʝʥʠʭ ʢʦʥʝʢʪʦʨʠʤʘ) ʠ ʘʜʘʧʪʝʨʘ ʢʦʿʠ ˂ʝ ʦʤʦʛʫ˂ʠʪʠ ʩʧʘʿʘˁʝ DUT-

a ʠ VNA. 
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VNA s-ʧʘʨʘʤʝʪʨʝ ʤʝʨʠ ʫ ʦʧʩʝʛʫ ʫʯʝʩʪʘʥʦʩʪʠ, ʟʘ ʟʘʜʘʪʫ ʩʥʘʛʫ (frequency sweep), ʠʣʠ ʫ ʦʧʩʝʛʫ 

ʩʥʘʛʘ, ʟʘ ʟʘʜʘʪʫ ʫʯʝʩʪʘʥʦʩʪ (power sweep), ʧʘ ʿʝ ʧʦʪʨʝʙʥʦ ʦʜʘʙʨʘʪʠ ʚʨʩʪʫ ʦʧʩʝʛʘ (sweep type). 

ʊʠʧʠʯʥʘ ʧʨʠʤʝʥʘ ʤʝʨʝˁʘ ʫ ʦʧʩʝʛʫ ʩʥʘʛʘ ʿʝ ʤʝʨʝˁʝ ʿʝʜʥʦʜʝʮʠʙʝʣʩʢʝ ʪʘʯʢʝ ʢʦʤʧʨʝʩʠʿʝ 

ʧʦʿʘʯʘʚʘʯʘðʠʟʣʘʟʥʝ ʩʥʘʛʝ ʧʦʿʘʯʘʚʘʯʘ ʧʨʠ ʢʦʿʦʿ ʿʝ ʧʦʿʘʯʘˁʝ ʟʘ ʿʝʜʘʥ ʜʝʮʠʙʣʝ ʤʘˁʝ ʦʜ ʧʦʿʘʯʘˁʘ 

ʫ ʣʠʥʝʘʨʥʦʤ ʨʝʞʠʤʫ ʨʘʜʘ. ʅʘʿʯʝʰ˂ʝ ʩʝ, ʤʝʹʫʪʠʤ, s-ʧʘʨʘʤʝʪʨʠ ʤʝʨʝ ʫ ʦʧʩʝʛʫ ʫʯʝʩʪʘʥʦʩʪʠ. ʊʘʜʘ 

ʿʝ ʧʦʪʨʝʙʥʦ ʟʘʜʘʪʠ ʧʦʯʝʪʥʫ ʠ ʢʨʘʿˁʫ ʫʯʝʩʪʘʥʦʩʪ ʠ ʙʨʦʿ ʫʯʝʩʪʘʥʦʩʪʠ ʫ ʪʦʤ ʦʧʩʝʛʫ, ʢʘʦ ʠ ʩʥʘʛʫ 

ʧʦʙʫʜʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʩʘ ʢʦʿʦʤ ʩʝ ʨʘʜʠ. VNA ʫ ʤʠʢʨʦʪʘʣʘʩʥʦʤ ʦʧʩʝʛʫ ʫʯʝʩʪʘʥʦʩʪʠ ʦʙʠʯʥʦ ʥʝʤʘ 

ʚʝʣʠʢʫ ʤʘʢʩʠʤʘʣʥʫ ʩʥʘʛʫ, ʩʪʦʪʠʥʘʢ ʤʠʣʠʚʘʪʠ ʿʝ ʦʯʝʢʠʚʘʥʠ ʤʘʢʩʠʤʫʤ. ɺʝ˂ʘ ʩʥʘʛʘ ˂ʝ 

ʦʙʝʟʙʝʜʠʪʠ ʚʝ˂ʠ ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʤʝʨʝˁʘ. ʇʦʜ ʜʠʥʘʤʠʯʢʠʤ ʦʧʩʝʛʦʤ ʦʚʜʝ ʧʦʜʨʘʟʫʤʝʚʘʤʦ 

ʨʘʟʣʠʢʫ ʠʟʤʝʹʫ ʥʘʿʚʝ˂ʝʛ ʠ ʥʘʿʤʘˁʝʛ ʤʦʜʫʣʘ (ʧʦʩʤʘʪʨʘʥʦʛ s-ʧʘʨʘʤʝʪʨʘ) ʢʦʿʘ ʩʝ ʤʦʞʝ ʤʝʨʠʪʠ. 

ʅʘʿʚʝ˂ʠ ʤʦʜʫʣ ʦʜʨʝʹʝʥ ʿʝ ʩʥʘʛʦʤ ʩʠʛʥʘʣʘ, ʥʘʿʤʘˁʠ ʤʦʜʫʣ ʩʥʘʛʦʤ ʰʫʤʘ ʫʨʝʹʘʿʘ (ʢʦʿʠ ʤʘʩʢʠʨʘ 

ʤʝʨʝʥʠ ʩʠʛʥʘʣ). ɹʦˀʝ ʿʝ ʠʤʘʪʠ ʚʝ˂ʠ ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ, ʿʝʨ ʦʥʜʘ ʤʦʞʝʤʦ ʤʝʨʠʪʠ ʤʘˁʝ ʩʠʛʥʘʣ 

(ʦʚʦ ʿʝ, ʥʘ ʧʨʠʤʝʨ, ʚʝʞʥʦ ʢʦʜ ʬʠʣʪʘʨʘ ʩʘ ʚʝʣʠʢʠʤ ʧʦʪʠʩʢʠʚʘˁʝʤ ʩʠʛʥʘʣʘ ʚʘʥ ʧʨʦʧʫʩʥʦʛ 

ʦʧʩʝʛʘ). ɼʘʢʣʝ, ʚʝ˂ʘ ʩʥʘʛʘ ʿʝ ʙʦˀʘ, ʧʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ ʥʝ ʜʦʚʦʜʠ ʜʦ ʥʝʣʠʥʝʘʨʥʦʩʪʠ ʩʢʣʦʧʦʚʘ 

ʫ ʤʝʨʥʦʿ ʧʦʩʪʘʚʮʠ ʠ ʜʘ ʥʝ ʫʛʨʦʞʘʚʘ ʟʜʨʘʚˀʝ ˀʫʜʠ (ʰʪʦ ʿʝ ʧʦʩʝʙʥʘ ʪʝʤʘ). ʂʘʜʘ ʩʤʦ ʢʦʜ 

ʜʠʥʘʤʠʯʢʦʛ ʦʧʩʝʛʘ, ʙʠʪʥʘ ʩʫ ʧʦʜʝʰʘʚʘˁʘ ʧʨʦʧʫʩʥʦʛ ʦʧʩʝʛʘ ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʬʠʣʪʨʘ (IF 

Bandwidth) ʠ ʝʚʝʥʪʫʘʣʥʦ ʫʢˀʫʯʠʚʘˁʝ ʫʩʨʝʜˁʘʚʘˁʘ (Averaging). ʆ ʦʚʦʤʝ ʩʤʦ ʚʝ˂ ʛʦʚʦʨʠʣʠð

ʤʘˁʠ IF Bandwidth ʩʤʘˁʫʿʝ ʤʝʨʝʥʠ ʥʠʚʦ ʰʫʤʘ, ʦʜʥʦʩʥʦ ʧʦʚʝ˂ʘʚʘ ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ, ʘʣʠ 

ʧʨʦʜʫʞʘʚʘ ʚʨʝʤʝ ʤʝʨʝˁʘ. ʉʣʠʯʥʦ ʚʘʞʠ ʟʘ ʫʩʨʝʜˁʘʚʘˁʝðʫʟʠʤʘˁʝ ʩʨʝʜˁʝʛ ʨʝʟʫʣʪʘʪʘ ʠʟ ʚʝʯʝʛ 

ʙʨʦʿʘ ʤʝʨʝˁʘ ʩʤʘˁʠ˂ʝ ʥʠʚʦ ʰʫʤʘ, ʘʣʠ ˂ʝ ʧʨʦʜʫʞʠʪʠ ʚʨʝʤʝ ʤʝʨʝˁʘ. ʋ ʪʦʤ ʩʤʠʩʣʫ, ʠʟʙʦʨ 

ʢʦʥʢʨʝʪʥʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ ʚʝʣʠʯʠʥʝ ʢʦʿʠʤʘ ʩʝ ʢʦʥʪʨʦʣʠʰʝ ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʤʝʨʝˁʘ (ʩʥʘʛʘ, 

ʧʨʦʧʫʩʥʠ ʦʧʩʝʛ ʠ ʫʩʨʝʜˁʘʚʘˁʝ) VNA ʿʝ ʩʪʚʘʨ ʢʦʤʧʨʦʤʠʩʘ. ʉʘʜʘ ʙʠʩʤʦ ʤʦʛʣʠ ʜʘ ʦʜʘʙʝʨʝʤʦ ʠ 

s-ʧʘʨʘʤʝʪʘʨ ʢʦʿʠ ˂ʝʤʦ ʤʝʨʠʪʠ, ʘʣʠ ʦʥ ʿʝ ʫ ʧʨʠʥʮʠʧʫ ʜʝʬʠʥʠʩʘʥ ʢʘʣʠʙʨʘʮʠʿʦʤ ʢʦʿʫ ʧʨʠʤʝʥʠʤʦ 

(ʘʢʦ ʿʝ ʨʝʯ ʦ ʿʝʜʥʦʧʦʨʪʥʦʿ ʢʘʣʠʙʨʘʮʠʿʠ, ʤʝʨʠ˂ʝ ʩʝ 11s  ʠʣʠ 22s , ʘ ʘʢʦ ʿʝ ʫ ʧʠʪʘˁʫ ʧʦʪʧʫʥʘ 

ʜʚʦʧʦʨʪʥʘ ʢʘʣʠʙʨʘʮʠʿʘ, ʤʝʨʠ˂ʝ ʩʝ ʩʚʘ ʯʝʪʠʨʠ s-ʧʘʨʘʤʝʪʨʘ). ʇʦʜʨʘʟʫʤʝʚʘʥʘ ʨʝʞʠʤ ʨʘʜʘ ʿʝ 

ʢʦʥʪʠʥʫʘʣʥʦ ʤʝʨʝˁʝ s-ʧʘʨʘʤʝʪʘʨʘ ʫ ʟʘʜʘʪʦʤ ʦʧʩʝʛʫ. 

ʂʘʣʠʙʨʘʮʠʿʘ ʩʝ ʨʘʜʠ ʥʘʢʦʥ ʰʪʦ ʩʫ ʧʦʜʝʰʝʥʠ ʧʦʙʫʜʘ ʠ ʦʩʥʦʚʥʠ ʧʘʨʘʤʝʪʘʨʠ ʤʝʨʝˁʘ, ʢʘʦ ʰʪʦ 

ʩʤʦ ʧʨʝʪʭʦʜʥʦ ʦʙʿʘʩʥʠʣʠ. ɸʢʦ ʤʝʨʠʤʦ ʿʝʜʥʦʧʦʨʪʥʠ ʩʢʣʦʧ, ʥʘʿʙʦˀʠ ʠʟʙʦʨ ʿʝ ʧʦʪʧʫʥʘ 

ʿʝʜʥʦʧʦʨʪʥʘ ʢʘʣʠʙʨʘʮʠʿʘ, ʘ ʟʘ ʜʚʦʧʦʨʪʥʠ ʩʢʣʦʧ ʥʘʿʙʦˀʠ ʠʟʙʦʨ ʿʝ ʧʦʪʧʫʥʘ ʜʚʦʧʦʨʪʥʘ 

ʢʘʣʠʙʨʘʮʠʿʘ. ʅʝʧʦʪʧʫʥʝ ʢʘʣʠʙʨʘʮʠʿʝ ʢʦʨʠʩʪʠʤʦ ʫʢʦʣʠʢʦ ʥʘʤ ʥʠʿʝ ʙʠʪʥʘ ʥʘʿʚʠʰʘ ʪʘʯʥʦʩʪ (ʥʘ 

ʧʨʠʤʝʨ, ʘʢʦ ʭʦ˂ʝʤʦ ʩʘʤʦ ʜʘ ʜʘ ʧʨʦʮʝʥʠʤʦ ʩʣʘʙˀʝˁʝ ʬʠʣʪʨʘ ʫ ʧʨʦʧʫʩʥʦʤ ʦʧʩʝʛʫ, ʤʦʞʝʤʦ 

ʫʨʘʜʠʪʠ ʥʦʨʤʘʣʠʟʘʮʠʿʫ ʟʘ ʪʨʘʥʩʤʠʩʠʿʫ) ʠʣʠ ʫʢʦʣʠʢʦ ʥʝ ʤʦʞʝʤʦ ʜʘ ʠʟʚʨʰʠʤʦ ʧʦʪʧʫʥʫ 

ʜʚʦʧʦʨʪʥʫ ʢʘʣʠʙʨʘʮʠʿʫ (ʿʝʨ VNA ʥʝʤʘ s-ʧʘʨʘʤʝʪʘʨ ʪʝʩʪ ʩʝʪ). ɿʘ ʢʘʣʠʙʨʘʮʠʿʫ ʥʘʤ ʿʝ ʧʦʪʨʝʙʘʥ 

ʤʝʭʘʥʠʯʢʠ ʠʣʠ ʝʣʝʢʪʨʦʥʩʢʠ ʢʘʣʠʙʨʘʮʠʦʥʠ ʢʠʪ, ʩʘ ʢʘʣʠʙʨʘʮʠʦʥʠʤ ʩʪʘʥʜʘʨʜʠʤʘ ʢʦʿʠ ʠʤʘʿʫ 

ʢʦʥʝʢʪʦʨʝ ʠʩʪʦʛ ʪʠʧʘ ʢʘʦ ʢʦʥʝʢʪʦʨʠ DUT-a. ʂʘʣʠʙʨʘʮʠʿʫ ʚʨʰʠʤʦ ʫ ʨʘʚʥʠʤʘ (ʥʘ ʢʦʥʝʢʪʦʨʠʤʘ) 

ʛʜʝ ʩʝ ʧʨʠʢˀʫʯʫʿʝ DUT. ʅʘʢʦʥ ʠʟʚʨʰʝʥʝ ʢʘʣʠʙʨʘʮʠʿʝ ʧʨʠʢˀʫʯʫʿʝʤʦ DUT ʠ ʥʘ ʦʩʥʦʚʫ ʤʝʨʝˁʘ 

ˁʝʛʦʚʠʭ s-ʧʘʨʘʤʝʪʘʨʘ ʠ ʫ ʧʨʦʮʝʩʫ ʢʘʣʠʙʨʘʮʠʿʝ ʦʜʨʝʹʝʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʛʨʝʰʢʝ ʜʦʙʠʿʘʤʦ 

ʢʦʨʠʛʦʚʘʥʝ ʨʝʟʫʣʪʘʪʝ ʟʘ s-ʧʘʨʘʤʝʪʨʝ DUT-ʘ.  

ʀʟʤʝʨʝʥʠ ʠ/ʠʣʠ ʢʦʨʠʛʦʚʘʥʠ s-ʧʘʨʘʤʝʪʨʠ ʤʦʛʫ ʩʝ ʩʥʠʤʠʪʠ ʥʘ ʧʨʝʥʦʩʥʠ ʫʨʝʹʘʿ ʟʘ 

ʩʢʣʘʜʠʰʪʝˁʝ ʧʦʜʘʪʘʢʘ ʠ ʜʘˀʝ ʦʙʨʘʹʠʚʘʪʠ ʠ ʢʦʨʠʩʪʠʪʠ ʚʘʥ VNA. ʊʘʢʦʹʝ, ʦʚʝ s-ʧʘʨʘʤʝʪʨʝ 

ʤʦʛʫ˂ʝ ʿʝ ʧʦʩʤʘʪʨʘʪʠ ʥʘ ʝʢʨʘʥʫ ʩʘʤʦʛ VNA, ʫ ʨʘʟʣʠʯʠʪʠʤ ʬʦʨʤʘʪʠʤʘ. ɿʘ ʧʦʩʤʘʪʨʘʥʠ s-

ʧʘʨʘʤʝʪʘʨ ʦʙʠʯʥʦ ʩʝ ʢʦʨʠʩʪʠ ʧʨʠʢʘʟ ʤʦʜʫʣʘ ʫ ʜʝʮʠʙʝʣʠʤʘ (LogMag), ʘʨʛʫʤʝʥʪʘ ʫ ʩʪʝʧʝʥʠʤʘ 

(Phase), ʨʝʘʣʥʦʛ ʠ ʠʤʘʛʠʥʘʨʥʦʛ ʜʝʣʘ (Re+Im) ʠʣʠ ʧʨʠʢʘʟ ʫ ʉʤʠʪʦʚʦʤ ʜʠʿʘʛʨʘʤʫ (Smith Chart). 
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ɸʢʦ ʿʝ ʨʝʯ ʦ ʢʦʝʬʠʮʠʿʝʥʪʫ ʨʝʬʣʝʢʩʠʿʝ, ʫʤʝʩʪʦ ʤʦʜʫʣʘ ʤʦʞʝ ʩʝ ʧʦʩʤʘʪʨʘʪʠ ʢʦʝʬʠʮʠʿʝʥʪ 

ʩʪʦʿʝ˂ʠʭ ʪʘʣʘʩʘ (SWR), ʘ ʢʦʜ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʘʥʩʤʠʩʠʿʝ ʦʜ ʠʥʪʝʨʝʩʘ ʤʦʞʝ ʙʠʪʠ ʛʨʫʧʥʦ 

ʢʘʰˁʝˁʝ (Group Delay). 

ʉʦʬʪʚʝʨ ʫ VNA ʦʤʦʛʫ˂ʘʚʘ ʠʟʚʝʩʥʫ ʦʙʨʘʜʫ ʠ ʥʘ ʢʦʨʠʛʦʚʘʥʦʤ ʩʠʛʥʘʣʫ. ʉʪʘʥʜʘʨʜʥʝ ʦʧʮʠʿʝ 

ʩʫ ʠʟʛʣʘʹʠʚʘˁʝ (Smoothing) ʠ ʝʣʝʢʪʨʠʯʥʦ ʢʘʰˁʝˁʝ (Electrical delay). ʀʟʛʣʘʹʠʚʘˁʝ ʩʣʫʞʠ ʜʘ 

ʣʦʢʘʣʥʦ Ăʠʩʧʝʛʣʘñ ʚʘʨʠʿʘʮʠʿʝ ʫ ʩʠʛʥʘʣʫ ʫ ʙʣʠʩʢʠʤ ʬʨʝʢʚʝʥʮʠʿʩʢʠʤ ʪʘʯʢʘʤʘ, ʪʘʢʦ ʰʪʦ ʫ ʩʚʘʢʦʿ 

ʬʨʝʢʚʝʥʮʠʿʩʢʦʿ ʪʘʯʢʠ (ʘʢʦ ʧʦʩʤʘʪʨʘʥʫ ʚʝʣʠʯʠʥʫ, ʥʘ ʧʨʠʤʝʨ ʣʦʛʘʨʠʪʘʤʩʢʠ ʤʦʜʫʣ, ʧʨʠʢʘʟʫʿʝʤʦ 

ʫ ʬʫʥʢʮʠʿʠ ʫʯʝʩʪʘʥʦʩʪʠ) ʧʨʠʢʘʟʫʿʝ ʩʠʛʥʘʣ ʫʩʨʝʜˁʝʥ ʥʘ ʪʦʿ ʠ ʦʜʨʝʹʝʥʦʤ ʙʨʦʿʫ ʩʫʩʝʜʥʠʭ 

ʬʨʝʢʚʝʥʮʠʿʩʢʠʭ ʪʘʯʘʢʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʝ ʤʦʞʝ ʜʦʥʝʢʣʝ ʝʣʠʤʠʩʘʪʠ ʰʫʤ, ʘʣʠ ʧʦ ʮʝʥʫ ʛʫʙˀʝˁʘ 

ʜʝʪʘˀʘ. ʆʧʮʠʿʦʤ ʝʣʝʢʪʨʠʯʥʦʛ ʢʘʰˁʝˁʘ ʤʦʞʝ ʩʝ ʟʘʜʘʪʠ ʧʨʦʮʝˁʝʥʦ ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʜʘ ʩʠʛʥʘʣ 

ʧʨʦʹʝ ʠʟʤʝʹʫ ʜʚʝ ʨʝʬʝʨʝʥʪʥʝ ʨʘʚʥʠ. ʆʚʦ ʿʝ ʟʥʘʯʘʿʥʦ ʢʦʜ ʧʨʠʢʘʟʠʚʘˁʘ ʫʥʝʪʝ ʬʘʟʝ. ʇʨʠʢʘʟʘʥʘ 

ʬʘʟʘ ʩʚʦʜʠ ʩʝ ʥʘ ʦʧʩʝʛ ʦʜ 180-  ̄ʜʦ 180̄ . ɸʢʦ ʿʝ DUT ʝʣʝʢʪʨʠʯʢʠ ʜʫʛʘʯʘʢ (ʠʣʠ ʩʫ ʢʘʙʣʦʚʠ ʟʘ 

ʧʦʚʝʟʠʚʘˁʝ DUT-ʘ ʠ VNA ʝʣʝʢʪʨʠʯʢʠ ʜʫʛʘʯʢʠ, ʘ ʥʠʿʝ ʫʨʘʹʝʥʘ ʧʦʪʧʫʥʘ ʢʘʣʠʙʨʘʮʠʿʘ), ʫʥʝʪʘ 

ʬʘʟʘ ʫ ʬʫʥʢʮʠʿʠ ʫʯʝʩʪʘʥʦʩʪʠ ʠʤʘ ʦʙʣʠʢ ʥʠʟʘ ʪʝʩʪʝʨʘʩʪʠʭ ʠʤʧʫʣʩʘ ʠ ʤʘʩʢʠʨʘ ʦʜʩʪʫʧʘˁʝ 

ʬʨʝʢʚʝʥʮʠʿʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ DUT-ʘ ʦʜ ʣʠʥʝʘʨʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ (ʰʪʦ ʥʘʩ ʫ ʧʨʠʥʮʠʧʫ ʠ 

ʠʥʪʝʨʝʩʫʿʝ). ʅʘʠʤʝ, ʧʨʦʩʪʠʨʘˁʝ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʦʛ ʪʘʣʘʩʘ ʦʧʠʩʫʿʝʤʦ ʯʣʘʥʦʤ e l-g, ʛʜʝ ʿʝ l  

ʬʠʟʠʯʢʘ ʜʫʞʠʥʘ ʩʨʝʜʠʥʝ ʢʨʦʟ ʢʦʿʫ ʩʝ ʪʘʣʘʩ ʧʨʦʩʪʠʨʝ (DUT-ʘ), jg=a+ b ʢʦʤʧʣʝʢʩʥʠ 

ʢʦʝʬʠʮʠʿʝʥʪ ʧʨʦʩʪʠʨʘˁʘ, a ʢʦʝʬʠʮʠʿʝʥʪ ʩʣʘʙˀʝˁʘ, ʘ 2 f cb= p  ʬʘʟʥʠ ʢʦʝʬʠʮʠʿʝʥʪ, ʛʜʝ ʿʝ c  

ʙʨʟʠʥʘ ʧʨʦʩʪʠʨʘˁʘ ʪʘʣʘʩʘ. ɸʨʛʫʤʝʥʪ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʘʥʩʤʠʩʠʿʝ ʙʠ˂ʝ () ()0f f lf =f -b, ʛʜʝ ʿʝ 

()0 ff  ʦʜʩʪʫʧʘˁʝ ʦʜ ʣʠʥʝʘʨʥʝ ʧʨʦʤʝʥʝ ʬʘʟʝ ʫʩʣʝʜ ʧʨʦʩʪʠʨʘˁʘ ʝʣʝʢʪʨʦʤʘʛʥʝʪʩʢʦʛ ʪʘʣʘʩʘ. 

ɿʘʤʝʥʦʤ ʠʟʨʘʟʘ ʟʘ b ʫ ()ff  ʜʦʙʠʿʘʤʦ () ()0 2f f f l cf =f - p. ʋ ʧʨʝʪʭʦʜʥʦʤ ʠʟʨʘʟʫ t l cD =  

ʿʝ ʝʣʝʢʪʨʠʯʥʦ ʢʘʰˁʝˁʝ, ʧʘ ʿʝ () ()0 2f f f tf =f - p D. ʀʟ ʧʨʝʪʭʦʜʥʦʛ ʠʟʨʘʟʘ ʩʣʝʜʠ ʜʘ ʘʨʛʫʤʝʥʪ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʘʥʩʤʠʩʠʿʝ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʦʧʩʝʛʫ ʫʯʝʩʪʘʥʦʩʪʠ ʤʦʞʝ ʚʠʰʝ ʧʫʪʘ ʜʦʩʪʠʟʘʪʠ 

ʚʨʝʜʥʦʩʪ 180- ,̄ ʥʘʢʦʥ ʯʝʛʘ ʩʝ ʘʫʪʦʤʘʪʩʢʠ ʧʨʝʙʘʮʫʿʝ ʥʘ 180̄ . ʆʧʘʜʘˁʝ ʘʨʛʫʤʝʥʪʘ ʦʜ 180̄  ʜʦ 

180-  ̄ ʙʠ˂ʝ ʫʛʣʘʚʥʦʤ ʣʠʥʝʘʨʥʦ, ʘ ʩʢʦʢ ʦʜ 180-  ̄ ʜʦ 180̄  ʚʝʨʪʠʢʘʣʘʥ, ʰʪʦ ʜʘʿʝ ʠʟʛʣʝʜ 

ʧʦʤʝʥʫʪʠʭ ʪʝʩʪʝʨʘʩʪʠʭ ʠʤʧʫʣʩʘ. ɼʦʜʘʚʘˁʝʤ ʯʣʘʥʘ 2 f tp D ʥʘ ()ff , ʜʦʙʠʿʘʤʦ ʩʘʤʦ ʦʜʩʪʫʧʘˁʝ 

ʦʜ ʣʠʥʝʘʨʥʝ ʧʨʦʤʝʥʝ ʬʘʟʝ. ʊʦ ʜʦʜʘʚʘˁʝ ʨʘʜʠ ʦʧʮʠʿʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʘʰˁʝˁʘ, ʘ ʟʘʜʘʿʝ ʩʝ ʚʨʝʤʝ 

tD. ɸʢʦ ʥʝ ʫʤʝʤʦ ʜʘ ʧʨʦʮʝʥʠʤʦ ʚʨʝʜʥʦʩʪ ʝʣʝʢʪʨʠʯʥʦʛ ʢʘʰˁʝˁʘ, ʜʦʙʨʫ ʧʦʯʝʪʥʫ ʧʨʦʮʝʥʫ 

ʦʧʩʝʛʘ ʚʨʝʤʝʥʘ tD ʤʦʞʝʤʦ ʜʦʙʠʪʠ ʠʟ ʦʧʩʝʛʘ ʚʨʝʤʝʥʘ ʛʨʫʧʥʦʛ ʢʘʰˁʝˁʘ. 

ʉʦʬʪʚʝʨ VNA ʥʫʜʠ ʠ ʥʠʟ ʜʨʫʛʠʭ ʤʦʛʫ˂ʥʦʩʪʠ, ʥʘ ʧʨʠʤʝʨ ʢʦʨʠʰ˂ʝˁʝ ʤʘʨʢʝʨʘ ʟʘ ʧʨʝʮʠʟʥʦ 

ʦʯʠʪʘʚʘˁʝ ʢʦʥʢʨʝʪʥʠʭ ʚʨʝʜʥʦʩʪʠ ʧʦʩʤʘʪʨʘʥʝ ʚʝʣʠʯʠʥʝ (ʥʘ ʧʨʠʤʝʨ, ʫ ʝʢʩʪʨʝʤʫʤʠʤʘ), ʠʣʠ ʟʘ 

ʧʦʨʝʹʝˁʝ ʚʠʰʝ ʨʝʟʫʣʪʘʪʘ ʧʨʝʢʣʘʧʘˁʝʤ ʛʨʘʬʠʢʘ. ʉʧʠʩʘʢ ʤʦʛʫ˂ʥʦʩʪʠ ʿʝ ʦʧʠʩʘʥ ʫ ʫʧʫʪʩʪʚʫ ʟʘ 

ʨʫʢʦʚʘˁʝ ʘʥʘʣʠʟʘʪʦʨʦʤ ʤʨʝʞʘ. 

VNA ʩʝ ʤʦʞʝ ʢʦʥʪʨʦʣʠʩʘʪʠ ʠ ʧʨʝʢʦ ʩʧʦˀʥʦʛ ʨʘʯʫʥʘʨʘ, ʘ ʥʘʿʚʝ˂ʘ ʢʦʨʠʩʪ ʦʜ ʩʧʦˀʘʰˁʝ 

ʢʦʥʪʨʦʣʝ ʿʝ ʫ ʩʠʪʫʘʮʠʿʘʤʘ ʢʘʜʘ ʿʝ VNA ʜʝʦ ʰʠʨʝʛ ʤʝʨʥʦʛ ʩʠʩʪʝʤʘ, ʥʘ ʧʨʠʤʝʨ ʫ ʧʦʩʪʘʚʮʠ ʟʘ 

ʘʥʪʝʥʩʢʘ ʤʝʨʝˁʘ. 

ɻʣʘʚʥʠ ʧʨʦʠʟʚʦʹʘʯʠ ʚʝʢʪʦʨʩʢʠʭ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʫ ʩʚʝʪʫ ʩʫ Keysight technologies (ʨʘʥʠʿʝ 

ʩʝ ʬʠʨʤʘ ʟʚʘʣʘ Agilent, ʘ ʿʦʰ ʨʘʥʠʿʝ HP ʤʝʨʥʘ ʜʠʚʠʟʠʿʘ), Rohde&Schwarz ʠ Anritsu. ɸʢʦ ʨʘʜʥʝ 

ʫʯʝʩʪʘʥʦʩʪʠ ʥʠʩʫ ʚʠʩʦʢʝ, ʘ ʟʘʭʪʝʚʘʥʘ ʪʘʯʥʦʩʪ ʿʝ ʫʤʝʨʝʥʘ, Ă˅ʝʧʥʠñ VNA ʩʫ ʜʦʩʪʫʧʥʠ ʧʦ ʚʝʦʤʘ 

ʧʦʚʦˀʥʠʤ ʮʝʥʘʤʘ. 
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1.16 ʇʠʪʘˁʘ ʟʘ ʧʨʦʚʝʨʫ ʟʥʘˁʘ 

1. (ʘ) ʆʙʿʘʩʥʠʪʠ ʥʘʤʝʥʫ ʤʠʢʨʦʪʘʣʘʩʥʦʛ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ. (ʙ) ʉʢʠʮʠʨʘʪʠ ʙʣʦʢ ʰʝʤʫ 

ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʠ ʦʧʠʩʘʪʠ ʫʣʦʛʫ ʩʚʘʢʦʛ ʦʜ ʯʝʪʠʨʠ ʦʩʥʦʚʥʘ ʬʫʥʢʮʠʦʥʘʣʥʘ ʙʣʦʢʘ. 

2. ʅʘʚʝʩʪʠ ʩʢʣʦʧʦʚʝ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʨʘʟʜʚʘʿʘˁʝ ʨʝʬʝʨʝʥʪʥʦʛ ʩʠʛʥʘʣʘ (ʩʠʛʥʘʣʘ ʢʦʿʠ ʩʝ 

ʤʝʨʠ ʢʘʥʘʣʦʤ R) ʠ ʠʥʮʠʜʝʥʪʥʦʛ ʩʠʛʥʘʣʘ (ʧʦʙʫʜʥʦʛ ʩʠʛʥʘʣʘ ʟʘ ʫʨʝʹʘʿ ʢʦʿʠ ʩʝ ʠʩʧʠʪʫʿʝ) 

ʫ ʘʥʘʣʠʟʘʪʦʨʫ ʤʨʝʞʘ. ʆʙʿʘʩʥʠʪʠ ʥʘʯʠʥ ʨʘʜʘ ʠ ʥʘʚʝʩʪʠ ʧʨʝʜʥʦʩʪʠ ʠ ʥʝʜʦʩʪʘʪʢʝ ʩʚʘʢʦʛ 

ʦʜ ˁʠʭ. 

3. ʅʘʚʝʩʪʠ ʩʢʣʦʧʦʚʝ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʨʘʟʜʚʘʿʘˁʝ ʠʥʮʠʜʝʥʪʥʦʛ ʩʠʛʥʘʣʘ (ʧʦʙʫʜʥʦʛ 

ʩʠʛʥʘʣʘ ʟʘ ʫʨʝʹʘʿ ʢʦʿʠ ʩʝ ʠʩʧʠʪʫʿʝ) ʠ ʨʝʬʣʝʢʪʦʚʘʥʦʛ ʩʠʛʥʘʣʘ (ʩʠʛʥʘʣʘ ʢʦʿʠ ʩʝ ʤʝʨʠ 

ʢʘʥʘʣʦʤ ɸ) ʫ ʘʥʘʣʠʟʘʪʦʨʫ ʤʨʝʞʘ. ʆʙʿʘʩʥʠʪʠ ʥʘʯʠʥ ʨʘʜʘ ʠ ʥʘʚʝʩʪʠ ʧʨʝʜʥʦʩʪʠ ʠ 

ʥʝʜʦʩʪʘʪʢʝ ʩʚʘʢʦʛ ʦʜ ˁʠʭ. 

4. ʉʢʠʮʠʨʘʪʠ ʙʣʦʢ ʰʝʤʝ ʠ ʦʧʠʩʘʪʠ ʥʘʯʠʥ ʨʘʜʘ (ʘ) transmission/reflection ʪʝʩʪ ʩʝʪʘ, ʠ 

(ʙ) S-parameter ʪʝʩʪ ʩʝʪʘ. 

5. (ʘ) ʅʘʚʝʩʪʠ ʦʩʥʦʚʥʫ ʬʫʥʢʮʠʦʥʘʣʥʫ ʨʘʟʣʠʢʫ ʠʟʤʝʹʫ ʩʢʘʣʘʨʥʦʛ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʠ 

ʚʝʢʪʦʨʩʢʦʛ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ. (ʙ) ʅʘʚʝʩʪʠ ʦʩʥʦʚʥʝ ʧʨʝʜʥʦʩʪʠ ʠ ʥʝʜʦʩʪʘʪʢʝ 

Ăʰʠʨʦʢʦʧʦʿʘʩʥʝ ʜʝʪʝʢʮʠʿʝñ ʫ ʦʜʥʦʩʫ ʥʘ Ăʫʩʢʦʧʦʿʘʩʥʫ ʜʝʪʝʢʮʠʿʫñ. 

6. ʉʢʠʮʠʨʘʪʠ ʙʣʦʢ ʰʝʤʫ ʜʠʦʜʥʦʛ ʜʝʪʝʢʪʦʨʘ ʠ ʦʙʿʘʩʥʠʪʠ ʧʨʠʥʮʠʧ ʨʘʜʘ. 

7. (ʘ) ʉʢʠʮʠʨʘʪʠ ʙʣʦʢ ʰʝʤʫ ʧʨʠʿʝʤʥʠʢʘ ʢʦʜ ʚʝʢʪʦʨʩʢʦʛ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʠ ʦʙʿʘʩʥʠʪʠ 

ʧʨʠʥʮʠʧ ʨʘʜʘ. (ʙ) ʆʙʿʘʩʥʠʪʠ ʧʨʝʜʥʦʩʪʠ ʠ ʤʘʥʝ ʢʦʨʠʰ˂ʝˁʘ ʩʝʤʧʣʝʨʘ (sampler) ʫʤʝʩʪʦ 

ʤʠʢʩʝʨʘ ʥʘ ʫʣʘʟʫ ʫʩʢʦʧʦʿʘʩʥʦʛ ʧʨʠʿʝʤʥʠʢʘ ʢʦʜ ʚʝʢʪʦʨʩʢʦʛ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ. 

8. ʉʢʠʮʠʨʘʪʠ ʙʣʦʢ ʰʝʤʫ ʘʧʘʨʘʪʫʨʝ ʟʘ ʤʝʨʝˁʝ ʤʦʜʫʣʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ ʧʦʤʦ˂ʫ 

ʩʢʘʣʘʨʥʦʛ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʠ ʦʙʿʘʩʥʠʪʠ ʫʣʦʛʫ ʩʚʘʢʦʛ ʦʜ ʩʢʠʮʠʨʘʥʠʭ ʩʢʣʦʧʦʚʘ. 

9. ʉʢʠʮʠʨʘʪʠ ʙʣʦʢ ʰʝʤʫ ʘʧʘʨʘʪʫʨʝ ʟʘ ʤʝʨʝˁʝ ʤʦʜʫʣʘ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʘʥʩʤʠʩʠʿʝ ʧʦʤʦ˂ʫ 

ʩʢʘʣʘʨʥʦʛ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʠ ʦʙʿʘʩʥʠʪʠ ʫʣʦʛʫ ʩʚʘʢʦʛ ʦʜ ʩʢʠʮʠʨʘʥʠʭ ʩʢʣʦʧʦʚʘ. 

10. (ʘ) ʐʪʘ ʧʦʜʨʘʟʫʤʝʚʘʤʦ ʧʦʜ ʜʠʥʘʤʠʯʢʠʤ ʦʧʩʝʛʦʤ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ? (ʙ) ʅʘʚʝʩʪʠ 

ʪʠʧʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʜʠʥʘʤʠʯʢʦʛ ʦʧʩʝʛʘ ʢʦʜ ʩʢʘʣʘʨʥʠʭ, ʦʜʥʦʩʥʦ ʚʝʢʪʦʨʩʢʠʭ, ʘʥʘʣʠʟʘʪʦʨʘ 

ʤʨʝʞʘ ʠ ʦʙʿʘʩʥʠʪʠ ʫʟʨʦʢʝ ʪʘʢʚʠʭ ʜʠʥʘʤʠʯʢʠʭ ʦʧʩʝʛʘ. (ʚ) ʅʘʚʝʩʪʠ ʧʦʩʪʫʧʢʝ ʢʦʿʠʤʘ ʩʝ 

ʧʨʠ ʤʝʨʝˁʫ ʩʢʘʣʘʨʥʠʤ, ʦʜʥʦʩʥʦ ʚʝʢʪʦʨʩʢʠʤ, ʘʥʘʣʠʟʘʪʦʨʦʤ ʤʨʝʞʘ ʤʦʞʝ ʧʦʚʝ˂ʘʪʠ 

ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʤʝʨʝˁʘ ʠ ʦʙʿʘʩʥʠʪʠ ʥʘʯʠʥʝ ˁʠʭʦʚʦʛ ʜʝʣʦʚʘˁʘ. 

11. (ʘ) ʅʘʚʝʩʪʠ ʪʨʠ ʦʩʥʦʚʥʝ ʚʨʩʪʝ ʢʦʘʢʩʠʿʘʣʥʠʭ ʢʘʙʣʦʚʘ ʠ ʪʠʧʠʯʥʝ ʧʨʠʤʝʥʝ ʩʚʘʢʝ ʦʜ ʚʨʩʪʘ. 

(ʙ) ʆʧʠʩʘʪʠ ʩʪʨʫʢʪʫʨʫ ʢʦʤʝʨʮʠʿʘʣʥʠʭ ʩʘʚʠʪˀʠʚʠʭ ʢʦʘʢʩʠʿʘʣʥʠʭ ʢʘʙʣʦʚʘ ʠ ʥʘʚʝʩʪʠ 

ʚʝʣʠʯʠʥʝ ʢʦʿʠʤʘ ʩʝ ʦʚʠ ʢʘʙʣʦʚʠ ʢʘʨʘʢʪʝʨʠʰʫ. 

12. (ʘ) ʅʘʚʝʩʪʠ ʪʠʧʦʚʝ ʢʦʘʢʩʠʿʘʣʥʠʭ ʢʦʥʝʢʪʦʨʘ ʢʦʿʠ ʩʝ ʠʟʨʘʹʫʿʫ ʫ Ăʤʫʰʢʦʿñ ʠ Ăʞʝʥʩʢʦʿñ 

ʚʝʨʟʠʿʠ, ʘ ʢʦʨʠʩʪʝ ʩʝ ʫ ʤʠʢʨʦʪʘʣʘʩʥʠʤ ʤʝʨʝˁʠʤʘ. ʅʘʚʝʩʪʠ ˁʠʭʦʚʝ ʤʘʢʩʠʤʘʣʥʝ ʨʘʜʥʝ 

ʫʯʝʩʪʘʥʦʩʪʠ, ʢʘʦ ʠ ʢʦʿʠ ʦʜ ˁʠʭ ʩʫ ʤʝʹʫʩʦʙʥʦ ʢʦʤʧʘʪʠʙʠʣʥʠ. (ʙ) ʅʘʚʝʩʪʠ ʿʝʜʘʥ ʪʠʧ 

Ăʙʝʩʧʦʣʥʠʭñ ʢʦʥʝʢʪʦʨʘ. (ʚ) ʏʝʤʫ ʩʣʫʞʝ ʘʜʘʧʪʝʨʠ? (ʛ) ʂʘʢʦ ʩʝ ʫʦʙʠʯʘʿʝʥʦ ʤʝʨʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʦʥʝʢʪʦʨʘ? 

13. (ʘ) ʉʢʠʮʠʨʘʪʠ ʫʧʨʦʰ˂ʝʥʫ ʙʣʦʢ ʰʝʤʫ ʚʝʢʪʦʨʩʢʦʛ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ (ʫ ʯʠʿʝʤ ʩʝ ʪʝʩʪ-

ʩʝʪʫ ʥʘʣʘʟʝ ʫʩʤʝʨʝʥʠ ʩʧʨʝʞˁʘʮʠ) ʫ ʢʦʥʬʠʛʫʨʘʮʠʿʠ ʟʘ ʤʝʨʝˁʝ ʨʝʬʣʝʢʩʠʿʝ ʫʨʝʹʘʿʘ ʩʘ 

ʿʝʜʥʠʤ ʧʦʨʪʦʤ. (ʙ) ʅʘʟʥʘʯʠʪʠ ʩʠʛʥʘʣʝ ʢʦʿʠ ʧʨʦʣʘʟʝ ʢʨʦʟ ʫʩʤʝʨʝʥʠ ʩʧʨʝʞˁʘʢ ʠʩʧʨʝʜ 

ʤʝʨʝʥʦʛ ʫʨʝʹʘʿʘ ʠ ʦʙʿʘʩʥʠʪʠ ʢʘʢʦ ʥʘʩʪʘʿʝ ʛʨʝʰʢʘ ʤʝʨʝˁʘ. 
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14. (ʘ) ʐʪʘ ʩʝ ʧʦʜʨʘʟʫʤʝʚʘ ʧʦʜ ñʢʘʣʠʙʨʘʮʠʿʦʤò? (ʙ) ʅʘʚʝʩʪʠ ʪʨʠ ʧʨʦʠʟʚʦˀʥʝ ʚʨʩʪʝ 

ʢʘʣʠʙʨʘʮʠʿʝ (ʟʘ ʚʝʢʪʦʨʩʢʠ ʘʥʘʣʠʟʘʪʦʨ ʤʨʝʞʘ Agilent E5062A) ʠ ʜʝʿʩʪʚʦ ʩʚʘʢʝ ʦʜ ˁʠʭ. 

15. ʆʙʿʘʩʥʠʪʠ ʢʘʢʦ ʩʝ ʠʟʚʦʜʠ ʠ ʢʦʿʝ ʛʨʝʰʢʝ ʠʩʧʨʘʚˀʘ RESPONSE ʢʘʣʠʙʨʘʮʠʿʘ ʧʨʠ ʤʝʨʝˁʫ 

(ʘ) ʨʝʬʣʝʢʩʠʿʝ, ʠ (ʙ) ʪʨʘʥʩʤʠʩʠʿʝ. (ʚ) ʆʙʿʘʩʥʠʪʠ ʢʘʢʦ ʩʝ ʤʝʨʠ ʧʨʝʩʣʫʰʘʚʘˁʝ 

(CROSSTALK) ʠʟʤʝʹʫ ʧʦʨʪʦʚʘ ʚʝʢʪʦʨʩʢʦʛ ʘʥʘʣʠʟʘʪʦʨʘ ʤʨʝʞʘ ʠ ʥʘʚʝʩʪʠ ʫ ʢʦʿʠʤ 

ʩʣʫʯʘʿʝʚʠʤʘ ʿʝ ʚʘʞʥʘ ʢʦʨʝʢʮʠʿʘ ʦʚʝ ʛʨʝʰʢʝ ʤʝʨʝˁʘ. 

16. (ʘ) ʅʘʮʨʪʘʪʠ ʤʦʜʝʣ ʛʨʝʰʢʝ (ʜʠʿʘʛʨʘʤ ʪʦʢʘ ï flow graph) ʟʘ SOLT 1ïPORT ʢʘʣʠʙʨʘʮʠʿʫ. 

(ʙ) ʀʟʚʝʩʪʠ ʠʟʨʘʟ ʢʦʿʠ ʦʧʠʩʫʿʝ ʚʝʟʫ ʠʟʤʝʹʫ ʠʟʤʝʨʝʥʦʛ ʠ ʩʪʚʘʨʥʦʛ ʢʦʝʬʠʮʠʿʝʥʪʘ 

ʨʝʬʣʝʢʩʠʿʝ (ʧʘʨʘʤʝʪʨʘ S11). (ʚ) ʇʦʣʘʟʝ˂ʠ ʦʜ ʧʨʝʪʭʦʜʥʦʛ ʠʟʨʘʟʘ, ʦʧʠʩʘʪʠ ʥʘʯʠʥ ʥʘ ʢʦʿʠ 

ʩʝ ʦʚʘ ʢʘʣʠʙʨʘʮʠʿʘ ʠʟʚʦʜʠ ʠ ʦʢʚʠʨʥʦ ʥʘʚʝʩʪʠ ʛʨʝʰʢʝ ʤʝʨʝˁʘ ʢʦʿʝ ʩʝ ˁʦʤʝ ʢʦʨʠʛʫʿʫ. 

17. (ʘ) ʅʘʮʨʪʘʪʠ ʤʦʜʝʣ ʛʨʝʰʢʝ (ʜʠʿʘʛʨʘʤ ʪʦʢʘ ï flow graph) ʟʘ SOLT full 2ïPORT 

ʢʘʣʠʙʨʘʮʠʿʫ. (ʙ) ʆʧʠʩʘʪʠ ʥʘʯʠʥ ʥʘ ʢʦʿʠ ʩʝ ʦʚʘ ʢʘʣʠʙʨʘʮʠʿʘ ʠʟʚʦʜʠ ʠ ʦʢʚʠʨʥʦ ʥʘʚʝʩʪʠ 

ʛʨʝʰʢʝ ʤʝʨʝˁʘ ʢʦʿʝ ʩʝ ˁʦʤʝ ʢʦʨʠʛʫʿʫ. 

18. (ʘ) ʆʙʿʘʩʥʠʪʠ ʧʨʝʜʥʦʩʪʠ TRL ʢʘʣʠʙʨʘʮʠʿʝ ʥʘʜ SOLT ʢʘʣʠʙʨʘʮʠʿʦʤ ʫ ʥʝʢʦʘʢʩʠʿʘʣʥʠʤ 

ʧʨʠʤʝʥʘʤʘ. (ʙ) ʂʦʠʿ ʩʝ ʩʪʘʥʜʘʨʜʠ ʢʦʨʠʩʪʝ ʧʨʠ SOLT ʢʘʣʠʙʨʘʮʠʿʠ ʠ ʢʦʿʠʤ ʧʘʨʘʤʝʪʨʠʤʘ 

ʩʝ ʩʚʘʢʠ ʦʜ ˁʠʭ ʢʘʨʘʢʪʝʨʠʰʝ (ʚ) ʂʦʿʠ ʩʝ ʩʪʘʥʜʘʨʜʠ ʢʦʨʠʩʪʝ ʧʨʠ TRL ʢʘʣʠʙʨʘʮʠʿʠ ʠ 

ʢʦʿʠʤ ʧʘʨʘʤʝʪʨʠʤʘ ʩʝ ʩʚʘʢʠ ʦʜ ˁʠʭ ʢʘʨʘʢʪʝʨʠʰʝ. (ʛ) ʆʙʿʘʩʥʠʪʠ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ test 

fixture-a ʧʨʠʣʘʛʦʹʝʥʠʭ SOLT ʢʘʣʠʙʨʘʮʠʿʠ ʠ test fixture-a ʧʨʠʣʘʛʦʹʝʥʠʭ TRL 

ʢʘʣʠʙʨʘʮʠʿʠ. 

19. ʆʜʨʝʹʠʚʘˁʝ ʤʝʨʥʝ ʥʝʩʠʛʫʨʥʦʩʪʠ (measurement uncertainty) ʧʨʠ ʤʝʨʝˁʫ ʤʦʜʫʣʘ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ ʜʚʦʧʦʨʪʥʦʛ ʫʨʝʹʘʿʘ ʚʝʢʪʦʨʩʢʠʤ ʘʥʘʣʠʟʘʪʦʨʦʤ ʤʨʝʞʘ. ʄʦʛʫ˂ʝ 

ʩʫ ʨʘʟʥʝ ʚʘʨʠʿʘʥʪʝ. ʇʦʟʥʘʪʠ ʧʘʨʘʤʝʪʨʠ ʤʦʛʫ ʙʠʪʠ |s11| (ili RETURN LOSS) ʠ |s21| (ʠʣʠ 

INSERTION LOSS) ʤʝʨʝʥʦʛ ʫʨʝʹʘʿʘ, ʫʩʤʝʨʝʥʦʩʪ (DIRECTIVITY) ʫʩʤʝʨʝʥʦʛ 

ʩʧʨʝʞˁʘʢʘ, ʤʦʜʫʣ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ ʧʦʨʪʘ 2 (LOAD MATCH), ʠ INSERTION 

LOSS ʠ SWR ʝʚʝʥʪʫʘʣʥʦʛ ʘʪʝʥʫʘʪʦʨʘ ʫʤʝʪʥʫʪʦʛ ʠʟʤʝʹʫ ʤʝʨʝʥʦʛ ʫʨʝʹʘʿʘ ʠ ʧʦʨʪʘ 2. 

20. ʆʜʨʝʹʠʚʘˁʝ ʤʝʨʥʝ ʥʝʩʠʛʫʨʥʦʩʪʠ (measurement uncertainty) ʧʨʠ ʤʝʨʝˁʫ ʤʦʜʫʣʘ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʘʥʩʤʠʩʠʿʝ ʜʚʦʧʦʨʪʥʦʛ ʫʨʝʹʘʿʘ ʚʝʢʪʦʨʩʢʠʤ ʘʥʘʣʠʟʘʪʦʨʦʤ ʤʨʝʞʘ. 

ʄʦʛʫ˂ʝ ʩʫ ʨʘʟʥʝ ʚʘʨʠʿʘʥʪʝ. ʇʦʟʥʘʪʠ ʧʘʨʘʤʝʪʨʠ ʤʦʛʫ ʙʠʪʠ |s11| (ʠʣʠ RETURN LOSS) ʠ 

|s21| (ʠʣʠ INSERTION LOSS) ʤʝʨʝʥʦʛ ʫʨʝʹʘʿʘ, ʤʦʜʫʣʠ ʢʦʝʬʠʮʠʿʝʥʪʘ ʨʝʬʣʝʢʩʠʿʝ ʧʦʨʪʘ 1 

ʠ 2 (SOURCE MATCH ʠ LOAD MATCH), ʠ INSERTION LOSS ʠ SWR ʝʚʝʥʪʫʘʣʥʦʛ 

ʘʪʝʥʫʘʪʦʨʘ ʫʤʝʪʥʫʪʦʛ ʠʟʤʝʹʫ ʤʝʨʝʥʦʛ ʫʨʝʹʘʿʘ ʠ ʧʦʨʪʘ 2. 

21. (ʘ) ʅʫʤʝʨʠʯʢʠ ʧʨʝʜʩʪʘʚʠʪʠ ʫʜʝʦ ʢʦʿʠ ʧʨʦʩʪʠʨʘˁʝ ʪʘʣʘʩʘ ʢʨʦʟ DUT ʠʤʘ ʫ ʧʨʠʢʘʟʫ 

ʘʨʛʫʤʝʥʪʘ s21-ʧʘʨʘʤʝʪʨʘ ʥʘ ʘʥʘʣʠʟʘʪʦʨʫ ʤʨʝʞʘ. (ʙ) ʆʙʿʘʩʥʠʪʠ ʢʘʢʦ ʩʝ ʫ ʘʥʘʣʠʟʘʪʦʨʫ 

ʤʨʝʞʘ E5062A, ʢʦʨʠʰ˂ʝˁʝʤ ʬʫʥʢʮʠʿʘ Group Delay ʠ Electrical Delay, ʤʦʞʝ ʧʨʠ ʧʨʠʢʘʟʫ 

ʘʨʛʫʤʝʥʪʘ s21-ʧʘʨʘʤʝʪʨʘ ʫʢʣʦʥʠʪʠ ʣʠʥʝʘʨʥʠ ʜʝʦ ʧʨʦʤʝʥʝ ʘʨʛʫʤʝʥʪʘ. 

22. ʅʘʚʝʩʪʠ ʚʨʩʪʝ SWEEP-ʦʚʘˁʘ ʫ ʘʥʘʣʠʟʘʪʦʨʫ ʤʨʝʞʘ E5062A ʠ ʦʙʿʘʩʥʠʪʠ ʫ ʢʦʿʠʤ 

ʤʝʨʝˁʠʤʘ ʩʝ ʢʦʨʠʩʪʠ ʩʚʘʢʘ ʦʜ ʚʨʩʪʘ. 

23. (ʘ) ʐʪʘ ʩʫ ʪʦ NON-INSERTABLE ʫʨʝʹʘʿʠ? (ʙ) ʂʦʿʠ ʩʝ ʧʨʦʙʣʝʤʠ ʿʘʚˀʘʿʫ ʧʨʠ ʤʝʨʝˁʫ 

THRU ʩʪʘʥʜʘʨʜʘ ʥʘ ʧʨʠʢˀʫʯʮʠʤʘ ʦʚʘʢʚʠʭ ʫʨʝʹʘʿʘ? (ʚ) ʆʙʿʘʩʥʠʪʠ ʧʦʩʪʫʧʘʢ SWAP 

EQUAL ADAPTERS ʟʘ ʢʦʨʝʢʮʠʿʫ ʛʨʝʰʢʝ ʢʘʣʠʙʨʘʮʠʿʝ ʢʦʜ NON-INSERTABLE ʫʨʝʹʘʿʘ. 
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2 ʄʝʨʝˁʝ ʫʯʝʩʪʘʥʦʩʪʠ ʠ ʥʠʚʦʘ ʩʠʛʥʘʣʘ 

ʘʥʘʣʠʟʘʪʦʨʦʤ ʩʧʝʢʪʨʘ 

ɽʣʝʢʪʨʠʯʥʠ ʩʠʛʥʘʣʠ ʩʝ ʧʨʠʨʦʜʥʦ ʢʘʨʘʢʪʝʨʠʰʫ ʩʚʦʿʦʤ ʪʨʝʥʫʪʥʦʤ ʚʨʝʜʥʦʰ˂ʫ. ʇʨʠʢʘʟ ʥʠʚʦʘ 

ʩʠʛʥʘʣʘ ʫ ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ ʥʘʟʠʚʘʤʦ ˁʝʛʦʚʦʤ ʧʨʝʜʩʪʘʚʦʤ ʫ ʚʨʝʤʝʥʩʢʦʤ ʜʦʤʝʥʫ. ʋʨʝʹʘʿʠ ʢʦʿʠ 

ʧʨʠʢʘʟʫʿʫ ʩʠʛʥʘʣ ʫ ʚʨʝʤʝʥʩʢʦʤ ʜʦʤʝʥʫ ʥʘʟʠʚʘʿʫ ʩʝ ʦʩʮʠʣʦʩʢʦʧʠ. ɿʘ ʝʣʝʢʪʨʠʯʥʠ ʩʠʛʥʘʣ ʤʦʞʝ 

ʙʠʪʠ ʟʥʘʯʘʿʥʘ ʠ ˁʝʛʦʚʘ ʧʨʝʜʩʪʘʚʘ ʫ ʬʨʝʢʚʝʥʮʠʿʩʢʦʤ ʜʦʤʝʥʫðʩʧʝʢʪʘʨ ʩʠʛʥʘʣʘ. ʉʧʝʢʪʘʨ 

ʩʠʛʥʘʣʘ ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʩʘʩʪʦʿʠ ʩʝ ʠʟ ʙʝʩʢʦʥʘʯʥʦʛ ʙʨʦʿʘ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʠʭ ʩʠʛʥʘʣʘ 

ʦʜʨʝʹʝʥʠʭ ʘʤʧʣʠʪʫʜʘ, ʫʯʝʩʪʘʥʦʩʪʠ ʠ ʬʘʟʘ. ʋʨʝʹʘʿʠ ʢʦʿʠ ʧʨʠʢʘʟʫʿʫ ʩʠʛʥʘʣ ʫ ʬʨʝʢʚʝʥʮʠʿʩʢʦʤ 

ʜʦʤʝʥʫ ʥʘʟʠʚʘʿʫ ʩʝ ʘʥʘʣʠʟʘʪʦʨʠ ʩʧʝʢʪʨʘ ʠ (ʚʝʢʪʦʨʩʢʠ) ʘʥʘʣʠʟʘʪʦʨʠ ʩʠʛʥʘʣʘ. ʆʩʥʦʚʥʘ ʥʘʤʝʥʘ 

ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʿʝ ʤʝʨʝˁʝ ʠ ʧʨʠʢʘʟ ʥʠʚʦʘ (ʦʜʥʦʩʥʦ ʘʤʧʣʠʪʫʜʝ) ʩʠʛʥʘʣʘ ʟʘ ʩʚʘʢʫ 

ʬʨʝʢʚʝʥʮʠʿʫ (ʫʯʝʩʪʘʥʦʩʪ) ʠʟ ʟʘʜʘʪʦʛ ʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʦʧʩʝʛʘ. ɸʥʘʣʠʟʘʪʦʨ ʩʠʛʥʘʣʘ, ʧʦʨʝʜ 

ʘʤʧʣʠʪʫʜʝ, ʤʝʨʠ ʠ ʬʘʟʫ ʩʠʛʥʘʣʘ, ʰʪʦ ʿʝ ʚʘʞʥʦ ʢʦʜ ʩʣʦʞʝʥʠʭ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʦʥʠʭ ʩʠʛʥʘʣʘ. 

ʊʨʘʜʠʮʠʦʥʘʣʥʦ, ʘʥʘʣʠʟʘʪʦʨʠ ʩʧʝʢʪʨʘ ʩʝ ʨʝʘʣʠʟʫʿʫ Ăʧʨʦʣʘʩʢʦʤñ ʬʠʣʪʨʘ ʧʨʦʧʫʩʥʠʢʘ ʦʧʩʝʛʘ 

ʫʯʝʩʪʘʥʦʩʪʠ ʢʨʦʟ ʦʧʩʝʛ ʫʯʝʩʪʘʥʦʩʪʠ ʦʜ ʠʥʪʝʨʝʩʘ (swept frequency, swept-tuned) ʠ ʤʝʨʝˁʝʤ 

ʥʠʚʦʘ ʬʠʣʪʨʠʨʘʥʦʛ ʩʘʜʨʞʘʿʘ ʘʥʘʣʠʟʠʨʘʥʦʛ ʩʠʛʥʘʣʘ ʫ ʟʘʜʘʪʦʤ ʙʨʦʿʫ ʫʯʝʩʪʘʥʦʩʪʠ. ʆʚʘʿ ʧʨʦʮʝʩ 

ʥʠʿʝ ʪʨʝʥʫʪʘʥ, ʧʘ ʩʝ ʥʘ ʦʚʘʿ ʥʘʯʠʥ ʤʦʞʝ ʜʦʙʠʪʠ ʚʝʨʦʜʦʩʪʦʿʘʥ ʩʧʝʢʪʘʨ ʩʘʤʦ ʫʢʦʣʠʢʦ ʿʝ ʪʘʿ 

ʩʧʝʢʪʘʨ ʥʝʧʨʦʤʝʥˀʠʚ (ʠʣʠ ʜʦʚʦˀʥʦ ʩʧʦʨʦʧʨʦʤʝʥˀʠʚ) ʫ ʚʨʝʤʝʥʫ. ʋʢʦʣʠʢʦ ʩʝ ʩʧʝʢʪʘʨ 

ʘʥʘʣʠʟʠʨʘʥʦʛ ʩʠʛʥʘʣʘ ʤʝˁʘ ʪʦʢʦʤ ʿʝʜʥʦʛ ʧʨʦʣʘʩʢʘ ʬʠʣʪʨʘ ʢʨʦʟ ʦʧʩʝʛ ʫʯʝʩʪʘʥʦʩʪʠ, ʥʝ˂ʝʤʦ 

ʠʤʘʪʠ ʚʝʨʘʥ ʧʨʠʢʘʟ ʩʧʝʢʪʨʘ ʪʦʛ ʩʠʛʥʘʣʘ. ɼʘ ʙʠʩʤʦ ʚʝʨʦʜʦʩʪʦʿʥʦ ʧʨʠʢʘʟʘʣʠ ʧʨʦʤʝʥˀʠʚʠ 

ʩʧʝʢʪʘʨ (ʢʦʜ, ʥʘ ʧʨʠʤʝʨ, ʪʨʘʥʟʠʿʝʥʪʥʠʭ ʠ ʜʠʛʠʪʘʣʥʦ ʤʦʜʫʣʠʩʘʥʠʭ ʩʠʛʥʘʣʘ) ʧʦʪʨʝʙʥʦ ʿʝ ʯʠʪʘʚ 

ʩʧʝʢʪʘʨ ʦʢʘʨʘʢʪʝʨʠʩʘʪʠ ʠʩʪʦʚʨʝʤʝʥʦ. ʊʘʢʚʦ ʨʝʰʝˁʝ ʟʦʚʝʤʦ ʩʧʝʢʪʨʘʣʥʦʤ ʘʥʘʣʠʟʦʤ ʫ ʨʝʘʣʥʦʤ 

ʚʨʝʤʝʥʫ (real-time). ɱʝʜʥʘ ʤʦʛʫ˂ʥʦʩʪ ʟʘ ʩʧʝʢʪʨʘʣʥʫ ʘʥʘʣʠʟʫ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʿʝ ʢʦʨʠʰ˂ʝˁʝ 

ʤʥʦʰʪʚʘ ʧʘʨʘʣʝʣʥʠʭ ʬʠʣʪʘʨʘ ʧʨʦʧʫʩʥʠʢʘ ʦʧʩʝʛʘ ʫʯʝʩʪʘʥʦʩʪʠ, ʦʜ ʢʦʿʠʭ ʩʚʘʢʠ ʧʦʢʨʠʚʘ ʿʝʜʘʥ 

ʜʝʦ ʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʦʧʩʝʛʘ ʦʜ ʠʥʪʝʨʝʩʘ (ʫʤʝʩʪʦ ʩʘʤʦ ʿʝʜʥʦʛ, ʢʦʿʠ ʧʨʦʣʘʟʠ ʢʨʦʟ ʯʠʪʘʚ 

ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʦʧʩʝʛ ʠ ʟʘ ʪʦ ʤʫ ʪʨʝʙʘ ʥʘʟʘʥʝʤʘʨˀʠʚʦ ʚʨʝʤʝ). ʉʚʠ ʧʘʨʘʣʝʣʥʠ ʬʠʣʪʨʠ ʤʝʨʝ ʜʝʦ 

ʩʠʛʥʘʣʘ ʢʦʿʠ ʿʝ ʧʨʦʰʘʦ ʢʨʦʟ ˁʠʭ ʠʩʪʦʚʨʝʤʝʥʦ, ʢʘʨʘʢʪʝʨʠʰʫ˂ʠ ʩʧʝʢʪʘʨ ʩʠʛʥʘʣʘ ʫ ʧʦʩʤʘʪʨʘʥʦʤ 

ʪʨʝʥʫʪʢʫ. ʆʚʦ ʨʝʰʝˁʝ ʥʠʿʝ ʧʨʘʢʪʠʯʥʦ ʟʙʦʛ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʧʦʪʨʝʙʥʠʭ ʬʠʣʪʘʨʘ ʟʘ ʠʦʣʝ 

ʫʧʦʪʨʝʙˀʠʚʫ ʬʨʝʢʚʝʥʮʠʿʩʢʫ ʨʝʟʦʣʫʮʠʿʫ, ʢʦʿʘ ʩʚʘʢʘʢʦ ʟʘʦʩʪʘʿʝ ʟʘ ʨʝʰʝˁʝʤ ʩʘ ʿʝʜʥʠʤ ʬʠʣʪʨʦʤ 

ʢʦʿʠ ʧʨʦʣʘʟʠ ʢʨʦʟ ʯʠʪʘʚ ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʦʧʩʝʛ. ɼʨʫʛʘ ʤʦʛʫ˂ʥʦʩʪ ʟʘ ʩʧʝʢʪʨʘʣʥʫ ʘʥʘʣʠʟʫ ʫ 

ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʿʝ ʜʠʛʠʪʘʣʠʟʘʮʠʿʘ ʩʠʛʥʘʣʘ ʥʘ ʩʘʤʦʤ ʫʣʘʟʫ ʫ ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ. ʆʚʘʿ ʥʘʯʠʥ 

ʧʨʫʞʘ ʚʝʣʠʢʝ ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ ʜʘˀʫ ʜʠʛʠʪʘʣʥʫ ʦʙʨʘʜʫ, ʢʦʨʠʰ˂ʝˁʝ ʠ ʚʨʝʤʝʥʩʢʦʛ ʠ 

ʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʜʦʤʝʥʘ ʠ ʤʝʨʝˁʝ ʠ ʘʤʧʣʠʪʫʜʝ ʠ ʬʘʟʝ ʩʠʛʥʘʣʘ. ʄʝʹʫʪʠʤ, ʨʝʰʝˁʝ ʥʠʿʝ 

ʫʧʦʪʨʝʙˀʠʚʦ ʟʘ ʚʠʩʦʢʝ ʫʯʝʩʪʘʥʦʩʪʠ ʟʙʦʛ ʦʛʨʘʥʠʯʝʥʝ ʙʨʟʠʥʝ ʘʥʘʣʦʛʥʦ-ʜʠʛʠʪʘʣʥʠʭ (A/D) 

ʢʦʥʚʝʨʪʦʨʘ ʠ ʢʦʣʘ ʟʘ ʜʠʛʠʪʘʣʥʫ ʦʙʨʘʜʫ ʩʠʛʥʘʣʘ. ʇʦʰʪʦ ʩʝ ʧʨʝʣʘʟʘʢ ʠʟ ʚʨʝʤʝʥʩʢʦʛ ʫ 

ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʜʦʤʝʥ ʚʨʰʠ ʙʨʟʦʤ ʌʫʨʠʿʝʦʚʦʤ ʪʨʘʥʩʬʦʨʤʘʮʠʿʦʤ (Fast Fourier Transformð

FFT) ʛʦʚʦʨʠʤʦ ʦ FFT ʘʥʘʣʠʟʘʪʦʨʠʤʘ. FFT ʘʥʘʣʠʟʘʪʦʨʠ ʩʫ ʜʝʦ ʤʦʜʝʨʥʠʭ ʚʝʢʪʦʨʩʢʠʭ 

ʘʥʘʣʠʟʘʪʦʨʘ ʩʠʛʥʘʣʘ. ɼʠʛʠʪʘʣʠʟʘʮʠʿʘ ʩʠʛʥʘʣʘ ʚʨʰʠ ʩʝ ʠ ʫ ʩʘʚʨʝʤʝʥʠʤ ʘʥʘʣʠʟʘʪʦʨʠʤʘ ʩʧʝʢʪʨʘ, 

ʘ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʙʨʟʠʥʝ ʜʠʛʠʪʘʣʥʠʭ ʢʦʣʘ ʩʪʝʧʝʥ ʟʘ A/D ʢʦʥʚʝʨʟʠʿʫ ʧʦʤʝʨʘ ʩʝ ʙʣʠʞʝ ʫʣʘʟʫ ʫ 

ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ, ʦ ʯʝʤʫ ˂ʝʤʦ ʚʠʰʝ ʛʦʚʦʨʠʪʠ ʫ ʥʘʩʪʘʚʢʫ. 



77 
 

ʉʧʝʢʪʘʨ ʩʠʛʥʘʣʘ ʚʘʞʘʥ ʿʝ ʢʦʜ ʧʨʠʤʝʥʘ ʫ ʢʦʿʠʤʘ ʩʠʩʪʝʤ ʨʘʜʠ ʫ ʜʦʜʝˀʝʥʦʤ ʬʨʝʢʚʝʥʮʠʿʩʢʦʤ 

ʦʧʩʝʛʫ. ʊʘʜʘ ʩʝ ʢʦʥʪʨʦʣʠʰʝ ʜʘ ʣʠ ʩʫ ʥʠʚʦʠ ʩʠʛʥʘʣʘ ʠ/ʠʣʠ ʫʯʝʩʪʘʥʦʩʪʠ ʫ ʧʨʝʜʚʠʹʝʥʠʤ 

ʛʨʘʥʠʮʘʤʘ. ʅʘ ʦʩʥʦʚʫ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ ʜʝʬʠʥʠʰʫ ʩʝ ʚʘʞʥʝ ʚʝʣʠʯʠʥʝ ʢʦʿʝ ʢʘʨʘʢʪʝʨʠʰʫ 

ʩʢʣʦʧʦʚʝ ʠʣʠ ʩʠʩʪʝʤ ʫ ʮʝʣʠʥʠ: ʭʘʨʤʦʥʠʮʠ, ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʠ ʧʨʦʜʫʢʪʠ ʠ ʬʘʢʪʦʨ ʰʫʤʘ ʩʫ 

ʥʝʢʝ ʦʜ ʪʠʭ ʚʝʣʠʯʠʥʘ. ɿʘ ʥʘʚʝʜʝʥʝ ʚʝʣʠʯʠʥʝ ʦʜ ʥʘʿʚʝ˂ʝʛ ʠʥʪʝʨʝʩʘ ʿʝ ʩʧʝʢʪʨʘʣʥʘ ʘʥʘʣʠʟʘ 

ʩʠʛʥʘʣʘ ʩʘ ʩʪʘʙʠʣʥʠʤ ʩʧʝʢʪʨʦʤ. ʋ ʥʘʩʪʘʚʢʫ ˂ʝʤʦ ʩʝ ʥʘʿʧʨʝ ʧʦʜʩʝʪʠʪʠ ʚʝʟʝ ʠʟʤʝʹʫ ʚʨʝʤʝʥʩʢʦʛ 

ʠ ʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʜʦʤʝʥʘ, ʘ ʟʘʪʠʤ ˂ʝʤʦ ʩʝ ʫʧʦʟʥʘʪʠ ʩʘ ʢʦʥʩʪʨʫʢʮʠʿʦʤ ʠ ʥʘʯʠʥʦʤ ʨʘʜʘ 

ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʩʘ ʿʝʜʥʠʤ ʬʠʣʪʨʦʤ ʢʦʿʠ ʧʨʦʣʘʟʠ ʢʨʦʟ ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʦʧʩʝʛ ʦʜ ʠʥʪʝʨʝʩʘ ʠ 

ˁʝʛʦʚʠʤ ʢʦʨʠʰ˂ʝˁʝʤ ʫ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʠ ʩʠʛʥʘʣʘ ʠ ʩʢʣʦʧʦʚʘ. 

2.1 ɺʨʝʤʝʥʩʢʠ ʠ ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʜʦʤʝʥ 

ɽʣʝʢʪʨʠʯʥʠ ʩʠʛʥʘʣ ʫ ʚʨʝʤʝʥʩʢʦʤ ʜʦʤʝʥʫ ʦʙʠʯʥʦ ʿʝ ʦʧʠʩʘʥ ʟʘʚʠʩʥʦʰ˂ʫ ˁʝʛʦʚʝ ʘʤʧʣʠʪʫʜʝ 

ʦʜ ʚʨʝʤʝʥʘ. ʆʚʫ ʟʘʚʠʩʥʦʩʪ ʦʧʠʩʘ˂ʝʤʦ ʬʫʥʢʮʠʿʦʤ ()x t , ʛʜʝ x  ʦʟʥʘʯʘʚʘ ʘʤʧʣʠʪʫʜʫ, ʘ t  ʚʨʝʤʝ. 

ʂʘʞʝʤʦ ʜʘ ʿʝ ʩʠʛʥʘʣ ʧʝʨʠʦʜʠʯʘʥ ʫ ʚʨʝʤʝʥʫ ʘʢʦ ʿʝ ( ) ()x t T x t+ = , ʛʜʝ ʿʝ T  ʧʝʨʠʦʜʘ ʩʠʛʥʘʣʘ. 

ʇʝʨʠʦʜʠʯʘʥ ʩʠʛʥʘʣ ʤʦʞʝʤʦ ʜʘ ʧʨʝʜʩʪʘʚʠʤʦ ʌʫʨʠʿʝʦʚʠʤ ʨʝʜʦʤ: 

 () ( ) ( )0

1 1

1
cos sin

2
n n

n n

x t A A n t B n t
¤ ¤

= =

= + w + wä ä , (2.1.1) 

ʛʜʝ ʿʝ 2 Tw= p ʢʨʫʞʥʘ ʫʯʝʩʪʘʥʦʩʪ, ʘ ʪʝʞʠʥʩʢʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʩʝ ʨʘʯʫʥʘʿʫ ʧʨʝʤʘ ʠʟʨʘʟʠʤʘ 
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T
=

= wñ . (2.1.2) 

ʏʣʘʥ 0 2A  ʿ ʝ DC ʢʦʤʧʦʥʝʥʪʘ, ʘ 0A  ʩʝ ʠʟʨʘʯʫʥʘʚʘ ʫʚʨʰʪʘʚʘʿʫ˂ʠ 0n=  ʫ ʠʟʨʘʟ ʟʘ nA . ʌʦʨʤʘʣʥʦ, 

(2.1.1) ʤʦʞʝʤʦ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʦʙʣʠʢʫ: 

 () ( )
0

cosn n

n

x t C n t
¤

=

= w +qä , (2.1.3) 

ʛʜʝ ʩʫ  

 2 2
n n nC A B= + , ( )arctann n nB Aq = - . (2.1.4) 

ʀʟ (2.1.4) ʩʣʝʜʠ ʜʘ ʩʝ ʩʧʝʢʪʘʨ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜʠʯʥʦʛ ʩʠʛʥʘʣʘ, ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ, ʤʦʞʝ 

ʧʨʝʜʩʪʘʚʠʪʠ ʢʘʦ ʙʝʩʢʦʥʘʯʥʘ ʩʫʤʘ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʠʭ ʩʠʛʥʘʣʘ ʯʠʿʝ ʩʫ ʢʨʫʞʥʝ ʫʯʝʩʪʘʥʦʩʪʠ 

ʿʝʜʥʘʢʝ ʮʝʣʦʙʨʦʿʥʦʤ ʫʤʥʦʰʢʫ ʦʩʥʦʚʥʝ ʢʨʫʞʥʝ ʫʯʝʩʪʘʥʦʩʪʠ, 2 Tw= p. ʇʨʠ ʧʨʠʢʘʟʫ ʩʧʝʢʪʨʘ 

ʩʠʛʥʘʣʘ ʫʤʝʩʪʦ ʢʨʫʞʥʝ ʫʯʝʩʪʘʥʦʩʪʠ ʫʦʙʠʯʘʿʝʥʦ ʩʝ ʢʦʨʠʩʪʠ Ăʦʙʠʯʥʘñ ʫʯʝʩʪʘʥʦʩʪ 

2 1f T=w p=. ʉʧʝʢʪʘʨ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜʠʯʥʦʛ ʩʠʛʥʘʣʘ ʿʝ ʜʠʩʢʨʝʪʘʥðʬʨʝʢʚʝʥʮʠʿʩʢʝ 

ʢʦʤʧʦʥʝʥʪʝ ʥʘʣʘʟʝ ʩʝ ʥʘ ʜʠʩʢʨʝʪʥʠʤ ʫʯʝʩʪʘʥʦʩʪʠʤʘ n T . 
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ʅʘ ʩʣʠʮʠ 2.1.1 ʧʨʠʢʘʟʘʥ ʿʝ ʘʤʧʣʠʪʫʜʩʢʠ ʤʦʜʫʣʠʩʘʥ ʩʠʛʥʘʣ, ʢʦʿʠ ʠʤʘ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʠ 

ʥʦʩʠʣʘʮ ʿʝʜʠʥʠʯʥʝ ʘʤʧʣʠʪʫʜʝ ʩʘ ʜʚʘ ʙʦʯʥʘ ʦʧʩʝʛʘ, ʯʝʪʠʨʠ ʧʫʪʘ ʤʘˁʝ ʘʤʧʣʠʪʫʜʝ (12 dB ʤʘˁʝ), 

ʫ ʚʨʝʤʝʥʩʢʦʤ ʠ ʬʨʝʢʚʝʥʮʠʿʩʢʦʤ ʜʦʤʝʥʫ. 

 

ʉʣʠʢʘ 2.1.1.  ɸʤʧʣʠʪʫʜʩʢʠ ʤʦʜʫʣʠʩʘʥ ʩʠʛʥʘʣ ʩʘ ʜʚʘ ʙʦʯʥʘ ʦʧʩʝʛʘ, ʚʨʝʤʝʥʩʢʠ ʦʙʣʠʢ ʩʠʛʥʘʣʘ (ʣʝʚʦ) ʠ 

ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʩʧʝʢʪʘʨ ʩʠʛʥʘʣʘ (ʜʝʩʥʦ). 

ʅʘ ʩʣʠʮʠ 2.1.2 ʧʨʠʢʘʟʘʥ ʿʝ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʠ ʩʠʛʥʘʣ, ʿʝʜʠʥʠʯʥʝ ʘʤʧʣʠʪʫʜʝ, ʢʦʿʠ ʠʤʘ ʜʨʫʛʠ 

ʭʘʨʤʦʥʠʢ 20 dB ʤʘˁʝ ʘʤʧʣʠʪʫʜʝ, ʫ ʚʨʝʤʝʥʩʢʦʤ ʠ ʬʨʝʢʚʝʥʮʠʿʩʢʦʤ ʜʦʤʝʥʫ. ɻʣʝʜʘʿʫ˂ʠ 

ʚʨʝʤʝʥʩʢʠ ʜʦʤʝʥ ʥʝ ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʢʦʣʠʢʠ ʿʝ ʜʨʫʛʠ ʭʘʨʤʦʥʠʢ ʩʠʛʥʘʣʘ, ʚʝ˂ ʿʝ ʥʝʦʧʭʦʜʥʦ 

ʠʩʧʠʪʘʪʠ ʩʧʝʢʪʘʨ ʩʠʛʥʘʣʘ. 

 

ʉʣʠʢʘ 2.1.2.  ʇʨʦʩʪʦʧʝʨʠʦʜʠʯʥʠ ʩʠʛʥʘʣ ʢʦʿʠ ʠʤʘ 40 dB ʤʘˁʠ ʜʨʫʛʠ ʭʘʨʤʦʥʠʢ, ʚʨʝʤʝʥʩʢʠ ʦʙʣʠʢ 

ʩʠʛʥʘʣʘ (ʣʝʚʦ) ʠ ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʩʧʝʢʪʘʨ ʩʠʛʥʘʣʘ (ʜʝʩʥʦ). 

ʉʧʝʢʪʘʨ ʩʠʛʥʘʣʘ ʢʦʿʠ ʥʠʿʝ ʧʝʨʠʦʜʠʯʘʥ ʜʦʙʠʿʘ ʩʝ ʧʨʠʤʝʥʦʤ ʌʫʨʠʿʝʦʚʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ: 

 ( ) () jj e dtX x t t

¤
- w

-¤

w =ñ , (2.1.5) 

ʛʜʝ ʿʝ ( )jX w  ʢʦʤʧʣʝʢʩʥʠ ʧʨʝʜʩʪʘʚʥʠʢ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʝ ʢʦʤʧʦʥʝʥʪʝ ʩʠʛʥʘʣʘ ʥʘ ʢʨʫʞʥʦʿ 

ʫʯʝʩʪʘʥʦʩʪʠ w. ɿʘ ʩʠʛʥʘʣ ʢʦʿʠ ʥʠʿʝ ʧʝʨʠʦʜʠʯʘʥ ʩʧʝʢʪʘʨ ʿʝ ʢʦʥʪʠʥʫʘʣʘʥ, ʦʜʥʦʩʥʦ ʫ ʦʧʰʪʝʤ 

ʩʣʫʯʘʿʫ ʠʤʘ ʢʦʤʧʦʥʝʥʪʝ ʥʘ ʩʚʘʢʦʿ ʢʨʫʞʥʦʿ ʫʯʝʩʪʘʥʦʩʪʠ w. ʀʟ (2.1.5) ʧʨʦʠʟʠʣʘʟʠ ʜʘ ʿʝ ʟʘ 

ʦʜʨʝʹʠʚʘˁʝ ʩʧʝʢʪʨʘ ʘʧʝʨʠʦʜʠʯʥʦʛ ʩʠʛʥʘʣʘ ʧʦʪʨʝʙʥʦ ʧʦʟʥʘʚʘʪʠ ˁʝʛʦʚʫ ʪʨʝʥʫʪʥʠ ʚʨʝʜʥʦʩʪ ʫ 

ʯʠʪʘʚʦʤ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ (ʦʜ -¤ ʜʦ ¤). ʊʦ ʫ ʧʨʘʢʩʠ ʥʠʢʘʜʘ ʥʠʿʝ ʠʩʧʫˁʝʥʦ, ʚʝ˂ ʩʝ 

ʧʦʩʤʘʪʨʘ ʢʦʥʘʯʘʥ ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣðʧʦʢʘʟʫʿʝ ʩʝ ʜʘ ʿʝ ʠ ʪʘʢʦ ʜʦʙʠʿʝʥʠ ʩʧʝʢʪʘʨ ʜʦʚʦˀʥʦ 

ʜʦʙʨʘ ʘʧʨʦʢʩʠʤʘʮʠʿʘ ʩʪʚʘʨʥʦʛ. 
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2.2 ʇʨʠʥʮʠʧ ʨʘʜʘ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ 

ʇʨʠʥʮʠʧ ʨʘʜʘ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʢʦʨʠʰ˂ʝˁʝʤ ʬʠʣʪʨʘ ʧʨʦʧʫʩʥʠʢʘ ʦʧʩʝʛʘ ʫʯʝʩʪʘʥʦʩʪʠ 

ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 2.2.1.  

ʘ)       ʙ)  

ʉʣʠʢʘ 2.2.1.  ʇʨʠʥʮʠʧ ʨʘʜʘ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʢʦʨʠʰ˂ʝˁʝʤ ʬʠʣʪʨʘ ʧʨʦʧʫʩʥʠʢʘ ʦʧʩʝʛʘ ʫʯʝʩʪʘʥʦʩʪʠ 

ʩʘ ʘ) ʧʨʦʤʝʥˀʠʚʦʤ ʠ ʙ) ʬʠʢʩʥʦʤ ʮʝʥʪʨʘʣʥʦʤ ʫʯʝʩʪʘʥʦʰ˂ʫ. 

ʈʝʰʝˁʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 2.2.1ʘ ʢʦʨʠʩʪʠ ʬʠʣʪʘʨ ʩʘ ʧʨʦʤʝʥˀʠʚʦʤ ʮʝʥʪʨʘʣʥʦʤ 

ʫʯʝʩʪʘʥʦʰ˂ʫ. ʇʦʜʝʰʘʚʘˁʝʤ ʮʝʥʪʨʘʣʥʝ ʫʯʝʩʪʘʥʦʩʪʠ ʬʠʣʪʨʘ ʥʘ ʫʯʝʩʪʘʥʦʩʪ RF1f  ʠʟʜʚʘʿʘʤʦ ʜʝʦ 

ʩʠʛʥʘʣʘ (ʜʦʚʝʜʝʥʦʛ ʥʘ ʫʣʘʟ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʨʘʜʠ ʧʨʠʢʘʟʘ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ) ʫ ʦʢʦʣʠʥʠ ʪʝ 

ʫʯʝʩʪʘʥʦʩʪʠ, ʢʦʿʠ ʟʘʪʠʤ ʤʦʞʝʤʦ ʜʘ ʠʟʤʝʨʠʤʦ ʠ ʧʨʠʢʘʞʝʤʦ. ʇʦʤʝʨʘˁʝʤ ʮʝʥʪʨʘʣʥʝ 

ʫʯʝʩʪʘʥʦʩʪʠ ʬʠʣʪʨʘ ʥʘ ʫʯʝʩʪʘʥʦʩʪ RF2f  ʤʝʨʠʤʦ ʩʠʛʥʘʣ ʫ ʦʢʦʣʠʥʠ ʪʝ ʫʯʝʩʪʘʥʦʩʪʠ. ʇʨʠʢʘʟ 

ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ ʫ ʦʧʩʝʛʫ ʫʯʝʩʪʘʥʦʩʪʠ ʦʜ ʠʥʪʝʨʝʩʘ ʚʨʰʠ ʩʝ ʧʨʦʤʝʥʦʤ ʮʝʥʪʨʘʣʥʝ ʫʯʝʩʪʘʥʦʩʪʠ 

ʬʠʣʪʨʘ ʫ ʪʦʤ ʦʧʩʝʛʫ. ʐʪʦ ʿʝ ʦʧʩʝʛ ʫʯʝʩʪʘʥʦʩʪʠ ʚʝ˂ʠ, ʨʝʘʣʠʟʘʮʠʿʘ ʬʠʣʪʨʘ ʿʝ ʢʦʤʧʣʠʢʦʚʘʥʠʿʘ. 

ʆʩʠʤ ʪʦʛʘ, ʦʩʪʘʪʘʢ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʤʦʨʘʦ ʙʠ ʜʘ ʨʘʜʠ ʫ ʯʠʪʘʚʦʤ ʦʧʩʝʛʫ ʫʯʝʩʪʘʥʦʩʪʠ ʦʜ 

ʠʥʪʝʨʝʩʘ. ʉʪʦʛʘ ʦʚʘʢʚʦ ʨʝʰʝˁʝ ʧʨʝ ʩʚʝʛʘ ʩʣʫʞʠ ʢʘʦ ʢʦʥʮʝʧʪ. 

ʈʝʰʝˁʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 2.2.1ʙ ʢʦʨʠʩʪʠ ʬʠʣʪʘʨ ʩʘ ʬʠʢʩʥʦʤ ʮʝʥʪʨʘʣʥʦʤ ʫʯʝʩʪʘʥʦʰ˂ʫ 

IFf , ʢʦʿʘ ʩʝ ʥʘʟʠʚʘ ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʘ (Intermediate Frequency). ɼʘ ʙʠʩʤʦ ʠʟʜʚʦʿʠʣʠ ʜʝʦ ʩʠʛʥʘʣʘ 

ʫ ʦʢʦʣʠʥʠ ʞʝˀʝʥʝ ʫʯʝʩʪʘʥʦʩʪʠ, ʫʯʝʩʪʘʥʦʩʪ RF ʩʠʛʥʘʣʘ ʥʘ ʫʣʘʟʫ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ 

ʢʦʥʚʝʨʪʫʿʝ ʩʝ ʫ ʫʯʝʩʪʘʥʦʩʪ IFf  ʫ ʤʠʢʩʝʨʫ, ʤʝʰʘˁʝʤ ʩʘ ʩʠʛʥʘʣʦʤ ʠʟ ʣʦʢʘʣʥʦʛ ʦʩʮʠʣʘʪʦʨʘ (LO). 

ʆʙʠʯʥʦ ʩʝ ʫʯʝʩʪʘʥʦʩʪ ʣʦʢʘʣʥʦʛ ʦʩʮʠʣʘʪʦʨʘ LOf  ʙʠʨʘ ʪʘʢʦ ʜʘ ʙʫʜʝ ʚʝ˂ʘ ʦʜ ʫʯʝʩʪʘʥʦʩʪʠ ʩʠʛʥʘʣʘ 

ʥʘ ʫʣʘʟʫ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ, RFf . ɿʘ ʧʦʜʝʰʝʥʦ LOf , ʤʝʨʝˁʝ ʥʠʚʦʘ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ 

ʫʯʝʩʪʘʥʦʩʪʠ RF LO IFf f f= -  ʟʘʧʨʘʚʦ ʩʝ ʚʨʰʠ ʥʘ ʫʯʝʩʪʘʥʦʩʪʠ IFf . ʇʨʠʢʘʟ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ ʫ 

ʦʧʩʝʛʫ ʫʯʝʩʪʘʥʦʩʪʠ ʦʜ ʠʥʪʝʨʝʩʘ ʚʨʰʠ ʩʝ ʧʨʦʤʝʥʦʤ ʫʯʝʩʪʘʥʦʩʪʠ ʣʦʢʘʣʥʦʛ ʦʩʮʠʣʘʪʦʨʘ ʫ ʠʩʪʦʤ 

ʦʧʩʝʛʫ, ʘʣʠ ʧʦʤʝʨʝʥʦʤ ʟʘ IFf  ʢʘ ʚʠʰʠʤ ʫʯʝʩʪʘʥʦʩʪʠʤʘ. ɿʘ ʦʚʘʢʘʚ ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ ʢʘʞʝʤʦ 

ʜʘ ʨʘʜʠ ʥʘ ʭʝʪʝʨʦʜʠʥʦʤ ʧʨʠʥʮʠʧʫ (ʧʨʠʥʮʠʧʫ ʤʝʰʘˁʘ RF ʠ LO ʩʠʛʥʘʣʘ) ʠ ʛʦʪʦʚʦ ʠʩʢˀʫʯʠʚʦ 

ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʠʦʣʝ ʰʠʨʝ ʬʨʝʢʚʝʥʮʠʿʩʢʝ ʦʧʩʝʛʝ, ʦʜʥʦʩʥʦ ʚʠʩʦʢʝ ʫʯʝʩʪʘʥʦʩʪʠ (ʜʦˁʘ ʛʨʘʥʠʯʥʘ 

ʫʯʝʩʪʘʥʦʩʪ ʦʙʠʯʥʦ ʿʝ ʤʘʣʦ ʠʟʥʘʜ DC, ʧʘ ʿʝ ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʦʧʩʝʛ ʧʨʘʢʪʠʯʥʦ ʟʘʜʘʪ ʤʘʢʩʠʤʘʣʥʦʤ 

ʫʯʝʩʪʘʥʦʰ˂ʫ ʢʦʿʫ ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ ʤʦʞʝ ʜʘ ʤʝʨʠ). 
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2.3 ɹʣʦʢ ʰʝʤʘ ʠ ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʠʟʘʮʠʿʘ ʘʥʘʣʠʟʘʪʦʨʘ 

ʩʧʝʢʪʨʘ ʢʦʿʠ ʨʘʜʠ ʥʘ ʭʝʪʝʨʦʜʠʥʦʤ ʧʨʠʥʮʠʧʫ 

ɹʣʦʢ ʰʝʤʘ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʢʦʿʠ ʨʘʜʠ ʥʘ ʭʝʪʝʨʦʜʠʥʦʤ ʧʨʠʥʮʠʧʫ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ 

ʩʣʠʮʠ 2.3.1. ɸʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ ʪʨʝʙʘ ʜʘ ʠʟʤʝʨʠ ʠ ʧʨʠʢʘʞʝ ʘʤʧʣʠʪʫʜʫ ʫʣʘʟʥʦʛ RF ʩʠʛʥʘʣʘ ʥʘ 

ʦʜʨʝʹʝʥʦʤ ʙʨʦʿʫ ʫʯʝʩʪʘʥʦʩʪʠ ʠʟ ʟʘʜʘʪʦʛ ʦʧʩʝʛʘ. 

 

ʉʣʠʢʘ 2.3.1.  ɹʣʦʢ ʰʝʤʘ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʢʦʿʠ ʨʘʜʠ ʥʘ ʭʝʪʝʨʦʜʠʥʦʤ ʧʨʠʥʮʠʧʫ. 

ʅʘ ʫʣʘʟʫ ʿʝ ʦʩʣʘʙˀʠʚʘʯ (ʘʪʝʥʫʘʪʦʨ) ʢʦʿʠ ʧʦ ʧʦʪʨʝʙʠ ʪʨʝʙʘ ʜʘ ʦʩʣʘʙʠ ʫʣʘʟʥʠ ʩʠʛʥʘʣ, ʢʘʢʦ ʥʝ 

ʙʠ ʜʦʰʣʦ ʜʦ ʧʨʝʦʧʪʝʨʝ˂ʝˁʘ ʤʠʢʩʝʨʘ ʠ ˁʝʛʦʚʦʛ ʦʜʣʘʩʢʘ ʫ ʥʝʣʠʥʝʘʨʘʥ ʨʝʞʠʤ ʨʘʜʘ (ʘ ʟʘ ʚʨʣʦ 

ʚʝʣʠʢʝ ʩʥʘʛʝ ʠ ʦʰʪʝ˂ʝˁʘ). ʅʝʣʠʥʝʘʨʘʥ ʨʝʞʠʤ ʨʘʜʘ ʙʠ ʟʥʘʯʠʦ ʜʘ ʨʘʟʣʠʯʠʪʠ ʥʠʚʦʠ ʫʣʘʟʥʦʛ 

ʩʠʛʥʘʣʘ ʠʤʘʿʫ ʨʘʟʣʠʯʠʪʦ ʩʣʘʙˀʝˁʝ ʧʨʠ ʧʨʦʣʘʩʢʫ ʢʨʦʟ ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ, ʧʘ ʩʧʝʢʪʘʨ ʥʝ˂ʝ 

ʙʠʪʠ ʧʨʘʚʠʣʥʦ ʠʟʤʝʨʝʥ ʠ ʧʨʠʢʘʟʘʥ. ʋʣʘʟʥʠ ʦʩʣʘʙˀʠʚʘʯ ʩʝ ʧʦʜʝʰʘʚʘ ʘʫʪʦʤʘʪʩʢʠ, ʘʣʠ ʩʝ ʤʦʞʝ 

ʧʨʝ˂ʠ ʠ ʫ ʤʘʥʫʝʣʥʠ ʨʝʞʠʤ ʨʘʜʘ. ʉʣʘʙˀʝˁʝ ʿʝ ʦʙʠʯʥʦ ʫ ʢʦʨʘʮʠʤʘ ʦʜ 2 dB ʜʦ 10 dB. ʇʦʚʝ˂ʘˁʝʤ 

ʩʣʘʙˀʝˁʘ ʩʤʘˁʫʿʝ ʩʝ ʦʜʥʦʩ ʩʠʛʥʘʣ/ʰʫʤ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ. ʇʨʝ ʫʣʘʟʥʦʛ ʦʩʣʘʙˀʠʚʘʯʘ 

ʦʙʠʯʥʦ ʩʪʦʿʠ ʠ ʢʦʥʜʝʥʟʘʪʦʨ, ʢʦʿʠ ʪʨʝʙʘ ʜʘ ʩʧʨʝʯʠ ʜʘ ʝʚʝʥʪʫʘʣʥʠ DC ʩʠʛʥʘʣ ʥʘ ʫʣʘʟʫ ʦʰʪʝʪʠ 

ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ (DC block). ʆʥ, ʤʝʹʫʪʠʤ, ʟʥʘʯʘʿʥʦ ʩʣʘʙʠ ʫʣʘʟʥʝ ʩʠʛʥʘʣʝ ʥʠʩʢʠʭ 

ʫʯʝʩʪʘʥʦʩʪʠ, ʪʘʢʦ ʜʘ ʜʦˁʘ ʩʧʝʮʠʬʠʮʠʨʘʥʘ ʨʘʜʥʘ ʫʯʝʩʪʘʥʦʩʪ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʦʙʠʯʥʦ ʥʠʿʝ 

ʤʘˁʘ ʦʜ ʥʝʢʦʣʠʢʦ kHz. 

ʋʣʘʟʥʠ ʬʠʣʪʘʨ ʠʤʘ ʟʘʜʘʪʘʢ ʜʘ ʩʧʨʝʯʠ ʥʝʦʜʨʝʹʝʥʦʩʪʠ ʧʨʠʣʠʢʦʤ ʢʦʥʚʝʨʟʠʿʝ ʫʯʝʩʪʘʥʦʩʪʠ RF 

ʩʠʛʥʘʣʘ ʥʘ IF ʫʯʝʩʪʘʥʦʩʪ (ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʫ). ʋ ʧʠʪʘˁʫ ʿʝ ʠʣʠ ʧʨʦʧʫʩʥʠʢ ʥʠʩʢʠʭ ʫʯʝʩʪʘʥʦʩʪʠ 

(ʟʘ ʥʠʞʝ ʫʯʝʩʪʘʥʦʩʪʠ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ), ʠʣʠ ʧʨʦʧʫʩʥʠʢ ʦʧʩʝʛʘ ʫʯʝʩʪʘʥʦʩʪʠ ʩʘ ʧʦʜʝʩʠʚʦʤ 

ʮʝʥʪʨʘʣʥʦʤ ʫʯʝʩʪʘʥʦʰ˂ʫ (ʟʘ ʚʠʰʝ ʫʯʝʩʪʘʥʦʩʪʠ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ). ɼʝʪʘˀʥʦ ʦʙʿʘʰˁʝˁʝ ʫʣʦʛʝ 

ʫʣʘʟʥʦʛ ʜʘ˂ʝʤʦ ʥʝʰʪʦ ʢʘʩʥʠʿʝ ʫ ʪʝʢʩʪʫ. 

ʄʠʢʩʝʨʦʤ ʩʝ ʫʯʝʩʪʘʥʦʩʪ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ ʢʦʥʚʝʨʪʫʿʝ ʥʘ ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʫ IFf , ʥʘ ʢʦʿʦʿ ˂ʝ ʩʝ 

ʚʨʰʠʪʠ ʤʝʨʝˁʝ ʘʤʧʣʠʪʫʜʝ ʩʠʛʥʘʣʘ. ɽʣʝʢʪʨʠʯʥʠ ʩʠʤʙʦʣ ʤʠʢʩʝʨʘ ʠ ʪʦʢʦʚʠ ʩʠʛʥʘʣʘ ʢʨʦʟ ʤʠʢʩʝʨ 

ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʩʣʠʮʠ 2.3.2ʘ. ʄʠʢʩʝʨ ʿʝ ʪʨʦʧʦʨʪʥʠ ʝʣʝʤʝʥʪ, ʛʜʝ ʩʫ ʧʨʚʘ ʜʚʘ ʧʦʨʪʘ ʫʣʘʟʥʠ ʘ 

ʪʨʝ˂ʠ ʠʟʣʘʟʥʠ. ʋ ʥʘʰʝʤ ʩʣʫʯʘʿʫ ʥʘ ʫʣʘʟ ʤʠʢʩʝʨʘ ʜʦʣʘʟʝ ʩʠʛʥʘʣʠ ʩʘ ʫʣʘʟʘ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ 

ʠ ʠʟ ʣʦʢʘʣʥʦʛ ʦʩʮʠʣʘʪʦʨʘ, ʫʯʝʩʪʘʥʦʩʪʠ RFf  ʠ LOf , ʨʝʩʧʝʢʪʠʚʥʦ. ʄʠʢʩʝʨʠ ʩʘʜʨʞʝ ʥʝʣʠʥʝʘʨʥʝ 

ʝʣʝʤʝʥʪʝ (ʜʠʦʜʝ ʠʣʠ ʪʨʘʥʟʠʩʪʦʨʝ) ʠ, ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ, ʥʘ ˁʠʭʦʚʦʤ ʠʟʣʘʟʫ ˂ʝ ʩʝ ʧʦʿʘʚʠʪʠ 

ʩʠʛʥʘʣʠ ʯʠʿʝ ʩʫ ʫʯʝʩʪʘʥʦʩʪʠ ʣʠʥʝʘʨʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʫʯʝʩʪʘʥʦʩʪʠ ʩʠʛʥʘʣʘ ʥʘ ʫʣʘʟʫ, 

LO RFm f n f° , ʛʜʝ ʩʫ m  ʠ n  ʥʝʥʝʛʘʪʠʚʥʠ ʮʝʣʠ ʙʨʦʿʝʚʠ. ʋ ʠʜʝʘʣʥʦʤ ʩʣʫʯʘʿʫ, ʤʠʢʩʝʨ ʙʠ ʥʘ ʩʚʦʤ 
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ʠʟʣʘʟʫ ʪʨʝʙʘʣʦ ʜʘ ʜʘʿʝ ʩʠʛʥʘʣʝ ʯʠʿʘ ʿʝ ʫʯʝʩʪʘʥʦʩʪ ʿʝʜʥʘʢʘ ʟʙʠʨʫ, ʦʜʥʦʩʥʦ ʨʘʟʣʠʮʠ ʫʯʝʩʪʘʥʦʩʪʠ 

ʫʣʘʟʥʠʭ ʩʠʛʥʘʣʘ: 

 IF LO RFf f f= ° . (2.3.1) 

ʉʤʘʪʨʘ˂ʝʤʦ ʜʘ ʩʫ ʤʠʢʩʝʨʠ ʢʦʿʝ ʨʘʟʤʘʪʨʘʤʦ ʜʦʚʦˀʥʦ ʜʦʙʨʦ ʧʨʦʿʝʢʪʦʚʘʥʠ ʜʘ ʩʝ (ʫ ʧʦʛʣʝʜʫ 

ʠʟʣʘʟʥʠʭ ʫʯʝʩʪʘʥʦʩʪʠ) ʧʦʥʘʰʘʿʫ ʧʨʠʙʣʠʞʥʦ ʢʘʦ ʠʜʝʘʣʘʥ ʤʠʢʩʝʨ. ʈʝʘʣʥʠ ʤʠʢʩʝʨʠ ʠʤʘʿʫ 

ʢʦʥʘʯʥʫ ʠʟʦʣʘʮʠʿʫ, ʧʘ ʪʨʝʙʘ ʦʯʝʢʠʚʘʪʠ ʜʘ ʩʝ ʥʘ ʠʟʣʘʟʫ ʤʠʢʩʝʨʘ, ʧʦʨʝʜ ʩʠʛʥʘʣʘ ʤʝʰʘʥʠʭ 

ʫʯʝʩʪʘʥʦʩʪʠ, ʧʦʿʘʚʝ ʠ ʦʩʣʘʙˀʝʥʠ ʩʠʛʥʘʣʠ ʥʘ ʫʯʝʩʪʘʥʦʩʪʠʤʘ ʫʣʘʟʥʠʭ ʩʠʛʥʘʣʘ. ʊʘʢʦʹʝ, ʢʦʜ 

ʧʘʩʠʚʥʠʭ ʤʠʢʩʝʨʘ, ʠʟʣʘʟʥʠ ʩʠʛʥʘʣ ʙʠ˂ʝ ʤʘˁʠ ʦʜ ʫʣʘʟʥʦʛ RF ʩʠʛʥʘʣʘ. ʊʘ ʨʘʟʣʠʢʘ ʫ ʩʥʘʛʘʤʘ ʦʚʘ 

ʜʚʘ ʩʠʛʥʘʣʘ ʥʘʟʠʚʘ ʩʝ ʩʣʘʙˀʝˁʝ ʫʩʣʝʜ ʢʦʥʚʝʨʟʠʿʝ (Conversion Loss) ʠ ʠʣʫʩʪʨʦʚʘʥʘ ʿʝ ʥʘ 

ʩʣʠʮʠ 2.3.2ʙ. ʉʣʘʙˀʝˁʝ ʫʩʣʝʜ ʢʦʥʚʝʨʟʠʿʝ ʿʝ ʢʦʥʩʪʘʥʪʥʦ ʜʦʢ ʛʦʜ ʫʣʘʟʥʠ RF ʩʠʛʥʘʣ ʥʝ 

ʧʨʝʢʦʨʘʯʠ ʜʦʟʚʦˀʝʥʠ ʥʠʚʦ. ɻʨʘʥʠʮʘ ʜʦʟʚʦˀʝʥʦʛ ʥʠʚʦʘ ʫʣʘʟʥʠ RF ʩʠʛʥʘʣ ʦʜʨʝʹʝʥʘ ʿʝ 

ʿʝʜʥʦʜʝʮʠʙʝʣʩʢʦʤ ʢʦʤʧʨʝʩʠʿʦʤðʩʥʘʛʦʤ ʫʣʘʟʥʦʛ RF ʩʠʛʥʘʣʘ ʧʨʠ ʢʦʿʦʿ ʩʝ ʩʣʘʙˀʝˁʝ ʫʩʣʝʜ 

ʢʦʥʚʝʨʟʠʿʝ ʧʦʚʝ˂ʘ ʟʘ 1 dB ʫ ʦʜʥʦʩʫ ʥʘ ʚʨʝʜʥʦʩʪ ʟʘ ʤʘʣʝ ʩʥʘʛʝ RF ʩʠʛʥʘʣʘ. ʉʥʘʛʘ ʫʣʘʟʥʦʛ RF 

ʩʠʛʥʘʣʘ ʪʨʝʙʘʣʦ ʙʠ ʜʘ ʙʫʜʝ ʙʘʨ 3 dB ʤʘˁʘ ʦʜ ʿʝʜʥʦʜʝʮʠʙʝʣʩʢʝ ʢʦʤʧʨʝʩʠʿʝ. 

ʘ)       ʙ)  

ʉʣʠʢʘ 2.3.2.  ʄʠʢʩʝʨ, ʘ) ʝʣʝʢʪʨʠʯʥʘ ʰʝʤʘ ʠ ʪʦʢʦʚʠ ʩʠʛʥʘʣʘ ʠ ʙ) ʩʣʘʙˀʝˁʝ ʫʩʣʝʜ ʢʦʥʚʝʨʟʠʿʝ. 

ɺʨʣʦ ʚʘʞʘʥ ʢʦʥʮʝʧʪ ʢʦʜ ʤʠʢʩʝʨʘ ʿʝ ʫʯʝʩʪʘʥʦʩʪ ʣʠʢʘ, ʠʣʫʩʪʨʦʚʘʥ ʥʘ ʩʣʠʮʠ 2.3.3. ʅʘʠʤʝ, ʘʢʦ 

ʦʜʘʙʝʨʝʤʦ ʜʘ ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʫ ʜʦʙʠʿʘʤʦ ʢʘʦ ʨʘʟʣʠʢʫ ʫʯʝʩʪʘʥʦʩʪʠ ʣʦʢʘʣʥʦʛ ʦʩʮʠʣʘʪʦʨʘ ʠ 

ʫʣʘʟʥʦʛ RF ʩʠʛʥʘʣʘ, IF LO RFf f f= - , ʧʦʩʪʦʿʘ˂ʝ ʠ ʫʯʝʩʪʘʥʦʩʪ ʣʠʢʘ, IMf , ʟʘ ʢʦʿʫ ˂ʝ ʚʘʞʠʪʠ

IF IM LOf f f= - . ɸʢʦ RF ʩʠʛʥʘʣ ʥʘ ʫʣʘʟʫ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʩʘʜʨʞʠ ʠ ʬʨʝʢʚʝʥʮʠʿʩʢʫ 

ʢʦʤʧʦʥʝʥʪʫ ʥʘ ʫʯʝʩʪʘʥʦʩʪʠ IMf , ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ (2.3.1), ʪʘ ʢʦʤʧʦʥʝʥʪʘ ˂ʝ ʩʝ ʪʘʢʦʹʝ ʧʨʝʩʣʠʢʘʪʠ 

ʫ ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʫ IFf . ʋ ʪʦʤ ʩʣʫʯʘʿʫ ˂ʝʤʦ ʥʘ ʫʯʝʩʪʘʥʦʩʪʠ RFf  ʧʨʠʢʘʟʘʪʠ ʥʠʚʦ ʩʠʛʥʘʣʘ ʢʦʿʠ 

ʧʦʪʠʯʝ ʥʝ ʩʘʤʦ ʦʜ ʬʨʝʢʚʝʥʮʠʿʩʢʝ ʢʦʤʧʦʥʝʥʪʝ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ ʥʘ ʫʯʝʩʪʘʥʦʩʪʠ RFf  (ʢʘʦ ʰʪʦ ʙʠ 

ʪʨʝʙʘʣʦ), ʚʝ˂ ʠ ʦʜ ʬʨʝʢʚʝʥʮʠʿʩʢʝ ʢʦʤʧʦʥʝʥʪʝ ʥʘ ʫʯʝʩʪʘʥʦʩʪʠ IMf . 

 

ʉʣʠʢʘ 2.3.3.  ʋʯʝʩʪʘʥʦʩʪ ʣʠʢʘ ʧʨʠ ʧʨʦʣʘʩʢʫ ʩʠʛʥʘʣʘ ʢʨʦʟ ʤʠʢʩʝʨ. 
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ʅʘ ʩʣʠʮʠ 2.3.3 ʠʟʚʝʜʝʥ ʿʝ ʠʟʨʘʟ ʟʘ ʫʯʝʩʪʘʥʦʩʪ ʣʠʢʘ, IMf : 

 IM RF IF2f f f= + . (2.3.2) 

ɸʢʦ ʩʝ ʢʦʤʧʦʥʝʥʪʘ ʩʠʛʥʘʣʘ ʥʘ ʫʯʝʩʪʘʥʦʩʪʠ ʣʠʢʘ IMf  ʧʨʝʩʣʠʢʘ ʫ ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʫ IFf  ʠ ʩʪʦʧʠ 

ʩʝ ʩʘ ʧʨʝʩʣʠʢʘʥʦʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʠʛʥʘʣʘ ʥʘ ʫʯʝʩʪʘʥʦʩʪʠ RFf , ʥʝʤʘ ʥʘʯʠʥʘ ʜʘ ʩʝ ʪʘ ʛʨʝʰʢʘ 

ʦʪʢʣʦʥʠ ʜʘˀʦʤ ʦʙʨʘʜʦʤ. ʉʪʦʛʘ ʿʝ ʫ ʪʨʝʥʫʪʢʫ ʤʝʨʝˁʘ ʢʦʤʧʦʥʝʥʪʝ ʩʠʛʥʘʣʘ ʥʘ ʫʯʝʩʪʘʥʦʩʪʠ RFf  

ʩʘ ʫʣʘʟʘ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʥʝʦʧʭʦʜʥʦ ʫʢʣʦʥʠʪʠ (ʬʠʣʪʨʠʨʘʪʠ) ʢʦʤʧʦʥʝʥʪʫ ʩʠʛʥʘʣʘ ʥʘ 

ʫʯʝʩʪʘʥʦʩʪʠ IMf . ʋ ʪʫ ʩʚʨʭʫ ʧʨʠʤʝˁʫʿʫ ʩʝ ʜʚʘ ʧʨʠʩʪʫʧʘ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʦʜʥʦʩʘ ʚʝʣʠʯʠʥʘ 

ʟʘʜʘʪʦʛ ʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʦʧʩʝʛʘ ʠ ʫʯʝʩʪʘʥʦʩʪʠ IMf . ɸʢʦ ʿʝ ʧʦʪʨʝʙʥʦ ʜʘ ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ ʨʘʜʠ 

ʫ ʦʧʩʝʛʫ ʫʯʝʩʪʘʥʦʩʪʠ ʦʜ RFminf  ʜʦ RFmaxf , ʪʘʜʘ ˂ʝ ʫʯʝʩʪʘʥʦʩʪ ʣʠʢʘ ʙʠʪʠ ʫ ʦʧʩʝʛʫ ʦʜ 

IMmin RFmin IF2f f f= +  ʜʦ IMmax RFmax IF2f f f= + . ɸʢʦ ʿʝ IMmin RFmaxf f>  ʥʝ˂ʝ ʙʠʪʠ ʧʨʝʢʣʘʧʘˁʘ 

ʦʧʩʝʛʘ ʫʯʝʩʪʘʥʦʩʪʠ ʣʠʢʘ ʩʘ ʬʨʝʢʚʝʥʮʠʿʩʢʠʤ ʦʧʩʝʛʦʤ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ. ɿʘʤʝʥʦʤ ʠʟʨʘʟʘ ʟʘ 

IMminf  ʫ ʧʨʝʪʭʦʜʥʫ ʨʝʣʘʮʠʿʫ ʜʦʙʠʿʘʤʦ: 

 RFmax RFmin
IF

2

f f
f

-
> . (2.3.3) 

ɸʢʦ ʫʩʣʦʚ (2.3.3) ʥʠʿʝ ʠʩʧʫˁʝʥ (Ăʥʠʩʢʘñ IFf  ʫʯʝʩʪʘʥʦʩʪ) ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʦʧʩʝʟʠ ʟʘ RFf  ʠ IMf  

ʩʝ ʧʨʝʢʣʘʧʘʿʫ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 2.3.4ʘ. ʌʠʣʪʨʘʮʠʿʘ ʫʯʝʩʪʘʥʦʩʪʠ ʣʠʢʘ ʫ ʦʚʦʤ 

ʩʣʫʯʘʿʫ ʚʨʰʠ ʩʝ ʧʨʦʧʫʰʪʘˁʝʤ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ ʢʨʦʟ ʧʦʜʝʩʠʚʠ ʫʣʘʟʥʠ ʬʠʣʪʘʨ ʧʨʦʧʫʩʥʠʢ 

ʦʧʩʝʛʘ ʫʯʝʩʪʘʥʦʩʪʠ, ʯʠʿʘ ʩʝ ʮʝʥʪʨʘʣʥʘ ʫʯʝʩʪʘʥʦʩʪ ʧʦʜʝʰʘʚʘ ʥʘ ʫʯʝʩʪʘʥʦʩʪ ʢʦʤʧʦʥʝʥʪʝ ʩʠʛʥʘʣʘ 

ʢʦʿʠ ʩʝ ʪʨʝʥʫʪʥʦ ʤʝʨʠ, RFf . ʅʘ ʪʘʿ ʥʘʯʠʥ ʩʝ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʪʨʝʥʫʪʢʫ ʩʘ ʫʣʘʟʘ ʦʪʢʣʘˁʘ 

ʢʦʤʧʦʥʝʥʪʘ ʩʠʛʥʘʣʘ ʥʘ ʫʯʝʩʪʘʥʦʩʪʠ IM RF IF2f f f= + . ʇʦʰʪʦ ʮʝʥʪʨʘʣʥʘ ʫʯʝʩʪʘʥʦʩʪ ʫʣʘʟʥʦʛ 

ʧʦʜʝʩʠʚʦʛ ʬʠʣʪʨʘ ʪʨʝʙʘ ʜʘ ʩʝ ʤʝˁʘ ʫ ʦʧʩʝʛʫ ʦʜ RFminf  ʜʦ RFmaxf , ʘ ʚʘʞʠ RFmax RFminf f  

(ʪʠʧʠʯʥʦ ʿʝ RFminf  ʨʝʜʘ kHZ, ʘ RFmaxf  ʨʝʜʘ GHz), ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʬʠʣʪʨʘ ʫ ʪʘʢʦ ʰʠʨʦʢʦʤ 

ʬʨʝʢʚʝʥʮʠʿʩʢʦʤ ʦʧʩʝʛʫ ʠʟʫʟʝʪʥʦ ʿʝ ʢʦʤʧʣʠʢʦʚʘʥʘ. 

ɸʢʦ ʫʩʣʦʚ (2.3.3) ʿʝʩʪʝ ʠʩʧʫˁʝʥ (Ăʚʠʩʦʢʘñ IFf  ʫʯʝʩʪʘʥʦʩʪ) ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʦʧʩʝʟʠ ʟʘ RFf  ʠ 

IMf  ʩʝ ʥʝ ʧʨʝʢʣʘʧʘʿʫ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 2.3.4ʙ. ʊʦ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʩʝ ʥʘ ʠʩʢʦʨʠʩʪʠ 

ʫʣʘʟʥʠ ʬʠʣʪʘʨ ʧʨʦʧʫʩʥʠʢ ʥʠʩʢʠʭ ʫʯʝʩʪʘʥʦʩʪʠ ʠ ʠʟʜʚʦʿʝ ʢʦʤʧʦʥʝʥʪʝ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ 

ʫʯʝʩʪʘʥʦʩʪʠ ʤʘˁʝ ʠʣʠ ʿʝʜʥʘʢʝ ʦʜ RFmaxf , ʘ ʦʜʩʪʨʘʥʝ ʩʚʝ ʢʦʤʧʦʥʝʥʪʝ ʩʠʛʥʘʣʘ ʥʘ ʫʯʝʩʪʘʥʦʩʪʠʤʘ 

ʣʠʢʘ, ʦʜ IMminf  ʜʦ IMmaxf . 

ʘ)     ʙ)  

ʉʣʠʢʘ 2.3.4.  ʌʨʝʢʚʝʥʮʠʿʩʢʠ ʦʧʩʝʟʠ RF ʩʠʛʥʘʣʘ, ʣʠʢʘ ʠ ʣʦʢʘʣʥʦʛ ʦʩʮʠʣʘʪʦʨʘ ʟʘ ʘ) ʥʠʩʢʫ IF ʫʯʝʩʪʘʥʦʩʪ 

ʠ ʙ) ʚʠʩʦʢʫ IF ʫʯʝʩʪʘʥʦʩʪ. 
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ʇʨʦʙʣʝʤ ʩʘ ʚʠʩʦʢʦʤ ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʦʤ IFf  ʫʦʯʘʚʘ ʩʝ ʧʘʨ ʢʦʨʘʢʘ ʜʘˀʝ ʫ ʙʣʦʢ ʰʝʤʠ, ʥʘ 

ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʩʢʦʤ ʬʠʣʪʨʫ. ʊʘʿ ʬʠʣʪʘʨ ʪʨʝʙʘ ʜʘ ʠʟʜʚʦʿʠ ʩʘʤʦ ʤʘʣʠ ʜʝʦ ʬʨʝʢʚʝʥʮʠʿʩʢʦʛ 

ʦʧʩʝʛʘ ʦʢʦ ʫʯʝʩʪʘʥʦʩʪʠ IFf , ʘ ʦʩʪʚʘʨʠʚʠ ʧʨʦʧʫʩʥʠ ʦʧʩʝʛ ʬʠʣʪʨʘ ʿʝ ʦʙʠʯʥʦ ʬʠʢʩʥʠ ʜʝʦ ˁʝʛʦʚʝ 

ʮʝʥʪʨʘʣʥʝ ʫʯʝʩʪʘʥʦʩʪʠ (IFf ). ɿʘ ʚʠʩʦʢʦ IFf , ʥʠʿʝ ʤʦʛʫ˂ʝ ʦʩʪʚʘʨʠʪʠ ʜʦʚʦˀʥʦ ʤʘʣʠ ʧʨʦʧʦʧʫʩʥʠ 

ʦʧʩʝʛ ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʬʠʣʪʨʘ. ʉʪʦʛʘ ʥʠʿʝ ʤʦʛʫ˂ʝ ʢʦʨʠʩʪʠʪʠ ʚʠʩʦʢʫ ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʫ, 

ʦʜʥʦʩʥʦ, ʙʦˀʝ ʨʝ˂ʠ, ʥʠʿʝ ʤʦʛʫ˂ʝ ʢʦʨʠʩʪʠʪʠ ʚʠʩʦʢʫ ʢʦʥʘʯʥʫ ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʫ. ɸʣʠ ʿʝ ʤʦʛʫ˂ʝ 

ʠʤʘʪʠ ʜʚʝ ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʝ: ʧʨʚʫ, ʚʠʰʫ, ʜʘ ʙʠ ʩʝ ʝʣʠʤʠʥʠʩʘʣʝ ʢʦʤʧʦʥʝʥʪʝ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ ʥʘ 

ʫʯʝʩʪʘʥʦʩʪʠ ʣʠʢʦʚʘ ʠ ʜʨʫʛʫ, ʥʠʞʫ, ʜʘ ʙʠ ʩʝ ʿʝʜʥʦʩʪʘʚʥʠʿʝ ʨʝʘʣʠʟʦʚʘʣʠ ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʩʢʠ 

ʬʠʣʪʨʠ. ʂʘʦ ʰʪʦ ˂ʝʤʦ ʚʠʜʝʪʠ, ʧʨʝʣʘʟʘʢ ʩʘ ʧʨʚʝ ʚʠʩʦʢʝ ʥʘ ʜʨʫʛʫ ʥʠʩʢʫ ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʫ ʫ 

ʿʝʜʥʦʤ ʢʦʨʘʢʫ ʥʘʨʫʰʠʣʦ ʙʠ ʢʚʘʣʠʪʝʪ ʩʧʝʢʪʨʘʣʥʝ ʘʥʘʣʠʟʝ, ʧʘ ʩʝ ʦʚʘʿ ʧʨʝʣʘʟʘʢ ʦʜʚʠʿʘ ʫ ʚʠʰʝ 

ʢʦʨʘʢʘ. ʊʘʢʦ ʜʦʣʘʟʠʤʦ ʜʦ ʫʦʙʠʯʘʿʝʥʦʛ ʨʝʰʝˁʘ ʟʘ ʫʣʘʟʥʠ ʬʠʣʪʘʨ: ʟʘ ʥʠʞʠ ʜʝʦ ʩʧʝʢʪʨʘ ʫʣʘʟʥʦʛ 

ʩʠʛʥʘʣʘ (ʛʜʝ ʿʝ ʨʘʩʧʦʥ ʠʟʤʝʹʫ ʛʦʨˁʝ ʠ ʜʦˁʝ ʫʯʝʩʪʘʥʦʩʪʠ ʚʝʣʠʢʠ, ʨʝʜʘ 610 ) ʢʦʨʠʩʪʠ ʩʝ ʬʠʣʪʘʨ 

ʧʨʦʧʫʩʥʠʢ ʥʠʩʢʠʭ ʫʯʝʩʪʘʥʦʩʪʠ, ʘ ʟʘ ʚʠʰʠ ʜʝʦ ʩʧʝʢʪʨʘ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ (ʛʜʝ ʿʝ ʨʘʩʧʦʥ ʠʟʤʝʹʫ 

ʛʦʨˁʝ ʠ ʜʦˁʝ ʫʯʝʩʪʘʥʦʩʪʠ ʤʘʣʠ, ʠʟʤʝʹʫ 2 ʠ 10) ʢʦʨʠʩʪʠ ʩʝ ʧʦʜʝʩʠʚʠ ʬʠʣʪʘʨ ʧʨʦʧʫʩʥʠʢ ʦʧʩʝʛʘ 

ʫʯʝʩʪʘʥʦʩʪʠ. ʇʨʚʘ (ʚʠʩʦʢʘ) ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʘ ʦʙʠʯʥʦ ʩʝ ʫʟʠʤʘ ʥʝʰʪʦ ʠʟʥʘʜ ʤʘʢʩʠʤʘʣʥʝ 

ʫʯʝʩʪʘʥʦʩʪʠ ʥʠʞʝʛ ʜʝʣʘ ʩʧʝʢʪʨʘ. 

ʈʘʟʤʦʪʨʠʤʦ ʩʘʜʘ ʢʦʥʚʝʨʟʠʿʫ ʚʠʩʦʢʝ ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʝ IF1f  (ʪʦ ʿʝ IFf  ʩʘ ʩʣʠʢʝ 2.3.4) ʥʘ ʥʠʞʫ 

ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʫ IF2f . ʂʦʥʚʝʨʟʠʿʘ ʥʘ ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʫ ʟʘ ʜʚʘ ʨʝʜʘ ʚʝʣʠʯʠʥʝ ʥʠʞʫ, 

IF1 IF2100f fº , ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 2.3.5ʘ, ʘ ʥʘ ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʫ ʟʘ ʿʝʜʘʥ ʨʝʜ ʚʝʣʠʯʠʥʝ ʥʠʞʫ, 

IF1 IF210f fº , ʥʘ ʩʣʠʮʠ 2.3.5ʙ (ʧʨʠʢʘʟ ʿʝ ʨʘʜʠ ʠʣʫʩʪʨʘʮʠʿʝ, ʨʘʟʤʝʨʘ ʥʝ ʦʜʛʦʚʘʨʘ ʩʪʚʘʨʥʦʿ). ʆʚʜʝ 

ʩʝ ʢʦʨʠʩʪʠ ʫʯʝʩʪʘʥʦʩʪ ʣʦʢʘʣʥʦʛ ʦʩʮʠʣʘʪʦʨʘ ʤʘˁʘ ʦʜ ʧʨʚʝ ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʝ. ʇʦʰʪʦ ʿʝ 

ʫʯʝʩʪʘʥʦʩʪ ʣʠʢʘ ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʝ IF1f  ʧʦʤʝʨʝʥʘ ʟʘ IF22 f , ʧʨʠ IF1 IF2100f fº  ʧʦʪʨʝʙʘʥ ʿʝ 

ʠʟʫʟʝʪʥʦ ʩʝʣʝʢʪʠʚʘʥ ʬʠʣʪʘʨ ʧʨʦʧʫʩʥʠʢ ʦʧʩʝʛʘ ʜʘ ʙʠ ʩʝ ʧʦʪʠʩʥʫʣʘ ʢʦʤʧʦʥʝʥʪʘ ʩʠʛʥʘʣʘ ʣʠʢʘ ʥʘ 

ʫʯʝʩʪʘʥʦʩʪʠ IMf  (ʩʣʠʢʘ 2.3.5ʘ). ʂʦʤʧʦʥʝʥʪʘ ʩʠʛʥʘʣʘ ʥʘ ʫʯʝʩʪʘʥʦʩʪʠ IMf  ʤʦʞʝ ʜʘ ʥʘʩʪʘʥʝ 

ʜʠʨʝʢʪʥʠʤ ʧʨʦʣʘʟʦʤ (ʙʝʟ ʢʦʥʚʝʨʟʠʿʝ ʫʯʝʩʪʘʥʦʩʪʠ) ʢʦʤʧʦʥʝʥʪʝ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ ʥʘ ʪʦʿ 

ʫʯʝʩʪʘʥʦʩʪʠ (ʠʟʦʣʘʮʠʿʘ ʿʝ ʚʝʣʠʢʘ, ʘʣʠ ʢʦʥʘʯʥʘ), ʧʘ ʿʝ ʟʥʘʯʘʿʥʦ ʧʦʪʠʩʥʫʪʠ ʿʝ. ʆʚʫ ʢʦʤʧʦʥʝʥʪʫ 

ʥʘ ʫʯʝʩʪʘʥʦʩʪʠ ʣʠʢʘ ʤʥʦʛʦ ʿʝ ʣʘʢʰʝ ʧʦʪʠʩʥʫʪʠ ʘʢʦ ʿʝ IF1 IF210f fº , ʢʘʦ ʥʘ ʩʣʠʮʠ 2.3.5ʙ, ʧʦʰʪʦ 

ʿʝ ʧʦʪʨʝʙʘʥ ʬʠʣʪʘʨ ʤʥʦʛʦ ʤʘˁʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ (ʿʝʨ ʿʝ ʫʯʝʩʪʘʥʦʩʪ IMf  ʜʦʚʦˀʥʦ ʨʘʟʤʘʢʥʫʪʘ ʦʜ 

ʫʯʝʩʪʘʥʦʩʪʠ IF1f ). ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ ʩʝ ʢʦʥʚʝʨʟʠʿʘ ʥʘ ʢʦʥʘʯʥʫ (ʥʘʿʥʠʞʫ) ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʫ ʦʜʚʠʿʘ 

ʫ ʚʠʰʝ ʢʦʨʘʢʘ, ʪʿ. ʩʘ ʚʠʰʝ IF ʩʪʝʧʝʥʠ (ʿʝʜʘʥ IF ʩʪʝʧʝʥ ʯʠʥʝ ʤʠʢʩʝʨ, ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʩʢʠ 

ʧʦʿʘʯʘʚʘʯ ʠ ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʩʢʠ ʬʠʣʪʘʨ). ʋʢʫʧʘʥ ʙʨʦʿ IF ʩʪʝʧʝʥʠ ʟʘʚʠʩʠ ʦʜ ʢʦʣʠʯʥʠʢʘ ʥʘʿʚʠʰʝ 

ʠ ʥʘʿʥʠʞʝ ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʝ, ʘ ʪʠʧʠʯʥʦ ʠʭ ʿʝ ʪʨʠ ʠʣʠ ʯʝʪʠʨʠ. ʊʠʧʠʯʥʘ ʚʨʝʜʥʦʩʪ ʥʘʿʥʠʞʝ 

ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʝ ʿʝ ʨʝʜʘ ʥʝʢʦʣʠʢʦ ʜʝʩʝʪʠʥʘ MHz. 

ʘ)     ʙ)  

ʉʣʠʢʘ 2.3.5.  ʂʦʥʚʝʨʟʠʿʘ ʚʠʩʦʢʝ ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʝ ʫ ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʫ ʢʦʿʘ ʿʝ ʥʠʞʘ ʟʘ ʘ) ʜʚʘ ʨʝʜʘ 

ʚʝʣʠʯʠʥʝ ʠ ʙ) ʿʝʜʘʥ ʨʝʜ ʚʝʣʠʯʠʥʝ. 



84 
 

ʀʟʘ ʤʠʢʩʝʨʘ, ʫ ʦʢʚʠʨʫ ʿʝʜʥʦʛ IF ʩʪʝʧʝʥʘ (ʥʘ ʩʣʠʮʠ 2.3.5 ʧʨʠʢʘʟʘʥ ʿʝ, ʨʘʜʠ ʿʝʜʥʦʩʪʘʚʥʦʩʪʠ, 

ʩʘʤʦ ʿʝʜʘʥ ʩʪʝʧʝʥ) ʩʣʝʜʝ ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʩʢʠ ʧʦʿʘʯʘʚʘʯ ʠ ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʩʢʠ ʬʠʣʪʘʨ. ʆʚʜʝ 

˂ʝʤʦ ʩʝ ʬʦʢʫʩʠʨʘʪʠ ʥʘ ʧʦʩʣʝʜˁʠ IF ʩʪʝʧʝʥ, ʥʘʢʦʥ ʢʦʿʝʛ ʩʝ ʚʨʰʠ ʢʦʥʘʯʥʦ ʤʝʨʝˁʝ ʩʠʛʥʘʣʘ. 

ʇʦʿʘʯʘˁʝ ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʧʦʿʘʯʘʚʘʯʘ ʧʦʜʝʰʘʚʘ ʩʝ ʘʫʪʦʤʘʪʩʢʠ. ʊʠʤ ʧʦʿʘʯʘˁʝʤ 

ʥʘʜʦʢʥʘʹʫʿʝ ʩʝ ʩʣʘʙˀʝˁʝ ʫ ʫʣʘʟʥʦʤ ʦʩʣʘʙˀʠʚʘʯʫ ʠ ʛʫʙʠʮʠ ʢʦʥʚʝʨʟʠʿʝ ʫ ʤʠʢʩʝʨʠʤʘ, ʘʣʠ ʠ 

ʧʦʜʝʰʘʚʘ ʦʧʪʠʤʘʣʥʠ ʥʠʚʦ ʩʠʛʥʘʣʘ ʥʘ ʫʣʘʟʫ ʧʦʿʝʜʠʥʠʭ ʩʢʣʦʧʦʚʘ. ʋʢʫʧʥʦ ʧʦʿʘʯʘˁʝ ʩʠʛʥʘʣʘ ʧʨʠ 

ʧʨʦʣʘʟʫ ʢʨʦʟ ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʿʝʜʘʥ (ʧʦʰʪʦ ʪʨʝʙʘ ʜʘ ʧʨʠʢʘʞʝʤʦ ʥʝʠʟʤʝˁʝʥʝ 

ʘʤʧʣʠʪʫʜʝ ʬʨʝʢʚʝʥʮʠʿʩʢʠʭ ʢʦʤʧʦʥʝʥʪʠ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ). 

ʄʝʹʫʬʨʝʢʚʝʥʮʠʿʩʢʠ ʬʠʣʪʘʨ ʿʝ ʬʠʣʪʘʨ ʧʨʦʧʫʩʥʠʢ ʦʧʩʝʛʘ ʫʯʝʩʪʘʥʦʩʪʠ, ʯʠʿʘ ʿʝ ʮʝʥʪʨʘʣʥʘ 

ʫʯʝʩʪʘʥʦʩʪ ʬʠʢʩʥʘ ʠ ʿʝʜʥʘʢʘ ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʠ IF ʩʪʝʧʝʥʘ, ʘ ʯʠʿʠ ʧʨʦʧʫʩʥʠ ʦʧʩʝʛ ʤʦʞʝ ʜʘ ʩʝ 

ʧʦʜʝʰʘʚʘ ʫ ʰʠʨʦʢʦʤ ʨʘʩʧʦʥʫ (ʪʠʧʠʯʥʦ ʠʟʤʝʹʫ 1 Hz ʠ 10 MHz). ʄʝʹʫʬʨʝʢʚʝʥʮʠʿʩʢʠ ʬʠʣʪʘʨ, 

ʜʘʢʣʝ, ʦʜʨʝʹʫʿʝ ʢʦʣʠʢʠ ʜʝʦ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ ʫ ʦʢʦʣʠʥʠ ʧʦʩʤʘʪʨʘʥʝ ʫʯʝʩʪʘʥʦʩʪʠ ˂ʝ ʙʠʪʠ 

ʠʟʜʚʦʿʝʥ, ʠʟʤʝʨʝʥ ʠ ʧʨʠʢʘʟʘʥ ʢʘʦ ʥʠʚʦ ʩʠʛʥʘʣʘ ʥʘ ʧʦʩʤʘʪʨʘʥʦʿ ʫʯʝʩʪʘʥʦʩʪʠ. ɳʝʛʦʚʘ ʫʣʦʛʘ ʿʝ 

ʟʘʧʨʘʚʦ ʪʨʦʿʘʢʘ: ʜʘ ʦʜʨʝʜʠ ʬʨʝʢʚʝʥʮʠʿʩʢʫ ʨʝʟʦʣʫʮʠʿʫ ʤʝʨʝˁʘ (ʦʪʫʜʘ ʦʚʘʿ ʬʠʣʪʝʨ ʠ ʥʦʩʠ ʥʘʟʠʚ 

Resolution BandwidthðRBW), ʜʘ ʧʦʪʠʩʥʝ ʧʘʨʘʟʠʪʥʝ ʬʨʝʢʚʝʥʮʠʿʩʢʝ ʢʦʤʧʦʥʝʥʪʝ ʢʦʿʝ ʩʫ 

ʝʚʝʥʪʫʘʣʥʦ, ʟʙʦʛ ʥʝʩʘʚʨʰʝʥʦʩʪʠ ʩʠʩʪʝʤʘ, ʩʪʠʛʣʝ ʜʦ ʦʚʦʛ ʩʪʝʧʝʥʘ ʠ ʜʘ ʢʦʥʪʨʦʣʠʰʝ ʥʠʚʦ ʰʫʤʘ 

ʧʨʠ ʤʝʨʝˁʫ. 

ʋʢʦʣʠʢʦ ʩʝ ʥʘ ʫʣʘʟʫ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʥʘʣʘʟʠ ʩʘʤʦ ʿʝʜʘʥ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʘʥ ʩʠʛʥʘʣ, 

ˁʝʛʦʚ ʩʧʝʢʪʘʨ ʩʘʩʪʦʿʠ ʩʝ ʠʟ ʿʝʜʥʝ ʬʨʝʢʚʝʥʮʠʿʩʢʝ ʢʦʤʧʦʥʝʥʪʝ, ʧʘ ʦʯʝʢʫʿʝʤʦ ʜʘ ʚʠʜʠʤʦ ʩʘʤʦ 

ʿʝʜʥʫ ʣʠʥʠʿʫ ʫ ʩʧʝʢʪʨʫ. ʆʥʦ ʰʪʦ ˂ʝ ʧʨʠʢʘʟʘʪʠ ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ, ʤʝʹʫʪʠʤ, ʫʤʥʦʛʦʤʝ ʟʘʚʠʩʠ 

ʢʘʢʦ ʦʜ ʩʪʚʘʨʥʦʛ ʦʙʣʠʢʘ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʦʛ ʩʠʛʥʘʣʘ, ʦʜʥʦʩʥʦ ˁʝʛʦʚʦʛ ʬʘʟʥʦʛ ʰʫʤʘ, ʪʘʢʦ ʠ ʦʜ 

ʧʦʜʝʰʘʚʘˁʘ ʧʨʦʧʫʩʥʦʛ ʦʧʩʝʛʘ RBW ʬʠʣʪʨʘ. RBW ʬʠʣʪʘʨ ʦʧʠʩʘʥ ʿʝ ʩʚʦʿʦʤ ʬʫʥʢʮʠʿʦʤ 

ʧʨʝʥʦʩʘ, ()H f , ʢʦʿʘ ʧʦʚʝʟʫʿʝ ʢʦʤʧʣʝʢʩʥʝ ʧʨʝʜʩʪʘʚʥʠʢʝ ʥʘʧʦʥʘ ʥʘ ʫʯʝʩʪʘʥʦʩʪʠ f , ʥʘ ʫʣʘʟʫ, 

()inU f  ʠ ʠʟʣʘʟʫ, ()outU f , ʠʟ ʬʠʣʪʨʘ: 

 () () ()out inU f H f U f= . (2.3.4) 

ʊʝʞʠ ʩʝ ʜʘ ʘʤʧʣʠʪʫʜʩʢʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʫʥʢʮʠʿʝ ʧʨʝʥʦʩʘ RBW ʬʠʣʪʘʨʘ ʠʤʘ ʦʙʣʠʢ ʩʣʠʯʘʥ 

ɻʘʫʩʦʚʦʤ ʠʤʧʫʣʩʫ, ʢʘʢʦ ʙʠ ʬʠʣʪʘʨ ʠʤʘʦ ʰʪʦ ʢʨʘ˂ʠ ʚʨʝʤʝʥʩʢʠ ʦʜʟʠʚ (ʪʿ. ʢʘʢʦ ʙʠ ʫʢʫʧʥʦ ʚʨʝʤʝ 

ʤʝʨʝˁʘ ʙʠʣʦ ʰʪʦ ʢʨʘ˂ʝ). ʅʘ ʩʣʠʮʠ 2.3.6 ʧʨʠʢʘʟʘʥ ʿʝ Ăʧʨʦʣʘʟʘʢñ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʦʛ ʩʠʛʥʘʣʘ 

ʫʯʝʩʪʘʥʦʩʪʠ 0f  ʢʨʦʟ RBW ʬʠʣʪʘʨ. RBW ʬʠʣʪʘʨ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥ ʩʚʦʿʦʤ ʥʦʨʤʘʣʠʟʦʚʘʥʦʤ 

ʬʫʥʢʮʠʿʦʤ ʧʨʝʥʦʩʘ ʫ ʜʝʮʠʙʝʣʠʤʘ. ʇʦʜ ʧʨʦʧʫʩʥʠʤ ʦʧʩʝʛʦʤ RBW ʬʠʣʪʨʘ ʦʙʠʯʥʦ ʩʝ 

ʧʦʜʨʘʟʫʤʝʚʘ ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʨʘʟʤʘʢ ʠʟʤʝʹʫ ʜʚʝ ʫʯʝʩʪʘʥʦʩʪʠ ʥʘ ʢʦʿʠʤʘ ʬʫʥʢʮʠʿʘ ʧʨʝʥʦʩʘ 

ʦʧʘʜʥʝ ʟʘ 3 dB ʫ ʦʜʥʦʩʫ ʥʘ ʤʘʢʩʠʤʘʣʥʫ ʚʨʝʜʥʦʩʪ, maxH . ʇʦʨʝʜ ʦʚʦʛ, ʪʨʦʜʝʮʠʙʝʣʩʢʦʛ, ʤʦʛʫ ʩʝ 

ʜʝʬʠʥʠʩʘʪʠ ʠ ʧʨʦʧʫʩʥʠ ʦʧʩʝʟʠ ʟʘ ʧʨʦʠʟʚʦˀʥʦ ʩʣʘʙˀʝˁʝ ʫ ʦʜʥʦʩʫ ʥʘ maxH . ʌʘʢʪʦʨ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʬʠʣʪʨʘ, SF, ʜʝʬʠʥʠʰʝ ʩʝ ʢʘʦ ʢʦʣʠʯʥʠʢ ʧʨʦʧʫʩʥʠʭ ʦʧʩʝʛʘ ʜʝʬʠʥʠʩʘʥʠʭ ʟʘ 

ʩʣʘʙˀʝˁʝ ʦʜ 60 dB, 60dBB  ʠ ʟʘ ʩʣʘʙˀʝˁʝ ʦʜ 3 dB, 3dBB : 

 60dB

3dB

B
SF

B
= . (2.3.5) 

ʄʘˁʘ SFʚʨʝʜʥʦʩʪ ʟʥʘʯʠ ʤʘˁʠ ʫʪʠʮʘʿ ʩʠʛʥʘʣʘ ʚʘʥ 3 dB ʧʨʦʧʫʩʥʦʛ ʦʧʩʝʛʘ ʥʘ ʠʟʤʝʨʝʥʠ ʩʧʝʢʪʘʨ. 
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ʉʣʠʢʘ 2.3.6.  ʋʪʠʮʘʿ RBW ʬʠʣʪʘʨʘ ʥʘ ʧʨʠʢʘʟ ʩʧʝʢʪʨʘ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʦʛ ʩʠʛʥʘʣʘ. 

ɸʢʦ ʿʝ ʧʦʪʨʝʙʥʦ ʧʨʠʢʘʟʘʪʠ ʩʧʝʢʪʘʨ ʩʠʛʥʘʣʘ ʫ ʦʧʩʝʛʫ ʫʯʝʩʪʘʥʦʩʪʠ ʦʜ RFminf  ʜʦ RFmaxf , ʩʠʛʥʘʣ 

ʠʟ ʣʦʢʘʣʥʦʛ ʦʩʮʠʣʘʪʦʨʘ ˂ʝ ʤʝˁʘʪʠ ʩʚʦʿʫ ʫʯʝʩʪʘʥʦʩʪ LOf  ʦʜ RFmin IFf f+  ʜʦ RFmax IFf f+ . ʋʤʝʩʪʦ 

ʢʦʥʪʠʥʫʘʣʥʝ ʧʨʦʤʝʥʝ, ʫ ʤʦʜʝʨʥʠʤ ʘʥʘʣʠʟʘʪʦʨʠʤʘ ʩʧʝʢʪʨʘ LOf  ˂ʝ ʢʦʨʠʰ˂ʝˁʝʤ PLL-ʘ ʙʠʪʠ 

Ăʟʘʢˀʫʯʘʥʦñ ʥʘ ʦʜʨʝʹʝʥʠ ʙʨʦʿ ʫʯʝʩʪʘʥʦʩʪʠ, LON , ʫ ʟʘʜʘʪʦʤ ʦʧʩʝʛʫ. ɿʘ ʩʚʘʢʫ ʦʜ LON  

ʫʯʝʩʪʘʥʦʩʪʠ ʣʦʢʘʣʥʦʛ ʦʩʮʠʣʘʪʦʨʘ, ʫ ʤʠʢʩʝʨʫ ˂ʝ ʜʦ˂ʠ ʜʦ ʤʝʰʘˁʘ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ ʠ ʩʠʛʥʘʣʘ 

ʣʦʢʘʣʥʦʛ ʦʩʮʠʣʘʪʦʨʘ, ʥʘʢʦʥ ʯʝʛʘ ˂ʝ ʫʣʘʟʥʠ ʩʠʛʥʘʣ, ʪʨʘʥʩʬʦʨʤʠʩʘʥʦʛ ʩʧʝʢʪʨʘ (ʩʘ RFf  ʥʘ 

LO RFf f- ) ʙʠʪʠ ʧʦʿʘʯʘʥ, ʧʨʦʧʫʰʪʝʥ ʢʨʦʟ RBW ʬʠʣʪʘʨ ʠ ʠʟʤʝʨʝʥ. ʆʙʨʘʜʘ ʧʦ LON  ʫʯʝʩʪʘʥʦʩʪʠ 

ʚʨʰʠ ʩʝ ʩʝʢʚʝʥʮʠʿʘʣʥʦ, ʘ ʫʢʫʧʥʦ ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ ʪʫ ʦʙʨʘʜʫ ʥʘʟʠʚʘ ʩʝ ʚʨʝʤʝ Ăʧʨʦʣʘʟʘñ 

(Sweep time). 

ɼʘ ʙʠʩʤʦ ʢʚʘʣʠʪʘʪʠʚʥʦ ʨʘʟʤʦʪʨʠʣʠ ʧʨʦʮʝʩ ʩʧʝʢʪʨʘʣʥʝ ʘʥʘʣʠʟʝ, ʫʧʨʦʰ˂ʝʥʦ ˂ʝʤʦ ʩʤʘʪʨʘʪʠ 

ʜʘ ʩʧʝʢʪʘʨ ʫʣʘʟʥʦʛ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʦʛ ʩʠʛʥʘʣʘ ʤʦʞʝʤʦ ʧʨʝʜʩʪʘʚʠʪʠ ʿʝʜʥʦʤ ʢʦʤʧʦʥʝʥʪʦʤ ʥʘ 

ʫʯʝʩʪʘʥʦʩʪʠ 0f . ʅʘ ʩʣʠʮʠ 2.3.6 ʧʨʠʢʘʟʘʥʘ ʿʝ ʦʚʘ ʢʦʤʧʦʥʝʥʪʘ, ʘʤʧʣʠʪʫʜʝ inU  ʠ ʪʨʘʥʩʬʦʨʤʠʩʘʥʝ 

ʫʯʝʩʪʘʥʦʩʪʠ LO 0f f- , ʥʘ ʫʣʘʟʫ RBW ʬʠʣʪʨʘ. ʉʘ ʧʦʨʘʩʪʦʤ ʫʯʝʩʪʘʥʦʩʪʠ LOf  ʠ ʦʚʘ ʢʦʤʧʦʥʝʥʪʘ 

˂ʝ ʧʦʚʝ˂ʘʚʘʪʠ ʩʚʦʿʫ ʫʯʝʩʪʘʥʦʩʪ, ʧʨʦʣʘʟʝ˂ʠ ʪʘʢʦ ʢʨʦʟ ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʦʧʩʝʛ ʫ ʢʦʿʝʤ RBW ʬʠʣʪʘʨ 

ʠʤʘ ʥʝʟʘʥʝʤʘʨˀʠʚʫ ʬʫʥʢʮʠʿʫ ʧʨʝʥʦʩʘ (ʥʘ ʩʣʠʮʠ ʿʝ ʧʨʠʢʘʟʘʥʦ 65 dB ʘʤʧʣʠʪʫʜʩʢʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʬʠʣʪʨʘ). ɸʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ ʥʘ ʠʟʣʘʟʫ RBW ʬʠʣʪʨʘ, outU , ʜʦʙʠʿʘ ʩʝ ʥʘ ʦʩʥʦʚʫ 

ʠʟʨʘʟʘ (2.3.4), ʘ ʥʘ ʩʣʠʮʠ 2.3.6. ʛʨʘʬʠʯʢʠ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʢʨʫʞʠ˂ʠʤʘ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʧʨʦʠʟʚʦʜ ʬʫʥʢʮʠʿʝ ʧʨʝʥʦʩʘ ʬʠʣʪʨʘ ʠ ʘʤʧʣʠʪʫʜʝ inU . ʉʚʘʢʠ ʢʨʫʞʠ˂ ʦʜʛʦʚʘʨʘ ʿʝʜʥʦʿ 

ʬʨʝʢʚʝʥʮʠʿʩʢʦʿ ʪʘʯʢʠ ʢʦʿʘ ˂ʝ ʙʠʪʠ ʧʨʠʢʘʟʘʥʘ ʫ ʩʧʝʢʪʨʫ ʩʠʛʥʘʣʘ (ʚʠʰʝ ʦ ʙʨʦʿʫ ʪʠʭ ʪʘʯʘʢʘ 

ʛʦʚʦʨʠ˂ʝʤʦ ʢʘʩʥʠʿʝ), ʘ ʥʠʚʦ ʩʠʛʥʘʣʘ ʫ ʩʚʘʢʦʿ ʦʜ ʪʠʭ ʬʨʝʢʚʝʥʮʠʿʩʢʠʭ ʪʘʯʘʢʘ ʦʜʛʦʚʘʨʘ˂ʝ ʥʠʚʦʫ 

ʩʠʛʥʘʣʘ ʥʘ ʤʝʩʪʫ ʢʨʫʞʠ˂ʘ ʥʘ ʩʣʠʮʠ 2.3.6. ɺʘʥ ʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʦʧʩʝʛʘ RBW ʬʠʣʪʨʘ (ʪʿ. ʪʘʤʦ 

ʛʜʝ ʿʝ ˁʝʛʦʚʦ ʧʦʪʠʩʢʠʚʘˁʝ ʜʦʚʦˀʥʦ ʚʝʣʠʢʦ) ʫ ʩʧʝʢʪʨʫ ˂ʝ ʙʠʪʠ ʧʨʠʢʘʟʘʥ ʰʫʤ. ɼʘʢʣʝ, 

ʠʜʝʘʣʠʟʦʚʘʥʠ ʧʨʠʢʘʟʘ ʩʧʝʢʪʨʘ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʦʛ ʩʠʛʥʘʣʘ (ʧʨʝʜʩʪʘʚˀʝʥʦʛ ʿʝʜʥʦʤ 

ʬʨʝʢʚʝʥʮʠʿʩʢʦʤ ʢʦʤʧʦʥʝʥʪʦʤ) ʦʜʛʦʚʘʨʘ˂ʝ ʦʙʣʠʢʫ ʬʫʥʢʮʠʿʝ ʧʨʝʥʦʩʘ RBW ʬʠʣʪʨʘ. ʈʝʘʣʥʠ 

ʩʧʝʢʪʘʨ ʟʘʚʠʩʠ˂ʝ ʦʜ ʬʘʟʥʦʛ ʰʫʤʘ ʠ ʦʜʘʙʨʘʥʦʛ RBW ʬʠʣʪʨʘ. 

ʋ ʘʥʘʣʠʟʘʪʦʨʠʤʘ ʩʧʝʢʪʨʘ ʩʝ ʫʦʙʠʯʘʿʝʥʦ ʢʦʨʠʩʪʝ ʪʨʠ ʚʨʩʪʝ RBW ʬʠʣʪʘʨʘ: ʘʥʘʣʦʛʥʠ, 

ʜʠʛʠʪʘʣʥʠ ʠ FFT ʬʠʣʪʨʠ. ɸʥʘʣʦʛʥʠ ʬʠʣʪʨʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʥʘʿʰʠʨʝ ʧʨʦʧʫʩʥʝ ʦʧʩʝʛʝ, 

ʦʨʠʿʝʥʪʘʮʠʦʥʠ ʠʟʤʝʹʫ 100 kHz ʠ 1 MHz. ɱʝʜʥʦʩʪʘʚʥʠ ʩʫ ʟʘ ʢʦʥʩʪʨʫʢʮʠʿʫ ʠ ʿʝʬʪʠʥʠ, ʘ ʬʘʢʪʦʨ 
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ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠʤ ʿʝ ʦʢʦ 10. ɳʠʭʦʚʘ ʧʨʠʤʝʥʘ ʫ ʧʦʪʧʫʥʦʩʪʠ ʩʝ ʫʢʣʘʧʘ ʫ ʙʣʦʢ ʰʝʤʫ ʘʥʘʣʠʟʘʪʦʨʘ 

ʩʧʝʢʪʨʘ ʩʘ ʩʣʠʢʝ 2.2.1. ɼʠʛʠʪʘʣʥʠ ʬʠʣʪʨʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʥʝʰʪʦ ʥʠʞʝ ʬʨʝʢʚʝʥʮʠʿʩʢʝ ʦʧʩʝʛʝ, 

ʦʙʠʯʥʦ ʜʦ 30 kHz. ʀʤʘʿʫ ʙʦˀʠ (ʤʘˁʠ) ʬʘʢʪʦʨ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʦʜ ʘʥʘʣʦʛʥʠʭ ʬʠʣʪʘʨʘ, ʦʢʦ 4,6. 

ɿʘ ˁʠʭʦʚʫ ʧʨʠʤʝʥʫ ʧʦʪʨʝʙʘʥ ʿʝ ʜʦʜʘʪʥʠ ʭʘʨʜʚʝʨ ʠ ʩʦʬʪʚʝʨ, ʘ ʠ ʠʟʚʝʩʥʘ ʠʟʤʝʥʘ ʙʣʦʢ ʰʝʤʝ ʩʘ 

ʩʣʠʢʝ 2.2.1. ʅʘʠʤʝ, ʥʘʢʦʥ ʟʘʚʨʰʥʦʛ IF ʩʪʝʧʝʥʘ, ʚʨʰʠ ʩʝ ʢʦʥʚʝʨʟʠʿʘ ʘʥʘʣʦʛʥʦʛ ʩʠʛʥʘʣʘ ʫ 

ʜʠʛʠʪʘʣʥʠ, ʨʘʜʠ ʜʘˀʝ ʜʠʛʠʪʘʣʥʝ ʦʙʨʘʜʝ (ʬʠʣʪʨʠʨʘˁʘ ʠ ʤʝʨʝˁʘ). ɿʙʦʛ ʜʠʛʠʪʘʣʥʝ ʦʙʨʘʜʝ, 

ʜʠʛʠʪʘʣʥʠʤ ʬʠʣʪʨʠʤʘ ʤʦʛʫ˂ʝ ʿʝ ʧʦʩʪʠ˂ʠ ʠ ʥʝʰʪʦ ʢʨʘ˂ʝ ʚʨʝʤʝ ʤʝʨʝˁʘ ʫ ʦʜʥʦʩʫ ʥʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʘʥʘʣʦʛʥʝ ʬʠʣʪʨʝ. FFT ʬʠʣʪʨʠ ʩʝ ʦʙʠʯʥʦ ʢʦʨʠʩʪʝ ʟʘ ʥʘʿʥʠʞʝ ʧʨʦʧʫʩʥʝ ʦʧʩʝʛʝ 

RBW ʬʠʣʪʘʨʘ (ʦʜ 1 Hz ʠ ʚʠʰʝ), ʛʜʝ ʙʠ ʚʨʝʤʝ ʦʜʟʠʚʘ ʘʥʘʣʦʛʥʠʭ ʠʣʠ ʜʠʛʠʪʘʣʥʠʭ ʬʠʣʪʘʨʘ ʙʠʣʦ 

ʥʝʧʨʠʭʚʘʪˀʠʚʦ ʜʫʛʦ. ʇʦʜ ʧʨʠʤʝʥʦʤ FFT ʬʠʣʪʘʨʘ ʟʘʧʨʘʚʦ ʩʝ ʧʦʜʨʘʟʫʤʝʚʘ ʫʟʠʤʘˁʝ ʦʜʙʠʨʘʢʘ 

ʩʠʛʥʘʣʘ ʫ ʜʦʚʦˀʥʦ ʜʫʛʦʤ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ, ˁʠʭʦʚʫ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʫ ʬʨʝʢʚʝʥʮʠʿʩʢʠ 

ʜʦʤʝʥ (ʧʨʠʤʝʥʦʤ FFT ʘʣʛʦʨʠʪʤʘ) ʠ ʧʨʠʢʘʟ ʪʘʢʦ ʜʦʙʠʿʝʥʦʛ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ. ʈʝʟʦʣʫʮʠʿʘ 

ʧʨʠʢʘʟʘ ʩʧʝʢʪʨʘ (ʝʢʚʠʚʘʣʝʥʪ ʧʨʦʧʫʩʥʦʤ ʦʧʩʝʛʫ ʘʥʘʣʦʛʥʠʭ ʠ ʜʠʛʠʪʘʣʥʠʭ ʬʠʣʪʘʨʘ) ʦʙʨʥʫʪʦ ʿʝ 

ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʫʢʫʧʥʦʤ ʚʨʝʤʝʥʫ ʦʜʘʙʠʨʘˁʘ ʩʠʛʥʘʣʘ. ʋʢʫʧʥʦ ʚʨʝʤʝ ʦʜʘʙʠʨʘˁʘ ʩʠʛʥʘʣʘ 

ʿʝʜʥʘʢʦ ʿʝ ʧʨʦʠʟʚʦʜʫ ʙʨʦʿʘ ʦʜʙʠʨʘʢʘ, N  ʠ ʚʨʝʤʝʥʩʢʦʤ ʨʘʟʤʘʢʫ ʠʟʤʝʹʫ ʦʜʙʠʨʘʢʘðʧʝʨʠʦʜʫ 

ʦʜʘʙʠʨʘˁʘ, sT . ʇʨʝʤʘ ʐʝʥʦʥʦʚʦʿ ʪʝʦʨʝʤʠ ʦʜʘʙʠʨʘˁʘ, ʫʯʝʩʪʘʥʦʩʪ ʦʜʘʙʠʨʘˁʘ, s s1f T= , ʤʦʨʘ 

ʜʘ ʙʫʜʝ ʥʘʿʤʘˁʝ ʜʚʦʩʪʨʫʢʦ ʚʝ˂ʘ ʦʜ ʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʦʧʩʝʛʘ ʩʠʛʥʘʣʘ (ʜʘ ʥʝ ʙʠ ʜʦʰʣʦ ʜʦ 

ʧʨʝʢʣʘʧʘˁʘ ʢʦʤʧʦʥʝʥʪʠ ʫ ʬʨʝʢʚʝʥʮʠʿʩʢʦʤ ʜʦʤʝʥʫ). ʋ ʧʨʘʢʩʠ, ʫʟʠʤʘ ʩʝ ʟʥʘʪʥʦ ʚʝ˂ʘ ʫʯʝʩʪʘʥʦʩʪ 

ʦʜʘʙʠʨʘˁʘ ʦʜ ʦʚʦʛ ʪʝʦʨʠʿʩʢʦʛ ʤʠʥʠʤʫʤʘ (ʟʙʦʛ ʢʦʥʘʯʥʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʬʠʣʪʘʨʘ ʢʦʿʠ ʨʘʜʝ 

ʦʛʨʘʥʠʯʘʚʘˁʝ ʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʦʧʩʝʛʘ ʧʦʩʤʘʪʨʘʥʦʛ ʩʠʛʥʘʣʘ). ɿʘ ʫʟʠʤʘˁʝ ʦʜʙʠʨʘʢʘ ʢʦʨʠʩʪʝ ʩʝ 

A/D ʢʦʥʚʝʨʪʦʨʠ ʢʦʿʠ ʠʤʘʿʫ ʢʦʥʘʯʥʫ ʙʨʟʠʥʫ ʨʘʜʘ, ʢʦʿʦʤ ʿʝ ʟʘʜʘʪʘ ʤʘʢʩʠʤʘʣʥʘ ʫʯʝʩʪʘʥʦʩʪ 

ʦʜʘʙʠʨʘˁʘ, s maxf . ʉʪʦʛʘ ʩʝ ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʦʧʩʝʛ ʢʦʿʠ ʧʦʜʨʞʘʚʘ ʫʨʝʹʘʿ ʜʝʣʠ ʥʘ ʤʘˁʝ 

ʬʨʝʢʚʝʥʮʠʿʩʢʝ ʧʦʜʦʧʩʝʛʝ, ʢʦʿʠ ʪʨʝʙʘ ʜʘ ʩʫ ʟʥʘʪʥʦ ʤʘˁʠ ʦʜ ʧʦʣʦʚʠʥʝ ʤʘʢʩʠʤʘʣʥʝ ʫʯʝʩʪʘʥʦʩʪʠ 

ʦʜʘʙʠʨʘˁʘ s maxf . ʇʦʰʪʦ ʿʝ ʟʘʜʘʪʘ ʨʝʟʦʣʫʮʠʿʘ ʧʨʠʢʘʟʘ ʩʧʝʢʪʨʘ s1 NT , ʟʘ ʤʘʣʝ ʨʝʟʦʣʫʮʠʿʝ 

ʧʦʪʨʝʙʥo ʿʝ ʜʘ ʧʨʦʠʟʚʦʜ sNT  ʙʫʜʝ ʚʝʣʠʢʠ. ɸʢʦ ʥʠʿʝ ʨʘʩʧʦʣʦʞʠʚʦ ʜʦʚʦˀʥʦ ʤʝʤʦʨʠʿʝ ʟʘ 

ʩʢʣʘʜʠʰʪʝˁʝ N  ʦʜʙʠʨʘʢʘ, ʤʦʨʘ ʩʝ ʧʦʚʝ˂ʘʪʠ sT . ʇʦʚʝ˂ʘˁʫ sT , ʧʘʢ, ʦʜʛʦʚʘʨʘ ʩʤʘˁʝˁʝ 

ʫʯʝʩʪʘʥʦʩʪʠ ʦʜʘʙʠʨʘˁʘ ʠʩʧʦʜ s maxf  ʠ ʜʦʜʘʪʥʦ ʩʤʘˁʠʚʘˁʝ ʬʨʝʢʚʝʥʮʠʿʩʢʠʭ ʧʦʜʦʧʩʝʛʘ, ʦʜʥʦʩʥʦ 

ʧʦʚʝ˂ʘˁʝ ˁʠʭʦʚʦʛ ʙʨʦʿʘ. ʌʨʝʢʚʝʥʮʠʿʩʢʠ ʧʦʜʦʧʩʝʟʠ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ ʩʝ ʢʦʨʠʰ˂ʝˁʝʤ ʤʠʢʩʝʨʘ 

ʠ ʣʦʢʘʣʥʦʛ ʦʩʮʠʣʘʪʦʨʘ ʪʨʘʥʩʬʦʨʤʠʰʫ ʫ IF ʙʣʦʢ ʬʠʢʩʠʨʘʥʦʛ ʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʦʧʩʝʛʘ, ʩʠʛʥʘʣ IF 

ʙʣʦʢʘ ʩʝ ʬʠʣʪʨʠʨʘ ʘʥʘʣʦʛʥʠʤ ʬʠʣʪʨʠʤʘ ʠ ʟʘʪʠʤ ʜʠʛʠʪʘʣʠʟʫʿʝ ʠ FFT ʘʣʛʦʨʠʪʤʦʤ ʢʦʥʚʝʨʪʫʿʝ ʫ 

ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʜʦʤʝʥ. ɿʘ ʚʠʰʝ ʨʝʟʦʣʫʮʠʿʝ ʧʨʠʢʘʟʘ ʩʧʝʢʪʨʘ (ʥʠʞʝ ʟʘʜʘʪʝ ʧʨʦʧʫʩʥʝ ʦʧʩʝʛʝ RBW 

ʬʠʣʪʨʘ), ʢʦʨʠʰ˂ʝˁʝ FFT ʬʠʣʪʘʨʘ ʨʝʟʫʣʪʫʿʝ ʢʨʘ˂ʠʤ ʚʨʝʤʝʥʠʤʘ ʤʝʨʝˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʘʥʘʣʦʛʥʝ 

ʠ ʜʠʛʠʪʘʣʥʝ ʬʠʣʪʨʝ. ɽʢʚʠʚʘʣʝʥʪʥʠ ʬʘʢʪʦʨʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ FFT ʬʠʣʪʘʨʘ ʧʦʩʪʠʞʫ ʚʨʝʜʥʦʩʪʠ 

ʦʜ 2,6. FFT ʬʠʣʪʨʠ ʥʠʩʫ ʧʦʛʦʜʥʠ ʟʘ ʢʦʨʠʰ˂ʝˁʝ ʥʘ ʠʤʧʫʣʩʥʠʤ ʩʠʛʥʘʣʠʤʘ, ʿʝʨ ʧʨʠʢʘʟʘʥʠ 

ʩʧʝʢʪʘʨ ʫʤʥʦʛʦʤʝ ʟʘʚʠʩʠ ʦʜ ʚʨʝʤʝʥʩʢʦʛ ʦʧʩʝʛʘ ʫ ʢʦʿʝʤ ʩʝ ʦʜʘʙʠʨʘ ʩʠʛʥʘʣ. 

ʅʘ ʩʣʠʮʠ 2.3.7 ʧʨʠʢʘʟʘʥ ʿʝ ʠʟʤʝʨʝʥʠ ʩʧʝʢʪʘʨ ʿʝʜʥʦʛ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʦʛ ʩʠʛʥʘʣʘ, 

ʫʯʝʩʪʘʥʦʩʪʠ 0f , ʟʘ ʜʚʘ ʨʘʟʣʠʯʠʪʘ ʧʦʜʝʰʘʚʘˁʘ RBW ʬʠʣʪʨʘ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ, ʪʘʢʘʚ ʜʘ ʿʝ 

ʦʜʥʦʩ ˁʠʭʦʚʠʭ ʚʨʝʜʥʦʩʪʠ 100: 1 2 100RBW RBW= . (ɿʘ ʦʙʘ ʧʦʜʝʰʘʚʘˁʘ RBW ʬʠʣʪʨʘ ʛʨʘʥʠʯʥʘ 

ʫʯʝʩʪʘʥʦʩʪ ʥʠʩʢʦʧʨʦʧʫʩʥʦʛ ʚʠʜʝʦ ʬʠʣʪʨʘ, ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ ʢʘʩʥʠʿʝ ʫ ʙʣʦʢ ʰʝʤʠ ʘʥʘʣʠʟʘʪʦʨʘ 

ʩʧʝʢʪʨʘ, ʧʦʜʝʰʝʥʘ ʿʝ ʥʘ ʦʪʧʨʠʣʠʢʝ ʪʨʠ ʧʫʪʘ ʚʝ˂ʫ ʚʨʝʜʥʦʩʪ ʦʜ 1RBW, ʦʜʥʦʩʥʦ 2RBW, ʠ ʥʝ ʫʪʠʯʝ 

ʙʠʪʥʦ ʥʘ ʧʨʠʢʘʟ ʩʧʝʢʪʨʘ.) 
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ʉʣʠʢʘ 2.3.7.  ʋʪʠʮʘʿ ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʬʠʣʪʨʘ ʥʘ ʧʨʠʢʘʟ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ. 

ʌʨʝʢʚʝʥʮʠʿʩʢʠ ʦʧʩʝʛ (ʩʘ ʮʝʥʪʨʦʤ ʥʘ ʫʯʝʩʪʘʥʦʩʪʠ 0f ) ʢʦʿʠ ʚʠʜʠʤʦ ʥʘ ʩʣʠʮʠ 2.3.7 ʿʝ 

1 0 10B f= . ʊʘʿ ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʦʧʩʝʛ, ʧʦʜʝʰʝʥ ʟʘ ʧʨʠʢʘʟ ʩʧʝʢʪʨʘ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʿʝ ʧʨʦʧʫʩʥʠ 

ʦʧʩʝʛ RBW ʬʠʣʪʨʘ ʥʘ ʚʨʝʜʥʦʩʪʠ 1RBW, ʥʘʟʠʚʘ ʩʝ Span. (Span ʿʝ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʿʝ ʧʨʦʧʫʩʥʠ 

ʦʧʩʝʛ RBW ʬʠʣʪʨʘ ʥʘ ʚʨʝʜʥʦʩʪʠ 2RBW  ʧʦʜʝʰʝʥ ʥʘ ʚʨʝʜʥʦʩʪ 2 0 200B f= , ʧʘ ʧʨʠʢʘʟʘʥʠ 

ʩʧʝʢʪʘʨ ʩʠʛʥʘʣʘ ʫ ʪʦʤ ʩʣʫʯʘʿʫ ʟʘʫʟʠʤʘ ʩʘʤʦ ʤʘʣʠ ʜʝʦ ʫʢʫʧʥʦ ʧʨʠʢʘʟʘʥʦʛ ʬʨʝʢʚʝʥʮʠʿʩʢʦʛ 

ʦʧʩʝʛʘ.) ʇʦʩʪʦʿʠ ʢʦʥʘʯʘʥ ʙʨʦʿ ʬʨʝʢʚʝʥʮʠʿʩʢʠʭ ʪʘʯʘʢʘ ʢʦʿʠ ʩʝ ʤʦʞʝ ʧʨʠʢʘʟʘʪʠ ʥʘ ʝʢʨʘʥʫ 

ʘʥʘʣʠʟʘʪʦʨʫ ʩʧʝʢʪʨʘ, ʘ ʩʚʘʢʘ ʬʨʝʢʚʝʥʮʠʿʩʢʘ ʪʘʯʢʘ ʧʨʝʜʩʪʘʚˀʘ ʦʜʨʝʹʝʥʠ ʦʧʩʝʛ ʫʯʝʩʪʘʥʦʩʪʠ. 

ʂʦʥʢʨʝʪʥʦ, ʩʧʝʢʪʨʠ ʩʠʛʥʘʣʘ ʧʨʠʢʘʟʘʥʠ ʥʘ ʩʣʠʮʠ 2.3.7 ʠʤʘʿʫ 500 ʬʨʝʢʚʝʥʮʠʿʩʢʠʭ ʪʘʯʘʢʘ, ʧʘ 

ʩʚʘʢʘ ʬʨʝʢʚʝʥʮʠʿʩʢʘ ʪʘʯʢʘ ʧʨʝʜʩʪʘʚˀʘ ʦʧʩʝʛ ʫʯʝʩʪʘʥʦʩʪʠ 
3

1 1 0500 5 10f B fD = = Ö ʢʘʜʘ ʿʝ 

ʧʨʦʧʫʩʥʠ ʦʧʩʝʛ RBW ʬʠʣʪʨʘ ʧʦʜʝʰʝʥ ʥʘ ʚʨʝʜʥʦʩʪ 1RBW, ʦʜʥʦʩʥʦ ʧʨʝʜʩʪʘʚˀʘ ʦʧʩʝʛ 

ʫʯʝʩʪʘʥʦʩʪʠ 
5

2 2 0500 10f B fD = =  ʢʘʜʘ ʿʝ ʧʨʦʧʫʩʥʠ ʦʧʩʝʛ RBW ʬʠʣʪʨʘ ʧʦʜʝʰʝʥ ʥʘ ʚʨʝʜʥʦʩʪ 

2RBW. ʋʧʦʪʨʝʙˀʝʥʝ ʩʫ ʚʨʝʜʥʦʩʪʠ RBW ʬʠʣʪʨʘ 
3

1 03 10RBW f=  ʠ 
5

2 03 10RBW f= , ʧʘ ʿʝ 

1 1 15f RBWD =  ʠ 2 2 3f RBWD = . ʂʘʜʘ ʿʝ ʧʨʦʧʫʩʥʠ ʦʧʩʝʛ RBW ʬʠʣʪʨʘ ʥʘ ʚʨʝʜʥʦʩʪʠ 1RBW 

ʟʘʧʨʘʚʦ ʧʨʠʢʘʟʫʿʝʤʦ ʢʘʨʘʢʪʝʨʠʩʪʠʢʫ ʬʠʣʪʨʘ, ʢʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʦʙʿʘʰˁʝʥʦ. ʊʝʢ ʟʥʘʯʘʿʥʠʤ 

ʩʤʘˁʠʚʘˁʝʤ ʧʨʦʧʫʩʥʦʛ ʦʧʩʝʛʘ RBW ʬʠʣʪʨʘ, ʥʘ ʚʨʝʜʥʦʩʪ 2RBW, ʧʨʠʢʘʟʫʿʝ ʥʘʤ ʩʝ ʨʝʘʣʠʩʪʠʯʘʥ 

ʩʧʝʢʪʘʨ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ.  

ʈʝʟʦʣʫʮʠʿʘ ʧʨʠʢʘʟʘ (ʪʿ. ʧʨʦʧʫʩʥʠ ʦʧʩʝʛ RBW ʬʠʣʪʨʘ) ʟʥʘʯʘʿʥʘ ʿʝ ʠ ʧʨʠʣʠʢʦʤ ʧʨʠʢʘʟʘ ʜʚʘ 

ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʘ ʩʠʛʥʘʣʘ ʙʣʠʩʢʠʭ ʫʯʝʩʪʘʥʦʩʪʠðʜʘ ʙʠʩʤʦ ʠʭ ʿʘʩʥʦ ʨʘʟʣʫʯʠʣʠ, ʧʨʦʧʫʩʥʠ 

ʦʧʩʝʛ RBW ʬʠʣʪʨʘ ʪʨʝʙʘ ʜʘ ʿʝ ʟʥʘʪʥʦ ʤʘˁʠ ʦʜ ʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʨʘʟʤʘʢʘ ʠʟʤʝʹʫ 

ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʠʭ ʩʠʛʥʘʣʘ.  

ʅʘʢʦʥ ʰʪʦ ʩʠʛʥʘʣ ʧʨʦʹʝ ʢʨʦʟ RBW ʬʠʣʪʘʨ, ʦʩʪʘʿʝ ʜʘ ʩʝ ʠʟʤʝʨʠ ʠ ʥʘ ʝʢʨʘʥʫ ʧʨʠʢʘʞʝ ˁʝʛʦʚʘ 

ʘʤʧʣʠʪʫʜʘ. ʋʢʦʣʠʢʦ ʩʝ ʚʨʰʠ ʘʥʘʣʦʛʥʘ ʦʙʨʘʜʘ, ʘʤʧʣʠʪʫʜʘ ʩʝ ʤʝʨʠ ʜʝʪʝʢʪʦʨʦʤ ʘʥʚʝʣʦʧʝ 

(ʦʙʚʦʿʥʠʮʝ) ʩʠʛʥʘʣʘ (Envelope detector). ɼʝʪʝʢʪʦʨ ʘʥʚʝʣʦʧʝ ʿʝ ʿʝʜʥʦʩʪʘʚʥʦ ʘʥʘʣʦʛʥʦ ʢʦʣʦ, ʢʦʿʝ 

ʩʝ ʯʝʩʪʦ ʿʘʚˀʘ ʫ ʧʨʘʢʩʠ (ʚʝ˂ ʩʤʦ ʛʘ ʧʦʤʝʥʫʣʠ, ʧʦʜ ʥʘʟʠʚʦʤ ʜʠʦʜʥʠ ʜʝʪʝʢʪʦʨ, ʢʦʜ ʩʢʘʣʘʨʥʝ 
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ʜʝʪʝʢʮʠʿʝ ʩʠʛʥʘʣʘ), ʘʣʠ ʯʠʿʘ ʝʛʟʘʢʪʥʘ ʘʥʘʣʠʟʘ ʥʠʿʝ ʩʘʩʚʠʤ ʿʝʜʥʦʩʪʘʚʥʘ (ʜʝʪʘˀʥʠʿʝ ˂ʝʤʦ ʛʘ 

ʘʥʘʣʠʟʠʨʘʪʠ ʢʘʜʘ ʙʫʜʝʤʦ ʛʦʚʦʨʠʣʠ ʦ ʩʝʥʟʦʨʠʤʘ ʩʥʘʛʝ). ɿʘ ʧʨʠʤʝʥʫ ʫ ʘʥʘʣʠʟʘʪʦʨʠʤʘ ʩʧʝʢʪʨʘ 

ʧʦʩʣʫʞʠ˂ʝʤʦ ʩʝ ʫʧʨʦʰ˂ʝʥʠʤ ʦʙʿʘʰˁʝˁʝʤ ʨʘʜʘ, ʠʣʫʩʪʨʦʚʘʥʠʤ ʥʘ ʩʣʠʮʠ 2.3.8. 

 

ʉʣʠʢʘ 2.3.8.  ʇʨʠʥʮʠʧ ʨʘʜʘ ʜʝʪʝʢʪʦʨʘ ʘʥʚʝʣʦʧʝ. 

ʅʘ ʫʣʘʟ ʜʝʪʝʢʪʦʨʘ ʘʥʚʝʣʦʧʝ ʜʦʣʘʟʠ IF ʩʠʛʥʘʣ ʠʟ ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʩʢʦʛ (RBW) ʬʠʣʪʨʘðʪʦ ʿʝ 

ʩʠʛʥʘʣ ʦʛʨʘʥʠʯʝʥʦʛ ʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʩʧʝʢʪʨʘ (ʜʝʬʠʥʠʩʘʥʦʛ ʧʨʦʧʫʩʥʠʤ ʦʧʩʝʛʦʤ RBW ʬʠʣʪʨʘ) 

IFB , ʩʘ ʮʝʥʪʨʘʣʥʦʤ ʫʯʝʩʪʘʥʦʰ˂ʫ IFf . ʇʦʰʪʦ ʿʝ ʫʦʙʠʯʘʿʝʥʦ IF IFf B , ʫʯʝʩʪʘʥʦʩʪ IF ʩʠʛʥʘʣʘ ʿʝ 

ʜʠʢʪʠʨʘʥʘ ʫʯʝʩʪʘʥʦʰ˂ʫ IFf , ʘ ʪʨʝʥʫʪʥʘ ʘʤʧʣʠʪʫʜʘ (ʘʥʚʝʣʦʧʘ, ʢʨʠʚʘ ʢʦʿʘ ʩʧʘʿʘ ʣʦʢʘʣʥʝ 

ʤʘʢʩʠʤʘʣʥʝ, ʠʣʠ ʤʠʥʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʩʠʛʥʘʣʘ) ʩʧʝʢʪʨʘʣʥʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ ʫ 

ʬʨʝʢʚʝʥʮʠʿʩʢʦʤ ʦʧʩʝʛʫ ʩʠʛʥʘʣʘ, IFB . ɿʘʜʘʪʘʢ ʜʝʪʝʢʪʦʨʘ ʘʥʚʝʣʦʧʝ ʿʝ ʜʘ ʛʝʥʝʨʠʰʝ ʠʟʣʘʟʥʠ 

ʩʠʛʥʘʣ ʢʦʿʠ ʧʨʘʪʠ ʦʙʣʠʢ ʘʥʚʝʣʦʧʝ ʫʣʘʟʥʦʛ IF ʩʠʛʥʘʣʘ. 

ʉʠʛʥʘʣ ʥʘ ʠʟʣʘʟʫ ʜʠʦʜʝ D, ʯʠʿʘ ʩʝ ʥʝʣʠʥʝʘʨʥʘ ʧʨʠʨʦʜʘ ʤʘʥʠʬʝʩʪʫʿʝ ʤʝʹʫʩʦʙʥʠʤ ʣʠʥʝʘʨʥʠʤ 

ʢʦʤʙʠʥʘʮʠʿʘʤʘ ʩʚʠʭ ʩʧʝʢʪʨʘʣʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ʩʘ ˁʝʥʦʛ ʫʣʘʟʘ, ʩʘʜʨʞʠ ʤʫʣʪʠʧʣʠʮʠʨʘʥʠ 

ʩʧʝʢʪʘʨ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ ʩʘ ʧʝʨʠʦʜʦʤ IFf . ʉʧʝʢʪʘʨ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ ʩʝ, ʫ ʚʠʜʫ ʿʝʜʥʦʩʪʨʘʥʦʛ 

ʩʧʝʢʪʨʘ, ʧʨʝʩʣʠʢʘʚʘ ʠ ʫ ʦʩʥʦʚʥʠ ʦʧʩʝʛ ʫʯʝʩʪʘʥʦʩʪʠ (ʠʟʤʝʹʫ ʥʫʣʝ ʠ IF 2B ). ʅʘʠʤʝ, ʢʦʤʧʦʥʝʥʪʝ 

ʩʧʝʢʪʨʘ IF ʩʠʛʥʘʣʘ ʿʝʜʥʘʢʦ ʨʘʟʤʘʢʥʫʪʝ ʦʜ ʮʝʥʪʨʘʣʥʝ ʫʯʝʩʪʘʥʦʩʪʠ IFf  (ʿʝʜʥʘ ʚʝ˂ʘ ʦʜ IFf , ʜʨʫʛʘ 

ʤʘˁʘ) ʧʨʝʩʣʠʢʘʚʘʿʫ ʩʝ ʥʘ ʠʩʪʫ ʫʯʝʩʪʘʥʦʩʪ ʫ ʦʩʥʦʚʥʦʤ ʦʧʩʝʛʫ. ʊʘʢʘʚ, ʩʧʝʢʪʨʘʣʥʦ Ăʦʙʦʛʘ˂ʝʥñ 

ʩʠʛʥʘʣ, ʥʘ ʠʟʣʘʟʫ ʠʟ ʜʠʦʜʝ ʥʘʠʣʘʟʠ ʥʘ RC ʬʠʣʪʘʨ, ʢʦʿʠ ʿʝ ʧʨʦʧʫʩʥʠʢ ʥʠʩʢʠʭ ʫʯʝʩʪʘʥʦʩʪʠ. RC 

ʬʠʣʪʘʨ ʧʦʪʠʩʢʫʿʝ ʚʠʰʝ ʩʧʝʢʪʨʘʣʥʝ ʢʦʤʧʦʥʝʥʪʝ ʢʦʿʝ ʥʠʩʫ ʫ ʦʩʥʦʚʥʦʤ ʦʧʩʝʛʫ ʫʯʝʩʪʘʥʦʩʪʠ, ʘʣʠ 

ʠ ʜʝʦ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ ʫ ʦʩʥʦʚʥʦʤ ʦʧʩʝʛʫ ʫʯʝʩʪʘʥʦʩʪʠ. ʂʦʤʧʦʥʝʥʪʘ IF ʩʠʛʥʘʣʘ ʥʘ ʫʯʝʩʪʘʥʦʩʪʠ 

IFf  ʧʨʝʩʣʠʢʘʚʘ ʩʝ ʫ ʥʫʣʪʫ ʫʯʝʩʪʘʥʦʩʪ, ʠ ʦʥʘ ʧʨʦʣʘʟʠ ʢʨʦʟ RC ʬʠʣʪʘʨ ʧʨʘʢʪʠʯʥʦ ʥʝʦʩʣʘʙˀʝʥʘ. 

ɸʢʦ ʙʠ ʥʘ ʫʣʘʟʫ ʜʝʪʝʢʪʦʨʘ ʘʥʚʝʣʦʧʝ ʧʦʩʪʦʿʘʣʘ ʩʘʤʦ ʿʝʜʥʘ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʘ ʢʦʤʧʦʥʝʥʪʘ, 

ʘʥʚʝʣʦʧʘ ʙʠ ʙʠʣʘ ʢʦʥʩʪʘʥʪʥʘ (ʿʝʜʥʘʢʘ ʘʤʧʣʠʪʫʜʠ ʩʠʛʥʘʣʘ). ʋ ʩʣʫʯʘʿʫ ʜʘ ʧʦʩʪʦʿʝ ʠ ʜʨʫʛʝ 

ʢʦʤʧʦʥʝʥʪʝ ʫ ʩʧʝʢʪʨʫ ʩʠʛʥʘʣʘ ʢʦʿʠ ʫʣʘʟʠ ʫ ʜʝʪʝʢʪʦʨ ʘʥʚʝʣʦʧʝ, ʘʥʚʝʣʦʧʘ ˂ʝ ʩʝ ʤʝˁʘʪʠ ʫ 

ʚʨʝʤʝʥʫ. ɹʨʟʠʥʘ ʧʨʦʤʝʥʝ ʘʥʚʝʣʦʧʝ ʤʦʞʝ ʩʝ ʢʦʥʪʨʦʣʠʩʘʪʠ ʛʨʘʥʠʯʥʦʤ ʫʯʝʩʪʘʥʦʰ˂ʫ RC 

ʬʠʣʪʨʘðʥʠʞʘ ʛʨʘʥʠʯʥʘ ʫʯʝʩʪʘʥʦʩʪ ʩʤʘˁʫʿʝ ʚʘʨʠʿʘʮʠʿʝ ʘʥʚʝʣʦʧʝ ʫ ʚʨʝʤʝʥʫ. ʊʨʘʜʠʮʠʦʥʘʣʥʦ 

ʩʝ ʩʧʝʢʪʘʨ ʩʠʛʥʘʣʘ ʫ ʦʩʥʦʚʥʦʤ ʦʧʩʝʛʫ ʫʯʝʩʪʘʥʦʩʪʠ ʥʘʟʠʚʘ ʚʠʜʝʦ ʩʠʛʥʘʣ (ʿʝʨ ʩʝ ʩʠʛʥʘʣ ʪʦʛ ʪʠʧʘ 

ʢʦʨʠʩʪʠʦ ʧʨʠ ʧʨʠʢʘʟʫ ʩʣʠʢʝ ʥʘ ʝʢʨʘʥʫ), ʧʦʤʝʥʫʪʠ RC ʬʠʣʪʘʨ ʥʘʟʠʚʘ ʩʝ ʚʠʜʝʦ ʬʠʣʪʘʨ, ʘ 

ʛʨʘʥʠʯʥʘ ʫʯʝʩʪʘʥʦʩʪ (ʧʨʦʧʫʩʥʠ ʦʧʩʝʛ) ʚʠʜʝʦ ʬʠʣʪʨʘ ʥʦʩʠ ʩʢʨʘ˂ʝʥʠʮʫ VBW (Video Bandwidth). 

ʋ ʩʘʚʨʝʤʝʥʠʤ ʘʥʘʣʠʟʘʪʦʨʠʤʘ ʩʧʝʢʪʨʘ ʩʝ, ʥʘʢʦʥ RBW ʬʠʣʪʨʘ (ʘʥʘʣʦʛʥʦʛ ʠʣʠ ʜʠʛʠʪʘʣʥʦʛ) ʠ 

ʜʝʪʝʢʪʦʨʘ ʘʥʚʝʣʦʧʝ, ʩʠʛʥʘʣ ʜʠʛʠʪʘʣʠʟʫʿʝ (ʢʘʦ ʥʘ ʩʣʠʮʠ 2.3.1), ʘ VBW ʬʠʣʪʘʨ ʩʝ ʨʝʘʣʠʟʫʿʝ ʢʘʦ 

ʜʠʛʠʪʘʣʥʠ. ʀʟʤʝʨʝʥʘ ʘʤʧʣʠʪʫʜʝ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ, ʥʘʢʦʥ VBW ʬʠʣʪʨʘʮʠʿʝ, ʧʨʠʢʘʟʫʿʝ ʩʝ ʥʘ 

ʝʢʨʘʥʫ. ʋʦʙʠʯʘʿʝʥʦ ʩʝ ʧʨʠʢʘʟʫʿʝ ʥʠʚʦ ʩʠʛʥʘʣʘ ʫ ʜʝʮʠʙʝʣʠʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʤʠʣʠʚʘʪ [ ]mdBL ð

ʨʝʣʘʪʠʚʥʘ ʩʨʝʜˁʘ ʩʥʘʛʘ ʢʦʿʫ ʩʠʛʥʘʣ ʠʟʤʝʨʝʥʝ ʘʤʧʣʠʪʫʜʝ ʥʘʧʦʥʘ U  ʨʘʟʚʠʿʘ ʥʘ ʦʪʧʦʨʥʠʢʫ ʦʜ 

50 ʦʤʘ: 
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ʅʘ ʩʣʠʮʠ 2.3.9 ʧʨʠʢʘʟʘʥ ʿʝ ʧʨʠʥʮʠʧ ʨʝʢʦʥʩʪʨʫʢʮʠʿʝ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ ʫ ʘʥʘʣʠʟʘʪʦʨʫ ʩʧʝʢʪʨʘ 

ʢʦʿʠ ʨʘʜʠ ʥʘ ʭʝʪʝʨʦʜʠʥʦʤ ʧʨʠʥʮʠʧʫ. ʇʨʠʢʘʟʘʥʠ ʩʫ ʩʠʛʥʘʣʠ ʫ ʚʨʝʤʝʥʩʢʦʤ/ʬʨʝʢʚʝʥʮʠʿʩʢʦʤ 

ʜʦʤʝʥʫ ʥʘ ʪʨʠ ʢˀʫʯʥʘ ʤʝʩʪʘ ʫ ʘʥʘʣʠʟʘʪʦʨʫ ʩʧʝʢʪʨʘ: ʥʘ ʫʣʘʟʫ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ (RF ʩʠʛʥʘʣ), 

ʥʘ ʠʟʣʘʟʫ/ʫʣʘʟʫ RBW ʬʠʣʪʨʘ (IF ʩʠʛʥʘʣ) ʠ ʥʘ ʠʟʣʘʟʫ/ʫʣʘʟʫ VBW ʬʠʣʪʨʘ (ʚʠʜʝʦ ʩʠʛʥʘʣ). ʅʘ 

ʫʣʘʟʫ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʧʦʩʤʘʪʨʘ˂ʝʤʦ ʘʤʧʣʠʪʫʜʩʢʠ ʤʦʜʫʣʠʩʘʥ ʩʠʛʥʘʣ, ʢʦʿʠ ʯʠʥʝ 

ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʠ ʥʦʩʠʣʘʮ ʫʯʝʩʪʘʥʦʩʪʠ 1000 MHz ʠ ʘʤʧʣʠʪʫʜʝ 1 ʠ ʜʚʘ ʙʦʯʥʘ ʦʧʩʝʛʘ, 

ʫʯʝʩʪʘʥʦʩʪʠ 999 MHz ʠ 1001 MHz ʠ ʘʤʧʣʠʪʫʜʝ 0.4. ʆʚʘʿ ʩʠʛʥʘʣ ʩʠʤʫʣʠʨʘ ʦʧʰʪʠʿʠ ʩʣʫʯʘʿ 

ʩʠʛʥʘʣʘ ʦʛʨʘʥʠʯʝʥʦʛ ʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʦʧʩʝʛʘ. ʋʣʘʟʥʠ ʦʩʣʘʙˀʠʚʘʯ ʿʝ ʧʦʜʝʰʝʥ ʥʘ 0dB (ʥʝʤʘ 

ʩʣʘʙˀʝˁʘ), ʘ ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ ʿʝ ʧʦʜʝʰʝʥ ʜʘ ʧʨʠʢʘʟʫʿʝ ʩʧʝʢʪʘʨ ʩʘʤʦ ʥʘ ʫʯʝʩʪʘʥʦʩʪʠ 

1000 MHz, ʪʿ. ʟʘʜʘʪʘ ʿʝ ʮʝʥʪʨʘʣʥʘ ʫʯʝʩʪʘʥʦʩʪ 1000 MHz ʠ ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʦʧʩʝʛ ʫ ʢʦʿʝʤ ʞʝʣʠʤʦ 

ʜʘ ʧʨʠʢʘʞʝʤʦ ʩʧʝʢʪʘʨ (Span), 0. (ɼʘʢʣʝ, ʘʢʦ ʿʝ Span ʿʝʜʥʘʢ ʥʫʣʠ, ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ ʫ ʩʚʘʢʦʤ 

ʪʨʝʥʫʪʢʫ ʧʨʠʢʘʟʫʿʝ ʩʘʤʦ ʥʠʚʦ ʩʠʛʥʘʣʘ ʢʦʿʠ ʿʝ ʠʟʤʝʨʠʦ ʥʘ ʮʝʥʪʨʘʣʥʦʿ ʫʯʝʩʪʘʥʦʩʪʠ.) ʉʤʘʪʨʘ˂ʝʤʦ 

ʜʘ ʩʫ ʧʦʿʘʯʘˁʘ ʫ ʘʥʘʣʠʟʘʪʦʨʫ ʩʧʝʢʪʨʘ ʪʘʢʚʘ ʜʘ ʢʦʤʧʦʥʝʥʪʘ ʩʠʛʥʘʣʘ ʥʘ ʫʯʝʩʪʘʥʦʩʪʠ 1000 MHz 

ʦʩʪʘʿʝ ʿʝʜʠʥʠʯʥʝ ʘʤʧʣʠʪʫʜʝ ʥʘ ʩʚʠʤ ʤʝʩʪʠʤʘ ʥʘ ʢʦʿʠʤʘ ʧʦʩʤʘʪʨʘʤʦ ʩʠʛʥʘʣ.  

ʋʣʘʟʥʠ ʩʠʛʥʘʣ, ʫ ʚʨʝʤʝʥʩʢʦʤ ʠ ʬʨʝʢʚʝʥʮʠʿʩʢʦʤ ʜʦʤʝʥʫ, ʧʨʠʢʘʟʘʥ ʿʝ, ʨʝʜʦʤ, ʥʘ ʩʣʠʢʘʤʘ 

2.3.9ʘ ʠ 2.3.9ʙ. ʆʩʮʠʣʘʮʠʿʝ ʥʦʩʠʦʮʘ ʥʘ ʫʯʝʩʪʘʥʦʩʪʠ 1000 MHz ʩʝ ʥʝ ʚʠʜʝ ʫ ʦʚʦʿ ʚʨʝʤʝʥʩʢʦʿ 

ʨʘʟʤʝʨʠ, ʘʣʠ ʚʠʜʠʤʦ ʦʩʮʠʣʘʮʠʿʝ ʘʥʚʝʣʦʧʝ ʫ ʨʠʪʤʫ 1/1 MHz (1 MHz ʿʝ ʨʘʟʤʘʢ ʠʟʤʝʹʫ ʥʦʩʠʦʮʘ 

ʠ ʙʦʯʥʠʭ ʦʧʩʝʛʘ). ʀʜʝʘʣʠʟʦʚʘʥʠ ʧʨʠʢʘʟ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ ʫ ʬʨʝʢʚʝʥʮʠʿʩʢʦʤ ʜʦʤʝʥʫ ʩʘʜʨʞʠ ʧʦ 

ʿʝʜʥʫ ʩʧʝʢʪʨʘʣʥʫ ʣʠʥʠʿʫ ʟʘ ʩʚʘʢʫ ʦʜ ʪʨʠ ʢʦʤʧʦʥʝʥʪʝ. ʇʨʝʪʧʦʩʪʘʚˀʘʿʫ˂ʠ IF ʫʯʝʩʪʘʥʦʩʪ ʦʜ 

25 MHz, ʠʟʙʦʨʦʤ ʫʯʝʩʪʘʥʦʩʪʠ ʣʦʢʘʣʥʦʛ ʦʩʮʠʣʘʪʦʨʘ ʦʜ 1025 MHz ʪʨʘʥʩʣʠʨʘʤʦ ʪʨʠ ʢʦʤʧʦʥʝʥʪʝ 

ʢʘ ʥʠʞʠʤ ʫʯʝʩʪʘʥʦʩʪʠʤʘ (ʙʦʯʥʝ ʢʦʤʧʦʥʝʥʪʝ ˂ʝ ʫ ʪʦʤ ʧʨʦʮʝʩʫ ʨʘʟʤʝʥʠʪʠ ʤʝʩʪʘ ʩ ʣʝʚʝ ʠ ʜʝʩʥʝ 

ʩʪʨʘʥʝ ʥʦʩʠʦʮʘ, ʘʣʠ, ʧʦʰʪʦ ʩʫ ʠʩʪʠʭ ʘʤʧʣʠʪʫʜʘ, ʪʦ ʥʠʰʪʘ ʥʝ ʤʝˁʘ). ʆʚʘʿ IF ʩʠʛʥʘʣ 

ʧʨʦʧʫʰʪʘʤʦ ʢʨʦʟ RBW ʬʠʣʪʘʨ, ʢʦʿʠʤ ʢʦʥʪʨʦʣʠʰʝʤʦ ʢʦʣʠʢʠ ʜʝʦ ʙʦʯʥʠʭ ʢʦʤʧʦʥʝʥʪʠ ˂ʝ ʧʨʦ˂ʠ 

ʜʘˀʝ (ʩʣʠʢʘ 2.3.9ʛ). ʉʤʘˁʝˁʝʤ ʙʦʯʥʠʭ ʢʦʤʧʦʥʝʥʪʠ, ʩʤʘˁʫʿʫ ʩʝ ʦʩʮʠʣʘʮʠʿʝ ʘʥʚʝʣʦʧʝ IF 

ʩʠʛʥʘʣʘ ʥʘ ʠʟʣʘʟʫ ʠʟ RBW ʬʠʣʪʨʘðʦʚʦ ʿʝ ʘʥʚʝʣʦʧʘ ʢʦʿʫ ʪʨʝʙʘ ʜʘ ʨʝʢʦʥʩʪʨʫʠʰʝ ʜʝʪʝʢʪʦʨ 

ʘʥʚʝʣʦʧʝ (ʩʣʠʢʘ 2.3.9ʚ). ʋ ʜʝʪʝʢʪʦʨʫ ʘʥʚʝʣʦʧʝ ʜʦʣʘʟʠ ʜʦ ʤʫʣʪʠʧʣʠʮʠʨʘˁʘ ʩʧʝʢʪʨʘ IF ʩʠʛʥʘʣʘ 

ʥʘ ʠʟʣʘʟʫ ʠʟ RBW ʬʠʣʪʨʘ, ʘ ʚʠʜʝʦ ʬʠʣʪʨʦʤ ʩʝ ʧʦʪʠʩʢʫʿʫ ʚʠʰʠ ʜʝʣʦʚʠ ʩʧʝʢʪʨʘ ʠ ʜʦʜʘʪʥʦ ʩʣʘʙʝ 

ʙʦʯʥʝ ʩʧʝʢʪʨʘʣʥʝ ʢʦʤʧʦʥʝʥʪʝ (ʩʣʠʢʘ 2.3.9ʹ). ʉʠʛʥʘʣ ʫ ʚʨʝʤʝʥʩʢʦʤ ʜʦʤʝʥʫ ʥʘ ʠʟʣʘʟʫ ʠʟ 

ʜʝʪʝʢʪʦʨʘ ʘʥʚʝʣʦʧʝ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 2.3.9ʜ. ʇʦʰʪʦ ʿʝ ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ ʧʦʜʝʰʝʥ ʜʘ 

ʧʨʠʢʘʟʫʿʝ ʩʘʤʦ ʿʝʜʥʫ ʫʯʝʩʪʘʥʦʩʪ (1000 MHz), ʥʘ ʝʢʨʘʥʫ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʚʠʜʝ˂ʝʤʦ 

ʘʥʚʝʣʦʧʫ ʩʘ ʩʣʠʢʝ 2.3.9ʜ (ʘʣʠ ʦʙʠʯʥʦ ʫ ʣʦʛʘʨʠʪʘʤʩʢʦʿ ʨʘʟʤʝʨʠ). ʉʣʠʯʘʥ ʩʧʝʢʪʘʨ ʜʘʣʘ ʙʠ ʿʝʜʥʘ 

ʢʦʤʧʦʥʝʥʪʘ ʥʘ 1000 MHz, ʘʣʠ ʧʨʦʤʝʥˀʠʚʝ ʘʤʧʣʠʪʫʜʝ. ɸʢʦ ʞʝʣʠʤʦ ʜʘ ʿʘʩʥʦ ʨʘʟʣʫʯʠʤʦ ʪʨʠ 

ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʨʝʣʘʪʠʚʥʦ ʙʣʠʩʢʝ ʢʦʤʧʦʥʝʥʪʝ ʩʘ ʩʣʠʢʝ 2.3.9ʙ, ʤʦʨʘʤʦ ʜʘ ʧʦʚʝ˂ʘʤʦ 

ʬʨʝʢʚʝʥʮʠʿʩʢʫ ʨʝʟʦʣʫʮʠʿʫ, ʦʜʥʦʩʥʦ ʩʤʘˁʠʤʦ ʧʨʦʧʫʩʥʠ ʦʧʩʝʛ RBW ʬʠʣʪʨʘ ʟʥʘʪʥʦ ʠʩʧʦʜ 

1 MHz (ʢʦʣʠʢʦ ʿʝ ʨʘʟʤʘʢ ʠʟʤʝʹʫ ʜʚʝ ʩʫʩʝʜʥʝ ʢʦʤʧʦʥʝʥʪʝ). ʊʘʜʘ ʙʠ ʥʘ ʩʣʠʮʠ 2.3.9ʜ ʧʦʩʪʦʿʘʦ 

ʚʨʝʤʝʥʩʢʠ ʢʦʥʩʪʘʥʪʘʥ ʩʠʛʥʘʣ ʘʤʧʣʠʪʫʜʝ 1. 
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ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʚʠʜʠʤʦ ʜʘ ʩʝ ʦʩʮʠʣʘʮʠʿʝ ʩʠʛʥʘʣʘ ʩʣʠʮʠ 2.3.9ʜ ʤʦʛʫ ʢʦʥʪʨʦʣʠʩʘʪʠ ʠʟʙʦʨʦʤ 

ʧʨʦʧʫʩʥʦʛ ʦʧʩʝʛʘ VBW ʬʠʣʪʨʘ. ʄʘˁʠ ʧʨʦʧʫʩʥʠ ʦʧʩʝʛ ʨʝʟʫʣʪʫʿʝ ʤʘˁʠʤ ʦʩʮʠʣʘʮʠʿʘʤʘ. ɸʢʦ 

ʙʠʩʤʦ ʙʦʯʥʝ ʦʧʩʝʛʝ ʥʘ ʫʣʘʟʫ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʪʨʝʪʠʨʘʣʠ ʢʘʦ ʰʫʤ (ʢʦʿʠ ʥʠʿʝ ʜʦʚʦˀʥʦ 

ʧʦʪʠʩʥʫʪ RBW ʬʠʣʪʨʦʤ), ʦʥʜʘ VBW ʬʠʣʪʘʨ (ʜʦʜʘʪʥʦ) ʧʦʪʠʩʢʫʿʝ ʪʘʿ ʰʫʤ. ʅʘʯʝʣʥʦ, ʘʢʦ 

ʩʤʘʪʨʘʤʦ ʜʘ ʿʝ ʧʨʦʧʫʩʥʠ ʦʧʩʝʛ RBW ʬʠʣʪʨʘ ʘʜʝʢʚʘʪʘʥ ʟʘ ʩʧʝʢʪʨʘʣʥʫ ʘʥʘʣʠʟʫ ʧʦʩʤʘʪʨʘʥʦʛ 

ʩʠʛʥʘʣʘ, ʧʨʦʧʫʩʥʠ ʦʧʩʝʛ VBW ʬʠʣʪʨʘ ʥʠʿʝ ʥʘʨʦʯʠʪʦ ʟʥʘʯʘʿʘʥ. ɸʣʠ, ʧʨʦʧʫʩʥʠ ʦʧʩʝʛ VBW 

ʬʠʣʪʨʘ ʧʦʩʪʘʿʝ ʟʥʘʯʘʿʘʥ ʧʨʠ ʤʝʨʝˁʫ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ ʢʦʿʠ ʠʤʘ ʤʘʣʠ ʦʜʥʦʩ ʩʠʛʥʘʣ/ʰʫʤ ʠ ʧʨʠ 

ʤʝʨʝˁʫ ʥʠʚʦʘ ʰʫʤʘ. 

ɿʘ ʫʩʧʦʩʪʘʚˀʘˁʝ ʩʪʘʮʠʦʥʘʨʥʦʛ ʩʪʘˁʘ ʩʠʛʥʘʣʘ ʥʘ ʠʟʣʘʟʫ RBW, ʦʜʥʦʩʥʦ VBW ʬʠʣʪʨʘ, 

ʧʦʪʨʝʙʥʦ ʿʝ ʦʜʨʝʹʝʥʦ ʚʨʝʤʝ. ʊʦ ʚʨʝʤʝ ʿʝ ʦʙʨʥʫʪʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʧʨʦʧʫʩʥʦʤ ʦʧʩʝʛʫ ʬʠʣʪʨʘ: 

ʟʘ RBW ʬʠʣʪʘʨ ʦʥʦ ʿʝ R Rt k RBW= , ʘ ʟʘ VBW ʬʠʣʪʘʨ ʿʝ V Vt k VBW= , ʛʜʝ ʩʫ Rk  ʠ Vk  

ʧʦʟʠʪʠʚʥʝ ʨʝʘʣʥʝ ʢʦʥʩʪʘʥʪʝ. ʇʨʠ ʤʝʨʝˁʫ ʩʧʝʢʪʨʘ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ ʫʯʝʩʪʘʥʦʩʪ ʣʦʢʘʣʥʦʛ 

ʦʩʮʠʣʘʪʦʨʘ ʟʘʢˀʫʯʘʚʘʤʦ ʥʘ ʦʜʨʝʹʝʥʠ ʙʨʦʿ ʚʨʝʜʥʦʩʪʠ ʠʟ ʟʘʜʘʪʦʛ ʦʧʩʝʛʘ, LON . ɼʘ ʙʠʩʤʦ ʠʤʘʣʠ 

ʠʩʧʨʘʚʥʦ ʤʝʨʝˁʝ ʩʠʛʥʘʣʘ, ʤʠʥʠʤʘʣʥʦ ʧʦʪʨʝʙʥʦ ʚʨʝʤʝ ʠʟʤʝʹʫ ʟʘʢˀʫʯʘʚʘˁʘ ʣʦʢʘʣʥʦʛ 

ʦʩʮʠʣʘʪʦʨʘ ʥʘ ʿʝʜʥʫ ʫʯʝʩʪʘʥʦʩʪ ʠ ʧʨʝʣʘʩʢʘ ʥʘ ʩʣʝʜʝ˂ʫ ʿʝ R Vt t+ . ɹʨʦʿ ʧʦʪʨʝʙʥʠʭ 

ʬʨʝʢʚʝʥʮʠʿʩʢʠʭ ʪʘʯʘʢʘ ʫ ʢʦʿʠʤʘ ʤʝʨʠʤʦ ʩʠʛʥʘʣ (ʪʿ. ʨʘʟʣʠʯʠʪʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ ʫʯʝʩʪʘʥʦʩʪ 

ʣʦʢʘʣʥʦʛ ʦʩʮʠʣʘʪʦʨʘ, LON ) ʟʘʚʠʩʠ ʦʜ ʧʨʦʧʫʩʥʦʛ ʦʧʩʝʛʘ RBW ʬʠʣʪʨʘ, RBW. ɸʢʦ ʙʠ ʨʘʟʤʘʢ 

ʠʟʤʝʹʫ ʜʚʝ ʩʫʩʝʜʥʝ ʫʯʝʩʪʘʥʦʩʪʠ ʣʦʢʘʣʥʦʛ ʦʩʮʠʣʘʪʦʨʘ ʙʠʦ ʚʝ˂ʠ ʦʜ RBW, ʤʦʛʣʠ ʙʠʩʤʦ ʜʘ ʠʟ 

ʩʧʝʢʪʨʘ ʠʟʦʩʪʘʚʠʤʦ ʧʦʿʝʜʠʥʝ ʢʦʤʧʦʥʝʥʪʝ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ. ʉʪʦʛʘ ʩʝ ʟʘ ʨʘʟʤʘʢ ʠʟʤʝʹʫ ʜʚʝ 

ʩʫʩʝʜʥʝ ʫʯʝʩʪʘʥʦʩʪʠ ʣʦʢʘʣʥʦʛ ʦʩʮʠʣʘʪʦʨʘ, LOfD , ʫʟʠʤʘ ʚʨʝʜʥʦʩʪ ʤʘˁʘ ʦʜ RBW, ʥʘ ʧʨʠʤʝʨ 

LO 0,1f RBWD = . ɸʢʦ ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʦʧʩʝʛ ʢʦʿʠ ʩʝ ʧʦʩʤʘʪʨʘ ʠʤʘ ʚʨʝʜʥʦʩʪ Span, ʙʨʦʿ 

ʧʦʪʨʝʙʥʠʭ ʬʨʝʢʚʝʥʮʠʿʩʢʠʭ ʪʘʯʘʢʘ ʿʝ LO LO 10N Span f Span RBW= D = . ʆʜʘʚʜʝ ʿʝ ʤʠʥʠʤʘʣʥʦ 

ʧʦʪʨʝʙʥʦ ʚʨʝʤʝ ʤʝʨʝˁʘ (Sweep time): 
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ʀʟ ʠʟʨʘʟʘ (2.3.7) ʚʠʜʠʤʦ ʜʘ ʩʤʘˁʠʚʘˁʝʤ ʧʨʦʧʫʩʥʠʭ ʦʧʩʝʛʘ RBW ʠ VBW ʬʠʣʪʘʨʘ 

(ʚʨʝʜʥʦʩʪʠ RBW ʠ VBW) ʨʘʩʪʝ ʤʠʥʠʤʘʣʥʦ ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ ʤʝʨʝˁʝ. ʊʦ ʥʘʩ ʩʧʨʝʯʘʚʘ ʜʘ ʫ 

ʧʨʘʢʩʠ ʢʦʨʠʩʪʠʤʦ ʥʘʿʤʘˁʝ ʨʘʩʧʦʣʦʞʠʚʝ ʧʨʦʧʫʩʥʝ ʦʧʩʝʛʝ (ʰʪʦ ʙʠ ʦʙʝʟʙʝʜʠʣʦ ʥʘʿʙʦˀʫ 

ʨʝʟʦʣʫʮʠʿʫ ʠ ʥʘʿʙʦˀʠ ʦʜʥʦʩ ʩʠʛʥʘʣ/ʰʫʤ), ʩ ʦʙʟʠʨʦʤ ʜʘ ʙʠ ʤʠʥʠʤʘʣʥʦ ʚʨʝʤʝ ʤʝʨʝˁʝ ʧʦʩʪʘʣʦ 

ʥʝʧʨʠʭʚʘʪˀʠʚʦ ʜʫʛʦ. ʉʪʦʛʘ ʿʝ ʠʟʙʦʨ ʚʨʝʜʥʦʩʪʠ ʟʘ Span, RBW ʠ VBW ʢʦʤʧʨʦʤʠʩ ʠʟʤʝʹʫ 

ʚʝʨʥʦʩʪʠ ʧʨʠʢʘʟʘ ʩʧʝʢʪʨʘ ʠ ʙʨʟʠʥʝ ʤʝʨʝˁʘ. ɸʢʦ ʿʝ RBW VBW, ʠʟʨʘʟ (2.3.7) ʩʚʦʜʠ ʩʝ ʥʘ: 

 sweep 2
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t k

RBW
= , (2.3.8) 

ʘ ʘʢʦ ʿʝ RBW VBW, ʠʟʨʘʟ (2.3.7) ʩʚʦʜʠ ʩʝ ʥʘ: 

 sweep

Span
t k

RBW VBW
=

Ö
. (2.3.9) 

ʋ ʠʟʨʘʟʠʤʘ (2.3.8) ʠ (2.3.9) k  ʿʝ ʢʦʥʩʪʘʥʪʘ, ʢʦʿʘ ʟʘʚʠʩʠ ʦʜ ʦʜʘʙʨʘʥʦʛ ʪʠʧʘ ʬʠʣʪʨʘ, ʘʣʠ ʠ ʦʜ 

ʜʦʧʫʰʪʝʥʦʛ ʥʠʚʦʘ ʛʨʝʰʢʝ. ʅʘʢʦʥ ʠʟʙʦʨʘ ʚʨʝʜʥʦʩʪʠ ʟʘ Span, RBW ʠ VBW, ʘʥʘʣʠʟʘʪʦʨ 
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ʩʧʝʢʪʨʘ ʠʟʨʘʯʫʥʘʚʘ ʤʠʥʠʤʘʣʥʦ ʚʨʝʤʝ ʤʝʨʝˁʘ ʥʘ ʦʩʥʦʚʫ ʠʟʨʘʟʘ (2.3.8) ʠʣʠ (2.3.9) ʠ ʫʩʚʘʿʘ 

ʢʦʥʢʨʝʪʥʫ ʚʨʝʜʥʦʩʪ (ʟʘ Sweep time) ʢʦʿʘ ʥʠʿʝ ʤʘˁʘ ʦʜ ʤʠʥʠʤʘʣʥʝ. ʆʚʘʢʚʘ ʩʧʨʝʛʘ ʠʟʤʝʹʫ 

ʚʨʝʜʥʦʩʪʠ ʟʘ sweept , Span, RBW ʠ VBW ʿʝ ʧʦʜʨʘʟʫʤʝʚʘʥʦ ʧʦʜʝʰʘʚʘˁʝ. ʂʦʨʠʩʥʠʢ ʤʦʞʝ ʜʘ 

ʨʘʩʧʨʝʛʥʝ ʦʚʝ ʚʝʣʠʯʠʥʝ ʠ ʩʘʤ ʠʭ ʧʦʩʪʘʚʠ, ʥʝʟʘʚʠʩʥʦ ʿʝʜʥʫ ʦʜ ʜʨʫʛʝ. ɸʢʦ ʚʨʝʤʝ ʤʝʨʝˁʘ ʙʫʜʝ 

ʤʘˁʝ ʦʜ ʤʠʥʠʤʘʣʥʦ ʧʦʪʨʝʙʥʦʛ, ʩʠʛʥʘʣʠ ʥʘ ʠʟʣʘʟʠʤʘ RBW ʠ VBW ʬʠʣʪʘʨʘ ʥʝ˂ʝ ʜʦʩʪʠ˂ʠ 

ʩʪʚʘʨʥʝ ʘʤʧʣʠʪʫʜʝ ʠ ʜʦ˂ʠ ˂ʝ ʜʦ ʛʨʝʰʢʝ ʫ ʧʨʠʢʘʟʫ ʩʧʝʢʪʨʘ, ʢʦʿʘ ʿʝ ʫʨʘʯʫʥʘʪʘ ʫ ʚʨʝʜʥʦʩʪ 

ʢʦʥʩʪʘʥʪʝ k  ʫ ʠʟʨʘʟʠʤʘ (2.3.8) ʠ (2.3.9). ʊʠ ʠʟʨʘʟʠ, ʧʦʨʝʜ ʘʥʘʣʦʛʥʠʭ, ʚʘʞʝ ʠ ʟʘ ʜʠʛʠʪʘʣʥʝ 

ʬʠʣʪʨʝ, ʩ ʪʠʤ ʜʘ ʩʝ ʢʦʜ ʜʠʛʠʪʘʣʥʠʭ ʬʠʣʪʘʨʘ ʤʦʞʝ ʫʨʘʜʠʪʠ ʢʦʨʝʢʮʠʿʘ ʧʨʠʢʘʟʘ ʩʧʝʢʪʨʘ ʧʨʠ 

ʢʨʘ˂ʠʤ ʚʨʝʤʝʥʠʤʘ ʤʝʨʝˁʘ, ʰʪʦ ʤʦʞʝ ʟʥʘʪʥʦ ʜʘ ʩʥʠʟʠ ʚʨʝʜʥʦʩʪ ʢʦʝʬʠʮʠʿʝʥʪʘ k  (ʢʦʿʘ ʢʦʜ 

ʘʥʘʣʦʛʥʠʭ ʬʠʣʪʘʨʘ ʠʟʥʦʩʠ ʠʟʤʝʹʫ 2 ʠ 3). ʂʦʜ FFT ʬʠʣʪʘʨʘ ʣʦʛʠʢʘ ʧʨʠʢʘʟʘ ʩʧʝʢʪʨʘ ʿʝ ʜʨʫʛʘʯʠʿʘ, 

ʧʘ ʫʤʝʩʪʦ ʚʨʝʤʝʥʘ ʫʩʧʦʩʪʘʚˀʘˁʘ ʩʪʘʮʠʦʥʘʨʥʦʛ ʩʪʘˁʘ ʥʘ ʠʟʣʘʟʫ ʬʠʣʪʘʨʘ ʛʦʚʦʨʠʤʦ ʦ 

ʧʦʪʨʝʙʥʦʤ ʚʨʝʤʝʥʫ ʧʦʩʤʘʪʨʘˁʘ ʩʠʛʥʘʣʘ ʟʘ ʟʘʜʘʪʫ ʬʨʝʢʚʝʥʮʠʿʩʢʫ ʨʝʟʦʣʫʮʠʿʫ ʧʨʠ ʧʨʠʢʘʟʫ 

ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ. ʊʦ ʚʨʝʤʝ ʦʜʛʦʚʘʨʘ ʚʨʝʤʝʥʫ ʤʝʨʝˁʘ ʠ ʦʙʨʥʫʪʦ ʿʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʩʘ RBW 

(ʫʤʝʩʪʦ ʩʘ ʢʚʘʜʨʘʪʦʤ RBW, ʢʦʜ ʘʥʘʣʦʛʥʠʭ ʠ ʜʠʛʠʪʘʣʥʠʭ ʬʠʣʪʘʨʘ), ʟʙʦʛ ʯʝʛʘ ʩʝ ʟʘ ʥʘʿʥʠʞʝ 

ʚʨʝʜʥʦʩʪʠ ʧʨʦʧʫʩʥʦʛ ʦʧʩʝʛʘ RBW ʬʠʣʪʨʘ ʢʦʨʠʩʪʝ FFT ʬʠʣʪʨʠ.  

ʋ ʩʘʚʨʝʤʝʥʠʤ ʘʥʘʣʠʟʘʪʦʨʠʤʘ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣ ʢʦʿʠ ʩʝ ʤʝʨʠ ʩʝ ʩʚʘʢʘʢʦ ʜʠʛʠʪʘʣʠʟʫʿʝ ʥʝʛʜʝ ʫ 

ʣʘʥʮʫ ʦʙʨʘʜʝ, ʘ ʥʘʿʢʘʩʥʠʿʝ ʥʘ ʠʟʣʘʟʫ ʜʝʪʝʢʪʦʨʘ ʘʥʚʝʣʦʧʝ. ʈʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʘʤʧʣʠʪʫʜʝ ʩʠʛʥʘʣʘ 

ʩʝ ʧʨʠʢʘʟʫʿʫ ʥʘ ʜʠʛʠʪʘʣʥʠʤ ʜʠʩʧʣʝʿʠʤʘ, ʢʦʿʠ ʠʤʘʿʫ ʢʦʥʘʯʥʫ ʨʝʟʦʣʫʮʠʿʫ ʧʨʠʢʘʟʘ. ɸʢʦ 

ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʦʧʩʝʛ ʢʦʿʠ ʞʝʣʠʤʦ ʜʘ ʧʨʠʢʘʞʝʤʦ ʠʤʘ ʚʨʝʜʥʦʩʪ Span, ʘ ʜʠʩʧʣʝʿ ʢʦʨʠʩʪʠ DN  

ʧʠʢʩʝʣʘ ʟʘ ʧʨʠʢʘʟ ʪʦʛ ʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʦʧʩʝʛʘ, ʩʚʘʢʠ ʧʠʢʩʝʣ ʥʦʩʠ ʠʥʬʦʨʤʘʮʠʿʫ ʦ 

ʬʨʝʢʚʝʥʮʠʿʩʢʦʤ ʧʦʜʦʧʩʝʛʫ ʦʜ D Df Span ND = . ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʨʘʟʤʘʢ ʠʟʤʝʹʫ 

ʜʚʝ ʩʫʩʝʜʥʝ ʫʯʝʩʪʘʥʦʩʪʠ ʫ ʢʦʿʠʤʘ ʩʝ ʚʨʰʠ ʤʝʨʝˁʝ ʘʤʧʣʠʪʫʜʝ ʿʝ, ʢʘʦ ʰʪʦ ʩʤʦ ʦʙʿʘʩʥʠʣʠ ʨʘʥʠʿʝ, 

LO 0,1f RBWD = . ʆʜʥʦʩ ʦʚʘ ʜʚʘ ʬʨʝʢʚʝʥʮʠʿʩʢʘ ʦʧʩʝʛʘ ʿʝ D LO D10f f Span N RBWD D = Ö Ö ʠ 

ʦʙʠʯʥʦ ʿʝ ʟʥʘʪʥʦ ʚʝ˂ʠ ʦʜ ʿʝʜʘʥ (ʠʥʘʯʝ, ʤʦʞʝ ʩʝ ʫʯʠʥʠʪʠ ʚʝ˂ʠʤ ʦʜ ʿʝʜʘʥ ʩʤʘˁʠʚʘˁʝʤ LOfD , ʰʪʦ 

ʥʝ ʩʤʘˁʫʿʝ ʪʘʯʥʦʩʪ ʤʝʨʝˁʘ). ɸʢʦ ʿʝ D LO 1N f f=D D >, ʩʚʘʢʦʤ ʦʜ DN  ʧʠʢʩʝʣʘ ʪʨʝʙʘ ʜʦʜʝʣʠʪʠ 

ʚʨʝʜʥʦʩʪ ʘʤʧʣʠʪʫʜʝ ʥʘ ʦʩʥʦʚʫ N  ʤʝʨʝˁʘ ʠʟ ʪʦʛ ʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʦʧʩʝʛʘ. ʆʟʥʘʯʠʤʦ ʪʝ 

ʚʨʝʜʥʦʩʪʠ ʠʟʤʝʨʝʥʝ ʘʤʧʣʠʪʫʜʝ ʩʘ kU , 1,..,k N= . ɸʣʛʦʨʠʪʤʠ ʟʘ ʜʦʜʝʣʫ ʚʨʝʜʥʦʩʪʠ ʘʤʧʣʠʪʫʜʝ, 

pU , ʧʦʩʤʘʪʨʘʥʦʤ ʧʠʢʩʝʣʫ, ʥʘ ʦʩʥʦʚʫ N  ʠʟʤʝʨʝʥʠʭ ʚʨʝʜʥʦʩʪʠ ʘʤʧʣʠʪʫʜʝ, ʥʘʟʠʚʘʿʫ ʩʝ ʚʨʩʪʝ 

ʜʝʪʝʢʮʠʿʝ (Detector type). ʇʦʩʪʦʿʠ ʥʝʢʦʣʠʢʦ ʩʪʘʥʜʘʨʜʥʠʭ ʘʣʛʦʨʠʪʘʤʘ ʢʦʿʠ ʩʝ ʫ ʘʥʘʣʠʟʘʪʦʨʫ 

ʩʧʝʢʪʨʘ ʢʦʨʠʩʪʝ ʟʘ ʜʝʪʝʢʮʠʿʫ. ʅʘʿʧʨʝ, ʤʦʛʫ˂ʝ ʿʝ ʫʩʚʦʿʠʪʠ ʤʘʢʩʠʤʘʣʥʫ ʠʟʤʝʨʝʥʫ ʚʨʝʜʥʦʩʪ, 

( )p maxkU U= , 1,..,k N= , ʯʠʤʝ ʩʝ ʦʪʢʣʘˁʘ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʩʝ ʠʟʦʩʪʘʚʠ ʥʝʢʘ ʢʦʤʧʦʥʝʥʪʘ ʫ ʩʧʝʢʪʨʫ, 

ʠʣʠ, ʰʪʦ ʩʝ ʤʥʦʛʦ ʨʝʹʝ ʢʦʨʠʩʪʠ, ʤʠʥʠʤʘʣʥʫ ʠʟʤʝʨʝʥʫ ʚʨʝʜʥʦʩʪ, ( )p minkU U= , 1,..,k N= . ʆʚʘ 

ʜʚʘ ʜʝʪʝʢʪʦʨʘ ʫʦʙʠʯʘʿʝʥʦ ʩʝ ʦʟʥʘʯʘʚʘʿʫ ʢʘʦ (Max) peak ʠ Min peak. ɹʦˀʫ ʩʣʠʢʫ ʩʧʝʢʪʨʘ ʢʦʜ 

ʩʠʛʥʘʣʘ ʰʫʤʘ (ʠ ʩʠʛʥʘʣʘ ʯʠʿʠ ʿʝ ʩʧʝʢʪʘʨ ʩʣʠʯʘʥ ʩʧʝʢʪʨʫ ʰʫʤʘ, ʥʘ ʧʨʠʤʝʨ ʜʠʛʠʪʘʣʥʦ 

ʤʦʜʫʣʠʩʘʥʠʭ ʩʠʛʥʘʣʘ) ʜʘʿʝ ʜʝʪʝʢʪʦʨ ʢʦʿʠ ʩʠʤʫʣʪʘʥʦ ʧʨʠʢʘʟʫʿʝ ʠ ʤʘʢʩʠʤʘʣʥʫ ʠ ʤʠʥʠʤʘʣʥʫ 

ʚʨʝʜʥʦʩʪ ʩʧʦʿʝʥʫ ʣʠʥʠʿʦʤ (ʠʣʠ ʢʦʨʠʩʪʠ ʥʝʢʠ ʩʣʠʯʘʥ ʘʣʛʦʨʠʪʘʤ), ʘ ʦʟʥʘʯʘʚʘ ʩʝ ʢʘʦ Auto peak 

ʠʣʠ Normal. ʊʘʢʦʹʝ, ʤʦʛʫ˂ʝ ʿʝ ʫʩʚʦʿʠʪʠ ʠʟʤʝʨʝʥʫ ʚʨʝʜʥʦʩʪ ʥʘ ʬʠʢʩʥʦʿ ʧʦʟʠʮʠʿʠ ʫ ʦʢʚʠʨʫ 

ʦʧʩʝʛʘ, ʥʘ ʧʨʠʤʝʨ ʧʨʚʦʿ: p 1U U= . ʆʚʘʿ ʜʝʪʝʢʪʦʨ ʫʦʙʠʯʘʿʝʥʦ ʩʝ ʦʟʥʘʯʘʚʘ ʢʘʦ Sample. 

ʉʚʠ ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʠ ʜʝʪʝʢʪʦʨʠ ʜʘʿʫ ʩʣʠʯʘʥ ʧʨʠʢʘʟ ʩʧʝʢʪʨʘ ʢʦʜ ʩʠʛʥʘʣʘ ʯʠʿʠ 

ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʩʧʝʢʪʘʨ ʩʝ ʥʝ ʤʝˁʘ ʟʥʘʯʘʿʥʦ ʩʘ ʚʨʝʤʝʥʦʤ (ʥʘ ʧʨʠʤʝʨ, ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʠʭ 
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ʩʠʛʥʘʣʘ), ʘʣʠ ˂ʝ ʩʝ ˁʠʭʦʚ ʧʨʠʢʘʟ ʤʝʹʫʩʦʙʥʦ ʨʘʟʣʠʢʦʚʘʪʠ ʢʦʜ ʩʠʛʥʘʣʘ ʰʫʤʘ. ʂʦʥʢʨʝʪʥʦ, peak 

ʜʝʪʝʢʪʦʨʠ ˂ʝ ʧʨʠʢʘʟʘʪʠ ʩʘʤʦ ʘʥʚʝʣʦʧʝ ʰʫʤʘ (ʛʦʨˁʫ, ʜʦˁʫ ʠʣʠ ʦʙʝ), ʘ sample ʜʝʪʝʢʪʦʨ ˂ʝ 

ʧʨʠʢʘʟʘʪʠ ʩʣʫʯʘʿʥʫ ʧʨʠʨʦʜʫ ʬʨʝʢʚʝʥʮʠʿʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ, ʘʣʠ ʥʝ˂ʝ ʜʘʪʠ ʧʦʫʟʜʘʥʫ 

ʠʥʬʦʨʤʘʮʠʿʫ ʦ ʥʠʚʦʫ ʪʦʛ ʩʠʛʥʘʣʘ. ʉʪʦʛʘ ʩʝ ʫʚʦʜʝ ʜʝʪʝʢʪʦʨʠ ʢʦʿʠ ʫʩʨʝʜˁʘʚʘʿʫ ʨʝʟʫʣʪʘʪʝ N  

ʤʝʨʝˁʘ. ɸʢʦ ʩʝ ʫʩʨʝʜˁʘʚʘˁʝ ʚʨʰʠ ʧʦ ʘʤʧʣʠʪʫʜʠ, ( )p 1
1

N

kk
U N U

=
= ä , ʜʝʪʝʢʪʦʨ ʩʝ ʦʟʥʘʯʘʚʘ 

ʢʘʦ Average, ʘ ʘʢʦ ʩʝ ʫʩʨʝʜˁʘʚʘˁʝ ʚʨʰʠ ʧʦ ʢʚʘʜʨʘʪʫ ʘʤʧʣʠʪʫʜʝ, ʪʿ. ʩʥʘʟʠ, 

( ) 2
p 1

1
N

kk
U N U

=
= ä  ʜʝʪʝʢʪʦʨ ʩʝ ʦʟʥʘʯʘʚʘ ʢʘʦ RMS (Root mean square). 

2.4 ʐʫʤ ʫ ʘʥʘʣʠʟʘʪʦʨʫ ʩʧʝʢʪʨʘ 

ɸʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ ʩʘʜʨʞʠ ʝʣʝʢʪʨʦʥʩʢʝ ʢʦʤʧʦʥʝʥʪʝ ʢʦʿʝ ʫ ʩʠʛʥʘʣ ʢʦʿʠ ʩʝ ʦʙʨʘʹʫʿʝ ʫʥʦʩʝ 

ʜʦʜʘʪʥʠ ʰʫʤ (ʦ ʧʨʠʨʦʜʠ ʰʫʤʘ ʛʦʚʦʨʠ˂ʝʤʦ ʫ ʧʦʩʝʙʥʦʤ ʧʦʛʣʘʚˀʫ), ʥʘ ʪʘʿ ʥʘʯʠʥ ʩʤʘˁʫʿʫ˂ʠ 

ʦʜʥʦʩ ʩʠʛʥʘʣ/ʰʫʤ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ. ʐʫʤ ʢʦʿʠ ʝʣʝʢʪʨʦʥʩʢʠ ʩʢʣʦʧ ʫʥʦʩʠ ʫ ʫʣʘʟʥʠ ʩʠʛʥʘʣ 

ʢʚʘʥʪʠʪʘʪʠʚʥʦ ʩʝ ʦʧʠʩʫʿʝ ʬʘʢʪʦʨʦʤ ʰʫʤʘ (Noise factor), F : 

 in in

out out

S N
F

S N
= . (2.4.1) 

ʋ ʧʨʝʪʭʦʜʥʦʤ ʠʟʨʘʟʫ inS  ʠ outS  ʧʨʝʜʩʪʘʚˀʘʿʫ, ʨʝʜʦʤ, ʨʘʩʧʦʣʦʞʠʚʫ ʩʥʘʛʫ ʩʠʛʥʘʣʘ ʥʘ ʫʣʘʟʫ ʠ 

ʠʟʣʘʟʫ ʠʟ ʧʦʩʤʘʪʨʘʥʦʛ ʩʢʣʦʧʘ, ʘ inN  ʠ outN  ʧʨʝʜʩʪʘʚˀʘʿʫ, ʨʝʜʦʤ, ʨʘʩʧʦʣʦʞʠʚʫ ʩʥʘʛʫ ʰʫʤʘ ʥʘ 

ʫʣʘʟʫ ʠ ʠʟʣʘʟʫ ʠʟ ʪʦʛ ʩʢʣʦʧʘ. ʇʨʠ ʜʝʬʠʥʠʮʠʿʠ ʬʘʢʪʦʨʘ ʰʫʤʘ ʩʤʘʪʨʘ ʩʝ ʜʘ ʿʝ ʥʘ ʫʣʘʟʫ ʪʟʚ. ʙʝʣʠ 

(ɻʘʫʩʦʚ) ʰʫʤ, ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ 0 290KT = , ʢʦʿʠ ʠʤʘ ʢʦʥʩʪʘʥʪʥʫ ʩʧʝʢʪʨʘʣʥʫ ʛʫʩʪʠʥʫ 

ʨʘʩʧʦʣʦʞʠʚʝ ʩʨʝʜˁʝ ʩʥʘʛʝ, 0kT , ʛʜʝ ʿʝ 231,38 10 J Kk -= Ö  ɹʦʣʮʤʘʥʦʚʘ ʢʦʥʩʪʘʥʪʘ. ʇʦʰʪʦ ʿʝ ʢʦʜ 

ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ out inS S= , (2.4.1) ʩʝ ʩʚʦʜʠ ʥʘ 

 out

0

N
F

kT B
= , (2.4.2) 

ʛʜʝ ʿʝ B  ʧʨʦʧʫʩʥʠ ʦʧʩʝʛ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʟʘ ʩʠʛʥʘʣ ʰʫʤʘ, ʢʦʿʠ ʩʝ ʜʝʬʠʥʠʰʝ ʢʦʨʠʰ˂ʝˁʝʤ 

ʬʫʥʢʮʠʿʝ ʧʨʝʥʦʩʘ ʬʠʣʪʨʘ ʢʘʦ: 

 ()
2

2

0max

1
dB H f f

H

¤

= ñ , (2.4.3) 

ʀʟ (2.4.3) ʟʘʢˀʫʯʫʿʝʤʦ ʜʘ B  ʦʜʛʦʚʘʨʘ ʬʠʣʪʨʫ ʧʨʦʧʫʩʥʠʢʫ ʦʧʩʝʛʘ ʫʯʝʩʪʘʥʦʩʪʠ ʩʘ ʧʨʘʚʦʫʛʘʦʥʦʤ 

ʘʤʧʣʠʪʫʜʩʢʦʤ ʬʫʥʢʮʠʿʦʤ ʧʨʝʥʦʩʘ, ʢʦʿʠ ʦʙʝʟʙʝʹʫʿʝ ʠʜʝʥʪʠʯʘʥ ʪʨʘʥʩʬʝʨ ʩʥʘʛʝ ʰʫʤʘ. ʇʨʦʧʫʩʥʠ 

ʦʧʩʝʛ B  ʦʜʨʝʹʝʥ ʿʝ ʧʦʜʝʰʘʚʘˁʝʤ ʧʨʦʧʫʩʥʦʛ ʦʧʩʝʛʘ RBW ʬʠʣʪʨʘ, RBW. ʆʙʠʯʥʦ ʿʝ B  ʥʝʰʪʦ 

ʚʝ˂ʝ ʦʜ RBW (ʥʘ ʧʨʠʤʝʨ, ʢʦʜ Rohde&Schwarz ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ FSP 7, ʟʘ ʜʠʛʠʪʘʣʥʝ ʬʠʣʪʨʝ 

ʿʝ 1,065B RBW= ). 

ʌʘʢʪʦʨ ʰʫʤʘ ʩʝ ʥʘʿʯʝʰ˂ʝ ʠʟʨʘʞʘʚʘ ʫ ʜʝʮʠʙʝʣʠʤʘ, ʘ ʥʘ ʝʥʛʣʝʩʢʦʤ ʪʘ ʚʝʣʠʯʠʥʘ ʠʤʘ ʠ ʧʦʩʝʙʘʥ 

ʥʘʟʠʚ, Noise figure: 
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 1010logNF F= . (2.4.4) 

ʃʦʛʘʨʠʪʤʦʚʘˁʝʤ ʠʟʨʘʟʘ (2.4.2) ʜʦʙʠʿʘʤʦ: 

 out out
10 10 10

0 0

1mW
10log 10log 10log

1mW

N N
NF

kT B kT B
= = + . (2.4.5) 

ʋ ʧʨʝʪʭʦʜʥʦʤ ʠʟʨʘʟʫ ʩʤʦ ʙʨʦʿʠʣʘʮ ʠ ʠʤʝʥʠʣʘʮ ʧʦʤʥʦʞʠʣʠ ʩʘ 1 mW, ʪʘʢʦ ʜʘ ʩʥʘʛʫ ʰʫʤʘ ʥʘ 

ʠʟʣʘʟʫ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʤʦʞʝʤʦ ʜʘ ʧʨʝʜʩʪʘʚʠʤʦ ʫ ʜʝʮʠʙʝʣʠʤʘ ʫ ʦʜʥʦʩʫ ʥʘ ʤʠʣʠʚʘʪ, ʘ 

ʥʘʟʠʚ ʦʚʝ ʚʝʣʠʯʠʥʝ, ʢʦʿʫ ˂ʝʤʦ ʦʟʥʘʯʠʪʠ ʩʘ DANLL , ʿʝ DANL (Displayed average noise level): 

 out
DANL 1010log

1mW

N
L = . (2.4.6) 

ʋʚʨʰʪʘʚʘˁʝʤ DANLL  ʠʟ (2.4.6) ʫ (2.4.5) ʠ ʤʥʦʞʝˁʝʤ ʙʨʦʿʠʦʮʘ ʠ ʠʤʝʥʠʦʮʘ ʫ ʜʨʫʛʦʤ ʯʣʘʥʫ ʩ 

ʜʝʩʥʝ ʩʪʨʘʥʝ (2.4.5) ʩʘ 1 Hz, (2.4.5) ʩʝ ʪʨʘʥʩʬʦʨʤʠʰʝ ʫ 

 DANL 10 10

0

1mW 1Hz
10log 10log

1Hz
L NF

kT B
=- - +, (2.4.7) 

ʦʜʥʦʩʥʦ, ʥʘʢʦʥ ʠʟʨʘʯʫʥʘʚʘˁʘ ʧʨʚʦʛ ʯʣʘʥʘ ʩ ʜʝʩʥʝ ʩʪʨʘʥʝ: 

 DANL 10174dBm+10log
1Hz

B
L NF=- + . (2.4.8) 

DANL ʚʨʝʜʥʦʩʪ ʜʘʪʘ ʠʟʨʘʟʦʤ (2.4.8) ʿʝ ʠʰʯʝʢʠʚʘʥʠ ʥʠʚʦ ʰʫʤʘ ʢʦʿʠ ˂ʝ ʧʦʢʘʟʘʪʠ ʘʥʘʣʠʟʘʪʦʨ 

ʩʧʝʢʪʨʘ ʧʨʠ ʟʘʜʘʪʦʤ ʧʨʦʧʫʩʥʦʤ ʦʧʩʝʛʫ RBW ʬʠʣʪʨʘ (ʦʜʥʦʩʥʦ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʚʨʝʜʥʦʩʪʠ ʟʘ 

ʩʠʛʥʘʣ ʰʫʤʘ, B, ʢʘʦ ʰʪʦ ʩʤʦ ʨʘʥʠʿʝ ʦʙʿʘʩʥʠʣʠ) ʠ ʟʘ RMS ʜʝʪʝʢʪʦʨ. ɸʢʦ ʿʝ ʫ ʧʠʪʘˁʫ ɻʘʫʩʦʚ 

ʰʫʤ, ʧʦʩʪʦʿʠ ʧʨʦʨʘʯʫʥ ʢʦʣʠʢʦ ˂ʝ ʩʝ ʨʘʟʣʠʢʦʚʘʪʠ DANL ʘʢʦ ʩʝ ʢʦʨʠʩʪʠ Sample ʜʝʪʝʢʪʦʨ 

ʫʤʝʩʪʦ RMS ʜʝʪʝʢʪʦʨʘ. (ʅʘ ʧʨʠʤʝʨ, ʢʦʜ Rohde&Schwarz ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ FSP 7, ʧʦʜ 

ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʜʘ ʿʝ ʧʨʦʧʫʩʥʠ ʦʧʩʝʛ VBW ʬʠʣʪʨʘ ʤʘˁʠ ʦʜ ʧʨʦʧʫʩʥʦʛ ʦʧʩʝʛʘ RBW ʬʠʣʪʨʘ ʠ 

ʜʘ ʩʝ ʚʨʰʠ ʣʦʛʘʨʠʪʘʤʩʢʦ ʫʩʨʝʜˁʘʚʘˁʝ ʠʟʤʝʨʝʥʠʭ ʨʝʟʫʣʪʘʪʘ, Sample ʜʝʪʝʢʪʦʨ ʧʦʢʘʟʫʿʝ ʟʘ 

2,5 dB ʤʘˁʠ DANL ʦʜ RMS ʜʝʪʝʢʪʦʨʘ (ʩ ʪʠʤ ʜʘ ʿʝ ʧʨʠ ʢʦʨʠʰ˂ʝˁʫ RMS ʜʝʪʝʢʪʦʨʘ, ʧʦ ʧʨʘʚʠʣʫ, 

ʧʨʦʧʫʩʥʠ ʦʧʩʝʛ VBW ʬʠʣʪʨʘ ʚʝ˂ʠ ʦʜ ʧʨʦʧʫʩʥʦʛ ʦʧʩʝʛʘ RBW ʬʠʣʪʨʘ). DANL ʚʨʝʜʥʦʩʪ ʢʦʿʘ ʩʝ 

ʩʧʝʮʠʬʠʮʠʨʘ ʟʘ ʢʦʥʢʨʝʪʥʠ ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ ʿʝ ʧʦʢʘʟʠʚʘˁʝ Sample ʜʝʪʝʢʪʦʨʘ (ʢʘʜʘ je ʥʘ ʫʣʘʟ 

ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʧʨʠʢˀʫʯʝʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʦʜ 50 ʦʤʘ), ʟʘ ʧʦʜʝʰʘʚʘˁʘ ʧʨʦʧʫʩʥʦʛ ʦʧʩʝʛʘ 

RBW ʠ VBW ʬʠʣʪʨʘ ʦʜ 10 Hz ʠ 1 Hz, ʨʝʩʧʝʢʪʠʚʥʦ, Span ʥʫʣʘ ʠ ʙʝʟ ʩʣʘʙˀʝˁʘ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ 

(ʫʣʘʟʥʠ ʘʪʝʥʫʘʪʦʨ ʧʦʜʝʰʝʥ ʿʝ ʥʘ 0 dB). ʊʘ ʚʨʝʜʥʦʩʪ ʟʘʚʠʩʠ ʦʜ ʫʯʝʩʪʘʥʦʩʪʠ (ʥʘ ʧʨʠʤʝʨ, ʢʦʜ 

Rohde&Schwarz ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ FSP 7, ʟʘ ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʦʧʩʝʛ ʦʜ 3 GHz ʜʦ 7 GHz, 

ʩʧʝʮʠʬʠʮʠʨʘʥ je DANL ʤʘˁʠ ʦʜ 138 dBm- ). 

DANL ʿʝ ʟʥʘʯʘʿʘʥ ʿʝʨ ʜʝʬʠʥʠʰʝ ʦʩʝʪˀʠʚʦʩʪ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ. ɼʘ ʙʠʩʤʦ ʤʦʛʣʠ ʜʘ 

ʠʟʤʝʨʠʤʦ ʩʧʝʢʪʘʨ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ, ˁʝʛʦʚ ʥʠʚʦ ʤʦʨʘ ʙʠʪʠ ʥʝʢʦʣʠʢʦ ʜʝʮʠʙʝʣʘ ʚʝ˂ʠ ʦʜ DANL. 

ʇʨʝʢʦ DANL ʿʝ ʜʝʬʠʥʠʩʘʥ ʠ ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʤʝʨʝˁʘ ʩʠʛʥʘʣʘðʪʦ ʿʝ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ 

ʤʘʢʩʠʤʘʣʥʦʛ ʥʠʚʦʘ ʩʠʛʥʘʣʘ ʢʦʿʠ ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ ʤʦʞʝ ʜʘ ʤʝʨʠ (ʘ ʢʦʿʠ ʿʝ ʦʛʨʘʥʠʯʝʥ 

ʿʝʜʥʦʜʝʮʠʙʝʣʩʢʦʤ ʢʦʤʧʨʝʩʠʿʦʤ ʤʠʢʩʝʨʘ) ʠ DANL ʚʨʝʜʥʦʩʪʠ.  
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ʃʦʛʘʨʠʪʘʤʩʢʠ ʬʘʢʪʦʨ ʰʫʤʘ, NF , ʫ ʠʟʨʘʟʫ (2.4.8) ʚʘʞʠ ʟʘ ʥʝʦʩʣʘʙˀʝʥ ʫʣʘʟʥʠ ʩʠʛʥʘʣ, ʪʿ. ʟʘ 

ʫʣʘʟʥʠ ʘʪʝʥʫʘʪʦʨ ʧʦʜʝʰʝʥ ʥʘ 0 dB. ɸʢʦ ʿʝ ʫʣʘʟʥʦ ʩʣʘʙˀʝˁʝ ʚʝ˂ʝ ʦʜ ʥʫʣʘ ʜʝʮʠʙʝʣʘ, ʥʘ ʧʨʠʤʝʨ 

10 dB, ʟʘ 10 dB ʩʝ ʢʚʘʨʠ ʦʜʥʦʩ ʩʠʛʥʘʣ ʰʫʤ, ʦʜʥʦʩʥʦ ʟʘ ʪʦʣʠʢʦ ʩʝ ʧʦʚʝ˂ʘʚʘ NF  ʠðʧʨʝʤʘ 

ʠʟʨʘʟʫ (2.4.8)ðDANL. 

2.5 ʅʝʣʠʥʝʘʨʥʦʩʪʠ ʫ ʘʥʘʣʠʟʘʪʦʨʫ ʩʧʝʢʪʨʘ 

ʄʠʢʩʝʨ, ʿʝʜʘʥ ʦʜ ʢˀʫʯʥʠʭ ʩʢʣʦʧʦʚʘ ʫ ʘʥʘʣʠʟʘʪʦʨʫ ʩʧʝʢʪʨʘ, ʿʝ ʥʝʣʠʥʝʘʨʘʥ ʝʣʝʤʝʥʪ, ʧʘ ʩʪʦʛʘ 

ʠ ʯʠʪʘʚ ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ ʪʨʝʪʠʨʘʤʦ ʢʘʦ ʥʝʣʠʥʝʘʨʘʥ ʝʣʝʤʝʥʪ. ɿʘ 

ʥʝʣʠʥʝʘʨʘʥ ʝʣʝʤʝʥʪ ʤʦʞʝʤʦ ʥʘʧʠʩʘʪʠ ʚʝʟʫ ʠʟʤʝʹʫ ʫʣʘʟʥʦʛ ʠ ʠʟʣʘʟʥʦʛ ʥʘʧʦʥʝ ʫ ʦʙʣʠʢʫ: 

 () ()out in

1

k
k

k

u t a u t
¤

=

=ä , (2.5.1) 

ʛʜʝ ʩʫ ka  ʨʝʘʣʥʠ ʢʦʝʬʠʮʠʿʝʥʪʠ. ʆʙʠʯʥʦ ʘʤʧʣʠʪʫʜʘ ʦʚʠʭ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʙʨʟʦ ʦʧʘʜʘ ʩʘ 

ʧʦʨʘʩʪʦʤ ʠʥʜʝʢʩʘ k, ʧʘ ʿʝ ʫ ʧʨʘʢʩʠ ʜʦʚʦˀʥʦ ʧʦʩʤʘʪʨʘʪʠ ʩʘʤʦ ʥʝʢʦʣʠʢʦ ʧʨʚʠʭ ʯʣʘʥʦʚʘ ʩʫʤʝ ʫ 

(2.5.1). ʇʨʠ ʠʩʧʠʪʠʚʘˁʫ ʥʝʣʠʥʝʘʨʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʢʣʦʧʦʚʘ ʥʘʿʯʝʰ˂ʝ ʩʝ ʢʦʨʠʩʪʝ ʧʦʙʫʜʘ 

ʿʝʜʥʠʤ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʠʤ ʩʠʛʥʘʣʦʤ (Single-tone test) ʠ ʧʦʙʫʜʘ ʩʘ ʜʚʘ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʘ 

ʩʠʛʥʘʣʘ ʨʘʟʣʠʯʠʪʠʭ ʫʯʝʩʪʘʥʦʩʪʠ (Two-tone test). 

ɸʢʦ ʿʝ ʥʘ ʫʣʘʟʫ ʥʝʣʠʥʝʘʨʥʦʛ ʩʢʣʦʧʘ ʿʝʜʘʥ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʠ ʩʠʛʥʘʣ, ʘʤʧʣʠʪʫʜʝ mU  ʠ 

ʢʨʫʞʥʝ ʫʯʝʩʪʘʥʦʩʪʠ w, ʥʘ ʠʟʣʘʟʫ ˂ʝ, ʧʨʝʤʘ (2.5.1), ʧʦʩʪʦʿʘʪʠ ʥʘʧʦʥ: 

 () ( ) ( ) ( )2 2 3 3
out 1 m 2 m 3 mcos cos cosu t aU t a U t a U t= w + w + w +. (2.5.2) 

ʋ (2.5.2) ʩʤʦ ʟʘʜʨʞʘʣʠ ʩʘʤʦ ʪʨʠ ʯʣʘʥʘ ʩʫʤʝ, ʰʪʦ ʿʝ ʜʦʚʦˀʥʦ ʜʘ ʜʦʥʝʩʝʤʦ ʧʦʪʨʝʙʥʝ ʟʘʢˀʫʯʢʝ. 

ʇʦʰʪʦ ʿʝ ( ) ( )( )2cos 0,5 1 cos 2t tw = + w ʠ ( ) ( ) ( )3cos 0,75cos 0,25cos 3t t tw = w + w, ʧʨʝʪʭʦʜʥʠ 

ʠʟʨʘʟ ʤʦʞʝʤʦ ʜʘ ʥʘʧʠʰʝʤʦ ʫ ʦʙʣʠʢʫ: 
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. (2.5.3) 

ʋ (2.5.3) ʚʠʜʠʤʦ ʜʘ ʫ ʠʟʣʘʟʥʦʤ ʥʘʧʦʥʫ, ʧʦʨʝʜ DC ʢʦʤʧʦʥʝʥʪʝ ʠ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʝ 

ʢʦʤʧʦʥʝʥʪʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʝ ʫʣʘʟʥʦʤ ʥʘʧʦʥʫ, ʧʦʩʪʦʿʝ ʠ ʭʘʨʤʦʥʠʮʠðʢʦʤʧʦʥʝʥʪʝ ʥʘ 

ʮʝʣʦʙʨʦʿʥʠʤ ʫʤʥʦʰʮʠʤʘ (ʢʨʫʞʥʝ) ʫʯʝʩʪʘʥʦʩʪʠ ʫʣʘʟʥʦʛ ʥʘʧʦʥʘ. ʂʦʤʧʦʥʝʥʪʫ ʠʟʣʘʟʥʦʛ ʥʘʧʦʥʘ 

ʥʘ ʢʨʫʞʥʦʿ ʫʯʝʩʪʘʥʦʩʪʠ nw ʥʘʟʠʚʘʤʦ n -ʪʠʤ ʭʘʨʤʦʥʠʢʦʤ. ʋʦʙʠʯʘʿʝʥʦ ʩʝ ʢʦʤʧʦʥʝʥʪʘ ʟʘ 1n=  

(ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʘ ʢʦʤʧʦʥʝʥʪʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʫʣʘʟʥʦʤ ʥʘʧʦʥʫ) ʥʘʟʠʚʘ ʦʩʥʦʚʥʠʤ 

ʭʘʨʤʦʥʠʢʦʤ, ʘ ʢʦʤʧʦʥʝʥʪʝ ʟʘ 1n>  ʚʠʰʠʤ ʭʘʨʤʦʥʠʮʠʤʘ. ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʠʟʨʘʟ (2.5.1), 

ʪʝʦʨʠʿʩʢʠ ˂ʝ ʧʦʩʪʦʿʘʪʠ ʙʝʩʢʦʥʘʯʘʥ ʙʨʦʿ ʭʘʨʤʦʥʠʢʘ. ɸʢʦ ʿʝ n  ʧʘʨʘʥ ʙʨʦʿ, n -ʪʠ ʭʘʨʤʦʥʠʢ ʟʦʚʝʤʦ 

ʧʘʨʥʠʤ, ʫ ʧʨʦʪʠʚʥʦʤ ʿʝ ʥʝʧʘʨʘʥ. ɸʤʧʣʠʪʫʜʫ ʧʘʨʥʠʭ ʭʘʨʤʦʥʠʢʘ ʯʠʥʠ ʣʠʥʝʘʨʥʘ ʢʦʤʙʠʥʘʮʠʿʘ 

ʯʣʘʥʦʚʘ ʦʙʣʠʢʘ m
k

ka U , ʛʜʝ ʿʝ k  ʧʘʨʘʥ ʙʨʦʿ. ʉʣʠʯʥʦ, ʘʤʧʣʠʪʫʜʫ ʥʝʧʘʨʥʠʭ ʭʘʨʤʦʥʠʢʘ ʯʠʥʠ 

ʣʠʥʝʘʨʥʘ ʢʦʤʙʠʥʘʮʠʿʘ ʯʣʘʥʦʚʘ ʦʙʣʠʢʘ m
k

ka U , ʛʜʝ ʿʝ k  ʥʝʧʘʨʘʥ ʙʨʦʿ. ʋ ʫʦʙʠʯʘʿʝʥʦʤ ʨʝʞʠʤʫ 
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ʨʘʜʘ, ʘʤʧʣʠʪʫʜʠ n -ʪʦʛ ʭʘʨʤʦʥʠʢʘ ʜʦʤʠʥʘʥʪʥʦ ʜʦʧʨʠʥʦʩʠ ʯʣʘʥ ʧʨʦʧʦʨʮʠʦʥʘʣʘʥ ʩʘ m
n

na U . 

ʉʪʦʛʘ ʤʦʞʝʤʦ ʩʤʘʪʨʘʪʠ ʜʘ ʿʝ ʘʤʧʣʠʪʫʜʘ ʧʨʚʦʛ ʭʘʨʤʦʥʠʢʘ ʧʨʠʙʣʠʞʥʦ 1 maU , ʘ ʘʤʧʣʠʪʫʜʘ 

ʜʨʫʛʦʛ ʭʘʨʤʦʥʠʢʘ ʧʨʠʙʣʠʞʥʦ 
2

2 m0,5a U . 

ʅʘ ʦʩʥʦʚʫ ʠʟʨʘʟʘ (2.3.6) ʤʦʞʝʤʦ ʜʘ ʥʘʧʠʰʝʤʦ ʠʟʨʘʟʝ ʟʘ ʥʠʚʦʝ (ʫ ʜʝʮʠʙʝʣʠʤʘ ʫ ʦʜʥʦʩʫ ʥʘ 

ʤʠʣʠʚʘʪ) ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ, inL , 

 
2
m

in 10 2
10log

0,1V

U
L = , (2.5.4) 

ʧʨʚʦʛ ʭʘʨʤʦʥʠʢʘ ʠʟʣʘʟʥʦʛ ʩʠʛʥʘʣʘ, out1L , 

 ()
2
m

out1 10 1 10 1 in2
10log 10log

0,1V

U
L a B L= + = +, (2.5.5) 

ʠ ʜʨʫʛʦʛ ʭʘʨʤʦʥʠʢʘ ʠʟʣʘʟʥʦʛ ʩʠʛʥʘʣʘ, out2L , 

 ( )
2
m

out2 10 2 10 2 in2
20log 0,5 0,1 1V 2 10log 2

0,1V

U
L a B L= Ö + Ö = +, (2.5.6) 

ʛʜʝ ʩʫ 1B  ʠ 2B  ʢʦʥʩʪʘʥʪʝ (ʠʟʨʘʞʝʥʝ ʫ ʜʝʮʠʙʝʣʠʤʘ). ɺʠʜʠʤʦ ʜʘ ʩʘ ʧʦʨʘʩʪʦʤ ʥʠʚʦʘ ʫʣʘʟʥʦʛ 

ʩʠʛʥʘʣʘ ʥʠʚʦ ʜʨʫʛʦʛ ʭʘʨʤʦʥʠʢʘ ʠʟʣʘʟʥʦʛ ʩʠʛʥʘʣʘ ʨʘʩʪʝ ʜʫʧʣʦ ʙʨʞʝ ʦʜ ʥʠʚʦʘ ʧʨʚʦʛ ʭʘʨʤʦʥʠʢʘ 

ʠʟʣʘʟʥʦʛ ʩʠʛʥʘʣʘ. ʋʦʧʰʪʝʥʦ, ʥʠʚʦ n -ʪʦʛ ʭʘʨʤʦʥʠʢʘ ʠʟʣʘʟʥʦʛ ʩʠʛʥʘʣʘ ʨʘʰ˂ʝ n  ʧʫʪʘ ʙʨʞʝ ʦʜ 

ʥʠʚʦʘ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ, ʰʪʦ ʿʝ ʜʠʨʝʢʪʥʘ ʧʦʩʣʝʜʠʮʘ ʪʦʛʘ ʰʪʦ ʿʝ ʘʤʧʣʠʪʫʜʘ n -ʪʦʛ ʭʘʨʤʦʥʠʢʘ 

ʠʟʣʘʟʥʦʛ ʩʠʛʥʘʣʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ n -ʪʦʤ ʩʪʝʧʝʥʫ ʘʤʧʣʠʪʫʜʝ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ. ʇʨʠ ʜʦʚʦˀʥʦ 

ʚʝʣʠʢʦʤ ʥʠʚʦʫ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ, ʢʦʿʠ ʩʝ ʦʟʥʘʯʘʚʘ ʩʘ SHI  (Second Harmonic Interceptðʥʠʚʦ 

ʩʫʩʪʠʟʘˁʘ ʜʨʫʛʠʤ ʭʘʨʤʦʥʠʢʦʤ) ʥʠʚʦʠ ʧʨʚʦʛ ʠ ʜʨʫʛʦʛ ʭʘʨʤʦʥʠʢʘ ʠʟʣʘʟʥʦʛ ʩʠʛʥʘʣʘ ˂ʝ ʩʝ 

ʠʟʿʝʜʥʘʯʠʪʠ, ʦʜʥʦʩʥʦ ʚʘʞʠ: 

 1 2 2B SHI B SHI+ = + . (2.5.7) 

ʂʦʤʙʠʥʦʚʘˁʝʤ (2.5.5), (2.5.6) ʠ (2.5.7) ʜʦʙʠʿʘʤʦ: 

 out2 out1 inL L L SHI- = - . (2.5.8) 

ʀʟʨʘʟ (2.5.8) ʥʘʤ ʛʦʚʦʨʠ ʜʘ ʘʢʦ ʟʥʘʤʦ SHI, ʤʦʞʝʤʦ ʦʜʨʝʜʠʪʠ ʨʘʟʣʠʢʫ ʥʠʚʦʘ ʧʨʚʦʛ ʠ ʜʨʫʛʦʛ 

ʭʘʨʤʦʥʠʢʘ ʟʘ ʧʨʦʠʟʚʦˀʥʠ ʥʠʚʦ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ. ɼʨʫʛʠ ʭʘʨʤʦʥʠʢ ʿʝ ʢʨʠʪʠʯʘʥ, ʧʘ ʩʝ ʭʘʨʤʦʥʠʮʠ 

ʚʠʰʠ ʦʜ ʜʨʫʛʦʛ ʫ ʦʚʦʤ ʩʤʠʩʣʫ ʥʝ ʨʘʟʤʘʪʨʘʿʫ, ʚʝ˂ ʩʝ ʩʧʝʮʠʬʠʮʠʨʘ SHI. (ʅʘ ʧʨʠʤʝʨ, ʢʦʜ 

Rohde&Schwarz ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ FSP 7, ʟʘ ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʦʧʩʝʛ ʦʜ 1,5 GHz ʜʦ 7 GHz, 

ʩʧʝʮʠʬʠʮʠʨʘʥʦ ʿʝ ʜʘ ʿʝ ʪʠʧʠʯʥʦ 80 dBmSHI= . ʆʚʦ ʥʠʿʝ ʚʨʝʜʥʦʩʪ ʢʦʿʘ ʿʝ ʦʩʪʚʘʨʠʚʘ ʫ ʧʨʘʢʩʠ, 

ʚʝ˂ ʩʣʫʞʠ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʘ ʜʨʫʛʠʭ ʚʝʣʠʯʠʥʘ ʦʜ ʠʥʪʝʨʝʩʘ.) 

ɸʢʦ ʩʫ ʥʘ ʫʣʘʟʫ ʥʝʣʠʥʝʘʨʥʦʛ ʩʢʣʦʧʘ ʜʚʘ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʘ ʩʠʛʥʘʣʘ, ʘʤʧʣʠʪʫʜʝ mU  ʠ 

ʨʘʟʣʠʯʠʪʠʭ ʢʨʫʞʥʠʭ ʫʯʝʩʪʘʥʦʩʪʠ 1w ʠ 2w, ʥʘ ʠʟʣʘʟʫ ˂ʝ, ʧʨʝʤʘ (2.5.1), ʧʦʩʪʦʿʘʪʠ ʥʘʧʦʥ: 
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() ( ) ( )( )

( ) ( )( )

( ) ( )( )

out 1 m 1 2

22
2 m 1 2

33
3 m 1 2

cos cos

cos cos

cos cos

u t a U t t

a U t t

a U t t

= w + w +

+ w + w +

+ w + w +

. (2.5.9) 

ʉʨʝʹʠʚʘˁʝʤ ʠʟʨʘʟʘ (2.5.9) ʤʦʞʝʤʦ ʜʘ ʟʘʢˀʫʯʠʤʦ ʜʘ ʠʟʣʘʟʥʠ ʥʘʧʦʥ, ʧʦʨʝʜ DC ʢʦʤʧʦʥʝʥʪʝ ʠ 

ʭʘʨʤʦʥʠʢʘ ʦʙʝ ʢʦʤʧʦʥʝʥʪʝ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ, ʩʘʜʨʞʠ ʠ ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʝ ʧʨʦʜʫʢʪʝ ( )m n+ -

ʪʦʛ ʨʝʜʘðʢʦʤʧʦʥʝʥʪʝ ʥʘ ʢʨʫʞʥʠʤ ʫʯʝʩʪʘʥʦʩʪʠʤʘ 1 2m nw ° w, ʛʜʝ ʩʫ m  ʠ n  ʧʦʟʠʪʠʚʥʠ ʮʝʣʠ 

ʙʨʦʿʝʚʠ. ɸʤʧʣʠʪʫʜʘ ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʦʛ ʧʨʦʜʫʢʪʘ ( )m n+ -ʪʦʛ ʨʝʜʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʿʝ 

( )m n+ -ʪʦʤ ʩʪʝʧʝʥʫ ʘʤʧʣʠʪʫʜʝ ʫʣʘʟʥʦʛ ʥʘʧʦʥʘ. ʀʥʪʝʨʤʦʜʫʣʘʮʠʦʥʠ ʧʨʦʜʫʢʪʠ ʪʨʝ˂ʝʛ ʨʝʜʘ 

1 22w -w ʠ 2 12w -w ʩʫ ʧʦ ʫʯʝʩʪʘʥʦʩʪʠ ʥʘʿʙʣʠʞʠ ʢʦʤʧʦʥʝʥʪʘʤʘ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ, ʧʘ ʠʭ ʿʝ, 

ʫʢʦʣʠʢʦ ʧʦʩʪʦʿʝ, ʤʥʦʛʦ ʪʝʞʝ ʬʠʣʪʨʠʨʘˁʝʤ ʧʦʪʠʩʥʫʪʠ ʥʝʛʦ ʜʨʫʛʝ ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʝ ʧʨʦʜʫʢʪʝ. 

ɿʙʦʛ ʪʦʛʘ ʩʝ ʟʘ ʥʝʣʠʥʝʘʨʥʝ ʩʢʣʦʧʦʚʝ ʦʙʠʯʥʦ ʜʘʿʫ ʧʦʜʘʮʠ ʦ ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʠʤ ʧʨʦʜʫʢʪʠʤʘ 

ʪʨʝ˂ʝʛ ʨʝʜʘ. ʇʦʰʪʦ ʿʝ ˁʠʭʦʚʘ ʘʤʧʣʠʪʫʜʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʩʘ 
3
mU , ʩʣʝʜʠ ʜʘ ʿʝ ʥʠʚʦ 

ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʦʛ ʧʨʦʜʫʢʪʘ ʪʨʝ˂ʝʛ ʨʝʜʘ, out3L , 

 out3 3 in3L B L= + , (2.5.10) 

ʛʜʝ ʿʝ 3B ʢʦʥʩʪʘʥʪʘ (ʠʟʨʘʞʝʥʝ ʫ ʜʝʮʠʙʝʣʠʤʘ). ɺʠʜʠʤʦ ʜʘ ʩʘ ʧʦʨʘʩʪʦʤ ʥʠʚʦʘ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ 

ʥʠʚʦ ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʦʛ ʧʨʦʜʫʢʪʘ ʪʨʝ˂ʝʛ ʨʝʜʘ ʥʘ ʠʟʣʘʟʫ ʨʘʩʪʝ ʪʨʠ ʧʫʪʘ ʙʨʞʝ ʦʜ ʥʠʚʦʘ ʧʨʚʦʛ 

ʭʘʨʤʦʥʠʢʘ ʠʟʣʘʟʥʦʛ ʩʠʛʥʘʣʘ. ʇʨʠ ʜʦʚʦˀʥʦ ʚʝʣʠʢʦʤ ʥʠʚʦʫ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ, ʢʦʿʠ ʩʝ ʦʟʥʘʯʘʚʘ 

ʩʘ TOI  (Third Order Interceptðʥʠʚʦ ʩʫʩʪʠʟʘˁʘ ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʠʤ ʧʨʦʜʫʢʪʦʤ ʪʨʝ˂ʝʛ ʨʝʜʘ) 

ʥʠʚʦʠ ʧʨʚʦʛ ʭʘʨʤʦʥʠʢʘ ʠ ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʦʛ ʧʨʦʜʫʢʪʘ ʪʨʝ˂ʝʛ ʨʝʜʘ ˂ʝ ʩʝ ʠʟʿʝʜʥʘʯʠʪʠ, ʦʜʥʦʩʥʦ 

ʚʘʞʠ: 

 1 3 3B TOI B TOI+ = + . (2.5.11) 

ʂʦʤʙʠʥʦʚʘˁʝʤ (2.5.5), (2.5.10) ʠ (2.5.11) ʜʦʙʠʿʘʤʦ: 

 out3 out1 in2 2L L L TOI- = - . (2.5.12) 

ʀʟʨʘʟ (2.5.12) ʥʘʤ ʛʦʚʦʨʠ ʜʘ ʘʢʦ ʟʥʘʤʦ TOI, ʤʦʞʝʤʦ ʦʜʨʝʜʠʪʠ ʨʘʟʣʠʢʫ ʥʠʚʦʘ ʧʨʚʦʛ ʭʘʨʤʦʥʠʢʘ 

ʠ ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʦʛ ʧʨʦʜʫʢʪʘ ʪʨʝ˂ʝʛ ʨʝʜʘ ʟʘ ʧʨʦʠʟʚʦˀʥʠ ʥʠʚʦ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ. ʂʘʦ ʰʪʦ ʩʤʦ 

ʚʝ˂ ʦʙʿʘʩʥʠʣʠ, ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʠ ʧʨʦʜʫʢʪ ʪʨʝ˂ʝʛ ʨʝʜʘ ʿʝ ʢʨʠʪʠʯʘʥ, ʧʘ ʩʝ ʦʩʪʘʣʠ 

ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʠ ʧʨʦʜʫʢʪʠ ʫ ʦʚʦʤ ʩʤʠʩʣʫ ʥʝ ʨʘʟʤʘʪʨʘʿʫ, ʚʝ˂ ʩʝ ʩʧʝʮʠʬʠʮʠʨʘ TOI. (ʅʘ 

ʧʨʠʤʝʨ, ʢʦʜ Rohde&Schwarz ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ FSP 7, ʟʘ ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʦʧʩʝʛ ʦʜ 3 GHz ʜʦ 

7 GHz, ʩʧʝʮʠʬʠʮʠʨʘʥʦ ʿʝ 10 dBmTOI> , ʪʠʧʠʯʥʦ 15 dBmTOI= .) 
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2.6 ɼʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʠ ʤʝʨʥʘ ʥʝʩʠʛʫʨʥʦʩʪ ʧʨʠ ʤʝʨʝˁʫ 

ʘʥʘʣʠʟʘʪʦʨʦʤ ʩʧʝʢʪʨʘ 

ʈʘʟʤʦʪʨʠ˂ʝʤʦ ʥʘʿʧʨʝ ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʤʝʨʝˁʘ ʥʠʚʦʘ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ, ʥʠʚʦʘ ʜʨʫʛʦʛ 

ʭʘʨʤʦʥʠʢʘ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ ʠ ʥʠʚʦʘ ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʦʛ ʧʨʦʜʫʢʪʘ ʪʨʝ˂ʝʛ ʨʝʜʘ. ʉʤʘʪʨʘ˂ʝʤʦ ʜʘ 

ʿʝ ʫʣʘʟʥʠ ʘʪʝʥʫʘʪʦʨ ʧʦʜʝʰʝʥ ʥʘ 0 dB, ʦʜʥʦʩʥʦ ʜʘ ʩʫ ʥʠʚʦʠ ʩʠʛʥʘʣʘ ʥʘ ʫʣʘʟʫ ʘʥʘʣʠʟʘʪʦʨʘ 

ʩʧʝʢʪʨʘ ʠ ʫʣʘʟʫ ʫ ʤʠʢʩʝʨ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʿʝʜʥʘʢʠ. ʊʦ ˂ʝ ʥʘʤ ʦʣʘʢʰʘʪʠ ʘʥʘʣʠʟʫ ʧʨʠ 

ʦʜʨʝʹʠʚʘˁʫ ʜʠʥʘʤʠʯʢʦʛ ʦʧʩʝʛʘ ʢʦʜ ʤʝʨʝˁʘ ʭʘʨʤʦʥʠʢʘ ʠ ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʠʭ ʧʨʦʜʫʢʘʪʘ, ʛʜʝ 

ʿʝ ʙʠʪʘʥ ʥʠʚʦ ʩʠʛʥʘʣʘ ʥʘ ʫʣʘʟʫ ʫ ʤʠʢʩʝʨ (ʥʝʣʠʥʝʘʨʥʠ ʝʣʝʤʝʥʪ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ). 

ʊʠʧʠʯʥʘ ʤʝʨʥʘ ʧʦʩʪʘʚʢʘ ʟʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʫ ʥʝʣʠʥʝʘʨʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʿʘʯʘʚʘʯʘ 

ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 2.6.1. ʅʠʚʦ ʩʠʛʥʘʣʘ ʥʘ ʫʣʘʟʫ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ (SA) ʥʘ ʫʯʝʩʪʘʥʦʩʪʠ 

ʠʟʚʦʨʘ (ʧʦʙʫʜʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʟʘ DUT) ʿʝ inL . ʅʠʚʦ ʩʠʛʥʘʣʘ ʢʦʿʠ ʥʘ ʫʯʝʩʪʘʥʦʩʪʠ ʠʟʚʦʨʘ 

ʧʨʠʢʘʟʫʿʝ ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ ʥʘ ʩʚʦʤ ʠʟʣʘʟʫ (ʦʩʥʦʚʥʠ ʭʘʨʤʦʥʠʢ), out1L , ʿʝʜʥʘʢ ʿʝ ʩʘ inL , ʪʿ. 

out1 inL L= . 

 

ʉʣʠʢʘ  2.6.1.  ʄʝʨʥʘ ʧʦʩʪʘʚʢʘ ʟʘ ʤʝʨʝˁʝ ʭʘʨʤʦʥʠʢʘ ʠ ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʠʭ ʧʨʦʜʫʢʘʪʘ ʧʦʿʘʯʘʚʘʯʘ. 

ɼʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʟʘ ʤʝʨʝˁʝ ʥʠʚʦʘ ʩʠʛʥʘʣʘ ʘʥʘʣʠʟʘʪʦʨʦʤ ʩʧʝʢʪʨʘ ʿʝ ʨʘʟʣʠʢʘ ʥʘʿʚʝ˂ʝʛ ʠ 

ʥʘʿʤʘˁʝʛ ʥʠʚʦʘ ʢʦʿʠ ʩʝ ʤʦʞʝ ʠʩʪʦʚʨʝʤʝʥʦ ʠʟʤʝʨʠʪʠ ʠ ʧʨʠʢʘʟʘʪʠ. ʅʘʿʚʝ˂ʠ ʥʠʚʦ ʢʦʿʠ ʩʝ ʤʦʞʝ 

(ʠʩʧʨʘʚʥʦ) ʠʟʤʝʨʠʪʠ ʦʛʨʘʥʠʯʝʥ ʿʝ ʥʠʚʦʦʤ ʩʠʛʥʘʣʘ ʥʘ ʫʣʘʟʫ ʫ ʤʠʢʩʝʨ ʢʦʿʠ ʥʝ ʜʦʚʦʜʠ ʜʦ 

ʥʝʣʠʥʝʘʨʥʦʛ ʨʝʞʠʤʘ ʨʘʜʘ. ʆʚʘ ʚʨʝʜʥʦʩʪ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʥʝʢʦʣʠʢʦ ʜʝʮʠʙʝʣʘ ʤʘˁʘ ʦʜ ʥʠʚʦʘ 

ʿʝʜʥʦʜʝʮʠʙʝʣʩʢʝ ʢʦʤʧʨʝʩʠʿʝ ʧʦʿʘʯʘˁʘ. ʅʘʿʤʘˁʠ ʥʠʚʦ ʢʦʿʠ ʩʝ ʤʦʞʝ ʠʟʤʝʨʠʪʠ ʦʛʨʘʥʠʯʝʥ ʿʝ 

ʥʠʚʦʦʤ ʰʫʤʘ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ, ʜʘʪʦʛ ʠʟʨʘʟʦʤ (2.4.8). ʋʦʙʠʯʘʿʝʥʦ ʩʝ ʢʘʦ ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ 

ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʩʧʝʮʠʬʠʮʠʨʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʥʠʚʦʘ ʿʝʜʥʦʜʝʮʠʙʝʣʩʢʝ ʢʦʤʧʨʝʩʠʿʝ 

ʧʦʿʘʯʘˁʘ ʠ ʥʠʚʦʘ ʰʫʤʘ ʜʘʪʦʛ ʠʟʨʘʟʦʤ (2.4.8) ʟʘ ʦʜʨʝʹʝʥʦ ʧʦʜʝʰʘʚʘˁʝ ʧʨʦʧʫʩʥʦʛ ʦʧʩʝʛʘ RBW 

ʬʠʣʪʨʘ, ʪʝ ʪʨʝʙʘ ʠʤʘʪʠ ʫ ʚʠʜʫ ʜʘ ˂ʝ ʨʝʘʣʥʠ ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʙʠʪʠ ʥʝʰʪʦ ʜʨʫʛʘʯʠʿʠ ʦʜ ʦʚʝ 

ʚʨʝʜʥʦʩʪʠ. (ʅʘ ʧʨʠʤʝʨ, ʢʦʜ Rohde&Schwarz ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ FSP 7, ʩʧʝʮʠʬʠʮʠʨʘʥ ʿʝ ʥʠʚʦ 

ʿʝʜʥʦʜʝʮʠʙʝʣʩʢʝ ʢʦʤʧʨʝʩʠʿʝ ʧʦʿʘʯʘˁʘ 0 dBm, ʟʘ ʫʯʝʩʪʘʥʦʩʪʠ ʚʝ˂ʝ ʦʜ 200 MHz ʠ ʜʠʥʘʤʠʯʢʠ 

ʦʧʩʝʛ ʦʜ 120 dB, ʟʘ ʧʨʦʧʫʩʥʠ ʦʧʩʝʛ RBW ʬʠʣʪʨʘ 1kHz ʠ ʟʘ ʫʯʝʩʪʘʥʦʩʪʠ ʚʝ˂ʝ ʦʜ 10 MHz. ʀʟ 

ʦʚʠʭ ʧʦʜʘʪʘʢʘ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʬʘʢʪʦʨ ʰʫʤʘ ʦʚʦʛ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ, ʫ ʜʝʮʠʙʝʣʠʤʘ, 

ʧʨʠʙʣʠʞʥʦ 24 dBNF= .) 

ʇʨʠ ʤʝʨʝˁʫ ʭʘʨʤʦʥʠʢʘ (ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʠʭ ʧʨʦʜʫʢʘʪʘ), ʥʘʿʥʠʞʠ ʥʠʚʦ ʢʦʿʠ ʩʝ ʤʦʞʝ 

ʤʝʨʠʪʠ ʘʥʘʣʠʟʘʪʦʨʦʤ ʩʧʝʢʪʨʘ ʥʠʿʝ ʦʛʨʘʥʠʯʝʥ ʩʘʤʦ ʥʠʚʦʦʤ ʫʥʫʪʨʘʰˁʝʛ ʰʫʤʘ, ʚʝ˂ ʠ ʥʠʚʦʦʤ 

ʭʘʨʤʦʥʠʢʘ (ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʠʭ ʧʨʦʜʫʢʘʪʘ) ʢʦʿʠ ʥʘʩʪʘʿʫ ʫ ʤʠʢʩʝʨʫ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ. ɸʢʦ 

ʿʝ, ʥʘ ʧʨʠʤʝʨ, ʥʠʚʦ ʜʨʫʛʦʛ ʭʘʨʤʦʥʠʢʘ ʢʦʿʠ ʩʪʚʘʨʘ ʧʦʿʘʯʘʚʘʯ ʤʘˁʠ ʦʜ ʥʠʚʦʘ ʜʨʫʛʦʛ ʭʘʨʤʦʥʠʢʘ 

ʢʦʿʠ ʩʪʚʘʨʘ ʩʘʤ ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ, ʥʠʚʦ ʜʨʫʛʦʛ ʭʘʨʤʦʥʠʢʘ ʧʦʿʘʯʘʚʘʯʘ ʥʝ˂ʝ ʙʠʪʠ ʠʩʧʨʘʚʥʦ 
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ʠʟʤʝʨʝʥ. ʋ ʪʦʤ ʩʤʠʩʣʫ, ʤʦʛʫ˂ʝ ʿʝ ʦʜʨʝʜʠʪʠ ʦʧʪʠʤʘʣʥʠ ʥʠʚʦ ʩʠʛʥʘʣʘ ʥʘ ʫʣʘʟʫ ʫ ʘʥʘʣʠʟʘʪʦʨ 

ʩʧʝʢʪʨʘ ʧʨʠ ʢʦʿʝʤ ʿʝ ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʟʘ ʤʝʨʝˁʝ ʥʠʚʦʘ ʭʘʨʤʦʥʠʢʘ (ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʠʭ 

ʧʨʦʜʫʢʘʪʘ) ʥʘʿʚʝ˂ʠ. ʊʘʿ (ʤʘʢʩʠʤʘʣʥʠ) ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʧʨʠ ʤʝʨʝˁʫ ʥʠʚʦʘ ʭʘʨʤʦʥʠʢʘ 

(ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʦʛ ʧʨʦʜʫʢʪʘ) ʦʜʨʝʹʫʿʝ ʩʝ ʢʘʦ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʥʠʚʦʘ ʦʩʥʦʚʥʦʛ ʭʘʨʤʦʥʠʢʘ, 

out1L , ʠ ʥʠʚʦʘ ʭʘʨʤʦʥʠʢʘ (ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʦʛ ʧʨʦʜʫʢʪʘ) ʢʦʿʠ ʩʝ ʤʦʞʝ ʠʟʤʝʨʠʪʠ (ʪʿ. ʥʝ ʤʘʩʢʠʨʘ 

ʛʘ ʥʠ ʩʠʛʥʘʣ ʰʫʤʘ ʥʠ ʩʠʛʥʘʣ ʧʘʨʘʟʠʪʥʦʛ ʭʘʨʤʦʥʠʢʘ (ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʦʛ ʧʨʦʜʫʢʪʘ) ʥʘʩʪʘʦ ʫ 

ʘʥʘʣʠʟʘʪʦʨʫ ʩʧʝʢʪʨʘ) ʧʨʠ ʦʜʨʝʹʝʥʦʤ (ʦʧʪʠʤʘʣʥʦʤ) ʥʠʚʦʫ ʩʠʛʥʘʣʘ ʥʘ ʫʣʘʟʫ ʫ ʤʠʢʩʝʨ, mixL . ʂʘʦ 

ʰʪʦ ʩʤʦ ʚʝ˂ ʨʝʢʣʠ, ʩʤʘʪʨʘ˂ʝʤʦ ʜʘ ʿʝ ʩʣʘʙˀʝˁʝ ʫʣʘʟʥʦʛ ʘʪʝʥʫʘʪʦʨʘ 0 dB, ʧʘ ʿʝ mix inL L= , ʘ ʫʚʝʢ 

ʚʘʞʠ out1 inL L= . 

ɼʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʧʨʠ ʤʝʨʝˁʫ ʥʠʚʦʘ ʜʨʫʛʦʛ ʭʘʨʤʦʥʠʢʘ, ʨʘʯʫʥʘʿʫ˂ʠ ʩʘʤʦ ʫʪʠʮʘʿ ʧʘʨʘʟʠʪʥʦʛ 

ʜʨʫʛʦʛ ʭʘʨʤʦʥʠʢʘ, ʜʘʪ ʿʝ ʠʟʨʘʟʦʤ out1 out2L L- , ʦʜʥʦʩʥʦ ʠʟʨʘʟʦʤ (2.5.8) ʩʘ ʠʟʤʝˁʝʥʠʤ 

ʧʨʝʜʟʥʘʢʦʤ. ʀʟʨʘʟ (2.5.8) ʿʝ ʟʘʧʨʘʚʦ ʨʝʣʘʪʠʚʥʠ ʥʠʚʦ (ʫ ʦʜʥʦʩʫ ʥʘ ʥʠʚʦ ʦʩʥʦʚʥʦʛ ʭʘʨʤʦʥʠʢʘ) 

ʧʘʨʘʟʠʪʥʦʛ ʜʨʫʛʦʛ ʭʘʨʤʦʥʠʢʘ. ʅʘ ʦʩʥʦʚʫ ʠʟʨʘʟʘ (2.5.8) ʚʠʜʠʤʦ ʜʘ ʩʘ ʧʦʨʘʩʪʦʤ ʥʠʚʦʘ ʫʣʘʟʥʦʛ 

ʩʠʛʥʘʣʘ ʣʠʥʝʘʨʥʦ ʨʘʩʪʝ ʨʝʣʘʪʠʚʥʠ ʥʠʚʦ ʧʘʨʘʟʠʪʥʦʛ ʜʨʫʛʦʛ ʭʘʨʤʦʥʠʢʘ, ʘ ʦʧʘʜʘ ʜʠʥʘʤʠʯʢʠ 

ʦʧʩʝʛ ʟʘ ʤʝʨʝˁʝ ʥʠʚʦʘ ʜʨʫʛʦʛ ʭʘʨʤʦʥʠʢʘ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ. ɼʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʧʨʠ ʤʝʨʝˁʫ ʥʠʚʦʘ 

ʜʨʫʛʦʛ ʭʘʨʤʦʥʠʢʘ, ʨʘʯʫʥʘʿʫ˂ʠ ʩʘʤʦ ʫʪʠʮʘʿ ʰʫʤʘ, ʜʘʪ ʿʝ ʠʟʨʘʟʦʤ out1 DANLL L- . ɸʢʦ ʫʚʝʜʝʤʦ ʠ 

ʨʝʣʘʪʠʚʥʠ ʥʠʚʦ DANL (ʫ ʦʜʥʦʩʫ ʥʘ ʥʠʚʦ ʦʩʥʦʚʥʦʛ ʭʘʨʤʦʥʠʢʘ) ʜʘʪʦʛ ʠʟʨʘʟʦʤ (2.4.8), ʠʤʘʿʫ˂ʠ 

ʫ ʚʠʜʫ ʜʘ ʿʝ out1 inL L= : 

 DANL out1 10 in174dBm+10log
1Hz

B
L L NF L- =- + -. (2.6.1) 

ʅʘ ʦʩʥʦʚʫ ʠʟʨʘʟʘ (2.6.1) ʚʠʜʠʤʦ ʜʘ ʩʘ ʧʦʨʘʩʪʦʤ ʥʠʚʦʘ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ ʣʠʥʝʘʨʥʦ ʦʧʘʜʘ 

ʨʝʣʘʪʠʚʥʠ ʥʠʚʦ DANL, ʘ ʨʘʩʪʝ ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʟʘ ʤʝʨʝˁʝ ʥʠʚʦʘ ʜʨʫʛʦʛ ʭʘʨʤʦʥʠʢʘ ʫʣʘʟʥʦʛ 

ʩʠʛʥʘʣʘ. ʋ ʧʨʝʩʝʢʫ ʧʨʘʚʠʭ ʜʘʪʠʭ ʠʟʨʘʟʠʤʘ (2.5.8) ʠ (2.6.1) ʜʦʙʠʿʘʤʦ ʦʧʪʠʤʘʣʘʥ ʥʠʚʦ ʩʠʛʥʘʣʘ 

ʥʘ ʫʣʘʟʫ ʫ ʤʠʢʩʝʨ (mix inL L= ) ʠ ʤʘʢʩʠʤʘʣʥʠ ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʤʝʨʝˁʘ ʥʠʚʦʘ ʜʨʫʛʦʛ ʭʘʨʤʦʥʠʢʘ. 

ɼʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʧʨʠ ʤʝʨʝˁʫ ʥʠʚʦʘ ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʦʛ ʧʨʦʜʫʢʪʘ ʪʨʝ˂ʝʛ ʨʝʜʘ, ʨʘʯʫʥʘʿʫ˂ʠ 

ʩʘʤʦ ʫʪʠʮʘʿ ʧʘʨʘʟʠʪʥʦʛ ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʦʛ ʧʨʦʜʫʢʪʘ ʪʨʝ˂ʝʛ ʨʝʜʘ, ʜʘʪ ʿʝ ʠʟʨʘʟʦʤ out1 out3L L- , 

ʦʜʥʦʩʥʦ ʠʟʨʘʟʦʤ (2.5.12) ʩʘ ʠʟʤʝˁʝʥʠʤ ʧʨʝʜʟʥʘʢʦʤ. ʇʦʜʨʘʟʫʤʝʚʘ ʩʝ ʜʘ ʿʝ ʪʝʩʪʠʨʘʥʠ ʧʦʿʘʯʘʚʘʯ 

(DUT) ʧʦʙʫʹʝʥ ʩʘ ʜʚʘ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʘ ʩʠʛʥʘʣʘ, ʠʩʪʠʭ ʘʤʧʣʠʪʫʜʘ ʘ ʨʘʟʣʠʯʠʪʠʭ ʫʯʝʩʪʘʥʦʩʪʠ. 

ʅʘ ʦʩʥʦʚʫ ʠʟʨʘʟʘ (2.5.12) ʚʠʜʠʤʦ ʜʘ ʩʘ ʧʦʨʘʩʪʦʤ ʥʠʚʦʘ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ ʣʠʥʝʘʨʥʦ, ʘʣʠ 

ʜʚʦʩʪʨʫʢʦ ʙʨʞʝ, ʨʘʩʪʝ ʨʝʣʘʪʠʚʥʠ ʥʠʚʦ ʧʘʨʘʟʠʪʥʦʛ ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʦʛ ʧʨʦʜʫʢʪʘ ʪʨʝ˂ʝʛ ʨʝʜʘ, 

ʘ ʦʧʘʜʘ ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʟʘ ʤʝʨʝˁʝ ʥʠʚʦʘ ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʦʛ ʧʨʦʜʫʢʪʘ ʪʨʝ˂ʝʛ ʨʝʜʘ. ʇʦʰʪʦ ʿʝ 

ʫʪʠʮʘʿ ʰʫʤʘ ʧʨʠ ʦʚʦʤ ʤʝʨʝˁʫ ʠʩʪʠ ʢʘʦ ʠ ʧʨʠ ʤʝʨʝˁʫ ʥʠʚʦʘ ʜʨʫʛʦʛ ʭʘʨʤʦʥʠʢʘ, ʫ ʧʨʝʩʝʢʫ 

ʧʨʘʚʠʭ ʜʘʪʠʭ ʠʟʨʘʟʠʤʘ (2.5.12) ʠ (2.6.1) ʜʦʙʠʿʘʤʦ ʦʧʪʠʤʘʣʘʥ ʥʠʚʦ ʩʠʛʥʘʣʘ ʥʘ ʫʣʘʟʫ ʫ ʤʠʢʩʝʨ 

( mix inL L= ) ʠ ʤʘʢʩʠʤʘʣʥʠ ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʤʝʨʝˁʘ ʥʠʚʦʘ ʜʨʫʛʦʛ ʭʘʨʤʦʥʠʢʘ. 

ʅʘ ʩʣʠʮʠ 2.6.2 ʧʨʠʢʘʟʘʥʠ ʩʫ ʨʝʣʘʪʠʚʥʠ ʥʠʚʦʠ DANL, ʧʘʨʘʟʠʪʥʦʛ ʜʨʫʛʦʛ ʭʘʨʤʦʥʠʢʘ ʠ 

ʧʘʨʘʟʠʪʥʦʛ ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʦʛ ʧʨʦʜʫʢʪʘ ʪʨʝ˂ʝʛ ʨʝʜʘ ʟʘ ʧʘʨʘʤʝʪʨʝ ʠ ʧʦʜʝʰʘʚʘˁʘ ʘʥʘʣʠʟʘʪʦʨʘ 

ʩʧʝʢʪʨʘ 80 dBmSHI= , 15 dBmTOI= , 24 dBNF=  ʠ 1kHzRBW=  (ʩʤʘʪʨʘʣʠ ʩʤʦ ʜʘ ʿʝ 

B RBW= ). ʅʘ ʦʩʥʦʚʫ ʛʨʘʬʠʢʘ ʩʘ ʩʣʠʢʝ 2.6.2 ʤʦʞʝʤʦ ʜʘ ʦʜʨʝʜʠʤʦ ʦʧʪʠʤʘʣʥʠ ʥʠʚʦ ʩʠʛʥʘʣʘ ʥʘ 
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ʫʣʘʟʫ ʤʠʢʩʝʨʘ (ʪʿ. ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ, ʿʝʨ ʥʝʤʘ ʫʣʘʟʥʦʛ ʩʣʘʙˀʝˁʘ) 2opt 20 dBmL =-  ʠ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠ (ʤʘʢʩʠʤʘʣʥʠ) ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʧʨʠ ʤʝʨʝˁʫ ʥʠʚʦʘ ʜʨʫʛʦʛ ʭʘʨʤʦʥʠʢʘ ʫʣʘʟʥʦʛ 

ʩʠʛʥʘʣʘ, 2 100 dBD = . ʅʘʨʘʚʥʦ, ʦʧʪʠʤʘʣʥʠ ʥʠʚʦ ʩʠʛʥʘʣʘ ʥʘ ʫʣʘʟʫ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʤʦʛʣʠ 

ʩʤʦ ʜʘ ʜʦʙʠʿʝʤʦ ʠ ʨʝʰʘʚʘˁʝʤ ʩʠʩʪʝʤʘ ʿʝʜʥʘʯʠʥʘ (2.5.8) ʠ (2.6.1), ʘ ʟʘʪʠʤ ʤʘʢʩʠʤʘʣʥʠ 

ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʠʟ ʙʠʣʦ ʢʦʿʝ ʦʜ ʦʚʝ ʜʚʝ ʿʝʜʥʘʯʠʥʝ. ʅʘ ʩʣʠʯʘʥ ʥʘʯʠʥ, ʩʘ ʛʨʘʬʠʢʘ ʠʣʠ 

ʨʝʰʘʚʘˁʝʤ ʩʠʩʪʝʤʘ ʿʝʜʥʘʯʠʥʘ (2.5.12) ʠ (2.6.1), ʤʦʞʝʤʦ ʜʘ ʦʜʨʝʜʠʤʦ ʦʧʪʠʤʘʣʥʠ ʥʠʚʦ ʩʠʛʥʘʣʘ 

ʥʘ ʫʣʘʟʫ ʤʠʢʩʝʨʘ (ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ), 3opt 20 dBmL =-  ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ (ʤʘʢʩʠʤʘʣʥʠ) 

ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʧʨʠ ʤʝʨʝˁʫ ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʠʭ ʧʨʦʜʫʢʘʪʘ ʪʨʝ˂ʝʛ ʨʝʜʘ ʫʣʘʟʥʠʭ ʩʠʛʥʘʣʘ, 

3 90 dBD = . 

 

ʉʣʠʢʘ  2.6.2.  ʆʜʨʝʹʠʚʘˁʝ ʜʠʥʘʤʠʯʢʦʛ ʦʧʩʝʛʘ ʤʝʨʝˁʘ ʜʨʫʛʦʛ ʭʘʨʤʦʥʠʢʘ ʠ ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʦʛ 

ʧʨʦʜʫʢʪʘ ʪʨʝ˂ʝʛ ʨʝʜʘ. 

ʅʘ ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʧʨʠ ʤʝʨʝˁʫ ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʠʭ ʧʨʦʜʫʢʘʪʘ ʪʨʝ˂ʝʛ ʨʝʜʘ ʫʣʘʟʥʠʭ 

ʩʠʛʥʘʣʘ ʤʦʞʝ ʫʪʠʮʘʪʠ ʠ ʬʘʟʥʠ ʰʫʤ (Phase noise) ʣʦʢʘʣʥʦʛ ʦʩʮʠʣʘʪʦʨʘ ʫ ʘʥʘʣʠʟʘʪʦʨʫ ʩʧʝʢʪʨʘ. 

ʂʘʦ ʰʪʦ ʩʤʦ ʨʝʢʣʠ ʫ ʧʨʝʪʭʦʜʥʦʤ ʧʦʛʣʘʚˀʫ, ʬʘʟʥʠ ʰʫʤ ʦʧʠʩʫʿʝ ʩʝ ʩʥʘʛʦʤ, ʫ ʦʧʩʝʛʫ ʦʜ 1Hz, 
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ʢʦʤʧʦʥʝʥʪʝ ʩʠʛʥʘʣʘ ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʨʘʟʤʘʢʥʫʪʝ ʦʜ ʥʦʩʠʦʮʘ ʟʘ offf . ʊʘ ʩʥʘʛʘ ʩʝ ʟʘʜʘʿʝ ʫ 

ʜʝʮʠʙʝʣʠʤʘ, ʨʝʣʘʪʠʚʥʦ ʫ ʦʜʥʦʩʫ ʥʘ ʥʠʚʦ ʥʦʩʠʦʮʘ, ʧʘ ʿʝ ʿʝʜʠʥʠʮʘ ( )dBc 1 Hz . ʇʨʠ ʫʯʝʩʪʘʥʦʩʪʠ 

ʥʦʩʠʦʮʘ RFf , ʥʠʚʦ ʬʘʟʥʦʛ ʰʫʤʘ ʦʧʠʩʫʿʝʤʦ ʥʠʚʦʦʤ ( )PN RF off,L f f . ɿʘ ʧʦʜʝʰʝʥʠ ʬʨʝʢʚʝʥʮʠʿʩʢʠ 

ʦʧʩʝʛ RBW ʬʠʣʪʨʘ ʢʦʿʠ ʦʜʛʦʚʘʨʘ ʬʨʝʢʚʝʥʮʠʿʩʢʦʤ ʦʧʩʝʛʫ ʰʫʤʘ B, ʨʝʣʘʪʠʚʥʠ ʥʠʚʦ ʬʘʟʥʦʛ 

ʰʫʤʘ ˂ʝ ʙʠʪʠ: 

 ( )PN out1 PN RF off 10 in, +10log
1Hz

B
L L L f f L- = -. (2.6.2) 

ʀʟʨʘʟ (2.6.2) ʦʧʠʩʫʿʝ ʧʨʘʚʫ ʢʦʿʫ (ʧʨʠ ʤʝʨʝˁʫ ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʠʭ ʧʨʦʜʫʢʘʪʘ ʪʨʝ˂ʝʛ ʨʝʜʘ, ʟʘ 

ʫʣʘʟʥʝ ʩʠʛʥʘʣʝ ʧʨʠʙʣʠʞʥʝ ʫʯʝʩʪʘʥʦʩʪʠ RFf , ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʨʘʟʤʘʢʥʫʪʝ ʟʘ offf ) ʪʨʝʙʘ ʫʥʝʪʠ ʫ 

ʛʨʘʬʠʢ ʥʘ ʩʣʠʮʠ 2.6.2 ʠ ʧʨʦʚʝʨʠʪʠ ʜʘ ʣʠ ʫʪʠʯʝ ʥʘ ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ.  

ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʛʨʘʬʠʢ ʥʘ ʩʣʠʮʠ 2.6.2 ʧʨʠʢʘʟʫʿʝ ʥʠʚʦʝ ʩʠʛʥʘʣʘ, ʘ ʜʘ ʫʢʫʧʘʥ ʥʠʚʦ 

ʛʨʝʰʢʝ ʟʘʚʠʩʠ ʠ ʦʜ ˁʠʭʦʚʝ ʬʘʟʝ. ʅʘ ʧʨʠʤʝʨ, ʘʢʦ ʩʘʙʝʨʝʤʦ ʩʠʛʥʘʣʝ ʥʠʚʦʘ DANLL  ʠ out3L  ʟʘ inL  

ʧʨʠ ʢʦʿʝʤ ʩʫ ʿʝʜʥʘʢʠ, ( ) ( )DANL In out3 InL L L L= , ʟʙʠʨ ˂ʝ ʙʠʪʠ ( )DANL In 3 dBL L +  ʘʢʦ ʩʫ ʦʚʠ 

ʩʠʛʥʘʣʠ ʫ ʬʘʟʠ, ʘ dB-¤  ʘʢʦ ʩʫ ʫ ʧʨʦʪʠʚʬʘʟʠ. ɼʘʢʣʝ, ʥʘʿʛʦʨʠ ʩʣʫʯʘʿ ʿʝ ( )DANL In 3 dBL L + , ʧʘ 

ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ 3D  ʟʘ ʪʘʿ (ʥʘʿʛʦʨʠ) ʩʣʫʯʘʿ, ʪʨʝʙʘ ʩʤʘˁʠʪʠ ʟʘ 3 dB. ʋ ʧʨʘʢʩʠ ʿʝ ʜʦʚʦˀʥʦ ʜʘ 

ʠʤʘʤʦ ʫ ʚʠʜʫ ʯʠˁʝʥʠʮʫ ʜʘ ʩʝ ʩʠʛʥʘʣʠ ʛʨʝʰʢʝ ʩʘʙʠʨʘʿʫ ʠ ʜʘ ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʜʝʬʠʥʠʩʘʥ ʧʨʝʢʦ 

ʛʨʘʬʠʢʘ ʥʘ ʩʣʠʮʠ 2.6.2 ʨʘʟʫʤʝʤʦ ʫ ʪʦʤ ʢʦʥʪʝʢʩʪʫ. 

ʅʘ ʢʨʘʿʫ, ʨʝʮʠʤʦ ʥʝʰʪʦ ʠ ʦ ʤʝʨʥʦʿ ʥʝʩʠʛʫʨʥʦʩʪʠ ʧʨʠ ʤʝʨʝˁʫ ʫʯʝʩʪʘʥʦʩʪʠ ʠ ʘʤʧʣʠʪʫʜʝ 

ʩʠʛʥʘʣʘ. ʇʨʠʤʝʪʠʤʦ ʜʘ ʩʝ ʤʝʨʥʘ ʥʝʩʠʛʫʨʥʦʩʪ ʠʩʢʘʟʫʿʝ ʢʦʥʢʨʝʪʥʠʤ ʙʨʦʿʝʚʠʤʘ, ʜʦʢ ʩʝ ʧʦʜ 

ʪʘʯʥʦʰ˂ʫ ʯʝʩʪʦ ʧʦʜʨʘʟʫʤʝʚʘ ʢʚʘʣʠʪʘʪʠʚʥʘ ʦʜʨʝʜʥʠʮʘ, ʙʝʟ ʢʦʥʢʨʝʪʥʠʭ ʙʨʦʿʝʚʘ. ʋ ʢʘʪʘʣʦʰʢʠʤ 

ʧʦʜʘʮʠʤʘ ʩʝ ʠ Ăʪʘʯʥʦʩʪñ ʯʝʩʪʦ ʦʧʠʩʫʿʝ ʙʨʦʿʝʚʠʤʘ, ʧʘ ʥʝ˂ʝʤʦ ʧʨʘʚʠʪʠ ʩʫʰʪʠʥʩʢʫ ʨʘʟʣʠʢʫ 

ʠʟʤʝʹʫ ʪʘ ʜʚʘ ʧʦʿʤʘ.  

ʈʝʬʝʨʝʥʮʘ ʟʘ ʤʝʨʝˁʝ ʫʯʝʩʪʘʥʦʩʪʠ ʿʝ ʫʯʝʩʪʘʥʦʩʪ ʣʦʢʘʣʥʦʛ ʦʩʮʠʣʘʪʦʨʘ, ʦʜʥʦʩʥʦ ˁʝʛʦʚʦʛ 

ʨʝʬʝʨʝʥʪʥʦʛ (ʢʨʠʩʪʘʣʥʦʛ) ʦʩʮʠʣʘʪʦʨʘ. ʅʝʩʠʛʫʨʥʦʩʪ ʧʨʠ ʤʝʨʝˁʫ ʫʯʝʩʪʘʥʦʩʪʠ ʦʙʠʯʥʦ ʿʝ 

ʢʦʤʙʠʥʘʮʠʿʘ ʩʪʘʙʠʣʥʦʩʪʠ ʫʯʝʩʪʘʥʦʩʪʠ ʣʦʢʘʣʥʦʛ ʦʩʮʠʣʘʪʦʨʘ, ʛʨʝʰʢʝ ʧʨʠ ʦʯʠʪʘʚʘˁʫ 

ʫʯʝʩʪʘʥʦʩʪʠ ʢʦʨʠʰ˂ʝˁʝʤ ʤʘʨʢʝʨʘ (ʢʦʣʠʯʥʠʢ ʧʦʩʤʘʪʨʘʥʦʛ ʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʦʧʩʝʛʘðSpan ʠ 

ʙʨʦʿʘ ʧʨʠʢʘʟʘʥʠʭ ʬʨʝʢʚʝʥʮʠʿʩʢʠʭ ʪʘʯʘʢʘ) ʠ ʧʨʦʧʫʩʥʦʛ ʦʧʩʝʛʘ RBW ʬʠʣʪʨʘ. ʋ 

ʩʧʝʮʠʬʠʢʘʮʠʿʘʤʘ ʩʝ ʫ ʥʝʢʦʤ ʦʙʣʠʢʫ ʜʘʿʝ ʧʨʚʘ ʚʝʣʠʯʠʥʘ, ʧʘ ʩʝ ʥʘ ʦʩʥʦʚʫ ʜʨʫʛʝ ʜʚʝ (ʢʦʿʝ 

ʧʦʜʝʰʘʚʘ ʢʦʨʠʩʥʠʢ) ʦʩʪʘʚˀʘ ʢʦʨʠʩʥʠʢʫ ʜʘ ʠʟʨʘʯʫʥʘ ʤʝʨʥʫ ʥʝʩʠʛʫʨʥʦʩʪ ʧʨʠ ʤʝʨʝˁʫ 

ʫʯʝʩʪʘʥʦʩʪʠ. ʅʘ ʧʨʠʤʝʨ, ʢʦʜ Rohde&Schwarz ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ FSP 7, ʠʟʨʘʟ ʟʘ ʤʝʨʥʫ 

ʥʝʩʠʛʫʨʥʦʩʪ ʧʨʠ ʤʝʨʝˁʫ ʫʯʝʩʪʘʥʦʩʪʠ ʿʝ: 

 ( )0,05 0,1f f RE Span RBWD =° Ö + Ö + Ö. (2.6.3) 

ʛʜʝ ʿʝ f  ʠʟʤʝʨʝʥʘ ʫʯʝʩʪʘʥʦʩʪ, ʘ RE ʨʝʣʘʪʠʚʥʘ ʛʨʝʰʢʘ ʨʝʬʝʨʝʥʮʝ ʟʘ ʤʝʨʝˁʝ ʫʯʝʩʪʘʥʦʩʪʠ.  

ʈʝʬʝʨʝʥʮʘ ʟʘ ʤʝʨʝˁʝ ʘʤʧʣʠʪʫʜʝ ʩʠʛʥʘʣʘ ʿʝ ʨʝʬʝʨʝʥʪʥʠ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʠ ʩʠʛʥʘʣ ʫ 

ʘʥʘʣʠʟʘʪʦʨʫ ʩʧʝʢʪʨʘ, ʧʦʟʥʘʪʝ ʫʯʝʩʪʘʥʦʩʪʠ ʠ ʩʥʘʛʝ. (ʅʘ ʧʨʠʤʝʨ, ʢʦʜ Rohde&Schwarz 

ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ FSP 7, ʫ ʧʠʪʘˁʫ ʿʝ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʠ ʩʠʛʥʘʣ ʫʯʝʩʪʘʥʦʩʪʠ 128 MHz ʠ 

ʩʥʘʛʝ 30 dBm- .) ɸʧʩʦʣʫʪʥʘ ʪʘʯʥʦʩʪ ʤʝʨʝˁʘ ʥʠʚʦʘ ʩʠʛʥʘʣʘ ʥʘ ʪʦʿ ʫʯʝʩʪʘʥʦʩʪʠ ʿʝ ʚʝʦʤʘ ʜʦʙʨʘ, 
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ʥʧʨ. ʤʝʨʥʘ ʥʝʩʠʛʫʨʥʦʩʪ ʤʘˁʘ ʿʝ ʦʜ 0,2 dB ʢʦʜ FSP 7. ʇʨʝʥʦʩ ʘʧʩʦʣʫʪʥʝ ʪʘʯʥʦʩʪʠ ʥʘ ʦʩʪʘʣʝ 

ʫʯʝʩʪʘʥʦʩʪʠ ʟʘʚʠʩʠ ʦʜ ʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʦʜʟʠʚʘ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ. ɻʨʝʰʮʠ ʧʨʠ ʤʝʨʝˁʫ 

ʘʤʧʣʠʪʫʜʝ ʜʦʧʨʠʥʦʩʝ ʛʦʪʦʚʦ ʩʚʠ ʩʢʣʦʧʦʚʠ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ, ʘ ʬʨʝʢʚʝʥʮʠʿʩʢʠ ʦʜʟʠʚ 

(ʦʯʝʢʠʚʘʥʦ ʦʜʩʪʫʧʘˁʝ ʥʠʚʦʘ ʩʠʛʥʘʣʘ ʦʜ ʪʘʯʥʦʛ) ʩʝ ʜʘʿʝ ʟʘ ʬʨʝʢʚʝʥʮʠʿʩʢʝ ʦʧʩʝʛʝ ʠ ʨʘʩʪʝ ʩʘ 

ʧʦʤʝʨʘˁʝʤ ʢʘ ʚʠʰʠʤ ʫʯʝʩʪʘʥʦʩʪʠʤʘ, ʪʘʢʦ ʜʘ ʩʝ ʢʨʝ˂ʝ ʦʜ 0,5 dB ʟʘ ʥʠʞʝ ʬʨʝʢʚʝʥʮʠʿʩʢʝ ʦʧʩʝʛʝ 

ʜʦ ʦʢʦ 4 dB ʟʘ ʚʠʰʝ ʬʨʝʢʚʝʥʮʠʿʩʢʝ ʦʧʩʝʛʝ. 

2.7 ʇʦʩʪʫʧʘʢ ʤʝʨʝˁʘ ʥʠʚʦʘ ʠ ʫʯʝʩʪʘʥʦʩʪʠ ʩʠʛʥʘʣʘ 

ʘʥʘʣʠʟʘʪʦʨʦʤ ʩʧʝʢʪʨʘ 

ʇʨʚʠ ʢʦʨʘʢ ʿʝ ʧʨʠʢˀʫʯʠʚʘˁʝ ʠʟʚʦʨʘ ʩʠʛʥʘʣʘ ʥʘ ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ. ʇʨʠʢˀʫʯʠʚʘˁʝ ʩʝ 

ʚʨʰʠ ʥʘ ʢʦʘʢʩʠʿʘʣʥʠ ʢʦʥʝʢʪʦʨ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ, ʯʠʿʠ ʪʠʧ ʟʘʚʠʩʠ ʦʜ ʤʘʢʩʠʤʘʣʥʝ ʨʘʜʥʝ 

ʫʯʝʩʪʘʥʦʩʪʠ. ʇʦʪʨʝʙʥʦ ʿʝ ʦʙʝʟʙʝʜʠʪʠ ʧʦʪʨʝʙʥʝ ʢʦʘʢʩʠʿʘʣʥʝ ʢʘʙʣʦʚʝ ʠ ʘʜʘʧʪʝʨʝ ʟʘ ʦʚʫ ʩʚʨʭʫ. 

ʇʨʠʣʠʢʦʤ ʧʨʠʢˀʫʯʠʚʘˁʘ ʠʟʚʦʨʘ ʩʠʛʥʘʣʘ ʥʘ ʘʥʘʣʠʟʘʪʦʨ ʩʧʝʢʪʨʘ ʧʦʪʨʝʙʥʦ ʿʝ ʫʚʝʨʠʪʠ ʩʝ ʜʘ ʥʝ˂ʝ 

ʙʠʪʠ ʧʨʝʢʦʨʘʯʝʥʘ ʤʘʢʩʠʤʘʣʥʘ RF ʩʥʘʛʘ, ʦʜʥʦʩʥʦ DC ʥʘʧʦʥ (ˁʠʭʦʚʝ ʚʨʝʜʥʦʩʪʠ ʫʧʠʩʘʥʝ ʩʫ ʢʨʘʿ 

ʧʦʨʪʘ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ). 

ʄʦʜʝʨʥʠ ʘʥʘʣʠʟʘʪʦʨʠ ʤʨʝʞʘ ʩʘʜʨʞʝ ʧʝʨʩʦʥʘʣʥʝ ʨʘʯʫʥʘʨʝ ʩʘ ʦʧʝʨʘʪʠʚʥʠʤ ʩʠʩʪʝʤʦʤ, ʘ 

ʘʥʘʣʠʟʘʪʦʨʦʤ ʩʧʝʢʪʨʘ ʫʧʨʘʚˀʘ ʩʦʬʪʚʝʨ. ʉʧʝʢʪʘʨ ʩʠʛʥʘʣʘ ʫ ʟʘʜʘʪʦʤ ʬʨʝʢʚʝʥʮʠʿʩʢʦʤ ʦʧʩʝʛʫ 

ʧʨʠʢʘʟʫʿʝ ʩʝ ʥʘ ʜʠʩʧʣʝʿʫ ʫʨʝʹʘʿʘ. ʉʘ ʩʦʬʪʚʝʨʦʤ ʩʝ ʢʦʤʫʥʠʮʠʨʘ ʜʫʛʤʠ˂ʠʤʘ ʥʘ ʘʥʘʣʠʟʘʪʦʨʫ 

ʩʧʝʢʪʨʘ ʠʣʠ ʧʨʝʢʦ ʤʠʰʘ ʠ ʪʘʩʪʘʪʫʨʝ ʧʦʚʝʟʘʥʝ ʩʘ ˁʠʤ. 

ʌʨʝʢʚʝʥʮʠʿʩʢʠ ʦʧʩʝʛ ʟʘʜʘʿʝ ʩʝ ʧʦʯʝʪʥʦʤ ʠ ʢʨʘʿˁʦʤ ʫʯʝʩʪʘʥʦʰ˂ʫ (Start ʠ Stop), ʠʣʠ 

ʮʝʥʪʨʘʣʥʦʤ ʫʯʝʩʪʘʥʦʰ˂ʫ ʠ ʦʧʩʝʛʦʤ (Centre ʠ Span). ʄʘʢʩʠʤʘʣʥʠ ʥʠʚʦ ʩʠʛʥʘʣʘ ʢʦʿʠ ʩʝ ʤʦʞʝ 

ʧʨʠʢʘʟʘʪʠ ʧʦʜʝʰʘʚʘ ʩʝ ʧʘʨʘʤʝʪʨʦʤ RɽF LEVEL. ʅʘ ʝʢʨʘʥʫ ʩʝ ʧʨʠʢʘʟʫʿʫ ʥʠʚʦʠ 

ʬʨʝʢʚʝʥʮʠʿʩʢʠʭ ʢʦʤʧʦʥʝʥʪʠ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ ʩʘ ʪʠʧʠʯʥʠʤ ʨʘʩʧʦʥʦʤ ʦʜ 100 dB. ʋʢʦʣʠʢʦ ʿʝ 

ʥʠʚʦ ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ ʚʝ˂ʠ ʦʜ ʿʝʜʥʦʜʝʮʠʙʝʣʩʢʝ ʢʦʤʧʨʝʩʠʿʝ ʧʦʿʘʯʘˁʘ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ, 

ʪʨʝʙʘ ʧʦʚʝ˂ʘʪʠ ʩʣʘʙˀʝˁʝ ʫʣʘʟʥʦʛ ʘʪʝʥʫʘʪʦʨʘ, ʧʨʝʢʦ ʧʘʨʘʤʝʪʨʘ RF ATTEN. ʇʨʠʢʘʟʘʥʠ ʥʠʚʦʠ 

ʫʣʘʟʥʦʛ ʩʠʛʥʘʣʘ ʥʝ ʩʤʝʿʫ ʜʘ ʟʘʚʠʩʝ ʦʜ ʧʦʜʝʰʘʚʘˁʘ RF ATTEN. ɸʢʦ ʟʘʚʠʩʝ, ʥʘ ʧʨʠʤʝʨ ʘʢʦ ʩʝ 

ʥʠʚʦ ʭʘʨʤʦʥʠʢʘ ʠʣʠ ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʠʭ ʧʨʦʜʫʢʘʪʘ ʤʝˁʘ ʩʘ ʧʨʦʤʝʥʦʤ RF ATTEN, ʪʦ ʟʥʘʯʠ 

ʜʘ ʥʘ ʧʨʠʢʘʟ ʦʚʠʭ ʚʝʣʠʯʠʥʘ ʫʪʠʯʫ ʧʘʨʘʟʠʪʥʠ ʭʘʨʤʦʥʠʮʠ ʠ ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʠ ʧʨʦʜʫʢʪʠ 

ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ. 

ʌʨʝʢʚʝʥʮʠʿʩʢʘ ʨʝʟʦʣʫʮʠʿʘ ʧʦʜʝʰʘʚʘ ʩʝ ʧʨʦʧʫʩʥʠʤ ʦʧʩʝʛʦʤ ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʬʠʣʪʨʘ, ʪʿ. 

ʧʘʨʘʤʝʪʨʦʤ RES BW (RBW). ʉʤʘˁʠʚʘˁʝʤ ʚʨʝʜʥʦʩʪʠ ʦʚʦʛ ʧʘʨʘʤʝʪʨʘ ʧʦʚʝ˂ʘʚʘ ʩʝ ʨʝʟʦʣʫʮʠʿʘ, 

ʘʣʠ ʠ ʚʨʝʤʝ ʤʝʨʝˁʘ, ʧʘ ʿʝ ʧʦʪʨʝʙʥʦ ʧʦʩʪʠ˂ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʢʦʤʧʨʦʤʠʩ. ʋʩʨʝʜˁʘʚʘˁʝ ʠʟʤʝʨʝʥʦʛ 

ʩʠʛʥʘʣʘ ʤʦʞʝ ʩʝ ʚʨʰʠʪʠ ʫʟʠʤʘˁʝʤ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʠʟ ʚʠʰʝ ʤʝʨʝˁʘ (Average), aʣʠ ʠ 

ʧʦʜʝʰʘʚʘˁʝʤ ʧʨʦʧʫʩʥʦʛ ʦʧʩʝʛʘ ʚʠʜʝʦ ʬʠʣʪʨʘ, ʧʨʝʢʦ ʧʘʨʘʤʝʪʨʘ VIDEO BW (VBW). ʇʨʠʤʝʥʘ 

ʚʠʜʝʦ ʬʠʣʪʨʘ ʟʥʘʯʘʿʥʘ ʿʝ ʢʦʜ ʤʝʨʝˁʘ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʠʭ ʩʠʛʥʘʣʘ ʩʘ ʤʘʣʠʤ ʦʜʥʦʩʦʤ 

ʩʠʛʥʘʣ/ʰʫʤ ʠ ʧʨʠ ʤʝʨʝˁʫ ʩʠʛʥʘʣʘ ʰʫʤʘ. ɿʘ ʤʝʨʝˁʝ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʠʭ ʩʠʛʥʘʣʘ ʩʘ ʤʘʣʦʤ 

ʢʦʣʠʯʠʥʦʤ ʰʫʤʘ, ʧʨʦʧʫʩʥʠ ʦʧʩʝʛ ʚʠʜʝʦ ʬʠʣʪʨʘ ʩʝ ʦʙʠʯʥʦ ʧʦʩʪʘʚˀʘ ʥʘ ʪʨʠ ʜʦ ʜʝʩʝʪ ʧʫʪʘ ʚʝ˂ʫ 

ʚʨʝʜʥʦʩʪ ʦʜ ʧʨʦʧʫʩʥʦʛ ʦʧʩʝʛʘ ʤʝʹʫʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʬʠʣʪʨʘ. 
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ʋʯʝʩʪʘʥʦʩʪ ʠ ʥʠʚʦ ʧʦʩʤʘʪʨʘʥʝ ʬʨʝʢʚʝʥʮʠʿʩʢʝ ʢʦʤʧʦʥʝʥʪʝ ʤʦʞʝ ʩʝ ʧʨʝʮʠʟʥʦ ʦʯʠʪʘʪʠ 

ʢʦʨʠʰ˂ʝˁʝʤ ʤʘʨʢʝʨʘ. ʄʘʨʢʝʨʠ ʠʤʘʿʫ ʠ ʨʘʟʥʝ ʬʫʥʢʮʠʿʝ ʢʦʿʝ ʧʦʤʘʞʫ ʜʘ ʩʝ ʩʠʛʥʘʣ ʧʦʟʠʮʠʦʥʠʨʘ 

ʠ ʢʘʨʘʢʪʝʨʠʰʝ. 

2.8 ʇʠʪʘˁʘ ʟʘ ʧʨʦʚʝʨʫ ʟʥʘˁʘ 

1. ʉʢʠʮʠʨʘʪʠ ʙʣʦʢ ʰʝʤʫ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʩʘ ʬʠʣʪʨʦʤ ʧʨʦʤʝʥˀʠʚʝ ʮʝʥʪʨʘʣʥʝ 

ʫʯʝʩʪʘʥʦʩʪʠ ʠ ʦʙʿʘʩʥʠʪʠ ʬʫʥʢʮʠʿʫ ʩʚʘʢʦʛ ʦʜ ʜʝʣʦʚʘ. 

2. ʉʢʠʮʠʨʘʪʠ ʙʣʦʢ ʰʝʤʫ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʯʠʿʠ ʩʝ ʨʘʜ ʟʘʩʥʠʚʘ ʥʘ ʭʝʪʝʨʦʜʠʥʦʤ 

ʧʨʠʥʮʠʧʫ ʠ ʦʙʿʘʩʥʠʪʠ ʬʫʥʢʮʠʿʫ ʩʚʘʢʦʛ ʦʜ ʜʝʣʦʚʘ. 

3. (ʘ) ʆʙʿʘʩʥʠʪʠ ʧʦʿʘʤ ʣʠʢʘ RF ʫʯʝʩʪʘʥʦʩʪʠ ʥʘ ʫʣʘʟʫ ʤʠʢʩʝʨʘ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʠ 

ʫʪʠʮʘʿ ʢʦʿʠ ʣʠʢʦʚʠ ʠʤʘʿʫ ʥʘ ʩʧʝʢʪʨʘʣʥʫ ʘʥʘʣʠʟʫ ʩʠʛʥʘʣʘ. (ʙ) ʀʟʚʝʩʪʠ ʫʩʣʦʚ ʢʦʿʠ ʪʨʝʙʘ 

ʜʘ ʠʩʧʫˁʘʚʘ IF ʫʯʝʩʪʘʥʦʩʪ ʜʘ ʥʝ ʙʠ ʜʦʰʣʦ ʜʦ ʧʨʝʢʣʘʧʘˁʘ ʦʧʩʝʛʘ RF ʫʯʝʩʪʘʥʦʩʪʠ ʩʘ 

ʦʧʩʝʛʦʤ ʫʯʝʩʪʘʥʦʩʪʠ ˁʠʭʦʚʠʭ ʣʠʢʦʚʘ. ʉʢʠʮʠʨʘʪʠ ʦʧʩʝʛʝ ʫʯʝʩʪʘʥʦʩʪʠ ʢʦʨʠʰ˂ʝʥʝ ʫ 

ʠʟʚʦʹʝˁʫ. (ʚ) ɿʘʰʪʦ ʩʝ ʫ ʩʘʚʨʝʤʝʥʠʤ Rohde&Schwarz ʘʥʘʣʠʟʘʪʦʨʠʤʘ ʩʧʝʢʪʨʘ ʢʦʨʠʩʪʠ 

ʚʠʩʦʢʘ ʧʨʚʘ IF ʫʯʝʩʪʘʥʦʩʪ, ʠ ʟʘʰʪʦ ʩʝ ʧʦʚʨʘʪʘʢ ʥʘ ʥʠʩʢʫ IF ʫʯʝʩʪʘʥʦʩʪ ʚʨʰʠ ʫ ʜʚʘ 

ʢʦʨʘʢʘ? 

4. (ʘ) ʆʙʿʘʩʥʠʪʠ ʰʪʘ ʩʝ ʧʦʜʝʰʘʚʘ ʚʝʣʠʯʠʥʘʤʘ RES BW (RBW) ʠ VIDEO BW (VBW) ʥʘ 

Rohde&Schwarz ʘʥʘʣʠʟʘʪʦʨʫ ʩʧʝʢʪʨʘ. (ʙ) ʂʦʤʝʥʪʘʨʠʩʘʪʠ ʢʘʢʦ ʠʟʙʦʨ ʦʚʠʭ ʚʝʣʠʯʠʥʘ 

ʫʪʠʯʝ ʥʘ ʧʨʠʢʘʟ ʩʧʝʢʪʨʘ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʦʛ ʩʠʛʥʘʣʘ ʠ ʩʠʛʥʘʣʘ ʰʫʤʘ. (ʚ) ʅʘʚʝʩʪʠ ʢʘʢʦ 

SWEEP TIME ʟʘʚʠʩʠ ʦʜ RBW ʠ VBW ʧʦʜʝʰʘʚʘˁʘ ʠ ʦʙʿʘʩʥʠʪʠ ʫʟʨʦʢ ʪʘʢʚʝ ʟʘʚʠʩʥʦʩʪʠ. 

5. (ʘ) ʇʨʝʮʠʟʥʦ ʦʙʿʘʩʥʠʪʠ ʧʦʜ ʢʦʿʠʤ ʫʩʣʦʚʠʤʘ ʩʝ ʜʚʘ CW ʩʠʛʥʘʣʘ ʧʨʠʙʣʠʞʥʦ ʠʩʪʠʭ ʥʠʚʦʘ 

ʠ ʨʝʣʘʪʠʚʥʦ ʙʣʠʩʢʠʭ ʫʯʝʩʪʘʥʦʩʪʠ ʥʝ ʤʦʛʫ ʨʘʟʣʫʯʠʪʠ ʥʘ ʘʥʘʣʠʟʘʪʦʨʫ ʩʧʝʢʪʨʘ. 

(ʙ) ʇʨʝʮʠʟʥʦ ʦʙʿʘʩʥʠʪʠ ʧʦʜ ʢʦʿʠʤ ʫʩʣʦʚʠʤʘ ʩʝ ʜʚʘ CW ʩʠʛʥʘʣʘ ʚʝʦʤʘ ʨʘʟʣʠʯʠʪʠʭ ʥʠʚʦʘ 

ʠ ʨʝʣʘʪʠʚʥʦ ʙʣʠʩʢʠʭ ʫʯʝʩʪʘʥʦʩʪʠ ʥʝ ʤʦʛʫ ʨʘʟʣʫʯʠʪʠ ʥʘ ʘʥʘʣʠʟʘʪʦʨʫ ʩʧʝʢʪʨʘ. 

6. (ʘ) ʆʙʿʘʩʥʠʪʠ ʰʪʘ ʩʝ ʧʦʜʝʰʘʚʘ ʚʝʣʠʯʠʥʘʤʘ RɽF LEVEL ʠ RF ATTEN ʥʘ 

Rohde&Schwarz ʘʥʘʣʠʟʘʪʦʨʫ ʩʧʝʢʪʨʘ. (ʙ) ʂʦʤʝʥʪʘʨʠʩʘʪʠ ʢʘʢʦ ʠʟʙʦʨ RF ATTEN ʫʪʠʯʝ 

ʥʘ ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʧʨʠ ʤʝʨʝˁʫ ʥʠʚʦʘ (ʦʩʥʦʚʥʦʛ ʭʘʨʤʦʥʠʢʘ) ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʦʛ 

ʩʠʛʥʘʣʘ, ʘ ʢʘʢʦ ʥʘ ʤʝʨʝˁʝ ʜʨʫʛʦʛ ʭʘʨʤʦʥʠʢʘ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʦʛ ʩʠʛʥʘʣʘ. 

7. (ʘ) ʅʘʚʝʩʪʠ ʦʩʥʦʚʥʝ ʪʠʧʦʚʝ ʪʟʚ. ʜʝʪʝʢʪʦʨʘ ʩʠʛʥʘʣʘ ʫ ʘʥʘʣʠʟʘʪʦʨʫ ʩʧʝʢʪʨʘ ʠ ʦʙʿʘʩʥʠʪʠ 

ʧʨʠʥʮʠʧ ʨʘʜʘ ʩʚʘʢʦʛ ʦʜ ˁʠʭ. (ʙ) ʆʙʿʘʩʥʠʪʠ ʢʦʿʠ ʜʝʪʝʢʪʦʨʠ ʩʫ ʧʨʠʢʣʘʜʥʠ ʟʘ ʤʝʨʝˁʝ 

ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʠʭ ʩʠʛʥʘʣʘ, ʘ ʢʦʿʠ ʟʘ ʤʝʨʝˁʝ ʰʫʤʘ. 

8. (ʘ) ʆʙʿʘʩʥʠʪʠ ʰʪʘ ʿʝ DANL (Displayed Average Noise Level) ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ. 

(ʙ) ʇʦʣʘʟʝ˂ʠ ʦʜ ʠʟʨʘʟʘ ʟʘ ʬʘʢʪʦʨ ʰʫʤʘ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ ʠʟʚʝʩʪʠ ʠʟʨʘʟ ʟʘ DANL. 

(ʚ) ʂʘʢʦ ʧʨʦʤʝʥʘ RBW ʧʦʜʝʰʘʚʘˁʘ ʫʪʠʯʝ ʥʘ DANL? (ʛ) ʂʦʿʘ ʧʦʜʝʰʘʚʘˁʘ ʘʥʘʣʠʟʘʪʦʨʘ 

ʩʧʝʢʪʨʘ ʫʪʠʯʫ ʥʘ ʤʝʨʝˁʝ ʥʠʚʦʘ ʰʫʤʘ ʠ ʢʘʢʦ ʠʭ ʪʨʝʙʘ ʧʦʜʝʩʠʪʠ ʨʘʜʠ ʰʪʦ ʧʦʫʟʜʘʥʠʿʝʛ 

ʤʝʨʝˁʘ (ʰʫʤʘ)? 

9. (ʘ) ʆʙʿʘʩʥʠʪʠ ʥʘʩʪʘʥʘʢ ʭʘʨʤʦʥʠʢʘ ʫ ʥʝʣʠʥʝʘʨʥʦʤ ʤʠʢʨʦʪʘʣʘʩʥʦʤ ʩʢʣʦʧʫ. (ʙ) ʅʘ ʦʩʥʦʚʫ 

ʜʠʿʘʛʨʘʤʘ ʟʘʚʠʩʥʦʩʪʠ ʩʥʘʛʝ ʧʨʚʦʛ ʠ ʜʨʫʛʦʛ ʭʘʨʤʦʥʠʢʘ ʦʜ ʫʣʘʟʥʝ ʩʥʘʛʝ ʠʟʚʝʩʪʠ ʠʟʨʘʟ ʟʘ 

SHI (Second Harmonic Intercept). (ʚ) ʅʘʚʝʩʪʠ ʫ ʢʦʤ ʦʧʩʝʛʫ ʚʨʝʜʥʦʩʪʠ ʿʝ SHI ʢʦʜ 

ʩʘʚʨʝʤʝʥʠʭ ʩʧʝʢʪʨʘʣʥʠʭ ʘʥʘʣʠʟʘʪʦʨʘ. 
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10. (ʘ) ʆʙʿʘʩʥʠʪʠ ʥʘʩʪʘʥʘʢ ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʠʭ ʧʨʦʜʫʢʘʪʘ ʫ ʥʝʣʠʥʝʘʨʥʦʤ ʤʠʢʨʦʪʘʣʘʩʥʦʤ 

ʩʢʣʦʧʫ. (ʙ) ʅʘ ʦʩʥʦʚʫ ʜʠʿʘʛʨʘʤʘ ʟʘʚʠʩʥʦʩʪʠ ʩʥʘʛʝ ʧʨʚʦʛ ʭʘʨʤʦʥʠʢʘ ʠ 

ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʦʛ ʧʨʦʜʫʢʪʘ ʪʨʝ˂ʝʛ ʨʝʜʘ ʦʜ ʫʣʘʟʥʝ ʩʥʘʛʝ ʠʟʚʝʩʪʠ ʠʟʨʘʟ ʟʘ TOI (Third 

Order Intercept). (ʚ) ʅʘʚʝʩʪʠ ʢʦʿʠ ʩʢʣʦʧ ʫ ʩʧʝʢʪʨʘʣʥʠʤ ʘʥʘʣʠʟʘʪʦʨʠʤʘ ʫʟʨʦʢʫʿʝ ʧʦʿʘʚʫ 

ʭʘʨʤʦʥʠʢʘ ʠ ʫ ʢʦʤ ʦʧʩʝʛʫ ʚʨʝʜʥʦʩʪʠ ʿʝ TOI ʢʦʜ ʩʘʚʨʝʤʝʥʠʭ ʩʧʝʢʪʨʘʣʥʠʭ ʘʥʘʣʠʟʘʪʦʨʘ. 

11. (ʘ) ɿʘ ʟʘʜʘʪʝ ʧʘʨʘʤʝʪʨʝ ʩʧʝʢʪʨʘʣʥʦʛ ʘʥʘʣʠʟʘʪʦʨʘ (SHI, TOI ʠ DANL, ʫʣʘʟʥʦ ʩʣʘʙˀʝˁʝ 

ʥʫʣʘ) ʩʢʠʮʠʨʘʪʠ ʜʠʿʘʛʨʘʤ ʟʘʚʠʩʥʦʩʪʠ ʨʝʣʘʪʠʚʥʦʛ ʥʠʚʦʘ (ʫ ʦʜʥʦʩʫ ʥʘ ʥʠʚʦ ʩʠʛʥʘʣʘ ʥʘ 

ʫʣʘʟʫ ʫ ʤʠʢʩʝʨ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ) ʧʨʚʦʛ ʭʘʨʤʦʥʠʢʘ, ʜʨʫʛʦʛ ʭʘʨʤʦʥʠʢʘ, 

ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʦʛ ʧʨʦʜʫʢʪʘ ʪʨʝ˂ʝʛ ʨʝʜʘ ʠ ʰʫʤʘ. (ʙ) ʅʘ ʦʩʥʦʚʫ ʜʠʿʘʛʨʘʤʘ ʠʟ 

ʧʨʝʪʭʦʜʥʝ ʪʘʯʢʝ ʦʜʨʝʜʠʪʠ ʤʘʢʩʠʤʘʣʥʠ ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʩʧʝʢʪʨʘʣʥʦʛ ʘʥʘʣʠʟʘʪʦʨʘ ʠ 

ʦʧʪʠʤʘʣʥʠ ʥʦʚʦ ʩʠʛʥʘʣʘ ʥʘ ʫʣʘʟʫ ʫ ʤʠʢʩʝʨ ʧʨʠ ʤʝʨʝˁʫ ʥʠʚʦʘ ʜʨʫʛʦʛ ʭʘʨʤʦʥʠʢʘ ʠʣʠ 

ʤʝʨʝˁʫ ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʠʭ ʧʨʦʜʫʢʘʪʘ ʪʨʝ˂ʝʛ ʨʝʜʘ. 

12. ʅʘ ʦʩʥʦʚʫ ʙʣʦʢ ʰʝʤʝ ʩʧʝʢʪʨʘʣʥʦʛ ʘʥʘʣʠʟʘʪʦʨʘ ʠ ʥʘʯʠʥʘ ˁʝʛʦʚʦʛ ʬʫʥʢʮʠʦʥʠʩʘˁʘ 

ʦʙʿʘʩʥʠʪʠ ʢʘʢʦ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʣʠ ʭʘʨʤʦʥʠʮʠ ʠ ʠʥʪʝʨʤʦʜʫʣʘʮʠʦʥʠ ʧʨʦʜʫʢʪʠ 

ʧʦʪʠʯʫ ʦʜ ʠʩʧʠʪʠʚʘʥʦʛ ʩʠʛʥʘʣʘ ʠʣʠ ʦʜ ʘʥʘʣʠʟʘʪʦʨʘ ʩʧʝʢʪʨʘ. 
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3 ʄʝʨʝˁʝ ʩʥʘʛʝ ʧʦʤʦ˂ʫ ʩʝʥʟʦʨʘ ʠ 

ʤʝʨʘʯʘ ʩʥʘʛʝ 

ɹʝʟ ʦʙʟʠʨʘ ʥʘ ʥʘʤʝʥʫ ʝʣʝʢʪʨʠʯʥʦʛ ʩʠʛʥʘʣʘ (ʢʦʤʫʥʠʢʘʮʠʦʥʫ, ʥʘʚʠʛʘʮʠʦʥʫ, ʥʘʧʦʿʥʫ), ʩʥʘʛʘ 

ʢʦʿʘ ʩʝ ˁʠʤʝ ʧʨʝʥʦʩʠ ʿʝʜʥʘ ʤʫ ʿʝ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʦʩʦʙʠʥʘ. ʉʥʘʛʘ ʥʘ ʠʟʣʘʟʫ ʤʠʢʨʦʪʘʣʘʩʥʠʭ 

ʩʢʣʦʧʦʚʘ ʤʦʨʘ ʙʠʪʠ ʫ ʦʜʨʝʹʝʥʠʤ ʛʨʘʥʠʮʘʤʘ ʜʘ ʙʠ ʩʠʩʪʝʤ ʢʦʿʠ ʯʠʥʝ ʠʩʧʨʘʚʥʦ ʨʘʜʠʦ. ʉʥʘʛʘ ʢʦʿʫ 

ʧʨʝʥʦʩʝ ʨʘʜʠʦ ʪʘʣʘʩʠ ʤʦʨʘ ʙʠʪʠ ʜʦʚʦˀʥʦ ʚʝʣʠʢʘ ʜʘ ʙʠ ʩʝ ʜʝʪʝʪʝʢʪʦʚʘʣʘ ʫ ʧʨʠʿʝʤʥʠʮʠʤʘ, ʘʣʠ 

ʥʝ ʩʤʝ ʜʘ ʧʨʝʢʦʨʘʯʠ ʟʘʢʦʥʦʤ ʠ ʧʨʘʚʠʣʥʠʮʠʤʘ ʧʨʦʧʠʩʘʥʝ ʚʨʝʜʥʦʩʪʠ. ʇʨʦʚʝʨʘ ʠʩʧʫˁʝʥʦʩʪʠ 

ʫʩʣʦʚʘ ʢʦʿʝ ʩʥʘʛʘ ʫ ʥʘʚʝʜʝʥʠʤ (ʠ ʨʘʟʥʠʤ ʜʨʫʛʠʤ) ʩʣʫʯʘʿʝʚʠʤʘ ʪʨʝʙʘ ʜʘ ʠʩʧʫˁʘʚʘ ʚʨʰʠ ʩʝ 

ˁʝʥʠʤ ʤʝʨʝˁʝʤ. ʈʘʟʣʠʯʠʪʠ ʩʠʛʥʘʣʠ ʢʘʨʘʢʪʝʨʠʰʫ ʩʝ ʨʘʟʣʠʯʠʪʠʤ ʚʨʩʪʘʤʘ ʩʥʘʛʝ. 

ʇʨʦʩʪʦʧʝʨʠʦʜʠʯʥʠ ʩʠʛʥʘʣʠ ʦʧʠʩʫʿʫ ʩʝ ʩʚʦʿʦʤ ʩʨʝʜˁʦʤ ʩʥʘʛʦʤ, ʘ ʟʘ ʧʦʿʝʜʠʥʝ ʤʦʜʫʣʠʩʘʥʝ 

(ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʿʝ) ʠ ʠʤʧʫʣʩʥʝ (ʨʘʜʘʨʠ) ʩʠʛʥʘʣʝ ʧʦʪʨʝʙʥʦ ʿʝ ʟʥʘʪʠ ʠ ʩʥʘʛʫ ʘʥʚʝʣʦʧʝ ʠ ʚʨʰʥʫ 

ʩʥʘʛʫ. ɿʘ ʤʝʨʝˁʝ ʩʥʘʛʝ ʫ ʤʠʢʨʦʪʘʣʘʩʥʦʤ ʦʧʩʝʛʫ ʫʯʝʩʪʘʥʦʩʪʠ (ʘʣʠ ʠ ʥʘ ʤʥʦʛʦ ʥʠʞʠʤ 

ʫʯʝʩʪʘʥʦʩʪʠʤʘ) ʧʦʩʪʦʿʝ ʥʘʤʝʥʩʢʠ ʤʝʨʥʠ ʫʨʝʹʘʿʠ: ʩʝʥʟʦʨʠ ʠ ʤʝʨʘʯʠ ʩʥʘʛʝ. ʉʝʥʟʦʨʠ ʠ ʤʝʨʘʯʠ 

ʨʘʜʝ ʫ ʧʘʨʫ: ʩʝʥʟʦʨ ʤʠʢʨʦʪʘʣʘʩʥʫ (RF) ʩʥʘʛʫ ʧʨʝʪʚʘʨʘ ʫ ʧʨʦʧʦʨʮʠʦʥʘʣʥʠ ʿʝʜʥʦʩʤʝʨʥʠ (DC) 

ʥʘʧʦʥ, ʢʦʿʠ ʩʝ ʟʘʪʠʤ ʤʝʨʠ ʤʝʨʘʯʝʤ ʩʥʘʛʝ (ʟʘʧʨʘʚʦ, ʢʘʣʠʙʨʠʩʘʥʠʤ DC ʚʦʣʪʤʝʪʨʦʤ) ʠ ʧʨʠʢʘʟʫʿʝ 

ʥʘ ˁʝʛʦʚʦʿ ʧʨʠʢʘʟʥʦʿ ʿʝʜʠʥʠʮʠ (ʝʢʨʘʥʫ, ʜʠʩʧʣʝʿʫ). ʋ ʧʦʩʣʝʜˁʠʭ ʜʝʩʝʪʘʢ ʛʦʜʠʥʘ ʢʦʨʠʩʪʝ ʩʝ ʠ 

ʤʝʨʘʯʠ ʢʦʿʠ ʩʫ ʠʥʪʝʛʨʠʩʘʥʠ ʫ ʩʝʥʟʦʨ, ʘ ʠʟʤʝʨʝʥʘ ʩʥʘʛʘ ʩʝ, ʫ ʜʠʛʠʪʘʣʥʦʤ ʦʙʣʠʢʫ, ʧʨʦʩʣʝʹʫʿʝ 

ʧʨʝʥʦʩʥʦʤ ʨʘʯʫʥʘʨʫ ʢʦʨʠʰ˂ʝˁʝʤ USB ʢʘʙʣʘ ʠ ʧʨʠʢˀʫʯʢʘ (ʦʪʫʜʘ ʥʘʟʠʚ USB ʩʝʥʟʦʨ ʩʥʘʛʝ). 

ʉʝʥʟʦʨʠ ʩʝ ʨʝʘʣʠʟʫʿʫ ʫ ʨʘʟʣʠʯʠʪʠʤ ʪʝʭʥʦʣʦʛʠʿʘʤʘ, ʦ ʯʝʤʫ ˂ʝʤʦ ʛʦʚʦʨʠʪʠ ʫ ʥʘʩʪʘʚʢʫ. ʆʩʠʤ 

ʦʚʠʭ, ʥʘʤʝʥʩʢʠʭ ʫʨʝʹʘʿʘ ʟʘ ʤʝʨʝˁʝ ʩʥʘʛʝ, ʩʥʘʛʘ ʩʝ ʤʦʞʝ ʤʝʨʠʪʠ ʠ ʧʦʿʝʜʠʥʠʤ ʤʝʨʥʠʤ ʫʨʝʹʘʿʠʤʘ 

ʢʦʿʠʤʘ ʪʦ ʥʠʿʝ ʦʩʥʦʚʥʘ ʠʣʠ ʿʝʜʠʥʘ ʥʘʤʝʥʘ. ʊʠʧʠʯʘʥ ʧʨʠʤʝʨ ʪʘʢʚʦʛ ʫʨʝʹʘʿʘ ʿʝ ʘʥʘʣʠʟʘʪʦʨ 

ʩʧʝʢʪʨʘ, ʢʦʿʠ ʤʝʨʠ ʩʥʘʛʫ ʩʠʛʥʘʣʘ ʫ ʦʜʨʝʹʝʥʦʤ ʬʨʝʢʚʝʥʮʠʿʩʢʦʤ ʦʧʩʝʛʫ, ʟʘʜʘʪʦʤ RBW ʬʠʣʪʨʦʤ 

(ʢʘʦ ʰʪʦ ʿʝ ʦʧʠʩʘʥʦ ʫ ʧʨʝʪʭʦʜʥʦʤ ʧʦʛʣʘʚˀʫ). ʆʚʘ ʬʨʝʢʚʝʥʮʠʿʩʢʘ ʩʝʣʝʢʪʠʚʥʦʩʪ ʤʦʞʝ ʙʠʪʠ 

ʧʦʞʝˀʥʘ ʠʣʠ ʥʝ, ʘʣʠ ʩʚʘʢʘʢʦ ʦʤʦʛʫ˂ʘʚʘ ʚʝ˂ʠ ʜʠʥʘʤʠʯʢʠ ʦʧʩʝʛ ʤʝʨʝˁʘ ʩʥʘʛʝ ʫ ʦʜʥʦʩʫ ʥʘ ʧʘʨ 

ʩʝʥʟʦʨ-ʤʝʨʘʯ. ʄʝʹʫʪʠʤ, ʤʝʨʥʘ ʥʝʩʠʛʫʨʥʦʩʪ ʧʨʠ ʤʝʨʝˁʫ ʩʥʘʛʝ ʘʥʘʣʠʟʘʪʦʨʦʤ ʩʧʝʢʪʨʘ ʿʝ ʟʥʘʪʥʦ 

ʚʝ˂ʘ ʥʝʛʦ ʧʨʠ ʤʝʨʝˁʫ ʧʘʨʦʤ ʩʝʥʟʦʨ-ʤʝʨʘʯ (ʛʨʫʙʦ, 0,2dB°  ʧʨʠ ʤʝʨʝˁʫ ʧʘʨʦʤ ʩʝʥʟʦʨ-ʤʝʨʘʯ, 

ʥʘʿʤʘˁʝ 10 ʧʫʪʘ ʚʠʰʝ ʧʨʠ ʤʝʨʝˁʫ ʘʥʘʣʠʟʘʪʦʨʦʤ ʩʧʝʢʪʨʘ), ʧʘ ʥʠʿʝ ʫʧʦʪʨʝʙˀʠʚʘ ʘʢʦ ʩʝ ʪʨʘʞʠ 

ʥʘʿʚʠʰʘ ʪʘʯʥʦʩʪ. ʉ ʪʠʤ ʫ ʚʝʟʠ ʿʝ ʠ ʢʦʤʝʨʮʠʿʘʣʥʠ ʝʬʝʢʘʪðʚʝ˂ʘ ʛʘʨʘʥʪʦʚʘʥʘ ʪʘʯʥʦʩʪ ʩʥʘʛʝ ʥʝʢʦʛ 

ʫʨʝʹʘʿʘ (ʥʘ ʧʨʠʤʝʨ, ʧʨʝʜʘʿʥʠʢʘ) ʫʩʣʦʚˀʘʚʘ ʠ ˁʝʛʦʚʫ ʚʠʰʫ ʮʝʥʫ. 

3.1 ɼʝʬʠʥʠʮʠʿʝ ʩʥʘʛʝ ʠ ʩʝʥʟʦʨʠ ʟʘ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ 

ʩʠʛʥʘʣʘ 

ʉʥʘʛʘ ʢʦʿʘ ʩʝ ʜʠʩʠʧʠʨʘ ʥʘ ʦʪʧʦʨʥʠʢʫ ʦʪʧʦʨʥʦʩʪʠ R, ʥʘ ʯʠʿʠʤ ʧʨʠʢˀʫʯʮʠʤʘ ʧʦʩʪʦʿʠ 

ʝʣʝʢʪʨʠʯʥʠ ʩʠʛʥʘʣ ʚʨʝʤʝʥʩʢʠ ʧʨʦʤʝʥˀʠʚʦʛ ʥʘʧʦʥ ()u t  je: 

 ()
()2u t

p t
R

= . (3.1.1) 
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ʉʥʘʛʘ ʜʝʬʠʥʠʩʘʥʘ ʠʟʨʘʟʦʤ (3.1.1) ʤʝˁʘ ʩʝ ʪʦʢʦʤ ʚʨʝʤʝʥʘ ʠ ʥʘʟʠʚʘ ʩʝ ʪʨʝʥʫʪʥʘ ʩʥʘʛʘ. 

ʇʦʩʪʦʿʝ˂ʠ ʩʝʥʟʦʨʠ ʩʥʘʛʝ ʥʝʤʘʿʫ ʜʦʚʦˀʥʦ ʙʨʟ ʦʜʟʠʚ ʜʘ ʙʠ ʤʦʛʣʠ ʜʘ ʠʩʧʨʘʪʝ ʧʨʦʤʝʥʫ ʪʨʝʥʫʪʥʝ 

ʩʥʘʛʝ ʩʠʛʥʘʣʘ ʥʘ ʤʠʢʨʦʪʘʣʘʩʥʠʤ ʫʯʝʩʪʘʥʦʩʪʠʤʘ. ʉʪʦʛʘ ʩʝ ʤʝʨʝ ʜʨʫʛʘʯʠʿʝ ʜʝʬʠʥʠʩʘʥʝ ʩʥʘʛʝ, ʘ 

ʥʘʿʯʝʰ˂ʝ ʩʫ ʦʜ ʠʥʪʝʨʝʩʘ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʠ, ʤʦʜʫʣʠʩʘʥʠ ʠ ʠʤʧʫʣʩʥʠ ʩʠʛʥʘʣʠ 

ɿʘ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʠ ʩʠʛʥʘʣ, ʘʤʧʣʠʪʫʜʝ mU  ʠ ʫʯʝʩʪʘʥʦʩʪʠ cf , ʯʠʿʠ ʿʝ ʪʨʝʥʫʪʥʠ ʥʘʧʦʥ 

() ( )m ccos 2u t U f t= p , ʜʝʬʠʥʠʰʝʤʦ ʩʨʝʜˁʫ ʩʥʘʛʫ P  ʢʘʦ: 

 ()
s c

s

2
m

c

1
d

2

t T

t

U
P p t t

T R

+

= =ñ , (3.1.2) 

ʛʜʝ ʿʝ c c1T f=  ʧʝʨʠʦʜʘ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʦʛ ʥʘʧʦʥʘ. ʉʨʝʜˁʘ ʩʥʘʛʘ ʿʝ ʫʩʨʝʜˁʝʥʘ ʪʨʝʥʫʪʥʘ ʩʥʘʛʘ 

ʪʦʢʦʤ ʿʝʜʥʝ ʧʝʨʠʦʜʝ ʩʠʛʥʘʣʘ ʠ ʦʥʘ ʥʝ ʟʘʚʠʩʠ ʦʜ ʧʦʯʝʪʥʦʛ ʪʨʝʥʫʪʢʘ ʫʩʨʝʜˁʘʚʘˁʘ, st . ʊʦ, 

ʤʝʹʫʪʠʤ, ʥʝ˂ʝ ʙʠʪʠ ʩʣʫʯʘʿ ʢʦʜ ʩʠʛʥʘʣʘ ʩʘ ʚʠʰʝ ʬʨʝʢʚʝʥʮʠʿʩʢʠʭ ʢʦʤʧʦʥʝʥʪʠ. 

ʇʦʩʤʘʪʨʘʿʤʦ ʩʠʛʥʘʣ ʦʛʨʘʥʠʯʝʥʦʛ ʬʨʝʢʚʝʥʮʠʿʩʢʦʛ ʦʧʩʝʛʘ, ʮʝʥʪʨʘʣʥʝ ʫʯʝʩʪʘʥʦʩʪʠ cf  ʠ 

ʧʨʦʧʫʩʥʦʛ ʦʧʩʝʛʘ m2 f , ʛʜʝ ʿʝ c mf f  (ʤʦʜʫʣʠʩʘʥʠ ʩʠʛʥʘʣ). ʉʧʝʢʪʨʘʣʥʝ ʢʦʤʧʦʥʝʥʪʝ ʩʠʛʥʘʣʘ 

ʩʫ ʨʘʟʣʠʯʠʪʠʭ ʫʯʝʩʪʘʥʦʩʪʠ, ʧʘ ˂ʝ ʩʝ ˁʠʭʦʚʝ ʬʘʟʝ ʩʘ ʧʨʦʪʦʢʦʤ ʚʨʝʤʝʥʘ ʤʝˁʘʪʠ ʥʘ ʨʘʟʣʠʯʠʪʝ 

ʥʘʯʠʥʝ. ʇʦʩʣʝʜʠʯʥʦ, ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ ʤʝˁʘ˂ʝ ʩʝ ʩʘ ʫʯʝʩʪʘʥʦʰ˂ʫ mf , ʦʜʥʦʩʥʦ ʩʘ ʧʝʨʠʦʜʦʤ 

m m1T f=  (ʢʨʠʚʫ ʢʦʿʘ ʦʧʠʩʫʿʝ ʧʨʦʤʝʥʫ ʘʤʧʣʠʪʫʜʝ ʩʘ ʚʨʝʤʝʥʦʤ ʟʦʚʝʤʦ ʘʥʚʝʣʦʧʘ). ʇʦʰʪʦ ʩʝ 

ʠʥʪʝʛʨʘʮʠʿʘ (3.1.2) ʚʨʰʠ ʫ ʠʥʪʝʨʚʘʣʫ c mT T , ʚʨʝʜʥʦʩʪ ʠʥʪʝʛʨʘʣʘ ʫ (3.1.2) ʟʘʚʠʩʠ˂ʝ ʦʜ st . 

ʉʪʦʛʘ ʜʝʬʠʥʠʰʝʤʦ ʚʨʝʤʝʥʩʢʠ ʧʨʦʤʝʥˀʠʚʫ ʩʥʘʛʫ ʘʥʚʝʣʦʧʝ: 

 () ()
c

e

c

1
d

t T

t

p t p
T

+

= t tñ , (3.1.3) 

ʛʜʝ ʩʤʦ ʬʦʨʤʘʣʥʦ ʟʘʤʝʥʠʣʠ t  ʩʘ t ʫ ʧʦʜʠʥʪʝʛʨʘʣʥʦʤ ʠʟʨʘʟʫ. ʄʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʩʥʘʛʝ 

ʘʥʚʝʣʦʧʝ, epP , ʥʘʟʠʚʘ ʩʝ ʚʨʰʥʘ ʩʥʘʛʘ ʘʥʚʝʣʦʧʝ (Peak envelope power). ʉʨʝʜˁʫ ʩʥʘʛʫ 

ʤʦʜʫʣʠʩʘʥʦʛ ʩʠʛʥʘʣʘ, avgP , ʜʝʬʠʥʠʰʝʤʦ ʫʩʨʝʜˁʘʚʘˁʝʤ ʪʨʝʥʫʪʢʝ ʩʥʘʛʝ ʫ ʪʦʢʫ ʿʝʜʥʝ ʧʝʨʠʦʜʝ 

ʘʥʚʝʣʦʧʝ, mT : 

 ()
s m

s

avg

m

1
d

t T

t

P p t t
T

+

= ñ , (3.1.4) 

ʠ ʦʥʘ (avgP ) ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʚʠʩʠ ʦʜ ʧʦʯʝʪʥʦʛ ʪʨʝʥʫʪʢʘ ʫʩʨʝʜˁʘʚʘˁʘ st . 

ʇʨʠʤʝʨ ʤʦʜʫʣʠʩʘʥʦʛ ʩʠʛʥʘʣʘ ʿʝ ʘʤʧʣʠʪʫʜʩʢʠ ʤʦʜʫʣʠʩʘʥʠ ʩʠʛʥʘʣ, ʥʘʧʦʥʘ: 

 () ( )( ) ( )0 m c1 cos 2 cos 2u t U m f t f t= + p p, (3.1.5) 

ʛʜʝ ʿʝ cf  ʫʯʝʩʪʘʥʦʩʪ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʦʛ ʥʦʩʠʦʮʘ, mf  ʫʯʝʩʪʘʥʦʩʪ ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʦʛ 

ʤʦʜʫʣʠʰʫ˂ʝʛ ʩʠʛʥʘʣʘ, 0U  ʢʦʥʩʪʘʥʪʘʥ ʥʘʧʦʥ ʠ m  ʢʦʥʩʪʘʥʪʘʥ ʨʝʘʣʘʥ ʙʨʦʿ. ʅʘ ʩʣʠʮʠ 3.1.1ʘ 
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ʧʨʠʢʘʟʘʥʝ ʩʫ ʪʨʝʥʫʪʥʘ ʩʥʘʛʘ ()p t , ʩʥʘʛʘ ʘʥʚʝʣʦʧʝ ()ep t , ʚʨʰʥʘ ʩʥʘʛʘ ʘʥʚʝʣʦʧʝ epP  ʠ ʩʨʝʜˁʘ 

ʩʥʘʛʘ avgP  ʘʤʧʣʠʪʫʜʩʢʠ ʤʦʜʫʣʠʩʘʥʦʛ ʩʠʛʥʘʣʘ ʟʘ 0 0,2m U =  ʠ c m20f f= . 

ʊʠʧʠʯʥʦ ʧʦʩʪʦʿʝ ʥʘʤʝʥʩʢʠ ʩʝʥʟʦʨʠ ʟʘ ʤʝʨʝˁʝ (ʩʘʤʦ) ʩʨʝʜˁʝ ʩʥʘʛʝ ʧʨʦʩʪoʧʝʨʠʦʜʠʯʥʦʛ 

ʩʠʛʥʘʣʘ (CW) ʠʣʠ ʧʨʦʠʟʚʦˀʥʦʛ ʩʠʛʥʘʣʘ (Average), ʘ ʢʦʨʠʩʪʝ ʩʝ ʧʦʩʝʙʥʠ ʩʝʥʟʦʨʠ ʘʢʦ ʿʝ 

ʧʦʪʨʝʙʥʦ ʠʟʤʝʨʠʪʠ ʠ ʚʨʰʥʫ ʩʥʘʛʫ ʘʥʚʝʣʦʧʝ ʠ ʩʥʠʤʠʪʠ ʦʙʣʠʢ ʘʥʚʝʣʦʧʝ ʫ ʬʫʥʢʮʠʿʠ ʚʨʝʤʝʥʘ 

(Peak and average ʩʝʥʟʦʨʠ). 

ʉʠʛʥʘʣʠ ʫ ʚʠʜʫ ʧʦʚʦʨʢʝ ʠʤʧʫʣʩʘ ʥʘʿʯʝʰ˂ʝ ʩʝ ʢʦʨʠʩʪʝ ʢʦʜ ʨʘʜʘʨʘ (ʟʘ ʤʦʜʫʣʘʮʠʿʫ ʥʦʩʠʦʮʘ, 

ʧʨʦʩʪʦʧʝʨʠʦʜʠʯʥʦʛ ʠʣʠ ʚʝ˂ ʘʤʧʣʠʪʫʜʩʢʠ ʠʣʠ ʬʘʟʥʦ ʤʦʜʫʣʠʩʘʥʦʛ), ʘ ʧʨʠʤʝʨ ʦʚʘʢʚʦʛ ʩʠʛʥʘʣʘ 

ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 3.1.1ʙ. ʉʥʘʛʘ ʘʥʚʝʣʦʧʝ ʩʠʛʥʘʣʘ, ()ep t , ʧʦʢʘʟʫʿʝ ʥʘʤ ʜʘ ʦʙʣʠʢ ʠʤʧʫʣʩʘ 

ʦʜʩʪʫʧʘ ʦʜ ʧʨʘʚʦʫʛʘʦʥʦʛ. ɹʨʟʠʥʘ ʧʨʦʤʝʥʝ ʩʥʘʛʝ ʘʥʚʝʣʦʧʝ ʤʦʞʝ ʩʝ ʧʨʘʪʠʪʠ Peak and average 

ʩʝʥʟʦʨʦʤ ʩʥʘʛʝ, ʪʘʢʦ ʜʘ ˁʠʤʝ ʤʦʞʝʤʦ ʩʥʠʤʠʪʠ ʩʥʘʛʫ ʘʥʚʝʣʦʧʝ ()ep t  ʠ ʦʜʨʝʜʠʪʠ ʚʨʰʥʫ ʩʥʘʛʫ 

ʘʥʚʝʣʦʧʝ epP , ʢʘʦ ʠ ʩʨʝʜˁʫ ʩʥʘʛʫ avgP . ɸʢʦ ʥʘʤ ʿʝ ʥʘ ʨʘʩʧʦʣʘʛʘˁʫ ʩʘʤʦ Average ʩʝʥʟʦʨ, ˁʠʤʝ 

ʤʦʞʝʤʦ ʠʟʤʝʨʠʪʠ ʩʨʝʜˁʫ ʩʥʘʛʫ, avgP , ʘ ʦʜʘʪʣʝ ʠʟʨʘʯʫʥʘʪʠ ʩʥʘʛʫ ʠʤʧʫʣʩʘ pP , p avg p pP P T t= . 

ʉʥʘʛʘ pP  ˂ʝ ʦʜʛʦʚʘʨʘʪʠ ʩʥʘʟʠ ʝʢʚʠʚʘʣʝʥʪʥʦʛ ʧʨʘʚʦʫʛʘʦʥʦʛ ʠʤʧʫʣʩʘ, ʪʝ ʥʝ˂ʝ ʙʠʪʠ ʿʝʜʥʘʢʘ ʩʘ 

epP . ɼʘ ʙʠʩʤʦ ʦʜʨʝʜʠʣʠ pP , ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʘ ʫʥʘʧʨʝʜ ʟʥʘʤʦ ʧʝʨʠʦʜ ʧʦʥʘʚˀʘˁʘ ʠʤʧʫʣʩʘ pT  ʠ 

ʪʨʘʿʘˁʝ ʠʤʧʫʣʩʘ pt . ɿʘ ʧʦʚʦʨʢʫ ʫ ʢʦʿʦʿ ʩʝ ʠʤʧʫʣʩʠ ʥʝ ʧʦʿʘʚˀʫʿʫ ʫ ʧʨʘʚʠʣʥʠʤ ʚʨʝʤʝʥʩʢʠʤ 

ʨʘʟʤʘʮʠʤʘ ʦʚʘ ʪʝʭʥʠʢʘ ʨʘʯʫʥʘˁʘ pP  ʥʠʿʝ ʧʨʠʤʝˁʠʚʘ (ʛʨʝʰʢʘ ʙʠ ʙʠʣʘ ʚʝʣʠʢʘ ʠ ʟʘʚʠʩʠʣʘ ʙʠ ʦʜ 

ʪʨʝʥʫʪʢʘ (ʪʿ. ʠʥʪʝʨʚʘʣʘ) ʫ ʢʦʿʝʤ ʩʝ ʚʨʰʠ ʤʝʨʝˁʝ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, Peak and average ʩʝʥʟʦʨʠ 

ʠʩʧʨʘʚʥʦ ʤʝʨʝ ʠ ʫ ʪʘʢʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ, ʧʨʠ ʯʝʤʫ ʤʦʛʫ ʜʘ ʠʩʧʨʘʪʝ ʠ ʠʤʧʫʣʩ ʢʦʿʠ ʩʝ ʧʦʿʘʚˀʫʿʝ 

ʩʘʤʦ ʿʝʜʥʦʤ, ʢʘʦ ʠ ʜʘ ʦʜʨʝʜʝ ʚʨʝʤʝ ʫʟʣʘʟʥʝ ʠ ʩʠʣʘʟʥʝ ʠʚʠʮʝ. 

ʘ)    ʙ)  

ʉʣʠʢʘ  3.1.1.  ɼʝʬʠʥʠʮʠʿʝ ʩʥʘʛʝ ʢʦʜ ʘ) ʤʦʜʫʣʠʩʘʥʦʛ ʩʠʛʥʘʣʘ ʠ ʙ) ʧʦʚʦʨʢʝ ʠʤʧʫʣʩʘ. 

ɱʝʜʠʥʠʮʘ ʟʘ ʩʥʘʛʫ ʿʝ ʚʘʪ [W], ʬʦʨʤʘʣʥʦ ˅ʫʣ ʫ ʩʝʢʫʥʜʠ (W J s= ), ʘʣʠ ʩʝ ʚʨʣʦ ʯʝʩʪʦ ʢʦʨʠʩʪʠ 

ʣʦʛʘʨʠʪʘʤʩʢʘ ʿʝʜʠʥʠʮʘ ʜʝʮʠʙʝʣ ʫ ʦʜʥʦʩʫ ʥʘ ʤʠʣʠʚʘʪ (dBm): 
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. (3.1.6) 












































































































































