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ɸʅʅʆʊɸʎʀʗ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ɺ ʧʨʦʮʝʩʩʝ ʦʪʨʘʙʦʪʢʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʚ ʪʦʤ ʯʠʩʣʝ ʦʙʦʛʘ-

ʱʝʥʠʷ) ʦʙʨʘʟʫʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ (çʭʚʦʩʪʳè ʦʙʦʛʘʱʝʥʠʷ) ʠʣʠ ʪʝʭʥʦʛʝʥʥʦ-

ʤʠʥʝʨʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ (ʊʄʆ), ʢʦʪʦʨʳʝ ʚ ɼʘʣʴʥʝʛʦʨʩʢʦʤ ʨʘʡʦʥʝ ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚ-

ʥʳʤʠ ʠʩʪʦʯʥʠʢʦʤ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʦʷʚʣʝʥʠʷ ʧʦʚʳʰʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʝʩʚʦʡ-

ʩʪʚʝʥʥʳʭ ʩʨʝʜʝ ʵʣʝʤʝʥʪʦʚ ʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. ʊʄʆ, ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʚ ʢʨʫʧʥʳʭ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘʭ 

ʨʘʡʦʥʘ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʢʘʢ ʢʨʫʧʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʪʝʭʥʦʛʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘʧʘʩʳ ʩʚʠʥʮʘ, ʮʠʥʢʘ, ʨʝʜʢʠʭ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ.  

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʊʄʆ ʅʠʢʦʣʘʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ 

ʪʚʝʨʜʦʡ ʠ ʛʠʜʨʦʤʠʥʝʨʘʣʴʥʦʡ ʬʦʨʤʝ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ ʜʣʷ ʩʥʠ-

ʞʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʨʝʛʠʦʥʘ. 

ʈʝʟʫʣʴʪʘʪʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʪʝʭʥʦʣʦʛʠʠ ʦʙʦʛʘ-

ʱʝʥʠʷ ʠ ʩʚʦʡʩʪʚ ʨʫʜ ʅʠʢʦʣʘʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʳʜʝʣʝʥʳ ʊʄʆ ʜʚʫʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ: ʛʦʨʥʦʜʦ-

ʙʳʚʘʶʱʝʛʦ ʠ ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʧʨʝʜʝʣʝʥʳ ʧʦʣʝʟʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʥʠʭ. ʇʦ-

ʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʛʠʧʝʨʛʝʥʥʦʛʦ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ 

ʪʚʝʨʜʦʡ ʯʘʩʪʠ ʊʄʆ. ʇʨʠʚʝʜʝʥʳ ʠʩʪʦʯʥʠʢʠ ʦʙʨʘʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʜ. ʆʮʝʥʝʥʳ ʫʩʣʦʚʠʷ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʚ ʥʠʭ ʟʦʣʦʪʘ ʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ. 

ɺʳʚʦʜʳ. ʇʝʨʝʦʮʝʥʢʘ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʩ ʫʯʝʪʦʤ ʪʚʝʨʜʦʡ ʠ ʛʠʜʨʦʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠ ʊʄʆ ʅʠ-

ʢʦʣʘʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠʶ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʝʫʯʪʝʥʥʳʭ ʨʝʩʫʨʩʦʚ 

ʧʨʠʥʝʩʫʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. 

ABSTRACT 

Relevance of the work. In the process of mining polymetallic deposits (including enrichment), numerous 

technological products ("tails" of enrichment) or technogenic-mineral formations (TMF) are formed, which in the 

Dalnegorsky district of Primorsky Krai are the main source of changes in the composition of the environment, the 

appearance of increased concentrations of elements and heavy metals that are not peculiar to the environment. 

TMF concentrated in large tailings dumps in the region are considered by many researchers as large complex man-

made deposits containing significant reserves of lead, zinc, rare and precious metals. 

The purpose of the science work is to identify the main types of TMF of the Nikolaev field in solid and 

hydromineral form, as well as to assess the possibility of their industrial development to reduce the environmental 

burden on the territory of the region. 

Results. Based on the analysis of the geological features of the Deposit, the technology of enrichment and the 

properties of the ore of the Mykolaiv Deposit, tmos of two genetic types are identified: mining and processing 

production. Useful components contained in them are defined. The results of modeling of physical and chemical 

parameters of hypergenic mineral formation of the solid part of TMO are shown. The sources of technological 

water formation are given. The conditions of concentration of gold and other metals in them are estimated. 
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Conclusions. Revaluation of mineral resources taking into account the solid and hydromineral part of the 

TMO of the Mykolaiv field, a comprehensive approach to the study and use of unaccounted resources will bring 

significant economic and environmental benefits. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʅʠʢʦʣʘʝʚʩʢʦʝ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʦʙʦʛʘʱʝʥʠʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘ-

ʝʤʳʭ, ʪʝʭʥʦʛʝʦʛʝʥʝʟ, ʟʦʣʦʪʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʨʫʜʳ. 

Keywords: Nikolaev polymetallic deposit, mineral dressing, technogeogenesis, gold-polymetallic ores. 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʦʤʳʰʣʝʥʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʚʩʝʛʜʘ ʦʙʫʩʣʦʚʣʠʚʘʣʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʙʩʪʘ-

ʥʦʚʢʫ ʛʦʨʥʦʨʫʜʥʳʭ ʨʘʡʦʥʦʚ. ʀʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠ-

ʪʠʝ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ɼʘʣʴʥʝ-

ʛʦʨʩʢʦʤ ʨʘʡʦʥʝ ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ ʚʳʨʘʟʠʣʦʩʴ ʥʝ 

ʪʦʣʴʢʦ ʚ ʜʦʙʳʯʝ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʦ ʪʘʢʞʝ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʦʪʭʦʜʦʚ ʦʙʦʛʘʱʝ-

ʥʠʷ. 

ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʦʷʚʣʝʥʠʷ ʧʦʚʳʰʝʥʥʳʭ ʢʦʥ-

ʮʝʥʪʨʘʮʠʡ ʥʝʩʚʦʡʩʪʚʝʥʥʳʭ ʩʨʝʜʝ ʵʣʝʤʝʥʪʦʚ ʠ ʪʷ-

ʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʷʚʣʷʶʪʩʷ ʣʠʢʚʠʜʠʨʦʚʘʥʥʳʝ ʛʦʨ-

ʥʳʝ ʚʳʨʘʙʦʪʢʠ (ʰʪʦʣʴʥʠ), ʦʪʚʘʣʳ ʚʩʢʨʳʰʥʳʭ ʧʦ-

ʨʦʜ ʠ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʠʙʦʣʝʝ 

ʦʧʘʩʥʳʝ ʠ ʜʦʣʛʦʩʨʦʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ, ʩʦ-

ʜʝʨʞʘʱʠʝ ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʤʥʦʛʠʝ ʠʟ 

ʢʦʪʦʨʳʭ ʦʪʥʦʩʷʪʩʷ ʢ 1-ʤʫ ʠ 2-ʤʫ ʢʣʘʩʩʘʤ ʦʧʘʩʥʦʩʪʠ 

(ɻʆʉʊ 17.41.01ï83). 

ʎʝʣʴ ʨʘʙʦʪʳ - ʥʘ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ ʧʦ ʠʟʫʯʝʥʠʶ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʦʣʦʞʝʥʠʷ, 

ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʠʥʷʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟ-

ʨʘʙʦʪʢʠ ʠ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ ʅʠʢʦʣʘʝʚʩʢʦʛʦ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʷ ʧʦʣʠʤʝʪʘʣʣʦʚ ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʪʠʧʳ 

ʪʝʭʥʦʛʝʥʥʦ-ʤʠʥʝʨʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʊʄʆ) ʚ 

ʪʚʝʨʜʦʡ ʠ ʛʠʜʨʦʤʠʥʝʨʘʣʴʥʦʡ ʬʦʨʤʝ, ʦʮʝʥʠʪʴ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʠʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ ʜʣʷ ʩʥʠʞʝ-

ʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʨʝʛʠ-

ʦʥʘ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʘʢʪʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʧʦʜʦʙʥʳʭ ʨʘ-

ʙʦʪ ʤʳ ʟʥʘʝʤ, ʯʪʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʥʘʤ 

ʥʘʜʦ ʫʯʝʩʪʴ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ; ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ ʧʦʣʝʟʥʳʭ ʢʦʤ-

ʧʦʥʝʥʪʦʚ; ʩʧʦʩʦʙ ʨʘʟʨʘʙʦʪʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʦʙʦʛʘ-

ʱʝʥʠʷ ʨʫʜ; ʪʠʧʳ, ʩʦʩʪʘʚ ʠ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʪʝʭʥʦʛʝʥʥʦ-ʤʠʥʝʨʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʊʄʆ); ʦʩʦ-

ʙʝʥʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʊʄʆ ʚ ʥʦʚʳʭ ʫʩʣʦ-

ʚʠʷʭ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ [14]. 

1. ɻɽʆʃʆɻʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ  

1.1. ɻʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʅʠʢʦʣʘʝʚʩʢʦʝ Pb-Zn-Ag ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʟʘʣʝ-

ʛʘʝʪ ʚ ɺʦʩʪʦʯʥʦ-ʉʠʭʦʪʵ-ɸʣʠʥʩʢʦʤ ʚʫʣʢʘʥʦʥʥʦ-

ʧʣʫʪʦʥʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ ʚ ʧʨʝʜʝʣʘʭ ʠʥʪʨʫʟʠʚʥʦ-

ʢʫʧʦʣʴʥʦʛʦ ʧʦʜʥʷʪʠʷ [23]. ʉ ʧʦʚʝʨʭʥʦʩʪʠ ʦʥʦ ʧʨʝʜ-

ʩʪʘʚʣʝʥʦ ʞʠʣʴʥʳʤʠ ʨʫʜʥʳʤʠ ʪʝʣʘʤʠ ʠ ʛʣʫʙʦʢʦʟʘ-

ʣʝʛʘʶʱʠʤʠ ʩʢʘʨʥʘʤʠ. ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʝ 

ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʧʦʟʜʥʝʤʝʣʦʚʳʝ ʠ ʧʘʣʝʦʛʝʥʦ-

ʚʳʝ ʚʫʣʢʘʥʠʪʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʨʝʜʥʝʛʦ ʠ ʢʠʩ-

ʣʦʛʦ ʩʦʩʪʘʚʘ, ʧʝʨʝʢʨʳʚʘʶʱʠʝ ʪʝʨʨʠʛʝʥʥʳʝ ʧʦʨʦʜʳ 

ʤʝʟʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʧʦʩʣʝʜʥʠʝ ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚ-

ʥʦʡ ʯʘʩʪʴʶ ʊʘʫʭʠʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ ï ʬʨʘʛʤʝʥʪʘ ʨʘʥ-

ʥʝʤʝʣʦʚʦʡ ʘʢʢʨʝʘʮʠʦʥʥʦʡ ʧʨʠʟʤʳ [2]. 

1.2. ɺʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʨʫʜ 

ʇʦ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ, ʤʦʨ-

ʬʦʣʦʛʠʠ ʠ ʚʝʱʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ ʨʫʜʥʳʝ ʪʝʣʘ ʅʠ-

ʢʦʣʘʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʘ 

ʪʠʧʘ: ʞʠʣʴʥʳʝ ʠ ʩʢʘʨʥʦʚʳʝ [21]. 

ɾʠʣʴʥʳʝ ʨʫʜʥʳʝ ʪʝʣʘ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʧʣʦʱʘʜʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʆʥʠ ʧʨʦ-

ʩʣʝʞʝʥʳ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʥʘʚʘʤʠ ʠ ʩʢʚʘʞʠʥʘʤʠ ʥʘ 

ʛʣʫʙʠʥʫ 300-500 ʤ, ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʚʫʣʢʘʥʦʛʝʥʥʳʭ 

ʠ ʠʟʚʝʨʞʝʥʥʳʭ ʧʦʨʦʜʘʭ. ɾʠʣʴʥʳʝ ʪʝʣʘ ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Pb 

ʦʪ 0,02 ʜʦ 2,55% ʠ Zn ʦʪ 0,02 ʜʦ 2,13%, ʟʥʘʯʠʪʝʣʴ-

ʥʳʤʠ ʩʦʜʝʨʞʘʥʠʝʤ Ag (ʜʦ 3315,7 ʛ/ʪ), ʧʦʚʳʰʝʥ-

ʥʳʤ ï Au (ʜʦ 2,0 ʛ/ʪ). ɿʦʣʦʪʦ ʚ ʞʠʣʴʥʦʡ ʩʝʨʠʠ ʪʦʥ-

ʢʦʜʠʩʧʝʨʩʥʦʝ, ʦʪʤʝʯʝʥʳ ʝʛʦ ʝʜʠʥʠʯʥʳʝ ʚʢʣʶʯʝ-

ʥʠʷ, ʨʘʩʩʝʷʥʥʳʝ ʚ ʢʚʘʨʮʝ ʠ ʩʝʨʠʮʠʪ-ʢʚʘʨʮʝʚʦʡ 

ʤʘʪʨʠʮʝ <0,008 ʤʤ [18]. ɺʦʟʤʦʞʥʦ, ʦʥʦ ʚʭʦʜʠʪ ʚ ʩʦ-

ʩʪʘʚ ʧʠʨʠʪʘ ʠ ʘʨʩʝʥʦʧʠʨʠʪʘ ʚ ʬʦʨʤʝ ʧʨʠʨʦʜʥʦʛʦ 

ʩʧʣʘʚʘ (AgAu), ʪʘʢ ʢʘʢ ʚ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʭ ʬʨʘʢ-

ʮʠʷʭ ʵʪʠʭ ʤʠʥʝʨʘʣʦʚ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʝʙʨʘ ʩʦʩʪʘʚ-

ʣʷʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 3,15 ʠ 9,0%. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʵʚʦʣʶʮʠʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʠ ʧʨʦʷʚʠʣʘʩʴ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʨʘʥʥʠʭ ʩʫʣʴʬʠʜ-

ʥʳʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ Fe ʠ Zn, ʩʤʝʥʦʡ ʠʭ ʩʫʣʴʬʠʜʘʤʠ 

Cu, ʟʘʪʝʤ Pb ʠ ʥʘ ʟʘʚʝʨʰʘʶʱʝʡ ʩʪʫʧʝʥʠ ʩʫʣʴʬʦʘʥ-

ʪʠʤʦʥʠʪʘʤʠ ʠ ʩʫʣʴʬʠʜʘʤʠ Ag ʩ ʧʨʠʤʝʩʴʶ Au, Se 

[21].  

ʊʘʢʞʝ ʞʠʣʴʥʳʝ ʨʫʜʥʳʝ ʪʝʣʘ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ 

ʧʣʘʪʠʥʦʠʜʳ. ɺ ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ 25 ʢʤ ʦʪ ʛ. ɼʘʣʴ-

ʥʝʛʦʨʩʢ ʄʘʡʤʠʥʦʚʩʢʦʤ ʞʠʣʴʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, 

ʨʫʜʳ ʢʦʪʦʨʦʛʦ ʪʘʢʞʝ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪʩʷ ʥʘ ʎʝʥ-

ʪʨʘʣʴʥʦʡ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʝ (ʎʆʌ), ʩʦʜʝʨ-

ʞʘʥʠʝ ʧʣʘʪʠʥʦʠʜʦʚ ʜʦʩʪʠʛʘʝʪ (ʛ/ʪ): Pt (1.364); Pd 

(6.0) [19]. ʕʪʦʪ ʬʘʢʪ ʜʦʢʘʟʳʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴ-

ʰʦʡ ʨʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ ʧʣʘʪʠʥʦʥʦʩʥʦʩʪʠ ʛʠʜʨʦ-

ʪʝʨʤʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. ʄʘʩʰʪʘʙʳ ʞʠʣʴʥʦʛʦ 

ʦʨʫʜʝʥʝʥʠʷ ʠ ʝʛʦ ʧʨʦʤʳʰʣʝʥʥʘʷ ʮʝʥʥʦʩʪʴ ʦʢʦʥʯʘ-

ʪʝʣʴʥʦ ʥʝ ʦʧʨʝʜʝʣʝʥʳ. 

ʉʢʘʨʥʦʚʳʝ ʨʫʜʥʳʝ ʪʝʣʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʥʦʚʥʫʶ ʧʨʦʤʳʰʣʝʥʥʫʶ ʮʝʥʥʦʩʪʴ. 

ʆʥʠ ʣʦʢʘʣʠʟʫʶʪʩʷ ʥʘ ʢʦʥʪʘʢʪʝ ʠʟʚʝʩʪʥʷʢʦʚ ʩ ʧʝʨʝ-

ʢʨʳʚʘʶʱʠʤʠ ʠʭ ʚʫʣʢʘʥʠʪʘʤʠ ʚ ʬʦʨʤʝ ʧʣʘʩʪʦ-ʪʨʫ-

ʙʦʦʙʨʘʟʥʳʭ ʟʘʣʝʞʝʡ; ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʟʤʝʥʯʠʚʦʡ 

ʤʦʱʥʦʩʪʴʶ, ʵʣʝʤʝʥʪʘʤʠ ʟʘʣʝʛʘʥʠʷ, ʩʦʜʝʨʞʘʥʠʝʤ 

ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ [21].  

ʉʢʘʨʥʦʚʳʝ ʨʫʜʳ ʅʠʢʦʣʘʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʷ ʧʦ ʩʚʦʠʤ ʪʝʢʩʪʫʨʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ, ʤʠʥʝʨʘʣʦ-

ʛʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠ ʩʪʝʧʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʩ-

ʥʦʚʥʳʭ ʨʫʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

ʩʫʣʴʬʠʜʥʦ-ʛʝʜʝʥʙʝʨʛʠʪʦʚʳʝ, ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʦ-

ʩʫʣʴʬʠʜʥʳʝ, ʤʘʩʩʠʚʥʳʝ ʩʫʣʴʬʠʜʥʳʝ. ʇʨʝʦʙʣʘʜʘʶʪ 

ʩʫʣʴʬʠʜʥʦ-ʛʝʜʝʥʙʝʨʛʠʪʦʚʳʝ ʨʫʜʳ (80-85%), ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʚʩʪʨʝʯʘʶʪʩʷ ʣʠʥʟʳ ʛʥʝʟʜʦʚʦʚʢʨʘʧʣʝʥʥʳʭ 

ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʦ-ʩʫʣʴʬʠʜʥʳʭ (10-15%) ʠ ʤʘʩʩʠʚ-

ʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ (3-5%). ʂʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʦ-

ʩʫʣʴʬʠʜʥʳʝ ʠ ʤʘʩʩʠʚʥʳʝ ʨʫʜʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʦʪ 
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ʩʫʣʴʬʠʜʥʦ-ʛʝʜʝʥʙʝʨʛʠʪʦʚʳʭ ʥʝ ʦʙʦʩʦʙʣʷʶʪʩʷ, 

ʢʨʫʧʥʳʭ ʫʯʘʩʪʢʦʚ ʚ ʨʫʜʥʳʭ ʪʝʣʘʭ ʥʝ ʦʙʨʘʟʫʶʪ ʠ ʚ 

ʧʨʦʮʝʩʩʝ ʦʪʨʘʙʦʪʢʠ ʩʤʝʰʠʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ 

[13]. ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʢʘʨʥʦʚʦ-ʧʦʣʠʤʝ-

ʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ ʅʠʢʦʣʘʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʨʫʜ [13] 

ɻʣʘʚʥʳʝ ʤʠʥʝʨʘʣʳ ɺʪʦʨʦʩʪʝʧʝʥʥʳʝ ʤʠʥʝʨʘʣʳ 
ʄʘʣʦʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʠ ʨʝʜ-

ʢʠʝ ʤʠʥʝʨʘʣʳ 

ʅʝʨʫʜʥʳʝ ʈʫʜʥʳʝ ʅʝʨʫʜʥʳʝ ʈʫʜʥʳʝ ʅʝʨʫʜʥʳʝ ʈʫʜʥʳʝ 

ɻʝʜʝʥʙʝʨʛʠʪ, 

ʢʘʣʴʮʠʪ, ʢʚʘʨʮ 

ʉʬʘʣʝʨʠʪ, 

ʛʘʣʝʥʠʪ 

ɻʠʟʠʥʛʝʨʠʪ, 

ʬʣʶʦʨʠʪ, ʩʠ-

ʜʝʨʠʪ, ʭʣʦʨʠʪ 

ʇʠʨʠʪ, ʭʘʣʴʢʦ-

ʧʠʨʠʪ, ʧʠʨʨʦ-

ʪʠʥ, ʘʨʩʝʥʦʧʠ-

ʨʠʪ 

ɸʢʩʠʥʠʪ, ʘʧʘ-

ʪʠʪ, ʮʝʦʣʠʪ, 

ʨʫʪʠʣ, ʛʨʘʥʘʪ 

ʠ ʜʨ. 

ɺʠʩʤʫʪʠʥ, ʙʣʝʢ-

ʣʘʷ ʨʫʜʘ, ʩʘʤʦ-

ʨʦʜʥʦʝ ʩʝʨʝʙʨʦ, 

ʧʠʨʘʨʛʠʪ 

 

ʌʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʠʥʝʨʘʣʳ 

ʮʠʥʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʬʘʣʝʨʠʪʦʤ, ʩʤʠʪʩʦʥʠʪʦʤ ʠ 

ʢʘʣʘʤʠʥʦʤ, ʘ ʤʠʥʝʨʘʣʳ ʩʚʠʥʮʘ ï ʛʘʣʝʥʠʪʦʤ, ʮʝʨʫʩ-

ʩʠʪʦʤ, ʘʥʛʣʝʟʠʪʦʤ, ʧʣʶʤʙʦʷʨʦʟʠʪʦʤ. ʆʩʥʦʚʥʳʤ 

ʤʠʥʝʨʘʣʦʤ ʮʠʥʢʘ ʷʚʣʷʝʪʩʷ ʩʬʘʣʝʨʠʪ (ʤʘʨʤʘʪʠʪ), ʘ 

ʩʚʠʥʮʘ ï ʛʘʣʝʥʠʪ [13]. 

ɹʘʣʘʥʩ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʝʨʝʙʨʘ ʚ ʨʫʜʝ ʧʦ ʤʠʥʝ-

ʨʘʣʘʤ ʧʦʢʘʟʘʣ, ʯʪʦ ʩ ʛʘʣʝʥʠʪʦʤ ʩʚʷʟʘʥʦ 69 % ʩʝʨʝ-

ʙʨʘ, ʩʦ ʩʬʘʣʝʨʠʪʦʤ 3 %, ʩ ʛʝʜʝʥʙʝʨʛʠʪʦʤ 18 %, ʩ 

ʢʚʘʨʮʝʤ, ʢʘʣʴʮʠʪʦʤ, ʩʪʠʣʴʧʥʦʤʝʣʘʥʦʤ 8 %. ʉʨʝʜ-

ʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʝʙʨʘ ʚ ʨʫʜʝ ʧʦ ʛʨʫʧʧʦʚʳʤ ʧʨʦ-

ʙʘʤ ʩʦʩʪʘʚʣʷʝʪ 47 ʛ/ʪ, ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 7-407 

ʛ/ʪ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ 

ʙʣʦʢʘʭ ʷʚʣʷʶʪʩʷ 25-100 ʛ/ʪ [21]. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ [19], ʩʦʜʝʨʞʘʥʠʷ 

ʧʣʘʪʠʥʦʠʜʦʚ ʚ ʩʢʘʨʥʦʚʳʭ ʨʫʜʘʭ ʅʠʢʦʣʘʝʚʩʢʦʛʦ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ (ʛ/ʪ): Pt (0.103-0.463); Pd 

(0.013-1.32). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʫʜʘʭ ʩʦʜʝʨʞʘʪʩʷ: ʚʠʩ-

ʤʫʪ (0.003ï0.014 %), ʢʘʜʤʠʡ (0.016ï0.065 %), ʤʝʜʴ 

(0.1ï0.71 %), ʠʥʜʠʡ (0.0006ï0.007 %), ʩʝʨʘ (3.09ï

16.8 %) [6]. 

ʄʠʥʝʨʘʣʳ ʟʦʣʦʪʘ ʥʝ ʦʙʥʘʨʫʞʝʥʳ. ʉʦʜʝʨʞʘʥʠʝ 

ʟʦʣʦʪʘ ʚ ʩʢʘʨʥʦʚʦʡ ʨʫʜʝ ʧʦ ʛʨʫʧʧʦʚʳʤ ʧʨʦʙʘʤ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 0,02 ʛ/ʪ. ɺ ʩʬʘʣʝʨʠʪʝ ʝʛʦ ʦʪ 0,03 ʜʦ 0,09 

ʛ/ʪ, ʛʘʣʝʥʠʪʝ - 0,12-0,15 ʛ/ʪ [21]. ʆʜʥʘʢʦ ʧʦ ʨʝʟʫʣʴ-

ʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ [9] ʙʣʘʛʦʨʦʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ 

ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʩʢʘʨʥʦʚ ɼʘʣʴʥʝʛʦʨʩʢʦʛʦ ʨʫʜʥʦʛʦ 

ʨʘʡʦʥʘ (ɼʈʈ). ɺ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʚʳʷʚʣʝʥʳ ʤʥʦ-

ʛʦʯʠʩʣʝʥʥʳʝ ʤʠʥʝʨʘʣʳ Au, Ag, Pt, Pd ʠ Ru, ʚ ʪʦʤ 

ʯʠʩʣʝ ʩʘʤʦʨʦʜʥʘʷ ʧʣʘʪʠʥʘ, ʧʘʣʣʘʜʠʩʪʘʷ ʧʣʘʪʠʥʘ, 

ʩʦʙʩʪʚʝʥʥʳʝ ʤʠʥʝʨʘʣʳ ʧʘʣʣʘʜʠʷ Pd3Ag ʠ Pd4Ag, ʩʘ-

ʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ, ñʤʝʜʠʩʪʦʝ ʟʦʣʦʪʦò, ʩʘʤʦʨʦʜʥʦʝ 

ʩʝʨʝʙʨʦ, ʘʨʛʝʥʪʠʪ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ [17]. 

çʇʫʩʪʳʝè ʩʢʘʨʥʳ, ʚʤʝʱʘʶʱʠʝ ʦʩʥʦʚʥʦʝ ʧʦʣʠ-

ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʦʨʫʜʝʥʝʥʠʝ, ʘ ʪʘʢʞʝ ʭʚʦʩʪʳ ʠʭ ʦʙʦ-

ʛʘʱʝʥʠʷ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʢʨʫʧʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʟʦ-

ʣʦʪʘ, ʧʣʘʪʠʥʳ ʠ ʧʘʣʣʘʜʠʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʫʯʝʥʠʷ 

ʥʝʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʦʙʨʘʟʮʦʚ ʠ ʧʨʦʙ ʧʨʦʙʠʨʥʳʤ ʠ 

ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤʠ, ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʥʠʭ ʟʦʣʦʪʘ ʩʦʩʪʘʚʣʷʝʪ 0.20-0.91, ʧʣʘʪʠʥʳ - 0.81-1.54 

ʠ ʧʘʣʣʘʜʠʷ 0.78-5.34 ʛ/ʪ. ʉʫʤʤʘ ʤʝʪʘʣʣʦʚ 

(Au+Pt+Pd) ʩʦʩʪʘʚʣʷʝʪ 1.82-6.71 ʛ/ʪ [10]. 

2. ʊɽʍʅʆʃʆɻʀʗ ʈɸɿʈɸɹʆʊʂʀ ʀ 

ʆɹʆɻɸʑɽʅʀʗ ʈʋɼ  

ʈʫʜʘ ʜʦʩʪʘʚʣʷʝʪʩʷ ʥʘ ʮʝʥʪʨʘʣʴʥʫʶ ʦʙʦʛʘʪʠ-

ʪʝʣʴʥʫʶ ʬʘʙʨʠʢʫ (ʎʆʌ) ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤʠ ʩʘʤʦ-

ʦʧʨʦʢʠʜʳʚʘʶʱʠʤʠʩʷ ʜʫʤʧʢʘʨʘʤʠ. ʊʝʭʥʦʣʦʛʠʷ 

ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʬʣʦʪʘʮʠʦʥʥʫʶ ʩʭʝʤʫ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶ-

ʱʠʝ ʦʩʥʦʚʥʳʝ ʦʧʝʨʘʮʠʠ [13]: 

1) ʢʨʫʧʥʦʢʫʩʢʦʚʦʝ ʜʨʦʙʣʝʥʠʝ ʠʩʭʦʜʥʦʡ ʨʫʜʳ 

ʜʦ ʢʨʫʧʥʦʩʪʠ 80-85% ʢʣʘʩʩʘ ʤʠʥʫʩ 25 ʤʤ; 

2) ʠʟʤʝʣʴʯʝʥʠʝ ʜʨʦʙʣʝʥʦʡ ʨʫʜʳ ʜʦ ʢʨʫʧʥʦʩʪʠ 

40-45 % ʢʣʘʩʩʘ ʤʠʥʫʩ 0,071 ʤʤ; 

3) ʦʩʥʦʚʥʘʷ ʩʚʠʥʮʦʚʘʷ ʬʣʦʪʘʮʠʶ ʩʣʠʚʘ ʢʣʘʩ-

ʩʠʬʠʢʘʪʦʨʘ; 

4) ʪʨʠ ʧʝʨʝʯʠʩʪʥʳʝ ʬʣʦʪʘʮʠʠ ʢʦʥʮʝʪʨʘʪʦʚ 

ʩʚʠʥʮʦʚʦʡ ʬʣʦʪʘʮʠʠ; 

5) ʦʩʥʦʚʥʘʷ ʠ ʪʨʠ ʧʝʨʝʯʠʩʪʥʳʝ ʮʠʥʢʦʚʳʝ ʬʣʦ-

ʪʘʮʠʠ ʭʚʦʩʪʦʚ ʦʩʥʦʚʥʦʡ ʩʚʠʥʮʦʚʦʡ ʬʣʦʪʘʮʠʠ; 

6) ʜʚʝ ʢʦʥʪʨʦʣʴʥʳʝ ʮʠʥʢʦʚʘʷ ʬʣʦʪʘʮʠʷ ʭʚʦ-

ʩʪʦʚ ʦʩʥʦʚʥʦʡ ʮʠʥʢʦʚʦʡ ʬʣʦʪʘʮʠʠ; 

7) ʨʘʟʜʝʣʴʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʢʦʥʮʝʥʪʨʘʪʦʚ ʩʚʠʥ-

ʮʦʚʦʡ ʠ ʮʠʥʢʦʚʦʡ ʧʝʨʝʯʠʩʪʥʳʭ ʬʣʦʪʘʮʠʡ ʩ ʧʦʣʫʯʝ-

ʥʠʝʤ ʦʪʜʝʣʴʥʳʭ Pb-Ag-ʢʦʥʮʝʥʪʨʘʪʘ ʠ Zn-

ʢʦʥʮʝʥʪʨʘʪʘ; 

8) ʨʘʟʜʝʣʴʥʦʝ ʩʛʫʱʝʥʠʝ ʧʝʨʝʣʠʚʘ ʬʠʣʴʪʨʘʮʠʡ; 

9) ʜʦʩʪʘʚʢʘ ʛʠʜʨʦʪʨʘʥʩʧʦʨʪʦʤ ʭʚʦʩʪʦʚ ʢʦʥ-

ʪʨʦʣʴʥʦʡ ʮʠʥʢʦʚʦʡ ʬʣʦʪʘʮʠʠ, ʩʣʠʚʦʚ ʩʛʫʱʝʥʠʷ ʚ 

ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʝ. 

ɼʦʙʳʯʘ ʥʘ ʚʩʝʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɸʆ çɻʄʂ ç 

ɼʘʣʴʧʦʣʠʤʝʪʘʣʣè ʚ 2018 ʛʦʜʫ ʩʦʩʪʘʚʠʣʘ 858,6 ʪʳʩ. 

ʪ ʨʫʜʳ [31]. ʂʦʥʝʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʦʙʦʛʘʱʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʩʚʠʥʮʦʚʳʡ ʠ ʮʠʥʢʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪʳ. ʀʟ 

ʩʚʠʥʮʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʧʦʣʫʯʘʶʪ ʨʘʬʠʥʠʨʦʚʘʥ-

ʥʳʡ ʩʚʠʥʝʮ, ʯʝʨʥʦʚʫʶ ʤʝʜʴ ʠ ʩʫʨʴʤʷʥʠʩʪʳʡ ʢʦʥ-

ʮʝʥʪʨʘʪ. ʇʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʮʠʥʢʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ 

ʧʦʣʫʯʘʶʪ ʪʦʚʘʨʥʳʡ ʮʠʥʢ, ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʘʜʤʠʡ, ʘ 

ʪʘʢʞʝ ʮʠʥʢʦʚʳʝ ʙʝʣʠʣʘ.  

ɺ 2018 ʛʦʜʫ ʚ ʢʦʥʮʝʥʪʨʘʪʳ ʠʟʚʣʝʯʝʥʳ: 10,5 

ʪʳʩ. ʪ ʩʚʠʥʮʘ, 17,5 ʪʳʩ. ʪ ʮʠʥʢʘ, 31,5 ʪ ʩʝʨʝʙʨʘ. ʀʟ-

ʚʣʝʯʝʥʠʝ ʚ ʩʚʠʥʮʦʚʳʡ ʢʦʥʮʝʪʨʘʪ: Pb (87,8-96,6%), 

Bi (61,9-81,2%), Ag (64,4-83,7%). ʀʟʚʣʝʯʝʥʠʝ ʚ ʮʠʥ-

ʢʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ: Zn (85,7-96,4%), Cd (88,4-96,1%) 

Ag (8,0-15,9%) [13]. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʧʨʦʜʫʢʪʘʭ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜ ʅʠʢʦʣʘʝʚʩʢʦʛʦ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ ʪʘʙʣ. 2, ʘ ʛʨʘʥʫʣʦ-

ʤʝʪʨʠʯʝʩʢʠʡ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʥʮʝʥʪʨʘʪʦʚ ï ʚ 

ʪʘʙʣ. 3 ʠ 4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʊʘʙʣʠʮʘ 2 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʨʦʜʫʢʪʘʭ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜ ʅʠʢʦʣʘʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ [13, 20] 

ʍʠʤ. ʵʣʝʤʝʥʪʳ 
ʀʟʚʣʝʯʝʥʠʝ, % ʇʦʪʝʨʠ, % 

ʉʚʠʥʮʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ ʎʠʥʢʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ ʍʚʦʩʪʳ ʦʙʦʛʘʱʝʥʠʷ 

ʉʚʠʥʝʮ 94 1 5 

ʎʠʥʢ 2 93 5 

ʉʝʨʝʙʨʦ 70 23 7 

ʀʥʜʠʡ 3 57 40 

ʂʘʜʤʠʡ 0,5 95 4,5 

ɺʠʩʤʫʪ 82 3 15 

ʉʝʣʝʥ 24 12 64 

ʊʝʣʣʫʨ 32 8 60 

ɻʘʣʣʠʡ 2 3 95 

ɻʝʨʤʘʥʠʡ 3 2 95 

 

ʊʘʙʣʠʮʘ 3 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʥʮʝʥʪʨʘʪʦʚ ɸʆ ɻʄʂ çɼʘʣʴʧʦʣʠʤʝʪʘʣʣè [31] 

 ʉʚʠʥʮʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ ʎʠʥʢʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ 

ʂʨʫʧʥʦʩʪʴ 
ʂʣʘʩʩʳ, ʤʢʤ +315 +160 +71 -71 ʀʪʦʛʦ: +160 +71 -71 ʀʪʦʛʦ: 

ɺʳʭʦʜ, % 0,3 10,3 22,1 67,3 100 3,7 18,8 77,5 100 

 

ʊʘʙʣʠʮʘ 4 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʥʮʝʥʪʨʘʪʦʚ ɸʆ ɻʄʂ çɼʘʣʴʧʦʣʠʤʝʪʘʣʣè [31] 

ʂʦʤʧʦʥʝʥʪ 
ʉʦʜʝʨʞʘʥʠʝ, % 

ʉʚʠʥʮʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ ʎʠʥʢʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ 

H2O 7,5 9,5 

Pb 60,00 - 70,00 0,40 - 1,00 

Ag, ʛ/ʪ 1100 - 2200 90 - 150 

Au, ʛ/ʪ 0,15 - 0,54 0,10 - 0,20 

Zn 4,0 - 6,5 48,00 - 51,00 

Cu 0,9 - 1,5 1,0 - 1,5 

Fe 4,0 - 6,5 11,0 - 14,0 

SiO2 1,0 - 2,0 1,0 - 2,0 

As 0,2 - 0,8 0,05 - 0,25 

Bi 0,08 - 0,25 0,0025 - 0,004 

Cd < 0,03 0,2 - 0,35 

S 13,00 - 15,50 30,00 - 31,50 

CaO 0,60 1,00 - 2,60 

MgO 0,06 - 2,5 0,02 - 0,06 

Al 2O3 0,30 - 0,80 0,20 - 0,60 

Mn  ð 0.2 - 0.4 

Hg ð Max 0,01 

Mg ð 0,02-0,06 

Sb 0,12-0,5 ð 

 

3. ʊɽʍʅʆɻɽʅʅʆ-ʄʀʅɽʈɸʃʔʅʓɽ 

ʆɹʈɸɿʆɺɸʅʀʗ  

ʇʦʤʠʤʦ ʢʦʥʮʝʥʪʨʘʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʦʪʨʘʙʦʪʢʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ ʦʙʦʛʘʱʝʥʠʷ) ʦʙʨʘʟʫ-

ʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ 

(çʭʚʦʩʪʳè ʦʙʦʛʘʱʝʥʠʷ) ʠʣʠ ʪʝʭʥʦʛʝʥʥʦ-ʤʠʥʝʨʘʣʴ-

ʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ (ʊʄʆ). ʅʘʤʠ ʦʥʠ ʨʘʩʩʤʘʪʨʠʚʘ-

ʶʪʩʷ ʢʘʢ ʥʝʦʮʝʥʝʥʥʳʡ ʤʠʥʝʨʘʣʴʥʳʡ ʨʝʩʫʨʩ, ʢʦʪʦ-

ʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʪʚʝʨʜʦʤ ʠ ʞʠʜʢʦʤ ʚʠʜʝ. ʕʪʦ ʦʪ-

ʚʘʣʳ ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ ʠ ʭʚʦʩʪʳ ʬʣʦʪʘʮʠʦʥʥʦʛʦ 

ʦʙʦʛʘʱʝʥʠʷ. ʉʨʝʜʠ ʪʚʝʨʜʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʊʄʆ 

ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ.  

3.1. ʊʄʆ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʆʪʚʘʣʳ ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ. ʄʘʩʰʪʘʙʥʦʩʪʴ 

ʛʦʨʥʦ-ʧʦʜʛʦʚʠʪʝʣʴʥʳʭ ʠ ʛʦʨʥʦ-ʢʘʧʠʪʘʣʴʥʳʭ ʨʘʙʦʪ 

ʧʨʠ ʧʦʜʟʝʤʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʪʘʢʠʤʠ 

ʮʠʬʨʘʤʠ: ʛʦʜʦʚʦʡ ʧʣʘʥ ʩʦʩʪʘʚʣʷʝʪ 90 ʪʳʩ. ʤ3 ʧʨʠ 

ʜʦʙʳʯʝ ʪʦʚʘʨʥʦʡ ʨʫʜʳ 3000 ʪ [13]. ɺʩʢʨʳʰʥʳʝ ʧʦ-

ʨʦʜʳ ʚʳʚʦʟʷʪʩʷ ʥʘ ʦʙʱʠʡ ʦʪʚʘʣ ʨʫʜʥʠʢʦʚ ɸʆ 

çɻʄʂ çɼʘʣʴʧʦʣʠʤʝʪʘʣʣè. 

ʉ ʫʯʝʪʦʤ ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʦ-

ʜʝʨʞʘʥʠʷ ʚ ʧʦʜʩʯʝʪʥʦʤ ʙʣʦʢʝ, ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʫʩʣʦʚʥʦʛʦ ʩʚʠʥʮʘ ʚ ʦʪʚʘʣʘʭ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 4,30% 

[13]. 

ɺ ʦʪʚʘʣʳ ʠʜʫʪ ʧʦʨʦʜʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʟʘ ʧʨʝʜʝ-

ʣʘʤʠ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʩʢʘʨʥʦʚʦʡ ʟʘʣʝʞʠ. ʕʪʦ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʫʣʢʘʥʠʯʝʩʢʠʝ (ʪʫʬʳ ʠ ʠʛʥʠʤ-

ʙʨʠʪʳ ʨʠʦʣʠʪʦʚ, ʣʘʚʳ ʜʘʮʠʪʦʚ, ʘʥʜʝʟʠʪʦ-ʜʘʮʠʪʦʚ) 

ʠ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʦ-ʢʨʝʤʥʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ 

(ʠʟʚʝʩʪʥʷʢʠ, ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ). ʊʘʢʞʝ ʚ ʦʪ-

ʚʘʣʳ ʧʦʩʪʫʧʘʶʪ ʦʢʦʣʦʩʢʘʨʥʦʚʳʝ ʧʦʨʦʜʳ (ʛʨʘʥʘʪʳ, 
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ʧʠʨʦʢʩʝʥʳ, ʚʦʣʣʘʩʪʦʥʠʪ), ʛʨʘʥʠʪʥʳʝ ʠʥʪʨʫʟʠʠ, 

ʜʘʡʢʠ ʨʠʦʣʠʪʦʚ ʠ ʛʨʘʥʠʪ-ʧʦʨʬʠʨʦʚ.  

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʦʪʚʘʣʳ ʤʦʞʝʪ ʧʦʩʪʫʧʘʪʴ ʤʘ-

ʪʝʨʠʘʣ ʞʠʣʴʥʳʭ ʨʫʜʥʳʭ ʪʝʣ, ʢʦʪʦʨʳʡ ʥʝ ʠʤʝʝʪ ʧʨʦ-

ʤʳʰʣʝʥʥʦʡ ʮʝʥʥʦʩʪʠ, ʥʦ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʙʣʘʛʦ-

ʨʦʜʥʳʝ ʤʝʪʘʣʣʳ. 

3.2. ʊʄʆ ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʆʩʘʜʢʠ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ. ʆʙʦʛʦʱʝʥʠʝ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʡ ɸʆ çɻʄʂ çɼʘʣʴʧʦʣʠʤʝʪʘʣʣè, ʧʨʦʠʟ-

ʚʦʜʠʣʦʩʴ ʥʘ ʎʝʥʪʨʘʣʴʥʦʡ (ʎʆʌ) ʠ ʂʨʘʩʥʦʨʝʯʝʥ-

ʩʢʦʡ (ʂʆʌ) ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢʘ. ʊʚʝʨʜʳʝ ʦʪ-

ʭʦʜʳ ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʚ 

7 ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘʭ ʥʘʣʠʚʥʦʛʦ ʪʠʧʘ, ʠʟ ʥʠʭ ʪʦʣʴʢʦ 

5 ʜʦʩʪʫʧʥʳ ʜʣʷ ʠʟʫʯʝʥʠʷ (ʜʚʘ ʦʪ ʂʆʌ ʠ ʪʨʠ ʦʪ 

ʎʆʌ), ʦʩʪʘʣʴʥʳʝ ʧʦʛʨʝʙʝʥʳ ʠ ʟʘʙʝʪʦʥʠʨʦʚʘʥʳ ʚ 

ʫʛʣʫʙʣʝʥʠʷʭ ʜʦʣʠʥʳ ʨ. ʈʫʜʥʦʡ [8]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʛ. ɼʘʣʴʥʝʛʦʨʩʢʝ ʠʤʝʝʪʩʷ 

ʥʝʩʢʦʣʴʢʦ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ʎʆʌ (ʨʠʩ. 1): çʩʪʘʨʦʝè 

ɻʦʨʙʫʰʠʥʩʢʦʝ ʧʣʦʱʘʜʴʶ 300000 ʤ2 ʠ ʦʙʲʝʤʦʤ ʫʣʦ-

ʞʝʥʥʳʭ ʭʚʦʩʪʦʚ 10,6 ʤʣʥ. ʪ ʠ çʥʦʚʦʝè ʉʘʜʦʚʩʢʦʝ ï 

ʧʣʦʱʘʜʴʶ 525000 ʤ2, ʚ ʢʦʪʦʨʦʤ ʥʘʢʦʧʣʝʥʦ 21 ʤʣʥ. 

ʪ. ɽʩʪʝʩʪʚʝʥʥʦʡ ʛʨʘʥʠʮʝʡ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ʷʚʣʷ-

ʝʪʩʷ ʩʦʧʦʯʥʳʡ ʩʢʣʦʥ [8]. 

 
ʈʠʩ. 1. ʈʘʩʧʦʣʦʞʝʥʠʝ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ʎʆʌ 

 

ɻʦʨʙʫʰʠʥʩʢʦʝ ʠ ɼʘʣʴʥʝʛʦʨʩʢʦʝ ʭʚʦʩʪʦʭʨʘʥʠ-

ʣʠʱʘ ʵʢʩʧʣʫʘʪʠʨʦʚʘʣʠʩʴ ʩ 1907 ʧʦ 1978 ʛʛ. ʉʘʜʦʚ-

ʩʢʦʝ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʝ, ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ ʟʘ-

ʥʠʤʘʝʪ ʰʣʘʤʦʚʦʝ ʦʟʝʨʦ, ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʩ 1978 ʛ. 

ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʍʚʦʩʪʳ ʩʪʘʨʳʭ ʭʚʦʩʪʦʭʨʘʥʠ-

ʣʠʱ ʎʆʌ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʟʘʢʣʘʜʢʠ ʚʳʨʘʙʦʪʘʥ-

ʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʅʠʢʦʣʘʝʚʩʢʦʤ ʨʫʜʥʠʢʝ. ɺ ʥʦ-

ʚʦʤ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʝ ʦʪʤʝʯʘʝʪʩʷ ʙʦʣʝʝ ʥʠʟʢʘʷ ʩʪʝ-

ʧʝʥʴ ʛʠʧʝʨʛʝʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (ʦʢʠʩʣʝʥʠʷ), ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʨʳʤʠ.  

ʍʚʦʩʪʦʚʘʷ ʧʫʣʴʧʘ ʎʆʌ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ [13]:  

- ʩʦʦʪʥʦʰʝʥʠʝ ʊ:ɾ 1:3,64;  

- ʧʣʦʪʥʦʩʪʴ ʧʫʣʴʧʳ 1,164 ʪ/ʤ3;  

- ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʭʚʦʩʪʦʚ (%): ʮʠʥʢ ï 0,27-

0,29, ʩʚʠʥʝʮ ï 0,11-0,18, ʤʝʜʴ ï 0,01-0,03, ʞʝʣʝʟʦ ï 

4,37-4,60, ʩʝʨʝʙʨʦ ï 5-6 ʛ/ʪ;  

- ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ ï 0,15 ʤʤ (ʪʘʙʣ. 5). 
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ʊʘʙʣʠʮʘ 5 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʭʚʦʩʪʦʚʘʡ ʧʫʣʴʧʳ ʎʆʌ ʧʦ ʜʘʥʥʳʤ [13] 

ʂʣʘʩʩʳ ʢʨʫʧʥʦʩʪʠ, ʤʤ ʄʘʩʩʦʚʘʷ ʜʦʣʷ, % 

+0,63 0,1 

+0,315 2,4 

+0,160 20,0 

+0,074 31,7 

-0,074 45,8 

 

ɺ ʦʪʭʦʜʘʭ ʎʆʌ ʧʨʝʦʙʣʘʜʘʶʪ ʩʬʘʣʝʨʠʪ, ʧʠʨʨʦ-

ʪʠʥ, ʭʘʣʴʢʦʧʠʨʠʪ ʠ ʘʨʩʝʥʦʧʠʨʠʪ (ʪʘʙʣ. 6). ʊʘʢʞʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʝʨʝʙʨʦʩʦʜʝʨʞʘʱʠʝ ʤʠʥʝʨʘʣʳ ʨʫʜ 

(ʘʨʛʝʥʪʠʪ ʠ ʘʢʘʥʪʠʪ). ɺ ʨʫʜʘʭ ʠ ʦʪʭʦʜʘʭ ʎʆʌ ʧʨʠ-

ʩʫʪʩʪʚʫʝʪ ʧʠʨʘʨʛʠʨʠʪ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ, ʢʨʦʤʝ Ag, 

ʚʭʦʜʠʪ Sb [8].  

ɿʘʧʘʩʳ ʤʝʪʘʣʣʦʚ ʚ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘʭ ʧʦ 

ʦʮʝʥʢʝ [3] ʥʘ 2013 ʛ ʩʦʩʪʘʚʣʷʶʪ (ʪʳʩ. ʪ): Pb (0,776), 

Zn (1.268). ʀʭ ʢʦʣʠʯʝʩʪʚʦ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʫʚʝʣʠ-

ʯʠʚʘʝʪʩʷ. ʇʨʦʛʥʦʟʠʨʫʶʪʩʷ ʟʘʧʘʩʳ ʤʝʪʘʣʣʦʚ: Ag, 

Sc, Te, Ga, Tl, In, Ge, As, Sb. ɿʜʝʩʴ ʞʝ ʥʘʭʦʜʷʪʩʷ ʥʝ 

ʠʟʚʣʝʢʘʝʤʳʝ ʧʨʠ ʬʣʦʪʘʮʠʠ ʩʚʦʙʦʜʥʳʝ ʯʘʩʪʠʮʳ Au, 

ʧʣʘʪʠʥʦʠʜʦʚ, ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (ʈɿʕ).  

ʍʚʦʩʪʦʭʨʘʥʠʣʠʱʝ ʧʦ ʩʚʦʝʤʫ ʦʙʲʝʤʫ ʠ ʚʝʱʝ-

ʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ ʧʦʜʣʝʞʠʪ ʩʧʝʮʠʘʣʴʥʦʡ ʦʮʝʥʢʝ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʩʚʦ-

ʝʥʠʷ.  

ʊʘʙʣʠʮʘ 6 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʭʚʦʩʪʦʚ ʎʆʌ [8] 

ʉʫʣʴʬʠʜʳ ɺʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ 

ʄʠʥʝʨʘʣ ʉʦʜʝʨʞʘʥʠʝ, % ʄʠʥʝʨʘʣ ʉʦʜʝʨʞʘʥʠʝ, % 

ʉʬʘʣʝʨʠʪ 9,95 ɻʝʜʝʥʙʝʨʛʠʪ 5 

ɻʘʣʝʥʠʪ 15 ɻʨʦʩʩʫʣʷʨ 5 

ʇʠʨʠʪ 5 ɸʥʜʨʘʜʠʪ 5,5 

ʇʠʨʨʦʪʠʥ 7,5 ɼʠʦʧʩʠʜ 4 

ʍʘʣʴʢʦʧʠʨʠʪ 2,5 ʄʫʩʢʦʚʠʪ 4,5 

ɸʨʩʝʥʦʧʠʨʠʪ 2,5 ʕʧʠʜʦʪ 6 

ɸʨʛʝʥʪʠʪ 0,025 ʂʘʣʴʮʠʪ 15 

ɸʢʘʥʪʠʪ 0,025 ɸʣʴʙʠʪ 5 

ɼʞʝʤʩʦʥʠʪ 7,5 - - 

ʉʫʤʤʘ 50 ʉʫʤʤʘ 50 

 

4. ɻʀʇɽʈɻɽʅɽɿ ʆʉɸɼʂʆɺ ʀ 

ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ɺʆɼ 

(ʊɽʍʅʆɻɽʆɻɽʅɽɿ)  

ɺ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʊʄʆ ʰʣʘʤʦʭʨʘʥʠʣʠʱʘ, 

ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʟʦʥʝ ʛʠʧʝʨʛʝʥʝʟʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʫʩʪʦʡʯʠʚʳʭ ʤʠʥʝʨʘʣʦʚ ʟʘ ʩʯʝʪ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ, ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʤʠ ʚʦʜʘʤʠ, ʧʨʠ ʫʯʘʩʪʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 

ʛʨʠʙʦʚ, ʙʘʢʪʝʨʠʡ. ʇʨʦʪʝʢʘʝʪ ʝʩʪʝʩʪʚʝʥʥʳʡ ʛʝʦʣʦʛʠ-

ʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʛʠʧʝʨʛʝʥʥʦʛʦ (ʪʝʭʥʦʛʝʦʛʝʥʥʦʛʦ) 

ʤʠʥʝʨʘʣʦ- ʠ ʧʦʨʦʜʦʦʙʨʘʟʦʚʘʥʠʷ, çʧʨʠʩʧʦʩʦʙʣʝ-

ʥʠʝè ʦʩʘʜʢʦʚ ʢ ʥʦʚʳʤ ʫʩʣʦʚʠʷʤ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʩʨʝʜʳ [14].  

4.1. ʊʚʝʨʜʘʷ ʯʘʩʪʴ ʊʄʆ. ʇʝʨʚʠʯʥʳʡ ʩʦʩʪʘʚ 

ʪʚʝʨʜʦʡ ʯʘʩʪʠ ʊʄʆ ʧʦʩʣʝ ʜʨʦʙʣʝʥʠʷ ʠ ʠʩʪʠʨʘʥʠʷ 

ʤʝʥʷʝʪ ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ. ʏʘʩʪʴ ʧʝʨʝʪʝʨʪʳʭ ʠ ʚʳʩʚʦ-

ʙʦʞʜʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʦʩʣʝ ʚʩʢʨʳʪʠʷ ʨʫʜʳ ʩʪʘʥʦ-

ʚʷʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤʠ ʢ ʧʨʦʮʝʩʩʘʤ ʬʠʟʠʯʝʩʢʦʛʦ, ʭʠ-

ʤʠʯʝʩʢʦʛʦ ʠ ʙʠʦʛʝʥʥʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ.  

ɺ ʤʝʩʪʘʭ ʜʣʠʪʝʣʴʥʦʛʦ ʣʝʞʘʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ 

(ʦʩʘʜʢʠ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ, ʦʪʚʘʣʳ ʚʩʢʨʳʰʥʳʭ ʧʦ-

ʨʦʜ) ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʦʟʜʫʭʘ ʠ ʘʪʤʦʩʬʝʨʥʳʭ 

ʦʩʘʜʢʦʚ, ʙʣʘʛʦʜʘʨʷ ʦʢʠʩʣʝʥʠʶ, ʚʳʱʝʣʘʯʠʚʘʥʠʶ, 

ʜʝʡʩʪʚʠʶ ʙʘʢʪʝʨʠʡ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʦʙʨʘʟʫʝʪʩʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʜʳ, ʦʙʦʛʘʱʝʥʥʳʝ ʤʝʪʘʣʣʘʤʠ 

ʧʝʨʚʠʯʥʳʭ ʨʫʜ ʠ ʧʨʦʠʩʭʦʜʠʪ ʥʦʚʦʝ ʤʠʥʝʨʘʣʦʦʙʨʘ-

ʟʦʚʘʥʠʝ.  

ʋʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʭʥʦʛʝʦʛʝʥʥʳʭ ʤʠ-

ʥʝʨʘʣʦʚ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʧʦʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ 

ʰʣʘʤʦʚʳʭ (ʩʪʘʨʳʭ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ) ʠ ʜʨʝʥʘʞʥʳʭ 

ʚʦʜ ʚ ʦʪʭʦʜʘʭ ʛʦʨʥʦʨʫʜʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ð ʭʚʦ-

ʩʪʘʭ ʦʙʦʛʘʱʝʥʠʷ [6, 22] ʧʦʢʘʟʘʣʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʛʠʧʝʨʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚʳʧʘʜʘʝʪ ʠʟ ʚʳʩʦʢʦʢʦʥ-

ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ (ʪʘʙʣ. 7).  
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ʊʘʙʣʠʮʘ 7 

ʋʩʣʦʚʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʛʠʧʝʨʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠʟ ʪʝʭʥʦʛʝʥʥʳʭ ʚʦʜ ʎʆʌ ʧʦ ʜʘʥʥʳʤ [8] 

ʄʠʥʝʨʘʣ EhðpH ʊ, Áʉ 

ʆʢʩʠʜʳ ʠ ʛʠʜʨʦʦʢʩʠʜʳ 

ɻʸʪʠʪ a-FeO(OH) 0.6ð1.16 ɺ, 0.3ð13.0 ʦʪ ï25 ʜʦ +45  

ɻʠʜʨʦʛʸʪʠʪ FeO(OH)ĿnHϜO 0.6ð1.1 ɺ, 2.3ð13.7 ʦʪ ï25 ʜʦ 0 ʠ 35ð45  

ʉʫʨʠʢ Pb(PbOϜ)Ϝ 0.58ð0.59 ɺ, 12.9ð13.2 ʦʪ ï25 ʜʦ ï20  

ʉʫʣʴʬʘʪʳ 

ɻʠʧʩ CaSOϞĿ2HϜO 0.6ð1.20 ɺ, 0.9ð13.7 ʦʪ ï25 ʜʦ +45 

ʕʧʩʦʤʠʪ MgSOϞĿ7HϜO 0.6ð0.90 ɺ, 0.9ð13.0 ʦʪ ï25 ʜʦ ï5  

ʗʨʦʟʠʪ KFeįϕϝ(SOϞ)Ϝ(OH)Ϡ 0.85ð1.16 ɺ, 1.1ð6.2 ʦʪ 0 ʜʦ +45  

ʍʘʣʴʢʘʥʪʠʪ CuSO4Ā5H2O 0.99ð1.2 ɺ, 0.9ð4.3 ʦʪ ï25 ʜʦ ï15 ʠ ʦʪ 0 ʜʦ +45  

ɹʨʦʰʘʥʪʠʪ Cu4SO4(OH)6 0.6ð0.99 ɺ, 4.3ð13.0 ʦʪ ï25 ʜʦ ï5 ʠ ʦʪ 0 ʜʦ +45  

ɸʥʛʣʝʟʠʪ PbSO4 0.8ð1.2 ɺ, 0.5ð7.5 ʦʪ ï25 ʜʦ ï15  

ʇʣʶʤʙʦʷʨʦʟʠʪ Pb2+(Fe3+)6 (OH)12[SO4]4 0.7ð1.18 ɺ, 1.1ð10.4 ʦʪ ï25 ʜʦ ï5 ʠ ʦʪ 0 ʜʦ +45 

ʂʘʨʙʦʥʘʪʳ 

ʂʘʣʴʮʠʪ CaCOϝ 0.6ð0.83 ɺ, 6.02ð12.2 ʦʪ ï25 ʜʦ 0  

ɸʨʩʝʥʘʪʳ 

ɸʜʘʤʠʥ Zn2(AsO4)(ʆʅ)  0.6ð1.16 ɺ, 1.1ð13.0 ʦʪ ï25 ʜʦ +15  

ʉʠʣʠʢʘʪʳ 

ʄʦʥʪʤʦʨʠʣʣʦʥʠʪ 

(Na,Ca)0.33(Al,Mg)Ϝ(SiϞOϛϚ)(OH)ϜĿnHϜO 
0.6ð1.16 ɺ, 1.1ð13.0 ʦʪ ï25 ʜʦ +45  

 

ʅʘ ʨʠʩ. 2-3 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ EhðpH ʧʘ-

ʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʪʝʭʥʦʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʠʟ ʨʘʩʪʚʦʨʦʚ ʜʨʝʥʘʞʥʳʭ ʚʦʜ ʠ ʠʭ ʤʘʩʩʘ, ʩ ʫʯʝʪʦʤ 

ʫʩʨʝʜʥʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʚ ʠʥʪʝʨʚʘʣʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥ-

ʥʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʎʆʌ. 

ɻʣʘʚʥʫʶ ʨʦʣʴ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʠʥʝʨʘʣʴ-

ʥʳʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʠʛʨʘʝʪ ʩʦʩʪʘʚ ʨʫʜ, ʚʤʝʱʘʶʱʠʭ 

ʦʨʫʜʝʥʝʥʠʝ ʧʦʨʦʜ ʠ ʠʭ ʩʦʦʪʥʦʰʝʥʠʝ. ʏʝʤ ʚʳʰʝ ʩʦ-

ʜʝʨʞʘʥʠʝ ʩʫʣʴʬʠʜʦʚ ʚ ʭʚʦʩʪʘʭ ʦʙʦʛʘʱʝʥʠʷ, ʪʝʤ ʙʦ-

ʣʝʝ ʢʠʩʣʳʝ ʨʘʩʪʚʦʨʳ ʦʥʠ ʧʨʦʜʫʮʠʨʫʶʪ, ʪʝʤ ʙʦʣʴʰʝ 

ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʦʙʨʘʟʫʝʪʩʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʩʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ʠ ʚ ʙʦʣʴʰʠʥ-

ʩʪʚʝ ʩʣʫʯʘʝʚ ʨʘʟʥʦʦʙʨʘʟʠʝ ʛʠʧʝʨʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ [8]. 

 
ʈʠʩ. 2. EhðpH ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʠʥʝʨʘʣʦʚ ʚ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘʭ ʎʆʌ  

ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ï25 ʜʦ 0 ÁC. ʃʝʜ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚʦ ʚʩʝʭ ʩʠʩʪʝʤʘʭ ʠ ʩʦʩʪʘʚʣʷʝʪ  

ʦʢʦʣʦ 90 % ʪʚʝʨʜʦʡ ʬʘʟʳ [8] 
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ʈʠʩ. 3. EhðpH ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʠʥʝʨʘʣʦʚ ʚ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘʭ ʎʆʌ  

ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 0 ʜʦ +45 ÁC [8] 

 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʚʠʯʥʦʛʦ ʚʝʱʝʩʪʚʘ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 

ʭʚʦʩʪʦʚ ʦʙʦʛʘʱʝʥʠʷ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʪʦʣʱʝ ʭʚʦ-

ʩʪʦʭʨʘʥʠʣʠʱ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʝ 

ʢʦʨʦʯʢʠ ʛʠʧʝʨʛʝʥʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʤʦʱʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ ʤʠʣʣʠʤʝʪʨʘ, ʚʠʜʥʳʝ ʥʝʚʦʦʨʫ-

ʞʝʥʥʳʤ ʛʣʘʟʦʤ [8].  

ʆʢʠʩʣʝʥʠʝ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʩʫʣʴʬʠʜʦʚ 

ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ, ʚ ʦʩʥʦʚʥʦʤ, ʤʠʥʝʨʘʣʦʚ 

ʠʟ ʢʣʘʩʩʘ ʦʢʩʠʜʦʚ ʠ ʛʠʜʨʦʢʩʠʜʦʚ ð ʛʸʪʠʪʘ ʠ ʛʠʜʨʦ-

ʛʸʪʠʪʘ [8]. ʅʦʚʦʦʙʨʘʟʦʚʘʥʥʳʝ ʢʦʨʢʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ ʩʫʣʴʬʘʪʦʚ ʞʝʣʝʟʘ, ʚ ʞʘʨʢʫʶ ʧʦ-

ʛʦʜʫ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʧʦʢʨʳʚʘʶʪ ʩʫʣʴʬʠʜ-

ʥʫʶ ʤʘʩʩʫ. ɺʪʦʨʠʯʥʳʝ ʧʨʠʟʥʘʢʠ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝ-

ʨʘʣʠʟʘʮʠʠ ʚʳʨʘʞʝʥʳ ʢʘʢ ʧʨʦʜʫʢʪʳ ʨʘʟʣʦʞʝʥʠʷ 

ʩʫʣʴʬʠʜʦʚ ʚ ʚʠʜʝ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ ʩʫʣʴʬʘʪʥʦʛʦ 

ʞʝʣʝʟʘ (ʨʦʟʝʥʠʪ, ʩʤʦʣʴʥʦʢʠʪ, ʤʝʣʘʥʪʝʨʠʪ, ʢʦʢʠʤ-

ʙʠʪ) [15]. ʕʪʠ ʟʦʥʳ ʛʠʧʝʨʛʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʠ ʥʦ-

ʚʦʦʙʨʘʟʦʚʘʥʠʡ ʠʥʪʝʨʝʩʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝ-

ʥʠʷ, ʪʘʢ ʢʘʢ ʥʘ ʤʝʩʪʝ ʥʘʭʦʞʜʝʥʠʷ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘ-

ʪʦʚ ʩʫʣʴʬʘʪʥʦʛʦ ʞʝʣʝʟʘ ʧʨʦʠʩʭʦʜʠʪ 

ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʟʦʣʦʪʘ ʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ [16]. ʄʝ-

ʪʘʣʣʳ ʤʦʛʫʪ ʚʳʜʝʣʷʪʴʩʷ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʚ ʚʠʜʝ 

ʤʠʢʨʦ- ʠ ʥʘʥʦʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʧʝʨʝʚʝʜʝʥʳ ʚ ʠʦʥʥʫʶ 

ʬʦʨʤʫ ʠ ʨʘʩʪʚʦʨ.  

ʂʨʠʦʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʦʤʦʨʘʞʠʚʘʥʠʷ ʠ ʦʪ-

ʪʘʠʚʘʥʠʷ ʊʄʆ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʣʦʞʝʥʠʶ ʩʫʣʴʬʠ-

ʜʦʚ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʟʦʣʦʪʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʨʠ ʝʜʠʥʠʯʥʦʤ ʮʠʢʣʝ ʧʨʦʤʝʨʟʘʥʠʷ ʠ ʦʪʪʘʠʚʘʥʠʷ ʜʦ 

20% ʧʝʨʚʠʯʥʳʭ ʩʫʣʴʬʠʜʦʚ ʧʝʨʝʭʦʜʷʪ ʚ ʩʫʣʴʬʘʪʥʳʝ 

ʬʘʟʳ ʚ ʚʠʜʝ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ ʤʝʪʘʣʣʦʚ. ɸ ʯʘ-

ʩʪʠʮʳ ʟʦʣʦʪʘ ʩʣʫʞʘʪ ʧʦʜʣʦʞʢʦʡ, ʥʘ ʢʦʪʦʨʦʡ ʢʨʠ-

ʩʪʘʣʣʠʟʫʶʪʩʷ ʩʫʣʴʬʘʪʳ, ʦʙʨʘʟʫʷ ʩʢʦʨʣʫʧʫ-ʧʣʝʥʢʫ 

ʪʦʣʱʠʥʦʡ 2,0-3,0 ʤʤ. ʅʘ ʯʘʩʪʠʮʳ ʟʦʣʦʪʘ ʦʩʝʜʘʶʪ 

ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ ʩʫʣʴʬʠʜʦʚ ʠ ʜʨʫʛʠʭ ʩʫʣʴʬʘʪʦʚ ʞʝ-

ʣʝʟʘ [15]. 

ʇʨʠ ʦʢʠʩʣʝʥʠʠ ʛʘʣʝʥʠʪʘ ʠ ʩʬʘʣʝʨʠʪʘ ʚ ʭʚʦʩʪʘʭ 

ʦʙʦʛʘʱʝʥʠʷ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ 

ð ʩʚʠʥʝʮ ʠ ʮʠʥʢ ʚʳʧʘʜʘʶʪ ʚ ʚʠʜʝ ʩʫʨʠʢʘ, ʧʣʶʤʙʦ-

ʷʨʦʟʠʪʘ ʠ ʘʜʘʤʠʥʘ. ɺ ʨʘʙʦʪʝ [3] ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝ-

ʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩʚʠʥʮʘ ʠ ʮʠʥʢʘ ʚ 

ʩʪʘʨʳʭ ʠ ʥʦʚʳʭ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘʭ ʎʆʌ ʚʳʧʦʣ-

ʥʝʥʥʦʝ ʥʘ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ ʫʨʦʚʥʝ, ʦʩʥʦʚʥʳʝ ʨʝ-

ʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 8. 

ʇʨʠ ʦʢʠʩʣʝʥʠʠ ʤʠʥʝʨʘʣʦʚ ʟʦʥʳ ʮʝʤʝʥʪʘʮʠʠ: 

ʭʘʣʴʢʦʟʠʥʘ, ʙʦʨʥʠʪʘ ʠ ʢʦʚʝʣʣʠʥʘ ʦʙʨʘʟʫʶʪʩʷ ʩʫʣʴ-

ʬʘʪʳ ʤʝʜʠ (ʙʨʦʰʘʥʪʠʪ ʠ ʭʘʣʴʢʘʥʪʠʪ). ʂʨʠʩʪʘʣʣʠʟʘ-

ʮʠʷ ʭʘʣʴʢʘʥʪʠʪʘ ʠʟ ʨʫʜʥʠʯʥʳʭ ʚʦʜ ʚʦʟʤʦʞʥʘ ʪʘʢʞʝ 

ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʦʜʥʦʛʦ ʭʘʣʴʢʦʧʠʨʠʪʘ ʠ ʧʨʠ ʦʪʩʫʪ-

ʩʪʚʠʠ ʚ ʘʩʩʦʮʠʘʮʠʠ ʧʠʨʨʦʪʠʥʘ. ʉʦʚʤʝʩʪʥʦ ʩ ʙʨʦ-

ʰʘʥʪʠʪʦʤ ʚʳʧʘʜʘʶʪ ʛʸʪʠʪ ʠ ʭʘʣʴʢʘʥʪʠʪ, ʘ ʩ ʭʘʣʴ-

ʢʘʥʪʠʪʦʤ ð ʧʣʶʤʙʦʷʨʦʟʠʪ ʠ ʘʜʘʤʠʥ [8]. 

ʊʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʘʣʴʮʠʪ. ʇʨʦʮʝʩʩ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʠ ʘʨʩʝʥʘʪʘ Zn ð ʘʜʘʤʠʥʘ ʠ ʩʠʣʠʢʘʪʘ Mg, 

Al ʠ Fe ð ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ ʚʳʨʘʞʝʥ ʩʣʘʙʦ [8]. 

ʊʘʙʣʠʮʘ 8 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʚʠʥʮʘ ʠ ʮʠʥʢʘ ʚ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘʭ ʎʆʌ [3] 

ʍʚʦʩʪʦʭʨʘ-

ʥʠʣʠʱʘ 

ʂ
ʦ
ʣ-ʚ
ʦ
 
ʧ
ʨ
ʦ
ʙ

 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Pb ʚ ʨʘʟʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ 

ʬʘʟʘʭ (%) 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Zn ʚ 

ʨʘʟʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟʘʭ (%) 

ʉʫʣʴʬʠʜ-

ʥʘʷ 

ʉʫʣʴʬʘʪ-

ʥʘʷ 

ʇʣʶʤʙʦ-

ʷʨʦʟʠʪʦ-

ʚʘʷ 

ʂʘʨʙʦʥʘʪ-

ʥʘʷ 

ʆʙ-

ʱʠʡ 

ʉʫʣʴʬʠʜ-

ʥʳʡ 

ʆʢʠʩʣʝʥ-

ʥʳʡ 

ʆʙ-

ʱʠʡ 

ʉʘʜʦʚʩʢʦʝ 4 59 2 0 39 100 85 15 100 

ɻʦʨʙʫʰʠʥ-

ʩʢʦʝ 
13 39 5 4 52 100 67 33 100 

 

ʌʘʢʪʦʨʳ ʪʝʭʥʦʛʝʦʛʝʥʝʟʘ. ʉʦʦʪʥʦʰʝʥʠʝ ʩʫʣʴ-

ʬʠʜʳ/ʚʤʝʱʘʶʱʘʷ ʧʦʨʦʜʘ, ʪ. ʝ. ʩʦʜʝʨʞʘʥʠʝ ʩʫʣʴʬʠ-

ʜʦʚ ʚ ʊʄʆ ʧʨʠ ʦʢʠʩʣʝʥʠʠ, ʠʛʨʘʝʪ ʥʝ ʧʦʩʣʝʜʥʶʶ 

ʨʦʣʴ. ʕʧʩʦʤʠʪ ʚ ʤʦʜʝʣʠʨʫʝʤʳʭ ʩʠʩʪʝʤʘʭ ʧʦʷʚʣʷ-

ʝʪʩʷ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʩʫʣʴʬʠʜʦʚ 20%, ʛʠʜʨʦʛʸʪʠʪ, 

ʘʥʛʣʝʟʠʪ ʠ ʧʣʶʤʙʦʷʨʦʟʠʪ ð 40%, ʭʘʣʴʢʘʥʪʠʪ ʠ 

ʷʨʦʟʠʪ ð 80%. ʏʘʩʪʴ ʤʠʥʝʨʘʣʦʚ ʥʘʦʙʦʨʦʪ ʢʨʠʩʪʘʣ-

ʣʠʟʫʝʪʩʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʩʫʣʴʬʠʜʦʚ: 

ʙʨʦʰʘʥʪʠʪ ð ʜʦ 10%, ʢʘʣʴʮʠʪ ð ʜʦ 40%, ʛʸʪʠʪ ð 

ʜʦ 60% [8]. 
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ʄʘʩʩʘ ʚʳʧʘʚʰʠʭ ʤʠʥʝʨʘʣʦʚ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʪʳ-

ʩʷʯʥʳʭ ʜʦʣʝʡ ʜʦ 72 ʛ. ɺ ʤʦʜʝʣʠʨʫʝʤʳʭ ʩʠʩʪʝʤʘʭ ʫ 

ʦʜʥʠʭ ʤʠʥʝʨʘʣʦʚ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʥʘ ʯʘʱʝ 

ʚʩʝʛʦ ʚʦʟʨʘʩʪʘʝʪ (ʛʠʜʨʦʛʸʪʠʪ, ʘʥʛʣʝʟʠʪ, ʧʣʶʤʙʦ-

ʷʨʦʟʠʪ, ʷʨʦʟʠʪ, ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ), ʜʨʫʛʠʭ ð ʫʤʝʥʴ-

ʰʘʝʪʩʷ (ʘʜʘʤʠʥ, ʛʸʪʠʪ, ʛʠʧʩ), ʘ ʫ ʪʨʝʪʴʠʭ ð ʯʝʪʢʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝʪ (ʙʨʦʰʘʥʪʠʪ, ʢʘʣʴ-

ʮʠʪ) [8]. 

ʇʨʦʮʝʩʩʳ ʪʝʭʥʦʛʝʦʛʝʥʝʟʘ ʧʨʦʪʝʢʘʶʪ ʠ ʧʨʠ ʦʪ-

ʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʨʠ ʵʪʦʤ ʬʦʨʤʠʨʫ-

ʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʤʠʢʨʦʧʦʨʦ-

ʚʳʝ ʨʘʩʪʚʦʨʳ, ʯʝʤ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫ-

ʨʘʭ, ʪʘʢ ʢʘʢ ʯʘʩʪʴ ʚʦʜʳ ʧʝʨʝʭʦʜʠʪ ʚ ʪʚʝʨʜʫʶ ʬʘʟʫ 

(ʣʝʜ). ʀʟ ʪʘʢʠʭ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦ-

ʨʦʚ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚʪʦʨʠʯʥʳʝ ʤʠʥʝʨʘʣʳ [8]. 

ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʨʘʩʪʚʦʨʦʚ ʚ ʠʥʪʝʨʚʘʣʝ ʧʦʣʦ-

ʞʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʎʆʌ ʜʦʩʪʠʛʘʝʪ 42.5 ʛ/ʣ. 

ʇʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʠʥʝʨʘʣʠʟʘʮʠʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʪʘʢ ʢʘʢ ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ 

ʫʤʝʥʴʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʚʳʧʘʜʝʥʠʷ ʪʚʝʨʜʦʡ ʬʘʟʳ ʚʦʜʳ 

ʚ ʚʠʜʝ ʣʴʜʘ [8]. 

4.2. ɻʠʜʨʦʤʠʥʝʨʘʣʴʥʘʷ ʯʘʩʪʴ ʊʄʆ. ʄʦʞʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʦʙʲʝʢʪ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʨʝʩʫʨʩʘ. ʆʥ ʪʘʢʞʝ 

ʩʪʨʫʢʪʫʨʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʘ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʠ ʦʪʣʠʯʘʝʪʩʷ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʩʦʜʝʨ-

ʞʘʥʠʝʤ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɻʠʜʨʦʤʠʥʝʨʘʣʴʥʳʝ 

ʨʝʩʫʨʩʳ ʩʚʷʟʘʥʳ ʩ ʨʘʟʣʦʞʝʥʠʝʤ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ 

ʪʚʝʨʜʦʡ ʬʘʟʳ ʊʄʆ. ɺʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʠʩʪʦʯ-

ʥʠʢʠ ʛʠʜʨʦʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠ ʊʄʆ: 

ɺʦʜʳ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ. ɺʤʝʩʪʝ ʩ ʧʫʣʴʧʦʡ ʚ 

ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ʧʦʧʘʜʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ, ʧʨʠ-

ʤʝʥʷʝʤʳʝ ʥʘ ʬʘʙʨʠʢʝ ʨʝʘʛʝʥʪʳ (ʮʠʘʥʠʩʪʳʝ ʩʦʝʜʠ-

ʥʝʥʠʷ, ʢʩʘʥʪʦʛʝʥʘʪʳ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʝ ʥʝʧʨʠʷʪ-

ʥʳʡ ʟʘʧʘʭ ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ʚʦʜ; 

ʬʝʥʦʣʳ, ʫʙʠʚʘʶʱʠʝ ʦʨʛʘʥʠʯʝʩʢʫʶ ʞʠʟʥʴ ʚ ʚʦʜʦʝ-

ʤʘʭ; ʠʟʚʝʩʪʴ, ʢʠʩʣʦʪʳ, ʞʠʜʢʦʝ ʩʪʝʢʣʦ, ʢʝʨʦʩʠʥ, ʩʦʩ-

ʥʦʚʦʝ ʤʘʩʣʦ ʠ ʜʨʫʛʠʝ ʚʝʱʝʩʪʚʘ, ʧʦʚʳʰʘʶʱʠʝ ʱʝ-

ʣʦʯʥʦʩʪʴ ʚʦʜʳ ʠ ʠʟʤʝʥʷʶʱʠʝ ʝʝ ʩʚʦʡʩʪʚʘ) [13].  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʰʣʘʤʦʚʳʭ ʠ ʜʨʝʥʘʞ-

ʥʳʭ ʚʦʜ ʚ ʠʥʪʝʨʚʘʣʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ 

ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘʭ ʎʆʌ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴ-

ʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʫʣʴ-

ʬʠʜʥʳʭ ʨʫʜ ʩʦʩʪʘʚʣʷʝʪ (ʛ/ʣ): Zn (12.5), Pb (6.2), Cu 

(5.6), As (3.7), Sb (0.1), Ag (0.4), S (14.0) [8].  

ɺ ʪʘʙʣ. 9 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʭʠʤʠʯʝʩʢʘʷ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘ ʞʠʜʢʦʡ ʬʘʟʳ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ. 

ɿʘʤʝʪʥʦ, ʯʪʦ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʚ ʜʝʡʩʪʚʫʶ-

ʱʝʤ ʉʘʜʦʚʩʢʦʤ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʝ ʩʦʜʝʨʞʘʥʠʷ Zn, 

Fe, Al , Pb, As ʧʦʚʳʰʘʶʪʩʷ, ʘ pH ʧʦʥʠʞʘʝʪʩʷ. ɺ ʩʝʨ-

ʥʦʢʠʩʣʦʤ ʧʨʦʮʝʩʩʝ ʟʦʣʦʪʦ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʤʝ-

ʪʘʣʣʳ ʠʥʪʝʥʩʠʚʥʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʶʪʩʷ, ʤʠʛʨʠʨʫʷ 

ʠʟ ʦʜʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʠ ʥʘʢʘʧʣʠʚʘʷʩʴ ʚ ʜʨʫʛʠʭ, ʯʪʦ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʫʣʴʬʠʜʥʦʩʪʴʶ ʧʝʨ-

ʚʠʯʥʳʭ ʨʫʜ, ʨʅ ʠ Eh ʛʠʧʝʨʛʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ. 

ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʦʣʦʪʘ 

ʠʤʝʝʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘ-

ʨʴʝʨʦʚ [12]: ʙʠʦʛʝʥʥʦʛʦ, ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ, ʵʣʝʢ-

ʪʨʦʭʠʤʠʯʝʩʢʦʛʦ, ʱʝʣʦʯʥʦʛʦ, ʢʠʩʣʦʛʦ, ʩʦʨʙʮʠʦʥ-

ʥʦʛʦ. ʅʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ 

ʚʪʦʨʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʦʣʦʪʘ ʷʚʣʷʶʪʩʷ 

ʥʝʡʪʨʘʣʴʥʳʝ ʠ ʩʣʘʙʦʱʝʣʦʯʥʳʝ ʩʨʝʜʳ. ʉʣʘʙʦʢʠʩ-

ʣʳʝ ʠ ʱʝʣʦʯʥʳʝ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʩʧʦʩʦʙ-

ʩʪʚʫʶʪ ʘʢʪʠʚʥʦʡ ʤʠʛʨʘʮʠʠ ʟʦʣʦʪʘ [11].  
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ʍʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʜ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ʎʆʌ ʧʦ ʜʘʥʥʳʤ [7] 

ʄʝʩʪʦ ʦʪ-

ʙʦʨʘ ʧʨʦʙʳ 
pH 

ʄʠʢʨʦʵʣʝʤʝʥʪʳ, ʤʛ/ʣ 

Zn Ba Fe Mn Al  Cu Pb B As Ca Mg 

ʌʦʥʦʚʳʝ 

ʫʩʣʦʚʠʷ* 
7.3 0.009 - 0.0105 0.0025 0.010 0.0017 0.0007 - 0.002 7.000 0.120 

ʇʨʦʙʳ 2001 ʛ. 

ʐʣʘʤʦʚʳʝ 

ʚʦʜʳ ʉʘʜʦʚ-

ʩʢʦʛʦ ʭʚ-ʱʘ 

6.0 0.036 0.029 0.276 0.279 0.158 <ʇʆ <ʇʆ <ʇʆ - 62.900 2.630 

ʐʣʘʤʦʚʳʝ 

ʚʦʜʳ ɻʦʨʙʫ-

ʰʠʥʩʢʦʛʦ 

ʭʚ-ʱʘ 

6.0 0.003 <ʇʆ 0.183 0.060 0.043 <ʇʆ <ʇʆ <ʇʆ - 65.100 4.440 

ʇʨʦʙʳ 2003 ʛ. 

ʐʣʘʤʦʚʳʝ 

ʚʦʜʳ ʉʘʜʦʚ-

ʩʢʦʛʦ ʭʚ-ʱʘ 

6.5 0.060 0.058 0.694 0.159 1.720 0.275 0.013 0.235 0.213 69.30 1.420 

ʐʣʘʤʦʚʳʝ 

ʚʦʜʳ ɻʦʨʙʫ-

ʰʠʥʩʢʦʛʦ 

ʭʚ-ʱʘ 

6.0 0.424 0.022 0.171 0.050 0.331 0.017 0.017 0.321 0.064 376.00 38.900 

ʇʨʦʙʳ 2006 ʛ. 

ʐʣʘʤʦʚʳʝ 

ʚʦʜʳ ʉʘʜʦʚ-

ʩʢʦʛʦ ʭʚ-ʱʘ 

5.0 0.053 0.015 0.898 0.246 0.269 0.201 0.021 <ʇʆ 0.410 38.14 0.882 

ʇʨʠʤʝʯʘʥʠʝ: * - ʬʦʥʦʚʳʝ ʫʩʣʦʚʠʷ ʚʟʷʪʳ ʠʟ ʠʩʪʦʯʥʠʢʘ [1] 

 

ʉʪʦʢʠ ʦʪʚʘʣʦʚ ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ. ʂʣʠʤʘʪ 

ʨʘʡʦʥʘ ʫʤʝʨʝʥʥʳʡ ʤʫʩʩʦʥʥʳʡ, ʧʦʜʚʝʨʞʝʥ ʚʣʠʷ-

ʥʠʶ ʭʦʣʦʜʥʦʛʦ ʇʨʠʤʦʨʩʢʦʛʦ ʪʝʯʝʥʠʷ. ɿʠʤʘ ʭʦʣʦʜ-

ʥʘʷ ʠ ʜʦʚʦʣʴʥʦ ʩʥʝʞʥʘʷ, ʘ ʣʝʪʦ ʪʝʧʣʦʝ ʠ ʚʣʘʞʥʦʝ. 

ʉʨʝʜʥʝʝ ʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ - 756 ʤʤ. ʂʦ-

ʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ, ʚʳʧʘʜʘʶʱʠʭ ʟʠʤʦʡ, ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʦ. ɼʘʣʴʥʝʛʦʨʩʢ ʨʘʩʧʦʣʦʞʝʥ ʚ ʟʦʥʝ ʚʝʯʥʦʡ 

ʤʝʨʟʣʦʪʳ. ɻʣʫʙʠʥʘ ʧʨʦʤʝʨʟʘʥʠʷ ʛʨʫʥʪʘ ʜʦʩʪʠʛʘʝʪ 

2,5 ʤ.  
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ɸʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʙʫʜʫʪ ʟʘʧʦʣʥʷʪʴ ʧʦʨʳ ʠ 

ʪʨʝʱʠʥʳ, ʧʦʩʪʫʧʠʚʰʝʡ ʚ ʦʪʚʘʣ, ʛʦʨʥʦʡ ʧʦʨʦʜʳ, 

ʢʨʠʩʪʘʣʣʠʟʫʷʩʴ ʪʘʤ. ʄʦʨʦʟʦʙʦʡʥʦʝ ʚʳʚʝʪʨʠʚʘʥʠʝ 

ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʩʢʨʳʪʠʶ ʫʧʦʨʥʳʭ ʟʝʨʝʥ 

ʩʫʣʴʬʠʜʥʳʭ ʠ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳ ʤʠʥʝʨʘʣʦʚ, ʦʙʦ-

ʛʘʱʝʥʥʳʭ ʙʣʘʛʦʨʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. ʇʨʦʜʫʢʪʳ 

ʨʘʩʪʚʦʨʝʥʠʷ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚʳʥʦʩʷʪʩʷ ʩʪʦʯ-

ʥʳʤʠ ʚʦʜʘʤʠ ʚ ʧʨʠʪʦʢʠ ʨ. ʈʫʜʥʘʷ.  

ʐʘʭʪʥʳʝ ʚʦʜʳ. ʇʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʮʠʨʢʫʣʠ-

ʨʫʷ ʚʥʫʪʨʠ ʅʠʢʦʣʘʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʨʘʩʪʚʦ-

ʨʷʶʪ ʩʫʣʴʬʠʜʳ ʧʦʣʠʤʝʪʘʣʣʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʬʦʨʤʠʨʫʶʪʩʷ ʢʠʩʣʳʝ ʩʫʣʴʬʘʪʥʳʝ ʚʦʜʳ, ʥʝʩʫʱʠʝ 

ʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ Fe, Al  ʠ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ.  

ʇʨʠ ʦʪʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʘʢʨʳʪʳʤ ʩʧʦ-

ʩʦʙʦʤ ʠʟʤʝʥʷʶʪʩʷ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʜʥʦʛʦ 

ʩʪʦʢʘ. ʕʪʠ ʚʦʜʳ ʧʦʧʘʜʘʶʪ ʚ ʦʙʲʝʢʪʳ ʛʠʜʨʦʩʬʝʨʳ, 

ʩʦʟʜʘʚʘʷ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʫʶ ʩʠʩʪʝʤʫ. 

ʐʘʭʪʥʳʝ ʚʦʜʳ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪ ʭʘʨʘʢʪʝʨʥʳʝ 

ʜʣʷ ʨʝʛʠʦʥʘ ʫʣʴʪʨʘʧʨʝʩʥʳʝ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʢʘʣʴ-

ʮʠʝʚʳʝ ʚʦʜʳ ʚ ʩʫʣʴʬʘʪʥʦ-ʢʘʣʴʮʠʝʚʳʝ (ʥʘʪʨʠʝʚʳʝ) 

ʩ ʧʦʚʳʰʝʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ (ʧʦʚʳʰʝʥʥʳʝ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʧʨʠʨʦʜʥʳʭ ʫʨʦʚʥʝʡ ʩʦʜʝʨʞʘʥʠʷ ʚʩʝʭ ʢʘ-

ʪʠʦʥʦʚ ʦʩʥʦʚʥʦʛʦ ʩʦʣʝʚʦʛʦ ʩʦʩʪʘʚʘ) [7]. ʂ ʯʠʩʣʫ 

ʥʘʠʙʦʣʝʝ ʤʠʛʨʘʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦ-

ʨʳʝ ʬʦʨʤʠʨʫʶʪ ʧʨʦʪʷʞʝʥʥʳʝ ʧʦʪʦʢʠ ʨʘʩʩʝʷʥʠʷ, 

ʦʪʥʦʩʷʪʩʷ Mg, Cd, Zn [7]. 

ʊʘʢʞʝ ʚ ʰʘʭʪʥʳʭ ʚʦʜʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʙʣʘʛʦ-

ʨʦʜʥʳʝ ʤʝʪʘʣʣʳ. Au ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʨʘʩʪʚʦʨʝ-

ʥʠʷ ʞʠʣʴʥʳʭ ʪʝʣ, Ag ï ʞʠʣʴʥʳʭ ʠ ʩʢʘʨʥʦʚʳʭ ʪʝʣ. 

ʐʘʭʪʥʳʝ ʚʦʜʳ ʠʤʝʶʪ ʟʥʘʯʝʥʠʝ pH (5.59), ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʝ ʢʠʩʣʦʤʫ ʩʦʩʪʘʚʫ [24]. 

ʈʝʢʘ ʈʫʜʥʘʷ. ʈʝʢʘ ʷʚʣʷʝʪʩʷ ʢʦʥʝʯʥʳʤ ʚʦʜʦ-

ʩʙʦʨʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʜ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʠ ʠʥʪʝʛʨʠʨʫʝʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʨʘʟʥʳʝ ʭʠʤʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ. ʏʘʩʪʴ ʠʟ ʥʠʭ ʥʝʡʪʨʘʣʠʟʫʝʪʩʷ ʠ ʦʩʘʞʜʘ-

ʝʪʩʷ ʥʘ ʧʨʠʨʦʜʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ ʠ ʩʦʨ-

ʙʝʥʪʘʭ. ɺʦʜʳ ʨ. ʈʫʜʥʘʷ ʢʦʥʮʝʥʪʨʠʨʫʶʪ ʥʝ ʪʦʣʴʢʦ 

ʛʠʜʨʦʤʠʥʝʨʘʣʴʥʫʶ ʯʘʩʪʴ ʊʄʆ ʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʪʦʢʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ɼʈʈ. ɺ 

ʨʝʢʝ ʦʙʥʘʨʫʞʝʥʳ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ (ʢʨʘʪʥʳʝ ʟʥʘʯʝʥʠʷ ʇɼʂ): ʤʝʜʠ ï 359, ʢʘʜʤʠʷ ï 

260, ʙʝʨʠʣʣʠʷ ï 18, ʞʝʣʝʟʘ ï 15, ʮʠʥʢʘ ï 6, ʥʠʢʝʣʷ ï 

3. ɺ 30ï100 ʨʘʟ ʧʨʝʚʳʰʘʶʪ ʬʦʥ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʚʠʥʮʘ, ʚ 290 ʨʘʟ ï ʢʦʙʘʣʴʪʘ, ʚ 470 ʨʘʟ ï ʤʘʨʛʘʥʮʘ 

[3].  

ɻʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʧʦʪʦʢʠ ʚ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥ-

ʥʳʭ ʨʘʡʦʥʘʭ ʛʦʨʥʦ-ʪʘʝʞʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʭʘʨʘʢʪʝ-

ʨʠʟʫʶʪʩʷ ʨʘʟʥʳʤ ʩʦʩʪʘʚʦʤ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ 

ʚʠʜʝ ʠʦʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʪʚʝʨʜʳʭ ʚʟʚʝʩʝʡ. ʇʨʠʯʝʤ 

ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʝʨʝʥʦʩʠʪʩʷ ʜʦ 80 % ʦʙʲ-

ʝʤʘ ʦʪʜʝʣʴʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ (ʪʘʙʣ. 

10). ʆʜʥʘʢʦ ʜʣʷ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ (Pb, Cu, Zn, ɺ, Fe ʠ 

ʜʨ.) ʜʦʣʷ ʨʘʩʪʚʦʨʝʥʥʳʭ ʬʦʨʤ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳ-

ʰʘʝʪʩʷ, ʦʩʦʙʝʥʥʦ ʚ ʚʦʜʦʪʦʢʘʭ, ʜʨʝʥʠʨʫʶʱʠʭ ʨʫʜ-

ʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʫʣʴʬʠʜʥʦʡ ʬʦʨʤʘʮʠʠ, ʚ ʢʦʪʦ-

ʨʳʭ ʬʦʨʤʠʨʫʶʪʩʷ ʢʠʩʣʳʝ ʚʦʜʳ (ʨʅ <5) ʩ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʫʣʴʬʘʪ-ʠʦʥʘ [4]. 

ʊʘʙʣʠʮʘ 10 

ʌʘʟʦʚʳʝ ʬʦʨʤʳ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʜʦʪʦʢʘʭ ɼʘʣʴʥʝʛʦʨʩʢʦʛʦ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʘʡʦʥʘ [4] 

ʕʣʝʤʝʥʪ 

ʇɼʂ ʚʦʜʳ 

ʭʦʟ. ʧʠʪʴʝʚ. 

ʥʘʟʥʘʯʝʥʠʷ 

ʌʦʥ ɼɺ 

ʨʝʛʠʦʥʘ 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ɺʟʚʝʩʴ, 

ʤʛ /ʢʛ 

ʌʠʣʴʪʨʘʪ, 

ʤʛ/ʣ 

ɼʦʣʷ ʨʘʩʪ-

ʚʦʨʝʥʥʳʭ ʬʦʨʤ, 

% 

ɼʦʥʥʳʝ 

ʦʩʘʜʢʠ, 

ʤʛ/ʢʛ 

Fe ð ð 0,22 0,13 50 1800 

Mn 0,1 0,013 0,014 0,018 95 1460 

Co 0,1 0,026 ð 0,0008 ð 9 

Cr ð ð ð 0,002 ð 38 

Cu 1,0 0,002 0,0036 0,0046 8 23 

Pb 0,03 0,004 0,07 0,002 15 91 

Zn ð 0,066 0,052 0,056 56 127 

Cd 0,001 0,034 ð 0,001 ð 3,1 

As 0,03 0,01 ð 0,007 ð 57 

Sb 0,05 ð ð ð ð 5,3 

Sn 2,0 ð ð ð ð 4,1 

Ag 0,005 ð ð ð ð 0,23 

B ð ð ð 0,04 ð 110 

Bi ð ð ð ð ð 2,8 

Be ð ð ð 0,03 ð ð 

 

ɺʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʘʥʦʤʘʣʴʥʳʭ ʧʦʪʦʢʦʚ ʚ 

ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥ ʰʠʨʦʢʠʤ ʢʦʤʧʣʝʢʩʦʤ 

ʵʣʝʤʝʥʪʦʚ ʧʝʨʚʠʯʥʳʭ ʨʫʜ (Pb, Zn, As, Cd, Bi, Sb, Sn, 

ɺ, ʉu ʠ ʜʨ.). ʋʯʠʪʳʚʘʷ ʜʝʧʦʥʠʨʫʶʱʠʡ ʭʘʨʘʢʪʝʨ 

ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ, ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥ-

ʪʦʚ ʚ ʠʣʘʭ ʦʪʜʝʣʴʥʳʭ ʚʦʜʦʪʦʢʦʚ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝ-

ʥʠʷ, ʩʦʧʦʩʪʘʚʠʤʦʛʦ ʩʦ ʟʥʘʯʝʥʠʝʤ ʢʦʥʜʠʮʠʦʥʥʳʭ 

ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (%): Pb ð 1-3, Zn ð 3, As ð 

0.1, Cd ð 0,03, Sn ð 0.06, Ag, Bi, Sb ð 0.0 n. ɺʳ-

ʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʜʦʥʥʳʭ 

ʦʩʘʜʢʘʭ ʟʘʯʘʩʪʫʶ ʫʜʝʨʞʠʚʘʝʪ ʘʥʦʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ 

ʧʦʚʳʰʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʦ-

ʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʜʘʞʝ ʧʦʩʣʝ ʧʦʣʥʦʛʦ "ʟʘʢʨʳʪʠʷ" 

ʠʩʪʦʯʥʠʢʦʚ ʠʭ ʧʦʩʪʫʧʣʝʥʠʷ [4]. 

ʇʦʣʝʟʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʵʪʠʭ 

ʚʦʜʘʭ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʩʪʚʦʨʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʞʠʜ-

ʢʠʡ ʬʠʣʴʪʨʘʪ), ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪ ʥʦʚʳʝ ʤʠʥʝʨʘʣʴ-

ʥʳʝ ʬʘʟʳ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ (ʚʟʚʝʩʴ). ɺʟʚʝʩʴ ʩʦʨʙʠʨʫ-

ʝʪʩʷ ʠʣʦʚʦ-ʛʣʠʥʠʩʪʳʤ ʚʝʱʝʩʪʚʦʤ. 

ɾʠʜʢʠʡ ʬʠʣʴʪʨʘʪ. ʃʶʙʦʧʳʪʥʘʷ ʢʘʨʪʠʥʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦ ʨ. ʈʫʜʥʦʡ, ʛʜʝ ʥʘ ʫʯʘʩʪʢʘʭ ʧʦʜʚʝʨ-
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ʞʝʥʥʳʭ ʚʣʠʷʥʠʶ ʩʪʦʯʥʳʭ ʚʦʜ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳ-

ʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(ʈɿʕ) (ʪʘʙʣ. 11), ʢʦʪʦʨʳʤʠ ʙʦʛʘʪʳ ʨʫʜʳ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡ ɼʈʈ [20]. ʇʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʦ-

ʩʪʫʧʣʝʥʠʷ, ʙʣʠʞʝ ʢ ʫʩʪʴʶ, ʩʠʪʫʘʮʠʷ ʩʪʘʥʦʚʠʪʩʷ ʧʦ-

ʭʦʞʝʡ ʥʘ ʪʘʢʦʚʫʶ ʯʠʩʪʳʭ ʨʝʢ ʉʠʭʦʪʵ-ɸʣʠʥʷ. ɼʣʷ 

ʜʦʞʜʝʚʳʭ ʦʩʘʜʢʦʚ ʩʦʜʝʨʞʘʥʠʷ ʈɿʕ ʥʘ ʧʦʨʷʜʢʠ 

ʥʠʞʝ [24].  
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ʉʦʜʝʨʞʘʥʠʷ ʈɿʕ (ʤʢʛ/ʣ) ʚ ʨʘʟʥʳʭ ʪʠʧʘʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ [24] 

ʍʠʤ. ʵʣʝ-

ʤʝʥʪʳ 

ʆʙʲʝʢʪʳ ʦʧʨʦʙʦʚʘʥʠʷ 

ʈʝʢʠ ɺʦʩʪʦʯ-

ʥʦʛʦ ʠ ʖʞʥʦʛʦ 

ʉʠʭʦʪʵ-ɸʣʠʥʷ 

ʈʝʢʘ 

ʈʫʜʥʘʷ 

ʈʝʢʠ ʛ. ɺʣʘ-

ʜʠʚʦʩʪʦʢ 

ʉʪʦʢ ʩ 

ʦʪʚʘʣʦʚ 

ʐʘʭʪʥʳʝ 

ʚʦʜʳ 

ɼʦʞʜʴ ʧʦʩ. 

ɼʘʣʴʥʝʛʦʨʩʢ 

La 0,132 0,21 0,021 9,68 6,82 0,015 

Ce 0,183 0,185 0,019 6,96 9,98 0,021 

Pr 0,0378 0,054 0,006 0,84 1,64 0,00318 

Nd 0,166 0,25 0,027 2,84 6,99 0,016 

Sm 0,035 0,0565 0,007 0,353 1,69 0,0034 

Eu 0,0077 0,0094 0,003 0,0875 0,54 0,00087 

Gd 0,038 0,06 0,01 0,468 2,26 0,00331 

Tb 0,0049 0,143 0,0014 6,96 9,98 0,0004 

Dy 0,028 0,053 0,014 0,298 1,78 ʥ/ʦ 

Ho 0,0056 0,0104 0,005 0,0527 0,309 0,00039 

Er 0,0154 0,03 0,0196 0,108 0,682 0,00156 

Tm 0,0021 0,004 0,0036 0,0091 0,0736 0,0003 

Yb 0,012 0,027 0,027 0,0428 0,417 0,00069 

Lu 0,0019 0,0047 0,0056 0,00623 0,0566 ʥ/ʦ 

×ʈɿʕ 0,6694 1,097 0,1692 28,627 43,218 0,0074 

ʃʝʛʢʠʝ ʈɿʕ, % 83,9 69,7 49,1 72,2 64,0 91,0 

ʊʷʞʝʣʳʝ 

ʈɿʕ, % 
16,1 30,3 50,9 27,8 36,0 9,0 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʈɿʕ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʣʝʛʢʠʝ, ʭʦ-

ʨʦʰʦ ʦʙʨʘʟʫʶʪ ʢʦʤʧʣʝʢʩʳ ʩ ʦʨʛʘʥʠʢʦʡ ʠ ʚʳʚʦ-

ʜʷʪʩʷ ʠʟ ʨʘʩʪʚʦʨʘ [25, 26-27]. ʇʝʨʝʥʦʩ ʈɿʕ ʨʝʢʘʤʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʘʢ ʚ ʚʠʜʝ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ 

(ʚʟʚʝʩʠ), ʪʘʢ ʠ ʚ ʨʘʩʪʚʦʨʝʥʥʦʤ ʚʠʜʝ. ʇʨʠ ʵʪʦʤ ʜʦʣʷ 

ʧʝʨʝʥʦʩʘ ʚʦ ʚʟʚʝʩʠ ʨʝʢʘʤʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 70%, 

ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʧʨʠʥʘʜʣʝʞʠʪ ʞʠʜʢʦʤʫ ʩʪʦʢʫ [25]. 

ʅʘ ʩʦʦʪʥʦʰʝʥʠʝ ʈɿʕ ʚ ʪʚʝʨʜʦʤ ʠ ʞʠʜʢʦʤ ʩʪʦʢʝ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʚʣʠʷʶʪ ʧʨʦʮʝʩʩʳ ʩʦʨʙʮʠʠ/ʜʝ-

ʩʦʨʙʮʠʠ ʠ pH ʩʨʝʜʳ [5, 25, 28-30]. 

ɺʟʚʝʰʝʥʥʦʝ ʚʝʱʝʩʪʚʦ. ɺ ʪʘʙʣʠʮʝ 12 ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʈɿʕ ʚʦ ʚʟʚʝʩʠ. ʆʙ-

ʨʘʱʘʶʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʢʨʘʡʥʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʈɿʕ, ʦʩʦʙʝʥʥʦ ʣʝʛʢʠʭ ʈɿʕ ʚʦ ʚʟʚʝʩʠ ʭʚʦʩʪʦ-

ʭʨʘʥʠʣʠʱ ʠ ʰʘʭʪʥʳʭ ʚʦʜ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʲʷʩʥʝʥʦ ʩʦʩʪʘʚʦʤ ʚʟʚʝʩʠ. ʄʘʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʝ ʚʟʚʝʩʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʝʝ ʩʦʩʪʘʚʝ ʤʥʦʛʦ 

ʦʭʨʠʩʪʳʭ ʙʫʨʳʭ ʠ ʙʝʣʝʩʳʭ ʭʣʦʧʴʝʚ, ʥʘʧʦʤʠʥʘʶ-

ʱʠʭ ʛʠʜʨʦʢʩʠʜʳ ʞʝʣʝʟʘ ʠ ʘʣʶʤʠʥʠʷ. ʀʟʫʯʝʥʠʝ ʩʦ-

ʩʪʘʚʘ ʚʟʚʝʩʠ ʧʦʜ ʵʣʝʢʪʨʦʥʥʳʤ ʤʠʢʨʦʩʢʦʧʦʤ ʧʦʢʘ-

ʟʘʣʦ, ʯʪʦ ʚʟʚʝʩʴ ʩ ʦʪʚʘʣʦʚ ʛʦʨʥʦʨʫʜʥʳʭ ʧʨʝʜʧʨʠʷ-

ʪʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʢʩʠʜʘʤʠ ʘʣʶʤʠʥʠʷ ʠ ʞʝʣʝʟʘ, ʚ 

ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʤʝʜʠ ʠ ʮʠʥʢʘ, ʘ ʚʟʚʝʩʴ ʰʘʭʪʥʳʭ 

ʚʦʜ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʢʩʠʜʘʤʠ ʞʝʣʝʟʘ ʠ ʚ ʤʝʥʴ-

ʰʝʡ ʩʪʝʧʝʥʠ ʮʠʥʢʘ [24]. ʌʘʢʪʠʯʝʩʢʠ, ʚʟʚʝʩʴ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʜʫʢʪ ʨʘʟʣʦʞʝʥʠʷ ʩʫʣʴʬʠʜʦʚ ʠ, 

ʦʪʯʘʩʪʠ, ʩʠʣʠʢʘʪʦʚ, ʢʦʪʦʨʳʤʠ ʙʦʛʘʪʳ ʨʫʜʥʳʝ ʪʝʣʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ.  

ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʪʦʪ ʬʘʢʪ, ʯʪʦ 

ʚʟʚʝʩʴ ʩ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ʩʦʜʝʨʞʠʪ ʈɿʕ ʧʦʯʪʠ ʥʘ 

ʜʚʘ ʧʦʨʷʜʢʘ ʙʦʣʴʰʝ, ʯʝʤ ʚʟʚʝʩʴ ʰʘʭʪʥʳʭ ʚʦʜ. ʆʜ-

ʥʦʡ ʠʟ ʧʨʠʯʠʥ ʪʘʢʦʡ ʨʘʟʥʠʮʳ ʷʚʣʷʝʪʩʷ ʨʘʟʣʠʯʠʝ 

pH. ʐʘʭʪʥʳʝ ʚʦʜʳ ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʠʡ pH (5,59), 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʫʯʴʝʤ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ (6,6). 

ʅʠʟʢʦʝ ʟʥʘʯʝʥʠʝ pH ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚ-

ʥʦʤʫ ʧʝʨʝʚʦʜʫ ʈɿʕ ʠʟ ʪʚʝʨʜʦʡ ʤʘʪʨʠʮʳ ʚ ʨʘʩʪʚʦʨ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʝ ʠʩʢʣʶʯʝʥʦ ʥʘʭʦʞʜʝʥʠʝ ʥʦʚʦ-

ʦʙʨʘʟʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ, ʦʙʦʛʘʱʝʥʥʳʭ 

ʈɿʕ [24]. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʉʝ-

ʣʝʢʪʦʨ [24] ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʬʦʨʤʳ ʤʠʛʨʘʮʠʠ ʈɿʕ 

ʚ ʨʝʯʥʳʭ ʚʦʜʘʭ. ɺ ʮʝʣʦʤ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩ-

ʥʦʚʥʳʤʠ ʬʦʨʤʘʤʠ ʷʚʣʷʶʪʩʷ ʠʦʥʥʘʷ ʠ ʢʘʨʙʦʥʘʪʥʘʷ 

ʬʦʨʤʳ, ʘ ʚ ʩʪʦʢʘʭ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ʩʫʣʴʬʘʪʥʘʷ 

ʬʦʨʤʘ ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʝʪ. 
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ʉʦʜʝʨʞʘʥʠʝ ʈɿʕ ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʚʝʱʝʩʪʚʝ ʨʝʢ (ʪʚʝʨʜʳʡ ʦʩʘʜʦʢ ʥʘ ʬʠʣʴʪʨʝ 0,45 ʤʢʤ) [24] 

ʍʠʤ. ʵʣʝ-

ʤʝʥʪʳ 

ʆʙʲʝʢʪʳ ʦʧʨʦʙʦʚʘʥʠʷ 

ɺʦʜʦʪʦʢ ʩ ʭʚʦ-

ʩʪʦʭʨʘʥʠʣʠʱʘ 

ʐʘʭʪʥʳʝ 

ʚʦʜʳ 

ʈʝʢʘ 

ʈʫʜʥʘʷ 

ʈʝʢʠ ɺʦʩʪʦʯ-

ʥʦʛʦ ʠ ʖʞ-

ʥʦʛʦ ʉʠʭʦʪʵ-

ɸʣʠʥʷ 

ʈʝʢʠ ʛ. ɺʣʘ-

ʜʠʚʦʩʪʦʢ 

ɼʦʞʜʴ ʧʦʩ. 

ɼʘʣʴʥʝʛʦʨʩʢ 

La 38,94 0,461 1,54 2,207 0,53 0,391 

Ce 67,97 0,790 2,73 4,96 1,07 0,0778 

Pr 13,131 0,167 0,393 0,549 0,130 0,083 

Nd 53,439 0,796 1,579 2,107 0,516 0,306 

Sm 13,237 0,228 0,351 0,426 1,040 0,058 

Eu 3,672 0,071 0,065 0,083 0,023 0,011 

Gd 17,14 0,247 0,382 0,414 0,100 0,050 

Tb 2,61 0,037 0,054 0,059 0,014 0,007 

Dy 13,318 0,185 0,280 0,315 0,077 0,038 

Ho 2,355 0,030 0,051 0,061 0,015 0,008 

Er 5,419 0,075 0,129 0,169 0,043 0,023 

Tm 0,608 0,009 0,016 0,023 0,006 0,003 

Yb 3,22 0,060 0,097 0,152 0,037 0,022 

Lu 0,431 0,009 0,014 0,022 0,005 0,003 

×ʈɿʕ 235,49 3,165 7,681 11,547 3,606 1,605 

ʃʝʛʢʠʝ 

ʈɿʕ, % 
80,8 69,7 86,7 89,5 91,8 90,4 

ʊʷʞʝʣʳʝ 

ʈɿʕ, % 
19,2 30,3 13,3 10,5 8,2 9,6 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɸʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʤʠʨʦʚʦʡ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴ-

ʝʚʦʡ ʙʘʟʳ ʩʚʠʥʮʘ ʠ ʮʠʥʢʘ ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ɸʆ 

çɻʄʂ çɼʘʣʴʧʦʣʠʤʝʪʘʣʣè ʢ ʦʜʥʦʤʫ ʠʟ ʢʨʫʧʥʝʡʰʠʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʦʣʝʟʥʦʡ ʧʨʦʜʫʢʮʠʠ (ʜʦʣʷ ʚ ʤʠʨʦ-

ʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ï 2%) ʠ ʊʄʆ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ 

ʨʫʜ, ʤʝʪʦʜʠʢʠ ʜʦʙʳʯʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʦʙʦ-

ʛʘʱʝʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 

ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʊʄʆ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʱʝʩʪʚʘ ʊʄʆ ʅʠʢʦʣʘʝʚʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʦʟʤʦʞʥʦ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ɸ ʚʝʱʝ-

ʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ, ʥʘʢʦʧʣʝʥʥʳʭ ʚ ʭʚʦʩʪʦ-

ʭʨʘʥʠʣʠʱʘʭ ʩʣʝʜʫʝʪ ʧʝʨʝʦʮʝʥʠʪʴ ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʥʝʛʦ ʧʦʣʝʟʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʅʝʡʪʨʘʣʠʟʘʮʠʷ ʪʝʭʥʦʛʝʥʥʳʭ ʚʦʜ ʩ ʧʦʧʫʪʥʳʤ ʠʟʚʣʝ-

ʯʝʥʠʝʤ ʨʘʩʪʚʦʨʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ð ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 
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ʪʝʨʨʠʪʦʨʠʶ. 
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ʧʦʜʜʝʨʞʢʫ ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʠʥʥʦʚʘʮʠʡ ʚ ʨʘʤʢʘʭ 

ʥʘʠʣʫʯʰʠʭ ʜʦʩʪʫʧʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 
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ɸʅʆʊɸʎɯʗ 

ɯʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʦ ʚôʷʟʢʦʩʪʽ ʮʝʟʽʶ ʪʘ ʨʫʙʽʜʽʶ ʚ ʛʘʟʦʚʽʡ ʬʘʟʽ ʦʜʝʨʞʘʥʦ ʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚ-

ʥʠʭ ʧʝʨʝʨʽʟʽʚ ʟʽʪʢʥʝʥʴ çʘʪʦʤ-ʘʪʦʤè ʪʘ ʚʽʜʥʦʩʥʠʭ ʧʝʨʝʨʽʟʽʚ ʟʽʪʢʥʝʥʴ çʘʪʦʤ-ʤʦʣʝʢʫʣʘè. ʈʦʟʨʦʙʣʝʥʦ ʨʦʟʨʘʭʫ-

ʥʢʦʚʽ ʨʽʚʥʷʥʥʷ ʽ ʪʘʙʣʠʮʽ ʚôʷʟʢʦʩʪʽ ʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʪʠʩʢʽʚ.  

ABSTRACT  

From experimental data on the viscosity of cesium in the gas phase, the values of the effective cross sections 

of the çatom-atomè collisions and the relative crosssections of the çatom-moleculeè collisions were obtained. 

Tables of viscosity and thermal conductivity of cesium vapor at high temperatures have been developed. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʣʫʞʥʽ ʤʝʪʘʣʠ, ʨʫʙʽʜʽʡ, ʮʝʟʽʡ, ʛʘʟʦʚʘ ʬʘʟʘ, ʚôʷʟʢʽʩʪʴ, ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʧʝʨʝʨʽʟʠ ʟʽʪʢ-

ʥʝʥʴ. 

Keywords: alkali metals, rubidium, cesium, gas phase, viscosity, thermal conductivity, collisions. 

 

ɺʩʪʫʧ. ʋʩʧʽʰʥʝ ʚʠʨʽʰʝʥʥʷ ʟʥʘʯʥʦʛʦ ʯʠʩʣʘ 

ʧʨʦʙʣʝʤ ʩʫʯʘʩʥʦʾ ʪʝʭʥʽʢʠ ʧʦʚôʷʟʘʥʝ ʽʟ ʟʘʩʪʦʩʫʚʘʥ-

ʥʷʤ ʧʘʨʠ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ. ʆʙʣʘʩʪʴ ʾʭ ʤʦʞʣʠʚʦʛʦ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷ ʥʘʜʟʚʠʯʘʡʥʦ ʚʝʣʠʢʘ. ʎʝ ï ʪʝʧʣʦʚʽ 

ʪʨʫʙʠ, ʛʘʟʦʬʘʟʥʽ ʷʜʝʨʥʽ ʨʝʘʢʪʦʨʠ ʪʝʨʤʦʝʤʽʩʽʡʥʽ ʧʝ-

ʨʝʪʚʦʨʶʚʘʯʽ ʝʥʝʨʛʽʾ (ʉs), ʽʦʥʥʽ ʜʚʠʛʫʥʠ (ʉs), ʘʪʦʤʥʽ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʥʘ ʰʚʠʜʢʠʭ ʥʝʡʪʨʦʥʘʭ. ʇʝʨʝʨʽʟʠ 

ʟʽʪʢʥʝʥʴ ʘʪʦʤʽʚ, ʤʦʣʝʢʫʣ ʪʘ ʽʦʥʽʚ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ ʘʝʨʦʪʝʨʤʦʜʠʥʘʤʽʯʥʦʤʫ ʤʦʜʝ-

ʣʶʚʘʥʥʽ ʧʦʪʦʢʫ ʚʭʦʜʫ ʤʝʪʝʦʨʠʪʽʚ ʫ ʨʦʟʨʽʜʞʝʥʠʭ 

ʰʘʨʘʭ ʘʪʤʦʩʬʝʨʠ ɿʝʤʣʽ [1, 2]. 

ʅʘ ʩʴʦʛʦʜʥʽ ʜʝʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʦ ʪʝʧʣʦʬʽʟʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʨʽʜʢʦʾ ʬʘʟʠ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ, ʘʣʝ ʾʭ ʚʣʘ-

ʩʪʠʚʦʩʪʽ ʚʠʚʯʝʥʦ ʥʝʜʦʩʪʘʪʥʴʦ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʮʝ 

ʩʪʦʩʫʻʪʴʩʷ ʚôʷʟʢʦʩʪʽ ʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ɽʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʽ ʜʘʥʽ [3,4,5,7,8,9] ʧʦ ʮʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ ʚ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʦʙʤʝʞʝʥʽ ʪʝʤʧʝʨʘʪʫʨʦʶ 

1200é1250ʂ. ɺ ʩʫʯʘʩʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʢʘʭ 

ʪʘ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʨʠʩʪʨʦʷʭ ʚʠʢʦʨʠʩʪʦʚʫ-

ʶʪʴ ʧʘʨʫ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 2000-

2500 ʂ. ʊʘʢʠʡ ʩʫʪʪʻʚʠʡ ʨʦʟʨʠʚ ʤʽʞ ʝʢʩʧʝʨʠʤʝʥʪʘ-

ʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʽ ʧʨʘʢʪʠʯʥʠʤ ʟʘʩʪʦʩʫʚʘʥ-

ʥʷʤ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ ʚ ʛʘʟʦʚʽʡ ʬʘʟʽ ʧʦʷʩʥʶʻʪʴʩʷ ʾʭ 

ʚʠʩʦʢʦʶ ʭʽʤʽʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ, ʩʢʣʘʜʥʽʩʪʶ ʚʠʛʦʪʦ-

ʚʣʝʥʥʷ ʽ ʥʝʟʥʘʯʥʠʤ ʨʝʩʫʨʩʦʤ ʨʦʙʦʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘ-

ʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʟʥʘʯʥʦʶ ʩʦʙʽʚʘʨʪʽʩʪʶ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. 

ʄʝʪʘ ʜʘʥʦʾ ʨʦʙʦʪʠ: ʚʩʪʘʥʦʚʠʪʠ ʟʘʣʝʞʥʽʩʪʴ 

ʚôʷʟʢʦʩʪʽ ʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʨʫʙʽʜʽʶ ʽ ʮʝʟʽʶ ʚ ʛʘ-

ʟʦʚʽʡ ʬʘʟʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʠʩʢʫ. ʈʦʟʨʦʙʠʪʠ ʨʦʟ-

ʨʘʭʫʥʢʦʚʽ ʨʽʚʥʷʥʥʷ ʽ ʪʘʙʣʠʮʽ ʚôʷʟʢʦʩʪʽ ʪʘ ʪʝʧʣʦʧʨʦ-

ʚʽʜʥʦʩʪʽ ʫ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʪʠʩ-

ʢʽʚ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʇʨʠ ʪʝʤʧʝʨʘʪʫ-

ʨʘʭ ʜʦ 2000 ʂ ʽ ʪʠʩʢʘʭ 1...1500 ʢʇʘ ʣʫʞʥʽ ʤʝʪʘʣʠ ʚ 

ʛʘʟʦʚʽʡ ʬʘʟʽ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʙʽʥʘʨʥʫ ʛʘʟʦʚʫ ʩʫ-

ʤʽʰ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʪʦʤʽʚ ʽ ʜʚʦʭʘʪʦʤʥʠʭ ʤʦʣʝ-

ʢʫʣ, ʤʽʞ ʷʢʠʤʠ ʧʨʦʪʽʢʘʶʪʴ ʨʝʘʢʮʽʾ ʜʠʩʦʮʽʘʮʽʾ. ɽʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʝʨʝʥʦʩʫ ʚ 

ʧʘʨʘʭ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ ʧʦʚôʷʟʘʥʽ ʟ ʪʨʫʜʥʦʱʘʤʠ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦ-

ʜʽʚ ʯʝʨʝʟ ʚʠʩʦʢʫ ʭʽʤʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ 

ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʮʝʟʽʶ 

ʚʠʥʠʢʘʻ ʨʷʜ ʜʦʜʘʪʢʦʚʠʭ ʫʩʢʣʘʜʥʝʥʴ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ 

ʡʦʛʦ ʩʧʝʮʠʬʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʋ ʨʝʘʣʴʥʠʭ 

ʫʤʦʚʘʭ ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʦʞʫʪʴ ʧʨʦʷʚʣʷʪʠʩʷ ʧʨʦ-

ʮʝʩʠ, ʧʦʚôʷʟʘʥʽ ʟ ʪʝʨʤʦʝʣʝʢʪʨʦʥʥʦʶ ʝʤʽʩʽʻʶ ʽ ʧʦʚʝ-

ʨʭʥʝʚʦʶ ʽʦʥʽʟʘʮʽʻʶ, ʬʦʪʦʝʬʝʢʪʦʤ ʽ ʬʦʪʦʽʦʥʽʟʘʮʽʻʶ 

[22,23,24,25] ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʨʦʩʪʝ ʯʠ-

ʩʣʦ ʥʝʧʨʫʞʥʠʭ ʟʽʪʢʥʝʥʴ ʘʪʦʤʽʚ, ʘ ʧʨʠ ʚʠʩʦʢʠʭ ʪʠʩ-

ʢʘʭ ʧʨʦʷʚʣʷʻʪʴʩʷ ʨʝʘʣʴʥʽʩʪʴ ʛʘʟʽʚ. ʆʜʥʘʢ, ʤʦʞʥʘ 

ʩʪʚʦʨʠʪʠ ʪʘʢʽ ʫʤʦʚʠ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʧʨʠ ʷʢʠʭ ʧʝʨʝ-

ʨʘʭʦʚʘʥʽ ʝʬʝʢʪʠ ʧʦʤʽʪʥʦ ʥʝ ʧʨʦʷʚʣʷʶʪʴʩʷ, ʪʘ ʚʠʜʽ-
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ʣʠʪʠ ʦʙʣʘʩʪʴ ʩʪʘʥʫ ʧʘʨʠ, ʫ ʷʢʽʡ ʜʣʷ ʦʧʠʩʫ ʷʚʠʱ ʧʝ-

ʨʝʥʦʩʫ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʥʘ ʤʦʜʝʣʴ ʽʜʝʘʣʴʥʦʛʦ 

ʛʘʟʫ, ʚ ʷʢʦʤʫ ʧʨʦʪʽʢʘʶʪʴ ʨʝʘʢʮʽʾ ʫʪʚʦʨʝʥʥʷ ʪʘ ʨʦʟ-

ʧʘʜʫ ʤʦʣʝʢʫʣ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ 

ʩʪʨʦʛʦʾ ʢʽʥʝʪʠʯʥʦʾ ʪʝʦʨʽʾ ʏʝʧʤʝʥʘ-ɭʥʩʢʦʛʘ ʽ ɻʽʨʰ-

ʬʝʣʴʜʝʨʘ-ɹʨʦʢʘʫ [11] ʜʣʷ ʩʫʤʽʰʽ ʨʝʘʛʫʶʯʠʭ ʛʘʟʽʚ ʪʘ 

ʾʾ ʩʧʝʮʠʬʽʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʧʘʨʠ ʣʫʞʥʠʭ ʤʝ-

ʪʘʣʽʚ [12]. 

ʊʝʦʨʝʪʠʯʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʧʝʨʝʥʦʩʫ ʧʘʨʠ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ, ʷʢ ʨʝʘʛʫʶʯʦʾ ʛʘʟʦ-

ʚʦʾ ʩʫʤʽʰʽ ʘʪʦʤʽʚ ʽ ʜʚʦʭʘʪʦʤʥʠʭ ʤʦʣʝʢʫʣ, ʽʩʪʦʪʥʦ 

ʦʙʤʝʞʝʥʽ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʜʦʩʠʪʴ ʪʦʯʥʠʭ ʜʘʥʠʭ 

ʧʨʦ ʧʦʪʝʥʮʽʘʣʠ ʚʟʘʻʤʦʜʽʾ çʘʪʦʤ-ʤʦʣʝʢʫʣʘè ʽ çʤʦʣʝ-

ʢʫʣʘ-ʤʦʣʝʢʫʣʘè. ɯʩʥʫʶʯʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ 

ʧʦʚô̫ ʟʘʥʽ ʟ ʨʷʜʦʤ ʩʧʨʦʱʝʥʴ, ʱʦ ʟʚʦʜʷʪʴ ʨʝʟʫʣʴʪʘʪʠ 

ʪʘʢʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʨʽʚʝʥʴ ʦʮʽʥʦʢ. ɽʢʩʧʝʨʠʤʝʥʪ 

ʧʦʢʠ ʻ ʻʜʠʥʠʤ ʜʞʝʨʝʣʦʤ ʦʜʝʨʞʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʽʥ-

ʬʦʨʤʘʮʽʾ ʧʨʦ ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʝʥʦʩʫ ʧʘʨʠ ʣʫʞʥʠʭ 

ʤʝʪʘʣʽʚ. ʊʝʦʨʽʷ [12] ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʽʟ ʝʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʦ ʚôʷʟʢʦʩʪʽ ʦʜʝʨʞʘʪʠ ʟʥʘʯʝʥʥʷ ʚʽʜ-

ʥʦʩʥʠʭ ʧʝʨʝʨʽʟʽʚ ʟʽʪʢʥʝʥʴ çʘʪʦʤ-ʘʪʦʤè ʪʘ çʘʪʦʤ-ʤʦ-

ʣʝʢʫʣʘè ʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʾʭ, ʨʦʟʨʘʭʫʚʘʪʠ ʢʦʝʬʽʮʽ-

ʻʥʪʠ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʚôʷʟʢʦʩʪʽ ʧʘʨʠ ʚ 

ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ. 

ʆʜʥʠʤ ʽʟ ʥʘʡʟʨʫʯʥʽʰʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʧʘʨʠ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ 

ʻ ʤʝʪʦʜ ʚʽʩʢʦʟʠʤʝʪʨʘ ʟ ʢʽʣʴʮʝʚʠʤ ʢʘʥʘʣʦʤ [15] . ɺ 

ʪʘʢʦʤʫ ʚʽʩʢʦʟʠʤʝʪʨʽ ʧʘʨʘ ʣʫʞʥʦʛʦ ʤʝʪʘʣʫ ʧʨʦʪʽʢʘʻ 

ʯʝʨʝʟ ʢʘʥʘʣ ʤʽʞ ʜʚʦʤʘ ʢʦʘʢʩʽʘʣʴʥʠʤʠ ʮʠʣʽʥʜʨʘʤʠ. 

ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʚʽʩʢʦʟʠʤʝʪʨʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ, ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʢʣʘʩʠʯʥʠʭ ʢʘʧʽʣʷʨʥʠʭ ʤʝʪʦʜʽʚ, ʟʤʝ-

ʥʰʠʪʠ ʥʘ ʧʦʨʷʜʦʢ ʣʽʥʽʡʥʽ ʨʦʟʤʽʨʠ ʨʦʙʦʯʦʛʦ ʝʣʝʤʝ-

ʥʪʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʧʘʨʠ 

ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʾʾ ʩʢʣʘʜʫ ʧʦ ʜʦʚʞʠʥʽ ʨʦʙʦʯʦʛʦ ʝʣʝ-

ʤʝʥʪʘ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʾʭʥʷ ʽʥʪʝʨ-

ʧʨʝʪʘʮʽʷ. ʇʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʚô̫ ʟʢʦʩʪʽ ʧʘʨʠ ʮʝʟʽʶ (ʊ=900-1770 ʂ, ʈ=12 - 

130 ʢʇʘ, ʜʚʽ ʩʝʨʽʾ ʜʦʩʣʽʜʽʚ, ʦʜʝʨʞʘʥʦ 205 ʝʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʚôʷʟʢʦʩʪʽ) [13,14] ̔  ʨʫʙʽʜʽʶ (ʊ = 

960-1750 ʂ, ʈ=35-135 ʢʇʘ, ʦʜʝʨʞʘʥʦ 61 ʝʢʩʧʝʨʠʤʝ-

ʥʪʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚôʷʟʢʦʩʪʽ) [14], ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ 

ʧʦʭʠʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʚôʷʟʢʦʩʪʽ ʧʨʠ 

ʜʦʚʽʨʯʽʡ ʽʤʦʚʽʨʥʦʩʪʽ ʈ = 0,95 ʟʥʘʭʦʜʠʪʴʩʷ ʤʝʞʘʭ 2,5 

ï 3,6% ʽ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʢʣʘʜʘʻ 3%. 

ɺôʷʟʢʽʩʪʴ ʧʘʨʠ ʣʫʞʥʦʛʦ ʤʝʪʘʣʫ ʤʦʞʥʘ ʚʠʨʘ-

ʟʠʪʠ ʯʝʨʝʟ ʜʚʘ ʧʘʨʘʤʝʪʨʠ [12]: ʝʬʝʢʪʠʚʥʽ ʧʝʨʝʨʽʟʠ 

ʟʽʪʢʥʝʥʴ çʘʪʦʤ-ʘʪʦʤè 
*),( 22

11

2

11Ws  ʪʘ ʚʽʜʥʦʩʥʠʡ 

ʧʝʨʝʨʽʟ ʟʽʪʢʥʝʥʴ çʘʪʦʤ-ʤʦʣʝʢʫʣʘè 
2

12b . ɽʬʝʢʪʠʚʥʽ 

ʧʝʨʝʨʽʟʠ ʟʽʪʢʥʝʥʴ çʘʪʦʤ-ʘʪʦʤè ()T)*2,2(

11

2

11Ws  ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʚôʷʟʢʦʩʪʽ ʦʜʥʦʘʪʦʤʥʦʾ 

ʧʘʨʠ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʘ ʚʽʜʥʦʩʥʽ 
2

12b  ï ʟʘʣʝʞʥʽʩʪʴ 

ʚôʷʟʢʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʚʦʭʘʪʦʤʥʠʭ ʤʦʣʝʢʫʣ, 

ʷʢʘ ʻ ʬʫʥʢʮʽʻʶ ʪʠʩʢʫ.  

ɺôʷʟʢʽʩʪʴ ʦʜʥʦʪʦʤʥʦʾ ʧʘʨʠ 1h ʚ ʰʠʨʦʢʦʤʫ ʽʥ-

ʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨʠ ʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘ-

ʪʫʨʠ: 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʝʚʽʜʦʤʠʭ ʧʘʨʘʤʝʪʨʽʚ 

2

120 Abh ,, , ʧʦʪʨʽʙʥʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʮʽʣʴʦʚʫ ʬʫʥʢ-

ʮʽʶ 
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ʜʝ ihï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚôʷʟʢʦʩʪʽ, 

ihD  ï ʧʦʭʠʙʢʘ i-ʛʦ ʟʥʘʯʝʥʥʷ ʚôʷʟʢʦʩʪʽ, Tih  ï ʟʥʘ-

ʯʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʦʙʯʠʩʣʝʥʝ, ʟʘ ʩʭʝʤʦʶ ʽʜʝʘʣʴʥʦʛʦ 

ʜʠʩʦʮʽʶʶʯʦʛʦ ʛʘʟʫ [12]. 
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ʜʝ 2x  ï ʤʦʣʷʨʥʘ ʜʦʣʷ ʜʚʦʭʘʪʦʤʥʠʭ ʤʦʣʝʢʫʣ ʚ 

ʧʘʨʽ, hhhh 2121 bbaa ,,,  ï ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʚʠʟʥʘ-

ʯʘʶʪʴʩʷ ʯʝʨʝʟ ʧʝʨʝʨʽʟʠ ʟʽʪʢʥʝʥʴ çʘʪʦʤ-ʘʪʦʤè 

*),( 22

11

2

11Ws  ʪʘ çʘʪʦʤ-ʤʦʣʝʢʫʣʘè 
2

12b  [12]. 

ʈʝʟʫʣʴʪʘʪʠ ʤʽʥʽʤʽʟʘʮʽʾ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ 

( )2

120 AF bh ,,  ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ 

[13,14] ʧʨʠ ʝʥʝʨʛʽʾ ʜʠʩʦʮʽʘʮʽʾ ʤʦʣʝʢʫʣ ʮʝʟʽʶ 

100044380D0

Cs0 °= ɼʞ/ʤʦʣʴ [18] ʽ ʨʫʙʽʜʽʶ 

100048570D0

Rb0 °= ɼʞ/ʤʦʣʴ [18] ʥʘʚʝʜʝʥʦ 

ʚ ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ [13,14] 

ʄʝʪʘʣ 7

0 10Öh , 

ʇʘÖʩ 

710AÖ , 

ʇʘÖʩ/ʂ 

2

12b , 
hD , 

% 

AD , 

% 

2

12bD , 

% 

Cs 292,4 0,256 2,2 1,8 2,4 5,2 

Rb 268,4 0,233 2,3 2,1 3,0 6,5 
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ɺ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 700...2000ʂ ʟʘʣʝʞʥʽʩʪʴ ʝʬʝʢʪʠʚʥʠʭ ʧʝʨʝʨʽʟʽʚ ʟʽʪʢʥʝʥʴ çʘʪʦʤ-ʘʪʦʤè ʚʽʜ ʪʝʤʧʝ-

ʨʘʪʫʨʠ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ: 

o
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ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʠʭ ʧʝʨʝʨʽʟʽʚ ʟʽʪʢʥʝʥʴ 

çʘʪʦʤ-ʤʦʣʝʢʫʣʘè 
2

12b  ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʩʪʘʥʦʚʠʪʠ 

ʥʝ ʚʜʘʣʦʩʷ, ʦʩʢʽʣʴʢʠ ʧʦʭʠʙʢʘ 
2

12bD  ʟʘʥʘʜʪʦ ʚʝʣʠʢʘ. 

ʃʝʛʢʦ ʧʦʢʘʟʘʪʠ, ʱʦ ʜʣʷ ʾʾ ʟʤʝʥʰʝʥʥʷ ʜʦ 5%, ʥʝʦʙ-

ʭʽʜʥʦ ʟʥʘʯʥʦ ʨʦʟʰʠʨʠʪʠ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʽʥʪʝʨʚʘʣ 

ʪʠʩʢʽʚ ʤʇʘʈ 2...1~D  ʽ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ 

ʚʭʽʜʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʚôʷʟʢʦʩʪʽ ʧʘʨʠ 

ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ ʜʦ 1...2%, ʱʦ ʥʘ ʜʘʥʠʡ ʯʘʩ, ʻ ʜʦʩʠʪʴ 

ʩʢʣʘʜʥʦʶ ʥʘʫʢʦʚʦʶ-ʪʝʭʥʽʯʥʦʶ ʧʨʦʙʣʝʤʦʶ. 

ʇʝʨʝʨʽʟʠ ʟʽʪʢʥʝʥʴ çʘʪʦʤ-ʘʪʦʤè 
*),( 22

11

2

11Ws  

ʧʘʨʠ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ ʨʠʩ. 1, 

2, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʦʙʠʪʠ ʪʘʙʣʠʮʽ ʢʦʝʬʽʮʽʻʥ-

ʪʽʚ ʚôʷʟʢʦʩʪʽ ʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʰʠʨʦʢʽʡ ʦʙʣʘʩʪʽ 

ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ. 
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ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʘʨʘʤʝʪʨʽʚ 

2

120 Abh ,, , ʟʘ ʤʝʪʦʜʠʢʦʶ [12], ʨʦʟʨʦʙʣʝʥʦ ʪʘʙʣʠʮʽ 

ʚôʷʟʢʦʩʪʽ ʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʘʨʠ ʨʫʙʽʜʽʶ ʽ ʮʝʟʽʶ ʚ 

ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 700-2000 ʂ ʧʨʠ ʪʠʩʢʘʭ 1-1500 

ʢʇʘ, ʚʢʣʶʯʘʶʯʠ ʣʽʥʽʶ ʥʘʩʠʯʝʥʥʷ. ʊʠʩʢ ʧʘʨʠ ʥʘ ʣʽ-

ʥʽʾ ʥʘʩʠʯʝʥʥʷ ʚʠʟʥʘʯʘʚʩʷ ʟʘ [19], ʤʦʣʷʨʥʘ ʢʦʥʮʝʥʪ-

ʨʘʮʽʷ ʜʚʦʭʘʪʦʤʥʠʭ ʤʦʣʝʢʫʣ2x ʟʘ [11], ʪʝʨʤʦʜʠʥʘ-

ʤʽʯʥʽ ʢʦʥʩʪʘʥʪʠ, ʥʝʦʙʭʽʜʥʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʩʢʣʘʜʫ 

ʧʘʨʠ ʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚʟʷʪʽ ʟ [20]: 

PK

P
x

01325.1

4
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2
12

+

-= , (7) 

öö
÷

õ
ææ
ç

å
-

F-F
=

RT

D

R
KP

0

0

*

2

*

12
exp ,  (8) 

ʜʝ -ʈʂ  ʢʦʥʩʪʘʥʪʘ ʨʽʚʥʦʚʘʛʠ, -ʈ  ʪʠʩʢ, 

-0

0D  ʝʥʝʨʛʽʷ ʜʠʩʦʮʽʘʮʽʾ ʤʦʣʝʢʫʣ,
*

1F  ʽ -F
*

2  ʽʟʦ-

ʙʘʨʥʦ-ʽʟʦʪʝʨʤʽʯʥʽ ʧʦʪʝʥʮʽʘʣʠ ʘʪʦʤʘʨʥʦʾ ʽ ʤʦʣʝʢʫ-

ʣʷʨʥʦʾ ʢʦʤʧʦʥʝʥʪʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 2-15, 

ʨʠʩ. 4-6. 

ʊʘʙʣʠʮʷ 2 

ɺôʷʟʢʽʩʪʴ ʧʘʨʠ ʨʫʙʽʜʽʶ ( )ʩʇʘÖÖh ,107
 

ʊ, ʂ 
ʆʜʥʦʘʪʦʤʥʘ ʧʘʨʘ, 1h  P, ʢʇʘ 

ʃʽʥʽʷ ʥʘʩʠʯʝʥʥʷ, Sh  
10 100 400 1000 1500 

700 198,5      186,2 

800 221,8 207     200,8 

900 245,1 237,9     213,9 

1000 268,4 264,3 236,5    226,2 

1100 291,7 289,2 270,0    238,2 

1200 315,0 313,3 299,8 267,7   250,2 

1300 338,3 337,1 327,2 301,2   262,4 

1400 361,6 360,7 353,2 332,2 302,2 284,6 274,8 

1500 384,9 384,2 378,4 361,2 334,7 318,1 287,6 

1600 408,2 407,7 403,0 388,7 365,6 350,2 300,8 

1700 431,5 431,1 427,2 415,3 395,0 380,9 314,5 

1800 454,8 454,4 451,2 441,0 423,3 410,5 328,7 

2000 501,4 501,1 498,8 491,1 477,2 466,8 - 

 

ʊʘʙʣʠʮʷ 3 

ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʧʘʨʠ ʨʫʙʽʜʽʶ( ))/(,104 ʂʤɺʪ ÖÖl  

ʊ, ʂ 
ʆʜʥʦʘʪʦʤʥʘ ʧʘʨʘ, 1l 

P, ʢʇʘ 
ʃʽʥʽʷ ʥʘʩʠʯʝʥʥʷ, Sl 

10 100 400 1000 1500 

700 72,4      93,4 

800 80,9 90,8     100,2 

900 89,4 96,3     111,9 

1000 97,9 100,9 119,1    124,8 

1100 106,4 107,8 117,9    131,4 

1200 114,9 115,6 121,2 132,3   137,0 

1300 123,4 123,8 127,0 134,3 141,2  142,0 

1400 131,9 132,1 134,0 138,8 144,0 146,1 147,1 

1500 140,4 140,5 141,6 144,5 148,1 149,7 151,5 

1600 148,9 149,0 149,6 151,4 153,7 154,8 156,2 

1700 157,4 157,4 157,8 158,8 160,2 160,9 161,2 

1800 165,9 165,9 166,1 167,7 167,4 167,8 166,3 

2000 182,9 182,9 182,9 182,9 182,8 182,7 - 
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ʊʘʙʣʠʮʷ 4 

ʉʢʣʘʜʦʚʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʘʨʠ ʨʫʙʽʜʽʶ ( ))/(, ʂʤɺʪ
4

10
ɿ

ÖÖl  

ʊ, ʂ 
ʆʜʥʦʘʪʦʤʥʘ ʧʘʨʘ, 1l 

P, ʢʇʘ 
ʃʽʥʽʷ ʥʘʩʠʯʝʥʥʷ, Sl 

10 100 400 1000 1500 

700 72,4      25,3 

800 80,9 23,0     32,8 

900 89,4 9,5     38,1 

1000 97,9 4,4 32,5    41,4 

1100 106,4 2,3 19,3    43,3 

1200 114,9 1,3 12,0 34,3   44,3 

1300 123,4 0,8 7,8 24,5 42,2  44,6 

1400 131,9 0,6 5,3 17,9 33,6 41,3 45,0 

1500 140,4 0,4 3,7 13,1 26,3 33,6 44,5 

1600 148,9 0,3 2,7 9,9 20,8 27,4 44,1 

1700 157,4 0,2 2,1 7,7 16,7 22,5 43,8 

1800 165,9 0,2 1,6 6,0 13,5 18,5 - 

2000 182,9 0,1 1,0 4,0 9,2 12,9 - 

 

ʊʘʙʣʠʮʷ 5 

ʉʢʣʘʜʦʚʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʘʨʠ ʨʫʙʽʜʽʶ ( ))/(, ʂʤɺʪ
4

10
ʈ

ÖÖl  

ʊ, ʂ 
ʆʜʥʦʘʪʦʤʥʘ ʧʘʨʘ, 1l 

P, ʢʇʘ 
ʃʽʥʽʷ ʥʘʩʠʯʝʥʥʷ, Sl 

10 100 400 1000 1500 

700 72,4       

800 80,9 23,0     32,8 

900 89,4 9,5     38,0 

1000 97,9 4,4 32,5    41,4 

1100 106,4 2,3 19,3    43,3 

1200 114,9 1,3 12,0 34,3   44,3 

1300 123,4 0,8 7,8 24,5 42,2  44,6 

1400 131,9 0,6 5,3 17,9 33,6 41,3 45,0 

1500 140,4 0,4 3,7 13,1 26,3 33,6 44,5 

1600 148,9 0,3 2,7 9,9 20,8 27,4 44,1 

1700 157,4 0,2 2,1 7,7 16,7 22,5 43,8 

1800 165,9 0,2 1,6 6,0 13,5 18,5 - 

2000 182,9 0,1 1,0 4,0 9,2 12,9 - 

 

ʊʘʙʣʠʮʷ 6 

ʉʢʣʘʜʦʚʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʘʨʠ ʨʫʙʽʜʽʶ ( ))/(,410 ʂʤɺʪʟ ÖÖl  

ʊ, ʂ ʆʜʥʦʘʪʦʤʥʘ 

ʧʘʨʘ, 1l 

P, ʢʇʘ ʃʽʥʽʷ ʥʘʩʠ-

ʯʝʥʥʷ, ʟʳl  
10 100 400 1000 1500 

700 72,4      68,1 

800 80,9 75,8     73,6 

900 89,4 86,8     78,6 

1000 97,9 96,4 86,7    83,4 

1100 106,4 105,5 98,8    88,1 

1200 114,9 114,3 109,3 98,1   92,7 

1300 123,4 123,0 119,2 109,8 99,9  97,4 

1400 131,9 131,6 128,7 120,9 110,4 104,9 102,1 

1500 140,4 140,1 137,9 131,4 121,8 116,1 107,0 

1600 148,9 148,7 146,9 141,5 132,9 127,4 112,1 

1700 157,4 157,2 155,7 151,2 143,5 138,4 117,4 

1800 165,9 165,8 164,5 160,6 153,9 149,2 - 

2000 182,9 182,8 181,9 179,0 173,7 169,8 - 
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ʊʘʙʣʠʮʷ 7 

ʄʦʣʷʨʥʘ ʜʦʣʷ ʤʦʣʝʢʫʣ ʚ ʧʘʨʽ ʨʫʙʽʜʽʶ ʍ2,% ( ʧʨʠ ʤʦʣʴɼʞD Rb /1000485700

0 °=  ) 

ʊ, ʂ P, ʢʇʘ ʅʘ ʣʽʥʽʾ ʥʘʩʠ-

ʯʝʥʥʷ 

ʊʠʩʢ ʥʘ ʣʽʥʽʾ ʥʘ-

ʩʠʯʝʥʥʷ Ps, ʢʇʘ 10 100 400 1000 1500 

700      3,44 3,13 

800 3,62     5,56 15,66 

900 1,56     7,60 54,31 

1000 0,80 7,03    9,70 146,3 

1100 0,45 4,18    11,67 328,4 

1200 0,28 2,64    13,45 643,6 

1300 0,18 1,77 6,42 13,65  15,03 1137 

1400 0,13 1,24 4,62 10,23 14,06 16,40 1849 

1500 0,09 0,90 3,43 7,80 10,93 17,56 2515 

1600 0,07 0,68 2,61 6,07 8,62 18,54 4057 

1700 0,05 0,53 2,04 4,82 6,91 19,31 5582 

1800 0,04 0,42 1,63 3,88 5,62 19,9 7380 

2000 0,03 0,28 1,09 2,64 3,86 20,5 11650 

 

ʊʘʙʣʠʮʷ 8 

ɺôʷʟʢʽʩʪʴ ʧʘʨʠ ʮʝʟʽʶ ( )ʩʇʘÖÖh ,107
 

ʊ, ʂ ʆʜʥʦʘʪʦʤʥʘ 

ʧʘʨʘ, 1h 

P, ʢʇʘ ʃʽʥʽʷ ʥʘʩʠ-

ʯʝʥʥʷ, Sh  
10 100 400 1000 1500 

700 215,6      203,6 

800 241,2 230,2     220,6 

900 266,8 261,0     235,9 

1000 292,2 288,9 264,1    250,2 

1100 318,0 315,8 298,3    264,1 

1200 343,6 342,0 329,3 298,1   277,9 

1300 369,2 368,1 358,4 332,8 299,2  291,9 

1400 394,8 393,9 386,4 365,3 334,8 316,7 306,2 

1500 420,4 419,7 413,7 396,1 368,9 351,7 321,1 

1600 446,0 445,4 440,5 425,6 401,4 385,4 336,4 

1800 497,2 496,8 493,3 468,4 448,1 433,8 368,5 

2000 548,4 548,1 545,4 536,9 521,5 510 - 

 

ʊʘʙʣʠʮʷ 9 

ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʧʘʨʠ ʮʝʟʽʶ( ))/(,104 ʂʤɺʪ ÖÖl  

ʊ, ʂ ʆʜʥʦʘʪʦʤʥʘ 

ʧʘʨʘ, 1l 

P, ʢʇʘ ʃʽʥʽʷ ʥʘʩʠ-

ʯʝʥʥʷ, Sl 
10 100 400 1000 1500 

700 50,6      62,9 

800 56,6 64,9     71,5 

900 62,6 65,9     78,6 

1000 68,6 70,1 79,8    84,4 

1100 74,6 75,3 80,8    89,2 

1200 80,6 81,0 84,1 90,3   93,4 

1300 86,6 86,8 88,6 92,7 96,6  97,2 

1400 92,6 92,7 93,8 96,5 99,3 100,4 100,9 

1500 98,6 98,7 99,3 101,8 102,9 103,8 104,6 

1600 104,6 104,6 105,0 106,1 107,3 107,9 108,4 

1800 116,6 116,6 116,7 117,0 117,4 117,5 116,3 

2000 548,4 548,1 545,4 536,9 521,5 510 - 
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ʊʘʙʣʠʮʷ 10 

ɺôʷʟʢʽʩʪʴ ʧʘʨʠ ʮʝʟʽʶ ( )ʩʇʘÖÖh ,107
 

ʊ, ʂ 
ʆʜʥʦʘʪʦʤʥʘ ʧʘʨʘ, 1h 

P, ʢʇʘ 
ʃʽʥʽʷ ʥʘʩʠʯʝʥʥʷ, Sh  

10 100 400 1000 1500 

700 215,6      203,6 

800 241,2 230,2     220,6 

900 266,8 261,0     235,9 

1000 292,2 288,9 264,1    250,2 

1100 318,0 315,8 298,3    264,1 

1200 343,6 342,0 329,3 298,1   277,9 

1300 369,2 368,1 358,4 332,8 299,2  291,9 

1400 394,8 393,9 386,4 365,3 334,8 316,7 306,2 

1500 420,4 419,7 413,7 396,1 368,9 351,7 321,1 

1600 446,0 445,4 440,5 425,6 401,4 385,4 336,4 

1700 471,6 471,1 467,0 453,3 432,8 417,9 352,2 

1800 497,2 496,8 493,3 468,4 448,1 433,8 368,5 

2000 548,4 548,1 545,4 536,9 521,5 510 - 

 

ʊʘʙʣʠʮʷ 11 

ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʧʘʨʠ ʮʝʟʽʶ( ))/(,104 ʂʤɺʪ ÖÖl  

ʊ,ʂ 
ʆʜʥʦʘʪʦʤʥʘ ʧʘʨʘ, 1l 

P, ʢʇʘ 
ʃʽʥʽʷ ʥʘʩʠʯʝʥʥʷ, Sl 

10 100 400 1000 1500 

700 50,6      62,9 

800 56,6 64,9     71,5 

900 62,6 65,9     78,6 

1000 68,6 70,1 79,8    84,4 

1100 74,6 75,3 80,8    89,2 

1200 80,6 81,0 84,1 90,3   93,4 

1300 86,6 86,8 88,6 92,7 96,6  97,2 

1400 92,6 92,7 93,8 96,5 99,3 100,4 100,9 

1500 98,6 98,7 99,3 101,8 102,9 103,8 104,6 

1600 104,6 104,6 105,0 106,1 107,3 107,9 108,4 

1700 110,6 110,6 110,8 111,4 112,2 112,2 112,4 

1800 116,6 116,6 116,7 117,0 117,4 117,5 116,3 

2000 128,6 128,6 128,6 128,6 128,5 128,3 - 

 

ʊʘʙʣʠʮʷ 12 

ʉʢʣʘʜʦʚʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʘʨʠ ʮʝʟʽʶ( ))/(, ʂʤɺʪ
4

10
ɿ

ÖÖl  

ʊ, ʂ ʆʜʥʦʘʪʦʤʥʘ 

ʧʘʨʘ, 1l 

P, ʢʇʘ ʃʽʥʽʷ ʥʘʩʠ-

ʯʝʥʥʷ, Sl 
10 100 400 1000 1500 

700 50,6      47,9 

800 56,6      52,1 

900 62,6      55,8 

1000 68,6 67,8 62,2    59,4 

1100 74,6 74,1 70,0    62,8 

1200 80,6 80,2 77,2 70,2   66,2 

1300 86,6 86,3 84,0 78,0 71,0  69,7 

1400 92,6 92,4 90,6 85,5 78,7 75,1 73,2 

1500 98,6 98,4 97,0 92,7 86,4 82,7 77,0 

1600 104,6 104,5 103,3 99,6 93,9 90,3 80,9 

1700 110,6 110,5 109,5 106,4 101,3 97,9 85,1 

1800 116,6 116,5 115,6 113,0 108,4 105,2 89,3 

2000 128,6 128,5 127,9 125,8 122,2 119,5 - 
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ʊʘʙʣʠʮʷ 13 

ʉʢʣʘʜʦʚʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʘʨʠ ʮʝʟʽʶ( ))/(, ʂʤɺʪ
4

10
ʈ

ÖÖl  

ʊ, ʂ 
ʆʜʥʦʘʪʦʤʥʘ ʧʘʨʘ, 1l 

P, ʢʇʘ 
ʃʽʥʽʷ ʥʘʩʠʯʝʥʥʷ, Sl 

10 100 400 1000 1500 

700 50,6      14,9 

800 56,6 10,8     19,5 

900 62,6 4,7     22,8 

1000 68,6 2,3 17,6    25,0 

1100 74,6 1,3 10,8    26,4 

1200 80,6 0,8 6,9 20,1   27,1 

1300 86,6 0,5 4,6 14,7 25,6  27,5 

1400 92,6 0,3 3,2 10,9 20,6 25,3 27,7 

1500 98,6 0,2 2,4 8,3 16,5 21,1 27,6 

1600 104,6 0,2 1,8 6,4 15,4 17,6 27,5 

1700 110,6 0,1 1,4 5,1 10,9 14,6 27,3 

1800 116,6 0,1 1,1 4,1 9,0 12,3 27,0 

2000 128,6 0,1 0,7 2,7 6,3 8,8 - 

 

ʊʘʙʣʠʮʷ 14 

ʄʦʣʷʨʥʘ ʜʦʣʷ ʤʦʣʝʢʫʣ ʚ ʧʘʨʽ ʮʝʟʽʶ ʍ2,% ( ʧʨʠ ʤʦʣʴɼʞ44380D0

0
/= ) 

ʊ, ʂ P, ʢʇʘ ʅʘ ʣʽʥʽʾ ʥʘʩʠʯʝʥʥʷ ʊʠʩʢ ʥʘ ʣʽʥʽʾ 

ʥʘʩʠʯʝʥʥʷ Ps, 

ʢʇʘ 
10 100 400 1000 1500 

700      3,33 4,52 

800 2,72     5,31 20,59 

900 1,27     7,43 66,56 

1000 0,68 6,07    9,56 169,8 

1100 0,40 3,75    11,75 364,9 

1200 0,26 2,46 8,65   13,40 689,6 

1300 0,18 1,70 6,20 13,26  15,01 1180 

1400 0,13 1,23 4,58 10,16 13,97 16,39 1864 

1500 0,09 0,92 3,48 7,92 11,08 17,54 2760 

1600 0,07 0,71 2,71 6,30 8,92 18,47 3880 

1700 0,06 0,56 2,16 5,09 7,28 19,21 5221 

1800 0,05 0,45 1,75 4,17 6,02 19,80 6780 

2000 0,03 0,31 1,21 2,93 4,27 - - .

800 1000 1200 1400 1600 1800 2000
150

200

250

300

350

400

450

500

 

ʆʜʥʦʘʪʦʤʥʘ ʧʘʨʘ 

ʃʽʥʽʷ ʥʘʩʠʯʝʥʥʷ 

1500 ʢʇʘ 
1000 ʢʇʘ 

600 ʢʇʘ 
200 ʢʇʘ  

100 ʢʇʘ 
25 ʢʇʘ 

ʈ=5 ʢʇʘ 

  ʊ, ʂ 

hÖ107, ʇʘÖʩ 

 
ʈʠʩ. 3. ɺôʷʟʢʽʩʪʴ ʧʘʨʠ ʨʫʙʽʜʽʶ 

 



24 Sciences of Europe # 51, (2020) 

800 1000 1200 1400 1600

80

100

120

140

160

.

.
 

 lÖ104, ɺʪ/(ʤÖʂ) 

 ʊ, ʂ 

ʈ=1 ʢʇʘ 

10 ʢʇʘ 

5 ʢʇʘ 

25 ʢʇʘ 

50 ʢʇʘ 

100 ʢʇʘ 

200 ʢʇʘ 

400 ʢʇʘ 

600 ʢʇʘ 

1000 ʢʇʘ 

1500 ʢʇʘ 

ʆʜʥʦʘʪʦʤʥʘ ʧʘʨʘ 

 

ʃʽʥʽʷ ʥʘʩʠʯʝʥʥʷ 

 

 
ʈʠʩ. 4. ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʧʘʨʠ ʨʫʙʽʜʽ ʁ

 

 

ʆʜʥʦʘʪʦʤʥʘ ʧʘʨʘ 

ʃʽʥʽʷ ʥʘʩʠʯʝʥʥʷ 

1500 ʢʇʘ 

1000 ʢʇʘ 

600 ʢʇʘ 
200 ʢʇʘ  

100 ʢʇʘ 

25 ʢʇʘ 
ʈ=5 ʢʇʘ   ʊ, ʂ 

hÖ107, ʇʘÖʩ 

 
ʈʠʩ. 5. ɺôʷʟʢʽʩʪʴ ʧʘʨʠ ʮʝʟʽʶ 
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ʈʠʩ. 6. ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʧʘʨʠ ʮʝʟʽʶ 

 

ʊʘʙʣʠʮʷ 15 

ʇʦʭʠʙʢʠ ʪʘʙʣʠʯʥʠʭ ʟʥʘʯʝʥʴ ʚôʷʟʢʦʩʪʽ ʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, % 

T, K ʎʝʟʽʡ ʈʫʙʽʜʽʡ 

h1 l1 hs ls h1 l1 hs ls 

¢1650 3 3,5 5 6 3,5 4 5 6 

>1650 4,0 5,0 10 10 4,5 5,5 10 10 

 

ʅʘ ʧʨʘʢʪʠʮʽ, ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʚôʷʟʢʦʩʪʽ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ ʫ ʛʘʟʦʚʽʡ ʬʘʟʽ ʟʨʫʯʥʦ ʨʦʟʨʘ-

ʭʦʚʫʚʘʪʠ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ [2]: 
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ʜʝ 2x ï ʤʦʣʷʨʥʘ ʜʦʣʷ ʜʚʦʭʘʪʦʤʥʠʭ ʤʦʣʝʢʫʣ ʚ 
ʧʘʨʽ ʣʫʞʥʦʛʦ ʤʝʪʘʣʫ, -DH  ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʨʝʘʢ-

ʮʽʾ ʜʠʩʦʮʽʘʮʽʾ ʤʦʣʝʢʫʣ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ T, ʢʦʝʬʽ-

ʮʽʻʥʪʠ: p

ʇ

n

ɺʅ

nn BɺBA ,., ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ , ʚʦʥʠ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʯʝʨʝʟ ʚʽʜʥʦʩʥʽ ʧʝʨʝʨʽʟʠ ʟʽʪʢʥʝʥʴ ʪʘ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʢʦʥʩʪʘʥʪʠ ʧʘʨʠ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ, ʾʭ 

ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 16. 

 

ʊʘʙʣʠʮʷ 16 

ʂʦʝʬʽʮʽʻʥʪʠ ʨʽʚʥʷʥʴ (9ï15) 

n 1 2 3 1 2 3 

ʂʦʝʬʽʮʽʻʥʪ ʈʫʙʽʜʽʡ ʎʝʟʽʡ 

ɸn -1.916 3.594 -6.615 -1.762 3.073 -5.256 

Bn -2.172 4.171 -7.903 -1.987 3.571 -6.316 

Bn
n -2.374 4.414 -8.195 -2.231 3.852 -6.640 

Bn
BH 0.202 -0.243 0.292 0.244 -0.281 0.324 

BP 0.145 0.151 

 

ʂʦʝʬʽʮʽʻʥʪʠ ʚôʷʟʢʦʩʪʽ ʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʮʝ-

ʟʽʶ ʽ ʨʫʙʽʜʽʶ ʚ ʛʘʟʦʚʽʡ ʬʘʟʽ ʥʘ ʽʟʦʙʘʨʘʭ ʜʦʩʠʪʴ ʪʦʯʥʦ 

ʘʧʨʦʢʩʠʤʫʶʪʴʩʷ ʧʦʣʽʥʦʤʘʤʠ ʪʨʝʪʴʦʛʦ ʧʦʨʷʜʢʫ: 

ä Ö=Ö
3

0

7 ,10 ʩʇʘʩ n

nth , (16) 

ä
Ö

=Ö
3

0

4 ,10
ʂʤ

ɺʪ
b n

ntl , (17) 

ʜʝ 
1000

ʊ
=t , KTT 2000...*= . 

ʇʦʭʠʙʢʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ʤʝʥʰʘ 1%, ʱʦ ʟʥʘʯʥʦ 

ʥʠʞʯʝ ʧʦʭʠʙʦʢ ʪʘʙʣʠʯʥʠʭ ʟʥʘʯʝʥʴ h ̔l. ʂʦʝʬʽʮʽ-
ʻʥʪʠ ʨʽʚʥʷʥʴ (16, 17) ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʷʭ 17,18 

ʊʘʙʣʠʮʷ 17 

ʂʦʝʬʽʮʽʻʥʪʠ ʨʽʚʥʷʥʴ (16,17) ʜʣʷ ʧʘʨʠ ʨʫʙʽʜʽʶ 

ʈ, ʢʇʘ ʊ*, ʂ ʘ0 ʘ1 ʘ2 ʘ3 b0 b1 b2 b3 

ɺôʷʟʢʽʩʪʴ ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ 

25 850 -157.5 593.6 -225.1 46.5 260.5 -401.6 314.5 -66.7 

50 900 -233.6 717.1 -293.2 59.2 324.5 -508.5 373.4 -77.4 

100 1000 -298.9 800.2 -327.5 63.5 325.7 -477.8 336.9 -66.9 

200 1050 -380.6 891.4 -358.7 51.2 387.2 -562.5 374.2 -72.1 

400 1150 -444.2 928.7 -353.2 61.4 421.0 -591.2 376.8 -70.4 

1000 1300 -508.6 923.7 -317.7 51.2 442.7 -582.5 350.8 -62.9 

Ps 700 64.0 223.8 -85.5 23.8 -60.9 337.1 -195.0 43.2 

 

ʊʘʙʣʠʮʷ 18 

ʂʦʝʬʽʮʽʻʥʪʠ ʨʽʚʥʷʥʴ (16,17) ʜʣʷ ʧʘʨʠ ʮʝʟʽʶ 

ʈ, ʢʇʘ ʊ*, ʂ ʘ0 ʘ1 ʘ2 ʘ3 b0 b1 b2 b3 

ɺôʷʟʢʽʩʪʴ ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ 

25 850 -114.7 536.5 -174.5 36.0 123.0 -163.7 143.9 -30.7 

50 900 -180.0 641.3 -232.3 45.7 157.0 -219.5 174.1 -35.8 

100 1000 -247.4 730.9 -271.6 52.2 193.0 -274.4 201.6 -40.3 

200 1050 -341.2 861.4 -337.0 54.2 198.5 -264.1 185.1 -35.3 

400 1150 -522.1 1139.9 -494.5 95.1 175.7 -198.1 133.5 -23.2 

1000 1300 -257.6 501.8 -56.3 0.04 304.9 -417.7 260.5 -47.9 

Ps 700 59.7 264.9 -103.1 28.4 -49.8 248.8 -149.2 34.5 

 

ɯʟ ʪʘʙʣʠʮʴ 6, 12 ʚʠʜʥʦ, ʱʦ çʟʘʤʦʨʦʞʝʥʘè ʩʢʣʘ-

ʜʦʚʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ɿl ʜʣʷ ʧʘʨʠ ʮʝʟʽʶ ʽ ʨʫʙʽʜʽʶ 

ʟʤʝʥʰʫʻʪʴʩʷ ʟ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʦʣʝʢʫʣ , ʘ çʨʝ-

ʘʢʮʽʡʥʘè 
ʈl ʟʙʽʣʴʰʫʻʪʴʩʷ (ʪʘʙʣ. 7, 13). ʉʫʤʘʨʥʠʡ 

ʾʭ ʚʢʣʘʜ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ 
2

12b  ʪʘ ʟʥʘʯʝʥʴ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʢʦʥʩʪʘʥʪ. ɼʣʷ ʧʘʨʠ Cs ʽ Rbʤʘ-
ʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʝʬʝʢʪ ʪʠʩʢʫ 

( ) %3010/ 11 ·º- lllS  ʧʨʠʡʤʘʻ ʧʨʠ 

KT 1300...700=  (ʪʘʙʣ. 3,9, ʨʠʩ. 6), ʪʦʤʫ ʟʘ ʤʝ-

ʞʘʤʠ ʚʢʘʟʘʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʟʥʘʯʝʥʥʷ 

ʚʽʜʥʦʩʥʠʭ ʧʝʨʝʨʽʟʽʚ ʟʽʪʢʥʝʥʴ 
2

12b  ̔ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘ-

ʣʴʥʠʭ ʜʘʥʠʭ ʧʦ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʧʦʚôʷʟʘʥʦ ʽʟ ʩʫʪ-

ʪʻʚʠʤʠ ʪʨʫʜʥʦʱʘʤʠ.  
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ʈʠʩ. 7. ɽʬʝʢʪ ʪʠʩʢʫ ʚ ʧʘʨʽ ʨʫʙʽʜʽʶ ʪʘ ʮʝʟʽʶ 

 

ɺôʷʟʢʽʩʪʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʩʢʫ (ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʤʦʣʝʢʫʣ) ʜʣʷ ʧʘʨʠ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ ʩʫʪʪʻʚʦ ʟʤʽʥʶ-

ʻʪʴʩʷ ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ. ɼʣʷ 

KT 2000...800=  ʝʬʝʢʪ ʪʠʩʢʫ ʜʣʷ ʚôʷʟʢʦʩʪʽ ʚ 

ʧʘʨʽ Cs ̔  Rbʩʢʣʘʜʘʻ ( ) %4010/1 ·º- SS hhh

. ʆʪʞʝ, ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ 
2

12b  ʧʝʨʝʚʘʛʫ ʥʘʜʘʪʠ ʩʣʽʜ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʜʘʥʠʤ ʧʦ ʚôʷʟʢʦʩʪʽ ʧʘʨʠ ʣʫʞ-

ʥʠʭ ʤʝʪʘʣʽʚ. 

ʎʝʟʽʡ ʽ ʨʫʙʽʜʽʡ ʤʘʶʪʴ ʜʦʩʠʪʴ ʥʠʟʴʢʽ ʧʦʪʝʥʮʽʘʣʠ 

ʽʦʥʽʟʘʮʽʾ, ʪʦʤʫ ʫ ʾʭ ʧʘʨʽ ʤʦʞʫʪʴ ʧʨʦʪʽʢʘʪʠ ʨʽʟʥʦʤʘ-

ʥʽʪʥʽ ʽʦʥʽʟʘʮʽʡʥʽ ʧʨʦʮʝʩʠ [22-25]. ʆʮʽʥʠʤʦ ʚʢʣʘʜ 

ʝʣʝʢʪʨʦʥʥʦʾ ʩʢʣʘʜʦʚʦʾ ʝl ʥʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ 

ʧʘʨʠ, ʘ ʽʦʥʥʦʾ ʥʘ ʚôʷʟʢʽʩʪʴ. 

ɿʘ ʧʦʨʷʜʢʦʤ ʚʝʣʠʯʠʥʠ ʚʧʣʠʚ ʝʣʝʢʪʨʦʥʥʦʾ ʩʢʣʘ-

ʜʦʚʦʾ ʝl ʥʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʩʢʣʘʜʘʻ [22]: 

tea

ee

m

M

N

N
2

1

2

11

1 s

s

l

l
= , (18) 

ʜʝ -em  ʤʘʩʘ ʝʣʝʢʪʨʦʥʽʚ, -M  ʤʘʩʘ ʘʪʦʤʘ, 

eN   ̔ -aN  ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʢʪʨʦʥʽʚ ʽ ʘʪʦʤʽʚ ʚ ʧʘʨʽ 

ʣʫʞʥʦʛʦ ʤʝʪʘʣʫ,
2

1es  ʽ 
2

11s  ʝʬʝʢʪʠʚʥʽ ʧʝʨʝʨʽʟʠ ʟʽ-

ʪʢʥʝʥʴ çʘʪʦʤ-ʝʣʝʢʪʨʦʥè ʽ çʘʪʦʤ-ʘʪʦʤè. ɼʣʷ ʛʨʫʙʠʭ 

ʦʮʽʥʦʢ ʧʨʠʡʤʘʻʤʦ 
2

11

2

1 ss =e , ʦʪʨʠʤʘʻʤʦ (ʪʘʙʣ. 19). 
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ɺʧʣʠʚ ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʧʘʨʠ ʉs ʽ Rb 

ʊ, ʂ ʎʝʟʽʡ ʈʫʙʽʜʽʡ 

1l
lʝ , % 

1l
lʝ , % 

ʢʇʘʈ 1=  ʢʇʘʈ 20=  ʢʇʘʈ 1=  ʢʇʘʈ 20=  

1500 0,8 0,5 0,2 0,15 

1800 7,8 1,8 2,6 0,6 

2000 40 33 16,9 12,0 

 

ʆʮʽʥʠʤʦ ʚôʷʟʢʽʩʪʴ ʩʣʘʙʦ ʽʦʥʽʟʦʚʘʥʦʾ ʧʘʨʠ ʣʫʞ-

ʥʦʛʦ ʤʝʪʘʣʫ [22, 20]: 

a

i
p

N

N

MT

Ö+

Ö

22

11

~

ss

h , (19) 

ʜʝ, -
2

ps  ʝʬʝʢʪʠʚʥʠʡ ʧʝʨʝʨʽʟ ʨʝʟʦʥʘʥʩʥʦʾ ʧʝ-

ʨʝʟʘʨʷʜʢʠ ʽʦʥʘ ʥʘ ʥʝʡʪʨʘʣʴʥʦʤʫ ʘʪʦʤʽ, iN  ʽ aN  

ʢʦʥʮʝʥʪʨʘʮʽʷ ʽʦʥʽʚ ʽ ʘʪʦʤʽʚ ʚ ʧʘʨʽ. 

ʇʨʠ ʝʥʝʨʛʽʾ ʽʦʥʽʚ 0,1-0,2 ʝɺ 
o

p A22 500450~ ·s  [23, 24] ʪʘ ʟʛʽʜʥʦ (19) ʤʘʻʤʦ: 
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ʊʘʙʣʠʮʷ 20 

ɺʧʣʠʚ ʽʦʥʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʚôʷʟʢʽʩʪʴ ʧʘʨʠ 

ʊ, ʂ 

ʎʝʟʽʡ ʈʫʙʽʜʽʡ 

1h
hi , % 

1h
hi , % 

ʢʇʘʈ 1.0=  ʢʇʘʈ 1=  ʢʇʘʈ 1.0=  ʢʇʘʈ 1=  

1800 1 0,5 0,4 0,2 

2000 6 2 3 0,9 

ɯʟ ʪʘʙʣʠʮʴ 19, 20 ʚʠʜʥʦ, ʱʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʜʦ 2000 ʂ ʪʘ ʪʠʩʢʘʭʢʇʘʈ 10²  ʚʧʣʠʚʦʤ ʽʦʥʽʟʘ-

ʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʢʦʝʬʽʮʽʻʥʪʠ ʧʝʨʝʥʝʩʝʥʥʷ ʧʘʨʠ 

ʮʝʟʽʶ ʽ ʨʫʙʽʜʽʶ ʤʦʞʥʘ ʥʝʭʪʫʚʘʪʠ, ʘ ʧʘʨʫ ʮʠʭ ʤʝʪʘ-

ʣʽʚ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʨʝʘʛʫʶʯʫ ʜʚʦʢʦʤʧʦʥʝʥʪʥʫ ʩʫʤʽʰ 

ʘʪʦʤʽʚ ʪʘ ʜʚʦʭʘʪʦʤʥʠʭ ʤʦʣʝʢʫʣ. 

ɺʠʩʥʦʚʢʠ: ʆʪʨʠʤʘʥʽ ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘ-

ʣʴʥʠʭ ʜʘʥʠʭ [13,14] ʧʝʨʝʨʽʟʠ ʟʽʪʢʥʝʥʴ ʜʦʙʨʝ ʫʟʛʦ-

ʜʞʫʶʪʴʩʷ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ (ʨʠʩ.1, 2), ʤʘʶʪʴ 

ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ, ʪʦʤʫ ʨʦʟʨʦ-

ʙʣʝʥʽ ʥʘ ʾʭ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʨʽʚʥʷʥʥʷ ʪʘ ʪʘʙʣʠʮʽ 

ʜʣʷ ʚôʷʟʢʦʩʪʽ ʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʮʝʟʽʶ ʽ ʨʫʙʽʜʽʶ ʚ 

ʛʘʟʦʚʽʡ ʬʘʟʽ ʤʦʞʥʘ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʽʥʞʝʥʝʨʥʠʭ ʪʘ ʥʘʫʢʦʚʠʭ ʨʦʟʨʘʭʫʥ-

ʢʘʭ. 
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ɸʅʅʆʊɸʎʀʗ 

ʕʧʦʭʘ ʇʣʘʥʢʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʝ ʷʚʣʝʥʠʝ çʩʦʪʚʦʨʝʥʠʷè ʤʠʨʘ, ʢʦʛʜʘ ʧʦ ʤʝʨʝ ʧʨʠ-

ʙʣʠʞʝʥʠʷ ʢ ʧʣʘʥʢʦʚʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ ʟʘʨʦʞʜʘʶʱʘʷʩʷ ɺʩʝʣʝʥʥʘʷ ʧʨʠʦʙʨʝʪʘʝʪ ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ, ʩʪʘ-

ʥʦʚʠʪʩʷ ʩʦʩʪʘʚʥʦʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʙʲʸʤʝ ʧʣʘʥʢʦʚʩʢʦʡ ʷʯʝʡʢʠ ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ʬʦʪʦʥʦʚ ʢ ʯʠʩʣʫ ʙʘʨʠʦ-

ʥʦʚ ʨʘʚʥʦ ʝʜʠʥʠʮʝ ʧʨʠ ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʝ ʢʘʞʜʦʡ ʠʟ ʚʳʜʝʣʝʥʥʳʭ ʛʨʫʧʧ ʧʨʝʜʢʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ 

ʧʦʨʷʜʢʘ ʚʝʣʠʯʠʥʳ ʯʠʩʣʘ ɸʚʦʛʘʜʨʦ. 

ABSTRACT 

The Planck epoch is considered as a cosmological phenomenon of the" creation " of the world, when as we 

approach the Planck state, the nascent universe acquires an internal structure, becomes composite. It is shown that 

in the volume of a Planck cell, the ratio of the number of photons to the number of baryons is equal to one when 

each of the selected groups of ancestors of elementary particles of the order of magnitude of the Avogadro number 

is represented. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʴ ʨʘʩʰʠʨʷʶʱʝʡʩʷ ɺʩʝʣʝʥʥʦʡ, ʨʝʣʠʢʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, ʧʣʘʥʢʦʚʩʢʠʝ ʚʝʣʠ-

ʯʠʥʳ, ʟʘʢʦʥ ʉʪʝʬʘʥʘ ï ɹʦʣʴʮʤʘʥʘ, ʵʧʦʭʘ ʇʣʘʥʢʘ, ʬʦʪʦʥʳ, ʙʘʨʠʦʥʳ, ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ, ʧʝʨʚʠʯʥʳʡ ʷʜʝʨʥʳʡ 

ʚʟʨʳʚ. 

Keywords: model of the expanding Universe, relic radiation, Planck quantities, Stefan ï Boltzmann law, 

Planck epoch, photons, baryons, Avogadro number, primary nuclear explosion. 

 

çʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʧʣʘʥʢʦʚʩʢʠʡ ʫʨʦʚʝʥʴ ʩʝʛʦʜʥʷ 

ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʝʜʝʣʘ ʬʠʟʠʯʝʩʢʦʛʦ ʙʳʪʠʷ, ʟʘ ʢʦ-

ʪʦʨʳʤ ʣʠʙʦ ʥʝʪ ʥʠʯʝʛʦ 

 ʬʠʟʠʯʝʩʢʦʛʦ, ʣʠʙʦ ʥʘʯʠʥʘʝʪʩʷ ʨʘʜʠʢʘʣʴʥʦ 

ʜʨʫʛʘʷ ʬʠʟʠʢʘè 

ɺ.ɼ. ʕʨʝʢʘʝʚ 

 

ɺ ʩʠʣʫ ʟʘʢʦʥʦʚ ʦʙʱʝʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ 

ʠʟ ʦʜʥʦʨʦʜʥʳʭ ʠ ʠʟʦʪʨʦʧʥʳʭ ʤʦʜʝʣʝʡ ɸ.ɸ. ʌʨʠʜ-

ʤʘʥʘ (1922 ʛ.) ʩʣʝʜʫʝʪ ʩʠʥʛʫʣʷʨʥʦʩʪʴ. ʉʠʥʛʫʣʷʨ-

ʥʦʩʪʴ ï ʵʪʦ ʤʦʜʝʣʴʥʘʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ, 

ʢʦʛʜʘ ʧʨʠ ʚʨʝʤʝʥʠ t, ʫʩʪʨʝʤʣʝʥʥʦʤʫ ʢ ʥʫʣʶ, ʦʙʲʸʤ 

V ʤʠʨʘ ʫʩʪʨʝʤʣʷʝʪʩʷ ʢ ʘʙʩʪʨʘʢʪʥʦʡ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʡ ʪʦʯʢʝ, ʘ ʧʣʦʪʥʦʩʪʴ ɟ ʤʘʪʝʨʠʠ ʠ ʝʸ ʪʝʤʧʝʨʘʪʫʨʘ 

T - ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʩʤʦʣʦʛʠʠ 

ʚʳʜʝʣʷʝʪʩʷ ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʪ. ʥ. ʧʣʘʥʢʦʚʩʢʘʷ ʵʧʦʭʘ 

ʨʘʟʚʠʪʠʷ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʜʘʥʥʦʡ 

ʵʧʦʭʠ ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʦʪ t = 0 ʜʦ t = ὸ  = ρπ c. 

ʇʣʘʥʢʦʚʩʢʦʝ ʚʨʝʤʷ ὸ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʩʢʦʨʦ-

ʩʪʠ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ c, ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʧʦʩʪʦʷʥʥʫʶ 

G ʠ ʧʦʩʪʦʷʥʥʫʶ ʇʣʘʥʢʘ h (ʦʥʘ ʦʙʳʯʥʦ ʟʘʧʠʩʳʚʘ-

ʝʪʩʷ ʩ ʯʝʨʪʦʡ) ʢʘʢ ὸ  = 
Ⱦ

Ȣ ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ 

ʚʳʭʦʜʝ ʥʘ ʧʣʘʥʢʦʚʩʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ Ὕ  = ρπ + ʚ 

(ʦʪʣʠʯʠʝ ʦʪ ʠʥʳʭ ʧʣʘʥʢʦʚʩʢʠʭ ʚʝʣʠʯʠʥ) ʫʯʠʪʳʚʘ-

ʝʪʩʷ ʠ ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ k. 

ʇʨʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʵʚʦʣʶʮʠʠ 

ɺʩʝʣʝʥʥʦʡ, ʚʦ ʚʚʝʜʝʥʠʠ ʢ ʨʘʙʦʪʝ [1] ʦʪʤʝʯʘʝʪʩʷ: 

çʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʩʠʥʛʫʣʷʨʥʦʩʪʠ 

ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. ʕʪʦ ʩʦʩʪʦʷʥʠʝ 

ʫʜʘʣʝʥʦ ʦʪ ʥʘʩ ʧʦ ʚʨʝʤʝʥʠ ʙʦʣʝʝ ʯʝʤ ʥʘ 10 ʤʠʣʣʠ-

ʘʨʜʦʚ ʣʝʪ. ʆʜʥʘʢʦ ʥʝʣʴʟʷ ʟʘʙʳʚʘʪʴ, ʯʪʦ ʢʘʞʜʘʷ ʯʘ-

ʩʪʠʮʘ (ʠʣʠ ʝʝ ʧʨʝʜʢʠ) ʚʳʰʣʘ ʠʟ ʛʦʨʥʠʣʘ ʩʠʥʛʫʣʷʨ-

ʥʦʩʪʠè. ʊʝʤ ʩʘʤʳʤ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʢʘʢ ʙʳ ʧʦʜ-

ʯʝʨʢʠʚʘʝʪʩʷ ʦʩʦʙʘʷ ʟʥʘʯʠʤʦʩʪʴ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʥʘʩʣʝʜʩʪʚʝʥʥʦʛʦ ʪʠʧʘ, ʘ ʩ ʜʨʫʛʦʡ, ʢʘʢ ʙʳ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʘʜʝʣʠʪʴ ʵʧʦʭʫ ʇʣʘʥʢʘ, ʩʢʘʞʝʤ ʪʘʢ, 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʡ ʜʠʥʘʤʠʢʦʡ. ʅʠʞʝ ʧʨʝʜʧʨʠʤʝʤ 

ʧʦʧʳʪʢʫ ʚʟʛʣʷʥʫʪʴ ʥʘ ʩʦʙʳʪʠʷ ʚ ʨʘʥʥʝʡ ɺʩʝʣʝʥʥʦʡ 

ʩ ʪʦʡ ʧʦʟʠʮʠʠ, ʯʪʦ ʵʧʦʭʘ ʇʣʘʥʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-

ʙʦʡ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʝ ʷʚʣʝʥʠʝ çʩʦʪʚʦʨʝʥʠʷè ʤʠʨʘ, 
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ʢʦʛʜʘ ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʧʣʘʥʢʦʚʩʢʦʤʫ ʩʦʩʪʦ-

ʷʥʠʶ ʟʘʨʦʞʜʘʶʱʠʡʩʷ ʤʠʨ ʧʨʠʦʙʨʝʪʘʝʪ ʚʥʫʪʨʝʥ-

ʥʶʶ ʩʪʨʫʢʪʫʨʫ, ʩʪʘʥʦʚʠʪʩʷ ʩʦʩʪʘʚʥʳʤ. ʇʦʜʦʙʥʳʡ 

ʚʘʨʠʘʥʪ ʨʘʟʚʠʪʠʷ ʚ ʬʠʟʠʢʝ ʥʘʰʠʭ ʜʥʝʡ ʥʝ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʪʩʷ ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠʟʥʘʸʪʩʷ ʦʩʦʙʘʷ ʟʥʘʯʠ-

ʤʦʩʪʴ ʵʥʝʨʛʝʪʠʢʠ ʬʠʟʠʯʝʩʢʦʛʦ ʚʘʢʫʫʤʘ ʚ ʨʦʞʜʝʥʠʠ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ. ʆʜʥʘʢʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʜʘʞʝ 

ʢʦʥʪʫʨʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʚʙʣʠʟʠ ʩʠʥʛʫʣʷʨʥʦʩʪʠ ʣʠ-

ʰʝʥʳ ʧʨʦʟʨʘʯʥʦʩʪʠ. 

ʅʘʨʷʜʫ ʩ ʧʣʘʥʢʦʚʩʢʦʡ ʵʧʦʭʦʡ ʚ ʨʘʥʥʝʡ ɺʩʝʣʝʥ-

ʥʦʡ ʚʳʜʝʣʷʶʪʩʷ ʵʧʦʭʘ ʝʸ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʘʩ-

ʰʠʨʝʥʠʷ (ʦʪ t = ρπ c [3 ï 5]), ʘ ʪʘʢʞʝ ʧʝʨʠʦʜ ʷʜʝʨ-

ʥʳʭ ʨʝʘʢʮʠʡ (ʦʪ 1ʩ ʜʦ 100é200 ʩ [5 ï 6]). 

ʇʨʝʞʜʝ ʯʝʤ ʧʝʨʝʡʪʠ ʢ ʨʘʩʢʨʳʪʠʶ ʪʝʤʳ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ, ʢʨʘʪʢʦ ʦʙʦʟʥʘʯʠʤ ʠʩʭʦʜʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. 

ɺʘʞʥʝʡʰʠʤ ʝʩʪʝʩʪʚʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʧʝʨʠ-

ʦʜʘ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ, ʧʨʦʜʫʢʪʦʤ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ 

ʨʘʩʧʘʜʘ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʦʙʰʠʨʥʳʭ ʤʘʩʩʠʚʦʚ 

ʨʝʣʠʢʪʦʚʳʭ ʬʦʪʦʥʦʚ ʯʠʩʣʦʤὔ  ̉ ʨʝʣʠʢʪʦʚʳʭ ʙʘ-
ʨʠʦʥʦʚ ʚ ʢʦʣʠʯʝʩʪʚʝ ὔ , ʘ ʪʘʢʞʝ ʠʭ ʦʪʥʦʰʝʥʠʷ [3 

ï 7]: 

ὤ =  =  = ρπȟ                 (1) 

ʢʦʪʦʨʦʝ ʫʞʝ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʩʦʭʨʘʥʷʝʪ ʧʦʨʷ-

ʜʦʢ ʩʚʦʝʡ ʚʝʣʠʯʠʥʳ. ʆʙʲʸʤʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝ-

ʣʠʢʪʦʚʳʭ ʬʦʪʦʥʦʚ ʠ ʙʘʨʠʦʥʦʚ 

ὲ  ̏= ̏ ʠ ὲ  ̏= ̏                    (2) 

ʥʝ ʦʪʥʦʩʷʪʩʷ ʢ ʯʠʩʣʫ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʚʝʣʠʯʠʥ, 

ʠʭ ʚʝʣʠʯʠʥʳ ʥʝʫʢʣʦʥʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʧʦ ʤʝʨʝ 

ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʰʠʨʷʶʱʝʡʩʷ ɺʩʝʣʝʥʥʦʡ. ʀ ʯʪʦ ʭʘ-

ʨʘʢʪʝʨʥʦ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʡ ʩʧʝʢʪʨ ʦʩʪʘʪʦʯʥʦʛʦ ʬʦ-

ʪʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʜʥʦʟʥʘʯʥʦ ʷʚʣʷʝʪʩʷ ʧʣʘʥʢʦʚ-

ʩʢʠʤ ʩʧʝʢʪʨʦʤ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ. ʕʪʦ ʚʘʞʥʦ, 

ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʜʣʷ ʯʝʨʥʦʪʝʣʴʥʦʛʦ ʩʧʝʢʪʨʘ ʫʩʪʘ-

ʥʦʚʣʝʥʦ ʫʨʘʚʥʝʥʠʝ (ʟʘʢʦʥ) ʉʪʝʬʘʥʘ ï ɹʦʣʴʮʤʘʥʘ 

ʜʣʷ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʬʦʪʦʥʥʦʛʦ ʠʟʣʫ-

ʯʝʥʠʷ [7]: 

ό Ὧ Ὕ              (3) 

ɺ ʟʘʧʠʩʠ ʯʝʨʝʟ ʪʨʠ ʤʠʨʦʚʳʝ ʢʦʥʩʪʘʥʪʳ c, h ʠ k 

ʫʨʘʚʥʝʥʠʝ (3) ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʜʘʣʝʢʦ ʥʝ ʥʘ ʷʟʳʢʝ 

ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ 

ʧʨʘʚʦʤʝʨʥʦʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʵʢʩʪʨʝ-

ʤʘʣʴʥʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʥʝʜʦʩʪʫʧʥʳʭ ʜʣʷ ʟʝʤ-

ʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ. ɽʩʣʠ ʨʘʩʰʠʨʠʪʴ ʚʳʜʝʣʝʥʥʫʶ 

ʛʨʫʧʧʫ ʤʠʨʦʚʳʭ ʢʦʥʩʪʘʥʪ, ʜʦʧʦʣʥʠʚ ʝʝ ʛʨʘʚʠʪʘʮʠ-

ʦʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ G, ʪʦ ʤʦʞʥʦ ʚʳʡʪʠ ʥʘ ʬʦʨʤʫʣʫ  

ό  Ȣ                 (4) 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʙʳʯʥʦʡ (3), ʙʝʟʨʘʟʤʝʨʥʘʷ ʟʘʧʠʩʴ 

(4) ʟʘʢʦʥʘ ʉʪʝʬʘʥʘ ï ɹʦʣʴʮʤʘʥʘ ʥʘʛʣʷʜʥʦ ʦʭʚʘʪʳ-

ʚʘʝʪ ʠʥʪʝʨʚʘʣʳ ʝʩʪʝʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʬʠʟʠ-

ʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʵʥʝʨʛʠʠ Ὗ , ʦʙʲʸʤʘ V ʠ ʪʝʤʧʝʨʘ-

ʪʫʨʳ T, ʯʪʦ ʜʝʣʘʝʪ ʬʠʟʠʯʝʩʢʠʡ ʟʘʢʦʥ ʬʦʪʦʥʥʦʛʦ ʠʟ-

ʣʫʯʝʥʠʷ ʚʝʩʴʤʘ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʠ ʧʦʟʚʦʣʷʝʪ ʚʳʡʪʠ 

ʥʘ ʝʛʦ ʩʣʝʜʩʪʚʠʷ.  

ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʜʣʷ ʦʙʲʸʤʥʦʡ ʧʣʦʪʥʦ-

ʩʪʠ ʵʥʝʨʛʠʠ ʬʦʪʦʥʦʚ ό ʩʧʨʘʚʝʜʣʠʚʦ ʚʳʨʘʞʝʥʠʝ ό 

= Ὗ ὲȢ ʊʦʛʜʘ, ʦʧʨʝʜʝʣʷʷ ʩʨʝʜʥʶʶ ʵʥʝʨʛʠʶ ʝʜʠ-

ʥʠʯʥʦʛʦ ʬʦʪʦʥʘ Ὗ  ʢʘʢ Ὗ  ὯὝ, ʧʨʠ Ὗ  

 ὯὝ  ï ʙʣʘʛʦʜʘʨʷ ʙʦʛʘʪʩʪʚʫ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ ʨʝʣʠʢʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ï ʚʳʭʦʜʠʤ ʥʘ 

ʬʦʨʤʫʣʳ [8 ï 10 ʠ ʜʨ.] ʜʣʷ 

- ʯʠʩʣʘ ʬʦʪʦʥʦʚ ʚ ʝʜʠʥʠʮʝ ʦʙʲʸʤʘ 

 ὲ ȟ               (5) 

- ʦʙʲʸʤʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʘʨʠʦʥʦʚ 

 ὲ  
Ͻ

ȟ       (6) 

- ʦʙʲʸʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʙʘʨʠʦʥʦʚ  

ό  Ὗ ὲ
Ͻ

ȟ        (7) 

- ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ 

 ὤ  
Ⱦ

ȟ                (8) 

- ʦʪʥʦʰʝʥʠʷ ʦʙʲʸʤʥʳʭ ʧʣʦʪʥʦʩʪʝʡ ʵʥʝʨʛʠʠ ʙʘ-

ʨʠʦʥʦʚ ʠ ʬʦʪʦʥʦʚ 

   ȟ                     (9) 

- ʵʥʪʨʦʧʠʠ ʬʦʪʦʥʥʦʛʦ ʛʘʟʘ 

Ὓ  Ὓ               (10) 

- ʵʥʪʨʦʧʠʠ ʙʘʨʠʦʥʥʦʛʦ ʛʘʟʘ 

Ὓ Ὧ
Ⱦ

  ȟ       (11) 

- ʥʘʪʫʨʘʣʴʥʳʭ ʣʦʛʘʨʠʬʤʦʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝ-

ʩʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʷ ʬʦʪʦʥʥʦʛʦ ʠ ʙʘʨʠʦʥ-

ʥʦʛʦ ʛʘʟʦʚ ɺʩʝʣʝʥʥʦʡ 

ὰὲὡ  =                      (12) 

ὰὲὡ  =                 (13) 

ὰὲὡ =                (14) 

ʇʨʠʚʝʜʝʥʥʫʶ ʩʚʦʜʢʫ ʫʨʘʚʥʝʥʠʡ, ʩʢʦʨʝʝ ʚʩʝʛʦ, 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʬʨʘʛʤʝʥʪ ʧʨʦʩʪʝʡʰʝʡ 

ʬʠʟʠʯʝʩʢʦʡ ʩʭʝʤʳ ʦʧʠʩʘʥʠʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʵʚʦ-

ʣʶʮʠʠ ɺʩʝʣʝʥʥʦʡ. ʄʦʞʥʦ ʧʨʠʚʝʩʪʠ ʬʦʨʤʫʣʳ ʜʣʷ 

ʪʨʫʜʥʦ ʦʙʥʘʨʫʞʠʤʳʭ ʬʦʨʤ ʤʘʪʝʨʠʠ (ʩ ʚʦʟʤʦʞ-

ʥʳʤʠ ʩʨʝʜʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʵʥʝʨʛʠʠ ʝʜʠʥʠʯʥʳʭ 

ʯʘʩʪʠʮ ʧʦʨʷʜʢʘ 0,5 ʵɺ ʠ 1000 ʵɺ), ʘ ʪʘʢʞʝ ʜʣʷ ʟʘʚʠ-

ʩʠʤʦʩʪʝʡ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ ɺʩʝʣʝʥʥʦʡ ʦʪ ʙʝʟ-

ʨʘʟʤʝʨʥʦʛʦ ʧʣʘʥʢʦʚʩʢʦʛʦ ʚʨʝʤʝʥʠ  . 

ɽʩʣʠ ʬʦʨʤʫʣʳ ʦʪʚʝʯʘʶʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʪʦ 

ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ Z = 
ὔ
ὔ  ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 

ὤ  = 1  Z  ὤ = ρπ           (15) 

ɿʜʝʩʴ ʠʟʤʝʥʯʠʚʦʩʪʴ ʬʫʥʢʮʠʠ Z ʦʙʫʩʣʦʚʣʝʥʘ 

ʠʟʤʝʥʯʠʚʦʩʪʴʶ ά  ʚ ʣʠʥʝʡʢʝ ʤʘʩʩ ʙʘʨʠʦʥʦʚ ά  

ʧʨʠ ʚʟʨʦʩʣʝʥʠʠ ɺʩʝʣʝʥʥʦʡ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ 

ʧʣʘʥʢʦʚʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʩ ʧʦʣʥʦʡ ʤʘʩʩʦʡ ʧʣʘʥʢʦʚ-

ʩʢʠʭ ʙʘʨʠʦʥʦʚ, ʨʘʚʥʦʡ ά  = Ὗ ὧϳ  ï ʩʤ. (8). ʀʟ 
(8) ʪʘʢʞʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘ ʧʣʘʥʢʦʚʩʢʦʤ ʫʨʦʚʥʝ ʧʨʝʜ-

ʩʪʘʚʠʪʝʣʴʩʪʚʘ ʝʛʦ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʨʘʚʥʳ: 

ὔ  ὔ                 (16) 

ʋʨʘʚʥʝʥʠʝ (6) ʠʥʬʦʨʤʘʪʠʚʥʦ: ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ 

ʦʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʠʟʚʝʩʪʥʦʡ ʠʟ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʦʡ ʬʠʟʠʢʠ ʩʚʷʟʠ ʚʠʜʘ ὲ θ Ὕȟ́ ʩ ʜʨʫʛʦʡ, ʦʪʨʘ-
ʞʘʝʪ ʚʟʘʠʤʦʩʚʷʟʴ 

ὔ θ V  (17) 
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ʀʟ ʧʦʩʣʝʜʥʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘ 

ʵʪʘʧʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʦʩʪʘ ὔ ʠʟʤʝʥʷʝʤʦʩʪʠ ʚʝʣʠ-

ʯʠʥ ʯʠʩʣʘ ʬʦʪʦʥʦʚ ὔ ʠ ʦʙʲʝʤʘ V ɺʩʝʣʝʥʥʦʡ ʧʦʜ-

ʯʠʥʷʶʪʩʷ ʠʜʝʥʪʠʯʥʳʤ (ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ?) ʟʘʚʠ-

ʩʠʤʦʩʪʷʤ ʦʪ ʚʨʝʤʝʥʠ. 

ɺ ʦʪʥʦʰʝʥʠʠ ʟʦʥʳ ʙʣʠʞʘʡʰʝʛʦ ʢ ʩʠʥʛʫʣʷʨʥʦ-

ʩʪʠ ʨʘʟʚʠʪʠʷ ɺʩʝʣʝʥʥʦʡ ʪʘʢʞʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝ-

ʜʫʶʱʝʝ. 

ɽʩʣʠ ʬʦʨʤʫʣʳ (12) ï (14) ʦʪʚʝʯʘʶʪ ʬʠʟʠʯʝ-

ʩʢʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʪʦ ʧʨʠ ʧʨʝʜʝʣʴʥʦʤ ʧʝʨʝʭʦʜʝ ʢ 

ʧʣʘʥʢʦʚʩʢʦʤʫ ʫʨʦʚʥʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʚʝʨʦʷʪ-

ʥʦʩʪʠ ʩʦʩʪʦʷʥʠʷ ʬʦʪʦʥʥʦʛʦ ʠ ʙʘʨʠʦʥʥʦʛʦ ʛʘʟʦʚ 

ɺʩʝʣʝʥʥʦʡ ʨʘʚʥʳ ʦʩʥʦʚʘʥʠʶ ʥʘʪʫʨʘʣʴʥʳʭ ʣʦʛʘ-

ʨʠʬʤʦʚ:ὡ  ὡ  = ʝ = 2,718é . ʊʝʤ ʩʘʤʳʤ, 

ʠʤʝʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʪʦʤʫ, ʯʪʦ ʧʣʘʥʢʦʚʩʢʦʝ ʩʦʩʪʦ-

ʷʥʠʝ, ʢʦʪʦʨʦʝ ʦʪʚʝʯʘʝʪ ʨʘʚʝʥʩʪʚʫ ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚ 

(16), ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʪʨʫʢʪʫʨʥʦ. 

ɼʣʷ ʦʮʝʥʢʠ ʧʦʨʷʜʢʘ ʚʝʣʠʯʠʥʳ ʯʠʩʣʘ ʧʣʘʥʢʦʚ-

ʩʢʠʭ ʬʦʪʦʥʦʚ ὔ  ʠʩʧʦʣʴʟʫʝʤ ʧʨʦʩʪʫʶ ʤʦʜʝʣʴ, ʜʣʷ 

ʢʦʪʦʨʦʡ 

Ὗ = Ὗ ὔ = ὯὝὔ              (18) 

ɼʣʷ ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʤʠʨʘ ʧʨʠ ʝʛʦ ʨʘʩʰʠʨʝ-

ʥʠʠ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʧʦ ʧʨʘʚʠʣʘʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-

ʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ 

                   (19) 

ʘ ʩ ʫʯʝʪʦʤ (17) ʚʙʣʠʟʠ ʧʣʘʥʢʦʚʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

                   (20) 

ʀʥʪʝʛʨʠʨʫʷ (20) ʦʪ ʧʣʘʥʢʦʚʩʢʠʭ ʚʝʣʠʯʠʥ ʜʦ 

ʚʝʣʠʯʠʥ, ʦʪʚʝʯʘʶʱʠʭ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ ὸ ʦʢʦʥʯʘ-

ʥʠʷ ʧʝʨʠʦʜʘ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʙʝʟ ʢʦʥʬʣʠʢʪʘ ʩ ʟʘ-

ʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʠʤʝʝʤ ʨʝʰʝʥʠʝ  

 ̏    = 
  
            (21) 

ʊʦʛʜʘ ʬʦʨʤʫʣʘ ʜʣʷ ʯʠʩʣʘ ʧʣʘʥʢʦʚʩʢʠʭ ʬʦʪʦ-

ʥʦʚ ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

ὔ  = 
Ͻ
                    (22) 

ʋʨʘʚʥʝʥʠʷ (20) ʠ (21) ʫʯʠʪʳʚʘʶʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ 

ʚ ʧʝʨʠʦʜ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʵʥʝʨʛʠʷ ʬʦʪʦʥʥʦʡ ʩʦ-

ʩʪʘʚʣʷʶʱʝʡ ɺʩʝʣʝʥʥʦʡ (Ὗ) ʚʦʟʨʘʩʪʘʝʪ ʧʦ ʤʝʨʝ 
ʥʘʨʘʩʪʘʥʠʷ ʯʠʩʣʘ ʪʝʭ ʬʦʪʦʥʦʚ (ὔ   ὔ , ʢʦʪʦ-

ʨʳʝ ʚ ʥʘʰʠ ʜʥʠ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʨʝʣʠʢʪʦʚʳʤʠ.  

ʇʨʠ ʟʥʘʯʝʥʠʷʭ 

k = 1,38Ͻρπ  
ˑ̇

 ; Ὗ   1,9Ͻρπ ɼʞ ʠ Ὕ̏ = ρπ 

K [6] 

ʠʤʝʝʤ ʠʩʢʦʤʦʝ ʯʠʩʣʦ ʧʣʘʥʢʦʚʩʢʠʭ ʬʦʪʦʥʦʚ 

ὔ  = 
ȟϽ

ȟ Ͻ
 = ρπ            (23) 

ʢʦʪʦʨʦʝ ʧʦ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥʳ ʙʣʠʟʢʦ ʢ ʧʦʩʪʦ-

ʷʥʥʦʡ ɸʚʦʛʘʜʨʦ ὔ  = 6,023Ͻρπ ̍̏̌ .̝ ʂʘʢ ʠʟ-
ʚʝʩʪʥʦ, ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ ὔ  ʩʚʷʟʘʥʦ ʩ ʰʠʨʦʢʦ ʠʩ-

ʧʦʣʴʟʫʝʤʦʡ ʚ ʬʠʟʠʯʝʩʢʦʡ ʢʦʩʤʦʣʦʛʠʠ ʧʦʩʪʦʷʥʥʦʡ 

ɹʦʣʴʮʤʘʥʘ k ʢʘʢ k = Ὑ ὔϳ , ʛʜʝ Ὑ  - ʫʥʠʚʝʨʩʘʣʴʥʘʷ 

ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

ɿʘʤʝʪʠʤ, ʯʪʦ (ʙʣʘʛʦʜʘʨʷ ʦʩʚʦʙʦʞʜʝʥʠʶ ʵʥʝʨ-

ʛʠʠ ʪʝʨʤʠʯʝʩʢʠ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʚʘʢʫ-

ʫʤʘ ʚ ʧʝʨʠʦʜ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ) ʵʥʝʨʛʠʷ ʬʦʪʦʥʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʘʪʝʨʠʠ ɺʩʝʣʝʥʥʦʡ (Ὗ  ʚ ʥʘʰʠ 

ʜʥʠ ʧʨʝʚʳʰʘʝʪ ʚʝʣʠʯʠʥʫ ʬʦʪʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʧʣʘʥʢʦʚʩʢʦʡ ʵʥʝʨʛʠʠ Ὗ  ʚ ρπ ʨʘʟ: 

 =  = 
ȟ Ͻ Ͻ Ͻ

ȟϽ
 = ρπ     (24) 

ʅʝ ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʚʟʨʳʚʦʦʙʨʘʟʥʦʝ ʵʢʩʧʦʥʝʥ-

ʮʠʘʣʴʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ɺʩʝʣʝʥʥʦʡ ʚ ʧʝʨʠʦʜ ʧʨʦʪʝʢʘ-

ʶʱʠʭ ʚ ʥʝʡ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʟʦʪʨʦ-

ʧʠʟʘʮʠʠ ʠʟʣʫʯʝʥʠʷ. ʄʦʞʥʦ ʪʘʢʞʝ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ ʚʝʣʠʯʠʥ ὔ  ʦʢʘʟʳʚʘ-

ʝʪʩʷ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ( ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʧʝʨʚʠʯʥʦʛʦ ʷʜʝʨʥʦʛʦ ʚʟʨʳʚʘ [8]) ʧʣʘʥʢʦʚʩʢʦʡ 

ʢʨʠʚʦʡ ʯʝʨʥʦʪʝʣʴʥʦʛʦ ʩʧʝʢʪʨʘ ʬʦʪʦʥʥʦʛʦ ʠʟʣʫʯʝ-

ʥʠ.̫ ʇʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʝʩʣʠ ʩʣʝʜʦʚʘʪʴ (4), ʪʦ ʟʘʢʦʥ 

ʉʪʝʬʘʥʘ ï ɹʦʣʴʮʤʘʥʘ çʧʨʠʩʪʫʧʘʝʪ ʢ ʨʘʙʦʪʝè ʚ ʪʦ 

ʩʘʤʦʝ ʤʛʥʦʚʝʥʠʝ, ʢʦʛʜʘ çʧʣʘʥʢʦʚʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷè 

ʣʠʰʴ ʪʦʣʴʢʦ ʜʝʣʘʝʪ ʧʦʜʚʠʞʢʫ ʚ ʩʚʦʝʤ ʩʪʨʝʤʣʝʥʠʠ, 

ʢʘʢ ʦʙʨʘʟʥʦ ʟʘʤʝʯʘʝʪ ʃ.ɹ. ʆʢʫʥʴ, ʫʡʪʠ ʜʘʣʝʢʦ ʟʘ ʛʦ-

ʨʠʟʦʥʪ. ʕʧʠʛʨʘʬ ʧʨʠʥʷʪ ʩʦʛʣʘʩʥʦ ʨʘʙʦʪʝ [11]. 
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ɸʅʅʆʊɸʎʀʗ 

ʄʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʢʘʪʘʣʦʛ ʜʘʥʥʳʭ ʩʦʣʥʝʯʥʳʭ ʧʨʦʪʫʙʝʨʘʥʮeʚ, ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʦʧʪʠ-

ʯʝʩʢʠʭ ʩʧʝʢʪʨʦʛʨʘʬʦʚ (OndŚejov observatory) ʚ ʪʝʯʝʥʠʝ 1998-2017 ʛʛ. ʉʧʝʢʪʨʳ ʚ ʣʠʥʠʷʭ: Ca II (H,K), Hɓ, D 

3, Mg I 5167.3¡ , 5172.6 ¡ , 5183.6 ¡, HŬ, CaIR 8542 ¡ ʠ HŬ-ʬʠʣʴʪʨʘʛʨʘʤʤʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʘʢ ʥʘ ʤʥʦʛʦ-

ʢʘʤʝʨʥʦʤ ʚʩʧʳʰʝʯʥʦʤ ʩʧʝʢʪʨʦʛʨʘʬʝ (MFS), ʪʘʢ ʠ ʥʘ ʙʦʣʴʰʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʧʝʢʪʨʦʛʨʘʬʝ HSFA-2. ʂʘ-

ʪʘʣʦʛ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʝʥʠʷ ʧʨʦʪʫʙʝʨʘʥʮʝʚ, ʠʭ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʥʘ ʜʠʩʢʝ ʉʦʣʥʮʘ, 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ E.Pettit [1]. ʇʨʠ ʦʪʙʦʨʝ ʭʘʨʘʢʪʝʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʣʥʝʯʥʳʭ ʧʨʦʪʫʙʝʨʘʥʮʝʚ ʠ ʠʭ ʢʣʘʩ-

ʩʠʬʠʢʘʮʠʠ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʩʦ ʩʧʫʪʥʠʢʦʚ SOHO, SDO/AIA, ʘ ʪʘʢʞʝ 

ʥʘʟʝʤʥʳʭ ʦʙʩʝʨʚʘʪʦʨʠʡ. ʈʘʩʩʤʦʪʨʝʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʥʘʟʝʤʥʳʭ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʀʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʢʘʪʘʣʦʛʘ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ. ɺʳʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦ-

ʙʝʥʥʦʩʪʠ ʫʢʘʟʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʫʯʝʪʦʤ ʥʘʙʣʶʜʝʥʠʡ, ʚʳʧʦʥʝʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʤʠ ʦʙʩʝʨʚʘʪʦʨʠʷʤʠ. ʈʘʟʨʘ-

ʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʠʭ ʦʙʨʘʙʦʪʢʠ. ʉʜʝʣʘʪʴ ʝʝ ʙʦʣʝʝ ʫʜʦʙʥʦʡ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʠʥʪʝʨʝʩʫ-

ʶʱʠʭʩʷ ʠʟʫʯʝʥʠʝʤ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʠ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʚ ʩʦʣʥʝʯʥʳʭ ʧʨʦʪʫʙʝʨʘʥʮʘʭ. 

ʉʪʘʪʴʷ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʜʦʢʣʘʜʘ, ʟʘʩʣʫʰʘʥʥʦʛʦ ʠ ʦʜʦʙʨʝʥʥʦʛʦ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ ñɸʩʪʨʦʤʝʪʨʠʷ ʚʯʝʨʘ, 

ʩʝʛʦʜʥʷ, ʟʘʚʪʨʘò (ɻɸʀʐ ʄɻʋ, 14-16 ʦʢʪʷʙʨʷ 2019 ʛ.) 

ABSTRACT 

We present the catalogue of solar prominence data observed with two optical spectrographs (OndŚejov ob-

servatory) during 1998-2017. The spectra of the lines: CaII (H, K), Hɓ, D 3, Mg I 5167.3 5172.6 ¡, 5183.6 ¡, HŬ, 

CaIR 8542 ¡ ʠ HŬ-filtergrames were obtained both by multi-channel flare spectrograph (MFS) and Large Hori-

zontal Spectrograph HSFA-2.The catalogue contains intimation about the observational time of prominences, their 

location on the solar disk, classification by E Pettit [1]. Selecting the features of solar prominences and their clas-

sification, we used the observational data obtained from the SOHO, SDO / AIA satellites, as well as ground-based 

observatories. The coordinate system of ground and satellite instruments is considered. This database was created 

to simplify and systemise data processing.The features of the objects taking into account the observational data 

obtained by space observatories are selected. We developed technique and software for data processing and make 

them more convenient for users interested in studying energy release and transport in solar prominences. The 

contribution is based on the report presented and approved at the meeting ñAstrometry Yesterday, Today, Tomor-

rowò (GAISH MSU, October 14-16, 2019) 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʪʫʙʝʨʘʥʮʳ, ʩʧʝʢʪʨʦʛʨʘʬ, ʬʠʣʴʪʨʦʛʨʘʤʤʳ. 

Keywords: prominence, spectrograph, filtergrames. 
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1. ɺɺɽɼɽʅʀɽ  

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʩ ʧʦʤʦʱʴʶ ʤʥʦʛʦʢʘʤʝʨʥʦʛʦ ʚʩʧʳʰʝʯ-

ʥʦʛʦ ʩʧʝʢʪʨʦʛʨʘʬʘ (MFS). ʂʨʘʪʢʦʝ ʠʩʪʦʨʠʢʦ-ʪʝʭʥʠ-

ʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʩʦʣʥʝʯʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦ-

ʛʨʘʬʦʚ ʚ OndŚejov observatory ʠ ʠʭ ʥʘʙʣʶʜʝʥʠʡ 

ʤʦʞʥʦ ʥʘʡʪʠ ʚ [2]. ʇʝʨʚʳʡ ʩʦʣʥʝʯʥʳʡ ʦʧʪʠʯʝʩʢʠʡ 

ʩʧʝʢʪʨʦʛʨʘʬ ʜʘʪʠʨʫʝʪʩʷ 1958 ʛʦʜʦʤ, ʢʦʛʜʘ MFS 

ʙʳʣ ʚʚʝʜʝʥ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ. ʅʘ ʥʝʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩʧʝʢʪʨʳ ʩʦʣʥʝʯʥʳʭ ʚʩʧʳʰʝʢ ʠ ʧʨʦʪʫʙʝʨʘʥʮʝʚ ʥʘ 

ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥʘʭ ʨʘʟʤʝʨʦʤ 13 x 18 ʩʤ ʚ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʦʣʦʩʘʭ ʣʠʥʠʡ HŬ, D3, Hɓ, Hɔ, 

CaII(H) ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʯʣʝʥʦʚ ʩʝʨʠʠ ɹʘʣʴʤʝʨʘ. 

ʇʨʠʝʤʥʘʷ ʯʘʩʪʴ ʙʳʣʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʘ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟ [3] ʦʪ ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ, ʯʝʨʝʟ ʧʣʝʥʢʫ 

35 ʤʤ ʜʦ ʘʥʘʣʦʛʦʚʳʭ, ʘ ʟʘʪʝʤ ʮʠʬʨʦʚʳʭ ʇɿʉ. ʆʧ-

ʪʠʯʝʩʢʘʷ ʩʭʝʤʘ MFS ʠ ʧʨʠʤʝʨ ʧʦʣʫʯʝʥʥʳʭ ʠʟʦʙʨʘ-

ʞʝʥʠʡ ʧʦʢʘʟʘʥ ʨʠʩʫʥʢʝ 1. ɺ ʥʘʯʘʣʝ 80-ʭ ʛʦʜʦʚ ʦʙ-

ʩʝʨʚʘʪʦʨʠʷ ʟʘʢʘʟʘʣʘ ʬʠʨʤʝ Carl Zeiss Jena ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʳʡ ʩʦʣʥʝʯʥʳʡ ʩʧʝʢʪʨʦʛʨʘʬ, ʦʨʠʝʥʪʠʨʫʷʩʴ ʥʘ 

ʫʞʝ ʨʘʙʦʪʘʶʱʠʡ ʚ OndŚejov observatory ʤʘʛʥʠʪʦ-

ʛʨʘʬ. ʌʠʨʤʘ ʨʘʟʨʘʙʦʪʘʣʘ ʠ ʠʟʛʦʪʦʚʠʣʘ ʩʝʨʠʶ ʠʟ 

ʧʷʪʠ ʪʝʣʝʩʢʦʧʦʚ Horizontal-Sonnen-Forschungs-

Anlage (HSFA), ʢʦʪʦʨʳʝ ʙʳʣʠ ʜʦʩʪʘʚʣʝʥʳ ʚ ʏʝʭʦ-

ʩʣʦʚʘʢʠʶ ʚ 1979 ʛʦʜʫ. ʇʝʨʚʳʝ ʜʚʘ ʠʥʩʪʨʫʤʝʥʪʘ 

ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʥʦʚʦʡ ʯʘʩʪʠ ʦʙʩʝʨʚʘʪʦʨʠʠ [4]. 

ɺ 2004 ʛʦʜʫ ʦʜʠʥ ʠʟ ʥʠʭ (HSFA-2) ʙʳʣ ʤʦʜʝʨʥʠʟʠ-

ʨʦʚʘʥ ʚ ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ ʩʧʝʢʪʨʦʛʨʘʬ, ʦʙʦʨʫʜʦʚʘʥ-

ʥʳʡ 12-ʙʠʪʦʚʳʤʠ ʇɿʉ-ʢʘʤʝʨʘʤʠ [5]. 

 
ʈʠʩʫʥʦʢ 1. ʆʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ MFS ʠ ʥʘʙʣʶʜʝʥʠʷ 20.05.2001. ʅʘ ʩʥʠʤʢʝ ʩʣʝʚʘ ʥʘʧʨʘʚʦ: 

Hɓ, HŬ- ʬʠʣʴʪʨʦʛʨʘʤʤʘ, HŬ, CaIR 8542 ¡. ɻʣʘʚʥʦʝ ʟʝʨʢʘʣʦ ʪʝʣʝʩʢʦʧʘ D = 230 ʤʤ, F = 13.5 ʤ. 

ɺʥʠʟʫ ʨʘʩʧʦʣʦʞʝʥʘ ʰʢʘʣʘ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʩʧʝʢʪʨʦʚ. 

 

2. ʉɺʗɿʔ ʂʆʆʈɼʀʅɸʊʅʓʍ ʉʀʉʊɽʄ 

ʆɹʒɽʂʊʆɺ ʅɸɹʃʖɼɽʅʀʁ, ʇʆʃʋʏɽʅʅʓʍ 

ʅɸ ɿɽʄʃɽ ʀ ɺ ʂʆʉʄʆʉɽ 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʠ ʩʣʦʞʥʳʭ ʚʦʧʨʦ-

ʩʦʚ ʥʘʙʣʶʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʨʠʚʷʟʢʘ ʢʦʦʨʜʠʥʘʪ ʦʙʲ-

ʝʢʪʘ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ. ʆʜʥʦʡ 

ʠʟ ʧʝʨʚʳʭ ʙʳʣʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʢʘʨʪʦʚʳʭ 

ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʦʚ ʥʘ ʜʠʩʢʝ ʉʦʣʥʮʘ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʰʘʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʉ ʚʘʣʦʤ ʜʚʠʛʘʪʝʣʷ ʤʝʭʘ-

ʥʠʯʝʩʢʠ ʩʚʷʟʘʥ ʜʘʪʯʠʢ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ. ɼʘʪʯʠʢ 

ʧʨʝʦʙʨʘʟʫʝʪ ʫʛʦʣ ʧʦʣʦʞʝʥʠʷ ʚʘʣʘ ʚ ʬʠʟʠʯʝʩʢʫʶ ʚʝ-

ʣʠʯʠʥʫ, ʩ ʢʦʪʦʨʦʡ ʨʘʙʦʪʘʝʪ ʨʝʛʫʣʷʪʦʨ. ʕʪʦ ʮʠʬʨʦ-

ʚʦʡ ʢʦʜ ʜʣʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. ɼʘʣʝʝ, ʠʟʤʝ-

ʨʝʥʥʳʡ ʫʛʦʣ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʟʘʜʘʥʥʳʤ, ʚʳʯʠʩʣʷʝʪʩʷ 

ʦʰʠʙʢʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ. ʆʰʠʙʢʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʨʝ-

ʛʫʣʷʪʦʨ, ʢʦʪʦʨʳʡ ʚʳʨʘʙʘʪʳʚʘʝʪ ʩʠʛʥʘʣʳ ʧʠʪʘʥʠʷ 

ʜʚʠʛʘʪʝʣʷ, ʩʪʨʝʤʷʩʴ ʩʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʨʘʟʥʠʮʫ 

ʤʝʞʜʫ ʟʘʜʘʥʥʳʤ ʠ ʨʝʘʣʴʥʳʤ ʫʛʣʘʤʠ. 

ʇʨʠʤʝʥʷʝʤʳʡ ʥʘʤʠ ʮʝʣʦʩʪʘʪ ʥʘ MFS ʩʦʩʪʦʠʪ 

ʠʟ ʜʚʫʭ ʧʣʦʩʢʠʭ ʟʝʨʢʘʣ ʧʝʨʝʜ ʦʙʲʝʢʪʠʚʦʤ ʥʝʧʦ-

ʜʚʠʞʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʪʝʣʝʩʢʦʧʘ. ʇʣʦʩʢʦʩʪʴ ʛʣʘʚ-

ʥʦʛʦ ʟʝʨʢʘʣʘ ʧʘʨʘʣʣʝʣʴʥʘ ʦʩʠ ʤʠʨʘ ʠ ʚʨʘʱʘʝʪʩʷ ʚʦ-

ʢʨʫʛ ʵʪʦʡ ʦʩʠ ʩ ʧʝʨʠʦʜʦʤ ʚ 48 ʯʘʩ, ʥʘʧʨʘʚʣʷʷ ʣʫʯ 

ʩʚʝʪʠʣʘ ʥʘ ʚʪʦʨʦʝ ʟʝʨʢʘʣʦ, ʢʦʪʦʨʦʝ ʦʪʨʘʞʘʝʪ ʝʛʦ ʚ 

ʦʙʲʝʢʪʠʚ ʪʝʣʝʩʢʦʧʘ. ʇʦʣʦʞʝʥʠʝ ʚʪʦʨʦʛʦ ʟʝʨʢʘʣʘ 

ʠʟʤʝʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʰʘʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ʧʦ ʘʟʠʤʫʪʫ ʠ ʚʳʩʦʪʝ. ɻʣʘʚʥʦʝ ʟʝʨʢʘʣʦ ʮʝʣʦʩʪʘʪʘ ʚ 

ʫʪʨʝʥʥʠʝ ʯʘʩʳ ʩʤʝʱʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʪʦʯʢʠ ʟʘ-

ʧʘʜʘ, ʘ ʧʦʩʣʝ ʧʦʣʫʜʥʷ ʢ ʚʦʩʪʦʢʫ ʦʪ ʤʝʨʠʜʠʘʥʘ ʜʣʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚʪʦʨʦʛʦ ʟʝʨʢʘʣʘ. ʇʝʨʝʜ 

ʥʘʯʘʣʦʤ ʥʘʙʣʶʜʝʥʠʡ ʥʫʞʥʦ ʙʳʣʦ ʠʟʤʝʨʠʪʴ ʨʘʩʩʪʦ-

ʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ ʟʝʨʢʘʣ ʠ ʟʘʥʝʩʪʠ ʚ ʧʨʦ-

ʛʨʘʤʤʫ. ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪ 

ʦʙʲʝʢʪʦʚ ʥʘ ʉʦʣʥʮʝ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʫ, 

ʠʥʪʝʨʬʝʡʩ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2. ʇʨʠʚʝ-

ʜʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ ʧʘʨʘʤʝʪʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ: 

phi: ʫʛʦʣ ʤʝʞʜʫ ʚʝʨʪʠʢʘʣʴʥʦʡ ʣʠʥʠʝʡ, ʧʨʦʭʦ-

ʜʷʱʝʡ ʯʝʨʝʟ ʮʝʥʪʨ ʠʟʦʙʨʘʞʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʜʠʩʢʘ 

ʠ ʚʝʢʪʦʨʦʤ ʨʘʜʠʫʩʘ "r" ʦʙʲʝʢʪʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ 

ʮʝʥʪʨʝ ʱʝʣʠ ʩʧʝʢʪʨʦʛʨʘʬʘ - ʢʨʝʩʪ ʥʘ ʣʠʤʙʝ ʉʦʣʥʮʘ 

(ʧʦʣʦʞʠʪʝʣʴʥʳʡ - ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ, ʦʪʨʠʮʘʪʝʣʴ-

ʥʳʡ - ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ); 

r: ʨʘʜʠʫʩ-ʚʝʢʪʦʨ (ʚ ʫʛʣʦʚʳʭ ʩʝʢʫʥʜʘʭ) ʦʙʲʝʢʪʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʮʝʥʪʨʝ ʱʝʣʠ ʩʧʝʢʪʨʦʛʨʘʬʘ;  

P: ʫʛʦʣ ʧʦʣʦʞʝʥʠʷ ʩʝʚʝʨʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʧʦ-

ʣʶʩʘ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʠ ʟʝʤʣʠ);  

sio: ʦʨʠʝʥʪʘʮʠʷ ʩʦʣʥʝʯʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ (ʩʫ-

ʪʦʯʥʦʝ ʜʚʠʞʝʥʠʝ);  

timezone: ʮʝʥʪʨʘʣʴʥʦʝʚʨʦʧʝʡʩʢʦʝ (ʣʝʪʥʝʝ) 

ʚʨʝʤʷ;  

m. mirr. pos.: ʧʦʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʟʝʨʢʘʣʘ - 

0: ʚ ʤʝʨʠʜʠʘʥʝ, E: ʥʘ ʚʦʩʪʦʢ, W: ʥʘ ʟʘʧʘʜ; 

mx: ʢʦʦʨʜʠʥʘʪʘ ʭ ʛʣʘʚʥʦʛʦ ʟʝʨʢʘʣʘ ʮʝʣʦʩʪʘʪʘ;  

dec: ʩʢʣʦʥʝʥʠʝ ʉʦʣʥʮʘ; 

mz: ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʟʝʨʢʘʣʘʤʠ;  

x: ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʘʷ ʢʦʦʨʜʠʥʘʪʘ ʚʜʦʣʴ ʦʩʠ, 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʦʣʥʝʯʥʦʤʫ ʵʢʚʘʪʦʨʫ (ʚ ʫʛʣʦʚʳʭ ʩʝ-

ʢʫʥʜʘʭ);  

y: ʛʝʣʠʦʮʝʥʪʨʠʯʝʩʢʘʷ ʢʦʦʨʜʠʥʘʪʘ ʚʜʦʣʴ ʦʩʠ, 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʦʣʥʝʯʥʦʡ ʦʩʠ (ʚ ʫʛʣʦʚʳʭ ʩʝʢʫʥʜʘʭ). 
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ʈʠʩʫʥʦʢ 2. ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʛʠʜʘ ʩʧʝʢʪʨʦʛʨʘʬʘ ʠ ʚʠʜ ʮʝʣʦʩʪʘʪʘ MFS. 

 

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʤʳ ʧʨʠʤʝʥʷʣʠ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʫʶ ʦʧʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʧʝʨʝʜ ʦʙʲʝʢʪʠʚʦʤ ʩʦʣ-

ʥʝʯʥʦʛʦ ʪʝʣʝʩʢʦʧʘ, ʢʦʪʦʨʘʷ ʩʪʨʦʠʪ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʦʣʥʦʛʦ ʜʠʩʢʘ ʩʦʣʥʮʘ. (ʩʤ. ʨʠʩ. 3a,b) ʠ ʧʦʩʣʝ ʮʝʥ-

ʪʨʠʨʦʚʘʥʠʷ ʛʠʜʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʩʥʠʤʘʝʪʩʷ ʨʘʟ-

ʥʦʩʪʴ ʩʠʛʥʘʣʦʚ ʥʘ ʬʦʪʦʜʠʦʜʘʭ ʠʣʠ ʇɿʉ- ʤʘʪʨʠʮʝ 

ʨʠʩ. 3c. ɺʩʝ ʜʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ ʟʘʧʠʩʳʚʘʣʠʩʴ ʚ 

FITS ʬʦʨʤʘʪʝ ʚ ʟʘʛʦʣʦʚʢʝ ʢʦʪʦʨʦʛʦ ʦʪʦʙʨʘʞʝʥʳ X, 

Y ʦʙʲʝʢʪʘ ʥʘʙʣʶʜʝʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʦʩʪʘʣʴʥʳʝ 

ʥʘʙʣʶʜʘʪʝʣʠ ʥʘʟʝʤʥʳʭ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ 

ʠʩʧʦʣʴʟʫʶʪ ʧʦʜʦʙʥʫʶ ʢʦʦʨʜʠʥʘʪʥʫʶ ʩʠʩʪʝʤʫ, 

ʣʝʛʢʦ ʦʪʦʞʜʝʩʪʚʣʷʪʴ ʦʙʲʝʢʪʳ ʜʣʷ ʩʦʚʤʝʩʪʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʠ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ. 

 
ʈʠʩʫʥʦʢ 3. a) ʦʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ HSFA, ʛʣʘʚʥʦʝ ʟʝʨʢʘʣʦ ʪʝʣʝʩʢʦʧʘ (2) D = 500 ʤʤ, 

F = 35 ʤ, ʧʦʣʦʞʝʥʠʝ ʬʦʪʦʛʠʜʘ (10); 

b) ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʪʝʣʝʩʢʦʧ ʬʦʪʦʛʠʜʘ; c) ʩʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʬʦʪʦʜʠʦʜʦʚ. 

 

3. ʄʆʈʌʆʃʆɻʀʏɽʉʂʀʁ ʂɸʊɸʃʆɻ 

ʇʈʆʊʋɹɽʈɸʅʎɽɺ  

ʄʳ ʩʦʩʪʘʚʠʣʠ ʢʘʪʘʣʦʛ ʩʦʣʥʝʯʥʳʭ ʧʨʦʪʫʙʝʨʘʥ-

ʮʝʚ, ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʥʘ ʤʥʦʛʦʢʘʥʘʣʴʥʦʤ ʚʩʧʳʰʝʯ-

ʥʦʤ ʩʧʝʢʪʨʦʛʨʘʬʝ MFS ʩ 05.1998 ʧʦ 05.2004 ʛʦʜʘ, 

ʙʦʣʴʰʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʧʝʢʪʨʦʛʨʘʬʝ HSFA-2 ʩ 

06.2004 ʧʦ 10.2015 ʛʦʜʘ ʠ ʩʦʣʥʝʯʥʦʤ ʣʘʙʦʨʘʪʦʨʥʦʤ 

ʩʧʝʢʪʨʦʛʨʘʬʝ (SLS) ʥʘ ʙʘʟʝ MFS c 07.2009 ʧʦ 

05.2017. ʏʘʩʪʴ ʢʘʪʘʣʦʛʘ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 4. ʂʘʪʘʣʦʛ ʦʪʦʙʨʘʥʥʳʭ ʧʨʦʪʫ-

ʙʝʨʘʥʮʝʚ, ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʥʘ OndŚejov observatory ʚ 

ʪʝʯʝʥʠʝ 1998 - 2017 ʛʦʜʦʚ, ʤʦʞʥʦ ʥʘʡʪʠ ʥʘ ʚʝʙ-

ʩʪʨʘʥʠʮʝ: 

http://ra.asu.cas.cz/MFS/morfolog_cataloque/01.html.  
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ʈʠʩʫʥʦʢ 4. ʆʙʱʠʡ ʚʠʜ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʪʘʣʦʛʘ. 

 

ʂʘʪʘʣʦʛ ʩʦʜʝʨʞʠʪ: ʬʠʣʴʪʨʦʛʨʘʤʤʳ ʧʨʦʪʫʙʝ-

ʨʘʥʮʝʚ ʠ ʠʭ ʩʧʝʢʪʨʳ ʚ ʣʠʥʠʠ HŬ ʠ ʜʨʫʛʠʭ ʣʠʥʠʷʭ; 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʨʝʤʝʥʠ ʥʘʯʘʣʘ ʠ ʢʦʥʮʝ ʥʘʙʣʶʜʝ-

ʥʠʷ; ʪʠʧ, ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ [1] ʠ ʜʘʥʥʳʝ ʩ 

ʢʦʩʤʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʠ Solar Dynamics 

Observatory . ʆʜʥʘ ʠʟ ʩʪʨʦʯʝʢ ʢʘʪʘʣʦʛʘ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩʫʥʢʘʭ 5, 6. ɺʩʝ ʜʘʥʥʳʝ ʨʘʟʤʝʱʝʥʳ ʚ ʘʨʭʠʚʘʭ 

ʥʘʙʣʶʜʝʥʠʡ http://ra.asu.cas.cz/MFS/, 

http://helios.asu.cas.cz/spectra/. 

 
ʈʠʩʫʥʦʢ 5. 26.08.2011 12:25:41 UT (HSFA-2): HŬ ʬʠʣʴʪʨʦʛʨʘʤʤʘ; ʭʨʦʤʦʩʬʝʨʥʳʝ ʣʠʥʠʠ HŬ, D3, Hɓ, CaII 

(H). ʅʘ ʧʝʨʚʦʤ ʩʥʠʤʢʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʣʠʥʠʠ ʷʚʣʷʶʪʩʷ ʨʝʧʝʨʥʳʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʰʪʘʙʘ, 

ʘ ʚʝʨʪʠʢʘʣʴʥʘʷ ʣʠʥʠʷ ʧʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʝʥʠʝ ʱʝʣʠ ʩʧʝʢʪʨʦʛʨʘʬʘ ʚ ʤʦʤʝʥʪ ʥʘʙʣʶʜʝʥʠʡ. 

 

ʆʩʥʦʚʥʳʝ ʢʨʠʪʝʨʠʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʥʘʤʠ ʧʨʠ 

ʦʪʙʦʨʝ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ: 

- ʨʘʟʣʠʯʠʝ ʩʧʦʢʦʡʥʳʭ ʧʨʦʪʫʙʝʨʘʥʮʝʚ ʦʪ ʧʨʦʪʫ-

ʙʝʨʘʥʮʝʚ ʧʦʣʷʨʥʦʡ ʢʦʨʦʥʳ; 

- ʨʘʟʣʠʯʠʝ ʩʪʨʫʢʪʫʨʳ ʚ ʣʠʥʠʷʭ HŬ, 304 ¡ ʠ 193 

¡; 

- ʩʚʷʟʴ ʩ ʩʦʣʥʝʯʥʳʤʠ ʧʷʪʥʘʤʠ ʠ ʘʢʪʠʚʥʳʤʠ 

ʧʨʦʷʚʣʝʥʠʷʤʠ ʚ ʥʠʭ; 

- ʥʘʣʠʯʠʝ ʚʠʜʠʤʳʭ ʜʚʠʞʝʥʠʡ ʚ ʧʨʦʪʫʙʝʨʘʥʮʝ; 

- ʩʪʨʫʢʪʫʨʘ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʟʣʫʯʝʥʠʷ ʚ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʷʭ. 

ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʢʘʪʘʣʦʛʘ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʜʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʩʦ ʩʧʫʪʥʠʢʦʚ 

SOHO, SDO/AIA ʚ ʣʠʥʠʷʭ He II 304 ¡, Fe XII 193 

¡, Fe IX 171 ¡, 1600 ¡, ʘ ʪʘʢʞʝ ʥʘʟʝʤʥʳʭ ʦʙʩʝʨʚʘ-

ʪʦʨʠʡ: Pic du Midi, France; Kanzelhºhe Observatory, 

Austria; Big Bear Solar Observatory, USA.  
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ʈʠʩʫʥʦʢ 6. 26.08.2011 12:25:41 UT SDO/ATA a) 304 ¡, b) 139 ¡, c) HŬ ʢʦʨʦʥʦʛʨʘʬ, Pic-du-Midi, d) 171 ¡, 

e) 304 A ʧʦʣʥʳʡ ʜʠʩʢ, f) HŬ , Paris-Meudon. ɻʝʣʠʦʮʝʥʪʨʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ: X = 612ò, Y = -784ò, ʧʦʣʷʨ-

ʥʳʝ ʢʦʦʨʜʠʥʘʪʳ: r = 1.050 Rsun, ɗ = 2180. 

 

ʇʨʠʚʝʜʝʥʳ ʧʨʦʛʨʘʤʤʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ (ʧʦ-

ʩʪʨʦʝʥʠʷ ʧʨʦʬʠʣʝʡ ʣʠʥʠʡ , ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʧʣʝʨʦʚ-

ʩʢʠʭ ʩʢʦʨʦʩʪʝʡ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʡ ʧʣʘʟʤʳ 

ʚ ʧʨʦʪʫʙʝʨʘʥʮʝ). 

4. ɺʓɺʆɼʓ 

ʇʨʠʚʝʜʝʥʥʳʡ ʢʘʪʘʣʦʛ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʧʦ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʜʘʥʥʳʭ, ʠʭ ʚʳʩʦʢʦʤʫ ʢʘʯʝʩʪʚʫ ʠ ʧʨʦ-

ʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʡ. ʈʝʰʝʥʘ ʟʘʜʘʯʘ ʧʨʠ-

ʚʷʟʢʠ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʥʳʤʠ ʠʥ-

ʩʪʨʫʤʝʥʪʘʤʠ. ɸʚʪʦʨʳ ʧʦʩʪʘʨʘʣʠʩʴ ʩʜʝʣʘʪʴ ʝʛʦ 

ʫʜʦʙʥʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ-ʪʝʦʨʝ-

ʪʠʢʦʚ. ʅʘ ʦʩʥʦʚʝ ʢʘʪʘʣʦʛʘ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʤʥʦʛʦ 

ʨʘʙʦʪ: ʥʘʧʨʠʤʝʨ [5], [6]. ʉʦʟʜʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ 

ʢʘʪʘʣʦʛʘ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ ʥʘʫʯʥʦʤʫ ʩʦ-

ʪʨʫʜʥʠʯʝʩʪʚʫ ɻɸʀʐ ʄɻʋ ʠ ɸʩʪʨʦʥʦʤʠʯʝʩʢʦʛʦ 

ʠʥ-ʪʘ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʏʝʰʩʢʦʡ ʨʝʩʧʫʙʣʠʢʠ. ɸʚʪʦʨʳ 

ʙʣʘʛʦʜʘʨʥʳ ʢʦʣʣʝʢʪʠʚʫ OndŚejov observatory ʟʘ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʩʪʫʤʝʥʪʦʚ ʠ ʘʨʭʠʚʦʚ 

ʦʙʩʝʨʚʘʪʦʨʠʠ, ʘ ʪʘʢʞʝ ʢʦʣʣʝʢʪʠʚʘʤ SOHO, SDO / 

AIA, SDO / HMI, GOES. 
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SPECIFICITY OF CATHODOLUMINESCENCE SPECTRA ZnS Ā O WITH STACKING FAULTS 

 

Morozova N. 

National Research University 
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ɸʅʅʆʊɸʎʀʗ 

ʀʩʩʣʝʜʦʚʘʥʳ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ZnSĀO c ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦ ʧʨʠʨʦʜʝ ʵʢʩʠʪʦʥʥʳʭ ʧʦʣʦʩ, 

ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʩʝʛʨʝʛʘʮʠʷʤʠ ʢʠʩʣʦʨʦʜʘ ʚ ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʦʚ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʩʧʝʢ-

ʪʨʦʚ ʢʘʪʦʜʦ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʂʃ), ʧʦʛʣʦʱʝʥʠʷ (ʦʪʨʘʞʝʥʠʷ), ʠʤʧʫʣʴʩʥʦʡ ʂʃ ʧʨʠ 80-300ʂ ʠ ʨʘʟʥʳʭ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʷʭ ʚʦʟʙʫʞʜʝʥʠʷ ʦʪ ʬʦʪʦ ʚʦʟʙʫʞʜʝʥʠʷ ʜʦ 1026 ʩʤī3 Ŀ ʩī1. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʘʥʘʣʠʟʦʚ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʠ c ʧʦʟʠʮʠʡ ʪʝʦʨʠʠ ʘʥʪʠʧʝʨʝʩʝʢʘʶʱʠʭʩʷ 

ʟʦʥ (bandanticrossingtheory) ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʢʩʠʪʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʦʪ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ZnSĀO. ɼʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʨʝʩʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʚʘʥʪʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʥʝʣʠʥʝʡʥʳʝ ʦʧ-

ʪʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ. 

ABSTRACT 

The optical properties of ZnS Ā O were researched with the aim of obtaining data on the nature of the exciton 

bands which are connected with oxygen segregation in the bulk of the crystals. The results of studying the spectra 

of cathodoluminescence (CL), absorption (reflection), pulsed CL at 80ï300 K and various excitation intensities 

from photo excitation to 1026 cm ï 3 s ï 1 are presented. Based on the presented analyzes to determine the oxygen 

concentration in the studied samples and in the context of the bandanticrossing theory, the dependence of the 

exciton spectra on the structural features of ZnS Ā O is established. The data may be of interest for creating quantum 

structures using nonlinear optical phenomena at room temperature and high excitation intensity. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʬʘʣʝʨʠʪ, ʜʝʬʝʢʪʳ ʫʧʘʢʦʚʢʠ, ʩʚʦʙʦʜʥʳʡ ɸ-ʵʢʩʠʪʦʥ (FE), ʟʦʥʥʘʷ ʤʦʜʝʣʴ ZnSĀO, 

ʪʝʦʨʠʷ ʘʥʪʠʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʟʦʥ. 

Keywords: sphalerite, stacking faults, free A-exciton (FE), band model ZnS Ā O, bandanticrossing theory. 

 

1. ɺʚʝʜʝʥʠʝ 

ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ZnS, ʩʦʜʝʨʞʘʱʝʛʦ ʨʘʩ-

ʪʚʦʨʝʥʥʳʡ ʢʠʩʣʦʨʦʜ, ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʩʚʝʪʝ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʚʦʟʟʨʝʥʠʡ. ɺʦʧʨʦʩ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʠ ʨʦʣʠ 

ʢʠʩʣʦʨʦʜʘ ʜʠʩʢʫʪʠʨʦʚʘʣʩʷ ʜʝʩʷʪʢʠ ʣʝʪ [1-28]. ʕʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʣʦʞʥʦʩʪʴʶ ʚʳʷʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ 

ʢʨʠʩʪʘʣʣʘʭ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʷ ʜʦ ʧʦʩʣʝʜʥʝʛʦ ʜʝʩʷ-

ʪʠʣʝʪʠʷ ʪʝʦʨʠʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʨʦʣʴ ʵʪʦʡ ʠʟʦʵʣʝʢ-

ʪʨʦʥʥʦʡ ʧʨʠʤʝʩʠ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ɸ2ɺ6. ʅʝʜʦʩʪʘ-

ʪʦʯʥʦ ʥʘʜʝʞʥʘ ʠ ʧʨʦʪʠʚʦʨʝʯʠʚʘ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʥ-

ʪʝʨʧʨʝʪʘʮʠʷ ʦʪʜʝʣʴʥʳʭ ʧʦʣʦʩ ʩʧʝʢʪʨʦʚ ʢʘʢ 

ʵʢʩʠʪʦʥʥʳʭ, ʪʘʢ ʠ ʩʘʤʦʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʩʚʝʯʝʥʠʷ.  

ɺ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʥʦʛʦʧʣʘʥʦʚʳʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʜʘʝʪʩʷ ʦʙʦʙʱʝʥʠʝ ʠʤʝʶʱʠʭʩʷ ʠ ʥʦʚʳʭ 

ʜʘʥʥʳʭ ʧʦ ʩʧʝʢʪʨʘʤ ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʂʃ), 

ʧʦʛʣʦʱʝʥʠʷ (ʦʪʨʘʞʝʥʠʷ), ʠʤʧʫʣʴʩʥʦʡ ʂʃ ʠ ʩʪʨʫʢ-

ʪʫʨʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ.  

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʪʝʦʨʠʠ ʘʥʪʠʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʟʦʥ (ɺɸʉ) ʩ ʧʨʠʚʣʝʯʝ-

ʥʠʝʤ ʫʪʦʯʥʝʥʥʦʡ ʟʦʥʥʦʡ ʤʦʜʝʣʠ ZnSĀO. ɺ ʦʙʱʝʤ 

ʢʦʥʪʝʢʩʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʵʢʩʠʪʦʥʥʳʝ ʩʧʝʢʪʨʳ ʠʤ-

ʧʫʣʴʩʥʦʡ ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʀʂʃ), ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʝ-

ʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʚ ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʦʚ.  

2.  ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʦʚ ʢʘʪʦʜʦʣʶ-

ʤʠʥʝʩʮʝʥʮʠʠ (ʂʃ) ʧʨʠ 77ī400 K, ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʚʦʟʙʫʞʜʝʥʠʷ 1022 ʩʤī3 Ŀ ʩī1 ʠ ʛʣʫʙʠʥʝ ʧʨʦʥʠʢʥʦʚʝ-

ʥʠʷ ʧʫʯʢʘ Ḑ (0.5ī1) ʤʢʤ ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʘʭ [2ï4, 

28], ʢʘʢ ʠ ʤʝʪʦʜʠʢʘ ʩʲʝʤʢʠ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ, 

ʦʪʨʘʞʝʥʠʷ ʧʨʠ 77-300ʂ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʤʧʫʣʴʩʥʦʡ 

ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʀʂʃ) ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ 

ʊʦʤʩʢʦʤ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʧʦ ʤʝʪʦ-

ʜʠʢʝ [27]. ʀʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʛʘʟʦ-

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ (ʍɻʍ) ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨ-

ʥʦʛʦ ʘʥʘʣʠʟʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩ-

ʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ [OS] ʚ ZnS [23, 2], ʂʨʦʤʝ 

ʪʦʛʦ, ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ [O]ʦʙ ɦ

ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠ-

ʦʥʥʦʛʦ ʘʥʘʣʠʟʘ [22]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʣʝʛʠʨʦ-

ʚʘʥʠʷ ʢʠʩʣʦʨʦʜʦʤ ZnS ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʧʦʣʠʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʠʭ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʦʙʨʘʟʮʘʭ, ʦʪʦʞʞʝ-

ʥʳʭ ʚ ʘʤʧʫʣʘʭ ʧʨʠ ʠʟʙʳʪʢʝ ʮʠʥʢʘ ʩ ʟʘʢʘʣʢʦʡ ʠ ʦʙ-

ʨʘʙʦʪʢʝ ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʢʩʠʜʘ [28,2]. 

ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʘʢʞʝ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʩʦ-

ʙʦʯʠʩʪʳʝ ʢʦʥʜʝʥʩʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʭʠʤʠʯʝʩʢʠʤ ʛʘ-

ʟʦʬʘʟʥʳʤ ʦʩʘʞʜʝʥʠʝʤ ïCVD-ʢʦʥʜʝʥʩʘʪʳ [4,16] ʠ 

ʤʥʦʢʨʠʩʪʘʣʣʳ, ʚʳʨʘʱʝʥʥʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʤʝ-

ʪʦʜʦʤ ʠ ʠʟ ʨʘʩʧʣʘʚʘ [2,14]. 

3. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʠʭ ʦʙʩʫʞʜʝ-

ʥʠʝ 

ʈʘʩʤʦʪʨʠʤ ʥʘʠʙʦʣʝʝ ʥʝʪʨʠʚʠʘʣʴʥʳʝ ʨʝʟʫʣʴ-

ʪʘʪʳ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʦʙʨʘʟʮʘʭ ʩʫʣʴ-

ʬʠʜʘ ʮʠʥʢʘ ZnSĀZn ʢʫʙʠʯʝʩʢʦʡ ʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ 

ʤʦʜʠʬʠʢʘʮʠʡ. ʉʧʝʢʪʨʳ ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 
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ʧʦʜʪʚʝʨʞʜʝʥʳ ʠʟʤʝʨʝʥʠʷʤʠ ʬʦʪʦʦʪʨʘʞʝʥʠʷ ʠ ʧʦ-

ʛʣʦʱʝʥʠʷ ZnS, ʩʠʣʴʥʦ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʢʠʩʣʦʨʦʜʦʤ 

[2]. ɸʥʘʣʦʛʠʯʥʳʝ ʜʘʥʥʳʝ ʚ 60-ʝ ʛʦʜʳ ʧʦʩʣʫʞʠʣʠ 

ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʜʠʩʢʫʩʩʠʠ ʦ ʚʝʣʠʯʠʥʝ ʰʠʨʠʥʳ ʟʘ-

ʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʠ ʧʨʠʨʦʜʝ ʧʦʣʦʩ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢ-

ʪʨʦʚ ʩʘʤʦʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ZnS, ʘ ʦʪʩʫʪʩʪʚʠʝ ʪʝʦʨʝ-

ʪʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʥʝ ʧʦʟʚʦʣʠʣʦ ʚ ʩʚʦʝ ʚʨʝʤʷ ʧʦ-

ʥʷʪʴ ʨʝʟʫʣʴʪʘʪʳ 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ ʢʘʪʦʜʦʣʶʤʠʥʝʩ-

ʮʝʥʮʠʠ (ʂʃ) ZnS, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʙʨʘʟʮʘʤ ʩʬʘ-

ʣʝʨʠʪʘ (s) ʠ ʚʶʨʮʠʪʘ (w).  

 
ʈʠʩ.1. ʕʢʩʠʪʦʥʥʳʝ ʩʧʝʢʪʨʳ ʂʃ-ʄ1 ʧʦʨʦʰʢʦʚ ZnS(O) ʚʶʨʮʠʪʘ (w) ʠ ʩʬʘʣʝʨʠʪʘ (s).  

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ: 0,8(w) ʠ 1,0 (s) ʤʦʣ % ʠ ʢʦʥʮʝʥ-

ʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʠ 300 ʂ ï ʢʨʠʚʳʝ 2 ï 5. ʉʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ: (1) ï 0,1(s), 0,06(w); (2) ï 

0,3(s), 0,4 (w); (3) ï 0,5(s), 0,8(w); (4) ï 0,8(s), 1.0(w); (5) ï 1,0(s), 1,25(w) ʤʦʣ % [OS].  

ʋʢʘʟʘʥʳ ʜʣʠʥʳ ʚʦʣʥ ʤʘʢʩʠʤʫʤʦʚ ʧʦʣʦʩ ʚ ʥʤ. 

 

ʉʧʝʢʪʨʳ ʂʃ ʧʦʣʫʯʝʥʳ ʧʨʠ ʛʣʫʙʠʥʝ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʛʦ ʩʣʦʷ Ḑ 0.3 ʤʢʤ ʧʦ ʤʝʪʦʜʠʢʝ ʄ1[28]. ʇʦ-

ʢʘʟʘʥʘ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʦʚ ʩ ʪʝʤʧʝʨʘʪʫ-

ʨʦʡ. ʇʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (80 K) ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʘʣʦʞʝʥʠʝ ʢʨʘʝʚʦʛʦ ʩʚʝʯʝʥʠʷ ʥʘ ʦʙʣʘʩʪʴ ʵʢʩʠʪʦʥ-

ʥʦʛʦ ʩʧʝʢʪʨʘ. ʇʦʩʣʝ ʟʘʛʘʩʘʥʠʷ ʠʥʪʝʥʩʠʚʥʦʛʦ ʢʨʘʝ-

ʚʦʛʦ ʩʚʝʯʝʥʠʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ >200 K 

ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʧʦʣʦʩʳ: ʢʦʨʦʪʢʦʚʦʣʥʦʚʘʷ (ʂɺ) ʠ 

ʜʣʠʥʥʦʚʦʣʥʦʚʘʷ (ɼɺ), ʧʦʣʦʞʝʥʠʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʠʩʣʦʨʦʜʘ [OS]. ʕʪʦ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ 

ʨʠʩ.1 ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʵʪʠʭ ʧʦʣʦʩ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ 

ʧʨʠ 300 K. ʉʫʜʷ ʧʦ ʩʧʝʢʪʨʘʤ, ʩʧʝʢʪʨʘʣʴʥʦʝ ʧʦʣʦ-

ʞʝʥʠʝ ʂɺ ʧʦʣʦʩʳ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʟ-

ʚʝʩʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʦʣʦʩʳ ʩʚʦʙʦʜʥʦʛʦ A-ʵʢʩʠ-

ʪʦʥʘ (FE) ʥʘʠʙʦʣʝʝ ʯʠʩʪʦʛʦ ʧʦ ʢʠʩʣʦʨʦʜʫ ZnS(s). 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʠ ʥʘ ʧʦ-

ʨʦʰʢʘʭ ʚʶʨʮʠʪʘ (ʨʠʩ. 1).  

ʊʘʢ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ 

[OS] Ó 0.15 ʤʦʣ% ʚ ʂʃ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʫʩʠʣʠʚʘʝʪʩʷ 

ʚʪʦʨʘʷ ɼɺ ʧʦʣʦʩʘ. ʩʤʝʱʝʥʥʘʷ ʦʪ ʂɺ ʧʨʠʤʝʨʥʦ ʥʘ 

60 ʠ 80 ʤʵɺ ʜʣʷ ʩʬʘʣʝʨʠʪʘ ʠ ʚʶʨʮʠʪʘ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ (ʨʠʩ 1). ʇʨʠ [OS] <0.1 ʤʦʣ% ʵʪʘ ɼɺ ʧʦʣʦʩʘ 

ʦʩʣʘʙʣʷʝʪʩʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʂɺ, ʠ ʥʝ ʨʝʛʠ-

ʩʪʨʠʨʫʝʪʩʷ. 

ɺ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʧʨʠ ʥʠʟʢʦʤ ʫʨʦʚʥʝ 

ʬʦʪʦʚʦʟʙʫʞʜʝʥʠʷ ʧʨʝʦʙʣʘʜʘʝʪ ʩʠʥʷʷ SA-ʧʦʣʦʩʘ 

ʧʨʠ Ḑ 440-445 ʥʤ, ʘ ʵʢʩʠʪʦʥʥʳʝ ʧʦʣʦʩʳ ʥʝ ʨʝʛʠ-

ʩʪʨʠʨʫʶʪʩʷ. 
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ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʵʥʝʨʛʠʠ ʤʘʢʩʠʤʫʤʦʚ 

ʦʙʝʠʭ ʧʦʣʦʩ ʩʬʘʣʝʨʠʪʘ ʠ ʚʶʨʮʠʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ. ʅʘʙʣʶʜʘʝʪʩʷ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʣʠʥʝʡʥʦʝ ʜʣʠʥʥʦʚʦʣʥʦʚʦʝ ʩʤʝʱʝʥʠʝ ʂɺ ʠ ɼɺ 

ʧʦʣʦʩ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʫʤʝʥʴʰʝʥʠʝ ʰʠʨʠʥʳ ʟʘʧʨʝ-

ʱʝʥʥʦʡ ʟʦʥʳ. ɼʠʘʧʘʟʦʥ [OS], ʢʘʢ ʚʠʜʥʦ, ʦʛʨʘʥʠʯʝʥ 

ʧʨʝʜʝʣʴʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʢʠʩʣʦʨʦʜʘ ʚ ZnS, ʢʦ-

ʪʦʨʘʷ ʜʣʷ ʩʬʘʣʝʨʠʪʘ ʧʨʠ ʠʟʙʳʪʢʝ ʮʠʥʢʘ ʠ ʪʝʤʧʝʨʘ-

ʪʫʨʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ Ḑ (1020ī1040) ǓC ʩʦʩʪʘʚ-

ʣʷʝʪ Ḑ 1.3 ʤʦʣ% [2,24]. ɺʝʣʠʯʠʥʘ ʩʤʝʱʝʥʠʷ ʜʣʷ 

ʩʬʘʣʝʨʠʪʘ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ 75 ʤʵɺ ʥʘ 1 ʤʦʣ% [OS]. 

ʇʨʠ [OS] Ÿ 0 ʂɺ ʧʦʣʦʩʘ ʩʬʘʣʝʨʠʪʘ ʩʤʝʱʘʝʪʩʷ ʚ ʠʟ-

ʚʝʩʪʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦʣʦʩʳ ʩʚʦʙʦʜʥʦʛʦ A-ʵʢʩʠʪʦʥʘ 

(FE) ZnS(s) ï 336.18 ʥʤ (3.688 ʵɺ) ʧʨʠ 300 K [8,2].  

ɼʣʷ ʚʶʨʮʠʪʘ ʚʝʣʠʯʠʥʘ ʩʤʝʱʝʥʠʷ ʵʢʩʠʪʦʥʥʦʡ 

ʂɺ ʧʦʣʦʩʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʢʠʩʣʦʨʦʜʘ, ʪ.ʝ. ʫʤʝʥʴ-

ʰʝʥʠʝ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʩʦʩʪʘʚʣʷʝʪ 90 

ʤʵɺ ʥʘ 1 ʤʦʣ% [OS]. ʉʤʝʱʝʥʠʝ ɼɺ ʧʦʣʦʩʳ ʂʃ ʤʳ 

ʥʘʙʣʶʜʘʣʠ ʜʦ 356 ʥʤ (300 K), ʪ.ʝ [OS] å 1.8 ʤʦʣ%. 

ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʙʦʣʴʰʝʡ ʧʨʝʜʝʣʴʥʦʡ ʨʘʩʪʚʦʨʠ-

ʤʦʩʪʴʶ ʢʠʩʣʦʨʦʜʘ ʚ ʚʶʨʮʠʪʝ ~2 ʤʦʣ% [2]. 

 
ʈʠʩ. 2. ʉʤʝʱʝʥʠʝ ʂɺ ʠ ɼɺ ʵʢʩʠʪʦʥʥʳʭ ʧʦʣʦʩ ʂʃ ʩʬʘʣʝʨʠʪʘ (ʘ) ʠ ʚʶʨʮʠʪʘ (b) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ [OS] ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 K. 

 

ʇʨʠ [OS] Ÿ 0 ʂɺ ʧʦʣʦʩʘ ʚʶʨʮʠʪʘ ʟʘʥʠʤʘʝʪ ʧʦ-

ʣʦʞʝʥʠʝ ʧʦʣʦʩʳ A-ʵʢʩʠʪʦʥʘ ʚʶʨʮʠʪʘ ZnS(w), ʪ. ʝ. 

330 ʥʤ (3.757 ʵɺ) ʧʨʠ 300 [2,5]. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʂɺ ʠ ɼɺ ʧʦʣʦʩʘʤʠ ʩʦʩʪʘʚʣʷʝʪ ~ 80ʤʵɺ, ʧʨʠʯʝʤ ʵʪʦ 

ʨʘʩʩʪʦʷʥʠʝ ʤʦʞʝʪ ʥʝʩʢʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʠʩʣʦʨʦʜʘ ʚ 

ʦʙʨʘʟʮʳ.  

ʇʨʠʩʫʪʩʪʚʠʝ ʚʪʦʨʦʡ ɼɺ ʵʢʩʠʪʦʥʥʦʡ ʧʦʣʦʩʳ ʚ 

ʩʧʝʢʪʨʝ ZnS ʥʝʪʨʠʚʠʘʣʴʥʦ. ʄʝʞʜʫ ʪʝʤ ʪʘʢʦʡ ɼɺ ʩʘ-

ʪʝʣʣʠʪ ɸ-ʵʢʩʠʪʦʥʘ ʦʪʤʝʯʘʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ZnS. ɺ ʨʘʙʦʪʘʭ, ʚ 

ʯʘʩʪʥʦʩʪʠ [10,11,17,19,28], ʵʪʘ ʧʦʣʦʩʘ ʧʨʠʧʠʩʳʚʘ-

ʣʘʩʴ I1 - ʩʚʷʟʘʥʥʦʤʫ ɺɽ (ʣʦʢʘʣʠʟʦʚʘʥʥʦʤʫ) ʵʢʩʠ-

ʪʦʥʫ [5] ʥʘ ʘʢʮʝʧʪʦʨʥʳʭ ʮʝʥʪʨʘʭ SA ʩʚʝʯʝʥʠʷ. ʇʨʠ 

ʵʪʦʤ ʙʳʣʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʘʷ I1 ʧʦʣʦʩʘ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʨʠ 300ʂ, ʠʤʝʝʪ ʰʠʨʠʥʫ ʪʘʢʫʶ ʞʝ, 

ʢʘʢ FE, ʠ ʥʝ ʥʘʩʳʱʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʨʦʚʥʷ 

ʚʦʟʙʫʞʜʝʥʠʷ ʜʦ 1026 ʩʤī3Ŀʩī1, ʘ ʥʝʣʠʥʝʡʥʦ ʚʦʟʨʘʩ-

ʪʘʝʪ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ [2,19,28]. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʪʘ-

ʢʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʩʧʝʢʪʨʘ ZnS ʥʝ ʜʘʥʘ ʜʦ ʥʘʩʪʦʷ-

ʱʝʛʦ ʚʨʝʤʝʥʠ. 

ʀʟʤʝʥʝʥʠʷ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʠ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʝ ʚʪʦʨʦʛʦ ɼɺ ʢʨʘʷ ʧʦʛʣʦʱʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʦʧʠʩʘʥʳ ʚ ʂʃ, ʧʨʦʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʚ ʧʦʛʣʦʱʝʥʠʠ ʠ 

ʦʪʨʘʞʝʥʠʠ ZnS. ʊʘʢ, ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ɼɺ ʩʤʝʱʝʥʠʝ ʢʨʘʷ ʘʙʩʦʨʙʮʠʠ ʩ [OS] ʤʳ ʥʘʙʣʶʜʘʣʠ 

ʧʨʠ ʠʟʫʯʝʥʠʠ ʵʢʩʠʪʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʤʦʥʦʢʨʠʩʪʘʣ-

ʣʦʚ ʩʬʘʣʝʨʠʪʘ ʧʨʠ 77 ʂ. ʉʧʝʢʪʨʦʛʨʘʤʤʳ, ʩʥʷʪʳʝ 

ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʡ ʤʝʪʦʜʠʢʦʡ ʜʣʷ ʛʠʜʨʦʪʝʨʤʘʣʴ-

ʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ZnS(O), ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ. ʂʘʢ 

ʚʠʜʥʦ ʠʟ (ʨʠʩ.3), ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚ ʩʧʝʢʪʨʘʭ ʦʜ-

ʥʦʚʨʝʤʝʥʥʦ ʜʚʘ ʢʨʘʷ ʘʙʩʦʨʙʮʠʠ. ʆʜʠʥ ʠʟ ʥʠʭ - ʂɺ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝʤ ʩʚʦʙʦʜʥʦʛʦ ʵʢʩʠʪʦʥʘ FE 

ʯʠʩʪʦʛʦ ZnS 327 ʥʤ ʥʘ ʨʠʩ. 3, ʜ. ɺʪʦʨʦʡ ʢʨʘʡ ʥʘʙʣʶ-

ʜʘʝʪʩʷ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ, ʧʨʦʩʪʠʨʘ-

ʶʱʝʝʩʷ ʚ ɼɺ ʩʪʦʨʦʥʫ, ʥʘʧʨʠʤʝʨ, ʚ ʦʪʨʘʞʝʥʠʠ (ʜ) 

ʜʦ 333-335 ʥʤ. ɺ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ ʜʣʠʥʥʦʚʦʣ-

ʥʦʚʳʡ ʢʨʘʡ ʪʝʭ ʞʝ ʦʙʨʘʟʮʦʚ ʷʨʯʝ ʚʳʨʘʞʝʥ (ʙ, ʘ).  
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ʈʠʩ. 3. ʉʧʝʢʪʨʦʛʨʘʤʤʳ (ʬʦʪʦ) ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ZnS(O) ʧʨʠ 77 ʂ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʩʤʝʱʝʥʠʝ ʢʨʘʷ ʘʙʩʦʨʙʮʠʠ ʚ ʧʦʛʣʦʱʝʥʠʠ (ʘ ï ʚ) ʠ ʦʪʨʘʞʝʥʠʠ (ʛ, ʜ).  

ʈʝʧʝʨʳ ʥʘʥʝʩʝʥʳ ʧʦ ʩʧʝʢʪʨʫ Fe. 

 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ [OS] ʧʦʣʦʩʘ FE ʪʘʢʞʝ ʧʝʨʚʦʥʘ-

ʯʘʣʴʥʦ ʠʩʧʳʪʳʚʘʝʪ ʥʝʙʦʣʴʰʦʝ ɼɺ ʩʤʝʱʝʥʠʝ (ʨʠʩ. 

3, ʛ). ʂʦʛʜʘ ʩʤʝʱʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʜʦ 350ʥʤ (ʘ), ʪʦ 

ʵʢʩʠʪʦʥ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʂɺ ʢʨʘʡ, ʚ ʩʧʝʢʪʨʝ ʨʘʟʤʳʪ. 

ʅʘʟʦʚʝʤ ʢʨʘʡ, ʚʦʟʥʠʢʘʶʱʠʡ ʥʘ ʩʧʝʢʪʨʦʛʨʘʤ-

ʤʘʭ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ʩʫʣʴʬʠʜʝ ʮʠʥʢʘ, 

ñʢʨʘʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷò (ʂɼʇ) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʘʝʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ 

ʚʙʣʠʟʠ ZnS. ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʩʧʝʢʪʨʘʭ ʦʪʨʘʞʝʥʠʷ ʦʜ-

ʥʦʚʨʝʤʝʥʥʦ FEZnS ʠ ʂɼʇZnSÖO ʧʦʜʦʙʥʦ ʧʨʠʩʫʪʩʪʚʠʶ 

ʜʚʫʭ ʧʦʣʦʩ ʂʃ, ʦʧʠʩʘʥʥʳʭ ʨʘʥʝʝ ʜʣʷ ʧʦʨʦʰʢʦʚ 

ZnS(O) (ʩʤ. ʨʠʩ.1). ɺʝʣʠʯʠʥʘ ʧʦʛʣʦʱʝʥʠʷ ʪʦʥʢʠʭ 

ʧʦʣʠʨʦʚʘʥʥʳʭ ʧʣʘʩʪʠʥ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ZnS(O) ʚ ʦʙʣʘʩʪʠ ʂɼʇ, ʠʟʤʝʨʝʥʥʘʷ ʬʦʪʦʤʝʪʨʠʯʝ-

ʩʢʦʡ ʤʝʪʦʜʠʢʦʡ, ʧʦʨʷʜʢʘ ʩʦʙʩʪʚʝʥʥʦʛʦ.  

ʀʟ ʩʨʘʚʥʝʥʠʷ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʠ ʦʪʨʘʞʝ-

ʥʠʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʢʨʠʩʪʘʣʣʘ ʥʘ ʩʧʝʢʪʨʦʛʨʘʤʤʝ, 

ʥʘʧʨʠʤʝʨ, ñʛò ʠ ñʘò ʨʠʩ. 3, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʙʦʣʝʝ 

ʜʣʠʥʥʦʚʦʣʥʦʚʦʝ ʩʤʝʱʝʥʠʝ ʂɼʇ ʚ ʧʦʛʣʦʱʝʥʠʠ, ʯʝʤ 

ʚ ʦʪʨʘʞʝʥʠʠ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʦʜʥʦʨʦʜʥʦ-

ʩʪʠ ʦʙʨʘʟʮʦʚ ʠ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ [OS] ʚ 

ʦʙ̡ʝʤʝ. ɼɺ ʧʦʣʦʩʘ ʂʃ ʧʦʨʦʰʢʦʚ ʘʥʘʣʦʛʠʯʥʘ ʜʣʠʥ-

ʥʦʚʦʣʥʦʚʦʤʫ ʂɼʇ, ʠ, ʥʘʜʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ ʚʳʷʚʣʷʶʪʩʷ ʦʙʣʘʩʪʠ ʩ ʧʦʚʳʰʝʥʥʦʡ [OS] ʚ 

ʛʣʫʙʠʥʥʳʭ ʩʣʦʷʭ.  

ʉʫʱʝʩʪʚʝʥʥʳʝ ʜʣʠʥʥʦʚʦʣʥʦʚʳʝ ʩʜʚʠʛʠ ʵʢʩʠ-

ʪʦʥʥʳʭ ʩʧʝʢʪʨʦʚ, ʢʘʢ ʠ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 

ZnSϽO ʥʘ ʩʦʪʥʠ ʤʵɺ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʠʩʣʦʨʦʜʘ, ʥʝ ʠʤʝʚʰʠʝ ʨʘʥʝʝ ʦʙʲʷʩʥʝʥʠʷ, ʚ ʥʘʩʪʦ-

ʷʱʝʝ ʚʨʝʤʷ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʦʩʥʦʚʝ ʪʝʦ-

ʨʠʠ ʘʥʪʠʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʟʦʥ ɺɸʉ [21,28,26].  

ʈʘʩʩʤʦʪʨʠʤ ʥʘʰʠ ʨʝʟʫʣʴʪʘʪʳ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ 

ʧʦʩʪʨʦʝʥʥʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ ɺɸʉ ʟʦʥʥʦʡ 

ʤʦʜʝʣʴʶ ZnSϽO, ʫʪʦʯʥʝʥʥʦʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ [26] 
(ʨʠʩ.4).  

 
ʈʠʩ. 4. ɿʦʥʥʘʷ ʤʦʜʝʣʴ ZnS(O) ʩʬʘʣʝʨʠʪʘ ʧʨʠ 80 ʂ ʠ [OS] ~1 ʤʦʣ% ʚ ʩʚʝʪʝ ʪʝʦʨʠʠ ʘʥʪʠʧʝʨʝʩʝʢʘʶʱʠʭʩʷ 

ʟʦʥ. ʉʤʝʱʝʥʠʝ ʢʨʘʝʚ ʟʦʥ 75 ʤʵɺ ʥʘ 1 ʤʦʣ% OS . ʃʦʢʘʣʠʟʦʚʘʥʥʳʝ ʢʠʩʣʦʨʦʜʥʳʝ ʩʦʩʪʦʷʥʠʷ ɽʆ  

ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ 0.16 ʵɺ ʚʳʰʝ ʜʥʘ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ Eʉ ʙʝʩʢʠʩʣʦʨʦʜʥʦʛʦ ZnS [26]. 

 

  


