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ʋɼʂ 621.369.9 

ʂʆʈʈɽʂʎʀʗ S-ʇɸʈɸʄɽʊʈʆɺ ʇʈʀ ʀɿʄɽʈɽʅʀʀ 

ʄɸʊɽʈʀɸʃʔʅʓʍ ʇɸʈɸʄɽʊʈʆɺ ʄɸɻʅʀʊʆɼʀʕʃɽʂʊʈʀʏɽʉʂʀʍ 

ʂʆʄʇʆɿʀʊʆɺ ɺ ʉɺʆɹʆɼʅʆʄ ʇʈʆʉʊʈɸʅʉʊɺɽ ʉ ʇʈʀʄɽʅɽʅʀɽʄ 

ɼʀɸʌʈɸɻʄʓ 

 
ʂ. ʄ. ɹʘʩʢʦʚ, ɸ. ɸ. ʇʦʣʠʪʠʢʦ, ɺ. ʅ. ʉʝʤʝʥʝʥʢʦ, ɺ. ɸ. ʏʠʩʪʷʝʚ

 

ʀʥʩʪʠʪʫʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

(ʀʊʇʕ ʈɸʅ), 125412, ʄʦʩʢʚʘ, ʫʣ. ʀʞʦʨʩʢʘʷ, 13 

 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 15 ʤʘʨʪʘ 2017 ʛ. 

 

ɸʥʥʦʪʘʮʠʷ.  ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʢʦʨʨʝʢʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ S-

ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʘʷ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ 

ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʨʘʟʮʦʚ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʘʥʪʠʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ 

ʜʣʠʥ ʚʦʣʥ. ʀʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʟʮʦʚ ʤʘʪʝʨʠʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ 

ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʘʬʨʘʛʤʳ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ 

ʩʪʝʥʜʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʚ ʀʊʇʕ ʈɸʅ. ʂʦʨʨʝʢʮʠʷ ʥʝʦʙʭʦʜʠʤʘ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʛʘʙʘʨʠʪʥʳʡ ʨʘʟʤʝʨ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʠʤʝʝʪ ʚʝʣʠʯʠʥʫ ʤʝʥʴʰʫʶ, ʯʝʤ ʜʚʝ 

ʜʣʠʥʳ  ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʨʝʜʣʘʛʘʝʪʩʷ 

ʘʣʛʦʨʠʪʤ ʢʦʨʨʝʢʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ (ʧʘʨʘʤʝʪʨʘ 11S ) ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʨʦʭʦʞʜʝʥʠʷ (ʧʘʨʘʤʝʪʨʘ 21S ) ʦʙʨʘʟʮʘ, ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʚʠʜʝ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʜʣʠʥʥʦʡ ʣʠʥʠʠ. ʇʨʠʚʦʜʷʪʩʷ 

ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʳʭ ʟʥʘʯʝʥʠʡ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

e ʠ m ʪʝʩʪʦʚʳʭ ʦʙʨʘʟʮʦʚ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʯʘʩʪʠ ʜʠʘʧʘʟʦʥʘ ʜʦ ʠ ʧʦʩʣʝ 

ʧʨʦʚʝʜʝʥʠʷ ʢʦʨʨʝʢʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: S-ʧʘʨʘʤʝʪʨ,r ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʦʪʨʘʞʝʥʠʷ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, 

ʢʦʨʨʝʢʮʠʷ ʠʟʤʝʨʝʥʠʡ. 

Abstract. The method is developed for error correction of measurement results of S-

parameters. This correction is conducted during determining complex permittivity 



ɾʋʈʅɸʃ ʈɸɼʀʆʕʃɽʂʊʈʆʅʀʂʀ, ISSN 1684-1719, N5, 2017 

2 

and permeability of material samples in the centimeter wavelength range. The 

measurements of properties of materials are carried out in free space using the 

specific diaphragm of certain diameter by means of specialized measurement bench 

developed by ITAE RAS. The correction procedure is necessary when the size of test 

sample is less than two wavelengths of electromagnetic radiation in free space. The 

correction algorithm of reflection coefficient (parameter 11S ) and transmission 

coefficient (parameter 
21S ) based on the representation of measuring bench in the 

terms of equivalent long-distance line is shown. The mathematical justification of 

correction algorithm in non-strict statement is described. The submission is suggested 

that a space of measurement bench has a wave impedance that differed in a times 

from the wave impedance of free space. A sample under the test is a quadripole with 

transmission matrix ( , , )A de m for measurement bench (d ï sampleôs thickness, e and 

m ï effective complex permittivity and permeability of test sample accordingly). 

Iterative procedure with fast convergence is proposed for determining effective 

permittivity and permeability obtained from measurement results of S-parameters. 

Error correction was done for measurement of material properties using small-sized 

diaphragm 80 mm in diameter which dimension is less than falling wavelength l of 

electromagnetic radiation in the long-wave region of spectrum. As results the 

comparative dependences of complex permittivity and permeability of material 

properties of test samples in the low-frequency range in initial state and after 

correction procedure are submitted. Test samples are presented as thin films of sheet 

materials based on organosilicone or fluororganosilicone binder filled with modified 

iron with both different concentration and various degree of treatment. The obtained 

results allow us to minimize measurement errors of material properties in a frequency 

vicinity from 3 to 6 GHz. Due to this reason the accuracy of analytical estimates in 

designing of radio absorbing materials is essentially increased. 

Key words: S-parameters, reflection coefficient, transmission coefficient, complex 

permittivity and permeability, measurement error correction. 
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1. ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʦ ʤʥʦʛʠʭ ʥʘʫʢʦʝʤʢʠʭ ʦʪʨʘʩʣʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʦʟʠʪʦʚ ʚ ʉɺʏ-ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʩʪʨʦʝʥʠʝ 

ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʠʭ ʦʩʥʦʚʝ ʥʝʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ 

ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʠʟʤʝʨʝʥʠʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʨʘʟʮʦʚ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʉɺʏ: ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʘʢʩʠʘʣʴʥʳʭ/ʚʦʣʥʦʚʦʜʥʳʭ ʣʠʥʠʡ ʧʝʨʝʜʘʯʠ, ʨʝʟʦʥʘʪʦʨʥʳʝ, ʧʦʣʦʩʢʦʚʳʝ 

ʤʝʪʦʜʠʢʠ ʠ ʪ.ʜ. ʆʜʥʘʢʦ ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʤʝʪʦʜ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʚ 

ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʥʝ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʥʪʨʦʣʠʨʫʶʱʝʛʦ ʩʨʝʜʩʪʚʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʢʦʚ, ʢʦʛʜʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʙʝʩʢʦʥʪʘʢʪʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʧʦʨʦʡ ʠʤʝʝʪ 

ʦʧʨʝʜʝʣʷʶʱʝʝ ʟʥʘʯʝʥʠʝ, ʥʦ ʠ ʥʘ ʩʪʘʜʠʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ. 

ɺ ʦʩʥʦʚʝ ʨʘʜʠʦʬʠʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʣʝʞʠʪ 

ʩʚʷʟʴ ʠʟʤʝʨʷʝʤʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ (ʧʘʨʘʤʝʪʨ 11S ) ʠ 

ʧʨʦʭʦʞʜʝʥʠʷ (ʧʘʨʘʤʝʪʨ 21S ) ʩ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. ɿʥʘʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʥʘ 

ʤʝʪʘʣʣʝ 11

MS  ʠ ʧʨʦʭʦʞʜʝʥʠʷ 21S  ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠ 

ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʧʣʦʩʢʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʟʘʧʠʩʳʚʘʶʪʩ ̫ʚ ʚʠʜʝ 
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= - ʥʘʙʝʛ ʬʘʟʳ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ 

ʯʝʨʝʟ ʠʟʤʝʨʷʝʤʳʡ ʦʙʨʘʟʝʮ; 

l- ʜʣʠʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ; 

d - ʪʦʣʱʠʥʘ ʩʣʦʷ ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʩʥʳʝ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʠ 

ʧʨʦʭʦʞʜʝʥʠʷ ʦʙʨʘʟʮʘ ʟʘʚʠʩʷʪ ʦʪ ʪʦʣʱʠʥʳ ʩʣʦʷ ʦʙʨʘʟʮʘ ʠ ʟʥʘʯʝʥʠʡ ʝʛʦ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ je e e¡ ¡¡= -  ʠ 

ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ jm m m¡ ¡¡= - . 

ɺ ʨʘʙʦʪʝ [2] ʦʧʠʩʳʚʘʝʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʀʊʇʕ ʈɸʅ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʟʮʦʚ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʩʦʩʪʘʚʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʢʨʫʛʣʦʡ ʜʠʘʬʨʘʛʤʳ ʩ ʥʘʥʝʩʝʥʥʳʤ ʥʘ ʥʝʝ 

ʨʘʜʠʦʧʦʛʣʦʱʘʶʱʠʤ ʧʦʢʨʳʪʠʝʤ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʡ ʠʩʩʣʝʜʫʝʤʳʝ 

ʦʙʨʘʟʮʳ ʧʦʤʝʱʘʶʪʩʷ ʚ ʦʢʥʦ ʜʠʘʬʨʘʛʤʳ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʙʣʠʞʥʝʡ ʟʦʥʝ 

ʨʫʧʦʨʥʳʭ ʘʥʪʝʥʥ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʚʦʜʷʪʩʷ ʜʚʘ 

ʠʟʤʝʨʝʥʠʷ: ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʭʦʞʜʝʥʠʷ ʦʙʨʘʟʮʘ (ʧʘʨʘʤʝʪʨ 21S ) ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʦʪʨʘʞʝʥʠʷ ʦʙʨʘʟʮʘ (ʧʘʨʘʤʝʪʨ 11S ), ʣʠʙʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʦʙʨʘʟʮʘ ʥʘ 

ʤʝʪʘʣʣʝ (ʧʘʨʘʤʝʪʨ 11

MS ). 

ʇʦʤʠʤʦ ʜʦʩʪʦʠʥʩʪʚ, ʫʢʘʟʘʥʥʳʭ ʚ ʨʘʙʦʪʝ [2], ʫ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ 

ʩʫʱʝʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ. ʆʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʟʤʝʨʝʥʠʝ ʦʙʨʘʟʮʦʚ, 

ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʶʪ 2l, ʧʦʵʪʦʤʫ ʜʣʷ ʜʠʘʬʨʘʛʤʳ 

ʟʘʜʘʥʥʦʛʦ ʜʠʘʤʝʪʨʘ ʪʨʝʙʫʝʪʩʷ ʦʙʨʘʟʝʮ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʨʘʟʤʝʨʘʤʠ. ɽʩʣʠ ʨʘʟʤʝʨ ʜʠʘʬʨʘʛʤʳ ʙʦʣʴʰʝ ʜʚʫʭ ʜʣʠʥ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʚʦʣʥʳ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ ʚ ʘʧʝʨʪʫʨʝ ʜʠʘʬʨʘʛʤʳ ʙʣʠʟʢʦ ʢ 

ʧʣʦʩʢʦʡ ʚʦʣʥʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ S-

ʧʘʨʘʤʝʪʨʦʚ. ɽʩʣʠ ʜʠʘʤʝʪʨ ʜʠʘʬʨʘʛʤʳ ʤʝʥʴʰʝ 2l, ʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ ʚ ʝʝ 

ʘʧʝʨʪʫʨʝ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʣʦʩʢʦʡ ʚʦʣʥʝ, ʯʪʦ ʚ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 



ɾʋʈʅɸʃ ʈɸɼʀʆʕʃɽʂʊʈʆʅʀʂʀ, ISSN 1684-1719, N5, 2017 

5 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʡ. ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʚ 

ʧʨʦʮʝʜʫʨʝ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ S-ʧʘʨʘʤʝʪʨʦʚ ʫʯʝʩʪʴ ʠʩʪʠʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ ʚ ʘʧʝʨʪʫʨʝ ʜʠʘʬʨʘʛʤʳ, ʘ ʠʤʝʥʥʦ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦʪ 

ʬʘʢʪ, ʯʪʦ ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʥʫʪʨʠ ʜʠʘʬʨʘʛʤʳ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʇʦʩʪʨʦʝʥʠʶ ʧʨʦʮʝʜʫʨʳ 

ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʠ ʧʦʩʚʷʱʝʥʘ ʥʘʩʪʦʷʱʘʷ ʩʪʘʪʴʷ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʥʝ ʧʨʝʩʣʝʜʫʝʪ ʮʝʣʠ ʧʦʩʪʨʦʝʥʠʷ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘ 

ʙʘʟʝ ʤʝʪʦʜʠʢʠ [2], ʚ ʩʪʨʦʛʦʡ ʧʦʩʪʘʥʦʚʢʝ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ 

ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʮʝʜʫʨʳ ʢʦʨʨʝʢʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ 

ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʪʦʥʢʠʭ ʦʙʨʘʟʮʦʚ ʣʠʩʪʦʚʳʭ 

ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʦʩʥʦʚʝ ʵʪʦʡ ʧʨʦʮʝʜʫʨʳ ʣʝʞʠʪ 

ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʚʠʜʝ ʥʝʢʦʪʦʨʦʡ 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʜʣʠʥʥʦʡ ʣʠʥʠʠ, ʚ ʢʦʪʦʨʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʟʘʢʦʥʘʤ ʜʣʠʥʥʳʭ ʣʠʥʠʡ. 

2. ʄʦʜʝʣʴ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʄʝʪʦʜʠʢʘ [2] ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʟʤʝʨʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ 11S  ʠ 21S  ʢʚʘʟʠʧʣʦʩʢʦʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʩ ʧʦʤʦʱʴʶ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʣʠʥʟʦʚʳʭ 

ʨʫʧʦʨʥʳʭ ʘʥʪʝʥʥ ʠ ʚʝʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ. 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ, ʧʦʩʪʨʦʝʥʥʳʡ ʚ ʀʊʇʕ ʈɸʅ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʦʡ 

ʤʝʪʦʜʠʢʠ, ʨʝʘʣʠʟʦʚʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʝʪʳʨʝʭʧʦʨʪʦʚʦʛʦ ʚʝʢʪʦʨʥʦʛʦ 

ʘʥʘʣʠʟʘʪʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ZVA40 ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ 

Rohde&Schwarz. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ. ʇʨʠ ʠʟʤʝʨʝʥʠʷʭ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 0,8 ʜʦ 24 ɻɻʮ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʫʧʦʨʥʳʝ ʘʥʪʝʥʥʳ ʇ6-23ʄ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ 

ʠʟʤʝʨʷʝʤʳʭ ʦʙʨʘʟʮʦʚ ʤʝʥʴʰʝ ʨʘʟʤʝʨʘ ʘʧʝʨʪʫʨʳ ʘʥʪʝʥʥ ʇ6-23ʄ, ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʜʠʘʬʨʘʛʤʠʨʦʚʘʥʠʝ ʘʧʝʨʪʫʨʳ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʨʫʛʣʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʠʘʬʨʘʛʤ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ ʩ ʥʘʥʝʩʝʥʥʳʤ ʥʘ ʥʠʭ 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʤ ʨʘʜʠʦʧʦʛʣʦʱʘʶʱʠʤ ʧʦʢʨʳʪʠʝʤ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʡ 
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ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʧʦʤʝʱʘʶʪʩʷ ʚ ʦʢʥʦ ʜʠʘʬʨʘʛʤʳ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ 

ʙʣʠʞʥʝʡ ʟʦʥʝ ʨʫʧʦʨʥʳʭ ʘʥʪʝʥʥ, ʯʪʦ ʤʠʥʠʤʠʟʠʨʫʝʪ ʚʢʣʘʜ ʦʪ ʧʨʦʮʝʩʩʦʚ 

ʜʠʬʨʘʢʮʠʠ ʥʘ ʢʨʘʷʭ ʦʙʨʘʟʮʘ ʠ ʢʨʦʤʢʘʭ ʘʥʪʝʥʥ. ɺ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʦʙʨʘʟʮʦʚ ʚ ʟʦʥʝ ʟʘ ʜʠʘʬʨʘʛʤʦʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʩʦʛʣʘʩʦʚʘʥʥʘʷ ʥʘʛʨʫʟʢʘ ï ʦʙʲʝʤʥʳʡ ʨʘʜʠʦʧʦʛʣʦʱʘʶʱʠʡ ʙʣʦʢ ʩ ʤʷʛʢʠʤ ʚʭʦʜʦʤ 

ʠ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʪʨʘʞʝʥʠʷ ʚ ʨʘʙʦʯʝʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ (ʥʝ ʚʳʰʝ ʤʠʥʫʩ 

50 ʜɹ) ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʟʠʪʥʳʭ ʦʪʨʘʞʝʥʠʡ ʦʪ 

ʦʢʨʫʞʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʷ S-ʧʘʨʘʤʝʪʨʦʚ 

ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʙʦʨ ʩʧʝʮʠʘʣʴʥʳʭ ʢʘʣʠʙʨʦʚʦʢ ʩ ʚʳʯʠʪʘʥʠʝʤ ʬʦʥʘ 

(Background). 

 

ʈʠʩ. 1. ɹʣʦʢ-ʩʭʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

 

ʊʘʢ ʢʘʢ ʦʙʱʘʷ ʜʣʠʥʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ (ʧʦʨʷʜʢʘ  

10 ʤʝʪʨʦʚ ʩ ʫʯʝʪʦʤ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʙʝʣʝʡ) ʠ ʚ ʪʨʘʢʪʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʨʷʜ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʪʦ ʥʘ ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 11S  ʠ 21S  

ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʨʷʜ ʙʠʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʧʝʨʝʦʪʨʘʞʝʥʠʷʤʠ ʤʝʞʜʫ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʪʨʘʢʪʘ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʳʜʝʣʠʪʴ ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ ʥʘ ʬʦʥʝ 
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ʧʘʨʘʟʠʪʥʳʭ ʧʝʨʝʦʪʨʘʞʝʥʠʡ (ʧʦʤʝʭ) ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʮʝʜʫʨʘ ʚʨʝʤʝʥʥʦʡ 

ʩʝʣʝʢʮʠʠ (Time Domain) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʢʥʘ ʂʘʡʟʝʨʘ-ɹʝʩʩʝʣʷ. ʇʦʤʠʤʦ ʵʪʦʛʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʦʩʮʠʣʣʷʮʠʡ ʩʠʛʥʘʣʘ 

ʥʘ ʢʨʘʷʭ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʚʳʟʚʘʥʥʳʭ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ ʵʬʬʝʢʪʦʤ ɻʠʙʙʩʘ 

[3]. 

3. ɸʣʛʦʨʠʪʤ ʢʦʨʨʝʢʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ S-ʧʘʨʘʤʝʪʨʦʚ 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʜʠʘʤʝʪʨ ʜʠʘʬʨʘʛʤʳ (ʧʦʟʠʮʠʷ 6 ʥʘ ʨʠʩ. 1) ʧʨʝʚʳʰʘʝʪ 

ʨʘʟʤʝʨ 2l, ʚʝʨʭʥʝʝ ʠ ʥʠʞʥʝʝ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ ʫʩʪʘʥʦʚʢʠ, ʛʜʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʘʥʪʝʥʥʳ (ʧʦʟʠʮʠʠ 4 ʠ 5 ʥʘ ʨʠʩ. 1), ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʚʦʙʦʜʥʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʩ ʚʦʣʥʦʚʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʨʘʚʥʳʤ 0 120W p=  ʆʤ. 

ʋʤʝʥʴʰʝʥʠʝ ʜʠʘʤʝʪʨʘ ʘʧʝʨʪʫʨʳ ʜʦ ʟʥʘʯʝʥʠʷ 2l<  ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ. ʉ 

ʮʝʣʴʶ ʢʦʨʨʝʢʮʠʠ ʫʢʘʟʘʥʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʜʝʣʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ: ʧʨʦʩʪʨʘʥʩʪʚʦ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠʤʝʝʪ ʚʦʣʥʦʚʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ a ʨʘʟ. ɼʘʣʝʝ ʩʦʩʪʘʚʣʷʝʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʜʣʠʥʥʘʷ ʣʠʥʠʷ (ʨʠʩ. 2), 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ [4]. 

ɺ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʜʣʠʥʥʦʡ ʣʠʥʠʠ ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʠʤʧʝʜʘʥʩ) ʀɿʄZ  

ʦʙʨʘʟʮʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʜʠʘʬʨʘʛʤʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

       
11_

0

11_

1

1

ʀɿʄ

ʀɿʄ

ʀɿʄ

S
Z aW

S

+
=

-
,                        (2) 

ʛʜʝ   W0 ï ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ; 

ʘW0 ï ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ; 

11_ʀɿʄS  ï ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ ʠʟʤʝʨʷʝʪʩʷ ʫʩʪʘʥʦʚʢʦʡ. 

ʆʙʨʘʟʝʮ ʚ ʜʣʠʥʥʦʡ ʣʠʥʠʠ (ʨʠʩ. 2) ʧʨʝʜʩʪʘʚʣʝʥ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʤ ʩ 

ʤʘʪʨʠʮʝʡ ʧʝʨʝʜʘʯʠ 2( , , )A de m ʜʣʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ (d ï ʪʦʣʱʠʥʘ 

ʦʙʨʘʟʮʘ, e  ʠ m ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠ ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʨʘʟʮʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʤʘʪʨʠʮʘ ʧʝʨʝʜʘʯʠ ʦʙʨʘʟʮʘ, 
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ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʜʠʘʬʨʘʛʤʝ, ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʤʘʪʨʠʮʳ ʧʝʨʝʜʘʯʠ ʦʙʨʘʟʮʘ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʫʩʪʴ ʚʦʣʥʦʚʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʦʣʥʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ a ʨʘʟ. ʊʦʛʜʘ ʜʣʷ ʧʘʨʘʤʝʪʨʘ ʀɿʄS _21 , 

ʠʟʤʝʨʷʝʤʦʛʦ ʫʩʪʘʥʦʚʢʦʡ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

                           0
21_

0 0 2 2 2

2 1

( ) ( ( ) ( ))

ʀɿʄ
ʀɿʄ

ʀɿʄ

Z aW
S

Z aW aW ch j d W sh j dg g
=

+ -
,   (3) 

ʛʜʝ 2W  ï ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʨʘʟʮʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʜʠʘʬʨʘʛʤʝ; 

      2g ï ʧʦʩʪʦʷʥʥʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʚ ʦʙʨʘʟʮʝ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʜʠʘʬʨʘʛʤʝ. 

 

 

ʈʠʩ. 2. ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʜʣʠʥʥʘʷ ʣʠʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. 
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ʀʩʪʠʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 
21_ʀS  ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʬʦʨʤʫʣʦʡ: 

                           
( ) ( )( )

0
12 _

0 0 1 1 1

2 1

( )

ʀ
ʀ

ʀ

Z W
S

Z W W ch j d W sh j dg g
=

+ -
,                              (4)         

ʛʜʝ  1W  ï ʠʩʪʠʥʥʦʝ ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʨʘʟʮʘ; 

ʀZ  ï ʠʩʪʠʥʥʦʝ ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʠʤʧʝʜʘʥʩ) ʦʙʨʘʟʮʘ ʚ ʩʚʦʙʦʜʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ; 

1g ï ʧʦʩʪʦʷʥʥʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʚ ʦʙʨʘʟʮʝ ʚ 

ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ɺ ʠʪʦʛʝ ʢʦʵʬʬʠʮʠʝʥʪ KK , ʢʦʨʨʝʢʪʠʨʫʶʱʠʡ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ, ʤʦʞʝʪ 

ʙʳʪʴ ʟʘʧʠʩʘʥ ʚ ʚʠʜʝ:  

                                  
21_

21_

( 1)

( 1)

ʀ ʀ ʀɿʄ
ʂ

ʀɿʄ ʀɿʄ ʀ

S Z Z
ʂ

S Z Z

¡ ¡+
= =

¡ ¡+
 ,                                     (5) 

ʛʜʝ 
0aW

Z
Z ʀɿʄ

ʀɿʄ=
¡

 ï ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʠʟʤʝʨʝʥʥʦʝ ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʦʙʨʘʟʮʘ; 

 

0

ʀ
ʀ

Z
Z

W
¡=  ï ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʠʩʪʠʥʥʦʝ ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʨʘʟʮʘ. 

ɺʳʨʘʞʝʥʠʝ (5) ʟʘʧʠʩʘʥʦ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʪʦʥʢʦʛʦ ʩʣʦʷ, ʢʦʛʜʘ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ, ʯʪʦ 

                                            
( ) ( )
( ) ( )

2 2 2

1 1 1

1
ch j d W sh j d

ch j d W sh j d

g g

g g

- ¡
º

- ¡
,                                              (6) 

ʛʜʝ  
0

1
1

W

W
W =¡  ʠ 

0

2
2

aW

W
W =¡  ï ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʚʦʣʥʦʚʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʨʘʟʮʘ ʚ 

ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚ ʜʠʘʬʨʘʛʤʝ. 

ʀʩʧʦʣʴʟʫʷ ʪʝʦʨʠʶ ʜʣʠʥʥʳʭ ʣʠʥʠʡ ʠ ʧʨʘʚʠʣʦ ʧʝʨʝʩʯʝʪʘ ʚʭʦʜʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʠʟʤʝʨʝʥʥʦʛʦ ʠ ʠʩʪʠʥʥʦʛʦ 

ʚʭʦʜʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʦʙʨʘʟʮʘ: 
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2
2

0 2 2
0

0
2 2

2 2

1 ( )
1 ( )

1
1 ( ) 1 ( )

ʀɿʄ ʀɿʄ

W
j tg d
aW jW tg d

Z aW Z
aW

j tg d j tg d
W W

g
g

g g

+
¡+¡= Ý =

+ +
¡

;                      (7) 

                

1
1

0 1 1
0

0
1 1

1 1

1 ( )
1 ( )

1
1 ( ) 1 ( )

ʀ ʀ

W
j tg d
W jW tg d

Z W Z
W

j tg d j tg d
W W

g
g

g g

+
¡+¡= Ý =

+ +
¡

,                         (8) 

ʇʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʦʙʨʘʟʝʮ ʪʦʥʢʠʡ ʤʦʞʥʦ ʩʯʠʪʘʪʴ: 

                            

2

2 1 2

21 1

1

1
1 ( )

( )
1

1( )
1 ( )

j tg d
aW tg d W

tg dW j tg d
W

g
g

g g

+
¡ ¡

º
¡

+
¡

.                                          (9) 

ʊʦʛʜʘ ʠʟ ʫʨʘʚʥʝʥʠʡ (7) ʠ (8) ʤʦʞʥʦ ʥʘʡʪʠ ʚʝʣʠʯʠʥʫ ɸ: 

                            
2

1

2

2

1 ( 1)

1 ( 1)

ʀ

ʀɿʄ

Z W a
A

Z W a

¡ ¡- -
= =

¡ ¡- -
 .                                                  (10) 

ɺʦʣʥʦʚʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʨʘʟʮʘ 1W  ʠ 2W  ʧʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ e ʠ m 

ʩʯʠʪʘʝʤ ʨʘʚʥʳʤʠ, ʪʦʛʜʘ 1W
m

e
¡=  ʠ  2

1
W

a

m

e
¡= , ʘ ʚʳʨʘʞʝʥʠʝ (10) ʧʝʨʝʧʠʰʝʪʩʷ 

ʚ ʚʠʜʝ: 

                                          
2

1 a

A

a

m

e

m

e

å õ
-æ ö

ç ÷=

-
.                                                   (11) 

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ         

S-ʧʘʨʘʤʝʪʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʟʥʘʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʤʘʪʝʨʠʘʣʘ ʦʙʨʘʟʮʘ, ʘ ʪʘʢʞʝ ʣʠʙʦ ʠʩʪʠʥʥʦʝʀZ ¡, ʣʠʙʦ 

ʠʟʤʝʨʝʥʥʦʝ ʀɿʄZ ¡ ʟʥʘʯʝʥʠʝ ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʨʘʟʮʘ. ʊʦʛʜʘ ʧʦ ʬʦʨʤʫʣʝ 

(5) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʫʣʳ (11) ʤʦʞʥʦ ʥʘʡʪʠ ʢʦʨʨʝʢʪʠʨʫʶʱʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ KK . 
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ɽʩʣʠ ʟʥʘʪʴ ʧʘʨʘʤʝʪʨ a, ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʠ ʤʘʛʥʠʪʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʦʙʨʘʟʮʘ e ʠ m, ʪʦ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʠʩʪʠʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 11_ʀS  (ʠʩʪʠʥʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ) ʥʝʦʙʭʦʜʠʤʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʠʟʤʝʨʝʥʥʦʝ ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʨʘʟʮʘ: 

                                     
11_

11_

1

1

ʀɿʄ

ʀɿʄ

ʀɿʄ

S
Z

S

-
¡=
+

,                                                   (12ʘ) 

                                   1 ( 1)ʀ ʀɿʄZ A Z¡ ¡= + -.                                                  (12ʙ) 

ɺ ʠʪʦʛʝ 

                                         11_

1

1

ʀ
ʀ

ʀ

Z
S

Z

¡-
=
¡+

.                                                        (13) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʦʙʨʘʟʮʘ ʥʘ 

ʤʝʪʘʣʣʝ 11_

M

ʀS  ʥʝʦʙʭʦʜʠʤʦ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʨʘʟʮʘ: 

                                                   2

M M

ʀ ʀɿʄZ a Z¡ ¡= ,                                           (14) 

ʛʜʝ 2a  ï ʢʦʨʨʝʢʪʠʨʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʷ ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

(ʠʤʧʝʜʘʥʩʘ) ʦʙʨʘʟʮʘ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʦʙʨʘʟʮʘ ʥʘ 

ʤʝʪʘʣʣʝ. 

ʀʩʧʦʣʴʟʫʷ ʪʝʦʨʠʶ ʜʣʠʥʥʳʭ ʣʠʥʠʡ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

                              1 1 1 1
2 2 2

2 22 2

( )

( )

W tg d W d
a A B

tg d dW W

g g

g g

¡ ¡
= º =
¡ ¡

.                                   (15ʘ) 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʦʙʨʘʟʮʘ 1m= , ʚʝʣʠʯʠʥʘ 

0

2 2A A const= = . ɽʩʣʠ 1m¸, ʪʦ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 2( )A m , ʧʦʣʫʯʝʥʥʘʷ 

ʵʤʧʠʨʠʯʝʩʢʠʤ ʧʫʪʝʤ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʦʙʨʘʟʮʦʚ ʩ 

ʨʘʟʣʠʯʥʦʡ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ (1 5m¡< < ʠ 0,1 / 2m m¡¡ ¡< <), ʚʳʛʣʷʜʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

                                                   
0

2
2

4

1
1

A
A

m

-
= + .                                            (15ʙ) 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 2( , )B e m ʚʦʩʧʦʣʴʟʫʝʤʩʷ 

ʩʪʘʥʜʘʨʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʧʦʩʪʦʷʥʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ ʚ 

ʚʦʣʥʦʚʦʜʥʳʭ ʩʠʩʪʝʤʘʭ: 

                                     
2

0
2 2 2

0 2

1

1

k
B

k b

em

em c

em

= =
-

-

,                                     (15ʚ) 

ʛʜʝ c ï ʥʝʢʦʪʦʨʘʷ ʚʝʣʠʯʠʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʬʨʦʥʪ ʚʦʣʥʳ ʚ ʧʣʦʩʢʦʩʪʠ 

ʜʠʘʬʨʘʛʤʳ; 

2b  ï ʥʝʢʦʪʦʨʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʩʚʷʟʘʥʥʳʡ ʩ ʠʩʢʨʠʚʣʝʥʠʝʤ ʬʨʦʥʪʘ ʚʦʣʥʳ ʚ 

ʜʠʘʬʨʘʛʤʝ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʯʘʩʪʦʪʳ. 

ɽʩʣʠ ʠʟʚʝʩʪʥʳ ʧʘʨʘʤʝʪʨʳ 2A  ʠ 2b , ʘ ʪʘʢʞʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠ ʤʘʛʥʠʪʥʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʨʘʟʮʘ e ʠ m, ʪʦ ʧʦ ʬʦʨʤʫʣʘʤ (14) ʠ (15ʘ) ʦʧʨʝʜʝʣʷʝʤ ʠʩʪʠʥʥʦʝ 

ʟʥʘʯʝʥʠʝ M

ʀZ ¡. ɼʘʣʝʝ ʥʘʭʦʜʠʤ 11_

M

ʀS  ʧʦ ʬʦʨʤʫʣʝ (13). ʈʘʟʣʠʯʠʝ ʚ ʧʨʦʮʝʜʫʨʘʭ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 11S  ʠ 21S  ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʦʙʨʘʟʮʘ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʝ 

ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ ʚʝʨʭʥʝʡ ʨʫʧʦʨʥʦʡ ʘʥʪʝʥʥʳ ʫʯʘʩʪʠʝ ʥʝ ʧʨʠʥʠʤʘʝʪ.  

4. ʆʧʨʝʜʝʣʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʨʘʟʮʘ ʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʨʨʝʢʮʠʠ S-ʧʘʨʘʤʝʪʨʦʚ 

ʇʨʠʚʝʜʝʥʥʘʷ ʚ ʨʘʟʜʝʣʝ 3 ʧʨʦʮʝʜʫʨʘ ʢʦʨʨʝʢʮʠʠ S-ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʟʮʦʚ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʚʝʩʪʥʳ e ʠ m ʦʙʨʘʟʮʘ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟʥʘʯʘʣʴʥʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ. ʂʨʦʤʝ ʵʪʦʛʦ, ʜʦʣʞʝʥ ʙʳʪʴ 

ʠʟʚʝʩʪʝʥ ʧʘʨʘʤʝʪʨ a. ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʘʨʘʤʝʪʨ a ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ 

ʠʟʤʝʨʝʥʠʡ: ʜʣʷ ʠʟʤʝʨʝʥʠʷ 21S  ï ʧʘʨʘʤʝʪʨ 1ʘ, ʜʣʷ ʠʟʤʝʨʝʥʠʷ 11

MS  ï ʧʘʨʘʤʝʪʨ 2ʘ, 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ 11S  ï ʧʘʨʘʤʝʪʨ 3ʘ. 

ʇʘʨʘʤʝʪʨ 2ʘ ʥʘʭʦʜʠʪʩʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ 11

MS  ʜʚʫʭ ʵʪʘʣʦʥʥʳʭ 

ʦʙʨʘʟʮʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʵʪʘʣʦʥʥʦʛʦ ʦʙʨʘʟʮʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʟʜʫʰʥʳʡ 

ʩʣʦʡ ʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 1e=  ʪʦʣʱʠʥʦʡ ʧʦʨʷʜʢʘ 1 ʤʤ. ɺ 
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ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ʵʪʘʣʦʥʥʦʛʦ ʦʙʨʘʟʮʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʦʡ ʠʟ ʤʘʪʝʨʠʘʣʘ ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʕe ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 

1ʕm =. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʩʪʝʢʣʦ ʩ 7eº  

ʪʦʣʱʠʥʦʡ ʦʪ 1 ʜʦ 2 ʤʤ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ (ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʵʪʘʣʦʥʥʳʭ ʩʣʦʝʚ 

ʪʦʯʥʦ ʠʟʚʝʩʪʥʳ, ʠ ʨʘʩʯʝʪʳ ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʩ ʧʦʤʦʱʴʶ ʤʘʪʨʠʯʥʦʛʦ ʤʝʪʦʜʘ 

[4]) ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 2

ɺʘ  ʜʣʷ ʚʦʟʜʫʰʥʦʛʦ ʩʣʦʷ ʠ 

2

ɼʘ  ʜʣʷ ʩʣʦʷ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʧʦ ʬʦʨʤʫʣʘʤ 

(12ʘ) ʠ (14). ɼʘʣʝʝ ʩʦʩʪʘʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ: 

                                            

0

2 2

2

0

2 2

2

1

1

1

1
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ɼ
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b
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e m
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ì
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                                           (16a) 

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (16ʘ) ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ: 

                                            

2

2

2

2 2
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ʕ ʕ
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A ʘ b

e m

è å õ
-é æ ö

é ç ÷=
é

å õ
é -æ ö
é ç ÷
é
= -éê

                                           (16ʙ) 

ʇʘʨʘʤʝʪʨʳ 1ʘ ʠ 3ʘ ʥʘʭʦʜʷʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ S-ʧʘʨʘʤʝʪʨʦʚ 

ʦʜʥʦʛʦ ʵʪʘʣʦʥʥʦʛʦ ʦʙʨʘʟʮʘ. ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘ A ʥʝʦʙʭʦʜʠʤʦ 

ʨʝʰʠʪʴ ʢʚʘʜʨʘʪʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʚʳʪʝʢʘʝʪ ʠʟ ʬʦʨʤʫʣʳ (11), ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʠʟʚʝʩʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 1ʘ ʠʣʠ 3ʘ: 

                                     2

1,3 1,3( 1) 0Aa a A
m m

e e
+ - - = .                                   (16ʚ) 
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ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʧʘʨʘʤʝʪʨʘ 11S  ʵʪʘʣʦʥʥʦʛʦ ʦʙʨʘʟʮʘ ʚʝʣʠʯʠʥʘ A ʥʘʭʦʜʠʪʩʷ ʠʟ 

ʬʦʨʤʫʣʳ (10). ʇʨʠ ʵʪʦʤ ʀZ ¡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ, ʥʘʧʨʠʤʝʨ, ʩ 

ʧʦʤʦʱʴʶ ʤʘʪʨʠʯʥʦʛʦ ʤʝʪʦʜʘ [4], ʘ ʀɿʄZ ¡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʟʤʝʨʝʥʠʡ ʧʦ ʬʦʨʤʫʣʝ (12ʘ). ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʧʘʨʘʤʝʪʨʘ 21S  ʵʪʘʣʦʥʥʦʛʦ ʦʙʨʘʟʮʘ 

ʚʝʣʠʯʠʥʘ A ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʠʟ ʬʦʨʤʫʣʳ (10). ʉʥʘʯʘʣʘ ʥʘʭʦʜʠʪʩʷ ʀZ ¡ 

ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ, ʘ ʧʦʪʦʤ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʀɿʄZ ¡ ʧʦ ʢʦʨʨʝʢʪʠʨʫʶʱʝʤʫ 

ʢʦʵʬʬʠʮʠʝʥʪʫ KK  ʧʦ ʬʦʨʤʫʣʝ (5). ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (16ʚ) ʥʝʦʙʭʦʜʠʤʦ ʙʨʘʪʴ 

ʩ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʴʶ. 

ʆʧʨʝʜʝʣʷʪʴ e ʠ m ʦʙʨʘʟʮʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 21S  ʠ 11

MS  ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʠʪʝʨʘʮʠʦʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ: 

1) ʇʦ ʬʦʨʤʫʣʘʤ 13 ʠ 14 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʘ 2ʘ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʘ 11

MS . ʅʘ ʧʝʨʚʦʡ ʠʪʝʨʘʮʠʠ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ 0

2 2ʘ A= , 

ʧʘʨʘʤʝʪʨ 2B  ʩʯʠʪʘʝʪʩʷ ʨʘʚʥʳʤ ʝʜʠʥʠʮʝ. 

2) ʀʩʭʦʜʷ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʦʙʘ ʧʨʦʚʝʜʝʥʥʳʭ ʠʟʤʝʨʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʠʩʪʠʥʥʳʤʠ, ʨʝʰʘʝʪʩʷ ʩʠʩʪʝʤʘ ʠʟ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ (1), ʟʘʪʝʤ ʦʧʨʝʜʝʣʷʶʪʩʷ e ʠ m 

ʦʙʨʘʟʮʘ. 

3) ʇʦ ʬʦʨʤʫʣʝ (1) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨ 11S , ʘ ʧʦʪʦʤ ʀZ ¡. 

4) ʇʦ ʠʟʚʝʩʪʥʦʤʫ ʧʘʨʘʤʝʪʨʫ 1ʘ ʧʦ ʬʦʨʤʫʣʘʤ (10) ʠ (11) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʘʡʜʝʥʥʳʭ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʟʥʘʯʝʥʠʡ e ʠ m ʦʧʨʝʜʝʣʷʝʪʩʷ ʀɿʄZ ¡. 

5) ʇʦ ʬʦʨʤʫʣʝ (5) ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʨʨʝʢʪʠʨʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ KK  ʠ 

ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʘ 21S . 

6) ʇʦ ʬʦʨʤʫʣʝ (15ʘ), ʠʩʧʦʣʴʟʫʷ ʠʟʚʝʩʪʥʳʝ ʚʝʣʠʯʠʥʳ 0

2A , 2b  ʠ 

ʦʧʨʝʜʝʣʸʥʥʳʝ e ʠ m  ʦʙʨʘʟʮʘ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʫʣ (15ʙ) ʠ (15ʚ) 

ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʧʘʨʘʤʝʪʨ 2ʘ. 

7) ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʟʮʘ 

e ʠ m  ʧʦʚʪʦʨʷʶʪʩʷ ʧʫʥʢʪʳ 1-6.   
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5. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʦʟʠʪʥʳʭ 

ʦʙʨʘʟʮʦʚ ʜʦ ʠ ʧʦʩʣʝ ʢʦʨʨʝʢʮʠʠ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʫʜʘʝʪʩʷ ʧʨʦʚʦʜʠʪʴ 

ʢʦʨʨʝʢʮʠʶ ʧʘʨʘʤʝʪʨʦʚ e ʠ m  ʦʙʨʘʟʮʦʚ ʤʘʪʝʨʠʘʣʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʚʳʰʝ        

3 ɻɻʮ. ɼʘʥʥʘʷ ʢʦʨʨʝʢʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʘʬʨʘʛʤʳ ʜʠʘʤʝʪʨʦʤ 80 ʤʤ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ ʜʣʠʥʳ  

ʚʦʣʥʳ l ʧʘʜʘʶʱʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʤ 

ʜʠʘʧʘʟʦʥʝ.  

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʘʬʨʘʛʤʳ 80 ʤʤ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʚʦʩʴʤʠ ʦʙʨʘʟʮʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʚʘʨʴʠʨʫʶʱʠʤʠʩʷ ʚ ʰʠʨʦʢʠʭ 

ʧʨʝʜʝʣʘʭ. ʆʙʨʘʟʮr  ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʣʠʩʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʛʘʙʘʨʠʪʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 200Ĭ200 ʤʤ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʥʳʭ ʩʚʷʟʫʶʱʠʭ, 

ʥʘʧʦʣʥʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʤʠ ʤʘʛʥʠʪʦʤʷʛʢʠʤʠ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ ʧʦʨʦʰʢʘʤʠ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʥʘʧʦʣʥʝʥʠʷ. ʇʦʣʥʳʡ 

ʧʝʨʝʯʝʥʴ ʠʟʤʝʨʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʢʘʟʘʥʠʝʤ ʠʭ ʪʦʣʱʠʥʳ ʧʨʠʚʝʜʝʥ ʚ 

ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1. ʇʝʨʝʯʝʥʴ ʠʟʤʝʨʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. 

ˉ 

ʦʙʨʘʟʮʘ 

ʊʦʣʱʠʥʘ, 

ʤʤ 

1 0,23 

2 0,50 

3     0,44 

4     0,44 

5     0,43 

6     0,28 

7     0,25 

8     0,35 
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ʅʘ ʨʠʩ. 3-10 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ e ʠ m 

ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʢʦʨʨʝʢʮʠʠ.  ɺʩʝ ʠʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 3,0 ʜʦ 24 ɻɻʮ, ʦʜʥʘʢʦ ʜʣʷ ʫʜʦʙʩʪʚʘ ʦʪʦʙʨʘʞʝʥʠʷ ʥʘ 

ʛʨʘʬʠʢʘʭ ʯʘʩʪʦʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʧʦ ʯʘʩʪʦʪʝ (ʦʩʴ ʘʙʩʮʠʩʩ) 

ʦʛʨʘʥʠʯʝʥ ʟʥʘʯʝʥʠʝʤ 10 ɻɻʮ. 

ʉ ʮʝʣʴʶ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʩʣʝ ʢʦʨʨʝʢʮʠʠ ʙʳʣʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭ ʞʝ ʩʘʤʳʭ 

ʦʙʨʘʟʮʦʚ ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 3,0 ʜʦ 24 ɻɻʮ, ʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʠʘʬʨʘʛʤʳ 

ʜʠʘʤʝʪʨʦʤ 180 ʤʤ. ʅʘ ʛʨʘʬʠʢʘʭ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩ. 3-10, ʜʘʥʥʳʝ ʢʨʠʚʳʝ 

ʯʘʩʪʦʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʟʦʙʨʘʞʝʥʳ ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʩʠʥʝʛʦ ʠ ʢʨʘʩʥʦʛʦ 

ʮʚʝʪʘ. ʈʘʟʤʝʨ ʜʠʘʬʨʘʛʤʳ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 2l ʠ ʙʦʣʝʝ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʥʘ ʯʘʩʪʦʪʘʭ ʚʳʰʝ 3 ɻɻʮ ʪʦʯʥʳʤʠ ʩ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ. ʇʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʚʝʜʝʥʳ ʚ  

ʪʘʙʣʠʮʝ 2. ʋʢʘʟʘʥʥʳʝ ʚʝʣʠʯʠʥʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʧʨʝʜʝʣʝʥʳ ʜʣʷ ʜʠʘʬʨʘʛʤʳ   180 

ʤʤ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʪʪʝʩʪʘʮʠʠ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʡ ʌɻʋʇ ɺʅʀʀʌʊʈʀ. 

 

ʊʘʙʣʠʮʘ 2. ʇʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ. 

 

ɺʝʣʠʯʠʥʘ ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʜʣʷ 

ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ 0,95, ʥʝ ʙʦʣʝʝ, % 

/e e¡ ¡D  2 

/e e¡¡ ¡¡D  10 

/m m¡ ¡D  5 

/m m¡¡ ¡¡D  5 
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ʈʠʩ. 3. ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʦʙʨʘʟʮʘ ˉ1 ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʢʦʨʨʝʢʮʠʠ 
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ʈʠʩ. 4. ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʦʙʨʘʟʮʘ ˉ2 ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʢʦʨʨʝʢʮʠʠ 
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ʈʠʩ. 5. ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʦʙʨʘʟʮʘ ˉ3 ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʢʦʨʨʝʢʮʠʠ 
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ʈʠʩ. 6. ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʦʙʨʘʟʮʘ ˉ4 ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʢʦʨʨʝʢʮʠʠ 
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ʈʠʩ. 7. ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʦʙʨʘʟʮʘ ˉ5 ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʢʦʨʨʝʢʮʠʠ 


