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ʉʇʀʉʆʂ ʉʂʆʈʆʏɽʅʔ 

 

 

ACF ï amplitude comparison function (ʬʫʥʢʮʽʾ ʧʦʨʽʚʥʷʥʥʷ ʘʤʧʣʽʪʫʜ). 

ASE ï amplified spontaneous emission (ʧʦʩʠʣʝʥʘ ʩʧʦʥʪʘʥʥʘ ʝʤʽʩʩʽʷ). 

BER ï bit error ratio (ʙʽʪʦʚʠʡ ʢʦʵʬʽʮʽʝʥʪ ʧʦʤʠʣʦʢ). 

CDR ï compression dynamic range (ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʧʦ 

ʢʦʤʧʨʝʩʩʽʽ ʧʽʜʩʠʣʝʥʥʷ)  

CDV ï compressed digital video (ʩʪʠʩʣʠʡ ʮʠʬʨʦʚʠʡ ʬʦʨʤʘʪ 

ʚʽʜʝʦʩʠʛʥʘʣʫ). 

CIR ï carrier-to-intermodulation ratio (ʚʽʜʥʦʰʝʥʥʷ ʥʦʩʽʡʥʦʾ ʜʦ 

ʽʥʪʝʨʤʦʜʫʣʷʮʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ). 

CNR ï carrier-to-noise ratio (ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣʫ ʥʦʩʽʡʥʦʾ ʜʦ ʰʫʤʫ). 

CSʆ ï composite second-order (ʢʦʤʧʦʟʠʪʥʽ ʽʥʪʝʨʤʦʜʫʣʷʮʽʡʥʽ 

ʩʧʦʪʚʦʨʝʥʥʷ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ). 

ʉʊɺ ï composite triple-beat (ʢʦʤʧʦʟʠʪʥʽ ʽʥʪʝʨʤʦʜʫʣʷʮʽʡʥʽ 

ʩʧʦʪʚʦʨʝʥʥʷ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ). 

DARPA ï Defense Advanced Research Projects Agency (ɸʛʝʥʪʩʪʚʦ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʧʨʦʝʢʪʽʚ ʦʙʦʨʦʥʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ). 

DDR ï dual depletion region (ʧʦʜʚʽʡʥʘ ʟʙʽʜʥʝʥʘ ʦʙʣʘʩʪʴ). 

DGD ï differential group delay (ʜʠʬʝʨʝʥʮʽʡʥʘ ʛʨʫʧʦʚʘ ʟʘʪʨʠʤʢʘ). 

DPMZM ï dual parallel Mach-Zehnder modulator (ʧʦʜʚʽʡʥʠʡ 

ʧʘʨʘʣʝʣʴʥʠʡ ʄʄʎ). 

DRS ï double Rayleigh scattering (ʧʦʜʚʽʡʥʝ ʨʝʣʝʻʚʩʴʢʝ ʨʦʟʩʽʶʚʘʥʥʷ). 

EVM ï error vector magnitude (ʘʤʧʣʽʪʫʜʘ ʚʝʢʪʦʨʘ ʧʦʭʠʙʦʢ). 

FEC ï forward error correction (ʧʨʷʤʝ ʚʠʧʨʘʚʣʝʥʥʷ ʧʦʭʠʙʦʢ). 

FSR ï free-spectral range (ʦʙʣʘʩʪʴ ʚʽʣʴʥʦʾ ʜʠʩʧʝʨʩʽʾ). 

FWHM ï full width at half-maximum (ʧʦʚʥʘ ʰʠʨʠʥʘ ʥʘ ʧʦʣʦʚʠʥʽ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ). 



 6 

IFM ï instantaneous frequency measurement (ʚʠʤʽʨ ʤʠʪʪʻʚʦʾ ʯʘʩʪʦʪʠ). 

ɯɯʈn ï nth-order input intercept point (ʚʭʽʜʥʘʷ ʪʦʯʢʘ ʧʝʨʝʪʠʥʫ n-ʛʦ 

ʧʦʨʷʜʢʫ). 

IMDD ï intensity modulation direct detection (ʤʦʜʫʣʷʮʽʷ ʧʦ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʽ ʧʨʷʤʝ  ʜʝʪʝʢʪʫʚʘʥʥʷ). 

MDS ï minimum detectable signal (ʤʽʥʽʤʘʣʴʥʦ ʚʠʷʚʣʝʥʠʡ ʩʠʛʥʘʣ). 

MER ï modulation error ratio (ʢʦʝʬʽʮʽʻʥʪ ʧʦʤʠʣʦʢ ʤʦʜʫʣʷʮʽʾ). 

MFD ï mode field diameter (ʜʽʘʤʝʪʨ ʤʦʜʦʚʦʛʦ ʧʦʣʷ). 

NBUTC ï near-ballistic uni-traveling-carrier (ʦʜʠʥ ʪʠʧ ʤʘʡʞʝ 

ʙʘʣʽʩʪʠʯʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ). 

NP ï noise penalty (ʰʪʨʘʬ ʟʘ ʰʫʤ). 

OIP2 ï second-order output intercept point (ʚʠʭʽʜʥʘ ʪʦʯʢʘ ʧʝʨʝʪʠʥʫ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ). 

OIP3 ï third-order output intercept point (ʚʠʭʽʜʥʘʘ ʪʦʯʢʘ ʧʝʨʝʪʠʥʫ 

ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ). 

PDA ï partially depleted absorber (ʯʘʩʪʢʦʚʦ ʟʙʽʜʥʝʥʘ ʦʙʣʘʩʪʴ 

ʧʦʛʣʠʥʘʥʥʷ). 

PDG ï polarization-dependent gain (ʧʦʣʷʨʠʟʘʮʽʦʥʥʦ-ʟʘʣʝʞʥʝ 

ʧʽʜʩʠʣʝʥʥʷ). 

PDL ï polarization dependent loss (ʧʦʣʷʨʠʟʘʮʽʦʥʥʽ ʚʪʨʘʪʠ). 

PM ï polarization-maintaining (ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʧʣʦʱʠʥʠ ʧʦʣʷʨʠʟʘʮʽʾ). 

PSK ï phase-shift keying (ʮʠʬʨʦʚʘ ʬʘʟʦʚʘ ʤʦʜʫʣʷʮʽʷ). 

QAM ï quadrature amplitude modulation (ʢʚʘʜʨʘʪʫʨʥʘ ʘʤʧʣʽʪʫʜʥʘ 

ʤʦʜʫʣʷʮʽʷ). 

RIN ï related intensity noise (ʚʽʜʥʦʩʥʠʡ ʰʫʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ). 

SBS ï Stimulated Brillouin scattering (ʚʠʤʫʰʝʥʝ ʨʦʟʩʽʶʚʘʥʥʷ 

ʄʘʥʜʝʣʴʰʪʘʤʘ ï ɹʨʽʣʣʶʝʥʘ). 

SFDR ï spurious-free dynamic range (ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʧʦ 

ʟʘʚʘʜʘʤ). 
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SNR ï signal-to-noise ratio (ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣʫ ʜʦ  ʰʫʤʫ). 

SRS ï Stimulated Raman scattering (ʚʠʤʫʰʝʥʝ ʢʦʤʙʽʥʘʮʽʡʥʝ 

ʨʦʟʩʽʶʚʘʥʥʷ). 

SSB ï single sideband (ʦʜʥʦʧʦʣʦʩʥʠʡ). 

TTD ï true time delay (ʟʘʪʨʠʤʢʘ ʚ ʽʩʪʠʥʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ). 

UTC ï uni-traveling-carrier (ʦʜʠʥ ʪʠʧ ʥʦʩʽʾʚ ʟʘʨʷʜʫ). 

VCSEL ï vertical cavity surface emitting laser (ʣʘʟʝʨ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʚʝʨʪʠʢʘʣʴʥʳʤ ʨʝʟʦʥʘʪʦʨʦʤ). 

ʍʈʄ ï cross-phase modulation (ʬʘʟʦʚʘ ʢʨʦʩ-ʤʦʜʫʣʷʮʽʷ). 

ɸɯɻ ï ʘʣʶʤʦʽʪʨʠʻʚʠʡ ʛʨʘʥʘʪ. 

ɸʆʄ ï ʘʢʫʩʪʦʦʧʪʠʯʥʠʡ ʤʦʜʫʣʷʪʦʨ. 

ɸʌɸʈ ïʘʢʪʠʚʥʘ ʬʘʟʦʚʘʥʘ ʘʥʪʝʥʥʘ ʨʝʰʽʪʢʘ. 

ɸʎʇ ï ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ. 

ɸʏʍ ï ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. 

ɹɺʇ ï ɹʨʽʣʣʶʝʥʽʚʩʴʢʠʡ ʚʦʣʦʢʦʥʥʠʡ ʧʽʜʩʠʣʶʚʘʯ. 

ʅɯʍ ï ʬʠʣʴʪʨ ʟ ʥʝʩʢʽʥʯʝʥʥʦʶ ʽʤʧʫʣʴʩʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ. 

ɺɸʍ ï ʚʦʣʴʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. 

ɺʆʃɿ ï ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʘ ʣʽʥʽʷ ʟʘʪʨʠʤʢʠ. 

ɺʆʃʇ ï ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʘ ʣʽʥʽʷ ʧʝʨʝʜʘʯʽ. 

ɺʆʉʇ ï ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʘ ʩʠʩʪʝʤʘ ʧʝʨʝʜʘʯʽ. 

ɺʪɸʍ ï ʚʘʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. 

ɺʏ ïʚʠʩʦʢʘ ʯʘʩʪʦʪʘ. 

ɻʂɼʌ ï ʛʝʥʝʨʘʪʦʨ ʢʦʣʠʚʘʥʴ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ. 

ɻʄɿï ʛʽʙʨʠʜʥʝ ʤʦʩʪʦʚʝ ʟ'ʻʜʥʘʥʥʷ. 

ɼʌʇ ï ʜʚʫʭʬʦʪʦʥʥʝ ʧʦʛʣʠʥʘʥʥʷ. 

ɯʄʉ ï ʽʥʪʝʨʤʦʜʫʣʷʮʽʦʥʥʽ ʩʧʦʪʚʦʨʝʥʥʷ. 

ɯʄʎ ï ʽʥʽʪʝʨʬʝʨʦʤʝʪʨ ʄʘʭʘ -ʎʘʥʜʝʨʘ. 

ɺʆʄ ï ʚʠʤʽʨʶʚʘʯ ʦʧʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

ʂɯʍï ʬʽʣʴʪʨ ʟ ʢʽʥʮʝʚʦʶ ʽʤʧʫʣʴʩʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ. 
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ʂʇ ï ʢʦʥʪʨʦʣʝʨ ʧʦʣʷʨʠʟʘʮʽʾ. 

ʃʌɼ ï ʣʘʚʠʥʥʠʡ ʬʦʪʦʜʽʦʜ. 

ʄɺʌ ï ʤʽʢʨʦʭʚʠʣʴʦʚʘ ʬʦʪʦʥʽʢʘ. 

ɹʇɯ ïʙʘʛʘʪʦʧʨʦʤʝʥʝʚʘ  ʽʥʪʝʨʬʝʨʝʥʮʽʷ. 

ʄʄʎ ï ʤʦʜʫʣʷʪʦʨ ʄʘʭʘ -ʎʘʥʜʝʨʘ. 

ʄʐʇ ï ʤʘʣʦʰʫʤʥʠʡ ʧʽʜʩʠʣʶʚʘʯ. 

ʆɸʉ ï ʦʧʪʠʯʥʠʡ ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʘ. 

ʆɻʂʏ ï ʦʧʪʠʯʥʠʡ ʛʝʥʝʨʘʪʦʨ ʢʦʤʙʽʥʘʮʽʡʥʠʭ ʯʘʩʪʦʪ. 

ʆʌʄ ï ʦʧʪʠʯʥʘ ʬʘʟʦʚʘ ʤʦʜʫʣʷʮʽʷ. 

ʆɽɻ ï ʦʧʪʦʝʣʝʢʪʨʦʥʥʠʡ ʛʝʥʝʨʘʪʦʨ. 

ʆɽʇ ï ʦʧʪʠʢʦʝʣʝʢʪʨʠʯʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ. 

ʇʍʇ ï ʧʽʚʭʚʠʣʴʦʚʘ ʧʣʘʩʪʠʥʘ. 

ʎɼʇ ï ʧʦʣʷʨʠʟʘʮʽʡʥʠʡ ʜʽʣʴʥʠʢ ʧʨʦʤʝʥʷ. 

ʇʂʄ ï ʧʦʣʷʨʠʟʘʮʽʡʥʘ ʢʨʦʩ-ʤʦʜʫʣʷʮʽʷ. 

ʅʃɺ ï ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʣʘʟʝʨʥʠʡ ʚʠʧʨʦʤʽʥʶʚʘʯ. 

ʇʄ ï ʧʦʣʷʨʠʟʘʮʽʡʥʠʡ ʤʦʜʫʣʷʪʦʨ. 

ʇʄɼ ï ʧʦʣʷʨʠʟʘʮʽʡʥʘ ʤʦʜʦʚʘ ʜʠʩʧʝʨʩʽʷ. 

ɿʆɸ ï ʟʤʽʥʥʠʡ ʦʧʪʠʯʥʠʡ ʘʪʝʥʶʘʪʦʨ. 

ʅʆʇ ï ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʦʧʪʠʯʥʠʡ ʧʽʜʩʠʣʶʚʘʯ. 

ʉʇʌ ï ʩʤʫʛʘʩʪʦ-ʧʨʦʧʫʩʢʘʶʯʠʡ ʬʽʣʴʪʨ. 

ʇʏ ï ʧʨʦʤ̔ʞʥʘ ʯʘʩʪʦʪʘ. 

ɿʇʏ ï ʟʥʠʞʫʶʯʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʯʘʩʪʦʪʠ. 

ʈɸʉ ï ʨʘʜʽʦʯʘʩʪʦʪʥʠʡ ʘʥʘʣʟʽʘʪʦʨ ʩʧʝʢʪʨʘ. 

ʈɹɺ ï ʨʦʟʧʦʜʽʣʝʥʠʡ ʙʨʝʛʽʚʩʴʢʠʡ ʚʽʜʙʠʚʘʯ. 

ʈɺʇ ï ʨʘʤʘʥʽʚʩʢʠʡ ʚʦʣʦʢʦʥʥʠʡ ʧʽʜʩʠʣʶʚʘʯ. 

ʈʃɿ ï ʨʘʜʽʦʣʦʢʘʮʽʦʥʠʡ ʟʘʩʽʙ. 

ʈɿɿ ïʨʦʟʧʦʜʽʣʝʥʠʡ ʟʚʦʨʦʪʥʽʡ ʟʚ'ʷʟʦʢ. 

ʈɽɹ ï ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʘ ʙʦʨʦʪʴʙʘ. 

ʈɽʇ ï ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʘ ʧʨʦʪʠʜʽʷ. 
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ʅɺʏ ï ʥʘʜʚʠʩʦʢʘ ʯʘʩʪʦʪʘ. 

ʉɼʄʇ ï ʩʧʝʢʪʨʘʣʴʥʠʡ ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨ. 

ʉʄʇ ï ʩʧʝʢʪʨʘʣʴʥʠʡ ʤʫʣʴʪʠʧʣʝʢʩʦʨ. 

ʉɻʇ ï ʩʧʝʢʪʨʘʣʴʥʘ ʛʫʩʪʠʥʘ ʧʦʪʫʞʥʦʩʪʽ. 

ʉɻʇʐ ï ʩʧʝʢʪʨʘʣʴʥʘ ʛʫʩʪʠʥʘ ʧʦʪʫʞʥʦʩʪʽ ʰʫʤʘ.  

ʉʈʂ ï ʩʧʝʢʪʨʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʢʘʥʘʣʽʚ. 

(WDM). ʉʌʉ ï ʩʭʝʤʘ ʬʘʟʦʚʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ. 

ʌɯʉ ï ʬʦʪʦʥʥʘ ʽʥʪʝʛʨʘʣʴʥʘ ʩʭʝʤʘ. 

ʌʂʄ ï ʬʘʟʦʚʘ ʢʨʦʩ-ʤʦʜʫʣʷʮʽʷ. 

ʌʉʄ ï ʬʘʟʦʚʘ ʩʘʤʦʤʦʜʫʣʷʮʽʷ. 

ʌʏʍ ï ʬʘʟʦʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. 

ʎʆʉ ï ʮʠʬʨʦʚʘ ʦʙʨʦʙʢʘ ʩʠʛʥʘʣʽʚ. 

ʏʍʇ ï ʯʚʝʨʪʴʭʚʠʣʴʦʚʘ ʧʣʘʩʪʠʥʘ. 

ʏʍɿ ï ʯʦʪʠʨʴʦʭʚʠʣʴʦʚʝ ʟʤʽʱʝʥʥʷ. 

ʏʄʍ ï ʯʘʩʪʦʪʥʦ-ʤʦʜʫʣʷʮʽʡʥʘ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. 

ɽɸʄ ï ʝʣʝʢʪʨʦʘʙʩʦʨʙʮʽʦʥʥʠʡ ʤʦʜʫʣʷʪʦʨ. 

ɽɺʇ ï ʝʨʙʽʻʚʠʡ ʚʦʣʦʢʦʥʥʠʡ  ʧʽʜʩʠʣʶʚʘʯ. 

ɽʄʇ ï ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʧʝʨʝʰʢʦʜʘ. 

ɽʆʇ ï ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ. 
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ʈʆɿɼɯʃ 1. ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʽ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ 

 

 

ʂʦʤʧôʶʪʝʨʥʘ ʝʣʝʢʪʨʦʥʽʢʘ ʦʩʫʯʘʩʥʝʥʘ ʪʘ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʧʪʦʪʝʭʥʽʢʠ, ʥʘʜʚʠʩʦʢʦʯʘʩʪʦʪʥʽʡ 

(ʅɺʏ) ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʮʽ, ʝʣʝʢʪʨʦʪʝʭʥʠʮʽ, ʨʘʜʽʦʬʦʪʦʥʽʮʽ ʪʘ ʤʽʢʨʦʭʚʠʣʴʦʚʽʡ 

ʬʦʪʦʥʽʮʽ (ʄʍʌ). ɺʽʜʧʦʚʽʜʥʦ, ʨʦʙʦʯʽ ʯʘʩʪʦʪʠ ʄʍʌ ʧʦʚʠʥʥʽ ʩʷʛʘʪʠ ʚʽʜ 

1 ʢɻʮ ʨʘʜʽʦʭʚʠʣʴ ʜʦ ʩʦʪʝʥʴ ʪʝʨʘʛʝʨʮ ʚ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʇʨʠʯʠʥʘ 

ʧʦʷʚʠ ʜʘʥʦʛʦ ʥʘʧʨʷʤʢʫ ʧʦʚ'ʷʟʘʥʘ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʠʨʽʰʝʥʥʷ ʽʥʞʝʥʝʨʥʦ-

ʪʝʭʥʽʯʥʠʭ ʟʘʚʜʘʥʴ, ʱʦ ʧʦʩʪʽʡʥʦ ʫʩʢʣʘʜʥʶʶʪʴʩʷ, ʽ ʷʢʽ ʟʤʫʩʠʣʠ 

ʨʘʜʽʦʽʥʞʝʥʝʨʽʚ ʚ ʧʦʰʫʢʘʭ ʥʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʡʪʠ ʟʘ ʤʝʞʽ ʩʚʦʻʾ 

ʜʠʩʮʠʧʣʽʥʠ ʡ ʟʚʝʨʥʫʪʠʩʷ ʜʦ ʦʧʪʠʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. ɿʘʛʘʣʦʤ, ʤʽʢʨʦʭʚʠʣʴʦʚʘ 

ʬʦʪʦʥʽʢʘ ʧʨʠʨʦʜʥʠʤ ʯʠʥʦʤ ʧʦʚ'ʷʟʘʥʘ ʽʟ ʾʾ ʦʩʥʦʚʘʤʠ ʽ ʨʦʟʚʠʚʘʻʪʴʩʷ ʥʘ ʙʘʟʽ 

ʩʫʯʘʩʥʠʭ ʧʦʪʨʝʙ ʨʘʜʽʦʩʠʩʪʝʤ. ʇʨʦʪʝ, ʪʝʭʥʦʣʦʛʽʾ ʩʪʚʦʨʝʥʥʷ ʾʾ ʢʦʤʧʦʥʝʥʪʥʦʾ 

ʙʘʟʠ ʚʠʤʘʛʘʶʪʴ ʨʦʟʚʠʪʢʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʘʛʘʪʴʦʭ ʦʙʣʘʩʪʝʡ. 

ʂʦʤʧôʶʪʝʨʥʽ ʤʝʨʝʞʽ ʚʠʡʰʣʠ ʥʘ ʨʽʚʝʥʴ ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʬʦʪʦʥʽʢʠ, 

ʭʦʯʘ ʚʦʥʘ, ʷʢ ʛʘʣʫʟʴ ʟʥʘʥʴ ʥʝ ʙʫʣʘ ʬʦʨʤʘʣʴʥʦ ʚʠʟʥʘʥʘ ʚ ʤʽʞʥʘʨʦʜʥʦʤʫ 

ʤʘʩʰʪʘʙʽ ʘʞ ʜʦ ʢʽʥʮʷ 80-ʭ ʧʦʯʘʪʢʫ 90-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ [1.1], 

ʽʩʪʦʨʽʷ ʨʦʟʚʠʪʢʫ ʪʨʠʚʘʻ ʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʨʦʢʽʚ. ʇʦʯʘʪʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʪʝʣʝʛʨʘʬʥʦʛʦ ʟʚ'ʷʟʢʫ ʚ ʧʝʨʰʽʡ 

ʧʦʣʦʚʠʥʽ 19-ʛʦ ʩʪʦʣʽʪʪʷ ʧʨʠʟʚʝʣʦ ʜʦ ʧʦʷʚʠ ʪʘʢʦʾ ʧʨʦʬʝʩʽʾ, ʷʢ ʨʘʜʽʦʽʥʞʝʥʝʨ. 

ʆʜʥʘʢ ʧʦʪʨʝʙʘ ʚ ʥʽʡ ʙʫʣʘ ʥʝ ʥʘʜʪʦ ʚʝʣʠʢʘ ʘʞ ʜʦ ʽʥʪʝʥʩʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʚ 

ʤʠʥʫʣʦʤʫ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ [1.2], ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ çʝʣʝʢʪʨʦʥʥʦʛʦè 

ʧʦʰʫʢʫ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, ʱʦ ʨʽʟʢʦ ʟʙʽʣʴʰʠʣʦ ʧʦʪʨʝʙʫ ʫ ʬʘʭʽʚʮʷʭ ʟ 

ʜʦʩʚʽʜʦʤ ʨʦʙʦʪʠ ʚ ʘʥʘʣʦʛʦʚʽʡ ʘʙʦ ʨʘʜʽʦʪʝʭʥʽʯʥʽʡ ʛʘʣʫʟʽ. 

ʇʽʟʥʽʰʝ, ʢʦʣʠ ʨʘʜʽʦʣʦʢʘʪʦʨ ʙʫʚ ʧʨʠʟʥʘʥʠʡ ʷʢ ʝʬʝʢʪʠʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ 

ʜʣʷ ʚʠʷʚʣʝʥʥʷ, ʦʪʨʠʤʘʣʘ ʨʦʟʚʠʪʦʢ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʘ ʧʨʦʪʠʜʽʷ (ʈɽʇ), 

ʧʨʠʟʥʘʯʝʥʥʷ ʷʢʦʾ ʧʦʣʷʛʘʣʦ ʚ ʟʘʧʣʫʪʫʚʘʥʥʽ ʪʘ ʧʝʨʝʰʢʦʜʽ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ 

ʦʧʝʨʘʪʦʨʽʚ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (ʈʃʉ). ʇʦʷʚʘ ʈɽʇ ʚʠʢʣʠʢʘʣʘ 



 11 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʤʦʜʝʨʥʽʟʘʮʽʾ ʈʃʉ ʪʘʢ, ʱʦʙ ʧʦʩʣʘʙʠʪʠ ʚʧʣʠʚ ʧʨʦʪʠʜʽʾ. ʎʝʡ 

ʽʪʝʨʘʮʽʡʥʠʡ ʧʨʦʮʝʩ ʡʜʝ ʧʦ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽ ʪʨʠʚʘʪʠʤʝ ʚ ʤʘʡʙʫʪʥʴʦʤʫ, 

ʦʩʢʽʣʴʢʠ ʢʽʥʮʝʚʦʶ ʤʝʪʦʶ ʨʦʟʨʦʙʥʠʢʽʚ ʈʃʉ ʻ çʙʘʯʠʪʠ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʙʫʪʠ 

ʥʝʚʠʜʠʤʠʤè [1.3]. ʇʨʦʩʫʚʘʥʥʷ ʚ ʦʙʣʘʩʪʴ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ ʪʘ 

ʧʨʘʛʥʝʥʥʷ ʟʘʪʨʠʤʘʪʠ ʩʠʛʥʘʣʠ ʥʘ ʮʠʭ ʯʘʩʪʦʪʘʭ ʚʠʢʣʠʢʘʣʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ 

ʣʽʥʽʷʭ ʟʘʪʨʠʤʢʠ ʟʽ ʟʤʝʥʰʝʥʠʤʠ ʚʪʨʘʪʘʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʘʥʥʽ ʧʝʨʩʧʝʢʪʠʚʠ 

ʩʪʚʦʨʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʡ ʄɺʌ ʣʽʥʽʡ ʟʘʪʨʠʤʢʠ ʅɺʏ-ʩʠʛʥʘʣʽʚ ʟ 

ʥʠʟʴʢʠʤʠ ʚʪʨʘʪʘʤʠ ʽ ʚʝʣʠʢʠʤ ʯʘʩʦʤ ʟʘʪʨʠʤʢʠ, ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʽ ʟ 

ʚʠʱʝʦʧʠʩʘʥʦʶ ʢʦʥʢʫʨʝʥʮʽʻʶ ʈʃʉ ʽ ʟʘʩʦʙʽʚ ʈɽʇ. 

ʉʫʯʘʩʥʠʡ ʝʪʘʧ ʩʫʩʧʽʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ ʧʦʣʷʛʘʻ ʚ ʥʘʡʰʠʨʰʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʩʧʝʢʪʨʘ ʜʣʷ ʢʦʤʫʥʽʢʘʮʽʡ. ɼʣʷ ʩʧʨʠʷʥʥʷ 

ʢʦʥʪʘʢʪʘʤ ʤʽʞ ʜʚʦʤʘ ʪʘ ʙʽʣʴʰʝ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʨʘʜʽʦ- ʪʘ 

ʪʝʣʝʤʦʚʣʝʥʥʷ, ʩʪʽʣʴʥʠʢʦʚʽ ʪʝʣʝʬʦʥʠ, ʩʫʧʫʪʥʠʢʦʚʠʡ ʟʚ'ʷʟʦʢ, 

ʨʘʜʽʦʧʝʨʝʛʦʚʦʨʥʽ ʧʨʠʩʪʨʦʾ ʡ ʙʝʟʣʽʯ ʽʥʰʠʭ ʘʧʘʨʘʪʥʠʭ ʟʘʩʦʙʽʚ. ɺ ʘʧʘʨʘʪʫʨʽ 

ʜʘʥʠʭ ʩʠʩʪʝʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʝʨʝʜʘʯʘ ʪʘ ʦʙʨʦʙʢʘ ʩʠʛʥʘʣʽʚ 

ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. ɿʘ ʨʘʭʫʥʦʢ ʰʠʨʦʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʠʭ ʩʭʝʤ ʟ ʾʭ ʧʝʨʝʚʘʛʘʤʠ ʚ ʛʘʙʘʨʠʪʘʭ, ʩʧʦʞʠʚʘʥʽʡ 

ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʰʚʠʜʢʦʜʽʾ ʚ ʙʽʣʴʰʦʩʪʽ ʮʠʭ ʩʠʩʪʝʤ ʚʽʜʙʫʚʩʷ ʧʝʨʝʭʽʜ ʚʽʜ ʯʠʩʪʦ 

ʘʥʘʣʦʛʦʚʠʭ ʜʦ ʟʤʽʰʘʥʠʭ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ. ʇʨʠ 

ʮʴʦʤʫ ʘʥʘʣʦʛʦʚʽ ʩʠʛʥʘʣʠ ʦʮʠʬʨʦʚʫʶʪʴʩʷ ʽ ʱʝ ʜʦ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʚ ʙʝʟʧʝʨʝʨʚʥʽ ʢʦʣʠʚʘʥʥʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʘʥʘʣʦʛʦʚʦʤʫ 

ʬʦʨʤʘʪʽ ʦʙʨʦʙʣʷʶʪʴʩʷ ʪʘ/ʘʙʦ ʪʨʘʥʩʧʦʨʪʫʶʪʴʩʷ ʚ ʮʠʬʨʦʚʽʡ ʬʦʨʤʽ. ʍʦʯʘ ʚ 

ʩʫʯʘʩʥʠʭ ʨʘʜʽʦʩʠʩʪʝʤʘʭ ʚʩʝ ʙʽʣʴʰʝ ʡ ʙʽʣʴʰʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʮʠʬʨʦʚʘ 

ʦʙʨʦʙʢʘ ʩʠʛʥʘʣʽʚ (ʎʆʉ), ʘʥʘʣʦʛʦʚʽ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʽ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ 

(ɺʆʉʇ) ʪʘʢʦʞ ʻ ʚʘʞʣʠʚʠʤ ʽ ʧʨʘʢʪʠʯʥʠʤ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤ ʟʘʩʦʙʦʤ ʜʣʷ 

ʨʘʜʽʦʽʥʞʝʥʝʨʘ ʚ ʨʦʟʨʦʙʮʽ ʚʠʱʝ ʧʨʠʚʝʜʝʥʠʭ ʨʘʜʽʦʩʠʩʪʝʤ. ʄʦʞʣʠʚʽʩʪʴ 

ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ ʚ ʘʥʘʣʦʛʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʤʦʞʝ ʩʧʨʦʩʪʠʪʠ ʟʘʛʘʣʴʥʫ 

ʩʠʩʪʝʤʫ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʚ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʩʠʩʪʝʤʘʭ, ʜʝ ʚʠʤʦʛʠ 

ʜʦ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ʩʢʣʘʜʥʦ ʟʘʜʦʚʦʣʴʥʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʦʙʽʚ ʎʆʉ. 



 12 

ʆʜʥʘʢ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, 

ʨʦʟʨʦʙʥʠʢ ʘʥʘʣʦʛʦʚʦʾ ʩʠʩʪʝʤʠ ʧʦʚʠʥʝʥ ʚʠʙʨʘʪʠ ʘʥʘʣʦʛʦʚʽ ʘʧʘʨʘʪʥʽ ʟʘʩʦʙʠ, 

ʷʢʽ ʥʘʡʢʨʘʱʠʤ ʯʠʥʦʤ ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʫʯʘʩʥʠʭ ʟʘʩʦʙʽʚ 

ʎʆʉ. 

ɺ ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʽʡ ʬʦʨʤʽ ʘʥʘʣʦʛʦʚʘ ʬʦʪʦʥʥʘ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʷʻ 

ʩʦʙʦʶ ʣʽʥʽʶ ʟʘʪʨʠʤʢʠ, ʱʦ ʤʽʩʪʠʪʴ ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ (ɽʆʇ), 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʦʧʪʠʯʥʠʡ 

ʜʽʘʧʘʟʦʥ, ʦʧʪʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ʧʝʨʝʜʘʯʽ ʪʘ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʠʯʥʠʡ 

ʧʝʨʝʪʚʦʨʶʚʘʯ (ʆɽʇ). ʋʟʘʛʘʣʴʥʝʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʙʘʛʘʪʦʢʘʥʘʣʴʥʦʾ 

ɺʆʉʇ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.1. ʉʠʛʥʘʣʠ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ 

ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʚʭʦʜʽʚ ʢʦʥʚʝʨʪʫʶʪʴʩʷ ʚ ʦʧʪʠʯʥʠʡ ʜʽʘʧʘʟʦʥ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʽʜʧʦʚʽʜʥʠʭ ɽʆʇ. ʇʝʨʝʪʚʦʨʝʥʠʡ ʚ ʦʧʪʠʯʥʠʡ ʜʽʘʧʘʟʦʥ ʨʘʜʽʦʯʘʩʪʦʪʥʠʡ 

ʩʠʛʥʘʣ ʤʦʞʝ ʙʫʪʠ ʟʘʪʨʠʤʘʥʠʡ ʚ ʯʘʩʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ, 

ʦʙʨʦʙʣʝʥʠʡ ʪʘ ʜʦʩʪʘʚʣʝʥʠʡ ʥʘ ʚʭʦʜʠ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʆɽʇ, ʜʝ 

ʦʧʪʠʯʥʽ ʩʠʛʥʘʣʠ ʜʝʤʦʜʫʣʶʶʪʴʩʷ ʥʘʟʘʜ ʚ ʝʣʝʢʪʨʠʯʥʽ ʩʠʛʥʘʣʠ 

ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. ɽʣʝʤʝʥʪʠ ʦʙʨʦʙʢʠ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʬʫʥʢʮʽʡ, ʚʢʣʶʯʘʶʯʠ, ʥʘʧʨʠʢʣʘʜ, ʢʦʤʫʪʘʮʽʶ, ʤʘʨʰʨʫʪʠʟʘʮʽʶ, 

ʬʽʣʴʪʨʘʮʽʶ, ʯʘʩʪʦʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʧʽʜʩʠʣʝʥʥʷ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʟʥʠʭ 

ʬʦʨʤ ʨʝʘʣʽʟʘʮʽʾ ʚʠʱʝʚʢʘʟʘʥʠʭ ʘʥʘʣʦʛʦʚʠʭ ʬʦʪʦʥʥʠʭ ʩʭʝʤ ʙʫʜʫʪʴ 

ʨʦʟʛʣʷʥʫʪʽ ʚ ʥʘʩʪʫʧʥʠʭ ʨʦʟʜʽʣʘʭ. 

 

 

ʈʠʩ. 1.1. ʋʟʘʛʘʣʴʥʝʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʙʘʛʘʪʦʢʘʥʘʣʴʥʦʾ ɺʆʉʇ 

 

ɺ ʜʘʥʠʡ ʯʘʩ ʧʝʨʝʚʘʛʠ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʩʤʫʛ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

çʝʣʝʢʪʨʦʥʥʠʤʠè ʘʥʘʣʦʛʘʤʠ (ʩʤʫʛʘʤʠ ʥʘ ʙʘʟʽ ʢʦʘʢʩʽʘʣʴʥʠʭ ʢʘʙʝʣʽʚ) ʚʞʝ 
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ʦʪʨʠʤʘʣʠ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʜʣʷ ʮʽʣʦʛʦ ʨʷʜʫ ʟʘʩʪʦʩʫʚʘʥʴ. ʅʘ ʨʠʩ. 1.2 ʧʦʢʘʟʘʥʦ 

ʦʜʥʝ ʟ ʧʝʨʰʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʫ ʚʽʡʩʴʢʦʚʽʡ ʪʝʭʥʽʮʽ, ʱʦ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʦʾ ʩʤʫʛʠ ʚ ʙʦʨʪʦʚʽʡ ʙʫʢʩʫʻʤʽʡ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽʡ ʧʘʩʪʮʽ 

ɸLɽ-55. 

 

ʈʠʩ. 1.2. ɺʠʛʣʷʜ ʙʫʢʩʠʨʫʻʤʦʾ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʧʘʩʪʢʠ ʟ ʣʽʪʘʢʦʤ F/A-18 

 

ʇʨʠʥʮʠʧ ʚʠʥʦʩʫ ʨʘʜʽʦʧʝʨʝʜʘʚʘʯʘ ʟ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ ʟ ʤʝʪʦʶ 

ʚʽʜʚʝʜʝʥʥʷ ʚʽʜ ʧʨʠʟʥʘʯʝʥʦʾ ʤʝʪʠ ʨʘʜʽʦʢʝʨʦʚʘʥʦʾ ʨʘʢʝʪʠ ʚʽʜʦʤʠʡ, 

ʧʨʠʥʘʡʤʥʽ, ʟ 60-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ [1.4] ʡ ʧʽʟʥʽʰʝ ʙʫʚ ʨʝʘʣʽʟʦʚʘʥʠʡ 

ʚ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʦʤʫ ʚʘʨʽʘʥʪʽ [1.5]. ʋ ʨʘʥʥʽʭ ʨʦʟʨʦʙʢʘʭ, ʚʠʷʚʣʝʥʠʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʠʡʤʘʣʴʥʦʾ  ʘʥʪʝʥʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʾ ʧʘʩʪʢʠ ʩʠʛʥʘʣ 

ʧʦʪʝʥʮʽʡʥʦʾ ʟʘʛʨʦʟʠ, ʧʦʩʠʣʶʚʘʚʩʷ ʡ ʟʥʦʚʫ ʧʝʨʝʜʘʚʘʚʩʷ ʚ ʟʚʦʨʦʪʥʦʤʫ 

ʥʘʧʨʷʤʢʫ ʟ ʙʽʣʴʰʦʶ ʧʦʪʫʞʥʽʩʪʶ. ʆʜʥʘʢ ʯʝʨʝʟ ʥʝʤʠʥʫʯʽ ʛʘʙʘʨʠʪʥʽ 

ʦʙʤʝʞʝʥʥʷ, ʱʦ ʜʠʢʪʫʶʪʴʩʷ ʥʝʦʙʭʽʜʥʠʤʠ ʘʝʨʦʜʠʥʘʤʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʘʩʪʢʠ, ʟ ʾʾ ʜʦʧʦʤʦʛʦʶ ʤʽʛ ʚʠʢʦʥʫʚʘʪʠʩʷ ʪʽʣʴʢʠ 

ʦʙʤʝʞʝʥʠʡ ʦʙʩʷʛ ʦʧʝʨʘʮʽʡ ʟ ʦʙʨʦʙʢʠ ʨʘʜʽʦʩʠʛʥʘʣʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʽʞ 

ʣʽʪʘʣʴʥʠʤ ʘʧʘʨʘʪʦʤ ʪʘ ʧʘʩʪʢʦʶ ʟôʻʜʥʫʚʘʣʴʥʦʛʦ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʦʛʦ 

ʢʘʙʝʣʶ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʙʦʨʪʫ ʣʽʪʘʢʘ 

ʩʫʯʘʩʥʠʭ ʩʠʛʥʘʣʴʥʠʭ ʧʨʦʮʝʩʦʨʽʚ ʟ ʧʦʜʘʣʴʰʦʶ ʧʝʨʝʜʘʯʝʶ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʠʩʪʘʥʮʽʡʥʦʾ ʦʙʨʦʙʢʠ ʚ ʙʫʢʩʦʚʘʥʫ ʟʘ ʥʠʤ ʧʘʩʪʢʫ, ʥʘ ʙʦʨʪʫ ʷʢʦʾ 

ʟʜʽʡʩʥʶʶʪʴʩʷ ʧʽʜʩʠʣʝʥʥʷ ʪʘ ʧʝʨʝʜʘʯʘ ʘʥʘʣʦʛʦʚʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ. ʎʝ 

ʟʘʙʝʟʧʝʯʫʻ ʾʾ ʙʘʛʘʪʦʬʘʟʥʫ ʜʽʶ ʱʦʜʦ ʫʩʫʥʝʥʥʷ ʨʘʢʝʪʥʦʾ ʟʘʛʨʦʟʠ, ʚʢʣʶʯʘʶʯʠ 

ʧʨʠʜʫʰʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʈʃʉ ʩʫʧʨʦʪʠʚʥʠʢʘ ʚʽʜʩʪʝʞʫʚʘʪʠ ʣʽʪʘʣʴʥʠʡ ʟʘʩʽʙ, 

ʜʝʟʦʨʽʻʥʪʘʮʽʶ ʈʃʉ ʟʘ ʜʦʧʦʤʦʛʦʶ ʭʠʙʥʠʭ ʮʽʣʝʡ ʪʘ ʚʽʜʚʝʜʝʥʥʷ ʨʘʢʝʪʠ ʚʽʜ 

ʣʽʪʘʢʘ ʰʣʷʭʦʤ ʧʦʩʪʘʥʦʚʢʠ ʙʽʣʴʰ ʧʨʠʚʘʙʣʠʚʦʾ ʤʝʪʠ.
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ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʤʽʥʽʤʽʟʫʻ ʛʘʙʘʨʠʪʠ 

ʧʘʩʪʢʠ ʪʘ ʟʤʝʥʰʫʻ ʤʝʭʘʥʽʯʥʽ ʥʘʧʨʫʛʠ ʟ'ʻʜʥʫʚʘʣʴʥʦʛʦ ʪʨʦʩʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʾʾ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʙʽʣʴʰ ʰʠʨʦʢʦʛʦ ʢʣʘʩʦʤ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ. 

ʆʜʥʠʤ ʟ ʧʝʨʰʠʭ ʧʨʠʢʣʘʜʽʚ ʰʠʨʦʢʦʛʦ ʢʦʤʝʨʮʽʡʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʘʥʘʣʦʛʦʚʠʭ ɺʆʉʇ ʩʪʘʣʠ ʤʝʨʝʞʽ ʛʽʙʨʠʜʥʦʾ ʚʦʣʦʢʦʥʥʦ-ʢʦʘʢʩʽʘʣʴʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʜʣʷ ʨʦʟʧʦʜʽʣʫ ʩʠʛʥʘʣʽʚ ʢʘʙʝʣʴʥʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ [1.6]. ɼʘʥʠʡ 

ʧʽʜʭʽʜ ʥʘʜʘʚ ʦʧʝʨʘʪʦʨʘʤ ʢʘʙʝʣʴʥʠʭ ʤʝʨʝʞ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʢʽʣʴʢʽʩʪʴ 

ʪʘ ʷʢʽʩʪʴ ʚʽʜʝʦʧʨʦʛʨʘʤ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʜʦ ʙʫʜʠʥʢʽʚ ʽ ʢʚʘʨʪʠʨ, ʪʘ ʥʘʜʘʪʠ 

ʘʙʦʥʝʥʪʘʤ ʝʢʦʥʦʤʽʯʥʽ ʡ ʚʠʩʦʢʦʥʘʜʽʡʥʽ ʧʦʩʣʫʛʠ ʟ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʾ 

ʧʝʨʝʜʘʯʽ ʮʠʬʨʦʚʠʭ ʜʘʥʠʭ ʧʦ ʟʚʦʨʦʪʥʦʤʫ ʢʘʥʘʣʫ. ʂʦʤʙʽʥʦʚʘʥʽ ʚʦʣʦʢʦʥʥʦ-

ʢʦʘʢʩʽʘʣʴʥʽ ʩʠʩʪʝʤʠ ʧʝʨʝʪʚʦʨʠʣʠ ʨʦʣʴ ʦʧʝʨʘʪʦʨʽʚ ʢʘʙʝʣʴʥʦʾ ʽʥʜʫʩʪʨʽʾ ʚʽʜ 

ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʪʽʣʴʢʠ ʚʽʜʝʦʢʦʥʪʝʥʪʫ ʚ ʨʝʘʣʴʥʦʛʦ  ʢʦʥʢʫʨʝʥʪʘ ʥʘ ʨʠʥʢʫ 

ʣʦʢʘʣʴʥʠʭ ʤʝʨʝʞ ʜʦʩʪʫʧʫ, ʱʦ ʙʫʣʦ ʪʨʘʜʠʮʽʡʥʦʶ ʥʽʰʝʶ ʦʧʝʨʘʪʦʨʽʚ 

ʪʝʣʝʬʦʥʥʠʭ ʩʠʩʪʝʤ. ʇʦʨʷʜ ʟ ʧʦʰʠʨʝʥʥʷʤ ɯʥʪʝʨʥʝʪ ʤʝʨʝʞ ʮʝ ʜʦʟʚʦʣʠʣʦ ʚ 

ʜʘʥʠʡ ʯʘʩ ʩʬʦʨʤʫʚʘʪʠ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʟ ʧʝʨʝʜʘʯʽ 

ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʚʠʜʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʩʣʫʛ. ɼʦ ʩʝʨʝʜʠʥʠ 90-ʭ ʨʦʢʽʚ 

ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʟ'ʷʚʠʣʘʩʷ ʤʦʞʣʠʚʽʩʪʴ ʦʜʥʦʯʘʩʥʦʾ ʜʦʩʪʘʚʢʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʨʝʞ ʚʦʣʦʢʦʥʥʦ-ʢʦʘʢʩʽʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʥʘʜ 100 

ʩʪʘʥʜʘʨʪʥʠʭ ʪʝʣʝʚʽʟʽʡʥʠʭ ʢʘʥʘʣʽʚ ʚ ʬʦʨʤʘʪʽ AM-VSB (ʘʤʧʣʽʪʫʜʥʘ 

ʤʦʜʫʣʷʮʽʷ ʟ ʯʘʩʪʢʦʚʦ ʧʨʠʛʥʽʯʝʥʦʶ ʙʽʯʥʦʶ ʩʤʫʛʦʶ) ʥʘ ʚʽʜʩʪʘʥʽ ʙʽʣʴʰʝ 20 

ʢʤ ʧʨʠ ʨʽʟʥʽʡ ʪʦʧʦʣʦʛʽʾ ʦʧʪʠʯʥʠʭ ʤʝʨʝʞ. 

ʂʣʶʯʦʚʫ ʨʦʣʴ ʚ ʮʴʦʤʫ ʜʦʩʷʛʥʝʥʥʽ ʟʽʛʨʘʣʘ ʟʜʘʪʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʚ 

ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜʝʦʩʠʛʥʘʣʽʚ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣʫ 

ʜʦ ʰʫʤʫ (CNR) ʪʘ ʥʠʟʴʢʠʤʠ ʨʽʚʥʷʤʠ ʢʦʤʧʦʟʠʪʥʠʭ ʽʥʪʝʨʤʦʜʫʣʷʮʡʥʠʭ 

ʩʧʦʪʚʦʨʝʥʴ ʜʨʫʛʦʛʦ ʪʘ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʽʚ: ʚʽʜʧʦʚʽʜʥʦ CSO - 

compositesecond-order, ʉʊɺ - compositetriple-beat. ɼʣʷ ʜʘʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʚʞʝ ʟ ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʟʥʘʯʥʘ ʨʦʙʦʪʘ ʧʦ ʧʦʣʽʧʰʝʥʥʶ 

ʣʽʥʽʡʥʦʩʪʽ ʘʥʘʣʦʛʦʚʠʭ ɺʆʉʇ, ʚʢʣʶʯʘʶʯʠ ʣʽʥʝʘʨʠʟʘʮʽʶ ʧʨʦʮʝʩʫ 
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ʟʦʚʥʽʰʥʴʦʾ ʤʦʜʫʣʷʮʽʾ [1.7] ʡ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʧʝʨʝʭʽʜʥʽ ʧʝʨʝʰʢʦʜʠ 

ʥʝʣʽʥʽʡʥʦʩʪʝʡ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ [1.8]. 

ɼʞʝʨʝʣʘʤ ʥʝʣʽʥʽʡʥʦʩʪʽ ʚ ʘʥʘʣʦʛʦʚʽʡ ɺʆʉʇ ʧʨʠʩʚʷʯʝʥʘ ʟʥʘʯʥʘ 

ʯʘʩʪʠʥʘ ʮʴʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ ʧʦʩʽʙʥʠʢʘ. ʄʘʡʞʝ ʦʜʥʦʯʘʩʥʦ ʟ ʧʝʨʝʪʚʦʨʝʥʥʷʤ 

ʢʘʙʝʣʴʥʦʾ ʪʘ ʪʝʣʝʬʦʥʥʦʾ ʛʘʣʫʟʝʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʨʝʞ ʚʦʣʦʢʦʥʥʦ-

ʢʦʘʢʩʽʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʯʘʚʩʷ ʧʝʨʝʭʽʜ ʚʽʜ ʨʦʟʧʦʜʽʣʫ ʘʥʘʣʦʛʦʚʠʭ 

ʚʽʜʝʦʧʨʦʛʨʘʤ ʚ ʬʦʨʤʘʪʽ AM-VSB ʜʦ ʜʦʩʪʘʚʢʠ ʚʽʜʝʦʧʨʦʛʨʘʤ ʚ ʩʪʠʩʣʦʤʫ 

ʮʠʬʨʦʚʦʤʫ ʬʦʨʤʘʪʽ (CDV). ʍʦʯʘ ʮʝʡ ʧʝʨʝʭʽʜ ʩʧʦʚʽʣʴʥʠʚʩʷ ʯʝʨʝʟ ʚʘʨʪʽʩʪʴ 

ʟʘʤʽʥʠ ʚʢʦʨʽʥʝʥʦʾ ʡ ʜʦʨʦʛʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʥʘ ʮʝʡ ʤʦʤʝʥʪ ʬʦʨʤʘʪ CDV 

ʚʠʪ̔ʩʥʠʚ ʙʽʣʴʰʽʩʪʴ ʪʝʭʥʦʣʦʛʽʡ ʨʦʟʧʦʜʽʣʫ ʘʥʘʣʦʛʦʚʠʭ ʚʽʜʝʦʧʨʦʛʨʘʤ ʚ 

ʬʦʨʤʘʪʽ AM-VSB.  ʇʨʦʪʝ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ʧʝʨʝʜʘʯʽ 

ʟʘʣʠʰʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʙʦʨʫ ʬʦʨʤʘʪʫ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʚ ʪʘʢʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ, ʚʢʣʶʯʘʶʯʠ ʪʨʘʜʠʮʽʡʥʽ 

ʘʥʘʣʦʛʦʚʽ ʪʝʣʝʚʽʟʽʡʥʽ ʢʘʥʘʣʠ. ɺ ʨʘʜʽʦʘʩʪʨʦʥʦʤʽʾ ʜʣʷ ʧʨʠʡʦʤʫ ʝʬʽʨʥʦʛʦ 

ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʝʣʠʢʽ ʘʥʪʝʥʥʽ 

ʧʨʠʩʪʨʦʾ. ɺʘʞʣʠʚʘ ʨʦʣʴ ʚ ʜʘʥʽʡ ʦʙʣʘʩʪʽ ʚʽʜʚʦʜʠʪʴʩʷ ʤʽʢʨʦʭʚʠʣʴʦʚʽʡ 

ʪʝʭʥʽʮʽ, ʷʢʘ ʚ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤʘʭ ʧʦʻʜʥʫʻʪʴʩʷ ʟ ʘʥʘʣʦʛʦʚʠʤʠ ɺʆʉʇ [1.9]. 

ʅʘʡʙʽʣʴʰʘ ʚ ʩʚʽʪʽ ʧʦʚʥʽʩʪʶ ʢʝʨʦʚʘʥʘ ʦʜʠʥʦʯʥʘ ʘʥʪʝʥʘ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ 

ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʚ ɿʘʭʽʜʥʽʡ ɺʽʨʜʞʠʥʽʾ ʨʘʜʽʦʪʝʣʝʩʢʦʧʫ Greenbank (GBT) ʟ 

ʨʦʙʦʯʦʶ ʩʤʫʛʦʶ ʚʽʜ 0,1 ʜʦ 115 ɻɻʮ [1.10, 1.11]. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʥʘʫʢʦʚʦʛʦ ʨʦʟʫʤʽʥʥʷ ʚ ʪʘʢʠʭ ʥʘʧʨʷʤʢʘʭ, ʷʢ ʚʠʷʚʣʝʥʥʷ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʭʚʠʣʴ 

(ʟ ʧʨʝʮʠʟʽʡʥʦʶ ʩʠʥʭʨʦʥʽʟʘʮʽʻʶ ʧʦ ʨʘʜʽʦʚʠʧʨʦʤʽʥʶʚʘʥʥʶ ʧʫʣʴʩʘʨʘ), 

ʬʦʨʤʫʚʘʥʥʷ ʟʽʨʦʢ, ʛʘʣʘʢʪʠʢ ʪʘ ʛʘʣʘʢʪʠʯʥʠʭ ʢʣʘʩʪʝʨʽʚ, ʘ ʪʘʢʦʞ ʙʫʜʦʚʠ 

ʧʣʘʥʝʪ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʘʨʘʙʦʣʽʯʥʘ ʘʥʪʝʥʘ ʜʽʘʤʝʪʨʦʤ 100 ʤ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʥʦʾ ʘʥʪʝʥʠ ʻ ʚʠʷʚʣʝʥʥʷ 

ʘʪʦʤʥʠʭ ʪʘ ʤʦʣʝʢʫʣʷʨʥʠʭ ʣʽʥʽʡ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʧʦʯʠʥʘʶʯʠ ʟ ʩʠʪʫʘʮʽʡ 

ʚʠʩʦʢʦʛʦ ʯʝʨʚʦʥʦʛʦ ʟʩʫʚʫ (ʝʤʽʩʽʷ ʦʙʣʘʩʪʝʡ, ʙʣʠʟʴʢʠʭ ʜʦ ʯʦʨʥʠʭ ʜʽʨ) ʽ ʜʦ 

ʚʠʧʘʜʢʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʩʣʘʙʢʠʭ ʧʨʦʩʪʦʨʦʚʦ-ʧʨʦʪʷʞʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʣʽʥʽʡ, 

ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʦʚʠʭ ʦʨʛʘʥʽʯʥʠʭ ʤʦʣʝʢʫʣ ʚ 
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ʢʦʩʤʦʩʽ. ʋ GBT ʘʥʘʣʦʛʦʚʽ ɺʆʉʇ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʽʜʜʘʣʝʥʦʾ ʧʝʨʝʜʘʯʽ 

ʩʠʛʥʘʣʽʚ ʚ ʮʝʥʪʨ ʦʙʨʦʙʢʠ ʜʘʥʠʭ [1.12]. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʜʦʟʚʦʣʫ ʧʘʨʘʙʦʣʽʯʥʽ ʘʥʪʝʥʠ ʟ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʦʶ ʘʧʝʨʪʫʨʦʶ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʙ'ʻʜʥʘʥʽ ʚ ʬʦʨʤʽ ʬʘʟʦʚʦʾ ʨʝʰʽʪʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ ʾʭ ʙʘʟʫ ʧʨʠ 

ʚʠʤʽʨʶʚʘʥʥʽ ʤʘʣʠʭ ʬʘʟʦʚʠʭ ʟʨʫʰʝʥʴ. 

ʊʘʢʘ ʨʝʰʽʪʢʘ, ʬʨʘʛʤʝʥʪ ʷʢʦʾ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 1.3, ʙʫʣʘ ʚʧʝʨʰʝ 

ʚʚʝʜʝʥʘ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʚ 2013 ʨʦʮʽ ʚ ʛʦʨʘʭ ʏʠʣʽ [1.13]. ɺ ʜʘʥʠʡ ʯʘʩ 

ʘʥʘʣʦʛʦʚʽ ɺʆʉʇ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʧʦʪʝʥʮʽʘʣ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʚʝʣʠʢʠʭ ʨʘʜʽʦʘʩʪʨʦʥʦʤʽʯʥʠʭ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʢʘʭ ʧʨʠ ʜʠʩʪʘʥʮʽʡʥʽʡ ʧʝʨʝʜʘʯʽ 

ʩʠʛʥʘʣʽʚ ʤʽʣʽʤʝʪʨʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʭʚʠʣʴ [1.14]. ʋ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ 

ʨʘʜʽʦʩʠʛʥʘʣʠ ʚʠʥʠʢʘʶʪʴ ʥʘ ʘʩʪʨʦʥʦʤʽʯʥʠʭ ʚʽʜʩʪʘʥʷʭ, ʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʾʭʥʷ 

ʧʦʪʫʞʥʽʩʪʴ ʜʫʞʝ ʤʘʣʘ, ʚʝʣʠʢʽ ʘʥʪʝʥʥʽ ʩʠʩʪʝʤʠ ʟ ʜʫʞʝ ʤʘʣʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʰʫʤʫ ʢʦʥʬʽʛʫʨʫʶʪʴʩʷ ʡ ʧʨʘʮʶʶʪʴ ʚ ʬʦʨʤʽ ʚʝʣʠʢʠʭ 

ʬʘʟʦʚʠʭ ˇʨʘʪʦʢ. 

 

ʈʠʩ. 1.3. ɺʝʣʠʢʘ ʽʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘ ʘʥʪʝʥʥʘ ʨʝʰʽʪʢʘ 

ʤʽʣʽʤʝʪʨʦʚʠʭ/ʩʫʙʤʽʣʽʤʝʪʨʦʚʠʭ ʭʚʠʣʴ ALMA ʚ ɸʪʘʢʘʤʘ, ʏʠʣʽ  

(ʟ ʜʦʟʚʦʣʫ ALMA (ʥʘʮʽʦʥʘʣʴʥʽ ʦʙʩʝʨʚʘʪʦʨʽʽ ɭʚʨʦʧʠ, ʗʧʦʥʽʾ ʪʘ ʉʐɸ), J. Guarda) 

 

ʇʝʨʝʚʘʛʘ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʦʣʷʛʘʻ ʚ ʟʘʛʘʣʴʥʦʤʫ ʧʦʩʠʣʝʥʥʽ ʨʝʰʽʪʢʠ 

ʟʘʚʜʷʢʠ ʾʾ ʚʝʣʠʢʽʡ ʝʬʝʢʪʠʚʥʽʡ  ʘʧʝʨʪʫʨʽ ʡ ʬʘʟʦʚʽʡ ʯʫʪʣʠʚʦʩʪʽ ʚʥʘʩʣʽʜʦʢ 

ʜʦʚʛʦʾ ʙʘʟʠ. ʋ ʜʝʷʢʠʭ ʩʠʩʪʝʤʘʭ ʩʠʛʥʘʣʠ ʚʽʜ ʮʽʣʠʭ 64 ʜʚʘʥʘʜʮʷʪʠʤʝʪʨʦʚʠʭ 

ʧʘʨʘʙʦʣʽʯʥʠʭ ʘʥʪʝʥ ʟ ʜʦʚʞʠʥʦʶ ʙʘʟʠ 16 ʢʤ ʧʦʚʠʥʥʽ ʢʦʛʝʨʝʥʪʥʦ ʩʢʣʘʜʘʪʠʩʷ 

ʥʘ ʮʝʥʪʨʘʣʴʥʽʡ ʩʪʘʥʮʽʾ. ʆʩʢʽʣʴʢʠ ʨʦʙʦʯʽ ʯʘʩʪʦʪʠ ʤʦʞʫʪʴ ʜʦʩʷʛʘʪʠ ʩʦʪʝʥʴ 

ʛʽʛʘʛʝʨʮ, ʥʝʦʙʭʽʜʥʦ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʚʨʘʭʦʚʫʚʘʪʠ ʚʽʜʥʦʩʥʫ ʨʽʟʥʠʮʶ 

ʭʦʜʫ. ʎʝ ʜʫʞʝ ʢʨʠʪʠʯʥʦ ʥʘʚʽʪʴ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚʦʣʦʢʦʥʥʦʾ ʦʧʪʠʢʠ [1.15], 
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ʙʦ ʩʧʽʣʴʥʘ ʜʽʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʚʘʨʽʘʮʽʡ, ʜʨʝʡʬʫ ʧʦʣʷʨʠʟʘʮʽʾ ʡ ʭʨʦʤʘʪʠʯʥʦʾ 

ʜʠʩʧʝʨʩʽʾ ʚʠʢʣʠʢʘʻ ʧʦʭʠʙʢʠ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʘʢʪʠʚʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ. 

ɼʝʪʘʣʴʥʠʡ ʨʦʟʛʣʷʜ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʩʤʫʛ ʜʣʷ ʨʘʜʽʦʪʝʣʝʩʢʦʧʽʚ GBT ʪʘ 

ALMA ʚʠʢʦʥʘʥʦ ʚ ʨʦʟʜʽʣʽ 10. ɺʠʱʝ ʙʫʣʦ ʟʛʘʜʘʥʦ ʣʠʰʝ ʢʽʣʴʢʘ ʟ ʚʝʣʠʢʦʛʦ 

ʯʠʩʣʘ ʧʨʠʢʣʘʜʽʚ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʟʘʩʦʙʽʚ ʚ 

ʩʢʣʘʜʽ ʨʘʜʽʦʩʠʩʪʝʤ ʤʝʪʨʦʚʦʛʦ, ʜʝʮʠʤʝʪʨʦʚʦʛʦ, ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʪʘ 

ʤʽʣʽʤʝʪʨʦʚʦʛʦ ʜʽʘʧʘʟʦʥʽʚ ʭʚʠʣʴ. ɺ ʜʘʥʠʡ ʯʘʩ ʜʦʚʝʜʝʥʘ ʢʦʨʠʩʥʽʩʪʴ 

ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʬʦʪʦʥʽʢʠ ʫ ʚʽʡʩʴʢʦʚʦʤʫ, ʧʨʦʤʠʩʣʦʚʦʤʫ ʡ ʘʢʘʜʝʤʽʯʥʦʤʫ 

ʩʝʢʪʦʨʘʭ ʝʢʦʥʦʤʽʢʠ. ɯʥʰʠʡ ʥʘʧʨʷʤʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʢʣʶʯʘʶʪʴ: ʚʦʣʦʢʦʥʥʦ-

ʝʬʽʨʥʽ ʪʦʧʦʣʦʛʽʾ ʤʝʨʝʞ ʨʘʜʽʦʟʚ'ʷʟʢʫ, ʜʦʩʪʘʚʢʫ ʝʥʝʨʛʽʾ ʥʘ ʘʥʪʝʥʥʽ 

ʦʧʨʦʤʽʥʶʚʘʯʽ  ʜʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ ʘʥʪʝʥ ʽ ʘʥʪʝʥʥʠʭ ˇʨʘʪʦʢ, ʤʘʨʰʨʫʪʠʟʘʮʽʶ ʽ 

ʜʽʘʛʨʘʤʦʫʪʚʦʨʝʥʥʷ ʟ ʟʘʪʨʠʤʢʦʶ ʚ ʽʩʪʠʥʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ (true time delay, 

TTD) ʚ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʢʘʭ, ʦʙʨʦʙʢʫ, ʬʽʣʴʪʨʘʮʽʶ, ʩʠʥʪʝʟ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʚ 

ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʦʧʪʦʝʣʝʢʪʨʦʥʥʽ ʛʝʥʝʨʘʪʦʨʠ ʜʣʷ ʧʨʝʮʠʟʽʡʥʦʛʦ 

ʬʦʨʤʫʚʘʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʽʚ, ʦʧʪʠʯʥʽ ʩʠʥʭʨʦʛʝʥʝʨʘʪʦʨʠ ʜʣʷ ʧʨʝʮʠʟʽʡʥʦʛʦ 

ʭʨʦʥʽʨʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʝʨʝʪʚʦʨʶʚʘʯʽ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʘ ʟʥʠʞʝʥʥʷ ʯʘʩʪʦʪʠ 

ʨʘʜʽʦʩʠʛʥʘʣʽʚ. ʇʨʝʜʤʝʪʦʤ ʚʠʚʯʝʥʥʷ ʮʽʻʾ ʤʦʥʦʛʨʘʬʽʾ ʻ ʦʩʥʦʚʥʘ ʪʝʭʥʽʢʘ 

ʧʦʙʫʜʦʚʠ ʪʘ ʢʦʤʧʦʥʝʥʪʥʘ ʙʘʟʘ ʘʥʘʣʦʛʦʚʠʭ ɺʆʉʇ, ʚʢʣʶʯʘʶʯʠ ʜʝʷʢʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. 

 

 

1.1. ʊʝʭʥʦʣʦʛʽʯʥʽ ʜʦʩʷʛʥʝʥʥʷ ʪʘ ʧʝʨʝʚʘʛʠ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʨʦʟʚʠʪʢʫ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʣʽʥʽʡ 

 

 

ʏʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ, ʷʢʠʡ ʟʘʡʤʘʻ ʦʙʣʘʩʪʴ ʄʍʌ, ʫ ʚʝʣʠʢʽʡ ʤʽʨʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʠʨʦʜʥʠʤʠ ʫʤʦʚʘʤʠ. ɿʘʛʘʩʘʥʥʷ ʚ ʘʪʤʦʩʬʝʨʽ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʨʽʚʥʽ ʤʦʨʷ ʧʨʠ ʨʽʟʥʠʭ ʘʪʤʦʩʬʝʨʥʠʭ ʫʤʦʚʘʭ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 1.4 [1.16]. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ, ʚ ʘʪʤʦʩʬʝʨʽ ʻ ʩʤʫʛʠ ʩʠʣʴʥʦʛʦ 



 18 

ʧʦʛʣʠʥʘʥʥʷ ʚ ʨʘʡʦʥʘʭ 23, 60, 119 ʪʘ 182 ɻɻʮ. ʄʽʞ ʮʠʤʠ ʯʘʩʪʦʪʘʤʠ 

ʨʦʟʪʘʰʦʚʘʥʽ ʪʘʢ ʟʚʘʥʽ ʚʽʢʥʘ ʧʨʦʟʦʨʦʩʪʽ ʟ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ 

ʟʘʛʘʩʘʥʥʷ ʨʘʜʽʦʭʚʠʣʴ. ʉʠʩʪʝʤʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʯʘʩʪʦʪʘʭ ʥʠʞʯʝ 20 ɻɻʮ, 

ʥʘʙʫʣʠ ʧʦʰʠʨʝʥʥʷ ʜʣʷ ʥʘʟʝʤʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʘʙʦ ʟʘʩʪʦʩʫʚʘʥʴ ʥʘ ʨʽʚʥʽ 

ʤʦʨʷ, ʽ ʣʠʰʝ ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʘʜʽʦʩʠʩʪʝʤ ʧʨʘʮʶʶʪʴ ʚ ʜʨʫʛʦʤʫ ʪʘ 

ʪʨʝʪʴʦʤʫ ʚʽʢʥʘʭ ʟ ʮʝʥʪʨʘʣʴʥʠʤʠ ʯʘʩʪʦʪʘʤʠ ʚʽʜʧʦʚʽʜʥʦ ʚ ʨʘʡʦʥʽ 35 ʽ 94 ɻɻʮ. 

ɿ ʨʠʩ. 1.4 ʚʠʧʣʠʚʘʻ, ʱʦ ʮʽ ʩʠʩʪʝʤʠ ʬʫʥʢʮʽʦʥʫʶʪʴ  ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤʫ 

ʟʛʘʩʘʥʥʽ ʥʘ ʨʽʚʥʽ ʤʦʨʷ ʥʝ ʙʽʣʴʰʝ 0,3 ʜɹ/ʢʤ. ʅʘ ʚʠʩʦʪʘʭ ʧʦʥʘʜ 9,2 ʢʤ 

ʟʛʘʩʘʥʥʷ ʚ ʚʠʱʝʚʢʘʟʘʥʠʭ ʘʪʤʦʩʬʝʨʥʠʭ ʚʽʢʥʘʭ ʧʨʦʟʦʨʦʩʪʽ ʟʤʝʥʰʫʻʪʴʩʷ ʡ 

ʩʪʘʥʦʚʠʪʴ ʤʝʥʰʝ ʥʽʞ 0,05 ʜɹ/ʢʤ ʥʘ ʯʘʩʪʦʪʘʭ ʘʞ ʜʦ 300 ɻɻʮ [1.17].  

 

 

ʈʠʩ. 1.4. ʉʧʝʮʠʬʽʯʥʝ ʘʪʤʦʩʬʝʨʥʝ ʟʘʪʫʭʘʥʥʷ ʥʘ ʨʽʚʥʽ ʤʦʨʷ ʜʣʷ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʚʽʜʥʦʩʥʦʾ 

ʚʦʣʦʛʦʩʪʽ (RH), ʚʢʣʶʯʘʶʯʠ ʪʫʤʘʥ ʪʘ ʜʦʱ. ɺʽʢʥʘ ʧʨʦʟʦʨʦʩʪʽ ʧʦʟʥʘʯʝʥʽ W1- W4 [1.16] 

 

ɿʘʜʘʚʰʠ 0,3 ʜɹ/ʢʤ ʷʢ ʜʦʧʫʩʪʠʤʝ ʟʛʘʩʘʥʥʷ ʥʘ ʨʽʚʥʽ ʤʦʨʷ, ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʛʥʘʣʽʚ ʟ ʯʘʩʪʦʪʘʤʠ ʜʦ 300 ɻɻʮ ʥʘ ʚʝʣʠʢʠʭ 

ʚʠʩʦʪʘʭ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʤʽʞ ʧʦʚʽʪʨʷʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ. ʋ ʪʝʨʤʽʥʘʭ ʚʽʜʥʦʩʥʦʾ 

ʰʠʨʠʥʠ ʩʤʫʛʠ 300 ɻɻʮ ʮʝ ʚʩʴʦʛʦ ʣʠʰʝ 0,16 % ʚʽʜ ʩʤʫʛʠ ʦʧʪʠʯʥʦʾ ʥʝʩʫʯʦʾ 

ʭʚʠʣʽ 1550 ʥʤ (193 ʊɻʮ). ʊʘʢʘ ʤʘʣʘ ʚʽʜʥʦʩʥʘ ʩʤʫʛʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʨʝʘʣʽʟʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʪʦʥʽʢʠ ʚʝʣʠʢʝ ʯʠʩʣʦ ʟʘʩʪʦʩʫʚʘʥʴ, ʚʢʣʶʯʘʶʯʠ 

ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʽʚ. ɼʦ ʪʦʛʦ ʞ ʧʦʢʘʟʘʥʦ, ʱʦ ʙʘʛʘʪʦ 
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ʪʝʭʥʦʣʦʛʽʡ ʩʪʚʦʨʝʥʥʷ ʬʦʪʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʧʨʠʜʘʪʥʽ ʚ ʜʽʘʧʘʟʦʥʽ 100-300 

ɻɻʮ, ʱʦ ʨʦʙʠʪʴ ʮʶ ʪʝʭʥʦʣʦʛʽʶ ʧʨʠʡʥʷʪʥʦʶ ʫ ʚʩʽʡ ʯʘʩʪʦʪʥʽʡ ʩʤʫʟʽ (ʜʠʚ. 

ʧʽʜʨʦʟʜʽʣ 10.5). ʆʙʣʘʩʪʴ ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʬʦʪʦʥʽʢʠ ʨʦʟʚʠʚʘʣʘʩʷ ʚ ʚʝʣʠʢʽʡ 

ʤʽʨʽ ʟʘʚʜʷʢʠ ʪʘʢʠʤ ʧʨʠʢʣʘʜʥʠʤ ʧʦʪʨʝʙʘʤ. ʆʜʥʘʢ ʧʝʨʰʝ ʥʽʞ ʜʘʥʘ 

ʪʝʭʥʦʣʦʛʽʷ ʟʤʦʛʣʘ ʧʨʦʮʚʽʪʘʪʠ, ʧʦʪʨʽʙʝʥ ʙʫʚ ʨʷʜ ʟʥʘʯʥʠʭ ʧʨʦʨʠʚʥʠʭ 

ʜʦʩʷʛʥʝʥʴ, ʚʢʣʶʯʘʶʯʠ ʨʦʟʨʦʙʢʫ ʦʧʪʠʯʥʠʭ ʚʦʣʦʢʦʥ ʟ ʥʠʟʴʢʠʤʠ ʚʪʨʘʪʘʤʠ ʪʘ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ɽʆʇ ʽ ʆɽʇ. 

ʅʘ ʨʠʩ. 1.5 ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʠʧʦʚʠʡ ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʪʘ ʧʨʦʬʽʣʴ 

ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ ʩʪʫʧʽʥʯʘʪʦʛʦ  ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ. ʆʧʪʠʯʥʘ 

ʚʠʩʦʢʦʱʽʣʴʥʘ ʩʢʣʷʥʘ ʩʝʨʮʝʚʠʥʘ ʟ ʧʦʢʘʟʥʠʢʦʤ ʟʘʣʦʤʣʝʥʥʷ n1 ʪʘ ʜʽʘʤʝʪʨʦʤ 

d1 ʦʪʦʯʝʥʘ ʩʢʣʷʥʦʶ ʦʙʦʣʦʥʢʦʶ ʟ ʪʨʦʭʠ ʤʝʥʰʦʶ ʦʧʪʠʯʥʦʶ ʛʫʩʪʠʥʦʶ ʟ 

ʧʦʢʘʟʥʠʢʦʤ ʟʘʣʦʤʣʝʥʥʷ n2 ʪʘ ʜʽʘʤʝʪʨʦʤ d2. ʊʦʚʱʠʥʘ ʦʙʦʣʦʥʢʠ ʜʦʩʠʪʴ 

ʚʝʣʠʢʘ, ʱʦʙ ʚ ʥʽʡ ʩʣʘʙʢʝ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʤʦʜʠ, ʱʦ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ (ʘʙʦ 

ʤʦʜ) ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦ ʟʛʘʩʘʣʦ. ɼʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʚʧʣʠʚʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʩʢʣʦ ʦʙʦʣʦʥʢʠ ʟʘʟʚʠʯʘʡ ʧʦʢʨʠʚʘʻʪʴʩʷ ʧʦʣʽʤʝʨʦʤ ʟ ʱʝ ʙʽʣʴʰ 

ʥʠʟʴʢʠʤ ʧʦʢʘʟʥʠʢʦʤ ʟʘʣʦʤʣʝʥʥʷ. 

 

 

ʈʠʩ. 1.5. ɿʦʙʨʘʞʝʥʥʷ ʦʙʣʘʩʪʝʡ ʩʝʨʮʝʚʠʥʠ ʪʘ ʦʙʦʣʦʥʢʠ ʦʜʥʦʤʦʜʦʚʦʛʦ ʚʦʣʦʢʥʘ (ʘ) ʪʘ 

ʧʨʦʬʽʣʷ ʨʦʟʧʦʜʽʣʫ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ ʜʣʷ ʚʦʣʦʢʥʘ ʩʪʫʧʝʥʝʚʦʛʦ ʪʠʧʫ (ʙ) 

 

ʊʠʧʦʚʽ ʜʽʘʤʝʪʨʠ ʩʝʨʮʝʚʠʥʠ ʡ ʦʙʦʣʦʥʢʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ 

ʚʽʜʧʦʚʽʜʥʦ ʚʽʜ 8 ʜʦ 50 ʤʢʤ ʪʘ ʚʽʜ 60 ʜʦ 125 ʤʢʤ. ʈʽʟʥʠʮʷ ʧʦʢʘʟʥʠʢʽʚ 

ʟʘʣʦʤʣʝʥʥʷ ʩʝʨʮʝʚʠʥʠ ʡ ʦʙʦʣʦʥʢʠ ʪʘ ʜʽʘʤʝʪʨ ʩʝʨʮʝʚʠʥʠ ʚʠʟʥʘʯʘʶʪʴ, 
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ʩʢʽʣʴʢʠ ʤʦʜ ʚʦʣʦʢʦʥʥʦʛʦ ʩʚʽʪʣʦʚʦʜʘ ʤʦʞʝ ʧʽʜʪʨʠʤʫʚʘʪʠʩʷ ʥʘ ʜʘʥʽʡ 

ʜʦʚʞʠʥʽ ʭʚʠʣʽ. 

ʇʦʰʠʨʝʥʥʷ ʭʚʠʣʴ ʚʩʝʨʝʜʠʥʽ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʭʚʠʣʝʚʦʜʫ, 

ʩʬʦʨʤʦʚʘʥʦʛʦ ʚ ʦʧʪʠʯʥʦʤʫ ʚʦʣʦʢʥʽ, ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ ʄʘʢʩʚʝʣʣʘ. 

ʈʦʟʚôʷʟʫʶʯʠ ʭʚʠʣʴʦʚʽ ʨʽʚʥʷʥʥʷ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʦʨʤʘʣʽʟʦʚʘʥʫ ʯʘʩʪʦʪʫ 

ʘʙʦ ʯʠʩʣʦ V ʚʦʣʦʢʥʘ: 

ὠ ὲ ὲȟ                                            (1.1) 

ʜʝ ɚ - ʜʦʚʞʠʥʘ ʭʚʠʣʽ. ɼʣʷ ʪʠʧʦʚʠʭ ʦʧʪʠʯʥʠʭ ʚʦʣʦʢʦʥ ʥʦʨʤʘʣʽʟʦʚʘʥʘ 

ʨʽʟʥʠʮʷ ʧʦʢʘʟʥʠʢʽʚ ʟʘʣʦʤʣʝʥʥʷ: æ=(n1-n2) n1 ʟʘʟʚʠʯʘʡ Ḻ1. ʇʨʠ ʮʴʦʤʫ 

ʨʽʚʥʷʥʥʷ (1.1) ʩʧʨʦʱʫʻʪʴʩʷ: 

ὠ ὲЍςЎ ὔὃ,   (1.2) 

ʜʝ Nɸ ï ʯʠʩʣʦʚʘ ʘʧʝʨʪʫʨʘ ʚʦʣʦʢʥʘ. ɺ ʧʨʦʤʝʥʝʚʽʡ ʦʧʪʠʮʽ  NA=n0sinɗ, ʜʝ ɗ- 

ʧʦʣʦʚʠʥʥʠʡ ʢʫʪ ʧʘʜʽʥʥʷ, ʘ n0 ï ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ ʩʝʨʝʜʦʚʠʱʘ, ʚ ʷʢʽʡ 

ʧʦʰʠʨʶʻʪʴʩʷ ʧʨʦʤʽʥʴ ʜʦ ʧʘʜʽʥʥʷ ʥʘ ʪʦʨʝʮʴ ʚʦʣʦʢʥʘ (ʜʣʷ ʧʦʚʽʪʨʷ n0=1). 

ʇʘʨʘʤʝʪʨ NA ʻ ʤʽʨʦʶ ʟʜʘʪʥʦʩʪʽ ʚʦʣʦʢʥʘ ʟʙʠʨʘʪʠ ʦʧʪʠʯʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʧʨʠ ʮʴʦʤʫ ʩʚʽʪʣʦ, ʱʦ ʧʘʜʘʻ ʥʘ ʪʦʨʝʮʴ ʚʦʣʦʢʥʘ ʧʽʜ ʢʫʪʦʤ, 

ʙʽʣʴʰʠʤ ʥʽʞ ɗ, ʚʽʜʥʦʩʥʦ ʡʦʛʦ ʛʦʣʦʚʥʦʾ ʦʧʪʠʯʥʦʾ ʦʩʽ ʥʝ ʟʙʫʜʞʫʻ 

ʧʦʰʠʨʶʚʘʥʫ ʤʦʜʫ. ʄʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʜʣʷ ʚʩʽʭ ʟʥʘʯʝʥʴ V ʘʞ ʜʦ ʧʝʨʰʦʛʦ 

ʥʫʣʷ ʬʫʥʢʮʽʾ ɹʝʩʩʝʣʷ J0, ʢʦʣʠ J0 (V)=0, ʭʚʠʣʝʚʽʜ ʙʫʜʝ ʧʽʜʪʨʠʤʫʚʘʪʠ 

ʧʦʰʠʨʝʥʥʷ ʪʽʣʴʢʠ ʛʽʙʨʠʜʥʦʾ ʤʦʜʠ ʥʘʡʥʠʞʯʦʛʦ ʧʦʨʷʜʢʫ ʅɽ11 [1.18]. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʜʣʷ V<2, 405 ʭʚʠʣʝʚʽʜ ʻ ʦʜʥʦʤʦʜʦʚʠʤ. 

ʂʦʣʠ ʟʥʘʯʝʥʥʷ V ʧʝʨʝʚʠʱʫʻ 2,405, ʭʚʠʣʝʚʽʜ ʧʽʜʪʨʠʤʫʻ ʤʦʜʠ ʚʠʱʦʛʦ 

ʧʦʨʷʜʢʫ, ʽ ʧʨʠ ʜʦʩʠʪʴ ʚʝʣʠʢʠʭ V ʯʠʩʣʦ ʤʦʜ, ʱʦ ʧʦʰʠʨʶʶʪʴʩʷ ʤʦʞʥʘ 

ʦʮʽʥʠʪʠ ʷʢ V
2
/2. ɼʽʘʤʝʪʨ ʩʝʨʮʝʚʠʥʠ ʪʠʧʦʚʦʛʦ ʦʜʥʦʤʦʜʦʚʦʛʦ ʚʦʣʦʢʥʘ ʥʘ 

ʭʚʠʣʽ 1550 ʥʤ ʩʢʣʘʜʘʻ 10 ʤʢʤ, ʽ ʦʜʥʦʤʦʜʦʚʠʡ ʨʝʞʠʤ ʟʙʝʨʽʛʘʻʪʴʩʷ ʘʞ ʜʦ 

ʨʽʟʥʠʮʽ ʧʦʢʘʟʥʠʢʽʚ ʟʘʣʦʤʣʝʥʥʷ 0,006. ʅʘʩʪʽʣʴʢʠ ʤʘʣʘ ʨʽʟʥʠʮʷ ʧʦʢʘʟʥʠʢʽʚ 

ʟʘʣʦʤʣʝʥʥʷ ʤʦʞʣʠʚʘ ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʚʘʥʥʷ ʚ ʯʠʩʪʝ ʧʣʘʚʣʝʥʝ ʢʚʘʨʮʦʚʝ ʩʢʣʦ 

(Siʆ2) ʣʝʛʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, Geʆ2, ʈ2ʆ5 ʘʙʦ ɺ2ʆ3. 



 21 

ɹʘʛʘʪʦʤʦʜʦʚʽ ʚʦʣʦʢʥʘ ʟ ʚʝʣʠʢʠʤʠ ʩʝʨʮʝʚʠʥʘʤʠ ʧʦʯʘʣʠ 

ʚʠʛʦʪʦʚʣʷʪʠʩʴ ʨʘʥʽʰʝ ʦʜʥʦʤʦʜʦʚʠʭ ʽ ʜʦʩʷʛʣʠ ʤʝʥʰʠʭ ʚʪʨʘʪ ʟʘʚʜʷʢʠ 

ʧʽʜʚʠʱʝʥʠʤ ʜʦʧʫʩʢʘʤ ʜʦ ʥʝʜʦʩʢʦʥʘʣʦʾ ʛʝʦʤʝʪʨʽʾ ʭʚʠʣʝʚʦʜʫ. ʆʜʥʘʢ ʚ 

ʨʘʜʽʦʬʦʪʦʥʥʠʭ ʣʽʥʽʷʭ ʧʨʠ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʜʣʷ ʪʦʛʦ, ʱʦʙ 

ʫʥʠʢʥʫʪʠ ʜʦʜʘʪʢʦʚʠʭ ʚʪʨʘʪ ʚʥʘʩʣʽʜʦʢ ʤʽʞʤʦʜʦʚʦʾ ʜʠʩʧʝʨʩʽʾ, ʤʘʡʞʝ 

ʚʠʢʣʶʯʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʦʜʥʦʤʦʜʦʚʽ ʚʦʣʦʢʥʘ. ʊʠʤʯʘʩʦʚʠʡ ʧʨʦʛʨʝʩ ʚ 

ʟʤʝʥʰʝʥʥʽ ʦʧʪʠʯʥʠʭ ʚʪʨʘʪ ʙʘʛʘʪʦʤʦʜʦʚʠʭ ʪʘ ʦʜʥʦʤʦʜʦʚʠʭ ʚʦʣʦʢʦʥ ʚ 

ʪʝʨʤʽʥʘʭ ʚʪʨʘʪ ʧʨʠ ʧʦʰʠʨʝʥʥʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 1.6. ʌʫʥʜʘʤʝʥʪʘʣʴʥʦ 

ʚʪʨʘʪʠ ʦʙʤʝʞʫʶʪʴʩʷ ʨʝʣʝʾʚʩʴʢʠʤ  ʨʦʟʩʽʶʚʘʥʥʷʤ ʚ ʚʦʣʦʢʥʽ ʪʘ ʜʦʨʽʚʥʶʶʪʴ 

0,175 ʜɹ/ʢʤ ʥʘ ʭʚʠʣʽ 1,55 ʤʢʤ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 1.6, ʚʪʨʘʪʠ ʚ ʚʦʣʦʢʥʽ 

ʟʤʝʥʰʠʣʠʩʷ ʥʠʞʯʝ 1 ʜɹ/ʢʤ ʜʦ 1974 ʨʦʢʫ ʽ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʠ 10% ʚʽʜ 

ʨʝʣʝʾʚʩʴʢʦʾ ʤʝʞʽ ʜʦ 1981 ʨʦʢʫ. ʋ ʥʘʩʪʫʧʥʠʭ ʨʦʟʜʽʣʘʭ ʙʫʜʝ ʧʦʢʘʟʘʥʦ, ʱʦ 

ʜʣʷ ʙʘʛʘʪʴʦʭ ʬʦʨʤʘʪʽʚ ʤʦʜʫʣʷʮʽʾ ɺʆʉʇ ʨʘʜʽʦʯʘʩʪʦʪʥʽ ʚʪʨʘʪʠ ʚ ʄʍʌ ʣʽʥʽʾ 

ʚ ʜʚʘ ʨʘʟʠ (ʜɹ) ʧʝʨʝʚʠʱʫʶʪʴ ʦʧʪʠʯʥʽ ʚʪʨʘʪʠ. ʆʪʞʝ, ʜʦ 1981 ʨʦʢʫ ʚʪʨʘʪʠ ʥʘ 

ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʣʽʥʽʾ ʟʘʪʨʠʤʢʠ ʧʦʚʠʥʥʽ ʙʫʣʠ 

ʩʢʣʘʜʘʪʠ ʚʩʴʦʛʦ ʣʠʰʝ 0,4 ʜɹ/ʢʤ ʥʘ ʭʚʠʣʽ 1550 ʥʤ. ʆʩʢʽʣʴʢʠ ʩʧʝʢʪʨʘʣʴʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʦʧʪʠʯʥʠʭ ʚʪʨʘʪ ʤʽʥʽʤʘʣʴʥʘ ʚ ʤʝʞʘʭ ʩʤʫʛʠ ʰʠʨʠʥʦʶ ʢʽʣʴʢʘ 

ʥʘʥʦʤʝʪʨʽʚ (ʩʦʪʥʽ ʛʽʛʘʛʝʨʮ ʥʘ ʭʚʠʣʽ 1550 ʥʤ), ʚʪʨʘʪʠ ʥʘ ʧʦʰʠʨʝʥʥʷ  

ʨʘʜʽʦʩʠʛʥʘʣʫ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʪʦʪʠ. 

 

 

ʈʠʩ. 1.6. ɼʦʩʷʛʥʫʪʽ ʚʪʨʘʪʠ ʚ ʦʜʥʦʤʦʜʦʚʠʭ (ʆʄɺ) ʪʘ ʙʘʛʘʪʦʤʦʜʦʚʠʭ (ʄʄɺ)  

ʦʧʪʠʯʥʠʭ ʚʦʣʦʢʥʘʭ ʜʣʷ ʨʽʟʥʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ [1.19-1.24] 
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ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 1.6, ʚʪʨʘʪʠ ʚ ʚʦʣʦʢʥʽ ʟʤʝʥʰʠʣʠʩʷ ʥʠʞʯʝ 1 ʜɹ/ʢʤ ʜʦ 

1974 ʨʦʢʫ ʡ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʠ 10% ʚʽʜ ʨʝʣʝʾʚʩʴʢʦʾ ʤʝʞʽ ʜʦ 1981 ʨʦʢʫ. ʋ 

ʥʘʩʪʫʧʥʠʭ ʨʦʟʜʽʣʘʭ ʙʫʜʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʙʘʛʘʪʴʦʭ ʬʦʨʤʘʪʽʚ ʤʦʜʫʣʷʮʽʾ 

ɺʆʉʇ ʨʘʜʽʦʯʘʩʪʦʪʥʽ ʚʪʨʘʪʠ ʚ ʄʍʌ ʣʽʥʽʾ ʚ ʜʚʘ ʨʘʟʠ (ʚ ʜɹ) ʧʝʨʝʚʠʱʫʶʪʴ 

ʦʧʪʠʯʥʽ ʚʪʨʘʪʠ. ʆʪʞʝ, ʜʦ 1981 ʨʦʢʫ ʚʪʨʘʪʠ ʥʘ ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ 

ʩʠʛʥʘʣʫ ʚ ʣʽʥʽʾ ʟʘʪʨʠʤʢʠ ʧʦʚʠʥʥʽ ʙʫʣʠ ʩʢʣʘʜʘʪʠ ʚʩʴʦʛʦ ʣʠʰʝ 0,4 ʜɹ/ʢʤ ʥʘ 

ʭʚʠʣʽ 1550 ʥʤ. ʆʩʢʽʣʴʢʠ ʩʧʝʢʪʨʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʦʧʪʠʯʥʠʭ ʚʪʨʘʪ 

ʤʽʥʽʤʘʣʴʥʘ ʚ ʤʝʞʘʭ ʩʤʫʛʠ ʰʠʨʠʥʦʶ ʢʽʣʴʢʘ ʥʘʥʦʤʝʪʨʽʚ (ʩʦʪʥʽ ʛʽʛʘʛʝʨʮ ʥʘ 

ʭʚʠʣʽ 1550 ʥʤ), ʚʪʨʘʪʠ ʥʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʫ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʪʦʪʠ. 

ʅʠʟʴʢʽ ʚʪʨʘʪʠ ʚ ʦʧʪʠʯʥʦʤʫ ʚʦʣʦʢʥʽ ʩʪʚʦʨʠʣʠ ʧʝʨʩʧʝʢʪʠʚʫ ʟʥʘʯʥʦʛʦ 

ʧʦʣʽʧʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʣʽʥʽʡ ʟʘʪʨʠʤʢʠ ʟʘ ʫʤʦʚʠ, ʱʦ ʙʫʜʫʪʴ 

ʨʦʟʨʦʙʣʝʥʽ ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʡ ʪʘ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʠʯʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʟ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʩʤʫʛʘʤʠ ʧʨʦʧʫʩʢʘʥʥʷ. ʉʧʦʯʘʪʢʫ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤ 

ʨʦʙʦʯʠʤ ʯʘʩʪʦʪʥʠʤ ʜʽʘʧʘʟʦʥʦʤ ʚʚʘʞʘʣʘʩʴ ʦʙʣʘʩʪʴ ʥʠʞʯʝ ʧʝʨʰʦʛʦ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʽʢʥʘ ʧʨʦʟʦʨʦʩʪʽ (ʨʠʩ. 1.4) ʟ ʚʝʨʭʥʴʦʶ ʯʘʩʪʦʪʦʶ ʜʦ 20 ɻɻʮ, ʚ 

ʷʢʽʡ ʬʫʥʢʮʽʦʥʫʚʘʣʦ ʟʥʘʯʥʝ ʯʠʩʣʦ ʨʘʜʽʦʩʠʩʪʝʤ. ɺ ʷʢʦʩʪʽ ɽʆʇ ʚʠʙʦʨʦʤ 

ʨʘʥʥʴʦʛʦ ʝʪʘʧʫ ʩʪʘʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʣʘʟʝʨ ʟʘʚʜʷʢʠ ʡʦʛʦ 

ʩʫʙʥʘʥʦʩʝʢʫʥʜʥʦʤʫ ʯʘʩʫ ʞʠʪʪʷ ʬʦʪʦʥʽʚ ʚ GaAs (ʜʦʚʞʠʥʠ ʭʚʠʣʴ ʜʦ 860 ʥʤ) 

ʪʘ InGaAsP (ʜʦʚʞʠʥʠ ʭʚʠʣʴ ʜʦ 1600 ʥʤ). ɹʝʟʧʦʩʝʨʝʜʥʷ ʤʦʜʫʣʷʮʽʷ ʩʪʨʫʤʫ 

ʥʘʢʘʯʫʚʘʥʥʷ ʚ ʮʠʭ ʣʘʟʝʨʘʭ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʩʪʠʡ ʤʝʭʘʥʽʟʤ ʝʣʝʢʪʨʦʦʧʪʠʯʥʦʛʦ  

ʧʝʨʝʪʚʦʨʝʥʥʷ. ɼʦ ʩʝʨʝʜʠʥʠ 80-ʭ ʨʦʢʽʚ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʮʽʣʠʡ ʨʷʜ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʝʤʦʥʩʪʨʘʮʽʡ ʽʟ ʩʤʫʛʦʶ ʤʦʜʫʣʷʮʽʾ ʘʞ ʜʦ 10 ɻɻʮ [1.25]. 

ʇʝʨʰʘ ʜʝʤʦʥʩʪʨʘʮʽʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʣʘʟʝʨʘ ʽʟ ʩʤʫʛʦʶ ʤʦʜʫʣʷʮʽʾ 

ʙʽʣʴʰʝ 20 ɻɻʮ ʙʫʣʘ ʥʘ 1,3 ʤʢʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʨʦʱʝʥʦʾ  

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ʚ ʦʙ'ʻʤʥʦʤʫ ʤʘʪʝʨʽʘʣʽ [1.26]. ɼʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʪʨʠʚʘʶʪʴ ʚ 

ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ, ʧʦʣʷʛʘʣʠ ʚ ʧʦʣʽʧʰʝʥʥʽ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ (ʱʦ 

ʜʘʚʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʟʙʽʣʴʰʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ) 

ʡ ʨʦʟʰʠʨʝʥʥʽ ʩʤʫʛʠ ʤʦʜʫʣʷʮʽʾ. ɺʝʣʠʢʽ ʦʯʽʢʫʚʘʥʥʷ ʙʫʣʠ ʧʦʚ'ʷʟʘʥʽ ʟ ʪʠʤ, ʱʦ 
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ʨʦʟʨʦʙʢʘ ʙʘʛʘʪʦʢʚʘʥʪʦʚʦʨʦʟʤʽʨʥʠʭ ʣʘʟʝʨʽʚ ʧʨʠʟʚʝʜʝ ʜʦ ʧʦʣʽʧʰʝʥʥʷ 

ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʚʜʷʢʠ ʾʭ ʚʣʘʩʪʠʚʦʩʪʷʤ ʦʙʤʝʞʝʥʥʷ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʽ ʤʘʣʠʤ ʢʦʥʮʝʥʪʨʘʮʽʷʤ ʥʦʩʽʾʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʚʝʨʩʽʾ 

[1.27]. ʆʜʥʘʢ ʮʴʦʛʦ ʥʝ ʩʪʘʣʦʩʴ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʥʝ ʙʫʚ ʚʠʚʯʝʥʠʡ 

ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʡ ʪʨʘʥʩʧʦʨʪ ʥʦʩʽʾʚ ʧʨʠ ʾʭ ʜʚʦʥʘʧʨʘʚʣʝʥʽʡ ʚʟʘʻʤʦʜʽʾ ʟ 

ʢʚʘʥʪʦʚʠʤʠ ʷʤʘʤʠ ʪʘ ʥʝ ʙʫʣʦ ʧʦʢʘʟʘʥʦ [1.28], ʱʦ ʩʤʫʛʘ ʣʘʟʝʨʽʚ ʟ 

ʢʚʘʥʪʦʚʠʤʠ ʷʤʘʤʠ ʧʝʨʝʚʠʱʫʻ ʩʤʫʛʫ ʣʘʟʝʨʽʚ ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʢʚʘʥʪʦʚʦʛʦ 

ʦʙʤʝʞʝʥʥʷ. ʅʝʟʘʙʘʨʦʤ ʚʽʜʙʫʣʘʩʷ ʨʦʟʨʦʙʢʘ ʣʘʟʝʨʽʚ ʽʟ ʨʦʟʧʦʜʽʣʝʥʠʤ 

ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ (ʈɿɿ), ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʦʙʦʪʫ ʚ ʨʝʞʠʤʽ ʦʜʥʽʻʾ 

ʧʦʟʜʦʚʞʥʴʦʾ ʤʦʜʠ. ʍʦʯʘ ʣʘʟʝʨʠ ʟ ʩʤʫʛʦʶ 20 ɻɻʮ ʟʘʙʝʟʧʝʯʫʚʘʣʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʨʘʜʽʦʩʠʩʪʝʤ, ʧʽʢ ʰʫʤʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʣʘʟʝʨʘ  ʧʦʙʣʠʟʫ ʚʝʨʭʥʴʦʛʦ ʢʨʘʶ ʩʤʫʛʠ ʤʦʜʫʣʷʮʽʾ ʷʢʠʭ 

ʧʨʠʟʚʦʜʠʚ ʜʦ ʟʥʠʞʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣʫ ʜʦ ʰʫʤʫ. ɺʧʣʠʚ ʮʴʦʛʦ ʧʽʢʫ 

ʰʫʤʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ (ʘʙʦ ʚʽʜʥʦʩʥʦʛʦ ʰʫʤʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ - RIN) ʤʦʞʝ ʙʫʪʠ 

ʟʤʝʥʰʝʥʦ ʰʣʷʭʦʤ ʨʦʟʰʠʨʝʥʥʷ ʩʤʫʛʠ ʤʦʜʫʣʷʮʽʾ, ʱʦ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʜʣʷ 

ʈɿɿ-ʣʘʟʝʨʽʚ ʟʽ ʩʤʫʛʦʶ ʙʽʣʴʰʝ ʥʽʞ 25 ɻɻʮ ʥʘ ʭʚʠʣʽ 1550 ʥʤ [1.29] ʽ ʙʽʣʴʰʝ 

ʥʽʞ 40 ɻɻʮ [1.30]. 

ʅʘ ʜʘʣʴʥʴʦʤʫ ʢʽʥʮʽ ʣʽʥʽʾ ʜʣʷ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ 

ʨʘʜʽʦʜʽʘʧʘʟʦʥʫ, ʱʦ ʧʝʨʝʥʦʩʠʪʴʩʷ ʥʘ ʦʧʪʠʯʥʽʡ ʥʦʩʽʡ, ʧʦʪʨʽʙʥʦ ʦʧʪʠʢʦ-

ʝʣʝʢʪʨʠʯʥʠʡ ʢʦʥʚʝʨʪʝʨ. ʅʘʡʙʽʣʴʰ ʟʥʘʯʫʱʠʤ ʧʨʠʣʘʜʦʤ ʜʣʷ ʮʽʻʾ ʤʝʪʠ ʻ 

ʬʦʪʦʜʽʦʜ ʟ ʨ-n- ʧʝʨʝʭʦʜʦʤ ʽ ʚʚʝʜʝʥʠʤ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʻʤʥʦʩʪʽ ʟʙʽʜʥʝʥʠʤ 

ʰʘʨʦʤ ʟ ʚʣʘʩʥʦʶ ʧʨʦʚʽʜʥʽʩʪʶ, ʷʢʠʡ ʦʪʨʠʤʘʚ ʥʘʟʚʫ p-i-n-ʬʦʪʦʜʽʦʜ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʽʪ ʧʦ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʤ ʬʦʪʦʜʽʦʜʘʤ ʨʘʥʥʴʦʛʦ ʧʝʨʽʦʜʫ 

ʧʦʢʘʟʘʣʠ ʽʩʪʦʪʥʦ ʰʠʨʰʽ ʣʽʥʽʾ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʤʠ ʣʘʟʝʨʘʤʠ 

[1.31], ʽ, ʟʘʛʘʣʦʤ, ʬʦʪʦʜʽʦʜʠ ʥʝ ʩʪʘʣʠ ʦʙʤʝʞʫʚʘʣʴʥʠʤ ʧʦ ʣʽʥʽʷʤ ʧʨʠʩʪʨʦʻʤ 

ʚ ʩʢʣʘʜʽ ʧʝʨʰʠʭ ʨʘʜʽʦʬʦʪʦʥʥʠʭ ʣʽʥʽʡ. ʇʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʮʠʭ ʬʦʪʦʜʽʦʜʽʚ ʫ 

ʚʠʛʣʷʜʽ ʦʙ'ʻʤʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟ ʧʦʚʝʨʭʥʝʚʠʤ ʟʘʩʚʽʯʝʥʥʷʤ ʻ ʢʦʤʧʨʦʤʽʩʥʽ 

ʨʽʰʝʥʥʷ [1.32]: ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʟʙʽʜʥʝʥʦʾ ʦʙʣʘʩʪʽ ʟʥʠʞʫʻ ʻʤʥʽʩʪʴ 

(ʨʦʟʰʠʨʶʻ ʩʤʫʛʫ ʧʨʦʧʫʩʢʘʥʥʷ) ʡ ʧʦʢʨʘʱʫʻ ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ, ʘʣʝ 
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ʟʙʽʣʴʰʫʻ ʯʘʩ ʧʨʦʣʴʦʪʫ ʥʦʩʽʾʚ (ʟʚʫʞʫʻ ʩʤʫʛʫ). ʎʴʦʛʦ ʤʦʞʥʘ ʫʥʠʢʥʫʪʠ 

ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʚʠʣʝʚʽʜʥʦʾ ʘʙʦ ʨʦʟʧʦʜʽʣʝʥʦʾ ʟ ʭʚʠʣʝʶ, ʱʦ ʙʽʞʠʪʴ, 

ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʜʥʦʯʘʩʥʦʛʦ ʧʦʣʽʧʰʝʥʥʷ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʣʽʥʽʾ, ʘʣʝ ʪʽʣʴʢʠ ʟʘ ʨʘʭʫʥʦʢ ʩʢʣʘʜʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠʣʘʜʫ ʡ ʢʦʨʧʫʩʫ.  

ʂʨʽʤ ʥʠʟʴʢʠʭ ʚʪʨʘʪ ʧʨʠ ʧʦʰʠʨʝʥʥʽ ʜʣʷ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ɺʆʉʇ ʚʝʣʠʢʝ 

ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʜʦʩʪʫʧʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʣʽʥʽʷ ʪʘ ʥʝʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʯʘʩʪʦʪʠ 

ʚʪʨʘʪ ʫ ʚʦʣʦʢʥʽ. ʎʝ ʨʽʟʢʦ ʢʦʥʪʨʘʩʪʫʻ ʟ ʚʪʨʘʪʘʤʠ ʧʨʠ ʧʦʰʠʨʝʥʥʽ ʚ 

ʨʘʜʽʦʯʘʩʪʦʪʥʦʤʫ ʢʦʘʢʩʽʘʣʴʥʦʤʫ ʢʘʙʝʣʽ, ʜʝ ʟʘʣʝʞʥʽʩʪʴ, ʷʢ ʧʨʘʚʠʣʦ, 

ʚʽʜʧʦʚʽʜʘʻ ʢʚʘʜʨʘʪʥʦʤʫ ʢʦʨʝʥʶ ʟʽ ʟʤʽʥʠ ʯʘʩʪʦʪʠ. ʗʢ ʧʨʠʢʣʘʜ ʨʦʟʛʣʷʥʝʤʦ 

ʨʠʩ. 1.7 (ʘ), ʜʝ ʥʘʚʝʜʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʪʦʪʠ ʚʪʨʘʪ ʧʨʠ ʧʦʰʠʨʝʥʥʽ ʚ ʜʚʦʭ 

ʪʠʧʘʭ ʢʦʘʢʩʽʘʣʴʥʠʭ ʢʘʙʝʣʽʚ RG-401 ʪʘ RG-405, ʘ ʪʘʢʦʞ ʚʪʨʘʪ ʧʨʠ 

ʧʦʰʠʨʝʥʥʽ ʚ ʦʧʪʠʯʥʦʤʫ ʚʦʣʦʢʥʽ. ɿʘʛʘʣʦʤ, ʙʽʣʴʰʠʡ ʜʽʘʤʝʪʨ ʢʘʙʝʣʽʚ, ʪʘʢʠʭ 

ʷʢ RG-401, ʤʘʻ ʪʝʥʜʝʥʮʽʶ ʜʦ ʤʝʥʰʠʭ ʚʪʨʘʪ, ʘʣʝ ʪʘʢʦʞ ʽ ʙʽʣʴʰ ʥʠʟʴʢʽʡ 

ʛʨʘʥʠʯʥʽʡ ʯʘʩʪʦʪʽ ʧʦ ʟʙʝʨʝʞʝʥʥʶ ʚ ʭʚʠʣʝʚʦʜʽ ʦʜʥʦʤʦʜʦʚʦʛʦ ʨʝʞʠʤʫ. 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʚʪʨʘʪʠ ʚ ʢʦʘʢʩʽʘʣʴʥʦʤʫ ʢʘʙʝʣʽ ʨʦʩʪʫʪʴ ʥʘ ʧʦʨʷʜʦʢ ʥʘ ʢʦʞʥʽ 

ʜʚʘ ʧʦʨʷʜʢʠ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʦʪʠ, ʪʦʙʪʦ ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʪʨʘʪ 

ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ ʢʚʘʜʨʘʪʥʦʛʦ ʢʦʨʝʥʷ ʚʽʜ ʯʘʩʪʦʪʠ. ɿʘʫʚʘʞʠʤʦ ʪʘʢʦʞ, 

ʱʦ ʚʪʨʘʪʠ ʧʨʠ ʧʦʰʠʨʝʥʥʽ ʚ ʢʦʘʢʩʽʘʣʴʥʦʤʫ ʢʘʙʝʣʽ ʥʘ ʜʚʘ-ʪʨʠ ʧʦʨʷʜʢʠ ʚʠʱʝ, 

ʥʽʞ ʚ ʦʧʪʠʯʥʦʤʫ ʚʦʣʦʢʥʽ. ʎʷ ʧʨʠʯʠʥʘ ʩʘʤʘ ʧʦ ʩʦʙʽ ʩʪʘʣʘ ʧʦʰʪʦʚʭʦʤ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʾ ʄʍʌ ʘʞ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ. 

 

ʈʠʩ. 1.7. ɺʪʨʘʪʠ ʷʢ ʬʫʥʢʮʽʷ ʯʘʩʪʦʪʠ, ʚʢʣʶʯʘʶʯʠ ʪʽʣʴʢʠ ʚʪʨʘʪʠ ʧʨʠ ʧʦʰʠʨʝʥʥʽ  

ʚ ʢʘʙʝʣʽ ʪʠʧʽʚ RG-401, RG-405, ʚ ʢʚʘʨʮʦʚʦʤʫ ʚʦʣʦʢʥʽ (ʘ) ʪʘ ʜʘʣʴʥʦʩʪʽ ʧʦʰʠʨʝʥʥʷ  

ʜʣʷ RG-401 ʥʘ ʪʨʴʦʭ ʯʘʩʪʦʪʘʭ (ʙ) 
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ʂʦʣʠ ʚ ʭʦʜʽ ʧʦʨʽʚʥʷʥʥʷ ʢʦʘʢʩʽʘʣʴʥʦʛʦ ʢʘʙʝʣʶ ʽ ʚʦʣʦʢʥʘ ʢʨʽʤ ʚʪʨʘʪ ʥʘ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚʨʘʭʦʚʫʶʪʴʩʷ ʪʘʢʦʞ ʚʪʨʘʪʠ ʚ ɽʆʇ ʪʘ ʆɽʇ, ʨʽʟʥʠʮʷ ʥʝ 

ʚʽʜʧʦʚʽʜʘʻ ʧʦʢʘʟʘʥʽʡ ʥʘ ʨʠʩ. 1.7 (ʘ). ʇʦʚʥʽ ʚʪʨʘʪʠ ʚ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʽʡ 

ʣʽʥʽʾ ʪʘ ʚʪʨʘʪʠ ʧʨʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʽ ʚ ʢʘʙʝʣʽ RG-401 ʥʘ ʪʨʴʦʭ ʨʽʟʥʠʭ 

ʯʘʩʪʦʪʘʭ ʷʢ ʬʫʥʢʮʽʷ ʚʽʜ ʜʘʣʴʥʦʩʪʽ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1.7 (ʙ). ɼʦ ʚʪʨʘʪ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʦʾ ʣʽʥʽʾ ʚʽʜʥʦʩʷʪʴʩʷ 30-ʜɹ ʚʪʨʘʪʠ ʥʘ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʚʥʘʩʣʽʜʦʢ ʚʪʨʘʪ ʧʨʠ ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʭ ʪʘ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʠʯʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʥʷʭ. 

ʅʘ ʨʠʩ. 1.7 (ʙ) ʫ ʚʪʨʘʪʠ ʚ ʦʧʪʠʯʥʦʤʫ ʚʦʣʦʢʥʽ ʚʭʦʜʷʪʴ ʬʽʢʩʦʚʘʥʽ 

ʚʪʨʘʪʠ 30 ʜɹ ʚʥʘʩʣʽʜʦʢ ʧʨʷʤʦʛʦ ʡ ʟʚʦʨʦʪʥʦʛʦ ɽʆʇ. 

ɿʘʚʜʷʢʠ ʥʠʟʴʢʠʤ ʚʪʨʘʪʘʤ ʥʘ ʧʦʰʠʨʝʥʥʷ ʟʘʚʞʜʠ ʟʥʘʡʜʝʪʴʩʷ ʜʦʚʞʠʥʘ, 

ʧʨʠ ʷʢʽʡ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʘ ʣʽʥʽʷ ʧʝʨʝʚʝʨʰʠʪʴ ʢʦʘʢʩʽʘʣʴʥʠʡ ʢʘʙʝʣʴ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʚʪʨʘʪ. ʎʷ ʪʦʯʢʘ ʧʝʨʝʪʠʥʫ ʤʘʻ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʟʽ 

ʟʥʠʞʝʥʥʷʤ ʯʘʩʪʦʪʠ, ʧʨʦʪʝ ʪʠʧʦʚʠʤʠ ʻ ʚʽʜʩʪʘʥʽ ʚʽʜ ʜʝʩʷʪʢʽʚ ʜʦ ʜʝʢʽʣʴʢʦʭ 

ʩʦʪʝʥʴ ʤʝʪʨʽʚ. ʗʢʙʠ ʚʪʨʘʪʠ ʙʫʣʠ ʻʜʠʥʠʤ ʢʨʠʪʝʨʽʻʤ, ʪʦ ʚʦʣʦʢʥʦ ʟʘʚʞʜʠ ʙ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ ʚ ʜʦʚʛʠʭ ʣʽʥʽʷʭ, ʧʨʦʪʝ ʚ ʪʘʙʣʠʮʽ ʨʽʰʝʥʴ ʧʨʠʡʤʘʶʪʴʩʷ 

ʜʦ ʫʚʘʛʠ ʡ ʽʥʰʽ ʬʘʢʪʦʨʠ. ɿʦʢʨʝʤʘ, ʤʦʞʫʪʴ ʩʧʽʣʴʥʦ ʚʨʘʭʦʚʫʚʘʪʠʩʴ ʚʘʨʪʽʩʪʴ, 

ʰʫʤʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʬʘʟʦʚʘ ʩʪʘʙʽʣʴʥʽʩʪʴ, ʛʘʙʘʨʠʪʠ, ʥʝʯʫʪʣʠʚʽʩʪʴ ʜʦ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʝʨʝʰʢʦʜ ʪʘ ʽʥʰʽ ʯʠʥʥʠʢʠ. ʎʽ ʜʦʜʘʪʢʦʚʽ ʤʽʨʢʫʚʘʥʥʷ 

ʤʦʞʫʪʴ ʚʠʷʚʠʪʠʩʷ ʚʠʨʽʰʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʣʦʢʦʥʥʦʾ 

ʦʧʪʠʢʠ ʥʘʚʽʪʴ ʚ ʜʫʞʝ ʢʦʨʦʪʢʠʭ ʣʽʥʽʷʭ ʧʝʨʝʜʘʯʽ. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʨʠʩ. 1.8 

ʚʽʜʥʦʩʥʠʡ ʬʘʟʦʚʠʡ ʟʩʫʚ ʩʠʛʥʘʣʫ ʧʨʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʽ ʧʦ ʦʧʪʠʯʥʦʤʫ 

ʚʦʣʦʢʥʫ, ʚʠʨʘʞʝʥʠʡ ʚ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʦʜʠʥʠʮʷʭ (ʯʘʩʪʠʥʘʭ ʥʘ ʤʽʣʴʡʦʥ), 

ʧʦʨʽʚʥʶʻʪʴʩʷ ʽʟ ʟʩʫʚʦʤ ʚ ʢʦʘʢʩʽʘʣʴʥʦʤʫ ʢʘʙʝʣʽ. ʂʦʥʩʪʨʫʢʮʽʷ ʢʦʘʢʩʽʘʣʴʥʦʛʦ 

ʢʘʙʝʣʶ ʤʽʩʪʠʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʢʣʶʯʘʶʯʠ ʩʫʮʽʣʴʥʽ ʪʘ 

ʩʢʨʫʯʝʥʽ ʤʝʪʘʣʝʚʽ ʝʢʨʘʥʠ, ʨʽʟʥʽ ʚʠʜʠ ʤʝʪʘʣʽʚ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʽ ʜʽʝʣʝʢʪʨʠʯʥʽ 

ʤʘʪʝʨʽʘʣʠ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʘʻ ʚʣʘʩʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʛʨʫʧʦʚʘ ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʚ 

ʢʦʘʢʩʽʘʣʴʥʦʤʫ ʢʘʙʝʣʽ ʩʪʘʻ ʩʢʣʘʜʥʦʶ ʬʫʥʢʮʽʻʶ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ.  
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ʈʠʩ. 1.8. ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʬʘʟʦʚʦʛʦ ʟʩʫʚʫ ʜʣʷ ʢʦʘʢʩʽʘʣʴʥʦʛʦ  

ʢʘʙʝʣ ʁʪʘ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ 

 

ʅʘ ʧʨʦʪʠʚʘʛʫ ʮʴʦʤʫ ʦʧʪʠʯʥʝ ʚʦʣʦʢʥʦ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʟ 

ʧʣʘʚʣʝʥʦʛʦ ʢʚʘʨʮʫ. ʋ ʥʴʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʤʽʥʠ ʟʘʪʨʠʤʢʠ ʧʨʠ ʧʦʰʠʨʝʥʥʽ ʻ 

ʥʘʩʣʽʜʢʦʤ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʷʢ ʬʽʟʠʯʥʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʝʚʦʜʫ, ʪʘʢ 

ʽ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ (ʜʠʚ. ʪʘʢʦʞ 5.3). ɺʽʜʥʦʩʥʘ ʟʤʽʥʘ ʟʘʪʨʠʤʢʠ ʥʘ 

ʦʜʠʥʠʮʶ ʜʦʚʞʠʥʠ ʽ ʛʨʘʜʫʩ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʚʦʣʦʢʥʘ ʙʝʟ ʧʦʢʨʠʪʪʷ 

ʩʪʘʥʦʚʠʪʴ 810
-6 
[1.33], ʷʢʱʦ ʚʦʥʦ ʥʝ ʧʨʠʢʨʽʧʣʝʥʦ ʤʝʭʘʥʽʯʥʦ ʜʦ ʽʥʰʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʟ ʚʝʣʠʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ.  

ɼʘʥʘ ʚʝʣʠʯʠʥʘ ʚʨʘʭʦʚʫʻ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʷʢ ʤʘʪʝʨʽʘʣʫ, ʪʘʢ ʽ 

ʛʝʦʤʝʪʨʽʾ ʭʚʠʣʝʚʦʜʫ. ʌʣʫʢʪʫʘʮʽʾ ʜʦʚʞʠʥʠ ʜʫʞʝ ʤʘʣʽ ʡ ʣʝʛʢʦ ʧʝʨʝʜʙʘʯʫʚʘʥʽ 

ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʫʤʦʚʠ ʤʽʥʽʤʽʟʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʦʢʨʠʪʪʷʤ ʚʦʣʦʢʥʘ ʪʘ ʢʦʥʩʪʨʫʢʮʽʻʶ ʢʘʙʝʣʶ. ʎʷ 

ʚʣʘʩʪʠʚʽʩʪʴ ʤʦʞʝ ʩʪʘʪʠ ʩʝʨʡʦʟʥʦʶ ʧʝʨʝʚʘʛʦʶ ʚ ʩʠʩʪʝʤʘʭ, ʜʝ ʧʦʪʨʽʙʥʘ 

ʬʘʟʦʚʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʘʙʦ ʧʝʨʝʜʙʘʯʫʚʘʥʽʩʪʴ ʟʤʽʥʠ ʬʘʟʠ ʚ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ. 

ɯʥʰʽ, ʯʘʩʪʦ ʮʠʪʦʚʘʥʽ ʧʝʨʝʚʘʛʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʥʠʭ ʣʽʥʽʡ, ʚʢʣʶʯʘʶʪʴ: 1) ʜʦʩʷʛʥʫʪʫ ʩʤʫʛʫ ʧʨʦʧʫʩʢʘʥʥʷ ʧʦʥʘʜ 

10000 ɻɻʮ; 2) ʟʤʝʥʰʝʥʽ ʛʘʙʘʨʠʪʠ ʢʘʙʝʣʶ: ʩʫʙʤʽʣʽʤʝʪʨʦʚʽ ʜʽʘʤʝʪʨʠ 

ʦʧʪʠʯʥʠʭ ʚʦʣʦʢʦʥ ʧʨʦʪʠ ʜʽʘʤʝʪʨʽʚ 3-10 ʽ ʙʽʣʴʰʝ ʤʽʣʽʤʝʪʨʽʚ ʚ ʢʦʘʢʩʽʘʣʴʥʠʭ 

ʢʘʙʝʣʷʭ; 3) ʚʽʜʧʦʚʽʜʥʝ ʟʤʝʥʰʝʥʥʷ ʤʘʩʠ ʧʨʠ ʤʦʞʣʠʚʦʩʪʽ ʤʽʥʽʤʽʟʘʮʽʾ 

ʥʝʦʙʭʽʜʥʠʭ ʚ ʢʘʙʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʟʘʭʠʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; 4) ʥʝʧʨʦʚʽʜʥʽ ʡ 
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ʥʝʤʝʪʘʣʝʚʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʠʜʘʪʥʽʩʪʴ ʚʦʣʦʢʥʘ ʚ ʚʠʧʘʜʢʘʭ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʽʟʦʣʷʮʽʾ ʤʽʞ ʧʝʨʝʜʘʚʘʯʝʤ ʪʘ ʧʨʠʡʤʘʯʝʤ;  

5) ʧʝʨʝʚʘʛʠ ʱʦʜʦ ʚʧʣʠʚʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, 

ʟʜʘʪʥʽʩʪʴ ʨʦʙʦʪʠ ʧʨʠ ʟʘʥʫʨʝʥʥʽ ʚ ʨʽʜʠʥʫ ʨʽʜʢʦʛʦ ʘʟʦʪʫ ʽ ʪ.ʧ.;  

6) ʥʝʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʜʦ ʢʦʨʦʟʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʥʘʣʦʛʦʚʠʭ ɺʆʉʇ ʜʘʻ 

ʜʦʜʘʪʢʦʚʽ ʤʝʥʰ ʦʯʝʚʠʜʥʽ ʧʝʨʝʚʘʛʠ, ʷʢʽ ʚʘʞʢʦ ʘʙʦ ʥʝʤʦʞʣʠʚʦ ʜʦʩʷʛʪʠ 

ʝʣʝʢʪʨʠʯʥʠʤ ʰʣʷʭʦʤ. ʎʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʽʩʪʷʪʴ ʟʜʘʪʥʽʩʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʟʤʽʥʥʫ 

ʟʘʪʨʠʤʢʫ ʚ ʽʩʪʠʥʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ (ʊʊD), ʘ ʪʘʢʦʞ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ 

ʨʘʜʽʦʩʠʛʥʘʣʽʚ. ʆʩʪʘʥʥʷ ʧʝʨʝʚʘʛʘ ʧʦʣʷʛʘʻ ʚ ʪʽʩʥʦʤʫ ʛʨʫʧʫʚʘʥʥʽ ʤʽʥʽʘʪʶʨʥʠʭ 

ʚʦʣʦʢʦʥ ʚʩʝʨʝʜʠʥʽ ʦʜʥʦʛʦ ʢʘʙʝʣʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʪʝʤʧʝʨʘʪʫʨʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʚʦʣʦʢʦʥʥʠʤʠ ʣʽʥʽʷʤʠ [1.34].  

ɼʘʥʠʡ ʧʽʜʭʽʜ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʣʽʧʰʠʪʠ ʚʽʜʩʪʝʞʝʥʥʷ ʬʘʟʠ ʧʨʠ 

ʚʝʣʠʢʦʤʫ ʯʠʩʣʽ ʚʦʣʦʢʦʥʥʠʭ ʣʽʥʽʡ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʠ ʧʦʙʫʜʦʚʽ 

ʬʘʟʦʚʘʥʠʭ ʘʥʪʝʥʥʠʭ ˇʨʘʪʦʢ. ɺ ʷʢʦʩʪʽ ʘʣʴʪʝʨʥʘʪʠʚʠ ʛʨʫʧʫʚʘʥʥʷ ʚʦʣʦʢʦʥ 

ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʚʠʢʣʶʯʥʦ ʰʠʨʦʢʦʶ ʩʤʫʛʦʶ ʧʨʦʧʫʩʢʘʥʥʷ ʚʦʣʦʢʥʘ ʜʣʷ 

ʪʦʛʦ, ʱʦʙ ʜʦʜʘʚʘʪʠ ʙʝʟʣʽʯ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʚʩʝʨʝʜʠʥʽ ʦʜʥʽʻʾ ʚʦʣʦʢʦʥʥʦʾ ʣʽʥʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʦʧʪʠʯʥʠʭ ʥʦʩʽʾʚ.  

ʊʘʢʽ ʣʽʥʽʾ ʡ ʧʦʚ'ʷʟʘʥʽ ʟ ʥʠʤʠ ʥʝʣʽʥʽʡʥʦʩʪʽ, ʙʫʣʠ ʧʝʨʰ ʟʘ ʚʩʝ ʚʠʚʯʝʥʽ 

ʷʢ ʟʘʩʽʙ ʨʦʟʧʦʜʽʣʫ ʢʘʥʘʣʽʚ ʢʘʙʝʣʴʥʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ [1.8] ʽ ʧʽʟʥʽʰʝ ״ ʜʣʷ 

ʧʝʨʝʜʘʯʽ ʙʽʣʴʰ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʩʠʛʥʘʣʽʚ ʅɺʏ-ʜʽʘʧʘʟʦʥʫ ʚʽʜ ʘʥʪʝʥʥʠʭ 

ˇʨʘʪʦʢ [1.35]. ɹʘʛʘʪʦ ʟ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʧʝʨʝʚʘʛ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʽʥʽʡ ʧʝʨʝʜʘʯʽ ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʚ ʪʝʢʩʪʽ ʜʘʥʦʾ ʤʦʥʦʛʨʘʬʽʾ. 
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1.2. ʇʦʨʽʚʥʷʥʥʷ ʘʥʘʣʦʛʦʚʠʭ ʪʘ ʮʠʬʨʦʚʠʭ ʚʦʣʦʢʦʥʥʦ- 

ʦʧʪʠʯʥʠʭ ʣʽʥʽʡ 

 

 

ɯʩʥʫʶʯʠʡ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʨʽʚʝʥʴ ʨʘʜʽʦʬʦʪʦʥʥʦʡ ʪʝʭʥʦʣʦʛʽʾ ʙʫʚ 

ʙʠ ʥʝʤʦʞʣʠʚʠʤ, ʷʢʙʠ ʚʽʥ ʥʝ ˇʨʫʥʪʫʚʘʚʩʷ ʥʘ ʜʦʩʷʛʥʝʥʥʷʭ ʚʦʣʦʢʦʥʥʦʾ 

ʦʧʪʠʢʠ ʚ ʮʠʬʨʦʚʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʦʧʪʠʯʥʦʛʦ 

ʚʦʣʦʢʥʘ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʜʘʥʠʭ ʚ 

ʛʣʦʙʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʜʦʢʦʨʽʥʥʦ ʟʤʽʥʠʣʦ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʩʚʽʪʦʚʦʛʦ 

ʟʚ'ʷʟʢʫ. ɯʥʪʝʨʥʝʪ ʪʘ ʧʦʚ'ʷʟʘʥʽ ʟ ʥʠʤ ʟʦʙʦʚ'ʷʟʘʥʥʷ ʧʦ ʨʦʟʰʠʨʝʥʥʶ ʣʽʥʽʡ 

ʥʝʤʠʥʫʯʝ ʩʧʨʠʯʠʥʠʣʠ ʨʦʟʨʦʙʢʫ ʡ ʚʧʨʦʚʘʜʞʝʥʥʷ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʮʠʬʨʦʚʠʭ ʩʤʫʛ ʪʘʢ, ʱʦʙ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʫ ʻʤʥʽʩʪʴ ʢʦʞʥʦʛʦ ʢʘʙʝʣʶ. ɼʦʜʘʪʢʦʚʘ 

ʧʝʨʝʚʘʛʘ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ ʜʣʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ 

ʧʦʣʷʛʘʻ ʚ ʽʩʥʫʚʘʥʥʽ ʚʝʣʠʢʦʾ ʢʦʤʧʦʥʝʥʪʥʦʾ ʙʘʟʠ, ʚʝʣʠʢʘ ʯʘʩʪʠʥʘ ʷʢʦʾ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʮʽʣʝʡ ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʬʦʪʦʥʽʢʠ. ɽʬʝʢʪʠ ʚʽʜ 

ʧʽʜʚʠʱʝʥʥʷ ʤʘʩʰʪʘʙʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʤʘʩʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʣʴʰʦʩʪʽ 

ʮʠʭ ʧʨʠʣʘʜʽʚ ʧʨʠʟʚʝʣʠ ʜʦ ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ ʘʥʘʣʦʛʦʚʠʭ ɺʆʉʇ ʟʘ 

ʚʠʥʷʪʢʦʤ ʪʠʭ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʙʫʣʠ ʧʦʪʨʽʙʥʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʢʦʤʧʣʝʢʪʫʶʯʽ 

ʚʠʨʦʙʠ, ʱʦ ʥʝ ʤʘʶʪʴ ʧʦʜʚʽʡʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʮʠʬʨʦʚʠʭ ɺʆʉʇ. 

ɺʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʘʥʘʣʦʛʦʚʠʤʠ ʪʘ ʮʠʬʨʦʚʠʤʠ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʤʠ 

ɺʆʉʇ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʠʪʴ ʽʩʪʦʪʥʠʤʠ. ʋ ʮʠʬʨʦʚʽʡ ʦʙʣʘʩʪʽ ʦʜʠʥʠʮʽ ʡ ʥʫʣʽ 

ʤʦʞʫʪʴ ʢʦʜʫʚʘʪʠʩʷ ʚ ʦʧʪʠʯʥʠʭ ʣʽʥʽʷʭ ʫ ʚʠʛʣʷʜʽ ʛʨʫʧ ʬʦʪʦʥʽʚ (ʦʧʪʠʯʥʠʡ 

ʽʤʧʫʣʴʩ) ʘʙʦ ʚʽʜʩʫʪʥʦʩʪʽ ʬʦʪʦʥʽʚ. ʇʨʠʯʦʤʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʦʪʦʯʥʦʛʦ 

ʽʤʧʫʣʴʩʫ ʦʜʠʥʠʮʽ ʘʙʦ ʥʫʣʶ ʥʝ ʤʘʻ ʟʥʘʯʝʥʥʷ. ʐʫʤ ʽ ʯʘʩʦʚʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ 

ʤʦʞʫʪʴ ʩʧʦʪʚʦʨʶʚʘʪʠ ʩʠʛʥʘʣ ʚ ʧʨʦʮʝʩʽ ʤʦʜʫʣʷʮʽʾ, ʧʦʰʠʨʝʥʥʷ ʪʘ/ʘʙʦ 

ʜʝʪʝʢʪʫʚʘʥʥʷ. ʇʦʢʠ ʰʫʤ ʪʘ ʪʠʤʯʘʩʦʚʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʜʦʩʠʪʴ ʤʘʣʽ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʛʨʘʪʦʨʘ ʤʦʞʥʘ ʯʽʪʢʦ ʨʦʟʜʽʣʠʪʠ ʥʘʷʚʥʽʩʪʴ ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʴ 

ʽʤʧʫʣʴʩʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʨʦʛʦʚʝ ʨʽʰʝʥʥʷ ʚ ʜʘʥʦʤʫ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ. 
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ɺ ʦʧʪʠʯʥʠʭ ʣʽʥʽʷʭ ʟʚ'ʷʟʢʫ ʨʘʥʥʴʦʛʦ ʧʝʨʽʦʜʫ ʝʣʝʢʪʨʠʯʥʽ ʨʝʛʝʥʝʨʘʪʦʨʠ 

ʧʝʨʽʦʜʠʯʥʦ ʫʩʫʚʘʣʠ ʰʫʤ ʪʘ ʪʠʤʯʘʩʦʚʫ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʽ ʨʝʛʝʥʝʨʫʚʘʣʠ 

ʽʥʬʦʨʤʘʮʽʶ, ʟʘʙʝʟʧʝʯʫʶʯʠ, ʪʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʘ ʜʫʞʝ ʚʝʣʠʢʽ 

ʚʽʜʩʪʘʥʽ. ʅʘʚʧʘʢʠ, ʚ ʘʥʘʣʦʛʦʚʠʭ ɺʆʉʇ ʥʝʦʙʭʽʜʥʦ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʥʘʷʚʥʽʩʪʴ 

ʘʙʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʧʣʠʚ ʮʴʦʛʦ ʰʫʤʫ ʪʘ ʪʠʤʯʘʩʦʚʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ. ʋ 

ʙʘʛʘʪʴʦʭ ʩʫʯʘʩʥʠʭ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤʘʭ ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʠʯʥʠʭ ʨʝʛʝʥʝʨʘʪʦʨʽʚ 

ʤʽʥʽʤʽʟʫʻʪʴʩʷ ʘʙʦ ʞ ʚʦʥʠ ʟʦʚʩʽʤ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟ ʝʢʦʥʦʤʽʯʥʠʭ 

ʤʽʨʢʫʚʘʥʴ. ʆʪʞʝ, ʙʘʛʘʪʦ ʣʽʥʽʡ ʮʠʬʨʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʚʝʣʠʢʦʾ ʧʨʦʪʷʞʥʦʩʪʽ ʻ ʧʦ 

ʩʫʪʽ ʘʥʘʣʦʛʦʚʠʤʠ ʚ ʩʝʥʩʽ, ʱʦ ʦʧʝʨʘʮʽʷ ʢʚʘʥʪʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʚʠʭʦʜʽ 

ʩʤʫʛʠ ʧʽʩʣʷ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ. 

ʑʦʙ ʧʦʷʩʥʠʪʠ ʮʶ ʪʦʯʢʫ ʟʦʨʫ, ʥʘ ʨʠʩ. 1.9 ʧʨʠʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʥʘ 

ʩʭʝʤʘ ʪʠʧʦʚʦʾ ʣʽʥʽʾ ʮʠʬʨʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʚʝʣʠʢʦʾ ʧʨʦʪʷʞʥʦʩʪʽ.  

 

 

ʈʠʩ. 1.9. ʉʭʝʤʘ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʦʾ ʣʽʥʽʾ ʚʝʣʠʢʦʾ ʧʨʦʪʷʞʥʦʩʪʽ, ʧʨʠʟʥʘʯʝʥʦʾ  

ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ ʩʠʛʥʘʣʽʚ 

 

ʅʘ ʚʭʽʜ ɽʆʇ ʧʦʜʘʻʪʴʩʷ ʮʠʬʨʦʚʠʡ ʩʠʛʥʘʣ (ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʜʠʥʠʮʴ ʪʘ 

ʥʫʣʽʚ). ʆʩʢʽʣʴʢʠ ʦʩʣʘʙʣʝʥʥʷ ʥʘ ʚʩʽʡ ʜʦʚʞʠʥʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʥʝ 

ʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʝʪʝʢʪʫʚʘʥʥʷ ʟ ʥʠʟʴʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʦʤʠʣʦʢ, ʩʠʛʥʘʣ 

ʜʦʚʦʜʠʪʴʩʷ ʧʝʨʽʦʜʠʯʥʦ ʧʦʩʠʣʶʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʢʽʣʴʢʦʭ ʦʧʪʠʯʥʠʭ 

ʧʽʜʩʠʣʶʚʘʯʽʚ ʧʦʜʽʙʥʦ ʝʨʙʽʻʚʠʭ ʚʦʣʦʢʦʥʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ (ɽɺʇ). ʅʘ ʢʽʥʮʽ 

ʩʤʫʛʠ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣ ʟʥʦʚʫ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʝʣʝʢʪʨʠʯʥʫ ʬʦʨʤʫ ʟʘ 



 30 

ʜʦʧʦʤʦʛʦʶ ʆɽʇ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʦʙʨʦʙʢʠ. ɺʭʽʜʥʠʡ ʮʠʬʨʦʚʠʡ 

ʩʠʛʥʘʣ (ʧʦʢʘʟʘʥʠʡ ʧʦʩʝʨʝʜʠʥʽ ʟʣʽʚʘ) ʤʽʩʪʠʪʴ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʜʠʥʠʮʴ ʪʘ 

ʥʫʣʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʷʢ ʜʚʘ ʨʽʚʥʽ ʥʘʧʨʫʛʠ. ʎʝ ʥʝ ʙʽʣʴʰʝ ʥʽʞ 

ʨʘʜʽʦʯʘʩʪʦʪʥʠʡ ʩʠʛʥʘʣ ʩʤʫʛʠ ʤʦʜʫʣʶʶʯʠʭ ʯʘʩʪʦʪ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ ʘʙʦ ʝʢʚʽʚʘʣʝʥʪʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢ ʧʦʢʘʟʘʥʦ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ 

ʨʠʩʫʥʢʫ (ʟʣʽʚʘ). ʉʧʝʢʪʨʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʨʽʦʜʠʯʥʦʛʦ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʛʦ ʩʠʛʥʘʣʫ
1
 ʚ ʬʦʨʤʘʪʽ NRZ (ʙʝʟ ʧʦʚʝʨʥʝʥʥʷ ʜʦ ʥʫʣʷ) 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʥʘʙʽʨ ʦʢʨʝʤʠʭ ʣʽʥʽʡ, ʘʤʧʣʽʪʫʜʘ ʷʢʠʭ ʟʤʽʥʶʻʪʴʩʷ ʟ 

ʯʘʩʪʦʪʦʶ ʟʛʽʜʥʦ ʬʫʥʢʮʽʾ sin
2
(t), ʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʠʤʠ - ʦʙʝʨʥʝʥʦ 

ʧʨʦʧʦʨʮʽʡʥʘ ʜʦʚʞʠʥʽ ʽʤʧʫʣʴʩʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ [1.36]. ʅʘ ʨʠʩ. 1.9 ʪʘʢʦʞ 

ʧʦʢʘʟʘʥʽ ʨʽʚʥʽ ʰʫʤʫ. ʅʘ ʚʠʭʦʜʽ ʣʽʥʽʾ ʰʫʤ ʟʙʽʣʴʰʫʻʪʴʩʷ ʯʝʨʝʟ ʚʧʣʠʚ 

ʧʽʜʩʠʣʶʚʘʯʽʚ. ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʮʴʦʤʫ ʨʠʩʫʥʢʫ, ʦʩʥʦʚʥʘ ʪʘʢʪʦʚʘ ʯʘʩʪʦʪʘ, 

ʧʦʚ'ʷʟʘʥʘ ʟʽ ʰʚʠʜʢʽʩʪʶ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʟʙʽʣʴʰʠʣʘʩʷ, ʱʦ ʤʦʞʝ ʙʫʪʠ 

ʧʦʚ'ʷʟʘʥʦ ʟ ʚʧʣʠʚʦʤ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ ʭʨʦʤʘʪʠʯʥʦʾ ʜʠʩʧʝʨʩʽʾ ʩʤʫʛʠ, ʷʢʘ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʰʠʨʝʥʥʷ ʽʤʧʫʣʴʩʫ, ʱʦ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ. ʊʘʢʘ 

çʮʠʬʨʦʚʘè ʣʽʥʽʷ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʘʥʘʣʦʛʦʚʘ ʦʧʪʠʯʥʘ ʩʠʩʪʝʤʘ, ʧʦ ʷʢʽʡ 

ʟ ʦʜʥʦʛʦ ʢʽʥʮʷ ʜʦ ʽʥʰʦʛʦ ʧʝʨʝʜʘʻʪʴʩʷ ʙʝʟʣʽʯ ʨʘʜʽʦʯʘʩʪʦʪ. ʎʝ ʩʧʨʘʚʝʜʣʠʚʦ 

ʪʽʣʴʢʠ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʣʘʥʮʶʞʢʫ ʚʠʨʽʰʘʣʴʥʠʭ ʩʭʝʤ, ʷʢ 

ʮʝ ʚʠʭʦʜʠʪʴ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʣʽʥʽʡʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʨʝʛʝʥʝʨʘʪʦʨʘ, ʚ ʷʢʦʤʫ 

ʟʜʽʡʩʥʶʶʪʴʩʷ ʦʧʝʨʘʮʽʾ ʜʝʪʝʢʪʫʚʘʥʥʷ, ʚʽʜʥʦʚʣʝʥʥʷ ʪʘʢʪʦʚʦʾ ʯʘʩʪʦʪʠ ʪʘ 

ʬʦʨʤʠ ʩʠʛʥʘʣʫ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ.  

ʅʘ ʚʭʦʜʽ ʡ ʚʠʭʦʜʽ ʧʦʢʘʟʘʥʽ ʮʠʬʨʦʚʽ ʩʠʛʥʘʣʠ ʟ ʾʭ ʪʠʧʦʚʠʤʠ 

ʨʘʜʽʦʯʘʩʪʦʪʥʠʤʠ ʩʧʝʢʪʨʘʤʠ ʚ ʩʤʫʟʽ ʤʦʜʫʣʶʶʯʠʭ ʯʘʩʪʦʪ. ɺʠʭʽʜʥʠʡ ʩʧʝʢʪʨ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʠʤ ʨʽʚʥʝʤ ʰʫʤʫ ʚʥʘʩʣʽʜʦʢ ʧʝʨʽʦʜʠʯʥʦʛʦ 

ʧʽʜʩʠʣʝʥʥʷ ʽ ʩʧʦʪʚʦʨʝʥʴ, ʷʢʽ ʩʧʨʠʯʠʥʠʣʠ ʧʦʷʚʫ ʩʢʣʘʜʦʚʦʾ ʪʘʢʪʦʚʦʾ ʯʘʩʪʦʪʠ 

                                                
1
ɯʤʧʫʣʴʩʥʘ ʘʙʦ ʮʠʬʨʦʚʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʙʫʚʘʻ ʘʙʦ ʧʝʨʽʦʜʠʯʥʦʶ, ʘʙʦ ʚʠʧʘʜʢʦʚʦʶ (ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʶ).  

ʉʫʜʷʯʠ ʟ ʜʠʩʢʨʝʪʥʦʛʦ ʩʧʝʢʪʨʫ, ʮʝ ʚʩʝ-ʪʘʢʠ ʧʝʨʽʦʜʠʯʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ. 
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ɺʽʨʦʛʽʜʥʽʰʝ ʟʘ ʚʩʝ, ʚʥʘʩʣʽʜʦʢ ʧʦʩʪʽʡʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʚʠʤʦʛ ʜʦ ʰʠʨʠʥʠ 

ʩʤʫʛʠ ʦʧʪʠʯʥʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʜʦʩʷʛʣʠ ʤʝʞ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʜʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ [1.37]. ʑʝ ʫ 1949 

ʨʦʮʽ ʐʝʥʥʦʥʦʤ ʙʫʣʘ ʦʧʫʙʣʽʢʦʚʘʥʘ ʦʩʥʦʚʦʧʦʣʦʞʥʘ ʩʪʘʪʪʷ [1.38], ʧʦʚ'ʷʟʘʥʘ 

ʟ ʦʮʽʥʢʦʶ ʚʽʜʥʦʩʠʥʠ ʩʠʛʥʘʣ/ʰʫʤ (SNR), ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʝʷʢʦʛʦ 

ʯʠʩʣʘ ʙʽʪ ʚ ʩʝʢʫʥʜʫ ʚ ʜʘʥʽʡ ʦʜʠʥʠʮʽ ʩʤʫʛʠ ʜʣʷ ʣʽʥʽʡʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʢʘʥʘʣʫ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʯʠ ʧʦʙʫʜʦʚʘʥʠʡ ʮʝʡ ʢʘʥʘʣ ʥʘ ʙʘʟʽ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʥʦʛʦ ʘʙʦ ʢʦʘʢʩʽʘʣʴʥʦʛʦ ʢʘʙʝʣʶ ʯʠ ʷʢʦʛʦʩʴ ʽʥʰʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ. ʄʝʞʘ ʐʝʥʥʦʥʘ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʷʢ:  

ὅ ὄὰέÇ ὛὔὙρ,           (1.3) 

ʜʝ ʉ ï ʙʽʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʫ ʢʘʥʘʣʽ ʟ ʰʠʨʠʥʦʶ ʩʤʫʛʠ ɺ, a SNR ï ʚʽʜʥʦʰʝʥʥʷ 

ʩʠʛʥʘʣ/ʰʫʤ ʥʘ ʚʠʭʦʜʽ (ʚ ʣʽʥʽʡʥʽʡ ʬʦʨʤʽ, ʥʝ ʚʠʨʘʞʝʥʦʶ ʚ ʜɹ). ɺʽʜʥʦʰʝʥʥʷ 

ʉ/ɺ ï ʥʦʨʤʦʚʘʥʘ ʥʘ ʦʜʠʥʠʮʶ ʣʽʥʽʾ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʢʘʥʘʣʫ, ʱʦ 

ʚʠʨʘʞʘʻʪʴʩʷ ʷʢ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʘ ʚ ʦʜʠʥʠʮʷʭ çʙʽʪ ʫ 

ʩʝʢʫʥʜʫ ʥʘ ʛʝʨʮè. 

ɻʨʘʬʽʢ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ (1.3) ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʧʝʢʪʨʫ ʷʢ ʬʫʥʢʮʽʾ ʚʽʜ SNR ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.10. ʊʘʢʦʞ ʧʦʢʘʟʘʥʽ ʜʝʷʢʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʨʽʟʥʠʭ ʬʦʨʤʘʪʽʚ ʤʦʜʫʣʷʮʽʾ. ʍʦʯʘ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʻ 

ʦʙʤʝʞʫʚʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʻʤʥʦʩʪʽ 

ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ, ʚʦʥʦ ʥʝ ʤʦʞʝ ʧʨʦʜʦʚʞʫʚʘʪʠ ʟʨʦʩʪʘʪʠ ʙʝʟʤʝʞʥʦ. 

ʆʩʢʽʣʴʢʠ ʧʦʚʥʽʩʪʶ ʫʩʫʥʫʪʠ ʰʫʤ ʥʝ ʤʦʞʣʠʚʦ, ʪʦ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ SNR 

ʜʦʚʦʜʠʪʴʩʷ ʟʙʽʣʴʰʫʚʘʪʠ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ. ʇʨʠ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʥʷʭ SNR 

ʜʦʩʷʞʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʘ ʣʽʤʽʪʫʻʪʴʩʷ ʥʝʣʽʥʽʡʥʽʩʪʶ 

ʚʦʣʦʢʥʘ. ɺ ʮʴʦʤʫ ʨʝʞʠʤʽ ʧʦʚʠʥʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʥʝʣʽʥʽʡʥʘ ʤʝʞʘ 

ʐʝʥʥʦʥʘ [1.39, 1.40], ʷʢʘ ʜʘʻ ʤʝʥʰʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʫ, 

ʥʽʞ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ (1.3). 

ʊʘʢʦʞ ʥʘʚʝʜʝʥʽ ʦʧʫʙʣʽʢʦʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦ ʧʝʨʝʜʘʯʽ ʟ 

ʢʚʘʜʨʘʪʫʨʥʦʶ ʘʤʧʣʽʪʫʜʥʦʶ ʤʦʜʫʣʷʮʽʻʶ (QAM) ʡ ʮʠʬʨʦʚʦʶ ʬʘʟʦʚʦʶ 

ʤʦʜʫʣʷʮʽʻʶ (PSK): 8-ʧʦʟʠʮʽʡʥʦʶ PSK [1.41], 8-ʧʦʟʠʮʽʡʥʦʶ QAM [1.42], 
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16-ʧʦʟʠʮʽʡʥʦʶ QAM [1.43], 32- ʧʦʟʠʮʽʡʥʦʶ QAM [1.44], 128-ʧʦʟʠʮʽʡʥʦʶ 

QAM [1.45] ʪʘ 512-ʧʦʟʠʮʽʡʥʦʶ QAM [1.46]. 

 

 

ʈʠʩ. 1.10. ɿʘʣʝʞʥʽʩʪʴ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʘʥʘʣʫ ʚʽʜ ʚʽʜʥʦʩʠʥʠ ʩʠʛʥʘʣ/ʰʫʤ ʚ 

ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ (1.3) 

 

ɺ ʘʥʘʣʦʛʦʚʠʭ ʨʘʜʽʦʩʠʩʪʝʤʘʭ ʪʘʢʦʞ ʚʘʞʣʠʚʦ ʤʘʢʩʠʤʽʟʫʚʘʪʠ 

ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ ʚʠʭʦʜʽ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʮʴʦʤʫ ʧʦʣʽʧʰʫʻʪʴʩʷ 

ʢʦʝʬʽʮʽʻʥʪ ʰʫʤʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʩʚʽʜ ʚ ʦʙʣʘʩʪʽ ʦʧʪʠʯʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʨʦʟʨʦʙʥʠʢʦʤ ʘʥʘʣʦʛʦʚʠʭ ɺʆʉʇ. ʌʘʢʪʠʯʥʦ 

ʨʽʟʥʠʮʷ ʤʽʞ ʦʧʪʠʯʥʠʤʠ ʣʽʥʽʷʤʠ, ʷʢʽ ʧʝʨʝʜʘʶʪʴ ʮʠʬʨʦʚʫ ʪʘ ʘʥʘʣʦʛʦʚʫ 

ʽʥʬʦʨʤʘʮʽʶ, ʻ ʨʦʟʧʣʠʚʯʘʩʪʦʶ. ʅʝ ʜʠʚʥʦ, ʱʦ ʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʘʛʘʪʴʦʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʙʽʣʴʰ ʧʨʦʛʨʝʩʠʚʥʠʭ ʙʘʛʘʪʦʨʽʚʥʝʚʠʭ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤʘʭ 

ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʙʽʣʴʰ ʞʦʨʩʪʢʽ ʤʝʪʨʠʯʥʽ ʚʠʤʦʛʠ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʚʘʞʣʠʚʽ ʚ 

ʘʥʘʣʦʛʦʚʠʭ ʣʽʥʽʷʭ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʯʘʩʪʦʪʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʰʠʨʠʥʘ ʣʽʥʽʾ ʛʝʥʝʨʘʮʽʾ ʣʘʟʝʨʘ ʪʘ ʨʽʚʥʽʩʪʴ ʘʤʧʣʽʪʫʜ 

ʬʦʪʦʜʝʪʝʢʪʦʨʘ. 

ʄʦʞʝ ʪʘʢ ʩʪʘʪʠʩʷ, ʱʦ ʚ ʤʽʨʫ ʧʦʜʘʣʴʰʦʛʦ ʟʨʦʩʪʘʥʥʷ ʧʨʦʧʫʩʢʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʮʠʬʨʦʚʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ ʪʘ ʩʠʩʪʝʤ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚʩʽ 

ʘʥʘʣʦʛʦʚʽ ʩʠʛʥʘʣʠ ʙʫʜʫʪʴ ʚʽʜʨʘʟʫ ʦʮʠʬʨʦʚʫʚʘʪʠʩʷ ʡ ʦʙʨʦʙʣʷʪʠʩʷ ʚ 

ʮʠʬʨʦʚʽʡ ʬʦʨʤʽ. ʎʝ ʥʝ ʟʘʚʞʜʠ ʤʦʞʣʠʚʦ, ʷʢ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʥʘʩʪʫʧʥʦʤʫ 

ʨʦʟʜʽʣʽ. ɿʛʽʜʥʦ ʟ ʪʝʦʨʝʤʦʶ ʅʘʡʢʚʽʩʪʘ ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ ʤʦʞʝ ʙʝʟ 
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ʩʧʦʪʚʦʨʝʥʴ ʙʫʪʠ ʧʝʨʝʪʚʦʨʝʥʠʡ ʚ ʮʠʬʨʦʚʫ ʬʦʨʤʫ ʪʽʣʴʢʠ ʚ ʨʘʟʽ, ʢʦʣʠ ʩʠʛʥʘʣ 

ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʨʝʛʫʣʷʨʥʽ ʽʥʪʝʨʚʘʣʠ ʟ ʤʽʥʽʤʫʤ ʜʚʦʤʘ ʚʽʜʣʽʢʘʤʠ ʥʘ ʧʝʨʽʦʜ 

ʚʝʨʭʥʴʦʾ ʨʦʙʦʯʦʾ ʯʘʩʪʦʪʠ [1.47]. ʑʦʙ ʩʪʚʦʨʠʪʠ ʚʽʜʣʽʢʠ ʚ ʮʠʬʨʦʚʽʡ ʬʦʨʤʽ 

ʧʽʩʣʷ ʩʪʨʦʙʫʚʘʥʥʷ, ʘʤʧʣʽʪʫʜʠ ʚʽʜʣʽʢʽʚ ʧʦʚʠʥʥʽ ʙʫʪʠ ʢʚʘʥʪʦʚʘʥʽ ʚ ʜʠʩʢʨʝʪʥʽ 

ʨʽʚʥʽ, ʘ ʢʦʞʥʦʤʫ ʟ ʥʠʭ ʧʨʠʩʚʦʶʻʪʴʩʷ ʜʠʩʢʨʝʪʥʝ ʯʠʩʣʦ. ʇʨʠʩʚʦʻʥʥʷ 

ʘʤʧʣʽʪʫʜʽ ʚʽʜʣʽʢʫ ʦʜʥʦʛʦ ʟ ʮʠʭ ʜʠʩʢʨʝʪʥʠʭ ʨʽʚʥʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ 

ʰʫʤʫ ʢʚʘʥʪʫʚʘʥʥʷ. ʎʝʡ ʰʫʤ ʢʚʘʥʪʫʚʘʥʥʷ ʤʘʻ ʘʜʠʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ 

ʚʽʜʥʦʩʥʦ ʽʥʰʠʭ ʰʫʤʽʚ ʩʘʤʦʛʦ ʩʠʛʥʘʣʫ. ʅʝʭʘʡ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ 

(SNR) ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʢʚʘʜʨʘʪʽʚ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʥʘʧʨʫʞʝʥʥʷ ʩʠʛʥʘʣʫ ʜʦ ʤʽʥʽʤʘʣʴʥʦ ʧʦʤʽʪʥʦʾ ʥʘʧʨʫʛʠ ʩʠʛʥʘʣʫ:  

ὛὔὙςπὰÇ ȟ

ȟ
Ȣ                                        (1.4) 

ʗʢʱʦ ʨʽʟʥʠʮʷ ʤʽʞ ʨʽʚʥʷʤʠ ʢʚʘʥʪʫʚʘʥʥʷ ʦʜʥʘʢʦʚʘ (ʥʝʦʙʦʚ'ʷʟʢʦʚʽ 

ʚʠʤʦʛʠ) ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 2
n 
ʜʠʩʢʨʝʪʥʠʭ ʨʽʚʥʽʚ, ʪʦ ʚʠʨʘʟ ʜʣʷ SNR 

ʩʧʨʦʱʫʻʪʴʩʷ [1.48]: 

ὛὔὙςπὰÇ
Ѝ

Ѝ
ς φȢπςὲ ρȢχφȟ ʜɹ   (1.5) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʯʘʩʪʦ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ n-

ʨʦʟʨʷʜʥʦʛʦ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ (ɸʎʇ) ʜʦʨʽʚʥʶʻ 6,02 ʜɹ ʥʘ 

ʝʬʝʢʪʠʚʥʠʡ ʨʦʟʨʷʜ (ʥʝʭʪʫʶʯʠ ʩʢʣʘʜʦʚʦʶ 1,76 ʜɹ). 

ʈʦʟʛʣʷʥʝʤʦ ʨʘʜʽʦʣʦʢʘʪʦʨ ʥʘ ʙʘʟʽ ʬʘʟʦʚʘʥʦʾ ʘʥʪʝʥʥʦʾ ʨʝʰʽʪʢʠ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 1000 ʧʨʠʡʤʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʧʨʠ ʤʠʪʪʻʚʽʡ 

ʩʤʫʟʽ 10 ɻɻʮ. ɼʣʷ ʨʦʙʦʪʠ ʨʘʜʽʦʣʦʢʘʪʦʨʘ ʯʘʩʪʦ ʧʦʪʨʽʙʥʦ ʚʽʜʥʦʰʝʥʥʷ 

ʩʠʛʥʘʣ/ʰʫʤ ʥʝ ʤʝʥʰʝ 90 ʜɹ [1.49], ʜʣʷ ʯʦʛʦ ʥʝʦʙʭʽʜʥʦ 15-ʨʦʟʨʷʜʥʠʡ ɸʎʇ. 

ɼʣʷ ʩʪʨʦʙʫʚʘʥʥʷ ʥʘ ʯʘʩʪʦʪʽ ʅʘʡʢʚʽʩʪʘ ʧʦʪʨʽʙʥʦ 2010
9
 ʚʠʙʽʨʦʢ ʫ ʩʝʢʫʥʜʫ, ʽ 

ʢʦʞʥʘ ʚʠʙʽʨʢʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 15-ʨʦʟʨʷʜʥʦʶ ʮʠʬʨʦʚʦʶ 

ʧʦʩʣʽʜʦʚʥʽʩʪʶ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʫʢʫʧʥʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʥʘ ʘʥʪʝʥʫ 

ʩʪʘʥʦʚʠʪʴ 300 ɻʙʽʪ/ʩ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʽʩʥʫʻ ɸʎʇ ʟ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʘʥʫ ʰʚʠʜʢʽʩʪʴ, ʭʦʯʘ ʮʝ ʚʠʱʝ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ [1.50, 1.51]. ɼʘʣʽ, ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ ʱʦ ʮʝ ʬʘʟʦʚʘʥʘ ʨʝʰʽʪʢʘ, 
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ʚʠʭʽʜʥʽ ʩʠʛʥʘʣʠ ʚʩʽʭ ʾʾ 1000 ʝʣʝʤʝʥʪʽʚ ʧʦʚʠʥʥʽ ʦʙʨʦʙʣʷʪʠʩʷ ʢʦʛʝʨʝʥʪʥʦ, 

ʪʦʙʪʦ ʧʦʚʥʘ ʰʚʠʜʢʽʩʪʴ ʜʘʥʠʭ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʦʙʨʦʙʢʠ, ʩʪʘʥʦʚʠʪʴ 

300 ʊʙʽʪ/ʩ. ʊʘʢʘ ʰʚʠʜʢʽʩʪʴ, ʭʦʯʘ ʡ ʨʝʘʣʴʥʘ, ʘʣʝ ʷʚʣʷʻ ʩʦʙʦʶ ʟʘʥʘʜʪʦ 

ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʜʘʥʠʭ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʙʨʦʙʢʠ. ɸʥʘʣʦʛʦʚʘ ʦʙʨʦʙʢʘ 

ʩʠʛʥʘʣʽʚ, ʘʙʦ ʜʽʘʛʨʘʤʦʫʪʚʦʨʝʥʥʷ, ʤʦʞʣʠʚʦ, ʙʫʜʫʪʴ ʟʘʚʞʜʠ ʥʝʦʙʭʽʜʥʽ, 

ʦʩʢʽʣʴʢʠ ʩʠʩʪʝʤʥʽ ʚʠʤʦʛʠ ʱʦʜʦ ʟʙʽʣʴʰʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ, 

ʤʠʪʪʻʚʦʾ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ʪʘ ʨʦʟʤʽʨʽʚ ʨʝʰʽʪʢʠ ʤʦʞʫʪʴ ʨʦʩʪʠ ʱʝ 

ʰʚʠʜʰʝ, ʥʽʞ ʨʦʟʚʠʪʦʢ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ. 

 

 

1.3. ʇʨʠʥʮʠʧʦʚʽ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʽ ʢʦʤʧʦʥʝʥʪʠ 

 

 

ɺʠʯʝʨʧʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʘʥʘʣʦʛʦʚʽ ʣʽʥʽʾ ʪʘ ʩʠʩʪʝʤʠ ʥʝ ʤʦʞʝ ʙʫʪʠ 

ʦʪʨʠʤʘʥʦ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʩʤʠʩʣʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʙʘʟʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʦʧʠʩʫʻʪʴʩʷ ʢʽʣʴʢʘ ʧʨʠʥʮʠʧʦʚʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʪʘʢ, ʱʦʙ ʯʠʪʘʯ ʤʽʛ ʚʩʪʘʥʦʚʠʪʠ ʟʚ'ʷʟʦʢ ʩʠʩʪʝʤʠ ʢʽʣʴʢʽʩʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ, ʦʧʠʩʘʥʠʭ ʚ ʥʘʩʪʫʧʥʠʭ ʨʦʟʜʽʣʘʭ, ʽ ʧʦʢʘʟʘʥʦʾ ʥʘ ʨʠʩ. 1.1 

ʫʟʘʛʘʣʴʥʝʥʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʭʝʤʠ ʘʥʘʣʦʛʦʚʦʾ ɺʆʉʇ. ʇʦ-ʧʝʨʰʝ, ʽ 

ʥʘʩʘʤʧʝʨʝʜ, ʧʦʪʨʽʙʥʽ ʧʨʠʣʘʜʠ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ 

ʩʠʛʥʘʣʽʚ ʚ ʦʧʪʠʯʥʠʡ ʜʽʘʧʘʟʦʥ. ʅʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʨʦʟʚʠʪʢʫ ʚʦʣʦʢʦʥʥʦʾ 

ʦʧʪʠʢʠ ʮʷ ʬʫʥʢʮʽʷ ʚʠʢʦʥʫʚʘʣʘʩʷ ʜʽʦʜʥʠʤ ʣʘʟʝʨʦʤ ʥʘ ʦʩʥʦʚʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ  

ʤʦʜʫʣʷʮʽʾ ʩʪʨʫʤʦʤ ʽʥʞʝʢʮʽʾ. ʂʦʥʮʝʧʪʫʘʣʴʥʘ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʘʟʝʨʘ ʟ ʙʝʟʧʦʩʝʨʝʜʥʴʦʶ ʤʦʜʫʣʷʮʽʻʶ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 

1.11. ʇʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʧʝʚʥʦʛʦ ʧʦʨʦʛʫ ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʣʘʟʝʨʥʦʛʦ ʜʽʦʜʘ 

ʰʚʠʜʢʦ ʡ ʧʨʠʙʣʠʟʥʦ ʣʽʥʽʡʥʦ ʟʨʦʩʪʘʻ ʚ ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ ʩʪʨʫʤʫ ʽʥʞʝʢʮʽʾ. 
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ʈʠʩ. 1.11. ʂʦʥʮʝʧʪʫʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʣʘʟʝʨʥʦʛʦ ʜʽʦʜʘ ʟ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʶ ʤʦʜʫʣʷʮʽʻʶ. ɼʽʦʜ ʟʤʽʱʝʥʠʡ ʥʘ ʬʽʢʩʦʚʘʥʫ ʚʝʣʠʯʠʥʫ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, 

ʽ ʡʦʛʦ ʩʪʨʫʤ ʤʦʜʫʣʶʻʪʴʩʷ  ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʤ ʚʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ  

ʚ ʦʙʣʘʩʪʽ ʪʦʯʢʠ ʟʤʽʱʝʥʥʷ 

 

ɻʨʘʥʠʯʥʠʡ ʩʪʨʫʤ ʥʝʦʙʭʽʜʥʠʡ, ʱʦʙ ʩʪʚʦʨʠʪʠ ʽʥʚʝʨʩʽʶ ʥʦʩʽʾʚ ʟʘʨʷʜʫ 

ʪʘ ʢʦʤʧʝʥʩʫʚʘʪʠ ʚʪʨʘʪʠ ʚ ʣʘʟʝʨʥʦʤʫ ʨʝʟʦʥʘʪʦʨʽ. ʗʢ ʧʨʠ ʘʥʘʣʦʛʦʚʽʡ, ʪʘʢ ʽ 

ʧʨʠ ʮʠʬʨʦʚʽʡ ʤʦʜʫʣʷʮʽʾ ʣʘʟʝʨ ʟʤʽʱʫʻʪʴʩʷ ʚʠʱʝ ʧʦʨʦʛʘ. ɺʭʽʜʥʠʡ 

ʤʦʜʫʣʶʶʯʠʡ ʩʪʨʫʤ ʚʠʢʣʠʢʘʻ ʟʤʽʥʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʭʽʜʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʘʟʝʨʘ. ʋ ʨʘʟʽ ʮʠʬʨʦʚʦʾ ʤʦʜʫʣʷʮʽʾ ʣʘʟʝʨ ʟʤʽʱʫʻʪʴʩʷ ʚ 

ʦʙʣʘʩʪʴ, ʙʣʠʟʴʢʫ ʜʦ ʚʠʤʠʢʘʥʥʷ, ʧʨʠ ʧʝʨʝʜʘʯʽ ʮʠʬʨʦʚʦʛʦ çʥʫʣʷè ʪʘ ʚ ʜʝʷʢʫ 

ʦʙʣʘʩʪʴ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʧʝʨʝʜʘʯʽ ʮʠʬʨʦʚʦʾ çʦʜʠʥʠʮʽè. ʎʝ 

ʟʘʙʝʟʧʝʯʫʻ ʙʣʠʟʴʢʫ ʜʦ 100 % ʛʣʠʙʠʥʫ ʤʦʜʫʣʷʮʽʾ ʣʘʟʝʨʥʦʛʦ ʜʽʦʜʘ. ɺ 

ʘʥʘʣʦʛʦʚʠʭ ʣʽʥʽʷʭ ʛʣʠʙʠʥʘ ʤʦʜʫʣʷʮʽʾ ʟʤʽʥʥʘ, ʦʩʢʽʣʴʢʠ ʘʤʧʣʽʪʫʜʘ ʚʭʽʜʥʦʛʦ 

ʤʦʜʫʣʶʶʯʦʛʦ ʩʪʨʫʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʚʥʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ 

ʡʦʛʦ ʚʭʦʜʽ. ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʰʠʨʦʢʠʡ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ (ʰʠʨʦʢʠʡ 

ʜʽʘʧʘʟʦʥ ʚʭʽʜʥʠʭ ʨʽʚʥʽʚ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʫ), ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʙʽʣʴʰʠʡ ʩʪʨʫʤ ʟʤʽʱʝʥʥʷ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫʥʠʢʥʫʪʠ ʦʙʤʝʞʝʥʥʷ 

ʩʠʛʥʘʣʽʚ ʚʝʣʠʢʦʾ ʘʤʧʣʽʪʫʜʠ, ʦʩʢʽʣʴʢʠ ʾʭ ʚʽʜôʻʤʥʘ ʧʽʚʭʚʠʣʷ ʤʦʞʝ ʟʤʝʥʰʠʪʠ 

ʩʪʨʫʤ ʥʘʢʘʯʫʚʘʥʥʷ ʜʦ ʟʥʘʯʝʥʴ, ʙʣʠʟʴʢʠʭ ʜʦ ʧʦʨʦʛʦʚʦʛʦ ʩʪʨʫʤʫ. ɼʨʫʛʘ 

ʧʨʦʙʣʝʤʘ - ʮʝ ʣʽʥʽʡʥʽʩʪʴ ʚʘʪ-ʘʤʧʝʨʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ɺʪɸʍ). ɿʙʽʣʴʰʝʥʥʷ 

ʢʝʨʫʶʯʦʛʦ ʩʪʨʫʤʫ ʧʨʠʟʚʦʜʠʪʴ ʫ ʙʽʣʴʰʦʩʪʽ ʣʘʟʝʨʥʠʭ ʜʽʦʜʽʚ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʢʚʘʥʪʦʚʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʢʦʣʠ ʚʽʜʧʦʚʽʜʥʠʡ ʧʨʠʨʽʩʪ ʩʪʨʫʤʫ 
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(ʧʨʠ ʚʝʣʠʢʦʤʫ ʢʝʨʫʶʯʦʤʫ ʩʪʨʫʤʽ) ʚʠʢʣʠʢʘʻ ʤʝʥʰʫ ʟʤʽʥʫ ʧʦʪʫʞʥʦʩʪʽ, ʥʽʞ 

ʧʨʠ ʤʘʣʠʭ ʢʝʨʫʶʯʠʭ ʩʪʨʫʤʘʭ. 

ʎʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʷʢ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʣʽʥʽʡʥʦʩʪʽ ɺʪɸʍ (ʜʠʚ. ʨʠʩ. 1.11), 

ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʧʦʪʚʦʨʝʥʥʷ ʬʦʨʤʠ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. ɯʥʰʦʶ 

ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʜʽʦʜʥʠʭ ʣʘʟʝʨʽʚ ʟ ʙʝʟʧʦʩʝʨʝʜʥʴʦʶ ʤʦʜʫʣʷʮʽʻʶ 

ʻ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʩʪʨʫʤʫ ʪʘ ʚʽʜʧʦʚʽʜʥʘ ʩʤʫʛʘ ʤʦʜʫʣʷʮʽʾ. ʄʘʢʩʠʤʘʣʴʥʘ 

ʯʘʩʪʦʪʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʤʦʜʫʣʷʮʽʾ ʧʦʚ'ʷʟʘʥʘ ʟ ʯʘʩʪʦʪʦʶ ʨʝʣʘʢʩʘʮʽʡʥʠʭ 

ʢʦʣʠʚʘʥʴ ʣʘʟʝʨʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ. ʏʘʩʪʦʪʘ ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʢʦʣʠʚʘʥʴ ʤʦʞʝ 

ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ ʽʟ ʰʚʠʜʢʽʩʥʠʭ ʣʘʟʝʨʥʠʭ ʨʽʚʥʷʥʴ ʽ ʷʚʣʷʻ ʩʦʙʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʫ ʯʘʩʪʦʪʫ, ʚʠʟʥʘʯʝʥʫ ʚʟʘʻʤʦʟʚ'ʷʟʢʦʤ ʦʩʮʠʣʶʶʯʦʛʦ ʧʦʣʷ ʚ 

ʣʘʟʝʨʥʦʤʫ ʨʝʟʦʥʘʪʦʨʽ ʪʘ ʽʥʚʝʨʩʽʾ ʘʪʦʤʽʚ. ɺ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʣʘʟʝʨʘʭ 

ʯʘʩʪʦʪʘ ʨʝʣʘʢʩʘʮʽʡʥʠʭ  ʢʦʣʠʚʘʥʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ [1.52]: 

Ὢ
ʈ
 ȟ     (1.6) 

ʜʝ ɸ - ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ, ʈ0 ï ʛʫʩʪʠʥʘ ʬʦʪʦʥʽʚ ʫ ʨʝʟʦʥʘʪʦʨʽ, Űʨ - ʯʘʩ 

ʞʠʪʪʷ ʬʦʪʦʥʘ. ʆʩʢʽʣʴʢʠ ʚʝʣʠʯʠʥʘ ʈ0 ʚʠʱʝ ʧʦʨʦʛʘ ʪʘ ʧʨʦʧʦʨʮʽʡʥʘ 

ʢʝʨʫʶʯʦʤʫ ʩʪʨʫʤʫ, ʜʽʘʧʘʟʦʥ ʤʦʜʫʣʷʮʽʾ ʣʘʟʝʨʥʦʛʦ ʜʽʦʜʘ ʨʦʟʰʠʨʶʻʪʴʩʷ ʟʘ 

ʤʽʨʦʶ ʟʙʽʣʴʰʝʥʥʷ ʢʝʨʫʶʯʦʛʦ ʩʪʨʫʤʫ (ʜʠʚ. ʪʘʢʦʞ 8.1). ʇʽʢ ʨʝʣʘʢʩʘʮʽʡʥʠʭ 

ʢʦʣʠʚʘʥʴ (ʜʠʚ. (1.6)) ʧʦʚʠʥʝʥ ʤʘʪʠ ʦʜʠʥ ʧʦʨʷʜʦʢ ʘʙʦ ʚʠʱʝ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʨʦʙʦʯʦʾ ʯʘʩʪʦʪʠ. ʊʦʤʫ ʙʫʜʴ-ʷʢʠʡ ʰʫʤ, ʧʨʠʩʫʪʥʽʡ ʫ ʢʝʨʫʶʯʦʤʫ ʧʦʪʦʮʽ 

ʥʠʞʯʝ ʮʽʻʾ ʯʘʩʪʦʪʠ, ʤʦʞʝ ʙʫʪʠ ʩʧʨʠʡʥʷʪʠʡ ʷʢ RIN ʚ ʚʠʭʽʜʥʦʤʫ ʦʧʪʠʯʥʦʤʫ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ ʽ, ʟʨʝʰʪʦʶ, ʥʘ ʚʠʭʦʜʽ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʫ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʽʩʥʫʻ ʩʠʣʴʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʨʦʙʦʯʦʶ ʩʤʫʛʦʶ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʦʾ 

ʩʤʫʛʠ ʟ ʙʝʟʧʦʩʝʨʝʜʥʴʦʶ ʤʦʜʫʣʷʮʽʻʶ ʪʘ ʣʘʟʝʨʥʠʤ ʰʫʤʦʤ. ɺʘʨʽʘʥʪʦʤ 

ʨʦʙʦʪʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʝʟʘʣʝʞʥʽʩʪʴ ʮʠʭ ʜʚʦʭ ʧʦʢʘʟʥʠʢʽʚ (ʰʫʤʫ ʣʘʟʝʨʘ ʪʘ 

ʩʤʫʛʠ ʤʦʜʫʣʷʮʽʾ) ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʨʦʟʜʽʣʴʥʫ ʦʧʪʠʤʽʟʘʮʽʶ ʢʦʞʥʦʛʦ ʟ ʥʠʭ, ʻ 

ʟʦʚʥʽʰʥʷ ʤʦʜʫʣʷʮʽʷ. 

ʋ ʧʨʦʮʝʩʽ ʟʦʚʥʽʰʥʴʦʾ ʤʦʜʫʣʷʮʽʾ, ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʧʨʘʮʶʻ ʚ 

ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ ʣʘʟʝʨʘ, ʫʧʨʘʚʣʷʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʦʚʥʽʰʥʴʦʛʦ 
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ʤʦʜʫʣʷʪʦʨʘ. ʎʽ ʧʨʠʩʪʨʦʾ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ʙʘʛʘʪʴʦʭ ʨʝʞʠʤʘʭ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʦʜʫʣʷʮʽʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʬʘʟʠ ʘʙʦ ʧʦʣʷʨʠʟʘʮʽʾ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʗʢ ʫʞʝ ʟʛʘʜʫʚʘʣʦʩʴ, ʟʦʚʥʽʰʥʷ ʤʦʜʫʣʷʮʽʷ ʜʦʟʚʦʣʷʻ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʰʫʤ ʣʘʟʝʨʘ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʦʙʦʯʦʾ ʩʤʫʛʠ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ. 

ɿʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʡ ʩʧʦʩʽʙ ʤʦʜʫʣʷʮʽʾ ʥʝʧʝʨʝʨʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʅɺʏ-ʩʠʛʥʘʣʫ (ʝʣʝʢʪʨʦʦʧʪʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ) ʧʦʣʷʛʘʻ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʣʝʢʪʨʦʦʧʪʠʯʥʦʛʦ ʝʬʝʢʪʫ [1.53]. ɽʣʝʢʪʨʦʦʧʪʠʯʥʠʡ ʝʬʝʢʪ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʤʽʥʽ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚʥʘʩʣʽʜʦʢ ʟʤʽʥʠ 

ʧʨʠʢʣʘʜʝʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. 

ɼʘʥʠʡ ʝʬʝʢʪ ʽʩʥʫʻ ʚ ʜʝʷʢʠʭ ʢʨʠʩʪʘʣʘʭ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭ ʦʨʽʻʥʪʘʮʽʾ, ʱʦ 

ʦʧʠʩʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢ ʟʚʘʥʠʭ ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ. 

ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʫ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʣʽʥʽʷʭ ʤʘʪʝʨʽʘʣʫ ʻ 

ʥʽʦʙʘʪ ʣʽʪʽʶ (LiNbʆ3), ʭʦʯʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʨʩʝʥʽʜ ʛʘʣʽʶ, 

ʪʘʥʪʘʣʘʪ ʣʽʪʽʶ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ ʦʨʛʘʥʽʯʥʠʭ ʧʦʣʽʤʝʨʽʚ. ʇʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ 

ʥʽʦʙʘʪ-ʣʽʪʽʻʚʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.12. ʊʨʠʚʠʤʽʨʥʘ  

ʥʽʦʙʘʪ-ʣʽʪʽʻʚʘ ʧʽʜʢʣʘʜʢʘ ʦʨʽʻʥʪʦʚʘʥʘ ʫ ʬʦʨʤʽ z-ʟʨʽʟʫ, ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʽʩʴ 

ʢʨʠʩʪʘʣʘ ʟʙʽʛʘʻʪʴʩʷ ʟ ʛʦʣʦʚʥʠʤʠ ʩʠʣʦʚʠʤʠ ʣʽʥʽʷʤʠ ʚʭʽʜʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ ʦʧʪʠʯʥʦʾ ʭʚʠʣʽ. ʅʽʦʙʘʪ ʣʽʪʽʷ ʤʘʻ ʚʠʩʦʢʠʡ ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʫ ʥʘʧʨʷʤʢʫ ʦʩʽ z (r33) ʡ ʪʨʦʭʠ ʤʝʥʰʽ ʢʦʝʬʽʮʽʻʥʪʠ ʫ ʥʘʧʨʷʤʢʫ ʦʩʽ z (r23 ʘʙʦ r13 

ʟʘʣʝʞʥʦ ʚʽʜ ʦʨʽʻʥʪʘʮʽʾ ʢʦʦʨʜʠʥʘʪ ʩʠʩʪʝʤʠ). ʆʧʪʠʯʥʽ ʭʚʠʣʝʚʦʜʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʽ ʰʣʷʭʦʤ ʜʠʬʫʟʽʾ ʪʠʪʘʥʫ ʚ ʥʽʦʙʘʪ-ʣʽʪʽʻʚʽʡ ʧʽʜʢʣʘʜʮʽ. ʇʦʪʽʤ 

ʧʽʩʣʷ ʦʩʘʜʞʝʥʥʷ ʙʫʬʝʨʥʦʛʦ ʰʘʨʫ SiO2 ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ 

ʤʝʪʘʣʝʚʠʭ ʝʣʝʢʪʨʦʜʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ ʭʚʠʣʝʚʽʜ. ʅʘ ʨʠʩ. 

1.12 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʧʣʘʥʘʨʥʘ ʭʚʠʣʝʚʽʜʥʘ ʩʪʨʫʢʪʫʨʘ GSG (ground-signal-

ground) ʪʠʧʫ, ʜʝ ʧʽʜ ʩʠʛʥʘʣʴʥʠʤ ʝʣʝʢʪʨʦʜʦʤ ʪʘ ʦʜʥʠʤ ʟ ʟʘʟʝʤʣʶʚʘʥʠʭ 

ʝʣʝʢʪʨʦʜʽʚ ʨʦʟʪʘʰʦʚʘʥʽ ʜʚʘ ʦʧʪʠʯʥʠʭ ʭʚʠʣʝʚʦʜʠ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʚʟʘʻʤʦʜʽʶ 

ʝʥʝʨʛʽʾ ʧʨʠʢʣʘʜʝʥʦʛʦ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʫ (ʯʝʨʝʟ ʩʠʣʦʚʽ ʣʽʥʽʾ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʤʽʞ ʩʠʛʥʘʣʴʥʠʤ ʪʘ ʟʘʟʝʤʣʶʚʘʣʴʥʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ) ʟ 

ʨʦʟʧʦʚʩʶʜʞʫʚʘʥʠʤ ʦʧʪʠʯʥʠʤ ʩʠʛʥʘʣʦʤ. 
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ʈʠʩ. 1.12. ɿʦʙʨʘʞʝʥʥʷ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʥʽʦʙʘʪ-ʣʽʪʽʻʚʦʛʦ ʝʣʝʢʪʨʦʦʧʪʠʯʥʦʛʦ 

ʤʦʜʫʣʷʪʦʨʘ ʟ z-ʟʨʽʟʦʤ. ʄʝʪʘʣʝʚʽ ʩʠʛʥʘʣʴʥʠʡ (S) ʪʘ ʟʘʟʝʤʣʶʶʯʽ (G) ʝʣʝʢʪʨʦʜʠ 

ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʥʘʜ ʜʚʦʤʘ ʦʧʪʠʯʥʠʤʠ ʭʚʠʣʝʚʦʜʘʤʠ, ʩʬʦʨʤʦʚʘʥʠʤʠ ʜʠʬʫʟʽʻʶ ʪʠʪʘʥʫ 

 

ʇʨʠʢʣʘʜʝʥʠʡ ʨʘʜʽʦʯʘʩʪʦʪʥʠʡ ʩʠʛʥʘʣ ʟʤʽʥʶʻ ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ 

ʦʧʪʠʯʥʦʛʦ ʭʚʠʣʝʚʦʜʫ ʽ, ʦʪʞʝ, ʬʘʟʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʦ ʭʚʠʣʝʚʦʜʫ 

ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʋ ʪʘʢʽʡ ʩʭʝʤʽ ʬʘʟʘ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʚ 

ʭʚʠʣʝʚʦʜʽ ʧʽʜ ʩʠʛʥʘʣʴʥʠʤ ʝʣʝʢʪʨʦʜʦʤ ʟʩʫʚʘʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʚ ʜʚʘ ʨʘʟʠ 

ʙʽʣʴʰʝ ʽ ʟ ʧʨʦʪʠʣʝʞʥʠʤ ʟʥʘʢʦʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʬʘʟʦʚʠʤ ʟʩʫʚʦʤ ʧʽʜ 

ʟʘʟʝʤʣʶʚʘʣʴʥʠʤ ʝʣʝʢʪʨʦʜʦʤ. ʏʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʧʨʠʩʚʷʯʝʥʽ 

ʧʠʪʘʥʥʶ ʩʪʚʦʨʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʮʠʭ ʤʦʜʫʣʷʪʦʨʽʚ, ʱʦʙ 

ʧʦʢʨʘʱʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ʤʽʞ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʤʠ ʧʦʣʷʤʠ ʪʘ ʦʧʪʠʯʥʠʤʠ 

ʭʚʠʣʝʚʦʜʘʤʠ [1.54]. ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ ʦʧʪʠʯʥʽ ʪʘ 

ʨʘʜʽʦʯʘʩʪʦʪʥʽ ʭʚʠʣʽ ʧʦʰʠʨʶʶʪʴʩʷ ʟ ʦʜʥʘʢʦʚʦʶ ʛʨʫʧʦʶ ʰʚʠʜʢʽʩʪʶ ʽ ʱʦ 

ʧʝʨʝʜʘʯʘ ʝʥʝʨʛʽʾ ʤʽʞ ʨʘʜʽʦʯʘʩʪʦʪʥʠʤ ʪʘ ʦʧʪʠʯʥʠʤ ʧʦʣʷʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ 

ʤʘʢʩʠʤʘʣʴʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ [1.55]. ʊʘʢʝ ʫʟʛʦʜʞʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʤʦʞʝ 

ʙʫʪʠ ʜʫʞʝ ʩʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ ʽʟ-ʟʘ ʚʝʣʠʢʦʾ ʨʽʟʥʠʮʽ ʚ ʥʽʦʙʘʪ-ʣʽʪʽʻʚʠʭ 

ʧʦʢʘʟʥʠʢʘʭ ʟʘʣʦʤʣʝʥʥʷ ʫ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʤʫ ʪʘ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʘʭ. 

ɺ ʭʦʜʽ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʛʣʷʜʫ ʧʦʢʘʟʘʥʦ, ʷʢ ʩʠʛʥʘʣ ʅɺʏ-ʜʽʘʧʘʟʦʥʫ 

ʚʧʣʠʚʘʻ ʥʘ ʬʘʟʫ ʦʧʪʠʯʥʦʛʦ ʧʦʣʷ ʚ ʝʣʝʢʪʨʦʦʧʪʠʯʥʦʤʫ ʢʨʠʩʪʘʣʽ. ʎʴʦʛʦ 

ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʦʧʪʠʯʥʦʛʦ ʬʘʟʦʚʦʛʦ ʤʦʜʫʣʷʪʦʨʘ, ʘʣʝ ʚ ʙʘʛʘʪʴʦʭ 

ʦʧʪʠʯʥʠʭ ʣʽʥʽʷʭ ʚ ʮʽʣʷʭ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ  ʧʨʦʩʪʦʾ ʜʝʤʦʜʫʣʷʮʽʾ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʦʪʦʜʽʦʜʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʦʜʫʣʷʮʽʷ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɼʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʧʪʠʯʥʦʾ ʬʘʟʦʚʦʾ ʤʦʜʫʣʷʮʽʾ ʚ 

ʤʦʜʫʣʷʮʽʶ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʧʪʠʯʥʠʡ 
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ʽʥʪʝʨʬʝʨʦʤʝʪʨ. ɿʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤ ʪʠʧʦʤ ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ ʻ ʩʭʝʤʘ  

ʄʘʭʘ-ʎʘʥʜʝʨʘ. 

ʋʟʘʛʘʣʴʥʝʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʤʦʜʫʣʷʪʦʨʘ ʄʘʭʘ-ʎʘʥʜʝʨʘ (ʄʄʎ) 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.13 (ʘ). ɺʭʽʜʥʘ ʦʧʪʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ ʨʽʚʥʦʤʽʨʥʦ 

ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʚ ʜʚʘ ʭʚʠʣʝʚʦʜʠ. ʇʽʩʣʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʘ ʜʝʷʢʫ ʜʦʚʞʠʥʫ 

ʜʚʘ ʦʧʪʠʯʥʠʭ ʧʦʣʷ ʦʙ'ʻʜʥʫʶʪʴʩʷ ʪʘ ʽʥʪʝʨʬʝʨʫʶʪʴ ʦʜʠʥ ʟ ʦʜʥʠʤ. ʋ 

ʨʦʟʛʣʷʥʫʪʦʤʫ ʧʨʠʢʣʘʜʽ ʜʚʘ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʽ ʩʠʛʥʘʣʠ ʦʙ'ʻʜʥʫʶʪʴʩʷ ʪʘ 

ʥʘʜʭʦʜʷʪʴ ʥʘ ʚʠʭʦʜʠ 1 ʽ 2. ɺʥʘʩʣʽʜʦʢ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʞʝ ʟʙʽʣʴʰʫʚʘʪʠʩʷ ʘʙʦ ʟʤʝʥʰʫʚʘʪʠʩʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʟʥʠʮʽ ʬʘʟ ʤʽʞ ʦʧʪʠʯʥʠʤʠ ʧʦʣʷʤʠ (ʬ1-ʬ2). ɻʨʘʬʽʢ 

ʟʘʣʝʞʥʦʩʪʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘ ʦʙʦʭ ʦʧʪʠʯʥʠʭ ʚʠʭʦʜʘʭ ʚʽʜ ʨʽʟʥʠʮʽ ʬʘʟ (ʬ1ïʬ2) 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.13 (ʙ). ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʢʨʠʚʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʨʦʪʠʬʘʟʽ. 

ʅʘ ʙʘʟʽ ʮʴʦʛʦ ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ ʤʦʞʝ ʙʫʪʠ ʩʪʚʦʨʝʥʠʡ ʤʦʜʫʣʷʪʦʨ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʰʣʷʭʦʤ ʬʘʟʦʚʦʾ ʤʦʜʫʣʷʮʽʾ ʧʦʣʽʚ ʷʢʦʛʦʩʴ 

ʦʜʥʦʛʦ ʭʚʠʣʝʚʦʜʫ. ʅʘ ʨʠʩ. 1.13 (ʙ) ʨʦʟʛʣʷʥʫʪʠʡ ʚʘʨʽʘʥʪ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʧʣʘʥʘʨʥʦʛʦ ʭʚʠʣʝʚʦʜʫ ʪʽʣʴʢʠ ʥʘʜ ʦʜʥʠʤ ʟ ʭʚʠʣʝʚʦʜʽʚ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ, ʦʜʥʘʢ ʥʘ ʧʨʘʢʪʠʮʽ ʤʦʞʫʪʴ ʙʫʪʠ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʽ ʦʙʠʜʚʘ 

ʦʧʪʠʯʥʠʭ ʭʚʠʣʝʚʦʜʠ, ʷʢ ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.12. ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʣʝʢʪʨʦʦʧʪʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʧʨʦʪʠʣʝʞʥʦʾ 

ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʬʘʟʦʚʠʭ ʟʨʫʰʝʥʴ ʤʽʞ ʜʚʦʤʘ ʦʧʪʠʯʥʠʤʠ ʭʚʠʣʝʚʦʜʘʤʠ 

ʜʨʫʛʠʡ ʭʚʠʣʝʚʽʜ ʤʦʞʝ ʙʫʪʠ ʨʦʟʪʘʰʦʚʘʥʠʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜ ʚʥʫʪʨʽʰʥʽʤ 

ʟʘʟʝʤʣʶʚʘʣʴʥʠʤ ʝʣʝʢʪʨʦʜʦʤ. ʆʪʞʝ, ʤʦʜʫʣʷʮʽʶ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʰʣʷʭʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʘʪʠʯʥʦʛʦ ʬʘʟʦʚʦʛʦ ʚʽʜʭʠʣʝʥʥʷ (ʬ1-ʬ2) ʚ 

ʜʝʷʢʽʡ ʪʦʯʮʽ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ, ʧʨʠʢʣʘʜʘʶʯʠ ʥʘʧʨʫʛʫ ʚʭʽʜʥʦʛʦ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʫ ʜʣʷ ʬʘʟʦʚʦʾ ʤʦʜʫʣʷʮʽʾ ʩʚʽʪʣʘ ʡ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨ, ʱʦʙ ʧʝʨʝʪʚʦʨʠʪʠ ʬʘʟʦʚʫ ʤʦʜʫʣʷʮʽʶ ʚ ʤʦʜʫʣʷʮʽʶ ʧʦ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ. 
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ʈʠʩ. 1.13. (ʘ) ʋʟʘʛʘʣʴʥʝʥʘ ʩʭʝʤʘ ʤʦʜʫʣʷʪʦʨʘ ʄʘʭʘ-ʎʘʥʜʝʨʘ. 

(ʙ) ʊʠʧʦʚʘ ʧʝʨʝʜʘʚʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʄʄʎ ʟ ʢʦʤʧʣʝʤʝʥʪʘʨʥʠʤʠ  

ʦʧʪʠʯʥʠʤʠ ʚʠʭʦʜʘʤʠ 

 

ʅʘ ʨʠʩ. 1.13 (ʙ) ʧʦʢʘʟʘʥʠʡ ʛʨʘʬʽʢ ʤʦʜʫʣʷʮʽʾ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘ 

ʚʠʭʦʜʽ I1, ʧʨʠ ʮʴʦʤʫ ʥʘ ʚʠʭʦʜʽ I2 ʙʫʜʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʢʦʤʧʣʝʤʝʥʪʘʨʥʘ (ʟ 

ʬʘʟʦʚʠʤ ʟʩʫʚʦʤ 180Á) ʤʦʜʫʣʷʮʽʷ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ʊʘʢʘ ʢʦʥʬʽʛʫʨʘʮʽʷ 

ʧʨʠʜʘʪʥʘ ʜʣʷ ʧʨʠʜʫʰʝʥʥʷ ʜʝʷʢʠʭ ʚʠʜʽʚ ʦʧʪʠʯʥʦʛʦ ʘʤʧʣʽʪʫʜʥʦʛʦ ʰʫʤʫ, ʱʦ 

ʙʫʜʝ ʦʧʠʩʘʥʦ ʚ ʨʦʟʜʽʣʽ 6. ɺ ʜʘʥʠʡ ʯʘʩ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʙʝʟʣʽʯ ʽʥʰʠʭ 

ʟʦʚʥʽʰʥʽʭ ʤʦʜʫʣʷʪʦʨʽʚ, ʚʢʣʶʯʘʶʯʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʘʙʩʦʨʙʮʽʡʥʽ 

ʤʦʜʫʣʷʪʦʨʠ ʥʘ ʝʬʝʢʪʽ ʌʨʘʥʮʘ-ʂʝʣʜʠʰʘ [1.56], ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʤʦʜʫʣʷʪʦʨʠ 

[1.57] ʪʘ ʤʦʜʫʣʷʪʦʨʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʤʽʥʫ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ 

ʚʥʘʩʣʽʜʦʢ ʝʬʝʢʪʽʚ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ ʢʨʝʤʥʽʾ [1.58]. ɹʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʫʣʷʪʦʨʽʚ ʧʨʠʩʚʷʯʝʥʽ ʛʣʘʚʠ 6-8. 

ʇʦʣʝ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʧʣʘʥʘʨʥʦʛʦ ʭʚʠʣʝʚʦʜʫ ʧʝʨʝʢʨʠʚʘʻʪʴʩʷ 

ʪʽʣʴʢʠ ʟ ʦʜʥʠʤ ʦʧʪʠʯʥʠʤ ʭʚʠʣʝʚʦʜʦʤ, ʘʣʝ ʥʘ ʧʨʘʢʪʠʮʽ ʦʜʠʥ ʟ ʟʘʟʝʤʣʶʶʯʠʭ 

ʝʣʝʢʪʨʦʜʽʚ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʥʘʜ ʜʨʫʛʠʤ ʦʧʪʠʯʥʠʤ ʭʚʠʣʝʚʦʜʦʤ, ʷʢ ʮʝ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.13. (ʙ) ʪʠʧʦʚʘ ʧʝʨʝʜʘʚʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʄʄʎ ʟ 
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ʢʦʤʧʣʝʤʝʥʪʘʨʥʠʤʠ ʦʧʪʠʯʥʠʤʠ ʚʠʭʦʜʘʤʠ. ʄʦʜʫʣʷʪʦʨ ʟʤʽʱʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʽʢʩʦʚʘʥʦʾ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ, ʽ ʩʠʛʥʘʣ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʤʦʜʫʣʶʻ ʦʧʪʠʯʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʘʩʠʚʥʠʭ ʦʧʪʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʦ ʤʽʞ ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʤ ʪʘ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʠʯʥʠʤ 

ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ, ʚʭʦʜʷʯʠ ʜʦ ʩʢʣʘʜʫ ʙʣʦʢʫ çʆʙʨʦʙʢʘè ʨʠʩ. 1.1. ɼʘʥʽ 

ʢʦʤʧʦʥʝʥʪʠ ʚʢʣʶʯʘʶʪʴ: ʦʧʪʠʯʥʽ ʨʦʟʛʘʣʫʞʫʚʘʯʽ, ʩʧʨʷʤʦʚʘʥʽ ʚʽʜʛʘʣʫʞʫʚʘʯʽ, 

ʬʽʣʴʪʨʠ, ʨʝʟʦʥʘʪʦʨʠ, ʘʪʝʥʶʘʪʦʨʠ, ʽʟʦʣʷʪʦʨʠ, ʮʠʨʢʫʣʷʪʦʨʠ, ʧʦʣʷʨʠʟʘʪʦʨʠ ʪʘ 

ʧʝʨʝʤʠʢʘʯʽ. ɼʝʪʘʣʴʥʠʡ ʦʧʠʩ ʮʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ [1.59]. ɼʝʷʢʽ 

ʟ ʥʠʭ ʦʧʠʩʫʶʪʴʩʷ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ. ʇʝʨʰʠʤ ʨʦʟʛʣʷʥʝʤʦ ʟʦʙʨʘʞʝʥʠʡ ʥʘ 

ʨʠʩ. 1.14 ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʡ ʚʽʜʛʘʣʫʞʫʚʘʯ ʥʘ ʙʘʟʽ ʩʧʣʘʚʥʦʛʦ 

ʟʚʫʞʫʚʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʫ.  

 

 

ʈʠʩ. 1.14. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʦʛʦ ʚʽʜʛʘʣʫʞʫʚʘʯʘ ʪʠʧʫ 2Ĭ2 

ʥʘ ʙʘʟʽ ʩʧʣʘʚʥʦʛʦ ʟʚʫʞʫʚʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʫ 

 

ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʡ ʚʽʜʛʘʣʫʞʫʚʘʯ ʜʘʥʦʛʦ ʪʠʧʫ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʚ [1.60] ʽ ʻ ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʜʣʷ ʙʘʛʘʪʴʦʭ ʩʠʩʪʝʤ. ʈʦʙʦʪʘ ʧʨʠʣʘʜʫ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʝʬʝʢʪʽ ʨʝʟʦʥʘʥʩʥʦʛʦ ʟʚ'ʷʟʢʫ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ ʤʽʞ ʜʚʦʤʘ 

ʭʚʠʣʝʚʦʜʥʠʤʠ ʤʦʜʘʤʠ, ʱʦ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʢʦʣʠ ʧʨʦʬʽʣʽ ʦʧʪʠʯʥʠʭ 

ʧʦʣʽʚ ʟʘʛʘʩʘʶʯʠʭ ʢʦʣʠʚʘʥʴ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ ʚ ʧʨʦʩʪʦʨʽ. ʑʦʙ ʮʝ ʩʪʘʣʦʩʴ, 

ʭʚʠʣʴʦʚʽ ʤʦʜʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʜʦʩʠʪʴ ʙʣʠʟʴʢʽ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ, ʦʩʢʽʣʴʢʠ ʧʦʣʷ 

ʟʘʛʘʩʘʶʯʠʭ ʢʦʣʠʚʘʥʴ ʧʦʰʠʨʶʶʪʴʩʷ ʚ ʦʙʦʣʦʥʢʫ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ ʪʽʣʴʢʠ 

ʥʘ ʢʽʣʴʢʘ ʤʽʢʨʦʥʽʚ. ʆʪʞʝ, ʚʦʣʦʢʥʘ ʧʦʚʠʥʥʽ ʘʜʽʘʙʘʪʠʯʥʦ ʟʚʫʞʫʚʘʪʠʩʷ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʰʠʨʝʥʥʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʚʦʣʦʢʦʥʥʠʭ ʤʦʜ ʚ ʧʦʚʽʪʨʷʥʦʤʫ 
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ʧʨʦʩʪʦʨʽ. ʋ ʟʚ'ʷʟʢʫ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʜʽʘʤʝʪʨʘ ʚʦʣʦʢʦʥ ʩʝʨʮʝʚʠʥʘ ʙʽʣʴʰʝ ʥʝ ʚ 

ʟʤʦʟʽ ʧʽʜʪʨʠʤʫʚʘʪʠ ʢʘʥʘʣʽʟʦʚʘʥʫ ʤʦʜʫ ʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʤʦʜʘ ʧʦʯʠʥʘʻ 

ʨʦʟʧʦʚʩʶʜʞʫʚʘʪʠʩʴ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʧʦʚʽʪʨʽ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʚʟʘʻʤʦʜʽʶ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʢʦʞʥʦʾ ʢʘʥʘʣʽʟʦʚʘʥʦʾ ʤʦʜʠ, ʥʘʧʨʘʚʣʷʶʯʠ ʝʥʝʨʛʽʶ ʟ 

ʦʜʥʦʛʦ ʭʚʠʣʝʚʦʜʫ ʚ ʽʥʰʠʡ. ʂʦʝʬʽʮʽʻʥʪ ʟʚ'ʷʟʢʫ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ, 

ʢʦʥʪʨʦʣʶʶʯʠ ʜʦʚʞʠʥʫ, ʥʘ ʷʢʽʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʟʘʻʤʦʜʽʷ ʧʦʣʽʚ. ɸʥʘʣʦʛʽʯʥʠʡ 

ʝʬʝʢʪ ʚʟʘʻʤʦʜʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ ʚʠʭʽʜʥʦʤʫ 

ʚʽʜʛʘʣʫʞʫʚʘʯʽ ʽʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ (ʨʠʩ. 1.13 (ʙ)). 

ɹʽʣʴʰʽʩʪʴ ʧʘʩʠʚʥʠʭ ʧʨʠʩʪʨʦʾʚ ʻ ʚʟʘʻʤʥʠʤʠ, ʱʦ ʦʟʥʘʯʘʻ ʽʜʝʥʪʠʯʥʽʩʪʴ 

ʾʭ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʚ ʦʙʦʭ ʥʘʧʨʷʤʢʘʭ. ʊʠʧʦʚʠʤ ʧʨʠʢʣʘʜʦʤ 

ʚʟʘʻʤʥʦʛʦ ʧʨʠʩʪʨʦʶ ʻ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 1.14 ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʡ 

ʚʽʜʛʘʣʫʞʫʚʘʯ. ʇʨʦʪʝ ʪʘʢʦʞ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʝʚʟʘʻʤʥʽ ʧʨʠʩʪʨʦʾ: 

ʦʧʪʠʯʥʽ ʽʟʦʣʷʪʦʨʠ ʪʘ ʮʠʨʢʫʣʷʪʦʨʠ. ɯʟʦʣʷʪʦʨ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʚ ʣʘʟʝʨʥʠʭ ʤʦʜʫʣʷʭ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʧʦʧʘʜʘʥʥʶ ʚ ʣʘʟʝʨʥʠʡ ʨʝʟʦʥʘʪʦʨ 

ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ, ʷʢʝ ʚʠʢʣʠʢʘʻ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʡʦʛʦ ʨʦʙʦʪʠ. 

ɹʘʛʘʪʦ ʣʘʟʝʨʽʚ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʈɿɿ-ʣʘʟʝʨʠ, ʯʫʪʣʠʚʽ ʜʦ ʚʽʜʜʟʝʨʢʘʣʝʥʴ, ʟʥʦʚʫ 

ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʡʦʛʦ ʨʝʟʦʥʘʪʦʨ [1.61]. 

ɹʽʣʴʰʽʩʪʴ ʥʝʚʟʘʻʤʥʠʭ ʧʨʠʩʪʨʦʾʚ ʦʩʥʦʚʘʥʠʭ ʥʘ ʝʬʝʢʪʽ ʌʘʨʘʜʝʷ, ʢʦʣʠ 

ʩʪʘʥ ʧʦʣʷʨʠʟʘʮʽʾ ʩʚʽʪʣʘ ʧʦʚʝʨʪʘʻʪʴʩʷ ʥʘ ʚʝʣʠʯʠʥʫ, ʧʨʦʧʦʨʮʽʡʥʫ ʢʦʤʧʦʥʝʥʪʽ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʥʘʧʨʷʤʢʫ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʽ. ʆʧʪʠʯʥʠʡ ʽʟʦʣʷʪʦʨ ʤʦʞʥʘ 

ʨʝʘʣʽʟʫʚʘʪʠ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ 45° ʬʘʨʘʜʝʾʚʩʴʢʦʛʦ ʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ 

ʨʦʪʘʪʦʨʘ ʤʽʞ ʜʚʦʤʘ ʣʽʥʽʡʥʠʤʠ ʧʦʣʷʨʠʟʘʪʦʨʘʤʠ, ʧʦʚʝʨʥʝʥʠʤʠ ʦʜʠʥ ʱʦʜʦ 

ʦʜʥʦʛʦ ʥʘ 45Á. 

ʇʘʜʘʶʯʘ ʣʽʥʽʡʥʘ ʧʦʣʷʨʠʟʘʮʽʷ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʝʨʰʠʡ ʧʦʣʷʨʠʟʘʪʦʨ, 

ʧʦʚʝʨʪʘʻʪʴʩʷ ʥʘ 45Á ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʘʨʘʜʝʾʚʩʴʢʦʛʦ ʨʦʪʘʪʦʨʘ ʡ ʦʨʽʻʥʪʫʻʪʴʩʷ 

ʪʘʢ, ʱʦʙ ʧʨʦʡʪʠ ʢʨʽʟʴ ʜʨʫʛʠʡ ʧʦʣʷʨʠʟʘʪʦʨ. ʇʦʣʷʨʠʟʘʮʽʷ ʩʠʛʥʘʣʫ, ʱʦ 

ʧʨʦʡʰʦʚ ʢʨʽʟʴ ʚʠʭʽʜʥʠʡ ʧʦʣʷʨʠʟʘʪʦʨ, ʽ ʷʢʠʡ ʧʦʰʠʨʶʻʪʴʩʷ ʚ ʟʚʦʨʦʪʥʦʤʫ 

ʥʘʧʨʷʤʢʫ, ʧʦʚʝʨʪʘʻʪʴʩʷ ʥʘ 45Á ʚ ʧʨʦʪʠʣʝʞʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʧʘʜʘʻ ʥʘ ʚʭʽʜʥʠʡ 

ʧʦʣʷʨʠʟʘʪʦʨ ʧʽʜ ʢʫʪʦʤ 90Á ʚʽʜʥʦʩʥʦ ʜʦ ʥʘʧʨʷʤʢʫ ʧʨʦʧʫʩʢʘʥʥʷ, ʽ ʩʠʛʥʘʣ 
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ʙʣʦʢʫʻʪʴʩʷ. ɿʘʚʜʷʢʠ ʧʦʻʜʥʘʥʥʶ ʜʚʦʭ ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʜʽʣʴʥʠʢʽʚ ʧʨʦʤʝʥʽʚ 

ʪʘʢ, ʱʦʙ ʧʨʦʧʫʩʢʘʪʠ ʦʙʠʜʚʘ ʣʽʥʽʡʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʽ ʩʪʘʥʠ, ʤʦʞʥʘ 

ʨʝʘʣʽʟʫʚʘʪʠ ʧʦʣʷʨʠʟʘʮʽʡʥʦ-ʥʝʟʘʣʝʞʥʠʡ ʧʨʠʩʪʨʽʡ [1.62]. ʗʢʱʦ ʚʚʝʩʪʠ 

ʧʦʣʷʨʠʟʦʚʘʥʠʡ ʜʽʣʴʥʠʢ ʤʽʞ ʦʜʥʠʤ ʟ ʧʦʣʷʨʠʟʘʪʦʨʽʚ ʪʘ ʬʘʨʘʜʝʾʚʩʴʢʠʤ 

ʨʦʪʘʪʦʨʦʤ, ʩʚʽʪʣʦ, ʱʦ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʚ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʷʢʝ ʚ 

ʽʟʦʣʷʪʦʨʽ ʤʘʣʦ ʙ ʙʣʦʢʫʚʘʪʠʩʴ ʽʟʦʣʷʮʽʡʥʠʤ ʨʦʪʘʪʦʨʦʤ, ʙʫʜʝ ʧʝʨʝʥʘʧʨʘʚʣʝʥʝ 

ʚ ʽʥʰʝ ʚʦʣʦʢʥʦ, ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʣʽʟʫʻʪʴʩʷ ʪʨʠʧʦʨʪʦʚʠʡ ʧʨʠʩʪʨʽʡ, ʱʦ ʜʽʻ ʷʢ 

ʮʠʨʢʫʣʷʪʦʨ. ʈʦʙʦʯʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʦʛʦ ʦʧʪʠʯʥʦʛʦ ʮʠʨʢʫʣʷʪʦʨʘ 

ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1.15. ʁʦʛʦ ʩʭʝʤʘ ʤʽʩʪʠʪʴ ʪʨʠ ʩʪʘʥʠ ʧʨʦʧʫʩʢʘʥʥʷ ʟ ʤʘʣʠʤʠ 

ʚʪʨʘʪʘʤʠ ʽ ʪʨʠ ʥʘʧʨʷʤʢʠ ʟ ʚʠʩʦʢʠʤʠ ʚʪʨʘʪʘʤʠ (ʽʟʦʣʷʮʽʻʶ). ʎʠʨʢʫʣʷʪʦʨʠ 

ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ, ʱʦʙ ʟʽʙʨʘʪʠ ʚʽʜʙʠʪʪʷ ʚʽʜ ʽʥʰʠʭ ʧʨʠʩʪʨʦʾʚ. 

ʅʘʧʨʠʢʣʘʜ, ʾʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʩʭʝʤʽ ʚʽʜʙʠʚʥʠʭ ʦʧʪʠʯʥʠʭ 

ʬʽʣʴʪʨʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʩʧʝʢʪʨʘʣʴʥʦ-ʩʝʣʝʢʪʠʚʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʪʘ ʨʦʟʜʽʣʝʥʥʷ ʩʠʛʥʘʣʽʚ, ʪʘʢʠʭ ʷʢ ʩʧʝʢʪʨʘʣʴʥʽ  

ʤʫʣʴʪʠʧʣʝʢʩʦʨʠ ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʠ. 

 

ʈʠʩ. 1.15. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʪʨʠʧʦʨʪʦʚʦʛʦ ʮʠʨʢʫʣʷ ʪʦʨʘ 

 

ɸʢʪʠʚʥʽ ʧʨʠʩʪʨʦʾ ʪʘʢʦʞ ʤʘʶʪʴ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʡ ʯʘʩʪʦ ʚʭʦʜʷʪʴ ʜʦ 

ʩʢʣʘʜʫ ʙʣʦʢʫ çʆʙʨʦʙʢʘè ʨʠʩ. 1.1. ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʦʧʪʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʻ ʦʧʪʠʯʥʠʡ ʧʽʜʩʠʣʶʚʘʯ. 

ʇʽʜʩʠʣʶʚʘʯʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʮʽʣʷʭ ʢʦʤʧʝʥʩʘʮʽʾ ʦʩʣʘʙʣʝʥʥʷ ʩʠʛʥʘʣʫ, 

ʥʘʧʨʠʢʣʘʜ ʚʥʘʩʣʽʜʦʢ ʚʪʨʘʪ ʧʨʠ ʧʦʰʠʨʝʥʥʽ, ʥʘʜʣʠʰʢʦʚʠʭ ʚʪʨʘʪ ʚ 

ʢʦʤʧʦʥʝʥʪʥʽʡ ʙʘʟʽ ʪʘ ʚʪʨʘʪ ʚʽʜ ʨʦʟʛʘʣʫʞʝʥʥʷ ʡ ʨʦʟʧʦʜʽʣʫ. ʆʧʪʠʯʥʽ 

ʧʽʜʩʠʣʶʚʘʯʽ ʙʫʜʫʶʪʴʩʷ ʥʘ ʙʘʟʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʦʨʤ, ʚʢʣʶʯʘʶʯʠ 
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ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʧʽʜʩʠʣʶʚʘʯʽ [1.63], ʘ ʪʘʢʦʞ ʙʨʽʣʣʶʻʥʽʚʩʴʢʽ [1.64], 

ʨʘʤʘʥʽʚʩʴʢʽ [1.65] ʽ ʣʝʛʦʚʘʥʽ ʨʽʜʢʦʟʝʤʝʣʴʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ [1.66] ʚʦʣʦʢʦʥʥʽ 

ʧʽʜʩʠʣʶʚʘʯʽ. ʂʦʞʝʥ ʟ ʥʠʭ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ (ʜʠʚ. 3.5 ʽ 4.3), 

ʧʨʦʪʝ ʥʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʚ ʚʦʣʦʢʦʥʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʟ ʣʝʛʫʚʘʥʥʷʤ 

ʨʽʜʢʦʟʝʤʝʣʴʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. ɺ ʧʽʜʩʠʣʶʚʘʯʘʭ ʜʘʥʦʛʦ ʪʠʧʫ ʩʝʨʮʝʚʠʥʘ 

ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ ʣʝʛʫʻʪʴʩʷ ʥʝʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʨʽʜʢʦʟʝʤʝʣʴʥʠʭ ʽʦʥʽʚ, 

ʥʘʧʨʠʢʣʘʜ ʽʦʥʘʤʠ ʝʨʙʽʶ ɽʛ
3+

 ʚ ɽɺʇ. ʋʟʘʛʘʣʴʥʝʥʘ ʩʭʝʤʘ ɽɺʇ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩ.1.16.  

 

ʈʠʩ. 1.16. ʇʨʠʥʮʠʧʦʚʽ ʝʣʝʤʝʥʪʠ ʩʭʝʤʠ ʝʨʙʽʻʚʦʛʦ ʚʦʣʦʢʦʥʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ 

 

ʍʚʠʣʽ ʜʦʚʞʠʥʦʶ 980 ʥʤ ʪʘ 1480 ʥʤ ʩʠʣʴʥʦ ʧʦʛʣʠʥʘʶʪʴʩʷ ʚ ɽʛ
3+

 

ʦʪʞʝ, ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʧʦʤʧʫʚʘʥʥʷ ʜʣʷ ʣʝʛʦʚʘʥʦʛʦ ʝʨʙʽʻʤ 

ʚʦʣʦʢʥʘ. ʎʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘʢʘʯʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʽʜʩʫʤʦʚʘʥʦ ʚ 

ʦʜʥʦʤʫ ʡ ʪʦʤʫ ʞ ʚʦʣʦʢʥʽ ʟ ʩʠʛʥʘʣʦʤ ʜʽʘʧʘʟʦʥʫ 1550 ʥʤ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ. ɿʘ ʨʘʭʫʥʦʢ ʽʥʚʝʨʩʽʾ ʩʝʨʝʜʦʚʠʱʘ ʚʭʽʜʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʽʘʧʘʟʦʥʫ 1550 ʥʤ ʤʦʞʝ ʩʪʠʤʫʣʶʚʘʪʠ ʧʝʨʝʭʽʜ ʟʙʫʜʞʝʥʠʭ 

ʽʦʥʽʚ ʝʨʙʽʶ ʚ ʦʩʥʦʚʥʠʡ ʩʪʘʥ, ʱʦ ʪʷʛʥʝ ʟʘ ʩʦʙʦʶ ʩʪʠʤʫʣʴʦʚʘʥʫ ʝʤʽʩʽʶ 

ʬʦʪʦʥʽʚ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʢʦʛʝʨʝʥʪʥʝ ʦʧʪʠʯʥʝ ʧʽʜʩʠʣʝʥʥʷ. ʆʧʪʠʯʥʠʡ ʽʟʦʣʷʪʦʨ 

ʥʘ ʚʠʭʦʜʽ ʧʽʜʩʠʣʶʚʘʯʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʚʝʨʥʝʥʥʷ 

ʚʽʜʙʠʪʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʘʢʪʠʚʥʝ ʚʦʣʦʢʥʦ, ʱʦ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ 

ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. ɼʚʘ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʘʨʘʤʝʪʨʠ ɽɺʇ, ʷʢʽ 

ʨʦʙʣʷʪʴ ʡʦʛʦ ʽʜʝʘʣʴʥʠʤ ʧʽʜʩʠʣʶʚʘʯʝʤ, - ʮʝ ʥʠʟʴʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʩʧʦʥʪʘʥʥʦʾ 

ʝʤʽʩʽʾ (ʥʠʟʴʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʰʫʤʫ) ʪʘ ʚʝʣʠʢʠʡ (ʤʽʣʽʩʝʢʫʥʜʠ) ʯʘʩ ʞʠʪʪʷ ʚ 

ʟʙʫʜʞʝʥʦʤʫ ʩʪʘʥʽ. 
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ʄʽʣʽʩʝʢʫʥʜʥʠʡ ʯʘʩ ʞʠʪʪʷ ʚʠʢʣʶʯʘʻ ʰʚʠʜʢʽ ʬʣʫʢʪʫʘʮʽʾ ʧʽʜʩʠʣʝʥʥʷ ʽ, 

ʦʪʞʝ, ʤʽʥʽʤʽʟʫʻ ʩʧʦʪʚʦʨʝʥʥʷ ʥʘ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ (>> ʢʽʣʦʛʝʨʮ) ʩʠʛʥʘʣʘʭ 

(ʜʠʚ. ʨʦʟʜʽʣ 4). ʂʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʰʫʤʦʚʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɽɺʇ ʚ ʩʢʣʘʜʽ 

ʘʥʘʣʦʛʦʚʦʾ  ɺʆʉʇ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʘ ʚ ʨʦʟʜʽʣʽ 3. 

ʅʘ ʜʘʣʴʥʦʤʫ ʢʽʥʮʽ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʠʡ ʆɽʇ, 

ʱʦ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʚ 

ʝʣʝʢʪʨʠʯʥʠʡ. ʎʷ ʦʧʝʨʘʮʽʷ ʩʪʘʥʜʘʨʪʥʦ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʦʪʦʜʝʪʝʢʪʦʨʘ. ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʠʡ ʚʘʨʽʘʥʪ ʬʦʪʦʜʝʪʝʢʪʦʨʘ, 

p-i-n-ʬʦʪʦʜʽʦʜ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʚʠʢʦʥʘʥʥʷʭ. ɹʘʟʦʚʽ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʚʢʣʶʯʘʶʪʴ ʩʭʝʤʠ ʟ ʧʦʚʝʨʭʥʝʚʠʤ ʟʘʩʚʽʯʝʥʥʷʤ, ʭʚʠʣʝʚʦʜʥʫ ʪʘ ʙʽʞʫʯʫ  ʭʚʠʣʽ. 

ʅʘ ʨʠʩ. 1.17 ʧʦʢʘʟʘʥʘ ʫʟʘʛʘʣʴʥʝʥʘ ʩʪʨʫʢʪʫʨʘ p-i-n-ʬʦʪʦʜʽʦʜʘ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʛʦ ʚʠʚʯʝʥʽ. 

 

 

ʈʠʩ. 1.17. ʌʦʪʦʜʽʦʜ ʨ-i-nïʪʠʧʫ ʪʘ ʡʦʛʦ ʝʢʚʽʚʘʣʝʥʪʥʘ ʝʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ 

 

ʗʢʽʩʥʠʡ ʦʛʣʷʜ p-i-n-ʬʦʪʦʜʽʦʜʽʚ ʚʠʢʦʥʘʥʠʡ ʚ [1.32]. ʋ ʩʪʨʫʢʪʫʨ ʤʽʞ 

ʜʚʦʤʘ ʣʝʛʦʚʘʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʨ- ʪʘ n-ʪʠʧʫ ʧʦʤʽʱʘʻʪʴʩʷ ʚʣʘʩʥʠʡ 

(ʥʝʣʝʛʦʚʘʥʠʡ) ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ. ʄʘʪʝʨʽʘʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʽʜʝʥʪʠʯʥʠʤʠ 

(ʛʦʤʦʧʝʨʝʭʽʜ) ʘʙʦ ʨʽʟʥʠʤʠ (ʛʝʪʝʨʦʧʝʨʝʭʽʜ), ʽ ʚ ʜʝʷʢʠʭ ʩʧʝʮʽʘʣʴʥʠʭ 

ʚʠʧʘʜʢʘʭ ʥʝ ʧʦʪʨʽʙʥʦ ʫʟʛʦʜʞʝʥʽʩʪʴ ʾʭ ʢʨʠʩʪʘʣʽʯʥʠʭ ʛʨʘʪʦʢ [1.67]. 

ʇʨʠʢʣʘʜʘʥʥʷ ʥʘʧʨʫʛʠ ʟʩʫʚʫ ʚʠʢʣʠʢʘʻ ʟʙʽʜʥʝʥʥʷ ʦʙʣʘʩʪʽ ʚʣʘʩʥʦʾ 
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ʧʨʦʚʽʜʥʦʩʪʽ, ʱʦ ʫʪʚʦʨʶʻ ʧʣʦʩʢʠʡ ʢʦʥʜʝʥʩʘʪʦʨ, ʘ ʧʽʜʚʠʱʝʥʥʷ  ʥʘʧʨʫʛʠ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʰʠʨʝʥʥʷ ʟʙʽʜʥʝʥʦʾ ʦʙʣʘʩʪʽ ʪʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʤʝʥʰʝʥʥʷ 

ʻʤʥʦʩʪʽ ʧʨʠʣʘʜʫ. ʆʧʪʠʯʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʛʣʠʥʘʻʪʴʩʷ ʚ i-ʦʙʣʘʩʪʽ ʧʨʠ 

ʦʧʨʦʤʽʥʝʥʥʽ ʯʝʨʝʟ ʤʘʪʝʨʽʘʣʠ ʨ- ʘʙʦ n-ʪʠʧʽʚ (ʢʦʥʬʽʛʫʨʘʮʽʷ ʟ ʧʦʚʝʨʭʥʝʚʠʤ 

ʟʘʩʚʽʯʝʥʥʷʤ) ʘʙʦ ʟʙʦʢʫ ʯʝʨʝʟ i-ʦʙʣʘʩʪʴ (ʭʚʠʣʴʦʚʘ ʢʦʥʬʽʛʫʨʘʮʽʷ), 

ʩʪʚʦʨʶʶʯʠ  ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʽ ʧʘʨʠ. ʌʦʪʦʛʝʥʝʨʦʚʘʥʽ ʥʦʩʽʾ ʟʘʨʷʜʫ, 

ʨʫʭʘʶʯʠʩʴ ʚ ʟʙʽʜʥʝʥʽʡ ʦʙʣʘʩʪʽ, ʬʦʨʤʫʶʪʴ ʩʪʨʫʤ ʫ ʟʦʚʥʽʰʥʴʦʤʫ ʢʦʣʽ.  

ʋ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ ʱʦ ʧʦʛʣʠʥʘʥʥʷ ʬʦʪʦʥʽʚ ʚʠʢʣʠʢʘʻ ʧʦʷʚʫ ʩʪʨʫʤʫ, 

ʬʦʪʦʜʝʪʝʢʪʦʨ ʜʽʻ ʘʥʘʣʦʛʽʯʥʦ ʧʨʠʩʪʨʦʶ ʟ ʢʚʘʜʨʘʪʠʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, 

ʨʝʘʛʫʶʯʠ ʣʠʰʝ ʥʘ ʟʤʽʥʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ 

ʚʽʜʙʠʚʘʶʯʠ, ʪʘʢʠʤ ʯʠʥʦʤ, ʦʛʠʥʘʶʯʫ ʤʦʜʫʣʷʮʽʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ (ʚʭʽʜʥʠʤ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʤ ʩʠʛʥʘʣʦʤ) ʚ ʬʦʨʤʽ ʚʠʭʽʜʥʦʛʦ ʩʪʨʫʤʫ. ʈʝʘʢʮʽʷ ʜʘʥʠʭ 

ʧʨʠʣʘʜʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʪʝʨʤʽʥʘʭ ʾʭ ʯʫʪʣʠʚʦʩʪʽ ʚ ʦʜʠʥʠʮʷʭ ʘʤʧʝʨ ʥʘ ʚʘʪ, 

ʪʦʙʪʦ ʩʢʽʣʴʢʠ ʘʤʧʝʨ ʩʪʨʫʤʫ ʛʝʥʝʨʫʻʪʴʩʷ ʥʘ ʢʦʞʝʥ ʚʘʪ ʧʘʜʘʶʯʦʾ 

ʧʦʪʫʞʥʦʩʪʽ. ɽʣʝʢʪʨʠʯʥʦ ʬʦʪʦʜʽʦʜʠ ʚ ʥʝʭʪʫʚʘʥʥʽ ʽʤʧʝʜʘʥʩʘʤʠ, ʧʦʚ'ʷʟʘʥʠʤʠ 

ʟ ʤʦʥʪʘʞʝʤ ʢʨʠʩʪʘʣʘ ʚ ʢʦʨʧʫʩʽ, ʽʤʽʪʫʶʪʴʩʷ ʜʫʞʝ ʧʨʦʩʪʦʶ ʝʢʚʽʚʘʣʝʥʪʥʦʶ 

ʩʭʝʤʦʶ. ʌʦʪʦʜʽʦʜ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʘʨʘʣʝʣʴʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ 

ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ, ʻʤʥʦʩʪʽ ʧʝʨʝʭʦʜʫ (ʉj) ʪʘ ʰʫʥʪʫʶʯʦʛʦ ʦʧʦʨʫ (Rsh), 

ʧʽʜʢʣʶʯʝʥʦʛʦ ʜʦ ʚʠʭʽʜʥʦʛʦ ʢʦʣʘ ʯʝʨʝʟ ʥʝʚʝʣʠʢʠʡ ʧʦʩʣʽʜʦʚʥʠʡ ʦʧʽʨ (Rseries). 

ɭʤʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʝʮʠʬʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʪʝʨʽʘʣʫ, 

ʛʝʦʤʝʪʨʽʻʶ ʪʘ ʦʙʩʷʛʦʤ ʟʙʽʜʥʝʥʦʾ ʦʙʣʘʩʪʽ. ʇʦʩʣʽʜʦʚʥʠʡ ʦʧʽʨ ʧʦʚ'ʷʟʘʥʠʡ ʟ 

ʦʧʦʨʦʤ ʢʦʥʪʘʢʪʽʚ ʽ ʟ ʦʧʦʨʦʤ ʦʙ'ʻʤʥʠʭ ʥʘʧʽʚʧʨʦʚʦʜʥʠʢʽʚ ʨ- ʪʘ n-ʪʠʧʽʚ. 

ɼʞʝʨʝʣʦʤ ʰʫʥʪʫʶʯʦʛʦ ʦʧʦʨʫ ʻ ʩʪʨʫʤ ʚʠʪʦʢʫ, ʽ ʚʽʥ ʟʘʟʚʠʯʘʡ ʟʥʘʯʥʦ ʚʠʱʝ 

(ʙʽʣʴʰʝ 1 ʢʆʤ) ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤ ʽʤʧʝʜʘʥʩʦʤ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ, ʨʽʚʥʠʤ 50 ʆʤ. ʆʪʞʝ, ʰʫʥʪʫʶʯʠʤ ʦʧʦʨʦʤ 

ʟʘʟʚʠʯʘʡ ʥʝʭʪʫʶʪʴ ʚ ʭʦʜʽ ʘʥʘʣʽʟʫ ʬʦʪʦʜʽʦʜʘ. ʋ ʟʚ'ʷʟʢʫ ʟ ʙʽʣʴʰʦʶ 

ʚʝʣʠʯʠʥʦʶ ʰʫʥʪʫʶʯʦʛʦ ʦʧʦʨʫ ʥʘ ʧʨʘʢʪʠʮʽ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʫʟʛʦʜʞʝʥʥʷ ʟ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʯʘʩʪʦ ʜʦʜʘʪʢʦʚʦ ʚʚʦʜʠʪʴʩʷ ʟʦʚʥʽʰʥʽʡ ʫʟʛʦʜʞʫʚʘʣʴʥʠʡ ʦʧʽʨ 

(Rmatch). ʎʝʡ ʫʟʛʦʜʞʫʚʘʣʴʥʠʡ ʨʝʟʠʩʪʦʨ ʜʘʻ ʥʝʛʘʪʠʚʥʠʡ ʝʬʝʢʪ ʜʚʦʨʘʟʦʚʦʛʦ 
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ʟʤʝʥʰʝʥʥʷ ʬʦʪʦʛʝʥʝʨʦʚʘʥʦʛʦ ʩʪʨʫʤʫ, ʪʘʢʠʤ ʯʠʥʦʤ, ʟʤʝʥʰʫʶʯʠ 

ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʚ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʥʘ 6 ʜɹ. ɹʽʣʴʰ ʜʝʪʘʣʴʥʠʡ, ʨʦʟʛʣʷʜ 

ʬʦʪʦʜʽʦʜʽʚ, ʚʢʣʶʯʘʶʯʠ ʽʥʰʽ ʪʠʧʠ, ʙʫʜʝ ʚʠʢʦʥʘʥʦ ʚ ʨʦʟʜʽʣ ̔6. 

ʌʦʪʦʜʽʦʜ ʤʦʞʝ ʙʫʪʠ ʟ ʧʦʚʝʨʭʥʝʚʠʤ ʟʘʩʚʽʯʝʥʥʷʤ ʯʝʨʝʟ ʨ- ʘʙʦ  

n-ʢʦʥʪʘʢʪʠ ʘʙʦ ʟ ʦʧʨʦʤʽʥʝʥʥʷʤ ʧʘʨʘʣʝʣʴʥʦ ʦʙʣʘʩʪʽ ʽʟ ʚʣʘʩʥʦʶ 

ʧʨʦʚʽʜʥʽʩʪʶ, ʷʢ ʫ ʚʠʧʘʜʢʫ ʭʚʠʣʝʚʦʜʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ. 

 

 

1.4. ɸʥʘʣʦʛʦʚʽ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʚ ʩʢʣʘʜʽ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʩʠʩʪʝʤ 

 

 

ʈʦʟʛʣʷʥʝʤʦ ʥʘʚʝʜʝʥʫ ʥʘ ʨʠʩ. 1.18 ʪʠʧʦʚʫ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ 

ʨʘʜʽʦʧʨʠʡʤʘʯʘ. ʄʝʪʦʶ ʪʘʢʦʾ ʩʭʝʤʥʦʾ ʧʦʙʫʜʦʚʠ ʤʦʞʝ ʙʫʪʠ ʦʮʠʬʨʦʚʢʘ 

ʧʨʠʡʥʷʪʠʭ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʠʪʫʘʮʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ɸʥʪʝʥʘ ʧʨʠʡʤʘʻ ʨʘʜʽʦʩʠʛʥʘʣʠ ʟ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʦʩʪʦʨʫ, ʮʽ 

ʩʠʛʥʘʣʠ ʧʦʩʠʣʶʶʪʴʩʷ ʪʘ ʦʙʤʝʞʫʶʪʴʩʷ ʧʦ ʩʤʫʟʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʤʫʛʦ-

ʧʨʦʧʫʩʢʘʶʯʦʛʦ ʬʽʣʴʪʨʫ. ʆʩʢʽʣʴʢʠ ɸʎʇ ʬʫʥʢʮʽʦʥʫʻ ʪʽʣʴʢʠ ʚ ʩʧʝʮʠʬʽʯʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ, ʜʣʷ ʧʝʨʝʥʝʩʝʥʥʷ ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʦʪʠ ʨʘʜʽʦʩʠʛʥʘʣʫ ʚ 

ʜʽʘʧʘʟʦʥ ɸʎʇ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʤʽʰʫʚʘʯ. ʇʽʩʣʷ ʯʘʩʪʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʩʠʛʥʘʣ ʬʽʣʴʪʨʫʻʪʴʩʷ ʡ ʧʦʩʠʣʶʻʪʴʩʷ ʜʦ ʨʽʚʥʷ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚʩʝʨʝʜʠʥʽ 

ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ɸʎʇ ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ n ʙʽʪ ʥʘ ʜʘʥʽʡ ʯʘʩʪʦʪʽ 

ʩʪʨʦʙʫʚʘʥʥʷ. 

ɿʦʢʨʝʤʘ, ʟ ʤʝʪʦʶ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʥʝʩʝʥʥʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʪʘ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʚʫʟʣʽʚ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʘ ʣʽʥʽʷ ʤʦʞʝ ʙʫʪʠ ʚʚʝʜʝʥʘ ʤʽʞ 

ʘʥʪʝʥʦʶ ʪʘ ʚʭʽʜʥʠʤ ʧʽʜʩʠʣʶʚʘʯʝʤ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ ʘʙʦ ʤʽʞ ʧʽʜʩʠʣʶʚʘʯʝʤ 

ʪʘ ʝʣʝʢʪʨʦʥʥʠʤ ʟʤʽʰʫʚʘʯʝʤ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʠʡ 

ʟʘʛʘʣʴʥʠʡ ʘʥʘʣʽʟ ʩʠʩʪʝʤʠ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʪʨʘʪʠ (ʜʠʚ. ʨʠʩ. 1.7), ʢʦʝʬʽʮʽʻʥʪ 

ʰʫʤʫ ʪʘ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ.  
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ʈʠʩ. 1.18. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʪʘ ʪʠʧʦʚʽ ʚʫʟʣʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʨʘʜʽʦʧʨʠʡʤʘʯʘ 

 

ʗʢʱʦ ʞ ʧʦʪʨʽʙʥʦ ʙʘʛʘʪʦʢʘʥʘʣʴʥʘ ʘʥʪʝʥʥʘ ʩʠʩʪʝʤʘ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʷʤʢʫ ʚʧʣʠʚʫ, ʚ ʘʥʘʣʽʟʽ ʤʦʞʝ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠʩʴ ʬʘʟʦʚʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ. ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʡ ʤʝʪʦʜ ʨʽʰʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʧʦʣʽʧʰʝʥʫ 

ʬʘʟʦʚʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʚʥʽʩʪʶ ʝʣʝʢʪʨʦʥʥʠʤ ʧʽʜʭʦʜʦʤ 

(ʜʠʚ. ʨʠʩ. 1.8). ʗʢʱʦ ʬʦʪʦʥʥʘ ʣʽʥʽʷ ʤʘʻ ʧʨʠʡʥʷʪʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʢʦʝʬʽʮʽʻʥʪʘ ʰʫʤʫ, ʪʦ ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʥʘ ʦʙʽʡʪʠʩʷ ʙʝʟ ʘʥʪʝʥʥʦʛʦ 

ʧʽʜʩʠʣʶʚʘʯʘ. ʋʩʫʥʝʥʥʷ ʮʴʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʠʪʠ 

ʚʠʢʨʠʚʣʝʥʥʷ, ʙʦ ʨʘʜʽʦʯʘʩʪʦʪʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʟ ʤʘʣʦʶ ʢʽʣʴʢʽʩʪʶ ʰʫʤʽʚ 

ʤʘʶʪʴ ʚʽʜʥʦʩʥʦ ʚʫʟʴʢʠʡ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʬʦʪʦʥʽʢʠ ʜʣʷ 

ʧʦʜʽʣʫ ʢʘʥʘʣʽʚ ʟ ʜʦʟʚʦʣʦʤ, ʙʣʠʟʴʢʠʤ ʜʦ ʚʠʤʦʛ ʚ ʝʣʝʢʪʨʦʥʽʮʽ, ʩʪʘʻ 

ʨʝʘʣʴʥʽʩʪʶ; ʚ ʨʝʟʫʣʴʪʘʪʽ ʬʽʣʴʪʨ ʥʘ ʨʠʩ. 1.18 ʤʦʞʝ ʙʫʪʠ ʟʘʤʽʥʝʥʠʡ ʥʘ 

ʦʧʪʠʯʥʠʡ ʘʥʘʣʦʛ. ɯʥʰʽ ʨʝʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʦʪʦʥʽʢʠ ʚ 

ʪʘʢʽʡ ʩʠʩʪʝʤʽ - ʮʝ ʦʧʪʠʯʥʝ ʟʥʠʞʫʶʯʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʡʦʛʦ ʯʘʩʪʦʪʠ ʪʘ 

ʦʧʪʠʯʥʝ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʝ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʄʦʞʣʠʚʦʩʪʽ ʦʙʤʝʞʫʶʪʴʩʷ ʪʽʣʴʢʠ 

ʤʘʡʩʪʝʨʥʽʩʪʶ ʨʦʟʨʦʙʥʠʢʽʚ ʩʠʩʪʝʤ ʪʘ  ʽʩʥʫʶʯʠʤʠ ʬʦʪʦʥʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ. 
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ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʢʦʥʪʨʦʣʶ. 

1. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʙʘʛʘʪʦʢʘʥʘʣʴʥʦʾ ɺʆʉʇ. 

2. ʉʪʨʫʢʪʫʨʥʘ ʧʦʙʫʜʦʚʘ ʛʽʙʨʠʜʥʠʭ ʚʦʣʦʢʦʥʥʦ-ʢʦʘʢʩʽʘʣʴʥʠʭ ʤʝʨʝʞ. 

3. ʇʝʨʝʚʘʛʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʝʣʠʢʠʭ ʨʘʜʽʦʘʩʪʨʦʥʦʤʽʯʥʠʭ ʘʥʪʝʥʥʠʭ 

ʨʝʰʽʪʦʢ ʚ ɺʆʉʇ. 

4. ʅʘʜʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʘʥʘʣʦʛʦʚʠʭ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʣʽʥʽʡ. 

5. ʇʨʠʥʮʠʧʠ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ ʚ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʽʡ ʣʽʥʽʾ. 

6. ʇʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʘʣʦʛʦʚʠʭ ʽ ʮʠʬʨʦʚʠʭ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʣʽʥʽʡ. 

7. ʆʩʥʦʚʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʣʽʥʽʡ. 

8. ʅʘʜʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʦʜʥʦʤʦʜʦʚʦʛʦ ʪʘ ʙʘʛʘʪʦʤʦʜʦʚʦʛʦ ʚʦʣʦʢʥʘ. 

9. ʅʘʜʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʚʽʢʦʥ ʧʨʦʟʦʨʦʩʪʽ. 

10. ʇʨʠʥʮʠʧʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʘʣʦʛʦʚʠʭ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʣʽʥʽʡ ʫ 

ʩʢʣʘʜʽ ʨʘʜʽʦʩʠʩʪʝʤ. 

11. ʅʘʜʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ ʩʝʨʝʜʦʚʠʱʘ. 

12. ʗʢʠʤ ʯʠʥʦʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʜʥʦʤʦʜʦʚʽʩʪʴ ʚʦʣʦʢʥʘ? 

13. ʌʽʟʠʯʥʘ ʩʫʪʥʽʩʪʴ  ʨ-ʧ ʧʝʨʝʭʦʜʫ. 

14. ʅʘʜʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʙʣʠʞʥʴʦʛʦ ʪʘ ʜʘʣʴʥʴʦʛʦ ʢʽʥʮʷ ʧʝʨʝʜʘʚʘʣʴʥʦʾ 

ʣʽʥʽʾ. 

15. ʅʘʜʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʛʘʩʘʥʥʷ ʩʠʛʥʘʣʫ ʫ ɺʆʉʇ.  
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ʈʆɿɼɯʃ 2. ʇʆʂɸɿʅʀʂʀ ɽʌɽʂʊʀɺʅʆʉʊɯ ɸʅɸʃʆɻʆɺʀʍ 

ʉʀʉʊɽʄ ʇɽʈɽɼɸʏɯ 

 

 

ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ ʧʨʠʩʚʷʯʝʥʠʡ ʨʦʟʛʣʷʜʫ ʦʧʪʠʯʥʠʭ ʘʩʧʝʢʪ̔ʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʘʜʽʦʬʦʪʦʥʥʠʭ ʩʠʩʪʝʤ ʚ ʪʝʨʤʽʥʘʭ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ (ʈʏ) 

ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʘ ʮʴʦʛʦ ʨʦʟʜʽʣʫ  ʚʠʟʥʘʯʠʪʠ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ 

ʧʘʨʘʤʝʪʨʠ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʘʥʘʣʽʟʫ ʘʥʘʣʦʛʦʚʠʭ ʩʠʩʪʝʤ. ʍʦʯʘ ʩʠʩʪʝʤʘ 

ʧʦʢʘʟʥʠʢʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʣʷ ʈʏ-ʩʠʩʪʝʤ ʟʘʛʘʣʦʤ, ʙʝʟ ʜʝʪʘʣʴʥʦʛʦ 

ʦʙʛʦʚʦʨʝʥʥʷ ʦʧʪʠʯʥʠʭ ʘʩʧʝʢʪʽʚ, ʪʘʢʦʞ ʜʣʷ ʽʣʶʩʪʨʘʪʠʚʥʠʭ ʮʽʣʝʡ ʙʫʜʫʪʴ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʝʷʢʽ ʜʘʥʽ, ʧʦʚ'ʷʟʘʥʽ ʟ ʧʨʘʮʶʶʯʠʤʠ ʚ ʅɺʏ-ʜʽʘʧʘʟʦʥʽ 

ʨʘʜʽʦʬʦʪʦʥʥʠʤʠ ʣʽʥʽʷʤʠ ʧʝʨʝʜʘʯʽ. 

ʆʛʣʷʜ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʟ ʧʨʦʩʪʦʛʦ ʘʥʘʣʽʟʫ ʣʽʥʽʡʥʠʭ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʽʚ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʨʠʮʽ ʨʦʟʩʽʶʚʘʥʥʷ, ʟ ʷʢʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʣʦʩʠʛʥʘʣʴʥʠʡ 

ʈʏ-ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ. ʉʪʘʥʜʘʨʪʥʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢ ʜʣʷ 

ʦʢʨʝʤʦʛʦ ʈʏ-ʢʦʤʧʦʥʝʥʪʘ, ʪʘʢ ʽ ʜʣʷ ʩʠʩʪʝʤʠ ʟ ʰʫʤʦʤ, ʻ ʢʦʝʬʽʮʽʻʥʪ ʰʫʤʫ. 

ɺʽʥ ʙʫʜʝ ʦʧʠʩʘʥʠʡ ʥʠʞʯʝ, ʨʘʟʦʤ ʟ ʢʦʨʦʪʢʠʤ ʦʙʛʦʚʦʨʝʥʥʷʤ ʪʝʧʣʦʚʦʛʦ 

ʰʫʤʫ. ʂʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʰʫʤʫ ʚ ʈʏ-ʜʽʘʧʘʟʦʥʽ ʙʫʜʫʪʴ 

ʨʦʟʛʣʷʥʫʪʽ ʜʣʷ ʣʽʥʽʡʥʦʛʦ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʘ ʚ ʩʠʣʫ ʾʭ ʚʘʞʣʠʚʦʩʪʽ ʜʣʷ ʦʧʠʩʫ 

ʧʨʦʭʦʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʪʘ ʯʫʪʣʠʚʦʩʪʽ ʈʏ-ʩʠʩʪʝʤ. ʋ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʫʩʽ 

ʬʽʟʠʯʥʽ ʈʏ-ʩʠʩʪʝʤʠ ʚʠʷʚʣʷʶʪʴʩʷ ʥʝʣʽʥʽʡʥʠʤʠ. ɼʣʷ ʦʧʠʩʫ ʥʝʣʽʥʽʡʥʦʩʪʽ ʈʏ 

ʢʦʤʧʦʥʝʥʪʥʦʾ ʙʘʟʠ ʘʙʦ ʩʠʩʪʝʤʠ ʩʪʘʥʜʘʨʪʥʠʤ ʯʠʥʦʤ ʘʥʘʣʽʟ ʧʨʦʚʦʜʠʪʴʩʷ 

ʰʣʷʭʦʤ ʨʦʟʢʣʘʜʘʥʥʷ ʚ ʨʷʜ ʊʝʡʣʦʨʘ ʧʨʠ ʟʙʫʜʞʝʥʥʽ ʦʜʥʦʯʘʩʪʦʪʥʠʤ ʪʘ 

ʜʚʦʯʘʩʪʦʪʥʠʤ ʩʠʥʫʩʦʾʜʘʣʴʥʠʤʠ ʩʠʛʥʘʣʘʤʠ. ʆʜʥʦʯʘʩʪʦʪʥʠʡ ʩʠʛʥʘʣ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʧʦ ʢʦʤʧʨʝʩʽʾ 

ʧʽʜʩʠʣʝʥʥʷ (CDR), ʪʦʜʽ ʷʢ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʥʘ ʙʘʟʽ ʜʚʦʯʘʩʪʦʪʥʦʛʦ 

ʟʙʫʜʞʝʥʥʷ ʚʚʦʜʠʪʴʩʷ ʪʘʢʠʡ ʧʘʨʘʤʝʪʨ, ʷʢ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʧʦ 
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ʧʝʨʝʰʢʦʜʘʭ (SFDR). ʆʙʠʜʚʘ ʮʽ ʜʠʥʘʤʽʯʥʽ ʜʽʘʧʘʟʦʥʠ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ 

ʜʣʷ ʦʧʠʩʫ ʷʢʦʩʪʽ ʘʥʘʣʦʛʦʚʦʾ ʈʏ-ʩʠʩʪʝʤʠ. ɺ ʮʽʣʷʭ ʩʧʨʦʱʝʥʥʷ ʥʘʩʪʫʧʥʦʛʦ 

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʟʜʽʣ ʟʘʢʽʥʯʫʻʪʴʩʷ ʨʝʢʦʤʝʥʜʘʮʽʻʶ ʧʦ ʨʦʟʨʘʭʫʥʢʫ 

ʧʦʢʘʟʥʠʢʽʚ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ ʫ ʙʘʛʘʪʦʢʘʩʢʘʜʥʽʡ ʩʭʝʤʽ. ʇʦʩʠʣʝʥʥʷ ʽ ʢʦʝʬʽʮʽʻʥʪ 

ʰʫʤʫ ʚ ʈʏ-ʜʽʘʧʘʟʦʥʽ ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʜʣʷ ʣʽʥʽʡʥʦʛʦ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʘ 

ʯʝʨʝʟ ʾʭ ʚʘʞʣʠʚʽʩʪʴ ʧʨʠ ʦʧʠʩʽ ʧʨʦʭʦʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʽ ʯʫʪʣʠʚʦʩʪʽ  

ʈʏ-ʩʠʩʪʝʤ. ʋ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʚʩʽ ʬʽʟʠʯʥʽ ʈʏ-ʩʠʩʪʝʤʠ ʷʚʣʷʶʪʴʩʷ 

ʥʝʣʽʥʽʡʥʠʤʠ. ɼʣʷ ʦʧʠʩʫ ʥʝʣʽʥʽʡʥʦʩʪʽ ʈʏ ʢʦʤʧʦʥʝʥʪʥʦʾ ʙʘʟʠ ʘʙʦ ʩʠʩʪʝʤʠ 

ʩʪʘʥʜʘʨʪʥʠʤ ʯʠʥʦʤ ʘʥʘʣʽʟ ʧʨʦʚʦʜʠʪʴʩʷ ʰʣʷʭʦʤ ʨʦʟʢʣʘʜʘʥʥʷ ʚ ʨʷʜ ʊʝʡʣʦʨʘ 

ʧʨʠ ʧʦʨʫʰʝʥʥʽ ʦʜʥʦʯʘʩʪʦʪʥʠʤ ʽ ʜʚʦʯʘʩʪʦʪʥʠʤ ʩʠʥʫʩʦʾʜʘʣʴʥʠʤʠ 

ʩʠʛʥʘʣʘʤʠ. 

ʆʜʥʦʯʘʩʪʦʪʥʠʡ ʩʠʛʥʘʣ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʧʦ ʢʦʤʧʨʝʩʽʾ ʧʦʩʠʣʝʥʥʷ (CDR), ʪʦʜʽ ʷʢ ʰʣʷʭʦʤ 

ʘʥʘʣʽʟʫ ʥʘ ʙʘʟʽ ʜʚʦʯʘʩʪʦʪʥʦʛʦ ʧʦʨʫʰʝʥʥʷ ʚʚʦʜʠʪʴʩʷ ʪʘʢʠʡ ʧʘʨʘʤʝʪʨ, ʷʢ 

ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʧʦ ʧʝʨʝʰʢʦʜʘʤ (SFDR). ʆʙʠʜʚʘ ʮʠʭ ʜʠʥʘʤʽʯʥʠʭ 

ʜʽʘʧʘʟʦʥʠ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʧʠʩʫ ʷʢʦʩʪʽ ʘʥʘʣʦʛʦʚʦʾ ʈʏ-ʩʠʩʪʝʤʠ. ɿ 

ʤʝʪʦʶ ʩʧʨʦʱʝʥʥʷ  ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʟʜʽʣ ʟʘʢʽʥʯʫʻʪʴʩʷ ʨʝʢʦʤʝʥʜʘʮʽʻʶ 

ʱʦʜʦ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʽʚ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ ʫ ʙʘʛʘʪʦʢʘʩʢʘʜʥʽʡ ʩʭʝʤʽ. 

 

 

2.1. ʄʘʪʨʠʮʷ ʨʦʟʩʽʶʚʘʥʥʷ 

 

 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʦʜʠʪʴʩʷ ʝʣʝʤʝʥʪʘʨʥʠʡ ʦʧʠʩ ʤʘʪʨʠʮʽ ʨʦʟʩʽʶʚʘʥʥʷ 

ʈʏ-ʩʭʝʤʠ, ʤʝʪʘ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʩʝʨʝʜʥʴʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ 

ʧʽʜʩʠʣʝʥʥʷ ʧʦ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʢʦʝʬʽʮʽʻʥʪʫ ʚʽʜʙʠʪʪʷ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʘ. 

ɹʽʣʴʰ ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ ʤʘʪʨʠʯʥʦʛʦ ʧʽʜʭʦʜʫ, ʷʢʠʡ ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ ʜʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʟʘʮʽʢʘʚʣʝʥʠʡ ʯʠʪʘʯ ʤʦʞʝ ʟʥʘʡʪʠ ʚ [2.1] ʯʠ [2.2].  
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ʈʦʟʛʣʷʥʝʤʦ ʣʽʥʽʡʥʠʡ ʙʘʛʘʪʦʧʦʣʶʩʥʠʢ, ʱʦ ʤʽʩʪʠʪʴ ʊʋ ʧʦʨʪʽʚ
2
, ʜʝ 

ὠ   ʘʤʧʣʽʪʫʜʘ ʭʚʠʣʽ ʥʘʧʨʫʛʠ ʥʘ ʚʭʦʜʽ n-ʛʦ ʧʦʨʪʫ, ʘ ὠ   ʘʤʧʣʽʪʫʜʘ ʭʚʠʣʽ 

ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʽ n-ʛʦ ʧʦʨʪʫ ʚʽʜʧʦʚʽʜʥʦ. ʄʘʪʨʠʮʷ ʨʦʟʩʽʶʚʘʥʥʷ ʜʣʷ ʪʘʢʦʾ 

ʣʽʥʽʡʥʦʾ ʩʭʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʚʠʨʘʟʦʤ: 

ụ
Ụ
Ụ
ợ
ὠ

ὠ
ể
ὠ Ứ
ủ
ủ
Ủ

Ὓ Ὓ Ễ Ὓ

Ὓ Ὓ

ể ể
Ὓ Ὓ ȣ Ὓ ụ

Ụ
Ụ
ợ
Ὓ

Ὓ
ể
Ὓ Ứ
ủ
ủ
Ủ

 ȟ                      (2.1) 

ʜʝ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ ʨʦʟʩʽʶʚʘʥʥʷ ʚʽʜʦʤʽ ʷʢ ʢʦʝʬʽʮʽʻʥʪʠ 

ʨʦʟʩʽʶʚʘʥʥʷ. ɹʽʣʴʰʽʩʪʴ ʩʭʝʤ, ʱʦ ʘʥʘʣʽʟʫʶʪʴʩʷ ʫ ʮʽʡ ʢʥʠʟʽ, ʙʫʜʫʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ 2-ʧʦʨʪʦʚʦʛʦ ʢʦʣʘ (ʨʠʩ. 2.1), ʽ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ (2.1) 

ʤʦʞʥʘ ʩʢʦʨʦʪʠʪʠ: 

ὠ

ὠ

Ὓ Ὓ
Ὓ Ὓ

ὠ

ὠ
     (2.2) 

 

  

ʈʠʩ. 2.1. ɻʨʘʬʽʯʥʠʡ ʦʧʠʩ 2-ʧʦʨʪʦʚʦʾ ʤʝʨʝʞʽ, ʱʦ ʚʢʣʶʯʘʻ ʯʦʪʠʨʠ ʢʦʝʬʽʮʽʻʥʪʠ 

ʨʦʟʩʽʶʚʘʥʥʷ, ʚʭʽʜʥʫ ʪʘ ʚʠʭʽʜʥʫ ʥʘʧʨʫʛʫ ʥʘ ʢʦʞʥʦʤʫ ʟ ʧʦʨʪʽʚ 

 

ʈʦʟʫʤʽʥʥʷ ʬʽʟʠʯʥʦʛʦ ʟʤʽʩʪʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʩʽʶʚʘʥʥʷ ʚ (2.2) ʤʦʞʝ 

ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʰʣʷʭʦʤ ʨʦʟʛʣʷʜʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʜʞʝʨʝʣʦ ʥʘʧʨʫʛʠ 

ʧʨʠʢʣʘʜʝʥʝ ʜʦ ʧʦʨʪʫ 1, ʘ ʽʤʧʝʜʘʥʩ ʧʦʨʪʫ 2 ʫʟʛʦʜʞʝʥʠʡ ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ, 

ʱʦʙ ʫʥʠʢʥʫʪʠ ʙʫʜʴ-ʷʢʠʭ ʚʽʜʙʠʪʪʽʚ. ɿʘʜʘʥʠʭ ʫʤʦʚ V2
in
 = 0,V1

out
 = S11 

                                                
2
ʗʢ ʰʠʨʦʢʦ ʚʽʜʦʤʦ, ʫ ʚʽʪʯʠʟʥʷʥʽʡ ʪʘ ʟʘʨʫʙʽʞʥʽʡ ʥʘʫʢʦʚʽʡ ʪʘ ʫʯʙʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ, ʧʦʚ'ʷʟʘʥʽʡ ʟ ʪʝʦʨʽʻʶ 

ʣʽʥʽʡʥʠʭ ʢʦʣʦʚʾ, ʽʩʥʫʻ ʪʝʨʤʽʥʦʣʦʛʽʯʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʫ ʚʠʟʥʘʯʝʥʥʽ ʚʭʦʜʽʚ ʪʘ ʚʠʭʦʜʽʚ ʙʘʛʘʪʦʧʦʣʶʩʥʠʢʘ: ʫ 

ʚʽʪʯʠʟʥʷʥʽʡ - ʷʢ ʧʦʣʶʩʠ, ʘ ʚ ʟʘʨʫʙʽʞʥʽʡ - ʷʢ ʧʦʨʪʠ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʽʩʪʠʪʴ ʜʚʘ ʧʦʣʶʩʠ. ʑʦʙ ʫʥʠʢʥʫʪʠ 

ʧʣʫʪʘʥʠʥʠ ʥʠʞʯʝ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʦ ʟʘʨʫʙʽʞʥʝ ʚʠʟʥʘʯʝʥʥʷ. 
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V1
in
ʠV2

out
 = S21V1

in
. ʆʪʞʝ, ʝʣʝʤʝʥʪ ʤʘʪʨʠʮʽ ʨʦʟʩʽʶʚʘʥʥʷ S11 ʤʦʞʥʘ 

ʪʨʘʢʪʫʚʘʪʠ ʷʢ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ ʧʦʨʪʫ 1, ʷʢʱʦ ʧʦʨʪ 2 ʟôʻʜʥʘʥʠʡ ʟ 

ʫʟʛʦʜʞʝʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ɸʥʘʣʦʛʽʯʥʦ ʤʽʨʢʫʶʯʠ, ʧʘʨʘʤʝʪʨ S21 ʻ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʝʨʝʜʘʯʽ ʚʽʜ ʧʦʨʪʫ 1 ʜʦ ʧʦʨʪʫ 2, ʷʢʱʦ ʧʦʨʪ 2 ʩʧʦʣʫʯʝʥʠʡ ʟ 

ʫʟʛʦʜʞʝʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ʇʦʜʽʙʥʠʡ ʘʥʘʣʽʟ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʚ 

ʟʚʦʨʦʪʥʦʤʫ ʧʦʨʷʜʢʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʦʛʦ, ʱʦ S22 - ʮʝ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ 

ʜʣʷ ʧʦʨʪʫ 2 ʽ ʱʦ S12 - ʮʝ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʚʽʜ ʧʦʨʪʫ 2 ʜʦ ʧʦʨʪʫ 1 

ʚʽʜʧʦʚʽʜʥʦ; ʫ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʜʦ ʧʦʨʪʫ 1 ʧʨʠʻʜʥʘʥʦ ʫʟʛʦʜʞʝʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʂʦʝʬʽʮʽʻʥʪ ʈʏ-ʧʽʜʩʠʣʝʥʥʷ ʧʦ ʧʦʪʫʞʥʦʩʪʽ ʚ ʢʘʥʘʣʽ ʚʽʜ ʧʦʨʪʫ 

1 ʜʦ ʧʦʨʪʫ 2 ʧʦʚ'ʷʟʘʥʠʡ ʟ ʧʘʨʘʤʝʪʨʦʤS21 ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

Çḳ ȿὛ ȿ      (2.3) 

ʆʯʝʚʠʜʥʦ, ʱʦ ʚ (2.3) ʧʘʨʘʤʝʪʨ Ç ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ 

ʩʝʨʝʜʥʴʦʾ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʦ ʩʝʨʝʜʥʴʦʾ ʚʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ: 

ὖ ȿὠ ȿ ςὤϳ  ʪʘ ὖ ȿὠ ȿ ςὤϳ , ʜʝ ὤ, ὤ ï ʽʤʧʝʜʘʥʩ ʧʦʨʪʫ 1 

ʘʙʦ ʧʦʨʪʫ 2 ʚʽʜʧʦʚʽʜʥʦ (ὤ=ὤ  ʚ ʥʘʩʣʽʜʦʢ ʨʘʥʽʰʝ ʟʛʘʜʘʥʠʭ ʫʤʦʚ 

ʫʟʛʦʜʞʫʚʘʥʥʷ ʽʤʧʝʜʘʥʩʽʚ). ɼʣʷ ʪʦʛʦ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʰʠʨʦʢʦʛʦ ʨʦʟʙʽʛʫ 

ʚʠʤʽʨʶʚʘʥʠʭ ʚʝʣʠʯʠʥ, ʚ ʤʽʢʨʦʭʚʠʣʴʦʚʽʡ ʪʝʭʥʽʮʽ ʥʘʡʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʦʛʘʨʠʬʤʽʯʥʘ ʰʢʘʣʘ, ʧʨʠ ʮʴʦʤʫ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʶ 

ʦʜʠʥʠʮʝʶ ʚʠʤʽʨʫ ʻ ʜʝʮʠʙʝʣ, ʧʦʟʥʘʯʘʻʪʴʩʷ ʷʢ ʜɹ ʽ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʚʽʜʥʦʰʝʥʥʽ ʧʦʪʫʞʥʦʩʪʝʡ ʷʢ 10
0,1 
[2.3]. ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʙʽʣʴʰʦʩʪʽ ʧʨʠʢʣʘʜʽʚ 

ʈʏ-ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ G=10lg(Ç), ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʚ ʜɹ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʢʦʝʬʽʮʽʻʥʪʘÇ ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʣʽʥʽʡʥʠʭ ʦʜʠʥʠʮʷʭ. ʂʨʽʤ ʪʦʛʦ, ʧʘʨʘʤʝʪʨ 

G ʟʘʟʚʠʯʘʡ ʩʧʝʮʠʬʽʢʫʻʪʴʩʷ ʜʣʷ ʤʘʣʦʩʠʛʥʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ, ʷʢʠʡ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ  ʚʠʟʥʘʯʝʥʥʷʤ ʤʘʪʨʠʮʽ ʨʦʟʩʽʶʚʘʥʥʷ, ʚʚʝʜʝʥʠʤ ʜʣʷ ʣʽʥʽʡʥʦʛʦ 

ʢʦʣʘ. ɽʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ ʨʦʟʩʽʶʚʘʥʥʷ (S-ʧʘʨʘʤʝʪʨʠ) ʜʣʷ ʈʏ-ʢʦʤʧʦʥʝʥʪʫ ʘʙʦ 

ʩʠʩʪʝʤʠ ʟʘʟʚʠʯʘʡ ʚʠʤʽʨʶʶʪʴʩʷ ʫ ʬʫʥʢʮʽʾ ʚʽʜ ʯʘʩʪʦʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʝʢʪʦʨʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ ʢʽʣ (ʜʠʚ, ʧʨʠʢʣʘʜ, [2.4]). ʈʝʟʫʣʴʪʘʪʠ ʪʘʢʠʭ 

ʚʠʤʽʨʶʚʘʥʴ, ʚʠʢʦʥʘʥʠʭ ʫ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʽʡ ʣʽʥʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 
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ʧʨʠʣʘʜʫ N5247A ʬʽʨʤʠ Agilent, ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 2.2. ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʘ 

ʣʽʥʽʷ ʷʚʣʷʣʘ ʩʦʙʦʶ ʧʦʩʣʽʜʦʚʥʠʡ ʣʘʥʮʶʞʦʢ ʣʘʟʝʨʤʦʜʫʣʷʪʦʨʬʦʪʦʜʽʦʜ. ʅʘ 

ʮʴʦʤʫ ʨʠʩʫʥʢʫ ʯʽʪʢʦ ʚʠʜʥʦ ʩʠʣʴʥʘ ʯʘʩʪʦʪʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʭ 

ʜʘʥʠʭ, ʱʦ ʧʽʜʢʨʝʩʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʅɺʏ-ʩʠʩʪʝʤ 

ʫ ʬʫʥʢʮʽʾ ʚʽʜ ʯʘʩʪʦʪʠ. 

 

 

ʈʠʩ. 2.2. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʫ ʢʚʘʜʨʘʪʽʚ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʩʽʶʚʘʥʥʷ ʜʣʷ ʘʥʘʣʦʛʦʚʦʾ ɺʆʉʇ  

ʫ ʬʫʥʢʮʽʾ ʚʽʜ ʯʘʩʪʦʪʠ 

 

ʅʘ ʨʠʩʫʥʢʫ ʧʦʢʘʟʘʥʽ: ʚʪʨʘʪʠ ʚʽʜ ʚʭʦʜʫ ʜʦ ʚʠʭʦʜʫ (|S21|
2
), ʜʽʝʣʝʢʪʨʠʢ 

ʤʽʞ ʚʠʭʦʜʦʤ ʽ ʚʭʦʜʦʤ (|S12|
2
), ʢʚʘʜʨʘʪ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʪʪʷ ʧʦ ʚʭʦʜʫ 

ʤʦʜʫʣʷʪʦʨʘ (|S11|
2
), ʢʚʘʜʨʘʪ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʪʪʷ ʧʦ ʚʠʭʦʜʫ ʬʦʪʦʜʽʦʜʘ 

(|S22|
2
). ʂʦʞʥʘ ʢʨʠʚʘ ʧʦʙʫʜʦʚʘʥʘ ʧʦ  ʪʦʯʮʽ ʟ ʨʽʚʥʦʤʽʨʥʠʤ ʢʨʦʢʦʤ. 

ʇʘʨʘʤʝʪʨ ȿὛ ȿʥʘ ʨʠʩ. 2.2, ʧʦʢʘʟʘʥʠʡ ʥʘ ʛʨʘʬʽʢʫ ʚ ʜɹ ʪʘ 

ʝʢʚʽʚʘʣʝʥʪʥʠʡ G, ʤʘʻ ʥʝʛʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ʫʟʜʦʚʞ ʫʩʽʻʾ ʰʢʘʣʠ ʚʠʤʽʨʽʚ 

(g< 1), ʱʦ ʚʢʘʟʫʻ ʥʘ ʥʘʷʚʥʽʩʪʴ ʚʪʨʘʪ. ʏʘʩʪʦʪʥʘ ʟʘʣʝʞʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ S11 ʽ 

S22 ʧʦʢʘʟʫʻ ʧʝʨʽʦʜʠʯʥʽ ʤʘʢʩʠʤʫʤʠ ʪʘ ʥʫʣʽ, ʱʦ ʦʯʽʢʫʚʘʥʦ ʜʣʷ ʚʽʜʙʠʪʪʷ 

(ʘʥʘʣʽʟʘʪʦʨ ʢʦʣʦʚʾ ʚʽʜʢʘʣʽʙʨʦʚʘʥʠʡ ʥʘ ʚʝʣʠʯʠʥʫ ʽʤʧʝʜʘʥʩʫ 50 ʆʤ ʥʘ ʦʙʦʭ 

ʧʦʨʪʘʭ), ʢʽʣʴʢʽʩʥʦ ʚʠʟʥʘʯʘʶʯʠ ʢʦʝʬʽʮʽʻʥʪʠ ʚʽʜʙʠʪʪʷ ʝʣʝʢʪʨʦʦʧʪʠʯʥʦʛʦ 

ʤʦʜʫʣʷʪʦʨʘ ʪʘ ʬʦʪʦʜʽʦʜʘ ʚʽʜʧʦʚʽʜʥʦ. ʅʘʨʝʰʪʽ, ʝʣʝʤʝʥʪ S12 ʥʘ ʨʠʩ. 2.2 ʻ 

ʨʝʟʫʣʴʪʘʪʦʤ ʚʠʤʽʨʫ ʨʽʚʥʷ ʚʣʘʩʥʠʭ ʰʫʤʽʚ ʘʥʘʣʽʟʘʪʦʨʘ ʢʽʣ, ʦʩʢʽʣʴʢʠ 

ʬʦʪʦʜʽʦʜ ʥʝ ʤʦʞʝ ʧʝʨʝʜʘʪʠ ʈʏ-ʩʠʛʥʘʣ ʥʘʟʘʜ ʧʦ ɺʆʉʇ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ 
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ʤʦʜʫʣʷʪʦʨ ʥʝ ʚ ʟʤʦʟʽ ʜʝʤʦʜʫʣʶʚʘʪʠ ʦʧʪʠʯʥʠʡ ʩʠʛʥʘʣ, ʱʦ ʧʝʨʝʥʦʩʠʪʴ  

ʈʏ-ʽʥʬʦʨʤʘʮʽʶ. 

ὠ τὯὝὙὄȟ      (2.4) 

ʜʝ kʚ  ï ʧʦʩʪʽʡʥʘ ɹʦʣʴʮʤʘʥʘ, ʘ ɺ ï ʩʤʫʛʘ ʯʘʩʪʦʪ, ʚ ʷʢʽʡ ʚʠʢʦʥʫʚʘʣʦʩʴ 

ʚʠʤʽʨʶʚʘʥʥʷ ʥʘʧʨʫʛʠ. ʇʦʪʫʞʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʰʫʤʫ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ 

ʚʭʽʜʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʚʠʭʽʜʥʦʛʦ ʧʦʨʪʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʧʨʠʧʫʱʝʥʥʽ 

ʢʦʣʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʧʘʨʘʣʝʣʴʥʠʭ ʦʧʦʨʽʚ. ʗʢ ʦʧʠʩʘʥʦ ʚ [2.7], 

ʪʝʧʣʦʚʠʡ ʨʦʟʽʛʨʽʚ ʨʝʟʠʩʪʦʨʘ ʫ ʧʘʨʘʣʝʣʴʥʦʤʫ ʢʦʣ ̔ʟ ʜʨʫʛʠʤ ʫʟʛʦʜʞʝʥʠʤ 

ʨʝʟʠʩʪʦʨʦʤ ʻ ʧʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ʩʪʨʫʤʫ ʚ ʫʟʛʦʜʞʝʥʦʤʫ ʨʝʟʠʩʪʦʨʽ 

I=V/(2R), ʜʝ V ʚʠʟʥʘʯʝʥʦ ʚ (2.4). ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʩʪʨʫʤ, ʧʦʚ'ʷʟʘʥʠʡ ʟ 

ʧʘʜʽʥʥʷʤ ʥʘʧʨʫʛʠ ʥʘ ʨʝʟʠʩʪʦʨʽ (ʜʠʚ. (2.4)), ʜʽʣʠʪʴʩʷ ʥʘʚʧʽʣ ʤʽʞ ʜʚʦʤʘ 

ʨʽʚʥʠʤʠ ʦʧʦʨʘʤʠ ʚ ʧʘʨʘʣʝʣʴʥʦʤʫ ʢʽʣ. ʆʪʞʝ, ʩʝʨʝʜʥʷ ʧʦʪʫʞʥʽʩʪʴ, ʱʦ 

ʚʠʜʽʣʷʻʪʴʩʷ ʥʘ ʢʦʞʥʦʤʫ ʟ ʜʚʦʭ ʦʧʦʨʽʚ ʧʨʠ ʪʝʧʣʦʚʽʡ ʨʽʚʥʦʚʘʟʽ, ʜʦʨʽʚʥʶʻ: 

ὖ ὍὙ ὯὝὄȢ     (2.5) 

ʇʦʤʥʦʞʠʚʰʠ (2.5) ʥʘ g, ʘ ʧʦʪʽʤ ʥʦʨʤʫʶʯʠ ʥʘ ʦʜʠʥʠʯʥʫ ʩʤʫʛʫ 

ʧʨʦʧʫʩʢʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʘʥʽʰʝ ʜʘʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ, ʧʨʠʭʦʜʠʤʦ ʜʦ 

ʥʘʩʪʫʧʥʦʛʦ ʚʠʛʣʷʜʫ ʬʘʢʪʦʨʘ ʰʫʤʫ: 

Ὂḳ ,                       (2.6) 

ʜʝὝ = 290, ʂ = 17Á, ʉ = 62Á, Ὂ ï ʩʪʘʥʜʘʨʪʥʘ ʰʫʤʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ. ʌʘʢʪʦʨ 

ʰʫʤʫ ʯʘʩʪʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʜɹ, ʥʘʟʠʚʘʶʯʠʩʴ ʧʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʰʫʤʫ: 

NF[ʜɹ] = 10log(F) = 174+ Nout[ ʜɹʤ/ɻʮ] - G [ʜɹ],     (2.7) 

ʜʝ ʜɹʤ/ɻʮ  ʦʜʠʥʠʮʷ ʚʠʤʽʨʫ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʚ ʜʝʮʠʙʝʣʴʥʽʡ ʰʢʘʣʽ 

ʚʽʜʥʦʰʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʧʦʪʫʞʥʦʩʪʽ (ʉɻʇ) ʜʦ 1 ʤɺʪ, ʧʨʠʯʦʤʫ 

ʉɻʇ ʪʝʧʣʦʚʦʛʦ ʰʫʤʫ ʜʦʨʽʚʥʶʻ 10log(kɺTs)= -174 ʜɹʤ/ɻʮ. ʇʨʠ ʪʝʧʣʦʚʦʤʫ 

ʰʫʤʽ ʷʢ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʦʤʫ ʰʫʤʦʚʦʤʫ ʨʽʚʥʽ ʜʦʧʫʩʪʠʤʽ ʜʽʘʧʘʟʦʥʠ 

ʚʠʟʥʘʯʝʥʦʛʦ ʚʠʱʝ ʯʠʥʥʠʢʘ ʰʫʤʫ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʰʫʤʫ ʚʽʜʧʦʚʽʜʘʶʪʴ  

FÓ1 ʽ NFÓ0 ʜɹ. 
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ɸʣʴʪʝʨʥʘʪʠʚʥʝ, ʘʣʝ ʝʢʚʽʚʘʣʝʥʪʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ ʬʘʢʪʦʨʫ ʰʫʤʫ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʮʝ ʚʽʜʥʦʰʝʥʥʷ ʚʝʣʠʯʠʥ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʜʦ ʰʫʤʫ 

(SNR) ʜʦ ʚʠʭʽʜʥʦʛʦ, ʫʟʷʪʝ ʜʣʷ ʤʝʞʽ ʧʦ ʪʝʧʣʦʚʦʤʫ ʰʫʤʫ ʥʘ ʚʭʦʜʽ ʧʨʠ Ts. 

ʄʘʪʝʤʘʪʠʯʥʦ ʮʝ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʦ ʷʢ: 

Ὂ Ȣ   ,            (2.8) 

ʜʝ ὛὔὙ Ȣ ὖ ὯὝὄϳ  ̓  ́ὛὔὙ ὖ ὔ ὄ .  ʇʽʜʩʪʘʚʣʷʶʯʠ ʮʽ 

ʟʥʘʯʝʥʥʷ ʚ (2.8) ʟ ʫʤʦʚʘʤʠ, ʟʛʘʜʘʥʠʤʠ ʨʘʥʽʰʝ, ʡ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.3), ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ (2.6). ɿʘ ʜʦʧʦʤʦʛʦʶ (2.6) ʤʦʞʥʘ 

ʚʠʚʝʩʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʰʫʤʫ. ɼʦ ʚʭʦʜʫ 

ʪʝʩʪʦʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʧʨʠʻʜʥʫʻʪʴʩʷ ʢʨʘʡʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʦʧʽʨ ʷʢʦʛʦ 

ʟʙʽʛʘʻʪʴʩʷ ʟ ʚʭʽʜʥʠʤ ʦʧʦʨʦʤ ʧʨʠʩʪʨʦʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 290 ʂ, ʽ 

ʧʨʦʚʦʜʠʪʴʩʷ ʚʠʤʽʨ Nout. ʊʘʢʦʞ ʚʠʤʽʨʷʚʰʠ g, ʤʦʞʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ (2.6) 

ʨʦʟʨʘʭʫʚʘʪʠ ʚʝʣʠʯʠʥʫ F. ɺʠʤʽʨʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʰʫʤʫ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʥʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʦʛʦ ʪʝʩʪʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʚʢʣʶʯʘʶʯʠ 

ʘʥʘʣʽʟʘʪʦʨ ʢʦʝʬʽʮʽʻʥʪʫ ʰʫʤʫ, ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʫ, ʘʥʘʣʽʟʘʪʦʨ ʢʦʣʦʚʾ, 

ʫʩʪʘʥʦʚʢʫ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʰʫʤʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʚʠʤʽʨʶʚʘʯ ʧʦʪʫʞʥʦʩʪʽ, 

ʚʦʣʴʪʤʝʪʨ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʭ ʟʥʘʯʝʥʴ [2.8]. ʈʝʟʫʣʴʪʘʪ ʪʘʢʦʛʦ ʨʦʜʫ 

ʚʠʤʽʨʶʚʘʥʴ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 2.3. ɼʘʥʽ ʥʘ ʮʴʦʤʫ ʨʠʩʫʥʢʫ ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

NF ʷʢ ʬʫʥʢʮʽʶ ʯʘʩʪʦʪʠ ʜʣʷ ʢʨʘʱʠʭ ʩʫʯʘʩʥʠʭ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʣʽʥʽʡ 

ʧʝʨʝʜʘʯʽ [2.9]. ʎʽ ʜʘʥʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʘʪʦʨʘ ʢʦʝʬʽʮʽʻʥʪʘ 

ʰʫʤʫ (ʅʈ8970ɺ), ʚʦʥʠ ʧʽʜʢʨʝʩʣʶʶʪʴ ʯʘʩʪʦʪʥʫ ʟʘʣʝʞʥʽʩʪʴ ʪʘʢʠʭ 

ʚʠʤʽʨʶʚʘʥʴ
3
. 

ʗʢ ʧʨʠʢʣʘʜ ʢʦʨʠʩʥʦʩʪʽ ʧʘʨʘʤʝʪʨʘ F ʦʮʽʥʠʤʦ ʤʽʥʽʤʘʣʴʥʦ ʚʠʷʚʣʝʥʠʡ 

ʩʠʛʥʘʣ (MDS) ʜʣʷ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʧʨʠʡʤʘʯʘ. ɯʥʦʜʽ ʧʘʨʘʤʝʪʨ MDS 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʯʫʪʣʠʚʽʩʪʴ ʽ ʟʜʝʙʽʣʴʰʦʛʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʠʡʤʘʯʘ, ʘʣʝ 

ʽʥʦʜʽ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ  ʜʣʷ ʦʧʠʩʫ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ ʚʭʦʜʽ 

ʧʨʠʡʤʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ. MDS ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

                                                
3 ʎʝ ʥʘʙʣʠʞʝʥʥʷ ʩʧʨʘʚʝʜʣʠʚʦ ʚ ʤʽʢʨʦʭʚʠʣʴʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʨʠ ʩʪʘʥʜʘʨʪʥʽʡ ʰʫʤʦʚʠʡ ʪʝʤʧʝʨʘʪʫʨʽ 290 ʂ;  

ʨʦʟʜʽʣ 3.2 ʜʣʷ ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ ʜʝʪʘʣʷʤʠ. 
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ὓὈὛ ὊὯὝὄὛὔὙ      (2.9) 

ʜʝ ὛὔὙ ï ʮʝ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ SNR, ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʫ 

ʧʨʠʡʤʘʯʝʤ; ʚʦʥʦ ʽʥʦʜʽ ʥʘʟʠʚʘʻʪʴʩʷ çʟʘʧʘʩʦʤ ʧʦ ʯʫʪʣʠʚʦʩʪʽè. ʅʘ ʧʨʘʢʪʠʮʽ 

ʧʨʠʡʤʘʯʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʭʦʣʦʜʞʝʥʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ T <<Ts, ʥʘʧʨʠʢʣʘʜ ʚ 

ʨʘʜʽʦʘʩʪʨʦʥʦʤʽʾ [2.10]. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʝʘʣʴʥʝ ʟʥʘʯʝʥʥʷ MDS ʙʫʜʝ 

ʤʝʥʰʝ, ʥʽʞ ʮʝ ʧʝʨʝʜʙʘʯʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ (2.9). 

 

 

ʈʠʩ.2.3. ɺʠʤʽʨʷʥʠʡ ʈʏ-ʢʦʝʬʽʮʽʻʥʪ ʰʫʤʫ ʷʢ ʬʫʥʢʮʽʷ ʯʘʩʪʦʪʠ ʜʣʷ ʘʥʘʣʦʛʦʚʦʾ  

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʦʾ ʣʠʥʽʾ [2.9] 

 

 

2.2. ɼʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ 

 

 

ɼʦ ʮʴʦʛʦ ʤʦʤʝʥʪʫ ʤʠ ʦʧʠʩʫʚʘʣʠ ʣʠʰʝ ʣʽʥʽʡʥʽ ʩʠʩʪʝʤʠ. ʆʜʥʘʢ ʈʏ 

ʩʠʩʪʝʤʠ ʥʝ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʦʚʥʽʩʪʶ ʣʽʥʽʡʥʠʤʠ. ʋ ʥʘʚʝʜʝʥʦʤʫ ʥʠʞʯʝ 

ʨʦʟʜʽʣʽ ʙʫʜʝ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʷʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʟʢʣʘʜʘʥʥʷ ʚ ʨʷʜ 

ʊʝʡʣʦʨʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʣʘʙʢʠʭ ʥʝʣʽʥʽʡʥʦʩʪʝʡ ʚ ʪʝʨʤʽʥʘʭ ʢʦʤʧʨʝʩʽʾ, 

ʛʘʨʤʦʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʪʘ ʽʥʪʝʨʤʦʜʫʣʷʮʽʦʥʥʠʭ ʩʧʦʪʚʦʨʝʥʴ (ɯʄʉ). ɼʣʷ 

ʦʧʠʩʫ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʝʬʝʢʪʽʚ ʚʠʟʥʘʯʝʥʽ ʜʚʘ ʧʦʥʷʪʪʷ ʜʠʥʘʤʽʯʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ. ɼʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʧʦ ʢʦʤʧʨʝʩʽʾ ʧʽʜʩʠʣʝʥʥʷ (CDR) ʟʚôʷʟʘʥʠʡ ʟ 
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ʢʦʤʧʨʝʩʽʻʶ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʣʷ ʦʜʥʦʯʘʩʪʦʪʥʦʛʦ 

ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʘ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʧʝʨʝʰʢʦʜ (SFDR) ʤʘʻ ʩʧʨʘʚʫ ʟ 

ʚʠʢʣʠʢʘʥʠʤʠ ʥʝʣʽʥʽʥʽʩʪʶ ʥʝʙʘʞʘʥʠʤʠ ʯʘʩʪʦʪʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʪʝʨʤʽʥʘʭ ʜʚʦʯʘʩʪʦʪʥʦʛʦ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. 

 

 

2.2.1. ɼʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʧʦ ʢʦʤʧʨʝʩʽʾ ʧʽʜʩʠʣʝʥʥʷ 

 

ʈʦʟʢʣʘʜʘʥʥʷ ʚ ʧʦʢʘʟʥʠʢʦʚʠʡ ʨʷʜ ʻ ʢʦʨʠʩʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʘʥʘʣʽʟʫ 

ʥʝʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤ ʟʙʫʜʞʝʥʠʭ ʩʣʘʙʢʠʤ ʩʠʛʥʘʣʦʤ. ɼʣʷ ʦʧʠʩʫ ʥʝʣʽʥʽʡʥʠʭ 

ʢʦʣʦʚʾ ʪʨʘʜʠʮʽʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʦʟʢʣʘʜʘʥʥʷ ʚ ʨʷʜ ʊʝʡʣʦʨʘ. ʋ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʨʦʟʢʣʘʜʘʥʥʷ ʚ ʨʷʜ ʊʝʡʣʦʨʘ ʜʣʷ ʬʫʥʢʮʽʽ Ὢὼ ʚʠʛʣʷʜʘʻ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [2.11]: 

Ὢὼ В
Ȧ

       (2.10) 

ʇʨʠ ʘʥʘʣʽʟʽ ʩʭʝʤ ʫ ʪʦʯʢʘʭ x=ʘ, ʚ ʷʢʽʡ ʦʙʯʠʩʣʶʻʪʴʩʷ ʧʦʭʽʜʥʘ ʚ (2.10), 

ʟʘʟʚʠʯʘʡ ʻ ʪʦʯʢʦʶ ʟʤʽʱʝʥʥʷ ʜʣʷ ʧʨʠʩʪʨʦʶ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʷʜʫ ʊʝʡʣʦʨʘ 

ʦʙʤʝʞʫʻʪʴʩʷ ʚʠʧʘʜʢʦʤ ʤʘʣʦʩʠʛʥʘʣʴʥʦʛʦ ʟʙʫʜʞʝʥʥʷ. ʇʦʜʘʣʴʰʝ ʦʙʤʝʞʝʥʥʷ 

ʧʦʚ'ʷʟʘʥʝ ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʧʘʤ'ʷʪʽ ʚ ʥʝʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤʘʭ, ʮʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʩʠʛʥʘʣ ʥʘ ʚʠʭʦʜʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʠʛʥʘʣʫ ʥʘ ʚʭʦʜʽ ʚ ʪʦʡ  ʩʘʤʠʡ ʤʦʤʝʥʪ ʯʘʩʫ
1
. 

ʂʨʽʤ ʪʦʛʦ, ʭʦʯʘ ʨʦʟʢʣʘʜʘʥʥʷ ʚ ʩʪʝʧʝʥʝʚʠʡ ʨʷʜ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʜʣʷ ʦʧʠʩʫ ʥʝʣʽʥʽʡʥʦʩʪʽ ʘʤʧʣʽʪʫʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʡʦʛʦ ʪʘʢʦʞ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʘʥʘʣʽʟʫ ʬʘʟʦʚʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ [2.15]. ʋ ʮʴʦʤʫ ʧʽʜʨʦʟʜʽʣʽ 

ʜʣʷ ʧʨʦʩʪʦʪʠ ʨʦʟʛʣʷʥʝʤʦ ʪʽʣʴʢʠ ʥʝʣʽʥʽʡʥʽʩʪʴ ʘʤʧʣʽʪʫʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ʃʽʥʽʡʥʽʩʪʴ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʦʣʘ ʤʦʞʝ ʙʫʪʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʘ ʰʣʷʭʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ (ὠ ) ʫ ʚʠʛʣʷʜʽ ʨʷʜʫ ʊʝʡʣʦʨʘ ʚʽʜ ʚʭʽʜʥʦʾ 

ʥʘʧʨʫʛʠ (Vin): 

ὠ ὠ ὥ ὥ ὠ ὠ ὥ ὠ ὠ ὥ ὠ ὠ Ễ      (2.11) 

ʜʝ ὠ ï ʥʘʧʨʫʛʘ ʟʤʽʱʝʥʥʷ.  
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ʂʦʝʬʽʮʽʻʥʪʠ ʚ (2.11) ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ (2.10) ʪʘʢʠʤ ʯʠʥʦʤ ʜʣʷ  ὥ ὠ ὠ . 

ɺʽʜʥʦʩʥʦ ʧʨʦʩʪʘ ʤʽʨʘ ʣʽʥʽʡʥʦʩʪʽ ʘʥʘʣʦʛʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʘʙʦ 

ʩʠʩʪʝʤʠ ɀ ʮʝ ʚʽʜʛʫʢ ʥʘ ʧʦʦʜʠʥʦʢʝ ʛʘʨʤʦʥʽʡʥʝ ʩʧʦʪʚʦʨʝʥʥʷ. ʊʘʢʘ 

ʦʜʥʦʯʘʩʪʦʪʥʘ ʧʝʨʝʚʽʨʢʘ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ ʧʽʜʩʪʘʥʦʚʢʦʶ ʚ (2.11) 

ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʫ ʬʦʨʤʽ ὠ ὸ ὠ ὠίὭὲЏὸ, ʜʝὪ
Џ

 ʦʩʥʦʚʥʘ 

ʯʘʩʪʦʪʘ. ʇʽʩʣʷ ʜʝʢʽʣʴʢʦʭ ʧʝʨʝʪʚʦʨʝʥʴ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʥʜʘʨʪʥʦʾ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʦʾ ʪʦʪʦʞʥʦʩʪʽ ʧʽʜʩʫʤʢʦʚʠʡ ʚʠʨʘʟ ʚʠʛʣʷʜʘʻ ʪʘʢʠʤ ʯʠʥʦʤ: 

ὠ ὥ ὥὠ ίὭὲЏὸ ὧέίςЏὸ

ίὭὲσЏὸ Ễ
 (2.12) 

ɺʠʨʘʟ (2.12) ʤʘʻ ʧʦʩʪʽʡʥʠʡ ʥʝʦʩʮʠʣʶʶʯʠʡ ʯʣʝʥ ʽ ʯʣʝʥʠ ʥʘ ʦʩʥʦʚʥʽʡ 

ʯʘʩʪʦʪʽ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʾʾ ʛʘʨʤʦʥʽʢʘʭ. ɼʣʷ ʦʜʥʦʦʢʪʘʚʥʠʭ ʩʠʩʪʝʤ 

(ʥʘʡʚʠʱʘ ʯʘʩʪʦʪʘ ʤʝʥʰ ʥʽʞ ʚ ʜʚʘ ʨʘʟʠ ʙʽʣʴʰʝ ʟʘ ʥʘʡʥʠʞʯʫ) ʛʘʨʤʦʥʽʡʥʽ 

ʩʧʦʪʚʦʨʝʥʥʷ ʥʝ ʻ ʚʘʞʣʠʚʦʶ ʧʨʦʙʣʝʤʦʶ. ʇʨʦʪʝ ʥʝʣʽʥʽʡʥʠʡ ʚʽʜʛʫʢ ʥʘ 

ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ ʚʠʥʠʢʘʻ ʧʨʠ ὥÍ0, ʱʦ ʟʘʟʚʠʯʘʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʦʤʧʨʝʩʽʾ 

ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʷʢʱʦ ʢʦʝʬʽʮʽʻʥʪʠ ὥ ʽ ὥ ʤʘʶʪʴ ʧʨʦʪʠʣʝʞʥʠʡ ʟʥʘʢ. 

ɺʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʷʢʠʡ ʯʘʩʪʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʭʦʜʽ 

ʦʜʥʦʯʘʩʪʦʪʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʻ CDR. ɿʥʘʯʝʥʥʷ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʜɹ ʧʦ 

ʨʽʚʥʶ x (CDRxʜɹ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʜʽʘʧʘʟʦʥ ʚʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʚ ʷʢʦʤʫ 

ʩʠʛʥʘʣ ʧʝʨʝʚʠʱʫʻ ʨʽʚʝʥʴ ʤʽʥʽʤʘʣʴʥʦʛʦ ʰʫʤʫ ʥʘ ʚʠʭʦʜʽ, ʧʨʠ ʮʴʦʤʫ ʚʠʭʽʜʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʚʠʧʨʦʙʦʚʫʻ ʩʪʠʩʢʘʥʥʷ ʥʘ ʭ-ʜɹ ʘʙʦ ʤʝʥʰ ʚʽʜʥʦʩʥʦ ʣʽʥʽʡʥʦʛʦ 

ʚʽʜʛʫʢʫ.  

ʄʘʪʝʤʘʪʠʯʥʦ 

ὅὈὙ ˎ
̖̅̂

    (2.13) 

ʜʝ ὖ̖ ̅ ˎ ï ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠ ʩʪʠʩʢʘʥʥʽ ʥʘ ʭ-ʜɹ. ɿʘʟʚʠʯʘʡ ʚ 

ʩʧʝʮʠʬʽʢʘʮʽʷʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʤʧʨʝʩʽʷ ʥʘ 1 ʜɹ (ʽʥʦʜʽ ʥʘʟʠʚʘʻʪʴʩʷ 

ʣʽʥʽʡʥʠʤ ʜʠʥʘʤʽʯʥʠʤ ʜʽʘʧʘʟʦʥʦʤ). 

ɺʠʟʥʘʯʝʥʥʷ CDR1ʜɹ ʚʠʤʘʛʘʻ ʚʠʤʽʨʫ ʚʽʜʛʫʢʫ ʥʘ ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ 
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ʧʨʠʩʪʨʦʶ, ʱʦ ʚʠʧʨʦʙʦʚʫʻʪʴʩʷ, ʽ ʚʠʭʽʜʥʦʛʦ ʨʽʚʥʷ ʰʫʤʫ. ɺʽʜʛʫʢ ʥʘ ʦʩʥʦʚʥʽʡ 

ʯʘʩʪʦʪʽ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʘʪʦʨʘ ʢʦʣʦʚʾ ʘʙʦ ʞ 

ʛʝʥʝʨʘʪʦʨʘ ʩʠʛʥʘʣʽʚ ʪʘ ʘʥʘʣʽʟʘʪʦʨʘ ʈʏ- ʩʧʝʢʪʨʫ. ɺʠʭʽʜʥʠʡ ʨʽʚʝʥʴ ʰʫʤʫ 

ʤʦʞʝ ʙʫʪʠ ʚʠʤʽʨʷʥʠʡ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ: ʾʭ ʧʝʨʝʣʽʢ ʙʫʚ ʧʨʠʚʝʜʝʥʠʡ ʚʠʱʝ 

ʫ ʟʚ'ʷʟʢʫ ʟ ʚʠʤʽʨʦʤ NF. ʅʘ ʨʠʩ. 2.4 ʚ ʽʣʶʩʪʨʘʪʠʚʥʠʭ ʮʽʣʷʭ ʧʦʢʘʟʘʥʦ 

ʛʨʘʬʽʯʥʝ ʚʠʟʥʘʯʝʥʥʷ CDR1ʜɹ ʥʘ ʦʩʥʦʚʽ ʥʦʨʤʦʚʘʥʠʭ ʜʘʥʠʭ ʚʠʤʽʨʫ ʜʣʷ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʦʾ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ.  

 

 

ʈʠʩ. 2.4. ɻʨʘʬʽʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʢʦʤʧʨʝʩʽʾ ʧʽʜʩʠʣʝʥʥʷ (CDR)  

ʚ ʪʝʨʤʽʥʘʭ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʩʪʠʩʢʘʥʥʽ ʥʘ 1ʜɹ (P1ʜɹ)  

ʪʘ ʚʠʭʽʜʥʦʾ ʰʫʤʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʽʥʽʾ ʥʘ ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʣʽʥʽʡʥʠʤ 

ʚʽʜʛʫʢʦʤ ʽ ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ P1ʜʙ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʪʦʯʮʽ, ʜʝ ʚʠʤʽʨʷʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ 1 ʜɹ ʤʝʥʰʝ ʣʽʥʽʡʥʦʛʦ ʚʽʜʛʫʢʫ. ʗʢʱʦ ʛʨʘʬʽʢ 

ʧʦʙʫʜʦʚʘʥʠʡ ʚ ʜɹʤ (ʜʠʚ. ʨʠʩ. 2.4) ʟʥʘʯʝʥʥʷ CDR 1ʜɹ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʦ 

ʚ ʜɹ ʟʘ ʜʦʧʦʤʦʛʦʶ (2.14)
4
: 

ὅὈὙ ̅ˎ̅ ˎ ὖ ̅ˎ̅ ˎ̍ ρ ὔ
̅ˎ̍

ː̗
10 log(B[ɻʮ]). 

ʋ ʮʴʦʤʫ ʚʠʨʘʟʽ ʟʨʦʙʣʝʥʽ ʜʦʧʫʱʝʥʥʷ, ʱʦ ʧʦʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʰʫʤʫ ʚ 

                                                
4ʈʷʜʠ ɺʦʣʴʪʝʨʨʘ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʤʝʪʦʜ, ʟʜʘʪʥʠʡ ʦʧʝʨʫʚʘʪʠ ʥʝʣʽʥʽʡʥʠʤʽ ʩʠʩʪʝʤʘʤʠ ʟ ʧʘʤ'ʷʪʪʶ, ʚʧʝʨʰʝ 

ʟʘʩʪʦʩʦʚʘʥʽ ʜʦ ʥʝʣʽʥʽʡʥʠʭ ʢʦʣʦʽʚ ʚ [2.12]. ʇʽʟʥʽʰʝ ʙʫʣʠ ʦʧʫʙʣʽʢʦʚʘʥʽ ʦʩʥʦʚʥʽ ʩʪʘʪʪʽ ʧʦ ʨʷʜʘʭ ɺʦʣʴʪʝʨʨʘ 

ʜʣʷ ʧʦʜʽʙʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ [2.13], [2.14] 
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ʩʤʫʟʽ ɺ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ ʽ ʱʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʽʥʽʡʥʘ ʚ ʫʩʽʡ ʩʤʫʟʽ ɺ  

ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʰʫʤʫ ʜʦ ʥʦʤʽʥʘʣʴʥʦʛʦ ʨʽʚʥʷ P1ʜɹ.  

ʇʨʠʡʤʘʶʯʠ ʪʘʢʽ ʜʦʧʫʱʝʥʥʷ, ʯʘʩʪʦ ʟʨʫʯʥʦ ʥʦʨʤʫʚʘʪʠ CDR1ʜɹ ʜʦ ʟʥʘʯʝʥʥʷ 

B=1 ɻʮ, ʚʩʪʘʥʦʚʣʶʶʯʠ ʦʜʠʥʠʮʽ ʚʠʤʽʨʫ [ʩ
- 1
] ʯʠ [ʜɹĿɻʮ], ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʪʨʠʤʘʥʽ, ʷʢʱʦ ʙʝʟʨʦʟʤʽʨʥʫ ʚʝʣʠʯʠʥʫ CDR1ʜɹ ʨʦʟʜʽʣʠʪʠ ʥʘ ʚʝʣʠʯʠʥʫ ʩʤʫʛʠ 

ʧʨʦʧʫʩʢʘʥʥʷ. 

ʂʨʫʞʢʠ - ʮʝ ʥʦʨʤʦʚʘʥʽ ʜʘʥʽ, ʚʠʤʽʨʷʥʽ ʫ ʬʦʪʦʥʥʽʡ ʣʽʥʽʾ, ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ 

ʤʘʻ ʥʘʭʠʣ 1:1. ʅʘ ʚʩʪʘʚʮʽ ʧʨʝʜʩʪʘʚʣʝʥʝ ʟʙʽʣʴʰʝʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʦʙʣʠʟʫ l ʜɹ 

ʪʦʯʢʠ ʢʦʤʧʨʝʩʽʾ, ʱʦ ʧʦʢʘʟʫʻ ʚʽʜʭʠʣʝʥʥʷ ʥʘ 1 ʜɹ ʤʽʞ ʣʽʥʽʡʥʠʤ ʚʽʜʛʫʢʦʤ ʪʘ 

ʚʠʤʽʨʷʥʠʤʠ ʜʘʥʠʤʠ. 

ʅʘ ʨʠʩ. 2.5 ʥʘʚʝʜʝʥʽ ʥʦʨʤʦʚʘʥʽ ʦʜʥʦʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʝʨʝʜʘʯʽ ʝʣʝʢʪʨʦʥʥʦʛʦ ʈʏ-ʧʽʜʩʠʣʶʚʘʯʘ ʪʘ ʨʘʜʽʦʬʦʪʦʥʥʦʾ ʣʽʥʽʾ. 

 

 

ʈʠʩ. 2.5.  ɺʠʤʽʨʷʥʽ ʥʦʨʤʦʚʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʜʘʯʽ ʬʦʪʦʥʥʦʾ ʣʽʥʽʾ ʪʘ 

ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʥʘ ʯʘʩʪʦʪʽ 1 ɻɻʮ, ʱʦ ʜʝʤʦʥʩʪʨʫʶʪʴ ʽʩʪʦʪʥʦ  

ʚʽʜʤʽʥʥʫ ʧʦʚʝʜʽʥʢʫ ʚ ʨʝʞʠʤʽ ʢʦʤʧʨʝʩʽʾ 

 

ɰʭ ʧʦʚʝʜʽʥʢʘ ʟʘ ʤʝʞʘʤʠ ʣʽʥʽʡʥʦʛʦ ʨʝʞʠʤʫ ʪʘ ʚ ʨʝʞʠʤʽ ʩʠʣʴʥʦʾ 

ʢʦʤʧʨʝʩʽʾ ʘʙʩʦʣʶʪʥʦ ʨʽʟʥʘ. ʈʘʜʽʦʯʘʩʪʦʪʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʧʽʩʣʷ ʢʦʤʧʨʝʩʽʾ 

ʧʣʘʚʥʦ ʥʘʩʠʯʫʻʪʴʩʷ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʅʘʩʠʯʝʥʥʷ 

ʧʽʜʩʠʣʝʥʥʷ ʥʘ ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ 

ʥʘ ʜʘʥʽʡ ʯʘʩʪʦʪʽ ʧʨʘʢʪʠʯʥʦ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ. ɿʙʽʣʴʰʝʥʥʷ  
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ʈʏ-ʧʦʪʫʞʥʦʩʪʽ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʥʦʚʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʢʦʤʧʦʥʝʥʪ (ʛʘʨʤʦʥʽʢ) ʥʘ ʚʠʭʦʜʽ ʧʽʜʩʠʣʶʚʘʯʘ ʚʥʘʩʣʽʜʦʢ ʡʦʛʦ ʥʝʣʽʥʽʡʥʦʩʪʽ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʜʽʦʬʦʪʦʥʥʦʾ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʚ ʨʝʞʠʤʽ ʢʦʤʧʨʝʩʽʾ ʜʦʢʦʨʽʥʥʦ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ, ʜʝʤʦʥʩʪʨʫʶʯʠ ʧʦ ʤʽʨʽ ʟʙʽʣʴʰʝʥʥʷ ʚʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʤʘʢʩʠʤʫʤʠ ʪʘ ʤʽʥʽʤʫʤʠ ʥʘ ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ, ʱʦ ʯʝʨʛʫʶʪʴʩʷ. ʎʝʡ ʨʝʞʠʤ 

ʜʫʞʝ ʨʽʜʢʦ ʜʦʩʷʛʘʻʪʴʩʷ ʚ ʈʏ-ʩʠʩʪʝʤʘʭ, ʦʩʢʽʣʴʢʠ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʧʦ 

ʧʦʪʫʞʥʦʩʪʽ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʦʩʠʪʴ ʥʠʟʴʢʠʡ. ʇʨʦʪʝ ʢʨʠʚʽ ʥʘ ʨʠʩ. 2.5 

ʟʦʙʨʘʞʘʶʪʴ ʪʦʡ ʬʘʢʪ, ʱʦ ʧʦʢʘʟʥʠʢʠ ʨʝʞʠʤʫ ʢʦʤʧʨʝʩʽʾ ʤʦʞʫʪʴ ʩʠʣʴʥʦ 

ʟʤ̔ʥʶʚʘʪʠʩʷ ʜʣʷ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʘʙʦ ʩʠʩʪʝʤ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ 

ʩʠʣʴʥʦʾ ʢʦʤʧʨʝʩʽʾ. 

ʈʘʜʽʦʯʘʩʪʦʪʥʽ ʢʦʤʧʦʥʝʥʪʠ ʡ ʩʠʩʪʝʤʠ ʟʘʟʚʠʯʘʡ ʬʫʥʢʮʽʦʥʫʶʪʴ ʥʠʞʯʝ 

ʪʦʯʢʠ P1ʜɹ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʘʨʘʤʝʪʨ CDR1ʜɹ ʘʜʝʢʚʘʪʥʦ ʚʠʟʥʘʯʘʻ 

ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ ʥʘ ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ. ɻʘʨʤʦʥʽʡʥʽ 

ʩʧʦʪʚʦʨʝʥʥʷ ʧʨʠ ʧʦʜʘʥʥʽ ʦʜʥʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʫ ʻ ʧʨʦʙʣʝʤʦʶ ʚ ʪʦʤʫ 

ʩʝʥʩʽ, ʱʦ ʚ ʩʧʝʢʪʨʽ ʟ'ʷʚʣʷʶʪʴʩʷ ʦʙʫʤʦʚʣʝʥʽ ʥʝʣʽʥʽʡʥʽʩʪʶ ʩʢʣʘʜʦʚʽ, ʷʢʽ 

ʩʧʦʯʘʪʢʫ ʚʽʜʩʫʪʥʽ ʥʘ ʚʭʦʜʽ. ʗʢʱʦ ʨʽʚʝʥʴ ʩʧʦʪʚʦʨʝʥʴ ʥʝʜʦʧʫʩʪʠʤʠʡ, 

ʧʘʨʘʟʠʪʥʽ ʩʠʛʥʘʣʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʽʟ-ʟʘ ʛʘʨʤʦʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ, ʤʦʞʥʘ 

ʟʤʝʥʰʠʪʠ, ʨʦʙʣʷʯʠ ʨʦʙʦʯʠʡ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʥʠʞʯʝ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʉDR1ʜɹ. ɻʘʨʤʦʥʽʡʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʻ ʧʨʦʙʣʝʤʦʶ ʫ 

ʙʘʛʘʪʦʦʢʪʘʚʥʠʭ ʩʠʩʪʝʤʘʭ (ʜʝ ʥʘʡʙʽʣʴʰʘ ʯʘʩʪʦʪʘ ʟʥʘʯʥʦ ʙʽʣʴʰʘ, ʯʠʤ 

ʧʦʜʚʦʻʥʝ ʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʯʘʩʪʦʪʠ), ʘʣʝ ʥʝʣʽʥʽʡʥʦʩʪʽ, ʢʦʣʠ ʥʘ ʚʭʦʜʽ ʻ 

ʧʨʠʩʫʪʥʽʤ ʙʽʣʴʰ ʥʽʞ ʦʜʠʥ ʩʠʛʥʘʣ, ʪʘʢʦʞ ʩʪʚʦʨʶʶʪʴ ɯʄʉ. 

ɯʥʪʝʨʤʦʜʫʣʷʮʽʡʥʽ ʩʧʦʪʚʦʨʝʥʥʷ, ʷʢʽ ʤʘʶʪʴ ʩʠʣʴʥʠʡ ʚʧʣʠʚ ʚ ʦʜʥʦʦʢʪʘʚʥʠʭ 

ʩʠʩʪʝʤʘʭ, ʻ ʛʦʣʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʚ ʥʘʩʪʫʧʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ. 

ʅʘ ʨʠʩʫʥʢʫ ʩʫʮʽʣʴʥʠʤʠ ʣʽʥʽʷʤʠ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʘ ʽʥʪʝʨʧʦʣʷʮʽʷ ʤʽʞ 

ʚʠʤʽʨʷʥʠʤʠ ʜʘʥʠʤʠ. 
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2.2.2. ɼʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʧʦ ʟʘʚʘʜʘʤ 

 

ʆʜʥʦʯʘʩʪʦʪʥʘ ʤʝʪʦʜʠʢʘ ʚʠʤʽʨʶʚʘʥʴ, ʨʦʟʛʣʷʥʫʪʘ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ 

ʧʽʜʨʦʟʜʽʣʽ, ʢʽʣʴʢʽʩʥʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʝʣʽʥʽʡʥʫ ʩʠʩʪʝʤʫ ʚ ʥʘʙʣʠʞʝʥʥʽ ʨʷʜʫ 

ʊʝʡʣʦʨʘ. ʆʜʥʦʯʘʩʪʦʪʥʝ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʛʫʢʫ ʥʘ ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ ʽ ʚʝʣʠʯʠʥʽ ʧʘʨʘʤʝʪʨʘ ὅὈὙ ̅.ˎ  

ɺʠʤʽʨ ʚʽʜʛʫʢʽʚ ʥʘ ʛʘʨʤʦʥʽʢʘʭ ʦʩʥʦʚʥʦʾ ʯʘʩʪʦʪʠ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ 

ʢʦʝʬʽʮʽʻʥʪʠ (2.13), ʘ ʟʥʘʶʯʠ ʮʽ ʢʦʝʬʽʮʽʻʥʪʠ ʽ, ʚʨʘʭʦʚʫʶʯʠ ʦʙʤʝʞʝʥʥʷ ʚ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʦʟʢʣʘʜʘʥʥʷ ʚ ʨʷʜ ʊʝʡʣʦʨʘ, ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʚʠʭʽʜʥʠʡ 

ʩʠʛʥʘʣ ʜʣʷ ʜʦʚʽʣʴʥʦʛʦ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. ʇʨʦʪʝ ʥʘ ʧʨʘʢʪʠʮʽ ʦʜʥʦʯʘʩʪʦʪʥʘ 

ʤʝʪʦʜʠʢʘ ʨʽʜʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʛʫʢʫ, ʚʠʢʣʠʢʘʥʦʛʦ 

ʩʧʦʪʚʦʨʝʥʥʷʤʠ, ʽʟ-ʟʘ ʙʘʛʘʪʦʦʢʪʘʚʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʛʘʨʤʦʥʽʡʥʠʭ 

ʩʧʦʪʚʦʨʝʥʴ.  

ʅʘʧʨʠʢʣʘʜ, ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʨʫʛʦʛʦ ʪʘ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʽʚ ʚ 

(2.13) ʜʣʷ ʪʝʩʪʦʚʘʥʦʛʦ 40 ɻɻʮ ʧʨʠʩʪʨʦʶ ʚʠʤʘʛʘʪʠʤʝ ʚʠʤʽʨʶʚʘʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʯʘʩʪʦʪʘʭ 80 ʪʘ 120 ɻɻʮ ʚʽʜʧʦʚʽʜʥʦ. 

ʅʘʚʧʘʢʠ, ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʡ ʤʝʪʦʜ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʦʩʪʽ ʩʠʩʪʝʤʠ - ʮʝ 

ʤʝʪʦʜ ʟʙʫʜʞʝʥʥʷ ʜʚʦʤʘ ʩʠʥʫʩʦʾʜʘʤʠ ʟ ʨʽʚʥʠʤʠ ʘʤʧʣʽʪʫʜʘʤʠ ʽ ʙʣʠʟʴʢʦ 

ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʯʘʩʪʦʪʘʤʠ. ʊʘʢʠʡ ʜʚʦʯʘʩʪʦʪʥʠʡ ʪʝʩʪ ʧʨʠʟʚʝʜʝ ʜʦ ʧʦʷʚʠ 

ɯʄʉ, ʱʦ ʙʫʜʝ ʦʧʠʩʘʥʦ ʜʘʣʽ. 

ɺʚʘʞʘʶʯʠ, ʱʦ ʥʘ ʚʭʦʜʽ ʥʝʣʽʥʽʡʥʦʛʦ ʢʦʣʘ, ʦʧʠʩʘʥʦʛʦ ʚ (2.11), ʜʽʻ 

ʩʠʛʥʘʣ ʫ ʬʦʨʤʽὠ ὸ ὠ ὠίὭὲЏὸ ὠίὭὲЏὸ, ʚʠʢʦʥʘʻʤʦ 

ʨʦʟʢʣʘʜʘʥʥʷ ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜʽ ʚ ʨʷʜ ʊʝʡʣʦʨʘ: 

ὠ ὥ ὥὠ ὥὠ
ωὥὠ

τ
ίὭὲЏὸ  

ὥὠ ίὭὲЏὸ ὧέίςЏὸ- 

ὥὠ

ς
ὧέίςЏὸ ὥὠὧέίЏ Џ ὸ ὥὠὧέίЏ Џ ὸ  
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ὥὠ

τ
ίὭὲσЏὸ

ὥὠ

τ
ίὭὲσЏὸ

σὥὠ

τ
ίὭὲςЏ Џ ὸ  

σὥὠ

τ
ίὭὲςЏ Џ ὸ

σὥὠ

τ
ίὭὲςЏ Џ ὸ  

ίὭὲςЏ Џ ὸ Ễ                                                                   (2.14) 

ʇʦʨʽʚʥʷʥʦ ʟ (2.12) ʚ (2.14) ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ ʚʽʜʤʽʥʥʽ ʢʦʤʧʦʥʝʥʪʠ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʧʦ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʫ ʽ ʯʣʝʥʠ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ʟʘ 

ʦʩʥʦʚʥʠʤʠ ʯʘʩʪʦʪʘʤ, ʪʽ ʞ ʘʤʧʣʽʪʫʜʠ ʧʦ ʜʨʫʛʽʡ ʪʘ ʪʨʝʪʽʡ ʛʘʨʤʦʥʽʢʘʭ, ʘ 

ʪʘʢʦʞ ʧʦʷʚʫ ʜʦʜʘʪʢʦʚʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʢʦʥʪʝʥʪʘ. ɿ ʮʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʚʦʯʘʩʪʦʪʥʠʡ ʚʧʣʠʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʝʥʰʦʾ ʢʦʤʧʨʝʩʽʾ 

ʢʦʞʥʦʛʦ ʩʠʛʥʘʣʫ, ʥʽʞ ʮʝ ʤʘʻ ʤʽʩʮʝ ʚ ʦʜʥʦʯʘʩʪʦʪʥʦʤʫ ʤʝʪʦʜʽ. ɼʦʜʘʪʢʦʚʠʡ 

ʯʘʩʪʦʪʥʠʡ ʢʦʥʪʝʥʪ ʚ (2.14) ʦʟʥʘʯʘʻ ʧʦʷʚʫ ɯʄʉ ʥʘ ʯʘʩʪʦʪʘʭ:Ὢ Ὢ,Ὢ Ὢȟ

ςὪ Ὢȟ ςὪ ὪȟςὪ Ὢ ̓  ́ςὪ Ὢ. ɯʟ ʥʠʭ ʦʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ ʧʦʚôʷʟʘʥʘ 

ʟ ɯʄʉ ʥʘ ʯʘʩʪʦʪʘʭςὪ Ὢ̔   ςὪ Ὢ ʪʘʢ ʷʢ ʾʭ ʥʝʤʦʞʣʠʚʦ ʚʽʜʬʽʣʴʪʨʫʚʘʪʠ, 

ʷʢʱʦ ʜʚʘ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʠ ʤʘʶʪʴ ʙʣʠʟʴʢʽ ʯʘʩʪʦʪʠ. ʎʽ ʜʚʘ ʯʣʝʥʠ ʟʘʟʚʠʯʘʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʽʥʽʡʥʦʩʪʽ ʦʜʥʦʦʢʪʘʚʥʠʭ ʩʠʩʪʝʤ. 

ɹʘʛʘʪʦʦʢʪʘʚʥʫ ʥʝʣʽʥʽʡʥʽʩʪʴ ʟʘʟʚʠʯʘʡ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ ʜʦʧʦʤʦʛʦʶ ɯʄʉ ʟ 

ʯʘʩʪʦʪʘʤʠ Ὢ Ὢ ʪʘ Ὢ ὪȢ  ʇʦʨʽʚʥʷʥʥʷ ʟ (2.12) ʧʦʢʘʟʫʻ, ʱʦ ʨʽʚʝʥʴ ɯʄʉ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʚ ʜʚʘ ʨʘʟʠ ʙʽʣʴʰʝ (ʧʦ ʥʘʧʨʫʟʽ), ʥʽʞ ʨʽʚʝʥʴ ʜʨʫʛʦʾ 

ʛʘʨʤʦʥʽʢʠ. ʊʘʢʦʞ ʨʽʚʝʥʴ ɯʄʉ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ʚ (2.14) ʚ ʪʨʠ ʨʘʟʠ ʙʽʣʴʰʝ, 

ʥʽʞ ʨʽʚʝʥʴ ʪʨʝʪʴʦʾ ʛʘʨʤʦʥʽʢʠ. 

ʆʪʞʝ, ʜʚʦʯʘʩʪʦʪʥʝ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ 

ʚʠʤʽʨʽʚ ʥʘ ʯʘʩʪʦʪʘʭ, ʙʣʠʟʴʢʠʭ ʜʦ ʦʩʥʦʚʥʠʭ, ʚʠʟʥʘʯʘʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʪʨʝʪʴʦʛʦ 

ʧʦʨʷʜʢʫ ʨʦʟʢʣʘʜʘʥʥʷ ʚ ʨʷʜ ʊʝʡʣʦʨʘ. ʇʨʦʪʝ ʜʚʦʯʘʩʪʦʪʥʠʡ ʩʠʛʥʘʣ 

ʥʝʦʙʦʚ'ʷʟʢʦʚʦ ʻ ʟʨʘʟʢʦʤ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʟʫʩʪʨʽʥʫʪʠʡ ʥʘ ʧʨʘʢʪʠʮʽ. 

ʊʦʤʫ ʽʥʦʜʽ ʙʘʞʘʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʩʠʛʥʘʣʠ ʟ ʰʠʨʰʠʤ ʩʧʝʢʪʨʘʣʴʥʠʤ 

ʢʦʥʪʝʥʪʦʤ. ʅʘʧʨʠʢʣʘʜ, ʚ [2.15] ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʪʨʠʯʘʩʪʦʪʥʦʛʦ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʪʘ ʰʫʤʦʚʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʚʭʦʜʽ (ʚʢʣʶʯʘʶʯʠ ʬʘʟʦʚʽ 

ʥʝʣʽʥʽʡʥʦʩʪʽ). ɹʘʛʘʪʦʯʘʩʪʦʪʥʽ (Ó3) ʩʠʛʥʘʣʠ ʘʥʘʣʽʟʫʚʘʣʠʩʷ ʚ ʨʽʟʥʠʭ ʨʦʙʦʪʘʭ. 
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ʇʦʜʘʣʴʰʝ ʦʙʛʦʚʦʨʝʥʥʷ, ʱʦ ʩʪʦʩʫʻʪʴʩʷ ʭʘʨʘʢʪʝʨʠʟʘʮʽʾ ʩʧʦʪʚʦʨʝʥʴ, ʜʘʥʝ ʚ 

ʨʦʟʜʽʣʽ 4. ʋ ʯʘʩʪʠʥʽ ʮʴʦʛʦ ʧʽʜʨʦʟʜʽʣʫ, ʱʦ ʟʘʣʠʰʠʣʘʩʷ, ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ 

ʩʧʦʪʚʦʨʝʥʥʷ ʚ ʪʝʨʤʽʥʘʭ ʪʘʢ ʟʚʘʥʠʭ ʪʦʯʦʢ ʧʝʨʝʪʠʥʫ: ʢʦʥʮʝʧʮʽʾ, ʷʢʘ ʤʦʞʝ 

ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʜʦ ʙʘʛʘʪʴʦʭ ʪʠʧʽʚ ʪʝʩʪʦʚʠʭ ʩʠʛʥʘʣʽʚ. ʂʦʥʢʨʝʪʥʽ ʧʨʠʢʣʘʜʠ 

ʚ ʦʩʥʦʚʥʦʤʫ ʘʢʮʝʥʪʦʚʘʥʽ ʥʘ ʜʚʦʯʘʩʪʦʪʥʝ ʟʙʫʜʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʮʝʡ ʩʧʦʩʽʙ 

ʪʝʩʪʫʚʘʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʰʠʨʝʥʠʤ ʜʣʷ ʚʠʤʽʨʫ ʥʝʣʽʥʽʡʥʦʩʪʽ ʚ 

ʤʽʢʨʦʭʚʠʣʴʦʚʽʡ ʬʦʪʦʥʽʮʽ. 

ɼʽʷ ʥʦʚʠʭ ʯʘʩʪʦʪ, ʱʦ ʩʪʚʦʨʶʶʪʴʩʷ ʽʟ-ʟʘ ʥʝʣʽʥʽʡʥʦʩʪʽ, ʯʘʩʪʦ ʢʽʣʴʢʽʩʥʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ SFDR. ʎʝʡ ʧʘʨʘʤʝʪʨ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʷʢ 

ʜʽʘʧʘʟʦʥ ʚʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ (ʯʠ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ), ʚ ʷʢʦʤʫ ʚʠʭʽʜʥʠʡ 

ʩʠʛʥʘʣ ʚʠʱʝ ʟʘ ʤʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʰʫʤʫ ʥʘ ʚʠʭʦʜʽ ʽ ʧʨʠ ʮʴʦʤʫ ʫʩʽ 

ʧʘʨʘʟʠʪʥʽ ʩʠʛʥʘʣʠ (ʧʝʨʝʰʢʦʜʠ) ʤʝʥʰʽ ʘʙʦ ʜʦʨʽʚʥʶʶʪʴ ʤʽʥʽʤʘʣʴʥʦʤʫ 

ʨʽʚʥʶ ʰʫʤʫ ʥʘ ʚʠʭʦʜʽ ʧʨʠʣʘʜʫ. ʗʢ ʘʣʴʪʝʨʥʘʪʠʚʘ, ʧʘʨʘʤʝʪʨ SFDR ʤʦʞʝ 

ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʷʢ ʚʝʣʠʯʠʥʘ, ʨʽʚʥʘ ʚʠʭʽʜʥʦʤʫ SNR, ʟʘ ʫʤʦʚʠ, ʱʦ ʚʠʭʽʜʥʠʡ 

SNR ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʚʽʜʥʦʰʝʥʥʶ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ ʥʘ ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ 

ʜʦ ʥʘʡʙʽʣʴʰʦʛʦ ʨʽʚʥʷ ʧʝʨʝʰʢʦʜ. ʇʨʠ ʨʦʟʛʣʷʜʽ ɯʄʉ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣʫ 

ʦʩʥʦʚʥʦʾ ʯʘʩʪʦʪʠ ʜʦ ʧʘʨʘʟʠʪʥʠʭ ʩʠʛʥʘʣʽʚ ʯʘʩʪʦ ʥʘʟʠʚʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ 

ʥʦʩʽʡʥʠʭ ʜʦ ʽʥʪʝʨʤʦʜʫʣʷʮʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ (CIR). ʅʘ ʨʠʩ. 2.6 ʛʨʘʬʽʯʥʦ 

ʧʨʝʜʩʘʚʣʝʥʦ ʧʘʨʘʤʝʪʨ SFDR, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʙʘʟʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʚʭʽʜʥʦʾ ʈʏ-ʧʦʪʫʞʥʦʩʪʽ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ ʪʘ ʩʫʧʫʪʥʽʭ 

ʾʡ ʩʧʦʪʚʦʨʝʥʴ.  

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʣʷ ʪʘʢʦʛʦ ʛʨʘʬʽʢʘ ʰʢʘʣʠ ʚ ʜɹ, ʤʘʣʦʩʠʛʥʘʣʴʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ ʤʘʪʠʤʝ ʥʘʭʠʣ 1:1, ʪʦʜʽ ʷʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʧʦʪʚʦʨʝʥʴ n- ʛʦ ʧʦʨʷʜʢʫ ʚ ʤʘʣʦʩʠʛʥʘʣʴʥʦʤʫ  ʥʘʙʣʠʞʝʥʥʽ  

ʥʘʭʠʣ 1״:n. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2.6, SFDR ʜʦʩʠʪʴ ʯʽʪʢʦ ʚʽʜʧʦʚʽʜʘʻ  

ʚʠʱʝʟʛʘʜʘʥʦʤʫ ʚʠʟʥʘʯʝʥʥʶ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ ʪʘ 

ʩʧʦʪʚʦʨʝʥʥʷʤ ʘʙʦ ʚʠʤʽʨʶʶʪʴʩʷ ʜʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʰʫʤʫ, ʘʙʦ, ʷʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.6, ʝʢʩʪʨʘʧʦʣʶʶʪʴʩʷ ʜʦ ʡʦʛʦ ʨʽʚʥʷ. ɿʚʦʨʦʪʥʝ 

ʝʢʩʪʨʘʧʦʣʶʚʘʥʥʷ ʚʽʜ ʮʠʭ ʚʠʤʽʨʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʚʣʘʩʥʝ ʚʧʦʨʷʜʢʦʚʘʥʫ 
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ʤʘʣʦʩʠʛʥʘʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʜʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʰʫʤʫ ʧʨʠʧʫʩʢʘʻ, 

ʱʦ ʚʠʜ ʮʽʻʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʭʽʜʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ, 

ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʦʩʪʘʥʥʴʦʾ ʚʠʤʽʨʷʥʦʾ ʪʦʯʢʠ ʪʘ ʟʘʢʽʥʯʫʶʯʠ ʤʽʥʽʤʘʣʴʥʠʤ 

ʨʽʚʥʝʤ ʰʫʤʫ. ɿʘʟʚʠʯʘʡ ʮʝ ʙʝʟʧʦʤʠʣʢʦʚʝ ʪʚʝʨʜʞʝʥʥʷ, ʘʣʝ ʜʝʷʢʽ ʧʨʠʢʣʘʜʠ, 

ʜʘʥʽ ʚ ʥʘʩʪʫʧʥʠʭ ʨʦʟʜʽʣʘʭ, ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ ʮʝ ʥʝ ʟʘʚʞʜʠ ʪʘʢ. 

 

 

ʈʠʩ.2.6. ɺʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʘ ʧʝʨʝʰʢʦʜʘʤʠ (SFDR)  

ʪʘ ʧʘʨʘʤʝʪʨʘ çʪʦʯʢʘ ʧʝʨʝʪʠʥʫè 

 

ʉʫʮʽʣʴʥʽ ʣʽʥʽʾ ï ʮʝ ʝʢʩʪʨʘʧʦʣʷʮʽʷ ʚ ʧʦʜʚʽʡʥʦʤʫ ʣʦʛʘʨʠʬʤʽʯʥʦʤʫ 

ʤʘʩʰʪʘʙʽ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʧʦ ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ ʟ ʥʘʭʠʣʦʤ 1:1 ʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʢʩʠʤʘʣʴʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʟ ʥʘʭʠʣʦʤ 1:n, ʜʝ n-ʧʦʨʷʜʦʢ 

ʤʘʢʩʠʤʘʣʴʥʠʭ ʩʧʦʪʚʦʨʝʥʴ. 

ɺʠʭʽʜʥʘ ʪʦʯʢʘ ʧʝʨʝʪʠʥʫ n- ʛʦ ʧʦʨʷʜʢʫ (˛0˴) ʻ ʟʨʫʯʥʠʤ ʧʦʢʘʟʥʠʢʦʤ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ SFDR n- ʛʦ ʧʦʨʷʜʢʫ. ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.6, ˛0˴ ״ ʮʝ 

ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʚ ʪʦʯʮʽ ʧʝʨʝʪʠʥʫ ʝʢʩʪʨʘʧʦʣʴʦʚʘʥʠʭ ʤʘʣʦʩʠʛʥʘʣʴʥʠʭ 

ʚʽʜʛʫʢʽʚ ʧʦ ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ ʪʘ ʩʧʦʪʚʦʨʝʥʥʷʤ n-ʛʦ ʧʦʨʷʜʢʫ. ɺʽʜʤʽʪʠʤʦ, ʱʦ 

˛0˴ ï ʮʝ ʫʤʦʚʥʘ, ʧʨʘʢʪʠʯʥʦ ʥʝ ʜʦʩʷʞʥʘ ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ. ɺʠʨʘʟʠʤʦ 

SFDR n-ʛʦ ʧʦʨʷʜʢʫ ʯʝʨʝʟ ˛0˴ʷʢ: 

ὛὊὈὙ
˛˴

         (2.15) 
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ʈʽʚʥʷʥʥʷ (2.16) ʯʘʩʪʦ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʚ ʣʦʛʘʨʠʬʤʽʯʥʽʡ ʬʦʨʤʽ ʷʢ: 

ὛὊὈὙ ̅ˎ ˛0˴ ̅ˎ̍ ὔ
̅ˎ̍

ː̗
ρπὰέÇὄː̗  (2.16) 

ɺ ʨʽʚʥʷʥʥʽ (2.16) ʪʘ (2.17) SFDR ï ʙʝʟʨʦʟʤʽʨʥʘ ʚʝʣʠʯʠʥʘ. ʊʠʤ ʥʝ 

ʤʝʥʰ, ʮʽ ʜʚʘ ʚʠʨʘʟʠ ʥʦʨʤʫʶʪʩʷ ʚ ʧʦʣʦʩʽ 1 ɻʮ, ʜʘʥʠʡ ʧʘʨʘʤʝʪʨ ʦʪʨʠʤʫʶʪʴ ʚ 

ʦʜʠʥʠʮʷʭ ː̗  ̃ςȢρφ̔  ̅ˎː̗ ʚ (2.16). ʆʩʥʦʚʘ ʜʣʷ ʮʽʻʾ ʜʽʾ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʙʝʟʨʦʟʤʽʨʥʠʡ SFDRn ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʠʡ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ɺ. ʊʘʢʝ 

ʥʦʨʤʫʚʘʥʥʷ ʤʘʻ ʥʘ ʫʚʘʟʽ ʜʚʘ ʜʦʧʫʱʝʥʥʷ:  

1) ʚʠʭʽʜʥʘ (ʯʠ ʚʭʽʜʥʘ) ʧʦʪʫʞʥʽʩʪʴ, ʜʣʷ ʷʢʦʾ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ, 

ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʤʘʣʦʩʠʛʥʘʣʴʥʦʛʦ ʨʝʞʠʤʫ, ʢʦʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʦʩʥʦʚʥʽʡ 

ʯʘʩʪʦʪʽ ʯʠʩʪʦ ʣʽʥʽʡʥʘ, ʘ ʩʧʦʪʚʦʨʝʥʥʷ n-ʛʦ ʧʦʨʷʜʢʫ ʟʘʣʠʰʘʶʪʴʩʷ ʪʦʛʦ ʞ 

ʧʦʨʷʜʢʫ ʽ ʢʦʣʠ  

2) Nout ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ ʜʣʷ ʫʩʽʭ ʟʥʘʯʝʥʴ ɺ. 

ʐʠʨʦʢʦ ʧʨʠʡʥʷʪʠʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ˛0˴ ï ʮʝ ʚʠʤʽʨ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ ʪʘ ʧʦ ʩʧʦʪʚʦʨʝʥʥʷʭ n-ʛʦ ʧʦʨʷʜʢʫ ʚ 

ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʭʽʜʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʚ ʨʝʞʠʤʽ ʤʘʣʦʛʦ ʩʠʛʥʘʣʫ, 

ʘʧʨʦʢʩʠʤʘʮʽʷ ʚʠʨʘʟʽʚ ʜʘʥʘ ʚ ʜɹʤ, ʧʨʷʤʽ ʟ ʥʘʭʠʣʦʤ 1:1 ʪʘ 1:n ʽ, ʥʘʨʝʰʪʽ, 

ʝʢʩʪʨʘʧʦʣʷʮʽʷ ʧʨʷʤʠʭ ʜʦ ʾʭ ʧʝʨʝʪʠʥʫ. (ʗʢ ʚʞʝ ʟʛʘʜʫʚʘʣʦʩʴ ʚʠʱʝ, ʮʽ ʧʨʷʤʽ 

ʤʦʞʥʘ ʝʢʩʪʨʘʧʦʣʶʚʘʪʠ ʚʥʠʟ ʜʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʰʫʤʫ ʜʣʷ ʪʦʛʦ ʱʦʙ 

ʟʥʘʡʪʠ SFDRn. ʇʨʦʪʝ ʧʦʢʘʟʥʠʢ ˛0˴ ʢʦʨʠʩʥʠʡ ʧʨʠ ʢʘʩʢʘʜʫʚʘʥʥʽ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢ ʙʫʜʝ ʧʦʢʘʟʘʥʦ ʚ ʨʦʟʜʽʣʽ 2.3. ʌʦʨʤʘ ʟ ʧʝʨʝʪʠʥʦʤ ʚ ʟʘʛʘʣʴʥʽʡ 

ʪʦʯʮʽ ʜʣʷ ʨʽʚʥʷʥʥʷ ʧʨʷʤʠʭ ʦʟʥʘʯʘʻ, ʱʦ ʟʥʘʯʝʥʥʷ ̨ 0˴ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʝ 

ʥʘ ʙʘʟʽ ʦʜʥʦʛʦ ʚʠʤʽʨʫ. ʎʝ ʜʽʡʩʥʦ ʪʘʢ, ʪʽʣʴʢʠ ʷʢʱʦ ʪʝʩʪʦʚʘʥʠʡ ʧʨʠʩʪʨʽʡ ʘʙʦ 

ʩʠʩʪʝʤʘ ʤʘʻ ʦʯʽʢʫʚʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ (ʣʽʥʽʡʥʘ) ʽ 

ʚʥʘʩʣʽʜʦʢ ʩʧʦʪʚʦʨʝʥʴ (n-ʛʦ ʧʦʨʷʜʢʫ). ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ ʱʦ ʪʝʩʪʫʚʘʥʥʷ 

ʢʦʤʧʦʥʝʥʪʘ ʘʙʦ ʩʠʩʪʝʤʠ ʧʨʠ ʦʜʥʽʡ ʚʭʽʜʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ï ʥʝ ʩʘʤʝ ʢʨʘʱʝ 

ʨʽʰʝʥʥʷ, ʢʦʨʠʩʥʦ ʨʦʟʛʣʷʥʫʪʠ ʚʠʨʘʟ ʜʣʷ çʦʜʥʦ ʪʦʯʢʦʚʦʛʦè ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

˛0˴Ȣ ʗʢʱʦ ʚʠʭʽʜʥʫ ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ ʧʦʟʥʘʯʠʪʠ ʷʢ PÝ, ʘ 

ʧʦʪʫʞʥʽʩʪʴ ʩʧʦʪʚʦʨʝʥʴ n-ʛʦ ʧʦʨʷʜʢʫ - ʷʢ Pn, ʢʦʣʠ ʦʙʠʜʚʘ ʧʘʨʘʤʝʪʨʠ 
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ʚʠʤʽʨʶʶʪʴʩʷ ʧʨʠ ʪʽʡ ʞʝ ʚʭʽʜʥʽʡ ʧʦʪʫʞʥʦʩʪʽ, ʪʦ ʚʠʨʘʟ ʜʣʷ ˛0˴ ʥʘʙʝʨʝ 

ʚʠʛʣʷʜ: 

˛0˴ Џ  .        (2.17) 

ɺ ʜʝʮʠʙʝʣʴʥʽʡ  ʬʦʨʤʽ: 

˛0˴ ̅ˎ ὲ ὖЏ̅ˎ̍ ὖ̅ˎ .̍                (2.18) 

ʈʽʚʥʷʥʥʷ (2.17) ʪʘ (2.18) ʪʘʢʦʞ ʚʽʨʥʽ ʪʽʣʴʢʠ ʚ ʨʝʞʠʤʽ ʤʘʣʦʛʦ ʩʠʛʥʘʣʫ. 

ɿ (2.17) ʪʘ (2.18) ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʜʟʚʠʯʘʡʥʦ ʢʦʨʠʩʥʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʚʽʜʥʦʩʥʦ ʛʘʨʤʦʥʽʢ ʪʘ ɯʄʉ. ʗʢ ʙʫʣʦ ʚʽʜʤʽʯʝʥʦ ʚ ʦʙʛʦʚʦʨʝʥʥʽ, ʱʦ ʡʜʝ ʟʘ 

(2.14), ʜʣʷ ʤʘʣʦʩʠʛʥʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ɯʄʉ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʚ ʜʚʘ ʨʘʟʠ 

ʙʽʣʴʰʝ (ʧʦ ʥʘʧʨʫʟʽ), ʥʽʞ ʩʧʦʪʚʦʨʝʥʥʷ ʥʘ ʜʨʫʛʽʡ ʛʘʨʤʦʥʽʮʽ, ʽ ʘʥʘʣʦʛʽʯʥʦ ɯʄʉ 

ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ʚ ʪʨʠ ʨʘʟʠ ʙʽʣʴʰʝ ʧʦ ʥʘʧʨʫʟʽ ʩʧʦʪʚʦʨʝʥʴ ʥʘ ʪʨʝʪʽʡ 

ʛʘʨʤʦʥʽʮʽ. ʎʝ ʟʘʛʘʣʴʥʠʡ ʚʠʩʥʦʚʦʢ ʜʣʷ ʩʠʩʪʝʤʠ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʦʟʢʣʘʜʘʥʥʷ ʚ ʨʷʜ ʊʝʡʣʦʨʘ (ʜʠʚ. (2.11) ʟ ʧʦʧʝʨʝʜʥʽʤʠ 

ʦʙʤʝʞʝʥʥʷʤʠ). ʆʪʞʝ, ɯʄʉ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʚ ʯʦʪʠʨʠ ʨʘʟʠ ʙʽʣʴʰʝ 

(ʧʨʠʙʣʠʟʥʦ ʥʘ 6 ʜɹ) ʧʦ ʧʦʪʫʞʥʦʩʪʽ, ʯʠʤ ʩʧʦʪʚʦʨʝʥʥʷ ʥʘ ʯʘʩʪʦʪʽ ʜʨʫʛʦʾ 

ʛʘʨʤʦʥʽʢʠ, ʘ ɯʄʉ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ʚ ʜʝʚ'ʷʪʴ ʨʘʟʽʚ ʙʽʣʴʰʝ ʧʦ ʧʦʪʫʞʥʦʩʪʽ, 

ʯʠʤ ʩʧʦʪʚʦʨʝʥʥʷ ʥʘ ʯʘʩʪʦʪʽ ʪʨʝʪʴʦʾ ʛʘʨʤʦʥʽʢʠ. ɿʘʩʪʦʩʦʚʫʶʯʠ ʮʝʡ 

ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʜʦ (2.17) ʪʘ (2.18), ʤʦʞʥʘ ʧʽʜʨʘʭʫʚʘʪʠ, ʱʦ ʆɯP2 ʧʦ 

ʛʘʨʤʦʥʽʢʘʭ ʚ ʯʦʪʠʨʠ ʨʘʟʠ ʙʽʣʴʰʝ (ʧʨʠʙʣʠʟʥʦ ʥʘ 6 ʜɹ), ʥʽʞ ʧʦ ɯʄʉ, ʘ OIP3 

ʧʦ ʛʘʨʤʦʥʽʢʘʭ ʚ ʪʨʠ ʨʘʟʠ ʙʽʣʴʰʝ (ʟʘ ʥʘʧʨʫʛʦʶ): 

˴ὖ˴
˛˴
 Ȣ       (2.19) 

ʊʦʜʽ SFDRn ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ ˴ὖ˴ὲ ʰʣʷʭʦʤ ʧʽʜʩʪʘʥʦʚʢʠ (2.19) ʚ 

(2.15) ʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʟʥʘʯʝʥʥʷ ʯʠʥʥʠʢʘ ʰʫʤʫ. (2.6): 

ὛὊὈὙ
˴˴

  .   (2.20) 

ɸʙʦ ʚ ʜʝʮʠʙʝʣʴʥʽʡ ʬʦʨʤʽ: 

ὛὊὈὙ ̅ˎ ρχτ˴ὖ˴ ̅ˎ̍ ὔὊ̅ ˎ ρπÌÏÇ ὄː̗ .  (2.21) 



 76 

ʅʘʨʝʰʪʽ, ʪʨʝʪʽʡ ʚʠʨʘʟ ʜʣʷ ʧʘʨʘʤʝʪʨʘ SFDRn ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ 

ʚʽʜʥʦʰʝʥʥʷ ʥʝʩʫʯʘ/ʩʧʦʪʚʦʨʝʥʥʷ ʥʘ ʚʠʭʦʜʽ, ʚʭʽʜʥʫ ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʦʩʥʦʚʥʽʡ 

ʯʘʩʪʦʪʽ ὖЏ
̨ ʪʘ ʧʘʨʘʤʝʪʨ MDS (2.9): 

ὛὊὈὙ Џ Џ
̨

    (2.22) 

ʈʽʚʥʷʥʥʷ (2.15) ʪʘ (2.20) ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʤʽʢʨʦʭʚʠʣʴʦʚʽʡ ʬʦʪʦʥʽʮʽ, ʘʣʝ ʡ (2.22) ʪʘʢʦʞ ʚʠʷʚʣʷʻʪʴʩʷ ʢʦʨʠʩʥʠʤ, ʢʦʣʠ 

ʤʠ ʤʘʻʤʦ ʩʧʨʘʚʫ ʟ ʧʨʠʡʤʘʣʴʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. ʇʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

SFDR ʪʘ OIP, ʱʦ ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʽʥʜʝʢʩʘʤʠ, 

ʷʢʥʘʡʢʨʘʱʝ ʦʧʠʩʫʶʪʴʩʷ ʥʘ ʙʘʟʽ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʠʭ. 

ʅʘ ʨʠʩ. 2.7 ʥʘʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʛʣʷʥʫʪʦʾ ʫ 

ʨʦʟʜʽʣʽ 6 ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʦʾ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ. 

 

 

ʈʠʩ. 2.7. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʫ ʦʙʤʝʞʝʥʦʛʦ ʩʧʦʪʚʦʨʝʥʥʷʤʠ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ʜʠʥʘʤʽʯʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʧʦ ʧʝʨʝʰʢʦʜʘʭ 

 

ʇʨʠ ʧʨʘʚʠʣʴʥʦʤʫ ʟʤʽʱʝʥʥʽ ʤʦʜʫʣʷʪʦʨʘ ʜʘʥʘ ʣʽʥʽʷ, ʱʦ ʟʙʫʜʞʫʻʪʴʩʷ 

ʜʚʦʯʘʩʪʦʪʥʠʤ ʩʠʛʥʘʣʦʤ, ʦʙʤʝʞʝʥʘ ɯʄʉ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ. ɿʦʢʨʝʤʘ ʥʘ 

ʪʝʩʪʦʚʠʭ ʯʘʩʪʦʪʘʭ 16,7 ʪʘ 16,9 ɻɻʮ, ʱʦ ʬʦʨʤʫʶʪʴ ɯʄʉ ʥʘ ʯʘʩʪʦʪʘʭ 17,1 ʽ 

16,5 ɻɻʮ, OIP3 = 7 ʜɹʤ. ʇʨʠ ʚʠʤʽʨʷʥʦʤʫ ʤʽʥʽʤʘʣʴʥʦʤʫ ʨʽʚʥʽ ʰʫʤʫ ï 164 

ʜɹʤ/ɻʮ ʨʽʚʥʷʥʥʷ (2.17) ʜʘʻ ὛὊὈὙ ρρτ ̅  ˎʚ ʩʤʫʟʽ 1 ɻʮ. ʎʷ ʢʦʥʢʨʝʪʥʘ 
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ʣʽʥʽʷ ʻ ʧʨʠʢʣʘʜʦʤ ʤʥʦʛʦʦʢʪʘʚʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʟʙʝʨʽʛʘʻ ʦʙʤʝʞʝʥʥʷ ʧʦ 

ʪʨʝʪʴʦʤʫ ʧʦʨʷʜʢʫ. ʊʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʟʚʠʯʘʡ ʥʝ ʚʠʭʦʜʷʪʴ ʜʣʷ 

ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʪʝʭʥʽʢʠ ʽ ʻ ʙʝʟʧʝʨʝʯʥʦʶ ʧʝʨʝʚʘʛʦʶ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ 

ʣʽʥʽʡ ʜʘʥʦʛʦ ʪʠʧʫ, ʦʩʢʽʣʴʢʠ ʅɺʏ-ʢʦʤʧʦʥʝʥʪʠ ʪʘ ʩʠʩʪʝʤʠ ʟʘʟʚʠʯʘʡ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʝʣʽʥʽʡʥʦʩʪʷʤʠ ʷʢ ʧʘʨʥʦʛʦ, ʪʘʢ ʽ ʥʝʧʘʨʥʦʛʦ ʧʦʨʷʜʢʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʫ ʦʙʤʝʞʝʥʦʛʦ ʩʧʦʪʚʦʨʝʥʥʷʤʠ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ 

ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʧʦ ʧʝʨʝʰʢʦʜʘʭ, ʱʦ ʩʪʘʥʦʚʠʪʴ 114 ʜɹĀɻʮ
(2/3)

 ʜʣʷ 

ʬʦʪʦʥʥʦʾ ʣʽʥʽʾ, ʦʪʨʠʤʘʥʽ ʜʚʦʯʘʩʪʦʪʥʠʤ ʤʝʪʦʜʦʤ ʧʨʠ ʧʦʜʘʥʥʽ ʥʘ ʚʭʽʜ ʜʚʦʭ 

ʩʠʛʥʘʣʽʚ ʦʜʥʘʢʦʚʦʾ ʘʤʧʣʽʪʫʜʠ ʟ ʯʘʩʪʦʪʘʤʠ f1=16.9 ʪʘ f2=16.7 ɻɻʮ. 

ʄʘʢʩʠʤʘʣʴʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ɯʄʉ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ʥʘ ʯʘʩʪʦʪʘʭ  

2f1ɀ f2 ʪʘ (2 f2 ״ f1). ɺʠʭʽʜʥʘ ʪʦʯʢʘ ʧʝʨʝʪʠʥʫ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ (ʆɯPɿ) 

ʜʦʨʽʚʥʶʻ 7 ʜɹʤ, ʘ ʚʠʤʽʨʷʥʘ ʉʇʄʐ ʥʘ ʚʠʭʦʜʽ ὔ ρφτ
̅ˎ̍

ː̗
. 

ʅʘ ʨʠʩ.2.8 ʘ ʥʘʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ ɯʄʉ ʜʨʫʛʦʛʦ ʪʘ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʽʚ, 

ʚʠʤʽʨʷʥʽ ʜʣʷ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʈʏ-ʧʽʜʩʠʣʶʚʘʯʘ (ʩʤʫʛʘ ʧʨʦʧʫʩʢʘʥʥʷ  

2-18 ɻɻʮ). ɺʽʜʟʥʘʯʠʤʦ, ʧʦ-ʧʝʨʰʝ, ʱʦ ʧʨʠ ʚʭʽʜʥʦʤʫ ʩʠʛʥʘʣʽ, ʙʽʣʴʰ ʥʽʞ -

20 ʜɹʤ, ʦʙʠʜʚʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʦʪʚʦʨʝʥʴ ʚʽʜʭʠʣʷʶʪʴʩʷ ʚʽʜ 

ʧʨʤ̫ʠʭ ʥʘʣʝʞʥʦʛʦ ʧʦʨʷʜʢʫ (ʥʘʭʠʣ 1:2 ʽ 1:3 ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʩʧʦʪʚʦʨʝʥʴ 

ʜʨʫʛʦʛʦ ʡ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʽʚ), ʽ ʮʝ ʧʦʚʠʥʥʦ ʧʨʠʡʤʘʪʠʩʷ ʜʦ ʫʚʘʛʠ ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʚʽʜʧʦʚʽʜʥʠʭ ʪʦʯʦʢ ʧʝʨʝʪʠʥʫ. ɺʚʘʞʘʶʯʠ, ʱʦ ʚʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ 

ʧʽʜʩʠʣʶʚʘʯʘ ʟʥʘʭʦʜʠʪʴʩʷ ʥʠʞʯʝ ʟʥʘʯʝʥʥʷ 20״ ʜɹʤ, ʚʠʤʽʨʷʥʽ ˛ὖ˴ =  58 ʜɹʤ 

ʪʘ ̨ ὖ˴ = 29 ʜɹʤ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ SFDR. ɿ 

ʚʠʤʽʨʷʥʠʤ ὔ ρτψ
̅ˎ̍

ː̗
 ʪʘ ʥʦʨʤʫʚʘʥʥʷʤ ʧʨʠ B=1 ɻʮ ʮʽ ʪʦʯʢʠ ʧʝʨʝʪʠʥʫ 

ʜʘʶʪʴ ʨʝʟʫʣʴʪʘʪὛὊὈὙ ρπσ̅ˎϽː  ̗ ʽ ὛὊὈὙ ρρψ̅ˎϽː Ȣ̗ ʇʘʨʘʤʝʪʨ 

SFDR3 ʚʠʟʥʘʯʘʪʠʤʝ ʦʜʥʦʦʢʪʘʚʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʽʜʩʠʣʶʚʘʯʘ, ʘʣʝ 

ʙʘʛʘʪʦʦʢʪʘʚʥʠʡ SFDR ʚʠʤʘʛʘʻ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ɯʄʉ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʙʫʜʫʪʴ ʜʦʤʽʥʫʚʘʪʠ ʧʨʠ B = 1 ɻʮ, ʦʩʢʽʣʴʢʠ ʮʽ ʩʧʦʪʚʦʨʝʥʥʷ 

ʥʘʡʙʣʠʞʯʽ ʜʦ ʨʽʚʥʷ ʰʫʤʫ ʚ ʩʤʫʟʽ 1 ɻʮ. ʆʜʥʘʢ ʥʘ ʧʨʘʢʪʠʮʽ ʩʤʫʛʘ 

ʧʨʦʧʫʩʢʘʥʥʷ ʩʠʩʪʝʤʠ ʤʦʞʝ ʙʫʪʠ ʟʥʘʯʥʦ ʰʠʨʰʝ. 
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ʈʠʩ. 2.8. ʘ, ʙ ״ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʦʪʚʦʨʝʥʴ ʈʏ-ʧʽʜʩʠʣʶʚʘʯʘ ʧʨʠ 

ʟʙʫʜʞʝʥʽ ʜʚʦʤʘ ʩʠʛʥʘʣʘʤʠ ʦʜʥʘʢʦʚʦʾ ʘʤʧʣʽʪʫʜʠ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʯʘʩʪʦʪʘʤʠ 

 

ʅʘ ʨʠʩ. 2.8 ʙ ʧʦʢʘʟʘʥʽ ʟʥʘʯʝʥʥʷ SFDR (B) ʚ ʬʫʥʢʮʽʾ ʚʽʜ ʩʤʫʛʠ, 

ʦʪʨʠʤʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʨʠʩ. 2.8 ʘ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ SFDR ʽʟ ʨʠʩ. 

2.8 ʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʧʘʨʘʤʝʪʨ CIR, ʢʦʣʠ ɯʄʉ ʚ ʨʝʞʠʤʽ ʥʘʡʙʽʣʴʰʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʢʦʥʢʨʝʪʥʽʡ ʚʠʭʽʜʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ ʦʩʥʦʚʥʦʾ ʯʘʩʪʦʪʠ 

ʚʽʜʧʦʚʽʜʘʻ Nout ĀB. ʎʝ ʱʝ ʦʜʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ ʜʣʷ ʧʘʨʘʤʝʪʨʘ SFDR: ʨʘʥʽʰʝ 

ʚʽʥ ʚʠʟʥʘʯʘʚʩʷ ʨʽʚʥʠʤ ʚʠʭʽʜʥʦʤʫ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʚʠʭʽʜʥʠʭ SNR ʪʘ CIR. 

ʇʨʠ ʥʠʟʴʢʠʭ ʚʭʽʜʥʠʭ ʧʦʪʫʞʥʦʩʪʷʭ SFDR ʦʙʤʝʞʫʻʪʴʩʷ ɯʄʉ ʜʨʫʛʦʛʦ 

ʧʦʨʷʜʢʫ ʽ ʢʨʠʚʘ SFDR (B) ʧʦʢʘʟʫʻ ʥʘʭʠʣ ʚ ï1/2 ʚ ʣʦʛʘʨʠʬʤʽʯʥʦʤʫ ʧʨʦʩʪʦʨʽ 

(SFDR ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 5 ʜɹ ʥʘ ʧʦʨʷʜʦʢ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʦʪʠ). ʇʦ ʤʽʨʽ 

ʟʙʽʣʴʰʝʥʥʷ ʚʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʦʤʽʥʘʥʪʥʠʤ ʩʪʘʻ ɯʄʉ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ 

ʧʨʠ ʮʴʦʤʫ  SFDR(B) ʤʘʻ ʥʘʭʠʣ ʚ ï2/3 ʚ ʣʦʛʘʨʠʬʤʽʯʥʦʤʫ ʤʘʩʰʪʘʙʽ  

 ʅʘ ʤʝʞʽ ʩʣʘʙʢʦʛʦ ʩʠʛʥʘʣʫ ʛʨʘʬʽʢ SFDR (B) ʤʘʻ ʥʘʭʠʣ .(ʜɹ/ʜʝʢʘʜʘ 6.67״)

(1ïn)/n, ʜʝ n - ʧʦʨʷʜʦʢ ʩʧʦʪʚʦʨʝʥʴ. ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʨʠʩ. 2.8 ʙ, ʧʝʨʝʭʽʜ ʚʽʜ 

ʥʘʭʠʣʫ 1/2״ ʜʦ ï2/3(ʦʙʤʝʞʝʥʥʷ ʧʦ ʜʨʫʛʦʤʫ ʪʘ ʪʨʝʪʴʦʤʫ ʧʦʨʷʜʢʘʭ) ʚʠʥʠʢʘʻ 

ʧʦʙʣʠʟʫ ʩʤʫʛʠ ʰʠʨʠʥʦʶ 1 ɻɻʮ. 

ʂʦʨʠʩʥʠʡ ʚʠʨʘʟ ʜʣʷ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʘʥʘʣʦʛʽʯʥʠʭ ʧʦʢʘʟʘʥʠʤ ʥʘ 

ʨʠʩ. 2.8, ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʦ ʧʨʠ SFDRn = SFDRm  ʪʘ ʧʦʜʘʣʴʰʦʤʫ 

ʚʠʨʽʰʝʥʥʽ ʱʦʜʦ ̨ ὖ˴ ( ̨ ὖ˴  : 

˛ὖ˴ ˛ὖ˴ ὔ ὄ    (2.23) 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʦʪʚʦʨʝʥʴ ʈʏ-ʧʽʜʩʠʣʶʚʘʯʘ 
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ʧʨʠ ʟʙʫʜʞʝʥʽ ʜʚʦʤʘ ʩʠʛʥʘʣʘʤʠ ʦʜʥʘʢʦʚʦʾ ʘʤʧʣʽʪʫʜʠ ʟ ʯʘʩʪʦʪʘʤʠ 

Ὢ ρφȢω ɻɻʮ ʪʘ Ὢ ρφȢχ ɻɻʮ. ɺʠʤʽʨʶʚʘʣʠʩʴ ʧʨʦʜʫʢʪʠ ɯʄʉ ʥʘ 

ʯʘʩʪʦʪʘʭ  ςὪ ὪȟςὪ ὪȟὪ ὪȢ  ɺʠʭʽʜʥʘ ʪʦʯʢʘ ʧʝʨʝʪʠʥʫ ʪʨʝʪʴʦʛʦ 

ʧʦʨʷʜʢʫ (ʆɯ0) ʨʽʚʥʘ 29 ʜɹʤ, ʘ ʚʠʭʽʜʥʘ ʪʦʯʢʘ ʧʝʨʝʪʠʥʫ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ 

(ʆɯ0) ʨʘʚʥʘ 58 ʜɹʤ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʰʢʦʜ ʧʦʢʘʟʫʶʪʴ 

ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʧʨʷʤʦʾ ʣʽʥʽʾ ʧʦʙʣʠʟʫ ʚʝʨʭʥʴʦʛʦ ʢʨʘʶ ʜʘʥʠʭ ʚʠʤʽʨʽʚ. 

ɺʠʤʽʨʷʥʘ ʉʇʄʐ ʧʦ ʚʠʭʦʜʫ ὔ  ʜʦʨʽʚʥʶʻ -148 ʜɹʤ/ɻʮ;  

ʙ ï ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʙʘʟʽ 2.8 a SFDR ʚ ʬʫʥʢʮʽʾ ʚʽʜ ʰʫʤʦʚʦʾ ʩʤʫʛʠ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ (2.23) ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʠʭʽʜʥʘ ʪʦʯʢʘ ʧʝʨʝʪʠʥʫ n-ʛʦ 

ʧʦʨʷʜʢʫ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʟʙʽʛʫ ʟ ʚʝʣʠʯʠʥʦʶ SFDR, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʠʭʽʜʥʦʶ  ʪʦʯʢʦʶ ʧʝʨʝʪʠʥʫ ʪ-ʛʦ ʧʦʨʷʜʢʫʜʣʷ ʟʘʜʘʥʠʭ Nout  ʽ B. ɿʦʢʨʝʤʘ, 

ʧʦʨʽʚʥʶʶʯʠ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʧʘʨʘʤʝʪʨʠ ˛0˴ ʪʘ ̨˴0, ʪʦʙʪʦ ʢʦʣʠ 

n = 2 ʽ m = 3, ʨʽʚʥʷʥʥʷ (2.23) ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ: 

ʆɯP2= ˛0˴ ὔ ὄ           (2.24)  

ʎʝ ʨʽʚʥʷʥʥʷ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʦ ʚ ʣʦʛʘʨʠʬʤʽʯʥʽʡ ʬʦʨʤʽ ʷʢ:  

˛0˴̅ˎ̍ ˛0˴̅ˎ̍ ὔ
̅ˎ̍

ː̗
ÌÏÇὄː̗Ȣ     (2.25) 

ʂʦʨʠʩʥʽʩʪʴ (2.25) ʩʪʘʻ ʦʯʝʚʠʜʥʦʶ, ʢʦʣʠ ʚʦʥʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ 

ʜʘʥʠʭ ʨʠʩ. 2.8. ɸ ʩʘʤʝ ʧʽʜʩʪʘʥʦʚʢʘ ʚ (2.25) ʆɯP2= 29 ʜɹʤ,  

 ὔ  ʜɹʤ/ɻʮ ʪʘ B=1 ɻʮ ʜʘʻ ʨʝʟʫʣʴʪʘʪ ʫ ʚʠʛʣʷʜʽ ʆɯP2=88 ʜɹʤ. ɼʘʥʘ 148״=

ʚʝʣʠʯʠʥʘ ʆɯP2 ʚ ʨʦʟʛʣʷʥʫʪʦʤʫ ʈʏ-ʧʽʜʩʠʣʶʚʘʯʽ ʧʦʪʨʽʙʥʘ, ʱʦʙ ʟʙʝʨʝʛʪʠ 

ʤʝʞʫ ʧʦ ʩʧʦʪʚʦʨʝʥʥʷʤ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ʜʣʷ ʚʩʽʭ B Ó 1 ɻʮ. ɿʨʦʟʫʤʽʣʦ, 

ʧʘʨʘʤʝʪʨ ʆɯP2, ʨʽʚʥʠʡ 58 ʜɹʤ, ʥʝ ʟʘʜʦʚʦʣʴʥʷʻ ʮʽʡ ʚʠʤʦʟʽ, ʪʦʤʫ ʚ ʩʤʫʟʽ 

ʙʽʣʴʰʦʾ ʦʢʪʘʚʠ ʦʩʥʦʚʥʠʡ ʚʧʣʠʚ ʩʪʚʦʨʶʻʪʴʩʷ ʩʧʦʪʚʦʨʝʥʥʷʤʠ ʜʨʫʛʦʛʦ 

ʧʦʨʷʜʢʫ. ɹʽʣʴʰ ʢʦʨʠʩʥʘ ʚʝʣʠʯʠʥʘ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ɺ, ʧʨʠ ʷʢʽʡ ɯʄʉ 

ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ʙʫʜʝ ʙʽʣʴʰʝ, ʥʽʞ ɯʄʉ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ʈʦʟʚôʷʟʫʶʯʠ 

(2.25) ʚʽʜʥʦʩʥʦ ɺ ʪʘ ʧʽʜʩʪʘʚʣʷʶʯʠ ʆɯP2 = 58 ʜɹʤ, ʆɯP3= 29 ʜɹ, 

 ὔ = ï148 ʜɹʤ/ɻʮ ʦʪʨʠʤʫʻʤʦ B = 1,0 ɻɻʮ. ʆʪʞʝ, ʜʣʷ B Ò 1,0 ɻɻʮ   

SFDR = 102 ʜɹ (10/2) ״log(B[ɻʮ]), ʘ ʜʣʷ B Ó 1,0 ɻʮ  
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SFDR = 118 ʜɹï(20/3)log(B[ɻʮ]). ʗʢ ʚʞʝ ʙʫʣʦ ʦʧʠʩʘʥʦ, ʮʝ ʧʦʣʦʞʝʥʥʷ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʨʠʩ. 2.8 ʙ. 

ʇʘʨʘʤʝʪʨ ˛ὖ˴ ʢʦʨʠʩʥʠʡ ʽ ʜʣʷ ʨʘʥʽʰʝ ʨʦʟʛʣʷʥʫʪʠʭ ʪʠʧʽʚ ʘʥʘʣʽʟʫ, ʽ 

ʜʣʷ ʚʠʧʘʜʢʫ ʢʘʩʢʘʜʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʠʡ ʙʫʜʝ ʦʧʠʩʘʥʠʡ ʚ ʨʦʟʜʽʣʽ 2.4. 

ʇʨʦʪʝ ʧʦʢʘʟʥʠʢ  ̨ ὖ˴ ʽʥʦʜʽ ʤʦʞʝ ʙʫʪʠ ʥʝʘʜʝʢʚʘʪʥʠʤ ʘʙʦ ʥʘʚʽʪʴ ʧʨʠʟʚʦʜʠʪʠ 

ʜʦ ʥʝʧʨʘʚʠʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ ʧʨʠ ʦʧʠʩʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. 

ʊʘʢʠʡ ʧʨʠʢʣʘʜ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2.9 ʘ, ʜʝ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʦʾ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ [2.19]. ʋ 

ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʜʝ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʥʘ ʦʩʥʦʚʥʽʡ 

ʯʘʩʪʦʪʽ ʣʽʥʽʡʥʠʡ ʟ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ (ʤʘʣʦʩʠʛʥʘʣʴʥʠʡ ʨʝʞʠʤ), 

ʥʘʭʠʣ ʭʘʨʘʢʪʝʨʠʪʠʢʠ ɯʄʉ ʜʦʨʽʚʥʶʻ 1:3 ʧʦ ʣʦʛʘʨʠʬʤʽʯʥʽʡ ʰʢʘʣʽ ʚ ʥʠʞʥʽʡ 

ʯʘʩʪʠʥʽ ʜʽʘʧʘʟʦʥʫ, ʘ ʧʦʪʽʤ, ʫ ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ ʚʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʢʨʫʪʠʟʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 1:5. 

 

 

ʈʠʩ. 2.9. ʘ ״ ɺʠʤʽʨʷʥʽ ʜʘʥʽ ʜʣʷ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʬʦʪʦʥʥʦʾ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ; 

ʙ - ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ʜʘʥʠʤʠ ʨʠʩ.2.9 a SFDR ʟʦʙʨʘʞʝʥʠʡ ʛʨʘʬʽʯʥʦ ʷʢ ʬʫʥʢʮʽʷ ʚʽʜ 

ʜʦʚʽʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʰʫʤʫ 

 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 2.9 ʩʧʦʪʚʦʨʝʥʥʷ, ʱʦ ʧʦʢʘʟʫʶʪʴ 

ʪʘʢʫ ʧʦʚʝʜʽʥʢʫ, ʧʨʦʷʚʣʷʶʪʴʩʷ ʥʘ ʪʽʡ ʞʝ ʯʘʩʪʦʪʽ. ʎʽ ʜʚʘ ʨʽʟʥʠʭ ʨʝʞʠʤʠ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʝʣʽʥʽʡʥʦʩʪʷʤ ʪʨʝʪʴʦʛʦ ʪʘ ʧ'ʷʪʦʛʦ ʧʦʨʷʜʢʫ, ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʧʠʩʘʥʽ ʧʘʨʘʤʝʪʨʘʤʠ ʆɯʈ3 ʪʘ ʆɯʈ5. Oʜʥʘʢ ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʪʠ ʢʦʨʝʢʪʥʠʡ 

ʜʽʘʧʘʟʦʥ ʚʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ˛0˴. ʂʨʽʤ ʪʦʛʦ, ʥʽ ʟ 
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ʜʦʧʦʤʦʛʦʶ ʆɯʈ3, ʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʆɯʈ5 ʥʝʤʦʞʣʠʚʦ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʘʪʠ 

ʩʧʦʪʚʦʨʝʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ ʧʦʪʫʞʥʦʩʪʽ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʥʘʭʠʣʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜ 1:3 ʜʦ 1:5. ʅʘʨʝʰʪʽ, ʮʽ ʜʘʥʽ ʽʣʶʩʪʨʫʶʪʴ ʩʠʪʫʘʮʽʶ, ʚ 

ʷʢʽʡ ʚʠʤʽʨ ʚ ʦʜʥʽʡ ʪʦʯʮʽ ʟ ʧʦʜʘʣʴʰʠʤ ʨʦʟʨʘʭʫʥʢʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ (2.18) 

ʤʦʞʝ ʙʫʪʠ ʚʢʨʘʡ ʥʝʚʜʘʣʠʤ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʢʨʘʱʝ ʧʦʙʫʜʫʚʘʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ SFDR ʷʢ ʬʫʥʢʮʽʶ ʧʦʪʫʞʥʦʩʪʽ ʰʫʤʫ ʫ ʚʩʽʡ ʩʤʫʟʽ 

ʧʨʦʧʫʩʢʘʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʠʟʥʘʯʝʥʥʷ, ʚ ʷʢʦʤʫ SFDR ʜʦʨʽʚʥʶʻ 

ʚʠʭʽʜʥʦʤʫ SNR ʧʨʠ ʨʽʚʥʦʩʪʽ ʚʠʭʽʜʥʠʭ SNR ʪʘ CIR. ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʨʠʩ. 

2.9 ʙ, ʮʝʡ ʚʘʨʽʘʥʪ ʘʥʘʣʽʟʫ ʙʫʚ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʦ ʜʘʥʥʠʭ ʨʠʩ. 2.9 ʘ. 

ʇʦʙʫʜʦʚʘʥʠʡ ʷʢ ʬʫʥʢʮʽʷ ʚʽʜ ʜʦʚʽʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʰʫʤʫ ʚ ʜɹʤ, SFDR ʚ ʜɹ 

ʤʘʻ ʥʘʭʠʣ 1:2, ʢʦʣʠ ʩʧʦʪʚʦʨʝʥʥʷ ʦʙʤʝʞʝʥʽ ʪʨʝʪʽʤ ʧʦʨʷʜʢʦʤ, ʽ 1: 4״, ʢʦʣʠ 

ʦʙʤʝʞʝʥʽ ʧ'ʷʪʠʤ ʧʦʨʷʜʢʦʤ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʚ ʨʝʞʠʤʽ ʤʘʣʦʛʦ ʩʠʛʥʘʣʫ 

ʥʘʭʠʣ SFDR ʚ ʜɹ ʷʢ ʬʫʥʢʮʽʾ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʰʫʤʫ ʚ ʜɹʤ ʙʫʜʝ ʜʦʨʽʚʥʶʻ 

1:(1ïn), ʜʝ n-ʧʦʨʷʜʦʢ ʩʧʦʪʚʦʨʝʥʴ. 

ʇʦʢʘʟʥʠʢ SFDR ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʜʝʢʽʣʴʢʦʤʘ ʨʽʚʥʦʟʥʘʯʥʠʤʠ 

ʩʧʦʩʦʙʘʤʠ,ʟ ʮʴʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʚʠʤʽʨʶʚʘʥʥʷ SFDR ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʨʽʟʥʦʤʘʥʽʪʥʽ, ʘʣʝ ʘʜʝʢʚʘʪʥʽ. ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʦ ʙʫʪʠ ʚʧʝʚʥʝʥʠʤ, ʱʦ 

ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʣʘʜ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰ ʣʽʥʽʡʥʠʡ, ʥʽʞ ʩʠʩʪʝʤʘ, ʱʦ 

ʚʠʤʽʨʶʻʪʴʩʷ. ʆʜʥʘ ʟ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʘʥʠʭ ʤʝʪʦʜʠʢ  ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ OIPn ʧʦʣʷʛʘʻ ʚ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʝʥʝʨʘʪʦʨʽʚ ʩʠʛʥʘʣʽʚ ʟ ʚʠʩʦʢʦʶ 

ʬʽʣʴʪʨʘʮʽʻʶ ʽ ʷʢʽʩʥʦ ʚʽʜʢʘʣʽʙʨʦʚʘʥʥʦʛʦ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ 

ʩʧʝʢʪʨʘ. ɿʘ ʜʦʧʦʤʦʛʦʶ (2.15) ʤʦʞʥʘ ʪʦʯʥʦ ʨʦʟʨʘʭʫʚʘʪʠ SFDRn ʪʽʣʴʢʠ ʪʦʜʽ, 

ʢʦʣʠ Nout  ʦʪʨʠʤʘʥʦ ʦʜʥʠʤ ʟ ʦʧʠʩʘʥʠʭ ʚʠʱʝ ʩʧʦʩʦʙʽʚ. 

ɺʠʨʘʟ (2.22) ʚʩʪʘʥʦʚʣʶʻ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ, ʡʤʦʚʽʨʥʦ, ʻ 

ʙʽʣʴʰ ʟʘʛʘʣʴʥʠʤ ʽ, ʱʦ ʚʘʞʣʠʚʦ, ʥʝ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ OIPn. ʂʨʘʱʘ ʤʝʪʦʜʠʢʘ 

ʧʨʠ ʦʙʨʦʙʮʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʟ ʚʠʟʥʘʯʝʥʥʷʤ SFDR ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, 

ʱʦʙ ʥʘʜʘʪʠ ʷʢʦʤʦʛʘ ʙʽʣʴʰʝ ʜʘʥʠʭ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ, ʦʩʢʽʣʴʢʠ, ʷʢ ʧʦʢʘʟʘʥʦ ʚ 

ʮʴʦʤʫ ʨʦʟʜʽʣʽ, ʩʘʤ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʽ ʚʽʜʧʦʚʽʜʥʽ ʧʨʦʮʝʜʫʨʠ ʤʦʞʫʪʴ 

ʚʚʦʜʠʪʠ ʚ ʦʤʘʥʫ, ʷʢʱʦ ʥʝ ʧʽʜʢʨʽʧʣʶʶʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. 
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ɺʠʤʽʨʷʥʽ ʜʘʥʽ ʜʣʷ ʣʽʥʝʘʨʠʟʦʚʘʥʦʾ ʬʦʪʦʥʥʦʾ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ, ʧʦʜʽʙʥʦ 

ʦʧʠʩʘʥʦʾ ʚ [2.15] ʇʦʢʘʟʘʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ ʧʨʠ 

 f1 = 1.01ɻʮ ʪʘ (f2 = 1.02 ɻɻʮ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʡʙʽʣʴʰ ʧʦʤʽʪʥʠʭ 

ʽʥʪʝʨʤʦʜʫʣʷʮʽʦʥʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʧʨʠ 2f1״f2 = 1.00 ɻɻʮ. ʍʦʯʘ ʚʽʜʟʥʘʯʝʥʽ ʆɯʈ 

ʪʨʝʪʴʦʛʦ ʪʘ ʧ'ʷʪʦʛʦ ʧʦʨʷʜʢʽʚ, ʧʨʦʪʝ ʥʽ ʪʦʡ ʥʽ ʽʥʰʠʡ ʧʘʨʘʤʝʪʨ ʥʝ ʤʦʞʫʪʴ 

ʘʜʝʢʚʘʪʥʦ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʣʽʥʽʾ. 

 

 

2.3. ʂʘʩʢʘʜʥʠʡ ʘʥʘʣʽʟ 

 

 

ɼʦ ʮʴʦʛʦ ʤʦʤʝʥʪʫ ʈʏ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʣʷ 

ʦʜʠʥʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʘʙʦ ʩʠʩʪʝʤ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʻʜʠʥʝ ʮʽʣʝ. ʇʨʦʪʝ 

ʥʘʡʯʘʩʪʽʰʝ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʩʣʽʜʦʚʥʦʛʦ ʨʷʜʫ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʟʘʜʘʥʠʭ ʾʭʥʽʤʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. ʊʘʢʠʡ 

ʢʘʩʢʘʜʥʠʡ ʘʥʘʣʽʟ ʽ ʙʫʜʝ ʧʨʝʜʤʝʪʦʤ ʦʙʛʦʚʦʨʝʥʥʷ ʚ ʮʴʦʤʫ ʧʽʜʨʦʟʜʽʣʽ. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.10, ʻ ʧʦʩʣʽʜʦʚʥʠʤ ʢʘʩʢʘʜʦʤ ʽʟ 

ʩʪʫʧʝʥʽʚ, ʜʝ ʢʦʞʝʥ ʩʪʫʧʽʥʴ ʤʘʻ ʚʽʜʦʤʽ g, F, ˛ὖ˴ ʪʘ P1ʜɹ.  

 

 

ʈʠʩ.2.10. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʘʩʢʘʜʫ ʟ N ʩʪʫʧʝʥʷʤʠ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʘʻ ʚʽʜʦʤʠʡ  

ʈʏ-ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʠʣʝʥʥʷ (G), ʈʏ-ʢʦʝʬʽʮʽʻʥʪ ʰʫʤʫ (NF), ʚʠʭʽʜʥʫ ʪʦʯʢʫ  

ʧʝʨʝʪʠʥʫ n-ʛʦ ʧʦʨʷʜʢʫ (˛ὖ˴) ʪʘ ʚʠʭʽʜʥʫ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠ 1-ʜɹ ʢʦʤʧʨʝʩʽʾ (P1ʜɹ) 
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ʅʠʞʯʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʥʘ ʢʦʞʥʦʤʫ ʨʽʚʥʽ ʽʤʧʝʜʘʥʩ ʫʟʛʦʜʞʝʥʠʡ ʥʘ 

ʚʭʦʜʽ ʽ ʥʘ ʚʠʭʦʜʽ ʽ ʢʦʞʝʥ ʩʪʫʧʽʥʴ ʧʨʘʮʶʻ ʚ ʤʘʣʦʩʠʛʥʘʣʴʥʦʤʫ ʨʝʞʠʤʽ.  

ʅʘʡʧʨʦʩʪʽʰʠʡ ʧʦʢʘʟʥʠʢ ʜʣʷ ʢʘʩʢʘʜʫ ʟ ʫʟʛʦʜʞʝʥʠʤʠ ʽʤʧʝʜʘʥʩʘʤʠ ï ʮʝ 

ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ. ʂʘʩʢʘʜʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʧʨʝʜʩʪʘʚʣʷʻ 

ʩʦʙʦʶ ʜʦʙʫʪʦʢ  ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʽʜʩʠʣʝʥʥʷ: 

Ç Б Ç  ,          (2.26) 

ʜʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʚʩʽ ʩʪʫʧʝʥʽ ʧʨʘʮʶʶʪʴ ʚ ʣʽʥʽʡʥʦʤʫ ʨʝʞʠʤʽ. ɿ ʪʘʢʠʤʠ 

ʞ ʧʨʠʧʫʱʝʥʥʷʤʠ ʢʘʩʢʘʜʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʚ ʜɹ ï ʮʝ ʩʫʤʘ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʽʜʩʠʣʝʥʥʷ: 

Ὃ̅ˎ В Ὃ̅  ˎ .                       (2.27) 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.26) ʪʘ (2.27) ʧʦʪʨʝʙʫʶʪʴ, ʱʦʙ (i1״) ï ʘ ʩʪʫʧʽʥʴ ʥʝ 

ʩʪʚʦʨʶʚʘʣʘ ʢʦʤʧʨʝʩʽʾ ʚ i-ʡ ʩʪʫʧʝʥʽ, ʪʦʙʪʦ: 

ʈ1ʜɹ[ʜɹʤ]-̔1 <<(ʈ1ʜɹ[ʜɹʤ]ʽ   ï G[̔ʜɹ] + 1 ,                     (2.28) 

ʜʣʷ ʚʩʽʭ i Ó 2, ʜʝ G ̔ï ʤʘʣʦʩʠʛʥʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ i-ʛʦ ʩʪʫʧʝʥʷ. 

ʃʽʚʘ ʯʘʩʪʠʥʘ (2.28) ʷʚʣʷʻ ʩʦʙʦʶ ʚʭʽʜʥʫ ʧʦʪʫʞʥʽʩʪʴ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ 

ʢʦʤʧʨʝʩʽʾ i-ʛʦ ʩʪʫʧʝʥʷ ʥʘ 1 ʜɹ. ʋʤʦʚʘ ç<< è ʻ ʪʨʦʭʠ ʥʝʦʜʥʦʟʥʘʯʥʦʶ ʽ 

ʧʦʪʨʝʙʫʻ ʛʘʨʘʥʪʽʾ ʪʦʛʦ, ʱʦ ʤʘʣʦʩʠʛʥʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʻ 

ʨʝʘʣʴʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʽʜʩʠʣʝʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʩʪʫʧʝʥʶ ʢʘʩʢʘʜʫ. 

ʆʯʝʚʠʜʥʦ, ʢʦʣʠ ʜʝʷʢʽ ʩʪʫʧʝʥʽ ʙʣʠʟʴʢʽ ʘʙʦ ʧʽʜʜʘʶʪʴʩʷ ʢʦʤʧʨʝʩʽ,ʾ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.26) ʪʘ (2.27) ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʽʜʧʦʚʽʜʥʦ ʩʢʦʨʠʛʦʚʘʥʽ. 

ʇʝʨʰʘ ʧʫʙʣʽʢʘʮʽʷ ʬʦʨʤʫʣʠ ʜʣʷ ʢʘʩʢʘʜʥʦʛʦ ʬʘʢʪʦʨʘ ʰʫʤʫ ʙʫʣʘ ʚ 

[2.12]. ɺʽʜʧʦʚʽʜʥʠʡ ʚʠʨʘʟ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʦ ʟʘʧʠʩʘʪʠ ʚ ʣʽʥʽʡʥʽʡ ʬʦʨʤʽ ʷʢ: 

Ὂ Ὂ В
Б

         (2.29ʘ) 

ʘʙʦ 

Ὂ Ὂ Ễ
ȣ

     (2.29ʙ) 

ʇʽʜʩʫʤʦʚʫʶʯʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʪʫʧʝʥʽʚ ʟ ʚʝʣʠʢʠʤ ʟʥʘʯʝʥʥʷʤ gs  ʽ 

ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʠʤ ʟʥʘʯʝʥʥʷʤ Fi (ʥʘʧʨʠʢʣʘʜ, ʤʘʣʦʰʫʤʥʠʡ ʧʽʜʩʠʣʶʚʘʯ), 

ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʢʘʩʢʘʜʥʠʡ F ʧʝʨʝʚʘʞʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʝʨʰʦʶ 
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ʩʭʦʜʠʥʢʦʶ. ʆʩʪʘʥʥʽʤ ʽ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʤ ʢʘʩʢʘʜʥʠʤ ʧʦʢʘʟʥʠʢʦʤ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʨʦʟʛʣʷʥʫʪʠʭ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ, ʻ SFDR. ʂʨʘʱʠʡ  ʧʽʜʭʽʜ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʢʘʩʢʘʜʥʠʭ SFDR ï ʮʝ ʩʧʦʯʘʪʢʫ ʟʥʘʡʪʠ ʢʘʩʢʘʜʥʽ ˛ὖ˴, ʘ ʧʦʪʽʤ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʘʩʢʘʜʥʽ F ʪʘ g, ʚʠʟʥʘʯʠʪʠ ʢʘʩʢʘʜʥʠʡ SFDR ʟʘ ʜʦʧʦʤʦʛʦʶ 

(2.15) ʽ (2.20). ʂʘʩʢʘʜʥʠʡ ˛ὖ˴ʤʘʻ ʚʠʛʣʷʜ [2.21]:  

˛0˴ В ˛ὖ˴ Б̨ Ὣ ˛0˴   (2.30ʘ) 

ɸʙʦ ʚ ʙʽʣʴʰ ʟʘʛʘʣʴʥʽʡ ʬʦʨʤʽ [2.22]: 

˛ὖ˴ ˛ὖ˴ Ç˛˴˝ Ç Ç˛˴˝ Ễ

ÇȣÇ˛˴˝ (2.30 ʙ) 

ɺʠʨʘʟ (2.30) ʧʨʝʜʩʪʘʚʣʷʻ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ˛0˴ ʜʣʷ ʢʘʩʢʘʜʫ 

(ʥʘʡʛʽʨʰʠʡ ʚʠʧʘʜʦʢ) ʟ ʪʠʤ ʧʨʠʧʫʱʝʥʥʷʤ, ʱʦ ʩʧʦʪʚʦʨʝʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ 

ʥʘʩʪʫʧʥʦʛʦ ʩʪʫʧʝʥʷ ʩʢʣʘʜʘʶʪʴʩʷ ʩʠʥʬʘʟʥʦ. ʆʪʞʝ, ʮʽ ʚʠʨʘʟʠ ʻ ʥʘʡʙʽʣʴʰ 

ʢʦʥʩʝʨʚʘʪʠʚʥʠʤ ʧʽʜʭʦʜʦʤ ʜʣʷ ʘʥʘʣʽʟʫ ʢʘʩʢʘʜʥʦʛʦ ˛0˴. ɹʽʣʴʰ ʜʝʪʘʣʴʥʠʡ 

ʘʥʘʣʽʟ ʢʘʩʢʘʜʽʚ ʟ ˛0˴ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ [2.13] ʽ ʚʢʣʶʯʘʻ ʤʽʥʽʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ˛0˴ (ʬʦʨʤʫʣʘ 2.30 ʧʨʠ n = 3) ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ OIP3 ʽ 

ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʚʽʜʥʦʩʥʽ ʬʘʟʠ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ 

ʷʢ ʚʠʧʘʜʢʦʚʽ ʟʤʽʥʥʽ. ʈʦʟʰʠʨʝʥʥʷ ʮʴʦʛʦ ʘʥʘʣʽʟʫ ʥʘ ʚʠʧʘʜʦʢ ʩʧʦʪʚʦʨʝʥʴ 

ʜʦʚʽʣʴʥʦʛʦ ʧʦʨʷʜʢʫ ʟʘʣʠʰʘʻʪʴʩʷ ʟʘ ʤʝʞʘʤʠ ʮʽʻʾ ʨʦʙʦʪʠ. ʅʘʩʧʨʘʚʜʽ ʚ [2.14] 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʥʘʡʛʽʨʰʠʡ ʚʠʧʘʜʦʢ OIP3 (ʜʠʚ. (2.30) ʧʨʠ n=3) 

ʙʣʠʞʯʝ ʜʦ ʨʝʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʥʽʞ ʤʦʞʥʘ ʙʫʣʦ 

ʦʯʽʢʫʚʘʪʠ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (2.30) ʤʘʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʷʢ ʢʦʥʩʝʨʚʘʪʠʚʥʘ 

ʽʥʩʪʨʫʢʮʽʷ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ, ʘʣʝ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʥʘʡʢʨʘʱʠʡ ʧʽʜʭʽʜ ï ʮʝ ʨʝʪʝʣʴʥʠʡ ʚʠʤʽʨ ʢʘʩʢʘʜʥʦʛʦ OIPn. 
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ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʢʦʥʪʨʦʣʶ 

 

1. ʅʘʜʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʦʜʥʦʯʘʩʪʦʪʥʦʛʦ ʪʘ ʜʚʦʯʘʩʪʦʪʥʦʛʦ 

ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ. 

2. ʅʘʜʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʽ ʨʦʟʩʽʶʚʘʥʥʷ ʈʏ-ʩʭʝʤʠ. 

3. ʌʽʟʠʯʥʘ ʩʫʪʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʘʪʨʠʮʽ ʨʦʟʩʽʶʚʘʥʥʷ. 

4. ʆʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʧʽʜʩʠʣʝʥʥʷ ʟʘ 

ʧʦʪʫʞʥʽʩʪʶ ʪʘ ʢʦʝʬʽʮʽʻʥʪʫ ʚʽʜʙʠʪʪʷ ʯʦʪʠʨʠʧʦʣʶʩʥʠʢʘ. 

5. ɼʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʘʥʘʣʦʛʦʚʦʾ ʈʏ-ʩʠʩʪʝʤʠ. 

6. ʌʽʟʠʯʥʘ ʩʫʪʥʽʩʪʴ ʧʘʨʘʤʝʪʨʘ «ʪʦʯʢʘ ʧʝʨʝʪʠʥʫ». 

7. ʅʘʜʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʘ ʢʦʤʧʨʝʩʽʻʶ 

ʧʽʜʩʠʣʝʥʥʷ (CDR).  

8. ʅʘʜʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʧʝʨʝʰʢʦʜ (SFDR).  

9. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʦʪʚʦʨʝʥʴ ʈʏ-ʧʽʜʩʠʣʶʚʘʯʘ ʧʨʠ ʟʙʫʜʞʝʥʽ ʜʚʦʤʘ 

ʩʠʛʥʘʣʘʤʠ ʦʜʥʘʢʦʚʦʾ ʘʤʧʣʽʪʫʜʠ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʯʘʩʪʦʪʘʤʠ. 

10. ʉʫʪʥʽʩʪʴ ʢʘʩʢʘʜʥʦʛʦ ʘʥʘʣʽʟʫ. 
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ʈʆɿɼɯʃ 3. ɼɾɽʈɽʃɸ ʐʋʄʋ ɺ ɺʆʃʆʂʆʅʅʆ-ʆʇʊʀʏʅʀʍ 

ʃɯʅɯʗʍ 

 

 

ʇʦʥʷʪʪʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʧʦʪʫʞʥʦʩʪʽ (ʉɻʇ) ʝʣʝʢʪʨʠʯʥʦʛʦ ʰʫʤʫ 

ʙʫʣʦ ʚʚʝʜʝʥʦ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʈʏ-ʧʦʢʘʟʥʠʢʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ. ɺ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʙʫʜʫʪʴ ʦʧʠʩʘʥʽ ʰʫʤʠ, ʚʣʘʩʪʠʚʽ 

ʤʽʢʨʦʭʚʠʣʴʦʚʽʡ ʬʦʪʦʥʽʮʽ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʷʢ ʚʽʜ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ, ʪʘʢ ʽ 

ʚʽʜ ʦʧʪʠʯʥʠʭ. ʋ ʤʽʢʨʦʭʚʠʣʴʦʚʽʡ ʬʦʪʦʥʽʮʽ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʦʧʪʠʯʥʽ ʜʞʝʨʝʣʘ ʟ ʜʽʘʧʘʟʦʥʦʤ ʜʦʚʞʠʥ ʭʚʠʣʴ ʚʽʜ 1310 ʥʤ (228,9 ʊɻʮ) ʜʦ 

1550 ʥʤ (193,4 ʊɻʮ), ʪʦʤʫ ʧʨʠ ʦʧʠʩʽ ʰʫʤʽʚ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʙʫʜʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʦʚʞʠʥʠ ʭʚʠʣʴ ʟ ʜʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. ʄʦʜʫʣʶʶʯʽ 

ʩʠʛʥʘʣʠ ʤʘʶʪʴ ʤʝʥʰʫ ʰʠʨʠʥʫ ʩʤʫʛʠ, ʚʽʜ ʘʫʜʽʦ (<20 ʢɻʮ) ʜʦ ʤʽʣʽʤʝʪʨʦʚʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʭʚʠʣʴ (> 100 ɻɻʮ). ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʤʽʢʨʦ-ʭʚʠʣʴʦʚʦʾ ʬʦʪʦʥʽʢʠ 

ʜʦʟʚʦʣʷʶʪʴ ʩʢʦʨʦʪʠʪʠ ʨʦʟʨʠʚ ʤʽʞ ʥʦʩʽʡʥʠʤʠ ʡ ʤʦʜʫʣʶʶʯʠʤʠ ʩʠʛʥʘʣʘʤʠ. 

ʇʨʠʡʤʝʤʦ ʦʩʥʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʜʣʷ ʯʘʩʪʦʪ: ɋ ï ʢʫʪʦʚʘ ʯʘʩʪʦʪʘ  

ʅɺʏ-ʩʠʛʥʘʣʫ; Ὢ
Џ

 ï ʯʘʩʪʦʪʘ ʅɺʏïʩʠʛʥʘʣʫ ʚ ɻʮ; ɤ ï ʦʧʪʠʯʥʘ ʢʫʪʦʚʘ 

ʯʘʩʪʦʪʘ; ὺ  ï ʯʘʩʪʦʪʘ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ɻʮ. ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʚ 

ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʤʦʚʘ ʙʫʜʝ ʡʪʠ ʧʨʦ ʦʧʪʠʯʥʫ ʯʘʩʪʦʪʫ, ʷʢʱʦ ʥʝ ʚʢʘʟʘʥʦ ʽʥʰʝ. 

ʇʦʚʥʦʤʫ ʘʥʘʣʽʟʫ ʰʫʤʽʚ ʚ ʢʦʞʥʽʡ ʽʟ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʦʙʣʘʩʪʝʡ ʤʦʞʝ 

ʙʫʪʠ ʧʨʠʩʚʷʯʝʥʘ ʦʢʨʝʤʘ ʢʥʠʛʘ. ʅʘʡʙʽʣʴʰ ʧʦʚʥʠʡ ʦʧʠʩ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, 

ʧʦʚ'ʷʟʘʥʠʭ ʟ ʜʘʥʦʶ ʧʨʦʙʣʝʤʦʶ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ [3.1]. ʅʝ ʤʝʥʰ ʢʦʨʠʩʥʠʤʠ 

ʤʦʞʫʪʴ ʚʠʷʚʠʪʠʩʷ ʢʥʠʛʠ [3.2] ʪʘ [3.3], ʚ ʷʢʠʭ ʦʧʠʩʫʶʪʴʩʷ ʧʨʦʮʝʩʠ ʩʪʦʩʦʚʥʦ 

ʰʫʤʽʚ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʽʚ. ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʰʫʤʠ, ʱʦ 

ʚʽʜʥʦʩʷʪʴʩʷ ʪʽʣʴʢʠ ʜʦ ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʬʦʪʦʥʽʢʠ, ʘʣʝ ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ 

ʽʩʥʫʶʪʴ ʡ ʽʥʰʽ ʷʢʽ ʥʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚ ʜʘʥʽʡ ʤʦʥʦʛʨʘʬʽʾ, ʮʝ ʚʠʧʘʜʢʦʚʽ 

ʧʨʦʮʝʩʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʧʨʠʨʦʜʠ, ʱʦ ʚʠʢʣʠʢʘʶʪʴ ʧʝʨʝʰʢʦʜʠ ʚ ʣʽʥʽʷʭ. 

ʊʫʪ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʪʠʤ ʜʞʝʨʝʣʘʤ ʰʫʤʫ, ʷʢʽ ʻ ʥʘʡʙʽʣʴʰ 
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ʚʘʞʣʠʚʠʤʠ ʩʪʦʩʦʚʥʦ ʛʘʣʫʟʽ ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʬʦʪʦʥʽʢʠ. ʆʧʠʩ ʧʨʦʮʝʩʽʚ ʚ 

ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʙʘʟʦʚʠʭ ʧʦʥʷʪʴ ʰʫʤʦʚʠʭ ʷʚʠʱ ʪʘ ʾʭ ʚʧʣʠʚʫ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈʏ-ʩʠʛʥʘʣʫ. ʇʦʪʽʤ ʦʢʨʝʤʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʽʥʜʠʚʽʜʫʘʣʴʥʽ 

ʰʫʤʦʚʽ ʢʦʤʧʦʥʝʥʪʠ, ʧʦʯʠʥʘʶʯʠ ʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʞʝʨʝʣ ʪʝʧʣʦʚʦʛʦ ʪʘ 

ʜʨʦʙʦʚʦʛʦ ʰʫʤʽʚ. ɼʘʣʽ ʘʥʘʣʽʟʫʶʪʴʩʷ ʜʦʜʘʪʢʦʚʽ ʰʫʤʠ, ʩʪʚʦʨʶʚʘʥʽ 

ʢʦʤʧʦʥʝʥʪʥʦʶ  ʙʘʟʦʶ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʣʽʥʽʡ, ʚʢʣʶʯʘʶʯʠ ʥʘʜʤʽʨʥʠʡ 

ʰʫʤ ʣʘʟʝʨʽʚ, ʦʧʪʠʯʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ʪʘ ʬʦʪʦʜʽʦʜʽʚ. ʆʧʪʠʯʥʽ ʝʬʝʢʪʠ 

ʧʦʰʠʨʝʥʥʷ ʩʠʛʥʘʣʫ ʥʝ ʚʭʦʜʷʪʴ ʜʦ ʪʝʤʘʪʠʢʠ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʽ ʙʫʜʫʪʴ 

ʨʦʟʛʣʷʥʫʪʽ ʚ ʨʦʟʜʽʣʽ 5. 

 

 

3.1. ɹʘʟʦʚʽ ʧʦʥʷʪʪʷ 

 

 

ʊʘʢʽ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʈʏ-ʩʠʩʪʝʤ, ʷʢ F, CDR ʪʘ SFDR 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ ʪʝʨʤʽʥʘʭ ʉɻʇ ʧʦʚʥʦʛʦ ʚʠʭʽʜʥʦʛʦ ʰʫʤʫ, Nout (ʨʦʟʜʽʣ 2). 

ʆʪʞʝ, ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʝʜʩʪʘʚʣʷʻ  ʽʥʪʝʨʝʩ ʦʪʨʠʤʘʥʥʷ ʚʠʨʘʟʫ ʜʣʷ Nout ʚ 

ʫʟʘʛʘʣʴʥʝʥʽʡ ʘʥʘʣʦʛʦʚʽʡ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʽʡ ʣʽʥʽʾ (ʨʠʩ. 3.1). ʅʘ ʨʠʩʫʥʢʫ 

ʜʞʝʨʝʣʦ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʜʫʣʶʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʠʤ ʩʠʛʥʘʣʦʤ, 

ʱʦ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʦʚʥʽʰʥʴʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʭʝʤʠ ʘʙʦ 

ʰʣʷʭʦʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʤʦʜʫʣʷʮʽʾ ʣʘʟʝʨʘ. ʋ ʣʽʥʽʾ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ 

ʦʧʪʠʯʥʠʡ ʧʽʜʩʠʣʶʚʘʯ. ɼʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʦʪʦʜʝʪʝʢʪʦʨ, ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʷʢʦʛʦ ʧʦʪʨʽʙʥʘ 

ʤʦʜʫʣʷʮʽʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ. ɼʝʪʝʢʪʫʚʘʥʥʷ ʤʦʜʫʣʴʦʚʘʥʦʛʦ 

ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʘʙʦ (ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʰʠʭ ʤʝʪʦʜʽʚ ʤʦʜʫʣʷʮʽʾ (ʬʘʟʦʚʦʾ, ʯʘʩʪʦʪʥʦʾ ʘʙʦ 

ʧʦʣʷʨʠʟʘʮʽʡʥʦʾ), ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʦʧʪʠʯʥʫ ʤʦʜʫʣʷʮʽʶ ʧʦ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʝʨʝʜ ʟʘʩʚʽʯʝʥʥʷʤ ʬʦʪʦʜʝʪʝʢʪʦʨʘ. ɺ ʭʦʜʽ ʘʥʘʣʽʟʫ ʙʫʜʝ 
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ʚʠʢʦʨʠʩʪʘʥʘ ʩʭʝʤʘ ʬʦʪʦʜʽʦʜʘ ʟ ʨʠʩ. 3.1, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʝʢʚʽʚʘʣʝʥʪʥʽʡ ʩʭʝʤʽ 

ʥʘ ʨʠʩ.1.17 ʜʣʷ ʚʠʧʘʜʢʫ Rsh Ÿ Ð ʪʘ Rseries Ÿ 0. 

 

 

ʈʠʩ. 3.1. ɹʣʦʢ-ʩʭʝʤʘ ʬʦʪʦʥʥʦʾ ʣʽʥʽʾ 

 

ʌʦʪʦʜʝʪʝʢʪʦʨʠ ʧʝʨʝʪʚʦʨʷʪʴ ʬʦʪʦʥʠ ʚ ʝʣʝʢʪʨʦʥʠ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʙʫʜʝ 

ʚʽʜʙʫʚʘʪʠʩʷ ʧʨʦʮʝʩ ʧʝʨʝʥʝʩʝʥʥʷ ʟʤʽʥ ʦʧʪʠʯʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚ ʟʤʽʥʠ 

ʘʤʧʣʽʪʫʜʠ ʚʠʭʽʜʥʦʛʦ ʬʦʪʦʩʪʨʫʤʫ. ʇʨʠʯʦʤʫ ʬʦʪʦʜʝʪʝʢʪʦʨʠ ʥʝ ʨʝʘʛʫʶʪʴ ʥʘ 

ʚʘʨʽʘʮʽʾ ʬʘʟʠ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʟʤʽʥʘ ʬʘʟʠ ʥʝ ʙʫʜʝ 

ʧʝʨʝʪʚʦʨʝʥʘ ʥʘ ʟʤʽʥʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʥʘʧʨʠʢʣʘʜ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ. ɿʛʽʜʥʦ [3.4] ʟʤʽʥʘ ʦʧʪʠʯʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ ʚʽʜʥʦʩʥʠʡ ʰʫʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ: 

ὙὍὔḳ      (3.1) 

ʜʝ ʯʠʩʝʣʴʥʠʢ ï ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʨʦʟʧʦʜʽʣʝʥʥʷ ʦʧʪʠʯʥʦʛʦ ʰʫʤʫ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʟʥʘʤʝʥʥʠʢ ï ʢʚʘʜʨʘʪ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʦʧʪʠʯʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʰʫʤ ʻ ʧʦʚʥʽʩʪʶ ʚʠʧʘʜʢʦʚʠʤ ʧʨʦʮʝʩʦʤ, ʚ 

ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ ʜʦʟʚʦʣʷʻ ʚʠʨʘʟʠʪʠ (3.1) ʚ ʯʘʩʪʦʪʥʽʡ 

ʦʙʣʘʩʪʽ: 

ὖ ὸ ᷿ Ὓ ȿὊȿὨ(3.2)   ,   

ʜʝ Ὓ   ʜʚʦʩʪʦʨʦʥʥʷ ʩʧʝʢʪʨʘʣʴʥʘ ʛʫʩʪʠʥʘ ʩʝʨʝʜʥʴʦʛʦ ʢʚʘʜʨʘʪʘ ״ 

ʨʦʟʧʦʜʽʣʫ ʦʧʪʠʯʥʦʛʦ ʰʫʤʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚ (ɺʪ
2
)/ɻʮ ʪʘ F(ɤ) ״ ʧʝʨʝʜʘʚʘʣʴʥʘ 

ʬʫʥʢʮʽʷ ʬʽʣʴʪʨʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʰʫʤʫ. ʗʢʱʦ 

ʩʤʫʛʘ ʚʠʤʽʨʶʚʘʥʴ ɺ ʥʘ ʯʘʩʪʦʪʽ f = ɤ/2ˊ ʙʘʛʘʪʦ ʤʝʥʰʝ, ʥʽʞ ʟʤʽʥʠ 
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ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ, ʪʦ F(f)=1 ʽ ὖ ὸ =2Sopt(f)B. ɼʚʦʩʪʦʨʦʥʥʷ 

ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʟʘʟʚʠʯʘʡ ʤʽʩʪʠʪʴ ʧʦʟʠʪʠʚʥʽ ʪʘ ʥʝʛʘʪʠʚʥʽ ʯʘʩʪʦʪʠ, ʙʦ 

ʌʫʨ'ʻ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʦʾ ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʻ ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʦʶ 

ʬʫʥʢʮʽʻʶ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʦʨʝʤʠ ɺʽʥʝʨʘ-ʍ̔ʥʯ̔ʥʘ [3.5]. ʆʜʥʘʢ ʦʜʥʦʩʪʦʨʦʥʥʷ 

ʩʧʝʢʪʨʘʣʴʥʘ ʛʫʩʪʠʥʘ ʟ ʪʽʣʴʢʠ ʧʦʟʠʪʠʚʥʠʤʠ ʯʘʩʪʦʪʘʤʠ ʤʘʻ ʙʽʣʴʰʫ ʬʽʟʠʯʥʫ 

ʟʥʘʯʫʱʽʩʪʴ. ʆʜʥʦʩʪʦʨʦʥʥʷ ʩʧʝʢʪʨʘʣʴʥʘ ʛʫʩʪʠʥʘ ʻ ʧʦʜʚʦʻʥʦʶ ʚʝʣʠʯʠʥʦʶ 

ʜʚʦʩʪʦʨʦʥʥʴʦʾ ʩʧʝʢʪʨʘʣʴʥʦʾ, ʛʫʩʪʠʥ ʪʘʢ ʷʢ Sopt(f)=Sopt(״f) (ʟʘ ʚʠʥʷʪʢʦʤ 

ʚʠʧʘʜʢʫ f=0) ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ὖ ὸ ̓  ́ὖ  ʧʦʪʨʽʙʝʥ ʬʦʪʦʜʝʪʝʢʪʦʨ, 

ʧʨʠ ʮʴʦʤʫ ʧʦʢʘʟʥʠʢʦʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʝʣʝʢʪʨʠʯʥʠʡ, ʻ ʯʫʪʣʠʚʽʩʪʴ 

ʬʦʪʦʜʝʪʝʢʪʦʨʘ ᴘ = ɖq/hɜ ʜʝ ɖ ״ ʢʚʘʥʪʦʚʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʦʪʦʜʝʪʝʢʪʦʨʘ,  

q ï ʟʘʨʷʜ ʝʣʝʢʪʨʦʥʘ, h ״ʧʦʩʪʽʡʥʘ ʇʣʘʥʢʘ, ɜ ï ʦʧʪʠʯʥʘ ʯʘʩʪʦʪʘ. ʊʦʜʽ 

ʧʦʩʪʽʡʥʠʡ ʩʪʨʫʤ ʬʦʪʦʜʝʪʝʢʪʦʨʘ Ids =ᴘὖ . ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ ʬʦʪʦʩʪʨʫʤʫ ʧʦʚ'ʷʟʘʥʦ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʦʧʪʠʯʥʦʛʦ ʰʫʤʫ: 

Ὅ ὸ ςᴘ Ὄ Ὢ Ὓ Ὢ=ᴘ Ὄ Ὢ ὖ ὸȾὄ, 

ʜʝ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʦʜʥʦʩʪʦʨʦʥʥʷ ʩʧʝʢʪʨʘʣʴʥʘ ʛʫʩʪʠʥʘ ʩʝʨʝʜʥʴʦʛʦ 

ʢʚʘʜʨʘʪʘ ʦʧʪʠʯʥʦʛʦ ʰʫʤʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, Ὄ   ï ʧʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ 

ʬʽʣʴʪʨʘ ʬʦʪʦʜʝʪʝʢʪʦʨʘ, ʥʦʨʤʦʚʘʥʘ ʥʘ ʯʫʪʣʠʚʽʩʪʴ. 

ʎʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʟʘʩʪʦʩʦʚʘʥʽ ʜʦ (3.1), ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʧʠʩʘʥʽ ʚ 

ʪʝʨʤʽʥʘʭ ʬʦʪʦʩʪʨʫʤʫ ʷʢ: 

ὙὍὔ  ,    (3.3) 

ʉʧʝʢʪʨʘʣʴʥʘ ʛʫʩʪʠʥʘ ʧʦʪʫʞʥʦʩʪʽ ʰʫʤʫ (ʉɻʇʐ), ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʥʘ 

ʦʧʦʨʽ Rload ʥʘ ʚʠʭʦʜʽ ʣʽʥʽʾ ʚʥʘʩʣʽʜʦʢ ʬʣʫʢʪʫʘʮʽʡ ʦʧʪʠʯʥʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ,  ὔ Ὥ ὸὙ Ȣ ɺ ʨʝʞʠʤʽ, ʢʦʣʠ ʚʝʩʴ ʬʦʪʦʩʪʨʫʤ  

ʨʦʟʩʽʶʻʪʴʩʷ ʚ ʥʘʚʘʥʪʘʞʝʥʥʽ, Ὑ  ʮʝ ʦʧʽʨ ʧʦ ʨʦʟʽʤʢʥʫʪʦʤʫ ʢʦʣʦʫ, ʽ ʚ 

ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʦ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ Hpd, ʨʽʚʥʝ 1. 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.1, ʷʢʱʦ Ὑ Ὑ ȟ Ὄ , ʪʦʙʪʦ ʰʫʤʦʚʠʡ 
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ʩʪʨʫʤ ʙʫʜʝ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʡ ʤʽʞ Rmatch ʪʘ Rload. ʇʽʜʩʪʘʚʠʚʰʠ 

ʚʠʱʝʟʛʘʜʘʥʠʡ ʚʠʨʘʟ ʜʣʷ Nopt  ̔  ʦʧʫʩʪʠʚʰʠ ʽʥʜʝʢʩʠ ʧʨʠ R: 

ὙὍὔ  ,    (3.4) 

ɺʠʨʘʟ (3.4) ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʧʠʩʫ ʝʬʝʢʪʽʚ, ʧʦʚôʷʟʘʥʠʭ 

ʟ ʬʣʫʢʪʫʘʮʽʷʤʠ ʦʧʪʠʯʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚ ʪʝʨʤʽʥʘʭ, ʜʦʩʪʫʧʥʠʭ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʴ ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ 

ʬʦʪʦʜʝʪʝʢʪʦʨʘ (Ὅ) ʪʘ ʉɻʇ ʚʠʭʽʜʥʦʛʦ ʰʫʤʫ (ὔ ) ʚʠʤʽʨʶʚʘʥʠʭ ʫ ʩʤʫʟʽ B 

ʥʘ ʦʧʦʨʽ R ʥʘʚʘʥʪʘʞʝʥʥʷ. ɿʥʘʯʝʥʥʷ RIN (3.4) ʟʘʟʚʠʯʘʡ ʥʦʨʤʫʻʪʴʩʷ ʚ ɺ=1 ɻʮ 

ʡ ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʜʝʮʠʙʝʣʘʭ ʧʨʠ R=50 ʆʤ: 

ὙὍὔ
̅ˎ̎

ː̗
ρσὔ

̅ˎ̎

ː̗
ςπὰÏÇὍȿ̍ ȿ̱ ςὌ ̅ ,ˎ(3.5) 

ʜʝ ʜɹʥ/ɻʮ ï ʧʦʟʥʘʯʘʻ ʰʫʤ ʱʦʜʦ ʩʠʛʥʘʣʫ ʥʦʩʽʡʥʦʾ ʯʘʩʪʦʪʠ. ʋ ʈʏ-ʜʽʘʧʘʟʦʥʽ 

RIN ʟʘʟʚʠʯʘʡ ʻ ʬʫʥʢʮʽʻʶ ʚʽʜ ʯʘʩʪʦʪʠ. ʊʠʧʦʚʽ ʟʥʘʯʝʥʥʷ RIN ʜʫʞʝ ʤʘʣʝʥʴʢʽ 

(ʚʝʣʠʢʽ ʥʝʛʘʪʠʚʥʽ ʯʠʩʣʘ ʟʘ ʰʢʘʣʦʶ ʜʝʮʠʙʝʣ) ʽ ʟʘʟʚʠʯʘʡ ʣʝʞʘʪʴ ʚ ʜʽʘʧʘʟʦʥʽ 

ʚʽʜ 100״ ʜʦ 175״ ʜɹʥ/ɻʮ. 

ɿʙʽʣʴʰʝʥʥʷ ʰʫʤʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʉɻʇ ʟʘʛʘʣʴʥʦʛʦ ʰʫʤʫ (ὔ  ʱʦ ʻ ʢʨʠʪʠʯʥʠʤ ʜʣʷ ʷʢʦʩʪʽ 

ʧʨʠʩʪʨʦʾʚ ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʬʦʪʦʥʽʢʠ (ʜʠʚ. ʨʦʟʜʽʣ 2). ʗʢ ʙʫʣʦ ʦʧʠʩʘʥʦ, ʚ 

ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ (Nopt) ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ  ʷʢ ʦʜʥʦʩʪʦʨʦʥʥʶ ʉɻʇʐ, ʙʦ ʩʘʤʝ ʮʷ 

ʚʝʣʠʯʠʥʘ ʤʦʞʝ ʙʫʪʠ ʬʽʟʠʯʥʦ ʚʠʤʽʨʷʥʘ. ɺʠʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʘ ʰʫʤʫ (ʜʠʚ. 

ʬʦʨʤʫʣʫ 2.6) ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʚʝʣʠʯʠʥʘ (Nopt) ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʠʤʽʨʷʥʘ ʟʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʩʠʛʥʘʣʫ ʟ ʫʟʛʦʜʞʝʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ ʚʭʦʜʽ ʩʠʩʪʝʤʠ. ʇʨʦʪʝ 

ʜʣʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʴ, ʜʝ ʰʫʤ, ʥʘʢʣʘʜʝʥʠʡ ʥʘ ʩʠʛʥʘʣ, ʷʚʣʷʻ 

ʦʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ, ʡʦʛʦ ʚʝʣʠʯʠʥʘ ʥʝ ʟʘʚʞʜʠ ʤʦʞʝ ʙʫʪʠ ʧʦʚʥʽʩʪʶ ʢʽʣʴʢʽʩʥʦ 

ʦʮʽʥʝʥʘ ʟʘ  ʜʦʧʦʤʦʛʦʶ ʬʘʢʪʦʨʘ ʰʫʤʫ. ʊʘʢʽ ʦʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʚʢʣʶʯʘʶʪʴ ʤʝʪʨʦʣʦʛʽʶ ʯʘʩʫ ʡ ʯʘʩʪʦʪʠ [3.6] ʪʘ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽ ʩʠʩʪʝʤʠ 

[3.7]. ɼʘʥʠʡ ʰʫʤ, ʷʢʠʡ ʥʝʤʦʞʣʠʚʦ ʚʨʘʭʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʘʢʪʦʨʘ ʰʫʤʫ, 

ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʩʘʤʠʤ ʜʞʝʨʝʣʦʤ ʩʠʛʥʘʣʫ ʘʙʦ ʟ ʰʫʤʦʤ ʚ ʩʤʫʟʽ 

ʤʦʜʫʣʶʶʯʠʭ ʯʘʩʪʦʪ ʧʨʠ ʧʽʜʚʠʱʝʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʯʘʩʪʦʪʠ. ʆʩʪʘʥʥʽʡ 
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ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʤʽʰʫʚʘʯʽʚ (ʜʠʚ. ʨʠʩ. 1.18) ʘʙʦ 

ʚ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ, ʜʝ RIN ʦʩʥʦʚʥʦʾ ʩʤʫʛʠ ʤʦʞʝ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʪʠ ʥʘ ʷʢʽʩʪʴ ʈʏ-ʩʠʛʥʘʣʫ. ʋ ʮʠʭ ʚʠʧʘʜʢʘʭ ʜʣʷ ʦʧʠʩʫ ʷʢʦʩʪʽ ʧʝʨʝʜʘʯʽ 

ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ (SNR) ʥʘ ʚʠʭʦʜʽ: 

ὛὔὙὪ ,    (3.6) 

ʜʝ ὔ   ï ʦʜʥʦʩʤʫʛʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʰʫʤʫ, ʘʙʦ ʧʦʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʰʫʤʫ ʚ 

ʩʤʫʟʽ 1 ɻʮ ʥʘ ʜʝʷʢʽʡ ʯʘʩʪʦʪʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʽʜ ʥʦʩʽʡʥʦʾ ʽʟ ʩʝʨʝʜʥʴʦʶ 

ʧʦʪʫʞʥʽʩʪʶ Prf.  ʎʝʡ ʧʘʨʘʤʝʪʨ ʥʝ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʚʚʝʜʝʥʽʡ ʚʠʱʝ 

ʦʜʥʦʩʪʦʨʦʥʥʴʦʾ ʉɻʇʐ. ʆʜʥʘʢ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʰʫʤʽʚ ʛʝʥʝʨʘʪʦʨʘ ʪʘ 

ʚʥʘʩʣʽʜʦʢ ʧʽʜʚʠʱʫʶʯʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʯʘʩʪʦʪʠ ʤʦʞʣʠʚʘ ʩʠʪʫʘʮʽʷ, ʢʦʣʠ 

ὔ Ὢ ὔ Ὢ ρːȟ̗ ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

SNR ʚ ʬʫʥʢʮʽʾ ʚʽʜ ʯʘʩʪʦʪʠ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʽʜ ʥʦʩʽʡʥʦʾ ὪȢ ʇʘʨʘʤʝʪʨ SNR ʚ 

(3.6) ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʘʥʘʣʦʛʘ ʚ (2.8), ʦʩʢʽʣʴʢʠ ʦʩʪʘʥʥʽʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʦʧʠʩʫ ʬʘʢʪʦʨʘ ʰʫʤʫ ʽ ʧʦʙʽʯʥʦ ʚʠʤʘʛʘʻ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʜʘʪʢʦʚʦʛʦ ʰʫʤʫ ʚ 

ʩʠʛʥʘʣʽ. ɹʽʣʴʰ ʪʦʛʦ, ʟʛʽʜʥʦ ʟ ʚʠʟʥʘʯʝʥʥʷʤʠ SNR ʚ ʨʦʟʜʽʣʽ 2 ʧʨʠ ʡʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʽʥʪʝʛʨʫʚʘʥʥʷ ʉɻʇʐ ʫ ʚʩʽʡ ʨʦʙʦʯʽʡ ʩʤʫʟʽ, ʚ ʪʦʡ 

ʯʘʩ ʷʢ (3.6) ʜʘʻ SNR ʷʢ ʬʫʥʢʮʽʶ ʚʽʜ ʯʘʩʪʦʪʠ ʥʘʣʘʰʪʫʚʘʥʴ ʧʨʠ ʥʦʨʤʫʚʘʥʥʽ 

ʰʫʤʫ ʚ ʩʤʫʟʽ 1 ɻʮ. 

ʌʘʟʦʚʽ ʰʫʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʦʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʜʣʷ ʙʘʛʘʪʴʦʭ 

ʟʘʩʪʦʩʫʚʘʥʴ. ɯʩʥʫʻ ʙʝʟʣʽʯ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʜʘʶʪʴ ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʩʠʛʥʘʣʫ ʟʘ ʯʘʩʦʤ ʪʘ ʯʘʩʪʦʪʽ, ʦʜʥʘʢ ʽʩʥʫʻ ʦʜʠʥ ʥʘʡʙʽʣʴʰ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ ʧʘʨʘʤʝʪʨ, ʟʚʘʥʠʡ çʨʫʢʦʧʠʩʥʘ Lè [3.8], ʷʢʠʡ 

ʚʠʟʥʘʯʘʻʪʴʩʷ:  

fl Ὢ
˛̅̎̏̐̏̌̏̒̎́ ˞ː ̃̃ ̨̝̑̆̈̔̌̓́̓ ̨̠̗̩̍̏̅̔̌ ́̈̏̄̏̃̏̕ ̙̔̍ ̔

ˏ̆

ː̗

˜̏̃̎́ ̨̝̐̏̓̔̇̎̒̓ ̒̉̄̎́̌̔ ˏ ̓
 ,  (3.7) 

ʜʝ fô ï ʯʘʩʪʦʪʘ ʥʘʣʘʰʪʫʚʘʥʴ ʚʽʜ ʥʦʩʽʡʥʦʾ. ɺ ʚʠʧʘʜʢʫ ʢʦʣʠ çʯʠʩʪʠʡè 

ʰʫʤὔ ʥʘʢʣʘʜʘʻʪʴʩʷ ʥʘ çʯʠʩʪʳʡè ʩʠʛʥʘʣ [3.2]: 

fl Ὢ  .   (ʥʘʢʣʘʜʘʥʥʷ ʯʠʩʪʦʛʦ ʰʫʤʫ)       (3.8) 
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ʈʽʚʥʷʥʥʷ (3.8) ʩʧʨʘʚʝʜʣʠʚʦ ʫ ʚʠʧʘʜʢʘʭ ʚʧʣʠʚʫ ʧʦʩʠʣʝʥʠʭ ʪʝʧʣʦʚʦʛʦ 

ʪʘ ʜʨʦʙʦʚʦʛʦ ʰʫʤʽʚ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʪʠʧʦʚʫ ʩʠʪʫʘʮʽʶ ʚ ʤʽʢʨʦʭʚʠʣʴʦʚʽʡ 

ʬʦʪʦʥʽʮʽ, ʽ ʷʢʽ ʙʫʜʫʪʴ ʧʨʝʜʤʝʪʦʤ ʘʥʘʣʽʟʫ ʚ ʥʘʩʪʫʧʥʠʭ ʜʚʦʭ ʨʦʟʜʽʣʘʭ. 

ʇʝʨʝʪʚʦʨʝʥʠʡ ʥʘ ʙʽʣʴʰ ʚʠʩʦʢʽ ʯʘʩʪʦʪʠ ʣʘʟʝʨʥʠʡ ʰʫʤ ʤʦʞʝ ʪʘʢʦʞ ʩʪʘʪʠ 

ʧʨʠʯʠʥʦʶ ʧʦʛʽʨʰʝʥʥʷ SNR (ʜʠʚ. (3.6)) ʚ ʨʘʜʽʦʬʦʪʦʥʥʠʭ ʣʽʥʽʷʭ, ʱʦ ʙʫʜʝ 

ʨʦʟʛʣʷʥʫʪʦ ʚ ʧʽʜʨʦʟʜʽʣʽ 3.4. ʂʨʽʤ ʮʠʭ ʩʧʝʮʠʬʽʯʥʠʭ ʚʠʧʘʜʢʽʚ ʪʘ ʜʝʷʢʠʭ 

ʽʥʰʠʭ ʧʨʠʢʣʘʜʽʚ ʷʢʽ ʨʽʜʢʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ, ʦʩʥʦʚʥʠʡ ʘʢʮʝʥʪ ʚ ʯʘʩʪʠʥʽ  ʢʥʠʛʠ 

ʙʫʜʝ ʟʨʦʙʣʝʥʠʡ ʥʘ ʦʪʨʠʤʘʥʥʽ ʚʠʨʘʟʽʚ ʜʣʷ ʈʏ-ʬʘʢʪʦʨʫ ʰʫʤʫ ʥʘ ʙʘʟʽ 

ʚʝʣʠʯʠʥ ʢʦʪʨʽ ʧʽʜʜʘʶʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʶ. ɿʦʢʨʝʤʘ, ʙʫʜʝ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʚʠʨʘʟ ʜʣʷ ʉɻʇ ʧʦʚʥʦʛʦ ʚʠʭʽʜʥʦʛʦ ʰʫʤʫ ʚ ʪʝʨʤʽʥʘʭ ʢʦʤʧʦʥʝʥʪ ʷʢʽ ʜʦ ʥʴʦʛʦ 

ʚʭʦʜʷʪʴ. 

 

 

3.2. ʊʝʧʣʦʚʠʡ ʰʫʤ 

 

 

ʇʦʥʷʪʪʷ ʪʝʧʣʦʚʦʛʦ ʰʫʤʫ ʙʫʣʦ ʚʚʝʜʝʥʦ ʚ ʧʽʜʨʦʟʜʽʣʽ 2.2 ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʈʏ-ʬʘʢʪʦʨʘ ʰʫʤʫ. ɼʞʝʨʝʣʦʤ ʪʝʧʣʦʚʦʛʦ ʰʫʤʫ ʚ ʣʘʥʮʶʟʽ ʻ 

ʚʠʧʘʜʢʦʚʽ ʬʣʫʢʪʫʘʮʽʾ ʥʘʧʨʫʛʠ ʥʘ ʢʣʝʤʘʭ ʧʨʦʚʽʜʥʠʢʘ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʪʝʧʣʦʚʽʡ ʨʽʚʥʦʚʘʟʽ. ʇʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ʮʠʭ ʬʣʫʢʪʫʘʮʽʡ ʻ ʙʝʟʣʘʜʥʠʡ 

ʪʝʧʣʦʚʠʡ ʨʫʭ ʝʣʝʢʪʨʦʥʽʚ ʚ ʧʨʦʚʽʜʥʠʢʫ. ʏʠʩʣʦʚʝ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʝʬʝʢʪʫ 

ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚ [3.9] ʪʘ ʪʝʦʨʝʪʠʯʥʦ ʦʧʠʩʘʥʦ ʚ [3.10].  

ʅʘ ʯʝʩʪʴ ʮʠʭ ʘʚʪʦʨʽʚ ʪʝʧʣʦʚʠʡ ʰʫʤ ʽʥʦʜʽ ʥʘʟʠʚʘʶʪʴ ʰʫʤʦʤ ɼʞʦʥʩʘ 

ʘʙʦ ʅʘʡʢʚʽʩʪʘ. 

ʊʝʦʨʝʤʘ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ [3.11] ״ ʨʝʟʫʣʴʪʘʪ ʢʣʘʩʠʯʥʦʾ 

ʩʪʘʪʠʩʪʠʯʥʦʾ ʤʝʭʘʥʽʢʠ ï ʩʪʚʝʨʜʞʫʻ, ʱʦ ʩʝʨʝʜʥʷ ʝʥʝʨʛʽʷ ʥʘ ʢʦʞʥʫ ʟʽ 

ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ʧʨʦʧʦʨʮʽʡʥʘ ὯὝςϳ, ʜʝ Ὧ - ʧʦʩʪʽʡʥʘ ɹʦʣʴʮʤʘʥʘ,  

ʊ-ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ. ʆʜʥʦʚʠʤʽʨʥʠʡ ʦʩʮʠʣʷʪʦʨ ʤʘʻ ʜʚʽ ʩʪʫʧʝʥʽ 

ʩʚʦʙʦʜʠ, ʱʦ ʜʘʻ ʩʝʨʝʜʥʶ ʝʥʝʨʛʽʶ kBT ʜʣʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʤʦʜʠ ʟ ʨʽʚʥʠʤ 
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ʚʥʝʩʢʦʤ ʝʣʝʢʪʨʠʯʥʦʛʦ  ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʽʚ. ʇʨʦʚʽʜʥʠʢ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʪʝʧʣʦʚʽʡ ʨʽʚʥʦʚʘʟʽ, ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʷʢ ʦʜʥʦʚʠʤʽʨʥʠʡ ʦʩʮʠʣʷʪʦʨ. 

ʗʢ ʙʫʣʦ ʚʧʝʨʰʝ ʦʧʠʩʘʥʦ ʚ [3.10], ʘ ʥʘʜʘʣʽ ʚ [3.12] ʪʘ [3.1], ʢʦʣʦ, ʱʦ ʤʽʩʪʠʪʴ 

ʜʚʘ ʧʘʨʘʣʝʣʴʥʠʭ ʫʟʛʦʜʞʝʥʠʭ ʦʧʦʨʠ, ʷʢʽ  ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʪʝʨʤʽʯʥʽʡ  ʨʽʚʥʦʚʘʟʽ, 

ʙʫʜʫʪʴ ʧʨʦʚʦʜʠʪʠ ʧʦʪʫʞʥʽʩʪʴ ʚ ʦʙʦʭ ʥʘʧʨʷʤʢʘʭ ʚ ʢʽʣʴʢʦʩʪʽ kBTB, ʜʝ  

ɺ ï ʩʤʫʛʘ ʢʦʣʘ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʡ ʩʧʦʩʽʙ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʪʝʧʣʦʚʦʛʦ 

ʰʫʤʫ ʚ ʪʝʨʤʽʥʘʭ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʨʝʟʠʩʪʦʨʽ 

ʦʧʦʨʦʤ R: 

ἂὠἃ τὯὝὙὄ.         (3.9) 

ʗʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʽʰʝ ʚ (2.4) ʡ ʦʧʠʩʘʥʦ ʚ [3.12], ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʬʦʨʤʘʣʴʥʦʾ ʪʝʦʨʽʾ ʢʦʣʦʾʚ ʮʷ ʥʘʧʨʫʛʘ ʚʽʜʧʦʚʽʜʘʻ ʥʦʤʽʥʘʣʴʥʽʡ ʧʦʪʫʞʥʦʩʪʽ 

kBTB. ɿʛʽʜʥʦ [3.10], ʷʢʱʦ ʝʥʝʨʛʽʷ ʤʦʜʠ ʚʽʜʧʦʚʽʜʘʻ hf=(Ὡ ˟ ρ), ʪʦ 

ʩʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʥʘʧʨʫʛʘ ʚʥʘʩʣʽʜʦʢ ʪʝʧʣʦʚʦʛʦ ʰʫʤʫ ʚ ʨʝʟʠʩʪʦʨ 

ộὠỚ τὙὄὬὪ Ὡ ˟ ρ    (3.10) 

ʜʝ f ï ʯʘʩʪʦʪʘ, h ï ʧʦʩʪʽʡʥʘ ʇʣʘʥʢʘ. ʅʦʤʽʥʘʣʴʥʘ ʉɻʇ ʚ (3.10), 

ὬὪ Ὡ ρ ʻ ʦʨʠʛʽʥʘʣʴʥʦʶ ʬʦʨʤʫʣʦʶ ʚ [3.13] ʜʣʷ ʝʥʝʨʛʽʾ  

ʦʜʥʦʤʽʨʥʦʛʦ ʘʙʩʦʣʶʪʥʦ ʯʦʨʥʦʛʦ ʪʽʣʘ. ʎʝʡ ʨʝʟʫʣʴʪʘʪ ʻ ʢʚʘʥʪʦʚʦ-

ʤʝʭʘʥʽʯʥʠʤ, ʘʣʝ, ʷʢ ʙʫʜʝ ʧʦʢʘʟʘʥʦ ʜʘʣʽ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ, ʥʝʦʙʦʚ'ʷʟʢʦʚʦ ʜʘʻ 

ʧʦʚʥʫ ʢʚʘʥʪʦʚʫ ʪʨʘʢʪʦʚʢʫ. ʋ ʨʘʟʽ ʷʢʱʦ ὯὝḻὬὪ, ʪʦʙʪʦ ʚ ʥʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʦʤʫ ʜʣʷ ʝʣʝʢʪʨʦʥʽʢʠ ʚʠʧʘʜʢʫ, (3.9) ʽ (3.10) ʧʨʠʙʣʠʟʥʦ 

ʝʢʚʽʚʘʣʝʥʪʥʽ. ʈʦʟʛʣʷʥʝʤʦ ʨʦʟʢʣʘʜʘʥʥʷ ʚ ʨʷʜ ʊʝʡʣʦʨʘ ʝʢʩʧʦʥʝʥʪʠ  ʚ 

ʟʥʘʤʝʥʥʠʢʫ (3.10), ʷʢʘ, ʙʫʜʫʯʠ ʚʚʝʜʝʥʦʶ ʚ (3.10), ʧʝʨʝʪʚʦʨʶʻ ʡʦʛʦ ʜʦ 

ʚʠʛʣʷʜʫ (3.9): 

Ὡ В
Ȧ

ρ     ʜʣʷ ὯὝḻὬὪ (3.11) 

ɼʽʶʯʠ ʪʠʤ ʞʝ ʰʣʷʭʦʤ, ʟʘʢʦʥ ʇʣʘʥʢʘ ʜʣʷ ʝʥʝʨʛʽʾ ʦʜʥʦʚʠʤʽʨʥʦʛʦ 

ʯʦʨʥʦʛʦ ʪʽʣʘ Ὗ ὬὪ Ὡ ρϳ״ , ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʨʠʙʣʠʟʥʦ ʝʢʚʽʚʘʣʝʥʪʥʠʤ 
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ʟʘʢʦʥʫ ʈʝʣʝʷïɼʞʠʥʩʘ, Ὗ = ὯὄὝ, ʢʦʣʠ ὯὄʊḻὬὪ. ʇʨʦʙʣʝʤʘ ʦʩʪʘʥʥʴʦʛʦ 

ʯʘʩʪʦʪʥʦ-ʥʝʟʘʣʝʞʥʦʛʦ ʚʠʨʘʟʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʦʪʫʞʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ 

ʰʫʤʫ ʩʪʘʻ ʥʝʩʢʽʥʯʝʥʥʦʶ ʚʝʣʠʯʠʥʦʶ ʧʨʠ ʩʤʫʟʽ, ʱʦ ʧʨʘʛʥʝ ʜʦ 

ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ. ʎʝ ʧʨʦʙʣʝʤʘ, ʥʘʟʚʘʥʘ çʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʶ ʢʘʪʘʩʪʨʦʬʦʶè, 

ʙʫʣʘ ʫʩʫʥʝʥʘ ʟʘʢʦʥʦʤ ʇʣʘʥʢʘ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʨʦʟʛʣʷʥʫʪʠʡ ʚʠʱʝ ʟʘʢʦʥ 

ʇʣʘʥʢʘ ʽ ʥʘʙʣʠʞʝʥʥʷ ʈʝʣʝʷïɼʞʠʥʩʘ ʜʘʶʪʴ ʝʥʝʨʛʽʶ, ʷʢʘ ʧʨʘʛʥʝ ʜʦ ʥʫʣʷ ʧʨʠ 

ʘʙʩʦʣʶʪʥʽʡ ʥʫʣʴʦʚʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ʆʜʥʘʢ ʷʢ ʦʧʠʩʘʥʦ ʚ ʥʘʩʪʫʧʥʦʤʫ ʨʦʟʜʽʣʽ, 

ʢʚʘʥʪʦʚʘ ʤʝʭʘʥʽʢʘ ʧʨʦʨʦʢʫʻ ʝʥʝʨʛʽʶ ʥʫʣʴʦʚʦʾ ʪʦʯʢʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʚʠʱʝ ʨʽʚʥʷʥʥʷ ʦʧʠʩʫʶʪʴ ʪʝʧʣʦʚʠʡ ʰʫʤ, ʷʢʠʡ ʻ  

ʧʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʮʴʦʛʦ ʨʦʟʜʽʣʫ. ʇʨʠ ʩʪʘʥʜʘʨʪʥʽʡ ʰʫʤʦʚʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ (Ts = 290 ʂ) ʜʣʷ ʅɺʏ-ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ʨʽʚʥʷʥʥʷ ʅʘʡʢʚʽʩʪʘ 

(ʜʠʚ. 3.9) ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʫʻ ʰʫʤ ʥʘ ʚʠʭʦʜʽ, çʚʠʢʣʠʢʘʥʠʡ ʚʭʽʜʥʠʤ ʢʽʥʮʝʚʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ ʯʘʩʪʦʪʽ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫè [3.14] ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʘʙʦ ʩʠʩʪʝʤʠ. ʆʪʞʝ, ʈʏ-ʬʘʢʪʦʨ ʰʫʤʫ ʥʝ ʚʠʤʘʛʘʻ ʧʦʜʘʣʴʰʦʛʦ 

ʦʙʛʦʚʦʨʝʥʥʷ. ʆʜʥʘʢ ʚ ʨʘʟʽ ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʬʦʪʦʥʽʢʠ ʫʤʦʚʘ kBTḻhf ʤʦʞʝ ʥʝ 

ʚʠʢʦʥʫʚʘʪʠʩʴ. ɼʝʢʽʣʴʢʘ ʧʨʠʢʣʘʜʽʚ ʤʽʩʪʷʪʴ ʦʭʦʣʦʜʞʫʚʘʥʽ ʈʏ-ʧʨʠʡʤʘʯʽ, 

ʢʦʣʠ ʊḺTs; ʨʦʟʨʦʙʢʠ ʚ ʦʙʣʘʩʪʽ ʤʽʣʽʤʝʪʨʦʚʠʭ ʭʚʠʣʴ (>100ɻɻʮ); ʪʘʢʦʞ ʥʝ 

ʚʘʨʪʦ ʟʘʙʫʚʘʪʠ, ʱʦ ʥʦʩʽʡʥʠʡ ʦʧʪʠʯʥʠʡ ʩʠʛʥʘʣ ʤʘʻ ʯʘʩʪʦʪʫ ʚ ʩʦʪʥʽ ʪʝʨʘʛʝʨʮ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʽ ʜʣʷ ʧʦʚʥʦʪʠ ʚʠʢʣʘʜʫ ʚ ʮʽʡ ʛʣʘʚʽ ʙʫʜʝ ʢʦʨʦʪʢʦ ʨʦʟʛʣʷʥʫʪʦ 

ʧʠʪʘʥʥʷ ʝʥʝʨʛʽʾ ʥʫʣʴʦʚʦʾ ʪʦʯʢʠ. ʇʦʚʥʘ ʝʥʝʨʛʽʷ ʘʙʩʦʣʶʪʥʦ ʯʦʨʥʦʛʦ ʪʽʣʘ 

ʟʘʜʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 

Ὗ
ᴐ ᴐ

  ,    (3.12) 

ʜʝ ᴐ Ὤς“ϳ  ʪʘ ɤ=2ˊɜ ï ʢʫʪʦʚʘ ʯʘʩʪʦʪʘ. ʈʽʚʥʷʥʥʷ (3.12) ʻ ʚʠʩʥʦʚʢʦʤ  

ʬʦʨʤʫʣʠ ʇʣʘʥʢʘ ʜʣʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʙʩʦʣʶʪʥʦ ʯʦʨʥʦʛʦ ʪʽʣʘ (1912 ʨʽʢ), 

ʭʦʯʘ ʇʣʘʥʢ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚ ʩʫʯʘʩʥʫ ʢʚʘʥʪʦʚʫ ʤʝʭʘʥʽʢʫ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʮʴʦʛʦ ʨʝʟʫʣʴʪʘʪʫ [3.15]. ʋ ʩʫʯʘʩʥʦʤʫ ʨʦʟʫʤʽʥʥʽ ʯʣʝʥ ᴐɤ/2 ʷʚʣʷʻ ʩʦʙʦʶ 

ʝʥʝʨʛʽʶ ʥʫʣʴʦʚʦʾ ʪʦʯʢʠ. ɼʘʥʝ ʧʦʥʷʪʪʷ ʻ ʥʘʩʣʽʜʢʦʤ ʢʚʘʥʪʦʚʦʾ ʪʝʦʨʽʾ, ʯʽʪʢʦ 

ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʜʦ 30-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ, ʟʛʽʜʥʦ ʟ ʷʢʦʶ ״ 
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ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʽ ʬʣʫʢʪʫʘʮʽʾ ʟʥʘʯʝʥʴ ʧʦʣʷ ʻ ʥʝʥʫʣʴʦʚʠʤʠ ʚ ʚʘʢʫʫʤʽ. 

ʂʽʣʴʢʘ ʜʝʩʷʪʠʣʽʪʴ ʧʦʪʦʤʫ ʜʦʩʣʽʜʥʠʢʠ [3.16] ʧʨʠʡʰʣʠ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ 

ʫʟʘʛʘʣʴʥʝʥʠʡ ʦʧʽʨ ʚ ʪʝʧʣʦʚʽʡ ʨʽʚʥʦʚʘʟʽ ʧʨʦʷʚʣʷʻ ʝʣʝʢʪʨʦʨʫʰʽʡʥʫ ʩʠʣʫ, ʱʦ 

ʤʽʩʪʠʪʴ ʚʥʝʩʦʢ ʚʽʜ ʝʥʝʨʛʽʾ ʥʫʣʴʦʚʦʾ ʪʦʯʢʠ. ʇʽʟʥʽʰʝ ʚ [3.17] ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʫʣʴʦʚʘ ʪʦʯʢʘ ʥʝ ʚʥʦʩʠʪʴ ʚʢʣʘʜ ʚ ʥʦʤʽʥʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ 

ʨʝʟʠʩʪʦʨʘ, ʘ, ʩʢʦʨʽʰʝ, ʝʥʝʨʛʽʷ ʥʫʣʴʦʚʦʾ ʪʦʯʢʠ ʤʦʞʝ ʙʫʪʠ ʚʠʷʚʣʝʥʘ ʪʽʣʴʢʠ ʷʢ 

ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ, ʷʢʘ ʧʘʜʘʻ ʥʘ ʨʝʟʠʩʪʦʨʽ. ɺ [3.18] 

ʝʥʝʨʛʽʷ ʥʫʣʴʦʚʦʾ ʪʦʯʢʠ ʚʽʜʥʝʩʝʥʘ ʜʦ ʧʨʦʮʝʩʫ ʜʝʪʝʢʪʫʚʘʥʥʷ, ʱʦ ʨʦʙʠʪʴ ʾʾ 

ʦʙʣʽʢ ʥʝʧʦʪʨʽʙʥʠʤ ʚ ʫʤʦʚʘʭ ʪʝʧʣʦʚʦʛʦ ʰʫʤʫ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʫ ʬʘʢʪʦʨʽ 

ʰʫʤʫ. ʇʨʦʪʝ ʚ [3.19] ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ, ʱʦ ʝʥʝʨʛʽʶ ʥʫʣʴʦʚʦʾ ʪʦʯʢʠ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʨʘʟʦʤ ʟ ʪʝʧʣʦʚʠʤ ʰʫʤʦʤ ʨʝʟʠʩʪʦʨʘ. ʇʝʨʰ ʥʽʞ 

ʦʙʛʦʚʦʨʶʚʘʪʠ ʮʽ ʜʽʘʤʝʪʨʘʣʴʥʦ ʧʨʦʪʠʣʝʞʥʽ ʚʠʩʥʦʚʢʠ, ʙʫʜʝ ʢʦʨʠʩʥʦ 

ʨʦʟʛʣʷʥʫʪʠ ʯʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ ʉɻʇʐ ʜʣʷ ʢʦʞʥʦʛʦ ʽʟ ʟʘʟʥʘʯʝʥʠʭ ʚʠʧʘʜʢʽʚ. 

ʅʝʭʘʡ ʜʦʩʷʞʥʽ ʉɻʇʐ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ (3.9), (3.10) ʪʘ 

(3.12): 

ὔ ὯὝ,     (3.13) 

ὔ ,     (3.14) 

ὔ=  Ȣ     (3.15) 

ʇʨʠ ʩʪʘʥʜʘʨʪʥʽʡ ʰʫʤʦʚʽʡ ʪʝʤʧʝʨʽ˟ ςωπ ̠ȟὔ ρχσȢωχυσ 

ʜɹʤ/ɻʮ, ὔ ρχτȢπρρς̅ˎ ̍ː ̗ϳ  ʪʘ ὔ ρχσȢωχυρπρρς̅ˎ̍ː ̗ϳ . ʅʘ 

ʨʠʩ. 3.2 ʧʦʙʫʜʦʚʘʥʽ ʛʨʘʬʽʢʠ ʨʦʟʨʘʭʫʥʢʫ (3.13), (3.14) ʪʘ (3.15) ʜʣʷ ʯʘʩʪʦʪʠ f 

= 100 ɻɻʮ ʷʢ ʬʫʥʢʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 50 ʂ. ʇʨʠ 50 ʂ ʚʩʽ 

ʪʨʠ ʢʨʠʚʽ ʣʝʞʘʪʴ ʚ ʤʝʞʘʭ 0,22 ʜɹ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. 

ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʨʠʩʫʥʢʘ, ʫ ʤʽʨʫ ʧʘʜʽʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʚʩʝ ʙʽʣʴʰʘ ʨʦʟʙʽʞʥʽʩʪʴ ʢʨʠʚʠʭ. ʇʨʠ T Ÿ 0, ὔ  ʪʘ ὔʧʨʘʛʥʫʪʴ ʜʦ ʥʫʣʷ, ʘʣʝ 

ʥʘ ʯʘʩʪʦʪʽ f=100 ɻɻʮ N2 ʧʨʘʛʥʝ ʜʦ ʥʫʣʷ ʰʚʠʜʰʝ, ʥʽʞ N1. ɽʥʝʨʛʽʷ ʥʫʣʴʦʚʦʾ 

ʪʦʯʢʠ ʚ (3.15) ʻ ʤʝʞʝʶ N3 ʧʨʠ T Ÿ 0. ʆʯʝʚʠʜʥʦ, ʱʦ ʛʨʘʬʽʢ ʧʦ (3.13) ʥʝ 
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ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ, ʦʜʥʘʢ ʨʽʟʥʠʮʷ ʤʽʞ N1, N2 ʪʘ N3 ʩʪʘʻ ʟʥʘʯʥʦʶ ʚ ʤʽʨʫ ʾʾ 

ʟʨʦʩʪʘʥʥʷ. ʈʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ  f = 193 ʊɻʮ , ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʦʧʪʠʯʥʽʡ 

ʥʦʩʽʡʥʽʡ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ, 1550 ʥʤ (ʨʠʩ. 3.3). 

 

 

ʈʠʩ 3.2. ʈʦʟʨʘʭʫʥʦʢ ʉɻʇ ʧʦ (3.13) ï (3.15) ʧʨʠ ʯʘʩʪʦʪʽ f = 100 ɻɻʎ 

 

 

ʈʠʩ. 3.3.ʈʦʟʨʘʭʫʥʦʢ ʉɻʇ ʧʦ (3.13) ï (3.15) ʥʘ ʯʘʩʪʦʪʽ  f = 193 ɻɻʮ 

 

ɿʥʘʯʝʥʥʷὔ, ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʢʦʥʦʤ ʇʣʘʥʢʘ, ʚʠʭʦʜʠʪʴ ʥʠʞʯʝ 

ʜɹʤ/ɻʮ (1Ā10-59 290״ 
 ɺʪ/ɻʮ

1
) ʧʨʠ T <300 ʂ.  ʏʣʝʥ, ʧʦʚôʷʟʘʥʠʡ ʟ ʥʫʣʴʦʚʦʶ 

ʪʦʯʢʦʶ, ʚʥʦʩʠʪʴ ʦʩʥʦʚʥʠʡ ʚʢʣʘʜ ʚ N3, ʽ ʚʽʥ ʙʽʣʴʰʝ, ʥʽʞ N1 ʚ ʨʽʚʥʷʥʥʽ 

ʅʘʡʢʚʽʩʪʘ. ʆʪʞʝ, ʥʘ ʦʧʪʠʯʥʠʭ ʯʘʩʪʦʪʘʭ ʝʥʝʨʛʽʷ ʥʫʣʴʦʚʦʾ ʪʦʯʢʠ ʛʨʘʻ ʙʽʣʴʰ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʯʠʤ ʪʝʧʣʦʚʠʡ ʚʢʣʘʜ ʽ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʧʨʠʯʠʥʘ 

ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ, ʷʢʠʡ
5
 ʙʫʜʝ ʦʧʠʩʘʥʠʡ ʚ ʥʘʩʪʫʧʥʦʤʫ ʨʦʟʜʽʣʽ. ʅʘ ʟʘʢʽʥʯʝʥʥʷ 

ʨʦʟʨʘʭʫʻʤʦ (3.13) ï (3.15) ʫ ʬʫʥʢʮʽʾ ʚʽʜ ʯʘʩʪʦʪʠ (ʨʠʩ. 3.4). ʇʨʠ ʩʪʘʥʜʘʨʪʥʽʡ 

ʰʫʤʦʚʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 290 ʂ ʢʨʠʚʽ ʚʠʛʣʷʜʘʶʪʴ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʦ ʜʦ 

                                                
5 ʆʯʝʚʠʜʥʦ, ʪʫʪ ʦʧʝʯʘʪʢʘ:290״ ʜɹʤ/ɻʮ

̅ˎˏ̓

ː̗
ρρπ  ˏ Ⱦ̓ː  ̗
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ʯʘʩʪʦʪ ʧʦʨʷʜʢʫ 1 ʊɻʮ, ʧʽʩʣʷ ʯʦʛʦ N1, ʟʘʣʠʰʘʻʪʴʩʷ ʥʘ ʪʦʤʫ ʞ ʨʽʚʥʽ, ʚ ʪʦʡ ʯʘʩ 

ʷʢ N2 ʟʤʝʥʰʫʻʪʴʩʷ ʧʦ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʤʫ ʟʘʢʦʥʫ, ʘ N3 ʣʽʥʽʡʥʦ ʟʨʦʩʪʘʻ. 

 

 

ʈʠʩ. 3.4.ʈʦʟʨʘʭʫʥʦʢ ʨʽʚʥʷʥʴ ʧʦ (3.13) ï (3.15)  ʜʣʷ  ʊ = 290 ʂ 

 

ʇʝʨʚʠʥʥʦʶ ʤʽʨʦʶ ʰʫʤʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʻ ʚʚʝʜʝʥʠʡ ʚ ʨʦʟʜʽʣʽ 2 

ʬʘʢʪʦʨ ʰʫʤʫ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʾ ʰʫʤʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

290 ʂ. ʆʪʞʝ, ʬʘʢʪʦʨ ʰʫʤʫ ʜʣʷ ʯʘʩʪʦʪ ʥʠʞʯʝ 100 ɻɻʮɹ ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ  ʝʣʝʢʪʨʦʥʽʮʽ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʫʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʉɻʇ ʟʘ 

ʨʽʚʥʷʥʥʷʤ ʅʘʡʢʚʽʩʪʘ (ʜʠʚ. (3.9)). ɹʽʣʴʰ ʪʦʛʦ, ʧʨʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʠʱʝ 50 ʂ ʪʘ ʯʘʩʪʦʪʘʭ ʥʠʞʯʝ 100 ɻɻʮ ʨʽʚʥʷʥʥʷ (3.13) ï (3.15) 

ʟʙʝʨʽʛʘʶʪʴ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʽ ʟʥʘʯʝʥʥʷ. ʎʽ ʫʤʦʚʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ 

ʙʽʣʴʰʦʩʪʽ ʧʨʠʢʣʘʜʽʚ ʚ ʤʽʢʨʦʭʚʠʣʴʦʚʽʡ ʬʦʪʦʥʽʮʽ, ʦʪʞʝ, ʜʣʷ ʦʧʠʩʫ ʉɻʇ 

ʪʝʧʣʦʚʦʛʦ ʰʫʤʫ ʤʦʞʥʘ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʠʨʘʟʤ ὯὝ. ʊʦʜʽ ʧʘʨʘʤʝʪʨ 

SNR, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʪʝʧʣʦʚʠʤ ʰʫʤʦʤ, ʷʢʠʡ ʝʢʚʽʚʘʣʝʥʪʥʠʡ SNR ʥʘ ʚʭʦʜʽ 

(ʜʠʚ. (2.8)) ʧʨʠ ʊ = Ts, 

ὛὔὙ     Ȣ      (3.6) 

ʈʽʚʥʷʥʥʷ (3.16) ʤʦʞʝ ʙʫʪʠ ʥʦʨʤʦʚʘʥʦ ʥʘ ɺ = 1 ɻʮ, ʧʨʠʡʤʘʶʯʠ ʚ 

ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʬʦʨʤʫ (3.6). ʊʝʧʣʦʚʠʡ ʰʫʤ, ʥʘʢʣʘʜʘʶʯʠʩʴ ʥʘ ʈʏ-ʩʠʛʥʘʣ, 

ʚʧʣʠʚʘʻ ʪʘʢ ʩʘʤʦ ʥʘ ʘʤʧʣʽʪʫʜʥʠʡ ʪʘ ʬʘʟʦʚʠʡ ʰʫʤʠ, ʽ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʦʜʥʦʩʤʫʛʦʚʠʡ ʬʘʟʦʚʠʡ ʰʫʤ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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fl Ὢ     (3.17) 

ʆʧʠʩʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ (3.16) ʪʘ (3.17) ʩʠʛʥʘʣʠ ʚ ʤʝʞʽ ʪʝʧʣʦʚʦʛʦ 

ʰʫʤʫ ʨʽʜʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘ ʧʨʘʢʪʠʮʽ. ʐʚʠʜʰʝ ʥʘ ʟʤʝʥʰʝʥʥʷ SNR ʪʘ 

ʟʙʽʣʴʰʝʥʥʷ fl Ὢ  ʙʫʜʝ ʚʧʣʠʚʘʪʠ ʜʦʜʘʥʠʡ ʰʫʤ, ʧʝʚʥʠʤ ʬʘʢʪʦʨʦʤ ʰʫʤʫ 

ʩʠʩʪʝʤʠ. ɼʣʷ ʚʠʧʘʜʢʫ ʢʦʣʠ ʬʘʢʪʦʨ ʰʫʤʫ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʩʠʩʪʝʤʠ 

ʻ ʯʘʩʪʦʪʥʦ-ʥʝʟʘʣʝʞʥʠʤʠ ʫ ʚʩʽʡ ʩʤʫʟʽ ʚʠʤʽʨʶʚʘʥʥʷ, (3.16) ʽ (3.17) ʤʦʞʫʪʴ 

ʙʫʪʠ ʟʘʜʘʥʽ ʷʢ: 

ὛὔὙ      (3.18) 

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʚ (3.18) ʪʘ (3.19) F ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʙʽʣʦʛʦ ʰʫʤʫ. 

ʈʽʚʥʷʥʥʷ (3.18) ʷʚʣʷʻ ʩʦʙʦʶ ʚʝʣʠʯʠʥʫ ʥʘ ʚʠʭʦʜʽ ʩʠʩʪʝʤʠ ʧʨʠ ʩʪʘʥʜʘʨʪʥʽʡ 

ʰʫʤʦʚʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʟ ʬʘʢʪʦʨʦʤ ʰʫʤʫ F ʪʘ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʽʜʩʠʣʝʥʥʷ g, ʘ 

 .ʦʜʥʦʩʤʫʛʦʚʠʡ ʬʘʟʦʚʠʡ ʰʫʤ ʥʘ ʚʠʭʦʜʽ ʪʽʻʾ ʞ ʩʠʩʪʝʤʠ ״ (3.19)

ʅʘ ʨʠʩ. 3.5 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴfl Ὢ ʜʣʷ ʛʝʥʝʨʘʪʦʨʘ 

ʯʘʩʪʦʪʠ 10,24 ɻɻʮ (Poseidon Scientific Instruments SLCO-BCS) ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʡ ʚʽʜʩʫʪʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʅɺʏ ʧʽʜʩʠʣʶʚʘʯʘ [3.20], ʷʢʠʡ 

ʜʝʤʦʥʩʪʨʫʻ ʟʨʦʩʪʘʥʥʷ ʰʫʤʫ ʚ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʜʦ ʨʽʚʥʷ, ʨʦʟʨʘʭʦʚʘʥʦʛʦ 

ʧʦ (3.19). ɺ ʜʘʥʠʭ ʚʠʤʽʨʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʩʠʩʪʝʤʘ ʘʥʘʣʽʟʫ ʬʘʟʦʚʦʛʦ 

ʰʫʤʫ Agilent ɽ5500ɸ/ɺ. ɼʣʷ ʦʙʦʭ ʛʨʘʬʽʢʽʚ ʥʘ ʨʠʩ. 3.5 ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ 

Prf = 5.3 ʜɹʤ.  

 

ʈʠʩ. 3.5. ɺʠʤʽʨʷʥʠʡ ʦʜʥʦʩʤʫʛʦʚʠʡ ʬʘʟʦʚʠʡ ʰʫʤ ʜʣʷ ʛʝʥʝʨʘʪʦʨʘ ʟ ʥʘʷʚʥʽʩʪʶ (ʢʨʠʚʘ 

ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʫ) ʪʘ ʚʽʜʩʫʪʥʽʩʪʶ (ʢʨʠʚʘ ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ) ʥʘ ʚʠʭʦʜʽ ʅɺʏ-ʧʽʜʩʠʣʶʚʘʯʘ 
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ɻʨʘʥʠʮʷ ʧʦ ʪʝʧʣʦʚʦʤʫ ʰʫʤʫ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʘʜʘʻʪʴʩʷ ʚ (3.17) ʡ 

ʩʪʘʥʦʚʠʪʴ 182״ ʜʙʥ/ɻʮ. ʌʘʟʦʚʠʡ ʰʫʤ ʛʝʥʝʨʘʪʦʨʘ, ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 

ʢʨʠʚʦʶ ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ, ʥʘʙʘʛʘʪʦ ʚʠʱʝ ʮʽʻʾ ʤʝʞʽ. ʏʦʨʥʘ ʢʨʠʚʘ ʥʘ ʨʠʩʫʥʢʫ ״ 

ʚʠʤʽʨʷʥʠʡ ʬʘʟʦʚʠʡ ʰʫʤ ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʯʝʨʝʟ  

ʅɺʏ-ʧʽʜʩʠʣʶʚʘʯ ʟ ʧʘʨʘʤʝʪʨʘʤʠ G = 19.5 ʜɹ ʪʘ NF = 6.3 ʜɹ ʥʘ ʯʘʩʪʦʪʘʭ ʚ 

ʦʙʣʘʩʪʽ 10,24 ɻɻʮ. ʉʫʮʽʣʴʥʘ ʯʦʨʥʘ ʣʽʥʽʷ ʟʦʙʨʘʞʘʻ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ 

ʧʦ (3.19) ʜʣʷ ʚʠʱʝ ʟʘʟʥʘʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʩʢʣʘʜʘʶʪʴ 

 fl Ὢ  ʜɹʥ/ɻʮ. ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʚʢʣʘʜ ʫ ʧʦʣʦʞʝʥʥʷ ʢʨʠʚʦʾ 156,6״ = 

ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʫ ʧʦʩʠʣʝʥʦʛʦ ʬʘʟʦʚʦʛʦ ʰʫʤʫ ʛʝʥʝʨʘʪʦʨʘ, ʤʽʥʽʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʰʫʤʫ ʥʘ ʨʽʚʥʽ 156,5״ ʜʙʥ/ɻʮ ʧʝʨʝʚʘʞʘʻ ʚ ʩʤʫʟʽ ʥʘʣʘʰʪʫʚʘʥʴ ʚʽʜ  

1 ʜʦ 70 ʄɻʮ. ʊʝʧʣʦʚʠʡ ʰʫʤ ʽʩʥʫʻ ʷʢ ʥʘ ʚʭʦʜʽ, ʪʘʢ ʽ ʥʘ ʚʠʭʦʜʽ ʘʥʘʣʦʛʦʚʦʾ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʦʾ ʣʽʥʽʾ (ʨʠʩ. 3.1). ʇʦʚʥʘ ʉɻʇʐ ʚ ʥʘʩʣʽʜʦʢ ʪʝʧʣʦʚʦʛʦ 

ʰʫʤʫ ʥʘ ʚʠʭʦʜʽ ʪʘʢʦʾ ʣʽʥʽʾ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʷʢ: 

ὔ ὯὝὫ ρ,   (3.20) 

ʜʝ g ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ. ʇʝʨʰʠʡ ʯʣʝʥ gὯὝ ʚʽʜʥʦʩʠʪʴʩʷ 

ʜʦ ʪʝʧʣʦʚʦʛʦ ʰʫʤʫ ʥʘ ʚʭʦʜʽ ʣʽʥʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ 

ʣʽʥʽʾ, ʚʠʨʘʞʝʥʦʾ ʯʝʨʝʟ ʢʦʝʬʽʮʽʻʥʪ ÇȢ ɺʽʜʟʥʘʯʠʤʦ, ʱʦ g ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ ʽ 

ʏʄʍ, ʽ ʬʽʣʴʪʨʫʻ ʬʫʥʢʮʽʶ ʬʦʪʦʜʝʪʝʢʪʦʨʘ.  

ɼʨʫʛʠʡ ʜʦʜʘʥʦʢ ʚ (3.20), ὯὝ ʚʽʜʦʙʨʘʞʘʻ ʪʝʧʣʦʚʠʡ ʰʫʤ ʥʘ ʚʠʭʦʜʽ 

ʣʽʥʽʾ, ʧʨʠʧʫʩʢʘʶʯʠ, ʱʦ ʬʦʪʦʜʝʪʝʢʪʦʨ ʫʟʛʦʜʞʝʥʠʡ ʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʽ, ʦʪʞʝ, 

ʧʝʨʝʜʘʻ ʉɻʇʐ, ʨʽʚʥʫ ὯὝȢ ʑʦʙ ʦʪʨʠʤʘʪʠ ʚʠʨʘʟ ʜʣʷ RIN, ʷʢʠʡ ʙʫʜʝ 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʪʝʧʣʦʚʠʤ ʰʫʤʦʤ, ʧʽʜʩʪʘʚʠʤʦ (3.20) ʚ (3.4).  ʈʽʚʥʷʥʥʷ (3.21) 

ʥʦʨʤʦʚʘʥʦ ʚ ɺ = 1 ɻʮ. ʇʝʨʰʠʡ ʜʦʜʘʥʦʢ ʚ (3.21) ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʧʣʦʚʦʛʦ 

ʰʫʤʫ ʥʘ ʚʭʦʜʽ, ʘ ʜʨʫʛʠʡ ״ ʥʘ ʚʠʭʦʜʽ. ɺ ʜʘʥʝ ʨʽʚʥʷʥʥʷ ʥʝ ʚʢʣʶʯʝʥʘ 

ʬʽʣʴʪʨʫʶʯʘ ʬʫʥʢʮʽʷ ʬʦʪʦʜʝʪʝʢʪʦʨʘ Hpd
6
,
7
. 

                                                
6ʃʽʥʽʡʢʘʟʚʝʨʭʤʘʣʦʰʫʤʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʍ-ʜʽʘʧʘʟʦʥʫ ʽʟ ʩʘʧʬʽʨʦʚʠʤ ʨʝʟʦʥʘʪʦʨʦʤ. 

 
7ʗʢ ʚʠʧʣʠʚʘʻ ʟ [3.21], ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʚ ʨʽʚʥʷʥʥʷ ʧʦʚʠʥʥʽ ʚʭʦʜʠʪʠ ʜʦʙʘʚʦʯʥʽ ʯʣʝʥʠ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʰʫʤʫ ʚʽʜ ʽʥʰʠʭ ʜʞʝʨʝʣ,  ʥʘʧʨʠʢʣʘʜ ʥʘʛʨʫʟʦʯʥʠʭ ʨʝʟʠʩʪʦʨʽʚ. 
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ὙὍὔ    (3.21) 

ʇʨʷʤʘ ʣʽʥʽʷ - ʨʦʟʨʘʭʫʥʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ (3.19) ʧʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʚʠʟʥʘʯʝʥʠʤ ʧʘʨʘʤʝʪʨʘʤ [3.20]. 

ʂʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʣʽʥʽʾ, ʱʦ ʚʨʘʭʦʚʫʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʤʽʩʪʠʪʴʩʷ ʪʽʣʴʢʠ ʚ ʧʝʨʰʦʤʫ ʜʦʜʘʥʢʫ ʨʽʚʥʷʥʥʷ. ʊʝʧʣʦʚʠʡ 

ʰʫʤ ʥʘ ʚʠʭʦʜʽ ʬʦʨʤʫʻʪʴʩʷ ʚʞʝ ʧ̔ ʩʣʷ ʬʦʪʦʜʝʪʝʢʪʦʨʘ, ʪʦʤʫ ʥʝ ʚʢʣʶʯʘʻ ʡʦʛʦ 

ʬʽʣʴʪʨʫʶʯʫ ʬʫʥʢʮʽʶ. ɼʘʥʝ ʧʦʣʦʞʝʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ ʚʠʟʥʘʯʝʥʥʷ RIN ʜʣʷ 

ʚʠʭʽʜʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʰʫʤʫ ʥʝ ʙʫʜʝ ʪʦʯʥʦ ʩʣʽʜʫʚʘʪʠ ʚʠʟʥʘʯʝʥʥʷʤ RIN, 

ʥʘʚʝʜʝʥʠʤ ʚ ʧʽʜʨʦʟʜʽʣʽ 3.1. ɺʠʭʽʜʥʠʡ ʪʝʧʣʦʚʠʡ ʰʫʤ ʥʝ ʽʩʥʫʻ ʚ ʦʧʪʠʯʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ. ʋ ʩʚʦʶ ʯʝʨʛʫ, ʚʭʽʜʥʠʡ ʪʝʧʣʦʚʠʡ ʰʫʤ, ʦʩʢʽʣʴʢʠ ʛʝʥʝʨʫʻʪʴʩʷ ʥʘ 

ʚʭʦʜʽ ʣʽʥʽʾ ʚ çʝʣʝʢʪʨʠʯʥʦʤʫè ʜʽʘʧʘʟʦʥʽ, ʙʫʜʝ ʥʘʢʣʘʜʘʪʠʩʷ ʥʘ ʦʧʪʠʯʥʫ 

ʥʦʩʽʡʥʫ ʽ, ʦʪʞʝ, ʬʦʨʤʫʚʘʪʠ RIN, ʷʢ ʦʧʠʩʘʥʦ ʚ ʧʽʜʨʦʟʜʽʣʽ 3.1. ʈʽʚʥʷʥʥʷ 

(3.21) ʚʚʝʜʝʥʦ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʜʣʷ ʧʦʚʥʦʪʠ ʨʦʟʛʣʷʜʫ ʽ ʥʝ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʥʘʜʘʣʽ ʟ ʦʛʣʷʜʫ ʥʘ ʥʝʪʨʘʜʠʮʽʡʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʦʥʷʪʪʷ RIN ʧʨʠ ʨʦʟʛʣʷʜʽ ʚʠʭʽʜʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʰʫʤʫ. ʊʝʨʤʽʥ RIN ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʦʙʣʽʢʫ ʥʘʜʣʠʰʢʦʚʦʛʦ ʰʫʤʫ ʚ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. 

ʇʨʦʪʝ, ʷʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʚ [3.22], ʫʟʘʛʘʣʴʥʝʥʠʡ ʚʠʨʘʟ RIN, ʥʘʧʨʠʢʣʘʜ ʷʢ ʚ 

(3.21), ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʘʢʪʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʮʽʻʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʜʝʷʢʠʭ 

ʩʭʝʤʘʭ ʨʘʜʽʦʬʦʪʦʥʥʠʭ ʣʽʥʽʡ. 

 

 

3.3. ɼʨʦʙʦʚʠʡ ʰʫʤ 

 

 

ɼʨʦʙʦʚʠʡ ʰʫʤ ʙʫʚ ʚʽʜʢʨʠʪʠʡ ʐʦʪʪʢʽ [3.23] ʚ 1918 ʨʦʮʽ ʚ ʧʨʦʮʝʩʽ 

ʚʠʚʯʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʝʤʽʩʽʾ ʚ ʚʘʢʫʫʤʥʠʭ ʣʘʤʧʘʭ. ʈʦʙʦʪʘ [3.1] ʜʘʻ 

ʚʠʯʝʨʧʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʬʦʪʦʥʽʢʠ. ʉʣʽʜʫʶʯʠ ʡʦʤʫ, ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʢʦʨʦʪʢʦ, ʚ 
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ʦʩʥʦʚʥʦʤʫ ʥʘ ʷʢʽʩʥʦʤʫ ʨʽʚʥʽ, ʧʨʝʜʩʪʘʚʠʤʦ ʪʨʠ ʧʽʜʭʦʜʠ ʜʣʷ ʦʧʠʩʫ 

ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ: ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʥʘ ʙʘʟʽ ʦʨʠʛʽʥʘʣʴʥʠʭ ʧʨʠʧʫʱʝʥʴ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʐʦʪʪʢʽ, ʥʘʧʽʚʢʣʘʩʠʯʥʠʡ ʦʧʠʩ ʥʘ ʙʘʟʽ ʜʝʪʝʢʪʫʚʘʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʦʪʦʜʽʦʜʘ ʪʘ ʯʠʩʪʦ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʝ ʪʨʘʢʪʫʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʬʦʪʦʜʝʪʝʢʪʫʚʘʥʥʷ. ɺʩʽ ʪʨʠ ʧʽʜʭʦʜʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʮʽʣʷʤ ʜʘʥʦʾ ʢʥʠʛʠ. 

ʋ ʩʚʦʾʡ ʨʦʙʦʪʽ ʐʦʪʪʢʽ ʧʨʠʧʫʩʪʠʚ, ʱʦ ʝʤʽʩʽʷ ʝʣʝʢʪʨʦʥʽʚ ʟ ʢʘʪʦʜʘ 

ʚʘʢʫʫʤʥʦʾ ʣʘʤʧʠ ʻ ʧʦʚʥʽʩʪʶ ʚʠʧʘʜʢʦʚʠʤ ʧʨʦʮʝʩʦʤ, ʧʨʠ ʮʴʦʤʫ ʬʣʫʢʪʫʘʮʽʾ 

ʩʪʨʫʤʫ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ: 

Ὅ ςήὍὄ ,              (3.22) 

ʜʝ q ï ʝʣʝʤʝʥʪʘʨʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʟʘʨʷʜ, Idc  ï ʧʦʩʪʽʡʥʠʡ ʩʪʨʫʤ, ɺ ï ʩʤʫʛʘ. 

ʈʽʚʥʷʥʥʷ (3.22) ʻ ʰʠʨʦʢʦ ʚʽʜʦʤʠʤ ʚʠʨʘʟʦʤ ʜʣʷ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ. ʂʨʽʤ ʪʦʛʦ, 

ʤʦʞʝ ʙʫʪʠ ʧʦʢʘʟʘʥʦ, ʱʦ ʝʤʽʩʽʷ ʝʣʝʢʪʨʦʥʽʚ ʟ ʢʘʪʦʜʘ ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ 

ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʽ ʇʫʘʩʩʦʥʘ, ʱʦ ʻ ʮʽʢʘʚʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʩʪʦʩʦʚʥʦ 

ʬʦʪʦʜʽʦʜʽʚ.
 

ʗʢ ʙʫʣʦ ʚʽʜʟʥʘʯʝʥʦ ʚ ʨʦʟʜʽʣʽ 1, ʚ ʷʢʦʩʪʽ ʬʦʪʦʜʽʦʜʘ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʠʡ p-i-n- ʧʝʨʝʭʽʜ. ʊʘʢʠʡ ʬʦʪʦʜʽʦʜ ʬʫʥʢʮʽʦʥʫʻ ʷʢ ʢʣʘʩʠʯʥʠʡ 

ʧʨʠʣʘʜ ʟ ʢʚʘʜʨʘʪʠʯʥʦʶ ʚʦʣʴʪ - ʘʤʧʝʨʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, ʷʢʠʡ ʟ ʜʝʷʢʦʶ 

ʝʬʝʢʪʠʚʥʽʩʪʶ ʧʝʨʝʪʚʦʨʶʻ ʦʧʪʠʯʥʫ ʧʦʪʫʞʥʽʩʪʴ ʚ ʝʣʝʢʪʨʠʯʥʫ.
 

ɼʣʷ ʧʘʜʘʶʯʦʛʦ ʦʧʪʠʯʥʦʛʦ ʧʦʣʷ E (t) ʨʝʟʫʣʴʪʫʶʯʠʡ ʬʦʪʦʩʪʨʫʤ  

I(t) =ᴘA(Ů/ɛ)
1/2

 |ɽ(t)|
2
-2, ʜʝ ᴘ  - ʯʫʪʣʠʚʽʩʪʴ ʬʦʪʦʜʽʦʜʘ ʚ ɸ/ɺʪ, ɸ ï ʧʣʦʱʘ 

ʧʝʨʝʨʽʟʫ ʚʦʣʦʢʦʥʥʦʾ ʤʦʜʠ, Ů/ɛ ï ʚʽʜʥʦʰʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʪʘ ʤʘʛʥʽʪʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ ʩʝʨʮʝʚʠʥʠ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ
1
. ʈʝʟʫʣʴʪʫʶʯʠʡ ʧʦʩʪʽʡʥʠʡ 

ʬʦʪʦʩʪʨʫʤ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʚ p-i-n-ʧʝʨʝʭʦʜʽ ʧʨʠ ʧʨʠʢʣʘʜʝʥʽʡ ʩʝʨʝʜʥʴʦʾ 

ʦʧʪʠʯʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ὖ  ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ: 

Idc = ᴘ0  = ɖq-ǧɤ 0  .   (3.23) 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʭ ʬʣʫʢʪʫʘʮʽʡ 

ʬʦʪʦʩʪʨʫʤʫ ʚʥʘʩʣʽʜʦʢ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ (3.23) ʤʦʞʝ ʙʫʪʠ ʧʽʜʩʪʘʚʣʝʥʠʡ ʚ 

(3.22). ʈʽʚʥʷʥʥʷ (3.23) ʻ ʥʘʧʽʚʢʣʘʩʠʯʥʠʤ ʚ ʩʝʥʩʽ, ʱʦ ʚ ʥʴʦʤʫ 
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ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʚʘʥʪʫʚʘʥʥʷ ʟʘʨʷʜʫ ʝʣʝʢʪʨʦʥʘ (q) ʪʘ ʝʥʝʨʛʽʷ ʬʦʪʦʥʘ (ǧɤ). 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʢʚʘʥʪʦʚʦʾ ʤʝʭʘʥʽʢʠ ʬʦʪʦʜʽʦʜ ʧʦʛʣʠʥʘʻ ʬʦʪʦʥʠ ʪʘ 

ʛʝʥʝʨʫʻ ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʽ ʧʘʨʠ. ʇʘʜʘʶʯʝ ʦʧʪʠʯʥʝ ʧʦʣʝ ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʷʢ ʢʦʛʝʨʝʥʪʥʽ ʢʚʘʥʪʦʚʽ ʩʪʘʥʠ, ʷʢʽ ʧʨʦʷʚʣʷʶʪʴ ʬʣʫʢʪʫʘʮʽʾ, 

ʦʧʠʩʫʚʘʥʽ ʧʨʦʮʝʩʘʤʠ ʇʫʘʩʩʦʥʘ, ʘʙʦ ʜʨʦʙʦʚʠʡ ʰʫʤ. ʆʪʞʝ, ʨʝʟʫʣʴʪʫʶʯʠʡ 

ʬʦʪʦʩʪʨʫʤ ʙʫʜʝ ʪʘʢʦʞ ʤʘʪʠ ʩʢʣʘʜʦʚʫ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ [3.1]. ʂʨʽʤ ʪʦʛʦ, 

ʜʞʝʨʝʣʦʤ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ ʤʦʞʫʪʴ ʙʫʪʠ ʬʣʫʢʪʫʘʮʽʾ ʥʫʣʴʦʚʦʾ ʪʦʯʢʠ, 

ʨʦʟʛʣʷʥʫʪʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ. ɼʨʦʙʦʚʠʡ ʰʫʤ ʚ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʤʦʞʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʷʢ ʬʣʫʢʪʫʘʮʽʷ ʝʤʽʩʽʾ ʥʦʩʽʾʚ, ʚʠʢʣʠʢʘʥʦʾ ʬʣʫʢʪʫʘʮʽʷʤʠ 

ʥʫʣʴʦʚʦʾ ʪʦʯʢʠ ʦʧʪʠʯʥʦʛʦ ʧʦʣʷ. ʆʜʥʘʢ ʮʽ ʬʣʫʢʪʫʘʮʽʾ ʥʫʣʴʦʚʦʾ ʪʦʯʢʠ ʧʦʣʷ 

çʪʽʣʴʢʠ ʩʧʨʠʷʶʪʴ ʬʣʫʢʪʫʘʮʽʷʤè ʬʦʪʦʩʪʨʫʤʫ, çʬʣʫʢʪʫʘʮʽʾ ʥʫʣʴʦʚʦʾ ʪʦʯʢʠ 

ʩʘʤʽ ʧʦ ʩʦʙʽ ʥʝ ʛʝʥʝʨʫʶʪʴ ʬʦʪʦʩʪʨʫʤè [3.1]. 

ʉʧʝʢʪʨʘʣʴʥʘ ʛʫʩʪʠʥʘ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʣʽʥʽʾ, ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʥʘ 

ʨʠʩ. 3.1, ʚʥʘʩʣʽʜʦʢ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ: 

ὔ ςήὍὙὌ Ὢ .            (3.24) 

ʈʽʚʥʷʥʥʷ (3.24) ʤʽʩʪʠʪʴ ʉɻʇ ʟ (3.22) ʡ ʯʘʩʪʦʪʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʬʦʪʦʜʝʪʝʢʪʦʨʘ. ɺʦʥʦ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʧʠʩʘʥʦ ʚ ʙʽʣʴʰ ʟʨʫʯʥʽʡ 

ʣʦʛʘʨʠʬʤʽʯʥʽʡ ʬʦʨʤʽ:  

ὔ
̅ˎ̍

ː̗
ρφψρπÌÏÇὍ ̍ˍ ςὌ ̅ .ˎ (3.25) 

ɯʥʢʦʣʠ ʜʨʦʙʦʚʦʡ ʰʫʤ ʚʠʨʘʞʘʶʪʴ ʷʢ RIN, ʧʽʜʩʪʘʚʣʷʶʯʠ (3.24) ʚ (3.4): 

ὙὍὔ .                        (3.26)  

ʃʦʛʘʨʠʬʤʽʯʥʦ (3.26) ʟʘʧʠʩʫʻʪʴʩʷ ʷʢ: 

RSNsh = [ʜɹʥ/ɻʮ] = ρυυρπÌÏÇ  (ɯdc [ʤɸ])   (3.27) 

ɺʠʢʦʨʠʩʪʘʥʥʷ RIN ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ ʙʽʣʴʰ 

ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦ, ʥʽʞ ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʰʫʤʫ (ʜʠʚ. (3.21)). ʗʢ ʙʫʣʦ ʦʧʠʩʘʥʦ 

ʨʘʥʽʰʝ, ʜʨʦʙʦʚʠʡ ʰʫʤ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʬʣʫʢʪʫʘʮʽʡ ʦʧʪʠʯʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʨʦʙʠʪʴ ʤʦʞʣʠʚʠʤ ʚʚʝʜʝʥʥʷ ʯʽʪʢʦʛʦ ʚʠʟʥʘʯʝʥʥʷ RIN. 

ʆʜʥʘʢ ʷʢ ʙʫʜʝ ʦʧʠʩʘʥʦ ʚ ʥʘʩʪʫʧʥʦʤʫ ʨʦʟʜʽʣʽ, RIN ʙʫʜʝ 
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ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʰʫʤʫ ʚ ʜʦʧʦʚʥʝʥʥʷ ʜʦ 

ʪʝʧʣʦʚʦʛʦ ʰʫʤʫ ʪʘ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʚ ʦʧʪʠʯʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ. ɼʚʦʤʘ ʧʨʠʢʣʘʜʘʤʠ ʪʘʢʦʛʦ ʥʘʜʤʽʨʥʦʛʦ ʰʫʤʫ ʻ ʰʫʤʠ ʣʘʟʝʨʘ 

(ʧʽʜʨʦʟʜʽʣ 3.4) ʪʘ ʰʫʤʠ ʚʥʘʩʣʽʜʦʢ ʦʧʪʠʯʥʦʛʦ ʧʽʜʩʠʣʝʥʥʷ (ʧʽʜʨʦʟʜʽʣʽ 3.5). 

ʅʘ ʨʠʩ. 3.6 ʚʠʨʘʟʠ (3.25) ʪʘ (3.27) ʧʨʝʜʩʪʘʚʣʝʥʽ ʷʢ ʬʫʥʢʮʽʾ ʚʽʜ Idc ʧʨʠ 

Npd = 1 (0 ʜɹ). ʗʢ ʙʫʜʝ ʧʦʢʘʟʘʥʦ ʚ ʥʘʩʪʫʧʥʠʭ ʨʦʟʜʽʣʘʭ, ʙʘʞʘʥʦ, ʱʦʙ 

ʨʘʜʽʦʬʦʪʦʥʥʽ ʣʽʥʽʾ ʧʨʘʮʶʚʘʣʠ ʥʘ ʤʝʞʽ ʧʦ ʜʨʦʙʦʚʦʤʫ ʰʫʤʫ, ʦʩʢʽʣʴʢʠ Nsh 

ʣʽʥʽʡʥʦ ʟʨʦʩʪʘʻ ʚ ʤʽʨʫ ʟʨʦʩʪʘʥʥʷ Idc, ʚ ʪʦʡ ʯʘʩ ʷʢ ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʜʣʷ 

ʙʘʛʘʪʴʦʭ ʣʽʥʽʡ ʤʘʻ ʢʚʘʜʨʘʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ Idc. 

 

 

ʈʠʩ. 3.6. ʈʦʟʨʘʭʦʚʘʥʽ ʉɻʇ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ ʪʘ ʚʽʜʥʦʩʥʠʡ ʰʫʤ  ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚ ʬʫʥʢʮʽʾ 

ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʬʦʪʦʩʪʨʫʤʫ. ʉʧʝʢʪʨʘʣʴʥʘ ʛʫʩʪʠʥʘ ʧʦʪʫʞʥʦʩʪʽ ʟʘʜʘʻʪʴʩʷ ʚ (3.25) ʧʨʠ Hpd 

= 1; ʚʽʜʥʦʩʥʠʡ ʰʫʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʘʜʘʻʪʴʩʷ ʟʛʽʜʥʦ (3.27) 

 

ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʬʘʢʪʦʨ ʰʫʤʫ ʙʫʜʝ ʟʤʝʥʰʫʚʘʪʠʩʷ ʚ ʤʽʨʫ 

ʟʙʽʣʴʰʝʥʥʷ ʦʧʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʭʦʜʽ ʬʦʪʦʧʨʠʡʤʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ. ɼʦ 

ʪʦʛʦ ʞ RINsh ʣʽʥʽʡʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ Idc. ʎʝ ʻ ʦʜʥʠʤ ʟ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ, ʷʢ ʙʫʜʝ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ 

ʚ ʧʽʜʨʦʟʜʽʣʽʽ 3.4, ʜʝ ʧʦʢʘʟʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ Idc ʯʫʪʣʠʚʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ 

RIN ʣʘʟʝʨʘ
8
. 

                                                
8ɺ ʮʴʦʤʫ ʚʠʨʘʟʽ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ, ʱʦ ʚʩʷ ʦʧʪʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ ʽʟ ʩʝʨʮʝʚʠʥʠ ʚʦʣʦʢʥʘ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ 

ʬʦʪʦʜʽʦʜ ʟ ʚʠʟʥʘʯʝʥʦʶ ʢʚʘʥʪʦʚʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ. ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʤʽʞ ʚʦʣʦʢʥʦʤ ʪʘ 

ʦʙʣʘʩʪʶ ʧʦʛʣʠʥʘʥʥʷ ʬʦʪʦʜʽʦʜʘ ʮʝʡ ʧʘʨʘʤʝʪʨ ʧʦʟʥʘʯʘʻʪʴʩʷ ʷʢ ʝʬʝʢʪʠʚʥʘ ʯʫʪʣʠʚʽʩʪʴ,  ᴘ , ʜʝ ᴘ
û

. 
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ʅʘ ʨʠʩ. 3.7 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ Nsh ʧʨʠ Idc=5 ʪʘ 10 ʤɸ 

[3.20] ʜʘʥʽ ʦʪʨʠʤʘʥʽ ʜʣʷ ʤʘʣʦʰʫʤʥʦʛʦ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʣʘʟʝʨʘ ʟ ʨʦʙʦʯʦʶ 

ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 1,319 ʤʢʤ, ʜʝ ʚ ʷʢʦʩʪʽ  ʘʢʪʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ  Y3AI5O12, ʣʝʛʦʚʘʥʠʡ Nd
3+

 ʘʙʦ Nd: YAG-ʣʘʟʝʨʘ ʡ p-i-n-

ʬʦʪʦʜʽʦʜʘ ʟ Hpd=1 ʜʣʷ ʚʩʴʦʛʦ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ. ɿʘʩʪʦʩʦʚʘʥʠʡ Nd:  

YAG-ʣʘʟʝʨ ʧʨʘʮʶʚʘʚ ʚ ʨʝʞʠʤʽ ʤʝʞʽ ʧʦ ʜʨʦʙʦʚʦʤʫ ʰʫʤʫ ʚ ʩʤʫʟʽ ʚʽʜ 100 

ʄɻʮ ʜʦ 1 ɻɻʮ ʜʣʷ ʦʙʦʭ ʟʥʘʯʝʥʴ ʬʦʪʦʩʪʨʫʤʽʚ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ, 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ Nsh  ʚʠʭʦʜʷʪʴ 161״ ʪʘ 158״ ʜɹʤ/ɻʮ ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ 

Idc=5 ʪʘ 10 ʤɸ. ɺʠʤʽʨʷʥʽ ʟʥʘʯʝʥʥʷ ʢʦʣʠʚʘʶʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʮʠʭ ʨʦʟʨʘʭʦʚʘʥʠʭ 

ʨʽʚʥʝʡ.  

 

ʈʠʩ. 3.7. ɺʠʤʽʨʷʥʘ ʩʧʝʢʪʨʘʣʴʥʘ ʛʫʩʪʠʥʘ ʧʦʪʫʞʥʦʩʪʽ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ ʜʣʷ ʩʝʨʝʜʥʽʭ 

ʬʦʪʦʩʪʨʫʤʽʚ 5 ʤɸ (ʯʦʨʥʠʡ ʢʦʣʽʨ) ʪʘ 10 ʤɸ (ʩʽʨʠʡ ʢʦʣʽʨ).  

ʇʨʷʤʽ ʣʽʥʽʾ ï ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ (3.25) [ 3.20] 

 

ʇʦʜʽʙʥʠʡ Nd: YAG-ʣʘʟʝʨ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʚʠʤʽʨʶʚʘʥʴ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʩ.3.8. ɿʦʙʨʘʞʝʥʠʡ ʥʘ ʮʴʦʤʫ ʨʠʩʫʥʢʫ ʧʘʨʘʤʝʪʨ RINsh 

ʚʠʤʽʨʶʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʪʦʜʽʦʜʘ ʟ ʯʘʩʪʢʦʚʦ ʟʙʽʜʥʝʥʦʶ ʦʙʣʘʩʪʶ 

ʧʦʛʣʠʥʘʥʥʷ [3.24], ʷʢʠʡ ʧʨʘʮʶʚʘʚ ʧʨʠ Idc = 80 ʤɸ [3.25]. ɻʦʩʪʨʠʡ ʧʽʢ ʤʽʞ  

8 ʪʘ 9 ɻɻʮ ʟ'ʷʚʣʷʻʪʴʩʷ ʰʣʷʭʦʤ ʚʧʣʠʚʫ ʧʦʙʽʯʥʦʾ ʤʦʜʠ Nd: YAG-ʣʘʟʝʨʘ, ʘʣʝ 

ʢʨʽʤ ʮʽʻʾ ʜʽʣʷʥʢʠ ʣʘʟʝʨ ʦʙʤʝʞʝʥʠʡ ʜʨʦʙʦʚʠʤ ʰʫʤʦʤ ʥʘ ʚʩʽʡ ʩʤʫʟʽ 1-10 ɻɻʮ 

ʜʣʷ Idc=80 ʤɸ. 
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ʈʠʩ. 3.8. ɺʠʤʽʨʷʥʠʡ ʚʽʜʥʦʩʥʠʡ ʰʫʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ Nd: YAG-ʣʘʟʝʨʘ ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ 

ʬʦʪʦʩʪʨʫʤʽ 80 ʤɸ. ʅʘʧʽʚʞʠʨʥʘ ʣʽʥʽʷ - ʨʝʟʫʣʴʪʘʪ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ (3.27) [3.25] 

 

ʈʽʚʥʷʥʥʷ (3.27) ʧʝʨʝʜʙʘʯʘʻ ʟʥʘʯʝʥʥʷ RINsh = 174״ ʜɹʥ/ɻʮ ʜʣʷ 

Idc = 80 ʤɸ. ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.8, RIN, ʷʢʠʡ ʚʠʤʽʨʶʻʪʴʩʷ, ʚʘʨʽʶʻʪʴʩʷ ʚ 

ʽʩʪʦʪʥʠʭ ʤʝʞʘʭ ʚʽʜʥʦʩʥʦ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʟ ʜʝʷʢʦʶ  ʧʝʨʽʦʜʠʯʥʽʩʪʶ. 

ʇʨʠʯʠʥʘ ʮʠʭ ʧʝʨʽʦʜʠʯʥʠʭ ʢʦʣʠʚʘʥʴ ʧʦʣʷʛʘʻ ʚ ʥʝʫʟʛʦʜʞʝʥʦʩʪʽ ʽʤʧʝʜʘʥʩʽʚ 

ʬʦʪʦʜʽʦʜʘ ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ. 

ʇʦʢʘʟʥʠʢ 3.2 ʜʣʷ ʩʠʛʥʘʣʫ, ʦʙʤʝʞʝʥʦʛʦ ʜʨʦʙʦʚʠʤ ʰʫʤʦʤ: 

ὛὔὙ  ,                   (3.28) 

ʜʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʬʽʣʴʪʨʫʶʯʘ ʬʫʥʢʮʽʷ ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʚʞʝ 

ʚʨʘʭʦʚʘʥʘ ʚ ʩʝʨʝʜʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʈrf  ʈʏ-ʩʠʛʥʘʣʫ, ʦʪʞʝ, ʚʦʥʘ ʚʭʦʜʠʪʴ ʚ 

ʟʥʘʤʝʥʥʠʢ ʷʢ ʩʢʣʘʜʦʚʘ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ. 

ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ, ʷʢ ʽ ʚ ʨʘʟʽ ʪʝʧʣʦʚʦʛʦ ʰʫʤʫ, ʧʨʠ ʥʘʢʣʘʜʝʥʥʽ ʥʘ 

ʈʏ-ʩʠʛʥʘʣ ʧʦʣʦʚʠʥʘ ʉɻʇ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ ʙʫʜʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ 

ʦʜʥʦʩʤʫʛʦʚʦʛʦ  ʬʘʟʦʚʦʛʦ ʰʫʤʫ. ɺʠʨʘʟ ʜʣʷ ʥʴʦʛʦ ʚ ʤʝʞʽ ʧʦ ʜʨʦʙʦʚʦʤʫ 

ʰʫʤʫ: 

fl Ὢ       (3.29)  

ʅʘ ʨʠʩ. 3.9 ʧʦʙʫʜʦʚʘʥʠʡ ʛʨʘʬʽʢ ʜʣʷ ʚʠʤʽʨʷʥʦʛʦfl Ὢ   ʚ ʚʦʣʦʢʦʥʥʽʡ 

ʦʧʪʠʯʥʽʡ ʣʽʥʽʾ ʧʨʠ Idc = 10 ʤɸ [3.20]. ɼʣʷ ʮʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʚ 

ʟʘʩʪʦʩʦʚʘʥʠʡ ʬʦʪʦʜʽʦʜ ʟʽ ʩʭʝʤʦʶ ʫʟʛʦʜʞʝʥʥʷ ʽʤʧʝʜʘʥʩʽʚ ʪʘʢ, ʱʦʙ  
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Ὄ Ὢ ρτϳ φ ̅  ˎ ʠ R=50.ʆʤ. ɼʣʷ ʪʘʢʦʛʦ ʬʦʪʦʜʽʦʜʘ (3.29) ʜʘʻ 

ʟʥʘʯʝʥʥʷ fl
̅ˎ̎

ː̗
ρχχρπÌÏÇὍ ̍ˍ ὖ ̅ˎ .̍ ɺ ʭʦʜʽ 

ʝʢʩʧʝʨʠʤʝʥʪʫ Prf=11,9״ ʜɹʤ, ʱʦ ʜʘʻ ʟʥʘʯʝʥʥʷ fl Æ ρυυȟρ
̅ˎ̎

ː̗
. ʗʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ, ʚʠʤʽʨʷʥʽ ʟʥʘʯʝʥʥʷ ʢʦʣʠʚʘʶʪʴʩʷ ʙʽʣʷ ʮʴʦʛʦ ʨʽʚʥʷ, ʟʘ 

ʚʠʥʷʪʢʦʤ ʚʝʨʭʥʽʭ ʪʘ ʥʠʞʥʽʭ ʯʘʩʪʦʪ ʩʤʫʛʠ ʥʘʣʘʰʪʫʚʘʥʴ, ʧʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ 

ʚʥʝʩʦʢ ʬʘʟʦʚʦʛʦ ʰʫʤʫ ʛʝʥʝʨʘʪʦʨʘ. 

 

 

ʈʠʩ. 3.9. ɺʠʤ̔ʨʷʥʠʡ ʦʜʥʦʩʤʫʛʦʚʠʡ ʬʘʟʦʚʠʡ ʰʫʤ, ʚʠʢʣʠʢʘʥʠʡ  

ʥʘʢʣʘʜʘʥʥʷʤ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ 

 

ɼʘʥʽ ʦʪʨʠʤʘʥʽ ʧʨʠ ʈʏ ʥʦʩʽʡʥʽʡ ʧʦʪʫʞʥʽʩʪʶ 11,9 ״ ʜɹʤ ʥʘ ʯʘʩʪʦʪʽ 

10,24 ɻʛʮ ʪʘ ʩʝʨʝʜʥʴʦʤʫ ʬʦʪʦʩʪʨʫʤʽ 10 ʤɸ. ʅʘʧʽʚʞʠʨʥʘ ʣʽʥʽʷ - ʮʝ 

ʨʦʟʨʘʭʫʥʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ (3.29) [3.20]. 

ɺ ʭʦʜʽ ʚʩʴʦʛʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʛʣʷʜʫ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ ʙʫʣʦ 

ʧʨʠʧʫʱʝʥʦ, ʱʦ ʦʧʪʠʯʥʝ ʧʦʣʝ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʷʢ ʢʦʛʝʨʝʥʪʥʽ ʩʪʘʥʠ 

ʩʚʽʪʣʘ, ʜʝ ʜʨʦʙʦʚʠʡ ʰʫʤ ʚʠʢʣʠʢʘʻʪʴʩʷ ʬʣʫʢʪʫʘʮʽʷʤʠ ʥʫʣʴʦʚʦʾ ʪʦʯʢʠ. 

ʊʘʢʦʞ ʽʩʥʫʶʪʴ ʽʥʰʽ ʪʘʢ ʟʚʘʥʽ çʉʪʠʩʣʽ ʩʪʘʥʠè ʩʚʽʪʣʘ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, 

ʢʚʘʜʨʘʪʫʨʥʦ-ʩʪʠʩʣʽ ʩʪʘʥʠ ʘʙʦ ʩʪʘʥʠ, ʱʦ ʧʽʜʢʦʨʷʶʪʴʩʷ ʩʫʙʧʫʘʩʩʦʥʽʚʩʴʢʽʡ 

ʩʪʘʪʠʩʪʠʮʽ [3.26]. ɼʝʪʘʣʴʥʠʡ ʦʧʠʩ ʪʘʢʠʭ ʩʪʘʥʽʚ ʥʝ ʚʭʦʜʠʪʴ ʚ ʟʘʚʜʘʥʥʷ ʜʘʥʦʾ 

ʢʥʠʛʠ, ʪʦʤʫ ʚʦʥʠ ʙʫʜʫʪʴ ʢʦʨʦʪʢʦ ʟʛʘʜʘʥʽ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʜʣʷ ʧʦʚʥʦʪʠ 

ʨʦʟʛʣʷʜʫ. ʗʢ ʦʧʠʩʘʥʦ ʚ [3.27], ʦʜʥʦʯʘʩʪʦʪʥʝ ʧʦʣʝ ʤʦʞʝ ʙʫʪʠ ʨʦʟʙʠʪʝ ʥʘ ʜʚʘ 

ʢʚʘʜʨʘʪʫʨʥʽ ʢʦʤʧʦʥʝʥʪʠ. ʋ ʢʦʛʝʨʝʥʪʥʠʭ ʩʪʘʥʘʭ ʢʦʞʥʘ ʢʚʘʜʨʘʪʫʨʘ ʜʘʻ 
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ʦʜʥʘʢʦʚʠʡ  ʰʫʤ ʯʝʨʝʟ ʬʣʫʢʪʫʘʮʽʾ ʥʫʣʴʦʚʦʾ ʪʦʯʢʠ. ʆʜʥʘʢ ʫ ʢʚʘʜʨʘʪʫʨʥʦʤʫ-

ʩʪʠʩʣʦʤʫ ʩʪʘʥʽ ʰʫʤ ʚ ʦʜʥʽʡ ʢʚʘʜʨʘʪʫʨʽ ʤʦʞʝ ʙʫʪʠ ʟʤʝʥʰʝʥʠʡ ʰʣʷʭʦʤ 

ʟʙʽʣʴʰʝʥʥʷ ʚ ʽʥʰʠʡ ʢʚʘʜʨʘʪʫʨʽ. ɼʘʥʠʡ ʝʬʝʢʪ ʙʫʚ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʠʡ ʚ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʜʣʷ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʰʫʤʽʚ ʥʠʞʯʝ ʤʝʞʽ ʧʦ 

ʜʨʦʙʦʚʦʤʫ ʰʫʤʫ [3.28]. ʎʽ ʪʘ ʽʥʰʽ ʝʢʟʦʪʠʯʥʽ ʩʚʽʪʦʚʽ ʩʪʘʥʠ ʚʢʨʘʡ ʨʽʜʢʦ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʤʽʢʨʦʭʚʠʣʴʦʚʽʡ ʬʦʪʦʥʽʮʽ, ʜʝ ʜʽʶʪʴ ʦʧʠʩʘʥʽ ʚʠʱʝ ʤʝʞʽ ʧʦ 

ʜʨʦʙʦʚʦʤʫ ʰʫʤʫ. ʇʨʦʪʝ ʥʝʜʘʚʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʝʤʦʥʩʪʨʘʮʽʾ [3.29] 

ʧʦʢʘʟʘʣʠ, ʱʦ ʢʣʘʩʠʯʥʽ ʩʪʘʥʠ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʙʘʟʽ ʢʦʨʦʪʢʠʭ 

ʦʧʪʠʯʥʠʭ ʽʤʧʫʣʴʩʽʚ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʬʘʟʦʚʠʡ ʰʫʤ ʚ ʤʝʞʘʭ 

ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ ʟ ʨʽʚʥʷʤʠ ʥʠʞʯʝ ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ (3.29). 

ʊʝʦʨʝʪʠʯʥʠʡ ʦʧʠʩ ʜʘʥʦʛʦ ʝʬʝʢʪʫ ʧʨʦʚʝʜʝʥʦ ʚ [3.30], ʘʣʝ ʚʽʥ ʚʠʭʦʜʠʪʴ ʟʘ 

ʨʘʤʢʠ ʜʘʥʦʾ ʨʦʙʦʪʠ. 

 

 

3.4. ʃʘʟʝʨʠ 

 

 

ʃʘʟʝʨʥʽ ʪʝʭʥʦʣʦʛʽʾ ʤʘʶʪʴ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ 

ʜʣʷ ʩʫʯʘʩʥʠʭ ʤʝʨʝʞ. ɯʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʥʘʚʯʘʣʴʥʦʾ ʣʽʪʝʨʘʪʫʨʠ, 

ʧʨʠʩʚʷʯʝʥʦʾ ʣʘʟʝʨʥʽʡ ʪʝʤʘʪʠʮʽ, ʩʝʨʝʜ ʥʠʭ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʦʚʥʠʭ ʨʦʙʽʪ ʻ 

[3.31]. ʆʩʥʦʚʥʘ ʤʝʪʘ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʧʦʣʷʛʘʻ ʥʝ ʚ ʪʦʤʫ, ʱʦʙ ʜʘʪʠ 

ʽʥʩʪʨʫʢʮʽʶ ʧʦ ʣʘʟʝʨʥʽʡ ʬʽʟʠʮʽ ʘʙʦ ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ ʚʩʽʭ ʽʩʥʫʶʯʠʭ ʣʘʟʝʨʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʘʜʽʦʬʦʪʦʥʥʠʭ ʩʠʩʪʝʤʘʭ. ʐʚʠʜʰʝ ʮʝ 

ʢʦʨʦʪʢʝ ʦʙʛʦʚʦʨʝʥʥʷ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʤʽʢʨʦʭʚʠʣʴʦʚʦʶ ʬʦʪʦʥʽʢʦʶ ʣʘʟʝʨʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʟʘ ʷʢʠʤ ʩʣʽʜʫʻ ʦʧʠʩ ʣʘʟʝʨʥʦʛʦ ʰʫʤʫ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʚ 

ʪʝʨʤʽʥʘʭ RIN. 

ɯʩʥʫʻ ʙʝʟʣʽʯ ʪʠʧʽʚ ʣʘʟʝʨʽʚ. ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʣʘʟʝʨʠ [3.32] ʨʘʥʽʰʝ 

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʚ ʘʥʘʣʦʛʦʚʠʭ ʣʽʥʽʷʭ ʟ ʙʝʟʧʦʩʝʨʝʜʥʴʦʶ 

ʤʦʜʫʣʷʮʽʻʶ, ʘ ʧʽʟʥʽʰʝ - ʷʢ ʜʞʝʨʝʣʘ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ 



 110 

ʣʽʥʽʷʭ ʟ ʟʦʚʥʽʰʥʴʦʶ ʤʦʜʫʣʷʮʽʻʶ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʻ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ 

ʩʠʩʪʝʤ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʦʛʦ ʟʚ'ʷʟʢʫ [3.33]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʠʭ ʷʢ GaN, GaAs, InAlAs ʪʘ InGaAsP ʨʦʙʠʪʴ ʜʣʷ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʣʘʟʝʨʽʚ ʜʦʩʪʫʧʥʠʤ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʜʦʚʞʠʥ ʭʚʠʣʴ 

ʚʽʜ 400 ʜʦ 1600 ʥʤ ʧʨʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʥʘʢʘʯʫʚʘʥʥʽ ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ. 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʯʘ (ʅʃɺ) ʥʘ 

ʙʘʟʽ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʨʽʟʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ 

ʩʪʨʫʢʪʫʨʠ. ʅʘʡʙʽʣʴʰʘ ʟʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ״ ʮʝ ʧʨʦʩʪʠʡ ʜʽʦʜ ʟ ʧʨʷʤʠʤ 

ʟʤʽʱʝʥʥʷʤ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ ʨ- ʪʘ n-ʪʠʧʽʚ ʥʘ ʙʘʟʽ 

ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʞ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʛʦʤʦʧʝʨʝʭʦʜʘ. ɼʣʷ 

ʛʦʤʦʧʝʨʝʭʽʜʥʠʭ ʅʃɺ ʥʝʦʙʭʽʜʥʦ ʦʙʤʝʞʝʥʥʷ ʥʦʩʽʾʚ ʽ ʦʧʪʠʯʥʦʾ ʤʦʜʠ ʽ 

ʧʦʪʨʽʙʥʽ ʚʝʣʠʢʽ ʧʦʨʦʛʦʚʽ ʩʪʨʫʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʚʝʨʩʽʾ ʥʘʩʝʣʝʥʦʩʪʽ. ʎʽ 

ʧʨʠʣʘʜʠ ʟʥʘʯʥʦ ʤʝʥʰ ʝʬʝʢʪʠʚʥʽ, ʥʽʞ ʛʝʪʝʨʦʧʝʨʝʭʽʜʥʽ ʩʪʨʫʢʪʫʨʠ, ʚ ʷʢʠʭ 

ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʣʘʟʝʨʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʘ ʘʙʦ ʙʽʣʴʰʝ 

ʨʽʟʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ [3.34]. ɺ ʜʘʥʠʡ ʯʘʩ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʚʠʜʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʥʠʭ ʅʃɺ. ɿʦʢʨʝʤʘ, ʚ 

ʢʦʥʩʪʨʫʢʮʽʷʭ ʣʘʟʝʨʽʚ ʥʘ ʙʘʟʽ ʧʦʜʚʽʡʥʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʘʢʪʠʚʥʘ ʦʙʣʘʩʪʴ, ʦʪʦʯʝʥʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤ ʤʘʪʝʨʽʘʣʦʤ ʟ ʙʽʣʴʰʦʶ 

ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʪʨʘʪʠ ʥʘ 

ʧʦʛʣʠʥʘʥʥʷ ʚ ʤʘʪʝʨʽʘʣʽ ʧʽʜ ʯʘʩ ʚʽʜʩʫʪʥʦʩʪʽ ʥʘʢʘʯʫʚʘʥʥʷ. ʂʦʣʠ ʪʦʚʱʠʥʘ 

ʘʢʪʠʚʥʦʛʦ ʰʘʨʫ ʧʦʨʽʚʥʷʥʥʘ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ʜʝ ɹʨʦʡʣʷ (ɚ = h/p, ʜʝ  

h - ʧʦʩʪʽʡʥʘ ʇʣʘʥʢʘ, ʨ - ʽʤʧʫʣʴʩ ʝʣʝʢʪʨʦʥʘ), ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʠʡ 

ʢʚʘʥʪʦʚʦʨʦʟʤʽʨʥʠʡ ʣʘʟʝʨ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʚʘʥʪʦʚʠʭ ʷʤ ʜʠʩʢʨʝʪʠʟʫʻ  

ʛʫʩʪʠʥʫ ʩʪʘʥʽʚ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʩʪʨʫʤʽʚ ʪʘ ʙʽʣʴʰ 

ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʃʘʟʝʨʠ ʥʘ ʢʚʘʥʪʦʚʠʭ ʷʤʘʭ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʻ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ ʪʠʧʦʤ ʅʃɺ. 

ɹʽʣʴʰʽʩʪʴ ʧʝʨʰʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʣʘʟʝʨʽʚ ʧʨʘʮʶʚʘʣʠ ʚ ʨʝʞʠʤʽ 

ʽʩʥʫʚʘʥʥʷ ʙʝʟʣʽʯʽ ʧʦʟʜʦʚʞʥʽʭ ʤʦʜ. ɹʘʛʘʪʦʭʚʠʣʴʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʞʝ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʨʽʟʥʠʭ ʧʨʦʙʣʝʤ ʚ ʘʥʘʣʦʛʦʚʠʭ ʪʘ ʮʠʬʨʦʚʠʭ ʣʽʥʽʷʭ ʧʝʨʝʜʘʯʽ, 
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ʱʦ ʚʢʣʶʯʘʶʪʴ ʝʬʝʢʪʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʭʨʦʤʘʪʠʯʥʦʶ ʜʠʩʧʝʨʩʽʻʶ ʚʦʣʦʢʥʘ [3.35]. 

ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʙʫʣʠ ʚ ʢʦʨʦʪʢʽ ʪʝʨʤʽʥʠ ʨʝʘʣʽʟʦʚʘʥʽ ʦʜʥʦʭʚʠʣʴʦʚʽ ʅʃɺ. 

ɯʩʥʫʻ ʜʚʘ ʦʩʥʦʚʥʽ ʧʽʜʭʦʜʠ ʜʦ ʦʪʨʠʤʘʥʥʷ ʦʜʥʦʭʚʠʣʴʦʚʠʭ ʢʦʣʠʚʘʥʴ ʚ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʣʘʟʝʨʘʭ, ʜʝ ʜʣʷ ʦʙʤʝʞʝʥʥʷ ʯʠʩʣʘ ʭʚʠʣʴ ʛʝʥʝʨʘʮʽʾ ʤʦʞʝ 

ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ. ɸ ʩʘʤʝ ʅʃɺ ʥʘ ʙʘʟʽ ʨʝʟʦʥʘʪʦʨʘ ʟ 

ʪʦʨʮʝʚʠʤʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟ'ʻʜʥʘʥʽ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤ 

ʙʨʝʛʛʽʚʩʴʢʠʤʠ ʚʽʜʙʠʚʘʯʝʤ (ʈɹɺ) ʘʙʦ, ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʘ, ʚʽʜʙʠʚʘʯ ʤʦʞʝ ʙʫʪʠ 

ʩʬʦʨʤʦʚʘʥʠʡ ʚ ʩʘʤʦʤʫ ʅʃɺ ʫ ʚʠʛʣʷʜʽ ʩʪʨʫʢʪʫʨʠ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤ 

ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ (ʈɿɿ). ʊʘʢ ʟʚʘʥʠʡ ʈɿɿ-ʣʘʟʝʨ ʥʘʙʫʚ ʰʠʨʦʢʦʛʦ 

ʧʦʰʠʨʝʥʥʷ ʟʘʚʜʷʢʠ ʙʽʣʴʰʦʾ ʩʪʽʡʢʦʩʪʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʢʦʣʠʚʘʥʴ, ʥʽʞ 

ʅʃɺ ʟ ʈɹɺ, ʡ ʰʠʨʦʢʦ ʜʦʩʪʫʧʥʠʡ ʚ ʚʘʞʣʠʚʠʭ ʜʣʷ ʚʦʣʦʢʦʥʥʦʾ ʦʧʪʠʢʠ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʚ ʨʘʡʦʥʽ 1,32 ʪʘ 1,55 ʤʢʤ. ʃʘʟʝʨ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʚʝʨʪʠʢʘʣʴʥʠʤ ʨʝʟʦʥʘʪʦʨʦʤ (VCSEL) ʪʘʢʦʞ ʻ ʧʨʠʢʣʘʜʦʤ 

ʝʬʝʢʪʠʚʥʦʛʦ ʤʽʥʽʘʪʶʨʥʦʛʦ ʅʃɺ, ʘʣʝ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʤʝʞʫʻʪʴʩʷ, 

ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʽʥʪʝʛʨʘʣʴʥʠʤʠ ʤʽʞ ʟ'ʻʜʥʘʥʥʷʤʠ [3.36]. 

ɸʣʴʪʝʨʥʘʪʠʚʦʶ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʤʫ ʣʘʟʝʨʫ ʚ ʘʥʘʣʦʛʦʚʠʭ ʣʽʥʽʷʭ 

ʩʣʫʞʠʪʴ ʪʚʝʨʜʦʪʽʣʴʥʠʡ ʣʘʟʝʨ, ʘʢʪʠʚʥʝ ʩʝʨʝʜʦʚʠʱʝ ʷʢʦʛʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʽʦʥʘʭ 

ʚ ʩʢʣʷʥʽʡ ʘʙʦ ʢʨʠʩʪʘʣʽʯʥʽʡ ʦʩʥʦʚʽ [3.31]. ʊʚʝʨʜʦʪʽʣʴʥʽ ʣʘʟʝʨʠ ʤʘʶʪʴ ʙʽʣʴʰ 

ʧʦʚʽʣʴʥʫ ʜʠʥʘʤʽʢʫ ʧʽʜʩʠʣʝʥʥʷ, ʥʽʞ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʣʽʧʰʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ RIN ʚ ʦʙʣʘʩʪʽ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ, ʘ 

ʪʘʢʦʞ ʜʦ ʟʚʫʞʝʥʥʷ ʰʠʨʠʥʠ ʣʽʥʽʾ ʛʝʥʝʨʘʮʽʾ. ɿʚʫʞʝʥʥʷ ʰʠʨʠʥʠ ʣʽʥʽʾ ʣʘʟʝʨʘ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʠʞʝʥʥʷʤ ʨʽʚʥʷ ʦʧʪʠʯʥʦʛʦ ʬʘʟʦʚʦʛʦ ʰʫʤʫ, ʱʦ ʚʘʞʣʠʚʦ 

ʚ ʫʤʦʚʘʭ ʢʦʛʝʨʝʥʪʥʦʛʦ ʧʨʠʡʤʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʛʥʘʣʽʚ ʟ ʢʫʪʦʚʦʶ 

ʤʦʜʫʣʷʮʽʻʶ. ɿʘʛʘʣʦʤ, ʪʚʝʨʜʦʪʽʣʴʥʽ ʣʘʟʝʨʠ ʤʘʶʪʴ ʙʽʣʴʰ ʥʠʟʴʢʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ, ʥʽʞ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ, ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʧʦʪʨʽʙʥʝ 

ʜʦʜʘʪʢʦʚʝ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʜʣʷ ʥʘʢʘʯʫʚʘʥʥʷ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʣʘʟʝʨʘ, ʷʢʠʡ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʻ ʜʞʝʨʝʣʦʤ ʧʦʨʫʰʝʥʥʷ 

ʽʦʥʽʚ. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʪʠʧʦʤ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʣʘʟʝʨʘ ʻ ʣʘʟʝʨ ʥʘ ʙʘʟʽ 
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Y3Al5012: Nd
3+
, ʜʝ ʷʢ ʘʢʪʠʚʥʝ ʩʝʨʝʜʦʚʠʱʝ ʚʠʩʪʫʧʘʻ ʢʨʠʩʪʘʣ ʘʣʶʤʦʽʪʨʽʻʚʦʛʦ 

ʛʨʘʥʘʪʘ (ɸɯɻ), ʣʝʛʦʚʘʥʠʡ ʽʦʥʘʤʠ ʥʝʦʜʠʤʫ [3.37]. ɹʽʣʴʰ ʢʦʨʦʪʢʦ: Nd:  

YAG-ʣʘʟʝʨ
9
 ʥʘʢʘʯʫʻʪʴʩʷ ʦʧʪʠʯʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʥʘ ʭʚʠʣʷʭ ʜʦʚʞʠʥʦʶ 

730 ʘʙʦ 808 ʥʤ. 

ʆʩʥʦʚʥʘ ʣʽʥʽʷ ʝʤʽʩʽʾ ʜʦʚʦʜʠʪʴʩʷ ʥʘ 1,064 ʤʢʤ, ʘ ʪʘʢʦʞ ʚ ʩʧʝʢʪʨʽ 

ʜʘʥʦʛʦ ʣʘʟʝʨʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʱʝ ʨʷʜ ʣʽʥʽʡ ʛʝʥʝʨʘʮʽʾ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʥʘ 1,32 

ʤʢʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʽʢʥʫ ʧʨʦʟʦʨʦʩʪʽ ʢʚʘʨʮʦʚʦʛʦ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ ʟ 

ʤʘʡʞʝ ʥʫʣʴʦʚʦʶ ʜʠʩʧʝʨʩʽʻʶ. ʗʢ ʙʫʣʦ ʦʧʠʩʘʥʦ ʚ ʨʦʟʜʽʣʽ 1, ʧʦʷʚʘ ʝʨʙʽʻʚʠʭ 

ʚʦʣʦʢʦʥʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ (ɽɺʇ) ʟʥʘʯʥʦ ʨʦʟʰʠʨʠʣʘ ʤʦʞʣʠʚʦʩʪʽ ɺʆʉʇ, ʱʦ 

ʧʨʘʮʶʶʪʴ ʚ ʦʙʣʘʩʪʽ ʤʽʥʽʤʘʣʴʥʠʭ ʦʧʪʠʯʥʠʭ ʚʪʨʘʪ ʫ ʚʦʣʦʢʥʽ ʚ ʦʢʦʣʠʮʽ 

1,55 ʤʢʤ.ɽʨʙʽʻʤ ʪʘʢʦʞ ʣʝʛʫʶʪʴ ʩʢʣʦ ʪʘ ʽʥʰʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʤʽʥʷʪʠ 

ʨʦʙʦʯʫ ʜʦʚʞʠʥʫ ʭʚʠʣʽ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʡ ʜʣʷ ʪʦʛʦ, ʱʦʙ 

ʫʟʛʦʜʠʪʠ ʣʘʟʝʨʥʝ ʜʞʝʨʝʣʦ ʟ ʝʨʙʽʻʚʠʤ ʧʽʜʩʠʣʶʚʘʯʝʤ [3.38]. ʏʘʩʪʦ ʚ 

ʤʘʪʝʨʽʘʣʠ, ʣʝʛʦʚʘʥʽ Er
3+
, ʜʦʜʘʶʪʴ ʽʦʥʠ Yb

3+
 ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʦʛʣʠʥʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘʢʘʯʫʚʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʥʘ ʭʚʠʣʽ 980 ʥʤ, ʱʦ 

ʩʪʠʤʫʣʶʻ ʨʦʟʚʠʪʦʢ ʣʘʟʝʨʽʚ ʟ ʢʦʨʦʪʢʠʤ ʨʝʟʦʥʘʪʦʨʦʤ. ɿʚʠʯʘʡʥʦ, ʚʠʱʝ 

ʧʝʨʝʣʽʯʝʥʠʡ ʩʧʠʩʦʢ ʣʘʟʝʨʽʚ ʥʝ ʻ ʧʦʚʥʠʤ, ʧʨʦʪʝ ʚ ʥʴʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʦʩʥʦʚʥʽ ʪʠʧʠ ʣʘʟʝʨʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʽʢʨʦʭʚʠʣʴʦʚʽʡ ʬʦʪʦʥʽʮʽ. 

ʂʨʽʤ ʮʴʦʛʦ, ʚʘʨʪʦ ʟʛʘʜʘʪʠ ʥʝ ʥʘʩʪʽʣʴʢʠ ʚʘʞʣʠʚʽ ʜʣʷ ʮʽʣʝʡ 

ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʬʦʪʦʥʽʢʠ ʪʠʧʠ ʣʘʟʝʨʽʚ, ʥʘʧʨʠʢʣʘʜ, ʙʨʽʣʣʶʝʥʽʚʩʴʢʽ [3.39] ʪʘ 

ʨʘʤʘʥʽʚʩʴʢʽ [3.40] ʚʦʣʦʢʦʥʥʽ ʣʘʟʝʨʠ. ʆʩʪʘʥʥʽʡ ʪʠʧ ʣʘʟʝʨʘ ʚ ʦʩʥʦʚʥʦʤʫ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʷʢ ʜʞʝʨʝʣʦ ʥʘʢʘʯʫʚʘʥʥʷ. 

ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʷʢʠʡ ʪʠʧ ʣʘʟʝʨʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʬʦʪʦʥʥʦʾ 

ʣʽʥʽʾ, ʙʘʞʘʥʦ, ʱʦʙ ʚʽʥ ʤʘʚ ʚʠʩʦʢʫ ʧʦʪʫʞʥʽʩʪʴ ʪʘ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʰʫʤʫ. 

ʆʩʢ̔ʣʴʢʠ ʬʦʪʦʜʝʪʝʢʪʦʨʠ ʨʝʘʛʫʶʪʴ ʪʽʣʴʢʠ ʥʘ ʟʤʽʥʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʧʪʠʯʥʦʛʦ 

ʩʠʛʥʘʣʫ, ʪʦ ʚʢʨʘʡ ʻ ʚʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷ ʟʤʝʥʰʝʥʥʷ ʬʣʫʢʪʫʘʮʽʡ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʆʜʥʘʢ ʷʢ ʙʫʜʝ ʧʦʢʘʟʘʥʦ ʜʘʣʽ, 

ʡʦʛʦ ʬʘʟʦʚʽ ʬʣʫʢʪʫʘʮʽʾ ʤʦʞʫʪʴ ʪʘʢʦʞ ʯʠʥʠʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʩʠʩʪʝʤʫ 

                                                
9ɸʙʦ, ʱʦ ʝʢʚʽʚʘʣʝʥʪʥʦ, ɸɯɻ - ʣʘʟʝʨ. 
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ʰʣʷʭʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʘʟʦʚʦʛʦ ʰʫʤʫ ʚ ʰʫʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ʃʘʟʝʨʥʠʡ ʰʫʤ, 

ʷʢ ʧʨʘʚʠʣʦ, ʟʘʜʘʻʪʴʩʷ ʚ ʪʝʨʤʽʥʘʭ RIN (ʜʠʚ. (3.4)): 

ὙὍὔ  ,   (3.30) 

ʜʝ ὔ  ï ʉɻʇʐ ʥʘ ʚʠʭʦʜʽ ʬʦʪʦʜʽʦʜʘ ʚʥʘʩʣʽʜʦʢ ʰʫʤʫ ʣʘʟʝʨʘ. ʗʢ ʽ ʚ 

ʧʦʧʝʨʝʜʥʽʭ ʨʽʚʥʷʥʥʷʭ, ʥʘʧʨʠʢʣʘʜ ʚ (3.4), ʚʠʨʘʟ (3.30) ʥʦʨʤʦʚʘʥʦ ʜʣʷ  

ɺ = 1 ɻʮ ʡ ʟʘʜʘʻʪʴʩʷ ʜʝʮʠʙʝʣʴʥʦʶ ʰʢʘʣʦʶ ʯʝʨʝʟ ʦʜʠʥʠʮʽ ʜʙʥ/ɻʮ. ʉʭʝʤʘ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʣʘʩʥʦʛʦ ʚʽʜʥʦʩʥʦʛʦ ʰʫʤʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʣʘʟʝʨʘ ʩʭʦʞʘ ʥʘ ʩʭʝʤʫ ʣʽʥʽʾ, ʧʨʝʜʩʪʘʚʣʝʥʽʡ ʥʘ ʨʠʩ. 3.1, ʟʘ ʚʠʥʷʪʢʦʤ 

ʧʨʠʩʪʨʦʶ ʟʦʚʥʽʰʥʴʦʾ ʤʦʜʫʣʷʮʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɺ ʟʘʩʪʦʩʫʚʘʥʥʷʭ 

ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʬʦʪʦʥʽʢʠ ʚʠʭʽʜʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʘʟʝʨʘ, ʷʢ ʧʨʘʚʠʣʦ, 

ʧʦʪʨʘʧʣʷʻ ʥʘ ʬʦʪʦʜʽʦʜ ʯʝʨʝʟ ʦʧʪʠʯʥʝ ʚʦʣʦʢʥʦ. 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʬʦʪʦʜʽʦʜ ʥʝ ʚʭʦʜʠʚ ʚ ʨʝʞʠʤ ʥʘʩʠʯʝʥʥʷ ʪʘ ʧʨʦʜʦʚʞʫʚʘʚ 

ʧʨʘʮʶʚʘʪʠ ʚ ʣʽʥʽʡʥʦʤʫ ʨʝʞʠʤʽ, ʥʝʦʙʭʽʜʥʦ ʧʦʩʣʘʙʣʶʚʘʪʠ ʧʦʪʫʞʥʽʩʪʴ 

ʣʘʟʝʨʥʦʛʦ ʩʠʛʥʘʣʫ. ʊʦʙʪʦ ʤʽʞ ʣʘʟʝʨʦʤ ʽ ʬʦʪʦʜʝʪʝʢʪʦʨʦʤ ʙʘʞʘʥʦ 

ʚʩʪʘʥʦʚʠʪʠ ʟʤʽʥʥʠʡ ʦʧʪʠʯʥʠʡ ʘʪʝʥʶʘʪʦʨ (ɿʆɸ). ʆʩʢʽʣʴʢʠ RIN ï ʮʝ 

ʚʽʜʥʦʩʥʘ ʤʽʨʘ, ʦʩʣʘʙʣʝʥʥʷ ʚ ʣʘʥʮʶʟʽ ʤʽʞ ʣʘʟʝʨʦʤ ʪʘ ʬʦʪʦʜʝʪʝʢʪʦʨʦʤ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ RIN ʣʘʟʝʨʘ.ʆʜʥʘʢ ʷʢ ʚʠʧʣʠʚʘʻ ʟ (3.26), RIN ʚ ʤʝʞʽ ʜʨʦʙʦʚʦʛʦ 

ʰʫʤʫ ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʤʽʨʫ ʟʨʦʩʪʘʥʥʷ ʬʦʪʦʩʪʨʫʤʫ. ʆʪʞʝ, ʯʫʪʣʠʚʽʩʪʴ 

ʚʠʤʽʨʶʚʘʥʥʷ RIN ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ ʣʘʟʝʨʘ ʥʘ 

ʚʭʦʜʽ ʬʦʪʦʜʝʪʝʢʪʦʨʘ (ʜʠʚ. ʨʠʩ. 3.6). ʍʦʯʘ ʤʦʞʣʠʚʦ ʚʠʤʽʨʷʪʠ RIN ʥʘ ʢʽʣʴʢʘ 

ʜʝʮʠʙʝʣ ʥʠʞʯʝ, ʥʽʞ ʟʛʽʜʥʦ (3.26), ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʙʝʟʣʽʯʯʶ ʬʘʢʪʦʨʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʙʘʟʦʚʦʶ ʩʪʘʪʠʩʪʠʢʦʶ RIN ʽ ʤʝʪʦʜʠʢʦʶ, 

ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʚʠʤʽʨʶʚʘʥʥʷ [3.31]. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʡ 

ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʟʫʚʘʪʠ ʉɻʇʐ ʥʘ ʚʠʭʦʜʽ ʩʭʝʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʘ (ʈɸʉ). ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʣʘʟʝʨʥʠʡ 

ʰʫʤ ʟʘʟʚʠʯʘʡ ʙʫʜʝ ʥʠʞʯʝ ʨʽʚʥʷ ʚʣʘʩʥʦʛʦ ʰʫʤʫ ʈɸʉ. ʆʪʞʝ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʰʫʤʫ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʚ ʦʧʪʠʯʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ, ʤʽʞ ʬʦʪʦʜʽʦʜʦʤ ʪʘ ʈɸʉ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʚʝʜʝʥʠʡ ʤʘʣʦʰʫʤʥʠʡ 
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ʧʽʜʩʠʣʶʚʘʯ (ʄʐʇ). ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʨʽʚʝʥʴ ʚʣʘʩʥʦʛʦ ʰʫʤʫ ʈɸʉ 

ʥʝʟʥʘʯʥʠʡ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʭʽʜʥʠʤ ʰʫʤʦʤ ʄʐʇ (N'), ʪʦʜʽ RɯN ʤʦʞʥʘ 

ʟʘʧʠʩʘʪʠ ʷʢ: 

2).   ,                             (3.31) 

ʜʝ Ç  ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʄʐʇ, Ὂ  ï ʬʘʢʪʦʨ ʰʫʤʫ ʄʐʇ. 

ɼʦʜʘʪʢʦʚʽ ʜʦʧʫʱʝʥʥʷ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ (3.31), ״ ʮʝ ʚʠʭʽʜʥʠʡ ʪʝʧʣʦʚʠʡ ʰʫʤ 

ʥʝ ʚʧʣʠʚʘʻ ʥʘ RIN (ʜʠʚ. ʦʙʛʦʚʦʨʝʥʥʷ ʜʦ (3.21)), Ὄ = 1/2 ʫ ʚʩʽʡ ʩʤʫʟʽ  

ʈʏ-ʩʠʛʥʘʣʫ, B = 1 ɻʮ, Ç  ̓  ́Ὂ  - ʢʦʥʩʪʘʥʪʠ ʫ ʚʩʽʡ ʩʤʫʟʽ ʚʠʤʽʨʶʚʘʥʴ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ, ʧʦʢʘʟʘʥʦʛʦ ʥʘ ʨʠʩ. 3.10. ʗʢʱʦ ʚʠʢʣʶʯʠʪʠ ʷʢʠʡ-

ʥʝʙʫʜʴ ʤʝʭʘʥʽʟʤ ʤʦʜʫʣʷʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʢʣʘʜʘʥʥʷ ʚʭʽʜʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʰʫʤʫ ʥʘ ʣʘʟʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʦ RIN, ʟʛʽʜʥʦ (3.31), ʙʫʜʝ 

ʤʽʩʪʠʪʠ ʪʽʣʴʢʠ ʚʣʘʩʥʽ ʰʫʤʠ ʣʘʟʝʨʘ ʡ ʜʨʦʙʦʚʠʡ ʰʫʤ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʟʘʚʜʘʥʥʷ ʢʦʨʝʢʪʥʦ ʚʠʤʽʨʷʪʠ ʩʧʝʢʪʨ RIN ʙʫʜʴ-ʷʢʦʛʦ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʣʘʟʝʨʘ ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ״ ʮʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʭʝʤʫ. ʅʘ ʨʠʩ. 3.10 ʘ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʉɻʇʐ ʜʣʷ  

ɸɯɻ-ʣʘʟʝʨʘ ʧʨʠ Ὅ υ,10 ʪʘ 20 ʤɸ. ʊʫʪ ʰʫʤ ʣʘʟʝʨʘ ʧʝʨʝʚʘʞʘʻ ʥʘ ʯʘʩʪʦʪʘʭ 

ʥʠʞʯʝ 3 ʄɻʮ, ʘ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʰʫʤʫ ʚ ʦʙʣʘʩʪʽ ʚʠʱʝ 300 ʄɻʮ ʻ 

ʜʨʦʙʦʚʠʡ ʰʫʤ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.11 ʘ, ʉɻʇʐ ʟʤʽʥʶʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ 

Ὅ  (ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 3 ʜɹ ʧʨʠ ʧʦʜʚʦʻʥʥʽ ʩʝʨʝʜʥʴʦʛʦ ʩʪʨʫʤʫ) ʚ ʤʝʞʽ ʧʦ 

ʜʨʦʙʦʚʦʤʫ ʰʫʤʫ ʽ ʧʨʦʧʦʨʮʽʡʥʦ Ὅ  (ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 6 ʜɹ ʧʨʠ ʧʦʜʚʦʻʥʥʽ 

ʩʝʨʝʜʥʴʦʛʦ ʬʦʪʦʩʪʨʫʤʫ) ʚ ʨʘʟʽ, ʢʦʣʠ ʧʝʨʝʚʘʞʘʶʪʴ ʰʫʤʠ ʣʘʟʝʨʘ. 

ʅʘ ʨʠʩ 3.10 ʘ - ʚʠʤʽʨʷʥʘ ʉɻʇʐ ɸɯɻ-ʣʘʟʝʨʘ ʧʨʠ ʩʝʨʝʜʥʽʭ 

ʬʦʪʦʩʪʨʫʤʘʭ 5 ʤɸ (ʥʠʞʥʷ ʢʨʠʚʘ ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʫ), 10 ʤɸ (ʢʨʠʚʘ ʩʽʨʦʛʦ 

ʢʦʣʴʦʨʫ) ʪʘ 20 ʤɸ (ʚʝʨʭʥʷ ʢʨʠʚʘ ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʫ). ʅʘʧʽʚʞʠʨʥʠʤʠ ʣʽʥʽʷʤʠ 

ʧʦʢʘʟʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ (3.25) ʤʝʞ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ; 

ʥʘ ʨʠʩ 3.10 ʙ - ʚʠʤʽʨʷʥʠʡ ʚʽʜʥʦʩʥʠʡ ʰʫʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ (RIN) ɸɯɻ-ʣʘʟʝʨʘ 

ʧʨʠ ʩʝʨʝʜʥʽʭ ʬʦʪʦʩʪʨʫʤʘʭ 5 ʤɸ (ʚʝʨʭʥʷ ʢʨʠʚʘ ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʫ), 10 ʤɸ 

(ʢʨʠʚʘ ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ) ʪʘ 20 ʤɸ (ʥʠʞʥʷ ʢʨʠʚʘ ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʫ). 
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ʅʘʧʽʚʞʠʨʥʠʤʠ ʣʽʥʽʷʤʠ ʧʦʢʘʟʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

(3.27) ʤʝʞ ʧʦ ʜʨʦʙʦʚʦʤʫ  ʰʫʤʫ [3.20]. 

 

 

ʈʠʩ 3.10. ʘ - ʚʠʤʽʨʷʥʘ ʉɻʇʐ ɸɯɻ-ʣʘʟʝʨʘ; ʙ - ʚʠʤʽʨʷʥʠʡ ʚʽʜʥʦʩʥʠʡ  

ʰʫʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ (RIN) ɸɯɻ-ʣʘʟʝʨʘ 

 

ɺʽʜʧʦʚʽʜʥʠʡ ʚʠʤʽʨʷʥʠʤ ʉɻʇʐ ʨʠʩ. 3.10 ʘ ʩʧʝʢʪʨ RIN ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʥʘ ʨʠʩ. 3.10 ʙ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʪʘʤ ʜʝ ʧʝʨʝʚʘʞʘʻ ʰʫʤ ʣʘʟʝʨʘ (Ὢ< 300ʄɻʮ) 

ʩʧʝʢʪʨʠ RIN ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʬʦʪʦʩʪʨʫʤʫ. ʅʘʚʧʘʢʠ, ʚ ʨʝʞʠʤʽ 

ʦʙʤʝʞʝʥʥʷ ʜʨʦʙʦʚʠʤ ʰʫʤʦʤ Ὢ σππ ̇ː  ̗ʚʠʤʽʨʷʥʠʡ RIN ʟʤʝʥʰʫʻʪʴʩʷ ʚ 

ʤʽʨʫ ʟʨʦʩʪʘʥʥʷ ʬʦʪʦʩʪʨʫʤʫ ὙὍὔЊ1/Ὅ . ɺʟʘʻʤʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ RIN ʪʘ 

ʉɻʇ ʯʘʩʪʦ ʧʦʪʨʽʙʥʦ ʥʘ ʧʨʘʢʪʠʮʽ, ʥʘʧʨʠʢʣʘʜ ʧʨʠ ʧʝʨʝʨʘʭʫʥʢʫ ʰʫʤʦʚʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʘʟʝʨʘ, ʷʢʘ ʟʘʟʚʠʯʘʡ ʪʨʘʢʪʫʚʘʣʘʩʷ ʚ ʦʜʠʥʠʮʷʭ RIN, ʚ 

ʧʦʢʘʟʥʠʢʠ ʈʏ-ʩʠʩʪʝʤʠ. 

ʅʘ ʨʠʩ. 3.11 ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʚʘ ʩʧʝʢʪʨʘ RIN, ʚʠʤʽʨʷʥʠʭ ʟʘ ʩʭʝʤʦʶ ʨʠʩ. 

3.10. ʊʫʪ ʧʦʢʘʟʘʥʽ ʩʧʝʢʪʨʠ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʝʨʙʽʻʚʦʛʦ  ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ ʪʘ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʣʘʟʝʨʘ ʟ ʈɿɿ; ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʬʦʪʦʩʪʨʫʤʫ ʩʪʘʥʦʚʠʣʦ 10 ʤɸ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʥʠʞʥʶ ʤʝʞʫ 

ʚʠʤʽʨʶʚʘʥʥʷ RɯN ʚ ʤʝʞʽ  ʜʨʦʙʦʚʘʥʦʛʦ ʰʫʤʫ ʥʘ ʨʽʚʥʽ 165״ ʜɹʥ/ɻʮ [3.42]. 

ʄʝʞʘ  ʜʨʦʙʦʚʠʭ ʰʫʤʽʚ ʥʘ ʮʴʦʤʫ ʨʽʚʥʽ ʜʣʷ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʣʘʟʝʨʘ ʣʝʞʠʪʴ ʚ 

ʩʤʫʟʽ ʚʽʜ 1 ʜʦ 20 ɻɻʮ, ʘ ʜʣʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʣʘʟʝʨʘ ״ ʧʨʠʙʣʠʟʥʦ ʚʽʜ 10 

ʢɻʮ ʜʦ 1 ɻɻʮ. 
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ʈʠʩ. 3.11. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ RIN ʜʣʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʣʘʟʝʨʘ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤ 

ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ (ʩʽʨʠʡ ʢʦʣʽʨ) ʪʘ ʝʨʙʽʻʚʦʛʦ  ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ (ʯʦʨʥʠʡ ʢʦʣʽʨ) 

 

ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʬʦʪʦʩʪʨʫʤʫ ʩʪʘʥʦʚʠʣʦ 10 ʤɸ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʝʞʽ ʧʦ ʜʨʦʙʦʚʠʭ ʰʫʤʫ -165 ʜʙʥ/ɻʮ (ʥʘʧʽʚʞʠʨʥʘ ʣʽʥʽʷ) 

[3.42]. 

ʇʽʢʠ ʚ ʩʧʝʢʪʨʽ RIN ʻ ʥʘʩʣʽʜʢʦʤ ʨʷʜʫ ʧʨʠʯʠʥ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʢʦʥʢʫʨʝʥʮʽʾ ʤʦʜ ʘʙʦ ʧʦʪʨʘʧʣʷʥʥʷ ʚ ʡʦʛʦ ʨʝʟʦʥʘʪʦʨ ʟʦʚʥʽʰʥʴʦʛʦ ʰʫʤʫ. 

ʇʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩʫʥʢʫ ʛʦʩʪʨʠʡ ʧʽʢ ʙʣʠʟʴʢʦ 1 ɻɻʮ ʚ ʩʧʝʢʪʨʽ ʚʦʣʦʢʦʥʥʦʛʦ 

ʣʘʟʝʨʘ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʜʨʫʛʫ ʧʦʚʟʜʦʚʞʥʶ ʤʦʜʫ. ʆʜʥʘʢ ʙʽʣʴʰ ʰʠʨʦʢʽ ʧʽʢʠ ʚ 

ʦʙʣʘʩʪʽ ʜʝʢʽʣʴʢʦʭ ʤʝʛʘʛʝʨʮ ʜʣʷ ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ ʽ ʙʣʠʟʴʢʦ 6 ɻɻʮ ʜʣʷ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʣʘʟʝʨʘ ״ ʮʝ ʨʝʟʫʣʴʪʘʪ ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʢʦʣʠʚʘʥʴ. ɼʘʥʠʡ 

ʝʬʝʢʪ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʙʽʣʴʰʦʩʪʽ ʣʘʟʝʨʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʤʽʢʨʦʭʚʠʣʴʦʚʽʡ ʬʦʪʦʥʽʮʽ, ʡ ʽʥʦʜʽ ʯʘʩʪʦʪʘ ʮʠʭ ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʢʦʣʠʚʘʥʴ 

ʥʘʟʠʚʘʻʪʴʩʷ çʧʽʢʦʤ RINè ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʣʘʟʝʨʘ. ʈʝʣʘʢʩʘʮʽʡʥʽ ʢʦʣʠʚʘʥʥʷ, 

ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʚʠʥʠʢʘʶʪʴ, ʢʦʣʠ ʚ ʘʢʪʠʚʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʯʘʩ ʞʠʪʪʷ 

ʟʙʫʜʞʝʥʦʛʦ ʩʪʘʥʫ ʙʽʣʴʰʝ, ʥʽʞ ʯʘʩ ʞʠʪʪʷ ʬʦʪʦʥʘ ʚ ʨʝʟʦʥʘʪʦʨʽ, ʱʦ 

ʧʨʠʪʘʤʘʥʥʝ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʣʘʟʝʨʽʚ. 

ʈʝʣʘʢʩʘʮʽʡʥʽ ʢʦʣʠʚʘʥʥʷ ʚʠʥʠʢʘʶʪʴ ʧʦʙʣʠʟʫ ʫʩʪʘʣʝʥʦʾ ʘʤʧʣʽʪʫʜʠ ʽ 

ʚʠʢʣʠʢʘʶʪʴʩʷ ʥʘʚʽʪʴ ʥʘʡʤʝʥʰʠʤʠ ʟʙʫʜʞʝʥʥʷʤʠ ʚ ʣʘʟʝʨʥʦʤʫ ʨʝʟʦʥʘʪʦʨʽ 

ʘʙʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʢʘʯʫʚʘʥʥʷ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.11, ʯʘʩʪʦʪʠ 

ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʢʦʣʠʚʘʥʴ ʚ ʨʽʟʥʠʭ ʪʠʧʘʭ ʣʘʟʝʨʽʚ ʤʦʞʫʪʴ ʟʥʘʯʥʦ 

ʚʽʜʨʽʟʥʷʪʠʩʷ. 
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ʋ ʣʽʪʝʨʘʪʫʨʽ ʤʦʞʥʘ ʟʥʘʡʪʠ ʯʠʩʣʝʥʥʽ ʚʠʨʘʟʠ ʜʣʷ ʯʘʩʪʦʪ ʨʝʣʘʢʩʘʮʽʡʥʠʭ 

ʢʦʣʠʚʘʥʴ, ʽ ʜʚʘ ʟ ʥʠʭ ʙʫʜʫʪʴ ʟʛʘʜʘʥʽ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ. ʗʢ ʦʧʠʩʘʥʦ ʚ  

ʨʦʟʜʽʣʽ 1.3, ʯʘʩʪʦʪʘ ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʢʦʣʠʚʘʥʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʣʘʟʝʨʘ 

ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʷʢ [3.43]: 

Æ   ,                          (3.32) 

ʜʝ ɸ ï ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʦʧʪʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ, Ð ï ʦʩʪʘʮʽʦʥʘʨʥʘ 

ʛʫʩʪʠʥʘ ʬʦʪʦʥʽʚ, ʐ  ʯʘʩ ʞʠʪʪʷ ʬʦʪʦʥʘ. ʈʽʚʥʷʥʥʷ (3.32) ʜʦʩʠʪʴ ʚʘʞʣʠʚʦ 

ʧʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʣʘʟʝʨʽʚ ʥʝ ʪʽʣʴʢʠ ʪʦʤʫ, ʱʦ ʦʧʠʩʫʻ 

ʧʽʢʠ ʰʫʤʦʚʦʛʦ ʩʧʝʢʪʨʘ, ʘʣʝ ʪʘʢʦʞ ʚʠʟʥʘʯʘʻ ʩʤʫʛʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ 

ʤʦʜʫʣʷʮʽʾ ʣʘʟʝʨʘ. ɺ [3.31] ʚʠʢʦʨʠʩʪʘʥʽ ʰʚʠʜʢʽʩʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ 

ʯʦʪʠʨʴʦʭʨʽʚʥʝʚʦʾ ʩʠʩʪʝʤʠ ɸɯɻ-ʣʘʟʝʨʘ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʚʠʨʘʟ ʜʣʷ 

ʨʝʣʘʢʩʘʮʽʡʥʦʾ ʯʘʩʪʦʪʠ ʫ ʚʠʛʣʷʜʽ: 

Æ
ϳ ȿ

   (3.33) 

ʜʝ W ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʢʘʯʫʚʘʥʥʷ, 7  - ʧʦʨʦʛʦʚʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʥʘʢʘʯʫʚʘʥʥʷ,ʐ  - ʯʘʩ ʞʠʪʪʷ ʘʪʦʤʘ, ʐ - ʯʘʩ ʞʠʪʪʷ ʬʦʪʦʥʘ ʚ ʨʝʟʦʥʘʪʦʨʽ. ʋ 

ɸɯɻ-ʣʘʟʝʨʽ ʫʤʦʚʘ, ʐḻʐ ʜʠʢʪʫʻ, ʱʦ ʜʣʷ ʬʽʢʩʦʚʘʥʦʾ ʧʦʨʦʛʦʚʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʢʘʯʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʥʘʢʘʯʫʚʘʥʥʷ Æ ʪʘ 

ʯʘʩʦʤ ʞʠʪʪʷ ʘʪʦʤʘ. 

ʈʝʣʘʢʩʘʮʽʡʥʽ ʢʦʣʠʚʘʥʥʷ ʚ ʣʘʟʝʨʘʭ ʽʥʦʜʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʜʫʰʝʥʽ.  

ʅʘ ʨʠʩ. 3.12 [3.25] ʧʦʢʘʟʘʥʠʡ ʢʦʥʢʨʝʪʥʠʡ ʧʨʠʢʣʘʜ ʢʦʣʘ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ, 

ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʧʨʠʜʫʰʝʥʥʷ ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʢʦʣʠʚʘʥʴ ʚ  

ɸɯɻ-ʣʘʟʝʨʽ (Lightwave Electronics, Model No. M125N-1319-200). ɺ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʧʽʢ RIN ʚ ʦʢʦʣʠʮʽ 300 ʢɻʮ ʙʫʣʦ ʟʤʝʥʰʝʥʦ ʙʽʣʴʰ ʥʽʞ ʥʘ 40 ʜɹ 

ʮʽʥʦʶ ʥʝʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʰʫʤʫ ʚ ʦʙʣʘʩʪʽ ʤʽʞ 800 ʢɻʮ ʪʘ 3 ʄɻʮ. 

ʉʧʝʢʪʨʠ ʥʘ ʨʠʩ. 3.12 ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʪʫʞʥʦʛʦ ʬʦʪʦʜʽʦʜʘ 

[3.24], ʷʢʠʡ ʧʨʘʮʶʚʘʚ ʧʨʠ ) ψπ̍ˍ, ʱʦ ʚʩʪʘʥʦʚʣʶʻ ʤʝʞʫ ʧʦ ʜʨʦʙʦʚʦʤʫ 

ʰʫʤʫ 174״ ʜʙʥ/ɻʮ. ɺʽʜʩʫʪʥʽʩʪʴ ʫ ʬʦʪʦʜʽʦʜʽ ʢʦʣʘ ʫʟʛʦʜʞʝʥʥʷ ʽʤʧʝʜʘʥʩʽʚ 
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ʧʨʠʟʚʝʣʦ ʜʦ ʥʝʫʟʛʦʜʞʝʥʦʩʪʽ, ʷʢʠʡ ʚʠʢʣʠʢʘʚ ʧʫʣʴʩʘʮʽʾ ʚʠʱʝ 30 ʄɻʮ. ʇʽʢ ʚ 

ʦʢʦʣʠʮʽ 8,5 ɻɻʮ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʤʽʞʤʦʜʦʚʠʤ ʽʥʪʝʨʚʘʣʦʤ ʚ ʣʘʟʝʨʽ. ʎʽ ʜʚʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʤʦʞʥʘ ʯʽʪʢʽʰʝ ʧʦʙʘʯʠʪʠ ʥʘ ʨʠʩ. 3.8, ʥʘ ʷʢʦʤʫ ʯʘʩʪʠʥʘ ʜʘʥʠʭ 

ʨʠʩ. 3.12 ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʛʨʘʬʽʢʫ ʟ ʣʽʥʽʡʥʦʶ ʯʘʩʪʦʪʥʦʶ ʚʽʩʩʶ. 

 

 

ʈʠʩ. 3.12. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʝʢʪʨʽʚ RIN ɸɯɻ-ʣʘʟʝʨʘ, ʱʦ ʧʦʢʘʟʫʶʪʴ ʚʧʣʠʚ 

ʩʭʝʤʠ ʰʫʤʦʟʘʛʣʫʰʝʥʥʷ 

 

ɽʣʝʢʪʨʦʥʥʽ ʩʭʝʤʠ ʜʨʘʡʚʝʨʽʚ ʪʘʢʦʞ ʟʥʘʯʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʰʫʤʦʚʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʘʟʝʨʘ. ʅʘ ʨʠʩ. 3.13 ʧʦʢʘʟʘʥʽ ʪʨʠ ʩʧʝʢʪʨʘ RɯN 

ʚʠʱʝʟʛʘʜʘʥʦʛʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʣʘʟʝʨʘ ʟ ʈɿɿ, ʢʝʨʦʚʘʥʦʛʦ ʪʨʴʦʤʘ 

ʨʽʟʥʠʤʠ ʝʣʝʢʪʨʦʥʥʠʤʠ ʜʨʘʡʚʝʨʘʤʠ. 

 

 

ʈʠʩ. 3.13. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʝʢʪʨʽʚ RIN ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʣʘʟʝʨʘ ʟ ʈɿɿ  

ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʨʴʦʭ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʩʪʨʫʤʫ 
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ɼʝʪʘʣʴʥʠʡ ʦʧʠʩ ʮʠʭ ʜʘʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ [3.44], ʘ ʪʫʪ ʜʦʩʠʪʴ 

ʩʢʘʟʘʪʠ, ʱʦ ʚʠʙʽʨ ʜʞʝʨʝʣʘ ʤʦʞʝ ʟʥʘʯʥʦ ʟʤʽʥʠʪʠ ʩʧʝʢʪʨ ʰʫʤʫ ʣʘʟʝʨʘ. ʋ ʨʘʟʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʣʘʟʝʨʘ ʟ ʈɿɿ ʰʫʤ ʩʪʨʫʤʫ ʥʘʢʘʯʫʚʘʥʥʷ ʤʦʞʝ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʤʦʜʫʣʶʚʘʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʣʘʟʝʨʘ ʡ ʚʠʷʚʣʷʪʠʩʷ ʷʢ ʥʘʜʤʽʨʥʘ 

RIN. ɽʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʰʠʨʠʥʘ ʩʤʫʛʠ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʫ ʣʘʟʝʨʘ. ɿʘʛʘʣʦʤ, ʣʘʟʝʨʠ ʙʫʜʫʪʴ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ 

ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ ʨʽʚʥʷ ʥʘʢʘʯʫʚʘʥʥʷ ʥʘ ʯʘʩʪʦʪʘʭ ʥʠʞʯʝ ʨʝʣʘʢʩʘʮʽʡʥʦʛʦ 

ʢʦʣʠʚʘʥʥʷ. ʆʪʞʝ, ʥʘʚʽʪʴ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ ʰʫʤ ʥʘʢʘʯʫʚʘʥʥʷ ʧʦʨʷʜʢʫ 

ʛʽʛʘʛʝʨʮ ʤʦʞʝ ʙʫʪʠ ʘʩʦʮʽʡʦʚʘʥʠʡ ʟ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʣʘʟʝʨʘʤʠ. 

ʊʚʝʨʜʦʪʽʣʴʥʽ ʣʘʟʝʨʠ ʟ ʦʧʪʠʯʥʠʤ ʥʘʢʘʯʫʚʘʥʥʷʤ ʙʽʣʴʰ ʩʪʽʡʢʽ ʜʦ ʰʫʤʫ 

ʥʘʢʘʯʫʚʘʥʥʷ ʚ ʤʽʢʨʦʭʚʠʣʴʦʚʦʤʫ ʨʝʞʠʤʽ. ʅʘʧʨʠʢʣʘʜ, ʪʚʝʨʜʦʪʽʣʴʥʽ ʣʘʟʝʨʠ, 

ʱʦ ʚʢʣʶʯʘʶʪʴ ʚʦʣʦʢʦʥʥʽ ʣʘʟʝʨʠ, ʣʝʛʦʚʘʥʽ ʝʨʙʽʻʤ, ʪʘ ɸɯɻ-ʣʘʟʝʨʠ ʧʦʢʘʟʫʶʪʴ 

ʨʝʣʘʢʩʘʮʽʡʥʽ ʢʦʣʠʚʘʥʥʷ ʥʠʞʯʝ ʜʝʢʽʣʴʢʦʭ ʤʝʛʘʛʝʨʮ (ʜʠʚ. ʨʠʩ. 3.11 ʽ 3.12). 

ɼʣʷ ʣʽʥʽʡ ʧʝʨʝʜʘʯʽ, ʱʦ ʬʫʥʢʮʽʦʥʫʶʪʴ ʚʠʱʝ ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʢʦʣʠʚʘʥʴ, ʪʘʢʠʡ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʡ ʰʫʤ ʻ ʧʨʦʙʣʝʤʦʶ ʪʽʣʴʢʠ ʚ ʧʣʘʥʽ ʤʦʞʣʠʚʦʩʪʽ ʡʦʛʦ 

ʧʽʜʚʠʱʫʶʯʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʩʤʫʛʫ ʈʏ-ʥʦʩʽʡʥʦʾ.  

ʅʘ ʨʠʩ. 3.14 ʪʘ 3.15 ʥʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ ʰʫʤʫ ʣʘʟʝʨʘ ʚʥʘʩʣʽʜʦʢ 

ʧʽʜʚʠʱʝʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʯʘʩʪʦʪʠ ʜʦ ʩʤʫʛʠ ʈʏ-ʥʦʩʽʡʥʦʾ. ɿʦʢʨʝʤʘ, ʥʘ 

ʨʠʩ. 3.15 ʧʦʢʘʟʘʥʽ ʪʨʠ ʩʧʝʢʪʨʘ, ʚʠʤʽʨʷʥʽ ʜʣʷ ʝʨʙʽʻʚʦʛʦ  ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ: 

ʩʧʝʢʪʨ RIN ʚ ʦʩʥʦʚʥʽʡ ʩʤʫʟʽ, ʘ ʪʘʢʦʞ ʩʧʝʢʪʨʠ ʦʜʥʦʩʤʫʛʦʚʦʛʦ ʬʘʟʦʚʦʛʦ ʪʘ 

ʘʤʧʣʽʪʫʜʥʦʛʦ ʰʫʤʽʚ ʥʘ ʈʏ-ʥʦʩʽʡʥʦʾ ʚ ʬʦʪʦʥʥʽʡ ʣʽʥʽʾ ʥʘ ʙʘʟʽ ʪʦʛʦ ʞ ʣʘʟʝʨʘ 

[3.20]. ɺʝʣʠʯʠʥʘ RIN ʙʫʣʘ ʚʠʤʽʨʷʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʩʪʘʥʦʚʢʠ, 

ʧʝʨʝʪʚʦʨʝʥʠʡ ʰʫʤ ʙʫʚ ʚʠʟʥʘʯʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʪʝʩʪʫʚʘʥʥʷ 

ʬʘʟʦʚʦʛʦ ʰʫʤʫ Agilent ɽ5500ɸ/ɺ. ʉʝʨʝʜʥʽʡ ʬʦʪʦʩʪʨʫʤ ʜʦʨʽʚʥʶʚʘʚ 5 ʤɸ 

ʜʣʷ ʦʙʦʭ ʚʠʤʽʨʽʚ (RIN ʪʘ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ), ʢʨʽʤ ʪʦʛʦ, ʚ ʦʙʦʭ ʩʭʝʤʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʬʦʪʦʜʽʦʜʠ ʟ ʫʟʛʦʜʞʝʥʥʷʤ ʽʤʧʝʜʘʥʩʽʚ  

(( ρς ϳ ̓ ́2 υπ ̨ Ȣ̍). ʏʘʩʪʦʪʥʘ ʚʽʩʴ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʰʫʤʫ 

ʧʦʙʫʜʦʚʘʥʘ ʱʦʜʦ ʥʦʩʽʡʥʦʾ ʯʘʩʪʦʪʠ 10,24 ɻɻʮ ʧʨʠ ʘʙʩʦʣʶʪʥʦʤʫ ʟʥʘʯʝʥʥʽ 

0 τ̅ˎ.̍ ɼʣʷ ʚʠʤʽʨʶʚʘʥʴ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʰʫʤʫ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʄʐʇ 
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ʟ' ςπ  ̅  ˎʪʘ NF = 6 ʜɹ. 

ʉʫʮʽʣʴʥʘ ʥʘʧʽʚʞʠʨʥʘ ʣʽʥʽʷ ״ ʮʝ ʤʝʞʘ ʧʦ ʜʨʦʙʦʚʦʤʫ ʰʫʤʫ ʜʣʷ 

ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʬʦʪʦʩʪʨʫʤʫ 80 ʤɸ (ʜʠʚ. (3.27)) [3.25]. 

 

 

ʈʠʩ. 3.14. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ RIN ʚ ʩʤʫʟʽ ʦʩʥʦʚʥʠʭ ʯʘʩʪʦʪ ʪʘ ʧʝʨʝʪʚʦʨʝʥʠʭ ʚʛʦʨʫ 

ʦʜʥʦʩʤʫʛʦʚʠʭ ʘʤʧʣʽʪʫʜʥʦʛʦ (AM) ʪʘ ʬʘʟʦʚʦʛʦ (PN) ʰʫʤʽʚ ʚ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʥʘ ʙʘʟʽ 

ʝʨʙʽʻʚʦʛʦ  ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ 

 

 

ʈʠʩ. 3.15. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ RIN ʚ ʩʤʫʟʽ ʦʩʥʦʚʥʠʭ ʯʘʩʪʦʪ ʽ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʚʛʦʨʫ 

ʦʜʥʦʧʦʣʦʩʥʦʛʦ ʬʘʟʦʚʦʛʦ (PN) ʰʫʤʫ ʚ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʥʘ ʙʘʟʽ ɸɯɻ-ʣʘʟʝʨʘ 

 

ʉʫʮʽʣʴʥʘ ʥʘʧʽʚʞʠʨʥʘ ʣʽʥʽʷ - ʮʝ ʤʝʞʘ ʧʦ ʜʨʦʙʦʚʦʤʫ ʰʫʤʫ ʜʣʷ 

ʩʝʨʝʜʥʴʦʛʦ ʬʦʪʦʩʪʨʫʤʫ 20 ʤɸ [3.34]. ʄʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʰʫʤʫ ʜʣʷ ʜʘʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʚʠʟʥʘʯʘʚʩʷ ʩʫʤʘʨʥʠʤ ʚʧʣʠʚʦʤ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ (ʜʠʚ. (3.29)) ʡ 

ʰʫʤʫ ʄʐʇ (ʜʠʚ. (3.19). ʇʨʠ ʧʽʜʩʪʘʥʦʚʮʽ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʚ (3.29) ʚ ʷʢʦʩʪʽ ʨʽʚʥʷ ʈʏ-ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʭʦʜʽ ʄʐʇ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ὖ ̅ ρφ״ ˎ̍, ʨʽʚʥʷʥʥʷ (3.19) ʜʘʻ ʨʝʟʫʣʴʪʘʪ: 

fl Ὢ ρυυ̅ˎ ̎ː ̗ϳ , ʘ ʤʝʞʘ ʝʞʘ ʧʦ ʜʨʦʙʦʚʦʤʫ ʰʫʤʫ  
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fl Ὢ ρυτ̅ˎ ̎ː ̗ϳ . ʂʦʤʙʽʥʫʶʯʠ ʮʽ ʜʚʘ ʜʞʝʨʝʣʘ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 

ʤʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʰʫʤʫ 151״ ʜɹʥ/ɻʮ, ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʚʠʤʽʨʷʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʚʠʱʝ 10 ʄɻʮ ʥʘ ʨʠʩ. 3.14. ʄʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʜʨʦʙʦʚʦʛʦ 

ʰʫʤʫ ʜʣʷ ʩʧʝʢʪʨʘ RIN ʟʘʜʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ (3.27) ʨʽʚʥʠʤ 162 ״ ʜɹʥ/ɻʮ. 

ʇʽʢ ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʢʦʣʠʚʘʥʴ ʧʦʙʣʠʟʫ 1,4 ʄɻʮ ʥʘʡʙʽʣʴʰ ʧʦʤʽʪʥʠʡ ʥʘ  

ʨʠʩ. 3.14. ʁʦʛʦ ʨʽʚʝʥʴ ʚʽʜʧʦʚʽʜʘʻ 97 ״ ʜɹʥ/ɻʮ ʚ ʪʝʨʤʽʥʘʭ RIN ʽ ʙʣʠʟʴʢʦ  

 ʜɹʥ/ɻʮ ʚ ʪʝʨʤʽʥʘʭ ʦʜʥʦʧʦʣʦʩʥʦʛʦ ʘʤʧʣʽʪʫʜʥʦʛʦ ʰʫʤʫ. ʈʝʣʘʢʩʘʮʽʡʥʽ 101״

ʢʦʣʠʚʘʥʥʷ ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʩʠʛʥʘʣ, ʱʦ ʤʦʜʫʣʶʻ ʜʣʷ ʈʏ-ʥʦʩʽʡʥʫ, ʚ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʦʯʽʢʫʚʘʥʠʡ ʨʽʚʝʥʴ ʚ ʙʽʯʥʽʡ ʩʤʫʟʽ ʙʫʜʝ ʥʘ 3 ʜɹ ʥʠʞʯʝ 

ʧʦʪʫʞʥʦʩʪʽ ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ [3.2]. ɺʽʜʤʽʥʥʽʩʪʴ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ 

4 ʜɹ ʤʽʞ ʩʧʝʢʪʨʦʤ RIN ʪʘ ʩʧʝʢʪʨʦʤ ʦʜʥʦʧʦʣʦʩʥʦʛʦ ʘʤʧʣʽʪʫʜʥʦʛʦ ʰʫʤʫ, 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʦʛʦʜʞʝʥʽ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʶ ʧʦʭʠʙʢʦʶ ʚ ʤʝʞʘʭ 1 ʜɹ. 

ʄʘʢʩʠʤʫʤ ʩʧʝʢʪʨʘ ʦʜʥʦʧʦʣʦʩʥʦʛʦ ʬʘʟʦʚʦʛʦ ʰʫʤʫ ʩʢʣʘʜʘʻ 118״ ʜʙʥ/ɻʮ, ʱʦ 

ʥʘ 17 ʜɹ ʥʠʞʯʝ ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʥʦʛʦ ʰʫʤʫ ʡ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʦʙʤʝʞʝʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʱʦʜʦ ʫʩʫʥʝʥʥʷ ʘʤʧʣʽʪʫʜʥʦʛʦ ʰʫʤʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʰʫʤ ʣʘʟʝʨʘ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʧʣʠʚʘʻ ʥʘ ʧʝʨʝʪʚʦʨʝʥʠʡ 

ʚʛʦʨʫ ʘʤʧʣʽʪʫʜʥʠʡ ʰʫʤ, ʘʣʝ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʧʝʨʝʪʚʦʨʝʥʠʡ ʚʛʦʨʫ ʬʘʟʦʚʠʡ 

ʰʫʤ. 

ʅʘ ʨʠʩ. 3.15 ʧʦʢʘʟʘʥʽ ʜʚʘ ʩʧʝʢʪʨʘ, ʱʦ ʜʝʤʦʥʩʪʨʫʶʪʴ ʱʝ ʦʜʠʥ 

ʧʨʠʢʣʘʜ, ʜʝ ʰʫʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʣʘʟʝʨʘ ʥʝ ʚʥʦʩʠʪʴ ʚʢʣʘʜ ʚ ʧʝʨʝʪʚʦʨʝʥʠʡ 

ʚʛʦʨʫ ʈʏ ʬʘʟʦʚʠʡ ʰʫʤ [3.20]. ɿʦʢʨʝʤʘ, ʥʘʚʝʜʝʥʽ ʩʧʝʢʪʨ ʜʣʷ RIN ɸɯɻ-ʣʘʟʝʨʘ 

ʪʘ ʦʜʥʦʩʤʫʛʦʚʠʡ ʬʘʟʦʚʠʡ ʰʫʤ ʚ ʦʢʦʣʠʮʽ ʯʘʩʪʦʪʠ ʥʦʩʽʡʥʦʾ 10,24 ɻɻʮ ʥʘ 

ʚʠʭʦʜʽ ʣʽʥʽʾ ʥʘ ʙʘʟʽ ʪʦʛʦ ʞ ʣʘʟʝʨʘ. ɼʣʷ ʦʙʦʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ 

Ὅ ρπ ̍ ẖ̌Ὄ ρςϳ  ̓  ́Ὑ υπ ̨ Ȣ̍ ɿʥʘʯʝʥʥʷ RIN ʧʦ ʜʨʦʙʦʚʦʤʫ ʰʫʤʫ 

ʨʦʟʨʘʭʦʚʘʥʝ ʟʘ ʜʦʧʦʤʦʛʦʶ (3.27) ʡ ʩʪʘʥʦʚʠʪʴ 165 ״ ʜɹʥ/ɻʮ. ɺʠʱʝ 10 ʄɻʮ 

ʩʧʝʢʪʨ RIN ʦʙʤʝʞʫʻʪʴʩʷ ʜʨʦʙʦʚʠʤ ʰʫʤʦʤ, ʦʜʥʘʢ ʥʘ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪʘʭ 

ʨʽʚʝʥʴ RIN ʣʘʟʝʨʘ ʥʘʙʘʛʘʪʦ ʚʠʱʝ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ. ɼʘʥʽ ʬʘʟʦʚʦʛʦ ʰʫʤʫ 

ʚʠʟʥʘʯʝʥʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʦʪʫʞʥʦʩʪʽ ʥʦʩʽʡʥʦʾ 13״ ʜɹʤ, ʱʦ ʚʩʪʘʥʦʚʣʶʻ 

ʤʝʞʫ ʧʦ ʜʨʦʙʦʚʦʤʫ ʰʫʤʫ ʥʘ ʨʽʚʥʽ 154״ ʜɹʥ/ɻʮ (ʜʠʚ. (3.29)). ɺʠʤʽʨʷʥʠʡ 
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ʬʘʟʦʚʠʡ ʰʫʤ ʦʙʤʝʞʝʥʠʡ ʜʨʦʙʦʚʠʤ ʰʫʤʦʤ ʧʦ ʚʩʴʦʤʫ ʟʘʜʘʥʦʤʫ ʜʽʘʧʘʟʦʥʫ 

ʯʘʩʪʦʪ. ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʨʠʩʫʥʢʫ, ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ RIN ʣʘʟʝʨʘ ʩʪʘʥʦʚʠʪʴ ״

144 ʜɹʥ/ɻʮ ʽ ʥʝ ʚʥʦʩʠʪʴ ʚʢʣʘʜ ʚ ʧʝʨʝʪʚʦʨʝʥʠʡ ʚʛʦʨʫ ʬʘʟʦʚʠʡ ʰʫʤ. 

ʇʝʨʝʪʚʦʨʝʥʠʡ ʩʧʝʢʪʨ ʧʦʙʫʜʦʚʘʥʠʡ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʯʘʩʪʦʪʠ  

ʈʏ-ʥʦʩʽʡʥʦʾ 10,24 ɻɻʮ [3.20]. 

ʄʝʞʘ ʟʘ ʜʨʦʙʦʚʠʤ ʰʫʤʦʤ ʧʦʢʘʟʘʥʘ ʫ ʚʠʛʣʷʜʽ ʩʫʮʽʣʴʥʠʭ ʣʽʥʽʡ ʜʣʷ 

ʢʦʞʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ. ʇʝʨʝʪʚʦʨʝʥʠʡ ʩʧʝʢʪʨ ʧʦʙʫʜʦʚʘʥʠʡ ʧʦ ʚʽʜʥʦʰʝʥʥʶ 

ʜʦ ʯʘʩʪʦʪʠ ʈʏ-ʥʦʩʽʡʥʦʾ 10,24 ɻɻʮ [3.20]. 

ʗʢ ʟʛʘʜʫʚʘʣʦʩʷ ʚʠʱʝ, ʬʦʪʦʜʽʦʜʠ ʧʝʨʝʪʚʦʨʷʪʴ ʬʣʫʢʪʫʘʮʽʾ ʦʧʪʠʯʥʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚ ʢʦʣʠʚʘʥʥʷ ʩʪʨʫʤʫ. ʆʪʞʝ, ʰʫʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʣʘʟʝʨʘ ï 

ʛʦʣʦʚʥʘ ʧʨʦʙʣʝʤʘ ʨʘʜʽʦʬʦʪʦʥʥʦʾ ʣʽʥʽʾ. ʌʣʫʢʪʫʘʮʽʾ ʦʧʪʠʯʥʦʾ ʬʘʟʠ ʥʝ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʈʏ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʬʦʪʦʥʥʠʭ ʣʽʥʽʡ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʥʝ 

ʟ'ʷʚʣʷʻʪʴʩʷ ʜʝʷʢʠʡ ʤʝʭʘʥʽʟʤ, ʱʦ ʧʝʨʝʪʚʦʨʶʻ ʬʘʟʦʚʽ ʢʦʣʠʚʘʥʥʷ ʚ ʢʦʣʠʚʘʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ʅʘ ʞʘʣʴ, ʪʘʢʠʭ ʤʝʭʘʥʽʟʤʽʚ ʜʦʩʠʪʴ ʙʘʛʘʪʦ. ɿʦʢʨʝʤʘ, 

ʥʝʥʘʚʤʠʩʥʽ ʚʽʜʙʠʪʪʷ ʚ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʤʦʞʫʪʴ ʩʪʚʦʨʠʪʠ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʝ 

ʩʝʨʝʜʦʚʠʱʝ, ʚ ʷʢʦʤʫ ʬʘʟʦʚʠʡ ʰʫʤ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʰʫʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʱʝ 

ʜʦ ʬʦʪʦʜʝʪʝʢʪʫʚʘʥʥʷ. ɺʦʣʦʢʦʥʥʽ ʝʬʝʢʪʠ, ʪʘʢʽ ʷʢ ʧʦʜʚʽʡʥʝ ʨʝʣʝʾʚʩʴʢʝ 

ʨʦʟʩʽʶʚʘʥʥʷ ʪʘ ʭʨʦʤʘʪʠʯʥʘ ʜʠʩʧʝʨʩʽʷ (ʜʠʚ. ʨʦʟʜʽʣ 5), ʤʦʞʫʪʴ ʪʘʢʦʞ 

ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʦʧʪʠʯʥʽ ʬʘʟʦʚʽ ʬʣʫʢʪʫʘʮʽʾ ʚ ʬʣʫʢʪʫʘʮʽʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚ 

ʩʠʩʪʝʤʘʭ ʟ ʧʨʷʤʠʤ ʜʝʪʝʢʪʫʚʘʥʥʷʤ. ʇʝʨʝʪʚʦʨʝʥʥʷ ʬʘʟʘ-ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʻ 

ʥʘʚʤʠʩʥʠʤ ʚ ʩʠʩʪʝʤʘʭ, ʜʝ ʽʥʬʦʨʤʘʮʽʷ ʟʘʢʦʜʦʚʘʥʘ ʚ ʦʧʪʠʯʥʽʡ ʬʘʟʽ, ʽ ʪʘʢʽ 

ʩʠʩʪʝʤʠ ʙʫʜʫʪʴ ʥʝʦʜʤʽʥʥʦ ʧʝʨʝʙʫʚʘʪʠ ʧʽʜ ʚʧʣʠʚʦʤ ʦʧʪʠʯʥʦʛʦ ʬʘʟʦʚʦʛʦ 

ʰʫʤʫ, ʘ ʪʘʢʦʞ ʰʫʤʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʚ ʽʥʰʽʡ ʯʘʩʪʠʥʽ ʮʴʦʛʦ 

ʨʦʟʜʽʣʫ ʙʫʜʫʪʴ ʜʘʥʽ ʧʦʥʷʪʪʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ʬʘʟʦʚʠʤ ʰʫʤʦʤ ʣʘʟʝʨʘ ʪʘ ʡʦʛʦ 

ʚʠʤʽʨʦʤ. 

ɺ ʣʘʟʝʨʥʽʡ ʩʠʩʪʝʤʽ ʽʩʥʫʻ ʙʘʛʘʪʦ ʜʞʝʨʝʣ ʬʘʟʦʚʦʛʦ ʰʫʤʫ. ɺ ʮʴʦʤʫ 

ʨʦʟʜʽʣʽ ʩʢʦʥʮʝʥʪʨʫʻʤʦʩʷ ʥʘ ʬʣʫʢʪʫʘʮʽʷʭ ʧʦʙʣʠʟʫ ʮʝʥʪʨʘʣʴʥʦʾ ʣʽʥʽʾ 

ʛʝʥʝʨʘʮʽʾ ʣʘʟʝʨʘ ״ ʥʘ ʰʠʨʠʥʽ ʣʽʥʽʾ. ʈʽʟʥʦʤʘʥʽʪʥʽ ʤʝʭʘʥʽʟʤʠ ʤʦʞʫʪʴ ʚʥʦʩʠʪʠ 

ʚʢʣʘʜ ʚ ʨʦʟʰʠʨʝʥʥʷ ʣʽʥʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʘʟʝʨʘ. ɼʘʥʽ ʤʝʭʘʥʽʟʤʠ 
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ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʚ ʜʚʦʭ ʢʘʪʝʛʦʨʽʷʭ: ʧʦʚ'ʷʟʘʥʽ ʟ ʦʜʥʦʨʽʜʥʠʤ ʨʦʟʰʠʨʝʥʥʷʤ ʪʘ 

ʥʝʦʜʥʦʨʽʜʥʠʤ ʨʦʟʰʠʨʝʥʥʷʤ. ʆʜʥʦʨʽʜʥʝ ʨʦʟʰʠʨʝʥʥʷ ʚʠʥʠʢʘʻ, ʢʦʣʠ 

ʤʝʭʘʥʽʟʤ ʨʦʟʰʠʨʝʥʥʷ ʟ ʦʜʥʘʢʦʚʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʚʧʣʠʚʘʻ ʥʘ ʚʩʽ ʘʪʦʤʠ ʽ 

ʣʽʥʽʷ ʛʝʥʝʨʘʮʽʾ ʦʧʠʩʫʻʪʴʩʷ ʣʦʨʝʥʮʝʚʠʤ ʧʨʦʬʽʣʝʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ [3.44]: 

Ὅ
Ў

Ў ϳ
,    (3.34) 

ʜʝ   - ʢʫʪʦʚʘ ʯʘʩʪʦʪʘ ʤʘʢʩʠʤʫʤʫ, Ўʧʦʚʥʘ ʰʠʨʠʥʘ ʥʘ ʧʦʣʦʚʠʥʽ -  

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ (FWʅʄ) ʰʠʨʠʥʠ ʣʽʥʽʾ. ʄʝʭʘʥʽʟʤʠ, ʷʢʽ ʻ 

ʧʨʠʯʠʥʦʶ ʦʜʥʦʨʽʜʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ, ʚʢʣʶʯʘʶʪʴ ʧʨʠʨʦʜʥʝ ʨʦʟʰʠʨʝʥʥʷ 

ʣʽʥʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʘʟʝʨʘ, ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʚʘʥʪʦʚʦʶ ʤʝʭʘʥʽʢʦʶ, 

ʨʘʤʘʥʽʚʩʴʢʠʤ ʨʦʟʩʽʶʚʘʥʥʷʤ, ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʫ ʞʠʪʪʷ ʚ ʪʚʝʨʜʦʪʽʣʴʥʠʭ 

ʣʘʟʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʽ ʨʦʟʰʠʨʝʥʥʷʤ ʟʘ ʨʘʭʫʥʦʢ ʟʽʪʢʥʝʥʴ ʚ ʛʘʟʦʚʠʭ ʣʘʟʝʨʘʭ. 

ʆʜʥʦʨʽʜʥʦ-ʨʦʟʰʠʨʝʥʽ ʣʘʟʝʨʠ ʤʦʞʫʪʴ ʧʦʢʘʟʫʚʘʪʠ ʧʨʦʩʪʦʨʦʚʝ ʚʠʛʦʨʷʥʥʷ 

ʧʨʦʚʘʣʽʚ. ɼʘʥʠʡ ʝʬʝʢʪ ʚʠʥʠʢʘʻ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʽʜʩʠʣʶʚʘʣʴʥʝ 

ʩʝʨʝʜʦʚʠʱʝ ʣʘʟʝʨʘ ʧʨʦʩʪʦʨʦʚʦ ʥʘʩʠʯʫʻʪʴʩʷ ʻʜʠʥʦʶ ʤʦʜʦʶ ʨʝʟʦʥʘʪʦʨʘ. 

ɯʥʰʽ ʧʦʟʜʦʚʞʥʽ ʤʦʜʠ ʤʦʞʫʪʴ ʚʩʝ ʱʝ ʚʽʜʯʫʚʘʪʠ ʧʽʜʩʠʣʝʥʥʷ ʚ ʧʨʦʩʪʦʨʦʚʠʭ 

ʦʙʣʘʩʪʷʭ, ʜʝ ʚʦʥʦ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʥʘʩʠʯʝʥʠʤ [3.45]. 

ʅʝʦʜʥʦʨʽʜʥʝ ʨʦʟʰʠʨʝʥʥʷ ʚʠʥʠʢʘʻ ʚ ʧʨʦʮʝʩʽ ʚʧʣʠʚʫ ʥʘ ʢʦʞʝʥ ʘʪʦʤ ʟ 

ʚʠʧʘʜʢʦʚʦʶ ʡʤʦʚʽʨʥʽʩʪʶ. ɼʣʷ ʦʧʠʩʫ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʘ ʌʫʥʢʮʽʷ ɻʘʫʩʘ [3.45]: 

Ὅ
Ѝ

Ў
Ὡὼὴ

Ў
.                 (3.35) 

ʂʣʘʩʠʯʥʠʤ ʧʨʠʢʣʘʜʦʤ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʻ ʜʦʧʧʣʝʨʽʚʩʴʢʝ 

ʨʦʟʰʠʨʝʥʥʷ ʚ ʛʘʟʦʚʠʭ ʩʠʩʪʝʤʘʭ. ʌʫʥʢʮʽʷ ɻʘʫʩʘ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 1/f-ʰʫʤʫ ʚ ʣʘʟʝʨʘʭ [3.46]. 

ʌʦʪʦʚʠʧʘʣʶʚʘʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʧʨʦʚʘʣʽʚ ״ ʮʝ ʬʝʥʦʤʝʥ, ʱʦ ʘʩʦʮʽʶʻʪʴʩʷ ʟ 

ʥʝʦʜʥʦʨʽʜʥʠʤ ʨʦʟʰʠʨʝʥʥʷʤ. ɼʘʥʠʡ ʝʬʝʢʪ ʚʠʥʠʢʘʻ, ʢʦʣʠ ʨʽʟʥʽ ʤʦʜʠ, ʱʦ 

ʟʙʫʜʞʫʶʪʴʩʷ, ʥʝʟʘʣʝʞʥʦ ʥʘʩʠʯʫʶʪʴʩʷ, ʬʦʨʤʫʶʯʠ ʪʘʢʠʤ ʯʠʥʦʤ çʧʨʦʚʘʣʠè 

ʚ ʩʧʝʢʪʨʽ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ. 

ʇʨʠʨʦʜʥʘ ʰʠʨʠʥʘ ʣʽʥʽʾ ʣʘʟʝʨʘ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 
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ʧʨʠʥʮʠʧʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ɻʝʡʟʝʥʙʝʨʛʘ, ʙʫʣʘ ʚʧʝʨʰʝ ʦʧʠʩʘʥʘ ʚ [3.47]. ʈʘʥʥʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʢʚʘʥʪʦʚʦ-ʦʙʤʝʞʝʥʦʾ ʣʽʥʽʾ ʧʦ ʬʦʨʤʫʣʽ ʐʘʚʣʦʚʘ-ʊʘʫʥʩʘ ʙʫʣʠ 

ʧʨʦʚʝʜʝʥʽ ʚ ʨʦʙʦʪʽ [3.48] ʡ ʦʯʽʢʫʚʘʥʦ ʚʽʜʧʦʚʽʜʘʣʠ ʣʦʨʝʥʮʝʚʦʤʫ ʢʦʥʪʫʨʫ. 

ʇʽʟʥʽʰʝ ʚ [3.49] ʙʫʣʘ ʚʚʝʜʝʥʘ ʤʦʜʠʬʽʢʦʚʘʥʘ ʰʠʨʠʥʘ ʣʽʥʽʾ ʚ ʤʝʞʽ  

ʐʘʚʣʦʚʘ-ʊʘʫʥʩʘ, ʱʦ ʚʢʣʶʯʘʻ çʘʣʴʬʘ-ʧʘʨʘʤʝʪʨè ʜʣʷ ʦʧʠʩʫ ʨʦʟʰʠʨʝʥʥʷ, 

ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʣʘʟʝʨʘʭ. ɸʣʴʬʘ-ʧʘʨʘʤʝʪʨ ״ ʮʝ 

ʚʽʜʥʦʰʝʥʥʷ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʫʩʪʘʣʝʥʦʛʦ ʟʥʘʯʝʥʥʷ ʜʽʡʩʥʦʾ ʯʘʩʪʠʥʠ ʧʦʢʘʟʥʠʢʘ 

ʟʘʣʦʤʣʝʥʥʷ ʜʦ ʡʦʛʦ ʫʷʚʥʦʾ ʯʘʩʪʠʥʠ. ɼʘʥʠʡ ʧʘʨʘʤʝʪʨ ʙʫʚ ʧʦʚʥʽʩʪʶ 

ʦʧʠʩʘʥʠʡ ʚ ʜʚʦʭ ʧʽʟʥʽʰʠʭ ʦʛʣʷʜʦʚʠʭ ʩʪʘʪʪʷʭ [3.50] ʪʘ [3.51] ʽ ʜʦ ʮʴʦʛʦ ʯʘʩʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʣʘʟʝʨʽʚ [3.52]. ʋ ʜʝʷʢʠʭ 

ʚʠʧʘʜʢʘʭ ʬʦʨʤʘ ʣʽʥʽʾ ʣʘʟʝʨʘ ʤʦʞʝ ʚʠʟʥʘʯʘʪʠʩʷ ʷʢ ʦʜʥʦʨʽʜʥʠʤ, ʪʘʢ ʽ 

ʥʝʦʜʥʦʨʽʜʥʠʤ ʧʨʦʮʝʩʘʤʠ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʬʦʨʤʘ ʣʽʥʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʥʝ ʤʦʞʝ ʙʫʪʠ ʦʢʨʝʤʦ ʚʽʜʪʚʦʨʝʥʘ ʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʧʦʜʽʣʫ ʃʦʨʝʥʮʘ, ʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʛʘʫʩʽʚʩʴʢʦʛʦ ʨʦʟʧʦʜʽʣʽʚ. ɹʽʣʴʰ ʢʦʨʝʢʪʥʦ ʜʣʷ ʦʧʠʩʫ ʚʠʤʽʨʷʥʦʛʦ 

ʩʧʝʢʪʨʘ ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ ʬʫʥʢʮʽʻʶ ʌʦʡʛʪʘ, ʱʦ ʤʽʩʪʠʪʴ ʚʥʝʩʦʢ ʦʙʦʭ 

ʚʠʱʝʚʢʘʟʘʥʠʭ ʨʦʟʧʦʜʽʣʽʚ [3.46]. 

ɺʠʤʽʨʶʚʘʥʥʷ ʰʠʨʠʥʠ ʣʽʥʽʾ ʣʘʟʝʨʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʦ ʨʽʟʥʠʤʠ 

ʤʝʪʦʜʘʤʠ. ʊʨʠ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʟ ʥʠʭ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ 3.16.  

 

 

ʈʠʩ. 3.16. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʠʨʠʥʠ ʣʽʥʽʾ ʣʘʟʝʨʘ 

 

ɸ ʩʘʤʝ ʧʦʢʘʟʘʥʽ ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʜʽʘʛʨʘʤʠ (ʘ) ʛʝʪʝʨʦʜʠʥʥʦʛʦ, (ʙ) 

ʛʦʤʦʜʠʥʥʦʛʦ, (ʚ) ʘʚʪʦʛʝʪʝʨʦʜʠʥʥʦʛʦ ʧʽʜʭʦʜʽʚ. ɼʝʪʘʣʴʥʠʡ ʦʧʠʩ ʢʦʞʥʦʛʦ 
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ʚʘʨʽʘʥʪʫ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʟʘ ʨʘʤʢʘʤʠ ʜʘʥʦʾ ʨʦʙʦʪʠ, ʪʦʤʫ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ 

ʙʫʜʫʪʴ ʦʧʠʩʘʥʽ ʣʠʰʝ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ. ʇʦʚʥʝ ʨʦʟ'ʷʩʥʝʥʥʷ ʟ ʮʠʭ ʪʘ ʽʥʰʠʭ 

ʤʝʪʦʜʽʚ ʜʘʥʦ ʚ [3.53]. ʋ ʛʝʪʝʨʦʜʠʥʥʦʤʫ ʚʘʨʽʘʥʪʽ ʜʣʷ ʚʠʤʽʨʶʚʘʥʴ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʧʦʨʥʠʡ ʣʘʟʝʨ. ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʧʦʨʥʦʛʦ ʪʘ ʪʝʩʪʦʚʦʛʦ 

ʣʘʟʝʨʽʚ ʦʙ'ʻʜʥʫʶʪʴʩʷ ʚ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ, ʥʘʧʨʠʢʣʘʜ, 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʦʛʦ ʨʦʟʛʘʣʫʜʞʫʚʘʯʘ. ʂʦʤʙʽʥʦʚʘʥʝ ʧʦʣʝ ʚʠʷʚʣʷʻʪʴʩʷ 

ʬʦʪʦʜʝʪʝʢʪʦʨʦʤ ʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʨʘʜʽʦʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʘʟʚʠʯʘʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʈɸʉ. ʗʢʱʦ ʰʠʨʠʥʘ ʣʽʥʽʾ ʦʧʦʨʥʦʛʦ ʣʘʟʝʨʘ ʥʘʙʘʛʘʪʦ ʤʝʥʰʝ 

ʰʠʨʠʥʠ ʣʽʥʽʾ ʪʝʩʪʦʚʘʥʦʛʦ ʣʘʟʝʨʘ, ʪʦ ʬʦʨʤʘ ʣʽʥʽʾ ʚ ʨʘʜʽʦʜʽʘʧʘʟʦʥʽ ʻ 

ʨʝʧʣʽʢʦʶ ʦʩʪʘʥʥʴʦʛʦ ʥʘ ʨʽʟʥʠʮʝʚʽʡ ʯʘʩʪʦʪʽ ʜʚʦʭ ʣʘʟʝʨʽʚ. ɻʝʪʝʨʦʜʠʥʥʘ 

ʪʝʭʥʽʢʘ ʢʦʨʠʩʥʘ, ʪʦʤʫ ʱʦ ʟ ʾʾ ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ ʧʦʢʘʟʘʪʠ ʘʩʠʤʝʪʨʽʶ ʣʽʥʽʾ 

ʪʝʩʪʦʚʘʥʦʛʦ ʣʘʟʝʨʘ. ʇʨʦʪʝ ʤʝʪʦʜ ʩʢʣʘʜʥʠʡ ʚ ʨʝʘʣʽʟʘʮʽʾ ʜʣʷ ʩʫʯʘʩʥʠʭ 

ʣʘʟʝʨʽʚ ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʰʠʨʠʥʘ ʣʽʥʽʾ 

ʦʧʦʨʥʦʛʦ ʣʘʟʝʨʘ ʤʦʞʝ ʥʝ ʙʫʪʠ ʜʦʩʠʪʴ ʚʫʟʴʢʦʶ. 

ʅʽ ʜʣʷ ʘʚʪʦʛʦʤʦʜʠʥʥʦʛʦ
10
, ʥʽ ʜʣʷ ʘʚʪʦʛʝʪʝʨʦʜʠʥʥʦʛʦ ʤʝʪʦʜʽʚ ʥʝ 

ʧʦʪʨʽʙʥʦ ʦʧʦʨʥʠʡ ʣʘʟʝʨ. ʐʚʠʜʰʝ, ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʝʩʪʦʚʘʥʦʛʦ ʣʘʟʝʨʘ 

ʟʤʽʰʫʻʪʴʩʷ ʟ ʩʘʤʠʤ ʩʦʙʦʶ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʧʦʜʽʣʦʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʘʟʝʨʘ 

ʥʘ ʜʚʘ ʧʫʯʢʘ, ʟʘʪʨʠʤʫʚʘʥʥʷ ʦʜʥʦʛʦ ʩʠʛʥʘʣʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʥʰʦʛʦ, 

ʧʦʚʪʦʨʥʠʤ ʦʙ'ʻʜʥʘʥʥʷʤ ʩʠʛʥʘʣʽʚ, ʘ ʧʦʪʽʤ ʧʝʨʝʜʘʯʝʶ ʾʭ ʥʘ ʬʦʪʦʜʝʪʝʢʪʦʨ. ʋ 

ʘʚʪʦʛʦʤʦʜʠʥʥʦʤʫ ʧʽʜʭʦʜʽ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʢʦʥʫʶʪʴʩʷ ʚ ʦʩʥʦʚʥʽʡ ʩʤʫʟʽ 

ʯʘʩʪʦʪ, ʪʦʜʽ ʷʢ ʚ ʘʚʪʦʛʝʪʝʨʦʜʠʥʥʦʤʫ ʦʜʠʥ ʩʠʛʥʘʣ ʟʩʫʚʘʻʪʴʩʷ ʧʦ ʯʘʩʪʦʪʽ, 

ʪʘʢʠʤ ʯʠʥʦʤ, ʬʦʨʤʫʶʯʠ ʙʠʪʪʷ ʥʘ ʯʘʩʪʦʪʽ ʟʩʫʚʫ ʨʘʜʽʦʭʚʠʣʴ. ʎʝ ʤʘʻ 

ʧʝʨʝʚʘʛʫ, ʦʩʢʽʣʴʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʨʘʜʽʦʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʧʦʟʘ ʦʩʥʦʚʥʦʶ ʩʤʫʛʦʶ ʯʘʩʪʦʪ, ʜʝ ʤʦʞʝ ʙʫʪʠ ʧʨʠʩʫʪʥʽʤ ʟʥʘʯʥʠʡ ʰʫʤ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. 

ʇʦʢʘʟʘʥʽ: ʘ -  ʛʝʪʝʨʦʜʠʥʥʘ ʩʭʝʤʘ, ʙ - ʛʦʤʦʜʠʥʥʘ ʩʭʝʤʘ,  

ʚ ״ ʘʚʪʦʛʝʪʝʨʦʜʠʥʥʘ ʩʭʝʤʘ, ɸʆʄ - ʘʢʫʩʪʦʦʧʪʠʯʥʠʡ ʤʦʜʫʣʷʪʦʨ. 

 

                                                
10

 ɺʠʱʝ ʪʦʡ ʞʝ ʤʝʪʦʜ ʥʘʟʚʘʥʠʡ ʧʨʦʩʪʦ çʛʦʤʦʜʠʥʥʠʤè. ʐʚʠʜʰʝ ʟʘ ʚʩʝ, ʮʝ ʧʦʤʠʣʢʘ, ʘʣʝ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʝʨʝʢʣʘʜʫ ʪʫʪ ʽ 

ʜʘʣʽ ʚʽʥ ʙʫʜʝ ʥʘʟʠʚʘʪʠʩʷ, ʷʢ ʚ ʦʨʠʛʽʥʘʣʽ.  
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ɿʘʛʘʣʴʥʦʚʽʜʦʤʦ, ʱʦ ʩʪʘʙʽʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʚʘʞʢʦ ʨʝʘʣʽʟʫʚʘʪʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʭʦʯʘ ʙ ʷʢʠʡʩʴ ʤʝʪʦʜ, ʚ ʷʢʦʤʫ ʟʘʪʨʠʤʘʥʘ ʨʝʧʣʽʢʘ ʚʽʜ 

ʣʘʟʝʨʘ ʟʙʝʨʽʛʘʻ ʢʦʛʝʨʝʥʪʥʽʩʪʴ ʟ ʨʝʧʣʽʢʦʶ ʙʝʟ ʟʘʪʨʠʤʢʠ. ʊʦʤʫ ʙʘʞʘʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʪʨʠʤʢʫ, ʷʢʘ ʙʽʣʴʰʝ ʜʦʚʞʠʥʠ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʣʘʟʝʨʘ. ɼʣʷ 

ʰʠʨʠʥʠ ʩʧʝʢʪʨʘʣʴʥʦʾ ʣʽʥʽʾ  Ўὺ ɝς“ϳ  ʯʘʩʦʚʘ ʟʘʪʨʠʤʢʘ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʙʽʣʴʰʝ ʯʘʩʫ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʣʘʟʝʨʘ, ʪʦʙʪʦ: 

Ў†
Ў

.     (3.36) 

ɯʟ (3.46) ʥʝʦʙʭʽʜʥʘ ʜʦʚʞʠʥʘ ʣʽʥʽʾ ʟʘʪʨʠʤʢʠ ʚ ʩʝʨʝʜʦʚʠʱʽ ʟ 

ʧʦʢʘʟʥʠʢʦʤ ʟʘʣʦʤʣʝʥʥʷ n ʙʫʜʝ: 

Ўὒ
Ў

  ,    (3.37) 

ʜʝ ʩ ï ʰʚʠʜʢʽʩʪʴ ʩʚʽʪʣʘ ʫ ʚʘʢʫʫʤʽ. ʈʽʰʝʥʥʷ, ʟʛʽʜʥʦ (3.47), ʚʽʜʦʙʨʘʞʝʥʦ 

ʛʨʘʬʽʯʥʦ ʥʘ ʨʠʩ. 3.17 ʧʨʠ ʪʠʧʦʚʦʤʫ ʟʥʘʯʝʥʥʽ n ʜʣʷ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ, ʱʦ 

ʜʦʨʽʚʥʶʻ 1,5.  

 

ʈʠʩ. 3.17. ɿʘʣʝʞʥʽʩʪʴ ʤʽʥʽʤʘʣʴʥʦʾ ʜʦʚʞʠʥʠ ʢʦʛʝʨʝʥʪʥʦʩʪʽ, ʜʘʥʦʾ ʨʽʚʥʷʥʥʷʤ (3.37)  

ʧʨʠ n = 1,5 (ʦʧʪʠʯʥʝ ʚʦʣʦʢʥʦ), ʚʽʜ ʩʧʝʢʪʨʘʣʴʥʦʾ ʰʠʨʠʥʠ ʣʘʟʝʨʘ 

 

ɼʣʷ ʦʙʦʭ ʘʚʪʦʛʦʤʦʜʠʥʥʦʛʦ ʪʘ ʘʚʪʦʛʝʪʝʨʦʜʠʥʥʦʛʦ ʧʽʜʭʦʜʽʚ ʩʧʝʢʪʨ ʚ 

ʈʏ-ʜʽʘʧʘʟʦʥʽ ʷʚʣʷʻ ʟʛʦʨʪʢʫ ʩʧʝʢʪʨʘ ʣʘʟʝʨʘ ʟ ʩʘʤʠʤ ʩʦʙʦʶ. ɼʚʘ ʩʣʽʜʩʪʚʘ ʟ 

ʮʴʦʛʦ ʧʦʣʷʛʘʶʪʴ ʫ ʪʦʤʫ, ʱʦ ʚʪʨʘʯʘʶʪʴʩʷ ʙʫʜʴ-ʷʢʽ ʘʩʠʤʝʪʨʽʾ ʚ ʬʦʨʤʽ ʣʽʥʽʾ ʽ 

ʩʧʝʢʪʨʘʣʴʥʘ ʰʠʨʠʥʘ ʣʽʥʽʾ  ʨʘʜʽʦʯʘʩʪʦʪ ʙʫʜʝ ʙʽʣʴʰʝ, ʥʽʞ ʜʽʡʩʥʘ ʩʧʝʢʪʨʘʣʴʥʘ 

ʰʠʨʠʥʘ ʣʘʟʝʨʘ. ɼʣʷ ʩʪʨʦʛʦ ʣʦʨʝʥʮʝʚʦʾ ʬʦʨʤʠ ʚʠʤʽʨʷʥʘ ʩʧʝʢʪʨʘʣʴʥʘ 

ʰʠʨʠʥʘ ʣʽʥʽʾ (FWʅʄ) ʙʫʜʝ ʚ ʜʚʘ ʨʘʟʠ ʙʽʣʴʰʝ ʜʽʡʩʥʦʾ ʩʧʝʢʪʨʘʣʴʥʦʾ ʰʠʨʠʥʠ 
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ʣʽʥʽʾ, ʘ ʜʣʷ ʩʪʨʦʛʦ ʛʘʫʩʦʚʦʾ ʬʦʨʤʠ ï ʚ Ѝς ʨʘʟ [3.53]. ʗʢʱʦ ʦʧʪʠʯʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʣʦʨʝʥʮʝʚʦʶ ʬʦʨʤʦʶ ʣʽʥʽʾ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ (3.34), ʟʩʫʚʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʫ ʩʤʫʛʫ ʯʘʩʪʦʪ  π ʩʪʘʻ 

ʬʫʥʢʮʽʻʶ ʯʘʩʪʦʪʠ ʚ ʛʝʨʮʘʭ ὺ Ў ʡ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʣʦʨʝʥʮʝʚʠʡ ʢʦʥʪʫʨ 

ʧʦʜʚʽʡʥʦʾ ʰʠʨʠʥʠ (ɤ/2ˊ =2Ўɜ), ʪʦ: 

Ὅ
Ў

Ў
    (3.38) 

ʈʽʚʥʷʥʥʷ (3.38) ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʧʽʜʙʦʨʫ ʧʨʦʬʽʣʶ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚ ʈʏ ʜʽʘʧʘʟʦʥʽ ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʣʦʨʝʥʮʝʚʫ ʰʠʨʠʥʫ ʣʽʥʽʾ 

(FWHM) Ўɤ ʚ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. 

ɸʚʪʦʛʝʪʝʨʦʜʠʥʥʠʡ ʤʝʪʦʜ ʯʘʩʪʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʘʟʝʨʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʽʢʨʦʭʚʠʣʴʦʚʽʡ ʬʦʪʦʥʽʮʽ. 

ʇʝʨʰʘ ʜʝʤʦʥʩʪʨʘʮʽʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʥʘ ʙʘʟʽ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʥʦʛʦ ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ ʄʘʭʘ-ʎʘʥʜʝʨʘ [3.54]. ɺ ʦʜʥʝ ʧʣʝʯʝ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ ʙʫʣʘ ʚʚʝʜʝʥʘ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʘ ʣʽʥʽʷ ʟʘʪʨʠʤʢʠ, ʘ ʚ 

ʽʥʰʦʤʫ ʟʘʙʝʟʧʝʯʫʚʘʚʩʷ ʯʘʩʪʦʪʥʠʡ ʟʩʫʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ɸʆʄ. ɼʦ 

ʘʥʘʣʦʛʽʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʧʨʠʟʚʦʜʠʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʠʭ ʪʠʧʽʚ 

ʘʩʠʤʝʪʨʠʯʥʠʭ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽʚ, ʥʘʧʨʠʢʣʘʜ ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ ʄʘʡʢʝʣʴʩʦʥʘ. 

ʈʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʚ ʪʘʢʽʡ ʩʭʝʤʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ [3.55]: 

ɝὺ
ȟ  ϽЎȾ ȟ

Ў
 ,    (3.39) 

ʜʝ RBW ï ʩʤʫʛʘ ʚʠʤʽʨʶʚʘʥʥʷ ʈɸʉ, ʽ ʤʘʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ ʫʤʦʚʘ 

(RBW·nȹL/c)<0,3. ʈʽʚʥʷʥʥʷ (3.39) ʚʩʪʘʥʦʚʣʶʻ ʜʦʚʞʠʥʫ ʚʦʣʦʢʥʘ ʜʣʷ 

ʘʚʪʦʛʝʪʝʨʦʜʠʥʥʦʡ ʩʭʝʤʠ ʽ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ (3.37) ʟʘ ʫʤʦʚʠ 

(RBWĿnȹL/c)<0,1. ʑʦʙ ʟʤʝʥʰʠʪʠ ʧʦʪʨʝʙʫ ʚ ʜʦʚʛʠʭ ʚʦʣʦʢʥʘʭ ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʘʟʝʨʘ, ʪʘʢʦʞ ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʮʠʨʢʫʣʷʮʽʾ ʚ ʦʧʪʠʯʥʽʡ ʣʽʥʽʾ ʟʘʪʨʠʤʢʠ. ɺʧʝʨʰʝ ʨʝʮʠʨʢʫʣʷʮʽʡʥʘ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʘ ʣʽʥʽʷ ʟʘʪʨʠʤʢʠ ʜʣʷ ʘʚʪʦʛʝʪʝʨʦʜʠʥʥʦʛʦ ʧʽʜʭʦʜʫ ʙʫʣʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʚ [3.55], ʪʘʢʦʞ ʚʽʜʦʤʽ ʡ ʽʥʰʽ ʚʘʨʽʘʥʪʠ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, 

ʢʦʤʧʝʥʩʘʮʽʷ ʚʪʨʘʪ [3.56]. 



 128 

ʅʘ ʨʠʩ. 3.18 ʧʦʢʘʟʘʥʘ ʨʝʮʠʨʢʫʣʷʮʽʡʥʘ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʘ ʣʽʥʽʷ 

ʟʘʪʨʠʤʢʠ ʟ ʜʝʷʢʠʤʠ ʫʥʽʢʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʪʝʩʪʦʚʘʥʦʛʦ ʣʘʟʝʨʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʡ ʽʟʦʣʷʪʦʨ ʪʘ 

ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʧʦ ʜʚʦʭ ʛʽʣʢʘʭ. ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʧʝʨʰʽʡ ʛʽʣʮʽ 

ʥʘʜʭʦʜʠʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʬʦʪʦʜʽʦʜ, ʪʦʜʽ ʷʢ ʫ ʜʨʫʛʽʡ ʚʚʦʜʠʪʴʩʷ ʚ 

ʩʧʝʮʽʘʣʴʥʦ ʩʪʚʦʨʝʥʠʡ ʚʦʣʦʢʦʥʥʠʡ ʪʨʘʢʪ. ʊʨʘʢʪ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʘʥʘʜʮʷʪʠ 

ʚʽʜʨʽʟʢʽʚ ʜʦʚʞʠʥʦʶ ʧʦ 3,125 ʢʤ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʧʦ ʰʽʩʪʴ ʚʽʜʨʽʟʢʽʚ ʢʦʞʥʦʛʦ 

ʟ ʜʚʦʭ ʪʠʧʽʚ ʚʦʣʦʢʦʥ, ʟʨʦʱʝʥʠʭ ʧʦʧʝʨʝʤʽʥʥʦ, ʽʟ ʟʘʛʘʣʴʥʦʶ ʜʦʚʞʠʥʦʶ 

37,5 ʢʤ (ʟʘʪʨʠʤʢʘ 187,5 ʤʢʩ). ʊʘʢʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʤʝʥʰʫʻ ʚʧʣʠʚ ʝʬʝʢʪʽʚ 

ʚʠʤʫʰʝʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʄʘʥʜʝʣʴʰʪʘʤʘïɹʨʽʣʣʶʝʥʘ (SBS) ʥʘ ʩʠʛʥʘʣ, ʱʦ 

ʧʦʰʠʨʶʻʪʴʩʷ ʪʘ ʭʨʦʤʘʪʠʯʥʦʾ ʜʠʩʧʝʨʩʽʾ, ʷʢʝ ʙʫʜʝ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʚ 

ʨʦʟʜʽʣʽ 5. ʇʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʮʴʦʛʦ ʚʦʣʦʢʦʥʥʦʛʦ ʪʨʘʢʪʫ ʩʠʛʥʘʣ ʟʩʫʚʘʻʪʴʩʷ 

ʧʦ ʯʘʩʪʦʪʽ ʥʘ 55 ʄɻʮ ʟʘ ʜʦʧʦʤʦʛʦʶ ɸʆʄ ʡ ʧʦʪʽʤ ʧʨʦʧʫʩʢʘʻʪʴʩʷ ʯʝʨʝʟ 

ʢʦʥʪʨʦʣʝʨ ʧʦʣʷʨʠʟʘʮʽʾ (ʂʇ). ʎʝʡ ʧʨʠʩʪʨʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʚʠʨʽʚʥʶʚʘʥʥʷ ʧʦʣʷʨʠʟʘʮʽʡ ʟʘʪʨʠʤʘʥʦʛʦ ʪʘ ʥʝʟʘʪʨʠʤʘʥʦʛʦ ʩʠʛʥʘʣʽʚ, 

ʤʘʢʩʠʤʽʟʫʶʯʠ, ʪʘʢʠʤ ʯʠʥʦʤ, ʩʠʛʥʘʣ ʙʠʪʪʷ. ʇʦʣʦʚʠʥʘ ʟʘʪʨʠʤʘʥʦʛʦ ʩʠʛʥʘʣʫ 

ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʬʦʪʦʜʽʦʜʫ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʽʥʰʘ ʧʦʣʦʚʠʥʘ ʧʨʦʜʦʚʞʫʻ 

ʨʝʮʠʨʢʫʣʷʮʽʶ. 

 

 

ʈʠʩ. 3.18. ʈʝʮʠʨʢʫʣʷʮʽʡʥʘ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʘ ʣʽʥʽʷ ʟʘʪʨʠʤʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʠʨʠʥʠ 

ʣʽʥʽʾ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 
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ʗʢʱʦ ʧʨʠʡʥʷʪʠ, ʱʦ ʚʭʽʜʥʝ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʚʽʜʧʦʚʽʜʘʻ 

 Ὁ ὸ ὉὩὼὴ Ὥὸ Ὥ̕ ὸ, ʪʦ ʽʜʝʘʣʴʥʝ ʚʠʭʽʜʥʝ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʙʫʜʝ 

ʤʘʪʠ ʚʠʛʣʷʜ: 

Ὁ ὸ
Ѝ
В άϳ Ὡὼὴ Ὥ άЏ ὸ ά† Ὥ̕ ὸ ά†,  (3.40) 

Ὁ - ʘʤʧʣʽʪʫʜʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ; ʬ ï ʬʘʟʘ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ;  

t ï ʥʦʤʝʨ ʮʠʨʢʫʣʷʮʽʾ ʯʝʨʝʟ ʚʦʣʦʢʦʥʥʫ ʧʝʪʣʶ; ʘ ï ʚʪʨʘʪʠ ʦʧʪʠʯʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʚ ʚʦʣʦʢʦʥʥʽʡ ʧʝʪʣʽ; ɋ ï ʢʫʪʦʚʘ ʯʘʩʪʦʪʘ ʢʝʨʫʶʯʦʛʦ ʩʠʛʥʘʣʫ 

ɸʆʄ; Ű ï ʯʘʩ ʟʘʪʨʠʤʢʠ ʚ ʧʝʪʣʽ. ʂʚʘʜʨʘʪʠʯʥʝ ʜʝʪʝʢʪʫʚʘʥʥʷ ʧʦʣʷ ʚ (3.40) 

ʨʝʘʣʽʟʫʻ ʟʘʪʨʠʤʘʥʝ ʘʚʪʦʛʝʪʝʨʦʜʠʥʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʰʠʨʠʥʠ ʣʘʟʝʨʥʦʾ ʣʽʥʽʾ ʟ 

ʯʘʩʦʤ ʟʘʪʨʠʤʢʠ mŰ, ʮʝʥʪʨʦʚʘʥʦʾ ʚ ʦʢʦʣʠʮʽ ʯʘʩʪʦʪ mɋ/(2ˊ). 

ʉʭʝʤʘ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.18, ʙʫʣʘ ʟʘʩʪʦʩʦʚʘʥʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʨʙʽʻʚʦʛʦ ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ. ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 

3.20 ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦ ʧ'ʷʪʠ ʧʨʦʭʦʜʽʚ ʧʦ ʚʦʣʦʢʦʥʥʦʾ ʣʽʥʽʾ ʟʘʪʨʠʤʢʠ [3.57]. 

ʇʨʠ RBW = 1 ʢɻʮ ʨʦʟʰʠʨʝʥʥʷ, ʨʦʟʨʘʭʦʚʘʥʝ ʟʘ ʜʦʧʦʤʦʛʦʶ (3.39), ʧʨʠ   

m = 1ï5 ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʽʚʥʶʻ  4,747; 2,052; 1,243; 0,866 ʪʘ 0,651 ʢɻʮ.  

ʂʦʞʝʥ ʥʘʙʽʨ ʜʘʥʠʭ ʥʘ ʨʠʩ. 3.19 ʥʦʨʤʦʚʘʥʠʡ ʥʘ ʮʝʥʪʨʘʣʴʥʫ ʯʘʩʪʦʪʫ 

ʙʠʪʪʷ (mĿ55ʄɻʮ) ʪʘ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ.  

 

 

ʈʠʩ. 3.19.ɺʠʤʽʨʷʥʘ ʬʦʨʤʘ ʣʽʥʽʾ ʚ ʬʫʥʢʮʽʾ ʚʽʜ ʯʘʩʫ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʝʨʙʽʻʚʦʛʦ ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ 
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ʂʦʞʝʥ ʩʧʝʢʪʨ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʣʦʨʝʥʮʝʚʦʶ ʬʦʨʤʦʶ ʣʽʥʽʾ (ʜʠʚ. (3.38)) 

ʧʨʠ ȹɜ = 2.5 ʢɻʮ. ʇʽʩʣʷ ʧʝʨʰʦʛʦ ʧʨʦʭʦʜʫ ʟ 188-ʤʢʩ ʟʘʪʨʠʤʢʦʶ ʣʘʟʝʨʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʩʝ ʱʝ ʢʦʛʝʨʝʥʪʥʝ, ʽ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʽ ʩʤʫʛʠ ʱʝ ʧʦʤʽʪʥʽ ʥʘ 

ʢʨʠʣʘʭ ʩʧʝʢʪʨʘ. ɿʘ ʜʦʧʦʤʦʛʦʶ (3.36) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʱʦ ʰʠʨʠʥʘ ʣʽʥʽʾ 

ʤʝʥʰʝ 5,4 ʢɻʮ. ʇʨʠ 375-ʤʢʩ ʟʘʪʨʠʤʢʠ (m = 2) ʣʦʨʝʥʮʝʚʠʡ ʢʦʥʪʫʨ ʰʠʨʠʥʦʶ 

2,5 ʢɻʮ ʟʘʙʝʟʧʝʯʫʻ ʛʘʨʥʠʡ ʟʙʽʛ ʥʘ ʢʨʠʣʘʭ, ʘʣʝ ʧʦʙʣʠʟʫ ʤʘʢʩʠʤʫʤʫ ʚʠʥʠʢʘʻ 

ʛʘʫʩʽʚʩʴʢʝ ʨʦʟʰʠʨʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʣʘʙʢʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʰʫʤʦʚʠʭ ʧʝʨʝʰʢʦʜ, ʷʢʽ ʚʢʘʟʫʶʪʴ ʟʛʽʜʥʦ (3.36) ʥʘ ʰʠʨʠʥʫ ʣʽʥʽʾ ʙʣʠʟʴʢʦ 

2,6 ʢɻʮ. ʇʨʠ ʥʘʩʪʫʧʥʠʭ ʧʨʦʭʦʜʘʭ ʢʨʠʣʘ ʩʧʝʢʪʨʫ ʤʘʩʢʫʶʪʴʩʷ ʤʽʥʽʤʘʣʴʥʠʤ 

ʨʽʚʥʝʤ ʰʫʤʫ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʽ ʨʦʟʰʠʨʝʥʥʷ ʟʨʦʩʪʘʻ. ɿ ʜʘʥʠʭ 

ʨʠʩ. 3.19 ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: ʰʠʨʠʥʘ ʣʽʥʽʾ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʙʣʠʟʴʢʦ 2,5 ʢɻʮ, ʘʣʝ ʚ ʥʽʡ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʩʫʪʥʽʤʠ 

ʤʝʭʘʥʽʟʤʠ ʨʦʟʰʠʨʝʥʥʷ, ʚʽʜʤʽʥʥʽ ʚʽʜ ʦʜʥʦʨʽʜʥʠʭ. ʂʨʽʤ ʪʦʛʦ, ʟʤʽʥʠ ʚ ʚʦʣʦʢʥʽ 

ʧʽʜ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ (ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʘʙʦ ʘʢʫʩʪʠʯʥʠʭ) ʤʦʞʫʪʴ 

ʚʥʦʩʠʪʠ ʚʢʣʘʜ ʚ ʚʘʨʽʘʮʽʾ ʬʘʟʠ. ʋ ʥʘʚʝʜʝʥʦʤʫ ʚʠʱʝ ʘʥʘʣʽʟʽ ʜʦʚʞʠʥʠ 

ʚʦʣʦʢʦʥ ʧʝʨʝʜʙʘʯʘʣʠʩʷ ʧʦʩʪʽʡʥʠʤʠ. ʇʦʜʘʣʴʰʝ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʝ 

ʜʝʤʦʥʩʪʨʫʻ, ʷʢʠʤ ʩʢʣʘʜʥʠʤ ʤʦʞʝ ʩʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʰʠʨʠʥʠ ʣʽʥʽʾ ʜʣʷ 

ʣʘʟʝʨʽʚ ʟ ʚʫʟʴʢʦʶ ʣʽʥʽʻʶ. ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʣʘʟʝʨ ʟ ʈɿɿ ʪʘʢʦʞ ʙʫʚ 

ʚʠʤʽʨʷʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʭʝʤʠ, ʧʦʢʘʟʘʥʦʾ ʥʘ ʨʠʩ. 3.18, ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʤʽʨʶʚʘʥʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.20 [3.58]. ʅʘ ʨʠʩʫʥʢʫ ʥʘʚʝʜʝʥʽ ʚʠʤʽʨʷʥʽ 

ʜʘʥʽ ʜʣʷ ʦʜʥʦʛʦ ʧʨʦʭʦʜʫ ʧʝʪʣʽ, ʥʦʨʤʦʚʘʥʽ ʥʘ ʮʝʥʪʨʘʣʴʥʫ ʥʦʩʽʡʫ ʯʘʩʪʦʪʫ 

55 ʄɻʮ ʪʘ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫ ʚʠʤʽʨʷʥʫ ʧʦʪʫʞʥʽʩʪʴ. ɽʢʩʪʨʘʧʦʣʷʮʽʷ ʜʘʥʠʭ 

ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ (3.38) ʧʨʠ ȹɜ = 95 ʂɻʮ. 

ɺʠʤʽʨʷʥʘ ʬʦʨʤʘ ʣʽʥʽʾ ʚ ʬʫʥʢʮʽʾ ʚʽʜ ʯʘʩʫ ʨʝʮʠʨʢʫʣʷʮʽʾ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʝʨʙʽʻʚʦʛʦ ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦ ʧ'ʷʪʠ 

ʧʨʦʭʦʜʽʚ ʯʝʨʝʟ ʧʝʪʣʶ ʨʠʩ. 3.18. ɿ ʤʝʪʦʶ ʧʦʨʽʚʥʷʥʥʷ ʘʤʧʣʽʪʫʜʠ ʩʧʝʢʪʨʽʚ 

ʟʨʫʰʝʥʽ ʥʘ 30 ʜɹ ʡ ʥʦʨʤʦʚʘʥʽ ʧʦ ʯʘʩʪʦʪʽ. ʉʫʮʽʣʴʥʽ ʣʽʥʽʾ ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ (3.38) ʣʦʨʝʥʮʝʚʠʡ ʢʦʥʪʫʨ ʟ ʰʠʨʠʥʦʶ ʣʽʥʽʾ 

(FWʅʄ) 2,5 ʢɻʮ [3.57]. 
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ʈʠʩ. 3.20. ɸʚʪʦʛʝʪʝʨʦʜʠʥʥʠʡ ʚʠʤʽʨ ʟ ʟʘʪʨʠʤʢʦʶ ʜʣʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʣʘʟʝʨʘ ʟ 

ʨʦʟʧʦʜʽʣʝʥʠʤ ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ 

 

ʉʫʮʽʣʴʥʘ ʣʽʥʽʷ ʦʟʥʘʯʘʻ ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ (3.38) 

ʣʦʨʝʥʮʝʚʠʡ ʢʦʥʪʫʨ ʟ ʰʠʨʠʥʦʶ ʣʽʥʽʾ (FWHM) 95 ʢɻʮ [3.58]. 

ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʛʘʨʥʠʡ ʟʙʽʛ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʚʠʤʽʨʶʚʘʥʴ, ʷʢʠʡ 

ʜʦʧʦʤʘʛʘʻ ʟʨʦʟʫʤʽʪʠ, ʱʦ ʚ ʮʴʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʣʘʟʝʨʽ ʧʝʨʝʚʘʞʘʻ ʦʜʥʦʨʽʜʥʝ 

ʨʦʟʰʠʨʝʥʥʷ ʬʦʨʤʠ ʣʽʥʽʾ. 

ɺ ʟʘʩʪʦʩʫʚʘʥʥʷʭ ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʬʦʪʦʥʽʢʠ ʬʘʟʦʚʠʡ ʰʫʤ ʣʘʟʝʨʘ ʤʦʞʝ 

ʧʨʦʷʚʣʷʪʠʩʷ ʨʽʟʥʠʤʠ ʰʣʷʭʘʤʠ. ɹʫʜʴ-ʷʢʠʡ ʧʨʦʮʝʩ, ʱʦ ʚʥʦʩʠʪʴ 

ʜʠʬʝʨʝʥʮʽʡʥʫ ʯʘʩʦʚʫ ʟʘʪʨʠʤʢʫ ʤʽʞ ʩʠʛʥʘʣʦʤ ʪʘ ʡʦʛʦ ʢʦʧʽʻʶ, ʧʦʪʝʥʮʽʡʥʦ 

ʧʝʨʝʪʚʦʨʶʻ ʬʘʟʦʚʠʡ ʰʫʤ ʣʘʟʝʨʘ ʚ ʰʫʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ɺ ʷʢʦʩʪʽ ʜʘʪʯʠʢʘ, ʘ 

ʪʘʢʦʞ ʜʣʷ ʜʝʤʦʜʫʣʷʮʽʾ ʩʠʛʥʘʣʽʚ ʟ ʬʘʟʦʚʠʤ ʢʦʜʫʚʘʥʥʷʤ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʥʪʝʨʬʝʨʦʤʝʪʨʠ. ʊʝʦʨʽʷ, ʧʦʚ'ʷʟʘʥʘ ʟ ʧʝʨʝʪʚʦʨʝʥʥʷʤ 

ʬʘʟʘ-ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʪʦʩʦʚʥʦ ʰʫʤʫ ʣʘʟʝʨʘ ʚ ʜʚʦʧʨʦʤʝʥʝʚʠʭ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʜʚʦʭ ʧʦʩʣʽʜʦʚʥʦ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʩʪʘʪʪʷʭ 

[3.59], [3.60]. ɺʠʨʘʟʠ ʟ ʮʠʭ ʩʪʘʪʝʡ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʧʠʩʫ 

ʬʘʟʦʚʦʛʦ ʰʫʤʫ ʣʘʟʝʨʘ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʪʚʦʨʝʥʠʡ ʚ RIN ʷʢ: 

ὙὍὔ
ЎϽ Ў

Ў
ÃÏÓÈς“†ϽЎὺ ÃÏÓ ς“Ὢ† ,           (3.41) 

ɺʠʤʽʨʶʚʘʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʰʫʤʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʣʘʟʝʨʘ ʟ ʣʽʥʽʻʶ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʛʽʜʥʦ ʨʠʩ. 3.20 ʧʽʩʣʷ ʧʝʨʝʜʘʯʽ ʯʝʨʝʟ ɯʄʎ ʟ 375-ʧʩ 

ʜʠʬʝʨʝʥʮʽʡʥʦʶ ʟʘʪʨʠʤʢʦʶ. ʉʫʮʽʣʴʥʽ ʣʽʥʽʾ ״ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ 
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ʜʦʧʦʤʦʛʦʶ (3.41) ʪʘ ʤʝʞʽ  ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ (165״ ʜʙʥ/ɻʮ) [3.5ɺ].  

ɼʝ Ўὺ ï ʰʠʨʠʥʘ ʣʽʥʽʾ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʣʦʨʝʥʮʝʚʦʤʫ 

ʢʦʥʪʫʨʫ, f-ʯʘʩʪʦʪʘ ʈʏ-ʜʽʘʧʘʟʦʥʫ, Ű-ʜʠʬʝʨʝʥʮʽʡʥʘ ʟʘʪʨʠʤʢʘ ʤʽʞ ʜʚʦʤʘ 

ʧʣʝʯʘʤʠ ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ. ʂʨʽʤ ʪʦʛʦ, ʚ (3.41) ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ 

ʜʚʦʧʨʦʤʝʥʝʚʠʡ ʽʥʪʝʨʬʝʨʦʤʝʪʨ ʟʤʽʱʫʻʪʴʩʷ ʚ ʢʚʘʜʨʘʪʫʨʽ (ʟ ʦʜʥʘʢʦʚʦʶ 

ʦʧʪʠʯʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʥʘ ʦʙʦʭ ʚʠʭʦʜʘʭ). ʅʘ ʨʠʩ. 3.21 [3.58] ʥʘʚʝʜʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʝʢʪʨʘ ʰʫʤʫ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ (3.41). 

ɺ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʦʛʦ ʞ ʣʘʟʝʨʘ ʟ 95ʢɻʮ ʰʠʨʠʥʦʶ ʣʽʥʽʾ 

(ʜʠʚ. ʨʠʩ. 3.20) ʙʫʣʦ ʧʝʨʝʜʘʥʦ ʯʝʨʝʟ ʟʤʽʱʝʥʠʡ ʚ ʢʚʘʜʨʘʪʫʨʥʽʡ ʪʦʯʮʽ 

ʚʦʣʦʢʦʥʥʠʡ ʽʥʪʝʨʬʝʨʦʤʝʪʨ ʄʘʭʘ-ʎʘʥʜʝʨʘ (ɯʄʎ) ʟ Ű = 375 ʧʩ.  

 

 

ʈʠʩ. 3.21. ɺʠʤʽʨʶʚʘʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʰʫʤʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʣʘʟʝʨʘ ʟ ʣʽʥʽʻʶ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

 

ɺʝʣʠʯʠʥʘ ʬʦʪʦʩʪʨʫʤʫ ʥʘ ʚʠʭʦʜʽ ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʩʢʣʘʣʘ Ὅ  = 10 ʤɸ. 

ʈʦʟʨʘʭʫʥʢʠ ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ (3.41), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʽ 

ʧʘʨʘʤʝʪʨʠ, ʘ ʪʘʢʦʞ ʨʝʟʫʣʴʪʘʪ ʘʥʘʣʽʟʫ ʥʘ ʨʠʩ. 3.21,  Ўὺ = 95ʢɻʮ. ɼʣʷ 

ʦʜʝʨʞʘʥʥʷ ʢʨʠʚʦʾ, ʧʦʢʘʟʘʥʦʾ ʥʘ ʨʠʩ. 3.21 ʚ (3.41) ʙʫʚ ʚʚʝʜʝʥʠʡ RIN ʚ ʤʝʞʽ  

ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ (ʜʠʚ. (3.26)). ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʨʠʩʫʥʢʫ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʛ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʰʠʨʠʥʘ 

ʣʽʥʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʘʟʝʨʘ ʟ ʈɿɿ ʯʽʪʢʦ ʝʢʩʪʨʘʧʦʣʶʻʪʴʩʷ ʣʦʨʝʥʮʝʚʠʤ 

ʢʦʥʪʫʨʦʤ ʟ  Ўὺ = 95 ʢɻʮ, ʧʨʠʯʦʤʫ ʚʠʤʽʨ ʥʝʢʦʛʝʨʝʥʪʥʠʤ (Űḻ1/ȹv) 
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ʘʚʪʦʛʝʪʝʨʦʜʠʥʥʠʤ ʤʝʪʦʜʦʤ ʜʦʙʨʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʚʠʤʽʨʦʤ ʢʦʛʝʨʝʥʪʥʠʤ 

(Ű1Ḻρ/ȹɜ) ʘʚʪʦʛʦʤʦʜʠʥʥʠʤ ʤʝʪʦʜʦʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʽʚʥʷʥʥʷ (3.41) ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʢʽʣʴʢʽʩʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʬʘʟʦʚʦʛʦ ʰʫʤʫ ʣʘʟʝʨʘ, ʣʽʥʽʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʷʢʦʛʦ 

ʦʧʠʩʫʻʪʴʩʷ ʣʦʨʝʥʮʝʚʠʤ ʢʦʥʪʫʨʦʤ, ʥʘ ʩʠʩʪʝʤʫ ʥʘ ʙʘʟʽ ʜʚʦʧʨʦʤʝʥʝʚʦʛʦ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ. ʅʘ ʧʨʘʢʪʠʮʽ ʽʩʥʫʶʪʴ ʨʽʟʥʽ ʤʝʭʘʥʽʟʤʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ 

ʤʦʞʥʘ ʧʝʨʝʪʚʦʨʠʪʠ ʬʘʟʦʚʠʡ ʰʫʤ ʣʘʟʝʨʘ ʚ RIN. ʅʘ ʩʪʦʨʽʥʢʘʭ ʜʘʥʦʾ ʨʦʙʦʪʠ 

ʙʫʜʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʤʝʪʦʜ ʢʦʛʝʨʝʥʪʥʦʛʦ ʜʝʪʝʢʪʫʚʘʥʥʷ, ʭʨʦʤʘʪʠʯʥʘ 

ʜʠʩʧʝʨʩʽʷ ʪʘ ʨʝʣʝʾʚʩʴʢʝ ʨʦʟʩʽʶʚʘʥʥʷ. ʊʘʢʦʞ ʽʩʥʫʻ ʙʝʟʣʽʯ ʤʝʭʘʥʽʟʤʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʩʪʘʪʠ ʧʨʠʯʠʥʦʶ ʦʧʪʠʯʥʦʛʦ ʬʘʟʦʚʦʛʦ ʰʫʤʫ ʽ ʷʢʽ ʚʘʞʢʦ ʦʧʠʩʘʪʠ ʚ 

ʪʝʨʤʽʥʘʭ ʰʠʨʠʥʠ ʣʽʥʽʾ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʧʘʨʘʟʠʪʥʘ ʯʘʩʪʦʪʥʘ ʘʙʦ ʬʘʟʦʚʘ 

ʤʦʜʫʣʷʮʽʷ, ʚʠʢʣʠʢʘʥʘ ʟʦʚʥʽʰʥʽʤʠ ʩʠʛʥʘʣʘʤʠ ʪʘ/ʘʙʦ ʰʫʤʦʤ. 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ ʘʩʧʝʢʪʠ ʰʫʤʫ 

ʣʘʟʝʨʘ ʜʣʷ ʮʽʣʝʡ ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʬʦʪʦʥʽʢʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʬʣʫʢʪʫʘʮʽʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚ ʦʧʪʠʯʥʦʤʫ ʧʦʣʽ ʧʽʩʣʷ ʬʦʪʦʜʝʪʝʢʪʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ 

ʰʫʤ  ʨʘʜʽʦʯʘʩʪʦʪ. ʋ ʩʚʽʪʣʽ ʮʴʦʛʦ ʬʣʫʢʪʫʘʮʽʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʣʘʟʝʨʘ ʚʢʨʘʡ 

ʚʘʞʣʠʚʽ ʚ ʨʘʜʽʦʬʦʪʦʥʽʮʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʯʠ ʥʘʣʝʞʘʪʴ ʚʦʥʠ ʜʦ ʚʣʘʩʥʦʛʦ 

ʰʫʤʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʣʘʟʝʨʘ ʘʙʦ ʜʦ ʡʦʛʦ ʬʘʟʦʚʦʛʦ ʰʫʤʫ, ʷʢʠʡ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʰʫʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ʋ ʤʽʨʫ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʟʨʦʩʪʘʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʬʦʪʦʜʽʦʜʽʚ ʟ ʩʤʫʛʦʶ ʨʘʜʽʦʯʘʩʪʦʪ ʪʘʢʦʞ ʟʨʦʩʪʘʶʪʴ ʚʠʤʦʛʠ ʜʦ 

ʤʘʣʦʰʫʤʥʠʭ ʣʘʟʝʨʽʚ. ʂʨʘʱʦʶ ʧʨʘʢʪʠʢʦʶ ʚ ʟʚ'ʷʟʢʫ ʟ ʣʘʟʝʨʥʠʤʠ ʰʫʤʘʤʠ 

ʩʪʦʩʦʚʥʦ ʨʘʜʽʦʬʦʪʦʥʽʢʠ ʻ ʨʝʪʝʣʴʥʘ ʭʘʨʘʢʪʝʨʠʟʘʮʽʷ ʣʘʟʝʨʥʦʛʦ ʰʫʤʫ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʡʦʛʦ ʧʨʦʷʚʽʚ ʚ ʈʏ ʜʽʘʧʘʟʦʥʽ ʚ ʢʦʞʥʽʡ ʢʦʥʢʨʝʪʥʽʡ ʩʭʝʤʽ. 
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3.5. ʆʧʪʠʯʥʽ ʧʽʜʩʠʣʶʚʘʯʽ 

 

 

ʆʧʪʠʯʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʘʜʽʦʬʦʪʦʥʥʠʭ 

ʣʽʥʽʷʭ. ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʢʦʨʦʪʢʠʭ ʘʙʦ ʜʦʚʛʠʭ ʣʽʥʽʷʭ 

ʧʝʨʝʜʘʯʽ ʷʢ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ, ʪʘʢ ʽ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ. ʋ 

ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ ʟʦʩʝʨʝʜʞʝʥʝ ʘʙʦ ʨʦʟʧʦʜʽʣʝʥʝ ʦʧʪʠʯʥʝ 

ʧʽʜʩʠʣʝʥʥʷ ʥʘ ʚʩʴʦʤʫ ʧʨʦʪʷʟʽ ʣʽʥʽʾ ʤʦʞʝ ʢʦʤʧʝʥʩʫʚʘʪʠ ʚʪʨʘʪʠ ʥʘ 

ʧʦʰʠʨʝʥʥʷ ʚ ʚʦʣʦʢʥʽ. ɿʦʩʝʨʝʜʞʝʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʣʽʥʽʷʭ ʥʝʚʝʣʠʢʦʾ ʜʦʚʞʠʥʠ ʷʢ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʚʪʨʘʪ  

ʢʦʤʧʦʥʝʥʪʥʦʾ ʙʘʟʠ, ʪʘʢ ʽ ʚ ʷʢʦʩʪʽ ʢʽʥʮʝʚʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʣʘʟʝʨʥʦʛʦ ʤʦʜʫʣʷ, 

ʱʦʙ ʧʽʜʚʠʱʠʪʠ ʚʠʭʽʜʥʫ ʧʦʪʫʞʥʽʩʪʴ ʦʧʪʠʯʥʦʛʦ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ. 

ʂʨʽʤ ʪʦʛʦ, ʦʧʪʠʯʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʤʽʱʝʥʽ ʧʝʨʝʜ 

ʬʦʪʦʜʝʪʝʢʪʦʨʦʤ ʥʘ ʢʽʥʮʽ ʣʽʥʽʾ, ʱʦʙ ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʧʨʠʡʥʷʪʦʛʦ 

ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. ʅʝʟʘʣʝʞʥʦ 

ʚʽʜ ʩʧʝʮʠʬʽʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʮʝʩ ʧʽʜʩʠʣʝʥʥʷ ʙʫʜʝ ʜʦʜʘʚʘʪʠ ʰʫʤ ʚ 

ʩʠʛʥʘʣ, ʷʢʠʡ ʧʝʨʝʜʘʻʪʴʩʷ. ɭ ʫʤʦʚʠ ʨʦʙʦʪʠ ʽ ʜʝʷʢʽ ʪʠʧʠ ʧʽʜʩʠʣʶʚʘʯʽʚ, ʜʝ ʮʝ 

ʧʦʣʦʞʝʥʥʷ ʥʝ ʻ ʦʙʦʚ'ʷʟʢʦʚʠʤ [3.1], ʘʣʝ ʪʘʢʽ ʧʨʠʩʪʨʦʾ ʪʘ ʩʠʩʪʝʤʠ 

ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʟʘ ʢʦʤʧʝʪʝʥʮʽʻʶ ʮʽʻʾ ʨʦʙʦʪʠ. ʐʫʤ, ʱʦ ʜʦʜʘʻʪʴʩʷ ʧʨʦʮʝʩʦʤ 

ʧʽʜʩʠʣʝʥʥʷ, ʤʦʞʝ ʪʨʘʢʪʫʚʘʪʠʩʷ ʨʽʟʥʠʤʠ ʰʣʷʭʘʤʠ [3.61]; ʨʦʟʛʣʷʜ ʚ ʮʴʦʤʫ 

ʨʦʟʜʽʣʽ ʘʢʮʝʥʪʫʻʪʴʩʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʪʘ ʧʠʪʘʥʥʷʭ ʧʦʙʫʜʦʚʠ ʘʥʘʣʦʛʦʚʦʾ 

ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ. 

ʋ ʜʘʥʽʡ ʢʥʠʟʽ ʥʝ ʩʪʘʚʠʣʦʩʷ ʟʘʚʜʘʥʥʷ ʦʭʦʧʠʪʠ ʚʩʽ ʤʦʞʣʠʚʽ ʦʧʪʠʯʥʽ 

ʧʽʜʩʠʣʶʚʘʯʽ ʜʣʷ ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʬʦʪʦʥʽʢʠ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ״ ʮʝ 

ʚʦʣʦʢʦʥʥʽ ʧʽʜʩʠʣʶʚʘʯʽ, ʣʝʛʦʚʘʥʽ ʨʽʜʢʦʟʝʤʝʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, 

ʥʘʡʚʽʜʦʤʽʰʽ ʩʝʨʝʜ ʷʢʠʭ ʙʫʜʫʶʪʴʩʷ ʥʘ ʙʘʟʽ ʝʨʙʽʶ. ʋ ʤʽʨʫ ʪʦʛʦ ʷʢ ʢʚʘʨʮʦʚʝ 

ʚʦʣʦʢʥʦ, ʣʝʛʦʚʘʥʝ ɽʛ
3+
, ʩʪʘʣʦ ʣʝʛʢʦʜʦʩʪʫʧʥʝ [3.62], ɽɺʇ ʰʚʠʜʢʦ ʩʪʘʣʠ 

ʢʣʶʯʦʚʠʤ ʧʨʠʩʪʨʦʻʤ ʩʫʯʘʩʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʟʘʚʜʷʢʠ 

ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʚʽʢʥʽ ʧʨʦʟʦʨʦʩʪʽ ʢʚʘʨʮʦʚʦʛʦ ʚʦʣʦʢʥʘ 



 135 

ʚ ʨʘʡʦʥʽ 1,55 ʤʢʤ ʟ ʥʘʡʤʝʥʰʠʤʠ ʚʪʨʘʪʘʤʠ. ʑʦʙ ʟʙʽʣʴʰʠʪʠ ʧʝʨʝʪʠʥ 

ʧʦʛʣʠʥʘʥʥʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʽʜʩʠʣʶʚʘʯʝʤ ʥʘ ʙʘʟʽ ʪʽʣʴʢʠ ɽʛ
3+
, ʤʦʞʥʘ ʩʧʽʣʴʥʦ 

ʣʝʛʫʚʘʪʠ ʢʚʘʨʮʦʚʝ ʚʦʣʦʢʥʦ, ʣʝʛʦʚʘʥʝ ɽʛ
3+
, ʽʦʥʦʤ Yb

3+
.  

ʊʘʢʦʞ ʚʽʜʦʤʽ ʨʽʜʢʦʟʝʤʝʣʴʥʽ ʦʧʪʠʯʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʥʘ ʙʘʟʽ ʽʥʰʠʭ 

ʣʝʛʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ [3.63]. ʅʘʧʨʠʢʣʘʜ, ʦʧʪʠʯʥʽ ʚʦʣʦʢʥʘ ʙʫʣʠ ʣʝʛʦʚʘʥʽ 

ʽʦʥʘʤʠ ʪʝʨʙʽʷ (Tb
3+
) ʡ ʥʝʦʜʠʤʫ (Nd

3+
): ʚʽʜʧʦʚʽʜʥʽ ʟʨʘʟʢʠ ʧʦʢʘʟʘʣʠ ʧʽʢ 

ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʧʦʙʣʠʟʫ 600 ʥʤ ʜʣʷ ʧʝʨʰʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʚ ʨʘʡʦʥʽ 1,06 ʤʢʤ 

ʜʣʷ ʜʨʫʛʦʛʦ ʤʘʪʝʨʽʘʣʫ [3.64].  

ʂʚʘʨʮʦʚʽ ʚʦʣʦʢʦʥʥʽ ʧʽʜʩʠʣʶʚʘʯʽ, ʣʝʛʦʚʘʥʽ ʪʝʨʙʽʻʤ, ʪʘʢʦʞ ʧʦʢʘʟʘʣʠ 

ʩʝʙʝ ʜʫʞʝ ʝʬʝʢʪʠʚʥʠʤʠ ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʩʠʣʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʜʦʚʞʠʥ ʭʚʠʣʴ 

1 ʤʢʤ [3.65]. ɺʦʣʦʢʦʥʥʠʡ ʧʽʜʩʠʣʶʚʘʯ, ʣʝʛʦʚʘʥʠʡ ʧʨʘʟʝʦʜʠʤʦʤ (Pr
3+

), 

ʧʨʦʧʦʥʫʻ ʚʘʨʽʘʥʪʠ ʜʣʷ ʧʽʜʩʠʣʝʥʥʷ ʚ 1,3-ʤʢʤ ʦʙʣʘʩʪʽ [3.66], ʘʣʝ ʜʣʷ ʡʦʛʦ 

ʩʪʚʦʨʝʥʥʷ ʧʦʪʨʽʙʥʦ ʬʣʫʦʨʠʜʥʝ ʦʧʪʠʯʥʝ ʚʦʣʦʢʥʦ, ʷʢʝ ʚʘʞʢʦ ʧʦʻʜʥʘʪʠ ʽʟ 

ʢʚʘʨʮʝʚʠʤ ʚʦʣʦʢʥʦʤ, ʱʦ ʚʩʶʜʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. ʇʦʧʨʠ ʚʩʽ ʮʽ ʚʘʨʽʘʥʪʠ, 

ɽɺʇ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘʡʢʨʘʱʠʤ ʚʠʙʦʨʦʤ ʨʦʟʨʦʙʥʠʢʽʚ ʮʠʬʨʦʚʠʭ ʪʘ 

ʘʥʘʣʦʛʦʚʠʭ ʩʠʩʪʝʤ. ʇʠʪʘʥʥʷ ʚʧʣʠʚʫ ɽɺʇ ʥʘ ʰʫʤʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʘʥʘʣʦʛʦʚʦʾ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʙʫʜʫʪʴ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʽ ʚ ʧʽʜʨʦʟʜʽʣʽ 3.5.1. 

ʈʘʥʽʰʝ ʙʫʣʠ ʧʝʨʝʨʘʭʦʚʘʥʽ ʽʥʰʽ ʜʦʩʪʫʧʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʦʙʫʜʦʚʠ 

ʦʧʪʠʯʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ, ʢʨʽʤ ʚʦʣʦʢʦʥʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ, ʣʝʛʦʚʘʥʠʭ 

ʨʽʜʢʦʟʝʤʝʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ɿʦʢʨʝʤʘ, ʚ ʧʽʜʨʦʟʜʽʣʽ 3.5.2 ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ 

ʚʦʣʦʢʦʥʥʽ ʧʽʜʩʠʣʶʚʘʯʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʬʝʢʪʠ ɹʨʽʣʣʶʝʥʘ ʪʘ ʈʘʤʘʥʘ. 

ɯʥʰʽ ʤʦʞʣʠʚʽ ʤʝʭʘʥʽʟʤʠ ʦʧʪʠʯʥʦʛʦ ʧʽʜʩʠʣʝʥʥʷ ʫ ʚʦʣʦʢʥʽ ʚʢʣʶʯʘʶʪʴ 

ʧʘʨʘʤʝʪʨʠʯʥʽ ʧʨʦʮʝʩʠ. ʅʘʧʨʠʢʣʘʜ, ʚʥʘʩʣʽʜʦʢ ʢʫʙʽʯʥʦʾ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ 

…  ʚ ʥʝʣʽʥʽʡʥʦʤʫ ʚʦʣʦʢʥʽ ʝʬʝʢʪ ʯʦʪʠʨʴʦʭʬʦʪʦʥʥʦʛʦ ʟʤʽʰʫʚʘʥʥʷ ʤʦʞʝ 

ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʦʧʪʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ 

[3.67].  

ʍʦʯʘ ʜʘʥʠʡ ʪʠʧ ʧʽʜʩʠʣʶʚʘʯʘ ʪʘʢʦʞ ʥʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʮʽʡ ʢʥʠʟʽ, ʜʣʷ 

ʥʴʦʛʦ ʙʫʣʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʨʽʟʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ [3.68], ʷʢʽ ʧʦʢʘʟʘʣʠ ʡʦʛʦ 

ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʟ ʪʦʯʢʠ ʟʦʨʫ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ ʚʥʝʩʝʥʦʛʦ ʰʫʤʫ, ʘʣʝ ʧʨʠ 
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ʚʝʣʠʢʽʡ ʧʦʪʫʞʥʦʩʪʽ ʥʘʢʘʯʫʚʘʥʥʷ. ʊʘʢʦʞ ʻ ʦʧʪʠʯʥʽ ʧʽʜʩʠʣʶʚʘʯʽ, ʷʢʽ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʦʣʦʢʥʽ, ʪʘʢʽ ʷʢ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʦʧʪʠʯʥʽ ʧʽʜʩʠʣʶʚʘʯʽ 

(ʅʆʇ). ʎʝʡ ʪʠʧ ʧʽʜʩʠʣʶʚʘʯʘ ʜʫʞʝ ʧʨʠʚʘʙʣʠʚʠʡ ʟʘʚʜʷʢʠ ʩʚʦʻʤʫ 

ʽʥʪʝʛʨʘʮʽʡʥʦʤʫ ʧʦʪʝʥʮʽʘʣʫ, ʽ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ ʚ ʧʽʜʨʦʟʜʽʣʽ 3.5.3. 

 

 

3.5.1. ɽʨʙʽʻʚʽ ʚʦʣʦʢʦʥʥʽ ʧʽʜʩʠʣʶʚʘʯʽ 

 

 

ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ɽɺʇ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.22. ɸʢʪʠʚʥʝ 

ʩʝʨʝʜʦʚʠʱʝ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʽʜʨʽʟʢʘ ʚʦʣʦʢʥʘ, ʣʝʛʦʚʘʥʦʛʦ ɽʛ
3+
. ɽʥʝʨʛʝʪʠʯʥʘ 

ʜʽʘʛʨʘʤʘ ʜʣʷ ʮʴʦʛʦ ʽʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.24. ʇʝʨʝʭʽʜ ʟ ʧʝʨʰʦʛʦ 

ʟʙʫʜʞʝʥʦʛʦ ʩʪʘʥʫ ʚ ʦʩʥʦʚʥʠʡ ʩʪʘʥ Ὅ ᴼ Ὅ  ʚʽʜʧʦʚʽʜʘʻ ʩʤʫʟʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʨʘʡʦʥʽ 1,53 ʤʢʤ, ʱʦ ʟʙʽʛʘʻʪʴʩʷ ʟ ʚʽʢʥʦʤ ʤʽʥʽʤʫʤʫ ʚʪʨʘʪ 

ʧʨʠ ʧʦʰʠʨʝʥʥʽ ʚ ʦʧʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʥʘ ʙʘʟʽ ʢʚʘʨʮʦʚʦʛʦ ʚʦʣʦʢʥʘ.  

 

 

ʈʠʩ.3.22. ʆʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʝʨʙʽʻʚʦʛʦ ʚʦʣʦʢʦʥʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ 

 

ʉʠʛʥʘʣ ʚ ʦʢʦʣʠʮʽ 1,55 ʤʢʤ ʤʦʞʝ ʙʫʪʠ ʦʙ'ʻʜʥʘʥʠʡ ʟ ʩʠʛʥʘʣʦʤ 

ʥʘʢʘʯʫʚʘʥʥʷ ʝʨʙʽʻʚʦʛʦ  ʚʦʣʦʢʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʜʽʣʫ 

ʢʘʥʘʣʽʚ (ʉʇʂ). ɺʭʽʜʥʠʡ ʦʧʪʠʯʥʠʡ ʩʠʛʥʘʣ ʩʪʠʤʫʣʶʻ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠ 

Ὅ ᴼ Ὅ  ʧʝʨʝʭʦʜʽ, ʱʦ ʚʝʜʝ ʜʦ ʢʦʛʝʨʝʥʪʥʦʛʦ ʧʽʜʩʠʣʝʥʥʷ ʩʠʛʥʘʣʫ. ʇʨʠ 

ʧʝʨʝʭʦʜʽ ʟʽ ʟʙʫʜʞʝʥʦʛʦ ʚ ʦʩʥʦʚʥʠʡ ʩʪʘʥ ʪʘʢʦʞ ʚʠʥʠʢʘʶʪʴ ʩʧʦʥʪʘʥʥʽ ʘʢʪʠ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʨʝʟʫʣʴʪʘʪʦʤ ʷʢʠʭ ʻ ʰʫʤ. ʗʢ ʙʫʜʝ ʦʧʠʩʘʥʦ ʥʠʞʯʝ, 
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ʦʧʪʠʯʥʘ ʩʧʦʥʪʘʥʥʘ ʝʤʽʩʽʷ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʨʘʜʽʦʯʘʩʪʦʪʥʽ ʪʠʧʠ ʰʫʤʫ. ɭ 

ʙʝʟʣʽʯ ʚʘʨʽʘʥʪʽʚ ʜʦʚʞʠʥ ʭʚʠʣʴ ʥʘʢʘʯʫʚʘʥʥʷ, ʯʠʩʣʦ ʷʢʠʭ ʱʝ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʧʨʠ ʜʦʜʘʪʢʦʚʦʤʫ ʣʝʛʫʚʘʥʥʽ Yb
3+

 (ʨʠʩ. 3.23). ʅʘʢʘʯʫʚʘʥʥʷ ʧʦʙʣʠʟʫ 1480 ʥʤ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʙʫʜʞʫʻ ʩʪʘʥ Ὅ  ʽ ʩʪʚʦʨʶʻ ʜʚʦʨʽʚʥʝʚʫ ʩʠʩʪʝʤʫ. 

ʊʨʠʨʽʚʥʝʚʘ ʩʠʩʪʝʤʘ ʚʠʭʦʜʠʪʴ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʘʢʘʯʫʚʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ 

ʥʘ 980 ʥʤ, ʱʦ ʟʙʫʜʞʫʻ ʘʢʪʠʚʥʝ ʩʝʨʝʜʦʚʠʱʝ ʚ ʩʪʘʥ Ὅ    ʷʢʠʡ, ʚ ʩʚʦʶ 

ʯʝʨʛʫ, ʙʝʟʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦ ʧʝʨʝʭʦʜʠʪʴ ʚ ʤʝʪʘʩʪʘʙʽʣʴʥʠʡ ʧʝʨʰʠʡ 

ʟʙʫʜʞʝʥʠʡ ʩʪʘʥ. ʆʙʠʜʚʽ ʮʽ ʜʦʚʞʠʥʠ ʭʚʠʣʴ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʧʨʠ 

ʮʴʦʤʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʢʘʯʫʚʘʥʥʷ ʩʝʨʮʝʚʠʥʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ 

ʣʘʟʝʨʠ ʟ ʦʜʥʽʻʶ ʧʨʦʩʪʦʨʦʚʦʶ ʤʦʜʦʶ ʡ ʧʦʪʫʞʥʽʩʪʶ ʥʘ ʨʽʚʥʽ ʜʦ ʜʝʢʽʣʴʢʦʭ 

ɺʪ ʻ ʢʦʤʝʨʮʽʡʥʦ ʜʦʩʪʫʧʥʠʤʠ.  

 

 

ʈʠʩ. 3.23. ɼʽʘʛʨʘʤʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʜʣʷ ʽʦʥʘ ɽʛ
3+
. ɼʦʚʞʠʥʠ ʭʚʠʣʴ ʚ ʥʤ  

ʧʦʢʘʟʘʥʽ ʜʣʷ ʧʨʦʮʝʩʫ ʧʦʛʣʠʥʘʥʥʷ 

 

ʇʝʨʝʚʘʛʠ ʥʘʢʘʯʫʚʘʥʥʷ ʚ ʨʘʡʦʥʽ 1480 ʥʤ ʩʢʣʘʜʘʶʪʴʩʷ ʚ ʙʽʣʴʰ 

ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʽ ʧʦʛʣʠʥʘʥʥʷ, ʘʣʝ ʥʘʢʘʯʫʚʘʥʥʷ ʧʨʠ 980 ʥʤ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʯʘʩʪʽʰʝ, ʦʩʢʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʽ ʰʫʤʦʚʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [3.69]. ɯʥʰʘ ʧʝʨʝʚʘʛʘ ʥʘʢʘʯʫʚʘʥʥʷ ʥʘ 980 ʥʤ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʟʘʚʜʷʢʠ ʚʝʣʠʢʽʡ ʨʽʟʥʠʮʽ ʜʦʚʞʠʥ ʭʚʠʣʴ ʥʘʢʘʯʫʚʘʥʥʷ ʪʘ ʩʠʛʥʘʣʫ, ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʜʽʡʥʠʭ ʣʝʛʢʦʜʦʩʪʫʧʥʠʭ ʤʫʣʴʪʠʧʣʝʢʩʦʨʽʚ ʥʘ 

ʙʘʟʽ ʩʧʣʘʚʥʠʭ ʨʦʟʛʘʣʫʜʞʫʚʘʯʽʚ. 
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ʇʨʘʚʦʨʫʯ ״ ʥʘʧʠʩʠ ʫ ʬʦʨʤʽ ʜʝ ὒȟ S ״ ʩʧʽʥʦʚʝ ʢʚʘʥʪʦʚʝ ʯʠʩʣʦ,  

L ״ ʢʚʘʥʪʦʚʝ ʯʠʩʣʦ ʦʨʙʽʪʘʣʴʥʦʛʦ ʢʫʪʦʚʦʛʦ ʤʦʤʝʥʪʫ, j ״ ʢʚʘʥʪʦʚʝ ʯʠʩʣʦ 

ʧʦʚʥʦʛʦ ʢʫʪʦʚʦʛʦ ʤʦʤʝʥʪʫ. 

ʅʘ ʨʠʩ. 3.24 ʥʘʚʝʜʝʥʦ ʚʠʤʽʨʷʥʠʡ ʩʧʝʢʪʨ ʩʧʦʥʪʘʥʥʦʾ ʝʤʽʩʽʾ (ʙʝʟ 

ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ) ʥʘ ʚʠʭʦʜʽ ɽɺʇ, ʱʦ ʥʘʢʘʯʫʻʪʴʩʷ ʥʘ ʭʚʠʣʽ 980 ʥʤ [3.25]. ɿ 

ʨʠʩʫʥʢʫ ʚʠʜʥʦ ʥʘʷʚʥʽʩʪʴ ʦʯʝʚʠʜʥʦʛʦ ʤʘʢʩʠʤʫʤʫ ʧʽʜʩʠʣʝʥʥʷ ʧʦʙʣʠʟʫ 1535 

ʥʤ, ʘ ʪʘʢʦʞ ʟʥʘʯʥʦʛʦ ʨʽʚʥʷ ʝʤʽʩʽʾ ʚ ʩʤʫʟʽ 15001575״ ʥʤ. ʏʘʩ ʞʠʪʪʷ ʨʽʚʥʷ 

Ὅ  ʟʘʟʚʠʯʘʡ ʙʣʠʟʴʢʦ 10 ʤʩ, ʘʣʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɿʦʢʨʝʤʘ, ʜʣʷ ʚʠʨʽʚʥʶʚʘʥʥʷ ʩʧʝʢʪʨʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ 1550-ʥʤ ʜʽʘʧʘʟʦʥʽ 

ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʦ ʜʦʜʘʪʢʦʚʝ ʣʝʛʫʚʘʥʥʷ ʘʣʶʤʽʥʽʻʤ ʛʝʨʤʘʥʦ-

ʩʠʣʽʢʘʪʥʦʛʦ ʚʦʣʦʢʥʘ [3.70], ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʻʤʦ ʯʘʩ ʞʠʪʪʷ ʨʽʚʥʷ 

Ὅ9.5-10.00 ʤʩ [3.71]. ʇʨʦʪʝ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʨʽʟʥʽ ʯʘʩʠ ʞʠʪʪʷ, 

ʧʦʯʠʥʘʶʯʠ ʚʽʜ 4 ʤʩ ʜʣʷ ʪʝʣʫʨʠʪʦʚʦʾ ʦʩʥʦʚʠ ʜʦ 14,7 ʤʩ ʜʣʷ ʢʚʘʨʮʦʚʦʛʦ ʩʢʣʘ 

[3.71]. ʗʢ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʟʜʽʣʽ 4, ʚʝʣʠʢʠʡ ʯʘʩ ʞʠʪʪʷ ʧʽʜʩʠʣʶʚʘʣʴʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ɽɺʇ ʻ ʩʫʪʪʻʚʦʶ ʧʝʨʝʚʘʛʦʶ, ʦʩʢʽʣʴʢʠ ʪʘʢʘ ʧʦʚʽʣʴʥʘ ʜʠʥʘʤʽʢʘ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʥʝ ʚʠʢʣʠʢʘʻ ʩʧʦʪʚʦʨʝʥʴ ʅɺʏ-ʩʠʛʥʘʣʽʚ. 

 

 

ʈʠʩ. 3.24. ɺʠʤʽʨʷʥʠʡ ʩʧʝʢʪʨ ʩʧʦʥʪʘʥʥʦʾ ʝʤʽʩʽʾ ʝʨʙʽʻʚʦʛʦ  

ʚʦʣʦʢʦʥʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ [3.25] 

 

ʉʧʦʥʪʘʥʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ɽɺʇ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʨʴʦʭ  

ʪʠʧʽʚ ʰʫʤʫ ʨʘʜʽʦʯʘʩʪʦʪ. ɸ ʩʘʤʝ: ʚ ʧʨʦʮʝʩʽ ʬʦʪʦʜʝʪʝʢʪʫʚʘʥʥʷ ʤʦʞʣʠʚʽ 
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ʙʠʪʪʷ ʤʽʞ ʩʦʙʦʶ ʘʙʦ ʟ ʩʠʛʥʘʣʦʤ, ʱʦ ʜʘʻ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʧʦʚʽʜʥʦ ʟʚʘʥʠʡ 

ʩʧʦʥʪʘʥʥʦ-ʩʧʦʥʪʘʥʥʠʡ ʰʫʤ ʘʙʦ ʩʠʛʥʘʣʴʥʦ-ʩʧʦʥʪʘʥʥʠʡ ʰʫʤ. ʊʘʢʦʞ 

ʚʠʥʠʢʘʻ ʜʨʦʙʦʚʠʡ ʰʫʤ, ʧʦʚ'ʷʟʘʥʠʡ ʽʟ ʩʝʨʝʜʥʴʦʶ ʧʦʪʫʞʥʽʩʪʶ ʰʫʤʫ 

ʩʧʦʥʪʘʥʥʦʾ ʝʤʽʩʽʾ. ɼʝʪʘʣʴʥʠʡ ʦʧʠʩ ʰʫʤʽʚ ɽɺʇ ʚʠʢʦʥʘʥʦ ʚ [3.72],  ʥʘʚʝʜʝʥʽ 

ʪʘʤ ʚʠʨʘʟʠ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʷʢ ʚʽʜʧʨʘʚʥʘ ʪʦʯʢʘ ʜʣʷ 

ʘʥʘʣʽʟʫ. ʈʦʟʛʣʷʜ ʰʫʤʫ ɽɺʇ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʚʚʝʜʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʩʧʦʥʪʘʥʥʦʾ 

ʝʤʽʩʽʾ [3.72]: 

ὲ
ϳ

   ,                  (3.42) 

ʜʝ ὔ ̓  ́ὔ  ï ʚʽʜʧʦʚʽʜʥʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʪʦʤʽʚ ʥʘ ʦʩʥʦʚʥʦʤʫ ʪʘ ʟʙʫʜʞʝʥʦʤʫ 

ʨʽʚʥʷʭ, „ ̨ „  ʚʽʜʧʦʚʽʜʥʦ ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʧʦʛʣʠʥʘʥʥʷ ʡ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʈʽʚʥʷʥʥʷ (3.42) ʜʘʥʦ ʜʣʷ ʜʚʦʨʽʚʥʝʚʦʾ ʩʠʩʪʝʤʠ, ʘʣʝ ʩʭʦʞʝ 

ʚʠʨʘʟ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʦ ʡ ʜʣʷ ʪʨʠʨʽʚʥʝʚʦʾ ʩʠʩʪʝʤʠ. ʂʦʝʬʽʮʽʻʥʪ 

ʩʧʦʥʪʘʥʥʦʾ ʝʤʽʩʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʧʠʩʫ ʩʝʨʝʜʥʴʦʾ ʦʧʪʠʯʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ɽɺʇ ʚʥʘʩʣʽʜʦʢ ʩʧʦʥʪʘʥʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [3.72]: 

ὖ ὲ ὬὺÇ ρὄ  ,             (3.43) 

ʜʝ h ï ʧʦʩʪʽʡʥʘ ʇʣʘʥʢʘ, v ï ʦʧʪʠʯʥʘ ʯʘʩʪʦʪʘ, Ç ï ʦʧʪʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʧʽʜʩʠʣʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ɽɺʇ, ὄ - ʡʦʛʦ ʦʧʪʠʯʥʘ ʩʤʫʛʘ ʧʨʦʧʫʩʢʘʥʥʷ. 

ɼʨʦʙʦʚʠʡ ʰʫʤ ʚʥʘʩʣʽʜʦʢ ʩʧʦʥʪʘʥʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ (3.24) ʧʨʠὍ ὓ Ὅᴘὖ : 

ὔ ȟ ςὓ ᴘὍÇὬὺὲ Ç ρὄὙὌ Ὢ ,               (3.44) 

ʜʝ ᴘ ï ʯʫʪʣʠʚʽʩʪʴ ʬʦʪʦʜʽʦʜʘ, Ὅ ï ʢʦʝʬʽʮʽʻʥʪ ʦʧʪʠʯʥʠʭ ʚʪʨʘʪ ʤʽʞ ɽɺʇ ʪʘ 

ʬʦʪʦʜʽʦʜʦʤ, ὓ  ï ʢʽʣʴʢʽʩʪʴ ʤʦʜ ʧʦʩʠʣʝʥʠʭ ʩʧʦʥʪʘʥʥʦʶ ʝʤʽʩʽʻʶ (ASE) 

(ὓ ς ̠̅̌ ʪʠʧʦʚʦʾ ʩʭʝʤʠ ɽɺʇ ʥʘ ʙʘʟʽ ʦʜʥʦʤʦʜʦʚʦʛʦ ʚʦʣʦʢʥʘ). 

ɺʠʩʥʦʚʦʢ ʚʠʨʘʟʫ, ʱʦ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʩʧʦʥʪʘʥʥʦ-ʩʧʦʥʪʘʥʥʦʛʦ ʰʫʤʫ, 

ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʚʠʟʥʘʯʝʥʥʷ ʩʧʦʥʪʘʥʥʦ-ʩʧʦʥʪʘʥʥʦʾ ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʥʘ 

ʚʠʭʦʜʽ ɽɺʇ [3.52]: 

„ Ὢ ςήὔὄ ρ ,                                 (3.45) 
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ʜʝ ὔ ὲ Ç ρ ï ʯʠʩʣʦ ʬʦʪʦʥʽʚ ʚ ASE ʥʘ ʚʠʭʦʜʽ ɽɺʇ, f ï ʯʘʩʪʦʪʘ ʈʏ-

ʩʠʛʥʘʣʫ. ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʩʧʝʢʪʨʘʣʴʥʘ ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ ʧʽʩʣʷ 

ʜʝʪʝʢʪʫʚʘʥʥʷ ʚ ʬʦʪʦʜʽʦʜʽ: 

Ὥ Ὢ –ὰὓ „  .   (3.46) 

ʇʽʜʩʪʘʚʣʷʶʯʠ ʢʚʘʥʪʦʚʫ ʝʬʝʢʪʠʚʥʽʩʪʴ – ᴘὬὺή ϳ ʪʘ  (3.45) ʚ (3.46) 

ʦʪʨʠʤʘʻʤ 

Ὥ Ὢ ςὓ ᴘὬὺὰὲ Ç ρ ὄ ρ  . (3.47) 

ɿʘ ʜʦʧʦʤʦʛʦʶ (3.47) ʦʙʯʠʩʣʶʶʪʴʩʷ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʽ ʬʣʫʢʪʫʘʮʽʾ 

ʩʪʨʫʤʫ ʚ ʟʘʜʘʥʽʡ ʈʏ ʩʤʫʟʽ ɺ: 

Ὥ Ὥ Ὢ ὨὪ  

ςὓ ᴘὬὺὰὲ Ç ρ ὄὄ ρ .(3.48) 

ʈʽʚʥʷʥʥʷ (3.48) ʤʦʞʝ ʧʦʪʽʤ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʚʥʦʾ 

ʰʫʤʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʥʘʩʣʽʜʦʢ ʰʫʤʫ ʚʽʜ ʩʧʦʥʪʘʥʥʦ-ʩʧʦʥʪʘʥʦʥʛʦ ʙʠʪʪʷ ʚ 

ʟʘʜʘʥʽʡ ʈʏ-ʩʤʫʟʽ. ɿʦʢʨʝʤʘ, ʉɻʇʐ ʈʏ-ʜʽʘʧʘʟʦʥʽ ʚʠʭʦʜʠʪʴ ʟ (3.47): 

ὔ Ὢ ςὌ Ὢ ὓ ᴘὬὺὰὲ Ç ρ ὄ ρ Ὑ. (3.49) 

ʇʨʦʮʝʜʫʨʘ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʫʶʯʦʾ ʉɻʇʐ ʈʏ-ʜʽʘʧʘʟʦʥʫ ʜʣʷ ʰʫʤʫ 

ʩʠʛʥʘʣʴʥʦ-ʩʧʦʥʪʘʥʥʦʛʦ ʙʠʪʪʷ ʘʥʘʣʦʛʽʯʥʘ (3.49). ɸ ʩʘʤʝ ʩʠʛʥʘʣʴʥʦ-

ʩʧʦʥʪʘʥʥʘ ʉɻʇ ʥʘ ʚʠʭʦʜʽ ɽɺʇ [3.72]: 

„ Ὢ        (3.50) 

ʜʝ ὖ  ï ʦʧʪʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ ʥʘ ʚʭʦʜʽ ɽɺʇ. ʊʦʜʽ ʩʝʨʝʜʥʽʡ ʢʚʘʜʨʘʪ 

ʩʠʛʥʘʣʴʥʦ-ʩʧʦʥʪʘʥʥʦʾ ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʜʦʨʽʚʥʶʻ: 

Ὥ Ὢ τὬὺὖ ὲ ᴘὰ Ç Ç ρ .   (3.51) 

ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʠʛʥʘʣʴʥʦ-ʩʧʦʥʪʘʥʥʠʭ 

ʬʣʫʢʪʫʘʮʽʡ ʩʪʨʫʤʫ ʚʠʭʦʜʠʪʴ ʤʥʦʞʝʥʥʷʤ (3.51) ʥʘ ʩʤʫʛʫ ʧʨʦʧʫʩʢʘʥʥʷ: 

Ὥ τὬὺὖ ὲ ᴘὰ Ç Ç ρὄȢ   (3.52) 

ʅʘʨʝʰʪʽ, ʩʠʛʥʘʣʴʥʦ-ʩʧʦʥʪʘʥʥʘ ʉɻʇʐ ʈʏ-ʜʽʘʧʘʟʦʥʫ ʤʘʻ ʚʠʛʣʷʜ: 
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ὔ Ὢ τὌ Ὢ Ὤὺὖ ὲ ᴘὰ Ç Ç ρὙȢ  (3.53) 

ʅʘ ʨʠʩ. 3.25 ʥʘʚʝʜʝʥʽ ʜʘʥʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʯʘʩʪʦʪʥʫ ʟʘʣʝʞʥʽʩʪʴ 

ʰʫʤʽʚ ʚʥʘʩʣʽʜʦʢ ʩʧʦʥʪʘʥʥʦ-ʩʧʦʥʪʘʥʥʦʛʦ ʡ ʩʠʛʥʘʣʴʥʦ-ʩʧʦʥʪʘʥʥʦʛʦ ʙʠʪʪʷ 

[3.25]. ʅʘ ʨʠʩʫʥʢʫ ʛʨʘʬʽʯʥʦ ʟʦʙʨʘʞʝʥʦ ʚʠʤʽʨʷʥʽ ὔ  ̓  ́ ὔ  ʚ 

ʜʽʘʧʘʟʦʥʽ ʚʽʜ 2 ʜʦ 16 ɻɻʮ ʜʣʷ ʘʥʘʣʦʛʦʚʦʾ ʣʽʥʽʾ ʥʘ ʙʘʟʽ ɽɺʇ ʧʨʠ  

Ὄ ρς ϳ ʜʣʷ ʢʦʞʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ. ʂʨʠʚʘ ὔ  ʨʝʻʩʪʨʫʚʘʣʘʩʷ ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʬʦʪʦʩʪʨʫʤʽ 1 ʤɸ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘ ASE. ɿʚʽʜʩʠ ʩʣʽʜʫʻ, 

ʱʦ ὄ ḻὪ ʽ ʯʘʩʪʦʪʥʘ ʟʘʣʝʞʥʽʩʪʴ ὔ , ʷʢ ʚʠʧʣʠʚʘʻ ʟ (3.49), ʧʨʘʢʪʠʯʥʦ 

ʚʽʜʩʫʪʥʷ ʫ ʚʩʴʦʤʫ ʟʘʜʘʥʦʤʫ ʈʏ-ʜʽʘʧʘʟʦʥʽ, ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʜʘʥʠʤʠ 

ʨʠʩ. 3.25. ɼʣʷ ʚʠʤʽʨʷʥʦʾ ὔ  ʥʘ ʨʠʩ. 3.25 ʧʦʩʪʽʡʥʠʡ ʬʦʪʦʩʪʨʫʤ 

ʜʦʨʽʚʥʶʚʘʚ 2 ʤɸ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʚʽʥ ʪʘʢʦʞ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʯʘʩʪʦʪʠ, ʱʦ ʟʙʽʛʘʻʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʦʤ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ (3.53). 

 

 

ʈʠʩ. 3.25. ʈʝʟʫʣʴʪʘʪʠ ʰʫʤʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʚʠʭʦʜʽ ʜʚʦʭ ʩʭʝʤ ɽɺʇ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʰʫʤ ʚʥʘʩʣʽʜʦʢ ʩʧʦʥʪʘʥʥʦ-ʩʧʦʥʪʘʥʥʦʛʦ ʙʠʪʪʷ ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ 

ʬʦʪʦʩʪʨʫʤʽ 1 ʤɸ (ʚʛʦʨʽ) ʪʘ ʰʫʤ ʚʥʘʩʣʽʜʦʢ ʩʠʛʥʘʣʴʥʦ-ʩʧʦʥʪʘʥʥʦʛʦ ʙʠʪʪʷ ʧʨʠ 

ʩʝʨʝʜʥʴʦʤʫ ʬʦʪʦʩʪʨʫʤʽ 2 ʤɸ (ʚʥʠʟʫ) [3.25] 

 

ɺʠʨʘʟʠ ʜʣʷ RIN, ʧʦʚ'ʷʟʘʥʦʛʦ ʟ ʜʨʦʙʦʚʠʤ ʰʫʤʦʤ ASE, ʰʫʤʦʤ 

ʩʧʦʥʪʘʥʥʦ-ʩʧʦʥʪʘʥʥʦʛʦ ʙʠʪʪʷ ʪʘ ʰʫʤʦʤ ʩʠʛʥʘʣʴʥʦ-ʩʧʦʥʪʘʥʥʦʛʦ ʙʠʪʪʷ, 

ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ, ʚʽʜʧʦʚʽʜʥʦ, (3.44), (3.49) ʪʘ (3.53) ʽʟ 

(3.4). ɼʣʷ ʮʽʻʾ ʤʝʪʠ ʧʦʚʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʧʦʩʪʽʡʥʦʛʦ ʬʦʪʦʩʪʨʫʤʫ ʤʘʻ ʚʠʛʣʷʜ: 
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Ὅ ᴘὰÇὖ ὓ ᴘὬὺὰὲ Ç ρὄ ,       (3.54) 

ʜʝ ʧʝʨʰʠʡ ʜʦʜʘʥʦʢ ï ʮʝ ʩʝʨʝʜʥʽʡ ʬʦʪʦʩʪʨʫʤ, ʩʪʚʦʨʝʥʠʡ ʦʧʪʠʯʥʠʤ 

ʩʠʛʥʘʣʦʤ, ʘ ʜʨʫʛʠʡ ʜʦʜʘʥʦʢ ʧʦʚ'ʷʟʘʥʠʡ ʽʟ ASE. 

ɺ ʙʘʛʘʪʴʦʭ ʧʨʘʢʪʠʯʥʠʭ ʩʠʪʫʘʮʽʷʭ ʧʦʩʪʽʡʥʠʡ ʩʪʨʫʤ, ʩʪʚʦʨʝʥʠʡ 

ʦʧʪʠʯʥʠʤ ʩʠʛʥʘʣʦʤ, ʧʝʨʝʚʘʞʘʻ ʽ, ʷʢʱʦÇḻρȟ ʪʦ ʥʝʨʽʚʥʽʩʪʴ 

 ὖ ḻὓ Ὤὺὲ ὄ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʻ ʚʠʟʥʘʯʘʣʴʥʦʶ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ 

ὓ ςȟὺ ρωσ ˟ːȟ̗ ὲ ρȟὄ ςππɻɻʮ, ʪʦ ὖ ḻυπ ̎ˏ.̓ ɼʣʷ 

ʟʘʩʪʦʩʫʚʘʥʴ ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʬʦʪʦʥʽʢʠ ɺ0 = 200 ɻɻʮ ʚʽʜʧʦʚʽʜʘʻ ʜʚʦʩʤʫʛʦʚʽʡ 

ʤʦʜʫʣʷʮʽʾ ʥʘ ʥʦʩʽʡʥʽʡ 100 ɻɻʮ ʽ ʨʝʟʫʣʴʪʫʶʯʝ ʦʙʤʝʞʝʥʥʷ ὖ ḻυπ ̎ ˏ̓ 

ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ ʨʽʚʥʽʚ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʽ ʟʘʛʘʣʦʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. ɺ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʩʠʛʥʘʣʴʥʦ-ʩʧʦʥʪʘʥʥʠʡ ʰʫʤ ʙʫʜʝ ʟʥʘʯʥʦ ʙʽʣʴʰʠʡ, ʥʽʞ 

ʜʨʦʙʦʚʠʡ ʰʫʤ ʚʥʘʩʣʽʜʦʢ ʧʦʩʠʣʝʥʦʾ ʩʧʦʥʪʘʥʥʦʾ ʝʤʽʩʽʾ ʪʘ ʩʧʦʥʪʘʥʥʦ-

ʩʧʦʥʪʘʥʥʦʛʦ ʰʫʤʫ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʮʽʻʾ ʫʤʦʚʠ ʨʽʚʥʷʥʥʷ (3.54) ʤʦʞʝ ʙʫʪʠ 

ʧʝʨʝʪʚʦʨʝʥʦ ʷʢ: 

Ὅ ᴘὰÇὖ  Ȣ        (3.55) 

ɿʥʘʯʝʥʥʷ RIN ʜʣʷ ʩʠʛʥʘʣʴʥʦ-ʩʧʦʥʪʘʥʥʦʛʦ ʙʠʪʪʷ ʚʠʭʦʜʠʪʴ ʰʣʷʭʦʤ 

ʧʽʜʩʪʘʥʦʚʢʠ (3.53) ʽ (3.55) ʚ (3.4) ʽʟ ʥʦʨʤʫʚʘʥʥʷʤ ʚ ʦʜʠʥʠʯʥʽʡ ʩʤʫʟʽ: 

ὙὍὔ Ὢ   .                              (3.56) 

ʇʦʚʝʨʭʥʝʚʘ ʦʮʽʥʢʘ (3.56) ʜʘʻ ʚʽʜʩʫʪʥʽʩʪʴ ʰʫʤʫ ʧʨʠ Ç ρ. ʆʜʥʘʢ ʷʢ 

ʙʫʜʝ ʦʧʠʩʘʥʦ ʥʠʞʯʝ, ʥʫʣʴʦʚʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʩʧʦʥʪʘʥʥʦʾ ʝʤʽʩʽʾ 

ʨʦʙʠʪʴ ʪʘʢʫ ʩʠʪʫʘʮʽʶ ʥʝʧʨʠʧʫʩʪʠʤʦʶ. ʂʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ɽɺʇ ʤʦʞʝ 

ʙʫʪʠ ʟʘʧʠʩʘʥʠʡ ʚ ʬʫʥʢʮʽʾ ʚʽʜ ʜʦʚʞʠʥʠ  ʚʦʣʦʢʦʥʥʦʛʦ ʪʨʘʢʪʫ ɽɺʇ  [3.72]: 

Ç Ὡὼὴ„ὔ „ὔ  .   (3.57) 

ʇʽʜʩʪʘʚʣʷʶʯʠ (3.42) ʚ (3.57) ʪʘ ʨʦʟʚôʷʟʫʶʯʠ ʚʽʜʥʦʩʥʦ ʢʦʝʬʽʮʽʻʥʪʘ 

ʩʧʦʥʪʘʥʥʦʾ ʝʤʽʩʽʾ, ʦʪʨʠʤʫʻʤʦ: 

ὲ
 

 ,     (3.58) 

ʜʝ ὔ ̨ „  ʧʝʨʝʜʙʘʯʘʶʪʴʩʷ ʧʦʩʪʽʡʥʠʤʠ ʥʘ ʚʩʽʡ ʜʦʚʞʠʥʽ ʧʽʜʩʠʣʶʚʘʯʘ  
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. ʈʽʚʥʷʥʥʷ (3.58) ʤʦʞʥʘ ʧʦʪʽʤ ʧʽʜʩʪʘʚʠʪʠ ʚ (3.56), ʦʪʨʠʤʘʚʰʠ: 

ὙὍὔ

ÌÉÍÇᴼρ
   .         (3.59) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢ ʚʠʧʣʠʚʘʻ ʟ (3.59), ʰʫʤ ʚʥʘʩʣʽʜʦʢ ʩʠʛʥʘʣʴʥʦ-

ʩʧʦʥʪʘʥʥʦʛʦ ʙʠʪʪʷ ʥʝ ʟʥʠʢʘʻ ʚ ʤʝʞʽ Çᴼρ. ʉʭʦʞʠʡ ʘʥʘʣʽʟ ʤʦʞʝ ʙʫʪʠ 

ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʰʫʤʫ ʚʥʘʩʣʽʜʦʢ ʩʧʦʥʪʘʥʥʦ-ʩʧʦʥʪʘʥʥʦʛʦ ʙʠʪʪʷ (3.49). 

ʌʘʢʪʦʨ ʦʧʪʠʯʥʦʛʦ ʰʫʤʫ (Ὂ) ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʦʧʪʠʯʥʦʛʦ ʰʫʤʫ ὔὊḳ

ρπ ÌÏÇ Ὂ  ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʰʫʤʦʚʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ɽɺʇ ʡ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʽʜʥʦʩʥʦ ʤʝʞʽ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ ʥʘ ʚʭʦʜʽ. 

ʌʘʢʪʦʨ ʦʧʪʠʯʥʦʛʦ ʰʫʤʫ ʜʣʷ ɽɺʇ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʷʢ: 

Ὂḳ
ȟ ȟ

ȟ
  ,         (3.60) 

ʜʝ ὔ ȟ  ï ʜʨʦʙʦʚʠʡ ʰʫʤ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʩʠʛʥʘʣʦʤ ʥʘ ʚʠʭʦʜʽ ɽɺʇ,  

 ὔ ȟ  - ʜʨʦʙʦʚʠʡ ʰʫʤ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʩʠʛʥʘʣʦʤ ʥʘ ʚʭʦʜʽ ɽɺʇ. ʏʠʩʝʣʴʥʠʢ 

(3.60) ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʝʩʴ ʦʧʪʠʯʥʠʡ ʰʫʤ ʥʘ ʚʠʭʦʜʽ ɽɺʇ ʚ ʧʨʠʧʫʱʝʥʥʽ ʤʝʞʽ  

ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ ʥʘ ʚʭʦʜʽ. ʏʦʪʠʨʴʦʭ ʜʦʜʘʥʢʽʚ ʮʽʣʢʦʤ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʨʽʚʥʷ 

ʜʘʥʦʾ ʢʥʠʛʠ, ʘʣʝ ʥʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʽʥʰʽ ʜʞʝʨʝʣʘ 

ʰʫʤʫ, ʪʘʢʽ ʷʢ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʘ ʽʥʪʝʨʬʝʨʝʥʮʽʷ, ʧʦʩʠʣʝʥʝ ʧʦʜʚʽʡʥʝ 

ʨʝʣʝʾʚʩʴʢʝ ʟʚʦʨʦʪʥʝ ʨʦʟʩʽʶʚʘʥʥʷ ʪʘ ʜʨʦʙʦʚʠʡ ʰʫʤ, ʚʠʢʣʠʢʘʥʠʡ 

ʥʝʧʦʛʣʠʥʝʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʥʘʢʘʯʫʚʘʥʥʷ [3.73]. ɿʘ ʚʠʟʥʘʯʝʥʥʷʤ ʚʩʽ ʯʣʝʥʠ ʚ 

(3.60) ʧʝʨʝʜʙʘʯʘʶʪʴʩʷ ʚʠʤʽʨʷʥʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʜʝʘʣʴʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʟ 

ɖ = 1. ʆʪʞʝ, ʨʽʚʥʷʥʥʷ (3.44), (3.49) ʡ (3.53) ʧʨʠ ʧʽʜʩʪʘʚʣʝʥʥʽ Ὄ ρȟᴘ

  
ȟὰ ρ   ʜʘʪʁʴ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʨʘʟʠ, ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ὔ  ȟὔ  ʪʘ 

ὔ .  

ʇʨʠ ʪʠʭ ʞʝ ʫʤʦʚʘʭ ὔ ȟ   ̓  ́ ὔ ȟ ςήὖ Ὑ Ὤὺϳ . 

ʇʨʠ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ ʧʽʜʩʠʣʝʥʥʷ (Çḻρ) ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ 

ʽʥʰʠʡ ʚʠʨʘʟ ʜʣʷ ὲ Ȣ ɸ ʩʘʤʝ ʚ ʨʘʟʽ Çḻρ ὲ  ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʦ ʚ 

ʪʝʨʤʽʥʘʭ ʬʘʢʪʦʨʫ ʦʧʪʠʯʥʦʛʦ ʰʫʤʫ ɽɺʇ [3.72]: 
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ὲ   (ʜʣʷÇḻρ .                                     (3.61) 

ʈʽʚʥʷʥʥʷ (3.61) ʦʙʤʝʞʫʻ Ὂ ὔὊ σ ̅  ˎ ʜʣʷ ɽɺʇ ʟ ʚʠʩʦʢʠʤ 

ʧʽʜʩʠʣʝʥʥʷʤ, ʪʦʤʫ ʱʦ ʤʽʥʽʤʘʣʴʥʝ ʘʙʩʦʣʶʪʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ὲ ρȢ 

ʂʦʨʠʩʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʩʠʛʥʘʣʴʥʦ-ʩʧʦʥʪʘʥʥʦʛʦ RIN ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʦ ʚ 

ʪʝʨʤʽʥʘʭ ʬʘʢʪʦʨʫ ʦʧʪʠʯʥʦʛʦ ʧʽʜʩʠʣʝʥʥʷ ʧʨʠ ʜʝʢʽʣʴʢʦʭ ʧʨʠʧʫʱʝʥʥʷʭ: 

ʚʠʱʝʟʛʘʜʘʥʝ Çḻρȟ ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ (3.61) ʪʘ ὖ ḻὓ Ὤὺὲ ὄȟ  ʪʦʙʪʦ 

ʧʦʩʪʽʡʥʠʡ ʬʦʪʦʩʪʨʫʤ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ASE, ʥʝʟʥʘʯʥʠʡ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʬʦʪʦʩʪʨʫʤʦʤ ʚʽʜ ʩʠʛʥʘʣʫ.  

ʇʨʠ ʪʘʢʠʭ ʫʤʦʚʘʭ (3.61) ʤʦʞʝ ʙʫʪʠ ʧʽʜʩʪʘʚʣʝʥʠʡ ʚ (3.56), ʜʘʶʯʠ ʚ 

ʨʝʟʫʣʴʪʘʪʽ: 

ὙὍὔ  .                    (3.62) 

ʈʽʚʥʷʥʥʷ (3.62) ʢʦʨʠʩʥʦ ʚ ʭʦʜʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

RIN ʥʘ ʚʠʭʦʜʽ ɽɺʇ ʚ ʩʠʛʥʘʣʴʥʦ-ʩʧʦʥʪʘʥʥʦʤʫ ʦʙʤʝʞʝʥʥʽ, ʱʦ ʯʘʩʪʦ 

ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ ʤʽʢʨʦʭʚʠʣʴʦʚʽʡ ʬʦʪʦʥʽʮʽ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʷʢʱʦ  

ὔ  ʧʝʨʝʚʘʞʘʶʯʠʡ ʜʦʜʘʥʦʢ ʚ ʯʠʩʝʣʴʥʠʢʫ (3.60), ʪʦ ʨʽʚʥʷʥʥʷ (3.62) ״  

ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʦ ʧʨʠ ʟʘʧʠʩʽ Ὂ ʚ ʪʝʨʤʽʥʘʭ RIN ʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ὙὍὔȟ ςὬὺὖϳ  ʚ ʟʥʘʤʝʥʥʠʢʫ. ɹʘʛʘʪʦ ʚʠʨʦʙʥʠʢʽʚ ɽɺʇ ʚʢʘʟʫʶʪʴ 

ʚʝʣʠʯʠʥʫ ὔὊʚ ʜɹ ʚ ʬʫʥʢʮʽʾ ʚʽʜ ʚʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ɽɺʇ. ʊʦʤʫ ʢʦʨʠʩʥʘ 

ʬʦʨʤʘ (3.62) ʚ ʜɹ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʧʨʠ ɜ = 193 ʊɻʮ (ʜʦʚʞʠʥʘ ʭʚʠʣʽ 1550 

ʥʤ): 

ὙὍὔ ̅ˎ̎ː ̗ϳ ρυυȟω ὔὊ ̅ˎ ὖ ̅ˎ  ̍      (3.63) 

ʂʦʝʬʽʮʽʻʥʪ ʦʧʪʠʯʥʦʛʦ ʰʫʤʫ ʻ ʪʨʘʜʠʮʽʡʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʜʣʷ ʦʧʠʩʫ 

ʰʫʤʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɽɺʇ ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʪʝ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʩʫʧʝʨʝʯʢʠ 

ʧʨʦ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ [3.74]. ʇʨʦʪʝ ʧʨʠ ʩʠʩʪʝʤʥʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʤʦʞʝ 

ʙʫʪʠ ʙʽʣʴʰ ʢʦʨʠʩʥʠʡ ʽʥʰʠʡ ʧʦʢʘʟʥʠʢ [3.75], ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʛʽʨʰʝʥʥʷ 

ʷʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʫ ʚʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ ʰʫʤʫ: NP (noise penalty)
11
. ɼʘʥʠʡ 

                                                
11

 ʋ ʚʽʪʯʠʟʥʷʥʽʡ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ, ʧʨʠʩʚʷʯʝʥʽʡ ʘʥʘʣʽʟʫ ʘʥʘʣʦʛʦʚʠʭ ɺʆʉʇ, ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʝʢʚʽʚʘʣʝʥʪ çʰʪʨʘʬ 

ʟʘ ʰʫʤè. ʆʜʥʘʢ ʦʩʢʽʣʴʢʠ ʪʝʨʤʽʥ ʥʝ ʻ ʩʪʘʣʠʤ, ʤʠ ʙʫʜʝʤʦ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʡʦʛʦ ʽʥʦʟʝʤʥʽʡ ʘʙʨʝʚʽʘʪʫʨʦʶ. 
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ʧʦʢʘʟʥʠʢ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʷʢ: 

ὔὖḳ
ȟ ȟ

ȟ
 ,                    (3.64) 

ʜʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʚ ʪʝʩʪʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʧʦʧʝʨʝʜʥʴʦ ʚʠʤʽʨʷʥʽ ʚʩʽ 

ʧʘʨʘʤʝʪʨʠ, ʚʢʣʶʯʘʶʯʠ ʚʪʨʘʪʠ ʚ ʪʨʘʢʪʽ ʧʽʩʣʷ ɽɺʇ ʪʘ ʥʝʽʜʝʘʣʴʥʽʩʪʴ 

ʬʦʪʦʜʽʦʜʘ. ʄʝʥʰ ʟʥʘʯʫʱʝ ʨʦʟ'ʷʩʥʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʯʠʩʝʣʴʥʠʢ ʚ 

(3.64) ʪʦʡ ʞʝ ʩʘʤʠʡ, ʱʦ ʽ ʚ (3.60). ʆʜʥʘʢ ʥʦʨʤʫʶʯʠʡ ʯʣʝʥ (ʟʥʘʤʝʥʥʠʢ) ʫ 

ʚʠʟʥʘʯʝʥʥʽ NP ״ ʮʝ ʜʨʦʙʦʚʠʡ ʰʫʤ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʜʣʷ NὊȢ ʎʝ ʚʘʞʣʠʚʘ ʚʽʜʤʽʥʥʽʩʪʴ 

ʜʦʟʚʦʣʷʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʤʦʜʠʬʽʢʫʚʘʪʠ ʚʠʨʘʟʠ ʜʣʷ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ, 

ʚʢʣʶʯʠʚʰʠ ʚ ʥʠʭ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʠʡ NP [3.75]. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ NP ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʥʠʢʫ ʦʧʪʠʯʥʦʾ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʰʚʠʜʢʦ 

ʦʮʽʥʠʪʠ ʚʧʣʠʚ, ʷʢʠʡ ʯʠʥʠʪʴ ʦʧʪʠʯʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʥʘ ʾʾ ʧʦʢʘʟʥʠʢʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʨʽʚʥʷʥʥʷ (3.44), (3.49) ʪʘ (3.73) 

ʜʣʷ,  ὔ ȟὔ  ʡ ὔ  ʚʽʜʧʦʚʽʜʥʦ ʤʦʞʫʪʴ ʙʫʪʠ ʧʽʜʩʪʘʚʣʝʥʽ ʚ (3.64) 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ NP ὔ ȟ ςή Ὄ Ὢ –ὰÇὖ Ὑ Ὤὺϳ . ʎʽʢʘʚʠʡ ʚʠʨʘʟ 

ʜʣʷ NP ʚʠʭʦʜʠʪʴ ʚ ʤʝʞʽ ʩʠʛʥʘʣʴʥʦ-ʩʧʦʥʪʘʥʥʦʛʦ ʰʫʤʫ, ʜʝ ὔ , ʙʘʛʘʪʦ 

ʙʽʣʴʰʝ, ʥʽʞ ʦʙʠʜʚʘ ὔ  ̓  ́ ὔ ȟ . ɿʘʩʪʦʩʦʚʫʶʯʠ ʮʽ ʫʤʦʚʠ ʜʦ (3.64), ʘ 

ʪʘʢʦʞ ʟʘʧʠʩʘʚʰʠ ʰʫʤ ʚ ʪʝʨʤʽʥʘʣʘʭ RIN, ʦʪʨʠʤʘʻʤʦ: 

ὔὖ ρ
ȟ

 ,                (3.65) 

ʜʝ ὙὍὔȟ ςὬὺ –ὰÇὖϳ  ï ʮʝ ʧʘʨʘʤʝʪʨ RIN, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʜʨʦʙʦʚʠʤ 

ʰʫʤʦʤ ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜʽ ʣʽʥʽʾ (ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ çʥʘ ʚʠʭʦʜʽ ɽɺʇè ʫ 

ʚʠʟʥʘʯʝʥʥʽ NὊ). ɿʛʽʜʥʦ (3.62)  ὙὍὔ  ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʪʨʘʪ ʚ ʪʨʘʢʪʽ 

ʧʽʩʣʷ ɽɺʇ, ʽ, ʦʪʞʝ, ὙὍὔ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʡʦʛʦ ʚʠʭʦʜʽ. ʆʜʥʘʢ ʚʝʣʠʯʠʥʘ 

ὙὍὔȟ  ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʪʨʘʪ ʧʽʩʣʷ ɽɺʇ. ʆʪʞʝ, ʷʢʱʦ ʟʥʘʯʝʥʥʷ  –ὰ ʜʫʞʝ 

ʤʘʣʝ (ʜʫʞʝʚʝʣʠʢʽ ʚʪʨʘʪʠ), ʪʦ ʚʝʣʠʯʠʥʘ   ὙὍὔȟ  ʤʦʞʝ ʙʫʪʠ ʥʘʙʘʛʘʪʦ 

ʙʽʣʴʰʝ, ʥʽʞ  ὙὍὔ  ʪʦʙʪʦ NP Ÿ 1 (0 ʜɹ). ʎʝ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʚ ʙʽʣʴʰ 
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ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ, ʷʢʱʦʧʽʜʩʪʘʚʠʪʠ ʚʠʱʝʟʛʘʜʘʥʠʡ ʚʠʨʘʟ ʜʣʷ  ὙὍὔȟ  ʽ (3.62) 

ʚ (3.65): 

NP ρ –ὰÇὊ .                (3.66) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʤʝʞʽ ʩʠʛʥʘʣʴʥʦ-ʩʧʦʥʪʘʥʥʦʛʦ ʰʫʤʫ, ʢʦʣʠ –ὰḺÇὊȟ

ὔὖO ρπ̅ȟˎ  ʣʽʥʽʷ ʧʝʨʝʜʘʯʽ ʚ ʦʩʥʦʚʥʦʤʫ ʦʙʤʝʞʝʥʘ ʜʨʦʙʦʚʠʤ ʰʫʤʦʤ. 

ʋʤʦʚʘ –ὰḺÇὊ  ̨̝̍̒̓̉̓ ʚ ʩʦʙʽ ʙʝʟʣʽʯ ʨʝʘʣʴʥʠʭ ʜʣʷ ʈʏ-ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ 

ʩʠʪʫʘʮʽʡ, ʜʝ ɽɺʇ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ, ʱʦʙ ʢʦʤʧʝʥʩʫʚʘʪʠ ʚʪʨʘʪʠ 

ʚʥʘʩʣʽʜʦʢ ʨʦʟʛʘʣʫʞʝʥʴ, ʚʪʨʘʪʠ ʧʨʠ ʧʦʰʠʨʝʥʥʽ ʘʙʦ ʥʠʟʴʢʫ ʢʚʘʥʪʦʚʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʦʪʦʜʽʦʜʘ. 

ʉʭʝʤʘ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʚʽʜʤʽʥʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ NP ʪʘ ὔὊ ʧʨʠʚʝʜʝʥʘ 

ʥʘ ʨʠʩ. 3.26. ʥʘ ʨʠʩʫʥʢʫ ʣʘʟʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʟʤʽʥʥʠʡ 

ʦʧʪʠʯʥʠʡ ʘʪʝʥʶʘʪʦʨ (ɿʆɸ) ʽ ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʭʽʜ ʪʝʩʪʦʚʘʥʦʛʦ ɽɺʇ. ɼʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ɽɺʇ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʢʘʣʽʙʨʦʚʘʥʠʡ 

ʦʧʪʠʯʥʠʡ ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʫ (ʆɸʉ) ʪʘ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʡ ʨʦʟʛʘʣʫʞʫʚʘʯ. 

ʅʘ ʧʨʦʪʠʣʝʞʥʦʤʫ ʢʽʥʮʽ ɽɺʇ ʜʣʷ ʢʦʥʪʨʦʣʶ ʡʦʛʦ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʨʫʛʘ ʧʘʨʘ ʥʘ ʙʘʟʽ ʆɸʉ ʪʘ ʦʧʪʠʯʥʦʛʦ ʨʦʟʛʘʣʫʞʫʚʘʯʘ. ɼʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʉɻʇʐ ʧʽʩʣʷ ʬʦʪʦʜʝʪʝʢʪʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʘʥʽ ʈʏ 

ʩʤʫʛʦʚʦ-ʧʨʦʧʫʩʢʘʶʯʠʡ ʬʽʣʴʪʨ (ʉʇʌ), ʧʽʜʩʠʣʶʚʘʯ ʪʘ ʨʘʜʽʦʯʘʩʪʦʪʥʠʡ 

ʘʥʘʣʽʟʘʪʦʨ ʩʧʝʢʪʨʫ (ʈɸʉ). ɽʢʩʧʝʨʠʤʝʥʪ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʟ ʘʧʘʨʘʪʫʨʦʶ, ʱʦ 

ʚʢʣʶʯʘʻ Er-Yb-ʣʘʟʝʨ ʥʘ ʩʢʣʽ (CLR Photonics), ʢʦʤʝʨʮʽʡʥʠʡ ɽɺʇ (Avanex) 

ʪʘ InGaAs-ʬʦʪʦʜʽʦʜ (Discovery Semiconductor) [3.75].  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ RIN ʣʘʟʝʨʘ (ʜʠʚ. ʨʠʩ. 3.27) ʙʫʣʘ ʚʠʤʽʨʷʥʘ ʟʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʉʇʌ [3.75]. ɺ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʦʪʨʠʤʘʥʠʡ ʬʦʪʦʩʪʨʫʤ Ὅ = 20 

ʤɸ, ʷʢʦʤʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ (3.27) ʚʽʜʧʦʚʽʜʘʻ ὙὍὔ ρφψ ʜɹʥ/ɻʮ. ɼʣʷ 

ʪʘʢʦʛʦ ʬʦʪʦʩʪʨʫʤʫ ʣʘʟʝʨʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʙʤʝʞʝʥʝ ʜʨʦʙʦʚʠʤ ʰʫʤʦʤ 

ʥʘ ʯʘʩʪʦʪʽ 1 ɻɻʮ ʡ ʧʨʠ ʪʦʤʫ, ʱʦ ʬʦʨʤʘ ʩʧʝʢʪʨʘ RIN ʣʘʟʝʨʘ ʚʽʜʧʦʚʽʜʘʻ 

ʣʦʨʝʥʮʝʚʽʡ ʢʨʠʚʽʡ, ʦʯʽʢʫʚʘʥʝ ʟʥʘʯʝʥʥʷ RIN ʜʦʩʷʛʘʻ 190״ ʜɹʥ/ɻʮ ʧʨʠ 1 ɻɻʮ. 

ʄʘʢʩʠʤʘʣʴʥʘ ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʣʘʟʝʨʘ ʜʦʨʽʚʥʶʻ 70 ʤɺʪ ʥʘ ʭʚʠʣʽ 

1550 ʥʤ, ʪʦʙʪʦ ʧʨʠ ʜʝʪʝʢʪʫʚʘʥʥʽ ʮʽʻʾ ʧʦʪʫʞʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʜʝʘʣʴʥʦʛʦ 
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ʬʦʪʦʜʽʦʜʘ 

 (Ὅ= 87.5 ʤɸ) ʚʝʣʠʯʠʥʘ ὙὍὔ ρχτȢτ
̅ˎ̎

ː̗
Ȣ ʆʪʞʝ, ʚʠʟʥʘʯʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɽɺʇ ʥʘ ʯʘʩʪʦʪʽ 1 ɻɻʮ ʟ ʮʠʤ ʣʘʟʝʨʦʤ ʧʽʜʪʚʝʨʜʞʫʻ 

ʧʨʠʧʫʱʝʥʥʷ, ʟʨʦʙʣʝʥʝ ʧʨʠ ʬʦʨʤʫʣʶʚʘʥʥʽὔὊ, ʱʦ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ 

ʦʙʤʝʞʝʥʠʡ ʜʨʦʙʦʚʠʤ ʰʫʤʦʤ. 

 

ʈʠʩ. 3.26. ʆʙʯʠʩʣʶʚʘʣʴʥʘ ʩʭʝʤʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʫʤʦʚʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɽɺʇ 

 

 

ʈʠʩ. 3.27. ɺʠʤʽʨʷʥʠʡ ʰʫʤ ʝʨʙʽʻʚʦʛʦ ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ, ʚʠʢʦʨʠʩʪʘʥʦʛʦ  

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʫʤʦʚʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʽʜʩʠʣʶʚʘʯʘ 

 

ʊʘʢʦʞ ʧʦʢʘʟʘʥʽ: ʤʝʞʘ ʧʦ ʜʨʦʙʦʚʠʭ ʰʫʤʫ ʜʣʷ ʩʝʨʝʜʥʴʦʛʦ ʩʪʨʫʤʫ 20 

ʤɸ ʪʘ ʝʢʩʪʨʘʧʦʣʴʦʚʘʥʠʡ ʰʫʤ ʚ ʧʨʠʧʫʱʝʥʥʽ ʣʦʨʝʥʮʝʚʦʾ ʬʦʨʤʠ ʣʽʥʽʾ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [3.75]. 

ʅʘ ʨʠʩ. 3.28 ʥʘʚʝʜʝʥʽ ʪʨʠ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʩʪʘʥʦʚʢʠ ʨʠʩ. 3.25 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʠʨʘʞʝʥʽ ʚ ʬʫʥʢʮʽʾ ʚʽʜ ʚʭʽʜʥʦʾ ʦʧʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ɽɺʇ 

(ὖ ) ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 20״ ʜɹʤ ʜʦ +20 ʜɹʤ [3.75]. ʗʢ ʧʦʢʘʟʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʨʠʚʦʾ ʚʠʭʽʜʥʦʾ ʦʧʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ɽɺʇ ʧʨʦʪʷʛʦʤ ʤʘʡʞʝ ʚʩʴʦʛʦ ʮʴʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʥʘʩʠʯʝʥʥʽ ʡ ʧʨʘʮʶʻ ʚ ʣʽʥʽʡʥʦʤʫ ʨʝʞʠʤʽ ʽʟ  
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Ὃ συ ̅  ˎ ʪʽʣʴʢʠ ʧʨʠ ʤʘʣʽʡ ʚʭʽʜʥʽʡ ʧʦʪʫʞʥʦʩʪʽ. ʉʫʮʽʣʴʥʦʶ ʣʽʥʽʻʶ 

ʧʦʟʥʘʯʝʥʠʡ ʨʦʟʨʘʭʦʚʘʥʠʡ RIN, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʜʨʦʙʦʚʠʤ ʰʫʤʦʤ ʩʠʛʥʘʣʫ ʥʘ 

ʚʭʦʜʽ ɽɺʇ, ὙὍὔȟ ςὬὺὖϳ , ʚ ʧʨʠʧʫʱʝʥʥʽ ʽʜʝʘʣʴʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʟ ɖ=1. 

ʊʘʢʦʞ ʧʦʢʘʟʘʥʠʡ ʚʠʤʽʨʷʥʠʡ RIN ʥʘ ʚʠʭʦʜʽ ɽɺʇ, ʷʢʠʡ ʧʨʠ ʜʽʣʝʥʥʽ ʥʘ 

ὙὍὔȟʜʘʻ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʦʙʨʘʞʝʥʠʡ ʛʨʘʬʽʯʥʦ, Ὂ ὖ ȟ  ʚʠʟʥʘʯʝʥʠʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ (3.60). ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʰʫʤʫ ʜʦʨʽʚʥʶʻ ʧʨʠʙʣʠʟʥʦ 

5 ʜɹ ʘʞ ʜʦ ὖ υ ̅ˎ,̍ ʧʽʩʣʷ ʯʦʛʦ ὔὊʟʥʘʯʥʦ ʟʨʦʩʪʘʻ ʚ ʤʽʨʫ ʪʦʛʦ, ʷʢ ɽɺʇ 

ʚʭʦʜʠʪʴ ʚ ʛʣʠʙʦʢʝ ʥʘʩʠʯʝʥʥʷ.  

 

 

ʈʠʩ. 3.28. ɺʠʤʽʨʷʥʽ ʚʠʭʽʜʥʘ ʦʧʪʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ (ὖ ) ʢʦʝʬʽʮʽʻʥʪ ʦʧʪʠʯʥʦʛʦ ʰʫʤʫ 

(NὊ) ʪʘ ʚʽʜʥʦʩʥʠʡ ʰʫʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ (RIN) ʥʘ ʚʠʭʦʜʽ ɽɺʇ ʚ ʬʫʥʢʮʽʾ ʚʽʜ ʨʽʚʥʷ ʚʭʽʜʥʦʾ 

ʦʧʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʩʪʚʦʨʶʚʘʥʦʾ ʣʘʟʝʨʦʤ 

 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʛʣʷʥʝʤʦ ʜʘʥʽ ʥʘ ʨʠʩ. 3.29, ʜʝ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʤʽʨʶʚʘʥʥʷ NP ʧʨʠ Ὅ = 5, 10 ʪʘ 20 ʤɸ [3.75]. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʤʽʨ RIN 

ʚʠʢʦʥʫʚʘʚʩʷ ʰʣʷʭʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʩʪʽʡʥʦʾ ʬʦʪʦʩʪʨʫʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʨʫʛʦʛʦ ɿʆɸ. ʗʢ ʚʠʧʣʠʚʘʻ ʟ (3.64)
12
, ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ NP ʟʥʘʯʝʥʥʷ ʧʦʚʥʦʛʦ 

RIN ʧʦʪʨʽʙʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ὙὍὔȟ ςὬὺὖϳ . ɿ ʨʠʩ. 3.29 ʚʠʧʣʠʚʘʻ, ʱʦ 

ʨʽʚʝʥʴ NP ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʤʽʨʫ ʪʦʛʦ, ʷʢ ɽɺʇ ʧʝʨʝʭʦʜʠʪʴ ʚ ʛʣʠʙʦʢʝ 

ʥʘʩʠʯʝʥʥʷ, ʧʨʠ ʮʴʦʤʫ ʨʽʚʝʥʴ ὔὊʟʨʦʩʪʘʻ. 

ʐʫʤʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʢʦʛʦ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.26. ʉʫʮʽʣʴʥʘ ʣʽʥʽʷ ״ 

ʮʝ ʨʦʟʨʘʭʦʚʘʥʘ ʤʝʞʘ ʧʦ ʜʨʦʙʦʚʦʤʫ ʰʫʤʫ ʜʣʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ [3.75]. 

                                                
12
ɿʛʽʜʥʦ ʟ ʪʝʢʩʪʦʤ ʧʦʩʠʣʘʥʥʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʘ (3.65). - ʇʨʠʤ. ʧʝʨ. 
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ʈʠʩ. 3.29. ɺʠʤʽʨʷʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʧʪʠʯʥʦʛʦ ʰʫʤʫ (NὊ) ʪʘ ʧʦʢʘʟʥʠʢ NP ʥʘ ʚʠʭʦʜʽ ɽɺʇ 

ʚ ʬʫʥʢʮʽʾ ʚʽʜ ʨʽʚʥʷ ʚʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʦʪʨʠʤʘʥʦʾ ʧʨʠ ʧʦʩʠʣʝʥʥʽ ʩʠʛʥʘʣʫ ʣʘʟʝʨʘ 

 

ɺʠʤʽʨʷʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʧʪʠʯʥʦʛʦ ʰʫʤʫ (NὊ) ʪʘ ʧʦʢʘʟʥʠʢ NP ʥʘ 

ʚʠʭʦʜʽ ɽɺʇ ʚ ʬʫʥʢʮʽʾ ʚʽʜ ʨʽʚʥʷ ʚʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʦʪʨʠʤʘʥʦʾ ʧʨʠ 

ʧʦʩʠʣʝʥʥʽ ʩʠʛʥʘʣʫ ʣʘʟʝʨʘ, ʰʫʤʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʢʦʛʦ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ. 3.27. ɿʥʘʯʝʥʥʷ NP ʙʫʣʠ ʚʠʤʽʨʷʥʽ ʧʨʠ ʩʝʨʝʜʥʽʭ ʬʦʪʦʩʪʨʫʤʘʭ 5, 10 ʪʘ 

20 ʤɸ [3.75]. 

ʂʦʨʠʩʥʽʩʪʴ ʧʦʢʘʟʥʠʢʘ NP ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟ ʡʦʛʦ ʜʦʧʦʤʦʛʦʶ 

ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʚʥʘʩʣʽʜʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ɽɺʇ ʥʘ 

ʩʠʩʪʝʤʥʦʤʫ ʨʽʚʥʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʧʘʜʢʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʚ ʤʝʞʽ  ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ ʧʨʠ ʪʦʤʫ ʞ ʨʽʚʥʽ ʚʠʭʽʜʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ. 

ʆʙʠʜʚʘ ʨʦʟʛʣʷʥʫʪʠʭ ʧʦʢʘʟʥʠʢʘ &ʪʘ NP ʤʦʞʫʪʴ ʢʘʩʢʘʜʫʚʘʪʠʩʷ ʜʣʷ 

ʦʧʠʩʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʩʣʽʜʦʚʥʦ ʚʢʣʶʯʝʥʠʭ ɽɺʇ. ʅʘ ʩʭʝʤʽ, ʥʘʚʝʜʝʥʽʡ ʥʘ 

ʨʠʩ. 3.30, ʟʦʙʨʘʞʝʥʠʡ ʣʘʥʮʶʞʦʢ ʟ N ɽɺʇ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʘʻ ʢʦʝʬʽʮʽʻʥʪ 

ʧʽʜʩʠʣʝʥʥʷ gl, ʬʘʢʪʦʨ ʦʧʪʠʯʥʦʛʦ ʰʫʤʫ &ỵʪʘ ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ʧʽʩʣʷ 

ɽɺʇÌρ É .. ʂʘʩʢʘʜʥʠʡ ʬʘʢʪʦʨ ʰʫʤʫ ʜʣʷ ʪʘʢʦʛʦ ʢʦʣʘ, ʚʠʟʥʘʯʝʥʠʡ   

ʚʽʜ ʚʭʦʜʫ ʧʝʨʰʦʛʦ ɽɺʇ ʜʦ ʚʠʭʦʜʫ ʦʩʪʘʥʥʴʦʛʦ ɽɺʇ, ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʠʡ 

[3.76] ʷʢ: 

Ὂ Ὂ Ễ
ȣ

              (3.67) 
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ʈʠʩ. 3.30. ʉʭʝʤʘ ʦʧʪʠʯʥʦʾ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʥʘ ʙʘʟʽ ʣʘʥʮʶʞʢʘ ʟ N ɽɺʇ 

 

ʂʘʩʢʘʜʥʠʡ ʬʘʢʪʦʨ ʦʧʪʠʯʥʦʛʦ ʰʫʤʫ (Ὂ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜ ʚʭʦʜʫ 

ʧʝʨʰʦʛʦ ɽɺʇ ʜʦ ʚʠʭʦʜʫ ʦʩʪʘʥʥʴʦʛʦ ɽɺʇ; ʢʘʩʢʘʜʥʠʡ NP (.0) 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜ ʚʭʦʜʫ ʧʝʨʰʦʛʦ ɽɺʇ ʜʦ ʚʠʭʦʜʫ ʬʦʪʦʜʽʦʜʘ. 

ʆʩʦʙʣʠʚʠʡ ʚʠʧʘʜʦʢ, ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʥʘ ʧʨʘʢʪʠʮʽ, - ʮʝ ʩʠʪʫʘʮʽʷ, 

ʢʦʣʠ ʢʦʞʝʥ ɽɺʇ ʚ ʣʘʥʮʶʟʽ ʤʘʻ ʦʜʥʘʢʦʚʠʡ ʬʘʢʪʦʨ ʰʫʤʫ ʽ ʢʦʞʝʥ ɽɺʇ 

ʪʦʯʥʦ ʢʦʤʧʝʥʩʫʻ ʚʪʨʘʪʠ ʤʽʞ ʥʠʤ ʪʘ ʥʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ. ʄʘʪʝʤʘʪʠʯʥʦ ʮʝ 

ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʦ ʷʢ Ὂ Ὂ ̓  ́Çὰ ρ ʜʣʷ ʚʩʽʭ ὲ. ɿʘ ʜʘʥʠʭ ʫʤʦʚ 

(3.67) ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʛʣʷʜʫ: 

Ὂ ὔὊ  (ʚʪʨʘʪʠ ʢʦʤʧʝʥʩʫʶʪʴʩʷ).    (3.68) 

ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʨʠʩ. 3.30, ʢʘʩʢʘʜʥʠʡ NP ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜ ʚʭʦʜʫ 

ʧʝʨʰʦʛʦ ɽɺʇ ʜʦ ʚʠʭʦʜʫ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ. ʋ ʩʠʛʥʘʣʴʥʦ-ʩʧʦʥʪʘʥʥʽʡ ʤʝʞʽ (ʜʠʚ. 

(3.66)) ʢʘʩʢʘʜʥʠʡ NP ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʠʡ ʷʢ: 

ὔὖ ρ –ὰÇὊ ,   (3.69) 

ʜʝ Ç ÇὰÇὰȣÇ ὰ Ç  ï ʢʘʩʢʘʜʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʧʪʠʯʥʦʛʦ 

ʧʽʜʩʠʣʝʥʥʷ. ʜʣʷ ʚʠʟʥʘʯʝʥʦʾ ʚʠʱʝ ʩʠʩʪʝʤʠ ʟ ʢʦʤʧʝʥʩʦʚʘʥʠʤʠ ʚʪʨʘʪʘʤʠ 

(3.69) ʩʪʘʻ ʧʨʠʙʣʠʟʥʦ ʨʽʚʥʠʤ: 

ὔὖ ρ –ὰÇὔὊ  (ʚʪʨʘʪʠ ʢʦʤʧʝʥʩʫʶʪʴʩʷ         (3.70) 

ʈʽʚʥʷʥʥʷ (3.70) ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʧʠʩʘʥʦ ʫ ʚʠʛʣʷʜʽ: 

ὔὖ ρ ὔὔὖ ρ ὔ ὔὖ ʜʣʷ, ὔὖḻρȟ                         (3.71) 

ʱʦ ʻ ʢʦʨʠʩʥʦʶ çʛʨʫʙʦʶ ʦʮʽʥʢʦʶè ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʠʩʪʝʤʠ. 

ʗʢ ʧʦʢʘʟʘʥʦ, ʯʫʪʣʠʚʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʦʙʤʝʞʝʥʘ ʰʫʤʦʤ ʛʝʥʝʨʘʪʦʨʘ 

ʯʘʩʪʦʪʦʶ 10,24 ɻɻʮ  [3.20]. 

ʅʘ ʨʠʩ. 3.31 ʡ 3.32 ʧʨʠʚʝʜʝʥʽ ʚʠʤʽʨʷʥʽ ʚʽʜʧʦʚʽʜʥʦ ʦʜʥʦʩʤʫʛʦʚʠʡ 
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ʬʘʟʦʚʠʡ ʪʘ ʘʤʧʣʽʪʫʜʥʠʡ ʰʫʤ ʜʣʷ ʬʦʪʦʥʥʦʾ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʜʚʘ ɽɺʇ, ʚ ʢʦʥʬʽʛʫʨʘʮʽʾ ʟ ʢʦʤʧʝʥʩʦʚʘʥʠʤʠ ʚʪʨʘʪʘʤʠ [3.20]. ɺʠʤʽʨʶʚʘʥʥʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʯʘʩʪʦʪʽ 10,24 ɻɻʮ ʧʨʠ ʨʽʚʥʽ ʧʦʪʫʞʥʦʩʪʽ 15״ ʜɹʤ, 

 Ὅ ρπ ̍ ẖ̌Ὑ υπ ̨ ȟ̍ Ὄ Ȣ ʇʽʜʩʪʘʚʣʝʥʥʷ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ (3.29) 

ʜʘʻ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʝʞʫ  ʧʦ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ 152״ ʜʙʥ/ɻʮ. ʆʩʥʦʚʥʠʤ ʚʥʝʩʢʦʤ 

ʚ ʬʘʟʦʚʠʡ ʪʘ ʘʤʧʣʽʪʫʜʥʠʡ ʰʫʤ ʧʨʠ ʥʘʣʘʰʪʫʚʘʥʥʽ 1 ʄɻʮ ʻ ʩʫʤʘʨʥʠʡ ʰʫʤ, 

ʱʦ ʥʘʢʣʘʜʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ ɽɺʇ. ɼʘʥʽ ʥʘ ʨʠʩ. 3.32 ʡ 3.33 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʜʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʰʫʤʫ ɽɺʇ. ʇʦ-ʧʝʨʰʝ, ʚʽʥ ʪʘʢ ʩʘʤʦ 

ʨʦʟʧʦʜʽʣʝʥʠʡ ʤʽʞ ʈʏ ʬʘʟʦʚʠʤ ʪʘ ʘʤʧʣʽʪʫʜʥʠʤ ʰʫʤʦʤ. ʇʦ-ʜʨʫʛʝ, ʟʤʽʥʘ 

ʨʽʚʥʷ ʰʫʤʫ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʦʜʥʦʛʦ ʘʙʦ ʜʚʦʭ ɽɺʇ ʚ ʢʦʥʬʽʛʫʨʘʮʽʾ ʟ 

ʢʦʤʧʝʥʩʦʚʘʥʠʤʠ ʚʪʨʘʪʘʤʠ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ 3 ʜɹ, ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 

ʚʠʱʝʥʘʚʝʜʝʥʠʤ ʘʥʘʣʽʟʦʤ. 

 

ʈʠʩ. 3.31. ɺʠʤʽʨʷʥʠʡ ʦʜʥʦʩʤʫʛʦʚʠʡ ʬʘʟʦʚʠʡ ʰʫʤ ʜʣʷ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʪʽʣʴʢʠ ʣʘʟʝʨ ʽ ʪʘʢʠʡ ʞʝ ʣʘʟʝʨ ʟ ʦʜʥʠʤ ʪʘ ʜʚʦʤʘ ɽɺʇ 

 

 

ʈʠʩ. 3.32. ɺʠʤʽʨʷʥʠʡ ʦʜʥʦʩʤʫʛʦʚʠʡ ʘʤʧʣʽʪʫʜʥʠʡ ʰʫʤ ʜʣʷ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʽʣʴʢʠ ʣʘʟʝʨ ʽ ʪʘʢʠʡ ʞʝ ʣʘʟʝʨ ʟ ʦʜʥʠʤ ʪʘ ʜʚʦʤʘ ɽɺʇ 
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3.5.2. ʈʘʤʘʥʽʚʩʴʢʠʡ ʽ ʙʨʽʣʣʶʻʥʽʚʩʴʢʠʡ ʚʦʣʦʢʦʥʥʽ ʧʽʜʩʠʣʶʚʘʯʽ 

 

 

ʇʨʦʮʝʩʠ ʨʦʟʩʽʶʚʘʥʥʷ ʚ ʦʧʪʠʯʥʦʤʫ ʚʦʣʦʢʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʜʣʷ ʦʧʪʠʯʥʦʛʦ ʧʽʜʩʠʣʝʥʥʷ. ɯʩʥʫʻ ʜʚʘ ʚʠʜʠ ʧʽʜʩʠʣʶʚʘʯʽʚ, ʚ ʦʩʥʦʚʽ ʷʢʠʭ 

ʣʝʞʘʪʴ ʨʦʟʩʽʶʚʘʥʥʷ ʈʘʤʘʥʘ [3.76] ʪʘ ɹʨʽʣʣʶʝʥʘ [3.77]. ʆʙʠʜʚʘ ʧʽʜʩʠʣʶʚʘʯʽ 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʦʜʥʦʤʫ ʪʠʧʽ ʤʝʭʘʥʽʟʤʫ ʨʦʟʩʽʶʚʘʥʥʷ, ʦʜʥʘʢ ʨʽʟʥʷʪʴʩʷ 

ʝʥʝʨʛʽʷʤʠ ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʮʠʭ ʧʨʦʮʝʩʘʭ. ʈʘʤʘʥʽʚʩʴʢʝ ʪʘ ʙʨʽʣʣʶʝʥʽʚʩʴʢʝ 

ʨʦʟʩʽʶʚʘʥʥʷ ʚ ʦʧʪʠʯʥʦʤʫ ʚʦʣʦʢʥʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ 

ʨʦʟʧʦʚʩʶʜʞʫʚʘʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʢʣʠʢʘʻ ʦʩʮʠʣʷʮʽʾ ʡʦʛʦ ʤʦʣʝʢʫʣ. ɿ 

ʪʦʯʢʠ ʟʦʨʫ ʢʚʘʥʪʦʚʦʾ ʤʝʭʘʥʽʢʠ ʧʨʦʮʝʩ ʨʦʟʩʽʶʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʠʡ ʷʢ 

ʘʥʽʛʽʣʷʮʽʷ ʬʦʪʦʥʘ ʟ ʧʦʜʘʣʴʰʦʶ ʝʤʽʩʽʻʶ ʬʦʪʦʥʘ ʟ ʙʽʣʴʰ ʥʠʟʴʢʦʶ ʯʘʩʪʦʪʦʶ  

ʬʦʥʦʥʘ (ʩʪʦʢʩʦʚʝ ʨʦʟʩʽʶʚʘʥʥʷ) ʘʙʦ ʘʥʽʛʽʣʷʮʽʷ ʬʦʪʦʥʘ ʡ ʬʦʥʦʥʘ ʟ 

ʧʦʜʘʣʴʰʦʶ ʝʤʽʩʽʻʶ ʬʦʪʦʥʘ ʟ ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʯʘʩʪʦʪʦʶ (ʘʥʪʠʩʪʦʢʩʦʚʝ 

ʨʦʟʩʽʶʚʘʥʥʷ). ɼʣʷ ʦʧʪʠʯʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʤʽʢʨʦʭʚʠʣʴʦʚʽʡ ʬʦʪʦʥʽʮʽ, ʩʪʦʢʩʽʚ ʧʨʦʮʝʩ ʙʘʛʘʪʦ ʙʽʣʴʰ ʽʤʦʚʽʨʥʠʡ, ʥʽʞ 

ʘʥʪʠʩʪʦʢʩʦʚʝ ʨʦʟʩʽʶʚʘʥʥʷ. ʆʧʪʠʯʥʠʡ ʬʦʥʦʥ ʩʪʚʦʨʶʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ 

ʨʦʟʩʽʶʚʘʥʥʷ ʈʘʤʘʥʘ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚ ʧʨʦʮʝʩʽ ʙʨʽʣʣʶʝʥʽʚʩʴʢʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʩʪʚʦʨʶʻʪʴʩʷ ʘʢʫʩʪʠʯʥʠʡ ʬʦʥʦʥ. 

ʆʙʠʜʚʘ ʧʨʦʮʝʩʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʽʜʩʠʣʝʥʥʷ ʦʧʪʠʯʥʦʛʦ 

ʩʠʛʥʘʣʫ ʧʨʠ ʥʘʢʘʯʫʚʘʥʥʽ ʚʦʣʦʢʥʘ ʥʘ ʭʚʠʣʽ, ʜʦʚʞʠʥʘ ʷʢʦʾ ʚʽʜʧʦʚʽʜʘʻ ʪʘʢ 

ʟʚʘʥʦʤʫ ʩʪʦʢʩʦʚʦʤʫ ʟʤʽʱʝʥʥʶ ʚʽʜʥʦʩʥʦ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʩʠʛʥʘʣʫ ʷʢʠʡ 

ʧʽʜʩʠʣʶʻʪʴʩʷ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʽʥ ʤʦʞʝ ʩʪʠʤʫʣʶʚʘʪʠ ʨʦʟʩʽʶʚʘʥʥʷ ʟ 

ʦʪʨʠʤʘʥʥʷʤ ʚ ʨʝʟʫʣʴʪʘʪʽ ʝʬʝʢʪʫ ʢʦʛʝʨʝʥʪʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʧʽʜʩʠʣʝʥʥʷ. ɼʣʷ 

ʪʠʧʦʚʠʭ ʦʧʪʠʯʥʠʭ ʚʦʣʦʢʦʥ ʯʘʩʪʦʪʥʠʡ ʟʩʫʚ ʚʥʘʩʣʽʜʦʢ ʨʘʤʘʥʽʚʩʴʢʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 13 ʊɻʮ, ʘ ʩʤʫʛʘ ʧʽʜʩʠʣʝʥʥʷ - ʧʨʠʙʣʠʟʥʦ 7 ʊɻʮ. ɼʣʷ 

ʨʦʟʩʽʶʚʘʥʥʷ ɹʨʽʣʣʶʝʥʘ ʟʨʫʰʝʥʥʷ ʯʘʩʪʦʪʠ ʚʽʜʧʦʚʽʜʘʻ ʧʨʠʙʣʠʟʥʦ 11 ɻɻʮ 

ʧʨʠ ʩʤʫʟʽ ʧʽʜʩʠʣʝʥʥʷ ʙʣʠʟʴʢʦ 20 ʄɻʮ. ʅʘ ʨʠʩ. 3.33 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩʧʝʢʪʨ 

ʩʧʦʥʪʘʥʥʦʾ ʝʤʽʩʽʾ ʚʥʘʩʣʽʜʦʢ ʨʘʤʘʥʽʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʚ ʚʦʣʦʢʦʥʥʦʤʫ 
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ʪʨʘʢʪʽ ʜʦʚʞʠʥʦʶ 105 ʢʤ [3.25], ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʤʙʽʥʘʮʽʾ ʚʦʣʦʢʦʥ ʟ 

ʧʦʟʠʪʠʚʥʠʤʠ ʪʘ ʥʝʛʘʪʠʚʥʠʤʠ ʜʠʩʧʝʨʩʽʷʤʠ [3.57]. ɼʣʷ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ 

ʧʦʪʫʞʥʽʩʪʴ ʥʘʢʘʯʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʣʘ 500 ʤɺʪ ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 1455 ʥʤ. 

ʇʽʢ ʩʧʝʢʪʨʘ ʩʧʦʥʪʘʥʥʦʾ ʝʤʽʩʽʾ ʜʦʚʦʜʠʪʴʩʷ ʥʘ 1555 ʥʤ, ʱʦ ʜʘʻ ʟʙʽʣʴʰʝʥʥʷ 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʥʘ ȹf = 100 ʥʤ. ʇʦʚ'ʷʟʘʥʠʡ ʟ ʮʠʤ ʯʘʩʪʦʪʥʠʡ ʟʩʫʚ ȹf =13.2 

ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ʬʦʨʤʫʣʦʶ ȿЎ‗ȿ ȿЎὪȿ‗ ὧϳ ʇʽʜʩʪʘʚʠʚʰʠ ʚ ʮʝʡ ʚʠʨʘʟ 

ʜʦʚʞʠʥʫ ʭʚʠʣʽ 1555 ʥʤ, ʦʪʨʠʤʫʻʤʦ ȿЎ‗ȿ υφ ̎ ȟ̍ ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʤʫʟʽ 

ʝʤʽʩʽʾ, ʧʦʢʘʟʘʥʦʾ ʥʘ ʨʠʩ. 3.33.  

 

ʈʠʩ. 3.33. ʉʧʝʢʪʨ ʧʦʩʠʣʝʥʦʾ ʩʧʦʥʪʘʥʥʦʾ ʝʤʽʩʽʾ ʜʣʷ ʨʘʤʘʥʽʚʩʴʢʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʟ 

ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ  ʥʘʢʘʯʫʚʘʥʥʷ 1455 ʥʤ [3.25] 

 

ʅʘ ʨʠʩ. 3.34 ʚʠʤʽʨʷʥʠʡ ʩʧʝʢʪʨ ʜʝʤʦʥʩʪʨʫʻ ʜʝʷʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʮʝʩʫ 

ʨʦʟʩʽʶʚʘʥʥʷ ɹʨʽʣʣʶʝʥʘ [3.25]. ɼʘʥʽ ʥʘ ʨʠʩ. 3.34 ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʈɸʉ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʙʠʪʪʷ ʤʽʞ 

ʩʠʛʥʘʣʦʤ ʥʘʢʘʯʫʚʘʥʥʷ ʪʘ ʩʠʛʥʘʣʦʤ ʙʨʽʣʣʶʝʥʽʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ. ɺ ʭʦʜʽ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘʩʪʦʩʦʚʫʚʘʣʦʩʷ ʩʪʘʥʜʘʨʪʥʝ ʦʜʥʦʤʦʜʦʚʝ ʚʦʣʦʢʥʦ ʜʦʚʞʠʥʦʶ 

20 ʢʤ, ʷʢʝ ʥʘ ʭʚʠʣʽ 1551 ʥʤ ʥʘʢʘʯʫʻʪʴʩʷ ʣʘʟʝʨʦʤ ʟ ʚʠʭʽʜʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 

10 ʤɺʪ ʪʘ ʰʠʨʠʥʦʶ ʣʽʥʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʝʥʰʝ 1 ʄɻʮ. ʗʢ ʚʠʜʥʦ ʟ 

ʨʠʩʫʥʢʫ, ʙʨʽʣʣʶʝʥʽʚʩʴʢʘ ʯʘʩʪʦʪʘ ʥʝʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ 10,8 ɻɻʮ ʽʟ ʰʠʨʠʥʦʶ 

ʩʧʝʢʪʨʘ ʙʣʠʟʴʢʦ 25 ʄɻʮ ʟʘ ʨʽʚʥʝʤ ʥʘ 10 ʜɹ ʥʠʞʯʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ. 

ʅʝʦʙʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʥʘʢʘʯʫʚʘʥʥʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʨʘʤʘʥʽʚʩʴʢʦʛʦ 

ʧʽʜʩʠʣʝʥʥʷ ʚ ʪʠʧʦʚʦʤʫ ʚʦʣʦʢʥʽ, ʷʢ ʧʨʘʚʠʣʦ, ʥʘ ʪʨʠ ʧʦʨʷʜʢʠ ʚʠʱʝ, ʥʽʞ ʜʣʷ 

ʙʨʽʣʣʶʝʥʽʚʩʴʢʦʛʦ.  
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ʈʠʩ. 3.34. ɺʠʤʽʨʷʥʠʡ ʰʫʤ ʩʪʠʤʫʣʴʦʚʘʥʦʛʦ ʙʨʽʣʣʶʝʥʽʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ  

ʥʘ ʚʠʭʦʜʽ 20-ʢʤ  ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʜʥʦʤʦʜʦʚʦʛʦ ʚʦʣʦʢʥʘ, ʱʦ ʥʘʢʘʯʫʻʪʴʩʷ  

ʥʘ ʭʚʠʣʽ 1551 ʥʤ [3.25] 

 

ɼʣʷ ʢʚʘʨʮʦʚʦʛʦ ʚʦʣʦʢʥʘ ʙʝʟ ʟʙʝʨʝʞʝʥʥʷ ʩʪʘʥʫ ʧʦʣʷʨʠʟʘʮʽʾ ʥʘ ʭʚʠʣʽ 

1,5 ʤʢʤ ʨʘʤʘʥʽʚʩʴʢʠʡ ʪʘ ʙʨʽʣʣʶʝʥʽʚʩʢʠʡ ʢʦʝʬʽʮʽʻʥʪʠ ʧʽʜʩʠʣʝʥʥʷ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʽʜʧʦʚʽʜʥʦ ʘʧʨʦʢʩʠʤʫʚʘʪʠʩʷ [3.26]: 

Ὃ ̅ˎ̋ ̍ϳ φȢφ ὖ ˏ ,̓    (3.72) 

Ὃ ̅ˎ̋ ̍ϳ τȢφ ὖ ̍ˏ ,̓    (3.73) 

ʜʝ ὖ  ï ʧʦʪʫʞʥʽʩʪʴ ʥʘʢʘʯʫʚʘʥʥʷ. ʍʦʯʘ ʙʨʽʣʣʶʝʥʽʚʩʴʢʝ ʧʽʜʩʠʣʝʥʥʷ ʤʦʞʝ 

ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ ʧʨʠ ʟʥʘʯʥʦ ʥʠʞʯʦʤʫ ʨʽʚʥʽ ʧʦʪʫʞʥʦʩʪʽ, ʙʨʽʣʣʶʝʥʽʚʩʴʢʠʡ 

ʚʦʣʦʢʦʥʥʠʡ ʧʽʜʩʠʣʶʚʘʯ (ɹɺʇ) ʚʥʦʩʠʪʴ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʰʫʤʫ, ʥʽʞ 

ʨʘʤʘʥʽʚʩʴʢʠʡ ʚʦʣʦʢʦʥʥʠʡ ʧʽʜʩʠʣʶʚʘʯ (ʈɺʇ). ʊʘʢ ʩʘʤʦ ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ ʟ 

ɽɺʇ, ʦʙʠʜʚʘ ʮʠʭ ʚʦʣʦʢʦʥʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽ ʤʦʞʫʪʴ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʷ 

ʬʘʢʪʦʨʦʤ ʩʧʦʥʪʘʥʥʦʾ ʝʤʽʩʽʾ ὲ . ɸʥʘʣʦʛʽʯʥʦ ɽɺʇ ʚ ʈɺʇ ʤʦʞʣʠʚʝ 

ʜʦʩʷʛʥʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ὲ ᴼρ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ ʪʠʧʦʚʦʛʦ ɹɺʇ 

ʟʥʘʯʝʥʥʷ ὲ  ʚʘʨʽʶʻʪʴʩʷ ʚʽʜ 50 ʜʦ 500 [3.26]. ɺʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʚʥʝʩʝʥʠʭ 

ʰʫʤʽʚ ʪʘ ʣʽʤʽʪʦʚʘʥʘ ʩʤʫʛʘ ʧʽʜʩʠʣʝʥʥʷ ʩʠʣʴʥʦ ʦʙʤʝʞʫʶʪʴ ʩʬʝʨʫ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ɹɺʇ. ʊʦʤʫ ʚ ʯʘʩʪʠʥʽ ʧʽʜʨʦʟʜʽʣʫ ʤʦʚʘ ʙʫʜʝ ʡʪʠ ʪʽʣʴʢʠ ʧʨʦ 

ʈɺʇ. 

ɺʦʣʦʢʦʥʥʠʡ ʨʘʤʘʥʽʚʩʴʢʠʡ ʧʽʜʩʠʣʶʚʘʯ ʜʘʻ ʯʠʩʣʝʥʥʽ ʧʝʨʝʚʘʛʠ ʚ 

ʬʦʪʦʥʥʠʭ ʩʠʩʪʝʤʘʭ. ʇʦ-ʧʝʨʰʝ, ʦʧʪʠʯʥʝ ʧʽʜʩʠʣʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʦ 
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ʜʣʷ ʙʫʜ-ɹʷʢʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ, ʥʘ ʷʢʽʡ ʽʩʥʫʻ ʣʘʟʝʨ ʥʘʢʘʯʫʚʘʥʥʷ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʧʦʚʽʜʥʝ ʩʪʦʢʩʦʚʝ ʟʤʽʱʝʥʥʷ. ʇʦ-ʜʨʫʛʝ, ʣʽʥʽʷ ʧʝʨʝʜʘʯʽ, ʱʦ 

ʤʽʩʪʠʪʴ ʈɺʇ, ʤʦʞʝ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʟ ʚʽʜʜʘʣʝʥʠʤ ʜʞʝʨʝʣʦʤ ʥʘʢʘʯʫʚʘʥʥʷ. 

ʆʩʪʘʥʥʻ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʜʣʷ ʣʽʥʽʡ, ʜʝ ʽʩʥʫʶʪʴ ʩʢʣʘʜʥʦʱʽ ʟ ʨʦʟʤʽʱʝʥʥʷʤ 

ʟʦʩʝʨʝʜʞʝʥʠʭ ʣʽʥʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ. ɹʽʣʴʰ ʪʦʛʦ, ʣʽʥʽʷ ʧʝʨʝʜʘʯʽ ʤʦʞʝ 

ʥʘʢʘʯʫʚʘʪʠ ʟ ʙʫʜʴ-ʷʢʦʛʦ ʢʽʥʮʷ, ʪʦʙʪʦ ʤʦʞʣʠʚʦ ʦʜʥʘʢʦʚʦ ʽ ʧʨʦʪʠʣʝʞʥʦ 

ʩʧʨʷʤʦʚʘʥʝ ʧʦʰʠʨʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘʢʘʯʫʚʘʥʥʷ ʪʘ ʩʠʛʥʘʣʫ. ʅʘʨʝʰʪʽ, 

ʽʩʥʫʶʪʴ ʢʽʣʴʢʘ ʟʘʩʪʦʩʫʚʘʥʴ, ʜʝ ʨʦʟʧʦʜʽʣʝʥʝ ʨʘʤʘʥʽʚʩʴʢʝ ʧʽʜʩʠʣʝʥʥʷ 

ʜʦʟʚʦʣʷʻ ʧʦʣʽʧʰʠʪʠ SNR ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʧʽʜʩʠʣʶʚʘʯʘʤʠ. 

ʇʝʨʝʨʘʭʦʚʘʥʽ ʚʠʱʝ ʧʝʨʝʚʘʛʠ ʈɺʇ ʥʝ ʦʙʭʦʜʷʪʴʩʷ ʜʘʨʦʤ. ʅʘ ʜʦʜʘʪʦʢ 

ʜʦ ʚʠʩʦʢʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘʢʘʯʫʚʘʥʥʷ ʽʩʥʫʶʪʴ ʱʝ ʢʽʣʴʢʘ ʧʨʦʙʣʝʤ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʘʥʦʛʦ ʪʠʧʫ ʧʨʠʩʪʨʦʾʚ ʚ ʨʘʜʽʦʬʦʪʦʥʥʠʭ ʩʠʩʪʝʤʘʭ. 

ʐʚʠʜʢʽʩʪʴ ʨʘʤʘʥʽʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 100 ʬʩ, ʱʦ ʤʦʞʝ ʤʘʪʠ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʟʘʚʜʷʢʠ ʮʠʤ ʜʚʦʤ ʝʬʝʢʪʘʤ. ʇʝʨʰʠʡ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʧʽʜʩʠʣʶʚʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ ʙʫʜʝ ʨʝʘʛʫʚʘʪʠ ʥʘ ʤʦʜʫʣʷʮʽʶ ʥʘ ʯʘʩʪʦʪʘʭ ʅɺʏ 

ʡ ʤʽʣʽʤʝʪʨʦʚʦʛʦ ʜʽʘʧʘʟʦʥʽʚ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʙʫʜʫʪʴ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʟʥʘʯʥʽ 

ʩʧʦʪʚʦʨʝʥʥʷ ʚ ʘʥʘʣʦʛʦʚʠʭ ʩʠʩʪʝʤʘʭ ʧʨʠ ʨʦʙʦʪʽ ʧʽʜʩʠʣʶʚʘʯʘ ʚ ʦʙʣʘʩʪʽ, 

ʙʣʠʟʴʢʦʾ ʜʦ ʥʘʩʠʯʝʥʥʷ (ʜʠʚ. ʧʽʜʨʦʟʜʽʣʽ 4.3). ɼʨʫʛʠʡ ״ ʚ ʪʦʤʫ, ʱʦ ʰʫʤ 

ʥʘʢʘʯʫʚʘʥʥʷ ʤʦʞʝ ʥʘʢʣʘʜʘʪʠʩʷ ʥʘ ʩʠʛʥʘʣ ʥʘ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪʘʭ 

ʨʘʜʽʦʬʦʪʦʥʥʦʾ ʣʽʥʽʾ. ɾʦʜʝʥ ʟ ʮʠʭ ʝʬʝʢʪʽʚ ʥʝ ʩʪʚʦʨʶʻ ʩʝʨʡʦʟʥʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ɽɺʇ, ʦʩʢʽʣʴʢʠ ʡʦʛʦ ʜʠʥʘʤʽʢʘ ʧʽʜʩʠʣʝʥʥʷ ʟʥʘʯʥʦ ʧʦʚʽʣʴʥʽʰʝ (ʙʣʠʟʴʢʦ 

10 ʤʩ), ʱʦ ʟʘʟʚʠʯʘʡ ʟʥʘʭʦʜʠʪʴʩʷ ʥʠʞʯʝ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʈʏ-ʩʠʛʥʘʣʫ. ʅʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ɽɺʇ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘʢʘʯʫʚʘʥʥʷ ʪʘ ʩʠʛʥʘʣʫ ʚ ʈɺʇ (ʽ ɹɺʇ) 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʦʣʷʨʠʟʘʮʽʡʥʦ ʫʟʛʦʜʞʝʥʠʤʠ. ʎʝ ʤʦʞʝ ʩʪʘʪʠ ʽʩʪʦʪʥʦʶ 

ʧʨʦʙʣʝʤʦʶ, ʦʩʦʙʣʠʚʦ ʚ ʣʽʥʽʷʭ, ʜʝ ʧʦʣʷʨʠʟʘʮʽʡʥʦ ʟʘʣʝʞʥʘ ʭʨʦʤʘʪʠʯʥʘ 

ʜʠʩʧʝʨʩʽʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʨʽʟʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʧʦʣʷʨʠʟʘʮʽʡ ʭʚʠʣʴ 

ʥʘʢʘʯʫʚʘʥʥʷ ʪʧ ʩʠʛʥʘʣʫ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʷʢ ʽ ɽɺʇ, ʪʘʢ ʽ ʈɺʇ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚ 

ʨʝʞʠʤʽ  ὲ ᴼρ, ʚ ʦʩʪʘʥʥʴʦʤʫ ʪʘʢʦʞ ʤʦʞʣʠʚʽ ʽʥʰʽ ʜʞʝʨʝʣʘ ʰʫʤʫ, 
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ʥʝʪʠʧʦʚʽ ʜʣʷ ɽɺʇ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʤʝʥʰʠʤʠ ʨʽʚʥʷʤʠ ʧʦʪʫʞʥʦʩʪʽ ʷʢʽ ʚ ʥʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ [3.27]. ʅʘʧʨʠʢʣʘʜ, ʚ ʨʘʟʽ ʥʘʢʘʯʫʚʘʥʥʷ ʥʘ ʜʝʢʽʣʴʢʦʭ 

ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ ʚ ʈɺʇ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʝʬʝʢʪ ʯʦʪʠʨʴʦʭʭʚʠʣʴʦʚʦʛʦ 

ʟʤʽʱʝʥʥʷ ʯʝʨʝʟ ʚʟʘʻʤʦʜʽʶ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘʢʘʯʫʚʘʥʥʷ ʪʘ ʩʠʛʥʘʣʫ ʘʙʦ 

ʜʚʦʭ ʩʠʛʥʘʣʽʚ ʥʘʢʘʯʫʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʫ ʈɺʇ ʧʨʝʚʘʣʶʻ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʘ 

ʽʥʪʝʨʬʝʨʝʥʮʽʷ, ʧʦʚ'ʷʟʘʥʘ ʟ ʧʦʜʚʽʡʥʠʤ ʨʝʣʝʾʚʩʴʢʠʤ ʨʦʟʩʽʶʚʘʥʥʷʤ. 

ɸʥʘʣʽʪʠʯʥʠʡ ʨʦʟʛʣʷʜ ʚʩʽʭ ʪʘʢʠʭ ʝʬʝʢʪʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʟʘ ʢʦʤʧʝʪʝʥʮʽʻʶ 

ʮʽʻʾ ʨʦʙʦʪʠ, ʘʣʝ ʟʛʘʜʘʥʽ ʪʫʪ ʝʬʝʢʪʠ ʧʦʰʠʨʝʥʥʷ ʦʧʠʩʫʶʪʴʩʷ ʚ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʛʣʷʜʽ ʚ ʨʦʟʜʽʣʽ 5. 

ɼʚʦʤʘ ʚʘʞʣʠʚʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʧʽʜʩʠʣʶʚʘʯʽʚ ʻ ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʡ ʝʬʝʢʪʠʚʥʠʡ ʬʘʢʪʦʨ 

ʰʫʤʫ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʈɺʇ ʢʽʣʴʢʽʩʥʦ ʚʠʟʥʘʯʝʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʡ ʬʘʢʪʦʨʫ ʰʫʤʫ:Ç  ̔Ὂ ʚʽʜʧʦʚʽʜʥʦ. 

ʆʙʠʜʚʘ ʮʽ ʧʦʢʘʟʥʠʢʘ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʜʣʷ ɽɺʇʚ ʧʽʜʨʦʟʜʽʣʽ 3.5.1. 

ɸ ʩʘʤʝ: Ç - ʮʝ ʚʽʜʥʦʰʝʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʦ ʚʭʽʜʥʦʾ, ʘ Ὂ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʤʝʞ  ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ ʥʘ ʚʭʦʜʽ (ʜʠʚ. (3.60)). 

ɽʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ
13

 ʈɺʇ ʤʘʻ ʚʠʛʣʷʜ [3.27]: 

Ὂȟ ὊÅ ,     (3.74) 

ʜʝ ɻ  ï ʧʦʩʪʽʡʥʘ ʟʘʛʘʩʘʥʥʷ ʚʦʣʦʢʥʘ ʜʣʷ ʩʠʛʥʘʣʫ, L ï ʜʦʚʞʠʥʘ 

ʧʽʜʩʠʣʶʚʘʯʘ. ʇʦʩʪʽʡʥʘ ʟʘʛʘʩʘʥʥʷ ʟʘʟʚʠʯʘʡ ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʜɹ/ʢʤ, ʽ ʬʦʨʤʫʣʘ 

ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʣʽʥʽʡʥʦʛʦ ʫʷʚʣʝʥʥʷ ʚ ʜɹ ʤʘʻ ʚʠʛʣʷʜ: 

 ̅ˎ
̨̨̌̎̊̎́

 
τȢστσ ̨̨̌̎̊̎́.  (3.75) 

ʅʦʨʤʫʚʘʥʥʷ ʜʦ ʚʪʨʘʪ ʥʘ 1 ʢʤ ʜʦʟʚʦʣʷʻ ʟʘʧʠʩʘʪʠ (3.74) ʫ ʚʠʛʣʷʜʽ : 

ὔὊȟ ̅ˎ ὔὊ ̅ˎ  ̅ˎ̋ ̍ϳ ὒ̋  ̍,               (3.76) 

ʜʝ ὔὊȟ  ï ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʧʪʠʯʥʦʛʦ ʰʫʤʫ, ὔὊ ï ʢʦʝʬʽʮʽʻʥʪ 

ʦʧʪʠʯʥʦʛʦ ʰʫʤʫ ʈɺʇ. ʗʢ ʚʠʧʣʠʚʘʻ ʟ (3.76), ʚ ʈɺʇ ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʰʫʤʫ ʷʚʣʷʻ ʩʦʙʦʶ ʨʽʟʥʠʮʶ ʢʦʝʬʽʮʽʻʥʪʫ ʰʫʤʫ ʡ ʧʦʚʥʠʭ ʚʪʨʘʪ ʚ ʚʦʣʦʢʥʽ. 

                                                
13
ʉʫʜʷʯʠ ʽʟ ʧʦʟʥʘʯʝʥʴ ʚ (3.74), ʮʝ ʧʦʤʠʣʢʘ. ʅʘʩʧʨʘʚʜʽ ʤʦʚʘ ʡʜʝ ʧʨʦ ʬʘʢʪʦʨ ʰʫʤʫ. 
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ɽʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʘʥʘʣʦʛʽʯʥʠʤ 

ʩʧʦʩʦʙʦʤ: 

Çȟ Çσ  .                                            (3.77) 

ɼʘʥʠʡ ʧʘʨʘʤʝʪʨ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʚ ʜɹ ʷʢ: 

Ὃȟ ̅ˎ Ὃ ̅ˎ  ̅ˎ̋ ̍ϳ ὒ̋  ̍  (3.78) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʈɺʇ ʥʘ ʧʦʚʥʽ ʚʪʨʘʪʠ ʚ ʚʦʣʦʢʥʽ. 

ɽʬʝʢʪʠʚʥʝ ʧʽʜʩʠʣʝʥʥʷ ʽʥʦʜʽ ʧʦʟʥʘʯʘʻʪʴʩʷ ʷʢ çʧʽʜʩʠʣʝʥʥʷ ʧʝʨʝʤʠʢʘʥʥʷè, 

ʦʩʢʽʣʴʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʢʽʣʴʢʽʩʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʤʽʥʘ 

ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʚʢʣʶʯʝʥʦʤʫ ʧʽʜʩʠʣʶʚʘʯʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʪʨʘʪʘʤʠ 

ʥʘ ʧʦʰʠʨʝʥʥʷ ʚ ʚʦʣʦʢʥʽ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʡʦʛʦ ʩʢʣʘʜʫ. 

ʈʦʟʫʤʽʥʥʷ ʚʩʽʭ ʮʠʭ ʪʝʭʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʦʣʦʢʦʥʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ 

ʜʦʟʚʦʣʠʪʴ ʧʨʦʚʦʜʠʪʠ ʦʩʤʠʩʣʝʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʬʦʪʦʥʥʠʭ ʩʠʩʪʝʤ. ʅʝ 

ʥʘʩʪʽʣʴʢʠ ʚʘʞʣʠʚʦ, ʷʢʠʡ ʰʫʤʦʚʠʡ ʧʘʨʘʤʝʪʨ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʧʠʩʫ 

ʰʫʤʦʚʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʰʫʤʫ, ʢʦʝʬʽʮʽʻʥʪ ʰʫʤʫ, 

NP ʘʙʦ RIN ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʦ ʨʝʪʝʣʴʥʦ ʚʠʙʨʘʪʠ ʩʭʝʤʫ ʧʽʜʩʠʣʝʥʥʷ. 

ɿʦʢʨʝʤʘ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʽʙʨʠʜʥʠʭ ʩʭʝʤ ʚʦʣʦʢʦʥʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ʜʦʟʚʦʣʷʻ 

ʟʘʧʦʟʠʯʫʚʘʪʠ ʢʦʨʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟ ʽʥʰʠʭ ʧʽʜʭʦʜʽʚ. ʅʘʧʨʠʢʣʘʜ, ʙʫʚ 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʠʡ ʛʽʙʨʠʜʥʠʡ ɹɺʇ/ɽɺʇ [3.27], ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʫ 

ʰʫʤʦʚʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʥʽʞ ʧʦʦʜʠʥʦʯʥʠʡ ɽɺʇ. ɻʽʙʨʠʜʥʠʡ ʈɺʇ/ɽɺʇ ʙʫʚ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʫ ʟʽ ʰʚʠʜʢʽʩʪʶ 3,28 ʊʙʽʪ/ʩ 

[3.28], ʱʦ ʙʫʣʦ ʨʝʢʦʨʜʦʤ ʥʘ ʯʘʩ ʧʫʙʣʽʢʘʮʽʾ. ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʠʧʫ 

ʚʦʣʦʢʦʥʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʚʠʥʝʥ ʚʠʭʦʜʠʪʠ ʽʟ ʩʠʩʪʝʤʥʠʭ ʚʠʤʦʛ. 

ʇʨʦʪʝ, ʷʢ ʟʛʘʜʫʚʘʣʦʩʷ ʨʘʥʽʰʝ, ʚʦʣʦʢʦʥʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʥʝ ʻ ʻʜʠʥʠʤ 

ʚʘʨʽʘʥʪʦʤ, ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʦʧʪʠʯʥʦʛʦ ʧʽʜʩʠʣʝʥʥʷ. 
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3.5.3. ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʦʧʪʠʯʥʽ ʧʽʜʩʠʣʶʚʘʯʽ 

 

 

ɼʘʥʠʡ ʪʠʧ ʦʧʪʠʯʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʤʦʞʝ ʙʫʪʠ ʟ'ʻʜʥʘʥʠʡ ʟ ʚʦʣʦʢʥʦʤ, 

ʘʣʝ ʥʘ ʧʨʦʪʠʚʘʛʫ ʧʽʜʩʠʣʶʚʘʯʽʚ, ʷʢʽ ʨʦʟʛʣʷʥʫʪʽ ʨʘʥʽʰʝ, ʚʦʥʠ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ ʧʽʜʩʠʣʶʶʯʝʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʐʚʠʜʰʝ, ʘʢʪʠʚʥʠʤ 

ʩʝʨʝʜʦʚʠʱʝʤ ʇʆʇ ʩʣʫʞʠʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʤʘʪʝʨʽʘʣ. 

ʗʢ ʽ ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʤʫ ʣʘʟʝʨʽ, ʦʧʠʩʘʥʦʤʫ ʚ ʧʽʜʨʦʟʜʽʣʽʽ 3.4, ʨʽʟʥʽ 

ʤʘʪʝʨʽʘʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʅʆʇ ʟ ʪʠʤ, ʱʦʙ 

ʜʦʩʷʛʪʠ ʦʧʪʠʯʥʦʛʦ ʧʽʜʩʠʣʝʥʥʷ ʚ ʰʠʨʦʢʽʡ ʩʤʫʟʽ ʜʦʚʞʠʥ ʭʚʠʣʴ. ʅʘʧʨʠʢʣʘʜ, 

ʜʣʷ ʧʽʜʩʠʣʝʥʥʷ ʚ ʨʘʡʦʥʽ 1,5 ʤʢʤ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ GaInAsP 

[3.29]. ɯʩʥʫʻ ʜʚʘ ʦʩʥʦʚʥʠʭ ʪʠʧʠ ʅʆʇ: ʧʽʜʩʠʣʶʚʘʯ ʥʘ ʦʩʥʦʚʽ ʨʝʟʦʥʘʪʦʨʘ 

ʌʘʙʨʽ-ʇʝʨʦ ʪʘ ʧʽʜʩʠʣʶʚʘʯ ʭʚʠʣʽ, ʱʦ ʙʽʞʠʪʴ [3.30]. ʆʩʦʙʣʠʚʽʩʪʴ ʅʆʇ 

ʧʝʨʰʦʛʦ ʪʠʧʫ ʧʦʣʷʛʘʻ ʚ ʯʘʩʪʢʦʚʦʤʫ ʚʽʜʙʠʪʪʽ ʚʽʜ ʪʦʨʮʽʚ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʢʨʠʩʪʘʣʘ, ʱʦ ʩʪʚʦʨʶʻ ʝʬʝʢʪ ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʧʽʜʩʠʣʝʥʥʷ. ʎʽ ʨʝʟʦʥʘʥʩʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʯʫʪʣʠʚʽ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʡ ʽʥʰʠʭ 

ʫʤʦʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʅʘʚʧʘʢʠ, ʧʽʜʩʠʣʶʚʘʯ ʭʚʠʣʽ, ʱʦ ʙʽʞʠʪʴ ʻ 

ʦʜʥʦʧʨʦʭʽʜʥʠʤ ʧʨʠʩʪʨʦʻʤ ʟ ʜʫʞʝ ʩʣʘʙʢʠʤ ʟʦʙʨʘʞʝʥʥʷʤ ʚʽʜ ʪʦʨʮʽʚ. 

ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʥʮʠʧʫ ʨʦʙʦʪʠ ʚ ʭʦʜʽ ʦʮʽʥʢʠ ʧʨʠʜʘʪʥʦʩʪʽ ʅʆʇ ʜʣʷ ʮʽʣʝʡ 

ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʬʦʪʦʥʽʢʠ ʥʝʦʙʭʽʜʥʦ ʚʟʷʪʠ ʜʦ ʫʚʘʛʠ ʨʷʜ ʧʠʪʘʥʴ. 

ɸʥʘʣʦʛʽʯʥʦ ɽɺʇ ʅʆʇ ʤʦʞʝ ʙʫʪʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʠʡ ʯʝʨʝʟ ʦʧʪʠʯʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʩʧʦʥʪʘʥʥʦʾ ʝʤʽʩʽʾ. ʇʨʦʪʝ ʻ ʢʽʣʴʢʘ 

ʚʘʞʣʠʚʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʤʽʞ ʥʠʤʠ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʥʫʪʠ. ʗʢ 

ʟʛʘʜʫʚʘʣʦʩʷ ʨʘʥʽʰʝ, ʅʆʇ ʜʦʩʪʫʧʥʽ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ, 

ʦʭʦʧʣʶʶʯʠ ʧʨʠʙʣʠʟʥʦ ʩʤʫʛʫ 400-1600 ʥʤ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʅʆʇ ʪʘʢʦʞ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ: ʥʠʟʴʢʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʤʽʥʽʘʪʶʨʥʽʩʪʴ ʪʘ ʯʫʜʦʚʠʡ 

ʽʥʪʝʛʨʘʮʽʡʥʠʡ ʧʦʪʝʥʮʽʘʣ. ʆʜʥʘʢ ʚʦʥʠ ʟʘʟʚʠʯʘʡ ʜʝʤʦʥʩʪʨʫʶʪʴ ʤʝʥʰʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʡ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʰʫʤʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ɽɺʇ. ʗʢ ʽ ɹɺʇ ʪʘʢ ʽ ʈɺʇ, ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʅʆʇ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʘʥʫ 
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ʧʦʣʷʨʠʟʘʮʽʾ [3.31]. ɸʣʝ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʦʣʦʢʦʥʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ʚ ʅʆʇ 

ʧʦʪʨʽʙʥʽ ʜʦʜʘʪʢʦʚʽ ʚʫʟʣʠ ʟʚ'ʷʟʢʫ ʟ ʦʧʪʠʯʥʠʤ ʚʦʣʦʢʥʦʤ. ɯʥʦʜʽ ʮʝ ʤʦʞʝ ʙʫʪʠ 

ʧʨʦʙʣʝʤʘʪʠʯʥʦ, ʦʩʦʙʣʠʚʦ ʟ ʪʦʯʢʠ ʟʦʨʫ ʜʦʩʷʛʥʝʥʥʷ ʥʘʣʝʞʥʦʾ ʷʢʦʩʪʽ 

ʘʥʪʠʚʽʜʙʠʚʘʶʯʦʛʦ ʧʦʢʨʠʪʪʷ. ʄʦʞʣʠʚʦ, ʦʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ, ʧʦʚ'ʷʟʘʥʘ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʅʆʇ ʚ ʤʽʢʨʦʭʚʠʣʴʦʚʽʡ ʬʦʪʦʥʽʮʽ, ״ ʮʝ ʩʧʦʪʚʦʨʝʥʥʷ 

ʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʽʚ. ʐʚʠʜʢʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʧʽʜʩʠʣʝʥʥʷ ʚ ʅʆʇ ʪʠʧʦʚʦ 

ʩʪʘʥʦʚʠʪʴ ʢʽʣʴʢʘ ʩʦʪʝʥʴ ʧʽʢʦʩʝʢʫʥʜ, ʱʦ ʻ ʜʦʩʠʪʴ ʰʚʠʜʢʦ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʩʧʦʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʚ ʛʽʛʘʛʝʨʮʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʢʦʣʠ ʧʽʜʩʠʣʶʚʘʯ ʧʨʘʮʶʻ ʚ 

ʨʝʞʠʤʽ ʢʦʤʧʨʝʩʽʾ ʘʙʦ ʙʣʠʟʴʢʦ ʜʦ ʥʴʦʛʦ (ʜʠʚ. ʚ ʧʽʜʨʦʟʜʽʣʽ 4.3). ʇʨʦʪʝ, 

ʟʘʚʜʷʢʠ ʽʥʪʝʛʨʘʮʽʡʥʦʤʫ ʧʦʪʝʥʮʽʘʣʫ, ʅʆʇ ʘʢʪʠʚʥʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚ 

ʨʘʜʽʦʬʦʪʦʥʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤʘʭ, ʷʢʽ ʚ ʜʘʥʠʡ ʯʘʩ ʽʥʪʝʥʩʠʚʥʦ 

ʨʦʟʚʠʚʘʶʪʴʩʷ (ʧʽʜʨʦʟʜʽʣ 4.3). 

 

 

3.6. ʌʦʪʦʜʝʪʝʢʪʫʚʘʥʥʷ 

 

 

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʚ ʙʘʛʘʪʴʦʭ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʣʽʥʽʷʭ ʧʝʨʝʜʘʯʽ 

ʛʦʣʦʚʥʠʡ ʚʥʝʩʦʢ ʚ ʰʫʤ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʧʨʦʮʝʩʦʤ ʬʦʪʦʜʝʪʝʢʪʫʚʘʥʥʷ, 

ʚʥʦʩʠʪʴʩʷ ʜʨʦʙʦʚʠʤ ʰʫʤʦʤ. ʇʨʦʪʝ ʜʦʜʘʪʢʦʚʦ ʜʦ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ ʚ 

ʬʦʪʦʜʝʪʝʢʪʦʨʽ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʽʥʰʽ ʪʠʧʠ ʰʫʤʽʚ. ʋ ʮʴʦʤʫ ʽ ʙʫʜʝ ʚ 

ʜʝʪʘʣʷʭ ʨʦʟʛʣʷʥʫʪʦ ʚʠʥʠʢʥʝʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʘʤʧʣʽʪʫʜʥʦʛʦ ʰʫʤʫ ʯʝʨʝʟ 

ʧʨʦʮʝʩʠ ʣʘʚʠʥʥʦʾ ʽʦʥʽʟʘʮʽʾ. ɯʥʰʝ ʚʘʞʣʠʚʝ ʜʞʝʨʝʣʦ ʰʫʤʫ ״ ʮʝ ʥʘʜʣʠʰʢʦʚʠʡ 

ʬʘʟʦʚʠʡ ʰʫʤ ʬʦʪʦʜʝʪʝʢʪʦʨʘ, ʘʣʝ ʡʦʛʦ ʨʦʟʛʣʷʜ ʥʝ ʚʭʦʜʠʪʴ ʜʦ ʜʘʥʦʾ ʨʦʙʦʪʠ. 

ʏʠʪʘʯ ʤʦʞʝ ʩʘʤʦʩʪʽʡʥʦ ʚʠʚʯʠʪʠ ʮʝ ʧʠʪʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ [3.32]-[3.37]. 

ɯʥʰʠʡ ʰʫʤʦʚʠʡ ʚʥʝʩʦʢ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʫʟʛʦʜʞʝʥʥʷʤ ʚʠʭʽʜʥʦʛʦ ʽʤʧʝʜʘʥʩʫ 

ʬʦʪʦʜʽʦʜʘ, ʙʽʣʴʰʦʛʦ, ʥʽʞ 50 ʆʤ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʘʞʣʠʚʠʤ ʥʘ ʥʠʟʴʢʠʭ 

ʯʘʩʪʦʪʘʭ ʘʙʦ ʜʣʷ ʚʫʟʴʢʦʩʤʫʛʦʚʠʭ ʩʠʩʪʝʤ [3.38]. ʊʘʢʽ ʢʦʣʦ ʾ

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʧʪʠʯʥʠʭ ʘʥʘʣʦʛʦʚʠʭ ʩʠʩʪʝʤ ʂʊɺ, ʘʣʝ ʚʦʥʠ ʥʝ 
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ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ. 

ɺ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʘʥʘʣʦʛʦʚʠʭ ɺʆʉʇ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʰʫʤʫ ʪʘ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʣʽʥʽʡ ʧʝʨʝʜʘʯʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʠʩʦʢʽ 

ʬʦʪʦʩʪʨʫʤʠ. ɸ ʩʘʤʝ ʚ ʨʘʟʽ ʜʦʩʷʛʥʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʽʥʽʾ ʟ ʦʙʤʝʞʝʥʥʷʤ  

ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ ʟʥʘʯʝʥʥʷ SNR ʙʫʜʝ ʧʦʣʽʧʰʫʚʘʪʠʩʷ ʚ ʤʽʨʫ ʟʨʦʩʪʘʥʥʷ 

ʬʦʪʦʩʪʨʫʤʫ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʙʽʣʴʰ ʧʦʚʽʣʴʥʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʧʦʪʫʞʥʦʩʪʽ 

ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʪʫʞʥʽʩʪʶ ʩʠʛʥʘʣʫ. ɿʘʚʜʷʢʠ ʰʠʨʦʢʽʡ 

ʜʦʩʪʫʧʥʦʩʪʽ ʣʘʟʝʨʽʚ ʧʦʪʫʞʥʽʩʪʶ 50 ʽ ʙʽʣʴʰʝ ʤɺʪ ʪʘ ʥʠʟʴʢʦʶ ʦʧʪʠʯʥʦʶ 

ʚʪʨʘʪʦʶ ʩʪʘʣʦ ʟʚʠʯʘʡʥʠʤ ʜʦʩʷʛʥʝʥʥʷ ʬʦʪʦʩʪʨʫʤʫ ʥʘ ʚʠʭʦʜʽ ʣʽʥʽʾ ʽʩʪʦʪʥʦ 

ʙʽʣʴʰʝ 2 ʤɸ. ʆʪʞʝ, ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʣʽʥʽʡ ʚʠʭʽʜʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ ʙʫʜʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʚʠʭʽʜʥʠʡ ʪʝʧʣʦʚʠʡ ʰʫʤ 

(ʜʠʚ. (3.20) ʪʘ (3.24)). ʆʜʥʘʢ ʜʝʷʢʽ ʩʭʝʤʠ ʤʘʣʦʧʦʪʫʞʥʠʭ ʣʽʥʽʡ ʧʝʨʝʜʘʯʽ, 

ʥʘʧʨʠʢʣʘʜ ʦʧʪʠʯʥʽ ʩʧʦʣʫʯʝʥʥʷ ʚ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤʘʭ ʘʙʦ ʜʣʷ ʽʥʰʠʭ 

ʤʘʣʦʧʦʪʫʞʥʠʭ ʘʥʘʣʦʛʦʚʠʭ ʟʘʩʪʦʩʫʚʘʥʴ, ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʧʝʨʝʚʘʛʫ ʟʘ 

ʨʘʭʫʥʦʢ ʧʽʜʩʠʣʝʥʥʷ ʩʪʨʫʤʫ, ʥʘʧʨʠʢʣʘʜ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʣʘʚʠʥʥʠʭ 

ʬʦʪʦʜʽʦʜʽʚ (ʃʌɼ). 

ʃʽʥʽʾ ʮʠʬʨʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʤʘʶʪʴ ʧʝʨʝʚʘʛʫ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʦʣʽʧʰʝʥʥʷ 

ʚʠʭʽʜʥʦʛʦ SNR ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʃʌɼ ʘʙʦ ʦʧʪʠʯʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ. ʂʦʣʠ 

ʚʠʭʽʜʥʠʡ ʬʦʪʦʩʪʨʫʤ ʟʥʘʯʥʦ ʥʠʞʯʝ 500 ʤʢɸ ʽ RIN ʣʘʟʝʨʘ ʤʘʣʠʡ, ʷʢʽʩʪʴ 

ʧʨʠʡʤʘʯʘ ʧʝʨʝʚʘʞʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʭʽʜʥʠʤ ʪʝʧʣʦʚʠʤ ʰʫʤʦʤ. ʇʨʠ ʮʴʦʤʫ ʟ 

ʤʝʪʦʶ ʟʙʽʣʴʰʝʥʥʷ ʩʪʨʫʤʫ (ʧʦʪʫʞʥʦʩʪʽ) ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜʽ ʬʦʪʦʜʽʦʜʘ ʜʦ ʪʠʭ 

ʧʽʨ, ʧʦʢʠ ʻ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʶ ʥʘʜʣʠʰʢʦʚʦʛʦ ʰʫʤʫ ʚ ʢʦʥʢʨʝʪʥʦʤʫ 

ʧʨʦʮʝʩʽ ʧʽʜʩʠʣʝʥʥʷ, ʚ ʧʨʠʡʤʘʣʴʥʠʢʫ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʦ ʤʥʦʞʝʥʥʷ 

ʬʦʪʦʩʪʨʫʤʫ (ʣʘʚʠʥʥʝ ʧʽʜʩʠʣʝʥʥʷ) ʘʙʦ ʦʧʪʠʯʥʝ ʧʝʨʝʜʧʽʜʩʠʣʝʥʥʷ. ʋ ʪʘʢʠʭ 

çʤʘʣʦʧʦʪʫʞʥʠʭè ʟʘʩʪʦʩʫʚʘʥʥʷʭ, ʢʦʣʠ ʧʨʠʡʤʘʯʽ ʧʨʘʮʶʶʪʴ ʧʨʠ ʥʠʟʴʢʠʭ 

ʨʽʚʥʷʭ ʧʽʜʩʠʣʝʥʥʷ ʣʘʚʠʥʥʦʛʦ ʩʪʨʫʤʫ, ʚʝʣʠʯʠʥʘ SNR ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʧʨʦʧʦʨʮʽʡʥʦ ʢʚʘʜʨʘʪʫ ʝʬʝʢʪʠʚʥʦʛʦ ʧʽʜʩʠʣʝʥʥʷ ʧʦ ʩʪʨʫʤʫ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ 

ʰʫʤ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʣʘʚʠʥʥʠʤ ʧʨʦʮʝʩʦʤ, ʟʘʣʠʰʘʻʪʴʩʷ ʥʠʞʯʠʤ ʟʘ ʟʥʘʯʝʥʥʷ 

ʚʠʭʽʜʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʰʫʤʫ. ʊʦʯʢʘ ʤʘʢʩʠʤʫʤʫ SNR ʚʠʥʠʢʘʻ, ʢʦʣʠ ʰʫʤ, 
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ʧʦʚ'ʷʟʘʥʠʡ ʟ ʧʨʦʮʝʩʦʤ ʧʽʜʩʠʣʝʥʥʷ, ʩʪʘʻ ʨʽʚʥʠʤ ʘʙʦ ʟʣʝʛʢʘ ʧʝʨʝʚʠʱʫʻ 

ʚʠʭʽʜʥʠʡ ʪʝʧʣʦʚʠʡ ʰʫʤ. ʋ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʃʌɼ ʮʷ ʰʫʤʦʚʘ ʪʦʯʢʘ 

ʧʝʨʝʪʠʥʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʭʽʜʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʩʠʛʥʘʣʫ, ʘ ʪʘʢʦʞ ʡʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʤʥʦʞʝʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪʦʤ ʥʘʜʣʠʰʢʦʚʦʛʦ ʰʫʤʫ. 

ʑʦʙ ʦʮʽʥʠʪʠ ʚʥʝʩʦʢ ʣʘʚʠʥʥʦʛʦ ʧʨʦʮʝʩʫ  ʚ ʚʠʭʽʜʥʠʡ ʰʫʤ, [3.39] ʙʫʣʘ 

ʨʦʟʚʠʥʝʥʘ ʣʘʚʠʥʥʘ ʪʝʦʨʽʷ ʚ ʥʘʙʣʠʞʝʥʥʽ ʣʦʢʘʣʴʥʦʛʦ ʧʦʣʷ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ 

ʮʽʻʾ ʨʦʙʦʪʽ ʰʫʤ ʽ ʜʦʙʫʪʦʢ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʥʘ ʩʤʫʛʫ ʧʨʦʧʫʩʢʘʥʥʷ 

ʃʌɼ ʤʦʞʫʪʴ ʙʫʪʠ ʦʧʠʩʘʥʽ ʯʝʨʝʟ ʢʦʝʬʽʮʽʻʥʪʠ ʝʣʝʢʪʨʦʥʥʦʾ () ʪʘ ʜʠʨʢʦʚʦʾ 

() ʽʦʥʽʟʘʮʽʾ, ʘ ʩʘʤʝ ʯʝʨʝʟ ʾʭʥʻ ʚʽʜʥʦʰʝʥʥʷ ʘʙʦ k-ʬʘʢʪʦʨ, ʜʝ Ὧ ɼϳ . ɺʠʨʘʟ 

ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʰʫʤʫ ʚʠʭʽʜʥʦʛʦ ʩʪʨʫʤʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʥʞʝʢʮʽʾ 

ʝʣʝʢʪʨʦʥʽʚ [3.39]: 

ςήὍὓ ρ״ρ״Ὧ ,   (3.79) 

ʜʝ ʄ ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʩʪʨʫʤʫ, Ὅ  ʚʭʽʜʥʠʡ ʩʪʨʫʤ 

ʽʥʞʝʢʮʽʾ ʜʣʷ ʧʨʠʣʘʜʫ ʟ ʄ = 1. ʂʦʝʬʽʮʽʻʥʪ ʥʘʜʣʠʰʢʦʚʦʛʦ ʰʫʤʫ ʃʌɼ ʙʫʚ 

ʚʠʟʥʘʯʝʥʠʡ ʰʣʷʭʦʤ ʜʽʣʝʥʥʷ ʉʇʄ ʚʠʭʽʜʥʦʛʦ ʰʫʤʫ ʥʘ ʚʠʭʽʜʥʠʡ ʰʫʤʦʚʠʡ 

ʩʪʨʫʤ, ʷʢʠʡ ʙʠ ʟ'ʷʚʠʚʩʷ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʜʘʪʢʦʚʦʛʦ ʰʫʤʫ, ʟʦʢʨʝʤʘ 

ʧʦʤʥʦʞʝʥʦʛʦ ʚʭʽʜʥʦʛʦ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ: ςήὍὓ  ʨʦʟʜʽʣʠʚʰʠ (3.79) ʥʘ ʮʝʡ 

ʚʠʭʽʜʥʠʡ ʰʫʤ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʘʛʘʣʴʥʠʡ ʚʠʨʘʟ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʰʫʤʫ ʃʌɼ: 

Ὂὓ Ὧὓ ρ Ὧ ς .   (3.80) 

ʈʽʚʥʷʥʥʷ (3.80) ʧʨʝʜʩʪʘʚʣʝʥʦ ʛʨʘʬʽʯʥʦ ʥʘ ʨʠʩ. 3.35 ʷʢ ʬʫʥʢʮʽʷ ʚʽʜ ʄ 

ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ k- ʬʘʢʪʦʨʫ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ, ʧʨʠ k=1 (ʢʦʝʬʽʮʽʻʥʪʠ 

ʝʣʝʢʪʨʦʥʥʦʾ ʪʘ ʜʽʨʢʦʚʦʾ ʽʦʥʽʟʘʮʽʾ ʨʽʚʥʽ) F = ʄ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʧʨʠʢʣʘʜ 

çʧʨʘʚʠʣʴʥʦè ʨʦʟʨʦʙʣʝʥʦʛʦ ʃʌɼ. ɯʥʰʘ ʧʦʤʽʪʥʘ ʪʝʥʜʝʥʮʽʷ ״ ʮʝ ʪʝ, ʱʦ ʜʣʷ 

ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ ʄ (ʚʠʩʦʢʝ ʧʽʜʩʠʣʝʥʥʷ) F Ÿ 2 (3ʜɹ) ʧʨʠ k Ÿ 0. 

ʈʽʚʥʷʥʥʷ (3.79) ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʨʠ ʪʦʤʫ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʥʦʩʽʾ ʟʘʨʷʜʫ 

(ʽ, ʦʪʞʝ, ʾʭ ʢʦʝʬʽʮʽʻʥʪʠ ʽʦʥʽʟʘʮʽʾ) ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʣʦʢʘʣʴʥʽʡ ʨʽʚʥʦʚʘʟʽ ʟ 
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ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʡʤʦʚʽʨʥʽʩʪʴ ʽʦʥʽʟʘʮʽʾ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʪʽʣʴʢʠ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ ʚ ʮʴʦʤʫ ʤʽʩʮʽ.  

 

 

ʈʠʩ. 3.35. ɻʨʘʬʽʢ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʜʣʠʰʢʦʚʦʛʦ ʰʫʤʫ ʃʌɼ (ʜʠʚ. (3.80)) ʚ ʬʫʥʢʮʽʾ ʚʽʜ 

ʢʦʝʬʽʮʽʻʥʪʘ ʣʘʚʠʥʥʦʛʦ ʧʽʜʩʠʣʝʥʥʷ ʄ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ k-ʬʘʢʪʦʨʫ 

 

ʆʜʥʘʢ ʜʦʙʨʝ ʚʽʜʦʤʦ, ʱʦ ʫʜʘʨʥʘ ʽʦʥʽʟʘʮʽʷ ʥʝ ʻ ʣʦʢʘʣʴʥʠʤ ʧʨʦʮʝʩʦʤ ʚ 

ʪʦʤʫ ʩʝʥʩʽ, ʱʦ ʥʦʩʽʷʤ, ʷʢʽ ʽʥʞʝʢʪʫʶʪʴʩʷ çʭʦʣʦʜʥʠʤʠè, ʧʦʪʨʽʙʥʝ 

ʧʨʦʭʦʜʞʝʥʥʷ ʧʝʚʥʦʾ ʚʽʜʩʪʘʥʽ, ʱʦʙ ʜʦʩʷʛʪʠ ʜʦʩʪʘʪʥʴʦʾ ʝʥʝʨʛʽʾ ʽʦʥʽʟʘʮʽʾ 

[3.40]. ɼʘʥʘ ʚʽʜʩʪʘʥʴ ʟʘʟʚʠʯʘʡ ʽʤʝʥʫʻʪʴʩʷ ʷʢ çʤʝʨʪʚʘ ʟʦʥʘè. ʂʨʽʤ ʪʦʛʦ, 

ʽʩʥʫʻ ʪʘʢʦʞ ʤʝʨʪʚʘ ʟʦʥʘ ʤʽʞ ʘʢʪʘʤʠ ʽʦʥʽʟʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʩʪʚʦʨʝʥʠʤ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʽʦʥʽʟʘʮʽʾ ʥʦʩʽʷʤ ʜʦ ʪʦʛʦ, ʷʢ ʚʦʥʠ ʟʤʦʞʫʪʴ ʽʦʥʽʟʫʚʘʪʠ ʽʥʰʠʡ ʥʦʩʽʡ 

ʟʘʨʷʜʫ, ʧʦʪʨʽʙʝʥ ʧʝʚʥʠʡ ʧʨʦʙʽʛ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʪʨʽʙʥʦʾ ʝʥʝʨʛʽʾ. ʋʤʦʚʘ 

ʣʦʢʘʣʴʥʦʾ ʨʽʚʥʦʚʘʛʠ ʚ ʜʦʩʪʘʪʥʽʡ ʤʽʨʽ ʧʦʷʩʥʶʻ ʧʦʚʝʜʽʥʢʫ ʃʌɼ ʪʘ ʰʫʤʦʚʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʃʌɼ ʟ ʣʘʚʠʥʥʠʤʠ ʦʙʣʘʩʪʷʤʠ, ʙʘʛʘʪʦ ʙʽʣʴʰʠʤʠ, ʥʽʞ ʤʝʨʪʚʘ 

ʟʦʥʘ. ʆʜʥʘʢ ʫʤʦʚʘ ʣʦʢʘʣʴʥʦʾ ʨʽʚʥʦʚʘʛʠ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʘʚʠʱʝʥʥʷ 

ʟʥʘʯʝʥʥʷ F(ʄ) ʚ çʪʦʥʢʠʭè ʃʌɼ. 

ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʥʝ ʤʦʞʥʘ ʥʝʭʪʫʚʘʪʠ ʥʝʣʦʢʘʣʴʥʠʤʠ ʝʬʝʢʪʘʤʠ 

ʤʝʨʪʚʦʾ ʟʦʥʠ ʽ ʧʦʪʨʽʙʥʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʠʱʝʟʛʘʜʘʥʦʾ ʪʝʦʨʽʾ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʃʌɼ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʙʫʣʦ ʨʦʟʚʠʥʫʪʦ ʢʽʣʴʢʘ ʪʨʘʢʪʫʚʘʥʴ, 

ʚʢʣʶʯʘʶʯʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʽʦʥʽʟʘʮʽʾ ʟ ʧʘʤ'ʷʪʪʶ [3.41] ʪʘ ʦʙʣʽʢ 
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ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʘʢʪʽʚ ʽʦʥʽʟʘʮʽʾ [3.42]. ʊʝʦʨʽʷ, ʦʧʠʩʘʥʘ ʚ [3.41], ʙʫʣʘ 

ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʘʥʘʣʽʟʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʦʥʽʟʘʮʽʾ ʃʌɼ ʟ ʪʦʥʢʦʶ ʣʘʚʠʥʥʦʶ 

ʦʙʣʘʩʪʶ [3.43]. ʇʦʷʩʥʝʥʥʷ ʜʝʪʘʣʝʡ ʨʦʟʨʘʭʫʥʢʫ ʃʌɼ ʟ ʥʠʟʴʢʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ k-ʬʘʢʪʦʨʫ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʤʝʞʘʤʠ ʦʙʣʘʩʪʽ ʢʦʤʧʝʪʝʥʮʽʾ ʜʘʥʦʾ 

ʢʥʠʛʠ. ɺʽʜʩʠʣʘʻʤʦ ʟʘʮʽʢʘʚʣʝʥʦʛʦ ʯʠʪʘʯʘ ʜʦ [3.44], ʜʝ ʧʨʦʚʝʜʝʥʦ ʷʢʽʩʥʠʡ 

ʦʛʣʷʜ ʧʦ ʨʦʟʨʦʙʮʽ ʃʌɼ. ɼʣʷ ʮʽʣʝʡ ʜʘʥʦʾ ʨʦʙʦʪʠ ʜʦʩʠʪʴ ʨʦʟʛʣʷʥʫʪʠ ʚʧʣʠʚ 

ʬʘʢʪʦʨʽʚ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʪʦʜʽʦʜʘ ʚ ʘʥʘʣʦʛʦʚʽʡ ɺʆʉʇ (ʨʠʩ. 3.35). 

ʈʦʟʛʣʷʥʝʤʦ ʧʝʨʰʠʡ ʩʮʝʥʘʨʽʡ ʜʣʷ ʣʽʥʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʃʌɼ. 

ɿʘʟʚʠʯʘʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʃʌɼ ʚʠʧʨʘʚʜʘʥʦ, ʪʽʣʴʢʠ ʢʦʣʠ ʚʭʽʜʥʘ ʦʧʪʠʯʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʬʦʪʦʜʽʦʜʘ ʥʘʩʪʽʣʴʢʠ ʤʘʣʘ, ʱʦ ʜʨʦʙʦʚʠʤ ʰʫʤʦʤ ʤʦʞʥʘ 

ʟʥʝʭʪʫʚʘʪʠ ʡ ʧʝʨʝʚʘʞʘʻ ʚʠʭʽʜʥʠʡ ʪʝʧʣʦʚʠʡ ʰʫʤ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʩʪʨʫʤʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ SNR ʷʢʠʡ ʙʫʜʝ 

ʟʨʦʩʪʘʪʠ ʚ ʜɹ ʷʢ 20log (M) ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʚʠʭʽʜʥʠʡ ʰʫʤ ʃʌɼ ʧʝʨʝʚʠʱʫʻ 

ʚʠʭʽʜʥʠʡ ʪʝʧʣʦʚʠʡ ʰʫʤ [3.45]. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʚʦʨʝʥʥʷ ʃʌɼ ʟ ʥʠʟʴʢʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʥʘʜʣʠʰʢʦʚʦʛʦ ʰʫʤʫ ʜʦʟʚʦʣʠʪʴ ʡʦʤʫ ʧʨʘʮʶʚʘʪʠ ʧʨʠ ʙʽʣʴʰ 

ʚʠʩʦʢʦʤʫ ʢʦʝʬʽʮʽʻʥʪʽ ʧʽʜʩʠʣʝʥʥʷ ʧʝʨʰ, ʥʽʞ ʡʦʛʦ ʰʫʤ ʧʝʨʝʚʠʱʠʪʴ 

ʚʠʭʽʜʥʠʡ ʪʝʧʣʦʚʠʡ ʰʫʤ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʨʫʛʠʡ ʩʮʝʥʘʨʽʡ, ʚ ʷʢʦʤʫ ʚ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʧʦʪʫʞʥʠʡ ʬʦʪʦʜʽʦʜ. ʊʘʢʽ ʬʦʪʦʜʽʦʜʠ ʟ ʚʠʩʦʢʠʤʠ ʩʪʨʫʤʘʤʠ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟ ʤʘʣʦʰʫʤʥʠʤʠ ʣʘʟʝʨʘʤʠ ʟ ʪʠʤ, ʱʦʙ ʧʦʣʽʧʰʠʪʠ 

ʢʦʝʬʽʮʽʻʥʪ ʰʫʤʫ ʚ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʣʽʥʽʷʭ ʧʝʨʝʜʘʯʽ ʟʘ ʫʤʦʚʠ ʜʦʩʷʛʥʝʥʥʷ 

ʾʭ ʨʦʙʦʪʠ ʚ ʤʝʞʽ  ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ. ʅʘʜʤʽʨʥʠʡ ʰʫʤ ʫ ʧʦʪʫʞʥʠʭ ʬʦʪʦʜʽʦʜʘʭ 

ʤʦʞʝ ʙʫʪʠ ʚʘʞʣʠʚʠʡ, ʦʩʢʽʣʴʢʠ ʜʘʥʽ ʧʨʠʣʘʜʠ ʤʘʶʪʴ ʪʝʥʜʝʥʮʽʶ ʧʨʘʮʶʚʘʪʠ ʟ 

ʚʠʩʦʢʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ ʧʦʣʷʤʠ ʚ ʦʙʣʘʩʪʽ ʚʣʘʩʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ, ʱʦ 

ʜʦʧʦʤʘʛʘʻ ʧʦʩʣʘʙʠʪʠ ʚʧʣʠʚ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ ʽ ʟʘʙʝʟʧʝʯʠʪʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʣʽʥʽʡʥʦʤʫ ʨʝʞʠʤʽ [3.47]. ʌʦʪʦʜʽʦʜʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ 

ʪʘʢʠʭ ʫʤʦʚʘʭ, ʧʦʢʘʟʘʣʠ ʥʝʚʝʣʠʢʝ ʟʙʽʣʴʰʝʥʥʷ ʢʚʘʥʪʦʚʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ 

ʧʨʠʢʣʘʜʘʥʥʽ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʣʘʚʠʥʥʠʤ ʧʨʦʮʝʩʦʤ 

[3.48]. ʂʨʽʤ ʪʦʛʦ, ʚ ʙʽʣʴʰʦʩʪʽ ʪʘʢʠʭ ʬʦʪʦʜʽʦʜʽʚ ʟ ʚʠʩʦʢʠʤ ʟʥʘʯʝʥʥʷʤ 
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ʩʪʨʫʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʨʦʪʢʽ ʦʙʣʘʩʪʽ ʚʣʘʩʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʘʙʦ 

ʜʨʝʡʬʦʚʽ ʦʙʣʘʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʦʥʠ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʩʭʦʞʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ k-ʬʘʢʪʦʨʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʃʌɼ ʟ ʢʦʨʦʪʢʦʶ ʜʨʝʡʬʦʚʦʶ 

ʦʙʣʘʩʪʶ ʧʨʠ ʚʠʩʦʢʠʭ ʥʘʧʨʫʛʘʭ ʟʩʫʚʫ. 

ʅʘ ʨʠʩ. 3.36 ʥʘʚʝʜʝʥʽ ʛʨʘʬʽʢʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ (3.49) ʧʨʠ 

ʥʠʟʴʢʠʭ ʟʥʘʯʝʥʥʷʭ ʄ, ʩʫʤʽʱʝʥʽ ʟ ʛʨʘʬʽʢʦʤ ʝʤʧʽʨʠʯʥʦʾ ʬʫʥʢʮʽʾ [3.50], ʷʢʘ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟ ʧʨʠʡʥʷʪʥʦʶ ʧʦʭʠʙʢʦʶ ʧʘʨʘʤʝʪʨʘ F(ʄ) ʚ 

çʪʦʥʢʠʭè ʃʌɼ ʟ ʥʠʟʴʢʠʤʠ ʚʠʤʽʨʶʚʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ k-ʬʘʢʪʦʨʫ.  

 

 

ʈʠʩ. 3.36. ɻʨʘʬʽʢʠ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʜʣʠʰʢʦʚʦʛʦ ʰʫʤʫ ʃʌɼ ʧʨʠ ʥʠʟʴʢʦʤʫ ʧʽʜʩʠʣʝʥʽ: 

ʩʫʮʽʣʴʥʽ ʣʽʥʽʾ - ʨʦʟʨʘʭʫʥʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ (3.80); ʧʫʥʢʪʠʨʥʽ ʣʽʥʽʾ - ʨʦʟʨʘʭʫʥʦʢ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʤʧʽʨʠʯʥʦʾ ʬʫʥʢʮʽʾ [3.50], ʷʢʘ ʙʽʣʴʰ ʪʦʯʥʦ ʚʽʜʧʦʚʽʜʘʻ ʨʝʟʫʣʴʪʘʪʘʤ 

ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ çʪʦʥʢʠʭè ʃʌɼ 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ, çʪʦʥʢʽè ʃʌɼ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ ʥʠʟʴʢʝ 

ʟʥʘʯʝʥʥʷ ʥʘʜʣʠʰʢʦʚʦʛʦ ʰʫʤʫ, ʥʽʞ ʧʝʨʝʜʙʘʯʘʻ (3.80) ʜʣʷ ʤʘʣʠʭ ʄ. ɼʦ 

ʮʴʦʛʦ ʯʘʩʫ ʪʦʯʥʠʡ ʚʧʣʠʚ ʥʘʜʣʠʰʢʦʚʦʛʦ ʰʫʤʫ ʚ ʧʦʪʫʞʥʠʭ ʬʦʪʦʜʽʦʜʘʭ ʱʝ 

ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʦ, ʽ ʧʦʪʨʽʙʥʽ ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʤʝʪʦʶ 

ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʥʝʩʦʢ k-ʬʘʢʪʦʨʫ ʃʌɼ ʫ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʘʥʘʣʦʛʦʚʠʭ 

ʣʽʥʽʷʭ.  
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ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʢʦʥʪʨʦʣʶ 

 

1. ʂʦʤʧʦʥʝʥʪʠ ʘʥʘʣʦʛʦʚʦʾ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʦʾ ʣʽʥʽʾ. 

2. ʗʢʽ ʘʧʘʨʘʪʥʽ ʟʘʩʦʙʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʰʫʤʫ ʫ 

ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ? 

3. ʗʢʘ ʨʽʟʥʠʮʷ ʤʽʞ ʧʦʪʫʞʥʽʩʪʶ ʽ ʨʽʚʥʝʤ ʧʦʪʫʞʥʦʩʪʽ ʚ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ, ʚ 

ʷʢʠʭ ʦʜʠʥʠʮʷʭ ʚʠʤʽʨʶʶʪʴʩʷ ʚʠʟʥʘʯʝʥʽ ʚʝʣʠʯʠʥʠ? 

4. ʌʽʟʠʯʥʘ ʩʫʪʥʽʩʪʴ ʧʘʨʘʤʝʪʨʫ SNR. 

5. ʗʢʠʡ ʧʘʨʘʤʝʪʨ ʣʽʥʽʾ ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʩʠʛʥʘʣʫ ʟʘ ʯʘʩʦʤ ʪʘ ʯʘʩʪʦʪʽ? 

6. ʇʨʠʯʠʥʠ ʧʦʛʽʨʰʝʥʥʷ ʧʘʨʘʤʝʪʨʫ SNR. 

7. ʗʢʠʡ ʰʫʤ ʥʘʟʠʚʘʶʪʴ ʰʫʤʦʤ ɼʞʦʥʩʘ ʘʙʦ ʅʘʡʢʚʽʩʪʘ? 

8. ʌʦʨʤʫʣʘ ʧʦʚʥʦʾ ʝʥʝʨʛʽʾ ʘʙʩʦʣʶʪʥʦ ʯʦʨʥʦʛʦ ʪʽʣʘ. 

9. ʇʨʠʯʠʥʠ ʚʠʥʠʢʥʝʥʥʷ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ ʚ ɺʆʃɿ? 

10. ʊʠʧʠ ʣʘʟʝʨʽʚ ʫ ɺʆʃɿ. 

11. ɺ ʷʢʦʤʫ ʚʠʧʘʜʢʫ ʚʠʥʠʢʘʶʪʴ ʨʝʣʘʢʩʘʮʽʡʥʽ ʢʦʣʠʚʘʥʥʷ ʚ ɺʆʃɿ? 

12. ʌʽʟʠʯʥʘ ʩʫʪʥʽʩʪʴ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʟ ʟʘʩʪʦʩʦʚʘʥʥʷʤ 

ʬʫʥʢʮʽʾ ɻʘʫʩʘ. 

13. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʘʟʝʨʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʘʚʪʦʛʝʪʝʨʦʜʠʥʥʠʡ ʤʝʪʦʜ? 

14. ʆʩʦʙʣʠʚʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʧʪʠʯʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ. 

15. ʏʝʨʝʟ ʷʢʽ ʧʨʦʮʝʩʠ ʚʠʥʠʢʘʻ ʜʦʜʘʪʢʦʚʠʡ ʘʤʧʣʽʪʫʜʥʠʡ ʰʫʤ ʫ 

ɺʆʃɿ? 
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ʈʆɿɼɯʃ 4. ʉʇʆʊɺʆʈɽʅʅʗ  ʋ ɺʆʃʆʂʆʅʅʆ- ʆʇʊʀʏʅʀʍ ʃɯʅɯʗʍ 

 

 

ʗʢ ʦʙʛʦʚʦʨʶʚʘʣʦʩʷ ʚ ʨʦʟʜʽʣʽ 2, ʷʢʽʩʪʴ ʩʠʛʥʘʣʽʚ ʚ ʘʥʘʣʦʛʦʚʠʭ 

ʬʦʪʦʥʥʠʭ ʣʽʥʽʷʭ ʧʝʨʝʜʘʯʽ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʰʫʤʫ ʪʘ ʜʠʥʘʤʽʯʥʠʤ ʜʽʘʧʘʟʦʥʦʤ. ʋ ʨʦʟʜʽʣʽ 3 ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʟʘʟʚʠʯʘʡ 

ʧʝʨʝʜʘʯʽ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʩʠʛʥʘʣʽʚ ʜʞʝʨʝʣʘ ʰʫʤʫ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ 

ʬʦʪʦʥʥʠʭ ʣʽʥʽʷʭ. ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʩʧʦʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ ʥʘ 

ʜʦʜʘʪʦʢ ʜʦ ʦʧʠʩʘʥʠʭ ʚ ʨʦʟʜʽʣʽ 2, ʘ ʪʘʢʦʞ ʜʝʷʢʽ ʪʠʧʦʚʽ ʜʞʝʨʝʣʘ ʩʧʦʪʚʦʨʝʥʴ. 

ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʘʪʝʤʘʪʠʯʥʠʤ ʪʨʘʢʪʫʚʘʥʥʷʤ ʩʧʦʪʚʦʨʝʥʴ ʚ ʨʦʟʜʽʣʽ 2 ʚ 

ʧʽʜʨʦʟʜʽʣʽ 4.1 ʧʨʠʡʥʷʪʠʡ ʙʽʣʴʰ ʥʘʦʯʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʦʧʠʩʽ 

ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʧʝʢʪʨʽʚ. ɼʘʥʘ ʤʝʪʦʜʠʢʘ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʧʽʜʨʦʟʜʽʣʽ 4.2, ʚ ʷʢʦʤʫ ʥʝʣʽʥʽʡʥʦʩʪʽ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ 

ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʚʚʦʜʷʪʴʩʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʦʙʛʦʚʦʨʝʥʥʷ ʚ 

ʥʘʩʪʫʧʥʠʭ ʨʦʟʜʽʣʘʭ. ʋ ʧʽʜʨʦʟʜʽʣʽ 4.3 ʥʘ ʙʘʟʽ ʤʘʪʝʨʽʘʣʽʚ ʧʽʜʨʦʟʜʽʣʫ 3.5 

ʦʧʠʩʫʶʪʴʩʷ ʩʧʦʪʚʦʨʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʢʦʤʧʨʝʩʽʾ ʩʠʛʥʘʣʽʚ ʚ 

ʨʽʟʥʠʭ ʦʧʪʠʯʥʠʭ ʧʽʜʩʠʣʶʚʘʯʘʭ. ʅʘʨʝʰʪʽ, ʧʽʜʨʦʟʜʽʣ 4.4 ʧʨʠʩʚʷʯʝʥʠʡ 

ʘʥʘʣʽʟʫ ʥʝʣʽʥʽʡʥʦʩʪʝʡ ʚ ʧʨʠʩʪʨʦʷʭ ʷʢʽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʤʽʢʨʦʭʚʠʣʴʦʚʽʡ ʬʦʪʦʥʽʮʽ ״ ʬʦʪʦʜʝʪʝʢʪʦʨʘʭ. 

 

 

4.1. ʉʧʦʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ ʚ ʥʝʣʽʥʽʡʥʽʡ ʩʠʩʪʝʤʽ 

 

 

ɼʦ ʮʴʦʛʦ ʯʘʩʫ ʧʨʠ ʨʦʟʛʣʷʜʽ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʣʘʩʷ ʦʧʠʩʫ ʟ 

ʧʦʟʠʮʽʡ ʪʝʦʨʽʾ ʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤ. ʃʽʥʽʡʥʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʙʫʪʠ ʧʦʚʥʽʩʪʶ 

ʦʧʠʩʘʥʘ ʯʝʨʝʟ ʽʤʧʫʣʴʩʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ - ʤʘʪʝʤʘʪʠʯʥʝ ʪʨʘʢʪʫʚʘʥʥʷ, ʷʢʘ 

ʧʦʢʘʟʫʻ ʷʢ ʩʠʩʪʝʤʘ ʨʝʘʛʫʻ ʥʘ ʚʧʣʠʚ ʽʤʧʫʣʴʩʫ (ʟ ʥʝʦʙʤʝʞʝʥʦʶ ʩʤʫʛʦʶ). 

ʉʠʩʪʝʤʘ ʚʚʘʞʘʻʪʴʩʷ ʣʽʥʽʡʥʦʾ ʟʘ ʫʤʦʚʠ, ʱʦ ʜʦʪʨʠʤʫʻʪʴʩʷ ʧʨʠʥʮʠʧ 
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ʩʫʧʝʨʧʦʟʠʮʽʾ. ʗʢʱʦ ʚ ʩʠʩʪʝʤʽ ʧʦʟʥʘʯʠʪʠ ʚʭʽʜʥʽ ʩʠʛʥʘʣʠ ʷʢ x(t), ʘ ʚʠʭʽʜʥʽ - 

ʷʢ y(t), ʜʦʪʨʠʤʘʥʥʷ ʧʨʠʥʮʠʧʫ ʩʫʧʝʨʧʦʟʠʮʽʾ ʦʟʥʘʯʘʻ, ʱʦ ʧʨʠ ʧʦʜʘʯʽ ʥʘ ʚʭʽʜ 

ʩʫʤʠ ὥὼὸ ὦὼὸ ʥʘ ʚʠʭʦʜʽ ʙʫʜʝ  ὥώὸ ὥώὸ ʧʨʠ ʙʫʜʴ-ʷʢʠʭ 

ʟʥʘʯʝʥʥʷʭ ʩʢʘʣʷʨʥʠʭ ʢʦʥʩʪʘʥʪ ὥ ʪʘ ὦ. ʇʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʽ ʧʨʠʥʮʠʧʫ 

ʩʫʧʝʨʧʦʟʠʮʽʾ ʪʘ ʚʽʜʦʤʦʾ ʽʤʧʫʣʴʩʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ 

ʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʟʛʦʨʪʢʦʶ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʫ 

ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʟ ʡʦʛʦ ʽʤʧʫʣʴʩʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ.  

ʊʘʢʠʡ ʟʘʛʘʣʴʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʥʝʧʨʠʜʘʪʥʠʡ ʧʨʠ ʘʥʘʣʽʟʽ 

ʥʝʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ. ʅʘ ʧʨʘʢʪʠʮʽ ʜʣʷ ʥʝʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʤʘʣʦʩʠʛʥʘʣʴʥʘ ʘʧʨʦʢʩʠʤʘʮʽʷ, ʧʨʠ ʷʢʽʡ ʩʠʩʪʝʤʘ ʦʧʠʩʫʻʪʴʩʷ ʚ ʦʢʦʣʠʮʽ ʜʝʷʢʦʾ 

ʨʦʙʦʯʦʾ ʪʦʯʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʽʚ ʨʦʟʢʣʘʜʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʩʪʘʪʠʯʥʠʭ 

ʨʷʜʽʚ, ʟʘ ʫʤʦʚʠ çʤʘʣʦʩʪʽè ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʚ ʮʽʡ ʨʦʙʦʯʽʡ ʪʦʯʮʽ. ʇʨʠ ʮʴʦʤʫ 

ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʽʾ ʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʦʧʠʩʫ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʨʦʙʦʯʽʡ ʪʦʯʮʽ ʧʨʠ ʤʽʥʽʤʘʣʴʥʦʤʫ ʚʽʜʭʠʣʝʥʥʽ ʚʽʜ 

ʥʝʾ. 

ʇʨʠ ʧʦʜʘʯʽ ʥʘ ʚʭʽʜ ʦʜʥʦʛʦ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜʽ 

ʥʝʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʛʘʨʤʦʥʽʡʥʽ ʩʧʦʪʚʦʨʝʥʥʷ. ʅʘ ʨʠʩ. 4.1 

ʧʦʢʘʟʘʥʦ, ʱʦ ʚ ʥʝʣʽʥʽʡʥʽʡ ʩʠʩʪʝʤʽ ʦʜʥʦʯʘʩʪʦʪʥʠʡ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʫ ʟʚʘʞʝʥʠʡ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʦʩʥʦʚʥʦʾ ʯʘʩʪʦʪʠ, 

ʘʣʝ ʡ ʚ ʥʝʩʢʽʥʯʝʥʥʫ ʩʫʤʫ ʛʘʨʤʦʥʽʢ ʥʘ ʯʘʩʪʦʪʘʭ mɤ, ʜʝ m ï ʮʽʣʝ ʯʠʩʣʦ. 

 

 

ʈʠʩ. 4.1. ɼʽʘʛʨʘʤʘ ʥʝʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʥʘ ʚʠʭʦʜʽ ʷʢʦʾ ʟ ʦʜʥʦʛʦ  

ʚʭʽʜʥʦʛʦ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʯʘʩʪʦʪʽ  ɤ ʚʠʭʦʜʠʪʴ ʥʝʩʢʽʥʯʝʥʥʘ  

ʩʫʤʘ ʛʘʨʤʦʥʽʢ ʥʘ ʯʘʩʪʦʪʘʭ ʪɤ (ʪ = 1, 2, 3, ...) 

 

ʈʦʟʛʣʷʥʝʤʦ ʧʝʨʝʜʘʚʘʣʴʥʫ ʬʫʥʢʮʽʶ f (x), ʥʘʚʝʜʝʥʫ ʥʘ ʨʠʩ. 4.2. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʪʘʢʦʾ ʢʨʠʚʦʾ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʘʪ-ʘʤʧʝʨʥʘ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʟ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ 

ʣʘʟʝʨʥʦʛʦ ʜʽʦʜʘ (ʜʠʚ. ʪʘʢʦʞ ʨʠʩ. 1.11).  

 

 

ʈʠʩ. 4.2 ɻʨʘʬʽʢ ʥʝʣʽʥʽʡʥʦʾ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ f(x) ʟ ʨʦʟʢʣʘʜʦʤ ʫ  

ʨʷʜ ʊʝʡʣʦʨʘ ʚ ʪʦʯʢʘʭ x = a, x = b 

 

ɺʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ f (x) ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʤʘʪʝʤʘʪʠʯʥʠʤ ʰʣʷʭʦʤ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʚ ʨʷʜ ʊʝʡʣʦʨʘ (ʜʠʚ. (2.10)) ʧʨʠ ʜʝʷʢʦʤʫ ʩʪʨʫʤʦʚʽ ʧʦʩʪʽʡʥʦʛʦ 

ʟʤʽʱʝʥʥʷ, ʟʦʢʨʝʤʘ, ʷʢ ʚʠʜʥʦ ʟ ʨʠʩ. 4.2, ʧʨʠ ʜʚʦʭ ʩʪʨʫʤʘʭ ʧʦʩʪʽʡʥʦʛʦ 

ʟʤʽʱʝʥʥʷ x=a ʪʘ y=b. ʄʦʜʫʣʷʮʽʷ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʣʘʟʝʨʘ ʩʪʚʦʨʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʦʜʫʣʷʮʽʾ ʢʝʨʫʶʯʠʤ ʩʪʨʫʤʦʤ, x = C+Asin(ɤt), ʜʝ ʉ ï ʩʪʨʫʤ 

ʟʤʽʱʝʥʥʷ. ɺ ʨʘʟʽ ʤʘʣʦʩʠʛʥʘʣʴʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʨʦʮʝʩʫ ʤʦʜʫʣʷʮʽʾ (ʤʘʣʦʾ 

ʚʝʣʠʯʠʥʠ ɸ) f(x) ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʨʷʜʦʤ ʊʝʡʣʦʨʘ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ 

ʢʨʠʚʠʥʘ f(x) ʚ ʪʦʯʮʽ x = b ʙʽʣʴʰʘ, ʥʽʞ ʚ ʪʦʯʮʽ x = a, ʪʦʙʪʦ ʤʦʞʥʘ 

ʧʨʠʧʫʩʪʠʪʠ ʥʘʷʚʥʽʩʪʴ ʫ ʥʽʡ ʙʽʣʴʰ ʩʠʣʴʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʩʠʛʥʘʣʫ. ʎʝ 

ʧʨʠʧʫʱʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʥʝʢʦʨʝʢʪʥʠʤ ʟ ʢʽʣʴʢʦʭ ʧʨʠʯʠʥ. ʈʦʟʛʣʷʥʝʤʦ 

ʚʠʧʘʜʦʢ ʣʘʟʝʨʘ, ʜʣʷ ʷʢʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʯʘʩʪʦ ʚʠʤʽʨʶʻʪʴʩʷ 

ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʦʚʽ, ʘ ʢʝʨʫʶʯʠʡ ʚʧʣʠʚ, ʷʢ ʧʨʘʚʠʣʦ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ 

ʜʫʞʝ ʚʠʩʦʢʽʡ ʯʘʩʪʦʪʽ. ʎʝ ʚʠʤʘʛʘʻ ʦʮʽʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʪʚʦʨʝʥʥʷ f(x) 

ʧʨʠ ʜʫʞʝ ʚʠʩʦʢʽʡ ʰʚʠʜʢʦʩʪʽ. ʂʦʣʠ ʤʘʶʪʴ ʤʽʩʮʝ ʷʚʠʱʘ ʟ ʨʽʟʢʦ ʚʽʜʤʽʥʥʦʶ 

ʯʘʩʦʚʦʶ ʰʢʘʣʦʶ, ʥʘʧʨʠʢʣʘʜ ʪʝʧʣʦʚʠʭ ʝʬʝʢʪʽʚ ʧʦʨʷʜ, ʟ ʨʘʜʽʦʯʘʩʪʦʪʥʦʶ 

ʤʦʜʫʣʷʮʽʻʶ, ʬʫʥʢʮʽʷ f(x) ʤʦʞʝ ʙʫʪʠ ʢʦʨʝʢʪʥʦʶ ʚ ʜʫʞʝ ʦʙʤʝʞʝʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʢʝʨʫʶʯʦʛʦ ʚʧʣʠʚʫ. ʋ ʣʘʟʝʨʘʭ ʟ ʙʝʟʧʦʩʝʨʝʜʥʴʦʶ 
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ʤʦʜʫʣʷʮʽʻʶ ʧʨʠ ʚʝʣʠʢʠʭ ʩʪʨʫʤʘʭ ʟʤʽʱʝʥʥʷ ʚʠʥʠʢʘʻ ʝʬʝʢʪ ʥʘʩʠʯʝʥʥʷ 

(ʧʨʠʧʠʥʝʥʥʷ ʨʦʩʪʫ) ʧʦʪʫʞʥʦʩʪʽ ʚʥʘʩʣʽʜʦʢ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʷʚʠʱ, ʷʢʽ ʤʦʞʫʪʴ 

ʦʙʤʝʞʫʚʘʪʠʩʷ ʤʽʢʨʦʩʝʢʫʥʜʘʤʠ ʘʙʦ ʙʽʣʴʰ ʧʦʚʽʣʴʥʠʤʠ ʯʘʩʦʚʠʤʠ ʨʘʤʢʘʤʠ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʧʣʦʚʦʾ ʤʘʩʠ ʪʠʧʦʚʦʛʦ ʢʨʠʩʪʘʣʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ 

ʣʘʟʝʨʘ. ʄʦʜʫʣʷʮʽʷ ʟ ʛʽʛʘʛʝʨʮʦʚʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʤʦʞʝ ʥʝ ʟʘʙʝʟʧʝʯʠʪʠ 

ʜʦʩʪʘʪʥʴʦʛʦ ʯʘʩʫ ʜʣʷ ʥʘʛʨʽʚʫ ʣʘʟʝʨʘ, ʽ, ʦʪʞʝ, ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ f(x) 

ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʤʦʞʝ ʥʝ ʚʽʜʪʚʦʨʠʪʠ ʪʘʢʦʛʦ ʥʘʩʠʯʝʥʥʷ, ʪʦʙʪʦ ʚʠʭʽʜʥʠʡ 

ʩʠʛʥʘʣ ʙʫʜʝ ʤʝʥʰ ʩʧʦʪʚʦʨʝʥʠʤ. ɯʥʰʘ ʧʨʦʙʣʝʤʘ ʧʨʠ ʩʧʨʦʙʽ ʦʮʽʥʢʠ 

ʣʽʥʽʡʥʦʩʪʽ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʾʾ ʟʦʚʥʽʰʥʴʦʤʫ ʚʠʛʣʷʜʫ 

ʩʢʣʘʜʘʻʪʴʩʷ ʚ ʪʨʫʜʥʦʱʘʭ ʚʽʟʫʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʥʘʷʚʥʦʩʪʽ ʪʘ ʩʢʣʘʜʫ 

ʧʦʭʽʜʥʠʭ ʚʠʱʠʭ ʧʦʨʷʜʢʽʚ. ɼʣʷ ʧʦʷʩʥʝʥʥʷ ʮʽʻʾ ʪʦʯʢʠ ʟʦʨʫ ʙʫʜʫʪʴ 

ʚʠʢʦʨʠʩʪʘʥʽ ʢʨʠʚʽ ʥʘ ʨʠʩ. 4.3. 

 

 

ʈʠʩ. 4.3. ɻʨʘʬʽʢʠ ʪʨʴʦʭ ʨʽʟʥʠʭ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ 

 

ʈʦʟʛʣʷʥʝʤʦ ʪʨʠ ʨʦʟʨʘʭʦʚʘʥʽ ʧʝʨʝʜʘʚʘʣʴʥʽ ʬʫʥʢʮʽʾ, ʥʘʚʝʜʝʥʽ ʥʘ 

ʨʠʩ. 4.3. ʆʜʥʘ ʟ ʥʠʭ - ʮʝ ʩʠʥʫʩʦʾʜʘʣʴʥʘ ʧʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ f(x) = sin(x) 

ʷʢʘ ʻ ʜʫʞʝ ʚʘʞʣʠʚʦʶ ʬʫʥʢʮʽʻʶ ʚ ʘʥʘʣʦʛʦʚʠʭ ʬʦʪʦʥʥʠʭ ʣʽʥʽʷʭ ʧʝʨʝʜʘʯʽ ʡ 

ʙʫʜʝ ʜʝʪʘʣʴʥʦ ʘʥʘʣʽʟʫʚʘʪʠʩʷ ʚ ʧʦʜʘʣʴʰʠʭ ʨʦʟʜʽʣʘʭ. ʌʫʥʢʮʽʷ sin(x) ʙʣʠʟʴʢʘ 

ʜʦ ʣʽʥʽʡʥʦʾ ʧʨʠ ʤʘʣʠʭ ʟʥʘʯʝʥʥʷʭ ʭ, ʘʣʝ ʧʦʯʠʥʘʻ ʥʝ ʟʙʽʛʘʪʠʩʷ ʟ f(x) = x ʚ 

ʤʽʨʫ ʪʦʛʦ, ʷʢ ʭ ʚʽʜʭʠʣʷʻʪʴʩʷ ʚʽʜ ʭ = 0. ʈʦʟʢʣʘʜʘʥʥʷ sin(x) ʚ ʨʷʜ ʊʝʡʣʦʨʘ 

ʥʘʚʢʦʣʦ ʪʦʯʢʠ ʭ = 0 ʻ ʥʝʧʘʨʥʦʶ ʬʫʥʢʮʽʻʶ ʚʽʜ ʭ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʨʠ ʯʣʝʥʽ 
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ὼ , ʚʽʜʧʦʚʽʜʥʦʤʫρ ςὲ ρȦϳ  ʜʣʷ    n = 0,1,2, ... 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʩʢʣʘʜʦʚʽ 

ʩʧʦʪʚʦʨʝʥʥʷ ʥʝʧʘʨʥʦʛʦ ʧʦʨʷʜʢʫ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʽ. ʊʘʢʦʞ ʥʘ 

ʨʠʩʫʥʢʫ ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʢ ʬʫʥʢʮʽʾ f(x) = sin(x)+ὼ ρςϳ  ʟ ʜʚʦʨʘʟʦʚʠʤ 

ʟʤʝʥʰʝʥʥʷʤ ʩʢʣʘʜʦʚʠʭ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʠʥʫʩʦʾʜʘʣʴʥʦʶ 

ʬʫʥʢʮʽʻʶ. ʗʢ ʚʠʜʥʦ, ʜʘʥʘ ʬʫʥʢʮʽʷ ʙʽʣʴʰ ʣʽʥʽʡʥʘ, ʥʽʞ sin (x), ʘʣʝ ʾʾ ʚʩʝ-ʪʘʢʠ 

ʥʝ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʘʙʩʦʣʶʪʥʦ ʣʽʥʽʡʥʦʾ. ʋ ʪʨʝʪʽʡ ʬʫʥʢʮʽʾ ʨʠʩ. 4.3  

f(x) = x υὼ φϳ  ʯʠʩʣʦ ʩʢʣʘʜʦʚʠʭ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ʟʙʽʣʴʰʠʣʦʩʴ ʚ 5 ʨʘʟʽʚ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ f(x) = sin(x), ʦʜʥʘʢ ʚʽʜʩʫʪʥʽʡ ʚʥʝʩʦʢ ʩʢʣʘʜʦʚʠʭ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ 

ʧʦʨʷʜʢʫ. ɺʩʽ ʪʨʠ ʬʫʥʢʮʽʾ ʨʠʩ. 4.3 ʥʘ ʚʠʛʣʷʜ ʟʜʘʶʪʴʩʷ çʤʘʡʞʝ ʣʽʥʽʡʥʠʤʠè 

ʜʣʷ ʤʘʣʠʭ ʟʥʘʯʝʥʴ ʭ, ʘʣʝ, ʦʯʝʚʠʜʥʦ, ʤʘʶʪʴ ʜʫʞʝ ʚʽʜʤʽʥʥʠʡ ʟʤʽʩʪ 

ʛʘʨʤʦʥʽʡʥʠʭ ʩʢʣʘʜʦʚʠʭ. ʎʷ ʛʨʘʬʽʯʥʘ ʽʣʶʩʪʨʘʮʽʷ ʜʝʤʦʥʩʪʨʫʻ ʩʢʣʘʜʥʽʩʪʴ 

ʚʠʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʦʩʪʽ ʟʘ ʟʦʚʥʽʰʥʽʤ ʚʠʛʣʷʜʦʤ ʧʝʨʝʜʘʚʘʣʴʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʦʙʪʦ ʣʽʥʽʡʥʽʩʪʴ ʥʘʡʢʨʘʱʝ ʦʮʽʥʶʚʘʪʠ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʘʙʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ. 

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʦʪʚʦʨʝʥʴ, ʽ ʜʣʷ ʪʦʯʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʥʝʣʽʥʽʡʥʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʚ ʙʘʛʘʪʦʢʘʩʢʘʜʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ/ʘʙʦ ʚ 

ʢʦʤʧʦʥʝʥʪʘʭ ʟ ʙʝʟʣʽʯʯʶ ʬʽʟʠʯʥʠʭ ʜʞʝʨʝʣ ʥʝʣʽʥʽʡʥʦʩʪʽ, ʧʦʪʨʽʙʝʥ ʨʝʪʝʣʴʥʠʡ 

ʚʠʙʽʨ ʤʝʪʦʜʫ ʚʠʤʽʨʶʚʘʥʥʷ. ʋ ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʠʭ (ʡ ʰʠʨʦʢʦ ʧʨʠʡʥʷʪʠʭ) 

ʩʭʝʤʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʜʥʦʩʠʛʥʘʣʴʥʠʡ ʪʘ ʜʚʦʩʠʛʥʘʣʴʥʠʡ ʤʝʪʦʜʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʦʪʚʦʨʝʥʴ, ʦʧʠʩʘʥʽ ʚ ʨʦʟʜʽʣʽ 2. ʇʨʠ ʦʜʥʦʩʠʛʥʘʣʴʥʦʤʫ ʚʠʤʽʨʽ 

ʩʧʦʪʚʦʨʝʥʴ ʥʘ ʚʭʽʜ ʧʦʜʘʻʪʴʩʷ ʩʠʥʫʩʦʾʜʘʣʴʥʠʡ ʜʽʶʯʠʡ ʩʠʛʥʘʣ ʥʘ ʦʜʥʽʡ 

ʯʘʩʪʦʪʽ, ʘ ʥʘ ʚʠʭʦʜʽ ʚʠʤʽʨʶʻʪʴʩʷ ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʛʘʨʤʦʥʽʢʘʭ ʮʽʻʾ ʯʘʩʪʦʪʠ 

(ʜʠʚ. ʨʠʩ. 4.1). ɺ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʦʜʥʦʩʤʫʛʦʚʠʡ ʩʧʝʢʪʨ ʩʧʦʪʚʦʨʝʥʴ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʮʽʣʦʯʠʩʝʣʴʥʦʛʦ ʥʘʙʦʨʫ ʛʘʨʤʦʥʽʡʥʠʭ ʩʢʣʘʜʦʚʠʭ 

(ʜʦ ʯʝʪʚʝʨʪʦʾ ʛʘʨʤʦʥʽʢʠ ʥʘ ʨʠʩ. 4.4 ʘ). ʉʧʝʢʪʨ ʧʦʪʫʞʥʦʩʪʽ ʫʩʢʣʘʜʥʶʻʪʴʩʷ 

ʧʨʠ ʜʚʦʩʠʛʥʘʣʴʥʦʤʫ ʚʠʧʨʦʙʫʚʘʥʥʽ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʘʥʦʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʥʘ ʚʭʽʜ ʪʝʩʪʦʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʘʙʦ ʩʠʩʪʝʤʠ ʧʦʜʘʶʪʴʩʷ ʜʚʘ ʩʠʥʫʩʦʾʜʘʣʴʥʠʭ 

ʩʠʛʥʘʣʠ ʦʜʥʘʢʦʚʦʾ ʘʤʧʣʽʪʫʜʠ ʥʘ ʯʘʩʪʦʪʘʭ Ὢ   ʪʘ Ὢ. ɺʠʭʽʜʥʠʡ ʩʧʝʢʪʨ, ʷʢ 
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ʚʠʜʥʦ ʟ ʨʠʩ. 4.4 ʙ, ʤʽʩʪʠʪʴ ʨʷʜ ʧʨʦʜʫʢʪʽʚ ʟʤʽʰʫʚʘʥʥʷ ʯʘʩʪʦʪ, ʚʢʣʶʯʘʶʯʠ 

ʽʥʪʝʨʤʦʜʫʣʷʮʽʡʥʽ ʧʨʦʜʫʢʪʠ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʥʘ ʯʘʩʪʦʪʘʭ (Ὢ Ὢ) ʡ  

(Ὢ Ὢ) ʪʘ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ʥʘ ʯʘʩʪʦʪʘʭ (ςὪ Ὢ  ʡ (ςὪ Ὢ). ɼʣʷ 

ʩʧʨʦʱʝʥʥʷ ʥʘ ʨʠʩ. 4.4 ʙ ʧʦʢʘʟʘʥʽ ʪʽʣʴʢʠ ʩʧʦʪʚʦʨʝʥʥʷ ʥʠʞʯʠʭ ʧʦʨʷʜʢʽʚ, 

ʦʩʢʽʣʴʢʠ ʦʙʣʽʢ ʧʨʦʜʫʢʪʽʚ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʧʦʨʷʜʢʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʩʧʝʢʪʨʫ ʯʝʨʝʟ ʚʝʣʠʢʫ ʢʽʣʴʢʩʪʴ ʽʥʪʝʨʤʦʜʫʣʷʮʽʡʥʠʭ 

ʧʨʦʜʫʢʪʽʚ. ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʛʘʨʤʦʥʽʡʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʽʜʬʽʣʴʪʨʦʚʘʥʽ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʚ ʦʜʥʦʦʢʪʘʚʥʠʭ ʩʠʩʪʝʤʘʭ, ʜʝ ʧʨʦʜʫʢʪʠ 

ʛʘʨʤʦʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ ʤʝʞʘʤʠ ʨʦʙʦʯʦʾ ʩʤʫʛʠ ʩʠʩʪʝʤʠ, 

ʭʦʯʘ ʮʝ ʥʝʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʙʘʛʘʪʦʦʢʪʘʚʥʠʭ ʩʠʩʪʝʤ. 

 

 

 

ʈʠʩ. 4.4. ɻʨʘʬʽʢʠ: ʘ - ʥʝʣʽʥʽʡʥʦʛʦ ʩʧʝʢʪʨʫ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʦʜʥʦʩʠʛʥʘʣʴʥʽʡ ʚʭʽʜʥʽʡ ʜʽʾ ʥʘ 

ʯʘʩʪʦʪʽ, ʱʦ ʚʢʣʶʯʘʻ ʜʨʫʛʫ, ʪʨʝʪʶ ʪʘ ʯʝʪʚʝʨʪʫ ʛʘʨʤʦʥʽʢʠ; 

ʙ - ʥʝʣʽʥʽʡʥʦʛʦ ʩʧʝʢʪʨʫ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʜʚʦʩʠʛʥʘʣʴʥʽʡ ʚʭʽʜʥʽʡ ʜʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʨʦʜʫʢʪʽʚ ʟʤʽʰʫʚʘʥʥʷ ʜʨʫʛʦʛʦ ʪʘ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʽʚ. 

 

ʇʨʦʜʫʢʪʠ ʽʥʪʝʨʤʦʜʫʣʷʮʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʦʩʦʙʣʠʚʫ ʚʘʞʣʠʚʽʩʪʴ ʫ ʚʩʽʭ ʩʠʩʪʝʤʘʭ, ʦʩʢʽʣʴʢʠ 
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ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʜʫʞʝ ʙʣʠʟʴʢʦ ʜʦ ʩʢʣʘʜʦʚʦʾ ʩʠʛʥʘʣʴʥʦʾ ʯʘʩʪʦʪʠ ʪʘ ʥʝ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʬʽʣʴʪʨʦʚʘʥʽ. 

ɺ ʘʥʘʣʦʛʦʚʠʭ ʩʠʩʪʝʤʘʭ ʢʘʙʝʣʴʥʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ ʟ ʙʝʟʣʽʯʯʶ 

ʧʽʜʥʝʩʫʶʯʠʭ ʡ ʚʝʣʠʢʠʤ ʯʠʩʣʦʤ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʩʧʦʪʚʦʨʝʥʥʷ ʯʘʩʪʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚ ʪʝʨʤʽʥʘʭ ʉSO ʪʘ ʉʊɺ (ʜʠʚ., ʥʘʧʨʠʢʣʘʜ, [4.1]). ʎʝʡ 

ʚʘʨʽʘʥʪ ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʦʪʚʦʨʝʥʴ ʟʨʫʯʥʠʡ ʧʨʠ ʜʦʤʽʥʫʚʘʥʥʽ ʚ ʩʧʝʢʪʨʽ 

ʩʠʛʥʘʣʫ ʜʠʩʢʨʝʪʥʠʭ ʥʝʩʫʯʠʭ ʟ ʤʘʣʦʶ ʛʣʠʙʠʥʦʶ ʤʦʜʫʣʷʮʽʾ ʥʘ ʢʘʥʘʣ. ʋ ʤʽʨʫ 

ʧʽʜʚʠʱʝʥʥʷ ʛʣʠʙʠʥʠ ʤʦʜʫʣʷʮʽʾ ʩʧʝʢʪʨ ʤʦʞʝ ʩʪʘʪʠ ʙʝʟʧʝʨʝʨʚʥʠʤ ʯʝʨʝʟ 

ʟʨʦʩʪʘʶʯʝ ʯʠʩʣʦ ʽʥʪʝʨʤʦʜʫʣʷʮʽʡʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʋ ʛʨʘʥʠʯʥʦʤʫ ʚʠʧʘʜʢʫ, 

ʢʦʣʠ ʯʠʩʣʦ ʥʝʩʫʯʠʭ ʢʦʥʪʠʥʫʘʣʴʥʝ, ʽʥʦʜʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʙʽʣʦʛʦ ʰʫʤʫ 

ʘʙʦ ʪʝʩʪʫʚʘʥʥʷ ʟ ʟʘʚʘʥʪʘʞʝʥʠʤ ʙʽʣʠʤ ʰʫʤʦʤ [4.2]. ʋ ʮʴʦʤʫ ʚʠʧʨʦʙʫʚʘʥʥʽ 

(ʜʠʚ. ʨʠʩ. 4.5) ʚ ʩʤʫʟʽ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʰʫʤʦʚʦʛʦ ʩʠʛʥʘʣʫ ʨʦʟʤʽʱʫʻʪʴʩʷ 

ʩʤʫʛʦʚʦ-ʟʘʢʨʠʚʘʣʴʥʠʡ ʬʽʣʴʪʨ. ʎʝ ʩʪʚʦʨʶʻ ʚʭʽʜʥʠʡ ʪʝʩʪʦʚʠʡ ʩʠʛʥʘʣ ʟ 

ʧʦʩʪʽʡʥʦʶ ʯʘʩʪʦʪʥʦʶ ʤʽʪʢʦʶ ʚʩʝʨʝʜʠʥʽ ʩʤʫʛʠ. ʇʦʪʽʤ ʜʘʥʠʡ ʩʠʛʥʘʣ 

ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʭʽʜ ʥʝʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʚʠʢʦʥʫʻʪʴʩʷ ʚʠʤʽʨ ʧʦʪʫʞʥʦʩʪʽ 

ʚʩʝʨʝʜʠʥʽ ʧʨʦʚʘʣʫ ʚ ʬʫʥʢʮʽʾ ʚʽʜ ʚʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʎʝʡ ʤʝʪʦʜ ʧʝʨʝʚʽʨʢʠ 

ʜʘʻ ʷʢʽʩʥʫ ʢʘʨʪʠʥʫ ʚʥʫʪʨʽʰʥʴʦʩʤʫʛʦʚʠʭ ʩʧʦʪʚʦʨʝʥʴ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ 

ʥʝʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ. 

 

 

ʈʠʩ.4.5. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʽʟ ʟʘʚʘʥʪʘʞʝʥʠʤ ʙʽʣʠʤ ʰʫʤʦʤ  

ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʩʧʝʢʪʨʠ ʧʦʪʫʞʥʦʩʪʽ. 

 

ʗʢ ʟʛʘʜʫʚʘʣʦʩʷ ʚ ʨʦʟʜʽʣʽ 2, ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʚʠʧʨʦʙʫʚʘʥʴ ʪʠʧʫ ʨʘʥʽʰʝ 

ʦʧʠʩʘʥʠʭ, ʥʝʦʙʭʽʜʥʦ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʷʢʽʩʪʴ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ. 
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ʇʦʯʠʥʘʶʯʠ ʪʝʩʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ, ʧʦʪʨʽʙʥʦ ʧʝʨʰ ʟʘ ʚʩʝ ʚʽʜʢʘʣʽʙʨʫʚʘʪʠ 

ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʧʨʠʣʘʜ. ɺʘʞʣʠʚʦ, ʱʦʙ ʜʦ ʚʭʦʜʫ ʪʝʩʪʦʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʘʙʦ 

ʩʠʩʪʝʤʠ ʧʨʠʢʣʘʜʘʚʩʷ ʪʽʣʴʢʠ ʩʠʛʥʘʣ ʟ ʯʠʩʪʠʤ ʩʧʝʢʪʨʦʤ. ʉʠʛʥʘʣʴʥʽ 

ʛʝʥʝʨʘʪʦʨʠ ʪʘ ʧʨʠʩʪʨʦʾ ʩʢʣʘʜʘʥʥʷ ʩʠʛʥʘʣʽʚ (ʜʣʷ ʙʘʛʘʪʦʩʠʛʥʘʣʴʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ) ʯʘʩʪʦ ʤʘʶʪʴ  ʥʝʜʦʩʪʘʪʥʶ ʣʽʥʽʡʥʽʩʪʴ ʽ ʤʦʞʫʪʴ ʬʦʨʤʫʚʘʪʠ 

ʚʠʧʨʦʙʫʚʘʣʴʥʠʡ ʩʧʝʢʪʨ ʟ ʥʘʷʚʥʽʩʪʶ ʧʘʨʘʟʠʪʥʠʭ ʩʧʦʪʚʦʨʝʥʴ. 

ʅʘ ʩʪʦʨʦʥʽ ʚʠʭʦʜʫ ʩʠʩʪʝʤʠ ʧʨʠʣʘʜʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ, ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʣʽʥʽʡʥʠʤʠ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ 

ʚʽʨʦʛʽʜʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʪʨʽʙʥʦ, ʱʦʙ ʨʽʚʝʥʴ ʥʝʣʽʥʽʡʥʦʩʪʽ ʚʧʣʠʚʘʶʯʦʛʦ 

ʩʠʛʥʘʣʫ ʡ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʙʫʚ ʙʠ ʙʘʛʘʪʦ ʤʝʥʰʠʤ, ʥʽʞ ʫ ʪʝʩʪʦʚʘʥʽʡ 

ʩʠʩʪʝʤʽ. ʊʘʢʦʞ ʤʘʻ ʙʫʪʠ ʧʨʠʜʽʣʝʥʦ ʜʦʩʪʘʪʥʴʦ ʫʚʘʛʠ ʧʨʠ ʚʚʝʜʝʥʥʽ ʬʽʣʴʪʨʽʚ 

ʘʙʦ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʫʩʫʥʝʥʥʷ ʘʙʦ ʧʦʩʣʘʙʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʚ ʩʧʝʢʪʨʽ, 

ʦʩʢʽʣʴʢʠ ʙʘʛʘʪʦ ʬʽʣʴʪʨʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʝʞʝʢʪʦʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ 

ʚʽʜʙʠʪʪʷ ʝʥʝʨʛʽʾ, ʽ ʮʷ ʚʽʜʙʠʪʘ ʝʥʝʨʛʽʷ ʤʦʞʝ ʟʥʦʚʫ ʧʦʪʨʘʧʠʪʠ ʥʘ ʚʠʭʽʜ 

ʪʝʩʪʦʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʩʪʚʦʨʶʶʯʠ ʜʦʜʘʪʢʦʚʽ ʩʧʦʪʚʦʨʝʥʥʷ. 

 

 

4.2. ʉʧʦʪʚʦʨʝʥʥʷ ʚ ʧʨʦʮʝʩʽ ʝʣʝʢʪʨʦʦʧʪʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʥʥʷ 

 

 

ʋ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ ʧʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ, ʧʦʜʽʙʥʘ ʜʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʤʦʜʫʣʷʮʽʾ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʘʟʝʨʘ, ʨʦʟʛʣʷʜʘʣʘʩʷ ʷʢ ʧʨʠʢʣʘʜ ʜʞʝʨʝʣʘ ʩʧʦʪʚʦʨʝʥʴ ʧʨʠ 

ʧʝʨʝʜʘʯʽ ʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʽʚ. ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʧʦʜʘʥʥʷ ʚ ʯʘʩʪʦʪʥʽʡ 

ʦʙʣʘʩʪʽ, ʧʦʜʽʙʥʦ ʨʠʩ. 4.4, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʧʠʩʫ ʦʧʪʠʯʥʦʾ ʘʥʘʣʦʛʦʚʦʾ 

ʤʦʜʫʣʷʮʽʾ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʦʚʥʽʰʥʴʦʛʦ ʤʦʜʫʣʷʪʦʨʘ  

ʄʘʭʘïʎʘʥʜʝʨʘ (ʄʄʎ), ʘ ʪʘʢʦʞ ʯʠʩʪʦ ʬʘʟʦʚʦʾ ʤʦʜʫʣʷʮʽʾ. ɼʝʪʘʣʴʥʠʡ ʦʧʠʩ 

ʢʦʞʥʦʾ ʟ ʥʠʭ ʚʠʢʦʥʘʥʦ ʚʽʜʧʦʚʽʜʥʦ ʙʘʟʫʶʯʠʩʴ ʥʘ ʨʦʟʛʣʷʜʽ ʦʧʪʠʯʥʠʭ ʧʦʣʽʚ ʪʘ 

ʬʦʪʦʩʪʨʫʤʽʚ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʜʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
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ʨʘʜʽʦʭʚʠʣʴ. ʄʝʪʘ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ״ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʥʘ ʙʘʟʽ 

ʢʦʤʧʣʝʢʩʥʠʭ ʘʤʧʣʽʪʫʜ ʚ ʦʧʪʠʯʥʽʡ ʦʙʣʘʩʪʽ ʩʪʦʩʦʚʥʦ ʬʦʨʤʘʪʽʚ ʦʧʪʠʯʥʦʾ 

ʘʥʘʣʦʛʦʚʦʾ ʤʦʜʫʣʷʮʽʾ. 

ʗʢ ʚʚʝʜʝʥʦ ʚ ʧʽʜʨʦʟʜʽʣʽ 1.3 ʪʘ ʜʝʪʘʣʽʟʦʚʘʥʦ ʚ ʨʦʟʜʽʣʽ 6, ʤʦʜʫʣʷʮʽʷ ʧʦ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʦʚʥʽʰʥʴʦʛʦ ʄʄʎ ʟʘʩʥʦʚʘʥʘ ʥʘ ʢʫʪʦʚʽʡ 

(ʬʘʟʦʚʽʡ) ʤʦʜʫʣʷʮʽʾ, ʷʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʤʦʜʫʣʷʮʽʶ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ʈʝʟʫʣʴʪʫʶʯʘ ʧʝʨʝʜʘʚʘʣʴʥʘ 

ʬʫʥʢʮʽʷ ʷʚʣʷʻ ʩʦʙʦʶ ʦʧʪʠʯʥʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʟʘ 

ʩʠʥʫʩʦʾʜʘʣʴʥʠʤ ʟʘʢʦʥʦʤ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʢʣʘʜʝʥʦʾ ʥʘʧʨʫʛʠ, ʷʢ ʮʝ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.13 ʪʘ ʚ 6.2. ʂʦʣʠ ʥʝʯʫʪʣʠʚʠʡ ʜʦ ʧʘʨʘʟʠʪʥʦʾ ʯʘʩʪʦʪʥʦʾ 

ʤʦʜʫʣʷʮʽʾ ʄʄʎ ʫʧʨʘʚʣʷʻʪʴʩʷ ʦʜʥʦʯʘʩʪʦʪʥʠʤ ʛʘʨʤʦʥʽʡʥʠʤ ʩʠʛʥʘʣʦʤ, 

ʚʠʭʽʜʥʝ ʦʧʪʠʯʥʝ ʧʦʣʝ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʦ ʥʝʩʢʽʥʯʝʥʥʦʶ ʩʫʤʦʶ ʙʝʩʝʣʝʚʠʭ 

ʬʫʥʢʮʽʡ (ʜʠʚ. (6.15)). ɺʽʜʧʦʚʽʜʥʠʡ ʩʧʝʢʪʨ ʦʧʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʤʽʩʪʠʪʴ 

ʩʢʣʘʜʦʚʽ ʥʘ ʦʧʪʠʯʥʽʡ ʥʝʩʫʯʽʡ ʟ ʜʚʦʤʘ ʙʽʯʥʠʤʠ ʩʤʫʛʘʤʠ, ʱʦ ʤʽʩʪʷʪʴ 

ʦʩʥʦʚʥʫ ʤʦʜʫʣʶʶʯʫ ʯʘʩʪʦʪʫ ʡ ʮʽʣʠʡ ʨʷʜ ʾʾ ʛʘʨʤʦʥʽʢ. ɺʠʜ ʩʧʝʢʪʨʫ, ʷʢʠʡ 

ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʠʡ ʥʘ ʝʢʨʘʥʽ ʦʧʪʠʯʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʘ, ʧʦʢʘʟʘʥʠʡ 

ʛʨʘʬʽʯʥʦ ʥʘ ʨʠʩ. 4.6. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʛʨʘʬʽʢʘ ʨʠʩ. 4.6 ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʚʠʨʘʟ (6.15) ʧʨʠ ʢʝʨʫʶʯʽʡ ʥʘʧʨʫʟʽ 0,3ὠ ʪʘ ʢʚʘʜʨʘʪʫʨʥʦʤʫ  ʟʤʽʱʝʥʥʽ. 

 

 

ʈʠʩ. 4.6. ʈʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ (6.15) ʩʧʝʢʪʨ ʦʧʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ  

ʥʘ ʚʠʭʦʜʽ ʜʚʦʪʘʢʪʥʦʛʦ ʄʄʎ 
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ʈʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ (6.15) ʩʧʝʢʪʨ ʦʧʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ 

ʚʠʭʦʜʽ ʜʚʦʪʘʢʪʥʦʛʦ
14

 ʄʄʎ, ʟʤʽʱʝʥʦʛʦ ʪʦʯʥʦ ʚ ʢʚʘʜʨʘʪʫʨʥʽʡ ʪʦʯʮʽ ʪʘ 

ʢʝʨʦʚʘʥʦʛʦ ʦʜʥʠʤ ʛʘʨʤʦʥʽʡʥʠʤ ʩʠʛʥʘʣʦʤ ʟ ʘʤʧʣʽʪʫʜʦʶ 0,3ὠȢ ʇʦʢʘʟʘʥʽ 

ʩʧʝʢʪʨʘʣʴʥʽ ʩʢʣʘʜʦʚʽ ʜʦ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ ʟ ʤʘʩʰʪʘʙʫʚʘʥʥʷʤ ʟʘ 

ʚʽʜʥʦʩʥʠʤʠ ʨʽʚʥʷʤʠ ʢʦʞʥʦʾ ʯʘʩʪʦʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ. 

ʈʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ (6.39) ʩʧʝʢʪʨ ʦʧʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ 

ʚʠʭʦʜʽ ʜʚʦʪʘʢʪʥʦʛʦ ʄʄʎ, ʟʤʽʱʝʥʦʛʦ ʪʦʯʥʦ ʚ ʢʚʘʜʨʘʪʫʨʥʽʡ ʪʦʯʮʽ ʪʘ 

ʢʝʨʦʚʘʥʦʛʦ ʜʚʦʤʘ ʛʘʨʤʦʥʽʡʥʠʤʠ ʩʠʛʥʘʣʘʤʠ ʟ ʘʤʧʣʽʪʫʜʦʶ 0,08ὠ ʢʦʞʥʠʡ. 

ʇʦʢʘʟʘʥʽ ʩʧʝʢʪʨʘʣʴʥʽ ʩʢʣʘʜʦʚʽ ʜʦ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʟ ʤʘʩʰʪʘʙʫʚʘʥʥʷʤ ʟʘ 

ʚʽʜʥʦʩʥʠʤʠ ʨʽʚʥʷʤʠ ʢʦʞʥʦʾ ʯʘʩʪʦʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ. 

ʇʨʠ ʜʝʪʝʢʪʫʚʘʥʥʽ ʧʦʣʷ, ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʠʩ. 4.6, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʽʜʝʘʣʴʥʦʛʦ ʬʦʪʦʜʽʦʜʘ ʬʦʨʤʫʻʪʴʩʷ ʨʘʜʽʦʯʘʩʪʦʪʥʠʡ ʩʧʝʢʪʨ, ʷʢʠʡ ʤʽʩʪʠʪʴ 

ʣʠʰʝ ʥʝʧʘʨʥʽ ʛʘʨʤʦʥʽʢʠ (ʜʠʚ. (6.19)). ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

(6.39) ʩʧʝʢʪʨʘ ʦʧʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʥʝʯʫʪʣʠʚʦʛʦ ʜʦ ʧʘʨʘʟʠʪʥʦʾ 

ʯʘʩʪʦʪʥʦʾ ʤʦʜʫʣʷʮʽʾ ʢʚʘʜʨʘʪʫʨʥʦʛʦ-ʟʤʽʱʝʥʦʛʦ ʄʄʎ, ʢʝʨʦʚʘʥʦʛʦ ʜʚʦʤʘ 

ʛʘʨʤʦʥʽʡʥʠʤʠ ʩʠʛʥʘʣʘʤʠ, ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.7. ɺ ʜʘʥʦʤʫ ʨʦʟʨʘʭʫʥʢʫ 

ʛʣʠʙʠʥʘ ʤʦʜʫʣʷʮʽʾ ʙʫʣʘ ʟʤʝʥʰʝʥʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʧʘʜʢʦʤ ʤʦʜʫʣʷʮʽʾ 

ʦʜʥʠʤ ʩʠʛʥʘʣʦʤ ʽ ʩʪʘʥʦʚʠʣʘ 0,08ὠȢ ʗʢ ʽ ʥʘ ʨʠʩ. 4.6, ʥʘ ʨʠʩ. 4.7 ʧʦʢʘʟʘʥʽ 

ʧʨʦʜʫʢʪʠ ʩʧʦʪʚʦʨʝʥʥʷ ʷʢ ʧʘʨʥʦʛʦ, ʪʘʢ ʽ ʥʝʧʘʨʥʦʛʦ ʧʦʨʷʜʢʽʚ, ʘʣʝ ʚ 

ʬʦʪʦʩʪʨʫʤʽ ʟʘʣʠʰʘʪʴʩʷ ʪʽʣʴʢʠ ʩʧʦʪʚʦʨʝʥʥʷ ʥʝʧʘʨʥʦʛʦ ʧʦʨʷʜʢʫ (ʜʠʚ.(6.40)). 

ʆʪʞʝ, ʛʨʘʬʽʢʠ ʨʠʩ. 4.6 ʪʘ 4.7 ʩʘʤʽ ʧʦ ʩʦʙʽ ʥʝ ʦʧʠʩʫʶʪʴ ʧʦʚʥʫ ʢʘʨʪʠʥʫ. 

ɹʽʣʴʰ ʢʨʘʱʠʤ ʻ ʦʙʣʽʢ ʬʘʟʦʚʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʢʘʟʘʥʦʾ ʥʘ ʨʠʩ. 4.8 ʚʝʢʪʦʨʥʦʾ ʜʽʘʛʨʘʤʠ. 

ʈʦʟʨʘʭʦʚʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ (6.15) ʚʝʢʪʦʨʥʘ ʜʽʘʛʨʘʤʘ ʥʘ ʚʠʭʦʜʽ 

ʜʚʦʪʘʢʪʥʦʛʦ ʄʄʎ, ʟʤʽʱʝʥʦʛʦ ʪʦʯʥʦ ʚ ʢʚʘʜʨʘʪʫʨʥʽʡ ʪʦʯʮʽ ʪʘ ʢʝʨʦʚʘʥʦʛʦ 

ʦʜʥʠʤ ʛʘʨʤʦʥʽʡʥʠʤ ʩʠʛʥʘʣʦʤ ʘʤʧʣʽʪʫʜʦʶ 0,3ὠȢ ʂʦʤʧʣʝʢʩʥʘ ʧʣʦʱʠʥʘ 

ʨʦʟʪʘʰʦʚʘʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʱʠʥʽ ʩʪʦʨʽʥʢʠ ʟʽ ʩʧʨʷʤʦʚʘʥʠʤʠ 

                                                
14
ʂʦʣʠ ʦʧʪʠʯʥʽ ʭʚʠʣʝʚʦʜʠ ʫʧʨʘʚʣʷʶʪʴʩʷ ʨʽʟʥʦʧʦʣʷʨʥʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ ʩʠʛʥʘʣʘʤʠ (ʜʠʚ. ʨʠʩ. 1.12). ʅʘʟʚʘʥʦ ʧʦ ʘʥʘʣʦʛʽʾ ʟ 

ʝʣʝʢʪʨʦʥʥʠʤʠ ʧʽʜʩʠʣʶʚʘʯʘʤʠ.  
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ʚʩʝʨʝʜʠʥʫ ʩʪʦʨʽʥʢʠ ʧʦʟʠʪʠʚʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʜʽʡʩʥʦʾ ʦʩʽ. 

 

ʈʠʩ. 4.7.ʈʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ (6.39) ʩʧʝʢʪʨ ʦʧʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ  

ʥʘ ʚʠʭʦʜʽ ʜʚʫʭʪʘʢʪʥʦʛʦ ʄʄʎ, 

 

 

ʈʠʩ. 4.8. ʈʦʟʨʘʭʦʚʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ (6.15) ʚʝʢʪʦʨʥʘ ʜʽʘʛʨʘʤʘ ʥʘ  

ʚʠʭʦʜʽ ʜʚʦʪʘʢʪʥʦʛʦ ʄʄʎ 

 

ʅʘ ʨʠʩ. 4.8 ʧʨʠʚʝʜʝʥʘ ʜʽʘʛʨʘʤʘ ʢʦʤʧʣʝʢʩʥʠʭ ʘʤʧʣʽʪʫʜ ʩʠʛʥʘʣʽʚ ʥʘ 

ʯʘʩʪʦʪʘʭ ʨʠʩ. 4.6. ʂʦʤʧʣʝʢʩʥʽ ʘʤʧʣʽʪʫʜʠ ʧʦʢʘʟʘʥʽ ʫ ʬʽʢʩʦʚʘʥʽʡ ʯʘʩʦʚʽʡ 

ʪʦʯʮʽ, ʢʦʣʠ ʦʧʪʠʯʥʘ ʥʝʩʫʯʘ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʷʢ Asin(2ˊɜt). (ɸʥʘʣʦʛʽʯʥʘ 

ʜʽʘʛʨʘʤʘ ʤʦʞʝ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʘ ʜʣʷ ʚʠʧʘʜʢʫ ʜʚʦʩʠʛʥʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʫ ʧʦ (6.39), ʘʣʝ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʚʦʥʘ ʜʣʷ ʩʪʠʩʣʦʩʪʽ ʥʝ 

ʥʘʚʦʜʠʪʴʩʷ). ʂʦʣʠ ʮʝʡ ʧʦʚʥʠʡ ʩʧʝʢʪʨ ʜʝʤʦʜʫʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʦʪʦʜʽʦʜʘ, ʫ ʬʦʪʦʩʪʨʫʤʽ ʟʥʠʢʘʶʪʴ ʩʢʣʘʜʦʚʽ ʧʘʨʥʦʛʦ ʧʦʨʷʜʢʫ, ʘʣʝ 

ʟʘʣʠʰʘʶʪʴʩʷ ʚʩʽ ʩʧʝʢʪʨʘʣʴʥʽ ʩʢʣʘʜʦʚʽ ʥʝʧʘʨʥʦʛʦ ʧʦʨʷʜʢʫ. 

ʈʦʟʨʘʭʦʚʘʥʘ ʚʝʢʪʦʨʥʘ ʜʽʘʛʨʘʤʘ ʥʘ ʚʠʭʦʜʽ ʬʘʟʦʚʦʛʦ ʤʦʜʫʣʷʪʦʨʘ, 

ʢʝʨʦʚʘʥʦʛʦ ʦʜʠʤ ʛʘʨʤʦʥʽʡʥʠʤʠ ʩʠʛʥʘʣʘʤʠ ʘʤʧʣʽʪʫʜʦʶ 0,3 ὠȢ ʢʦʞʝʥ, ʟ 
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ʤʘʩʰʪʘʙʫʚʘʥʥʷʤ ʟʘ ʚʽʜʥʦʩʥʠʤʠ ʨʽʚʥʷʤʠ ʢʦʞʥʦʾ ʯʘʩʪʦʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ. 

ʂʦʤʧʣʝʢʩʥʘ ʧʣʦʱʠʥʘ ʨʦʟʪʘʰʦʚʘʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʱʠʥʽ ʩʪʦʨʽʥʢʠ ʟʽ 

ʩʧʨʷʤʦʚʘʥʠʤʠ ʚʩʝʨʝʜʠʥʫ ʩʪʦʨʽʥʢʠ ʧʦʟʠʪʠʚʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʜʽʡʩʥʦʾ ʦʩʽ. 

ʆʪʞʝ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 4.8, ʷʚʣʷʶʪʴ ʩʦʙʦʶ 

ʦʩʦʙʣʠʚʠʡ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʚʽʜʩʫʪʥʽ ʚʩʽ ʧʨʦʜʫʢʪʠ ʟʤʽʰʫʚʘʥʥʷ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʧʝʢʪʨʘʣʴʥʠʤ ʩʢʣʘʜʦʚʠʤ ʧʘʨʥʦʛʦ ʧʦʨʷʜʢʫ. ʅʘʚʽʪʴ ʥʝʚʝʣʠʢʘ 

ʟʤʽʥʘ ʘʤʧʣʽʪʫʜʥʠʭ ʪʘ/ʘʙʦ ʬʘʟʦʚʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʚ ʙʽʯʥʠʭ ʩʤʫʛʘʭ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʠʭ ʩʧʦʪʚʦʨʝʥʴ. ʗʢ ʧʨʦʩʪʠʡ ʧʨʠʢʣʘʜ ʤʦʞʥʘ ʧʨʠʚʝʩʪʠ 

ʨʦʟʛʣʷʥʫʪʠʡ ʚ [4.3] ʚʠʧʘʜʦʢ ʧʨʠʜʫʰʝʥʥʷ ʥʝʩʫʯʦʾ, ʱʦ ʟʙʽʣʴʰʫʻ ʯʫʪʣʠʚʽʩʪʴ 

ʣʽʥʽʾ, ʘʣʝ ʚʠʢʣʠʢʘʻ ʧʦʷʚʫ ʩʧʦʪʚʦʨʝʥʴ ʧʘʨʥʦʛʦ ʧʦʨʷʜʢʫ. ɯʥʰʽ ʧʨʦʮʝʩʠ, ʱʦ 

ʚʠʢʣʠʢʘʶʪʴ ʩʧʦʪʚʦʨʝʥʥʷ ʘʤʧʣʽʪʫʜ ʪʘ/ʘʙʦ ʬʘʟ, ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʚ ʢʽʥʮʽ 

ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ. 

ʉʧʝʢʪʨʠ ʦʧʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʚʦʩʤʫʛʦʚʦʾ ʬʘʟʦʚʦʾ ʤʦʜʫʣʷʮʽʾ, 

ʦʪʨʠʤʘʥʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʦʚʥʽʰʥʴʦʛʦ ʬʘʟʦʚʦʛʦ ʤʦʜʫʣʷʪʦʨʘ, ʡ ʦʧʠʩʘʥʦʾ 

ʚʠʱʝ ʜʚʦʩʤʫʛʦʚʦʾ ʤʦʜʫʣʷʮʽʾ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʄʄʎ 

ʥʝʤʦʞʣʠʚʦ ʨʦʟʨʽʟʥʠʪʠ ʧʨʠ ʦʜʥʽʡ ʽ ʪʽʡ ʩʘʤʽʡ ʛʣʠʙʠʥʽ ʤʦʜʫʣʷʮʽʾ. ʆʜʥʘʢ 

ʧʨʷʤʝ ʜʝʪʝʢʪʫʚʘʥʥʷ ʪʘʢʦʾ ʤʦʜʫʣʷʮʽʾ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟ ʢʚʘʜʨʘʪʫʨʥʠʤ 

ʟʤʽʱʝʥʥʷʤ ʄʄʎ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʬʦʪʦʩʪʨʫʤʫ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ ʟʽ 

ʩʢʣʘʜʦʚʠʤʠ ʪʽʣʴʢʠ ʥʝʧʘʨʥʦʛʦ ʧʦʨʷʜʢʫ, ʪʦʜʽ ʷʢ ʧʨʷʤʝ ʜʝʪʝʢʪʫʚʘʥʥʷ ʩʠʛʥʘʣʫ 

ʟ ʬʘʟʦʚʦʶ ʤʦʜʫʣʷʮʽʻʶ ʜʘʻ ʬʦʪʦʩʪʨʫʤ, ʚ ʷʢʦʤʫ ʚʽʜʩʫʪʥʽ ʩʢʣʘʜʦʚʽ ʟʤʽʥʥʦʾ 

ʯʘʩʪʦʪʠ. ʇʨʠ ʮʴʦʤʫ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʯʠʩʪʘ ʬʘʟʦʚʘ ʤʦʜʫʣʷʮʽʷ ʙʝʟ 

ʚʤʩ̔ʪʫ ʟʘʣʠʰʢʦʚʠʭ ʩʢʣʘʜʦʚʠʭ ʤʦʜʫʣʷʮʽʾ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ [4.4]. ʅʘ ʨʠʩ. 4.9 

ʪʘ 4.10 ʧʨʠʚʝʜʝʥʽ ʚʝʢʪʦʨʥʽ ʜʽʘʛʨʘʤʠ ʜʣʷ ʚʠʧʘʜʢʽʚ ʬʘʟʦʚʦʾ ʤʦʜʫʣʷʮʽʾ 

ʦʜʥʦʯʘʩʪʦʪʥʠʤ ʪʘ ʜʚʦʯʘʩʪʦʪʥʠʤ ʩʠʛʥʘʣʘʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʫ ʞ 

ʦʧʦʨʥʫ ʬʘʟʫ ʦʧʪʠʯʥʦʾ ʥʦʩʽʡʥʦʾ, ʷʢ ʥʘ ʨʠʩ. 4.8. ɺʩʽ ʯʘʩʪʦʪʥʽ ʩʢʣʘʜʦʚʽ 

ʩʧʝʢʪʨʽʚ ʤʦʜʫʣʷʮʽʾ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʘʢʦʞ ʧʨʠʩʫʪʥʽ ʚ ʩʧʝʢʪʨʘʭ ʬʘʟʦʚʦʾ 

ʤʦʜʫʣʷʮʽʾ. ʇʨʦʪʝ, ʧʦʨʽʚʥʶʶʯʠ ʨʠʩ. 4.8 ʪʘ 4.9, ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ ʚʽʜʤʽʥʥʽʩʪʴ 

ʬʘʟʦʚʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʨʽʟʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ. 
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ʈʠʩ. 4.9. ʈʦʟʨʘʭʦʚʘʥʘ ʚʝʢʪʦʨʥʘ ʜʽʘʛʨʘʤʘ ʥʘ ʚʠʭʦʜʽ ʬʘʟʦʚʦʛʦ ʤʦʜʫʣʷʪʦʨʘ 

 

 

ʈʠʩ. 4.10. ʈʦʟʨʘʭʦʚʘʥʘ ʚʝʢʪʦʨʥʘ ʜʽʘʛʨʘʤʘ ʥʘ ʚʠʭʦʜʽ ʬʘʟʦʚʦʛʦ ʤʦʜʫʣʷʪʦʨʘ 

 

ʈʦʟʨʘʭʦʚʘʥʘ ʚʝʢʪʦʨʥʘ ʜʽʘʛʨʘʤʘ ʥʘ ʚʠʭʦʜʽ ʬʘʟʦʚʦʛʦ ʤʦʜʫʣʷʪʦʨʘ, 

ʢʝʨʦʚʘʥʦʛʦ ʜʚʦʤʘ ʛʘʨʤʦʥʽʡʥʠʤʠ ʩʠʛʥʘʣʘʤʠ ʘʤʧʣʽʪʫʜʦʶ 0,08ὠȢ ʢʦʞʝʥ, ʟ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷʤ ʟʘ ʚʽʜʥʦʩʥʠʤʠ ʨʽʚʥʷʤʠ ʢʦʞʥʦʾ ʯʘʩʪʦʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ. 

ʂʦʤʧʣʝʢʩʥʘ ʧʣʦʱʠʥʘ ʨʦʟʪʘʰʦʚʘʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʱʠʥʽ ʩʪʦʨʽʥʢʠ ʟʽ 

ʩʧʨʷʤʦʚʘʥʠʤʠ ʚʩʝʨʝʜʠʥʫ ʩʪʦʨʽʥʢʠ ʧʦʟʠʪʠʚʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʜʽʡʩʥʦʾ ʦʩʽ. 

ʍʘʨʘʢʪʝʨʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 4.9 ʪʘ 4.10, ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʦʧʪʠʯʥʦʤʫ ʧʦʣʶ ʧʦʩʪʽʡʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʩʫʪʥʦʩʪʽ 

ʬʦʪʦʩʪʨʫʤʫ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʷʤʦʛʦ ʜʝʪʝʢʪʫʚʘʥʥʷ. 
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ɼʝʤʦʜʫʣʷʮʽʶ ʬʘʟʦʤʦʜʫʣʴʦʚʘʥʦʛʦ ʧʦʣʷ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʰʣʷʭʦʤ 

ʚʚʝʜʝʥʥʷ ʜʝʷʢʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʱʦ ʟʤʽʥʶʻ ʮʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʯʥʦʛʦ ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ, ʽʥʰʠʭ ʪʠʧʽʚ ʦʧʪʠʯʥʦʾ ʬʽʣʴʪʨʘʮʽʾ 

ʘʙʦ ʩʠʛʥʘʣʫ ʦʧʪʠʯʥʦʛʦ ʛʝʪʝʨʦʜʠʥʘ. 

ʄʝʭʘʥʽʟʤʠ, ʱʦ ʧʝʨʝʪʚʦʨʶʶʪʴ ʬʘʟʦʚʫ ʤʦʜʫʣʷʮʽʶ ʚ ʤʦʜʫʣʷʮʽʶ ʧʦ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʰʣʷʭʦʤ ʟʤʽʥʠ ʬʘʟʦʚʠʭ ʪʘ/ʘʙʦ ʘʤʧʣʽʪʫʜʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ 

ʙʽʯʥʠʭ ʩʤʫʛ ʩʪʦʩʦʚʥʦ ʦʧʪʠʯʥʦʾ ʥʝʩʫʯʦʾ, ʤʦʞʫʪʴ ʘʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ 

ʚʧʣʠʚʘʪʠ ʡ ʥʘ ʤʦʜʫʣʴʦʚʘʥʠʡ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʠʛʥʘʣ. ɿʦʢʨʝʤʘ, ʭʨʦʤʘʪʠʯʥʘ 

ʜʠʩʧʝʨʩʽʷ (ʜʠʚ. ʨʦʟʜʽʣ 5) ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʠʡ ʬʘʟʦʚʠʡ ʟʩʫʚ, 

ʷʢʠʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʩʣʘʙʣʝʥʥʷ ʪʘ ʩʧʦʪʚʦʨʝʥʴ ʧʘʨʥʦʛʦ ʧʦʨʷʜʢʫ 

ʤʦʜʫʣʴʦʚʘʥʠʭ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʠʛʥʘʣʽʚ, ʘ ʪʘʢʦʞ ʜʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʘʟʦʚʦʾ 

ʤʦʜʫʣʷʮʽʾ ʚ ʤʦʜʫʣʷʮʽʶ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ɸʥʘʣʦʛʽʯʥʽ ʝʬʝʢʪʠ ʤʦʞʫʪʴ 

ʚʠʢʣʠʢʘʪʠ ʦʧʪʠʯʥʽ ʬʽʣʴʪʨʠ ʟ ʚʠʩʦʢʦʶ ʢʨʫʪʠʟʥʦʶ ʜʠʩʧʝʨʩʽʡʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ ʫʤʦʚʠ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʧʪʠʯʥʦʾ ʥʝʩʫʯʦʾ 

ʚʩʝʨʝʜʠʥʽ ʾʭ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ. ʊʘʢʦʞ ʚʘʞʣʠʚʘ ʘʤʧʣʽʪʫʜʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʠʱʝʟʛʘʜʘʥʦʛʦ 

ʚʠʧʘʜʢʫ ʧʨʠʜʫʰʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʧʘʨʥʦʛʦ ʧʦʨʷʜʢʫ ʧʨʠ ʤʦʜʫʣʷʮʽʾ ʧʦ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʪʨʽʙʝʥ ʪʦʯʥʠʡ ʙʘʣʘʥʩ ʩʢʣʘʜʦʚʠʭ ʧʦ ʦʙʠʜʚʽ ʩʪʦʨʦʥʠ ʚʽʜ 

ʦʧʪʠʯʥʦʾ ʥʝʩʫʯʦʾ. ɸ ʩʘʤʝ ʦʧʪʠʯʥʽ ʢʦʤʧʦʥʝʥʪʠ ʟ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʦʶ ʚ ʩʤʫʟʽ 

ʤʦʜʫʣʷʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʘʤʧʣʽʪʫʜʥʦʶ ʧʝʨʝʜʘʚʘʣʴʥʦʶ ʬʫʥʢʮʽʻʶ ʤʦʞʫʪʴ 

ʽʩʪʦʪʥʦ ʧʦʛʽʨʰʠʪʠ ʷʢʽʩʪʴ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. ʊʘʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʤʦʞʫʪʴ 

ʤʘʪʠ ʙʘʛʘʪʦ ʦʧʪʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʬʽʣʴʪʨʠ ʪʘ ʧʽʜʩʠʣʶʚʘʯʽ, 

ʱʦ ʤʘʶʪʴ ʚ ʩʤʫʟʽ ʧʨʦʧʫʩʢʘʥʥʷ ʟʥʘʯʥʫ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʝʨʝʜʘʯʽ. ʆʧʪʠʯʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʤʦʞʫʪʴ ʪʘʢʦʞ ʤʘʪʠ ʥʘʜʤʽʨʥʠʡ ʥʘʭʠʣ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʚ ʅɺʏ-ʜʽʘʧʘʟʦʥʽ, ʱʦ ʦʧʠʩʘʥʦ ʚ ʥʘʩʪʫʧʥʦʤʫ ʨʦʟʜʽʣʽ. 
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4.3. ʉʧʦʪʚʦʨʝʥʥʷ ʚ ʦʧʪʠʯʥʦʤʫ ʧʽʜʩʠʣʶʚʘʯʽ 

 

 

ɺ ʦʧʪʠʯʥʦʤʫ ʧʽʜʩʠʣʶʚʘʯʽ ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʦʧʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʚʽʜ ʚʭʽʜʥʦʾ ʦʧʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʷʚʣʷʻ ʩʦʙʦʶ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʚ 

ʨʘʜʽʦʯʘʩʪʦʪʥʦʤʫ ʧʽʜʩʠʣʶʚʘʯʽ (ʜʠʚ. ʨʠʩ. 2.5), ʥʘʩʠʯʝʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. 

ɺʠʜ ʚʠʤʽʨʷʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʠʯʝʥʥʷ ʥʘ ʧʨʠʢʣʘʜʽ ʝʨʙʽʻʚʦʛʦ 

ʚʦʣʦʢʦʥʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ (ɽɺʇ) ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 3.29. ʗʢ ʟʘʟʥʘʯʝʥʦ ʚ 

ʨʦʟʜʽʣʽ 3, ʨʦʙʦʪʘ ʦʧʪʠʯʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʚ ʨʝʞʠʤʽ ʥʘʩʠʯʝʥʥʷ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʥʝʩʝʥʠʭ ʰʫʤʽʚ ʚʥʘʩʣʽʜʦʢ ʤʽʥʽʤʽʟʘʮʽʾ ʩʧʦʥʪʘʥʥʦʾ 

ʝʤʽʩʽʾ. ʆʜʥʘʢ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʧʪʠʯʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʚ ʨʝʞʠʤʽ ʥʘʩʠʯʝʥʥʷ 

ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʩʧʦʪʚʦʨʝʥʥʷ ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʠʛʥʘʣʫ ʟʘ 

ʫʤʦʚʠ, ʱʦ ʧʽʜʩʠʣʶʚʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ ʾʾ ʙʫʜʝ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʠʛʥʘʣʫ. ʆʪʞʝ, ʧʦʚ'ʷʟʘʥʘ ʟ ʧʨʦʮʝʩʦʤ ʦʧʪʠʯʥʦʛʦ ʧʽʜʩʠʣʝʥʥʷ 

ʧʦʩʪʽʡʥʘ (ʘʙʦ ʧʦʩʪʽʡʥʽ) ʯʘʩʫ ʻ ʢʨʠʪʠʯʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʚʧʣʠʚʫ ʥʘʩʠʯʝʥʥʷ ʦʧʪʠʯʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʥʘ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ ʩʠʛʥʘʣ. 

ʈʝʘʢʮʽʷ ʦʧʪʠʯʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʥʘ ʤʦʜʫʣʷʮʽʶ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʙʫʜʝ 

ʫ ʚʠʛʣʷʜʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʽʣʴʪʨʘ ʥʠʞʥʽʭ ʯʘʩʪʦʪ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʶ 

ʯʘʩʪʦʪʦʶ ʟʨʽʟʫ (fc), ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʫ ʚʽʜʛʫʢʫ ʩʝʨʝʜʦʚʠʱʘ. 

ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʧʪʠʯʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʚ ʨʝʞʠʤʽ ʥʘʩʠʯʝʥʥʷ ʧʝʨʝʪʚʦʨʶʻ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʫ, ʨʦʙʣʷʯʠ ʾʾ ʧʦʜʽʙʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʬʽʣʴʪʨʘ ʚʝʨʭʥʽʭ ʯʘʩʪʦʪ ʟ ʪʽʻʾ ʞ fc: ʪʦʙʪʦ ʢʦʤʧʨʝʩʽʷ 

ʦʧʪʠʯʥʦʛʦ ʧʽʜʩʠʣʝʥʥʷ ʚʧʣʠʚʘʻ ʥʘ ʨʘʜʽʦʩʠʛʥʘʣʠ ʯʘʩʪʦʪʦʶ ʥʠʞʯʝ fc ʽ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʩʠʛʥʘʣʠ ʯʘʩʪʦʪʦʶ ʽʩʪʦʪʥʦ ʚʠʱʝ fc. ɺ ʜʘʥʦʤʫ 

ʨʦʟʜʽʣʽ ʙʫʜʫʪʴ ʜʦʩʣʽʜʞʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʷʜʫ ʦʧʪʠʯʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ʚ 

ʨʝʞʠʤʽ ʥʘʩʠʯʝʥʥʷ ʪʘ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʟʘʚʜʷʢʠ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʽʡ 

ʜʠʥʘʤʽʮʽ ʟʤʽʥ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʷ ɽɺʇ ʤʘʻ ʟʥʘʯʥʽ ʧʝʨʝʚʘʛʠ ʧʝʨʝʜ 

ʽʥʰʠʤʠ ʪʠʧʘʤʠ ʦʧʪʠʯʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʦʧʫʙʣʽʢʦʚʘʥʦ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʟʘ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʩʠʯʝʥʥʷ ʚ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʦʧʪʠʯʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ (ʅʆʇ), ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ 

ʧʝʨʩʧʝʢʪʠʚʦʶ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʘʜʽʦʬʦʪʦʥʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤʘʭ. 

ʆʜʥʘʢ ʪʠʧʦʚʠʡ ʯʘʩ ʨʝʢʦʤʙʽʥʘʮʽʾ ʥʦʩʽʾʚ ʚ ʅʆʇ† ςππ ̐ ,̒ ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

Ὢ υːːȢ̗  ʎʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʤʦʞʣʠʚʦʩʪʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʘʥʘʣʦʛʦʚʠʭ ʩʠʩʪʝʤʘʭ ʚʥʘʩʣʽʜʦʢ ʦʧʠʩʘʥʦʛʦ ʚʠʱʝ ʥʘʩʠʯʝʥʥʷ ʚ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ, ʘ ʪʘʢʦʞ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʧʝʨʝʭʽʜʥʠʭ ʧʝʨʝʰʢʦʜ ʚ 

ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ, ʱʦ ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʯʘʩʪʦʪʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʅʆʇ ʚ ʨʝʞʠʤʽ ʥʘʩʠʯʝʥʥʷ, ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.11. 

ʈʦʟʨʘʭʫʥʢʠ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʰʣʷʭʦʤ ʚʠʨʽʰʝʥʥʷ ʰʚʠʜʢʽʩʥʠʭ ʨʽʚʥʷʥʴ ʅʆʇ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʥʘʣʽʪʠʯʥʠʭ ʚʠʨʘʟʽʚ ʜʣʷ ʥʦʨʤʦʚʘʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 

ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ ʪʘ ʚʽʜʥʦʩʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʥʘ ʜʨʫʛʠʡ ʪʘ ʪʨʝʪʽʡ ʛʘʨʤʦʥʽʢʘʭ 

[4.5].  

 

           

ʈʠʩ. 4.11. ʈʦʟʨʘʭʦʚʘʥʘ ʧʝʨʝʜʘʚʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʦʧʪʠʯʥʦʛʦ 

ʧʽʜʩʠʣʶʚʘʯʘ ʚ ʨʝʞʠʤʽ ʥʘʩʠʯʝʥʥʷ (ʘ) ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜʥʦʩʥʠʭ ʨʽʚʥʽʚ ʩʧʦʪʚʦʨʝʥʴ ʥʘ 

ʜʨʫʛʠʡ ʽ ʪʨʝʪʽʡ ʛʘʨʤʦʥʽʢʘʭ ʜʣʷ ʪʦʛʦ ʞ ʧʽʜʩʠʣʶʚʘʯʘ (ʙ) 

 

ʂʨʠʚʽ ʥʘ ʨʠʩ. 4.11 ʧʦʙʫʜʦʚʘʥʽ ʚ ʩʤʫʟʽ ʚʽʜ 100 ʄɻʮ ʜʦ 10 ɻɻʮ, ʚ ʷʢʽʡ ʚ 

[4.5] ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʥʘʡʢʨʘʱʠʡ ʟʙʽʛ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʠʭ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʧʘʨʘʤʝʪʨʽʚ. 

ʇʝʨʝʜʘʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʟ [4.5] 

ʷʢ: 
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ȿὛ ȿ ὃ
ὼ ςὼ Џ† ρ

Ὡ ὼ ςὩ ὼ Џ† ρ
                         τȢρ 

ʜʝ ɸ ï ʥʝʥʘʩʠʯʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ; 

 ὼ ὖ ὖϳ  ï ʚʽʜʥʦʰʝʥʥʷ ʚʭʽʜʥʦʾ ʦʧʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʅʆʇ ʜʦ 

ʚʠʭʽʜʥʦʾ ʦʧʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʨʝʞʠʤʽ ʥʘʩʠʯʝʥʥʷ; ɋ ï ʢʫʪʦʚʘ ʯʘʩʪʦʪʘ;  

Ç ï ʦʧʪʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ. ʆʧʪʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʤʘʣʦʩʠʛʥʘʣʴʥʠʤ ʦʧʪʠʯʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʽʜʩʠʣʝʥʥʷ (Çȟ) ʷʢ 

[4.5]: 

ὼ Å ρ Çȟ Ç .   (4.2) 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʨʠʩ. 4.11, ʘ ʨʦʟʨʘʭʦʚʘʥʘ ʟ (4.1) ʜʣʷ ʅʆʇ ʟ 

ʥʘʩʪʫʧʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ὃ ρȠ ὖ ς̍ˏȠ̓  ὖ ω̍ˏȠ̓ †

ςππ̐̒ ̓  ́Çȟ τȢςφȢςɹ̅). 

ʇʨʠ ʧʽʜʩʪʘʥʦʚʮʽ ʦʩʪʘʥʥʴʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ (4.2) ʚʠʭʦʜʠʪʴ Ç= 2,3. 

ʂʨʠʚʘ ʥʘ ʨʠʩ. 4.11 ʘ ʤʘʻ ʚʠʛʣʷʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʽʣʴʪʨʘ ʚʝʨʭʥʽʭ ʯʘʩʪʦʪ ʟ 

ʚʧʣʠʚʦʤ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʥʘ ʯʘʩʪʦʪʘʭ ʥʠʞʯʝ 5 ɻɻʮ (1/†) ʪʘ 

ʚʽʜʩʫʪʥʽʩʪʶ ʚʧʣʠʚʫ ʥʘ ʯʘʩʪʦʪʘʭ ʚʠʱʝ 5 ɻɻʮ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʪʨʫʤʽʚ ʥʘ ʜʨʫʛʽʡ ʪʘ ʪʨʝʪʽʡ ʛʘʨʤʦʥʽʢʘʭ ʽ ʩʪʨʫʤʫ ʥʘ 

ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ ʟʘʧʠʩʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʷʢ [4.5]:  

ὍЏ
ὍЏ

άὼ Å ρ ρ ὭςЏ† ρ ὼ Ὡ ρς ὭЏ†

ςρ ὼ ὭЏ† ρ ὼὩ ὭςЏ† ρ ὼὩ ὭςЏ†
      τȢσ 

ὍЏ
ὍЏ

ά ὼ Ὡ ρȾρ ὭσЏ†

τρ ὼὩ ὭЏ† ρ ὼὩ ὭσЏ†

Ὡ ρ ὭЏ† 

ρ ὼὩ ὭЏ† ρ ὼὩ ὭςЏ†

Ὡ ρ

ςρ ὼ ὭЏ†
                   τȢτ 

ʜʝ ʪ ï ʛʣʠʙʠʥʘ ʤʦʜʫʣʷʮʽʾ. ʈʽʚʥʷʥʥʷ (4.3) ʪʘ (4.4) ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʽʜʥʦʩʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʦ ʜʨʫʛʽʡ ʪʘ ʪʨʝʪʽʡ ʛʘʨʤʦʥʽʢʘʭ 
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ʚʽʜʧʦʚʽʜʥʦ,ȿὍЏὍЏϳ ȿ ʽ ȿὍЏὍЏϳ ȿ. ʈʝʟʫʣʴʪʘʪʠ ʪʘʢʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʜʣʷ 

ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʪ = 0,13 ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.11. 

ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʘʥʽ ʟʛʽʜʥʦ [4.5]. ʗʢ ʦʯʽʢʫʚʘʣʦʩʷ, ʬʦʨʤʘ ʢʨʠʚʠʭ 

ʚʽʜʧʦʚʽʜʘʻ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ ʬʽʣʴʪʨʘ ʥʠʞʥʽʭ ʯʘʩʪʦʪ, ʦʜʥʘʢ ʚʽʜʥʦʩʥʽ 

ʩʧʦʪʚʦʨʝʥʥʷ ʥʘ ʯʘʩʪʦʪʘʭ ʚʠʱʝ 5 ɻɻʮ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʟʥʝʚʘʞʣʠʚʦ ʤʘʣʠʤʠ, 

ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʥʠʟʴʢʦʶ ʢʨʫʪʠʟʥʦʶ ʩʧʘʜʫ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʑʦʙ ʯʘʩʪʢʦʚʦ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʚ ʅʆʇ 

ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʥʘ ʦʩʥʦʚʽ ʢʚʘʥʪʦʚʠʭ ʷʤ 

ʪʠʧʫ II [4.6], ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʨʝʢʦʤʙʽʥʘʮʽʾ ʥʦʩʽʾʚ ʚ ʅʆʇ ʜʦ 

2 ʥʩ. ʊʠʤ ʥʝ ʤʝʥʰʝ ʰʚʠʜʢʘ ʜʠʥʘʤʽʢʘ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ 

ʟʘʣʠʰʘʻʪʴʩʷ  ʧʝʨʝʰʢʦʜʦʶ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʅʆʇ ʟ ʢʦʤʧʨʝʩʽʻʶ ʧʽʜʩʠʣʝʥʥʷ 

ʚ ʨʘʜʽʦʩʠʩʪʝʤʘʭ ʥʘ ʙʘʟʽ ʤʽʢʨʦʭʚʠʣʝʚʦʾ ʬʦʪʦʥʽʢʠ. 

ʋ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʨʘʭʫʥʢʘʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʅʆʇ ʧʝʨʝʜʙʘʯʘʣʦʩʷ, ʱʦ ʥʘ 

ʡʦʛʦ ʚʭʽʜ ʧʦʜʘʻʪʴʩʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʤʦʜʫʣʴʦʚʘʥʝ ʙʝʟʧʝʨʝʨʚʥʠʤ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʤ ʩʠʛʥʘʣʦʤ, ʷʢʠʡ ʚʠʢʣʠʢʘʻ ʛʘʨʤʦʥʽʡʥʽ ʩʧʦʪʚʦʨʝʥʥʷ. ɸʣʝ ʚ 

ʨʷʜʽ ʟʘʩʪʦʩʫʚʘʥʴ ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʬʦʪʦʥʽʢʠ ʟ ʦʙʨʦʙʢʦʶ ʽʤʧʫʣʴʩʥʠʭ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʩʠʛʥʘʣʽʚ ʧʨʠ ʚʝʣʠʢʽʡ ʛʣʠʙʠʥʽ ʤʦʜʫʣʷʮʽʾ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦ 

ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʧʝʨʝʭʽʜʥʽ ʷʚʠʱʘ ʚ ʦʧʪʠʯʥʠʭ ʧʽʜʩʠʣʶʚʘʯʘʭ ʟ ʢʦʤʧʨʝʩʽʻʶ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ. ʇʦʜʽʙʥʽ ʯʘʩʦʚʽ ʝʬʝʢʪʠ ʚʠʚʯʘʣʠʩʷ ʚ ʮʠʬʨʦʚʠʭ 

ʩʠʩʪʝʤʘʭ ʦʧʪʠʯʥʦʛʦ ʟʚ'ʷʟʢʫ ʜʣʷ ʩʠʪʫʘʮʽʡ, ʢʦʣʠ ʧʦʟʠʪʠʚʥʠʡ ʚʠʢʠʜ ʬʨʦʥʪʫ 

ʽʤʧʫʣʴʩʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʝʛʘʪʠʚʥʠʤ ʚʠʢʠʜʦʤ. ʇʨʠ ʮʴʦʤʫ ʜʦ ʥʘʩʪʘʥʥʷ 

ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʝʞʠʤʫ ʧʽʜʩʠʣʝʥʥʷ ʚʠʥʠʢʘʻ ʢʦʨʦʪʢʠʡ ʧʝʨʽʦʜ ʥʝʥʘʩʠʯʝʥʦʛʦ 

ʧʽʜʩʠʣʝʥʥʷ, ʘ ʧʦʪʽʤ - ʟʤʝʥʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ. ʇʦʩʪʽʡʥʽ ʯʘʩʫ 

ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʪʽʩʥʦʤʫ ʟʚ'ʷʟʢʫ ʟʽ ʰʚʠʜʢʽʩʪʶ ʟʤʽʥʠ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ ʧʽʜʩʠʣʶʚʘʯʘ. ɺ ʜʘʥʠʡ ʯʘʩ ʧʝʨʝʭʽʜʥʽ ʷʚʠʱʘ ʚ ʟʥʘʯʥʽʡ 

ʤʽʨʽ ʚʠʚʯʝʥʽ ʜʣʷ ʨʘʤʘʥʽʚʩʴʢʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ [4.7, 4.8] ʪʘ ʜʣʷ ɽɺʇ [4.9, 

4.10]. ɺ ʦʩʪʘʥʥʴʦʤʫ ʧʨʦʮʝʩʠ ʥʘʩʠʯʝʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʽʜʩʠʣʝʥʥʷ ʟʘʡʤʘʶʪʴ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʠʡ ʯʘʩ, ʱʦ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ ʩʦʪʝʥʴ 

ʤʽʢʨʦʩʝʢʫʥʜ [4.9]. 
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ɻʨʘʥʠʯʥʘ ʯʘʩʪʦʪʘ ʚʘʞʣʠʚʘ ʥʝ ʪʽʣʴʢʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʚʯʝʥʥʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʽʜʩʠʣʝʥʥʷ ʪʘ ʩʧʦʪʚʦʨʝʥʴ, ʘʣʝ ʡ ʜʣʷ 

ʧʝʨʝʥʝʩʝʥʥʷ ʰʫʤʫ. ʗʢ ʟʛʘʜʘʥʦ ʨʘʥʽʰʝ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʦʜʫʣʷʮʽʾ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʦʧʪʠʯʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʚʽʜʧʦʚʽʜʘʻ ʬʽʣʴʪʨʫ ʥʠʞʥʽʭ 

ʯʘʩʪʦʪ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʶ ʯʘʩʪʦʪʦʶ Ὢ. ʆʪʞʝ, ʚʽʜʧʦʚʽʜʥʽ ʟʤʽʥʠ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ ʧʽʜʩʠʣʶʚʘʯʘ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʘʢʣʘʜʝʥʥʷ ʥʘ 

ʩʠʛʥʘʣ ʰʫʤʫ ʜʞʝʨʝʣʘ ʥʘʢʘʯʫʚʘʥʥʷ. ɼʣʷ ʅʆʇ ʧʝʨʝʥʝʩʝʥʥʷ ʰʫʤʫ 

ʥʘʢʘʯʫʚʘʥʥʷ ʤʦʞʝ ʩʪʘʪʠ ʧʨʦʙʣʝʤʦʶ, ʷʢʱʦ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʤʘʣʦʰʫʤʥʝ ʜʞʝʨʝʣʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ. ʋ ʨʘʟʽ ʞ ʦʧʪʠʯʥʦ ʥʘʢʘʯʘʥʠʭ 

ʧʽʜʩʠʣʶʚʘʯʽʚ ʪʘʢʦʶ ʧʨʦʙʣʝʤʦʶ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʥʝʩʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʰʫʤʫ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ (RIN). ɿʥʘʯʥʠʡ ʨʽʚʝʥʴ ʧʝʨʝʥʝʩʝʥʥʷ RIN ʜʞʝʨʝʣʘ 

ʥʘʢʘʯʫʚʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʥʘ ʯʘʩʪʦʪʘʭ ʽʩʪʦʪʥʦ ʚʠʱʝ 1 ɻɻʮ ʷʢ ʚ 

ʨʘʤʘʥʽʚʩʴʢʠʭ [4.11], ʪʘʢ ʽ ʧʘʨʘʤʝʪʨʠʯʥʠʭ [4.12] ʧʽʜʩʠʣʶʚʘʯʘʭ. 

ɿʘʚʜʷʢʠ ʚʝʣʠʢʦʤʫ ʯʘʩʫ ʞʠʪʪʷ ʽʥʚʝʨʪʦʚʘʥʦʛʦ ʩʪʘʥʫ (ʙʣʠʟʴʢʦ 10 ʤʩ) 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʯʘʩʪʦʪʘ ɽɺʇ ʟʥʘʭʦʜʠʪʴʩʷ ʚʩʴʦʛʦ ʣʠʰʝ ʚ ʨʘʡʦʥʽ 100 ɻʮ. 

ʗʢ ʙʫʣʦ ʟʛʘʜʘʥʦ, ʮʷ ʚʣʘʩʪʠʚʽʩʪʴ ʜʘʻ ʡʦʤʫ ʙʝʟʣʽʯ ʧʝʨʝʚʘʛ ʧʝʨʝʜ ʽʥʰʠʤʠ 

ʪʠʧʘʤʠ ʦʧʪʠʯʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ. ɻʨʘʬʽʢ ʤʦʜʫʣʷʮʽʾ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ 

ɽɺʇ ʚʽʜʧʦʚʽʜʘʻ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ ʬʽʣʴʪʨʘ ʥʠʞʥʽʭ ʯʘʩʪʦʪ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʘʣʽ 

ʧʝʨʝʭʽʜʥʽ ʧʝʨʝʰʢʦʜʠ ʚ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʣʽʥʽʷʭ ʧʝʨʝʜʘʯʽ ʥʘ ʯʘʩʪʦʪʘʭ ʚʠʱʝ 

5 ʢɻʮ [4.9]. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʫ ʜʣʷ ɽɺʇ ʚ ʨʝʞʠʤʽ ʥʘʩʠʯʝʥʥʷ 

ʤʘʻ ʪʘʢʫ ʞ ʬʦʨʤʫ, ʷʢ ʜʣʷ ʅʆʇ (ʨʠʩ. 4.11 ʘ), ʘʣʝ ʟ  

Ὢ ρππ ːː ̗τȢσȢ ʈʝʟʫʣʴʪʫʶʯʘ ʢʨʠʚʘ ʩʧʦʪʚʦʨʝʥʴ ʤʘʻ ʚʠʛʣʷʜ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʽʣʴʪʨʘ ʥʠʞʥʽʭ ʯʘʩʪʦʪ. ʅʘ ʯʘʩʪʦʪʘʭ ʚʠʱʝ 1 ʢɻʮ 

ʩʧʦʪʚʦʨʝʥʥʷ ʧʘʨʥʦʛʦ ʧʦʨʷʜʢʫ ʟʤʝʥʰʫʶʪʴʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ ʙʣʠʟʴʢʦ 

20 ʜɹ/ʜʝʢʘʜʘ, ʘ ʚʠʤʽʨʷʥʘ ʢʨʫʪʠʟʥʘ ʟʤʝʥʰʝʥʥʷ ʩʧʦʪʚʦʨʝʥʴ ʥʝʧʘʨʥʦʛʦ 

ʧʦʨʷʜʢʫ ʩʢʣʘʣʘ 40 ʜɹ/ʜʝʢʘʜʘ [4.4]. ʆʩʦʙʣʠʚʫ ʚʘʞʣʠʚʽʩʪʴ ʧʨʠ ʦʜʥʦʯʘʩʥʽʡ 

ʧʝʨʝʜʘʯʽ ʙʝʟʣʽʯʽ ʦʧʪʠʯʥʠʭ ʢʘʥʘʣʽʚ ʪʘ/ʘʙʦ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʧʨʠ 

ʦʜʥʦʢʘʥʘʣʴʥʽʡ ʧʝʨʝʜʘʯʽ ʧʦʪʨʽʙʥʦ ʩʪʚʦʨʠʪʠ ʪʘʢ ʟʚʘʥʠʡ ʥʘʭʠʣ ʢʨʠʚʦʾ 

ʧʽʜʩʠʣʝʥʥʷ ʚ ʩʤʫʟʽ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʤʦʜʫʣʷʮʽʾ, ʥʘʙʫʚʘʻ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ 
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ʧʽʜʩʠʣʶʚʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʪʠʯʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ. ɼʘʥʠʡ ʧʘʨʘʤʝʪʨ 

ʥʝ ʜʫʞʝ ʢʨʠʪʠʯʥʠʡ ʜʣʷ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʦʧʪʠʯʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ, ʪʘʢʠʭ ʷʢ 

ʅʆʇ ʪʘ ʨʘʤʘʥʽʚʩʴʢʠʡ ʧʽʜʩʠʣʶʚʘʯ, ʧʨʦʪʝ ʤʦʞʝ ʩʪʘʪʠ ʧʨʦʙʣʝʤʦʶ ʧʨʠ 

ʚʝʣʠʢʦʤʫ ʥʘʭʠʣʽ ʢʨʠʚʦʾ ʧʽʜʩʠʣʝʥʥʷ ʚ ɽɺʇ ʪʘ ʙʨʽʣʣʶʝʥʽʚʩʴʢʠʭ 

ʧʽʜʩʠʣʶʚʘʯʘʭ ʚʥʘʩʣʽʜʦʢ ʨʽʟʥʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʽʜʩʠʣʝʥʥʷ ʚ ʙʽʯʥʠʭ ʩʤʫʛʘʭ 

ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ. ʅʘʧʨʠʢʣʘʜ, ʙʨʽʣʣʶʝʥʽʚʩʢʽ ʧʽʜʩʠʣʶʚʘʯʽ ʯʘʩʪʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʙʦʨʯʦʛʦ ʧʽʜʩʠʣʝʥʥʷ ʦʢʨʝʤʠʭ ʙʽʯʥʠʭ ʩʤʫʛ ʤʦʜʫʣʷʮʽʾ 

[4.1]. ʅʘʭʠʣ ʢʨʠʚʦʾ ʧʽʜʩʠʣʝʥʥʷ ʚ ɽɺʇ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʧʦʪʚʦʨʝʥʴ 

ʚʥʘʩʣʽʜʦʢ ʢʦʥʚʝʨʩʽʾ ʯʘʩʪʦʪʥʦ- ʘʙʦ ʬʘʟʦ-ʤʦʜʫʣʴʦʚʘʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚ 

ʤʦʜʫʣʷʮʽʶ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ʊʘʢʽ ʧʨʦʮʝʩʠ ʙʫʣʠ ʚʠʚʯʝʥʽ ʚ ʣʽʥʽʷʭ ʧʝʨʝʜʘʯʽ ʟ 

ʤʦʜʫʣʷʮʽʻʶ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʣʷ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʚʥʘʩʣʽʜʦʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ 

ʤʦʜʫʣʷʮʽʾ ʣʘʟʝʨʘ [4.1] ʘʙʦ ʟʦʚʥʽʰʥʴʦʾ ʤʦʜʫʣʷʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʝʙʘʣʘʥʩʥʦʛʦ ʄʄʎ [4.2] ʚʠʥʠʢʘʻ ʟʘʣʠʰʢʦʚʘ ʯʘʩʪʦʪʥʘ ʤʦʜʫʣʷʮʽʷ. ʋ ʪʘʢʠʭ 

ʚʠʧʘʜʢʘʭ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʧʦʷʚʘ ʟʥʘʯʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʜʨʫʛʦʛʦ ʪʘ ʪʨʝʪʴʦʛʦ 

ʧʦʨʷʜʢʽʚ. ʈʽʰʝʥʥʷʤ ʮʠʭ ʧʨʦʙʣʝʤ ʤʦʞʝ ʩʪʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʣʝʛʫʚʘʥʥʷ 

ʩʫʤʽʰʽ Er-Al, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʽʜʩʠʣʝʥʥʷ [4.1], ʘʙʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʭʝʤ ʟ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʧʘʨʘʟʠʪʥʦʾ 

ʯʘʩʪʦʪʥʦʾ ʤʦʜʫʣʷʮʽʾ. 

 

 

4.4. ʉʧʦʪʚʦʨʝʥʥʷ ʚ ʬʦʪʦʜʝʪʝʢʪʦʨʽ 

 

 

ɻʘʨʤʦʥʽʡʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʚʧʝʨʰʝ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʚ ʣʘʚʠʥʥʠʭ 

ʬʦʪʦʜʽʦʜʘʭ [4.1]. ɿʛʦʜʦʤ ʘʚʪʦʨʘʤʠ ʮʽʻʾ ʨʦʙʦʪʠ ʪʘʢʦʞ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ 

ʚʠʤʽʨʶʚʘʥʥʷ p-i-n-ʬʦʪʦʜʽʦʜʘ, ʚ ʭʦʜʽ ʷʢʠʭ ʚʠʷʚʣʝʥʘ ʜʨʫʛʘ ʛʘʨʤʦʥʽʢʘ, ʘʣʝ 

ʪʽʣʴʢʠ ʧʨʠ ʜʫʞʝ ʤʘʣʠʭ ʟʩʫʚʘʭ, ʽ, ʦʪʞʝ, ʙʫʚ ʟʨʦʙʣʝʥʠʡ ʚʠʩʥʦʚʦʢ, ʱʦ ʚ 

ʩʪʘʥʜʘʨʪʥʦʤʫ ʨʝʞʠʤʽ ʟʩʫʚʫ p-i-n-ʬʦʪʦʜʽʦʜʠ ʻ ʚʠʩʦʢʦʣʽʥʽʡʥʽ ʧʨʠʩʪʨʦʾ. 

ʇʝʨʰʽ ʚʠʤʽʨʶʚʘʥʥʷ ʨʝʘʣʴʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʬʦʪʦʜʽʦʜʽʚ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʚ [4.2]. 
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ɰʾ ʨʝʟʫʣʴʪʘʪʠ, ʚʽʜʪʚʦʨʝʥʽ ʥʘ ʨʠʩ. 4.12, ʧʦʢʘʟʫʶʪʴ ʨʽʚʥʽ ʩʧʦʪʚʦʨʝʥʴ ʘʞ ʜʦ  

40-ʾ ʛʘʨʤʦʥʽʢʠ ʧʨʠ ʭʘʨʘʢʪʝʨʥʠʭ ʨʽʚʥʷʭ ʬʦʪʦʩʪʨʫʤʫ ʚʩʴʦʛʦ ʣʠʰʝ 1 ʤɸ. 

ʁʤʦʚʽʨʥʘ ʧʨʠʯʠʥʘ ʩʧʦʪʚʦʨʝʥʴ ʙʫʣʘ ʧʽʟʥʽʰʝ ʧʦʷʩʥʝʥʘ ʚ [4.2] ʷʢ ʨʝʟʫʣʴʪʘʪ 

ʜʝʬʦʨʤʘʮʽʾ ʩʠʛʥʘʣʽʚ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʚʥʘʩʣʽʜʦʢ ʚʠʩʦʢʠʭ ʧʦʣʽʚ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ, ʱʦ ʩʪʚʦʨʶʶʪʴʩʷ ʬʦʪʦʛʝʥʝʨʦʚʘʥʠʤʠ ʥʦʩʽʷʤʠ ʚ 

ʦʙʣʘʩʪʽ ʚʣʘʩʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ. ɼʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʚʠʩʥʦʚʢʠ ʚʠʢʣʠʢʘʣʠ 

ʰʠʨʦʢʝ ʚʠʚʯʝʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʦʪʦʜʝʪʝʢʪʦʨʽʚ ʚʝʣʠʢʠʤ ʯʠʩʣʦʤ 

ʥʘʫʢʦʚʠʭ ʛʨʫʧ, ʱʦ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ ʜʘʣʽ ʚ ʧʽʜʨʦʟʜʽʣʽ 4.4.2. 

 

 

ʈʠʩ. 4.12. ɿʘʣʝʞʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜʽ  

ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʚʽʜ ʥʦʤʝʨʘ ʛʘʨʤʦʥʽʢʠ ʜʣʷ ʧ'ʷʪʠ ʨʽʟʥʠʭ 

ʤʦʜʫʣʶʶʯʠʭ ʯʘʩʪʦʪ [4.2] 

 

ʅʦʤʝʨ ʛʘʨʤʦʥʽʢʠ ʫʟʷʪʠʡ ʚʽʜʥʦʩʥʦʚʽʜʧʦʚʽʜʥʦʾ ʦʩʥʦʚʥʦʾ ʯʘʩʪʦʪʠ. 

ʉʧʦʪʚʦʨʝʥʥʷ ʚ ʬʦʪʦʜʝʪʝʢʪʦʨʘʭ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʫ ʚʘʛʦʤʽʩʪʴ ʚ ʬʦʪʦʥʥʠʭ 

ʣʽʥʽʷʭ ʧʝʨʝʜʘʯʽ ʟ ʰʠʨʦʢʠʤ ʜʠʥʘʤʽʯʥʠʤ ʜʽʘʧʘʟʦʥʦʤ. ʋ ʨʦʟʜʽʣʽ 6 ʚʠʚʦʜʷʪʴʩʷ 

ʚʠʨʘʟʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʘʢ ʟʚʘʥʠʭ ʚʠʭʽʜʥʠʭ ʪʦʯʦʢ ʧʝʨʝʩʽʯʝʥʥʷ
15
ʜʨʫʛʦʛʦ 

(ʆɯʈ2, ʚʠʨʘʟ (6.47)) ʪʘ ʪʨʝʪʴʦʛʦ (ʆɯʈ3, ʚʠʨʘʟ (6.42)) ʧʦʨʷʜʢʽʚ ʜʣʷ ʚʠʧʘʜʢʫ 

ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʤʦʜʫʣʷʮʽʾ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ʆʩʢʽʣʴʢʠ ʟʤʝʥʰʝʥʥʷ 

ʥʝʣʽʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʤʦʜʫʣʷʪʦʨʘ ʻ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ ʧʨʠ 

                                                
15ɼʘʥʠʡ ʪʝʨʤʽʥ ʚʚʝʜʝʥʠʡ ʚ ʦʧʠʩʽ 2.3.2.  
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ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʨʘʢʪʠʯʥʠʭ ʘʥʘʣʦʛʦʚʠʭ ɺʆʉʇ, ʙʘʞʘʥʦ ʟʨʦʙʠʪʠ ʪʘʢ, ʱʦʙ 

ʤʦʜʫʣʷʪʦʨ ʙʫʚ ʜʦʤʽʥʫʶʯʠʤ ʜʞʝʨʝʣʦʤ ʩʧʦʪʚʦʨʝʥʴ, ʘ ʚʩʽ ʽʥʰʽ ʢʦʤʧʦʥʝʥʪʠ, 

ʱʦ ʚʠʢʦʨʠʩʪʘʥʽ ʤʘʣʠ ʟʥʘʯʥʦ ʙʽʣʴʰʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʠʤ ʟʥʘʯʝʥʥʷ ʪʦʯʦʢ 

ʧʝʨʝʪʠʥʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʛʘʨʘʥʪʫʻ ʚʠʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷʪʦʨʦʤ ʜʠʥʘʤʽʯʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ. ʇʨʠʥʮʠʧʦʚʠʡ ʝʣʝʤʝʥʪ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ, ʷʢʠʤ ʻ 

ʦʧʪʠʢʦ-ʝʣʝʢʪʨʠʯʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ, ʘʙʦ ʬʦʪʦʜʝʪʝʢʪʦʨ, ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʜʦʩʣʽʜʞʝʥʠʡ ʥʘ ʧʨʝʜʤʝʪ ʟʘʜʦʚʦʣʝʥʥʷ ʮʴʦʤʫ ʢʨʠʪʝʨʽʶ. ɼʣʷ ʜʦʢʘʟʫ 

ʚʘʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʦʣʽʥʽʡʥʠʭ ʬʦʪʦʜʝʪʝʢʪʦʨʽʚ ʚ ʣʽʥʽʷʭ 

ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʬʦʪʦʥʽʢʠ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʦʪʚʦʨʝʥʴ ʚ ʣʽʥʽʾ 

ʧʝʨʝʜʘʯʽ ʥʘ ʙʘʟʽ ʧʦʪʫʞʥʠʭ ʙʘʣʘʥʩʥʠʭ ʬʦʪʦʜʝʪʝʢʪʦʨʽʚ [4.3]. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ ʜʦ ʬʦʪʦʜʝʪʝʢʪʦʨʽʚ ʟ ʚʠʩʦʢʠʤʠ ʨʦʙʦʯʠʤʠ 

ʬʦʪʦʩʪʨʫʤʘʤʠ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʤʦʜʫʣʷʪʦʨʘ. 

ɺʠʤʽʨʷʥʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ (ʛʣʠʙʠʥʠ 

ʤʦʜʫʣʷʮʽʾ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʆɯʈ2 ʪʘ ʆɯʈ3 ʬʦʪʦʜʝʪʝʢʪʦʨʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ 

ʨʠʩ. 4.13. ɿ ʨʠʩʫʥʢʘ ʤʦʞʥʘ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʚ ʚʠʤʽʨʷʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʩʝʨʝʜʥʽʭ ʩʪʨʫʤʽʚ ʪʘ ʛʣʠʙʠʥ ʤʦʜʫʣʷʮʽʾ ʚʝʣʠʯʠʥʘ ʆɯʈ3 ʬʦʪʦʜʝʪʝʢʪʦʨʽʚ 

ʧʝʨʝʚʠʱʫʻ ʘʥʘʣʦʛʽʯʥʠʡ ʧʘʨʘʤʝʪʨ ʣʽʥʽʾ, ʦʙʤʝʞʝʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ 

ʤʦʜʫʣʷʪʦʨʘ. ɸ ʩʘʤʝ ʜʣʷ ʬʦʪʦʩʪʨʫʤʽʚ 30 ʤɸ ʥʘ ʬʦʪʦʜʝʪʝʢʪʦʨ ʾʾ ʟʥʘʯʝʥʥʷ ʚ 

ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʩʪʘʥʦʚʠʪʴ 28,5 ʜɹʤ (ʜʠʚ. (6.42)), ʪʦʜʽ ʷʢ ʆɯʈ3 

ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʚʠʱʝ 30 ʜɹʤ ʧʨʠ ʚʩʽʭ ʚʠʤʽʨʷʥʠʭ ʛʣʠʙʠʥʘʭ ʤʦʜʫʣʷʮʽʾ.  

 

ʈʠʩ. 4.13. ɺʠʤʽʨʷʥʽ ʚ ʤʘʣʦʩʠʛʥʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʤʦʜʫʣʷʮʽʾ ʪʦʯʢʠ  

ʧʝʨʝʪʠʥʫ ʬʦʪʦʜʽʦʜʘ [4.5] 
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ɼʣʷ ʬʦʪʦʩʪʨʫʤʽʚ 50 ʤɸ ʥʘ ʬʦʪʦʜʝʪʝʢʪʦʨ ʆɯʈ3 ʣʽʥʽʾ, ʦʙʤʝʞʝʥʦʾ 

ʤʦʜʫʣʷʪʦʨʦʤ, ʩʪʘʥʦʚʠʪʴ 33 ʜɹʤ, ʱʦ ʚʞʝ ʚʠʱʝ ʟʥʘʯʝʥʴ ʆɯʈ3 ʬʦʪʦʜʝʪʝʢʪʦʨʘ, 

ʚʽʜʧʦʚʽʜʥʠʭ ʙʣʠʟʴʢʦ 30 ʜɹʤ ʧʨʠ ʥʝʚʝʣʠʢʽʡ ʛʣʠʙʠʥʽ ʤʦʜʫʣʷʮʽʾ ʽ 

ʟʤʝʥʰʫʶʪʴʩʷ ʜʦ 25 ʜɹʤ ʚ ʤʽʨʫ ʾʾ ʟʨʦʩʪʘʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʚ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.14, ʡ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʧʣʠʚ ʩʧʦʪʚʦʨʝʥʴ ʚ ʬʦʪʦʜʝʪʝʢʪʦʨʽ ʥʘ ʾʾ ʟʘʛʘʣʴʥʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ.  

ʇʨʠ ʬʦʪʦʩʪʨʫʤʽ 30 ʤɸ ʥʘ ʬʦʪʦʜʝʪʝʢʪʦʨ ʚʝʣʠʯʠʥʘ SFDR ʣʽʥʽʾ 

ʩʪʘʥʦʚʠʪʴ 119 ʜɹĀɻʮ
2/3
, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʦʙʫʤʦʚʣʝʥʦʤʫ ʤʦʜʫʣʷʪʦʨʦʤ 

ʟʥʘʯʝʥʥʷʤ, ʘ ʜʠʥʘʤʽʢʘ ʩʧʦʪʚʦʨʝʥʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ 

ʚʩʽʭ ʛʣʠʙʠʥʘʭ ʤʦʜʫʣʷʮʽʾ ʩʣʽʜʫʻ ʧʦʩʪʽʡʥʦʤʫ ʥʘʭʠʣʫ 30 ʜɹ/ʜʝʢʘʜʘ. ɼʣʷ 

ʩʪʨʫʤʽʚ 50 ʤɸ ʥʘ ʬʦʪʦʜʝʪʝʢʪʦʨ ʚʝʣʠʯʠʥʘ SFDR ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʜʦʨʽʚʥʶʻ 

119,5 ʜɹĀɻʮ
2/3
, ʱʦ ʥʘ 1 ʜɹ ʥʠʞʯʝ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʙʫʤʦʚʣʝʥʦʾ 

ʤʦʜʫʣʷʪʦʨʦʤ ʣʽʥʽʾ, ʘ ʟʘʣʝʞʥʽʩʪʴ ʩʧʦʪʚʦʨʝʥʴ ʚʽʜ ʚʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʝ 

ʚʽʜʧʦʚʽʜʘʻ ʧʦʩʪʽʡʥʦʤʫ ʥʘʭʠʣʫ 30 ʜɹ/ʜʝʢʘʜʘ ʚʥʘʩʣʽʜʦʢ ʟʤʝʥʰʝʥʥʷ ʆɯʈ3 

ʬʦʪʦʜʽʦʜʘ ʚ ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ ʛʣʠʙʠʥʠ ʤʦʜʫʣʷʮʽʾ, ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.13. 

ɼʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʘʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʣʽʥʽʷʭ 

ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʬʦʪʦʥʽʢʠ ʚʠʩʦʢʦʣʽʥʽʡʥʠʭ ʬʦʪʦʜʝʪʝʢʪʦʨʽʚ, ʦʩʦʙʣʠʚʦ ʚ ʪʠʭ, 

ʷʢʽ ʧʨʘʮʶʶʪʴ ʧʨʠ ʚʠʩʦʢʠʭ ʩʝʨʝʜʥʽʭ ʬʦʪʦʩʪʨʫʤʘʭ. ʂʨʽʤ ʮʴʦʛʦ ʚ ʣʽʥʽʷʭ, ʜʝ 

ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʧʝʨʝʜʘʯʽ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʦʜʫʣʷʪʦʨʦʤ, 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʡʦʛʦ ʣʽʥʝʘʨʠʟʘʮʽʷ, ʜʦ ʣʽʥʽʡʥʦʩʪʽ ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʙʫʜʫʪʴ 

ʧʨʝʜ'ʷʚʣʷʪʠʩʷ ʙʽʣʴʰ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ. 

ɿʛʽʜʥʦ ʨʠʩ. 4.14 ʚʠʤʽʨʷʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʆɯʈ2 ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʚʠʡʰʣʘ 

ʟʥʘʯʥʦ ʢʨʘʱʝ, ʥʽʞ ʘʥʘʣʦʛʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʣʘʩʥʝ ʬʦʪʦʜʝʪʝʢʪʦʨʘ. 

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʮʝ ʩʪʘʣʦʩʷ ʘʙʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʙʘʣʘʥʩʫʚʘʥʥʷ ʜʚʦʭ 

ʬʦʪʦʜʝʪʝʢʪʦʨʽʚ, ʘʙʦ ʯʝʨʝʟ ʝʬʝʢʪ ʢʦʤʧʝʥʩʘʮʽʾ ʩʧʦʪʚʦʨʝʥʴ, ʚʠʢʣʠʢʘʥʠʭ 

ʬʦʪʦʜʝʪʝʢʪʦʨʦʤ ʪʘ ʤʦʜʫʣʷʪʦʨʦʤ. 

ʋ ʙʽʣʴʰ ʧʽʟʥʽʡ ʨʦʙʦʪʽ [4.4] ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʘ ʤʦʞʣʠʚʽʩʪʴ 

ʢʦʤʧʝʥʩʘʮʽʾ ʩʧʦʪʚʦʨʝʥʴ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʚ ʣʽʥʽʾ ʟ 
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ʙʘʣʘʥʩʥʠʤʠ ʚʠʭʦʜʘʤʠ, ʟʤʽʱʝʥʠʤʠ ʚ ʢʚʘʜʨʘʪʫʨʽ. ʊʘʢʦʞ ʙʫʣʦ ʧʦʢʘʟʘʥʦ [4.5], 

ʱʦ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʩʧʦʪʚʦʨʝʥʴ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʚ ʩʭʝʤʽ 

ʣʽʥʽʾ ʟ ʥʝʩʠʤʝʪʨʠʯʥʠʤ ʚʠʭʦʜʦʤ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʩʧʦʪʚʦʨʝʥʥʷ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʤʦʜʫʣʷʪʦʨʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʦʙʠʜʚʘ 

ʧʽʜʭʦʜʠ ʩʧʨʘʚʝʜʣʠʚʽ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʧʘʨʥʦʛʦ 

ʧʦʨʷʜʢʫ ʚ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ. ɺʠʢʣʘʜʝʥʽ ʤʝʪʦʜʠ ʻ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʠʤʠ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʣʽʥʽʡ ʟ ʚʠʩʦʢʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʚʝʣʠʯʠʥʠ ʆɯʈ2, ʷʢʘ ʻ 

ʚʘʞʣʠʚʠʤ ʩʠʩʪʝʤʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʜʣʷ ʙʘʛʘʪʴʦʭ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʩʠʩʪʝʤ 

ʧʝʨʝʜʘʯʽ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʩʠʛʥʘʣʽʚ. 

ɼʘʥʽ, ʟʘʟʥʘʯʝʥʽ ʪʨʠʢʫʪʥʠʢʘʤʠ, ʢʚʘʜʨʘʪʘʤʠ ʪʘ ʢʨʫʞʢʘʤʠ, ʚʠʤʽʨʷʥʽ ʧʨʠ 

ʩʝʨʝʜʥʽʭ ʬʦʪʦʩʪʨʫʤʘʭ ʚʽʜʧʦʚʽʜʥʦ 30,40 ʪʘ 50 ʤɸ. ʆʩʥʦʚʥʘ ʯʘʩʪʦʪʘ 

ʤʦʜʫʣʶʶʯʦʛʦ ʩʠʛʥʘʣʫ ʜʦʨʽʚʥʶʻ 500 ʄɻʮ. 

 

ʈʠʩ. 4.14. ɺʠʤʽʨʷʥʽ ʜʚʦʩʠʛʥʘʣʴʥʽ ʽʥʪʝʨʤʦʜʫʣʷʮʽʡʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʜʣʷ ʣʽʥʽʾ 

ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʬʦʪʦʥʽʢʠ [4.5] 

 

ʏʘʩʪʦʪʠ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ 1,0 ʪʘ 1,1 ɻɻʮ. ʉʝʨʝʜʥʽ ʬʦʪʦʩʪʨʫʤʠ ʧʽʩʣʷ 

ʜʝʪʝʢʪʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʶʪʴ 30 ʤɸ (ʪʨʠʢʫʪʥʠʢʠ) ʪʘ 50 ʤɸ (ʢʨʫʞʢʠ). 

ʉʧʦʪʚʦʨʝʥʥʷ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ (ʢʚʘʜʨʘʪʠ) ʚʠʤʽʨʷʥʽ ʧʨʠ ʩʪʨʫʤʘʭ 30 ʤɸ ʥʘ 

ʬʦʪʦʜʝʪʝʢʪʦʨ. 1 - ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ; 2 - ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʽʥʪʝʨʤʦʜʫʣʷʮʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ; 3 - ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʽʥʪʝʨʤʦʜʫʣʷʮʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʧʨʠ ʩʪʨʫʤʘʭ 30 ʤɸ ʥʘ 

ʬʦʪʦʜʽʦʜ. 
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4.4.1. ʉʭʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʦʪʚʦʨʝʥʴ ʬʦʪʦʜʝʪʝʢʪʦʨʘ 

 

 

ɺʠʟʥʘʯʝʥʥʷ ʜʞʝʨʝʣ ʥʝʣʽʥʽʡʥʦʩʪʽ ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʻ ʟʥʘʯʥʦ ʙʽʣʴʰ 

ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʠʤ ʪʘ ʟʨʦʟʫʤʽʣʠʤ 

ʘʥʘʣʽʟʦʤ ʙʽʣʴʰʦʩʪʽ ʩʧʦʪʚʦʨʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ ʤʦʜʫʣʷʮʽʾ. ɺ 

ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʯʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ ʥʝʣʽʥʽʡʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʪʘ ʚʝʣʠʢʦʛʦ ʯʠʩʣʘ 

ʤʦʞʣʠʚʠʭ ʜʞʝʨʝʣ ʥʝʣʽʥʽʡʥʦʩʪʽ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʥʝ ʚʜʘʣʦʩʷ ʦʪʨʠʤʘʪʠ 

ʘʥʘʣʽʪʠʯʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʨʽʰʝʥʴ (ʜʠʚ. 4.4.2). ʆʪʞʝ, ʚʘʞʣʠʚʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʨʽʚʥʷ ʥʝʣʽʥʽʡʥʦʩʪʽ ʬʦʪʦʜʝʪʝʢʪʦʨʘ 

ʩʪʘʻ ʡʦʛʦ ʙʝʟʧʦʩʝʨʝʜʥʻ ʚʠʤʽʨʶʚʘʥʥʷ. ʗʢ ʨʘʥʽʰʝ ʟʛʘʜʫʚʘʣʦʩʷ ʚ ʮʴʦʤʫ 

ʨʦʟʜʽʣʽ, ʜʣʷ ʪʦʛʦ ʱʦʙ ʚʠʢʦʥʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʣʽʥʽʡʥʦʩʪʽ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ 

ʩʧʦʪʚʦʨʝʥʴ, ʙʫʜʴ ʷʢʝ ʜʞʝʨʝʣʦ ʩʠʛʥʘʣʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʧʦʚʠʥʥʦ ʙʫʪʠ 

ʽʜʝʘʣʴʥʦ ʣʽʥʽʡʥʠʤ. ɼʣʷ ʬʦʪʦʜʝʪʝʢʪʦʨʽʚ ʪʘʢʘ ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ ʙʫʣʘ 

ʨʦʟʨʦʙʣʝʥʘ ʥʘ ʙʘʟʽ ʟʤʽʰʫʚʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʜʚʦʭ ʦʜʥʦʯʘʩʪʦʪʥʠʭ ʣʘʟʝʨʽʚ 

[4.6]. ɰʾ ʩʭʝʤʘ ʟ ʬʘʟʦʚʦʶ ʩʠʥʭʨʦʥʽʟʘʮʽʻʶ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʜʚʦʭ 

ʦʜʥʦʯʘʩʪʦʪʥʠʭ ʣʘʟʝʨʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʛʦ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ 

ʩʠʛʥʘʣʫ ʙʠʪʪʷ ʥʘ ʯʘʩʪʦʪʽ ɜ2 - ɜ1 ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4.15.  

 

 

ʈʠʩ. 4.15. ɼʚʦʣʘʟʝʨʥʘ ʛʝʪʝʨʦʜʠʥʘ ʩʭʝʤʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʥʝʣʽʥʽʡʥʦʩʪʽ ʬʦʪʦʜʝʪʝʢʪʦʨʘ 

 

ʋ ʟʚ'ʷʟʢʫ ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʚ ʩʧʝʢʪʨʽ ʣʘʟʝʨʽʚ ʛʘʨʤʦʥʽʢ, ʢʨʘʪʥʠʭ 

ʟʛʝʥʝʨʦʚʘʥʽʡ ʯʘʩʪʦʪʽ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʥʦʾ 

ʩʠʩʪʝʤʠ ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʠʡ ʯʠʩʪʦ ʩʠʥʫʩʦʾʜʘʣʴʥʠʡ ʩʠʛʥʘʣ, ʚʽʣʴʥʠʡ ʚʽʜ 
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ʙʫʜʴ-ʷʢʠʭ ʧʦʙʽʯʥʠʭ ʩʢʣʘʜʦʚʠʭ. ʋʤʦʚʘ ʽʩʥʫʚʘʥʥʷ ʪʘʢʦʛʦ ʨʝʞʠʤʫ ʧʦʣʷʛʘʻ ʚ 

ʜʦʩʠʪʴ ʚʠʩʦʢʽʡ ʽʟʦʣʷʮʽʾ ʣʘʟʝʨʽʚ ʪʘʢ, ʱʦʙ ʙʫʜʴ-ʷʢʝ ʚʽʜʙʠʪʪʷ ʚʽʜ ʦʜʥʦʛʦ 

ʣʘʟʝʨʘ ʚ ʽʥʰʠʡ ʥʝ ʩʪʘʣʦ ʧʨʠʯʠʥʦʶ ʛʝʥʝʨʘʮʽʾ ʧʦʙʽʯʥʠʭ ʣʘʟʝʨʥʠʭ ʤʦʜ. ʎʝ 

ʤʦʞʝ ʩʪʘʪʠʩʷ, ʢʦʣʠ ʯʘʩʪʦʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʨʫʛʦʛʦ ʣʘʟʝʨʘ ʟʥʘʭʦʜʠʪʴʩʷ 

ʙʣʠʟʴʢʦ ʜʦ ʩʫʩʽʜʥʴʦʾ ʟ ʦʩʥʦʚʥʦʶ ʤʦʜʦʶ ʧʝʨʰʦʛʦ ʣʘʟʝʨʘ ʽ ʨʽʚʝʥʴ ʚʟʘʻʤʥʦʛʦ 

ʽʟʦʣʶʚʘʥʥʷ ʣʘʟʝʨʽʚ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʠʡ. 

ɼʚʦʣʘʟʝʨʥʘ ʛʝʪʝʨʦʜʠʥʘ ʩʭʝʤʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʥʝʣʽʥʽʡʥʦʩʪʽ 

ʬʦʪʦʜʝʪʝʢʪʦʨʘ, ʚ ʷʢʽʡ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʯʠʩʪʦ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʚʦʭ ʦʜʥʦʯʘʩʪʦʪʥʠʭ ʣʘʟʝʨʽʚ 

ʩʠʥʭʨʦʥʽʟʦʚʘʥʽ ʧʦ ʬʘʟʽ ʟ ʯʘʩʪʦʪʥʠʤ ʟʩʫʚʦʤ.  ʈʄ ï ʨʦʟʛʘʣʫʞʫʚʘʯ ʍ-ʪʠʧʫ ʥʘ 

ʙʘʟʽ ʚʦʣʦʢʥʘ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʧʦʣʷʨʠʟʘʮʽʾ DUT ï ʬʦʪʦʜʝʪʝʢʪʦʨ ʱʦ 

ʚʠʧʨʦʙʦʚʫʻʪʴʩʷ; fRF  ï ʛʝʪʝʨʦʜʠʥ; PLL ï ʩʭʝʤʘ ʬʘʟʦʚʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ. 

ɿʘʜʘʯʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʟʘʣʝʞʥʦʛʦ ʚʽʜ ʘʤʧʣʽʪʫʜʠ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ 

ʚʧʣʠʚʫ ʨʝʛʫʣʶʚʘʥʥʷ ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ ʡ, ʦʪʞʝ, ʛʣʠʙʠʥʠ ʤʦʜʫʣʷʮʽʾ 

ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ, ʜʦʜʘʚʰʠ ʪʨʝʪʽʡ ʣʘʟʝʨʥʠʡ ʚʠʧʨʦʤʽʥʶʚʘʯ [4.7]. ʊʘʢʘ ʩʭʝʤʘ 

ʷʚʣʷʻ ʩʦʙʦʶ ʽʤʽʪʘʮʽʶ ʣʽʥʽʾ ʟ ʧʨʷʤʠʤ ʜʝʪʝʢʪʫʚʘʥʥʷʤ ʪʘ ʤʦʜʫʣʷʮʽʻʶ ʧʦ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʄʄʎ, ʱʦ ʧʨʘʮʶʻ ʚ ʢʚʘʜʨʘʪʫʨʥʦʤʫ ʨʝʞʠʤʽ 

ʟʩʫʚʫ, ʥʘ ʚʠʭʦʜʽ ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʷʢʦʾ ʛʝʥʝʨʫʻʪʴʩʷ ʤʦʜʫʣʴʦʚʘʥʠʡ ʬʦʪʦʩʪʨʫʤ 

ʟ ʚʝʣʠʢʦʶ ʧʦʩʪʽʡʥʦʶ ʩʢʣʘʜʦʚʦʶ ʡ ʨʝʛʫʣʴʦʚʘʥʦʶ ʛʣʠʙʠʥʦʶ ʤʦʜʫʣʷʮʽʾ. 

ɼʦʚʞʠʥʘ ʭʚʠʣʽ ʪʨʝʪʴʦʛʦ ʣʘʟʝʨʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʦʩʠʪʴ ʜʘʣʝʢʦ ʟʤʽʱʝʥʘ, ʱʦʙ 

ʧʨʦʜʫʢʪʠ ʟʤʽʰʫʚʘʥʥʷ ʙʫʣʠ ʟʥʘʯʥʦ ʚʠʱʝ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ 

ʬʦʪʦʜʝʪʝʢʪʦʨʘ. ɸ ʩʘʤʝ: ʨʦʟʥʦʩ ʥʘ ʯʘʩʪʦʪʽ ʚʽʜ 500 ɻɻʮ ʜʦ 1 ʊɻʮ (> 5 ʥʤ) 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʜʦʩʪʘʪʥʽʤ ʜʣʷ ʬʦʪʦʜʽʦʜʽʚ ʟʽ ʩʤʫʛʦʶ ʢʽʣʴʢʘ ʛʽʛʘʛʝʨʮ. ʗʢ 

ʧʦʢʘʟʘʥʦ ʚ [4.22], ʥʘʜʤʽʨʥʦ ʚʝʣʠʢʝ ʨʦʟʥʝʩʝʥʥʷ ʜʦʚʞʠʥ ʭʚʠʣʴ (ʥʘʧʨʠʢʣʘʜ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭ ʣʘʟʝʨʽʚ ʟ ʬʘʟʦʚʦʶ ʩʠʥʭʨʦʥʽʟʘʮʽʻʶ ʥʘ ʭʚʠʣʽ 1,32 ʤʢʤ ʽ 

ʥʝʤʦʜʫʣʴʦʚʘʥʦʛʦ ʣʘʟʝʨʘ, ʱʦ ʧʨʘʮʶʻ ʥʘ ʭʚʠʣʽ 1,55 ʤʢʤ) ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʥʝʢʦʨʝʢʪʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ ʝʢʩʧʦʥʝʥʪʥʠʡ ʧʨʦʬʽʣʴ 

ʧʦʛʣʠʥʘʥʥʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʽ ʚʘʨʽʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʛʣʠʥʘʥʥʷ ʜʣʷ ʩʠʣʴʥʦ 

ʨʦʟʥʝʩʝʥʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ [4.8]. 
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ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷ ʽʥʪʝʨʤʦʜʫʣʷʮʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ 

ʜʚʦʩʠʛʥʘʣʴʥʠʤ ʤʝʪʦʜʦʤ ʥʝʦʙʭʽʜʥʦ ʛʝʥʝʨʫʚʘʪʠ ʜʚʘ ʩʠʥʫʩʦʾʜʘʣʴʥʠʭ ʩʠʛʥʘʣʠ 

ʡ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʟʘʣʝʞʥʽ ʨʽʚʥʽ ʧʦʩʪʽʡʥʦʛʦ ʬʦʪʦʩʪʨʫʤʫ. ʆʪʞʝ, ʧʦʪʨʽʙʥʦ 

ʯʦʪʠʨʠ ʣʘʟʝʨʠ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʜʚʦʭʩʠʥʫʩʦʾʜʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ [4.9] ʪʘ ʧ'ʷʪʠʡ 

ʣʘʟʝʨ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʧʦʩʪʽʡʥʠʤ ʬʦʪʦʩʪʨʫʤʦʤ. ʊʘʢʘ ʩʭʝʤʘ, ʚ ʷʢʽʡ ʜʚʘ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʩʠʥʫʩʦʾʜʘʣʴʥʠʭ ʩʠʛʥʘʣʠ ʬʦʨʤʫʶʪʴʩʷ ʥʘ ʯʘʩʪʦʪʘʭ 

ȿὺ ὺȿ ʪʘ ȿὺ ὺȿ, ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.16. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʪʘʢʦʞ 

ʥʝʦʙʭʽʜʥʦ ʧʨʘʚʠʣʴʥʦ ʨʦʟʥʝʩʪʠ ʜʦʚʞʠʥʠ ʭʚʠʣʴ ʪʘʢ, ʱʦʙ ʥʝ ʚʠʥʠʢʘʣʠ 

ʧʨʦʜʫʢʪʠ ʟʤʽʰʫʚʘʥʥʷ ʚ ʩʤʫʟʽ ʬʦʪʦʜʝʪʝʢʪʦʨʘ, ʘʣʝ ʜʦʩʠʪʴ ʙʣʠʟʴʢʦ, ʱʦʙ 

ʫʥʠʢʥʫʪʠ ʧʨʦʙʣʝʤ, ʧʦʚ'ʷʟʘʥʠʭ ʟʽ ʟʤʽʥʦʶ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʛʣʠʥʘʥʥʷ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʩʢʣʘʜʥʽʩʪʴ ʜʘʥʘ ʜʚʦʩʠʛʥʘʣʴʥʘ ʛʝʪʝʨʦʜʠʥʥʘ ʩʭʝʤʘ ʥʘ ʙʘʟʽ 

ʧ'ʷʪʠ ʣʘʟʝʨʽʚ ʥʘʙʫʣʘ ʧʦʰʠʨʝʥʥʷ ʟʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʽ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ 

ʯʠʩʪʦʪʠ ʪʝʩʪʦʚʠʭ ʩʠʛʥʘʣʽʚ. 

 

 

ʈʠʩ. 4.16. ɼʚʦʩʠʛʥʘʣʴʥʘ ʛʝʪʝʨʦʜʠʥʥʘ ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʭʝʤʘ ʥʘ ʙʘʟʽ ʧ'ʷʪʠ ʣʘʟʝʨʽʚ 

 

ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʙʽʣʴʰ ʧʨʠʜʘʪʥʦʶ ʻ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʩʧʦʪʚʦʨʝʥʴ, ʚʧʝʨʰʝ ʚʠʢʦʨʠʩʪʘʥʘ ʚ [4.9]. ʋ ʮʴʦʤʫ ʧʽʜʭʦʜʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʪʨʴʦʭ ʣʘʟʝʨʽʚ ʤʦʜʫʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʦʚʥʽʰʥʽʭ ʄʄʎ ʥʘ ʪʨʴʦʭ ʨʽʟʥʠʭ 

ʯʘʩʪʦʪʘʭ. ʉʭʝʤʘ ʾʾ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.17 ʟ ʜʦʜʘʚʘʥʥʷʤ ʯʝʪʚʝʨʪʦʛʦ ʣʘʟʝʨʘ 

ʜʣʷ ʥʝʟʘʣʝʞʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʩʪʽʡʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʅʘ ʚʭʽʜ ʢʦʞʥʦʛʦ 
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ʤʦʜʫʣʷʪʦʨʘ ʧʦʜʘʻʪʴʩʷ ʩʠʥʫʩʦʾʜʘʣʴʥʠʡ ʩʠʛʥʘʣ ʚʽʜʤʽʥʥʦʾ ʯʘʩʪʦʪʠ, ʽ 

ʧʨʦʜʫʢʪʠ ʥʝʣʽʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʬʦʨʤʫʶʪʴʩʷ ʷʢ 

ʩʫʤʘ/ʨʽʟʥʠʮʷ ʤʽʞ ʜʚʦʤʘ ʟ ʪʨʴʦʭ ʯʘʩʪʦʪ, ʘ ʧʨʦʜʫʢʪʠ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ - ʷʢ 

ʩʫʤʘ/ʨʽʟʥʠʮʷ ʚʩʽʭ ʪʨʴʦʭ ʯʘʩʪʦʪ. ɺ [4.10] ʦʧʠʩʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ 

ʩʭʝʤ ʟ ʜʚʦʤʘ ʪʘ ʪʨʴʦʤʘ ʤʦʜʫʣʷʪʦʨʘʤʠ ʪʘ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʢʦʣʠ ʟʘʤʽʩʪʴ 

ʙʽʣʴʰ ʧʨʦʩʪʦʾ, ʘʣʝ ʤʝʥʰ ʪʦʯʥʦʾ ʩʭʝʤʠ ʟ ʜʚʦʤʘ ʤʦʜʫʣʷʪʦʨʘʤʠ ʥʝʦʙʭʽʜʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚʘʨʽʘʥʪ ʟ ʪʨʴʦʤʘ ʤʦʜʫʣʷʪʦʨʘʤʠ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʽʜʭʦʜʫ, 

ʚʽʜʧʦʚʽʜʥʦ ʨʠʩ. 4.17, ʽʥʪʝʨʤʦʜʫʣʷʮʽʡʥʽ ʪʘ ʛʘʨʤʦʥʽʡʥʽ ʩʧʦʪʚʦʨʝʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʧʨʦʜʫʢʪʘʤʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʟʤʽʰʫʚʘʥʥʷ ʪʨʴʦʭ 

ʤʦʜʫʣʴʦʚʘʥʠʭ ʣʘʟʝʨʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ. 

 

 

ʈʠʩ. 4.17. ɺʠʤʽʨʶʚʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʥʘ ʙʘʟʽ ʯʦʪʠʨʴʦʭ ʣʘʟʝʨʽʚ ʟ ʪʨʠʩʠʛʥʘʣʴʥʦʶ 

ʟʦʚʥʽʰʥʴʦʶ ʤʦʜʫʣʷʮʽʻʶ 

 

PLL - ʩʭʝʤʘ ʬʘʟʦʚʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ; ʈʄ - ʨʦʟʛʘʣʫʞʫʚʘʯ ʍ-ʪʠʧʫ ʥʘ ʙʘʟʽ 

ʚʦʣʦʢʥʘ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʧʦʣʷʨʠʟʘʮʽʾ; DUT ï ʬʦʪʦʜʝʪʝʢʪʦʨ, ʱʦ 

ʚʠʧʨʦʙʫʻʪʴʩʷ. 

ʆʜʥʘʢ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʣʽʥʽʡʥʦʩʪʽ ʧʦʪʨʽʙʥʝ ʩʪʚʦʨʝʥʥʷ 

ʩʧʝʮʽʘʣʴʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. ɺ [4.10] ʚʠʢʦʥʘʥʦ ʜʝʪʘʣʴʥʠʡ 

ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʜʚʦʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʩʭʝʤʠ ʷʢʠʭ ʧʦʢʘʟʘʥʽ 

ʥʘ ʨʠʩ. 4.16 ʽ 4.17, ʪʘ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ ʟʘ ʩʭʝʤʦʶ 

ʟ ʪʨʴʦʤʘ ʤʦʜʫʣʷʪʦʨʘʤʠ ʙʣʠʟʴʢʦ ʟʙʽʛʘʶʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʽʣʴʰ ʜʦʩʢʦʥʘʣʦʾ ʛʝʪʝʨʦʜʠʥʥʦʾ ʩʭʝʤʠ ʟ ʧ'ʷʪʴʤʘ ʣʘʟʝʨʘʤʠ ʟʘ 

ʫʤʦʚʠ, ʱʦ ʥʘʭʠʣ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʦʪʚʦʨʝʥʴ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʜʙʘʯʝʥʠʤ 
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ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ (30 ʜɹ/ʜʝʢʘʜʘ ʜʣʷ ʽʥʪʝʨʤʦʜʫʣʷʮʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ 

ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ). ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʬʦʪʦʜʝʪʝʢʪʦʨʽʚ ʜʘʥʘ ʫʤʦʚʘ ʚʠʢʦʥʫʻʪʴʩʷ 

ʪʽʣʴʢʠ ʚ ʜʫʞʝ ʚʫʟʴʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʛʣʠʙʠʥ ʤʦʜʫʣʷʮʽʾ ʘʙʦ ʚ ʨʘʟʽ ʜʦʤʽʥʫʚʘʥʥʷ 

ʦʜʥʦʛʦ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʮʝʩʫ. ʆʪʞʝ, ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʽʥʪʝʨʤʦʜʫʣʷʮʽʡʥʠʭ 

ʩʧʦʪʚʦʨʝʥʴ ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʜʚʦʩʠʛʥʘʣʴʥʠʤ ʤʝʪʦʜʦʤ ʟʘʛʘʣʴʥʫ ʧʝʨʝʚʘʛʫ ʩʣʽʜ 

ʚʽʜʜʘʪʠ ʛʝʪʝʨʦʜʠʥʥʽʡ ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʩʭʝʤʽ ʟ ʧ'ʷʪʴʤʘ ʣʘʟʝʨʘʤʠ, ʦʩʢʽʣʴʢʠ ʟ ʾʾ 

ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʻʪʴʩʷ ʙʽʣʴʰ ʪʦʯʥʠʡ ʜʽʘʧʘʟʦʥ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ. ʇʨʦʪʝ 

ʥʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ ʩʣʘʙʢʽʩʪʴ ʦʧʠʩʘʥʠʭ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ 

ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʥʝʣʽʥʽʡʥʦʩʪʽ. 

ʍʦʯʘ ʙʽʣʴʰ ʧʦʰʠʨʝʥʠʡ ʜʚʦʩʠʛʥʘʣʴʥʠʡ ʤʝʪʦʜ, ʜʣʷ ʩʧʝʮʠʬʽʯʥʠʭ 

ʟʘʩʪʦʩʫʚʘʥʴ (ʥʘʧʨʠʢʣʘʜ ʚ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤʘʭ ʢʘʙʝʣʴʥʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ) 

ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʙʽʣʴʰ ʧʨʠʜʘʪʥʠʤ ʪʨʠʩʠʛʥʘʣʴʥʽ ʪʘ ʥʘʚʽʪʴ n-ʩʠʛʥʘʣʴʥʽ 

ʤʝʪʦʜʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʦʜʽ ʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʤ ʚʘʨʽʘʥʪʦʤ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʤʦʞʝ ʩʪʘʪʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4.5 ʩʭʝʤʘ 

ʚʠʧʨʦʙʫʚʘʥʴ ʽʟ ʟʘʚʘʥʪʘʞʝʥʠʤ ʙʽʣʠʤ ʰʫʤʦʤ. 

 

 

4.4.2. ʅʝʣʽʥʽʡʥʽ ʤʝʭʘʥʽʟʤʠ ʬʦʪʦʜʝʪʝʢʪʦʨʘ 

 

 

ʗʢ ʦʙʛʦʚʦʨʶʚʘʣʦʩʷ ʚ ʨʦʟʜʽʣʽ 1, ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ ʚ ʣʽʥʽʷʭ 

ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʬʦʪʦʥʽʢʠ ʦʪʨʠʤʘʚ p-i-n-ʬʦʪʦʜʝʪʝʢʪʦʨ, ʩʧʨʦʱʝʥʘ ʩʪʨʫʢʪʫʨʘ 

ʷʢʦʛʦ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.17. ʇʨʠʥʮʠʧʦʚʦ ʚʽʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʰʘʨʫ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʟ ʚʣʘʩʥʦʶ ʧʨʦʚʽʜʥʽʩʪʶ, ʚʚʝʜʝʥʦʛʦ ʤʽʞ ʜʚʦʤʘ ʰʘʨʘʤʠ 

ʩʠʣʴʥʦ ʣʝʛʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨ- ʪʘ n-ʪʠʧʽʚ. ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠʣʘʜʫ ʤʦʞʝ 

ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʝʣʝʢʪʨʦʥʥʦʾ ʩʭʝʤʠ, ʱʦ ʤʽʩʪʠʪʴ ʜʞʝʨʝʣʦ 

ʩʪʨʫʤʫ, ʚʢʣʶʯʝʥʝ ʧʘʨʘʣʝʣʴʥʦ ʟ ʻʤʥʽʩʪʶ ʧʝʨʝʭʦʜʫ ʪʘ ʚʠʩʦʢʠʤ 

ʰʫʥʪʫʚʘʣʴʥʠʤ ʦʧʦʨʦʤ. ʏʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠʣʘʜʫ ʧʝʨʝʚʘʞʥʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʜʥʦʧʦʣʶʩʥʠʤ RC-ʬʽʣʴʪʨʦʤ ʥʠʞʥʽʭ ʯʘʩʪʦʪ, ʚ ʷʢʦʤʫ 
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ʨʝʟʠʩʪʠʚʥʘ ʯʘʩʪʠʥʘ ʚʢʣʶʯʘʻ ʢʦʤʙʽʥʘʮʽʶ ʧʦʩʣʽʜʦʚʥʦʛʦ ʽʤʧʝʜʘʥʩʫ ʟ 

ʫʟʛʦʜʞʫʚʘʣʴʥʠʤ ʪʘ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʤ ʽʤʧʝʜʘʥʩʦʤ (ʜʠʚ. ʨʠʩ. 1.17). ɼʘʥʠʡ 

ʪʠʧ ʬʦʪʦʜʽʦʜʘ ʤʽʩʪʠʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʚʥʫʪʨʽʰʥʽʭ ʜʞʝʨʝʣ ʥʝʣʽʥʽʡʥʦʩʪʽ. ʋ 

ʪʘʙʣ. 4.1 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩʢʦʨʦʯʝʥʠʡ ʧʝʨʝʣʽʢ ʟ ʰʝʩʪʠ ʥʝʣʽʥʽʡʥʦʩʪʝʡ, ʷʢʠʤ 

ʧʨʠʜʽʣʝʥʦ ʦʩʥʦʚʥʫ ʫʚʘʛʫ ʚ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ. ʋ ʪʘʙʣʠʮʽ ʦʧʠʩʫʻʪʴʩʷ, ʯʠ ʻ 

ʥʝʣʽʥʽʡʥʽʩʪʴ ʚʣʘʩʪʠʚʦʶ ʚʣʘʩʥʝ ʜʽʦʜʫ ʘʙʦ ʮʝ ʬʫʥʢʮʽʷ ʟʦʚʥʽʰʥʴʦʛʦ ʢʦʣʘ, ʽ ʯʠ 

ʟʥʘʭʦʜʠʪʴʩʷ ʮʷ ʥʝʣʽʥʽʡʥʽʩʪʴ ʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʟʚ'ʷʟʢʫ ʟ ʛʫʩʪʠʥʦʶ 

ʦʧʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʩʝʨʝʜʠʥʽ ʬʦʪʦʜʽʦʜʘ ʽ ʯʠ ʟʘʣʝʞʠʪʴ  ʚʽʜ ʯʘʩʪʦʪʠ. ɺ 

ʜʘʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʜʝʷʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʮʠʭ 

ʥʝʣʽʥʽʡʥʦʩʪʝʡ. 

 

ʊʘʙʣʠʮʷ 4.1. ʆʩʥʦʚʥʽ ʥʝʣʽʥʽʡʥʦʩʪʽ ʬʦʪʦʜʽʦʜʽʚ 

ʅʝʣʽʥʽʡʥʽʩʪʴ 
ɺʥʫʪʨʽʰʥʽʡ 

ʝʬʝʢʪ 

ɿʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

(ʟʦʚʥʽʰʥʽʡ) 

ɿʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʱʽʣʴʥʦʩʪʽ 

ʧʦʪʫʞʥʦʩʪʽ 

ɿʘʣʝʞʥʽʩʪʴ ʚʽʜ 

ʯʘʩʪʦʪʠ 

ʏʫʪʣʠʚʽʩʪʴ  

(ʧʦ ʥʘʧʨʫʟʽ) 
- ʊʘʢ ʥʝʤʘʻ ʅʝ ʟʘʣʝʞʠʪʴ 

ʏʫʪʣʠʚʽʩʪʴ  

(ʧʦ ʩʪʨʫʤʫ) 
ʊʘʢ - ʥʝʤʘʻ ʅʝ ʟʘʣʝʞʠʪʴ 

ɭʤʥʽʩʪʴ  

(ʧʦ ʩʪʨʫʤʫ) 
ʊʘʢ - ʤʦʞʣʠʚʦ 

ɿʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 

ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ 

ʻʤʥʽʩʪʴ 

(ʧʦ ʥʘʧʨʫʟʽ) 
- ʊʘʢ ʥʝʤʘʻ 

ɿʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 

ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ 

ʐʚʠʜʢʽʩʪʴ 

ʝʣʝʢʪʨʦʥʽʚ  

(ʧʦ ʧʦʣʶ) 

ʊʘʢ ʊʘʢ 
ɺʩʝʨʝʜʠʥʽ: ʪʘʢ 

ɿʦʚʥʽ: ʥʝʤʘʻ 

ɿʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 

ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ 

ʐʚʠʜʢʽʩʪʴ ʜʽʨʦʢ 

(ʧʦ ʧʦʣʶ) 
ʊʘʢ ʊʘʢ 

ɺʩʝʨʝʜʠʥʽ: ʪʘʢ 

ɿʦʚʥʽ: ʥʝʤʘʻ 

ɿʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 

ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ 

 

ɺʧʝʨʰʝ ʛʘʨʤʦʥʽʡʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʚ ʬʦʪʦʜʽʦʜʽ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʚ [4.10], ʽ 

ʾʭ ʧʨʠʯʠʥʘ ʧʦʷʩʥʶʚʘʣʘʣʘʩʴ ʚ [4.11] ʷʢ ʚʧʣʠʚ ʥʝʣʽʥʽʡʥʦʩʪʽ ʯʘʩʫ ʧʨʦʣʴʦʪʫ 

ʥʦʩʽʾʚ. ɺʽʜʦʤʦ, ʱʦ ʰʚʠʜʢʦʩʪʽ ʥʦʩʽʾʚ ʟʤʝʥʰʫʶʪʴʩʷ ʚ ʤʽʨʫ ʟʨʦʩʪʘʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʧʪʠʯʥʦʛʦ ʧʦʣʷ. ʅʘ ʨʠʩ. 4.18 ʧʨʠʚʝʜʝʥʘ ʚʠʤʽʨʷʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʟʙʫʜʞʝʥʥʷ ʬʦʪʦʜʽʦʜʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 
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ʛʝʪʝʨʦʜʠʥʥʦʾ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ (ʜʠʚ.ʨʠʩ.4.15) ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ 

ʣʘʟʝʨʘ, ʱʦ ʬʦʨʤʫʻ ʧʦʩʪʽʡʥʠʡ ʬʦʪʦʩʪʨʫʤ [4.11]. ʇʨʠ ʥʠʟʴʢʽʡ ʜʽʶʯʽʡ 

ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʜʦʨʽʚʥʶʻ 225 ʤʢɺʪ, ʚʽʜʛʫʢ ʚʠʭʦʜʠʪʴ ʯʠʩʪʦ 

ʩʠʥʫʩʦʾʜʘʣʴʥʠʤ. ɿʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʜʦ 1,6 ʤɺʪ ʧʨʠʟʚʝʣʦ, ʥʘʚʧʘʢʠ, ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʧʦʟʠʪʠʚʥʦʾ ʥʘʧʽʚʭʚʠʣʽ ʟ ʷʚʥʦ ʧʦʤʽʪʥʦʶ ʟʘʪʨʠʤʢʦʶ ʚ 

ʤʽʨʫ ʟʨʦʩʪʘʥʥʷ ʨʽʚʥʷ ʩʠʛʥʘʣʫ ʪʘ ʽʟ ʥʘʩʪʫʧʥʠʤ ʰʚʠʜʢʠʤ ʚʽʜʥʦʚʣʝʥʥʷʤ, ʷʢ 

ʪʽʣʴʢʠ ʧʦʪʫʞʥʽʩʪʴ ʧʦʚʝʨʪʘʻʪʴʩʷ ʜʦ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʯʘʩʦʚʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʦʪʦʜʽʦʜʘ ʻ ʥʝʣʽʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ ʚʽʜ ʨʽʚʥʷ ʩʪʨʫʤʫ, 

ʚʠʢʣʠʢʘʶʯʠ ʩʧʦʪʚʦʨʝʥʥʷ, ʷʢʽ ʧʨʦʷʚʣʷʶʪʴʩʷ ʷʢ ʛʘʨʤʦʥʽʢʠ ʦʩʥʦʚʥʦʾ ʯʘʩʪʦʪʠ. 

ɼʦ ʪʦʛʦ ʞ ʤʦʞʥʘ ʜʦʜʘʪʠ ʜʦ ʛʘʨʤʦʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ, ʷʢʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ, 

ʱʦ ʪʘʢʽ ʥʝʣʽʥʽʡʥʦʩʪʽ ʤʠʥʫʣʦʛʦ ʯʘʩʫ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʢʦʤʧʨʝʩʽʾ ʯʫʪʣʠʚʦʩʪʽ 

ʬʦʪʦʜʽʦʜʽʚ ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, ʦʩʢʽʣʴʢʠ ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ 

ʧʦʚʠʥʥʘ ʟʤʝʥʰʠʪʠʩʷ ʫ ʟʚ'ʷʟʢʫ ʟ ʾʾ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʚ ʛʘʨʤʦʥʽʡʥʽ ʩʢʣʘʜʦʚʽ. 

 

 

ʈʠʩ. 4.18. ʆʩʮʠʣʦʛʨʘʤʠ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʥʘ ʯʘʩʪʦʪʽ 500 ʄɻʮ ʧʨʠ 

ʥʠʟʴʢʦʤʫ (225 ʤʢɺʪ) ʪʘ ʚʠʩʦʢʦʤʫ (1,6 ʤɺʪ) ʨʽʚʥʷʭ ʧʘʜʘʶʯʦʾ ʦʧʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ (ὖ ) 

ʧʦʢʘʟʫʶʪʴ ʩʧʦʪʚʦʨʝʥʥʷ ʬʦʨʤʠ ʩʠʛʥʘʣʽʚ [4.11] 

 

ʂʦʤʧʨʝʩʽʷ ʯʫʪʣʠʚʦʩʪʽ ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʚ [4.11], ʜʝ ʚʽʜʪʚʦʨʝʥʘ ʚ 

ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʥʘ ʨʠʩ. 4.19 ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʦʪʦʜʽʦʜʘ 

ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ ʷʢ ʬʫʥʢʮʽʷ ʚʽʜ ʧʨʠʢʣʘʜʝʥʦʾ ʦʧʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ɿ 

ʨʠʩʫʥʢʫ ʚʠʭʦʜʠʪʴ, ʱʦ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ ʚʽʜʛʫʢ ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʤʽʨʫ 

ʟʙʽʣʴʰʝʥʥʷ ʩʧʘʜʘʶʯʦʾ ʦʧʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʊʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʻ 
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ʚʘʞʣʠʚʠʤʠ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʬʦʪʦʜʽʦʜʽʚ ʦʧʪʠʤʽʟʦʚʘʥʠʭ ʜʣʷ ʣʽʥʽʡʥʦʛʦ 

ʜʝʪʝʢʪʫʚʘʥʥʷ ʙʘʛʘʪʴʦʭ ʬʦʪʦʩʪʨʫʤʽʚ, ʱʦ ʧʦʪʨʽʙʥʦ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ 

ʪʝʭʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʣʽʥʽʡ ʧʝʨʝʜʘʯʽ. 

 

 

ʈʠʩ. 4.19. ʅʦʨʤʦʚʘʥʘ ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʘʜʘʶʯʦʾ ʦʧʪʠʯʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ  ʜʣʷ  ὖ  = 100, 200, 400, 800 ʪʘ 1600 ʤʢɺʪ ʽʟ ʨʦʟʪʘʰʫʚʘʥʥʷʤ  

ʢʨʠʚʠʭ ʚʽʜʧʦʚʽʜʥʦ ʟʚʝʨʭʫ ʚʥʠʟ [4.11] 

 

ɺ ʽʥʰʽʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʨʦʙʦʪʽ [4.12] ʽʤʧʫʣʴʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ ʚ ʬʫʥʢʮʽʾ ʚʽʜ ʦʧʪʠʯʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʘʙʦ ʝʥʝʨʛʽʾ ʽʤʧʫʣʴʩʫ. ʋ ʮʴʦʤʫ ʜʝʪʘʣʴʥʦʤʫ ʥʘʙʦʨʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʟʤʝʥʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʫ ʟ 

ʚʽʜʧʦʚʽʜʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʟʚʦʨʦʪʥʦʛʦ ʚʠʢʠʜʫ ʟʘʜʥʴʦʛʦ ʬʨʦʥʪʫ ʫ ʤʽʨʫ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʽʾ ʩʧʘʜʘʶʯʠʭ ʽʤʧʫʣʴʩʽʚ ʪʘ ʧʦʷʚʠ ʥʝʣʽʥʽʡʥʦʩʪʽ ʯʘʩʽʚ 

ʧʨʦʣʴʦʪʫ ʥʦʩʽʾʚ. 

ʊʘʢʘ ʧʦʚʝʜʽʥʢʘ ʟʙʽʛʘʻʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʥʰʠʭ ʜʦʩʣʽʜʞʝʥʴ [4.13], ʜʝ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠʯʠʥʘ ʥʝʣʽʥʽʡʥʦʩʪʽ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʯʘʩʫ ʧʦʚ'ʷʟʘʥʘ ʟ 

ʥʘʢʦʧʠʯʝʥʥʷʤ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ ʚ ʟʙʽʜʥʝʥʽʡ ʦʙʣʘʩʪʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʦʪʦʩʪʨʫʤʫ ʰʚʠʜʢʦʩʪʽ ʥʦʩʽʾʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚ ʦʢʦʣʠʮʽ ʚʫʟʣʽʚ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚʩʝʨʝʜʠʥʽ ʟʙʽʜʥʝʥʦʾ ʦʙʣʘʩʪʽ ʬʦʨʤʫʶʪʴʩʷ ʧʦʣʷ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʾ ʢʦʤʧʨʝʩʽʾ ʚʽʜʛʫʢʫ ʩʠʛʥʘʣʫ. 

ɼʣʷ ʨʦʟʫʤʽʥʥʷ ʧʨʠʨʦʜʠ ʡ ʧʦʚʝʜʽʥʢʠ ʮʠʭ ʥʝʣʽʥʽʡʥʦʩʪʝʡ ʚ ʬʦʪʦʜʽʦʜʽ 
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ʥʝʦʙʭʽʜʥʦ ʜʝʪʘʣʴʥʝ ʯʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʬʽʟʠʢʘ ʧʨʠʣʘʜʽʚ 

ʟʘʥʘʜʪʦ ʩʢʣʘʜʥʘ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʨʽʰʝʥʴ. 

ʇʝʨʰʘ ʦʜʥʦʤʽʨʥʘ ʤʦʜʝʣʴ, ʧʦʚ'ʷʟʘʥʘ ʟ ʨʦʟʨʘʭʫʥʢʦʤ ʥʝʣʽʥʽʡʥʦʩʪʝʡ ʚ p-i-n-

ʬʦʪʦʜʝʪʝʢʪʦʨʘʭ, ʙʫʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ [4.14], ʭʦʯʘ ʚ ʩʪʘʪʪʽ ʙʫʣʠ ʚʽʜʩʫʪʥʽ 

ʙʫʜʴ-ʷʢʽ ʧʽʜʪʚʝʨʜʞʫʚʘʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ. ɯʥʰʘ ʦʜʥʦʤʽʨʥʘ ʤʦʜʝʣʴ 

[4.15] ʙʫʣʘ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʘʥʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʦʚʠʭ ʩʧʦʪʚʦʨʝʥʴ ʪʘ 

ʢʦʤʧʨʝʩʽʾ ʚʽʜʛʫʢʫ, ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʧʝʨʝʜʙʘʯʠʚʰʠ ʨʽʚʥʽ ʛʘʨʤʦʥʽʡʥʠʭ 

ʩʧʦʪʚʦʨʝʥʴ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ʄʦʜʝʣʽ ʜʣʷ ʘʥʘʣʽʟʫ ʪʨʘʥʩʧʦʨʪʫ ʥʦʩʽʾʚ ʥʘʣʝʞʘʪʴ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʢʣʘʩʫ 

ʜʠʬʫʟʽʡʥʦ-ʜʨʝʡʬʦʚʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ 

ʨʽʟʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʽʚ. ʇʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʚʠʨʽʰʝʥʥʽ ʥʘʩʪʫʧʥʠʭ ʪʨʴʦʭ ʧʦʚ'ʷʟʘʥʠʭ ʨʽʚʥʷʥʴ. ʇʝʨʰʝ ״ ʮʝ ʨʽʚʥʷʥʥʷ 

ʇʫʘʩʩʦʥʘ: 

Ͻɳ% Ð Î . . ,     (4.5) 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ɽ ʚ 

ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʚʩʝʨʝʜʠʥʽ ʧʨʠʣʘʜʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʟʘʨʷʜʫ ʷʢ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʬʽʢʩʦʚʘʥʦʛʦ ʟʘʨʷʜʫ (ʜʦʤʽʰʦʢ) 

ὔ ̓  ́ὔ  ʪʘʢ ʽ ʜʣʷ ʟʘʨʷʜʫ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ὴ ̓  ́ὲ. ɺ (4.5) q ״ ʟʘʨʷʜ ʝʣʝʢʪʨʦʥʘ 

(ʚʟʷʪʠʡ ʟ ʧʦʟʠʪʠʚʥʠʤ ʟʥʘʢʦʤ), Ů ״ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ 

ʧʨʠʣʘʜʫ. ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʥʦʩʽʾʚ: ʦʜʥʝ ״ 

ʜʣʷ ʜʽʨʦʢ ʡ ʦʜʥʝ ״ ʜʣʷ ʝʣʝʢʪʨʦʥʽʚ: 

' 2 Ͻɳ* * ,   (4.6) 

' 2 Ͻɳ* *  ,   (4.7) 

ʜʝ G ï ʰʚʠʜʢʽʩʪʴ ʛʝʥʝʨʘʮʽʾ, R ï ʰʚʠʜʢʽʩʪʴ ʨʝʢʦʤʙʽʥʘʮʽʾ, J ï ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʜʠʬʫʟʽʡʥʠʭ ʪʘ ʜʨʝʡʬʦʚʠʭ ʩʪʨʫʤʽʚ ʝʣʝʢʪʨʦʥʽʚ (n) ʪʘ ʜʽʨʦʢ (p). ʈʦʟʨʘʭʫʥʦʢ 

ʧʦ ʜʠʬʫʟʽʡʥʦ-ʜʨʝʡʬʦʚʽʡ ʤʦʜʝʣʽ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʙʘʟʽ ʥʘʩʪʫʧʥʦʛʦ ʘʣʛʦʨʠʪʤʫ. 

ʇʨʠ ʟʘʜʘʥʦʤʫ ʧʦʯʘʪʢʦʚʦʤʫ ʨʦʟʧʦʜʽʣʽ ʟʘʨʷʜʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ 

ʇʫʘʩʩʦʥʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ. ʇʦʪʽʤ ʚ ʬʫʥʢʮʽʾ ʚʽʜ ʤʽʩʮʷ 
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ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʚʩʽ ʧʦʚ'ʷʟʘʥʽ ʟ ʛʝʥʝʨʘʮʽʻʶ ʪʘ ʨʝʢʦʤʙʽʥʘʮʽʻʶ 

ʜʠʬʫʟʽʡʥʽ ʪʘ ʜʨʝʡʬʦʚʽ ʩʪʨʫʤʠ. ʇʽʩʣʷ ʮʴʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʴ 

ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʟʘʨʷʜʽʚ ʚ ʯʘʩʽ. ʇʽʩʣʷ ʟʤʽʥʠ 

ʨʦʟʧʦʜʽʣʫ ʟʘʨʷʜʫ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʟʥʦʚʫ ʧʝʨʝʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ, ʽ ʧʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʪʦʨʶʻʪʴʩʷ. ʂʦʨʝʢʪʥʽʩʪʴ 

ʚʠʱʝʥʘʚʝʜʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʙʫʣʘ ʧʽʜʪʚʝʨʜʞʝʥʘ [4.15] ʧʨʠ ʘʥʘʣʽʟʽ 

ʥʝʣʽʥʽʡʥʦʛʦ ʧʦʚʦʜʞʝʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʠʣʘʜʽʚ, ʧʨʘʚʜʘ, ʪʽʣʴʢʠ ʚ 

ʦʜʥʦʤʫ ʚʠʤʽʨʽ (ʧʨʠʧʫʩʢʘʶʯʠ ʦʜʥʦʨʽʜʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʨʘʜʽʘʣʴʥʦ ʚʽʜ ʦʩʴʦʚʦʛʦ ʥʘʧʨʷʤʢʫ). 

ʆʧʠʩʘʥʘ ʚ [4.15] ʯʠʩʝʣʴʥʘ ʤʦʜʝʣʴ ʧʨʠʜʘʪʥʘ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ 

ʥʝʣʽʥʽʡʥʠʭ ʝʬʝʢʪʽʚ, ʚʢʣʶʯʘʶʯʠ, ʩʪʚʦʨʶʚʘʥʽ ʙʘʛʘʪʴʤʘ ʪʠʧʘʤʠ 

ʥʝʣʽʥʽʡʥʦʩʪʝʡ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʩʧʦʪʚʦʨʝʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ʪʨʘʥʩʧʦʨʪʦʤ ʥʦʩʽʾʚ. 

ʊʨʘʥʩʧʦʨʪʥʽ ʥʝʣʽʥʽʡʥʦʩʪʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʝʡ ʥʦʩʽʾʚ (ʝʣʝʢʪʨʦʥʽʚ ʪʘ 

ʜʽʨʦʢ) ʫ ʟʙʽʜʥʝʥʽʡ ʦʙʣʘʩʪʽ ʽ ʻ ʬʫʥʢʮʽʻʶ ʨʽʚʥʷ ʤʠʪʪʻʚʦʛʦ ʩʪʨʫʤʫ. ʋ 

ʟʙʽʜʥʝʥʽʡ ʦʙʣʘʩʪʽ, ʜʝ ʣʦʢʘʣʴʥʽ ʝʣʝʢʪʨʠʯʥʽ ʧʦʣʷ ʤʦʞʫʪʴ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ 

ʟʤʽʥʶʚʘʪʠʩʷ, ʥʘ ʰʚʠʜʢʦʩʪʽ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚʽʜʯʫʪʥʦ ʚʧʣʠʚʘʻ ʨʽʚʝʥʴ 

ʤʠʪʪʻʚʦʛʦ ʩʪʨʫʤʫ. ʆʛʣʷʜ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʰʚʠʜʢʦʩʪʝʡ ʥʦʩʽʾʚ 

ʚʠʢʦʥʘʥʠʡ ʚ [4.15], ʪʘ ʥʘ ʨʠʩ. 4.20 ʧʦʙʫʜʦʚʘʥʽ ʝʤʧʽʨʠʯʥʽ ʛʨʘʬʽʢʠ ʜʣʷ 

InGaAs ʥʘ ʙʘʟʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʜʣʷ ʝʣʝʢʪʨʦʥʽʚ [4.16] ʪʘ ʜʽʨʦʢ 

[4.37]. ɿ ʪʠʧʦʚʦʶ ʰʠʨʠʥʦʶ ʟʙʽʜʥʝʥʦʾ ʦʙʣʘʩʪʽ 1 ʤʢʤ (ʜʣʷ ʧʨʠʣʘʜʽʚ ʟʽ 

ʩʤʫʛʦʶ 25 ɻɻʮ) ʧʨʠ ʧʨʠʢʣʘʜʝʥʠʭ ʥʘʧʨʫʛʘʭ ʚʽʜ 5 ʜʦ 10 ɺ ʥʘʧʨʫʞʝʥʽʩʪʴ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʤʽʞ 50 ʪʘ 100 ʢɺ/ʩʤ, ʱʦ ʚʠʢʣʠʢʘʻ 

ʚʽʜʭʠʣʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʥʦʩʽʾʚ ʚ ʨʘʡʦʥʽ 10% (ʜʠʚ. ʨʠʩ. 4.20). ʇʦʟʠʮʽʡʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʝʡ ʥʦʩʽʾʚ ʚʩʝʨʝʜʠʥʽ ʟʙʽʜʥʝʥʦʾ ʦʙʣʘʩʪʽ ʩʘʤʘ ʧʦ ʩʦʙʽ ʥʝ ʻ 

ʜʞʝʨʝʣʦʤ ʥʝʣʽʥʽʡʥʦʩʪʽ ʟʘ ʫʤʦʚʠ, ʱʦ ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʨʫʤʫ. ʆʜʥʘʢ ʯʝʨʝʟ ʧʨʦʪʽʢʘʥʥʷ ʩʪʨʫʤʫ ʪʘ ʢʦʣʠʚʘʥʥʷ 

ʬʦʪʦʩʪʨʫʤʫ ʚ ʧʨʦʮʝʩʽ ʤʦʜʫʣʷʮʽʾ ʟʤʽʥʶʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʟʘʨʷʜʫ, 

ʱʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ ʇʫʘʩʩʦʥʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ. 
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ʈʠʩ. 4.20. ɽʤʧʽʨʠʯʥʽ ʛʨʘʬʽʢʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʝʡ ʝʣʝʢʪʨʦʥʽʚ  

ʪʘ ʜʽʨʦʢ ʚʽʜ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 

 

ʉʧʨʦʱʝʥʥʷ ʟʘʚʜʘʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ ʟʤʽʥʫ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ  ʟʙʽʜʥʝʥʦʾ ʦʙʣʘʩʪʽ [4.13], ʱʦ ʻ ʢʦʨʠʩʥʦʶ ʩʧʨʦʙʦʶ ʨʦʟʽʙʨʘʪʠʩʷ ʟ ʡʦʛʦ 

ʚʝʣʠʯʠʥʦʶ ʚ ʦʙʣʘʩʪʽ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ. ɺ ʷʢʦʩʪʽ ʪʘʢʠʭ ʩʧʨʦʱʝʥʴ 

ʥʘʩʘʤʧʝʨʝʜ ʧʨʠʡʤʘʻʪʴʩʷ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʬʦʥʦʚʠʭ ʜʦʤʽʰʦʢ ʜʦʨʽʚʥʶʶʪʴ 

ʥʫʣʶ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʥʘʧʨʫʞʝʥʽʩʪʴ çʪʽʥʴʦʚʦʛʦè ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 

ʷʢ ʧʨʠʢʣʘʜʝʥʘ ʥʘʧʨʫʛʘ, ʧʦʜʽʣʝʥʘ ʥʘ ʰʠʨʠʥʫ ʟʙʽʜʥʝʥʦʾ ʦʙʣʘʩʪʽ. 

ʇʦ-ʜʨʫʛʝ, ʰʚʠʜʢʦʩʪʽ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʧʝʨʝʜʙʘʯʘʶʪʴʩʷ ʬʽʢʩʦʚʘʥʠʤʠ ʥʘ 

ʨʽʚʥʽ çʪʽʥʴʦʚʦʾè ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. ʎʝ ʜʣʷ ʟʙʽʜʥʝʥʦʾ ʦʙʣʘʩʪʽ 

ʰʠʨʠʥʦʶ 1 ʤʢʤ ʧʨʠ ʟʚʦʨʦʪʥʦʤʫ ʟʤʽʱʝʥʥʽ 5 ɺ ʩʪʚʦʨʶʻ çʪʽʥʴʦʚʝè 

ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʥʘʧʨʫʞʝʥʽʩʪʶ 50 ʢɺ/ʩʤ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʰʚʠʜʢʦʩʪʽ 

ʝʣʝʢʪʨʦʥʽʚ ʪʘ ʜʽʨʦʢ ʚʽʜʧʦʚʽʜʥʦ 0,73 Ā 10
7
 ʩʤ/ʩ ʪʘ 0,42 Ā 10

7 
ʩʤ/ʩ. ʊʨʝʪʻ 

ʧʨʠʧʫʱʝʥʥʷ ʧʦʚ'ʷʟʘʥʝ ʟ ʪʠʤ, ʱʦ ʥʦʩʽʾ ʛʝʥʝʨʫʶʪʴʩʷ ʦʜʥʦʨʽʜʥʦ ʚʩʝʨʝʜʠʥʽ 

ʚʩʴʦʛʦ ʟʙʽʜʥʝʥʦʛʦ ʰʘʨʫ (ʥʘ ʧʨʦʪʠʚʘʛʫ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦ ʟʛʘʩʘʣʴʥʦʤʫ 

ʧʦʛʣʠʥʘʥʥʶ ʚ ʥʘʧʨʷʤʢʫ ʧʦʰʠʨʝʥʥʷ) ʽ ʱʦ ʰʚʠʜʢʽʩʪʴ ʾʭ ʨʝʢʦʤʙʽʥʘʮʽʾ 

ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ɿ ʦʜʥʦʨʽʜʥʦʶ ʰʚʠʜʢʽʩʪʶ ʛʝʥʝʨʘʮʽʾ ʪʘ ʧʦʩʪʽʡʥʦʶ 

ʰʚʠʜʢʽʩʪʶ ʥʦʩʽʾʚ ʩʪʘʮʽʦʥʘʨʥʽ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʦʩʽʾʚ ʟʘʨʷʜʫ 

ʚʩʝʨʝʜʠʥʽ ʟʙʽʜʥʝʥʦʾ ʦʙʣʘʩʪʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʣʽʥʽʡʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʚʽʜ ʾʭ 

ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ (ʜʠʚ. ʨʠʩ. 4.21 ʘ). ʆʩʢʽʣʴʢʠ ʤʘʢʩʠʤʘʣʴʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʜʽʨʦʢ (ὴ ) ʪʘ ʝʣʝʢʪʨʦʥʽʚ (ὲ ) ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʽ ʾʭ ʰʚʠʜʢʦʩʪʽ (ʚ 
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ʜʘʥʦʤʫ ʧʨʠʢʣʘʜʽ ʚʚʘʞʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ), ʪʦ ʦʯʝʚʠʜʥʦ, ʱʦ ʧʦʚʥʝ ʯʠʩʣʦ 

ʜʽʨʦʢ ʚ ʟʙʽʜʥʝʥʽʡ ʦʙʣʘʩʪʽ ʩʫʪʪʻʚʦ ʙʽʣʴʰʝ, ʥʽʞ ʯʠʩʣʦ ʝʣʝʢʪʨʦʥʽʚ. 

ʈʦʟʨʘʭʦʚʘʥʝ ʟʛʽʜʥʦ (4.5) ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʤʦʞʝ ʙʫʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʽʥʪʝʛʨʦʚʘʥʦ ʟʘ ʥʘʚʝʜʝʥʠʤʠ ʥʘ ʨʠʩ. 4.21 ʘ ʟʥʘʯʝʥʥʷʤ p(x) ʪʘ n(x) ʟ 

ʜʦʜʘʪʢʦʚʦʶ ʛʨʘʥʠʯʥʦʶ ʫʤʦʚʦʶ, ʱʦ ʧʦʚʥʠʡ ʽʥʪʝʛʨʘʣ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 

ʜʦʨʽʚʥʶʻ ʧʨʠʢʣʘʜʝʥʽʡ ʥʘ ʚʠʭʦʜʘʭ ʬʦʪʦʜʽʦʜʘ ʥʘʧʨʫʟʽ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʙʫʜʝ ʤʘʪʠ ʧʘʨʘʙʦʣʽʯʥʫ ʬʦʨʤʫ ʟʘ ʫʤʦʚʠ ʣʽʥʽʡʥʦʩʪʽ 

ʬʫʥʢʮʽʡ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʥʦʩʽʾʚ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ ʜʣʷ ʨʽʟʥʦʾ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʚ ʧʨʠʧʫʱʝʥʥʽ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʩʣʽʜʦʚʥʦʛʦ 

ʦʧʦʨʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 4.21 ʙ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʚʝʣʠʢʝ ʯʠʩʣʦ ʜʽʨʦʢ ʚ 

ʟʙʽʜʥʝʥʦʤʫ ʰʘʨʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 

ʧʦʙʣʠʟʫ ʨ-ʦʙʣʘʩʪʽ, ʪʘʢ ʱʦ ʽʩʥʫʻ ʥʝʙʝʟʧʝʢʘ ʫʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʨʦʙʦʶ. ʅʘ ʧʨʦʪʠʣʝʞʥʦʤʫ ʙʦʮʽ ʟʙʽʜʥʝʥʦʛʦ ʰʘʨʫ ʧʦʙʣʠʟʫ n-ʦʙʣʘʩʪʽ 

ʟʙʽʣʴʰʝʥʥʷ ʩʪʨʫʤʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʧʘʜʘʥʥʷ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ ʜʦ ʤʘʣʠʭ ʟʥʘʯʝʥʴ. 

 

 

ʈʠʩ. 4.21. ʂʦʥʮʝʥʪʨʘʮʽʾ ʥʦʩʽʾʚ ʟʙʽʜʥʝʥʦʾ ʦʙʣʘʩʪʽ ʰʠʨʠʥʦʶ 1 ʤʢʤ ʤʽʞ ʣʝʛʦʚʘʥʠʤʠ  

p- ʪʘ n- ʦʙʣʘʩʪʷʤʠ (ʘ) ʪʘ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚʩʝʨʝʜʠʥʽ ʜʘʥʦʾ ʟʙʽʜʥʝʥʦʾ 

ʦʙʣʘʩʪʽ ʚ ʫʤʦʚʘʭ ʚʽʜʩʫʪʥʦʩʪʽ ʟʘʩʚʽʪʢʠ (ʧʨʠ ʥʘʧʨʫʟʽ 5 ɺ)  ʪʘ ʜʣʷ ʜʚʦʭ ʨʽʟʥʠʭ ʨʽʚʥʽʚ 

ʩʪʨʫʤʫ ʦʜʠʥ ʟ ʷʢʠʭ ʚ ʧ'ʷʪʴ ʨʘʟʽʚ ʚʠʱʝ, ʥʽʞ ʽʥʰʠʡ (ʙ) 

 

ʋ ʨʘʟʽ ʷʢʱʦ ʩʪʨʫʤ ʙʫʜʝ ʧʨʦʜʦʚʞʫʚʘʪʠ ʟʙʽʣʴʰʫʚʘʪʠʩʷ ʪʘʢ, ʱʦ ʧʦʣʝ ʚ 

ʮ̔ ʡ ʦʙʣʘʩʪʽ ʩʪʘʥʝ ʙʣʠʟʴʢʠʤ ʜʦ ʥʫʣʷ, ʘ ʝʣʝʢʪʨʦʥʠ ʪʘ ʜʽʨʢʠ ʙʫʜʫʪʴ 
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ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ ʚ ʮʽʡ ʦʙʣʘʩʪʽ (ʚʦʥʠ ʙʽʣʴʰʝ ʥʝ ʤʘʪʠʤʫʪʴ ʜʦʩʪʘʪʥʴʦʾ 

ʰʚʠʜʢʦʩʪʽ ʜʣʷ ʰʚʠʜʢʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ), ʪʦ ʚʽʜʛʫʢ ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʙʫʜʝ 

ʟʤʝʥʰʫʚʘʪʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩ. 4.19. ʊʦʯʥʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ, ʧʨʠ ʷʢʦʤʫ 

ʮʝ ʩʪʘʥʝʪʴʩʷ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʬʦʪʦʜʽʦʜʘ, ʡʦʛʦ ʛʝʦʤʝʪʨʽʾ ʪʘ ʫʤʦʚ 

ʟʘʩʚʽʯʝʥʥʷ. 

ɺʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʫʟʛʦʜʞʝʥʥʷ ʟ ʚʠʤʽʨʷʥʠʤʠ ʥʝʣʽʥʽʡʥʠʤʠ 

ʩʧʦʪʚʦʨʝʥʥʷʤʠ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ, ʢʦʣʠ ʧʦʚʥʘ ʦʜʥʦʤʽʨʥʘ ʤʦʜʝʣʴ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʝʧʽʪʘʢʩʽʡʥʠʭ ʰʘʨʽʚ ʢʦʥʢʨʝʪʥʦʛʦ ʬʦʪʦʜʽʦʜʘ 

ʪʘ ʚʨʘʭʦʚʫʻʪʴʩʷ ʧʦʣʴʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʝʡ. ɿ ʾʾ ʜʦʧʦʤʦʛʦʶ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʧʦʪʚʦʨʝʥʴ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ [4.13], ʧʦʜʽʙʥʦ 

ʜʘʥʠʤ ʨʠʩ. 4.18 ʘ ʪʘʢʦʞ ʨʦʟʨʘʭʦʚʘʥʘ ʚʽʜʧʦʚʽʜʥʘ ʨʠʩ. 4.19 ʢʦʤʧʨʝʩʽʷ ʚʽʜʛʫʢʫ 

ʚ ʯʘʩʪʦʪʥʦʾ ʦʙʣʘʩʪʽ [4.13]. ʈʝʟʫʣʴʪʘʪʠ ʦʙʦʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʘʣʠ ʯʫʜʦʚʠʡ 

ʟʙʽʛ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. ʄʦʜʝʣʶʚʘʥʥʷ ʛʘʨʤʦʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ 

ʚ ʬʫʥʢʮʽʾ ʚʽʜ ʩʪʨʫʤʫ [4.13] ʪʘʢʦʞ ʧʦʢʘʟʘʣʦ ʯʫʜʦʚʠʡ ʟʙʽʛ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, ʽ ʪʠʧʦʚʠʡ ʨʝʟʫʣʴʪʘʪ ʡʦʛʦ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩ. 4.22.  

 
ʈʠʩ. 4.22. ɻʨʘʬʽʢʠ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ [4.13] 

 

ʊʘʢʝ ʦʜʥʦʤʽʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʩʝ-ʪʘʢʠ ʻ ʘʧʨʦʢʩʠʤʘʮʽʻʶ ʬʘʢʪʠʯʥʦʾ 

ʛʝʦʤʝʪʨʽʾ, ʦʩʢʽʣʴʢʠ ʧʨʦʬʽʣʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʝʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʷʚʣʷʻ ʩʦʙʦʶ 

ʛʘʫʩʦʚʠʡ ʨʦʟʧʦʜʽʣ ʟ ʨʘʜʽʘʣʴʥʦʶ ʩʠʤʝʪʨʽʻʶ. ʇʨʦʪʝ ʧʨʠ ʧʦʨʽʚʥʷʣʴʥʦʤʫ 

ʪʝʩʪʫʚʘʥʥʽ ʦʜʥʦʚʠʤʽʨʥʠʭ ʜʠʬʫʟʽʡʥʦ-ʜʨʝʡʬʦʚʠʭ ʤʦʜʝʣʝʡ ʟ ʙʽʣʴʰ ʪʦʯʥʠʤʠ, 
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ʘʣʝ ʚʠʤʘʛʘʶʯʠʤʠ ʙʽʣʴʰʦʛʦ ʦʙʩʷʛʫ ʦʙʯʠʩʣʝʥʴ ʤʝʪʦʜʘʤʠ ʄʦʥʪʝ-ʂʘʨʣʦ 

[4.10] ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚʠʢʣʶʯʥʦ ʭʦʨʦʰʽ ʨʝʟʫʣʴʪʘʪʠ. 

ɻʨʘʬʽʢʠ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ 

[4.13], ʱʦ ʧʦʢʘʟʫʶʪʴ ʙʣʠʟʴʢʠʡ ʟʙʽʛ ʧʨʠ ʦʧʠʩʽ ʥʝʣʽʥʽʡʥʠʭ ʝʬʝʢʪʽʚ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʨʽʚʥʽʚ ʦʩʥʦʚʥʦʾ ʯʘʩʪʦʪʠ, ʘ ʪʘʢʦʞ ʜʨʫʛʦʾ, ʪʨʝʪʴʦʾ ʪʘ 

ʯʝʪʚʝʨʪʦʾ ʛʘʨʤʦʥʽʢ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʬʦʪʦʩʪʨʫʤʫ ʧʨʠ ʜʽʘʤʝʪʨʽ ʬʦʪʦʯʫʪʣʠʚʦʾ 

ʧʣʦʱʘʜʢʠ 7,5 ʤʢʤ. 

ʐʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ, ʚʚʝʜʝʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʬʽʟʠʯʥʠʭ ʝʬʝʢʪʽʚ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ 

ʦʜʥʦʤʽʨʥʘ ʤʦʜʝʣʴ ʙʫʣʘ ʨʦʟʚʠʥʝʥʘ ʚ ʜʚʦʚʠʤʽʨʥʫ (ʨʘʜʽʘʣʴʥʘ ʩʠʤʝʪʨʽʷ 

ʚʠʤʘʛʘʻ ʪʽʣʴʢʠ ʜʚʘ ʚʠʤʽʨʠ) ʟ ʧʦʧʝʨʝʜʥʽʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟ 

ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʧʝʨʝʜʙʘʯʠʪʠ ʤʝʥʰ ʦʯʝʚʠʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʝʣʽʥʽʡʥʦʾ 

ʧʦʚʝʜʽʥʢʠ ʬʦʪʦʜʝʪʝʢʪʦʨʘ [4.14]. 

ɯʥʰʽ ʚʠʚʯʝʥʽ ʡ ʚʠʟʥʘʥʽ ʚʘʞʣʠʚʠʤʠ ʥʝʣʽʥʽʡʥʦʩʪʽ ʬʦʪʦʜʝʪʝʢʪʦʨʘ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʢʣʘʩʫ ʥʝʣʽʥʽʡʥʦʩʪʽ ʢʚʘʥʪʦʚʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʙʦ 

ʯʫʪʣʠʚʦʩʪʽ. ʇʝʨʰʘ ʚʠʷʚʣʝʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʝʣʽʥʽʡʥʽʩʪʴ ʯʫʪʣʠʚʦʩʪʽ 

ʦʧʠʩʘʥʘ ʚ [4.13], ʭʦʯʘ ʚ ʮʽʡ ʨʦʙʦʪʽ ʥʝʣʽʥʽʡʥʽʩʪʴ ʙʫʣʘ ʚʽʜʥʝʩʝʥʘ ʜʦ 

ʧʦʛʣʠʥʘʥʥʷ ʚ ʩʫʤʽʞʥʦʤʫ ʟʽ ʟʙʽʜʥʝʥʦʶ ʦʙʣʘʩʪʶ ʰʘʨʽ p-ʪʠʧʫ. ɯ ʪʽʣʴʢʠ ʚ 

ʦʧʫʙʣʽʢʦʚʘʥʽʡ ʟʛʦʜʦʤ ʨʦʙʦʪʽ [4.12] ʚʦʥʘ ʙʫʣʘ ʽʜʝʥʪʠʬʽʢʦʚʘʥʘ ʷʢ 

ʥʝʣʽʥʽʡʥʽʩʪʴ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʠʪʪʻʚʦʛʦ ʩʪʨʫʤʫ ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʯʫʪʣʠʚʦʩʪʽ. 

ʗʢʽʩʥʝ ʧʦʷʩʥʝʥʥʷ ʥʝʣʽʥʽʡʥʦʩʪʽ ʯʫʪʣʠʚʦʩʪʽ ʜʘʥʦ ʥʘ ʨʠʩ. 4.23, ʥʘ ʷʢʦʤʫ 

ʥʘʚʝʜʝʥʽ ʨʦʟʨʘʭʦʚʘʥʽ ʢʨʠʚʽ ʬʦʪʦʩʪʨʫʤʫ, ʱʦ ʟʙʫʜʞʫʻʪʴʩʷ ʩʠʥʫʩʦʾʜʘʣʴʥʦ-

ʤʦʜʫʣʴʦʚʘʥʠʤ ʩʠʛʥʘʣʦʤ ʽʜʝʘʣʴʥʦʛʦ ʬʦʪʦʜʝʪʝʢʪʦʨʘ (ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ) ʪʘ 

ʬʦʪʦʜʝʪʝʢʪʦʨʘ, ʯʫʪʣʠʚʽʩʪʴ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʦʪʦʩʪʨʫʤʫ (ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ). 

ʏʫʪʣʠʚʽʩʪʴ ʦʩʪʘʥʥʴʦʛʦ ʻ ʣʽʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ ʚʽʜ ʤʠʪʪʻʚʦʛʦ ʬʦʪʦʩʪʨʫʤʫ ʡ 

ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʩʪʨʫʤʦʚʽ (Idc) ʜʦʨʽʚʥʶʻ ʯʫʪʣʠʚʦʩʪʽ ʽʜʝʘʣʴʥʦʛʦ 

ʬʦʪʦʜʝʪʝʢʪʦʨʘ. ʇʨʠ ʢʦʨʦʪʢʦʯʘʩʥʦʤʫ ʭʘʨʘʢʪʝʨʽ ʥʝʣʽʥʽʡʥʦʩʪʽ, ʪʘʢʦʤʫ, ʱʦ 

ʯʫʪʣʠʚʽʩʪʴ ʤʦʞʝ ʟʤʽʥʠʪʠʩʷ ʟʘ ʧʝʨʽʦʜ ʩʠʥʫʩʦʾʜʠ, ʫ ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ ʩʪʨʫʤʫ 

ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʙʫʜʫʪʴ ʙʽʣʴʰʽ, ʥʽʞ ʦʯʽʢʫʚʘʥʽ ʚ ʨʘʟʽ, ʷʢʱʦ ʯʫʪʣʠʚʽʩʪʴ ʪʘ ʞ, 
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ʱʦ ʚ ʪʦʯʮʽ ʛʝʥʝʨʘʮʽʾ Ὅ. ʇʨʠ ʟʤʝʥʰʝʥʥʽ ʩʪʨʫʤʫ ʥʠʞʯʝ Ὅ  ʯʫʪʣʠʚʽʩʪʴ 

ʟʥʠʞʫʻʪʴʩʷ ʡ ʨʝʘʣʴʥʠʡ ʩʪʨʫʤ ʩʪʘʻ ʤʝʥʰʝ, ʥʽʞ ʚ ʽʜʝʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ. 

 

 

ʈʠʩ. 4.23. ʈʦʟʨʘʭʦʚʘʥʽ ʚʠʭʽʜʥʽ ʩʪʨʫʤʠ ʜʣʷ ʜʚʦʭ ʚʘʨʽʘʥʪʽʚ ʬʦʪʦʜʽʦʜʽʚ 

 

ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʟʽ ʩʪʨʫʤʦʤ ʙʫʣʦ ʽʜʝʥʪʠʬʽʢʦʚʘʥʦ ʚ 

[4.12] ʷʢ ʜʞʝʨʝʣʦ ʥʝʣʽʥʽʡʥʦʩʪʽ ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʧʨʠ ʚʠʩʦʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʧʦʣʷʭ. ɼʣʷ ʨʦʟʫʤʽʥʥʷ ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ ʮʴʦʛʦ ʪʠʧʫ ʥʝʣʽʥʽʡʥʦʩʪʽ ʢʦʨʠʩʥʘ 

ʜʽʘʛʨʘʤʘ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.24. ʋ ʬʦʪʦʜʽʦʜʽ ʟ ʦʜʥʠʤ 

ʟʛʝʪʝʨʦʧʝʨʝʭʦʜʦʤ ʧʦʛʣʠʥʘʥʥʷ ʚʠʥʠʢʘʻ ʚ ʟʙʽʜʥʝʥʽʡ ʦʙʣʘʩʪʽ ʪʘ  

ʧʨʠʢʦʥʪʘʢʪʥʦʤʫ InGaAs-ʰʘʨʽ ʟ ʣʝʛʫʚʘʥʥʷʤ p-ʪʠʧʫ. ɺ ʥʝʟʙʽʜʥʝʥʽʡ ʨ-ʦʙʣʘʩʪʽ 

ʧʨʠ ʧʦʛʣʠʥʘʥʥʽ ʩʪʚʦʨʶʻʪʴʩʷ ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʘ ʧʘʨʘ. ʋ ʮʽʡ ʦʙʣʘʩʪʽ, 

ʟʘʛʘʣʦʤ, ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʥʝʦʩʥʦʚʥʽ ʥʦʩʽʾ, ʝʣʝʢʪʨʦʥʠ, ʨʫʭʘʶʪʴʩʷ ʪʽʣʴʢʠ 

ʚʥʘʩʣʽʜʦʢ ʜʠʬʫʟʽʾ, ʧʨʦʪʝ ʚ ʟʚ'ʷʟʢʫ ʟ ʥʘʷʚʥʽʩʪʶ ʜʨʝʡʬʦʚʦʛʦ ʩʪʨʫʤʫ ʦʩʥʦʚʥʠʭ 

ʥʦʩʽʾʚ, ʜʽʨʦʢ, ʚ ʨ-ʦʙʣʘʩʪʽ ʽʩʥʫʻ ʩʣʘʙʢʝ ʨʽʚʥʦʤʽʨʥʝ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ (ʮʷ 

ʦʙʣʘʩʪʴ ʬʫʥʢʮʽʦʥʫʻ ʧʦʜʽʙʥʦ ʧʨʦʚʽʜʥʠʢʫ ʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ, ʜʽʨʦʢ). ʅʘ 

ʜʽʘʛʨʘʤʽ ʚ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʨʠʩ. 4.24 ʨʦʟʛʣʷʥʫʪʦ ʚʠʧʘʜʦʢ ʩʪʨʫʤʫ ʜʝʪʝʢʪʦʨʘ 

1 ʤɸ, ʱʦ ʬʦʨʤʫʻ ʩʣʘʙʢʝ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʥʘʧʨʫʞʝʥʽʩʪʶ 3 ɺ/ʩʤ. ʋ ʮʴʦʤʫ 

ʧʦʣʽ ʨʫʭ ʝʣʝʢʪʨʦʥʘ ʜʦ ʨʝʢʦʤʙʽʥʘʮʽʾ ʙʫʜʝ ʦʙʤʝʞʫʚʘʪʠʩʷ ʩʝʨʝʜʥʴʦʶ 

ʚʽʜʩʪʘʥʥʶ 2,4 ʥʤ ʧʨʠ ʯʘʩʽ ʨʝʢʦʤʙʽʥʘʮʽʾ Ű ʧʦʨʷʜʢʫ 100 ʧʩ. ʗʢʱʦ ʝʣʝʢʪʨʦʥ 

ʛʝʥʝʨʫʻʪʴʩʷ ʜʘʣʽ, ʥʽʞ 2,4 ʥʤ (ʚ ʩʝʨʝʜʥʴʦʤʫ) ʚʽʜ ʢʨʘʶ ʟʙʽʜʥʝʥʦʾ ʦʙʣʘʩʪʽ, ʚʽʥ 

ʨʝʢʦʤʙʽʥʫʻ ʱʝ ʜʦ ʪʦʛʦ, ʷʢ ʜʦʩʷʛʥʝ ʟʙʽʜʥʝʥʦʾ ʦʙʣʘʩʪʽ, ʡ ʥʝ ʙʫʜʝ ʩʪʚʦʨʶʚʘʪʠ 

ʩʪʨʫʤ ʫ ʟʦʚʥʽʰʥʴʦʤʫ ʢʦʣʦʫ. 
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ʈʠʩ. 4.24. ɼʽʘʛʨʘʤʠ, ʱʦ ʧʦʷʩʥʶʶʪʴ ʧʨʦʮʝʩ ʨʝʢʦʤʙʽʥʘʮʽʾ ʟ ʢʨʘʶ ʟʙʽʜʥʝʥʦʾ ʦʙʣʘʩʪʽ  

(ʨ-i-n ʧʝʨʝʭʽʜ) ʧʨʠ ʥʠʟʴʢʦʤʫ (ʚʛʦʨʽ) ʪʘ ʚʠʩʦʢʦʤʫ (ʚʥʠʟʫ) ʬʦʪʦʩʪʨʫʤʽ [4.12] 

 

ʇʫʥʢʪʠʨʥʦʶ ʣʽʥʽʻʶ ʧʦʢʘʟʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʽʜʝʘʣʴʥʦʛʦ ʬʦʪʦʜʽʦʜʘ ʟ 

ʧʦʩʪʽʡʥʦʶ ʯʫʪʣʠʚʽʩʪʶ. ʉʫʮʽʣʴʥʦʶ ʣʽʥʽʻʶ ʧʦʢʘʟʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʬʦʪʦʜʽʦʜʘ, ʯʫʪʣʠʚʽʩʪʴ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʠʪʪʻʚʦʛʦ ʩʪʨʫʤʫ. ʇʦʟʥʘʯʝʥʠʡ ʷʢ 

Ὅ  ʧʦʩʪʽʡʥʠʡ ʬʦʪʦʩʪʨʫʤ ʣʽʥʽʡʥʦʛʦ ʬʦʪʦʜʽʦʜʘ ʻ ʪʦʯʢʦʶ ʨʽʚʥʦʩʪʽ ʯʫʪʣʠʚʦʩʪʽ 

ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ. 

ʅʘ ʜʽʘʛʨʘʤʽ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʨʠʩ. 4.24 ʨʦʟʛʣʷʥʫʪʦ ʚʠʧʘʜʦʢ ʩʪʨʫʤʫ 

ʜʝʪʝʢʪʦʨʘ 10 ʤɸ, ʱʦ ʬʦʨʤʫʻ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʥʘʧʨʫʞʝʥʽʩʪʶ 30 ɺ/ʩʤ. ʋ 

ʮʴʦʤʫ ʧʦʣʽ ʨʫʭ ʝʣʝʢʪʨʦʥʘ ʜʦ ʨʝʢʦʤʙʽʥʘʮʽʾ ʙʫʜʝ ʦʙʤʝʞʫʚʘʪʠʩʷ ʩʝʨʝʜʥʴʦʶ 

ʚʽʜʩʪʘʥʥʶ 24 ʥʤ ʧʨʠ ʯʘʩʫ ʨʝʢʦʤʙʽʥʘʮʽʾ Ű ʙʣʠʟʴʢʦ 100 ʧʩ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʚ ʟʙʽʜʥʝʥʽʡ ʦʙʣʘʩʪʽ ʙʫʜʝ ʙʽʣʴʰʝ ʥʝ ʨʝʢʦʤʙʽʥʦʚʘʥʠʭ ʝʣʝʢʪʨʦʥʽʚ, ʱʦ 

ʩʪʚʦʨʠʪʴ ʚ 10 ʨʘʟʽʚ ʙʽʣʴʰʠʡ ʧʦʚʥʠʡ ʩʪʨʫʤ, ʧʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʻ ʟʘʣʝʞʥʽʩʪʴ 

ʚʽʜ ʛʫʩʪʠʥʠ ʧʦʪʫʞʥʦʩʪʽ ʬʦʪʦʩʪʨʫʤʫ, ʱʦ ʻ ʜʞʝʨʝʣʦʤ ʥʝʣʽʥʽʡʥʠʭ 

ʩʧʦʪʚʦʨʝʥʴ. 

ʅʘ ʨʠʩ. 4.25 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʯʫʪʣʠʚʦʩʪʽ 

ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʧʨʠ ʨʽʟʥʠʭ ʬʦʪʦʩʪʨʫʤʘʭ [4.12], ʟ ʷʢʠʭ ʷʩʥʦ ʚʠʧʣʠʚʘʻ, ʱʦ 

ʯʫʪʣʠʚʽʩʪʴ ʜʽʡʩʥʦ ʻ ʬʫʥʢʮʽʻʶ ʩʪʨʫʤʫ. ʊʘʢʦʞ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʬʦʪʦʜʽʦʜʘ ʧʨʠ ʨʽʟʥʦʤʫ ʯʘʩʽ ʨʝʢʦʤʙʽʥʘʮʽʾ ʚ ʨ-ʦʙʣʘʩʪʽ, ʱʦ 

ʽʣʶʩʪʨʫʶʪʴ ʚʧʣʠʚ ʯʘʩʫ ʨʝʢʦʤʙʽʥʘʮʽʾ ʥʘ ʥʝʣʽʥʽʡʥʽʩʪʴ ʯʫʪʣʠʚʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ, 

ʚ [4.13] ʙʫʣʦ ʚʽʜʟʥʘʯʝʥʦ, ʱʦ ʧʨʠ ʩʠʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʷʭ ʚʩʝʨʝʜʠʥʽ 
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ʦʙʣʘʩʪʽ ʚʣʘʩʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ, ʢʦʣʠ ʥʝ ʪʘʢ ʟʥʘʯʥʦ ʚʧʣʠʚʘʶʪʴ ʥʝʣʽʥʽʡʥʦʩʪʽ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ, ʥʝʣʽʥʽʡʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʩʪʘʶʪʴ ʥʝʟʘʣʝʞʥʠʤʠ ʚʽʜ 

ʯʘʩʪʦʪʠ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʟʙʫʜʞʝʥʥʷ.  

 

ʈʠʩ. 4.25. ɺʠʤʽʨʷʥʽ (ʢʚʘʜʨʘʪʠ) ʪʘ ʨʦʟʨʘʭʦʚʘʥʽ (ʩʫʮʽʣʴʥʽ ʣʽʥʽʾ) ʟʥʘʯʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ, 

ʥʦʨʤʦʚʘʥʽ ʧʨʠ ʥʠʟʴʢʠʭ ʩʪʨʫʤʘʭ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʚʝʜʝʥʽ ʜʣʷ ʯʘʩʫ 

ʨʝʢʦʤʙʽʥʘʮʽʾ 50, 100 ʪʘ 200 ʧʩ [4.12] 

 

ʅʘ ʨʠʩ. 4.26 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʛʘʨʤʦʥʽʡʥʠʭ 

ʩʧʦʪʚʦʨʝʥʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʦʜʝʣʴʦʚʘʥʠʤʠ ʟʘ ʫʤʦʚʠ ʥʘʷʚʥʦʩʪʽ ʪʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʛʣʠʥʘʥʥʷ ʚ ʨ-ʦʙʣʘʩʪʽ [4.13]. ɺ ʽʥʰʽʡ ʨʦʙʦʪʽ [4.12] ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʯʘʩʽ ʨʝʢʦʤʙʽʥʘʮʽʾ 100 ʧʩ, ʷʢʽ ʙʽʣʴʰ ʪʦʯʥʦ ʧʨʦʨʦʢʫʶʪʴ 

ʥʝʣʽʥʽʡʥʽʩʪʴ ʯʫʪʣʠʚʦʩʪʽ (ʨʠʩ. 4.25), ʪʘʢʦʞ ʙʫʣʠ ʙʣʠʟʴʢʽ ʜʦ ʟʥʘʯʝʥʥʷ, 

ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʪʦʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʛʘʨʤʦʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʚ ʬʫʥʢʮʽʾ ʚʽʜ ʩʪʨʫʤʫ ʧʦʚʠʥʥʦ ʚʠʢʦʥʫʚʘʪʠʩʷ ʟʘ 

ʫʤʦʚʠ ʩʫʪʪʻʚʦʾ ʧʦʤʽʪʥʦʩʪʽ ʝʬʝʢʪʫ ʪʘʢ, ʷʢ ʥʘ ʨʠʩ. 4.25. ɿʘʣʝʞʥʽʩʪʴ 

ʯʫʪʣʠʚʦʩʪʽ ʚʽʜ ʩʪʨʫʤʫ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʧʽʜ ʜʽʻʶ ʽʥʰʠʭ ʧʦʚ'ʷʟʘʥʠʭ ʟ 

ʚʧʣʠʚʦʤ ʪʝʧʣʘ ʝʬʝʢʪʽʚ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʟʩʫʚʫ ʝʥʝʨʛʝʪʠʯʥʦʾ ʟʦʥʠ [4.13], ʢʦʣʠ 

ʧʽʜ ʚʧʣʠʚʦʤ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʟʤʽʱʫʻʪʴʩʷ ʢʨʘʡ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ, ʱʦ 

ʚʠʢʣʠʢʘʻ ʥʝʚʝʣʠʢʘ ʟʤʽʥʘ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʛʣʠʥʘʥʥʷ. ʗʢ ʙʫʣʦ ʚʞʝ ʟʘʟʥʘʯʝʥʦ ʚ 

ʮʴʦʤʫ ʨʦʟʜʽʣʽ, ʝʬʝʢʪʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʧʦʚʠʥʥʽ ʤʘʪʠ ʧʦʩʪʽʡʥʫ 

ʯʘʩʫ ʚ ʤʽʢʨʦʩʝʢʫʥʜʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʪʦʤʫ ʥʝ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʟʥʘʯʥʠʭ 

ʥʝʣʽʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʥʘ ʛʽʛʘʛʝʨʮʦʚʠʭ ʯʘʩʪʦʪʘʭ. 
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ʈʠʩ. 4.26. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʥʘ 

ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ ʪʘ ʾʾ ʜʨʫʛʽʡ ʽ ʪʨʝʪʽʡ ʛʘʨʤʦʥʽʢʘʭ. ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʘʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

(ʩʫʮʽʣʴʥʽ ʣʽʥʽʾ) ʪʘ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ (ʧʫʥʢʪʠʨʥʽ ʣʽʥʽʾ) ʧʦʛʣʠʥʘʥʥʷ ʚ ʨ-ʦʙʣʘʩʪʽ [4.13] 

 

ɺʠʤʽʨʶʚʘʥʥʷ ʟʘʣʝʞʥʦʾ ʚʽʜ ʩʪʨʫʤʫ ʯʫʪʣʠʚʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʮʽʥʢʠ ʥʝʣʽʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʰʣʷʭʦʤ ʨʦʟʢʣʘʜʘʥʥʷ ʚ ʨʷʜ 

ʊʝʡʣʦʨʘ ʟʘ ʫʤʦʚʠ, ʱʦ ʯʘʩ ʚʠʤʽʨʶʚʘʥʴ ʚʽʜʧʦʚʽʜʘʻ ʚʝʣʠʯʠʥʽ, ʟʚʦʨʦʪʥʽʡ ʩʤʫʟʽ 

ʯʘʩʪʦʪ, ʚ ʷʢʽʡ ʙʫʜʝ ʧʨʦʚʦʜʠʪʠʩʷ ʤʦʜʝʣʶʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʥʘ ʙʘʟʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʽ ʘʥʘʣʽʪʠʯʥʽ 

ʚʠʨʘʟʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʛʘʨʤʦʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ [4.14]. ʏʫʪʣʠʚʽʩʪʴ ʤʦʞʝ 

ʙʫʪʠ ʦʧʠʩʘʥʘ ʨʷʜʘʤʠ ʊʝʡʣʦʨʘ ʚ ʦʢʦʣʠʮʽ ʜʝʷʢʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʬʦʪʦʩʪʨʫʤʫ: 

ᴘ  (I) =  ᴘ (Ὅ )+ᴘ '(Ὅ ) (I -) ) + ᴘᴂᴂὍ Ὅ Ὅ ,   (4.8) 

ʜʝ ᴘ'(Ὅ  ʪʘ ᴘᴂᴂὍ  ʧʦʟʥʘʯʝʥʽ ʧʝʨʰʘ ʡ ʜʨʫʛʘ ʧʦʭʽʜʥʽ ʯʫʪʣʠʚʦʩʪʽ ʧʦ 

ʩʪʨʫʤʫ, ʦʮʽʥʝʥʽ ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʩʪʨʫʤʦʚʽ Ὅ Ȣ ʊʦʜʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʠʢ, 

ʦʧʠʩʘʥʠʭ ʚ [4.44], ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʚʠʨʘʟʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʚʽʜʥʦʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʛʘʨʤʦʥʽʢʘʭ ʜʦ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ: 

Ὅ ᴘ Ὅ ᴘ Ὅ ὖ ᴘὍ ᴘᴂᴂὍ   

(4.9) 

ά ὖ ᴘὍ ᴘ Ὅ  ,   (4.10) 
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ʜʝ ʪ - ʛʣʠʙʠʥʘ ʤʦʜʫʣʷʮʽʾ,ὖ  - ʩʝʨʝʜʥʷ ʦʧʪʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ. ɼʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ (4.8) ʚ (4.9) ʪʘ (4.10) ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ 

ʧʨʠʧʫʱʝʥȡὍ ὙὍ ὖ, ʚʭʽʜʥʘ ʦʧʪʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ  

ὖ ὖ άὖ ίὭὲЏὸ  ʪʘ  Ὅ άᴘὍ ὖ . ʗʢ ʧʨʦʩʪʠʡ ʧʨʠʢʣʘʜ ʟʘ 

ʜʦʧʦʤʦʛʦʶ (4.9) ʚʠʢʦʥʘʻʤʦ ʨʦʟʨʘʭʫʥʦʢ ʩʧʦʪʚʦʨʝʥʴ ʧʦ ʜʨʫʛʽʡ ʛʘʨʤʦʥʽʮʽ 

(ʨʠʩ. 4.26), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʽ ʨʠʩ. 4.25. ɿʛʽʜʥʦ ʟ ʮʠʤ ʨʠʩʫʥʢʦʤ ʧʝʨʰʘ 

ʧʦʭʽʜʥʘ ʜʦʨʽʚʥʶʻ 0,002/ʤɺʪ ʚ ʜʽʘʧʘʟʦʥʽ ʩʪʨʫʤʽʚ 0-23 ʤɸ. ʇʨʠ ά ρ ʪʘ 

 ὖ ρ̍ˏ̓ ʚʽʜʥʦʰʝʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʜʨʫʛʽʡ ʛʘʨʤʦʥʽʮʽ ʜʦ ʧʦʪʫʞʥʦʩʪʽ ʥʘ 

ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ ʚʠʭʦʜʠʪʴ 60״ ʜʙʥ ʟʘ ʫʤʦʚʠ ʥʝʭʪʫʚʘʥʥʷ ʚʧʣʠʚʦʤ ʜʨʫʛʦʾ 

ʧʦʭʽʜʥʦʾ, ʱʦ ʙʣʠʟʴʢʦ ʜʦ 65״ ʜɹʥ ʧʨʠ ʩʪʨʫʤʽ 1 ʤɸ (ʜʠʚ. ʨʠʩ. 4.26). ʇʦʜʽʙʥʽ 

ʫʟʛʦʜʞʝʥʥʷ ʜʣʷ ʩʧʦʪʚʦʨʝʥʴ ʧʦ ʜʨʫʛʽʡ ʪʘ ʪʨʝʪʽʡ ʛʘʨʤʦʥʽʢʘʭ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʚ 

[4.14] ʜʣʷ ʽʥʰʦʛʦ ʪʠʧʫ ʬʦʪʦʜʝʪʝʢʪʦʨʘ. ʎʷ ʧʨʦʩʪʘ ʝʤʧʽʨʠʯʥʘ ʤʝʪʦʜʠʢʘ 

ʢʦʨʝʢʪʥʘ ʚ ʨʘʟʽ, ʢʦʣʠ ʜʞʝʨʝʣʦʤ ʩʧʦʪʚʦʨʝʥʥʷ ʻ ʥʝʣʽʥʽʡʥʘ ʯʫʪʣʠʚʽʩʪʴ, ʽʥʘʢʰʝ 

ʨʽʚʥʽ ʩʧʦʪʚʦʨʝʥʴ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ, ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʦʷʩʥʝʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʰʦʛʦ ʥʝʣʽʥʽʡʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. 

ɿʛʽʜʥʦ ʪʘʙʣ. 4.1 ʧʦʚ'ʷʟʘʥʘ ʟ ʬʦʪʦʩʪʨʫʤʦʤ ʥʝʣʽʥʽʡʥʽʩʪʴ ʯʫʪʣʠʚʦʩʪʽ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ ʟʙʫʜʞʝʥʥʷ. ʋ ʥʘʚʝʜʝʥʦʤʫ ʚʠʱʝ ʧʨʠʢʣʘʜʽ ʮʝ 

ʪʚʝʨʜʞʝʥʥʷ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʥʠʟʴʢʽʡ ʯʘʩʪʦʪʽ, ʦʜʥʘʢ ʩʪʘʻ 

ʥʝʢʦʨʝʢʪʥʠʤ ʧʦ ʤʽʨʽ ʾʾ ʧʽʜʚʠʱʝʥʥʷ ʜʦ ʪʦʯʢʠ, ʚ ʷʢʽʡ ʯʘʩ ʧʨʦʣʴʦʪʫ 

ʥʝʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ (ʝʣʝʢʪʨʦʥʽʚ) ʚ ʧʦʛʣʠʥʘʣʴʥʦʤʫ ʰʘʨʽ ʨ-ʦʙʣʘʩʪʽ ʙʫʜʝ 

ʧʦʨʽʚʥʷʥʥʠʤ ʟ ʧʝʨʽʦʜʦʤ ʛʝʥʝʨʘʮʽʾ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʽʥʰʠʭ ʥʘʚʝʜʝʥʠʭ ʫ 

ʪʘʙʣʠʮʽ ʧʦʢʘʟʥʠʢʽʚ, ʪʦ ʧʦʚ'ʷʟʘʥʘ ʟʽ ʩʪʨʫʤʦʤ ʯʫʪʣʠʚʽʩʪʴ ʥʝ ʧʦʚʠʥʥʘ 

ʟʘʣʝʞʘʪʠ ʚʽʜ ʨʦʟʤʽʨʫ ʬʦʪʦʯʫʪʣʠʚʦʾ ʧʣʦʱʽ (ʦʧʪʠʯʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ), 

ʦʩʢʽʣʴʢʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ (ʜʽʨʦʢ), ʷʢʘ ʚʠʟʥʘʯʘʻ ʚʝʣʠʯʠʥʫ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚ ʨ-ʦʙʣʘʩʪʽ ʜʦʩʠʪʴ ʚʠʩʦʢʘ ʡ ʩʣʘʙʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʦʛʣʠʥʘʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʦʚ'ʷʟʘʥʘ ʟʽ ʩʪʨʫʤʦʤ ʯʫʪʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʘ ʷʢ 

ʚʥʫʪʨʽʰʥʽʡ ʝʬʝʢʪ, ʦʩʢʽʣʴʢʠ ʚʩʽ ʟʤʽʥʥʽ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʜʘʥʫ ʥʝʣʽʥʽʡʥʽʩʪʴ ʚ 

ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʽ ʻ ʚʥʫʪʨʽʰʥʽʤʠ ʱʦʜʦ ʬʦʪʦʜʽʦʜʫ. 
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ɭʜʠʥʠʡ ʪʠʧ ʥʝʣʽʥʽʡʥʦʩʪʽ ʯʫʪʣʠʚʦʩʪʽ, ʱʦ ʻ ʬʫʥʢʮʽʻʶ ʨʦʟʤʽʨʽʚ ʦʙʣʘʩʪʽ 

ʟʘʩʚʽʯʝʥʥʷ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʝʬʝʢʪʦʤ ʧʨʦʩʚʽʪʣʝʥʥʷ. ʗʚʠʱʝ ʧʨʦʩʚʽʪʣʝʥʥʷ ʜʦʙʨʝ 

ʚʽʜʦʤʦ ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ. ʇʨʦʩʚʽʪʣʝʥʥʷ ʘʙʦ ʥʘʩʠʯʝʥʥʷ ʧʦʛʣʠʥʘʥʥʷ 

ʚʠʥʠʢʘʻ, ʢʦʣʠ ʜʽʷ ʩʠʣʴʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʧʨʠʟʚʦʜʠʪʴ ʘʙʦ ʜʦ 

ʩʢʦʨʦʯʝʥʥʷ ʯʠʩʣʘ ʥʘʷʚʥʠʭ ʢʽʥʮʝʚʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʪʘʥʽʚ, ʘʙʦ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʯʠʩʣʘ ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʥʽʚ. ʋ ʙʫʜʴ-ʷʢʦʤʫ ʚʠʧʘʜʢʫ ʢʦʝʬʽʮʽʻʥʪ 

ʧʦʛʣʠʥʘʥʥʷ ʧʘʜʘʻ ʚ ʤʽʨʫ ʟʤʝʥʰʝʥʥʷ ʯʠʩʣʘ ʥʘʷʚʥʠʭ ʘʢʪʽʚ ʧʦʛʣʠʥʘʥʥʷ. 

ʇʨʦʩʚʽʪʣʝʥʥʷ ʟʘʟʚʠʯʘʡ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʚʧʣʠʚʦʚʽ ʢʦʨʦʪʢʠʭ ʽʤʧʫʣʴʩʽʚ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʢʦʣʠ ʚʠʩʦʢʽ ʦʧʪʠʯʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʫʞʝ ʡʤʦʚʽʨʥʽ. ʉʘʤʝ 

ʧʨʦʩʚʽʪʣʝʥʥʷ ʙʫʣʦ ʚʠʩʫʥʫʪʦ ʚ [4.15] ʷʢ ʧʨʠʯʠʥʫ ʩʫʪʪʻʚʦʛʦ ʟʤʝʥʰʝʥʥʷ 

ʯʫʪʣʠʚʦʩʪʽ ʚ ʽʤʧʫʣʴʩʥʠʭ ʦʧʪʠʯʥʠʭ ʣʽʥʽʷʭ ʧʝʨʝʜʘʯʽ ʬʦʪʦʥʥʠʭ ɸʎʇ, ʱʦ 

ʧʨʠʟʚʝʣʦ ʜʦ ʥʝʣʽʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ, ʜʦʩʠʪʴ ʚʝʣʠʢʠʭ, ʱʦʙ ʦʙʤʝʞʠʪʠ ʾʭ 

ʟʘʛʘʣʴʥʽ ʪʝʭʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ. ɿ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʧʨʦʩʚʽʪʣʝʥʥʷ ʩʘʤʝ ʧʦ ʩʦʙʽ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʫʩʪʠʥʠ ʧʦʪʫʞʥʦʩʪʽ, ʚʠʭʦʜʠʪʴ, ʱʦ ʚʽʜʧʦʚʽʜʥʘ ʥʝʣʽʥʽʡʥʽʩʪʴ 

ʬʦʪʦʜʽʦʜʘ ʪʘʢʦʞ ʙʫʜʝ ʧʦʚ'ʷʟʘʥʘ ʟ ʛʫʩʪʠʥʦʶ ʧʦʪʫʞʥʦʩʪʽ. ʆʮʽʥʢʫ 

ʤʦʞʣʠʚʦʩʪʽ ʚʧʣʠʚʫ ʮʽʻʾ ʥʝʣʽʥʽʡʥʦʩʪʽ ʥʘ ʥʝʣʽʥʽʡʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʧʨʠ 

ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʦʧʨʦʤʽʥʝʥʥʽ ʧʨʦʚʝʜʝʤʦ ʰʣʷʭʦʤ ʧʨʦʩʪʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʧʦ ʩʪʨʫʤʫ. ʋ ʛʽʨʰʦʤʫ ʚʠʧʘʜʢʫ ʯʫʪʣʠʚʽʩʪʴ 

ʜʦʩʣʽʜʞʝʥʦʛʦ ʚ [4.15] ʬʦʪʦʜʽʦʜʘ ʟʤʽʥʠʣʘʩʷ ʥʘ 10% ʧʨʠ ʟʤʽʥʽ ʝʥʝʨʛʽʾ 

ʽʤʧʫʣʴʩʫ ʪʨʠʚʘʣʽʩʪʶ 30 ʧʩ ʥʘ 50 ʧɼʞ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʚʝʣʠʯʠʥʫ 

ʧʝʨʰʦʾ ʧʦʭʽʜʥʦʾ ʙʣʠʟʴʢʦ 6Ŀ10
-5
/ʤɺʪ, ʱʦ ʧʨʠʙʣʠʟʥʦ ʚ 100 ʨʘʟʽʚ ʤʝʥʰʝ 

ʧʦʚ'ʷʟʘʥʦʾ ʟʽ ʩʪʨʫʤʦʤ ʯʫʪʣʠʚʦʩʪʽ, ʱʦ ʚʠʟʥʘʯʘʻ ʩʧʦʪʚʦʨʝʥʥʷ ʥʘ ʨʠʩ. 4.26. 

ʍʦʯʘ ʟʥʘʯʝʥʥʷ ʷʢʝ ʚʠʡʰʣʦ ʟʥʘʯʥʦ ʤʝʥʰʝ ʥʝʣʽʥʽʡʥʦʩʪʽ ʧʦ ʜʨʫʛʽʡ ʛʘʨʤʦʥʽʮʽ, 

ʾʤ ʥʝ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʦʩʢʽʣʴʢʠ ʧʦʚ'ʷʟʘʥʘ ʟʽ 

ʩʪʨʫʤʦʤ ʯʫʪʣʠʚʽʩʪʴ ʧʨʠʣʘʜʫ, ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʦʛʦ ʥʘʚʝʜʝʥʽ ʥʘ 

ʨʠʩ. 4.25 ʪʘ 4.26, ʽʩʪʦʪʥʦ ʙʽʣʴʰʘ, ʥʽʞ ʫ ʙʽʣʴʰʦʩʪʽ ʪʠʧʽʚ ʬʦʪʦʜʝʪʝʢʪʦʨʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʦʙʭʽʜʥʽ ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʚʠʢʣʠʢʘʥʦʾ ʧʨʦʩʚʽʪʣʝʥʥʷʤ ʥʝʣʽʥʽʡʥʦʩʪʽ ʚ ʬʦʪʦʜʽʦʜʘʭ ʟ ʙʝʟʧʝʨʝʨʚʥʠʤ 

ʦʧʨʦʤʽʥʶʚʘʥʥʷʤ. 
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ʆʙʛʦʚʦʨʝʥʽ ʜʦʩʽ ʥʝʣʽʥʽʡʥʦʩʪʽ ʯʫʪʣʠʚʦʩʪʽ ʷʚʣʷʣʠ ʩʦʙʦʶ ʬʫʥʢʮʽʶ 

ʪʽʣʴʢʠ ʚʥʫʪʨʽʰʥʽʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʣʘʜʫ. ɼʦ ʥʝʣʽʥʽʡʥʦʩʪʝʡ ʯʫʪʣʠʚʦʩʪʽ, 

ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ ʯʠʥʥʠʢʽʚ, ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʪʽ 

ʥʝʣʽʥʽʡʥʦʩʪʽ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʘʭ ʬʦʪʦʜʝʪʝʢʪʦʨʘ. 

ʅʘʧʨʠʢʣʘʜ, ʩʪʨʫʤ, ʱʦ ʪʝʯʝ ʚ ʦʧʦʨʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʤʦʞʝ ʟʤʝʥʰʠʪʠ ʥʘʧʨʫʛʫ 

ʥʘ ʚʠʭʦʜʘʭ ʪʘ ʚʠʢʣʠʢʘʪʠ ʥʝʣʽʥʽʡʥʽʩʪʴ, ʧʦʚ'ʷʟʘʥʫ ʟ ʯʘʩʦʤ ʧʨʦʣʴʦʪʫ. ʋ 

ʙʘʛʘʪʴʦʭ ʬʦʪʦʜʽʦʜʘʭ ʯʫʪʣʠʚʽʩʪʴ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʬʫʥʢʮʽʻʶ ʥʘʧʨʫʛʠ ʥʘ 

ʚʠʭʦʜʘʭ ʬʦʪʦʜʝʪʝʢʪʦʨʘ. ʎʝʡ ʪʠʧ ʥʝʣʽʥʽʡʥʦʩʪʽ ʧʦʟʥʘʯʝʥʠʡ ʚ ʪʘʙʣ. 4.1 ʷʢ 

ʟʘʣʝʞʥʘ ʚʽʜ ʥʘʧʨʫʛʠ ʯʫʪʣʠʚʽʩʪʴ. 

ʅʝʣʽʥʽʡʥʦʩʪʽ ʯʫʪʣʠʚʦʩʪʽ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʥʘʧʨʫʛʠ, ʙʫʣʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʥʝʣʽʥʽʡʥʠʤʠ ʩʧʦʪʚʦʨʝʥʥʷʤʠ ʚ [4.16], ʜʝ ʙʫʣʦ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʟʤʽʥʘ ʥʘʧʨʫʛʠ ʟʩʫʚʫ ʥʘ 7 ɺ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʯʫʪʣʠʚʦʩʪʽ 

ʥʘ 4%. ɹʫʣʦ ʚʠʩʫʥʫʪʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʧʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ ʫʜʘʨʥʘ ʽʦʥʽʟʘʮʽʷ, 

ʢʦʣʠ ʧʨʠʩʢʦʨʝʥʠʡ ʨʫʭ ʜʽʨʦʢ ʪʘ/ʘʙʦ ʝʣʝʢʪʨʦʥʽʚ ʚ ʦʙʣʘʩʪʽ ʚʠʩʦʢʦʛʦ ʧʦʣʷ 

ʤʦʞʝ ʽʦʥʽʟʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʥʦʩʽʾ, ʚʠʢʣʠʢʘʶʯʠ ʟʨʦʩʪʘʥʥʷ ʩʪʨʫʤʫ ʘʙʦ, ʱʦ 

ʝʢʚʽʚʘʣʝʥʪʥʦ, ʟʙʽʣʴʰʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ. ɼʘʥʠʡ ʝʬʝʢʪ ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʚ 

[4.17] ʽ ʙʫʚ ʚʽʜʥʝʩʝʥʠʡ ʜʦ ʚʧʣʠʚʫ ʫʜʘʨʥʦʾ ʽʦʥʽʟʘʮʽʾ ʚ ʫʤʦʚʘʭ ʩʠʣʴʥʦʛʦ 

ʦʧʨʦʤʽʥʝʥʥʷ p-i-n-ʜʽʦʜʽʚ. ɿ ʤʝʪʦʶ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʩʧʝʮʠʬʽʢʠ ʥʝʣʽʥʽʡʥʦʩʪʽ 

ʟʘʣʝʞʥʦʾ ʚʽʜ ʥʘʧʨʫʛʠ ʯʫʪʣʠʚʦʩʪʽ ʚ [4.18] ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʘʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʛʘʨʤʦʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ, ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʮʴʦʛʦ ʪʠʧʫ ʯʫʪʣʠʚʦʩʪʽ ʪʘ ʢʦʨʦʪʢʠʡ ʯʠʩʝʣʴʥʠʡ ʘʥʘʣʽʟ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʚ ʬʫʥʢʮʽʡ ʚʽʜ ʧʨʠʢʣʘʜʝʥʦʾ ʥʘʧʨʫʛʠ 

[4.18], ʘ ʪʘʢʦʞ ʨʦʟʨʘʭʫʥʢʫ ʟʙʽʣʴʰʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʚʥʘʩʣʽʜʦʢ ʫʜʘʨʥʦʾ 

ʽʦʥʽʟʘʮʽʾ ʧʦ ʤʦʜʝʣʽ, ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʚ [4.19], ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4.27.  

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ, ʦʩʥʦʚʥʘ ʚʣʘʩʪʠʚʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʚ 

ʤʽʨʫ ʟʨʦʩʪʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʚ ʟʙʽʜʥʝʥʽʡ ʦʙʣʘʩʪʽ ʤʦʞʝ ʙʫʪʠ ʚʽʜʥʝʩʝʥʘ 

ʜʦ ʫʜʘʨʥʦʾ ʽʦʥʽʟʘʮʽʾ. ɼʞʝʨʝʣʦ ʧʦʢʘʟʘʥʠʭ ʥʘ ʨʠʩʫʥʢʫ ʦʩʮʠʣʷʮʽʡ ʪʦʯʥʦ 

ʥʝʚʽʜʦʤʠʡ, ʧʨʦʪʝ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʨʠʩ. 4.28 ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʦʩʮʠʣʷʮʽʾ ʘʤʧʣʽʪʫʜ ʜʨʫʛʦʾ ʛʘʨʤʦʥʽʢʠ ʤʘʶʪʴ ʪʫ ʞ ʧʝʨʽʦʜʠʯʥʽʩʪʴ, ʱʦ ʡ 
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ʚʠʤʽʨʶʚʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘʣʝʞʥʦʾ ʚʽʜ ʥʘʧʨʫʛʠ ʯʫʪʣʠʚʦʩʪʽ. ʑʦʙ ʚʠʚʝʩʪʠ 

ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ ʜʣʷ ʦʮʽʥʢʠ ʥʝʣʽʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʥʘ ʙʘʟʽ ʨʦʟʛʣʷʥʫʪʦʛʦ 

ʚʠʱʝ ʝʬʝʢʪʫ, ʧʦʚ'ʷʟʘʥʫ ʟ ʥʘʧʨʫʛʦʶ ʯʫʪʣʠʚʽʩʪʴ ʤʦʞʥʘ ʪʘʢʦʞ ʨʦʟʢʣʘʩʪʠ ʚ 

ʨʷʜ ʊʝʡʣʦʨʘ. 

 

ʈʠʩ. 4.27. ɺʠʤʽʨʷʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʽʜʥʦʩʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʚ ʬʫʥʢʮʽʡ ʚʽʜ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ ʚ ʦʙʣʘʩʪʽ ʚʣʘʩʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ (ʧʨʠʢʣʘʜʝʥʘ ʥʘʧʨʫʛʘ, ʧʦʜʽʣʝʥʘ ʥʘ ʰʠʨʠʥʫ ʟʙʽʜʥʝʥʦʾ 

ʦʙʣʘʩʪʽ) ʪʘ ʨʦʟʨʘʭʫʥʦʢ  ʽʦʥʽʟʘʮʽʾ ʧʦ ʤʦʜʝʣʽ,  ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʚ [4.19] 

 

 

ʈʠʩ. 4.28. ɺʠʤʽʨʷʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ ʪʘ ʜʨʫʛʽʡ 

ʛʘʨʤʦʥʽʮʽ ʧʨʠ ʩʪʨʫʤʘʭ 1, 5 ʪʘ 10 ʤɸ ʜʣʷ ʬʦʪʦʜʽʦʜʘ [4.20], ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 4.27 

 

ʈʷʜ ʊʝʡʣʦʨʘ ʜʣʷ ʟʘʣʝʞʥʦʾ ʚʽʜ ʥʘʧʨʫʛʠ ʯʫʪʣʠʚʦʩʪʽ ʚ ʦʢʦʣʠʮʽ 

ʧʨʠʢʣʘʜʝʥʦʾ ʥʘʧʨʫʛʠὠ [4.20] ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʷʢ: 

ᴘὠ ᴘὠ ᴘ ὠ ὠ ὠ ᴘ ὠ ὠ ὠ  ,   (4.11) 
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ʜʝ ᴘ ὠȿὥ״ ʧʦʭʽʜʥʽ ʯʫʪʣʠʚʦʩʪʽ ʚ ʦʢʦʣʠʮʽὠȢ ɺʽʜʧʦʚʽʜʥʽ ʚʠʨʘʟʠ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʛʘʨʤʦʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʧʦ ʜʨʫʛʽʡ ʪʘ ʪʨʝʪʽʡ ʛʘʨʤʦʥʽʢʘʭ ʤʦʞʫʪʴ 

ʙʫʪʠ ʟʘʧʠʩʘʥʽ ʷʢ: 

ὠὙᴘ ὠ ᴘ ὠ Ὑ

  ὖ ᴘὠ ᴘᴂᴂὠ Ὑ (4.12) 

ά Ὑὖ ᴘὠ ᴘᴂᴂὠ        (4.13) 

ʜʝ ʪ ï ʛʣʠʙʠʥʘ ʤʦʜʫʣʷʮʽʾ, Ὑ ʦʧʽʨ ʥʘʚʘʥʪʘʞʝʥʥʷ, ὖ  ï ʩʝʨʝʜʥʷ ʦʧʪʠʯʥʘ 

ʧʦʪʫʞʥʽʩʪʴ. ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ (4.11) ʚ (4.12) ʪʘ (4.13) ʙʫʣʠ ʟʨʦʙʣʝʥʽ 

ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʧʨʠʧʫʱʝʥʥʷ: Ὅ ᴘὠ ὖ,ὠ ᴘὠ ὖȢ ɺʭʽʜʥʽ ʦʧʪʠʯʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ὖ ὖ άὖ ίὭὲЏὸʪʘ Ὅ άᴘὠ ὖ . ɿʘ ʜʦʧʦʤʦʛʦʶ 

(4.12) ʧʨʠ m = 1,  ὖ σπ ̍ˏ,̓ Ὑ υπ ̨ ȟ̍ᴘ'= 0.002 A/ɺʪ/ ɺ, ʪʘ ᴘ'' = 0 

(ʣʽʥʽʡʥʘ ʘʧʨʦʢʩʠʤʘʮʽʷ ʧʦ ʨʠʩ. 4.27) ʚʽʜʥʦʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʜʨʫʛʽʡ 

ʛʘʨʤʦʥʽʮʽ ʜʦ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ ʚʠʭʦʜʠʪʴ 56,5״ ʜʙʥ [4.20]. 

ɼʘʥʘ ʚʝʣʠʯʠʥʘ ʙʣʠʟʴʢʘ ʜʦ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʠ ʩʪʨʫʤʽ 10 ʤɸ ʚ 

ʜʽʘʧʘʟʦʥʽ ʟʩʫʚʽʚ 2,55״ ɺ (ʜʠʚ. ʨʠʩ. 4.20). 

ɯʥʰʠʤ ʜʦʩʣʽʜʞʝʥʠʤ ʚ [4.20] ʤʝʭʘʥʽʟʤʦʤ, ʱʦ ʩʪʚʦʨʶʻ ʟʘʣʝʞʥʽʩʪʴ 

ʯʫʪʣʠʚʦʩʪʽ ʚʽʜ ʧʨʠʢʣʘʜʝʥʦʾ ʥʘʧʨʫʛʠ, ʻ ʝʬʝʢʪ ʌʨʘʥʮʘ-ʂʝʣʜʠʰʘ. ɼʘʥʠʡ 

ʝʬʝʢʪ  ʦʧʠʩʫʻ ʦʩʮʠʣʷʮʽʾ ʡʤʦʚʽʨʥʦʩʪʽ ʧʝʨʝʭʦʜʫ ʥʦʩʽʷ ʟʘʨʷʜʫ ʜʣʷ ʝʥʝʨʛʽʡ, ʱʦ 

ʧʝʨʝʚʠʱʫʶʪʴ ʢʨʘʡ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ, ʪʘ ʡʤʦʚʽʨʥʽʩʪʴ ʪʫʥʝʣʶʚʘʥʥʷ ʧʽʜ ʜʽʻʶ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʜʣʷ ʝʥʝʨʛʽʡ ʥʠʞʯʝ ʮʴʦʛʦ ʢʨʘʶ ʧʨʠ ʥʘʷʚʥʦʩʪʽ 

ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. ʈʝʟʫʣʴʪʫʶʯʠʡ ʝʬʝʢʪ ʧʦʣʷʛʘʻ ʚ ʟʤʽʥʽ 

ʯʫʪʣʠʚʦʩʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ, ʦʩʦʙʣʠʚʦ ʧʦʙʣʠʟʫ ʚʽʜ ʢʨʘʶ 

ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ.  

ʅʘ ʨʠʩ. 4.29 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʬʦʪʦʜʽʦʜʘ 

ʧʦʙʣʠʟʫ ʢʨʘʶ ʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ ʜʦʜʘʥʠʭ ʥʘʧʨʫʛ ʟʩʫʚʫ ʚ ʤʝʞʘʭ 315״ ɺ ʟ 

ʢʨʦʢʦʤ 2 ɺ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʚʧʣʠʚ ʢʦʨʜʦʥʫ ʟʦʥʠ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʟʩʫʚʽ ʚ ʙʽʢ 
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ʢʦʨʦʪʢʠʭ ʭʚʠʣʴ ʫ ʤʽʨʫ ʧʽʜʚʠʱʝʥʥʷ ʧʨʠʢʣʘʜʝʥʦʾ ʥʘʧʨʫʛʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʯʫʪʣʠʚʽʩʪʴ ʧʘʜʘʻ ʥʘ ʭʚʠʣʷʭ ʜʦʚʰʝ 1575 ʥʤ ʡ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ ʭʚʠʣʷʭ 

ʢʦʨʦʪʰʝ 1525 ʥʤ.  

 

 

ʈʠʩ. 4.29. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʚ ʬʫʥʢʮʽʾ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ  

ʧʨʠ ʨʽʟʥʠʭ ʧʨʠʢʣʘʜʝʥʠʭ ʥʘʧʨʫʛʘʭ 

 

ʊʘʢʦʞ ʚ ʜʘʥʠʭ ʨʠʩ. 4.29 ʧʨʦʩʪʝʞʫʶʪʴʩʷ ʝʬʝʢʪʠ ʚʽʜ ʫʜʘʨʥʦʾ ʽʦʥʽʟʘʮʽʾ. 

ʅʘ ʟʥʘʯʥʦ ʚʽʜʜʘʣʝʥʽʡ ʚʽʜ ʢʦʨʜʦʥʫ ʟʦʥʠ ʭʚʠʣʽ 1450 ʥʤ, ʜʝ ʝʬʝʢʪ  

ʌʨʘʥʮʘ-ʂʝʣʜʠʰʘ ʟʥʝʭʪʦʚʥʦ ʤʘʣʠʡ, ʯʫʪʣʠʚʽʩʪʴ ʬʦʪʦʜʽʦʜʘ ʟʘʚʜʷʢʠ ʜʽʾ 

ʫʜʘʨʥʦʾ ʽʦʥʽʟʘʮʽʾ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 4,5%, ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʪʝʦʨʽʻʶ ʜʣʷ ʮʽʻʾ 

ʬʦʪʦʜʽʦʜʥʦʾ ʩʪʨʫʢʪʫʨʠ [4.21]. ʋ ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʚʥʘʩʣʽʜʦʢ 

ʫʜʘʨʥʦʾ ʽʦʥʽʟʘʮʽʾ ʙʽʣʷ ʢʦʨʜʦʥʫ ʟʦʥʠ ʧʽʜ ʚʧʣʠʚʦʤ ʝʬʝʢʪʫ ʌʨʘʥʮʘ-ʂʝʣʜʠʰʘ 

ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʟʩʫʚ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʯʫʪʣʠʚʦʩʪʽ: ʮʽ ʜʚʽ ʥʝʣʽʥʽʡʥʦʩʪʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʟʘʻʤʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ. ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ 

[4.22], ʱʦ ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʨʤʦʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʷʢ ʜʨʫʛʦʛʦ, 

ʪʘʢ ʽ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʽʚ ʤʘʶʪʴ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʣʦʢʘʣʴʥʽ ʤʽʥʽʤʫʤʠ. ʎʝʡ ʤʝʪʦʜ 

ʢʦʤʧʝʥʩʘʮʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʛʘʨʤʦʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʧʦ ʜʨʫʛʽʡ 

ʪʘ ʪʨʝʪʽʡ ʛʘʨʤʦʥʽʢʘʭ ʚ ʩʤʫʟʽ 1545-1550 ʥʤ ʚʽʜʧʦʚʽʜʥʦ ʥʘ 15 ʪʘ 10 ʜɹ. 

ʇʦʜʽʙʥʦ ʥʝʣʽʥʽʡʥʦʩʪʽ ʯʫʪʣʠʚʦʩʪʽ ʧʦ ʩʪʨʫʤʫ, ʧʦʚ'ʷʟʘʥʦʾ ʟ ʥʝʣʽʥʽʡʥʦʶ 

ʨʝʢʦʤʙʽʥʘʮʽʻʶ, ʦʙʠʜʚʽ ʨʦʟʛʣʷʥʫʪʽ ʚʠʱʝ ʥʝʣʽʥʽʡʥʦʩʪʽ ʯʫʪʣʠʚʦʩʪʽ ʧʦ ʥʘʧʨʫʟʽ 

(ʫʜʘʨʥʘ ʽʦʥʽʟʘʮʽʷ ʡ ʝʬʝʢʪ ʌʨʘʥʮʘ-ʂʝʣʜʠʰʘ) ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʛʫʩʪʠʥʠ 
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ʦʧʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʡ ʪʘʢʦʞ ʦʙʠʜʚʽ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʪʦʪʠ ʚ ʩʤʫʟʽ 

ʤʦʜʫʣʷʮʽʾ ʜʦ ʜʝʢʽʣʴʢʦʭ ʛʽʛʘʛʝʨʮ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʚ ʬʫʥʢʮʽʾ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʧʨʠ 

ʨʽʟʥʠʭ ʧʨʠʢʣʘʜʝʥʠʭ ʥʘʧʨʫʛʘʭ, ʱʦ ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʧʣʠʚ ʝʬʝʢʪʫ ʌʨʘʥʮʘ-

ʂʝʣʜʠʰʘ. ɺʩʽ ʯʫʪʣʠʚʦʩʪʽ ʥʦʨʤʦʚʘʥ̔ ʧʨʠ ʥʘʧʨʫʟʽ 3 ɺ ʥʘ ʭʚʠʣʽ 1550 ʥʤ. 

ʆʩʪʘʥʥʽʤ ʩʝʨʝʜ ʜʞʝʨʝʣ ʥʝʣʽʥʽʡʥʦʩʪʽ ʬʦʪʦʜʝʪʝʢʪʦʨʘ, ʥʘʚʝʜʝʥʠʭ ʚ 

ʪʘʙʣ. 4.1, ʻ ʡʦʛʦ ʻʤʥʽʩʪʴ, ʷʢʘ ʤʦʞʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʥʘʧʨʫʛʠ ʘʙʦ ʩʪʨʫʤʫ. ʎʝ 

ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʩʭʝʤʠ, ʚ ʷʢʽʡ ʟʥʘʯʝʥʥʷ 

ʻʤʥʦʩʪʽ ʧʝʨʝʭʦʜʫ, ʰʫʥʪʫʶʯʦʛʦ ʪʘ/ʘʙʦ ʧʦʩʣʽʜʦʚʥʦʛʦ ʦʧʦʨʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʩʪʨʫʤʫ ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʘʙʦ ʚʽʜ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʘʭ ʬʦʪʦʜʝʪʝʢʪʦʨʘ  

(ʨʠʩ. 4.30). ɺʧʣʠʚ ʩʪʨʫʤʫ ʥʘ ʻʤʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʪʘ ʰʫʥʪʫʶʯʠʡ ʦʧʽʨ ʙʫʣʦ 

ʚʧʝʨʰʝ ʦʧʠʩʘʥʦ ʚ [4.22].  

 

 

ʈʠʩ. 4.30. ɺʽʜʧʦʚʽʜʥʘ ʨʠʩ. 1.18 ʝʢʚʽʚʘʣʝʥʪʥʘ ʩʭʝʤʘ ʬʦʪʦʜʽʦʜʘ, ʥʘ ʷʢʽʡ ʚʨʘʭʦʚʫʻʪʴʩʷ, ʱʦ 

ʻʤʥʽʩʪʴ ʧʝʨʝʭʦʜʫ (ὅ), ʰʫʥʪʫʶʯʠʡ ʦʧʽʨ (Ὑ ) ʪʘ ʧʦʩʣʽʜʦʚʥʠʡ ʦʧʽʨ (Ὑ ) ʤʦʞʫʪʴ 

ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʨʫʤʫ ʘʙʦ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʘʭ ʬʦʪʦʜʝʪʝʢʪʦʨʘ 

 

ʋ ʮʽʡ ʨʦʙʦʪʽ ʜʣʷ ʧʦʷʩʥʝʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʥʘ ʚʠʭʦʜʽ 

ʬʦʪʦʜʝʪʝʢʪʦʨʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʩʪʝ ʩʭʝʤʦʪʝʭʥʽʯʥʝ ʫʷʚʣʝʥʥʷ 

ʥʝʣʽʥʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʩʪʨʫʤʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʙʫʣʠ ʧʨʦʤʦʜʝʣʴʦʚʘʥʽ ʪʘ ʯʠʩʝʣʴʥʦ 

ʫʟʛʦʜʞʝʥʽ ʟ ʜʘʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʙʠʪʪʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ 

ʩʠʛʥʘʣʫ. ʋ ʙʽʣʴʰ ʧʽʟʥʽʡ ʧʫʙʣʽʢʘʮʽʾ [4.23] ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʠʬʫʟʽʡʥʦ-ʜʨʝʡʬʦʚʦʾ ʤʦʜʝʣʽ ʧʦʢʘʟʘʣʠ, ʱʦ ʡʤʦʚʽʨʥʦʶ 

ʧʨʠʯʠʥʦʶ ʩʪʨʫʤʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ ʻʤʥʦʩʪʽ ʻ ʚʥʫʪʨʽʰʥʽʡ ʧʝʨʝʨʦʟʧʦʜʽʣ ʟʘʨʷʜʫ 
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ʚ ʟʙʽʜʥʝʥʽʡ ʦʙʣʘʩʪʽ. ʑʝ ʚ ʦʜʥʽʡ ʩʪʘʪʪʽ [4.24] ʚ ʷʢʦʩʪʽ ʤʦʞʣʠʚʦʛʦ ʜʞʝʨʝʣʘ 

ʩʪʨʫʤʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʩʭʝʤʠ ʙʫʣʦ ʪʘʢʦʞ ʥʘʟʚʘʥʦ 

ʽʩʥʫʚʘʥʥʷ ʽʤʧʝʜʘʥʩʫ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ. 

ʅʝʣʽʥʽʡʥʽʩʪʴ ʚʠʥʠʢʘʪʠʤʝ ʧʨʠ ʙʫʜʴ-ʷʢʦʤʫ ʭʘʨʘʢʪʝʨʽ ʩʪʨʫʤʦʚʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʩʭʝʤʠ ʬʦʪʦʜʝʪʝʢʪʦʨʘ. ɼʘʥʝ 

ʪʚʝʨʜʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʠʩ. 4.31, ʥʘ ʷʢʦʤʫ 

ʧʦʙʫʜʦʚʘʥʘ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ɸʏʍ) ʧʨʦʩʪʦʛʦ 

ʦʜʥʦʧʦʣʶʩʥʦʛʦ RC-ʢʦʣʘ.  

 

 

ʈʠʩ. 4.31. ʅʦʨʤʦʚʘʥʘ ɸʏʍ ʦʜʥʦʧʦʣʶʩʥʦʛʦ Rʉ-ʬʽʣʴʪʨʘ (ʥʘʧʽʚʞʠʨʥʘ ʢʨʠʚʘ ʚ ʮʝʥʪʨʽ)  

ʪʘ ɸʏʍ ʮʴʦʛʦ ʞ ʬʽʣʴʪʨʘ ʚ ʨʘʟʽ ʥʝʚʝʣʠʢʦʛʦ ʟʙʽʣʴʰʝʥʥʷ (ʥʠʞʥʷ ʢʨʠʚʘ) ʘʙʦ ʟʤʝʥʰʝʥʥʷ 

(ʚʝʨʭʥʷ ʢʨʠʚʘ) ʻʤʥʦʩʪʽ 

 

ɼʦʜʘʪʢʦʚʦ ʥʘ ʨʠʩʫʥʢʫ ʥʘʚʝʜʝʥʦ ʜʚʽ ʽʥʰʽ ɸʏʍ ʜʣʷ ʚʠʧʘʜʢʽʚ 

ʥʝʚʝʣʠʢʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʻʤʥʦʩʪʽ. ʎʝ ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʷʢ ʟʤʽʥʘ ʚʝʣʠʯʠʥʠ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʻʤʥʦʩʪʽ ʧʨʠ ʧʽʢʦʚʠʭ ʪʘ 

ʥʫʣʴʦʚʠʭ ʟʥʘʯʝʥʥʷʭ ʟʙʫʜʣʠʚʦʛʦ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ. ʆʪʞʝ, ʟʘ 

ʘʥʘʣʦʛʽʻʶ ʟ ʧʦʷʩʥʝʥʥʷʤʠ ʜʦ ʨʠʩ. 4.23 ʧʨʠ ʢʦʣʠʚʘʥʥʷʭ ʩʪʨʫʤʫ 

ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʙʣʠʟʴʢʦ ʩʝʨʝʜʥʴʦʛʦ ʘʙʦ ʧʦʩʪʽʡʥʦʛʦ ʟʥʘʯʝʥʴ ʭʘʨʘʢʪʝʨ ʩʧʘʜʫ 

ɸʏʍ Rʉ-ʢʦʣʘ ʥʘ ʧʽʢʘʭ ʪʘ ʥʫʣʷʭ ʟʙʫʜʣʠʚʦʛʦ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʙʫʜʝ 

ʚʽʜʨʽʟʥʷʪʠʩʷ. ɿʘʣʝʞʥʦ ʚʽʜ ʟʥʘʢʫ ʟʤʽʥʠ ʮʝ ʧʨʠʟʚʝʜʝ ʘʙʦ ʜʦ ʟʙʽʣʴʰʝʥʥʷ, ʘʙʦ 

ʜʦ ʟʤʝʥʰʝʥʥʷ ʩʪʨʫʤʫ ʚ ʣʘʥʮʶʟʽ. ʆʧʠʩʘʥʠʡ ʝʬʝʢʪ ʙʫʜʝ ʧʨʦʷʚʣʷʪʠʩʷ ʜʦ ʪʠʭ 

ʧʽʨ, ʧʦʢʠ ʟʤʽʥʘ ʻʤʥʦʩʪʽ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʷ ʰʚʠʜʰʝ, ʥʽʞ ʩʪʨʫʤ ʫ ʬʦʪʦʜʽʦʜʘ. 
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ɿʘʣʝʞʥʽʩʪʴ ʚʽʜ ʩʪʨʫʤʫ ʦʧʦʨʽʚ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʚʥʫʪʨʽʰʥʽʡ ʝʬʝʢʪ (ʱʦ 

ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʤʧʝʜʘʥʩʫ ʥʘʚʘʥʪʘʞʝʥʥʷ), ʘʣʝ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʾʾ 

ʛʨʘʥʠʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʦʙʤʝʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʩʦʢʦʣʽʥʽʡʥʠʭ ʧʨʠʣʘʜʽʚ 

ʥʝʦʙʭʽʜʥʽ ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɯʥʰʠʡ ʚʘʞʣʠʚʠʡ ʻʤʥʽʩʥʠʡ ʝʬʝʢʪ ʧʦʣʷʛʘʻ ʚ ʟʘʣʝʞʥʦʩʪʽ ʻʤʥʦʩʪʽ ʚʽʜ 

ʥʘʧʨʫʛʠ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʦʡ ʞʝ ʧʽʜʭʽʜ, ʷʢ ʽ ʧʨʠ ʨʦʟʛʣʷʜʽ ʟʘʣʝʞʥʦʩʪʽ 

ʯʫʪʣʠʚʦʩʪʽ ʚʽʜ ʥʘʧʨʫʛʠ, ʚ ʨʘʟʽ ʷʢʱʦ ʻʤʥʽʩʪʴ ʬʦʪʦʜʽʦʜʘ ʻ ʬʫʥʢʮʽʻʶ ʚʽʜ 

ʧʨʠʢʣʘʜʝʥʦʛʦ ʟʤʽʱʝʥʥʷ (ʤʘʡʞʝ ʟʘʚʞʜʠ ʚʠʢʦʥʫʻʪʴʩʷ), ʙʫʜʴ-ʷʢʝ ʢʦʣʠʚʘʥʥʷ 

ʥʘʧʨʫʛʠ ʚʥʘʩʣʽʜʦʢ ʟʤʽʥʠ ʽʤʧʝʜʘʥʩʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʭʦʜʽ ʤʦʜʫʣʷʮʽʾ ʙʫʜʝ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʜʠʥʘʤʽʯʥʦʾ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʥʘ ʚʠʭʦʜʘʭ ʬʦʪʦʜʝʪʝʢʪʦʨʘ. ɼʣʷ 

ʧʦʷʩʥʝʥʥʷ ʟʚ'ʷʟʢʫ ʮʴʦʛʦ ʝʬʝʢʪʫ ʟ ʛʘʨʤʦʥʽʡʥʠʤʠ ʩʧʦʪʚʦʨʝʥʥʷʤʠ ʤʦʞʥʘ 

ʪʘʢʦʞ ʩʢʦʨʠʩʪʘʪʠʩʷ ʧʽʜʭʦʜʦʤ, ʧʨʦʽʣʶʩʪʨʦʚʘʥʠʤ ʥʘ ʨʠʩ. 4.31. ɽʬʝʢʪ ʙʫʚ 

ʜʦʩʣʽʜʞʝʥʠʡ ʚ [4.25] ʚ ʩʧʽʩʪʘʚʣʝʥʥʽ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ, ʷʢʽ 

ʧʦʢʘʟʘʣʠ ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʥʝʣʽʥʽʡʥʽʩʪʴ ʬʦʪʦʜʝʪʝʢʪʦʨʘ. 

ʅʝʣʽʥʽʡʥʽʩʪʴ ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʻ ʩʢʣʘʜʥʽʰʦʶ ʧʨʦʙʣʝʤʦ ,ʁ ʥʽʞ 

ʨʦʟʛʣʷʥʫʪʠʡ ʥʘ ʩʪʦʨʽʥʢʘʭ ʮʽʻʾ ʢʥʠʛʠ ʘʥʘʣʽʟ ʩʭʝʤ ʦʧʪʠʯʥʦʾ ʤʦʜʫʣʷʮʽʾ. 

ɸ ʩʘʤʝ: ʡʦʛʦ, ʷʢ ʧʨʘʚʠʣʦ, ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʪʠʯʥʠʭ 

ʚʠʨʘʟʽʚ ʚ ʪʦʡ ʯʘʩ, ʷʢ ʙʽʣʴʰʽʩʪʴ ʧʨʦʚʝʜʝʥʠʭ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ 

ʜʦʩʣʽʜʞʝʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʩʧʦʪʚʦʨʝʥʥʷʤʠ ʚ ʬʦʪʦʜʽʦʜʘʭ, ʟʘʩʥʦʚʘʥʝ ʥʘ 

ʝʤʧʽʨʠʯʥʦʤʫ ʪʘ ʯʠʩʝʣʴʥʦʤʫ ʧʽʜʭʦʜʘʭ. ʍʦʯʘ ʜʞʝʨʝʣʘ ʚʠʢʣʠʢʘʥʠʭ 

ʬʦʪʦʜʽʦʜʦʤ ʩʧʦʪʚʦʨʝʥʴ ʥʝʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʧʨʦʩʪʠʤʠ ʟʘʩʦʙʘʤʠ, ʾʭ ʚʧʣʠʚ 

ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʪʦʥʥʠʭ ʣʽʥʽʡ ʧʝʨʝʜʘʯʽ ʤʦʞʥʘ ʣʝʛʢʦ ʚʠʨʘʟʠʪʠ ʚ 

ʪʝʨʤʽʥʘʭ ʚʠʤʽʨʷʥʠʭ ʨʽʚʥʽʚ. ɿʦʢʨʝʤʘ, ʜʝʛʨʘʜʘʮʽʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʽʥʽʾ 

ʧʝʨʝʜʘʯʽ ʤʦʞʥʘ ʢʽʣʴʢʽʩʥʦ ʚʠʟʥʘʯʠʪʠ ʚ ʪʝʨʤʽʥʘʭ ʧʘʨʘʤʝʪʨʽʚ ʆɯʈ2 ʪʘ ʆɯʈɿ 

ʬʦʪʦʜʽʦʜʘ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʤʽʨʷʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ, ʦʧʠʩʘʥʠʭ ʚ 

4.4.1. ʇʨʠʢʣʘʜ ʪʘʢʦʾ ʧʨʦʮʝʜʫʨʠ ʩʪʦʩʦʚʥʦ ʣʽʥʽʡ ʟ ʧʨʷʤʠʤ ʜʝʪʝʢʪʫʚʘʥʥʷʤ ʪʘ 

ʤʦʜʫʣʷʮʽʻʶ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʦʚʥʽʰʥʴʦʛʦ ʄʄʎ ʜʝʪʘʣʴʥʦ 

ʦʧʠʩʘʥʦ ʚ 6.4. 
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ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʢʦʥʪʨʦʣʶ 

 

1. ɺ ʯʦʤʫ ʧʦʣʷʛʘʻ ʩʧʦʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ ʚ ɺʆʃɿ? 

2. ʗʢʠʡ ʤʝʪʦʜ ʧʝʨʝʚʽʨʢʠ ʥʘʜʘʻ ʷʢʽʩʥʫ ʢʘʨʪʠʥʫ ʚʥʫʪʨʽʰʥʴʦʩʤʫʛʦʚʠʭ 

ʩʧʦʪʚʦʨʝʥʴ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʥʝʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ? 

3. ʅʘʜʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʙʽʣʦʛʦ ʰʫʤʫ? 

4. ʗʢʽ ʩʧʦʪʚʦʨʝʥʥʷ ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ ʝʣʝʢʪʨʦʦʧʪʠʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʥʥʷ ʩʠʛʥʘʣʫ? 

5. ʉʧʝʢʪʨ ʦʧʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʜʚʦʪʘʢʪʥʦʛʦ ʄʄʎ. 

6. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʠʯʝʥʥʷ ʝʨʙʽʻʚʦʛʦ ʚʦʣʦʢʦʥʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ. 

7. ʆʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʦʧʪʠʯʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʚ 

ʨʝʞʠʤʽ ʥʘʩʠʯʝʥʥʷ. 

8. ʏʠ ʷʚʣʷʻʪʴʩʷ ʤʦʜʫʣʷʪʦʨ ʜʦʤʽʥʫʶʯʠʤ ʜʞʝʨʝʣʦʤ ʩʧʦʪʚʦʨʝʥʴ ʚ 

ʘʥʘʣʦʛʦʚʠʭ ɺʆʉʇ? 

9. ʇʦʨʽʚʥʷʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʆɯʈ2 ʪʘ ʆɯʈ3 ʬʦʪʦʜʝʪʝʢʪʦʨʽʚ. 

10. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʦʩʥʦʚʥʽ ʥʝʣʽʥʽʡʥʦʩʪʽ ʬʦʪʦʜʽʦʜʽʚ. 

11. ʑʦ ʩʦʙʦʶ ʷʚʣʷʻ ʨ-i-n ʧʝʨʝʭʽʜ ʫ ʬʦʪʦʜʽʦʜʽ? 

12. ɺ ʯʦʤʫ ʧʦʣʷʛʘʻ ʝʬʝʢʪ ʌʨʘʥʮʘ-ʂʝʣʜʠʰʘ? 
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ʈʆɿɼɯʃ 5. ɽʌɽʂʊʀ ʇʆʐʀʈɽʅʅʗ 

 

 

5.1. ʆʩʥʦʚʥʽ ʚʦʣʦʢʦʥʥʽ ʝʬʝʢʪʠ 

 

 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʜʘʻʪʴʩʷ ʜʦʢʣʘʜʥʠʡ ʦʧʠʩ ʚʧʣʠʚʫ ʝʬʝʢʪʽʚ ʧʦʰʠʨʝʥʥʷ 

ʥʘ ʘʥʘʣʦʛʦʚʠʡ ʩʠʛʥʘʣ, ʷʢʠʡ ʧʝʨʝʜʘʻʪʴʩʷ ʫ ʚʦʣʦʢʥʽ ʥʘ ʦʧʪʠʯʥʽʡ ʥʝʩʫʯʦʾ. 

ɽʬʝʢʪʠ ʧʦʰʠʨʝʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ʧʝʨʝʜʘʯʝʶ ʤʦʜʫʣʴʦʚʘʥʠʭ ʩʠʛʥʘʣʽʚ, ʙʫʜʫʪʴ 

ʨʦʟʛʣʷʥʫʪʽ ʚ ʪʨʴʦʭ ʥʘʩʪʫʧʥʠʭ ʨʦʟʜʽʣʘʭ ʥʘ ʦʩʥʦʚʽ ʦʧʠʩʘʥʠʭ ʥʠʞʯʝ 

ʧʨʠʥʮʠʧʽʚ. ɺ ʦʧʪʠʯʥʦʤʫ ʚʦʣʦʢʥʽ ʽʩʥʫʻ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʯʠʩʣʦ 

ʥʝʣʽʥʽʡʥʦʩʪʝʡ, ʥʽʞ ʚ ʩʝʨʝʜʦʚʠʱʘʭ ʧʝʨʝʜʘʯʽ ʅɺʏ-ʩʠʛʥʘʣʽʚ. ʋ ʮʽʡ ʛʣʘʚʽ 

ʙʫʜʫʪʴ ʦʧʠʩʘʥʽ ʦʩʥʦʚʥʽ ʚʦʣʦʢʦʥʥʽ ʝʬʝʢʪʠ ʚ ʟʘʩʪʦʩʫʚʘʥʥʷʭ ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ 

ʬʦʪʦʥʽʢʠ. 

ɸ ʩʘʤʝ ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʝʬʝʢʪʠ, ʧʦʯʠʥʘʶʯʠ ʟ ʣʽʥʽʡʥʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʨʦʟʩʽʶʚʘʥʥʷ ʜʦ ʚʽʜʥʦʩʥʦ ʩʢʣʘʜʥʠʭ ʥʝʣʽʥʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. ʇʨʫʞʥʝ ʨʝʣʝʾʚʩʴʢʝ 

ʨʦʟʩʽʶʚʘʥʥʷ ʻ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʚʪʨʘʪ ʜʣʷ ʣʽʥʽʡ ʧʝʨʝʜʘʯʽ ʟ ʜʦʚʞʠʥʦʶ 

ʭʚʠʣʽ ʚ ʨʘʡʦʥʽ 1550 ʥʤ, ʱʦ ʪʘʢʦʞ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ 

(ʈʏ) ʩʠʛʥʘʣʫ ʚ ʘʥʘʣʦʛʦʚʠʭ ɺʆʉʇ. ʃʽʥʽʡʥʝ ʨʝʣʝʾʚʩʴʢʝ ʨʦʟʩʽʶʚʘʥʥʷ ʙʫʜʝ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚ ʧʽʜʨʦʟʜʽʣʽ 5.2 ʚ ʢʦʥʪʝʢʩʪʽ ʧʦʜʚʽʡʥʦʛʦ ʨʝʣʝʾʚʩʴʢʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ (DRS), ʷʢʝ ʻ ʧʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʦʾ 

ʽʥʪʝʨʬʝʨʝʥʮʽʾ (ɹʇɯ) ʚ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʣʽʥʽʷʭ ʧʝʨʝʜʘʯʽ. ʌʘʟʦʚʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʈʏ-ʩʠʛʥʘʣʫ ʻ ʦʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʨʘʜʽʦʬʦʪʦʥʥʠʭ ʣʽʥʽʡ, ʟʦʢʨʝʤʘ ʚ ʪʠʭ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ, ʜʝ 

ʚʘʞʣʠʚʦ ʟʙʝʨʝʛʪʠ ʚʽʜʥʦʩʥʫ ʬʘʟʫ ʈʏ-ʩʠʛʥʘʣʫ ʚ ʢʦʞʥʦʤʫ ʢʘʥʘʣʽ; ʧʦʚ'ʷʟʘʥʠʡ 

ʟ ʮʠʤ ʤʘʪʝʨʽʘʣ ʙʫʜʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʧʽʜʨʦʟʜʽʣʽ 5.3. ʋ ʧʽʜʨʦʟʜʽʣ ̔ 5.4 

ʦʙʛʦʚʦʨʶʚʘʪʠʤʫʪʴʩʷ ʜʚʘ ʝʬʝʢʪʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʧʦʢʘʟʥʠʢʦʤ ʟʘʣʦʤʣʝʥʥʷ. ɸ 

ʩʘʤʝ ʪʝ, ʱʦ ʯʘʩʪʦʪʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ ʻ ʧʨʠʯʠʥʦʶ 

ʚʠʥʠʢʥʝʥʥʷ ʭʨʦʤʘʪʠʯʥʦʾ ʜʠʩʧʝʨʩʽʾ ʚ ʦʧʪʠʯʥʦʤʫ ʚʦʣʦʢʥʽ (ʧʽʜʨʦʟʜʽʣ 5.4). 
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ɺʥʘʩʣʽʜʦʢ ʥʝʽʜʝʘʣʴʥʦ ʢʨʫʛʣʦʾ ʛʝʦʤʝʪʨʽʾ ʨʝʘʣʴʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ ʜʚʽ 

ʦʨʪʦʛʦʥʘʣʴʥʽ ʧʦʣʷʨʠʟʘʮʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʘʶʪʴ ʨʽʟʥʽ ʧʦʢʘʟʥʠʢʠ 

ʟʘʣʦʤʣʝʥʥʷ. ʎʝʡ ʝʬʝʢʪ ʥʘʟʠʚʘʻʪʴʩʷ ʜʚʦʧʨʦʤʝʥʝʚʝ ʟʘʣʦʤʣʝʥʥʷ, ʡ 

ʚʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ ʡʦʛʦ ʟʤʽʥʠ ʚ ʦʧʪʠʯʥʠʭ ʚʦʣʦʢʥʘʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʣʷʨʠʟʘʮʽʡʥʦʾ ʤʦʜʦʚʦʾ ʜʠʩʧʝʨʩʽʾ (ʇʄɼ). ɼʚʘ ʥʝʣʽʥʽʡʥʠʭ ʪʘ ʥʝʧʨʫʞʥʠʭ 

ʧʨʦʮʝʩʠ ʨʦʟʩʽʶʚʘʥʥʷ ״ ʚʠʤʫʰʝʥʝ ʙʨʽʣʣʶʝʥʽʚʩʴʢʝ ʨʦʟʩʽʶʚʘʥʥʷ (SBS) ʪʘ 

ʚʠʤʫʰʝʥʝ ʨʘʤʘʥʽʚʩʴʢʝ ʨʦʟʩʽʶʚʘʥʥʷ (SRS) ״ ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʚ 

ʧʽʜʨʦʟʜʽʣʘʭ 5.5 ʪʘ 5.6. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʦʙʠʜʚʘ ʮʽ ʪʠʧʠ ʨʦʟʩʽʶʚʘʥʥʷ ʚʞʝ 

ʙʫʣʠ ʦʧʠʩʘʥʽ ʚ 3.5.2 ʚ ʨʘʤʢʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʪʠʯʥʦʛʦ ʧʽʜʩʠʣʝʥʥʷ. 

ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʦʣʷ ʚ ʦʧʪʠʯʥʠʭ ʚʦʣʦʢʥʘʭ ʚʠʢʣʠʢʘʶʪʴ ʧʦʣʷʨʠʟʘʮʽʶ 

ʚ ʜʽʝʣʝʢʪʨʠʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʎʷ ʥʘʚʝʜʝʥʘ ʧʦʣʷʨʠʟʘʮʽʷ ʈ ʻ ʥʝʣʽʥʽʡʥʦʶ 

ʬʫʥʢʮʽʻʶ ʧʨʠʢʣʘʜʝʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ɽ ʡ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʫ 

ʚʠʛʣʷʜʽ ʨʦʟʢʣʘʜʘʥʥʷ ʚ ʩʪʝʧʝʥʝʚʠʡ ʨʷʜ [5.1]: 

ὖ ‐ … ϽὉ … ϽὉὉ … ϽὉὉὉỄ ,   (5.1) 

ʜʝ ‐ ״ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʚʘʢʫʫʤʫ, …  ï ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ n-ʛʦ 

ʧʦʨʷʜʢʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʯʣʝʥʘ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ, ʱʦ ʤʽʩʪʠʪʴ … , 

ʦʧʠʩʫʻʪʴʩʷ ʣʽʥʽʡʥʝ ʧʦʰʠʨʝʥʥʷ ʚ ʚʦʣʦʢʥʽ. ɺʩʽ ʯʣʝʥʠ ʩʪʘʨʰʦʛʦ ʧʦʨʷʜʢʫ ʚ 

(5.1) ʤʽʩʪʷʪʴ ʜʦʙʫʪʢʠ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ ʽ, ʦʪʞʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʥʝʣʽʥʽʡʥʽʩʪʴ. ʅʘʧʨʠʢʣʘʜ, ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʛʝʥʝʨʘʮʽʾ ʜʨʫʛʦʾ ʛʘʨʤʦʥʽʢʠ. ʆʜʥʘʢ ʩʠʤʝʪʨʠʯʥʽ ʤʦʣʝʢʫʣʠ, ʪʘʢʽ ʷʢ 3É/, ʥʝ 

ʤʘʶʪʴ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ 

…  ʥʝʟʥʘʯʥʘ ʜʣʷ ʪʠʧʦʚʠʭ ʦʧʪʠʯʥʠʭ ʚʦʣʦʢʦʥ [5.1]. ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤ 

ʥʝʣʽʥʽʡʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʴ ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʬʦʪʦʥʽʢʠ ʻ 

ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ … . ʂʦʝʬʽʮʽʻʥʪʠ ʧʽʜʩʠʣʝʥʥʷ, ʧʦʚ'ʷʟʘʥʽ 

ʟ ʙʨʽʣʣʶʝʥʽʚʩʢʠʤ ʪʘ ʨʘʤʘʥʽʚʩʴʢʠʤ ʨʦʟʩʽʶʚʘʥʥʷʤ, ʚʠʟʥʘʯʘʶʪʴʩʷ ʫʷʚʥʦʶ 

ʯʘʩʪʠʥʦʶ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ … Ȣ ʉʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ 

ʚʠʢʣʠʢʘʻ ʧʘʨʘʤʝʪʨʠʯʥʝ ʯʦʪʠʨʴʦʭʚʠʣʴʦʚʝ ʟʤʽʱʝʥʥʷ (ʏʍɿ), ʧʨʦʮʝʩ, 

ʤʘʪʝʤʘʪʠʯʥʦ ʩʭʦʞʠʡ ʟ ʦʧʠʩʘʥʠʤʠ ʚ ʨʦʟʜʽʣʽ 2 ɯʄʉ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ. 
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ʅʝʣʽʥʽʡʥʠʡ ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ ʪʘʢʦʞ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʦʤʫ, ʱʦ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʷʚʠ ʬʘʟʦʚʦʾ ʩʘʤʦʤʦʜʫʣʷʮʽʽ (ʌʉʄ) ʪʘ ʬʘʟʦʚʦʾ ʢʨʦʩ-

ʤʦʜʫʣʷʮʽʾ (ʌʂʄ). ʇʦʣʷʨʠʟʘʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʌʂʄ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʧʦʷʚʠ ʥʝʣʽʥʽʡʥʦʛʦ ʜʚʦʧʨʦʤʝʥʝʚʦʛʦ ʟʘʣʦʤʣʝʥʥʷ, ʷʢʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʤʦʞʝ 

ʩʪʘʪʠ ʧʨʠʯʠʥʦʶ ʧʦʣʷʨʠʟʘʮʽʡʥʦʾ ʢʨʦʩ-ʤʦʜʫʣʷʮʽʾ (ʇʂʄ). ɺʩʽ ʮʽ ʥʝʣʽʥʽʡʥʽ 

ʝʬʝʢʪʠ ʧʦʚ'ʷʟʘʥʽ ʟʽ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʶ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ʡ ʙʫʜʫʪʴ ʦʧʠʩʘʥʽ ʚ 

ʧʽʜʨʦʟʜʽʣʘʭ 5.7-5.9. ɯ, ʥʘʨʝʰʪʽ, ʙʘʛʘʪʦ ʟ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʚʠʱʝ ʝʬʝʢʪʽʚ 

ʧʦʰʠʨʝʥʥʷ ʤʦʞʫʪʴ ʜʽʷʪʠ ʩʧʽʣʴʥʦ, ʩʪʚʦʨʶʶʯʠ ʩʢʣʘʜʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʚ 

ʨʘʜʽʦʬʦʪʦʥʥʽʡ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ, ʽ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʙʫʜʫʪʴ ʥʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ 

ʪʘʢʦʛʦ ʚʧʣʠʚʫ. ʄʘʪʝʤʘʪʠʯʥʦ ʩʭʦʞʠʡ ʟ ʦʧʠʩʘʥʠʤʠ ʚ ʨʦʟʜʽʣʽ 2 ɯʄʉ ʪʨʝʪʴʦʛʦ 

ʧʦʨʷʜʢʫ ʥʝʣʽʥʽʡʥʠʡ ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ ʪʘʢʦʞ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ … , ʱʦ 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʷʚʠ ʬʘʟʦʚʦʾ ʩʘʤʦʤʦʜʫʣʷʮʽʽ (ʌʉʄ) ʪʘ ʬʘʟʦʚʦʾ 

ʢʨʦʩʤʦʜʫʣʷʮʽʾ (ʌʂʄ). ʇʦʣʷʨʠʟʘʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʌʂʄ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʧʦʷʚʠ ʥʝʣʽʥʽʡʥʦʛʦ ʜʚʦʧʨʦʤʝʥʝʚʦʛʦ ʟʘʣʦʤʣʝʥʥʷ, ʷʢʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʤʦʞʝ 

ʩʪʘʪʠ ʧʨʠʯʠʥʦʶ ʧʦʣʷʨʠʟʘʮʽʡʥʦʾ ʢʨʦʩʤʦʜʫʣʷʮʽʾ (ʇʂʄ). ɺʩʽ ʮʽ ʥʝʣʽʥʽʡʥʽ 

ʝʬʝʢʪʠ ʧʦʚ'ʷʟʘʥʽ ʟʽ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʶ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ʡ ʙʫʜʫʪʴ ʦʧʠʩʘʥʽ ʚ 

ʧʽʜʨʦʟʜʽʣʘʭ 5.7-5.8 

 

 

5.2. ʇʦʜʚʽʡʥʝ ʨʝʣʝʾʚʩʴʢʝ ʨʦʟʩʽʶʚʘʥʥʷ 

 

 

ʅʘʷʚʥʽʩʪʴ ʙʝʟʣʽʯʽ ʪʦʯʦʢ ʨʦʟʩʽʶʚʘʥʥʷ  ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʦʾ ʣʽʥʽʾ ʤʦʞʝ 

ʚʠʢʣʠʢʘʪʠ ʽʥʪʝʨʬʝʨʝʥʮʽʶ ʪʘ ʰʫʤ. ɿʦʢʨʝʤʘ, ʧʨʦʮʝʩ ɹʇɯ ʤʦʞʝ ʧʝʨʝʪʚʦʨʠʪʠ 

ʬʘʟʦʚʠʡ ʰʫʤ ʚ ʰʫʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʱʦ ʩʧʨʦʱʝʥʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.1. ʅʘ 

ʨʠʩʫʥʢʫ ʯʘʩʪʠʥʘ ʭʚʠʣʽ,ʱʦ ʧʦʰʠʨʶʻʪʴʩʷ ʚ ʧʨʷʤʦʤʫ ʥʘʧʨʷʤʢʫ, ʚʽʜʙʠʚʰʠʩʴ, 

ʤʦʞʝ ʧʽʪʠ ʚ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʇʦʪʽʤ ʤʘʣʘ ʢʽʣʴʢʽʩʪʴ ʮʽʻʾ ʨʦʟʩʽʷʥʦʾ 

ʥʘʟʘʜ ʭʚʠʣʽ ʤʦʞʝ ʧʝʨʝʚʽʜʙʠʪʠʩʴ ʪʘ ʧʦʰʠʨʶʚʘʪʠʩʷ ʚ ʪʦʤʫ ʞ ʥʘʧʨʷʤʢʫ, ʱʦ ʽ 

ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʣʝ ʙʫʜʝ ʩʫʧʝʨʧʦʟʠʮʽʻʶ ʧʦʣʷ 
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ʚʠʭʽʜʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʡʦʛʦ ʟʘʪʨʠʤʘʥʦʾ ʢʦʧʽʾ, ʱʦ ʻ 

ʧʨʠʯʠʥʦʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʘʟʦʚʠʭ ʬʣʫʢʪʫʘʮʽʡ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ 

ʬʣʫʢʪʫʘʮʽʾ ʡʦʛʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ʗʢʱʦ ʥʘ ʚʠʭʦʜʽ ʪʘʢʦʾ ʣʽʥʽʾ ʚʚʝʩʪʠ 

ʬʦʪʦʜʝʪʝʢʪʦʨ, ʪʦ ʬʘʟʦʚʽ ʬʣʫʢʪʫʘʮʽʾ ʣʘʟʝʨʘ ʙʫʜʫʪʴ ʧʨʦʷʚʣʷʪʠʩʷ ʫ ʚʠʛʣʷʜʽ 

ʰʫʤʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʤʫʛʠ ʦʩʥʦʚʥʠʭ ʯʘʩʪʦʪ ʈʏ-ʩʧʝʢʪʨʘ. ʎʷ ʩʠʪʫʘʮʽʷ ʻ 

ʩʭʦʞʦʶ ʥʘ ʘʚʪʦʛʦʤʦʜʠʥʥʠʡ ʤʝʪʦʜ ʽʟ ʟʘʪʨʠʤʢʦʶ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʰʠʨʠʥʠ ʣʽʥʽʾ ʣʘʟʝʨʘ (ʜʠʚ. ʧʽʜʨʦʟʜʽʣ 3.4). ʈʽʚʝʥʴ 

ʟʘʪʨʠʤʘʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ ʟʥʘʯʥʦ ʤʝʥʰʝ, ʥʽʞ ʩʠʛʥʘʣʫ ʙʝʟ 

ʟʘʪʨʠʤʢʠ. ʅʘʧʨʠʢʣʘʜ, ʩʣʘʙʢʽ ʟʦʩʝʨʝʜʞʝʥʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʥʽʡ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʣʠʢʘʥʽ ʧʦʛʘʥʦʶ ʷʢʽʩʪʶ ʟʚʘʨʶʚʘʥʥʷ 

ʘʙʦ ʩʧʦʣʫʯʥʠʭ ʨʦʟ'ʻʤʽʚ [5.2]. ʎʽ ʪʠʧʠ ɹʇɯ ʤʦʞʫʪʴ ʙʫʪʠ ʫʩʫʥʝʥʽ ʟʘ ʨʘʭʫʥʦʢ 

ʢʦʨʝʢʪʥʠʭ ʨʽʰʝʥʴ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ. ʆʜʥʘʢ 

ʨʦʟʧʦʜʽʣʝʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʨʝʣʝʾʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʚ ʚʦʣʦʢʥʽ, ï ʮʝ ʧʨʦʮʝʩ, ʚʧʣʠʚ ʷʢʦʛʦ ʥʝ ʤʦʞʥʘ ʪʘʢ ʧʨʦʩʪʦ ʤʽʥʽʤʽʟʫʚʘʪʠ. 

 

 

ʈʠʩ. 5.1. ʂʦʥʮʝʧʪʫʘʣʴʥʝ ʫʷʚʣʝʥʥʷ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʦʾ ʽʥʪʝʨʬʝʨʝʥʮʽʾ   

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʦʾ ʣʽʥʽʾ 

 

ʈʝʣʝʾʚʩʴʢʝ ʨʦʟʩʽʶʚʘʥʥʷ ʻ ʛʦʣʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʟʘʛʘʩʘʥʥʷ ʚ ʨʘʡʦʥʽ 

1,55 ʤʢʤ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʚʪʨʘʪʠ ʥʘ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʽ 

ʚʠʥʠʢʘʶʪʴ ʥʘ ʤʘʣʠʭ ʥʝʦʜʥʦʨʽʜʥʦʩʪʷʭ ʚʦʣʦʢʥʘ. ʈʝʣʝʾʚʩʴʢʝ ʨʦʟʩʽʶʚʘʥʥʷ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʫ ʚʩʽʭ ʥʘʧʨʷʤʢʘʭ. ɼʘʥʠʡ ʝʬʝʢʪ ʟʘʟʚʠʯʘʡ 

ʪʨʘʢʪʫʻʪʴʩʷ ʷʢ ʧʨʫʞʥʠʡ ʧʨʦʮʝʩ ʽ ʩʘʤʝ ʪʘʢ ʙʫʜʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʚ ʮʴʦʤʫ 

ʨʦʟʜʽʣʽ. ʆʜʥʘʢ ʚ [5.3] ʙʫʣʦ ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʟʨʫʰʝʥʥʷ ʯʘʩʪʦʪʠ ʧʨʠʙʣʠʟʥʦ ʥʘ 

50 ʢɻʮ, ʷʢʠʡ ʙʫʚ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʨʠʧʠʩʘʥʠʡ ʥʝʧʨʫʞʥʴʦʤʫ ʩʧʦʥʪʘʥʥʦʤʫ 
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ʨʝʣʝʾʚʩʴʢʴʦʤʫ ʨʦʟʩʽʶʚʘʥʥʷ ʚ ʚʦʣʦʢʥʽ [5.4]. ʍʦʯʘ ʚʞʝ ʚʽʜʦʤʦ ʽʩʥʫʚʘʥʥʷ ʚ 

ʚʦʣʦʢʥʽ ʚʠʤʫʰʝʥʦʛʦ ʨʝʣʝʾʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ [5.5], ʧʦʜʘʣʴʰʠʡ ʨʦʟʛʣʷʜ ʚ 

ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʙʫʜʝ ʦʙʤʝʞʝʥʦ ʩʧʦʥʪʘʥʥʠʤ ʚʘʨʽʘʥʪʦʤ. ʇʦʜʚʽʡʥʝ ʨʝʣʝʾʚʩʴʢʝ 

ʨʦʟʩʽʶʚʘʥʥʷ ʻ ʚʘʞʣʠʚʠʤ ʜʞʝʨʝʣʦʤ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʦʾ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʚ 

ɺʆʉʇ ʚʝʣʠʢʦʾ ʧʨʦʪʷʞʥʦʩʪʽ. ʇʨʦʮʝʩ DRS ʩʪʚʦʨʶʻ ʙʣʠʟʴʢʠʡ ʜʦ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʨʷʜ ʚʽʜʦʙʨʘʞʝʥʴ ʟʘ ʧʨʠʥʮʠʧʦʤ, ʟʦʙʨʘʞʝʥʦʤʫ ʥʘ ʨʠʩ. 5.1. 

ɼʣʷ ʚʠʚʝʜʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʰʫʤʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ (RIN) ʥʘ ʚʠʭʦʜʽ ʣʽʥʽʾ, ʱʦ 

ʚʠʥʠʢʘʻ ʟʘ ʨʘʭʫʥʦʢ DRS, ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʽʜʭʽʜ, ʨʦʟʛʣʷʥʫʪʠʡ ʚ 

[5.6]: 

ὙὍὔ ςὙ ςὒ Ὡ ρ
Ў

Ў
 ,  (5.2) 

ʜʝ Ὑ  ï ʢʦʝʬʽʮʽʻʥʪ ʟʚʦʨʦʪʥʴʦʛʦ ʨʝʣʝʾʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ,  ï ʢʦʝʬʽʮʽʻʥʪ 

ʟʘʛʘʩʘʥʥʷ,L ï ʜʦʚʞʠʥʘ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ, Ўὺ ï ʰʠʨʠʥʘ ʣʽʥʽʾ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (FWHM), f ï ʯʘʩʪʦʪʘ ʈʏ ʜʽʘʧʘʟʦʥʫ. ʌʦʨʤʫʣʘ (5.2) 

ʩʧʨʘʚʝʜʣʠʚʘ ʪʽʣʴʢʠ ʜʣʷ ʣʘʟʝʨʽʚ, ʱʦ ʤʘʶʪʴ ʥʘ ʚʠʭʦʜʽ ʣʦʨʝʥʮʝʚʫ ʬʦʨʤʫ ʣʽʥʽʾ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʜʣʷ L ï ʚʝʣʠʢʦʾ ʜʦʚʞʠʥʠ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʣʘʟʝʨʘ.  

ʅʘ ʨʠʩ. 5.2 ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʚʘ ʩʧʝʢʪʨʠ RIN, ʚʠʤʽʨʷʥʠʭ ʥʘ ʚʠʭʦʜʽ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʜʥʦʤʦʜʦʚʦʛʦ ʚʦʣʦʢʥʘ ʜʦʚʞʠʥʦʶ 6 ʪʘ 19 ʢʤ ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ 

ʬʦʪʦʩʪʨʫʤʽ ʜʣʷ ʦʙʦʭ ʜʦʚʞʠʥ Ὅ πȟως ̍ .̱ ɺ ʭʦʜʽ ʚʠʤʽʨʶʚʘʥʴ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʩʭʝʤʫ, ʥʘʚʝʜʝʥʫ ʥʘ ʨʠʩ. 3.10.  

 

 

ʈʠʩ.5.2.ɺʠʤʽʨʷʥʠʡ ʪʘ ʨʦʟʨʘʭʦʚʘʥʽ ʰʫʤʠ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ 



 231 

ɼʣʷ ʧʽʜʩʠʣʝʥʥʷ ʨʽʚʥʷ ʩʠʛʥʘʣʫ ʰʫʤʽʚ, ʱʦ ʚʥʦʩʷʪʴʩʷ ʘʥʘʣʽʟʘʪʦʨʦʤ 

ʩʧʝʢʪʨʫ, ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʤʘʣʦʰʫʤʥʠʡ ʧʽʜʩʠʣʶʚʘʯ ʈʏ-ʜʽʘʧʘʟʦʥʫ ʟ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʰʫʤʫ ὔὊ ς ̅ .ˎ ɺʭʽʜʥʠʡ ʦʧʪʠʯʥʠʡ ʩʠʛʥʘʣ ʛʝʥʝʨʫʚʘʚʩʷ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤ ʣʘʟʝʨʦʤ ʟ ʰʠʨʠʥʦʶ ʣʽʥʽʾ ȹ ὺ = 481 ʢɻʮ, ʚʠʤʽʨʷʥʦʾ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʫʩʪʘʥʦʚʢʠ, ʩʭʝʤʘ ʷʢʦʾ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.19. ɼʣʷ ʢʦʞʥʦʾ ʣʽʥʽʾ 

ʧʦʛʦʥʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʛʘʩʘʥʥʷ ʙʫʚ ʚʠʤʽʨʷʥʠʡ ʥʘ ʨʽʚʥʽ ʨʝʣʝʾʚʩʴʢʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ πȟρψ
̅ˎ

̋̍
Ȣ  ʈʝʣʝʻʚʩʴʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚ (5.2), ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ 

ʷʢʦʩʪʽ ʧʽʜʛʦʥʢʠ ʧʘʨʘʤʝʪʨʘ ʚ ʧʝʨʰʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ (6 ʢʤ) ʩʪʘʥʦʚʠʚ 

Ὑ σπȟυ ̅ .ˎ ʇʦʪʽʤ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘʩʪʦʩʦʚʫʚʘʣʦʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ RIN 

ʧʨʠ L = 19 ʢʤ. ɾʦʜʝʥ ʟ ʰʫʤʽʚ (ʜʨʦʙʦʚʠʡ ʯʠ ʰʫʤ ʧʽʜʩʠʣʶʚʘʯʘ) ʚʝʣʠʯʠʥʦʶ 

Ὂ ὯὝ (ʜʠʚ. (3.31)) ʙʫʣʠ ʚʽʜʥʷʪʽ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ. ʈʝʟʫʣʴʪʫʶʯʝ 

ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʰʫʤʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʮʠʤʠ ʜʞʝʨʝʣʘʤʠ, ʷʢ ʚʠʧʣʠʚʘʻ 

ʟ ʨʠʩ. 5.2, ʩʪʘʥʦʚʠʪʴ 150,3״ ʜɹʥ/ɻʮ. 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 5.2 ʜʘʥʽ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʭʦʨʦʰʠʡ ʟʙʽʛ, ʦʙˇʨʫʥʪʦʚʫʶʯʠ, ʪʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

(5.2) ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʨʘʜʽʦʬʦʪʦʥʥʠʭ ʣʽʥʽʡ. ʑʝ ʨʘʟ 

ʧʽʜʢʨʝʩʣʠʤʦ, ʱʦ ʮʝ ʨʽʚʥʷʥʥʷ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʜʣʷ ʣʘʟʝʨʘ ʟ ʣʦʨʝʥʮʝʚʦʶ 

ʣʽʥʽʻʶ ʘʙʦ ʜʣʷ ʚʠʧʘʜʢʫ ɹʇɯ  ʧʨʠ ʜʠʬʝʨʝʥʮʽʡʥʽʡ ʟʘʪʨʠʤʮʽ ʫ ʪʨʘʢʪʽ, ʱʦ 

ʧʝʨʝʚʠʱʫʻ ʯʘʩ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʣʘʟʝʨʫ (†̒ ρ“Ўὺϳ  ʜʣʷ ʣʦʨʝʥʮʝʚʦʛʦ ʢʦʣʘ). 

ɹʽʣʴʰ ʟʘʛʘʣʴʥʠʡ ʚʠʨʘʟ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ, ʷʢʱʦ ʟʘʤʽʥʠʪʠ ʚ (5.2) ʣʦʨʝʥʮʝʚʫ 

ʬʦʨʤʫ ʣʽʥʽʾ ʥʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ ʚʽʜ ʢʚʘʜʨʘʪʘ ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ 

ʦʧʪʠʯʥʦʛʦ ʧʦʣʷ [5.6]. 

ɺʠʤʽʨʷʥʠʡ (ʪʦʯʢʠ) ʪʘ ʨʦʟʨʘʭʦʚʘʥʠʡ (ʩʫʮʽʣʴʥʽ ʣʽʥʽʾ) ʚʠʢʣʠʢʘʥʠʡ 

ʧʦʜʚʽʡʥʠʤ ʨʝʣʝʾʚʩʴʢʠʤ ʨʦʟʩʽʶʚʘʥʥʷʤ ʚʽʜʥʦʩʥʠʡ ʰʫʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘ 

ʚʠʭʦʜʽ ʟ 6-ʢʤ (ʩʽʨʠʡ ʢʦʣʽʨ) ʪʘ19-ʢʤ (ʯʦʨʥʠʡ ʢʦʣʽʨ) ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʦʜʥʦʤʦʜʦʚʦʛʦ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ. ʊʘʢʦʞ ʧʦʢʘʟʘʥʠʡ ʨʦʟʨʘʭʦʚʘʥʠʡ ʨʽʚʝʥʴ 

ʚʥʘʩʣʽʜʦʢ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ ʡ ʰʫʤʫ ʈʏ-ʧʽʜʩʠʣʶʚʘʯʘ ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʫʩʪʘʥʦʚʢʠ. 
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5.3. ʌʘʟʘ ʈʏ-ʩʠʛʥʘʣʫ ʚ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʣʽʥʽʷʭ 

 

 

ʂʽʥʮʝʚʘ ʰʚʠʜʢʽʩʪʴ ʩʚʽʪʣʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʪʨʠʤʢʠ ʧʦʰʠʨʝʥʥʷ 

ʩʠʛʥʘʣʫ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʦʾ ʣʽʥʽʾ, ʷʢʘ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ 

ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʦʯʽʢʫʚʘʥʥʷ ʚ ʨʦʙʦʪʽ ʜʝʷʢʠʭ ʩʠʩʪʝʤ. ʆʜʥʘʢ ʦʧʪʠʯʥʝ 

ʚʦʣʦʢʥʦ ʟ ʥʠʟʴʢʠʤʠ ʚʪʨʘʪʘʤʠ ʤʦʞʝ ʙʫʪʠ ʜʫʞʝ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʚ ʷʢʦʩʪʽ 

ʟʘʧʦʤôʷʪʦʚʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʙʫʬʝʨʠʟʘʮʽʾ ʢʨʠʪʠʯʥʠʭ ʨʝʞʠʤʽʚ 

ʩʠʩʪʝʤʠ ʘʙʦ ʜʣʷ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʥʘ ʙʘʟʽ ʣʽʥʽʡ ʟʘʪʨʠʤʢʠ. ʏʘʩ ʟʘʪʨʠʤʢʠ ʧʨʠ 

ʧʦʰʠʨʝʥʥʽ ʚ ʚʦʣʦʢʦʥʥʦʤʫ ʪʨʘʢʪʽ ʜʦʚʞʠʥʦʶ L ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

ὸ  ,     (5.3)  

ʜʝ ʧ ï ʝʬʝʢʪʠʚʥʠʡ ʛʨʫʧʦʚʠʡ ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ, ʩ ï ʰʚʠʜʢʽʩʪʴ ʩʚʽʪʣʘ ʫ 

ʚʘʢʫʫʤʽ. ʉʪʘʥʜʘʨʪʥʝ ʦʜʥʦʤʦʜʦʚʝ ʚʦʣʦʢʥʦ ʤʘʻ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ: n = 1,468 

[5.7], ʚʽʜʧʦʚʽʜʥʦ ʧʦʛʦʥʥʠʡ ʯʘʩ ʟʘʪʨʠʤʢʠ ʩʪʘʥʦʚʠʪʴ 4,90 ʥʩ/ʤ = 4,9 ʤʢʩ/ʢʤ. 

ʋ ʪʝʨʤʽʥʘʭ ʬʘʟʠ ʈʏ ʩʠʛʥʘʣʫ ʮʝ ʚʠʨʘʞʘʻʪʴʩʷ ʷʢ ï  

1,76Ͻρπʛʨʘʜ./(ʤː)̗ = 17,6 ʛʨʘʜ./(ʩʤĿɻɻʮ). 

ʉʪʘʙʽʣʴʥʽʩʪʴ ʬʘʟʠ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʫ ʫ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʽʡ 

ʣʽʥʽʾ ʻ ʢʨʠʪʠʯʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʚ ʙʘʛʘʪʴʦʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ, ʟʦʢʨʝʤʘ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʜʽʘʛʨʘʤʠ ʬʘʟʦʚʘʥʦʾ ʘʥʪʝʥʥʦʾ ʨʝʰʽʪʢʠ. ʆʩʦʙʣʠʚʦ ʚʘʨʪʦ 

ʚʽʜʟʥʘʯʠʪʠ ʚʧʣʠʚ ʧʝʨʝʧʘʜʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʤʝʭʘʥʽʯʥʦʾ ʥʘʧʨʫʛʠ. 

ɿʘʣʝʞʥʽʩʪʴ ʬʘʟʠ ʈʏ-ʩʠʛʥʘʣʫ  ʚʽʜ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʊ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ 

ʟ (5.3), ʷʢʱʦ ʩʧʦʯʘʪʢʫ ʧʝʨʝʪʚʦʨʠʪʠ ʪʠʤʯʘʩʦʚʫ ʟʘʪʨʠʤʢʫ ʚ ʟʤʽʥʫ ʬʘʟʠ, ʘ 

ʧʦʪʽʤ ʟʘʩʪʦʩʫʚʘʪʠ ʪʘʢ ʟʚʘʥʝ ʢʦʣʦʚʝ ʧʨʘʚʠʣʦ: 

,      (5.4) 

ʜʝ f ï ʯʘʩʪʦʪʘ. ʄʥʦʞʥʠʢ ρὒϳ ϽὨὒὨὝϳ  ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʤʽʯʥʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ, ʷʢʠʡ ʜʣʷ ʪʠʧʦʚʦʛʦ ʢʚʘʨʮʦʚʦʛʦ  ʚʦʣʦʢʥʘ ʤʘʻ ʟʥʘʯʝʥʥʷ υȟφ Ͻ

ρπ Јϳὅ  [5.8]. ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ ʜʣʷ 

ʪʠʧʦʚʦʛʦ ʢʚʘʨʮʦʚʦʛʦ ʚʦʣʦʢʥʘ dn/dT = 1,2ρπ Јϳὅ ʧʨʠ ʨʦʙʦʯʽʡ ʜʦʚʞʠʥʽ 
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ʭʚʠʣʽ 1550 ʥʤ [5.8]. ʆʪʞʝ, ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʤʽʥʘ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ ʻ 

ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤ ʚ ʜʚʦʭ ʚʠʧʘʜʢʘʭ. ɺʚʝʜʝʤʦ n = 1,468 ʚ (5.4), ʪʦʜʽ ʬʘʟʦʚʘ 

ʟʤʽʥʘ ʙʫʜʝ dű/dT = 0,27 ʨʘʜ/(ʢʤɻʮϽЈὅ)ρυ̋ Ͻ̍ː ːϽ̗Јὅϳ Ȣ ʅʘ ʨʠʩ. 5.3 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʷʢ ʚʠʤʽʨʶʚʘʥʴ, ʪʘʢ ʽ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

(5.4) ʧʨʠ n = 1,468 [5.9]. ɺ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʦʜʫʣʴʦʚʘʥʠʡ ʥʘ ʯʘʩʪʦʪʽ 12 

ɻɻʮ ʩʠʛʥʘʣ ʧʨʦʧʫʩʢʘʚʩʷ ʯʝʨʝʟ 20 ʤ ʩʪʘʥʜʘʨʪʥʝ ʦʜʥʦʤʦʜʦʚʝ ʚʦʣʦʢʥʦ, ʷʢʝ 

ʧʦʤʽʱʘʣʦʩʴ ʚ ʪʝʤʧʝʨʘʪʫʨʥʫ ʢʘʤʝʨʫ. ʇʦʪʽʤ ʧʨʦʚʦʜʠʣʠʩʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʽʜʥʦʩʥʦʾ ʟʤʽʥʠ ʬʘʟʠ ʷʢ ʬʫʥʢʮʽʾ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ. ʗʢ ʤʦʞʥʘ ʙʘʯʠʪʠ, ʤʘʻ 

ʤʽʩʮʝ ʧʨʝʢʨʘʩʥʠʡ ʟʙʽʛ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

 

 

ʈʠʩ. 5.3. ɻʨʘʬʽʢ ʟʤʽʥʠ ʬʘʟʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ 

 

ɺʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ, ʧʨʝʜʩʪʘʚʣʝʥʦʤʫ ʥʘ ʨʠʩ. 5.3, 

ʦʧʪʠʯʥʝ ʚʦʣʦʢʥʦ ʥʝ ʙʫʣʦ ʥʘʤʦʪʘʥʦ ʥʘ ʢʦʪʫʰʢʫ, ʘ ʣʝʞʘʣʦ ʚ ʚʽʣʴʥʦʤʫ ʩʪʘʥʽ 

ʥʘ ʜʥʽ ʪʝʨʤʦʢʘʤʝʨʠ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʧʣʠʚʦʤ ʤʝʭʘʥʽʯʥʦʾ ʥʘʧʨʫʛʠ ʤʦʞʥʘ 

ʙʫʣʦ ʟʥʝʭʪʫʚʘʪʠ. ʆʜʥʘʢ ʮʝ ʥʝ ʟʘʚʞʜʠ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʧʨʘʢʪʠʮʽ. ɽʬʝʢʪʠ, 

ʧʦʚ'ʷʟʘʥʽ ʟ ʤʝʭʘʥʽʯʥʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ ʚ ʚʦʣʦʢʥʽ, ʤʦʞʫʪʴ ʙʫʪʠ ʦʧʠʩʘʥʽ 

ʰʣʷʭʦʤ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ (5.3) ʧʦ ʧʦʟʜʦʚʞʥʴʦ ʧʨʠʢʣʘʜʝʥʽʡ ʥʘʧʨʫʟʽ   

[5.10]. 
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ɺ (5.5) dn/dů = 3,4 ״Ͻρπ /ʇʘ ʪʘ ρὒϳ ὨὒὨ„ϳ = 7,2Ͻρπ ʇʘ ï 

ʤʦʜʫʣʴ ʖʥʛʘ. ɼʠʬʝʨʝʥʮʽʘʣ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʠʡ ʷʢ  
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dű/dů = 1,3Ј/(ʢʤɻɻʮϽ ̋ ˜ .́ ʈʽʚʥʷʥʥʷ (5.5) ʤʦʞʝ ʙʫʪʠ ʚʘʞʣʠʚʠʤ ʜʣʷ ʘʥʘʣʽʟʫ 

ʟʤʦʥʪʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʟʦʢʨʝʤʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʧʨʦʢʣʘʜʝʥʠʭ ʨʘʟʦʤ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʢʘʙʝʣʽʚ, ʱʦ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʜʣʷ 

ʢʦʤʝʨʮʽʡʥʦʛʦ [5.11] ʪʘ ʚʽʡʩʴʢʦʚʦʛʦ [5.12] ʟʘʩʪʦʩʫʚʘʥʴ. ʅʘ ʜʦʜʘʪʦʢ ʜʦ 

ʬʘʟʦʚʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ, ʨʦʟʛʣʷʥʫʪʦʾ ʚʠʱʝ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ, ʚʘʞʣʠʚʠʤ 

ʧʘʨʘʤʝʪʨʦʤ ʻ ʦʜʥʦʩʤʫʛʦʚʠʡ ʬʘʟʦʚʠʡ ʰʫʤ ʚ ʦʙʣʘʩʪʽ, ʙʣʠʟʴʢʦʾ ʜʦ ʥʝʩʫʯʦʾ 

ʯʘʩʪʦʪʠ ʈʏ-ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜʽ ʣʽʥʽʾ. ɺ ʚʦʣʦʢʦʥʥʠʭ ʣʽʥʽʷʭ ʜʘʥʠʡ ʚʠʜ ʰʫʤʫ 

ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʚʽʜ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʷʢʽ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʚ ʨʦʟʜʽʣʽ 3. 

ɻʨʘʬʽʢ ʟʤʽʥʠ ʬʘʟʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʤʦʜʫʣʴʦʚʘʥʦʛʦ 

ʥʘ ʯʘʩʪʦʪʽ 12 ɻɻʮ ʩʠʛʥʘʣʫ, ʧʝʨʝʜʘʥʦʛʦ ʯʝʨʝʟ 20 ʤ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʦʜʥʦʤʦʜʦʚʦʛʦ ʚʦʣʦʢʥʘ. ʂʨʫʞʢʘʤʠ ʧʦʟʥʘʯʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ, 

ʩʫʮʽʣʴʥʦʶ ʣʽʥʽʻʶ ״ ʪʝʦʨʝʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ. 

ʅʘ ʜʦʜʘʪʦʢ ʜʦ ʬʘʟʦʚʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ, ʨʦʟʛʣʷʥʫʪʦʾ ʚʠʱʝ ʚ ʮʴʦʤʫ 

ʨʦʟʜʽʣʽ, ʚʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʦʜʥʦʩʤʫʛʦʚʠʡ ʬʘʟʦʚʠʡ ʰʫʤ ʚ ʦʙʣʘʩʪʽ, 

ʙʣʠʟʴʢʦʾ ʜʦ ʥʝʩʫʯʦʾ ʯʘʩʪʦʪʠ ʈʏ-ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜʽ ʣʽʥʽʾ. ɺ ʚʦʣʦʢʦʥʥʠʭ 

ʣʽʥʽʷʭ ʜʘʥʠʡ ʚʠʜ ʰʫʤʫ ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʚʽʜ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʷʢʽ ʙʫʣʠ 

ʨʦʟʛʣʷʥʫʪʽ ʚ ʨʦʟʜʽʣʽ 3. ʌʫʥʜʘʤʝʥʪʘʣʴʥʽ ʦʙʤʝʞʝʥʥʷ ʚʥʘʩʣʽʜʦʢ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʬʣʫʢʪʫʘʮʽʡ ʚʦʣʦʢʥʘ ʙʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʚ [5.13] ʪʘ ʚ 

ʧʦʩʠʣʘʥʥʷʭ ʜʦ ʮʽʻʾ ʨʦʙʦʪʠ. ɼʘʚʥʦ ʚʽʜʦʤʦ, ʱʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʦʜʥʦʩʤʫʛʦʚʦʛʦ ʬʘʟʦʚʦʛʦ ʰʫʤʫ ʚ ʚʦʣʦʢʦʥʥʠʭ ʣʽʥʽʷʭ ʤʦʞʝ ʙʫʪʠ ʧʨʠʡʥʷʪʥʦʶ 

ʜʣʷ ʚʝʣʠʢʦʛʦ ʯʠʩʣʘ ʟʘʩʪʦʩʫʚʘʥʴ, ʥʘʧʨʠʢʣʘʜ ʚ ʢʦʨʘʙʝʣʴʥʽʡ ʘʥʪʝʥʽ 

ʜʝʮʠʤʝʪʨʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟ ʜʠʩʪʘʥʮʽʡʥʠʤ ʞʠʚʣʝʥʥʷʤ [5.10] ʪʘ ʚ ʈʃʉ X - 

ʜʽʘʧʘʟʦʥʫ  [5.14].  ɸʥʘʣʦʛʦʚʽ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʽ ʣʽʥʽʾ ʪʘʢʦʞ:  

ɸʥʘʣʦʛʦʚʽ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʽ ʣʽʥʽʾ ʪʘʢʦʞ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ 

ʨʦʟʧʦʜʽʣʫ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʯʘʩʪʦʪʥʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʜʝ ʽʥʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʤʝʪʦʜʠ ʘʢʪʠʚʥʦʛʦ ʧʨʠʜʫʰʝʥʥʷ [5.15]. ʅʘ ʨʠʩ. 5.4 ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʦ ʜʦʩʷʞʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʘʩʠʚʥʠʭ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʥʠʭ ʣʽʥʽʡ ʟʘʪʨʠʤʢʠ [5.16]. ʅʘ ʨʠʩʫʥʢʫ ʧʦʢʘʟʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʦʜʥʦʧʦʣʦʩʥʦʛʦ ʬʘʟʦʚʦʛʦ ʰʫʤʫ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʠʛʥʘʣʫ 
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ʯʘʩʪʦʪʦʶ 10,24 ɻɻʮ ʪʘ ʧʦʪʫʞʥʽʩʪʶ 15 ״ ʜɹʤ ʧʽʩʣʷ ʧʝʨʝʜʘʯʽ  ʧʦ ʚʦʣʦʢʦʥʥʽʡ 

ʣʽʥʽʾ ʧʨʦʪʷʞʥʽʩʪʶ 20 ʪʘ 40 ʢʤ. ɺ ʦʙʦʭ ʣʽʥʽʷʭ ʜʣʷ ʧʽʜʪʨʠʤʢʠ 

ʥʝʦʙʭʽʜʥʦʛʦʨʽʚʥʷ ʩʠʛʥʘʣʫ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ɽɺʇ, ʧʨʠ ʮʴʦʤʫ ʰʫʤ ʥʘ 

ʯʘʩʪʦʪʘʭ ʚʽʜʩʪʨʦʡʢʠ ʙʽʣʴʰʝ 10 ʢɻʮ ʧʝʨʝʚʘʞʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʧʣʠʚʦʤ ʮʠʭ 

ʦʧʪʠʯʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ. ʐʫʤ ʥʘ ʙʽʣʴʰ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪʘʭ ʚʽʜʩʪʨʦʡʢʠ 

ʟʥʘʭʦʜʠʪʴʩʷ ʙʣʠʟʴʢʦ ʜʦ ʥʠʞʥʴʦʾ ʤʝʞʽ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʟʘ 

ʚʠʥʷʪʢʦʤ ʢʽʣʴʢʦʭ ʧʦʢʘʟʘʥʠʭ ʥʘ ʨʠʩʫʥʢʫ ʚʠʢʠʜʽʚ. ʎʽ ʚʠʢʠʜʠ ʦʙʫʤʦʚʣʝʥʽ 

ʧʝʨʝʪʚʦʨʝʥʠʤʠ ʰʫʤʘʤʠ ʣʘʟʝʨʽʚ ʥʘʢʘʯʫʚʘʥʥʷ ɽɺʇ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 

ʚʠʥʠʢʘʶʪʴ ʥʘ ʯʘʩʪʦʪʘʭ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʠʞʯʝ ʪʠʧʦʚʦʾ ʯʘʩʪʦʪʠ ʚʽʜʩʽʯʢʠ 

ʜʣʷ ʽʦʥʽʚ ʝʨʙʽʷ ʫ ʚʦʣʦʢʥʽ. 

 

ʈʠʩ. 5.4. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʦʜʥʦʧʦʣʦʩʥʦʛʦ ʬʘʟʦʚʦʛʦ ʰʫʤʫ ʜʣʷ 10,24-ɻɻʮ 

ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜʽ 20-ʢʤ (ʟʘʪʨʠʤʢʘ 100 ʤʢʩ) ʪʘ 40-ʢʤ (ʟʘʪʨʠʤʢʘ 200 ʤʢʩ) ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʥʦʾ ʣʽʥʽʾ. ʊʘʢʦʞ ʧʦʢʘʟʘʥʠʡ ʤʽʥʽʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʰʫʤʫ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ 

 

 

5.4. ʍʨʦʤʘʪʠʯʥʘ ʜʠʩʧʝʨʩʽʷ 

 

 

ʏʘʩʪʦʪʥʘ ʟʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ, ʘʙʦ ʭʨʦʤʘʪʠʯʥʘ 

ʜʠʩʧʝʨʩʽʷ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ, ʤʦʞʝ ʩʪʚʦʨʶʚʘʪʠ ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ  

ʈʏ-ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʣʽʥʽʡ ʚʝʣʠʢʦʾ ʧʨʦʪʷʞʥʦʩʪʽ. ɰʾ ʚʧʣʠʚ ʤʦʞʝ ʙʫʪʠ 

ʢʦʨʠʩʥʠʤ, ʢʦʣʠ ʜʠʩʧʝʨʩʽʷ ʚʚʦʜʠʪʴʩʷ ʥʘʚʤʠʩʥʦ, ʥʘʧʨʠʢʣʘʜ ʚ ʧʨʠʩʪʨʦʷʭ 
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ʬʽʣʴʪʨʘʮʽʾ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʜʠʩʧʝʨʩʽʾ [5.17] ʘʙʦ ʬʦʪʦʥʥʠʭ ʛʝʥʝʨʘʪʦʨʘʭ 

ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ [5.18], [5.19]. ʇʨʦʪʝ ʚ ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʽʚ ʜʠʩʧʝʨʩʽʷ ʧʨʦʷʚʣʷʻ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʦʧʪʠʯʥʽ ʣʽʥʽʾ, ʚ ʷʢʠʭ 

ʚʦʥʘ ʚʠʢʣʠʢʘʻ ʟʘʚʤʠʨʘʥʥʷ ʩʠʛʥʘʣʫ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʘʟʘ-ʽʥʪʝʥʩʠʚʥʦʩʪʴ ʪʘ 

ʜʝʛʨʘʜʘʮʽʶ ʷʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ. ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʦʜʠʪʴʩʷ ʟʘʛʘʣʴʥʝ 

ʪʨʘʢʪʫʚʘʥʥʷ ʜʠʩʧʝʨʩʽʾ, ʧʦʚ'ʷʟʘʥʦʾ ʟ ʣʽʥʽʡʥʠʤ ʚʽʜʛʫʢʦʤ ʚ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ. 

ɿʦʢʨʝʤʘ, ʨʦʟʛʣʷʜ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʧʨʦʩʪʦʛʦ ʚʠʧʘʜʢʫ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʽʜʝʘʣʴʥʫ ʤʦʜʫʣʷʮʽʶ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʘʙʦ ʬʘʟʦʚʫ ʤʦʜʫʣʷʮʽʶ 

ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʢʦʥʢʨʝʪʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʩʭʝʤʠ ʤʦʜʫʣʷʪʦʨʘ. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʜʦʟʚʦʣʷʻ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʚʠʟʥʘʯʠʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʡ ʚʽʜʛʫʢ ʜʣʷ 

ʨʝʘʣʴʥʠʭ ʜʠʩʧʝʨʩʽʡʥʠʭ ʨʘʜʽʦʬʦʪʦʥʥʠʭ ʣʽʥʽʡ ʧʝʨʝʜʘʯʽ. ɼʣʷ ʦʧʪʠʯʥʦʾ ʣʽʥʽʾ, 

ʷʢʘ ʧʨʘʮʶʻ ʚ ʤʘʣʦʩʠʛʥʘʣʴʥʦʤʫ ʨʝʞʠʤʽ, ʤʦʜʫʣʴʦʚʘʥʝ ʦʧʪʠʯʥʝ ʧʦʣʝ ʤʦʞʝ 

ʙʫʪʠ ʟʘʧʠʩʘʥʦ ʫ ʚʠʛʣʷʜʽ 

Ὡὸ ὉὩ ρ άὸ      (5.6) 

ʜʝ  k ï ʨʦʙʦʯʘ ʯʘʩʪʦʪʘ ʣʘʟʝʨʥʦʛʦ ʜʞʝʨʝʣʘ, m(t) ï ʧʨʠʢʣʘʜʝʥʘ ʤʦʜʫʣʷʮʽʷ, 

ʷʢʘ ʟʘʜʦʚʦʣʴʥʷʻ ʥʘʩʪʫʧʥʫ ʫʤʦʚʫ: |m(t)|<<1. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʦʧʪʠʯʥʘ 

ʤʦʜʫʣʷʮʽʷ ʻ ʪʨʘʜʠʮʽʡʥʦʶ ʙʝʟʧʝʨʝʨʚʥʦʶ ʜʚʦʩʤʫʛʦʚʦʶ ʤʦʜʫʣʷʮʽʶ, ʪʘʢʦʶ ʞ, 

ʷʢ ʽ ʚ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʩʪʦʛʦ ʦʧʪʠʯʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʘʙʦ 

ʬʘʟʠ ʥʝʩʫʯʦʾ. ʆʧʪʠʯʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ (ʷʢʘ ʚʠʢʣʠʢʘʻ ʚʠʤʽʨʥʽ ʚʘʨʽʘʮʽʾ 

ʬʦʪʦʩʪʨʫʤʫ) ʧʨʦʧʦʨʮʽʡʥʘ |ʝ(t)|
2
, ʪʦʙʪʦ ʾʾ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʷʢ: 

ὴὸЊὉ ρ ςὙὩάὸ  .    (5.7) 

ɼʣʷ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʩʠʛʥʘʣʽʚ ʚ ʙʽʣʴʰʦʩʪʽ ʘʥʘʣʦʛʦʚʠʭ ɺʆʉʇ ʚʧʣʠʚ 

ʜʠʩʧʝʨʩʽʾ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʦ ʘʥʘʣʽʟʫʻʪʴʩʷ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ 

ʢʦʨʠʩʥʦ ʨʦʟʛʣʷʥʫʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʩʧʝʢʪʨ ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʟʘʜʘʥʠʡ ʷʢ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ ʤʦʜʫʣʷʮʽʾ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ: 

ὓ ᷿ άὸὩ Ὠὸ.     (5.8) 

ʋ ʨʘʟʽ çʯʠʩʪʦʾè ʤʦʜʫʣʷʮʽʾ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʤʦʜʫʣʷʮʽʡʥʠʡ ʩʠʛʥʘʣ m(t) 

(ʜʽʡʩʥʘ ʚʝʣʠʯʠʥʘ) ʜʘʻ ʨʝʟʫʣʴʪʘʪ ʫ ʚʠʛʣʷʜʽ ʝʨʤʽʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ 
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ʩʧʝʢʪʨʘ, ʜʝ ʜʽʡʩʥʘ ʩʢʣʘʜʦʚʘ ʩʧʝʢʪʨʘ ʻ ʧʘʨʥʦʶ ʬʫʥʢʮʽʻʶ ʯʘʩʪʦʪʠ, ʘ ʫʷʚʥʘ ״ 

ʥʝʧʘʨʥʦʶ ʬʫʥʢʮʽʻʶ ʯʘʩʪʦʪʠ [5.20]. ɼʣʷ ʚʠʧʘʜʢʫ ʦʧʪʠʯʥʦʾ ʬʘʟʦʚʦʾ 

ʤʦʜʫʣʷʮʽʾ, ʜʝ ʤʦʜʫʣʷʮʽʡʥʠʡ ʩʠʛʥʘʣ m(t) ï ʫʷʚʥʘ ʚʝʣʠʯʠʥʘ, ʨʝʟʫʣʴʪʘʪʠʚʥʠʡ 

ʩʧʝʢʪʨ ʙʫʜʝ ʘʥʪʠʝʨʤʽʪʦʚʠʤ (ʧʘʨʥʽ ʡ ʥʝʧʘʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʽʡʩʥʦʾ ʪʘ ʫʷʚʥʦʾ 

ʯʘʩʪʠʥ ʩʧʝʢʪʨʘ ʤʽʥʷʶʪʴʩʷ ʤʽʩʮʷʤʠ). ʊʦʜʽ ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʩʧʝʢʪʨʘ ʬʦʪʦʩʪʨʫʤʫ ʥʘ ʢʽʥʮʽ ʘʥʘʣʦʛʦʚʦʾ ʣʽʥʽʾ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʥʘʭʦʜʞʝʥʥʷ 

ʝʨʤʽʪʦʚʦʾ ʯʘʩʪʠʥʠ ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʧʦʣʷ. 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʧʨʠʧʫʱʝʥʥʷ ʨʦʙʦʪʠ ʚ ʨʝʞʠʤʽ ʤʘʣʦʛʦ 

ʩʠʛʥʘʣʫ ʯʣʝʥ, ʧʨʦʧʦʨʮʽʡʥʠʡ ȿάὸȿ, ʻ ʜʫʞʝ ʥʝʟʥʘʯʥʠʤ, ʪʦʤʫ ʙʫʚ 

ʚʠʢʣʶʯʝʥʠʡ ʟ (5.7). ʊʦʜʽ ʟ ʮʴʦʛʦ ʚʠʨʘʟʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʤʦʜʫʣʴʦʚʘʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʦʧʦʨʮʽʡʥʘ ʜʽʡʩʥʽʡ 

ʢʦʤʧʦʥʝʥʪʽ ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. ʋ ʨʘʟʽ ʤʦʜʫʣʷʮʽʾ ʧʦ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ (m(t) ï ʜʽʡʩʥʘ ʚʝʣʠʯʠʥʘ) ʩʣʽʜ ʦʯʽʢʫʚʘʪʠ, ʱʦ ʚʘʨʽʘʮʽʾ ʦʧʪʠʯʥʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʙʫʜʫʪʴ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʽ ʨʽʚʥʶ ʧʨʠʢʣʘʜʝʥʦʾ ʤʦʜʫʣʷʮʽʾ. ʋ 

ʨʘʟʽ ʞ ʽʜʝʘʣʴʥʦʾ ʦʧʪʠʯʥʦʾ ʬʘʟʦʚʦʾ ʤʦʜʫʣʷʮʽʾ (m(t) ï ʫʷʚʥʘ ʚʝʣʠʯʠʥʘ) 

ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʙʫʜʝ ʧʦʩʪʽʡʥʦʶ. 

ʇʦʩʪʽʡʥʘ ʧʦʰʠʨʝʥʥʷ, ʱʦ ʚʚʦʜʠʪʴʩʷ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ 

ʭʨʦʤʘʪʠʯʥʦʾ ʜʠʩʧʝʨʩʽʾ,ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ [5.1]: 

= ὲ      (5.9) 

ʜʝ ɤ ï ʯʘʩʪʦʪʘ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ, c ï ʰʚʠʜʢʽʩʪʴ ʩʚʽʪʣʘ ʫ ʚʘʢʫʫʤʽ, n(ɤ) ï 

ʟʘʣʝʞʥʠʡ ʚʽʜ ʯʘʩʪʦʪʠ ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ. ɼʣʷ ʯʘʩʪʦʪʥʠʭ ʩʤʫʛ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʽʥʪʝʨʝʩ ʚ ʙʽʣʴʰʦʩʪʽ ʘʥʘʣʦʛʦʚʠʭ ʣʽʥʽʡ ʧʝʨʝʜʘʯʽ, ʯʘʩʪʦʪʥʘ 

ʟʘʣʝʞʥʽʩʪʴ   ʜʦʙʨʝ ʦʧʠʩʫʻʪʴʩʷ ʧʝʨʰʠʤʠ ʪʨʴʦʤʘ ʩʢʣʘʜʦʚʠʤʠ 

ʨʦʟʢʣʘʜʘʥʥʷ ʚ ʨʷʜ ʊʝʡʣʦʨʘ ʱʦʜʦ ʥʝʩʫʯʦʾ ʦʧʪʠʯʥʦʾ ʯʘʩʪʦʪʠ: 

        ,   (5.10) 

ʜʝ 

                                
Ὠ

Ὠ
                                       υȢρρ 
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ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʦʟʥʘʯʘʻ ʘʙʩʦʣʶʪʥʫ ʦʧʪʠʯʥʫ ʬʘʟʫ, ʡ ʥʝʶ ʤʦʞʥʘ 

ʩʧʦʢʽʡʥʦ ʟʥʝʭʪʫʚʘʪʠ. ʋ ʜʨʫʛʦʤʫ ʜʦʜʘʥʢʫ,  ï ʛʨʫʧʦʚʘ ʟʘʪʨʠʤʢʘ, ʷʢʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʢʽʥʮʝʚʫ ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʩʠʛʥʘʣʫ ʚ ʦʧʪʠʯʥʦʤʫ ʚʦʣʦʢʥʽ 

(ʜʠʚ. ʧʦʧʝʨʝʜʥʽʡ ʨʦʟʜʽʣ). ʍʦʯʘ ʛʨʫʧʦʚʘ ʟʘʪʨʠʤʢʘ ʻ ʢʣʶʯʦʚʠʤ ʧʘʨʘʤʝʪʨʦʤ 

ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʦʧʪʠʯʥʠʭ ʣʽʥʽʡ ʟʘʪʨʠʤʢʠ ʡ ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʯʠʥʥʦ-

ʥʘʩʣʽʜʢʦʚʠʡ ʟʚ'ʷʟʦʢ ʚ ʦʧʪʠʯʥʠʭ ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨʘʭ, ʮʝʡ ʪʝʨʤʽʥ, ʷʢ 

ʧʨʘʚʠʣʦ, ʥʝ ʚʢʣʶʯʘʻʪʴʩʷ ʚ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʘʥʘʣʦʛʦʚʠʭ ɺʆʉʇ. 

ʍʨʦʤʘʪʠʯʥʘ ʜʠʩʧʝʨʩʽʷ ʚ ʦʧʪʠʯʥʦʤʫ ʚʦʣʦʢʥʽ ʦʧʠʩʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʘʨʘʤʝʪʨʘ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʯʘʩʪʦʪʥʫ ʟʘʣʝʞʥʽʩʪʴ ʛʨʫʧʦʚʦʾ ʟʘʪʨʠʤʢʠ. 

ɿʘʛʘʣʦʤ, ʜʠʩʧʝʨʩʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʯʠʥʥʠʢʽʚ: ʪʠʧʫ ʤʘʪʝʨʽʘʣʫ ʪʘ 

ʛʝʦʤʝʪʨʽʾ ʭʚʠʣʝʚʦʜʫ. ʆʜʥʘʢ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʜʥʦʤʦʜʦʚʦʛʦ ʚʦʣʦʢʥʘ ʥʘ 

ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ, ʜʘʣʝʢʠʭ ʚʽʜ ʪʦʯʢʠ ʥʫʣʴʦʚʦʾ ʜʠʩʧʝʨʩʽʾ (ʢʦʣʠ ʩʪʘʻ 

ʟʥʝʚʘʞʣʠʚʦ ʤʘʣʦʶ), ʚʦʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʤʘʪʝʨʽʘʣʦʤ [5.1]. ɺ ʣʽʥʽʷʭ ʟ 

ʢʝʨʦʚʘʥʦʶ ʜʠʩʧʝʨʩʽʻʶ, ʘ ʪʘʢʦʞ ʚ ʥʝʣʽʥʽʡʥʽʡ ʚʦʣʦʢʦʥʥʽʡ ʦʧʪʠʮʽ, ʥʘʧʨʠʢʣʘʜ 

ʜʣʷ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʧʽʜʩʠʣʝʥʥʷ [5.1], ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʽ 

ʪʠʧʠ ʚʦʣʦʢʦʥ, ʪʘʢʽ ʷʢ ʚʦʣʦʢʥʘ ʟʽ ʟʤʽʱʝʥʦʶ ʜʠʩʧʝʨʩʽʻʶ ʪʘ ʟ ʢʦʤʧʝʥʩʦʚʘʥʦʶ 

ʜʠʩʧʝʨʩʽʻʶ, ʚ ʷʢʠʭ ʤʘʪʝʨʽʘʣʠ ʡ ʤʦʜʦʚʽ ʧʘʨʘʤʝʪʨʠ ʧʽʜʽʙʨʘʥʽ ʪʘʢ, ʱʦʙ 

ʦʪʨʠʤʘʪʠ ʙʘʞʘʥʫ ʚʝʣʠʯʠʥʫ ʜʠʩʧʝʨʩʽʾ. ʋ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʦʤʫ ʟʚ'ʷʟʢʫ 

ʟʘʤʽʩʪʴ ̐̒̋̍ϳ  ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʘʨʘʤʝʪʨ ʜʠʩʧʝʨʩʽʾ D (ʧʩ/ʥʤ/ʢʤ), 

ʷʢʠʡ ʧʦʚ'ʷʟʘʥʠʡ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ:  

Ὀ .    (5.12) 

ɼʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʜʥʦʤʦʜʦʚʦʛʦ ʚʦʣʦʢʥʘ ʚʝʣʠʯʠʥʘ

ςς ̐ ̒̋̍ϳ (Ὀ ρχ̐ ̒̎ ̍ϳ ̋̍ϳ ) ʥʘ ʮʝʥʪʨʘʣʴʥʽʡ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ɚ = 1550 ʥʤ 

(ɤ/2ˊ = 193,55 ʊɻʮ) [5.7]. ɯʩʥʫʻ ʚʝʣʠʢʝ ʯʠʩʣʦ ʝʤʧʽʨʠʯʥʠʭ ʬʦʨʤʫʣ ʜʣʷ D(ɚ) 

ʟʘʧʠʩʘʥʠʭ ʚ ʪʝʨʤʽʥʘʭ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʧʨʠ ʥʫʣʴʦʚʽʡ ʜʠʩʧʝʨʩʽʾ ‗, ʪʘ ʥʘʭʠʣʫ ʚ 

ʪʦʯʮʽ ʥʫʣʴʦʚʦʾ ʜʠʩʧʝʨʩʽʾ Ὓ [5.21], ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʜʥʦʤʦʜʦʚʦʛʦ ʚʦʣʦʢʥʘ 

ʚʦʥʠ ʩʪʘʥʦʚʣʷʪʴ:‗ ρσρπ ̎ ȟ̍Ὓ πȟπωςʧʩ/ʥʤ2
/ʢʤ [5.7]. 

ɼʣʷ ʦʧʠʩʫ ʝʬʝʢʪʽʚ ʭʨʦʤʘʪʠʯʥʦʾ ʜʠʩʧʝʨʩʽʾ ʚ ʦʧʪʠʯʥʽʡ ʣʽʥʽʾ 
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ʢʦʤʧʣʝʢʩʥʠʡ ʦʧʪʠʯʥʠʡ ʩʧʝʢʪʨ ʤʥʦʞʠʪʴʩʷ ʥʘ ʬʘʟʦʚʫ ʝʢʩʧʦʥʝʥʪʫ, ʱʦ 

ʦʧʠʩʫʻ ʧʦʰʠʨʝʥʥʷ ʚ ʜʠʩʧʝʨʩʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɿʘʜʘʚʰʠ ʢʦʤʧʣʝʢʩʥʠʡ 

ʩʧʝʢʪʨ ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʧʦʣʷ ʥʘ ʚʭʦʜʽ (ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ ʬʦʨʤʫʣʠ (5.6)), ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʧʦʣʝ ʧʽʩʣʷ ʧʦʰʠʨʝʥʥʷ 

ʚ ʜʠʩʧʝʨʩʽʡʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʜʦʚʞʠʥʦʶ L  ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʪʘʢʠʤ ʯʠʥʦʤ: 

E   = [Ὁ  ὓz  ] ὗ  ,    (5.13) 

ʜʝ Ḻ ḻz ï  ʟʥʘʢ ʟʛʦʨʪʢʠ, ï ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʽʜ ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʦʪʠ  

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʘʟʝʨʘ   , Q (:ʟʘʜʘʻʪʴʩʷ ʷʢ ( 

Q (exp = ( ὒ  .    (5.14) 

ʗʢ ʚʠʜʥʦ ʟ (5.13) ʪʘ (5.14), ʤʥʦʞʝʥʥʷ ʩʧʝʢʪʨʘ ʤʦʜʫʣʷʮʽʾ ʥʘ 

ʢʦʤʧʣʝʢʩʥʫ ʝʢʩʧʦʥʝʥʪʫ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʜʠʩʧʝʨʩʽʶ, ʚʠʢʣʠʢʘʻ ʟʨʫʰʝʥʥʷ 

ʬʘʟ ʤʽʞ ʚʝʨʭʥʴʦʶ ʡ ʥʠʞʥʴʦʶ ʦʧʪʠʯʥʠʤʠ ʙʽʯʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʧʦʣʷ, ʱʦ ʧʦʰʠʨʶʻʪʴʩʷ ʚ ʜʠʩʧʝʨʩʽʡʥʦʤʫ ʦʧʪʠʯʥʦʤʫ 

ʚʦʣʦʢʥʽ. ʊʘʢʘ ʟʤʽʥʘ ʩʧʝʢʪʨʘʣʴʥʦʾ ʩʠʤʝʪʨʽʾ ʙʫʜʝ ʚʟʘʻʤʥʦ ʢʦʥʚʝʨʪʫʚʘʪʠ 

ʤʦʜʫʣʷʮʽʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʡ ʬʘʟʦʚʫ ʤʦʜʫʣʷʮʽʶ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʙʫʜʝ 

ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʯʘʩʪʦʪʥʘ ʟʘʣʝʞʥʽʩʪʴ, ʚʽʜʩʫʪʥʷ ʚ ʧʝʨʚʽʩʥʦʤʫ ʤʦʜʫʣʷʮʽʡʥʦʤʫ 

ʩʠʛʥʘʣʽ (ʜʠʚ. ʪʘʢʦʞ ʢʦʤʧʣʝʢʩʥʽ ʜʽʘʛʨʘʤʠ ʚ ʨʦʟʜʽʣʽ 4). ʎʝʡ ʝʬʝʢʪ ʤʦʞʝ ʙʫʪʠ 

ʦʩʣʘʙʣʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ, ʥʘʧʨʠʢʣʘʜ ʦʜʥʦʩʤʫʛʦʚʦʾ 

ʦʧʪʠʯʥʦʾ ʤʦʜʫʣʷʮʽʾ. 

ʍʦʯʘ ʧʦʚʥʠʡ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʜʠʩʧʝʨʩʽʾ ʚ ʘʥʘʣʦʛʦʚʠʭ ʣʽʥʽʷʭ 

(ʚʢʣʶʯʘʶʯʠ ʽʥʜʫʢʦʚʘʥʫ ʜʠʩʧʝʨʩʽʻʶ ʩʧʦʪʚʦʨʝʥʥʷ) ʚʠʤʘʛʘʻ ʯʽʪʢʦʾ ʦʮʽʥʢʠ 

(5.13), ʫʷʚʣʝʥʥʷ ʧʨʦ ʝʬʝʢʪʠ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʘʚʤʠʨʘʥʴ 

ʚ ʣʽʥʽʷʭ ʧʝʨʝʜʘʯʽ ʟ ʤʦʜʫʣʷʮʽʻʶ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʶ ʬʘʟʘ-

ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʷʢʽ ʽʥʜʫʢʫʶʪʴʩʷ ʜʠʩʧʝʨʩʽʻʶ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ, ʨʦʟʛʣʷʜʘʶʯʠ 

ʜʠʩʧʝʨʩʽʡʥʽ ʝʬʝʢʪʠ ʷʢ ʬʽʣʴʪʨ [5.22], [5.23]. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ, ʧʝʨʰ ʟʘ ʚʩʝ, 

ʨʦʟʢʣʘʜʘʥʥʷʤ ʝʢʩʧʦʥʝʥʪʠ ʚ (5.14) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʦʪʦʞʥʦʩʪʽ ɽʡʣʝʨʘ: 

ὩὼὴὭὒ ὧέίὒ ὭίὭὲὒ   .  (5.15) 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʧʝʨʰʠʡ ʯʣʝʥ (5.15) ʻ ʝʨʤʽʪʦʚʠʤ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʨʫʛʠʡ 
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ʯʣʝʥ ï ʘʥʪʠʝʨʤʽʪʦʚʠʤ. ʆʩʢʽʣʴʢʠ ʜʦʙʫʪʢʦʤ ʜʚʦʭ ʝʨʤʽʪʦʚʠʭ ʘʙʦ ʜʚʦʭ 

ʘʥʪʠʝʨʤʽʪʦʚʭ ʬʫʥʢʮʽʡ ʻ ʝʨʤʽʪʦʚʘ ʬʫʥʢʮʽʷ, ʚʽʜʛʫʢ ʜʠʩʧʝʨʩʽʡʥʦʾ ʦʧʪʠʯʥʦʾ 

ʣʽʥʽʾ ʫ ʚʠʧʘʜʢʘʭ çʯʠʩʪʦʾè ʤʦʜʫʣʷʮʽʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʡ çʯʠʩʪʦʾè ʬʘʟʦʚʦʾ 

ʤʦʜʫʣʷʮʽʾ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦʶ ʧʝʨʝʚʽʨʢʦʶ. ɼʣʷ ʧʦʯʘʪʢʫ 

ʨʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ ʟ ʤʦʜʫʣʷʮʽʻʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʢʦʣʠ ʩʧʝʢʪʨ 

ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ M(ɤ) ʻ ʝʨʤʽʪʦʚʠʤ, ʪʦʜʽ ʢʦʤʧʣʝʢʩʥʠʡ ʩʧʝʢʪʨ 

ʬʦʪʦʩʪʨʫʤʫ (ʚʠʟʥʘʯʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ ʨʽʚʥʷʥʥʷ (5.7)) 

ʥʘ ʚʠʭʦʜʽ ʣʽʥʽʾ ʙʫʜʝ ʧʨʦʧʦʨʮʽʡʥʠʡ: 

Ὅ Њὓ ὧέίὒ  .                       (5.16) 

ʋ ʨʘʟʽ çʯʠʩʪʦʾè ʬʘʟʦʚʦʾ ʤʦʜʫʣʷʮʽʾ M(ɤ) ʻ ʘʥʪʠʝʨʤʽʪʦʚʘ ʬʫʥʢʮʽʷ ʽ 

ʢʦʤʧʣʝʢʩʥʠʡ ʩʧʝʢʪʨ ʬʦʪʦʩʪʨʫʤʫ ʙʫʜʝ ʧʨʦʧʦʨʮʽʡʥʠʡ: 

            Ὅ Њὓ ίὭὲὒ  .   (5.17) 

ɿ ʤʝʪʦʶ ʽʣʶʩʪʨʘʮʽʾ ʚʧʣʠʚʫ ʭʨʦʤʘʪʠʯʥʦʾ ʜʠʩʧʝʨʩʽʾ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʘʥʘʣʦʛʦʚʦʾ ʣʽʥʽʾ ʥʘ ʨʠʩ. 5.5 ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʦʨʤʦʚʘʥʽ ʯʘʩʪʦʪʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʜʘʯʽ ʚ ʜʠʩʧʝʨʩʽʡʥʽʡ ʣʽʥʽʾ ʧʨʦʪʷʞʥʽʩʪʶ ʙʣʠʟʴʢʦ 50 ʢʤ ʟ 

ʤʦʜʫʣʷʮʽʻʶ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ (Ɲ) ʪʘ ʟ ʬʘʟʦʚʦʶ ʤʦʜʫʣʷʮʽʻʶ (ʙ). ʅʘ ʨʠʩʫʥʢʫ 

ʢʨʫʞʢʘʤʠ ʧʦʟʥʘʯʝʥʽ ʚʠʤʽʨʷʥʽ ʜʘʥʽ, ʘ ʩʫʮʽʣʴʥʦʶ ʣʽʥʽʻʶ ï ʪʝʦʨʝʪʠʯʥʽ ʜʘʥʽ, 

ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ (5.16) ʡ (5.17) ʧʨʠ ςρȟτχ
̐̒

̋̍
Ȣ  

 

    

ʈʠʩ. 5.5. ʘ ï ʈʘʜʽʦʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʣʷ 50-ʢʤ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʦʾ ʣʽʥʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʧʪʠʯʥʦʾ ʤʦʜʫʣʷʮʽʾ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ;  

ʙ ï ʦʧʪʠʯʥʦʾ ʬʘʟʦʚʦʾ ʤʦʜʫʣʷʮʽʾ. 
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ɼʣʷ ʽʜʝʘʣʴʥʦʾ ʘʥʘʣʦʛʦʚʦʾ ʦʧʪʠʯʥʦʾ ʣʽʥʽʾ ʟ ʤʦʜʫʣʷʮʽʻʶ ʧʦ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʙʫʜʝ ʧʦʩʪʽʡʥʠʤ ʫ ʬʫʥʢʮʽʾ ʚʽʜ ʯʘʩʪʦʪʠ 

(ʘʙʦ ʥʘ ʧʨʘʢʪʠʮʽ ʡʦʛʦ ʭʽʜ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʯʘʩʪʦʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʦʧʪʠʯʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʪʘ ʬʦʪʦʜʽʦʜʘ). ʇʨʠ ʨʦʟʛʣʷʜʘʥʥʽ ʨʠʩ. 5.5 ʘ ʤʦʞʥʘ 

ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʜʠʩʧʝʨʩʽʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʚʤʠʨʘʥʴ ʈʏ-ʩʠʛʥʘʣʫ, ʧʨʦ ʱʦ 

ʩʚʽʜʯʘʪʴ ʛʣʠʙʦʢʽ ʥʫʣʽ ʥʘ ʛʨʘʬʽʢʫ. ʅʘ ʯʘʩʪʦʪʘʭ, ʜʝ ʚʽʜʛʫʢ ʈʏ-ʩʠʛʥʘʣʫ ʩʪʘʻ 

ʟʥʝʚʘʞʣʠʚʦ ʤʘʣʠʤ, ʧʨʠʢʣʘʜʝʥʘ ʤʦʜʫʣʷʮʽʷ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʚʥʽʩʪʶ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʦʧʪʠʯʥʫ ʬʘʟʦʚʫ ʤʦʜʫʣʷʮʽʶ, ʘ ʩʘʤʝ ʦʧʪʠʯʥʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʪʘʻ ʧʦʩʪʽʡʥʦʛʦ ʨʽʚʥʷ, ʷʢʠʡ ʥʝʤʦʞʣʠʚʦ ʚʠʤʽʨʷʪʠ ʥʘ ʚʠʭʦʜʽ 

ʬʦʪʦʜʽʦʜʘ. ʅʘʚʧʘʢʠ, ʜʣʷ ʚʠʧʘʜʢʫ ʦʧʪʠʯʥʦʾ ʬʘʟʦʚʦʾ ʤʦʜʫʣʷʮʽʾ, ʧʦʢʘʟʘʥʦʾ ʥʘ 

ʨʠʩ. 5.5 ʙ, ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʈʏ-ʩʠʛʥʘʣʫ ʚ ʣʽʥʽʾ ʚ ʽʜʝʘʣʽ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʥʫʣʴʦʚʠʤ (ʚ ʣʽʥʽʡʥʠʭ ʦʜʠʥʠʮʷʭ) ʚ ʥʝʭʪʫʚʘʥʥʽ ʙʫʜʴ-ʷʢʠʤʠ 

ʥʝʜʦʩʢʦʥʘʣʦʩʪʷʤʠ ʦʧʪʠʯʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ (ʥʘʧʨʠʢʣʘʜ ʟʘʣʠʰʢʦʚʦʶ 

ʤʦʜʫʣʷʮʽʻʶ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʥʘʩʣʽʜʦʢ ʚʽʜʙʠʪʪʷ) ʪʘ ʥʝʽʜʝʘʣʴʥʽʩʪʶ 

ʚʦʣʦʢʥʘ, ʥʘʧʨʠʢʣʘʜ ʧʦʜʚʽʡʥʠʤ ʨʝʣʝʾʚʩʴʢʠʤ ʨʦʟʩʽʶʚʘʥʥʷʤ (ʧʽʜʨʦʟʜʽʣ 5.2). 

ʆʜʥʘʢ ʜʠʩʧʝʨʩʽʷ ʧʝʨʽʦʜʠʯʥʦ ʧʝʨʝʪʚʦʨʶʻ ʧʨʠʢʣʘʜʝʥʫ ʬʘʟʦʚʫ ʤʦʜʫʣʷʮʽʶ ʚ 

ʤʘʡʞʝ ʜʦʩʢʦʥʘʣʫ ʤʦʜʫʣʷʮʽʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʧʨʦ ʱʦ ʩʚʽʜʯʘʪʴ ʤʘʢʩʠʤʫʤʠ ʥʘ 

ʯʘʩʪʦʪʥʽʡ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʙʠʜʚʽ ʤʦʜʫʣʷʮʽʡʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʻ ʢʦʤʧʣʝʤʝʥʪʘʨʥʠʤʠ: ʤʘʢʩʠʤʘʣʴʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ-ʬʘʟʘ (ʥʫʣʽ) ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ ʣʽʥʽʾ ʟ ʤʦʜʫʣʷʮʽʻʶ ʧʦ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʶ ʬʘʟʘ-ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

(ʧʽʢʠ) ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ ʣʽʥʽʾ ʟ ʬʘʟʦʚʦʶ ʤʦʜʫʣʷʮʽʻʶ. ʅʝʚʝʣʠʢʠʡ ʟʩʫʚ 

ʧʦʣʦʞʝʥʥʷ ʥʫʣʽʚ ʤʽʞ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʡ ʚʠʤʽʨʷʥʠʤʠ ʜʘʥʠʤʠ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ ʣʽʥʽʾ ʟ ʤʦʜʫʣʷʮʽʻʶ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʻ ʥʘʩʣʽʜʢʦʤ ʥʝʚʝʣʠʢʦʛʦ 

ʟʘʣʠʰʢʦʚʦʛʦ ʦʩʪʘʪʦʯʥʦʾ ʦʧʪʠʯʥʦʾ ʬʘʟʦʚʦʾ ʤʦʜʫʣʷʮʽʾ ʚ ʤʦʜʫʣʷʪʦʨʽ ʧʦ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ  ʚ ʭʦʜʽ ʚʠʤʽʨʶʚʘʥʴ [5.24]. 

ɼʣʷ ʤʦʜʫʣʴʦʚʘʥʠʭ ʩʠʛʥʘʣʽʚ, ʰʠʨʠʥʦʶ ʩʤʫʛʠ ʷʢʠʭ ʥʝ ʤʦʞʥʘ 

ʟʥʝʭʪʫʚʘʪʠ, ʜʠʩʧʝʨʩʽʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʷʢ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʛʝʥʝʨʘʮʽʾ 

ʅɺʏ-ʩʠʛʥʘʣʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʦʧʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ [5.25], [5.17], [5.19], 
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ʘʣʝ ʪʘʢʦʞ ʤʦʞʝ ʜʦʜʘʪʢʦʚʦ ʩʪʚʦʨʶʚʘʪʠ ʧʦʛʽʨʰʫʚʘʣʴʥʠʡ ʚʧʣʠʚ. ʅʘʧʨʠʢʣʘʜ, 

ʥʘ ʜʦʜʘʪʦʢ ʜʦ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʟʘʚʤʠʨʘʥʥʷ ʘʙʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʘʟʘ-

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʠʢʣʘʜʝʥʦʛʦ ʤʦʜʫʣʷʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʭʨʦʤʘʪʠʯʥʘ ʜʠʩʧʝʨʩʽʷ 

ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ʤʦʞʝ ʪʘʢʦʞ ʚʠʢʣʠʢʘʪʠ ʧʽʜʚʠʱʝʥʥʷ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʈʏ-ʰʫʤʫ. ɿʦʢʨʝʤʘ, ʚ ʣʽʥʽʷʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʣʘʟʝʨʽʚ ʟ ʈɿɿ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʧʪʠʯʥʦʛʦ ʬʘʟʦʚʦʛʦ ʰʫʤʫ 

ʣʘʟʝʨʘ ʚ ʚʠʤʽʨʶʚʘʥʠʡ ʈʏ-ʰʫʤ ʥʘ ʚʠʭʦʜʽ ʣʽʥʽʾ ʤʦʞʝ ʽʩʪʦʪʥʦ ʚʧʣʠʥʫʪʠ ʥʘ 

ʢʦʝʬʽʮʽʻʥʪ ʰʫʤʫ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ. 

ʅʘ ʦʙʦʭ ʛʨʘʬʽʢʘʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʟʥʘʯʝʥʽ ʢʨʫʞʢʘʤʠ, 

ʪʝʦʨʝʪʠʯʥʽ - ʩʫʮʽʣʴʥʠʤʠ ʣʽʥʽʷʤʠ. ʊʝʦʨʝʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʙʘʟʫʻʪʴʩʷ ʥʘ 

(5.16) ʪʘ  (5.17) ʧʨʠ ςρȟτχ
ʧʩ

ʢʤ
. 

ɼʣʷ ʧʦʷʩʥʝʥʥʷ ʮʴʦʛʦ ʝʬʝʢʪʫ ʥʠʞʯʝ ʙʫʜʝ ʦʧʠʩʘʥʠʡ ʙʘʟʦʚʠʡ ʧʨʦʮʝʩ 

ʘʥʘʣʽʟʫ ʜʠʩʧʝʨʩʽʡʥʦʾ ʣʽʥʽʾ ʟ ʢʽʥʮʝʚʦʶ ʩʤʫʛʦʶ ʤʦʜʫʣʷʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʪʘ 

ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʧʦʚʝʜʽʥʢʫ ʣʽʥʽʾ ʟʽ ʩʪʦʭʘʩʪʠʯʥʠʤʠ ʧʦʣʷʤʠ. ʗʢ ʧʨʠʢʣʘʜ 

ʙʫʜʫʪʴ ʧʨʠʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ, ʱʦ ʽʣʶʩʪʨʫʶʪʴ ʚʧʣʠʚ ʬʘʟʦʚʦʛʦ 

ʰʫʤʫ ʣʘʟʝʨʘ ʚ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʟ ʜʠʩʧʝʨʩʽʻʶ. 

ʋ ʙʘʛʘʪʴʦʭ ʬʽʟʠʯʥʠʭ ʟʘʜʘʯʘʭ ʥʘʡʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʦ ʨʦʟʛʣʷʜʘʪʠ 

ʚʧʣʠʚ ʭʨʦʤʘʪʠʯʥʦʾ ʜʠʩʧʝʨʩʽʾ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʯʘʩʪʦʪʥʦʛʦ 

ʧʦʜʘʥʥʷ, ʚ ʷʢʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʥʦʞʥʠʢ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʘʟʦʚʦʾ 

ʝʢʩʧʦʥʝʥʪʠ. ɼʘʥʠʡ ʧʽʜʭʽʜ ʧʝʨʰ ʟʘ ʚʩʝ ʚʠʤʘʛʘʻ ʨʦʟʨʘʭʫʥʢʫ  ʚʦʣʦʢʥʘ 

ʦʧʪʠʯʥʦʛʦ ʧʦʣʷ, ʥʘ ʙʘʟʽ ʷʢʦʛʦ ʤʦʞʥʘ ʣʝʛʢʦ ʚʠʟʥʘʯʠʪʠ ʽʥʰʽ ʮʽʣʴʦʚʽ 

ʧʘʨʘʤʝʪʨʠ (ʬʦʪʦʩʪʨʫʤ, ʩʧʝʢʪʨ ʈʏ-ʧʦʪʫʞʥʦʩʪʽ ʽ ʪ.ʧ.). ɺʠʭʽʜʥʝ ʧʦʣʝ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʚʧʣʠʚʫ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʦ ʷʢ: 

Ὡ ὸ Ὡ ὸ ήzὸ,      (5.18) 

ʜʝ q(t) ï  ʽʤʧʫʣʴʩʥʠʡ ʚʽʜʛʫʢ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ, ʷʢʠʡ 

ʟʘʜʘʻʪʴʩʷ ʷʢ ʟʚʦʨʦʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ ʬʫʥʢʮʽʾ Q (:(ʜʠʚ. (5.14)) ( 

ήὸ ᷿ Ὡ ȉϳὩȉὨὸ
ϳ

Ὡ ϳ  .   (5.19) 

ɼʣʷ ʘʥʘʣʽʟʫ ʝʬʝʢʪʽʚ ʟʛʦʨʪʢʠ ʚ (5.18) ʢʦʨʠʩʥʦ ʨʦʟʛʣʷʜʘʪʠ ʧʦʚʝʜʽʥʢʫ 
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ʬʫʥʢʮʽʾ ήὸ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ (ʧʨʝʢʨʘʩʥʠʡ ʦʧʠʩ ʢʚʘʜʨʘʪʠʯʥʠʭ ʬʘʟʦʚʠʭ 

ʬʽʣʴʪʨʽʚ ʜʘʥʦ ʚ [5.26]). ʅʦʨʤʦʚʘʥʽ ʜʽʡʩʥʘ (ʩʫʮʽʣʴʥʘ ʢʨʠʚʘ ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʫ) 

ʪʘ ʫʷʚʥʘ (ʩʫʮʽʣʴʥʘ ʢʨʠʚʘ ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ) ʯʘʩʪʠʥʠ ʬʫʥʢʮʽʾ ήὸ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 5.6 ʜʣʷ 50-ʢʽʣʦʤʝʪʨʦʚʦʛʦ ʦʜʥʦʤʦʜʦʚʦʛʦ ʦʧʪʠʯʥʦʛʦ 

ʚʦʣʦʢʥʘ SMF-28 (ὒ ρρππ̐̒). ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʧʫʥʢʪʠʨʥʦʶ ʣʽʥʽʻʶ ʥʘ 

ʨʠʩʫʥʢʫ ʧʦʢʘʟʘʥʘ ʫʤʦʚʥʘ ʣʽʥʽʷ, ʱʦ ʦʛʠʥʘʻ ʚʭʽʜʥʝ ʧʦʣʝ Ὡ ὸ.  

 

 

ʈʠʩ. 5.6. ʏʘʩʦʚʝ ʧʦʜʘʥʥʷ ʜʽʡʩʥʦʾ  ʪʘ ʫʷʚʥʦʾ ʯʘʩʪʠʥ ʽʤʧʫʣʴʩʥʦʛʦ ʚʽʜʛʫʢʫ  

ʚʦʣʦʢʥʘ q(t) ʚʽʜʧʦʚʽʜʥʦ ʜʦ (5.18) 

 

ʈʦʟʛʣʷʜʘʶʯʠ ʦʢʨʝʤʦ ʘʙʦ ʜʽʡʩʥʫ, ʘʙʦ ʫʷʚʥʫ ʯʘʩʪʠʥʫ ήὸ, ʤʦʞʥʘ 

ʧʦʤʽʪʠʪʠ, ʱʦ ʥʝʥʫʣʴʦʚʠʡ ʚʥʝʩʦʢ ʚ ʽʥʪʝʛʨʘʣ ʟʛʦʨʪʢʠ ʤʘʻ ʤʽʩʮʝ ʧʨʦʪʷʛʦʤ 

ʯʘʩʫὸ ς“ὒ. ɿʘ ʤʝʞʘʤʠ ʮʽʻʾ ʦʙʣʘʩʪʽ ʢʦʣʠʚʘʥʥʷ ʤʽʞ ʧʦʟʠʪʠʚʥʠʤʠ ʪʘ 

ʥʝʛʘʪʠʚʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʥʝ ʚʥʦʩʷʪʴ ʚʢʣʘʜ ʚ ʚʝʣʠʯʠʥʫ ʽʥʪʝʛʨʘʣʘ, ʱʦ ʤʦʞʥʘ 

ʣʝʛʢʦ ʧʦʙʘʯʠʪʠ ʥʘ ʨʠʩ. 5.6 ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʯʘʩʦʚʦʾ ʰʢʘʣʠ ʢʦʣʠʚʘʥʴ ʟ 

ʚʘʨʽʘʮʽʷʤʠ ʦʙʚʽʜʥʦʾ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʣʷ (ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʫ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʱʦ ʯʘʩʦʚʽ ʚʘʨʽʘʮʽʾ ʦʙʚʽʜʥʦʾ ʚʭʽʜʥʦʛʦ ʧʦʣʷ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘ 

ʯʘʩ, ʙʘʛʘʪʦ ʙʽʣʴʰʝ, ʥʽʞ  ὸ ʘʙʦ ὒO πȟήὸ ʤʦʞʝ ʙʫʪʠ ʨʦʟʛʣʷʥʫʪʘ ʷʢ 

ʜʝʣʴʪʘ-ʬʫʥʢʮʽʷ ɼʽʨʘʢʘ, ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʚʠʭʽʜʥʝ ʧʦʣʝ ʙʫʜʝ ʝʢʚʽʚʘʣʝʥʪʥʦ 

ʚʭʽʜʥʦʤʫ (ʥʘ ʦʩʥʦʚʽ ʬʽʣʴʪʨʫʶʯʦʾ  ʚʣʘʩʪʠʚʦʩʪʽ ŭ-ʬʫʥʢʮʽʾ): 

Ὡ ὸ Ὡ ὸ zὸ Ὡ ὸ.     (5.20) 
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ɺ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʨʠʩʫʪʥʷ ʟʥʘʯʥʘ ʜʠʩʧʝʨʩʽʷ ʽ ὸ ʙʘʛʘʪʦ 

ʙʽʣʴʰʝ, ʥʽʞ ʧʝʨʽʦʜ ʬʣʫʢʪʫʘʮʽʡ ʦʙʚʽʜʥʦʾ ʚʭʽʜʥʦʛʦ ʧʦʣʷ, ʟʘʛʘʣʴʥʦʚʽʜʦʤʦ, ʱʦ 

ʧʦʣʝ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʙʫʜʝ ʟʘʟʥʘʚʘʪʠ ʟʥʘʯʥʫ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʫ ʟʘʪʨʠʤʢʫ. 

ʑʦʙ ʦʪʨʠʤʘʪʠ ʫʷʚʣʝʥʥʷ ʧʨʦ ʚʧʣʠʚ ʮʽʻʾ ʟʘʪʨʠʤʢʠ, ʢʦʨʠʩʥʦ ʟʘʧʠʩʘʪʠ 

ʟʛʦʨʪʢʫ ʚ (5.20) ʚ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ: 

Ὡ ὸ Ὡ Ὡ᷿ ὸᴂὩ Ὡ Ὠὸᴂ. (5.21) 

ɺʠʟʥʘʯʠʚʰʠ ʤʠʪʪʻʚʫ ʯʘʩʪʦʪʫ ʷʢ: 

      ὸ ,    (5.22) 

ʃʝʛʢʦ ʙʘʯʠʪʠ, ʱʦ ʦʛʠʥʘʶʯʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʭʽʜʥʦʛʦ ʧʦʣʷ ʚ ʯʘʩʦʚʽʡ 

ʦʙʣʘʩʪʽ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʷʢ: 

  Ὡ ὸ Ὡ Ὁ  Ὡz      (5.23)  

ʏʘʩʦʚʝ ʧʦʜʘʥʥʷ ʜʽʡʩʥʦʾ (ʩʫʮʽʣʴʥʘ ʢʨʠʚʘ ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʫ) ʪʘ ʫʷʚʥʦʾ 

(ʩʫʮʽʣʴʥʘ ʢʨʠʚʘ ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ) ʯʘʩʪʠʥ ʽʤʧʫʣʴʩʥʦʛʦ ʚʽʜʛʫʢʫ ʚʦʣʦʢʥʘ q(t) 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ (5.18). ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʯʦʨʥʦʶ ʧʫʥʢʪʠʨʥʦʶ ʣʽʥʽʻʶ 

ʧʦʙʫʜʦʚʘʥʘ ʫʤʦʚʥʘ ʦʛʠʥʘʶʯʘ ʚʭʽʜʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʣʷ Ὡ ὸ. 

ʂʦʣʠ ʢʦʤʧʣʝʢʩʥʠʡ ʩʧʝʢʪʨ ʚʭʽʜʥʦʛʦ ʧʦʣʷ Ὁ ʦʙʤʝʞʝʥʠʡ ʩʤʫʛʦʶ 

ʥʘʙʘʛʘʪʦ ʰʠʨʰʝ, ʥʽʞ, Ὢ ρ “ὒϳ  ʢʦʤʧʣʝʢʩʥʘ ʝʢʩʧʦʥʝʥʪʘ 

ÅØÐ Ὥὒ ςϳ ᴼɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʦʤʧʣʝʢʩʥʘ ʯʘʩʦʚʘ ʦʛʠʥʘʶʯʘ .( 

ʚʠʭʽʜʥʦʛʦ ʧʦʣʷ ʟʘʜʘʻʪʴʩʷ ʤʘʩʰʪʘʙʦʚʘʥʦʶ ʚʝʨʩʽʻʶ ʚʭʽʜʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʩʧʝʢʪʨʘ, ʚʠʟʥʘʯʝʥʦʶ ʷʢ ʬʫʥʢʮʽʷ ʯʘʩʫ, ʧʦʤʥʦʞʝʥʘ ʥʘ ʢʚʘʜʨʘʪʠʯʥʠʡ 

ʝʢʩʧʦʥʝʥʪʥʠʡ ʯʣʝʥ ʬʘʟʠ: 

Ὡ ὸ  Ὁ  ὸ  (5.24) 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʠʪʪʻʚʘ ʯʘʩʪʦʪʘ ɤ ʟʘʤʽʥʝʥʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ (5.22).  

ɺ (5.24) ʚ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ ʧʦʢʘʟʘʥʦ ʦʧʪʠʯʥʝ ʯʘʩʪʦʪʥʦ-ʯʘʩʦʚʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʱʦ ʟʘʩʪʦʩʦʚʘʥʦ ʜʣʷ ʦʧʠʩʫ ʝʬʝʢʪʫ ʨʦʟʰʠʨʝʥʥʷ ʽʤʧʫʣʴʩʫ ʧʨʠ 

ʧʝʨʝʜʘʯʽ ʥʘʜʰʚʠʜʢʽʩʥʠʭ ʦʧʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ [5.27], ʘ ʪʘʢʦʞ ʽʥʪʝʥʩʠʚʥʦ 
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ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʦʧʪʠʯʥʠʭ ʩʠʥʪʝʟʘʪʦʨʘʭ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʩʠʛʥʘʣʽʚ [5.18, 5.19] ʪʘ ʜʣʷ ʦʧʪʠʯʥʦʾ ʡ ʅɺʏ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ [5.25, 

5.28], ʢʦʣʠ ʧʦʣʝ Ὁ .ʦʙʤʝʞʝʥʝ ʚ ʯʘʩʽ ʪʘ ʧʦ ʩʤʫʟʽ  

ɼʣʷ ʚʭʽʜʥʠʭ ʧʦʣʽʚ, ʦʙʤʝʞʝʥʠʭ ʧʦ ʩʤʫʟʽ, ʘʣʝ ʟ ʦʛʠʥʘʶʯʝʶ 

ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʣʷ (ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʠʧʘʜʢʫ ʧʦʩʠʣʝʥʦʾ 

ʩʧʦʥʪʘʥʥʦʾ ʝʤʽʩʽʾ [5.29] ʘʙʦ ʣʘʟʝʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʰʫʤʫ [5.30]) ʦʧʠʩʘʥʘ ʚʠʱʝ 

ʧʨʦʮʝʜʫʨʘ ʚʪʨʘʯʘʻ ʽʥʪʫʾʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ ʚ ʪʦʤʫ, ʱʦ ʦʛʠʥʘʶʯʘ ʚʠʭʽʜʥʦʛʦ 

ʧʦʣʷ Ὡ ὸ ʤʽʩʪʠʪʴ ʦʜʥʫ ʚʠʙʽʨʢʫ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʠʧʘʜʢʦʚʠʤ ʭʘʨʘʢʪʝʨʦʤ ʬʘʟʠ ʚʭʽʜʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. ɿʦʢʨʝʤʘ, ʚ 

ʟʘʩʪʦʩʫʚʘʥʥʷʭ ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʬʦʪʦʥʽʢʠ ʚʧʣʠʚ ʚʠʧʘʜʢʦʚʠʭ ʚʭʽʜʥʠʭ 

ʦʧʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ (ʪʦʙʪʦ ʰʫʤʫ) ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʯʽ 

ʧʦʣʷʛʘʻ ʚ ʧʽʜʚʠʱʝʥʥʽ ʤʽʥʽʤʘʣʴʥʦʛʦ ʧʦʨʦʛʫ ʈʏ-ʰʫʤʫ, ʱʦ ʤʦʞʥʘ ʥʘʡʙʽʣʴʰ 

ʯʽʪʢʦ ʧʦʙʘʯʠʪʠ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʩʧʝʢʪʨʘ ʩʝʨʝʜʥʴʦʾ ʈʏ-ʧʦʪʫʞʥʦʩʪʽ ʡ 

ʯʘʩʦʚʦʾ ʦʛʠʥʘʶʯʦʾ ʦʧʪʠʯʥʦʛʦ ʧʦʣʷ (ʘʙʦ ʡʦʛʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ). ɼʘʥʠʡ ʚʘʨʽʘʥʪ 

ʘʥʘʣʽʟʫ ʙʫʜʝ ʥʘʚʝʜʝʥʦ ʥʠʞʯʝ. ɺʽʜʦʤʽ ʨʦʙʦʪʠ, ʦʧʠʩʫʶʪʴ ʚʧʣʠʚ ʬʘʟʦʚʦʛʦ 

ʰʫʤʫ ʣʘʟʝʨʘ ʚ ʽʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʭ [5.31] ʪʘ ʜʠʩʧʝʨʩʽʡʥʠʭ ʩʠʩʪʝʤʘʭ [5.32], 

[5.22], [5.33]. ʂʽʥʮʝʚʠʡ ʨʝʟʫʣʴʪʘʪ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, 

ʽʜʝʥʪʠʯʥʠʡ ʧʦʢʘʟʘʥʦʤʫ ʚ [5.33], ʧʨʦʪʝ ʚʠʩʥʦʚʢʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʽʜʭʦʜʦʤ, 

ʱʦ ʜʘʻ ʫʷʚʣʝʥʥʷ ʧʨʦ ʨʦʣʴ ʜʠʩʧʝʨʩʽʾ ʚ ʦʙʨʦʙʮʽ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ. 

ɿʘʚʜʘʥʥʷ ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʟʚʦʜʠʪʴʩʷ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʉɻʇ ʚʠʭʽʜʥʦʛʦ 

ʰʫʤʫ ʈʏ-ʜʽʘʧʘʟʦʥʫ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ ʬʘʟʘ-ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʬʘʟʦʚʦʛʦ ʰʫʤʫ ʣʘʟʝʨʥʦʛʦ ʜʞʝʨʝʣʘ, ʟ ʷʢʦʛʦ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʚʽʜʧʦʚʽʜʥʝ 

ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ RIN. ɿ ʪʝʦʨʝʤʠ ɺʽʥʝʨʘ-ʍʠʥʯʠʥʘ ʩʧʝʢʪʨ ʧʦʪʫʞʥʦʩʪʽ 

ʬʦʪʦʩʪʨʫʤʫ ʟʘ ʫʤʦʚʠ, ʱʦ ʬʦʪʦʩʪʨʫʤ ʻ ʩʪʘʮʽʦʥʘʨʥʠʡ ʚ ʰʠʨʦʢʦʤʫ ʩʝʥʩʽ 

ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ [5.34], ʜʦʨʽʚʥʶʻ: 

Ὓ ͯ Ὑ᷿ ἂὍὸὍὸ †ἃὩ ͯὨ†  (5.25) 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʜʫʞʢʠ ἂἃ ʦʟʥʘʯʘʶʪʴ ʩʝʨʝʜʥʶ ʧʦ ʘʥʩʘʤʙʣʶ 

ʚʝʣʠʯʠʥʫ, Ὑ  ʦʧʽʨ ʥʘʚʘʥʪʘʞʝʥʥʷ ʬʦʪʦʜʽʦʜʘ. ʌʦʪʦʩʪʨʫʤ ʧʨʦʧʦʨʮʽʡʥʠʡ ״ 

ʟʥʘʯʝʥʥʶ ʢʚʘʜʨʘʪʘ ʚʠʭʽʜʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʧʦʣʷ: 
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Ὅὸ ᴘȿὩ ὸ ήzὸȿ    (5.26) 

ʜʝ Ὡ ὸ ï ʟʥʦʚʫ ʢʦʤʧʣʝʢʩʥʘ ʦʛʠʥʘʶʯʘ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ, ʱʦ ʚʭʦʜʠʪʴ ʚ 

ʜʠʩʧʝʨʩʽʡʥʫ ʣʽʥʽʶ (ʷʢʘ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʘ ʚ ʥʘʩʪʫʧʥʦʤʫ ʨʦʟʜʽʣʽ), ᴘ ï ʩʝʨʝʜʥʷ 

ʯʫʪʣʠʚʽʩʪʴ (ɸ/ɺʪ) ʬʦʪʦʜʽʦʜʘ, ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʚ ʭʦʜʽ ʚʠʤʽʨʶʚʘʥʴ. ɿʘʧʠʰʝʤʦ 

(5.26) ʚ ʽʥʪʝʛʨʘʣʴʥʽʡ  ʬʦʨʤʽ: 

᷿ ᷿ Ὡ ὸ ὸὩᶻ ὸ ὸὩ ϳ ὨὸὨὸȢ  (5.27) 

ʊʫʪ <*> ʦʟʥʘʯʘʻ ʢʦʤʧʣʝʢʩʥʝ ʩʧʨʷʞʝʥʥʷ. ʈʦʙʣʷʯʠ ʧʽʜʩʪʘʥʦʚʢʫ 

ὸ ὸ ό   ̓  ́ὸ ὸ ό όʡ ʚʠʟʥʘʯʘʶʯʠ ʤʠʪʪʻʚʫ ʯʘʩʪʦʪʫ ʷʢ  

 ό ὒϳ , ʚʠʨʘʟ ʜʣʷ ʬʦʪʦʩʪʨʫʤʫ ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: 

Ὅὸ
ᴘ
᷿ Ὡ

ͯ

ὩͯὨ᷿ͯ Ὡ ό Ὡᶻ ό ὒὩ ὨόȢ     (5.28) 

ɺ (5.28) ʽʥʪʝʛʨʘʣ ʧʦ ό ʟʘʧʠʩʘʥʠʡ ʫ ʬʦʨʤʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ. ʊʘʢʦʞ 

ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʽʜʽʥʪʝʛʨʘʣʴʥʘ ʬʫʥʢʮʽʷ ʚ (5.28)  ʤʘʻ ʚʠʧʘʜʢʦʚʫ 

ʯʘʩʦʚʫ (ʽ, ʦʪʞʝ, ʩʧʝʢʪʨʘʣʴʥʫ) ʬʘʟʫ. ʄʥʦʞʥʠʢ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʘʟʦʚʦʾ 

ʝʢʩʧʦʥʝʥʪʠ ʤʦʞʝ ʙʫʪʠ ʦʧʫʱʝʥʠʡ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʥʝ ʚʥʦʩʠʪʴ ʚʢʣʘʜ ʚ 

ʮʝʥʪʨʘʣʴʥʽ ʤʦʤʝʥʪʠ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ I(t) [5.34]. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ 

ʧʦʜʚʽʡʥʠʡ ʽʥʪʝʛʨʘʣ ʷʚʣʷʻ ʩʦʙʦʶ ʩʣʽʜʫʶʯʽ ʦʜʠʥ ʟʘ ʦʜʥʠʤ ʧʨʷʤʝ ʪʘ ʟʚʦʨʦʪʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ. ʊʦʜʽ ʬʦʪʦʩʪʨʫʤ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʷʢ: 

Ὅὸ ᴘὩ ὸὩᶻ ὸ ὒȢ   (5.29) 

ʇʽʩʣʷ ʮʴʦʛʦ, ʧʨʠʡʥʷʚʰʠ t=0, ʦʩʢʽʣʴʢʠ ʜʣʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ 

ʧʨʦʮʝʩʫ ʚʠʙʽʨ ʧʦʯʘʪʢʦʚʦʛʦ ʯʘʩʫ ʜʦʚʽʣʴʥʠʡ, ʟʘ ʜʦʧʦʤʦʛʦʶ (5.25) ʟʥʘʡʜʝʤʦ 

ʩʧʝʢʪʨ ʧʦʪʫʞʥʦʩʪʽ ʚ ʈʏ ʜʽʘʧʘʟʦʥʽ: 

Ὓ  ᴘὙ᷿ ἂὩ πὩᶻ ὒὩ †Ὡᶻ † ὒἃὩ Ὠ†Ȣ (5.30) 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʦʪʨʠʤʘʥʠʡ ʚ (5.30) ʚʠʨʘʟ ʙʣʠʟʴʢʦ ʟʙʽʛʘʻʪʴʩʷ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʧʠʩʘʥʠʤʠ ʚ [5.33]. ɼʝʪʘʣʽ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʨʘʭʫʥʢʫ Ὓ   

ʙʫʜʫʪʴ ʟʘʣʝʞʘʪʠ ʚʽʜ ʙʘʟʦʚʦʾ ʩʪʘʪʠʩʪʠʢʠ ʬʘʟʠ ʦʛʠʥʘʶʯʦʾ ʚʭʽʜʥʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʚʭʽʜʥʝ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ Ὡ ὸ ὖὩὼὴ ̕ ὸ , ʜʝ 
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ʬʣʫʢʪʫʘʮʽʾ ʬʘʟʠ ʣʘʟʝʨʘ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ὖ ï ʩʝʨʝʜʥʷ ʧʦʪʫʞʥʽʩʪʴ ʣʘʟʝʨʘ ʽ, 

ʱʦʙ ʚ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ ʜʦʩʣʽʜʞʫʚʘʪʠ ʰʫʤʦʚʠʡ ʚʥʝʩʦʢ ʚʥʘʩʣʽʜʦʢ ʬʘʟʦʚʦʛʦ 

ʰʫʤʫ ʣʘʟʝʨʘ, ʬʣʫʢʪʫʘʮʽʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʣʘʟʝʨʘ ʽʛʥʦʨʫʶʪʴʩʷ. ʇʽʜʩʪʘʥʦʚʢʘ 

ʮʴʦʛʦ ʚʠʨʘʟʫ ʚ (5.30) ʜʘʻ: 

Ὓ  ᴘὖὙ᷿ Ὡ̕ ̕ ͯ
Ὡ̕ ̕ Ὡ

ͯ
Ὠ†.      (5.31) 

ʇʦʜʘʥʥʷ ʨʽʟʥʠʮʽ ʬʘʟ ʛʘʫʩʦʚʠʤ ʚʠʧʘʜʢʦʚʠʤ ʧʨʦʮʝʩʦʤ [5.34] ʜʦʟʚʦʣʷʻ 

ʧʝʨʝʧʠʩʘʪʠ (5.31) ʷʢ: 

Ὓ  ᴘὖὙ᷿ Ὡ
̕ ̕ ͯ ̕ ̕ ͯ

Ὡ Ὠ†Ȣ        (5.32) 

ὸ
ᴘ

 ɺʠʟʥʘʯʠʤʦ ʨʽʟʥʠʮʶ ʬʘʟ ʷʢ  ȟ ̕ὸ ̕ὸ, ʪʦʜʽ 

ʘʣʛʝʙʨʘʾʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʨʛʫʤʝʥʪʘ ʝʢʩʧʦʥʝʥʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʚ (5.32) ʜʘʶʪʴ 

ȟ ͯ ȟ ͯ ȟ ͯ ȟ ͯ ȟͯ ͯ ȟ

ȟ ͯ ȟͯ        (5.33) 

ʗʢʱʦ ʉɻʇ ʬʘʟʦʚʦʛʦ ʰʫʤʫ ʧʨʠʙʣʠʟʥʦ ʨʽʚʥʦʤʽʨʥʘ, ʦʧʠʩʫʻʪʴʩʷ 

ʚʽʣʴʥʠʤ ʙʨʦʫʥʽʚʩʴʢʠʤ ʨʫʭʦʤ [5.35]  ʪʦ ʪʦʜʽ 

Ўȿὸ ὸȿ,                              ( 5.34) 

ʜʝ 2Ўʰʠʨʠʥʘ ʣʦʨʝʥʮʝʚʠʭ ʣʽʥʽʾ (FWHM). ɺʽʜʟʥʘʯʠʤʦ, ʱʦ -  

 Ўʮʝ ʰʠʨʠʥʘ ʣʽʥʽʾ ʣʘʟʝʨʘ ʚ ʦʧʪʠʯʥʽʡ ʦʙʣʘʩʪʽ (ʜʠʚ. (3.34)). ʇʽʜʩʪʘʚʠʚʰʠ -  

(5.33), (5.34) ʚ (5.32) ʪʘ ʚʠʢʦʥʘʚʰʠ ʽʥʪʝʛʨʫʚʘʥʥʷ, ʦʪʨʠʤʫʻʤʦ ʉɻʇ ʰʫʤʫ: 

Ὓ  ᴘὖὙ

ᴘὖὙ
ςЎ

Ўʖ 
ρ

ὩЎ ȿ ȿÃÏÓὒ
Ў


ÓÉÎὒ                   υȢσυ 

ʑʦʙ ʧʨʦʽʣʶʩʪʨʫʚʘʪʠ ʚʧʣʠʚ ʬʘʟʦʚʦʛʦ ʰʫʤʫ ʣʘʟʝʨʘ ʪʘ ʜʠʩʧʝʨʩʽʾ ʥʘ 

ʰʫʤʦʚʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʣʽʥʽʾ, ʥʘ ʨʠʩ. 5.7 ʥʘʚʝʜʝʥʦ ʚʠʤʽʨʷʥʠʡ ʩʧʝʢʪʨ RIN 

ʜʣʷ 50-ʢʤ ʦʜʥʦʤʦʜʦʚʦʾ ʚʦʣʦʢʦʥʥʦʾ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ (ὒ ρρτυ̐̒) ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʣʘʟʝʨʘ ʟ ʈɿɿ ʧʨʠ ʰʠʨʠʥʽ ʣʽʥʽʾ ʟʘ ʨʽʚʥʝʤ 
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 ὊὡὌὓ
Ў

ρ ̇ː ̗  υȢσφȢ ɺʠʤʽʨʷʥʠʡ ʩʧʝʢʪʨ RIN ʚʽʜʦʙʨʘʞʝʥʠʡ 

ʩʫʮʽʣʴʥʦʶ ʯʦʨʥʦʶ ʣʽʥʽʻʶ, ʘ ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ʬʦʨʤʫʣʦʶ (5.36) ״ ʩʫʮʽʣʴʥʠʡ 

ʪʝʤʥʦ-ʩʽʨʦʶ ʣʽʥʽʻʶ.  

 

 

ʈʠʩ. 5.7. ɺʠʤʽʨʷʥʠʡ ʩʧʝʢʪʨ RIN (ʯʦʨʥʠʡ ʢʦʣʽʨ) ʜʣʷ 50-ʢʤ ʣʽʥʽʾ ʪʠʧʫ IMDD ʟ  

ʰʠʨʠʥʦʶ ʩʧʝʢʪʨʘʣʴʥʦʾ ʣʽʥʽʾ ʣʘʟʝʨʘ  
Ў

ρ˙ːȟ̗ ʧʦʚʥʦʶ ʜʠʩʧʝʨʩʽʻʶ ὒ   ρρτυ̐̒״

ʪʘ ʮʝʥʪʨʘʣʴʥʦʶ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ɚ = 1558 ʥʤ 

 

ʂʦʣʠ ʰʫʤ ʥʘ ʚʠʭʦʜʽ ʣʽʥʽʾ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʚʦʣʦʢʥʘ, ʧʨʠʙʣʠʟʥʦ 

ʨʽʚʥʠʡ 143״ ʜɹʤ/ɻʮ ʚ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʩʤʫʟʽ (ʦʩʥʦʚʥʝ ʜʞʝʨʝʣʦ ״ ʧʦʩʠʣʝʥʘ 

ʩʧʦʥʪʘʥʥʘ ʝʤʽʩʽʷ ʥʘ ʚʠʭʦʜʽ ɽɺʇ ɺʽʜʥʽʤʘʶʯʠ ʜʝʣʴʪʘ-ʬʫʥʢʮʽʶ ʧʨʠ ʥʫʣʴʦʚʽʡ 

ʯʘʩʪʦʪʽ (ʝʢʚʽʚʘʣʝʥʪʥʦ ʚʽʜʥʽʤʘʥʥʶ  ʢʚʘʜʨʘʪʘ ʩʝʨʝʜʥʴʦʛʦ ʬʦʪʦʩʪʨʫʤʫ ʟʛʽʜʥʦ 

(5.25) ʡ ʪʨʘʢʪʫʚʘʥʥʶ RIN ʷʢ ʜʨʫʛʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ I (t)), 

ʥʦʨʤʫʶʯʠ ʥʘ ʩʝʨʝʜʥʶ ʧʦʪʫʞʥʽʩʪʴ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʱʦ ʨʦʟʩʽʶʻʪʴʩʷ ʥʘ 

ʬʦʪʦʜʽʦʜʽ (ᴘὖὙ ὍὙ), ʘ ʧʦʪʽʤ ʧʦʤʥʦʞʫʶʯʠ ʥʘ 2, ʦʪʨʠʤʫʻʤʦ ʚʠʨʘʟ 

ʜʣʷ ʦʜʥʦʧʦʣʦʩʥʦʛʦ ʩʧʝʢʪʨʘ RIN ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʘʟʘ-

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʬʘʟʦʚʦʛʦ ʰʫʤʫ ʣʘʟʝʨʘ, ʱʦ ʟʙʽʛʘʻʪʴʩʷ ʟ ʚʽʜʦʤʠʤ ʨʝʟʫʣʴʪʘʪʦʤ 

[5.33]: 

ὙὍὔ
Ў

Ў
ρ ὩЎ ȿ ȿÃÏÓὒ

Ў
ÓÉÎ ὒ (5.36) 

ɺʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ ʜʚʽ ʟʥʘʯʠʤʠʭ ʦʙʩʪʘʚʠʥʠ, ʧʦʚ'ʷʟʘʥʽ ʟʽ ʩʧʝʢʪʨʦʤ RIN, 

ʜʞʝʨʝʣʦʤ ʷʢʦʛʦ ʻ ʬʘʟʦʚʠʡ ʰʫʤ ʣʘʟʝʨʘ. ʇʦ-ʧʝʨʰʝ, ʩʧʝʢʪʨ RIN ʪʽʩʥʦ 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʬʦʨʤʦʶ ʣʽʥʽʾ ʣʘʟʝʨʥʦʛʦ ʚʧʨʦʤʽʥʶʚʘʥʥʷ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ 
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ʬʫʥʢʮʽʷ ʃʦʨʝʥʮʘ ʚ (5.36). ʆʪʞʝ, ʨʽʚʝʥʴ RIN ʟʤʝʥʰʫʻʪʴʩʷ ʟ ʯʘʩʪʦʪʦʶ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʰʚʠʜʰʝ, ʥʽʞ ʩʧʝʢʪʨʘʣʴʥʘ ʣʽʥʽʷ ʣʘʟʝʨʘ. ʇʦ-ʜʨʫʛʝ, ʢʦʣʠ 

ʜʠʩʧʝʨʩʽʷ ʟʥʘʯʥʘ, ʪʘʢ ʱʦ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʘ ʟʘʪʨʠʤʢʘ ʚ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʩʤʫʟʽ 

ʙʘʛʘʪʦ ʙʽʣʴʰʘ, ʥʽʞ ʜʦʚʞʠʥʘ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʣʘʟʝʨʘ (ȿὒ ȿḻς“Ўϳ ,( 

ʪʦ ʚʠʤʽʨʷʥʠʡ ʩʧʝʢʪʨ RIN ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʬʦʨʤʽ ʣʽʥʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʦʪʨʠʤʘʥʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʪʨʠʤʘʥʦʛʦ ʘʚʪʦʛʝʪʝʨʦʜʠʥʥʦʛʦ ʤʝʪʦʜʫ  

(ʜʠʚ. ʧʽʜʨʦʟʜʽʣ 3.4). ɿʘʫʚʘʞʠʤʦ, ʦʜʥʘʢ, ʱʦ ʜʘʥʝ ʧʨʠʧʫʱʝʥʥʷ ʥʝ ʤʘʻ 

ʧʨʘʢʪʠʯʥʦʛʦ ʩʝʥʩʫ, ʦʩʢʽʣʴʢʠ, ʱʦʙ ʜʦʩʷʛʪʠ ʪʘʢʦʾ ʤʝʞʽ ʚʝʣʠʢʦʾ ʜʠʩʧʝʨʩʽʾ, 

ʥʝʦʙʭʽʜʥʦ ʥʝʨʝʘʣʴʥʦ ʜʦʚʛʝ ʦʧʪʠʯʥʝ ʚʦʣʦʢʥʦ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠʧʫʩʪʠʤʦ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʣʘʟʝʨ ʟ ʣʦʨʝʥʮʝʚʦʶ ʰʠʨʠʥʦʶ ʣʽʥʽʾ (ὊὡὌὓ
Ў

ρ˙ː̗) 

(ʯʘʩ ʢʦʛʝʨʝʥʪʥʦʩʪʽ ʙʣʠʟʴʢʦ 1 ʤʢʩ). ʑʦʙ ʚʠʤʽʨʷʪʠ ʚʽʜʧʦʚʽʜʥʫ ʬʦʨʤʫ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʣʽʥʽʾ ʚ ʩʤʫʟʽ 10 ʄɻʮ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʪʘʥʜʘʨʪʥʝ 

ʦʜʥʦʤʦʜʦʚʝ ʚʦʣʦʢʥʦ (ȿȿ ), ʥʝʢʦʛʝʨʝʥʪʥʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʦʟʨʘʭʦʚʘʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʰʫʤʫ ʚʥʘʩʣʽʜʦʢ ʬʘʟʦʚʦʛʦ ʰʫʤʫ ʣʘʟʝʨʘ, ʨʝʟʫʣʴʪʫʶʯʘ ʚʝʣʠʯʠʥʘ 

RIN ʙʣʠʟʴʢʦ ʟʙʽʛʘʻʪʴʩʷ ʟ ʚʠʤʽʨʷʥʠʤ ʩʧʝʢʪʨʦʤ RIN. 

ʅʝʢʦʛʝʨʝʥʪʥʝ ʩʢʣʘʜʘʥʥʷ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʰʫʤʫ ʚʥʘʩʣʽʜʦʢ 

ʪʽʣʴʢʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʘʟʘ-ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʬʘʟʦʚʦʛʦ ʰʫʤʫ ʣʘʟʝʨʘ (ʢʨʠʚʘ 

ʪʝʤʥʦ-ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ) ʪʘ ʰʫʤʫ ʥʘ ʚʠʭʦʜʽ ʣʽʥʽʾ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ 

ʚʦʣʦʢʥʘ (ʧʨʠʙʣʠʟʥʦ -143 ʜɹʤ/ɻʮ ʚ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʩʤʫʟʽ) ʧʦʢʘʟʘʥʦ ʩʚʽʪʣʦ-

ʩʽʨʦʾ ʢʨʠʚʦʾ, ʷʢʘ ʙʣʠʟʴʢʦ ʟʙʽʛʘʻʪʴʩʷ ʟ ʚʠʤʽʨʷʥʠʤ ʩʧʝʢʪʨʦʤ RIN [5.36]. 

ʗʢ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʚ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ, ʭʨʦʤʘʪʠʯʥʘ ʜʠʩʧʝʨʩʽʷ 

ʤʦʞʝ  ʧʦʛʽʨʰʫʚʘʪʠ ʚʧʣʠʚ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʣʽʥʽʾ ʚ  

ʈʏ-ʜʽʘʧʘʟʦʥʽ ʡ ʷʚʣʷʻ ʩʦʙʦʶ ʤʝʭʘʥʽʟʤ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʧʪʠʯʥʦʛʦ ʰʫʤʫ 

ʤʽʞ ʷʢʠʤʠ ʧʝʨʝʙʫʚʘʶʪʴ  ʢʚʘʜʨʘʪʫʨʥʽ ʧʦʣʷ. ʂʦʥʢʨʝʪʥʦ ʚʧʣʠʚ ʾʾ ʥʘ ʘʥʘʣʦʛʦʚʽ 

ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʟ ʤʦʜʫʣʷʮʽʻʶ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʘ ʬʘʟʦʚʦʶ ʤʦʜʫʣʷʮʽʻʶ ʙʫʜʝ 

ʜʦʜʘʪʢʦʚʦ ʜʦʩʣʽʜʞʝʥʦ ʚʽʜʧʦʚʽʜʥʦ ʚ ʥʘʩʪʫʧʥʠʭ ʨʦʟʜʽʣʘʭ. ʉʧʦʪʚʦʨʝʥʥʷ 

ʧʘʨʥʦʛʦ ʧʦʨʷʜʢʫ, ʽʥʜʫʢʦʚʘʥʽ ʭʨʦʤʘʪʠʯʥʦʶ ʜʠʩʧʝʨʩʽʻʶ ʚ ʣʽʥʽʷʭ ʟ 

ʤʦʜʫʣʷʮʽʻʶ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘ ʙʘʟʽ ʄʄʎ, ʙʫʜʫʪʴ ʦʧʠʩʘʥʽ ʚ ʨʦʟʜʽʣʽ 6. 
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ʇʦʜʘʣʴʰʝ ʦʙʛʦʚʦʨʝʥʥʷ ʢʦʤʧʣʝʤʝʥʪʘʨʥʦʾ ʨʝʘʢʮʽʾ ʥʘ ʚʧʣʠʚ ʮʽʻʾ ʜʠʩʧʝʨʩʽʾ 

ʤʦʜʫʣʷʮʽʡ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʘ ʬʘʟʽ ʟ ʧʦʩʠʣʘʥʥʷʤ ʥʘ ʜʝʷʢʽ ʤʝʪʦʜʠ 

ʟʤʝʥʰʝʥʥʷ ʾʾ ʚʧʣʠʚʫ ʟʘ ʨʘʭʫʥʦʢ ʩʠʥʬʘʟʥʦʾ ʪʘ ʢʚʘʜʨʘʪʫʨʥʦʾ ʤʦʜʫʣʷʮʽʾ 

ʧʨʦʚʦʜʠʪʴʩʷ ʜʘʣʽ. ʇʦʚʥʠʡ ʦʛʣʷʜ ʤʝʪʦʜʽʚ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʭʨʦʤʘʪʠʯʥʦʾ 

ʜʠʩʧʝʨʩʽʾ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚ [5.37]. ɺʘʞʣʠʚʽ ʧʽʜʭʦʜʠ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʤʽʢʨʦʭʚʠʣʴʦʚʽʡ ʬʦʪʦʥʽʮʽ, ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʦʜʥʦʩʤʫʛʦʚʽʡ 

ʤʦʜʫʣʷʮʽʾ ʪʘ ʨʦʟʨʦʙʮʽ ʚʦʣʦʢʦʥʥʠʭ ʪʨʘʢʪʽʚ ʟ ʥʠʟʴʢʠʤ ʟʥʘʯʝʥʥʷʤ ʧʦʚʥʦʾ 

ʜʠʩʧʝʨʩʽʾ (D ὒ). ʆʩʪʘʥʥʽʡ ʧʽʜʭʽʜ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʰʣʷʭʦʤ 

ʧʝʨʝʤʝʞʫʶʯʠʭʩʷ ʜʽʣʷʥʦʢ ʚʦʣʦʢʥʘ, ʟ ʧʨʦʪʠʣʝʞʥʠʤʠ D, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ 

ʤʦʞʥʘ ʨʘʟʦʤ ʚʠʨʽʰʠʪʠ ʽʥʰʽ ʧʨʦʙʣʝʤʠ ʚ ʚʦʣʦʢʥʽ, ʥʘʧʨʠʢʣʘʜ ʟʤʝʥʰʠʪʠ 

ʩʪʠʤʫʣʴʦʚʘʥʝ ʙʨʽʣʣʶʝʥʽʚʩʴʢʝ ʨʦʟʩʽʶʚʘʥʥʷ. 

 

 

5.5. ɺʠʤʫʰʝʥʝ ʙʨʽʣʣʶʝʥʽʚʩʴʢʝ ʨʦʟʩʽʶʚʘʥʥʷ
 

 

 

ɼʘʥʠʡ ʚʠʜ ʨʦʟʩʽʶʚʘʥʥʷ
16

 ʻ ʥʝʣʽʥʽʡʥʠʤ, ʟ ʥʠʟʴʢʠʤ ʛʨʘʥʠʯʥʠʤ 

ʟʥʘʯʝʥʥʷʤ, ʦʪʞʝ, ʡʦʛʦ ʚʧʣʠʚ ʻ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤ ʚ ʟʘʩʪʦʩʫʚʘʥʥʷʭ 

ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʬʦʪʦʥʽʢʠ, ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʦʩʠʪʴ ʧʨʦʪʷʞʥʽ ʦʧʪʠʯʥʽ 

ʚʦʣʦʢʥʘ. ʇʨʦʮʝʩ ʚʠʤʫʰʝʥʦʛʦ ʙʨʽʣʣʶʝʥʽʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ (SBS) ʙʫʚ ʫʞʝ 

ʦʧʠʩʘʥʠʡ ʚ ʧʽʜʨʦʟʜʽʣʽ 3.5.3 ʧʨʠ ʚʠʚʯʝʥʥʽ ʚʦʣʦʢʦʥʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ, ʘʣʝ ʚ 

ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʚʽʥ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʠʡ ʙʽʣʴʰ ʜʦʢʣʘʜʥʦ. ɿ ʢʣʘʩʠʯʥʦʾ ʪʦʯʢʠ 

ʟʦʨʫ ʙʨʽʣʣʶʝʥʽʚʩʴʢʝ ʨʦʟʩʽʶʚʘʥʥʷ ״ ʮʝ ʧʨʦʮʝʩ, ʚ ʭʦʜʽ ʷʢʦʛʦ ʩʚʽʪʣʦ, 

ʧʨʦʭʦʜʷʯʠ ʯʝʨʝʟ ʩʝʨʝʜʦʚʠʱʝ, ʨʦʟʩʽʶʻʪʴʩʷ ʥʘ ʘʢʫʩʪʠʯʥʠʭ ʢʦʣʠʚʘʥʥʷʭ ʾʾ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ. ʉʚʽʪʣʦ, ʱʦ ʨʦʟʩʽʶʻʪʴʩʷ ʘʢʫʩʪʠʯʥʦʶ ʭʚʠʣʝʶ, ʥʘʙʫʚʘʻ 

ʜʦʧʣʝʨʽʚʩʴʢʦʛʦ ʟʩʫʚʫ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚ ʦʧʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʫʪʚʦʨʶʶʪʴʩʷ ʥʦʚʽ ʢʦʤʧʦʥʝʥʪʠ. ʂʫʪ ʙʨʽʣʣʶʝʥʽʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʫʤʦʚʠ ɹʨʝʛʘ. 

                                                
16ɺʽʪʯʠʟʥʷʥʠʡ ʝʢʚʽʚʘʣʝʥʪ:ʚʠʤʫʰʝʥʝ ʨʦʟʩʽʷʥʥʷ ʄʘʥʜʝʣʴʰʪʘʤʘ-ɹʨʠʣʣʶʝʥʘ, ɺʈʄɹ 
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ʂʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʘ ʩʭʝʤʘ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 5.8
17

 

ɼʘʥʠʡ ʚʠʜ ʨʦʟʩʽʶʚʘʥʥʷ ʻ ʥʝʧʨʫʞʥʠʤ, ʽ ʪʫʪ ʤʦʞʣʠʚʽ ʜʚʽ ʩʠʪʫʘʮʽʾ, ʪʘʢ ʟʚʘʥʽ 

ʩʪʦʢʩʦʚʝ ʡ ʘʥʪʠʩʪʦʢʩʦʚʝ ʨʦʟʩʽʶʚʘʥʥʷ. ʋ ʨʘʟʽ ʩʪʦʢʩʦʚʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʬʦʪʦʥ ʘʥʽʛʽʣʶʻ ʟ ʧʦʜʘʣʴʰʠʤ ʚʠʥʠʢʥʝʥʥʷʤ ʬʦʪʦʥʘ ʟ ʙʽʣʴʰ ʥʠʟʴʢʠʤ 

ʟʥʘʯʝʥʥʷʤ ʯʘʩʪʦʪʠ ʪʘ ʬʦʥʦʥʘ. ʋ ʨʘʟʽ ʘʥʪʠʩʪʦʢʩʦʚʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʘʥʽʛʽʣʷʮʽʷ ʬʦʪʦʥʘ ʡ ʬʦʥʦʥʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʬʦʪʦʥʘ ʟ ʙʽʣʴʰ 

ʚʠʩʦʢʦʶ ʯʘʩʪʦʪʦʶ. ɼʘʥʽ ʧʨʦʮʝʩʠ ʤʦʞʫʪʴ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʚ ʩʪʘʥʜʘʨʪʥʦʤʫ 

ʦʧʪʠʯʥʦʤʫ ʚʦʣʦʢʥʽ, ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʮʝʩ ʩʪʦʢʩʦʚʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʤʘʻ 

ʚʝʣʠʢʫ ʡʤʦʚʽʨʥʽʩʪʴ ʚ ʥʘʧʨʷʤʢʫ, ʧʨʦʪʠʣʝʞʥʦʤʫ ʥʘʧʨʷʤʢʫ ʧʦʰʠʨʝʥʥʷ 

ʩʠʛʥʘʣʫ. ʏʘʩʪʦʪʘ ʬʦʥʦʥʘ, ʷʢ ʧʨʘʚʠʣʦ, ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 11 ɻɻʮ ʜʣʷ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʦʣʦʢʥʘ, ʪʦʤʫ ʯʘʩʪʦʪʘ ʨʦʟʩʽʷʥʦʛʦ ʥʘʟʘʜ ʩʚʽʪʣʘ ʟʤʽʱʫʻʪʴʩʷ ʥʘ 

ʟʥʘʯʝʥʥʷ ʮʽʻʾ ʚʝʣʠʯʠʥʠ. ʋ ʨʘʟʽ ʩʣʘʙʢʦʛʦ ʩʠʛʥʘʣʫ ʨʽʚʝʥʴ ʨʝʣʝʾʚʩʴʢʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʟʘʟʚʠʯʘʡ ʧʝʨʝʚʘʞʘʻ ʥʘʜ ʙʨʽʣʣʶʝʥʽʚʩʴʢʠʤ. ʆʜʥʘʢ ʚʦʥʦ ʤʦʞʝ 

ʩʪʠʤʫʣʶʚʘʪʠʩʷ ʧʨʠ ʧʦʪʫʞʥʦʩʪʽ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʚʠʱʝ ʜʝʷʢʦʛʦ ʨʽʚʥʷ, ʷʢʠʡ 

ʟʘʟʚʠʯʘʡ ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʨʦʛʦʤ SBS. 

 

 

ʈʠʩ. 5.8. ʉʭʝʤʘ ʙʨʽʣʣʶʝʥʽʚʩʴʢʦʛʦ (ʪʘ ʨʘʤʘʥʽʚʩʴʢʦʛʦ) ʨʦʟʩʽʶʚʘʥʥʷ: ʘ - ʩʪʦʢʩʽʚ ʧʨʦʮʝʩ;  

ʙ-ʘʥʪʠʩʪʦʢʩʽʚ ʧʨʦʮʝʩ 

 

ʇʦʚʥʝ ʚʠʚʝʜʝʥʥʷ ʨʽʚʥʷʥʥʷ ʜʣʷ ʧʦʨʦʛʫ SBS ʚʠʤʘʛʘʻ ʩʧʽʣʴʥʦʛʦ 

ʨʦʟʚôʷʟʢʫ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʥʘʢʘʯʫʚʘʥʥʷ ʪʘ ʟʦʥʜʫʶʯʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦ ʚʩʽʡ ʜʦʚʞʠʥʽ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ. ʎʽ ʤʝʪʦʜʠ ʜʝʪʘʣʴʥʦ 

ʨʦʟʛʣʷʥʫʪʽ ʚ [5.1], ʘ ʚ ʮʴʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʙʫʜʫʪʴ ʥʘʚʝʜʝʥʽ ʾʭ ʦʩʥʦʚʥʽ 

                                                
17ɼʽʘʛʨʘʤʠʥʘ ʨʠʩ 5.8 ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʽʘʛʨʘʤʘʤ ʌʝʡʥʤʘʥʘ, ʜʣʷ ʷʢʠʭ ʧʦʪʨʽʙʥʦ ʙʽʣʴʰʝ ʚʝʨʰʠʥ 

ʚʟʘʻʤʦʜʽʾ[5.38] 
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ʨʝʟʫʣʴʪʘʪʠ. ʂʦʨʠʩʥʦʶ ʘʧʨʦʢʩʠʤʘʮʽʻʶ ʜʣʷ ʧʦʨʦʛʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ SBS -

ʧʨʦʮʝʩʫ ʻ [5.39]: 

                                     ὖ
ςρὃ

Ὣ Ὢ ὒ
                               υȢσχ 

ʜʝ ὃ  - ʝʬʝʢʪʠʚʥʘ ʧʣʦʱʘ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ, Ç  - ʤʘʢʩʠʤʘʣʴʥʠʡ 

ʙʨʽʣʣʶʝʥʽʚʩʴʢʽʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʥʘ ʮʝʥʪʨʘʣʴʥʽʡ ʙʨʽʣʣʶʝʥʽʚʩʴʢʽʡ 

ʯʘʩʪʦʪʽ Ὢȟὒ  - ʝʬʝʢʪʠʚʥʘ ʜʦʚʞʠʥʘ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ. ʇʘʨʘʤʝʪʨ 

ʚʦʣʦʢʥʘ, ʯʘʩʪʦ ʟʘʟʥʘʯʝʥʠʡ ʚ ʩʧʝʮʠʬʽʢʘʮʽʾ, ״ ʮʝ ʜʽʘʤʝʪʨ ʤʦʜʦʚʦʛʦ ʧʦʣʷ 

(MFD), ʷʢʠʡ, ʷʢʱʦ ʚʚʘʞʘʪʠ ʨʦʟʧʦʜʽʣ ʧʦʪʫʞʥʦʩʪʽ ʚ ʭʚʠʣʝʚʦʜʽ ʛʘʫʩʦʚʠʤ, 

ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʠʡ ʟ ὃ  ʷʢ: 

                        ὃ
“ὓὊὈ

τ
                                      υȢσψ 

ɼʣʷ ʚʦʣʦʢʥʘ ʽʟ ʩʪʫʧʽʥʯʘʩʪʠʤ ʧʨʦʬʽʣʝʤ ʨʦʟʧʦʜʽʣʫ ʧʦʢʘʟʥʠʢʘ 

ʟʘʣʦʤʣʝʥʥʷ ʚʝʣʠʯʠʥʘ MFD ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʤʧʽʨʠʯʥʦʾ 

ʘʧʨʦʢʩʠʤʘʮʽʾ [5.40]: 

ὓὊὈ Ὠ πȟφυ
ȟ
ϳ

ȟ
   (5.39) 

ʜʝ Ὠ - ʜʽʘʤʝʪʨ ʩʝʨʮʝʚʠʥʠ, V ʟʘʜʘʻʪʴʩʷ ʚ (1.1). ɼʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʧʪʠʯʥʦʛʦ 

ʚʦʣʦʢʥʘ MFD = 10,4 ʤʢʤ, ʚʽʜʧʦʚʽʜʥʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ  

(5.38) ὃ ψυ ̍̋ Ȣ̍  

ʉʧʝʢʪʨ ʢʦʥʪʫʨʫ ʙʨʽʣʣʶʝʥʽʚʩʴʢʦʛʦ ʧʽʜʩʠʣʝʥʥʷ ʤʘʻ ʣʦʨʝʥʮʝʚʫ ʬʦʨʤʫ ʡ 

ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʠʡ ʷʢ [5.1] 

              Ç Ὢ
Ў

Ў
,                                  (5.40) 

ʜʝ ЎὪ ״ ʰʠʨʠʥʘ ʙʨʽʣʣʶʝʥʽʚʩʴʢʦʛʦ ʢʦʥʪʫʨʫ (FWHM), ʷʢʘ ʤʘʻ ʪʠʧʦʚʝ 

ʟʥʘʯʝʥʥʷ ʙʣʠʟʴʢʦ 16 ʄɻʮ. ʄʘʢʩʠʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʢʦʝʬʽʮʽʻʥʪʘ 

ʙʨʽʣʣʶʝʥʽʚʩʴʢʦʛʦ ʧʽʜʩʠʣʝʥʥʷ [5.1]: 

Ç Ὢ
Ў

     (5.41)   

ʜʝ  ״ ʧʦʩʪʽʡʥʘ ʝʣʝʢʪʨʦʩʪʨʠʢʮʽʾ ʩʝʨʮʝʚʠʥʠ, X ״ ʬʘʢʪʦʨ, ʱʦ ʚʨʘʭʦʚʫʻ 
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ʧʝʨʝʢʨʠʪʪʷ ʦʧʪʠʯʥʦʾ ʪʘ ʘʢʫʩʪʠʯʥʦʾ ʤʦʜ, c ״ ʰʚʠʜʢʽʩʪʴ ʩʚʽʪʣʘ ʫ ʚʘʢʫʫʤʽ, ὲ  

 ʜʦʚʞʠʥʘ ʭʚʠʣʽ ״ ‗ ,ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ ʜʣʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘʢʘʯʢʠ ״

ʥʘʢʘʯʢʠ, ” ï ʛʫʩʪʠʥʘ, ὺ ״ ʰʚʠʜʢʽʩʪʴ ʘʢʫʩʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ. 

ɼʣʷ ʪʠʧʦʚʠʭ ʢʚʘʨʮʦʚʠʭ ʚʦʣʦʢʦʥ Ç Ὢ σ υϽρπ
̍

ˏ̓
Ȣ  ʆʩʪʘʥʥʽʤ 

ʧʘʨʘʤʝʪʨʦʤ, ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ (5.37), ʻ ʝʬʝʢʪʠʚʥʘ 

ʜʦʚʞʠʥʘ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ, ʷʢʘ ʩʧʽʚʚʽʜʥʦʩʠʪʴʩʷ ʟ ʬʽʟʠʯʥʦʶ ʜʦʚʞʠʥʦʶ  

ὒ           (5.42) 

ʜʝ  - ʢʦʝʬʽʮʽʻʥʪ ʟʛʘʩʘʥʥʷ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʜʠʚ. ʪʘʢʦʞ (3.75)). 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ (5.37) ʪʘ (5.42) ʛʨʘʬʽʯʥʦ 

ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 5.9 ʚ ʬʫʥʢʮʽʾ ʚʽʜ ʬʽʟʠʯʥʦʾ ʜʦʚʞʠʥʠ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʦʜʥʦʤʦʜʦʚʦʛʦ ʚʦʣʦʢʥʘ ʟ ʥʘʩʪʫʧʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

ὃ ψυ ̍̋ ȟ̍ Ç Ὢ τϽρπ
̍

ˏ̓
ȟ πȟς

̅ˎ

̋̍
Ȣ   

 

 

ʈʠʩ.5.9. ʈʦʟʨʘʭʦʚʘʥʽ ʧʦʨʦʛʦʚʽ ʟʥʘʯʝʥʥʷ SBS (ʜʠʚ.(5.37)) ʪʘ  

ʝʬʝʢʪʠʚʥʘ ʜʦʚʞʠʥʘ (ʜʠʚ.(5.42)) 

 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʽʚ ʝʬʝʢʪʠʚʥʘ ʜʦʚʞʠʥʘ ʚʦʣʦʢʥʘ ʧʨʠʙʣʠʟʥʦ ʥʘ ʨʽʚʥʽ 

21,7 ʢʤ ʧʨʠ ʬʽʟʠʯʥʽʡ ʜʦʚʞʠʥʽ ʙʽʣʷ 150 ʢʤ (ʚʟʘʛʘʣʽ ʧʨʠ ʚʝʣʠʢʠʭ L ʚʝʣʠʯʠʥ 

ὒ ᴼρϳ Ȣ  ˟́̋̉̍ ̘̉̎̏̍ ̐̑ ̉  L>125 ʢʤ ʧʦʨʽʛ SBS ʩʪʘʻ ʚʽʜʥʦʩʥʦ 

ʧʦʩʪʽʡʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʨʽʚʥʦʶ 3,1 ʜɹʤ (2,0 ʤɺʪ). ʈʦʟʨʘʭʫʥʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʥʘ ʨʠʩ. 5.9, ʢʦʨʠʩʥʽ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʽʜʦʤʽ ʚʩʽ ʧʘʨʘʤʝʪʨʠ ʦʧʪʠʯʥʦʛʦ 
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ʚʦʣʦʢʥʘ. ʆʜʥʘʢ ʥʘ ʧʨʘʢʪʠʮʽ, ʢʦʣʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ SBS, ʥʘʡʢʨʘʱʝ ʩʧʝʮʽʘʣʴʥʦ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʚʦʣʦʢʥʦ ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ (ʷʢʱʦ ʤʦʞʣʠʚʦ). 

ʅʘ ʨʠʩ. 5.10 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʨʦʛʘ SBS. 

ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʘʟʝʨʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʜʦʙʨʝ ʚʽʜʢʘʣʽʙʨʦʚʘʥʠʡ 

ʨʦʟʛʘʣʫʞʫʚʘʯ ʚ ʚʦʣʦʢʦʥʥʠʡ ʪʨʘʢʪ, ʱʦ ʪʝʩʪʫʻʪʴʩʷ. ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʩʭʝʤʠ, ʘ ʪʘʢʦʞ ʥʘ ʜʚʦʭ ʚʠʭʦʜʘʭ ʨʦʟʛʘʣʫʜʞʫʚʘʯʘ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚʠʤʽʨʶʚʘʯ ʦʧʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ (ɺʆʇ). ɺʠʭʦʜʠ 

ʨʦʟʛʘʣʫʜʞʫʚʘʯʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ 

ʚʭʽʜʥʦʤʫ ʢʽʥʮʽ ʪʨʘʢʪʫ ʪʘ ʟʚʦʨʦʪʥʦʾ ʨʦʟʩʽʷʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

 

 

ʈʠʩ.5.10. ʉʭʝʤʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʚʦʣʦʢʦʥʥʦʤʫ ʪʨʘʢʪʽ ʚʠʭʽʜʥʦʾ (ὖ ) ʪʘ ʟʚʦʨʦʪʥʦ 

ʨʦʟʩʽʷʥʦʾ ὖ ʦʧʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʬʫʥʢʮʽʾ ʚʽʜ ʚʭʽʜʥʦʾ ʦʧʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ (Pin). 

 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʥʦʾ ʩʭʝʤʠ ʜʣʷ 50-ʢʤ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʜʥʦʤʦʜʦʚʦʛʦ ʚʦʣʦʢʥʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 5.11. ʗʢ ʚʠʜʥʦ ʟ 

ʨʠʩʫʥʢʫ, ʚ ʨʝʞʠʤʽ ʣʽʥʽʡʥʦʛʦ ʚʽʜʛʫʢʫ ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠʙʣʠʟʥʦ ʥʘ 12,5 

ʜɹ ʥʠʞʯʝ, ʥʽʞ ʚʭʽʜʥʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʦʝʬʽʮʽʻʥʪʫ ʟʛʘʩʘʥʥʷ 0,25 ʜɹ/ʢʤ. 

ɿʚʦʨʦʪʥʦ ʨʦʟʩʽʷʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠʙʣʠʟʥʦ ʥʘ 33 ʜɹ ʥʠʞʯʝ, ʥʽʞ ʚʭʽʜʥʘ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʨʽʚʥʶ ʨʝʣʝʾʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ. ɿʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʟʚʦʨʦʪʥʦ ʨʦʟʩʽʷʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʯʠʥʘʻ ʰʚʠʜʢʦ ʟʨʦʩʪʘʪʠ ʧʨʠ 

ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʭʦʜʽ ʚʦʣʦʢʦʥʥʦʛʦ ʪʨʘʢʪʫ ʚʩʴʦʛʦ ʣʠʰʝ 5 ʜɹʤ, ʱʦ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʜʦʩʷʛʥʝʥʥʷ ʧʦʨʦʛʫ SBS. ʇʽʜʩʪʘʚʠʚʰʠ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʦʧʪʠʯʥʦʛʦ 

ʚʦʣʦʢʥʘ 

ὃ ψυ ̍̋ ȟ̍Ç Ὢ τϽρπ
̍

ˏ̓
 ̓  ́  πȟςυ

̅ˎ

̋̍
ʚ (5.37) 

ʦʪʨʠʤʘʻʤʦ ὖ τȟσ ̅ˎȟ̍  ɦʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʽʨʷʥʠʤ ʜʘʥʠʤ. ɿʙʽʣʴʰʝʥʥʷ 
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ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʭʦʜʽ ʚʠʱʝ ʧʦʨʦʛʘ SBS ʜʘʻ ʤʽʥʽʤʘʣʴʥʫ ʟʤʽʥʫ ʚʠʭʽʜʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ. ʊʘʢʝ ʥʘʩʠʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʚʦʣʦʢʦʥʥʦʛʦ ʪʨʘʢʪʫ 

ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʥʘ ʬʦʪʦʥʥʽ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ, ʜʝ ʈʏ-ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʽʚʥʝʤ ʧʨʠʡʥʷʪʦʾ ʦʧʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

ʇʨʠ           ὃ ψυ̍̋ ȟ̍Ç Ὢ τϽρπ
 ̍

ˏ̓
ȟ πȟς

̅ˎ

̋̍
. 

 

 

ʈʠʩ. 5.11. ɺʠʤʽʨʷʥʽ ʚʠʭʽʜʥʘ  (ὖ ) ʪʘ ʟʚʦʨʦʪʥʦ ʨʦʟʩʽʷʥʘ ὖ  ʦʧʪʠʯʥʽ ʧʦʪʫʞʥʦʩʪʽ  ʚ 

ʬʫʥʢʮʽʾ ʚʽʜ  ʚʭʽʜʥʦʾ ʦʧʪʠʯʥʦʾ  ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ 50-ʢʤ ʪʨʘʢʪʫ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʜʥʦʤʦʜʦʚʦʛʦ 

ʚʦʣʦʢʥʘ. 

 

ʍʦʯʘ ʚʽʜʦʤʽ ʚʠʧʘʜʢʠ ʨʦʙʦʪʠ ʨʘʜʽʦʬʦʪʦʥʥʠʭ ʣʽʥʽʡ ʧʝʨʝʜʘʯʽ ʚʠʱʝ 

ʧʦʨʦʛʘ SBS [5.41], ʢʨʘʱʦʶ ʧʨʘʢʪʠʢʦʶ, ʚʟʘʛʘʣʽ, ʚʚʘʞʘʻʪʴʩʷ ʨʝʞʠʤ, ʢʦʣʠ 

ʙʨʽʣʣʶʝʥʽʚʩʴʢʝ ʨʦʟʩʽʶʚʘʥʥʷ ʥʠʱʽʚʥʦ ʤʘʣʝ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʨʝʣʝʾʚʩʴʢʦʛʦ. 

ʉʧʨʘʚʘ ʚ ʪʦʤʫ, ʱʦ ʚʧʣʠʚ SBS ʻ ʥʘʡʙʽʣʴʰ ʦʯʝʚʠʜʥʦʶ ʧʨʠʯʠʥʦʶ ʦʩʣʘʙʣʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʩʠʛʥʘʣʫ, ʷʢʘ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʦʙʤʝʞʝʥʥʷ ʜʦʩʷʞʥʠʭ ʈʏ-ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʽʥʽʾ. ʆʜʥʘʢ ʽʩʥʫʻ ʱʝ ʢʽʣʴʢʘ 

ʧʨʦʙʣʝʤ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʨʦʙʦʪʦʶ ʙʣʠʟʴʢʦ ʘʙʦ ʚʠʱʝ ʧʦʨʦʛʘ SBS. ʅʘʧʨʠʢʣʘʜ, 

ʜʘʥʠʡ ʝʬʝʢʪ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʝʨʡʦʟʥʦʾ ʜʝʛʨʘʜʘʮʽʾ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʣʽʥʽʡ 

ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʬʦʪʦʥʽʢʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ ʍ-ʜʽʘʧʘʟʦʥʽ, ʯʝʨʝʟ ʟʥʘʯʥʠʡ ʰʫʤ 

ʥʘ ʙʨʽʣʣʶʝʥʽʚʩʴʢʽʡ ʯʘʩʪʦʪʽ (11 ɻɻʮ). ɿʚʦʨʦʪʥʷ ʨʦʟʩʽʷʥʘ ʙʨʽʣʣʶʝʥʽʚʩʴʢʘ 

ʭʚʠʣʷ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʚʽʜʦʙʨʘʞʝʥʘ ʽ ʟʘ ʪʠʤ ʧʦʰʠʨʶʚʘʪʠʩʷ ʨʘʟʦʤ ʟ 
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ʩʠʛʥʘʣʦʤ ʷʢ ʧʨʫʞʥʝ ʨʝʣʝʾʚʩʴʢʝ ʨʦʟʩʽʶʚʘʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʥʘ ʚʠʭʦʜʽ ʣʽʥʽʾ 

ʙʫʜʫʪʴ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʙʠʪʪʷ ʤʽʞ ʩʠʛʥʘʣʦʤ ʪʘ ʟʨʫʰʝʥʦʶ ʧʦ ʯʘʩʪʦʪʽ 

ʙʨʽʣʣʶʝʥʽʚʩʴʢʦʶ ʭʚʠʣʝʶ. ʇʨʠʢʣʘʜ ʪʘʢʦʛʦ ʰʫʤʫ ʙʫʚ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 3.35 

ʜʣʷ 20-ʢʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʜʥʦʤʦʜʦʚʦʛʦ ʚʦʣʦʢʥʘ, ʥʘ ʷʢʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʦʜʠʥʦʯʥʠʡ ʰʫʤʦʚʠʡ ʧʽʢ ʙʣʠʟʴʢʦ 10,8 ɻɻʮ. ɯʥʰʠʡ ʩʧʝʢʪʨ ʟ ʥʘʷʚʥʽʩʪʶ ʜʚʦʭ 

ʙʨʽʣʣʶʝʥʽʚʩʴʢʠʭ ʧʽʢʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5.12.  

 

 

ʈʠʩ. 5.12. ɺʠʤʽʨʷʥʠʡ ʩʧʝʢʪʨ ʈʏ-ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜʽ ʣʽʥʽʡ ʟ ʜʚʦʤʘ ʪʠʧʘʤʠ  

ʚʦʣʦʢʥʘ ʪʘ ʨʽʟʥʠʤʠ ʯʘʩʪʦʪʘʤʠ 

 

ʅʘ ʨʠʩʫʥʢʫ ʧʦʢʘʟʘʥʽ ʜʚʘ ʰʫʤʦʚʠʭ ʧʽʢʠ ʥʘ ʯʘʩʪʦʪʘʭ 10,52 ʪʘ 10,55 

ɻɻʮ, ʚʠʤʽʨʷʥʽ ʥʘ ʚʠʭʦʜʽ 20-ʢʤ ʚʦʣʦʢʦʥʥʦʾ ʣʽʥʽʾ ʟʘʪʨʠʤʢʠ, ʚʠʛʦʪʦʚʣʝʥʦʾ ʟ 

ʜʚʦʭ ʨʽʟʥʠʭ ʪʠʧʽʚ ʚʦʣʦʢʦʥ [5.42]. ɯʥʰʽ ʙʽʣʴʰ ʩʢʣʘʜʥʽ ʜʝʛʨʘʜʘʮʽʾ ʷʢʦʩʪʽ 

ʯʝʨʝʟ SBS ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʩʧʽʣʴʥʦʤʫ ʚʧʣʠʚʽ SBS ʪʘ 

DRS [5.43], ʘ ʪʘʢʦʞ ʚʥʘʩʣʽʜʦʢ ʚʠʢʣʠʢʘʥʦʛʦ SBS ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʘʟʦʚʦʛʦ 

ʰʫʤʫ ʚ ʰʫʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ [5.44]. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʙʽʣʴʰʦʩʪʽ ʬʦʪʦʥʥʠʭ ʣʽʥʽʡ ʧʝʨʝʜʘʯʽ ʚʝʣʠʢʦʾ ʧʨʦʪʷʞʥʦʩʪʽ ʧʦʚʠʥʥʽ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʤʝʪʦʜʠ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ SBS, ʦʩʢʽʣʴʢʠ, ʷʢ ʙʫʣʦ 

ʚʽʜʤʽʯʝʥʦ, ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʨʘʱʫʶʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʭʽʜʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʨʽʟʥʠʭ ʪʠʧʽʚ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ ʟ ʨʽʟʥʠʤʠ 

ʯʘʩʪʦʪʘʤʠ SBS ʤʦʞʝ ʟʥʘʯʥʦ ʧʦʣʽʧʰʠʪʠ ʧʦʨʽʛ SBS ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʦʚʛʦʶ 
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ʣʽʥʽʻʶ, ʷʢʘ ʚʠʛʦʪʦʚʣʝʥʘ ʟ ʦʜʥʦʛʦ ʪʠʧʫ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ [5.46]. ʗʢʱʦ 

ʯʘʩʪʦʪʠ SBS ʟʥʘʯʥʦ ʨʦʟʨʽʟʥʷʶʪʴʩʷ, ʷʢ ʫ ʚʠʧʘʜʢʫ, ʧʨʝʜʩʪʘʚʣʝʥʦʤʫ ʥʘ 

ʨʠʩ. 5.12, ʪʦʜʽ ʩʠʛʥʘʣʠ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʚʽʜ ʜʚʦʭ ʚʦʣʦʢʦʥ ʨʽʟʥʠʭ 

ʪʠʧʽʚ ʥʝ ʙʫʜʫʪʴ ʟʚ'ʷʟʘʥʽ ʦʜʠʥ ʟ ʦʜʥʠʤ. ɿʦʢʨʝʤʘ, ʧʦʨʽʛ SBS ʜʣʷ 20-ʢʤ ʣʽʥʽʾ, 

ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʷʢʦʾ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 5.12, ʩʢʣʘʚ 13 ʜɹʤ [5.42], ʱʦ 

ʥʘ 8 ʜɹ ʚʠʱʝ, ʥʽʞ ʧʦʨʽʛ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ ʪʽʻʾ ʞ 

ʜʦʚʞʠʥʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʝʬʝʢʪʠʚʥʠʡ ʜʣʷ ʘʥʘʣʦʛʦʚʠʭ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ 

ʣʽʥʽʡ ʟʘʪʨʠʤʢʠ, ʜʝ ʢʦʪʫʰʢʘ ʚʦʣʦʢʥʘ ʨʦʟʪʘʰʦʚʘʥʘ ʨʘʟʦʤ ʟ ʢʘʩʢʘʜʘʤʠ 

ʤʦʜʫʣʷʮʽʾ ʪʘ ʜʝʤʦʜʫʣʷʮʽʾ, ʧʨʦʪʝ ʜʘʥʘ ʩʭʝʤʘ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʘʢʪʠʯʥʘ ʜʣʷ 

ʧʨʦʪʷʞʥʠʭ ʣʽʥʽʡ ʪʠʧʫ ʪʦʯʢʘ-ʪʦʯʢʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʦʣʦʢʦʥʥʠʭ ʪʨʘʢʪʽʚ ʟ 

ʧʝʚʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʯʘʩʪʦʪ SBS ʙʫʣʦ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʚ [5.47]. ɺʦʣʦʢʦʥʥʽ 

ʪʨʘʢʪʠ ʟ ʥʝʦʜʥʦʨʽʜʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʜʦʤʽʰʦʢ [5.48] ʪʘ ʟ ʫʥʽʢʘʣʴʥʠʤʠ 

ʧʨʦʬʽʣʷʤʠ ʨʦʟʧʦʜʽʣʫ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ [5.49] ʪʘʢʦʞ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʧʽʜʚʠʱʝʥʫ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʧʦ ʧʦʪʫʞʥʦʩʪʽ, 

ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ. ʇʦʨʽʛ SBS ʤʦʞʥʘ ʧʽʜʚʠʱʠʪʠ, ʟʘʩʪʦʩʦʚʫʶʯʠ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ [5.50] ʘʙʦ ʤʝʭʘʥʽʯʥʠʡ [5.51] ʚʧʣʠʚ ʥʘ ʚʦʣʦʢʥʦ, ʦʜʥʘʢ ʜʘʥʽ 

ʤʝʪʦʜʠ ʟʥʦʚʫ ʞ ʥʝʝʬʝʢʪʠʚʥʽ ʜʣʷ ʣʽʥʽʡ ʪʠʧʫ ʪʦʯʢʘ-ʪʦʯʢʘ. ʊʘʢʦʞ ʚʽʜʦʤʽ 

ʧʽʜʭʦʜʠ ʱʦʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʦʨʦʛʫ SBS, ʧʦʚ'ʷʟʘʥʽ ʟ ʫʧʨʘʚʣʽʥʥʷʤ ʥʘ 

ʙʣʠʞʥʴʦʤʫ ʢʽʥʮʽ ʣʽʥʽʾ, ʥʘʧʨʠʢʣʘʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ 

ʩʢʨʝʤʙʣʝʨʘ [5.52] ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʩʤʫʛʠ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ [5.53]. ɼʘʥʽ 

ʤʝʪʦʜʠ ʧʨʠʜʘʪʥʽ ʚ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤʘʭ, ʧʨʦʪʝ ʤʦʞʫʪʴ ʥʝ ʧʽʜʽʡʪʠ ʜʣʷ 

ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʘʥʘʣʦʛʦʚʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʨʦʟʰʠʨʝʥʥʽ 

ʩʧʝʢʪʨʘ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʥʝʨʘʪʦʨʘ ʬʘʟʦʚʦʛʦ ʰʫʤʫ ʩʭʝʤʘ 

ʩʪʘʻ ʩʧʨʠʡʥʷʪʣʠʚʦʶ ʜʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʘʟʦʚʦʛʦ ʰʫʤʫ ʚ ʰʫʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʚʧʠʚʫ SBS ʚ ʨʘʜʽʦʬʦʪʦʥʥʠʭ ʣʽʥʽʷʭ ʜʫʞʝ 

ʧʨʠʚʘʙʣʠʚʠʤ ʚʚʘʞʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʦʨʤʘʪʽʚ ʤʦʜʫʣʷʮʽʾ ʟ ʧʨʠʛʥʽʯʝʥʦʶ 

ʥʝʩʫʯʦʶ. 
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5.6. ɺʠʤʫʰʝʥʝ ʨʘʤʘʥʽʚʩʴʢʝ ʨʦʟʩʽʶʚʘʥʥʷ
 

 

 

ʇʦʥʷʪʪʷ ʨʘʤʘʥʽʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʙʫʣʦ ʚʚʝʜʝʥʦ ʚ ʧʽʜʨʦʟʜʽʣʽ 3.5.2 

ʧʨʠ ʚʠʚʯʝʥʥʽ ʚʦʣʦʢʦʥʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ. ʈʘʤʘʥʽʚʩʴʢʝ ʨʦʟʩʽʶʚʘʥʥʷ ʻ ʩʭʦʞʠʤ 

ʧʨʦʮʝʩʦʤ ʟ ʨʦʟʩʽʶʚʘʥʥʷʤ ɹʨʽʣʣʶʝʥʘ, ʽ ʜʣʷ ʦʧʠʩʫ ʡʦʛʦ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʨʠʩ. 5.8. ʆʜʥʘʢ ʤʽʞ ʮʠʤʠ ʜʚʦʤʘ ʧʨʦʮʝʩʘʤʠ ʻ ʨʷʜ ʽʩʪʦʪʥʠʭ 

ʚʽʜʤʽʥʥʦʩʪʝʡ. ʋ ʙʨʽʣʣʶʝʥʽʚʩʴʢʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʩʽʶʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ 

ʘʢʫʩʪʠʯʥʠʭ ʬʦʥʦʥʘʭ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʧʨʠ ʨʘʤʘʥʽʚʩʴʢʦʤʫ ʨʦʟʩʽʷʥʥʽ ʦʧʪʠʯʥʽ 

ʬʦʥʦʥʠ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʬʦʪʦʥʘʤʠ. ɼʣʷ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʟʨʫʰʝʥʥʷ ʦʧʪʠʯʥʦʾ 

ʯʘʩʪʦʪʠ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰ ʽʩʪʦʪʥʝ, ʡ ʩʪʘʥʦʚʠʪʴ ʚ ʦʧʪʠʯʥʦʤʫ ʚʦʣʦʢʥʽ ʙʣʠʟʴʢʦ 

13 ʊɻʮ. ʉʧʝʢʪʨ ʧʽʜʩʠʣʝʥʥʷ ʥʘʙʘʛʘʪʦ ʰʠʨʰʠʡ ʚ ʨʘʟʽ ʨʦʟʩʽʶʚʘʥʥʷ ʈʘʤʘʥʘ ʡ 

ʤʦʞʝ ʦʭʦʧʣʶʚʘʪʠ ʜʝʩʷʪʢʠ ʪʝʨʘʛʝʨʮ, ʱʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.34. ʋ ʪʦʡ ʯʘʩ ʷʢ 

SBS ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʫʪʘ ʧʘʜʽʥʥʷ ʡ ʤʦʞʝ ʚʠʥʠʢʘʪʠ ʪʽʣʴʢʠ ʧʨʦʪʠʣʝʞʥʦ 

ʥʘʧʨʷʤʢʫ ʩʠʛʥʘʣʫ ʥʘʢʘʯʫʚʘʥʥʷ, SRS ʤʦʞʝ ʧʦʰʠʨʶʚʘʪʠʩʷ ʚ ʦʙʦʭ 

ʥʘʧʨʷʤʢʘʭ. ʊʘʢʦʞ ʧʨʦʮʝʩ SRS ʤʘʻ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʧʦʨʽʛ, ʥʽʞ SBS. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʪʦʡ ʯʘʩ ʷʢ SBS ʻ ʩʝʨʡʦʟʥʦʶ ʧʨʦʙʣʝʤʦʶ ʜʣʷ ʦʜʥʦʢʘʥʘʣʴʥʠʭ 

ʬʦʪʦʥʥʠʭ ʣʽʥʽʡ, ʚʧʣʠʚ SRS ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ 

ʧʝʨʝʜʘʯʽ ʚ ʣʽʥʽʷʭ ʟ ʦʜʥʽʻʶ ʦʧʪʠʯʥʦʶ ʥʦʩʽʡʥʦʶ.  

ʆʜʥʘʢ SRS ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʩʝʨʡʦʟʥʽ ʧʨʦʙʣʝʤʠ ʚ ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ 

ʣʽʥʽʷʭ, ʷʢʽ ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ ʬʦʨʤʽ ʧʝʨʝʭʽʜʥʠʭ ʧʝʨʝʰʢʦʜ ʤʽʞ ʢʘʥʘʣʘʤʠ. 

ɼʣʷ ʦʜʥʦʢʘʥʘʣʴʥʦʾ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ, ʜʝ ʩʠʛʥʘʣ ʜʽʻ ʷʢ ʥʘʢʘʯʢʘ ʜʣʷ 

ʩʧʦʥʪʘʥʥʦʛʦ ʨʘʤʘʥʽʚʩʴʢʦʛʦ ʧʨʦʮʝʩʫ, ʥʘʙʣʠʞʝʥʦ ʧʦʨʦʛʦʚʘ ʧʦʪʫʞʥʽʩʪʴ SRS  

ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʘ ʷʢ [5.39]  

ὖ                    (5.43) 

ʜʝ Ç - ʨʘʤʘʥʽʚʩʴʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ. ɼʘʥʠʡ ʧʘʨʘʤʝʪʨ ʤʦʞʥʘ 

ʦʮʽʥʠʪʠ ʧʦ ʚʽʜʦʤʠʤ ʜʘʥʠʤ [5.54] ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʠʢʫʪʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟ 

ʥʘʭʠʣʦʤ 5,0Ͻρπ ̍ˏ̓ϳ ˟ː̗ϳ  [5.55]. ɼʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ 
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ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 1550 ʥʤ ʟʨʫʰʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 13 ʊɻʮ ʧʨʠ 

 Ç φȟυϽρπ ̍ˏ̓ϳ Ȣ  ʇʽʜʩʪʘʚʠʚʰʠ ʮʝ ʟʥʘʯʝʥʥʷ ʚ (5.43) ʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʽ ʞ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʤʽʥʽʤʘʣʴʥʦʾ ʧʦʨʦʛʦʚʦʾ 

ʧʦʪʫʞʥʦʩʪʽὛὄὛȡ  ὃ ψυ ̍̋ ȟ̍ πȟς
̅ˎ

̋̍
  ̓  ́ ὒ ςρȟχ̋ ̍ ʦʪʨʠʤʫʻʤʦ 

ʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʧʦʨʦʛʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ὛὙὛ σπ ̅ˎ ̍ρˏ .̓ 

ʈʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʧʦʨʦʛʘ SBS ʜʣʷ ʮʠʭ ʞʝ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʦʚʠʪʴ 3 ʜɹʤ 

(2 ʤɺʪ). ʗʩʥʦ, ʱʦ SBS ʙʫʜʝ ʚʧʣʠʚʘʪʠ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʽʥʽʾ ʧʨʠ ʥʘʙʘʛʘʪʦ 

ʥʠʞʯʠʭ ʨʽʚʥʷʭ ʧʦʪʫʞʥʦʩʪʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ SRS. ʇʨʦʪʝ, ʷʢ ʙʫʜʝ ʜʦʢʣʘʜʥʦ 

ʦʧʠʩʘʥʦ ʥʠʞʯʝ, ʦʙʣʽʢ ʧʨʦʮʝʩʫ SRS ʚʘʞʣʠʚʠʡ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʝʨʝʭʨʝʩʥʠʭ 

ʧʝʨʝʰʢʦʜ ʚ ʈʏ ״ ʜʽʘʧʘʟʦʥʽ. 

ɺʧʣʠʚ SRS ʥʘ ʧʝʨʝʭʨʝʩʥʽ ʧʝʨʝʰʢʦʜʠ ʚ ʙʘʛʘʪʦʢʘʥʘʣʴʥʽʡ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʣʷʭʦʤ ʨʦʟʚᾷʷʟʢʫ ʟʚ'ʷʟʘʥʠʭ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʽ 

ʦʧʠʩʫʶʪʴ ʝʚʦʣʶʮʽʶ ʨʽʟʥʠʭ ʜʦʚʞʠʥ ʭʚʠʣʴ, ʱʦ ʧʦʰʠʨʶʶʪʴʩʷ ʚ ʦʧʪʠʯʥʦʤʫ 

ʚʦʣʦʢʥʽ. ʋ ʮʴʦʤʫ ʪʨʘʢʪʫʚʘʥʥʽ ʜʚʦʢʘʥʘʣʴʥʘ ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʥʘʩʪʫʧʥʽ ʨʽʚʥʷʥʥʷ [5.55]. 

ὍÇὍ                           (5.44Ɲ) 

Ὅ ÇὍ                          (5.44ʙ) 

ʋ ʨʽʚʥʷʥʥʷʭ (5.44) ʧʽʜʨʷʜʢʦʚʽ ʽʥʜʝʢʩʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʠʛʥʘʣʘʤ ʥʘ 

ʭʚʠʣʷʭ ʜʦʚʞʠʥʦʶ ‗ ʡ ‗ȟὍ״ ʦʧʪʠʯʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʉ Ʉ ʛʨʫʧʦʚʘ 

ʰʚʠʜʢʽʩʪʴ, ״ ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ʚ ʚʦʣʦʢʥʽ. 

ʈʘʤʘʥʽʚʩʴʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʧʦʟʠʪʠʚʥʠʡ ʧʨʠ ‗ ‗ ʽ 

ʥʝʛʘʪʠʚʥʠʡ ʚ ʨʘʟʽ ‗ ‗ ʪʘ ʤʦʞʝ ʙʫʪʠ ʘʧʨʦʢʩʠʤʦʚʘʥʠʡ [5.8]:  

Ç υȟπϽρπ
̍

ˏ̓z˟ː̗

ρ

‗

ρ

‗
 ̒                      υȢτυ 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʥʘ ʭʚʠʣʽ ‗ ʧʦʰʠʨʶʻʪʴʩʷ ʥʝʤʦʜʫʣʴʦʚʘʥʝ 

ʙʝʟʧʝʨʝʨʚʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘ ʥʘ ʭʚʠʣʽ ‗ - ʤʦʜʫʣʴʦʚʘʥʝ ʩʠʛʥʘʣʦʤ  

ʈʏ-ʜʽʘʧʘʟʦʥʫ, ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʝʣʠʯʠʥʘ ʧʝʨʝʭʽʜʥʦʾ ʧʝʨʝʰʢʦʜʠ ʚʽʜ ʭʚʠʣʽ 

‗ ʥʘ ʭʚʠʣʶ ‗(ὢὸὥὰὯ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 
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                                       ὢὸὥὰὯȟ Џ

ȟ Џ
                                           (5.46) 

ʌʦʨʤʫʣʘ (5.46) ʷʚʣʷʻ ʩʦʙʦʶ ʚʽʜʥʦʰʝʥʥʷ ʈʏ-ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ 

ʣʽʥʽʾ ʧʦ ʢʘʥʘʣʫ 1, ʱʦ ʧʨʘʮʶʻ ʚ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ, ʜʦ ʈʏ-ʧʦʪʫʞʥʦʩʪʽ 

ʧʦ ʢʘʥʘʣʫ 2 ʟ ʤʦʜʫʣʴʦʚʘʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ. ʈʽʚʥʷʥʥʷ (5.44) ʤʦʞʫʪʴ 

ʙʫʪʠ ʨʦʟʚôʷʟʘʥʽ ʚʽʜʥʦʩʥʦ ʘʤʧʣʽʪʫʜʠ ʪʘ (ὢὸὥὰὯ ʪʘ ʬʘʟʠ (— ) ʈʏ-ʩʠʛʥʘʣʫ 

ʧʝʨʝʭʽʜʥʦʾ ʧʝʨʝʰʢʦʜʠ ʚʥʘʩʣʽʜʦʢ SRS, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʩʪʫʧʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ [5.55]: 

ὢὸὥὰὯ
Џ

Џ
ρ        (5.47) 

            — ὥὶὧὸὫ
Џ

ὥὶὧὸὫ
 Џ

Џ
               (5.48) 

ʜʝ ”  - ʬʘʢʪʦʨ ʧʝʨʝʢʨʠʪʪʷ ʧʦʣʷʨʠʟʘʮʽʡ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ ʫ ʨʘʟʽ, 

ʢʦʣʠ ʦʙʠʜʚʽ ʭʚʠʣʽ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʧʦʣʷʨʠʟʘʮʽʶ, ʘʙʦ ʧʨʘʛʥʝ ʜʦ ʥʫʣʷ ʚ ʨʘʟʽ 

ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʽ ʧʦʣʷʨʠʟʘʮʽʡ; ὖ - ʩʝʨʝʜʥʷ ʦʧʪʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʚʭʦʜʽ 

ʚʦʣʦʢʥʘ ʚ ʤʦʜʫʣʴʦʚʘʥʦʤʫ ʢʘʥʘʣʽ (ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʘʤʧʣʽʪʫʜʥʘ ʤʦʜʫʣʷʮʽʷ); 

ɋ - ʢʫʪʦʚʘ ʤʦʜʫʣʶʶʯʘ ʯʘʩʪʦʪʘ, ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

  Ƞ Ὠ  ʧʘʨʘʤʝʪʨ ʟʩʫʚʫ. ʆʩʪʘʥʥʽʡ ʧʘʨʘʤʝʪʨ ʦʧʠʩʫʻ ʚʧʣʠʚ 

ʭʨʦʤʘʪʠʯʥʦʾ ʜʠʩʧʝʨʩʽʾ ʡ ʜʦʨʽʚʥʶʻ [5.1]. 

Ὠ  ‗  ‗ Ὀ‗ ‗                       (5.49) 

ʜʝ  ʪʘ D ʚʠʟʥʘʯʝʥʽ ʚ ʧʽʜʨʦʟʜʽʣʽ 5.4. ʌʘʟʘ ʈʏ-ʩʠʛʥʘʣʫ ʽʥʜʫʢʦʚʘʥʦʾ SRS 

ʧʝʨʝʭʽʜʥʾ ʧʝʨʝʰʢʦʜʠ (ʜʠʚ. (5.48)) ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, 

ʢʦʣʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʜʞʝʨʝʣ ʧʝʨʝʭʽʜʥʠʭ ʧʝʨʝʰʢʦʜ, ʷʢʽ 

ʧʦʚʠʥʥʽ ʜʦʜʘʚʘʪʠʩʷ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʾʭ ʬʘʟʦʚʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ.  

ɸʨʛʫʤʝʥʪʠ ʬʫʥʢʮʽʡ ʟʚʦʨʦʪʥʦʛʦ ʪʘʥʛʝʥʩʘ ʚ (5.48) ʟʘʧʠʩʘʥʽ ʫ ʬʦʨʤʽ, 

ʩʫʤʽʩʥʽʡ ʟ ʬʫʥʢʮʽʻʶ çatan2è
1 
ʷʢʘ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʠʥʪʘʢʩʠʩʽ 

ʙʘʛʘʪʴʦʭ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʤʦʚ. 

ʂʦʨʝʢʪʥʽʩʪʴ (5.47) ʡ (5.48) ʙʫʣʘ ʧʽʜʪʚʝʨʜʞʝʥʘ ʨʘʥʽʰʝ [5.55], ʽ ʥʠʞʯʝ 

ʙʫʜʝ ʜʘʥʦ ʾʭ ʧʦʨʽʚʥʷʥʥʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. ʈʽʚʥʷʥʥʷ (5.47) 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʧʝʨʝʜʙʘʯʝʥʥʷ ʨʽʚʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʝʨʝʰʢʦʜ ʟʘ 
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ʨʘʭʫʥʦʢ ʚʧʣʠʚʫ SRS, ʘ ʩʘʤʝ ʥʘ ʨʠʩ. 5.13 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʫ ʧʝʨʝʭʽʜʥʠʭ ʧʝʨʝʰʢʦʜ ʚʽʜ ʭʚʠʣʽ ‗ ρυυπ ʥʤ ʥʘ 12 ʨʽʟʥʠʭ 

ʭʚʠʣʴ ‗. ɼʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʽʚ ʥʘ ʨʠʩʫʥʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʥʘʩʪʫʧʥʽ 

ʟʥʘʯʝʥʥʷ: 

” ρȟ πȟς 
̅ˎ

̋̍
ȟὒ ςυ ̋ ȟ̍ὖ π ̅ˎȟ̍ ὃ ψυ ̍̋  ̍̓  ́ Ὀ

ρφȟυ̐ ̒̎ ̍ϳ ̋̍ϳ Ȣ 

ʗʢ ʩʣʽʜʫʻ ʟ (5.47), ʘʤʧʣʽʪʫʜʘ ʧʝʨʝʭʽʜʥʠʭ ʧʝʨʝʰʢʦʜ ʚʥʘʩʣʽʜʦʢ SRS 

ʦʜʥʘ ʡ ʪʘ ʞ ʧʨʠ ʦʜʥʘʢʦʚʦʤʫ ʥʘʣʘʰʪʫʚʘʥʥʽ ʚʽʜ ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʢʘʥʘʣʫ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʟʥʘʢʫ ʮʴʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ. ɺʧʣʠʚ SRS ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ 

ʟʙʣ̔ʴʰʝʥʥʽ ʢʘʥʘʣʴʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʨʘʤʘʥʽʚʩʴʢʠʤ 

ʧʽʜʩʠʣʝʥʥʷʤ ʚ ʨʘʡʦʥʽ 1450 ʥʤ ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ʥʦʩʽʡʥʦʾ 1550 ʥʤ. 

ʅʘ ʨʠʩ. 5.13 ʤʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʧʝʨʝʭʽʜʥʽ ʧʝʨʝʰʢʦʜʠ ʚʽʜ SRS ʥʘ 

ʥʠʟʴʢʠʭ ʯʘʩʪʦʪʘʭ ʤʦʜʫʣʷʮʽʾ ʚʠʱʽ ʡ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰ ʯʫʪʣʠʚʽʰʽ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ ʢʘʥʘʣʘʤʠ. ʎʝ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ 

ʨʦʟʛʣʷʜʘʥʥʽ ʟʘʩʪʦʩʫʚʘʥʴ ʘʥʘʣʦʛʦʚʦʾ ʬʦʪʦʥʽʢʠ ʚ ʜʽʘʧʘʟʦʥʘʭ ɺʏ ʪʘ ʅɺʏ 

(ʜʦʜʘʪʦʢ ʇ2.1), ʥʘʧʨʠʢʣʘʜ ʚ ʨʘʜʽʦʩʠʩʪʝʤʽ ʟ ʚʽʜʜʘʣʝʥʦʶ ʘʥʪʝʥʦʶ. 

 

 

ʈʠʩ. 5.13.ʈʦʟʨʘʭʦʚʘʥʽ ʧʝʨʝʭʽʜʥʽ ʧʝʨʝʰʢʦʜʠ ʚʥʘʩʣʽʜʦʢ ʚʠʤʫʰʝʥʦʛʦ ʨʘʤʘʥʽʚʩʴʢʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʚ ʣʽʥʽʾ 
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ʈʦʟʨʘʭʦʚʘʥʽ ʧʝʨʝʭʽʜʥʽ ʧʝʨʝʰʢʦʜʠ ʚʥʘʩʣʽʜʦʢ ʚʠʤʫʰʝʥʦʛʦ 

ʨʘʤʘʥʽʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʚ ʣʽʥʽʾ ʜʦʚʞʠʥʦʶ 25 ʢʤ ʟ ʤʦʜʫʣʴʦʚʘʥʠʤ 

ʢʘʥʘʣʦʤ ʥʘ ʭʚʠʣʽ 1550 ʥʤ. ʅʘ ʨʠʩʫʥʢʫ ʟʥʘʯʝʥʥʷ ʜʦʚʞʠʥ ʭʚʠʣʴ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʥʘʥʦʤʝʪʨʘʭ. 

 

 

5.7. ʌʘʟʦʚʘ ʢʨʦʩ-ʤʦʜʫʣʷʮʽ ̫

 

 

ɺʠʱʝ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʦʟʛʣʷʜ ʣʽʥʽʡʥʦʾ ʯʘʩʪʠʥʠ ʧʦʢʘʟʥʠʢʘ 

ʟʘʣʦʤʣʝʥʥʷ (n) ʚ ʬʫʥʢʮʽʾ ʚʽʜ ʟʘʪʨʠʤʢʠ ʧʦʰʠʨʝʥʥʷ ʈʏ-ʩʠʛʥʘʣʫ ʡ 

ʭʨʦʤʘʪʠʯʥʦʾ ʜʠʩʧʝʨʩʽʾ. ʇʦʚʥʠʡ ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ (nʊ) ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʦʧʪʠʯʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚ ʚʦʣʦʢʥʽ ʟʘ ʨʘʭʫʥʦʢ ʩʢʣʘʜʦʚʠʭ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ 

ʚʠʱʦʛʦ ʧʦʨʷʜʢʫ [5.1]: 

ὲ = n+ὲȿὉȿ,     (5.50) 

ʜʝ ɽ - ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʚ ʚʦʣʦʢʥʽ, ὲ - ʥʝʣʽʥʽʡʥʠʡ ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ 

[5.1]: 

ὲ  ὲ ὙὩὢ                                      (5.5) 

ʊʠʧʦʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ὲ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ 

 ὲ= 2,6Ͻρπ ̍ ˏ ̓ϳ [5.56] ʘʣʝ ʮʷ ʚʝʣʠʯʠʥʘ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʫ ʚʦʣʦʢʥʘ. ʗʢʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʤʦʜʫʣʴʦʚʘʥʘ, ʧʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ ʪʘʢʦʞ ʙʫʜʝ ʤʦʜʫʣʴʦʚʘʥʠʤ, ʮʝ ʙʫʜʝ 

ʚʠʢʣʠʢʘʪʠ ʬʘʟʦʚʫ ʤʦʜʫʣʷʮʽʶ ʩʠʛʥʘʣʫ, ʱʦ ʧʦʰʠʨʶʻʪʴʩʷ ʚ ʚʦʣʦʢʥʽ. 

ʆʜʠʥʦʯʥʠʡ ʩʠʛʥʘʣ ʤʦʞʝ ʥʘʢʣʘʜʘʪʠ ʪʘʢʫ ʤʦʜʫʣʷʮʽʶ ʩʘʤ ʥʘ ʩʝʙʝ: 

ʜʘʥʠʡ ʧʨʦʮʝʩ ʥʘʟʠʚʘʻʪʴʩʷ ʬʘʟʦʚʦʶ ʩʘʤʦʤʦʜʫʣʷʮʽʻʶ (ʌʉʄ). ʊʘʢʦʞ ʬʘʟʦʚʘ 

ʤʦʜʫʣʷʮʽʷ ʤʦʞʝ ʥʘʢʣʘʜʘʪʠʩʷ ʥʘ ʩʠʛʥʘʣ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʰʦʛʦ ʦʧʪʠʯʥʦʛʦ 

ʩʠʛʥʘʣʫ, ʱʦ ʧʦʰʠʨʶʻʪʴʩʷ ʧʦ ʚʦʣʦʢʥʽ, ʮʝ ʥʘʟʠʚʘʻʪʴʩʷ ʬʘʟʦʚʦʶ ʢʨʦʩ-

ʤʦʜʫʣʷʮʽʻʶ (ʌʂʄ). ɸʥʘʣʽʟ (5.50) ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʜʚʦʭ ʦʧʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ 
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ʟ ʦʜʥʘʢʦʚʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʬʘʟʦʚʠʡ ʟʩʫʚ ʩʠʛʥʘʣʫ, ʚʠʢʣʠʢʘʥʠʡ ʌʂʄ, ʚ ʜʚʘ 

ʨʘʟʠ ʙʽʣʴʰʠʡ, ʥʽʞ ʚʠʢʣʠʢʘʥʠʡ ʌʉʄ. ɼʣʷ ʣʽʥʽʾ ʟ IMDD ʥʝʣʽʥʽʡʥʘ ʬʘʟʦʚʘ 

ʤʦʜʫʣʷʮʽʷ ʩʘʤʘ ʧʦ ʩʦʙʽ ʥʝ ʤʦʞʝ ʩʪʘʪʠ ʧʨʦʙʣʝʤʦʶ, ʪʘʢ ʷʢ ʬʦʪʦʜʽʦʜ ʟʘ 

ʧʨʠʥʮʠʧʦʤ ʜʽʾ ʥʝʯʫʪʣʠʚʠʡ ʜʦ ʬʣʫʢʪʫʘʮʽʡ ʬʘʟʠ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ. ʆʜʥʘʢ 

ʌʉʄ ʪʘ ʌʂʄ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʪʚʦʨʝʥʽ ʚ ʤʦʜʫʣʷʮʽʶ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʘ 

ʨʘʭʫʥʦʢ ʚʧʣʠʚʫ ʭʨʦʤʘʪʠʯʥʦʾ ʜʠʩʧʝʨʩʽʾ. ɸʥʘʣʦʛʽʯʥʦ ʤʦʜʫʣʷʮʽʷ ʟ ʧʦʩʪʽʡʥʦʶ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ, ʷʢʦʶ ʻ ʬʘʟʦʚʘ ʤʦʜʫʣʷʮʽʷ, ʥʝ ʩʪʚʦʨʶʻ ʚʧʣʠʚ ʥʘ ʌʉʄ ʪʘ 

ʌʂʄ. ʆʜʥʘʢ ʷʢʱʦ ʭʨʦʤʘʪʠʯʥʘ ʜʠʩʧʝʨʩʽʷ ʧʝʨʝʪʚʦʨʶʻ ʬʘʟʦʚʫ ʤʦʜʫʣʷʮʽʶ ʚ 

ʤʦʜʫʣʷʮʽʶ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʪʦ ʟʤʽʥʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʌʉʄ ʪʘ ʌʂʄ, ʷʢʽ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʩʧʦʪʚʦʨʶʶʪʴ ʧʝʨʚʽʩʥʠʡ 

ʬʘʟʦʤʦʜʫʣʴʦʚʘʥʠʡ ʩʠʛʥʘʣ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʝʬʝʢʪʠ ʌʉʄ ʪʘ ʌʂʄ ʩʠʣʴʥʦ 

ʟʘʣʝʞʘʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʜʠʩʧʝʨʩʽʾ ʤʝʨʝʞʽ, ʘʣʝ ʡ ʚʽʜ ʾʾ ʨʦʟʧʦʜʽʣʫ ʧʦ 

ʜʦʚʞʠʥʽ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ. 

ɺʠʤʽʨʷʥʽ ʜʘʥʽ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 5.14, ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʟʘʻʤʦʜʽʶ 

ʤʽʞ ʌʂʄ ʪʘ ʭʨʦʤʘʪʠʯʥʦʶʜʠʩʧʝʨʩʽʻʶ [5.57]. ɺ ʭʦʜʽ ʮʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʦʧʪʠʯʥʘ ʥʦʩʽʡʥʘ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ʚ ʨʘʡʦʥʽ 1550 ʥʤ ʤʦʜʫʣʶʚʘʣʘʩʴ  

ʈʏ-ʩʠʛʥʘʣʦʤ ʧʦ ʬʘʟʽ ʘʙʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʡ ʚʠʤʽʨʶʚʘʣʠʩʷ ʧʝʨʝʭʽʜʥʽ ʟʘʚʘʜʠ 

ʧʨʠ ʨʦʟʥʦʩʽ ʤʽʞ ʢʘʥʘʣʘʤʠ 50 ɻɻʮ. 

 

 

ʈʠʩ. 5.14. ɺʠʤʽʨʷʥʽ ʧʝʨʝʭʽʜʥʽ ʟʘʚʘʜʠ ʜʣʷ 33,4-ʢʤ ʣʽʥʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʫʣʷʮʽʾ  

ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʘ ʬʘʟʦʚʦʾ ʤʦʜʫʣʷʮʽʾ 
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ɺʠʤʽʨʷʥʽ ʧʝʨʝʭʽʜʥʽ ʟʘʚʘʜʠ ʜʣʷ 33,4-ʢʤ ʣʽʥʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʦʜʫʣʷʮʽʾ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ (ɯʄ) ʪʘ ʬʘʟʦʚʦʾ ʤʦʜʫʣʷʮʽʾ (ʌʄ). ɼʣʷ ʢʦʞʥʦʛʦ 

ʬʦʨʤʘʪʫ ʤʦʜʫʣʷʮʽʾ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʚʘ ʩʢʣʘʜʝʥʽ ʚʦʣʦʢʦʥʥʠʭ ʪʨʘʢʪʠ ʥʘ 

ʦʩʥʦʚʽ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʜʥʦʤʦʜʦʚʦʛʦ ʚʦʣʦʢʥʘ ʟ ʢʝʨʦʚʘʥʦʶ ʜʠʩʧʝʨʩʽʻʶ 

(SMF/MLDF), ʘ ʪʘʢʦʞ ʾʭʥʴʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʚʢʣʶʯʝʥʥʷ MLDF/ SMF) [5.57] 

ʍʦʯʘ ʝʬʝʢʪ ʌʂʄ ʚʥʦʩʠʪʴ ʦʩʥʦʚʥʠʡ ʚʢʣʘʜ ʚ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 5.14 

ʧʝʨʝʭʽʜʥʽ ʧʝʨʝʰʢʦʜʠ, ʪʘʢʦʞ ʚʧʣʠʚʘʶʪʴ ʡ ʽʥʰʽ ʤʝʭʘʥʽʟʤʠ, ʥʘʧʨʠʢʣʘʜ ʏʍɿ 

[5.57], ʱʦ ʦʙʛʦʚʦʨʶʻʪʴʩʷ ʚ ʥʘʩʪʫʧʥʦʤʫ ʨʦʟʜʽʣʽ.  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʨʦʟʧʦʜʽʣʫ ʜʠʩʧʝʨʩʽʾ ʧʦ ʜʦʚʞʠʥʽ ʚʦʣʦʢʥʘ 

ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʚʘ ʩʢʣʘʜʝʥʠʭ ʚʦʣʦʢʦʥʥʠʭ ʪʨʘʢʪʠ. ʇʝʨʰʠʡ ʪʨʘʢʪ 

ʩʢʣʘʜʘʚʩʷ ʟ 21-ʢʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʜʥʦʤʦʜʦʚʦʛʦ ʚʦʣʦʢʥʘ ʪʠʧʫ SMF, 

ʟ'ʻʜʥʘʥʦʛʦ ʟ 12,5-ʢʤ ʚʦʣʦʢʥʦʤ ʟ ʢʝʨʦʚʘʥʦʶ ʜʠʩʧʝʨʩʽʻʶ ʪʠʧʫ MLDF, ʜʨʫʛʠʡ 

 ʟ ʪʠʭ ʞʝ ʪʠʧʽʚ ʚʦʣʦʢʥʘ, ʘʣʝ ʚ ʟʚʦʨʦʪʥʦʤʫ ʧʦʨʷʜʢʫ. ʇʘʨʘʤʝʪʨ ʜʠʩʧʝʨʩʽʾ ״

ʚʦʣʦʢʥʘ ʪʠʧʫ SMF ʩʪʘʥʦʚʠʚ 16, 5 ʧʩ/ʥʤ/ʢʤ, ʚʽʜʧʦʚʽʜʥʦ, ʩʧʽʣʴʥʘ ʚʝʣʠʯʠʥʘ 

ʜʠʩʧʝʨʩʽʾ 347 ״ ʧʩ/ʥʤ. ɼʽʣʷʥʢʘ ʚʦʣʦʢʥʘ ʪʠʧʫ MLDF ʩʢʣʘʜʘʣʘʩʴ ʟ ʯʦʪʠʨʴʦʭ 

ʚʦʣʦʢʦʥʥʠʭ ʩʝʢʮʽʡ ʟ D = 4 ʧʩ/ʥʤ/ʢʤ, ʢʦʪʨʽ ʯʝʨʛʫʶʪʴʩʷ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ 

ʟʘʛʘʣʴʥʘ ʜʠʩʧʝʨʩʽʷ ʜʽʣʷʥʢʠ ʙʫʣʘ ʙʣʠʟʴʢʘ ʜʦ ʥʫʣʷ.  

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 5.14, ʜʠʩʧʝʨʩʽʡʥʘ ʢʘʨʪʘ ʚ ʩʠʣʴʥʦʤʫ ʩʪʫʧʝʥʽ ʚʧʣʠʚʘʻ 

ʥʘ ʧʝʨʝʭʽʜʥʽ ʧʝʨʝʰʢʦʜʠ. ʋ ʣʽʥʽʾ ʟ ʤʦʜʫʣʷʮʽʻʶ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʠʛʥʘʣ 

ʩʪʚʦʨʶʻ ʌʂʄ, ʷʢʘ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʧʝʨʝʭʽʜʥʽ ʧʝʨʝʰʢʦʜʠ ʟʘ 

ʨʘʭʫʥʦʢ ʭʨʦʤʘʪʠʯʥʦʾ ʜʠʩʧʝʨʩʽʾ. ʎʝʡ ʧʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦ ʚ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʦʣʦʢʥʦ ʪʠʧʫ MLDF ʡʜʝ ʧʝʨʝʜ ʩʪʘʥʜʘʨʪʥʠʤ 

ʚʦʣʦʢʥʦʤ. ʇʨʠ ʬʘʟʦʚʽʡ ʤʦʜʫʣʷʮʽʾ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʻ ʢʦʥʩʪʘʥʪʦʶ, ʽ, ʦʪʞʝ, ʚʦʥʘ 

ʥʝ ʚʠʢʣʠʢʘʻ ʌʂʄ. ʆʪʞʝ, ʤʝʭʘʥʽʟʤ ʫʪʚʦʨʝʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʝʨʝʰʢʦʜ ʜʣʷ 

ʣʽʥʽʾ ʟ ʬʘʟʦʚʦʶ ʤʦʜʫʣʷʮʽʻʶ ʻ ʪʨʠʩʪʫʧʽʥʯʘʪʠʤ. ʉʧʦʯʘʪʢʫ ʜʠʩʧʝʨʩʽʷ 

ʪʨʘʥʩʬʦʨʤʫʻ ʬʘʟʦʤʦʜʫʣʴʦʚʘʥʠʡ ʩʠʛʥʘʣ ʚ ʩʠʛʥʘʣ ʟ ʤʦʜʫʣʷʮʽʻʶ ʧʦ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʷʢʠʡ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʢʣʠʢʘʻ ʌʂʄ. ʇʦʪʽʤ ʚʥʘʩʣʽʜʦʢ 

ʜʠʩʧʝʨʩʽʾ ʘʙʦ ʚ ʬʘʟʦ-ʯʫʪʣʠʚʦʤʫ ʧʨʠʡʤʘʣʴʥʠʢʫ ʌʂʄ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ 

ʧʝʨʝʭʽʜʥʽ ʧʝʨʝʰʢʦʜʠ ʟ ʤʦʜʫʣʴʦʚʘʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 
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ʚʠʧʘʜʢʫ ʟ ʤʦʜʫʣʷʮʽʻʶ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʮʝʡ ʧʨʦʮʝʩ ʤʘʡʞʝ ʫ ʚʩʴʦʤʫ 

ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʨʦʪʽʢʘʻ ʝʬʝʢʪʠʚʥʽʰʝ, ʷʢʱʦ ʧʝʨʰʠʤ ʡʜʝ ʚʦʣʦʢʥʦ ʟ 

ʙʽʣʴʰ ʚʠʩʦʢʠʤ ʟʥʘʯʝʥʥʷʤ ʜʠʩʧʝʨʩʽʾ. 

ʈʦʟʨʘʭʫʥʦʢ ʽʥʜʫʢʦʚʘʥʠʭ ʌʂʄ ʧʝʨʝʭʽʜʥʠʭ ʧʝʨʝʰʢʦʜ ʚ ʜʚʦʢʘʥʘʣʴʥʽʡ 

ʣʽʥʽʾ ʟ ʤʦʜʫʣʷʮʽʻʶ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʢʣʶʯʘʻ ʙʝʟʣʽʯ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʙʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ ʜʣʷ ʦʧʠʩʫ ʧʝʨʝʭʽʜʥʠʭ ʧʝʨʝʰʢʦʜ 

ʚʥʘʩʣʽʜʦʢ SRS. ɼʣʷ ʜʚʦʭ ʜʦʚʞʠʥ ʭʚʠʣʴ‗ (ʙʝʟʧʝʨʝʨʚʥʠʡ ʨʝʞʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ) ʪʘ ‗ (ʟ ʤʦʜʫʣʷʮʽʻʶ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ) ʧʝʨʝʭʽʜʥʽ 

ʧʝʨʝʰʢʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ 

ʦʙʫʨʝʥʥʷ ʦʛʠʥʘʶʯʠʭ ʭʚʠʣʴ. ɿʥʘʯʝʥʥʷ ʚ ʪʝʨʤʽʥʘʭ ʘʤʧʣʽʪʫʜʠ (ὢὸὥὰὯ) ʡ 

ʈʏ-ʬʘʟʠ (Џ ) ʧʝʨʝʭʽʜʥʠʭ ʧʝʨʝʰʢʦʜ ʚʥʘʩʣʽʜʦʢ ʌʂʄ ʚʠʭʦʜʷʪʴ ʥʘ ʙʘʟʽ 

ʥʘʩʪʫʧʥʠʭ ʬʦʨʤʫʣ [5.55]: 

ὢὸὥὰὯ
ςὲ‗ὈὖЏ”

ὃ ὧ
 

ρ Ὡ ςὩ ρ ὒὧέίὨ Џὒ ςὒ Ὠ ЏὩ ίὭὲὨ Џὒ ὒ

 Ὠ Џ
 

 Ὠ Џ ὒ

 Ὠ Џ
                                     υȢυς 

— ὥὶὧὸὫ
ςЏὨ 

 ЏὨ

ὥὶὧὸὫ
Ὡ ίὭὲЏὨ ὒ ЏὨ ὒ

Ὡ ὧέίЏὨ ὒ ρ ὒ
                                υȢυσ 

ʜʝ ʚʩʽ ʧʘʨʘʤʝʪʨʠ ʚʠʟʥʘʯʝʥʽ ʨʘʥʽʰʝ, ʘ ”  ʬʘʢʪʦʨ ʧʝʨʝʢʨʠʪʪʷ ״  

ʧʦʣʷʨʠʟʘʮʽʡ ʜʣʷ ʧʨʦʮʝʩʫ ʌʂʄ. ʅʝʭʪʫʶʯʠ ʝʬʝʢʪʘʤʠ ʇʄɼ, ”  ʣʝʞʠʪʴ ʚ 

ʤʝʞʘʭ ʚʽʜ 1/3 ʜʣʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʧʦʣʷʨʠʟʘʮʽʡ ʜʦ 1 ʜʣʷ ʧʘʨʘʣʝʣʴʥʠʭ 

ʧʦʣʷʨʠʟʘʮʽʡ. ʅʘ ʨʠʩ. 5.15 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

(5.52) ʪʘ ʜʘʥʽ ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ ʣʽʥʽʾ ʟ ʤʦʜʫʣʷʮʽʻʶ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘ ʙʘʟʽ 

25-ʢʤ ʚʦʣʦʢʥʘ ʤʘʨʢʠ Corning MetroCor.  ʇʘʨʘʤʝʪʨʠ ʜʣʷ ʨʠʩ. 5.15: 
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                                     ‗ ρυυπȟρφ ̎ ȟ̍ ” ρȟ

ὲ ςȟχϽρπ ̍ ˏ̓ϳ ȟ

 πȟςπ
̅ˎ

̋̍
ȟ   ὖ ψȟτυ ̅ˎȟ̍   ̱ υψ ̍̋  ̍̓  ́ Ὀ

ψ̐ ̒̎ ̍ϳ ̋̍ϳ Ȣ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʪʝʦʨʽʻʶ ʜʣʷ ʪʨʴʦʭ 

ʢʘʥʘʣʴʥʠʭ ʽʥʪʝʨʚʘʣʽʚ: 100 ɻɻʮ, 150 ɻɻʮ ʪʘ 200 ɻɻʮ. 

 

 

ʈʠʩ. 5.15. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ (5.51)(ʧʫʥʢʪʠʨʥʽ ʣʽʥʽʾ) ʪʘ ʚʠʤʽʨʠ 

ʧʝʨʝʭʽʜʥʠʭ ʟʘʚʘʜ ʚ 25 ʢʤ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ  [5.58]. 

 

ɼʝʷʢʽ ʪʝʥʜʝʥʮʽʾ ʜʣʷ ʽʥʜʫʢʦʚʘʥʠʭ ʌʂʄ ʧʝʨʝʭʽʜʥʠʭ ʧʝʨʝʰʢʦʜ 

ʩʣʽʜʫʶʪʴ ʟ ʨʠʩ. 5.16. ɻʨʘʬʽʢʠ ʧʦʙʫʜʦʚʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ (5.52) ʚ ʬʫʥʢʮʽʾ 

ʚʽʜ ‗ ʪʘ ɋ ʜʣʷ ʥʘʩʪʫʧʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: 

‗ ρυυπ̎̍ȟ” ρȟὲ ςȟφϽρπ ̍ ˏ̓ϳ ȟ πȟς ̅  ˎ

/ʢʤȟὖ π ̅ˎȟ̍ 

  ̱ ψυ ̍̋ ȟ̍̓  ́ Ὀ ρφȟυ̐ ̒̎ ̍ϳ ̋̍ϳ Ȣ 

ʊʘʢ ʩʘʤʦ, ʷʢ ʽ ʜʣʷ ʧʨʦʮʝʩʫ SRS, ʧʝʨʝʭʽʜʥʽ ʧʝʨʝʰʢʦʜʠ ʚʥʘʩʣʽʜʦʢ ʌʂʄ 

ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ ʩʠʤʝʪʨʠʯʥʽ ʱʦʜʦ ʤʦʜʫʣʴʦʚʘʥʦʛʦ  

ʢʘʥʘʣʫ.  

ʅʘ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪʘʭ ʤʦʜʫʣʷʮʽʾ ʧʝʨʝʭʽʜʥʽ ʧʝʨʝʰʢʦʜʠ ʚʥʘʩʣʽʜʦʢ ʌʂʄ 

ʜʫʞʝ ʤʘʣʝʥʴʢʽ, ʦʩʢʽʣʴʢʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʝʨʰʠʤ ʜʦʜʘʥʢʦʤ (5.52). ʆʜʥʘʢ ʟʽ 
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ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʪʦʪʠ ʚʦʥʠ ʰʚʠʜʢʦ ʟʨʦʩʪʘʶʪʴ (ʜʠʚ. ʨʠʩ. 5.16). ʈʦʟʥʦʩ 

ʢʘʥʘʣʽʚ ʚ ʨʘʟʽ ʌʂʄ ʚʠʢʣʠʢʘʻ ʝʬʝʢʪ, ʧʨʦʪʠʣʝʞʥʦʛʦ ʟ ʚʠʧʘʜʢʦʤ SRS: 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʝʨʝʰʢʦʜ ʚʥʘʩʣʽʜʦʢ ʌʂʄ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʚ ʤʽʨʫ ʟʚʫʞʝʥʥʷ ʢʘʥʘʣʴʥʦʛʦ ʽʥʪʝʨʚʘʣʫ. ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ 

ʚʠʱʝ, ʬʘʟʘ ʈʏ-ʩʠʛʥʘʣʫ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʨʘʭʦʚʘʥʘ ʧʨʠ ʘʥʘʣʽʟʽ ʧʝʨʝʭʽʜʥʠʭ 

ʧʝʨʝʰʢʦʜ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʽʜ ʙʽʣʴʰ ʥʽʞ ʦʜʥʦʛʦ ʬʽʟʠʯʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. 

ʇʨʠʢʣʘʜ ʮʴʦʛʦ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 5.17, ʜʝ ʟʦʙʨʘʞʝʥʽ ʧʝʨʝʭʽʜʥʽ ʧʝʨʝʰʢʦʜʠ 

ʚʥʘʩʣʽʜʦʢ ʩʧʽʣʴʥʦʾ ʜʽʾ ʌʂʄ ʪʘ SRS  [5.59]. 

 

 

ʈʠʩ.5.16. ʈʦʟʨʘʭʦʚʘʥʽ ʧʝʨʝʭʽʜʥʽ ʟʘʚʘʜʠ ʚ ʥʘʩʣʽʜʦʢ ʬʘʟʦʚʦʾ ʢʨʦʩ-ʤʦʜʫʣʷʮʽʾ ʚ 25-ʢʤ ʣʽʥʽʾ  

ʟ ʤʦʜʫʣʴʦʚʘʥʠʤ ʢʘʥʘʣʦʤ ʥʘ ʭʚʠʣʽ 1550 ʥʤ. 

 

 

ʈʠʩ.5.17. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʫ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʧʝʨʝʭʽʜʥʠʭ ʟʘʚʘʜ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʧʣʠʚʫ SRS  

ʪʘ ʌʂʄ ʜʣʷ 19,1-ʢʤ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ. 
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ʇʘʨʘʤʝʪʨʠ ʜʣʷ ʜʣʷ ʛʨʘʬʽʢʽʚ ʨʠʩ.5.17: 

‗ ρυφυȟππ ̎ ȟ̍‗ ρυυρȟυχ ̎ ȟ̍” πȟω, ” πȟψȟὲ ςȟχϽ

ρπ ̍ ˏ̓ϳ ȟ πȟς
̅ˎ

̋̍
ȟ

ὒ ρωȟρ ̋ ȟ̍  ὖ ρȟχ ̅ˎȟ̍  ̱ ψυ ̍̋  ̍̓  ́Ὀ ρφȟυ̐ ̒̎ ̍ϳ ̋̍ϳ Ȣ   

ʊʦʝʨʽʷ ʜʣʷ ʢʦʞʥʦʛʦ ʽʟ ʝʬʝʢʪʽʚ SRS ʪʘ ʌʂʄ (ʚʽʜʧʦʚʽʜʥʦ (5,47) ʪʘ 

(5.52) ʥʝ ʤʦʞʝ ʧʝʨʝʜʙʘʯʠʪʠ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʥʠʭ ʧʝʨʝʭʽʜʥʠʭ ʟʘʚʘʜ. ɼʣʷ 

ʮʴʦʛʦ ʽʟ (5.48) ʪʘ (5.53) ʙʫʣʦ ʦʪʨʠʘʥʦ ʜʦʜʘʪʢʦʚʽ ʢʦʛʝʨʝʥʪʥʽ ʩʢʣʘʜʦʚʽ  

ʧʝʨʝʭʽʜʥʠʭ ʟʘʚʘʜ ʟʘ ʜʦʧʦʤʦʛʦʶ SRS ʪʘ ʌʂʄ, ʱʦ ʟʘʙʝʟʧʝʯʠʣʦ ʭʦʨʦʰʝ 

ʫʟʛʦʜʞʝʥʥʷ ʟ ʚʠʤʽʨʷʥʠʤʠ ʜʘʥʠʤʠ. ɯʩʥʫʶʪʴ ʜʝʷʢʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʦʨʽʾ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʷʢʽ ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʦ ʧʦʚ'ʷʟʘʥʽ ʟ 

ʜʠʩʧʝʨʩʽʻʶ ʫ 200-ɻɻʮ ʬʽʣʴʪʨʽ ʟ ʧʣʦʩʢʦʶ ʩʤʫʛʦʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʚ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʗʢ ʚʽʜʦʤʦ [5.60], ʜʠʩʧʝʨʩʽʷ, ʷʢʫ 

ʚʥʦʩʠʪʴ ʪʘʢʠʡ ʬʽʣʴʪʨ ʻ ʦʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ ʚʠʥʠʢʥʝʥʥʷ ʘʥʘʣʦʛʦʚʠʭ 

ʧʝʨʝʭʽʜʥʠʭ ʧʝʨʝʰʢʦʜ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʙʘʛʘʪʦʢʘʥʘʣʴʥʠʭ ʨʘʜʽʦʬʦʪʦʥʥʠʭ ʣʽʥʽʡ ʧʝʨʝʜʘʯʽ. ɯʥʰʽ, ʥʝ ʚʨʘʭʦʚʘʥʽ ʪʝʦʨʽʻʶ 

ʥʝʣʽʥʽʡʥʽ ʝʬʝʢʪʠ, ʷʢʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʦʧʪʠʯʥʦʤʫ ʚʦʣʦʢʥʽ, ʪʘʢʦʞ ʤʦʞʫʪʴ 

ʩʪʘʪʠ ʧʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʝʨʝʰʢʦʜ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʮʝ ʤʝʭʘʥʽʟʤʠ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʏʍɿ ʘʙʦ ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʝʬʝʢʪʠ, 

ʷʢʽ ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʚ ʥʘʩʪʫʧʥʠʭ ʜʚʦʭ ʨʦʟʜʽʣʘʭ. 

 

 

5.8. ʏʦʪʠʨʴʦʭʭʚʠʣʴʦʚʠʡ ʝʬʝʢʪ ʟʤʽʰʫʚʘʥʥʷ 

 

 

ʏʦʪʠʨʴʦʭʭʚʠʣʴʦʚʝ (ʏʍɿ) ʘʙʦ ʯʦʪʠʨʴʦʭʬʦʪʦʥʥʝ ʟʤʽʰʫʚʘʥʥʷ ʻ 

ʥʝʣʽʥʽʡʥʠʤ ʝʬʝʢʪʦʤ ʚʦʣʦʢʥʘ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʪʨʝʪʴʦʛʦ 

ʧʦʨʷʜʢʫ (ʜʠʚ. (5.1)). ɼʘʥʽ ʚʠʤʽʨʶʚʘʥʴ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 5.18, 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʝʬʝʢʪ ʏʍɿ, ʜʝ ʜʚʽ ʦʧʪʠʯʥʽ ʯʘʩʪʦʪʠ ɜ1 ʪʘ ɜ2 ʚʟʘʻʤʦʜʽʶʪʴ ʟ …(3)
, 
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ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʛʝʥʝʨʘʮʽʷ ʯʘʩʪʦʪ 2ɜ1 - ɜ2 ʪʘ 2ɜ2 - ɜ1. ʎʝʡ ʧʨʦʮʝʩ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʦʧʪʠʯʥʽʡ ʦʙʣʘʩʪʽ ʷʢ ʨʽʟʥʦʚʠʜ ʽʥʪʝʨʤʦʜʫʣʷʮʽʡʥʠʭ  

ʩʧʦʪʚʦʨʝʥʴ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ, ʧʦʜʽʙʥʽ ʦʧʠʩʘʥʽ ʚ ʧʽʜʨʦʟʜʽʣʽ 2.3.2. 

 

 

ʈʠʩ. 5.18. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʝʢʪʨʘ ʥʘ ʚʠʭʦʜʽ ʜʽʣʷʥʢʠ ʚʦʣʦʢʥʘ ʟʽ ʟʤʽʱʝʥʦʶ 

ʜʠʩʧʝʨʩʽʻʶ, ʱʦ ʜʝʤʦʥʩʪʨʫʶʪʴ ʜʚʘ ʧʨʦʜʫʢʪʠ ʏʍɿ, ʦʪʨʠʤʘʥʠʭ ʚʽʜ ʚʭʽʜʥʠʭ ʭʚʠʣʴ 

ʜʦʚʞʠʥʦʶ 1552,6 ʪʘ 1551,0 ʥʤ [5.61]. 

 

ʉʧʨʘʚʜʽ, ʏʍɿ ʤʦʞʝ ʙʫʪʠ ʧʨʠʯʠʥʦʶ ʛʝʥʝʨʘʮʽʾ ʪʨʝʪʴʦʾ ʛʘʨʤʦʥʽʢʠ. 

ʇʦʚʥʠʡ ʘʥʘʣʽʟ ʝʬʝʢʪʫ ʏʍɿ ʚʠʤʘʛʘʻ ʨʦʟʛʣʷʜʫ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷʚʥʘʩʣʽʜʦʢ 

ʡʦʛʦ ʧʦʣʷʨʠʟʘʮʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ [5.1]. ɹʽʣʴʰ ʪʦʛʦ, ʯʦʪʠʨʴʦʭʭʚʠʣʴʦʚʝ 

ʟʤʽʰʫʚʘʥʥʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ ʧʨʠ ʫʟʛʦʜʞʝʥʠʭ ʢʦʥʩʪʘʥʪʘʭ ʧʦʰʠʨʝʥʥʷ 

ʚʟʘʻʤʦʜʽʶʯʠʭ ʭʚʠʣʴ, ʟ ʯʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʯʘʩʪʦʪʥʠʡ ʽʥʪʝʨʚʘʣ ʪʘ ʜʠʩʧʝʨʩʽʷ 

ʚʽʜ̔ʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʮʴʦʤʫ ʧʨʦʮʝʩʽ. 

ʉʧʝʢʪʨ, ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 5.18, ʙʫʣʦ ʚʠʤʽʨʷʥʦ ʥʘ ʚʠʭʦʜʽ ʜʽʣʷʥʢʠ 

ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ ʟʽ ʟʤʽʱʝʥʦʶ ʜʠʩʧʝʨʩʽʻʶ ʧʨʠ ʥʫʣʴʦʚʽʡ ʜʠʩʧʝʨʩʽʾ 

ʧʦʙʣʠʟʫ 1,5 ʤʢʤ. ʗʢ ʜʞʝʨʝʣʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʽ ʜʚʘ ʣʘʟʝʨʘ ʟ 

ʨʦʙʦʯʠʤʠ ʯʘʩʪʦʪʘʤʠ 193,10 ʡ 193,30 ʊɻʮ (ʚʽʜʧʦʚʽʜʥʦ 1552,6 ʪʘ 1551,0 ʥʤ), 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʷʢʠʭ ʙʫʣʠ ʦʙ'ʻʜʥʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʤʘʪʦʨʘ ʟʽ 

ʟʙʝʨʝʞʝʥʥʷʤ ʧʦʣʷʨʠʟʘʮʽʾ ʪʘ ʚʚʝʜʝʥʽ ʚ ʚʦʣʦʢʥʦ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʫ ʚʠʭʽʜʥʦʤʫ ʩʧʝʢʪʨʽ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʜʚʘ ʤʘʢʩʠʤʫʤʠ ʧʨʠ 

192,90 ʊɻʮ (1554,2 ʥʤ) ʪʘ 193,50 ʊɻʮ (1549,5 ʥʤ), ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 
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ʧʨʦʜʫʢʪʘʤ ʏʍɿ. ɺ ʜʘʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʏʍɿ ʙʫʣʘ ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʝʥʘ ʟʘʚʜʷʢʠ ʧʦʣʷʨʠʟʘʮʽʡʥʦʤʫ ʫʟʛʦʜʞʝʥʥʶ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʪʘ 

ʥʠʟʴʢʦʤʫ ʟʥʘʯʝʥʥʶ ʭʨʦʤʘʪʠʯʥʦʾ ʜʠʩʧʝʨʩʽʾ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʩʧʦʩʪʝʨʽʛʘʪʠ ʮʝʡ ʝʬʝʢʪ ʟʘ ʜʦʧʦʤʦʛʦʶ ʆɸʉ. 

ʗʢ ʽ ʽʥʰʽ ʥʝʣʽʥʽʡʥʽ ʝʬʝʢʪʠ, ʷʢʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ʦʧʪʠʯʥʦʤʫ ʚʦʣʦʢʥʽ, 

ʏʍɿ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʦ ʧʘʨʘʤʝʪʨʦʤ ʧʽʜʩʠʣʝʥʥʷ. ʇʘʨʘʤʝʪʨʠʯʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ ʥʘ ʜʦʚʞʠʥʽ 

ʭʚʠʣʽ 1550 ʥʤ ʧʨʠʙʣʠʟʥʦ ʩʪʘʥʦʚʠʪʴ  Ç ρȟρϽρπ ̍ˏ̓ϳ  [5.11].  

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʮʝ ʟʥʘʯʝʥʥʷ ʙʽʣʴʰʝ, ʥʽʞ ʜʣʷὛὙὛȡ Ç φȟυϽρπ
̍

ˏ̓
ȟ  ̔ 

ʤʝʥʰʝ, ʯʠʤ ʜʣʷ ὛὙὛȡÇ τϽρπ
̍

ˏ̓
Ȣ  ʆʜʥʘʢ ʮʽ ʧʨʦʮʝʩʠ ʨʦʟʩʽʶʚʘʥʥʷ ʻ 

ʩʘʤʦʫʟʛʦʜʞʝʥʠʤʠ ʧʦ ʬʘʟʽ, ʪʦʜʽ ʷʢ ʚ ʧʨʦʮʝʩʽ ʏʍɿ ʧʦʪʨʽʙʥʦ ʬʘʟʦʚʝ 

ʫʟʛʦʜʞʝʥʥʷ ʤʽʞ ʩʠʛʥʘʣʘʤʠ ʥʘʢʘʯʫʚʘʥʥʷ [5.61]. ʆʪʞʝ, ʧʨʦʮʝʩ ʏʍɿ ʤʦʞʝ 

ʤʘʪʠ ʥʠʟʴʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚ ʜʦʚʛʠʭ ʚʦʣʦʢʦʥʥʠʭ ʣʽʥʽʷʭ ʪʘ/ʘʙʦ ʧʨʠ ʚʝʣʠʢʠʭ 

ʢʘʥʘʣʴʥʠʭ ʽʥʪʝʨʚʘʣʘʭ, ʢʦʣʠ ʫʤʦʚʠ ʬʘʟʦʚʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʭʚʠʣʴ ʥʝ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴʩʷ [5.62]. ʍʦʯʘ SBS ʪʘ SRS, ʚ ʟʘʛʘʣʽ, ʩʪʚʦʨʶʶʪʴ ʙʽʣʴʰʽ 

ʧʨʦʙʣʝʤʠ ʚ ʘʥʘʣʦʛʦʚʠʭ ʩʠʩʪʝʤʘʭ, ʥʽʞ ʏʍɿ, ʧʨʦʪʝ ʚ ʟʘʩʪʦʩʫʚʘʥʥʷʭ 

ʤʽʢʨʦʭʚʠʣʴʦʚʦʾ ʬʦʪʦʥʽʢʠ ʽʩʥʫʻ ʨʷʜ ʝʬʝʢʪʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ 

ʯʦʪʠʨʴʦʭʭʚʠʣʴʦʚʠʤ ʟʤʽʰʫʚʘʥʥʷʤ, ʱʦ ʧʦʛʽʨʰʫʶʪʴ ʷʢʽʩʪʴ ʧʝʨʝʜʘʯʽ. 

ɿ ʨʠʩ. 5.18, ʥʘ ʷʢʦʤʫ ʯʽʪʢʦ ʜʝʤʦʥʩʪʨʫʻʪʴʩʷ ʝʬʝʢʪ ʏʍɿ, ʚʘʞʢʦ ʟʨʦʙʠʪʠ 

ʦʮʽʥʢʠ ʧʨʦ ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʈʏ-ʩʠʛʥʘʣ. ʇʨʠ ʥʘʣʘʰʪʫʚʘʥʥʽ ʯʘʩʪʦʪ, ʙʘʛʘʪʦ 

ʙʽʣʴʰʠʭ, ʥʽʞ ʩʤʫʛʘ ʈʏ ʢʘʥʘʣʫ ʚ ʦʢʦʣʠʮʽ ʢʦʞʥʦʾ ʟ ʥʦʩʽʡʥʠʭ, ʫʪʚʦʨʶʶʪʴʩʷ 

ʜʚʘ ʧʨʦʜʫʢʪʠ ʟʤʽʰʫʚʘʥʥʷ ʥʘ ʯʘʩʪʦʪʘʭ ςὺ ὺ ̓  ́ςὺ ὺ. ʆʜʥʘʢ ʚ 

ʜʚʦʭʚʠʣʴʦʚʽʡ ʩʠʩʪʝʤʽ ʏʍɿ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʟʥʘʯʥʽ 

ʧʝʨʝʭʽʜʥʽ ʧʝʨʝʰʢʦʜʠ ʡ ʩʧʦʪʚʦʨʝʥʥʷ ʜʨʫʛʦʛʦ ʪʘ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʽʚ [5.63]. 

ʏʘʩʪʦ ʏʍɿ ʦʧʠʩʫʻʪʴʩʷ ʚʠʧʘʜʢʦʤ, ʢʦʣʠ 9 ʥʦʚʠʭ ʯʘʩʪʦʪ ʛʝʥʝʨʫʶʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʥʝʣʽʥʽʡʥʦʾ ʚʟʘʻʤʦʜʽʾ ʪʨʴʦʭ ʯʘʩʪʦʪ ʥʘ ʚʭʦʜʽ ʩʠʩʪʝʤʠ. ɿʦʢʨʝʤʘ, ʜʣʷ 

ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʥʘ ʯʘʩʪʦʪʘʭ ɜ1, v2ʪʘ v3 ʚʠʥʠʢʘʶʪʴ ʧʨʦʜʫʢʪʠ ʪʨʝʪʴʦʛʦ 

ʧʦʨʷʜʢʫ ʥʘ ʯʘʩʪʦʪʘʭ ὺȟȟ ὺ ὺ ὺȟ̅  ̆ὭȟὮȟὯ ̨̨̑̃̎ ρȟςȟσ υȢφτȢ  
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ʂʣʘʩʠʯʥʠʤ ʧʨʠʢʣʘʜʦʤ ʧʝʨʝʭʨʝʩʥʠʭ ʧʝʨʝʰʢʦʜ ʤʽʞ ʢʘʥʘʣʘʤʠ ʻ ʚʠʧʘʜʦʢ 

ʨʽʚʥʦʚʽʜʜʘʣʝʥʠʭ ʪʨʴʦʭ ʩʠʛʥʘʣʽʚ, ʪʦʙʪʦ ὺ ὺ ὺ ὺ. ʉʧʝʢʪʨ 

ʘʥʘʣʦʛʦʚʦʛʦ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ, ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʟʘ ʬʘʟʦʶ ʘʙʦ ʘʤʧʣʽʪʫʜʦʶ, 

ʤʽʩʪʠʪʴ ʥʦʩʽʡʥʫ ʯʘʩʪʦʪʫ ʪʘ ʜʚʽ ʙʽʯʥʽ ʩʤʫʛʠ. ʊʘʢʠʡ ʩʠʛʥʘʣ ʷʚʣʷʻ ʩʦʙʦʶ 

ʢʣʘʩʠʯʥʠʡ ʩʮʝʥʘʨʽʡ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ ʧʝʨʝʭʽʜʥʠʭ ʧʝʨʝʰʢʦʜ. ʆʪʞʝ, ʏʍɿ 

ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʝ ʯʠʥʠʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘʚʽʪʴ ʚ ʦʜʥʦʢʘʥʘʣʴʥʠʭ 

ʩʠʩʪʝʤʘʭ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʝʣʠʢʽʡ ʛʣʠʙʠʥʽ ʤʦʜʫʣʷʮʽʾ. 

 

 

5.9. ʇʦʣʷʨʠʟʘʮʽʡʥʽ ʝʬʝʢʪʠ 

 

 

ʄʝʪʦʶ ʮʴʦʛʦ ʨʦʟʜʽʣʫ ʻ ʧʝʨʝʚʘʞʥʦ ʷʢʽʩʥʠʡ ʦʛʣʷʜ ʟʥʘʯʫʱʠʭ 

ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ʚ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ, ʪʘʢʠʭ ʷʢ 

ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʚʪʨʘʪʠ, ʧʦʣʷʨʠʟʘʮʽʡʥʘ ʤʦʜʦʚʘ ʜʠʩʧʝʨʩʽʷ (ʇʄɼ) ʪʘ 

ʧʦʣʷʨʠʟʘʮʽʡʥʘ ʢʨʦʩ-ʤʦʜʫʣʷʮʽʷ (ʇʂʄ). ɸʥʘʣʽʟ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ 

ʧʦʚʠʥʝʥ ʚʠʢʦʥʫʚʘʪʠʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʤʝʥʪʽʚ ʦʙʯʠʩʣʝʥʴ ɼʞʦʥʩʘ ʡ 

ʄʶʣʣʝʨʘ, ʧʨʦʪʝ ʧʦʚʥʠʡ ʦʧʠʩ ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʚʠʜʘʻʪʴʩʷ ʥʘʜʤʽʨʥʦ ʨʦʟʣʦʛʠʤ 

ʜʣʷ ʜʘʥʦʾ ʨʦʙʦʪʠ. ʍʦʨʦʰʝ ʪʨʘʢʪʫʚʘʥʥʷ ʮʠʭ ʜʚʦʭ ʫʷʚʣʝʥʴ ʧʦʣʷʨʠʟʘʮʽʾ ʚ 

ʦʧʪʠʮʽ ʡ ʩʫʧʨʦʚʦʜʞʫʶʯʽ ʾʾ ʧʦʩʠʣʘʥʥʷ ʥʘ ʦʨʠʛʽʥʘʣʴʥʽ ʣʽʪʝʨʘʪʫʨʥʽ ʜʞʝʨʝʣʘ 

ʥʘʚʦʜʷʪʴʩʷ ʚ [5.65]. 

ʇʦʰʠʨʝʥʥʷ ʩʚʽʪʣʘ ʚʟʜʦʚʞ ʦʩʽ  ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʷʢ ʩʫʤʘ ʜʚʦʭ 

ʢʦʤʧʦʥʝʥʪ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʩʷʤ x ʪʘ y. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʭʚʠʣʷ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʚ ʚʝʢʪʦʨʥʽʡ ʬʦʨʤʽ: 

˒
ὉὩ̕

ὉὩ̕
Ὡ     (5.54) 

ʜʝ Ὁ  ʪʘ Ὁ  - ʘʤʧʣʽʪʫʜʠ ʜʚʦʭ ʢʦʤʧʦʥʝʥʪ,̕  ʪʘ  ̕  ï ʾʭ ʬʘʟʠ, ï ʢʫʪʦʚʘ  

ʯʘʩʪʦʪʘ,  - ʧʦʩʪʽʡʥʘ ʧʦʰʠʨʝʥʥʷ. ɺʝʢʪʦʨ ʚ (5.54) ʨʦʟʤʽʨʥʦʩʪʽ 21 ʚʽʜʦʤʠʡ 

ʷʢ ʚʝʢʪʦʨ ɼʞʦʥʩʘ ʢʦʪʨʠʡ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʣʷʨʠʟʘʮʽʶ ʩʚʽʪʣʘ. ɺ 
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ʦʙʯʠʩʣʝʥʥʷʭ ɼʞʦʥʩʘ ʜʣʷ ʦʧʠʩʫ ʦʧʪʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʤʘʪʨʠʮʷ 22, ʷʢʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʠʭʽʜʥʦʛʦ ʚʝʢʪʦʨʘ ɼʞʦʥʩʘ ʤʦʞʝ ʙʫʪʠ 

ʧʦʤʥʦʞʝʥʘ ʥʘ ʡʦʛʦ ʚʭʽʜʥʠʡ ʚʝʢʪʦʨ. ʆʙʯʠʩʣʝʥʥʷ ɼʞʦʥʩʘ ʤʘʻ ʬʽʟʠʯʥʠʡ 

ʟʤʽʩʪ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚ'ʷʟʘʥʝ ʟ ʨʽʚʥʷʥʥʷʤʠ ʄʘʢʩʚʝʣʣʘ. 

ʆʜʥʘʢ ʡʦʛʦ ʧʘʨʘʤʝʪʨʠ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʷʤʦ ʚʠʤʽʨʷʥʽ, ʘ ʚʝʢʪʦʨ ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʫʷʚʥʠʡ. 

ɺ ʦʙʯʠʩʣʝʥʥʽ ʄʶʣʣʝʨʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʝʢʪʦʨʠ ʪʠʧʫ 4×1, ʚʝʢʪʦʨʠ 

ʉʪʦʢʩʘ ʜʣʷ ʦʧʠʩʫ ʧʦʣʷʨʠʟʘʮʽʾ ʩʚʽʪʣʘ ʪʘ ʤʘʪʨʠʮʽ ʚʠʜʫ 4Ĭ4 ʜʣʷ ʦʧʪʠʯʥʠʭ 

ʢʦʤʧʦʥʝʥʪ. ʇʘʨʘʤʝʪʨʠ ʉʪʦʢʩʘ ʻ ʜʽʡʩʥʠʤʠ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʽ ʪʘʢ, 

ʱʦʙ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʠʤʠ ʟ ʚʠʤʽʨʶʚʘʥʠʤʠ ʽʥʪʝʥʩʠʚʥʦʩʪʷʤʠ ʦʧʪʠʯʥʠʭ 

ʩʠʛʥʘʣʽʚ. ʇʦʢʣʘʜʝʤʦ Ὅ ״ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʠ x, 

Ὅ״ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʠ y, Ὅ  ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʣʽʥʽʡʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʦʾ ״ 

ʢʦʤʧʦʥʝʥʪʠ ʧʽʜ ʢʫʪʦʤ 45 Á, Ὅ  ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʣʽʥʽʡʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʦʾ ״ 

ʢʦʤʧʦʥʝʥʪʠ ʧʽʜ ʢʫʪʦʤ 45״Ј, Ὅ ״ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʘʚʦʾ ʮʠʨʢʫʣʷʨʥʦ-

ʧʦʣʷʨʠʟʦʚʘʥʦʾ ʢʦʤʧʦʥʝʥʪʠ, Ὅ ״ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʣʽʚʦʾ ʮʠʨʢʫʣʷʨʥʦ-

ʧʦʣʷʨʠʟʦʚʘʥʦʾ ʢʦʤʧʦʥʝʥʪʠ. ʎʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʤʽʨʷʥʽ ʚ 

ʰʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʦʤʙʽʥʘʮʽʾ ʣʽʥʽʡʥʠʭ ʧʦʣʷʨʠʟʘʪʦʨʽʚ 

ʽ ʯʚʝʨʪʴʭʚʠʣʴʦʚʠʭ ʧʣʘʩʪʠʥ[5.66]. ʇʘʨʘʤʝʪʨʠ ʉʪʦʢʩʘ ʧʦʚ'ʷʟʘʥ̔  ʟ ʮʠʤʠ 

ʽʥʪʝʥʩʠʚʥʦʩʪʷʤʠ ʪʘ ʟ (5.54) ʷʢ  [5.66].  

                Ὓ Ὅ Ὅ Ὁ Ὁ , 

Ὓ Ὅ Ὅ
ρ

ς
Ὁ Ὁ ȟ 

 Ὓ Ὅ Ὅ ὉὉÃÏÓ ̕ ̕ ȟ 

Ὓ Ὅ Ὅ ὉὉÓÉÎ̕ ̕             (5.55)  

ʊʦʜʽ ʚʝʢʪʦʨ ʉʪʦʢʩʘ ʟʘʧʠʰʝʪʴʩʷ ʥʘ ʙʘʟʽ ʮʠʭ ʯʦʪʠʨʴʦʭ ʢʦʤʧʦʥʝʥʪ: 

3

3
3
3
3

                                                     υȢυφ 
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ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʩʪʽʨ ʉʪʦʢʩʘ ʻ ʩʬʝʨʦʶ ʇʫʘʥʢʘʨʝ, ʷʢʘ ʻ 

ʦʜʠʥʠʯʥʦʶ ʩʬʝʨʦʶ, ʥʦʨʤʦʚʘʥʦʶ ʥʘ ʧʦʚʥʫ ʦʧʪʠʯʥʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ (3) ʧʦ 

ʪʨʴʦʭ ʦʩʷʭ (ʨʠʩ. 5.19). ɺʽʜʟʥʘʯʠʤʦ, ʱʦ (5.56) ʽʥʦʜʽ ʚʽʜʥʦʩʷʪʴ ʜʦ ʚʝʢʪʦʨʘ 

ʄʶʣʣʝʨʘ, ʟʘʣʠʰʘʶʯʠ ʚʝʢʪʦʨ Ὓ ɼʞʦʥʩʘ ʷʢ ʧʦʟʥʘʯʝʥʥʷ ʥʘ ʩʬʝʨʽ ʇʫʘʥʢʘʨʝ 

ʜʣʷ ʚʝʢʪʦʨʘ ʪʠʧʫ 3Ĭ1. ɽʢʚʘʪʦʨ ʩʬʝʨʠ ʚʽʜʧʦʚʽʜʘʻ ʣʽʥʽʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʠʤ 

ʩʪʘʥʘʤ, ʜʝ ʦʜʠʥ ʧʦʚʥʠʡ ʦʙʦʨʦʪ ʥʘʚʢʦʣʦ ʝʢʚʘʪʦʨʘ ʜʦʨʽʚʥʶʻ ʧʦʚʦʨʦʪʫ 

ʧʦʣʷʨʠʟʘʮʽʾ ʥʘ 180 Á. ʇʽʚʥʽʯʥʠʡ ʪʘ ʧʽʚʜʝʥʥʠʡ ʧʦʣʶʩʠ ʩʬʝʨʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʚʽʜʧʦʚʽʜʥʦ ʧʨʘʚʫ ʡ ʣʽʚʫ ʮʠʨʢʫʣʷʨʥʽ ʧʦʣʷʨʠʟʘʮʽʾ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ʧʝʨʝʪʠʥ ʧʦʣʦʚʠʥʠ ʦʢʨʫʞʥʦʩʪʽ ʩʬʝʨʠ ʫʟʜʦʚʞ ʛʝʦʜʝʟʠʯʥʦʾ ʣʽʥʽʾ ʙʫʜʝ 

ʚʽʜʧʦʚʽʜʘʪʠ ʧʦʚʦʨʦʪʫ ʧʣʦʱʠʥʠ ʧʦʣʷʨʠʟʘʮʽʾ ʚ ʦʨʪʦʛʦʥʘʣʴʥʠʡ  ʩʪʘʥ. 

 

ʈʠʩ. 5.19. ɺʽʟʫʘʣʽʟʘʮʽʷ ʚʠʱʝ ʚʠʟʥʘʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

 

ʇʦʧʝʨʝʜʥʽ ʜʚʘ ʨʦʟʜʽʣʠ ʜʘʶʪʴ ʜʦʩʪʘʪʥʴʦ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʨʦʟʫʤʽʥʥʷ 

ʝʬʝʢʪʽʚ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʚʪʨʘʪ ʪʘ ʇʄɼ. 

ʉʪʦʢʩʘ ʥʘ ʩʬʝʨʽ ʇʫʘʥʢʘʨʝʆʜʥʘʢ ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ 

ʨʦʙʦʪʠ ʜʣʷ ʚʦʣʦʢʦʥʥʦʾ ʦʧʪʠʢʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʦʙʯʠʩʣʝʥʥʷʤʠ ɼʞʦʥʩʘ ʪʘ 

ʄʶʣʣʝʨʘ.  

ʄʦʞʥʘ ʧʦʢʘʟʘʪʠ [5.67], ʱʦ ʚʝʢʪʦʨʠ ɼʞʦʥʩʘ ʡ ʉʪʦʢʩʘ ʧʦʚ'ʷʟʘʥʽ ʟ 

ʤʘʪʨʠʮʷʤʠ ʩʧʽʥʘ ʇʘʫʣʽ
1
. ʎʝʡ ʨʦʟʨʘʭʫʥʦʢ ʧʦʣʷʨʠʟʘʮʽʾ ʥʘ ʙʘʟʽ ʩʧʽʥ-ʚʝʢʪʦʨʽʚ 

[5.66] ʙʫʚ ʚʧʝʨʰʝ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʭ ʭʚʠʣʴ ʚ [5.67], ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʙʫʚ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ ʢʦʥʪʝʢʩʪʽ ʨʦʟʛʣʷʜʫ ʝʬʝʢʪʫ ʇʄɼ 

[5.68] ʽ ʜʝʱʦ ʧʽʟʥʽʰʝ ʨʦʟʰʠʨʝʥʦ ʜʣʷ ʦʧʠʩʫ ʧʦʰʠʨʝʥʥʷ ʦʧʪʠʯʥʦʾ ʬʘʟʠ 

[5.69]. 
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ʎʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʨʦʟʛʣʷʜʫ ʈʏ ʘʥʘʣʦʛʦʚʠʭ 

ʦʧʪʠʯʥʠʭ ʣʽʥʽʡ ʟ ʬʘʟʦʚʦʶ ʤʦʜʫʣʷʮʽʻʶ [5.70],  ʘ ʾʭ ʨʝʟʫʣʴʪʘʪʠ  

ʧʨʦʜʦʚʞʫʶʪʴ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʦʙʣʘʩʪʽ ʦʧʪʠʯʥʦʛʦ ʟʚ'ʷʟʢʫ 

[5.71]. 

ʇʦʣʷʨʠʟʘʮʽʡʥʽ ʚʪʨʘʪʠ (ʈ$,) ʚ ʦʧʪʠʯʥʽʡ ʢʦʤʧʦʥʝʥʪʥʽʡ ʙʘʟʽ ʧʦʚ'ʷʟʘʥʽ ʟ 

ʚʪʨʘʪʘʤʠ ʧʨʠ ʧʝʨʝʜʘʯʽ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʪʘʥʫ ʧʦʣʷʨʠʟʘʮʽʾ ʚʭʽʜʥʦʛʦ 

ʩʠʛʥʘʣʫ. ɯʩʥʫʻ ʙʝʟʣʽʯ ʬʽʟʠʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʷʢʽ ʻ ʜʞʝʨʝʣʦʤ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ 

ʚʪʨʘʪ, ʥʘʧʨʠʢʣʘʜ ʷʚʠʱʝ ʜʠʭʨʦʾʟʤʫ. ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʜʞʝʨʝʣʘ ʚʦʥʠ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ [5.66]: 

ὖὈὒ̅ ḳˎρπὰέÇ                  (5.57) 

ʜʝ ὖ ̓ ́ὖ  - ʤʘʢʩʠʤʘʣʴʥʘ ʡ ʤʽʥʽʤʘʣʴʥʘ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ 

ʦʧʪʠʯʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠ ʬʽʢʩʦʚʘʥʦʤʫ ʟʥʘʯʝʥʥʽ ʚʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʘ 

ʚʠʤʽʨʶʻʪʴʩʷ ʜʣʷ ʚʩʽʭ ʩʪʘʥʽʚ ʧʦʣʷʨʠʟʘʮʽʾ. ʅʘʧʨʠʢʣʘʜ, ʽʜʝʘʣʴʥʠʡ 

ʧʦʣʷʨʠʟʘʪʦʨ ʙʫʜʝ ʧʦʚʥʽʩʪʶ ʧʦʩʣʘʙʣʶʚʘʪʠ ʦʜʥʠʥ ʧʦʣʷʨʠʟʘʮʽʡʥʠʡ ʩʪʘʥ, ʚ 

ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ  ὖ π  ̓  ́ ὖὈὒO ЊȢ ʇʦʣʷʨʠʟʘʮʽʡʥʽ ʚʪʨʘʪʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʷʢ ʚʝʢʪʦʨ ɼʞʦʥʩʘ ʘʙʦ ʚ ʧʨʦʩʪʦʨʽ ʉʪʦʢʩʘ ʚ ʥʘʧʨʷʤʢʫ 

ʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʩʪʘʥʫ, ʷʢʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʈmax. 

ʇʦʣʷʨʠʟʘʮʽʷ, ʧʦʚ'ʷʟʘʥʘ ʟ ὖ , ʙʫʜʝ ʟʘʚʞʜʠ ʦʨʪʦʛʦʥʘʣʴʥʦʶ ʜʦ 

ʚʝʢʪʦʨʫ ʈDL. ɺʝʣʠʯʠʥʘ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʚʪʨʘʪ ʚ ʩʫʯʘʩʥʦʤʫ ʦʧʪʠʯʥʦʤʫ 

ʚʦʣʦʢʥʽ ʚʢʨʘʡ ʥʠʟʴʢʘ, ʘʣʝ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʯʥʠʤʠ ʫ ʽʥʰʠʭ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ɿʦʢʨʝʤʘ, ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʚʪʨʘʪʠ ʤʦʞʫʪʴ 

ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʬʣʫʢʪʫʘʮʽʾ ʩʪʘʥʽʚ ʧʦʣʷʨʠʟʘʮʽʾ ʚ ʬʣʫʢʪʫʘʮʽʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, 

ʷʢʽ ʥʘʜʘʣʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʟ IMDD. 

ɯʩʥʫʻ ʙʝʟʣʽʯ ʰʣʷʭʽʚ ʚʠʥʠʢʥʝʥʥʷ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʬʣʫʢʪʫʘʮʽʡ, 

ʥʘʧʨʠʢʣʘʜ ʧʦʣʷʨʠʟʘʮʽʡʥʘ ʤʦʜʦʚʘ ʜʠʩʧʝʨʩʽʷ, ʷʢʘ ʥʠʞʯʝ ʙʫʜʝ ʢʦʨʦʪʢʦ 

ʨʦʟʛʣʷʥʫʪʘ. 

ʇʦʣʷʨʠʟʘʮʽʡʥʽ ʚʪʨʘʪʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʥʘ ʛʨʘʥʠʮʽ ʨʦʟʜʽʣʫ ʦʧʪʠʯʥʦʛʦ 

ʚʦʣʦʢʥʘ ʪʘ ʧʦʚʽʪʨʷ, ʥʘʧʨʠʢʣʘʜ ʧʨʠ ʚʚʝʜʝʥʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʬʦʪʦʜʽʦʜʠ, 
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ʚʠʢʣʠʢʘʶʪʴ ʧʦʚ'ʷʟʘʥʽ ʟ ʬʣʫʢʪʫʘʮʽʷʤʠ ʧʦʣʷʨʠʟʘʮʽʾ ʢʦʣʠʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʽʜʩʠʣʝʥʥʷ ʈʏ-ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜʽ ʣʽʥʽʾ. ʊʘʢʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʟʥʠʞʫʻ 

ʯʫʪʣʠʚʽʩʪʴ ʤʘʣʦʰʫʤʥʠʭ ʘʥʘʣʦʛʦʚʠʭ ʬʦʪʦʥʥʠʭ ʣʽʥʽʡ, ʢʦʪʨʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʘʜʽʦʘʩʪʨʦʥʦʤʽʾ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʠʭ ʚʠʤʘʛʘʻʪʴʩʷ 

ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʧʽʜʩʠʣʝʥʥʷ [5.72]. 

ʇʦʣʷʨʠʟʘʮʽʡʥʦ-ʟʘʣʝʞʥʝ ʧʽʜʩʠʣʝʥʥʷ (PDG) ʚʠʥʠʢʘʻ ʚ ʦʧʪʠʯʥʠʭ 

ʧʽʜʩʠʣʶʚʘʯʘʭ, ʥʘʧʨʠʢʣʘʜ ʚ ɽɺʇ [5.73], ʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʣʫʢʪʫʘʮʽʡ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚ ʣʽʥʽʷʭ ʙʝʟ ʟʙʝʨʝʞʝʥʥʷ ʩʪʘʥʫ ʧʦʣʷʨʠʟʘʮʽʾ ʭʚʠʣʽ, ʱʦ 

ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ. ɼʦ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʚʪʨʘʪ ʩʧʨʠʡʥʷʪʣʠʚʽ ʣʽʥʽʾ ʟ 

ʧʦʣʷʨʠʟʘʮʽʡʥʦʶ ʤʦʜʫʣʷʮʽʻʶ [5.74], ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʘʚʤʠʨʘʥʴ ʪʘ 

ʩʧʦʪʚʦʨʝʥʴ. ʗʢ ʟʘʟʥʘʯʝʥʦ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ, ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʚʪʨʘʪʠ 

ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʩʧʽʣʴʥʦ ʟ ʽʥʰʠʤʠ ʝʬʝʢʪʘʤʠ ʧʦʰʠʨʝʥʥʷ [5.75], ʪʘʢʠʤʠ ʷʢ 

ʇʄɼ, ʪʘ ʩʪʚʦʨʶʚʘʪʠ ʟʥʘʯʥʝ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʬʦʪʦʥʥʠʭ ʣʽʥʽʡ ʧʝʨʝʜʘʯʽ. 

ʇʦʣʷʨʠʟʘʮʽʡʥʘ ʤʦʜʦʚʘ ʜʠʩʧʝʨʩʽʷ [5.76] ʷʚʣʷʻ ʩʦʙʦʶ ʨʝʟʫʣʴʪʘʪ 

ʚʠʧʘʜʢʦʚʠʭ ʬʣʫʢʪʫʘʮʽʡ ʣʽʥʽʡʥʦʛʦ ʜʚʦʧʨʦʤʝʥʝʚʦʛʦ ʟʘʣʦʤʣʝʥʥʷ (ʟʘʣʝʞʥʽʩʪʴ 

ʚʽʜ ʧʦʣʷʨʠʟʘʮʽʾ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʣʦʤʣʝʥʥʷ) ʚ ʚʦʣʦʢʥʽ. ɸʥʘʣʽʟ ʇʄɼ ʻ ʚʢʨʘʡ 

ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ. ʈʘʥʥʽ ʨʦʙʦʪʠ ʥʘ ʪʝʤʫ ʩʪʘʪʠʩʪʠʢʠ ʝʬʝʢʪʫ ʇʄɼ ʙʫʣʠ 

ʚʠʢʦʥʘʥʽ ʚ [5.76], ʚ ʧʦʜʘʣʴʰʦʤʫ ʮʝʡ ʝʬʝʢʪ ʙʫʚ ʨʦʟʛʣʷʥʫʪʠʡ ʚ ʨʦʙʦʪʘʭ 

ʥʘʚʯʘʣʴʥʦʛʦ ʧʣʘʥʫ [5.68], [5.66]. ɿʦʢʨʝʤʘ, ʚ [5.68] ʧʨʝʜʩʪʘʚʣʝʥʦ ʭʦʨʦʰʝ 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʩʥʦʚʥʠʭ ʤʦʜʝʣʝʡ ʇʄɼ ʪʘ ʾʭ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ. ɺ ʦʩʥʦʚʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʣʝʞʠʪʴ ʧʨʠʥʮʠʧ, ʱʦ ʽʩʥʫʻ ʜʚʘ ʚʣʘʩʥʠʭ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʩʪʘʥʠ 

ʧʦʣʷʨʠʟʘʮʽʾ, ʷʢʽ ʥʝ ʟʤʽʥʶʶʪʴʩʷ ʧʽʩʣʷ ʧʦʰʠʨʝʥʥʷ ʚ ʫʞʝ ʟʛʘʜʫʚʘʥʦʤʫ 

ʚʦʣʦʢʦʥʥʦʤʫ ʪʨʘʢʪʽ. ʈʽʟʥʠʮʷ ʚ ʯʘʩʽ ʧʦʰʠʨʝʥʥʷ ʤʽʞ ʮʠʤʠ ʜʚʦʤʘ ʚʣʘʩʥʠʤʠ 

ʩʪʘʥʘʤʠ, ʽʥʘʢʰʝ ʜʠʬʝʨʝʥʮʽʡʥʘ ʛʨʫʧʦʚʘ ʟʘʪʨʠʤʢʘ (DGD), ʻ ʤʘʢʩʠʤʫʤʦʤ ʜʣʷ 

ʮʠʭ ʜʚʦʭ ʩʪʘʥʽʚ. 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 5.20, ʜʘʥʽ ʚʣʘʩʥʽ ʩʪʘʥʠ ʟʘʟʚʠʯʘʡ ʧʦʟʥʘʯʘʶʪʴʩʷ ʷʢ 

ʰʚʠʜʢʘ ʪʘ ʧʦʚʽʣʴʥʘ ʦʩʽ ʡ ʥʝ ʦʙʦʚ'ʷʟʢʦʚʦ ʟʙʽʛʘʶʪʴʩʷ ʟ ʥʘʧʨʷʤʢʘʤʠ ʭ ʪʘ ʫ. 

ɸʥʘʣʽʟ ʇʄɼ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʢʪʦʨʘ ʇʄɼ  †ǰ, ʤʦʜʫʣʴ ʷʢʦʛʦ Ў† 

ʜʦʨʽʚʥʶʻ DGD, ʘ ʥʘʧʨʷʤʦʢ ʟʙʽʛʘʻʪʴʩʷ ʟ ʧʦʚʽʣʴʥʦʶ ʚʽʩʩʶ ʚ ʩʪʦʢʩʦʚʦʤʫ 
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ʧʨʦʩʪʦʨʽ. ɼʣʷ ʚʦʣʦʢʦʥ ʜʦʚʞʠʥʦʶ ʙʘʛʘʪʦ ʙʽʣʴʰʝ 10 ʤ ʟʥʘʯʝʥʥʷ DGD ʤʦʞʝ 

ʙʫʪʠ ʘʧʨʦʢʩʠʤʫʚʘʪʠ [5.1]: 

Ў† ὈЍὒ,      (5.58) 

ʜʝ Ὀ - ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʇʄɼ. 

 

ʈʠʩ.5.20 ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʦʣʷʨʠʟʘʮʽʡʥʦʾ ʤʦʜʦʚʦʾ ʜʠʩʧʝʨʩʽʾ  

ʥʘ ʚʭʦʜʽ (ʘ) ʪʘ ʚʠʭʦʜʽ (ʙ) 

 

ɺ ʜʘʥʠʡ ʯʘʩ ʷʚʠʱʝ ʇʄɼ ʚ ʚʦʣʦʢʥʽ ʘʢʪʠʚʥʦ ʚʠʚʯʘʻʪʴʩʷ [5.75], ʽ ʚʦʥʦ 

ʤʦʞʝ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʪʠʩʷ ʜʣʷ ʚʦʣʦʢʦʥ ʨʽʟʥʠʭ ʪʠʧʽʚ. ʅʘʧʨʠʢʣʘʜ, ʇʄɼ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 

0,1 ʧʩ/Ѝ̋  ̍ [5.7],  ʚ ʩʚʦʶ ʯʝʨʛʫ, ʜʣʷ ʚʦʣʦʢʥʘ, ʣʝʛʦʚʘʥʦʛʦ ʝʨʙʽʻʤ, ʮʝ 

ʟʥʘʯʝʥʥʷ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 7,5 ʧʩ /Ѝ̋  ̍[5.29].  

ɿʘʚʤʠʨʘʥʥʷ ʩʠʛʥʘʣʫ ʚ ʚʦʣʦʢʥʽ ʯʝʨʝʟ ʇʄɼ, ʧʦʜʽʙʥʦ ʝʬʝʢʪʘʤ 

ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʦʛʦ ʧʦʰʠʨʝʥʥʷ [5.76], ʻ ʩʝʨʡʦʟʥʦʶ ʧʨʦʙʣʝʤʦʶ ʜʣʷ 

ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʽ. ɺʽʜʥʦʩʥʦ ʤʝʥʰʝ ʯʠʩʣʦ ʧʫʙʣʽʢʘʮʽʡ ʚʽʜʦʤʦ 

ʩʪʦʩʦʚʥʦ ʘʥʘʣʦʛʦʚʠʭ ʩʠʩʪʝʤ, ʚ ʷʢʠʭ ʷʚʠʱʝ ʇʄɼ ʪʘʢʦʞ ʚʠʢʣʠʢʘʻ 

ʟʘʚʤʠʨʘʥʥʷ ʡ ʩʧʦʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ [5.68]. ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ, ʝʬʝʢʪʠ 

PMD ʤʦʞʫʪʴ ʤʘʪʠ ʩʢʣʘʜʥʠʡ ʭʘʨʘʢʪʝʨ. ɯʥʰʽ ʨʦʙʦʪʠ ʧʦʚ'ʷʟʘʥʽ ʟ 

ʜʦʩʣʽʜʞʝʥʥʷʤ ʥʘʟʚʘʥʦʾ ʇʄɼ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʯʘʩʪʦʪʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʇʄɼ 

(Ὠ†ǰὨϳ ) ʷʢʘ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʫʩʢʣʘʜʥʝʥʥʷ ʟʘʚʜʘʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʟ 

ʧʦʣʷʨʠʟʘʮʠʡʥʦ ʟʘʣʝʞʥʠʤʠ ʝʬʝʢʪʘʤʠ ʚʥʘʩʣʽʜʦʢ ʭʨʦʤʘʪʠʯʥʦʾ ʜʠʩʧʝʨʩʽʾ 

[5.78]. ʅʘ ʜʦʜʘʪʦʢ ʜʦ ʚʠʱʝ ʩʢʘʟʘʥʦʛʦ ʇʄɼ ʤʦʞʝ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʽʥʰʠʤʠ 

ʥʝʣʽʥʽʡʥʠʤʠ ʷʚʠʱʘʤʠ [5.82] ʪʘ ʝʬʝʢʪʘʤʠ ʧʦʰʠʨʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, 

ʚʥʘʩʣʽʜʦʢ ʇʄɼ ʬʘʟʦ-ʤʦʜʫʣʴʦʚʘʥʠʡ ʦʧʪʠʯʥʠʡ ʩʠʛʥʘʣ ʤʦʞʝ ʧʝʨʝʪʚʦʨʠʪʠʩʷ 

ʚ ʧʦʣʷʨʠʟʘʮʽʡʥʦ-ʤʦʜʫʣʴʦʚʘʥʠʡ, ʷʢʠʡ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʥʘʩʣʽʜʦʢ 
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ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʚʪʨʘʪ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʪʚʦʨʝʥʠʡ ʚ ʤʦʜʫʣʷʮʽʶ ʧʦ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ [5.83]. 

ʉʠʛʥʘʣʠ ʥʝ ʟʤʽʥʶʶʪʴ  ʧʦʣʷʨʠʟʘʮʽʶ ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʩʝʨʝʜʦʚʠʱʘ, 

ʘʣʝ ʟʩʫʚʘʶʪʴʩʷ ʚ ʯʘʩʽ ʥʘ Ў†. ʗʚʠʱʘ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʚʪʨʘʪ ʪʘ ʇʄɼ ʻ 

ʥʘʩʣʽʜʢʦʤ ʣʽʥʽʡʥʦʛʦ ʧʦʜʚʽʡʥʦʛʦ ʧʨʦʤʝʥʝʟʘʣʦʤʣʝʥʥʷ ʚʦʣʦʢʥʘ. ʅʝʣʽʥʽʡʥʝ 

ʜʚʦʧʨʦʤʝʥʝʚʝ ʟʘʣʦʤʣʝʥʥʷ ʤʦʞʝ ʩʪʘʪʠ ʧʨʠʯʠʥʦʶ ʧʦʜʘʣʴʰʠʭ ʧʨʦʙʣʝʤ, 

ʦʩʦʙʣʠʚʦ ʜʣʷ ʧʦʣʷʨʠʟʘʮʽʡʥʦʾ ʢʨʦʩ-ʤʦʜʫʣʷʮʽʾ. ɺʚʝʜʝʥʝ ʚ ʧʽʜʨʦʟʜʽʣʽ 5.7 

ʧʦʥʷʪʪʷ ʥʝʣʽʥʽʡʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʬʽʢʩʦʚʘʥʫ 

ʧʦʣʷʨʠʟʘʮʽʶ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝʣʽʥʽʡʥʘ ʯʘʩʪʠʥʘ (5.50) ʤʦʞʝ ʙʫʪʠ 

ʨʦʟʙʠʪʘ ʥʘ ʜʚʽ ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʩʢʣʘʜʦʚʽ [5.1]: 

  Ўὲ ὲ ȿὉȿ
ς

σ
Ὁ ȟ   Ўὲ ὲ Ὁ

ς

σ
ȿὉȿ         υȢυω 

ɯʟ (5.59) ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʘʨʘʤʝʪʨ ʥʝʣʽʥʽʡʥʦʛʦ ʤʦʜʦʚʦʛʦ 

ʜʚʦʧʨʦʤʝʥʝʚʦʛʦ ʟʘʣʦʤʣʝʥʥʷ, |(ʧʭ- ʧ)|. ʋ ʙʘʛʘʪʦʭʚʠʣʴʦʚʽʡ ʩʠʩʪʝʤʽ ʚʥʘʩʣʽʜʦʢ 

ʥʝʣʽʥʽʡʥʦʛʦ ʜʚʦʧʨʦʤʝʥʝʚʦʛʦ ʟʘʣʦʤʣʝʥʥʷ ʤʦʜʫʣʷʮʽʷ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚ 

ʦʜʥʦʤʫ ʢʘʥʘʣʽ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʤʦʜʫʣʷʮʽʾ ʧʦʣʷʨʠʟʘʮʽʾ ʚ ʽʥʰʠʭ ʢʘʥʘʣʘʭ. 

ɺʝʣʠʯʝʟʥʘ ʢʽʣʴʢʽʩʪʴ ʩʠʥʦʥʽʤʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʧʠʩʫ ʮʴʦʛʦ ʝʬʝʢʪʫ. 

ʅʘʧʨʠʢʣʘʜ, ʧʝʨʝʨʘʭʦʚʘʥʽ ʚ [5.74] ʚʢʣʶʯʘʶʪʴ ʧʦʣʷʨʠʟʘʮʽʡʥʫ ʢʨʦʩ-

ʤʦʜʫʣʷʮʽʶ, ʦʧʪʠʯʥʠʡ ʝʬʝʢʪ ʂʝʨʨʘ ʽ ʜʝʧʦʣʷʨʠʟʘʮʽʶ ʚʥʘʩʣʽʜʦʢ ʌʂʄ. ʇʨʦʪʝ 

ʧʦʪʨʽʙʥʽ ʘʥʘʣʽʪʠʯʥʽ ʪʨʘʢʪʫʚʘʥʥʷ ʮʴʦʛʦ ʝʬʝʢʪʫ, ʷʢʽ ʥʝʤʦʞʣʠʚʦ ʧʝʨʝʜʙʘʯʠʪʠ 

ʟ ʜʦʧʦʤʦʛʦʶ (5.59). ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʙʝʟʣʽʯ ʜʦʩʣʽʜʞʝʥʴ, 

ʧʨʠʩʚʷʯʝʥʠʭ ʦʧʪʠʯʥʦʤʫ ʝʬʝʢʪʫ ʂʝʨʨʘ ʚ ʥʘʜʰʚʠʜʢʽʩʥʠʭ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ [5.75], [5.76]. ɺʠʚʯʝʥʥʷ ʇʄɼ ʩʪʘʻ 

ʚʘʞʣʠʚʦʶ ʪʝʤʦʶ ʚ ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯʽ ʟʘʚʜʷʢʠ ʪʝʥʜʝʥʮʽʷʤ 

ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ (ʯʘʩʪʦʪʥʦʛʦ ʢʦʥʪʝʥʪʫ) ʪʘ ʨʦʟʚʠʪʢʫ 

ʤʝʪʦʜʽʚ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ʧʦ ʧʦʣʷʨʠʟʘʮʽʾ. ɺʠʱʝ ʩʢʘʟʘʥʝ ʩʧʨʘʚʝʜʣʠʚʦ ʡ 

ʜʣʷ ʘʥʘʣʦʛʦʚʠʭ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʣʽʥʽʡ ʧʝʨʝʜʘʯʽ, ʚ ʷʢʠʭ ʚʧʣʠʚ ʝʬʝʢʪʽʚ 

ʧʦʣʷʨʠʟʘʮʽʡʥʦʾ ʤʦʜʦʚʦʾ ʜʠʩʧʝʨʩʽʾ ʤʘʪʠʤʝ ʩʫʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʚ ʣʽʥʽʷʭ 

ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ ʜʫʞʝ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ ʪʘ/ʘʙʦ ʚ ʣʽʥʽʷʭ ʥʘ ʙʘʟʽ ʢʦʜʫʚʘʥʥʷ 

ʧʦʣʷʨʠʟʘʮʽʾ.  
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ɿʘʧʠʪʘʥʥʷ ʜʣʷ ʢʦʥʪʨʦʣʶ 

 

1. ʇʨʠʯʠʥʠ ʚʠʥʠʢʥʝʥʥʷ ʧʦʣʷʨʠʟʘʮʽʾ ʚ ʜʽʝʣʝʢʪʨʠʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ? 

2. ʗʢʠʡ ʝʬʝʢʪ ʥʘʟʠʚʘʻʪʴʩʷ ʜʚʦʧʨʦʤʝʥʝʚʠʤ ʟʘʣʦʤʣʝʥʥʷʤ ʽ ʜʦ ʯʦʛʦ ʚʽʥ 

ʧʨʠʟʚʦʜʠʪʴ? 

3. ʑʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʷʚʠ ʬʘʟʦʚʦʾ ʩʘʤʦʤʦʜʫʣʷʮʽʽ ʪʘ ʬʘʟʦʚʦʾ 

ʢʨʦʩ-ʤʦʜʫʣʷʮʽʾ? 

4. ʆʩʦʙʣʠʚʦʩʪʽ ʟʚʦʨʦʪʥʴʦʛʦ ʨʝʣʝʾʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ. 

5. ɺ ʷʢʠʭ ʚʠʧʘʜʢʘʭ ʻ ʚʘʞʣʠʚʦʶ ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʤʽʥʘ ʧʦʢʘʟʥʠʢʘ 

ʟʘʣʦʤʣʝʥʥʷ? 

6. ʗʢʠʡ ʧʘʨʘʤʝʪʨ ʚʧʣʠʚʘʻ ʥʘ ʬʘʟʦʚʫ ʩʪʘʙʽʣʴʥʽʩʪʴ  ʨʘʜʽʦʩʠʛʥʘʣʫ ʥʘ 

ʚʠʭʦʜʽ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ? 

7. ʗʢʠʤ ʯʠʥʦʤ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʢʫʪ ʙʨʽʣʣʶʝʥʽʚʩʴʢʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ? 

8. ɺʠʜʠ ʙʘʛʘʪʦʤʦʜʦʚʠʭ ʦʧʪʠʯʥʠʭ ʚʦʣʦʢʦʥ? 

9. ʗʢʠʤ ʯʠʥʦʤ ʚʠʟʥʘʯʠʪʠ ʦʜʥʦʤʦʜʦʚʽʩʪʴ ʚʦʣʦʢʥʘ? 

10. ʇʦʷʩʥʠʪʠ ʨʽʟʥʠʮʶ ʤʽʞ ʧʨʦʮʝʩʦʤ ʈʘʤʘʥʽʚʩʴʢʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʟ 

ʨʦʟʩʽʶʚʘʥʥʷʤ ɹʨʽʣʣʶʝʥʘ. 

11. ʗʢʽ ʧʨʠʯʠʥʠ ʚʠʢʣʠʢʘʶʪʴ ʬʘʟʦʚʫ ʤʦʜʫʣʷʮʽʶ ʩʠʛʥʘʣʫ, ʷʢʠʡ 

ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʫ ʚʦʣʦʢʥʽ? 

12. ʇʦʷʩʥʠʪʠ ʤʝʭʘʥʽʟʤ ʫʪʚʦʨʝʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʝʨʝʰʢʦʜ ʜʣʷ ʣʽʥʽʾ ʟ 

ʬʘʟʦʚʦʶ ʤʦʜʫʣʷʮʽʻʶ. 

13. ʏʦʪʠʨʴʦʭʭʚʠʣʴʦʚʠʡ ʝʬʝʢʪ ʟʤʽʰʫʚʘʥʥʷ. 

14. ʑʦ ʩʦʙʦʶ ʷʚʣʷʻ ʧʦʣʷʨʠʟʘʮʽʡʥʘ ʤʦʜʦʚʘ ʜʠʩʧʝʨʩʽʷ? 
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ʈʆɿɼɯʃ 6. ɿʆɺʅɯʐʅʗ ʄʆɼʋʃʗʎɯʗ ʇʆ ɯʅʊɽʅʉʀɺʅʆʉʊɯ ɿ 

ʇʈʗʄʀʄ ɼɽʊɽʂʊʋɺɸʅʅʗʄ 

 

 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʟ ʟʦʚʥʽʰʥʴʦʶ 

ʤʦʜʫʣʷʮʽʻʶ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ  ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʦʜʫʣʷʪʦʨʘ  

ʄʘʭʘ-ʎʘʥʜʝʨʘ (ʄʄʎ) ʡ ʧʨʷʤʠʤ ʜʝʪʝʢʪʫʚʘʥʥʷʤ. ʌʦʨʤʘʪ IMDD ʽʟ 

ʟʦʚʥʽʰʥʽʤ ʄʄʎ, ʤʦʞʣʠʚʦ, ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ  ʚ ʜʘʥʠʡ ʯʘʩ, ʪʦʤʫ ʥʠʞʯʝ ʚʦʥʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʜʝʪʘʣʴʥʦ. ʋ 

ʧʽʜʨʦʟʜʽʣʽ 6.1 ʥʘʚʦʜʠʪʴʩʷ, ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ, ʷʢʽʩʥʠʡ ʦʧʠʩ ʪʘʢʠʭ ʣʽʥʽʡ ʟ ʤʝʪʦʶ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʪʫʾʪʠʚʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʾʭ ʨʦʙʦʪʠ. ʂʽʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ ʣʽʥʽʡ 

ʧʝʨʝʜʘʯʽ ʟ IMDD ʥʘ ʙʘʟʽ ʄʄʎ ʜʘʻʪʴʩʷ ʚ ʧʽʜʨʦʟʜʽʣʘʭ 6.2 ʪʘ 6.3. 

ɸʥʘʣʽʟ ʬʦʢʫʩʫʻʪʴʩʷ ʥʘ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʦʧʠʩʽ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʘʥʘʣʦʛʦʚʦʾ ʣʽʥʽʾ ʟ ʥʘʚʝʜʝʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʪʝʦʨʽʶ. ʋ ʧʽʜʨʦʟʜʽʣʽ 6.3.4 ʚʚʦʜʷʪʴʩʷ ʜʝʷʢʽ ʧʨʘʚʠʣʘ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʮʠʭ ʣʽʥʽʡ. ʈʽʚʥʷʥʥʷ ʧʨʠʚʦʜʷʪʴʩʷ ʚ ʣʽʥʽʡʥʦʤʫ ʪʘ 

ʣʦʛʘʨʠʬʤʽʯʥʦʤʫ (ʜʝʮʠʙʝʣʴʥʦʤʫ) ʚʠʛʣʷʜʘʭ, ʱʦ ʩʧʨʦʱʫʻ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ. ʊʝʤʦʶ ʧʽʜʨʦʟʜʽʣʫ 6.4 ʻ ʚʧʣʠʚ ʬʦʪʦʜʝʪʝʢʪʦʨʘ, 

ʷʢʠʡ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʦʙʤʝʞʝʥʥʷ ʷʢʦʩʪʽ ʧʝʨʝʜʘʥʠʭ ʩʠʛʥʘʣʽʚ. ʉʭʝʤʠ ʜʣʷ 

ʣʽʥʝʘʨʠʟʘʮʽʾ ʯʘʩʪʦʪʥʦ-ʤʦʜʫʣʷʮʽʡʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʏʄʍ) ʨʦʟʛʣʷʥʫʪʽ ʚ 

ʧʽʜʨʦʟʜʽʣʽ 6.5. ʈʦʟʜʽʣ ʟʘʚʝʨʰʫʻʪʴʩʷ ʘʥʘʣʽʟʦʤ ʝʬʝʢʪʽʚ ʧʦʰʠʨʝʥʥʷ ʚ 

ʧʽʜʨʦʟʜʽʣʽ 6.6, ʷʢʠʡ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʤʘʪʝʨʽʘʣʽ ʨʦʟʜʽʣʫ 5. 

 

 

6.1. ʇʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʣʽʥʽʡ ʧʝʨʝʜʘʯʽ ʟ ʟʦʚʥʽʰʥʴʦʶ ʤʦʜʫʣʷʮʽʻʶ 

 

 

ʇʨʠʥʮʠʧʦʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʦʟʛʣʷʥʫʪʠʭ ʣʽʥʽʡ ʧʝʨʝʜʘʯʽ ʟ 

ʟʦʚʥʽʰʥʴʦʶ ʤʦʜʫʣʷʮʽʻʶ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʧʨʷʤʠʤ 
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ʜʝʪʝʢʪʫʚʘʥʥʷʤ ʻ ʣʘʟʝʨ, ʄʄʎ ʪʘ ʬʦʪʦʜʝʪʝʢʪʦʨ. ɺʩʽ ʚʦʥʠ ʙʫʣʠ ʚʚʝʜʝʥʽ ʚ 

ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʜʽʣʘʭ. ɿʦʢʨʝʤʘ, ʄʄʎ ʧʝʨʝʥʦʩʠʪʴ ʨʘʜʽʦʯʘʩʪʦʪʥʫ (ʈʏ) 

ʽʥʬʦʨʤʘʮʽʶ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘ ʬʦʪʦʜʝʪʝʢʪʦʨ 

ʧʝʨʝʪʚʦʨʶʻ ʩʠʛʥʘʣ ʥʘʟʘʜ ʚ ʝʣʝʢʪʨʠʯʥʠʡ ʜʽʘʧʘʟʦʥ. ʈʦʟʛʣʷʥʝʤʦ, ʥʘʩʘʤʧʝʨʝʜ, 

ʜʚʽ ʙʘʟʦʚʽ ʩʪʨʫʢʪʫʨʠ ʄʄʎ, ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 6.1. ʉʚʽʪʣʦ ʚʽʜ ʣʘʟʝʨʘ 

ʚʚʦʜʠʪʴʩʷ ʯʝʨʝʟ ʚʭʽʜʥʠʡ ʭʚʠʣʝʚʽʜ, ʷʢʠʡ ʜʽʣʠʪʴʩʷ ʥʘ ʜʚʘ ʧʣʝʯʘ, ʘ ʧʦʪʽʤ 

ʦʙ'ʻʜʥʫʻʪʴʩʷ ʥʘ ʚʠʭʦʜʽ. ɭʜʠʥʠʡ ʚʠʭʽʜ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʋ-

ʨʦʟʛʘʣʫʞʫʚʘʯʘ (ʨʠʩ. 6.1, ʘ). ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 6.1,6, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʄʄʎ 

ʟ ʜʚʦʤʘ ʚʠʭʦʜʘʤʠ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʩʧʨʷʤʦʚʘʥʠʡ ʚʽʜʛʘʣʫʞʫʚʘʯ. 

 

 

ʈʠʩ. 6.1. ɼʚʽ ʩʭʝʤʠ ʤʦʜʫʣʷʪʦʨʘ ʄʘʭʘ-ʎʘʥʜʝʨʘ (ʄʄʎ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘ ʚʠʭʦʜʽ 

ʟ'ʻʜʥʫʚʘʯʘ Y-ʪʠʧʫ (ʘ) ʪʘ ʩʧʨʷʤʦʚʘʥʦʛʦ ʚʽʜʛʘʣʫʞʫʚʘʯʘ (ʙ) 

 

ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʄʄʎ ʻ ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʡ  

ʢʨʠʩʪʘʣ LiNbOʟ. ʊʠʤ ʥʝ ʤʝʥʰʝ ʩʫʯʘʩʥʽ ʄʄʎ ʧʦʙʫʜʦʚʘʥʽ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʠʭ ʷʢ GaAs, Si ʪʘ ʧʦʣʽʤʝʨʽʚ. ʉʭʝʤʠ 

ʤʦʜʫʣʷʪʦʨʽʚ, ʷʢʽ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 6.1, ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʧʨʦʩʪʠʡ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨ ʄʘʭʘ-ʎʘʥʜʝʨʘ, ʷʢʠʡ ʚʠʧʣʠʚʘʻ ʟ ʾʭ ʥʘʟʚʠ. ɯʥʪʝʨʬʝʨʝʥʮʽʷ 

ʜʚʦʭ ʩʚʽʪʣʦʚʠʭ ʧʫʯʢʽʚ ʚ ʚʠʭʽʜʥʦʤʫ ʚʽʜʛʘʣʫʞʫʚʘʯʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭ ʚʽʜʥʦʩʥʦʾ 

ʬʘʟʠ ʚ ʪʦʯʮʽ ʨʝʢʦʤʙʽʥʘʮʽʾ. ʗʢʱʦ ʄʄʎ ʙʫʜʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʣʝʢʪʨʦʦʧʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʪʘʢʦʛʦ ʷʢ LiNb˛ , ʮʷ ʚʽʜʥʦʩʥʘ ʬʘʟʘ ʤʦʞʝ 

ʫʧʨʘʚʣʷʪʠʩʷ ʰʣʷʭʦʤ ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʧʨʫʛʠ ʜʦ ʦʜʥʦʛʦ ʘʙʦ ʦʙʦʭ ʧʣʝʯʝʡ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ. ʇʨʠʢʣʘʜʝʥʘ ʥʘʧʨʫʛʘ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠ ʧʦʢʘʟʥʠʢ 

ʟʘʣʦʤʣʝʥʥʷ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʙʫʜʝ ʨʝʛʫʣʶʚʘʪʠ ʬʘʟʫ. ʌʦʪʦʜʽʦʜʠ ʩʘʤʽ ʧʦ 

ʩʦʙʽ ʥʝ ʤʦʞʫʪʴ ʜʝʤʦʜʫʣʶʚʘʪʠ ʬʘʟʦ-ʤʦʜʫʣʴʦʚʘʥʠʡ ʩʠʛʥʘʣ, ʪʦʤʫ ʩʭʝʤʘ 
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ʄʄʎ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʦʦʧʪʠʯʥʦʾ ʬʘʟʦʚʦʾ 

ʤʦʜʫʣʷʮʽʾ ʚ ʤʦʜʫʣʷʮʽʶ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ʊʠʧʦʚʘ ʧʝʨʝʜʘʚʘʣʴʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʄʄʎ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 6.2 (ʜʠʚ. ʪʘʢʦʞ ʨʠʩ. 1.31). 

 

 

ʈʠʩ.6.2. ʊʠʧʦʚʽ ʧʝʨʝʜʘʚʘʣʴʥʽ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʄʄʎ. 

 

ʅʘ ʨʠʩʫʥʢʫ ʜʣʷ ʚʠʧʘʜʢʫ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʦʧʪʠʯʥʦʤʫ ʚʭʦʜʽ 

ʧʦʢʘʟʘʥʘ ʥʦʨʤʦʚʘʥʘ ʬʫʥʢʮʽʷ ʧʝʨʝʜʘʯʽ ʄʄʎ ʟ ʜʚʦʤʘ ʚʠʭʦʜʘʤʠ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʢʣʘʜʝʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʥʘʧʨʫʛʠ. ʇʦʚʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘ 

ʽʥʪʝʨʬʝʨʝʥʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ ʦʙ'ʻʜʥʘʥʠʭ ʩʠʛʥʘʣʽʚ ʚ ʬʘʟʽ, ʽ ʚ ʮʠʭ 

ʪʦʯʢʘʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʝʨʝʜʘʚʘʣʴʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʽʢ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ ʥʘ ʄʄʎ ʟ ʦʜʥʠʤ ʚʠʭʦʜʦʤ 

ʚʽʜʧʦʚʽʜʘʻ ʥʫʣʶ ʧʝʨʝʜʘʯʽ ʥʘ ʽʥʰʠʡ ʚʠʭʽʜ, ʪʦʙʪʦ ʪʦʯʮʽ ʧʦʚʥʦʾ ʜʝʩʪʨʫʢʪʠʚʥʦʾ 

ʽʥʪʝʨʬʝʨʝʥʮʽʾ. ʇʦʩʝʨʝʜʠʥʽ ʤʽʞ ʧʽʢʦʤ ʪʘ ʥʫʣʝʤ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ, ʚ ʪʘʢ 

ʟʚʘʥʽʡ ʢʚʘʜʨʘʪʫʨʥʽʡ ʪʦʯʮʽ, ʻ ʜʦʩʠʪʴ ʣʽʥʽʡʥʘ ʜʽʣʷʥʢʘ. ʅʘʧʨʫʛʘ ʟʩʫʚʫ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʤʦʞʝ ʙʫʪʠ ʧʽʜʽʙʨʘʥʘ ʪʘʢ, ʱʦʙ ʚʩʪʘʥʦʚʠʪʠ ʄʄʎ ʚ 

ʢʚʘʜʨʘʪʫʨʽ, ʪʘ ʦʪʨʠʤʘʪʠ ʜʦʩʪʘʪʥʴʦ ʣʽʥʽʡʥʫ ʤʦʜʫʣʷʮʽʶ ʦʧʪʠʯʥʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʠ ʧʦʜʘʯʽ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʫ. ʄʦʜʫʣʷʮʽʷ ʧʦ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘ ʚʠʭʦʜʽ ʄʄʎ ʤʦʞʝ ʙʫʪʠ ʣʝʛʢʦ ʧʝʨʝʪʚʦʨʝʥʘ ʥʘʟʘʜ ʚ 

ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ ʰʣʷʭʦʤ ʜʝʤʦʜʫʣʷʮʽʾ ʚ ʬʦʪʦʜʝʪʝʢʪʦʨʽ. ɺ ʄʄʎ ʟ ʜʚʦʤʘ 

ʚʠʭʦʜʘʤʠ ʬʦʨʤʫʶʪʴʩʷ ʤʦʜʫʣʴʦʚʘʥʽ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʧʪʠʯʥʽ ʩʠʛʥʘʣʠ ʟ 

ʚʽʜʥʦʩʥʦʶ ʨʽʟʥʠʮʝʶ ʬʘʟ 180Á, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʙʘʣʘʥʩʥʦʛʦ 

ʬʦʪʦ ʜʝʪʝʢʪʫʚʘʥʥʷ. 
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ʅʘ ʨʠʩ. 6.3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʚʘ ʤʝʪʦʜʠ ʧʦʜʘʯʽ ɺʏ-ʩʠʛʥʘʣʫ ʥʘ ʄʄʎ. 

ʆʙʠʜʚʘ ʄʄʎ, ʱʦ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 6.3, ʤʘʶʪʴ ʜʚʘ ʦʧʪʠʯʥʽ ʚʠʭʦʜʠ 

˒ ὸ ̓  ́˒Ϝὸ ʘʣʝ ʜʘʥʽ ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʪʘʢʦʞ ʜʦ ʄʄʎ ʟ 

ʦʜʥʠʤ ʚʠʭʦʜʦʤ. ʅʘ ʨʠʩ. 6.3Ɲ. ʧʦʢʘʟʘʥʦ ʚʘʨʽʘʥʪ ʧʦʜʘʯʽ ɺʏ-ʩʠʛʥʘʣʫ ὠ ὸ 

ʪʽʣʴʢʠ ʥʘ ʦʜʥʝ ʧʣʝʯʝ ʄʄʎ. ɺʘʨʽʘʥʪ ʟ ʧʦʜʘʯʝʶ ʩʠʛʥʘʣʫ ʥʘ ʦʙʠʜʚʘ ʧʣʝʯʘ, 

ʘʙʦ ʜʚʦʭʪʘʢʪʥʘ ʩʭʝʤʘ ʄʄʎ, ʽʣʶʩʪʨʫʻʪʴʩʷ ʥʘ ʨʠʩ. 6.3 ʙ. ʊʫʪ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ 

ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʜʽʣʠʪʴʩʷ ʧʦʨʽʚʥʫ ʤʽʞ ʜʚʦʤʘ ʧʣʝʯʠʤʘ, ʧʨʠ ʮʴʦʤʫ 

ʩʠʛʥʘʣʠ, ʱʦ ʧʨʠʢʣʘʜʘʶʪʴʩʷ ʜʦ ʢʦʞʥʦʛʦ ʧʣʝʯʘ, ʟʤʽʱʝʥʽ ʟʘ ʬʘʟʦʶ ʥʘ 180Á. 

ɽʣʝʢʪʨʠʯʥʽ ʧʦʣʷ ʥʘ ʚʠʭʦʜʽ ʄʄʎ ʟ ʧʽʜʚʝʜʝʥʥʷʤ ʩʠʛʥʘʣʫ ʥʘ ʦʜʥʝ ʘʙʦ ʦʙʠʜʚʘ 

ʧʣʝʯʘ ʧʦʨʽʚʥʶʶʪʴʩʷ ʚ ʧʽʜʨʦʟʜʽʣʽ 6.2. ʍʦʯʘ ʝʣʝʢʪʨʠʯʥʽ ʧʦʣʷ ʤʘʶʪʴ ʷʚʥʽ 

ʚʽʜʤʽʥʥʦʩʪʽ, ʚʠʜʥʦ, ʱʦ ɺʏ ʬʦʪʦʩʪʨʫʤʠ ʤʘʶʪʴ ʪʫ ʞ ʬʦʨʤʫ ʚ ʥʝʭʪʫʚʘʥʥʽ 

ʙʫʜʴ-ʷʢʠʭ ʝʬʝʢʪʽʚ ʧʦʰʠʨʝʥʥʷ. 

 

 

 

ʈʠʩ. 6.3. ʉʭʝʤʠ ʄʄʎ ʟ ʦʜʥʦʪʘʢʪʥʠʤ (ʘ) ʪʘ ʜʚʦʪʘʢʪʥʠʤ (ʙ) ʫʧʨʘʚʣʽʥʥʷʤ. 

 

ʊʨʠ ʪʠʧʠ IMDD-ʣ̔ ʥʽʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʦʚʥʽʰʥʽʡ ʄʄʎ, ʥʘʚʝʜʝʥʽ 

ʥʘ ʨʠʩ. 6.4-6.6. ʋ ʚʩʽʭ ʮʠʭ ʣʽʥʽʷʭ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʘʟʝʨʘ ʧʽʜʢʣʶʯʝʥʦ ʜʦ 

ʚʭʦʜʫ ʄʄʎ, ʷʢ ʧʨʘʚʠʣʦ, ʯʝʨʝʟ ʚʦʣʦʢʥʦ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʧʣʦʱʠʥʠ 

ʧʦʣʷʨʠʟʘʮʽʾ (ʈʄ-ʚʦʣʦʢʥʦ). 

ɺʦʣʦʢʥʦ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʧʦʣʷʨʠʟʘʮʽʾ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʫʟʛʦʜʞʝʥʥʷ 

ʣʘʟʝʨʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʟ ʥʘʣʝʞʥʦʶ ʚʽʩʩʶ ʢʨʠʩʪʘʣʫ LiNbOʟ. ɽʣʝʢʪʨʠʯʥʠʡ 

ʩʠʛʥʘʣ ʤʽʩʪʠʪʴ ʧʦʩʪʽʡʥʠʡ ʟʩʫʚ ʪʘ ɺʏ-ʩʠʛʥʘʣ; ʮʽ ʜʚʽ ʥʘʧʨʫʛʠ ʯʘʩʪʦ 
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ʧʦʜʘʶʪʴʩʷ ʥʘ ʦʢʨʝʤʽʝʣʝʢʪʨʦʜʠ, ʘʣʝ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʦʜʠʥ 

ʝʣʝʢʪʨʠʯʥʠʡ ʚʭʽʜ ʟʘ ʜʦʧʦʤʦʛʦ ʪʨʽʡʥʠʢʘ ʟʤʽʱʝʥʥʷ. ʅʘ ʨʠʩ. 6.4 ʧʦʢʘʟʘʥʦ 

ʦʧʪʠʯʥʫ ʣʽʥʽʶ ʧʝʨʝʜʘʯʽ ʟ ʦʜʥʠʤ ʚʠʭʦʜʦʤ ʪʘ ʜʝʤʦʜʫʣʷʮʽʻʶ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʜʥʦʛʦ ʬʦʪʦʜʽʦʜʘ. 

 

 

ʈʠʩ. 6.4. ʃʽʥʽʷ ʧʝʨʝʜʘʯʽ IMDD-ʪʠʧʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʄʄʎ ʟ ʦʜʥʠʤ ʚʠʭʦʜʦʤ ʪʘ 

ʦʜʠʥʦʯʥʦʛʦ ʬʦʪʦʜʽʦʜʘ 

 

 

ʈʠʩ. 6.5. ʃʽʥʽʷ ʧʝʨʝʜʘʯʽ IMDD-ʪʠʧʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʄʄʎ ʟ ʜʚʦʤʘ ʚʠʭʦʜʘʤʠ ʪʘ 

ʙʘʣʘʥʩʦʚʦʛʦ ʜʝʪʝʢʪʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʧʨʷʤʦʛʦ ʚʽʜʥʽʤʘʥʥʷ ʬʦʪʦʩʪʨʫʤʽʚ 

 

 

ʈʠʩ. 6.6. ʃ̔ ʥʽʷ ʧʝʨʝʜʘʯʽ IMDD-ʪʠʧʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʄʄʎ ʟ ʜʚʦʤʘ ʚʠʭʦʜʘʤʠ ʪʘ 

ʙʘʣʘʥʩʦʚʦʛʦ ʜʝʪʝʢʪʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ɺʏ ʧʨʦʪʠʬʘʟʥʦʛʦ ɻʄɿ. 

 

ɼʘʥʘ ʩʭʝʤʘ ʣʽʥʽʾ ʤʦʞʝ ʙʫʪʠ ʪʘʢʦʞ ʨʝʘʣʽʟʦʚʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʦʜʥʦʛʦ ʚʠʭʦʜʫ ʄʄʎ ʟ ʜʚʦʤʘ ʚʠʭʦʜʘʤʠ. ʆʙʠʜʚʘ ʚʠʭʦʜʠ ʪʘʢʦʛʦ ʄʄʎ 
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ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʣʽʥʽʡ ʟ ʙʘʣʘʥʩʥʠʤ ʜʝʪʝʢʪʫʚʘʥʥʷʤ 

ʘʙʦ ʩʠʤʝʪʨʠʯʥʠʭ ʣʽʥʽʡ (ʜʠʚ. ʨʠʩ. 6.5 ʪʘ 6.6). ʗʢ ʦʧʠʩʘʥʦ ʚ ʮʴʦʤʫ ʨʦʟʜʽʣʽ, 

ʩʠʤʝʪʨʠʯʥʽ ʣʽʥʽʾ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰ ʚʠʩʦʢʽ ʧʘʨʘʤʝʪʨʠ, ʥʽʞ ʣʽʥʽʾ ʟ 

ʦʜʥʠʤ ʚʠʭʦʜʦʤ, ʘʣʝ ʟʘ ʨʘʭʫʥʦʢ ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʚʦʭ ɺʏ ʬʘʟʦʫʟʛʦʜʞʝʥʠʭ 

ʚʦʣʦʢʦʥʥʠʭ ʪʨʘʢʪʽʚ. ʋ ʩʠʤʝʪʨʠʯʥʽʡ ʣʽʥʽʾ, ʧʦʢʘʟʘʥʦʾ ʥʘ ʨʠʩ. 6.5, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʬʦʪʦʜʽʦʜʠ, ʷʢʽ ʧʽʜʢʣʶʯʝʥʽ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʧʦʜʘʪʠ ʥʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʽʟʥʠʮʶ ʾʭ ʬʦʪʦʩʪʨʫʤʽʚ. ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʬʦʪʦʩʪʨʫʤʽʚ ʪʘʢʦʞ 

ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʦ ʨʘʜʽʦʯʘʩʪʦʪʥʝ ʧʨʦʪʠʬʘʟʥʝ ʛʽʙʨʠʜʥʝ ʤʦʩʪʦʚʝ 

ʟ'ʻʜʥʘʥʥʷ (ɻʄɿ), ʧʦʢʘʟʘʥʝ ʥʘ ʨʠʩ. 6.6. ʆʩʥʦʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʩʭʝʤʘʤʠ 

ʧʨʷʤʦʛʦ ʚʽʜʥʽʤʘʥʥʷ ʩʪʨʫʤʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ 

ʧʨʦʪʠʬʘʟʥʦʛʦ ɻʄɿ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʪʦʛʦ, ʱʦ ʦʩʪʘʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʻ ʤʝʥʰʫ 

ʧʨʦʧʫʩʢʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ, ʙʽʣʴʰ ʛʨʦʤʽʟʜʢʘ ʪʘ ʤʘʻ ʚʽʜʥʦʩʥʽ ʚʪʨʘʪʠ ʥʘ 3 ʜɹ 

ʙʽʣʴʰʝ. ʂʽʣʴʢʽʩʥʦʤʫ ʘʥʘʣʽʟʫ ʮʠʭ ʩʭʝʤ ʙʫʜʝ ʧʨʠʩʚʷʯʝʥʘ ʨʝʰʪʘ ʮʴʦʛʦ 

ʨʦʟʜʽʣʫ. 

 

 

6.2. ʇʝʨʝʜʘʯʘ ʩʠʛʥʘʣʫ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ 

 

 

ʉʧʦʯʘʪʢʫ ʧʨʦʚʝʜʝʤʦ ʘʥʘʣʽʟ ʣʽʥʽʡ ʧʝʨʝʜʘʯʽ IMDD-ʪʠʧʫ ʟ ʟʦʚʥʽʰʥʴʦʶ 

ʤʦʜʫʣʷʮʽʻʶ ʥʘ ʧʨʠʢʣʘʜʽ ʩʭʝʤ ʨʠʩ. 6.3. ɼʣʷ ʮʴʦʛʦ ʟʨʦʙʠʤʦ ʜʝʷʢʽ 

ʧʨʠʧʫʱʝʥʥʷ. ʇʦ-ʧʝʨʰʝ, ʧʨʠʧʫʩʪʠʤʦ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ 

ʩʢʘʣʷʨʥʠʡ ʧʦʣʴʦʚʠʡ ʘʥʘʣʽʟ, ʪʦʙʪʦ ʟʥʝʭʪʫʻʤʦ ʧʦʣʷʨʠʟʘʮʽʡʥʠʤʠ ʝʬʝʢʪʘʤʠ. 

ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ LiNbOʟ ʄʄʎ ʫ ʚʠʩʦʢʦʤʫ ʩʪʫʧʝʥʽ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʦʣʷʨʠʟʘʮʽʾ, ʘʣʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʥʘ ʡʦʛʦ ʚʭʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʈʄ-

ʚʦʣʦʢʥʦ ʟ ʥʘʣʝʞʥʠʤ ʫʟʛʦʜʞʝʥʥʷʤ. ʇʦ-ʜʨʫʛʝ, ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ 

ʢʦʝʬʽʮʽʻʥʪʠ ʟʚ'ʷʟʢʫ ʚʭʽʜʥʦʛʦ ʪʘ ʚʠʭʽʜʥʦʛʦ ʨʦʟʛʘʣʫʞʫʚʘʯʽʚ ʩʭʝʤʠ ʄʄʎ ʚ 

ʪʦʯʥʦʩʪʽ ʨʽʚʥʽ 50%. ɼʘʥʝ ʧʨʠʧʫʱʝʥʥʷ ʮʽʣʢʦʤ ʨʝʘʣʴʥʦ ʜʣʷ ʪʠʧʦʚʠʭ ʥʘʷʚʥʠʭ 

ʥʘ ʨʠʥʢʫ ʄʄʎ ʡ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʫʯʘʩʥʠʤʠ ʤʝʪʦʜʘʤʠ ʚʠʤʽʨʶʚʘʥʴ. 
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ʅʝʽʜʝʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʚ'ʷʟʢʫ ʤʦʞʝ ʪʨʘʢʪʫʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʦʨʤʘʣʽʟʤʫ ʤʘʪʨʠʮʴ ʧʝʨʝʜʘʯʽ, ʷʢ ʮʝ ʟʨʦʙʣʝʥʦ ʚ ʥʘʩʪʫʧʥʠʭ ʨʦʟʜʽʣʘʭ ʪʘ ʙʫʣʦ 

ʨʦʟʛʣʷʥʫʪʦ ʚ ʽʥʰʽʡ ʨʦʙʦʪʽ [6.1]. ʆʙʠʜʚʘ ʧʣʝʯʘ ʤʦʜʫʣʷʪʦʨʘ ʧʝʨʝʜʙʘʯʘʶʪʴʩʷ 

ʟ ʦʜʥʘʢʦʚʠʤ ʯʘʩʦʤ ʟʘʪʨʠʤʢʠ ʧʽʜ ʯʘʩ ʚʽʜʩʫʪʥʦʩʪʽ ʢʝʨʫʶʯʠʭ ʥʘʧʨʫʛ, ʱʦ ʥʘ 

ʧʨʘʢʪʠʮʽ ʥʝ ʟʘʚʞʜʠ ʤʦʞʣʠʚʦ ʟʜʽʡʩʥʠʪʠ. ʇʨʦʪʝ ʯʝʨʝʟ ʮʝ ʚʠʥʠʢʘʻ ʥʝʚʝʣʠʢʠʡ 

ʩʪʘʪʠʯʥʠʡ ʟʩʫʚ ʟʘ ʬʘʟʦʶ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʪʨʠʚʽʘʣʴʥʦ ʚʨʘʭʦʚʘʥʠʡ ʚ 

ʜʠʬʝʨʝʥʮʽʡʥʦʤʫ ʟʩʫʚʽ ʬʘʟ, ʷʢ ʮʝ ʟʨʦʙʣʝʥʦ ʚ ʘʥʘʣʽʟʽ, ʥʘʚʝʜʝʥʦʤʫ ʚ 

ʥʘʩʪʫʧʥʦʤʫ ʨʦʟʜʽʣʽ. ɼʣʷ ʜʚʦʪʘʢʪʥʦʛʦ ʄʄʎ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʥʘʧʨʫʛʠ, 

ʧʨʠʢʣʘʜʝʥʽ ʜʦ ʢʦʞʥʦʛʦ ʧʣʝʯʘ, ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʘʤʧʣʽʪʫʜʫ ʡ ʚʽʜʥʦʩʥʫ ʬʘʟʫ, 

ʷʢʘ ʚ ʪʦʯʥʦʩʪʽ ʜʦʨʽʚʥʶʻ 180°. 

ɼʣʷ ʘʥʘʣʽʟʫ ʄʄʎ ʙʫʜʫʪʴ ʟʘʩʪʦʩʦʚʘʥʽ ʤʘʪʨʠʮʽ ʧʝʨʝʜʘʯʽ. ʇʝʨʰ ʥʽʞ 

ʟʘʩʪʦʩʫʚʘʪʠ ʚʚʝʜʝʥʽ ʨʘʥʽʰʝ ʧʨʠʧʫʱʝʥʥʷ, ʥʠʞʯʝ ʥʘʚʦʜʠʪʴʩʷ ʢʦʨʦʪʢʠʡ 

ʫʟʘʛʘʣʴʥʝʥʠʡ ʦʧʠʩ ʮʴʦʛʦ ʧʽʜʭʦʜʫ. ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʽ ʟ'ʻʜʥʫʚʘʯʽ ʯʘʩʪʦ 

ʦʧʠʩʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʨʠʮʽ ʧʝʨʝʜʘʯʽ. ʋʟʘʛʘʣʴʥʝʥʘ ʤʘʪʨʠʮʷ 

ʚʽʜʛʘʣʫʞʫʚʘʯʘ  ʢʦʥʬʽʛʫʨʘʮʽʾ 22 ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʷʢ [6.2] 

Ὁ ȟ

Ὁ ȟ
Ѝὥ
ὃ ὄ
ὅ Ὀ

Ὁȟ
Ὁȟ

                              (6.1) 

ʜʝ Ὁ ̓ ́Ὁ ʧʦʣʷ ʥʘ ʚʭʦʜʽ ʚʽʜʛʘʣʫʞʫʚʘʯʘ, Ὁ ״ ȟ ̓  ́ Ὁ ȟ״ ʧʦʣʷ ʥʘ 

ʚʠʭʦʜʽ ʚʽʜʛʘʣʫʞʫʚʘʯʘ, ʟʥʘʯʝʥʥʷ ɸ, ɺ, ʉ ʡ D ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʤʧʣʝʢʩʥʠʤʠ. 

ʗʢʱʦ ʟʚʦʨʦʪʥʽʤʠ ʚʽʜʙʠʪʢʘʤʠ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ, ʪʦ ʜʣʷ ʩʠʤʝʪʨʠʯʥʦʛʦ 

ʚʽʜʛʘʣʫʞʫʚʘʯʘ (6.1) ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ ʷʢ ʩʪʚʦʨʝʥʥʷ ʧʦʚʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʝʨʝʜʘʯʽЍὥ  ʡ ʫʥʽʪʘʨʥʦʾ ʤʘʪʨʠʮʽ [6.3]: 

Ὁ ȟ

Ὁ ȟ
Ѝὥ
Ѝρ ὑ ὭЍὑ

ὭЍὑ Ѝρ ὑ

Ὁȟ
Ὁȟ

                        (6.2) 

ʜʝ ʂ״ ʢʦʝʬʽʮʽʻʥʪ ʟʚ'ʷʟʢʫ. ʋ ʨʘʟʽ ʽʜʝʘʣʴʥʦʛʦ (ʙʝʟ ʚʪʨʘʪ) ʚʽʜʛʘʣʫʞʫʚʘʯʘ  ʟ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʚ'ʷʟʢʫ 50/50, ʘ = 1, ʂ = 1/2. ʋ ʧʦʜʘʣʴʰʦʤʫ ʘʥʘʣʽʟʽ ʤʘʶʪʴʩʷ 

ʥʘ ʫʚʘʟʽ ʩʘʤʝ ʪʘʢʽ ʚʽʜʛʘʣʫʞʫʚʘʯʽ ʥʘ ʚʭʦʜʽ ʡ ʥʘ ʚʠʭʦʜʽ ʄʄʎ. ʌʘʟʦʚʠʡ ʟʩʫʚ ʚ 

ʜʚʦʭ ʧʣʝʯʘʭ ʤʦʜʫʣʷʪʦʨʘ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʘʟʦʚʦʾ ʤʘʪʨʠʮʽ 

[6.4]: 
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ὥὊ̕ π

π ὥὊ̕
      (6.3) 

ʜʝ ὥ ʪʘ ὥ״ ʢʦʝʬʽʮʽʻʥʪʠ ʚʪʨʘʪ ʜʣʷ ʢʦʞʥʦʛʦ ʧʣʝʯʘ,Ὂ̕  ʡ Ὂ̕  ,ʬʫʥʢʮʽʾ ״

ʱʦ ʦʧʠʩʫʶʪʴ ʝʚʦʣʶʮʽʶ ʬʘʟʠ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʩʠʛʥʘʣʫ ʧʦ ʧʣʝʯʘʭ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ. ʅʠʞʯʝ ʙʫʜʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʪʽʣʴʢʠ ʚʽʜʥʦʩʥʠʡ ʬʘʟʦʚʠʡ ʟʩʫʚ ʽ 

ʤʘʪʠʤʝʪʴʩʷ ʥʘ ʫʚʘʟʽ, ʱʦ  ὥ = ὥ. ʂʨʽʤ ʪʦʛʦ, ʚ ʬʘʟʦʚʦʾ ʤʘʪʨʠʮʽ ʽʜʝʘʣʴʥʦʛʦ 

ʜʚʦʪʘʢʪʥʦʛʦ ʄʄʎ, ʷʢʠʡ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʥʘʩʪʫʧʥʦʤʫʨʦʟʜʽʣʽ F(ʬ1) = Fz(ʬ2) 

ʚʝʣʠʯʠʥʠ F ʦʧʠʩʫʶʪʴ ʚʽʜʥʦʩʥʫ ʨʽʟʥʠʮʶ ʬʘʟ. 

ʇʝʨʚʠʥʥʦʶ ʚʭʽʜʥʦʶ ʥʘʧʨʫʛʦʶ ʚ ʥʘʰʦʤʫ ʘʥʘʣʽʟʽ ʻ ʦʜʠʥʦʯʥʠʡ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ ʩʠʛʥʘʣ ʟ ʧʦʩʪʽʡʥʠʤ ʟʤʽʱʝʥʥʷʤ: 

ὠ ὸ ὠ ὠ ίὭὲ Џὸ    (6.4) 

ʜʝ ὠ  ʥʘʧʨʫʛʘ ʧʦʩʪʽʡʥʦʛʦ ʟʤʽʱʝʥʥʷ,Џ - ʢʫʪʦʚʘ ʯʘʩʪʦʪʘ ʨʘʜʽʦʩʠʛʥʘʣʫ ״

ʘʤʧʣʽʪʫʜʦʶὠ Ȣ ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʧʦʣʝ ʫ ʚʭʽʜʥʦʤʫ ʚʦʣʦʢʥʽ ʄʄʎ 

ʙʝʟʧʝʨʝʨʚʥʝ ʽ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʦ ʷʢ 

Ὁ ὸ Ὡ     (6.5) 

ʜʝ ɸ ״ ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʩʝʨʮʝʚʠʥʠ ʚʦʣʦʢʥʘ, ‘ ʪʘ  

  ,ʜʽʝʣʝʢʪʨʠʯʥʘ ʡ ʤʘʛʥʽʪʥʘ ʧʨʦʥʠʢʥʦʩʪʽ ʩʝʨʮʝʚʠʥʠ ʚʦʣʦʢʥʘ ʚʽʜʧʦʚʽʜʥʦ ״ ‐

ʈ0 ״ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʦʧʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ɤ ״ ʢʫʪʦʚʘ ʦʧʪʠʯʥʘ ʯʘʩʪʦʪʘ. 

ʈʽʚʥʷʥʥʷ 6.5 ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ ʪʘʢ, ʱʦʙ ʧʦʢʘʟʘʪʠ ʚ ʷʚʥʦʤʫ ʚʠʛʣʷʜʽ ʟʚ'ʷʟʦʢ 

ʤʽʞ ̋ ʪʘ ʢʦʤʧʣʝʢʩʥʠʤʠ ʦʧʪʠʯʥʠʤʠ ʧʦʣʷʤʠ ʷʢʽ ʙʫʜʫʪʴ ʨʦʟʛʣʷʥʫʪʽ ʚ 

ʥʘʩʪʫʧʥʦʤʫ ʨʦʟʜʽʣʽ: 

                       ὖ ὉᶻὉ                                      (6.6)  

ʇʝʨʰʦʶ ʩʭʦʜʠʥʢʦʶ ʘʥʘʣʽʟʫ ʻ ʨʦʟʛʣʷʜ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʣʽʚ ʥʘ ʚʠʭʦʜʘʭ 

ʄʄʎ, ʷʢʽ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 6.3. ʆʙʠʜʚʘ ʝʣʝʢʪʨʠʯʥʽ ʧʦʣʷ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ 

ʜʣʷ ʄʄʎ ʟ ʜʚʦʤʘ ʚʠʭʦʜʘʤʠ, ʤʘʶʯʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʧʦʣʝ ʥʘ ʢʦʞʥʦʤʫ ʟ ʡʦʛʦ 

ʚʠʭʦʜʽʚ ʚʽʜʧʦʚʽʜʘʻ ʧʦʣʶ ʥʘ ʚʠʭʦʜʽ ʄʄʎ ʟ ʦʜʥʠʤ ʚʠʭʦʜʦʤ. ɿ ʦʛʣʷʜʫ ʥʘ 
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ʚʠʱʝʥʘʚʝʜʝʥʽ ʧʨʠʧʫʱʝʥʥʷ, ʤʘʪʨʠʮʷ ʧʝʨʝʜʘʯʽ ʜʣʷ ʤʦʜʫʣʷʪʦʨʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʥʘ ʨʠʩ. 6.3 Ɲ, ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʷʢ: 

Ὁ ὸ

Ὁ ὸ
ρ Ὥ
Ὥ ρ

Ὡ̕ π
π ρ

ρ Ὥ
Ὥ ρ

Ὁ ὸ
π

,                    (6.7) 

ʜʝ ὰ  ״ ʢʦʝʬʽʮʽʻʥʪ ʚʪʨʘʪ ʦʧʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʤʦʜʫʣʷʪʦʨʽ, ʬ ״

ʚʽʜʥʦʩʥʠʡ ʬʘʟʦʚʠʡ ʟʩʫʚ ʤʽʞ ʧʣʝʯʠʤʘ ʄʄʎ. ʌʘʟʦʚʠʡ ʟʩʫʚ ʟʘʧʠʩʫʻʪʴʩʷ ʷʢ: 

̕ὸ ̕ ̕ ίὭὲ Џὸ                                     (6.8) 

ʜʝ ̕    ̓  ́ ̕
Џ
ȟ   ́  ὠ״ ʯʘʩʪʦʪʥʦ ʟʘʣʝʞʥʘ ʚʝʣʠʯʠʥʘ ʥʘʧʨʫʛʠ, 

ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚ ʤʦʜʫʣʷʪʦʨʽ ʚʽʜʥʦʩʥʦʛʦ ʬʘʟʦʚʦʛʦ ʟʩʫʚʫ ʥʘ ˊ 

ʨʘʜʽʘʥ (ʜʠʚ. ʨʠʩ. 6.2). ʇʽʜʩʪʘʚʠʚʰʠ (6.5) ʪʘ (6.8) ʚ (6.7), ʦʪʨʠʤʘʻʤʦ: 

Ὁ ὸ

Ὁ ὸ
Ὡ Ὡ̕ ρ

ὭὩ̕ Ὥ
,                         (6.9) 

ʜʝ ʚʩʽ ʧʦʩʪʽʡʥʽ ʧʦʟʥʘʯʝʥʽ ʷʢ ȡ 

                                      (6.10) 

ʇʦʣʷ ʚ ʨʽʚʥʷʥʥʽ (6.9) ʤʦʞʥʘ ʨʦʟʢʣʘʩʪʠ ʧʦ ʬʫʥʢʮʽʷʤ ɹʝʩʩʝʣʷ (ʜʠʚ. 

ʜʦʜʘʪʢʠ 4 ʪʘ 6), ʦʪʨʠʤʘʚʰʠ: 

ὙὩὉ ὧέίὸ ὧέί̕ В ὐ̕ ὧέί ὯЏὸ

                              ίὭὲ̕ В ὐ ̕ ίὭὲ  άЏὸ;      (6.11) 

 

ὙὩὉ ίὭὲὸ ὧέί ̕ В ὐ̕ ίὭὲ ὯЏὸ

ίὭὲ̕ В ὐ ̕ ὧέί άЏὸ,                                  (6.12) 

ʜʝ ὐ ״ ʬʫʥʢʮʽʷ ɹʝʩʩʝʣʷ ʧʝʨʰʦʛʦ ʨʦʜʫ n-ʛʦ ʧʦʨʷʜʢʫ (ʜʠʚ. ʜʦʜʘʪʦʢ 6). 

ʈʽʚʥʷʥʥʷ (6.11) ʪʘ (6.12) ʦʧʠʩʫʶʪʴ ʜʚʦʩʤʫʛʦʚʫ ʤʦʜʫʣʷʮʽʶ ʟ ʥʝʩʢʽʥʯʝʥʥʠʤ 

ʯʠʩʣʦʤ ʙʽʯʥʠʭ ʩʤʫʛ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʩʠʤʝʪʨʠʯʥʦ ʚʽʜʥʦʩʥʦ ʥʝʩʫʯʦʾ ʦʧʪʠʯʥʦʾ 

ʯʘʩʪʦʪʠ. ɺʽʜʩʪʘʥʴ ʤʽʞ ʙʽʯʥʠʤʠ ʩʤʫʛʘʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʘʩʪʦʪʦʶ 

ʨʘʜʽʦʯʘʩʪʦʪʥʦʾ ʤʦʜʫʣʷʮʽʾ, ʘ ʘʤʧʣʽʪʫʜʘ ʢʦʞʥʦʾ ʩʧʝʢʪʨʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ״ 

ʨʘʜʽʦʯʘʩʪʦʪʥʦʶ ʢʝʨʫʶʯʦʶ ʥʘʧʨʫʛʦʶ ʚ ʘʨʛʫʤʝʥʪʽ ʬʫʥʢʮʽʡ ɹʝʩʩʝʣʷ. 
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ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʮʠʭ ʧʦʣʽʚ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʣʷʤʠ ʚ ʜʚʦʭʪʘʢʪʥʦʤʫ 

ʤʦʜʫʣʷʪʦʨʽ ʻ ʾʭ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʦʩʪʽʡʥʦʛʦ ʟʩʫʚʫ. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ 

ʨʽʰʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ (6.11) ʪʘ (6.12) ʙʽʯʥʽ ʩʤʫʛʠ ʟ'ʷʚʣʷʶʪʴʩʷ ʥʘ ʪʽʡ ʞʝ 

ʯʘʩʪʦʪʽ. ʇʦʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʟ ʙʽʯʥʠʭ ʩʤʫʛ ʤʦʜʫʣʷʮʽʾ 

ʧʨʦʧʦʨʮʽʡʥʘ (ίὭὲ̕ ὧέί̕ ) ʽ, ʦʪʞʝ, ʥʝ ʤʦʞʝ ʨʝʛʫʣʶʚʘʪʠʩʷ ʟʤʽʥʦʶ 

ʟʤʽʱʝʥʥʷ ʄʄʎ. ʇʨʦʪʝ ʤʦʞʥʘ ʨʝʛʫʣʶʚʘʪʠ ʧʦʪʫʞʥʽʩʪʴ ʦʧʪʠʯʥʦʾ ʥʝʩʫʯʦʾ 

ʥʘʧʨʫʛʠ, ʪʘʢ ʷʢ ʻ ʪʨʠ ʩʢʣʘʜʦʚʽ, ʷʢʽ ʤʦʞʫʪʴ ʮʴʦʤʫ ʩʧʨʠʷʪʠ. 

ʅʘʧʨʠʢʣʘʜ, ʦʧʪʠʯʥʘ ʥʝʩʫʯʘ ʥʘʧʨʫʛʘ ʚ (6.11) ʤʦʞʝ ʙʫʪʠ ʚʠʢʣʶʯʝʥʘ, 

ʢʦʣʠ̕ ςὲ“, ʧʨʠ ʙʫʜʴ-ʷʢʦʤʫ ʮʽʣʦʯʠʩʣʝʥʥʦʤʫ ʟʥʘʯʝʥʥʽ n. ʅʫʣʴʦʚʘ 

ʫʤʦʚʘ ʜʣʷ ̕ ςὲ ρ“. ʎʶ ʦʩʦʙʣʠʚʽʩʪʴ (6.11) ʪʘ (6.12) ʤʦʞʥʘ ʷʢʽʩʥʦ 

ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʦʧʪʠʯʥʘ ʥʦʩʽʡʥʘʥʘʧʨʫʛʘ ʧʨʠʩʫʪʥʷ ʚ ʦʙʦʭ ʧʣʝʯʘʭ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ, ʚ ʪʦʡ ʯʘʩ ʷʢʙʽʯʥʽ ʩʤʫʛʠ ʤʦʜʫʣʷʮʽʾ ʛʝʥʝʨʫʶʪʴʩʷ ʪʽʣʴʢʠ ʚ 

ʦʜʥʦʤʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝ ʤʦʞʝ ʙʫʪʠ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʥʘ ʙʽʯʥʠʭ ʯʘʩʪʦʪʘʭ. 

ʋ ʜʚʦʭʪʘʢʪʥʦʤʫ ʄʄʎ, ʧʨʝʜʩʪʘʚʣʝʥʦʤʫ ʥʘ ʨʠʩ. 6.2 ʙ ʤʦʜʫʣʷʮʽʷ 

ʚʠʥʠʢʘʻ ʚ ʦʙʦʭ ʧʣʝʯʘʭ ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ ʡ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʥʘʩʪʫʧʥʦʶ 

ʤʘʪʨʠʮʝʶ ʧʝʨʝʜʘʯʽ: 

Ὁ ὸ

Ὁ ὸ
ρ Ὥ
Ὥ ρ

Ὡ
̕

π

π Ὡ
̕

ρ Ὥ
Ὥ ρ

Ὁ ὸ
π

(6.13) 

ʈʦʟʚᾷʷʟʦʢ ʨʽʚʥʷʥʥʷ ʜʘʻ: 

Ὁ ὸ

Ὁ ὸ
Ὡ Ὡ

̕

Ὡ
̕

ὭὩ
̕

ὭὩ
̕ .            (6.14) 

ʈʝʟʫʣʴʪʫʶʯʽ ʝʣʝʢʪʨʠʯʥʽ ʧʦʣʷ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʧʠʩʘʥʽ ʷʢ: 

ὙὩὉ ίὭὲ 
̕
В ὐ

̕
ίὭὲ ςὯЏὸ

         ὧέί
̕
В ὐ

̕
ὧέί ςά ρЏὸ ;      (6.15) 

ὙὩὉ ὧέί 
̕
В ὐ

̕
ίὭὲ ςὯЏὸ

                     ίὭὲ
̕
В ὐ

̕
ὧέί ςά ρЏὸ .      (6.16) 
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ʋ ʨʽʚʥʷʥʥʷʭ (6.15) ʪʘ (6.16) ʦʧʪʠʯʥʘ ʥʝʩʫʯʘ ʥʘʧʨʫʛʘ ʡ ʙʽʯʥʽ ʩʤʫʛʠ 

ʧʘʨʥʠʭ ʧʦʨʷʜʢʽʚ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ̕  ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʤʫʛ 

ʥʝʧʘʨʥʠʭ ʧʦʨʷʜʢʽʚ. ʆʪʞʝ, ʚ ʜʚʦʭʪʘʢʪʥʦʤʫ ʄʄʎ ʚʩʽ ʯʘʩʪʦʪʥʽ ʢʦʤʧʦʥʝʥʪʠ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʦʩʪʽʡʥʦʛʦ ʟʤʽʱʝʥʥʷ. ɼʽʘʛʨʘʤʘ, ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʨʽʚʥʷʥʥʷʤ 

(6.15), ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.8, ʧʦʢʘʟʫʻ ʚʽʜʥʦʩʥʽ ʧʦʣʦʞʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ 

ʘʤʧʣʽʪʫʜ ʜʣʷ ʢʦʞʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʢʚʘʜʨʘʪʫʨʽ. 

ʗʢ ʙʫʜʝ ʧʦʢʘʟʘʥʦ, ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʙʫʜʴ-ʷʢʠʭ ʝʬʝʢʪʽʚ ʧʦʰʠʨʝʥʥʷ 

ʬʦʪʦʩʪʨʫʤʠ ʦʜʥʦʧʣʝʯʝʚʦʛʦ ʪʘ ʜʚʦʪʘʢʪʥʦʛʦ ʄʄʎ ʤʘʶʪʴ ʽʜʝʥʪʠʯʥʫ ʬʦʨʤʫ. 

ʌʦʪʦʩʪʨʫʤ ʙʫʜʝ ʨʦʟʨʘʭʦʚʫʚʘʪʠʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

I(t) =ᴘὖ, 

ʜʝ ᴘ- ʯʫʪʣʠʚʽʩʪʴ ʬʦʪʦʜʽʦʜʘ, ʘ ʈ0 ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ (6.6). ʗʢ 

ʟʘʟʥʘʯʝʥʦ ʚ ʨʦʟʜʽʣʽ 3, ʯʫʪʣʠʚʽʩʪʴ ʬʦʪʦʜʽʦʜʘ ʯʘʩʪʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ᴘ –ήȾὬὺ, 

ʜʝ ɖ ï ʢʚʘʥʪʦʚʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʦʪʦʜʽʦʜʘ, q ï ʟʘʨʷʜ ʝʣʝʢʪʨʦʥʘ, h ï ʧʦʩʪʽʡʥʘ 

ʇʣʘʥʢʘ, ὺ ï ʦʧʪʠʯʥʘ ʯʘʩʪʦʪʘ. ʉʪʨʦʛʦ ʢʘʞʫʯʠ, ʮʝ ʚʠʟʥʘʯʝʥʥʷ ʜʣʷ ᴘ 

ʢʦʨʝʢʪʥʦ, ʪʽʣʴʢʠ ʷʢʱʦ ʦʧʪʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ ʟ ʩʝʨʮʝʚʠʥʠ ʚʦʣʦʢʥʘ ʧʦʚʥʽʩʪʶ 

ʧʝʨʝʜʘʻʪʴʩʷ ʬʦʪʦʜʽʦʜʫ. ʗʢʱʦ ʞ ʤʽʞ ʚʦʣʦʢʥʦʤ ʪʘ ʬʦʪʦʜʽʦʜʦʤ ʻ ʚʪʨʘʪʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʘʨʘʤʝʪʨ çʝʬʝʢʪʠʚʥʘ ʯʫʪʣʠʚʽʩʪʴè ᴘ  –ήȾὬὺ, 

ʜʝ   ʚʨʘʭʦʚʫʻ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ( ρ). ɿʘʩʪʦʩʫʚʘʚʰʠ ʮʽ ʚʠʟʥʘʯʝʥʥʷ 

ʚ (6.9), (6.14) ʪʘ ʧʽʜʩʪʘʚʠʚʰʠ ʚ (6.6), ʦʪʨʠʤʫʻʤʦ ʜʣʷ ʬʦʪʦʩʪʨʫʤʽʚ: 

Ὅȟὸ ᴘ ρᴜ ὧέί̕ὸ ,                       (6.17) 

ʜʝ ʧʽʜʨʷʜʢʦʚʽ ʽʥʜʝʢʩʠ ç1è ʪʘ ç2è ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʢʘʤ ç״è ʪʘ ç+è. ʊʫʪ 

Çʜʦʜʘʥʦ ʜʣʷ ʦʙʣʽʢʫ ʯʠʩʪʦʛʦ ʦʧʪʠʯʥʦʛʦ ʧʽʜʩʠʣʝʥʥʷ (ʘʙʦ ʚʪʨʘʪ) ʤʽʞ 

ʤʦʜʫʣʷʪʦʨʦʤ ʪʘ ʬʦʪʦʜʽʦʜʦʤ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦὉ ʚ ʨʽʚʥʷʥʥʽ (6.9) ʪʘ Ὁ ʚ 

ʨʽʚʥʷʥʥʽ (6.14) ʜʘʶʪʴ ʦʜʥʘʢʦʚʽ Ὅ ʚ ʨʽʚʥʷʥʥʽ (6.17). ʊʝ ʞ ʩʘʤʝ ʚʽʨʥʦ ʜʣʷ Ὁ. 

ɹʽʣʴʰ ʪʦʛʦ, ʙʫʜʴ-ʷʢʘ ʟ ʜʚʦʭ ʚʝʣʠʯʠʥ Ὁ ʘʙʦ Ὁ ʤʦʞʝ ʙʫʪʠ ʦʙʨʘʥʘ ʷʢ 

ʚʠʭʽʜʥʝ ʧʦʣʝ ʚ ʨʘʟʽ ʤʦʜʫʣʷʪʦʨʘ ʟ ʦʜʥʠʤ ʚʠʭʦʜʦʤ. ʆʪʞʝ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʘʥʘʣʽʟ ʙʫʜʝ ʧʨʦʜʦʚʞʝʥʠʡ ʜʣʷ ʄʄʎ ʟ ʜʚʦʤʘ 
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ʚʠʭʦʜʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʚʥʷʥʥʷ (6.17), ʦʩʢʽʣʴʢʠ ʬʦʪʦʜʽʦʜ ʻ ʜʞʝʨʝʣʦ 

ʩʪʨʫʤʫ. 

ʈʽʚʥʷʥʥʷ (6.17) ʤʦʞʝ ʙʫʪʠ ʨʦʟʢʣʘʜʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʷʜʽʚ ɸʥʛʝʨʘ 

(ʜʦʜʘʪʦʢ 6): 

 )ȟÔ )ȟᶸÃÏÓ̕ )ȟ*̕  ᴜ

ςᴜÃÏÓ̕ )ȟВ * ̕ ÃÏÓςËЏὸᶸᶸ

ςÓÉÎ̕ )ȟВ * ̕ ÓÉÎςά ρЏὸȟ           (6.18) 

ʜʝ Ὅȟ  ʧʦʩʪʽʡʥʘ ʩʢʣʘʜʦʚʘ ʬʦʪʦʩʪʨʫʤʫ ʧʨʠ ʢʚʘʜʨʘʪʫʨʥʦʤʫ ״

ʟʤʽʱʝʥʥʽ, ʚʠʟʥʘʯʝʥʦʤʫ, ʷʢ ̕ ςὲ ρ“, ʧʨʠ ʮʽʣʦʯʠʩʝʣʴʥʠʭ ʟʥʘʯʝʥʥʷʭ 

n. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʢʬʫʥʢʮʽʷ ʚʽʜ ʧʦʩʪʽʡʥʦʛʦ ʟʤʽʱʝʥʥʷ ʜʘʥʘ ʚ ʷʚʥʦʤʫ 

ʚʠʛʣʷʜʽ ʚ (6.18) ʽ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʘ ʚ ʮʴʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʜʣʷ ʦʧʠʩʫ 

ʩʧʦʪʚʦʨʝʥʴ ʧʘʨʥʦʛʦ ʧʦʨʷʜʢʫ ʧʨʠ ʤʘʣʠʭ ʚʽʜʭʠʣʝʥʥʷʭ ʚʽʜ ʪʦʯʢʠ ʢʚʘʜʨʘʪʫʨʠ. 

ɼʘʥʝ ʨʽʚʥʷʥʥʷ ʙʫʜʝ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʘʥʘʣʽʟʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʄʄʎ ʚ 

ʨʘʟʽ ʚʝʣʠʢʠʭ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʢʚʘʜʨʘʪʫʨʠ. 

ʇʽʜʩʪʘʚʠʚʰʠ ʚ (6.18) ʫʤʦʚʠ ʟʤʽʱʝʥʥʷ ʚ ʢʚʘʜʨʘʪʫʨʽ, ʦʪʨʠʤʘʻʤʦ: 

Ὅȟὸ Ὅ ςὍ В ὐ ̕ ίὭὲ ςά ρЏὸ    (6.19) 

ʜʝ ʯʣʝʥ  Ὅȟ ʟʘʤʽʥʝʥʠʡ ʥʘ Ὅ . 

ʉʢʣʘʜʦʚʘ ʬʦʪʦʩʪʨʫʤʫ ʥʘ ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ ʤʦʜʫʣʷʮʽʾ ʚʘʞʣʠʚʘ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʘʥʘʣʽʟʽ ʪʘ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʘ ʜʣʷ ʦʜʠʥʦʯʥʦʛʦ ʬʦʪʦʜʽʦʜʘ ʷʢ 

 ὍЏȟ ςὍὐ̕ ίὭὲЏὸ    (6.20) 

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʚ (6.20) ʦʙʨʘʥʠʡ ʧʦʟʠʪʠʚʥʠʡ ʟʥʘʢ 

ʬʦʪʦʩʪʨʫʤʫ. ʋ ʨʘʟʽ ʜʚʦʭ ʬʦʪʦʜʽʦʜʽʚ ʚ ʙʘʣʘʥʩʦʚʽʡ ʩʭʝʤʽ ʬʦʪʦʩʪʨʫʤ ʙʫʜʝ: 

Ὅ ὸ Ὅὸ Ὅὸ τὍ В ὐ ̕ ίὭὲ ςά ρЏὸ (6.21) 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʨʽʟʥʠʮʷὍ Ὅ ʜʘʩʪʴ ʪʘʢʝ ʞ ʟʥʘʯʝʥʥʷ ʟʘ ʚʝʣʠʯʠʥʦʶ, 

ʘʣʝ ʟ ʧʨʦʪʠʣʝʞʥʠʤ ʟʥʘʢʦʤ.  ɹʘʟʠʩʥʠʡ ʯʣʝʥ (6.21) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʷʢ: 

ὍЏȟ ὸ τὍὐ̕ ίὭὲ Џὸ   (6.22) 
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ʈʽʚʥʷʥʥʷ (6.20) ʪʘ (6.22) ʩʪʘʶʪʴ ʽʜʝʥʪʠʯʥʠʤʠ ʧʨʠ ʟʘʤʽʥʽ  Ὅ  ʚ (6.20) 

ʥʘ ςὍ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʨʽʚʥʷʥʥʷ ʙʫʜʫʪʴ ʝʢʚʽʚʘʣʝʥʪʥʽ, ʷʢʱʦ ʧʦʩʪʽʡʥʠʡ 

ʩʪʨʫʤ ʬʦʪʦʜʽʦʜʘ ʚ (6.22) ʟʘʤʽʥʠʪʠ ʩʫʤʦʶ ʧʦʩʪʽʡʥʠʭ ʬʦʪʦʩʪʨʫʤʽʚ ʢʦʞʥʦʛʦ 

ʬʦʪʦʜʽʦʜʘ. ɿʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ  Ὅ  ʬʦʪʦʩʪʨʫʤʦʤ ʦʜʥʦʛʦ 

ʬʦʪʦʜʽʦʜʘ ʘʙʦ ʩʫʤʦʶ ʬʦʪʦʩʪʨʫʤʽʚ ʬʦʪʦʜʽʦʜʽʚ ʚ ʙʘʣʘʥʩʦʚʽʡ ʩʭʝʤʽ. ʎʷ ʫʤʦʚʘ 

ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚʠʱʝʥʘʚʝʜʝʥʽ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʩʽʭ ʩʭʝʤ ʄʄʎ. 

ʉʝʨʝʜʥʷ ʧʦʪʫʞʥʽʩʪʴ ʚʠʭʽʜʥʦʛʦ ɺʏ-ʩʠʛʥʘʣʫ ʥʘ ʯʘʩʪʦʪʽ ʧʝʨʰʦʾ 

ʛʘʨʤʦʥʽʢʠ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ: 

                  ὖЏ ὍЏὙ Ὄ     (6.23) 

ʜʝ Ὑˈ ʚʠʭʽʜʥʠʡ ʦʧʽʨ, Ὄ Ὢ״ ʬʽʣʴʪʨʫʶʯʘ ʬʫʥʢʮʽʷ ʩʭʝʤʠ ʬʦʪʦʜʽʦʜʘ, ʘ 

ʢʫʪʦʚʠʤʠ ʜʫʞʢʘʤʠ ʧʦʟʥʘʯʝʥʦ ʫʩʝʨʝʜʥʝʥʥʷ ʟʘ ʯʘʩʦʤ. ʌʫʥʢʮʽʷ  Ὄ  ʚʚʝʜʝʥʘ 

ʚ ʨʦʟʛʣʷʜ ʚ ʨʦʟʜʽʣʽ 3 ʡ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʦʙʣʽʢʫ ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʦʛʦ ʚʽʜʛʫʢʫ 

ʩʘʤʦʛʦ ʬʦʪʦʜʽʦʜʘ, ʘ ʪʘʢʦʞ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ ʤʽʞ ʡʦʛʦ p-i-n-ʧʝʨʝʭʦʜʦʤ ʪʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ɺ ʽʜʝʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ Ὄ ρȟ ʦʜʥʘʢ ʮʝ ʥʝ ʚʜʘʻʪʴʩʷ 

ʨʝʘʣʽʟʫʚʘʪʠ ʥʘ ʧʨʘʢʪʠʮʽ ʜʣʷ ʧʨʠʣʘʜʽʚ ʟ ʩʤʫʛʦʶ ʚ ʅɺʏ-ʜʽʘʧʘʟʦʥʽ. ʋ 

ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʬʦʪʦʜʽʦʜʘʭ, ʟʘʟʚʠʯʘʡ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʢʦʣʦ ʫʟʛʦʜʞʝʥʥʷ 

ʽʤʧʝʜʘʥʩʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʜʽʣʫ ʩʪʨʫʤʽʚ ʤʽʞ ʫʟʛʦʜʞʫʶʯʠʤ ʢʦʣʦʤ ʪʘ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

ʇʦʜʽʙʥʽ ʢʦʣʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʢʦʞʥʽʡ ʟʽ ʩʭʝʤ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ 

IMDD-ʪʠʧʫ, ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 6.4-6.6. ʅʝʭʪʫʶʯʠ ʯʘʩʪʦʪʥʦʶ ʟʘʣʝʞʥʽʩʪʶ 

ʧʘʨʘʤʝʪʨʽʚ ʢʦʤʧʦʥʝʥʪʽʚ, ʜʣʷ ʣʽʥʽʡ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʩ. 6.4 ʪʘ 6.6 

Ὄ ρςϳ, ʚʥʘʩʣʽʜʦʢ ʚʽʜʛʘʣʫʞʝʥʥʷ ʩʪʨʫʤʫ ʚ ʫʟʛʦʜʞʫʶʯʦʤʫ ʣʘʥʮʶʟʽ ʧʦʜʽʣ 

ʩʪʨʫʤʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʥʘ 6 ʜɹ, ʪʘʢ ʷʢ ὖЏЊ ὍЏ. ɺ 

ʙʘʣʘʥʩʥʽʡ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʨʠʩ. 6.6 ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʪʠʬʘʟʥʦʛʦ ɻʄɿὌ

ρ ςЍςϳ : ʢʦʝʬʽʮʽʻʥʪ 1/2 ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʢʦʣʘ ʫʟʛʦʜʞʝʥʥʷ ʽʤʧʝʜʘʥʩʽʚ, ʘ 

ʜʦʜʘʪʢʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ 1/Ѝς - ʚʣʘʩʥʽ ʚʪʨʘʪʠ ʧʨʦʪʠʬʘʟʥʦʛʦ ɻʄɿ. 

ʇʽʩʪʘʚʠʚʰʠ (6.20) ʚ (6.23) ʦʪʨʠʤʘʻʤʦ ʪʘʢʠʡ ʚʠʨʘʟ ʜʣʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

IMDD ״ ʣʽʥʽʾ ʟ ʟʦʚʥʽʰʥʴʦʶ ʤʦʜʫʣʷʮʽʻʶ: 
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                  ὖЏ = ςὍ ὐ ̕ Ὑ Ὄ                           (6.24) 

ʆʪʨʠʤʘʥʘ ʚ (6.24) ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʫʥʢʮʽʻʶ ɹʝʩʩʝʣʷ 

ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ, ʱʦ ʙʫʜʝ ʘʥʘʣʽʟʫʚʘʪʠʩʷ ʚ ʥʘʩʪʫʧʥʦʤʫ ʨʦʟʜʽʣʽ. 

ɿ (6.24) ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʤʘʣʦʩʠʛʥʘʣʴʥʠʡ ʘʙʦ ʣʽʥʝʘʨʠʟʦʚʘʥʠʡ ʚʠʨʘʟ 

ʜʣʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʟʘʩʪʦʩʫʚʘʚʰʠ ʤʘʣʦʩʠʛʥʘʣʴʥʫ ʘʧʨʦʢʩʠʤʘʮʽʶ 

ʬʫʥʢʮʽʾ ɹʝʩʩʝʣʷ, 

ὐ̕ ̕ ςὲȦϳ , 

ʜʣ ̫ ̕ Ḻρ ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠὠ Ḻὠ “ϳ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʤʘʣʦʩʠʛʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʦʩʥʦʚʥʽʡ ʛʘʨʤʦʥʽʮʽ ʤʦʞʝ ʙʫʪʠ 

ʟʘʧʠʩʘʥʘ ʷʢ: 

                 ὖЏȟ
̕

 .                                 (6.25) 

ɿʘ ʜʦʧʦʤʦʛʦʶ (6.25) ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʤʘʣʦʩʠʛʥʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʧʽʜʩʠʣʝʥʥʷ (ʜʠʚ. 2.6) ʚ ʘʥʘʣʦʛʦʚʽʡ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ, 

ʧʨʠʨʽʚʥʷʚʰʠ ̕ ς“ὖ Ὑ ὠϳ , ʜʝ ὖ   - ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʭʽʜʥʦʾ  

ɺʏ-ʧʦʪʫʞʥʦʩʪʽ,  Ὑ ״ ʚʭʽʜʥʠʡ ʦʧʽʨ: 

Ç
Ὅ

ὠ
“ὙὙ Ὄ                       φȢςφ 

ɼʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʟʥʘʯʝʥʥʷ  ὠ ʣʽʥʽʷ IMDD-ʪʠʧʫ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʷʢ 

ʧʽʜʩʠʣʶʚʘʯ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ ʟʘ ʫʤʦʚʠ ʚʚʝʜʝʥʥʷ ʜʦʩʪʘʪʥʴʦʾ ʦʧʪʠʯʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʘʙʦ, ʱʦ ʦʜʥʝ ʡ ʪʝ ʞ, ʧʨʠ ʜʦʩʠʪʴ ʚʝʣʠʢʦʤʫ Ὅ. ʈʽʚʥʷʥʥʷ (6.26) ʚ 

ʜɹ ʜʫʞʝ ʢʦʨʠʩʥʦ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʣʽʥʽʾ: ʜʝ Ὑ Ὑ υπ ̨  ̍ ʪʘ 

 Ὄ ρςϳ .  

Ὃ̅ˎ ςςȟρ ςπὰέÇ
Ὅ ̍ˍ

ὠˏ
           φȢςχ 

ɺʠʨʘʟ (6.27) ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʣʽʥʽʡ ʨʠʩ. 6.4 ʪʘ 6.5, 

ʷʢʱʦ ʚ ʦʩʪʘʥʥʽʡ ʩʭʝʤʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʫʤʘ ʜʚʦʭ ʬʦʪʦʩʪʨʫʤʽʚ 

ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʛʨʘʬʽʢ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 6.7, ʜʝ ʧʦʢʘʟʘʥʽ ʜʦʩʷʞʥʽ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʟʥʘʯʝʥʴ  Ὅ ̓  ́ ὠȢ 
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ʈʠʩ. 6.7. ʈʦʟʨʘʭʦʚʘʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʚʥʷʥʥʷ (6.26) ʤʘʣʦʩʠʛʥʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʧʽʜʩʠʣʝʥʥʷ  IMDD 2 2 υπ ʆʤ ʪʘ( ρςϳ  

 

ɼʘʥʽ ʚʠʤʽʨʶʚʘʥʴ, ʱʦ ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʤʽʥʫ G ʜʣʷ ʙʘʣʘʥʩʥʦʾ ʣʽʥʽʾ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝʩʠʤʝʪʨʠʯʥʦʶ ʣʽʥʽʻʶ, ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 6.8. ʎʽ ʨʝʟʫʣʴʪʘʪʠ 

ʦʪʨʠʤʘʥʽʥʽ ʥʘ ʧʨʦʤʽʞʥʽʡ ʯʘʩʪʦʪʽ (ʇʏ) ʚ 12-ɻɻʮ ʬʦʪʦʥʥʦʾ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʟʽ 

ʟʥʠʞʫʶʯʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʜʣʷ ʚʠʧʘʜʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʩʠʤʝʪʨʠʯʥʦʾ 

(ʨʠʩ. 6.4) ʪʘ ʙʘʣʘʥʩʥʦʾ (ʨʠʩ. 6.5) ʩʭʝʤ ʧʦʙʫʜʦʚʠ [6.5]. 

 

 

ʈʠʩ. 6.8. ɺʠʤʽʨʷʥʽ ʩʠʛʥʘʣʠ ʥʘ ʚʠʭʦʜʽ 12-ɻɻʮ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʽʟ ʟʥʠʞʫʶʯʠʤ 

ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʯʘʩʪʦʪʠ ʜʣʷ ʚʠʧʘʜʢʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʩʠʤʝʪʨʠʯʥʦʾ (ʩʽʨʠʡ ʢʦʣʽʨ) ʽ 

ʙʘʣʘʥʩʥʦʾ (ʯʦʨʥʠʡ ʢʦʣʽʨ) ʩʭʝʤ ʧʦʙʫʜʦʚʠ [6.5] 

 

ʂʦʞʥʝ ʟ ʚʠʭʽʜʥʠʭ ʧʣʝʯʝʡ ʧʨʘʮʶʚʘʣʦ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʬʦʪʦʩʪʨʫʤʽ 

30 ʤɸ, ʪʦʙʪʦ ʧʨʠ ) σπ ̍  ̱ʜʣʷ ʣʽʥʽʾ ʟ ʦʜʥʠʤ ʚʠʭʦʜʦʤ ʽ ʧʨʠ ) φπ ̍  ̱

ʜʣʷ ʩʠʤʝʪʨʠʯʥʦʾ ʣʽʥʽʾ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ, ʙʘʣʘʥʩʥʘ ʣʽʥʽʷ ʤʘʻ ʥʘ 6 ʜɹ 
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ʙʽʣʴʰʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʣʽʥʽʻʶ ʟ ʦʜʥʠʤ ʚʠʭʦʜʦʤ, ʱʦ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ (6.27). ʎʝ ʟʙʽʣʴʰʝʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʫʩʢʣʘʜʥʝʥʥʷ 

ʩʭʝʤʠ ʧʨʠʡʤʘʯʘ ʪʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʫʟʛʦʜʞʝʥʥʷ ʬʘʟ ʜʚʦʭ ʪʨʘʢʪʽʚ ʧʝʨʝʜʘʯʽ. 

ʇʨʦʪʝ ʙʘʣʘʥʩʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʤʘʻ ʜʦʜʘʪʢʦʚʽ ʧʝʨʝʚʘʛʠ (ʨʠʩ. 6.8), ʘ ʩʘʤʝ 

ʟʥʘʯʥʝ (ʙʣʠʟʴʢʦ 15,5 ʜɹ) ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʚʣʘʩʥʠʭ ʰʫʤʽʚ. ʎʝ ʻ ʥʘʩʣʽʜʢʦʤ 

ʝʬʝʢʪʫ ʬʽʣʴʪʨʘʮʽʾ ʩʠʥʬʘʟʥʦʛʦ ʰʫʤʫ ʚ ʙʘʣʘʥʩʥʽʡ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʱʦ ʙʫʜʝ 

ʦʧʠʩʘʥʦ ʚ ʧʽʜʨʦʟʜʽʣʽ 6.3.1. 

ɯʥʰʠʤʠ ʚʘʞʣʠʚʠʤʠ ʟ ʩʠʩʪʝʤʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢʽ ʤʦʞʥʘ 

ʨʦʟʨʘʭʫʚʘʪʠ ʽʟ (6.24), ʻ ʤʘʢʩʠʤʘʣʴʥʘ ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʪʘ ʚʠʭʽʜʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʧʨʠ ʨʽʚʥʽ ʢʦʤʧʨʝʩʽʾ 1 ʜɹ. 

ὖ ȟ ςὍὐ̕ Ὑ Ὄ    (6.28) 

ʈʽʚʥʷʥʥʷ (6.28) ʤʦʞʝ ʙʫʪʠ ʦʮʽʥʝʥʝ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʥʘʯʝʥʴ ὐ. 

ὐ̕ ὐρȟψτρςπȟυψ, ʇʨʠ Ὑ υπ ̨  ̍̓  ́Ὄ ρςϳ  ʨʽʚʥʷʥʥʷ 

(6.28) ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ ʷʢ: 

      ὖ ȟ ̅ˎ̍ ςπȟχ ςπὰέÇ Ὅ ̍ˍ   (6.29) 

ɿʥʘʯʝʥʥʷ ʚʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʦʪʨʠʤʘʥʥʷ   ὖ ȟ ȟ

̍̏̇ ̆̂̔̓ ̉ʟʥʘʡʜʝʥʦ ʟ ʫʤʦʚʠ ̕ ὠ ȟ “ὠϳ ,  ʜʝ ὠ ȟ  ʥʝʦʙʭʽʜʥʝ״

ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ὖ ȟ ȡ   

ὖ ȟ ὠ̕ -2ˊ
2
Ri                                             (6.30) 

ʇʨʠ ̕ ρȟψτρς ̓  ́Ὑ υπ ̨  ̍ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ ʷʢ 

ὖ ȟ ̅ˎ̍ υȟτ ςπὰέÇ ὠˏ   (6.31) 

ɼʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʧʦ ʢʦʤʧʨʝʩʽʾ ʧʽʜʩʠʣʝʥʥʷ (CDR) ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʪʦʯʮʽ ʢʦʤʧʨʝʩʽʾ ʥʘ 1 ʜɹ: 

ὖ ȟ̅ˎ ςὍὐ ̕ ̅ Ὑˎ Ὄ    (6.32) 

ʜʝ ̅̕  ʧʽʢʦʚʝ ʟʥʘʯʝʥʥʷ ʬʘʟʦʚʦʛʦ ʟʩʫʚʫ ʧʨʠ 1-ʜɹ ʢʦʤʧʨʝʩʽʾ. ɿʥʘʯʝʥʥʷ ״ˎ

ʧʘʨʘʤʝʪʨʫ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʦ ʟʘ ʫʤʦʚʠ, ʱʦ ʚʽʜʥʦʰʝʥʥʷ ʣʽʥʝʘʨʠʟʦʚʘʥʦʛʦ 

ʚʽʜʛʫʢʫ (ʜʠʚ. (6.25)) ʜʦ ʨʝʘʣʴʥʦʛʦ ʚʽʜʛʫʢʫ (ʜʠʚ. (6.24)) ʜʦʨʽʚʥʶʻ 1 ʜɹ: 
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Џȟ

Џ
ρπȟᵼ

̕ ̅ˎ

̕ ̅ˎ
τϽρπȢ                               (6.33) 

ʈʽʚʥʷʥʥʷ (6.33) ʨʦʟʚôʷʟʫʻʪʴʩʷ ʯʠʩʝʣʴʥʦ ʽ ʜʘʻ ̕ ̅ˎ πȟωυπτ, ʱʦ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʦʮʽʥʢʠ ὐπȟωυπτπȟτςσυ. ʇʽʜʩʪʘʥʦʚʢʘ ʨʘʟʦʤ ʟʽ 

ʟʥʘʯʝʥʥʷʤʠ Ὑ υπ ̨  ̍ ʪʘ Ὄ ρςϳ  ʚ ʨʽʚʥʷʥʥʷ (6.32) ʜʘʻ ʚʠʨʘʟ ʚ 

ʜʝʮʠʙʝʣʘʭ ʜʣʷ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʨʽʚʥʽ ʢʦʤʧʨʝʩʽʾ 1 ʜɹ: 

ὖ ȟ̅ˎ̅ ˎ̍ ςσȟυ ςπὰέÇὍ ̱̍    (6.34) 

ʊʦʯʢʘ ʢʦʤʧʨʝʩʽʾ ʧʦ ʚʭʦʜʫ ὖ ȟ̅ʪˎʝʞ ʻ ʚʘʞʣʠʚʠʤ ʪʝʭʥʽʯʥʠʤ 

ʧʦʢʘʟʥʠʢʦʤ, ʽ ʾʾ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʽʟ ʚʠʟʥʘʯʝʥʥʷ ̕ ̅ˎ ὠ ȟ̅ ὠˎϳ , ʜʝ 

 ὠ ȟ̅ ˎ  ʥʘʧʨʫʛʘ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ1-ʜɹ ʢʦʤʧʨʝʩʽʾ ʥʘ ʚʠʭʦʜʽ. ʎʝʡ ʚʠʨʘʟ ״

ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ ʷʢ: 

ὖ ȟ̅ˎ

ὠ

ς“

̕ ̅ˎ

Ὑ
                                     φȢσυ 

ʇʽʜʩʪʘʚʠʚʰʠ ʚ (6.35)  ̕ ̅ˎ πȟωυπτ ʪʘ  Ὑ 50 ʆʤ, ʦʪʨʠʤʫʻʤʦ: 

 ὖ ȟ̅ˎ̅ ˎ̍ πȟτ ςπὰέÇὠˏ                     φȢσφ 

ɺ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʚʠʨʘʟʘʭ ʜʣʷ ʢʦʤʧʨʝʩʽʾ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ, ʱʦ ʩʘʤʝ ʄʄʎ ʻ ʦʙʤʝʞʫʶʯʠʤ ʬʘʢʪʦʨʦʤ. ʅʘ ʧʨʘʢʪʠʮʽ 

ʦʙʤʝʞʝʥʥʷ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʡ ʽʥʰʽ ʢʦʤʧʦʥʝʥʪʠ, ʟʦʢʨʝʤʘ ʬʦʪʦʜʝʪʝʢʪʦʨ. 

ʅʘ ʨʠʩ. 6.9 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʛʨʘʬʽʢ ʚʠʤʽʨʷʥʦʾ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ 

ʨʘʜʽʦʯʘʩʪʦʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʪʠʧʫ 

IMDD [6.6], ʷʢʠʡ ʽʣʶʩʪʨʫʻ ʜʝʷʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʠʛʥʘʣʫ, ʱʦ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ 

ʨʘʥʽʰʝ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʮʠʭ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʣʽʥʽʷ, ʩʭʝʤʘ ʷʢʦʾ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 6.4, ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʩʪʨʫʤʽ Ὅ =2,4 ʤɸ, ʯʘʩʪʦʪʦʶ 

ʤʦʜʫʣʷʮʽʾ 6 ɻɻʮ ʪʘ ὠ ςȟφ ˏ. ɺʠʭʽʜ ʙʫʚ ʫʟʛʦʜʞʝʥʠʡ ʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚ 

50 ʆʤ, ʽ ʧʨʠʡʥʷʪʦ Ὄ ρςϳ. ɺʠʭʦʜʷʯʠ ʟ  (6.24), ʬʦʨʤʘ ʢʨʠʚʦʾ ʥʘ ʨʠʩ. 6.9 

ʦʙʫʤʦʚʣʝʥʘ ʬʫʥʢʮʽʻʶ ɹʝʩʩʝʣʷ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ (6.24) ʪʘʢʦʞ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 6.9, ʜʝʤʦʥʩʪʨʫʶʯʠ ʛʘʨʥʫ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. ʅʘ ʨʠʩʫʥʢʫ ʷʚʥʦ ʚʠʜʥʦ 

ʢʦʤʧʨʝʩʽʷ ʣʽʥʽʾ, ʧʨʦʪʝ ʮʠʢʣʽʯʥʽʩʪʴ, ʧʨʠʪʘʤʘʥʥʘ ʬʫʥʢʮʽʾ ɹʝʩʩʝʣʷ, ʙʽʣʴʰ 
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ʯʽʪʢʦ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.5. ʅʦʨʤʦʚʘʥʽ ʜʘʥʽ ʥʘ ʨʠʩ. 2.5 ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʜʣʷ 

ʣʽʥʽʾ IMDD ״ʪʠʧʫ ʽʟ ʟʦʚʥʽʰʥʽʤ ʄʄʎ, ʦʪʞʝ, ʚʦʥʠ ʪʘʢʦʞ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʟʛʽʜʥʦ (6.24).  

 

 

ʈʠʩ. 6.9. ɺʠʤʽʨʷʥʘ (ʢʨʫʞʢʠ) ʪʘ ʨʦʟʨʘʭʦʚʘʥʘ (ʩʫʮʽʣʴʥʘ ʢʨʠʚʘ) ʨʘʜʽʦʯʘʩʪʦʪʥʘ 

ʧʝʨʝʜʘʚʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʽʥʽʾ ʟ ʤʦʜʫʣʷʮʽʻʶ ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʽ ʧʨʷʤʠʤ 

ʜʝʪʝʢʪʫʚʘʥʥʷʤ [6.6] 

 

ʈʠʩ. 6.9 ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʨʝʟʫʣʴʪʘʪ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʧʝʨʝʜʘʯʽ ʧʦʪʫʞʥʦʩʪʽ ʚ ʪʘʢʽʡ ʣʽʥʽʾ. ʋ ʣʽʥʽʡʥʦʤʫ ʨʝʞʠʤʽ ʚʠʤʽʨʷʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʜʦʨʽʚʥʶʻ 23״ ʜɹ, ʱʦ ʚʽʜʤʽʥʥʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 

ʨʦʟʨʘʭʫʥʢʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ (6.27), ʜʝ G = 22,8״ ʜɹ. ʄʘʢʩʠʤʘʣʴʥʘ ʚʠʭʽʜʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʮʽʻʾ ʣʽʥʽʾ 13״ ʜɹʤ ʦʪʨʠʤʘʥʘ ʧʨʠ ʚʭʽʜʥʽʡ ʧʦʪʫʞʥʦʩʪʽ 13,5 ʜɹʤ. 

ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʝʨʝʜʙʘʯʝʥʠʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʴ (6.29) ʪʘ 

(6.31) ʚʽʜʧʦʚʽʜʥʦ: ὖ ȟ ρσȟρ̅ˎ̍ ʡ  ὖ ȟ ρσȟχ ʜɹʤ. ʋ ʜʘʥʽʡ ʣʽʥʽʾ 

ʧʝʨʝʜʘʯʽ ʢʦʤʧʨʝʩʽʷ ʥʘ 1 ʜɹ ʧʨʠ ʚʠʭʽʜʥʽʡ ʧʦʪʫʞʥʦʩʪʽ 16״ ʜɹʤ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʨʠ ʨʽʚʥʽ ʚʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 7,5 ʜɹʤ. ʈʽʚʥʷʥʥʷ (6.34) ʪʘ (6.36) 

ʧʝʨʝʜʙʘʯʘʶʪʴ ὖ ȟ̅ˎ ρυȟω̅ˎ̎  ̔ ὖ ȟ̅ˎ χȟωʜɹʤ ʚʽʜʧʦʚʽʜʥʦ. 

ɺʠʱʝ ʥʘʚʝʜʝʥʠʡ ʦʜʥʦʯʘʩʪʦʪʥʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ 

ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʧʦ ʨʘʜʽʦʯʘʩʪʦʪʽ, ʢʦʝʬʽʮʽʻʥʪ ʰʫʤʫ ʪʘ ʜʠʥʘʤʽʯʥʠʡ 

ʜʽʘʧʘʟʦʥ ʧʦ ʢʦʤʧʨʝʩʽʾ ʧʽʜʩʠʣʝʥʥʷ ʜʣʷ ʣʽʥʽʾ ʪʠʧʫ IMDD. ʗʢ ʙʫʣʦ ʦʧʠʩʘʥʦ ʚ 

ʨʦʟʜʽʣʽ 2, ʣʽʥʽʡʥʽʩʪʴ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʩʠʩʪʝʤ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʟʥʘʯʘʶʪʴ 
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ʜʚʦʯʘʩʪʦʪʥʠʤ ʤʝʪʦʜʦʤ. ʊʦʤʫ ʧʨʦʜʦʚʞʠʤʦ ʘʥʘʣʽʟ ʨʦʟʛʣʷʜʦʤ ʚʠʧʘʜʢʫ 

ʜʚʦʯʘʩʪʦʪʥʦʛʦ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ: 

                                        ὠ ὸ ὠ ὠίὭὲЏὸ ὠ          (6.37) 

ɿʩʫʚ ʬʘʟ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ (6.37): 

ʬ (t) =̕ ̕ίὭὲЏὸ ̕ίὭὲ Џὸ                      (6.38) 

ʅʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ ʜʣʷ ʚʠʧʘʜʢʫ ʜʚʦʯʘʩʪʦʪʥʦʾ ʤʦʜʫʣʷʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʽ ʧʽʜʩʪʘʥʦʚʢʦʶ (6.38) ʚ (6.9) ʽ (6.14). ʈʦʟʛʦʨʥʫʪʽ ʚʠʨʘʞʝʥʥʷ ʮʠʭ 

ʧʦʣʽʚ ʜʦʩʠʪʴ ʛʨʦʤʽʟʜʢʽ, ʽ ʤʠ ʥʘʚʝʜʝʤʦ ʪʽʣʴʢʠ ʦʜʠʥ ʧʨʠʢʣʘʜ. ɽʣʝʢʪʨʠʯʥʝ 

ʧʦʣʝ Ὁʚ (6.14) ʜʣʷ ʜʚʦʪʘʢʪʥʦʛʦ ʄʄʎ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʦ ʷʢ: 
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ʇʝʨʰʠʡ ʨʷʜʦʢ ʫ (6.39) ״ ʮʝ ʦʧʪʠʯʥʘ ʥʦʩʽʡʥʘ, ʪʦʜʽ ʷʢ ʜʨʫʛʠʡ ʪʘ ʪʨʝʪʽʡ 

ʨʷʜʢʠ ״ ʚʽʜʧʦʚʽʜʥʦ ʚʝʨʭʥʷ ʪʘ ʥʠʞʥʷ ʙʽʯʥʽ ʩʤʫʛʠ ʚʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ ʧʝʨʰʠʭ 

ʪʘ ʥʝʧʘʨʥʠʭ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʯʘʩʪʦʪ Ὢ ̓  ́ὪȢ ʏʝʪʚʝʨʪʠʡ ʪʘ ʧ'ʷʪʠʡ ʨʷʜʢʠ 

ʚʨʘʭʦʚʫʶʪʴ ʛʘʨʤʦʥʽʢʠ ʧʘʨʥʦʛʦ ʧʦʨʷʜʢʫ. ʐʦʩʪʠʡ ʪʘ ʩʴʦʤʠʡ ʨʷʜʢʠ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʽʥʪʝʨʤʦʜʫʣʷʮʽʡʥʠʤ ʩʧʦʪʚʦʨʝʥʥʷʤ (ɯʄʉ) ʧʘʨʥʦʛʦ ʧʦʨʷʜʢʫ, ʘ 

ʚʦʩʴʤʘ ʪʘ ʜʝʚ'ʷʪʘ ï ɯʄʉ ʥʝʧʘʨʥʦʛʦ ʧʦʨʷʜʢʫ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʚʠʨʘʟʠ ʜʣʷ 

ɯʄʉ ʚ ʨʷʜʢʘʭ ʽʟ ʰʦʩʪʦʛʦ ʧʦ ʜʝʚ'ʷʪʠʡ ʤʽʩʪʷʪʴ ʧʦ ʜʚʘ ʯʣʝʥʠ, ʱʦ ʧʦʢʘʟʘʥʦ 

ʟʥʘʢʘʤʠ çÑè ʚʩʝʨʝʜʠʥʽ ʘʨʛʫʤʝʥʪʫ ʪʨʠʛʦʥʦʤʝʪʨʠʯʥʦʾ ʬʫʥʢʮʽʾ ʡ ʥʘ ʧʦʯʘʪʢʫ 

ʨʷʜʢʽʚ. ʇʦʣʷ ʥʘ ʜʚʦʭ ʯʘʩʪʦʪʘʭ ʜʣʷ ʦʜʥʦʪʘʢʪʥʦʛʦ ʪʘ ʜʣʷ ʜʚʦʪʘʢʪʥʦʛʦ ʄʄʎ 

ʩʣʽʜʫʶʪʴ ʪʠʤ ʞʝ ʪʝʥʜʝʥʮʽʷʤ, ʱʦ ʽ ʜʣʷ ʦʜʥʦʯʘʩʪʦʪʥʦʛʦ ʚʠʧʘʜʢʫ ʚ 

ʤʘʣʦʩʠʛʥʘʣʴʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ. ʎʝ ʧʦʣʦʞʝʥʥʷ ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʥʘ ʨʠʩ. 6.10, 

ʥʘ ʷʢʦʤʫ ʧʦʢʘʟʘʥʽ ʚʠʤʽʨʷʥʽ ʩʧʝʢʪʨʠ ʜʣʷ ʦʙʦʭ ʪʠʧʽʚ ʤʦʜʫʣʷʪʦʨʽʚ [6.7]. 
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ɼʣʷ ʚʩʽʭ ʜʘʥʠʭ, ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 6.10, ʚʠʢʦʨʠʩʪʘʥʽ ʜʚʽ ʯʘʩʪʦʪʠ 9 ʡ 

12 ɻɻʮ ʦʜʥʘʢʦʚʦʾ ʘʤʧʣʽʪʫʜʠ. ʉʧʝʢʪʨʠ ʙʫʣʠ ʚʠʤʽʨʷʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʧʪʠʯʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ [6.7]. 

 

 

ʈʠʩ. 6.10. ɺʠʤʽʨʷʥʽ ʦʧʪʠʯʥʽ ʩʧʝʢʪʨʠ ʜʣʷ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʟ IMDD, ʤʦʜʫʣʴʦʚʘʥʦʶ  

ʜʚʦʤʘ ʨʘʜʽʦʩʠʛʥʘʣʘʤʠ ʥʘ ʯʘʩʪʦʪʘʭ 9 ʪʘ 12 ɻɻʮ. 
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ʇʦʢʘʟʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʤʦʜʫʣʷʮʽʾ ʚ ʢʚʘʜʨʘʪʫʨʽ (ʯʦʨʥʘ ʣʽʥʽʷ) ʽ ʧʨʠ 

ʥʫʣʴʦʚʦʤʫ ʟʤʽʱʝʥʥʽ (ʩʽʨʘ ʣʽʥʽʷ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʜʥʦʪʘʢʪʥʦʛʦ (ʘ) ʪʘ 

ʜʚʦʪʘʢʪʥʦʛʦ (ʙ) ʄʄʎ. 

ʇʨʠ ʥʫʣʴʦʚʦʤʫ ʟʤʽʱʝʥʥʽ ʥʝʩʫʯʘ ʯʘʩʪʦʪʘ ʧʨʠʛʥʽʯʝʥʘ ʧʨʠʙʣʠʟʥʦ ʥʘ 

24 ʜɹ ʽʟ ʥʝʭʪʦʚʥʦ ʤʘʣʠʤʠ ʟʤʽʥʘʤʠ ʩʤʫʛ ʤʦʜʫʣʷʮʽʾ, ʷʢ ʧʝʨʝʜʙʘʯʝʥʦ 

ʨʽʚʥʷʥʥʷʤʠ (6.11) ʪʘ (6.12). ʊʘʢʦʞ ʧʨʠ ʥʫʣʴʦʚʦʤʫ ʟʤʽʱʝʥʥʽ ʚʠʷʚʣʷʶʪʴʩʷ 

ʨʽʟʥʠʮʝʚʽ ʯʣʝʥʠ ɯʄʉ2 ʥʘ ʯʘʩʪʦʪʘʭ ʥʘʣʘʰʪʫʚʘʥʥʷ Ñ 3 ɻɻʮ, ʷʢʽ ʙʫʣʠ 

ʟʘʤʘʩʢʦʚʘʥʽ ʧʨʠ ʢʚʘʜʨʘʪʫʨʥʦʤʫ ʟʤʽʱʝʥʥʽ. ʅʘ ʨʠʩ. 6.10 ʙ ʧʦʢʘʟʘʥʽ ʦʙʠʜʚʘ 

ʩʧʝʢʪʨʘ ʜʣʷ ʜʚʦʪʘʢʪʥʦʛʦ ʄʄʎ. 

ʇʨʠ ʢʚʘʜʨʘʪʫʨʥʦʤʫ ʟʤʽʱʝʥʥʽ ʤʦʞʥʘ ʙʘʯʠʪʠ ʪʽ ʞ ʩʘʤʽ ʯʘʩʪʦʪʥʽ 

ʢʦʤʧʦʥʝʥʪʠ, ʷʢ ʽ ʥʘ ʨʠʩ. 6.10 ʘ. ʆʜʥʘʢ ʧʨʠ ʥʫʣʴʦʚʦʤʫ ʟʤʽʱʝʥʥʽ ʩʧʝʢʪʨ ʤʘʻ 

ʟʥʘʯʥʽ ʚʽʜʤʽʥʥʦʩʪʽ. ʇʨʠ ʧʨʠʜʫʰʝʥʥʽ ʥʦʩʽʡʥʦʾ ʥʘ 25 ʜɹ ʤʠ ʥʝ ʙʘʯʠʤʦ ʙʽʣʴʰ 

ʯʣʝʥʽʚ ʧʘʨʥʦʛʦ ʧʦʨʷʜʢʫ, ʘ ʙʽʯʥʽ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʯʘʩʪʦʪʘʭ ʤʦʜʫʣʷʮʽʾ 

ʟʙʽʣʴʰʠʣʠʩʷ ʥʘ 3 ʜɹ. ɺʩʽ ʮʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʜʙʘʯʝʥʽ ʨʽʚʥʷʥʥʷʤ (6.39). 

ʈʽʚʥʷʥʥʷ (6.38) ʤʦʞʝ ʙʫʪʠ ʧʽʜʩʪʘʚʣʝʥʝ ʚ (6.17) ʪʘ ʨʦʟʚʠʥʝʥʝ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʬʦʪʦʩʪʨʫʤʽʚ. ʈʝʟʫʣʴʪʘʪ ʚʠʭʦʜʠʪʴ ʱʝ ʙʽʣʴʰ ʦʙ'ʻʤʥʠʤ, ʥʽʞ ʜʣʷ 

ʚʠʧʘʜʢʫ ʦʜʥʦʯʘʩʪʦʪʥʦʾ ʤʦʜʫʣʷʮʽʾ, ʡ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ 

ʪʨʴʦʭ ʯʘʩʪʠʥ: 

Ὅȟ ὍȟᶸὍȟὐ̕ ὐ̕ ὧέί̕   (6.40) 

ʈʽʚʥʷʥʥʷ (6.40 ʘ) ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʝʨʝʜʥʽʡ ʩʪʨʫʤ ʜʣʷ ʢʦʞʥʦʛʦ ʧʣʝʯʘ, ʜʝ 

ʯʣʝʥ Ὅȟ ʙʘʛʘʪʦʨʘʟʦʚʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ ʧʨʠ ʢʚʘʜʨʘʪʫʨʥʦʤʫ ʟʤʽʱʝʥʥʽ [̕ ςὲ ρ“  ״ ʮʽʣʝ ʯʠʩʣʦ]. 

ʏʣʝʥʠ ʥʝʧʘʨʥʦʛʦ ʧʦʨʷʜʢʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʦʙʠʜʚʽ ʧʝʨʰʽ ʛʘʨʤʦʥʽʢʠ, ʟʽʙʨʘʥʽ ʚ 

(6.406), ʩʧʦʪʚʦʨʝʥʥʷ ʧʘʨʥʦʛʦ ʧʦʨʷʜʢʫ ʜʘʶʪʴʩʷ ʚ (6.40ʚ). ʇʦʦʜʠʥʦʢʽ ʟʥʘʢʠ 

ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʚʢʣʶʯʘʶʪʴ ʛʘʨʤʦʥʽʡʥʽ ʩʧʦʪʚʦʨʝʥʥʷ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʧʦʜʚʽʡʥʽ 

ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʽʥʪʝʨʤʦʜʫʣʷʮʽʡʥʽ ʩʧʦʪʚʦʨʝʥʥʷ. 
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Ὅȟ ὸ ςÓÉÎ̕ Ὅȟ

ὐ̕ ὐ ̕ ÓÉÎςὮ ρЏὸ

ὐ̕ ὐ ̕ ÓÉÎςὯ ρЏὸ

ὐ ̕ ὐ ̕ ÓÉÎςάЏ ςὮ ρЏ ὸ

ὐ ̕ ὐ ̕ ÓÉÎςὬЏ ςὯ ρЏ ὸ

ὐ ̕ ὐ ̕ ÓÉÎςάЏ ςὮ ρЏ ὸ

ὐ ̕ ὐ ̕ ÓÉÎςὬЏ ςὯ ρЏ ὸ φȢτπ  ̂

Ὅȟ ὸ ςᴜÃÏÓ̕ Ὅȟ

ὐ̕ ὐ ̕ ÃÏÓςὯЏὸ

ὐ̕ ὐ ̕ ÃÏÓςάЏὸ

ὐ ̕ ὐ ̕ ÃÏÓςὴ ρЏ ςὲ ρЏ ὸ

ὐ ̕ ὐ ̕ ÃÏÓςὴ ρЏ ςὲ ρЏ ὸ

ὐ ̕ ὐ ̕ ÃÏÓςάЏ ὯЏ ὸ

ὐ ̕ ὐ ̕ ÃÏÓςάЏ

ὯЏ ὸ                                               φȢτπ  ̃
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ʋ ʨʘʟʽ ʪʦʯʥʦʛʦ ʢʚʘʜʨʘʪʫʨʥʦʛʦ ʟʤʽʱʝʥʥʷ ʯʣʝʥʠ ʧʘʨʥʦʛʦ ʧʦʨʷʜʢʫ 

ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ. ʆʜʥʘʢ ʚ (6.40 ʘ-ʚ) ʚʭʦʜʠʪʴ ʪʘʢʦʞ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʟʩʫʚʫ, 

ʱʦʙ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚ ʬʫʥʢʮʽʾ ʚʽʜ ʤʘʣʠʭ 

ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʢʚʘʜʨʘʪʫʨʥʦʾ ʪʦʯʢʠ. ʋ ʢʚʘʜʨʘʪʫʨʥʦʤʫ ʨʝʞʠʤʽ ʟʩʫʚʫ 

ʥʘʡʙʽʣʴʰʠʤʠ ʨʽʚʥʷʤʠ ʤʘʣʦʩʠʛʥʘʣʴʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʤʘʶʪʴ ʧʨʦʜʫʢʪʠ ɯʄʉ 

ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ʥʘ ʯʘʩʪʦʪʘʭ (ςὪ Ὢ) ʪʘ (ςὪ Ὢ) ʟʘʜʘʥʽ ʚ ʪʨʝʪʽʡ ʪʘ 

ʯʝʪʚʝʨʪʽʡ ʨʷʜʢʘʭ (6.40 ʙ) ʚʽʜʧʦʚʽʜʥʦ. ʉʝʨʝʜʥʷ ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʤʘʣʠʭ 

ʩʠʛʥʘʣʘʭ ʜʣʷ ʮʠʭ ʯʣʝʥʽʚ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢ 

ʟʚʘʥʦʛʦ çʤʘʣʦʢʫʪʦʚʦʛʦè ʥʘʙʣʠʞʝʥʥʷ ɹʝʩʩʝʣʷ: 

ὖ ȟ

̕
                                   (6.41) 

ʄʘʣʦʩʠʛʥʘʣʴʥʠʡ ʚʽʜʛʫʢ ʥʘ ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ ʧʨʠ ʜʚʦʯʘʩʪʦʪʥʦʤʫ 

ʚʧʣʠʚʽ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʚʠʧʘʜʢʫ ʦʜʥʦʯʘʩʪʦʪʥʦʾ ʤʦʜʫʣʷʮʽʾ (ʜʠʚ. (6.25)). 

ʇʘʨʘʤʝʪʨ OIP3 (ʜʠʚ. (2.18)) ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʧʦʪʚʦʨʝʥʴ ʚ (6.41) ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʰʣʷʭʦʤ ʧʨʠʨʽʚʥʶʚʘʥʥʷ (6.25) ʜʦ (6.41) ʪʘ ʨʦʟʚᾷʷʟʢʫ ʱʦʜʦ ̕  ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ̕ ςЍς. ʇʽʜʩʪʘʥʦʚʢʘ ʮʴʦʛʦ ʟʥʘʯʝʥʥʷ ʚ (6.25) ʘʙʦ (6.41) 

ʜʘʻ: 

)̨0 τὍὙ Ὄ                                     (6.42) 

ɯʥʦʜʽ ʣʽʥʽʡʥʽʩʪʴ ʚ ʣʽʥʽʷʭ ʟ IMDD ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʧʦʪʚʦʨʝʥʥʷʤʠ ʧʦ 

ʪʨʝʪʽʡ ʛʘʨʤʦʥʽʮʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʥʘʣʽʟʫ, ʘʥʘʣʦʛʽʯʥʦʛʦ ʚʠʱʝʥʘʚʝʜʝʥʦʤʫ, 

ʧʦʢʘʟʫʻ, ʱʦ OIP3 ʧʦ ʪʨʝʪʽʡ ʛʘʨʤʦʥʽʮʽ ʚʠʭʦʜʠʪʴ ʚ ʪʨʠ ʨʘʟʠ ʙʽʣʴʰʝ, ʥʽʞ ʟʘ 

(6.42). ʈʽʚʥʷʥʥʷ (6.42) ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʧʠʩʘʥʦ ʚ ʣʦʛʘʨʠʬʤʽʯʥʠʡ ʬʦʨʤʘʪ 

ʧʨʠ  Ὑ υπ ̨  ̍ ̓  ́ Ὄ ρςϳ  

)̨0̅ ˎ̍ ρσȟπ ςπὰέÇ Ὅ ̍ˍ  (6.43) 

ʇʘʨʘʤʝʪʨ IIP3 ʚʠʭʦʜʠʪʴ ʜʽʣʝʥʥʷʤ (6.42) ʥʘ (6.26) 

)˴0 .     (6.44) 

ɸʙʦ ʚ ʣʦʛʘʨʠʬʤʽʯʥʽʡ ʬʦʨʤʽ ʜʣʷ Ri  =50 ʆʤ 

)˴0̅ˎ  ̍= 9.1+ςπὰέÇὠˏ                          (6.45) 
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ɺʠʤʽʨʷʥʽ ʜʘʥʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ OIP3 ʚ ʣʽʥʽʾ 

ʧʝʨʝʜʘʯʽ ʟ IMDD, ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 6.11 [6.8]. ʋ ʣʽʥʽʾ ʟʘʩʪʦʩʦʚʘʥʽ ʄʄʎ ʟ 

ʜʚʦʤʘ ʚʠʭʦʜʘʤʠ ʪʘ ʙʘʣʘʥʩʥʽ ʬʦʪʦʜʽʦʜʠ ʟ Ὄ ρςϳ  1 ɻɻʮ ʜʣʷ ʫʟʛʦʜʞʝʥʥʷ 

ʚʠʭʦʜʽʚ ʟ 50 ʆʤ. ʂʦʞʝʥ ʬʦʪʦʜʽʦʜ ʧʨʘʮʶʚʘʚ ʧʨʠ ʩʝʨʝʜʥʴʦʤʫ ʩʪʨʫʤʽ 30 ʤɸ. 

ɼʣʷ ʤʦʜʫʣʷʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʚʘ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʠ ʨʽʚʥʦʾ ʘʤʧʣʽʪʫʜʠ 

ʯʘʩʪʦʪʦʶ 1,0 ʪʘ 1,1 ɻɻʮ. ʅʘ ʨʠʩ. 6.11 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝʜʘʯʽ ʥʘ ʧʝʨʰʽʡ ʛʘʨʤʦʥʽʮʽ ʪʘ ɯʄʉɿ, ʦʪʨʠʤʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʘʪʦʨʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʧʝʢʪʨʘ. ʈʽʟʥʠʮʷ ʟʥʘʡʜʝʥʦʛʦ ʥʘ 

ʦʩʥʦʚʽ ʚʠʤʽʨʽʚ OIP3 = 23,5 ʜɹʤ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ OIP3 = 22,6 ʜɹʤ, 

ʧʝʨʝʜʙʘʯʝʥʦʾ ʚ (6.43) ʧʨʠ Ὅ φπ ̍ ,̱ ʩʪʘʥʦʚʠʪʴ 0,9 ʜɹ, ʪʦʙʪʦ 

ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʚʠʤʽʨʦʤ ʪʘ ʪʝʦʨʽʻʶ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʧʦʭʠʙʢʠ. 

 

 

ʈʠʩ.6.11. ʈʝʟʫʣʴʪʘʪ ʚʠʤʽʨʶʚʘʥʥʷ ʆɯʈɿ ʜʣʷ ʣʽʥʽʾ ʟ IMDD [6.8]. 

 

ʊʘʢ ʷʢ ʥʘ ʧʨʘʢʪʠʮʽ ʚʘʞʢʦ ʟʘʙʝʟʧʝʯʠʪʠ ʪʦʯʥʝ ʢʚʘʜʨʘʪʫʨʥʝ ʟʤʽʱʝʥʥʷ, 

ʪʦ ʢʦʨʠʩʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʩʧʦʪʚʦʨʝʥʥʷ ʧʘʨʥʦʛʦ ʧʦʨʷʜʢʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʘʟʠ 

ʟʩʫʚʫ. ʅʘʡʙʽʣʴʰʠʤʠ ʩʧʦʪʚʦʨʝʥʥʷʤʠ ʧʘʨʥʦʛʦ ʧʦʨʷʜʢʫ ʻ ʽʥʪʝʨʤʦʜʫʣʷʮʽʡʥʽ 

ʩʧʦʪʚʦʨʝʥʥʷ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ɯʄʉ2 ʥʘ ʯʘʩʪʦʪʘʭ ȿὪ Ὢ| ʪʘ (Ὢ Ὢ), ʷʢʽ 

ʟʘʜʘʶʪʴʩʷ ʧ'ʷʪʠʤ ʪʘ ʰʦʩʪʠʤ ʨʷʜʢʘʤʠ (6.40ʚ) ʚʽʜʧʦʚʽʜʥʦ. ʉʝʨʝʜʥʷ 

ʧʦʪʫʞʥʽʩʪʴ ʤʘʣʦ ʩʠʛʥʘʣʴʥʦʛʦ  ʨʝʞʠʤʫ ʜʣʷ ʮʠʭ ʯʣʝʥʽʚ ʜʦʨʽʚʥʶʻ: 

ὖ ȟ

̕ ȟ
   (6.46) 
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ʗʢ ʚʠʧʣʠʚʘʻ ʟ (6.40 ʙ), ʧʦʪʫʞʥʽʩʪʴ ʧʦ ʧʝʨʰʦʾ ʛʘʨʤʦʥʽʮʽ ʙʫʜʝ 

ʧʨʦʧʦʨʮʽʡʥʘ ίὭὲ̕ Ȣ ʇʧʦʤʥʞʠʚʰʠ (6.25) ʥʘ ίὭὲ ̕  ʪʘ 

ʧʽʜʩʪʘʚʠʚʰʠ  Ὅ Ὅȟ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʥʘ ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ ʚʽʜ ̕ Ȣ  ʇʨʠʨʽʚʥʶʶʯʠ ʮʝʡ ʚʠʨʘʟ ʜʦ (6.46), 

ʦʪʨʠʤʘʻʤʦ ̕ ὸὫ̕ Ȣ ʇʽʜʩʪʘʥʦʚʢʘ ʮʴʦʛʦ ʚʠʨʘʟʫ ʜʣʷ  ̕  ʚ (6.46) ʜʘʻ 

OIP2 ʷʢ ʬʫʥʢʮʽʶ ʚʽʜ ̕ ȡ 

˛0˴ ̕
ςίὭὲ̕ ὍȟὙ Ὄ

ὧέί̕
              φȢτχ 

ʄʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ OIP2 ʧʦ ʜʨʫʛʽʡ ʛʘʨʤʦʥʽʮʽ ʚ ʯʦʪʠʨʠ ʨʘʟʠ ʙʽʣʴʰʝ, 

ʥʽʞ ʜʘʻ (6.47); ʜʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʪʘʢʦʞ ʙʫʚ ʚʽʜʟʥʘʯʝʥʠʡ ʚ ʨʦʟʜʽʣʽ 2 ʧʨʠ 

ʨʦʟʢʣʘʜʘʥʥʽ ʚ ʨʷʜ ʊʝʡʣʦʨʘ ʜʚʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʫ. ɸʥʘʣʦʛʽʯʥʦ ʧʦʪʫʞʥʦʩʪʽ 

ʧʦ ʧʝʨʰʽʡ ʛʘʨʤʦʥʽʮʽ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʥʘ ʨʘʜʽʦʯʘʩʪʦʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ̕  ʪʘʢʦʞ ʧʨʦʧʦʨʮʽʡʥʠʡ  ίὭὲ̕ . ʈʦʟʜʽʣʠʚʰʠ (6.47) ʥʘ (6.26) ʪʘ 

ʧʦʤʥʦʞʠʚʰʠ ʥʘ ίὭὲ̕ , ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ IIP2 ʫ ʚʠʛʣʷʜʽ: 

)˴0 ̕
̕

    (6.48) 

ɻʨʘʬʽʢ, ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ (6.47), ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 6.12 

ʜʣ ̫Ὑ υπ ̨  ̍̓  ́Ὄ ρςϳ . 

 

 

ʈʠʩ.6.12. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ˛0˴ ʣʠʥʽʾ ʟ IMDD ʟʘ ʜʦʧʦʤʦʛʦʶ (6.47) ʧʨʠ  

Ro  = 50 Hpd=1ù2 
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ʇʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʦʩʽ ʚʽʜʢʣʘʜʝʥʘ ʚʝʣʠʯʠʥʘ ʬʘʟʦʚʦʾ ʧʦʭʠʙʢʠ ʚʽʜ 

ʢʚʘʜʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʟʩʫʚʫ. ʂʨʠʚʘ ʩʠʤʝʪʨʠʯʥʘ ʱʦʜʦ ʢʚʘʜʨʘʪʫʨʥʦʾ ʪʦʯʢʠ, 

ʡ OIP2 ʟʥʘʯʥʦ ʟʥʠʞʫʻʪʴʩʷ ʥʘʚʽʪʴ ʧʨʠ ʥʝʚʝʣʠʢʽʡ ʬʘʟʦʚʦʾ ʧʦʤʠʣʮʽ ʟʩʫʚʫ. ʋ 

ʤʫʣʴʪʠʦʢʪʘʚʥʠʭ ʩʠʩʪʝʤʘʭ ʧʦʤʠʣʢʠ ʟʩʫʚʫ ʤʦʞʫʪʴ ʧʦʛʽʨʰʠʪʠ ʟʘʛʘʣʴʥʠʡ 

ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʧʦ ʧʝʨʝʰʢʦʜʘʤ (SFDR) ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʣʘʩʥʠʤ 

ʟʥʘʯʝʥʥʷʤ SFDR ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ, ʦʙʤʝʞʝʥʠʤ ʩʘʤʠʤ ʤʦʜʫʣʷʪʦʨʦʤ. 

ɸʥʘʣʽʟ ʟʘʛʘʣʴʥʦʛʦ SFDR ʜʣʷ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʟ IMDD ʙʫʜʝ ʚʠʢʦʥʘʥʠʡ ʚ 

ʥʘʩʪʫʧʥʦʤʫ ʨʦʟʜʽʣʽ. ʅʘ ʨʠʩ. 6.13 ʬʦʨʤʘʣʴʥʘ ʤʦʜʝʣʴ, ʜʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

(6.47), ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʽʚ [6.9]. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʮʠʭ ʜʘʥʠʭ, ʷʢʽ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ, 

ʩʪʘʥʦʚʣʷʪʴ  Ὅȟ υȟς ̍ ẖ̌Ὑ υπ˛̍̉ȟὌ ρςϳ . 

 

 

ʈʠʩ. 6.13. ɺʠʤʽʨʷʥʽ (ʢʨʫʞʢʠ) ʪʘ ʨʦʟʨʘʭʦʚʘʥʽʽ (ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ) ʟʥʘʯʝʥʥʷ OIP2 ʷʢ ʬʫʥʢʮʽʷ 

ʧʦʤʠʣʢʠ ʫʩʪʘʥʦʚʢʠ ʟʤʽʰʫʚʘʥʥʷ ʄʄʎ [6.9] 

 

ɿ ʨʠʩʫʥʢʘ ʚʠʜʥʦ ʚʠʩʦʢʠʡ ʟʙʽʛ ʤʽʞ ʚʠʤʽʨʦʤ ʪʘ ʪʝʦʨʽʻʶ. 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʚʠʤʽʨʷʥʠʡ ʨʽʚʝʥʴ OIP2 ʟʥʘʭʦʜʠʪʴʩʷ ʙʣʠʟʴʢʦ 35 ʜɹʤ ʡ 

ʦʙʤʝʞʫʻʪʴʩʷ ʚ ʬʦʪʦʜʽʦʜʽ. 
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6.3. ʐʫʤ ʪʘ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ 

 

 

ʋ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ ʙʫʣʠ ʚʠʚʝʜʝʥʽ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʽʥʽʾ ʟ IMDD, ʧʦʯʠʥʘʶʯʠ ʟ ʤʘʪʨʠʮʴ ʧʝʨʝʜʘʯʽ. ɺʽʜ ʾʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʣʝʞʘʪʴ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ, ʪʘʢʽ ʷʢ ʢʦʝʬʽʮʽʻʥʪ ʰʫʤʫ, 

ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ (SNR) ʪʘ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ. ʆʜʥʘʢ ʰʫʤ, 

ʚʥʝʩʝʥʠʡ ʣʽʥʽʻʶ ʧʝʨʝʜʘʯʽ ʟ IMDD, ʪʘʢʦʞ ʻ ʢʨʠʪʠʯʥʠʤ ʧʘʨʘʤʝʪʨʦʤ. ʆʪʞʝ, 

ʥʠʞʯʝ ʙʫʜʝ ʚʠʢʦʥʘʥʠʡ ʰʫʤʦʚʠʡ ʘʥʘʣʽʟ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʤʘʪʝʨʽʘʣʽʚ ʨʦʟʜʽʣʫ 3. 

 

6.3.1. ʆʩʥʦʚʥʽ ʨʽʚʥʷʥʥʷ 

 

ɺʠʨʘʟ ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʧʦʪʫʞʥʦʩʪʽ ʰʫʤʫ (ʉʇʄʐ) ʥʘ ʚʠʭʦʜʽ 

ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʟ IMDD ʥʘ ʙʘʟʽ ʟʦʚʥʽʰʥʴʦʛʦ ʄʄʎ ʽʟ ʢʚʘʜʨʘʪʫʨʥʠʭ 

ʟʤʽʱʝʥʥʷʤ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ: 

ὔ
Ὅ

ὠ
“ὙὙ Ὄ ὯὝ ὯὝ ςήὍὙ Ὄ ὙὍὔϽὍὙ Ὄ  

(6.49) 

ʗʢ ʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ, Ὅ״ ʧʦʚʥʘ ʚʝʣʠʯʠʥʘ ʧʦʩʪʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʜʝʪʝʢʪʦʚʘʥʦʛʦ ʩʪʨʫʤʫ, ʟʘʚʜʷʢʠ ʯʦʤʫ (6.49) ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʦ ʙʫʜʴ-

ʷʢʦʛʦ ʪʠʧʫ ʣʽʥʽʡ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʩ. 6.4-6.6. ʇʝʨʰʠʡ ʯʣʝʥ ʚ (6.49) 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʪʝʧʣʦʚʠʤ ʰʫʤʦʤ (ʧʽʜʨʦʟʜʽʣ 3.2) ʥʘ ʚʭʦʜʽ ʣʽʥʽʾ, ʧʦʤʥʦʞʝʥʠʡ ʥʘ 

ʤʘʣʦʩʠʛʥʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ (ʜʠʚ. (6.26)), ʱʦ ʥʝʦʙʭʽʜʥʦ ʜʣʷ 

ʡʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦ ʚʠʭʦʜʫ ʣʽʥʽʾ. ɼʨʫʛʠʡ ʯʣʝʥ ʚʨʘʭʦʚʫʻ ʪʝʧʣʦʚʦʾ ʰʫʤ ʥʘ 

ʚʠʭʦʜʽ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ. ʆʙʠʜʚʘ ʚʠʨʘʟʠ ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʰʫʤʫ ʥʘʚʝʜʝʥʽ ʚ 

ʪʝʨʤʽʥʘʭ ʩʪʘʥʜʘʨʪʥʦʾ ʰʫʤʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʘʢ ʱʦ (6.49) ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʰʫʤʫ. ʋ ʜʝʷʢʠʭ 

ʩʠʪʫʘʮʽʷʭ ʜʣʷ ʦʧʠʩʫ ʪʝʧʣʦʚʦʛʦ ʰʫʤʫ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʦʙʭʽʜʥʽ ʜʦʜʘʪʢʦʚʽ 
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ʫʤʦʚʠ. ʅʘʧʨʠʢʣʘʜ, ʚʪʨʘʪʠ ʚ ʝʣʝʢʪʨʦʜʘʭ ʘʙʦ ʦʙʣʽʢ ʪʝʧʣʦʚʦʛʦ ʰʫʤʫ, ʱʦ 

ʚʠʥʠʢʘʻ ʚ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʤʫ ʨʝʟʠʩʪʦʨʽ, ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʷʚʠ 

ʘʜʠʪʠʚʥʠʭ ʯʣʝʥʽʚ [6.10]. ʊʨʝʪʽʡ ʯʣʝʥ ʚ (6.49) ʢʽʣʴʢʽʩʥʦ ʚʨʘʭʦʚʫʻ ʚʥʝʩʦʢ 

ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ (ʧʽʜʨʦʟʜʽʣ 3.3). ʆʩʪʘʥʥʽʡ ʯʣʝʥ ʦʧʠʩʫʻ ʜʦʜʘʪʢʦʚʠʡ 

ʦʧʪʠʯʥʠʡ ʰʫʤ, ʢʨʽʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʞʝʨʝʣ ʪʝʧʣʦʚʠʭ ʪʘ ʜʨʦʙʦʚʠʭ 

ʰʫʤʽʚ, ʚʠʤʽʨʷʥʠʡ ʚ ʪʝʨʤʽʥʘʭ ʚʽʜʥʦʩʥʦʛʦ ʰʫʤʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ (RIN). ɼʘʥʠʡ 

ʧʘʨʘʤʝʪʨ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ (3.4) ʡ ʤʦʞʝ ʤʽʩʪʠʪʠ ʚʥʝʩʦʢ ʰʫʤʽʚ ʣʘʟʝʨʘ 

(ʧʽʜʨʦʟʜʽʣ 3.4), ʦʧʪʠʯʥʦʛʦ ʧʽʜʩʠʣʝʥʥʷ (ʧʽʜʨʦʟʜʽʣ 3.5) ʘʙʦ ʝʬʝʢʪʽʚ 

ʧʦʰʠʨʝʥʥʷ (ʨʦʟʜʽʣ5). ʈʽʟʥʦʤʘʥʽʪʥʽ ʜʞʝʨʝʣʘ ʰʫʤʫ ʧʦ ʨʽʟʥʦʤʫ ʧʨʦʷʚʣʷʶʪʴʩʷ 

ʚ ʣʽʥʽʾ ʟ IMDD, ʟʦʢʨʝʤʘ ʜʝʷʢʽ ʜʞʝʨʝʣʘ ʰʫʤʫ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʤʧʝʥʩʦʚʘʥʽ ʚ 

ʄʄʎ ʟ ʜʚʦʤʘ ʚʠʭʦʜʘʤʠ. ɼʘʥʠʡ ʧʘʨʘʤʝʪʨ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ (3.4) ʡ ʤʦʞʝ 

ʤʽʩʪʠʪʠ ʚʥʝʩʦʢ ʰʫʤʽʚ ʣʘʟʝʨʘ (ʧʽʜʨʦʟʜʽʣ 3.4), ʦʧʪʠʯʥʦʛʦ ʧʽʜʩʠʣʝʥʥʷ 

(ʧʽʜʨʦʟʜʽʣ 3.5) ʘʙʦ ʝʬʝʢʪʽʚ ʧʦʰʠʨʝʥʥʷ (ʨʦʟʜʽʣ 5). 

ʅʘ ʨʠʩ. 6.14 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ, ʷʢʠʡ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʘʯʥʫ 

ʧʝʨʝʚʘʛʫ ʩʠʤʝʪʨʠʯʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʣʽʥʽʾ ʪʠʧʫ IMDD ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʄʄʎ 

ʟ ʜʚʦʤʘ ʚʠʭʦʜʘʤʠ. ɿ ʪʨʴʦʭ ʢʨʠʚʠʭ RIN, ʧʦʢʘʟʘʥʠʭ ʥʘ ʨʠʩʫʥʢʫ 6.14, ʜʚʽ ״ 

ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʧʣʝʯʝʡ ʚ ʣʽʥʽʾ ʟ IMDD ʥʘ ʙʘʟʽ ʄʄʎ ʟ ʜʚʦʤʘ ʚʠʭʦʜʘʤʠ, ʘ 

ʦʜʥʘ ״ ʜʣʷ ʩʠʤʝʪʨʠʯʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ [6.11].  

 

 

ʈʠʩ. 6.14. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʰʫʤʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

(RɯN) ʜʣʷ ʣʽʥʽʾ ʟ IMDD, ʚʠʤʽʨʷʥʦʾ ʥʘ ʦʙʦʭ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʚʠʭʦʜʘʭ (ʚʛʦʨʽ) ʪʘ ʥʘ ʚʠʭʦʜʽ 

ʙʘʣʘʥʩʥʦʛʦ ʜʝʪʝʢʪʦʨʘ (ʚʥʠʟʫ) 
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ʋ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʧʝʨʝʜ ʤʦʜʫʣʷʪʦʨʦʤ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ 

ʣʘʟʝʨ, ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʷʢʦʛʦ ʧʦʩʠʣʶʻʪʴʩʷ ʝʨʙʽʻʚʠʤ ʚʦʣʦʢʦʥʥʠʤ 

ʧʽʜʩʠʣʶʚʘʯʝʤ (ɽɺ). ʂʦʞʥʝ ʟ ʧʣʝʯʝʡ ʧʨʘʮʶʻ ʧʨʠ ʬʦʪʦʩʪʨʫʤʽ Ὅ υπ̍ˍ, 

ʪʦʙʪʦ ʚ ʙʘʣʘʥʩʦʚʽʡ ʩʭʝʤʽ ʧʦʚʥʠʡ ʩʝʨʝʜʥʽʡ ʩʪʨʫʤ ʜʝʪʝʢʪʫʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ 

100 ʤɸ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʙʘʣʘʥʩʦʚʽʡ ʩʭʝʤʽ ʚʝʣʠʯʠʥʘ RIN ʥʦʨʤʫʻʪʴʩʷ ʧʦ 

ʯʦʪʠʨʠʢʨʘʪʥʽʡ ʩʝʨʝʜʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝʩʠʤʝʪʨʠʯʥʠʤ 

ʚʘʨʽʘʥʪʦʤ. ʎʝ ʚʽʜʧʦʚʽʜʘʻ ʜʽʡʩʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʧʽʜʩʠʣʝʥʥʷ ʜʣʷ ʩʠʤʝʪʨʠʯʥʦʾ 

ʣʽʥʽʾ ʚ ʩʪʽʣʴʢʠ ʞ ʨʘʟʽʚ ʙʽʣʴʰʝ.ɿʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ ʙʫʣʘ 309ʤ, ʘ 

ʦʙʠʜʚʘ ʪʨʘʢʪʠ ʙʫʣʠ ʜʦʙʨʝ ʧʽʜʽʛʥʘʥʽ ʟ ʚʽʜʥʦʩʥʦʶ ʯʘʩʦʚʦʶ ʟʘʪʨʠʤʢʦʶ 30 ʧʩ.  

ʋ ʜʘʥʽʡ ʣʽʥʽʾ ʽʩʥʫʶʪʴ ʯʠʩʣʝʥʥʽ ʜʞʝʨʝʣʘ ʰʫʤʫ, ʩʝʨʝʜ ʷʢʠʭ 

ʜʦʤʽʥʫʶʯʠʤʠ ʻ ʣʘʟʝʨʥʠʡ ʰʫʤ, ʰʫʤ ʚʽʜ ɽɺʇ, ʝʣʝʢʪʨʠʯʥʠʡ ʰʫʤ ʪʘ 

ʜʨʦʙʦʚʠʡ ʰʫʤ. ʆʩʢʽʣʴʢʠ ʰʫʤ ʣʘʟʝʨʘ ʪʘ ʰʫʤ ʚʽʜ ɽɺʇ ʚʚʦʜʷʪʴʩʷ ʜʦ ʩʪʘʜʽʾ 

ʤʦʜʫʣʷʮʽʾ, ʚʦʥʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʘʪʝʛʦʨʽʾ ʩʠʥʬʘʟʥʦʛʦ ʰʫʤʫ. ʆʜʥʘʢ ʜʦ ʮʽʻʾ 

ʢʘʪʝʛʦʨʽʾ ʥʝ ʚʭʦʜʷʪʴ ʝʣʝʢʪʨʠʯʥʠʡ ʪʘ ʜʨʦʙʦʚʠʡ ʰʫʤʠ. ʋ ʩʠʤʝʪʨʠʯʥʽʡ ʣʽʥʽʾ 

ʩʠʥʬʘʟʥʠʡ ʰʫʤ ʤʦʞʝ ʙʫʪʠ ʧʨʠʛʥʽʯʝʥʠʡ ʟʘ ʫʤʦʚʠ, ʱʦ ʘʤʧʣʽʪʫʜʘ ʪʘ ʬʘʟʘ 

ʢʦʞʥʦʛʦ ʧʣʝʯʘ ʜʦʙʨʝ ʧʽʜʽʙʨʘʥʽ. 

ʊʘʢʦʞ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ 6.14 ʪʝʦʨʝʪʠʯʥʫ ʤʝʞʫ ʧʦ ʜʨʦʙʦʚʦʤʫ ʰʫʤʫ 

[6.11]. ʗʢ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʜʞʝʨʝʣʦʤ ʧʽʢʫ ʧʦʙʣʠʟʫ 50 ʄɻʮ ʚ 

ʥʝʩʠʤʝʪʨʠʯʥʦʾ ʣʽʥʽʾ ʻ ʣʘʟʝʨ, ʽ ʚʽʥ ʧʨʠʛʥʽʯʫʻʪʴʩʷ ʥʘ 25 ʜɹ ʚ ʩʠʤʝʪʨʠʯʥʽʡ 

ʢʦʥʬʽʛʫʨʘʮʽʾ. ɯʥʰʘ ʯʘʩʪʠʥʘ ʩʧʝʢʪʨʘ ʥʘ ʚʠʭʦʜʽ ʩʠʤʝʪʨʠʯʥʦʾ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ 

ʟʥʘʭʦʜʠʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘ 12 ʜɹ ʥʠʞʯʝ ʨʽʚʥʷ ʥʝʩʠʤʝʪʨʠʯʥʦʾ ʣʽʥʽʾ. ʎʝ 

ʚʢʘʟʫʻ ʥʘ ʧʨʠʜʫʰʝʥʥʷ ʙʽʣʦʛʦ ʰʫʤʫ, ʜʞʝʨʝʣʦʤ ʷʢʦʛʦ ʻ ɽɺʇ. ʈʽʚʝʥʴ RIN ʜʣʷ 

ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ ʧʨʠ ʩʪʨʫʤʽ 100 ʤɸ, ʷʢ ʚʠʧʣʠʚʘʻ ʟ (3.27), ʩʪʘʥʦʚʠʪʴ ״

175 ʜʙʥ/ɻʮ, ʱʦ ʡ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʥʘ ʨʠʩ. 6.14. ʅʠʞʥʴʦʶ ʤʝʞʝʶ ʰʫʤʦʚʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʤʝʪʨʠʯʥʦʶ ʣʽʥʽʾ ʻ ʤʝʞʘ ʧʦ ʜʨʦʙʦʚʦʤʫ ʰʫʤʫ. ʅʘʨʝʰʪʽ, 

ʧʝʨʝʚʠʱʝʥʥʷ ʥʘʜ ʨʽʚʥʝʤ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ ʚ ʩʠʤʝʪʨʠʯʥʽʡ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʠʤʠ ʰʫʤʘʤʠ ʥʘ ʚʭʦʜʽ ʤʦʜʫʣʷʪʦʨʘ, ʷʢʽ ʥʝ ʻ 

ʩʠʥʬʘʟʥʠʤʠ ʰʫʤʘʤʠ ʽ, ʦʪʞʝ, ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʜʫʰʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʘʣʘʥʩʥʦʛʦ ʜʝʪʝʢʪʫʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʩʠʤʝʪʨʠʯʥʘ ʪʘ ʩʠʤʝʪʨʠʯʥʘ ʣʽʥʽʾ 
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ʧʝʨʝʜʘʯʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʠʤʠ ʞ ʧʦʢʘʟʥʠʢʘʤʠ, ʘʣʝ ʯʣʝʥʠ, ʱʦ ʚʭʦʜʷʪʴ ʚ 

ʩʢʣʘʜ  ὔ  ʤʦʞʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʘʨʭʽʪʝʢʪʫʨ ʷʢʽ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ. 

ʌʘʢʪʦʨ ʰʫʤʫ ʜʣʷ ʣʽʥʽʾ ʟ IMDD ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʠʡ ʽʟ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ (ʜʠʚ. (2.6)): 

                                               Ὂ
ὠὔ

Ὅ“ὙὙ Ὄ ὯὝ
                    φȢυπ 

ʜʝ ὔ  ʜʘʻʪʴʩʷ ʚ (6.49), ʽ ʨʽʚʥʷʥʥʷ (6.26) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʜʣʷ ʦʙʣʽʢʫ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ. ʈʽʚʥʷʥʥʷ (6.50) ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʪʚʦʨʝʥʦ ʚ 

ʣʦʛʘʨʠʬʤʽʯʥʫ ʬʦʨʤʫ: 

         ὔὊ̅ ˎ ρωφȟρ ςπὰ̏Ç
Ὅ ̍ˍ

ὠˏ
ὔ ̅ˎ̍ː ̗ϳ             φȢυρ 

ʜʝ ʧʨʠʡʥʷʪʦ Ὑ Ὑ υπ ̨  ̍ ʪʘ Ὄ ρςϳ. ɻʨʘʬʽʢʠ, ʨʦʟʨʘʭʦʚʘʥʽ ʧʦ 

(6.51), ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 6.15. ʅʘ ʨʠʩ. 6.15 ʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʥʘʯʝʥʥʷ NF ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜὍ  ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ὠ. ɼʣʷ ʪʦʛʦ ʱʦʙ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ 

ʟʘʛʘʣʴʥʽ ʪʝʥʜʝʥʮʽʾ ʚ ʣʽʥʽʾ ʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤ ʦʙʤʝʞʝʥʥʷʤ, ʥʘ ʜʘʥʦʤʫ 

ʨʠʩʫʥʢʫ ʚʨʘʭʦʚʫʶʪʴʩʷ ʪʽʣʴʢʠ ʪʝʧʣʦʚʠʡ ʪʘ ʜʨʦʙʦʚʠʡ ʰʫʤʠ (RIN = 0). 

ɺʠʭʽʜʥʠʡ ʪʝʧʣʦʚʠʡ ʰʫʤ ʙʫʜʝ ʦʙʤʝʞʫʚʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʪʽʣʴʢʠ ʧʨʠ 

ʥʠʟʴʢʠʭ ʟʥʘʯʝʥʥʷʭ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ; ʥʘʭʠʣ ʢʨʠʚʦʾ 

ʥʘ ʨʠʩ. 6.15 Ɲ ʜʣʷ ʮʽʻʾ ʤʝʞʽ m = 2״. ʋ ʤʝʞʽ ʧʦ ʜʨʦʙʦʚʦʤʫ ʰʫʤʫ m = 1״.  

ʗʢʱʦ ɺʏ-ʧʽʜʩʠʣʝʥʥʷ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʞʽ ʧʦ ʚʭʽʜʥʦʤʫ 

ʪʝʧʣʦʚʦʤʫ ʰʫʤʫ, ʪʦ m = 0 ʽ NF Ÿ 0 ʜɹ. ʄʝʞʘ NF Ÿ 0 ʜɹ ʦʙʫʤʦʚʣʝʥʘ 

ʚʠʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʰʫʤʫ ʪʘ ʚʠʨʘʟʦʤ ʜʣʷ ʚʭʽʜʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʰʫʤʫ ʚ 

(6.49). ɯʥʰʽ ʜʞʝʨʝʣʘ ʪʝʧʣʦʚʦʛʦ ʰʫʤʫ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʦʧʠʩʘʥʦ ʚ [6.10], 

ʤʦʞʫʪʴ ʦʙʤʝʞʠʪʠ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ NF ʜʦ ʚʝʣʠʯʠʥʠ, ʙʽʣʴʰʦʾ, ʥʽʞ 0 ʜɹ. 

ʅʘ ʨʠʩ. 6.15 ʙ ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʨʠʚʽ ʧʨʠ ʬʽʢʩʦʚʘʥʦʤʫ ὠ= 4 ɺ ʪʘ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʥʷʭ RIN. ʗʢ ʚʠʜʥʦ, ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘʚʽʪʴ ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʠʡ RIN 

ʤʦʞʝ ʟʥʘʯʥʦ ʧʦʛʽʨʰʠʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʡ NF, ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʝʣʠʢʠʭ 

ʬʦʪʦʩʪʨʫʤʘʭ. 
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ʈʠʩ.6.15. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ ʰʫʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ (6.51):  

ʘ ״ ʚʧʣʠʚ ὠ ʧʨʠ RIN = 0; ʙ ״ ʚʧʣʠʚ RIN ʧʨʠ ὠ = 4 ɺ. 

 

ʇʘʨʘʤʝʪʨ çʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣʫ ʜʦ ʰʫʤʫè ʙʫʚ ʚʚʝʜʝʥʠʡ ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʰʫʤʫ ʚ (2.8). ɼʘʥʠʡ ʧʦʢʘʟʥʠʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ 

ʚʠʭʦʜʽ ɺʏ ʚʫʟʣʘ ʘʙʦ ʩʠʩʪʝʤʠ ʷʢ: 

                         ὛὔὙ
ὖ

ὔ ὄ
                                             φȢυς 

ʈʽʚʥʷʥʥʷ ʚ ʨʦʟʜʽʣʽ 6.2 ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʘʭʫʚʘʪʠ ʯʦʪʠʨʠ ʟʥʘʯʝʥʥʷ SNR 

ʜʣʷ ʣʽʥʽʾ ʟ IMDD, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ (6.52) ʪʘ (6.49) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ὔ Ȣ 

ɿʦʢʨʝʤʘ, ʧʽʜʩʪʘʥʦʚʢʘ (6.24) ʜʘʻ ʟʘʛʘʣʴʥʠʡ ʚʠʨʘʟ ʜʣʷ SNR, ʚʠʢʦʨʠʩʪʘʥʥʷ 

 SNR ʚ ʣʽʥʽʡʥʦʤʫ ʨʝʞʠʤʽ, ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ SNR ʚʠʟʥʘʯʘʻʪʴʩʷ ״ (6.25)

ʰʣʷʭʦʤ ʧʽʜʩʪʘʥʦʚʢʠ (6.28), ʽ l-ʜɹ ʢʦʤʧʨʝʩʽʷ ʚʠʭʦʜʠʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ (6.32). 

ɼʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʜʣʷ ʣʽʥʽʾ ʟ IMDD ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ 

ʫ ʙʘʛʘʪʴʦʭ ʘʥʘʣʦʛʦʚʠʭ ʟʘʩʪʦʩʫʚʘʥʥʷʭ. ʇʘʨʘʤʝʪʨʠ çʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʧʦ 

ʢʦʤʧʨʝʩʽʾ ʧʽʜʩʠʣʝʥʥʷè ʪʘ çʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʧʦ ʧʝʨʝʰʢʦʜʘʭè (CDR ʪʘ 
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SFDR) ʙʫʣʠ ʚ ʚʠʟʥʘʯʝʥʽ ʚ ʧʽʜʨʦʟʜʽʣʽ 2.3. ʇʽʜʩʪʘʥʦʚʢʘ (6.32) ʚ ʚʠʟʥʘʯʝʥʥʷ l-

ʜɹ CDR (ʜʠʚ. (2.14)) ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʯʠʩʣʦʚʠʭ ʧʦʩʪʽʡʥʠʭ ʜʘʻ ʜʣʷ l-ʜɹ CDR 

ʣʽʥʽʾʽ ʟ IMDD: 

                         ὅὈὙ̅  ˎ
πȟτυρφὍὙ Ὄ

ὔ ὄ
                           φȢυσ 

ʜʝ ὔ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ (6.49). ɿ ʫʨʘʭʫʚʘʥʥʷʤ Ὑ υπ ̨  ̍ ʪʘ Ὄ ρςϳ  B = 

1 ɻʮ ʚʠʨʘʟ (6.53)ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʪʚʦʨʝʥʦ ʚ ʣʦʛʘʨʠʬʤʽʯʥʫ ʬʦʨʤʫ: 

 ὅὈὙ̅ ˎ̅ ˎzː̗ ςςȟυ ςπὰέÇὍ ̍ˍ ὔ ̅ˎ̍ː ̗ϳ       φȢυτ 

ɻʨʘʬʽʢʠ ʥʘ ʦʩʥʦʚʽ (6.54) ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 6.16 ʜʣʷ Ὑ υπ˛.̍ ʅʘ 

ʨʠʩ. 6.16 ʘ ʧʦʢʘʟʘʥʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦ ʦʙʤʝʞʝʥʽ ʟʥʘʯʝʥʥʷ ʚ ὅὈὙ̅  ˎʬʫʥʢʮʽʾ 

ʚʽʜ Ὅ  ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ὠ. ɺʝʣʠʯʠʥʘ  ὅὈὙ̅  ˎʟʙʽʣʴʰʫʻʪʴʩʷ ʟ Ὅ  ʡ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ὠʜʦʪʠ, ʧʦʢʠ ʚʭʽʜʥʠʡ ʪʝʧʣʦʚʠʡ ʰʫʤ ʥʝ ʩʪʚʦʨʶʻ ʯʠʤʘʣʠʡ 

ʚʥʝʩʦʢ. ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 6.16 ʘ, ʟʥʘʯʝʥʥʷ ὠ ʚʠʟʥʘʯʘʻ ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʩʷʞʥʫ ʚʝʣʠʯʠʥʫ ὅὈὙ̅ ˎ̫ʢʘ ʚʠʭʦʜʠʪʴ ʧʨʠ ʤʝʥʰʦʤʫ Ὅ ʪʘ ʥʠʟʴʢʦʤʫ 

ʟʥʘʯʝʥʥʽ ὠ. 

ʄʘʢʩʠʤʘʣʴʥʠʡ ὅὈὙ̅  ˎʦʙʤʝʞʫʻʪʴʩʷ ʤʝʞʝʶ ʧʦ ʚʭʽʜʥʦʤʫ ʪʝʧʣʦʚʦʤʫ 

ʰʫʤʫ. ʋ ʨʘʟʽ ʷʢʱʦ ʧʝʨʝʚʘʞʘʶʯʠʤ ʜʞʝʨʝʣʦʤ ʚʠʭʽʜʥʦʛʦ ʰʫʤʫ ʻ ʪʝʧʣʦʚʠʡ 

ʰʫʤ ʥʘ ʚʭʦʜʽ ʣʽʥʽʾ, ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʩʪʘʻ ʦʙʤʝʞʝʥʠʤ, ʪʦʤʫ ʱʦ ʥʠʞʥʷ 

ʤʝʞʘ ʰʫʤʫ ʪʘ ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʟʘ ʨʽʚʥʝʤ ʢʦʤʧʨʝʩʽʾ 1 ʜɹ (ʜʠʚ. (6.32)) 

ʧʨʦʧʦʨʮʽʡʥʽ Ὅ. ʎʷ ʤʝʞʘ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʤʘʪʝʤʘʪʠʯʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʽʜʩʪʘʥʦʚʢʠ ʚ (6.53) ʧʝʨʰʦʛʦ ʯʣʝʥʘ (6.49), ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʩʧʝʢʪʨʘʣʴʥʫ ʛʫʩʪʠʥʫ ʚʠʭʽʜʥʦʛʦ ʰʫʤʫ, ʱʦ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʚʭʽʜʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʰʫʤʫ: 

    ὅὈὙ̅ ȟˎ
πȟτυρφὠ

“ὙὯὝὄ
                                           φȢυυ 

ʗʢ ʙʫʣʦ ʦʧʠʩʘʥʦ ʨʘʥʽʰʝ, NF ʦʧʪʠʤʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ ʤʽʥʽʤʽʟʘʮʽʾ ὠ ʪʘʢ 

ʱʦ ʚʠʙʽʨ ʤʽʞ ʜʠʥʘʤʽʯʥʠʤ ʜʽʘʧʘʟʦʥʦʤ ʪʘ NF ʷʚʣʷʻ ʩʦʙʦʶ ʚʘʞʣʠʚʝ 

ʢʦʤʧʨʦʤʽʩʥʝ ʨʽʰʝʥʥʷ. ʈʽʚʝʥʴ RIN ʤʦʞʝ ʪʘʢʦʞ ʚʧʣʠʥʫʪʠ ʥʘ ʚʣʘʩʥʠʡ 
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 ὅὈὙ̅  ˎʚ ʣʽʥʽʾ ʟ IMDD. ɺʧʣʠʚ RIN ʥʘ ὅὈὙ̅  ˎʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.6.16 ʙ ʜʣʷ 

ʬʽʢʩʦʚʘʥʦʛʦ ὠ τȢˏ  

 

 

 

 

ʈʠʩ.6.16. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ (6.54) ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʧʦ 

ʢʦʤʧʨʝʩʽʾ ʧʨʠ R =50 ʆʤ: ʘ - ʚʧʣʠʚ ὠ ʧʨʠ RIN=0; ʙ - ʚʧʣʠʚ RIN ʧʨʠ ὠ = 4 ɺ 

 

ɼʣʷ ʙʘʛʘʪʴʦʭ ʟʘʩʪʦʩʫʚʘʥʴ ʙʽʣʴʰ ʚʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʻ SFDR, ʷʢʠʡ, 

ʷʢ ʧʨʘʚʠʣʦ, ʤʝʥʰʝ ὅὈὙ̅ .ˎ ɼʘʥʠʡ ʧʘʨʘʤʝʪʨ ʚ ʨʘʟʽ ʽʜʝʘʣʴʥʦʾ ʣʽʥʽʾ ʟ IMDD 

ʦʙʤʝʞʝʥʠʡ ʧʦ ɯʄʉ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ ʡ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʠʡ ʰʣʷʭʦʤ 

ʧʽʜʩʪʘʥʦʚʢʠ (6.42) ʚ (2.16): 


