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ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 22 ʬʝʚʨʘʣʷ 2019 ʛ. 

 

ɸʥʥʦʪʘʮʠʷ. ʂʨʘʪʢʦ ʦʧʠʩʘʥ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʩ ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ (ʂʗ) ʧʨʠ ʠʭ ʣʦʢʘʣʴʥʦʤ 

ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʠ ʜʠʥʘʤʠʯʝʩʢʦʤ 

ʨʝʞʠʤʘʭ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʬʦʪʦʪʦʢʘ ʧʦ 

ʧʣʦʱʘʜʠ ʩʚʝʪʦʜʠʦʜʥʳʭ GaN-ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʠ ʨʝʞʠʤʝ 

ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʤʦʜʫʣʷʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʬʦʪʦʪʦʢʘ  ʥʘ ʢʨʘʷʭ ʩʪʨʫʢʪʫʨʳ ʚʳʰʝ, ʯʝʤ ʚ 

ʮʝʥʪʨʝ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ  ʠʟʤʝʨʝʥʠʝʤ ʧʨʝʜʝʣʴʥʳʭ ʯʘʩʪʦʪ ʬʦʪʦʦʪʢʣʠʢʘ ʧʨʠ 

ʛʘʨʤʦʥʠʯʝʩʢʦʤ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʬʦʪʦʪʦʢʘ ʧʨʠ 

ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʙʦʣʝʝ ʜʣʠʥʥʦʚʦʣʥʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ ʠʤʝʝʪ 

ʙʦʣʴʰʠʡ ʨʘʟʙʨʦʩ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʬʦʪʦʪʦʢʘ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ 

ʩ ʜʝʬʝʢʪʥʳʭ ʫʨʦʚʥʝʡ.  ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʬʦʪʦʪʦʢʘ ʠ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʝʪʦʜʠʦʜʦʚ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʦʪʦʢʦʚʳʭ 

ʠʩʧʳʪʘʥʠʡ. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʝʢʪʨ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʬʦʪʦʪʦʢʘ ʩʚʝʪʦʜʠʦʜʦʚ 

ʥʘ ʦʩʥʦʚʝ GaN- ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʦʪʦʢʦʚʳʭ ʠʩʧʳʪʘʥʠʡ 

ʩʤʝʱʘʝʪʩʷ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ 

ʬʦʪʦʪʦʢʘ ʩʠʣʴʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʠʟʤʝʨʝʥʠʝʤ ʫʨʦʚʥʷ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʪʦ 

ʝʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʝʤʧ ʜʝʛʨʘʜʘʮʠʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʨʘʟʙʨʦʩ 

ʫʨʦʚʥʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʬʦʪʦʪʦʢʘ ʋʌ-ʩʚʝʪʦʜʠʦʜʦʚ ʟʘʤʝʪʥʦ ʧʨʝʚʳʰʘʝʪ ʨʘʟʙʨʦʩ, 

ʥʘʙʣʶʜʘʝʤʳʡ ʫ ʩʚʝʪʦʜʠʦʜʦʚ ʩʠʥʝʛʦ ʠ ʟʝʣʝʥʦʛʦ ʩʚʝʯʝʥʠʷ. ʆʮʝʥʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ 



ЖУРНАЛ РАДИОЭЛЕКТРОНИКИ, ISSN 1684-1719, N3, 2019 

2 
 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʧʘʜʘ ʬʦʪʦʪʦʢʘ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʚʝʪʦʜʠʦʜʦʚ ʟʘʤʝʪʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʥʘʯʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʬʦʪʦʪʦʢʘ.   

ʆʙʩʫʞʜʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʦʤʳʰʣʝʥʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ  ʤʝʪʦʜʠʢʠ ʜʠʘʛʥʦʩʪʠʢʠ ʢʘʯʝʩʪʚʘ ʩʚʝʪʦʜʠʦʜʦʚ 

ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ,r ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʝ, 

ʬʦʪʦʪʦʢ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ,  ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʠʩʧʳʪʘʥʠʷ, ʜʝʛʨʘʜʘʮʠʷ. 

Abstract. A hardware and software complex for measuring the distribution of the 

photoelectric response level over the surface of light-emitting heterostructures with 

quantum wells (QWs) during their local photoexcitation by laser radiation in 

stationary and dynamic modes is briefly described. The results of measuring the 

distribution of the photocurrent level over the area of LED GaN-heterostructures in 

the static mode and the mode of harmonic modulation of the photoexcitation intensity 

are presented. It is shown that the relative scatter of the photocurrent values at the 

edges of the structure is higher than in the center, which is confirmed by measuring 

the limiting frequencies of the photoresponse during harmonic photoexcitation. It has 

been established that the photocurrent level during photoexcitation of heterostructures 

with longer wavelength radiation has a larger scatter, which is explained by an 

increase in the fraction of the photocurrent generated from defect levels.  The results 

of changes in the photocurrent parameters and optical characteristics of LEDs during 

the heat-current tests are presented. It is shown for the first time that the spectrum of 

the integrated photocurrent of LEDs based on GaN-heterostructures as a result of 

tests shifts to the long-wavelength region. In this case, the change in the average level 

of the photocurrent strongly correlates with the measurement of the level of 

electroluminescence, that is, it characterizes the rate of degradation of the 

heterostructures. It is noted that the variation in the level of the integral photocurrent 

of UV LEDs is markedly higher than the variation observed in blue and green light 

emitting diodes. Estimates showed that the coefficient of photocurrent decay in the 

process of testing for all types of LEDs under study correlates markedly with the 

initial level of the photocurrent. The possibilities of developing on the basis of the 
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obtained results of an industry-oriented methodology for diagnosing the quality of 

LEDs in terms of the photoelectric response parameters are discussed. 

Keywords: light emitting heterostructures, photoexcitation, photocurrent, 

distribution, electroluminescence, testing, degradation. 

 

ɺʚʝʜʝʥʠʝ  

ɼʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʦʧʪʠʯʝʩʢʠʝ ʠ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʝ ʤʝʪʦʜʳ: ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ, 

ʬʦʪʦʦʪʨʘʞʝʥʠʷ, ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠ ʠ ʜʨ. [1,2]. ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ 

ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ, ʦʪʣʠʯʘʶʱʠʤʩʷ ʧʨʦʩʪʦʪʦʡ ʨʝʘʣʠʟʘʮʠʠ, ʷʚʣʷʝʪʩʷ 

ʤʝʪʦʜ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ [3]. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʫʶ ʜʘʝʪ ʤʝʪʦʜ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʧʨʠʯʝʤ ʚ ʙʦʣʝʝ ʫʜʦʙʥʳʭ ʠ ʧʨʦʩʪʳʭ ʫʩʣʦʚʠʷʭ: ʢʦʤʥʘʪʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʥʝʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʷ, ʧʨʦʩʪʦʪʘ ʨʝʛʠʩʪʨʘʮʠʠ 

ʬʦʪʦʦʪʢʣʠʢʘ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʚʦʟʙʫʞʜʝʥʠʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʠʟʣʫʯʝʥʠʝʤ ʩ 

ʵʥʝʨʛʠʝʡ ʬʦʪʦʥʘ, ʧʨʝʚʳʰʘʶʱʝʡ ʰʠʨʠʥʫ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʤʘʪʝʨʠʘʣʘ ʘʢʪʠʚʥʦʡ 

ʦʙʣʘʩʪʠ ʩʚʝʪʦʠʟʣʫʯʘʶʱʝʡ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ, ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʚʦʟʥʠʢʘʶʱʠʭ 

ʬʦʪʦʕɼʉ ʠʣʠ ʬʦʪʦʪʦʢʘ. ʆʜʥʘʢʦ ʠʟʚʝʩʪʥʳʝ ʩʨʝʜʩʪʚʘ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ [3-6] ʦʩʥʦʚʘʥʳ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʦʢʣʠʢʘ ʩʪʨʫʢʪʫʨʳ ʥʘ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʝ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʝ, ʧʦ ʢʦʪʦʨʦʤʫ 

ʥʝʚʦʟʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩʪʨʫʢʪʫʨʥʦʝ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʠ ʜʝʬʝʢʪʥʦʩʪʴ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ.  

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʠ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʚ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʝ ʧʨʦʠʩʭʦʜʷʪ ʥʝʦʙʨʘʪʠʤʳʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ: 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʤʝʩʠ; ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠʥʪʝʨʬʝʡʩʘ ʛʝʪʝʨʦʛʨʘʥʠʮ, 

ʜʚʠʞʝʥʠʝ ʚʘʢʘʥʩʠʡ ʠ ʜʠʩʣʦʢʘʮʠʡ ʠ ʪ. ʧ. ʋʢʘʟʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ  ʧʨʦʷʚʣʷʶʪʩʷ ʚ 

ʩʥʠʞʝʥʠʠ ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʚʝʪʦʜʠʦʜʦʚ, ʠʟʤʝʥʝʥʠʠ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʭ ʠ 

ʠʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʩʚʷʟʠ ʩʢʦʨʦʩʪʠ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʠʩʭʦʜʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠʙʦʨʘ ʧʦʟʚʦʣʠʪ ʚʳʷʚʣʷʪʴ ʧʨʠʙʦʨ,r ʩʢʣʦʥʥʳʭ ʢ ʫʩʢʦʨʝʥʥʦʡ 

ʜʝʛʨʘʜʘʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʚ ʢʘʯʝʩʪʚʝ ʥʝ ʪʦʣʴʢʦ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʥʦ ʠ ʧʨʦʛʥʦʟʠʨʫʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʷʟʠ ʫʨʦʚʥʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʦʪʢʣʠʢʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʧʣʦʱʘʜʠ ʩʚʝʪʦʜʠʦʜʥʳʭ GaN-

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʩ ʦʧʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʚʝʪʦʜʠʦʜʦʚ ʠ ʠʭ ʠʟʤʝʥʝʥʠʝʤ 

ʧʨʠ ʪʝʨʤʦʪʦʢʦʚʳʭ ʠʩʧʳʪʘʥʠʷʭ.  

 
1. ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʬʦʪʦɻʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʧʦ ʧʣʦʱʘʜʠ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ ʩʪʨʫʢʪʫʨ 

ɸʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ [7] ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʜʠʘʛʥʦʩʪʠʢʫ 

ʢʘʯʝʩʪʚʘ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʧʦ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʦʪʢʣʠʢʫ ʧʨʠ 

ʣʦʢʘʣʴʥʦʤ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʠ ʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʘʭ. 

ʂʦʤʧʣʝʢʩ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʘʨʘʤʝʪʨʘʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʦʪʢʣʠʢʘ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘʤʠ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʷ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

ʀʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ʟʘʢʨʝʧʣʷʝʪʩʷ ʥʘ XYZ-ʧʦʟʠʮʠʦʥʝʨʝ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʧʝʨʝʤʝʱʘʪʴ ʩʚʝʪʦʜʠʦʜ ʚ ʧʣʦʩʢʦʩʪʠ XY ʚ ʜʠʘʧʘʟʦʥʝ 10Ĭ10 ʤʤ. ʇʝʨʝʤʝʱʝʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʫʧʨʘʚʣʷʝʤʳʭ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ ʰʘʛʦʚʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʩʦ ʚʩʪʨʦʝʥʥʳʤ ʨʝʜʫʢʪʦʨʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʤʠʥʠʤʘʣʴʥʳʡ ʫʛʦʣ 

ʧʦʚʦʨʦʪʘ 18/30 ʛʨʘʜʫʩʘ ʥʘ ʰʘʛ, ʯʪʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʠʢʨʦʤʝʪʨʠʯʝʩʢʠʤʠ ʚʠʥʪʘʤʠ 

ʧʦʟʠʮʠʦʥʝʨʘ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʰʘʛʘ ʧʝʨʝʤʝʱʝʥʠʷ ʚ 10 ʤʢʤ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʜʣʷ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʤʝʥʥʳʝ ʣʘʟʝʨʥʳʝ ʜʠʦʜʳ, ʠʟʣʫʯʘʶʱʠʝ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 405, 445 ʠʣʠ 515 ʥʤ. 

ʀʟʣʫʯʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʜʠʦʜʘ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʦʙʨʘʟʮʘ ʣʠʥʟʦʡ ʠ ʦʙʲʝʢʪʠʚʦʤ. ʊʦʯʥʘʷ ʧʦʜʩʪʨʦʡʢʘ ʬʦʢʫʩʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʤʝʱʝʥʠʝʤ XYZ-ʧʦʟʠʮʠʦʥʝʨʘ ʧʦ ʦʩʠ Z. ʂʦʥʪʨʦʣʴ ʜʠʘʤʝʪʨʘ 

ʧʫʯʢʘ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʬʦʪʦʧʨʠʝʤʥʦʡ ʣʠʥʝʡʢʠ 

ILX511. ʄʠʥʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʧʫʯʢʘ ʩʦʩʪʘʚʣʷʝʪ 14 ʤʢʤ.  



ЖУРНАЛ РАДИОЭЛЕКТРОНИКИ, ISSN 1684-1719, N3, 2019 

5 
 

ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʧʨʦʬʠʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʦʪʦʪʦʢʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʘ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ ʣʘʟʝʨʥʳʡ ʜʠʦʜ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʤʫ ʠʩʪʦʯʥʠʢʫ ʪʦʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʬʦʪʦʪʦʢ ï 

ʥʘʧʨʷʞʝʥʠʝ ʠ ʫʩʠʣʠʪʝʣʷ ʬʦʪʦ-ʕɼʉ ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʠʬʨʦʚʦʡ ʤʫʣʴʪʠʤʝʪʨ 

Tektronix DMM4040, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʬʦʪʦʪʦʢʘ ʚ ʜʠʘʧʘʟʦʥʝ 

ʦʪ 100 ʤʢɸ ʜʦ 100 ʤɸ, ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʜʦ 100 ʧɸ. ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʬʦʪʦʦʪʢʣʠʢʘ ʩʪʨʫʢʪʫʨʳ (ʛʨʘʥʠʯʥʦʡ ʯʘʩʪʦʪʳ ʤʦʜʫʣʷʮʠʠ ʬʦʪʦʪʦʢʘ ʚ 

ʛʘʨʤʦʥʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʷ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʘʨʘʩʪʘʥʠʷ ʠ ʩʧʘʜʘ 

ʬʨʦʥʪʘ ʠʤʧʫʣʴʩʘ ʬʦʪʦʪʦʢʘ ʚ ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ) ʤʦʜʫʣʷʮʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦ-ʫʧʨʘʚʣʷʝʤʳʤ ʛʝʥʝʨʘʪʦʨʦʤ 

ɸʂʀʇ 3410. ɻʝʥʝʨʘʪʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʞʠʤ ʥʝʧʨʝʨʳʚʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ 

ʤʦʜʫʣʷʮʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1 ʢɻʮ ʜʦ 20 ʄɻʮ ʩ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʤ ʰʘʛʦʤ ʚ 

ʪʝʯʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʩʚʠʧʠʨʦʚʘʥʠʷ. ɺ ʨʝʞʠʤʝ ʠʤʧʫʣʴʩʥʦʡ 

ʤʦʜʫʣʷʮʠʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 100 ʤʢʩ...1 ʤʩ 

ʩʦ ʩʢʚʘʞʥʦʩʪʴʶ 2...10 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʥʳʭ ʩʚʦʡʩʪʚ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʦʙʲʝʢʪʘ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʬʨʦʥʪʘ ʠ ʩʧʘʜʘ ʠʤʧʫʣʴʩʘ ʛʝʥʝʨʘʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 8 ʥʩ. 

ʆʩʥʦʚʥʳʝ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʣʝʢʩʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ  
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ʊʘʙʣʠʮʘ 1. ʆʩʥʦʚʥʳʝ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. 

ʉʠʩʪʝʤʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ  

ɼʠʘʧʘʟʦʥ ʧʝʨʝʤʝʱʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚ 

ʧʣʦʩʢʦʩʪʠ XY 

10 ʤʤ 

ʄʠʥʠʤʘʣʴʥʳʡ ʰʘʛ ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʲʝʢʪʘ ʚ ʧʣʦʩʢʦʩʪʠ 

XY 

10 ʤʢʤ 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʘʙʩʦʣʶʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʚ ʧʣʦʩʢʦʩʪʠ XY 

Ñ 1 ʤʢʤ 

ʀʩʪʦʯʥʠʢ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ  

ɼʣʠʥʘ ʚʦʣʥʳ (ʩʤʝʥʥʳʝ ʣʘʟʝʨʥʳʝ ʤʦʜʫʣʠ) 405Ñ5 ʥʤ; 450Ñ10 ʥʤ;  

515Ñ5 ʥʤ 

ɺʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ 20 ʤɺʪ 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ (RMS, ʧʦʩʣʝ 4-ʭ 
ʯʘʩʦʚ) 

< 1% 

ʄʠʥʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ ʧʫʯʢʘ  14 ʤʢʤ Ñ 5% 

ʉʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ  

ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʬʦʪʦʪʦʢʘ ʦʪ 100 ʤʢɸ ʜʦ 100 ʤɸ 

ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʷʝʤʦʛʦ ʬʦʪʦʪʦʢʘ 100 ʧɸ 

ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʬʦʪʦʪʦʢʘ 0.075% 

ɻʘʨʤʦʥʠʯʝʩʢʠʡ ʨʝʞʠʤ  

ʏʘʩʪʦʪʘ ʤʦʜʫʣʷʮʠʠ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ ʦʪ 1 ʢɻʮ ʜʦ 20 ʄɻʮ  

ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʬʦʪʦʪʦʢʘ (RMS) ʦʪ 100 ʤʢɸ ʜʦ 100 ʤɸ 

ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʷʝʤʦʛʦ ʬʦʪʦʪʦʢʘ (RMS) 1 ʤʢɸ 

ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʬʦʪʦʪʦʢʘ (RMS) < 1% 

ʀʤʧʫʣʴʩʥʳʡ ʨʝʞʠʤ  

ɼʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ ʤʦʜʫʣʷʮʠʠ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ ʦʪ 100 ʤʢʩ ʜʦ 1 ʤʩ 

ʉʢʚʘʞʥʦʩʪʴ ʦʪ 2 ʜʦ 10 

ʄʠʥʠʤʘʣʴʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʬʨʦʥʪʘ ʠ ʩʧʘʜʘ ʠʤʧʫʣʴʩʘ  > 8 ʥʩ 

ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʬʦʪʦʪʦʢʘ ʦʪ 100 ʤʢɸ ʜʦ 100 ʤɸ 

ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʷʝʤʦʛʦ ʬʦʪʦʪʦʢʘ 5 ʤʢɸ 

ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʬʦʪʦʪʦʢʘ < 3% 

 

ʊʨʘʥʩʠʤʧʝʥʜʘʥʩʥʳʤ ʫʩʠʣʠʪʝʣʝʤ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʥʘ ʦʧʝʨʘʮʠʦʥʥʦʤ 

ʫʩʠʣʠʪʝʣʝ ʬʦʪʦʪʦʢ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʥʘʧʨʷʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʜʫʣʝʤ ʩʙʦʨʘ 

ʜʘʥʥʳʭ ʃɸ-ʥ1USB ʦʮʠʬʨʦʚʳʚʘʝʪʩʷ ʠ ʧʝʨʝʜʘʝʪʩʷ ʚ ʢʦʤʧʴʶʪʝʨ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ 

ʜʘʥʥʳʤ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ ʩʪʨʦʠʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʠʩʩʣʝʜʫʝʤʦʛʦ 
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ʦʙʨʘʟʮʘ. ʉ ʫʯʝʪʦʤ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʠʟ 

ʦʰʠʙʢʠ ʢʚʘʥʪʦʚʘʥʠʷ ɸʎʇ (8 ʙʠʪ ʜʣʷ ʤʦʜʫʣʷ ʩʙʦʨʘ ʜʘʥʥʳʭ ʃɸ-ʥ1USB) 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʘʚʣʷʝʪ 

ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 1%. 

ʇʨʠ ʟʘʤʝʥʝ ʣʘʟʝʨʘ ʜʣʷ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ  ʮʠʬʨʦʚʳʤ 

ʤʠʢʨʦʩʢʦʧʦʤ ʠ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʯʝʨʝʟ ʠʩʩʣʝʜʫʝʤʳʡ ʩʚʝʪʦʜʠʦʜ ʧʨʷʤʦʛʦ ʪʦʢʘ 

ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʧʦʟʚʦʣʷʝʪ ʧʫʪʝʤ ʥʘʢʦʧʣʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʧʦʧʠʢʩʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʠʟʤʝʨʷʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʕʃ 

(ʤʵʧʧʠʥʛ) ʧʦ ʧʣʦʱʘʜʠ  ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ.  

 

2. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʬʦʪʦʪʦʢʘ ʩʚʝʪʦʜʠʦʜʦʚ ʚ 

ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʷ 

ʉʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ. ʂʦʤʧʣʝʢʩ ʘʧʨʦʙʠʨʦʚʘʥ ʥʘ ʢʨʠʩʪʘʣʣʘʭ ʩʝʨʠʡʥʳʭ 

ʤʦʱʥʳʭ ʩʚʝʪʦʜʠʦʜʦʚ ʬʠʨʤʳ Cree ʩ InGaN/GaN ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʦʡ ʨʘʟʤʝʨʘʤʠ 

980Ĭ980 ʤʢʤ ʥʘ Siʉ ʧʦʜʣʦʞʢʝ ʩʠʥʝʛʦ (XREBLU-L1-0000-00K01) ʠ ʟʝʣʝʥʦʛʦ 

(XREGRN-L1-0000-00P01) ʩʚʝʯʝʥʠʷ. ʇʨʦʬʠʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʦʪʦʪʦʢʘ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʦʜʥʦʛʦ ʠʟ ʦʙʨʘʟʮʦʚ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 2.  

 

ʈʠʩ. 2. ʇʨʦʬʠʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʦʪʦʪʦʢʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ  
ʩʚʝʪʦʜʠʦʜʘ XREBLU-L1-0000-00K01 ʬʠʨʤʳ Cree 
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ɼʣʷ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʬʦʪʦʪʦʢʘ ʧʦ ʧʣʦʱʘʜʠ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ  ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʠʩʪʘʣʣʘ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʷʣʘʩʴ ʥʘ ʩʝʤʴ ʩʝʛʤʝʥʪʦʚ. 

ʅʝʦʜʥʦʨʦʜʥʦʩʪ ɹʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʦʪʦʪʦʢʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʦʮʝʥʠʚʘʣʘʩʴ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ů ʫʨʦʚʥʷ ʬʦʪʦʪʦʢʘ ʚ ʩʝʛʤʝʥʪʝ ʢ 

ʝʛʦ ʩʨʝʜʥʝʤʫ Iʌ ʩʨ ʟʥʘʯʝʥʠ.ʁ ʀʟ ʨʠʩʫʥʢʘ 2 ʚʠʜʥʦ, ʯʪʦ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʬʦʪʦʪʦʢʘ ʚ 

ʮʝʥʪʨʝ ʢʨʠʩʪʘʣʣʘ ʚʳʰʝ, ʯʝʤ ʚʙʣʠʟʠ ʛʨʘʥʠʮ ʢʨʠʩʪʘʣʣʘ. ʇʨʠ ʵʪʦʤ ʚʙʣʠʟʠ ʛʨʘʥʠʮ 

ʢʨʠʩʪʘʣʣʘ ʩʪʝʧʝʥʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʦʪʦʪʦʢʘ ʚʳʰʝ, ʯʝʤ ʚ ʮʝʥʪʨʝ.  

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʦʪʦʪʦʢʘ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩʠʥʠʭ ʠ 

ʟʝʣʝʥʳʭ ʩʚʝʪʦʜʠʦʜʦʚ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʦʪʦʪʦʢʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʘ ʟʝʣʝʥʳʭ ʩʚʝʪʦʜʠʦʜʦʚ ʚ 1,5...1,7 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʩʠʥʠʭ (ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʘ 2. ʇʘʨʘʤʝʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʬʦʪʦʪʦʢʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʦʚ ʩʚʝʪʦʜʠʦʜʦʚ 

ʅʦʤʝʨ 

ʩʝʛʤʝʥʪʘ 

ʢʨʠʩʪʘʣʣʘ 

XREBLU-L1-0000-00K01 

ʉʠʥʠʡ 

XREGRN-L1-0000-00P01 

ɿʝʣʝʥʳʡ 

Iʌʩʨ, ÕA ů, ÕA ů/ Iʌʩʨ Iʌʩʨ, ÕA ů, ÕA ů/ Iʌʩʨ 

1 89.5 2.525 0.028 34.2 2.251 0.066 

2 89.2 1.884 0.021 33.8 1.683 0.050 

3 92.3 1.645 0.018 35.6 1.514 0.043 

4 92.6 1.348 0.015 36.9 1.151 0.031 

5 93.7 1.668 0.018 37.7 1.246 0.033 

6 91.5 2.380 0.026 37.1 1.141 0.031 

7 89.9 2.807 0.031 35.2 1.883 0.053 

 
ɻʘʨʤʦʥʠʯʝʩʢʠʡ ʨʝʞʠʤ.  ɺ ʨʝʞʠʤʝ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʣʦʢʘʣʴʥʦʛʦ 

ʬʦʪʦʚʦʟʙʫʞʜʝʥʠ ̫ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʩ ʥʝʧʨʝʨʳʚʥʦʡ ʧʝʨʝʩʪʨʦʡʢʦʡ ʯʘʩʪʦʪʳ 

ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʛʨʘʥʠʯʥʦʡ ʯʘʩʪʦʪʳ f3dB ʤʦʜʫʣʷʮʠʠ ʬʦʪʦʪʦʢʘ ʚ ʨʘʟʣʠʯʥʳʭ 

ʪʦʯʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʛʦʣʫʙʦʛʦ ʩʚʝʪʦʜʠʦʜʘ (ʨʠʩ. 3). ʅʘ ʨʠʩʫʥʢʝ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʙʣʠʟʠ ʛʨʘʥʠʮ ʢʨʠʩʪʘʣʣʘ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʛʨʘʥʠʯʥʦʡ ʯʘʩʪʦʪʳ 

ʤʦʜʫʣʷʮʠʠ ʬʦʪʦʪʦʢʘ (f3dB = 1,320 ʄɻʮ) ʙʦʣʴʰʝ, ʯʝʤ ʚ ʮʝʥʪʨʝ ʢʨʠʩʪʘʣʣʘ (f3dB = 

1,280 ʄɻʮ). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ 

ʟʘʨʷʜʘ ʚ ʮʝʥʪʨʝ ʢʨʠʩʪʘʣʣʘ ʙʦʣʴʰʝ, ʯʝʤ ʚʙʣʠʟʠ ʛʨʘʥʠʮ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʙʦʣʴʰʠʝ ʨʝʢʦʤʙʠʥʘʮʠʦʥʥʳʝ ʧʦʪʝʨʠ ʚʙʣʠʟʠ ʛʨʘʥʠʮ ʢʨʠʩʪʘʣʣʘ.  
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ʈʠʩ. 3. ʇʨʦʬʠʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʯʥʦʡ ʯʘʩʪʦʪʳ ʤʦʜʫʣʷʮʠʠ ʬʦʪʦʪʦʢʘ 

ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʛʦʣʫʙʦʛʦ ʩʚʝʪʦʜʠʦʜʘ 
 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʬʦʪʦʪʦʢʘ ʧʨʠ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ 

ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʩ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ.  ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʨʦʬʠʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʬʦʪʦʪʦʢʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʩʚʝʪʦʜʠʦʜʘ 

ʟʝʣʝʥʦʛʦ ʩʚʝʯʝʥʠʷ ʧʨʠ ʣʦʢʘʣʴʥʦʤ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ ɚʌɺ 405 ʥʤ ʠ 450 ʥʤ.  

 

  

ʘ) ʙ) 

ʈʠʩ. 4. ʇʨʦʬʠʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʬʦʪʦʪʦʢʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ 

ʩʚʝʪʦʜʠʦʜʘ XREGRN-L1-0000-00P01 ʧʨʠ ʣʦʢʘʣʴʥʦʤ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ ʣʘʟʝʨʥʳʤ 
ʜʠʦʜʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 405 ʥʤ (ʘ) ʠ 450 ʥʤ (ʙ) 
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ʉʦʛʣʘʩʥʦ ʦʮʝʥʢʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 3, ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʦʪʦʪʦʢʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʩʚʝʪʦʜʠʦʜʘ ʧʨʠ 

ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ ʠʟʣʫʯʝʥʠʝʤ ʩ ɚʌɺ = 450 ʥʤ ʚ 1,8...2,0 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʧʨʠ 

ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ ʠʟʣʫʯʝʥʠʝʤ ʩ ɚʌɺ = 405 ʥʤ.  

ʊʘʙʣʠʮʘ 3. ʇʘʨʘʤʝʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʦʪʦʪʦʢʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ 

ʩʚʝʪʦʜʠʦʜʘ XREGRN-L1-0000-00P01 ʧʨʠ ʣʦʢʘʣʴʥʦʤ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ 
ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʩ ʨʘʟʥʳʤʠ ʜʣʠʥʘʤʠ ʚʦʣʥ 

 

ʅʦʤʝʨ 

ʩʝʛʤʝʥʪʘ 

ʢʨʠʩʪʘʣʣʘ 

ɚʌɺ = 405 ʥʤ ɚʌɺ = 450 ʥʤ 

Iʌʩʨ, ÕA ů, ÕA ů/Iʌʩʨ Iʌʩʨ, ÕA,  ů, ÕA ů/Iʌ_ʩʨ 

1 10.3 0.116 0.011 11.5 0.168 0.015 

2 10.4 0.171 0.016 11.4 0.334 0.029 

3 10.9 0.169 0.015 12.2 0.188 0.015 

4 11.3 0.125 0.011 12.2 0.272 0.022 

5 11.0 0.191 0.017 11.9 0.215 0.018 

6 10.5 0.182 0.017 11.6 0.351 0.030 

7 10.7 0.191 0.018 11.4 0.331 0.029 

 

ʊʘʢʦʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ  ʬʦʪʦʪʦʢʘ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʤʠ 

ʫʤʝʥʴʰʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʦʣʠ ʬʦʪʦʪʦʢʘ æIʌɼ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʩ ʜʝʬʝʢʪʥʳʭ ʠʣʠ 

ʧʨʠʤʝʩʥʳʭ ʫʨʦʚʥʝʡ ʚ ʂʗ ʚ ʦʙʱʝʤ ʬʦʪʦʪʦʢʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʵʥʝʨʛʠʠ ʬʦʪʦʥʦʚ 

ʬʦʪʦʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ [8].  

ɺ [9] ʧʦʢʘʟʘʥʦ,  ʯʪʦ ʩʨʝʜʥʝʝ  ʧʦ ʧʣʦʱʘʜʠ ʚʩʝʛʦ ʢʨʠʩʪʘʣʣʘ ʟʥʘʯʝʥʠʝ ʬʦʪʦʪʦʢʘ 

InGaN/GaN ʩʚʝʪʦʜʠʦʜʦʚ XREGRN-L1-0000-00P01 ʟʝʣʝʥʦʛʦ ʩʚʝʯʝʥʠʷ ʧʨʠ ʦʙʣʫʯʝʥʠʠ  

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʠʟʣʫʯʝʥʠʝʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 405 ʥʤ ʩʠʣʴʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʫʨʦʚʥʝʤ ʧʦʨʦʛʦʚʦʛʦ ʪʦʢʘ ʠ ʅʏ-ʰʫʤʘ ʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ 

ʧʘʨʘʤʝʪʨʦʤ  ʜʝʬʝʢʪʥʦʩʪʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ. ʉʣʝʜʫʝʪ, ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ 

ʩʚʝʪʦʜʠʦʜʦʚ ʩʠʥʝʛʦ ʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ (ʋʌ) ʩʚʝʯʝʥʠʷ ʪʘʢʦʡ ʟʘʤʝʪʥʦʡ 

ʢʦʨʨʝʣʷʮʠʠ ʥʝ ʦʙʥʘʨʫʞʝʥʦ.  

ʉʚʷʟʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʬʦʪʦʪʦʢʘ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦ ʧʣʦʱʘʜʠ ʢʨʠʩʪʘʣʣʘ.  ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʕʃ ʧʦ ʧʣʦʱʘʜʠ ʢʨʠʩʪʘʣʣʘ InGaN/GaN ʩʚʝʪʦʜʠʦʜʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʜʚʫʤʷ ʬʘʢʪʦʨʘʤʠ: ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʮʝʥʪʨʦʚ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ 
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ʨʝʢʦʤʙʠʥʘʮʠʠ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʣʦʢʘʣʴʥʳʝ ʦʙʣʘʩʪʠ ʩ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʠʟʣʫʯʝʥʠʷ, ʠ ʣʦʢʘʣʴʥʳʤ ʩʢʦʧʣʝʥʠʝʤ ʘʪʦʤʦʚ ʠʥʜʠʷ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ InGaN. 

ʉʦʚʤʝʩʪʥʦʝ ʠʟʤʝʨʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʕʃ ʠ ʬʦʪʦʧʦʛʣʦʱʝʥʠʷ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʧʦʟʚʦʣʠʪ ʚʳʷʚʠʪʴ ʣʦʢʘʣʴʥʳʝ ʦʙʣʘʩʪʠ ʢʨʠʩʪʘʣʣʘ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʜʝʬʝʢʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʬʦʪʦʪʦʢʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʕʃ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʚʳʧʦʣʥʝʥʦ ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʚʝʪʦʜʠʦʜʦʚ 

XREGRN-L1-0000-00P01 ʟʝʣʝʥʦʛʦ ʩʚʝʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʨʠʩʪʘʣʣʦʚ EZ1000 ʩ 

InGaN/GaN ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʦʡ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 5, ʘ) ʠʟʤʝʨʷʣʦʩʴ ʧʨʠ ʣʦʢʘʣʴʥʦʤ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ 

ʩʪʨʫʢʪʫʨʳ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʜʣʠʥʦʡ ʚʦʣʥʳ 405 ʥʤ. ʀʟʤʝʨʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʕʃ (ʨʠʩ. 5, ʙ) ʚʳʧʦʣʥʷʣʦʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʤʘʣʳʭ ʪʦʢʦʚ (ʜʦ 10 ʤʢɸ) 

ʮʠʬʨʦʚʳʤ ʤʠʢʨʦʩʢʦʧʦʤ Levenhuk ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʠʟʦʙʨʘʞʝʥʠʷ ʚ 

ʩʨʝʜʝ MathCAD.  

  

ʘ) ʙ) 

ʈʠʩ. 5 ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʬʦʪʦʪʦʢʘ (ʘ) ʠ ʫʨʦʚʥʷ  ʕʃ ʧʨʠ ʪʦʢʝ 5 ʤʢɸ (ʙ) ʧʦ 
ʧʣʦʱʘʜʠ ʢʨʠʩʪʘʣʣʘ ʩʚʝʪʦʜʠʦʜʘ XREGRN-L1-0000-00P01 ʟʝʣʝʥʦʛʦ ʩʚʝʯʝʥʠʷ 

 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʪʝʧʝʥʠ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʙʣʠʟʠ ʛʨʘʥʠʮ ʢʨʠʩʪʘʣʣʘ (ʩʝʛʤʝʥʪʳ 1, 2, 6, 7) 

ʚʳʰʝ ʚ 1,5ī2 ʨʘʟʘ, ʯʝʤ ʚ ʮʝʥʪʨʝ ʢʨʠʩʪʘʣʣʘ (ʩʝʛʤʝʥʪʳ 3, 4, 5). ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʫʨʦʚʥʷ ʬʦʪʦʪʦʢʘ Iʌʩʨ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʈʉʈ ʚ ʮʝʥʪʨʝ 

ʢʨʠʩʪʘʣʣʘ ʪʘʢ ʞʝ ʙʦʣʴʰʝ, ʯʝʤ ʚʙʣʠʟʠ ʛʨʘʥʠʮ. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 

ʟʥʘʯʝʥʠʷʤʠ Iʌʩʨ ʠ ʈʉʈ ʩʦʩʪʘʚʣʷʝʪ 0,98. 
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3. ʉʚʷʟʴ ʧʘʨʘʤʝʪʨʦʚ ʬʦʪʦʪʦʢʘ ʩʚʝʪʦʜʠʦʜʦʚ ʩ ʠʟʤʝʥʝʥʠʝʤ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ 

ʀʟʤʝʥʝʥʠʝ ʩʧʝʢʪʨʦʚ ʬʦʪʦʪʦʢʘ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ ʩʪʨʫʢʪʫʨ ʩ 

ʢʚʘʥʪʦʚʳʤʠ ʷʤʘʤʠ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ. ʀʟʤʝʨʝʥʠʝ ʩʧʝʢʪʨʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʬʦʪʦʪʦʢʘ ʩʚʝʪʦʜʠʦʜʦʚ  ARL-5213 PGC ʟʝʣʝʥʦʛʦ ʩʚʝʯʝʥʠʷ ʠ ʂʀʇɼ 40ʊ20-ʉ1-ʇ7 

ʩʠʥʝʛʦ ʩʚʝʯʝʥʠʷ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʤʝʪʦʜʠʢʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ [10], ʧʫʪʝʤ 

ʦʙʣʫʯʝʥʠʠ ʠʭ ʫʟʢʦʧʦʣʦʩʥʳʤ ʠʟʣʫʯʝʥʠʝʤ, ʙʣʠʟʢʠʤ ʢ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʤʫ, 

ʬʦʨʤʠʨʫʝʤʳʤ ʥʘ ʚʳʭʦʜʝ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʉʌ-46 ʩ ʰʠʨʠʥʦʡ ʚʳʭʦʜʥʦʡ ʱʝʣʠ 6,5 

ʥʤ, ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 380é520 ʥʤ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʣʘʤʧʘ ʥʘʢʘʣʠʚʘʥʠʷ ʤʦʱʥʦʩʪʴʶ 100 ɺʪ. ʌʦʪʦʪʦʢ ʠ ʬʦʪʦʕɼʉ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʚʦʣʴʪʤʝʪʨʦʤ ɺ7-21ɸ. ʀʟʤʝʨʝʥʥʳʡ ʩʧʝʢʪʨ 

ʬʦʪʦʪʦʢʘ ʩʚʝʪʦʜʠʦʜʘ ʥʦʨʤʠʨʦʚʘʣʩʷ ʥʘ ʩʧʝʢʪʨ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ.  

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 10 000 ʯ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 25 ɸ/ʩʤ
2
.  

 

  

ʘ) ʙ) 

ʈʠʩ. 6. ʉʧʝʢʪʨ ʬʦʪʦʪʦʢʘ ʟʝʣʝʥʦʛʦ ʩʚʝʪʦʜʠʦʜʘ ARL-5213 PGC ʠ ʩʠʥʝʛʦ 

ʩʚʝʪʦʜʠʦʜʘ ʂʀʇɼ 40ʊ20-ʉ1-ʇ7 ʜʦ ʠ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 
ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 25 ɸ/ʩʤ

2
 ʚ ʪʝʯʝʥʠʝ 10 000 ʯ 

 
ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 6, ʩʧʝʢʪʨ ʬʦʪʦʪʦʢʘ ʦʙʦʠʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʩʚʝʪʦʜʠʦʜʦʚ ʟʝʣʝʥʦʛʦ ʠ ʩʠʥʝʛʦ ʩʚʝʯʝʥʠʷ ʩʤʝʱʘʝʪʩʷ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ,  

ʯʪʦ ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʜʝʬʝʢʪʥʳʭ ʫʨʦʚʥʝʡ ʚ ʘʢʪʠʚʥʦʡ 

ʦʙʣʘʩʪʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʠ  ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʨʘʟʚʠʪʠʝʤ ʧʨʦʪʷʞʝʥʥʳʭ 

ʜʝʬʝʢʪʦʚ (ʯʪʦ ʜʦʣʞʥʦ ʧʨʦʷʚʠʪʴʩʷ ʥʘ ɺɸʍ ʚ ʨʝʞʠʤʝ ʤʠʢʨʦʪʦʢʦʚ), ʜʠʬʬʫʟʠʝʡ 

ʤʘʛʥʠʷ ʠʟ ʙʘʨʴʝʨʥʳʭ ʩʣʦʝʚ ʚ ʩʣʦʠ ʂʗ ʠʣʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʣʘʩʪʝʨʦʚ 
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ʠʥʜʠʷ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʪʠʭ ʠʟʤʝʨʝʥʠʡ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʦʙʱʠʡ ʫʨʦʚʝʥʴ 

ʬʦʪʦʪʦʢʘ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ ʟʘʤʝʪʥʦ ʫʤʝʥʴʰʘʣʩʷ.  

 ʉʚʷʟʴ ʫʨʦʚʥʷ ʬʦʪʦʪʦʢʘ ʩ ʠʟʤʝʥʝʥʠʝʤ ʫʨʦʚʥʷ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʩʚʝʪʦʜʠʦʜʦʚ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ. ʆʙʱʠʡ ʫʨʦʚʝʥʴ ʬʦʪʦʪʦʢʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʩʚʝʪʦʜʠʦʜʦʚ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʫʤʝʥʴʰʠʣʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ɺ ʨʘʤʢʘʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʬʦʪʦʛʝʥʝʨʘʮʠʠ ʠ 

ʪʝʨʤʦʘʢʪʠʚʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ 

ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʯʝʨʝʟ ʧʨʠʤʝʩʥʳʝ ʫʨʦʚʥʠ ʠ  ʫʨʦʚʥʠ ʜʝʬʝʢʪʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʦʩʪʘ ʩʢʦʨʦʩʪʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʠʟʤʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʧʘʜ ʫʨʦʚʥʷ ʬʦʪʦʪʦʢʘ ʜʦʣʞʝʥ 

ʢʦʨʨʝʣʠʨʦʚʘʪʴ ʩʦ ʩʧʘʜʦʤ ʫʨʦʚʥʷ ʕʃ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʪʘʢʦʡ ʩʚʷʟʠ ʧʨʦʚʝʜʝʥʳ ʫʩʢʦʨʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʩʚʝʪʦʜʠʦʜʦʚ 

XREBLU- L1-0000-00K01 ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ 1 ɸ  ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʨʧʫʩʘ 

120 Áʉ ʚ ʪʝʯʝʥʠʝ 140 ʯ. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʥʘ ʠʥʪʝʛʨʠʨʫʶʱʝʡ 

ʩʬʝʨʝ, ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʫʤʝʥʴʰʠʣʩʷ ʥʘ 10 %, ʧʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ 

ʬʦʪʦʪʦʢʘ ʧʨʠ ʠʥʪʝʛʨʘʣʴʥʦʡ ʟʘʩʚʝʪʢʝ ʫʧʘʣ ʚ ʩʨʝʜʥʝʤ ʥʘ 1,5...2 %. 

ʇʨʠ ʜʣʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʷʭ 45 ʰʪʫʢ ʤʘʣʦʤʦʱʥʳʭ ʩʠʥʠʭ ʩʚʝʪʦʜʠʦʜʦʚ 

ʂʀʇɼ 40ʊ20-ʉ1-ʇ7 ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʣʦʪʥʦʩʪʴʶ 25 ɸ/ʩʤ
2
 ʚ 

ʪʝʯʝʥʠʝ 10 000 ʯ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ 

çʠʥʪʝʛʨʘʣʴʥʦʛʦè ʬʦʪʦʪʦʢʘ ʩʚʝʪʦʜʠʦʜʦʚ ʧʨʠ ʠʭ ʦʙʣʫʯʝʥʠʠ ʨʘʚʥʦʤʝʨʥʳʤ 

ʩʚʝʪʦʚʳʤ ʧʦʪʦʢʦʤ ʦʪ ʩʠʥʝʛʦ ʩʚʝʪʦʜʠʦʜʘ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ ʩʧʝʢʪʨʘ 

ʠʟʣʫʯʝʥʠʷ  460 ʥʤ ʠ ʧʣʦʪʥʦʩʪʴʶ ʧʦʪʦʢʘ ʤʦʱʥʦʩʪʠ 50 ʤɺʪ/ʩʤ
2
. ʉʚʝʪʦʚʦʡ ʧʦʪʦʢ 

ʩʚʝʪʦʜʠʦʜʦʚ ʠʟʤʝʨʷʣʩ ̫ ʠʥʪʝʛʨʠʨʫʶʱʝʡ ʩʬʝʨʦʡ ʊʂɸ-ʂʂ1 ʧʨʠ ʪʦʢʝ 20 ʤɸ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 

ʂʦʨʨʝʣʷʮʠʦʥʥʦʝ ʧʦʣʝ ʤʝʞʜʫ ʟʥʘʯʝʥʠʝʤ ʩʧʘʜʘ ʬʦʪʦʪʦʢʘ ʠ ʫʤʝʥʴʰʝʥʠʝʤ 

ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 7. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 

ʤʝʞʜʫ ʩʥʠʞʝʥʠʝʤ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʩʧʘʜʦʤ ʬʦʪʦʪʦʢʘ ʩʦʩʪʘʚʠʣ 0,96, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʠʣʴʥʫʶ ʩʚʷʟʴ ʤʝʭʘʥʠʟʤʦʚ ʬʦʪʦʛʝʥʝʨʘʮʠʠ ʩ ʤʝʭʘʥʠʟʤʘʤʠ 

ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ. 
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ʊʘʙʣʠʮʘ 4. ʀʟʤʝʥʝʥʠʝ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʫʨʦʚʥʷ ʬʦʪʦʪʦʢʘ ʧʨʠ ʠʥʪʝʛʨʘʣʴʥʦʡ 
ʟʘʩʚʝʪʢʝ ʩʚʝʪʦʜʠʦʜʦʚ ʂʀʇɼ 40ʊ20-ʉ1-ʇ7 ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 25 ɸ/ʩʤ
2
 ʚ ʪʝʯʝʥʠʝ 10 000 ʯ  

 

ˉ 
ʩʚʝʪʦʜʠʦʜʘ 

ʉʚʝʪʦʚʦʡ ʧʦʪʦʢ, ʃʤ ʌʦʪʦʪʦʢ, ʥɸ 

ɼʦ 

ʠʩʧʳʪʘʥʠʡ 

ʇʦʩʣʝ 

ʠʩʧʳʪʘʥʠʡ 

ʉʧʘʜ 
ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʠʩʭʦʜʥʳʭ 
ʟʥʘʯʝʥʠʡ, % 

ɼʦ 

ʠʩʧʳʪʘʥʠʡ 

ʇʦʩʣʝ 

ʠʩʧʳʪʘʥʠʡ 

ʉʧʘʜ 
ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʠʩʭʦʜʥʳʭ 
ʟʥʘʯʝʥʠʡ, % 

ʂʀʇɼɻ21 0,47 0,07 85 77,7 14,5 81 

ʂʀʇɼɻ23 0,47 0,1 79 72,6 24 67 
ʂʀʇɼɻ24 0,45 0,08 82 70,3 18,6 74 

ʂʀʇɼɻ25 0,45 0,09 80 70,2 20 72 
ʂʀʇɼɻ26 0,45 0,05 89 79,1 12,2 85 

ʂʀʇɼɻ27 0,46 0,1 78 72,2 23 68 
ʂʀʇɼɻ28 0,47 0,1 79 76,1 24,2 68 

ʂʀʇɼɻ29 0,48 0,1 79 74,3 23,5 68 
ʂʀʇɼɻ30 0,46 0,1 78 68,4 21,3 69 

ʂʀʇɼɻ31 0,44 0,09 80 69 20,8 70 
ʂʀʇɼɻ32 0,47 0,1 79 69 21,8 68 

ʂʀʇɼɻ34 0,47 0,09 81 79 21,6 73 
ʂʀʇɼɻ35 0,45 0,06 87 78,4 13,2 83 

ʂʀʇɼɻ36 0,37 0,1 73 65,4 26,6 59 
ʂʀʇɼɻ37 0,47 0,08 83 75,2 19,2 74 

ʂʀʇɼɻ38 0,45 0,06 87 73,7 13,7 81 

ʂʀʇɼɻ39 0,45 0,06 87 69,1 13,7 80 
ʂʀʇɼɻ40 0,46 0,07 85 71,7 17,4 76 

ʂʀʇɼɻ41 0,46 0,09 80 72 19,8 73 
ʂʀʇɼɻ42 0,47 0,1 79 81,1 24,3 70 

ʂʀʇɼɻ43 0,45 0,07 84 72,1 18 75 
ʂʀʇɼɻ44 0,46 0,05 89 78,8 10,5 87 

ʂʀʇɼɻ45 0,46 0,08 83 72,8 19 74 
ʂʀʇɼɻ46 0,45 0,05 89 72,7 12,3 83 

ʂʀʇɼɻ47 0,46 0,08 83 74,1 17,7 76 
ʂʀʇɼɻ48 0,47 0,08 83 79,7 17,8 78 

ʂʀʇɼɻ50 0,45 0,06 87 71,3 14 80 
ʂʀʇɼɻ51 0,44 0,07 84 75,7 15,4 80 

ʂʀʇɼɻ52 0,47 0,09 81 75,2 19,5 74 
ʂʀʇɼɻ54 0,46 0,05 89 79,5 12 85 

ʂʀʇɼɻ55 0,44 0,07 84 71,1 16,5 77 

ʂʀʇɼɻ56 0,43 0,09 79 72,9 21,1 71 
ʂʀʇɼɻ57 0,44 0,08 82 72,8 17,8 76 

ʂʀʇɼɻ58 0,45 0,04 91 66,9 7,2 89 
ʂʀʇɼɻ59 0,44 0,08 82 77,5 18,6 76 

ʂʀʇɼɻ60 0,43 0,07 84 69 16,1 77 
ʂʀʇɼɻ61 0,43 0,07 84 75,7 18,3 76 

ʂʀʇɼɻ62 0,46 0,12 74 78,2 26,6 66 
ʂʀʇɼɻ63 0,46 0,07 85 77,3 16 79 

ʂʀʇɼɻ64 0,4 0,04 90 57,2 6,5 89 
ʂʀʇɼɻ65 0,45 0,06 87 71,1 15 79 

ʂʀʇɼɻ66 0,46 0,09 80 78,9 22,1 72 
ʂʀʇɼɻ67 0,45 0,09 80 76,9 20 74 

ʂʀʇɼɻ68 0,47 0,05 89 78,5 10,1 87 
ʂʀʇɼɻ69 0,45 0,08 82 72,5 18,3 75 
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ʈʠʩ. 7. ʂʦʨʨʝʣʷʮʠʦʥʥʦʝ ʧʦʣʝ ʤʝʞʜʫ ʟʥʘʯʝʥʠʝʤ ʩʧʘʜʘ ʬʦʪʦʪʦʢʘ ʠ ʫʤʝʥʴʰʝʥʠʝʤ 

ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʩʚʝʪʦʜʠʦʜʦʚ ʂʀʇɼ 40ʊ20-ʉ1-ʇ7 ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ  

ʇʨʠ ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ɟ ʤʝʞʜʫ ʥʘʯʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʬʦʪʦʪʦʢʘ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʝʛʦ ʠʟʤʝʥʝʥʠʷ (ʂ=Iʌʥʘʯ/Iʌʠʩʧ) ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ ʩʦʩʪʘʚʠʣ 

0,42. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʜʘʥʥʦʡ ʚʳʙʦʨʢʠ ʵʪʦʪ 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʤʳʤ.  

ʀʟʤʝʥʝʥʠʝ ʬʦʪʦʪʦʢʘ ʋʌ ʩʚʝʪʦʜʠʦʜʦʚ ʧʨʠ ʫʩʢʦʨʝʥʥʳʭ ʠʩʧʳʪʘʥʠʷʭ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʠ ʥʘʜʝʞʥʦʩʪʴ ʋʌ ʩʚʝʪʦʜʠʦʜʦʚ ʟʘʤʝʪʥʦ ʥʠʞʝ, ʯʝʤ 

ʦʙʳʯʥʳʭ ʩʠʥʠʭ ʉʀɼ.  ʆʧʠʩʘʥʥʳʤʠ ʚʳʰʝ ʤʝʪʦʜʘʤʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʋʌ 

ʩʚʝʪʦʜʠʦʜʦʚ 3535 Everlight  ʩ ʥʦʤʠʥʘʣʴʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 365 ʥʤ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʭ ʬʠʨʤʳ ʠʟʛʦʪʦʚʠʪʝʣʷ ʥʦʤʠʥʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʪʦʢ ʵʪʠʭ 

ʩʚʝʪʦʜʠʦʜʦʚ 0,7 ɸ, ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ -40..+110 ʉ, ʪʝʧʣʦʚʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ 5 ʂ/ɺʪ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʚ ʪʘʙʣʠʮʝ 5 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʷ ʬʦʪʦʪʦʢʘ ʋʌ-ʩʚʝʪʦʜʠʦʜʦʚ ʧʨʠ ʟʘʩʚʝʪʢʝ ʋʌ-ʣʘʟʝʨʦʤ ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 405 ʥʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʣʠʯʠʝ ʵʥʝʨʛʠʠ 

ʬʦʪʦʥʦʚ ʠ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʚ ʂʗ, ʫʨʦʚʝʥʴ ʬʦʪʦʪʦʢʘ ʧʨʠʤʝʨʥʦ ʥʘ 

ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥʳ ʤʝʥʴʰʝ ʫʨʦʚʥʷ ʬʦʪʦʪʦʢʘ ʚ  ʩʠʥʠʭ ʠ ʟʝʣʝʥʳʭ ʩʚʝʪʦʜʠʦʜʘʭ 

ʩʨʘʚʥʠʤʦʡ ʧʣʦʱʘʜʠ, ʧʦʩʢʦʣʴʢʫ ʛʝʥʝʨʘʮʠʷ ʥʦʩʠʪʝʣʝʡ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʩ 

ʜʝʬʝʢʪʥʳʭ ʠ ʧʨʠʤʝʩʥʳʡ ʫʨʦʚʥʝʡ. 
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ʊʘʙʣʠʮʘ  5. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ çʠʥʪʝʛʨʘʣʴʥʦʛʦè ʬʦʪʦʪʦʢʘ ʤʦʱʥʳʭ (3 ɺʪ) 

ʋʌ ʩʚʝʪʦʜʠʦʜʦʚ 3535 Everlight ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 365 ʥʤ ʧʨʠ ʟʘʩʚʝʪʢʝ 

ʋʌ ʣʘʟʝʨʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 405 ʥʤ ʜʦ ʠ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ 

ʇʘʨʘʤʝʪʨ ʅʦʤʝʨ ʩʚʝʪʦʜʠʦʜʘ 
Iʌʩʨ,  
ʤʢɸ 

ʉʂʆ,  
ʤʢɸ 

1 2 3 4 5 6 7 8 9 10 

ʌʦʪʦʪʦʢ ʜʦ 
ʠʩʧʳʪʘʥʠʡ, 

ʤʢɸ 

1,06 0,84 0,62 0,64 0,52 0,66 0,88 0,91 1,07 0,63 0,78 0,20 

ʌʦʪʦʪʦʢ 
ʧʦʩʣʝ 

ʠʩʧʳʪʘʥʠʡ, 

ʤʢɸ 

0,10 0,12 0,07 0,08 0,06 0,09 0,07 0,10 0,10 0,11 0,09 0,02 

ʂʦʵʬʬʠʮʠʝʥʪ 
ʩʥʠʞʝʥʠʷ 

ʫʨʦʚʥʷ 
ʬʦʪʦʪʦʢʘ 

10,6 7,0 8,7 8,0 8,6 7,3 12,7 9,1 10,7 5,7 8,7 10,0 

 

ʇʨʠ ʫʩʢʦʨʝʥʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʚ ʨʝʞʠʤʝ 0,7 ɸ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100 ʉ ʚ 

ʪʝʯʝʥʠʠ  25 ʯʘʩʦʚ ʫʨʦʚʝʥʴ ʬʦʪʦʪʦʢʘ  ʩʥʠʟʠʣʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʠʟʤʝʥʝʥʠʷ ʬʦʪʦʪʦʢʘ ʜʦʚʦʣʴʥʦ ʩʠʣʴʥʦ (ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʨʨʝʣʷʮʠʠ 0,62) 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʝʛʦ ʥʘʯʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ.  

ʉʚʷʟʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʬʦʪʦʪʦʢʘ ʠ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʦ ʠ 

ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʢʘʟʘʥʥʦʡ ʩʚʷʟʠ ʠʟʤʝʨʷʣʦʩʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʬʦʪʦʪʦʢʘ ʧʨʠ ʣʦʢʘʣʴʥʦʤ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ ʣʘʟʝʨʥʳʤ 

ʠʟʣʫʯʝʥʠʝʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 405 ʥʤ ʠ ʕʃ ʧʦ ʧʣʦʱʘʜʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ r

ʩʚʝʪʦʜʠʦʜʘ Cree XREBLU-L1 ʩʠʥʝʛʦ ʩʚʝʯʝʥʠʷ ʩ ʨʘʟʤʝʨʘʤʠ ʢʨʠʩʪʘʣʣʘ 980Ĭ980 

ʤʢʤ ʜʦ ʠ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ 1 ɸ  

ʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʨʧʫʩʘ 120 Áʉ ʚ ʪʝʯʝʥʠʝ 140 ʯ. ʉʦʛʣʘʩʥʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʥʘ ʠʥʪʝʛʨʠʨʫʶʱʝʡ ʩʬʝʨʝ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ ʩʚʝʪʦʜʠʦʜʘ 

ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʡ ʫʤʝʥʴʰʠʣʩʷ ʥʘ 10 %;  ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʬʦʪʦʪʦʢʘ ʧʨʠ ʵʪʦʤ 

ʫʤʝʥʴʰʠʣʩʷ ʥʘ 2%. 

ʅʘ ʬʦʥʝ ʩʥʠʞʝʥʠʷ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʕʃ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʝʢʦʪʦʨʦʝ ʚʳʨʘʚʥʠʚʘʥʠʝ ʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʧʣʦʱʘʜʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 

8). ʇʨʠ ʵʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʬʦʪʦʪʦʢʘ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʝʛʤʝʥʪʦʚ ʥʝʩʢʦʣʴʢʦ ʫʚʝʣʠʯʠʣʩʷ (ʩʤ. ʪʘʙʣʠʮʫ 6 ʠ ʨʠʩ. 9). 
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ʘ) ʙ) 

ʈʠʩ.8. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ  ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 
ʜʦ (ʘ) ʠ ʧʦʩʣʝ 140 ʯ ʠʩʧʳʪʘʥʠʡ (ʙ). ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʪʦʢʝ 10 ʤʢɸ 

 
ʂʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʕʃ ʚʦʟʨʦʩʣʘ ʚ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʧʨʦʠʟʦʰʣʦ 

ʚʳʨʘʚʥʠʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʬʦʪʦʪʦʢʘ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʙʫʜʫʪ 

ʧʨʦʚʝʜʝʥʳ ʧʦʩʣʝ ʥʘʢʦʧʣʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

;

 
 

ʘ) ʙ) 

ʈʠʩ. 9. ʇʨʦʬʠʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʬʦʪʦʪʦʢʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ 
ʩʚʝʪʦʜʠʦʜʘ Cree XREBLU- L1-0000-00K01 ʜʦ ʠʩʧʳʪʘʥʠʡ (ʘ) ʠ ʧʦʩʣʝ 140 ʯ 

ʠʩʧʳʪʘʥʠʡ (ʙ). ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʣʦʢʘʣʴʥʦʤ ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ 
ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 405 ʥʤ 
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ʊʘʙʣʠʮʘ 6. ʇʘʨʘʤʝʪʨʳ ʬʦʪʦʪʦʢʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʛʤʝʥʪʘʭ ʢʨʠʩʪʘʣʣʘ ʩʚʝʪʦʜʠʦʜʘ 

Cree XREBLU- L1-0000-00K01 ʜʦ ʠʩʧʳʪʘʥʠʡ (ʘ) ʠ ʧʦʩʣʝ 140 ʯ ʠʩʧʳʪʘʥʠʡ (ʙ) 

ˉ ʩʝʛʤʝʥʪʘ 

ʢʨʠʩʪʘʣʣʘ 

ʇʘʨʘʤʝʪʨ ɼʦ ʠʩʧʳʪʘʥʠʡ ʇʦʩʣʝ 140 ʯ 

ʠʩʧʳʪʘʥʠʡ 

1 

Iʌʩʨ, ʤʢɸ 156.7 157.0 

ů, ʤʢɸ 6.527 4.555 

ů/ Iʌʩʨ 0.042 0.029 

2 

Iʌʩʨ, ʤʢɸ 152.8 143.9 

ů, ʤʢɸ 5.747 7.093 

ů/ Iʌʩʨ 0.038 0.049 

3 

Iʌʩʨ, ʤʢɸ 168.3 165.7 

ů, ʤʢɸ 3.504 3.836 

ů/ Iʌʩʨ 0.021 0.023 

4 

Iʌʩʨ, ʤʢɸ 170.1 167.0 

ů, ʤʢɸ 3.119 3.061 

ů/ Iʌʩʨ 0.018 0.018 

5 

Iʌʩʨ, ʤʢɸ 167.7 165.3 

ů, ʤʢɸ 2.97 3.224 

ů/ Iʌʩʨ 0.018 0.02 

6 

Iʌʩʨ, ʤʢɸ 153.2 151.4 

ů, ʤʢɸ 4.484 5.212 

ů/ Iʌʩʨ 0.029 0.034 

7 

Iʌʩʨ, ʤʢɸ 156.4 153.8 

ů, ʤʢɸ 3.073 3.416 

ů/ Iʌʩʨ 0.02 0.022 

 

4. ɼʠʘʛʥʦʩʪʠʢʘ ʢʘʯʝʩʪʚʘ ʩʚʝʪʦʜʠʦʜʦʚ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʦʪʢʣʠʢʘ 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʣʦʞʠʪʴ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ 

ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʢʘʯʝʩʪʚʘ ʩʚʝʪʦʜʠʦʜʦʚ ʠ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʧʦ 

ʧʘʨʘʤʝʪʨʘʤ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ. 

ɼʣʷ InGaN/GaN ʩʚʝʪʦʜʠʦʜʦʚ ʟʝʣʝʥʦʛʦ ʩʚʝʯʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʩʨʝʜʥʝʝ ʧʦ ʧʣʦʱʘʜʠ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʟʥʘʯʝʥʠʝ ʫʨʦʚʥʷ ʬʦʪʦʪʦʢʘ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ 



ЖУРНАЛ РАДИОЭЛЕКТРОНИКИ, ISSN 1684-1719, N3, 2019 

19 
 

ʦʙʨʘʟʮʘ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ ʩ ʵʥʝʨʛʠʝʡ ʬʦʪʦʥʦʚ ʤʝʥʴʰʝ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ GaN ʠ ʙʦʣʴʰʝ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʂʗ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʙʨʘʢʦʚʦʯʥʦʛʦ ʫʨʦʚʥʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʠʟʤʝʨʝʥʠʷ 

ʫʢʘʟʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʘ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ʚʳʙʦʨʢʝ ʦʜʥʦʪʠʧʥʳʭ ʦʙʨʘʟʮʦʚ 

ʩʚʝʪʦʜʠʦʜʦʚ ʠ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʥʘʡʪʠ ʚʳʙʦʨʦʯʥʳʝ ʦʮʝʥʢʠ ʩʨʝʜʥʝʛʦ  

ʟʥʘʯʝʥʠʷ Iʌʩʨ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʬʦʪʦʪʦʢʘ ʠ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ů 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ; ʦʪʙʨʘʢʦʚʦʯʥʳʡ ʫʨʦʚʝʥʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʜʘʯʘʤʠ ʦʪʙʨʘʢʦʚʢʠ 

ʠ ʚ ʩʠʩʪʝʤʝ ʚʳʭʦʜʥʦʛʦ (ʠʣʠ ʚʭʦʜʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʦʙʳʯʥʦ ʧʨʠʥʠʤʘʝʪʩʷ 

ʥʘ ʫʨʦʚʥʝ 3ů. 

ɼʣʷ ʦʧʝʨʘʪʠʚʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʢʘʯʝʩʪʚʘ ʩʚʝʪʦʜʠʦʜʦʚ ʩ ʠʟʣʫʯʝʥʠʝʤ ʥʘ 

ʜʨʫʛʠʭ ʜʣʠʥʘʭ ʚʦʣʥ (ʚʢʣʶʯʘʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʝ AlGaN/GaN ʩʚʝʪʦʜʠʦʜʳ) ʚ 

ʢʘʯʝʩʪʚʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʦʪʥʦʰʝʥʠʝ 

ʫʨʦʚʥʝʡ ʠʥʪʝʛʨʘʣʴʥʦʛʦ (ʠʣʠ ʩʨʝʜʥʝʛʦ ʧʦ ʩʪʨʫʢʪʫʨʝ) ʬʦʪʦʪʦʢʘ D=Iʌɚ1/ Iʌɚ2 ʧʨʠ 

ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʫʟʢʦʧʦʣʦʩʥʳʤ ʦʧʪʠʯʝʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ ʥʘ 

ʜʚʫʭ ʜʣʠʥʘʭ ʚʦʣʥ ɚ1 ʠ ɚ2 (ɚ1 < ɚ2) ʩ ɻʥʝʨʛʠʝʡ ʬʦʪʦʥʦʚ ʤʝʥʴʰʝ ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ GaN. ʏʝʤ ʤʝʥʴʰʝ ʦʪʥʦʰʝʥʠʝ D, ʪʝʤ ʙʦʣʝʝ ʥʝʦʜʥʦʨʦʜʥʦʡ 

ʷʚʣʷʝʪʩʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘ. 

ɼʣʷ ʜʝʪʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʢʘʯʝʩʪʚʘ ʩʚʝʪʦʜʠʦʜʦʚ ʠ ʚʳʷʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʝ  ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʬʦʪʦʪʦʢʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʠ ʦʮʝʥʠʚʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ 

ʬʦʪʦʪʦʢʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʛʤʝʥʪʘʭ ʩʪʨʫʢʪʫʨʳ. 

 
ɿʘʢʣʶʯʝʥʠʝ 

ʄʝʪʦʜ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ  

ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʦʮʝʥʠʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ, ʚʢʣʶʯʘʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʣʦʢʘʣʴʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʬʦʪʦʪʦʢʘ ʧʨʠ ʣʦʢʘʣʴʥʦʤ 

ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʠ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ GaN-ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʘʨʘʤʝʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʦʪʦʪʦʢʘ ʧʦ ʧʣʦʱʘʜʠ ʨʘʟʣʠʯʥʳʭ ʩʝʛʤʝʥʪʦʚ 
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ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʩʚʷʟʘʥʳ ʩ ʧʣʦʪʥʦʩʪʴʶ ʜʝʬʝʢʪʦʚ ʚ 

ʩʦʦʪʚʝʪʩʚʫʶʱʠʭ ʩʝʛʤʝʥʪʘʭ.  ʫʩʪʘʥʦʚʣʝʥʘ ʩʚʷʟʴ ʧʘʨʘʤʝʪʨʦʚ  ʬʦʪʦʪʦʢʘ ʩ 

ʠʟʤʝʨʝʥʠʝʤ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʝʪʦʜʠʦʜʦʚ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʦʪʦʢʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʩʧʝʢʪʨ 

ʬʦʪʦʪʦʢʘ ʩʤʝʱʘʝʪʩʷ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ. ʇʨʠ ʵʪʦʤ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ 

ʩʨʝʜʥʝʛʦ ʬʦʪʦʪʦʢʘ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʩʠʣʴʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ  ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʤʳʰʣʝʥʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʢʦʥʪʨʦʣʷ ʣʘʪʝʨʘʣʴʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ. 

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ 

ʋʣʴʷʥʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 16-47-732159.  
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