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EFFICIENCY  OF ELECTRICAL  PROSPECTIVITY  DATA 

IN THE STUDY OF POLYMETAL  MINEROUS 

IN SOUTHERN MUGALZHAR  

 
ɸʥʥʦʪʘʮʠʷ. ʀʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʶʞʥʦʡ ʯʘʩʪʠ 

ʄʫʛʘʣʞʘʨ ʜʣʷ ʧʦʠʩʢʘ ʥʦʚʳʭ ʠ ʦʮʝʥʢʠ ʠʟʚʝʩʪʥʳʭ ʟʦʣʦʪʳʭ ʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʠ ʫʯʘʩʪʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʧʨʦʤʳʰʣʝʥʥʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠ ʧʦʢʘ-

ʟʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʪʦʜʠʢ ʚ ʮʝʣʷʭ ʢʘʨʪʠʨʦʚʘʥʠʷ ʠ 

ʠʟʫʯʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʧʦʠʩʢʠ ʨʫʜʥʳʭ ʧʦʣʝʡ, ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʦʪʜʝʣʴʥʳʭ ʟʘʣʝʞʝʡ, 

ʦʢʦʥʪʫʨʠʚʘʥʠʷ ʠ ʦʮʝʥʢʘ ʚʳʷʚʣʝʥʥʳʭ ʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʨʝʰʝʥʠʝ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ ʟʘ-

ʜʘʯ. ʀʟʫʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʦʚ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʘʢʪʠ-

ʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʨʫʜʥʦʤʫ ʨʘʡʦʥʫ ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʨʘʟʥʳʤʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʨʘʟʚʝʜʢʘ, ʧʦʣʣʠʤʝʪʘʣʠʯʝʩʢʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʦʢʦʥʪʫʨʠʚʘ-

ʥʠʝ, ʨʘʮʠʦʥʘʣʴʥʳʡ ʤʝʪʦʜ. 

 

ɸשʜʘʪʧʘ. ʄסײʘʣʞʘʨʜʳש ʦשʪװʩʪʽʢ ʙᴇʣʽʛʽʥʜʝ ʞʘשʘ ʘʣʪʳʥ ʞᴅʥʝ ʧʦʣʠʤʝʪʘʣʣ ʢʝʥ ʦʨʳʥʜʘʨʳʥ, 

ʢʝʥ ʢᴇʨʽʥʽʩʪʝʨʽʥ ʞᴅʥʝ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʤʘשʳʟʳ ʙʘʨ ʫʯʘʩʢʝʣʝʨʜʽ ʽʟʜʝʫ ʞᴅʥʝ ʙʘסʘʣʘʫ װʰʽʥ ʞװʨʛʽʟʽʣʛʝʥ 

ʵʣʝʢʪʨ ʙʘʨʣʘʫ ʞײʤʳʩʪʘʨʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ ʙʘʷʥʜʘʣסʘʥ ʞᴅʥʝ ʛʝʦʣʦʛʠʷʣʳץ ʦʙʲʝʢʪʽʣʝʨʜʽ ʢʘʨʪʘסʘ 

ʪװʩʽʨʫ ʞᴅʥʝ ʟʝʨʜʝʣʝʫ, ʢʝʥ ʘʣץʘʧʪʘʨʳʥ, ʢʝʥ ʦʨʳʥʜʘʨʳ ʤʝʥ ʞʝʢʝʣʝʛʝʥ ʢʝʥ ʦʨʳʥʜʘʨʳʥ ʽʟʜʝʫ, 

ʘʥʳץʪʘʣסʘʥ ʢʝʥ ʦʙʲʝʢʪʽʣʝʨʽʥ ʢʦʥʪʫʨʣʘʫ ʞᴅʥʝ ʙʘסʘʣʘʫ ʤʘץʩʘʪʳʥʜʘ ᴅʜʽʩʪʝʤʝʣʝʨʜʽײ שʪʳʤʜʳ 

ʢʝʰʝʥʽʥ ץʦʣʜʘʥʫ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ, ʩʦʥʜʘʡ-ʘץ ʪʘʫ-ʢʝʥ ʪʝʭʥʠʢʘʣʳץ ʤʽʥʜʝʪʪʝʨʽʥ ʰʝʰʫ. 

ɿʝʨʪʪʝʫʣʝʨ ʛʝʦʣʦʛʠʷʣʳס ץʳʣʳʤʜʘʨ ʠʥʩʪʠʪʫʪʳʥʳס שʳʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨʽʥʽש ʤʘʪʝʨʠʘʣʜʘʨʳʥʘ 

ʥʝʛʽʟʜʝʣʛʝʥ. ʂ. ʀ. ʉʘʪʧʘʝʚʘ. 

ʊϮʡʽʥʜʽ ʩϺʟʜʝʨ: ʵʣʝʢʪʨʣʽʢ ʙʘʨʣʘʫ, ʧʦʣʠʤʝʪʘʣʣ ʢʝʥʦʨʳʥʜʘʨʳ, ʢʦʥʪʫʨʣʘʫ, ײʪʳʤʜʳ ᴅʜʽʩ. 

 

Annotation. The results of electrical exploration carried out in the southern part of Mugalzhar 

for the search for new and evaluation of known gold and polymetallic deposits, ore occurrences and 

sites that may be of industrial importance are presented and the possibilities of using a rational set of 

techniques for mapping and studying geological objects, searching for ore fields, deposits and individual 

deposits, delineation and evaluation of identified ore objects are shown., as well as solving mining 

problemsThe research is based on the materials of scientific research of the Institute of Geological 

Sciences named after K. I. Satpayev. 

Key words: electrical exploration, polymetallic deposits, contouring, rational method. 
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ʣʝʥʦʢʘʤʝʥʥʦʡ ʟʦʥʳ ʖʞʥʦʛʦ ʄʫʛʘʣʞʘʨʘ. ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʨʘʡʦʥʘ 

ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʥʠʞʥʝʛʦ ʠ ʩʨʝʜʥʝʛʦ ʜʝʚʦʥʘ, ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʩʨʝʜʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʜʝʚʦʥʘ, 

ʥʠʞʥʝʛʦ ʢʘʨʙʦʥʘ ʠ ʚʝʨʭʥʝʡ ʧʝʨʤʠ, ʦʙʨʘʟʫʶʱʠʝ ʜʦʤʝʟʦʟʦʡʩʢʠʡ ʬʫʥʜʘʤʝʥʪ. 

ʇʝʪʨʦʬʠʟʠʯʝʩʢʠʝ (ʧʣʦʪʥʦʩʪʴ, ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ) ʩʚʦʡʩʪʚʘ ʚʳʭʦʜʦʚ 

ʧʦʨʦʜ ʬʫʥʜʘʤʝʥʪʘ ʠ ʭʘʨʘʢʪʝʨ ʠʭ ʦʪʨʘʞʝʥʠʷ ʚ ʛʨʘʚʠʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. ʇʦʨʦʜʳ 

ʬʫʥʜʘʤʝʥʪʘ ʫʯʘʩʪʢʘʤʠ ʧʝʨʝʢʨʳʪʳ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʜʨʝʚʥʝʡ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ 

ʠ ʧʦʨʦʜʘʤʠ ʧʦʢʨʦʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʣʦʞʝʥʥʦʛʦ ʦʩʘʜʦʯʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ 

ʤʝʣʦʚʦʛʦ, ʧʘʣʝʦʛʝʥʦʚʦʛʦ, ʥʝʦʛʝʥʦʚʦʛʦ ʠ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʚʦʟʨʘʩʪʦʚ (ɸʙʜʫʣʠʥ ɸ. 

ɸ., ʎʠʨʝʣʴʩʦʥ ɹ. ʉ. ʠ ʜʨ. ʀɻʅ ʠʤ. ʂ. ʀ. ʉʘʪʧʘʝʚʘ, 1975). 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʕʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʥʘ 

ʫʯʘʩʪʢʘʭ 1 ʠ 2 ʚ 2014 ʛʦʜʫ, ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʷ ʧʣʦʱʘʜʥʦʡ ʚʘʨʠʘʥʪ ʤʝʪʦʜʘ ʚʳ-

ʟʚʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʡ (ɺʇ-ɼʕɿ). ʆʥʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʤʦʜʠʬʠ-

ʢʘʮʠʠ ʧʨʦʬʠʣʴʥʳʭ ʛʣʫʙʠʥʥʳʭ ʟʦʥʜʠʨʦʚʘʥʠʡ ʩʠʩʪʝʤʦʡ ʧʦʣʴ-ʜʠʧʦʣʴ. 

ɺ ʥʘʙʣʶʜʝʥʠʷʭ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ 

ʧʨʦʚʦʜʷʪʩʷ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʨʠʸʤʥʳʭ ʜʠʧʦʣʷʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʵʣʝʢʪʨʦʜʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚʩʣʝʜʩʪʚʠʝ ʧʦʜʘʯʠ ʪʦʢʘ ʚ ʟʝʤʣʶ ʯʝʨʝʟ ʧʠʪʘʶʱʠʝ 

ʵʣʝʢʪʨʦʜʳ [1], [2]. 

ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʥʘʯʠʥʘʣʘʩʴ ʩ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʘʷ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʦʣʝ. ʈʝʟʫʣʴʪʘ-

ʪ rʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ ʚ ʚʠʜʝ ʧʩʝʚʜʦʨʘʟʨʝʟʦʚ ʧʦʣʷʨʠ-

ʟʫʝʤʦʩʪʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚ ʮʚʝʪʥʦʡ ʛʨʘʬʠʯʝʩʢʦʡ ʬʦʨʤʝ. 

ʆʢʦʥʯʘʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʦʣʝ-

ʚʳʭ ʨʘʙʦʪ ʠ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

- ʇʦʩʪʨʦʝʥʠʝ ʧʩʝʚʜʦʨʘʟʨʝʟʦʚ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʡ; 

- ʈʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʬʠʣʝʡ ʩ ʧʦʤʦʱʴʶ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʤʦʜʝʣʝʡ ʜʣʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʡ 

(ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠʥʚʝʨʩʠʠ); 

- ʇʦʩʪʨʦʝʥʠʝ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ ʠ ʢʘʨʪ ʛʣʫʙʠʥʥʳʭ ʫʨʦʚʥʝʡ ʥʘ 

ʦʩʥʦʚʝ ʠʥʚʝʨʩʠʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʡ [3]. 

ʇʩʝʚʜʦʨʘʟʨʝʟʳ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʧʦʣʫʯʘʝʤʳʝ ʧʦ ʜʘʥʥʳʤ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʦʥʜʠʨʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ɻ ʢʩʧʨʝʩʩ-ʚʠʟʫʘʣʠʟʘʮʠʶ ʠʥ-

ʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʚ ʭʦʜʝ ʩʲʝʤʢʠ. ʇʨʠ ʵʪʦʤ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʢʘʨʪʠʨʦʚʘʥʠʷ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʩʪʝʧʝʥʠ ʚʳʨʘʞʝʥʥʦʩʪʠ ʩʘʤʠʭ ʦʙʲʝʢʪʦʚ 

ʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʷʭ, ʪʘʢ ʠ ʦʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ, ʚ ʯʠʩʣʦ ʢʦʪʦʨʳʭ 

ʚʭʦʜʷʪ ʵʣʝʢʪʨʦʜʥʳʝ ʵʬʬʝʢʪʳ, ʵʢʨʘʥʥʦʝ ʚʣʠʷʥʠʝ ʟʦʥ ʥʠʟʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ. 

ʅʘ ʢʘʞʜʦʤ ɻ ʪʘʧʝ ʦʙʨʘʙʦʪʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʝ ʧʘʢʝʪʳ ʧʨʦʛʨʘʤʤ: 

ɻʨʘʬʠʯʝʩʢʠʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʢʦʤʧʘʥʠʠ Golden SoftWare. 

1. Surfer ï ʧʨʦʛʨʘʤʤʘ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʨʝʟʦʚ, ʛʨʘʬʠʢʦʚ ʠ ʢʘʨʪ. 

2. Voxler ï 3D ʚʠʟʫʘʣʠʟʘʮʠʷ ʤʦʜʝʣʝʡ. 

3. Didger ï ʦʮʠʬʨʦʚʢʘ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʢʘʨʪ. 

4. Grapher ï ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ. 

ʇʨʦʛʨʘʤʤʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ɻ ʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʤʠ ʜʘʥʥʳʤʠ: 

- IP Section Oasis Montaj ï ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʠʟʤʝʨʠʪʝʣʷ GDD. 

- ʇʨʦʛʨʘʤʤʳ ʨʘʩʯʝʪʘ ʠʥʚʝʨʩʠʡ: ZondRes2D; Res2DInv; ZondRes3D. 



ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ VII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

5 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʯʝʢ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʧʩʝʚʜʦʨʘʟʨʝʟʝ ʜʣʷ ʩʦʩʪʘʚʥʦʡ ʛʣʫ-

ʙʠʥʥʦʡ ʧʨʠʝʤʥʦʡ ʣʠʥʠʠ: 1 ï ʙʝʟ ʫʯʝʪʘ ʨʝʣʴʝʬʘ ʧʨʦʬʠʣʷ; 2 ï ʩ ʨʝʣʴʝʬʦʤ 

ʂʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʘʪʝʨʠʘʣʳ ʠ ʢʘʨʪʳ 

ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

1. ʂʘʨʪʳ ʧʘʨʘʤʝʪʨʦʚ ɻ ʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʦʤ ʄʇʇ; 

2. ʂʘʨʪʳ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ; 

3. ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ; 

ʈʝʟʫʣʴʪʘʪʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʨʘʟʨʝʟʦʚ ʧʦ-ʧʨʦʬʠʣʴʥʦ ʠ ʢʘʨʪʳ ʠʥ-

ʪʝʨʧʨʝʪʘʮʠʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʟʦʥ ʨʘʟʥʦʡ ʤʦʨʬʦʣʦʛʠʠ ʠ ʨʘʟʤʝʨʦʚ 

(ʪʘʙʣʠʮʘ 1): 

1. ɿʦʥʘ (1) ʥʘ ʶʛʦ-ʚʦʩʪʦʯʥʦʤ ʬʣʘʥʛʝ ʧʣʦʱʘʜʠ ʨʘʙʦʪ. ʇʨʦʬʠʣʠ: 5-6. ʇʂ: 

4100-4150. ʇʨʦʩʪʠʨʘʥʠʝ: ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ. ʐʠʨʠʥʘ: ʦʢʦʣʦ 400 ʤ. ɻʣʫʙʠʥʘ: ʦʪ 

50 ʜʦ 250 ʤ. ʇʦʣʷʨʠʟʫʝʤʦʩʪʴ ï ʜʦ 3-4 ʤɺ/ɺ. ɿʦʥʘ ʣʝʞʠʪ ʚ ʤʠʥʠʤʫʤʝ ʤʘʛʥʠʪ-

ʥʦʛʦ ʧʦʣʷ ʠ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʚ ʘʥʦʤʘʣʴʥʦʤ ʛʝʦʭʠʤʠʯʝʩʢʦʤ 

ʧʦʣʝ. ʃʠʥʝʡʥʘʷ ʩʪʨʫʢʪʫʨʘ ʘʥʦʤʘʣʴʥʦʡ ʟʦʥʳ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʥʘ 

ʩʚʷʟʘʥʘ ʣʠʙʦ ʩ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʟʦʥʦʡ ʠʣʠ ʜʘʡʢʦʡ. ʉʠʥʠʡ ʮʚʝʪ ʦʚʘʣʘ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʘʥʦʤʘʣʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʧʦʣʷ ʋʕʉ [2]. 

2. ɿʦʥʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʨʦʬʠʣʷʭ 7-8 (ʇʂ 3600-3800 ʌʦʨʤʘ ʘʥʦʤʘʣʠʠ ï ʣʠ-

ʥʝʡʥʘʷ, ʩ ʧʦʛʨʫʞʝʥʠʝʤ ʥʘ ʩʝʚʝʨ. ɸʥʦʤʘʣʠʷ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʧʦʣʷʨʠʟʘʮʠʶ (ʜʦ 

15-16 ʤɺ/ɺ), ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ 

ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʩ ʠʥʪʨʫʟʠʚʥʳʤ ʤʘʩʩʠʚʦʤ. ɻʣʫʙʠʥʘ ï ʜʦ 300 ʤ. ʉʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʘʥʦʤʘʣʠʷ ʧʦʣʷ ʄʇʇ ʜʦ 0.8; 

3. ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ 8 ʥʘʭʦʜʠʪʩʷ ʟʦʥʘ 9. ʆʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ 

ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʤʦʜʝʣʴʶ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ. ʅʘ ʨʘʟʨʝʟʝ ɖ ʥʘʙʣʶʜʘʝʤ ʧʦʜʢʦʚʦʦ-

ʙʨʘʟʥʫʶ ʘʥʦʤʘʣʴʥʫʶ ʦʙʣʘʩʪʴ, ʪʠʧʠʯʥʫʶ ʜʣʷ ʤʥʦʛʠʭ ʧʦʨʬʠʨʦʚʳʭ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʚʳʜʝʣʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘ 

ʟʘʧʘʜʝ ʠ ʥʘ ʚʦʩʪʦʢʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʛʨʫʞʝʥʠʝ ʧʦʣʷʨʠʟʫʶʱʠʭʩʷ ʧʦʨʦʜ (ʧʨʝʜʧʦ-

ʣʦʞʠʪʝʣʴʥʦ ʟʦʥ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ) ʜʦ ʛʣʫʙʠʥ ʙʦʣʝʝ 500 ʤ. ʅʠʞʥʠʝ 



ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʉʘʪʧʘʝʚʘ 
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ʢʨʦʤʢʠ ʟʜʝʩʴ ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ. ʄʠʥʠʤʫʤʳ ʤʘʛʥʠʪʥʦʛʦ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʝʡ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ [3]. 

 

ʊʘʙʣʠʮʘ 1 ï ʇʘʨʘʤʝʪʨʳ ʘʥʦʤʘʣʴʥʳʭ ʟʦʥ 

 

 

 ̄

ʟʦʥʳ 

 

ʧʨʦ-

ʬʠʣʴ 

 

ʧʠʢʝʪ 

 

IP, 

ʤɺ/ɺ 

 

ʋʕʉ, 

ʆʤʤ 

 

dG, 

ʤɻʣ 

 

dT, 

ʥʊ 

 

ʄʇʇ, 

ʩʝʢ 

ʊʠʧ ʘʥʦ-

ʤʘʣʠʡ ʧʦ 

ʛʣʫʙʠʥʝ 

 ̄

ʧʨʦ-

ʝʢʪ. 

ʩʢʚ. 

1 5-6 
4100- 

4150 
3 

1000- 

2000 
0.4-0.6 

-100 - 

100 
- ʩʨʝʜʥʠʝ BG-1 

 

2 

 

7-8 
3600- 

3800 

 

ɼʦ 15 
1000- 

2000 

 

04-06 
-200- 

-100 

 

0.8 

ʇʨʠʧʦʚʝʨʭ-

ʥʦʩʪʥʘʷ ʜʦ 

ʩʨʝʜʥʠʭ 

 

BG-2 

3 10-12 
4000- 

4400 
ɼʦ 10 ɼʦ 4500 ɼʦ 0.4 -200-50 - ʩʨʝʜʥʠʝ BG-3 

4 14-17 
2600- 

3000 
ɼʦ 30 ɼʦ 2000 1 -100 1.2-6 ʛʣʫʙʠʥʥʘʷ BG-4 

 

5 

 

16-17 
1500- 

1700 

 

3 
2000- 

3000 

 

0.2 

 

-100 

 

1.2 

ʇʨʠʧʦʚʝʨʭ-

ʥʦʩʪʥʘʷ ʜʦ 

ʛʣʫʙʠʥʥʦʡ 

 

BG-5 

6 17 
2000- 

2200 
ɼʦ 5 

2000- 

3000 
0-0.2 

-200- 

100 
0.2-0.8 

ʇʨʠʧʦʚʝʨʭ- 

ʥʦʩʪʥʘʷ 
BG-6 

 

7 

 

19 
700- 

800 

 

ɼʦ 5 
2000- 

3000 

 

0-0.2 
-200- 

100 

 

0.2-0.8 

ʇʨʠʧʦʚʝʨʭ-

ʥʦʩʪʥʘʷ ʜʦ 

ʛʣʫʙʠʥʥʦʡ 

 

BG-7 

 

8 

 

21 
1300- 

1500 

 

3 

 

1000 

 

0 
-100 - 

100 

 ʇʨʠʧʦʚʝʨʭ-

ʥʦʩʪʥʘʷ ʜʦ 

ʩʨʝʜʥʠʭ 

 

BG-8 

 

9 

 

8 
-100- 

800 

 

ɼʦ 12 

 

ɼʦ 2000 

 

0.6 
-100- 

100 

 ʇʨʠʧʦʚʝʨʭ-

ʥʦʩʪʥʘʷ ʜʦ 

ʩʨʝʜʥʠʭ 

 

BG-9 

ʈʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʚ ʘʣʛʦʨʠʪʤʘʭ ʠʥʚʝʨʩʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦ-

ʤʦʱʠ ʧʦʜʙʦʨʘ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʥʘʙʣʶʜʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ ʧʨʠʝʤʥʳʭ ʜʠʧʦʣʷʭ ʩ ʫʯʝʪʦʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ, ʥʠʞʥʝʝ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʦ ɻ ʣʝʤʝʥ-

ʪʘʨʥʳʭ ʷʯʝʝʢ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʥʠʞʥʝʛʦ ʧʦʣʫʧʨʦ-

ʩʪʨʘʥʩʪʚʘ. ʀʥʚʝʨʩʠʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʥʚʝʨʩʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʡ [4], [5]. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʚʳʧʦʣʥʝʥʠʝʤ ʚʩʝʭ ʚʠʜʦʚ ʦʧʝʨʘʮʠʡ ʧʦ ʦʙʨʘʙʦʪʢʝ ʠ ʠʥ-

ʪʝʨʧʨʝʪʘʮʠʠ ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʨʘʟʨʝʟʳ ʧʦ ʧʨʦʬʠʣʷʤ ʫʯʘʩʪʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʥʚʝʨ-

ʩʠʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʦʚʤʝʩʪʥʦ ʩ ʛʨʘʚʠ-, ʤʘʛʥʠʪʥʳʤʠ ʜʘʥʥʳ-

ʤʠ ʧʦʟʚʦʣʠʣʠ ʧʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ ʫʯʘʩʪʢʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʚʳʩʠʪʴ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʚʳʜʝʣʠʪʴ 

ʨʫʜʦʧʝʨʩʧʝʢʪʠʚʥʳʝ ʦʙʲʝʢʪʳ. 



ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ VII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 
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ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʠ ʦʢʦʥʪʫʨʠʪʴ ʟʦʥʳ 

ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

(ʨʠʩʫʥʦʢ 2). 
 

 

ʈʠʩʫʥʦʢ 2 ï ʂʘʨʪʘ ʢʦʨʨʝʣʷʮʠʠ ʧʦʣʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʧʦ ʧʨʦʬʠʣʷʤ 1-13 



ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʉʘʪʧʘʝʚʘ 
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ɿʘʢʣʶʯʝʥʠʝ. ʀʩʧʦʣʴʟʫʝʤʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʠʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʟʘ-

ʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ ʙʫʨʦʚʳʭ ʠ ʚʟʨʳʚʥʳʭ 

ʨʘʙʦʪ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ɺʇ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʜʘʥʥʳʤʠ ɼʕɿ 

ʜʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʠʪʴ ʟʦʥʳ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʦʮʝʥʠʪʴ ʠʭ ʧʘʨʘ-

ʤʝʪʨʳ ʧʦ ʧʣʦʱʘʜʠ ʠ ʧʦ ʦʪʜʝʣʴʥʳʤ ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʳʤ ʧʨʦʬʠʣʷʤ. 
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ɻɽʆʃʆɻʆ-ɻɽʆʌʀɿʀʏɽʉʂʀɽ ʂʈʀʊɽʈʀʀ ʇʆʀʉʂɸ 

ʉʋʃʔʌʀɼʅʆɻʆ ʆʈʋɼɽʅɽʅʀʗ ʇʈʆɾʀʃʂʆɺʆ-ɺʂʈɸʇʃɽʅʅʆʁ 

ʄʀʅɽʈɸʃʀɿɸʎʀʀ ɺ ʋʉʃʆɺʀʗʍ ʄɸʁʂɸʀʅʉʂʆɻʆ 

ʈʋɼʅʆɻʆ ʈɸʁʆʅɸ 

 
ɸʥʥʦʪʘʮʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪʠʨʦʚʦʯ-

ʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʦʩʪʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟʫʯʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʘʡʦʥʦʚ [2]. ʈʝ-

ʰʝʥʠʝ ʚʦʧʨʦʩʘ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʟʤʝʱʝʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʧʦʨʦʜ ʠ ʠʭ ʩʚʷʟʠ ʩ ʚʦʟʤʦʞʥʳʤʠ 

ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʤʠ ʟʦʥʘʤʠ ʚʳʧʦʣʥʷʝʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʢʘʨʪʠʨʦʚʘʥʠʝʤ. 

ʇʨʦʙʣʝʤʳ, ʧʦʜʥʷʪʳʝ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ, ʧʦʩʚʷʱʝʥʳ ʠʟʫʯʝʥʠʶ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʢʦʤʧʣʝʢʩʘ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʩʦʩʪʘʚʝ ʚʳʩʦʢʦʪʦʯʥʦʡ ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʠ ʠ ʵʣʝʢʪʨʦ-

ʨʘʟʚʝʜʢʠ ɺʇ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ʛʣʫʙʠʥʥʦʡ ʪʦʤʦʛʨʘʬʠʠ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʟʦʥ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘ-

ʣʠʟʘʮʠʠ ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʦʛʦ ʪʠʧʘ ʚ ʫʩʣʦʚʠʷʭ ʫʯʘʩʪʢʘ ɾʘʩʳʣʪʶʙʝ. 



ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ VII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʯʘʩʪʦʢ ɾʘʩʳʣʪʶʙʝ, ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʘ ʤʝʪʦʜʦʤ ʚʳʟʚʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚ 

ʤʦʜʠʬʠʢʘʮʠʠ ʛʣʫʙʠʥʥʦʡ ʪʦʤʦʛʨʘʬʠʠ, ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʘ, ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʩʫʣʴʬʠʜ-

ʥʘʷ ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʞʘʨʩʦʨʩʢʘʷ ʩʚʠʪʘ ʥʠʞʥʝʛʦ ʜʝʚʦʥʘ. 

 

ɺʚʝʜʝʥʠʝ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ, ʤʦʞʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʆʜʥʦʡ ʠʟ ʦʩʪʨʝʡʰʠʭ ʧʨʦʙʣʝʤ ʛʝʦ-

ʣʦʛʦʨʘʟʚʝʜʢʠ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ ʤʠ-

ʥʝʨʘʣʴʥʦʤ ʩʳʨʴʝ ʚ ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦʛʦ ʠʩʪʦʱʝʥʠʷ ʨʘʥʝʝ ʚʳʷʚʣʝʥʥʳʭ ʟʘʧʘʩʦʚ. 

ʇʣʦʱʘʜʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʯʠʪʘʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ, ʪʘʢ ʢʘʢ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʄʘʡ-

ʢʘʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ ʠ ʧʨʠʫʨʦʯʝʥʘ ʢ ʧʨʦʜʦʣʞʝʥʠʶ ʉʫʚʝʥʠʨ-ɸʣʝʢʩʘʥ-

ʜʨʦʚʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ, ʢʦʪʦʨʳʡ ʪʨʘʜʠʮʠʦʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚ-

ʥʳʤ ʜʣʷ ʧʦʠʩʢʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ, ʤʝʜʠ ʩʚʠʥʮʘ ʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ. ɽʩʣʠ 

ʛʦʚʦʨʠʪʴ ʦ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʉʫʚʝʥʠʨ, ʧʨʠʫʨʦʯʝʥʥʦʝ ʢ ʄʘʡʢʘʠʥʩʢʦʤʫ ʨʫʜʥʦʤʫ 

ʨʘʡʦʥʫ, ʢʦʪʦʨʦʝ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ, ʪʦ ʩʨʝʜʥʝʝ ʩʦʜʝʨ-

ʞʘʥʠʝ ʟʦʣʦʪʘ ʚ ʙʘʣʘʥʩʦʚʦʡ ʨʫʜʝ ʩʦʩʪʘʚʣʷʝʪ 5,7 ʛ/ʪ, ʩʝʨʝʙʨʘ 72,5 ʛ/ʪ. ɼʝʪʘʣʴʥʦ 

ʨʘʟʚʝʜʘʥ ʪʦʣʴʢʦ ʚʦʩʪʦʯʥʳʡ ʬʣʘʥʛ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʝʨʚʠʯʥʳʝ ʨʫʜʳ ʦʪʨʘʙʘʪʳ-

ʚʘʶʪʩʷ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʛʣʫʙʦʢʠʝ ʛʦʨʠʟʦʥʪʳ ʥʝ ʦʮʝʥʝʥʳ. 

ʎʝʣʴʶ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʛʝ-

ʦʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ, ʚʳʷʚʣʝʥʠʝ ʠ ʧʨʦʩʣʝʞʠʚʘʥʠʝ ʟʦʥ ʩʫʣʴʬʠʜʥʦʡ 

ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʠʥʪʝʨʚʘʣʝ ʛʣʫʙʠʥ ʦʪ 20 ʜʦ 200 ʤʝ-

ʪʨʦʚ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʫʯʘʩʪʢʘ ɾʘʩʳʣʪʶ-

ʙʝ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʢʣʶʯʘʶʪ: 

- ʩʙʦʨ, ʘʥʘʣʠʟ, ʦʙʦʙʱʝʥʠʝ ʠ ʫʪʦʯʥʝʥʠʝ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʫʯʘʩʪʢʘ ɾʘʩʳʣʪʶʙʝ; 

- ʦʙʦʩʥʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘ-

ʪʦʚ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ; 

- ʢʘʨʪʠʨʦʚʘʥʠʝ ʠʥʪʨʫʟʠʡ, ʫʪʦʯʥʝʥʠʝ ʪʝʢʪʦʥʠʢʠ, ʧʦʣʦʞʝʥʠʷ ʨʘʟʣʦʤʥʳʭ ʟʦʥ, 

ʛʨʘʥʠʮ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʜʘʥʥʳʤ ʚʳʩʦʢʦʪʦʯʥʦʡ ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʠ; 

- ʚʳʷʚʣʝʥʠʝ ʠ ʧʨʦʩʣʝʞʠʚʘʥʠʝ ʟʦʥ ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʦʡ ʩʫʣʴʬʠʜʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʦ ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ ɺʇ. 

ʋʯʘʩʪʦʢ ɾʘʩʳʣʪʶʙʝ ʥʘʭʦʜʠʪʩʷ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʣʠʩʪʘ ʄ-43-33-ɺ. 

ɺ ʮʝʥʪʨʝ ʝʛʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʦʜʥʦʠʤʸʥʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʠʟʚʝʩʪʥʦʝ ʩ 1851 

ʛʦʜʘ. ʈʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʙʳʣʠ ʥʘʯʘʪʳ ʚ ʩʝʨʝʜʠʥʝ XIX  ʚʝʢʘ 

ʠ ʧʨʦʜʦʣʞʘʣʠʩʴ ʜʦ 1991 ʛ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ɺʇ-ʉɻ 

ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʫʯʘʩʪʢʘ ʫʩʪʘʥʦʚʣʝʥʘ ʘʥʦʤʘʣʴʥʘʷ ʟʦʥʘ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʦ 0.9% ʥʘ ʬʦʥʝ 0.3%. ʐʠʨʠʥʘ ʘʥʦʤʘʣʴʥʦʡ ʟʦʥʳ ʩʦʩʪʘʚʣʷʝʪ 

150-200 ʤ. ʆʥʘ ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʚ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʯʪʠ ʥʘ 1 

ʢʤ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʦʚʧʘʜʘʝʪ ʩ ʟʦʥʘʤʠ ʙʨʝʢʯʠʨʦʚʘʥʠʷ. ʃʠʪʦʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʧʦʠʩʢʠ ʧʦ ʚʪʦʨʠʯʥʳʤ ʦʨʝʦʣʘʤ ʨʘʩʩʝʷʥʠʷ ʧʦʟʚʦʣʠʣʠ ʦʢʦʥʪʫʨʠʪʴ ʨʫʜʥʦʝ ʧʦʣʝ 

ʯʸʪʢʦ ʚʳʨʘʞʝʥʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʤʝʜʠ, ʟʦʣʦʪʘ, ʩʚʠʥʮʘ, ʮʠʥʢʘ, ʩʝʨʝʙʨʘ, ʤʳʰʴʷ-

ʢʘ ʠ ʩʫʨʴʤʳ [5,6]. 

ʆʩʥʦʚʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʝʤ ʧʦʠʩʢʘ ʩʫʣʴʬʠʜʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ 

ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʄʘʡʢʘʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ 

ʨʘʡʦʥʘ ʷʚʣʷʶʪʩʷ ʠʟʤʝʥʝʥʥʳʝ ʠ ʙʨʝʢʯʠʨʦʚʘʥʥʳʝ ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʧʦʨʦʜʳ ʞʘʨ- 



ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʉʘʪʧʘʝʚʘ 

10 

 

 

 

 

ʩʦʨʩʢʦʡ ʩʚʠʪʳ ʥʠʞʥʝʛʦ ʜʝʚʦʥʘ. ɸʥʘʣʠʟ ʨʘʥʝʝ ʚʳʧʦʣʥʝʥʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʨʘʙʦʪ ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʧʝʨʚʠʯʥʳʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʥʘ ʧʦʠʩʢʠ ʟʦʥ 

ʩʫʣʴʬʠʜʥʦʡ ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ɺ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʷʭ 

ʧʦʨʦʜʳ ʞʘʨʩʦʨʩʢʦʡ ʩʚʠʪʳ ʚʳʜʝʣʷʶʪʩʷ ʥʝʦʜʥʦʟʥʘʯʥʦ. ʇʨʝʦʙʣʘʜʘʥʠʝ ʚ ʨʘʟʨʝʟʝ 

ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʚʳʟʳʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʘʢ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, 

ʪʘʢ ʠ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʠ ʥʘʦʙʦʨʦʪ, ʢʠʩʣʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʫʤʝʥʴʰʘʶʪ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ. 

ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʤʝʪʦʜʦʣʦʛʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʦʚʝʜʝʥʠʝ ʤʘʛʥʠʪʦʨʘʟʚʝ-

ʜʦʯʥʳʭ ʨʘʙʦʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ (ʢʘʨʪʠʨʦ-

ʚʘʥʠʝ) ʠʥʪʨʫʟʠʚʥʳʭ ʤʘʩʩʠʚʦʚ; ʚʳʷʚʣʝʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ, ʟʦʥ ʛʠ-

ʜʨʦʪʝʨʤʘʣʴʥʦ ʠʟʤʝʥʝʥʥʳʭ ʧʦʨʦʜ; ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʝʦʙʨʘʟʫʶʱʠʭ ʦʙʲʝʢʪʦʚ, 

ʥʝ ʚʳʭʦʜʷʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʧʘʨʘʤʝʪʨʦʚ; ʫʩʪʘʥʦʚʣʝʥʠʷ ʠ 

ʧʨʦʩʣʝʞʠʚʘʥʠʷ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ; ʧʝʨʚʠʯʥʦʡ ʦʮʝʥʢʠ ʧʝʨʩʧʝʢʪʠʚ ʥʘ 

ʧʦʠʩʢʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ; ʚʳʜʝʣʝʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠ ʦʩʣʘʙʣʝʥʥʳʭ ʟʦʥ ʠ 

ʨʘʟʚʠʪʠʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ ʠʟʤʝʥʸʥʥʳʭ ʧʦʨʦʜ. 

ʇʨʠʩʫʪʩʪʚʠʝ ʵʣʝʢʪʨʦʥʦʧʨʦʚʦʜʷʱʠʭ ʤʠʥʝʨʘʣʦʚ ï ʛʣʘʚʥʳʡ ʬʘʢʪʦʨ, ʦʧʨʝʜʝ-

ʣʷʶʱʠʡ ʟʥʘʯʝʥʠʝ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ. ʆʜʥʦʟʥʘʯʥʦʩʪʴ ʠʥʜʠʢʘʮʠʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʧʨʦʚʦʜʥʠʢʦʚ ʧʦ ʜʘʥʥʳʤ ʤʝʪʦʜʘ ɺʇ ʧʦʜʢʨʝʧʣʷʝʪʩʷ ʩʦʚʤʝʩʪʥʳʤ ʘʥʘʣʠʟʦʤ ʧʦ-

ʣʷʨʠʟʫʝʤʦʩʪʠ ʠ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʅʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʛʣʠʥʠʩʪʳʝ ʠ ʜʨʫʛʠʝ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʙʦʣʴ-

ʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʚʣʘʛʠ. ʅʘʧʨʦʪʠʚ, ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ ʪʘʢʠʭ 

ʧʦʨʦʜ, ʠʤʝʶʱʠʭ ʚʳʩʦʢʫʶ ʠʦʥʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʠʥʠʤʘʣʴʥʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʵʣʝʢʪʨʦʥʥʳʝ ʧʨʦʚʦʜʥʠʢʠ ʦʪʣʠʯʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʤʝʜʣʝʥʥʳʤ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʠ 

ʩʧʘʜʦʤ ʚʳʟʚʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. ɺʳʷʚʣʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ɺʇ, 

ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʧʦ ʧʨʝʚʳʰʝʥʠʶ ʥʘʙʣʶʜʘʝʤʦʡ ʢʘʞʫʱʝʡʩʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ 

ʥʘʜ ʚʝʨʭʥʠʤ ʫʨʦʚʥʝʤ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʠʦʥʦʧʨʦʚʦʜʷʱʠʭ ʧʦʨʦʜ, ʩʣʫʞʠʪ ʠʩʭʦʜ-

ʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʨʝʰʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʠʩʢʘʤʠ ʠ 

ʨʘʟʚʝʜʢʦʡ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʕʪʠʤ ʠ ʦʙʫʩʣʦʚʣʝʥ ʚʳʙʦʨ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʘ ɺʇ [9]. 

ʄʘʛʥʠʪʥʘʷ ʩʲʸʤʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʤʘʩʰʪʘʙʝ 1:10 000 ʧʦ ʩʝʪʠ ʧʨʦʬʠʣʝʡ ʩ 

ʤʝʞʧʨʦʬʠʣʴʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ 100 ʤ. ʅʘ ʫʯʘʩʪʢʝ ɾʘʩʳʣʪʶʙʝ ʧʨʦʬʠʣʠ ʦʨʠʝʥ-

ʪʠʨʦʚʘʥʳ ʚʢʨʝʩʪ ʧʨʦʩʪʠʨʘʥʠʷ ʦʩʥʦʚʥʳʭ ʩʪʨʫʢʪʫʨ 90Á ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ ʩ ʩʝ-

ʚʝʨʘ. 

ʕʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʤʝʪʦʜʦʤ ʚʳʟʚʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚʳʧʦʣʥʷʣʠʩʴ 

ʚ ʧʨʦʬʠʣʴʥʦʤ ʚʘʨʠʘʥʪʝ ʚ ʤʝʪʦʜʠʢʝ ʛʣʫʙʠʥʥʦʡ ɻ ʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʠ ɺʇ. 32 ʧʨʠ-

ʸʤʥʳʭ ʜʠʧʦʣʷ, ʨʘʟʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʧʨʦʬʠʣʷ ʩ ʰʘʛʦʤ 25 ʤ ʦʙʝʩʧʝʯʠʚʘʣʠ ʚʳʩʦ-

ʢʫʶ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʘ ʤʝʪʦʜʠʢʘ ʪʦʤʦʛʨʘʬʠʠ ʩ 

ʩʠʤʤʝʪʨʠʯʥʦʩʪʴʶ ʫʩʪʘʥʦʚʢʠ (ʩʦʚʤʝʱʘʷ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʳʡ ʭʦʜ) ʧʦʣʥʦʩʪʴʶ 

ʠʩʢʣʶʯʘʝʪ ʧʦʷʚʣʝʥʠʝ ʣʦʞʥʳʭ ʘʥʦʤʘʣʠʡ ʠ ʚʣʠʷʥʠʝ ʥʠʟʢʦʦʤʥʳʭ ʵʢʨʘʥʦʚ, ʧʦ-

ʟʚʦʣʷʷ ʦʪʦʙʨʘʞʘʪʴ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ. ʈʘʙʦʪʳ ʧʨʦʚʦ-

ʜʠʣʠʩʴ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʣʴ-ʜʠʧʦʣʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʛʣʫʙʠʥʫ ʨʝʛʠʩʪʨʘʮʠʠ ʜʦ 

350 ʤ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʦʬʠʣʷʤʠ ɺʇ ʩʦʩʪʘʚʣʷʣʦ 250 ʤ. 

ʇʨʦʩʤʦʪʨ ʜʘʥʥʳʭ ʩ ʧʝʨʚʠʯʥʦʡ ʦʮʝʥʢʦʡ ʢʘʯʝʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʠ ʦʪʙʨʘʢʦʚʢʦʡ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ OasisMontaj (GeosoftInc.) ʠ ʝʝ ʤʦʜʫʣʷ 

IP, ʩʦʚʤʝʩʪʥʦ ʩ ʧʨʦʛʨʘʤʤʦʡ IP Post-Processing ʧʨʦʠʟʚʦʜʩʪʚʘ Instrumentation 
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GDD [8]. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ɺʇ ʚʳʙʨʘʥʦ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ (ʟʘʨʷʞʘʝʤʦʩʪʠ) ʚ ʧʘʫʟʝ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʦʤʝ-

ʭʦʫʩʪʦʡʯʠʚʳʡ ʧʘʨʘʤʝʪʨ [7]. 

ɿʘʜʘʯʘ ʦʙʥʘʨʫʞʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʩ ʘʥʦʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʠ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ ɺʇ ʨʝʰʘʝʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʠʥʚʝʨʩʠʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʵʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ ʚ ʘʣʛʦʨʠʪʤʘʭ 

ʠʥʚʝʨʩʠʠ ʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʦʜʙʦʨʘ ʬʠʟʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʥʘʙʣʶʜʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ ʧʨʠʝʤʥʳʭ ʜʠ-

ʧʦʣʷʭ ʩ ʫʯʝʪʦʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ. ʈʝʘʣʠʟʘʮʠʷ ʠʥʚʝʨʩʠʦʥʥʳʭ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʡ ʚʳʧʦʣʥʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ ZondRes2D ʠ ZondRes3D. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʘʥʘʣʠʟ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʫʯʘʩʪʢʘ ʥʦʩʠʪ ʤʦʟʘʠʯ-

ʥʳʡ, ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʅʘ ʫʯʘʩʪʢʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫ-

ʯʠʣʠ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ, ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʠ ʩʫʙʰʠ-

ʨʦʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʡ. ɿʦʥʘ ʜʨʦʙʣʝʥʠʷ ʠ ʙʨʝʢʯʠʨʦʚʘʥʠʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʫʯʘʩʪʢʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤ ʦʢʚʘʨʮʝʚʘʥʠʝʤ ʩ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʦʨʫʜʝʥʝʥʠʝʤ. ʕʪʘ ʟʦʥʘ ʭʦʨʦʰʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʣʠʥʝʡʥʦʡ ʦʪ-

ʨʠʮʘʪʝʣʴʥʦʡ ʘʥʦʤʘʣʠʝʡ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʯʠʪʳʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʦʤ ʥʘʙʣʶʜʸʥʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʠ ʠʭ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴʶ ʢ ʪʝʤ ʠʣʠ ʠʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʦʙʨʘʟʦʚʘʥʠʷʤ: 

- ʣʠʥʝʡʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʥʠʞʝʥʥʦʡ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ ʦʪʤʝʯʘʶʪʩʷ ʪʝʢʪʦʥʠʯʝʩʢʠ ʦʩʣʘʙʣʝʥʥʳʝ ʟʦʥʳ, ʟʦʥʳ ʩʤʷʪʠʷ ʠ ʜʨʦʙʣʝ-

ʥʠʷ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ ʠʟʤʝʥʸʥʥʳʭ ʧʦʨʦʜ. ʇʨʠʯʠʥʦʡ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʘʥʦʤʘʣʠʡ ʤʦʞʝʪ ʙʳʪʴ ʜʨʦʙʣʝʥʠʝ ʧʦʨʦʜ ʧʦ ʧʣʦʩʢʦʩʪʷʤ ʩʢʦʣʴʞʝʥʠʷ, ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʯʝʛʦ ʨʘʟʜʨʦʙʣʝʥʥʳʝ ʠ ʠʩʪʸʨʪʳʝ ʧʦʨʦʜʳ ʚ ʮʝʣʦʤ ʫʪʨʘʪʠʣʠ ʦʩʪʘʪʦʯʥʫʶ ʥʘ-

ʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʩʚʦʡʩʪʚʝʥʥʫʶ ʧʦʨʦʜʘʤ ʚ ʧʝʨʚʠʯʥʦʤ ʟʘʣʝʛʘʥʠʠ [15,18]; 

- ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʦʪʚʝʯʘʶʪ ʠʥʪʨʫʟʠʷʤ ʦʩʥʦʚʥʦʛʦ ʠ ʢʠʩ-

ʣʦʛʦ ʩʦʩʪʘʚʦʚ (ʜʠʦʨʠʪʳ, ʛʨʘʥʦʜʠʦʨʠʪʳ, ʧʣʘʛʠʦʛʨʘʥʠʪʳ, ʛʨʘʥʠʪʳ) ʚʝʨʭʥʝʧʘʣʝ-

ʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ; 

- ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʤʠ (ʜʦ 1 500 ʥʊʣ ʠ ʙʦʣʝʝ) ʣʦʢʘʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ 

ʬʠʢʩʠʨʫʶʪʩʷ ʟʦʥʳ ʨʘʟʚʠʪʠʷ ʜʘʝʢ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʣʦʞʝʥʥʳʭ, ʚʝʨʦʷʪʥʝʝ 

ʚʩʝʛʦ, ʛʘʙʙʨʦ-ʜʠʦʨʠʪʘʤʠ; 

- ʩʣʘʙʦʠʟʨʝʟʘʥʥʳʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʘʥʦʤʘʣʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘʜ 

ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʧʦʨʬʠʨʦʚʳʭ ʘʥʜʝʟʠ-

ʪʦʚ, ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ, ʪʫʬʦʚ, ʜʘʮʠʪʦʚ ʞʘʨʩʦʨʩʢʦʡ ʩʚʠʪʳ ʥʠʞʥʝʛʦ ʜʝʚʦʥʘ. 

ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʫʯʘʩʪʢʘ ɾʘʩʳʣʪʶʙʝ ʚ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ 

ʢʘʨʘʩʦʨʩʢʦʡ ʩʚʠʪʳ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʚ ʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʧʨʦ-

ʪʷʞʝʥʠʠ 1 000 ʤ ʧʨʠ h ʠʨʠʥʝ ʜʦ 150 ʤ ʜʚʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʟʦʥʳ ʜʨʦʙʣʝʥʠʷ, ʙʨʝʢ-

ʯʠʨʦʚʘʥʠʷ ʠ ʦʢʚʘʨʮʝʚʘʥʠʷ ʩ ʤʝʜʥʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ï ʟʘ-

ʧʘʜʥʘʷ ʠ ʚʦʩʪʦʯʥʘʷ. ɺʳʷʚʣʝʥʦ 7 ʨʫʜʥʳʭ ʪʝʣ. 

ɿʘʧʘʜʥʘʷ ʨʫʜʥʘʷ ʟʦʥʘ ʧʨʦʩʣʝʞʝʥʘ ʚ ʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ 840 ʤ. 

ʅʘ ʩʝʚʝʨʝ ʦʥʘ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʦʟʸʨʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ɺʠʜʠʤʘʷ ʤʦʱʥʦʩʪʴ ʝʸ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0.8 ʜʦ 11 ʤ. ɺ ʧʨʝʜʝʣʘʭ ʟʦʥʳ ʥʘʙʣʶʜʘʶʪʩʷ ʨʘʟʜʫ-

ʚ rʠ ʧʝʨʝʞʠʤʳ, ʘ ʪʘʢʞʝ ʥʝʙʦʣʴʰʠʝ ʩʤʝʱʝʥʠʷ ʧʦʧʝʨʝʯʥʳʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ 
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ʥʘʨʫʰʝʥʠʷʤʠ. ɿʦʥʘ ʠʤʝʝʪ ʚʦʩʪʦʯʥʦʝ ʧʘʜʝʥʠʝ: ʥʘ ʩʝʚʝʨʝ ʦʥʘ ʧʘʜʘʝʪ ʧʦʜ ʫʛʣʘʤʠ 

50Ü-65Ü, ʘ ʥʘ ʶʛʝ ʧʦʜ ʫʛʣʘʤʠ 68Ü-72Ü. ɺ ʶʞʥʦʡ ʯʘʩʪʠ ʨʫʜʥʘʷ ʟʦʥʘ ʥʘ ʛʣʫʙʠʥʝ 

ʚʳʧʦʣʘʞʠʚʘʝʪʩʷ ʜʦ 55Ü-60Ü. 

ʈʫʜʥʳʝ ʪʝʣʘ ʟʘʣʝʛʘʶʪ, ʚ ʦʩʥʦʚʥʦʤ, ʩʨʝʜʠ ʨʘʩʩʣʘʥʮʦʚʘʥʥʳʭ ʧʦʨʦʜ ʢʚʘʨʮ-

ʭʣʦʨʠʪʦʚʦʛʦ, ʢʚʘʨʮ-ʩʝʨʠʮʠʪʦʚʦʛʦ ʠ ʢʚʘʨʮ-ʩʝʨʠʮʠʪ-ʭʣʦʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʦʙ-

ʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʟʦʥʝ ʜʨʦʙʣʝʥʠʷ ʠ ʙʨʝʢʯʠʨʦʚʘʥʠʷ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʧʦʨʦʜ ʞʘʨ-

ʩʦʨʩʢʦʡ ʩʚʠʪʳ. ʇʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢʞʝ ʠ ʨʝʜʢʠʝ ʜʘʡʢʠ ʧʣʘʛʠʦʛʨʘʥʠʪ-ʧʦʨʬʠʨʦʚ 

ʙʝʩʰʦʢʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʇʦ ʧʘʜʝʥʠʶ ʨʫʜʥʦʝ ʪʝʣʦ ʧʨʦʩʣʝʞʝʥʦ ʥʘ 250 ʤ ʧʦʯ-

ʪʠ ʙʝʟ ʚʳʢʣʠʥʠʚʘʥʠʷ. 

ʈʫʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʨʝʢʯʠʶ, ʫʛʣʳ ʢʦʪʦʨʦʡ ʩʣʦʞʝʥʳ ʚʫʣʢʘʥʠʪʘʤʠ ʦʩ-

ʥʦʚʥʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ, ʢʚʘʨʮ-ʭʣʦʨʠʪʦʚʳʤʠ ʠ ʢʚʘʨʮ-ʩʝʨʠʮʠʪ-ʭʣʦʨʠʪʦʚʳʤʠ 

ʧʦʨʦʜʘʤʠ. ɿʦʥʘ ʦʢʠʩʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 19-24 ʤ. ʐʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʟʜʝʩʴ ʧʦʣʫʯʠʣʠ ʣʠʤʦʥʠʪ, ʷʨʦʟʠʪ, ʤʘʣʘʭʠʪ, ʘʟʫʨʠʪ, ʘʥʛʣʝʟʠʪ, 

ʮʝʨʫʩʩʠʪ ʠ ʩʤʠʪʩʦʥʠʪ. 

ʀʟʫʯʝʥʠʝ ʨʫʜʥʦʡ ʟʦʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʘʩʳʣʪʶʙʝ ̫ ʚʠʣʠʩʴ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ 

ʜʝʪʘʣʠʟʘʮʠʠ ʝʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʤʠ ʨʘʙʦʪʘʤʠ ʤʝ-

ʪʦʜʦʤ ʛʣʫʙʠʥʥʦʡ ʵʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʠ ɺʇ ʧʦ ʩʝʪʠ 250Ĭ25 ʤ. ʇʦʣʷʨʠʟʫʝʤʦʩʪʴ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʠʟʫʯʘʣʘʩʴ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʠ ʧʨʦʩʣʝʞʠʚʘʥʠʷ ʟʦʥ ʧʨʦʞʠʣʢʦʚʦ-

ʚʢʨʘʧʣʝʥʥʦʡ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʦʪʩʣʝʜʠʪʴ ʭʘʨʘʢʪʝʨ 

ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʫʣʴʬʠʪʠʟʘʮʠʠ, ʨʘʟʤʝʨʳ ʟʦʥʳ ʠ ʝʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥ-

ʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʫʜʘʣʦʩʴ ʧʦ ʘʥʦʤʘʣʠʷʤ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʨʫʜʥʦʡ ʟʦʥʳ ɾʘʩʳʣ-

ʪʶʙʝ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʢʘʟʘʣʠʩʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ ʨʫʜʥʳʤʠ ʠʥʪʝʨʚʘ-

ʣʘʤʠ, ʥʝʩʫʱʠʤʠ ʤʝʜʥʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ ʦʨʫʜʝʥʝʥʠʝ ʩ ʟʦʣʦʪʦʤ ʠ ʩʝʨʝʙʨʦʤ. 

ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʨʫʜʥʳʭ 

ʪʝʣ, ʤʝʥʷʶʱʠʭ ʩʚʦʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʦʪ ʧʨʦʬʠʣʷ ʢ ʧʨʦʬʠʣʶ, ʥʦ, ʚ ʮʝʣʦʤ, ʠʤʝ-

ʶʱʠʭ ʚʳʜʝʨʞʘʥʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʕʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʥʘ ʧʨʦʬʠʣʷʭ 70 ʠ 80 ʦʙʥʘʨʫʞʠʚʘʝʪ-

ʩʷ ʧʨʦʜʦʣʞʝʥʠʝ ʨʫʜʥʦʡ ʟʦʥʳ ɾʘʩʳʣʪʶʙʝ ʥʘ ʶʛ. ʄʳ ʫʞʝ ʛʦʚʦʨʠʣʠ ʦ ʪʦʤ, ʯʪʦ 

ʤʘʛʥʠʪʦʨʘʟʚʝʜʦʯʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ ʟʜʝʩʴ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʟʣʦ-ʤʘ, 

ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʧʨʦʬʠʣʴ 60, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʫʜʥʳʤ ʩʜʚʠʛʦʚʳʤ 

ʜʠʟʲʶʥʢʪʠʚʦʤ, ʩʤʝʩʪʠʚʰʠʤ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʫʶ ʩʪʨʫʢʪʫʨʫ ʥʘ ʘʤʧʣʠʪʫʜʫ ʜʦ 

300 ʤ ʚ ʶʛʦ-ʟʘʧʘʜʥʫʶ ʩʪʦʨʦʥʫ (ʘʟ. 260Ü ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ ʩ ʩʝʚʝʨʘ) [1]. 

ʆʙʩʫʞʜʝʥʠʝ. ʊʘʢ ʢʘʢ ʦʧʨʝʜʝʣʷʶʱʘʷ ʨʦʣʴ ʚ ʨʘʟʤʝʱʝʥʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʨʫʜʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʨʘʡʦʥʘ ʧʨʠʥʘʜʣʝʞʠʪ ʧʨʝʞʜʝ ʚʩʝʛʦ ʪʝʢʪʦʥʠʯʝ-

ʩʢʦʤʫ ʬʘʢʪʦʨʫ (ʦʩʣʘʙʣʝʥʥʳʝ ʟʦʥʳ, ʨʘʟʣʦʤʳ), ʚ ʦʪʥʦʰʝʥʠʠ ʧʝʨʩʧʝʢʪʠʚ ʫʯʘʩʪʢʘ 

ɾʘʩʳʣʪʶʙʝ ʵʪʦ ʜʘʸʪ ʦʩʥʦʚʘʥʠʷ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʪʨʠ ʘʥʦʤʘʣʠʠ, ʦʪʦʞʜʝʩʪʚʣʷʝ-

ʤʳʭ ʩ ʨʘʟʣʦʤʘʤʠ ʠ ʟʦʥʘʤʠ ʜʨʦʙʣʝʥʠʷ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘ ʦʙʥʘʨʫ-

ʞʝʥʠʝ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. 

ʇʝʨʩʧʝʢʪʠʚʥʘʷ ʟʦʥʘ ʶʞʥʝʝ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʢʘʢ ʧʨʦʜʦʣʞʝʥʠʝ ʟʦʥʳ ʜʨʦʙʣʝ-

ʥʠʷ ʠ ʙʨʝʢʯʠʨʦʚʘʥʠʷ, ʚʤʝʱʘʶʱʘʷ ʨʫʜʥʳʝ ʪʝʣʘ, ʦʜʥʘʢʦ ʩʫʞʝʥʠʝ ʘʥʦʤʘʣʠʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʢʣʠʥʠʚʘʥʠʝ ʟʦʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʪʘʚʷ ʧʦʜ 

ʩʦʤʥʝʥʠʝ ʧʨʦʤʳʰʣʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʮʝʣʝʚʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 

ɺʳʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʙʦʪ ʙʳʣʠ ʧʦʣʫʯʝ-

ʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʠʟʫʯʠʪʴ ʩʣʦʞʥʦʝ 

ʪʝʢʪʦʥʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʧʣʦʱʘʜʠ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 300 ʤ; ʚʳʧʦʣʥʝʥʦ ʢʦʥʜʠʮʠʦʥ- 
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ʥʦʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʠʩʪʦʣʢʦʚʘʥʠʝ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ; ʚʳʷʩʥʝʥ ʭʘʨʘʢʪʝʨ 

ʦʪʨʘʞʝʥʠʷ ʨʫʜʦʥʦʩʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʬʠʟʠʯʝʩʢʠʭ 

ʧʦʣʷʭ; ʫʩʪʘʥʦʚʣʝʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʦʨʫʜʝʥʝʥʠʷ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 60 ʤ; ʘʥʦʤʘʣʠʝʡ 

ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʦʙʥʘʨʫʞʝʥ ʶʞʥʳʡ ʬʣʘʥʛ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʩʤʝʱʸʥʥʳʡ ʜʠʟʲ-

ʶʥʢʪʠʚʦʤ ʩʜʚʠʛʦʚʦʛʦ ʭʘʨʘʢʪʝʨʘ ï ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʧʨʠʨʦʩʪ ʟʘʧʘʩʦʚ +25%; ʚʳ-

ʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʢ ɻ ʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠ ʧʦ-

ʣʫʯʝʥʠʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʛʝʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ [4]. 
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ʂʘʟʘʭʩʪʘʥ, ɸʣʤʘʪʳ 

 

ʇɽʊʈʆʌʀɿʀʏɽʉʂʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ɸʂʄɸʗ-

ʂɸʊʇɸʈʉʂʆʁ ʈʋɼʅʆʁ ɿʆʅʓ (ʎɽʅʊʈɸʃʔʅʓʁ ʂɸɿɸʍʉʊɸʅ) 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

(ʧʣʦʪʥʦʩʪʴ, ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ, ʢʘʞʫʱʠʝʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ) ɸʢʤʘʷ-

ʂʘʪʧʘʨʩʢʦʡ ʨʫʜʥʦʡ ʟʦʥʳ, ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʩʧʨʘʚʦʯʥʳʭ ʜʘʥʥʳʭ ʧʦ ʎʝʥʪʨʘʣʴʥʦʤʫ 

ʂʘʟʘʭʩʪʘʥʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʪʤʝʯʘʝʪʩʷ ʨʦʣʴ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʫʜʥʦʡ ʟʦʥʳ ʚ ʨʝʜ-

ʢʦʤʝʪʘʣʣʴʥʦʤ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʎʝʥʪʨʘʣʴʥʳʡ ʂʘʟʘʭʩʪʘʥ, ʨʫʜʥʘʷ ʟʦʥʘ, ʚʦʣʴʬʨʘʤ, ʨʝʜʢʠʝ ʤʝʪʘʣʣʳ, ʧʝʪʨʦ-

ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʣʦʪʥʦʩʪʴ, ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ. 

 

ɸשʜʘʪʧʘ. ɹײʣ ʤʘץʘʣʘʜʘ ʆʨʪʘʣʳפ ץʘʟʘץʩʪʘʥ ʙʦʡʳʥʰʘ ʤʦʥʦʛʨʘʬʠʷʣʳץ ʞᴅʥʝ ʘʥʳץʪʘʤʘʣʳץ 

ʜʝʨʝʢʪʝʨ ʥʝʛʽʟʽʥʜʝ ɸץʤʘʡ-ʂʘʪʧʘʨ ʢʝʥ ʘʡʤʘסʳʥʳש ʧʝʪʨʦʬʠʟʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ (ʪʳסʳʟʜʳסʳ, 

ʤʘʛʥʠʪʪʽʢ ʩʝʟʽʤʪʘʣʜʳסʳ, ʘʡץʳʥ ʢʝʜʝʨʛʽʩʽ, ʧʦʣʷʨʠʟʘʮʠʷʣʘʥʫʳ) ʞװʡʝʣʝʫ ʢʝʣʪʽʨʽʣʛʝʥ. ʅᴅʪʠʞʝʩʽʥʜʝ 

ʩʠʨʝʢ ʢʝʟʜʝʩʝʪʽʥ ʢʝʥ ʪװʟʽʣʫʽʥʜʝʛʽ ʢʝʥ ʘʡʤʘסʳʥʳש ʧʝʪʨʦʬʠʟʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʳש ʨᴇʣʽ 

ʙʘʡץʘʣʘʜʳ. 

ʊϮʡʽʥʜʽ ʩϺʟʜʝʨ: ʆʨʪʘʣʳפ ץʘʟʘץʩʪʘʥ, ʢʝʥʜʽ ʘʡʤʘץ, ʚʦʣʴʬʨʘʤ, ʩʠʨʝʢ ʤʝʪʘʣʜʘʨ, ʧʝʪʨʦʬʠʟʠʢʘʣʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ, ʪʳסʳʟʜʳסʳ, ʤʘʛʥʠʪʪʽʢ ʩʝʟʽʤʪʘʣʜʳסʳ. 

 

ɺ ʎʝʥʪʨʘʣʴʥʦʤ ʂʘʟʘʭʩʪʘʥʝ ɸʢʤʘʷ-ʂʘʪʧʘʨʩʢʘʷ ʨʫʜʥʘʷ ʟʦʥʘ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦ-

ʨʦʡ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʝʚʝʨʥʳʡ ʂʘʪʧʘʨ, ɸʢʤʘʷ ʠ ʜʨʫʛʠʝ ʨʫʜʦʧʨʦ-

ʷʚʣʝʥʠʷ (ɿʘʧʘʜʥʳʡ ʂʘʪʧʘʨ, ɺʦʩʪʦʯʥʳʡ ʂʘʪʧʘʨ, ɹʠʙʠʛʫʣʴ, ɼʦʤʝʢʝ), ʦʪʥʦʩʷʪʩʷ 

ʢ ʤʦʣʠʙʜʝʥ-ʚʦʣʴʬʨʘʤʦʚʦʡ ʨʫʜʥʦʡ ʬʦʨʤʘʮʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʠ ʛʝʥʝʪʠʯʝʩʢʠ 

ʩʚʷʟʘʥʳ ʩ ʘʧʠʢʘʣʴʥʳʤʠ ʯʘʩʪʷʤʠ, ʥʝ ʚʳʭʦʜʷʱʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ɸʢʤʘʠʥʩʢʦʡ 

ʠʥʪʨʫʟʠʠ ʣʝʡʢʦʢʨʘʪʦʚʳʭ ʛʨʘʥʠʪʦʚ (ʈʠʩʫʥʦʢ). 

ɸʢʤʘʷ-ʂʘʪʧʘʨʩʢʘʷ ʨʫʜʥʘʷ ʟʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝ-

ʨʝʩ, ʥʦ ʠ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ, ʧʦʵʪʦʤʫ ʟʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʧʝ-

ʪʨʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ, ʢʘʨʙʦʥʘʪʥʦ-ʦʩʘʜʦʯ-

ʥʳʭ ʧʦʨʦʜ ʜʘʥʥʦʡ ʨʫʜʥʦʡ ʟʦʥʳ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣʠ ʩʦʙʨʘʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʘ-

ʢʦʧʣʝʥʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʧʦ ʜʘʥʥʦʡ ʨʫʜʥʦʡ ʟʦʥʝ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤʥʦʛʦ ʥʘʫʯʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʭ ʘʥʘʣʠʟʫ ʠ ʠʥʪʝʨʧʨʝʪʘ-

ʮʠʠ, ʦʥʠ ʤʦʛʫʪ ʜʘʪʴ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʦʩʦʙʝʥʥʦ, ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩʘ 

ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʣʦʢʘʣʠʟʘʮʠʠ ʨʝʜ-

ʢʦʤʝʪʘʣʣʴʥʳʭ ʨʫʜ. 

ɼʣʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʤʠ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ - ʘʥʘʣʠʟ ʠ 

ʩʠʥʪʝʟ. 

ʇʝʪʨʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɸʢʤʘʷ-ʂʘʪʧʘʨʩʢʘʷ ʨʫʜʥʘʷ ʟʦʥʘ ʠʤʝʝʪ 

ʩʚʦʝʙʨʘʟʥʦʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ. ɺ ʨʘʡʦʥʝ ʨʘʟʚʠʪʳ ʦʩʘʜʦʯʥʳʝ ʠ ʚʫʣʢʘ-

ʥʦʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʥʠʞʥʝ-ʩʠʣʫʨʠʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʵʬʬʫʟʠʚʳ ʥʠʞʥʝʛʦ ʠ 

ʩʨʝʜʥʝʛʦ ʜʝʚʦʥʘ, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩ ʦʩʘʜʦʯʥʳʭ ʠ ʦʩʘʜʦʯʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʧʦ-

ʨʦʜ ʚʝʨʭʥʝʛʦ ʜʝʚʦʥʘ ʠ ʥʠʞʥʝʛʦ ʢʘʨʙʦʥʘ, ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚʝʨʭʥʝʛʦ 

ʧʘʣʝʦʟʦʷ, ʠʥʪʨʫʟʠʚʳ, ʪʨʝʪʴʠʯʥʳʝ ʠ ʯʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ. ʀʥʪʨʫʟʠʚʥʳʝ 
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ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ɸʢʤʘʷ-ʂʘʪʧʘʨʩʢʦʡ ʨʫʜʥʦʡ ʟʦʥʳ, ʄ: 1:50000 (ɸʛʘʜʳʨʩʢʘʷʛʝʦ-

ʣʦʛʦ-ʨʘʟʚʝʜʦʯʥʘʷ ʵʢʩʧʝʜʠʮʠʷ, 1993) 
 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ 



ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʉʘʪʧʘʝʚʘ 

16 

 

 

 

 

ʧʦʨʦʜʳ ʟʘʥʠʤʘʶʪ ʧʣʦʱʘʜʴ ʧʦ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ, ʵʪʦ ï ʛʦʨʳ ʂʘʣ-

ʜʳʨʤʘ ʠ ʂʘʪʧʘʨ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʜʥʦʨʦʜʥʫʶ ʢʨʫʧʥʦʟʝʨʥʠʩʪʫʶ ʣʝʡʢʦʢʨʘʪʦʚʫʶ 

ʧʦʨʦʜʫ, ʧʦʜʚʝʨʞʝʥʥʦʤʫ ʬʠʟʠʯʝʩʢʦʤʫ ʚʳʚʝʪʨʠʚʘʥʠʶ. ʂʨʦʤʝ ʢʘʪʧʘʨʩʢʠʭ ʛʨʘʥʠ-

ʪʦʚ ʩʢʚʘʞʠʥʘʤʠ ʥʘ ʛʣʫʙʠʥʝ 400-600 ʤ ʚʩʢʨʳʪʳ ʘʣʷʩʢʠʪʦʚʳʝ ʛʨʘʥʠʪʳ, ʩʣʘʛʘʶ-

ʱʠʝ ɸʢʤʘʠʥʩʢʠʡ ʤʘʩʩʠʚ (ʩʤ. ʨʠʩʫʥʦʢ) 

ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʜʘʥʥʦʡ ʨʫʜʥʦʡ ʟʦʥʳ, ʛʜʝ ʣʦʢʘʣʠʟʦʚʘʥʳ ʨʫʜʥʳʝ ʦʙʲʝʢʪʳ, 

ʩʣʦʞʝʥʘ ʦʩʘʜʦʯʥʦ - ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʘʣʝʚʨʦʣʠʪʘʤʠ 

ʠ ʧʝʩʯʘʥʠʢʘʤʠ ʚʝʨʭʥʝʛʦ ʬʘʤʝʥʘ (D
3
fm

2
) ʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʥʠʞʥʝʛʦ ʪʫʨʥʝ (C

1
t
1
). 

ʀʟʚʝʩʪʥʷʢʠ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʟʘʪʨʦʥʫʪʳ ʧʨʦʮʝʩʩʘʤʠ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʦʩʦ-
ʙʝʥʥʦ, ʚ ʨʘʡʦʥʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʝʚʝʨʥʳʡ ʂʘʪʧʘʨ ʠ ɸʢʤʘʷ [1,2,3]. 

ʅʘʠʙʦʣʝʝ ʙʦʛʘʪʳʝ ʨʫʜʳ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʢʘʨʙʦʥʘʪʥʦʡ ʩʨʝʜʝ (ʩʢʘʨʥʦʚʦ-

ʛʨʝʡʟʝʥʦʚʳʡ ʪʠʧ ï ʂʘʪʧʘʨ), ʚ ʢʠʩʣʳʭ ʠʥʪʨʫʟʠʚʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭʵʪʦ ʞʠʣʳ ʠ 

ʧʨʦʞʠʣʢʠ (ɼʦʤʝʢʝ), ʠ ʚ ʧʝʩʯʘʥʦ-ʩʣʘʥʮʝʚʳʭ ʧʦʨʦʜʘʭ ï ʰʪʦʢʚʝʨʢʦʚʳʝ ʨʫʜʳ (ɸʢ-

ʤʘʷ). 

ʇʝʨʚʦʦʯʝʨʝʜʥʦʡ ʟʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣ ʩʙʦʨ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ ʧʦ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʦʨʦʜ ʜʘʥʥʦʡ ʨʫʜʥʦʡ ʟʦʥʳ, ʘ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠ ʩʧʨʘʚʦʯʥʳʭ ʜʘʥʥʳʭ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ 

ʧʦʨʦʜ ʂʘʟʘʭʩʪʘʥʘ [4,5]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ ʜʣʷ 

ʜʘʥʥʦʡ ʨʫʜʥʦʡ ʟʦʥʳ ʧʦ ʪʘʢʠʤ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʦʨʦʜ, ʢʘʢ 

ʧʣʦʪʥʦʩʪʴ, ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ, ʢʘʞʫʱʝʝʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʧʦʣʷʨʠ-

ʟʫʝʤʦʩʪʴ, ʠ ʦʧʨʝʜʝʣʝʥʘ ʠʭ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʥʘʜ 

ʨʫʜʥʦʡ ʟʦʥʦʡ. 

ʇʣʦʪʥʦʩʪʴ. ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ (ʋʨʘʟʘʝʚ ɹ.ʄ.,1971, ʂʫʨʩʢʝʝʚ 

ɸ.ʂ.,1983) ʧʝʪʨʦʧʣʦʪʥʦʩʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʨʦʜ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʨʝʜ-

ʢʠʭ ʤʝʪʘʣʣʦʚ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʜʝʣʷʪʩʷ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: 

- ʙʦʣʝʝ ʧʣʦʪʥʳʤʠ ʧʦʨʦʜʘʤʠ ʷʚʣʷʶʪʩʷ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ (ʨʦʛʦ-

ʚʠʢʠ, ʩʣʘʥʮʳ) ʠ ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʧʦʨʦʜʳ ʦʩʥʦʚʥʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ (ʘʥʜʝ-

ʟʠʪʦʚʳʝ ʧʦʨʬʠʨʠʪʳ), ʠʭ ʧʣʦʪʥʦʩʪʴ ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 2,70 ʜʦ 2,84 ʛ/ʩʤ3; 

- ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʴʶ ʚ ʧʨʝʜʝʣʘʭ 2,65 ʛ/ʩʤ3 ʦʙʣʘʜʘʶʪ ʦʩʥʦʚʥʳʝ ʵʬʬʫ- 
ʟʠʚʥʳʝ ʧʦʨʦʜʳ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ ʠ ʦʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʜʝʚʦʥʘ; 

- ʤʝʥʝʝ ʧʣʦʪʥʳʤʠ ʧʦʨʦʜʘʤʠ ʷʚʣʷʶʪʩʷ ʠʥʪʨʫʟʠʚʥʳʝ ʧʦʨʦʜʳ ʚʩʝʭ ʢʦʤ-

ʧʣʝʢʩʦʚ, ʢʨʦʤʝ ʪʦʧʘʨʩʢʦʛʦ, (ʘʢʰʘʪʘʫʩʢʠʡ, ʢʘʣʜʳʨʤʠʥʩʢʠʡ) ʩ ʤʠʥʠʤʘʣʴʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʜʦ 2,54 ʛ/ʩʤ3 

- ʥʘʠʙʦʣʝʝ ʧʣʦʪʥʳʤʠ ʷʚʣʷʶʪʩʷ. ʨʫʜʥʳʝ ʰʪʦʢʚʝʨʢʠ ʠ ʩʢʘʨʥʦʚʦ-ʛʨʝʡʟʝʥʦ- 

ʚʳʝ ʨʫʜʥʳʝ ʪʝʣʘ, ʠʭ ʧʣʦʪʥʦʩʪʴ ʟʥʘʯʘʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʜʦ 3,00 ʛ/ʩʤ3 [4,5]. 

ʕʪʠ ʜʘʥʥʳʝ ʙʳʣʠ ʫʯʪʝʥʳ ʧʨʠ ʘʥʘʣʠʟʝ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʧʝʪʨʦʧʣʦʪʥʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɸʢʤʘʷ-ʂʘʪʧʘʨʩʢʦʡ ʨʫʜʥʦʡ ʟʦʥʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʨʦʜʳ ʨʘʩʩʤʘ-

ʪʨʠʚʘʝʤʦʡ ʨʫʜʥʦʡ ʟʦʥʳ ʧʦ ʧʣʦʪʥʦʩʪʠ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʯʝʪʳʨʝ ʛʨʫʧʧʳ: 

- 1-ʛʨʫʧʧʘ ï ʧʦʨʦʜʳ ʩ ʧʣʦʪʥʦʩʪʴʶ ʤʝʥʝʝ 2,55- 2,57 ʛ/ʩʤ3, ɻ ʪʦ ï ʠʥʪʨʫʟʠʚʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚʩʝʭ ʢʦʤʧʣʝʢʩʦʚ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʝʤʷ ʚʦʟʨʘʩʪʥʳʤʠ ʢʦʤʧʣʝʢ-

ʩʘʤʠ: ʧʦʟʜʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʤ (ʜʘʡʢʠ ʜʠʦʨʠʪʦʚʳʭ ʠ ʜʠʘʙʘʟʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ, 

ʨʘʟʥʦʟʝʨʥʠʩʪʳʝ ʛʨʘʥʦʜʠʦʨʠʪʳ ʠ ʛʨʘʥʠʪʳ ʪʨʝʭ ʬʘʟ); ʨʘʥʥʝʧʝʨʤʩʢʠʤ (ʤʝʣʢʦ- ʠ 

ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ ʣʝʡʢʦʢʨʘʪʦʚʳʝ ʙʠʦʪʠʪʦʚʳʝ ʛʨʘʥʠʪʳ ʜʚʫʭ ʬʘʟ, ʜʘʡʢʠ ʠ ʪʨʝ-

ʱʠʥʥʳʝ ʪʝʣʘ ʛʨʘʥʠʪ ʧʦʨʬʠʨʦʚ); ʧʦʟʜʥʝʧʝʨʤʩʢʠʤ (ʣʝʡʢʦʢʨʘʪʦʚʳʝ ʩʨʝʜʥʝ ï ʠ 



ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ VII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

17 

 

 

 

 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ ʛʨʘʥʠʪʳ I ʬʘʟʳ ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʛʨʘʥʠʪʳ II ʬʘʟʳ ʘʢʰʘʪʘ-

ʫʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ), ʩʣʘʛʘʶʱʠʤʠ ɸʢʤʘʠʥʩʢʠʡ çʩʣʝʧʦʡè ʤʘʩʩʠʚ. ʉ ʧʦʩʣʝʜʥʠʤ 

ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʳ ʚʩʝ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ɸʢʤʘʷ-ʂʘʪʧʘʨʩʢʦʡ ʨʫʜ-

ʥʦʡ ʟʦʥʳ; 

- 2-ʛʨʫʧʧʘ ï ʵʪʦ ʧʦʨʦʜʳ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʴʶ (2,57 ï 2,62 ʛ/ʩʤ3) - ʵʬʬʫʟʠʚ-

ʥʳʝ ʧʦʨʦʜʳ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʬʘʮʠʠ ʣʠʧʘʨʠʪʦʚʳʭ ʧʦʨʬʠʨʦʚ ʢʘʨʙʦʥʘ; 

- 3-ʛʨʫʧʧʘ ïɻ ʪʦ ʣʠʧʘʨʠʪʦʚʳʝ ʧʦʨʦʜʳ ʠ ʠʭ ʪʫʬʳ ʩʨʝʜʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʜʝʚʦʥʘ, 

ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ ʢʘʨʙʦʥ ʩ ʧʣʦʪʥʦʩʪʴʶ 2,64 ï 2,68 ʛ/ʩʤ3; 

- 4-ʛʨʫʧʧʘ ïɻ ʪʦ ʧʦʨʦʜʳ ʙʦʣʝʝ ʧʣʦʪʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʢ ʥʝʤʫ ʦʪʥʦʩʷʪʩʷ ʚʫʣ-

ʢʘʥʦʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʠʣʫʨʘ, ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʝ ʠʟʚʝʩʪʥʷʢʠ ʢʘʨʙʦʥʘ, ʘʥʜʝ-

ʟʠʪʦʚʳʝ ʧʦʨʬʠʨʠʪʳ, ʩʢʘʨʥʦʚʦ-ʛʨʝʡʟʝʥʦʚʳʝ ʪʝʣʘ, h ʪʦʢʚʝʨʢʠ ʩ ʧʣʦʪʥʦʩʪʴʶ 2,70 

ï 3,5 ʛ/ʩʤ3. 

ʇʦ ʦʧʨʝʜʝʣʝʥʠʷʤ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʝ ʠʟʚʝʩʪʥʷʢʠ, ʩʣʘ-

ʛʘʶʱʠʝ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ɸʢʤʘʷ, ʉʝʚʝʨʥʳʡ ʂʘʪʧʘʨ) ʜʘʥʥʦʡ 

ʨʫʜʥʦʡ ʟʦʥʳ , ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʦʜʥʦʨʦʜʥʦʩʪʴʶ, ʠʭ ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 

2.70-2.72 ʛ/ʩʤ3. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʉʝʚʝʨʥʳʡ ʂʘʪʧʘʨ ʦʪʤʝʯʝʥʳ ʧʦ-

ʨʦʜʳ, ʩ ʟʘʤʝʪʥʦ ʧʦʚʳʰʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ (3.4-3.5 ʛ/ʩʤ3), ʠ ʦʥʠ ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ 

ʠʟʚʝʩʪʥʷʢʠ ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʝ ʪʝʤʥʦ-ʩʝʨʳʝ ʩ ʚʠʜʠʤʦʡ ʚʢʨʘʧʣʝʥʥʦʩʪʴʶ ʩʫʣʴ-

ʬʠʜʦʚ [6]. 

ʇʝʪʨʦʧʣʦʪʥʦʩʪʥʘʷ ʜʠʬʬʝʨʝʥʮʘʮʠʷ ʧʦʨʦʜ ʤʝʞʜʫ ʧʝʨʤʩʢʠʤʠ ʛʨʘʥʠʪʦʠʜʘ-

ʤʠ(2,55 ʛ/ʩʤ3 ) ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ ʦʩʘʜʦʯʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʩʠʣʫʨʘ ʠ ʢʘʨʙʦʥʘ 

(2,72-2,84 ʛ/ʩʤ3) ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʧʝʪʨʦʧʣʦʪʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ-

ʨʦʜ ʜʣʷ ʧʦʠʩʢʦʚ ʠʥʪʨʫʟʠʚʥʳʭ ʪʝʣ ʥʘ ʨʝʜʢʠʝ ʤʝʪʘʣʣʳ. 

ʄʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ. ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡ-

ʩʪʚʘ ʧʦʨʦʜ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʤʝʥʷʶʪʩʷ ʚ h ʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʘ ʠʤʝʥʥʦ; 

- ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʷʚʣʷʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʤʘʛʥʠʪʥʳʤʠ 100*10-6 ʉɻʉ, 

ʵʪʦ ʧʦʨʦʜʳ- ʚʝʨʭʥʝʛʦ ʩʠʣʫʨʘ, ʜʝʚʦʥʘ, ʢʘʨʙʦʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʦʩʥʦʚʥʦʤ 

ʧʝʩʯʘʥʠʢʘʤʠ, ʩʣʘʥʮʘʤʠ, ʠʟʚʝʩʪʥʷʢʘʤʠ, ʨʝʜʢʦ ʤʝʨʛʝʣʷʤʠ ʠ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ; 

- ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠʥʪʨʫʟʠʚʥʳʭ ʧʦʨʦʜ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʠʭ ʦʩʥʦʚʥʦʩʪʠ: ʢʠʩʣʳʝ ʣʝʡʢʦʢʨʘʪʦʚʳʝ ʛʨʘʥʠʪʳ ʠ ʠʥʪʨʫʟʠʚʥʳʝ ʢʚʘʨʮʝʚʳʝ 

ʧʦʨʬʠʨʳ ʟʘʯʘʩʪʫʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʦʨʤʘʣʴʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʪʦʛʜʘ ʢʘʢ 

ʦʩʥʦʚʥʳʝ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʳʝ ʧʦʨʦʜʳ ʠʤʝʶʪ ʤʘʛʥʠʪʥʫʶ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʦʪ 

800 ʜʦ 1500*10-6 ʉɻʉ ʠ ʙʦʣʝʝ ʝʜ; 

- ʧʦʚʳʰʝʥʥʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴʶ ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʂʘʟʘʭʩʪʘʥʝ 

ʦʙʣʘʜʘʶʪ ʘʥʜʝʟʠʪʦʚʳʝ, ʧʠʨʦʢʩʝʥʦʚʳʝ ʠ ʧʠʨʦʢʩʝʥ-ʧʣʘʛʠʦʢʣʘʟʦʚʳʝ ʧʦʨʬʠʨʠ-

ʪʳ. ɿʥʘʯʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠʭ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 600 ʜʦ 1200*10-6 

ʉɻʉ [4,5]. 

ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ ʧʦʨʦʜʳ ɸʢʤʘʷ-ʂʘʪʧʘʨʩʢʦʡ ʨʫʜʥʦʡ ʟʦʥʳ ʧʦ ʤʘʛʥʠʪʥʳʤ ʩʚʦʡ-

ʩʪʚʘʤ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: 

- 1 ʛʨʫʧʧʘ ï ʥʝʤʘʛʥʠʪʥʳʝ ʧʦʨʦʜʳ ʩ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴʶ (12 ï 

15)*10-6 ʉɻʉ, ʠʤʠ ʷʚʣʷʶʪʩʷ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʥʠʞʥʝʛʦ ʠ 

ʚʝʨʭʥʝʛʦ ʬʘʤʝʥʘ, ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʣʠʧʘʨʠʪ-ʜʘʮʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʞʠʚʝʪ-ʬʨʘʥʘ ʜʝʚʦʥʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʬʘʮʠʠ ʣʠʧʘʨʠʪʦʚʳʭ ʧʦʨ-

ʬʠʨʠʪʦʚ, ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʚʦʥʘ ; 

- 2 ʛʨʫʧʧʘ ï ʩʣʘʙʦʤʘʛʥʠʪʥʳʝ ʧʦʨʦʜʳ ʩ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴʶ 60 
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ï 120*10-6 ʉɻʉ, ʠʤʠ ʷʚʣʷʶʪʩʷ ʣʠʧʘʨʠʪʦ-ʜʘʮʠʪʦʚʳʝ ʧʦʨʬʠʨʠʪʳ, ʛʨʘʥʠʪʳ ʣʝʡ-

ʢʦʢʨʘʪʦʚʳʝ; 

- 3 ʛʨʫʧʧʘ ï ʤʘʛʥʠʪʥʳʝ ʧʦʨʦʜʳ, ʵʪʦ ʘʥʜʝʟʠʪʦʚʳʝ ʧʦʨʬʠʨʠʪʳ ʩ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴʶ 3840*10-6 ʉɻʉ ʠ ʦʨʦʛʦʚʠʢʦʚʘʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʠʣʫʨʘ ʠ 

ʩʨʝʜʥʝʛʦ ʜʝʚʦʥʘ, ʙʠʦʪʠʪʦʚʳʝ ʛʨʘʥʠʪʳ ʧʝʨʤʠ ʠ ʢʘʨʙʦʥʘ ʩ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠ-

ʠʤʯʠʚʦʩʪʴʶ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 240*10-6 ʉɻʉ ʜʦ 960*10-6 ʉɻʉ. 

ʀʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʜʘʥʥʦʛʦ 

ʨʫʜʥʦʛʦ ʧʦʣʷ ʦʪʣʠʯʘʶʪʩʷ ʪʝʤ, ʯʪʦ ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʧʦʨʦʜ ʢʦʣʝ-

ʙʣʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʦʪ 12 ï 3840*10-6 ʉɻʉ. 

ʂʘʞʫʱʝʝʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʇʦ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʧʦʨʦʜʳ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠ ̫ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʨʫʜʥʦʡ ʟʦʥʳ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʦʤʥʳʤʠ. ʆʩʦʙʝʥʥʦ 

ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʠʥʪʨʫʟʠʚʥʳʝ ʠ ʵʬʬʫʟʠʚʥʳʝ ʧʦʨʦʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʛʜʝ ʢʘ-

ʞʫʱʝʝʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ 1500-3000 ʆʤ*ʤ [4,5,6]. 

ʇʦʣʷʨʠʟʫʝʤʦʩʪʴ. ʇʦ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʧʦʨʦʜʳ ʜʝʚʦʥʘ ʠ ʢʘʨʙʦʥʘ ʥʝ ʜʠʬ-

ʬʝʨʝʥʮʠʨʫʶʪʩʷ, ʪʘʢ ʢʘʢ ʦʥʠ ʠʤʝʶʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ 1,3 ï 1,66%. ʇʦʣʷʨʠʟʫʝʤʦʩʪʴ ʧʝʨʤ-

ʩʢʠʭ ʛʨʘʥʠʪʦʚ ʚ ʜʚʘ ʨʘʟʘ ʚʳʰʝ (2,8%) ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʧʦʨʦʜ ʜʝʚʦʥʘ ʠ ʢʘʨʙʦʥʘ 

[4,5,6]. 

ʉʠʩʪʝʤʘʪʠʟʠʨʫʷ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɸʢʤʘʷ-ʂʘʪʧʘʨʩʢʦʡ ʨʫʜ-

ʥʦʡ ʟʦʥʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʢʣʶʯʝʥʠʷ: 

1) ʧʝʪʨʦʧʣʦʪʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʦʜ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ ʧʦʟʚʦʣʷʶʪ ʢʘʨ-

ʪʠʨʦʚʘʪʴ ʠʥʪʨʫʟʠʚʥʳʝ ʤʘʩʩʠʚʳ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʥʘ ʨʝʜʢʠʝ ʤʝʪʘʣʣʳ; 

2) ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʧʦʨʦʜ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 

ʨʦʣʴ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʝʜʢʦʤʝʪʘʣʣʴʥʦʤ 

ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʦʮʝʩʩ ʦʨʦʛʦʚʠʢʦʚʘʥʠʷ ʧʦʨʦʜ ʨʝʟʢʦ ʫʚʝʣʠ-

ʯʠʚʘʝʪ ʤʘʛʥʠʪʥʫʶ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ, ʪʦʛʜʘ ʢʘʢ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ 

ʧʦʨʦʜ, ʥʘʦʙʦʨʦʪ, ʩʥʠʞʘʝʪ ʠʭ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. 
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ʎʀʀ ɼɸʅʅʓʍ ʉɽʁʉʄʆʈɸɿɺɽɼʂʀ 3D ɿɸ ʉʏɽʊ ɺʓɹʆʈɸ 

ʂʆʈʈɽʂʊʅʆɻʆ ɻʈɸʌɸ ʆɹʈɸɹʆʊʂʀ ʅɸ ʇʈʀʄɽʈɽ 

ʄɽʉʊʆʈʆɾɼɽʅʀʗ ɹɽɿʓʄʗʅʅʆɽ 

 

EFFICIENCY OF RE -PROCESSING AND REINTERPRETATION  

OF 3D SEISMIC DATA DUE TO THE CHOICE OF THE  

CORRECT PROCESSING GRAPH ON THE EXAMPLE OF THE  

BEZYMYANNOYE FIELD  

 
ʄʘץʘʣʘ ʟʝʨʪʪʝʣʝʪʽʥ ʘʡʤʘץʪʘסʳ ᴇʥʽʤʜʽ ʞᴅʥʝ ʪײʟʜ  rʰᴇʛʽʥʜʽʣʝʨʜʽש ʛʝʦʣʦʛʠʷʣʳײץ ץʨʳʣʳʤʳʥ 

ʥʘץʪʳʣʘʡʪʳʥ ʩʝʡʩʤʠʢʘʣʳץ ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʫ ʞᴅʥʝ ʪװʩʽʥʜʽʨʫ ʧʨʦʮʝʩʪʝʨʽʥ ץʘʨʘʩʪʳʨʫסʘ ʘʨʥʘʣסʘʥ. 

ʐʘסʳʣʳʩʪʳʨʘʪʳʥ ʥʝʛʽʟʛʽ ʛʦʨʠʟʦʥʪʪʘʨ ʙʦʡʳʥʰʘ ʦʨʳʥʜʘʣסʘʥ ײץʨʳʣʳʤʜʘʨסʘ ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʝʜʽ. 

 ץʳ ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʳסʘʟʽʨʛʽ ʟʘʤʘʥץ ʤʳʩײʣ ʞײʢʘʨʪʘʣʘʨʜʳ ʪʘʣʜʘʫ ʢᴇʨʩʝʪʽʣʝʜʽ. ɹ ץʨʳʣʳʤʜʳײפ

ʢʝʰʝʥʜʝʨʜʽ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, 3D ʩʝʡʩʤʠʢʘʣʳץ ʜʝʨʝʢʪʝʨʜʽ ץʘʡʪʘ ᴇשʜʝʫ ʥʝʛʽʟʽʥʜʝ ɹʝʟʳʤʷʥʥʦʝ ʢʝʥ 

ʦʨʥʳʥʳש ʪײʟ ʘʩʪʳʥʜʘסʳ ʢʘʨʙʦʥʘʪʪʳ ʨʝʟʝʨʚʫʘʨʳʥʳײץ שʨʳʣʳʤʜʳץ-ʪʝʢʪʦʥʠʢʘʣʳײץ ץʨʳʣʳʤʳʥ 

ʥʘץʪʳʣʘʫ װʰʽʥ ʞװʨʛʽʟʽʣʜʽ. 

ʊϮʡʽʥʜʽ ʩϺʟʜʝʨ: ʩʝʡʩʤʠʢʘʣʳץ ʙʘʨʣʘʫ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ, ʢʘʨʙʦʥʘʪʪʳ ʢʦʣʣʝʢʪʦʨʣʘʨ, ʪײʟ ʘʩʪʳ 

ʰᴇʛʽʥʜʽʣʝʨʽ, ʪʝʨʝשʜʽʢ ʙʦʡʳʥʰʘ ᴇשʜʝʫ, ʪʝʢʪʦʥʠʢʘʣʳץ ʙײʟʳʣʫʣʘʨ. 

 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʦʙʩʫʞʜʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥ-

ʥʳʭ, ʦʙʲʷʩʥʷʶʱʠʭ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʳʭ ʠ ʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʠʩʩʣʝʜʫʝʤʦʤ 

ʨʝʛʠʦʥʝ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʩʪʨʦʝʢ, ʚʳʧʦʣʥʝʥʥʳʭ ʚʜʦʣʴ ʮʝʣʝʚʳʭ ʦʪʨʘʞʘʶʱʠʭ ʛʦ-

ʨʠʟʦʥʪʦʚ. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʢʘʨʪ. ʕʪʘ ʨʘʙʦʪʘ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩ ʮʝʣʴʶ ʫʪʦʯʥʝʥʠʷ 

ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʝʟʳʤʷʥʥʦʝ, ʧʦʜʩʦʣʝʚʦʛʦ ʢʘʨʙʦʥʘʪʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ, ʥʘ 

ʦʩʥʦʚʝ ʧʦʚʪʦʨʥʦʡ 3D-ʦʙʨʘʙʦʪʢʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʝʡʰʠʭ ʠʥʪʝʨʧʨʝ-

ʪʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ, ʢʘʨʙʦʥʘʪʥʳʝ ʢʦʣʣʝʢʪʦʨʳ, ʧʦʜʩʦʣʝʚʳʝ ʦʪ-

ʣʦʞʝʥʠʷ, ʛʣʫʙʠʥʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ. 

 

The article is devoted to the consideration of the processes of processing and interpretation of 

seismic data, on the basis of which the geological structure of productive and saline deposits in the 

studied area is clarified. The analysis of the completed structural constructions on the target reflecting 

horizons is carried out. The analysis of structural maps is shown. This work was carried out to concretize 

the structural and tectonic structure of the subsalt carbonate reservoir of the Bezymyannoye deposit 

based on the reprocessing of 3D seismic data using modern interpretation complexes. 

Keywords: seismic exploration, interpretation, carbonate reservoirs, subsalt deposits, deep 

processing, tectonic disturbances. 

 

ʄײʥʘʡ ʤʝʥ ʛʘʟ-ʢʦʥʜʝʥʩʘʪʳʥʳש ʨʘʩʪʘʣסʘʥ ᴅʣʝʤʜʽʢ ץʦʨʣʘʨʳʥʳש ʝʜᴅʫʽʨ ʙᴇʣʽʛʽ 

ʪʘʙʠסʠ ʞʘʨʳץʰʘץʪʳ ʢʦʣʣʝʢʪʦʨʣʘʨʤʝʥ ʰʝʢʪʝʣʛʝʥ. ᴆʪʢʝʥ סʘʩʳʨʜʘ ʤײʥʘʡʜʳש 

ʥʝʛʽʟʛʽ ᴇʥʜʽʨʽʩʽ ʙʝʣʩʝʥʜʽ ץʦʨʣʘʨʜʘʥ, ̫  ʛʽʥʛʽװʤʜʳ ʢʦʣʣʝʢʪʦʨʣʘʨʜʘʥ ʙʦʣʜʳ. ɹײץ ʥʠס



ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʉʘʪʧʘʝʚʘ 
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ʪʘשʜʘ ᴇʥʜʽʨʫ ʧʨʦʮʝʩʽʥʽש ʞʘʥ ï ʞʘץʪʳ ץʠʳʥʜʘʫʳʥʳש ʘʷʩʳʥʜʘ ʪʘסʳ ʙʽʨ ʪʝʥʜʝʥ-

ʮʠʷ ʙʘʡץʘʣʘʜʳ ï ʠʛʝʨʽʣʽʧ ʞʘʪץʘʥ ʢʝʥ ʦʨʳʥʜʘʨʳʥʳש ʞʝʨ ץʦʡʥʘʫʳʥʜʘ ᴇʥʜʽʨʫʛʝ 

 ʣʝʩʽ ᴅʣʩʽʟ ᴇʪʢʽʟʛʽʰʪʽʛʽʤʝʥװ ʥʝʛʽʟʛʽ שʦʨʣʘʨʜʳץ ʘʥסʘʣפ .ʢᴇʧʪʽʛʽ שʥʘʡʜʳײʠʳʥ ʤץ

ʞᴅʥʝ ʞʘʨʳץʰʘץʪʳץʪʳסʳʤʝʥ ʩʠʧʘʪʪʘʣʘʪʳʥ, ʛʝʦʣʦʛʠʷʣʳײץ ץʨʳʣʳʤʳ ʞʘסʳʥʘʥ 

ʙʽʨʪʝʢʪʽ ʝʤʝʩ, çʘʫʳʨè ʤײʥʘʡʣʘʨʳ ʙʘʨ, ʷסʥʠ ʙʘʨʣʳץ ʞʘסʳʥʘʥ ʢװʨʜʝʣʽ ʪʘʫ ʞʳ-

ʥʳʩʪʘʨʳ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʢʘʨʙʦʥʘʪʪʳ ʢʦʣʣʝʢʪʦʨʣʘʨסʘ ʪʠʝʩʽʣʽ. ʉʦʥʜʳץʪʘʥ 

ʞʠʥʘץʪʘʣסʘʥ ʪᴅʞʽʨʠʙʝ ʤʝʥ ʘʡʤʘץʪʳש ʛʝʦʣʦʛʠʷʩʳʥ ʞʘשʘ ʟʘʤʘʥʘʫʠ ʘץʧʘʨʘʪʪʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʤʝʥ ʙʘʨʳʥʰʘ ʠʥʪʝʛʨʘʮʠʷʣʘʫ ʥʝʛʽʟʽʥʜʝ ʤײʥʘʡ ʞᴅʥʝ ʛʘʟ ʢʝʥ ʦʨʳʥ-

ʜʘʨʳʥ ʧʘʡʜʘʣʘʥʫʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʤʘץʩʘʪʳ ᴇʟʝʢʪʽ ʤʽʥʜʝʪ ʙʦʣʳʧ ʪʘʙʳ-

ʣʘʜʳ. 

ʄʘץʘʣʘʜʘ ʢʝʣʪʽʨʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨʜʽש ʤʘץʩʘʪʳ 3D ʩʝʡʩʤʠʢʘʣʳץ ʜʝʨʝʢʪʝʨʜʽ 

-ʪʠʽʤʜʽʣʽʛʽʥ ʥʝʛʽʟʜʝʫ ʙʦʣʳʧ ʪʘ שʘʡʪʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʫʜʳץ ʜʝʫ ʞᴅʥʝשʘʡʪʘ ᴇץ

ʙʳʣʘʜʳ. 

ʘ ʢʝʣʝʩʽ ʤʽʥʜʝʪʪʝʨʜʽ hץʩʘʪץʘʥ ʤʘסʦʡʳʣפ ʝʰʫ ʘʨץʳʣʳ ץʦʣ ʞʝʪʢʽʟʫʛʝ ʙʦʣʘʜʳ: 

1. 3ɼ ʩʝʡʩʤʠʢʘʣʳץ ʙʘʨʣʘʫ ʞװʨʛʽʟʫ ᴅʜʽʩʪʝʤʝʩʽʥ ʜײʨʳʩ ʪʘשʜʘʫ װʰʽʥ ʛʝʦʣʦʛʠʷ-

ʛʝʦʬʠʟʠʢʘʣʳץ ʤʘʪʝʨʠʘʣʜʳ ʞʠʥʘʫ, ʪʘʣʜʘʫ ʞᴅʥʝ ʞʘʣʧʳʣʘʫ; 

2. 2001 ʞʳʣסʳ ʜʘʣʘʣʳץ ʙʘץʳʣʘʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʪʘʣʜʘʫ ʞᴅʥʝ 2012 ʞʳʣʳ ץʘʡʪʘ 

ᴇשʜʝʫ ʞᴅʥʝ ץʘʡʪʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʫ ʤᴅʩʝʣʝʣʝʨʽʥ ʘʥʳץʪʘʫ; 

3. 2018 ʞʳʣסʳ ʢʝʜʝʨʛʽʣʝʨʜʽ ʞʦʶסʘ ʞᴅʥʝ ʩʠʛʥʘʣ/ʢʝʜʝʨʛʽ ץʘʪʳʥʘʩʳʥ ʘʨʪʪʳʨʫסʘ 

ʙʘסʳʪʪʘʣסʘʥ ᴇשʜʝʫ ʛʨʘʬʳʥ ʟʝʨʪʪʝʫ; 

4. 2012 ʞᴅʥʝ 2018 ʞʳʣʜʘʨʜʘסʳ ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʫʜʽ ʩʘʣʳʩʪʳʨʫ 

ʂʝʥ ʦʨʥʳ ᴅʢʽʤʰʽʣʽʢ ʪײʨסʳʜʘʥ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ ɸץʪᴇʙʝ ʦʙʣʳʩʳʥʳש 

ʄסײʘʣʞʘʨ ʞᴅʥʝ ɹʘʡסʘʥʠʥ ʘʫʜʘʥʜʘʨʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ. ɹײʣ ʢʝʥ ʦʨʥʳʥʳש ʢʝʣʝʰʝʛʽ 

ʂʝץשʠʷץ, ɾʘשʘʞʦʣ, ʐʳסʳʩ ɸץʞʘʨ ʞᴅʥʝ ʪ. ʙ. ʩʠʷץʪʳ ʽʨʽ ʢʝʥ ʦʨʳʥʜʘʨʳʥʳש 

ʪʽʢʝʣʝʡ ʞʘץʳʥ ʦʨʥʘʣʘʩץʘʥʜʳסʳʤʝʥ ʜᴅʣʝʣʜʝʥʝʜʽ. 

ɹʝʟʳʤʷʥʥʦʝ ʢʝʥ ʦʨʥʳʥʳש ʛʝʦʣʦʛʠʷʣʳײץ ץʨʳʣʳʤʳ ʪʫʨʘʣʳ ʘʣסʘʰץʳ ʘץʧʘʨʘʪ 

ʍʍ סʘʩʳʨʜʳש ʙʘʩʳʥʜʘ ʧʘʡʜʘ ʙʦʣʜʳ. ɸʫʜʘʥʜʳ ʞʦʩʧʘʨʣʳ ʟʝʨʪʪʝʫ 1944 ʞʳʣʳ 

ᴅʨʪװʨʣʽ ʤʘʩʰʪʘʙʪʘסʳ ʛʝʦʣʦʛʠʷʣʳץ ʪװʩʽʨʽʣʽʤʜʝʨʜʝʥ ʙʘʩʪʘʣʜʳ. 1952 ʞʳʣʳ ɹʘʪʳʩ 

ʄסײʘʣʞʘʨ ʘʫʤʘסʳʥʜʘ 1:200 000 ʤʘʩʰʪʘʙʪʘ ʛʨʘʚʠʤʝʪʨʠʷʣʳץ ʪװʩʽʨʽʣʽʤ ʢʝʟʽʥʜʝ 

ʘʣסʘʰ ʨʝʪ ɹʝʟʳʤʷʥʥʦʝ ʢʝʥ ʦʨʥʳʥʳש ʘʫʳʨʣʳץ ʢװʰʽʥʽש ʤʠʥʠʤʫʤʳ ʘʰʳʣʜʳ. ʊײʟ 

ʘʩʪʳ h ᴇʛʽʥʜʽʣʝʨʽʥʽײץ שʨʳʣʳʤʳ ʪʫʨʘʣʳ ʘʣסʘʰץʳ ʤᴅʣʽʤʝʪʪʝʨ 1960-1970 ʞʳʣʜʘʨ 

ʢʝʟʝשʽʥʜʝ ɸץʪᴇʙʝ ʛʝʦʬʠʟʠʢʘʣʳץ ʵʢʩʧʝʜʠʮʠʷʩʳʥʳ2 שD ʤʦʜʠʬʠʢʘʮʠʷʩʳʥʜʘסʳ 

MOB ʞײʤʳʩʪʘʨʳʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥʜʳ. ɾװʨʛʽʟʽʣʛʝʥ ʩʝʡʩʤʠʢʘʣʳץ 

ʟʝʨʪʪʝʫʣʝʨʜʽש ʢʝʤʰʽʣʽʛʽ ʪײʟ ʘʩʪʳ ʛʦʨʠʟʦʥʪʪʘʨʳʥ ʙʘץʳʣʘʫʜʳש ʪᴇʤʝʥ ʩʘʧʘʩʳ 

ʙʦʣʜʳ, ʙײʣ ʩʦʣ ʢʝʟʜʝ ɹʝʟʳʤʷʥʥʦʝ ʢᴇʪʝʨʽʣʽʤʽʥ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʤʝʜʽ. 

1978-1983 ʞ. ʊʫʨʣʘʥ ʞᴅʥʝ ɸץʪᴇʙʝ ʛʝʦʬʠʟʠʢʘʣʳץ ʵʢʩʧʝʜʠʮʠʷʣʘʨʳ ʘʣʘשʜʘ 

ʄʆɻʊ ʩʝʡʩʤʠʢʘʣʳץ ʙʘʨʣʘʫ ʞײʤʳʩʪʘʨʳʥ ʞװʨʛʽʟʛʝʥ. ʆʩ r ʩᴅʪʪʝʥ ʙʘʩʪʘʧ 

ʽʟʜʝʫ-ʙײʨסʳʣʘʫ ʞײʤʳʩʪʘʨʳ ʙʘʩʪʘʣʜʳ. ɹʝʟʳʤʷʥʥʦʝ ʢʝʥ ʦʨʥʳ 1983 ʞʳʣʳ 0-2 

ʧʘʨʘʤʝʪʨʣʽʢ סשײʳʤʘʩʳʤʝʥ ʘʰʳʣʜʳ, ʦʥʜʘ ʂʊ-II ʢʘʨʙʦʥʘʪʪʳ ץʘʙʘʪʳʥʳש ʙʘסʘʥʳʥ 

ʩʳʥʘʫ ʢʝʟʽʥʜʝ ʬʦʥʪʘʥʜʳ ʤײʥʘʡ ʘסʳʥʳ ʘʣʳʥסʘʥ ʙʦʣʘʪʳʥ. 

2002 ʞʳʣʳ çʂʘʟʉʝʡʩʤʦʐʝʣʴʬè ɸɸפ ʢʦʤʧʘʥʠʷʩʳ ɿɼ ʜʘʣʘʣʳץ 

ʩʝʡʩʤʠʢʘʣʳץ ʙʘʨʣʘʫ ʞװʨʛʽʟʜʽ, ʥᴅʪʠʞʝʩʽʥʜʝ III, V, VI, ʇ1, ʇ2ʩ, ʇ2ʪ, ʇ2, ʇ2ɯ, ʉ 

ʥʳʩʘʥʘʣʳ ʰʘסʳʣʳʩʘʪʳʥ ʛʦʨʠʟʦʥʪʪʘʨʳ ʙʦʡʳʥʰʘ ץʠʤʘʥʳש ʣʠʪʦʣʦʛʠʷʣʳץ-

ʩʪʨʘʪʠʛʨʘʬʠʷʣʳץ ʢʝʰʝʥʜʝʨʽʥʽײץ שʨʳʣʳʤʳ ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʟʝʨʪʪʝʣʜʽ. ʆʩʳʣʘʡ-

ʰʘ, ɹʝʟʳʤʷʥʥʦʝ ʢʝʥ ʦʨʥʥʳʥʳש ʟʝʨʪʪʝʣʫʽ ʦʨʪʘʰʘ ʜʝשʛʝʡʜʽ ײץʨʘʡʜʳ. 

ɸʡʤʘץʪʳש ʰᴇʛʽʥʜʽ ʪʳʩʳ ʝʢʽ ײץʨʳʣʳʤʜʳץ ץʘʙʘʪץʘ: ʪᴇʤʝʥʛʽ ʇʝʨʤʴ ʢʫʥʛʫʨ 
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1- ʩʫʨʝʪ. ʂʝʥʦʨʳʥʥʳש ʣʠʪʦʣʦʛʠʷʣʳץ-ʩʪʨʘʪʠʛʨʘʬʠʷʣʳץ ץʠʤʘʩʳ 

ʷʨʫʩʳʥʳש ʢװʨʜʝʣʽ ʪװʨʜʝ ʞʘʨʘʣסʘʥ ʪײʟʜʳ ʰᴇʛʽʥʜʽʣʝʨʽʤʝʥ ʙᴇʣʽʥʛʝʥ ʪײʟ ʘʩʪʳ 

ʞᴅʥʝ ʪײʟ װʩʪʽ ʙʦʣʳʧ ʙᴇʣʽʥʝʜʽ: ɾײʤʳʩ ʘʣʘשʳʥʜʘ ʙײʨסʳʣʘʥסʘʥ ʪʝʨʝסשײ שʳʤʘʣʘʨ 

ʘʨץʳʣʳ ʪᴇʤʝʥʛʽ ʪʘʩʢᴇʤʽʨʜʝʥ ʪᴇʨʪʪʽʢ ʢʝʟʝשʽʥʝ ʜʝʡʽʥʛʽ ʞʘʩʪʳ ץʘʤʪʠʪʳʥ 

ʰᴇʛʽʥʜʽʣʝʨ ʟʝʨʪʪʝʣʜʽ. ɹʽʟʜʽ ʪʘʩʢᴇʤʽʨ ʢʝʟʝשʽʥʽש ʪᴇʤʝʥʛʽ, ʦʨʪʘ ʞᴅʥʝ ʞʦסʘʨסʳ 

ʙᴇʣʽʤʜʝʨʽʥʽש ʰᴇʛʽʥʜʽʣʝʨʽʥʜʝ ʞʘʪץʘʥ ʪײʟ ʘʩʪʳ ʰᴇʛʽʥʜʽʣʝʨʽ ץʳʟʳץʪʳʨʘʜʳ. ʊʘʩ 

ʪײʟʳʤʝʥ ײʩʳʥʳʣסʘʥ ʢװʨʜʝʣʽ ʂʫʥʛʫʨ ʢװʤʙʝʟʜʝʨʽ ʠʽʣʛʽʰ, ʜʝʬʦʨʤʘʮʠʷʣʘʥסʘʥ 

ʞᴅʥʝ ᴅʣʽ ʜʝ ʜʘʤʫ ʩʘʪʳʩʳʥʜʘסʳ ץʘʙʘʪ ʙʦʣʳʧ ʝʩʝʧʪʝʣʝʜʽ. (1-ʩʫʨʝʪ). 

ʊʝʢʪʦʥʠʢʘʣʳץ ʪײʨסʳʜʘʥ ɹʝʟʳʤʷʥʥʦʝ ʢʝʥ ʦʨʥʳ ʂʘʩʧʠʡ ʤʘשʳ ʦʡʧʘʪʳʥʳש 

ʙʝʪʢʝʡʤʘשʜʳץ ʰʳסʳʩ ʙᴇʣʽʛʽʥʜʝ, ʂʝץשʠʷץ ʞᴅʥʝ ɾʘשʘʞʦʣ ʪʝʢʪʦʥʠʢʘʣʳץ 

ʩʘʪʳʣʘʨʳʥʳש ʙʫʳʥʜʘʩʫ ʘʡʤʘסʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ ʞᴅʥʝ ʙʘʪʳʩʪʘʥ ɾʘשʘʞʦʣ ʞʘ-

ʨʳʣʳʤʳʥʘ ʽʨʛʝʣʝʩ ʞʘʪץʘʥ ʞʘʨʳʣʳʤ-ʘʣʜʳ ײץʨʳʣʳʤ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹʝʟʳ-

ʤʷʥʥʦʝ ʢʝʥ ʦʨʥʳ ʪʘʩʢᴇʤʽʨ ʞʘʩʳʥʜʘסʳ ʢʘʨʙʦʥʘʪʪʳ ʞʳʥʳʩʪʘʨʜʘʥ ʪײʨʘʪʳʥ ʘʪʪʘʩ 

ʪײʟʜʳ ʢᴇʪʝʨʽʣʫʣʝʨʛʝ ʦʨʘʡʣʘʩʪʳʨʳʣסʘʥ. 

ɻʝʦʣʦʛʠʷʣʳץ-ʛʝʦʬʠʟʠʢʘʣʳץ ʟʝʨʪʪʝʫʣʝʨʛʝ ʩᴅʡʢʝʩ ʩʘʣʳʥסʘʥ ʢʦʣʣʝʢʪʦʨʜʳש 

ʞʘʙʳʥʳ ʤʝʥ ʪʘʙʘʥʳʥʜʘסʳ ײץʨʳʣʳʤʜʳץ ʢʘʨʪʘʣʘʨʜʘ ɹʝʟʤʳʤʷʥʥʦʝ ײץʨʳʣʳʤʳ 

ʩʫʙʤʝʨʠʜʠʘʥʜʳץ ʧʨʦʝʢʮʠʷʥʳש ʙʨʘʭʠʘʥʪʠʢʣʠʥʘʣʴʜʳ ץʘʪʧʘʨʳ ʙʦʣʳʧ ʪʘʙʳʣʘ-

ʜʳ. ʊײʡʳץʪʘʣסʘʥ ʠʟʦʛʠʧʩ ʰʝʛʽʥʜʝ ʢᴇʪʝʨʽʣʫ ʤᴇʣʰʝʨʽ-3700 ʤ 20,7ʭ2,5-5,0 ʢʤ, 

ʘʤʧʣʠʪʫʜʘʩʳ-700 ʤ ʜʝʡʽʥ. 

ʂᴇʪʝʨʽʣʫ ʩʦʣʪװʩʪʽʢ-ʙʘʪʳʩ ץʘʥʘʪʳ ʙʘʨ ʘʩʠʤʤʝʪʨʠʷʣʳץ ʧʽʰʽʥʛʝ ʠʝ, ʤײʥʜʘ 

 ʩʫװʥʠ ʪסʳʩʪʘ ʪʝʛʽʩʪʝʫ, ʷסʩʪʽʢ-ʐʳװʪשʨʳʰʪʘʨʳ 17-19Á ʞᴅʥʝ ʆײʣʘʫ ʙײץ

ʙײʨʳʰʪʘʨʳ 6-8Á. ʄʦʨʬʦʩʪʨʫʢʪʫʨʘʣʳץ ʪײʨסʳʜʘʥ ʢᴇʪʝʨʽʣʫ ʰʝʛʽʥʜʝ ʝʢʽ ʪᴅʫʝʣʩʽʟ 

ʰʳש ʝʨʝʢʰʝʣʝʥʝʜʽ: ʉʦʣʪװʩʪʽʢ ʞᴅʥʝ ʆשʪװʩʪʽʢ, ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʢʽʰʢʝʥʝ 

ʤʦʡʥʘץʧʝʥ ʙʘʡʣʘʥʳʩץʘʥ. (2-ʩʫʨʝʪ) 

ɿʝʨʪʪʝʫ ʤʘʪʝʨʠʘʣʜʘʨʳ ʤʝʥ ᴅʜʽʩʪʝʤʝʩʽ 

ɹʝʟʳʤʷʥʥʦʝ ʢʝʥ ʦʨʥʳ ʪʫʨʘʣʳ ץʘʨʘʩʪʳʨʳʣסʘʥ ʘʧʨʠʦʨʣʳץ ʤᴅʣʽʤʝʪʪʝʨ 2001-

2002 ʞʳʣʜʘʨʳ ʦʩʳ ʘʫʤʘץʪʘ 3D ʩʝʡʩʤʠʢʘʣʳץ ʙʘʨʣʘʫʜʳ ʞװʨʛʽʟʫʛʝ ʥʝʛʽʟ ʙʦʣʜʳ, 

ʩʝʡʩʤʠʢʘʣʳץ ʪʦʣץʳʥʜʘʨʜʳש ʘʨʘʣʘʩ ץʦʟʜʳʨסʳʰ ʢᴇʟʜʝʨʽ ʨʝʪʽʥʜʝ ʚʠʙʨʘʪʦʨʣʳץ 

 ʩʘʥʳ שʳʰ ʢᴇʟʜʝʨ ʜʝ ʧʘʡʜʘʣʘʥʳʣʜʳ: ɹʝʣʩʝʥʜʽ ʘʨʥʘʣʘʨʜʳסʳ ʜʘ, ʞʘʨʳʣסʦʥʜʳʨץ

- 1 440, ʝʩʝʣʽʢ ʩʘʥʳ - 60-ʪ rײץʨʘʜʳ. 
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2- ʩʫʨʝʪ. ʉ1s-p ʛʦʨʠʟʦʥʪʳ ʞʘʙʳʥʳʥʳײץ שʨʳʣʳʤʜʳץ ʢʘʨʪʘʩʳ 

 

ʆʩʳ ʪװʩʽʨʽʣʽʤʥʽש ʩʝʡʩʤʠʢʘʣʳץ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש ʥʝʛʽʟʽʥʜʝ 2011-2012 

ʞʳʣʜʘʨʳ çʇʝʪʨʦʣʝʫʤ ɻʝʦ ʉʝʨʚʠʩʝʟ ç ɾʐʉ (פʘʟʘץʩʪʘʥ) ʢʦʤʧʘʥʠʷʩʳ ʄʆɻʊ 

3ɼ ʩʝʡʩʤʠʢʘʣʳץ ʪװʩʽʨʫʜʽש ʙʘʨʣʳץ ץʦʣʜʘ ʙʘʨ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש ʜʝʨʝʢʪʝʨʽʥ 

 ʩʘʧʘ-ʩʳ שʤʘʪʝʨʠʘʣʜʘʨʜʳ ץʘʥ ʩʝʡʩʤʠʢʘʣʳסʘʣʳʥ ץʜʝʫʜʽ ʦʨʳʥʜʘʜʳ, ʙʽʨʘשʘʡʪʘ ᴇץ

ʪᴇʤʝʥ ʙʦʣʜʳ, ʜʝʨʝʢʪʝʨ ʪʝʢʰʝʩʽʥʽש ʘץʧʘʨʘʪʳ ʰʘʰʳʨʘץשʳ, ʪʦʣץʳʥ ᴇʨʽʩʪʝʨʽ 

ʪᴇʤʝʥ ʞʠʽʣʽʢʪʽ ʙʦʣʜʳ. ɼʘʣʘʣʳץ ʤʘʪʝʨʠʘʣʜʳש ʩʘʧʘʩʳ ץʘʥʘסʘʪʪʘʥʘʨʣʳץ, ʩʠʛʥʘʣ- 
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ʢʝʜʝʨʛʽ ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש ʜʝשʛʝʡʽ ʪᴇʤʝʥʜʽʛʽ, ʞײʤʳʩ ʽʩʪʝʤʝʡʪʽʥ ʘʨʥʘʣʘʨ ʞᴅʥʝ 

ʪʝʭʥʦʛʝʥʜʽʢ ʰʫʜʳש ʙʦʣʫʳ ʞײʤʳʩʪʘʨʜʳש ʜᴅʣʜʽʛʽʥ ʪᴇʤʝʥʜʝʪʪʽ. ʄײʥʳש ʙᴅʨʽ 

ʨʝʟʝʨʚʫʘʨʜʳש ̔ ʰʢʽ ײץʨʳʣʳʤʳʥ ʟʝʨʪʪʝʫ ʙʦʡʳʥʰʘ ʛʝʦʣʦʛʠʷʣʳץ ʤᴅʩʝʣʝʣʝʨʜʽ h ʝ-

ʰʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʤʝʜʽ. ʂʝʤʰʽʣʽʢʪʝʨ ʪʝʢʪʦʥʠʢʘʣʳץ ʙײʟʳʣʫʣʘʨʜʳ ץʠʩʳʥʩʳʟ 

ʪװʩʽʥʜʽʨʫʛʝ ʩʝʙʝʧʰʽ ʙʦʣʜʳ, ײץʨʳʣʳʤʜʳץ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥײʩץʘʩʳ ʙʽʨץʘʪʘʨʣʳ 

ʙʦʣʤʘʜʳ, ʩʝʙʝʙʽ ʩʝʡʩʤʠʢʘʣʳץ ʜʝʨʝʢʪʝʨʜʽ ʙʝʡʥʝʣʝʫ ʩʘʧʘʩʳ ʪᴇʤʝʥ. ɸʫʜʘʥ ʙʦʡ-

ʳʥʰʘ ʙʘʨʣʳץ ʩʝʡʩʤʠʢʘʣʳץ ʤʘʪʝʨʠʘʣʜʳ ʞʘʣʧʳʣʘʫ ʥʝʛʽʟʽʥʜʝ ץʘʡʪʘ ʠʥʪʝʨʧʨʝ-

ʪʘʮʠʷ ʞʘʩʘʣʜʳ, ʦʥʳש ʥᴅʪʠʞʝʣʝʨʽ ʜʝ ʢᴇʧʪʝʛʝʥ ʢʝʜʝʨʛʽʣʝʨʤʝʥ ץʠʳʥʜʘʪʳʣסʘʥ 

ʙʦʣʘʪʳʥ. 

1) ʜײʨʳʩ ʝʥʛʽʟʽʣʤʝʛʝʥ ʩʪʘʪʠʢʘʣʳץ ʪװʟʝʪʫ; 

2) ᴇʪʝ ʢᴇʧ h ʫʜʳש ʙʦʣʫʳ, ʩʠʛʥʘʣ / ʢʝʜʝʨʛʽ ץʘʪʳʥʘʩʳʥʳש ʪᴇʤʝʥʜʽʛʽ; 

3) ʪײʟ ʘʩʪʳʥʜʘסʳ ʛʦʨʠʟʦʥʪʪʘʨ ʽʩ ʞװʟʽʥʜʝ ʙʘʡץʘʣʤʘʫʳ; 

4) ʊײʟ ץʘʙʘʪʳ ʞʘʙʳʥʳʥ ʜײʨʳʩ ʙʝʡʥʝʣʝʫʜʽש ʤװʤʢʽʥ ʝʤʝʩʪʽʛʽ. 

2018 ʞʳʣʳ פʳʪʘʡʜʳש çʏʞʫʥʶʘʥʴ ʉʀʅʆʇɽʂ ʤײʥʘʡ ʙʘʨʣʘʫ ʙʶʨʦʩʳè ʠʥ-

ʩʪʠʪʫʪʳ ʙʘʨʣʳץ ʩʝʡʩʤʠʢʘʣʳץ ʤʘʪʝʨʠʘʣʜʳ ץʘʡʪʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʜʳ. 

ʂʦʥʜʠʮʠʦʥʜʳץ ʤʘʪʝʨʠʘʣʜʳ ʘʣʫ װʰʽʥ ʩʪʘʪʠʢʘʣʳץ ʪװʟʝʪʫʣʝʨʜʽ ʢʦʨʨʝʢʮʠ-

ʷʣʘʫ ʧʨʦʮʝʜʫʨʘʩʳ ʞװʨʛʽʟʽʣʜʽ, ʐʫ ʤʝʥ ʢʝʜʝʨʛʽʣʝʨʜʽש ʞʦסʘʨʳ ʜʝשʛʝʡʽʥ ʞʦʶ 

 ʘʪʘʨ ʰʳʥʘʡʳ ʘʤʧʣʠʪʫʜʘʩʳʥץ ʨʛʽʟʽʣʜʽ, ʩʦʥʳʤʝʥװʟʛʽʣʝʨ ʞװʦʩʳʤʰʘ ʩץ ʰʽʥװ

ʩʘץʪʘʫ װʰʽʥ ץʦʩʳʤʰʘ ʧʨʦʮʝʜʫʨʘʣʘʨ ʦʨʳʥʜʘʣʜʳ. ɹײʣ ʩʝʡʩʤʠʢʘʣʳץ ʪʝʢʰʝʥʽש 

 ʟײʪ שʠʤʘʥʳפ .ʤʢʽʥʜʽʢ ʙʝʨʜʽװʘ ʤסʪʳʣʘʫץʤʦʜʝʣʽ ʥʘ ץʞʳʣʜʘʤʜʳ-ץʨʳʣʳʤʜʳײץ

ʘʩʪʳ ʙᴇʣʽʛʽʥ ʘʡץʳʥʜʘʧ ʘʣʫ װʰʽʥ ʞʠʥʘץʪʘʫסʘ ʜʝʡʽʥ ʪʝʨʝשʜʽʢ ʤʠʛʨʘʮʠʷʩʳʥʳש 

ʘʨʥʘʡʳ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ץʦʣʜʘʥʳʣʜʳ. 

ʊʘʣץʳʣʘʫ ʞᴅʥʝ ʥᴅʪʠʞʝʣʝʨ 

ᴆשʜʝʫ ʛʨʘʬʳʥ ʜײʨʳʩ ʪʘשʜʘʫ, ʫʘץʳʪʰʘ ʘʡʤʘץʪʘ ʧʨʦʮʝʜʫʨʘʣʘʨʜʳ ץʦʣʜʘʥʫ, 

ʞʳʣʜʘʤʜʳץ ʤʦʜʝʣʽʥ ʥʘץʪʳʣʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʩʝʡʩʤʠʢʘʣʳץ ʜʝʨʝʢʪʝʨʜʽש ʩʘʧʘʩʳ 

ʞʘץʩʘʨʜʳ (3-ʩʫʨʝʪ) 

ɾʘשʘ ʫʘץʳʪʪʳץ ץʠʤʘʜʘ ʠʥʪʝʨʬʝʨʝʥʮʠʷʣʳץ ʰʫʣʘʨʜʳש ʞʦץʪʳסʳʥ ʙʘʡץʘʫסʘ 

ʙʦʣʘʜʳ. ɽʛʝʨ ʝʩʢʽ ᴇשʜʝʫ ʧʨʦʮʝʜʫʨʘʩʳʥʜʘ ʩʠʥʬʘʟʘʣʳץ ʦʩʴʪʝʨ ᴇʪʝ ʥʘʰʘʨ 

ʙᴇʣʽʥʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʪײʟʜʳ ץʘʙʙʘʪʳש ʪʘʙʘʥʘʥʳʥ ʦץʰʘʫʣʘʫ ץʠʳʥʜʳץʪʘʨ ʪʫ- 
 

3- ʩʫʨʝʪ. ɽʩʢʽ ᴇשʜʝʫ ʥᴅʪʠʞʝʩʽ (ʦש ʞʘץʪʘ) ʞᴅʥʝ ʞʘשʘ (ʩʦʣ ʞʘץʪʘ) ᴇשʜʝʫ ʥᴅʪʠʞʝʣʝʨʽʥ 

ʩʘʣʳʩʪʳʨʫ 
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4- ʩʫʨʝʪ. ɽʩʢʽ ᴇשʜʝʫ ʥᴅʪʠʞʝʩʽ (ʦש ʞʘץʪʘ) ʞᴅʥʝ ʞʘשʘ (ʩʦʣ ʞʘץʪʘ) ᴇשʜʝʫ ʥᴅʪʠʞʝʣʝʨʽʥ 

ʩʘʣʳʩʪʳʨʫ 

ʜʳʨʩʘ, ʞʘשʘ ᴇשʜʝʫ ʞײʤʳʩʪʘʨʳ ײץʨʳʣʳʤʜʳץ ʢʝʰʝʥʜʝʨʜʽש ʘʡץʳʥ ʞʘץʩʳ ʰʝʢʘ-

ʨʘʣʘʨʳʥ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ɽʩʢʽ ʤʘʪʝʨʠʘʣʜʘʨʜʘ ʝʢʽ ʞʘʨʳʣʳʤʥʘʥ ʧʘʡ-

ʜʘ ʙʦʣסʘʥ ʛʨʘʙʝʥʥʽש ʽʰʽʥʜʝʛʽ ʪײʟ ʘʩʪʳ ʛʦʨʠʟʦʥʪʪʳש ʙᴇʣʽʥʫʽʥʝ ʢᴇʧʪʝʛʝʥ ʢװʤᴅʥ 

ʢʝʣʪʽʨʽʣʜʽ. ɾʘשʘ ᴇשʜʝʫʜʽש ʥᴅʪʠʞʝʣʝʨʽ ʩʝʥʽʤʜʽ, ʘʤʧʣʠʪʫʜʘʣʳץ ʰʘסʳʣʳʣסʘʥ 

 ʛʨʘʙʝʥ ʽʰʽʥʜʝʛʽ ʦʨʥʳʥ שʣ ʦʥʳײʣʢʝʥ ʩʝʧʪʽʛʽʥ ʪʠʛʽʟʜʽ, ʙװ ʘסʘʙʘʪʪʘʨʜʳ ʘʣʫץ

ʥʘץʪʳʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ɼʝʨʝʢʪʝʨ ʩʘʥʳ ʥʘʰʘʨ ʘʡʤʘץʪʘʨʜʘ ʞʳʣʜʘʤʜʳץ 

ʤʦʜʝʣʽʥ ʥʘץʪʳʣʘʫ ʘʨץʳʣʳ ʰʘסʳʣʳʩʘʪʳʥ ʛʦʨʠʟʦʥʪʪʘʨʜʳץ שʘʜʘסʘʣʘʥʫʳ 

ʞʘץʩʘʨʜʳ, ʙײʣ ʦʣʘʨʜʳש ʦʨʥʘʣʘʩʫʳʥ ʜײʨʳʩ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

4-ʩʫʨʝʪʪʝ ʝʩʢʽ ᴇשʜʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʞʘʩʘʣסʘʥ ʪײʟ ץʘʙʘʪʳ ʞʘʙrʥʳʥʳש 

ʙʽʨʢʝʣʢʽ ʙᴇʣʽʥʙʝʫ ʞʘסʜʘʡʳ ʢᴇʨʩʝʪʽʣʛʝʥ. ɾʘשʘ ʜʝʨʝʢʪʝʨ ʥʘץʪʳ ʰʘסʳʣʳʩʫ 

ʥʝʛʽʟʽʥʜʝ ʪײʟʜʳ ץʘʙʘʪ ʰʝʢʘʨʘʩʳʥʳש ʥʘץʪʳ ʦʨʥʳʥ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ʊײʟ 

ʘʩʪʳʥʜʘסʳ ʰᴇʛʽʥʜʽʣʝʨʜʽש ʰʳʥʘʡʳ ʘʤʧʣʠʪʫʜʘʩʳʥ ʢװʰʝʡʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨ-

ʛʝʥ ʘʤʧʣʠʪʫʜʘʣʳץ ʪװʟʝʪʫʣʝʨʜʽ ʝʥʛʽʟʫ ʘʨץʳʣʳ ʪײʟ ʘʩʪʳʥʜʘסʳ ʰᴇʛʽʥʜʽʣʝʨʜʽש 

ʙʽʨʞʘץʪʳ ʦץʰʘʫʣʘʥʫʳʥʘ ץʦʣ ʞʝʪʢʽʟʽʣʜʽ (4-ʩʫʨʝʪ). 

 .ʦʨʳʪʳʥʜʳפ

ɹʘʩʪʘʧץʳ ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʫ, ʫʘץʳʪ ʘʡʤʘסʳʥʜʘ ץʘʡʪʘ ᴇשʜʝʫ, ʞʠʥʘץʪʘʫסʘ 

ʜʝʡʽʥʛʽ ʤʠʛʨʘʮʠʷ ʪʝʨʝשʜʽʛʽ (RTM) ʞᴅʥʝ 3D ʩʝʡʩʤʠʢʘʣʳץ ʜʝʨʝʢʪʝʨʜʽ ʝʛʞʝʡ-

ʪʝʛʞʝʡʣʽ ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʢʝʣʝʩʽ ץʦʨʳʪʳʥʜʳʣʘʨ 

ʞʘʩʘʫסʘ ʙʦʣʘʜʳ: 

1. 2018 ʞʳʣʳ RTM ʞʠʥʘץʪʘʫʳʥʘ ʜʝʡʽʥʛʽ ץʘʡʪʘ ᴇשʜʝʣʛʝʥ 3D ʪʝʨʝשʜʽʢ 
ʤʠʛʨʘʮʠʷʣʳץ ʩʝʡʩʤʠʢʘʣʳץ ʪʝʢʰʝ ʠʥʪʝʨʧʨʝʪʘʮʠʷ װʰʽʥ ץʘʥʘסʘʪʪʘʥʘʨʣʳץ ʜʝʧ 

ʙʘסʘʣʘʥʘʜʳ, ʦʥʳש ʘʞʳʨʘʪʳʤʜʳʣʳץ ץʘʙʽʣʝʪʽ ʞᴅʥʝ ʩʠʛʥʘʣ/ʰʫ ץʘʪʳʥʘʩʳ ʞʦסʘʨʳ, 

ʘhסʳʣʳʩʘʪʳʥ ʛʝʦʣʦʛʠʷʣʳץ ʛʦʨʠʟʦʥʪʪʘʨʜʳש ʘʡץʳʥʜʳʣʳסʳ, ʩʠʥʬʘʟʘʣʳץ 

ʦʩʴʪʝʨʜʽש ʞʘץʩʳ ʙʘץʳʣʘʥʫʳ, ʪʝʢʪʦʥʠʢʘʣʳץ ʙײʟʳʣʫʣʘʨʜʳ ʥʘץʪʳ 

ʙʘץʳʣʘʥסʘʥʜʳסʳ; 

2. ʂʘʨʙʦʥʘʪʪʳ ʰᴇʛʽʥʜʽʣʝʨ ʘʡʤʘסʳʥʜʘ ʞʳʣʜʘʤʜʳץʪʳש ʪʝʟ ᴇʟʛʝʨʫʽʥʝ ʞᴅʥʝ 
ʢװʰʪʽ ʘʥʠʟʦʪʨʦʧʠʷסʘ ʙʘʡʣʘʥʳʩʪʳ ʞʳʣʜʘʤʜʳץʪʳש ʜᴅʣ ʤʦʜʝʣʽʥ ʘʣʫ װʰʽʥ ʫʘץʳʪ 

ʘʡʤʘסʳʥʜʘ ʪʝʨʝשʜʽʢ ʤʠʛʨʘʮʠʷ ʧʨʦʮʝʩʽ ʞװʨʛʽʟʽʣʜʽ. ɹײʣ ʞʘסʜʘʡʜʘ ʦʣ ʞʳʣʜʘʤʜʳץ 

ᴇʨʽʩʽʥ ʘʥʳץʪʘʫסʘ ʤʘשʳʟʜʳ ץʘʜʘʤ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʪײʟ ʘʩʪʳ ʛʦʨʠʟʦʥʪʪʘʨʳʥʳש 



ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ VII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 
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ʙʘץʳʣʘʥʫʳʥ ʞʘץʩʘʨʪʫסʘ ʢᴇʤʝʢʪʝʩʪʽ; 

3. RTM ʩʦʥʳʤʝʥ ץʘʪʘʨ ʪײʟ ʘʩʪʳ ץʘʙʘʪ ʢʝʰʝʥʽʥʽש ʙʝʡʥʝʣʝʨʽʥ ʞʘץʩʘʨʪʫסʘ 
ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ, ʙʽʨʘץ ʙײʣ ʪʝʢ סשײʳʤʘ ʜʝʨʝʢʪʝʨʽʥʽװ שʣʢʝʥ ץʦʨʳʥ ץʦʣʜʘʥʫ 

ʘʨץʳʣʳ ʤװʤʢʽʥ ʙʦʣʜʳ; 

Geoframe 2012 ʟʘʤʘʥʘʫʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʳץ ʧʘʢʝʪʪʝʨʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, 

ʩʝʡʩʤʠʢʘʣʳץ ʜʝʨʝʢʪʝʨʜʽ ץʘʡʪʘ ᴇשʜʝʫ ʥʝʛʽʟʽʥʜʝ ɹʝʟʳʤʷʥʥʦʝ ʢʝʥ ʦʨʥʳʥʳש ʪײʟ 

ʘʩʪʳ ʢʘʨʙʦʥʘʪʪʳ ʨʝʟʝʨʚʫʘʨʳʥʳײץ שʨʳʣʳʤʜʳץ-ʪʝʢʪʦʥʠʢʘʣʳײץ ץʨʳʣʳʤʳʥ 

ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʟʝʨʪʪʝʫ ʢʝʥ ʦʨʥʳ ʪʫʨʘʣʳ ʜײʨʳʩ ʘץʧʘʨʘʪ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. ɽʩʢʽ ʞᴅʥʝ ʞʘשʘ ץʘʡʪʘ ᴇשʜʝʫ ʤʝʥ ץʘʡʪʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʫʜʳ ʩʘʣʳʩʪʳʨʫ 

ʪʘשʜʘʣסʘʥ ᴇשʜʝʫ ʧʨʦʮʝʜʫʨʘʣʘʨʳʥʳש ʞʦסʘʨʳ ʪʠʽʤʜʽʣʽʛʽʥ ʢᴇʨʩʝʪʪʽ. 
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ʀɿʋʏɽʅʀɽ ʆʉʆɹɽʅʅʆʉʊɽʁ ʃʆʂɸʃʀɿɸʎʀʀ ʄɽɼʅʆɻʆ 

ʉʊʈɸʊʀʌʆʈʄʅʆɻʆ ʆʈʋɼɽʅɽʅʀʗ ʂʆʄʇʃɽʂʉʆʄ 

ɻɽʆʌʀɿʀʏɽʉʂʀʍ ʄɽʊʆɼʆɺ ɺ ʎɽʅʊʈɸʃʔʅʆʄ ʂɸɿɸʍʉʊɸʅɽ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʦ ʨʦʣʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʠʟʫʯʝ-

ʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʣʦʢʘʣʠʟʘʮʠʠ ʤʝʜʥʦʛʦ ʩʪʨʘʪʠʬʦʨʤʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʚ ʎʝʥʪʨʘʣʴ-

ʥʦʤ ʂʘʟʘʭʩʪʘʥʝ. ʅʘ ʧʨʠʤʝʨʝ ɾʝʟʢʘʟʛʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʜʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʧʦʢʘʟʘʥʘ ʨʦʣʴ 

ʧʨʷʤʳʭ ʠ ʢʦʩʚʝʥʥʳʭ ʤʝʪʦʜʦʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʨʫʜʥʦʡ ʛʝʦʣʦʛʠʠ. 

ʋʯʠʪʳʚʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʧʦʨʦʜ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ, ʜʣʷ ʨʝʰʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʟʘ-

ʜʘʯ ʧʨʠ ʢʦʩʚʝʥʥʳʭ ʧʦʠʩʢʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʝʜʠ ʵʬʬʝʢʪʠʚʥʳ ʤʝʪʦʜʳ: ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʂʄʇɺ, 
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ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʉʘʪʧʘʝʚʘ 
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ʈʅʇ ʠ ʥʝʧʨʦʜʦʣʴʥʦʝ ʩʝʡʩʤʦʧʨʦʬʠʣʠʨʦʚʘʥʠʝ; ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʘ ʤʝʪʦʜʘʤʠ ɺʇ ʠ ɺʕɿ; ʜʝʪʘʣʴʥʘʷ 

ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʘ, ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʘʷ ʩʲʸʤʢʘ. ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʪʠʭ ʨʘʙʦʪ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʦʥʠ ʨʝʰʘʶʪ ʟʘʜʘʯʫ ʦʧʨʝʜʝʣʝʥʠʷ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʡ ʪʦʣʱʠ, ʢʨʦʚʣʠ ʥʠʞʥʝ-

ʧʘʣʝʦʟʦʠʩʢʠʭ ʠʣʠ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʚʳʜʝʣʝʥʠʷ ʢʨʫʧʥʳʭ ʩʢʣʘʜʯʘʪʳʭ ʠ ʨʘʟʨʳʚʥʳʭ 

ʩʪʨʫʢʪʫʨ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʬʠʟʠʢʘ, ʤʝʜʠʩʪʳʝ ʧʝʩʯʘʥʠʢʠ, ɾʝʟʢʘʟʢʘʥʩʢʘʷ ʩʠʥʢʣʠʥʘʣʴ, ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʝ, ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

 

ɺʚʝʜʝʥʠʝ. ɿʘʜʘʯʘ ʚʦʩʧʦʣʥʝʥʠʷ ʟʘʧʘʩʦʚ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʩ ʢʘʞʜʳʤ ʛʦ-

ʜʦʤ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʂʘʟʘʭʩʪʘʥʘ, ʝʝ ʨʝʰʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʠʛʥʫʪʦ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʜʘʣʴʥʝʡʰʝʛʦ ʩʠʩʪʝʤʥʦʛʦ ʠʟʫʯʝʥʠʷ ʥʝʜʨ ʈʝʩʧʫ-

ʙʣʠʢʠ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ, ʟʦʥʘʣʴʥʦʤ ʠ ʣʦʢʘʣʴʥʦʤ ʫʨʦʚʥʷʭ. ɺ ʮʝʣʷʭ ʨʝʘʣʠʟʘ-ʮʠʠ 

ʂʦʥʮʝʧʮʠʠ ʨʘʟʚʠʪʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʈʂ ʜʦ 2030 ʛʦʜʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʇʨʦʛʨʘʤʤʘ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʚ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. ʇʨʦʛʨʘʤʤʦʡ 

ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʧʣʘʥʦʤʝʨʥʦʝ ʠʟʫʯʝʥʠʝ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʣʦʱʘʜʝʡ ʩ 

ʮʝʣʴʶ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʚʳʙʦʨʘ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʝʪʘʣʴʥʳʭ 

ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ. ɺ ʨʝʘʣʠʟʘʮʠʠ ʇʨʦʛʨʘʤʤʳ ʚʘʞʥʘʷ ʨʦʣʴ ʦʪʚʦʜʠʪʩʷ 

ʚʳʧʦʣʥʝʥʠʶ ʨʝʛʠʦʥʘʣʴʥʳʭ, ʧʦʠʩʢʦʚʳʭ, ʧʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʳʭ ʠ ʧʦʠʩʢʦʚʦ-ʨʘʟ-

ʚʝʜʦʯʥʳʭ ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ h ʠʨʦʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʛʝʦʬʠʟʠ-

ʯʝʩʢʠʭ ʤʝʪʦʜʦʚ [12]. 

ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʤʝʜʠ ʪʠʧʘ ʤʝʜʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʠʤ 

ʤʘʩʰʪʘʙʦʤ ʦʨʫʜʝʥʝʥʠʷ, ʦʜʥʘʢʦ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʚ ʨʫʜʝ ʥʝʚʳʩʦʢʠ, ʠ ʤʦʱʥʦʩʪʴ 

ʨʫʜʥʳʭ ʪʝʣ ʨʝʜʢʦ ʧʨʝʚʳʰʘʝʪ 14-20ʤ. ɼʘʞʝ ʜʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʝʟʢʘʟʛʘʥ ʨʫʜʳ 

ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ ʩʚʳʰʝ 5-10% ʠ ʤʦʱʥʦʩʪʴʶ 10-20ʤ ʚ ʦʙʱʝʡ ʤʘʩʩʝ ʟʘʧʘʩʦʚ 

ʩʦʩʪʘʚʣʷʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʫʶ ʯʘʩʪʴ, ʘ ʚ ʙʦʣʝʝ ʤʝʣʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ 

ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷʭ ɾʠʣʘʥʜʠʥʩʢʦʡ ʛʨʫʧʧʳ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʨʝʜʢʦ ʧʨʝʚʳʰʘ-

ʶʪ 1-2% ʧʨʠ ʤʦʱʥʦʩʪʠ ʨʫʜʥʳʭ ʪʝʣ ʦʙʳʯʥʦ ʜʦ 5ʤ [4]. ʇʨʷʤʳʝ ʧʦʠʩʢʠ ʪʘʢʠʭ 

çʙʝʜʥʳʭè ʨʫʜ ʫʚʝʨʝʥʥʦ ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʘʤʠ ʣʠʪʦʭʠʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʠ ʚ-r

ʟʚʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ (ɺʇ), ʚ ʦʩʥʦʚʥʦʤ, ʥʘ ʩʢʨʳʪʳʭ ʧʣʦʱʘʜʷʭ. ɻʝʦʬʠʟʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʥʘ ʩʪʘʜʠʠ ʨʘʟʚʝʜʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ ɻ ʣʝʢʪʨʦʨʘʟʚʝʜʢʘ ʤʝʪʦʜʦʤ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʡ, ʛʨʘʚʠʨʘʟʚʝʜʢʘ ʠ ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ, ʵʪʫ ʟʘʜʘʯʫ ʥʝ ʨʝʰʘʶʪ, ʥʦ ʧʨʠ ʧʦʠʩʢʘʭ 

ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʩʪʨʫʢʪʫʨ ʦʥʠ ʥʝʟʘʤʝʥʠʤʳ ʠ ʙʝʟ ʥʠʭ ʥʝʚʦʟʤʦʞʥʦ ʮʝʣʝʥʘʧʨʘʚ-

ʣʝʥʥʦʝ ʧʦʠʩʢʦʚʦʝ ʙʫʨʝʥʠʝ, ʦʩʦʙʝʥʥʦ ʥʘ ʟʘʢʨʳʪʳʭ ʠ ʧʦʣʫʟʘʢʨʳʪʳʭ ʧʣʦʱʘʜʷʭ 

[2,7]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʣʦʢʘʣʠʟʘʮʠʠ ʤʝʜʥʦʛʦ ʩʪʨʘʪʠʬʦʨʤʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʦʤ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ, ʦʙ-

ʨʘʙʘʪʳʚʘʶʱʠʭ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ[5,7]. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʄʝʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʝʟʢʘʟ-

ʛʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ ʠʟʚʝʩʪʥʳ ʩ ʙʨʦʥʟʦʚʦʛʦ ʚʝʢʘ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʧʨʦʡʜʝʥʥʳʝ ʜʨʝʚʥʠʝ ʚʳʨʘʙʦʪʢʠ. ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʤʝʜʠ ʟʜʝʩʴ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ɾʝʟʢʘʟʛʘʥʩʢʦʡ ʩʠʥʢʣʠʥʘʣʠ, ʨʘʩʧʦʣʦ-

ʞʝʥʥʦʡ ʚ ʚ ʧʨʝʜʝʣʘʭ ʪʝʨʨʠʪʦʨʠʠ ʋʣʳʪʘʫʩʢʦʛʦ ʨʘʡʦʥʘ ʂʘʨʘʛʘʥʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ. 

ɾʝʟʢʘʟʛʘʥʩʢʘʷ ʩʠʥʢʣʠʥʘʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʩʩʠʤʝʪʨʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʤʝ-

ʨʠʜʠʘʥʘʣʴʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʧʦʛʨʫʞʘʶʱʘʷ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ. ʉ ʥʝʡ ʩʦʧʨʷʞʝʥʳ ʩ 

ʟʘʧʘʜʘ ʀʪʘʫʟʩʢʘʷ ʩʠʥʢʣʠʥʘʣʴ, ʩ ʶʛʦ-ʟʘʧʘʜʘ ʠ ʶʛʦ-ʚʦʩʪʦʢʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ɾʘ-

ʥʘʡʩʢʘʷ ʠ ʂʝʥʛʠʨʩʢʘʷ ʙʨʘʭʠʘʥʪʠʢʣʠʥʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ. ɾʝʟʢʘʟʛʘʥʩʢʠʡ ʨʫʜ- 



ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ VII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 
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ʈʠʩʫʥʦʢ 1-ʉʭʝʤʘ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ɾʝʟʢʘʟʛʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ 

 

ʥʳʡ ʨʘʡʦʥ ʦʙʲʝʜʠʥʷʝʪ ʜʚʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɾʝʟʢʘʟʛʘʥʩʢʦʛʦ ʠ 

ɾʠʣʘʥʜʠʥʩʢʦʛʦ ʨʫʜʥʳʭ ʧʦʣʝʡ, ʚʢʣʶʯʘʷ ʠʭ ʬʣʘʥʛʠ ʠ ʛʣʫʙʦʢʠʝ ʛʦʨʠʟʦʥʪʳ (ʈʠ-

ʩʫʥʦʢ 1). 

ɾʝʟʢʘʟʛʘʥʩʢʦʝ ʨʫʜʥʦʝ ʧʦʣʝ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʶʛʝ ʩʠʥʢʣʠʥʘʣʠ, ʚ ʫʟʣʝ ʩʦʯʣʝ-

ʥʝʥʠʷ ɾʘʥʘʡʩʢʦʡ, ɾʝʟʢʘʟʛʘʥʩʢʦʡ, ʂʝʥʛʠʨʩʢʦʡ ʩʪʨʫʢʪʫʨ ʠ ʀʜʳʛʝʡʩʢʦʛʦ, ʉʧʘʩ-

ʩʢʦʛʦ ʠ ʊʝʨʝʢʪʠʥʩʢʦʛʦ ʨʘʟʣʦʤʦʚ. ɾʠʣʘʥʜʠʥʩʢʘʷ ʛʨʫʧʧʘ ʤʝʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʡ ʨʘʩʧʦʣʦʞʝʥʘ ʚ 30-35 ʢʤ ʢ ʩʝʚʝʨʫ ʦʪ ʨʫʜʥʠʢʘ ɾʝʟʢʘʟʛʘʥ ʠ ʧʨʠʫʨʦʯʝʥʘ ʢ 

ʦʙʣʘʩʪʠ ʩʦʧʨʷʞʝʥʠʷ ɾʝʟʢʘʟʛʘʥʩʢʦʡ ʩʠʥʢʣʠʥʘʣʠ ʩ ʋʨʪʘʢʘʛʳʣʴʩʢʦʡ, ʀʪʘʫʟʩʢʦʡ, 

ɸʷʢʢʘʛʳʣʴʩʢʦʡ ʠ ʋʡʪʘʩʩʢʦʡ ʙʨʘʭʠʘʥʪʠʢʣʠʥʘʣʴʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʠ ʢ ʩʦʯʣʝ-

ʥʝʥʠʶ ʩʝʚʝʨʥʳʭ ʚʝʪʚʝʡ ʊʝʨʝʢʪʠʥʩʢʦʛʦ ʠ ʉʧʘʩʩʢʦʛʦ ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʘʟʣʦʤʦʚ. 

ʈʫʜʦʚʤʝʱʘʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʞʝʟʢʘʟʛʘʥʩʢʘʷ ʩʚʠʪʘ ʚʝʨʭʥʝʛʦ ʢʘʨʙʦʥʘ (ʉ
3
dg)ʦʙ- 

ʱʝʡ ʤʦʱʥʦʩʪʴʶ 650-680 ʤ ʠ ʪʘʩʢʫʜʫʢʩʢʘʷ ʩʚʠʪʘ ʩʨʝʜʥʝʛʦ ʢʘʨʙʦʥʘ (ʉ
2
ts) ʦʙʱʝʡ 

ʤʦʱʥʦʩʪʴʶ 260 ʤ. ɺʩʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʝʟʢʘʟʛʘʥʩʢʦʡ ʠ ɾʠʣʘʥʜʠʥʩʢʦʡ ʛʨʫʧ- 
ʧ  r(ɾʝʟʢʘʟʛʘʥ, ɺʦʩʪʦʯʥʘʷ ʉʘʨʳʦʙʘ, ɿʘʧʘʜʥʘʷ ʉʘʨʳʦʙʘ, ʀʪʘʫʟ, ʂʠʧʰʘʢʧʘʡ, ʂʘ-

ʨʘʰʦʥʘʢ) ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʣʘʩʪʘʤ ʩʝʨʳʭ ʧʝʩʯʘʥʠʢʦʚ ʵʪʠʭ ʩʚʠʪ [10]. 

ʇʣʘʥʦʤʝʨʥʦʝ ʠʟʫʯʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʨʘʡʦʥʘ ʠ ʝʛʦ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡ ʥʘʯʘʪʳ ʂ. ʀ. ʉʘʪʧʘʝʚʳʤ. ʀʤ ʠʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʪʨʦʝʥʠʷ ɾʝʟʢʘʟʛʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʜʘʥʦ ʜʝʪʘʣʴʥʦʝ ʨʘʩʯʣʝʥʝʥʠʝ ʨʘʟʨʝʟʘ 



ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʉʘʪʧʘʝʚʘ 
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ʧʨʦʜʫʢʪʠʚʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʠʟʫʯʝʥʘ ʪʝʢʪʦʥʠʢʘ ʨʘʡʦʥʘ ʠ ʫʩʪʘʥʦʚʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʯʝʨʪʳ ʤʝʪʘʣʣʦʛʝʥʠʠ[4]. 

ɼʣʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʠʭ ʪʦʯ-

ʥʦʩʪʴ. ɺʳʧʦʣʥʝʥʥʘʷ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʘʷ ʩʲʝʤʢʘ ʧʦʟʚʦʣʠʣʘ ʧʦʩʪʨʦʠʪʴ ʥʘ ʚʩʶ 

ʧʣʦʱʘʜʴ ʨʘʙʦʪ ʢʘʨʪʳ ʠʟʦʘʥʦʤʘʣ ʩʠʣʳ ʪʷʞʝʩʪʠ ʩ ʩʝʯʝʥʠʝʤ 0,25ï0,5 ʤʛʣ (ʪʦʯ-

ʥʦʩʪʴ ʘʥʦʤʘʣʴʥʳʭ ʩʝʯʝʥʠʡ +0,1-0,2 ʤʛʣ) (ʈʠʩʫʥʦʢ 2). ʈʝʟʫʣʴʪʘʪʳ ʤʘʛʥʠʪʦʤʝ-

ʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʨʪʦʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɾʝʟʢʘʟʛʘʥʩʢʦʡ 

ʩʠʥʢʣʠʥʘʣʠ ʤʘʩʰʪʘʙʘ 1:50 000. ɸʥʘʣʠʟ ʣʠʪʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʙ ʧʨʦʚʦʜʠʣʩʷ 

ʩ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʣʷ ʤʝʜʠ 10-4 %. ʍʦʨʦʰʠʤ ʢʘʯʝ-

ʩʪʚʦʤ ʦʪʣʠʯʘʣʠʩʴ ʧʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʂʄʇɺ ʠ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ. ʇʦ ʚʩʝʡ 

ʪʝʨʨʠʪʦʨʠʠ ɾʝʟʢʘʟʛʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ ʧʨʦʚʝʜʝʥʦ ʦʙʦʙʱʝʥʠʝ ʠ ʘʥʘʣʠʟ 

ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʅʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʬʠʟʠ-

ʯʝʩʢʠʭ ʧʦʣʝʡ ʩ ʰʠʨʦʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʠʩʢʦʚʦ ïʨʘʟʚʝʜʦʯʥʦʛʦ ʙʫʨʝʥʠʷ ʧʦ-

ʩʪʨʦʝʥʳ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʨʫʜʥʳʭ ʟʘʣʝʞʝʡ, ʧʦʣʦʞʝʥʥʳʝ ʚ ʦʩʥʦ-

ʚʫ ʦʮʝʥʢʠ ʟʘʧʘʩʦʚ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʦʩʚʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʨʘʟʣʠʯʘʶʪ ʧʨʷʤʳʝ ʠ ʢʦʩʚʝʥʥʳʝ ʧʦʠʩʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦ-

ʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʨʘʙʦʪʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʙʥʘʨʫʞʝʥʠʝ ʥʝ-

ʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʫʜʥʦʛʦ ʪʝʣʘ, ʚʦ ʚʪʦʨʦʤ ʥʘ ʚʳʷʚʣʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ ʠʣʠ ʧʨʠʟʥʘʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʫʜʥʳʤʠ ʪʝʣʘʤʠ ʠʣʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ 

[2,7]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʳʭʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʝʜʝʥʠʡ ʠ ʜʘʥʥʳʭ 

ʦ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʧʦʨʦʜ ʠ ʨʫʜ ʚ ɾʝʟʢʘʟʛʘʥʩʢʦʤ ʨʘʡʦʥʝ ʜʘʥʘ ʦʮʝʥʢʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʢʦʤʧʣʝʢʩʝ ʧʦʠʩʢʦʚʳʭ ʠ ʨʘʟʚʝʜʦʯʥʳʭ 

ʨʘʙʦʪ ʥʘ ʤʝʜʴ . 
 

ʂʘʨʪʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ æʊʘ ʂʘʨʪʘ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ æga 

ʈʠʩʫʥʦʢ 2 ï ɾʝʟʢʘʟʛʘʥʩʢʘʷ ʩʠʥʢʣʠʥʘʣʴ. ʈʝʟʫʣʴʪʘʪʳ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 



ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ VII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 
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ʇʨʷʤʳʝ ʧʦʠʩʢʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʦʩʥʦ-

ʚʘʥʳ ʥʘ ʨʘʟʣʠʯʠʠ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʫʜ ʠ ʚʤʝʱʘʶʱʠʭ ʠʭ ʧʦʨʦʜ. ʇʨʠ 

ʵʪʦʤ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʧʦʨʦʜ ʠ ʨʫʜ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʬʦʨʤʘ ʠ ʨʘʟʤʝʨʳ 

ʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ ʜʦʣʞʥʳ ʙʳʪʴ ʪʘʢʠʤʠ, ʯʪʦʙʳ ʩʦʟʜʘʚʘʝʤʳʝ ʠʤʠ ʘʥʦʤʘʣʠʠ ʤʦʛ-

ʣʠ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʧʨʦʮʝʩʩʝ ʩʲʸʤʦʢ, ʘ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦʤʝʭ ʜʦʣʞʥʦ 

ʙʳʪʴ ʣʠʙʦ ʥʝʚʝʣʠʢʦ, ʣʠʙʦ ʧʦʜʣʝʞʘʪʴ ʫʯʝʪʫ [9,11]. 

ʇʦ ʨʘʡʦʥʫ ɾʝʟʢʘʟʛʘʥʩʢʦʡ ʩʠʥʢʣʠʥʘʣʠ ʙʳʣʦ ʦʙʨʘʙʦʪʘʥʦ ʙʦʣʝʝ 6000 ʦʙʨʘʟ-

ʮʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʧʣʦʪʥʦʩʪʴ, ʤʘʛʥʠʪ-

ʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ, ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ) ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. ʇʨʠ 

ʠʟʫʯʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, 

ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ) ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʵʣʝʢʪʨʦ-

ʢʘʨʦʪʘʞʥʳʝ ʜʠʘʛʨʘʤʤʳ, ʩʝʡʩʤʦʢʘʨʦʪʘʞ, ʜʘʥʥʳʝ ɺʕɿ. ʇʦʨʦʜʳ ʞʝʟʢʘʟ-

ʛʘʥʩʢʦʡ ʨʫʜʦʥʦʩʥʦʡ ʩʚʠʪʳ ʚ ʮʝʣʦʤ ʩʨʘʚʥʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʳ ʧʦ ʩʚʦʠʤ ʣʠʪʦʣʦ-

ʛʠʯʝʩʢʠʤ, ʭʠʤʠʯʝʩʢʠʤ, ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʤ ʠ ʜʨʫʛʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ, ʯʪʦ ʚ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦʝ ʧʦʩʪʦʷʥʩʪʚʦ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʠʭ 

ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʅʝʠʟʤʝʥʥʳʝ ʧʦʨʦʜʳ ʩʚʠʪʳ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ ʧʣʦʪ-

ʥʦʩʪʠ 2,65 - 2,67 ʛ/ ʩʤ3, ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʶʱʠʝʩʷ ʧʦ ʧʣʦʱʘʜʠ ʠ ʩ ʛʣʫʙʠʥʦʡ. 

ʆʧʨʝʜʝʣʝʥʥʳʤʠ ʠ ʤʘʣʦ ʠʟʤʝʥʷʶʱʠʝʩʷ ʦʙʣʘʜʘʶʪ ʪʘʢʞʝ ʜʚʘ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʘ 

ï ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ (10-20*10-6 ʝʜ. ʉɻʉ) ʠ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ (1,3 Ñ 

3,0%). 

ʉʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʦʪʣʦʞʝʥʠʡ ʞʝʟʢʘʟʛʘʥ-

ʩʢʦʡ ʩʚʠʪʳ ʠʟʫʯʝʥʳ ʧʦ ʜʘʥʥʳʤ ʩʝʡʩʤʦʢʘʨʦʪʘʞʘ ʩʢʚʘʞʠʥ, ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙ-

ʨʘʟʮʦʚ ʢʝʨʥʘ, ɺʉʇ ʩʢʚʘʞʠʥ, ʘ ʪʘʢʞʝ ʧʦ ʜʘʥʥʳʤ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʝʪʦʜʦʚ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʂʄʇɺ ʠ ʄʆɺ [1]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʩʢʚʘʞʠʥ ʚ ʧʦʨʦʜʘʭ ʞʝʟʢʘʟʛʘʥʩʢʦʡ ʩʚʠʪʳ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʢʦʥʦʤʝʨ-

ʥʦʝ ʧʣʘʚʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩ ʛʣʫʙʠʥʦʡ, ʧʨʠʤʝʨʥʦ ʦʪ 4,0 - 4,5 ʢʤ/ʩʝʢ ʥʘ 

ʛʣʫʙʠʥʘʭ 100 - 200 ʤ ʜʦ 5,0 - 5,5 ʢʤ/ʩʝʢ ʥʘ ʛʣʫʙʠʥʘʭ 500 - 1000 ʤ. 

ɸʥʘʣʠʟ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʦʜ ʠ ʨʫʜ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʨʘʟʮʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʢʝʨʥʘ, ʦʪʦʙʨʘʥʥʳʭ ʧʦ ʨʫʜʥʳʤ ʪʝʣʘʤ ʠ 

ʚʤʝʱʘʶʱʠʭ ʠʭ ʧʦʨʦʜ ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ [9,11]: 

1. ʇʦ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʧʦ-

ʨʦʜ ʠ ʨʫʜʳ ʥʝ ʨʘʟʣʠʯʠʤʳ, ʘ ʩʚʝʜʝʥʠʷ ʦ ʩʢʦʨʦʩʪʷʭ ʫʧʨʫʛʠʭ ʚʦʣʥ ʜʣʷ ʨʫʜ ʥʝʜʦ-

ʩʪʘʪʦʯʥʳ ʘ, ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʪʩʫʪʩʪʚʫʶʪ. 

2. ɹʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʷʤʳʭ ʧʦʠʩʢʦʚ ʨʫʜ, ʤʦʞʝʪ ʙʳʪʴ 

ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʘ ʤʝʪʦʜʦʤ ɺʇ, ʪʘʢ ʢʘʢ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ ʨʫʜʥʳʭ ʧʝʩʯʘʥʠʢʦʚ 

ʦʙʳʯʥʦ ʥʘʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ʆʜʥʘʢʦ, ʧʠʨʠ-

ʪʦʚʘʷ ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʙʝʟʨʫʜʥʳʭ ʩʝʨʳʭ ʧʝʩʯʘʥʠʢʘʭ ʠ ʧʦʵʪʦʤʫ 

ʷʚʣʷʝʪʩʷ ʩʝʨʴʸʟʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʤʝʭ, ɺʦʟʤʦʞʥʦʩʪʠ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ ʤʝʪʦ-

ʜʦʤ ɺʕɿ-ɺʇ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʚʳʷʩʥʝʥʳ. 

3. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʙʥʘʜʝʞʠʚʘʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʚ ʧʨʦʮʝʩʩʝ 

ʦʧʳʪʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʦ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʝ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ɿʉɹɿ [13]. 

ɺ ʮʝʣʦʤ, ʧʦ ʩʚʦʠʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠ ʤʘʛʥʠʪʥʳʤ ʩʚʦʡʩʪʚʘʤ ʨʫʜʥʳʝ ʪʝʣʘ ʥʝ 

ʚʳʜʝʣʷʶʪʩʷ ʚʦ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ ʠ ʠʭ ʧʨʷʤʳʝ ʧʦʠʩʢʠ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʨʘʟ-

ʚʝʜʢʠ, ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʠ ʤʘʛʥʠʪʦʤʝʪʨʠʠ ʥʝ ʜʘʣʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʄʝʞʜʫ ʪʝʤ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ ʤʝʜʥʳʭ ʨʫʜ ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʚ ʨʫʜʝ ʧʦʣʝʟ- 



ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʉʘʪʧʘʝʚʘ 
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ʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ ʜʦ 10-25%. ʇʦʵʪʦʤʫ ʤʝʪʦʜ ʚʳʟʚʘʥʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʩ ʮʝʣʴʶ ʧʨʷʤʳʭ ʧʦʠʩʢʦʚ ʤʝʜʥʳʭ ʨʫʜ. 

ʂʦʩʚʝʥʥʳʝ ʧʦʠʩʢʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʩʚʦ-

ʜʷʪʩʷ ʢ ʦʙʥʘʨʫʞʝʥʠʶ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ ʩʚʷʟʘʥ-

ʥʳʭ ʩ ʦʨʫʜʝʥʝʥʠʝʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʦʧʠʩʳʚʘʝʤʦʤ ʨʘʡʦʥʝ ʵʪʘ ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ 

ʫʩʪʘʥʦʚʣʝʥʠʶ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʡ ʪʦʣʱʠ (ʦʪʣʦʞʝʥʠʡ ʪʘʩʢʫʜʫʢʩʢʦʡ 

ʠ ʞʝʟʢʘʟʛʘʥʩʢʦʡ ʩʚʠʪ) ʠ ʠʟʫʯʝʥʠʶ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʦ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʦʚ ʨʝʛʠʦʥʘ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʦʨʦʜʳ, ʩʣʘʛʘʶʱʠʝ ɾʝʟʢʘʟʛʘʥ-

ʩʢʫʶ ʩʠʥʢʣʠʥʘʣʴ, ʥʝ ʨʘʟʣʠʯʘʶʪʩʷ. ʇʦ ʧʣʦʪʥʦʩʪʠ ʠ ɻ ʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷʤ ʨʝʟʢʦ ʚʳʜʝʣʷʶʪʩʷ ʥʠʟʢʦʧʣʦʪʥʦʩʪʥʳʝ (ʙ = 2,3 ʛ/ʩʤ3), ʥʠʟʢʦʦʤʥʳʝ (ʜʦ 30 

ʦʤʤ) ʦʪʣʦʞʝʥʠʷ ʞʠʜʝʣʠʩʘʡʩʢʦʡ ʩʚʠʪʳ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʜʦʢʝʤʙʨʠʷ, 

ʦʙʣʘʜʘʶʱʠʝ ʧʦʚʳʰʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ( ʙ = 2,90 ʛ/ 

ʩʤ3, ʨ = 500-6000 ʦʤʤ). ʇʦ ʩʢʦʨʦʩʪʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʚʳʜʝʣʷʶʪʩʷ ʧʦʚʳ-

ʰʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ ʠ ʦʪʣʦʞʝʥʠʷ ʜʦʢʝʤʙʨʠʷ, ʥʠʟʢʠ-

ʤʠ- ʦʪʣʦʞʝʥʠʷ ʞʠʜʝʣʠʩʘʡʩʢʦʡ ʩʚʠʪʳ ʠ ʤʝʟʦʢʘʡʥʦʟʦʷ. 

ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʦʙ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʧʦʨʦʜ ʠ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʡ ɾʝʟʢʘʟʛʘʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʈʫʜʥʳʝ ʟʦʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʪʤʝʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴʶ, 

ʯʪʦ ʷʚʣʷʣʦʩʴ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠʭ ʚ ʨʘʟʨʝʟʝ; 

2. ɺʤʝʱʘʶʱʘʷ ʩʨʝʜʘ ʠ ʦʨʫʜʝʥʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʘʥʠʟʦʪʨʦʧʥʳ, ʧʦʵʪʦʤʫ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʭʘʨʘʢʪʝʨʘ ʨʘʩʪʝʢʘʥʠʷ ʪʦʢʘ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝ-

ʥʳ ʩʚʝʜʝʥʠʷ ʦ ʧʦʣʦʞʝʥʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪʜʝʣʴʥʳʭ ʧʨʦʩʣʦʝʚ, ʠʟʫʯʝʥʘ ʪʘʢʞʝ 

ʪʝʢʪʦʥʠʢʘ ʠ ʩʢʣʘʜʯʘʪʦʩʪʴ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʧʦʨʦʜ ʨʘʟʨʝʟʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʂʦʤʧʣʝʢʩʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʚ ɾʝʟʢʘʟʛʘʥʩʢʦʤ ʨʘʡʦʥʝ ʚʳʧʦʣ-

ʥʝʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

- ʚʳʷʚʣʝʥʠʝ ʘʥʦʤʘʣʠʝʦʙʨʘʟʫʶʱʠʭ ʦʙʲʝʢʪʦʚ ʠ ʟʦʥ; 

- ʚʳʷʚʣʝʥʠʝ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ; 

- ʚʳʜʝʣʝʥʠʝ ʠ ʧʨʦʩʣʝʞʠʚʘʥʠʝ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ; 

- ʚʳʜʝʣʝʥʠʝ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘ ʦʨʫʜʝʥʝʥʠʝ ʫʯʘʩʪʢʦʚ; 

- ʦʧʨʝʜʝʣʝʥʠʝ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʚʳʷʚʣʝʥʥʳʭ ʘʥʦʤʘʣʠʝʦʙʨʘʟʫʶʱʠʭ ʦʙʲʝʢʪʦʚ. 

ʋʯʠʪʳʚʘʷ ʚʳʰʝ ʨʘʩʩʤʦʪʨʝʥʥʫʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʧʦʨʦʜ ʧʦ ʬʠʟʠʯʝʩʢʠʤ 

ʧʘʨʘʤʝʪʨʘʤ, ʜʣʷ ʨʝʰʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʨʠ ʢʦʩʚʝʥʥʳʭ ʧʦʠʩʢʘʭ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʡ ʤʝʜʠ ʵʬʬʝʢʪʠʚʥʳ ʤʝʪʦʜʳ: ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʂʄʇɺ, ʈʅʇ(ʤʝʪʦʜ ʨʝ-

ʛʫʣʠʨʫʝʤʦʛʦ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʨʠʝʤʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ) ʠ ʥʝʧʨʦʜʦʣʴʥʦʝ 

ʩʝʡʩʤʦʧʨʦʬʠʣʠʨʦʚʘʥʠʝ; ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʘ ʤʝʪʦʜʘʤʠ ɺʇ ʠ ɺʕɿ ʩ ɸɺ ʜʦ 800 ʤ; 

ʜʝʪʘʣʴʥʘʷ ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʘ, ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʘʷ ʩʲʸʤʢʘ ʩ ʪʦʯʥʦʩʪʴʶ ʘʥʦʤʘʣʠʡ 

ɹʫʛʝ 0,10 - 0,20 ʤʛʣ. ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʪʠʭ ʨʘʙʦʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʦʥʠ ʨʝʰʘʶʪ ʟʘʜʘʯʫ ʦʧʨʝʜʝʣʝʥʠʷ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʡ ʪʦʣʱʠ, 

ʢʨʦʚʣʠ ʥʠʞʥʝʧʘʣʝʦʟʦʠʩʢʠʭ ʠʣʠ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʚʳʜʝʣʝʥʠʷ ʢʨʫʧ-

ʥʳʭ ʩʢʣʘʜʯʘʪʳʭ ʠ ʨʘʟʨʳʚʥʳʭ ʩʪʨʫʢʪʫʨ (ʩʤ. ʨʠʩʫʥʦʢ 2). 

ʆʜʥʘʢʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʨʘʙʦʪʳ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʢʘʨʪʠʥʫ ʜʝʪʘʣʴ- 



ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ VII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 
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ʈʠʩʫʥʦʢ 3 ï ɾʝʟʢʘʟʛʘʥʩʢʘʷ ʩʠʥʢʣʠʥʘʣʴ. ʈʝʟʫʣʴʪʘʪʳ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ: ʘ) ʢʘʨʪʘ ʠʟʦʛʣʫʙʠʥ ʧʦʜʦʰʚʳ ʧʨʦʜʫʢʪʠʚʥʦʡ ʪʘʩʢʫʜʫʢʩʢʦʡ 

ʩʚʠʪʳ; ʙ) ʩʝʡʩʦʣʦʛʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ 

ʥʦʛʦ ʩʪʨʦʝʥʠʷ ʩʣʦʞʥʦʧʦʩʪʨʦʝʥʥʦʡ ɾʝʟʢʘʟʛʘʥʩʢʦʡ ʩʠʥʢʣʠʥʘʣʠ. ʕʪʫ ʟʘʜʘʯʫ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʨʝʰʘʝʪ ʣʠʰʴ ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ ʤʝʪʦʜʘʤʠ ʄʆɺ ʠ ʄʆɻʊ [8]. 

ʊʘʢʠʝ ʨʘʙʦʪʳ ʚʳʧʦʣʥʝʥʳ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʷʭ ʩʠʥʢʣʠʥʘʣʠ 

(ʈʠʩʫʥʦʢ 3). 

ʇʦ ʜʘʥʥʳʤ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ 

ɾʝʟʢʘʟʛʘʥʩʢʦʡ ʩʠʥʢʣʠʥʘʣʠ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦʛʨʫʞʝʥʠʝ ʥʘ ʶʛ ɿʘʧʘʜʥʦʡ ʉʘʨʳ-

ʦʙʠʥʩʢʦʡ ʘʥʪʠʢʣʠʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʚʳʜʝʣʝʥʳ ʥʘ ʝʝ ʛʣʫʙʠʥʝ (ʜʦ 1000 ʤ) 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʣʦʱʘʜʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʚʦʜʝ ɿʘʧʘʜʥʦʡ ʉʘʨʳʦʙʠʥʩʢʦʡ 

ʘʥʪʠʢʣʠʥʘʣʠ ʪʘʩʢʫʜʫʢʩʢʠʡ ʨʫʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʤʦʞʝʪ ʙʳʪʴ ʚʩʪʨʝʯʝʥ ʥʘ ʛʣʫ-

ʙʠʥʝ 800ï1000 ʤ, ʧʦʨʦʜʳ ʢʘʨʙʦʥʘ ʟʜʝʩʴ (ʢʘʢ ʠ ʚ ʧʨʝʜʝʣʘʭ ʎʝʥʪʨʘʣʴʥʦʛʦ ʨʫʜ-

ʥʦʛʦ ʧʦʣʷ) ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ʠ ʟʘʢʣʶʯʘʶʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʣʘʩʪʦʚ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ, ʢʦʥʛʣʦʤʝʨʘʪʦʚ. ʅʘ ʚr ʭʦʜʘʭ ʧʨʦʜʫʢʪʠʚ-

ʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦ ʦʙʨʘʤʣʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʤʝʩʪʘʤʠ ʦʪʤʝʯʝʥʘ ʤʝʜʥʘʷ ʤʠʥʝʨʘ-

ʣʠʟʘʮʠʷ, ʘ ʩʘʤʘ ʩʪʨʫʢʪʫʨʘ ʦʛʨʘʥʠʯʝʥʘ ʮʝʣʦʡ ʩʝʨʠʝʡ ʨʘʟʣʦʤʦʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʣʠʪʦʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʠ ʢʝʨʥʦʚʳʭ ʧʨʦʙ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʝʜʠʩʪʳʝ ʧʝʩʯʘʥʠʢʠ ʠ ʤʝʜʥʳʝ ʨʫʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳ-

ʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʭʘʣʴʢʦʬʠʣʴʥʳʭ ɻ ʣʝʤʝʥʪʦʚ ʠ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 
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ʙʘʨʠʷ. ɺʳʷʚʣʝʥʘ ʪʘʢʞʝ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʝʜʠ ʠ 

ʩʚʠʥʮʘ: ʛʦʨʠʟʦʥʪʳ ʩ ʤʝʜʥʳʤ ʦʨʫʜʝʥʝʥʠʝʤ ʩʜʚʠʥʫʪʳ ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʨʘʙʦʪ ʜʣʷ ʧʦʠʩʢʦʚ ʤʝʜʥʳʭ ʨʫʜ ʠ ʨʫʜʦʥʦʩʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʧʨʝʜʝʣʘʭ ɾʝʟʢʘʟʛʘʥ-

ʩʢʦʡ ʩʠʥʢʣʠʥʘʣʠ ʠ ʦʩʦʙʝʥʥʦ ʥʘ ʬʣʘʥʛʘʭ ʠʟʚʝʩʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʝʢʦʤʝʥ-

ʜʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ 

ʧʦʠʩʢʦʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘ ʤʝʜʴ ʩʪʨʫʢʪʫʨ ʚ ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ: 

1. ʄʝʪʦʜ ɺʇ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ʩʨʝʜʠʥʥʦʛʦ ʛʨʘʜʠʝʥʪʘ (ʉɻ) ʠ ɺʕɿ; 

2. ʈʫʜʥʘʷ ʩʢʚʘʞʠʥʥʘ ̫ʛʝʦʬʠʟʠʢʘ (ʂʉ, ɺʇ, ɽʇ ʠ ʜʨ.); 

3. ʂʨʫʧʥʦʤʘʩʰʪʘʙʥʘʷ ʛʨʘʚʠʤʝʪʨʦʚʘʷ ʩʲʝʤʢʘ 

4. ʉʝʡʩʤʦʨʘʟʚʝʜʢʘ ʄʆɺ 

5. ʃʠʪʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʩʲʝʤʢʘ ʧʦ ʩʝʪʠ 100Ĭ20 ʤ ʥʘ ʦʪʢʨʳʪʳʭ ʧʣʦʱʘʜʷʭ ʠ 

ʛʣʫʙʠʥʥʳʝ ʧʦʠʩʢʠ ʧʦ ʩʝʪʠ 200Ĭ40 ʤ ʥʘ ʧʣʦʱʘʜʠ ʨʘʟʚʠʪʠʷ ʘʣʣʦʭʪʦʥʥʳʭ ʦʙ-

ʨʘʟʦʚʘʥʠʡ; 
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ɺʇɸɼʀʅʓ 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʧʝʪʨʦʬʠʟʠʯʝ-

ʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʨʨʠʛʝʥʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʚ ʇʨʠʢʘʩʧʠʡʩʢʦʤ ʨʝʛʠʦʥʝ. 

ʇʨʦʚʝʜʝʥ ʛʝʦʩʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʧʦʩʪʨʦʝʥʳ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʪʝʨʨʠʛʝʥʥʳʭ 

ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. ɹʳʣʠ ʚʘʞʥʳ ʛʨʘʥʠʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʥʘʯʝʥʠʡ ʧʦʨʠʩʪʦʩʪʠ, ʧʨʦʥʠʮʘʝʤʦ-

ʩʪʠ, ʛʣʠʥʠʩʪʦʩʪʠ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʦʜʳ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʛʨʘʥʠʮʫ ʤʝʞʜʫ ʢʦʣʣʝʢ-

ʪʦʨʦʤ ʠ ʥʝ ʢʦʣʣʝʢʪʦʨʦʤ. ʊʘʢʞʝ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʭ 

ʬʨʘʢʮʠʡ ʜʣʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʠ ʢʦʣʣʝʢʪʦʨʦʚ. ʀʩʩʣʝʜʫʝʤʳʝ ʢʦʣʣʝʢʪʦʨʳ ʦʙʥʘʨʫʞʠ-

ʚʘʶʪʩʷ ʥʝʦʜʥʦʨʦʜʥʳʤʠ ʠ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʕʪʦ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʦʮʝʥʢʝ ʟʘʧʘʩʦʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʠʚʥʳʭ ʟʘʧʘ-ʩʦʚ 

ʢ ʨʘʟʨʘʙʦʪʢʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʣʣʝʢʪʦʨ, ʛʦʨʥʘʷ ʧʦʨʦʜʘ, ʢʦʵʬʬʠʮʠʝʥ-

ʪʳ, ʧʦʨʠʩʪʦʩʪʴ, ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʛʣʠʥʠʩʪʦʩʪʴ, ʢʘʨʙʦʥʘʪʥʦʩʪʴ, ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʝ ʩʚʦʡ-

ʩʪʚʘ ʧʦʨʦʜʳ. 

 

ɸשʜʘʪʧʘ. ʂʘʩʧʠʡ ʘʡʤʘסʳʥʜʘסʳ ʤײʥʘʡ ʢʝʥ ʦʨʳʥʜʘʨʳʥʳש ʪʝʨʨʠʛʝʥʜʽʢ ץʘʙʘʪʪʘʨʳʥʳש 

ʟʝʨʪʭʘʥʘʣʳץ ʧʝʪʨʦʬʠʟʠʢʘʣʳץ ʟʝʨʪʪʝʫʣʝʨʽʥʽש ʢʝʰʝʥʜʽ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʝʨʽʣʛʝʥ.ʊʝʨʨʠʛʝʥʜʽʢ 

ʶʨʘ ʰᴇʛʽʥʜʽʣʝʨʽ װʰʽʥ ʛʝʦʩʪʘʪʠʢʘʣʳץ ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʽʧ, ʢʦʨʨʝʣʷʮʠʷʣʳץ ʪᴅʫʝʣʜʽʣʽʢʪʝʨ 

-ʞᴅʥʝ ʢʦʣʣʝʢʪʦʨ ʥʝ שʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥʽ ץʘʥ. ʂʝʫʝʢʪʽʣʽʢ, ᴇʪʢʽʟʛʽʰʪʽʢ, ʩʘʟʜʳʣʳסʨʘʩʪʳʨʳʣײץ

ʤʝʩʝ ʢʦʣʣʝʢʪʦʨ ʝʤʝʩ ʰʝʢʘʨʘʥʳ ʩʠʧʘʪʪʘʡʪʳʥ ʙʘʩץʘ ʪʘʫ ʞʳʥʳʩʪʘʨʳʥʳש ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש 

ʰʝʢʘʨʘʣʳץ ʤᴅʥʜʝʨʽ ʘʥʳץʪʘʣʜʳ. ᴆʥʽʤʜʽ ʛʦʨʠʟʦʥʪʪʘʨ ʤʝʥ ʢʦʣʣʝʢʪʦʨ ʙʦʡʳʥʰʘ ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳץ 

ʬʨʘʢʮʠʷʣʘʨʜʳש ʪʘʨʘʣʫ ʜʠʘʛʨʘʤʤʘʣʘʨʳ ײץʨʘʩʪʳʨʳʣʜʳ. ɿʝʨʪʪʝʣʝʪʽʥ ʩʫ ץʦʡʤʘʣʘʨʳ ʛʝʦʣʦʛʠʷʣʳץ 

ʙʽʨʢʝʣʢʽ ʝʤʝʩʪʽʛʽʤʝʥ ʞᴅʥʝ ʧʝʪʨʦʬʠʟʠʢʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʽש ʘʡʪʘʨʣʳץʪʘʡ ᴇʟʛʝʨʤʝʣʽʣʽʛʽʤʝʥ ʩʠ-

ʧʘʪʪʘʣʘʪʳʥʳ ʘʥʳץʪʘʣʜʳ, ʙײʣ ʢᴇʤʽʨʩʫʪʝʢ ץʦʨʳʥ ʙʘסʘʣʘʫ ʞᴅʥʝ ᴇʥʽʤʜʽ ʢʝʥ ʦʨʥʳʥ ʠʛʝʨʫʛʝ ʜʘʡʳʥ-

ʜʘʫ ʢʝʟʽʥʜʝ ʝʩʢʝʨʫ ʤʘשʳʟʜʳ. 

ʊϮʡʽʥʜʽ ʩϺʟʜʝʨ: ʧʝʪʨʦʬʠʟʠʢʘʣʳץ ʟʝʨʪʪʝʫʣʝʨ, ʢʦʣʣʝʢʪʦʨ, ʪʘʫ ʞʳʥʳʩʳ, ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ, 

ʢʝʫʝʢʪʽʣʽʛʽ, ᴇʪʢʽʟʛʽʰʪʽʛʽ, ʩʘʟʜʳʣʳסʳ, ʢʘʨʙʦʥʘʪʪʳʣʳסʳ, ʪʘʫʞʳʥʳʩʪʳש ʩװʟʫ-ʩʳʡʳʤʜʳʣʳץ 

 .ʘʩʠʝʪʪʝʨʽץ

 

ɺʚʝʜʝʥʠʝ. ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʨʷʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʣʠʪʦʣʦʛʠʠ, 

ʩʪʨʫʢʪʫʨʝ ʧʫʩʪʦʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʦʩʥʦʚʥʳʭ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʛʨʘʥʠʯʥʳʭ ʟʥʘʯʝ-

ʥʠʡ ʝʤʢʦʩʪʥʳʭ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʢʦʣʣʝʢʪʦʨʦʚ ʷʚʣʷʣʠʩʴ ʣʘʙʦʨʘʪʦʨ-

ʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʝʨʥʘ. ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝ-

ʥʠʡ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʨʦʜʳ, ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʨʠʩʪʦʩʪʠ, ʧʨʦʥʠʮʘʝʤʦʩʪʴ, 

ʛʣʠʥʠʩʪʦʩʪʴ ʠ ʜʨʫʛʠʝ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʛʨʘʥʠʮʫ ʢʦʣʣʝʢʪʦʨ-ʥʝ ʢʦʣʣʝʢʪʦʨ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʝʨʥʘ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʣʠʪʦʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʜʫʢʪʠʚʥʳʭ ʦʪʣʦ-

ʞʝʥʠʡ, ʚʳʜʝʣʝʥʠʷ ʢʦʣʣʝʢʪʦʨʦʚ ʠ ʦʮʝʥʢʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʪʦʣʱ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʇʨʠʢʘʩʧʠʷ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ ʚʝʩʴʤʘ 

ʘʢʪʫʘʣʴʥʦʡ. 



ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʉʘʪʧʘʝʚʘ 
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʅʘ ʠʟʫʯʘʝʤʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʫʩʪʘ-

ʥʦʚʣʝʥʘ ʧʨʦʤʳʰʣʝʥʥʘʷ ʥʝʬʪʝʥʦʩʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʩʨʝʜʥʝʡ ʶʨʳ. ʇʦʩʣʝ ʧʨʦ-

ʚʝʜʝʥʠʷ ʧʦʧʣʘʩʪʦʚʦʡ ʢʦʨʨʝʣʷʮʠʠ ʨʘʟʨʝʟʦʚ ʚʩʝʭ ʩʢʚʘʞʠʥ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥ-

ʥʳʭ ɻʀʉ, ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʪʨʠ ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʘ ʖ-II, ʖ-III ʠ ʖ-IV, 

ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʪʦʞʝ ʜʝʣʷʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʣʘʩʪʦʚ [1]. ʇʦ ʩʪʨʫʢ-

ʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʦʪʣʦʞʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʩʨʝʜʥʝʶʨʩʢʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʚʦʟʤʦʞʥʳʝ ʪʠʧʳ ʧʦʨʦʜ: ʘʣʝʚʨʦʣʠʪʳ, ʧʝʩʯʘʥʠʢʠ ʠ 

ʧʝʩʢʠ, ʘʨʛʠʣʣʠʪʳ ʠ ʛʣʠʥʳ. ʌʣʶʠʜʦʫʧʦʨʳ ʧʨʦʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʛʣʠ-

ʥʘʤʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʦʩʣʦʷʤʠ ʧʝʩʯʘʥʠʢʘ, ʧʝʩʢʘ ʠ ʘʣʝʚʨʠʪʘ. ʊʠʧ ʢʦʣʣʝʢ-

ʪʦʨʘ ï ʧʦʨʦʚʳʡ. ɺ ʭʦʜʝ ʨʘʟʚʝʜʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʳʣʦ ʧʨʦʙʫʨʝʥʦ 11 ʩʢʚʘʞʠʥ 

ʠ ʧʨʦʚʝʜʝʥ ʦʪʙʦʨ ʢʝʨʥʘ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦ-

ʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʚʳʙʨʘʥʳ ʪʝʨʨʠʛʝʥʥʳʝ ʢʦʣʣʝʢʪʦʨʘ ʨʷʜʘ ʥʘʜʩʦʣʝʚʳʭ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ. ɸʥʘʣʠʟ ʢʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣ ʚʳʧʦʣʥʝʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʠ ʚ ʬʠʟʠʯʝʩʢʦʤ ʩʝʢʪʦʨʝ ʎʝʥʪʨʘʣʴʥʦʡ ʥʘ-

ʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ, ʘ ʪʘʢʞʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʊʆʆ ʅʀʀ çʂʘ-

ʩʧʠʡʤʫʥʘʡʛʘʟè [1]. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʦʪʦʙʨʘʥʳ 193 ʦʙʨʘʟʮʦʚ 

ʢʝʨʥʘ ʠʟʫʯʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʣʠʪʦʣʦʛʦ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʳ ʜʘʥʥʳʝ: 

- ʤʘʢʨʦʦʧʠʩʘʥʠʝ ʧʦʣʥʦʨʘʟʤʝʨʥʦʛʦ ʢʝʨʥʘ, 

- ʣʠʪʦʣʦʛʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʦʙʨʘʟʮʦʚ, 

- ʠʟʫʯʝʥʠʝ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʰʣʠʬʦʚ ʠ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ. 

ɼʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʤʦʨʬʦʣʦʛʠʷ ʧʦʨʦʜ, ʩʪʨʫʢʪʫʨʘ ʚʪʦʨʠʯʥʳʭ ʧʦʨ, ʯʝʤ ʭʘ-

ʨʘʢʪʝʨʝʥʦ ʧʦʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʣʦʞʥʦʧʦʩʪʨʦʝʥʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ. ʉ ʢʘʞʜʦʡ 

ʩʢʚʘʞʠʥʳ ʧʦ ʜʚʫʤ ʛʦʨʠʟʦʥʪʘʤ ʦʪʦʙʨʘʥʳ ʩʢʦʣʳ ʦʙʨʘʟʮʘ ʜʣʷ ʠʟʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʠ ʜʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʦʯʠʝɦʥʳ ʠ ʚʳʩʫʰʝʥʳ. ʇʦ ʢʘʞʜʦ-

ʤʫ ʩʢʦʣʫ ʦʙʨʘʟʮʘ ʧʨʠ ʨʘʟʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʙʳʣʘ ʠʟʫʯʝʥʘ ʩʪʨʫʢʪʫʨʘ ʠ ʪʝʢʩʪʫʨʘ 

ʧʦʨʦʜ, ʦʩʪʘʚʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʤʠʥʝʨʘʣʳ, ʮʝʤʝʥʪʘʮʠʷ ʧʦʨʦʜ. ɺ ʰʣʠʬʘʭ ʠʟ-

ʫʯʝʥʘ ʩʪʨʫʢʪʫʨʘ ʧʦʨʦʜ, ʨʘʟʥʦʩʪʠ ʟʝʨʥʠʩʪʦʩʪʠ. 

ʂʦʤʧʣʝʢʩ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʢʣʶʯʘʣ ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʦʪʢʨʳʪʘʷ ʠ ʧʦʣʥʘʷ ʧʦʨʠʩʪʦʩʪʴ, ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦ ʛʘʟʫ, ʧʣʦʪʥʦʩʪʴ 

ʟʝʨʝʥ ʠ ʧʦʨʦʜʳ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʦʥʘʪʥʦʡ ʩʦʩʪʘʚ-

ʣʷʶʱʝʡ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝʬʪʠ ʠ ʚʦʜʳ ʚ ʧʦʨʦʜʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʝʨʥʘ ʧʨʦ-

ʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ ʤʥʦʛʦ-

ʯʠʩʣʝʥʥʳʭ ʨʫʢʦʚʦʜʩʪʚʘʭ ʧʦ ʘʥʘʣʠʟʫ ʢʝʨʥʘ [1,2]. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʝʨʥʘ, ʚʟʷʪʦʛʦ ʠʟ ʩʢʚʘ-

ʞʠʥ ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʣʷ ʦʪʣʦʞʝʥʠʡ ʶʨʩʢʦʛʦ ʧʝʨʠʦʜʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʨʠʩʪʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪ ʦʙʲʝʤʘ ʛʣʠʥʠʩʪʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʨʠʩʪʦʩʪʠ ʦʪ ʦʙʲʝʤʘ 

ʛʣʠʥʠʩʪʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʨʠʩʪʦʩʪʠ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪ ʢʘʨʙʦʥʘʪʥʦʩʪʠ, 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʛʣʠʥʠʩʪʦʛʦ ʠ ʢʘʨʙʦʥʘʪ-

ʥʦʛʦ ʮʝʤʝʥʪʘ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʨʠʩʪʦʩʪʠ ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʛʣʠʥʠʩʪʦʛʦ ʠ 
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ʢʘʨʙʦʥʘʪʥʦʛʦ ʮʝʤʝʥʪʘ. , ʘ ʪʘʢʞʝ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʨʠʩʪʦʩʪʠ ʦʪ ʦʩʪʘʪʦʯʥʦʡ ʚʦʜʦ-

ʥʘʩʳʱʝʥʥʦʩʪʠ. ʊʘʢʞʝ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠ-

ʯʝʩʢʠʭ ʬʨʘʢʮʠʡ ʧʦ ʧʨʦʜʫʢʪʠʚʥʳʤ ʛʦʨʠʟʦʥʪʘʤ ʠ ʢʦʣʣʝʢʪʦʨʘʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʆʙʦʩʥʦʚʘʥʠʝ ʛʨʘʥʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʧʦʨʠʩʪʦʩʪʠ. ɻʨʘʥʠʯ-

ʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʣʷ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ ʧʨʠʥʷʪʦʤ 1 ʤɼ ʥʘ ʦʩʥʦʚʝ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʪʘʢʠʭ ʢʘʢ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʊʝʦʜʦʨʦʚʠʯʘ ɻ. ʀ., ʘ ʪʘʢʞʝ 

ʠʟʤʝʨʝʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʄʀʅʍ ʠ ɻʇ ʫʯʝʥʳʤ ɻʫʜʦʢ ʅ.ʉ. [4]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʠʥʪʝʛʨʘʣʴ-

ʥʳʝ ʢʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʢʣʘʩʩʘʤ ʧʦʨʠʩʪʦʩʪʠ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ ʧʨʦʥʠʮʘʝʤʦ-

ʩʪʴʶ ʂʧʨ <1 ʤɼ ʠ ʂʧʨ > 1 ʤɼ. ɻʨʘʥʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ, ʧʦʣʫʯʘʝʤʦʝ ʥʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʢʝʨʥʘ, ʨʘʚʥʦ 11,5% (ʩʤ. ʨʠʩʫʥʦʢ 1ʘ). 

ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪ ʧʦʨʠʩʪʦʩʪʠ ʙʳʣʘ ʦʧʠʩʘʥʘ ʫʨʘʚʥʝʥʠʝʤ) 

ʂʧʨ = 0,0073e0,3536ʂʧ ʩ ʦʙʷʟʘʪʝʣʴʥʦʩʪʴʶ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʨʘʚʥʦʡ 0,649 (ʩʤ. ʨʠ-

ʩʫʥʦʢ 1ʙ). 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʧʦʨʠʩʪʦʩʪʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʦʙʲʝʤʥʦʡ 

ʛʣʠʥʠʩʪʦʩʪʠ, ʦʙʲʝʤʥʦʡ ʢʘʨʙʦʥʘʪʥʦʩʪʠ ʠ ʩʦʜʝʨʞʘʥʠʝ ʮʝʤʝʥʪʘ. ʇʨʦʘʥʘʣʠʟʠʨʦ-

ʚʘʥʦ ʚʣʠʷʥʠʝ ʛʣʠʥʠʩʪʦʛʦ ʮʝʤʝʥʪʘ ʥʘ ʧʦʨʠʩʪʦʩʪʴ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʧʨʦʚʝʜʝʥʦ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʩ ʦʙʲʸʤʥʦʡ ʛʣʠʥʠʩʪʦʩʪʴʶ ʩ ʫʯʝʪʦʤ ʧʨʦʥʠʮʘʝʤʦ-

ʩʪʠ. ɺʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʛʣʠʥʠʩʪʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘ ʧʦʨʠʩʪʦʩʪʴ ʠ ʧʨʦʥʠ-

ʮʘʝʤʦʩʪʴ ʧʦ ʧʨʦʜʫʢʪʠʚʥʳʤ ʛʦʨʠʟʦʥʪʘʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2 

[3]. 

ʉʚʷʟʴ ʤʝʞʜʫ ʧʦʨʠʩʪʦʩʪʴʶ ʠ ʦʙʲʸʤʥʦʡ ʛʣʠʥʠʩʪʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʝʪ, ʥʦ ʤʝʞ-

ʜʫ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʠ ʦʙʲʸʤʥʦʡ ʛʣʠʥʠʩʪʦʩʪʴʶ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʫʚʝʣʠʯʝ-

ʥʠʝʤ ʦʙʲʝʤʥʦʡ ʛʣʠʥʠʩʪʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʙʲʝʤʥʦʡ ʛʣʠʥʠʩʪʦʩʪʠ ʧʦ ʶʨʩʢʠʤ ʦʪʣʦʞʝʥʠʷʤ 

ʩʦʩʪʘʚʣʷʝʪ 41%. ʊʘʢ ʞʝ ʘʥʘʣʠʟʠʨʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʢʘʨʙʦʥʘʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʥʘ ʧʦʨʠʩʪʦʩʪʴ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴ. 

 

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 1 ï ʆʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ (a), ʟʘʚʠʩʠʤʦʩʪʴ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʨʠʩʪʦʩʪʠ (ʙ) 
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G/C3 ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʨʠʩʪʦʩʪʠ(a) ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʙ) ʦʪ 

ʦʙʲʝʤʥʦʡ ʛʣʠʥʠʩʪʦʩʪʠ ʧʦ ʧʨʦʜʫʢʪʠʚʥʳʤ ʛʦʨʠʟʦʥʪʘʤ 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʘʨʙʦʥʘʪʥʦʩʪʠ ʫʭʫʜʰʘʶʪʩʷ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʸʤʢʦʩʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʧʦʨʦʜʳ ʠ ʚ ʢʦʣʣʝʢʪʦʨʘʭ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʙʲʝʤʥʦʡ ʢʘʨʙʦ-

ʥʘʪʥʦʩʪʠ ʚ ʦʩʥʦʚʥʦʤ ʥʝ ʧʨʝʚʳʰʘʝʪ 18% [3]. ʀʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʨʠʩʪʦʩʪʠ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʣʠʥʠʩʪʦ-ʢʘʨʙʦ-

ʥʘʪʥʦʛʦ ʮʝʤʝʥʪʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ɻ ʪʦʛʦ ʮʝʤʝʥʪʘ ʟʥʘʯʝʥʠʷ ʧʦ-

ʨʠʩʪʦʩʪʠ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʥʠʞʘʶʪʩʷ 

ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʨʠʩʪʦʩʪʠ ʦʪ ʦʩʪʘʪʦʯʥʦʡ ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʠ 

ʧʦʢʘʟʳʚʘʝʪ (ʨʠʩʫʥʦʢ 3), ʯʪʦ ʜʣʷ ʥʝʬʪʝʥʘʩʳʱʝʥʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʧʨʝʜʝʣʴʥʘʷ 

ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʴ (ʂʚʦ) ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 56%. ʕʪʦ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʠ ʩʦʯʝʪʘʥʠʠ ʜʠʘʛʨʘʤʤʳ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʩʣʫʞʠʪ ʦʙʦʩʥʦʚʘʥʠ-

ʝʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʂʚʛʨ. 
 

ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʨʠʩʪʦʩʪʠ 

ʦʪ ʦʩʪʘʪʦʯʥʦʡ ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʠ 
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 4 ï ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʨʠʩʪʦʩʪʠ (a) ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʙ) ʩ 

ʢʘʨʙʦʥʘʪʥʦʩʪʴʶ 

ʊʘʢʞʝ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʢʘʨʙʦʥʘʪʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʢʦʵʬʬʠ-

ʮʠʝʥʪʳ ʧʦʨʠʩʪʦʩʪʠ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 4, ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʘʨʙʦʥʘʪʥʦʩʪʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜʳ ʫʭʫʜʰʘʶʪʩʷ, ʠ ʚ 

ʢʦʣʣʝʢʪʦʨʘʭ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʙʲʝʤʥʦʡ ʢʘʨʙʦʥʘʪʥʦʩʪʠ ʚ ʦʩʥʦʚʥʦʤ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 18 %. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʨʠʩʪʦʩʪʠ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʩ ʦʙʱʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʣʠʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʦʛʦ ʮʝʤʝʥʪʘ (ʨʠʩʫʥʦʢ 5) ʫʩʪʘʥʦʚʣʝ-

ʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʛʣʠʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʦʛʦ ʮʝʤʝʥʪʘ ʟʥʘʯʝʥʠʷ 

ʧʦʨʠʩʪʦʩʪʠ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʥʠʞʘʶʪʩʷ [3]. 
 

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 5 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʨʠʩʪʦʩʪʠ (ʘ) ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʚ) ʦʪ 

ʩʫʤʤʘʨʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʛʣʠʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʦʛʦ ʮʝʤʝʥʪʘ 
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 6 ï ɼʠʘʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʭ ʬʨʘʢʮʠʡ ʧʦ ʧʨʦʜʫʢ-

ʪʠʚʥʳʤ ʛʦʨʠʟʦʥʪʘʤ (a), ʚ ʢʦʣʣʝʢʪʦʨʘʭ (ʙ) 

 

ʇʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʨʠʩʪʦʩʪʠ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩ ʩʫʤ-

ʤʘʨʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʣʠʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʦʛʦ ʮʝʤʝʥʪʘ (ʨʠʩʫʥʦʢ 5) ʫʩʪʘʥʦʚʣʝ-

ʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʛʣʠʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʦʛʦ ʮʝʤʝʥʪʘ ʟʥʘʯʝʥʠʷ 

ʧʦʨʠʩʪʦʩʪʠ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʫʤʝʥʴʰʘʶʪʩʷ [3]. 

ɼʠʘʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʨʘʢʮʠʡ ʚ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ (ʨʠʩʫʥʦʢ 6) ʧʦ-

ʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʨʦʜʳ ʷʚʣʷʶʪʩʷ ʨʘʟʥʦʟʝʨʥʠʩʪʳʤʠ, ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʬʨʘʢʮʠʠ 

ʦʪ 0,01 ʜʦ 0,1 ʤʤ (ʪʦʥʢʦʟʝʨʥʠʩʪʳʝ) ʠ ʦʪ 0,1 ʜʦ 0,25 ʤʤ (ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ). ɼʣʷ 

ʪʝʨʨʠʛʝʥʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʦ-

ʢʘʟʘʪʝʣʝʤ ʠʭ ʢʣʘʩʩʘ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʬʦʨʤʦʡ ʠ ʭʘʨʘʢʪʝʨʦʤ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʩʣʘʛʘʶʱʠʭ ʧʦʨʦʜʫ ʟʝʨʝʥ. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʧʨʦʮʝʥʪʘʭ ʦʪ ʤʘʩʩʳ ʠʣʠ ʢʦʣʠʯʝʩʪʚʘ ʟʝʨʝʥ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʠ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

[1,2]. 

ɺʳʚʦʜʳ. ʂʦʣʣʝʢʪʦʨʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʣʠʯʥʳʤʠ ʧʦ ʣʠ-

ʪʦʣʦʛʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʦʨʦʜʘʤʠ ʠ ʦʪʣʠʯʘʶʪʩʷ, ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʩʪʨʫʢʪʫʨʦʡ ʧʫ-

ʩʪʦʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʟʥʳʤ ʪʠʧʘʤ. ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʶʨʩʢʠʭ 

ʦʪʣʦʞʝʥʠʡ ʩʚʷʟʘʥʘ ʩ ʧʦʨʦʚʳʤʠ ʢʦʣʣʝʢʪʦʨʘʤʠ. ʕʪʦ ʧʦʣʠʤʠʢʪʦʚʳʝ ʧʝʩʯʘʥʠʢʠ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʝʨʘʚʥʦʤʝʨʥʦ-ʟʝʨʥʠʩʪʳʝ, ʢʨʫʧʥʦ-ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ. ʇʫ-

ʩʪʦʪʥʦʝ ʤʝʞʟʝʨʥʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʪʝʨʨʠʛʝʥʥʳʭ ʢʦʣʣʝʢʪʦʨʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʧʦʨʘʤʠ ʨʘʟʤʝʨʦʤ ʦʪ 0,01 ʜʦ 0,4 ʤʤ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʝʤʢʦʩʪʥʫʶ ʠ ʬʠʣʴ-

ʪʨʘʮʠʦʥʥʫʶ ʩʨʝʜʫ, ʧʦʵʪʦʤʫ ʪʘʢʠʝ ʧʦʨʦʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʣʣʝʢʪʦʨʘʤ ʧʦʨʦʚʦʛʦ 

ʪʠʧʘ. 

ʉʪʨʦʝʥʠʝ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʪʝʨʨʠʛʝʥʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʚʳ-

ʩʦʢʦʥʝʦʜʥʦʨʦʜʥʳʤ, ʘ ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʠ ʝʤʢʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʨʘʟʥʦʦʙʨʘʟʥʳ. 

ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʛʫʪ ʟʘʪʨʫʜʥʷʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʦ-

ʣʫʯʘʝʤʳʭ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʢʚʘʞʠʥ. 

ɺʳʜʝʣʝʥʠʝ ʢʘʨʙʦʥʘʪʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʪʘʢʞʝ ʷʚ- 
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ʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʧʦʩʢʦʣʴʢʫ ʛʨʘʥʠʮʳ ʧʣʘʩʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʥʝʯʝʪʢʠʤʠ ʠʟ-

ʟʘ ʩʣʦʞʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʥʘʣʠʯʠʷ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʠʩʢʘʞʘʪʴ ʢʨʠʚʳʝ ʥʘ ʢʘʨʦʪʘʞʥʳʭ ʜʘʥʥʳʭ. ʇʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʚʳʜʝʣʝʥʠʷ ʢʦʣʣʝʢʪʦʨʦʚ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʢʨʠʪʝʨʠʷʤ ʥʘ ʩʪʘʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ. ʂʦʣʣʝʢʪʦʨʘ 

ʪʨʠʘʩʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʩʚʷʟʠ ʩʦ ʩʣʦʞʥʳʤ ʩʪʨʦʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʪʨʝʙʫʝʪ ʢʦʤ-

ʧʣʝʢʩʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʘʟʨʝʟʘ, ʚʢʣʶʯʘʷ ʢʘʨʦʪʘʞʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ, 

ʠʩʧʦʣʴʟʫʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʢʨʠʪʝʨʠʠ, ʫʪʚʝʨʞʜʝʥʥʳʝ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʟʘʚʠ-

ʩʠʤʦʩʪʷʤʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʧʝʮʠʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʝʨʥʘ 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʢʦʣʣʝʢʪʦʨʦʚ ʠ ʦʮʝʥʢʠ ʠʭ ʵʬʬʝʢʪʠʚʥʳʭ ʪʦʣʱʠʥ ʨʝʢʦʤʝʥ-

ʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ; 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʱʝʧʨʠʥʷʪʳʝ ʢʨʠʪʝʨʠʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʧʨʦ-

ʮʝʩʩʝ ʘʥʘʣʠʟʘ, ʦʙʦʙʱʝʥʥʳʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 

ʩ ʢʝʨʥʦʤ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʧʨʦʙʦʚʘʥʠʷ ʧʣʘʩʪʦʚ; ʜʣʷ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʩʯʸʪʦʚ ʨʝ-

ʢʦʤʝʥʜʫʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʨʠʩʪʦʩʪʠ ʧʦ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʜʘʥ-

ʥʳʤ, ʦʥʠ ʧʦʟʚʦʣʷʪ ʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʦ ʩʫʜʠʪʴ ʦ ʧʦʨʠʩʪʦʩʪʠ ʢʦʣʣʝʢʪʦʨʦʚ, ʪʘʢ ʢʘʢ 

ʢʦʣʠʯʝʩʪʚʦ ʩʢʚʘʞʠʥ, ʦʭʚʘʯʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʧʦ ɻʀʉ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʯʝʤ 

ʢʝʨʥʦʚʳʭ ʦʧʨʝʜʝʣʝʥʠʡ. 
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DIGITALIZATION  OF THE EDUCATIONAL PROGRAM  

FOR THE TRAINING  OF MINING  ENGINEERS-GEOLOGISTS 

IN THE SPECIALTY  OF APPLIED  GEOLOGY  

 
ʎʠʬʨʦʚʠʟʘʮʠʷ ʟʘʪʨʘʛʠʚʘʝʪ ʚʩʝ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʚʢʣʶʯʘʷ ʧʦʜʛʦʪʦʚʢʫ ʩʪʫʜʝʥʪʦʚ ʧʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ çɻʝʦʣʦʛʠʯʝʩʢʘʷ ʩʲʸʤʢʘ, ʧʦʠʩʢʠ ʠ 

ʨʘʟʚʝʜʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʚʸʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭè ʚ ʨʘʤʢʘʭ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʇʨʠʢʣʘʜʥʘʷ 

ʛʝʦʣʦʛʠʷè. ʌʦʨʤʫʣʠʨʦʚʢʘ ʢʦʤʧʝʪʝʥʮʠʡ ʙʫʜʫʱʠʭ ʛʦʨʥʳʭ ʠʥʞʝʥʝʨʦʚ-ʛʝʦʣʦʛʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʪʝʩʥʦʡ ʩʚʷʟʠ ʩ ʟʘʧʨʦʩʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʧʴʶ- 
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ʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ (Microsoft Word, Microsoft Excel, Microsoft Access, Microsoft Power Point, 

CorelDraw, Sherpa, ArcGIS, Erdas Imagine, Surfer, Statistica, AutoCAD, Micromine, Surpac, QGIS, 

Snap). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʬʨʦʚʠʟʘʮʠʷ, ʦʙʨʘʟʦʚʘʥʠʝ, ʢʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʛʦʨʥʳʡ ʠʥʞʝ-

ʥʝʨ-ʛʝʦʣʦʛ, ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ. 

 

Digitalization affects all areas of activity of the Southern Federal University, including the 

preparation of students for the educational program ñGeological survey, prospecting and exploration of 

deposits of solid mineralsò within the specialty ñApplied Geologyò. The formulation of the 

competencies of future mining engineers-geologists is carried out in close connection with the demands 

of production. Computer programs are widely used in the educational process (Microsoft Word, 

Microsoft Excel, Microsoft Access, Microsoft Power Point, CorelDraw, Sherpa, ArcGIS, Erdas 

Imagine, Surfer, Statistica, AutoCAD, Micromine, Surpac, QGIS, Snap). 

Keywords: digitalization, education, computer technology, mining engineer-geologist, Southern 

Federal University. 

 

ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʖʌʋ), ʷʚʣʷʶʱʠʡʩʷ ʚʝʜʫʱʠʤ ʚʫʟʦʤ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʜʛʦʪʦʚʢʫ ʩʪʫʜʝʥʪʦʚ ʧʦ ʩʧʝʮʠʘʣʴʥʦ-

ʩʪʠ çʇʨʠʢʣʘʜʥʘʷ ʛʝʦʣʦʛʠʷè ʩʦ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ çɻʝʦʣʦʛʠʯʝʩʢʘʷ ʩʲʸʤʢʘ, ʧʦ-

ʠʩʢʠ ʠ ʨʘʟʚʝʜʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʚʸʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭè. ɺ ʨʘʤʢʘʭ 

ʜʘʥʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʮʠʬʨʦ-ʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʚʷʟʠ ʩ ʨʝʘʣʠʷʤʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʨʘ ʠ ʘʢʪʫʘʣʴʥʳʤʠ ʟʘʧʨʦ-ʩʘʤʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʇʨʦʮʝʩʩ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚʩʝʡ ʩʠʩʪʝʤʳ ʖʌʋ ʩʚʷʟʘʥ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ 

ʩʦʟʜʘʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴ-ʥʦʡ 

ʩʨʝʜʳ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʩʦʪʨʫʜʥʠʢʘʤʠ ʠ ʦʙʫʯʘʶʱʠʤʠʩʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ ï ʉʝʨʚʠʩ ʙʘʣʣʴʥʦ-ʨʝʡʪʠʥʛʦʚʦʡ ʩʠʩʪʝʤʳ (ʉɹʈʉ) ʠ 

ʩʠʩʪʝʤʳ 1ʉ: ʋʥʠʚʝʨʩʠʪʝʪ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʘʟ ʜʘʥʥʳʭ ʠʤʝʶ-

ʱʠʭʩʷ ʨʝʩʫʨʩʦʚ, ʩʦʟʜʘʥʠʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, ʤʦʥʠʪʦʨʠʥʛʫ 

ʫʩʧʝʚʘʝʤʦʩʪʠ ʦʙʫʯʘʶʱʠʭʩʷ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʢʘ-

ʬʝʜʨ. ʉ 2020 ʛʦʜʘ ʚ ʖʌʋ ʜʝʡʩʪʚʫʝʪ ʧʦʣʦʞʝʥʠʝ ʦ ʚʝʜʝʥʠʠ ʟʘʯʝʪʥʦʡ ʢʥʠʞʢʠ 

ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʬʦʨʤʝ ʙʝʟ ʙʫʤʘʞʥʳʭ ʘʥʘʣʦʛʦʚ. ʏʝʨʝʟ ʵʣʝʢʪʨʦʥʥʳʝ ʣʠʯʥʳʝ 

ʢʘʙʠʥʝʪʳ ʩʪʫʜʝʥʪʳ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʪʴ ʧʦʨʪʬʦʣʠʦ, ʦʪʩʣʝʞʠ-

ʚʘʪʴ ʩʚʦʠ ʪʝʢʫʱʠʝ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʘʢʘʜʝʤʠʯʝʩʢʠʝ ʜʦʩʪʠʞʝʥʠʷ, ʦʥʠ ʧʦʣʴ-

ʟʫʶʪʩʷ ʮʠʬʨʦʚʳʤʠ ʙʠʙʣʠʦʪʝʢʘʤʠ, ʵʣʝʢʪʨʦʥʥʳʤʠ ʨʘʩʧʠʩʘʥʠʷʤʠ ʟʘʥʷʪʠʡ ʠ 

ʩʝʩʩʠʡ, ʟʘʧʠʩʳʚʘʶʪʩʷ ʥʘ ʵʣʝʢʪʠʚʥʳʝ ʜʠʩʮʠʧʣʠʥʳ, ʤʝʨʦʧʨʠʷʪʠʷ ʘʢʘʜʝʤʠʯʝ-

ʩʢʦʡ ʤʦʙʠʣʴʥʦʩʪʠ. 

ʆʨʛʘʥʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʖʌʋ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʫʯʝʙʥʳʤ ʧʣʘʥʦʤ, ʛʨʘʬʠʢʦʤ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʨʘʩʧʠʩʘʥʠʝʤ ʟʘʥʷʪʠʡ ʤʦ-

ʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʜʠʩʪʘʥʮʠ-

ʦʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩ ʧʦʣʥʳʤ ʩʦʭʨʘʥʝʥʠʝʤ ʚʩʝʭ ʦʙʲʝʤʦʚ 

ʘʫʜʠʪʦʨʥʳʭ ʟʘʥʷʪʠʡ. ʆʩʥʦʚʥʳʤ ʩʝʨʚʠʩʦʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʧʣʘʪ-

ʬʦʨʤʘ Teams, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʤʧʘʥʠʝʡ Microsoft. ʕʪʘ ʮʠʬʨʦʚʘʷ ʧʣʘʪʬʦʨʤʘ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʣʝʢʮʠʦʥʥʳʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʥʷʪʠʷ ʚ ʬʦʨʤʘʪʝ ʚʠʜʝ-

ʦʢʦʥʬʝʨʝʥʮʠʡ, ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩʦ ʩʪʫʜʝʥʪʘʤʠ ʚ ʯʘʪʝ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 
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ʨʘʟʤʝʱʘʪʴ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʟʘʧʠʩʠ ʟʘʥʷʪʠʡ ʠ ʧʨʝʟʝʥʪʘʮʠʠ 

ʣʝʢʮʠʡ, ʩʦʟʜʘʚʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʠ ʢʦʥʪʨʦʣʴʥʳʝ ʟʘʜʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʚʦ-

ʜʠʪʴ ʢʦʥʪʨʦʣʴ ʦʩʚʦʝʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚʢʣʶʯʘʷ ʵʣʝʢʪʨʦʥʥʦʝ ʪʝʩʪʠʨʦ-

ʚʘʥʠʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʠ ʥʘ ʧʦʩʪʫʧʘʶ-

ʱʠʭ ʚ ʫʥʠʚʝʨʩʠʪʝʪ ʘʙʠʪʫʨʠʝʥʪʦʚ, ʢʦʪʦʨʳʤ ʩʦʟʜʘʝʪʩʷ ʃʠʯʥʳʡ ʢʘʙʠʥʝʪ, ʛʜʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʧʠʩʴ ʥʘ ʤʝʨʦʧʨʠʷʪʠʷ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʨʪʬʦʣʠʦ, ʘʥʢʝʪʠ-

ʨʦʚʘʥʠʝ ʠ ʧʨʦʭʦʞʜʝʥʠʝ ʚʩʪʫʧʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ. ʇʨʦʚʝʜʝʥʠʝ ʚʩʪʫʧʠʪʝʣʴ-

ʥʳʭ ʵʢʟʘʤʝʥʦʚ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʠʥʦʩʪʨʘʥʥʳʭ ʩʪʫʜʝʥʪʦʚ, ʚʦʟʤʦʞʥʦ ʩ ʧʨʠʤʝʥʝ-

ʥʠʝʤ ʩʠʩʪʝʤʳ ʦʥʣʘʡʥ-ʇʨʦʢʪʦʨʠʥʛʘ. 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦʜʛʦʪʦʚʢʠ ʛʦʨʥʳʭ ʠʥ-

ʞʝʥʝʨʦʚ-ʛʝʦʣʦʛʦʚ, ʧʦʤʠʤʦ ʦʙʱʠʭ ʧʨʦʮʝʜʫʨ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʚʢʣʶʯʘʝʪ ʤʝ-

ʨʦʧʨʠʷʪʠʷ ʧʦ ʦʩʚʦʝʥʠʶ ʢʦʤʧʝʪʝʥʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʪʝʭʥʦ-

ʣʦʛʠʷʤʠ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʪʦʨʳʭ ʦʙʫʩʣʦʚʣʝʥʘ ʩʦʚʨʝʤʝʥʥʳʤʠ ʟʘʧʨʦʩʘʤʠ 

ʨʘʙʦʪʦʜʘʪʝʣʝʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʦʙʣʘʩʪʠ ʛʝʦʣʦʛʠʠ ʩʦʭʨʘʥʷʝʪʩʷ ʜʝʬʠʮʠʪ 

ʢʘʜʨʦʚ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʤʠ ʢʦʤʧʝʪʝʥʮʠʷʤʠ ʥʘ ʩʪʳʢʝ 

ʛʝʦʣʦʛʠʠ ʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʎʝʣʴʶ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ ʩʬʝʨʝ ʛʝʦʣʦʛʠʠ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʦʛʨʘʤʤʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʠ ʘʧʧʘʨʘʪʫʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʛʝʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʜʨ ʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ 

[1]. ʕʪʘ ʮʝʣʴ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʦʙʨʘʟʦ-

ʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ. 

ɺ ʘʚʛʫʩʪʝ 2020 ʛʦʜʘ ʧʨʠʢʘʟʦʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʦʩʩʠʠ 

ʫʪʚʝʨʞʜʝʥ ʥʦʚʳʡ ʌʝʜʝʨʘʣʴʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʩʪʘʥʜʘʨʪ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ (ʌɻʆʉ ɺʆ) 3++ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʇʨʠʢʣʘʜʥʘʷ ʛʝʦʣʦ-

ʛʠʷè, ʚ ʢʦʪʦʨʦʤ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʝʩʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʚʫʟʦʤ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʤ 

ʨʘʙʦʪʦʜʘʪʝʣʝʤ ʯʝʨʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ. ʅʘʙʦʨ 

ʫʥʠʚʝʨʩʘʣʴʥʳʭ, ʦʙʱʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʦʡ, ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʧʫʩʢ-

ʥʠʢʫ ʩʧʦʩʦʙʥʦʩʪʴ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʜʝʷʪʝʣʴ-

ʥʦʩʪʴ ʠ ʨʝʰʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʟʘʜʘʯʠ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ 

ʧʨʦʚʝʜʝʥʠʷ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ. ʌɻʆʉ ɺʆ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʇʨʠ-

ʢʣʘʜʥʘʷ ʛʝʦʣʦʛʠʷè ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 16 ʦʙʱʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ 

ʚ ʢʘʪʝʛʦʨʠʠ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʠʟ ʢʦʪʦʨʳʭ ʜʚʝ ʢʦʤʧʝʪʝʥʮʠʠ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʢʫʣʴʪʫʨʳ ʩʪʫʜʝʥʪʘ. ʀʥʜʠʢʘ-

ʪʦʨʳ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʩ ʫʯʝʪʦʤ ʢʚʘʣʠʬʠʢʘ-

ʮʠʦʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʛʦʨʥʦʤʫ ʠʥʞʝʥʝʨʫ-ʛʝʦʣʦʛʫ (ʪʘʙʣʠʮʘ 1). 

ɼʣʷ ʦʩʚʦʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʮʠʬʨʦʚʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʚ ʫʯʝʙʥʦʤ ʧʣʘʥʝ ʦʙ-

ʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ çɻʝʦʣʦʛʠʯʝʩʢʘʷ ʩʲʸʤʢʘ, ʧʦʠʩʢʠ ʠ ʨʘʟʚʝʜʢʘ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʡ ʪʚʸʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭè ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʇʨʠʢʣʘʜʥʘʷ 

ʛʝʦʣʦʛʠʷè, ʨʝʘʣʠʟʫʝʤʦʡ ʚ ʖʞʥʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ, ʚʢʣʶʯʝʥʳ ʩʧʝ-

ʮʠʘʣʴʥʳʝ ʜʠʩʮʠʧʣʠʥʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ [2]. ʕʪʠ 

ʜʠʩʮʠʧʣʠʥʳ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʚʩʝʤʫ ʩʨʦʢʫ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠ-

ʩʪʦʚ ï ʦʪ ʧʝʨʚʦʛʦ ʜʦ ʧʷʪʦʛʦ ʢʫʨʩʦʚ, ʠ ʧʦʩʪʝʧʝʥʥʦ ʧʨʠʙʣʠʞʘʶʪ ʦʙʫʯʘʶʱʠʭʩʷ ʢ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʟʥʘʥʠʷʤ, ʥʘʚʳʢʘʤ ʠ ʫʤʝʥʠʷʤ. 
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ʊʘʙʣʠʮʘ 1. ʆʙʱʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʠʥʜʠʢʘʪʦʨʳ ʠʭ ʜʦʩʪʠʞʝʥʠʷ 

 

ʂʦʤʧʝʪʝʥʮʠʠ ʀʥʜʠʢʘʪʦʨʳ ʜʦʩʪʠʞʝʥʠʷ ʢʦʤʧʝʪʝʥʮʠʡ 

ʆʇʂ-6. ʉʧʦʩʦʙʝʥ ʨʘʙʦʪʘʪʴ ʩ 

ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʦʙʱʝʛʦ, ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʛʦʨʥʳʝ ʠ 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ 

ʆʇʂ-6.1. ʀʩʧʦʣʴʟʫʝʪ ʢʦʤʧʴʶʪʝʨʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʭ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ (ʚ ʯʘʩʪʥʦʩʪʠ, 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ï ɻʀʉ), ʪʝʭʥʦʣʦʛʠʠ 

ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʩʠʩʪʝʤʳ ʪʨʝʭʤʝʨʥʦʡ 

(3D) ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʤʦʥʠʪʦʨʠʥʛʦʚʳʝ ʩʠʩʪʝʤʳ 

ʥʘʙʣʶʜʝʥʠʡ. 

ʆʇʂ-6.2. ʆʩʫʱʝʩʪʚʣʷʝʪ ʨʘʙʦʪʳ ʩ ʧʘʢʝʪʘʤʠ 

ʢʦʤʧʴʶʪʝʨʥʳʭ  ʧʨʦʛʨʘʤʤ,  ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʙʦʨ, 

ʧʝʨʚʠʯʥʳʡ ʘʥʘʣʠʟ ʠ ʦʙʨʘʙʦʪʢʫ ʛʝʦʣʦʛʦ-

ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ; ʠʥʪʝʨʧʨʝʪʘʮʠʶ 

ʨʘʟʥʦʨʦʜʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ 

ʙʫʨʦʚʳʭ ʜʘʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʡ ʪʨʝʭʤʝʨʥʦʛʦ (3D) ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʆʇʂ-8. ʉʧʦʩʦʙʝʥ 

ʧʨʠʤʝʥʷʪʴ ʦʩʥʦʚʥʳʝ 

ʤʝʪʦʜʳ, ʩʧʦʩʦʙʳ ʠ ʩʨʝʜʩʪʚʘ 

ʧʦʣʫʯʝʥʠʷ, ʭʨʘʥʝʥʠʷ ʠ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, 

ʠʩʧʦʣʴʟʫʷ ʥʘʚʳʢʠ ʨʘʙʦʪʳ ʩ 

ʢʦʤʧʴʶʪʝʨʦʤ ʢʘʢ ʩʨʝʜʩʪʚʦʤ 

ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʝʡ. 

ʆʇʂ-8.1. ʀʩʧʦʣʴʟʫʝʪ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ, ʩʧʦʩʦʙʳ, 

ʩʨʝʜʩʪʚʘ ʧʦʠʩʢʘ, ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ ʠʟ 

ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʙʘʟ ʜʘʥʥʳʭ (ʩ ʫʯʸʪʦʤ ʧʨʠʤʝʥʝʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʦʩʥʦʚʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ). 

ʆʇʂ-8.2. ʀʩʧʦʣʴʟʫʝʪ ʥʘʚʳʢʠ ʨʘʙʦʪʳ ʩ ʢʦʤʧʴʶʪʝʨʦʤ 

ʢʘʢ ʩʨʝʜʩʪʚʦʤ ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʝʡ. 

 

ʊʘʢ, ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʩʝʤʝʩʪʨʦʚ ʧʝʨʚʦʛʦ ʢʫʨʩʘ ʩʪʫʜʝʥʪʳ ʠʟʫʯʘʶʪ ʧʨʦʛʨʘʤʤʳ, 

ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʧʘʢʝʪʘ Microsoft Office. ʇʨʦʛʨʘʤʤʘ Microsoft Word ï ʪʝʢʩʪʦ-

ʚʳʡ ʧʨʦʮʝʩʩʦʨ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʩʦʟʜʘʥʠʷ, ʧʨʦʩʤʦʪʨʘ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 

ʪʝʢʩʪʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ. ʇʨʦʛʨʘʤʤʘ Microsoft Excel ï ʜʣʷ ʨʘʙʦʪʳ ʩ ʪʘʙʣʠʮʘʤʠ 

ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʫʧʦʨʷʜʦʯʠʪʴ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʛʨʘʬʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚ-

ʣʷʪʴ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʜʘʥʥʳʭ. ʇʨʦʛʨʘʤʤʘ Microsoft Access ï ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʩʧʝʮʠʘʣʠʩʪ ʤʦʞʝʪ 

ʣʝʛʢʦ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʚʘʞʥʫʶ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ. ɺ ʧʨʦʛʨʘʤʤʝ 

Microsoft PowerPoint ʦʙʫʯʘʶʱʠʝʩʷ ʫʯʘʪʩʷ ʩʦʟʜʘʚʘʪʴ ʠ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʧʨʝʟʝʥ-

ʪʘʮʠʠ. ʅʘ ʧʝʨʚʦʤ ʢʫʨʩʝ ʩʪʫʜʝʥʪ ʪʘʢʞʝ ʧʦʣʫʯʘʝʪ ʥʘʚʳʢʠ ʨʘʙʦʪʳ ʚ ʚʝʢʪʦʨʥʦʤ 

ʛʨʘʬʠʯʝʩʢʦʤ ʨʝʜʘʢʪʦʨʝ CorelDraw, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʠʟʚʝʩʪʥʦʡ, 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠ ʧʨʦʩʪʦʡ ʧʨʦʛʨʘʤʤʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʛʨʘʬʠʢʠ. 

ʇʦʩʣʝ ʧʝʨʚʦʛʦ ʢʫʨʩʘ, ʚ ʧʝʨʠʦʜ ʣʝʪʥʝʡ ʫʯʝʙʥʦʡ ʧʨʘʢʪʠʢʠ ʧʦ ʦʙʱʝʡ ʛʝʦ-

ʣʦʛʠʠ, ʩʪʫʜʝʥʪʘʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʙʠʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʧʨʠʣʦʞʝʥʠʝ Sherpa, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʬʠʢʩʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʝʚʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʘʨʰʨʫʪ-

ʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ʇʨʠʣʦʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʤʝʩʪʥʦʩʪʠ, ʩʦʟ-

ʜʘʚʘʪʴ ʠ ʟʘʧʠʩʳʚʘʪʴ ʪʨʝʢ ʤʘʨʰʨʫʪʘ, ʧʨʦʠʟʚʦʜʠʪʴ ʬʠʢʩʘʮʠʶ ʧʦʣʝʚʳʭ ʥʘʙʣʶ-

ʜʝʥʠʡ (ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʡ, ʦʙʨʘʟʮʳ, ʧʨʦʙʳ, ʬʦʪʦʛʨʘʬʠʠ, ʛʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ ʠ 
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ʪ.ʜ.), ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʝʪ ʪʨʫʜʦʟʘʪʨʘʪʳ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʝʟʫʣʴʪʠʨʫ-

ʶʱʠʭ ʙʘʟ ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ ʠ ʢʘʨʪʳ ʬʘʢʪʦʚ. 

ɺ ʧʨʦʮʝʩʩʝ ʦʩʚʦʝʥʠʷ ʜʠʩʮʠʧʣʠʥʳ çʆʩʥʦʚʳ ʛʝʦʠʥʬʦʨʤʘʪʠʢʠè ʩʪʫʜʝʥʪʳ 

ʨʘʙʦʪʘʶʪ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ArcGIS, ʘ ʠʤʝʥʥʦ ʩ ʪʨʝʤʷ ʚʟʘʠʤʦʩʚʷ-

ʟʘʥʥʳʤʠ ʙʘʟʦʚʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ: ArcMap, ArcCatalog ʠ ArcToolbox. ʀʭ ʩʦ-

ʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ɻʀʉ ʟʘʜʘʯʠ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ ʚ ʦʙ-

ʣʘʩʪʠ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʠ ʠʭ ʛʝʦʦʙʨʘʙʦʪʢʠ. ɺ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ ʜʠʩʮʠʧʣʠʥʳ 

çɻʝʦʤʦʨʬʦʣʦʛʠʷ ʠ ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʚ ʛʝʦʣʦʛʠʠè ʦʙʫʯʘʶʱʠʝʩʷ ʟʥʘʢʦ-

ʤʷʪʩʷ ʩ ʨʘʩʪʨʦʚʳʤ ʛʨʘʬʠʯʝʩʢʠʤ ʨʝʜʘʢʪʦʨʦʤ Erdas Imagine ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪ 

ʧʨʠʥʮʠʧʳ ʚʠʟʫʘʣʴʥʦʛʦ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʘʵʨʦʢʦʩʤʠʯʝ-

ʩʢʠʭ ʩʥʠʤʢʦʚ. 

ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ Surfer ʦʩʚʘʠʚʘʝʪʩʷ ʚ ʢʫʨʩʝ çɻʝʦʬʠʟʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʧʦʠʩʢʦʚ ʠ ʨʘʟʚʝʜʢʠè. ɺ ʧʨʦʛʨʘʤʤʫ ʟʘʣʦʞʝʥʳ ʘʣʛʦʨʠʪʤʳ ʠʥʪʝʨʧʦʣʷ-

ʮʠʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩ ʚʳʩʦʯʘʡʰʠʤ ʢʘʯʝʩʪʚʦʤ ʩʦʟʜʘʚʘʪʴ ʮʠʬʨʦʚʳʝ ʤʦʜʝ-

ʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʘʥʥʳʤ. 

ɼʠʩʮʠʧʣʠʥʘ çʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚ ʛʝʦʣʦʛʠʠè ʟʥʘʢʦʤʠʪ ʩʪʫʜʝʥʪʦʚ ʩ ʫʥʠ-

ʚʝʨʩʘʣʴʥʳʤ ʧʘʢʝʪʦʤ çStatisticaè ʧʦ ʩʠʩʪʝʤʥʦʤʫ ʧʦʜʭʦʜʫ ʢ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ: 

ʘʥʘʣʠʟʫ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʜʘʥʥʳʭ, ʚʩʝʩʪʦʨʦʥʥʝʤʫ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʠʩ-

ʩʣʝʜʦʚʘʥʠʶ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʚʳ-

ʚʦʜʦʚ. ʇʨʦʛʨʘʤʤʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʧʨʦʛʨʘʤʤ ʜʣʷ ʧʦʠʩʢʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ. 

ʅʘ ʩʪʘʨʰʠʭ ʢʫʨʩʘʭ ʚ ʪʝʯʝʥʠʝ ʪʨʸʭ ʩʝʤʝʩʪʨʦʚ ʩʪʫʜʝʥʪʳ ʠʟʫʯʘʶʪ ʧʨʦʛʨʘʤʤ-

ʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʛʝʦʣʦʛʠʠ. ʊʘʢ, ʥʘ ʯʝʪ-

ʚʝʨʪʦʤ ʢʫʨʩʝ ʙʫʜʫʱʠʝ ʠʥʞʝʥʝʨʳ-ʛʝʦʣʦʛʠ ʟʥʘʢʦʤʷʪʩʷ ʩ ʛʨʘʬʠʯʝʩʢʠʤ ʧʘʢʝʪʦʤ 

AutoCAD, ʢʦʪʦʨʳʡ ̫ ʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʧʨʦʜʫʢʪʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʥʝ ʪʦʣʴʢʦ ʩʦʟʜʘʚʘʪʴ ʧʣʘʥʳ, ʯʝʨʪʝʞʠ, ʩʭʝʤʳ, ʥʦ ʠ ʤʦʜʝʣʠʨʦʚʘʪʴ ʩʣʦʞʥʳʝ ʛʦʨ-

ʥʳʝ ʚʳʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚ 

ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʅʘ ʧʷʪʦʤ ʢʫʨʩʝ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʳ, ʩʪʫ-

ʜʝʥʪʳ ʦʩʚʘʠʚʘʶʪ ʥʘʚʳʢʠ ʨʘʙʦʪʳ ʩ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ Micromine ʠ GEOVIA Surpac. ɼʘʥʥʳʝ ɻɻʀʉ ʦʪʥʦʩʷʪʩʷ ʢ ʧʝʨʝʜʦʚʦ-

ʤʫ ʧʨʠʢʣʘʜʥʦʤʫ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤʫ ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʜʣʷ ʛʦʨʥʳʭ 

ʠʥʞʝʥʝʨʦʚ-ʛʝʦʣʦʛʦʚ ʚ ʦʙʣʘʩʪʠ ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʠ ʠ 3D ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ 

ʚʳʨʘʙʦʪʦʢ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ ʮʝʣʳʡ ʨʷʜ ʟʘʜʘʯ, ʥʘʯʠʥʘʷ ʦʪ ʦʙʨʘʙʦʪʢʠ 

ʧʝʨʚʠʯʥʳʭ ʧʦʣʝʚʳʭ ʜʘʥʥʳʭ ʠ ʩʦʟʜʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʷ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʮʝʥʢʦʡ ʟʘʧʘʩʦʚ, ʟʘʢʘʥʯʠʚʘʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʦʪʢʨʳʪʳʭ 

ʠ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ. ɺʘʞʥʳʤ ʜʦʩʪʠʞʝʥʠʝʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩ-ʩʘ 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʣʫʯʰʠʤ ʩʪʫʜʝʥʪʘʤ ʧʨʦʡʪʠ ʧʘʨʘʣʣʝʣʴʥʳʡ ʵʢʟʘʤʝʥ ʥʘ 

ʚʣʘʜʝʥʠʝ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ Micromine ʠ ʧʦʣʫʯʠʪʴ ʦʪ ʢʦʤʧʘʥʠʠ ʩʝʨ-

ʪʠʬʠʢʘʪ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʦʙʨʘʟʮʘ, ʢʦʪʦʨʳʡ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʪʫ-

ʧʝʥʴ ʦʩʚʦʝʥʥʦʩʪʠ ʩʠʩʪʝʤʳ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʮʝʥʥʦʩʪʴ ʚʳʧʫʩʢʥʠʢʘ 

ʥʘ ʨʳʥʢʝ ʪʨʫʜʘ. 

ʇʦʤʠʤʦ ʘʫʜʠʪʦʨʥʳʭ ʟʘʥʷʪʠʡ ʩʪʫʜʝʥʪʳ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʣʫʯʰʘʪʴ ʩʚʦʶ 

ʢʚʘʣʠʬʠʢʘʮʠʶ ʠ ʦʩʚʘʠʚʘʪʴ ʮʠʬʨʦʚʳʝ ʢʦʤʧʝʪʝʥʮʠʠ ʚʦ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥ- 
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ʥʳʭ ʧʨʘʢʪʠʢ ʥʘ ʧʨʦʬʠʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʛʜʝ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʚʠ-

ʛʘʪʦʨʳ GPS, ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ Sherpa, ArcGIS, AutoCAD, Micromine, 

Datamine ʠ ʜʨ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʟʘʧʨʦʩʳ ʨʘʙʦʪʦʜʘʪʝʣʝʡ ʨʝʛʫʣʷʨʥʦ ʚʦʟʨʘʩʪʘʶʪ, ʚ ʙʣʠʞʘʡ-

ʰʝʡ ʧʝʨʩʧʝʢʪʠʚʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʧʨʦʛʨʘʤʤʫ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʇʨʠʢʣʘʜʥʘʷ 

ʛʝʦʣʦʛʠʷè ʧʣʘʥʠʨʫʝʪʩʷ ʜʦʧʦʣʥʠʪʴ ʜʚʫʤʷ ʥʦʚʳʤʠ ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳ-

ʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ: QGIS ʠ Snap, ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʘ-

ʙʦʪʳ ʩ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. 

ɸʢʪʠʚʥʦʡ ʮʠʬʨʦʚʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʧʦʜʛʦʪʦʚʢʠ ʛʦʨʥʳʭ ʠʥʞʝʥʝʨʦʚ-ʛʝʦ-

ʣʦʛʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʶʱʝʝʩʷ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʖʞʥʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʫʥʠʚʝʨʩʠʪʝ-

ʪʝ, ʥʘʣʠʯʠʝ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʢʣʘʩʩʦʚ ʠ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʣʠʮʝʥʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʇʨʝʧʦʜʘʚʘʪʝʣʠ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʠʤʝʶʪ ʨʝʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʭʦʜʠʪʴ ʩʪʘʞʠʨʦʚʢʠ ʧʦ ʦʩʚʦʝʥʠʶ ʨʘʟʣʠʯʥʳʭ 

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʧʦʜʛʦʪʦʚʢʠ ʙʫʜʫʱʠʭ ʩʧʝʮʠʘʣʠ-

ʩʪʦʚ. ɺ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʩʪʝʨ-ʢʣʘʩʩʳ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʦʚ-ʨʘʙʦʪʦʜʘʪʝʣʝʡ, ʚ ʢʦʪʦʨʳʭ ʯʘʩʪʦ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʫʩʧʝʰʥʳʝ ʚʳʧʫʩʢʥʠʢʠ 

ʀʥʩʪʠʪʫʪʘ ʥʘʫʢ ʦ ɿʝʤʣʝ ʖʌʋ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʫʜʝʥʯʝʩʢʘʷ ʩʨʝʜʘ ʦʯʝʥʴ ʙʳʩʪʨʦ ʚʦʩʧʨʠʥʠʤʘʝʪ 

ʥʦʚʳʝ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ. ɿʘʥʷʪʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦ-

ʛʨʘʤʤ ʷʚʣʷʶʪʩʷ ʫʚʣʝʢʘʪʝʣʴʥʳʤʠ ʠ ʚʧʠʩʳʚʘʶʪʩʷ ʚ ʦʙʱʫʶ ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʶ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ. ʋ ʩʪʫʜʝʥʪʦʚ ʧʦʚʳʰʘʝʪʩʷ ʫʯʝʙʥʦ-ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ 

ʤʦʪʠʚʘʮʠʷ, ʪʘʢ ʢʘʢ ʦʥʠ ʥʘʯʠʥʘʶʪ ʦʱʫʱʘʪʴ ʩʚʦʶ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʥʘ ʨʳʥʢʝ 

ʪʨʫʜʘ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʮʠʬʨʦʚʠʟʘʮʠʷ ʚ ʩʬʝʨʝ ʛʝʦʣʦʛʠʠ ʨʘʟʚʠʚʘʝʪʩʷ 

ʙʫʨʥʳʤʠ ʪʝʤʧʘʤʠ ʠ ʵʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʩʪʠʤʫʣʦʤ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘ-

ʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʛʦʨʥʦ-ʛʝʦ-

ʣʦʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

 

1 ɺʘʨʣʘʤʦʚ ɸ.ʀ., ɻʦʛʦʥʝʥʢʦʚ ɻ.ʅ., ʄʝʣʴʥʠʢʦʚ ʇ.ʅ., ʏʝʨʝʤʠʩʠʥʘ ɽ.ʅ. ʉʦʩʪʦʷʥʠʝ ʠ 

ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʛʝʦʣʦʛʠʠ ʠ ʥʝʜʨʦʧʦʣʴʟʦ-

ʚʘʥʠʠ ʈʦʩʩʠʠ // ɻʝʦʣʦʛʠʷ ʥʝʬʪʠ ʠ ʛʘʟʘ. ï ˉ 3. ï 2021. ï ʉ. 5ï20. 

2 ʐʘʨʦʚʘ ʊ.ɺ. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʘʢʪʠʢʘʭ ʩʪʫ-

ʜʝʥʪʦʚ-ʛʝʦʣʦʛʦʚ // ʇʨʘʢʪʠʢʘ ʛʝʦʣʦʛʦʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ: ʩʙʦʨʥʠʢ ʪʨʫʜʦʚ IV ɺʩʝʨʦʩʩʠʡ-

ʩʢʦʡ ʩʪʫʜʝʥʯʝʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ï ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ; ʊʘʛʘʥʨʦʛ: 

ʀʟʜʘʪʝʣʴʩʪʚʦ ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 2019. ï ʉ. 24ï27. 
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ɸ. ɸ. ϧʘʩʳʤʦʚʘ, ʄ. ʄ. Ϸʣʠʘʢʙʘʨ, ɸ. Ϲ. ʄϰϨʘʰ 
ʉϸʪʙʘʝʚ ʋʥʠʚʝʨʩʠʪʝʪʽ, ʛ.ɸʣʤʘʪʳ, ʉʘʪʧʘʝʚʘ 22 

 

ʇʈʀʄɽʅɽʅʀʗ ɻʀʉ ɼʃʗ ɺʓɼɽʃɽʅʀʗ ʌɸʎʀʁ 

ʆʉɸɼʂʆʅɸʂʆʇʃɽʅʀʗ ʅɸ ʇʈʀʄɽʈɽ ʄɽʉʊʆʈʆɾɼɽʅʀʗʍ 

ʂʋʄʂʆʃʔ 

 
ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʢʨʠʚʳʭ ʧʦ ʨʘʟʣʠʯʥʳʤ ʩʢʚʘʞʠʥʘʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʂʫʤʢʦʣʴ ʧʦʢʘʟʘʣʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʨʠʚʳʭ 

GR, SP, ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʣʠʥʠʩʪʦʩʪʠ VCL ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ 

ʚʳʜʝʣʠʪʴ ʬʘʮʠʘʣʴʥʳʝ ʟʦʥʳ ʧʦ ʬʦʨʤʝ ʢʘʨʦʪʘʞʘ ʠ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʚ ʮʝʣʦʤ ʧʦ 

ʨʘʟʨʝʟʫ ʢʫʤʢʦʣʴʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʛʣʘʚʥʳʭ ʪʨʝʥʜʘ ʠʟʤʝʥʝʥʠʷ 

ʛʨʘʥʫʣʦʤʝʪʨʠʠ. ʅʠʞʥʠʡ ʪʨʝʥʜ, ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʠʟʦʥʪʘ ʖ-III ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 

ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʟʝʨʥʠʩʪʦʩʪʠ ʚʚʝʨʭ. ʉʨʝʜʥʠʡ ʪʨʝʥʜ, ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʠʟʦʥʪʘ ʖ-II ʭʘʨʘʢ-

ʪʝʨʠʟʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʘ ʟʝʨʥʠʩʪʦʩʪʠ ʚʚʝʨʭ. ɺʝʨʭʥʠʡ ʪʨʝʥʜ, ʚ ʧʨʝʜʝʣʘʭ 

ʛʦʨʠʟʦʥʪʘ ʖ-I ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʣʘʚʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʟʝʨʥʠʩʪʦʩʪʠ ʚʚʝʨʭ, ʥʦ ʩ 

ʤʝʥʴʰʝʡ ʘʤʧʣʠʪʫʜʦʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʥʠʞʥʠʤ ʪʨʝʥʜʦʤ 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʬʘʮʠʘʣʴʥʳʭ ʬʦʨʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʨʘʟʨʝʟʘʭ ʩʢʚʘʞʠʥ, ʭʘʨʘʢʪʝʨʘ ʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʣʘʪʝʨʘʣʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʤʦʜʝʣʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʜʣʷ 

ʛʦʨʠʟʦʥʪʦʚ ʖ-I, ʖ-II ʠ ʖ-III.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʥʝʬʪʴ, ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʢʚʘʞʠʥ, ʢʝʨʥ, 

ʢʦʣʣʝʢʪʦʨ. 

 

ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʦʢʘʟʘʣ ʦʛʨʦʤʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʢʚʘʞʠʥ. ʉʫʱʝ-

ʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʣʩʷ ʢʦʤʧʣʝʢʩ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘ ʩʯʝʪ ʥʦʚʳʭ ʤʝʪʦʜʦʚ (ʜʠʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʠʤʧʫʣʴʩʥʦʛʦ 

ʥʝʡʪʨʦʥʥʦʛʦ ʤʝʪʦʜʘ ʠ ʛʘʤʤʘ-ʛʘʤʤʘ-ʤʝʪʦʜʘ, ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʘʢʫʩʪʠʯʝʩʢʦ-

ʛʦ ʤʝʪʦʜʘ, ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʣʘʩʪʦʚʳʤ ʥʘʢʣʦʥʦʤʝʨʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʨʦʮʝʩ-

ʩʝ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʠ ʜʨ.). ʈʘʩʰʠʨʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʧʦʪʨʝʙʦʚʘʣʦ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʠ 

ʘʧʧʘʨʘʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʜʦʩʪʠʞʝʥʠʡ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠ ʠ ʰʠʨʦʢʦʛʦ ʚʥʝ-

ʜʨʝʥʠʷ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩ ʰʠʨʦʢʠʤ ʧʨʠ-

ʤʝʥʝʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʆʙʱʘʷ ʛʝʦʩʪʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʠ 

ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪʘ: 

- ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʨʦʜ-

ʢʦʣʣʝʢʪʦʨʦʚ, 

-ʫʩʣʦʚʠʷ ʠʭ ʟʘʣʝʛʘʥʠʷ ʠ 

-ʠʟʤʝʥʯʠʚʦʩʪʴ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʦʟʥʠʢʘʝʪ ʪʨʠ ʯʘʩʪʥʳʭ ʤʦʜʝʣʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ 

ʦʧʠʩʳʚʘʝʪ ʦʜʥʫ ʠʟ ʩʪʦʨʦʥ ʧʦʣʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʟʝʨʚʫʘʨʘ, - ʣʠʪʦʣʦʛʦ-

ʩʝʜʠʤʝʥʪʦʣʦʛʠʯʝʩʢʘʷ, ʩʪʨʫʢʪʫʨʥʘʷ ʠ ʧʝʪʨʦʬʠʟʠʯʝʩʢʘʷ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʨʝʜʣʦʞʝʥ ʨʷʜ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʢʦʣʣʝʢʪʦʨʦʚ 

ʪʝʨʨʠʛʝʥʥʦʛʦ (ʦʙʣʦʤʦʯʥʦʛʦ) ʠ ʢʘʨʙʦʥʘʪʥʦʛʦ ʩʦʩʪʘʚʘ, ʦʜʥʘʢʦ ʥʠ ʦʜʥʘ ʠʟ ʥʠʭ ʥʝ 

ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʪʨʫʜʥʦ ʩʦʟʜʘʪʴ 



ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʉʘʪʧʘʝʚʘ 
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ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʢʦʣʣʝʢʪʦʨʦʚ, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʣʘ ʙʳ ʚʩʝ 

ʩʚʦʡʩʪʚʘ ʢʦʣʣʝʢʪʦʨʦʚ, ʠ ʧʨʝʜʩʪʘʚʣʷʣʘ ʙʳ ʥʝ ʪʦʣʴʢʦ ʘʢʘʜʝʤʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ, ʥʦ 

ʠ ʫʜʦʚʣʝʪʚʦʨʷʣʘ ʙ  rʟʘʧʨʦʩʘʤ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ ʦ 

ʧʦʨʠʩʪʦʩʪʠ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʢʦʣʣʝʢʪʦʨʳ ʥʝʬʪʠ 

ʠ ʛʘʟʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ: ʤʝʞʛʨʘʥʫʣʷʨʥʳʝ (ʧʦʨʦʚʳʝ) ʠ 

ʪʨʝʱʠʥʥʳʝ. ʆʩʥʦʚʥʦʝ ʠʭ ʦʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʝʤʢʦʩʪʴ ʠ 

ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʝʞʛʨʘʥʫʣʷʨʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʩʪʨʫʢʪʫʨʦʡ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʪʦʛʜʘ ʢʘʢ ʚ ʪʨʝʱʠʥʥʳʭ 

ʢʦʣʣʝʢʪʦʨʘʭ ʬʠʣʴʪʨʘʮʠʷ ʥʝʬʪʠ ʠ ʛʘʟʘ ʦʙʫʩʣʦʚʣʝʥʘ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʪʨʝʱʠʥʘʤʠ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʢʦʣʣʝʢʪʦʨʘʤʠ ʩʨʝʜʠ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ 

ʷʚʣʷʶʪʩʷ ʧʝʩʯʘʥʠʢʠ, ʫʚʝʣʠʯʝʥʥʳʡ ʚʠʜ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʂʘʨʙʦʥʘʪʥʳʝ ʢʦʣʣʝʢʪʦʨʳ ʥʘʨʷʜʫ ʩ ʪʝʨʨʠʛʝʥʥʳʤʠ ʦʪʥʦʩʷʪʩʷ ʢ ʯʠʩʣʫ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ. ʇʦ ʦʮʝʥʢʝ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ 

15 - 20% ʚʩʝʡ ʤʘʩʩʳ ʦʩʘʜʦʯʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. ʆʩʥʦʚʥʳʝ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ 

ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ï ʢʘʣʴʮʠʪ (ʉʘʉʆ ) ʠ ʜʦʣʦʤʠʪ (CaMg(CO ) )- ʂ ʢʘʨʙʦʥʘʪ- 
ʟ 3 2 

ʥʳʤ ʧʦʨʦʜʘʤ ʦʪʥʦʩʷʪʩʷ ʪʘʢʠʝ, ʚ ʢʦʪʦʨʳʭ ʢʘʨʙʦʥʘʪʥʳʝ ʤʠʥʝʨʘʣʳ ʩʦʩʪʘʚ-

ʣʷʶʪ 50% ʠ ʙʦʣʝʝ. ʇʨʠ ʚʩʝʤ ʤʥʦʛʦʦʙʨʘʟʠʠ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ, ʥʘʠʙʦʣʝʝ 

ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʥʠʭ ʠʟʚʝʩʪʥʷʢʠ, ʜʦʣʦʤʠʪʳ, ʤʝʣ. ɻʣʘʚʥʳʝ ʧʨʠʤʝʩʠ ʚ ʠʟʚʝʩʪ-

ʥʷʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʦʣʦʤʠʪʦʤ, ʛʣʠʥʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ, ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʚʝʱʝʩʪʚʘʤʠ. 

ʆʢʨʘʩʢʘ ʠʟʚʝʩʪʥʷʢʦʚ ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʘ, ʥʦ ʧʨʝʦʙʣʘʜʘʝʪ ʩʝʨʘʷ ʨʘʟ-

ʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʯʪʦ ʦʙʳʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʨʘʟʥʳʭ ʢʦ-

ʣʠʯʝʩʪʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ - ʯʝʤ ʙʦʣʴʰʝ ʧʦʩʣʝʜʥʝʛʦ, ʪʝʤ ʪʝʤʥʝʝ ʦʢʨʘ- 
 

 

ʈʠʩʫʥʦʢ 1 ï ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʝʩʯʘʥʠʢʘ 



ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ VII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

47 

 

 

 

 

ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʘ ʢʘʨʙʦʥʘʪʥʦʡ ʛʦʨʥʦʡ ʧʦʨʦʜʳ 

 

ʩʢʘ. ʇʨʠʤʝʨ ʢʘʨʙʦʥʘʪʥʦʡ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʣʣʝʢʪʦʨʩʢʠʭ ʩʚʦʡʩʪʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʠʧ 

ʛʣʠʥʠʩʪʦʛʦ ʮʝʤʝʥʪʘ. ʈʠʩʫʥʦʢ 3 ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢ ʪʠʧ ʛʣʠʥ ʚʣʠʷʝʪ 

ʥʘ ʧʦʨʠʩʪʦʩʪʴ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴ. ʅʘ ʚʝʨʭʥʝʤ ʣʝʚʦʤ ʨʠʩʫʥʢʝ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʦʧʨʝʜʝʣʝʥ ʪʠʧ ʛʣʠʥʳ ï ʢʘʦʣʠʥʠʪ. ʇʦʨʠʩʪʦʩʪʴ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʭʦʨʦʰʠʝ, ʥʘ ʚʝʨʭʥʝʤ ʧʨʘʚʦʤ ʨʠʩʫʥʢʝ ʤ  rʚʠʜʠʤ ʫʭʫʜʰʝʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʚ ʜʚʘ ʨʘʟʘ, ʘ ʧʦʨʠʩʪʦʩʪʴ ʦʩʪʘʣʘʩʴ ʥʝʠʟʤʝʥʥʦʡ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʢʘʦʣʠʥʠʪʝ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʨʠʤʝʩʴ ʭʣʦʨʠʪʘ. ɺ ʥʠʞʥʝʤ ʨʷʜʫ ʠʟʦʙʨʘʞʝʥʳ ʢʦʣʣʝʢʪʦʨʘ ʩ 

ʧʣʦʭʠʤʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʨʠʯʝʤ ʥʘ ʥʠʞʥʝʤ ʣʝ-

ʚʦʤ ʨʠʩʫʥʢʝ ʛʣʠʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʭʣʦʨʠʪʦʤ, ʘ ʥʘ ʥʠʞʥʝʤ ʧʨʘʚʦʤ - ʠʣʣʠʪʦʤ. ʇʨʠ 

ʠʟʤʝʥʝʥʠʠ ʧʦʨʠʩʪʦʩʪʠ ʥʘ 2%, ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʫʤʝʥʴʰʠʣʘʩʴ ʚ 140 ʨʘʟ! ʇʨʠ ʵʪʦʤ 

ʛʣʠʥʠʩʪʦʩʪʴ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 2.5 %. 

ʈʘʟʨʝʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʫʤʢʦʣʴ ʠʟʫʯʝʥ ʜʦʚʦʣʴʥʦ ʭʦʨʦʰʦ, 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʯʣʝʥʝʥʠʝ ʦʩʘʜʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʟʘʣʝʛʘʶʱʝʛʦ ʥʘ 

ʚʳʚʝʪʨʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʬʫʥʜʘʤʝʥʪʘ, ʦʩʚʝʱʝʥʦ ʚ ʨʷʜʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʦʪʯʝʪʦʚ ʖʂʅʈʕ ʠ ɻɸʆ çʖʞʥʝʬʪʝʛʘʟè ʠ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ. 

ʉ ʮʝʣʴʶ ʫʪʦʯʥʝʥʠʷ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʨʘʟʨʝʟʘ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʧʨʦʚʝʜʝʥʳ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ ʛʝʦʣʦʛʠʠ ʟʘʢʨʳʪʳʭ ʨʝʛʠʦʥʦʚ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ ʠʤ. 

ʉʘʪʧʘʝʚʘ ʅɸʅ ʈʂ. 

ʈʘʟʨʝʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʫʤʢʦʣʴ ʧʨʝʜʩʪʘʚʣʝʥ ʦʪʣʦʞʝʥʠʷʤʠ ʤʝʟʦʢʘʡʥʦʟʦʷ, 

ʟʘʣʝʛʘʶʱʠʤʠ ʥʘ ʛʣʫʙʦʢʦ ʚʳʚʝʪʨʝʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʬʫʥʜʘʤʝʥʪʘ 

ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʪʨʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʠʤʝʶʱʠʭʩʷ ʩʢʚʘʞʠʥʥʳʭ ʜʘʥʥʳʭ. 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʧʝʪʨʦʬʠʟʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʂʫʤʢʦʣʴ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʦʛʦ 

ʠ ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. 



ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʉʘʪʧʘʝʚʘ 

48 

 

 

 

 

ʈʠʩʫʥʦʢ 3 ï ɺʣʠʷʥʠʝ ʚʠʜʘ ʛʣʠʥʠʩʪʦʩʪʠ ʥʘ ʵʬʬʝʢʪʠʚʥʫʶ ʧʦʨʠʩʪʦʩʪʴ 

 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʳ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʚ 

ʮʠʬʨʦʚʦʤ ʬʦʨʤʘʪʝ .las ʧʦ ʩʢʚʘʞʠʥʘʤ, ʧʨʦʙʫʨʝʥʥʳʭ ʥʘ ʣʠʮʝʥʟʠʦʥʥʦʤ ʫʯʘʩʪʢʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʝʚʝʨʥʳʡ ʂʫʤʢʦʣʴ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʢʘʯʝ-ʩʪʚʝʥʥʦʛʦ 

ʧʦʥʠʤʘʥʠʷ ʣʘʪʝʨʘʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʦʪʣʦʞʝʥʠʡ ʠ ʬʘʮʠʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʚ 

ʨʘʙʦʪʫ ʙʳʣʠ ʚʦʚʣʝʯʝʥʳ ʚʩʝ 208 ʩʢʚʘʞʠʥ. ʎʠʬʨʦʚʳʝ ʜʘʥʥʳʝ ʚʢʣʶʯʘʣʠ 

ʠʩʭʦʜʥʳʝ ʢʨʠʚʳʝ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʢʨʠʚʳʝ ʧʝʪʨʦ-ʬʠʟʠʯʝʩʢʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ʀʟ 208 ʩʢʚʘʞʠʥ ʜʣʷ ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝ-ʪʘʮʠʠ ʙʳʣʠ 

ʦʪʦʙʨʘʥʳ 186 ʩʢʚʘʞʠʥ. ʆʩʪʘʣʴʥʳʝ ʩʢʚʘʞʠʥʳ ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ ʠʟ ʩʧʠʩʢʘ ʧʦ 

ʜʚʫʤ ʧʨʠʯʠʥʘʤ: 

Å ʛʣʫʙʠʥʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 1250ʤ ʠ ʥʝ ʟʘʭʚʘʪʳʚʘʝʪ ʶʨʩʢʠʝ ʛʦʨʠʟʦʥʪʳ 

(ʖ-I, ʖ-II, ʖ-III);  

Å ʥʝʯʠʪʘʝʤʳʝ las ʬʘʡʣʳ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʬʘʮʠʡ ʠ ʦʮʝʥʢʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʦʣʣʝʢʪʦʨʦʚ 

ʧʦʣʫʯʝʥʘ ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʢʨʠʚʘʷ ɻʂ (GR) ʧʦ ʚʩʝʤ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʤ 

ʩʢʚʘʞʠʥʘʤ. ʉʚʷʟʘʥʥʦ ʵʪʦ ʩ ʪʝʤ, ʯʪʦ ʠʩʭʦʜʥʳʝ ʢʨʠʚʳʝ ɻʂ (GR) ʙʳʣʠ ʟʘʤʝʨʝʥʳ 

ʨʘʟʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ ʨʘʟʣʠʯʥʳʭ ʩʝʨʚʠʩʥʳʭ ʢʦʤʧʘʥʠʡ. ʇʨʠʤʝʨ ʨʘʩʭʦʞʜʝʥʠʷ 

ʟʥʘʯʝʥʠʡ ʢʨʠʚʳʭ ɻʂ (GR) ʦʪ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʚ ʧʨʝʜʝʣʘʭ ʦʧʦʨʥʳʭ ʧʣʘʩʪʦʚ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4. ʇʨʦʮʝʩʩ ʥʦʨʤʘʣʠʟʘʮʠʠ ʧʨʦʚʝʜʝʥ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ LogTools. ɿʘ ʦʧʦʨʥʳʝ ʧʣʘʩʪʳ ʧʨʠ ʥʦʨʤʘʣʠʟʘʮʠʠ 

ʙʳʣʠ ʚʟʷʪʳ ʠʥʪʝʨʚʘʣʳ ʛʣʠʥ ʘʢʰʘʙʫʣʘʢʩʢʦʡ ʩʚʠʪʳ ʠ ʧʦʜ ʛʦʨʠʟʦʥʪʦʤ ʖ-III.  

ɼʣʷ ʟʘʜʘʯ ʢʦʨʨʝʢʪʥʦʡ ʧʨʠʚʷʟʢʠ ʩʢʚʘʞʠʥʥʳʭ ʜʘʥʥʳʭ ʢ ʩʝʡʩʤʠʯʝʩʢʦʤʫ 
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ʈʠʩʫʥʦʢ 4 ï ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʠ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʝ ʢʨʠʚʳʝ ɻʂ (ʛʣʠʥʳ 

ʘʢʰʘʙʫʣʘʢʩʢʦʡ ʩʚʠʪʳ). 

 

ʨʘʟʨʝʟʫ, ʘ ʪʘʢ ʞʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʘʥʘʣʠʟʘ ʪʝʭʥʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦ-

ʙʨʘʟʥʦʩʪʠ (ɸʊʎ) ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʥʦʨʤʘʣʠʟʘʮʠʷ ʢʨʠʚʳʭ DTP, RHOB. 

ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʥʦʨʤʘʣʠʟʘʮʠʠ ʧʨʠʤʝʥʝʥʥʳʡ ʢ ʢʨʠʚʳʤ DTP ʠ RHOB, 

ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʨʘʩʯʝʪʘ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥ-

ʩʘ ʠ ʫʚʷʟʢʠ ʩʝʡʩʤʠʢʠ, ʩʦʚʧʘʜʘʝʪ ʩ ʤʝʪʦʜʦʤ ʥʦʨʤʘʣʠʟʘʮʠʠ ʢʨʠʚʦʡ ɻʂ (GR). 

ɿʘ ʦʧʦʨʥʳʝ ʧʣʘʩʪʳ ʧʨʠ ʥʦʨʤʘʣʠʟʘʮʠʠ ʙʳʣʠ ʚʟʷʪʳ ʛʣʠʥʳ ʧʦʜ ʛʦʨʠʟʦʥʪʦʤ 

ʖ-III ʠ ʘʢʰʘʙʫʣʘʢʩʢʦʡ ʩʚʠʪ. ʇʨʠʤʝʨʳ ʩ ʥʦʨʤʠʨʦʚʘʥʥʳʤʠ ʠ ʨʘʥʝʝ ʧʦʣʫʯʝʥ-

ʥʳʤʠ ʢʨʠʚʳʤʠ ɸʂ ʠ ɻɻʂ-ʇ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 5, 6. 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʧʨʦʝʢʪʘ ʙʳʣʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʬʘʮʠʡ ʦʩʘʜ-

ʢʦʥʘʢʦʧʣʝʥʠʷ ʧʦ ʜʘʥʥʳʤ ɻʀʉ. ʆʩʥʦʚʥʦʡ ʙʘʟʦʚʳʡ ʧʨʠʥʮʠʧ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʟʘʢʣʶʯʝʥ ʚ ʘʥʘʣʠʟʝ ʪʨʝʥʜʦʚ ʠʟʤʝʥʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ ʨʘʟ-ʨʝʟʝ 

ʦʪʣʦʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʢʨʠʚʳʭ ʢʘʨʦʪʘʞʘ GR ʠ VCL. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʫʙʲʝʢʪʠʚʥʳʭ ʚʘ-

ʨʠʘʥʪʦʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʥʝ ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʚʝʩʪʠ ʢʘʯʝʩʪʚʝʥʥʫʶ ʤʝʞʩʢʚʘ-

ʞʠʥʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʧʦ ʣʠʮʝʥʟʠʦʥʥʦʤʫ ʫʯʘʩʪʢʫ. 

ʀʩʭʦʜʥʳʝ ʦʪʙʠʚʢʠ ʥʦʤʝʥʢʣʘʪʫʨʥʳʭ ʛʦʨʠʟʦʥʪʦʚ, ʟʘʛʨʫʞʝʥʥʳʝ ʠʟ ʧʨʦʝʢ-

ʪʘ Petrel, ʠʤʝʣʠʩʴ ʜʣʷ 131 ʩʢʚʘʞʠʥʳ ʠʟ 208 ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ. ʊʘʢʞʝ ʚ ʧʨʦ-

ʮʝʩʩʝ ʘʥʘʣʠʟʘ ʨʘʟʨʝʟʘ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʠʭ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʢʦʨʨʝʣʠʨʫʝʤʦʩʪʴ ʠ 

ʩʠʩʪʝʤʘʪʠʯʥʦʩʪʴ. 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʢʝʨʥʘ, ʛʠʩʪʦʛʨʘʤʤʳ ʠ ʢʨʦʩʩʧʣʦʪʘ 

ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʫʚʝʨʝʥʥʫʶ ʦʪʩʝʯʢʫ ʟʘ ʨʘʟʜʝʣʝʥʠʝ 

ʟʦʥ ʛʣʠʥ ʠ ʢʦʣʣʝʢʪʦʨʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʥʘʯʝʥʠʝ 50, ʘ ʦʪʩʝʯʢʫ ʚ 60 ʦʪ-

ʥʝʩʪʠ ʚ ʢʘʪʝʛʦʨʠʶ ʚʦʟʤʦʞʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ. 

ʈʘʟʨʝʟ ʥʘ ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʡ GR ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥ ʥʘ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ 
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ʈʠʩʫʥʦʢ 5 ï ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʠ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʝ ʢʨʠʚʳʝ ɻɻʂ-ʇ (ʛʣʠʥʳ 

ʘʢʰʘʙʫʣʘʢʩʢʦʡ ʩʚʠʪʳ) 

 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʝ ʣʠʪʦʬʨʘʢʮʠʠ: 

1) ʛʣʠʥʘ 10-30 

2) ʘʣʝʚʨʦʣʠʪ 6-10 

3) ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʧʝʩʯʘʥʠʢ 0-6 

ʈʘʟʨʝʟ ʥʘ ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʡ VCL ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥ ʥʘ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʝ ʣʠʪʦʬʨʘʢʮʠʠ: 

4) ʛʣʠʥʘ 60-100 

5) ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʘʣʝʚʨʦʣʠʪ 50-60 

6) ʘʣʝʚʨʦʣʠʪ 35-50 

7) ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʧʝʩʯʘʥʠʢ 0-35 

ʇʨʠʤʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ ʬʨʘʢʮʠʠ ʚ ʨʘʟʨʝʟʝ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ (ʈʠʩʫʥʢʝ 7). 

ʆʩʥʦʚʥʦʡ ʧʦʜʭʦʜ ʬʘʮʠʘʣʴʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʦʩʘʜʦʯʥʦʛʦ ʨʘʟʨʝʟʘ ʟʘ-

ʢʣʶʯʝʥ ʚ ʘʥʘʣʠʟʝ ʪʨʝʥʜʘ ʠʟʤʝʥʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʨʘʟ-

ʨʝʟʫ ʥʘ ʦʩʥʦʚʝ ʨʘʩʩʤʦʪʨʝʥʠʷ ʢʨʠʚʳʭ ʢʘʨʦʪʘʞʘ GR ʠ VCL. 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʢʨʠʚʳʭ ʧʦ ʨʘʟʣʠʯʥʳʤ ʩʢʚʘʞʠʥʘʤ 



ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ VII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 
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ʈʠʩʫʥʦʢ 6 ï ʉʢʚʘʞʠʥʘ ˉ2229 (ʢʦʤʧʘʥʠʷ çɻʀʉè) 

 

ʧʦʢʘʟʘʣʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ GR, SP, VCL ʠ ʛʨʘ-

ʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ. ɺʳʜʝʣʝʥʥʳʝ ʬʘʮʠʘʣʴʥʳʝ ʟʦʥʳ ʧʦ ʬʦʨʤʝ ʢʘʨʦʪʘ-

ʞʘ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʚ ʮʝʣʦʤ ʧʦ ʨʘʟʨʝʟʫ ʢʫʤʢʦʣʴʩʢʠʭ ʦʪʣʦ-

ʞʝʥʠʡ ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʛʣʘʚʥʳʭ ʪʨʝʥʜʘ ʠʟʤʝʥʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʠ. 

ʅʠʞʥʠʡ ʪʨʝʥʜ, ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʠʟʦʥʪʘ ʖ-III ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 

ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʟʝʨʥʠʩʪʦʩʪʠ ʚʚʝʨʭ. ʉʨʝʜʥʠʡ ʪʨʝʥʜ, ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʠ-

ʟʦʥʪʘ ʖ-II ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʘ ʟʝʨʥʠʩʪʦʩʪʠ 

ʚʚʝʨʭ. ɺʝʨʭʥʠʡ ʪʨʝʥʜ, ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʠʟʦʥʪʘ ʖ-I ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚ ʦʩʥʦʚ-

ʥʦʤ ʧʣʘʚʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʟʝʨʥʠʩʪʦʩʪʠ ʚʚʝʨʭ, ʥʦ ʩ ʤʝʥʴʰʝʡ ʘʤʧʣʠʪʫʜʦʡ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʥʠʞʥʠʤ ʪʨʝʥʜʦʤ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʬʘʮʠʘʣʴʥʳʭ ʬʦʨʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʨʘʟʨʝʟʘʭ ʩʢʚʘ-

ʞʠʥ, ʭʘʨʘʢʪʝʨʘ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʣʘʪʝʨʘʣʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʨʝʜʧʦʣʘ-

ʛʘʝʤʳʝ ʤʦʜʝʣʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʜʣʷ ʛʦʨʠʟʦʥʪʦʚ ʖ-I, ʖ-II  ʠ ʖ-III.  

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʬʘʮʠʘʣʴʥʳʭ ʬʦʨʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʨʘʟʨʝʟʘʭ ʩʢʚʘ-

ʞʠʥ, ʭʘʨʘʢʪʝʨʘ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʣʘʪʝʨʘʣʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʨʝʜʧʦʣʘ-

ʛʘʝʤʳʝ ʤʦʜʝʣʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʜʣʷ ʛʦʨʠʟʦʥʪʦʚ ʖ-I, ʖ-II  ʠ ʖ-III.  

ʋʥʠʬʠʮʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʜʣʷ ʛʦʨʠʟʦʥʪʘ ʖ-III ʧʨʝʜ-

ʧʦʣʘʛʘʝʪ, ʯʪʦ ʦʩʘʜʢʠ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʜʝʣʴʪʳ (ʈʠʩʫʥʦʢ 8). ʌʦʨʤʘ 

çFunnelè ʘʩʩʦʮʠʠʨʦʚʘʥʘ ʩ ʬʘʮʠʝʡ ʫʩʪʴʝʚʳʭ ʙʘʨʦʚ ʜʝʣʴʪʦʚʦʡ ʩʠʩʪʝʤʳ. ʌʦʨ-

ʤʳ çBellè ʠ çBlockè ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʬʘʮʠʝʡ ʟʘʧʦʣʥʝʥʠʷ ʨʫʩʣʘ ʜʠʩʪʨʠʙʫʪʠʚ-

ʥʦʛʦ ʢʘʥʘʣʘ. ʆʪʜʝʣʴʥʳʝ ʬʦʨʤʳ çSheetè ʘʩʩʦʮʠʠʨʦʚʘʥʳ ʩ ʢʦʥʫʩʘʤʠ ʧʨʦʨʳʚʘ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʧʦ ʦʩʘʜʦʯʥʳʤ 
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ʈʠʩʫʥʦʢ 7 ï ɺʳʙʨʘʥʥʳʝ ʦʪʩʝʯʢʠ ʧʦ ʢʨʠʚʳʤ GR ʠ VCL ʜʣʷ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʩʯʣʝʥʝʥʠʷ ʨʘʟʨʝʟʘ ʥʘ ʬʨʘʢʮʠʶ ʛʣʠʥ, ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ 

ʘʣʝʚʨʦʣʠʪʦʚ, ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ 

 

ʦʪʣʦʞʝʥʠʷʤ ʶʨʩʢʠʭ ʛʦʨʠʟʦʥʪʦʚ (ʖ-I, ʖ-II, ʖ-III) ʢʫʤʢʦʣʴʩʢʦʡ ʩʚʠʪʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʫʤʢʦʣʴ. ɼʘʥʥʳʝ ɻʀʉ ʦʪʢʨʳʪʦʛʦ ʩʪʚʦʣʘ ʙʳʣʠ ʧʨʝʜʦʩʪʘʚ-ʣʝʥʳ 

ʧʦ 208 ʩʢʚʘʞʠʥʘʤ. ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʦʩʪʦʷʣʠ ʠʟ ʢʦʤʧʣʝʢʩʘ 

ʢʨʠʚʳʭ ï GR (ɻʂ), SP (ʇʉ), DTP (ɸʂ), RHOB (ɻɻʂʇ). 

ɺ  ʨʝʟʫʣʴʪʘʪʝ  ʠʥʪʝʨʧʨʝʪʘʮʠʠ  ʧʦʣʫʯʝʥʳ  ʢʨʠʚʘʷ  ʛʣʠʥʠʩʪʦʩʪʠ  VCL 

ʠ ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʢʨʠʚʘʷ GR(ɻʂ). ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʟʘʢʣʶʯʝʥ ʚ ʘʥʘʣʠʟʝ ʠʟʤʝʥʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ ʨʘʟʨʝʟʝ 

ʦʪʣʦʞʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʢʨʠʚʳʭ GR(ɻʂ), SP(ʇʉ) ʠ ʟʥʘʯʝʥʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʣʠʥʠʩʪʦʩʪʠ VCL. ɿʘ ʙʘʟʦʚʫʶ ʩʭʝʤʫ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʬʘʮʠʡ 

ʙʳʣʘ ʧʨʠʥʷʪʘ ʪʨʘʜʠʮʠʦʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʬʦʨʤ ʢʨʠʚʳʭ ʢʘʨʦʪʘʞʘ SP, GR. 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʢʨʠʚʳʭ ʧʦ ʨʘʟʣʠʯʥʳʤ ʩʢʚʘʞʠʥʘʤ 

ʧʦʢʘʟʘʣʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ GR, SP, VCL 
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ʈʠʩʫʥʦʢ 8 ï ʋʥʠʬʠʮʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʜʣʷ ʛʦʨʠʟʦʥʪʘ ʖ-III  

ʧʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ ɻʀʉ 

 

ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ. ɺʳʜʝʣʝʥʥʳʝ ʬʘʮʠʘʣʴʥʳʝ ʟʦʥʳ ʧʦ ʬʦʨʤʝ 

ʢʘʨʦʪʘʞʘ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʚ ʮʝʣʦʤ ʧʦ ʨʘʟʨʝʟʫ ʢʫʤʢʦʣʴʩʢʠʭ 

ʦʪʣʦʞʝʥʠʡ ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʛʣʘʚʥʳʭ ʪʨʝʥʜʘ ʠʟʤʝʥʝʥʠʷ 

ʛʨʘʥʫʣʦʤʝʪʨʠʠ. ʅʠʞʥʠʡ ʪʨʝʥʜ, ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʠʟʦʥʪʘ ʖ-III ʭʘ-ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʟʝʨʥʠʩʪʦʩʪʠ ʚʚʝʨʭ. ʉʨʝʜ-ʥʠʡ ʪʨʝʥʜ, ʚ 

ʧʨʝʜʝʣʘʭ ʛʦʨʠʟʦʥʪʘ ʖ-II ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʫʤʝʥʴ-ʰʝʥʠʝʤ ʨʘʟʤʝʨʘ 

ʟʝʨʥʠʩʪʦʩʪʠ ʚʚʝʨʭ. ɺʝʨʭʥʠʡ ʪʨʝʥʜ, ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʠʟʦʥʪʘ ʖ-I 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʣʘʚʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʟʝʨʥʠʩʪʦʩʪʠ ʚʚʝʨʭ, ʥʦ ʩ 

ʤʝʥʴʰʝʡ ʘʤʧʣʠʪʫʜʦʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʥʠʞʥʠʤ ʪʨʝʥʜʦʤ. 
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ʅɽʂʆʊʆʈʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ʉʊʈʋʂʊʋʈʅʆʁ 

ʀʅʊɽʈʇʈɽʊɸʎʀʀ ʉɽʁʉʄʀʏɽʉʂʀʍ ɼɸʅʅʓʍ ʄʆɻʊ 3D 

ɺ ʋʉʃʆɺʀʗʍ ʄɽʉʊʆʈʆɾɼɽʅʀʗ ɹɽɿʓʄʗʅʅʆɽ 

 

ɹɽɿʓʄʗʅʅʆɽ ʂɽʅʆʈʅʓʅʓ3 רD ɾʊʅᴄ ʉɽʁʉʄʀʂɸʃʓפ 

ɼɽʈɽʂʊɽʈɯʅ ױפʈʓʃʓʄɼʓפ ʊתʉɯʅɼɯʈʋɼɯר ʂɽʁɹɯʈ 

ɽʈɽʂʐɽʃɯʂʊɽʈɯ 

 

SOME FEATURES OF STRUCTURAL INTERPRETATION 

OF CDP 3D SEISMIC DATA UNDER CONDITIONS  

OF THE BEZYMYANNOYE  FIELD  

 
ɺ ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɹʝʟʳʤʷʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʚʦʩʪʦʯʥʦʡ ʧʨʠʙʦʨ-

ʪʦʚʦʡ ʯʘʩʪʠ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ, ʢʦʪʦʨʘʷ ʦʪʜʝʣʝʥʘ ʦʪ ʋʨʘʣʴʩʢʦʡ ʛʝʦʩʠʥʢʣʠʥʘʣʴʥʦʡ ʟʦʥʳ 

ɸʱʠʩʘʡʩʢʠʤ ʠ ʉʝʚʝʨʦ-ʂʦʢʧʝʢʪʠʥʩʢʠʤ ʨʘʟʣʦʤʘʤʠ. ʇʦ ʤʝʨʝ ʫʩʣʦʞʥʝʥʠʷ ʩʪʨʦʝʥʠʷ ʩʨʝʜʳ ʠ ʛʣʫ-

ʙʠʥʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʛʨʝʰʥʦʩʪʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʡ ʧʦʪʝʨʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʮʝʣʝʚʳʭ ʠʥʪʝʨʚʘʣʘʭ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʶʪ ʥʝʦʜʥʦʢʨʘʪʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʬʘʢʪʳ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʛʣʫ-

ʙʠʥʥʦʛʦ ʙʫʨʝʥʠʷ ʠ ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʦʩʪʨʦʝʥʠʷʤʠ, ʥʘʧʨʠʤʝʨ, ʚ ʫʩʣʦʚʠʷʭ ʩʦʣʷʥʦ-

ʢʫʧʦʣʴʥʦʡ ʪʝʢʪʦʥʠʢʠ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ. ɺ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥ ʧʦʜʭʦʜ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʚʳʙʦʨʘ ʠ ʨʝʘʣʠʟʘʮʠʠ ʛʨʘʬʘ ʦʙʨʘʙʦʪʢʠ ʥʘ ʧʨʠʤʝʨʝ ʧʝʨʝʦʙʨʘʙʦʪʢʠ ʪʨʝʭʤʝʨʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʜʣʷ ʨʘʡʦʥʘ ʩʦ ʩʣʦʞʥʳʤʠ ʩʝʡʩʤʦʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʩ ʮʝʣʴʶ ʫʪʦʯʥʝʥʠʷ ʛʝʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʤʝʟʦʟʦʡʩʢʦ-ʧʘʣʝʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʝʟʳʤʷʥʥʦʝ, ʚʳʷʚʣʝʥʠʷ 

ʠ ʜʝʪʘʣʠʟʘʮʠʠ ʩʪʨʦʝʥʠʷ ʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʚ ʧʘʣʝʦʟʦʡʩʢʦʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝ-

ʣʝʥʦ ʵʪʘʧʫ ʩʪʨʫʢʪʫʨʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʚʢʣʶʯʘʶʱʝʤʫ ʩʪʨʘʪʠʬʠʢʘʮʠʶ ʦʪʨʘʞʘʶʱʠʭ ʛʦʨʠʟʦʥ-

ʪʦʚ, ʠʭ ʢʦʨʨʝʣʷʮʠʶ ʠ ʚʳʜʝʣʝʥʠʶ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦ 
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ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʪʦʯʥʝʥʦ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʤʝʟʦʟʦʡʩʢʠʭ ʧʦʨʦʜ, ʧʘʣʝʦʟʦʡʩʢʠʭ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʠ ʩʦʣʝʥʦʩʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʠʟʫʯʘʝʤʦʡ ʧʣʦʱʘʜʠ. ʅʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʘʥʳ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʥʘ ʜʦʠʟʫʯʝʥʠʝ ʚʝʨʭʥʝʧʝʨʤʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʚʦʟʤʦʞʥʦʛʦ ʙʫʨʝʥʠʷ ʧʦʠʩʢʦʚʦ-ʨʘʟ-

ʚʝʜʦʯʥʦʡ ʩʢʚʘʞʠʥʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʩʪʦʯʥʘʷ ʧʨʠʙʦʨʪʦʚʘʷ ʟʦʥʘ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ, ʦʪʣʦʞʝʥʠʷ ʤʝʟʦʟʦʷ 

ʠ ʚʝʨʭʥʝʛʦ ʧʘʣʝʦʟʦʷ, ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ 3D, ʩʪʨʫʢʪʫʨʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ. 

ʊʝʢʪʦʥʠʢʘʣʳץ ʪײʨסʳʜʘʥ ɹʝʟʳʤʷʥʥʦʝ ʢʝʥʦʨʳʥʳ ʆʨʘʣ ʛʝʦʩʠʥʢʣʠʥʘʣʜʳ ʘʡʤʘסʳʥʘʥ ɸʱ -r

ʩʘʡ ʞᴅʥʝ ʉʦʣʪװʩʪʽʢ ʂᴇʢʧʝʢʪʽ ʞʘʨʳץʰʘץʪʘʨʳʤʝʥ ʙᴇʣʽʥʛʝʥ ʂʘʩʧʠʡ ʤʘשʳ ʦʡʧʘʪʳʥʳש ʰʳסʳʩ 

ʰʝʪʢʽ ʙᴇʣʽʛʽʥʜʝ ʦʨʥʘʣʘʩץʘʥ. ʉʝʡʩʤʠʢʘʣʳץ ʜʝʨʝʢʪʝʨʜʽ ʢʠʥʝʤʘʪʠʢʘʣʳץ ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʫʜʘסʳ 

 ʩʢʝʥ ʩʘʡʳʥ ᴇʥʽʤʜʽװʨʜʝʣʝʥʝ ʪװʜʽʛʽ ʢשʪʝʨʝ שʨʳʣʳʤʳ ʤʝʥ ʟʝʨʪʪʝʫʣʝʨʜʽײץ שʘʪʝʣʽʢʪʝʨ ʦʨʪʘʥʳץ

ʠʥʪʝʨʚʘʣʜʘʨ ʪʫʨʘʣʳ ʘץʧʘʨʘʪʪʳש ʪʦʣʳץ ʞʦסʘʣʫʳʥʘ ʜʝʡʽʥ ʘʨʪʘʜʳ. ʆʣ ʪʫʨʘʣʳ ʪʝʨʝש ʙײʨסʳʣʘʫ 

ʜʝʨʝʢʪʝʨʽ ʤʝʥ ʩʝʡʩʤʠʢʘʣʳײץ ץʨʳʣʳʤʜʳײץ ץʨʳʣʳʩʪʘʨ ʘʨʘʩʳʥʜʘסʳ ʝʣʝʫʣʽ ʩᴅʡʢʝʩʩʽʟʜʽʢʪʽש 

ʙʽʨʥʝʰʝ ʨʝʪ ʘʥʳץʪʘʣסʘʥ ʬʘʢʪʽʣʝʨʽ ʜᴅʣʝʣʜʝʡʜʽ. ʄʘץʘʣʘʜʘ ɹʝʟʳʤʷʥʥʦʝ ʢʝʥ ʦʨʥʳʥʳש ʤʝʟʦʟʦʡ-

ʧʘʣʝʦʟʦʡ ʰᴇʛʽʥʜʽʣʝʨʽʥʽש ʛʝʦʣʦʛʠʷʣʳײץ ץʨʳʣʳʤʳʥ ʘʥʳץʪʘʫ ʞᴅʥʝ ʥʘץʪʳʣʘʫ ʤʘץʩʘʪʳʥʜʘ ʢװʨʜʝʣʽ 

ʩʝʡʩʤʦʛʝʦʣʦʛʠʷʣʳץ ʞʘסʜʘʡʣʘʨʳʤʝʥ ʘʡʤʘװ ץʰʽʥ 3D ʩʝʡʩʤʠʢʘʣʳץ ʤᴅʣʽʤʝʪʪʝʨʜʽ ץʘʡʪʘ ᴇשʜʝʫ 

ʤʳʩʘʣʳʥʜʘ ʝש ʦשʪʘʡʣʳ ᴇשʜʝʫ ʨʝʪʽʥ ʪʘשʜʘʫ ʞᴅʥʝ ʝʥʛʽʟʫ ʢᴇʨʩʝʪʽʣʛʝʥ. ʅᴅʪʠʞʝʣʝʨʽ ʤʝʟʦʟʦʡ ʪʘʫ 

ʞr ʥʳʩʪʘʨʳʥʳש, ʧʘʣʝʦʟʦʡʜʳש ᴇʥʽʤʜʽ ʞᴅʥʝ ʪײʟʜʳ ʢʝʥ ʦʨʳʥʜʘʨʳʥʳש ʛʝʦʣʦʛʠʷʣʳײץ ץʨʳʣʳʤʳʥ 

ʥʘץʪʳʣʘסʘʥ ײץʨʳʣʳʤʜʳץ ʠʥʪʝʨʧʨʝʪʘʮʮʠʷ ʢʝʟʝשʽʥʝ ʝʨʝʢʰʝ ʢᴇשʽʣ ʙᴇʣʽʥʝʜʽ. ʂʝʥ ʦʨʥʳʥʳש 

ʛʝʦʣʦʛʠʷʣʳץ ʤʦʜʝʣʽʥ ײץʨʫ װʰʽʥ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʪʳʥ ᴇʥʽʤʜʽ ʛʦʨʠʟʦʥʪʪʘʨʜʳש ʢʦʨʨʝʣʷʮʠʷ-

ʩʳ ʙʦʡʳʥʰʘ ײʩʳʥʳʩʪʘʨ ʙʝʨʽʣʛʝʥ. ɹʘʨʣʘʫ סשײʳʤʘʩʳʥ ʳץʪʠʤʘʣ ʙײʨסʳʣʘʫ װʰʽʥ ʞʦסʘʨסʳ ʧʝʨʤʴ 

 .ʩʳʥʳʩʪʘʨ ʙʝʨʽʣʛʝʥײ ʦʩʳʤʰʘ ʟʝʨʪʪʝʫ ʙʦʡʳʥʰʘץ ʨʳʣʳʤʳʥײץ

ʊϮʡʽʥʜʽ ʩϺʟʜʝʨ: ʂʘʩʧʠʡ ʤʘשʳ ʦʡʧʘʪʳʥʳש ʰʳסʳʩ ʙʦʨʪ ʤʘשʳ ʘʡʤʘסʳ, ʤʝʟʦʟʦʡ ʞᴅʥʝ ʞʦסʘʨסʳ 

ʧʘʣʝʦʟʦʡ ʰᴇʛʽʥʜʽʣʝʨʽ, 3D ʩʝʡʩʤʠʢʘʣʳץ ʙʘʨʣʘʫ 

Tectonically, the Bezymyannoye field is located in the eastern part of the Pre-Caspian Basin, which 

is separated from the Ural geosyncline by the Aschisai and North Kokpektin faults. As the complexity 

of the structure of the environment and the depth of research, the errors of kinematic interpretation of 

seismic data increase up to the complete loss of information about the target intervals, as evidenced by 

the repeated facts of significant discrepancy between deep drilling data and seismic structural 

constructions, for example, in the conditions of the salt-dome tectonics of the Caspian Basin. The 

approach of the most optimal selection and realization of the processing graph is shown in the article 

on the example of reprocessing of 3D seismic data for the area with complex seismic and geological 

conditions to refine the geological structure of the Mesozoic-Paleozoic deposits of the Bezymyannoye 

field and reveal and detailing the structure of new structures in the Paleozoic part of the section. Special 

attention is paid to the stage of structural interpretation, including the stratification of reflecting horizons, 

their correlation, and the delineation of tectonic elements in the study area. Based on the results of the 

research, the geological structure of Mesozoic rocks, Paleozoic productive, and saline sediments in the 

study area is clarified. Based on the studies, recommendations were given for the additional study of 

the Upper Permian structure for possible drilling a prospecting and explorational drilling purposes. 

Keywords: eastern near-edge zone of the Caspian Basin, Mesozoic and Upper Paleozoic sediments, 

3D seismic survey, structural interpretation 

 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ɹʝʟʳʤʷʥʥʦʝ ʧʨʠʫʨʦʯʝʥʦ ʢ ʚʦʩʪʦʯʥʦʡ ʧʨʠʙʦʨʪʦʚʦʡ ʟʦʥʝ 

ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ. ʆʪʢʨʳʪʠʝ ʚ ʧʦʜʩʦʣʝʚʦʤ ʢʦʤʧʣʝʢʩʝ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʡ ʂʝʥʢʠʷʢ, ʂʘʨʘʪʶʙʝ, ɾʘʥʘʞʦʣ, ʋʨʠʭʪʘʫ, ʂʘʨʘʯʘʛʘʥʘʢ, ʊʦʨʪʘʡ ʠ ʜʨ. 

ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘʯʘʣʠ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ ʧʦʜʩʦʣʝʚʳʝ ʦʪʣʦʞʝʥʠʷ. ʆʜʥʘʢʦ, ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘʜʮʘʪʴ 

ʣʝʪ ʙʳʣʦ ʦʪʢʨʳʪʦ ʧʦʯʪʠ 15 ʥʝʬʪʝʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʴ 

ʢʦʪʦʨʳʭ ʩʚʷʟʳʚʘʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʩ ʤʝʟʦʟʦʡʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ʧʦʨʦʜ. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʧʦʤʠʤʦ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʦʜʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʨʘʡʦʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʘʚʥʦ ʜʦʢʘʟʘʥʘ, ʠʟʫʯʝʥʥʦʩʪʴ ʤʝʟʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʜʘʝʪ ʦʩʥʦ-

ʚʘʥʠʝ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʦʪʝʥʮʠʘʣ ʥʘʜʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʤ  r



ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʉʘʪʧʘʝʚʘ 

56 

 

 

 

 

ʤʦʞʝʤ ʦʞʠʜʘʪʴ ʠ ʩ ʥʠʤʠ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʜʘʣʴʥʝʡʰʠʝ ʦʪʢʨʳʪʠʷ. 

ʇʦ ʤʥʝʥʠʶ ʛʝʦʣʦʛʦʚ ʩʣʦʞʥʦʩʪʴ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘ, ʧʨʠʫʨʦ-

ʯʝʥʥʦʛʦ ʢ ʟʦʥʝ ʩʦʯʣʝʥʝʥʠʷ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʠ ʩʢʣʘʜʯʘʪʳʭ 

ʩʦʦʨʫʞʝʥʠʡ ʋʨʘʣʘ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʩʦʣʷʥʦʢʫʧʦʣʴʥʦʡ ʪʝʢʪʦʥʠʢʠ ʧʨʠʚʝʣʠ ʢ 

ʤʥʦʛʦʦʙʨʘʟʠʶ ʦʙʩʪʘʥʦʚʦʢ ʩʝʜʠʤʝʥʪʘʮʠʠ ʠ ʪʠʧʦʚ ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʪʝʨʨʠʛʝʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ 

ʠ ʧʦ ʚʝʨʪʠʢʘʣʠ, ʠ ʧʦ ʣʘʪʝʨʘʣʠ. ɺ ʩʚʷʟʠ ʩ ɻ ʪʠʤ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʥʘ ʩʪʨʦʝʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʚ ʧʦʜʩʦʣʝʚʦʤ ʢʦʤʧʣʝʢʩʝ, ʥʘ ʚ-r

ʙʦʨ ʨʘʟʚʝʜʦʯʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʥʘʜʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʷʭ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʠʟʫʯʝʥʠʝ 

ʛʣʫʙʠʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʧʣʘʥʘ ʠ ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʥʘʜʩʦʣʝʚʦʛʦ, ʢʫʥʛʫʨʩʢʦʛʦ ʠ ʧʦʜʩʦ-

ʣʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʨʦʜ ʥʘ ʦʩʥʦʚʝ ʩʝʡʩʤʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʢʦʤʧʣʝʢʩʝ ʩ 

ʙʫʨʝʥʠʝʤ ʠ ʜʨʫʛʠʤʠ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳ-

ʤʠ ʟʘʜʘʯʘʤʠ. 

ɺʧʝʨʚʳʝ ʦʜʥʦʠʤʝʥʥʦʝ ʧʦʜʥʷʪʠʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʠ ʠʟʫʯʝʥʦ ʝʱʝ ʚ 1912 ʛ. 

ɻʝʦʣʦʛʠʯʝʩʢʦʡ ʩʲʝʤʢʦʡ ʩʦʣʷʥʦʢʫʧʦʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙʳʣʘ ʟʘʢʘʨʪʠʨʦʚʘʥʘ ʠ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʚ 40-50-ʭ ʛʦʜʘʭ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʦʡ ʃ. ʗ. ʊʫʰʢʘʥʦʚʦʡ, ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʤʘʩʰʪʘʙʘ 1:200 000, ʙʳʣʦ ʚʳʜʝʣʝʥʦ 49 

ʣʦʢʘʣʴʥʳʭ ʤʠʥʠʤʫʤʦʚ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ɹʝʟʳʤʷʥʥʦʝ. ʉʝʡʩʤʠʯʝ-

ʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦʜʥʷʪʠʝ ʥʘʯʘʣʦ ʠʟʫʯʘʪʴʩʷ ʣʠʰʴ ʚ 60-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ 

ʩʪʦʣʝʪʠʷ, ʢʦʛʜʘ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʩʪʨʦʝʥʠʷ ʢʨʫʪʳʭ ʩʢʣʦʥʦʚ ʢʫʧʦʣʘ ʠ ʧʦʜʩʦ-

ʣʝʚʦʛʦ ʧʘʣʝʦʟʦʡʩʢʦʛʦ ʧʦʜʥʷʪʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʥʘʯʘʣʘ ʨʝʢʦʛʥʦʩʮʠʨʦʚʦʯʥʳʝ 

ʩʝʡʩʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʄʆɺ ʠ ʂʄʇɺ, ʘ ʟʘʪʝʤ ʠ ʜʝʪʘʣʴʥʳʝ ʧʣʦʱʘʜʥʳʝ 

ʩʝʡʩʤʠʯʝʩʢʠʝ ʨʘʙʦʪʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 

ʪʨʝʭʢʨʳʣʦʝ ʩʪʨʦʝʥʠʝ ʩʦʣʷʥʦʢʫʧʦʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ɹʝʟʳʤʷʥʥʦʝ. ɺ 1976 ʛʦʜʫ 

ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʢʘʨʪʳ ʢʘʢ ʧʦ ʧʦʜʩʦʣʝʚʳʤ ʦʪʣʦʞʝʥʠʷʤ, ʪʘʢ ʠ ʧʦ 

ʚʝʨʭʥʝʧʝʨʤʩʢʦʤʫ ʛʦʨʠʟʦʥʪʫ çSè. ɿʜʝʩʴ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʧʨʠʤʳʢʘʥʠʷ, 

ʚʳʪʷʥʫʪʘʷ ʚ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʦʡ ʚ ʧʨʝʜʝʣʘʭ 

ʟʘʤʢʥʫʪʦʡ ʠʟʦʛʠʧʩʳ -1 200 ʤ ʩʦʩʪʘʚʠʣʠ 1,2ʭ3,8 ʢʤ. ʉʚʝʜʝʥʠʷ ʦ ʩʪʨʦʝʥʠʠ ʩʪʨʫʢ-

ʪʫʨʳ ʧʨʠʤʳʢʘʥʠʷ ʠʟʤʝʥʠʣʠʩʴ ʚ 1981 ʛ., ʢʦʛʜʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯ-

ʥʳʭ ʨʘʙʦʪ ʄʆɻʊ ʧʦ ʛʦʨʠʟʦʥʪʫ çSè ʩʚʦʜ ʩʪʨʫʢʪʫʨʳ ʦʢʦʥʪʫʨʠʣʠ ʧʦ ʠʟʦʛʠʧʩʝ -2 

400 ʤ, ʘ ʝʝ ʨʘʟʤʝʨʳ ʩʦʩʪʘʚʠʣʠ 1,5ʭ5,6 ʢʤ, ʘʤʧʣʠʪʫʜʘ ʙʦʣʝʝ 300 ʤ. ʉʪʨʫʢʪʫʨʥʳʝ 

ʢʘʨʪʳ 1:25 000 ʤʘʩʰʪʘʙʘ ʧʦ ʦʩʥʦʚʥʳʤ ʦʪʨʘʞʘʶʱʠʤ ʛʦʨʠʟʦʥʪʘʤ III,  V, VI, ʇ1, 

ʇ2, ʇ3 ʠ ʚʝʨʭʥʝʧʝʨʤʩʢʠʤ ɼ ʠ S ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʚ 1995 ʛʦʜʫ ʥʘ ʦʩʥʦʚʝ ʧʨʦ-

ʚʝʜʝʥʠʷ ʦʙʲʝʤʥʦʡ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ 3D. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ɻ ʪʠʭ ʨʘʙʦʪ ʥʘ ʧʣʦʱʘʜʠ 

ɹʝʟʳʤʷʥʥʦʝ ʙʳʣʦ ʫʪʦʯʥʝʥʦ ʩʪʨʦʝʥʠʝ ʚʝʨʭʥʝʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʠ ʢʦʥʬʠʛʫ-

ʨʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʣʠ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʙʘʟʠʨʫʝʪʩʷ ʩʦʚʨʝʤʝʥʥʳʡ ʧʦʜʩʯʝʪ 

ʟʘʧʘʩʦʚ. ʇʦ ʩʝʛʦʜʥʷʰʥʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʩʢʣʘʜʢʘ ʧʨʠʫʨʦʯʝʥʘ ʢ ʶʛʦ-ʚʦʩʪʦʯ-

ʥʦʤʫ ʢʨʳʣʫ ʧʦʜʥʷʪʠʷ ɹʝʟʳʤʷʥʥʦʝ. ʉʪʨʫʢʪʫʨʘ ʧʨʠʤʳʢʘʥʠʷ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴ-

ʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʚʦʩʪʦʢʘ ʠ ʶʛʦ-ʚʦʩʪʦʢʘ ʦʛʨʘʥʠʯʝʥʘ ʩʢʣʦʥʘ-

ʤʠ ʩʦʣʷʥʦʛʦ ʤʘʩʩʠʚʘ ʢʫʥʛʫʨʩʢʦʛʦ ʚʦʟʨʘʩʪʘ (ʈʠʩʫʥʦʢ 1, ɸ). ʇʦʜ ʢʘʨʥʠʟʦʤ ɻ ʪʦʛʦ 

ʤʘʩʩʠʚʘ ʚ ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʢʘʟʘʥʩʢʦʛʦ ̫ ʨʫʩʘ ʚʝʨʭʥʝʡ ʧʝʨʤʠ ʚʳʷʚʣʝʥʘ 

ʥʝʬʪʷʥʘʷ ʟʘʣʝʞʴ ʧʣʘʩʪʦʚʘʷ, ʣʠʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʧʣʘʥʘ, ʵʢʨʘʥʠʨʦʚʘʥ-

ʥʘʷ ʢʨʫʪʳʤ ʩʢʣʦʥʦʤ ʩʦʣʠ. ɺʅʂ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʦʪʤʝʪʢʝ -2 739 ʤ (ʈʠʩʫʥʦʢ 1, ɹ). 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ɹʝʟʳʤʷʥʥʦʝ ʧʨʠʫʨʦʯʝʥʦ ʢ ʶʛʦ-ʟʘʧʘʜʥʦʤʫ ʢʨʳʣʫ ʦʜʥʦʠ- 
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ʈʠʩʫʥʦʢ 1 ï ʅʝʬʪʷʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɹʝʟʳʤʷʥʥʦʝ ɸ) ʉʪʨʫʢʪʫʨʥʘʷ ʢʘʨʪʘ ʧʦ ʢʨʦʚʣʝ 

ʢʦʣʣʝʢʪʦʨʘ (ʚʝʨʭʥʝʧʝʨʤʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ P2kz); ɹ ï ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʧʦ ʣʠʥʠʠ III -III  

ʤʝʥʥʦʛʦ ʩʦʣʷʥʦʛʦ ʢʫʧʦʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ɾʘʨʢʘʤʳʩʩʢʦʤ ʧʦʜʥʷʪʠʠ. ʉʦʣʷ-

ʥʦʡ ʢʫʧʦʣ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʟʦʥʝ ʦʜʠʥʦʯʥʳʭ ʩʦʣʷʥʳʭ ʤʘʩʩʠʚʦʚ, ʠʤʝʶʱʠʭ ʩʫʙ-

ʤʝʨʠʜʠʦʥʘʣʴʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ ʠ ʧʨʦʨʳʚʘʶʱʠʭ ʚʳʰʝʣʝʞʘʱʠʝ ʚʝʨʭʥʝʧʝʨʤʩʢʠʝ 

ʠ ʥʠʞʥʝʪʨʠʘʩʦʚʳʝ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ. ʇʦ ʤʥʝʥʠʶ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, 

ʨʝʛʠʦʥʘʣʴʥʳʡ ʥʘʢʣʦʥ ʧʦʜʩʦʣʝʚʦʛʦ ʣʦʞʘ, ʥʘʨʷʜʫ ʩ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʥʘʧʨʷʞʝʥʠ-

ʷʤʠ ʩʞʘʪʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʜʚʠʛʦʚʦ-ʩʜʚʠʛʦʚʳʭ ʨʘʟʣʦʤʦʚ ʧʦʜ ʚʣʠʷʥʠʝʤ ʄʫʛʦʜ-

ʞʘʨʩʢʦʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ, ʧʨʦʜʦʣʞʘʚʰʠʭ ʩʚʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʦ ʨʘʥʥʝʛʦ ʪʨʠʘʩʘ 

ʧʨʠʚʝʣ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʣʷʥʳʭ ʢʘʨʥʠʟʦʚ, ʚʳʨʘʟʠʚʰʠʭʩʷ ʥʘʜʚʠʛʦʤ (ʦʪʞʠʤʦʤ) 

ʩʦʣʠ ʥʘ ʚʝʨʭʥʝʧʝʨʤʩʢʠʝ ʧʦʨʦʜʳ. ʉʦʣʷʥʦʢʫʧʦʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʟʙʠʪʘ ʥʝʰʠʨʦ-

ʢʠʤ ʮʝʥʪʨʘʣʴʥʳʤ ʛʨʘʙʝʥʦʤ ʥʘ ʪʨʠ ʢʨʳʣʘ: ʁ ʛʦ-ʟʘʧʘʜʥʦʝ, ʩʝʚʝʨʥʦʝ ʠ ʚʦʩʪʦʯʥʦʝ. 

ʉʦʣʷʥʦʡ ʤʘʩʩʠʚ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘʜ ʧʦʜʥʷʪʠʝʤ ʧʦ ʧʦʜʩʦʣʝʚʳʤ ʦʪʣʦʞʝʥʠʷʤ, 

ʢʨʦʚʣʷ ʢʦʪʦʨʳʭ ʟʘʣʝʛʘʝʪ ʥʘ ʛʣʫʙʠʥʝ ï 3 900-4 300 ʤ. ʖʛʦ-ʚʦʩʪʦʯʥʳʡ ʩʢʣʦʥ 

ʙʦʣʝʝ ʧʦʣʦʛʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʩʦʣʷʥʦʡ ʢʫʧʦʣ ʙʳʣ ʥʘ-

ʢʣʦʥʝʥ ʥʘ ʟʘʧʘʜ ʧʦʜ ʪʫʧʳʤ ʫʛʣʦʤ ʚ 110-115Á ʢ ʛʦʨʠʟʦʥʪʘʣʠ. ʅʘ ʢʦʥʪʘʢʪʝ ʩʢʣʦʥʘ 

ʩʦʣʷʥʦʛʦ ʢʫʧʦʣʘ ʩ ʧʦʨʦʜʘʤʠ ʤʝʞʢʫʧʦʣʴʥʦʡ ʤʫʣʴʜʳ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʢʦʥ-

ʪʘʢʪʥʘʷ ʠ ʣʠʪʦʣʦʛʠʯʝʩʢʠ ʦʛʨʘʥʠʯʝʥʥʘʷ ʣʦʚʫʰʢʘ ʥʝʬʪʠ ʚ ʢʘʟʘʥʩʢʠʭ ʧʦʨʦʜʘʭ 

ʚʝʨʭʥʝʡ ʧʝʨʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʛʝʦʣʦʛʦ-ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʠʥʬʦʨ-

ʤʘʮʠʷ ʠ ʠʩʪʦʨʠʷ ʨʘʙʦʪ ʧʨʦʰʣʳʭ ʣʝʪ ʧʦʢʘʟʳʚʘʝʪ ʜʦʚʦʣʴʥʦ ʩʣʘʙʫʶ ʠʟʫʯʝʥʥʦʩʪʴ 
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ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʦʩʥʦʚʳʚʘʝʪ ʟʜʝʩʴ ʧʨʦʚʝʜʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʝʡʩʤʠ-

ʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʩʪʨʫʢʪʫ-

ʨʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʝʨʝʦʙʨʘʙʦʪʢʠ ʠ ʧʝʨʝʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʧʦ ʨʘʡʦʥʫ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 3D ʚʨʝʤʝʥʥʳʝ ʠ ʛʣʫʙʠʥʥʳʝ ʢʫʙʳ ʦʙ-

ʱʝʡ ʧʣʦʱʘʜʴʶ 46 ʢʚ. ʢʤ ʝʜʠʥʠʯʥʦʡ ʢʨʘʪʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ 

ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʚʳʩʦʢʦʪʦʯʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʛʣʫʙʠʥʥʦʤ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ 

ʤʝʟʦʟʦʡʩʢʠʭ, ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʘʣʝʦʟʦʡʩʢʠʭ ʠ ʩʦʣʝʥʦʩʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʧʦʣʫʯʝʥʳ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʢʦʨʨʝʣʷʮʠʠ ʦʪʨʘʞʘʶʱʠʭ ʛʦʨʠʟʦʥʪʦʚ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʝʦʣʦ-

ʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʜʘʥʥʳʭ ʄʆɻʊ 3D ʚʳʧʦʣʥʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ çGeoGraphix Discoveryè, çDUG Insightè. 

ɽʱʝ ʨʘʟ ʦʪʤʝʪʠʤ, ʯʪʦ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʦʞʥʳʤʠ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʤʠ ʠ ʛʣʫʙʠʥʥʳʤʠ ʩʝʡʩʤʦʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ. ʀʟ ʜʠʩʣʦʢʘʮʠʡ 

ʦʧʨʝʜʝʣʷʶʱʘʷ ʨʦʣʴ ʧʨʠʥʘʜʣʝʞʠʪ ʚʣʠʷʥʠʶ ʥʘʜʚʠʛʦʚʦ-ʩʜʚʠʛʦʚʳʭ ʨʘʟʣʦʤʦʚ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʄʫʛʦʜʞʘʨʩʢʦʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ, ʧʨʦʜʦʣʞʘʚʰʠʭ ʩʚʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʜʦ ʨʘʥʥʝʛʦ ʪʨʠʘʩʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʧʨʦʷʚʠʣʠʩʴ ̫ ʚʣʝʥʠʷ ʛʘʣʦʢʠʥʝʟʘ ʠ ʩʚʷ-

ʟʘʥʥʳʝ ʩ ʥʠʤ ʜʝʬʦʨʤʘʮʠʠ, ʚʳʨʘʟʠʚʰʠʭʩʷ ʥʘʜʚʠʛʦʤ ʩʦʣʠ ʥʘ ʚʝʨʭʥʝʧʝʨʤʩʢʠʝ 

ʧʦʨʦʜʳ. ʆʙʨʘʙʦʪʢʘ ʧʦʣʝʚʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʄʆɻʊ 3ɼ ʧʨʦʚʦʜʠʣʘʩʴ 

ʚ ʊʆʆ çProfessional Geo Solutions Kazakhstanè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦ-

ʛʦ ʦʙʝʩʧʝʯʝʥʠʷ PGS çʉube Manager User Integralè, çHoloSeisè. ʅʝ ʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ 3ɼ ʜʘʥʥʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʝʟʳʤʷʥʥʦʝ, ʚʳʧʦʣʥʝʥʥʳʤ ʚ 2007 ʛ, ʙʳʣʠ ʭʘ-

ʨʘʢʪʝʨʥʳ ʧʦʤʝʭʠ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʛʨʘʬʘ 

ʦʙʨʘʙʦʪʢʠ ʦʙʝʩʧʝʯʠʣ ʚʳʜʝʣʝʥʠʝ ʠ ʧʨʦʩʣʝʞʠʚʘʝʤʦʩʪʴ ʦʪʨʘʞʘʶʱʠʭ ʛʦʨʠʟʦʥʪʦʚ 

ʧʦ ʧʘʣʝʦʛʝʥʦʚʳʤ, ʤʝʣʦʚʳʤ, ʶʨʩʢʠʤ, ʪʨʠʘʩʦʚʳʤ ʠ ʧʘʣʝʦʟʦʡʩʢʠʤ ʦʪʣʦʞʝʥʠʷʤ, 

ʠʟ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʆɻʊ ʤʘʢʩʠʤʘʣʴʥʦ ʠʟʚʣʝʯʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʢʦʨʦʩʪʷʭ, ʦ 

ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʧʦ ʧʣʦʱʘʜʠ, ʧʦʚʳʰʝʥʘ ʪʦʯʥʦʩʪʴ, ʨʘʟʨʝʰʝʥʥʦʩʪʴ ʢʠʥʝ-

ʤʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʘʪʝʨʠʘʣʘ ʠ ʪ. ʜ. ʆʧʪʠʤʘʣʴʥʦʩʪʴ 

ʠ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʜʫʨ ʛʨʘʬʘ ʦʙʨʘʙʦʪʢʠ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʩʪʠ-

ʨʦʚʘʥʠʷ. ʇʨʠʯʝʤ ʧʘʨʘʤʝʪʨʳ ʚʳʙʠʨʘʣʠʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʤʘʢ-

ʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʚʨʝʤʝʥʥʦʡ ʨʘʟʨʝʰʝʥʥʦʩʪʠ ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ ʠ ʩʦʭʨʘʥʠʪʴ 

ʚʳʩʦʢʠʤ ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʧʦʤʝʭʘ ʚ ʮʝʣʝʚʦʤ ʠʥʪʝʨʚʘʣʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘ-

ʙʦʪʢʠ ʜʘʥʥʳʭ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ, ʚ ʮʝʣʦʤ, ʫʜʘʣʦʩʴ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʪʝʭ-

ʥʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʧʦʣʫʯʠʪʴ ʩʝʡʩʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦʜʥʦʨʦʜʥʦʛʦ ʢʘʯʝʩʪʚʘ. 

ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʠʟʫʯʝʥʠʠ ʠ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʪʨʫʢʪʫʨʥʦʡ ʠʥʪʝʨʧʨʝʪʘ-

ʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʝʟʳʤʷʥʥʦʝ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʦʩʣʝ 

ʧʝʨʝʦʙʨʘʙʦʪʢʠ ʢʫʙʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʀʟ-ʟʘ ʩʣʦʞʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʦʙ-

ʩʪʘʥʦʚʢʠ ʚ ʩʦʣʝʥʦʩʥʦʤ ʠ ʧʦʜʩʦʣʝʚʦʤ ʢʦʤʧʣʝʢʩʝ ʦʪʣʦʞʝʥʠʡ ʢʦʨʨʝʣʷʮʠʷ ʧʨʦ-

ʚʝʜʝʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʚ ʨʫʯʥʦʤ ʨʝʞʠʤʝ. ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʩʣʝʞʠʚʘʥʠʷ 

ʦʧʦʨʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʙʫʨʝʥʠʷ, ʧʨʠ ɻ ʪʦʤ 

ʫʚʷʟʢʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʜʘʥʥʳʤʠ ɻʀʉ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʠʤ ʧʦʜʙʦʨʦʤ ʩʢʦʨʦʩʪʝʡ ʚ ʨʘʟʨʝʟʝ. ɼʝʪʘʣʴʥʘʷ ʧʨʠʚʷʟʢʘ ʩʢʚʘʞʠʥ ʠ ʩʝʡʩ-

ʤʠʢʠ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʩʝʡʩʤʦʛʨʘʤʤ ʠ ʠʭ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ ʨʝʘʣʴʥʳʤʠ ʪʨʘʩʩʘʤʠ ʚʨʝʤʝʥʥʦʛʦ ʢʫʙʘ ʤʠ-

ʛʨʘʮʠʠ ʜʦ ʩʫʤʤʠʨʦʚʘʥʠʷ (PSTM). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʝʡʩʤʦʛʨʘʤʤ 

ʜʣʷ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʠ ʦʪʨʘʞʝʥʠʡ ʦʩʥʦʚʘʥʦ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʟʘʢʦ- 
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ʥʦʤʝʨʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠʟʫʯʘʝʤʦʛʦ ʨʘʟʨʝʟʘ ʠ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʦʡ ʦʪʨʘʞʝʥʠʡ. ʇʨʠ ɻ ʪʦʤ ʧʝʨʚʦʩʪʝʧʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ̫ ʚʣʷʶʪʩʷ ʜʘʥʥʳʝ 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʘʨʦʪʘʞʘ. ɺ ʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʜʘʥʥʳʭ ɺʉʇ, ʚ ʢʘʯʝʩʪʚʝ ʦʪʧʨʘʚʥʦʡ 

ʪʦʯʢʠ ʧʨʠ ʚʳʙʦʨʝ ʧʦʣʦʞʝʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʪʨʘʩʩʳ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʦʣʦʞʝ-

ʥʠʝ ʨʝʧʝʨʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʦʪʨʘʞʝʥʠʡ. ʀʥʪʝʨʧʨʝʪʘʮʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʥʘʯʘʣʘʩʴ ʩ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʦʡ ʤʠʛʨʘʮʠʠ ʜʦ ʩʫʤʤʠʨʦʚʘʥʠʷ. (ʈʠʩʫʥʦʢ 2, 

ɸ). ɼʘʣʝʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʪʨʠ ʚʘʨʠʘʥʪʘ ʛʣʫʙʠʥʥʦʡ ʤʠʛʨʘʮʠʠ ʜʦ ʩʫʤʤʠʨʦʚʘ-

ʥʠʷ (ʈʠʩʫʥʦʢ 2, ɹ-ɻ). 

ʅʘ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʩʢʣʦʥ ʠ ʢʘʨʥʠʟ ʩʦʣʠ, ̫ ʚʣʷʶʱʠʝʩʷ ʣʘʪʝʨʘʣʴʥʳʤ ɻ ʢʨʘ-

ʥʦʤ ʜʣʷ ʚʝʨʭʥʝʧʝʨʤʩʢʦʡ ʟʘʣʝʞʠ ʥʝʬʪʠ, ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʯʝʪʢʦ. 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʢʘʨʥʠʟʘ ʙʳʣʦ ʧʨʦʠʥʪʝʨʧʨʝʪʠʨʦ-

ʚʘʥʦ ʜʚʘ ʚʘʨʠʘʥʪʘ ʛʦʨʠʟʦʥʪʘ (ʆɻ-VI-1): ʧʝʨʚʳʡ ʫʯʠʪʳʚʘʝʪ ʤʠʥʠʤʘʣʴʥʫʶ ʧʣʦ-

ʱʘʜʴ ʟʘʣʝʞʠ ʥʝʬʪʠ; ʚʪʦʨʦʡ ï ʤʘʢʩʠʤʘʣʴʥʫʶ. ɸʥʘʣʠʟ ʨʠʩʫʥʢʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʢʘʨʥʠʟ ʥʝ ʠʤʝʝʪ ʨʝʟʢʦ ʦʯʝʨʯʝʥʥʳʭ ʛʨʘʥʠʮ ʠ ʧʣʦʱʘʜʴ ʟʘʣʝʞʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʯʝʪʢʦ ʦʛʨʘʥʠʯʝʥʘ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʜʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʘʪʝʨʠʘ-ʣʦʚ 

ʠʟ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʢʫʙʦʚ ʙʳʣ ʚʳʙʨʘʥ 3ɼ ʢʫʙ ʣʫʯʝʚʦʡ ʛʣʫʙʠʥʥʦʡ ʤʠ-

ʛʨʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʵʪʘ ʧʨʦʮʝʜʫʨʘ ʧʦʢʘʟʘʣʘ ʥʘʠʣʫʯʰʝʝ ʢʘʯʝʩʪʚʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʢʘʨʥʠʟʘ ʩʦʣʠ ʠ, ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʦʬʠʣʝʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʯʝʪʢʫʶ ʛʨʘʥʠʮʫ 

ʤʝʞʜʫ ʩʦʣʴʶ ʠ ʧʨʦʜʫʢʪʠʚʥʦʡ ʪʦʣʱʝʡ. ʂʘʨʪʠʥʘ ʦʪʨʘʞʝʥʠʡ ʦʪ ʧʨʦʜʫʢʪʠʚʥʳʭ 

ʛʦʨʠʟʦʥʪʦʚ ʧʦ ʣʫʯʝʚʦʡ ʤʠʛʨʘʮʠʠ, ʫʚʷʟʘʥʥʳʭ ʩ ʢʘʨʦʪʘʞʦʤ, ʪʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ 

ʭʦʨʦʰʦ ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʧʣʦʱʘʜʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʤʷ ʦʩʪʘʣʴ-

ʥʳʤʠ ʛʣʫʙʠʥʥʳʤʠ ʢʫʙʘʤʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʩʝʡʩʤʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ 

ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʧʦʣʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʜʦʩʪʦʚʝʨʥʦʡ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʡ ʤʦʜʝʣʠ ʦʙʨʘʙʦʪʢʠ ʠ ʜʦʩʪʘʪʦʯʥʳʤ ʦʙʲʝʤʦʤ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʈʠʩ. 

2, ʙ ʣr ʧʦʜʩʝʯʝʥ ʙʫʨʝʥʠʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʩʦʣʠ ʩ ʧʨʦʜʫʢʪʠʚ-

ʥʦʡ ʪʦʣʱʝʡ. ʇʝʨʝʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ 3ɼ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʧʦʟʚʦʣʠʣʘ ʩʫʱʝʩʪʚʝʥ-

ʥʦ ʫʪʦʯʥʠʪʴ ʥʝ ʪʦʣʴʢʦ ʨʘʟʤʝʨʳ ʟʘʣʝʞʠ ʥʝʬʪʠ ʚ ʢʘʟʘʥʩʢʦʡ ʪʦʣʱʝ ʠ ʦʧʨʝʜʝʣʠʪʴ 

ʣʠʥʠʶ ʝʝ ʢʦʥʪʘʢʪʘ ʩ ʩʦʣʴʶ, ʥʦ ʠ ʫʪʦʯʥʠʪʴ ʧʦʣʦʞʝʥʠʝ ʨʘʟʤʳʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʨʝʜʥʝʡ ʶʨʳ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʨʘʩʯʝʪʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʪʨʘʩʩ, ʠʥ-

ʬʦʨʤʘʮʠʠ ʦ ʣʠʪʦʣʦʛʠʠ ʨʘʟʨʝʟʘ ʠ ʢʘʯʝʩʪʚʝ ʧʨʦʩʣʝʞʠʚʘʝʤʦʩʪʠ, ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʦʪʨʘʞʘʶʱʠʝ ʛʦʨʠʟʦʥʪʳ ʠ ʧʘʨʘʤʝʪʨʳ ʢʦʨʨʝʣʷʮʠʠ ʛʦʨʠʟʦʥʪʦʚ. 

1) III  ʦʪʨʘʞʘʶʱʠʡ ʛʦʨʠʟʦʥʪ (ʧʦʜʦʰʚʘ ʤʝʣʘ ʠ ʢʨʦʚʣʷ ʨʘʟʤʳʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʨʝʜʥʝʡ ʁ ʨʳ), ʧʨʠʫʨʦʯʝʥʥʘʷ ʢ ʧʦʜʦʰʚʝ ʥʠʞʥʝʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ, ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʪʩʷ ʜʦʚʦʣʴʥʦ ʥʝʫʩʪʦʡʯʠʚʳʤʠ ʠ ʜʠʥʘʤʠʯʝʩʢʠ ʩʣʘʙʦ ʚʳʜʝʨʞʘʥʥʳʤʠ ʦʪʨʘʞʝ-

ʥʠʷʤʠ. ɿʘʯʘʩʪʫʶ ʥʘʙʣʶʜʘʶʪʩʷ ʧʝʨʝʭʦʜʳ ʜʘʥʥʦʡ ʚʦʣʥʳ ʚʥʠʟ, ʚʜʦʣʴ ʦʪʨʘʞʝʥʠʡ 

(ʚʦʣʥ) ʩʨʝʟʘʝʤʳʭ ɻ ʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʁ ʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʝ-

ʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʛʣʫʙʠʥʥʦʡ ʤʠʛʨʘʮʠʠ. 

2) ʆʪʨʘʞʘʶʱʠʡ ʛʦʨʠʟʦʥʪ V_bas ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʦʚʣʝ 

ʙʘʟʘʣʴʥʳʭ ʧʝʩʯʘʥʠʢʦʚ ʚ ʧʦʜʦʰʚʝ ʥʠʞʥʝʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. ʕʪʦʪ ʦʪʨʘʞʘʶʱʠʡ 

ʛʦʨʠʟʦʥʪ, ʚ ʧʨʝʜʝʣʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʚʳʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ ʦʜʥʦ-

ʜʚʫʭʬʘʟʥʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʚʳʨʘʞʝʥʥʦʩʪʠ. ɺ ʚʦʣʥʦʚʦʤ ʧʦʣʝ ʵʪʦ ʦʪʨʘʞʝʥʠʝ ʨʘʩʧʦʟʥʘʝʪʩʷ ʢʘʢ ʧʝʨʚʳʡ ʦʪ-

ʨʘʞʘʶʱʠʡ ʛʦʨʠʟʦʥʪ ʥʘʜ ʵʨʦʟʠʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʝʞʜʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦ-

ʣʦʛʦ ʟʘʣʝʛʘʶʱʠʤ ʁ ʨʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ʠ ʙʦʣʝʝ ʢʨʫʪʦʧʘʜʘʶʱʠʤʠ ʦʪʨʘʞʝʥʠʷʤʠ 

ʪʨʠʘʩʦʚʦʛʦ ʠʥʪʝʨʚʘʣʘ. 



ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʉʘʪʧʘʝʚʘ 
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ɸ) ʤʠʛʨʘʮʠʷ ʧʦ ʚʨʝʤʝʥʠ 

 

 

 

 

 

 

 

 

 

ɹ) ʛʣʫʙʠʥʥʘʷ ʣʫʯʝʚʘʷ 

ʤʠʛʨʘʮʠʷ 

 

 

 

 

 

 

 

 

 

 

ɺ) ʛʣʫʙʠʥʥʘʷ ʤʠʛʨʘʮʠʷ 

ʂʠʨʭʛʦʬʘ 

 

 

 

 

 

 

 

 

 

ɻ) ʆʙʨʘʪʥʘʷ ʚʨʝʤʝʥʥʘʷ 

ʤʠʛʨʘʮʠʷ 

 

ʈʠʩʫʥʦʢ 2 ï ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʟʥʳʭ ʪʠʧʦʚ ʛʣʫʙʠʥʥʦʡ ʤʠʛʨʘʮʠʠ ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ʩʢʣʦʥʘ ʠ ʢʘʨʥʠʟʘ ʩʦʣʠ 



ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ VII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

61 

 

 

 

 

3) ʆʪʨʘʞʘʶʱʠʡ ʛʦʨʠʟʦʥʪ VI (ʢʨʦʚʣʷ ʩʦʣʠ) ʚʳʜʝʣʷʝʪʩʷ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʦ-

ʣʷʥʦʛʦ ʢʫʧʦʣʘ. ɺ ʚʦʣʥʦʚʦʤ ʧʦʣʝ ʜʘʥʥʳʡ ʛʦʨʠʟʦʥʪ ̫ ʚʣʷʝʪʩʷ ʨʘʟʜʝʣʠʪʝʣʝʤ ʤʝʞ-

ʜʫ ʩʣʦʠʩʪʳʤ ʥʘʜʩʦʣʝʚʳʤ ʨʘʟʨʝʟʦʤ ʪʨʠʘʩʘ ʠ ʚʝʨʭʥʝʡ ʧʝʨʤʠ ʠ ʩʝʡʩʤʠʯʝʩʢʠ ʥʝ-

ʤʦʡ ʪʦʣʱʝʡ ʩʦʣʠ. ɻʦʨʠʟʦʥʪ ʟʘʢʘʨʪʠʨʦʚʘʥ ʪʦʣʴʢʦ ʚ ʟʦʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʦʜʘ 

ʩʦʣʷʥʦʛʦ ʢʫʧʦʣʘ ʠ ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʟʘʧʘʜʥʦʡ ʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʷʭ ʪʝʨʨʠʪʦʨʠʠ ʩʲʝʤ-

ʢʠ. ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʩʦʣʴ ʠʟ ʩʦʣʝʚʦʛʦ ʜʠʘʧʠʨʘ ʙʳʣʘ ʦʪʞʘʪʘ ʠ ʥʘ ʥʝʙʦʣʴʰʦʡ 

ʧʣʦʱʘʜʠ ʧʝʨʝʦʪʣʦʞʝʥʘ ʚ ʚʠʜʝ ʩʦʣʷʥʦʛʦ ʧʦʢʨʦʚʘ. ɺ ʟʦʥʝ ʦʪʞʘʪʦʡ ʠʟ ʢʫʧʦʣʘ 

ʩʦʣʠ ʧʦʨʦʜʳ ʜʚʫʭ ʤʝʞʩʦʣʝʚʳʭ ʤʫʣʴʜ, ʟʘʧʦʣʥʝʥʥʳʭ ʧʦʨʦʜʘʤʠ ʚʝʨʭʥʝʡ ʧʝʨʤʠ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʤʳʢʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. ɺ ʵʪʦʤ ʨʘʡʦʥʝ, ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʫʯʘʩʪ-

ʢʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʦʩʪʘʪʢʠ ʩʦʣʷʥʦʛʦ ʢʘʨʥʠʟʘ ʠ ʩʦʣʷʥʦʛʦ ʜʠʘʧʠʨʘ h ʠʨʠʥʦʡ 

ʜʦ 100-200 ʤ. 

4) ʆʪʨʘʞʘʶʱʠʡ ʛʦʨʠʟʦʥʪ VI-1 ï ʢʘʨʥʠʟ ʠ ʩʢʣʦʥ ʩʦʣʠ ʜʝʣʠʪʩʷ ʥʘ ʜʚʘ ʥʝ ʢʦʥ-

ʪʘʢʪʠʨʫʶʱʠʭ ʤʝʞʜʫ ʩʦʙʦʡ ʫʯʘʩʪʢʘ: BM_VI-1 (ʛʣʘʚʥʳʡ ʢʘʨʥʠʟ ʠ ʩʢʣʦʥ ʩʦʣʠ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʡ ʢʘʟʘʥʩʢʫʶ ʟʘʣʝʞʴ ʠ ʧʨʦʩʪʠʨʘʶʱʠʡʩʷ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ ʙʣʠʞʝ ʢ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʫʯʘʩʪʢʘ) ʠ ɺʄ_VI-1_NE (ʘʥʘʣʦʛʠʯʥʳʡ ʢʘʨʥʠʟ, ʥʘʭʦʜʷ-

ʱʠʡʩʷ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʫʯʘʩʪʢʘ). ʂʘʨʥʠʟ ʠ ʩʢʣʦʥ ʩʦʣʠ ʢʦʨʨʝʣʠʨʦʚʘʣʠʩʴ ʢʘʢ 

ʦʜʠʥ ʦʪʨʘʞʘʶʱʠʡ ʛʦʨʠʟʦʥʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʠ ʬʦʨʤʠʨʦʚʘʣʠ ʩʦʙʦʡ ʥʘ-

ʢʣʦʥʥʫʶ ʧʣʦʱʘʜʢʫ ʙʝʟ ʦʙʨʘʪʥʦʛʦ ʠʟʛʠʙʘ (ʧʦʜʚʝʨʥʫʪʦʛʦ ʩʢʣʦʥʘ ʚ ʚʠʜʝ ʥʘʜʚʠʛʘ) 

ʠ ʯʪʦʙʳ ʢʘʨʥʠʟ ʠʣʠ ʩʢʣʦʥ ʩʦʣʠ ʧʨʠʤʳʢʘʣʠ ʩʥʠʟʫ ʚʚʝʨʭ ʢ ʢʨʦʚʣʝ ʩʦʣʠ ï ʆɻ 

VI. ʂʘʨʥʠʟ ʢʘʨʪʠʨʦʚʘʣʩʷ ʢʘʢ ʦʜʠʥ ʧʣʘʚʥʦ ʥʠʩʭʦʜʷʱʠʡ ʛʦʨʠʟʦʥʪ, ʩʨʝʟʘʶʱʠʡ 

ʛʣʠʥʠʩʪʫʶ ʯʘʩʪʴ ʚʝʨʭʥʝʡ ʧʝʨʤʠ. ɿʘ ʩʯʝʪ ʫʧʨʦʱʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʘʨʥʠʟʘ ʠ 

ʠʛʥʦʨʠʨʦʚʘʥʠʷ ʝʛʦ ʧʦʚʝʜʝʥʠʷ ʥʘ ʢʦʥʪʘʢʪʝ ʩ ʛʣʠʥʠʩʪʦʡ ʯʘʩʪʴʶ ʚʝʨʭʥʝʡ ʧʝʨʤʠ 

(P2tat), ʩʪʘʣʦ ʚʦʟʤʦʞʥʦ ʦʙʨʠʩʦʚʘʪʴ ʢʘʨʥʠʟ ʠ ʩʢʣʦʥ ʩʦʣʷʥʦʛʦ ʜʠʘʧʠʨʘ ʦʜʥʦʡ 

ʢʘʨʪʦʡ ʚʤʝʩʪʦ ʪʨʝʭ. 

ʇʦʜʩʦʣʝʚʳʝ ʦʪʨʘʞʘʶʱʠʝ ʛʦʨʠʟʦʥʪʳ BM_P1 ʠ BM_ P2 ʧʨʠʫʨʦʯʝʥʳ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʢ ʢʨʦʚʣʝ ʪʝʨʨʠʛʝʥʥʦʡ ʪʦʣʱʠ ʥʠʞʥʝʡ ʧʝʨʤʠ, ʠ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʢ 

ʢʨʦʚʣʝ ʩʨʝʜʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʳʭ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʦʪʣʦ-

ʞʝʥʠʡ. ʆɻ ʈ2 ʚ ɻ ʪʦʤ ʤʝʩʪʝ ʚʳʭʦʜʠʪ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝʩʦʛʣʘʩʠʷ ʚ ʚʠʜʝ ʫʛʣʦʚʦ-

ʛʦ ʥʝʩʦʛʣʘʩʠʷ ʠʣʠ ɻ ʨʦʟʠʦʥʥʦ ʩʨʝʟʘʥ ʛʦʨʠʟʦʥʪʦʤ ʆɻ ʈ1 ʠ ʦʪʩʫʪʩʪʚʫʝʪ ʢʘʢ ʚ ʟʦʥʝ 

ʨʘʟʤʳʚʘ, ʪʘʢ ʠ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ. ʕʨʦʟʠʦʥʥʳʡ ʩʨʝʟ ʆɻ ʈ2 ʠ ʈ1 (ʚ ʚʠʜʝ ʯʘʰʠ) 

ʥʘʨʷʜʫ ʩ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʚ ʫʩʣʦʚʠʷʭ ʥʘʜʚʠʛʦʚʦʛʦ ʠ ʩʜʚʠʛʦʚʦʛʦ 

ʨʘʟʣʦʤʦʚ ʦʪʢʨʳʚʘʶʪ ʭʦʨʦʰʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʤʠʛʨʘʮʠʠ ʥʝʬʪʠ ʠʟ ʚʝʨʦʷʪʥʦ 

ʚʝʨʭʥʝ-ʩʨʝʜʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ ʥʝʬʪʝʤʘʪʝʨʠʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʚ ʥʘʜʩʦʣʝʚʳʝ 

ʧʦʨʦʜʳ ʢʦʣʣʝʢʪʦʨʳ ʠ ʣʦʚʫʰʢʠ ʋɺ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʢʦʥʪʘʢʪʝ ʥʘʜʩʦʣʝʚʳʭ 

ʚʝʨʭʥʝʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʩ ʧʘʣʝʦʟʦʡʩʢʠʤʠ ʥʝʬʪʝʤʘʪʝʨʠʥʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ʚ 

ʫʩʣʦʚʠʷʭ ʙʝʩʩʦʣʝʚʦʡ ʤʫʣʴʜʳ (ʠʣʠ ʧʨʷʤʦʛʦ ʢʦʥʪʘʢʪʘ), ʚʝʨʦʷʪʥʦ, ʠ ʙʳʣʘ ʩʬʦʨ-

ʤʠʨʦʚʘʥʘ ʟʘʣʝʞʴ ʥʝʬʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʝʟʳʤʷʥʥʦʝ. 

ɼʣʷ ʢʘʨʪʠʨʦʚʘʥʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʧʦ ʜʘʥʥʳʤ ʫʚʷʟʢʠ ʩʢʚʘʞʠʥ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʦʪʨʘʞʝʥʠʷ, ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʨʦʚʣʝ ʠ ʧʦʜʦʰʚʝ ʧʨʦ-

ʜʫʢʪʠʚʥʦʡ ʪʦʣʱʠ ʚ ʮʝʣʦʤ ï ʆɻ BM_S (ʢʨʦʚʣʷ) ʠ BM_S_base (ʧʦʜʦʰʚʘ) ʚʳ-

ʜʝʣʝʥʳ ʧʦ ʜʘʥʥʳʤ ʢʘʨʦʪʘʞʘ. ɺ ʠʥʪʝʨʚʘʣʝ ʤʝʞʜʫ ʵʪʠʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʙʳʣʠ ʚ-r

ʙʨʘʥʳ ʠ ʧʨʦʢʦʨʝʣʣʠʨʦʚʘʥʳ ʯʝʪʳʨʝ ʆɻ S1, S2, S3 ʠ S4, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʠʤʝʨʥʦ 

ʧʨʠʚʷʟʘʥʳ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʨʦʜʫʢʪʠʚʥʳʤ ʛʦʨʠʟʦʥʪʘʤ, ʪʘʢʞʝ ʚʳʜʝʣʝʥʥʳʤ 

ʧʦ ʢʘʨʦʪʘʞʫ. ʕʪʦʪ ʧʦʜʭʦʜ ï ʠʣʠ ʥʘʙʣʶʜʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʪʨʘʞʝʥʠʡ ʧʦ 

ʧʣʦʱʘʜʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʟʚʦʣʠʣ ʧʨʠʙʣʠʟʠʪʴʩʷ ʢ ʧʦʥʠʤʘʥʠʶ ʧʦʣʦʞʝʥʠʷ 



ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʉʘʪʧʘʝʚʘ 

62 

 

 

 

 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʧʣʦʱʘʜʠ ʥʝʬʪʝʥʦʩʥʦʩʪʠ ʠ ʚ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝ. ʆʜʥʘʢʦ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʨʦʚʣʠ ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ, ʚ-r

ʜʝʣʷʝʤʳʝ ʧʦ ʜʘʥʥʳʤ ʢʘʨʦʪʘʞʘ, ʥʝ ʚʩʝʛʜʘ ʪʦʯʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʳʜʝʣʷʝʤʳʤ 

ʩʝʡʩʤʠʯʝʩʢʠʤ ʛʨʘʥʠʮʘʤ. ʕʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʲʷʩʥʷʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʚ ʧʨʦʜʫʢʪʠʚʥʦʤ ʨʘʟʨʝʟʝ ʯʘʩʪʦ ʧʨʦʠʩʭʦʜʠʪ ʩʣʠʷʥʠʝ ʧʝʩʯʘʥʳʭ ʣʠʥʟ ʠ 

ʧʦʣʫʣʠʥʟ ʚ ʝʜʠʥʳʝ ʪʝʣʘ, ʘ ʤʝʞʜʫ ʥʠʤʠ ʟʘʯʘʩʪʫʶ ʥʝʪ ʟʥʘʯʠʤʳʭ ʛʣʠʥʠʩʪʳʭ ʨʘʟ-

ʜʝʣʦʚ, ʧʨʦʠʩʭʦʜʠʪ ʚʳʢʣʠʥʠʚʘʥʠʝ ʢʦʣʣʝʢʪʦʨʦʚ ʠʣʠ ʛʣʠʥʠʟʘʮʠʷ ʨʘʟʨʝʟʘ. ʇʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ, ʢʦʨʨʝʣʷʮʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʧʨʦʚʝʜʝʥʘ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ, ʘ ʥʝ ʚʨʫʯʥʫʶ. ɺ ʩʣʫʯʘʝ ʧʨʝʨʳʚʘʥʠʷ ʦʪʨʘʞʝʥʠʷ ʦʪ ʛʦʨʠʟʦʥʪʘ, ʵʪʦ ʚʦʩ-

ʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʩʤʝʥʘ ʣʠʪʦʣʦʛʠʠ ʚʜʦʣʴ ʦʜʥʦʚʦʟʨʘʩʪʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʠʣʠ ʢʘʢ 

ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʩʪʦʚ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʪʦʯʥʦʡ ʫʚʷʟʢʠ ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʩ 

ʜʘʥʥʳʤʠ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʥʝʦʙʭʦʜʠʤʳ ʜʘʥʥʳʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʝʡʩʤʦʧʨʦʬʠ-

ʣʠʨʦʚʘʥʠʷ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʩʢʚʘʞʠʥʘʤ, ʘ ʚ ʟʦʥʝ ʨʘʟʚʠʪʠʷ ʩʦʣʷʥʦʛʦ ʢʘʨʥʠʟʘ ʧʦ 

ʢʘʞʜʦʡ ʩʢʚʘʞʠʥʝ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ɺ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʘʥʥʳʝ ʪʦʣʴʢʦ ʧʦ ʪʨʝʤ ʩʢʚʘʞʠʥʘʤ, ʧʦʵʪʦʤʫ ʪʦʯʥʘʷ ʫʚʷʟʢʘ ʦʪʨʘʞʝʥʠʡ ʦʪ ʧʨʦ-

ʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ ʥʘ ʚʨʝʤʝʥʥʳʭ ʨʘʟʨʝʟʘʭ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʙʳʣʘ ʜʦʚʦʣʴʥʦ 

ʧʨʦʙʣʝʤʘʪʠʯʥʦʡ. 

ʆʙʩʪʘʥʦʚʢʘ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʡ ʪʦʣʱʠ ʚʝʨʭʥʝ-ʧʝʨʤʩʢʛʦ ʦʪ-

ʜʝʣʘ ʢʘʟʘʥʩʢʦʡ ʩʚʠʪʳ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʨʠʥʠʤʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʦʧʠʩʘʥʠʝʤ ʢʝʨʥʘ, ʦʥʘ ʩʣʦʞʝʥʘ ʘʣʝʚʨʦʣʠʪʘʤʠ ʠ ʧʝʩʯʘʥʠʢʘ-ʤʠ 

ʢʦʨʠʯʥʝʚʳʤʠ, ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʤʠ, ʩʝʨʳʤʠ, ʤʝʣʢʦ- ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʤʠ, 

ʧʦʣʠʤʠʢʪʦʚʳʤʠ, ʧʦʨʠʩʪʳʤʠ, ʧʨʦʧʠʪʘʥʥʳʤʠ ʥʝʬʪʴʶ, ʩ ʧʨʦʩʣʦʷʤʠ ʘʨʛʠʣʣʠʪʘ 

ʢʦʨʠʯʥʝʚʦʛʦ, ʙʫʨʦʛʦ ʩ ʨʝʜʢʠʤʠ ʧʨʦʧʣʘʩʪʢʘʤʠ ʩʝʨʦʛʦ ʮʚʝʪʘ, ʩʣʶʜʠʩʪʦʛʦ, ʘʣʝʚ-

ʨʠʪʠʩʪʦʛʦ, ʤʝʩʪʘʤʠ ʩ ʛʥʝʟʜʘʤʠ ʘʥʛʠʜʨʠʪʘ ʠ ʚʢʨʘʧʣʝʥʠʷʤʠ ʨʘʟʤʝʨʦʤ ʜʦ 2 ʤʤ 

ʙʝʣʦʡ ʢʘʤʝʥʥʦʡ ʩʦʣʠ, ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ. ʀʩʭʦʜʷ ʠʟ ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ ʧʦ-

ʨʦʜ, ʥʘʣʠʯʠʷ ʛʥʝʟʜ ʘʥʛʠʜʨʠʪʘ ʠ ʚʢʨʘʧʣʝʥʠʡ ʩʦʣʠ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʧʦʨʦʜʳ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʩ ʟʘʩʫʰʣʠʚʳʤ ʢʣʠʤʘʪʦʤ. ʇʦʨʦʡ ʚʦʜʳ ʚʦʜʦʝʤʦʚ ʨʘʟʤʳʚʘʣʠ ʩʦʣʝʥʦʩʥʳʝ ʢʦʤ-

ʧʣʝʢʩʳ ʧʦʨʦʜ. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʚʦ ʚʨʝʤʷ ʦʩʘʜʢʦʥʘ-

ʢʦʧʣʝʥʠʷ ʢʘʟʘʥʩʢʦʡ ʩʚʠʪʳ ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʪʝʤ, ʯʪʦ ʥʘʙʣʶʜʘʶʪʩʷ 

ʩʝʡʯʘʩ ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ. ʉʦʚʨʝʤʝʥʥʳʝ ʫʩʣʦʚʠʷ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ï ʵʪʦ ʜʦ-

ʩʪʘʪʦʯʥʦ ʘʨʠʜʥʳʡ ʢʣʠʤʘʪ ʩ ʨʝʜʢʦʡ ʨʝʯʥʦʡ ʩʝʪʴʶ. ʆʙʣʦʤʦʯʥʳʝ ʧʦʨʦʜʳ (ʛʨʘ-

ʚʝʣʣʠʪʳ, ʧʝʩʯʘʥʠʢʠ ʠ ʛʣʠʥʳ) ʚʝʩʥʦʡ ʩʥʦʩʠʣʠʩʴ ʩ ʛʦʨ ʥʝʙʦʣʴʰʠʤʠ ʨʝʢʘʤʠ ʠ 

ʬʦʨʤʠʨʦʚʘʣʠ ʨʫʩʣʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʙʦʛʘʪʳʝ ʧʝʩʢʦʤ, ʘ ʧʦʡʤʝʥʥʳʝ ʦʩʘʜʢʠ ʠʤʝʣʠ 

ʙʦʣʝʝ ʛʣʠʥʠʩʪʳʡ ʩʦʩʪʘʚ. ɺʦʜʳ ʥʝʙʦʣʴʰʠʭ ʦʟʝʨ, ʢʫʜʘ ʧʦʩʪʘʚʣʷʣʩʷ ʦʙʣʦʤʦʯʥʳʡ 

ʤʘʪʝʨʠʘʣ, ʟʘʩʦʣʦʥʷʣʠʩʴ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʩʦʣʝʥʦʩʥʳʤʠ ʧʦʨʦʜʘʤʠ ʚ ʦʙʥʘʞʝʥʠ-ʷʭ, 

ʘ ʚ ʪʝʯʝʥʠʝ ʞʘʨʢʦʛʦ ʟʘʩʫʰʣʠʚʦʛʦ ʣʝʪʘ ʵʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʩʘʞʜʝʥʠʶ ʠʟ ʥʠʭ 

ʵʚʘʧʦʨʠʪʦʚ, ʢʦʪʦʨʳʝ ʩʤʝʰʠʚʘʣʠʩʴ ʩ ʪʝʨʨʠʛʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʦʩʘʜʢʠ, ʬʦʨʤʠʨʫʶʱʠʝ ʧʨʦʜʫʢʪʠʚʥʫʶ ʪʦʣ-

ʱʫ ʵʪʦ ʨʝʯʥʳʝ (ʨʫʩʣʦʚʳʝ ʠ ʧʦʡʤʝʥʥʳʝ), ʘ ʪʘʢʞʝ ʠ ʦʟʝʨʥʳʝ ʦʩʘʜʢʠ ʚʨʝʤʝʥʥʦ 

ʧʝʨʝʩʳʭʘʚʰʠʭ ʚʦʜʦʝʤʦʚ. 

ʉʨʘʚʥʠʚʘʷ ʨʝʟʫʣʴʪʘʪʳ ʜʚʫʭ ʦʙʨʘʙʦʪʦʢ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʢʘʯʝʩʪʚʝʥʥʦ 

ʚʳʧʦʣʥʝʥʥʘʷ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʘʣʴʥʝʡʰʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʩʪʨʦʝʥʠʡ ʠ ʧʦʩʣʝʜʫʶʱʝ- 
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ʛʦ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ. ʅʝʢʦʨʨʝʢʪʥʦ ʧʦʜʦ-

ʙʨʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘ ʥʝʢʦʪʦʨʳʭ ɻ ʪʘʧʘʭ ʨʘʥʝʝ ʚʳʧʦʣʥʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ (ʦʧʨʝ-

ʜʝʣʝʥʠʝ ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʧʨʘʚʦʢ ʠ ʩʢʦʨʦʩʪʝʡ ʩʫʤʤʠʨʦʚʘʥʠʷ, ʬʠʣʴʪʨʘʮʠʷ) ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʢ ʠʩʢʘʞʝʥʠʶ ʤʦʨʬʦ-

ʣʦʛʠʠ ʦʪʨʘʞʘʶʱʠʭ ʛʦʨʠʟʦʥʪʦʚ ʠ ʚ ʠʪʦʛʝ ʢ ʦʰʠʙʦʯʥʦʤʫ ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ ʟʘ-

ʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ ʩʢʚʘʞʠʥʳ. 
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RESULTS OF GEOPHYSICAL  SURVEYS IN ORDER 

TO IDENTIFY  PROMISING  AREAS FOR POLYMETALS  

IN THE ATASU ORE ZONE 

 
ɹײʣ ʤʘץʘʣʘ ɸʪʘʩʫ ʢʝʥʜʽ ʘʡʤʘסʳʥʜʘסʳ ʧʦʣʠʤʝʪʘʣʣʜʘʨסʘ ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʘʫʜʘʥʜʘʨʜʳ ʘʥʳץʪʘʫ 

ʤʘץʩʘʪʳʥʜʘ ʛʝʦʬʠʟʠʢʘʣʳץ ʟʝʨʪʪʝʫʣʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽʥʝ ʘʨʥʘʣסʘʥ. ɿʝʨʪʪʝʫ ʞײʤʳʩʳʥʜʘ ʤʘʛʥʠʪʪʽʢ 



ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʉʘʪʧʘʝʚʘ 
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ʞᴅʥʝ ʛʨʘʚʠʙʘʨʣʘʫ ʞײʤʳʩʪʘʨʳʥ ᴇשʜʝʫ ʞᴅʥʝ ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʫ ʥᴅʪʠʞʝʣʝʨʽ ץʘʨʘʩʪʳʨʳʣסʘʥ. 

ɹײʣ ʞײʤʳʩʪʳש ʤʘץʩʘʪʳ ʙײʨʳʥ ʞװʨʛʽʟʽʣʛʝʥ ʛʝʦʬʠʟʠʢʘʣʳץ ʟʝʨʪʪʝʫʣʝʨʜʽ ʪʘʣʜʘʫ, ʘʡʤʘץʪʳש 

ʛʝʦʣʦʛʠʷʣʳײץ ץʨʳʣʳʤʳʥʘ h ʦʣʫ ʞʘʩʘʫ, ʛʝʦʬʠʟʠʢʘʣʳץ ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʫ ʞᴅʥʝ ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʫ, 

ʩʦʥʜʘʡ-ʘץ ʧʦʣʠʤʝʪʘʣʣʜʘʨʜʳש ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʘʫʜʘʥʜʘʨʳʥ ʘʥʳץʪʘʫ ʞᴅʥʝ ʦץʰʘʫʣʘʫ ʙʦʣʜʳ. 

ɸʣסʘ ץʦʡʳʣסʘʥ ʤʘץʩʘʪʪʘʨסʘ ʞʝʪʫ װʰʽʥ ʤʘʛʥʠʪʪʽʢ ʙʘʨʣʘʫ ʞᴅʥʝ ʛʨʘʚʠʙʘʨʣʘʫ ᴅʜʽʩʪʝʨʽ 

 ʘסʪʘʫץʪʘʨʜʳ ʘʥʳץʘʥ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʫ ʘʥʦʤʘʣʠʷʣʳ ʘʡʤʘסʘʥ. ɸʣʳʥסʦʣʜʘʥʳʣץ

ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ʄʘʛʥʠʪʪʽʢ ʙʘʨʣʘʫ ʞײʤʳʩʪʘʨʳʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ ʞʝʨʛʽʣʽʢʪʽ ʤʘʛʥʠʪʪʽʢ ʘʥʦʤʘʣʠ-

ʷʣʘʨ ʘʥʳץʪʘʣʜʳ, ʙײʣ ʤʝʪʘʣʣ ʢʝʥʜʝʨʽʥʽש ʙʦʣʫʳ ʤװʤʢʽʥʜʽʛʽʥ ʢᴇʨʩʝʪʪʽ. ɻʨʘʚʠʙʘʨʣʘʫ ʜʝʨʝʢʪʝʨʽʥ 

ᴇשʜʝʫ, ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʫ ʪʳסʳʟʜʳסʳ ʞʦסʘʨʳ ʘʡʤʘץʪʘʨʜʳ ʘʥʳץʪʘʜʳ, ʦʣ ʧʦʣʠʤʝʪʘʣʣʜʘʨסʘ ʧʨʝ-

ʩʧʝʢʪʠʚʘʣʳ ʘʡʤʘץʪʘʨʜʳ ʘʥʳץʪʘʧ ʢᴇʨʩʝʪʪʽ. 

ɹײʣ ʛʝʦʬʠʟʠʢʘʣʳץ ʟʝʨʪʪʝʫʣʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽ, ʦʜʘʥ ᴅʨʽ ʙʘʨʣʘʫ װʰʽʥ ʝש ʧʝʨʩʧʝʢʪʠʚʘ-

ʣʳ ʘʡʤʘץʪʘʨʜʳ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ʆʩʳ ʟʝʨʪʪʝʫ ʞײʤʳʩʳʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ ʙʘʨʣʘʫ 

 .ʢʪʝʩʽ ʙʝʣʛʽʣʝʥʜʽװʳʣʘʫ ʥסʨײʳʤʘʩʳʥ ʙסשײ

ʊϮʡʽʥʜʽ ʩϺʟʜʝʨ: ɸʪʘʩʫ ʢʝʥʜʽ ʘʡʤʘסʳ, ʛʝʦʬʠʟʠʢʘʣʳץ ʟʝʨʪʪʝʫʣʝʨ, ʤʘʛʥʠʪʪʽʢ ʙʘʨʣʘʫ, ʛʨʘʚʠ-

ʙʘʨʣʘʫ. 

 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʝʟʫʣʴʪʘʪʘʤ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ɸʪʘʩʫʡʩʢʦʤ ʨʫʜʥʦʤ 

ʨʘʡʦʥʝ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʫʯʘʩʪʢʦʚ ʧʦʣʠʤʝʪʘʣʣʦʚ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝ-

ʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʠ ʛʨʘʚʠʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣ ʘʥʘʣʠʟ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʆʙʟʦʨ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʨʝʛʠʦʥʘ, ʦʙʨʘʙʦʪʢʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ 

ʚʳʷʚʣʝʥʠʝ ʠ ʣʦʢʘʣʠʟʘʮʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʧʦʣʠʤʝʪʘʣʣʦʚ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥ-

ʥʳʭ ʮʝʣʝʡ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʠ ʠ ʛʨʘʚʠʨʘʟʚʝʜʢʠ. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫ-

ʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣʘ ʚʳʷʚʠʪʴ ʘʥʦʤʘʣʴʥʳʝ ʟʦʥʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʘʛʥʠʪʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʘʣʠʯʠʝ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʤ ʥʘʣʠʯʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ. ɸʥʘʣʠʟ ʛʨʘʚʠʨʘʟʚʝʜʦʯʥʳʭ ʜʘʥ-

ʥʳʭ ʚʳʷʚʠʣ ʟʦʥʳ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʣʦʪʥʦʩʪʠ, ʯʪʦ ʪʘʢʞʝ ʫʢʘʟʳʚʘʪʴ ʥʘ ʥʘʣʠʯʠʝ ʨʫʜʥʳʭ 

ʦʙʴʝʢʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʦʙ-

ʣʘʩʪʠ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʦʙʦʟʥʘʯʝʥʦ ʪʦʯʢʘ ʙʫʨʝʥʠʷ 

ʨʘʟʚʝʜʦʯʥʦʡ ʩʢʚʘʞʠʥʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʪʘʩʫʡʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ, ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʘʛʥʠʪʦʨʘʟʚʝʜ-

ʢʘ, ʛʨʘʚʠʨʘʟʚʝʜʢʘ. 

 

Abstract. This article is devoted to the results of geophysical exploration in the Atasuy ore region 

in order to identify promising areas of polymetals. The article discusses the results of processing and 

interpretation of magnetic and gravity exploration. 

The purpose of this work was to analyse, previously conducted geophysical exploration, review 

the geological structure of the region, processing and interpretation of geophysical data, as well as 

identification and localization of promising areas of polymetals. 

To achieve these goals, were used methods of magnetic exploration and gravity exploration. 

Interpretation of the data obtained allowed, identifying anomalous zones. As a result, of magnetic 

exploration the presence of magnetic anomalies detected, which indicates the possible presence of metal 

ores. The analysis of the gravity survey data revealed zones with high, density values, which may indicate 

the presence of ore deposits. 

The results of geophysical exploration have allowed us to identify the most promising areas for 

further research. In this regard, a point was, designated, for drilling a search well. 

Keywords: Atasyui ore district, geophysical exploration, magnetic exploration, gravity exploration. 

 

ʂʽʨʽʩʧʝ. ʅʝʛʽʟʽʥʝʥ, ʙʽʟʜʽש ʝʣʽʤʽʟʜʝʛʽ ʵʢʦʥʦʤʠʢʘʣʳץ ʞᴅʥʝ ʛʝʦʣʦʛʠʷʣʳץ 

ʪײʨסʳʜʘʥ ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʞᴅʥʝ ʙʘʡ ʘʫʤʘץʪʘʨʜʳש ʙʽʨʽ ï ʆʨʪʘʣʳפ ץʘʟʘץʩʪʘʥ. 

ʆʨʪʘʣʳפ ץʘʟʘץʩʪʘʥʥʳש ᴇʥʝʨʢᴅʩʽʧʪʽʢ ײץʥʜʳʣʳסʳ ɸʪʘʩʫ ʢʝʥʜʽ ʘʡʤʘסʳʤʝʥ, ʦʥʳש 

ʽʰʽʥʜʝ ɾʘʡʣrʤʘ ʤʫʣʴʜʘʩʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. 

 ʘʥ  ʧʦʣʠʤʝʪʘʣʣ  ʢʝʥסʨʳʥ  ʙʘʨʣʘʥײʩʪʘʥʜʘ  ʙץʘʟʘפ  ʳʪʪʘץʘʟʽʨʛʽ  ʫʘפ



ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ VII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 
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ʦʨʳʥʜʘʨʳʥʳץ שʦʨʣʘʨʳ ʘʟʘʡʳʧ ʙʘʨʘ ʞʘʪʳʨ, ʞᴅʥʝ ʞʘשʘ ʽʨʽ ʢʝʥʦʨʳʥʜʘʨʜʳʥ 

ʘʰʳʣʫʣʘʨʳ ʙʦʣʳʧ ʞʘʪץʘʥ ʞʦץ. ɹײʣ ʟʝʨʪʪʝʫ ʞײʤʳʩʳʥʳש ᴇʟʝʢʪʽʣʽʛʽ ʙʽʨʥʝʰʝ 

ʬʘʢʪʦʨʣʘʨʤʝʥ ʥʝʛʽʟʜʝʣʝʜʽ, ʤʳʩʘʣסʘ ɸʪʘʩʫ ʢʝʥʜʽ ʘʡʤʘסʳʥʜʘ 60-ʪʘʥ ʘʩʘ ʽʨʽ ʧʦ-

ʣʠʤʝʪʘʣʣ ʢʝʥʦʨʳʥʜʘʨʳ ʙʘʨ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ץʘʟʽʨʛʽ ʪʘשʜʘ ɸʪʘʩʫ ʢʝʥʜʽ ʘʡʤʘסʳ 

ʤʝʥ ɾʘʡʳʣʤʘ ʤʫʣʴʜʘʩʳ ʪʫʨʘʣʳ ʘץʧʘʨʘʪʪʘʨ, ʛʝʦʣʦʛʠʷ-ʛʝʦʬʠʟʠʢʘʣʳץ ʜʝʨʝʢʪʝʨ 

ʥʝʛʽʟʽʥʝʥ ʝʩʢʽʨʛʝʥ, ʦʣʘʨ ʞʘשʘʨʪʫʜʳ ʞᴅʥʝ ץʘʡʪʘ ץʘʨʘʫʜʳ ץʘʞʝʪ ʝʪʝʜʽ. 

ɹײʣ ʞײʤʳʩʪʳש ʤʘץʩʘʪʳ: ɸʪʘʩʫ ʢʝʥʜʽ ʘʡʤʘסʳʥʜʘ ʙײʨʳʥ ʞװʨʛʽʟʽʣʛʝʥ 

ʛʝʦʣʦʛʠʷ-ʛʝʦʬʠʟʠʢʘʣʳץ ʞײʤʳʩʪʘʨסʘ ʪʘʣʜʘʫ ʞʘʩʘʫ ʞᴅʥʝ ʰʦʣʫ ʞװʨʛʽʟʫ. 

ɻʝʦʬʠʟʠʢʘʣʳץ ʞײʤʳʩʪʘʨʜʳש ʜʝʨʝʢʪʝʨʽʥ ᴇשʜʝʫ ʞᴅʥʝ ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʫ, ʦʥʳש 

ʥʝʛʽʟʽʥʜʝ ʧʦʣʠʤʝʪʘʣʣʜʳ ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʘʫʜʘʥʜʘʨʜʳ ʘʥʳץʪʘʫ, ʦץʰʘʫʣʘʫ. 

ɿʝʨʪʪʝʫ ʘʣʘשʳ פʘʨʘʞʘʣ ץʘʣʘʩʳʥʘʥ ʦשʪװʩʪʽʢ-ʰʳסʳʩץʘ ץʘʨʘʡ 18 ʢʤ ʞʝʨʜʝ 

ʦʨʥʘʣʘʩץʘʥ, ʞᴅʥʝ ᴅʢʽʤʰʽʣʽʢ ʦʨʥʘʣʘʩʫʳ ʙʦʡʳʥʰʘ ɾʘשʘʘʨץʘ ʘʫʜʘʥʳʥʘ ץʘʪʳʩʪʳ, 

ʘʫʜʘʥ ʦʨʪʘʣʳסʳ - ױʣʳʪʘʫ ʦʙʣʳʩʳʥʳש, ɸʪʘʩʫ ʢʝʥʪʽ. ɹײʣ ʘʡʤʘץʪʘ 10000 ʤʳש 

ʭʘʣץʳ ʙʘʨ, פʘʨʘʞʘʣ ץʘʣʘʩʳ ʙʘʨ, ʞᴅʥʝ ʦʩʳ ʘʡʤʘץʪʘ ɾʘʡʨʝʤ ʢʝʥ ʙʘʡʳʪʫ ʢʦʤ-

ʙʠʥʘʪʳ ʦʨʥʘʣʘʩץʘʥ. ʉʦʥʳש ʥʝʛʽʟʽʥʜʝ, ʟʝʨʪʪʝʫ ʘʫʜʘʥʳ ʵʢʦʥʦʤʠʢʘʣʳץ ʞᴅʥʝ 

ʛʝʦʛʨʘʬʠʷʣʳץ ʪײʨסʳʜʘʥ ʘʥʦʤʘʣʠʷʣʘʨʜʳ ʟʝʨʪʪʝʫ, ʙʘʨʣʘʫ ʞᴅʥʝ ʨʘʩʪʘʫ װʰʽʥ 

 .ʦʣʘʡʣʳץ

ɿʝʨʪʪʝʫ ʘʡʤʘסʳʥʜʘ ʙײʨʳʥ ʞװʨʛʽʟʽʣʛʝʥ ʛʝʦʣʦʛʠʷ, ʛʝʦʬʠʟʠʢʘʣʳץ ʟʝʨʪʪʝʫ-

ʣʝʨʛʝ ʰʦʣʫ ʞװʨʛʽʟʝ ʢʝʣʝ, ɸʪʘʩʫ ʘʫʜʘʥʳʥʜʘ ʘʣסʘʰ ʛʝʦʣʦʛʠʷʣʳץ ʟʝʨʪʪʝʫʜʽ ʀ. ʉ. 

ʗʛʦʚʢʠʥ 1926 ʞ.ʞ. ʞװʨʛʽʟʛʝʥ, ʥᴅʪʠʞʝʩʽʥʜʝ 1:420 000 ʤʘʩʰʪʘʙʳʥʜʘסʳ ɸʪʘʩʫ 

ʢʝʥʜʽ ʘʡʤʘסʳʥʳש ʛʝʦʣʦʛʠʷʣʳץ ʢʘʨʪʘʩʳʥ ʘʣסʘʥ. 

1933-1954 ʞʳʣʜʘʨ ʘʨʘʣʳסʳʥʜʘ 1:200 000 ʤʘʩʰʪʘʙʪʘסʳ ʛʝʦʣʦʛʠʷʣʳץ 

ʪװʩʽʨʽʣʽʤʜʝʨ ʞװʨʛʽʟʽʣʛʝʥ. ʆʥʳש ʽʰʽʥʜʝ ɸ. ɻ. ɹʝʪʝʭʪʠʥ, ʅ. ʄ. ʉʘʣʦʚ, ɸ. ɻ. 

ɻʦʢʦʝʚʪʽש ʞײʤʳʩʪʘʨʳ ʝʨʝʢʰʝʣʝʥʝʜʽ. ɹײʣ ʟʝʨʪʪʝʫʣʝʨ ʥᴅʪʠʞʝʩʽʥʜʝ ʤʘʨʛʘʥʝʮʪʽ 

 .ʘʥסʳʣʳʰ ʢʝʥ ʦʨʥʳ ʘʰʳʣפ

1958 ʞʳʣʳ ʟʝʨʪʪʝʣʫ ʘʡʤʘס r1:200 000 ʤʘʩʰʪʘʙʳʥʜʘ ʛʝʦʣʦʛʠʷʣʳץ ʪװʩʽʨʽʣʽʤ 

ʞײʤʳʩʪʘʨʳʤʝʥ ʪʦʣʳסʳʤʝʥ ץʘʤʪʳʣסʘʥ [1]. 

ɸʪʘʩʫ ʘʫʜʘʥʳʥʜʘסʳ ʘʣסʘʰץʳ ʛʝʦʬʠʟʠʢʘʣʳץ ʞײʤʳʩʪʘʨʜʳ 1932 ʞʳʣʳ ɼ. ʅ. 

ʈʝʜʢʠʥ פʘʨʘʞʘʣ ʢʝʥ ʦʨʥʳʥʜʘ ʊʠʙʝʨʛ-ʊʘʣʝʥ ʤʘʛʥʠʪʦʤʝʪʨʽʤʝʥ ʞװʨʛʽʟʽʧ, ʘʣסʘʰ 

ʘʫʜʘʥ ʞʘʡʣʳ ʤʘʛʥʠʪʪʽʢ ʘʥʦʤʘʣʠʷʣʘʨ ʢʘʨʪʘʩʳʥ ʘʣסʘʥ [1]. 

1949-1955 ʞ.ʞ ɸʪʘʩʫ ʛʝʦʬʠʟʠʢʘʣʳץ ɻ ʢʩʧʝʜʠʮʠʷʩʳʥ ʞװʨʛʽʟʽʣʽʧ, ʥᴅʪʠʞʝʩʽʥʜʝ 

1:50 000 ʤʘʩʰʪʘʙʳʥʜʘסʳ ʤʘʛʥʠʪʪʽʢ ʘʥʦʤʘʣʠʷʣʘʨ ʢʘʨʪʘʩʳʥ ʘʣʳʥסʘʥ. 

1988 ʞʳʣʳ ʇɻʆ ʂʘʟʛʝʦʬʠʟʠʢʘ ɸʵʨʦʛʝʦʣʦʛʠʷ-ʛʝʦʬʠʟʠʢʘʣʳץ ʵʢʩʧʝʜʠʮʠʷ-

ʩʳ, ʂʫʣʠʢʦʚ ɽ. ʀ. ʙʘʩʰʳʣʳסʳʤʝʥ 1:25 000 ʤʘʩʰʪʘʙʪʘסʳ ʘʵʨʦʛʝʦʬʠʟʠʢʘʣʳץ 

ʪװʩʽʨʽʣʽʤ ʞװʨʛʽʟʛʝʥ. ʅᴅʪʠʞʝʩʽʥʜʝ 128 ʘʵʨʦʘʥʦʤʘʣʠʷ ʘʥʳץʪʘʣʳʧ, ʦʣʘʨʜʳש 

ʙʘʨʣʳסʳ ʞʝʨװʩʪʽ ʛʝʦʬʠʟʠʢʘʣʳץ ʢʝʰʝʥʽʤʝʥ ʪʝʢʩʝʨʽʣʛʝʥ. 

ʆʩʳʣʘʡʰʘ, ʙײʨʳʥ ʘʪץʘʨʳʣסʘʥ ʞײʤʳʩʪʘʨʜʳש ʢᴇʧ ʙᴇʣʽʛʽ ʙʦʡʳʥʰʘ ɸʪʘʩʫ 

ʢʝʥʜʽ ʘʡʤʘסʳʥʜʘ ɾʘʡʳʣʤʘ ʤʫʣʴʜʘʩʳ ʘʫʤʘסʳʥʜʘ ʽʨʽ ʘʥʦʤʘʣʠʷʣʘʨ ʘʥʳץʪʘʣסʘʥ 

ʞᴅʥʝ ʟʝʨʪʪʝʣʛʝʥʽ ʤʝʥʜʝ, ʟʝʨʪʪʝʫ ʘʣʘשʳ ʢʽʰʽ ʤʘʩʰʪʘʙʪʘסʳ ʛʝʦʣʦʛʠʷ-

ʛʝʦʬʠʟʠʢʘʣʳץ ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳʤʝʥ ץʘʤʪʳʣʤʘסʘʥ. ʉʦʥʜʳץʪʘʥ ʟʝʨʪʪʝʫ 

ʘʣʘʥʳשʜʘ ʽʨʽ ʞᴅʥʝ ʪʝʨʝשʜʝ ʦʨʥʘʣʘʩץʘʥ ʘʥʦʤʘʣʠʷʣʘʨ ʤʝʥ ʛʝʦʣʦʛʠʷʣʳץ ʜʝʥʝʣʝʨʜʽ 

ʟʝʨʪʪʝʫ ᴅʣʽ ʜʝ ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʞᴅʥʝ ᴇʟʝʢʪʽ ʙʦʣʳʧ ʢʝʣʝʜʽ. 

ɻʝʦʣʦʛʠʷʩʳ ʞʘסʳʥʘʥ, ʟʝʨʪʪʝʫ ʘʣʘשʳ ɾʘʡʳʣʤʘ ʤʫʣʴʜʘʩʳʥʳש ʰʳסʳʩ 

ʙᴇʣʽʛʽʥʜʝ ʦʨʥʘʣʘʩץʘʥ. ɿʝʨʪʪʝʫ ʘʣʘשʳʥʳײץ שʨʳʣʳʤʳʥʘ ʩʠʣʫʨ, ʦʨʪʘʥסʳ, 

ʞʦסʘʨסʳ ʜʝʚʦʥ, ʪʘʩʢᴇʤʽʨʜʽש ʪᴇʤʝʥʛʽ ʙᴇʣʽʤʽ, ʧʘʣʝʦʛʝʥ, ʥʝʦʛʝʥ ʞᴅʥʝ ʪᴇʨʪʪʽʢ 
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1 ʩʫʨʝʪ ï ɸʫʜʘʥʥʳש ʛʝʦʣʦʛʠʷʣʳץ ץʠʤʘʩʳ 

ʞװʡʝʣʝʨʜʽש ʪװʟʽʣʽʤʜʝʨʽ ץʘʪʳʩʘʜʳ. ɸʫʜʘʥʜʘ ʝש ʢᴇʧ ʪʘʨʘʣסʘʥ-ʜʝʚʦʥʜʳץ ʞᴅʥʝ 

ʪʘʩʢᴇʤʽʨʣʽʢ ʢᴇʤʽʨʪʝʢʪʽ ʩʪʨʘʪʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʰᴇʛʽʥʜʽʣʝʨ. ɿʝʨʪʪʝʫ ʘʫʤʘסʳʥʜʘ 

ʤʦʨʫ ץʘʙʘʪʳʥʳש ʪװʟʽʣʽʤʜʝʨʽ ʢʝש ʪʘʨʘʣסʘʥ ʞᴅʥʝ ʦʣʘʨ ʘʫʜʘʥʥʳש ʢʝʤ ʜʝʛʝʥʜʝ 

50% ʘʣʫʜʘ. 

ɸʫʜʘʥʜʘסʳ ʪװʟʽʣʽʤʜʝʨʜʽש ʽʰʽʥʝʥ ʞʦסʘסʳ ʜʝʚʦʥʥʳש ʪᴇʤʝʥʛʽ ʧʦʩʠʜʠʦʥʜʳץ 

ʩʚʠʪʘʩʳ, ʬʘʤʝʥ ʷʨʫʩʳ ʤʝʥ ʜʘʡʨʠʥ ʩʚʠʪʘʣʘʨʘʳ ʞᴅʥʝ ʪᴇʤʝʥʛʽ ʪʘʩʢᴇʤʽʨʜʽש ʞʦסʘʨסʳ 

ʧʦʩʠʜʠʦʥʜʳץ ʩʚʠʪʘʣʘʨʳ ʝʨʝʢʰʝʣʝʥʝʜʽ. ɹײʣ ʘʡʤʘץʪʘ ʧʦʣʠʤʝʪʘʣʣʜʳ ʢʝʥʜʝʥʫ 

ʞʦסʘʨסʳ ʜʝʚʦʥʥʳש ʬʘʤʝʥ, ʬʨʘʥ ʷʨʫʩʪʘʨʳ ʤʝʥ ʪᴇʤʝʥʛʽ ʢʘʨʙʦʥ ʰᴇʛʽʥʜʽʣʝʨʽʥʜʝ 

ʞʦסʘʨסʳ ʧʦʩʠʜʠʦʥʜʳץ ץʘʙʘʪʪʘʨʜʘ ʙʦʣʘʜʳ. ɹײʣ ץʘʙʘʪʪʘʨʜʘסʳ ʪװʟʽʣʽʤʜʝʨ ʩײʨ, 

 ʦʣʘʡʣʳץ ʟʽʣʫʛʝװʩʳʥʳʣʳʧ, ʢʝʥ ʪײ ʳʟʳʣ, ʦʨʛʘʥʘʛʝʥʜʽ, ʙʨʝʢʯʠʷʣʳ ᴅʢʪʘʩʪʘʨʤʝʥץ

ʘʡʤʘץʪʘʨʜʳ ײץʨʘʡʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ʪʝʢʪʦʥʠʢʘʩʳ ʞʘסʳʥʘʥ, ʘʫʜʘʥʜʘ ʢᴇʧ 

ʛʝʦʣʦʛʠʷʣʳץ ʞʘʨʳʣʳʤʜʘʨ ʤʝʥ ʙײʟʳʣʳʩʪʘʨ ʪʘʨʘʣסʘʥ, ʟʝʨʪʪʝʫ ʘʣʘʥʳש ʥʝʛʽʟʛʽ 3 

ʞʘʨʳʣʳʤ ʢʝʩʽʧ ᴇʪʫʜʝ, ʦʣʘʨʜʳש ʙʦʡʳ ʢʝʥʜʝʥʫ ʤʝʥ ʤʠʥʝʨʘʣʠʟʘʮʠʷʥʫסʘ ץʦʣʘʡʣʳ 

ʘʡʤʘץʪʘʨ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. 

ɿʝʨʪʪʝʫ ʘʣʘʥʳʥʜʘסʳ ʪʘʫ ʞʳʥʳʩʪʘʨʳʥʳש ʪʳסʳʟʜʳסʳʥʳש ᴇʟʛʝʨʫ ʜʠʘʧʘʟʦʥʳ 

2,52-ʜʝʥ 3,84 ʛ/ʩʤ3-ʢʝ ʜʝʡʽʥ. ɹʘʨʣʳװ ץʣʛʽʣʝʨʜʽש ʝװ שʣʢʝʥ ʪʳסʳʟʜʳסʳ ʛʘʙʙʨʦʜʦ-

ʣʝʨʠʪʪʝʨʛʝ ʠʝ (Űɓd -C ) ʦʣʘʨ 2,55-ʪʝʥ 3,84 ʛ/ʩʤ3-ʢʝ ʜʝʡʽʥʛʽ ʤᴅʥʜʝʨ ʜʠʘʧʘʟʦʥʳʥʘ 
3 1 

ʠʝ. ɻʘʙʙʨʦʜʦʣʝʨʠʪʪʝʨʜʽש ʦʨʪʘʰʘ ʤᴅʥʽ 2,80 ʛ/ʩʤ3 ײץʨʘʡʜʳ. ɾʦסʘʨסʳ ʧʦʩʠʜʦʥʠʡ 
ʩʫʙʩʚʠʪʘʩʳʥʳש (D

3
-C

1
ps

2
) ʞᴅʥʝ ʪᴇʤʝʥʛʽ ʬʘʤʝʥ ʰᴇʛʽʥʜʽʣʝʨʽʥʽש (D

3
fm) ʞʳʥʳ-

ʩʪʘʨʳ ʪʳסʳʟʜʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʙʦʡʳʥʰʘ ʰʘʤʘʤʝʥ ʙʽʨʜʝʡ ʤᴅʥʜʝʨʛʝ ʠʝ ʞᴅʥʝ 

2,52-ʜʝʥ 3,56 ʛ/ʩʤ3-ʢʝ ʜʝʡʽʥʛʽ ʤᴅʥʜʝʨʜʽש ʢʝש ʜʠʘʧʘʟʦʥʳʥʜʘ ʘʫʳʪץʠʜʳ. 

ɿʝʨʪʪʝʫ ʘʣʘʥʳײץ שʨʘʡʪʳʥ ʪʘʫ ʞʳʥʳʩʪʘʨʳ ʥʝʛʽʟʽʥʝʥ ʤʘʛʥʠʪʪʽʢ ʝʤʝʩ ʢʣʘʩץʘ 

ʞʘʪʘʜʳ. ʊᴇʤʝʥʛʽ ʬʘʤʝʥ ʰᴇʛʽʥʜʽʣʝʨʽʥʽש (D
3
fm) ʞʳʥʳʩʪʘʨʳʥʳװ שʣʛʽʣʝʨʽ 

ʤʘʛʥʠʪʪʽʢ ʩʝʟʽʤʪʘʣʜʳץʪʳש ʦʨʪʘʰʘ ʤᴅʥʜʝʨʽʥʝ ʠʝ. ɽʨʝʢʰʝ ʤᴅʥʜʝʨʛʝ ʠʝ, ʛʘʙʙʨʦ-

ʜʦʣʝʨʠʪ ʠʥʪʝʨʚʘʣʜʘʨʳ ʤʘʛʥʠʪʪʽʢ ʩʝʟʽʤʪʘʣʜʳץ ʤᴅʥʜʝʨʽ ʙʦʡʳʥʰʘ ʞʦסʘʨʳ ʙʦʣʳʧ 

ʢʝʣʝʜʽ, ʦʥʜʘסʳ ʦʨʪʘʰʘ ʤᴅʥʜʝʨ 120*10-5 ʙʽʨʣʽʢ. SI. 

ʆʩʳ ʬʘʢʪʦʨʣʘʨʜʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʙײʣ ʘʫʤʘץʪʘ ʧʦʣʠʤʝʪʘʣʣ ʢʝʥʜʝʨʽʥ ʙʘʨ-

ʣʘʫ ʢʝʟʽʥʜʝ ʤʘʛʥʠʪʪʽʢ ʙʘʨʣʘʫ ʞײʤʳʩʪʘʨʳʥ ʞװʨʛʽʟʫ ץʘʞʝʪ, ʦʥʳ ʤʘʛʥʠʪʪʽ ʘʥʦʤʘ-

ʣʠʷʣʳ ʜʝʥʝʣʝʨʜʽ ʘʥʳץʪʘʫ, ʦץʰʘʫʣʘʫ, ʪʝʢʪʦʥʠʢʘʣʳץ ʙײʟʳʣʳʩʪʘʨʜʳ ʥʘץʪʳʣʘʫ, 

ʘʫʜʘʥʥʳש ʤʘʛʥʠʪʪʽʢ ʘʥʦʤʘʣʠʷʣʘʨ ʢʘʨʪʘʩʳʥ ʘʣʫ ʤʘץʩʘʪʳʥʜʘ ʞװʨʛʽʟʫʛʝ ʙʦʣʘ-ʜʳ, 

ʘʣ ʛʨʘʚʠʙʘʨʣʘʫ ʞײʤʳʩʪʘʨʳʥ ʪʳסʳʟʜʳסʳ ʞʦסʘʨʳ ʛʝʦʣʦʛʠʷʣʳץ ʜʝʥʝʣʝʨʜʽ 

ʥʘץʪʳʣʘʧ-ʦץʰʘʫʣʘʫ, ʘʥʦʤʘʣʠʷʣʳ ʛʨʘʚʠʪʘʮʠʷʣʳץ ᴇʨʽʩ ʢʘʨʪʘʩʳʥ ʘʣʫ, 

ʤʘץʩʘʪʪʘʨʳʥʜʘ ʞװʨʛʽʟʫʛʝ ץʘʞʝʪ. 

ʄʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ᴅʜʽʩʪʝʨ. ɾײʤʳʩʪʳש ʤʘץʩʘʪʳʥ ʦʨʳʥʜʘʫ ʙʘʨʳʩʳʥʜʘ 

ʢʝʣʝʩʽʜʝʡ ʛʝʦʬʠʟʠʢʘʣʳץ ʟʝʨʪʪʝʫʣʝʨ ʢʝʰʝʥʽ ʦʨʳʥʜʘʣסʘʥ: ʤʘʛʥʠʪʪʽʢ ʙʘʨʣʘʫ, ʛʨʘ-

ʚʠʙʘʨʣʘʫ. 

ɸʣʜʳʤʝʥ, ʞײʤʳʩ ʫʯʘʩʢʝʩʽʥʜʝ ʤʘʛʥʠʪʪʽʢ ʙʘʨʣʘʫ ʞײʤʳʩʪʘʨʳ ʞװʨʛʽʟʽʣʛʝʥ. 
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ʆʣ ʞײʤʳʩʪʘʨ ʧʨʦʪʦʥʜʳ ʄʀʅʀʄɸɻ ʤʘʛʥʠʪʦʤʝʪʨʽʤʝʥ ʞʘʷʫ ʥײʩץʘʜʘʩʳʥʜʘ 

ʞװʨʛʽʟʽʣʛʝʥ. 

ʂʝʡʽʥ ʘʫʜʘʥʜʘסʳ ʛʨʘʚʠʤʘʛʥʠʪʪʽʢ ʘʥʦʤʘʣʠʷ ʦʨʪʘʣʳסʳ ʘʨץʳʣʳ ᴇʪʝʪʽʥ ʝʢʽ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʳץ ʧʨʦʬʠʣʴʜʝʨʽ ʙʦʡʳʥʰʘ ʧʨʦʬʠʣʴʜʽʢ ʛʨʘʚʠʤʘʛʥʠʪʪʽʢ ʟʝʨʪʪʝ-

ʫʣʝʨ ʞװʨʛʽʟʽʣʜʽ. 

ʇʨʦʬʠʣʴʜʽʢ ʞײʤʳʩʪʘʨʜʳש ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʞʝʨʛʽʣʽʢʪʽ ʛʨʘʚʠʤʘʛʥʠʪʪʽʢ 

ʘʥʦʤʘʣʠʷ ʘʥʳץʪʘʣʜʳ. ɸʥʦʤʘʣʠʷ I ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʳʢ ʧʨʦʬʠʣʴʜʝ 6750-7500 

ʧʠʢʝʪ ʘʨʘʣʳסʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ. ʄʘʛʥʠʪ ᴇʨʽʩʪʝ ʘʥʦʤʘʣʠʷʣʳ ʘʡʤʘ120 ץ ʥʊʣ-

ʛʝ ʜʝʡʽʥ ʞʦסʘʨʳʣʘʫʳʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ, ʛʨʘʚʠʪʘʮʠʷʣʳץ ᴇʨʽʩʪʝ ʘʥʦʤʘʣʠʷ 2-2,5 

ʤɻʘʣ ײץʨʘʡʜʳ. 

ɸʫʜʘʥʜʳץ ʤʘʛʥʠʪʪʽʢ ʙʘʨʣʘʫ ʞײʤʳʩʪʘʨʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʜʠʘ-

ʛʨʘʤʤʘ ʢʘʨʪʘʣʘʨʳ, ʘʥʦʤʘʣʠʷʣʳ ʤʘʛʥʠʪ ᴇʨʽʩʽʥʽש ʠʟʦʜʠʥʘʤʜʘʨ ʢʘʨʪʘʩʳ ʞᴅʥʝ 

ʘʥʦʤʘʣʠʷʣʳ ʤʘʛʥʠʪ ᴇʨʽʩʽʥʽש ʞʝʨʛʽʣʽʢʪʽ ײץʨʘʫʰʳʩʳʥʳש ʢʘʨʪʘʩʳ ʩʘʣʳʥסʘʥ. 

ɸʫʜʘʥʥʳש ʤʘʛʥʠʪ ᴇʨʽʩʽ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʘʟ ʤᴅʥʜʝʨʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ (-100-

ʜʝʥ 150 ʥʊʣ-ʛʝ ʜʝʡʽʥ) ʞᴅʥʝ ʪʳʥʳʰ ʩʠʧʘʪץʘ ʠʝ. ʊʝʢʪʦʥʠʢʘʣʳץ ʙײʟʳʣʫʣʘʨʜʳ 

ʥʘץʪʳ ʘʰʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʛʨʘʜʠʝʥʪ ʘʡʤʘץʪʘʨʳ ʘʥʳץʪʘʣʤʘסʘʥ. 

ɸʫʜʘʥʥʳש ʦʨʪʘʣʳץ ʙᴇʣʽʛʽʥʜʝ ʩʫʙʤʝʨʠʜʠʦʥʘʣʜʳ ʞʘʨʳʣʳʤ ʙʘʡץʘʣʘʜʳ, ʤʘ-

ʤʘʥʜʘʨʜʳʥ ʧʽʢʽʨʽʥʝ ʩᴅʡʢʝʩ ʦʥʳ ʨʠʬʪʦʛʝʥʜʽʢ ײץʨʳʣʳʤʥʳש ʦʩʴʪʽʢ ʙᴇʣʽʛʽ ʨʝʪʽʥʜʝ 

 .ʘ ʙʦʣʘʜʳסʘʨʘʩʪʳʨʫץ

ɽץ שʘʨץʳʥʜʳ ʘʡʤʘץ (130 ʥʊʣ-ʜʝʥ ʘʩʪʘʤ) ʞᴅʥʝ ʘʫʤʘסʳ ʙʦʡʳʥʰʘ ʝװ שʣʢʝʥʽ 

7000-7900 ʧʠʢʝʪʪʝʨ ʘʨʘʣʳסʳʥʜʘסʳ 72-103 ʧʨʦʬʠʣʴʜʝʨ ʘʫʜʘʥʳʥʜʘ ʫʯʘʩʢʝʥʽש 

ʦʨʪʘʣʳץ ʙᴇʣʽʛʽʥʜʝ ʦʨʥʘʣʘʩץʘʥ. 
 

2 ʩʫʨʝʪ ï ɸʥʦʤʘʣʠʷʣʳ ʤʘʛʥʠʪ ᴇʨʽʩʽʥʽש ʠʟʦʜʠʥʘʤʜʘʨ ʢʘʨʪʘʩʳ 



ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʉʘʪʧʘʝʚʘ 
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ɾʝʨʛʽʣʽʢʪʽ ײץʨʘʫʰʳʣʘʨʜʳש ʢʘʨʪʘʩʳʥ ʘʣʫ װʰʽʥ ᴇʨʽʩʪʝʨʜʝ ʘʣʳʥסʘʥ ʩʘʥʜʳץ 

ʙʘʟʘ ʙʦʡʳʥʰʘ ʤʘʛʥʠʪ ᴇʨʽʩʽʥʽש ʪʨʘʥʩʬʦʨʤʘʥʪʳ (ʞʦסʘʨʳ ʞʠʽʣʽʢʪʽ ʩװʟʛʽʣʝʫ, 

ʙʘʩʪʘʧץʳ ᴇʨʽʩʪʽ ʞʦסʘʨסʳ ʞʘʨʪʳʣʘʡ ʢʝשʽʩʪʽʢʢʝ ץʘʡʪʘ ʝʩʝʧʪʝʛʝʥʥʝʥ ʢʝʡʽʥʛʽ 

ʞʝʨʛʽʣʽʢʪʽ ײץʨʘʫʰʳ) ʞʠʳʥʪʳסʳ ʝʩʝʧʪʝʣʜʽ. 

ɾʝʨʛʽʣʽʢʪʽ ײץʨʘʫʰʳʩʳʥʳש ʢʘʨʪʘʩʳʥʜʘ ʘʥʦʤʘʣʠʷ ʪʫʜʳʨʘʪʳʥ ʜʝʥʝʣʝʨʜʽש 

ʰʝʢʘʨʘʣʘʨʳ ʘʡץʳʥ ʢᴇʨʽʥʝʜʽ. ʊʨʘʥʩʬʦʨʤʘʮʠʷʜʘʥ ʢʝʡʽʥʛʽ ᴇʨʽʩʪʽש ʧʽʰʽʥʽ 

ʙʘʩʪʘʧץʳ ᴇʨʽʩʪʝʥ ʘʡʪʘʨʣʳץʪʘʡ ʝʨʝʢʰʝʣʝʥʙʝʡʜʽ, ʙײʣ ʦʩʳ ʘʥʦʤʘʣʠʷʣʘʨʜʳ ʪʫʜʳ-

ʨʘʪʳʥ ʽʨʽ ʛʝʦʣʦʛʠʷʣʳץ ʥʳʩʘʥʜʘʨʜʳש ʪʝʨʝש ʦʨʥʘʣʘʩʫʳʥ ʢᴇʨʩʝʪʝʜʽ. 

ɸʫʜʘʥʜʳץ ʛʨʘʚʠʙʘʨʣʘʫ ʞײʤʳʩʪʘʨʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʘʥʦʤʘʣʠʷʣʳ 

ʛʨʘʚʠʪʘʮʠʷʣʳץ ᴇʨʽʩ ʢʘʨʪʘʩʳ, ʞʝʨʛʽʣʽʢʪʽ ײץʨʘʫʰʳ ʢʘʨʪʘʩʳ, ʛʨʘʚʠʤʝʪʨʠʷʣʳץ 

ʘʥʦʤʘʣʠʷʣʘʨʜʳש ʢᴇʣʜʝʥʝש ʞᴅʥʝ ʪʽʢ ʛʨʘʜʠʝʥʪʪʝʨ ʢʘʨʪʘʩʳ ʘʣʳʥסʘʥ. 

ɸʥʦʤʘʣʴʜʳ ʛʨʘʚʠʪʘʮʠʷʣʳץ ᴇʨʽʩ ʢʘʨʪʘʩʳ ʫʯʘʩʢʝʥʽש ʰʳסʳʩ ʰʝʢʘʨʘʩʳʥʜʘסʳ 

ʛʨʘʚʠʪʘʮʠʷʣʳץ ᴇʨʽʩʪʽץ שʘʨץʳʥʜʳʣʳסʳʥʳש ʝʥʜʽʢ ʙʘסʳʪʪʘ 6,6 ʤɻʘʣ-ʜʘʥ ʙʘ-

ʪʳʩʪʘ 11,4 ʤɻʘʣ-סʘ ʜʝʡʽʥ ײʣסʘʶʳʥ ʘʥʳץ ʢᴇʨʩʝʪʝʜʽ. ɻʨʘʚʠʪʘʮʠʷʣʳץ ᴇʨʽʩʪʽש 

ʤʠʥʠʤʘʣʜʳ ʤᴅʥʜʝʨʽ (8-8,4 ʤɻʣ ʜʝʡʽʥ) ʘʣʘʥʥʳש ʰʳסʳʩ ʙᴇʣʽʛʽʥʜʝʛʽ ʪᴇʤʝʥʛʽ 

ʬʘʤʝʥ ʰᴇʛʽʥʜʽʣʝʨʽ ʦשʪװʩʪʽʢ ʙᴇʣʽʛʽʥʜʝ 0 ʧʠʢʝʪ 9200 ʧʨʦʬʠʣʽʥʝʥ ʙʘʩʪʘʣʳʧ, 

ʩʦʣʪװʩʪʽʛʽʥʜʝ 162, ʧʠʢʝʪ 8000 ʧʨʦʬʠʣʽʥʜʝ ʘʷץʪʘʣʘʜʳ. 

ʌʘʤʝʥ-ʊʫʨʥʝʡ ʞᴅʥʝ ɺʠʟʝʡ-ʉʝʨʧʫʭʦʚ ʰᴇʛʽʥʜʽʣʝʨʽʤʝʥ ײʩʳʥʳʣסʘʥ ʘʫʜʘʥʥʳש 

ʦʨʪʘʣʳץ ʙᴇʣʽʛʽ ʤʝʥ ʙʘʪʳʩ ʙᴇʣʽʢʪʝʨʽ ʛʨʘʚʠʪʘʮʠʷʣʳץ ᴇʨʽʩʪʽ11 ש ʤɻʣ-ʜʝʥ ʘʩʫ-

ʳʤʝʥ ʝʨʝʢʰʝʣʝʥʝʪʽʥ ʘʫʜʘʥʥʳש ʦשʪװʩʪʽʢ-ʙʘʪʳʩ ʙᴇʣʽʛʽʥ ץʦʩʧʘסʘʥʜʘ, ʦʨʪʘʰʘ 

ʤᴅʥʜʝʨʤʝʥ (8-10 ʤɻʣ) ʢʘʨʪʘסʘ ʪװʩʽʨʽʣʝʜʽ. ʇʘʣʝʦʟʦʡ ʽʨʛʝʪʘʩʳʥʳש ʢʘʨʪʘʩʳʥʜʘ 

ʙײʣ ʘʡʤʘץʪʘ ʞʘʨʳʣʳʤ ʦʨʥʘʣʘʩץʘʥ. 

ɸʫʜʘʥʥʳש ʦʨʪʘʣʳץ ʙᴇʣʽʛʽʥʜʝ 26-90 ʧʨʦʬʠʣʴʜʝʨ ʘʫʜʘʥʳʥʜʘ 7100-8200 

ʧʠʢʝʪʪʝʨʽʥʜʝ 10,2 ʤɻʣ-ʜʝʥ ʘʩʪʘʤ ʵʧʠʮʝʥʪʨʣʝʨʽ ʙʘʨ ʜײʨʳʩ ʝʤʝʩ ʧʽʰʽʥʜʽ 
 

3 ʩʫʨʝʪ ï ɸʥʦʤʘʣʴʜʽ ʛʨʘʚʠʪʘʮʠʷʣʳץ ᴇʨʽʩʽʥʽש ʢʘʨʪʘʩʳ 
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69 

 

 

 

 

 

4 ʩʫʨʝʪ ï ɾʝʨʛʽʣʽʢʪʽ ʛʨʘʚʠʪʘʮʠʷʣʳץ ʘʥʦʤʘʣʠʷʣʘʨʜʳש ʢʘʨʪʘʩʳ 

ʛʨʘʚʠʪʘʮʠʷʣʳץ ᴇʨʽʩʪʽש ʞʦסʘʨʳ ʤᴅʥʜʝʨʽʥʽש ʘʡʤʘסʳ (9,6 ʤɻʣ-ʜʝʥ ʘʩʪʘʤ) ʢᴇʨʽʥʝʜʽ. 

ʊʳסʳʟʜʳסʳ ʞʦסʘʨʳ ʛʝʦʣʦʛʠʷʣʳץ ʜʝʥʝʣʝʨʜʽ ʥʘץʪʳ ʦץʰʘʫʣʘʫ ʞᴅʥʝ ץʘʜʘסʘʣʘʫ 

 ,ʳ (ʝʢʽʥʰʽ ʪʫʳʥʜʳסʞʠʳʥʪʳ שᴇʨʽʩ ʪʨʘʥʩʬʦʨʤʘʥʪʪʘʨʳʥʳ ץʰʽʥ ʛʨʘʚʠʤʝʪʨʠʷʣʳװ

ʞʦסʘʨסʳ 250, 100, 50, 25 ʤ) ʞᴅʥʝ ʪᴇʤʝʥʛʽ (30, 40, 50 ʤ) ʞʘʨʪʳʣʘʡ ʢʝשʽʩʪʽʢ, 

ʞʦסʘʨʳ ʞʠʽʣʽʢʪʽ ʩװʟʛʽʣʝʨ (R=250, 500, 1000, 2000 ʤ) ʝʩʝʧʪʝʣʜʽ. 

ʅᴅʪʠʞʝ. ɾײʤʳʩ ʙʘʨʳʩʳʥʜʘ ʞʝʨʛʽʣʽʢʪʽ ײץʨʘʫʰʳ ʢʘʨʪʘʩʳʥʜʘ ʞʦסʘʨʳʜʘ 

ʩʠʧʘʪʪʘʣסʘʥ ʘʥʦʤʘʣʴʜʳ ʘʡʤʘץʪʘʨʜʳש ʰʝʢʘʨʘʣʘʨʳ ʘʡץʳʥʳʨʘץ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ɾʝʨʛʽʣʽʢʪʽ ᴇʨʽʩʪʽץ שʘʨץʳʥʜʳʣʳסʳ -1,2-ʜʝʥ 1,4 ʤɻʣ-ʛʝ ʜʝʡʽʥʛʽ ʤᴅʥʜʝʨ ʰʝʛʽʥʜʝ 

ᴇʟʛʝʨʝʜʽ. ɻʨʘʚʠʪʘʮʠʷʣʳץ ᴇʨʽʩʪʽש ʞʝʨʛʽʣʽʢʪʽ ʘʥʦʤʘʣʠʷʣʘʨʳ, ץʘʨץʳʥʜʳʣʳסʳ 0,6 

ʤɻʣ ʞᴅʥʝ ʦʜʘʥ ʞʦסʘʨʳ, ʤʘʛʥʠʪ ᴇʨʽʩʽʥʽש ʞʝʨʛʽʣʽʢʪʽ ʘʥʦʤʘʣʠʷʣʘʨʳʤʝʥ ʥʘץʪʳ 

ʢʦʨʨʝʣʷʮʠʷʣʘʥʘʜʳ, ʙײʣ ʞʦסʘʨʳ ʪʳסʳʟʜʳסʳ ʙʘʨ ʞᴅʥʝ ʥʝʛʽʟʛʽ ʞʳʥʳʩʪʘʨסʘ 

 .ʦʙʲʝʢʪʽʣʝʨ ץʛʝʦʣʦʛʠʷʣʳ שʘʨʳ ʪʝʨʝסʳ ʞʦסʘʪʳʩʪʳ ʤʘʛʥʠʪʪʽʢ ʩʝʟʽʤʪʘʣʜʳץ

ʉʫʨʝʪ 5. ʄʘʛʥʠʪʪʽʢ ʞᴅʥʝ ʛʨʘʚʠʪʘʮʠʷʣʳץ ᴇʨʽʩʪʝʨʜʽש ʙʽʨʽʢʪʽʨʽʣʛʝʥ ʞʝʨʛʽʣʽʢʪʽ 

ʘʥʦʤʘʣʠʷʣʘʨʳʥʳש ʢʘʨʪʘʩʳ 

7100-7600 ʧʨʦʬʠʣʴʜʝʨ ʤʝʥ 74-98 ʧʠʢʝʪʪʝʨ ʘʡʤʘסʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ 

ʤʘʛʥʠʪʪʽʢ ʞᴅʥʝ ʛʨʘʚʠʪʘʮʠʷʣʳץ ᴇʨʽʩʪʝʨʜʽש ʤᴅʥʽ ʙʦʡʳʥʰʘ ʝש ʞʦסʘʨʳ ʘʥʦʤʘ-

ʣʠʷʩʳʥʜʘ ʙʘʨʣʘʫ סשײʳʤʘʩʳ ʦʨʥʘʣʘʩʪʳʨʳʣʜʳ. סשױʳʤʘ 7400 ʧʨʦʬʠʣʽʥʜʝʛʽ 82 

ʧʠʢʝʪʪʝʛʽ ʛʨʘʚʠʤʘʛʥʠʪʪʽʢ ʘʥʦʤʘʣʠʷʥʳש ʵʧʠʮʝʥʪʨʽʥʜʝ ʙײʨסʳʣʘʥʜʳ. 

 

 ʨʳʥײʳʥʜʘ ʙסʙʘʨʳʩʳʥʜʘ, ɸʪʘʩʫ ʢʝʥʜʽ ʘʡʤʘ שʤʳʩʪʳײʦʨʳʪʳʥʜʳ. ʆʩʳ ʞפ

ʩʦʥʜʳ ʞװʨʛʽʟʽʣʛʝʥ ʛʝʦʣʦʛʠʷ-ʛʝʦʬʠʟʠʢʘʣʳץ ʞײʤʳʩʪʘʨסʘ ʰʦʣʫ ʞװʨʛʽʟʽʣʜʽ. ʉʦ-

ʥʳʤʝʥ ץʘʪʘʨ ʘʡʤʘץʪʳש ʛʝʦʣʦʛʠʷ-ʪʝʢʪʦʥʠʢʘʣʳץ ʞʘסʜʘʡʳ ץʘʨʘʩʪʳʨʳʣʳʧ, 

ʥᴅʪʠʞʝʩʽʥʜʝ ʟʝʨʪʪʝʫ ʘʣʘʥʳשʜʘ ʛʝʦʬʠʟʠʢʘʣʳץ ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳ ʞװʨʛʽʟʽʣʛʝʥ. 
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5 ʩʫʨʝʪ ï ʄʘʛʥʠʪʪʽʢ ʞᴅʥʝ ʛʨʘʚʠʪʘʮʠʷʣʳץ ᴇʨʽʩʪʝʨʜʽש ʙʽʨʽʢʪʽʨʽʣʛʝʥ ʞʝʨʛʽʣʽʢʪʽ 

ʘʥʦʤʘʣʠʷʣʘʨʳʥʳש ʢʘʨʪʘʩʳ 

 

ɹײʣ ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳ ʤʘʛʥʠʪʪʽʢ ʙʘʨʣʘʫ ʤʝʥ ʛʨʘʚʠʙʘʨʣʘʫʜʳ ץʘʤʪʳʜʳ. 

ɻʝʦʬʠʟʠʢʘʣʳץ ʟʝʨʪʪʝʫʣʝʨʜʽש ʤᴅʣʽʤʝʪʪʝʨʽ ᴇשʜʝʣʽʧ, ʩʦʥʳשʜʘ ʪװʩʽʥʜʽʨʫ, ʠʥʪʝʨ-

ʧʝʨʪʘʮʠʷ ʞʘʩʘʣʜʳ. 

ɾײʤʳʩ ʙʘʨʳʩʳʥʜʘ ʤʘʛʥʠʪʪʽʢ ʙʘʨʣʘʫ ʤᴅʣʽʤʝʪʪʝʨʽ ᴇשʜʝʣʽʧ, ʠʥʪʝʨʧʨʝʪʘ-

ʮʠʷʣʘʥʜʳ. ɸʫʜʘʥʜʳץ ʤʘʛʥʠʪʪʽʢ ʙʘʨʣʘʫ ʞײʤʳʩʪʘʨʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ 

ʜʠʘʛʨʘʤʤʘ ʢʘʨʪʘʣʘʨʳ, ʘʥʦʤʘʣʠʷʣʳ ʤʘʛʥʠʪ ᴇʨʽʩʽʥʽש ʠʟʦʜʠʥʘʤʜʘʨ ʢʘʨʪʘʩʳ ʞᴅʥʝ 

ʘʥʦʤʘʣʠʷʣʳ ʤʘʛʥʠʪ ᴇʨʽʩʽʥʽש ʞʝʨʛʽʣʽʢʪʽ ײץʨʘʫʰʳʩʳʥʳש ʢʘʨʪʘʩʳ ʩʘʣʳʥʜʳ. 

ʂʘʨʪʘʣʘʨסʘ ʩᴅʡʢʝʩ ʘʣʘʥʥʳש ʦʨʪʘʣʳץ ʙᴇʣʽʛʽʥʜʝ ʩʫʙʤʝʨʠʜʠʦʥʘʣʜʳ ʞʘʨʳʣʳʤ 

ʙʘʡץʘʣʘʜʳ, ʦʣ ʨʠʬʪʦʛʝʥʜʽʢ ײץʨʳʣʳʤʥʳש ʦʩʴʪʽʢ ʙᴇʣʽʛʽ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. 

ɾʝʨʛʽʣʽʢʪʽ ײץʨʘʫʰʳʣʘʨʜʳש ʢʘʨʪʘʩʳʥ ʘʣʫ װʰʽʥ ʞʦסʘʨʳ ʞʠʽʣʽʢʪʽ ʩװʟʛʽʣʝʫ, 

ʙʘʩʪʘʧץʳ ᴇʨʽʩʪʽ ʞʦסʘʨסʳ ʞʘʨʪʳʣʘʡ ʢʝשʽʩʪʽʢʢʝ ץʘʡʪʘ ʝʩʝʧʪʝʫ ʞװʨʛʽʟʽʣʜʽ. 

ʄʘʛʥʠʪʪʽʢ ʘʥʦʤʘʣʠʷʣʘʨ ʢʘʨʪʘʩʳʥʜʘ ʘʥʦʤʘʣʠʷ ʪʫʜʳʨʘʪʳʥ ʜʝʥʝʣʝʨʜʽש ʰʝʢʘʨʘ-

ʣʘʨʳ ʘʡץʳʥ ʢᴇʨʽʥʜʽ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʘʫʜʘʥʜʳץ ʛʨʘʚʠʙʘʨʣʘʫ ʞײʤʳʩʪʘʨʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡ-

ʳʥʰʘ ʘʥʦʤʘʣʠʷʣʳ ʛʨʘʚʠʪʘʮʠʷʣʳץ ᴇʨʽʩ ʢʘʨʪʘʩʳ, ʞʝʨʛʽʣʽʢʪʽ ײץʨʘʫʰʳ ʢʘʨʪʘʩʳ, 

ʛʨʘʚʠʤʝʪʨʠʷʣʳץ ʘʥʦʤʘʣʠʷʣʘʨʜʳש ʢᴇʣʜʝʥʝש ʞᴅʥʝ ʪʽʢ ʛʨʘʜʠʝʥʪʪʝʨ ʢʘʨʪʘʩʳ 

ʘʣʳʥסʘʥ. 

ɸʥʦʤʘʣʠʷʣʳ ʛʨʘʚʠʪʘʮʠʷʣʳץ ᴇʨʽʩ ʢʘʨʪʘʩʳʥʜʘ, ʘʣʘʥʥʳש ʦʨʪʘʣʳץ ʙᴇʣʽʛʽʥʜʝ 

26-90 ʧʨʦʬʠʣʴʜʝʨ ʘʫʜʘʥʳʥʜʘ 7100-8200 ʧʠʢʝʪʪʝʨʽʥʜʝ 10,2 ʤɻʣ-ʜʝʥ ʘʩʪʘʤ 

ʵʧʠʮʝʥʪʨʣʝʨʽ ʙʘʨ ʜײʨʳʩ ʝʤʝʩ ʧʽʰʽʥʜʽ ʛʨʘʚʠʪʘʮʠʷʣʳץ ᴇʨʽʩʪʽש ʞʦסʘʨʳ ʤᴅʥʜʝʨʽʥʽש 

ʘʡʤʘסʳ ʢᴇʨʽʥʝʜʽ.ʊʳסʳʟʜʳסʳ ʞʦסʘʨʳ ʛʝʦʣʦʛʠʷʣʳץ ʜʝʥʝʣʝʨʜʽ ʥʘץʪʳ ʦץʰʘʫʣʘʫ, 
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 ʳסʞʠʳʥʪʳ שᴇʨʽʩ ʪʨʘʥʩʬʦʨʤʘʥʪʪʘʨʳʥʳ ץʰʽʥ ʛʨʘʚʠʤʝʪʨʠʷʣʳװ ʘʣʘʫסʘʜʘץ

(ʝʢʽʥʰʽ ʨʝʪʪʽ ʪʫʳʥʜʳ, ʞʦסʘʨסʳ 250, 100, 50, 25 ʤ) ʞᴅʥʝ ʪᴇʤʝʥʛʽ (30, 40, 50 

ʤ) ʞʘʨʪʳʣʘʡ ʢʝשʽʩʪʽʢ, ʞʦסʘʨʳ ʞʠʽʣʽʢʪʽ ʩװʟʛʽʣʝʨ (R=250, 500, 1000, 2000 ʤ) 

ʝʩʝʧʪʝʣʜʽ. ʆʩʳ ʞʝʨʛʽʣʽʢʪʽ ײץʨʘʫʰʳ ʢʘʨʪʘʩʳʥʜʘ ʘʥʦʤʘʣʴʜʳ ʘʡʤʘץʪʘʨʜʳש ʰʝ-

ʢʘʨʘʣʘʨʳ ʘʡץʳʥʳʨʘץ ʢᴇʨʩʝʪʽʣʜʽ. 

ɾײʤʳʩ ʙʘʨʳʩʳʥʜʘ, ʤʘʛʥʠʪʪʽʢ ʞᴅʥʝ ʛʨʘʚʠʪʘʮʠʷʣʳץ ᴇʨʽʩʪʝʨʜʽש ʙʽʨʽʢʪʽʨʽʣʛʝʥ 

ʞʝʨʛʽʣʽʢʪʽ ʘʥʦʤʘʣʠʷʣʘʨʳʥʳש ʢʘʨʪʘʩʳ ʞʘʩʘʣʜʳ, ʛʨʘʚʠʪʘʮʠʷʣʳץ ᴇʨʽʩʪʽש 

ʞʝʨʛʽʣʽʢʪʽ ʘʥʦʤʘʣʠʷʣʘʨʳ, ʤʘʛʥʠʪ ᴇʨʽʩʽʥʽש ʞʝʨʛʽʣʽʢʪʽ ʘʥʦʤʘʣʠʷʣʘʨʳʤʝʥ ʥʘץʪʳ 

ʢʦʨʨʝʣʷʮʠʷʣʘʥʘʜʳ, ʙײʣ ʞʦסʘʨʳ ʪʳסʳʟʜʳסʳ ʙʘʨ ʞᴅʥʝ ʥʝʛʽʟʛʽ ʞʳʥʳʩʪʘʨסʘ 

 .ʦʙʲʝʢʪʽʣʝʨ ʙʦʣʜʳ ץʛʝʦʣʦʛʠʷʣʳ שʘʨʳ ʪʝʨʝסʳ ʞʦסʘʪʳʩʪʳ ʤʘʛʥʠʪʪʽʢ ʩʝʟʽʤʪʘʣʜʳץ

ʉʦʥʳשʜʘ, 7400 ʧʨʦʬʠʣʽʥʜʝʛʽ 82 ʧʠʢʝʪʪʝʛʽ ʛʨʘʚʠʤʘʛʥʠʪʪʽʢ ʘʥʦʤʘʣʠʷʥʳש 

ʵʧʠʮʝʥʪʨʽʥʜʝ ʙײʨסʳʣʘʥʜʳ. 
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ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤʝʥʠ ʂ. ʀ. ʉʘʪʧʘʝʚʘ, ʂʘʟʘʭʩʪʘʥ, ʛ. ɸʣʤʘʪʳ 

 

ʆɹʆʉʅʆɺɸʅʀɽ ʂʆʄʇʃɽʂʉɸ ɻɽʆʌʀɿʀʏɽʉʂʀʍ 

ʀʉʉʃɽɼʆɺɸʅʀʁ ɺ ʇʈɽɼɽʃɸʍ ʈʋɼʅʆɻʆ ʋɿʃɸ ̄ 3 ʅɸ ʆʉʅʆɺɽ 

ɺʓʗɺʃɽʅʀʗ ɻɽʆʃʆɻʆ-ɻɽʆʌʀɿʀʏɽʉʂʀʍ ʂʈʀʊɽʈʀɽɺ 

 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʩʣʘʙʦʡ ʛʝʦʣʦʛʦ-

ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʟʫʯʝʥʥʦʩʪʴʶ ʠ ʩʣʦʞʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ, ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʢʦʤʧʣʝʢʩʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʥʦʚʝʡʰʝʛʦ ʢʦʤʧʣʝʢʩʘ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʠʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʜʝʪʘʣʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʚʳʷʚʣʝʥʠʷ ʥʝ ʚʳʭʦʜʷʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʨʫʜʥʳʭ ʪʝʣ [7]. ɸʵʨʦʤʘʛʥʠʪʦʨʘʟ-

ʚʝʜʢʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʛʣʫʙʠʥʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʩʣʦʞʥʦʛʦ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ 

ʩʪʨʦʝʥʠʷ ʧʣʦʱʘʜʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʤʫ ʢʦʤʧʣʝʢʩʫ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʢʦʥʜʠʮʠʦʥʥʦʝ 

ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʠʩʪʦʣʢʦʚʘʥʠʝ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ; ʚʳʷʩʥʠʪʴ ʭʘʨʘʢʪʝʨ ʦʪʨʘʞʝʥʠʷ ʨʫʜʦʥʦʩ-

ʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʷʭ; ʫʩʪʘʥʦʚʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʦʨʫ-

ʜʝʥʝʥʠʷ ʥʘ ʛʣʫʙʠʥʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʙʥʦʚʣʝʥʥʦʡ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʦʩʥʦʚʳ [8]. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʕʣʝʢʪʨʦʨʘʟʚʝʜʢʘ ʤʝʪʦʜʦʤ ʚʳʟʚʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ʩʨʝ-

ʜʠʥʥʦʛʦ ʛʨʘʜʠʝʥʪʘ, ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʘ, ʘʵʨʦʤʘʛʥʠʪʦʨʘʟʚʝʜʢʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘ-

ʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʩʫʣʴʬʠʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ. 

 

ɺʚʝʜʝʥʠʝ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʠʩʪʦʯʥʠʢʦʚ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ ʈʝʩʧʫ-

ʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʷʚʣʷʝʪʩʷ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʘʷ ʙʘʟʘ. ɺ ʧʨʝʜʝʣʘʭ ɸʢʪʶʙʠʥ- 
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ʩʢʦʡ ʦʙʣʘʩʪʠ, ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʭ ʂʘʟʘʭʩʪʘʥʘ, ʧʨʦʚʦʜʷʪʩʷ ʨʘʙʦʪʳ, ʥʘ-

ʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʙʥʘʨʫʞʝʥʠʝ ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ɸʢʩʫʩʢʦʝ ʢʚʘʨʮʝʚʦ-ʞʠʣʴʥʦʝ ʨʫʜʥʦʝ ʧʦʣʝ ʠ ʤʘʣʳʝ ʠʥʪʨʫʟʠʠ 

ʩʪʝʧʥʷʢʩʢʦʛʦ ʪʠʧʘ ʖʞʥʦʛʦ ʫʯʘʩʪʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʦʣʳʤʙʝʪ, ʤʦʞʥʦ ʧʨʝʜʧʦ-

ʣʦʞʠʪʴ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʨʫʜʥʦʛʦ ʫʟʣʘ ˉ3 ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʦʜʦʣʞʝʥʠʷ ʩʦʩʝʜʥʠʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʩʚʦʜʠʪʩʷ ʢ ʩʣʘʙʦʡ ʠʟʫʯʝʥʥʦʩʪʠ ʨʘʡʦʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʠʩ-

ʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʦʡ ʛʝʦʬʠʟʠʢʠ ʜʣʷ ʦʮʝʥʢʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʧʣʦʱʘʜʠ ʩ ʮʝʣʴʶ 

ʩʦʟʜʘʥʠʷ ʦʙʥʦʚʣʝʥʥʦʡ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ 

ʜʘʣʴʥʝʡʰʠʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ. 

ʎʝʣʴʶ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ̫ ʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ɻ ʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩ-

ʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʦʩʪʘʚʝ ʘʵʨʦʤʘʛʥʠʪʦʨʘʟʚʝʜʦʯʥʳʭ ʠʟʤʝʨʝ-

ʥʠʡ ʩ ɹʇʃɸ ʠ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ ɺʇ-ʉɻ ʧʨʠ ʧʦʠʩʢʝ ʤʘʣʳʭ ʠʥʪʨʫʟʠʡ ʩʪʝʧʥʷʢ-

ʩʢʦʛʦ ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʪʠʧʘ ʚ ɸʢʤʦʣʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʨʫʜʥʦʛʦ ʫʟʣʘ ˉ3. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʢʣʶʯʘʶʪ: 

- ʩʙʦʨ, ʘʥʘʣʠʟ, ʦʙʦʙʱʝʥʠʝ ʠ ʫʪʦʯʥʝʥʠʝ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʨʫʜʥʦ-

ʤʫ ʫʟʣʫ ̄3; 

- ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʝʡʰʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠ ̫ʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʪʝʭʥʦʣʦʛʠʡ; 

- ʢʘʨʪʠʨʦʚʘʥʠʝ ʧʦʨʦʜ ʬʫʥʜʘʤʝʥʪʘ, ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ, ʛʠʜʨʦʪʝʨʤʘʣʴ-

ʥʦ-ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʧʦʠʩʢʠ ʤʘʣʳʭ ʠʥʪʨʫʟʠʡ ʩʪʝʧʥʷʢʩʢʦʛʦ 

ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʪʠʧʘ ʧʦ ʜʘʥʥʳʤ ʚʳʩʦʢʦʪʦʯʥʦʡ ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʠ; 

- ʚʳʷʚʣʝʥʠʝ ʧʣʦʱʘʜʝʡ ʠ ʟʦʥ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʠ 

ʦʢʚʘʨʮʝʚʘʥʠʝʤ ʧʦʨʦʜ ʬʫʥʜʘʤʝʥʪʘ ʧʦ ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ ɺʇ-ʉɻ. 

ɺ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʤ ʦʪʥʦʰʝʥʠʠ ʫʯʘʩʪʦʢ ʨʫʜʥʦʛʦ ʫʟʣʘ ˉ3 ʨʘʩʧʦʣʦʞʝʥ 

ʚ ɸʢʢʦʣʴʩʢʦʤ ʨʘʡʦʥʝ ɸʢʤʦʣʠʥʩʢʦʡ ʦʙʣʘʩʪʠ. ɹʣʠʞʘʡʰʠʤ ʨʘʡʦʥʥʳʤ ʮʝʥʪʨʦʤ 

ʷʚʣʷʝʪʩʷ ʛʦʨʦʜ ʉʪʝʧʥʦʛʦʨʩʢ, ʘ ʦʙʣʘʩʪʥʳʤ ʮʝʥʪʨʦʤ ï ʛ. ɸʩʪʘʥʘ, ʢʦʪʦʨʘʷ ʨʘʩ-

ʧʦʣʦʞʝʥʘ ʚ 185 ʢʤ ʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ ʦʪ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʘʡʦʥ ʧʣʦʪʥʦ 

ʟʘʩʝʣʝʥ, ʠʤʝʝʪ ʨʘʟʚʠʪʫʶ ʛʦʨʥʦʜʦʙʳʚʘʶʱʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʩʝʪʴ ʘʚʪʦʜʦʨʦʛ ʠ 

ʃʕʇ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʛʝʦʬʠ-

ʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʘʢʪʠʚʥʳʝ ʛʝʦʣʦʛʦ-ʛʝʦʬʠ-

ʟʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʥʘ ʟʦʣʦʪʦ ʥʘʯʘʣʠ ʧʨʦʚʦʜʠʪʴʩʷ ʩ 1930-ʛʦ ʛʦʜʘ, ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ 

ʨʫʜʥʠʢʘ ɸʢʩʫ ʚ 1929 ʛʦʜʫ. ʈʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚʧʣʦʪʴ ʜʦ 1986 ʛʦʜʘ. 

ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʚʠʜʝ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ, ʰʪʫʬʥʦʛʦ 

ʦʧʨʦʙʦʚʘʥʠʷ, ʧʨʦʢʣʘʜʳʚʘʥʠʷ ʪʨʘʥʰʝʡ ʠ ʜʫʜʦʢ. ʂʦʤʧʣʝʢʩ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝ-

ʪʦʜʦʚ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ: ʛʨʘʚʠʨʘʟʚʝʜʢʫ, ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʫ ʠ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʫ ɺʇ-

ʉɻ ʠ ɺʕɿ-ɺʇ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʠ 

ʠʩʪʦʨʠʷ ʨʘʙʦʪ ʧʨʦʰʣʳʭ ʣʝʪ ʧʦʢʘʟʳʚʘʝʪ ʜʦʚʦʣʴʥʦ ʩʣʘʙʫʶ ʠʟʫʯʝʥʥʦʩʪʴ ʨʘʡʦʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʦʩʥʦʚʳʚʘʝʪ ʟʜʝʩʴ ʧʨʦʚʝʜʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʦ- ʤʘʛʥʠ-

ʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ 

ʫʯʘʩʪʢʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʟʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ ʠ 

ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʠ ʧʦʷʚʠʣʦʩʴ ʦʯʝʥʴ ʤʥʦʛʦ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʦʥ-

ʥʳʭ ʧʨʦʛʨʘʤʤ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʚʳʩʦʢʦʡ ʨʘʟ- 



ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ VII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 
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ʨʝʰʝʥʥʦʩʪʠ ʠ ʧʨʦʩʣʝʞʠʚʘʝʤʦʩʪʠ [1,2], ʯʪʦ ʜʘʝʪ ʧʦʚʳʰʝʥʠʝ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ 

ʛʝʦʬʠʟʠʢʠ ʚ ʨʘʟʳ. 

ʆʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʝ-

ʟʫʣʴʪʘʪʘʤ ʨʘʥʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʦʯʝʥʴ ʩʣʘʙʘʷ. 

ʈʫʜʥʳʡ ʫʟʝʣ ʚʝʩʴʤʘ ʙʣʘʛʦʧʨʠʷʪʥʦ ʨʘʩʧʦʣʦʞʝʥ ʚ ʤʝʛʘʩʪʨʫʢʪʫʨʘʭ ʨʘʡʦʥʘ, ʜʣʷ 

ʧʦʠʩʢʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ, ʙʣʘʛʦʜʘʨʷ ʧʨʠʫʨʦʯʝʥʥʦʩʪʠ ʢ ʉʪʝʧʥʷʢʩʢʦʤʫ 

ʩʠʥʢʣʠʥʦʨʠʶ ʠ ʀʰʢʝʦʣʴʤʝʩʩʢʦʤʫ ʘʥʪʠʢʣʠʥʦʨʠʶ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʘʛʘ-

ʶʪʩʷ ʟʦʥʳ ʛʣʫʙʠʥʥʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʘʟʣʦʤʦʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

(ɸʪʘʥʩʦʨʩʢʠʡ, ɿʘʧʘʜʥʦ- ʠ ʉʝʚʝʨʦ- ɸʪʘʥʩʦʨʩʢʠʡ ʨʘʟʣʦʤʳ). ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʣʦʞʝʥ ʬʣʦʩʢʦʡ ʩʚʠʪʦʡ ʥʠʞʥʝʛʦ ʦʨʜʦʚʠʢʘ (ʩʚʠʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʣʝʚʨʦʣʠʪʘʤʠ, 

ʧʝʩʯʘʥʠʢʘʤʠ, ʘʨʛʠʣʣʠʪʘʤʠ, ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ, ʘ ʪʘʢʞʝ ʠʟʚʝʩʪʥʷʢʘʤʠ ʠ ʢʨʝʤ-

ʥʠʩʪʳʤʠ ʧʦʨʦʜʘʤʠ), ʜʘʧʠʥʩʢʦʡ ʠ ʜʘʨʨʠʚʠʣʴʩʢʦʡ ʩʚʠʪʦʡ ʩʨʝʜʥʝʛʦ ʦʨʜʦʚʠʢʘ 

(ʩʨʝʜʥʠʡ ʦʪʜʝʣ ʩʣʦʞʝʥ ʘʥʜʝʟʠʪʘʤʠ, ʘʥʜʝʟʠʙʘʟʘʣʴʪʘʤʠ, ʙʘʟʘʣʴʪʘʤʠ, ʜʘʮʠʪʘʤʠ, 

ʨʠʦʜʘʮʠʪʘʤʠ, ʠʭ ʪʫʬʘʤʠ) ʠ ʢʘʪʠʡʩʢʦʡ ʩʚʠʪʦʡ ʚʝʨʭʥʝʛʦ ʦʨʜʦʚʠʢʘ (ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʣʘʚʘʤʠ ʠ ʪʫʬʘʤʠ ʨʠʦʣʠʪʦʚ, ʜʘʮʠʪʘʤʠ, ʘʥʜʝʟʠʪʘʤʠ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢ-

ʩʘ, ʧʨʦʨʳʚʘʶʱʠʤʠ ʪʦʣʴʢʦ ʦʙʨʘʟʦʚʘʥʠʷ ʜʘʧʠʥʩʢʦʡ ʩʚʠʪʳ), ʘ ʪʘʢʞʝ ʇʘʚʣʦʜʘʨ-

ʩʢʦʡ ʩʚʠʪʦʡ ʥʝʦʛʝʥʦʚʦʡ ʩʠʩʪʝʤʳ. 

ʅʘʠʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʚ ʨʘʡʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʥʠʤʘʶʪ ʠʥʪʨʫʟʠʚʳ ʧʦʟʜ-

ʥʝʦʨʜʦʚʠʢʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʆʥʠ ʩʭʦʞʠ ʩ ʠʥʪʨʫʟʠʚʥʳʤʠ ʪʝʣʘʤʠ ʟʦʣʦʪʦʥʦʩʥʦʛʦ 

ʩʪʝʧʥʷʢʩʢʦʛʦ ʪʠʧʘ. ʊʘʢʞʝ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʦʨʦʰʦ ʨʘʟʚʠʪʳ ʨʘʟ-

ʥʦʦʙʨʘʟʥʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ 

ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʪʝʣʘ, ʙʝʨʝʪʠʟʠʨʦʚʘʥʥʳʝ ʩʨʝʜʥʠʝ ʠ ʢʠʩʣʳʝ ʣʘʚʳ, ʢʚʘʨʮʝʚʳʝ 

ʛʨʘʥʦʩʠʝʥʠʪʳ ʠ ʩʠʝʥʦʜʠʦʨʠʪʳ. 

ɸʥʘʣʠʟ ʨʘʥʝʝ ʚʳʧʦʣʥʝʥʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʧʝʨ-

ʚʠʯʥʳʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʥʘ ʧʦʠʩʢʠ ʟʦʥ ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ. ɺ 

ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʷʭ ʧʦʨʦʜʳ ʚʳʜʝʣʷʶʪʩʷ ʥʝʦʜʥʦʟʥʘʯʥʦ. ʇʨʝʦʙʣʘʜʘʥʠʝ ʚ ʨʘʟʨʝʟʝ 

ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʚʳʟʳʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʘʢ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, 

ʪʘʢ ʠ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʠ ʥʘʦʙʦʨʦʪ, ʢʠʩʣʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʫʤʝʥʴʰʘʶʪ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʴ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ. ʇʨʦʮʝʩʩʳ ʤʝʪʘʤʦʨʬʠʟʤʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʶʪ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʧʦʣʷ. ʊʘʢ, ʢʦʥʪʘʢʪʦʚʳʝ ʟʦʥʳ ʧʦʨʦʜ ʩ ʠʥʪʨʫʟʠʷʤʠ ʦʪ-

ʤʝʯʘʶʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ. ɺ ʦʩʥʦʚʥʦʤ, ʧʦʨʦʜʳ ʢʘʨ-

ʪʠʨʫʶʪʩʷ ʤʦʟʘʠʯʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʪ -200 ʜʦ 200 ʥʊʣ, 

ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʣʘʙʦʧʦʣʦʞʠʪʝʣʴʥʳʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʧʦʣʷ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʦʮʝʥʢʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʧʣʦʱʘʜʠ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʦʙʥʦʚ-

ʣʝʥʥʦʡ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʠʪʴ ʩʦʚʨʝʤʝʥʥʳʡ ʢʦʤʧʣʝʢʩ 

ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʦʡ ʛʝʦʬʠʟʠʢʠ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ 

ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʝʤ ʧʦʠʩʢʘ ʤʘʣʳʭ ʠʥʪʨʫ-

ʟʠʡ ʩʪʝʧʥʷʢʩʢʦʛʦ ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʪʠʧʘ ʚ ʫʩʣʦʚʠʷʭ ʨʫʜʥʦʛʦ ʫʟʣʘ ˉ3 ʷʚʣʷʶʪʩʷ 

ʠʥʪʨʫʟʠʚʳ ʧʦʟʜʥʝʦʨʜʦʚʠʢʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʟʦʥʝ ʛʣʫʙʠʥʥʳʭ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʘʟʣʦʤʦʚ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʥʘ ʪʝʨʨʠʪʦ-

ʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʞʝ ʧʨʦʚʦʜʠʣʩʷ ʢʦʤʧʣʝʢʩ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʩʦʩʪʘʚʝ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ ʚ ʤʦʜʠʬʠʢʘʮʠʷʭ ɺʇ-ʉɻ ʠ ɺʕɿ-ɺʇ, ʛʨʘʚʠʨʘʟʚʝʜʢʠ ʠ 

ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʠ. ʅʝʜʦʩʪʘʪʢʦʤ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʘʙʦʪ ʷʚʣʷʝʪʩʷ ʪʦ, 



ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʉʘʪʧʘʝʚʘ 
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ʯʪʦ ʥʠ ʦʜʥʦ ʠʟ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʟʦʣʦʪʘ ʥʝ ʙʳʣʦ ʦʮʝʥʝʥʦ ʥʘ ʛʣʫʙʠʥʫ ʩʢʚʘʞʠʥʘ-

ʤʠ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʦʛʨʘʥʠʯʠʣʠʩʴ ʢʦʥʩʪʘʪʘʮʠʝʡ ʥʘʣʠʯʠʷ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʙʝʟ 

ʢʘʢʦʡ-ʣʠʙʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʠʭ ʚʦʟʤʦʞʥʳʭ ʟʘʧʘʩʦʚ ʠ ʧʨʦʛʥʦʟʥʳʭ ʨʝ-

ʩʫʨʩʦʚ. ʇʦʵʪʦʤʫ ʧʦ ʘʥʘʣʠʟʫ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʟʫʯʝʥʥʦʩʪʠ ʨʘʡʦʥʘ ʤʦʞ-

ʥʦ ʩʢʘʟʘʪʴ ʯʪʦ: 

1. ɺʦʟʤʦʞʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʚʳʷʚʣʝʥʠʝ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝ-

ʩʪʦʨʦʞʜʝʥʠʡ, ʚʳʭʦʜʷʱʠʭ ʥʘ ʜʥʝʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʪʥʦʩʷʪʩʷ ʢ ʩʦʤʥʠʪʝʣʴ-

ʥʳʤ. ʊʘʢʦʡ ʬʘʢʪ ʠʩʭʦʜʠʪ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʠʩʢʦʚʦʡ ʠʟʫʯʝʥʥʦʩʪʠ ʧʣʦʱʘʜʠ 

ʢʦʤʧʣʝʢʩʦʤ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ 1978-1982 ʛʛ. ɺ ɻ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ-

ʜʠʥʪʨʫʟʠʚʥʘʷ ʟʦʥʘ ʧʣʦʱʘʜʠ ʦʩʪʘʚʣʷʝʪ ʥʘʜʝʞʜʫ ʥʘ ʦʙʥʘʨʫʞʝʥʠʝ ʟʦʣʦʪʦʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ çʩʣʝʧʦʤè ʟʘʣʝʛʘʥʠʠ; 

2. ʇʨʠʥʮʠʧ ʧʦʠʩʢʘ ʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ ʜʦʣʞʝʥ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥ 

ʥʘ ʙʦʣʝʝ ʛʣʫʙʦʢʠʝ ʫʨʦʚʥʠ (100-300 ʤ ʠ ʙʦʣʝʝ), ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʝʜʧʦʣʘʛʘ-

ʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʝʝ ʩʤʝʣʦʛʦ ʠ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʛʣʫʙʠʥʥʳʭ ʤʝʪʦʜʦʚ 

ʧʦʠʩʢʦʚ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʘʥʥʳʡ ʨʘʡʦʥ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʫʞʜʘʝʪʩʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʢʦʤʧʣʝʢʩʘ ʥʦʚʝʡʰʠʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʤʝʪʦʜʠʢ ʚ ʩʦʩʪʘʚʝ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ ʠ ʘʵʨʦʤʘʛʥʠʪʦʨʘʟʚʝʜʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ɹʇʃɸ. 

ʆʙʦʩʥʦʚʘʥʠʝʤ ʧʨʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʢʨʘʧʣʝʥʥʘʷ 

ʩʫʣʴʬʠʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʥʝ ʚʳʜʝʣʷʝʪʩʷ ʦʪ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʚ ʜʦʩʪʘʪʦʯʥʦʡ 

ʤʝʨʝ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʘʨʘʤʝʪʨʘʤ: ʧʦ ʧʣʦʪʥʦʩʪʠ, ʧʦ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦ-

ʩʪʠ ʠ ʧʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʤʝʪʦʜʦʚ ʤʘʛʥʠʪʦʨʘʟʚʝʜ-

ʢʠ, ʛʨʘʚʠʨʘʟʚʝʜʢʠ ʠ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ ʤʝʪʦʜʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʩʣʫʞʘʪ ʪʦʣʴʢʦ 

ʜʣʷ ʨʝʰʝʥʠʡ ʟʘʜʘʯ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ, ʪ.ʝ. ʢʦʩʚʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʦʙʥʘʨʫʞʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʕʣʝʢʪʨʦʨʘʟʚʝʜʢʘ 

ʤʝʪʦʜʦʤ ʚʳʟʚʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʜʘʸʪ ʧʨʷʤʳʝ ʫʢʘʟʘʥʠʝ ʥʘ ʩʫʣʴʬʠʜʥʫʶ ʤʠʥʝ-

ʨʘʣʠʟʘʮʠʶ, ʧʨʠ ʵʪʦʤ ʤʝʞʜʫ ʘʥʦʤʘʣʠʷʤʠ ʚʳʟʚʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʢʦʥʪʫʨʦʤ 

ʚʢʨʘʧʣʝʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʨʨʝʣʷʮʠʷ [5]. 

ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʟʥʘʯʝʥʠʝ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ̫ ʚʣʷʝʪʩʷ ʥʘ-

ʣʠʯʠʝ ʵʣʝʢʪʨʦʥʦʧʨʦʚʦʜʷʱʠʭ ʤʠʥʝʨʘʣʦʚ. ʇʨʠʩʫʪʩʪʚʠʝ ʜʘʞʝ ʨʝʜʢʦʡ ʚʢʨʘʧʣʝʥ-

ʥʦʩʪʠ ʪʘʢʠʭ ʤʠʥʝʨʘʣʦʚ, ʟʘʥʠʤʘʶʱʝʡ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ ʦʪ ʦʙʲʸʤʘ 

ʧʦʨʦʜʳ, ʦʙʳʯʥʦ ʦʧʨʝʜʝʣʷʝʪ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ 5-10% ʠ ʜʝʣʘʝʪ ʝ yʚʳʰʝ ʧʨʝʜʝʣʴ-

ʥʳʭ ʟʥʘʯʝʥʠʡ, ʥʘʙʣʶʜʘʝʤʳʭ ʫ ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ ʧʦʨʦʜ. ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦ-

ʣʷʨʠʟʫʝʤʦʩʪʠ ʩʯʠʪʘʶʪʩʷ ʥʘʜʸʞʥʳʤ ʧʨʠʟʥʘʢʦʤ ʥʘʣʠʯʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʦʚʦ-

ʜʥʠʢʦʚ. ʆʜʥʦʟʥʘʯʥʦʩʪʴ ʠʥʜʠʢʘʮʠʠ ɻ ʣʝʢʪʨʦʧʨʦʚʦʜʥʠʢʦʚ ʧʦ ʜʘʥʥʳʤ ʤʝʪʦʜʘ ɺʇ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʦʚʤʝʩʪʥʳʤ ʘʥʘʣʠʟʦʤ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʠ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷ. ʅʠʟʢʠʤ ʟʥʘʯʝʥʠʷʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʣʠʥʠʩʪʳʝ ʠ ʜʨʫʛʠʝ 

ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ 

ʚʣʘʛʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ ʪʘʢʠʭ ʧʦʨʦʜ, ʠʤʝʶʱʠʭ ʚʳʩʦʢʫʶ ʠʦʥ-

ʥʫ ʁʧʨʦʚʦʜʠʤʦʩʪʴ ʤʠʥʠʤʘʣʴʥʘʷ. ʂʨʦʤʝ ʪʦʛʦ, ʵʣʝʢʪʨʦʥʥʳʝ ʧʨʦʚʦʜʥʠʢʠ ʦʪʣʠ-

ʯʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʤʝʜʣʝʥʥʳʤ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʠ ʩʧʘʜʦʤ ʚʳʟʚʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. 

ʇʨʦʩʣʝʞʠʚʘʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ɺʇ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʧʦ ʧʨʝʚʳʰʝ-

ʥʠʶ ʥʘʙʣʶʜʘʝʤʦʡ ʢʘʞʫʱʝʡʩʷ ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʥʘʜ ʚʝʨʭʥʠʤ ʫʨʦʚʥʝʤ ʧʦʣʷʨʠ-

ʟʫʝʤʦʩʪʠ ʠʦʥʦʧʨʦʚʦʜʷʱʠʭ ʧʦʨʦʜ, ʷʚʣʷʝʪʩʷ ʠʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʨʝʰʝʥʠʷ 



ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ VII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 
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ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʠʩʢʘʤʠ ʠ ʨʘʟʚʝʜʢʦʡ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʡ. ʕʪʠʤ ʠ ʦʙʫʩʣʦʚʣʝʥ ʚʳʙʦʨ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʘ ɺʇ [6]. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʝ ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ ʪʝʥʜʝʥ-ʮʠʷ 

ʢ ʟʘʤʝʥʝ ʪʨʘʜʠʮʠʦʥʥʦʡ ʥʘʟʝʤʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʲʝʤʢʠ ʩʲʝʤʢʦʡ ʩ ʧʨʠʤʝʥʝ-ʥʠʝʤ 

ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ɻʣʫʙʦʢʦʝ ʠ ʧʦʚʩʝʤʝʩʪʥʦʝ ʚʥʝʜʨʝ-ʥʠʝ 

ʙʝʩʧʠʣʦʪʥʠʢʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʚʳʛʦʜʘʤʠ: 

ʩʢʦʨʦʩʪʴ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʦ. ʂʨʦʤʝ ʪʦʛʦ, 

ʤʘʛʥʠʪʦʤʝʪʨ, ʧʨʠʢʨʝʧʣʝʥʥʳʡ ʢ ʣʝʪʘʪʝʣʴʥʦʤʫ ʘʧʧʘʨʘʪʫ, ʥʝ ʚʩʪʨʝʯʘʝʪ ʧʨʝʧʷʪ-

ʩʪʚʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʦʩʪʘʚʣʷʝʪ ʧʫʩʪʳʭ ʧʷʪʝʥ ʥʘ ʢʘʨʪʝ, ʘ ʤʘʣʘʷ ʚʳʩʦʪʘ ʩʲʝʤʢʠ ʛʘʨʘʥʪʠʨʫʝʪ ʜʦ-

ʩʪʘʪʦʯʥʫʶ ʜʝʪʘʣʴʥʦʩʪʴ (ʩʨʘʚʥʠʤʫʶ ʩ ʥʘʟʝʤʥʦʡ ʩʲʝʤʢʦʡ) [3]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʧʣʘʥʦ-

ʚʦʡ ʠ ʚʳʩʦʪʥʦʡ ʧʨʠʚʷʟʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ [4]. 

ɸʵʨʦʤʘʛʥʠʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ (ɹʇʃɸ) ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʩʯʠʪʘʶʪʩʷ ʤʦʣʦʜʦʡ ʤʝ-

ʪʦʜʠʢʦʡ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺʧʝʨʚʳʝ ʚ ʂʘʟʘʭʩʪʘʥʝ ʪʝʩʪʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʘʵʨʦʤʘʛʥʠʪʥʦʡ ʩʲʝʤʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ɹʇʃɸ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ ʩʝʥʪʷʙʨʝ-ʦʢ-

ʪʷʙʨʝ 2017 ʛ. 

ʇʨʦʚʝʜʝʥʠʝ ʘʵʨʦʤʘʛʥʠʪʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʫʯʘʩʪʢʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʝʰʝʥʠʝ ʪʘʢʠʭ ʟʘʜʘʯ ʢʘʢ: ʢʘʨʪʠʨʦʚʘʥʠʝ ʠʥʪʨʫʟʠʚʥʳʭ ʤʘʩʩʠ-

ʚʦʚ; ʚʳʷʚʣʝʥʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ, ʘ ʪʘʢʞʝ ʟʦʥ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ ʠʟʤʝ-

ʥʝʥʥʳʭ ʧʦʨʦʜ; ʚʳʷʚʣʝʥʠʝ ʘʥʦʤʘʣʠʝʦʙʨʘʟʫʶʱʠʭ ʦʙʲʝʢʪʦʚ, ʥʝ ʚʳʭʦʜʷʱʠʭ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʧʘʨʘʤʝʪʨʦʚ; ʚʳʜʝʣʝʥʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠ ʦʩʣʘʙʣʝʥ-

ʥʳʭ ʟʦʥ ʠ ʨʘʟʚʠʪʠʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ ʠʟʤʝʥʸʥʥʳʭ ʧʦʨʦʜ, ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ ʨʫ-

ʜʦʧʨʦʷʚʣʝʥʠʡ ʟʦʣʦʪʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ. ʉʦʛʣʘʩʥʦ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʫʯʘʩʪʦʢ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʨʘʩʧʦʣʦʞʝʥ ʚ ʦʙʣʘʩʪʠ ʛʣʫʙʠʥʥʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʘʟʣʦʤʦʚ. ʇʦ ʚʩʝʡ 

ʧʣʦʱʘʜʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʚʠʪʳ ʠʥʪʨʫʟʠʚʳ ʧʦʟʜʥʝʦʨʜʦʚʠʢʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ (ʩʫʙʚʫʣʢʘʥʠ-

ʯʝʩʢʠʝ ʪʝʣʘ, ʙʝʨʝʪʠʟʠʨʦʚʘʥʥʳʝ ʩʨʝʜʥʠʝ ʠ ʢʠʩʣʳʝ ʣʘʚʳ, ʢʚʘʨʮʝʚʳʝ ʛʨʘʥʦʩʠʝʥʠ-

ʪʳ ʠ ʩʠʝʥʦʜʠʦʨʠʪʳ). ʇʦʵʪʦʤʫ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʘʵʨʦʤʘʛʥʠʪʦʨʘʟʚʝʜʦʯ-

ʥʳʝ ʨʘʙʦʪʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ɹʇʃɸ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʙʥʦʚʣʝʥʥʦʡ ʛʝʦʬʠʟʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʨʫʜʥʦʤʫ ʫʟʣʫ ˉ3. ʊʘʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʙʫʜʝʪ ʫʯʠʪʳʚʘʪʴ ʟʘʢʦ-

ʥʦʤʝʨʥʦʩʪʠ ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʦʤ ʥʘʙʣʶʜʝʥʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʝʛʦ ʧʨʠʫʨʦ-

ʯʝʥʥʦʩʪʴʶ ʢ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʦʙʨʘʟʦʚʘʥʠʷʤ. ʅʘʧʨʠʤʝʨ, ʣʠʥʝʡʥʳʤʠ ʤʘʛʥʠʪʥʳ-

ʤʠ ʘʥʦʤʘʣʠʷʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʥʠʞʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʙʫʜʫʪ ʦʪʤʝʯʘʪʴʩʷ 

ʪʝʢʪʦʥʠʯʝʩʢʠ ʦʩʣʘʙʣʝʥʥʳʝ ʟʦʥʳ, ʟʦʥʳ ʩʤʷʪʠʷ ʠ ʜʨʦʙʣʝʥʠʷ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ 

ʠʟʤʝʥʸʥʥʳʭ ʧʦʨʦʜ; ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʙʫʜʫʪ ʬʠʢʩʠʨʦʚʘʪʴʩʷ 

ʟʦʥʳ ʨʘʟʚʠʪʠʷ ʠʥʪʨʫʟʠʡ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʅʘʣʠʯʠʝ ʠʥʪʨʫʟʠʚʦʚ ʧʦʟʜʥʝʦʨʜʦʚʠʢʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʭʦʞʠʭ ʩ ʠʥʪʨʫʟʠʚ-

ʥʳʤʠ ʪʝʣʘʤʠ ʟʦʣʦʪʦʥʦʩʥʦʛʦ ʩʪʝʧʥʷʢʩʢʦʛʦ ʪʠʧʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʜʝʪʘ-

ʣʠʟʘʮʠʠ ʠʭ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʤʠ ʨʘʙʦʪʘʤʠ ʤʝʪʦʜʦʤ 

ɺʇ-ʉɻ. ʇʦʣʷʨʠʟʫʝʤʦʩʪʴ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠʟʫʯʘʝʪʩʷ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʠ ʧʨʦʩʣʝ-

ʞʠʚʘʥʠʷ ʟʦʥ ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʦʡ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʏʪʦʙʳ ʦʪ-

ʩʣʝʜʠʪʴ ʭʘʨʘʢʪʝʨ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʫʣʴʬʠʪʠʟʘʮʠʠ, ʨʘʟʤʝʨʳ ʟʦʥʳ ʠ ʝʝ 



ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʉʘʪʧʘʝʚʘ 
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ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʫʞʥʦ ʯʪʦʙʳ ʦʥʠ ʦʢʘʟʘʣʠʩʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 

ʩʚʷʟʘʥʳ ʩ ʨʫʜʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ. 

ɺʳʚʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʝʡʰʝʛʦ ʢʦʤʧʣʝʢʩʘ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ ɺʇ-ʉɻ ʠ ʘʵʨʦʤʘʛʥʠʪʦʨʘʟʚʝʜʢʠ ʩ ɹʇʃɸ 

ʧʦʟʚʦʣʠʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʜʝʪʘʣʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʫʜʥʳʭ 

ʦʙʲʝʢʪʦʚ ʠ ʚʳʷʚʣʝʥʠʷ ʥʝ ʚʳʭʦʜʷʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʨʫʜʥʳʭ ʪʝʣ [7]. ɸʵʨʦ-

ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʛʣʫʙʠʥʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠ 

ʩʣʦʞʥʦʛʦ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʧʣʦʱʘʜʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʤʫ 

ʢʦʤʧʣʝʢʩʫ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʢʦʥʜʠʮʠʦʥʥʦʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʠʩʪʦʣʢʦʚʘʥʠʝ ʛʝʦ-

ʬʠʟʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ; ʚʳʷʩʥʠʪʴ ʭʘʨʘʢʪʝʨ ʦʪʨʘʞʝʥʠʷ ʨʫʜʦʥʦʩʥʳʭ ʩʪʨʫʢʪʫʨ ʠ 

ʨʫʜʦʚʤʝʱʘʶʱʠʭ ɻ ʣʝʤʝʥʪʦʚ ʚ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʷʭ; ʫʩʪʘʥʦʚʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʦʨʫ-

ʜʝʥʝʥʠʷ ʥʘ ʛʣʫʙʠʥʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʙʥʦʚʣʝʥʥʦʡ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʦʩʥʦʚʳ [8]. 
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THE RESULTS OF A COMPREHENSIVE EXAMINATION 

OF GRAVIMAGNETIC AND GEOCHEMICAL DATA  

OF THE BIE-BESOBɸ COPPER SITES 

 
ɹʘʷʥʜʘʤʘʜʘ ʽʟʜʝʫ ʢʝʟʝשʽʥʜʝʛʽ ʛʝʦʣʦʛʠʷʣʳץ-ʛʝʦʬʠʟʠʢʘʣʳץ ʞײʤʳʩʪʘʨʜʳש ʥᴅʪʠʞʝʣʝʨʽ 

 .ʘʨʘʩʪʳʨʳʣʜʳץ

ɹʘʪʳʩ ɹʘʣץʘʰʪʳש ʤʳʩʢʝʥʜʽ ʫʯʘʩʢʝʣʝʨʽ ʙʦʡʳʥʰʘ ʤʘʛʥʠʪʪʽʢ, ʛʨʘʚʠʪʘʮʠʷʣʳץ ʞᴅʥʝ 

ʛʝʦʭʠʤʠʷʣʳץ ʜʝʨʝʢʪʝʨ ʢʝʰʝʥʜʽ ʟʝʨʪʪʝʣʛʝʥ. ʆʣ װʰʽʥ ʛʝʦʭʠʤʠʷʣʳץ ʜʝʨʝʢʪʝʨ ʙʦʡʳʥʰʘ ʤʳʩʪʳש 

ʤᴇʣʰʝʨʽ ʞʦסʘʨʳ ʘʣʘשʜʘʨ ʤʝʥ ʤʘʛʥʠʪʪʽʢ, ʛʨʘʚʠʪʘʮʠʷʣʳץ ᴇʨʽʩʪʝʨʜʽש ʢʝשʽʩʪʽʢʪʝʛʽ ʦʨʳʥʜʘʨʳ 

ʩᴅʡʢʝʩʪʝʥʜʽʨʽʣʜʽ. 

ʅᴅʪʠʞʝʩʽʥʜʝ ʟʝʨʪʪʝʫ ʥʳʩʘʥʜʘʨʳʥʳש ʤʘʛʥʠʪʪʽʢ ʞᴅʥʝ ʛʨʘʚʠʪʘʮʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

ʙʝʨʽʣʜʽ; ʧʝʨʩʧʝʢʪʠʚʘʜʘ ʥʘץʪʳʣʘʫ ʞײʤʳʩʪʘʨʳ ʞװʨʛʽʟʽʣʝʪʽʥ ʘʣʘשʜʘʨ ʙʝʣʛʽʣʝʥʜʽ. 

ʊϮʡʽʥʜʽ ʩϺʟʜʝʨ: ʤʘʛʥʠʪʪʽʢ ʞᴅʥʝ ʛʨʘʚʠʪʘʮʠʷʣʳץ ᴇʨʽʩʪʝʨ, ʛʝʦʭʠʤʠʣʷʣʳץ ʟʝʨʪʪʝʫʣʝʨ, ʤʳʩʨʫ-

ʜʘʣʳ ʘʣʘשʜʘʨ 

 

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʥʘ ʧʦʠʩʢʦʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʨʘʡʦʥʘ. 

ʉ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʥʳʭ ʜʘʥʥʳʭ ʤʘʛʥʠʪʥʦʡ, ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʨʘʟʚʝʜʢʠ ʠ ʛʝʦʭʠʤʠʠ ʠʟʫʯʝ-

ʥ  rʫʯʘʩʪʢʠ ʤʝʜʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ɿʘʧʘʜʥʦʛʦ ʇʨʠʙʘʣʭʘʰʴʷ. ɼʣʷ ɻ ʪʦʛʦ ʧʨʦʚʝʜʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʩʦʚʤʝʱʝʥʠʝ ʪʦʯʝʢ ʦʧʨʦʙʦʚʘʥʠʷ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ (ʧʦ ʛʝʦʭʠʤʠʠ) ʠ ʜʘʥʥʳʝ ʛʨʘʚʠʤʘʛ-

ʥʪʦʨʘʟʚʝʜʢʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʛʥʠʪʥʦʛʦ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʧʨʦʛʥʦʟʥʳʭ ʦʙʲ-

ʝʢʪʦʚ; ʚʳʜʝʣʝʥʳ ʧʣʦʱʘʜʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʛʥʠʪʥʦʝ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ, ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʣʦʱʘ-

ʜʠ ʤʝʜʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ. 

 

The report presents the results of geological and geophysical work at the exploratory stage of the 

study of the area. 

With the help of complex data of magnetic, gravitational exploration and geochemistry, the sites 

of copper mineralization of the Western Balkhash region were studied. For this purpose, a spatial 

combination of sampling points with a high copper content (according to geochemistry) and gravity 

magnetic exploration data was carried out. 

As a result, the characteristics of the magnetic and gravitational fields of forecast objects are given; 

areas are allocated for further detailed study. 

Keywords: magnetic and gravitational field, geochemical studies, areas of copper mineralization. 

 

ʂʽʨʽʩʧʝ. ɹʠʝ-ɹʝʩʦʙʘ ʨʫʜʘʣʳ ʫʯʘʩʢʝʣʝʨʽʥʜʝ (ɹʘʪʳʩ ɹʘʣץʘʰ) ʪʝʤʽʨ, ץʘʣʘʡʳ, 

 -ʢʝʥʦʨʳʥ שʘʩʳʥ, ʤʳʨʳʰ, ʤʳʩ, ʚʠʩʤʫʪ, ʬʣʶʦʨʠʪ ʞᴅʥʝ ʚʦʣʣʘʩʪʦʥʠʪʪʽסʦʨץ
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ʜʘʨʳ, ʩʦʥʜʘʡ-ʘץ, ʤʳʩ, ʢװʤʽʩ ʞᴅʥʝ ʘʣʪʳʥʥʳש ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʢʝʥʙʽʣʽʥʽʤʜʝʨʽ 

ʘʥʳץʪʘʣסʘʥ. ʆʣʘʨ 2 ʬʦʨʤʘʮʠʷʣʳץ ʪʠʧʧʝʥ ï ʐʦʣʧʘʥ ʞᴅʥʝ ɹʘʣץʘʰ ʤʘשʳ, 

ʙʘʡʣʘʥʳʩʪʳ. 2 ʪʠʧ ʪʝ ʨʫʜʘʣʳסʳ ʙʝʣʛʽʣʽ ɹʠʝ ʞᴅʥʝ ʦסʘʥ ʧʦʪʝʥʮʠʘʣʜʳ ɹʝʩʦ-

ʙʘ ʙᴇʣʽʢʪʝʨʽʥʜʝ ʘʥʳץʪʘʣסʘʥ. ɽש ʽʨʽ ɹʠʝ ʢʝʥʜʽ ʪװʡʽʥʽ ʩʫʙʩʽʣʪʽʣʽ ʘʣʷʩʢʠʪʪʝʨ 

ʤʝʥ ʘʣʷʩʢʠʪʪʽ ʛʨʘʥʠʪʪʝʨʜʽש ʜʘʤʫ ʦʙʣʳʩʳʤʝʥ, ʘʣ ʤʠʥʝʨʘʛʝʥʠʷʩʳ ï ʐʦʣʧʘʥ 

ʬʦʨʤʘʮʠʷʣʳץ ʪʠʧʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. 

ʄʳʩʪʳ ʤʠʥʝʨʘʣʜʘʥʫ ʙʽʣʽʥʽʤʜʝʨʽ ʪᴇʤʝʥʛʽ-ʦʨʪʘ ʜʝʚʦʥʥʳש ʵʬʬʫʟʠʚʪʽ-

ʰᴇʛʽʥʜʽ ʪװʟʽʣʽʤʜʝʨʜʽש ʘʨʘʩʳʥʜʘ ʜʘ ʙʦʣʫ ʤװʤʢʽʥʜʽʛʽʥ ʘʪʘʧ ᴇʪʫ ʢʝʨʝʢ. ʂᴇʙʽʥʝʩʝ 

ʤʳʩ ʤʦʣʠʙʜʝʥ, ʚʠʩʤʫʪ, ץʘʣʘʡʳ, ץʦʨסʘʩʳʥ, ʤʳʨʳʰ, ʢװʤʽʩ, ʘʣʪʳʥ, ʚʦʣʴʬʨʘʤʜʘʨ-

ʤʝʥ ʘʩʩʦʮʠʘʮʠʷ ײץʨʘʡʜʳ. ʊʝʨʨʠʪʦʨʠʷʥʳש ʤʳʩʪʳ ʢʝʥʜʝʥʫʽ ʝʞʝʣʜʝʥ, ʤװʤʢʽʥ 

 .ʘʥ ʤʳʩ ʢʝʥʜʝʨʽʥ ᴇʥʜʽʨʫʤʝʥ ʙʝʣʛʽʣʽ [1]ץץʦʣʘ ʜᴅʫʽʨʽʥʝʥ, ʪʦʪʳץ

ɿʝʨʪʪʝʫʣʝʨʜʽש ʤʘץʩʘʪʳ ï ʛʨʘʚʠʪʘʮʠʷʣʳץ ʞᴅʥʝ ʤʘʛʥʠʪʪʽʢ ᴅʜʽʩʪʝʨʤʝʥ ʤʳʩʪʳ 

ʜʝʥʝʣʝʨʜʽ ʽʟʜʝʫ ʢʨʠʪʝʨʠʡʣʝʨʽʥ ʘʥʳץʪʘʫ. 

ʄʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ᴅʜʽʩʪʝʨ. ʂʝʰʝʥʜʽ ʩʘʨʘʧʪʘʫʜʘ ץʦʣʜʘʥʳʣסʘʥ ʬʘʢʪʽʣʽʢ ʤʘ-

ʪʝʨʠʘʣʜʘʨ ᴅʨ ʞʳʣʜʘʨʳ ʦʨʳʥʜʘʣסʘʥ ᴇʥʜʽʨʽʩʪʽʢ ʞᴅʥʝ ʪʘץʳʨʳʧʪʳץ ʟʝʨʪʪʝʫʣʝʨʜʽש 

ʝʩʝʧʪʝʤʝʣʝʨʽʥʝʥ ʘʣʳʥסʘʥ (ɺ. ʍ. ʂʘʰʘʬʫʪʜʠʥʦʚ, 1985; ɸ. ʉ. ʑʝʨʙʘʢʦʚ ʞᴅʥʝ ʪ. 

ʙ., çɺʦʣʢʦʚʛʝʦʣʦʛʠʷè ɸɸפ, ɸʣʤʘʪʳ, 1992; ɽ. ɺ. ɸʣʴʧʝʨʦʚʠʯ, ɻ. ʌ. ɽʬʨʝʤʦʚ, 

1996 ʞ.; ɽ. ɺ. ɸʣʴʧʝʨʦʚʠʯ, ɽ. ɸ. ɺʠʥʦʛʨʘʜʦʚʘ, ɸʣʤʘʪʳ, 2002; ɽ. ɺ. ɸʣʴʧʝʨʦʚʠʯ 

ʞᴅʥʝ ʪ. ʙ., 2014 ʞ,). 

ʄʘʛʥʠʪʪʽʢ ʞᴅʥʝ ʛʨʘʚʠʪʘʮʠʷʣʳץ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʮʠʬʨʘʣʳץ ʬʦʨʤʘʪץʘ ʢᴇʰʽʨʫ 

Surfer ʙʘסʜʘʨʣʘʤʘʩʳʥʜʘ ʽʩʢʝ ʘʩʳʨʳʣʜʳ (1, 2 ʩʫʨʝʪʪʝʨ). ʆʣ װʰʽʥ ʘʪʘʣסʘʥ 

ᴇʨʽʩʪʝʨʜʽ000 1:200 ש ʤʘʩʰʪʘʙʪʘסʳ ʢʘʨʪʘʣʘʨʳ ץʦʣʜʘʥʳʣʜʳ (ɽ. ɺ. ɸʣʴʧʝʨʦʚʠʯ, 

ɻ. ʌ. ɽʬʨʝʤʦʚ, 1996). 

ʂʝʰʝʥʜʽ ʩʘʨʘʧʪʘʫ ʤʘʛʥʠʪʪʽʢ, ʛʨʘʚʠʪʘʮʠʷʣʳץ ʞᴅʥʝ ʛʝʦʭʠʤʠʷʣʳץ ʪװʩʽʨʫ 

ʤᴅʣʽʤʝʪʪʝʨʽʥ ʢʝשʽʩʪʽʢʪʝ ʩᴅʡʢʝʩʪʝʥʜʽʨʫ ʘʨץʳʣʳ ʞװʨʛʽʟʽʣʜʽ. ɻʝʦʭʠʤʠʷʣʳץ 

ʤᴅʣʽʤʝʪʪʝʨ ɹʠʝ-ɹʝʩʦʙʘ ʨʫʜʘʣʳ ʫʯʘʩʢʝʣʝʨʽʥʜʝ ʤʳʩʪʳש ʤᴇʣʰʝʨʽʥ ʩʳʥʘʤʘʣʘʫ 

ʥᴅʪʠʞʝʣʝʨʽʥʝʥ ʘʣʳʥʜʳ (ɽ. ɺ. ɸʣʴʧʝʨʦʚʠʯ, ɽ. ɸ. ɺʠʥʦʛʨʘʜʦʚʘ, ɸʣʤʘʪʳ, 2002). 

1, 2-ʩʫʨʝʪʪʝʨʜʝ ʟʝʨʪʪʝʫ ʫʯʘʩʢʝʩʽʥʽש ᴇʨʽʩʪʝʨ ʙʦʡʳʥʰʘ ʦש ʤᴅʥʜʽ ʙᴇʣʽʢʪʝʨʽ 

ʢᴇʢ, ʪʝʨʽʩ ʤᴅʥʜʽʣʝʨʽ ï ץʳʟʳʣ ʪװʩʧʝʥ ʙʦʷʣסʘʥ. çɾʘʩʳʣ ʜᴇשʛʝʣʝʢʪʝʨʤʝʥè 

ʛʝʦʭʠʤʠʷʣʳץ ʤᴅʣʽʤʝʪʪʝʨ ʙʦʡʳʥʰʘ ʤʳʩʪʳש ʤᴇʣʰʝʨʽ ʞʦסʘʨʳ ʟʝʨʪʪʝʫ ʥװʢʪʝʣʝʨʽ 

ʙʝʨʽʣʛʝʥ. ʂᴇʢ, ץʘʨʘ ʪװʩʪʝʛʽ ʢʦʥʪʫʨʣʘʨ ï ʟʝʨʪʪʝʫ ʫʯʘʩʢʝʣʝʨʽʥʽש ʪʝʨʨʠʪʦʨʠʷʩʳ. 

ʅᴅʪʠʞʝʩʽ. ʋʯʘʩʢʝʜʝʛʽ ʤʘʛʥʠʪ ᴇʨʽʩʽʥʽש ʪʽʢ ʢʦʤʧʦʥʝʥʪʽ (ȹZ)
ʘ
-ʥʳש 

 ʘʨʳסʘ ʜʝʡʽʥ ᴇʟʛʝʨʝʜʽ. ɹʘʪʳʩ ʙᴇʣʽʛʽʥʜʝ ʞʦס-ʳ -150-ʜʝʥ +700 ʥʊʣסʳʥʜʳʣʳץʘʨץ
ʛʨʘʜʠʝʥʪʽ ʝץ שʘʨץʳʥʜʳ ʘʡʤʘץ ʙʘʨ (100 ʤ-ʛʝ 500 ʥʊʣ-סʘ ʜʝʡʽʥ), ʦʨʪʘסשʳ 

ʙᴇʣʽʛʽʥʜʝ ï ʪʘʫʞʳʥʳʩʪʘʨʜʳש ʩʦʟʳʣʫʳʥʘ ʩᴅʡʢʝʩ ʤʝʨʠʜʠʘʥʜʳץ ʙʘסʳʪʪʘ ʩʦʟʳʣסʘʥ 

(ȹZ)
ʘ
-ʥʳש ʪʝʨʽʩ ʤᴅʥʜʝʨʽʥʽש ʝʥʽ 800 ʤ-ʛʝ ʞʫʳץ ʞʦʣʘסʳ ʙʘʨ (1-ʩʫʨʝʪ). 

ʈʫʜʘʣʘʥʫʜʘ ʤʘשʳʟʳ ʙʘʨ ʪʘʫʞʳʥʳʩʪʘʨʜʳש ï ʦʨʪʘʰʘ ץʳʰץʳʣ ײץʨʘʤʜʳ 

ʩʫʙʩʽʣʪʽʣʽ ʰʘסʳʥ ʠʥʪʨʫʟʠʷʣʘʨʜʳש ʤʘʛʥʠʪ ץʘʙʳʣʜʘסʳʰʪʳץ ʤᴅʥʜʝʨʽ 92 װʣʛʽ 

ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣסʘʥ ʞᴅʥʝ 0-3000Ŀ10-6 CGSM ʘʨʘʣʳסʳʥʜʘ, ʦʨʪʘʰʘ ʤᴅʥʽ 630Ŀ10-

6 CGSM. 

ʊᴇʤʝʥʛʽ ʧʝʨʤʴʥʽש ʪʦʨʘסשʳ ʢʝʰʝʥʽʥʜʝʛʽ ʛʨʘʚʠʪʘʮʠʷʣʳץ ᴇʨʽʩʽ -4.5-3 ʤɻʘʣ 

ʘʨʘʣʳץʪʘ ᴇʟʛʝʨʝʜʽ. ʅʘץʪʳ ʤʘʪʝʨʠʘʣʜʘʨ ʙʦʡʳʥʰʘ ʪʘʫʞʳʥʳʩʪʘʨʜʳש ʢʝʥʜʽ ʢʝʰʝʥʽ 

 ʳʥʜʘ, ʦʨʪʘʰʘ ï 2,60 ʛ/ʩʤ3. ʆʣʘʨסʤᴅʥʜʝʨʽ 2,57-2,61 ʛ/ʩʤ3 ʘʨʘʣʳ ץʳʟʜʳסʰʽʥ ʪʳװ

ʤʘʛʥʠʪ ᴇʨʽʩʽʥʜʝ, ʢᴇʙʽʥʝʩʝ, ʦש ʤᴅʥʜʝʨʤʝʥ, ʛʨʘʚʠʪʘʮʠʷʣʳץ ᴇʨʽʩʪʝ ʪʝʨʽʩʢʝ ʞʘץʳʥ 

ʤᴅʥʜʝʨʛʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ (2-ʩʫʨʝʪ). 



 

 

 

 

1- ʩʫʨʝʪ ï ɸʫʜʘʥʳʥʳש ʛʝʦʭʠʤʠʷʣʳץ ʤᴅʣʽʤʝʪʪʝʨʽ ʤʝʥ ʤʘʛʥʠʪ ᴇʨʽʩʽʥʽש ʢʘʨʪʘʩʳ, ʄʘʩʰʪʘʙ 1:200 000 (ʰʘʨʪʪʳ ʙʝʣʛʽʣʝʨ ʤᴅʪʽʥʜʝ ʢʝʣʪʽʨʽʣʛʝʥ) 
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2- ʩʫʨʝʪ ï ɸʫʜʘʥʳʥʳש ʛʝʦʭʠʤʠʷʣʳץ ʤᴅʣʽʤʝʪʪʝʨʽ ʤʝʥ ʛʨʘʚʠʪʘʮʠʷ ᴇʨʽʩʽʥʽש ʢʘʨʪʘʩʳ. ʄʘʩʰʪʘʙ 1:200 000 (ʰʘʨʪʪʳ ʙʝʣʛʽʣʝʨ ʤᴅʪʽʥʜʝ 
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ʄʳʩʪʳש ʞʦסʘʨʳ ʤᴇʣʰʝʨʽ ʟʝʨʪʪʝʫ ʘʣʘשʳʥʳש ʰʳסʳʩ ʙᴇʣʽʛʽʥʜʝ ʢᴇʧ 

ʰʦסʳʨʣʘʥסʘʥ. ʆʣʘʨʜʳש ʦʨʥʘʣʘʩʫʳ ᴇʨʽʩʪʽש ʦש ʪʘשʙʘʣʳ ʤᴅʥʜʝʨʽʥʽש ʘʡʤʘסʳʥʘ 

ʩᴅʡʢʝʩ ʢʝʣʝʜʽ: ʆשʪװʩʪʽʢ ɹʝʩʦʙʘ, ʐʠʨʦʪʥʳʡ, ʈʘʚʥʠʥʥʳʡ, ʐʳסʳʩ ɹʠʝ; ɿʝʨʪʪʝʫ 

ʘʣʘשʳʥʜʘ ʪʝʨʽʩ ʤᴅʥʜʝʨʛʝ ʩᴅʡʢʝʩ ʨʫʜʘʣʘʥʫ ʘʣʘשʜʘʨʳ ʙʘʨ: ʐʳסʳʩ ɹʝʩʦʙʘ, ɾʠʣʴ-

ʥʦʝ, ʆʪʚʘʣʴʥʳʡ, ʆʨʪʘʞʘʨʪʘʩ, ʄʘʣʦʰʘʢʰʘʛʘʣʠʥʩʢʦʝ; ʋʯʘʩʢʝʥʽש ʩʦʣʪװʩʪʽʢ 

ʰʳסʳʩʳʥʘ ʦʡʳʩץʘʥʜʘ ᴇʪʧʝʣʽ ʥʝʤʝʩʝ ʘʟ ʘʥʦʤʘʣʠʷʣʳ ʘʡʤʘץʪʘʨ ʦʨʥʘʣʘʩץʘʥ. 

ʆʣʘʨסʘ ɼʨʝʚʥʝʝ, ɼʦʨʦʞʥʳʡ, ʉʦʣʦʥʯʘʢʦʚʳʡ, ʅʠʞʥʝʩʦʣʦʥʯʘʢʦʚʳʡ ʢʝʥʜʝʥʫʣʝʨʽ 

ʞʘʪʘʜʳ. ɿʝʨʪʪʝʫ ʫʯʘʩʢʝʩʽʥʽש ʩʦʣʪװʩʪʽʢ ʙʘʪʳʩ ʞʘסʳʥʜʘ ʤʳʩʪʳש ʤᴇʣʰʝʨʽ ʩʠʨʝʢ 

ʢʝʟʜʝʩʝʜʽ ʞᴅʥʝ ʦʣʘʨʜʳש ʢᴇʧ ʙᴇʣʽʛʽ ˉ4 ʧʫʥʢʪ ʤʘשʳʥʜʘ ʰʦסʳʨʣʘʥסʘʥ. ɸʣ ʟʝʨʪ-

ʪʝʫ ʘʣʘשʳʥʳש ʩʦʣʪװʩʪʽʢ ʙᴇʣʽʛʽʥʜʝ ʤʳʩʪʳש ʤᴇʣʰʝʨʽ ʤװʣʜʝʤ ʢʝʟʜʝʩʧʝʛʝʥ (1-ʩʫ-

ʨʝʪ). 

2-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʢʘʨʪʘʜʘ ʠʟʦʘʥʦʤʘʣʠʷʣʘʨ 1,0 ʤɻʣ (1ʤɻʣ = 10-5 ʤ/c2) ʩʘʡ-

ʳʥ ʩʘʣʳʥסʘʥ. ɻʝʦʭʠʤʠʷʣʳץ ʩʳʥʘʤʘʣʘʫ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʙʦʡʳʥʰʘ ʛʨʘʚʠʪʘʮʠʷʣʳץ 

ᴇʨʽʩʪʽש ʦש ʤᴅʥʜʝʨʽʥʝ ʟʝʨʪʪʝʫ ʘʣʘשʳʥʳש ʰʳסʳʩ ʙᴇʣʽʛʽʥʜʝʛʽ ʆשʪװʩʪʽʢ ɹʝʩʦʙʘ, 

ʐʠʨʦʪʥʳʡ, ʈʘʚʥʠʥʥʳʡ, ɼʨʝʚʥʝʝ, ʪʝʨʽʩ ʤᴅʥʜʽ ʛʨʘʚʠʪʘʮʠʷʣʳץ ᴇʨʽʩʢʝ ʩʦʣʪװʩʪʽʢ 

ʰʳסʳʩ ʙᴇʣʽʛʽʥʜʝʛʽ ɾʠʣʴʥʦʝ, ʆʪʚʘʣʴʥʳʡ, ɼʦʨʦʞʥʳʡ, ʉʦʣʦʥʯʘʢʦʚʳʡ, ʅʠʞʥʝ-

ʩʦʣʦʥʯʘʢʦʚʳʡ ʢʝʥʜʝʥʫʣʝʨʽ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

ʋʯʘʩʢʝʥʽש ʙʘʪʳʩ ʙᴇʣʽʛʽʥʜʝʛʽ ᴇʨʽʩʪʽש ʦש ʘʫʳʪץʫʣʘʨʳ ʤʘʛʥʝʪʠʪʪʽש ʘʟ 

ʤᴇʣʰʝʨʜʝʛʽ ץʦʩʧʘʣʘʨʳ ʙʘʨ ʞʦʣʘץʪʳ ʤװʡʽʟʪʘʩ ʧʝʥ ʪʫʬʪʘʨʜʳש ʪʘʨʘʣʫʳʤʝʥ 

ʪװʩʽʥʜʽʨʽʣʝʜʽ. ʄʘʛʥʠʪ ᴇʨʽʩʽʥʽש ʪᴇʤʝʥʜʝʫʽ, ʙʽʨ ʞʘסʳʥʘʥ, ʙʘʪʳʩץʘ ץʘʨʘʡ ײץʣʘסʘʥ 

ʤʘʛʥʠʪʪʽ ʞʳʥʳʩʪʘʨʜʳש ʞʘʥʘʩʫʳ ʘʨץʳʣʳ, ʝʢʽʥʰʽ ʞʘסʳʥʘʥ, ʦʣ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ 

 ʘץʳʩסʩʽʥʜʽʨʽʣʝʜʽ. ʐʳװᴇʟʛʝʨʽʩʪʝʨʽʤʝʥ ʪ ץʛʠʜʨʦʪʝʨʤʠʷʣʳ שʤʪʘʩ ʛʦʨʠʟʦʥʪʳʥʳײץ

 ʤʘʛʥʠʪʪʽʢ שʥʜʘʡ ᴇʟʛʝʨʽʩ ʪʝʨʝײʳ ʘʨʪʘʜʳ. ʄסʳʥʜʳʣʳץʘʨץ שʘʨʘʡ ᴇʨʽʩʪʽץ

ʦʙʲʝʢʪʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. 

-ʦʨʳʪʳʥʜʳ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʤʘʛʥʠʪʪʽʢ ᴇʨʽʩ ʙʦʡʳʥʰʘ ʤʳʩʨʫʜʘʣʳ ʜʝפ

ʥʝʣʝʨ, ʢᴇʙʽʥʝʩʝ, ʦש ʪʘשʙʘʣʳ ʘʥʦʤʘʣʠʷʣʘʨ ʘʡʤʘסʳʥʜʘ ʦʨʥʘʣʘʩץʘʥʳʥ ʢᴇʨʩʝʪʪʽ. 

ɻʨʘʚʠʪʘʮʠʷʣʳץ ʤᴅʣʽʤʝʪʪʝʨ ʙʦʡʳʥʰʝ ʙʽʨʞʘץʪʳ ʟʘשʜʳʣʳץʪʘʨʜʳ ʘʥʳץʪʘʫ 

ʤװʤʢʽʥʜʽʛʽ ʪᴇʤʝʥ. 

ʇʝʨʩʧʝʢʪʠʚʘʜʘ ʥʘץʪʳ ᴅʜʽʩʧʝʥ ʤʳʩ ʢʝʥʽʥʽש ʪʝʨʝשʜʽʢ ʦʨʥʘʣʘʩʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥ 

ʘʥʳץʪʘʫ װʰʽʥ ʵʣʝʢʪʨʣʽʢ ʙʘʨʣʘʫʜʳש ʪװʨʣʽ ʤʦʜʠʬʠʢʘʮʠʷʣʘʨʳʥ ץʦʣʜʘʥʫסʘ ʙʦʣʘ-

ʜʳ. ʄʳʩʘʣʳ, ʚʝʨʪʠʢʘʣʴ ɻ ʣʝʢʪʨʣʽʢ ʟʦʥʜʪʘʫʜʳש ʜʠʧʦʣʴʜʽʢ ʤʦʜʠʬʠʢʘʮʠʷʩʳ ʞᴅʥʝ 

ʞʘʩʘʥʜʳ ʧʦʣʶʩʪʝʫ ï ɺʕɿ (ɼʕɿ)-ɺʇ [2]. 

 
Ϸɼɽɹʀɽʊʊɽʈ ʊɯɿɯʄɯ: 

 

1 ɺʠʥʦʛʨʘʜʦʚʘ ɽ. ɸ. ʅʦʚʳʡ ʧʦʜʭʦʜ ʢ ʨʘʩʯʣʝʥʝʥʠʶ ʠʥʪʨʫʟʠʚʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʂʘ-

ʟʘʭʩʪʘʥʘ ʠ ʝʛʦ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʠ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

// ʀʟʚʝʩʪʠʷ ʅɸʅ ʈʂ. 2011. ̄  2. ʉ. 63-76. 

2 ʄʫʢʘʰ ɸ., ɸʣʠʘʢʙʘʨ ʄ., ʐʘʨʘʧʘʪʦʚ ɸ. ʆ ʧʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʳʭ ʧʝʨʩʧʝʢʪʠʚʘʭ 

ɿʘʧʘʜʥʦʛʦ ʇʨʠʙʘʣʭʘʰʴʷ //ʊʨʫʜʳ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʘʪʧʘʝʚʩʢʠʭ ʯʪʝʥʠʡ çʅʘʫʯʥʦʝ ʥʘʩʣʝ-

ʜʠʝ ʐʘʭʤʘʨʜʘʥʘ ɽʩʝʥʦʚʘè, ISBN 978-601-323-034-4. ʂʘʟʅʀʊʋ, ɸʣʤʘʪʳ, 2017ʛ., 116-

119 ʙʝʪ. 
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ʅ. ϧ. ʉʣʘʤʙʝʢ, ʉ. ɸ. ʀʩʪʝʢʦʚʘ 
Satbayev University, ϧʘʟʘʭʩʪʘʥ, ʛ.ɸʣʤʘʪʳ 

 

ʇɽʊʈʆʌʀɿʀʏɽʉʂʀʁ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʇʆ ɺʓɼɽʃɽʅʀʖ ʀ ʆʎɽʅʂɽ ʉɺʆʁʉʊɺ 

ʂʆʃʃɽʂʊʆʈʆɺ ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʂʋʄʂʆʃ 

 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʚʘʞʠʥ ʧʦ ʚʳʜʝʣʝʥʠʶ ʠ ʦʮʝʥ-

ʢʝ ʩʚʦʡʩʪʚ ʢʦʣʣʝʢʪʦʨʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʫʤʢʦʣʴ ʥʘ ʦʩʥʦʚʝ ʙʫʨʝʥʠʷ ʥʦʚʳʭ ʛʣʫʙʦʢʠʭ ʩʢʚʘʞʠʥ. 

ʇʦʢʘʟʘʥʘ ʨʦʣʴ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʝʪʨʦʬʠʟʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦ ʧʨʦʜʫʢ-

ʪʠʚʥʳʤ ʤʝʣʦʚʳʤ ʠ ʶʨʩʢʠʤ ʛʦʨʠʟʦʥʪʘʤ. ʆʧʝʨʘʪʠʚʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʜʘʥʥʳʝ 

ɻʀʉ, ʠʟʫʯʝʥʠʷ ʨʘʟʨʝʟʘ ʧʦ ʰʣʘʤʫ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʛʝʦʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ. ʇʨʦʚʝʜʝʥ ʣʶʤʠʥʝʩʮʝʥʪʥʦ-ʙʠʪʫʤʠʥʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʢʝʨʥʘ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʧʦ ʚʥʦʚʴ ʧʨʦʙʫʨʝʥʥʳʤ ʩʢʚʘʞʠʥʘʤ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʜʦʠʟʫʯʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʨʘʡʦʥʘ, ʚʳʷʚʣʝʥʳ ʥʦʚʳʝ ʧʨʦʜʫʢʪʠʚʥʳʝ ʛʦʨʠ-

ʟʦʥʪʳ, ʧʦʣʫʯʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʧʦʜʩʯʝʪʘ ʟʘʧʘʩʦʚ ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʂʫʤʢʦʣʴʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʢʚʘʞʠʥʘ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ, ʢʦʣʣʝʢʪʦʨ, ʢʘʨʦ-

ʪʘʞʥʳʝ ʜʠʘʛʨʘʤʤʳ, ʢʝʨʥ, ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʂʫʤʢʦʣʴ. 

 

ɺʚʝʜʝʥʠʝ. ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʟʘʣʝʛʘʥʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ ʠ ʧʨʠ-

ʤʝʥʷʝʤʳʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʩʢʚʘʞʠʥ (ɻʀʉ) ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʠʟʫʯʝʥʠʝʤ ʢʝʨʥʘ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʂʘ-

ʟʘʭʩʪʘʥʘ ʧʦʟʚʦʣʷʶʪ, ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʥʘʜʝʞʥʦʩʪʴʶ, ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʚʳʜʝʣʝʥʠʷ ʠ 

ʦʮʝʥʢʠ ʧʨʦʜʫʢʪʠʚʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ ʥʘ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʦʮʝʥʦʢ ʠʟʚʣʝʢʘʝ-

ʤʳʭ ʟʘʧʘʩʦʚ ʥʝʬʪʠ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʚʘʞʠʥ (ɻʀʉ) ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʢʝʨʥʘ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦ-

ʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ (ʌʕʉ), 

ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʧʦʣʥʦʪʫ ʥʝʬʪʝʠʟʚʣʝ-

ʯʝʥʠʷ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ɺ ʩʪʨʫʢʪʫʨʥʦʤ ʧʣʘʥʝ ʧʦʜʥʷʪʠʝ 

ʂʫʤʢʦʣʴ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʦʜʥʦʤ ʠʟ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʫʟʣʦʚ 

ɸʨʳʩʢʫʤʩʢʦʛʦ ʧʨʦʛʠʙʘ. ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ 

ʫʯʘʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʶʞʥʳʝ ʯʘʩʪʠ ɹʦʟʠʥʛʝʥʩʢʦʡ ʠ 

ʉʘʨʳʣʘʥʩʢʦʡ ʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʝʡ, ʊʘʙʘʢʙʫʣʘʢʩʢʦʡ ʛʦʨʩʪ-ʘʥʪʠʢʣʠʥʘʣʠ ï ʚ ʚʦʩ-

ʪʦʯʥʦʡ ʯʘʩʪʠ ʢʦʥʪʨʘʢʪʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ɸʱʠʩʘʡʩʢʠʝ ʛʦʨʩʪʦʚʠʜʥʳʝ ʧʦʜʥʷʪʠʷ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ, ɹʝʩʦʙʘ-ʊʝʨʝʥʩʘʡʩʢʘʷ ʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʴ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ʠ ɸʢʩʘʡʩʢʘʷ ʛʦʨʩʪ-ʘʥʪʠʢʣʠʥʘʣʴ ʚ ʢʨʘʡʥʝʡ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʢʦʥʪʨʘʢʪʥʦʡ ʪʝʨʨʠ-

ʪʦʨʠʠ. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʫʯʘʩʪʢʘ ʂʫʤʢʦʣʴ ʩʦʩʪʦʷʪ ʩ ʦʪʣʦʞʝʥʠʷʤʠ ʤʝʟʦ-

ʟʦʷ ʠ ʢʘʡʥʦʟʦʷ, ʢʦʪʦʨʳʡ ʟʘʣʝʛʘʝʪ ʥʘ ʚʳʚʝʪʨʝʥʥʦʡ ʯʘʩʪʠ ʬʫʥʜʘʤʝʥʪʘ ʧʘʣʦʝʟʦʡ-

ʩʢʦʛʦ ʚʦʟʨʘʩʪʘ [1]. 

ɺ ʫʯʘʩʪʢʝ ʂʫʤʢʦʣʴʩʢʦʡ ʘʥʪʠʢʣʠʥʘʣʠ ʚ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʧʦ ʟʘʧʠʩʷʤ 

ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩʫ-

ʥʦʢ 1). ʇʝʨʚʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩ III ʘ - ʆɻ, ʧʨʠʫʨʦʯʝʥʥʳʤ ʢ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ 

ʩʚʠʪʳ ʢʫʤʢʦʣʴʩʢʦʛʦ (ʥʘ ʫʯʘʩʪʢʝ ʂʫʤʢʦʣʴ ʵʪʘ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʖ-1 ʥʝʬʪʝʥʦʩ- 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1 ï ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʂʫʤʢʦʣʴʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ: ɸ ï ʥʝʬʪʝʥʦʩʥʦʛʦ ʧʣʘʩʪʘ ʄ-I, ɹ ï ʥʝʬʪʝʥʦʩ-

ʥʦʛʦ ʧʣʘʩʪʘ ʖ ï ɯ) ʠ ʨʘʟʨʝʟ ʧʦ ʣʠʥʠʠ ɯ - ɯ ʛʘʟʦʥʝʬʪʷʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʫʤʢʦʣʴ (ʧʦ ʀ.ʊ. ɹʘʜʦʝʚʫ. 1988 ʛ.); 1 ï 

ʯʘʩʪʴ ʚʳʭʦʜʘ ʬʫʥʜʘʤʝʥʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝʬʪʷʥʦʛʦ ʛʦ-

ʨʠʟʦʥʪʘ; 2 ï ʧʦʨʦʜʳ ʩʢʣʘʜʯʘʪʦʛʦ ʬʫʥʜʘʤʝʥʪʘ; 3 ï ʢʦʥʪʫʨ 

ʥʝʬʪʝ-ʛʘʟʦʥʦʩʥʦʩʪʠ ʠ ʛʘʟʦʥʦʩʥʦʩʪʠ 
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ʥʦʛʦ ʧʣʘʩʪʘ). ʂʦ ʚʪʦʨʦʡ ʧʨʠʫʨʦʯʝʥ III 1ʘ - ʆɻ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʩ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʩʨʝʜʥʝʢʫʤʢʦʣʴʩʢʦʡ ʧʦʜʩʚʠʪʳ ʚʝʨʭʥʝʡ ʶʨʳ. ʇʦ 

ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʖ-1 ʥʝʬʪʝʥʦʩʥʦʛʦ ʧʣʘʩʪʘ ʨʘʟʤʝʨʳ ʩʚʠʪʳ ʩʦʩʪʘʚʣʷʶʪ 19,0 ʥʘ 

8,0 ʢʤ ʧʦ ʠʟʦʛʠʧʩʝ ï 1200,0 ʤ, ʧʨʠ ʘʤʧʣʠʪʫʜʝ 120,0 ʤ. ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʩʪʨʦʝʥʠʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʪʷʥʫʪʫʶ ʘʥʪʠʢʣʠʥʘʣʴ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, 

ʦʛʨʘʥʠʯʝʥʥʘʷ ʩ ʚʦʩʪʦʢʘ ʨʘʟʣʦʤʦʤ [2,3]. 

ʇʦ ʠʟʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʚʦʩʪʦʯʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ ʘʥʪʠʢʣʠ-

ʥʘʣʴʥʳʡ ʩʪʨʫʢʪʫʨʳ ʠʤʝʝʪ ʙʦʣʝʝ ʢʨʫʪʦʝ ʧʦʛʨʫʞʝʥʠʝ. ʉʪʨʫʢʪʫʨʥʳʝ ʧʣʘʥʳ ʧʦ 

IIIʘ ʠ III1aïʆɻ - ʪʘʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ. ʊʦʣʱʠʥʘ ʂʫʤʢʦʣʴʩʢʦʡ ʩʚʠʪʳ (ʦʪ ʢʨʦʚʣʠ 

ʬʫʥʜʘʤʝʥʪʘ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʘ ʖ-1) ʢʦʣʝʙʣʝʪʩʷ ʦʪ 51,0 ʜʦ 251,1 ʤ. ʋʤʝʥʴ-

ʰʝʥʠʝ ʨʘʟʤʝʨʳ ʧʣʘʩʪʳ ʂʫʤʢʦʣʴʩʢʦʡ ʩʚʠʪʳ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʧʨʠʤʳʢʘʥʠʷ ʢ 

ʚʦʟʜʳʤʘʶʱʝʡ ʢʨʦʚʣʠ ʬʫʥʜʘʤʝʥʪʘ ʥʠʞʥʠʭ ʯʘʩʪʝʡ ʨʘʟʨʝʟʘ.ʊʦʣʱʠʥʘ ʧʣʘʩʪʳ ɸʢ-

ʰʘʙʫʣʘʢʩʢʦʡ ʩʚʠʪʳ (ʛʣʠʥʠʩʪʘʷ ʟʦʥʘ ʨʘʟʨʝʟʘ ʚʝʨʭʥʝʡ ʶʨʳ) ʢʦʣʝʙʣʝʪʩʷ ʦʪ 10,0 

ʜʦ 100,0 ʠ ʙʦʣʝʝ ʤʝʪʨʦʚ. ʆʜʥʘʢʦ ʫʪʦʥʯʝʥʠʝ ɸʢʰʘʙʫʣʘʢʩʢʦʡ ʩʚʠʪʳ ʧʨʦʠʩʭʦʜʠʪ 

ʩʚʝʨʭʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʘʟʤʳʚʘ ʚ ʧʨʝʜʥʝʦʢʦʤʩʢʦʝ ʚʨʝʤʷ ʛʝʦʭʨʦʥʦ-

ʣʦʛʠʡ. 

ɺ ʨʘʟʨʝʟʝ ʥʠʞʥʝ ʥʝʦʢʦʤʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʯʝʪʢʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ 

ʆɻIIa,ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ɸʨʳʩʢʫʤʩʢʦʛʦ ʧʨʦʛʠʙʘ (ʥʝʬʪʷ-ʥʦʡ 

ʧʣʘʩʪ M-I). ʇʦ IIa-ʆɻ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʦʝʥʠʝ ʂʫʤʢʦʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-ʙʦʡ 

ʜʚʫʭ ʩʚʦʜʦʚʫʶ ʣʠʥʝʡʥʫʶ ʘʥʪʠʢʣʠʥʘʣʴʥʫʶ ʩʢʣʘʜʢʫ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ 

ʧʨʦʩʪʠʨʘʥʠʷ ʩʦ ʩʤʝʱʝʥʠʝʤ ʢ ʶʛʫ ʩʚʦʜʘ. ʇʣʦʱʘʜʴ ʢʫʧʦʣʘ ʩʦʩʪʘʚʣʷʶʪ 14.5ʭ4.5 

ʢʤ ʧʦ ʠʟʦʛʠʧʩʝ ï 990 ʤ, ʧʨʠ ʪʦʣʱʠʥʝ 40 ʤ. ʉʝʚʝʨʥʳʡ ʧʨʦʛʠʙ ʙʦʣʝʝ ʧʦʣʦʛʠʡ 

ʠ ʠʤʝʝʪ ʤʦʱʥʦʩʪʴ 30 ʤ. ʇʦ ʠʟʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʙʫʨʝʥʠʷ 

ʚʦʩʪʦʯʥʦʝ ʢʨʳʣʦ ʩʪʨʫʢʪʫʨʳ (ʪʘʢʞʝ ʢʘʢ ʠ ʧʦ ʶʨʩʢʠʤ ʛʦʨʠʟʦʥʪʘʤ) ʠʤʝʝʪ ʙʦʣʝʝ 

ʢʨʫʪʦʝ ʧʦʛʨʫʞʝʥʠʝ. 

ʅʘ ʧʣʦʱʘʜʝ ʂʫʤʢʦʣʴ ʥʝʬʪʝ ʠ ʛʘʟʦʥʘʩʳʱʝʥʥʳʤ ʷʚʣʷʶʪʩʷ ʥʠʞʥʝʥʝʦʢʦʤ-

ʩʢʠʝ ʠ ʚʝʨʭʥʝʶʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ [4]. ɺ ʥʠʞʥʝʥʝʦʢʦʤʩʢʠʭ ʧʣʘʩʪʘʭ ʚ ʩʦʩʪʘʚʝ 

ʘʨʳʩʢʫʤʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʥʝʬʪʝʥʦʩʪʳʝ ʧʣʘʩʪʳ M-I ʠ M-II, 

ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪʩʷ ʠ ʦʜʥʦʟʥʘʯʥʦ ʚʳʜʝʣʷʶʪʩʷ ʧʦ ʜʘʥʥʳʤ ʛʝʦʬʠ-

ʟʠʯʝʩʢʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʚʘʞʠʥ [4]. ʅʝʬʪʝʥʦʩʥʳʡ ʧʣʘʩʪ ʨʘʟʦʙʱʝʥʳ ʛʣʠʥʠ-

ʩʪʳʤʠ ʨʘʟʜʝʣʘʤʠ ʪʦʣʱʠʥʦʡ ʦʪ 10 ʜʦ 20 ʤ. ɺ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʚʳʜʝʣʷʶʪʩʷ 

ʥʝʬʪʝʥʦʩʥʳʝ ʧʣʘʩʪʳ ʖ-I ʠ ʖïII, ʖ-III ( 3-ʦʙʲʝʢʪ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʡ) ʠ ʖ-IV (4-

ʦʙʲʝʢʪ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʡ)[5]. 

ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʂʫʤʢʦʣʴʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʝʦʬʠʟʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʢʚʘʞʠʥ (ɻʀʉ), ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʚ ʙʦʣʝʝ ʯʝʤ ʚ 200 

ʩʢʚʘʞʠʥʘʭ (ʨʠʩʫʥʦʢ 2). ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʣʣʝʢʪʦʨʦʚ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘ ʦʩʥʦʚʝ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ ɻʀʉʘ ʠ ʘʥʘʣʠʟʘ 

ʧʦ ʠʥʪʝʨʧʨʝʪʘʮʠʡ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʂʫʤʢʦʣʴ ʠʟʫʯʘ-

ʣʠʩʴ ʧʨʦʜʫʢʪʠʚʥʳʝ ʛʦʨʠʟʦʥʪʳ, ʜʘʥʘ ʣʠʪʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʟʨʝʟʘ, 

ʧʨʦʚʝʜʝʥ ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʳʡ ʠ ʬʦʨʤʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʚʳʜʝʣʝʥʳ ʠ ʠʟʫʯʝʥʳ 

ʢʦʣʣʝʢʪʦʨʘ, ʦʧʨʝʜʝʣʝʥʳ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ (ʌʕʉ) [6,7]. 

ʆʧʝʨʘʪʠʚʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʜʘʥʥʳʭ ɻʀʉ ʦʪʢʨʳʪʦʛʦ ʩʪʚʦʣʘ ʧʨʦʚʝʜʝʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çIPè ʚ ʧʦʪʦʯʝʯʥʦʤ ʨʝʞʠʤʝ ʩ ʧʦ-

ʩʣʝʜʫʶʱʠʤ ʦʙʲʝʜʠʥʝʥʠʝʤ ʚ ʧʣʘʩʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʵʬʬʠʮʝʥʪʳ ʧʦ ʤʝʩʪʦ- 
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ʈʠʩʫʥʦʢ 2 ï ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʂʫʤʢʦʣʴ. ʈʘʩʧʦʣʦʞʝʥʠʷ ʩʢʚʘʞʠʥ 

 

ʨʦʞʜʝʥʠʶ ʂʫʤʢʦʣʴ. ɺʳʜʝʣʝʥʠʝ ʢʦʣʣʝʢʪʦʨʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [8-9]: 

-ʩʥʠʞʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ɻʂ ʠ 

-ʧʦʚʳʰʝʥʠʶ ʅʂ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, 

-ʥʦʤʠʥʘʣʴʥʦʤʫ ʜʠʘʤʝʪʨʫ; 

-ʩʥʠʞʝʥʠʶ ʢʘʞʫʱʝʛʦʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʪʠʚ ʚʦʜʦʥʦʩʥʳʭ ʠ 

-ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʪʠʚ ʥʝʬʪʝʥʦʩʥʳʭ ʧʣʘʩʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʤʝʱʘʶʱʠʭ ʧʦ- 

ʨʦʜ. 

ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʧʣʦʪʥʳʭ ʧʨʦʩʣʦʝʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʣ- 

ʣʝʢʪʦʨʦʚ ʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʢʨʠʚʳʭ ʤʝʪʦʜʦʚ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ï ɹʂ, ʀʂ, ʄɹʂ, ʄʂɿ, ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʢʨʠʚʳʭ ʥʝʡ-

ʪʨʦʥʥʦʛʦ ʠ ʧʣʦʪʥʦʩʪʥʦʛʦ ʢʘʨʦʪʘʞʝʡ, ʩʥʠʞʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʦʙʝʛʘ ʥʘ ʜʠʘʛʨʘʤ-

ʤʘʭ ɸʂ. ʈʘʟʜʝʣʝʥʠʝ ʢʦʣʣʝʢʪʦʨʦʚ ʥʘ ʧʨʦʜʫʢʪʠʚʥʳʝ ʠ ʚʦʜʦʥʦʩʥʳʝ ʧʨʦʚʦʜʠʣʦʩʴ 

ʧʦ ʟʦʥʜʘʤ ɹʂ, ʄɹʂ ʠ ʜʠʘʛʨʘʤʤʘʤ ʧʨʦʚʦʜʠʤʦʩʪʠ ʀʂ: 

ɺ ʭʦʜʝ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʙʳʣʘ ʧʨʠʚʣʝʯʝʥʘ ʠʥʬʦʨ-

ʤʘʮʠʷ ʤʘʪʝʨʠʘʣʳ ʛʝʦʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ɻʊʀ), ʚ ʯʘʩʪʥʦʩʪʠ, 

ʦʧʠʩʘʥʠʝ ʰʣʘʤʘ ʠ ʟʘʧʠʩʴ ʛʘʟʦʚʦʛʦ ʢʘʨʦʪʘʞʘ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʨʠʩʪʦʩʪʠ ʧʦ ɻʀʉ ʦʧʨʝʜʝʣʷʣʩʷ ʧʦ ʥʝʡʪʨʦʥʥʦʤʫ, ʘʢʫʩʪʠʯʝ-

ʩʢʦʤʫ ʠ ʧʣʦʪʥʦʩʪʥʦʤʫ ʢʘʨʦʪʘʞʫ. ʇʨʠʥʷʪʘʷ ʦʪʢʨʳʪʘʷ ʧʦʨʠʩʪʦʩʪʴ ʚʟʷʪʘ ʩʨʝʜʥʝʝ 

ʤʝʞʜʫ ʪʨʝʤʷ ʤʝʪʦʜʘʤʠ ʠʣʠ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʦʛʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʛʦ ʧʣʘʩʪʘ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʥʝʬʪʝʛʘʟʦʥʘʩʳʱʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʫʨʘʚʥʝʥʠʶ ɼʘʭ- 

ʥʦʚʘ-ɸʨʯʠ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʷʟʷʭ: 



ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʉʘʪʧʘʝʚʘ 

86 

 

 

 

 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨ ʥʘʩʳʱʝ-

ʥʠʷ ʈʥ =ʨʧ/ ʨʚʧ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʥʪʝʨʧʨʝʪʠʨʫ-

ʝʤʦʛʦ ʧʣʘʩʪʘ (ʨʧ) ʢ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʵʪʦʛʦ ʧʣʘʩʪʘ ʧʨʠ 100% ʚʦʜʦʥʘʩʳʱʝʥʠʠ 

(ʨʚʧ) ; 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʛʦ ʧʣʘʩʪʘ (ʨʧ) ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʤʘʪʝʨʠʘ-

ʣʘʤ ɹʂ ʠ ʀʂ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʘʩʪʦʚʦʡ ʚʦʜʳ ʚ ʧʣʘʩʪʦʚʳʭ ʫʩʣʦʚʠʷʭ, ʥʘʡʜʝʥʥʦʝ ʧʦ ʥʦ-

ʤʦʛʨʘʤʤʝ ʦʧʨʝʜʝʣʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʩʪʚʦʨʘ NaCl ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʘʩʪʦʚʦʡ ʚʦʜʳ ʧʨʠʥʷʪʦ ʨʚʧ 

- 0,06 ʆʤʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50,0ęʉ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ ʂʳʟʳʣʢʠʷ 

ʉɿ. 

ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʨʘʟʨʝʟ ʧʦ ʚʥʦʚʴ ʧʨʦʙʫʨʝʥʥʳʤ ʩʢʚʘʞʠʥʘʤ ʧʦʣʫʯʝʥʳ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ɻʀʉ, ʠʟʫʯʝʥʠʷ ʨʘʟʨʝʟʘ ʧʦ ʰʣʘʤʫ ʚ 

ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʛʝʦʣʦʛʦ- ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʟʫʯʝʥʠʷ 

ʢʝʨʥʘ. ʇʦ ʦʙʨʘʟʮʘʤ ʢʝʨʥʘ ʧʨʦʚʝʜʝʥ ʣʶʤʠʥʝʩʮʝʥʪʥʦ-ʙʠʪʫʤʠʥʦʣʦʛʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ (ʃɹɸ) ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʠʥʪʝʨʚʘʣʦʚ (ʨʠʩʫʥʦʢ 3). 

ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʛʨʘʥʠʮʘ PZ ʚʳʜʝʣʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʧʠʩʘʥʠʷ ʰʣʘʤʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʘʨʛʠʣʣʠʪʘʤʠ (ʩʝʨʳʝ, ʪʝʤʥʦ-ʩʝʨʳʝ, ʧʝʣʠʪʦʚʳʝ, ʩʣʦʠʩʪʳʝ, ʧʠ-

ʨʠʪʠʟʠʨʦʚʘʥʥʳʝ, ʢʨʝʧʢʠʝ, c ʚʢʣʶʯʝʥʠʷʤʠ ʢʚʘʨʮʠʪʘ, ʙʝʣʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʤʘʩʩʠʚʥʳʝ, ʧʣʦʪʥʳʝ, ʤʝʩʪʘʤʠ ʩʨʝʜʥʝ ʢʨʝʧʢʠʝ ʜʦ ʢʨʝʧʢʠʭ ʧʦ ʪʨʝʱʠʥʘʤ ʚʠʜʥʳ 

ʧʨʦʷʚʣʝʥʠʷ ʥʝʬʪʠ) ʠ ʜʘʥʥʳʭ ɻʀʉ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʮʝʣʦʤ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʩʢʨʳ-

ʪʦʛʦ ʨʘʟʨʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ: 
 

ʈʠʩʫʥʦʢ 3 ï ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʝʨʥʘ 
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- ʚ ʠʥʪʝʨʚʘʣ 50 -150 ʤ ʅʝʦʛʝʥ ïʏʝʪʚʝʨʪʠʯʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ , ʩʣʦʞʝʥʥʳʝ 

(P-Q) ʩʝʨʳʤʠ ʪʝʤʥʦ-ʩʝʨʳʤʠ, ʘʣʝʚʨʠʪʠʩʪʳʤʠ. ʤʷʛʢʠʤʠ , ʧʣʘʩʪʠʯʥʳʤʠ ʛʣʠʥʘ-

ʤʠ. ɺ ʧʨʝʜʝʣʘʭ ʜʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʥʝʬʪʷʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʠ ʛʘʟʦʚʳʝ ʘʥʦʤʘʣʠʷ 

ʥʝ ʦʪʤʝʯʘʶʪʩʷ. 

-ʚ ʠʥʪʝʨʚʘʣʝ 150-350 ʤ (ʪʫʨʦʥʩʢʠʡ (ʂ
2 

t-sn): ʧʝʩʢʠ ʩʝʨʳʝ, ʩʚʝʪʣʦ-ʩʝʨʳʝ, 

ʨʝʞʝ ʢʦʨʠʯʥʝʚʳʝ, ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ, ʟʝʨʥʘ ʭʦʨʦʰʦ ʦʢʘʪʘʥʥʳʝ, ʧʦ ʩʦʩʪʘʚʫ ʧʦ-
ʣʠʤʠʥʝʨʘʣʴʥʳʝ, ʘʨʢʦʟʦʚʳʝ. ɻʣʠʥʳ ʩʝʨʳʝ, ʪʝʤʥʦ-ʩʝʨʳʝ, ʘʣʝʚʨʠʪʠʩʪʳʝ, ʤʷʛʢʠʝ, 

ʧʣʘʩʪʠʯʥʳʝ. ɻʨʘʚʝʣʠʪʳ ʙʝʣʳʝ, ʩʝʨʳʝ, ʜʦ ʢʦʨʠʯʥʝʚʦʛʦ, ʨʘʟʥʦʟʝʨʥʠʩʪʳʝ, ʧʨʝ-

ʠʤʫʱʝʩʪʚʝʥʥʦ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ, ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʟʝʨʥʘ ʢʚʘʨʮʘ. 

ʀʥʪʝʨʚʘʣ ɸʣʴʙ-ʩʝʥʦʤʘʥ (K
1-2 

al
3
-c) 350-510 ʤ ʧʨʝʜʩʪʘʚʣʝʥ: ʛʣʠʥʘʤʠʘʣʝʚ-

ʨʠʪʦʚʳʝ ʩʝʨʳʝ, ʤʷʛʢʠʝ, ʧʣʘʩʪʠʯʥʳʝ, ʧʝʩʯʘʥʠʩʪʳʝ; ʧʝʩʯʘʥʠʢʠ (ʘʣʝʚʨʠʪʠʩʪʳʝ) 

ʩʚʝʪʣʦ ʩʝʨʳʝ, ʧʦʣʠʤʠʢʪʦʚʳʝ ʪʦʥʢʦ-ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ, ʥʘ ʛʣʠʥʠʩʪʦʤ ʮʝʤʝʥʪʝ, 

ʩʣʘʙʦ ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʝ [12]. 

ɸʧʪ-ɸʣʴʙʩʢʠʡ (K
1-2 

a-al
2
) -510-730 ʤ ʠʥʪʝʨʚʘʣ ʧʨʝʜʩʪʘʚʣʝʥ: ʛʣʠʥʘʤʠ ʩʝ-

ʨʳʝ, ʪʝʤʥʦ-ʩʝʨʳʝ, ʘʣʝʚʨʠʪʠʩʪʳʝ, ʤʷʛʢʠʝ, ʧʣʘʩʪʠʯʥʳʝ; ʛʨʘʚʝʣʠʪʳ ʙʝʣʳʝ, ʩʝ-
ʨʳʝ, ʜʦ ʢʦʨʠʯʥʝʚʦʛʦ, ʨʘʟʥʦʟʝʨʥʠʩʪʳʝ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ, 

ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʟʝʨʥʘ ʢʚʘʨʮʘ;ʧʝʩʯʘʥʠʢʠ ʩʚʝʪʣʦ-ʩʝʨʳʝ, ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ, ʧʦ-

ʣʠʤʠʢʪʦʚʳʝ, ʧʦʣʫʦʢʘʪʘʥʥʳʝ ʭʦʨʦʰʦ ʩʦʨʪʠʨʦʚʘʥʥʳʝ, ʩʣʘʙʦʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʝ 

ʀʥʪʝʨʚʘʣ ɺʝʨʭʥʠʡ ʥʝʦʢʦʤ (K
1
nc

2
) 730-910ʤ ʩʣʦʞʝʥ: ʛʣʠʥʘʤʠ ʢʦʨʠʯʥʝʚʳʝ, 

ʩʚʝʪʣʦ ʢʦʨʠʯʥʝʚʳʝ, ʩʝʨʳʝ, ʘʣʝʚʨʠʪʠʩʪʳʝ, ʤʘʩʩʠʚʥʳʝ, ʩʨʝʜʥʝ ʫʧʣʦʪʥʝʥʥʳʝ; 

ʘʣʝʚʨʦʣʠʪʘʤʠ ʩʝʨʳʤʠ, ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤʠ, ʭʦʨʦʰʦ ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʝ, ʩʣʘʙʦ 

ʢʨʝʧʢʠʝ, ʧʣʦʪʥʳʝ, ʩʣʘʙʦ ʢʘʨʙʦʥʘʪʥʳʝ. ʇʝʩʯʘʥʠʢʠ ʩʚʝʪʣʦ ʩʝʨʳʝ, ʧʦʣʠʤʠʢʪʦʚʳʝ 

ʪʦʥʢʦ-ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ, ʥʘ ʛʣʠʥʠʩʪʦʤ ʮʝʤʝʥʪʝ, ʩʣʘʙʦ ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʝ. 

ʀʥʪʝʨʚʘʣ ʅʠʞʥʠʡ ʥʝʦʢʦʤ. (K
1
nc

1
) 910-1000ʤ ʧʨʝʜʩʪʘʚʣʝʥ: ʛʣʠʥʘʤʠ ʢʦʨʠʯ-

ʥʝʚʳʝ, ʩʚʝʪʣʦ ʢʦʨʠʯʥʝʚʳʝ, ʩʝʨʳʝ, ʘʣʝʚʨʠʪʠʩʪʳʝ, ʤʘʩʩʠʚʥʳʝ, ʩʨʝʜʥʝ ʫʧʣʦʪʥʝʥ-

ʥʳʝ. ɸʣʝʚʨʦʣʠʪʳ ʩʝʨʳʝ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ, ʭʦʨʦʰʦ ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʝ, ʩʣʘʙʦ 

ʢʨʝʧʢʠʝ, ʧʣʦʪʥʳʝ, ʩʣʘʙʦ ʢʘʨʙʦʥʘʪʥʳʝ. ʀʥʪʝʨʚʘʣ 1000 ï 1004 ʤ ʧʨʝʜʩʪʘʚʣʝʥ: 

ɻʣʠʥʳ ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʝ, ʨʝʞʝ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ, ʧʣʦʪʥʳʝ, ʚʷʟʢʠʝ, ʠʟʚʝʩʪ-

ʢʦʚʠʩʪʳʝ. ɸʨʛʠʣʣʠʪʳ ʙʫʨʳʝ, ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʝ, ʩʣʦʠʩʪʳʝ, ʩʨʝʜʥʝ ʢʨʝʧʢʠʝ. 

ʀʟʚʝʩʪʥʷʢʠ ʩʚʝʪʣʦ-ʩʝʨʳʝ ʜʦ ʪʝʤʥʳʭ, ʙʝʣʳʝ, ʤʝʣʢʦ-ʩʢʨʳʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ, 

ʤʝʩʪʘʤʠ ʧʝʣʠʪʦʤʦʨʬʥʳʡ, ʪʨʝʱʠʥʥʦʛʦ ʪʠʧʘ, ʩʨʝʜʥʝ ʢʨʝʧʢʠʝ ʜʦ ʢʨʝʧʢʠʭ. 

ʀʥʪʝʨʚʘʣ 1004-1467 ʤ (ʧʘʣʝʦʟʦʡ (PZ) ʧʨʝʜʩʪʘʚʣʝʥ: ɸʨʛʠʣʣʠʪʳ ʩʝʨʳʝ, ʪʝʤ-

ʥʦ-ʩʝʨʳʝ, ʧʝʣʠʪʦʚʳʝ. ʩʣʦʠʩʪʳʝ, ʧʠʨʠʪʠʟʠʨʦʚʘʥʥʳʝ, ʢʨʝʧʢʠʝ, c ʚʢʣʶʯʝʥʠʷʤʠ 

ʢʘʣʴʮʠʪʘ ʙʝʣʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ. ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʟʝʨʥʘ ʢʚʘʨʮʘ. ɺ ʧʨʝʜʝʣʘʭ 

ʜʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʤʝʣʦʚʦʡ ʩʠʩʪʝʤʳ (PZ) ʥʝʬʪʷʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʠ ʛʘʟʦʚʳʝ ʘʥʦ-

ʤʘʣʠʷ ʦʪʤʝʯʘʶʪʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʂʫʤʢʦʣʴ ʥʝʬʪʝʛʘʟʦʥʘʩʳʱʝʥʥʳʤ ʷʚʣʷ-

ʶʪʩʷ ʥʠʞʥʝʥʝʦʢʦʤʩʢʠʝ ʠ ʚʝʨʭʥʝʶʨʩʢʠʝ ʦʪʣʦʞʝʥʠʡ. 

ɺ ʥʠʞʥʝʥʝʦʢʦʤʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʥʝʬʪʝʥʦʩʥʳʡ ʧʣʘʩʪ ʄ - I 

ʠ M - II, ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪʩʷ ʠ ʚʳʜʝʣʷʶʪʩʷ ʧʦ ʜʘʥʥʳʤ ʛʝʦʬʠʟʠʯʝ-

ʩʢʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʚʘʞʠʥ ʦʪʢʨʳʪʦʛʦ ʩʪʚʦʣʘ. 

ɿʥʘʯʝʥʠʷ ʪʦʣʱʠʥʳ ʵʬʬʝʢʪʠʚʥʳʭ ʥʝʬʪʝʥʘʩʳʱʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʮʝʣʦʤ ʧʦ 

ʧʣʘʩʪʫ ʢʦʣʝʙʣʶʪʩʷ ʦʪ 0.6 ʜʦ 16,7 ʤ ʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʶʪ 7,1 ʤ. ʉʨʝʜʥʠʡ ʟʥʘ-

ʯʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʤʝʥʷʶʪʩʷ ʦʪ 0,19 ʜʦ 0,33 ʧʦ ʜʘʥʥʳʤ ʛʝʦʬʠʟʠʯʝʩʢʠʡ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʩʢʚʘʞʠʥ ʠ ʚ ʩʨʝʜʥʝʤ ʨʘʚʥʳ 0,27. ʇʦ ʜʘʥʥʳʤ ʠʟʫʯʝʥʠʷ ʢʝʨʥʘ ʧʦʨʠʩʪʦʩʪʴ 
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ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,19ï0,32, ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 0,25. 

ʅʝʬʪʝʥʘʩʳʱʝʥʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʘʩʴ ʪʦʣʴʢʦ ʧʦ ʜʘʥʥʳʤ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʠ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 0,53ï0,77, ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 0,65. 

ʇʦ ʠʟʫʯʝʥʠʝʤ ʢʝʨʥʘ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,005 ʜʦ 5,29ɼ, ʧʨʠ ʩʨʝʜʥʝʤ 

ʟʥʘʯʝʥʠʠ 1,31 ɼ ʧʦ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ɻʀʉ ʦʪ 0,048 ʜʦ 6,0ɼ, ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ 1,61 ɼ, ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʦʪ 0,13 ʜʦ 4,22ɼ, 

ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 0,97ɼ. 

ʇʣʘʩʪ ʖ-I, ʖ-II ʩʦʜʝʨʞʘʪ ʟʘʣʝʞʴ ʥʝʬʪʠ ʩ ʛʘʟʦʚʦʡ ʰʘʧʢʦʡ. ɺ ʮʝʣʦʤ ʧʦ 

ʫʯʘʩʪʢʫ ʂʫʤʢʦʣʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʦʙʲʝʢʪ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʦ ʟʘʧʘʩʘʤ 

ʥʝʬʪʠ ʠ ʛʘʟʘ ʠ ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʝʡ ʧʣʦʱʘʜʴʶ ʥʝʬʪʝʥʦʩʥʦʩʪʠ. ɿʥʘʯʝʥʠʷ ʵʬ-

ʬʝʢʪʠʚʥʳʭ ʪʦʣʱʠʥ ʢʦʣʣʝʢʪʦʨʦʚ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 2,7ï24,7 ʤ ʠ ʚ ʩʨʝʜʥʝʤ 

ʨʘʚʥʳ 13,8 ʤ. ʅʝʬʪʝʥʘʩʳʱʝʥʥʳʝ ʪʦʣʱʠʥʳ ʚ ʮʝʣʦʤ ʧʦ ʦʙʲʝʢʪʫ ʤʝʥʷʶʪʩʷ ʦʪ 0,6 

ʜʦ 23,7 ʠ ʚ ʩʨʝʜʥʝʤ ʨʘʚʥʳ 9,6 ʤ. ʉʨʝʜʥʝ ʚʟʚʝʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʧʦ 

ʩʢʚʘʞʠʥʘʤ ʠʟʤʝʥʷʶʪʩʷ ʦʪ 0,16 ʜʦ 0,39 ʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʶʪ 0,24 ʧʦ ʜʘʥ-ʥʳʤ 

ɻʀʉ. ʇʦ ʜʘʥʥʳʤ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʝʨʥʘ ʧʦʨʠʩʪʦʩʪʴ ʤʝʥʷʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 0,16ï0,34, ʠ ʚ ʩʨʝʜʥʝʤ ʨʘʚʥʘ 0,23. ʅʝʬʪʝʥʘʩʳʱʝʥʥʦʩʪʴ ʧʦ ʦʙʲʝʢʪʫ 

ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0,45 ʜʦ 0,9 ʠ ʚ ʩʨʝʜʥʝʤ ʨʘʚʥʘ 0,68, ʛʘʟʦʥʘʩʳʱʝʥʥʦʩʪʴ ʢʦʣʣʝʢʪʦ-

ʨʦʚ ʤʝʥʷʝʪʩʷ ʦʪ 0,59 ʜʦ 0,89 ʠ ʚ ʩʨʝʜʥʝʤ ʨʘʚʥʘ 0,71. ʇʨʦʥʠʮʘʝʤʦʩʪʴ ʧʣʘʩʪʦʚ-

ʢʦʣʣʝʢʪʦʨʦʚ II ʦʙʲʝʢʪʘ ʧʦ ʘʥʘʣʠʟʘʤ ʢʝʨʥʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 0,003ï5,79 ɼ 

ʠ ʚ ʩʨʝʜʥʝʤ ʨʘʚʥʘ 0,53 ɼ, ʧʦ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʡ ʠʩʩʣʝʜʦʚʘ-

ʥʠʝ ʩʢʚʘʞʠʥ ʚ ʠʥʪʝʨʚʘʣʝ 0,004ï6,0 ɼ ʠ ʚ ʩʨʝʜʥʝʤ 0,814 ɼ, ʧʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝ-

ʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʠʥʪʝʨʚʘʣ ʠʟʤʝʥʝʥʠʷ 0,014ï0,994 ɼ, ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 

0,21ɼ. 

ʅʝʬʪʝʥʦʡ ʧʣʘʩʪ ʖïIII  ʦʪʜʝʣʝʥ ʦʪ ʚʳʰʝʣʝʞʘʱʝʛʦ ʛʣʠʥʠʩʪʳʤ ʧʣʘʩʪʦʤ ʪʦʣ-

ʱʠʥʦʡ 2,0ï10,0 ʤ ʠ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʝʜʠʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʛʘʟʦ-

ʥʝʬʪʷʥʫʶ ʟʘʣʝʞʴ, ʚʢʣʶʯʘʷ ʧʣʘʩʪʳ ʖ-I ʠ ʖ-II.  

ʅʝʬʪʷʥʦʡ ʧʣʘʩʪ ʖ-IV ʥʝʩʢʦʣʴʢʦ ʦʙʦʩʦʙʣʝʥ ʧʦ ʚʳʩʦʪʝ ʦʪ ʚʳʰʝʣʝʞʘʱʠʭ 

ʪʦʣʱʠ ʖïI-II ʠ ʦʪʜʝʣʷʝʪʩʷ ʧʘʯʢʦʡ ʛʣʠʥ ʪʦʣʱʠʥʦʡ 10ï40 ʤ. ʇʣʘʩʪ ʖ-IV ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʨʘʩʯʣʝʥʝʥʥʦʩʪʴʶ ʥʘʠʙʦʣʴʰʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʟʦʥ 

ʦʪʩʫʪʩʪʚʠʷ ʢʦʣʣʝʢʪʦʨʦʚ. ɺ ʧʨʝʜʝʣʘʭ ʢʦʥʪʫʨʘ ʥʝʬʪʝʥʦʩʥʦʛʦ ʧʣʘʩʪʘ ʖ-IV ʚʳ-

ʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʦʥʳ ʥʘʩʳʱʝʥʠʷ: ʛʘʟʦʥʝʬʪʷʥʘʷ, ʛʘʟʦ-ʥʝʬʪʝʚʦʜʷʥʘʷ, ʯʠʩʪʦ-

ʥʝʬʪʷʥʘʷ ʠ ʚʦʜʦ-ʥʝʬʪʷʥʘʷ. 

ɺ ʮʝʣʦʤ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʙʫʨʝʥʠʷ, ʧʨʦʚʝʜʝʥʠʷ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʩʢʚʘʞʠʥ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʠʟ-

ʫʯʝʥʠʝ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ ʠ ʥʘʩʳʱʘʶʱʠʭ 

ʠʭ ʬʣʶʠʜʦʚ, ʠʩʧʳʪʘʥʠʝ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ ʠ ʛʦʨʠʟʦʥʪʦʚ, ʧʦʟʚʦʣʠʣʠ ʜʦʠʟ-

ʫʯʠʪʴ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʚʳʷʚʠʪʴ ʥʦʚʳʝ ʧʨʦʜʫʢʪʠʚʥʳʝ ʛʦʨʠʟʦʥʪʳ, ʧʦʣʫ-

ʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʧʦʜʩʯʝʪʘ ʟʘʧʘʩʦʚ ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʂʫʤʢʦʣʴʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. 
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ɸʂʊʋɸʃʔʅʆʉʊʔ ʉʆɿɼɸʅʀʗ ɻɽʆʃʆɻʀʏɽʉʂʆʁ ʄʆɼɽʃʀ 

ʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ɻɽʆʃʆɻʆ-ɻɽʆʌʀɿʀʏɽʉʂʆʁ 

ʀʅʌʆʈʄɸʎʀʀ ɼʃʗ ʈɸʉʏɽʊɸ ɿɸʇɸʉʆɺ 

ʅɽʌʊʗʅʓʍ ʀ ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ 

 

THE RELEVANCE OF CREATING A GEOLOGICAL MODEL AND 

USING GEOLOGICAL AND GEOPHYSICAL INFORMATION TO  

CALCULATE  THE RESERVES OF OIL AND  GAS FIELDS 

 
ɹײʣ ʤʘץʘʣʘʥʳש ᴇʟʝʢʪʽʣʽʛʽ ʤײʥʘʡ ʞᴅʥʝ ʛʘʟ ʢʝʥ ʦʨʳʥʜʘʨʳʥ ʤʦʜʝʣʴʜʝʫ װʰʽʥ ʤײʥʘʡ ʞᴅʥʝ 

ʛʘʟ ץʘʙʘʪʪʘʨʳʥʳש ʝʩʝʧʪʽʢ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʘʥʳץʪʘʫ ʢʝʟʽʥʜʝ ץʘʙʳʣʜʘʥסʘʥ ʰʝʰʽʤʜʝʨʜʽ ʢᴇʨʩʝʪʫ 

ʝש ʤʘשʳʟʜʳ ײץʨʘʣʜʘʨʳʥʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥʜʳסʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ [7]. ɸʣסʘʰץʳ ʧʘʡʜʘ- 

https://stud.kz/ru/referat/show/10112
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ʣʘʥʫ סשײʳʤʘʣʘʨʳʥ ʞʦʩʧʘʨʣʘʫסʘ ʜʝʡʽʥʛʽ ʤʦʜʝʣʴʜʝʨ ץʘʙʘʪʪʘʨʜʳש ʢʦʣʣʝʢʪʦʨʣʳץ ץʘʩʠʝʪʪʝʨʽʥ 

ʙײʨʳʥסʳʜʘʥ ʜʘ ʪʠʽʤʜʽ ʙʦʣʞʘʫסʘ ʞᴅʥʝ ʚʠʟʫʘʣʠʟʘʮʠʷʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ ʞᴅʥʝ ʛʝʦʣʦʛʠʷʣʳץ-

ʛʝʦʬʠʟʠʢʘʣʳץ ʞײʤʳʩʪʘʨʜʳ ʞװʨʛʽʟʫ ᴅʜʽʩʪʝʤʝʩʽʥ ʪʘשʜʘʫʜʘʥ ʙʘʩʪʘʣʘʜʳ. ɻʝʦʣʦʛʠʷʜʘסʳ ʤʦʜʝʣʴʜʝʫ, 

ʦʣ ʪʝʦʨʠʷʥʳ ʥʝʛʽʟʜʝʫ ʞᴅʥʝ ʘʫʤʘץʪʳ ʛʝʦʣʦʛʠʷʣʳץ ʟʝʨʪʪʝʫ ʜʝʨʝʢʪʝʨʽ ʥʝʛʽʟʽʥʜʝ ʟʘשʜʳʣʳץʪʘʨʜʳ 

ʽʟʜʝʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. ʄʦʜʝʣʴʜʝʫ ʘʨץʳʣʳ ʪʘʙʠסʘʪʪʘ ʙʦʣʘʪʳʥ ʢװʨʜʝʣʽ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʣʝʨʛʝ 

ʩʘʣʳʩʪʳʨʫʣʘʨ ʞʘʩʘʣʳʥʘʜʳ, ʟʝʨʪʪʝʣʽʥʝʜʽ, ʙʘʩʪʘʧץʳ ʤᴅʣʽʤʝʪʪʝʨ ʨʝʪʪʝʣʝʜʽ ʞᴅʥʝ ᴇשʜʝʣʝʜʽ, ʩʦ-

ʥʳʤʝʥ ץʘʪʘʨ ʙʘʡץʘʣסʘʥ ײץʙʳʣʳʩʪʘʨ ʪװʩʽʥʜʽʨʽʣʝʜʽ. ʄʦʜʝʣʴʜʝʨ ʤʝʥ ʦʣʘʨʜʳש ʬʫʥʢʮʠʷʣʘʨʳʥʳש 

ᴅʨʪװʨʣʽʣʽʛʽ ʟʝʨʪʪʝʫ ʤʽʥʜʝʪʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ, ʙʽʨʘץ ʦʣʘʨʜʳש ʙʘʨʣʳסʳ ʙʝʣʛʽʣʽ ʙʽʨ ʜᴅʨʝʞʝʜʝ 

ʪʘʙʠסʠ ʥʝʤʝʩʝ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞװʡʝʣʝʨʛʝ ʩᴅʡʢʝʩ ʙʦʣʫʳ ʢʝʨʝʢ. פʦʨʜʳ ʝʩʝʧʪʝʫ װʰʽʥ ʤײʥʘʡ ʥʝ-

ʤʝʩʝ ʛʘʟ ʢʝʥ ʦʨʥʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ץʘʙʘʪʪʳ ʞʘʥ-ʞʘץʪʳ ʛʝʦʣʦʛʠʷʣʳץ-ʛʝʦʬʠʟʠʢʘʣʳץ ʟʝʨʪʪʝʫ ʞᴅʥʝ 

ʦʣʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫ ʞʘסʜʘʡʣʘʨʳʥʳש ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʙʽʣʫ ץʘʞʝʪ. ʄײʥʘʡ ʥʝʤʝʩʝ ʛʘʟ ʢʝʥ 

ʦʨʳʥʜʘʨʳʥʳץ שʦʨʣʘʨʳʥ ʝʩʝʧʪʝʫ ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʞᴅʥʝ ʞʘʥ-ʞʘץʪʳ ʛʝʦʣʦʛʠʷʣʳץ-ʛʝʦʬʠʟʠʢʘʣʳץ 

ʟʝʨʪʪʝʫʜʝʥ ʢʝʡʽʥ סʘʥʘ ʘʡʪʘʨʣʳץʪʘʡ ʞʝשʽʣʜʝʡʜʽ. ױɻɿ ʨᴇʣʽ ʢʝʥ ʦʨʥʳʥʳש ʛʝʦʣʦʛʠʷʣʳץ ʤʦʜʝʣʽʥ 

 ʘʩʠʝʪʪʝʨʽ ʞᴅʥʝץ ץʳʟʜʳ. ʅʝʛʽʟʛʽ ʤʽʥʜʝʪ-ʢʦʣʣʝʢʪʦʨʣʳשʜʝʨʽʥʜʝ ʤʘשʢʝʟʝ ץʙʘʨʣʳ שʨʫ ʧʨʦʮʝʩʽʥʽײץ

ʦʣʘʨʜʳ ʤײʥʘʡ ʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʩʫʤʝʥ ץʘʥʳץʪʳʨʫ, ʪʘʫ ʞʳʥʳʩʪʘʨʳʥʳש ʩʝʨʧʽʤʜʽʣʽʛʽ ʪʫʨʘʣʳ ʥʘץʪʳ 

ʤᴅʣʽʤʝʪʪʝʨ ʘʣʫ [7]. ʆʩʳʣʘʡʰʘ, ײʩʳʥʳʣסʘʥ ʙʘʨʣʳץ ʤᴅʣʽʤʝʪʪʝʨ ױɻɿ ʜʝʨʝʢʪʝʨʽ ʥʝʛʽʟʽʥʜʝ ʤײʥʘʡ ʤʝʥ 

ʝʨʽʛʝʥ ʛʘʟ ץʦʨʣʘʨʳʥ ʝʩʝʧʪʝʫ װʰʽʥ ʤʘץʘʣʘ ʪʘץʳʨʳʙʳʥʳʥ ʘʡץʳʥʜʘʡ ʪװʩʝʜʽ. 

ʊϮʡʽʥʜʽ ʩϺʟʜʝʨ: ʄʦʜʝʣʴʜʝʫ, ʤײʥʘʡ ʞᴅʥʝ ʛʘʟ ʢʝʥ ʦʨʳʥʜʘʨʳ, ץʦʨʜʳ ʝʩʝʧʪʝʫ, ʛʝʦʣʦʛʠʷʣʳץ-

ʛʝʦʬʠʟʠʢʘʣʳץ ʟʝʨʪʪʝʫ, ʛʝʦʣʦʛʠʷʣʳץ ʤʦʜʝʣʴ. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʜʝʤʦʥʩʪʨʘʮʠʷ ʨʝʰʝʥʠʡ, ʧʨʠʥʷʪʳʭ 

ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʩʯʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʧʣʘʩʪʦʚ. ʄʦʜʝʣʠ, ʥʘʯʠʥʘʷ ʦʪ ʚʳ-

ʙʦʨʘ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʠ ʟʘʢʘʥʯʠʚʘʷ ʧʣʘʥʠʨʦʚʢʦʡ ʧʝʨʚʳʭ ɻ ʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʢʚʘʞʠʥ, ʧʦʟʚʦʣʷʶʪ ʢʘʢ ʥʠʢʦʛʜʘ ɻ ʬʬʝʢʪʠʚʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ 

ʢʦʣʣʝʢʪʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʧʣʘʩʪʦʚ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʛʝʦʣʦʛʠʠ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʦʩʥʦ-

ʚʘʥʠʷ ʪʝʦʨʠʠ ʠ ʧʦʠʩʢʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ. 

ʉ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟʫʯʘʶʪʩʷ ʩʣʦʞʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʧʨʠʨʦʜʝ, ʧʨʦ-

ʚʦʜʷʪʩʷ ʩʨʘʚʥʝʥʠʷ, ʢʦʨʨʝʢʪʠʨʫʶʪʩʷ ʠ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʘ ʪʘʢʞʝ ʦʙʲʷʩʥʷʶʪʩʷ 

ʥʘʙʣʶʜʘʝʤʳʝ ̫ ʚʣʝʥʠʷ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʤʦʜʝʣʝʡ ʠ ʠʭ ʬʫʥʢʮʠʡ ʟʘʚʠʩʠʪ ʦʪ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʟʘʜʘʯ, 

ʥʦ ʚʩʝ ʦʥʠ ʜʦʣʞʥʳ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʝʩʪʝʩʪʚʝʥʥʳʤ ʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʩʠʩʪʝʤʘʤ. ɼʣʷ ʨʘʩʯʝʪʘ ʟʘʧʘʩʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʩʝʩʪʦʨʦʥʥʝʝ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʣʘʩʪʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʝʬʪʷʥʳʤ ʠʣʠ ʛʘʟʦʚʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ, ʠ ʟʥʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʫʩʣʦʚʠʡ 

ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. ʈʘʩʯʝʪ ʟʘʧʘʩʦʚ ʥʝʬʪʷʥʳʭ ʠʣʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪʩʷ 

ʪʦʣʴʢʦ ʧʦʩʣʝ ʜʝʪʘʣʴʥʦʛʦ ʠ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʦʣʴ ʅɻɿ ʚʘʞ-

ʥʘ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʮʝʩʩʘ ʩʦʟʜʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ-

ʧʦʣʫʯʝʥʠʝ ʪʦʯʥʳʭ ʜʘʥʥʳʭ ʦ ʢʦʣʣʝʢʪʦʨʩʢʠʭ ʩʚʦʡʩʪʚʘʭ, ʫʧʨʫʛʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʥʘʩʳʱʝʥʠʠ ʠʭ 

ʥʝʬʪʴʶ ʠ ʩʚʷʟʘʥʥʦʡ ʚʦʜʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʦʧʨʝʜʝʣʷʶʪ ʪʝʤʫ ʩʪʘʪʴʠ 

ʜʣʷ ʨʘʩʯʝʪʘ ʟʘʧʘʩʦʚ ʥʝʬʪʠ ʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʛʘʟʘ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ɻʀʉ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʦʜʝʣʠʨʦʚʘʥʠʝ, ʥʝʬʪʷʥʳʝ ʠ ʛʘʟʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʨʘʩʯʝʪ ʟʘʧʘʩʦʚ, 

ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. 

The relevance of this article is due to the fact that for modeling oil and gas fields, one of the most 

important tools is to demonstrate the decisions taken in determining the design parameters of oil and gas 

reservoirs. Models, starting from the choice of the methodology of geological and geophysical work and 

ending with the planning of the first production wells, make it possible to predict and visualize reservoir 

properties of reservoirs more effectively than ever. Modeling in geology, which is used to substantiate 

the theory and search for patterns based on the data of the geological study of the territory. With the help 

of modeling, complex interactions occurring in nature are studied, comparisons are made, initial data 

are corrected and processed, and the observed phenomena are explained. The variety of models and 

their functions depends on the research tasks, but all  of them must correspond to some extent to natural 

or experimental systems. To calculate reserves, a comprehensive geological and geophysical study of 

the formation associated with an oil or gas field and knowledge of the specifics of the conditions of 

their formation is necessary. The calculation of reserves of oil or gas fields is greatly simplified only 

after a detailed and comprehensive geological and geophysical study. The role of geophysical research 

of wells is important at all stages of the process of creating a geological model of the deposit. The main 

task is to obtain accurate data on the reservoir properties, the elasticity of rocks and their saturation with 
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oil and associated water. Thus, all the data presented determine the topic of the article for calculating oil 

and dissolved gas reserves based on geophysical research of wells data. 
Keywords: Modeling, oil and gas fields, reserves calculation, geological and geophysical studies, 

geological model. 

 

ʂʽʨʽʩʧʝ. ʄײʥʘʡ ʤʝʥ ʛʘʟ ʢʝʥ ʦʨʳʥʜʘʨʳʥʳץ שʦʨʣʘʨʳʥ ʝʩʝʧʪʝʫ ʞᴅʥʝ ʠʛʝʨʫʜʽ 

ʙʘʩץʘʨʫ ʦʣʘʨʜʳש ʛʝʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʛʠʜʨʦʜʠʥʘʤʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʨʽ ʪʫʨʘ-

ʣ  rʙʽʣʤʝʩʪʝʥ ʤװʤʢʽʥ ʝʤʝʩ. ɻʝʦʣʦʛʠʷʣʳץ ʤʦʜʝʣʴʜʝʫ ʩʘʣʘʩʳʥʜʘסʳ סʳʣʳʤʠ-

ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳʥʳץ שʘʨץʳʥʜʳ ʍʍ סʘʩʳʨʜʳש ʩʦסשʳ ʦʥʞʳʣʜʳסʳ ʜʘʤʫʳʤʝʥ 

ʝʨʝʢʰʝʣʝʥʜʽ [8]. ɹײʣ ʧʨʦʮʝʩʪʽש ʙʘʩʪʘʣʫʳ ʩʝʡʩʤʦʩʪʨʘʪʠʛʨʘʬʠʷ - ʛʝʦʣʦʛʠʷʣʳץ 

 ʙʘʨʣʘʫ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ ʞᴅʥʝ ʩʝʡʩʤʠʢʘʣʳץ ʨʳʣʳʤʜʳ ʟʝʨʪʪʝʫ, ʪʘʨʠʭʪʳײץ

ʜʝʨʝʢʪʝʨʽ ʙʦʡʳʥʰʘ ʰᴇʛʽʥʜʽ ʦʨʪʘʥʳש ʣʠʪʦʣʦʛʠʷʣʳץ-ʬʘʮʠʷʣʳץ ʞʘסʜʘʡʳʥ ʟʝʨʪ-

ʪʝʫ סʳʣʳʤʳ ʨʝʪʽʥʜʝ ץʘʣʳʧʪʘʩʪʳ. ʉʝʡʩʤʠʢʘʣʳץ ᴅʜʽʩʪʝʨʜʽש ʤװʤʢʽʥʜʽʢʪʝʨʽ װ  h

ᴇʣʰʝʤʜʽ (3D) ʩʝʡʩʤʠʢʘʣʳץ ʙʘʨʣʘʫʜʳ ʞᴅʥʝ ʪʽʢ ʩʝʡʩʤʠʢʘʣʳץ ʧʨʦʬʠʣʴʜʝʫʜʽש 

ʟʘʤʘʥʘʫʠ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʘʡʪʘʨʣʳץʪʘʡ ʽʣʛʝʨʽʣʝʫ ʢᴇʨʩʝʪʪʽ. ɸʣʘʡʜʘ, 

ʛʝʦʣʦʛʠʷʣʳץ ʦʨʪʘʥʳײץ שʨʳʣʳʤʳʥ ʞʘʥ-ʞʘץʪ rʟʝʨʪʪʝʫ ʤʘץʩʘʪʳʥʜʘ ʛʝʦʣʦʛʠʷʣʳץ 

ʝʩʝʧʪʝʨʜʽ ʰʝʰʫ װʰʽʥ ʩʝʡʩʤʠʢʘʣʳץ ʙʘʨʣʘʫʜʳ ʤʦʥʦʤʝʪʦʜ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫ 

ʛʝʦʣʦʛʠʷʣʳץ ʤʦʜʝʣʴʜʽש ʙʝʣʛʽʩʽʟʜʽʛʽʥʝ ᴅʢʝʣʫʽ ʤװʤʢʽʥ. ɹײʣ ʙʝʣʛʽʩʽʟʜʽʢʪʽ ʜʘʣʘʣʳץ 

ʛʝʦʬʠʟʠʢʘʣʳץ ᴅʜʽʩʪʝʨʜʽ ʠʥʪʝʛʨʘʮʠʷʣʘʥסʘʥ ʛʝʦʣʦʛʠʷʣʳץ ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʫ, 

ʛʠʜʨʦʜʠʥʘʤʠʢʘʣʳץ ᴅʜʽʩʪʝʨ, סשײʳʤʘʣʘʨʜʳ ʛʝʦʬʠʟʠʢʘʣʳץ ʟʝʨʪʪʝʫ, ʥʝʛʽʟʛʽ ʪʘʣʜʘʫ 

ʥᴅʪʠʞʝʣʝʨʽ, ץʘʰʳץʪʳץ ᴅʜʽʩʪʝʨʽ ʞᴅʥʝ ʘʨץʳʣʳ ʘʟʘʡʪʫסʘ ʙʦʣʘʜʳ ʪ. ʙ. 

3D-ʩʝʡʩʤʠʢʘʣʳץ ʙʘʨʣʘʫ ʜʝʨʝʢʪʝʨʽ ʤʝʥ ʛʠʜʨʦʜʠʥʘʤʠʢʘʣʳץ ʟʝʨʪʪʝʫʣʝʨʜʽש 

ʥᴅʪʠʞʝʣʝʨʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, סשײʳʤʘʣʘʨʜʳש ʛʝʦʬʠʟʠʢʘʣʳץ ʟʝʨʪʪʝʫ ʤʘʪʝʨʠʘʣ-

ʜʘʨʳ (ױɻɿ) ʤʳʥʘʜʘʡ ʤʽʥʜʝʪʪʝʨʜʽ ʰʝʰʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ: 

- ʂʦʣʣʝʢʪʦʨʣʘʨ ʤʝʥ ʣʠʪʦʣʦʛʠʷʣʳץ ʵʢʨʘʥʜʘʨʜʳש ʪʘʨʘʣʫʳ, ʬʣʶʠʜʘʣʴʜʳ 

ʙʘʡʣʘʥʳʩʪʘʨʜʳש ʞʘʡ-ʢװʡʽ, ʢʝʫʝʢʪʽʣʽʢ, ᴇʪʢʽʟʛʽʰʪʽʢ, ʤײʥʘʡ-ʛʘʟ ץʘʥʳץʪʳʣʳסʳ 

ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥʽש ʤᴅʥʜʝʨʽ ʪʫʨʘʣʳ ʞᴅʥʝ ʦʣʘʨʜʳש ʢʝʥ ʦʨʥʳ ʢᴇʣʝʤʽʥʜʝʛʽ ᴇʟʛʝʨʫ 

ᴇʣʰʝʤʜʝʨʽ ʪʫʨʘʣʳ, ᴇʥʽʤʜʽ ʰᴇʛʽʥʜʽʣʝʨʜʽש ʩװʟʫ ʩʳʡʳʤʜʳʣʳסʳ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש 

ʪʽʢ ʞᴅʥʝ ʣʘʪʪʝʨ ʛʝʪʝʨʦʛʝʥʜʽʣʽʛʽ ʪʫʨʘʣʳ ʘץʧʘʨʘʪʪʳ ץʘʤʪʠʪʳʥ, ʙʘʨʣʘʫ ʤʝʥ ʠʛʝʨʫʜʽ 

ʞʦʙʘʣʘʫʜʳש ʦסשʳ ʩʘʪʳʩʳʥʜʘ ʨʝʟʝʨʚʫʘʨʜʳש ʢᴇʣʝʤʜʽʢ ʤʦʜʝʣʽʥ ײץʨʫ; 

- ɸʣʳʥסʘʥ ʤʦʜʝʣʴʜʽ ʙʘʣʘʥʩʪʳץ ʞᴅʥʝ ʘʣʳʥʘʪʳʥ ʢᴇʤʽʨʩʫʪʝʢ ץʦʨʣʘʨʳʥ ʝʩʝʧ-

ʪʝʫ, ʠʛʝʨʫʜʽ ʞʦʙʘʣʘʫ, ʢʝʥ ʦʨʥʳʥ ʧʘʡʜʘʣʘʥʫʜʳש ʢʝʰ ʩʘʪʳʩʳʥʜʘ ʢᴇʤʽʨʩʫʪʝʢʪʝʨʜʽש 

 ʦʨʣʘʨʜʳץ ץʘʣʜʳץ ,ʰʽʥװ ʘʣʘʫסʦʨʣʘʨʳʥ ʠʛʝʨʫ ʙʘʨʳʩʳʥ ʪʘʣʜʘʫ ʞᴅʥʝ ʙʘץ ץʘʣʜʳץ

ʘʣʫ ʤʘץʩʘʪʳʥʜʘ ץʦʩʳʤʰʘ סשױʳʤʘʣʘʨʜʳ ʥʝʛʽʟʜʝʫ ʞᴅʥʝ ʦʨʥʘʣʘʩʪʳʨʫ װʰʽʥ ʧʘʡ-

ʜʘʣʘʥʫ. 

 .ʟʝʛʝ ʘʩʳʨʳʣʘʜʳװʽʥʜʝ ʞשʢʝʟʝ ץʙʘʨʣʳ שʘʙʘʪʪʳ ʤʦʜʝʣʴʜʝʫ ʢʝʥ ʦʨʥʳʥʳפ

ʄײʥʜʘ װ  hʥʝʛʽʟʛʽ ʢʝʟʝשʜʽ ʘʞʳʨʘʪʫסʘ ʙʦʣʘʜʳ: ʙʽʨʽʥʰʽʩʽ - ʙʘʨʣʘʫ ʞᴅʥʝ ץʦʨʣʘʨʜʳ 

ʝʩʝʧʪʝʫ, ʝʢʽʥʰʽʩʽ-ʢʝʥ ʦʨʥʳʥ ʠʛʝʨʫ ʤʝʥ ʩʘʣʫʜʳ ʞʦʙʘʣʘʫ, װʰʽʥʰʽʩʽ-ʢʝʥ ʦʨʥʳʥ 

ʠʛʝʨʫʜʽש ʥʘץʪʳ ʢʝʟʝשʽ. ʆʩ rʢʝʟʝשʜʝʨʜʽש ʙʘʨʣʳסʳʥʜʘ ʤʦʜʝʣʴʜʝʨʜʽ ײץʨʫ ʞᴅʥʝ 

ᴇʟʛʝʨʽʩʪʝʨʜʽ ʙʘץʳʣʘʫ ʢʝʟʽʥʜʝ ʛʝʦʬʠʟʠʢʘʣʳץ ᴅʜʽʩʪʝʨʛʝ ʤʘשʳʟʜʳ ʨᴇʣ ʙʝʨʽʣʝʜʽ. 

ɹʽʨʽʥʰʽ ʢʝʟʝשʜʝ ʛʝʦʣʦʛʪʘʨ, ʜʘʣʘʣʳץ ʞᴅʥʝ ʢᴅʩʽʧʪʽʢ ʛʝʦʬʠʟʠʢʪʝʨ ײʩʳʥסʘʥ ʙʽʣʽʤʜʽ 

ʞʘʣʧʳʣʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʙʽʨʽʥʰʽ ʙʫʳʥʥʳש ʩʪʘʪʠʢʘʣʳץ ʛʝʦʣʦʛʠʷʣʳץ ʤʦʜʝʣʽ 

 ,ʟʝʨʪʪʝʫ ץʧʝʪʨʦʛʨʘʬʠʷʣʳ-ץʣ ᴇʟʝʢʪʝʨʜʽ ʣʠʪʦʣʦʛʠʷʣʳײʨʳʣʘʜʳ. ɹײץ

ʢʦʣʣʝʢʪʦʨʣʘʨʜʳש ʧʝʪʨʦʬʠʟʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʪʘʣʜʘʫ, סשײʳʤʘʣʳץ 

ʛʝʦʬʠʟʠʢʘʣʳץ ʟʝʨʪʪʝʫʣʝʨ, סשײʳʤʘʣʘʨʜʳ ʩʳʥʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʞᴅʥʝ װ  hᴇʣʰʝʤʜʽ 

ʩʝʡʩʤʠʢʘʣʳץ ʙʘʨʣʘʫ ʜʝʨʝʢʪʝʨʽ. ʄײʥʜʘסʳ ʤʘשʳʟʜʳ ʤᴅʩʝʣʝ-סשײʳʤʘʣʘʨʜʳש 
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ʢʝʩʽʥʜʽʣʝʨʽʥʽש ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʢʦʨʨʝʣʷʮʠʷʩʳ, ʦʥʳש ʥʝʛʽʟʽ ʛʝʥʝʪʠʢʘʣʳץ ʪʘʣ-ʜʘʫ 

ʞᴅʥʝ ʰᴇʛʽʥʜʽʣʝʨʜʽש ʧʘʣʝʦ-ʟʘʤʘʥʘʫʠ ʞʘסʜʘʡʣʘʨʳʥ ʩʘץʪʘʫ ʙʦʣʫʳ ʢʝʨʝʢ. ɹʽʨʽʥʰʽ 

ʙʫʳʥʥʳש ʛʝʦʣʦʛʠʷʣʳץ ʤʦʜʝʣʽ ʤײʥʘʡ ʤʝʥ ʛʘʟ ץʦʨʣʘʨʳʥ ʝʩʝʧʪʝʫ ʞᴅʥʝ ʢʝʥ ʦʨʥʳʥ 

ʠʛʝʨʫ ʤʝʥ ʩʘʣʫʜʳ ʞʦʙʘʣʘʫ ʢʝʟʝשʽʥʜʝ ʨʝʟʝʨʚʫʘʨʜʳש ʩʪʘʪʠʢʘʣʳץ ʩװʟʫ-

ʩʳʡʳʤʜʳʣʳץ ʤʦʜʝʣʽʥ ײץʨʫ װʰʽʥ ʥʝʛʽʟ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [8]. ʅʘץʪʳ ʛʝʦʣʦʛʠʷʣʳץ 

ʤʦʜʝʣʴʜʽ ײץʨʫ ʛʝʦʬʠʟʠʢʘʣʳץ, ʛʝʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʢʝʰʝʥʜʽʢ ʘץʧʘʨʘʪʪʳ ʢʝשʽʥʝʥ 

ʪʘʣʜʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. פʘʟʽʨʛʽ ʜʝשʛʝʡʜʝ, ᴅʩʽʨʝʩʝ ʜʝʨʝʢʪʝʨʜʽװ שʣʢʝʥ 

ʢᴇʣʝʤʽʤʝʥ, ץʘʟʽʨʛʽ ʟʘʤʘʥסʳ ʝʩʝʧʪʝʫ ʪʝʭʥʠʢʘʩʳʥ ץʦʣʜʘʥʙʘʡ ʢʝʥ ʦʨʥʳʥʳש ʤʦʜʝʣʽʥ 

 ʨʫ ʤᴅʩʝʣʝʩʽʥ ʰʝʰʝʪʽʥײץ ʤʦʜʝʣʴʜʝʨʜʽ ץʤʢʽʥ ʝʤʝʩ. ᴄʣʝʤʜʝ ʛʝʦʣʦʛʠʷʣʳװʨʫ ʤײץ

ʦʥסʘ ʞʫʳץ ʞװʡʝ ʙʘʨ ((CHARISMA, INTEGRAL, TIGRESS, PETROSYS, ECHO 

ʞᴅʥʝ ʪ.ʙ.) [8]. 

 שʟʝʨʪʪʝʫʣʝʨʜʽ ץʘʥ ʤʘʪʝʨʠʷʣʜʘʨ ʤʝʥ ᴅʜʽʩʪʝʨ. ɻʝʦʬʠʟʠʢʘʣʳסʦʣʜʘʥʳʣפ

ʘץʧʘʨʘʪʪʳץ ʤʦʜʝʣʽ-ʟʝʨʪʪʝʣʝʪʽʥ ʦʙʲʝʢʪʽʣʝʨ, ʦʣʘʨʜʳש ʤʦʜʝʣʴʜʝʨʽ ʘʨʘʩʳʥʜʘסʳ 

ʘץʧʘʨʘʪʪʳץ ʪᴅʫʝʣʜʽʣʽʢʪʽש ʩʭʝʤʘʩʳ. ɹײʣ ᴇʟʘʨʘ ʤʦʜʝʣʴʜʝʨ, ᴅʨʪװʨʣʽ ʠʝʨʘʨʭʠʷʣʳץ 

ʜʝשʛʝʡʜʝʛʽ ʦʙʲʝʢʪʽʣʝʨ ʘʨʘʩʳʥʜʘ ʦʨʥʘʪʳʣʘʜʳ. ʆʣʘʨʜʳש ʘʨʘʩʳʥʜʘסʳ ᴇʟʘʨʘ 

ʪᴅʫʝʣʜʽʣʽʢ ʛʝʦʣʦʛʠʷʣʳץ-ʛʝʦʬʠʟʠʢʘʣʳץ ʙʘʡʣʘʥʳʩʪʘʨʤʝʥ, ʄʘʪʝʤʘʪʠʢʘʣʳץ ʬʠ-

ʟʠʢʘ ʪʝשʜʝʫʣʝʨʽʤʝʥ ʞᴅʥʝ ʘʥʳץʪʘʤʘʣʳץ ʪװʨʣʝʥʜʽʨʫʣʝʨʤʝʥ ʘʥʳץʪʘʣʘʜʳ (1 ʩʫ-

ʨʝʪ). ɻʝʦʬʠʟʠʢʘʣʳץ ʟʝʨʪʪʝʫʣʝʨʜʽ ʪװʩʽʥʜʽʨʫ ʞװʡʝʣʝʨʽʥʽש ʪײʞʳʨʳʤʜʘʤʘʣʳץ 

ʤʦʜʝʣʴʜʝʨʽ ɺ.ʅ.ʉʪʨʘʭʦʚ, ɸ.ʀ. ʂʦʙʨʫʥʦʚ, ɸ.ɸ. ʅʠʢʠʪʠʥʥʽש ʝשʙʝʢʪʝʨʽʥʜʝ 

ʙʘʷʥʜʘʣסʘʥ. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 ʩʫʨʝʪ ï ɻʝʦʬʠʟʠʢʘʣʳץ 

ʟʝʨʪʪʝʫʣʝʨʜʽש ʞʘʣʧʳ ʘץʧʘʨʘʪʪʳץ 

ʤʦʜʝʣʽ 
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ʅʝʛʽʟʛʽ ʙᴇʣʽʤ: ɻʝʦʣʦʛʠʷʣʳץ-ʛʝʦʬʠʟʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʨʜʽ ײץʨʫסʘ ʘʨʥʘʣסʘʥ 

ʙʘסʜʘʨʣʘʤʘʣʳײץ ץʨʘʣʜʘʨʜʳש ʟʘʤʘʥʘʫʠ ʢʝʰʝʥʜʝʨʽ ʥʝʛʽʟʽʥʝʥ ʤʦʜʫʣʴʜʽʢ 

 ,ʜʝʨʽʥʜʝשʢʝʟʝ ץʙʘʨʣʳ שᴇʤʽʨʣʽʢ ʮʠʢʣʽʥʽ שʘ ʠʝ ʞᴅʥʝ ʢʝʥ ʦʨʥʳʥʳסʨʳʣʳʤײץ

ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʙʘʨʣʘʫʜʘʥ ʙʘʩʪʘʧ ץʘʣʜʳץ ץʦʨʣʘʨʜʳ ʘʣʫסʘ ʜʝʡʽʥ ץʦʣʜʘʥʳʣʘʜʳ 

(ʉʫʨʝʪ 2) [7]. ɿʘʤʘʥʘʫʠ ʤʦʜʝʣʴʜʝʫ ʙʘסʜʘʨʣʘʤʘʣʳײץ ץʨʘʣʳʥʘ ץʦʡʳʣʘʪʳʥ ʥʝʛʽʟʛʽ 

ʪʘʣʘʧʪʘʨʜʳש ʙʽʨʽ-2D ʞᴅʥʝ 3D ʤʦʜʝʣʴʜʝʨʽʥʽש ʢװʨʜʝʣʽ ʜʝʨʝʢʪʝʨʜʽ ʚʠʟʫʘʣʠʟʘʮʠ-

ʷʣʘʫ ʽʰʢʽ ʞװʡʝʩʽʥʽש ʙʦʣʫʳ. ɺʠʟʫʘʣʠʟʘʮʠʷ ײץʨʘʣʜʘʨʳ ᴅʜʝʪʪʝ, ʥʝʛʽʟʛʽ ʤʦʜʫʣʴʜʽש 

ʙᴇʣʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ ʦʣʘʨʜʳ ʙʘʩץʘ ʤʦʜʫʣʴʜʝʨ ʞʘʣʧʳ ʜʝʨʝʢʪʝʨʜʽ ʞװʢʪʝʫ 

ʞװʡʝʩʽ ʞᴅʥʝ ʥʝʛʽʜʝʤʝʣʽʢ ײץʞʘʪʪʘʤʘʤʝʥ ʙʽʨʛʝ ʧʘʡʜʘʣʘʥʘʜʳ. 

ʌʠʟʠʢʘ-ʛʝʦʣʦʛʠʷʣʳץ ʤʦʜʝʣʴʜʝʫ ʞᴅʥʝ ʪʠʽʩʪʽ ʙʘסʜʘʨʣʘʤʘʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ 

ʤᴅʩʝʣʝʣʝʨʽʥ ʪʘʣʜʘʫ ʙʘʨʳʩʳʥʜʘ ʘʚʪʦʨ, ʢʝʥ ʦʨʳʥʜʘʨʳʥʳש ʤʦʜʝʣʴʜʝʨʽʥ ײץʨʫʜʳ, 

-ʢʝʰʝʥ ץʜʘʨʣʘʤʘʣʳסʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʢᴇʧʪʝʛʝʥ ʙʘץ ʦʣʜʘʫʜʳ ʞᴅʥʝ ʪʘʣʜʘʫʜʳץ

ʜʝʨ ʤʝʥ ʞװʡʝʣʝʨʜʽ ץʘʨʘʩʪʳʨʜʳ. ɹײʣ ʙᴇʣʽʤʜʝ ʤʦʜʫʣʴʜʝʨʜʽש ʥʝʛʽʟʛʽ ʪװʨʣʝʨʽʥʽש 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ (ײץʨʳʣʳʤʜʳץ, ʧʝʪʨʦʬʠʟʠʢʘʣʳץ, ʛʠʜʨʦʜʠʥʘʤʠʢʘʣʳץ, 

ʣʠʪʦʣʦʛʠʷʣʳסשײ ,ץʳʤʘʣʳץ ʤʦʜʝʣʴʜʝʫ, ʤʦʜʝʣʴʜʝʫ ʞᴅʥʝ ʪװʩʽʥʜʽʨʫ ʤʦʜʫʣʴʜʝʨʽ 

ʞᴅʥʝ ʬʫʥʢʮʠʦʥʘʣʜʳʣʳץʪʳ ʢʝשʝʡʪʫ ײץʨʘʣʜʘʨʳ), ʩʦʥʜʘʡ-ʘץ ʢʝʡʙʽʨ ʪʘʥʳʤʘʣ 

ᴇʥʽʤʜʝʨʜʽץ שʳʩץʘʰʘ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʤʝʥ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʢʝʣʪʽʨʽʣʛʝʥ [7]. ɹײʣ 

 

2 ʩʫʨʝʪ ï ʌʠʟʠʢʘ ʛʝʦʣʦʛʠʷʣʳץ ʤʦʜʝʣʴʜʝʫʜʽש ʟʘʤʘʥʘʫʠ ʤʦʜʫʣʴʜʽʢ ʙʘסʜʘʨʣʘʤʘʣʳץ 

ʢʝʰʝʥʽʥʽײץ שʨʳʣʳʤʳ 
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ᴇʥʽʤʜʝʨʜʽש ʥʝʛʽʟʛʽ ʘʪʨʠʙʫʪʳ ʙʦʡʳʥʰʘ ʩʘʣʳʩʪʳʨʤʘʣʳ ʞʽʢʪʝʣʫʽ ʜʝ ײʩʳʥʳʣסʘʥ. 

ᴄʨʽ ץʘʨʘʡ, ʘʚʪʦʨ ʦʩʳ ʙʘסʜʘʨʣʘʤʘʣʳץ ʢʝʰʝʥʜʝʨʜʽש ʥʝʛʽʟʛʽ ʞʘʣʧʳ ʢʝʤʰʽʣʽʢʪʝʨʽʥ 

ʙᴇʣʽʧ ʢᴇʨʩʝʪʝ ʦʪʳʨʳʧ, ʞʦסʘʨʳʜʘ ʩʠʧʘʪʪʘʣסʘʥ ʞװʡʝʣʝʨʜʽש ʤᴅʩʝʣʝʣʝʨʽʥ 

 :ʘʨʘʩʪʳʨʘʜʳץ

 ;ʘʣʪʫסʜᴅʣʜʽʛʽʥ ʞʦ שʡʝʣʝʨʜʽ ʤʦʜʝʣʴʜʝʫ ʢʝʟʽʥʜʝ ʩʠʧʘʪʪʘʤʘʥʳװʣʢʝʥ ʞת -

- çʄʦʜʝʣʴè סײʳʤʳʥʘ ʩᴅʡʢʝʩ ᴅʨʪװʨʣʽ ʪᴅʩʽʣʜʝʨ; 

- ʢʝʥ ʦʨʳʥʜʘʨʳʥʳש çʞʘʥ-ʞʘץʪʳè ʤʦʜʝʣʴʜʝʨʽʥ ײץʨʫ ʢʝʟʽʥʜʝ ʩʠʧʘʪʪʘʤʘʣʳץ 

ʞװʡʝʣʽʣʽʢʪʽש ʙʦʣʤʘʫʳ; 

- ʙʘʩʪʘʧץʳ ʜʝʨʝʢʪʝʨʜʽץ שʘʪʝʣʽʢʪʝʨʽʥ ʙʘסʘʣʘʫ ʤװʤʢʽʥʜʽʛʽʥʽש ʙʦʣʤʘʫʳ; 

- ʤʦʜʝʣʴʜʝʫ ᴅʜʽʩʪʝʨʽʥʽש ʪʝʦʨʠʷʣʳץ ʥʝʛʽʟʜʝʤʝʩʽʥʽש ʙʦʣʤʘʫʳ; 

- ʤʦʜʝʣʴ ײץʨʫ ʘʣʛʦʨʠʪʤʜʝʨʽʥʝ ʜʝʪʝʨʤʠʥʠʩʪʽʢ ʪᴅʩʽʣ. 

ɿʝʨʪʪʝʣʛʝʥ ʤʘʪʝʨʠʘʣסʘ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʘʚʪʦʨ, ʛʝʦʬʠʟʠʢʘʣʳץ ʟʝʨʪʪʝʫʣʝʨʜʽש 

ʜʝʨʝʢʪʝʨʽʥ ʪʘʣʜʘʫʜʳש, ᴇשʜʝʫʜʽש, ʪװʩʽʥʜʽʨʫʜʽש ʟʘʤʘʥʘʫʠ ײץʨʘʣʜʘʨʳʥʳש 

ʢᴇʧʬʫʥʢʮʠʦʥʘʣʜʳסʳ ʤʝʥ ʢʝש ʤװʤʢʽʥʜʽʢʪʝʨʽʥʝ ץʘʨʘʤʘʩʪʘʥ, ʦʣʘʨʜʳש ʢᴇʤʝʛʽʤʝʥ 

 .ʦʨʳʪʳʥʜʳ ʞʘʩʘʡʜʳ [3]ץ ʘʥ ʤʦʜʝʣʴʜʝʨ ʢʝʤʰʽʣʽʢʪʝʨʩʽʟ ʝʤʝʩ ʜʝʛʝʥסʨʳʣײץ

ʆʣʘʨʜʳש ʥʝʛʽʟʽʥʜʝ ʙʦʣʞʘʤʜʘʨʜʳש ʜᴅʣʜʽʛʽ ʢᴇʧ ʥᴅʨʩʝʥʽ ʪʘʣʘʧ ʝʪʝʜʽ. ɹײʣ ʟʝʨʪʪʝʫ 

ʜʝʨʝʢʪʝʨʽʥ ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʫ ʙʘʨʳʩʳʥʜʘ ʰʝʰʽʣʝʪʽʥ ʢʝʨʽ ʤᴅʩʝʣʝʥʽש ʩʠʧʘʪʳʥʘ 

ʜʘ, ʢװʨʜʝʣʽ ʛʝʦʤʦʜʝʣʴʜʝʫ ʞװʡʝʣʝʨʽʥ ײץʨʫ ʪᴅʩʽʣʽʥʽש ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ʜʝ, ʟʝʨʪʪʝʫ 

ʜʝʨʝʢʪʝʨʽʥʽש ʞʝʪʽʣʤʝʛʝʥʜʽʛʽʥʝ ʞᴅʥʝ ʛʝʦʬʠʟʠʢʘʣʳץ ʜʝʨʝʢʪʝʨʜʽ ʠʥʪʝʨʧʨʝʪʘʮʠʷ-

ʣʘʫ ʪʝʦʨʠʷʩʳʥʳש ʛʝʦʬʠʟʠʢʘʣʳץ ʧʨʘʢʪʠʢʘסʘ ʞʠʽ ʩᴅʡʢʝʩ ʢʝʣʤʝʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 

[7]. 

ʌʠʟʠʢʘ-ʛʝʦʣʦʛʠʷʣʳץ ʤʦʜʝʣʴʜʝʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʞʦʙʘʣʘʫ ʢʝʟʽʥʜʝ ʝש 

ʤʘשʳʟʜʳʩʳ ʦʥʳש ʥʝʛʽʟʽʥ ײץʨʘʡʪʳʥ ʧʨʠʥʮʠʧʪʝʨʜʽ ʪײʞʳʨʳʤʜʘʫ ʞᴅʥʝ ʪʘשʜʘʫ 

ʢʝʟʝשʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɻʝʦʣʦʛʠʷʣʳץ ʙʘʨʣʘʫ ʞᴅʥʝ ʛʝʦʬʠʟʠʢʘʣʳץ ʞײʤʳʩʪʘʨʜʳש 

ʪʠ̔ʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʦʣ ʛʝʦʣʦʛʠʷʣʳץ-ʛʝʦʬʠʟʠʢʘʣʳץ ʜʝʨʝʢʪʝʨʜʽ ʙʽʨʣʝʩʽʧ ʪʘʣ-ʜʘʫ 

ᴅʜʽʩʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. ɹײʣ ʪײʞʳʨʳʤʜʘʤʘ, ʛʝʦʬʠʟʠʢʘʥʳץ שʘʟʽʨʛʽ ʜʘʤʫ 

ʢʝʟʝשʽʥʝ ʪᴅʥ ʤʦʥʦᴅʜʽʩʪʝʨʜʽש ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʳץ ʤװʤʢʽʥʜʽʢʪʝʨʽʥʽש ʩʘʨץʳʣʫ 

ʢʝʟʝשʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. ɻʝʪʝʨʦʛʝʥʜʽ ʛʝʦʬʠʟʠʢʘʣʳץ ʜʝʨʝʢʪʝʨʜʽ ʙʽʨʣʝʩʢʝʥ ʪʘʣ-

ʜʘʫ ʢᴇʙʽʥʝʩʝ ʦʣʘʨʜʳ ʩʘʣʳʩʪʳʨʫסʘ, ʩʘʧʘʣʳ ʩʠʧʘʪʪʘʫסʘ, ʟʝʨʪʪʝʣʝʪʽʥ ʙʝʣʛʽʣʝʨ 

 ʤʢʽʥװʤ שʪʘʨʘʣʫ ʩʠʧʘʪʳ ʞᴅʥʝ ʦʣʘʨʜʳ שʜʘʨʳʥʳשʟʘ ץʪʠʤʘʣʜʳץʰʽʥ ʳװ

ʤᴅʥʜʝʨʽʥʽש ʘʫץʳʤʳʥ ʙʦʣʞʘʫ ʪʫʨʘʣʳ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʫ װʰʽʥ ʳץʪʠʤʘʣʜʳץ-

ʩʪʘʪʠʩʪʠʢʘʣʳץ ᴅʜʽʩʪʝʨ ʤʝʥ װʣʛʽʥʽ ʪʘʥʫ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫסʘ ʜʝʡʽʥ ʘʟʘʷʜʳ [7]. 

ɹײʣ ʛʝʦʣʦʛʠʷʣʳץ ʛʝʦʬʠʟʠʢʘʣʳץ ʜʝʨʝʢʪʝʨʜʽ ʞװʡʝʣʽ ʪʘʣʜʘʫʜʳש ʤʘשʳʟʜʳ ʢʝʟʝשʽ, 

ʦʥʳש ʤʽʥʜʝʪʪʝʨʽ ʞʘʣʧʳ ʟʘשʜʳʣʳץʪʘʨʜʳ ʙʝʣʛʽʣʝʫ ʞᴅʥʝ ʟʝʨʪʪʝʣʝʪʽʥ ʦʙʲʝʢʪʽʥʽש 

-ʪʘʫ ʙʦʣʳʧ ʪʘץʘʪʳʥʘʩʪʘʨʜʳ ʘʥʳץ ʥʜʳײʨʳʣʳʤʳ ʪʫʨʘʣʳ ʝʩʝʧ ʙʝʨʝʪʽʥ ʤʘʟʤײץ

ʙʳʣʘʜʳ. ɹʽʨʘץ, ʩʦסʘʥ ץʘʨʘʤʘʩʪʘʥ, ʜʝʨʝʢʪʝʨʜʽ ʞװʡʝʣʽʢ ʪʘʣʜʘʫ ᴅʜʽʩʪʝʨʽ ᴇʟʜʝʨʽ 

ʟʝʨʪʪʝʣʝʪʽʥ ʦʨʪʘʣʘʨʜʳש ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ ʬʠʟʠʢʘ-ʛʝʦʣʦʛʠʷʣʳץ ʤʦʜʝʣʴʜʝʨʽʥʽש 

ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ ײץʨʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʧʝʡʜʽ, ʙײʣ ʤʦʜʝʣʴʜʝʫ ʘʨץʳʣʳ ʪʝʢʩʝ-ʨʫʛʝ 

ʞᴅʥʝ ʩʦʣ ʘʨץʳʣʳ ײץʨʳʣʳʤʜʘʨʜʳש ʩʝʥʽʤʜʽʣʽʛʽʥ ʙʘץʳʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [7]. 

ɹײʣ ʟʝʨʪʪʝʣʝʪʽʥ ʦʨʪʘʣʘʨʜʳש ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ ʬʠʟʠʢʘ-ʛʝʦʣʦʛʠʷʣʳץ 

ʤʦʜʝʣʴʜʝʨʽʥʽש ʞװʡʝʩʽʥ ײץʨʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʙʘʩץʘ ᴅʜʽʩʪʝʨʜʽש, ʷסʥʠ, ʠʥʚʝʨ-

ʩʠʷ ᴅʜʽʩʪʝʨʽʥʽש ʦʨʳʥʜʘʣʫʳ. ʆʩʳʣʘʡʰʘ, ʛʝʦʣʦʛʠʷʣʳץ-ʛʝʦʬʠʟʠʢʘʣʳץ ʜʝʨʝʢʪʝʨʜʽ 

ʞװʡʝʣʽ ʪʘʣʜʘʫʜʳש ʪװʧʢʽ ʤʘץʩʘʪʳ - ʟʝʨʪʪʝʣʝʪʽʥ ʦʨʪʘʣʘʨʜʳש ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ 

ʬʠʟʠʢʘ-ʛʝʦʣʦʛʠʷʣʳץ ʤʦʜʝʣʴʜʝʨʽʥ ײץʨʫ-ʝʢʽ ʢʝʟʝשʜʝ ץʦʣ ʞʝʪʢʽʟʽʣʝʜʽ. ɹʽʨʽʥʰʽʜʝʥ, 

ʜʝʨʝʢʪʝʨʜʽ ʞװʡʝʣʽʢ ʪʘʣʜʘʫ ʞᴅʥʝ ʦʣʘʨʜʳ ʢʝʡʽʥʛʽ ʠʥʚʝʨʩʠʷ ʧʨʦʮʝʜʫʨʘʣʘʨʳʥʜʘ 

 ʡʝʣʽʢ ʠʥʚʝʨʩʠʷʥʳ ʦʨʳʥʜʘʫװʪʳ ʞץʳʣʳ, ʝʢʽʥʰʽʜʝʥ, ʥʘץʘ ʜʘʡʳʥʜʘʫ ʘʨסʦʣʜʘʥʫץ

ʢʝʟʝשʽʥʜʝ. ʄʦʜʝʣʴʜʝʫ ʘʨץʳʣʳ ʪʝʢʩʝʨʫʛʝ ʞᴅʥʝ ʩʝʥʽʤʜʽ ײץʨʳʣʳʤ ʰʘʨʘʣʘʨʳʥ 
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ʙʘץʳʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʛʝʦʣʦʛʠʷʣʳץ-ʛʝʦʬʠʟʠʢʘʣʳץ ʤᴅʣʽʤʝʪʪʝʨ ʢʝʰʝʥʽ 

ʙʦʡʳʥʰʘ ʟʝʨʪʪʝʣʝʪʽʥ ʦʨʪʘʣʘʨʜʳש ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ ʬʠʟʠʢʘ-ʛʝʦʣʦʛʠʷʣʳץ 

ʤʦʜʝʣʴʜʝʨʽʥʽש ʞװʡʝʩʽʥ ײץʨʫ, ʙײʣ ʛʝʦʣʦʛʠʷʣʳץ-ʛʝʦʬʠʟʠʢʘʣʳץ ʜʝʨʝʢʪʝʨʜʽ 

ʞװʡʝʣʽ ʪʘʣʜʘʫʜʳש ʥʝʛʽʟʛʽ ʪװʧʢʽ ʤʽʥʜʝʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [7]. ʆʣ ʞװʡʝʣʽʢ 

ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʫ ʞᴅʥʝ ʞװʡʝʣʽʢ ʠʥʚʝʨʩʠʷʥʳש ʽʰʢʽ ʤʽʥʜʝʪʪʝʨʽʥʝ ʙᴇʣʽʥʝʜʽ. 

ɻʝʦʣʦʛʠʷʣʳץ-ʛʝʦʬʠʟʠʢʘʣʳץ ʜʝʨʝʢʪʝʨʜʽ ʞװʡʝʣʽʢ ʪʘʣʜʘʫʜʳש ʤʘʪʝʤʘʪʠʢʘʣʳץ 

ʤʦʜʝʣʽʥ ᴅʟʽʨʣʝʫ, ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʳץ ץʦʣʜʘʫʜʳ ʜʘʤʳʪʫʜʳש ʢʝʣʝʩʽ ʢʝʟʝשʽʥ ʞᴅʥʝ 

ʞװʡʝʣʽʢ ʥʝʛʽʟʜʝʤʝʩʽ ʙʘʨ ʠʥʪʝʛʨʘʮʠʷʣʘʥסʘʥ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʪʝʭʥʦʣʦʛʠʷʩʳʥ 

 .ʥʝʛʽʟʽʥ ʙʽʣʜʽʨʝʜʽ [8] שʨʫʜʳײץ

-ʥʝʛʽʟʛʽ ʟʘʤʘ שʤʦʜʝʣʴʜʝʫʜʽ ץʦʨʪʘ ʢʝʣʝ, ʬʠʟʠʢʘ-ʛʝʦʣʦʛʠʷʣʳפ :ʦʨʳʪʳʥʜʳפ

ʥʘʫʠ ᴅʜʽʩʪʝʨʽ ʤʝʥ ײץʨʘʣʜʘʨʳ ץʳʩץʘʰʘ ʩʠʧʘʪʪʘʣʜʳ, ʛʝʦʬʠʟʠʢʘʣʳץ ʟʝʨʪʪʝʫʣʝʨʜʽש 

ʞʘʣʧʳ ʘץʧʘʨʘʪʪʳץ ʤʦʜʝʣʽ ץʘʨʘʩʪʳʨʳʣʜʳ. ʉʦʥʜʘʡ-ʘץ ,ץʘʟʽʨʛʽ ʟʘʤʘʥסʳ ʤʦ-

ʜʝʣʴʜʝʫ ʞװʡʝʣʝʨʽʥʽש ʞʘʣʧʳ ʤᴅʩʝʣʝʣʝʨʽʥʜʥ ʦʣʘʨʜʳש ʘʨʘʩʳʥʜʘ ץʘʪʘש ʞᴅʥʝ 

ʜʝʪʝʨʤʠʥʠʩʪʽʢ ᴅʜʽʩʪʝʨʜʽ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʢװʨʜʝʣʽ ʞװʡʝʣʝʨʜʽש ʧʨʦʙʣʝʤʘʩʳ ʘʪʘʧ 

ᴇʪʽʣʜʽ. 
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RESULTS OF GEOPHYSICAL STUDIES OF OIL WELLS  

OF THE KENKIYAK STRUCTURE  

 
ɹʘʷʥʜʘʤʘʜʘ ʐʳסʳʩ ʂʘʩʧʠʡ ʤʘשʳʥʜʘסʳ ʂʝʥʢʠʷץ ʢʝʥʦʨʥʳʥʳש ʛʝʦʣʦʛʠʷʣʳײץ ץʨʳʣʳʩʳʥʜʘסʳ 

ʝʨʝʢʰʝʣʽʢʪʝʨ ʢʝʣʪʽʨʽʣʛʝʥ. ʄײʥʘʡʣʳ ʢʦʣʣʝʢʪʦʨ ץʘʙʘʪʪʘʨʜʳש ʣʠʪʦʣʦʛʠʷʩʳʥ, ʦʣʘʨʜʳש 

ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʞᴅʥʝ ʬʠʣʴʪʨʣʽʢ-ʩʳʡʳʤʜʳʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʘʥʳץʪʘʫ ʤʘץʩʘʪʳʥʜʘ ʞװʨʛʽʟʽʣʛʝʥ 

 .ʘʥסʥᴅʪʠʞʝʣʝʨʽ ʙʘʷʥʜʘʣ (ɻɿױ) שʟʝʨʪʪʝʫʣʝʨʜʽ ץʛʝʦʬʠʟʠʢʘʣʳ ץʳʤʘʣʳסשײ

ɻʝʦʣʦʛʠʷʣʳץ ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʦʨʥrʜʘʫʜʘ ʢʘʨʦʪʘʞʜʳש ʵʣʝʢʪʨʣʽʢ, ʨʘʜʠʦʤʝʪʨʠʷʣʳץ ʪʦʙʳ 

ʞᴅʥʝ ʢʘʚʝʨʥʦ-, ʠʥʢʣʠʥʦʤʝʪʨʠʷ ᴅʜʽʩʪʝʨʽ ץʦʣʜʘʥʳʣסʘʥ. פʦʣʜʘʥʳʣסʘʥ ᴅʜʽʩʪʝʨ ʙʦʡʳʥʰʘ ʘʣʳʥסʘʥ 

ʤᴅʣʽʤʝʪʪʝʨ 1) ʢʦʣʣʝʢʪʦʨ ץʘʙʘʪʪʘʨʜʳ, ʣʠʪʦʣʦʛʠʷʥʳ, 2) ʤײʥʘʡץʘʥʳץʪʳʣʳץʪʳ, 3) ʩʘʟʜʳʣʳץʪʳ, 4) 

ʪʠʽʤʜʽ ʢʝʫʝʢʪʽʣʽʢʪʽ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

ʊϮʡʽʥʜʽ ʩϺʟʜʝʨ: ʂʝʥץʠʷץ ʢʝʥʦʨʥʳ, ʪʝʨʨʠʛʝʥʜʽ ʪװʟʽʣʽʤʜʝʨ, ᴇʥʜʽʨʫʰʽ סשײʳʤʘʣʘʨ, ױɻɿ-ʢʝʨʥ 

ʙʘʡʣʘʥʳʩʪʘʨʳ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʂʝʥʢʠʷʢʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʚʦʩʪʦʯʥʦʡ ʟʦʥʝ 

ʇʨʠʢʘʩʧʠʷ. ʀʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʚʘʞʠʥ (ɻʀʉ) ʜʣʷ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʣʠʪʦʣʦʛʠʠ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ, ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʥʠʡ ʧʨʠʤʝʥʝʥʳ ʛʨʫʧʧʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʨʘʜʠʦʤʝʪʨʠ-

ʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʢʘʨʦʪʘʞʘ ʠ ʢʘʚʝʨʥʦʤʝʪʨʠʷ, ʠʥʢʣʠʥʦʤʝʪʨʠʷ. ɼʘʥʥʳʝ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ 

ʧʦʟʚʦʣʠʣʠ 1) ʚʳʜʝʣʠʪʴ ʧʣʘʩʪʦʚ-ʢʦʣʣʝʢʪʦʨʦʚ ʠ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʣʠʪʦʣʦʛʠʶ, 2) ʚʳʯʠʩʣʠʪʴ ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʩʪʠ, 3) ʚʳʯʠʩʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʛʣʠʥʠʩʪʦʩʪʠ, 4) ʚʳʯʠʩʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ 

ʵʬʬʝʢʪʠʚʥʦʡ ʧʦʨʠʩʪʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʝʥʢʠʷʢʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʪʝʨʨʠʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʩʢʚʘʞʠʥʳ, ʩʚʷʟʠ ɻʀʉ-ʢʝʨʥ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

 

The paper presents the geological features of the Kenkiyak structure in the eastern zone of the 

Pre-Caspian. The results of geophysical well surveys (GIS) for determining the lithology of reservoir 

rocks, their parameters and porosity properties are presented. 

To perform geological tasks, groups of electrical, radiometric methods of logging and caliper 

logging, inclinometry were used. The data of the methods used made it possible to 1) identify reservoirs 

and determine their lithology, 2) calculate the oil saturation coefficient, 3) calculate the clay content 

coefficient, 4) calculate the effective porosity coefficient. 

Keywords: Kenkiyak structure, terrigenous formations, production wells, GIS-core connections, 

interpretation 

 

ʂʽʨʽʩʧʝ. ʂʝץשʠʷץ ʤײʥʘʡ ʢʝʥʦʨʥʳ ʂʘʩʧʠʡ ʤʘשʳ ʙʘʩʩʝʡʥʽʥʽש ʰʳסʳʩ h ʝʪʢʽ 

ʙᴇʣʽʛʽʥʜʝ ʪײʟʜʳ ʪʝʢʪʦʥʠʢʘʥʳץ שʘʨץʳʥʜʳʣʳסʳ ʘʡʪʘʨʣʳץʪʘʡ ᴅʣʩʽʨʝʛʝʥ 

ʞʦʣʘסʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ. ɸʡʤʘץʪʳץ ʪʝʢʪʦʥʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʘʫʜʘʥ ʂʘʩʧʠʡ ʤʘשʳ 

ʦʡʳʩʳ ʤʝʥ ʄסײʘʣʞʘʨ ץʘʪʧʘʨʣʳ ʞװʡʝʩʽʥʽש ʘʨʪʠʢʫʣʷʮʠʷ ʘʡʤʘסʳ ʙʦʣʳʧ ʪʘʙʳʣʘ-
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ɹײʣ ʘʡʤʘץ ʘʫʜʘʥʥʳש ʦʨʪʘʣʳץ ʙᴇʣʽʛʽʥʝ ץʘʨʘסʘʥʜʘ װʣʢʝʥ ᴇʣʰʝʤʜʽ ʪײʟʜʳ 

ʢװʤʙʝʟʜʝʨʜʽש ʙʦʣʫʳʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ. ʊײʟװʩʪʽ ץʘʙʘʪʪʘʨʳʥʜʘ ʪʝʢʪʦʥʠʢʘ ʘʟ 

ʙʘʡץʘʣסʘʥ. 

ʄʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ᴅʜʽʩʪʝʨ. ʂʝץשʠʷץ ʤײʥʘʡ ʢʝʥʦʨʥʳʥ ʟʝʨʪʪʝʫʣʝʨʜʝ ʘʫ-

ʜʘʥ ʙʦʡʳʥʰʘ ᴇʥʜʽʨʽʩʪʽʢ ʝʩʝʧʪʝʤʝʣʝʨ ʤʝʥ ʞʘʨʠʷʣʘʥסʘʥ ʤʘץʘʣʘʣʘʨʜʘסʳ 

ʛʝʦʣʦʛʠʷʣʳץ-ʛʝʦʬʠʟʠʢʘʣʳץ ʤᴅʣʽʤʝʪʪʝʨ ץʦʣʜʘʥʳʣʜʳ. 

ʂʝʥץʠʷײץ  ץʨʳʣʳʤʳʥʜʘסʳ  ʤײʥʘʡʜʳש  ʘʣסʘʰץʳ  ʙʝʣʛʽʣʝʨʽ  1958 ʞʳʣʳ 

 ʳʤʘʣʘʨʳʥʜʘ ʪᴇʤʝʥʛʽ ʪʨʠʘʩ, ʶʨʘ ʞᴅʥʝ ʙʦʨסשײ ʽʟʜʝʫ-ץʨʳʣʳʤʜʳײץ

ʰᴇʛʽʥʜʽʣʝʨʽʥʜʝʛʽ ʤײʥʘʡʣʳ ʢʝʨʥ, ʞסײʳʥ ʞᴅʥʝ ʤײʥʘʡ ʠʽʩʽ ʪװʨʽʥʜʝ ʙʘʡץʘʣʜʳ. 

ʂʝץשʠʷץ ʢʝʥʦʨʥʳʥʳש ʛʝʦʣʦʛʠʷʣʳץ ץʠʤʘʩʳ ʧʝʨʤʴʥʽש (ʧʘʣʝʦʟʦʡ) ʞᴅʥʝ ʪʨʠʘʩ, 

ʶʨʘ, ʙʦʨʜʳש (ʤʝʟʦʟʦʡ) ʰᴇʛʽʥʜʽ ʞʳʥʳʩʪʘʨʳʥʘʥ, ʪᴇʨʪʪʽʢ ʜᴅʫʽʨʜʝʛʽ ʪʝʨʨʠʛʝʥʜʽ 

 ʩʪʽ ʢʝʰʝʥʽʥʜʝʛʽװʟײʘʥ. ʊסʨʘʣײץ ʤ-ʩʘʟʜʘʨ ʤʝʥ ʢʘʨʙʦʥʘʪʪʳ ᴅʢʪʘʩ-ʤʝʨʛʝʣʴʜʝʨʜʝʥײץ

ʙײʣ ʰᴇʛʽʥʜʽʣʝʨʜʽש ʝװ שʣʢʝʥ ʩʦʤʘʣʘʥסʘʥ ץʘʣʳשʜʳסʳ ʰʘʤʘʤʝʥ 3000 ʤ ײץʨʘʡʜʳ. 

1959 ʞʳʣʳ ʢʝʥʦʨʳʥʜʳ ʘʰץʘʥ ʂ-34 ײץʨʳʣʳʤʜʳץ-ʽʟʜʝʫ סשײʳʤʘʩʳ. ʆʣ ʝʢʽʥʰʽ 

ʪᴇʤʝʥʛʽ ʪʨʠʘʩ ʛʦʨʠʟʦʥʪʳʥʘʥ ʤײʥʘʡʜʳש ʬʦʥʪʘʥ ʘסʳʥʳʥ ʙʝʨʛʝʥ. 

ʂʝץשʠʷײץ ץʨʳʣʳʤʳʥʜʘ ʪײʟװʩʪʽ ʢʝʰʝʥʽʥ ʽʟʜʝʫ ʞᴅʥʝ ʙʘʨʣʘʫ ʙײʨסʳʣʘʫ 

ʥᴅʪʠʞʝʩʽʥʜʝ 9 ʤײʥʘʡ ʛʦʨʠʟʦʥʪʳ ʘʥʳץʪʘʣסʘʥ. ʆʣʘʨʜʳ1 ש-ʽ ï ʞʦסʘʨסʳ ʧʝʨʤʴʜʝ 

(ʢʦʥʛʣʦʤʝʨʘʪ ʛʦʨʠʟʦʥʪʳʥʜʘ), 2-  ̔ʪᴇʤʝʥʛʽ ʪʨʠʘʩʪʘ (ʙʽʨʽʥʰʽ ʞᴅʥʝ ʝʢʽʥʰʽ ʪᴇʤʝʥʛʽ 

ʪʨʠʘʩ ʛʦʨʠʟʦʥʪʪʘʨʳ), 1-  ̔ï ʪᴇʤʝʥʛʽ ʶʨʘʜʘ, 3-  ̔ï ʦʨʪʘסשʳ ʶʨʘʜʘ (ʙʽʨʽʥʰʽ, ʝʢʽʥʰʽ 

ʞᴅʥʝ װʰʽʥʰʽ ʦʨʪʘסשʳ ʶʨʘ ʛʦʨʠʟʦʥʪʪʘʨʳ), 1-ʽ ï ʛʘʫʪʝʨʠʚʪʝ, 1-ʽ ï ʙʘʨʨʝʤʜʝ. 

ɹʘʨʣʳץ ᴇʥʽʤʜʽ ʛʦʨʠʟʦʥʪʪʘʨ ץʘʙʘʪʪʳץ, ʜᴇשʝʩʪʽʢ, ʪʝʢʪʦʥʠʢʘʣʳץ ʞᴅʥʝ 

ʣʠʪʦʣʦʛʠʷʣʳץ ʵʢʨʘʥʜʘʣסʘʥ ʪʠʧʢʝ ʞʘʪʘʜʳ [1]. 

Weatherford ʪʝʭʥʦʣʦʛʠʷʩʳ ʙʦʡʳʥʰʘ ʘʣʳʥסʘʥ ᴇʥʜʽʨʫʰʽ סשײʳʤʘʣʘʨʜʳ 

ʛʝʦʬʠʟʠʢʘʣʳץ ʟʝʨʪʪʝʫʣʝʨ ʜʠʘʛʨʘʤʤʘʣʘʨʳʥ çGeoOffice Solverè ʙʘסʜʘʨʣʘʤʘʩʳʥ 

ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ ʢʝʰʝʥʜʽ ʪװʩʽʥʜʽʨʫ ʞװʨʛʽʟʽʣʜʽ [2, 3]: 

 ʣʠʪʦʣʦʛʠʷʩʳ ʅʅʂ, ɻɻʂʧ ᴅʜʽʩʪʝʨʽ ʙʦʡʳʥʰʘ שʠʤʘʩʳʥʳץ ʳʤʘסשײ (1

ʘʡץʳʥʜʘʣסʘʥ. 

2) ʤײʥʘʡץʘʥʳץʪʳʣʳץ ʢʦʵʬʬʠʮʠʝʥʪʽʥ (ʂ
ʥʛ
) ʘʥʳץʪʘʫʜʘ ɹʂ, ʀʂ ʜʠʘʛʨʘʤ-

ʤʘʣʘʨʳ ʞᴅʥʝ ʢʝʣʝʩʽ ʧʝʪʨʦʬʠʟʠʢʘʣʳץ ʙʘʡʣʘʥʳʩʪʘʨ ץʦʣʜʘʥʳʣʜʳ: ʢʝʟʝש ï ɹʦʨ-
ʖʨʘ; ץʘʙʘʪ ʩʫʳʥʳש ʢʝʜʝʨʛʽʩʽ ɟ, ʆʤĿʤ ï 0.2. ɹײʣ h ʘʤʘ ʂʝץשʠʷץ ʘʫʜʘʥʳ ʙʦʡʳʥ- 

ʰʘ ʙײʨʳʥ ᴇשʜʝʣʛʝʥ סשײʳʤʘʣʘʨʤʝʥ ץײʩʘʩʪʳץ ʙʦʡʳʥʰʘ ʘʣʳʥʜʳ; ʂ
ʥʛ 
ʪʝשʜʝʫʽʥʜʝ 

 ʜʝʨʝʢʪʝʨʽʤʝʥ שʪᴇʙʝ ʵʢʩʧʝʜʠʮʠʷʩʳʥʳץʦʣʜʘʥʳʣʳʪʳʥ ʢʦʥʩʪʘʥʪʘʣʘʨ çɻʀʉè ɸץ
ʘʣʳʥʜʳ: a=0.87, b=1, m=2.16, n=1.88; 
ɸʨʯʠ-ɼʘʭʥʦʚ ʪʝשʜʝʫʽ: S n = aĿR /ʌmĿR [4] 

w w t 

3) ʩʘʟʜʳʣʳץ ɻʂ, ɹʂ, ɻɻʂʧ ᴅʜʽʩʪʝʨʤʝʥ ʘʥʳץʪʘʣʘʜʳ, 

4) ʞʘʣʧʳ ʞᴅʥʝ ʪʠʽʤʜʽ ʢʝʫʝʢʪʽʣʽʢʪʝʨ ʅʅʂ, ɻɻʂʧ ᴅʜʽʩʽʤʝʥ ʘʥʳץʪʘʣʘʜʳ. 

ʅᴅʪʠʞʝʣʝʨʽ. ᴆʥʜʽʨʫʰʽ סשײʳʤʘʣʘʨʜʳ ʛʝʦʬʠʟʠʢʘʣʳץ ʟʝʨʪʪʝʫʣʝʨ 

ʤᴅʣʽʤʝʪʪʝʨʽʥʽש ʢʝʰʝʥʜʽ ʠʥʪʝʨʧʨʝʪʘʮʠʷʩʳ ʢʘʚʝʨʥʦ-, ʠʥʢʣʠʥʦʤʝʪʨʠʷ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʞᴅʥʝ ױɻɿ-ʢʝʨʥ ʙʘʡʣʘʥʳʩʪʘʨʳʥ ץʦʣʜʘʥʳʧ ʦʨʳʥʜʘʣʜʳ. 

ɻʝʦʬʠʟʠʢʘʣʳץ ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʽʣʛʝʥ סשײʳʤʘ ʜʠʘʤʝʪʨʽ ï 215,9 ʤʤ; ʪʝʭʢʦ-

ʣʦʥʥʘʜʘ ï 244,5 ʤʤ. ʀʥʢʣʠʥʦʤʝʪʨʠʷ ʤᴅʣʽʤʝʪʪʝʨʽ 1, 2-ʩʫʨʝʪʪʝʨʜʝ ʢʝʣʪʽʨʽʣʛʝʥ: 

0-277  ʞᴅʥʝ ʩʘסʘʩʳ-ʪװʙʽ ï 119.70 Á. 

ʂʦʣʣʝʢʪʦʨ ץʘʙʘʪʪʘʨ ʤʝʥ ʣʠʪʦʣʦʛʠʷʥʳ ʘʥʳץʪʘʫ ʢʝʟʽʥʜʝ 417-617 ʤ ʟʝʨʪ-

ʪʝʫ ʘʨʘʣʳסʳʥʜʘ ʪʘʫʞʳʥʳʩʪʘʨ ʪʝʨʨʠʛʝʥʜʽʢ ʰᴇʛʽʥʜʽʣʝʨʜʝʥ ʪײʨʘʜʳ: ײץʤʪʘʩʪʘʨ, 

ʪʳסʳʟ ײץʤʪʘʩʪʘʨ, ʪװʨʣʽ ʩʘʟʜʳ ʢᴇʤʽʨʣʽ ץʦʩʳʥʜʳʣʘʨ. ʆʩ rʟʝʨʪʪʝʫ ʘʨʘʣʳסʳʥʜʘ 6 
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1-ʩʫʨʝʪ ï סשױʳʤʘ ʧʣʘʥʳ 2-ʩʫʨʝʪ ï סשױʳʤʘ ʧʨʦʬʠʣʽ 

(ɹʘʪʳʩ-ʐʳסʳʩ) 

ᴇʥʽʤʜʽ ץʘʙʘʪ ʘʥʳץʪʘʣʜʳ (1-ʢʝʩʪʝ, 3-ʩʫʨʝʪ). 

 

ʂʝʩʪʝ 1 ï ᴆʥʽʤʜʽ ץʘʙʘʪʪʘʨʜʳש ʧʘʨʘʤʝʪʨʣʝʨʽ ʤʝʥ ʩʠʧʘʪʪʘʨʳ 
 

̄  ʘʙʘʪפ ɾʘʙʳʥʳ, ʤ ʊʘʙʘʥʳ, ʤ פʫʘʪʳ, ʤ פʘʥʳץʪʳʣʳסʳ 

1 419,0 422,2 3,2 ʢᴇʤʽʨʩʫʪʝʢʪʽ 

2 422,8 424,8 2,0 ʢᴇʤʽʨʩʫʪʝʢʪʽ 

3 425,4 440,2 14,8 ʢᴇʤʽʨʩʫʪʝʢʪʽ 

4 440,9 561,1 120,2 ʢᴇʤʽʨʩʫʪʝʢʪʽ 

5 561,8 564,5 2,7 ʢᴇʤʽʨʩʫʪʝʢʪʽ 

6 565,1 602,9 37,8 ʢᴇʤʽʨʩʫʪʝʢʪʽ 

ʄײʥʘʡץʘʥʳץʪʳʣʳץ ʢʦʵʬʬʠʮʠʝʥʪʽ ʙʦʡʳʥʰʘ ʦʥʳש ʪᴇʤʝʥʛʽ ʜʝשʛʝʡʽ 50% 

ʢʘʙʳʣʜʘʥʜʳ. 

ʉʘʟʜʳʣʳץ ʙʦʡʳʥʰʘ ʟʝʨʪʪʝʫʣʝʨ ʥᴅʪʠʞʝʨʣʝʨʽ 2-ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

ʂʝʩʪʝ 2 ï ᴆʥʽʤʜʽ ץʘʙʘʪʪʘʨ ʙʦʡʳʰʘ ʂ
ʩʘʟ. 

(VSH) ʤᴅʥʜʝʨʽ 
 

̄  ʘʙʘʪפ ɾʘʙʳʥʳ, ʤ ʊʘʙʘʥʳ, ʤ פʫʘʪʳ, ʤ ʂ 
ʩʘʟ. 

(VSH), % 

1 419,0 422,2 3,2 15,1 

2 422,8 424,8 2,0 17,5 

3 425,4 440,2 14,8 23,2 

4 440,9 561,1 120,2 15,9 

5 561,8 564,5 2,7 12,7 

6 565,1 602,9 37,8 15,7 

ʂʦʣʣʝʢʪʦʨʣʳץ ץʘʙʘʪʪʘʨʜʳ ʘʥʳץʪʘʫ ʢʝʟʽʥʜʝ ʪʠʽʤʜʽ ʢʝʫʝʢʪʽʣʽʢʪʽש ʪᴇʤʝʥʛʽ 

ʰʝʛʽ 15% ʙʦʣʳʧ ץʘʙʳʣʜʘʥʜʳ. ɸʥʳץʪʘʣסʘʥ 6 ᴇʥʽʤʜʽ ץʘʙʘʪʪʘʨ ʙʦʡʳʥʰʘ ʞʘʣʧʳ 
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3-ʩʫʨʝʪ ï ɻʝʦʬʠʟʠʢʘʣʳץ ʟʝʨʪʪʝʫʣʝʨ ʤʝʥ ʦʥʳש ʥᴅʪʠʞʝʣʝʨʽ 
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100 

 

 

 

 

ʢʝʫʝʢʪʽʣʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ ʂ
ʧ 
(PHIT, %) 37,1-40,2 ʘʨʘʣʳסʳʥʜʘ; ʪʠʽʤʜʽ ʢʝʫʝʢʪʽʣʽʢ 

ʢʦʵʬʬʠʮʠʝʥʪʽ ʂ
ʧ 

(PHIE, %) ï 22.2-30.1 ʘʨʘʣʳסʳʥʜʘ. 

 -ɻɿ ᴅʜʽʩʪʝʨʽ ʪʝʨʨʠʛʝʥʜʽ ʞᴅʥʝ ʢʘʨʙʦʥʘʪʪʳ ʢʦʣʣʝʢױ ʘʥסʜʘʣשʦʨʳʪʳʥʜʳ. ʊʘפ

ʪʦʨ ץʘʙʘʪʪʘʨ װʰʽʥ ʙʝʨʽʣʛʝʥ ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʪʦʣʳסʳʤʝʥ ʦʨʳʥʜʘʫ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ 

ʢᴇʨʩʝʪʪʽ. 

ɿʝʨʪʪʝʫ ʘʫʜʘʥʳʥʜʘסʳ ʪʠʧʪʝʩ ײץʨʳʣʳʤʜʘʨ װʰʽʥ סשײʳʤʘ ץʠʤʘʩʳʥʳש ʣʠ-
ʪʦʣʦʛʠʷʩʳʥ ʘʥʳץʪʘʫʜʘ ï ʅʅʂ, ɻɻʂʧ; ʂ

ʥʛ 
ʤᴅʥʽʥ ʝʩʝʧʪʝʫʜʝ ï ɹʂ, ʀʂ; ʂ

ʛʣ 

ʤᴅʥʽʥ ʝʩʝʧʪʝʫʜʝ ï ɻʂ, ɹʂ, ɻɻʂʧ; ʞʘʣʧʳ ʂ
ʧʦ 
ʞᴅʥʝ ʪʠʽʤʜʽ ʂ

ʧʵʬʬ 
ʢʝʫʝʢʪʽʣʽʢʪʝʨ 

ʢʦʟʬʬʠʮʠʝʥʪʪʝʨʽ װʰʽʥ ʅʅʂ, ɻɻʂʧ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʳʣʫ ʤװʤʢʽʥʜʽʢʪʝʨʽ ʤʝʥ 

ʪʠʽʤʜʽʣʽʛʽ ʘʡץʳʥʜʘʣʜʳ. 
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ɻɽʆɼʀʅɸʄʀʂɸʃʓפ ʄʆʅʀʊʆʈʀʅɻ ɾᴄʅɽ ʊɽʍʅʆɻɽʅɼɯʂ 

ɻɽʆɼʀʅɸʄʀʂɸʃʓפ ᴆɿɻɽʈɯʉʊɽʈɻɽ ᴄʉɽʈ ɽʊʋʐɯ ʌɸʂʊʆʈʃɸʈ 

 
ʂʝʟ ʢʝʣʛʝʥ ʛʝʦʣʦʛʠʷʣʳץ ʦʨʪʘ ʞᴅʥʝ ʤײʥʘʡ ʢʝʥ ʦʨʳʥʜʘʨʳʥ ץʘʨץʳʥʜʳ ʞᴅʥʝ ײʟʘץ ʤʝʨʟʽʤʜʽ 

ʠʛʝʨʫ ʩᴇʟʩʽʟ ʛʝʦʣʦʛʠʷʣʳץ ʦʨʪʘסʘ ʪʝʭʥʦʛʝʥʜʽʢ ᴅʩʝʨʤʝʥ ʙʽʨʛʝ ʞװʨʝʜʽ. ʄײʥʜʘʡ ᴅʩʝʨʜʽ ʙʘסʘʣʘʫ ʢʝʥ 

ʦʨʥʳʥʳש ʘʫʤʘסʳ ʪʫʨʘʣʳ ʙʘʨʣʳץ ץʦʣʜʘ ʙʘʨ ʘץʧʘʨʘʪʪʳ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ, ʙʽʨʽʥʰʽ ʢʝʟʝʢʪʝ 

ʢװʪʽʣʝʪʽʥ ʪᴅʫʝʢʝʣʜʝʨʜʽ ʘʡץʳʥʜʘʫ ʤʘץʩʘʪʳʥʜʘ ʦʨʳʥʜʘʣʘʜʳ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʠʛʝʨʽʣʽʧ ʞʘʪץʘʥ 

ʤײʥʘʡ ʞᴅʥʝ ʛʘʟ ʢʝʥ ʦʨʳʥʜʘʨʳ ʤʝʥ ʽʨʛʝʣʝʩ ʘʫʤʘץʪʘʨʜʳש ʛʝʦʜʠʥʘʤʠʢʘʣʳץ ʧʨʦʮʝʩʪʝʨʽʥʝ 

ʤʦʥʠʪʦʨʠʥʛ ʞװʨʛʽʟʫ ץʘʞʝʪ. ɹײʣ ʞײʤʳʩʪʘʨ ʨʝʧʝʨʣʝʨʜʽש ʢʦʦʨʜʠʥʘʪʪʘʨʳ ʤʝʥ ʙʠʽʢʪʽʢ ʞʘסʜʘʡʳʥ 

ʘʥʳץʪʘʫ ʞᴇʥʽʥʜʝʛʽ ʤʘʨʢʰʝʡʜʝʨʣʽʢ ʞײʤʳʩʪʘʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳʨʳʣʫʳ ʪʠʽʩ. 

ʊװʡʽʥʜʽ ʩᴇʟʜʝʨ: ɻʝʦʜʠʥʘʤʠʢʘʣʳץ ʟʝʨʪʪʝʫʣʝʨ, çɻʝʦʜʠʥʘʤʠʢʘʣʳץ ʧʦʣʠʛʦʥè, ɻʝʦʜʠʥʘʤʠʢʘʣʳץ 

ʪʘʙʠסʠ-ʪʝʭʥʦʛʝʥʜʽʢ ʧʨʦʮʝʩʪʝʨ, ʵʢʦʛʝʦʬʠʟʠʢʘ 

 

ɻʝʦʜʠʥʘʤʠʢʘʣʳϨʟʝʨʪʪʝʫʣʝʨ. ɾʝʨʙʝʪʽʥʽש ʞʦסʘʨסʳʙᴇʣʽʛʽʥʜʝʙʦʣʳʧ ʞʘʪץʘʥ 

 ʘʣʳʩʪʘʨ ʤʝʥ ʜʝʬʦʨʤʘʮʠʷʣʘʨʜʳ ʟʝʨʜʝʣʝʫ ʤʦʥʠʪʦʨʠʥʛʪʽʢסʦʟץ ʳסʘʟʽʨʛʽ ʟʘʤʘʥץ

ʨʝʞʠʤʜʝ ʘʨʥʘʡʳ ʞʘʙʜʳץʪʘʣסʘʥ ʙʘץʳʣʘʫ ʩʪʘʥʮʠʷʣʘʨʳʥʳש ï ʛʝʦʜʠʥʘʤʠʢʘʣʳץ 

ʧʦʣʠʛʦʥ ʙʝʢʝʪʪʝʨʽʥʽש ʞʳʣʞʫʳʥ ʞʦסʘʨʳ ʜᴅʣʜʽʢʪʝʛʽ ʛʝʦʜʝʟʠʷʣʳץ ᴇʣʰʝʫʣʝʨʜʽ 

ʞװʨʛʽʟʫʜʽ ʪʘʣʘʧ ʝʪʝʜʽ. 

http://www.weatherford.com/
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çɻʝʦʜʠʥʘʤʠʢʘʣʳץ ʧʦʣʠʛʦʥè ʪʝʨʤʠʥʽ ʛʝʦʜʝʟʠʷʣʳץ, ʘʩʪʨʦʥʦʤʠʷʣʳץ, 

ʛʨʘʚʠʤʝʪʨʠʷʣʳץ ʞᴅʥʝ ʥʘʢʣʦʥʦʤʝʨʣʽʢ ʙʘץʳʣʘʫʣʘʨ, ʞʝʨ ʙʝʪʽʥʜʝʛʽ ʥװʢʪʝʣʝʨʜʽש 

 ʘסʦʣʜʘʥʳʣʘʪʳʥ ʜʝʨʝʢʪʝʨ ʦʨʳʥʜʘʣʘʪʳʥ ʦʨʳʥץ ʰʽʥװ ʪʘʫץʘʣʳʩʳʥ ʘʥʳסʦʟץ

ʪʘשʜʘʣסʘʥ ʘʫʤʘץʪʳ ʙʽʣʜʽʨʝʜʽ. ɻʝʦʜʠʥʘʤʠʢʘʣʳץ ʧʦʣʠʛʦʥʜʘʨ ʢʝʡʜʝ çʤʦʜʝʣʴʜʽʢ 

ʘʡʤʘץʪʘʨè ʜʝʧ ʘʪʘʣʘʜʳ ʞᴅʥʝ ʦʣʘʨʜʘסʳ ʛʝʦʜʝʟʠʷʣʳץ ʞײʤʳʩʪʘʨ ʫʘץʳʪ ᴇʪʝ 

ʢʝʣʝ ʞʝʨ ʙʝʪʽʥʜʝʛʽ ʥװʢʪʝʣʝʨʜʽש ᴇʟʘʨʘ ʦʨʥʘʣʘʩʫ ʪײʨʘץʪʳʣʳסʳʥʳש ʩʘʥʜʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʘʣʫסʘ ʙʘסʳʪʪʘʣסʘʥ סʳʣʳʤʠ ʛʝʦʜʝʟʠʷʣʳץ ʞᴅʥʝ ʛʝʦʬʠʟʠʢʘʣʳץ 

ʟʝʨʪʪʝʫʣʝʨ ʢʝʰʝʥʽʥʽש ʙᴇʣʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɻʝʦʜʠʥʘʤʠʢʘʣʳϨ ʤʦʥʠʪʦʨʠʥʛ: ʤʦʥʠʪʦʨʠʥʛʪʽש ʟʘʤʘʥʘʫʠ ʪװʨʽ, ʪʘʙʠסʠ-

ʪʝʭʥʦʛʝʥʜʽʢ ʞװʡʝʜʝʛʽ ץʘʫʽʧʪʽ ʛʝʦʜʠʥʘʤʠʢʘʣʳץ ʧʨʦʮʝʩʪʝʨ ʤʝʥ ײץʙʳʣʳʩʪʘʨʜʳש 

ʜʘʤʫʳʥʘ, ʦʣʘʨʜʳץ שʘʣʳʧʪʘʩʫʳ ʤʝʥ ʜʘʤʫʳʥ ʘʥʳץʪʘʡʪʳʥ ʬʘʢʪʦʨʣʘʨסʘ ʙʝʣʛʽʣʽ 

ʙʽʨ ʙʘסʜʘʨʣʘʤʘ ʙʦʡʳʥʰʘ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʪʳʥ ʪײʨʘץʪʳ ʙʘץʳʣʘʫ ʞᴅʥʝ ʙʘץʳʣʘʫ 

ʞװʡʝʩʽ; ײץʨʳʣʳʩץʘ ץʘʫʽʧʪʽ ʛʝʦʜʠʥʘʤʠʢʘʣʳײץ ץʙʳʣʳʩʪʘʨʜʳ ʫʘץʪʳʣʳ ʜʠʘʛʥʦ-

ʩʪʠʢʘʣʘʫ, ץʘʫʽʧʪʽ ʛʝʦʜʠʥʘʤʠʢʘʣʳץ ʧʨʦʮʝʩʪʝʨ ʤʝʥ ײץʙʳʣʳʩʪʘʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ 

ʪᴇʪʝʥʰʝ ʞʘסʜʘʡʣʘʨʜʳש ʘʣʜʳʥ ʘʣʫ ʥʝʤʝʩʝ ʦʣʘʨʜʳש ᴅʩʝʨʽʥʝʥ ʢʝʣʪʽʨʽʣʛʝʥ ʟʘʣʘʣ-

ʜʳ ʘʟʘʡʪʫ ʞᴇʥʽʥʜʝʛʽ ʽʩ-ʰʘʨʘʣʘʨʜʳ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʞװʨʛʽʟʫ ʤʘץʩʘʪʳʥʜʘ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʘʪʳʥ ʞײʤʳʩ. 

ɻʝʦʜʠʥʘʤʠʢʘʣʳץ ʪʘʙʠסʠ-ʪʝʭʥʦʛʝʥʜʽʢ ʧʨʦʮʝʩʪʝʨ ʜʝʧ ʤʳʥʘʣʘʨʜʳ 

ʘʪʘʡʜʳ: 

ü ʚʫʣʢʘʥʜʳץ ʘʪץʳʣʘʫʣʘʨ; 

ü ʪʳסʳʟʜʘʣʫ, ץʠʨʘʫ, ʰᴇʛʫ ʞᴅʥʝ ʙʘʩץʘ ʛʨʘʚʠʪʘʮʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʜʽש 
ᴅʩʝʨʽʥʝʥ ʪʘʫ ʞʳʥʳʩʪʘʨʳʥʳש ʥʝʤʝʩʝ ʛʝʦʣʦʛʠʷʣʳץ ʦʨʪʘʥʳש ʢʝʨʥʝʫʣʽʢ ʢװʡʽʥʽש 

ᴇʟʛʝʨʫʽ; 

ü ʰʘʣסʘʡʜʘסʳ, ʞʝʨʛʽʣʽʢʪʽ ʪʘʙʠסʠ ʞᴅʥʝ ʪʝʭʥʦʛʝʥʜʽʢ ʞʝʨ ʩʽʣʢʽʥʽʩʪʝʨʽʥʽש 
ᴅʩʝʨʽʥʝʥ ʙʦʣʘʪʳʥ ʩʝʡʩʤʠʢʘʣʳץ ʦץʠסʘʣʘʨ; 

ü ʪʘʙʠסʠ ʧʨʦʮʝʩʪʝʨ ʤʝʥ ʠʥʞʝʥʝʨʣʽʢ-ʪʝʭʥʠʢʘʣʳץ ʽʩ-ᴅʨʝʢʝʪʪʝʨ ᴅʩʝʨʽʥʝʥ 

ʙʦʣʘʪʳʥ ʢᴇʰʢʽʥ ʧʨʦʮʝʩʪʝʨʽ ʤʝʥ ʞʘסʘʣʘʫʣʘʨʜʳש ʪʦʟʫʳ; 

ü ʪʘʙʠסʠ ʞᴅʥʝ ʪʝʭʥʦʛʝʥʜʽʢ ʬʘʢʪʦʨʣʘʨʜʳש ᴅʩʝʨʽʥʝʥ ʦʣʘʨʜʳש ʨʝʞʠʤʽ 
ᴇʟʛʝʨʛʝʥ ʢʝʟʜʝ ײʣסʘʷʪʳʥ ʙʦʨʧʳʣʜʘץ ʞʳʥʳʩʪʘʨʜʳש ʩʫʬʬʫʟʠʷʩʳʤʝʥ 

(ʰʘʡʳʣʫʳʤʝʥ) ʞᴅʥʝ ʢʘʨʙʦʥʘʪʪʳ ʞʳʥʳʩʪʘʨʜʳש ʞʝʨ ʘʩʪʳ ʩʫʣʘʨʳʤʝʥ ʝʨʫʽʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳ ʢʘʨʩʪ ײץʙʳʣʳʩʪʘʨʳ; 

ü ʪʘʫ ʞʳʥʳʩʪʘʨʳʥʳש ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳש ʤʠʥʠʤʫʤʥʘʥ ʤʘʢʩʠʤʫʤסʘ 

ʘʫʳʩʫʳʤʝʥ ʞᴅʥʝ ʤײʟʜʳץʪʘʨʜʳש ʞʦʡʳʣʫʳʥʘ, ʜʝʤʝʢ, ʪʘʫ ʞʳʥʳʩʪʘʨʳʥʳש 

ʬʠʟʠʢʘ-ʤʝʭʘʥʠʢʘʣʳץ ʞᴅʥʝ ʙʝʨʽʢʪʽʢ ץʘʩʠʝʪʪʝʨʽʥʽש ᴇʟʛʝʨʫʽʥʝ ᴅʢʝʣʝʪʽʥ ʢʨʠʦʛʝʥʜʽʢ 

ʧʨʦʮʝʩʪʝʨ. 

ʊʘʙʠסʠ  ʛʝʦʜʠʥʘʤʠʢʘʣʳץ  ʧʨʦʮʝʩʪʝʨ,  ʣʠʪʦʩʬʝʨʘʜʘסʳ  ʞᴅʥʝ  ɾʝʨʜʝʛʽ 

çץʘʣʳʧʪʳ ײץʙʳʣʳʩʪʳשè ʙʝʣʛʽʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʪʘʙʠסʠ ʟʘשʜʳʣʳʪʘʨʜʳש 

ʙʝʣʛʽʣʽ ʙʽʨ ʩʝʢʫʥʜʪʘʨʜʘʥ ʙʘʩʪʘʧ ʤʠʣʣʠʦʥʜʘסʘʥ ʞʳʣʜʘʨסʘ ʜʝʡʽʥʛʽ ʢʝʟʝשʜʝʨʽ ʙʘʨ 

ʙʽʨץʘʣʳʧʪʳ ʳʨסʘץʪʳ ᴇʟʛʝʨʽʩʪʝʨ ʪװʨʽʥʜʝ ʥʝʤʝʩʝ ʘʧʘʪʪʳ ʢᴇʨʽʥʽʩʪʝʨ ï çʭʘʦʩè 

ʪװʨʽʥʜʝ ʜʘʤʠʜʳ. 

çʊᴅʨʪʽʧè ʞᴅʥʝ çʭʘʦʩè ʞʝʨʜʝʛʽ ʞᴅʥʝ סʘʨʳʰʪʳץ ʩʝʙʝʧʪʝʨʤʝʥ ʘʥʳץʪʘʣʘʜʳ 

ʞᴅʥʝ ʬʠʟʠʢʘʣʳץ ʚʘʢʫʫʤ ʘʨץʳʣʳ ʙʝʨʽʣʝʜʽ. ʆʣ ʞʦסʘʨʳ ʪʳסʳʟʜʳץʪʘסʳ ʤʘʩʩʘʩʳʟ 

ʵʥʝʨʛʠʷʤʝʥ ʞᴅʥʝ ʪʝʨʙʝʣʽʩʪʝʨʜʽש ʙʦʣʫʳʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. ᴄʨʪװʨʣʽ ʩʠʧʘʪʪʘסʳ 

ᴅʩʝʨʣʝʨʜʽץ שʦʩʳʣʫʳ, ʤʳʩʘʣʳ, ʂװʥʥʽש, ʧʣʘʥʝʪʘʣʘʨʜʳש, ɸʡʜʳש ᴅʩʝʨʽ ʘʧʘʪʪʘʨʜʳ 

ʪʫʜʳʨʘʪʳʥ ʨʝʟʦʥʘʥʩʪʘʨסʘ ᴅʢʝʣʫʽ ʤװʤʢʽʥ. ɻʝʦʣʦʛʠʷʣʳץ ʦʨʪʘ ʛʝʪʝʨʦʛʝʥʜʽ ʷסʥʠ 

ʙʽʨʪʝʢʪʽ ʝʤʝʩ ʙʦʣסʘʥʜʳץʪʘʥ, ץʘʪʪʳ ʙᴇʣʰʝʢʪʝʨʜʝʥ, ʙʦʩ ʦʨʳʥʜʘʨʜʘʥ, 

ʩײʡʳץʪʳץʪʘʨʜʘʥ, ץʘʙʘʪʪʘʨʜʘʥ ʞᴅʥʝ ʪ.ʙ. ʙʘʩץʘ ʢװʰʪʝʨʜʽש ʢװʡʽʤʝʥ, ʩʦʜʘʥ ʢʝʡʽʥ 
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ʳʨסʘץʪʘʨ ʤʝʥ ʘʧʘʪʪʘʨ ᴅʨʪװʨʣʽ ʞʦʣʜʘʨʤʝʥ ʙʝʨʽʣʝʜʽ ʞᴅʥʝ ʪʘʫ ʞʳʥʳʩʪʘʨʳʥʜʘ 

ᴅʨʪװʨʣʽ ʙʘʡץʘʣʘʜʳ. 

ɾʦסʘʨʳʜʘ ʢʝʣʪʽʨʽʣʛʝʥ ʩʭʝʤʘʜʘʥ ʢᴇʤʽʨʩʫʪʝʢʪʽ ʢʝʥ ʦʨʳʥʜʘʨʳʥ ײʟʘץ ʤʝʨʟʽʤʜʽ 

ʠʛʝʨʫʛʝ ʙʘʡʣʘʥʳʩʪʳ ʛʝʦʜʠʥʘʤʠʢʘʣʳײץ ץʙʳʣʳʩʪʘʨʜʳש ʢᴇʨʽʥʫʽʥʽש ʪᴇʨʪ ʥʝʛʽʟʛʽ 

ʬʦʨʤʘʩʳ ʙʘʨ ʝʢʝʥʜʽʛʽ ʰʳסʘʜʳ: ʢʝʥ ʦʨʥʳʥʜʘ ʞʝʨ ʙʝʪʽʥʽש ʢʝש ʢᴇʣʝʤʜʽ ʰᴇʛʫʽ 

ʞᴅʥʝ ʦʥʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʪʘʫ ʞʳʥʳʩʪʘʨʳ ʤʘʩʩʘʣʘʨʳʥʳש ʢᴇʣʜʝʥʝש 

ʞʳʣʞʫʣʘʨʳ, ʪʝʭʥʦʛʝʥʜʽʢ ʞᴅʥʝ ʠʥʜʫʢʮʠʷʣʳץ ʩʝʡʩʤʠʢʘʣʳץ. , ʩʦʥʜʘʡ-ʘץ ʘץʘʫʣʳץ 

ʘʡʤʘץʪʘʨʳʥ ʙʝʣʩʝʥʜʽʨʫʽʥ ʢᴇʨʝʤʽʟ. 

ɸ.ʉʠʥʷʢʦʚ ʞʝʨʛʽʣʽʢʪʽ ʛʝʦʬʠʟʠʢʘʣʳץ ʨʝʟʦʥʘʥʩʪʘʨʜʳש (ɾɻʈ) ʛʠʧʦʪʝʟʘʩʳʥ ʘʣסʘ 

ʪʘʨʪʪʳ, ʦסʘʥ ʩᴅʡʢʝʩ ʂװʥ ʞװʡʝʩʽ ʤʝʥ סʘʨʳʰʪʳש ᴅʨʪװʨʣʽ ʦʙʲʝʢʪʽʣʝʨʽʥʽש ᴇʟʘʨʘ 

ᴅʨʝʢʝʪʪʝʩʫʣʝʨʽʥʽץ שʦʩʳʥʜʳʩʳ ɾʝʨʜʽש ʢʝʡʙʽʨ ʞʝʨʛʽʣʽʢʪʽ ʙᴇʣʽʛʽʥʝ, çʙʝʨʽʣʛʝʥè 

ʫʘץʳʪʪʘ ʙʘסʳʪʪʘʣʫʳ ʤװʤʢʽʥ. ʄײʥʜʘ ʧʘʡʜʘ ʙʦʣסʘʥ ɾɻʈ ʪʘʙʠסʘʪץʘ, ʪʝʭʥʠʢʘסʘ 

ʞᴅʥʝ ʘʜʘʤסʘ ʢװʰʪʽ ᴅʩʝʨ ʝʪʝʜʽ, ʙײʣ ʪʘʙʠסʠ ʞᴅʥʝ ʪʝʭʥʦʛʝʥʜʽʢ ʘʧʘʪʪʘʨסʘ, ʩʦʥʳʤʝʥ 

 ץʬʫʥʢʮʠʦʥʘʣʜʳ שʨʝʪʽʥ ʘʜʘʤʜʘʨʜʳװʘʪʘʨ ʪʝʭʥʦʛʝʥʜʽʢ ʘʧʘʪʪʘʨʤʝʥ ʙʽʨʛʝ ʞץ

ʙʝʣʩʝʥʜʽʣʽʛʽʥʽש ʙײʟʳʣʫʳʥʘ ᴅʢʝʣʝʜʽ. ʆʣ ʞʘʩʘסʘʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʫ 

ʘʣʛʦʨʠʪʤʜʝʨʽ, ʙʘסʜʘʨʣʘʤʘʣʘʨʳ ʤʝʥ ʥᴅʪʠʞʝʣʝʨʽ ʢʝʡʙʽʨ ʘʥʪʨʦʧʦʛʝʥʜʽʢ ʞᴅʥʝ 

ʪʝʭʥʦʛʝʥʜʽʢ ʘʧʘʪʪʘʨʜʳ ʞʝʨʛʽʣʽʢʪʽ ʛʝʦʬʠʟʠʢʘʣʳץ ʨʝʟʦʥʘʥʩʧʝʥ ʪװʩʽʥʜʽʨʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

ʊʘʙʠסʠ ʞᴅʥʝ ʪʝʭʥʦʛʝʥʜʽʢ ʛʝʦʜʠʥʘʤʠʢʘʣʳץ ʧʨʦʮʝʩʪʝʨʜʽװ שʟʜʽʢʩʽʟ ʢװʰʝʶʽ 

ʙʘʡץʘʣʫʜʘ. ɹʘʷʫ ᴇʟʛʝʨʽʩʪʝʨ, ʵʚʦʣʶʮʠʷʣʳץ ʧʨʦʮʝʩʪʝʨ ʣʠʪʦʩʬʝʨʘ ʢװʡʽʥʽש 

ʦʧʪʠʤʘʣʜʳ ʢװʡʽʥʝʥ ʘʫʳʪץʫʳʥʘ, ʘʣ ʘʧʘʪʪʳ - ʪʽʨʰʽʣʽʢ ʝʪʫ ʦʨʪʘʩʳʥʳש ʙײʟʳʣʫʳʥʘ 

ʞᴅʥʝ ʘʜʘʤʜʘʨʜʳש ᴇʣʽʤʽʥʝ ᴅʢʝʣʝʜʽ.ɻʝʦʜʠʥʘʤʠʢʘʣʳץ ʵʢʦʛʝʦʬʠʟʠʢʘʥʳש ʥʝʛʽʟʛʽ 

ʙᴇʣʽʤʜʝʨʽ: ɻ ʢʦʩʝʡʩʤʦʣʦʛʠʷ, ʵʢʦʛʨʘʚʠʪʘʮʠʷ, ʵʢʦʛʠʜʨʦʛʝʦʬʠʟʠʢʘ, ʵʢʦʢʨʠʦʣʦʛʠʷ. 
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ʊʘʙʠϤʠ ʞϸʥʝ ʪʝʭʥʦʛʝʥʜʽʢ ʛʝʦʜʠʥʘʤʠʢʘʣʳϨ ʧʨʦʮʝʩʪʝʨʜʽ ʢʝʰʝʥʜʽ ʟʝʨʪʪʝʫ 

ʙʝʣʛʽʣʽ ʙʽʨ ʳϨʪʠʤʘʣʜʳϨʧʝʥ ʪϺʤʝʥʜʝʛʽ ʞʘϤʜʘʡʣʘʨʜʳ ʙʘϤʘʣʘʫϤʘ ʤϮʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ: 

 ʳʪ ʘʣʫץʫʘ ץʟʘײ ʪʳץʪʳץʡʳײʳʥ ʪᴇʤʝʥʜʝʫʽʤʝʥ ʩץʘʡ שʳʩʳʤʳʥʳץ ʘʙʘʪפ .1

ʢʝʟʽʥʜʝ ץʘʙʘʪʪʳש ʢʝʨʥʝʫʣʽ-ʜʝʬʦʨʤʘʮʠʷʣʳץ ʢװʡʽʥʽש ʢᴇʨʽʥʫ ʩʠʧʘʪʳ ʤʝʥ 

 ?ʘʥʜʘʡ ʙʦʣʘʜʳץ ʳסʳʥʜʳʣʳץʘʨץ

2. ʂʝʥ ʦʨʥʳʥ ײʟʘץ ʫʘץʳʪ ʠʛʝʨʫ ʢʝʟʽʥʜʝ ʩײʡʳץ ʪʳסʳʟʜʘסʳʰʪʘʨʜʳש 
 שʡʽʥʽװʢ ץʢʝʨʥʝʫʣʽ-ʜʝʬʦʨʤʘʮʠʷʣʳ שʘʙʘʪʪʳץ ʳʪ ᴇʪʝ ʢʝʣʝץʳ ʞᴅʥʝ ʫʘסʜʳשʘʣʳץ

ᴇʟʛʝʨʫʽ ʢʝʟʽʥʜʝ ץʘʣʘʡ ᴅʨʝʢʝʪ ʝʪʝʜʽ? 

3. ʈʝʟʝʨʚʫʘʨʜʘסʳ ʪʝʭʥʦʛʝʥʜʽʢ ʧʨʦʮʝʩʪʝʨʜʽש ʜʘʤʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʧʘʡʜʘ ʙʦ-

ʣʘʪʳʥ ʩʢʨʠʥʠʥʛʪʽʢ ץʘʙʘʪ װʩʪʽʥʜʝʛʽ ʙײʟʳʣʫ ʘʡʤʘץʪʘʨʳʥʜʘסʳ ʪʽʢ ʞᴅʥʝ ʢᴇʣʜʝʥʝש 

 ?ʘʥʜʘʡ ʙʦʣʘʜʳץ ʛʝʡʽשʜʝ שʘʣʳʩʪʘʨ ʤʝʥ ʜʝʬʦʨʤʘʮʠʷʣʘʨʜʳסʦʟץ

4. ʂʝʥ ʦʨʥʳ ʤʘשʳʥʜʘסʳ ʛʝʦʬʠʟʠʢʘʣʳץ ʦʨʪʘʥʳץ שʘʙʘʪʪʘסʳ ʧʨʦʮʝʩʪʝʨ-

ʛʝ ʜʝʬʦʨʤʘʮʠʷʣʳץ (ʩʝʡʩʤʠʢʘʣʳץ) ʨʝʘʢʮʠʷʩʳ ץʘʥʜʘʡ ʙʦʣʘʜʳ, ʪ.ʙ. ʢװʰʪʽ 

ʠʥʜʫʢʮʠʷʣʳץ ʩʝʡʩʤʠʢʘʣʳײץ ץʙʳʣʳʩʪʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫ ʳץʪʠʤʘʣʜʳסʳ ץʘʥʜʘʡ 

ʙʦʣʘʜʳ? 

5. ʊʘʙʠסʠ ʞᴅʥʝ ʪʝʭʥʦʛʝʥʜʽʢ ʧʨʦʮʝʩʪʝʨʜʽש ʙʽʨʣʝʩʢʝʥ ʜʘʤʫʳ ʞʘסʜʘʡʳʥʜʘ 
ʜʝʬʦʨʤʘʮʠʷʣʘʥʘʪʳʥ ʛʝʦʬʠʟʠʢʘʣʳץ ʦʨʪʘʜʘ ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ץʘʫʽʧ ʪᴇʥʜʽʨʝʪʽʥ 

ʢᴇʟʜʝʨʜʽש ʙʽʨʽ ʨʝʪʽʥʜʝ ʩײʡʳץʪʘʨ ʞװʡʝʩʽ ץʘʣʘʡ ᴅʨʝʢʝʪ ʝʪʝʜʽ? 

ɻʝʦʜʠʥʘʤʠʢʘʣʳץ ʤʦʥʠʪʦʨʠʥʛʪʽ ײʡʳʤʜʘʩʪʳʨʫ ʤʝʥ ʞװʨʛʽʟʫʜʽש ʢʝʰʝʥʜʽ 

ʪᴅʩʽʣʽʥ ᴅʟʽʨʣʝʫ, ʦʥʳ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳ ץʦʨסʘʫ ʞᴇʥʽʥʜʝʛʽ ʽʩ-ʰʘʨʘʣʘʨ ʞװʡʝʩʽʥʝ 

ʞʘʪץʳʟʫ ʢᴇʤʽʨʩʫʪʝʢ ʢʝʥ ʦʨʥʳʥ ʠʛʝʨʫʜʽ, ʞʝʨ ץʦʡʥʘʫʳʥ ʞᴅʥʝ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳ 

 .ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ שʘʨʫʜʳץʳʣʘʫ ʤʝʥ ʙʘʩץʘʫʜʳ ʙʘסʦʨץ

ʉʦʥʳʤʝʥ ʙʽʨʛʝ, ʙײʣ ʤᴅʩʝʣʝʥʽ ʰʝʰʫʜʽש ʘʣסʳ ʰʘʨʪʳ ʛʝʦʜʠʥʘʤʠʢʘʣʳץ 

ʤʦʥʠʪʦʨʠʥʛ ʥᴅʪʠʞʝʣʝʨʽʥʝ ʜʘʣʘʣʳץ ʞᴅʥʝ ʛʝʦʣʦʛʠʷʣʳץ ʜʝʨʝʢʪʝʨ ʞʠʳʥʪʳסʳʤʝʥ 

ʞװʡʝʣʽ ʪʘʣʜʘʫ ʞװʨʛʽʟʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ᴇʡʪʢʝʥʽ ʩʦסשʳʩʳ ᴅʨʪװʨʣʽ ʬʦʨʤʘʣʘʨʜʳש 

ʧʘʡʜʘ ʙʦʣʫʳ ʤʝʥ ʜʘʤʫʳʥʳש ʥʝʛʽʟʛʽ ʩʝʙʝʧʪʝʨʽʥʽש ʙʽʨʽ ʙʦʣʫʳ ʤװʤʢʽʥ. ʢᴇʤʽʨʩʫʪʝʢ 

ʢʝʥ ʦʨʥʳʥʳש ʞʝʨ ץʦʡʥʘʫʳʥʳץ שʘʟʽʨʛʽ ʟʘʤʘʥסʳ ʪʘʙʠסʠ ʞᴅʥʝ ʪʝʭʥʦʛʝʥʜʽʢ 

ʛʝʦʜʠʥʘʤʠʢʘʩʳʥʳש ʢᴇʨʽʥʽʩʽ. 

ᴆʟ ʢʝʟʝʛʽʥʜʝ, ʞʦסʘʨʳʜʘ ʘʪʘʣסʘʥ ʧʨʦʮʝʩʪʝʨʜʽש ʢᴇʨʽʥʫʽʥʽש ᴅʣʝʫʝʪʪʽ ʜʝשʛʝʡʽ 

ʤʝʥ ʢʝשʽʩʪʽʢʪʽʢ ʤʘʩʰʪʘʙʳ ʤײʥʘʡ ᴇʥʜʽʨʫ ʢʝʰʝʥʽʥʽש ʞװʡʝʣʝʨʽ ʤʝʥ ʦʙʲʝʢʪʽʣʝʨʽʥʽש 

ʩʝʥʽʤʜʽʣʽʢ ʞᴅʥʝ ʪײʨʘץʪʳʣʳץ ʜᴅʨʝʞʝʩʽʤʝʥ ʢʦʨʨʝʣʷʮʠʷʣʘʥʫʳ ʢʝʨʝʢ. 

(ʠʛʝʨʪʫ  ʦʙʲʝʢʪʽʣʝʨʽ,  סשײʳʤʘ  ץʦʨʳ,  ʟʘʫʳʪʪʘʨ,  ʢʦʤʤʫʥʠʢʘʮʠʷ-

ʣʘʨ, ʠʥʬʨʘײץʨʳʣʳʤ). ʄײʥʘʡ ʢʝʥ ʦʨʥʳʥ ײʟʘץ ʤʝʨʟʽʤʜʽ ʠʛʝʨʫ ʢʝʟʝשʽʥʜʝ 

ʛʝʦʜʠʥʘʤʠʢʘʣʳץ ʪᴅʫʝʢʝʣʜʽש ʪʫʳʥʜʘʫ ʤװʤʢʽʥʜʽʛʽʥ ʟʝʨʪʪʝʫʜʽ ʤײʥʘʡ ᴇʥʜʽʨʫʰʽ 

ʢᴅʩʽʧʦʨʳʥʥʳש ᴇʥʜʽʨʽʩʪʽʢ ʞᴅʥʝ ɻ ʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʢ ʞװʡʝʩʽʥʜʝʛʽ ̔ ʩ-ʰʘʨʘʣʘʨ 

ʢʝʰʝʥʽʥʽײץ שʨʘʤʜʘʩ ʙᴇʣʽʛʽ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨסʘʥ ʞᴇʥ ʙʦʣʘʰʘץʪʘ ʙʦʣʫʳ ʤװʤʢʽʥ 

ʪᴇʪʝʥʰʝ ʞʘסʜʘʡʣʘʨʜʳש ʞʘסʳʤʩʳʟ ʩʘʣʜʘʨʳʥ ʞʦʶסʘ ʞײʤʩʘʣʘʪʳʥ ʰʳסʳʥʜʘʨʜʳ 

ʘʟʘʡʪʳʧ ץʘʥʘ ץʦʡʤʘʡ, ʦʣʘʨʜʳש ʘʣʜʳʥ ʘʣʫ ʙʦʡʳʥʰʘ ײʩʳʥʳʩʪʘʨ ᴅʟʽʨʣʝʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʄײʥʳש ʙᴅʨʽ ʤײʥʘʡ-ʛʘʟ ʢʝʰʝʥʽʥʽש ʪʘʙʠסʠ-ʪʝʭʥʠʢʘʣʳץ 

ʞװʡʝʣʝʨʽʥʽש ʘʫʤʘץʪʘʨʳʥʜʘסʳ ʛʝʦʜʠʥʘʤʠʢʘʣʳץ ʦץʠסʘʣʘʨ ʤʝʥ ʦʣʘʨʜʳש ʩʘʣʜʘʨʳ 

ʢʝʟʽʥʜʝʛʽ ʛʝʦʣʦʛʠʷʣʳץ ʦʨʪʘʥʳש ʙʘʨʣʳײץ ץʨʘʤʜʘʩ ʙᴇʣʽʢʪʝʨʽʥʽש ʞʘʡ-ʢװʡʽʥʝ 

 .ʤʢʽʥ ʙʦʣʘʜʳװʨʛʽʟʫ ʢʝʟʽʥʜʝ ʤװʟʜʽʢʩʽʟ ʢʝʰʝʥʜʽ ʤʦʥʠʪʦʨʠʥʛ ʞװ

ɻʠʜʨʦʪʝʭʥʠʢʘʣʳײץ ץʨʳʣʳʩʪʘʨʜʳש ʪʝʭʥʠʢʘʣʳץ ʞʘʡ-ʢװʡʽʥ ʙʘץʳʣʘʫ: 

 ʘʫʽʧʪʽ ʪʝʭʥʦʛʝʥʜʽʢץ ,ʡʽʥװʞʘʡ-ʢ ץᴇʥʽʤʜʽʣʽʛʽ ʤʝʥ ʪʝʭʥʠʢʘʣʳ שʨʳʣʳʩʪʘʨʜʳײץ

ʞᴅʥʝ ʪʘʙʠסʠ ʧʨʦʮʝʩʪʝʨ ʤʝʥ ײץʙʳʣʳʩʪʘʨʜʳש ʢᴇʨʽʥʽʩʽ ʤʝʥ ʜʘʤʫʳʥ ʙʝʣʛʽʣʽ ʙʽʨ 

ʙʘסʜʘʨʣʘʤʘ ʙʦʡʳʥʰʘ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʪʳʥ ʪײʨʘץʪʳ ʘʩʧʘʧʪʳץ ʞᴅʥʝ ʢᴇʟʙʝʥ 



ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʉʘʪʧʘʝʚʘ 

104 

 

 

 

 

ʙʘץʳʣʘʫ ʞװʡʝʩʽ. ײץʨʳʣʳʤʜʘʨʜʳש ʧʘʡʜʘʣʘʥʫ ʩʝʥʽʤʜʽʣʽʛʽ ʤʝʥ ץʘʫʽʧʩʽʟʜʽʛʽʥ 

ʦʙʲʝʢʪʠʚʪʽ ʙʘסʘʣʘʫ, ʞᴇʥʜʝʫ ʞײʤʳʩʪʘʨʳʥ ʫʘץʪʳʣʳ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʝʥʛʽʟʫ. 

ɸʜʘʤʥʳש h ʘʨʫʘʰʳʣʳץ ץʳʟʤʝʪʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʪʝʭʥʦʛʝʥʜʽʢ ʦץʠסʘʣʘʨ ʤʝʥ 

ʘʧʘʪʪʘʨʜʳש ʙװʢʽʣ ʩʧʝʢʪʨʽʥʽש ʽʰʽʥʜʝ ʧʘʡʜʘʣʳ ץʘʟʙʘʣʘʨ ʢʝʥ ʦʨʳʥʜʘʨʳʥ, ʦʥʳש 

ʽʰʽʥʜʝ ʢᴇʤʽʨʩʫʪʝʛʽ ʢʝʥ ʦʨʳʥʜʘʨʳʥ ʠʛʝʨʫ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʪʘʙʠסʠ ʞᴅʥʝ 

ʪʝʭʥʦʛʝʥʜʽʢ ʛʝʥʝʟʠʩʪʝʨʜʽש ʛʝʦʜʠʥʘʤʠʢʘʣʳץ ʦץʠסʘʣʘʨʳ ץʳʟʳסʫʰʳʣʳץʪʳש, 

ʥʘʟʘʨʜʳש ʞᴅʥʝ ʘʣʘשʜʘʫʰʳʣʳץʪʳש ʘʨʪʫʳ ʙʘʡץʘʣʘ ʙʘʩʪʘʜʳ. ʊʘʙʠסʠ ʞᴅʥʝ 

ʪʝʭʥʦʛʝʥʜʽʢ ʛʝʦʜʠʥʘʤʠʢʘʣʳײץ ץʙʳʣʳʩʪʘʨ ץʘʟʽʨʜʽש ᴇʟʽʥʜʝ ʞʝʨ ʩʽʣʢʽʥʽʩʽ, 

ʙײʟʳʣʫʣʘʨʜʳש ʘʢʪʠʚʪʝʥʫʽ, ʞʝʨ ʙʝʪʽʥʽש ʜʝʬʦʨʤʘʮʠʷʩʳ (ʰᴇʛʫʽ), ʪʘʫ ʞʳʥʳʩʪʘʨʳ 

ʤʘʩʩʘʣʘʨʳʥʳש ʢᴇʣʜʝʥʝש ʞʳʣʞʫʣʘʨʳ, ʞʝʨ ʙʝʪʽʥʜʝʛʽ ʞʘʨʳץʪʘʨ, ʩײʡʳץʪʳץʪʳש 

ʜʠʥʘʤʠʢʘʣʳײץ ץʙʳʣʳʩʪʘʨʳ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʜʝʣʜʘʣʜʳײץ ץʙʳʣʳʩʪʘʨ ʪװʨʽʥʜʝ 

ʪʽʨʢʝʣʜʽ. פʘʨץʳʥʜʳʣʳסʳ, ʢᴇʨʽʥʫ ʘʫץʳʤʳ ʞᴅʥʝ ʩʘʣʜʘʨʳ ʙʦʡʳʥʰʘ ʤײʥʜʘʡ 

ʦץʠסʘʣʘʨʜʳש ʞʝʢʝʣʝʛʝʥ ʞʘסʜʘʡʣʘʨʳʥ ʪʘʙʠסʠ ʧʨʦʮʝʩʪʝʨʜʽש ʢװʰʪʽ ʞᴅʥʝ ʪʽʧʪʽ 

ʘʧʘʪʪʳ ʢᴇʨʽʥʽʩʪʝʨʽʤʝʥ ʩʘʣʳʩʪʳʨʫסʘ ʙʦʣʘʜʳ. 

çɻʝʦʜʠʥʘʤʠʢʘʣʳץ ʧʦʣʠʛʦʥè ʪʝʨʤʠʥʽ ʛʝʦʜʝʟʠʷʣʳץ, ʘʩʪʨʦʥʦʤʠʷʣʳץ, 

ʛʨʘʚʠʤʝʪʨʠʷʣʳץ ʞᴅʥʝ ʥʘʢʣʦʥʦʤʝʨʣʽʢ ʙʘץʳʣʘʫʣʘʨ, ʞʝʨ ʙʝʪʽʥʜʝʛʽ ʥװʢʪʝʣʝʨʜʽש 

 ʘסʦʣʜʘʥʳʣʘʪʳʥ ʜʝʨʝʢʪʝʨ ʦʨʳʥʜʘʣʘʪʳʥ ʦʨʳʥץ ʰʽʥװ ʪʘʫץʘʣʳʩʳʥ ʘʥʳסʦʟץ

ʪʘשʜʘʣסʘʥ ʘʫʤʘץʪʳ ʙʽʣʜʽʨʝʜʽ. ɻʝʦʜʠʥʘʤʠʢʘʣʳץ ʧʦʣʠʛʦʥʜʘʨ ʢʝʡʜʝ çʤʦʜʝʣʴʜʽʢ 

ʘʡʤʘץʪʘʨè ʜʝʧ ʘʪʘʣʘʜʳ ʞᴅʥʝ ʦʣʘʨʜʘסʳ ʛʝʦʜʝʟʠʷʣʳץ ʞײʤʳʩʪʘʨ ʫʘץʳʪ ᴇʪʝ 

ʢʝʣʝ ʞʝʨ ʙʝʪʽʥʜʝʛʽ ʥװʢʪʝʣʝʨʜʽש ᴇʟʘʨʘ ʦʨʥʘʣʘʩʫ ʪײʨʘץʪʳʣʳסʳʥʳש ʩʘʥʜʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʘʣʫסʘ ʙʘסʳʪʪʘʣסʘʥ סʳʣʳʤʠ ʛʝʦʜʝʟʠʷʣʳץ ʞᴅʥʝ ʛʝʦʬʠʟʠʢʘʣʳץ 

ʟʝʨʪʪʝʫʣʝʨ ʢʝʰʝʥʽʥʽש ʙᴇʣʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 ʩʪʘʥץʘʟʘפ ,ʜʝʨʝʢʪʝʨʽ ʙʦʡʳʥʰʘ שʜʘʡʣʘʨ ʘʛʝʥʪʪʽʛʽʥʽסʈ ʊᴇʪʝʥʰʝ ʞʘפ

 ʘʨʘʩʳʥʜʘ ʞʝʨ ʩʽʣʢʽʥʽʩʪʝʨʽ ʙʽʨʽʥʰʽ שʣʝʡ ʘʧʘʪʪʘʨʜʳװʘʫʽʧʪʽ ʜץ ʰʽʥ ᴅʣʝʫʝʪʪʽװ

ʦʨʳʥʜʘ ʪײʨ. ɹײʣ ץʘʫʽʧʢʝ 6 ʤʠʣʣʠʦʥסʘ ʞʫʳץ ץʘʟʘץʩʪʘʥʜʳץ ʞᴅʥʝ ʨʝʩʧʫʙʣʠʢʘ 

ʘʫʤʘסʳʥʳ450 ש ʤʳש ʰʘʨʰʳ ʰʘץʳʨʳʤʳ ײʰʳʨʘסʘʥ. ʉʝʡʩʤʠʢʘʣʳץ ץʘʫʽʧʪʽ 

ʘʡʤʘץʪʘ 27 ץʘʣʘ ʞᴅʥʝ 400-ʜʝʥ ʘʩʪʘʤ ʝʣʜʽ ʤʝʢʝʥ ʦʨʥʘʣʘʩץʘʥ. ɹײʣ ʘʫʤʘץʪʘ 

ʨʝʩʧʫʙʣʠʢʘʥʳש ᴇʥʝʨʢᴅʩʽʧʪʽʢ ᴅʣʝʫʝʪʪʽש ʰʘʤʘʤʝʥ 40%-ʳ ʦʨʥʘʣʘʩץʘʥ. 

ɹʽʨʘץ ʂʉʈʆ-ʥʳש ʳʜʳʨʘʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙײʣ ʞײʤʳʩʪʘʨ ʞװʨʛʽʟʽʣʛʝʥ ʞʦץ. 

ʊʝʢ 2004 ʞʳʣʳ ʞײʤʳʩ ʞʦʩʧʘʨʳʥʘ ʩᴅʡʢʝʩ ʛʝʦʜʠʥʘʤʠʢʘʣʳץ ʧʦʣʠʛʦʥʜʘʨʜʘ 

ʟʝʨʪʪʝʫʣʝʨʜʽש ʞᴅʥʝ ʞײʤʳʩʪʘʨʜʳ ʞʘʣסʘʩʪʳʨʫ ʧʝʨʩʧʝʢʪʠʚʘʣʘʨʳʥ ᴅʟʽʨʣʝʫʜʽש 

ʢʝʟʝʢʪʽ ʢʝʟʝשʽ ʙʘʩʪʘʣʜʳ. 

ɻʝʦʜʠʥʘʤʠʢʘʣʳץ ʧʦʣʠʛʦʥʜʘʨʜʘ ʦʨʳʥʜʘʣʘʪʳʥ ʞײʤʳʩʪʘʨʜʳש ʪװʨʣʝʨʽ 

ʤʝʥ ʢᴇʣʝʤʜʝʨʽ ʤʳʥʘʜʘʡ: 

¶ 1-ʩʳʥʳʧʪʳ ʛʝʦʜʝʟʠʷʣʳץ ʞʝʣʽ ʙʝʢʝʪʪʝʨʽʥ ʩʳʟʳץʪʳץ-ʢʦʦʨʜʠʥʘʪʘʣʳץ 

ᴇʣʰʝʫ; 

¶ I ʩʳʥʳʧʪʳ ʙʝʡʽʥʜʝʨ ʙʦʡʳʥʰʘ ʥʠʚʝʣʠʨʣʝʫ; 

¶ II  ʩʳʥʳʧʪʳ ʞʝʣʽ ʙʝʢʝʪʽ ʤʝʥ ʙʝʣʛʽʩʽ ʙʦʡʳʥʰʘ ʥʠʚʝʣʠʨʣʝʫ. 

¶ ɻʝʦʜʝʟʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽ סʳʣʳʤʠ-ʪʝʭʥʠʢʘʣʳץ ʝʩʝʧʪʝʨʜʝ 

ʪʽʨʢʝʣʝʜʽ ʞᴅʥʝ çױʂɻפè ʈʄפʂ ʪʘʧʩʳʨʳʣʘʜʳ. 

ʂʝʥ ʦʨʳʥʜʘʨʳʥ ʠʛʝʨʫ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ ʢʝʟʽʥʜʝ ʘץʧʘʨʘʪʪʳץ ʤʦʥʠʪʦʨʠʥʛ 

ʞװʡʝʩʽʥ ʧʘʡʜʘʣʘʥʫ ʛʝʦʣʦʛʠʷʣʳץ ʦʨʪʘʥʳש ʢᴇʧ ʜʝשʛʝʡʣʽ ʞװʡʝʣʽʢ ʤʦʥʠʪʦʨʠʥʛʽ 

 ʘʫʽʧʪʽ ʜʝʬʦʨʤʘʮʠʷץ ʣײʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʙץ ʜʘʡʣʘʨʜʳסʘʞʝʪʪʽ ʞʘץ ʰʽʥװ

ʧʨʦʮʝʩʪʝʨʽʥ ʝʨʪʝ ʢʝʟʝשʜʝ ʘʥʳץʪʘʫסʘ ʞᴅʥʝ ʪᴇʪʝʥʰʝ ʞᴅʥʝ ʪᴇʪʝʥʰʝ ʞʘסʜʘʡʣʘʨʜʳש 

ʜʘʤʫʳʥ ʜʝʨ ʢʝʟʽʥʜʝ ʙʦʣʜʳʨʤʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 



ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ VII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 
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Ϸɼɽɹʀɽʊʊɽʈ ʊɯɿɯʄɯ: 

 

1 ɾʝʨ ץʳʨʪʳʩʳʥʜʘסʳ ʪʝʭʥʦʛʝʥʜʽʢ ʧʨʦʮʝʩʪʝʨ (ץʘʫʽʧʪʝʨ ʤʝʥ ʘʧʘʪʪʘʨ) ï ʈʝʩʝʡ 
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SUBSTANTINATION OF COMPLEX SOLUTIONS FOR  

WATER SUPPLY PROBLEMS IN DEFICIT REGIONS USING 

MATHEMATICAL MODELING METHOD  

ʄʘץʘʣʘʜʘ çʤʠʥʝʨʘʣʜʘʥסʘʥ ʩʫʣʘʨʜʳ ʘʡʜʘʫ-ʤʠʥʝʨʘʣʩʳʟʜʘʥʜʳʨʫ-ʪײʟʜʳ ʝʨʽʪʽʥʜʽʣʝʨʜʽ ʢᴅʜʝʛʝ 

ʞʘʨʘʪʫè ʞװʡʝʩʽʥʜʝʛʽ ʪʘʧʰʳ ᴇשʽʨʣʝʨʜʽ ʩʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʤᴅʩʝʣʝʩʽʥ ʢʝʰʝʥʜʽ ʰʝʰʫ ʤᴅʩʝʣʝʩʽ 

 ʳסʤʦʜʝʣʴʜʝʫʜʽ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ʟʝʨʪʪʝʫ ʧʦʣʠʛʦʥʳʥʜʘ ץʤʘʪʝʤʘʪʠʢʘʣʳ ץʘʨʘʣʜʳ. ʉʘʥʜʳץ

ʪʘʙʠסʠ ʝʨʝʢʰʝʣʽʢʪʝʨ ʤʝʥ ʢᴇʧ ʙʘסʳʪʪʳ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʝʨ ʝʩʢʝʨʽʣʜʽ, cʫʣʳ ʛʦʨʠʟʦʥʪʪʳש 

ʩʳʡʳʤʜʳʣʳץ ʞᴅʥʝ ʢᴇʰʽ-ץʦʥ ʧʘʨʘʤʝʪʨʣʝʨʽ ʘʥʳץʪʘʣʜʳ, ץʘʙʘʪ-ʢʦʣʣʝʢʪʦʨʜʳש ʦץʰʘʫʣʘʥʫʳ ʞᴅʥʝ 

ʩײʡʳץ ʢʦʥʮʝʥʪʨʘʪʪʘʨʜʳש ʽʨʛʝʣʝʩ ʉʫʣʳ ʛʦʨʠʟʦʥʪʪʘʨסʘ ʳץʪʠʤʘʣ ʘסʳʥʳ ʙʘסʘʣʘʥʜʳ. ɹʽʨץʘʪʘʨ ʢʝʨʽ 

ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʢʝʥ ʢʝʟʜʝ ʩװʟʫ ʞᴅʥʝ ʩʳʡʳʤʜʳʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽ ʩʦʨʫ ʞᴅʥʝ ʘʡʜʘʫ ʨʝʞʠʤʽʥʜʝ 

ʝʨʝʢʰʝʣʝʥʝʪʽʥʽ ʘʥʳץʪʘʣʜʳ, ʙײʣ ʪ̔ ʢ ʬʨʝʢʠʥʛʪʽש ᴅʩʝʨʽʥ ʢᴇʨʩʝʪʝʜʽ. סשױʳʤʘ ʘʡʤʘסʳʥʜʘסʳ 



ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ʉʘʪʧʘʝʚʘ 
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ʛʝʦʤʝʭʘʥʠʢʘʣʳץ ʧʨʦʮʝʩʪʝʨ ʢʦʣʣʝʢʪʦʨ ץʘʙʘʪʳʥʳש ʞʘʨʳץʰʘץʪʘʨʳʥʳש ʧʫʣʴʩʘʮʠʷʣʳץ ʩʠʧʘʪʳʥ 

ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʘʡʜʘʫ ʰʳסʳʥʳ ʤʝʥ ץʳʩʳʤʳʥʘ ʩᴅʡʢʝʩ ᴇʪʢʽʟʛʽʰʪʽʢ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʠʤʠʪʘʮʠʷʣʳץ 

ʪʘשʜʘʫ ʘʨץʳʣʳ ʢᴇʙʝʡʪʽʣʝʜʽ. 720 ʤ3/ʪᴅʫʣʽʢĀʘʪʤ ʘסʳʥʜʘʨʳʥ ʢᴇʤʫ ʢᴇʣʝʤʽʥʜʝ ʞᴅʥʝ 40 ʤ3/ʪᴅʫʣʽʢ 

 ,ʘʫʽʧʩʽʟ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳץ ץʘʙʳʣʜʘʫ ʢʝʟʽʥʜʝ ʧʦʣʠʛʦʥʜʳ ʧʘʡʜʘʣʘʥʫ ʵʢʦʣʦʛʠʷʣʳץ ʳʤʘʥʳסשײ

ᴇʡʪʢʝʥʽ ʞʦסʘʨʳ ʞʘʪץʘʥ ʩʫʣʳ-ʙʘʪʧʘץʪʳ ʢʝʰʝʥʛʝ ʢᴇʧ ʤᴇʣʰʝʨʜʝ ʘסʫ, ʙʽʨʘץ ʪײʟ ʤᴇʣʰʝʨʽ ʘʟ ʙʦʣʩʘ, 

ʦʥʳש ʤʠʥʝʨʘʣʜʘʥʫʳʥʳס-10% שʘ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʫʽʥʝ ᴅʢʝʣʝʜʽ 

ʊϮʡʽʥʜʽ ʩϺʟʜʝʨ: ʩʫ ʘʣʫ ʞᴅʥʝ ʘʡʜʘʫ סשײʳʤʘʣʘʨʳ, ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʫ, ʢʝʨʽ ʝʩʝʧʪʝʨ, 

ᴇʪʢʽʟʛʽʰʪʽʢ ʞᴅʥʝ ʩʳʡʳʤʜʳʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽ, ʢᴇʰʽ-ץʦʥ 

 

The article addresses the issue of comprehensively solving the problem of water supply in deficit 

regions through the ñpumping of mineralized water - demineralization - utilization of salt solutionsò 

system. The study takes into account natural features and various technological processes at the research 

site, determines the capacitive and migratory parameters of the aquifer, evaluates the isolation of the 

reservoir-collector, and the possible flow of liquid concentrates into adjacent aquifers using numerical 

mathematical modeling. Solving several inverse problems, it was found that filtration and capacitive 

parameters differ between pumping and injection modes, indicating the effect of vertical hydraulic 

fracturing. Geomechanical processes in the near-well zone were reproduced by simulation-based 

adjustment of permeability parameters based on the flow rate and injection pressure, taking into account 

the pulsating nature of hydraulic fracture propagation in the reservoir formation. The landfill operation 

is environmentally safe with a disposal volume of 720 m3/day and a well intake capacity of 40 

m3/dayĀatm, as the flow into the overlying aquifer in greater quantities but with lower salt content leads 

to a decrease in its mineralization to 10%. 

Keywords: water production and injection wells, mathematical modeling, inverse problems, 

permeability and capacity parameters, migration. 

 

ʂʣʠʤʘʪʪʳש ᴇʟʛʝʨʫʽʥʽש ʞʘᴃʘʥʜʳץ ʬʘʢʪʦʨʣʘʨʳʤʝʥ ʞᴅʥʝ ʪײʱʳ ʩʫ 

ʨʝʩʫʨʩʪʘʨʳʥʳש ʪʘʧʰʳʣʳסʳʤʝʥ ץʘʪʘʨ ʋʢʨʘʠʥʘʥʳש ʪʘʙʠסʠ ʞᴅʥʝ ʪʝʭʥʦʛʝʥʜʽʢ 

ʩʠʧʘʪʪʘסʳ ʘʡʤʘץʪʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʙʘʨ. ʉʫ ʨʝʩʫʨʩʪʘʨʳʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ 

ʢᴇʨʩʝʪʢʽʰʽ ʙʦʡʳʥʰʘ ʝʣʜʝʨʛʝ ʞʘʪʘʜʳ. ʉʫʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʪʘʧʰʳʣʳסʳ ʙʘʨ 

ɽʫʨʦʧʘ, ʤײʥʜʘ ʙʽʨ ʪײʨסʳʥסʘ ʦʨʪʘ ʝʩʝʧʧʝʥ 1 ʤʳש ʤ3 ʞʝʨʛʽʣʽʢʪʽ ʘסʳʥ ʢʝʣʝʜʽ, ʘʣ, 

ʤʳʩʘʣʳ, ʂʘʥʘʜʘʜʘ ʙײʣ ʢᴇʨʩʝʪʢʽʰ 94,3 ʤʳש ʤ3, ɸפʐ-7,4 ʤʳש ʤ3, ɻʝʨʤʘʥʠʷ-1,9 

ʤʳש ʤ3 ײץʨʘʡʜʳ [1-2]. ɹײʣ ʨʝʪʪʝ ʞʝʢʝʣʝʛʝʥ ᴇשʽʨʣʝʨ ʙʦʡʳʥʰʘ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ 

ʰʘʤʘʤʝʥ 60 ʝʩʝ ʝʨʝʢʰʝʣʝʥʝʜʽ: ʍʝʨʩʦʥ ʦʙʣʳʩʳʥʜʘ ʞʳʣʳʥʘ 0,14 ʢʤ3 ï ʪʝʥ 

ɿʘʢʘʨʧʘʪ ʦʙʣʳʩʳʥʜʘ ʞʳʣʳʥʘ 7,92 ʢʤ3-ʢʝ ʜʝʡʽʥ [3]. ɽש ʘʟ ʩʫ ʪײʪʳʥʫʰʳʣʘʨʳ 

ʰʦסʳʨʣʘʥסʘʥ ʝʣʜʽש ʦשʪװʩʪʽʢ-ʰʳסʳʩʳʥʜʘ ʩʫ ʨʝʩʫʨʩʪʘʨʳʤʝʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʽʣʛʝʥ. ʉʫʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʤᴅʩʝʣʝʩʽ ᴅʩʢʝʨʠ ʘʛʨʝʩʩʠʷ ʢʝʟʝשʽʥʜʝ ᴇʪʝ ʤʘשʳʟʜʳ 

ʙʦʣʜʳ, ʤײʥʜʘ ʘʫʳʟ ʩʫʤʝʥ ʞʘʙʜʳץʪʘʫ 80% - סʘ ʧʦʚʝʨʭ ץʠʤʳʣʜʘʨʳ ʢʝʟʽʥʜʝ ʝש 

ʦʩʘʣ ʞʝʨ װʩʪʽ ʢᴇʟʜʝʨʽʥʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ. ɹʘʣʘʤʘʣʳ ʩʫ ʢᴇʟʜʝʨʽ ʨʝʪʽʥʜʝ ʞʝʨ 

ʘʩʪʳ ʩʫʣʘʨʳʥ ʧʘʡʜʘʣʘʥʫ ʰʝʰʽʤʜʝʨʽʥ ʽʟʜʝʫ ʙʽʨʽʥʰʽ ʢʝʟʝʢʪʝʛʽ ʤᴅʩʝʣʝ ʙʦʣʜʳ. 

ɿʝʨʪʪʝʫ ʘʡʤʘסʳ פʘʨʘ ʊʝשʽʟ ʦʡʧʘʪʳʥʳש ʩʦʣʪװʩʪʽʢ ץʘʥʘʪʳʥʜʘ ʞᴅʥʝ ʪײʱʳ ʩʫ 

ʪʘʧʰʳʣʳסʳ ʙʘʨ ʫʢʨʘʠʥ ʢʨʠʩʪʘʣʜʳ ץʘʣץʘʥʳʥʳש ʦשʪװʩʪʽʢ ʙᴇʣʽʛʽʥʜʝ ʦʨʥʘʣʘʩץʘʥ. 

ʉʫסʘ ʪʘʣʘʧ ʝʪʽʣʝʪʽʥ ץʘʞʝʪʪʽʣʽʢ ʩʘʧʘʩʳ ʙʦʡʳʥʰʘ ʪʝʭʥʠʢʘʣʳץ ʩʫʣʘʨסʘ ʞʘʪʘʪʳʥ 

 ʪᴅʫʣʽʛʽʥʝ (ʳ 11,4-15,4 ʤʛ-ʵʢʚ/ʜʤ3סʘʪʪʳʣʳץ ʛ/ʜʤ3, ʞʘʣʧʳ 1,2-1,6 ץʘʣʜʳץ ץʘסʨײץ)

4500 ʤ3 (ɺ ʩʘʥʘʪʳ ʙʦʡʳʥʰʘ) ʤᴇʣʰʝʨʽʥʜʝ ʥʝʦʛʝʥʥʽש ʞʦסʘʨסʳ ʞᴅʥʝ ʦʨʪʘ ʩʘʨʤʘʪ 

ʰᴇʛʽʥʜʽʣʝʨʽʥʽש ʞʝʨ ʘʩʪʳ ʩʫʣʘʨʳʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ. ʉʦʥʜʳץʪʘʥ ʦʣʘʨʜʳ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ץʘʞʝʪʪʽʣʽʢʪʝʨ װʰʽʥ ʧʘʡʜʘʣʘʥʫ ʢʝʨʽ ʦʩʤʦʩ ץʦʥʜʳʨסʳʣʘʨʳʥʜʘ 

ʤʠʥʝʨʘʣʩʳʟʜʘʥʜʳʨʫʜʘʥ ʢʝʡʽʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ɾʝʨ ʘʩʪʳ ʩʫʣʘʨʳʥʳש 

ʤʝʤʙʨʘʥʘʣʳץ ʤʦʜʫʣʴʜʝʨ ʘʨץʳʣʳ ᴇʪʫʽʥʽש ʥᴅʪʠʞʝʩʽ 0,1-0,2 ʤʛ/ʜʤ3 ʤʠʥʝʨʘʣʜʘ-

ʥʫʳ ʙʘʨ ʪʘʟʘʨʪʳʣסʘʥ ʩʫ ʞᴅʥʝ 16-20 ʛ/ʜʤ3 ʤʠʥʝʨʘʣʜʘʥʫʳ ʙʘʨ ʢʦʥʮʝʥʪʨʘʪ ʙʦʣʳʧ 
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n 

m 

 

 

ʪʘʙʳʣʘʜʳ. 

ʂʦʥʮʝʥʪʨʘʪʪʳ ʢᴅʜʝʛʝ ʞʘʨʘʪʫ ʥײʩץʘʣʘʨʳʥʳש ʙʽʨʽ ʦʥʳ ʩʫ ʧʘʡʜʘʣʘʥʫ 

ʤʘץʩʘʪʪʘʨʳ װʰʽʥ ʧʨʘʢʪʠʢʘʣʳץ ʤʘשʳʟʳ ʞʦץ ʞʝʨʘʩʪʳ ʩʫʣʳ ץʘʙʘʪʪʘʨסʘ ʘʡʜʘʫ ʙʦ-

ʣʳʧ ʪʘʙʳʣʘʜʳ. ʇʘʣʝʦʛʝʥ ʰᴇʛʽʥʜʽʣʝʨʽʥʽש ʩʫʣʳ ץʘʙʘʪʳʥʘ ʩײʡʳץ ʢʦʥʮʝʥʪʨʘʪʪʳ 

ʢᴇʤʫ ʤװʤʢʽʥʜʽʛʽʥ ʟʝʨʪʪʝʫ װʰʽʥ ʘʨʥʘʡʳ ʞʦʙʘ ʙʦʡʳʥʰʘ ʤr ʥʘʜʘʡ ʞײʤʳʩ ʪװʨʣʝʨʽ 

ʦʨʳʥʜʘʣʜʳ: ʙʘʨʣʘʫ ʞᴅʥʝ ʙʘʡץʘʫ סשײʳʤʘʣʘʨʳʥ ʙײʨסʳʣʘʫ, ʛʝʦʬʠʟʠʢʘʣʳץ ʟʝʨʪʪʝ-

ʫʣʝʨ, ʙʽʨ ʘʡʜʘʫ, ʩʳʥʘʤʘʣʳץ ʞᴅʥʝ ʪᴅʞʽʨʠʙʝʣʽʢ ʘʡʜʘʫ, ʩʫʜʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳʥ 

ʪʦʣʳץ ʞᴅʥʝ ץʳʩץʘʨʪʳʣסʘʥ ʪʘʣʜʘʫ, ʨʝʞʠʤʜʽʢ ʙʘץʳʣʘʫʣʘʨ. 

ʊᴅʞʽʨʠʙʝʣʽʢ-ʩװʟʫ ʞײʤʳʩʪʘʨʳʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥסʘʥ ʧʘʨʘʤʝʪʨʣʝʨ 

ʧʦʣʠʛʦʥʥʳש ʩʘʥʜʳץ ʛʠʜʨʦʜʠʥʘʤʠʢʘʣʳץ ʤʦʜʝʣʽʥ ײץʨʫ ʤʝʥ ʩᴅʡʢʝʩʪʝʥʜʽʨʫʜʽש 

ʤʘשʳʟʜʳ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʊʘʙʠסʠ ʞᴅʥʝ ʞʘʩʘʥʜʳ 

ʧʨʦʮʝʩʪʝʨʜʽש ʙʝʣʛʽʩʽʟʜʽʛʽ ʤʝʥ ʢᴇʧ ʬʘʢʪʦʨʣʳ ʞʘסʜʘʡʳʥʜʘ ʛʝʦʬʠʣʴʪʨʘʮʠʷʥʳש 

ʩʘʥʜʳץ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʫ ᴅʜʽʩʽʥ ץʦʣʜʘʥʫ ʝש ʥʝʛʽʟʜʝʣʛʝʥ, ᴇʡʪʢʝʥʽ. 

ʤʦʜʝʣʴʜʝ ʫʘץʳʪ ʧʝʥ ʘʫʤʘץ ʙʦʡʳʥʰʘ ʞʝʨ ʘʩʪʳ ʩʫʣʘʨʳʥʳש ʜʝשʛʝʡʣʝʨʽ ʤʝʥ 

ʰʳסʳʥʜʘʨʳʥʳש ʜʠʥʘʤʠʢʘʩʳʥʳש ʪᴅʫʝʣʜʽʣʽʛʽʥ ʥʘץʪʳ ʪװʨʜʝ ʪʘʙʫסʘ, ʘʡʜʘʫ ʞᴅʥʝ 

ʩʫ ʘʣʫ סשײʳʤʘʣʘʨʳʥʳש ʞײʤʳʩ ʞʘסʜʘʡʳʥʜʘ ᴅʣʩʽʟ ᴇʪʢʽʟʛʽʰ ץʘʙʘʪʪʘʨ ʘʨץʳʣʳ 

ʘסʫʜʳ, ʞʝʨ ʘʩʪʳ ʞᴅʥʝ ʞʝʨ װʩʪʽ ʩʫʣʘʨʳʥʳש ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʳʥ, ʠʥʬʠʣʴʪʨʘʮʠʷʣʳץ 

-ʘʥʠʟʦʪʨʦ שʘʩʠʝʪʪʝʨʽʥʽץ ʟʫװᴇʟʛʝʨʫʽʥ, ʩ שʜʘʡʣʘʨʜʳסʞʘ ץʦʨʝʢʪʝʥʫʜʽ, ʰʝʢʘʨʘʣʳץ

ʧʠʷʩʳʥ ʞᴅʥʝ ʪ.ʙ. [4]. 

ɻʠʜʨʦʜʠʥʘʤʠʢʘʣʳץ ʨʝʞʠʤʜʽ ʤʦʜʝʣʴʜʝʫ ʪʦʨ ᴅʜʽʩʽʥ ʥʝʤʝʩʝ ʘץʳʨʣʳ 

ʘʡʳʨʤʘʰʳʣʳץ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ ʠʪʝʨʘʮʠʷʣʳץ ᴅʜʽʩʪʝʨʤʝʥ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʘʪʳʥ ʥʝʛʽʟʛʽ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʩװʟʫ ʪʝשʜʝʫʽʥʝ (1) ʥʝʛʽʟʜʝʣʛʝʥ 

[5]. 

µ 2H 
Tx 
µx 2 

+ Ty 

µ 2 H 

µy 2 

µH 
+ W + Qp + Qn = 

µt 
, (1) 

ʤײʥʜʘסʳ ʅ ï ץʳʩʳʤʥʳץ שʘʞʝʪʪʽ ʬʫʥʢʮʠʷʩʳ, ʤ; ʊ , ʊ ï ʭ, ʫ, ʤ2/ʪᴅʫʣʽʢ ʙʘסʳʪʪʘʨʳ 
ʭ y 

ʙʦʡʳʥʰʘ ʩʫʣʳ ʛʦʨʠʟʦʥʪʪʳש ʩʫ ᴇʪʢʽʟʛʽʰʪʽʛʽ; W ï ʙʽʨʣʽʢ ʠʥʬʠʣʴʪʨʘʮʠʷ ʰʘʤʘ-

ʩʳ, ʤ/ ʪᴅʫʣʽʢ; Q
p 
ï ʞʝʨ װʩʪʽ ʩʫ ʘסʳʥʳʤʝʥ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ ʢᴇʨʩʝʪʝʪʽʥ ʙʽʨʣʽʢ 

ʰʳסʳʥ, ʤ2/ʪᴅʫʣʽʢ; Q ï ʩʫʣʳ ʛʦʨʠʟʦʥʪʪʘʨʜʳש ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʳʥ ʩʠʧʘʪʪʘʡʪʳʥ 
ʙʽʨʣʽʢ h ʳסʳʥ ᴅʣʩʽʟ ᴇʪʢʽʟʛʽʰ ʙᴇʣʛʽʰ ץʘʙʘʪʪʘʨ ʘʨץʳʣʳ, ʤ2/ʪᴅʫʣʽʢ; ɛ ï ʩʝʨʧʽʤʜʽ ʩʫ 

ʙʝʨʫ, t ïʘסʳʤʜʘסʳ ʫʘץʳʪ, ʪᴅʫʣʽʢ. 

ɿʝʨʪʪʝʫ ʦʙʲʝʢʪʽʩʽʥʽש ʛʠʜʨʦʛʝʦʣʦʛʠʷʣʳץ ʞʘסʜʘʡʣʘʨʳ ʩʭʝʤʘʣʘʥסʘʥ ʞᴅʥʝ װʰ 

 ʘʙʘʪ ʪᴇʨʪʪʽʢץ ʘʥ. ɹʽʨʽʥʰʽ ʝʩʝʧʪʽʢסʩʳʥʳʣײ ʨʽʥʜʝװʘʙʘʪ ʪץ ʘʙʘʪʪʳ ʉʫʣʳץ

ʰᴇʛʽʥʜʽʣʝʨʜʽש ʉʫʣʳ ʛʦʨʠʟʦʥʪʳʥ, ʝʢʽʥʰʽʩʽ ï ʩʘʨʤʘʪ ʥʝʦʛʝʥ ᴅʢʪʘʩʪʘʨʳʥʳש ʉʫʣʳ 

ʢʝʰʝʥʽʥ, װʰʽʥʰʽʩʽ ï ײץʤʪʘʩ ʰᴇʛʽʥʜʽʣʝʨʽʥʜʝʛʽ ʧʘʣʝʦʛʝʥʜʽʢ ʉʫʣʳ ʛʦʨʠʟʦʥʪʪʳ 

ʢᴇʨʩʝʪʝʜʽ. 235 ʤ ʪʝʨʝשʜʽʢʪʝ ʞʘʪץʘʥ ʞᴅʥʝ װʩʪʽʥʝʥ ʞװʟ ʤʝʪʨʜʝʥ ʘʩʪʘʤ ײץʤʜʳ-

ʩʘʟʜʳ ץʘʣʳשʜʳץʧʝʥ ʞʘʙʳʣסʘʥ, ץʫʘʪʳ 25 ʤ ײץʤʪʘʩ h ᴇʛʽʥʜʽʣʝʨʽʥʜʝʛʽ ʧʘʣʝʦʛʝʥʜʽ 

ʉʫʣʳ ʛʦʨʠʟʦʥʪ (3 ʝʩʝʧʪʽʢ ץʘʙʘʪ) ʢʦʣʣʝʢʪʦʨ ץʘʙʘʪʳ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. 

ɾʦʩʧʘʨʜʘ ʩװʟʫ ᴇʨʽʩʽ 69Ĭ76 ʵʣʝʤʝʥʪʪʽש ʪʦʨʳʤʝʥ ײʩʳʥʳʣסʘʥ, ʩװʟʫ ʘʡʤʘסʳʥʳש 

ʰʝʢʘʨʘʩʳʥʘʥ ʪᴅʞʽʨʠʙʝʣʽ סשײʳʤʘʣʘʨ ʙײʪʘʩʳʥʘ ץʘʨʘʡ (200-ʜʝʥ 50 ʤ-ʛʝ ʜʝʡʽʥ) 

ʘʟʘʷʜʳ ʞᴅʥʝ ʰʘʤʘʤʝʥ 114 ʢʤ2 ʘʫʤʘץʪʳ ץʘʤʪʠʜʳ. 

ɻʠʜʨʦʛʝʦʣʦʛʠʷʣʳץ ʤʦʜʝʣʴʜʝʫ ᴅʜʽʩʽ ʬʠʟʠʢʘʣʳץ ʞᴅʥʝ ʜʠʥʘʤʠʢʘʣʳץ 

 ʳ ʩᴅʡʢʝʩʪʽʢʪʽסʳ ʙʦʡʳʥʰʘ ʤʦʜʝʣʴ ʤʝʥ ʟʝʨʪʪʝʫ ʦʙʲʝʢʪʽʩʽ ʘʨʘʩʳʥʜʘסʩʘʩʪʳץײ

ʦʨʥʘʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʢʝʨʽ ʝʩʝʧʪʝʨ ץʘʪʘʨʳʥ ʰʝʰʫʜʽ ץʘʨʘʩʪʳʨʘʜʳ. תʣʛʽʥʽ 
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ʞᴅʥʝ ʦʙʲʝʢʪʽʥʽ ʩᴅʡʢʝʩʪʝʥʜʽʨʫʛʝ ʘʨʥʘʣסʘʥ ʙʘץʳʣʘʫ ʜʝʨʝʢʪʝʨʽ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ 

ʩװʟʫ ʞײʤʳʩʪʘʨʳʥʳש ʞᴅʥʝ ײʟʘץ ʤʝʨʟʽʤʜʽ ʨʝʞʠʤʜʽ ʙʘץʳʣʘʫʣʘʨʜʳש ʥᴅʪʠʞʝʣʝʨʽ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 ʣʛʽ ʙʦʡʳʥʰʘ ʙʽʨ ʨʝʪʪʽʢ ʘʡʜʘʫ ʞᴅʥʝ ʪᴅʞʽʨʠʙʝʣʽʢ ʘʡʜʘʫ ʜʠʥʘʤʠʢʘʩʳʥת

ʞʘסשʳʨʪʫ ʧʨʦʮʝʩʽʥʜʝ ʩʫʣʳ ʛʦʨʠʟʦʥʪʪʘʨʜʳש, ʩʦʥʜʘʡ-ʘץ ʙᴇʣʫ ץʘʙʘʪʪʘʨʳʥʳש 

ʩװʟʫ ʞᴅʥʝ ʩʳʡʳʤʜʳʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽ ʪװʟʝʪʽʣʝʜʽ. ʂʦʥʮʝʥʪʨʣʽ ʝʨʽʪʽʥʜʽʣʝʨʜʽ ʘʡ-

ʜʘʫ ʢʝʟʽʥʜʝ ʛʝʦʤʝʭʘʥʠʢʘʣʳץ ʧʨʦʮʝʩʪʝʨʜʽץ שʘʙʘʪʪʘʩʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʦʣʘʨʜʳש 

ʘʡʜʘʫ-ʘʡʜʘʫ ʨʝʞʠʤʜʝʨʽʥʜʝ ʝʨʝʢʰʝʣʝʥʝʪʽʥʽʥ ʘʪʘʧ ᴇʪʢʝʥ ʞᴇʥ. ʉʦʥʜʳץʪʘʥ ʙʽʟ 

ʩʦסשʳʩʳʥʘ ʪʦʣʳסʳʨʘץ ʪʦץʪʘʣʘʤʳʟ. 

ɸסʳʥʜʳ ʩʫʜʳ ʘʡʜʘʫ ʘʣʘשʳʥ ʧʘʡʜʘʣʘʥʫסʘ ʜʝʡʽʥʛʽ ʢʝʟʝשʜʝʛʽ ʛʠʜʨʦʜʠ-

ʥʘʤʠʢʘʣʳץ ʤʦʜʝʣʴ ʛʠʜʨʦʜʠʥʘʤʠʢʘʣʳץ ʰʝʢʘʨʘʣʘʨʜʘ ʪʝשʛʝʨʽʣʛʝʥʽʥ ʘʪʘʧ ᴇʪʢʝʥ 

ʞᴇʥ (1-ʢʝʩʪʝ). ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʪʘʙʠסʠ ʞʘסʜʘʡʜʘ ʜʘ, ʩʫ ʘʣסʳʰʪʘʨʜʳ ʧʘʡʜʘʣʘʥʫ 

ʢʝʟʽʥʜʝ ʜʝ ʟʝʨʪʪʝʣʝʪʽʥ ʘʫʤʘץʪʘ ʧʘʣʝʦʛʝʥʜʽʢ ʰᴇʛʽʥʜʽʣʝʨʜʽש (3-ʰʽ ʝʩʝʧʪʽʢ ץʘʙʘʪ) 

ʞʝʨ ʘʩʪʳ ʩʫʣʘʨʳʥʳש ʜʝשʛʝʡʽ ʩʘʨʤʘʪ ʛʦʨʠʟʦʥʪʳʥʳש ʜʝשʛʝʡʽʥʝʥ (2-ʰʽ ʝʩʝʧʪʽʢ 

 ʥʠ, 7,1 ʤ3/ʪᴅʫ ʤᴇʣʰʝʨʽʥʜʝ ʙᴇʣʛʽʰ ᴅʣʩʽʟסʘʨʳ. ʙʝʣʛʽʣʝʨ. ʗסʘʙʘʪ) ʘʙʩʦʣʶʪʪʽ ʞʦץ

ᴇʪʢʽʟʛʽʰ ץʘʙʘʪ ʘʨץʳʣʳ ʞʝʨ ʘʩʪʳ ʩʫʣʘʨʳʥʳש ʞʦסʘʨʳ ץʘʨʘʡ ʘסʳʩʳ ʙʘʨ (1-ʢʝʩʪʝ). 

 

ʂʝʩʪʝ 1ï ʉʫ ʘʣʫʜʳ ʧʘʡʜʘʣʘʥʫ ʢʝʟʝשʽʥʜʝʛʽ װʣʛʽʥʽש ʞʝʨ ʘʩʪʳ ʩʫʣʘʨʳʥʳש ʙʘ-

ʣʘʥʩʳ 

 

ɹʘʣʘʥʩʪʳש ʢʽʨʽʩ ʵʣʝʤʝʥʪʪʝʨʽ, ʤ3/ʩʫʪ ɹʘʣʘʥʩʪʳש h ʳסʳʩ ʵʣʝʤʝʥʪʪʝʨʽ, ʤ3/ʩʫʪ 

ɽʩʝʧʪʽʢ ץʘʙʘʪ 2 

ʀʥʬʠʣʴʪʨʘʮʠʷʣʳץ ץʦʩʫ 195,2 סשױʳʤʘʣʘʨʜʳש ʜʝʙʠʪʽ 3745 

ʉʳʨʪץʳ ʢʦʥʪʫʨʜʘסʳ ʘסʳʥ 1910 ᴆʟʝʥʛʝ ʪװʩʽʨʫ 2126,5 

ɾʘʙʳʥʳ ʘʨץʳʣʳ ʘסʳʥ 3767,1 
ɹʫʣʘʥʫ 26 

ʊʘʙʘʥ ʘʨץʳʣʳ ʘסʳʥ 7,1 

ʉʳʡʳʤʜʳʣʳץ ʢʦʤʧʦʥʝʥʪʽ 0,14 ʉʳʡʳʤʜʳʣʳץ ʢʦʤʧʦʥʝʥʪʽ 0 

ɹʘʨʣʳסʳ 5879,5 ɹʘʨʣʳסʳ 58897,5 

ɹʘʣʘʥʩʪʳש ʩᴅʡʢʝʩʩʽʟʜʽʛʽ, % 0,15 

ɽʩʝʧʪʽʢ ץʘʙʘʪ 3 

ʉʳʨʪץʳ ʢʦʥʪʫʨ ʙʦʡʳʥʰʘ 

ʘסʳʥ 
9,8 

ʉʳʨʪץʳ ʢʦʥʪʫʨʜʘ ʪװʩʽʨʫ 2,9 

ɾʘʙʳʥʳ ʘʨץʳʣʳ ʘסʳʥ 7,1 

ʉʳʡʳʤʜʳʣʳץ ʢʦʤʧʦʥʝʥʪʽ 0,06 ʉʳʡʳʤʜʳʣʳץ ʢʦʤʧʦʥʝʥʪʽ 0 

ɹʘʨʣʳסʳ 9,9 ɹʘʨʣʳסʳ 10,0 

ɹʘʣʘʥʩʪʳש ʩᴅʡʢʝʩʩʽʟʜʽʛʽ, % 0,8 

ᴆʥʝʨʢᴅʩʽʧʪʽʢ ʩʫʜʳ ʘʡʜʘʫ ʤװʤʢʽʥʜʽʛʽʥ ʥʝʛʽʟʜʝʫ ʢʝʟʽʥʜʝ 0,3-ʪʝʥ 17,37 ʘʪʤ-ʛʝ 

ʜʝʡʽʥʛʽ ץʳʩʳʤʜʘ ʘסʳʥʳ 5-ʪʝʥ 612 ʤ3/ʪᴅʫʣʽʢʢʝ ʜʝʡʽʥ ᴇʟʛʝʨʝʪʽʥ ʩʦʨסʳʰ 

 ʤᴇʣʰʝʨʽ ʩʫʣʳ שʽʨʫ ʜʝʙʠʪʽʥʽשʪʘʣʜʳ. ʉʽץʘʙʽʣʝʪʽ ʘʥʳץ ʘʡʜʘʫ שʳʤʘʥʳסשײ

 ʘʣʳʧʪʘʩʫץ שʳʥʜʘ ᴇʪʢʽʟʛʽʰʪʽʢʪʽסʳʤʘ ʘʡʤʘסשײ ᴇʪʢʽʟʛʽʰʪʽʛʽʥʝ ʞᴅʥʝ שʘʙʘʪʪʳץ

ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. ʊᴅʞʽʨʠʙʝʣʽʢ ʩװʟʫ ʞײʤʳʩʪʘʨʳʥʳש ʜʝʨʝʢʪʝʨʽʥ 

ʪװʩʽʥʜʽʨʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ (ʩʫʨʝʪ. 1) סשײʳʤʘʥʳש ʤʝʥʰʽʢʪʽ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ 

ʰʘʤʘʤʝʥ 40 ʤ3/ʪᴅʫʣʽʢ-ʘʪʤ. 
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1 ʉʫʨʝʪ ï ɼʝʙʠʪʪʽץ שʳʩʳʤ ץʳʩʳʤʳʥʘ ʪᴅʫʝʣʜʽʣʽʛʽ 

ʂʦʥʮʝʥʪʨʘʪʪʳ ʘʡʜʘʫ ʢʝʟʽʥʜʝ ʞʝʨ ʘʩʪʳ ʩʫʣʘʨʳʥʳש ʜʠʥʘʤʠʢʘʣʳץ ʤʦʜʝʣʽʥʜʝ 

ʦʡʥʘʪʫ װʰʽʥ ʧʨʦʮʝʩʩ ʢʝʟʝשʜʝʨʛʝ ʙᴇʣʽʥʝʜʽ, ʦʣʘʨʜʳש ᴅʨץʘʡʩʳʩʳʥʜʘ ʘʡʜʘʫ-ʨʝʣʘʢ-

ʩʘʮʠʷ ʨʝʞʠʤʽ ʙʘʨ (ʩʫʨʝʪ 2). 

V ʢʝʟʝשʜʝ ʜʝשʛʝʡʜʽש ᴇʟʛʝʨʫʽʥʽץ שʘʣʳʧʪʘʥ ʪʳʩ ʞʦסʘʨʳ ʘʤʧʣʠʪʫʜʘʩʳ (88 ʤ) 

ʪʽʨʢʝʣʜʽ, ʦʥʳ ʬʨʝʢʠʥʛ ײץʙʳʣʳʩʳʤʝʥ ʪװʩʽʥʜʽʨʫʛʝ ʙʦʣʘʜʳ. 

ʇʘʣʝʦʛʝʥʜʽʢ ʩʫʣʳ ʛʦʨʠʟʦʥʪʪʳש ʩװʟʫ ʞᴅʥʝ ʩʳʡʳʤʜʳʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥ 

ʞᴅʥʝ ʦʣʘʨʜʳש ᴇʟʛʝʨʽʩʪʝʨʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʤʦʜʝʣʴʜʝ ʢװʥʜʝʣʽʢʪʽ ʜʝʙʠʪ ᴇʟʛʝʨʽʩʽʤʝʥ 

ʘʡʜʘʫ-ʨʝʣʘʢʩʘʮʠʷ ʧʨʦʮʝʩʽ ץʘʡʪʘʣʘʥʘʜʳ. ɼʝשʛʝʡʣʝʨʜʽש ʄʦʜʝʣʴʜʽʢ ʞᴅʥʝ ʥʘץʪʳ 

ʞʘסʜʘʡʳ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, ʙʽʨʘץ ʪײʪץʳʨʣʳ1,1 ץ ʤ ʜʝʡʽʥ.ʩʦסשʳʩʳ ʪʘʫ ʞʳʥʳʩʪʘ-

ʨʳ ʤʘʩʩʠʚʽʥʽש ʠʥʝʨʮʠʷʩʳʤʝʥ ʞᴅʥʝ ʧʨʦʮʝʩʪʽש ʪײʨʘץʩʳʟʜʳסʳʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ. 

ɹײʣ ʞʘסʜʘʡʜʘ ʧʨʦʮʝʩʪʝʨʜʽץ שʘʥʘסʘʪʪʘʥʘʨʣʳץײ ץʩʘʩʪʳסʳ ʢʦʣʣʝʢʪʦʨ ץʘʙʘʪʳʥʳש 

ʢʝʣʝʩʽ ʧʘʨʘʤʝʪʨʣʝʨʽʥʜʝ ʘʥʳץʪʘʣʘʜʳ: 
 

2 ʉʫʨʝʪ ï ʈʝʧʨʝʩʩʠʷ-ʨʝʣʘʢʩʘʮʠʷ ʢʝʟʝשʜʝʨʽ (I-VI)  ʙʦʡʳʥʰʘ ʞʝʨ ʘʩʪʳ ʩʫʣʘʨʳ 

ʜʝשʛʝʡʽʥʽש ʜʠʥʘʤʠʢʘʩʳ 
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Å ʬʠʣʴʪʨʘʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʽ ï 0,1 ʤ/ʪᴅʫ, סשײʳʤʘ ʤʘשʳʥʜʘסʳ ʘʡʤʘץʪʘ ï 3 ʤ/ 

ʪᴅʫ (ʘʥʳץ, ʛʠʜʨʘʚʣʠʢʘʣʳץ ʞʘʨʫʜʳש ᴅʩʝʨʽ ʞײʤʳʩ ʽʩʪʝʡʜʽ); 

Å ʩʫʜʳץ שʘʥʳסʫ ʢʦʵʬʬʠʮʠʝʥʪʽ: ʩʝʨʧʽʤʜʽ ï 9,8Ĭ10-5, ʛʨʘʚʠʪʘʮʠʷʣʳץ ï 0,2. 

ɹײʣ ʧʘʨʘʤʝʪʨʣʝʨ ʢᴇʧ ʚʘʨʠʘʥʪʪʳ ʩᴅʡʢʝʩʪʝʥʜʽʨʫ ʰʝʰʽʤʜʝʨʽʤʝʥ ʥʝʛʽʟʜʝʣʛʝʥ 

ʞᴅʥʝ ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʥסʘʥ ʝʨʽʪʽʥʜʽʣʝʨʜʽ ʢᴇʤʫ ʧʨʦʮʝʩʽʥ ʙʦʣʞʘʫ ʢʝʟʽʥʜʝ 

 .ʘʥסʘʙʳʣʜʘʥץ

ɿʝʨʪʪʝʫ ʫʯʘʩʢʝʩʽʥʜʝ ʧʘʣʝʦʛʝʥ ʉʫʣʳ ץʘʙʘʪʳʥʳש ʞʝʨ ʘʩʪʳ ʩʫʣʘʨʳʥʳש 

ʪʘʙʠסʠ ʤʠʥʝʨʘʣʜʘʥʫʳ 33-40 ʛ/ʜʤ3 ײץʨʘʡʜʳ (34 ʛ/ʜʤ3 ʤʦʜʝʣʴʜʝ ʙʝʨʽʣʛʝʥ). ɸʡʜʘ-

ʣʘʪʳʥ ʝʨʽʪʽʥʜʽʣʝʨʜʽש ʤʠʥʝʨʘʣʜʘʥʫʳ 13,7 ʛ/ʜʤ3-ʪʝʥ 18,5 ʛ/ʜʤ3-ʢʝ ʜʝʡʽʥ ᴇʟʛʝʨʝʜʽ 

(ʤʦʜʝʣʴʜʝ 17 ʛ/ʜʤ3 ץʘʙʳʣʜʘʥʜʳ). ʍʠʤʠʷʣʳץ ʪʘʣʜʘʫסʘ ʩʳʥʘʤʘʣʘʨʜʳ ʽʨʽʢʪʝʫ 

ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʙʘץʳʣʘʫ סשײʳʤʘʩʳʥʜʘ ʘʡʜʘʫ ʧʨʦʮʝʩʽʥʜʝ ʪʘʙʠסʠ ʪײʟ 

 ʳסʳ ʩʘʨʤʘʪ ʛʦʨʠʟʦʥʪʪʘʨʳʥʜʘסʘʨסʡʳʣʪʫ ʪʽʨʢʝʣʤʝʛʝʥ. ʆʨʪʘ ʞᴅʥʝ ʞʦײʨʘʤʳʥ ʩײץ

ʤʠʥʝʨʘʣʜʘʥʫʜʳש ʘʫʳʪץʫʳ ʜʘ ʤʘʫʩʳʤʜʳץ ʤᴅʥʜʝʨ ʰʝʛʽʥʜʝ ʙʦʣʘʜʳ. ʉʦʥʳ-

ʤʝʥ ץʘʪʘʨ, ʢʝʨʽ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫʜʝʛʽ ʤײʥʜʘʡ ʪʝʥʜʝʥʮʠʷסʘ ʧʘʣʝʦʛʝʥʜʽʢ 

ʰᴇʛʽʥʜʽʣʝʨʜʽש ʢʝʫʝʢʪʽʣʽʛʽ ʞʘסʜʘʡʳʥʜʘ 20 % ʜʝʡʽʥ ץʦʣ ʞʝʪʢʽʟʽʣʝʜʽ. 

ɾʝʨ ʘʩʪʳ ʩʫʣʘʨʳʥʳש ʛʠʜʨʦʛʝʦʭʠʤʠʷʣʳץ ʨʝʞʠʤʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʙʦʣʞʘʤʳ 

ʩʘʨʤʘʪ ʩʫʣʳ ʢʝʰʝʥʽʥʝʥ ʞʠʳʥʪʳץ ʩʫ ʘʣʫ ʪᴅʫʣʽʛʽʥʝ 6900 ʤ3/ʪᴅʫ, ʘʣ ʧʘʣʝʦʛʝʥʜʽ 

ʩʫʣʳ ʛʦʨʠʟʦʥʪץʘ ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʥסʘʥ ʝʨʽʪʽʥʜʽʣʝʨʜʽ ʘʡʜʘʫʜʳש ʪᴅʫʣʽʢʪʽʢ ʩʘʥʳ 

720 ʤ3 ʙʦʣסʘʥ ʞʘסʜʘʡʣʘʨ װʰʽʥ ʦʨʳʥʜʘʣʜʳ. 

ɸʡʜʘʫ ʞᴅʥʝ ʙʘץʳʣʘʫ סשײʳʤʘʣʘʨʳʥʜʘ ʛʠʜʨʦʜʠʥʘʤʠʢʘʣʳץ ʨʝʧʨʝʩʩʠʷʥʳש 

 ʨʝʜʽ ʞᴅʥʝ 25 ʞʳʣ ʤʝʨʟʽʤʛʝ ʩᴅʡʢʝʩʽʥʰʝ 256 ʞᴅʥʝ 147װʘʣʳʧʪʘʩʫʳ ʞʳʣ ʽʰʽʥʜʝ ʞץ

ʤ ײץʨʘʡʜʳ. ʉʦסשʳ ʢʝʟʝשʜʝʛʽ ʩʘʨʤʘʪ ʩʫʣʳ ʛʦʨʠʟʦʥʪʳʥʘ ʪװʩʝʪʽʥ ʘסʳʥʥʳש 

ʤʘʢʩʠʤʘʣʜʳ ʤᴅʥʽ 30,4 ʤ3/ʪᴅʫ (3 ʩʫʨʝʪ). ʉʫ ץʦʡʤʘʩʳʥʜʘסʳ ʩײʡʳʣʪʫסʘ ʙʘʡʣʘʥʳ-

ʩʪʳ ʰʘʤʘʤʝʥ 1 ʢʤ2 ʘʫʤʘץʪʘ ʪʘʙʠסʠ ʤʠʥʝʨʘʣʜʘʥʫʜʳש ʪᴇʤʝʥʜʝʫʽ ʙʘʡץʘʣʘʜʳ. 

256 ʤ (25 ʘʪʤ) ץʘʣʳʧʪʘʩץʘʥ ʨʝʧʨʝʩʩʠʷʥʳש ʛʠʜʨʦʜʠʥʘʤʠʢʘʣʳץ ʨʝʣʘʢʩʘʮʠ-

ʷʩʳ 1,5 ʞʳʣ ʽʰʽʥʜʝ ʩʝʨʧʽʤʜʽ ʩװʟʫ ʨʝʞʠʤʽʥʜʝ ʞװʨʝʜʽ. ɹʽʨ ʞʳʣ ʨʝʣʘʢʩʘʮʠʷʜʘʥ 

ʢʝʡʽʥ סשײʳʤʘʜʘסʳ ʉʦסשʳ ʨʝʧʨʝʩʩʠʷ ʰʘʤʘʤʝʥ 11 ʤ, ʘʣ 2 ʞʳʣʜʘʥ ʢʝʡʽʥ ï 3 ʤ, 3 

ʞʳʣ ï ʰʘʤʘʤʝʥ ʥᴇʣʛʝ ʪʝש. ʂʦʥʮʝʥʪʨʘʪץʘ ʞʘץʳʥ ʤʠʥʝʨʘʣʜʘʥʫ ʘʡʤʘסʳʥʳש 

ʪʘʨʘʣʫʳ ᴅʣʜʝץʘʡʜʘ ʙʘʷʫ ʞװʨʝʜʽ. ɹʽʨ ʞʳʣ ʨʝʣʘʢʩʘʮʠʷʜʘʥ ʢʝʡʽʥ ʛʠʜʨʦʭʠʤʠʷʣʳץ 

ʢᴇʨʽʥʽʩ ᴇʟʛʝʨʤʝʡʜʽ, ʙײʣ ʢʦʥʚʝʢʪʠʚʪʽ ʢʦʤʧʦʥʝʥʪʪʽש ʙʦʣʤʘʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. 

ʉʘʨʤʘʪ ʩʫʣʳ ʛʦʨʠʟʦʥʪʳʥʘ ʘסʳʥʥʳ7,1 ש-ʜʝʥ 30,4 ʤ3/ʪᴅʫ-ʛʝ ʜʝʡʽʥ ʘʨʪʫʳ, 

ʙʽʨʘץ ʪײʟʜʳʣʳסʳ ʪᴇʤʝʥ, ʦʥʳש ʤʠʥʝʨʘʣʜʘʥʫʳʥʳס-10% שʘ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʫʽʥʝ 
 

3 ʉʫʨʝʪ ï ʋʘץʳʪ ʙʦʡʳʥʰʘ ʛʠʜʨʦʜʠʥʘʤʠʢʘʣʳץ ʨʝʧʨʝʩʩʠʷʥʳץ שʘʣʳʧʪʘʩʫʳ: 

1, 2 ï ʩᴅʡʢʝʩʽʥʰʝ ʘʡʜʘʫ ʞᴅʥʝ ʙʘץʳʣʘʫ סשײʳʤʘʣʘʨʳ; 3 ï ʩʘʨʤʘʪʪʘʨʜʳש ʩʫʣʳ ʛʦʨʠʟʦʥ-

ʪʳʥʘ ʘסʳʩ 
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ᴅʢʝʣʝʜʽ. 

ɹʘסʳʪʪʳץ שʦʨʳʪʳʥʜʳʣʘʨʳ ʤʝʥ ʜʘʤʫ ʧʝʨʩʧʝʢʪʠʚʘʣʘʨʳ. ʉײʡʳץ ʢʦʥʮʝʥ-

ʪʨʘʪʪʳ ʘʡʜʘʫ ʢʝʟʽʥʜʝ ʢʦʣʣʝʢʪʦʨ ץʘʙʘʪʳʥʜʘ ץʦʣ ʞʝʪʢʽʟʽʣʛʝʥ ʪʽʢ ʬʨʘʢʠʥʛʪʽש ᴅʩʝʨʽ 

50 ʤ ʨʘʜʠʫʩʪʘסʳ ײץʤʪʘʩʪʘʨʜʳש ʩװʟʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥ װ  h ʝʩʝ ʞᴅʥʝ ʩʝʨʧʽʤʜʽ 

ʩʳʡʳʤʜʳʣʳץʪʳ ʘʨʪʪʳʨʘʜʳ, ʙײʣ ʘʡʜʘʫ ʞᴅʥʝ ʘʡʜʘʫ ʨʝʞʠʤʽʥʜʝʛʽ ʢʝʨʽ ʝʩʝʧʪʝʨʜʽש 

ʢᴇʧʪʝʛʝʥ ʰʝʰʽʤʜʝʨʽʥʽש ʥᴅʪʠʞʝʣʝʨʽʤʝʥ ʜᴅʣʝʣʜʝʥʝʜʽ. סשױʳʤʘʥʳ40 ש ʤ3/ʪᴅʫ 

ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ ʞᴅʥʝ 720 ʤ3/ʪᴅʫ ʘסʳʥʜʘʨʳʥ ʢᴇʤʫ ʢᴇʣʝʤʽ ʢʝʟʽʥʜʝ ʧʦʣʠʛʦʥʜʳ 

ʧʘʡʜʘʣʘʥʫ ʨʝʞʠʤʽ ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ᴇʡʪʢʝʥʽ ʞʦסʘʨʳʜʘ 

ʞʘʪץʘʥ ʩʫʣʳ ʢʝʰʝʥʛʝ ʘסʫ ʦʥʳש ʪʘʙʠסʠ ʤʠʥʝʨʘʣʜʘʥʫʳʥʳש ʩײʡʳʣʪʳʣʫʳʥʘ 

ᴅʢʝʣʝʜʽ. פʘʨʘʩʪʳʨʳʣʳʧ ʦʪʳʨסʘʥ ʩʭʝʤʘ ʙʦʡʳʥʰʘ ʤʠʥʝʨʘʣʜʘʥסʘʥ ץʘʣʜʳץʪʘʨʜʳ 

ʢᴇʤʫ ʧʨʦʮʝʩʽ ʘסʳʟʫ ʘʡʤʘסʳʥʘ ʩװʟʫ ʞʦʣʳʥʳײ שʟʳʥʜʳסʳʥ ʘʨʪʪʳʨʘʜʳ, ʙײʣ 

ʛʠʜʨʦʛʨʘʬʠʷʣʳץ ʞʝʣʽʛʝ ʪʽʢʝʣʝʡ ʪᴇʛʽʣʛʝʥʜʝ (ʥʝʤʝʩʝ ʪײʟʜʳ ʝʨʽʪʽʥʜʽʣʝʨʜʽ 

ʩײʡʳʣʪץʘʥʜʘ) ʤװʤʢʽʥ ʝʤʝʩ ʪʘʙʠסʠ ʪʘʟʘʨʪʫʜʳ ʢװʰʝʡʪʫ ʰʘʨʪʪʘʨʳ ʨʝʪʽʥʜʝ 
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PECULIARITIES OF THE RELATIONSHIP BETWEEN GERMANIUM  

AND VANADIUM CONCENTRATIONS IN COAL SEAM C10 ɺ OF THE 

DNIPROVSKA MINE  FIELD  OF WESTERN DONBAS 

 

Summary. In this article, the relationship between germanium and vanadium in the coal seam 

ʩ ʚ of the Dniprovska mine is investigated. The isoconcentrate maps of these elements and the graph 
10 

of the regression equation between their normalized concentrations were constructed and analyzed. A 

very high density of the linear correlation between the elements was established, which allows using the 

calculated regression equation to forecast germanium concentrations within the mine field. 

Keywords: germanium, vanadium, coal seam, mine field, correlation coefficient, regression 

equation, normalized concentrations. 

 

The purpose of the article is to investigate the relationship between 

germanium and vanadium in the coal seam ʩ ʚ of the Dniprovska mine. Coal is 

currently the main estimated source of germanium in Ukraine, China, Uzbekistan 

and germanium coal deposits are being developed in England, Canada and the USA. 

An interesting fact that is directly related to the issue of the relevance of germanium 

geochemistry research: in the times of the USSR in the 80s, about 4,5 t/year of 

germanium was obtained exclusively at the coke plants of Ukraine. This at average 

prices for 2021 is 1200 US dollars ʭ 4,500 kg = 5 400 000 US dollars. Previously, 

along with the study of germanium, toxic and potentially toxic elements were 

mainly studied in the different coal seams of Western Donbas [1-3]. 

The factual basis of the work was the results of 378 analyzes of germanium and 

other impurity elements performed after 1983 in the central certified laboratories of 

production geological exploration organizations of Ukraine from the material of 

reservoir samples obtained by production and research enterprises and organizations. 

In a number of cases, they were supplemented with analyzes of reservoir samples 

taken by the furrow method from duplicate cores and mine workings with the 

participation of the authors and employees of the geological service of the coal 

mining enterprise and production geological exploration organizations in the period 

from 1983 to 2021. The concentration of germanium was determined according to 

[4]. The content of vanadium was determined by quantitative emission spectral 

analysis [5]. The raw data were normalized to bring them to the same scale. 

The justification of the normalization procedure for the analysis of various-scale 

geochemical data and its algorithm are given in works [6]. In the field of the 

Dniprovska mine, the concentration of germanium 

in the coal of seam ʩ ʚ according to the data of 378 analyzes varies from 0,14 

g/t to 35,71 g/t, with an average value of 10,21 Ñ 0,34 g/t, median 9,01 g/t, mode 1,3 

g/t, standard deviation 7,17, sample variance 51,36, sample kurtosis -0,22, sample 

asymmetry 0,59. Analysis of the constructed isoconcentrate map of 
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Figure 1 ï Map of isoconcentrates of the normalized content of germanium in the 

coal seam ʩ ʚ of Dniprovska mine field of Western Donbas 

normalized values of germanium content (Fig. 1) makes it possible to establish 

the main features of the spatial distribution of this element within the considered 

reservoir. 

According to germanium concentration, almost the entire mine field has values 

of 0,25 or more, only a few places have abnormally low values and pockets of 

high values, and there are significantly fewer areas with low values than with 

high values. The main zones with the highest indicators (more than 0.5) are 

located in the western part of the field near wells No. ʅ32667, north of well No. 

12782, between wells No. 3280, No. ʅ32729 and No. 3282, near wells No. 32538, 

No. 12454, and No. 12391. Areas with low indicators are located near wells No. 

6025, No. 12782, No. 12489, No. ʅ32658, No. ʅ32626, No. ʅ32272, 

No. 3371, No. 3397 and between wells No. 3296, No. 32560, No. 3325, to the 

northeast of well No. 12410, and to the south of No. 32674, No. 32734, 

No. 32715. The vanadium content varies in the ʩ 

g/t, with an average value of 21,03 g/t. 

ʚ seam from 6,08 g/t to 47,84 

The area with the largest vanadium location is located in the north of the 

mine field (Fig. 2) and is connected to well No. 3326. The content of vanadium does 

not significantly depend from the depth, concentration of total sulfur and ash 

content of the coal. 

The Pearson correlation coefficient between germanium and vanadium 

concentrations is 0,92, and the calculated linear regression equation is: Ge = 0.0687 

+ 0.9219 Ŀ V. The graph of the equation is shown in Fig. 3. 

As a result of the analysis of the performed studies allows us to formulate 

the following main conclusions: the general factors that led to the accumulation 

10 


