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ʇʈɽɼʀʉʃʆɺʀɽ 

ʋʚʘʞʘʝʤʳʝ ʢʦʣʣʝʛʠ! 

ɺ ʥʘʩʪʦʷʱʝʤ ʩʙʦʨʥʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʨʠʘʣʳ ʫʯʘʩʪʥʠʢʦʚ ʄʝʞʜʫʥʘ-
ʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ 15-ʣʝʪʠʶ ʩʦ ʜʥʷ ʦʙʨʘʟʦʚʘʥʠʷ 
ʎɸʀʀɿ, ʩʦʩʪʦʷʚʰʝʡʩʷ ʩ 17 ʧʦ 18 ʩʝʥʪʷʙʨʷ 2019 ʛ. ʚ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʤ ʀʥ-
ʩʪʠʪʫʪʝ ʧʨʠʢʣʘʜʥʳʭ ʀʩʩʣʝʜʦʚʘʥʠʡ ɿʝʤʣʠ (ʎɸʀʀɿ), ɹʠʰʢʝʢ, ʂʳʨʛʳʟʩʪʘʥ.  

ʎʝʣʴʶ ʢʦʥʬʝʨʝʥʮʠʠ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʠ ʦʙʩʫʞʜʝʥʠʝ ʥʘʠʙʦʣʝʝ 
ʚʘʞʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʢʣʘʜʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʟʘ ʧʦʩʣʝʜʥʠʝ 5 ʣʝʪ ʥʘ 
ʙʘʟʝ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʠ 
ʥʘʟʝʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ɿʝʤʣʠ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʩʦʟʜʘʥʥʦʡ ʠ ʬʫʥʢʮʠʦʥʠ-
ʨʫʶʱʝʡ ʥʦʚʝʡʰʝʡ ʩʝʪʠ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘ ʠʟʤʝʥʝʥʠʷʤʠ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʢʘʢ ʥʘ 
ʧʨʠʤʝʨʝ ʪʝʨʨʠʪʦʨʠʠ ʂʳʨʛʳʟʩʪʘʥʘ, ʪʘʢ ʠ ʪʨʘʥʩʛʨʘʥʠʯʥʳʭ ʨʘʡʦʥʦʚ ʩʦ ʩʪʨʘʥʘʤʠ 
ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ.  

ʎɸʀʀɿ ʩʦʚʤʝʩʪʥʦ ʩ ʅʝʤʝʮʢʠʤ ʎʝʥʪʨʦʤ ʀʩʩʣʝʜʦʚʘʥʠʷ ɿʝʤʣʠ (ʅʎʀɿ) ʚ 
ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʠʥʩʪʠʪʫʪʘʤʠ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʂʈ ʜʣʷ ʫʯʘʩʪʠʷ ʥʘ 
ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʢʦʥʬʝʨʝʥʮʠʶ ʚ ʮʝʣʷʭ ʨʘʩʰʠʨʝʥʠʷ ʦʙʤʝʥʘ ʦʧʳʪʦʤ ʨʘʙʦʪ, ʘ 
ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʫʯʥʦ-ʧʨʠʢʣʘʜʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʣʷ ʫʯʘ-
ʩʪʠʷ ʧʨʠʛʣʘʩʠʣʠ ʫʯʝʥʳʭ ʠʟ ʧʨʦʬʠʣʠʨʫʶʱʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʠ 
ʩʪʨʘʥ ʙʣʠʞʥʝʛʦ ʠ ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ. 

ʉʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ ʨʘʩʩʯʠʪʘʥ ʥʘ ʰʠʨʦʢʠʡ ʢʨʫʛ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ 
ʠʥʪʝʨʝʩʫʶʱʠʭʩʷ ʧʨʦʙʣʝʤʘʤʠ ʥʘʫʢ ʦ ɿʝʤʣʝ, ʤʝʪʦʜʦʣʦʛʠʡ ʠʟʫʯʝʥʠʷ ʛʝʦʜʠʥʘ-
ʤʠʢʠ, ʛʝʦʨʠʩʢʦʚ, ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʧʨʠʤʝʥʝʥʠʷ ɻʀʉ ʠ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʪʝʭʥʦ-
ʣʦʛʠʡ, ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʛʝʦʙʘʟʳ ʜʘʥʥʳʭ.  
ʇʫʙʣʠʢʘʮʠʠ ʫʯʘʩʪʥʠʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʨʠʛʠʥʘʣʴʥʦʡ ʘʚʪʦʨʩʢʦʡ ʨʝʜʘʢʮʠʠ ʠ 
ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʢʦʤʠʪʝʪ ʥʝ ʥʝʩʝʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʠ ʧʝʨʝ-
ʚʦʜ. 

PREFACE 

Dear Colleagues! 

This collection contains materials from the participants of the International Scien-
tific Conference dedicated to the 15th anniversary of the establishment of the CAIAG, 
which was held from September 17 to September 18, 2019 at the Central Asian Insti-
tute of Applied Geosciences (CAIAG), Bishkek, Kyrgyzstan. 

The goal of the conference is to review and discuss the most important results of 
applied and theoretical work over the past 5 years based on the interdisciplinary use 
of modern remote and ground-based Earth surveys, obtained with the help of the es-
tablished and functioning up-to-date network for monitoring the changes in the Natural 
environment using both an example of the territory of Kyrgyzstan, and cross-border 
areas of the countries of Central Asia. 

CAIAG together with the German Center for Earth Research GFZ in collaboration 
with the Institutes of the National Academy of Sciences of the Kyrgyz Republic has 
invited scientists from an appropriate organizations from Central Asia and foreign 
countries for participation in an international conference to expand the exchange of 
work experience,as well as to determine priority scientific and applied areas.  

The collection of materials is designed for a wide range of scientists and special-
ists interested in the Earth sciencesô issues, methodology studies of geodynamics, 
geo-risks, climate change, the use of GIS and monitoring technologies, processing and 
storage of geo-base data. 

The publications of the participants are presented in the original authorôs edition 
and the Organizing Committee is not responsible for their content and translation. 
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ʆʉʅʆɺʅʓɽ ʈɽɿʋʃʔʊɸʊʓ ʅɸʋʏʅʆʁ ɼɽʗʊɽʃʔʅʆʉʊʀ  

ʎɽʅʊʈɸʃʔʅʆ-ɸɿʀɸʊʉʂʆɻʆ ʀʅʉʊʀʊʋʊɸ ʇʈʀʂʃɸɼʅʓʍ  

ʀʉʉʃɽɼʆɺɸʅʀʁ ɿɽʄʃʀ (ʎɸʀʀɿ) ɿɸ 2014-2019 ɻʆɼʓ 

 

ʄʦʣʜʦʙʝʢʦʚ ɹ, ʃʘʫʪʝʨʶʥʛ ʁ. 
 

ɹʠʰʢʝʢ, ʂʳʨʛʳʟʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ 

 

MAIN RESULTS OF SCIENTIFIC ACTIVITY CENTRAL ASIAN INSTITUTE FOR APPLIED 

GEOSCIENCES (CAIAG) 2014-2019 

 

Moldobekov B. Lauterung J. 
 

Bishkek, Kyrgyz Republic 

 

 ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʘʪʢʠʝ ʩʚʝʜʝʥʠʷ ʦʙ ʦʩʥʦʚʥʳʭ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʝʢʪʘʭ ʚʳʧʦʣʥʝʥʥʳʭ ʟʘ ʧʦʩʣʝʜʥʠʝ 5 ʣʝʪ ʠ ʦʩʫʱʝʩʪʚʣʷʝ-

ʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʜʝʣʘʤʠ ʎɸʀʀɿ. ʆʪʜʝʣ 1 "ɻʝʦʜʠʥʘʤʠʢʘ ʠ ʛʝʦʨʠʩʢʠ" ʦʩ-

ʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʷʚʣʷʶʪʩʷ: ʘ. ɻʝʦʜʠʥʘʤʠʢʘ; ʙ. ɻʝʦʨʠʩʢʠ; 

ʚ. ʀʥʞʝʥʝʨʥʘʷ ʛʝʦʣʦʛʠ;̫ ʛ. ʆʧʦʣʟʥʠ; ʜ. ʉʝʡʩʤʦʣʦʛʠʷ. ʇʦ ʆʪʜʝʣʫ 2 çʂʣʠʤʘʪ, ʚʦʜʘ 

ʠ ʣʝʜʥʠʢʠò ʛʣʘʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ: ʘ. ʂʣʠʤʘʪʦʣʦʛʠʷ; 

ʙ. ɻʠʜʨʦʣʦʛʠʷ, ʣʠʤʥʦʣʦʛʠʷ, ʛʠʜʨʦʛʝʦʣʦʛʠʷ; ʚ. ɻʣʷʮʠʦʣʦʛʠʷ. ɼʝʷʪʝʣʴʥʦʩʪʴ ʁʆʪ-

ʜʝʣʘ 3 çʉʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤʠè ʷʚʣʷʶʪʩʷ: ʘ. ʉʦʟʜʘʥʠʝ ʠ 

ʨʘʟʚʠʪʠʝ ʉʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ; ʙ. ʇʦʜʜʝʨʞʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ IT ʠʥʬʨʘʩʪʫʢʪʫʨʳ ʠʥ-

ʩʪʠʪʫʪʘ; ʚ. ʉʦʟʜʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ; ʛ. ʀʟʫʯʝʥʠʝ ʩʦʚʨʝ-

ʤʝʥʥʦʡ ʛʝʦʪʝʢʪʦʥʠʢʠ GNSS ʤʝʪʦʜʘʤʠ. ʆʪʜʝʣ 4. çʈʘʟʚʠʪʠʝ ʧʦʪʝʥʮʠʘʣʘ ʠ ʥʘʫʯʥʦʝ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʦè ʧʨʦʚʦʜʠʪ ʨʘʙʦʪʳ ʧʦ: ʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦ-

ʢʦʚ ʨʘʥʝʝ ʥʝ ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ ʦʢʘʟʘʥʠʷ ʧʦʜʜʝʨʞʢʠ ʚ 

ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; ʙ. ʈʘʟʚʠʪʠʝ ʥʘʫʯ-

ʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʠ ʧʦʜʛʦʪʦʚʢʘ ʥʘʫʯʥʳʭ ʢʘʜʨʦʚ; ʚ. ʈʘʟʚʠʪʠʝ ʙʠʙʣʠʦʪʝʯʥʳʭ ʨʝ-

ʩʫʨʩʦʚ.  

 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʠʢʣʘʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʛʝʦʜʠʥʘʤʠʢʘ, ʛʝʦʨʠʩʢʠ, 

ʦʧʦʣʟʥʠ, ʩʝʡʩʤʦʣʦʛʠʷ, ʢʣʠʤʘʪ, ʚʦʜʥʳʝ ʠ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ, ʛʣʷʮʠʦʣʦʛʠʷ, ʣʠʤ-

ʥʦʣʦʛʠʷ, ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʥʘʫʯʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ, ʧʦʜʛʦʪʦʚʢʘ 

ʢʘʜʨʦʚ, ʙʠʣʠʦʪʝʯʥʳʝ ʨʝʩʫʨʩʳ, ʤʦʥʠʪʦʨʠʥʛ. 

 

 Annotation. The article provides brief information about the main research pro-

jects carried out over the past 5 years and being implemented currently by the CAIAG 

departments. Department 1: "Geodynamics and georisics" - the main activities are: a. 

Geodynamics; b. Georisks; c. Engineering geology; d.Landslides; e.Seismology. De-

partment 2: ñClimate, Water, and Glaciers,ò the main areas of research are: a. Clima-

tology; b. Hydrology, Limnology, Hydrogeology; c. Glaciology. The activities of Depart-

ment 3: ñMonitoring systems and data managementò are: a. Creation and development 

of monitoring systems; b. Maintenance and development of IT infrastructure of the In-

stitute; c. Creation and development of geo information systems, d. The study of mod-

ern geotectonics using GNSS methods. Department 4: ñCapacity Development and 

Scientific Cooperationò carries out work on: a. Using information flows of previously 

non-existent monitoring systems to support decision-making in the field of environmen-

http://www.caiag.kg/ru/otdely-ru/otdel-1-geodinamika-i-georiski
http://old.caiag.kg/ru/
http://www.caiag.kg/ru/otdely-ru/otdel-2-klimat-voda-i-prirodnye-resursy
http://www.caiag.kg/ru/otdely-ru/otdel-2-klimat-voda-i-prirodnye-resursy
http://www.caiag.kg/ru/otdely-ru/otdel-2-klimat-voda-i-prirodnye-resursy/52-otdel2materyaly/168-klimatologiya
http://www.caiag.kg/ru/otdely-ru/otdel-2-klimat-voda-i-prirodnye-resursy/52-otdel2materyaly/171-gidrologiya-limnologiya-gidrogeologiya
http://www.caiag.kg/ru/otdely-ru/otdel-2-klimat-voda-i-prirodnye-resursy/52-otdel2materyaly/169-glyatsiologiya
http://www.caiag.kg/ru/nauchnaya-infrastruktura/sistemy-monitoringa
http://www.caiag.kg/ru/nauchnaya-infrastruktura/it-infrastruktura
http://www.caiag.kg/ru/nauchnaya-infrastruktura/it-infrastruktura
http://www.caiag.kg/ru/nauchnaya-infrastruktura/informatsionnye-sistemy
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tal management; b. Development of scientific cooperation and training of scientific per-

sonnel; c. Development of library resources. 

 

 Key words: applied research, geodynamics, geo-risks, landslides, seismology, 

climate, water and natural resources, glaciology, limnology, geo information systems, 

scientific cooperation, training for personnel, library resources, monitoring. 

 

 ɺʚʝʜʝʥʠʝ. ʇʨʠʢʣʘʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʥʘ ʠʟʫʯʝʥʠʠ 

ʬʘʢʪʦʨʦʚ ʠ ʫʩʣʦʚʠʡ ʧʨʦʷʚʣʝʥʠʷ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʶʞʥʦʛʦ 

ʂʳʨʛʳʟʩʪʘʥʘ. ʇʨʦʚʦʜʷʪʩʷ ʨʘʙʦʪʳ ʧʦ ʦʮʝʥʢʝ ʠ ʘʥʘʣʠʟʫ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʢʪʦʥʠʯʝ-

ʩʢʠʭ ʜʚʠʞʝʥʠʡ ʠ ʠʭ ʘʢʪʠʚʥʦʩʪʠ ʚ ʟʦʥʝ ʇʘʤʠʨʦ-ʊʷʥʴ-ʐʘʥʩʢʦʛʦ ʩʦʯʣʝʥʝʥʠʷ. ʇʨʝʜ-

ʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʙʘʣʘʥʩʘ ʤʘʩʩʳ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠ-

ʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʣʝʜʥʠʢʦʚ ʠ ʣʝʜʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ʂʳʨʛʳʟ-

ʩʪʘʥʘ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʠ 

ʦʙʥʦʚʣʸʥʥʦʛʦ ʢʘʪʘʣʦʛ ʣʝʜʥʠʢʦʚ ʂʳʨʛʳʟʩʪʘʥʘ. ʇʨʦʚʦʜʷʪʩʷ ʧʨʠʢʣʘʜʥʳʝ ʨʘʙʦʪʳ 

ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʙʘʟʳ ʛʝʦʜʘʥʥʳʭ ʠ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘ 

ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ʇʨʠʚʝʜʝʥʳ 

ʜʘʥʥʳʝ ʧʦ ʩʦʟʜʘʥʠʶ ʩʝʪʠ ʠ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʩʠʣʴʥʳʭ ʜʚʠʞʝʥʠʡ (ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʡ) ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʛʦʨʦʜʦʚ ɹʠʰʢʝʢ ʠ ʆʰ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʄʏʉ 

ʂʈ, ʢʘʢ ʦʩʥʦʚʘ ʩʠʩʪʝʤʳ ʨʘʥʥʝʛʦ ʦʧʦʚʝʱʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʠ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʩʪʨʫʢ-

ʪʫʨ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʝʡ ʩʪʨʘʪʝʛʠʝʡ ʨʘʟʚʠʪʠʷ ʀʥʩʪʠʪʫʪʘ ʠ ʫʪʚʝʨʞʜʸʥʥʦʡ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʧʨʦʛʨʘʤʤʦʡ (ʅʀʇ) ʚ ʥʘʩʪʦʷʱʝʤ ʩʪʘʪʴʝ ʧʨʝʜʦʩʪʘʚ-

ʣʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʎɸʀʀɿ ʟʘ 2014-2019 

ʛʦʜʳ [1 - 18].  

ʄʝʪʦʜʠʢʠ ʠ ʤʝʪʦʜʦʣʦʛʠʷ. ʆʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʠ ʥʘʟʝʤʥʳʭ ʤʦʥʠʪʨʠʥʛʦʚʳʭ 
ʥʘʙʣʶʜʝʥʠʡ ʠ ʠʟʤʝʨʝʥʠʡ ʚ ʩʣʝʜʫʶʱʠʭ ʦʙʣʘʩʪʷʭ: ʘ. ʠʟʫʯʝʥʠʝ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦ-
ʮʝʩʩʦʚ ʶʛʘ ʂʨʳʛʳʟʩʪʘʥʘ; ʙ. ʠʟʫʯʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʚ 
ʟʦʥʝ ʩʦʯʣʝʥʝʥʠʷ ʇʘʤʠʨʘ ʩ ʊʷʥʴ-ʐʘʥʝʤ; ʚ. ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʣʝʜ-
ʥʠʢʦʚ ʂʳʨʛʳʟʩʪʘʥʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʙʘʣʘʥʩʘ ʤʘʩʩʳ; ʛ. ʠʥʚʝʥʪʘʨʠʟʘʮʠʷ ʠ ʩʦ-
ʩʪʘʚʣʝʥʠʝ ʢʘʪʘʣʦʛʘ ʣʝʜʥʠʢʦʚ ʂʳʨʛʳʟʩʪʘʥʘ; ʜ. ʩʦʟʜʘʥʠʝ ʙʘʟʳ ʛʝʦʜʘʥʥʳʭ ʎʝʥ-
ʪʨʘʣʴʥʦʡ ɸʟʠʠ; ʝ. ʨʝʛʠʦʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʨʘʥʥʝʛʦ ʦʧʦʚʝʱʝʥʠʷ ʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ 
(ACROSS). ʇʨʠʢʣʘʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʧʨʷʞʝʥʳ ʙʳʣʠ ʩ ʫʩʪʘʥʦʚʢʦʡ ʩʦʚʨʝʤʝʥ-
ʥʳʭ ʜʘʪʯʠʢʦʚ, ʩʪʘʥʮʠʡ, ʠ ʠʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʥʘʫʯʥʳʭ ʦʙʦʨʫʜʦʚʘʥʠʡ ʩ ʩʦʟʜʘ-
ʥʠʝʤ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʝʪʝʡ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘ ʠʟʤʝʥʝʥʠʷʤʠ 
ʦʢʨʫʞʘʶʱʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʘʪʤʦʩʬʝʨʥʦʛʦ, ʛʠʜʨʦʩʬʝʨʥʦʛʦ, ʢʨʠʦʩʬʝʨʥʦʛʦ 
ʠ ʣʠʪʦʩʬʝʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ [1 - 18]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʂʦʤʧʣʝʢʩ ʧʨʦʚʝʜʝʥʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦ-
ʚʘʥʠʡ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʎɸʀʀɿ ʧʦʟʚʦʣʠʣ 
ʧʦʣʫʯʠʪʴ ʥʠʞʝʩʣʝʜʫʶʱʝʝ [1 - 18]. 

1. ʀʟʫʯʝʥʠʝ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ ʶʛʘ ʂʳʨʛʳʟʩʪʘʥʘ. ɺ ʨʘʤʢʘʭ ʜʘʥ-

ʥʦʛʦ ʧʨʦʝʢʪʘ ʧʨʦʚʦʜʷʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ 
ʂʳʨʛʳʟʩʢʦʛʦ ʊʷʥ-ɹʐʘʥʷ. ɿʘ ʧʨʦʰʝʜʰʠʡ ʧʝʨʠʦʜ ʦʮʠʬʨʦʚʘʥʳ ʦʧʦʣʟʥʝʚʳʝ ʩʢʣʦʥʳ 
ʧʦ ʙʘʩʩʝʡʥʘʤ ʨʝʢ ʂʘʨʘ-ɼʘʨʳʷ, ʂʫʛʘʨʪ, ʂʘʨʘ-ʋʶʥʢʫʨ, ʄʘʡʣʳ-ʉʫʫ, ʠ ʉʫʣʶʢʪʘ, ʠ 
ʩʦʩʪʘʚʣʝʥ ʢʘʪʘʣʦʛ ʦʧʦʣʟʥʝʡ ʜʣʷ ʪʝʨʨʠʪʦʨʠʡ ʆʰʩʢʦʡ, ɾʣʘʣʘʣ-ɸʙʘʜʩʢʦʡ ʠ ɹʘʪ-
ʢʝʥʩʢʦʡ ʦʙʣʘʩʪʝʡ (ʨʠʩ. 1).  
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ʈʠʩ. 1.  ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʧʦʣʟʥʝʡ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʂʳʨʛʳʟʩʪʘʥʘ. 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʜʦʣʞʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʪʝʩʪʦʚʳʭ ʫʯʘʩʪʢʘʭ 
(ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʦʧʦʣʟʥʷʭ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 
(GIS), ʜʨʦʥʘ ʠ ʨʘʟʣʠʯʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘ-
ʣʠʟʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ. 
ɽʞʝʛʦʜʥʦ, ʩʦʩʪʘʚʣʷʶʪʩʷ ʦʙʥʦʚʣʝʥʥʳʝ ʢʘʨʪʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʧʦʣʟʥʝʡ ʠ ʦʧʦʣʟ-
ʥʝʦʧʘʩʥʳʭ ʫʯʘʩʪʢʦʚ, ʠ ʠʭ ʜʠʥʘʤʠʢʘ ʨʘʟʚʠʪʠʷ, ʢʦʪʦʨʳʝ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʧʝʨʝʜʘ-
ʶʪʩʷ ʚ ʄʠʥʠʩʪʝʨʩʪʚʦ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʜʣʷ ʧʨʠʥʷʪʠʷ ʦʧʝʨʘʪʠʚʥʳʭ ʨʝʰʝ-
ʥʠʡ.  

2. ʀʟʫʯʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʚ ʟʦʥʝ ʇʘʤʠʨʩʢʦ- 
ʊʷʥʴ-ʐʘʥʴʩʢʦʛʦ ʩʦʯʣʝʥʝʥʠʷ. ʎʝʣʴʶ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 
ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʚ ʟʦʥʝ ʩʦʯʣʝʥʝʥʠʷ ʇʘʤʠʨʘ ʩ ʊʷʥʴ-ʐʘʥʝʤ, ʠʭ ʩʨʘʚʥʝʥʠʝ 
ʩ ʜʚʠʞʝʥʠʷʤʠ ʟʘ ʧʨʦʰʣʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʝʨʠʦʜʳ (ʧʣʝʡʩʪʦʮʝʥ ʠ ʛʦʣʦʮʝʥ) ʠ ʚʳ-
ʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʟʣʦʤʥʳʭ ʟʦʥʘʭ ʠ 
ʚʙʣʠʟʠ ʥʠʭ. 

ɿʘ ʧʨʦʰʝʜʰʠʡ ʧʝʨʠʦʜ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘʢʦʧʣʝʥʠʝ GNSS ʜʘʥʥʳʭ ʠ ʠʭ ʦʙ-
ʨʘʙʦʪʢʘ ʦʪ GNSS ʩʪʘʥʮʠʡ ɸʣʘʡʩʢʦʡ GNSS ʩʝʪʠ, ʢʦʪʦʨʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 10: 
ʩʝʤʴ ʩʪʘʥʮʠʡ ʚ ʩʦʩʪʘʚʝ WAGP (ɿʘʧʘʜʥʦ-ʘʣʘʡʩʢʦʛʦ GNSS ʧʨʦʬʠʣʷ) ʠ ʪʨʠ ʚ EAGP 
ʥʘ ʚʦʩʪʦʢʝ (ʈʠʩ. 2 ɸ ʠ ɺ) 

ɺ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ ʚ ʜʝʢʘʙʨʝ 2015 ʛʦʜʘ ʧʨʦʠʟʦʰʣʦ ʩʠʣʴʥʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ, 
ʢʦʪʦʨʦʝ ʦʪʨʘʟʠʣʦʩʴ ʥʘ ʚʩʝʤ ɸʣʘʝ ï ʚʩʝ ʩʪʘʥʮʠʠ ʩʤʝʩʪʠʣʠʩʴ ʦʪ ʧʦʯʪʠ 2 ʩʘʥʪʠʤʝʪ-
ʨʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʤʝʪʨʦʚ. ʀʟ-ʟʘ ʵʪʦʛʦ ʠʟʤʝʥʠʣʩʷ ʝʩʪʝʩʪʚʝʥʥʳʡ ʭʦʜ ʪʝʢʪʦ-
ʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ. ʀ ʵʪʦʪ ʝʜʠʥʦʚʨʝʤʝʥʥʳʡ ʩʢʘʯʦʢ ʩʪʘʥʮʠʡ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 
ʫʩʣʦʞʥʠʣ ʚʳʯʠʩʣʝʥʠʝ GNSS ʩʢʦʨʦʩʪʝʡ ʪʦʯʝʢ ʥʘʙʣʶʜʝʥʠʷ, ʘ ʩ ʜʨʫʛʦʡ ʜʘʣ ʜʦʧʦʣ-
ʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʠ ʧʘʨʘʤʝʪʨʘʭ ʟʝʤʥʦʡ ʢʦʨʳ. 

ʆʙʨʘʙʦʪʢʘ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣʠ ʠʟʤʝʥʝʥʠʷ ʚ ʪʝʢʪʦʥʠʯʝ-
ʩʢʦʤ ʨʝʞʠʤʝ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠ-
ʞʝʥʠʡ ʠʟʤʝʥʠʣʘʩʴ ʧʦʩʣʝ ʧʨʦʠʟʦʰʝʜʰʝʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʧʨʠʯʝʤ ʚ ʩʪʦʨʦʥʫ 
ʫʤʝʥɹh ʝʥʠʷ (ʨʠʩ. 2 ɺ). 

ʉʢʦʨʦʩʪʴ ʩʪʘʥʮʠʠ SAR1 ʦʪʥʦʩʠʪʝʣʴʥʦ SARY ʩʦʩʪʘʚʣʷʝʪ 12.0 ʤʤ/ʛʦʜ, ʩʪʘʥ-
ʮʠʠ SAR2 ï 14.2 ʤʤ/ʛʦʜ. ʕʪʦ ʦʯʝʥʴ ʙʦʣʴʰʠʝ ʩʢʦʨʦʩʪʠ ʜʣʷ ʨʘʩʩʪʦʷʥʠʷ 27 ʢʤ 
(ʤʝʞʜʫ SAR2 ʠ SARY). 
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ʈʠʩ. 2. ɺʝʢʪʦʨʳ ʩʢʦʨʦʩʪʝʡ ʩʪʘʥʮʠʡ WAGP ʜʦ (A) ʠ ʧʦʩʣʝ (B) ʉʘʨʝʟʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʘʤʦʡ ʩʝʚʝʨʥʦʡ ʩʪʘʥʮʠʠ ALA1. ʅʘ ʩʭʝʤʝ ɸ ʩʪʘʥʮʠʠ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ: ALA3, 

ALA2, ALAI, ALA1. 

ʕʪʦ ʙʦʣʝʝ ʪʨʝʪʠ ʦʙʱʝʡ ʩʢʦʨʦʩʪʠ ʫʢʦʨʦʯʝʥʠʷ ʤʝʞʜʫ ʀʥʜʠʡʩʢʦʡ ʠ ɽʚʨʘʟʠʡ-
ʩʢʠʤʠ ʧʣʠʪʘʤʠ ʠ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʙʦʣʴʰʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʜʝʬʦʨʤʘʮʠʡ ʠʟ 
ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʎʝʥʪʨʘʣʴʥʦ- ʘʟʠʘʪʩʢʦʤ ʨʝʛʠʦʥʝ. ɺʳʯʠʩʣʝʥʠʷ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ, 
ʯʪʦ ʣʠʥʝʡʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʤʝʞʜʫ SAR2 ʠ SARY ʨʘʚʥʷʶʪʩʷ 5.2*10-7, ʘ ʤʝʞʜʫ 
SAR1 ʠ SARY ʩʦʩʪʘʚʣʷʝʪ 4.9*10-7 ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 
ʜʝʬʦʨʤʘʮʠʠ ʚ ʜʘʥʥʦʡ ʯʘʩʪʠ ɸʣʘʡʩʢʦʡ ʚʧʘʜʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʳ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ 
ʨʘʚʥʦʤʝʨʥʦ. 

 ʅʘ ʈʠʩ. 3 ʧʨʠʚʦʜʠʪʩʷ ʢʦʩʤʠʯʝʩʢʠʡ ʩʥʠʤʦʢ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʚ ʚʠʜʝ ʩʪʨʝʣʦʢ 
çɺʝʢʪʦʨʘʤʠ ʩʢʦʨʦʩʪʝʡ ʩʪʘʥʮʠʡ ɺʦʩʪʦʯʥʦ-ɿʘʣʘʡʩʢʦʛʦ GNSS ʧʨʦʬʠʣʷ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ ʩʪʘʥʮʠʠ SARYè. 

 

  

ʈʠʩ. 3. ɺʝʢʪʦʨʳ ʩʢʦʨʦʩʪʝʡ ʩʪʘʥʮʠʡ ɺʦʩʪʦʯʥʦ-ɿʘʣʘʡʩʢʦʛʦ GNSS ʧʨʦʬʠʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʩʪʘʥʮʠʠ SARY. 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘ-
ʥʠʝ ʩ ʫʯʝʪʦʤ ʝʝ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʩʤʝʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʠʝ ʙʦʣʝʝ ʜʝ-
ʪʘʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʜʚʫʭ ʨʘʟʥʳʭ ʛʝʦ-
ʣʦʛʠʯʝʩʢʠʭ ʨʘʟʣʦʤʘʭ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʙʫʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ. 

A B 
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3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʣʝʜʥʠʢʦʚ ʂʳʨʛʳʟʩʪʘʥʘ ʠ ʦʧʨʝʜʝʣʝ-
ʥʠʝ ʠʭ ʙʘʣʘʥʩʘ ʤʘʩʩʳ. ʎʝʣʴ ʧʨʦʝʢʪʘ: ʦʧʨʝʜʝʣʝʥʠʷ ʙʘʣʘʥʩʘ ʤʘʩʩʳ, ʤʦʨʬʦʣʦ-
ʛʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʣʝʜʥʠʢʦʚ ʠ ʣʝʜʥʠʢʦ-
ʚʳʭ ʩʠʩʪʝʤ ʂʳʨʛʳʟʩʪʘʥʘ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ.  
ʉ 2006 ʛʦʜʘ ʠ ʧʦ ʥʘʩʪʦʷʱʝʝ ʧʨʦʜʦʣʞʘʶʪʩʷ ʜʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʦʨ-

ʥʳʭ ʣʝʜʥʠʢʦʚ ɸʙʨʘʤʦʚʘ, ɻʦʣʫʙʠʥʘ, ʇʝʪʨʦʚʘ, ʂʘʨʘʙʘʪʢʘʢ, ɿʘʧʘʜʥʳʡ ʉʫʝʢ, ˉ354, 
ʠ ʕʥʳʣʯʝʢ (ʨʠʩ. 4) ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʙʘʣʘʥʩʘ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ, ʜʠʥʘʤʠʯʝ-
ʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʣʝʜʥʠʢʦʚʦʛʦ ʩʪʦʢʘ, ʘ ʪʘʢʞʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʀʩʩʣʝ-
ʜʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʤʝʪʦʜʘʤʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 
ʟʦʥʜʠʨʦʚʘʥʠʷ (ɼɼɿ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʢʦʩʤʠ-
ʯʝʩʢʠʭ ʩʥʠʤʢʦʚ.  
ɺʳʧʦʣʥʷʝʪʩʷ ʢʘʨʪʠʨʦʚʘʥʠʝ ʠʭ ʛʨʘʥʠʮ, ʠʟʤʝʨʝʥʠʝ ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʳ ʧʦ-

ʚʝʨʭʥʦʩʪʠ, ʘʙʣʷʮʠʠ ʠ ʘʢʢʫʤʫʣʷʮʠʠ. ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʙʘʣʘʥʩ ʤʘʩʩʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ 
ʧʦʣʫʯʝʥʘ ʨʝʪʨʦʩʧʝʢʪʠʚʥʘʷ ʠ ʩʦʚʨʝʤʝʥʥʘʷ ʢʘʨʪʠʥʘ ʠʟʤʝʥʝʥʠʷ ʧʣʦʱʘʜʝʡ, ʦʙʲʝ-
ʤʦʚ ʠ ʩʪʨʫʢʪʫʨʳ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʣʝʜʥʠʢʦʚ.  
ʉʦʟʜʘʥʘ ʠ ʨʘʩʰʠʨʷʝʪʩʷ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʣʝʜʥʠʢʘʤ ʂʳʨ-

ʛʳʟʩʢʦʛʦ ʊʷʥʴ-ʐʘʥʷ.  
ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮʳ ʷʟʳʢʘ ʣʝʜʥʠʢʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʩʧʫʪʥʠʢʘ çPlanet Scopeè ʚʳʧʦʣʥʝʥʦ ʚ 
2018 ʛʦʜʫ ʜʣʷ ʣʝʜʥʠʢʦʚ ɸʙʨʘʤʦʚʘ, ɻʦʣʫʙʠʥʘ, ʉʫʝʢʩʢʦʛʦ, ˉ 354 (ɸʢʰʠʡʨʘʢ), ʇʝʪ-
ʨʦʚʘ. ʆʪʩʪʫʧʘʥʠʝ ʛʨʘʥʠʮʳ ʣʝʜʥʠʢʘ ʇʝʪʨʦʚʘ ʟʘ 2015-18 ʛʛ.  ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.5 , 
ʣʝʜʥʠʢʘ ɸʙʨʘʤʦʚʘ ʟʘ 2016 -2018 ʛʛ. ʥʘ ʨʠʩʫʥʢʝ 6 ɸ) ʠ ʣʝʜʥʠʢʘ ɻʦʣʫʙʠʥʘ ʟʘ 2014-
2018 ʛʛ. ʥʘ ʨʠʩʫʥʢʝ 6.ɺ).  

ɺ ʮʝʣʦʤ, ʪʝʥʜʝʥʮʠʷ ʜʝʛʨʘʜʘʮʠʠ ʣʝʜʥʠʢʦʚ ʩʦʭʨʘʥʷʝʪʩʷ, ʢʘʢ ʵʪʦ ʚʠʜʥʦ ʥʘ 
ʫʢʘʟʘʥʥʳʭ ʨʠʩ. 5.  

 

 

ʈʠʩ. 4. ʈʘʩʧʦʣʦʞʝʥʠʝ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʣʝʜʥʠʢʦʚ ʂʳʨʛʳʟʩʪʘʥʘ. 
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ʈʠʩ. 5. ɻʨʘʥʠʮʳ ʷʟʳʢʘ ʣʝʜʥʠʢʘ ʇʝʪʨʦʚʘ   ʚ 2015 - 18 ʛʦʜʘʭ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ 
ʩʥʠʤʢʘʤ ʩʧʫʪʥʠʢʘ çLandsat 8è ʦʪ 2015-17 ʛʦʜʘ ʠ ʩʧʫʪʥʠʢʘ çPlanet Scopeè ʦʪ 

08/2018 ʛ. ʌʦʥʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ-ʩʥʠʤʦʢ ʩʧʫʪʥʠʢʘ çPlanet Scopeè ʦʪ 08/2018 ʛ. 

ɸ)   ɺ)  

ʈʠʩ. 6. ɻʨʘʥʠʮʳ ʷʟʳʢʘ ʣʝʜʥʠʢʦʚ: ʘ) ɸʙʨʘʤʦʚʘ ʠ ʚ) ɻʦʣʫʙʠʥʘ ʚ 2016, 2018 ʛʦʜʘʭ ʧʦ 
ʢʦʩʤʠʯʝʩʢʠʤ ʩʥʠʤʢʘʤ ʩʧʫʪʥʠʢʘ çPlanet Scopeè ʦʪ 08/2016, 08/2018 ʛ. ʌʦʥʦʚʦʝ ʠʟʦʙʨʘ-

ʞʝʥʠʝ -ʩʥʠʤʦʢ ʩʧʫʪʥʠʢʘ çPlanet Scopeè ʦʪ 08/2018 ʛ. 
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4. ʀʥʚʝʥʪʘʨʠʟʘʮʠʠ ʠ ʩʦʩʪʘʚʣʝʥʠʝ ʢʘʪʘʣʦʛʘ ʣʝʜʥʠʢʦʚ ʂʳʨʛʳʟʩʪʘʥʘ. ɺ 

ʨʘʤʢʘʭ ʪʝʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 2018 ʛʦʜʫ ʦʧʫʙʣʠʢʦʚʘʥ çʂʘʪʘʣʦʛ ʣʝʜʥʠʢʦʚ 
ʂʳʨʛʳʟʩʪʘʥʘè, ʛʜʝ ʥʘ ʦʩʥʦʚʝ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʩʧʫʪʥʠʢʘ 
çʃʘʥʜʩʘʪ 8è ʠ ʩʨʘʚʥʝʥʠʷ ʩ ʂʘʪʘʣʦʛʦʤ ʣʝʜʥʠʢʦʚ ʉʉʉʈ (ʂʃʉ), ʧʦʢʘʟʘʥʦ ʩʦʩʪʦʷʥʠʝ 
ʦʣʝʜʝʥʝʥʠʷ ʥʘ 2013-16 ʛʛ. ʠ ʝʛʦ ʠʟʤʝʥʝʥʠʝ ʩʦ ʚʨʝʤʝʥʠ ʧʦʜʛʦʪʦʚʢʠ ʂʃʉ ʚ 70- ʛʦʜʳ 
20-ʛʦ ʩʪʦʣʝʪʠʷ.  

ʆʩʥʦʚʥʳʤʠ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʦʩʣʫ-
ʞʠʣʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩʧʫʪʥʠʢʘ çLandsat 8è (ʩ ʩʘʡʪʘ ɻʝʦʣʦʛʠʯʝʩʢʦʡ ʉʣʫʞʙʳ ʉʐɸ 
USGS - https://earthexplorer.usgs.gov/), ʘ ʪʘʢʞʝ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ (ʎʄʈ), 
ʩ ʨʘʟʨʝʰʝʥʠʝʤ 30 ʤʝʪʨʦʚ, ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ ʜʘʥʥʳʤ ʨʘʜʠʦʤʝʪʨʘ ASTER, ʨʘʩʧʦ-
ʣʦʞʝʥʥʦʛʦ ʥʘ ʪʨʘʥʩʥʘʮʠʦʥʘʣʴʥʦʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʩʧʫʪʥʠʢʝ TERRA 
(ʩ ʩʘʡʪʘ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ɸʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ɸʛʝʥʪʩʪʚʘ ʉʐɸ NASA - 
http://earthdata.nasa.gov/). ɺ ʪʘʙʣ. 1, ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʣʝʜʥʠʢʦʚ ʀʩʩʳʢ-ʂʫʣʴ-
ʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʪ ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠ-
ʪʠʷ ʣʝʜʥʠʢʦʚ ʚ ʂʳʨʛʳʟʩʪʘʥʝ, ʦʮʝʥʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʤʘʩʰʪʘʙʳ ʠʟʤʝʥʝʥʠʷ ʣʝʜ-
ʥʠʢʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʨʝʛʠʦʥʘ. 

ʊʘʙʣʠʮʘ 1. 

  

 5. ʉʦʟʜʘʥʠʝ ʙʘʟʳ ʛʝʦʜʘʥʥʳʭ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ʇʦʩʪʨʦʝʥʘ ʦʩʥʦʚʘ ʨʝ-
ʛʠʦʥʘʣʴʥʦʡ ʙʘʟʳ ʛʝʦʜʘʥʥʳʭ (ɹɻɼ), ʜʦʩʪʫʧʥʦʡ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠʟ 
ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥ. ʈʘʟʨʘʙʦʪʘʥʳ ʢʦʥʮʝʧʮʠʷ ʙʘʟʳ ʛʝʦʜʘʥʥʳʭ, ʤʝ-
ʪʦʜʳ ʭʨʘʥʝʥʠʷ, ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʜʦʩʪʫʧʘ ʢ ʦʮʠʬʨʦʚʘʥʥʳʤ ʢʦʤʧʴʶʪʝʨʥʳʤ ʜʘʥʥʳʤ 
(ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʚʝʢʪʦʨʥʳʝ ʩʣʦʠ ʠ ʨʘʩʪʨʳ, ʪʝʤʘʪʠʯʝʩʢʠʝ ʚʝʢʪʦʨʥʳʝ ʩʣʦʠ ʠ ʨʘʩ-
ʪʨʳ, ʪʘʙʣʠʯʥʳʝ ʠ ʪʝʢʩʪʦʚʳʝ ʜʦʢʫʤʝʥʪʳ).  
 ɿʘʧʫʱʝʥ ʚʝʙ-ʩʝʨʚʝʨ ʠ ʩʣʫʞʙʳ ʧʦʜʜʝʨʞʢʠ ʦʪʦʙʨʘʞʝʥʠʷ ʜʘʥʥʳʭ, ʭʨʘʥʷ-
ʱʠʭʩʷ ʚ ʙʘʟʝ ʛʝʦʜʘʥʥʳʭ, ʯʝʨʝʟ ʚʝʙ-ʜʦʩʪʫʧ. ɺ ʙʘʟʫ ʛʝʦʜʘʥʥʳʭ ʚʚʝʜʝʥʳ ʩʣʦʠ ʪʦ-
ʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ ʤʘʩʰʪʘʙʘ ʄ: 500000 (80% ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ), ʢʦʩʤʠʯʝʩʢʠʝ 
ʩʥʠʤʢʠ Landsat (ʂʳʨʛʳʟʩʪʘʥ), ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ, ʧʦʩʪʫʧʘʶ-
ʱʠʭ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʛʠʜʨʦ-ʤʝʪʝʦ, GPS ʠ ʩʝʡʩʤʦʩʪʘʥʮʠʡ.  
 ʅʘ ʦʩʥʦʚʝ ɹɻɼ ʩʦʟʜʘʥʳ ʧʣʘʪʬʦʨʤʘ ʜʘʥʥʳʭ ʧʦ ʩʥʠʞʝʥʠʶ ʨʠʩʢʦʚ ʙʝʜʩʪʚʠʡ 
(ɺʩʝʤʠʨʥʳʡ ʙʘʥʢ, ʄʏʉ) ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʰʢʦʣ ʠ ʜʦ-
ʰʢʦʣʴʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ (ʖʥʠʩʝʬ, ʄʠʥ ʦʙʨ. ʄʏʉ). ʅʘʯʘʪʘ ʚʪʦ-
ʨʘʷ ʩʪʘʜʠʷ ʨʘʟʚʠʪʠʷ ɹɻɼ ʢʘʢ ʫʟʣʘ ʅʘʮʠʦʥʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʨʦʩʪʨʘʥ-
ʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʦʟʜʘʪʴ ɹɻɼ, ʦʪʚʝʯʘʶʱʫʶ ʤʠʨʦ-

 ɺʩʝʛʦ ʣʝʜʥʠʢʦʚ ʚ 
ʙʘʩʩʝʡʥʝ ʦʟ. ʀʩ-
ʩʳʢ-ʂʫʣʴ 

ʃʝʜʥʠʢʠ ʨʘʟʤʝ-
ʨʦʤ 

 > 0.1 ʢʤ
2

  

ʃʝʜʥʠʢʠ ʨʘʟʤʝʨʦʤ 

 < 0.1 ʢʤ
2

  

 ʂʦʣʠ-
ʯʝʩʪʚʦ 

ʇʣʦʱʘʜʴ, 

ʢʤ
2
  

ʂʦʣ-
ʚʦ 

ʇʣʦ-
ʱʘʜʴ, 

ʢʤ
2
  

ʂʦʣ-ʚʦ ʇʣʦ-
ʱʘʜʴ, 

ʢʤ
2
  

ʇʦ ʢʘʪʘʣʦʛʫ  843  650,4  631  636,4  203  14,0 

ʇʦ çLandsat 
8è  

957  560,8  635  546,4  322  14,4 

http://earthdata.nasa.gov/
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ʚʳʤ ʩʪʘʥʜʘʨʪʘʤ ʠ ʦʪʢʨʳʪʫʶ ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʯʝʥʳʤʠ ʠ ʩʧʝʮʠʘ-
ʣʠʩʪʘʤʠ ʢʘʢ ʂʳʨʛʳʟʩʪʘʥʘ, ʪʘʢ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥ ʤʠʨʘ. 
 6. çʈʝʛʠʦʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʨʘʥʥʝʛʦ ʦʧʦʚʝʱʝʥʠʷ ʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭè 

(ACROSS). ʈʘʟʨʘʙʦʪʢʘ ʦʩʥʦʚʳ ʧʨʦʝʢʪʘ ʙʳʣʘ ʥʘʯʘʪʘ ʩ 2015 ʛʦʜʘ. ʎɸʀʀɿ ʠ GFZ 
ʩʦʚʤʝʩʪʥʦ ʄʏʉ ʂʈ ʥʘʯʘʣ ʨʘʟʨʘʙʦʪʢʫ ʦʩʥʦʚʳ ʧʨʦʝʢʪʘ ʎʝʣʴ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ï 
ʩʦʟʜʘʥʠʝ ʩʝʪʠ ʠ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʩʠʣʴʥʳʭ ʜʚʠʞʝʥʠʡ (ʟʝʤʣʝʪʨʷʩʝʥʠʡ) ʨʝ-
ʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʛʦʨʦʜʦʚ ɹʠʰʢʝʢ ʠ ʆʰ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʄʏʉ ʂʈ, ʢʘʢ 
ʦʩʥʦʚʘ ʩʠʩʪʝʤʳ ʨʘʥʥʝʛʦ ʦʧʦʚʝʱʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʠ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ.  
 ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʫʩʪʘʥʦʚʣʝʥʳ 12 ʩʪʘʥʮʠʡ ʚ ʨʘʜʠʫʩʝ ʦʪ 50 ʜʦ 400 ʢʤ. 
ʚʦʢʨʫʛ ʛ. ɹʠʰʢʝʢ ʠ 6 ʩʪʘʥʮʠʡ ʚ ʨʘʜʠʫʩʝ ʦʪ 50 ʜʦ 200 ʢʤ. ʚʦʢʨʫʛ ʛ. ʆʐ, ʢʦʪʦʨʳʝ ʚ 
ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʶʪ ʚʩʝ ʧʨʦʠʟʦʰʝʜʰʠʝ ʚ ʵʪʦʤ ʨʘʜʠʫʩʝ ʩʝʡʩʤʠ-
ʯʝʩʢʠʝ ʩʦʙʳʪʠʷ ʚ ʎɸʀʀɿ ʠ ʎʋʂʉ ʄʏʉ. ʅʘ ʈʠʩ. 7 ʧʨʝʜʩʪʘʚʣʝʥʘ çʂʘʨʪʘ -cʭʝʤʘ 
ʫʩʪʘʥʦʚʣʝʥʥʳʭ 18 ʩʪʘʥʮʠʡ ʧʦ ʩʠʣʴʥʳʤ ʜʚʠʞʝʥʠʷʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʳʨʛʳʟʩʢʦʡ 
ʈʝʩʧʫʙʣʠʢʠè. 
 

 

ʈʠʩ. 7. ʂʘʨʪʘ -cʭʝʤʘ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 18 ʩʪʘʥʮʠʡ ʧʦ ʩʠʣʴʥʳʤ ʜʚʠʞʝʥʠʷʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 
ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ. 

ɿʘʢʣʶʯʝʥʠʝ 
 

1. ʉʦʜʝʨʞʘʥʠʝ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʠʥʬʦʨʤʘʮʠʶ 
ʠ ʨʝʟʫʣʴʪʳ ʦʙ ʦʩʥʦʚʥʳʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʝʢʪʦʚ, ʚʳʧʦʣʥʷʝʤʳʭ ʦʪ-
ʜʝʣʘʤʠ ʎɸʀʀɿ. 

2. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʆʪʜʝʣʘ 1 ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʥʘ ʠʟʫʯʝʥʠʠ 
ʬʘʢʪʦʨʦʚ ʠ ʫʩʣʦʚʠʡ ʧʨʦʷʚʣʝʥʠʷ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʶʞʥʦʛʦ 
ʂʳʨʛʳʟʩʪʘʥʘ. ʆʮʝʥʢʘ ʠ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʠ ʠʭ ʘʢʪʠʚ-
ʥʦʩʪʴ ʚ ʟʦʥʝ ʇʘʤʠʨʦ-ʊʷʥʴ-ʐʘʥʩʢʦʛʦ ʩʦʯʣʝʥʝʥʠʷ. 

3. ʇʦ ʆʪʜʝʣʫ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʙʘʣʘʥʩʘ ʤʘʩʩʳ, 
ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʣʝʜʥʠʢʦʚ ʠ 
ʣʝʜʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ʂʳʨʛʳʟʩʪʘʥʘ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ. ʇʨʠʚʝʜʝʥʳ ʨʝ-
ʟʫʣʴʪʘʪʳ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʠ ʦʙʥʦʚʣʸʥʥʦʛʦ ʢʘʪʘʣʦʛ ʣʝʜʥʠʢʦʚ ʂʳʨʛʳʟʩʪʘʥʘ. 

4. ɼʝʷʪʝʣʴʥʦʩʪʴ ʆʪʜʝʣʘ 3 ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʙʘʟʳ ʛʝʦ-
ʜʘʥʥʳʭ ʠ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʥʘ ʪʝʨʨʠ-
ʪʦʨʠʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ʉʦʟʜʘʥʠʝ ʩʝʪʠ ʠ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʩʠʣʴʥʳʭ ʜʚʠʞʝ-
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ʥʠʡ (ʟʝʤʣʝʪʨʷʩʝʥʠʡ) ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʛʦʨʦʜʦʚ ɹʠʰʢʝʢ ʠ ʆʰ, ʢʦʪʦʨʘʷ ʠʩ-
ʧʦʣʴʟʫʝʪʩʷ ʄʏʉ ʂʈ, ʢʘʢ ʦʩʥʦʚʘ ʩʠʩʪʝʤʳ ʨʘʥʥʝʛʦ ʦʧʦʚʝʱʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʠ ʤʫʥʠ-
ʮʠʧʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ.  
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9. ʄʦʣʜʦʙʝʢʦʚ ɹ.ɼ., ʋʩʫʧʘʝʚ ʐ.ʕ., ɿʫʙʦʚʠʯ ɸ.ɺ., ʐʘʢʠʨʦʚ ɸ.ʕ., ʐʘʨʰʝʙʘʝʚ ɸ.ʂ. 
ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʝʪʠ ʤʦʥʠʪʦʨʠʥʛʘ ʛʝʦʨʠʩʢʦʚ ʚ ʂʳʨʛʳʟʩʪʘʥʝ ʠ 
ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ʉʧʝʮʚʳʧʫʩʢ ʧʦʩʚʷʱʝʥʥʳʡ 20-ʦʡ ʛʦʜʦʚʱʠʥʝ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 
ʝʜʠʥʩʪʚʘ ʠ ɻʦʜʫ ʤʦʣʦʜʝʞʠ ʊʘʜʞʠʢʠʩʪʘʥʘ ʥʘ ʦʩʥʦʚʝ ʄʘʪʝʨʠʘʣʦʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 
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ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʥʘ ʪʝʤʫ çʂʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʠ ʛʠʜʨʦ-
ʨʝʩʫʨʩʳ ʉʨʝʜʥʝʡ ɸʟʠʠè. ʉʝʨʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ. ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ: çʅʘʫʢʘ ʠ 
ʠʥʥʦʚʘʮʠʠè ˉ1. ɼʫʰʘʥʙʝ: çʉʀʅʆè. 2017. ʉ. 70 ï 73. 
10. ʄʦʣʜʦʙʝʢʦʚ ɹ.ɼ., ʋʩʫʧʘʝʚ ʐ.ʕ., ɽʨʦʭʠʥ ʉ.ɸ., ʉʘʨʥʦʛʦʝʚ ɸ.ʂ., ɸʙʜʨʘʭʤʘʥʦʚʘ 
ɻ.ɸ. ʇʨʦʙʣʝʤʳ ʩʝʣʝʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʂʳʨʛʳʟʩʪʘʥʝ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ʄʝʞ-
ʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʝʣʝʚʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ: ʦʮʝʥʢʘ, 
ʧʨʦʛʥʦʟ, ʟʘʱʠʪʘè ʛ. ɸʣʤʘʪʳ (ʂʘʟʘʭʩʪʘʥ) 22-25 ʘʚʛʫʩʪʘ 2017 ʛ. ʉ.133 -140. 
11. ʄʦʣʜʦʙʝʢʦʚ ɹ.ɼ., ʋʩʫʧʘʝʚ ʐ.ʕ., ɿʫʙʦʚʠʯ ɸ.ɺ.,ʋʩʫʙʘʣʠʝʚ ʈ.ɸ., ʆʨʫʥʙʘʝʚ ʉ.ɾ., 
ʐʘʢʠʨʦʚ ɸ.ʕ., ʐʘʨʰʝʙʘʝʚ ɸ.ʂ., ʆʩʤʦʥʦʚ ɸ., ɸʟʠʩʦʚ ʕ., ɹʦʨʠʩʦʚ ʄ. ʄʦʥʠʪʦʨʠʥʛ 
ʛʝʦʨʠʩʢʦʚ ʠ ʩʠʩʪʝʤʘ ʨʘʥʥʝʛʦ ʦʧʦʚʝʱʝʥʠʷ ʚ ʂʳʨʛʳʟʩʪʘʥʝ. ɺ ʢʥ: ʄʦʥʠʪʦʨʠʥʛ ʠ ʧʨʦ-
ʛʥʦʟ ʚʦʟʤʦʞʥʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʳʨʛʳʟʩʢʦʡ 
ʈʝʩʧʫʙʣʠʢʠ (ʠʟʜʘʥʠʝ 15-ʦʝ ʩ ʜʦʧʦʣʥʝʥʠʷʤʠ). ɹ.: ʄʏʉ ʂʈ, 2018. ʉ. 726-730. 
12. ʋʩʫʧʘʝʚ ʐ.ʕ., ʆʨʫʥʙʘʝʚ ʉ.ɾ., ʄʦʣʜʦʙʝʢʦʚ ɹ.ɼ. ʂʦʤʧʣʝʢʩʥʳʝ ʩʝʡʩʤʦʛʝʦʣʦ-
ʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʦʨʠʩʢʦʚ ʥʘ ʧʨʠʤʝʨʝ ʛʦʨʦʜʦʚ ʂʳʨʛʳʟʩʪʘʥʘ. ʄʘʪʝʨʠʘʣʳ 
13-ʦʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʦʡ ʰʢʦʣʳ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘ-
ʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʆʙʥʠʥʩʢ-2018. ʉ. 268 ï 272. 
13. ʄʦʣʜʦʙʝʢʦʚ ɹ.ɼ., ʆʨʫʥʙʘʝʚ ʉ.ɾ., ʋʩʫʧʘʝʚ ʐ.ʕ. ʅʦʚʳʝ Vs ʢʘʨʪʳ ʠ ʠʥʞʝʥʝʨ-
ʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʩʝʡʩʤʦʩʪʦʡʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʥʠʞʝʥʠʷ ʛʝʦʨʠʩʢʦʚ ʦʪ ʟʝʤʣʝ-
ʪʨʷʩʝʥʠʡ ʚ ʂʳʨʛʳʟʩʪʘʥʝ. ʄʘʪʝʨʠʘʣʳ ɺʪʦʨʦʛʦ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʠʤʧʦʟʠʫʤʘ, ʧʦ-
ʩʚʷʱʝʥʥʦʛʦ 75 ʣʝʪʠʶ ʅɸʅ ʂʈ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʤʝʭʘʥʠʢʠ: ʧʨʦʛʥʦʟ ʠ ʧʨʝ-
ʜʫʧʨʝʞʜʝʥʠʝ ʛʦʨʥʳʭ ʫʜʘʨʦʚ ʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʤʦʥʠʪʦʨʠʥʛ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ 
ʧʨʦʮʝʩʩʦʚ ʚ ʧʦʨʦʜʥʦʤ ʤʘʩʩʠʚʝ. ɹʠʰʢʝʢ ï 2018. ʉ. 286 ï 298. 
14. ʋʩʫʧʘʝʚ ʐ.ʕ., ʄʦʣʜʦʙʝʢʦʚ ɹ.ɼ., ʆʨʫʥʙʘʝʚ ʉ.ɾ. ʀʥʞʝʥʝʨʥʳʝ ʩʠʩʪʝʤʳ ʠʥʪʝ-
ʛʨʠʨʦʚʘʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʛʝʦʨʠʩʢʦʚ ʠ ʨʘʥʥʝʛʦ ʦʧʦʚʝʱʝʥʠʷ ʦʪ ʩʝʡʩʦʤʢʘʪʘʩʪʨʦʬ 
ʠ Vs ʢʘʨʪʠʨʦʚʘʥʠʝ ʚ ʂʳʨʛʳʟʩʪʘʥʝ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ʄʠʥʠʩʪʝʨʩʪʚʦ ʯʨʝʟʚʳʯʘʡ-
ʥʳʭ ʩʠʪʫʘʮʠʡ ʂʳʨʳʛʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ. ʄʘʪʝʨʠʘʣʳ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝ-
ʨʝʥʮʠʠ çʅʦʚʳʝ ʧʦʜʭʦʜʳ ʚ ʩʬʝʨʝ ʩʥʠʞʝʥʠʷ ʨʠʩʢʦʚ ʙʝʜʩʪʚʠʡè ʧʦʩʚʷʱʝʥʥʦʡ ɼʥʶ 
ʩʥʠʞʝʥʠʷ ʨʠʩʢʦʚ ʙʝʜʩʪʚʠʡ ʚ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝè. ɹʠʰʢʝʢ, 2018. ʉ. 158 -163. 
15. ʋʩʫʧʘʝʚ ʐ.ʕ., ʄʦʣʜʦʙʝʢʦʚ ɹ.ɼ., ɿʫʙʦʚʠʯ ɸ.ɺ., ʋʩʫʙʘʣʠʝʚ ʈ.ɸ., ʐʘʢʠʨʦʚ ɸ.ʕ., 
ʆʨʫʥʙʘʝʚ ʉ.ɾ. ʄʦʥʠʪʦʨʠʥʛ ʛʝʦʨʠʩʢʦʚ, ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʠʭ ʣʠʪʦʩʬʝʨʫ ʂʳʨʛʳʟ-
ʩʪʘʥʘ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ʄʦʥʠʪʦʨʠʥʛ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʦʧʘʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 
ʷʚʣʝʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ (ʀʟʜ. 16-ʝ ʩ ʠʟʤ. ʠ ʜʦʧ.), ɹ.: ʄʏʉ 
ʂʈ. 2019 ï ʉ. 751-754. 
16. ʋʩʫʧʘʝʚ ʐ.ʕ., ʄʦʣʜʦʙʝʢʦʚ ɹ.ɼ., ɸʙʜʳʙʘʯʘʝʚ ʋ.ɸ. ʂʘʨʪʘ ʘʢʪʫʦʪʝʢʪʦʥʠʯʝʩʢʦʡ 
ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʨʦʚʣʠ ʣʠʪʦʩʬʝʨʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʪʠʧʠʟʘʮʠʠ ʦʧʦʣʟʥʝʡ ʂʳʨ-
ʛʳʟʩʪʘʥʘ. ʄʦʥʠʪʦʨʠʥʛ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʦʧʘʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ ʥʘ ʪʝʨʨʠ-
ʪʦʨʠʠ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ (ʀʟʜ. 16-ʝ ʩ ʠʟʤ. ʠ ʜʦʧ.), ɹ.: ʄʏʉ ʂʈ, 2019 ï ʉ. 759 
ï 763. 
17. ɼʘʡʳʨʦʚ ʄ. ɸ., ʋʩʫʧʘʝʚ ʐ.ʕ., ʄʦʣʜʦʙʝʢʦʚ ɹ.ɼ., ʅʘʨʘʤʘ ʏ. ʂʦʩʤʠʯʝʩʢʠʡ ʠ 
ʥʘʟʝʤʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʛʝʦʨʠʩʢʦʚ ʦʪ ʧʨʦʨʳʚʦʦʧʘʩʥʳʭ ʛʣʷʮʠʘʣʴʥʳʭ ʦʟʝʨ ʂʳʨʛʳʟ-
ʩʢʦʛʦ ʊʷʥʴ-ʐʘʥʷ. ʄʦʥʠʪʦʨʠʥʛ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʦʧʘʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ ʥʘ 
ʪʝʨʨʠʪʦʨʠʠ ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ (ʀʟʜ. 16-ʝ ʩ ʠʟʤ. ʠ ʜʦʧ.). ɹ.: ʄʏʉ ʂʈ. 2019 ï 
ʉ. 765 ï 779. 
18. ʋʩʫʧʘʝʚ ʐ.ʕ., ʄʦʣʜʦʙʝʢʦʚ ɹ.ɼ., ʆʨʫʥʙʘʝʚ ʉ.ɾ., ʊʘʣʘʥʪ ɸ., ɿʘʨʳʣʙʝʢ ʈ., 
ɸʥʘʨʢʫʣʦʚ ɹ.ɸ. ɼʠʩʪʘʥʮʠʦʥʥʳʡ ʠ ʥʘʟʝʤʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʦʧʦʣʟʥʷ ʊʘʪʳʨ ʚ ʏʦʥʢʫʨ-
ʯʘʢʝ ʏʫʡʩʢʦʡ ʚʧʘʜʠʥʳ ʂʳʨʛʳʟʩʪʘʥʘ. ɾʫʨʥʘʣ ʅʘʫʢʘ ʠ ʠʥʥʦʚʘʮʠʷ. ʉʝʨʠʷ ʛʝʦʣʦʛʠ-
ʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ. ɼʫʰʘʥʙʝ. ˉ1. ʉ. 38 ï 45. 
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SESSION 1 / ʉɽʂʎʀʗ 1 
ʄʆʅʀʊʆʈʀʅɻ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ɻɽʆɼʀʅɸʄʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ 

ɿɽʄʃʀ  
MONITORING AND RESEARCH OF EARTH GEODYNAMIC PROCESSES 

  

ʄʆʅʀʊʆʈʀʅɻ ʉʊʈʋʂʊʋʈʅʆʁ ʋʉʊʆʁʏʀɺʆʉʊʀ ʂʋʈʇʉɸʁʉʂʆʁ ʇʃʆʊʀʅʓ 

ɺ ʂʓʈɻʓɿʉʂʆʁ ʈɽʉʇʋɹʃʀʂɽ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 

ʅɽɼʆʈʆɻʆʉʊʆʗʑʀʍ ʉɽʁʉʄʀʏɽʉʂʀʍ ɼɸʊʏʀʂʆɺ 

ʇʠʣʮ ʄʘʨʢʦ, ʌʣʝʤʠʥʛ ʂʝʚʠʥ, ʇʠʪʪʦʨʝ ʄʘʩʩʠʤʠʣʠʘʥʦ 
GFZ - ʅʝʤʝʮʢʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʥʘʫʢ ʦ ɿʝʤʣʝ, ʇʦʪʩʜʘʤ, ɻʝʨʤʘʥʠʷ 

ʆʨʫʥʙʘʝʚ ʉʘʛʳʥʙʝʢ 
ʎʝʥʪʨʘʣʴʥʦ-ʘʟʠʘʪʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʢ ʦ ɿʝʤʣʝ, ɹʠʰʢʝʢ  

 

STRUCTURAL HEALTH MONITORING OF THE KURPSAI DAM IN THE KYRGYZ 
REPUBLIC USING LOW-COST SEISMIC SENSORS 

Pilz Marco, Fleming Kevin, Pittore Massimiliano 
GFZ ï German Research Center for Geosciences, Potsdam, Germany 

Orunbaev Sagynbek 
Central Asian Institute for Applied Geosciences, Bishkek, Kyrgyzstan 

 
ʇʦ ʧʨʦʝʢʪʫ MI-DAM (ʄʫʣʴʪʠʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʠ ʦʮʝʥʢʘ ʨʠʩʢʘ ɻʕʉ 

ʚ ʂʳʨʛʳʟʩʪʘʥʝ) ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʌʝʜʝʨʘʣʴʥʦʛʦ ʤʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʯʥʳʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ ɻʝʨʤʘʥʠʠ, ʥʘ ʂʫʨʧʩʘʡʩʢʦʡ ɻʕʉ ʫʩʪʘʥʦʚʣʝʥʳ ʙʳʣʠ ʥʝʜʦʨʦʛʠʝ ʩʝʡʩʤʠ-
ʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʣʦʪʠʥʳ. ʄʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʮʝʥʢʠ 
ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʠʩʢʘ ʚʘʞʥʘ ʜʣʷ ʧʨʦʝʢʪʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ɻʕʉ. ʇʦʣʫʯʝʥʥʳʝ ʟʘʧʠʩʠ, 
ʧʘʨʘʤʝʪʨʳ ʬʫʥʢʮʠʡ ʭʨʫʧʢʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʚʘʞʥʳ ʜʣʷ ʠʭ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʨʘʩʯʝʪʘ 
ʥʘ ʤʝʩʪʝ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠʟ ʫʜʘʣʝʥʥʦʛʦ ʮʝʥʪʨʘ. ɿʘʧʠʩʠ ʩʠʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʧʨʦ-
ʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʬʘʟʳ ʜʚʠʞʝʥʠʷ ʛʨʫʥʪʘ ʧʨʠ ʦʪʢʨʳʪʠʠ / ʟʘʢʨʳʪʠʠ ʜʠʩʣʦʢʘ-
ʮʠʡ ʠ ʩʝʡʩʤʠʯʝʩʢʠʭ h ʫʤʦʚ ʢʦʣʝʙʘʥʠʡ ʛʨʫʥʪʘ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʧʨʦʮʝʩ-
ʩʦʚ, ʧʦʟʚʦʣʷʶʪ ʥʝʧʨʝʨʳʚʥʦ ʦʮʝʥʠʚʘʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʦʪʠʥʳ ʠ ʠʭ 
ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ. 

As part of a German Federal Ministry of Education and Research-supported project 
MI-DAM (Multi-parameter monitoring and risk assessment of hydroelectric dams in the 
Kyrgyz Republic), an array of low-cost seismic sensing units have been installed on the 
Kurspsai hydroelectric dam. This is one of a series of dams located along the Naryn River 
in the western Kyrgyz Republic. The intention is to develop and test a robust, cost-effective 
and flexible structural health monitoring system (SHM) for such infrastructure, which will 
include a multi-parameter risk assessment scheme. These studies are potentially a valu-
able contribution to plans for constructing hydroelectric dams in the Kyrgyz Republic, as 
well as the importance of assessing the state of existing installations with respect to the 
regionôs seismicity. 

The acquired recordings will allow the critical parameters needed for monitoring 
such features as the structureôs fragility curves to be directly integrated into the on-site 
calculations, allowing some degree of decision-making without the necessity of a remote 
centre. Strong motion recordings will determine if the dam exhibits a transient non-station-
ary behaviour as its fundamental frequency changes as a result of an event, then returning 
to the starting value with time. In addition, methods such as lapse time coherency will be 
employed to monitor spatial changes in the phase of ground motion resulting from the 
opening/closing of the joints and lateral excitation. Finally, the recording of seismic noise, 
i.e., the persistent vibration of the ground due to natural land anthropogenic processes, 
will allow the continuous assessment of the damôs mechanical characteristics and any 
possible changes over time.  
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ɸʥʥʦʪʘʮʠʷ. ʀʥʚʝʥʪʘʨʠʟʘʮʠʷ ʦʧʦʣʟʥʝʡ ʚ ʛʦʨʥʳʭ ʨʝʛʠʥʘʭ ʇʘʤʠʨʘ ʥʝʦʙʭʦ-

ʜʠʤʘ ʙʳʣʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʫʛʨʦʟ ʦʪ ʥʠʭ ʥʘ ʧʣʦʱʘʜʠ 11207 ʢʤ2 

ʚʜʦʣʴ ʩʪʨʦʷʱʝʛʦʩʷ ʰʦʩʩʝ ʇ-41 ʇʘʤʠʨ. ʀʟʫʯʘʣʠʩʴ ʦʧʦʣʟʥʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠ-

ʩʪʘʥʮʠʦʥʥʳʭ ʩʥʠʤʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʦʙʨʘʞʝʥʠʡ ʩʦ ʩʧʫʪʥʠʢʦʚ SPOT 6 ʠ 7 ʩ 

ʨʘʟʨʝʰʝʥʠʝʤ 1,5 ʤ, ʘ ʪʘʢʞʝ ʠʟʦʙʨʘʞʝʥʠʡ Google Earth ʠ Bing. ɺʳʷʚʣʝʥʦ ʙʦʣʝʝ 

900 ʦʧʦʣʟʥʝʡ. ʀʩʩʣʝʜʦʚʘʥʳ ʪʘʢʞʝ ʩʝʣʝʚʳʝ ʧʦʪʦʢʠ, ʢʘʤʥʝʧʘʜʳ, ʣʘʚʠʥʳ, ʧʦʩʪʫ-

ʧʘʪʝʣʴʥʳʝ ʠ ʚʨʘʱʘʪʝʣʴʥʳʝ ʦʧʦʣʟʥʠ. ʆʧʦʣʟʥʠ ʧʨʠ ʠʭ ʚʥʝʟʘʧʥʦʤ ʩʭʦʜʝ ʧʨʠʚʦʜʷʪ 

ʢ ʧʦʪʝʨʷʤ ʞʠʟʥʝʡ ʣʶʜʝʡ, ʧʦʚʨʝʞʜʝʥʠʷʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʘʩʝʣʝʥʠʷ ʠ ʫʱʝʨʙʫ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʫʛʦʜʴʷʤ. ʇʦʣʫʯʝʥʥʳʝ ʜʠʩʪʘʥʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʢʘʨʪʳ 

ʠ ʩʭʝʤʳ ʙʫʜʫʪ ʧʨʦʚʝʨʝʥʳ ʧʦʣʝʚʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʘ ʟʘʪʝʤ ʧʨʝʜʦʩʪʘʚʷʪ ʠʥ-

ʬʦʨʤʘʮʠʶ ʜʣʷ ʙʫʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʚʝʨʞʝʥʥʦʩʪʠ ʦʧʦʣʟʥʷʤ, ʦʮʝʥʢʝ ʦʧʘʩ-

ʥʦʩʪʠ ʠ ʨʠʩʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʣʝʚʳʝ ʧʦʪʦʢʠ, ʦʧʦʣʟʥʠ, ʢʘʤʥʝʧʘʜʳ, ʣʘʚʠʥʳ, , ʦʧʘʩ-

ʥʦʩʪʠ, ʨʠʩʢʠ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʫʛʦʜʴʷ, ʫʱʝʨʙ 

 

Annotation. An inventory of landslides in the mountainous regions of the Pamir 

was necessary to obtain their characteristics and threats from them on an area of 

11,207 km2 along the P-41 Pamir highway under construction. Landslides using re-

mote images were studied using SPOT 6 and 7 images with a resolution of 1.5 m, as 

well as Google Earth and Bing images. Over 900 landslides have been identified. Mud-

flows, rockfalls, avalanches, translational and rotational landslides were also investi-

gated. Landslides during their sudden descent lead to loss of life, damage to the infra-

structure of the population and damage to agricultural land. Maps and diagrams ob-

tained by remote sensing will be verified by field studies and then provide information 

for future studies of landslide exposure, hazard and risk assessment. 

Keywords: mudflows, landslides, rockfalls, avalanches, rock-pads, dangers, 

risks, agricultural land, damage 

 
Introduction. Tajikistan is a landlocked country which over 90 percent is mountain-

ous including the Pamir mountains. It is vulnerable to a variety of disasters. Landslides are 
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a significant natural hazard caused by ground shaking during earthquakes, snow melt, in-

tense rainfall and river erosion of slopes. The associated movement of rock, debris or earth 

downslope can cause significant harm to local communities and settlements, damage to 

linear infrastructure and agriculture land. Landslide inventory mapping is the simplest way 

to display the outline, nature and distribution of landslides in an area, and often forms the 

basis for any subsequent hazard or risk assessment. It can be prepared by using traditional 

methods or new techniques [1].  

Methods. Traditional methods consist of the visual interpretation from aerial photo-

graphs, field investigation and the collection of historical landslide data. New techniques 

involve the visual, semi-automatic and automatic analysis of satellite imagery [2 - 4].  

Research results. Since the fall of the Union of Soviet Socialist Republics 

(USSR) in 1991, landslide monitoring and research in Tajikistan has declined. Previ-

ously, the research was generally presented in the Russian, on paper and typically not 

available in digital format. Recent resesarch on landslide investigation in Tajikistan has 

been published, including landslide inventory mapping of Tajikistan in Russian [5], 

landslide study for the Usoi landslide dam and Lake Sarez [6ï8]; landslides triggered 

by the Khait earthquake [9]; the Barsem disaster [10,11], and general landslide studies 

for regional area in Central Asia [12ï16].  

This research suggests that while many investigations have been conducted to 

understand landslides in this region. In Tajikistan, landslide inventory mapping has 

been restricted to specific areas or single events, and a spatial and temporal inventory 

of landslides over large areas has not yet been carried out in the Pamir mountains.  

This project aims to develop a robust spatial landslide inventory and hazard model. 

The study area is located in the Pamir mountain ranges, southeast Tajikistan (Figure 

1). The focus of the study is the potential impact of landslides to settlements located in 

the flood plains and to the M41 highway which connects Kyrgyzstan, Tajikistan, Uz-

bekistan and Afghanistan in Central Asia and also serves as the main supply route in 

Gorno-Badakhshan Autonomous Region of Tajikistan. This road has in the past been 

affected by landslides generating severe economic loss and resulting in closure of the 

road and diversion of traffic, with significant impact on the region [10,11].  

For this reason, it is necessary to study landslide history and classify landslide types 

along the Pamir Highway in order to analyse and generate landslide inventory map. 

Therefore, this study aims to characterize the extent and type of landslides using re-

mote sensing techniques in Geographic Information System (GIS) environment.  

Methodology. Satellite remote sensing images provide effective tool for identifying 

and mapping past landslides, in this study, SPOT 6 and 7 imageries were used to-

gether with Google Earth and Bing Map imagery. SPOT 6 and 7 imageries with 1.5 m 

resolution from 2013 to 2017 were provided by the European Space Agency (ESA) 

covering 11,207 km2 of the study area in the Pamir mountains (Figure 1). This data 

was supplemented with use of Bing imagery, while Google Earth allowed 3D visuali-

sation of the area to assist with the landslide identification. It is likely that more accurate 

identification is increased when all images are combined together to characterise pre-

vious landslides. Prior to landslide mapping, glacial landforms such as moraines, rock 

glaciers and glaciofluvial deposits were excluded from the analysis (Figure 2) to avoid 

confusion with landslide. Landslides were recognized through the visual analysis in GIS 

database using ArcGIS 10.5.1. Landslide interpretation was based on the criteria as follows: 

geomorphological features; drainage, erosion and hydrological features; soil or vegetation 

tones; human features and land use patterns. 



21 
 

  
Figure 1 Location of the study area  

              on SPOT 6 and 7 imagery 

Figure 2 Example of glacial landforms  

              excluding from landslide 

 

Other characteristic features such as tone, colour, pattern, shape, shadow and tex-

ture were also performed to identify landslides. Then, landslides boundaries were defined 

using a polygon feature in GIS with attribute information including type, material, style, ac-

tivity and percent of vegetation.  

Results. This project is still ongoing and at the time of writing, 40% of the study area 

has been covered. Over 900 landslides have been recognized in the study area. These 

include mudflows, debris flows, debris slides, rockslides, rock avalanches, translational and 

rotational slides (Figure 3).  

 

    

      
Figure 3 Examples of landslide types mapped in the Pamir Mountains: mudflow  

    (A), debris flow (B), rockslide (C), and rotational slide (D) 

 

Several rockslides have dammed rivers and created lakes such as Rivakkul 

Lake, Yashikul Lake and Sarez lake. Meanwhile, numerous glacial lakes have been 

formed by moraines or rock glaciers, and these may pose a future outburst risk. For 

example, Dasht Lake at the end moraine in the headwater of the Shakdara valley was 

outburst on 7 August 2002. The debris flow generated had a runout of around 10.5 km. 

 

A B 

C D 
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inundating the Dasht village. Another remarkable landslide event was surface defor-

mation from the Barsem mudflow on 16 July 2015. Source, runout and deposition ar-

eas were well recorded on SPOT images (Figure 4). It is also apparent from these 

images that almost one third of the resident area was submerged, muddy and de-

stroyed including the bridges and the Pamir highway.  

Future work. The remote sensing mapping is continuing and field investigation is 

planned to validate this landslide interpretation. Next, landslide causative factors will be pre-

pared and overlaid with landslide inventory map to derive landslide susceptibility map. Then, 

the model results will be validated using an area under curve method. An annual probability 

of landslide occurrence will be estimate to generate landslide hazard map. Finally, the 

measure of vulnerability assessment, elements at risk and landslide hazard will be inte-

grated to derive a quantitative measure of the risk from landslides along the M41 road in the 

Pamir mountain range.  

 

       

        

       
Figure 4 The changes on source, runout and deposition areas of the Barsem mudflow, be-

fore (left) and after event (right) 

 

Conclusions  

1. There is little research focused on landslide inventory for regional area in the Pamir moun-

tains, the present study was designed to identify characteristics of landslides along the M41 Pamir 

Highway covering an area of 11,207 km2.  

2. Landslides have been identified using 1.5 m resolution SPOT 6 and 7 imageries along 

with Google Earth and Bing imagery. The research is still ongoing, but to date, the study has identified 

over 900 landslides including mudflows, debris flows, debris slides, rockslides, rock avalanches, 
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translational and rotational slides.  

3. Landslides can result in loss and damage when they encounter community, infrastructure 

and agriculture land such as the Dasht Lake outburst generating debris flow and the Bersem mud-

flow. These are a clear evidence that indicates the loss from landslide and raise public awareness. 

Furthermore, these interpretations will be verified by field investigation and then provide the following 

insights for future research on landslide susceptibility, hazard and risk assessment. 
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ɸʥʥʦʪʘʮʠʷ: ʇʨʦʚʝʜʝʥʥʳʝ ʧʘʣʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦ-
ʣʷʶʪ ʚʳʷʚʠʪʴ ʪʨʠ ʟʦʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʣʝʦʘʨʪʨʦʟ ʚ ɻʦʨʥʦʤ ɸʣʪʘʝ. ʇʦʚʝʨʭʥʦʩʪ-
ʥʳʝ ʨʘʟʨʳʚʳ ʦʙʥʘʨʫʞʝʥʳ ʚ ʧʨʝʜʝʣʘʭ ʟʦʥʳ ʨʘʟʣʦʤʘ ʂʫʨʘʡ, ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʚ 
ʵʧʠʮʝʥʪʨʘʣʴʥʳʭ ʟʦʥʘʭ ʧʘʣʝʦʘʨʪʨʦʪʨʷʩʝʥʠʡ (Mw = 6,7ï7,6), ʢʦʪʦʨʳʝ ʧʨʦʠʟʦʰʣʠ 
6,5, 5,8, 3,2 ʠ 1,3 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ. ʉʝʡʩʤʠʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʘʣʝʦ 
ʟʝʤʣʝʪʨʷʩʝʥʠʡ (M Ó 5ï5,5) ʚʜʦʣʴ ʨʘʟʣʦʤʘ ʂʘʪʫʥʴ, ʧʨʦʠʟʦʰʝʜʰʝʛʦ ʦʢʦʣʦ 150 ʠ 
90 ʪʳʩ. ʃʝʪ ʥʘʟʘʜ, ʩ ʠʥʪʝʨʚʘʣʘʤʠ 38ï19 ʠ 19ï12,5 ʪʳʩ. ʃʝʪ ʠ ʧʦʩʣʝ 12,5 ʪʳʩ. ʃʝʪ 
(Mw = 7,2ï7,6). ʉʣʝʜʳ ʜʨʫʛʦʛʦ ʩʦʙʳʪʠʷ (I Ó 5), ʧʨʠʫʨʦʯʝʥʥʦʛʦ ʢ ʧʝʨʠʦʜʫ ʩ III ʚʝʢʘ 
ʜʦ ʥʘʰʝʡ ʵʨʳ ʜʦ I ʚʝʢʘ ʥʘʰʝʡ ʵʨʳ, ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʢʠʬʩʢʦʛʦ 
ʥʝʢʨʦʧʦʣʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʨʘʟʣʦʤʘ ʂʘʪʫʥʴ. ɺ ʟʦʥʝ ʖʞʥʦ-ʊʝ-
ʨʝʭʪʠʥʩʢʦʛʦ ʨʘʟʣʦʤʘ ʦʙʥʘʨʫʞʝʥʳ ʧʘʣʝʦʘʨʪʨʝʥʠ, ʧʨʦʠʟʦʰʝʜʰʠʝ ʚ VII ï VIII ʚʝʢʘʭ 
ʥʘʰʝʡ ʵʨʳ (Mw = 7.4ï7.7) ʠ 16 ʪʳʩ. ʃʝʪ ʥʘʟʘʜ (M Ó 7). ʇʦʩʣʝʜʥʝʝ ʚʳʟʚʘʣʦ ʦʙʨʘ-
ʟʦʚʘʥʠʝ ʟʘʧʨʫʜʥʦʛʦ ʦʟʝʨʘ, ʨʘʟʨʫʰʝʥʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ ʦʢʦʣʦ 6 ʪʳʩ. ʃʝʪ ʥʘʟʘʜ 
(M Ó 7). ʉʝʡʩʤʠʪʳ ʧʘʣʝʦ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (M Ó 5ï5.5) ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ ʙʘʩ-
ʩʝʡʥʝ ʨʝʢʠ ʋʡʤʦʥ ʩ ʚʦʟʨʘʩʪʦʤ 100ï90 ʠ 77 ʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʣʝʦ ʟʝʤʣʝʪʨʷʩʝʥʠʝ, ʦʙʨʳʚ ʨʘʟʣʦʤʘ, ʩʝʡʩʤʠʪʳ, ʧʘʣʝ-

ʦʩʝʡʩʤʦʣʦʛʠʷ, ʘʨʭʝʦʩʝʡʩʤʦʣʦʛʠʷ, ʟʦʥʘ ʨʘʟʣʦʤʘ ʂʫʨʘʡ, ʨʘʟʣʦʤ ʖʞʥʦ-ʊʝʨʝʭʪʠʥ-
ʩʢʠʡ, ʨʘʟʣʦʤ ʂʘʪʫʥʴ, ɻʦʨʥʳʡ ɸʣʪʘʡ 

 
Abstract: The conducted paleoseismological studies reveal three zones of con-

centration of the paleoearthquakes in Gorny Altai. The surface ruptures are detected 
within the Kurai Fault zone, which were formed in the epicentral zones of the pale-
oearthquakes (Mw = 6.7ï7.6) that occurred 6.5, 5.8, 3.2, and 1.3 ka ago. Seismites 
were produced by paleoearthquakes (M Ó 5ï5.5) along the Katun Fault that occurred 
about 150 and 90 ka, in the 38ï19 and 19ï12.5 ka intervals, and after 12.5 ka (Mw = 
7.2ï7.6). Traces of another event (I Ó 5), timed in the range from the III century BC to 
the I century AD, were discovered during studies of a Scythian necropolis located in 
the northern end of the Katun Fault. In the zone of the South Terekhta Fault, the pale-
oearthquakes that occurred in VIIïVIII centuries AD (Mw = 7.4ï7.7) and 16 ka ago (M 
Ó 7) are revealed. The latter triggered the formation of a landslide-dammed lake which 
was destroyed by the earthquake about 6 ka ago (M Ó 7). Seismites of the paleoearth-
quakes (M Ó 5ï5.5) are recorded in the Uimon Basin with an age of 100ï90 ka and 77 
ka.  

Keywords: paleoearthquake, fault scarp, seismites, paleoseismology, archae-

oseismology, Kurai Fault zone, South Terekhta Fault, Katun Fault, Gorny Altai 
 
ɺʚʝʜʝʥʠʝ ʠ ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ. ʉʝʚʝʨʥʘʷ ʯʘʩʪʴ ɸʣʪʘʡʩʢʦʛʦ ʚʥʫʪʨʠ-

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʦʨʦʛʝʥʘ ï ɻʦʨʥʳʡ ɸʣʪʘʡ ï ʦʪʥʦʩʠʪʩʷ ʢ ʪʝʨʨʠʪʦʨʠʷʤ ʎʝʥʪʨʘʣʴ-
ʥʦʡ ɸʟʠʠ ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷ-
ʝʪʩʷ ʢʘʢ ʥʘʣʠʯʠʝʤ ʩʦʙʩʪʚʝʥʥʳʭ, ʛʝʥʝʨʠʨʫʶʱʠʭ ʩʠʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʘʢʪʠʚ-
ʥʳʭ ʩʪʨʫʢʪʫʨ, ʪʘʢ ʠ ʩʝʡʩʤʦʛʝʥʝʨʠʨʫʶʱʠʭ ʨʘʟʣʦʤʦʚ ʚ ʩʤʝʞʥʳʭ ʨʘʡʦʥʘʭ ʈʫʜʥʦʛʦ, 
ʄʦʥʛʦʣʴʩʢʦʛʦ ʠ ʂʠʪʘʡʩʢʦʛʦ ɸʣʪʘʷ. ʉʦʛʣʘʩʥʦ ʧʦʩʣʝʜʥʝʤʫ ʚʘʨʠʘʥʪʫ ʩʝʡʩʤʠʯʝʩʢʦʛʦ 
ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʧʨʝʜʝʣʘʭ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʠ 
ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʝʡ ɻʦʨʥʦʛʦ ɸʣʪʘʷ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʘʟʣʦʤʳ, ʩ ʢʦʪʦʨʳʤʠ ʤʦʛʫʪ 
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ʙʳʪʴ ʩʚʷʟʘʥʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʤʘʛʥʠʪʫʜʘʤʠ M = 7.0-7.5. ɺʦʟʤʦʞʥʘʷ ʠʥʪʝʥʩʠʚ-
ʥʦʩʪʴ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʵʪʠʭ ʨʘʡʦʥʘʭ ʦʮʝʥʝʥʘ ʚ I Ó 8-9 ʙʘʣʣʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʧʝʨʠʦʜʘ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʩʦʪʨʷʩʝʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 500 ʜʦ 10000 ʣʝʪ [1]. 

ɼʣʷ ʖʛʦ-ɺʦʩʪʦʯʥʦʛʦ ɸʣʪʘʷ ʵʪʠ ʚʳʚʦʜʳ ʧʦʜʢʨʝʧʣʝʥʳ ʢʘʢ ʩʝʡʩʤʦʣʦʛʠʯʝ-
ʩʢʠʤʠ, ʪʘʢ ʠ ʧʘʣʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ [2]. 

ʆʜʥʘʢʦ ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɻʦʨʥʦʛʦ ɸʣʪʘʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʪʘʢʠʤʠ ʧʘ-
ʨʘʤʝʪʨʘʤʠ ʥʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʟʘ ʧʝʨʠʦʜ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʢʘʢ ʠ 
ʦʯʘʛʦʚʳʝ ʟʦʥʳ ʩʠʣʴʥʳʭ ʛʦʣʦʮʝʥʦʚʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʝ ʚʳʷʚʣʝʥʳ ʧʨʠ ʧʘʣʝʦʩʝʡ-
ʩʤʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʦʚʳʭ ʧʘ-
ʣʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʠ ʘʨʭʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʫ-
ʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʥʘʰʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʘʣʝʦʩʝʡʩʤʠʯ-
ʥʦʩʪʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʝʡ ɻʦʨʥʦʛʦ ɸʣʪʘʷ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʣʷ ʚʳʷʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʨʘʟʨʳʚʦʚ (ʨʘʟ-

ʣʦʤʥʳʭ ʫʩʪʫʧʦʚ) ʧʘʣʝʦʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘ-
ʣʠʟ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʭ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ, ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʨʝʣʴʝʬʘ 
ɿʝʤʣʠ, ʢʦʩʤʦʩʥʠʤʢʦʚ. ʇʦʣʝʚʦʝ ʢʘʨʪʠʨʦʚʘʥʠʝ ʨʘʟʣʦʤʥʳʭ ʫʩʪʫʧʦʚ ʚʢʣʶʯʘʣʦ ʜʝ-
ʪʘʣʠʟʘʮʠʶ ʠʭ ʤʦʨʬʦʣʦʛʠʠ (ʚʳʩʦʪʘ, ʧʨʦʪʷʞʝʥʥʦʩʪʴ, ʩʝʛʤʝʥʪʘʮʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʝʤ ʩʠʩʪʝʤ GPS. ʀʭ ʚʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ ʫʩʪʘʥʦʚʣʝʥʘ ʧʫʪʝʤ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘ-
ʥʠʷ ʩʪʝʥʦʢ ʪʨʘʥʰʝʡ (ʪʨʝʥʯʠʥʛ) ʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʦʙʥʘʞʝʥʠʡ. ʆʮʝʥʢʘ ʤʘʛʥʠʪʫʜ ʠ 
ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʘʣʝʦʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠ-
ʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʥʠʤʠ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʝʡʩʤʦʛʝʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ [3].  

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʥʠʭ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʜʝʬʦʨʤʘʮʠ-
ʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ï ʩʝʡʩʤʠʪʳ. ʕʪʠ ʩʪʨʫʢʪʫʨʳ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳ ʜʣʷ ʦʙʱʝʡ ʦʮʝʥʢʠ 
ʩʝʡʩʤʠʯʥʦʩʪʠ ʨʝʛʠʦʥʦʚ ʠ ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʨʘʩʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠʭ ʩʝʡʩʤʠʯʝʩʢʦʡ 
ʣʝʪʦʧʠʩʠ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ʙʦʣʝʝ 90% ʵʬʬʝʢʪʦʚ ʨʘʟʞʠʞʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʦʟʥʠ-
ʢʘʶʪ ʩʝʡʩʤʠʪʳ, ʤʦʛʫʪ ʣʦʢʘʣʠʟʦʚʘʪʴʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʦ 50 ʢʤ ʦʪ ʵʧʠʮʝʥʪʨʘ [4] 
ʠʣʠ ʜʦ 40 ʢʤ ʦʪ ʨʘʟʣʦʤʘ, ʩʛʝʥʝʨʠʨʦʚʘʚʰʝʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʝ [5]. 

 ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʝʡʩʤʠʪʳ ʥʘʯʠʥʘʶʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʦʩʘʜʢʘʭ, ʥʘʯʠʥʘʷ ʩ M 
Ó 5ï5.5 [4, 6], ʧʨʠ ʵʪʦʤ, ʚʳʩʦʪʘ ʠ ʰʠʨʠʥʘ ʧʝʩʯʘʥʳʭ ʜʘʝʢ ʧʦʟʚʦʣʷʝʪ ʩ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʝʤ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʟ [7] ʦʮʝʥʠʪʴ Ms ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʘʣʝʦ-
ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

ʇʨʠ ʜʝʬʦʨʤʘʮʠʠ ʢʫʨʛʘʥʦʚ ʨʘʩʪʫʱʠʤʠ ʨʘʟʣʦʤʥʳʤʠ ʫʩʪʫʧʘʤʠ ʠʭ ʥʘʩʳʧʠ ʠ 
ʢʦʣʴʮʝʚʳʝ ʢʨʝʧʠʜʳ ʠʟʣʘʤʳʚʘʶʪʩʷ, ʦʧʦʣʟʘʶʪ ʧʦ ʩʢʣʦʥʫ ʫʩʪʫʧʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 
ʢʫʨʛʘʥʳ ʧʨʠʦʙʨʝʪʘʶʪ ʵʣʣʠʧʩʦʚʠʜʥʳʝ ʦʯʝʨʪʘʥʠʷ [8, 9].  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʝʢʨʦʧʦʣʷ ʏʫʣʪʫʢʦʚ ʃʦʛ-1 ʚ ɻʦʨʥʦʤ ɸʣʪʘʝ ʧʦʟʚʦʣʠʣʠ ʚʳ-
ʚʠʪʴ ʜʝʬʦʨʤʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʝʡʩʤʦʛʝʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʛʨʫʥʪʘ ʠ ʬʦʨʤʠʨʦ-
ʚʘʥʠʝʤ ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʦʛʦ ʢʦʣʣʶʚʠʷ, ʢʘʢ ʥʘʩʳʧʝʡ ʠ ʢʦʣʴʮʝʚʳʭ ʢʨʝʧʠʜ ʢʫʨʛʘʥʦʚ, 
ʪʘʢ ʠ ʠʭ ʢʘʤʝʥʥʳʭ ʚʥʫʪʨʠʤʦʛʠʣʴʥʳʭ ʷʱʠʢʦʚ ʠ ʩʢʝʣʝʪʦʚ ʧʦʛʨʝʙʝʥʥʳʭ [10].  

ʆʧʨʝʜʝʣʝʥʠʷ ʚʦʟʨʘʩʪʦʚ ʧʘʣʝʦʟʝʤʣʝʪʨʷʩʝʥʠʡ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ 
ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ, ʆʉʃ ʠ ʀʂ-ʆʉʃ ʜʘʪʠʨʦʚʘʥʠʷ ʘʙʩʦʣʶʪʥʳʭ ʚʦʟʨʘʩʪʦʚ ʦʪʣʦʞʝ-
ʥʠʡ ʠ ʢʦʩʪʝʡ ʧʦʛʨʝʙʝʥʥʳʭ, ʨʝʟʫʣʴʪʘʪʘʭ ʝʩʪʝʩʪʚʝʥʥʦ-ʥʘʫʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟ-
ʨʘʩʪʘ ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʘʣʝʦʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʏʫʡʩʢʦʡ ʠ 
ʂʫʨʘʡʩʢʦʡ ʚʧʘʜʠʥ. ʇʨʠ ʧʘʣʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜ-
ʥʦʤ ʟʘʤʳʢʘʥʠʠ ʏʫʡʩʢʦʡ ʚʧʘʜʠʥʳ, ʚʜʦʣʴ ʂʫʨʘʡʩʢʦʡ ʟʦʥʳ ʨʘʟʣʦʤʦʚ, ʚʳʷʚʣʝʥ ʩʫʙ-
ʰʠʨʦʪʥʳʡ ʨʘʟʣʦʤʥʳʡ ʫʩʪʫʧ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 6.4 ʢʤ ʠ ʚʳʩʦʪʦʡ ʦʪ 0.5 ʜʦ 8 ʤ. ʋʩʪʫʧ 
ʨʘʟʜʝʣʝʥ ʥʘ 14 ʩʝʛʤʝʥʪʦʚ.  

ʉʝʛʤʝʥʪʘʮʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʢʫʣʠʩʥʦ ʥʘʜʩʪʨʘʠʚʘʶʱʠʭ ʜʨʫʛ ʜʨʫʛʘ 
ʨʘʟʨʳʚʦʚ ʠ ʨʘʟʨʫʰʝʥʠʝʤ ʫʩʪʫʧʘ ʦʧʦʣʟʥʷʤʠ ʠ ʚʨʝʤʝʥʥʳʤʠ ʚʦʜʦʪʦʢʘʤʠ. ʄʦʨʬʦ-
ʣʦʛʠʷ ʫʩʪʫʧʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʪʨʝʥʯʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʢʘʟʳʚʘʶʪ ʥʘ ʫʥʠʢʘʣʴ-
ʥʳʡ ʜʣʷ ɻʦʨʥʦʛʦ ɸʣʪʘʷ ʬʘʢʪ ʩʤʝʱʝʥʠʷ ʧʨʝʜʛʦʨʥʦʡ ʨʘʚʥʠʥʳ ʚ ʩʪʦʨʦʥʫ ʂʫʨʘʡ-
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ʩʢʦʛʦ ʭʨʝʙʪʘ. ʕʪʦʪ ʬʘʢʪ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚʟʙʨʦʩʦ-ʥʘʜʚʠʛʘ ʩ ʶʞʥʳʤ ʧʘʜʝ-
ʥʠʝʤ, ʢʦʪʦʨʳʡ ʦʧʝʨʷʝʪ ʦʩʥʦʚʥʦʡ ʨʘʟʣʦʤ ʩ ʩʝʚʝʨʥʳʤ ʧʘʜʝʥʠʝʤ, ʦʙʝʩʧʝʯʠʚʘʶ-
ʱʠʡ ʥʘʜʚʠʛʘʥʠʝ ʛʦʨʥʦʛʦ ʭʨʝʙʪʘ ʥʘ ʚʧʘʜʠʥʫ.  

ɺ ʪʨʘʥʰʝʝ, ʧʨʦʡʜʝʥʥʦʡ ʚ ʩʝʛʤʝʥʪʝ 13, ʚʳʷʚʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʧʣʦʩʢʦʩʪʠ 
ʩʝʡʩʤʦʛʝʥʥʦʛʦ ʨʘʟʨʳʚʘ ï ʥʘʜʚʠʛ ʩ ʫʛʣʦʤ ʧʘʜʝʥʠʷ ʥʘ ʶʛ ʚ 30Á. ɸʤʧʣʠʪʫʜʘ ʩʤʝʱʝ-
ʥʠʷ ʧʦ ʨʘʟʣʦʤʫ 4.8 ʤ ʧʦʟʚʦʣʠʣʘ ʦʮʝʥʠʪʴ Mw ʧʘʣʝʦʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 
7.2ï7.5. 14C ʚʦʟʨʘʩʪ ʛʫʤʫʩʠʨʦʚʘʥʥʦʡ ʩʫʧʝʩʠ ʠʟ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʦʣʣʶʚʠʘʣʴʥʦʛʦ 
ʢʣʠʥʘ ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʨʘʩʪ ʧʘʣʝʦʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠʥʪʝʨʚʘʣʦʤ 3400ï3060 ʣʝʪ 
ʥʘʟʘʜ [9]. 

ʉ ʫʯʝʪʦʤ ʜʘʥʥʳʭ ʠʟ [2], ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʨʘʟʨʳʚʳ ʵʪʦʛʦ ʚʦʟʨʘʩʪʘ ʧʨʦʪʷʥʫ-
ʣʠʩʴ ʚʜʦʣʴ ʭʨʝʙʪʘ ʥʘ 75 ʢʤ. ʊʘʢʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʨʘʟʨʳʚʦʚ ʩʦ-
ʦʪʚʝʪʩʪʚʫʝʪ Mw = 7.3, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʮʝʥʢʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ ʦʩ-
ʥʦʚʝ ʚʝʣʠʯʠʥʳ ʩʤʝʱʝʥʠʷ ʧʦ ʨʘʟʣʦʤʫ.ʊʨʝʥʯʠʥʛʦʚʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʩʝʛ-
ʤʝʥʪʝ 7 ʚʳʷʚʣʝʥʳ ʩʣʝʜʳ ʝʱʝ ʜʚʫʭ ʧʘʣʝʦʟʝʤʣʝʪʨʷʩʝʥʠʡ.  

ɹʦʣʝʝ ʜʨʝʚʥʝʝ ʩʦʙʳʪʠʝ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝʤ ʚ ʨʘʟʨʝʟʝ ʧʘʣʝʦʧʦʯʚʳ, 
ʢʦʪʦʨʘʷ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚʦ ʚʧʘʜʠʥʝ, ʧʦʜʧʨʫʞʝʥʥʦʡ ʨʘʟʣʦʤʥʳʤ ʫʩʪʫʧʦʤ. ɺʦʟ-
ʨʘʩʪ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʦʮʝʥʝʥ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ AMS 14C ʜʘʪʠʨʦʚʘʥʠʷ ʧʘʣʝʦʧʦʯʚʳ ï 
~ 5.8 ʪʳʩ. ʣʝʪ.  

ʇʨʠ ʚʟʙʨʦʩʦʚʦʡ ʧʦʜʚʠʞʢʝ ʧʦʩʣʝʜʥʝʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʨʦʠʟʦʰʣʦ ʦʢʦʥʯʘ-
ʪʝʣʴʥʦʝ ʦʬʦʨʤʣʝʥʠʝ ʫʩʪʫʧʘ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʜʝʬʦʨʤʘʮʠʷʤ ʢʫʨʛʘʥʦʚ ʤʦʛʠʣʴʥʠʢʘ 
ʊʫʨʘʣʫ-ɼʞʶʨʪ-III. ɺʝʨʭʥʷʷ ʚʦʟʨʘʩʪʥʘʷ ʛʨʘʥʠʮʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ (~1.3 ʪʳʩ. ʣʝʪ) 
ʦʮʝʥʝʥʘ ʧʨʠ AMS 14ʉ ʦʧʨʝʜʝʣʝʥʠʠ ʚʦʟʨʘʩʪʘ ʢʦʩʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟ ʚʝʨʭʥʝʡ ʯʘ-
ʩʪʠ ʢʦʣʣʶʚʠʘʣʴʥʦʛʦ ʢʣʠʥʘ. ɸʤʧʣʠʪʫʜʘ ʩʤʝʱʝʥʠʷ ʧʦ ʨʘʟʣʦʤʫ 1.8 ʤ ʧʦʟʚʦʣʠʣʘ 
ʦʮʝʥʠʪʴ ʤʘʛʥʠʪʫʜʫ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ï Mw = 6.9ï7.1 [9, 11].  

ʉ ʫʯʝʪʦʤ ʜʘʥʥʳʭ ʠʟ [2], ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʟʦʥʳ ʩʝʡʩʤʦʨʘʟʨʳʚʦʚ ʟʝʤʣʝʪʨʷʩʝ-
ʥʠʷ ʩʦʩʪʘʚʠʣʘ 40 ʢʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ Mw = 6.9 ʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʝʟʫʣʴʪʘʪʳ 
ʪʨʝʥʯʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʘʨʘʤʝʪʨʳ ʨʘʟʣʦʤʥʦʛʦ ʫʩʪʫʧʘ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ 
ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʦʢʦʣʦ 5.8 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ ʠʤʝʣʦ Mw å 7 [11]. 

ɽʱʝ ʦʜʠʥ ʨʘʟʣʦʤʥʳʡ ʫʩʪʫʧ ʚ ʂʫʨʘʡʩʢʦʡ ʟʦʥʝ ʨʘʟʣʦʤʦʚ ʚʳʷʚʣʝʥ ʚ ʩʝʚʝʨ-
ʥʦʡ ʯʘʩʪʠ ʦʜʥʦʠʤʝʥʥʦʡ ʚʧʘʜʠʥʳ. ʆʥ ʩʫʙʰʠʨʦʪʥʦ ʧʨʦʪʷʥʫʣʩʷ ʥʘ 1.9 ʢʤ ʠ ʷʚʣʷ-
ʝʪʩʷ ʩʤʳʢʘʶʱʠʤ ʩʝʛʤʝʥʪʦʤ ʤʝʞʜʫ ʬʦʨʙʝʨʛʦʚʳʤʠ ʧʦʜʥʷʪʠʷʤʠ, ʨʘʟʜʝʣʷʶʱʠʤʠ 
ɸʢʪʘʰʩʢʠʡ ʨʘʤʧ ʠ ʎʝʥʪʨʘʣʴʥʦ-ʂʫʨʘʡʩʢʫʶ ʚʧʘʜʠʥʫ [12]. 

 ʋʩʪʫʧ ʚʳʩʦʪʦʡ ʦʪ 2ï3 ʜʦ 15 ʤ ʩʝʯʝʪ ʧʦʟʜʥʝʯʝʪʚʝʨʪʠʯʥʳʡ ʧʨʦʣʶʚʠʘʣʴʥʳʡ 
ʢʦʥʫʩ ʚʳʥʦʩʘ. ʊʨʝʥʯʠʥʛʦʚʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʥʘ ʝʛʦ ʟʘʧʘʜʥʦʤ ʢʨʘʶ ʚʳʷʚʣʝʥ 
ʩʝʡʩʤʦʛʝʥʥʳʡ ʚʟʙʨʦʩ, ʚ ʚʠʩʷʯʝʤ ʢʨʳʣʝ ʢʦʪʦʨʦʛʦ ʦʪʣʦʞʝʥʠʷ ʩʦʙʨʘʥʳ ʚ ʧʨʠ-
ʨʘʟʣʦʤʥʫʶ ʩʢʣʘʜʢʫ. ʇʦʜʚʠʞʢʘ ʩ ʘʤʧʣʠʪʫʜʦʡ 1.2 ʤ ʧʨʦʠʟʦʰʣʘ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʠ 
ʩ Mw = 6.7ï7.0 ʠ ʚʦʟʨʘʩʪʦʤ, ʦʮʝʥʝʥʥʦʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ AMS 14C ʜʘʪʠʨʦʚʘʥʠʷ 
ʦʪʣʦʞʝʥʠʡ ʢʦʣʣʶʚʠʘʣʴʥʦʛʦ ʢʣʠʥʘ, ~ 6.5 ʪʳʩ. ʣʝʪ [11]. 

ʇʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʩʝʡʩʤʠʪʦʚ ʚ ʦʪʣʦʞʝʥʠʷʭ ʏʫʡʩʢʦʡ ʠ ʂʫʨʘʡʩʢʦʡ ʚʧʘʜʠʥ ʩ 
ʚʦʟʨʘʩʪʦʤ ʦʪ ʥʠʞʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ ʜʦ 100ï50 ʪʳʩ. ʣʝʪ.  

ʆʥʠ ʦʙʨʘʟʫʶʪ ʤʘʣʦʤʦʱʥʳʝ (ʦʪ ʧʝʨʚʳʭ ʩʤ ʜʦ 1 ʤ), ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʚ ʨʘʟ-
ʨʝʟʝ ʠ ʚʳʜʝʨʞʘʥʥʳʝ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʛʦʨʠʟʦʥʪʳ, ʢʦʪʦʨʳʝ ʧʦʜʩʪʠʣʘʶʪʩʷ ʠ ʧʝʨʝ-
ʢʨʳʚʘʶʪʩʷ ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʩʣʦʷʤʠ.  

ɼʝʬʦʨʤʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʝʱʠʥʘʤʠ ʠ ʤʠʢʨʦʨʘʟʣʦʤʘʤʠ, ʩʢʣʘʜʢʘʤʠ, ʘ 
ʪʘʢʞʝ ʧʦʜʫʰʝʯʥʳʤʠ, ʧʣʘʤʝʥʝʚʠʜʥʳʤʠ, ʦʙʣʘʢʦʚʠʜʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʜʠʘʧʠ-
ʨʘʤʠ. ʉʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʪʠʧʦʤ ʩʝʡʩʤʠʪʦʚ ʷʚʣʷʶʪʩʷ ʩʣʦʠ ʠ ʣʠʥʟʳ ʢʦʣʣʶʚʠʷ, 
ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʟʘ ʩʯʝʪ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʩʙʨʦʩʘ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 
ʦʟʝʨʘ. ʕʧʠʮʝʥʪʨʳ ʜʨʝʚʥʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (M Ó 5ï5.5, I Ó 6ï7 ʙʘʣʣʦʚ), ʚ ʨʝʟʫʣʴ-
ʪʘʪʝ ʢʦʪʦʨʳʭ ʦʙʨʘʟʦʚʘʣʠʩʴ ʩʝʡʩʤʠʪʳ, ʩʚʷʟʘʥʳ ʩ ʨʘʟʣʦʤʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ 
ʏʫʡʩʢʦʡ ʠ ʂʫʨʘʡʩʢʦʡ ʚʧʘʜʠʥ [13]. 

ɿʦʥʘ ʂʘʪʫʥʩʢʦʛʦ ʨʘʟʣʦʤʘ. ɺʤʝʩʪʝ ʩ ʦʧʝʨʷʶʱʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʂʘʪʫʥ-
ʩʢʠʡ ʨʘʟʣʦʤ ʦʙʨʘʟʫʝʪ ʟʦʥʫ ʨʘʩʪʷʞʝʥʠʷ ʰʠʨʠʥʦʡ ʜʦ 20ï40 ʢʤ ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 
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ʜʦ 200 ʢʤ. ʆʥ ʜʨʝʥʠʨʫʝʪʩʷ ʨ. ʂʘʪʫʥʴ, ʫʯʘʩʪʢʠ ʨʘʩʰʠʨʝʥʠʷ ʜʦʣʠʥʳ, ʢʦʪʦʨʦʡ ʩʦʚ-
ʧʘʜʘʶʪ ʩ ʧʨʠʨʘʟʣʦʤʥʳʤʠ ʛʨʘʙʝʥʘʤʠ [14-15].  

ɻʨʘʙʝʥʳ ʚʳʧʦʣʥʝʥʥʳʤʠ ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʤʦʱʥʦʩʪʴʶ ʜʦ 400 
ʤ, ʬʘʮʠʘʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʢʦʪʦʨʳʭ ʨʘʩʩʤʦʪʨʝʥʘ ʚ [14-16]. 
ʉʝʡʩʤʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩ ʨʘʟʣʦʤʦʤ ʩʚʷʟʘʥʦ ʥʝʩʢʦʣʴʢʦ ʜʝ-
ʩʷʪʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ M = 3.0ï4.0, ʪʨʠ ï ʩ M = 4.1ï5.0, ʦʜʥʦ ï ʩ M = 6.0 [10].  

ʉʝʡʩʤʠʪʳ, ʚʳʷʚʣʝʥʥʳʝ ʚ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʗʣʦʤʘʥʩʢʦʛʦ ʛʨʘʙʝʥʘ 
(ʶʞʥʳʡ ʬʣʘʥʛ ʂʘʪʫʥʩʢʦʛʦ ʨʘʟʣʦʤʘ), ʠ ʨʝʟʫʣʴʪʘʪʳ AMS 14C, ʆʉʃ ʠ ʀʂ-ʆʉʃ ʦʧʨʝ-
ʜʝʣʝʥʠʷ ʚʦʟʨʘʩʪʘ ʦʪʣʦʞʝʥʠʡ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʢʣʘʩʪʝʨʳ ʠ ʦʪʜʝʣʴʥʳʝ 
ʧʘʣʝʦʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʨʦʷʚʣʷʣʠʩʴ ʟʜʝʩʴ ~ 150 ʠ 90 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ, ʚ ʠʥʪʝʨʚʘʣʘʭ 
38ï19 (ʩ ʧʝʨʠʦʜʦʤ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ~ 2 ʪʳʩ. ʣʝʪ) ʠ 19-12.5 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ, ʧʦʟʜʥʝʝ 
12.5 ʪʳʩ. ʣʝʪ [10]. ʉ ʫʯʝʪʦʤ ʚʳʩʦʪʳ ʠ ʰʠʨʠʥʳ ʧʝʩʯʘʥʳʭ ʜʘʝʢ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 
ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʟ [7] Ms ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʚʦʟʨʘʩʪʦʤ ʤʦʣʦʞʝ 12.5 ʪʳʩ. ʣʝʪ ʩʦʩʪʘ-
ʚʠʣʘ 7.2ï7.6, I = 10ï11 ʙʘʣʣʦʚ.  

ʕʪʠ ʟʥʘʯʝʥʠʷ ʙʣʠʟʢʠ ʢ ʤʘʢʩʠʤʘʣʴʥʦ ʠʟʚʝʩʪʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʟʝʤʣʝʪʨʷʩʝ-
ʥʠʡ ʜʣʷ ɻʦʨʥʦʛʦ ɸʣʪʘʷ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʯʘʛʦʚʘʷ 
ʟʦʥʘ ʛʦʣʦʮʝʥʦʚʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʗʣʦʤʘʥ-
ʩʢʦʤ ʛʨʘʙʝʥʝ. ʕʧʠʮʝʥʪʨʳ ʜʨʫʛʠʭ ʧʘʣʝʦʟʝʤʣʝʪʨʷʩʝʥʠʡ (M Ó 5ï5.5, ʠʥʪʝʥʩʠʚʥʦʩʪʴ 
I Ó 6ï7 ʙʘʣʣʦʚ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩʝʡʩʤʠʪʳ, ʩʚʷʟʘʥʳ ʣʠʙʦ 
ʩ ʩʘʤʠʤ ʂʘʪʫʥʩʢʠʤ ʨʘʟʣʦʤʦʤ, ʣʠʙʦ ʩ ʝʛʦ ʦʧʝʨʝʥʠʷʤʠ [10, 13-15, 17]. 

ʉʣʝʜʳ ʝʱʝ ʦʜʥʦʛʦ ʧʘʣʝʦʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʧʨʦʠʟʦʰʝʜʰʝʛʦ ʚ ʧʝʨʠʦʜ c III ʚ. 
ʜʦ ʥ.ʵ. ʧʦ ʥʘʯʘʣʦ I ʚ. ʥ.ʵ., ʚʳʷʚʣʝʥʳ ʧʨʠ ʘʨʭʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 
ʩʢʠʬʩʢʦʛʦ ʥʝʢʨʦʧʦʣʷ ʏʫʣʪʫʢʦʚ ʃʦʛ-1, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʄʘʥʞʝʨʦʢʩʢʦʤ ʛʨʘʙʝʥʝ 
(ʩʝʚʝʨʥʦʝ ʦʢʦʥʯʘʥʠʝ ʂʘʪʫʥʩʢʦʛʦ ʨʘʟʣʦʤʘ).  

ɿʜʝʩʴ ʟʘʬʠʢʩʠʨʦʚʘʥʳ: ʧʝʨʝʢʨʳʪʠʝ ʢʦʣʣʶʚʠʝʤ ʢʫʨʛʘʥʦʚ ʚʦʟʣʝ ʛʦʨʥʦʛʦ 
ʩʢʣʦʥʘ, ʨʘʟʙʨʦʩ ʢʦʣʣʶʚʠʘʣʴʥʳʭ ʛʣʳʙ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 25 ʤ ʦʪ ʛʦʨʥʦʛʦ ʩʢʣʦʥʘ, 
ʧʦʚʨʝʞʜʝʥʠʝ ʠʤʠ ʥʘʩʳʧʝʡ ʠ ʢʨʝʧʠʜ ʢʫʨʛʘʥʦʚ, ʨʘʟʨʫʰʝʥʠʝ ʢʘʤʝʥʥʳʭ ʚʥʫʪʨʠ-
ʤʦʛʠʣʴʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʥʘʨʫʰʝʥʠʝ ʘʥʘʪʦʤʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩʢʝʣʝʪʦʚ ʧʦʛʨʝ-
ʙʝʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʟʘʭʦʨʦʥʝʥʠʷʭ, ʥʝ ʧʝʨʝʢʨʳʪʳʭ ʢʦʣʣʶʚʠʝʤ. 

 ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʝʡʩʤʦʜʝʨʫʧʮʠʷ, ʩʦʛʣʘʩʥʦ ʰʢʘʣʝ MSK-64, ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ 
I Ó 5ï6 ʙʘʣʣʦʚ [10, 14, 18].  

ʈʘʡʦʥ ʋʡʤʦʥʩʢʦʡ ʚʥʫʪʨʠʛʦʨʥʦʡ ʚʧʘʜʠʥʳ. ʉʪʨʦʝʥʠʝ ʟʦʥʳ ʖʞʥʦ-ʊʝ-
ʨʝʢʪʠʥʩʢʦʛʦ ʨʘʟʣʦʤʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʊʝʨʝʢʪʠʥʩʢʠʡ ʭʨʝʙʝʪ ʥʘʜʚʠʛʘʝʪʩʷ ʥʘ ʚʧʘʜʠʥʫ, 
ʠʩʩʣʝʜʦʚʘʥʦ ʚ ʢʘʨʴʝʨʝ ʚ ʨʘʡʦʥʝ ʧʦʩ. ʊʝʨʝʢʪʘ. ʂʘʨʴʝʨ ʚʩʢʨʳʣ ʨʘʟʣʦʤʥʳʡ ʫʩʪʫʧ 
ʚʳʩʦʪʦʡ 15ï20 ʤ. ɺ ʝʛʦ ʩʪʝʥʢʘʭ ʦʙʥʘʞʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʣʣʶʚʠʘʣʴʥʦ-
ʜʝʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ. ʀʭ ʥʘʨʫʰʘʶʪ ʩʝʡʩʤʦʛʝʥʥʳʝ ʨʘʟʨʳʚʳ, ʩʦʦʪʚʝʪʩʪʚʫʶ-
ʱʠʝ ʜʚʫʤ ʧʘʣʝʦʟʝʤʣʝʪʨʷʩʝʥʠʷʤ. ɼʨʝʚʥʝʤʫ ʩʦʙʳʪʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʘ 
ʚʟʙʨʦʩʦ-ʥʘʜʚʠʛʘ ʩ ʘʤʧʣʠʪʫʜʘʤʠ ʩʤʝʱʝʥʠʷ 1.5 ʠ 3.6 ʤ.  

ɺʦʟʨʘʩʪ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʫʩʪʘʥʦʚʠʪʴ ʥʝ ʫʜʘʣʦʩʴ. ʉʤʝʱʝʥʠʷ ʚʜʦʣʴ ʨʘʟʣʦ-
ʤʦʚ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʝʛʦ Mw = 7.1ï7.4, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʦʛʣʘ ʜʦʩʪʠʛʘʪʴ 9ï10 ʙʘʣ-
ʣʦʚ. ʇʨʠ ʙʦʣʝʝ ʤʦʣʦʜʦʤ ʟʝʤʣʝʪʨʷʩʝʥʠʠ ʩ Mw = 7.4ï7.7 ʚʦʟʥʠʢ ʥʘʜʚʠʛ ʩ ʘʤʧʣʠ-
ʪʫʜʦʡ > 8 ʤ. 14ʉ ʜʘʪʠʨʦʚʘʥʠʝ ʫʛʣʝʡ ʠʟ ʦʩʥʦʚʘʥʠʷ ʢʦʣʣʶʚʠʘʣʴʥʦʛʦ ʢʣʠʥʘ ʧʦʟʚʦ-
ʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʝʛʦ ʚʦʟʨʘʩʪ ï 1.2ï1.3 ʪʳʩ. ʣʝʪ [11]. 

ɽʱʝ ʦʜʠʥ ʵʧʠʟʦʜ ʘʢʪʠʚʠʟʘʮʠʠ ʖʞʥʦ-ʊʝʨʝʢʪʠʥʩʢʦʛʦ ʨʘʟʣʦʤʘ ʟʘʬʠʢʩʠʨʦ-
ʚʘʥ ʚ ʨʘʟʣʦʤʥʦʤ ʫʩʪʫʧʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ 1 ʢʤ ʢ ʚʦʩʪʦʢʫ ʦʪ ʧʦʩ. ʄʘʨʛʘʣʘ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʚʠʞʢʠ ʚ ʟʦʥʝ ʨʘʟʣʦʤʘ ʧʨʦʠʟʦʰʣʦ ʜʨʦʙʣʝʥʠʝ ʤʨʘʤʦʨʦʚ 
(MPRïO1) ʠ ʧʨʦʨʘʙʦʪʢʘ ʵʪʦʡ ʟʦʥʳ ʧʦʜʟʝʤʥʳʤʠ ʚʦʜʘʤʠ ʩ ʦʪʣʦʞʝʥʠʝʤ ʮʝʤʝʥʪʠ-
ʨʫʶʱʝʛʦ ʦʙʣʦʤʢʠ ʪʨʘʚʝʨʪʠʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. 14ʉ ʚʦʟʨʘʩʪ ʪʨʘʚʝʨʪʠʥʦʚ ʫʢʘʟʳ-
ʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʟʝʤʣʝʪʨʷʩʝʥʠʝ (M Ó 7, I = 9ï10 ʙʘʣʣʦʚ) ʤʦʛʣʦ ʧʨʦʠʟʦʡʪʠ ~ 16 ʪʳʩ. 
ʣʝʪ ʥʘʟʘʜ. ʆʥʦ ʧʦʩʣʫʞʠʣʦ ʪʨʠʛʛʝʨʦʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʡʩʤʦʛʨʘʚʠʪʘʮʠʦʥʥʳʭ 
ʩʪʨʫʢʪʫʨ, ʦʙʨʘʟʦʚʘʚʰʠʭ ʧʣʦʪʠʥʫ ʧʦʜʧʨʫʜʥʦʛʦ ʦʟʝʨʘ.  
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ʈʘʟʨʫʰʝʥʠʝ ʧʣʦʪʠʥʳ ʠ ʩʧʫʩʢ ʦʟʝʨʘ ʢʦʨʨʝʣʠʨʫʝʪʩʷ ʩ ʩʦʧʦʩʪʘʚʠʤʳʤ ʧʦ ʧʘ-
ʨʘʤʝʪʨʘʤ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ ʥʘ ʨʫʙʝʞʝ 6 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ.  
ɽʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʝʡʩʤʠʪʳ ʚ ʦʟʝʨʥʳʭ ʧʝʩʢʘʭ ʠ ʘʣʝʚʨʠʪʘʭ ʚ ʚʠʜʝ ʧʦʜʫʰʝʯʥʳʭ 
ʩʠʥʬʦʨʤ ʨʘʟʤʝʨʦʤ 4.5-5.5 ʤ, ʧʝʩʯʘʥʳʭ ʚʫʣʢʘʥʦʚ, ʤʠʢʨʦʨʘʟʣʦʤʦʚ ʠ ʪʨʝʱʠʥ. 
ʅʘʢʦʥʝʮ, ʩʣʝʜʳ ʙʦʣʝʝ ʜʨʝʚʥʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ M Ó 5ï5.5 ʚ ʧʨʝʜʝʣʘʭ ʚʧʘʜʠʥʳ 
ʬʠʢʩʠʨʫʶʪʩʷ ʩʝʡʩʤʠʪʘʤʠ ʚ ʦʪʣʦʞʝʥʠʷʭ ʵʪʘʧʘ ʩʧʫʩʢʘ ʣʝʜʥʠʢʦʚʦ-ʧʦʜʧʨʫʜʥʦʛʦ 
ʦʟʝʨʘ (100ï90 ʪʳʩ. ʣʝʪ) ʠ ʚ ʘʣʣʶʚʠʠ ʩ ʚʦʟʨʘʩʪʦʤ ~ 77 ʪʳʩ. ʣʝʪ [11, 19-22]. 

 
ɺʳʚʦʜʳ 

1. ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʠʪʴ ʚ ʧʨʝʜʝʣʘʭ ɻʦʨʥʦʛʦ ɸʣʪʘʷ 
ʪʨʠ ʟʦʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʣʝʜʦʚ ʧʘʣʝʦʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʨʫʧʥʳʤʠ ʤʦʨ-
ʬʦʩʪʨʫʢʪʫʨʘʤʠ: ʏʫʡʩʢʦ-ʂʫʨʘʡʩʢʦʡ ʩʠʩʪʝʤʦʡ ʚʧʘʜʠʥ, ʋʡʤʦʥʩʢʦʡ ʚʧʘʜʠʥʦʡ ʠ ʂʘ-
ʪʫʥʩʢʠʤ ʨʘʟʣʦʤʦʤ. ʋʩʪʘʥʦʚʣʝʥʦ ʧʦʣʦʞʝʥʠʝ ʦʯʘʛʦʚʳʭ ʟʦʥ ʧʘʣʝʦʟʝʤʣʝʪʨʷʩʝʥʠʡ 
(Mw = 6.7ï7.5) ʩ ʚʦʟʨʘʩʪʦʤ ~ 1.3, 3.2, 5.8, 6.5 ʪʳʩ. ʣʝʪ (ʂʫʨʘʡʩʢʘʷ ʟʦʥʘ ʨʘʟʣʦʤʦʚ), 
~ 1.3 ʠ 16 ʪʳʩ. ʣʝʪ (ʖʞʥʦ-ʊʝʨʝʢʪʠʥʩʢʠʡ ʨʘʟʣʦʤ), ʤʦʣʦʞʝ 12.5 ʪʳʩ. ʣʝʪ (ʂʘʪʫʥʩʢʠʡ 
ʨʘʟʣʦʤ).  

2. ɿʘʬʠʢʩʠʨʦʚʘʥʳ ʚʪʦʨʠʯʥʳʝ ʧʘʣʝʦʩʝʡʩʤʦʜʠʩʣʦʢʘʮʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (M 
Ó 5ï5.5, I Ó 6ï7 ʙʘʣʣʦʚ) ʚ ʥʠʞʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʚ ʦʪʣʦʞʝʥʠʷʭ ʩ ʚʦʟ-
ʨʘʩʪʦʤ 100ï90 ʠ 77 ʪʳʩ. ʣʝʪ ʏʫʡʩʢʦʡ ʠ ʋʡʤʦʥʩʢʦʡ ʚʧʘʜʠʥ. ʆʥʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʘ-
ʣʝʦʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʦʠʟʦʰʣʠ ~ 150, 90, ʚ ʠʥʪʝʨʚʘʣʘʭ 38ï19 ʠ 19ï12.5, 
2.4ï2 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ ʚ ʟʦʥʝ ʂʘʪʫʥʩʢʦʛʦ ʨʘʟʣʦʤʘ. 

 
ʌʦʥʜʦʚʘʷ ʧʦʜʜʝʨʞʢʘ 

ʇʘʣʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʝ ʠ ʘʨʭʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʋʡʤʦʥ-
ʩʢʦʡ ʚʧʘʜʠʥʝ, ʚ ʟʦʥʝ ʂʘʪʫʥʩʢʦʛʦ ʨʘʟʣʦʤʘ ʠ ʥʘ ʚʦʩʪʦʯʥʦʤ ʬʣʘʥʛʝ ʂʫʨʘʡʩʢʦʡ ʟʦʥʳ 
ʨʘʟʣʦʤʦʚ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦ-
ʝʢʪʘ ˉ 18-05-00389_ʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʟʘʧʘʜʥʦʛʦ ʬʣʘʥʛʘ ʂʫʨʘʡʩʢʦʡ ʟʦʥʳ ʨʘʟʣʦ-
ʤʦʚ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ 18-
35-00280 ʤʦʣ_ʘ. ʆʧʨʝʜʝʣʝʥʠʷ ʘʙʩʦʣʶʪʥʦʛʦ ʚʦʟʨʘʩʪʘ ʦʪʣʦʞʝʥʠʡ ʯʘʩʪʠʯʥʦ ʚʳ-
ʧʦʣʥʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪ ʈʅʌ 19-17-00179. 

 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʋʣʦʤʦʚ ɺ.ʀ., ɹʦʛʜʘʥʦʚ ʄ.ʀ., ʊʨʠʬʦʥʦʚ ɺ.ɻ., ɻʫʩʝʚ ɸ.ɸ., ɻʫʩʝʚ ɻ.ʉ., ɸʢʘʪʦʚʘ 
ʂ.ʅ., ɸʧʪʠʢʘʝʚ ʌ.ʌ., ɼʘʥʠʣʦʚʘ ʊ.ʀ., ʂʦʞʫʨʠʥ ɸ.ʀ., ʄʝʜʚʝʜʝʚʘ ʅ.ʉ., ʅʠʢʦʥʦʚ ɸ.ɸ., 
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THE GRAVITATIONAL INFLUENCE OF THE MOON ON THE EARTH AS A LONG-

TERM PREDICTOR OF SEISMICITY 

Kurskeev A.K., Amirov N.B. 

 

ɸʥʥʦʪʘʮʠʷ: ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʮʝʥʢʝ ʚʢʣʘʜʘ ʃʫʥ-

ʥʳʭ ʧʨʠʣʠʚʦʚ ʚ ʠʟʤʝʥʝʥʠʠ ʩʝʡʩʤʠʯʥʦʩʪʠ ɿʝʤʣʠ. ʋʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʳ ʦ ʪʦʤ, ʯʪʦ 

ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʠʣʦ-

ʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦ ʩʪʦʨʦʥʳ ʃʫʥʳ ʥʘ ɿʝʤʣʶ, ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʥʦʚʳʤʠ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʦ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ. ʄʥʦʛʦʣʝʪʥʠʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʜʝʬʦʨʤʘʮʠʡ ʧʨʦʷʚʣʝʥʳ ʚ ʤʘʩʰʪʘʙʘʭ ʟʝʤʥʦʡ ʢʦʨʳ. ʕʥʝʨʛʠʷ, ʩʦ-

ʜʝʨʞʘʱʘʷʩʷ ʚ ʧʨʠʣʠʚʦʦʙʨʘʟʫʶʱʠʭʩʷ ʚʦʣʥʘʭ, ʧʦʩʪʫʧʘʝʪ ʚ ʟʝʤʥʫʶ ʢʦʨʫ ʯʝʨʝʟ 

ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ɽʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʥʝʦʜʥʦʨʦʜ-

ʥʦʩʪʝʡ ʟʝʤʥʦʡ ʢʦʨʳ, ʪ.ʝ. ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜ ʠ, ʢʘʢ ʩʣʝʜ-

ʩʪʚʠʝ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʯʘʛʦʚʳʭ ʟʦʥ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʃʫʥʘ, ʧʨʠʣʠʚʳ, ʩʝʡʩʤʠʯʥʦʩʪʴ, ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʧʨʠʣʠ-

ʚʦʦʙʨʘʟʫʶʱʠʝ ʚʦʣʥʳ, ʨʘʟʨʫʰʝʥʠʝ ʧʦʨʦʜ, ʦʯʘʛʦʚʳʝ ʟʦʥʳ.  

 

Abstract: The results of a study evaluating the contribution of Lunar tides to 

changes in Earth's seismicity are presented. Laws have been established that the 

probability of occurrence of earthquakes increases with increasing force from the moon 

to the Earth, confirmed by new experimental data on strong earthquakes. Perennial 

harmonic components of the deformations are manifested on the scale of the earth's 

crust. The energy contained in tidal waves enters the earth's crust through the earth's 

surface. It is enough to move the structural inhomogeneities of the earth's crust, i.e. for 

the development of rock destruction processes and, as a consequence, the formation 

of focal zones of earthquakes. 

Key words: moon, tides, seismicity, earthquakes, tidal waves, rock destruc-

tion, focal zonesAbstract. The results of a study to assess the contribution of lunar 

tides to changes in the seismicity of the Earth are presented. 

 

ɺʚʝʜʝʥʠʝ. ʃʫʥʘ ʝʩʪʝʩʪʚʝʥʥʳʡ ʩʧʫʪʥʠʢ ɿʝʤʣʠ [1]. ʆʥʘ ʜʚʠʞʝʪʩʷ ʧʦ ʵʣʣʠʧ-

ʪʠʯʝʩʢʦʡ ʦʨʙʠʪʝ ʩ ʧʝʨʠʦʜʦʤ 27.32 ʩʫʪʦʢ (ʩʠʜʝʨʠʯʝʩʢʠʡ ʤʝʩʷʮ). ʇʦʣʥʳʡ ʮʠʢʣ ʠʟ-

ʤʝʥʝʥʠʷ ʚʟʘʠʤʥʳʭ ʧʦʣʦʞʝʥʠʡ ɿʝʤʣʠ ʠ ʃʫʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʦʣʥʮʘ ʩʦʩʪʘʚʣʷʝʪ 

29.5 ʩʫʪʦʢ (ʩʠʥʦʜʠʯʝʩʢʠʡ ʤʝʩʷʮ). ʊʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʦʨʙʠʪʳ ʃʫʥʳ ʩ ʵʢʣʠʧʪʠʢʦʡ 

ʜʝʣʘʶʪ ʧʦʣʥʳʡ ʦʙʦʨʦʪ ʟʘ 18.6 ʣʝʪ.  

ʄʝʪʦʜʦʣʦʛʠʷ. ɺ ʢʦʥʮʝ XIX ʚʝʢʘ ɸ. ʇʝʨʨʝ ʨʘʟʨʘʙʦʪʘʣ ʜʚʘ ʟʘʢʦʥʘ, ʧʦ ʢʦʪʦ-

ʨʳʤ ʯʠʩʣʦ ʜʥʝʡ ʩ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 20% ʧʨʠ ʧʝʨʝʜʚʠʞʝʥʠʠ ʃʫʥʳ 

ʦʪ ʢʚʘʜʨʘʪʫʨ ʢ ʩʠʟʠʛʠʷʤ (1 ʟʘʢʦʥ) ʠ ʦʪ ʘʧʦʛʝʷ ʢ ʧʝʨʠʛʝʶ (2 ʟʘʢʦʥ) [2].  

ʈʝʯʴ ʚ ʥʠʭ ʰʣʘ ʪʦʣʴʢʦ ʦ ʚʨʝʤʝʥʠ ʫʚʝʣʠʯʝʥʠʷ ʩʝʡʩʤʠʯʥʦʩʪʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɸʚʪʦʨʘʤʠ [3] ʨʘʟʨʘʙʦʪʘʥ ʦʙʲʝʜʠʥʸʥʥʳʡ ʟʘ-

ʢʦʥ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʘʩʩʯʠʪʘʪʴ ʩʫʤʤʘʨʥʳʝ ʚʝʨʪʠʢʘʣʴʥʫʶ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʩʦ-

ʩʪʘʚʣʷʶʱʠʝ ʧʨʠʣʠʚʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʥʘ ɿʝʤʣʶ. ʏʠʩʣʝʥʥʳʝ ʤʦʜʝʣʴʥʳʝ ʨʘʩʯʸʪʳ 



31 
 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʨʠʣʠʚʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʦʪ ʤʠʥʠʤʫʤʘ ʜʦ ʤʘʢʩʠʤʫʤʘ 

ʢʦʣʠʯʝʩʪʚʦ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 28-30%. ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʀ.ʅʴʶʪʦʥʘ 

ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ɿʝʤʣʝʡ ʠ ʃʫʥʦʡ ʚʳʨʘʞʘʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: Ὂ Ὃ
̈˙̌
, ʛʜʝ G ð ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ (6.67Ĭ10-8 ʩʤ3ʩī2ʛī1), 

ʄʟ ʠ ʄʣ ð ʤʘʩʩʳ ɿʝʤʣʠ (5.977Ĭ1027 ʛ) ʠ ʃʫʥʳ (7.35Ĭ1025 ʛ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, L ð 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ. ʆʥʦ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 363Ĭ103 ʢʤ ʜʦ 405Ĭ103 ʢʤ [4].  

ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦʙ ʠʟʤʝʥʝʥʠʠ F ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ 

L; ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 3.845Ĭ108 ʤ. ʛʜʝ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ 

L ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʩʠʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

 

ʊʘʙʣʠʮʘ 1. ʀʟʤʝʥʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ ʠ ʜʝʬʦʨʤʘʮʠʠ ɿʝʤʣʠ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʝʶ ʠ ʃʫʥʦʡ 

ʈʘʩʩʪʦʷʥʠʝ L, 
ʤ 

F, 

(³1024) ʛĿʩʤ/ʩ2 

ʘ, 

(³10ī2) ʩʤ/ʩ2 

gi, 
ʩʤ/ʩ2 

Ri, 
ʢʤ 

DR, 
ʢʤ 

a, 
10ī5 

4.055³108 
(ʘʧʦʛʝʡ) 

17.88 2.99 979.760 6378.89 ī0.20 ī3.1 

3.845³108 
(ʩʨʝʜʥʝʝ) 

19.9 3.29 979.729 6378.98 ī0.11 ī1.7 

3.363³108 
(ʧʝʨʠʛʝʡ) 

22.31 3.73 979.696 6379.09 ð ð 

3.53³108 
(çʘʥʦʤʘʣʴʥʦʝè) 

23.59 3.99 979.679 6378.98 ī0.89 ī4.0 

 

ʉʦʛʣʘʩʥʦ ʚʪʦʨʦʤʫ ʟʘʢʦʥʫ ʀ.ʅʴʶʪʦʥʘ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʃʫʥʳ ɿʝʤʣʷ ʧʨʠʦʙʨʝ-

ʪʘʝʪ ʫʩʢʦʨʝʥʠʝ ὥ
̈
. ʆʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʚʦʟʨʘʩʪʘʝʪ (ʪʘʙʣʠʮʘ 1, 

ʧʨʠ ʨʘʩʯʝʪʝ ʩʠʣʘ ʪʷʞʝʩʪʠ g ʥʘ ʰʠʨʦʪʝ 45Áʩ.ʰ. ʧʨʠʥʷʪʘ å 980 ʩʤ/ʩ2). ʀʟ ʪʘʙʣʠʮʳ 
ʚʠʜʥʦ, ʯʪʦ ʠʟ-ʟʘ ʫʩʢʦʨʝʥʠʷ ὥ ʩʠʣʘ ʪʷʞʝʩʪʠ ʠʟʤʝʥʷʝʪʩʷ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʠʟʤʝʥʷ-

ʝʪʩʷ ʨʘʜʠʫʩ ɿʝʤʣʠ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʬʦʨʤʫʣʝ Ὑ
˙̈

Ȣ
. ʇʨʠʨʘʱʝʥʠʝ ʨʘʜʠʫʩʘ 

ɿʝʤʣʠ ʧʨʠ çʧʝʨʝʭʦʜʝ ʃʫʥʳè ʠʟ ʧʦʣʦʞʝʥʠʷ çʧʝʨʠʛʝʡè ʥʘ ʧʦʣʦʞʝʥʠʝ çʘʧʦʛʝʡè ʨʘ-
ʜʠʫʩ ʤʦʞʝʪ ʩʦʢʨʘʪʠʪʴʩʷ ʜʦ 0.2 ʢʤ, ʘ ʜʝʬʦʨʤʘʮʠʷ ɿʝʤʣʠ ʫʚʝʣʠʯʠʪʴʩʷ ʜʦ 3Ĭ15ī5. 
ʊʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʟʷʪʩʷ ʚ ʜʠʥʘʤʠʢʝ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʣʘ-
ʥʝʪʳ. 

ʉʚʷʟʴ ʧʝʨʠʦʜʦʚ ʘʢʪʠʚʠʟʘʮʠʠ ʩʝʡʩʤʠʯʥʦʩʪʠ ʩ ʧʨʠʣʠʚʦʦʙʨʘʟʫʶʱʠʤʠ ʩʠʣʘʤʠ 

ʃʫʥʳ. 25 ʥʦʷʙʨʷ 2016 ʛ. ʃʫʥʘ ʥʘʭʦʜʠʣʘʩʴ ʥʘ ʤʠʥʠʤʘʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ɿʝʤʣʠ 
(3.53Ĭ1010 ʢʤ) ï ʩʫʧʝʨʣʫʥʠʝ [5].  

ʅʘ ʪʘʢʦʤ ʞʝ ʨʘʩʩʪʦʷʥʠʠ ʃʫʥʘ ʥʘʭʦʜʠʣʘʩʴ ʚ 1948 ʛ. ʠ 1880 ʛ. ʅʘ ʨʠʩʫʥʢʝ 1 
ʧʨʠʚʝʜʝʥ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ E, ʚʳʜʝʣʝʥʥʦʡ ʟʝʤʣʝʪʨʷʩʝ-
ʥʠʷʤʠ ʩ ʤʘʛʥʠʪʫʜʦʡ MÓ7.5 c 1860 ʛʦʜʘ ʧʦ 2016 ʛʦʜ [6].  

ʅʘ ʥʝʤ ʚʠʜʥʦ, ʯʪʦ ʚ ʘʢʪʠʚʠʟʘʮʠʠ ʩʝʡʩʤʠʯʥʦʩʪʠ ʥʘʙʣʶʜʘʣʠʩʴ ʪʨʠ ʧʝʨʠʦʜʘ: 
ʧʝʨʚʳʡ ʩ ʩʝʨʝʜʠʥʳ 80-ʭ ʛʦʜʦʚ XIX ʚʝʢʘ ʜʦ 30-ʭ ʛʦʜʦʚ XX ʚʝʢʘ; ʚʪʦʨʦʡ ʩ 1943 ʛʦʜʘ 
ʜʦ 1972 ʛʦʜʘ; ʪʨʝʪʠʡ ʧʝʨʠʦʜ, ʥʘʯʘʪʳʡ ʚ 1992 ʛʦʜʫ, ʧʨʦʜʦʣʞʘʝʪʩʷ ʥʳʥʝ. ʄʘʢʩʠ-
ʤʘʣʴʥʘʷ ʩʝʡʩʤʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ E ʚʳʜʝʣʝʥʘ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʘʢʪʠʚʠʟʘʮʠʠ ʩʝʡ-
ʩʤʠʯʥʦʩʪʠ (ʪʘʙʣ. 2). ʅʘ ʬʦʥʝ 68-ʣʝʪʥʠʭ ʧʝʨʠʦʜʦʚ ʚ ʠʟʤʝʥʝʥʠʠ ʧʨʠʣʠʚʦʚ ʚʳʜʝ-
ʣʷʝʪʩʷ 18.6-ʣʝʪʥʠʡ ʨʠʪʤ. ɺ XIX ʠ XX ʚʝʢʘʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʷʥʴ-ʐʘʥʷ ʩʠʣʴʥʳʝ ʠ 
ʨʘʟʨʫʰʠʪʝʣʴʥʳʝ (ɺʝʨʥʝʥʩʢʦʝ 1887 ʛ.; ʤʘʛʥʠʪʫʜʘ 7.3, ʏʠʣʠʢʩʢʦʝ 1889 ʛ.; ʤʘʛʥʠ-
ʪʫʜʘ 8.3, ʂʫʣʴʜʞʠʥʩʢʦʝ 1921 ʛ.; ʤʘʛʥʠʪʫʜʘ 6.7, ɼʞʫʥʛʘʨʩʢʦʝ 1958 ʛ.; ʤʘʛʥʠʪʫʜʘ 
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6.4, ɾʘʣʘʥʘʰ-ʊʶʧʩʢʦʝ 1978 ʛ.; ʤʘʛʥʠʪʫʜʘ 6.8) ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʨʦʠʟʦʰʣʠ ʚ ʧʝ-
ʨʠʦʜ ʩʤʝʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʦʪ ʧʨʠʙʣʠʞʝʥʠʷ ʃʫʥʳ ʢ ɿʝʤʣʝ ʥʘ ʫʜʘʣʝʥʠʝ ʦʪ ʥʝʝ (ʨʠʩ. 
2). 

ɺ ʧʝʨʠʦʜ ʩʤʝʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʃʫʥʳ ʦʪ ʫʜʘʣʝʥʠʷ ʥʘ ʧʨʠʙʣʠʞʝʥʠʝ ʢ ɿʝʤʣʝ 

ʧʨʦʠʟʦʰʣʠ ʂʝʤʠʥʩʢʦʝ (1911 ʛ.; ʤʘʛʥʠʪʫʜʘ 8.2), ʂʦʢʰʘʘʣʴʩʢʦʝ (1915 ʛ.; ʤʘʛʥʠʪʫʜʘ 

6.7), ʉʘʨʳʢʘʤʳʰʩʢʦʝ (1970 ʛ.; ʤʘʛʥʠʪʫʜʘ 6.8), ʉʫʫʩʘʤʳʨʩʢʦʝ (1992 ʛ.; ʤʘʛʥʠʪʫʜʘ 

7.3) ʟʝʤʣʝʪʨʷʩʝʥʠʷ [5]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʢʦʥʳ ʦ ʪʦʤ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦ-

ʚʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦ ʩʪʦ-

ʨʦʥʳ ʃʫʥʳ ʥʘ ɿʝʤʣʶ, ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʥʦʚʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʦ 

ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ. 

ɺ [7] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʥʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ 

ʪʝʢʪʦʥʦʩʬʝʨʳ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʢʦʩʤʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʵʥʝʨʛʦʥʘʩʳʱʝʥʥʦʩʪʠ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʉʝʚʝʨʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ ʥʘ ʣʫʥ-

ʥʳʝ ʧʨʠʣʠʚʳ ʦʪʢʣʠʢʘʶʪʩʷ ʢʘʢ ʢʦʨʘ, ʪʘʢ ʠ ʤʘʥʪʠʷ (ʨʠʩ. 2-5). 

 

 

ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʚʳʜʝʣʝʥʥʦʡ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʩ ʤʘʛʥʠʪʫʜʦʡ 
M>7.5 ʠʟ ʥʝʜʨ ɿʝʤʣʠ: 1ð ʩʨʝʜʥʝʛʦʜʦʚʳʝ, 2 ð ʦʩʨʝʜʥʝʥʥʳʝ ʩ ʠʥʪʝʨʚʘʣʦʤ 10 ʪʦʯʝʢ 

 

ʊʘʙʣʠʮʘ 2. ɼʘʥʥʳʝ ʦ ʯʠʩʣʝ (N) ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʚʳʜʝʣʠʚʰʝʡʩʷ ʩʝʡʩʤʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ (E) 

ʇʝʨʠʦʜ 

ʘʢʪʠʚʠʟʘʮʠʠ 

ʩʝʡʩʤʠʯʥʦʩʪʠ 

ʇʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʴ, 

ʣʝʪ 

ʏʠʩʣʦ 

N 

ʉʝʡʩʤʠʯʝ-

ʩʢʘʷ 

ʵʥʝʨʛʠʷ E, 

ʵʨʛ 

N ʚ 

ʛʦʜ 

E ʚ ʛʦʜ 

ʇʝʨʚʳʡ ʵʪʘʧ 

1885 ï 1930 ʛʛ. 

45 280 7.03E+20 6.22 1.56E+1

9 

ɺʪʦʨʦʡ ʵʪʘʧ 

1943 ï 1972 ʛʛ. 

29 165 2.13E+21 5.69 7.34E+1

9 

ʊʨʝʪʠʡ ʵʪʘʧ 

1992 ï 2017 ʛʛ. 

25 136 8.15E+20 5.44 3.26E+1

9 
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ʈʠʩ. 2. ɺʘʨʠʘʮʠʠ ʩʢʣʦʥʝʥʠʷ ʃʫʥʳ ʠ ʩʝʡʩʤʠʯʥʦʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ ʊʷʥʴ-ʐʘʥʷ 

 
ʄʥʦʛʦʣʝʪʥʠʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʜʝʬʦʨʤʘʮʠʡ ʧʨʦʷʚʣʝʥʳ ʚ 

ʤʘʩʰʪʘʙʘʭ ʟʝʤʥʦʡ ʢʦʨʳ. ʅʘʠʙʦʣʴʰʠʡ ʦʪʢʣʠʢ ʧʘʨʘʤʝʪʨʦʚ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʠ ʬʣʶ-

ʠʜʥʦʛʦ ʨʝʞʠʤʦʚ, ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ɿʝʤʣʶ ʚʥʝʰ-

ʥʠʭ ʩʠʣ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʝʨʠʦʜʳ, ʧʨʠʭʦʜʷʱʠʝʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʠʭ 2-4; 11; 

18-22; 33 ʠ 62-ʣʝʪʥʠʝ ʮʠʢʣʳ. 

 

ʈʠʩ. 3. ɼʠʥʘʤʠʢʘ ʧʘʨʘʤʝʪʨʘ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʝʚʝʨʥʦʛʦ ʊʷʥʴ-
ʐʘʥʷ ʚ 1963ʛ. (ʚʝʨʭʥʷʷ ʯʘʩʪʴ) ʠ1983ʛ. (ʥʠʞʥʷʷ ʯʘʩʪʴ) [ʂʫʨʩʢʝʝʚ, 2004] 

 

 

ʈʠʩ. 4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʫʤʤʘʨʥʦʡ ʵʥʝʨʛʠʠ E (ʦʩʴ ʦʨʜʠʥʘʪ), ʚʳʜʝʣʠʚʰʝʡʩʷ ʧʨʠ ʟʝʤʣʝ-
ʪʨʷʩʝʥʠʷʭ ʩ KÓ9,6 ʥʘ ʪʝʨʨʠʪʦʨʠʠ 40Á-45Á ʩ.ʰ., 70Á-85Á ʚ.ʜ. [ʂʫʨʩʢʝʝʚ, 2004] 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠʣʠʚʦʦʙʨʘʟʫʶʱʠʭ ʩʠʣ ʠ ʧʘʨʘʤʝʪʨʦʚ 
ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʠʭ ʜʠʥʘʤʠʢʝ ʜʦʤʠʥʠʨʫʶʪ ʩʭʦʞʠʝ ʨʠʪʤʳ 
(ʛʦʜ): 1; 2; 4 ʠ 18.6. ʕʥʝʨʛʠʷ, ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʧʨʠʣʠʚʦʦʙʨʘʟʫʶʱʠʭʩʷ ʚʦʣʥʘʭ, ʧʦ-
ʩʪʫʧʘʝʪ ʚ ʟʝʤʥʫʶ ʢʦʨʫ ʯʝʨʝʟ ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ɹʝʛʫʱʠʝ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨ-
ʜʳʝ ʚʦʣʥʳ ʩ ʘʤʧʣʠʪʫʜʦʡ W0 ʚʳʟʳʚʘʶʪ ʜʝʬʦʨʤʘʮʠʶ 

ὡ ȟȟ ὡὩ ȾίὭὲὼ ὧὸ,    (1) 

ʛʜʝ ʩ ð ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ ʚʦʣʥʘ ʜʣʠʥʦʡ ɚ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ; t ð 
ʚʨʝʤʷ. ʊʚʝʨʜʘʷ ʜʝʬʦʨʤʘʮʠʦʥʥʘʷ ʚʦʣʥʘ ʧʦ ʤʝʨʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʛʣʫʙʴ ʟʘʪʫ-
ʭʘʝʪ ʧʦ ʟʘʢʦʥʫ: 

Ὄ ‗ὋὝȾς“– ϳ ,     (2) 

ʛʜʝ ʊ ð ʧʝʨʠʦʜ ʚʦʣʥʳ; G ʠ ɖ ð ʤʦʜʫʣʴ ʩʜʚʠʛʘ ʠ ʚʷʟʢʦʩʪʴ ʩʨʝʜʳ.  
 

 
 

ʈʠʩ. 5. ɺʘʨʠʘʮʠʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʩʪʘʥʮʠʠ ɸʣʤʘ-ɸʪʘ (ʊʘʣʛʘʨ): 1 ï ʛʨʘ-
ʬʠʢ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʟʥʘʯʝʥʠʡ ʬʘʢʪʦʨʘ ŭ(ʄ2); 2 ï ʛʨʘʬʠʢ ʩʨʝʜʥʠʭ ʪʨʝʭʣʝʪʥʠʭ ʟʥʘʯʝʥʠʡ 
ʬʘʢʪʦʨʘ ŭ(ʄ2) [ʂʫʨʩʢʝʝʚ, 1990] 

 
ɺʳʚʦʜʳ. 

1. ɻʣʫʙʠʥʳ ʟʘʪʫʭʘʥʠʷ ʚʦʣʥ ʢʦʣʝʙʣʶʪʩʷ ʦʪ ʝʜʠʥʠʮ ʢʤ ʜʦ 400 ʢʤ. ʄʦʱʥʦʩʪʴ ʧʨʠ-
ʣʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʃʫʥʳ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1019 ʕʨʛ/ʩ.  
2. ɽʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʟʝʤʥʦʡ ʢʦʨʳ, 
ʪ.ʝ. ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʦʯʘʛʦʚʳʭ ʟʦʥ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʐʝʚʯʝʥʢʦ ɺ.ɺ. ʃʫʥʘ ʠ ʝʝ ʥʘʙʣʶʜʝʥʠʝ. ʄ., çʅʘʫʢʘè, 1983, 192 ʩ. 
2. Perrey A. Comptes rendus des seances de lôAcademie des Sciences. T81. 1875 
3. ʂʫʨʩʢʝʝʚ ɸ.ʂ., ɼʝʤʯʝʥʢʦ ɹ.ʀ. çʆ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʲʝʜʠʥʝʥʠʷ ʟʘʢʦʥʦʚ ʇʝʨʨʝè // ʀʟʚʝ-
ʩʪʠʷ ʅɸʅ ʈʂ. ʉʝʨʠʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ˉ6, 2010, ʩ. 47-49 
4. ɹʨʦʥʰʪʝʥ ɺ.ɸ. ʂʘʢ ʜʚʠʞʝʪʩʷ ʃʫʥʘ? ʄ., çʅʘʫʢʘè, 1990, 208 ʩ. 
5. https://ru.wikipedia.org 
6. ʂʘʪʘʣʦʛ NGDC/WDS, NOAA 
7. ʂʫʨʩʢʝʝʚ ɸ.ʂ. ɿʝʤʣʝʪʨʷʩʝʥʠʷ ʠ ʩʝʡʩʤʠʯʝʩʢʘʷ ʦʧʘʩʥʦʩʪʴ ʂʘʟʘʭʩʪʘʥʘ. ɸʣʤʘʪʳ. 
çʕʚʝʨʦè, 2004. 504 ʩ. 
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ɺʓʗɺʃɽʅʀɽ ʈʆɽɺ ɿɽʄʃɽʊʈʗʉɽʅʀʁ ɺ ʉɽʁʉʄʆɸʂʊʀɺʅʆʄ ʈɽɻʀʆʅɽ 
ʉɽɺɽʈʅʆɻʆ ʊʗʅʔ-ʐɸʅʗ ʀ ʇʈʀʃɽɻɸʖʑʀʍ ʊɽʈʈʀʊʆʈʀʁ 

ʃʠʪʦʚʯʝʥʢʦ ʀ.ʅ., ʃʶʪʠʢʦʚʘ ɺ.ʉ. 
 

DETECTION OF SWARM EARTHQUAKES IN THE SEISMOACTIVE REGION 
OF THE NORTHERN TIEN SHAN AND ADJUSTING TERRITORIES 

Litovchenko I.N., Lyutikova V.S. 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʠʟʣʘʛʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʚʳʷʚʣʝʥʠʷ ʨʦʝʚ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʡ ʚ ʩʝʡʩʤʦʘʢʪʠʚʥʦʤ ʨʝʛʠʦʥʝ ʉʝʚʝʨʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦ-
ʨʠʡ, ʘʣʛʦʨʠʪʤ ʠʭ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ. çʈʦʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡè ʚʳʨʘʞʘ-
ʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʩʣʘʙʳʭ ʪʦʣʯʢʦʚ ʚ ʥʝʢʦʪʦʨʦʡ ʣʦʢʘʣʴʥʦʡ ʟʦʥʝ ʟʝʤʥʦʡ 
ʢʦʨʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʩʪʝʧʝʥʥʳʤ ʝʛʦ ʫʤʝʥʴʰʝʥʠʝʤ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʘʟ-
ʤʝʨʳ çʨʦʝʚè, ʧʨʠʤʝʨʥʦ, ʨʘʚʥʳ ʨʘʟʤʝʨʘʤ ʵʧʠʮʝʥʪʨʘʣʴʥʳʭ ʟʦʥ ʩʠʣʴʥʳʭ ʟʝʤʣʝ-
ʪʨʷʩʝʥʠʡ. ʅʘ ʩʦʚʨʝʤʝʥʥʳʭ ʜʘʥʥʳʭ ʦ ʩʝʡʩʤʠʯʥʦʩʪʠ ʨʝʛʠʦʥʘ ʉʝʚʝʨʥʦʛʦ ʊʷʥʴ-
ʐʘʥʷ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ, ʠʩʩʣʝʜʫʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʨʦʝʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʟʘ ʧʝʨʠʦʜ 2018-2019 ʛʛ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʳ ʤʝʩʪʘ ʣʦʢʘ-
ʣʠʟʘʮʠʠ ʨʦʝʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʈʝʟʫʣʴʪʘʪ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ ʨʘʟʚʠʪʠʝ ʩʝʡʩʤʠʯʝ-
ʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦ ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʡʩʤʠʯ-
ʥʦʩʪʠ ʠ ʧʨʦʛʥʦʟʘ ʙʫʜʫʱʠʭ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʡʩʤʠʯʥʦʩʪʴ ʨʝʛʠʦʥʘ, ʨʦʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʵʧʠʮʝʥʪʨʘʣʴʥʳʝ 

ʟʦʥʳ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʣʘʩʩ, ʩʣʘʙʳʝ ʪʦʣʯʢʠ, ʧʨʦʛʥʦʟ, ʘʣʛʦʨʠʪʤ ʨʘʩʧʦʟʥʦʚʘʥʠʷ. 
Annotation. The paper outlines the features of the identification of earthquake 

swarms in the seismically active region of the Northern Tien Shan and adjacent terri-
tories, their recognition algorithm and results. An ñearthquake swarmò is expressed in 
an increase in the number of weak shocks in a certain local zone of the earthôs crust, 
followed by its gradual decrease. The spatial dimensions of the ñswarmsò are approxi-
mately equal to the sizes of the epicentral zones of strong earthquakes. Based on 
modern data on the seismicity of the Northern Tien Shan region and adjacent territo-
ries, the features of the distribution of earthquake swarms for the period 2018-2019 
are investigated. As a result, places of localization of earthquake swarms were ob-
tained. The result demonstrating the development of the seismic process over time 
can be used to study seismicity and predict future strong earthquakes. 

Keywords: seismicity of the region, swarm of earthquakes, epicentral zones, 
energy class, weak shocks, forecast, recognition algorithm. 

 
ɺʚʝʜʝʥʠʝ. ɺ ʨʘʙʦʪʝ ʠʟʣʘʛʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʚʳʷʚʣʝʥʠʷ ʨʦʝʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʩʜʝʣʘʥʘ ʧʦ-
ʧʳʪʢʘ ʦʮʝʥʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʝʛʦ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʘʢʪʠʯʝ-
ʩʢʠʭ ʟʘʜʘʯ. ʉʝʡʩʤʠʯʥʦʩʪʴ ʨʝʛʠʦʥʘ ʉʝʚʝʨʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠ-
ʪʦʨʠʡ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʘʚʪʦʨʘʤʠ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘ ʧʨʝʜʤʝʪ ʚʳʷʚʣʝʥʠʷ ʨʦʝʚ 
ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʈʘʥʝʝ, ʚ ʨʘʙʦʪʘʭ ʘʚʪʦʨʦʚ [1,2,3] ʦʧʠʩʳʚʘʣʩʷ ʧʨʦʮʝʩʩ ʨʘʩʧʦʟʥʘ-
ʚʘʥʠʷ ʨʦʝʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɹʳʣʦ ʧʦʜʨʦʙʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʨʘʩ-
ʧʨʝʜʝʣʝʥʠʝ ʪʘʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ ʨʘʟʥʳʭ ʩʝʡʩʤʦʘʢʪʠʚʥʳʭ ʨʝʛʠʦʥʘʭ. ʅʘ 
ʩʦʚʨʝʤʝʥʥʳʭ ʜʘʥʥʳʭ ʦ ʩʝʡʩʤʠʯʥʦʩʪʠ ʨʝʛʠʦʥʘ ʉʝʚʝʨʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ ʠ ʧʨʠʣʝʛʘ-
ʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʨʦʝʚ. 
ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʳʷʚʣʝʥʥʳʭ ʨʦʝʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʟʘ ʧʝʨʠʦʜ 2018-2019ʛʛ. 
ʆʪʤʝʪʠʤ, ʯʪʦ çʨʦʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡè ʚʳʨʘʞʘʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʩʣʘʙʳʭ 
ʪʦʣʯʢʦʚ ʚ ʥʝʢʦʪʦʨʦʡ ʣʦʢʘʣʴʥʦʡ ʟʦʥʝ ʟʝʤʥʦʡ ʢʦʨʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʩʪʝʧʝʥʥʳʤ 
ʝʛʦ ʫʤʝʥʴʰʝʥʠʝʤ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʘʟʤʝʨʳ çʨʦʝʚè, ʧʨʠʤʝʨʥʦ, ʨʘʚʥʳ ʨʘʟʤʝ-
ʨʘʤ ʵʧʠʮʝʥʪʨʘʣʴʥʳʭ ʟʦʥ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. çʈʦʠè ʥʘʨʷʜʫ ʩ çʬʦʨʰʦʢʘʤʠè 
ʦʙʨʘʟʫʶʪ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ, ʢʦʪʦʨʳʝ 
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ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʨʦʛʥʦʟʘ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʦʪʩʶʜʘ ʚʦʟʥʠʢʘʝʪ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ 
ʧʨʝʜʣʘʛʘʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʪʴ [1] ʤʝʪʦʜ ʛʨʘʬʠʯʝcʢʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʚʨʝʤʝʥʥʳʭ ʧʦ-
ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʦʙʳʪʠʡ (ʄɻʂʣ). ɸʚʪʦʨʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ [3, 4] ʦʪʤʝʯʘʝʪʩʷ, 
ʯʪʦ çʨʦʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡè - ɻ ʪʦ ʦʩʦʙʳʡ ʚʠʜ ʧʨʦʷʚʣʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, 
ʢʦʛʜʘ ʟʘ ʜʦʩʪʘʪʦʯʥʦ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ, ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ ʦʪ 1 ʜʦ 5-15 ʩʫ-
ʪʦʢ (ʨʝʜʢʦ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ), ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʤʝʩʪʝ, ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʡ 
ʧʣʦʱʘʜʠ, ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʘʣʳʭ 
ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʣʘʩʩʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʬʦʥʦʚʦʡ ʩʝʡʩʤʠʯʥʦʩʪʠ ʨʝʛʠʦʥʘ. ʅʦ, ʚ 
ʦʪʣʠʯʠʝ ʦʪ çʘʬʪʝʨʰʦʢʦʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠè, çʨʦʝʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 
ʟʝʤʣʝʪʨʷʩʝʥʠʡè [4]ʥʝ ʚʩʝʛʜʘ ʠʤʝʶʪ ʛʣʘʚʥʦʝ ʩʦʙʳʪʠʝ ʩʪʘʨʰʝʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 
ʢʣʘʩʩʘ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʦʛʦ ʟʘʪʫʭʘʥʠʷ ʵʥʝʨʛʠʠ ʩʦʙʳʪʠʡ ʚʦ ʚʨʝʤʝʥʠ. ʌʠʟʠʯʝ-
ʩʢʘʷ ʧʨʠʨʦʜʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ çʨʦʝʚè ʥʝ ʷʩʥʘ. ʆʥʠ ʚʦʟʥʠʢʘʶʪ, ʢʘʢ ʚ ʟʦʥʘʭ ʢʦʥʪʠ-
ʥʝʥʪʘʣʴʥʦʡ ʩʝʡʩʤʠʯʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʥʘ ʂʘʚʢʘʟʝ), ʪʘʢ ʠ ʚ ʟʦʥʘʭ ʩʫʙʜʫʢʮʠʠ (ʂʫ-
ʨʠʣʦ-ʂʘʤʯʘʪʩʢʘʷ ʟʦʥʘ) [4]. ʀʥʦʛʜʘ ʚ ʪʝʭ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʚ ʧʨʦʰʣʳʝ ʛʦʜʳ ʠʤʝʣʠ 
ʤʝʩʪʦ ʩʠʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ çʨʦʠè, ʘ ʠʥʦʛʜʘ ʥʝʪ [5]. 

ʄʝʪʦʜʦʤ ʚʳʜʝʣʝʥʠʷ ʨʦʝʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚʳʩʪʫʧʘʣ ʩʣʝʜʫʶʱʠʡ 

ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ. ʇʫʩʪʴ ʟʘ ʚʨʝʤʷ ʊ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʠʩʭʦʜʠʪ 
N ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʘ(11), ʘ(12),...,ʘ(NN). ʂʘʞʜʦʝ ʠʟ ʵʪʠʭ ʩʦʙʳʪʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 
ʥʘʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʧʦʚʪʦʨʷʪʴʩʷ (ʢʦʦʨʜʠʥʘʪʳ, 
ʤʘʛʥʠʪʫʜʘ, ʠ ʪ.ʧ.), ʜʨʫʛʠʝ ʞʝ ʥʝ ʧʦʚʪʦʨʷʶʪʩʷ ʥʠʢʦʛʜʘ. ɺʩʝʛʜʘ ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ 
ʤʘʪʨʠʮʫ R ʩʦʩʪʦʷʥʠʡ, ʩʠʤʤʝʪʨʠʯʥʫʶ ʩ ʥʫʣʝʚʦʡ ʜʠʘʛʦʥʘʣʴʶ (ʠʤʝʷ ʚ ʚʠʜʫ, ʯʪʦ ʚ 
ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʘʪʨʠʮʘ R ʤʦʞʝʪ ʙʳʪʴ ʤʥʦʛʦʤʝʨʥʦʡ) [1].  ʇʦ ʦʙʱʝʧʨʠʥʷʪʳʤ 
ʤʝʪʦʜʘʤ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʜʦʣʞʥʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ 
ʵʣʝʤʝʥʪʦʚ ʩʪʨʦʢ ʚ ʤʘʪʨʠʮʝ ʟʘʜʘʥʥʳʤ ʧʨʘʚʠʣʘʤ. ʅʘʧʨʠʤʝʨ, ʩʯʠʪʘʝʤ, ʯʪʦ ʝʩʣʠ 
ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʠ ʚʟʘʠʤʦʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ ʩʦʙʳʪʠʡ, 
ʪʦ ʦʥʘ ʜʦʣʞʥʘ ʚʳʨʘʞʘʪʴʩʷ ʯʝʨʝʟ "ʨʘʩʩʪʦʷʥʠʷ" (ʝʚʢʣʠʜʦʚʳ ʠʣʠ ʜʨʫʛʠʝ) ʤʝʞʜʫ 
ʩʦʙʳʪʠʷʤʠ ʚ  n-ʤʝʨʥʦʤ  ʧʨʦʩʪʨʘʥʩʪʚʝ.  ɽʩʣʠ ʠʟʚʝʩʪʥʳ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ 
ʢʦʦʨʜʠʥʘʪʳ ʩʦʙʳʪʠʷ, ʪʦ ʚ ʢʘʯʝʩʪʚʝ ʤʝʨʳ ʚʟʘʠʤʦʩʚʷʟʠ ʚʳʙʠʨʘʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ 
ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʧʠʮʝʥʪʨʘʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʉʯʠʪʘʷ, ʯʪʦ ʥʘʠʙʦʣʝʝ 
ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʝ ʩʦʙʳʪʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ ʤʝʞʵʧʠʮʝʥʪʨʘʣʴʥʳʝ 
ʨʘʩʩʪʦʷʥʠʷ ʤʠʥʠʤʘʣʴʥʳ. ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʟʘʜʘʥʥʦʤʫ ʧʨʘʚʠʣʫ 
ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮʳ ʚ ʟʘʜʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ (ʥʘʧʨʠʤʝʨ, 
ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʙʳʪʠʷʤʠ) ʥʘʥʦʩʠʤ ʠʭ ʥʘ ʛʨʘʬʠʢ ʠ ʩʦʝʜʠʥʷʝʤ ʤʝʞʜʫ ʩʦʙʦʡ 
ʣʠʥʠʷʤʠ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʩʣʝʜʫʶʱʝʡ ʠʟ ʵʪʦʡ ʤʘʪʨʠʮʳ.  ʇʨʠ ʥʘʣʠʯʠʠ 
ʚʟʘʠʤʦʩʚʷʟʠ ʠ ʚʟʘʠʤʦʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʩʦʙʳʪʠʡ ʚ ʤʘʪʨʠʮʝ ʥʘ ʛʨʘʬʠʢʝ 
ʦʙʨʘʟʫʶʪʩʷ ʩʚʷʟʘʥʥʳʝ ʜʨʝʚʦʚʠʜʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʋʟʣʳ ʢʘʞʜʦʛʦ ʠʟ ʪʘʢʠʭ ʜʝʨʝʚʴʝʚ, 
ʦʙʨʘʟʫʶʪ ʢʣʘʩʪʝʨʳ, ʧʦʜʦʙʥʳʝ ʨʘʩʩʯʠʪʘʥʥʳʤ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʢʣʘʩʪʝʨʥʦʛʦ 
ʘʥʘʣʠʟʘ. ʄɻʂʣ [1] ʥʝ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʜʣʷ 
ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʠ ʧʦʵʪʦʤʫ ʚʳʧʦʣʥʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ, ʯʝʤ ʜʨʫʛʠʝ 
ʤʝʪʦʜʳ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ. ɺʦʦʙʱʝ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʜʣʷ ʄɻʂʣ 
ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʯʠʩʣʫ ʩʦʙʳʪʠʡ ʚ ʚʳʙʦʨʢʝ ʦʙʨʘʟʫʶʱʝʡ ʤʘʪʨʠʮʫ. ʆʯʝʚʠʜʥʳʤ 
ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʄɻʂʣ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 
ʩʦʩʪʦʷʥʠʡ ʜʦʧʫʩʪʠʤʳ ʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʧʦʜʤʥʦʞʝʩʪʚʘ. ʊʘʢʠʝ ʩʠʪʫʘʮʠʠ ʤʦʛʫʪ 
ʚʦʟʥʠʢʥʫʪʴ ʧʨʠ ʘʥʘʣʠʟʝ ʚʨʝʤʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʦʙʳʪʠʡ, ʢʦʛʜʘ 
ʩʫʱʝʩʪʚʫʶʪ ʢʣʘʩʪʝʨʳ, ʚʨʝʤʷ ʞʠʟʥʠ ʢʦʪʦʨʳʭ ʤʝʥʴʰʝ ʠʥʪʝʨʚʘʣʘ ʚʩʝʡ ʚʳʙʦʨʢʠ. 
ʀʩʧʦʣʴʟʦʚʘʣʠ ʄɻʂʣ ʜʣʷ ʚʳʜʝʣʝʥʠʷ çʨʦʝʚè ʚ ʂʘʪʘʣʦʛʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ [6] ʥʘ 
ʉʝʚʝʨʥʦʤ ʊʷʥʴ-ʐʘʥʝ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʷʭ ʟʘ 2018-2019ʛʛ., ʧʨʠʤʝʥʷʝʤʦʤ 
ʚ ʀʥʩʪʠʪʫʪʝ ʩʝʡʩʤʦʣʦʛʠʠ ʈʂ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚ ʢʘʪʘʣʦʛʝ [6] ʙʳʣʠ ʚʳʜʝʣʝʥʳ 
ʘʬʪʝʨʰʦʢʠ. 

ɺ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʘʭ ʵʪʠ ʩʦʙʳʪʠʷ ʥʝ ʧʨʠʥʠʤʘʣʠʩʴ ʚʦ ʚʥʠʤʘʥʠʝ. 
ʇʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʴ ʢʘʪʘʣʦʛʘ [6] ʥʝ ʨʘʚʥʦʤʝʨʥʘ ʚʦ ʚʨʝʤʝʥʠ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 
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ɼʣʷ ʪʝʨʨʠʪʦʨʠʠ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ 39-470N ʠ 700-850E ʚ 2018-2019 ʛʛ. 
ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʂÓ7 (ʄ=1.7). ɺ ʜʘʣʴʥʝʡʰʠʭ 
ʨʘʩʯʝʪʘʭ ʥʝ ʚʳʭʦʜʠʤ ʟʘ ʧʨʝʜʝʣʳ ʵʪʦʛʦ ʨʘʡʦʥʘ. ɺʳʙʦʨ ʪʝʨʨʠʪʦʨʠʠ ʦʙʫʩʣʦʚʣʝʥ 
ʪʝʤ, ʯʪʦ ʟʜʝʩʴ ʨʘʥʴʰʝ ʧʨʦʠʩʭʦʜʠʣʠ ʩʠʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʄÓ7-8 
(ɺʝʨʥʝʥʩʢʦʝ 1887 ʛ., ʄ=7.5, ʏʠʣʠʢʩʢʦʝ 1889ʛ., ʄ=8.4, ʂʝʤʠʥʩʢʦʝ 1911 ʛ., ʄ=8.3). 
ɺ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʢʘʪʘʣʦʛʝ [6] ʙʦʣʝʝ 80 ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʄÓ5, ʚ ʪ.ʯ: 
ʉʘʨʳʢʘʤʳʰʩʢʦʝ 1970 ʛ., ʄ=6.8, ɾʘʣʘʥʘʰʪʶʧʩʢʦʝ 1978 ʛ., ʄ=6.8, ɹʘʡʩʦʨʫʥʩʢʦʝ 
1990 ʛ., ʄ=6.3. ʇʦ ʜʦʣʛʦʩʨʦʯʥʦʤʫ ʧʨʦʛʥʦʟʫ ʦʞʠʜʘʝʪʩʷ ʧʝʨʠʦʜ ʘʢʪʠʚʠʟʘʮʠʠ 
ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʠ ʤʦʛʫʪ ʧʨʦʠʟʦʡʪʠ ʩʠʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ɺʦ-ʧʝʨʚʳʭ, ʦʧʨʝʜʝʣʠʣʠ 
ʯʠʩʣʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ çʨʦʝʚè, ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 
ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʠʭ ʦʧʠʩʘʥʠʷ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʦʝʚ ʚ ʢʘʪʘʣʦʛʝ. ʕʪʦ 
ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʳʤ, ʧʦʩʢʦʣʴʢʫ, ʥʝ ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʦʙʲʝʢʪʠʚʥʳʝ ʢʨʠʪʝʨʠʠ 
ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ ʚʳʜʝʣʝʥʠʷ çʨʦʝʚè. ɺ ʦʙʱʠʭ ʯʝʨʪʘʭ, ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ 
çʨʦʷè ʤʦʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʩ ʧʨʦʮʝʜʫʨʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 
ʛʨʫʧʧʠʨʦʚʘʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ. ɿʜʝʩʴ ʟʘ ʨʘʜʠʫʩ ʚʝʨʦʷʪʥʦʛʦ 
ʛʨʫʧʧʠʨʦʚʘʥʠʷ ʧʨʠʥʠʤʘʣʠ 15 ʢʤ. ʇʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʛʨʫʧʧʠʨʫʶʱʠʭʩʷ 
ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩʦʩʪʘʚʠʣʦ 10% ʦʪ ʨʘʟʤʝʨʘ ʚʳʙʦʨʢʠ. ʀʩʩʣʝʜʦʚʘʣʩʷ ʢʘʪʘʣʦʛ [6] ʥʘ 
ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʤʧʘʢʪʥʳʝ ʛʨʫʧʧʳ ʩʦʙʳʪʠʡ ʚʚʦʜʷ ʦʛʨʘʥʠʯʠʚʘʶʱʝʝ 
ʧʨʘʚʠʣʦ ʧʨʠ ʨʘʩʯʝʪʝ ʤʘʪʨʠʮʳ. ʋʩʪʦʡʯʠʚʳʝ ʢʣʘʩʪʝʨʳ-ʛʨʫʧʧʳ ʨʘʟʤʝʨʦʤ ʥʝ ʙʦʣʝʝ 
20'-25' ʫʛʣʦʚʦʡ ʤʝʨʳ (ʪ.ʝ. ʨʘʟʤʝʨʦʚ ʦʯʘʛʦʚʳʭ ʟʦʥ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʄ=6-7 ʥʘ 
ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ) ʦʙʨʘʟʫʶʪʩʷ, ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʙʳʪʠʷʤʠ LÒ10ô, 
ʪ.ʝ. ʧʨʠʤʝʨʥʦ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʫ [1, 3, 4, 5].  

ʉʣʝʜʫʶʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ çʨʦʝʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡè ʩʚʷʟʘʥʘ ʩ ʯʠʩʣʦʤ 
ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ çʨʦʝè (ʠʣʠ ʛʨʫʧʧʝ). ʃʝʛʢʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ 
ʪʨʝʭ ʩʣʫʯʘʡʥʳʭ ʩʦʙʳʪʠʡ ʚ ʧʣʦʱʘʜʢʫ ʨʘʜʠʫʩʦʤ ʨʘʚʥʳʤ L=10' ʩʪʦʣʴ ʤʘʣʘ, ʯʪʦ ʝʡ 
ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʇʦʵʪʦʤʫ ʧʨʠʥʠʤʘʣʠ ʟʘ çʨʦʡè ʛʨʫʧʧʫ, ʛʜʝ ʯʠʩʣʦ 
ʟʝʤʣʝʪʨʷʩʝʥʠʡ NÓ3, ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʷ N ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʝ. ʈʝʟʫʣʴʪʘʪʳ 
ʨʘʩʯʝʪʦʚ ʧʦ ʄɻʂʣ [1] ʩ ʫʯʝʪʦʤ L ʠ N ʧʦʢʘʟʘʣʠ, ʯʪʦ çʨʦʠè ʜʝʡʩʪʚʠʪʝʣʴʥʦ 
ʛʨʫʧʧʠʨʫʶʪʩʷ ʚʙʣʠʟʠ ʟʦʥ, ʚ ʢʦʪʦʨʳʭ ʥʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʠʩʭʦʜʠʣʠ 
ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ MÓ5,5, ʘ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʤʝʝʪ ʙʦʣʴʰʫʶ 
ʜʠʩʧʝʨʩʠʶ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʚʝʜʝʥʠʷ ʝʱʝ ʦʜʥʦʡ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʙʦʣʝʝ ʩʪʨʦʛʦʛʦ ʦʧʠʩʘʥʠʷ ʨʦʷ. çʈʦʠè ʤʦʛʫʪ ʙʳʪʴ ʠ 
ʢʦʨʦʪʢʦʞʠʚʫʱʠʝ (ʤʠʥʫʪʳ, ʯʘʩʳ), ʪʘʢ ʠ ʜʦʣʛʦʞʠʚʫʱʠʝ (ʤʝʩʷʮʳ ʠ ʛʦʜʳ). ʇʦʵʪʦʤʫ 
ʠʭ ʥʝʣʴʟʷ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʥʠ ʯʠʩʣʦʤ ʩʦʙʳʪʠʡ N, ʥʠ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ çʨʦʷè ʊls 
(çlife swarmè). ɹʦʣʝʝ ʦʙʲʝʢʪʠʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʷʚʣʷʝʪʩʷ ʚʨʝʤʷ ʤʝʞʜʫ 
ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʚ çʨʦʝè ʊm. 

ʈʝʟʫʣʴʪʘʪʳ. ʇʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʦʙʦʩʥʦʚʘʥʠʷʤ, ʤʝʪʦʜʘʤ 
ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ çʨʦʝʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 
ʟʝʤʣʝʪʨʷʩʝʥʠʡè, ʘ ʪʘʢʞʝ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʘʣʛʦʨʠʪʤʫ ʠʭ ʨʘʩʧʦʟʥʘʚʘʥʠʷ [1,3,5] ʥʘ 
ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ çʨʦʝʚè. 
ʂʘʨʪʘ-ʩʭʝʤʘ (ʩʤ. ʨʠʩ.1) ʚʳʷʚʣʝʥʥʳʭ ʨʦʝʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʛʠʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ çʨʦʝʚè: 
2018 ï ʩʠʥʠʤ ʮʚʝʪʦʤ, 2019 ï ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʧʘʨʘʤʝʪʨʦʚ çʨʦʝʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡè, ʧʦʣʫʯʠʣʠ ʪʨʠ 
ʯʠʩʣʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʙʲʝʢʪʠʚʥʦ ʨʘʩʧʦʟʥʘʚʘʪʴ çʨʦʠè ʚ 
ʢʘʪʘʣʦʛʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʉʝʚʝʨʥʦʤ ʊʷʥʴ-ʐʘʥʝ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ. ʂ 
ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʯʠʩʣʦ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ çʨʦʝè NÓ3; ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 
ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʩʦʙʳʪʠʷʤʠ, ʦʙʨʘʟʫʶʱʠʤʠ çʨʦʡè LÒ10ô ʚ ʫʛʣʦʚʦʡ ʤʝʨʝ; ʚʨʝʤʷ 
ʤʝʞʜʫ ʩʦʙʳʪʠʷʤʠ ʚ çʨʦʝè 0<TmÒ15-26 ʜʥʝʡ. ʀʩʧʦʣʴʟʫʷ ʵʪʠ ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ 
ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʧʨʦʚʝʣʠ ʨʘʩʯʝʪʳ ʄɻʂʣ [1, 3, 5] ʠ ʩʦʩʪʘʚʠʣʠ ʢʘʪʘʣʦʛ çʨʦʝʚè 
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ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʉʝʚʝʨʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ ʟʘ ʧʝʨʠʦʜ ʩ 
2018 ʠ 2019 ʛʛ. 

 
ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʦʝʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩʝʡʩʤʦʘʢʪʠʚʥʦʛʦ ʨʝʛʠʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 39Á- 
47ÁN, 70Á- 85Áɽ (ʩʠʥʠʤ ʮʚʝʪʦʤ ï 2018 ʛ., ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ ï 2019 ʛ.) 
 

ɺʳʚʦʜʳ 

1. ɺʳʷʚʣʝʥʥʳʝ çʨʦʠè ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʩʝʡʩʤʦʘʢʪʠʚʥʦʤ ʨʝʛʠʦʥʝ 
ʉʝʚʝʨʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʚʦʟʥʠʢʘʶʪ 
ʚ ʧɻʠʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ ʙʫʜʫʱʝʛʦ ʩʠʣʴʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʟʘ 10-15 ʣʝʪ ʜʦ ʪʦʣʯʢʘ 
ʠ ʠʤʧʫʣʴʩʠʚʥʦ ʧʦʷʚʣʷʶʪʩʷ, ʠ ʠʩʯʝʟʘʶʪ.  

2. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ 
ʯʠʩʣʝʥʥʦʡ ʦʩʥʦʚʳ ʜʣʷ ʧʨʦʛʥʦʟʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʉʝʚʝʨʥʦʤ ʊʷʥʴ-ʐʘʥʝ ʠ 
ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʷʭ. ʂʘʪʘʣʦʛ çʨʦʝʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡè ʤʦʞʝʪ ʩʣʫʞʠʪʴ 
ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʠʩʢʘ çʬʦʨʰʦʢʦʚè ʠ ʧʨʦʛʥʦʟʘ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ.  

3. ʈʝʟʫʣʴʪʘʪ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ ʨʘʟʚʠʪʠʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦ 
ʚʨʝʤʝʥʠ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʡʩʤʠʯʥʦʩʪʠ ʠ ʧʨʦʛʥʦʟʘ 
ʙʫʜʫʱʠʭ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ.  

ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʷʪ ʥʘʫʯʥʦʛʦ ʨʫʢʦʚʦʜʠʪʝʣʷ ʘʢʘʜʝʤʠʢʘ ʅɸʅ ʈʂ ʂʫʨʩʢʝʝʚʘ 
ɸ.ʂ. ʟʘ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʢʨʠʪʠʯʝʩʢʠʝ ʟʘʤʝʯʘʥʠʷ 
ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʘ ʪʘʢʞʝ ʩʦʪʨʫʜʥʠʢʦʚ ʉʆʄʕ, ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʢʘʪʘʣʦʛʘ 
ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʂʘʟʘʢʦʚ ɺ.ɺ., ʃʠʪʦʚʯʝʥʢʦ ʀ.ʅ., ʇʘʨʰʫʢʦʚ ʄ.ʖ. ʈʦʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʉʝʚʝʨʥʦʤ 
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ACTUAL PROBLEMS FOR THE CENTRAL ASIAN MOUNTAIN REGIONS STUDY 

(PAMIR'S EXPERIENCE) 
Minaev Vladislav, Oimuhammadzoda Ilhomjon, Gadoev Mustafo 

 
ɸʥʥʦʪʘʮʠʷ. ʆʧʳʪ ʤʥʦʛʦʣʝʪʥʠʭ ʨʘʙʦʪ ʥʘ ʇʘʤʠʨʝ (ʚʢʣʶʯʘʷ ʧʦʩʣʝʜʥʠʝ ʤʝʞ-

ʜʫʥʘʨʦʜʥʳʝ ʧʨʦʝʢʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʝʛʦ ʛʣʫʙʠʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚʤʝʩʪʝ ʩ ʧʨʠʣʝʛʘʶ-
ʱʠʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ ɻʠʥʜʫʢʫʰʘ, ʖʞʥʦʛʦ ʊʷʥʴʰʘʥʷ, ɿʘʧʘʜʥʦʛʦ ʊʠʙʝʪʘ) ʧʦʢʘʟʳ-
ʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʨʥʳʭ ʦʙʣʘʩʪʝʡ ʎʝʥʪʨʘʣʴʥʦʡ 
ɸʟʠʠ. ʈʘʙʦʪʳ ʦʧʠʨʘʣʠʩʴ ʥʘ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʥʘʢʦʧʣʝʥʥʦʝ ʟʘ ʧʨʦʰʣʳʝ ʛʦʜʳ 
ʟʥʘʥʠʝ ʧʨʦʙʣʝʤ ʛʝʦʣʦʛʠʠ ʇʘʤʠʨʘ. ʊʝʤʘ ʧʦʚʳʰʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ ɺʦ-
ʩʪʦʯʥʦʛʦ ʇʘʤʠʨʘ, ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʦʣʣʠʟʠʦʥʥʦʡ ʟʦʥʳ ʙʳʣʠ ʥʘ ʧʝʨʚʦʤ ʧʣʘʥʝ. ʅʦ 
ʟʘʪʝʤ ʚʳʷʚʠʣʠʩʴ ʥʦʚʳʝ ʚʘʞʥʳʝ ʜʝʪʘʣʠ ʛʦʨʦʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʦʪʨʝ-
ʙʦʚʘʚʰʠʝ ʨʘʩʰʠʨʝʥʠʷ ʧʨʦʛʨʘʤʤ ʠ ʩʦʩʪʘʚʘ ʤʝʪʦʜʠʢ ʠ ʫʯʘʩʪʥʠʢʦʚ ʨʘʙʦʪ. ʈʝʟʫʣʴ-
ʪʘʪʳ ʧʦʤʦʛʫʪ ʦʮʝʥʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʩʝʡʩʤʠʯʥʦʩʪʠ, ʪʝʥʜʝʥʮʠʶ ʠʟʤʝʥʝʥʠʷ ʢʣʠ-
ʤʘʪʘ, ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠ ʛʦʨʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʘʤʠʨ, ʊʷʥʴʰʘʥʴ, ɻʠʥʜʫʢʫʰ, ʊʠʙʝʪ, ʩʝʡʩʤʠʯʝʩʢʠʡ ʠ 
ʤʘʛʥʠʪʦʪʝʣʣʫʨʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ, ʛʣʫʙʠʥʥʦʝ ʩʪʨʦʝʥʠʝ, Receiver Function, ʚʥʫʪʨʠ-
ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʟʦʥʘ ʢʦʣʣʠʟʠʠ, ʩʫʙʜʫʢʮʠʷ, ʩʣʵʙ, ɿʝʤʥʘʷ ʂʦʨʘ ʠ ʄʘʥʪʠʷ, ʧʨʦʛʥʦʟ 
ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʤʦʥʠʪʦʨʠʥʛ, ʦʮʝʥʢʘ ʨʠʩʢʦʚ, ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ, ʤʠʥʝʨʘʣʴʥʳʝ 
ʨʝʩʫʨʩʳ. 

Abstract. Experience from long works in Pamir (including last international pro-

jects to deep structure study together with adjacent Hindukush, Southern Tianshan, 
Western Tibet territories) shows necessity of complex investigation in mountain re-
gions of Central Asia. The work was based on new technologies and the knowledge 
accumulated over the past years on the problems of the Pamir geology. The theme of 
the increased thickness of the crust of the Eastern Pamirs, the configuration of the 
collision zone were in the foreground. But then new important details of the mountain 
formation process emerged that required the expansion of programs and the compo-
sition of the methods and participants in the work.The results will help to value charac-
ter of seismicity, climate evolution and perspectives for building and mining industry 
development ï i.e. it will provide not only scientific but economy effect also.  

Key words: Pamir, Tianshan, Hindukush, Tibet, seismic and magnet-telluric 
profile, deep structure, Receiver Function, intra-continental zone of collision, subduc-
tion, slab, Earth Crust and Mantle, earthquake prognosis, monitoring, risk assessment, 
climate change and mineral resources.  

 
ɺʚʝʜʝʥʠʝ. ɻʦʨʥʳʝ ʨʘʡʦʥʳ ʎɸ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʦʙʲʝʢʪʦʤ ʠʟʫʯʝʥʠʷ 

ɿʝʤʣʠ ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʠ ʜʠʩʪʘʥʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ (ʚʢʣʶʯʘʷ ʩʝʡʩʤʦʣʦ-
ʛʠʶ ʠ ʛʣʫʙʠʥʥʫʶ ʛʝʦʬʠʟʠʢʫ). ɿʜʝʩʴ ʤʦʞʥʦ ʨʝʰʘʪʴ ʤʥʦʞʝʩʪʚʦ ʟʘʜʘʯ, ʢʣʶʯʝʚʳʭ 
ʢʘʢ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʥʘʫʢʠ, ʪʘʢ ʠ ʨʘʟʥʳʭ ʦʪʨʘʩʣʝʡ ʚ ʥʘʨʦʜʥʦʤ 
ʭʦʟʷʡʩʪʚʝ. ʇʨʠ ʪʱʘʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʪʨʝʥʜʦʚ ʨʘʟʚʠʪʠʷ ʚ 
ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʝ ʩ ʚʣʠʷʥʠʝʤ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ, ʚʢʣʶʯʘʷ ʧʨʦʙʣʝʤʳ ʚʦʜʦ-
ʩʥʘʙʞʝʥʠʷ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʛʦʨʥʳʭ ʠ ʨʘʚʥʠʥʥʳʭ ʣʶʜʩʢʠʭ ʘʛʣʦ-
ʤʝʨʘʮʠʡ, ʠ ʪ.ʜ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʩʪʝʪ ʚ ʩʚʷʟʠ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʦʩʚʦʝʥʠʝʤ ʛʦʨʥʳʭ 
ʪʝʨʨʠʪʦʨʠʡ ʩ ʨʦʩʪʦʤ ʧʦʧʫʣʷʮʠʡ ʠ ʧʨʠ ʚʦʟʨʦʩʰʠʭ ʚʦʟʤʦʞʥʦʩʪʷʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 
ʧʨʠʨʦʜʳ ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ɺʦʟʥʠʢʘʝʪ 
ʧʦʪʨʝʙʥʦʩʪʴ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʨʠʨʦʜʥʳʭ ʷʚʣʝʥʠʡ, ʠ ʚʣʠʷʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʜʝʡ 
ʚ ʣʦʢʘʣʴʥʦʤ ʠ ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʘʭ.  
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ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʢʦʤʧʣʝʢʩʝ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ, ʧʦʤʠʤʦ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʛʝʦʣʦʛʦ-ʧʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʠʟʫʯʝʥʠʷ ʚʝʱʝʩʪʚʘ [18,19] ʠ 
ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʣʠ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʝ 
ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʩʝʙʷ ʦʧʨʘʚʜʘʣʠ ʚ TIPAGE-2008: ʩʧʝʨʚʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʜʘʥʥʳʭ 
ʫʜʘʣʝʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚʜʦʣʴ ʤʝʨʠʜʠʦʥʘʣʴʥʳʭ ʧʨʦʬʠʣʝʡ ʚ ɻʠʥʜʫʢʫʰ-ʇʘʤʠʨ-
ʂʘʨʘʢʦʨʫʤʩʢʦʤ ʨʝʛʠʦʥʝ [20] , ʘ ʟʘʪʝʤ ʧʨʷʤʳʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʖʞʥʦʛʦ 
ʊʷʥʴ-ʐʘʥʷ ʠ ʇʘʤʠʨʘ ï ʧʨʦʬʠʣʴ ʆʰ (ʂʠʨʛʠʟʩʪʘʥ) ï ʂʘʨʘʢʫʣʴ ï ʄʫʨʛʘʙ ï ɿʦʨʢʫʣʴ 
(ɻɹɸʆ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ), 40 ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʝʡʩʤʦ-
ʩʪʘʥʮʠʡ ʚ 2008 ʛʦʜʫ ʠʟ ʬʦʥʜʦʚ ʇʦʪʩʜʘʤʩʢʦʛʦ ʮʝʥʪʨʘ ʥʘʫʢ ʦ ɿʝʤʣʝ (GFZ Potsdam) 
ʧʨʠ ʫʯʘʩʪʠʠ ʥʘʫʯʥʳʭ ʮʝʥʪʨʦʚ ʈɸʅ (ʇʨʞʝʚʘʣʴʩʢ) ʠ ʅʝʤʝʮʢʦ-ʂʠʨʛʠʟʩʢʦʛʦ ʮʝʥʪʨʘ 
ʥʘʫʢ ʦ ɿʝʤʣʝ (ɹʠʰʢʝʢ). ɺ 2009 ʩʪʘʥʮʠʠ ʧʝʨʝʩʪʘʚʣʝʥʳ ʜʣʷ ʧʦʢʨʳʪʠʷ ʪʝʨʨʠʪʦʨʠʠ 
ʇʘʤʠʨʘ ʧʦ ʩʝʪʠ 40 ʢʤ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʥʘʙʣʶʜʝʥʠʡ [21].  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺʳʷʚʣʝʥʠʝ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ ʠ ʫʛʨʦʟ ʪʨʝʙʫʝʪ 

ʩʝʨʴʝʟʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʦʣʫʯʝʥʠʶ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʘʙʣʶʜʝʥʠʡ. ʕʪʦ ʦʙʷʟʳʚʘʝʪ 
ʥʘʫʯʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʢ ʩʦʟʜʘʥʠʶ ʢʦʤʧʣʝʢʩʥʳʭ ʤʝʪʦʜʠʢ ʠʟʫʯʝʥʠʷ ʛʦʨʥʳʭ ʨʘʡʦʥʦʚ, 
ʪʝʤ ʙʦʣʝʝ, ʯʪʦ ʧʨʝʜʧʦʩʳʣʢʠ ʠ ʟʘʜʝʣ ʜʣʷ ʵʪʦʛʦ ʫʞʝ ʠʤʝʶʪʩʷ, ʩʫʜʷ ʧʦ ʨʘʟʤʘʭʫ 
ʨʘʙʦʪ ʪʘʢʠʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʢʘʢ ʎɸʀʀɿ, ʅʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ ʚ ʂʠʨʛʠʟʠʠ, 
ʀɻʉʉʉ ɸʅ ʈʊ ʚ ʊʘʜʞʠʢʠʩʪʘʥʝ, ʀʊʇ ʚ ʇʝʢʠʥʝ ʠ ʜʨʫʛʠʭ.  

ɺʘʞʥʳʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʢʘ ʩʦ ʩʪʦʨʦʥʳ ʚʝʜʫʱʠʭ ʥʘʫʯ-
ʥʳʭ ʮʝʥʪʨʦʚ ʧʦ ʠʟʫʯʝʥʠʶ "ʛʦʨʷʯʠʭ" ʟʦʥ ɿʝʤʣʠ: Helmholtz Center (GFZ Potsdam), 
ɻʦʨʥʘʷ ʘʢʘʜʝʤʠʷ ʌʨʝʡʙʝʨʛ (Humboldt Center), ʋʥʠʚʝʨʩʠʪʝʪ ʖʞʥʦʡ ʂʘʣʠʬʦʨʥʠʠ 
(ʉʘʥʪʘ-ɹʘʨʙʘʨʘ) ʠ ʜʨʫʛʠʭ, ʫʞʝ ʤʥʦʛʦ ʣʝʪ ʚʝʜʫʱʠʭ ʨʘʙʦʪʳ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. 

ʅʘʰ ʦʧʳʪ ʜʦʣʛʦʩʨʦʯʥʦʡ ʩʝʨʠʠ ʩʦʚʤʝʩʪʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʦʝʢʪʦʚ ʧʦ 
ʠʟʫʯʝʥʠʶ ʇʘʤʠʨʘ ʩ 1997 ʛʦʜʘ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʢʘʟʘʪʝʣʝʥ ʚ 
ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ. ɺ ʠʩʪʦʨʠʯʝʩʢʦʤ ʧʣʘʥʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʇʘʤʠʨ ʠ ʇʨʠʧʘʤʠʨʴʝ ʠʟ-
ʜʘʚʥʘ ʙʳʣʠ ʟʥʘʯʠʤʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ ʢʘʢ ʠʩʪʦʯʥʠʢ ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʢʘʤ-
ʥʝʡ ʠ ʦʜʠʥ ʠʟ ʢʦʨʠʜʦʨʦʚ ɺʝʣʠʢʦʛʦ ʐʝʣʢʦʚʦʛʦ ʇʫʪʠ. ɺ XIX ʚʝʢʝ ʦʥ ʧʨʠʦʙʨʝʣ ʩʪʨʘ-
ʪʝʛʠʯʝʩʢʦʝ ʚʦʝʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʯʪʦ ʩʪʘʣʦ ʥʘʯʘʣʦʤ ʝʛʦ ʧʣʘʥʦʤʝʨʥʦʛʦ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʦʛʨʘʬʘʤʠ ʠ ʛʝʦʣʦʛʘʤʠ ʈʦʩʩʠʠ, ɽʚʨʦʧʳ ʠ ɸʥʛʣʠʠ.  

ʀʟ ʧʝʨʚʳʭ ʧʫʙʣʠʢʘʮʠʡ ï ʠʥʜʦʣʦʛʘ ʀ.ʇ. ʄʠʥʘʝʚʘ [1] ʠ ʛʝʦʣʦʛʦʚ ɼ.ʃ. ʀʚʘ-
ʥʦʚʘ [2], ʀ.ɺ. ʄʫʰʢʝʪʦʚʘ [3]. ʇʦʩʣʝʜʥʠʡ ʧʦ ʨʘʙʦʪʘʤ 1874 -1980 ʛʦʜʦʚ ʚʤʝʩʪʝ ʩ 
ʧʨʦʬʝʩʩʦʨʦʤ ɻ.ɼ.ʈʦʤʘʥʦʚʩʢʠʤ ʩʦʩʪʘʚʠʣ ɻʝʦʣʦʛʠʯʝʩʢʫʶ ʢʘʨʪʫ ʊʫʨʢʝʩʪʘʥʩʢʦʛʦ 
ʢʨʘʷ ʤʘʩʰʪʘʙʘ 1 : 1 260 000 (30 ʚʝʨʩʪ ʚ ʜʶʡʤʝ), ʥʘʯʘʣ ʩʠʩʪʝʤʘʪʠʢʫ ʩʝʡʩʤʠʯʝʩʢʠʭ 
ʷʚʣʝʥʠʡ (ʢʘʪʘʣʦʛ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʈʦʩʩʠʠ) ʠ ʚʳʧʫʩʪʠʣ ʢʥʠʛʫ çʌʠʟʠʯʝʩʢʘʷ ʛʝʦʣʦ-
ʛʠ̫è [4], ʯʪʦ ʦʙʦʟʥʘʯʠʣʦ ʢʦʤʧʣʝʢʩʥʫʶ ʤʝʪʦʜʠʯʝʩʢʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʩʦʚʨʝʤʝʥ-
ʥʳʭ ʧʨʦʝʢʪʦʚ. ʈʘʙʦʪʳ 1900-ʭ ʜʦʚʝʨʰʠʣʠ ʥʘʯʘʪʦʝ [5,6,7].  

ʊʘʜʞʠʢʩʢʦ-ʇʘʤʠʨʩʢʘʷ ʵʢʩʧʝʜʠʮʠʷ ɸʢʘʜʝʤʠʠ ʅʘʫʢ ʉʉʉʈ (1932-1936) ʜʘʣʘ 
ʭʦʜ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʝʢʮʠʠ ʊʘʜʞʠʢʠʩʪʘʥʩʢʦʡ ʙʘʟʳ ɸʅ ʉʉʉʈ, ʘ ʚ 1938 ʛ. ɹʳʣʦ ʩʦ-
ʟʜʘʥʥʦ ʊʘʜʞʠʢʩʢʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʜʝʡʩʪʚʫʶʱʝʝ 
ʧʦʜ ʠʟʤʝʥʷʝʤʳʤʠ ʥʘʟʚʘʥʠʷʤʠ ʜʦ ʩʠʭ ʧʦʨ. ʕʪʦ ʦʙʝʩʧʝʯʠʣʦ ʧʨʦʯʥʫʶ ʙʘʟʫ ʩʠʩʪʝ-
ʤʘʪʠʯʝʩʢʦʤʫ ʠʟʫʯʝʥʠʶ ʇʘʤʠʨʘ ʠ ʧʦʷʚʠʣʠʩʴ ʨʘʙʦʪʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʭʘʨʘʢ-
ʪʝʨʘ ʩ ʜʘʥʥʳʤʠ ʧʦ ʩʝʡʩʤʦʪʝʢʪʦʥʠʢʝ [8,9,10,11].  

ʇʦʩʣʝ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ ʚʦ ɺʉɽɻɽʀ ʙʳʣʦ ʚʦʟʦʙʥʦʚʣʝʥʦ 
ʥʘʯʘʪʦʝ ʚ ʢʦʥʮʝ 30-ʭ ʛʦʜʦʚ ʩʦʩʪʘʚʣʝʥʠʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ 
ʉʉʉʈ ʤʘʩʰʪʘʙʘ 1:1000000 ʦʪʜʝʣʴʥʳʤʠ ʣʠʩʪʘʤʠ ʩ ʦʙʲʷʩʥʠʪʝʣʴʥʳʤʠ ʟʘʧʠʩʢʘʤʠ 
(ʩʦ ʩʚʝʜʝʥʠʷʤʠ ʧʦ ʛʝʦʣʦʛʠʠ ʠ ʧʦʣʝʟʥʳʤ ʠʩʢʦʧʘʝʤʳʤ). ɺ 1953 ʛʦʜʫ ʩʦʟʜʘʥʘ ʇʘ-
ʤʠʨʩʢʘʷ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʘʷ ʵʢʩʧʝʜʠʮʠʷ (ʇɻʈʕ) ʊʘʜʞʠʢʩʢʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 
ʫʧʨʘʚʣʝʥʠʷ, ʥʘʯʘʚʰʘʷ ʧʦʣʠʩʪʥʫʶ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʩʲʝʤʢʫ ʩ ʧʦʠʩʢʘʤʠ ʤʘʩʰʪʘʙʘ 
1:200.000, ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ 1:50 000 ʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʝ.  

ʂʫʨʘʪʦʨʘʤʠ ʩʲʝʤʦʢ ʙʳʣʠ ʩʦʪʨʫʜʥʠʢʠ ɺʉɽɻɽʀ, ʢʦʪʦʨʳʝ ʚ 1964-1969 ʧʨʦ-
ʚʝʣʠ ʫʥʠʢʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʣʫʙʠʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ 
ʊʷʥʴ-ʐʘʥʷ ʠ ʇʘʤʠʨʘ, ʚʧʝʨʚʳʝ ʧʨʠ ʵʪʦʤ ʚʳʷʩʥʷʷ ʩʚʷʟʠ ʵʣʝʤʝʥʪʦʚ ʛʣʫʙʠʥʥʦʛʦ 
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ʩʪʨʦʝʥʠʷ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʥʘʙʣʶʜʘʝʤʳʤʠ ʥʘ ʟʝʤʥʦʡ 
ʧʦʚʝʨʭʥʦʩʪʠ. ʈʫʢʦʚʦʜʠʪʝʣʝʤ ʧʨʦʝʢʪʘ ʙʳʣ ʖ.ʀ.ʉʳʪʠʥ, ʧʦʣʝʚʳʝ ʨʘʙʦʪʳ ʚʦʟʛʣʘ-
ʚʠʣ ʅ.ɻ.ɺʣʘʩʦʚ. ɿʘʪʝʤ ʙʳʣ ʧʨʦʚʝʜʝʥ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʇʘʤʠʨʦ-ɻʠʤʘʣʘʡʩʢʠʡ ʧʨʦ-
ʝʢʪ ʧʦ ʧʨʦʬʠʣʶ ʊʦʢʪʦʛʫʣ-ɿʦʨʢʫʣʴ-ʅʘʥʛʘʧʘʨʙʘʪ-ʉʨʠʥʘʛʘʨ [12,13,14].  

ʉʫʤʤʘ ʥʘʢʦʧʣʝʥʥʳʭ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣʘ ʩʦʟʜʘʪʴ ʚ 
1984 ʛ. ʛʝʦʣʢʘʨʪʫ ʤʘʩʰʪʘʙʘ 1:500.000, ʠʟʜʘʥʥʫʶ ʚ 1989, ʘ ʢʦʣʦʥʢʠ ʩʪʨʘʪʠʬʠʮʠ-
ʨʦʚʘʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʢ ʥʝʡ ʚ 1990 ʛʦʜʫ [15].  

ʕʪʦ ʜʘʣʦ ʦʩʥʦʚʫ ʥʘʯʘʪʴ ʥʦʚʳʡ ʮʠʢʣ ʨʘʙʦʪ ʧʦʩʣʝ ʧʝʨʠʦʜʘ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ 
1990-ʭ. ɺʳʡʜʷ ʠʟ ʩʦʩʪʘʚʘ ʉʉʉʈ, ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ ʥʘʯʘʣʘ ʥʘʣʘʞʠʚʘʪʴ 
ʩʚʷʟʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ. ʉʝʨʠʷ ʜʦʛʦʚʦʨʦʚ ʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʟʘ 
ʧʝʨʠʦʜ 1997-2004 ʛʦʜʦʚ ʠ ʨʷʜ ʩʦʚʤʝʩʪʥʳʭ ʧʫʙʣʠʢʘʮʠʡ [16,17] ʧʨʠʚʣʝʢʣʘ ʢ 
ʥʘʰʝʤʫ ʨʝʛʠʦʥʫ ʚʥʠʤʘʥʠʝ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʮʝʥʪʨʦʚ, ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ ʚʦ ʚʚʝ-
ʜʝʥʠʠ.  

ʈʝʟʫʣʴʪʘʪʦʤ ʩʪʘʣ ʛʝʦʣʦʛʦ-ʛʝʬʠʟʠʯʝʩʢʠʡ ʧʨʦʝʢʪ TIPAGE-2008 (Tianshan-
Pamir Geodynamic Program ʩʦʚʤʝʩʪʥʦ ʩ GFZ Potsdam, TUBAF ʌʨʝʡʙʝʨʛ), ʦʧʨʝ-
ʜʝʣʠʚʰʠʡ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʧʨʦʝʢʪʦʚ UPTEC (2009-2013, Uplift of Pamir-
Tianshan ï Tectonic & Climatic implications ʩ ITP CAS), TIPTIMON, ʠ ʧʨʦʯʠʝ. 

ʈʘʙʦʪʳ ʦʧʠʨʘʣʠʩʴ ʥʘ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʥʘʢʦʧʣʝʥʥʦʝ ʟʘ ʧʨʦʰʣʳʝ ʛʦʜʳ 
ʟʥʘʥʠʝ ʧʨʦʙʣʝʤ ʛʝʦʣʦʛʠʠ ʇʘʤʠʨʘ. ʊʝʤʘ ʧʦʚʳʰʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ ɺʦ-
ʩʪʦʯʥʦʛʦ ʇʘʤʠʨʘ, ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʦʣʣʠʟʠʦʥʥʦʡ ʟʦʥʳ ʙʳʣʠ ʥʘ ʧʝʨʚʦʤ ʧʣʘʥʝ. ʅʦ 
ʟʘʪʝʤ ʚʳʷʚʠʣʠʩʴ ʥʦʚʳʝ ʚʘʞʥʳʝ ʜʝʪʘʣʠ ʛʦʨʦʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʦʪʨʝ-
ʙʦʚʘʚʰʠʝ ʨʘʩʰʠʨʝʥʠʷ ʧʨʦʛʨʘʤʤ ʠ ʩʦʩʪʘʚʘ ʤʝʪʦʜʠʢ ʠ ʫʯʘʩʪʥʠʢʦʚ ʨʘʙʦʪ. 

ʇʘʤʠʨ-ɻʠʥʜʫʢʫʰ ï ʦʜʥʦ ʠʟ ʨʝʜʢʠʭ ʤʝʩʪ ɿʝʤʣʠ ʩ ʩʠʣʴʥʳʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠ-
ʷʤʠ ʩʨʝʜʥʠʭ ʛʣʫʙʠʥ (100-300 ʢʤ) ʚʦ ʚʥʫʪʨʠ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʧʦʟʠʮʠʠ. 15 ʟʝʤʣʝ-
ʪʨʷʩʝʥʠʡ ʄ > 7 ʟʘ ʧʦʩʣʝʜʥʠʝ 100 ʣʝʪ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʠʥʪʝʥʩʠʚʥʳʭ 
ʥʘʧʨʷʞʝʥʠʷʭ ʚ ʤʘʥʪʠʠ; ʟʘ 2008-2010 ʩʜʝʣʘʥʳ ʥʘʙʣʶʜʝʥʠʷ ʥʝ ʪʦʣʴʢʦ çʨʷʜʦʚʳʭè 
ʪʦʣʯʢʦʚ, ʥʦ ʠ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʢʦʨʝ (ɺʘʥʯ, ʇʘʤʠʨ) ʠ ʤʘʥʪʠʠ (ʅʫʨʘ, ʂʠʨ-
ʛʠʟʩʪʘʥ, Mw = 6.6, H =138 ʢʤ, 05.10.2008). 

ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʧʨʠʚʣʝʢʘʣʠʩʴ ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʠʟʫʯʝʥʠʷ 
ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʧʦ ʩʤʝʱʝʥʠʶ ʢʨʫʧʥʳʭ ʚʦʜʦʪʦʢʦʚ, ʚʳʩʦʢʦ-
ʪʦʯʥʳʝ GPS ʠʟʤʝʨʝʥʠʷ ʩʤʝʱʝʥʠʡ ʙʣʦʢʦʚ ʠ ʢʨʫʧʥʳʭ ʪʝʨʨʝʡʥʦʚ, ʘ ʪʘʢʞʝ ʩʝʜʠʤʝʥ-
ʪʦʣʦʛʠʷ ʩ ʜʘʪʠʨʦʚʘʥʠʝʤ ʤʦʣʦʜʳʭ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ ʜʣʷ ʢʦʨʨʝʣʷʮʠʠ ʵʚʦʣʶʮʠʠ 
ʇʘʤʠʨ-ʊʠʙʝʪʩʢʦʛʦ ʧʦʜʥʷʪʠʷ ʩ ʠʩʪʦʨʠʝʡ ʦʩʘʜʢʦʚ ʚ ʤʝʞʛʦʨʥʳʭ ʚʧʘʜʠʥʘʭ (ʚ ʥʘʰʝʤ 
ʩʝʢʪʦʨʝ MZ-CZ ʊʘʜʞʠʢʩʢʘʷ ɼʝʧʨʝʩʩʠʷ). ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʢʘʨʪʠʨʦʚʦʯʥʳʤʠ ʤʝʪʦ-
ʜʘʤʠ ʧʨʦʰʣʳʭ ʚʝʢʦʚ (ʛʣʫʙʠʥʳ n*1 ʢʤ), ʧʨʠʪʦʢ ʠʥʬʦʨʤʘʮʠʠ ʫʩʢʦʨʠʣʩʷ ʥʘ ʧʦʨʷʜʢʠ, 
ʧʨʠʯʝʤ ʜʦ ʛʣʫʙʠʥ n*100 ʢʤ. 

ɺʳʚʦʜʳ. 

1. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʥʘʫʯʥʦʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. 
ʂʣʘʩʪʝʨʳ ʦʯʘʛʦʚ ʧʦʜʪʚʝʨʜʠʣʠ çʩʣʵʙ-ʪʝʢʪʦʥʠʢʫè, ʧʨʝʜʧʦʣʘʛʘʝʤʫʶ ʧʦ ʛʝʦʣʦʛʠʯʝ-
ʩʢʠʤ ʜʘʥʥʳʤ. ʂʦʥʬʠʛʫʨʘʮʠʷ ʧʦʣʝʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʇʘʤʠʨ-ɻʠʥʜʫʢʫʰʩʢʦʛʦ ʙʣʦʢʘ 
ʚ ʧʣʘʥʝ ʦʙʨʘʟʫʝʪ S-ʦʙʨʘʟʥʳʡ ʧʦʷʩ, ʘ ʚ ʨʘʟʨʝʟʘʭ ï ʫʟʢʠʝ ʜʠʚʝʨʛʝʥʪʥʳʝ ʩʣʵʙ-ʧʣʘ-
ʩʪʠʥʳ: ʧʦʜ ɻʠʥʜʫʢʫʰʝʤ ʵʪʦ ʢʨʫʪʦʝ ʧʘʜʝʥʠʝ ʢ ʩʝʚʝʨʫ, ʥʘ ʇʘʤʠʨʝ ï ʢ ʶʛʫ. ʆʪʨʳʚ 
ʩʣʵʙʘ ʚ ɻʠʥʜʫʢʫʰʝ (~ 45 ʤʣʥ. ʣʝʪ) ʚʠʜʝʥ ʧʦ ʥʘʨʫʰʝʥʠʶ ʤʝʞʜʫ ʚʳʩʦʢʦʩʢʦʨʦʩʪ-
ʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʚ ʤʘʥʪʠʠ. ʈʘʙʦʪʘ ʩ Receiver Function ʦʧʨʝʜʝʣʠʣʘ ʛʨʘʥʠʮʳ ʨʘʩ-
ʩʣʦʝʥʥʦʩʪʠ ʤʘʥʪʠʠ ʜʦ ʛʣʫʙʠʥʳ 800 ʢʤ.  

2. ʄʘʛʥʠʪʦ-ʪʝʣʣʫʨʠʯʝʩʢʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʧʦ ʧʨʦʬʠʣʶ ʧʦʜʪʚʝʨʜʠʣʦ ʩʝʡ-
ʩʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʝʪʘʣʠ ʪʝʢʪʦʥʠʢʠ. ʂʦʨʦ-ʤʘʥʪʠʡʥʥʳʝ ʥʘʨʫ-
ʰʝʥʠʷ ʢʦʨʨʝʣʠʨʫʶʪʩʷ ʩ ʢʨʫʧʥʳʤʠ ʩʢʦʧʣʝʥʠʷʤʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʠʟʚʝʩʪ-
ʥʳʭ ʚ ɻʠʥʜʫʢʫʰ-ʇʘʤʠʨʩʢʦʤ ʛʦʨʥʦʤ ʫʟʣʝ.  

3. ʈʝʟʫʣʴʪʘʪʳ ʜʦʣʦʞʝʥʳ ʥʘ ʦʩʝʥʥʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ AGU, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 
ɽʚʨʦʧʝʡʩʢʦʤ (2011) ʠ ʄʝʞʜʫʥʘʨʦʜʥʦʤ (2012) ʢʦʥʛʨʝʩʩʝ ʠ ʨʝʛʫʣʷʨʥʦ ʧʫʙʣʠʢʫʶʪʩʷ 
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ʚ ʞʫʨʥʘʣʘʭ Tectonics, Geology, Earth and Planetary Science Letters, Journal of Ge-
ophysical Research, Geophysical Journal International.  

4. ʄʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠʶ ʛʦʨʥʳʭ ʦʙʣʘʩʪʝʡ 
ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʨʝʟʫʣʴʪʘʪʠʚʝʥ, ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʥʘʜʦ ʧʨʦʜʦʣʞʘʪʴ. 
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ɼʀʉʊɸʅʎʀʆʅʅʓʁ ʄʆʅʀʊʆʈʀʅɻ ʆʇʆʃɿʅɽɺʆʁ ʆʇɸʉʅʆʉʊʀ 
ʇʈʀ ʆʉɺʆɽʅʀʀ ʊɽʈʈʀʊʆʈʀʁ ɺ ʋɿɹɽʂʀʉʊɸʅɽ 

 
ʄʠʥʯʝʥʢʦ ɺ.ɼ. 

 
REMOTE KNOWLEDGE HAZARD MONITORING 

WHEN DEVELOPING TERRITORIES IN UZBEKISTAN 

 
Minchenko V.D. 

 
ɸʥʥʦʪʘʮʠʷ. ʀʥʪʝʥʩʠʚʥʦʝ ʦʩʚʦʝʥʠʝ ʪʝʨʨʠʪʦʨʠʡ (ʟʘʯʘʩʪʫʶ ʙʝʟ ʥʘʜʣʝʞʘ-

ʱʝʡ ʦʮʝʥʢʠ ʨʝʘʢʮʠʠ ʟʝʤʣʠ) ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʛʘʪʠʚʥʳʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦ-
ʮʝʩʩʘʤʠ, ʦʩʣʦʞʥʷʶʱʠʤʠ ʫʩʣʦʚʠʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʇʨʠ ʠʩʩʣʝʜʦʚʘ-
ʥʠʷʭ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ (ʧʣʦʱʘʜʷʭ) ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʚʦʟ-
ʥʠʢʘʶʪ ʪʨʫʜʥʦʩʪʠ ʩ ʦʮʝʥʢʘʤʠ ʧʨʠʯʠʥ, ʤʘʩʰʪʘʙʦʚ ʚʦʟʥʠʢʰʠʭ ʨʠʩʢʦʚ ʠ ʦʙʦʩʥʦʚʘ-
ʥʠʝʤ ʤʝʨ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʠ ʦʙʲʝʢʪʦʚ.ɺ ʥʘʩʪʦʷʱʝʝ 
ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʜʦʩʪʫʧʥʦʩʪʴʶ ʦʧʪʠʯʝʩʢʠʭ ʢʦʩʤʦʩʲʸʤʦʢ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, 
ʧʦʟʚʦʣʷʶʱʠʭ ʩʦʟʜʘʚʘʪʴ ʢʦʩʤʦʧʣʘʥʳ ʚ ʤʘʩʰʪʘʙʝ 1:2000-1:5000, ʨʘʩʰʠʨʠʣʠʩʴ 
ʚʦʟʤʦʞʥʦʩʪʠ ʦʮʝʥʢʠ ʤʘʩʰʪʘʙʦʚ ʦʩʚʦʝʥʠʷ ʥʦʚʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʩʦʩʪʦʷʥʠʷ ʩʦʮʠ-
ʘʣʴʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʚʳʷʚʣʝʥʠʷ ʤʝʩʪ 
ʨʘʟʚʠʪʠʷ ʦʧʦʣʟʥʝʡ ʠ ʜʨʫʛʠʭ ʕɻʇ ʠ ʦʮʝʥʠʪʴ ʠʭ ʦʧʘʩʥʦʩʪʴ. ʈʘʟʚʠʪʠʝ ʜʠʩʪʘʥʮʠʦʥ-
ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʚʠʟʫʘʣʴʥʦʡ ʦʙʲʝʢʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 
ʦʙ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʥʝʡ ʦʙʲʝʢʪʘʭ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩ-
ʰʪʘʙʝ ʚʨʝʤʝʥʠ ʩ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʨʠʚʷʟʢʦʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʩʤʠʯʝʩʢʠʝ ʢʘʨʪʳ, ʣʠʥʝʡʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʨʠʩʢ, ʩʪʨʘʭʦ-

ʚʘʥʠʝ, ʩʪʠʭʠʡʥʳʝ ʙʝʜʩʪʚʠʷ, ʜʝʬʦʨʤʘʮʠʠ, ʨʘʟʣʦʤʳ. 
Abstract: The possibilities of high-resolution optical space surveys in monitor-

ing the development of territories and assessing landslide hazards are evaluated. The 
necessity of drawing up space maps with parameterization of landslide areas, an ob-
jective assessment of the scale of the process and the conse-quences of its implemen-
tation. It is recommended when justifying the places of application of linear structures, 
construction of economic and social facilities. Large-scale space schemes should be-
come a cartographic basis for as-sessing the risks of construction of facilities for sub-
sequent insurance against natural hazards. It is proposed to introduce such a practice 
of monitoring the development and consequences of the implementation of natural 
hazards in the activities of specialized engineering - geological organizations.  

Keywords: space maps, linear structures, risk, insurances, natural hazards, de-

formations, faults. 
 
ɺʚʝʜʝʥʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʢʦʩʤʦʩʲʸʤʦʢ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʣʦʱʘʜʥʦʡ 

ʦʧʦʣʟʥʝʚʦʡ ʩʠʪʫʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ:ʦʧʨʝʜʝʣʝʥʠʝ 
ʛʨʘʥʠʮ, ʬʦʨʤ ʠ ʧʘʨʘʤʝʪʨʦʚ ʦʧʦʣʟʥʝʡ ʜʣʷ ʟʘʜʘʯ ʠʭ ʫʯʝʪʘ; ʦʧʨʝʜʝʣʝʥʠʝ ʠʟʤʝʥʝ-
ʥʠʡ ʚ ʨʝʣʴʝʬʝ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʣʦʱʘʜʝʡ ʨʘʟʚʠʪʠʷ ʩʢʨʳ-
ʪʳʭ ʦʧʦʣʟʥʝʚʳʭ ʜʝʬʦʨʤʘʮʠʡ (ʪʨʝʱʠʥʳ); ʧʦʣʫʯʝʥʠʝ ʦʙʲʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ ʦ ʭʘ-
ʨʘʢʪʝʨʝ ʠ ʤʘʩʰʪʘʙʘʭ ʨʘʟʨʫʰʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʦʧʦʣʟʥʝʤ [1, 2]. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ɼɿɿ ʧʦʟʚʦ-
ʣʷʝʪ ʫʪʦʯʥʠʪʴ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʨʘʟʚʠʪʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʪʝʨʨʠʪʦʨʠʠ, ʩʪʝʧʝʥʴ 
ʠ ʭʘʨʘʢʪʝʨ ʝʸ ʦʩʚʦʝʥʥʦʩʪʠ, ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʠʥ-
ʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʧʣʦʱʘʜʝʡ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ ʪʝʨʨʠʪʦʨʠʠ. 
ʇʦʜʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʧʦʤʦʞʝʪ ʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʘʩʰʪʘʙʳ 
ʦʧʦʣʟʥʝʚʦʡ ʫʛʨʦʟʳ ʠ ʚʦʟʤʦʞʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʧʨʠ ʝʸ ʨʝʘʣʠʟʘʮʠʠ.  
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ɺʥʝʜʨʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʚ ʧʨʘʢʪʠʢʫ ʧʣʦʱʘʜʥʦʛʦ ʢʦʥ-
ʪʨʦʣʷ ʦʧʦʣʟʥʝʚʦʡ ʩʠʪʫʘʮʠʠ ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ: 

- ʩʦʟʜʘʥʠʝ ʢʦʩʤʦʩʭʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʧʦʣʟʥʝʡ ʥʘ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʪʝʨ-
ʨʠʪʦʨʠʠ ʦʪ ʦʙʟʦʨʥʦʛʦ ʜʦ ʣʦʢʘʣʴʥʳʭ ʤʘʩʰʪʘʙʦʚ; 

- ʚʳʷʚʣʝʥʠʝ ʨʘʟʨʳʚʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʠ ʫʯʘʩʪʢʦʚ ʨʘʟʚʠʪʠʷ ʜʝʬʦʨ-
ʤʘʮʠʡ, ʦʧʨʝʜʝʣʝʥʠʝ ʜʠʥʘʤʠʢʠ ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥ, ʠʟʤʝʥʝʥʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 
ʛʨʘʥʠʮ ʦʧʦʣʟʥʝʡ ʠ ʫʪʦʯʥʝʥʠʝ ʧʣʦʱʘʜʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʧʦʣʟʥʝʚʳʭ ʤʘʩʩ (ʟʦʥʳ 
ʚʦʟʤʦʞʥʦʛʦ ʧʦʨʘʞʝʥʠʷ); 

- ʫʪʦʯʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʛʨʘʥʠʮ ʨʘʩʰʠʨʝʥʠʷ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ, ʣʠʥʝʡʥʳʭ 
ʩʦʦʨʫʞʝʥʠʡ, ʦʩʚʦʝʥʠʷ ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʮʝʣʦʤ; 

- ʫʪʦʯʥʝʥʠʝ ʤʘʩʰʪʘʙʦʚ ʨʘʟʨʫʰʝʥʠʡ ʠ ʜʦʩʪʦʚʝʨʥʘʷ ʦʮʝʥʢʘ ʬʠʟʠʯʝʩʢʦʛʦ 
ʫʱʝʨʙʘ, ʚʳʟʚʘʥʥʦʛʦ ʩʤʝʱʝʥʠʝʤ ʦʧʦʣʟʥʝʡ; 

ʂʦʩʤʦʩʥʠʤʢʠ ʨʘʟʣʠʯʥʳʭ ʧʝʨʠʦʜʦʚ ʩʲʸʤʢʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʦʜʠʪʴ ʩʨʘʚʥʠ-
ʪʝʣʴʥʳʝ ʦʮʝʥʢʠ ʨʘʟʚʠʪʠʷ ʦʧʦʣʟʥʝʚʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʦʙʰʠʨʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʠ 
ʩʦʟʜʘʚʘʪʴ ʪʝʤʘʪʠʯʝʩʢʠʝ ʢʘʨʪʳ ʚ ɻʀʉ ʬʦʨʤʘʪʝ. 
ʇʨʠʤʝʨ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʩʪʦʨʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʦʣʟʥʷ çʂʘʨʘʡʣʠè ʚ ʂʘʰʢʘʜʘ-
ʨʴʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦ ʜʘʥʥʳʤ ʢʦʩʤʦʩʲʸʤʦʢ ʨʘʟʥʳʭ ʣʝʪ. ʆʧʦʣʟʝʥʴ ʦʙʨʘʟʦʚʘʚ-
ʰʠʡʩʷ 18.01. 2016 ʛ ʨʘʩʧʦʣʦʞʝʥ ʚ 2,8 ʢʤ ʢ ʶʛʦ-ʚʦʩʪʦʢʫ ʦʪ ʩ. ʂʘʨʘʡʣʠ. ʇʦ ʜʘʥʥʳʤ 
ʢʦʩʤʦʩʲʸʤʢʠ 2001 ʛ ʪʝʨʨʠʪʦʨʠʷ ʦʧʦʣʟʥʷ ʙʳʣʘ ʥʝ ʦʩʚʦʝʥʘ (ʨʠʩ. 1.1). 
 

      
ʈʠʩ. 1. ʆʮʝʥʢʘ ʦʧʦʣʟʥʝʚʦʡ ʦʧʘʩʥʦʩʪʠ ʥʘ ʫʯʘʩʪʢʝ ʂʘʨʘʡʣʠ ʧʦ ʦʧʪʠʯʝʩʢʠʤ ʢʦʩʤʦʩʲʸʤ-

ʢʘʤ: 1.1-15,04,2001 ʛ; 1.2, 1.3-26,03,2016 ʛ 

 
18.01. 2016 ʛ ʧʨʦʠʟʦʰʣʘ ʘʢʪʠʚʠʟʘʮʠʷ ʦʧʦʣʟʥʝʚʦʛʦ ʧʨʦʮʝʩʩʘ, ʯʪʦ ʚʳʨʘʟʠ-

ʣʦʩʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩʪʝʥʢʠ ʦʪʨʳʚʘ ʙʝʟ ʚʳʨʘʞʝʥʥʳʭ ʙʦʢʦ-
ʚʳʭ ʛʨʘʥʠʮ (ʨʠʩ. 1.3). ʆʧʦʣʟʝʥʴ ʥʝʟʘʚʝʨʰʸʥʥʳʡ, ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ 
ʯʘʩʪʷʭ ʩʢʣʦʥʘ ʧʦʢʨʳʪʘ ʪʨʝʱʠʥʘʤʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʜʘʚʣʠʚʘʥʠʠ ʧʦʨʦʜ. 
ʆʧʦʣʟʝʥʴ ʧʨʦʠʟʦʰʸʣ ʥʘ ʚʳʧʫʢʣʦʤ ʩʢʣʦʥʝ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʝʛʦ ʚʦʟʤʦʞʥʦʝ ʨʘʟʜʝ-
ʣʝʥʠʝ ʥʘ ʮʝʥʪʨʘʣʴʥʫʶ ʠ ʣʝʚʦʬʣʘʥʛʦʚʫʶ ʛʝʥʝʨʘʮʠʠ, ʨʘʟʜʝʣʸʥʥʳʝ ʨʫʩʣʦʤ ʚʨʝ-
ʤʝʥʥʦʛʦ ʚʦʜʦʪʦʢʘ. ʅʘ ʦʙʟʦʨʥʦʤ ʢʦʩʤʦʩʥʠʤʢʝ 26.03.2016 ʛ (ʨʠʩ. 1.2) ʧʣʦʱʘʜʴ ʭʘ-
ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʘʙʦʭʦʣʤʠʩʪʳʤ ʨʝʣʴʝʬʦʤ ʩ ʧʨʝʚʳʰʝʥʠʷʤʠ 20-30 ʤ. ʊʝʨʨʠʪʦʨʠʷ 
ʥʝ ʟʘʩʝʣʝʥʘ ʠ ʥʝ ʦʩʚʘʠʚʘʝʪʩʷ ʧʦʜ ʟʝʤʣʝʜʝʣʠʝ, ʧʨʝʦʙʣʘʜʘʶʪ ʪʨʘʥʩʧʦʨʪʥʳʝ ʢʦʤ-
ʤʫʥʠʢʘʮʠʠ, ʪʨʫʙʦʧʨʦʚʦʜʳ, ʨʘʟʚʠʪʘʷ ʩʝʪʴ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʃʕʇ. ʅʘʠʙʦʣʝʝ ʚʳʩʦ-
ʢʘʷ ʪʦʯʢʘ ʦʧʦʣʟʥʷ (ʩʪʝʥʢʘ ʦʪʨʳʚʘ) 855 ʤ ʚ ʘʙʩʦʣʶʪʥʳʭ ʦʪʤʝʪʢʘʭ, ʙʘʟʠʩ ʦʧʦʣʟʥʷ 
ʥʘ ʦʪʤʝʪʢʝ 800 ʤ, ʩʨʝʜʥʷʷ ʢʨʫʪʠʟʥʘ ʩʢʣʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 70-100. ɼʣʠʥʘ ʦʧʦʣʟʥʷ 
350-390 ʤ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʰʠʨʠʥʘ 380 ʤ, ʧʝʨʠʤʝʪʨ 1,36 ʢʤ, ʧʣʦʱʘʜʴ 110 ʪʳʩ. ʤ2, 
ʦʙʲʸʤ ʜʦ 1,8 ʤʣʥ. ʤ3. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʦʧʦʣʟʥʷ ʚ 27-30 ʤ ʦʪ ʨʫʩʣʘ ʚʦʜʦʪʦʢʘ ʥʘ 
ʣʝʚʦʤ ʙʦʨʪʫ ʚʳʜʝʣʷʝʪʩʷ ʟʦʥʘ ʚʳʧʦʨʘ ʧʦʨʦʜ ʰʠʨʠʥʦʡ 70-75 ʤ (ʨʠʩ. 1.3). ʂʦʛʜʘ 
ʥʘʯʘʣʠʩʴ ʦʧʦʣʟʥʝʚʳʝ ʜʝʬʦʨʤʘʮʠʠ ʚ ʚʝʨʭʥʝʡ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʧʦʣʟʥʷ, ʙʳʣʘ 
ʦʧʨʦʢʠʥʫʪʘ ʦʧʦʨʘ ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ ʃʕʇ (ʨʠʩ. 1.1). ɼʨʫʛʠʭ ʩʣʫʯʘʝʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 
ʫ ʝɦʨʙʘ ʥʝ ʦʪʤʝʯʝʥʦ.  

ʆʧʦʣʟʝʥʴ ʥʝʟʘʚʝʨʰʸʥʥʳʡ, ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʧʦʚʪʦʨʥʳʭ ʧʦʜʚʠʞʝʢ ʛʨʫʥʪʘ 
ʧʨʠ ʚʳʧʘʜʝʥʠʠ ʦʙʠʣʴʥʳʭ ʦʩʘʜʢʦʚ ʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ 4-5 ʙʘʣʣʦʚ ʠ ʚʳʰʝ. ɺ ʫʩʣʦ-
ʚʠʷʭ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʙʲʸʤʘ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʛʨʫʥʪʦʚʦʛʦ ʤʘʩʩʠʚʘ ʚʦʟʤʦʞʥʳ 

2 



45 
 

ʧʦʚʪʦʨʥʳʝ ʩʤʝʱʝʥʠʷ ʧʨʠ ʦʩʦʙʝʥʥʦ ʦʧʘʩʥʳʭ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʦʪ ʛʣʫ-
ʙʦʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ɻʠʥʜʫʢʫʰʩʢʦʡ ʟʦʥʳ. ʀʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʤʝʩʪʥʦʩʪʠ 
ʤʦʞʥʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʥʘ ʧʨʠʤʝʨʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ɸʥ-
ʛʨʝʥ-ʇʘʧ ʚ ʊʘʰʢʝʥʪʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʫʯʘʩʪʢʝ ʧʨʘʚʦʙʝʨʝʞʴʷ ɸʭʘʥʛʘʨʘʥʩʢʦʛʦ ʚʦʜʦ-
ʭʨʘʥʠʣʠʱʘ. ɼʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʦʩʥʦʚʥʦʡ ʛʨʫʟʦʧʦʪʦʢ ʧʨʠʭʦʜʠʣʩʷ 
ʥʘ ʘʚʪʦʜʦʨʦʛʫ (ʨʠʩ. 2, ʂʉ 22.04. 2013 ʛ). ɺ 2014 ʛ. ʥʘʯʘʣʠʩʴ ʧʣʘʥʠʨʦʚʦʯʥʳʝ ʨʘ-
ʙʦʪʳ ʧʦʜ ʞʝʣʝʟʥʫʶ ʜʦʨʦʛʫ (ʨʠʩ. 2, ʂʉ 18.08. 2014 ʛ).  

ɺ 2016 ʛ. ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʦʪʨʝʟʢʝ ʜʦʨʦʛʘ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʠ ʥʘ ʢʦʩʤʦ-
ʩʥʠʤʢʝ (ʨʠʩ, ʂʉ 08,06,2016 ʛ) ʚʳʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʠʥʞʝʥʝʨʥʳʝ ʩʦʦʨʫʞʝʥʠʷ: 
ʩʧʣʘʥʠʨʦʚʘʥʥʳʝ ʧʣʦʱʘʜʢʠ ʧʦʜ ʨʝʣʴʩʦʚʳʡ ʧʫʪʴ, ʜʘʤʙʳ ʩ ʚʦʜʦʧʨʦʧʫʩʢʘʤʠ ʥʘ ʚʦ-
ʜʦʪʦʢʘʭ ʧʨʘʚʦʙʝʨʝʞʴʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʤʦʩʪ.  

ɾʝʣʝʟʥʘʷ ʜʦʨʦʛʘ ʧʨʦʭʦʜʠʪ ʥʝʨʝʜʢʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 30-40 ʤ ʧʦ ʙʝʨʝʛʫ ʨʝʢʠ 
ʠ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʝʡ ʫʛʨʦʞʘʶʪ ʦʧʦʣʟʥʠ. ɹʝʨʝʛʦʚʳʝ ʥʘʩʳʧʠ ʧʦʜʪʘʧʣʠʚʘ-
ʶʪʩʷ ʠ ʠʭ ʩʦʩʪʦʷʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʝʥʥʦʛʦ ʨʝʞʠʤʘ ʚʦʜʦʭʨʘʥʠʣʠʱʘ.  
 

 
ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʷ ʥʘ ʤʝʩʪʥʦʩʪʠ ʧʦ ʢʦʩʤʦʩʲʸʤʢʘʤ (ʞ.ʜ ɸʥʛʨʝʥ-ʇʘʧ) 
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ʈʘʟʚʠʪʠʝ ʦʧʦʣʟʥʝʡ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʞʝʣʝʟʥʦʡ 
ʜʦʨʦʛʠ. 30 ʘʧʨʝʣʷ 2019 ʛ ʥʘ 103-104 ʢʤ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ñʊʘʰʛʫʟʘʨ-ɹʘʡ-ʩʫʥ-
ʂʫʤʢʫʨʛʘʥò ʚ ʨʘʡʦʥʝ ʩ. ɸʢʨʘʙʘʪ ʥʘ ʣʝʚʦʤ ʙʦʨʪʫ ʨʫʯ. ɸʢʨʘʙʘʪʩʘʡ ʦʙʨʘʟʦʚʘʣʩʷ 

ʦʧʦʣʟʝʥʴ ʜʣʠʥʦʡ 480 ʤ, ʰʠʨʠʥʦʡ 400 ʤ, ʤʦʱʥʦʩʪʴʶ ʙʦʣʝʝ 10 ʤ, ʦʙʲʝʤʦʤ ʜʦ 2,0 
ʤʣʥ. ʤ3. (ʨʠʩ.3). 

 

   
 

      
 

ʈʠʩ. 3. ʈʘʟʚʠʪʠʝ ʦʧʦʣʟʥʝʚʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ʞ.ʜ. ʊʘʰʛʫʟʘʨ-ɹʘʡʩʫʥ ʧʦ ʢʦʩʤʦʩʲʸʤʢʘʤ (3.1-
ʩʲʸʤʢʘ 07,07,2004 ʛ; 3.2-ʩʲʸʤʢʘ 09,10,2016 ʛ; 3.3-ʩʲʸʤʢʘ 

13,05,2019 ʛ; 3.4-ʩʲʸʤʢʘ 29,04,2019 ʛ) 

 
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʫʯʘʩʪʢʘ ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʩʯʘʥʠʢʘʤʠ, ʘʣʝʚʨʦ-

ʣʠʪʘʤʠ, ʛʣʠʥʘʤʠ ʚʝʨʭʥʝʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ, ʢʦʪʦʨʳʝ ʧʦʚʩʝʤʝʩʪʥʦ ʧʝʨʝʢʨʳʪʳ 
ʣʝʩʩʦʚʠʜʥʳʤʠ ʩʫʛʣʠʥʢʘʤʠ ʩ ʧʨʠʤʝʩʴʶ ʙʦʣʝʝ 20% ʦʙʣʦʤʦʯʥʳʭ ʧʦʨʦʜ. 
ʇʦʜʩʪʠʣʘʶʱʠʝ ʧʦʨʦʜʳ ʤʦʥʦʢʣʠʥʘʣʴʥʦ ʟʘʣʝʛʘʶʪ ʩʦʛʣʘʩʥʦ ʧʘʜʝʥʠʶ ʩʢʣʦʥʘ. 
ʇʨʠʯʠʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʦʧʦʣʟʥʷ ʷʚʣʷʝʪʩʷ ʥʘʩʳʱʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʘ ʩʢʣʦʥʝ 
ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ ʚ ʘʧʨʝʣʝ 2019 ʛ, ʢʦʛʜʘ ʚʳʧʘʣʦ 117 ʤʤ, ʯʪʦ ʩʦʩʪʘʚʠʣʦ 
233% ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʡ ʥʦʨʤʳ (ʧʦ ʜʘʥʥʳʤ ʤʝʪʝʦʩʪʘʥʮʠʠ ɼʝʭʢʘʥʘʙʘʜ). 
ʉʤʝʩʪʠʚʰʘʷʩʷ ʤʘʩʩʘ ʦʧʦʣʟʥʷ ʩʜʚʠʥʫʣʘ ʧʦʣʦʪʥʦ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ, ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 5 ʚʘʛʦʥʦʚ ʩʦʰʣʠ ʩ ʨʝʣʴʩʦʚ. ʉʦʮʠʘʣʴʥʦʛʦ ʫʱʝʨʙʘ ʥʝʪ. 
ʉʦʭʨʘʥʷʝʪʩʷ ʫʛʨʦʟʘ ʧʦʣʦʪʥʫ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 500 ʤ. 

1 2 

4 3 
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ʇʨʝʜʧʨʦʝʢʪʥʳʝ ʨʘʩʯʸʪʳ ʥʘ ʫʯʘʩʪʢʝ ʧʦʢʘʟʘʣʠ ʟʘʧʘʩ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ 
ʧʨʝʜʝʣʝ 1,2-1,07 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʟʦʥʳ ʩʢʦʣʴʞʝʥʠʷ ʧʦʨʦʜ 
(ʩ ʫʯʸʪʦʤ ʩʝʡʩʤʠʯʥʦʩʪʠ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʝʟʜʘ).  
ʈʘʩʯʸʪʥʳʝ ʚʳʚʦʜʳ ʧʦʣʫʯʠʣʠ ʨʝʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʨʘʟʚʠʪʠʝʤ ʦʧʦʣʟʥʝʡ ʚ 
ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʩʝʡ-
ʩʤʠʯʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʠ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ. ʈʘʟʚʠʪʠʝ 
ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʢʦʩʤʦʩʥʠʤʢʘʤʠ ʪʝʨʨʠʪʦʨʠʠ ʜʦ 
ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʠ ʥʘ 2019 ʛ ʧʦʩʣʝ ʦʧʦʣʟʥʷ (ʨʠʩ. 3). ʇʦ ʢʦʩʤʦ-
ʩʥʠʤʢʘʤ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʦʧʦʣʟʥʝʡ, ʠʭ ʤʘʩʰʪʘʙ, 
ʩʪʨʫʢʪʫʨʫ ʠ ʧʦʩʣʝʜʩʪʚʠʷ. ʇʦʢʘʟʘʪʝʣʴʥʳʤ ʚ ʦʪʥʦʰʝʥʠʠ ʦʩʚʦʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ 
(ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠʥʞʝʥʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʣʠʥʝʡʥʳʭ ʩʦʦʨʫʞʝʥʠʡ) ʷʚʣʷʝʪʩʷ ʫʯʘ-
ʩʪʦʢ çɻʫʤʙʫʣʘʢè ʚ ʙʘʩʩʝʡʥʝ ʨ. ʂʠʯʠʢ-ʋʨʘʜʘʨʴʷ. 
ʅʘ ʨʠʩ. 4.1 ʧʨʠʚʝʜʸʥ ʢʦʩʤʦʩʥʠʤʦʢ ʪʝʨʨʠʪʦʨʠʠ ʥʘ 08.09.2011 ʛ ʥʘ ʢʦʪʦʨʦʡ ʩʧʣʘ-
ʥʠʨʦʚʘʥʘ ʧʣʦʱʘʜʢʘ ʧʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʲʝʢʪʘ 

           
 

         
 
 
ʈʠʩ. 4. ʈʘʟʚʠʪʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʫʩʣʦʚʠʷʭ ʦʧʦʣʟʥʝʚʦʡ ʦʧʘʩʥʦʩʪʠ 
ʥʘ ʫʯʘʩʪʢʝ ɻʫʤʙʫʣʘʢ ʚ ʂʘʰʢʘʜʘʨʴʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦ ʜʘʥʥʳʤ ʦʧʪʠʯʝʩʢʠʭ ʢʦʩʤʦʩʲʸʤʦʢ 
(4.1-ʩʲʸʤʢʘ 08,09,201 ʛ; 4.2-ʩʲʸʤʢʘ 26,10,2014 ʛ; 4.3-ʩʲʤyʢʘ 26,03,2016 ʛ; 4.4-ʩʲʸʤʢʘ 
13.05. 2019 ʛ) 

1 2 

3 4 
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ʀʟ ʵʣʝʤʝʥʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚʜʦʣʴ ʛʨʘʥʠʮʳ ʪʝʨʨʘʩʳ ʩ ʧʨʠʣʝʛʘʶʱʠʤ 
ʩʢʣʦʥʦʤ ʧʨʦʭʦʜʠʪ ʘʚʪʦʤʘʛʠʩʪʨʘʣʴ ʄ-39 ʊʘʰʢʝʥʪ-ʊʝʨʤʝʟ. ʅʘ ʧʨʘʚʦʙʝʨʝʞʥʦʡ 
ʪʝʨʨʘʩʝ ʨ. ʂʠʯʠʢ-ʋʨʘʜʘʨʴʷ ʢ ʥʦʷʙʨʶ 2014 ʛ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʦʩʥʦʚʥʳʝ ʦʙʲʝʢʪʳ 
ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʨʠʩ. 4.2). 

ʇʦ ʜʘʥʥʳʤ ʢʦʩʤʦʩʲʸʤʢʠ 26.10.2014 ʛ ʥʘ ʩʥʠʤʢʝ ʧʦ ʚʝʨʭʦʚʦʤʫ ʦʪʢʦʩʫ ʘʚ-
ʪʦʤʘʛʠʩʪʨʘʣʠ ʚʳʜʝʣʷʝʪʩʷ ʥʦʚʳʡ ʦʧʦʣʟʝʥʴ.  

ʆʧʦʣʟʝʥʴ ʥʝ ʟʘʚʝʨʰʸʥʥʳʡ, ʩʢʣʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 
ʩʪʝʥʢʠ ʦʪʨʳʚʘ ʠ ʜʨʦʙʣʝʥʠʝʤ ʧʦʨʦʜ ʚ ʦʧʦʣʟʥʝʚʦʤ ʤʘʩʩʠʚʝ. ʆʧʦʣʟʝʥʴ ʬʨʦʥ-
ʪʘʣʴʥʦʛʦ ʪʠʧʘ ʧʨʦʠʟʦʰʸʣ ʚ ʣʝʩʩʦʚʳʭ ʧʦʨʦʜʘʭ ʠ ʨʘʩʧʦʣʦʞʝʥ ʚ 20-22 ʤ ʚʳʰʝ 
ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ, ʢʦʪʦʨʫʶ ʦʥ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʪʨʦʥʫʣ.  

ʊʝʣʦ ʦʧʦʣʟʥʷ ʚ ʚʝʨʭʥʝʡ ʠ ʩʨʝʜʥʝʡ ʯʘʩʪʷʭ ʩʣʘʙʦ ʜʝʬʦʨʤʠʨʦʚʘʥʦ, ʚ ʥʠʞ-
ʥʝʡ ʷʟʳʢʦʚʦʡ ʯʘʩʪʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʨʦʙʣʝʥʦ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʠʟʢʦʡ 
ʚʣʘʞʥʦʩʪʠ ʧʦʨʦʜ ʚ ʤʘʩʩʠʚʝ.  

ɺ 30 ʤ ʥʘʜ ʦʩʥʦʚʥʦʡ ʩʪʝʥʢʦʡ ʦʪʨʳʚʘ ʥʘ ʣʝʚʦʤ ʢʨʳʣʝ ʬʦʨʤʠʨʫʝʪʩʷ ʥʦ-
ʚʳʡ ʟʘʢʦʣ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʤ ʨʘʩʰʠʨʝʥʠʠ ʦʧʦʣʟʥʷ. ʅʘ ʤʦʤʝʥʪ 
ʢʦʩʤʦʩʲʸʤʢʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʦʧʦʣʟʥʷ: ʜʣʠʥʘ ï 95 
ʤ; ʰʠʨʠʥʘ ï 200 ʤ; ʘʙʩ.ʦʪʤ. ï 735-756 ʤ; ʧʣʦʱʘʜʴ ʦʧʦʣʟʥʷ ï 15 ʪʳʩ.ʤ2.  
ɺ ʩʣʫʯʘʝ ʧʦʚʪʦʨʥʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʦʧʦʣʟʥʷ ʠ ʩʤʝʱʝʥʠʷ ʚʩʝʛʦ ʦʙʲʝʤʘ 
ʦʧʦʣʟʥʝʚʳʝ ʤʘʩʩ ʧʝʨʝʢʨʦʶʪ ʘʚʪʦʤʘʛʠʩʪʨʘʣʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 200-230 ʤ ʠ ʤʦʛʫʪ 
ʜʦʩʪʠʯʴ ʩʦʦʨʫʞʝʥʠʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʲʝʢʪʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ 65-70 ʤ.  

ʇʦʩʣʝ 2015 ʛ ʬʠʢʩʠʨʫʶʪʩʷ ʨʘʙʦʪʳ ʧʦ ʣʠʢʚʠʜʘʮʠʠ ʠʥʞʝʥʝʨʥʳʭ ʦʙʲʝʢʪʦʚ 
ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʣʦʱʘʜʢʝ ʚʠʜʠʤʦ ʩ ʦʧʘʩʥʦʩʪʴʶ ʘʢʪʠʚʠʟʘʮʠʠ ʦʧʦʣʟʥʷ ʚ 
150-200 ʤ ʢ ʚʦʩʪʦʢʫ ʦʪ ʧʣʦʱʘʜʢʠ. ʀʟʤʝʥʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʢʦʩʤʦʩʲʸʤʢʘʤʠ 
ʥʘʯʠʥʘʷ ʩ 2016 ʛ (ʨʠʩ. 4.3; 4.4) 

ʉʦʩʪʘʚʣʝʥʠʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʢʦʩʤʦʩʭʝʤ ʦʧʦʣʟʥʝʚʦʡ ʦʧʘʩʥʦʩʪʠ ʠ ʦʩʚʦ-
ʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʡ.  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʣʘʥʦʚ ʦʩʚʦʝʥʠʷ ʪʝʨʨʠʪʦʨʠʡ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʢʨʫʧʥʳʭ ʧʨʦ-
ʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʧʨʦʪʷʞʸʥʥʳʭ ʣʠʥʝʡʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 
ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʣʝʥʠʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʢʦʩʤʦʩʭʝʤ ʩ ʦʪʨʘʞʝʥʠʝʤ ʢʘʢ ʪʝʢʫʱʝʛʦ 
ʩʦʩʪʦʷʥʠʷ ʪʝʨʨʠʪʦʨʠʡ, ʪʘʢ ʠ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʭ ʙʝʟʦʧʘʩ-
ʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʦʙʲʝʢʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʫʛʨʦʟ ʧʨʠʨʦʜʥʦʛʦ ʭʘʨʘʢ-
ʪʝʨʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ.  

ʅʘ ʨʠʩ. 5 ʧʨʠʚʝʜʝʥʘ çʂʨʫʧʥʦʤʘʩʰʪʘʙʥʘʷ ʚʳʨʝʟʢʘ ʠʟ ʢʦʩʤʦʩʭʝʤʳ ʩ ʧʘʨʘ-
ʤʝʪʨʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʦʧʦʣʟʥʝʚʳʭ ʫʯʘʩʪʢʦʚè 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦ ʢʘʞʜʦʤʫ ʦʧʦʣʟʥʝʚʦʤʫ ʫʯʘʩʪʢʫ ʧʨʦʚʝʜʝʥʘ ʧʘʨʘʤʝʪʨʠʟʘ-
ʮʠʷ ʦʧʦʣʟʥʷ ʨʠʩ. 5 ʩ ʢʦʦʨʜʠʥʘʪʥʦʡ ʧʨʠʚʷʟʢʦʡ ʠ ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 
ʧʘʨʘʤʝʪʨʦʚ (ʜʣʠʥʳ, ʜʣʠʥʳ, ʰʠʨʠʥʳ, ʧʝʨʠʤʝʪʨʘ, ʧʣʦʱʘʜʠ ʠ ʦʙʲʸʤʘ). 

ɼʘʥʥʳʝ ʢʦʩʤʦʩʭʝʤʳ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʟ-
ʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʡ, ʨʘʟʤʝʱʝʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʩʦʦʨʫʞʝʥʠʡ ʩ ʦʮʝʥʢʦʡ ʦʧʦʣʟʥʝʚʳʭ 
ʫʛʨʦʟ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʝʚʝʥʪʠʚʥʳʭ ʤʝʨ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʲʝʢʪʦʚ. 

ʅʘ ʨʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʩʤʦʩʭʝʤʳ ʦʧʦʣʟʥʝʚʦʡ ʩʠ-
ʪʫʘʮʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʩʚʦʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʧʨʠʤʝʨʝ ʙʘʩʩʝʡʥʘ 
ʨ. ʋʛʘʤ ʤʘʩʰʪʘʙʘ 1:5000.  

ʅʘ ʢʦʩʤʦʩʭʝʤʝ ʧʦʢʘʟʘʥʳ ʧʨʠʨʦʜʥʳʝ ʦʨʦʛʨʘʬʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ (ʚ ʯʘʩʪʥʦ-
ʩʪʠ ʚʦʜʦʪʦʢʠ), ʠʥʞʝʥʝʨʥʳʝ ʩʦʦʨʫʞʝʥʠʷ (ʢʘʢ ʧʣʦʱʘʜʥʳʝ, ʪʘʢ ʠ ʣʠʥʝʡʥʳʝ), ʩʦʮʠ-
ʘʣʴʥʳʝ ʦʙʲʝʢʪʳ (ʞʠʣʳʝ ʩʪʨʦʝʥʠʷ).  

ɼʝʪʘʣʴʥʦ ʚʳʜʝʣʝʥʳ ʫʯʘʩʪʢʠ ʨʘʟʚʠʪʠʷ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ ʫʩʣʦʚʥʦ ʪʠ-
ʧʠʟʠʨʦʚʘʥʥʳʭ ʧʦ ʚʦʟʨʘʩʪʫ (ʜʨʝʚʥʠʝ ʙʦʣʝʝ 100 ʣʝʪ, ʩʪʘʨʳʝ ʧʨʦʠʟʦʰʝʜʰʠʝ 
ʫʩʣʦʚʥʦ ʚ ʧʦʩʣʝʜʥʠʝ 50-100 ʣʝʪ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʚʦʟʨʘʩʪʦʤ ʜʦ 50 ʣʝʪ).  
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ʈʠʩ. 5. ʂʨʫʧʥʦ ʤʘʩʰʪʘʙʥʘʷ ʚʳʨʝʟʢʘ ʠʟ ʢʦʩʤʦʩʭʝʤʳ ʩ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʦʧʦʣʟʥʝʚʳʭ ʫʯʘʩʪʢʦʚ 

 

 
ʈʠʩ. 6. ʇʨʠʤʝʨ ʢʦʩʤʦʩʭʝʤʳ ʤʘʩʰʪʘʙʘ 1:5000 ʧʦ ʙʘʩʩʝʡʥʫ ʨ.ʋʛʘʤ ʥʘ ʧʣʦʱʘʜʠ ʩʝʣ. 

ʍʫʤʩʘʥ ʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʛ.ʏʘʨʚʘʢ 
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ɺʳʚʦʜʳ. 
 

1. ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʮʠʢʣ ʘʥʘʣʠʟʘ ʩʠʪʫʘʮʠʠ ʧʦ ʜʘʥʥʳʤ ʢʦʩʤʦʩʲʸʤʢʠ ʚʳʩʦ-
ʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʥʦʚʫ ʦʙʲʝʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʦʧʦʣʟʥʝʚʦʡ 
ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʫʯʘʩʪʢʝ ʠ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʦʩʚʦʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦ-
ʨʠʡ.   

2. ɺ ʦʙʣʘʩʪʠ ʤʦʥʠʪʦʨʠʥʛʘ ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ ʨʝʟʫʣʴʪʘʪʳ ʢʦʩʤʠʯʝʩʢʠʭ 
ʩʲʸʤʦʢ ʨʘʩʰʠʨʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʦʱʘʜʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʟʚʠ-
ʪʠʷ ʕɻʇ, ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʧʨʦʷʚʣʝʥʠʡ ʦʧʦʣʟʥʝʡ, ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʧʦʩʣʝʜ-
ʩʪʚʠʡ ʠʭ ʩʤʝʱʝʥʠʡ. 

3. ʉ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʢʦʩʤʦʩʲʸʤʢʠ 
ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʠʟʤʝʥʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʪʝʨʨʠʪʦʨʠʡ, ʦʩʚʦʝʥʥʦʩʪʠ ʠ ʚʳ-
ʟʚʘʥʥʳʝ ʠʤʠ ʠʟʤʝʥʝʥʠʷ ʥʘ ʤʝʩʪʥʦʩʪʠ, ʚʳʨʘʞʝʥʥʳʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʧʦʣʟʥʝʡ 
ʦʪ ʩʪʘʜʠʠ ʧʦʜʛʦʪʦʚʢʠ ʜʦ ʩʪʘʜʠʠ ʩʤʝʱʝʥʠʷ (ʥʝʨʝʜʢʦ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʧʦʚʪʦʨʥʳʭ 
ʘʢʪʠʚʠʟʘʮʠʡ ʦʧʦʣʟʥʝʚʦʛʦ ʧʨʦʮʝʩʩʘ). 

4. ʆʮʝʥʢʘ ʦʧʦʣʟʥʝʚʦʡ ʦʧʘʩʥʦʩʪʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʘʚ-
ʪʦʤʦʙʠʣʴʥʳʭ ʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʧʦʢʘʟʘʣʘ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʩʤʦʩʲʸʤʢʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦ-
ʚʘʥʦ ʧʨʠ ʦʙʦʩʥʦʚʘʥʠʠ ʧʨʦʝʢʪʦʚ ʦʩʚʦʝʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ʧʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʤʘʩ-
ʰʪʘʙʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʢʨʫʧʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ.    

5. ʂʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʂʦʩʤʦʩʭʝʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʛʣʷʜʥʳʡ ʧʨʦ-
ʩʪʨʘʥʩʪʚʝʥʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ 
ʦʧʦʣʟʥʝʚʦʡ ʦʙʩʪʘʥʦʚʢʝ ʠ ʩʦʚʨʝʤʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʩʚʦʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ.  

6. ɺ ʨʘʤʢʘʭ ɸʎʉʈʉɹ ʚ 2006 ʛʦʜʫ ʨʘʟʨʘʙʦʪʘʥ ʇʨʦʝʢʪ çʉʪʨʘʞ ɸʟʠʠè, ʩʪʘʚʷ-
ʱʠʡ ʩʚʦʝʡ ʟʘʜʘʯʝʡ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ 
ʚ ɸʟʠʠ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʩʧʫʪʥʠʢʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ. ɸʎʉʈʉɹ ʧʨʠʥʠʤʘʝʪ ʦʪ 
ʩʪʨʘʥ-ʯʣʝʥʦʚ ʠ ʜʨʫʛʠʭ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʩʦʚʤʝʩʪʥʳʭ ʧʨʦʝʢʪʘʭ ʦʨʛʘʥʠʟʘʮʠʡ ʟʘʧʨʦʩʳ 
ʥʘ ʥʘʙʣʶʜʝʥʠʝ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʚ ʨʘʤʢʘʭ çʉʠʩʪʝʤʳ ʇʦʜʜʝʨʞʢʠ ʋʧʨʘʚ-
ʣʝʥʠʷ ʈʠʩʢʘʤʠ ʉʪʠʭʠʡʥʳʭ ɹʝʜʩʪʚʠʡè ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʯʘʩʪʝʡ 
ʧʨʦʝʢʪʘ çʉʪʨʘʞ ɸʟʠʠè'. ʉʠʩʪʝʤʘ ʧʨʝʜʣʘʛʘʝʪ ʢʘʨʪʳ ʠ ʩʧʫʪʥʠʢʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, 
ʘ ʪʘʢʞʝ ʩʦʙʨʘʥʥʫʶ ɸʎʉʈʉɹ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ɸʟʠʘʪʩʢʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʤ ʈʝʛʠʦʥʝ. 

7. ʆʧʳʪ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ 
ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ ʚ ʯʘʩʪʠ ʢʦʥʪʨʦʣʷ ʦʧʘʩʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʥʝ-
ʜʦʧʫʱʝʥʠʷ ʨʘʟʚʠʪʠʷ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʧʨʠʤʝʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʸʤʢʠ ʪʝʨʨʠʪʦʨʠʡ. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʩʪʦ-
ʨʦʥʳ ʚʥʝʜʨʝʥʠʷ ʧʦʜʦʙʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʚʩʝʤʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ 
ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʟʘʥʷʪʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʧʦ-
ʩʣʝʜʥʠʭ ʣʝʪ.  

ʃʠʪʝʨʘʪʫʨʘ 
 

1. ʅʠʷʟʦʚ ʈ.ɸ. ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʨʠʩʢ ʦʧʘʩʥʳʭ ʵʢʟʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʋʟʙʝʢʠʩʪʘʥʘ 
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THE ROLE OF TRANSFORM DISLOCATIONS IN THE PLACEMENT OF 
STRONG EARTHQUAKES AND LARGE DEPOSITS IN THE CENTRAL KY-

ZYLKUM 
Nurtaev B.S., Tsai O.G., Kurbanova D.U. 

 
ɸʥʥʦʪʘʮʠʷ: ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦ-

ʚʘʥʠʷ ʎʝʥʪʨʘʣʴʥʦ-ʂʳʟʳʣʢʫʤʩʢʦʡ ʟʦʣʦʪʦʨʫʜʥʦʡ ʧʨʦʚʠʥʮʠʠ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʩ ʛʝʦ-
ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ ʥʘ ʙʘʟʝ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʚʩʝʭ ʠʤʝʶʱʠʭʩʷ ʛʝʦʣʦʛʦ-ʛʝʦ-
ʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʈʘʩʩʤʦʪʨʝʥʘ ʟʦʥʘʣʴʥʦʩʪʴ ʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʷʭ ʧʨʠ ʬʦʨ-
ʤʠʨʦʚʘʥʠʠ ʟʦʣʦʪʦ-ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʈʫʜʦʥʦʩʥʳʝ ʯʝʨʥʳʝ ʩʣʘʥʮʳ 
ʚ ʨʝʛʠʦʥʝ ʨʘʟʚʠʪʳ ʚʜʦʣʴ ʢʨʫʧʥʳʭ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ: ʚ ʧʨʦʛʠʙʘʭ, ʨʝʛʠʦʥʘʣʴʥʳʭ 
ʟʦʥʘʭ ʩʜʚʠʛʘ (ʟʦʥʘʭ ʩʤʷʪʠʷ) ʠ ʠʤʝʶʪ ʚʠʜʠʤʳʝ ʠʣʠ ʥʝʚʠʜʠʤʳʝ ʩʚʷʟʠ ʩ ʛʣʫʙʠʥ-
ʥʳʤʠ ʙʘʟʠʪ-ʛʠʧʝʨʙʘʟʠʪʦʚʳʤʠ, ʘ ʪʘʢʞʝ ʛʨʘʥʠʪʦʠʜʥʳʤʠ ʧʣʫʪʦʥʘʤʠ, ʣʦʢʘʣʠʟʫʶʱʝ-
ʛʦʩʷ ʧʦʜ ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʝʣʢʠʭ ʠ ʩʨʝʜʥʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʦʙʨʘ-
ʟʫʶʱʠʭ ʰʠʨʦʪʥʳʝ ʧʦʷʩʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʩʪʠʨʘʥʠʝʤ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ ʟʦʥ 
ɿʘʧʘʜʥʦʛʦ ʋʟʙʝʢʠʩʪʘʥʘ, ʢʨʫʧʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʪʯʝʪʣʠʚʦ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ 
ʜʦʣʛʦʞʠʚʫʱʠʤʠ ʧʦʧʝʨʝʯʥʳʤʠ ʜʠʩʣʦʢʘʮʠʷʤʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʪʨʘʥʩʬʦʨʤ-
ʥʳʝ ʨʘʟʣʦʤʳ ʥʘ ʧʨʦʜʦʣʞʝʥʠʠ ʪʘʢʠʭ ʩʢʚʦʟʥʳʭ ʩʪʨʫʢʪʫʨ ʜʦʣʞʥʳ ʩʪʘʪʴ ʧʝʨʚʦʦʯʝ-
ʨʝʜʥʳʤ ʦʙʲʝʢʪʦʤ ʧʨʠ ʧʦʠʩʢʘʭ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ, ʪʨʘʥʩʬʦʨʤʥʳʝ ʨʘʟʣʦʤʳ, 

ʟʦʣʦʪʦ-ʨʝʜʢʦʤʝʪʘʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʯʝʨʥʳʝ ʩʣʘʥʮʳ, ʙʘʟʠʪ-ʛʠʧʝʨʙʘʟʠʪʦʚʳʝ 
ʢʦʤʧʣʝʢʩʳ. 

 
Abstract: The results of the structural-tectonic zoning of the Central Kyzylkum 

gold ore province, made from geodynamic positions, based on the integration of all 
available geological and geophysical data, are presented. Zonality in geophysical fields 
during the formation of gold-rare metal deposits is considered. Ore-bearing black 
shales in the region are developed along large deep faults: in troughs, regional shear 
zones and have visible or invisible connections with deep basite-hyperbasite for-
mations, as well as granitoid plutons located under the field. Unlike small and medium-
sized deposits, forming latitudinal belts in accordance with the strike of the metallo-
genic zones of western Uzbekistan, large deposits are clearly controlled by long-lived 
transverse dislocations. It is assumed that the transform faults on the continuation of 
such cross-cutting structures should become a priority object in the search for miner-
alization. 

Key words: geodynamic settings, transform faults, gold-rare-metal deposits, 

black shale, basite-hyperbasite complexes 
 

ɺʚʝʜʝʥʠʝ. ɺ ʩʚʷʟʠ ʩ ʚʦʟʨʘʩʪʘʶʱʝʡ ʘʢʪʫʘʣʴʥʦʩʪʴʶ ʧʦʠʩʢʦʚ ʥʦʚʳʭ ʨʫʜʥʳʭ 
ʦʙʲʝʢʪʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʢʨʫʧʥʳʭ ʠ ʩʫʧʝʨʢʨʫʧʥʳʭ ʧʦ ʟʘʧʘʩʘʤ ʤʝʪʘʣʣʘ, ʚʘʞ-
ʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʤʦʜʝʣʠ ʠʟʚʝʩʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ-ʛʠʛʘʥʪʦʚ ʚ ʢʘʯʝ-
ʩʪʚʝ ʵʪʘʣʦʥʦʚ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ.  

ʆʜʥʘʢʦ ʠʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʩʢʨʳʪʳʝ ʛʣʫʙʠʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʙʦʣʴ-
ʰʝʡ ʯʘʩʪʴʶ ʦʩʪʘʶʪʩʷ ʚʥʝ ʧʦʣʷ ʟʨʝʥʠʷ, ʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʳʚʘʝʪʩʷ ʩʚʷʟʴ ʢʦ-
ʨʦʚʳʭ ʠ ʙʣʠʟʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʛʣʫʙʠʥʥʳʤʠ ʤʘʥʪʠʡʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ. 
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ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʛʝʦʣʦʛʠʠ ʠ ʤʝʪʘʣʣʦʛʝʥʠʠ ʯʝʨʥʳʭ ʩʣʘʥ-
ʮʝʚ ʦʩʪʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʛʣʫʙʠʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʨʝʛʠʦʥʦʚ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʨʫʜʦ-
ʥʦʩʥʳʭ ʫʛʣʝʨʦʜʠʩʪʳʭ ʬʦʨʤʘʮʠʡ.  

ɺ ʩʚʷʟʠ ʩ ʦʪʢʨʳʪʠʝʤ ʚ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʤ ʨʝʛʠʦʥʝ ʢʨʫʧʥʳʭ ʟʦʣʦʪʦʨʫʜ-
ʥʳʭ ʦʙʲʝʢʪʦʚ (ʄʫʨʫʥʪʘʫ, ʂʫʤʪʦʨ, ɹʘʢʳʨʯʠʢ) ʠʥʪʝʨʝʩ ʢ ʪʘʢʠʤ ʩʫʧʝʨʥʘʢʦʧʣʝʥʠʷʤ 
ʤʝʪʘʣʣʦʚ ʚ ʯʝʨʥʳʭ ʩʣʘʥʮʘʭ ʨʝʟʢʦ ʚʦʟʨʦʩ, ʯʪʦ ʷʚʠʣʦʩʴ ʪʦʣʯʢʦʤ ʢ ʨʘʟʨʘʙʦʪʢʝ ʤʦ-
ʜʝʣʝʡ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ.  

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʄʫʨʫʥʪʘʫ [1], ʫʥʠʢʘʣʴʥʦʝ ʧʦ ʟʘʧʘʩʘʤ ʟʦʣʦʪʘ, ʥʘʭʦʜʠʪʩʷ ʥʘ 
ʩʝʚʝʨʦ ʚʦʩʪʦʢʝ ʎʝʥʪʨʘʣʴʥʦ-ʂʳʟʳʣʢʫʤʩʢʠʡ ʧʨʦʚʠʥʮʠʠ; ʢ ʟʘʧʘʜʫ, ʶʛʦ-ʟʘʧʘʜʫ ʦʪ 
ʥʝʛʦ ʧʨʦʤʳʰʣʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ ï ʂʦʩʤʘʥʘʯʠ, ɸʤʘʥʪʘʡʪʘʫ-
ɼʘʫʛʳʟʪʘʫ-ɺʳʩʦʢʦʚʦʣʴʪʥʦʝ ʠ ʝʱʝ ʙʦʣʝʝ 20 ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ. 
ʄʫʨʫʥʪʘʫʩʢʦʝ ʨʫʜʥʦʝ ʧʦʣʝ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʄʫʨʫʥʪʘʫ ʦʧʠʩʘʥʳ ʚ ʤʥʦʛʦʯʠʩʣʝʥ-
ʥʦʡ ʣʠʪʝʨʘʪʫʨʝ [1, 2 ʠ ʩʩʳʣʢʠ ʚ ʥʠʭ]. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʱʠʭ ʛʝʦʣʦʛʦ-ʛʝʦʬʠ-
ʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʥʝʜʨ ʠ ʠʭ ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʚʳʷʚʣʝ-
ʥʠʷ ʛʣʫʙʠʥʥʳʭ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦ-
ʚʘʥʠʷ ʠ ʨʘʟʤʝʱʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʀʥʩʪʠʪʫʪʦʤ ʛʝʦʣʦʛʠʠ 
ʠ ʛʝʦʬʠʟʠʢʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʧʨʦʚʦʜʠʪʩʷ ʛʣʫʙʠʥʥʦʝ ʠʟʫʯʝʥʠʝ ʥʝʜʨ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ [3]. 

ʆʙʲʝʢʪʘʤʠ ʠʟʫʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʝ ʛʦʨʥʦʨʫʜʥʳʝ, ʥʝʬʪʝʛʘʟʦʥʦʩ-
ʥʳʝ, ʩʝʡʩʤʦʦʧʘʩʥʳʝ ʠ ʜʨʫʛʠʝ ʨʘʡʦʥʳ ʩʪʨʘʥʳ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʘʢʪʫʘʣʴʥʳ 
ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ, ʦʮʝʥʢʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʧʘʩʥʦʩʪʝʡ. 
ɹʘʟʳ ʜʘʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʢʦʤ-
ʧʣʝʢʩʥʦ ʚ ʩʨʝʜʝ ARCGIS.  

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ 
ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʠ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʤ ʧʦʪʝʥʮʠʘʣʝ ʥʝʜʨ, 
ʧʦʷʚʣʝʥʠʷ ʥʦʚʳʭ ʠʜʝʡ ʠ ʢʦʥʮʝʧʮʠʡ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʟʦʥʳ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ ʨʘʟʜʝ-
ʣʷʶʪ ʟʝʤʥʫʶ ʢʦʨʫ ʥʘ ʙʣʦʢʠ ʨʘʟʥʦʛʦ ʩʪʨʦʝʥʠʷ [4].  

ʇʦ ʤʝʞʙʣʦʢʦʚʦʤʫ ʧʦʣʦʞʝʥʠʶ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʛʨʘʥʠʮʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 
ʙʣʦʢʦʚ, ʦʥʠ ʦʧʨʝʜʝʣʷʶʪ ʧʦʣʦʞʝʥʠʝ ʨʘʟʜʝʣʷʶʱʝʛʦ ʛʣʫʙʠʥʥʦʛʦ ʨʘʟʣʦʤʘ.  

ʇʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ [5, 6] ʤʝʞʙʣʦʢʦʚʦʝ ʧʦʣʦʞʝʥʠʝ 
ʟʦʥʳ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʟʥʘʢʘʤ: ʨʝʟʢʘʷ ʩʤʝʥʘ ʭʘʨʘʢʪʝʨʘ ʤʘʛʥʠʪʥʦʛʦ 
ʧʦʣʷ, ʩʤʝʥʘ ʫʨʦʚʥʷ ʧʦʣʷ; ʨʝʟʢʘʷ ʩʤʝʥʘ ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʣʦʢʘʣʴʥʳʭ 
ʘʥʦʤʘʣʠʡ; ʥʘʣʠʯʠʝ ʫʟʢʠʭ, ʧʨʦʪʷʞʝʥʥʳʭ, ʠʥʪʝʥʩʠʚʥʳʭ ʣʦʢʘʣʴʥʳʭ ʘʥʦʤʘʣʴʥʳʭ 
ʟʦʥ.  

ɺʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʛʣʫʙʠʥʥʳʡ ʨʘʟʣʦʤ ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪ-
ʢʘʭ ʤʦʞʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʧʦʵʪʦʤʫ ʦʪʜʝʣʴʥʳʝ 
ʫʯʘʩʪʢʠ ʢʦʨʳ ʧʨʠʦʙʨʝʪʘʶʪ ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ ʩʚʦʠ ʦʩʦʙʝʥʥʳʝ ʯʝʨʪʳ, ʦʪʦʙʨʘ-
ʞʘʶʱʠʝʩʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʤʝʥʷʶʱʠʤʠʩʷ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 
ɺ ʤʘʛʥʠʪʥʦʤ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʷʭ ʨʘʟʣʦʤʳ ʩʦʚʧʘʜʘʶʪ ʩ ʨʝʟʢʦʡ ʛʨʘʥʠʮʝʡ. 
ʋʟʣʳ ʧʝʨʝʩʝʯʝʥʠʡ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ ʠ ʠʭ ʦʢʨʝʩʪʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʤʝʩʪʘʤʠ ʧʦ-
ʚʳʰʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʣʫʙʠʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, 
ʩʣʫʞʘʪ ʟʦʥʘʤʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʛʣʫʙʠʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʩʚʷʟʘʥ-
ʥʳʭ ʩ ʥʠʤʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 

 ʂ ʥʠʤ ʧʨʠʫʨʦʯʝʥʘ ʮʝʧʦʯʢʘ ʠʥʪʨʫʟʠʚʦʚ, ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ 
ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ [4].  

ʈʝʟʫʣʴʪʘʪʳ. ɼʣʷ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʭʘʨʘʢ-

ʪʝʨʥʘ ʩʚʷʟʴ ʩ ʛʣʫʙʦʢʦ ʧʨʦʥʠʢʘʶʱʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ, ʯʪʦ ʦʪʤʝʯʘʣʦʩʴ ʤʥʦʛʠʤʠ ʠʩ-
ʩʣʝʜʦʚʘʪʝʣʷʤʠ (ʈʠʩ.1.) [1,4].  

ʄʥʦʛʠʝ ʟʦʣʦʪʦʨʫʜʥʳʝ ʦʙʲʝʢʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ çʯʝʨʥʦʩʣʘʥʮʝʚʳʝè, ʠʤʝʶʪ ʚʠ-
ʜʠʤʳʝ ʠʣʠ ʥʝʚʠʜʠʤʳʝ ʩʚʷʟʠ ʩ ʛʣʫʙʠʥʥʳʤʠ ʙʘʟʠʪ-ʛʠʧʝʨʙʘʟʠʪʦʚʳʤʠ ʠʣʠ ʦʬʠʦʣʠ-
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ʪʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. ʅʘ ʫʨʦʚʥʝ ʢʦʨʥʝʚʳʭ ʯʘʩʪʝʡ ʨʫʜʥʳʝ ʟʘʣʝʞʠ ʤʝʩʪʦʨʦʞʜʝ-
ʥʠʡ ʄʫʨʫʥʪʘʫ, ʂʫʤʪʦʨ, ɹʘʢʳʨʯʠʢ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ ʪʘʢʞʝ ʩʚʷ-
ʟʘʥʳ ʩ ʚʳʩʪʫʧʘʤʠ ʛʨʘʥʠʪ-ʣʝʡʢʦʛʨʘʥʠʪʦʚʳʭ ʙʘʪʦʣʠʪʦʚ, ʘ ʥʘ ʚʝʨʭʥʝʨʫʜʥʦʤ ʩʨʝʟʝ 
ʦʥʠ ʩʦʧʨʷʞʝʥʳ ʩ ʜʘʡʢʦʚʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʩʨʝʜʥʝʛʦ, ʢʠʩʣʦʛʦ ʠ ʩʫʙʱʝʣʦʯʥʦʛʦ 
ʩʦʩʪʘʚʘ.  

 

 
ʈʠʩ.1 ʂʘʨʢʘʩʥʦ - ʫʟʣʦʚʦʡ ʭʘʨʘʢʪʝʨ ʨʘʟʤʝʱʝʥʠʷ ʨʫʜʥʳʭ ʧʦʣʝʡ ʎʝʥʪʨʘʣʴʥʳʭ ʂʳ-

ʟʳʣʢʫʤʦʚ ʚ ʧʦʣʝ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ. 
 

ʎʝʥʪʨʘʣʴʥʦ-ʂʳʟʳʣʢʫʤʩʢʠʡ ʧʦ ʆ.ʄ. ɹʦʨʠʩʦʚʫ [7] ʛʣʫʙʠʥʥʳʡ ʨʘʟʣʦʤ ʧʨʦʭʦ-
ʜʠʪ ʧʦ ʟʘʧʘʜʥʳʤ ʦʢʦʥʯʘʥʠʷʤ ʛ. ʂʫʣʴʜʞʫʢʪʘʫ, ɸʫʤʠʥʟʘʪʘʫ, ʊʘʤʜʳʪʘʫ, ʠ ʫʭʦʜʠʪ 
ʜʘʣʝʝ ʥʘ ʶʛʦ-ʟʘʧʘʜʥʦʝ ʦʢʦʥʯʘʥʠʝ ʭʨ. ɹʦʣʴʰʦʡ ʂʘʨʘʪʘʫ. 

ɺ ʤʘʛʥʠʪʥʳʭ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʣʷʭ ʚʳʜʝʣʷʝʪʩʷ ʧʨʦʭʦʜʷʱʠʡ ʧʘʨʘʣ-
ʣʝʣʴʥʦ ʝʤʫ ʨʘʟʣʦʤ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʫʨʦʯʝʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ. 
ʇʝʨʝʩʝʯʝʥʠʝ ʨʘʟʣʦʤʦʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʠ ʥʘʣʠʯʠʝ ʚʫʣʢʘʥʦ - ʪʝʢʪʦʥʠʯʝʩʢʠʭ 
ʩʪʨʫʢʪʫʨ ʦʧʨʝʜʝʣʠʣʦ ʢʘʨʢʘʩʥʦ - ʫʟʣʦʚʦʡ ʭʘʨʘʢʪʝʨ ʨʘʟʤʝʱʝʥʠʷ ʨʫʜʥʳʭ ʧʦʣʝʡ. 

ɺ ʤʝʩʪʘʭ ʧʝʨʝʩʝʯʝʥʠʷ ʨʘʟʣʦʤʦʚ ʨʘʟʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʟʦʥʳ 
ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʚʳʩʪʫʧʘʶʱʠʝ ʚ ʢʘʯʝʩʪʚʝ ʢʘʥʘʣʦʚ ʜʣʷ ʜʝʛʘʟʘʮʠʠ 
ʤʘʥʪʠʠ ʠ ʚʳʭʦʜʘ ʬʣʶʠʜʦʚ, ʬʠʢʩʠʨʫʝʪʩʷ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʛʨʘʥʠʪʦʠʜʥʳʭ ʤʘʩ-
ʩʠʚʦʚ. ɺ ʤʝʟʦ-ʢʘʡʥʦʟʦʡʩʢʦʤ ʯʝʭʣʝ ʟʦʥʘ ʨʘʟʣʦʤʦʚ ʚʳʨʘʞʝʥʘ ʚ ʨʝʣʴʝʬʝ (ʞʝʣʦʙʦ-
ʦʙʨʘʟʥʳʡ ʧʨʦʛʠʙ) ʠ ʩʠʩʪʝʤʦʡ ʢʫʣʠʩʦʦʙʨʘʟʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʙʨʦʩʦ-ʥʘʜʚʠʛʦʚ ʩ 
ʘʤʧʣʠʪʫʜʦʡ ʚ ʥʝʩʢʦʣʴʢʦ ʩʦʪ ʤʝʪʨʦʚ.  

ʈʫʜʦʥʦʩʥʳʝ ʯʝʨʥʳʝ ʩʣʘʥʮʳ ʨʘʟʚʠʪʳ ʚʜʦʣʴ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ: ʚ ʧʨʦʛʠ-
ʙʘʭ, ʨʝʛʠʦʥʘʣʴʥʳʭ ʟʦʥʘʭ ʩʜʚʠʛʘ (ʟʦʥʘʭ ʩʤʷʪʠʷ).  

ɺʳʜʝʣʝʥʥʳʝ ʜʠʩʣʦʢʘʮʠʠ ʧʝʨʝʩʝʢʘʶʪ ʩʫʪʫʨʥʳʝ ʟʦʥʳ ʊʫʨʢʝʩʪʘʥʩʢʦʛʦ ʦʢʝ-
ʘʥʘ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʜʣʠʪʝʣʴʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ. ɺ 
ʊʘʤʜʳʪʘʫ ʠ ʂʫʣʴʜʞʫʢʪʘʫ ʩ ʥʠʤ ʩʚʷʟʘʥʳ ʚʳʭʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʛʠʧʝʨʙʘʟʠʪʦʚ, 
ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʚʷʟʴ ʨʘʟʣʦʤʦʚ ʩ ʚʝʨʭʥʝʡ ʤʘʥʪʠʝʡ [8].   
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ʊʝʩʢʫʜʫʢ - ʏʝʥʛʝʣʴʜʠʥʩʢʠʡ ʛʠʧʝʨʙʘʟʠʪ-ʛʘʙʙʨʦ-ʧʣʘʛʠʦʛʨʘʥʠʪʥʳʡ ʤʘʩʩʠʚ 
ʨʘʩʧʦʣʦʞʝʥ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʎʝʥʪʨʘʣʴʥʦ-ʂʳʟʳʣʢʫʤʩʢʦʛʦ ʨʫʜʥʦ-ʤʘʛʤʘ-
ʪʠʯʝʩʢʦʛʦ ʢʦʥʮʝʥʪʨʘ, ʟʘʧʘʜʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʭʨʝʙʪʘ ʊʘʤʜʳʪʘʫ.  

ɺ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʎʝʥʪʨʘʣʴʥʦ-ʂʳʟʳʣʢʫʤʩʢʦʛʦ ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ 
ʢʦʥʮʝʥʪʨʘ, ʟʘʧʘʜʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʭʨʝʙʪʘ ʂʫʣʴʜʞʫʢʪʘʫ ʨʘʩʧʦʣʦʞʝʥ ɹʝʣʴʪʘʫʩʢʠʡ 
ʛʘʙʙʨʦ-ʧʝʨʠʜʦʪʠʪʦʚʳʡ ʤʘʩʩʠʚ.  

ʅʘ ʧʨʦʜʦʣʞʝʥʠʠ ʟʦʥʳ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʠʟʚʝʩʪʥʦ 
ʏʠʠʣʠʡʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 1929 ʛʦʜʘ ʩ ʄ=6.5, ʘ ʥʘ ʶʛʦ-ʟʘʧʘʜʝ ɻʘʟʣʠʡʩʢʠʝ ʟʝʤ-
ʣʝʪʨʷʩʝʥʠʷ ʩ ʄ>7.  

 
ɿʘʢʣʶʯʝʥʠʝ 

 
1. ɺʘʞʥʝʡʰʠʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ 

ʎʝʥʪʨʘʣʴʥʦ-ʂʳʟʳʣʢʫʤʩʢʦʡ ʟʦʣʦʪʦʨʫʜʥʦʡ ʧʨʦʚʠʥʮʠʠ ʷʚʣʷʶʪʩʷ: ʨʘʟʚʠʪʠʝ ʧʨʦʮʝʩ-
ʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʝʩʝʯʝʥʠʝʤ ʟʦʥʳ ʩʪʦʣʢʥʦʚʝʥʠʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʤʘʩʩ ʪʨʘʥʩ-
ʬʦʨʤʥʳʤʠ ʨʘʟʣʦʤʘʤʠ, ʥʘʣʠʯʠʝ ʩʚʷʟʠ ʩ ʛʣʫʙʠʥʥʳʤʠ ʙʘʟʠʪ-ʛʠʧʝʨʙʘʟʠʪʦʚʳʤʠ ʠʣʠ 
ʦʬʠʦʣʠʪʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʥʘʣʠʯʠʝ ʛʨʘʥʠʪʦʠʜʦʚ (ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʫʜʥʳʭ 
ʧʦʣʷʭ ʠʣʠ ʧʦʜ ʥʠʤʠ), ʚ ʚʝʱʝʩʪʚʝ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʫʝʪ ʤʘʥʪʠʡʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ.  

2. ñʉʢʨʳʪʳʝò ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʝ ʟʦʥʳ ʨʘʟʣʦʤʦʚ (ʛʣʫʙʠʥʥʦʡ ʪʨʝʱʠʥʦʚʘ-
ʪʦʩʪʠ) ʢʦʥʪʨʦʣʠʨʫʶʪ ʠ ʚʤʝʱʘʶʪ ʢʨʫʧʥʝʡʰʠʝ ʟʦʣʦʪʳʝ, ʩʝʨʝʙʨʷʥʳʝ, ʚʦʣʴʬʨʘʤʦ-
ʚʳʝ, ʛʨʘʬʠʪʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʎʝʥʪʨʘʣʴʥʳʭ ʂʳʟʳʣʢʫʤʦʚ.  

3. ɽʩʪʴ ʦʩʥʦʚʘʥʠʷ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ ʨʘʡʦʥʘʭ ʨʘʟʚʠʪʠʷ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ ʵʪʠ 
ʟʦʥʳ ʨʘʟʣʦʤʦʚ ʤʦʛʫʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʟʤʝʱʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʝʚʦʜʦʨʦʜ-
ʥʦʛʦ ʩʳʨʴʷ ʠ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 
 

ʃʠʪʝʨʘʪʫʨʘ 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʪʨʝʭʣʝʪʥʝʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʚʝʜʝʥʠʷ 

ʚʦʣʥʠʩʪʳʭ ʧʦʧʫʛʘʡʯʠʢʦʚ. ʇʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʪʠʮ 
ʦʪ ʘʪʤʦʩʬʝʨʥʳʭ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʩʝʡʩʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʦʙʣʝʤʘ 
ʧʨʦʛʥʦʟʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʢʨʘʡʥʝ ʘʢʪʫʘʣʴʥʘ ʠ ʩʣʦʞʥʘ. ʆʩʥʦʚʦʡ ʧʨʦʛʥʦʟʘ ʷʚʣʷʝʪʩʷ 
ʩʠʩʪʝʤʘ ʩʝʡʩʤʦʤʦʥʠʪʦʨʠʥʛʘ, ʪ.ʝ. ʦʨʛʘʥʠʟʘʮʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʧʨʦ-
ʮʝʩʩʦʚ ʚ ʩʝʡʩʤʦʘʢʪʠʚʥʳʭ ʨʝʛʠʦʥʘʭ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ɺ ʵʪʦʡ 
ʩʚʷʟʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʞʜʠʩʮʠʧʣʠ-
ʥʘʨʥʳʡ ʧʦʜʭʦʜ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʪʘʢʠʭ ʥʘʫʢ, ʢʘʢ ʛʝʦʬʠʟʠʢʘ, ʙʠʦʣʦʛʠʷ, ʬʠʟʠʦʣʦʛʠʷ, 
ʤʝʪʝʦʨʦʣʦʛʠʷ, ʘʩʪʨʦʬʠʟʠʢʘ, ʤʘʪʝʤʘʪʠʢʘ ʠ ʜʨ. ʉʝʡʩʤʦʙʠʦʤʦʥʠʪʦʨʠʥʛ ï ʦʜʠʥ ʠʟ 
ʤʝʪʦʜʦʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʛʥʦʟʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʂʘʟʘʭʩʪʘʥʝ. ɿʘ ʯʝ-
ʪʳʨʝ ʜʥʷ ʜʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ 28.04.2017 ʛ. ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʩʫʪʦʢ ʨʝʛʠʩʪʨʠ-
ʨʦʚʘʣʘʩʴ ʘʥʦʤʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʦʣʥʠʩʪʳʭ ʧʦʧʫʛʘʡʯʠʢʦʚ, ʩ ʘʤʧʣʠʪʫʜʦʡ ʚʘʨʠʘ-
ʮʠʡ, ʧʨʝʚʳʰʘʶʱʠʭ ʧʦʨʦʛ 3ů. ɺʳʷʚʣʝʥʘ ʧʨʷʤʘʷ ʩʚʷʟʴ ʧʘʨʘʤʝʪʨʦʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 
ʘʢʪʠʚʥʦʩʪʠ ʩ ʠʩʩʣʝʜʫʝʤʳʤʠ ʚʥʝʰʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʡʩʤʦʙʠʦʤʦʥʠʪʦʨʠʥʛ, ʚʦʣʥʠʩʪʳʝ ʧʦʧʫʛʘʡʯʠʢʠ, ʜʚʠʛʘ-

ʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʩʝʡʩʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʘʤʧʣʠʪʫʜʘ ʚʘʨʠʘʮʠʡ, ʧʦʧʫʛʘʡʯʠʢʠ, 
ʜʚʠʛʘʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ. 

 
Abstract. Results of three-year long monitoring of the budgerigars behavior are 

given. Movement activity of the birds of atmospheric and cosmic factors, seismic pro-
cesses dependence is shown. The problem of earthquake prediction is extremely rel-
evant and complex. The basis of the forecast is a seismic monitoring system, i.e. or-
ganization of monitoring of seismic processes in seismically active regions by various 
physical methods. In this regard, to solve the problems of short-term forecasting, an 
interdisciplinary approach is used involving such sciences as geophysics, biology, 
physiology, meteorology, astrophysics, mathematics and others. Seismobiomonitoring 
is one of the methods for the integrated forecast of seismic processes in Kazakhstan. 
Four days before the seismic event of April 28, 2017, anomalous activity of budgerigars 
was recorded for two days, with an amplitude of variations exceeding the threshold of 
3ů. A direct relationship between the parameters of biological activity and the studied 
external factors was revealed. 

Key words: seismobiomonitoring, budgerigars, movement activity, seismic pro-
cesses, amplitude of variations, parrots, physical activity. 

 
ɺʚʝʜʝʥʠʝ. ʆʙʲʝʢʪʘʤʠ ʥʘʙʣʶʜʝʥʠʷ ʷʚʣʷʣʠʩʴ ʞʠʚʦʪʥʳʝ ʠ ʧʪʠʮʳ ʠʩʩʣʝʜʫ-

ʝʤʳʝ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʮʠʦʥʘʨʘʭ.ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘʙʣʶʜʝʥʠʡ 
ʚ ʨʘʤʢʘʭ ʩʝʡʩʤʦʙʠʦʤʦʥʠʪʦʨʠʥʛʘ ʥʝʦʙʭʦʜʠʤ ʚʳʙʦʨ ʞʠʚʦʪʥʳʭ, ʢʦʪʦʨʳʝ ʜʦʩʪʘ-
ʪʦʯʥʦ ʯʝʪʢʦ ʨʝʘʛʠʨʦʚʘʣʠ ʙʳ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʇʪʠʮʳ ʦʯʝʥʴ 
ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʤʘʛʥʠʪʥʳʤ ʧʦʪʦʢʘʤ ɿʝʤʣʠ ʠ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʫʜʦʙʥʳʤʠ ʠ ʧʝʨ-
ʩʧʝʢʪʠʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʥʘʙʣʶʜʝʥʠʡ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʘʢʪʠʯʝ-
ʩʢʠ ʚ 50% ʩʣʫʯʘʝʚ ʩʨʝʜʠ ʞʠʚʦʪʥʳʭ, ʦʱʫʱʘʶʱʠʭ ʧʨʠʙʣʠʞʝʥʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, 
ʙʳʣʠ ʧʪʠʮʳ [1].  
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ɺ ʵʪʦʡ ʩʚʷʟʠ ʚʦʣʥʠʩʪʳʝ ʧʦʧʫʛʘʡʯʠʢʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʢʘʢ ʦʙʲʝʢʪ ʥʘʙʣʶʜʝ-
ʥʠʡ ʥʘ ʩʝʡʩʤʦʙʠʦʩʪʘʮʠʦʥʘʨʘʭ, ʠ ʚʦʪ ʫʞʝ ʙʦʣʝʝ 15 ʣʝʪ ʠʭ ʧʦʚʝʜʝʥʠʝ ʠʟʫʯʘʝʪʩʷ. 
ʆʩʥʦʚʦʡ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʧʦʚʝʜʝʥʠʝʤ ʧʪʠʮ ʚ ʟʦʥʝ ʩʝʡʩʤʠʯʝʩʢʦʡ ʫʷʟʚʠʤʦʩʪʠ ʷʚ-
ʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʘʨʠʘʮʠʡ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʩʫʪʦʯʥʳʭ ʠ ʩʝʟʦʥʥʳʭ) ʠ ʚʳ-
ʷʚʣʝʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ, ʢʦʩʤʠʯʝ-
ʩʢʠʤʠ ʠ ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʄʦʥʠʪʦʨʠʥʛ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʥʘ ʦʜʥʦʤ ʠʟ ʙʠʦ-
ʩʪʘʮʠʦʥʘʨʦʚ ɸʣʤʘʪʠʥʩʢʦʛʦ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʦʣʠʛʦʥʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ ʯʝʨʪʝ 
ʛ. ɸʣʤʘʪʳ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʝʛʠʩʪʨʘʮʠʷ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʧʫʛʘʡ-

ʯʠʢʦʚ ʚʝʣʘʩʴ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʨʠ ʧʦʤʦʱʠ ʧʨʠʙʦʨʘ çʈɼɸ-ʇè (ʈʠʩ. 1), 
ʬʠʢʩʠʨʫʶʱʝʛʦ ʩʫʤʤʘʨʥʫʶ ʧʦʯʘʩʦʚʫʶ ʜʚʠʛʘʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʪʠʮ [1].  

ʀʥʬʦʨʤʘʪʠʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʣʠʩʴ ʠʟʤʝʥʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʚʘʨʠʘ-
ʮʠʡ ʧʘʨʘʤʝʪʨʘ, ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʠ ʠʥʚʝʨʩʠʷ ʩʫʪʦʯʥʦʛʦ ʨʠʪʤʘ. 

 

 
 

ʈʠʩ. 1 ï ʇʨʠʙʦʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʦʣʥʠʩʪʳʭ ʧʦʧʫʛʘʡʯʠ-
ʢʦʚ 

ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʩʚʦʜʠʣʘʩʴ ʢ ʨʘʩʯʸʪʫ ʟʥʘʯʝʥʠʡ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ 
ʦʪʢʣʦʥʝʥʠʷ (ů) ʜʣʷ ʩʨʝʜʥʝʩʫʪʦʯʥʳʭ ʜʘʥʥʳʭ. ɺʳʷʚʣʷʣʠʩʴ ʘʥʦʤʘʣʠʠ, ʚʳʭʦʜʷʱʠʝ 
ʟʘ ʧʨʝʜʝʣʳ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʢʦʨʠʜʦʨʘ ů=Ñ2 ï ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʬʦʥʦʚʦʛʦ ʫʨʦʚʥʷ ʠ 
ů=Ñ3 ï ʢʨʠʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ, ʦʪʨʘʞʘʶʱʠʡ ʘʥʦʤʘʣʠʠ ʧʨʝʜʚʝʩʪʥʠʢʦʚʦʛʦ ʭʘʨʘʢ-
ʪʝʨʘ [2]. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʠʟ-
ʤʝʨʝʥʠʝ ʘʪʤʦʩʬʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚ-
ʣʝʥʠʷ). ɼʘʥʥʳʝ ʦ ʛʝʦʤʘʛʥʠʪʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ɿʝʤʣʠ ʙʳʣʠ ʧʦʣʫ-
ʯʝʥʳ ʩ ʩʘʡʪʘ çʊʝʩʠʩè [3].  

ɼʘʥʥʳʝ ʦ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʯʠʩʣʘ ɺʦʣʴʬʘ) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʩʘʡʪʘ 
ʂʠʩʣʦʚʦʜʩʢʦʡ ɻʦʨʥʦʡ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ [4]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʨʝʭʣʝʪ-
ʥʝʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʦʣʥʠʩʪʳʭ ʧʦʧʫʛʘʡʯʠʢʦʚ: ʛʨʘʬʠʢʠ ʠ 
ʘʥʘʣʠʟ ʚʘʨʠʘʮʠʡ; ʘʥʘʣʠʟ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʠʩʩʣʝʜʫʝʤʳʤ ʧʘʨʘʤʝʪ-
ʨʦʤ ʠ ʨʘʟʣʠʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʜʚʠʛʘʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʪʠʮ. 

ʅʠʞʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʩʝʡʩʤʦʙʠʦʤʦʥʠʪʦʨʠʥʛʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʘʨʘ-
ʤʝʪʨʘ ʥʘ ɸʣʤʘʪʠʥʩʢʦʤ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʤ ʧʦʣʠʛʦʥʝ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚʦʣʥʠʩʪʳʭ 
ʧʦʧʫʛʘʡʯʠʢʦʚ, ʘʪʤʦʩʬʝʨʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ ï t, ʘʪʤʦ-
ʩʬʝʨʥʳʤ ʜʘʚʣʝʥʠʝʤ ï p) ʠ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ï W ʟʘ 2016-2018 ʛʦʜʳ ʧʨʝʜ-
ʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1.  

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʠʩʩʣʝʜʫʝʤʳʤʠ 
ʧʘʨʘʤʝʪʨʘʤʠ ʥʠʟʢʠ. 

ʊʘʙʣʠʮʘ 1 ï ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʦʣʥʠ-
ʩʪʳʭ ʧʦʧʫʛʘʡʯʠʢʦʚ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ ʠ ʢʦʩʤʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ  
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ɻʦʜʳ Da/t Da/p Da/W 

2016 -0,36 0,36 0,23 
2017 0,09 -0,06 0,05 

2018 0,46 -0,4 0,0 

 
ʇʨʠ ʘʥʘʣʠʟʝ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʦʣʥʠʩʪʳʭ ʧʦʧʫʛʘʡʯʠʢʦʚ ʚ 2016-

2018 ʛʦʜʘʭ ʧʫʪʸʤ ʨʘʩʯʸʪʘ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ (ů) ʙʳʣʠ ʚʳʷʚ-
ʣʝʥʳ 45 ʘʥʦʤʘʣʠʡ. ʅʘ ʨʠʩʫʥʢʝ 2 (ɸ, ɹ, ɺ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʘʨʠʘʮʠʠ ʨʘʩʯʝʪʥʦʛʦ 
ʧʘʨʘʤʝʪʨʘ ů ʟʘ ʪʨʝʭʣʝʪʥʠʡ ʧʝʨʠʦʜ (2016-2018 ʛʛ.). 

 

 
ʈʠʩ. 2 ï ɺʘʨʠʘʮʠʠ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ (ů) ʜʣʷ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦ-

ʩʪʠ ʚʦʣʥʠʩʪʳʭ ʧʦʧʫʛʘʡʯʠʢʦʚ ʟʘ 2016 (ɸ), 2017 (ɹ), 2018 (ɺ) ʛʦʜʳ. 
 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 2 ʠ ʨʠʩʫʥʢʘ 3 ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʚʝʜʝʥʠʝ 
ʧʦʧʫʛʘʡʯʠʢʦʚ ʦʢʘʟʳʚʘʣʠ ʘʪʤʦʩʬʝʨʥʳʝ ʬʘʢʪʦʨʳ (ʪʘʢʠʝ ʢʘʢ ʨʝʟʢʠʝ ʧʝʨʝʧʘʜʳ ʠʣʠ 
ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ) ʠ ʠʟ-
ʤʝʥʝʥʠʷ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ɿʝʤʣʠ (ʤʘʛʥʠʪʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʠ ʤʘʛʥʠʪʥʳʝ ʙʫʨʠ), ʘ 
ʪʘʢʞʝ ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʴ. ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʦʢʘʟʳʚʘʣʠ ʙʦʣʴ-
ʰʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʧʪʠʮ. 

ʊʘʙʣʠʮʘ 2 ï ʌʘʢʪʦʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʥʘ ʘʥʦʤʘʣʠʠ ʚ ʧʦʚʝʜʝʥʠʠ 
ʚʦʣʥʠʩʪʳʭ ʧʦʧʫʛʘʡʯʠʢʦʚ ʚ 2016-2018 ʛʛ. 

 
ʌʘʢʪʦʨʳ % 

ʘʪʤʦʩʬʝʨʥʳʝ 33,3 
ʤʘʛʥʠʪʥʳʝ 13,3 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʬʘʢʪʦʨʦʚ 42,2 
ʩʝʡʩʤʠʯʝʩʢʠʝ 4,5 

ʥʝʷʩʥʦʡ ʧʨʠʨʦʜʳ 6,7 
 

 
ʈʠʩ. 3 ï ʉʦʦʪʥʦʰʝʥʠʝ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʜʚʠʛʘʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚʦʣʥʠʩʪʳʭ ʧʦ-

ʧʫʛʘʡʯʠʢʦʚ 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʘʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʜʚʠʛʘ-
ʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʦʣʥʠʩʪʳʭ ʧʦʧʫʛʘʡʯʠʢʦʚ ʧʦ ʤʝʩʷʮʘʤ ʟʘ ʪʨʝʭʣʝʪʥʠʡ ʧʝʨʠʦʜ. 
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ʀʟ ʨʠʩʫʥʢʦʚ 4ɸ ʠ 4ɹ ʚʠʜʥʦ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʘʥʦʤʘʣʠʡ ʚ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚ-
ʥʦʩʪʠ ʚʦʣʥʠʩʪʳʭ ʧʦʧʫʛʘʡʯʠʢʦʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʤʝʩʷʮʳ ʩ ʷʥʚʘʨʷ ʧʦ ʤʘʡ ʠ ʠʶʣʴ-
ʘʚʛʫʩʪ, ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʚ ʤʘʨʪʝ ʠ ʠʶʣʝ, ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʘʥʦʤʘʣʠʡ ʟʘʨʝ-
ʛʠʩʪʨʠʨʦʚʘʥʦ ʚ ʠʶʥʝ ʠ ʩ ʩʝʥʪʷʙʨʷ ʧʦ ʜʝʢʘʙʨʴ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ ʧʦʚʳʰʝ-
ʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʦʣʥʠʩʪʳʭ ʧʦʧʫʛʘʡʯʠʢʦʚ ʟʘ ʯʝʪʳʨʝ 
ʜʥʷ ʜʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ ʧʨʦʠʟʦʰʝʜʰʝʛʦ ʚ 147 ʢʤ ʦʪ ʛ. ɸʣʤʘʪʳ ʥʘ ʪʝʨʨʠ-
ʪʦʨʠʠ ʂʳʨʛʳʟʩʪʘʥʘ 28 ʘʧʨʝʣʷ ʚ 11 ʯ 01 ʤʠʥ ʧʦ ʚʨʝʤʝʥʠ ʛ. ɸʣʤʘʪʳ (ʢʦʦʨʜʠʥʘʪʳ 
ʵʧʠʮʝʥʪʨʘ: 41Á52' ʩ.ʰ., 76Á50' ʚ.ʜ.; ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʣʘʩʩ ʟʝʤʣʝʪʨʷʩʝʥʠʷ: 12,2), 
ʦʱʫʱʘʣʦʩʴ ʚ ʛ.ɸʣʤʘʪʳ ï 2 ʙʘʣʣʘ. ʇʦʚʳʰʝʥʥʘʷ ʜʚʠʛʘʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʧʫ-
ʛʘʡʯʠʢʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʜʥʝʡ (ů=2,6 ʠ ů=4,2). 

 
ʈʠʩ. 4 ï ɸʥʦʤʘʣʠʠ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʦʣʥʠʩʪʳʭ ʧʦʧʫʛʘʡʯʠʢʦʚ ʟʘ 2016-2018 ʛʛ. 
 

ɺʳʚʦʜʳ 

1. ɹʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʪʨʝʭʣʝʪʥʝʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʜʚʠʛʘʪʝʣʴʥʦʡ 
ʘʢʪʠʚʥʦʩʪʠ ʚʦʣʥʠʩʪʳʭ ʧʦʧʫʛʘʡʯʠʢʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʚʦʣʴʝʨʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʦʜ-
ʥʦʤ ʠʟ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʫʥʢʪʘʭ ɸʣʤʘʪʠʥʩʢʦʛʦ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʦ-
ʣʠʛʦʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʭʝʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʚʳʰʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʪʠʮ ʧʦ 
ʤʝʩʷʮʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʜʚʠʛʘʪʝʣʴʥʦʡ 
ʘʢʪʠʚʥʦʩʪʴʶ ʚʦʣʥʠʩʪʳʭ ʧʦʧʫʛʘʡʯʠʢʦʚ ʠ ʘʪʤʦʩʬʝʨʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

2. ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʧʫʛʘʡʯʠʢʦʚ ʦʪ ʘʪʤʦ-
ʩʬʝʨʥʳʭ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚʳʷʚʠʣ ʯʝʪʢʫʶ ʩʚʷʟʴ ʧʘʨʘʤʝʪʨʦʚ ʙʠʦʣʦʛʠʯʝ-
ʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩ ʠʩʩʣʝʜʫʝʤʳʤʠ ʚʥʝʰʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʅʘ ʦʩʥʦʚʝ ʘʚʪʦʤʘʪʠʟʠ-
ʨʦʚʘʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʜʚʠʛʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʪʠʮ ʟʘ ʯʝʪʳʨʝ ʜʥʷ ʜʦ ʩʝʡʩʤʠ-
ʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ 28.04.2017 ʛ. ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʩʫʪʦʢ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʘʥʦʤʘʣʴ-
ʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʦʣʥʠʩʪʳʭ ʧʦʧʫʛʘʡʯʠʢʦʚ, ʩ ʘʤʧʣʠʪʫʜʦʡ ʚʘʨʠʘʮʠʡ, ʧʨʝʚʳʰʘʶʱʠʭ 
ʧʦʨʦʛ 3ů. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʉʝʨʘʟʝʪʜʠʥʦʚʘ ɹ.ɿ. ʉʝʡʩʤʦʙʠʦʣʦʛʠʷ: ʪʝʦʨʠʷ, ʤʝʪʦʜʳ, ʧʨʘʢʪʠʢʘ ʧʨʦʛʥʦʟʘ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʡ ï ɸʣʤʘʪʳ: çʕʚʝʨʦè. 2012. 364 ʩ. 

2. ʉʝʨʘʟʝʪʜʠʥʦʚʘ ɹ.ɿ., ɸʜʠʣʴʛʠʨʝʝʚʘ ʉ.ʍ., ɸʨʠʬʫʣʦʚʘ ʀ.ʀ., ʐʠʤʦʚ ʉ.ɺ. ʀʩʩʣʝ-

ʜʦʚʘʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʞʠʚʦʪʥʳʭ ʥʘ ʦʩʥʦʚʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʩʝʡ-

ʩʤʠʯʝʩʢʠ ʫʷʟʚʠʤʦʤ ʨʝʛʠʦʥʝ ʂʘʟʘʭʩʪʘʥʘ // ʊʝʟ. ʜʦʢʣ. 5-ʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʉʝʡʩʤʠʯʥʦʩʪʴ, ʧʨʦʛʥʦʟ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʩʝʡʩʤʦʩʪʦʡʢʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦè. ɸʟʝʨʙʘʡʜʞʘʥ, 

ɹʘʢʫ, 7-12 ʦʢʪʷʙʨʷ 2012. ʉ. 372-380. 

3. http://www.tesis.lebedev.ru 
4. http://old.solarstation.ru 
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ʊʈɸɺɽʈʊʀʅʓ ʖɻʆ-ɺʆʉʊʆʏʅʆʁ ʏɸʉʊʀ ɻʆʈʅʆɻʆ ɸʃʊɸʗ: ʉɺʗɿʔ ʉ 
ʇʆɼɺʀɾʂɸʄʀ ʇʆ ʈɸɿʃʆʄɸʄ ʀ ʇɸʃɽʆɿɽʄʃɽʊʈʗʉɽʅʀʗʄʀ 
ʇʦʟʜʥʷʢʦʚʘ ʅ.ʀ., ɼʝʝʚ ɽ.ɺ., ɼʫʙʣʷʥʩʢʠʡ ʖ.ɺ., ʉʦʢʦʣ ʕ.ɺ.,  

ʂʦʭ ʉ.ʅ., ʊʫʨʦʚʘ ʀ.ɺ., ʈʫʩʘʥʦʚ ɻ.ɻ. 
 

TRAVERTINES OF THE SOUTHEASTERN GORNY ALTAY: CONNECTION WITH 
FAULT DISPLACEMENTS AND PALEOEARTHQUAKES 

Pozdnyakova N.I., Deev E.V., Dublyansky Yu.V., Sokol E.V., Kokh S.N., Turova 
I.V., Rusanov G.G. 

 
ɸʥʥʦʪʘʮʠʷ: ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʨʘʚʝʨʪʠʥʳ ʢʘʣʴʮʠʪʦʚʦʡ ʠ ʢʘʣʴʮʠʪ-

ʘʨʘʛʦʥʠʪʦʚʦʡ ʢʦʤʧʦʟʠʮʠʡ ʮʝʤʝʥʪʠʨʫʶʪ ʩʨʝʜʥʝʧʣʝʡʩʪʦʮʝʥ-ʛʦʣʦʮʝʥʦʚʳʝ 
ʢʦʣʣʶʚʠʘʣʴʥʳʝ, ʘʣʣʶʚʠʘʣʴʥʳʝ ʠ ʘʣʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚʝʝʨʦʚ ʚʜʦʣʴ 
ʘʢʪʠʚʥʳʭ ʨʘʟʣʦʤʦʚ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʤ ɻʦʨʥʦʤ ɸʣʪʘʝ. ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʥʳʝ ʚ 
ʨʝʛʠʦʥʝ 230Th-U ʜʘʪʠʨʦʚʢʠ ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʨʘʩʪ ʪʨʘʚʝʨʪʠʥʦʚ ʠʟ 
ʰʝʩʪʠ ʧʦʣʝʡ. ɺʦʟʨʘʩʪ ʪʨʘʚʝʨʪʠʥʦʚ ʚ ʧʨʝʜʝʣʘʭ 1,2-11 ʪʳʩ. ʃʝʪ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 
ʠʟʚʝʩʪʥʳʤʠ ʚʦʟʨʘʩʪʘʤʠ ʧʘʣʝʦʘʨʪʨʦʟ. ʊʨʘʚʝʨʪʠʥʳ ʩ ʚʦʟʨʘʩʪʦʤ ʦʢʦʣʦ 120 ʪʳʩ. 
ʃʝʪ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʘʮʠʠ ʨʘʟʣʦʤʦʚ ʥʘ ʩʪʘʜʠʠ ʜʝʛʨʘʜʘʮʠʠ 
ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ɻʦʨʥʦʛʦ ɸʣʪʘʷ. ʊʨʘʚʝʨʪʠʥʳ ʩ ʚʦʟʨʘʩʪʦʤ ʦʢʦʣʦ 400 
ʪʳʩ. ʃʝʪ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʦʩʥʦʚʥʦʡ ʬʘʟʝ ʢʘʡʥʦʟʦʡʩʢʦʛʦ ʦʨʦʛʝʥʝʟʘ ɻʦʨʥʦʛʦ 
ɸʣʪʘʷ. ɼʘʥʥʳʝ ʦʙ ʠʟʦʪʦʧʠʠ ʫʛʣʝʨʦʜʘ CaCO3 (ŭ13C ʦʪ -4,1 + ʜʦ + 2,6 ă V-PDB), 
ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ ʪʨʘʚʝʨʪʠʥʳ, ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʚ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʠ 
ʫʯʘʩʪʚʦʚʘʣʠ ʜʚʘ ʠʩʪʦʯʥʠʢʘ CO2: çʤʝʪʝʦʛʝʥʥʳʡè ʠ çʪʝʨʤʦʛʝʥʥʳʡè. 
ʄʝʪʘʤʦʨʬʠʟʤ ʤʦʨʩʢʠʭ ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʜʦʣʦʤʠʪʦʚ ʚ ʟʦʥʘʭ ʘʢʪʠʚʥʳʭ ʨʘʟʣʦʤʦʚ ʚʦ 
ʚʨʝʤʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʤʝʱʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ 
çʪʝʨʤʦʛʝʥʥʦʛʦè ʉʆ2 ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʨʘʚʝʨʪʠʥʦʚ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʚʝʨʪʠʥʳ, ʛʝʦʭʨʦʥʦʣʦʛʠʷ U-ʩʝʨʠʠ, ʢʨʫʧʥʳʝ ʧʘʣʝʦʘʨʪʢʠ, 

ʘʢʪʠʚʥʳʝ ʨʘʟʣʦʤʳ, ʥʝʦʪʝʢʪʦʥʠʢʘ, ɻʦʨʥʳʡ ɸʣʪʘʡ 
 

Abstract: It was established that travertines of calcite and calcite-aragonite 
compositions cement Middle Pleistocene - Holocene colluvial, alluvial, and alluvial fan 
deposits along active faults in the southeastern Gorny Altai. First conducted in the 
region 230Th-U dating made it possible to determine the age of travertines from six 
fields. The age of travertines in the range 1.2-11 ka agree with known ages of 
palaeoearthquakes. Travertines with an age of about 120 ka formed as a result of the 
activation of faults at the stage of degradation of maximum glaciation of the Gorny 
Altai. Travertines with an age of about 400 ka formed in the main phase of the Cenozoic 
orogenesis of Gorny Altai. The data on the carbon isotopy of CaCO3 (ŭ13C from ī4.1 
ă to + 2.6 ă V-PDB), which composes travertines, indicate that two sources of CO2 
were involved in its formation: ñmeteogenicò and ñthermogenicò. Metamorphism of 
marine limestones and dolomites in active fault zones during seismic displacements is 
considered as the main source of ñthermogenicò CO2 during the travertines formation. 

Keywords: travertines, U-series geochronology, large paleoearthqukes, active 

faults, neotectonics, Gorny Altai 
 

ɺʚʝʜʝʥʠʝ ʠ ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ 
ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʝʩʥʫʶ ʩʚʷʟʴ ʢʘʨʙʦʥʘʪʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʠʩʪʦʯʥʠʢʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ï ʪʨʘʚʝʨʪʠʥʦʚ ï ʩ ʪʝʢʪʦʥʠʯʝʩʢʦʡ 
ʘʢʪʠʚʥʦʩʪʴʶ.  

ɺ [1] ʚʚʝʜʝʥ ʪʝʨʤʠʥ çʪʨʘʚʠʪʦʥʠʢʘè ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʩʚʷʟʠ ʪʨʘʚʝʨʪʠʥʦʚ ʩ 
ʘʢʪʠʚʥʳʤʠ ʨʘʟʣʦʤʘʤʠ. ʀʟʚʝʩʪʥʳ ʧʦʧʳʪʢʠ ʫʚʷʟʘʪʴ ʤʦʙʠʣʠʟʘʮʠʶ ʦʙʦʛʘʱʝʥʥʳʭ 
CO2 ʬʣʶʠʜʦʚ ʩ ʩʝʡʩʤʠʯʝʩʢʠʤ ʪʨʠʛʛʝʨʦʤ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʘʚʝʨʪʠʥʳ ʜʣʷ 
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ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʨʘʩʪʘ ʠ ʧʝʨʠʦʜʘ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʧʘʣʝʦʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʦʮʝʥʦʢ 
ʩʢʦʨʦʩʪʝʡ ʩʝʡʩʤʦʛʝʥʥʳʭ ʩʤʝʱʝʥʠʡ ʚʜʦʣʴ ʨʘʟʣʦʤʦʚ [2-4]. 

ʇʝʨʚʳʝ ʪʨʘʚʝʨʪʠʥʳ ʚ ɻʦʨʥʦʤ ɸʣʪʘʝ (ʨʠʩ. 1ʘ) ʙʳʣʠ ʦʪʢʨʳʪʳ ʚ 1936 ʛʦʜʫ 
ɸ.ʉ. ʄʫʭʠʥʳʤ ʥʘ ʟʘʧʘʜʥʦʤ ʬʣʘʥʛʝ ʂʫʨʘʡʩʢʦʡ ʟʦʥʳ ʨʘʟʣʦʤʦʚ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦ-
ʤʝʥʪʫ ʚ ʖʛʦ-ɺʦʩʪʦʯʥʦʤ ɸʣʪʘʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʦ 12 ʪʨʘʚʝʨʪʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, 
ʧʦʢʘʟʘʥʳ ʠʭ ʦʩʥʦʚʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ, ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦ-
ʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [5-8].  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʘ ʧʨʠʤʝʨʝ ʰʝʩʪʠ ʪʨʘʚʝʨʪʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʜʝ-
ʣʘʥʘ ʧʦʧʳʪʢʘ ʚʳʷʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʪʨʘʚʝʨʪʠʥʦʚ ʩ ʘʢʪʠʚʥʳʤʠ ʨʘʟ-
ʣʦʤʘʤʠ ʚ ʦʙʨʘʤʣʝʥʠʠ ʏʫʡʩʢʦʡ ʠ ʂʫʨʘʡʩʢʦʡ ʚʧʘʜʠʥ ʠ ʚʦʟʨʘʩʪʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʵʧʠ-
ʟʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʦʚ ʩ ʧʘʣʝʦʩʝʡʩʤʠʯʝʩʢʠʤʠ ʩʦʙʳʪʠʷʤʠ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʂʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʘʚʝʨʪʠʥʦʚ 
ʚʢʣʶʯʘʣ ʠʭ ʧʦʣʝʚʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʠ ʢʘʤʝʨʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʠ ʩʢʘʥʠʨʫʶʱʝʡ 
ʤʠʢʨʦʩʢʦʧʠʠ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ, ʘʥʘʣʠʟ ʩʪʘʙʠʣʴʥʳʭ 
ʠʟʦʪʦʧʦʚ, 230Th-U ʛʝʦʭʨʦʥʦʣʦʛʠʶ. 

 

-  
ʈʠʩ. 1. a: ʇʦʣʦʞʝʥʠʝ ʖʛʦ-ɺʦʩʪʦʯʥʦʛʦ ɸʣʪʘʷ ʚ ʩʪʨʫʢʪʫʨʝ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ʙ: 
ʆʩʥʦʚʥʳʝ ʘʢʪʠʚʥʳʝ ʨʘʟʣʦʤʳ, ʩʝʡʩʤʠʯʥʦʩʪʴ ʠ ʪʨʘʚʝʨʪʠʥʦʚʳʝ ʧʦʣʷ ʨʘʡʦʥʘ 
ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦ [6] ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʠ ʜʦʧʦʣʥʝʥʠʷʤʠ. ʕʧʠʮʝʥʪʨʳ ʠʩʪʦʨʠʯʝʩʢʠʭ ʠ 
ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʧʦ ʜʘʥʥʳʤ ʩʝʡʩʤʠʯʝʩʢʠʭ ʢʘʪʘʣʦʛʦʚ 
NEIC ʠ IRIS. ʊʨʘʚʝʨʪʠʥʦʚʳʝ ʧʦʣʷ: 1 ï  ʏʝʡʙʝʢʢʝʣʴ 1, 2 ï  ʏʝʡʙʝʢʢʝʣʴ 2, 3 ï ʂʫʨʘʡʢʘ, 4 
ï ʊʦʪʫʛʝʤ, 5 ï ʏʠʙʠʪ, 6 ï ɹʘʣʪʳʨʛʘʥ. 

 
ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʏʝʪʳʨʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʣʷ ï ʏʝʡʙʝʢʢʝʣʴ 1 

ʠ 2, ʂʫʨʘʡʢʘ ʠ ʊʦʪʫʛʝʤ ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ ʘʢʪʠʚʥʳʤʠ ʨʘʟʣʦʤʘʤʠ ʂʫ-
ʨʘʡʩʢʦʡ ʟʦʥʳ (ʨʠʩ. 1ʙ), ʧʦʣʝ ʏʠʙʠʪ ï ʩ ʖʞʥʦ-ʏʫʡʩʢʠʤ ʨʘʟʣʦʤʦʤ, ʧʦʣʝ ɹʘʣʪʳʨʛʘʥ 
ï ʩ ʟʘʧʘʜʥʳʤ ʨʘʟʣʦʤʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʏʘʛʘʥʩʢʦʛʦ ʙʣʦʢʘ, ʨʘʟʜʝʣʷʶʱʝʛʦ ʏʫʡ-
ʩʢʫʶ ʠ ʂʫʨʘʡʩʢʫʶ ʚʧʘʜʠʥʳ. ʊʨʘʚʝʨʪʠʥʳ ʮʝʤʝʥʪʠʨʫʶʪ ʩʨʝʜʥʝʧʣʝʡʩʪʦʮʝʥ-
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ʛʦʣʦʮʝʥʦʚʳʝ ʢʦʣʣʶʚʠʘʣʴʥʳʝ, ʘʣʣʶʚʠʘʣʴʥʳʝ ʠ ʧʨʦʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ, 
ʧʨʝʦʙʨʘʟʫʷ ʠʭ ʚ ʙʨʝʢʯʠʠ, ʢʦʥʛʣʦʤʝʨʘʪʳ ʠ ʧʝʩʯʘʥʠʢʠ. 

ʊʨʘʚʝʨʪʠʥʳ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʣʝʡ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʧʦʣʠʤʦʨʬʥʳʭ 
ʤʦʜʠʬʠʢʘʮʠʡ CaCO3 ï ʢʘʣʴʮʠʪʘ ʠ ʘʨʘʛʦʥʠʪʘ. ɸʙʩʦʣʶʪʥʦ ʚʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ 
ʦʙʨʘʟʮʘʭ ʪʨʘʚʝʨʪʠʥʦʚ ʢʘʣʴʮʠʪ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʤʠʥʝʨʘʣʴʥʦʡ ʬʘʟʦʡ. 
ʉʧʘʨʨʠʪʦʚʳʡ ʠ ʤʠʢʨʠʪʦʚʳʡ ʢʘʣʴʮʠʪ ʙʝʣʦ-ʞʝʣʪʳʡ ʠʣʠ ʩʝʨʳʡ, ʦʙʨʘʟʫʝʪ ʮʝʤʝʥʪ 
ʤʝʞʜʫ ʦʙʣʦʤʢʘʤʠ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ. ʆʥ ʦʙʨʘʟʫʝʪ ʩʣʦʠʩʪʳʝ 
ʘʛʨʝʛʘʪʳ, ʢʦʪʦʨʳʝ ʦʢʨʫʞʘʶʪ ʦʙʣʦʤʢʠ.  

ʉʚʦʙʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʣʦʩʪʝʡ ʠ ʧʦʨ ʟʘʧʦʣʥʝʥʦ ʪʝʩʥʦ ʫʧʘʢʦʚʘʥʥʳʤʠ 
ʠʜʠʦʤʦʨʬʥʳʤʠ ʨʦʤʙʦʵʜʨʠʯʝʩʢʠʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʨʘʟʤʝʨʦʤ ʜʦ 1 ʤʤ.  

ɿʥʘʯʝʥʠʷ ŭ13C ʠ ŭ18O ʙ ʣrʠ ʠʟʤʝʨʝʥʳ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʦʙʨʘʟʮʘʭ ʠʟ ʚʩʝʭ ʠʩ-
ʩʣʝʜʦʚʘʥʥʳʭ ʧʦʣʝʡ ʪʨʘʚʝʨʪʠʥʦʚ. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ CaCO3 ʠʟ ʪʨʘʚʝʨʪʠʥʦʚʳʭ 
ʢʦʤʧʣʝʢʩʦʚ ʏʝʡʙʝʢʢʝʣʴ 1, ʏʝʡʙʝʢʢʝʣʴ 2, ʂʫʨʘʡʢʘ ʠ ɹʘʣʪʳʨʛʘʥ ʠʤʝʝʪ ʜʠʘʧʘʟʦʥ 
ʤʝʞʜʫ +0.9 ă ʠ ï4.1 ă V-PDB ʜʣʷ ʫʛʣʝʨʦʜʘ ʠ ʤʝʞʜʫ ï13.0 ă ʠ ï13.7 ă VPDB 
ʜʣʷ ʢʠʩʣʦʨʦʜʘ. ʂʘʣʴʮʠʪ ʩ ʧʦʣʷ ʊʦʪʫʛʝʤ ʟʘʤʝʪʥʦ ʦʙʦʛʘʱʝʥ 13C (ŭ13C ʦʪ +0.8 ă ʜʦ 
+1.6 ă V-PDB), ʥʦ ʠʤʝʝʪ ʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ŭ18O (ï14.4 ă ʜʦ ï14.8 ă V-
PDB). ʂʘʣʴʮʠʪ ʩ ʧʦʣʷ ʏʠʙʠʪ ʠʤʝʝʪ ʥʘʠʙʦʣʝʝ ʪʷʞʝʣʳʡ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ C ʠ O 
(ŭ13C = +2.6 ă VPDB; ŭ18O = ï12.8 ă V-PDB). 

ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʦ ʰʝʩʪʴ 230Th-U ʚʦʟʨʘʩʪʦʚ ʪʨʘʚʝʨʪʠʥʦʚ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ 
ɻʦʨʥʦʛʦ ɸʣʪʘʷ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʧʦ ʦʜʥʦʤʫ ʦʙʨʘʟʮʫ ʪʨʘʚʝʨʪʠʥʦʚʳʭ ʮʝʤʝʥʪʦʚ 
ʠʟ ʢʘʞʜʦʛʦ ʠʟʫʯʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 230Th-U ʚʦʟʨʘʩʪʘ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ, 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʨʝʜʥʝʤʫ ʧʣʝʡʩʪʦʮʝʥʫ ʠ ʢʦʥʮʫ ʧʦʟʜʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ ï 
ʛʦʣʦʮʝʥʫ. ʅʘʠʙʦʣʝʝ ʜʨʝʚʥʠʝ ʪʨʘʚʝʨʪʠʥʳ ʩ ʚʦʟʨʘʩʪʦʤ ʦʢʦʣʦ 400 ʪʳʩ. ʣʝʪ 
ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʦʣʷ ɹʘʣʪʳʨʛʘʥ, ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʂʫʨʘʡʩʢʦʡ ʚʧʘʜʠʥʳ.  

ɺ ʢʦʥʮʝ ʩʨʝʜʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ (ʦʢʦʣʦ 120 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ) ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ 
ʪʨʘʚʝʨʪʠʥʳ ʧʦʣʷ ʊʦʪʫʛʝʤ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʂʫʨʘʡʩʢʦʡ ʟʦʥʦʡ ʨʘʟʣʦʤʦʚ ʥʘ 
ʩʝʚʝʨʝ ʏʫʡʩʢʦʡ ʚʧʘʜʠʥʳ. ʆʩʪʘʣʴʥʳʝ ʧʦʣʷ ʪʨʘʚʝʨʪʠʥʦʚ, ʵʧʠʟʦʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʢʦʪʦʨʳʭ ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʥʮʫ ʧʦʟʜʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ ʠ ʛʦʣʦʮʝʥʫ, ʚ ʚʦʟʨʘʩʪʥʦʤ ʜʠʘ-
ʧʘʟʦʥʝ 11-1.2 ʪʳʩ. ʣʝʪ, ʧʨʠʫʨʦʯʝʥʳ ʢ ʘʢʪʠʚʥʳʤ ʨʘʟʣʦʤʘʤ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʂʫ-
ʨʘʡʩʢʦʡ ʚʧʘʜʠʥʳ ʠ ʢ ʟʘʧʘʜʫ ʦʪ ʥʝʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʝʯʘʝʪʩʷ ʦʙʱʘʷ ʪʝʥʜʝʥʮʠʷ ʦʤʦʣʦʞʝʥʠʷ ʪʨʘʚʝʨʪʠʥʦʚʳʭ 
ʢʦʤʧʣʝʢʩʦʚ ʩ ʚʦʩʪʦʢʘ ʥʘ ʟʘʧʘʜ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʇʨʠ ʵʪʦʤ, ʚʦʟʨʘʩʪʘ ʪʨʘ-
ʚʝʨʪʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʜʠʘʧʘʟʦʥʝ 11-1.2 ʪʳʩ. ʣʝʪ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʠʟ-
ʚʝʩʪʥʳʤʠ ʚʦʟʨʘʩʪʘʤʠ ʧʘʣʝʦʟʝʤʣʝʪʨʷʩʝʥʠʡ [9-12].  

ɺʦʟʨʘʩʪ ʪʨʘʚʝʨʪʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʊʦʪʫʛʝʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʧʣʦʡ ʧʦʜʩʪʘ-
ʜʠʠ 5ʝ, ʧʦʩʣʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʢʨʦʚʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ɻʦʨʥʦʛʦ ɸʣʪʘʷ. ɸʢʪʠʚʠʟʘ-
ʮʠʷ ʧʦʜʚʠʞʝʢ ʧʦ ʨʘʟʣʦʤʘʤ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ, 
ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʠʟʦʩʪʘʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʝʡ ʢʦʨʳ ʥʘ ʩʥʷʪʠʝ ʣʝʜʥʠʢʦʚʦʡ 
ʥʘʛʨʫʟʢʠ. ʅʘʢʦʥʝʮ, ʚʦʟʨʘʩʪ ʢʦʤʧʣʝʢʩʘ ɹʘʣʪʳʨʛʘʥ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʚʦʟʨʘʩʪ-
ʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʙʘʰʢʘʫʩʩʢʦʡ ʩʚʠʪʳ ï ʚʝʨʭʥʝʡ ʩʨʝʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʦʡ ʛʨʫʙʦʦʙʣʦ-
ʤʦʯʥʦʡ ʯʘʩʪʠ ʚʥʫʪʨʠʛʦʨʥʦʡ ʙʫʨʦʮʚʝʪʥʦʡ ʤʦʣʘʩʩʳ. ʅʘʢʦʧʣʝʥʠʝ ʤʦʣʘʩʩʳ ʩʦʦʪ-
ʚʝʪʩʪʚʫʝʪ ʦʩʥʦʚʥʦʡ ʩʪʘʜʠʠ ʢʘʡʥʦʟʦʡʩʢʦʛʦ ʦʨʦʛʝʥʝʟʘ ɻʦʨʥʦʛʦ ɸʣʪʘʷ. ʃʦʛʠʯʥʦ 
ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʦʜʚʠʞʢʠ ʧʦ ʨʘʟʣʦʤʘʤ ʚ ʵʪʦʪ ʚʦʟʨʘʩʪʥʦʡ ʠʥʪʝʨʚʘʣ ʪʘʢʞʝ ʛʝ-
ʥʝʨʠʨʦʚʘʣʠ ʩʠʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ɿʥʘʯʝʥʠʷ ŭ13C ʢʘʨʙʦʥʘʪʦʚ, ʩʣʘʛʘʶʱʠʭ 
ʪʨʘʚʝʨʪʠʥʳ, ʦʪʨʘʞʘʶʪ ʚʢʣʘʜ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʨʦʜʘ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ 
ʚ ʩʘʜʢʝ CaCO3 ʠʟ ʫʛʣʝʢʠʩʣʳʭ ʚʦʜ [6, 13-17].  

ʂʘʨʙʦʥʘʪʳ ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ ʪʨʘʚʝʨʪʠʥʦʚ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʜʝʨʞʘʥʥʳʡ 
ʩʦʩʪʘʚ ŭ13C (ʦʪ ī4.1ă ʜʦ +2.6ă V-PDB), ʪ.ʝ. ʦʥʠ ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ 
ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ñʪʝʨʤʦʛʝʥʥʳʤʠò ʠ ñʤʝʪʝʦʛʝʥʥʳʤʠò, ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 
[15]. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʨʘʚʝʨʪʠʥʦʚ ʙʳʣʦ ʟʘʜʝʡʩʪʚʦʚʘʥʦ ʜʚʘ 
ʠʩʪʦʯʥʠʢʘ CO2 ï ñʘʪʤʦʩʬʝʨʥʳʡò ʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, ñʛʣʫʙʠʥʥʳʡò.  
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ʇʨʦʚʝʜʝʥʥʳʡ ʚ [18] ʦʙʟʦʨ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʩʪʦʯʥʠʢʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʦʙʦʛʘ-
ʱʝʥʥʳʝ ñʛʣʫʙʠʥʥʳʤò (ñʪʝʨʤʦʛʝʥʥʳʤò) CO2 ʚʩʪʨʝʯʘʶʪʩʷ ʚʜʦʣʴ ʦʩʥʦʚʥʳʭ ʟʦʥ ʩʝʡ-
ʩʤʠʯʥʦʩʪʠ ʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚ ʤʦʣʦʜʳʭ ʦʨʦʛʝʥʥʳʭ ʧʦʷʩʘʭ. ʇʨʠ ʵʪʦʤ ʠʟʦʪʦʧʠʷ 
ʫʛʣʝʨʦʜʘ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʨʝʜʠ ʧʨʦʯʠʭ ʚʘʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ CO2 ʷʚʣʷʝʪʩʷ ʤʝʪʘ-
ʤʦʨʬʠʟʤ ʤʦʨʩʢʠʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ. 

 ɿʘʬʠʢʩʠʨʦʚʘʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲʝʤʳ ʵʤʠʩʩʠʠ CO2 (ʩ ʟʘʧʦʟʜʘʥʠʝʤ ʦʪ 
ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ ʜʦ ʧʦʣʫʪʦʨʘ ʣʝʪ) ʧʦʩʣʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 25 ʘʧʨʝʣʷ 2015 (Mw 
= 7.8) ʚ ʟʦʥʝ ɻʣʘʚʥʦʛʦ ɻʠʤʘʣʘʡʩʢʦʛʦ ʥʘʜʚʠʛʘ [19] ʠ 26 ʥʦʷʙʨʷ 2001 (Mw = 4.6) ʚ 
ʟʦʥʝ ʨʘʟʣʦʤʘ ɸʣʴʪʦ ʊʠʙʝʨʠʥʘ ʚ ʉʝʚʝʨʥʳʭ ɸʧʝʥʥʠʥʘʭ [20].  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʯʘʛʠ ʪʘʢʠʭ ʬʣʶʠʜʦʚ ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʩʚʦʝʦʙʨʘʟʥʳʭ 
ʢʘʤʝʨʘʭ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 50 Mʈa ʚ ʟʦʥʘʭ ʨʘʟʣʦʤʦʚ ʥʘ ʛʣʫʙʠʥʘʭ 5-7 ʢʤ. ɺʦ ʚʨʝʤʷ 
ʚʦʩʭʦʜʷʱʝʛʦ ʜʚʠʞʝʥʠʷ ʬʣʶʠʜʳ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩʥʠʞʘʶʪ ʩʮʝʧʣʝʥʠʝ ʤʝʞʜʫ 
ʢʨʳʣʴʷʤʠ ʨʘʟʣʦʤʘ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʳʟʳʚʘʶʪ ʚ ʦʢʨʫʞʘʶʱʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 
ʤʠʢʨʦʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʫʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠʣʠ ʨʝʘʢʪʠʚʘʮʠʠ ʤʝʣʢʠʭ ʪʨʝʱʠʥ, ʯʪʦ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʬʪʝʨʰʦʢʦʚʦʤʫ ʧʨʦʮʝʩʩʫ [20, 21]. 

ʇʦ ʜʘʥʥʳʤ ʣʦʢʘʣʴʥʦʡ ʪʦʤʦʛʨʘʬʠʠ ʚʦ ʚʨʝʤʷ ʘʬʪʝʨʰʦʢʦʚʦʛʦ ʧʨʦʮʝʩʩʘ 
ʏʫʡʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 2003 ʛ. ʚ ʟʦʥʝ ʖʞʥʦ-ʏʫʡʩʢʦʛʦ ʨʘʟʣʦʤʘ ʚʳʷʚʣʝʥʳ ʫʟʢʠʝ 
(2-3 ʢʤ) ʧʨʦʪʷʞʝʥʥʳʝ ʟʦʥʳ ʧʦʥʠʞʝʥʥʳʭ ʩʢʦʨʦʩʪʝʡ, ʧʦʛʨʫʞʘʶʱʠʝʩʷ ʚʥʫʪʨʴ ʢʦʨʳ 
ʜʦ ʛʣʫʙʠʥ 15ï17 ʢʤ [22]. 

 ʕʪʠ ʟʦʥʳ ʚʧʦʣʥʝ ʤʦʛʣʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʝʛʤʝʥʪʘʤ ʨʘʟʣʦʤʘ, 
ʥʘʩʳʱʝʥʥʳʤ CO2 ʬʣʶʠʜʦʤ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʨʘʚʝʨʪʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʘʢʪʠʚʥʳʤ 
ʨʘʟʣʦʤʘʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʏʫʡʩʢʫʶ ʠ ʂʫʨʘʡʩʢʫʶ ʚʧʘʜʠʥʫ ɻʦʨʥʦʛʦ ɸʣʪʘʷ, ʤʦʛʣʠ 
ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʩʠʣʝʥʠʷ ʤʠʛʨʘʮʠʠ ʠ ʠʟʣʠʷʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 
ʧʦʜʟʝʤʥʳʭ ʬʣʶʠʜʦʚ, ʦʙʦʛʘʱʝʥʥʳʭ ñʪʝʨʤʦʛʝʥʥʳʤò CO2, ʧʦʩʣʝ ʩʠʣʴʥʳʭ ʟʝʤʣʝ-
ʪʨʷʩʝʥʠʡ. 

 
ɺʳʚʦʜ 

ʉ ʫʯʝʪʦʤ ʧʨʠʚʝʜʝʥʥʳʭ ʬʘʢʪʦʚ, ʘ ʪʘʢʞʝ ʭʦʨʦʰʝʡ ʢʦʨʨʝʣʷʮʠʠ ʧʦʣʫʯʝʥʥʳʭ 
ʥʘʤʠ ʚʦʟʨʘʩʪʦʚ ʪʨʘʚʝʨʪʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʵʪʘʧʘʤʠ ʯʝʪʚʝʨʪʠʯʥʦʡ ʘʢʪʠʚʠʟʘʮʠʠ 
ʜʚʠʞʝʥʠʡ ʟʝʤʥʦʡ ʢʦʨʳ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ɻʦʨʥʦʛʦ ɸʣʪʘʷ ʠ ʨʫʙʝʞʘʤʠ 
ʧʘʣʝʦʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʙʩʦʣʶʪʥʳʡ ʚʦʟʨʘʩʪ ʢʘʨʙʦʥʘʪʦʚ ʪʨʘʚʝʨʪʠʥʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
ʚʦʟʨʘʩʪʘ ʧʘʣʝʦʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʛʠʦʥʘ. 

 
ʌʦʥʜʦʚʘʷ ʧʦʜʜʝʨʞʢʘ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʪʨʘʚʝʨʪʠʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʧʝʨʚʠʯʥʳʭ ʧʘʣʝʦʩʝʡʩʤʦʜʠʩ-
ʣʦʢʘʮʠʡ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʳʭ ʧʨʦʝʢ-
ʪʦʚ 18-35-00280 ʤʦʣ_ʘ, ˉ 18-05-00389_ʘ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʘʙʩʦʣʶʪʥʳʭ ʚʦʟʨʘʩʪʦʚ ʧʘʣʝʦʩʝʡʩʤʦʜʠʩʣʦʢʘʮʠʡ ʚʳʧʦʣʥʝʥʦ 
ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ ʈʅʌ 19-17-00179.  
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BIOLOGICAL RHYTHMS OF ANIMAL ACTIVITY IN SEISMIC VULNERA-
BILITY ZONE AS GEODYNAMICAL PROCESSES REFLECTION OF EARTH-

QUAKES PREPARATION 
Serazetdinova B.Z. 

 
ɸʥʥʦʪʘʮʠʷ: ʦʙʩʫʞʜʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʨʠʪʤʦʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʬʠʟʠʯʝ-

ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʝʨʠʦʜ ʧʦʜʛʦʪʦʚʢʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʈʠʪʤʳ ʚʥʫʪʨʠʟʝʤʥʳʭ ʠ ʢʦʩ-
ʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʪʨʘʞʘʶʪʩʷ ʚ ʚʘʨʠʘʮʠʷʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʩʣʝʜʩʪʚʠʝʤ 
ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʘʢʪʠʚʥʦʩʪʠ ʞʠʚʦʪʥʳʭ. ɺ ʧʝʨʠʦʜʳ ʘʢʪʠʚʥʦʩʪʠ 
ʩʝʡʩʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʬʦʥʦʚʦʡ ʨʠʪʤʠʯʥʦʩʪʠ ʥʘ ʩʨʝʜʥʠʭ 
ʯʘʩʪʦʪʘʭ ʠ ʥʘʨʫʰʝʥʠʝ ʤʦʨʬʦʩʪʨʫʢʪʫʨʳ ʣʦʢʘʣʴʥʳʭ ʬʣʫʢʪʫʘʮʠʡ ʩʠʛʥʘʣʘ ʚ ʚʘʨʠʘ-
ʮʠʷʭ ʢʦʤʧʣʝʢʩʘ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 
ʝʜʠʥʳʡ ʤʝʭʘʥʠʟʤ ʚʦʟʜʝʡʩʪʚʠʡ ʢʦʩʤʦʛʝʥʥʳʭ ʠ ʛʝʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʬʦʨʤʠʨʦʚʘ-
ʥʠʷ ʦʯʘʛʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʩʨʝʜʫ ʠ ʥʘ ʞʠʚʳʝ ʦʙʲ-
ʝʢʪʳ. ʅʘʨʫʰʝʥʠʷ ʨʠʪʤʠʯʥʦʩʪʠ ʚʳʷʚʣʝʥʥʳʝ ʚ ʘʢʪʠʚʥʦʩʪʠ ʞʠʚʦʪʥʳʭ ʚ ʦʙʣʘʩʪʠ 
ʩʨʝʜʥʠʭ ʯʘʩʪʦʪ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʜʣʷ ʢʨʘʪ-
ʢʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʨʠʪʤʳ, ʘʢʪʠʚʥʦʩʪʴ ʞʠʚʦʪʥʳʭ, ʛʝʦʜʠʥʘ-

ʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟ, ʟʝʤʣʝʪʨʷʩʝʥʠʝ, ʘʥʦʤʘʣʴʥʳʝ ʷʚʣʝʥʠʷ. 
Abstract: Abstract: The problems of rhythms of biological and geophysical pro-

cesses during the preparation of earthquakes are discussed. The rhythms of the intra-
terrestrial and space processes are reflected in variations of geophysical fields due to 
their influence and are manifested in the activity of animals. During periods of seismic 
activity, there is a loss of background rhythm at medium frequencies and a violation of 
the morphostructure of local signal fluctuations in variations of the complex of geo-
physical and biological parameters, which indicates a single mechanism of the influ-
ence of cosmogenic and geogenic sources of the formation of the earthquake focus 
on the geological environment and on living objects. Violations of rhythm revealed in 
the activity of animals in the mid-range frequencies can be used as prognostic criteria 
for a short-term forecast of earthquakes. 

Key words: biological rhythms, animal activity, geodynamical processes, wave-
let-analysis, earthquake, abnormal phenomena. 

 
ɺʚʝʜʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʥʘʫʯʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ 

ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʪʳʢʝ ʥʘʫʢ ʩ ʧʦʟʠʮʠʠ ʨʠʪʤʠʯʥʦ-
ʩʪʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʝʝ ʧʨʦʷʚʣʝʥʠʷ ʚʙʣʠʟʠ ʟʝʤʥʦʡ 
ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʝʦʙʳʯʥʦʤ ʧʦʚʝʜʝʥʠʠ ʞʠʚʦʪʥʳʭ [1-3]. 

ɺ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ ʧʨʦʮʝʩʩʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʠʤʝʶʪ ʨʠʪʤʠʯʝʩʢʫʶ 
ʧʨʠʨʦʜʫ. ʉʦʚʨʝʤʝʥʥʘʷ ʭʨʦʥʦʙʠʦʣʦʛʠʷ (ʥʘʫʢʘ ʦ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʠʪʤʘʭ) ʫʪʚʝʨ-
ʞʜʘʝʪ, ʯʪʦ ʥʦʨʤʘʣʴʥʘʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʯʝʨʝʟ ʧʝʨʠʦ-
ʜʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩ ʢʦ-
ʣʝʙʘʥʠʷʤʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʚ ʝʜʠʥʫʶ ʨʠʪʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ. ʇʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ 
ʨʠʪʤʦʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʳʷʚʣʝʥʦ ʠʭ ʭʦʨʦʰʝʝ ʩʦʦʪ-
ʚʝʪʩʪʚʠʝ ʜʨʫʛ ʜʨʫʛʫ, ʯʪʦ ʧʦʩʣʫʞʠʣʦ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʩʫʱʝʩʪʚʦ-
ʚʘʥʠʠ ʝʜʠʥʦʡ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ [3]. 

ɿʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʷʟʠ ʨʠʪʤʦʚ ʘʢʪʠʚʥʦʩʪʠ ʞʠʚʦʪʥʳʭ ʩ ʨʠʪʤʘʤʠ ʛʝʦ-
ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʦʟʥʠʢʣʘ ʚ ʩʚʷʟʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
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ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʈʠʪʤʠʯ-
ʥʦʩʪʴ ʠ ʝʝ ʩʙʦʠ ʚ ʧʦʚʝʜʝʥʠʠ ʞʠʚʦʪʥʳʭ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨ ʦʪʚʝʪʥʳʭ 
ʨʝʘʢʮʠʡ ʙʠʦʩʠʩʪʝʤ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʚʥʝʰʥʠʭ ʧʦʣʝʡ. ʈʘʟʣʠʯʠʷ ʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦ-
ʩʪʠ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʚʥʝʰʥʠʭ ʧʦʣʝʡ ʫ ʞʠʚʦʪʥʳʭ ʨʘʟʥʳʭ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʛʨʫʧʧ 
ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʪʠʧʳ ʨʝʘʛʠʨʦʚʘʥʠʷ ʞʠʚʳʭ ʩʠʩʪʝʤ, ʚʳʜʝ-
ʣʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʨʝʘʢʮʠʡ ʢʘʢ ʥʘ ʦʪʜʝʣʴʥʳʝ ʬʘʢʪʦʨʳ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʪʘʢ ʠ 
ʧʨʠ ʩʠʥʭʨʦʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʥʘ ʞʠʚʳʝ ʦʙʲʝʢʪʳ ʥʝʩʢʦʣʴʢʠʭ ʬʘʢʪʦʨʦʚ.  

ʄʝʪʦʜʠʢʠ. ɺ ʩʚʷʟʠ ʩ ʧʦʠʩʢʦʤ çʘʥʦʤʘʣʴʥʳʭ ʷʚʣʝʥʠʡè ʚ ʧʦʚʝʜʝʥʠʠ ʞʠʚʦʪ-
ʥʳʭ ʧʨʠ ʧʨʦʛʥʦʟʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚʦʟʥʠʢʘʶʪ ʚʦʧʨʦʩʳ: ʢʘʢʠʝ ʛʘʨʤʦʥʠʢʠ ʘʢʪʠʚʥʦ-
ʩʪʠ ʨʘʟʣʠʯʥʳʭ ʞʠʚʦʪʥʳʭ ʩʚʷʟʘʥʳ ʩ ʢʦʩʤʠʯʝʩʢʠʤʠ ʠ ʚʥʫʪʨʠʟʝʤʥʳʤʠ ʬʘʢʪʦʨʘʤʠ? 
ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʩʦʟʜʘʥ ʤʦʥʠʪʦʨʠʥʛ ʘʢʪʠʚʥʦʩʪʠ ʞʠʚʦʪʥʳʭ ʠ ʨʘʟʨʘʙʦ-
ʪʘʥʳ ʤʝʪʦʜʠʢʠ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʧʦʚʝʜʝʥʠʝʤ ʞʠʚʦʪʥʳʭ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʢʩʧʝʨʠ-
ʤʝʥʪʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [2]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʦʣʝʜʦʚʘʥʠʡ. ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʟʠʮʠʡ ʪʝʦʨʠʠ ʥʝʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 
ʥʝʢʦʪʦʨʳʝ ʧʝʨʝʤʝʥʥʳʝ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʚ 
ʫʟʢʠʭ ʧʨʝʜʝʣʘʭ ʠ ʙʳʪʴ ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʚʦʟʤʫʱʘʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ (ʩʦʩʪʦʷʥʠʝ 
ʛʦʤʝʦʩʪʘʟʘ ʜʣʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ). ɺ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʟʥʘʯʝ-
ʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʝʝ ʧʦʚʝʜʝʥʠʝ ʤʦʞʝʪ ʤʝ-
ʥʷʪʴʩʷ ʦʪ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ, ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʦʛʦ (ʩ ʜʚʫʤʷ ʠʣʠ ʪʨʝʤʷ ʯʘʩʪʦʪʘʤʠ), 
ʜʦ ʭʘʦʪʠʯʝʩʢʦʛʦ [2]. ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʯʘʩʪʦʪʳ ʢʦʣʝ-
ʙʘʥʠʡ ʩʠʩʪʝʤʳ ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʠ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʦʤ ʨʝʞʠʤʘʭ ʠ ʚʳʷʚʠʪʴ 
ʠʜʝʥʪʠʯʥʦʩʪʴ ʠʭ ʤʘʩʰʪʘʙʥʦʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʠ ʧʦʜʦʙʠʝ ʬʨʘʢʪʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʝʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʳʷʚʣʝʥʠʶ ʩʚʷʟʠ ʤʝʞʜʫ ʚʘ-
ʨʠʘʮʠʷʤʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʠ ʘʢʪʠʚʥʦʩʪʴʶ ʞʠʚʦʪʥʳʭ ʥʘ ʦʩʥʦʚʝ ʚʝʡʚʣʝʪ-ʘʥʘ-
ʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʦʚʘʨʠʘʮʠʷʭ ʟʚʫʢʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ (ɿɸ) ʚʦʣʥʠʩʪʳʭ ʧʦ-
ʧʫʛʘʡʯʠʢʦʚ (ɺʇ); ʚʘʨʠʘʮʠʷʭ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʦʞʠ ʥʦʨʥʳʭ ʛʨʳʟʫʥʦʚ 
(ʢʨʦʣʠʢʦʚ): ʘʢʪʠʚʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ (ɸʇ) ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʞʠ  ʚ ʙʠʦʣʦʛʠʯʝʩʢʠ 
ʘʢʪʠʚʥʳʭ ʪʦʯʢʘʭ (ɹɸʊ); ʪʝʤʧʝʨʘʪʫʨʳ ʘʪʤʦʩʬʝʨʳ;ʠʥʜʝʢʩʝ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦ-
ʩʪʠ (dst); ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʯʠʩʣʘ ɺʦʣʴʬʘ, W); ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, 
ʚʢʣʶʯʘʶʱʝʤ ʩʝʡʩʤʠʯʝʩʢʠʡ ʨʝʞʠʤ, ʚʘʨʠʘʮʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦʧʦʣʷ, ʛʠʜʨʦʛʝʦʭʠʤʠ-
ʯʝʩʢʠʝ, ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʜʝʬʦʨʤʘʮʠʠ ʧʦʣʷ [2]. 

ʈʝʟʫʣʴʪʘʪʳ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ ʚʘʨʠʘʮʠʡ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʛʝʦ-
ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚʳʷʚʠʣʠ ʚ ʧʘʨʘʤʝʪʨʘʭ ʨʘʟʣʠʯʥʳʭ ʧʦ ʧʨʠʨʦʜʝ ʧʦʣʝʡ ʧʨʠʩʫʪ-
ʩʪʚʠʝ ʦʜʠʥʘʢʦʚʳʭ ʛʘʨʤʦʥʠʢ: ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʝ-
ʟʦʥʥʳʝ (50-120 ʩʫʪʦʢ) ʠ ʦʢʦʣʦʤʝʩʷʯʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʣʦʢʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ; ʥʘ 
ʩʨʝʜʥʠʭ ʯʘʩʪʦʪʘʭ  ʚʳʷʚʣʷʶʪʩʷ ʩʝʟʦʥʥʳʝ (45-80 ʩʫʪʦʢ), ʦʢʦʣʦʤʝʩʷʯʥʳʝ (25-40 ʩʫ-
ʪʦʢ) ʠ 2-ʭ ʥʝʜʝʣʴʥʳʝ ʛʘʨʤʦʥʠʢʠ (15-20 ʩʫʪʦʢ); ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ  ʦʙʣʘʩʪʠ ʩʧʝʢ-
ʪʨʘ ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʷʶʪʩʷ ʦʢʦʣʦʤʝʩʷʯʥʳʝ (25-30 ʩʫʪʦʢ), 2-ʭ ʥʝʜʝʣʴʥʳʝ (12-20 
ʩʫʪʦʢ), ʥʝʜʝʣʴʥʳʝ (7-19 ʩʫʪʦʢ) ʠ ʛʘʨʤʦʥʠʢʠ ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʤʝʥʴʰʝ ʥʝʜʝʣʠ (4-
5 ʩʫʪʦʢ). ɺ ʚʘʨʠʘʮʠʷʭ ʪʘʢʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʟʚʫʢʦʚʘʷ ʠ ʜʚʠʛʘʪʝʣʴ-
ʥʘʷ ʘʢʪʠʚʥʦʩʪʠ ʚʦʣʥʠʩʪʳʭ ʧʦʧʫʛʘʡʯʠʢʦʚ (ɿɸ ʠ ɼɸ ɺʇ) ʚʳʜʝʣʝʥʳ ʛʘʨʤʦʥʠʯʝʩʢʠʝ 
ʩʦʩʪʘʚʣʷʶʱʠʝ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʙʦʣʴʰʝ 8-15 ʩʫʪʦʢ ʠ ʤʝʥʝʝ ʥʝʜʝʣʠ (1-4 ʩʫʪʦʢ), 
ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʥʘ ʚʩʝʭ ʤʘʩʰʪʘʙʘʭ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥʥʦʡ ʩʪʘ-
ʙʠʣʴʥʦʩʪʴʶ ʚ ʙʦʣʝʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʯʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ 
ʚʳʰʝ ʧʘʨʘʤʝʪʨʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʭ ʤʘʩʰʪʘʙʥʳʝ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʠʜʝʥʪʠʯʥʳ. ɺ 
ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʦʢʘʣʴʥʳʭ ʬʣʫʢ-
ʪʫʘʮʠʡ ʩʠʛʥʘʣʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʚʘ-
ʨʠʘʮʠʷʭ ʪʘʢʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 
ʢʦʞʠ ʚ ɹɸʊ ʫ ʦʙʠʪʘʶʱʠʭ ʚ ʥʦʨʘʭ ʢʨʦʣʠʢʦʚʠ ʟʚʫʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʦʣʥʠʩʪʳʭ ʧʦ-
ʧʫʛʘʡʯʠʢʦʚ ʯʝʪʢʦ ʚʳʷʚʣʷʶʪʩʷ ʨʠʪʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ. ʅʘ ʤʘʣʳʭ ʤʘʩʰʪʘʙʘʭ 
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ʘʤʧʣʠʪʫʜʘ ʣʦʢʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1ï29 ʠ 8ï33 ʦʪʥʦʩʠʪʝʣʴ-
ʥʳʭ ʝʜʠʥʠʮ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʩʨʝʜʥʠʭ ʤʘʩʰʪʘʙʘʭ, ʪ.ʝ. ʚ ʩʨʝʜʥʝʯʘʩʪʦʪʥʦʡ ʦʙ-
ʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʝʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʦʙʦʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʜʠʥʘʢʦʚʳ (30ï
60 ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮ). ɺ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʚʝʡʚʣʝʪ-ʩʧʝʢʪʨʦʚ ʟʥʘʯʝ-
ʥʠʷ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ ʢʦʣʝʙʣʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ ʩʦʩʪʘʚʣʷʶʪ ʩʦʦʪʚʝʪ-
ʩʪʚʝʥʥʦ 60ï90 ʠ 75ï120 ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮ. ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʠʥ-
ʜʝʢʩ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ dst, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʧʫʥʢʪʘʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 
ʥʘʙʣʶʜʝʥʠʡ, ʯʠʩʣʦ ɺʦʣʴʬʘ ʠ ʢʦʤʧʣʝʢʩʥʳʡ ʧʘʨʘʤʝʪʨ) ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʘʤʧʣʠ-
ʪʫʜʫ ʩʠʛʥʘʣʘ ʥʘ ʚʩʝʭ ʤʘʩʰʪʘʙʘʭ ʚʝʡʚʣʝʪïʩʧʝʢʪʨʦʛʨʘʤʤ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 
ʧʦʜʦʙʠʠ ʬʨʘʢʪʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʚʘʨʠʘʮʠʷʭ ʨʘʟʣʠʯʥʳʭ ʧʦ ʧʨʠʨʦʜʝ ʙʠʦʣʦʛʠʯʝ-
ʩʢʠʭ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ ʠ ʚʟʘʠʤʦʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ. 

ʊʘʙʣʠʮʘ ï ɸʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʦʢʘʣʴʥʳʭ ʬʣʫʢʪʫʘʮʠʡ ʩʠʛ-
ʥʘʣʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

 
ˉʧ/ʧ 

 
ʀʩʩʣʝʜʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ 

ɸʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ, ʦʪʥ.ʝʜ. 

ʅʘ ʤʘʣʳʭ 
ʤʘʩʰʪʘʙʘʭ 
(ʯʘʩʪʦʪʘʭ) 

ʅʘ ʩʨʝʜʥʠʭ 
ʤʘʩʰʪʘʙʘʭ 
(ʯʘʩʪʦʪʘʭ) 

ʅʘ ʙʦʣʴʰʠʭ 
ʤʘʩʰʪʘʙʘʭ 
(ʯʘʩʪʦʪʘʭ) 

1 2 3 4 5 

 
1 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ: 
ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 
ʢʦʞʠ ɹɸʊ ʢʨʦʣʠʢʦʚ 

1-29 30-59 60-90 

2 ɿʚʫʢʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʦʣʥʠʩʪʳʭ 
ʧʦʧʫʛʘʡʯʠʢʦʚ 

8 -33 34 - 72 75 - 120 

3 ɻʝʦʬʠʟʠʯʝʩʢʠʝ: 
dst 

1-29 30-59 60-90 

4 ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ  1-29 30-59 60-90 

5 ʏʠʩʣʦ ɺʦʣʴʬʘ  1-29 30-59 60-90 

6 ʂʦʤʧʣʝʢʩʥʳʡ ʧʘʨʘʤʝʪʨ 1-30 30-60 60-90 

 

ʅʘ ʨʠʩ. 1 - 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʝʡʚʣʝʪ-ʧʨʝ-
ʦʙʨʘʟʦʚʘʥʠʡ ʚʘʨʠʘʮʠʡ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʅʘ ʨʠʩ. 1ɸ 
ʚʠʜʥʦ, ʯʪʦ ʘʥʦʤʘʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʳʭ 
ʧʨʝʚʳʩʠʣʘ ʟʥʘʯʝʥʠʷ ʝʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ (ʙʦʣʝʝ 1,0), ʚʦʟʥʠʢʣʠ ʟʘ ʧʷʪʴ ʤʝʩʷ-
ʮʝʚ ʜʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʉʝʡʩʤʠʯʝʩʢʦʝ ʩʦʙʳʪʠʝ ʧʨʦʠʟʦʰʣʦ ʥʘ ʩʧʘʜʝ ʧʘʨʘʤʝʪʨʘ. 
ʅʘ ʚʝʡʚʣʝʪ-ʩʧʝʢʪʨʦʛʨʘʤʤʝ 1ɹ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʢʘʥʫʥʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ 
ʧʨʦʠʩʭʦʜʠʪ ʥʘʨʫʰʝʥʠʝ ʨʠʪʤʠʯʥʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʳ ʩʘʤʦʧʦʜʦʙʥʳʭ çʚʠʣʦʯʝʢè ʚ 
ʩʨʝʜʥʝʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʢʦʪʦʨʳʝ ʩʤʝʱʘʶʪʩʷ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ. 
ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʝʡʚʣʝʪ-ʩʧʝʢʪʨʦʛʨʘʤʤʳ ʚʳʷʚ-
ʣʝʥʳ ʚ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʥʘ ʩʨʝʜʥʠʭ ʤʘʩʰʪʘʙʘʭ. 

ʅʘ ʨʠʩ. 2 ɸ ʧʦʢʘʟʘʥʳ ʚʘʨʠʘʮʠʠ ʧʘʨʘʤʝʪʨʘ ɸʇ ɹɸʊ ʦʙʠʪʘʶʱʠʭ ʚ ʥʦʨʘʭ ʢʨʦ-
ʣʠʢʦʚ, ʜʠʥʘʤʠʢʘ ʢʦʪʦʨʳʭ ʧʦʚʪʦʨʷʝʪ ʪʝʥʜʝʥʮʠʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʥʦʤʘʣʠʡ, ʧʦʢʘ-
ʟʘʥʥʦʡ ʥʘ ʨʠʩ. 1. ʉʠʥʭʨʦʥʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦ-
ʛʠʯʝʩʢʠʭ ʧʦʣʷʭ ʫʢʘʟʳʚʘʶʪ ʥʘ ʝʜʠʥʳʡ ʤʝʭʘʥʠʟʤ ʚʦʟʜʝʡʩʪʚʠʡ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ 
ʠʟ ʦʯʘʛʦʚʦʡ ʟʦʥʳ ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʩʨʝʜʫ ʠ ʥʘ ʞʠʚʳʝ ʦʙʲʝʢʪʳ ʥʘʢʘʥʫʥʝ ʩʝʡʩʤʠ-
ʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ. ɺ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʠʪʤʘʭ ʚʘʨʠʘʮʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 
(ʧʘʨʘʤʝʪʨ ɸʇ ɹɸʊ) ʢʦʞʠ ʥʦʨʥʳʭ ʢʨʦʣʠʢʦʚ ʦʙʥʘʨʫʞʝʥ çʩʙʦʡè (ʨʠʩ. 2).  

ɺ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʠʪʤʘʭ ʚʘʨʠʘʮʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʧʘʨʘʤʝʪʨ 
ɸʇ ɹɸʊ) ʢʦʞʠ ʥʦʨʥʳʭ ʢʨʦʣʠʢʦʚ ʦʙʥʘʨʫʞʝʥ çʩʙʦʡè (ʨʠʩ. 2). ʅʘʨʫʰʝʥʠʷ ʤʦʨ-
ʬʦʩʪʨʫʢʪʫʨʳ, ʚʳʨʘʞʝʥʥʳʝ ʚ ʧʦʪʝʨʠ ʨʠʪʤʠʯʥʦʩʪʠ ʥʘ ʩʨʝʜʥʠʭ ʯʘʩʪʦʪʘʭ, ʘʥʘʣʦ-
ʛʠʯʥʳ ʠʟʤʝʥʝʥʠʷʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʨʠʩ. 1. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʢʘʥʫʥʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ 13²ʂ²10 
ʧʨʦʠʩʭʦʜʷʪ ʩʠʥʭʨʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʨʠʪʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʤʦʨʬʦʩʪʨʫʢʪʫ-
ʨʳʩʘʤʦʧʦʜʦʙʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʤʘʩʰʪʘʙʦʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʘ-
ʨʘʤʝʪʨʦʚ, ʚʳʨʘʞʝʥʥʳʝ ʚ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʝ - ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʥʘ ʩʨʝʜʥʠʭ ʤʘʩ-
ʰʪʘʙʘʭ ʩʧʝʢʪʨʘ.  
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ɸ ʂʦʤʧʣʝʢʩʥʳʡ ʧʘʨʘʤʝʪʨ ɹ ʄʦʨʬʦʩʪʨʫʢʪʫʨʘʚʝʡʚʣʝʪ-ʩʧʝʢ-
ʪʨʘ 

ʈʠʩ. 1 - ʀʟʤʝʥʝʥʠʝ ʤʦʨʬʦʩʪʨʫʢʪʫʨʳ ʥʘ ʚʝʡʚʣʝʪ-ʩʧʝʢʪʨʦʛʨʘʤʤʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʘʨʘ-
ʤʝʪʨʘ (ʩʪ. ʂʫʨʪʳ) ʥʘʢʘʥʫʥʝ, ʚʦ ʚʨʝʤʷ ʠ ʧʦʩʣʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 8.08.2000ʛ. (ʂ=12,5) 
 

 
ɸ-ʇʘʨʘʤʝʪʨ ɸʇ ɹɸʊ 

 
ɹ-ʄʦʨʬʦʩʪʨʫʢʪʫʨʘʚʝʡʚʣʝʪ-ʩʧʝʢʪʨʘ 
ʚʘʨʠʘʮʠʡ ɸʇ ɹ 

ʈʠʩ. 2 ï ʀʟʤʝʥʝʥʠʝ ʚʘʨʠʘʮʠʡ ʠ ʤʦʨʬʦʩʪʨʫʢʪʫʨʳ ʚʝʡʚʣʝʪ-ʩʧʝʢʪʨʘ ʧʘʨʘʤʝʪʨʘ ɸʇ ɹɸʊ 
ʥʘʢʘʥʫʥʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 8.08.2000 ʛ. 

ɺʳʚʦʜʳ 
1. ʈʠʪʤʳ ʢʘʢ ʚʥʫʪʨʠʟʝʤʥʳʭ, ʪʘʢ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʪʨʘʞʘʶʪʩʷ ʚ 

ʚʘʨʠʘʮʠʷʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʨʦʷʚʣʷʶʪʩʷ ʚ 
ʘʢʪʠʚʥʦʩʪʠ ʞʠʚʦʪʥʳʭ. 

2.ɺ ʧʝʨʠʦʜʳ ʘʢʪʠʚʠʟʘʮʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ 
ʩʠʣʴʥʳʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ, çʬʦʥʦʚʘʷ ʨʠʪʤʠʯʥʦʩʪʴè ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 
ʷʚʣʝʥʠʡ ʥʘʨʫʰʘʶʪʩʷ. ʇʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʨʠʪʤʠʯʥʦʩʪʠ ʥʘ ʩʨʝʜʥʠʭ ʯʘʩʪʦʪʘʭ ʠ 
ʥʘʨʫʰʝʥʠʝ ʤʦʨʬʦʩʪʨʫʢʪʫʨʳ ʣʦʢʘʣʴʥʳʭ ʬʣʫʢʪʫʘʮʠʡ ʩʠʛʥʘʣʘ ʚ ʚʘʨʠʘʮʠʷʭ ʢʦʤ-
ʧʣʝʢʩʘ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

3. ʉʠʥʭʨʦʥʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 
ʧʦʣʷʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʜʠʥʦʤ ʤʝʭʘʥʠʟʤʝ ʚʦʟʜʝʡʩʪʚʠʡ ʢʦʩʤʦʛʝʥʥʳʭ ʠ ʛʝʦʛʝʥ-
ʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʯʘʛʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʢʘʢ ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʩʨʝʜʫ, 
ʪʘʢ ʠ ʥʘ ʞʠʚʳʝ ʦʙʲʝʢʪʳ. 

4. ɺʳʷʚʣʝʥʥʳʝ ʥʘʨʫʰʝʥʠʷ ʨʠʪʤʠʯʥʦʩʪʠ ʚ ʘʢʪʠʚʥʦʩʪʠ ʞʠʚʦʪʥʳʭ ʠ ʤʦʨ-
ʬʦʩʪʨʫʢʪʫʨʳ ʣʦʢʘʣʴʥʳʭ ʬʣʫʢʪʫʘʮʠʡ ʚ ʦʙʣʘʩʪʠ ʩʨʝʜʥʠʭ ʯʘʩʪʦʪ ʤʦʛʫʪ ʙʳʪʴ ʠʩ-
ʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʜʣʷ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʘ ʟʝʤʣʝ-
ʪʨʷʩʝʥʠʡ. 
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DIGITAL PROCESSING OF BIOLOGICAL INFORMATION IN SEISMIC 
MONITORING SYSTEM 

Serazetdinova B.Z., Amirzhanova A.R. 
 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʮʠʬʨʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʨʘʙʦʪʢʠ ʚʘʨʠʘʮʠʡ ʘʢ-

ʪʠʚʥʦʩʪʠ ʞʠʚʦʪʥʳʭ ʚ ʟʦʥʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʠʩʢʘ. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʨʠ-

ʪʝʨʠʝʚ ʦʮʝʥʢʠ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ ʧʝʨʠʦʜ ʧʦʜʛʦʪʦʚʢʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʪʨʝʙʫʝʪ ʙʳʩʪʨʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʦʡ ʩ ʧʦʣʠʛʦʥʘ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʨʠʥʷʪʠʷ ʨʝ-

ʰʝʥʠʡ ʚ ʦʧʝʨʘʪʠʚʥʦʤ ʨʝʞʠʤʝ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʘʟʨʝʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʚʦʜʘ ʚ 

ʮʠʬʨʦʚʫʶ ʬʦʨʤʫ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ʚ ʩʠʩʪʝʤʝ ʩʝʡʩʤʦʙʠʦʤʦʥʠʪʦ-

ʨʠʥʛʘ, ʧʦʣʫʯʝʥʥʳʭ ʚʠʟʫʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ ʥʘʙʣʶʜʝʥʠʡ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʠʟʙʝʞʘʪʴ 

ʩʫʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʘʢʪʠʚʥʦʩʪʠ ʞʠʚʦʪʥʳʭ ʨʘʟʥʳʤʠ ʦʧʝʨʘʪʦʨʘʤʠ ʠ ʦʮʝʥʠʪʴ ʚʘ-

ʨʠʘʮʠʠ ʧʦʚʝʜʝʥʠʷ ʧʦ ʝʜʠʥʦʡ ʰʢʘʣʝ. ʉʦʟʜʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ɹʀʆʇʆ-

ʃʀɻʆʅ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʧʦʚʝʜʝʥʠʷ ʞʠʚʦʪʥʳʭ, ʧʦʣʫ-

ʯʝʥʥʫʶ ʚʠʟʫʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ ʥʘʙʣʶʜʝʥʠʡ ʚ ʮʠʬʨʦʚʫʶ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ 

ʚʨʝʤ̫ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʬʨʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʧʦʚʝʜʝʥʠʝ ʞʠʚʦʪʥʳʭ, ʩʝʡʩʤʦ-
ʙʠʦʤʦʥʠʪʦʨʠʥʛ, ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ, ʧʨʦʛʥʦʩʪʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ. 

 
Abstract. Digital processing technology of animal behavior variations in seismic 

risk zone is presented. Improving the criteria for evaluating the prognostic situation 
during the preparation of earthquakes requires quick processing of information re-
ceived from the landfill and decision-making in the operational mode. In this regard, 
the need has arisen for digitizing significant amounts of data in the seismic biomoni-
toring system obtained by visual observation methods. This will avoid subjective as-
sessment of animal activity by different operators and evaluate behavior variations on 
a single scale. The created BIOPOLIGON software package allows for a qualitative 
assessment of animal behavior obtained by visual observation methods in digital and 
significantly accelerate the processing of information. 

Key words: Digital processin technology, animal behavior, seismic Monitor-

ing, evaluation criteria, prognostic situation. 

ɺʚʝʜʝʥʠʝ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʴʥʳʭ ʨʝʘʢʮʠʡ ʞʠʚʦʪʥʳʭ, ʚʦʟʥʠʢʘʶʱʠʭ 

ʚ ʧʝʨʠʦʜ ʧʦʜʛʦʪʦʚʢʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠ 

ʥʘʜʝʞʥʦʩʪʴ ʧʦʣʫʯʘʝʤʦʡ ʚ ʧʨʦʮʝʩʩʝ ʥʘʙʣʶʜʝʥʠʡ ʠʥʬʦʨʤʘʮʠʠ, ʥʦ ʠ ʩʦʟʜʘʪʴ ʙʘʟʳ 

ʜʘʥʥʳʭ ʩʝʡʩʤʦʙʠʦʤʦʥʠʪʦʨʠʥʛʘ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʬʦʨʤʘʪʦʚ ʠ ʩ ʟʘʜʘʥʥʦʡ ʜʠʩʢʨʝʪʥʦʩʪʴʶ ʥʘ ʦʩʥʦʚʝ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ 

ʧʦʩʪʨʦʝʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʙʘʟ ʜʘʥʥʳʭ (ʀɹɼ).  

ʄʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʮʠʬʨʦʚʢʘ ʩ ʧʦʤʦʱʴʶ ɻʀʉ ʜʘʥʥʳʭ ʚʠʟʫʘʣʴʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʧʦʚʝʜʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮ ʢʘʢ ʙʠʦʠʥʜʠʢʘʪʦʨʦʚ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʝʜʚʝʩʪʥʠʢʦʚʦʡ ʣʦʢʘ-

ʮʠʠ. ʄʝʪʦʜʳ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ɻʀʉ ʧʨʦʜʫʢʪʦʚ: Exell, MEZOZAUR, ʉʋɹɼ 

Visual FoxPro, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ Delphi 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʚʘʨʠʘ-

ʮʠʡ ʘʢʪʠʚʥʦʩʪʠ ʞʠʚʦʪʥʳʭ. ʇʨʦʛʨʘʤʤʳ ʩʦʟʜʘʥʠʷ ʀɹɼ ʠ ʠʭ ʦʙʨʘʙʦʪʢʠ ʨʘʟʨʘʙʦ-

ʪʘʥʳ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ [1]. 
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ʊʘʢ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʝʡʩʤʦʙʠʦʣʦʛʠʠ ʤʝʪʦʜʳ ʵʪʦʣʦʛʠʯʝʩʢʠʭ ʚʠʟʫʘʣʴʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʘʢʪʠʚʥʦʩʪʴʶ ʞʠʚʦʪʥʳʭ ʥʘ ʙʠʦʧʦʣʠʛʦʥʝ ʚ ʩʠʣʫ ʩʚʦʝʡ ʩʧʝʮʠʬʠʢʠ 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʨʷʜʳ ʚʠʟʫʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʠ-

ʟʥʘʢʦʚ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʞʠʚʦʪʥʳʭ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʦʙʱʝ-

ʧʨʠʥʷʪʳʭ ʬʦʨʤʘʪʦʚ ʮʠʬʨʦʚʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʛʝʦʬʠʟʠʯʝʩʢʦʡ 

ʘʧʧʘʨʘʪʫʨʳ. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʪʝʤʳ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʢʘ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʀɹɼ ʩʝʡʩʤʦ-

ʙʠʦʤʦʥʠʪʦʨʠʥʛʘ, ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʬʦʨʤʘʪʫ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʙʠʦʦʙʲʝʢʪʦʚ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʨʘʩʯʝʪʦʚ ʚʦʟʤʦʞ-

ʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ çʙʠʦʣʦʛʠʯʝʩʢʠʭè ʧʦʣʝʡ ʚ ʧʝʨʠʦʜ ʧʦʜʛʦ-

ʪʦʚʢʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

ʉʦʟʜʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʚʠʟʫʘʣʴ-

ʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ ʞʠʚʦʪʥʳʭ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʣʛʦʨʠʪʤ çAnimalsè ʠ ʩʦʟʜʘʥʘ ʀɹɼ ʚʘʨʠʘʮʠʡ ʘʢʪʠʚʥʦʩʪʠ ʜʝʢʦʨʘ-

ʪʠʚʥʦʡ ʧʦʨʦʜʳ ʢʫʨ ʙʝʥʪʘʤʦʢ ʟʘ ʧʝʨʠʦʜ 1997 ï 2019 ʛʛ. ʇʨʠ ʵʪʦʤ, ʥʘ ʦʩʥʦʚʝ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ ɹʀʆʇʆʃʀɻʆʅ ʩʦʟʜʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʚ ʪʝʢʩʪʦʚʳʭ ʬʦʨʤʘʪʘʭ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʩʪʨʦʝʥʳ ʚ ʩʪʘʥʜʘʨʪʥʳʝ ʢʦʤʧʣʝʢʩʳ Exell, MEZOZAUR ʠ ʜʨ. 

ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ ʣʶʙʳʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʦʡ ʜʘʥʥʳʭ 

ʉʋɹɼ (fox base ʠ ʪ.ʜ.). 

ʇʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ ɹʀʆʇʆʃʀɻʆʅ ʘʧʨʦʙʠʨʦʚʘʥ ʥʘ ʚʩʝʭ ʙʠʦʩʪʘʮʠʦʥʘ-

ʨʘʭ ʚ ʩʠʩʪʝʤʝ ʩʝʡʩʤʦʙʠʦʤʦʥʠʪʦʨʠʥʛʘ. ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ ɹʀʆ-

ʇʆʃʀɻʆʅ, ʩʦʟʜʘʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʥʦʚʦʡ ʚʝʨʩʠʠ ʉʋɹɼ Visual FoxPro ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ Delphi [2] ʚʢʣʶʯʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘ-

ʜʘʯ: ʩʦʟʜʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʧʦʚʝʜʝʥʠʷ ʞʠʚʦʪʥʳʭ, ʟʘʛʨʫʟʢʘ ʜʘʥʥʳʭ, ʩʦʟʜʘʥʠʝ ʘʣʛʦ-

ʨʠʪʤʘ ʘʥʦʤʘʣʴʥʳʭ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʩʦʟʜʘʥʠʝ ʧʨʦʛʨʘʤʤʳ ʚʳʜʝʣʝʥʠʷ 

ʘʥʦʤʘʣʠʡ, ʨʘʩʯʝʪ ʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʞʠʚʦʪʥʳʭ, ʛʨʘ-

ʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʘʨʠʘʮʠʡ ʘʢʪʠʚʥʦʩʪʠ ʞʠʚʦʪʥʳʭ ʠ  ʠʭ ʦʮʝʥʢʘ ʧʦ ʰʢʘʣʝ 

ʘʥʦʤʘʣʴʥʳʭ ʠ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ [1]. 

ʅʘ ʨʠʩ. 1 - 4 ʧʦʢʘʟʘʥʘ ʝʛʦ ʨʘʙʦʪʘ ʩ ʵʢʨʘʥʘ ʤʦʥʠʪʦʨʘ, ʚʢʣʶʯʘʷ ʦʧʝʨʘʮʠʠ 

ʟʘʛʨʫʟʢʠ ʜʘʥʥʳʭ, ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʣʫʯʝʥʠʷ ʛʨʘʬʠʢʦʚ ʘʢʪʠʚʥʦʩʪʠ ʞʠʚʦʪʥʳʭ.  

 

 
ʈʠʩ. -1 ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʦʙʨʘʙʦʪʢʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 
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ʈʠʩ. 2 - ʕʪʘʧʳ ʟʘʛʨʫʟʢʠ ʜʘʥʥʳʭ 

 

 
ʈʠʩ. 3 ï ʕʪʘʧʳ ʩʦʟʜʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʘʢʪʠʚʥʦʩʪʠ ʞʠʚʦʪʥʳʭ 

 

 
ʈʠʩ. 4 - ʕʪʘʧʳ ʚʳʜʝʣʝʥʠʷ ʘʥʦʤʘʣʴʥʳʭ ʚʘʨʠʘʮʠʡ ʘʢʪʠʚʥʦʩʪʠ ʞʠʚʦʪʥʳʭ ʥʘ ʦʩ-

ʥʦʚʝ ʠʟʤʝʥʝʥʠʷ ʠʭ ʘʤʧʣʠʪʫʜʳ 
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ʅʘ ʨʠʩ. 5 ʧʦʢʘʟʘʥ ʛʨʘʬʠʢ ʚʘʨʠʘʮʠʡ ʘʢʪʠʚʥʦʩʪʠ ʢʫʨ - ʙʝʥʪʘʤʦʢ ʥʘ ʙʠʦʧʦʣʠ-

ʛʦʥʝ ɹʦʪʩʘʜ. 

 

 
ʈʠʩ. 5 - ɻʨʘʬʠʢ ʚʘʨʠʘʮʠʡ ʘʢʪʠʚʥʦʩʪʠ ʢʫʨ - ʙʝʥʪʘʤʦʢ ʥʘ ʙʠʦʧʦʣʠʛʦʥʝ ɹʦʪʩʘʜ 

 

ɺʳʚʦʜʳ 

 

1. ʉʦʛʣʘʩʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘʤʠ ʰʢʘʣʳ ʘʢʪʠʚʥʦʩʪʠ ʢʫʨ - ʙʝʥʪʘʤʦʢ ʘʤʧʣʠ-

ʪʫʜʘ ʧʨʝʜʚʝʩʪʥʠʢʦʚʳʭ ʨʝʘʢʮʠʡ ʞʠʚʦʪʥʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʬʦʥʦʚʳʡ ʫʨʦ-

ʚʝʥʴ ʠ ʝʝ ʟʥʘʯʝʥʠʷ ʢʦʣʝʙʣʶʪʩʷ ʚʳʰʝ 3,7 ʝʜʠʥʠʮ ʘʢʪʠʚʥʦʩʪʠ. 

2. ʇʨʝʜʣʦʞʝʥʥʳʡ ʥʘʤʠ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ɹʀʆʇʆʃʀɻʆʅ ʧʦʟʚʦʣʷʝʪ 
ʧʝʨʝʚʝʩʪʠ ʢʘʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʧʦʚʝʜʝʥʠʷ ʞʠʚʦʪʥʳʭ, ʧʦʣʫʯʝʥʥʫʶ ʚʠʟʫʘʣʴʥʳʤʠ 
ʤʝʪʦʜʘʤʠ ʥʘʙʣʶʜʝʥʠʡ, ʚ ʮʠʬʨʦʚʫʶ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʠʥ-
ʬʦʨʤʘʮʠʠ. 

ʃʠʪʝʨʘʪʫʨʘ 
 

1. ʉʝʨʘʟʝʪʜʠʥʦʚʘ ɹ.ɿ. ʉʝʡʩʤʦʙʠʦʣʦʛʠʷ: ʪʝʦʨʠʷ, ʤʝʪʦʜʳ, ʧʨʘʢʪʠʢʘ ʧʨʦʛʥʦʟʘ ʟʝʤ-
ʣʝʪʨʷʩʝʥʠʡ. ɸʣʤʘʪʳ. çʕʚʝʨʦè, 2012. 364 ʩ. 
2. ʉʝʨʘʟʝʪʜʠʥʦʚʘ ɹ.ɿ.. ɾʫʥʫʩʦʚʘ ɸ., ʂʘʫʘʟʦʚ ɸ. ʄ. ʆʮʝʥʦʯʥʳʝ ʰʢʘʣʳ ʢʘʢ ʢʨʠʪʝ-
ʨʠʠ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʞʠʚʦʪʥʳʭ ʚ ʩʝʡʩʤʠʯʝʩʢʠ ʫʷʟʚʠʤʦʤ ʨʝʛʠʦʥʝ ʂʘʟʘʭ-
ʩʪʘʥʘ // Abstr.8th Kazakhstan-China Intern. Symp. on Tianshan Earthquakes, 23-26 
Sept., 2013. China, Urumgi, 2013. P.45 
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ʉɽʁʉʄʀʏɽʉʂʆɽ ʄʀʂʈʆɿʆʅʀʈʆɺɸʅʀɽ ɻ. ɸʃʄɸʊʓ ɺ ʋʉʂʆʈɽʅʀʗʍ 
ɻʈʋʅʊɸ 

ʉʠʣʘʯʝʚʘ ʅ.ɺ., ʂʫʣʙʘʝʚʘ ʋ.ʂ., ʂʨʘʚʯʝʥʢʦ ʅ.ɸ. 

SEISMIC MICROZONATION OF ALMATY CITY IN TERMS OF GROUND 
ACCELERATIONS 

Silacheva N.V., Kulbaeva U.K., Kravchenko N.A. 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʦʜʠʯʝʩʢʠʝ ʦʩʥʦʚʳ, ʵʪʘʧʳ ʨʘʙʦʪ ʠ 
ʨʝʟʫʣʴʪʘʪʳ ʥʦʚʦʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʟʦʥʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʛ. ɸʣʤʘʪʳ (ʂʘ-
ʟʘʭʩʪʘʥ) ʚ ʫʩʣʦʚʠʷʭ ʧʠʢʦʚʳʭ ʫʩʢʦʨʝʥʠʡ ʛʨʫʥʪʘ. ʆʩʫʱʝʩʪʚʣʝʥʦ ʚʝʨʦʷʪʥʦʩʪʥʦʝ 
ʩʝʡʩʤʠʯʝʩʢʦʝ ʤʠʢʨʦʨʘʡʦʥʠʨʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʛ. ɸʣʤʘʪʳ ʚ ʫʩʢʦʨʝʥʠʷʭ ʛʨʫʥʪʘ. 
ʀʩʧʦʣʴʟʦʚʘʥ ʢʦʥʪʠʥʫʘʣʴʥʳʡ ʧʦʜʭʦʜ ʧʨʠ ʫʯʝʪʝ ʚʣʠʷʥʠʷ ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʡ ʥʘ 
ʩʝʡʩʤʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚ PGA, ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʥʝʧʨʝʨʳʚʥʦʝ, ʘ ʥʝ ʩʢʘʯʢʦ-
ʦʙʨʘʟʥʦʝ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʫʯʝʪʦʤ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʝʣʠʥʝʡʥʦʩʪʠ, ʯʪʦ 
ʧʦʟʚʦʣʠʣʦ ʠʟʙʝʞʘʪʴ ʦʰʠʙʦʢ ʚ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʂʘʟʘʭʩʪʘʥʝ ʩʝʡʩʤʠʯʝʩʢʦʡ ʰʢʘʣʝ 
MSK-64(ʂ) ʠ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʧʝʨʝʩʯʝʪʦʚ ʫʩʢʦʨʝʥʠʡ ʚ ʙʘʣʣʳ ʠ ʦʙʨʘʪʥʦ, ʠʟʙʝʞʘʪʴ 
ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʝʧʨʝʨʳʚʥʳʭ ʚʝʣʠʯʠʥ ʠ ʧʝʨʝʡʪʠ ʢ ʧʨʷʤʦʤʫ ʨʘʩʯʝʪʫ 
ʢʦʥʝʯʥʳʭ ʫʩʢʦʨʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʞʝʩʪʢʦʩʪʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʠʥʞʝ-
ʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʷʭ. ʇʦʣʫʯʝʥ-
ʥʳʝ ʢʘʨʪʳ  ʧʨʠʥʷʪʳ ʠ ʚʥʝʜʨʝʥʳ ʚ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʠʥʩʪʘʥʮʠʷʭ ʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʢ 
ʚʚʝʜʝʥʠʶ ʚ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʨʦʷʪʥʦʩʪʥʘʷ ʦʮʝʥʢʘ ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ, ʤʠʢʨʦ-
ʟʦʥʠʨʦʚʘʥʠʷ, ʚʣʠʷʥʠʝ ʧʣʦʱʘʜʦʢ, ʧʠʢʦʚʳʝ ʫʩʢʦʨʝʥʠʷ ʛʨʫʥʪʘ, ʢʘʨʪʳ, ʤʝʪʦʜʳ. 

 
Abstract. The paper presents the methodical basis, stages of the work, and 

results of a new seismic microzonation of the territory of Almaty (Kazakhstan) in peak 
ground accelerations. Probabilistic seismic micro-zoning of the territory of the city of 
Almaty in soil accelerations was carried out. A continuum approach was used to take 
into account the influence of soil conditions on seismic impacts in the PGA, which sup-
poses a continuous rather than abrupt change in characteristics taking into account 
deviations from non-linearity, which let to avoid errors in the MSK-64 (K) seismic scale 
used in Kazakhstan and rejected recalculations of accelerations in points and vice 
versa, to avoid a discrete representation of continuous quantities and go to a direct 
calculation of the final accelerations based on seismic stiffness obtained in engineer-
ing-geological and instrumental geophysical surveys. Received maps are accepted 
and implemented by the responsible authorities and prepared for introduction into reg-
ulatory documents. 

Key words: probabilistic seismic hazard assessment, microzonations, incorpo-

rating site effects, peak ground accelerations, cards, methods. 

ɺʚʝʜʝʥʠʝ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʢʘʨʪʳ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʷʚʣʷ-

ʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. ʀʥʩʪʠʪʫʪʦʤ ʩʝʡʩʤʦ-
ʣʦʛʠʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʩʦʚʤʝʩʪʥʦ ʩ ʜʨʫʛʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʨʘʟʨʘʙʦʪʘʥʳ 
ʂʘʨʪʳ ʆʙʱʝʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʟʦʥʠʨʦʚʘʥʠʷ (ʆʉɿ) ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭ-
ʩʪʘʥ ʠ ʂʘʨʪʳ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʟʦʥʠʨʦʚʘʥʠʷ (ʉʄɿ) ʪʝʨʨʠʪʦʨʠʠ ʛ. ɸʣʤʘʪʳ ʥʘ 
ʥʦʚʦʡ ʤʝʪʦʜʠʯʝʩʢʦʡ ʦʩʥʦʚʝ. ɺ 2017 ʛ. ʚʚʝʜʝʥ ʚ ʜʝʡʩʪʚʠʝ ʉʚʦʜ ʧʨʘʚʠʣ çʉʪʨʦʠ-
ʪʝʣʴʩʪʚʦ ʚ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʡʦʥʘʭ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥè [1], ʚʢʣʶʯʘʶʱʠʡ ɺʝʨʦ-
ʷʪʥʦʩʪʥʳʝ ʢʘʨʪʳ ʆʉɿ. ʂʘʨʪʳ ʉʄɿ ʧʨʦʰʣʠ ʫʪʚʝʨʞʜʝʥʠʝ ʥʘ ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʚʝʪʝ 
ʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʢ ʚʚʝʜʝʥʠʶ ʚ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ. ʈʘʙʦʪʳ ʧʦ ʜʝʪʘʣʴʥʦʤʫ 
ʩʝʡʩʤʠʯʝʩʢʦʤʫ ʨʘʡʦʥʠʨʦʚʘʥʠʶ ʦʙʣʘʩʪʝʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʘʯʘʪʴ ʜʦ 2020 ʛ. ʉʄɿ 
ʪʝʨʨʠʪʦʨʠʠ ʛ. ɸʣʤʘʪʳ ʚʳʧʦʣʥʷʣʦʩʴ ʧʦ ʟʘʢʘʟʫ ʄʆʅ ʈʂ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ʅʀʈ 
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çʈʘʟʨʘʙʦʪʢʘ ʢʘʨʪʳ ʉʄɿ ʪʝʨʨʠʪʦʨʠʠ ʛ. ɸʣʤʘʪʳ ʥʘ ʥʦʚʦʡ ʤʝʪʦʜʠʯʝʩʢʦʡ ʦʩʥʦʚʝè. ʈʘ-
ʙʦʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʊʆʆ çʀʥʩʪʠʪʫʪ ʩʝʡʩʤʦʣʦʛʠʠè ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʥʘ ʨʘʟʥʳʭ ʵʪʘ-
ʧʘʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʊʆʆ çʂʘʟɻʀʀɿè, ʊʆʆ çʂʘʟʅʀʀʉɸè ʠ ʈɻʇ 
çʀɻʀè.  

ʄʝʪʦʜʦʣʦʛʠʷ. ɺ ʂʘʟʘʭʩʪʘʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʦʮʝʥʢʝ ʩʝʡʩʤʠʯʝ-

ʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʠ ʩʝʡʩʤʠʯʝʩʢʦʤʫ ʨʘʡʦʥʠʨʦʚʘʥʠʶ ʥʘ ʥʦʚʦʡ ʤʝʪʦʜʠʯʝʩʢʦʡ ʦʩʥʦʚʝ, 

ʩʦʯʝʪʘʶʱʝʡ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʥʘʨʘʙʦʪʢʠ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʟʘʧʘʜʥʦʛʦ ʠʥʞʝʥʝʨʥʦʛʦ 

ʧʦʜʭʦʜʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʘʢʝʪ ʢʘʨʪ ʚʢʣʶʯʘʝʪ ʦʩʥʦʚʥʦʡ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʦʜ-

ʢʦʤʧʣʝʢʪʳ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʦʩʥʦʚʥʦʡ ʚʦʰʣʠ 5 ʢʘʨʪ: 1) ʂʘʨʪʘ ʨʘʩʯʝʪʥʳʭ 

ʫʩʢʦʨʝʥʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʧʨʷʤʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʩ-

ʯʝʪʘʭ; 2-3) ɺʝʨʦʷʪʥʦʩʪʥʳʝ ʢʘʨʪʳ ʉʄɿ ʚ ʙʘʣʣʘʭ MSK-64(K) [2] ʜʣʷ ʜʚʫʭ ʫʨʦʚʥʝʡ ʚʝ-

ʨʦʷʪʥʦʩʪʠ 10% ʠ 2% ʟʘ 50 ʣʝʪ; 4) ʂʘʨʪʘ ʪʠʧʦʚ ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʡ ʧʦ ʩʝʡʩʤʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ; 5) ʂʘʨʪʘ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʛ. ɸʣ-

ʤʘʪʳ. ɺ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʧʦʤʠʤʦ ʜʨʫʛʠʭ ʢʘʨʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʂʘʨʪʳ ʚʝʨʦʷʪʥʦʩʪ-

ʥʦʡ ʦʮʝʥʢʠ ʠʩʭʦʜʥʦʡ (ʬʦʥʦʚʦʡ) ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʠ ʢʘʨʪʳ ʉʄɿ ʚ ʧʠʢʦʚʳʭ 

ʫʩʢʦʨʝʥʠʷʭ ʛʨʫʥʪʘ (PGA) ʜʣʷ ʜʚʫʭ ʫʨʦʚʥʝʡ ʚʝʨʦʷʪʥʦʩʪʠ 10% ʠ 2% ʟʘ 50 ʣʝʪ.  

ɺ ʟʘʜʘʯʠ ʥʘʰʝʡ ʛʨʫʧʧʳ ʚʭʦʜʠʣʦ ʚʳʧʦʣʥʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʦʮʝʥʢʠ ʠʩʭʦʜ-

ʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ʚ PGA ʠ ʨʘʟʨʘʙʦʪʢʘ ʢʘʨʪ ʉʄɿ ʚ 

ʫʩʢʦʨʝʥʠʷʭ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʨʠʘʣʦʚ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ, ʚʳʧʦʣ-

ʥʷʚʰʠʭʩʷ ʊʆʆ çʂʘʟɻʀʀɿè. 

ʆʮʝʥʢʘ ʠʩʭʦʜʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʚ PGA ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʩʥʦʚʝ 

ʤʝʪʦʜʦʣʦʛʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʣʦʞʝʥʠʷʤ ɽʚʨʦʢʦʜʘ 8 çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʝʡ-
ʩʤʦʩʪʦʡʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡè [3]. ʈʘʩʯʝʪʳ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʝʡ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠ-
ʢʦʚ, ʦʮʝʥʦʢ ʧʘʨʘʤʝʪʨʦʚ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʠ ʧʨʦʛʥʦʟʥʳʭ ʤʦʜʝʣʝʡ ʟʘʪʫʭʘʥʠʷ 
ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʜʚʫʭ ʫʨʦʚʥʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʝʚʳʰʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ 
ï 10% (ʧʝʨʠʦʜ ʧʦʚʪʦʨʷʝʤʦʩʪʠ 475 ʣʝʪ) ʠ 2% (ʧʝʨʠʦʜ ʧʦʚʪʦʨʷʝʤʦʩʪʠ 2475 ʣʝʪ) ʟʘ 
50 ʣʝʪ. ʇʦʣʫʯʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʦʪʥʦʩʷʪʩʷ ʢ ʩʢʘʣʴʥʳʤ 
ʨʝʬʝʨʝʥʪʥʳʤ ʛʨʫʥʪʘʤ ʩ ʩʝʡʩʤʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʴʶ R=2000 ʪ/(ʤ2Ŀʩ) (Vs30=800 ʤ/ʩ, 
ɟ=2.5 ʛ/ʩʤ3).  

ʄʦʜʝʣʴ ʩʝʡʩʤʠʯʝʩʢʠʭ ʦʯʘʛʦʚ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʩʝʡʩʤʦʪʝʢʪʦ-

ʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ. ʉʝʡʩʤʠʯʝʩʢʠʝ ʦʯʘʛʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʝʥʝʨʘʣʠʟʦʚʘʥ-

ʥʳʤʠ ʩʝʡʩʤʦʛʝʥʝʨʠʨʫʶʱʠʤʠ ʟʦʥʘʤʠ, ʟʥʘʯʠʤʦ ʚʣʠʷʶʱʠʤʠ ʥʘ ʩʝʡʩʤʠʯʝʩʢʠʡ ʵʬ-

ʬʝʢʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʣʤʘʪʳ. ʍʘʨʘʢʪʝʨ ʩʝʡʩʤʠʯʥʦʩʪʠ ʚ ʟʦʥʘʭ ʩʯʠʪʘʝʪʩʷ ʦʜʥʦʨʦʜ-

ʥʳʤ. ʆʙʱʠʝ ʢʦʥʪʫʨʳ ʟʦʥ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʝʛʤʝʥʪʘʮʠʠ ʢʦʨʳ, ʩ ʫʯʝʪʦʤ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʩʝʡʩʤʠʯʥʦʩʪʠ. ɼʝʪʘʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷ ʦʪʨʘʞʘʝʪ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʢʘʨ-

ʪʠʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʯʘʛʦʚ. ʈʘʩʯʝʪ ʚ PGA ʥʘʢʣʘʜʳʚʘʝʪ ʩʚʦʠ ʪʨʝʙʦʚʘʥʠʷ, ʩʚʷ-

ʟʘʥʥʳʝ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʧʘʨʘʤʝʪʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʢʨʦ-

ʩʝʡʩʤʠʯʝʩʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʬʦʨʤʦʡ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʜʝʣʝʡ 

ʟʘʪʫʭʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʫʯʝʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʠʩʧʦʣʴʟʫʝʤʦʤ 

ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ. 

ʄʦʜʝʣʴ ʩʝʡʩʤʠʯʝʩʢʠʭ ʦʯʘʛʦʚ ʚʢʣʶʯʘʣʘ 35 ʛʝʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʩʝʡʩʤʠʯʝ-

ʩʢʠʭ ʟʦʥ ʚʦʢʨʫʛ ɸʣʤʘʪʳ. ʂʘʞʜʘʷ ʟʦʥʘ ʟʘʜʘʚʘʣʘʩʴ ʛʝʦʤʝʪʨʠʝʡ, ʤʘʛʥʠʪʫʜʥʦ-ʯʘ-

ʩʪʦʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʝʡʩʤʠʯʥʦʩʪʠ, ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʘʛʥʠʪʫʜʦʡ, ʚʝʨʦʷʪ-

ʥʦʡ ʛʣʫʙʠʥʦʡ ʠ ʦʞʠʜʘʝʤʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʨʘʟʨʳʚʦʚ. ʆʯʘʛʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʫʚʷʟʳ-

ʚʘʶʪʩʷ ʩ ʢʨʫʧʥʳʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʟʘʜʘʥʥʳʤʠ ʛʝʥʝ-

ʨʘʣʠʟʦʚʘʥʥʳʤʠ ʟʦʥʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʥʝ ʚʚʦʜʠʪʴ ʬʦʥʦʚʫʶ ʩʝʡʩʤʠʯʥʦʩʪʴ.  
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ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʚʪʦʨʷʝʤʦʩʪʠ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ ʤʘʛʥʠʪʫʜʝ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʘʨʘʤʝʪʨʳ a ʠ 

b ʚ ʫʨʘʚʥʝʥʠʠ ɻʫʪʝʥʙʝʨʛʘ-ʈʠʭʪʝʨʘ. ʉʫʱʝʩʪʚʝʥʥʦ ʜʦʧʦʣʥʝʥ ʠ ʧʝʨʝʩʤʦʪʨʝʥ ʢʘʪʘ-

ʣʦʛ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ, ʦʭʚʘʪʳʚʘʶʱʝʡ ʚʳʜʝʣʝʥʥʳʝ ʩʝʡʩʤʦʛʝʥʝʨʠ-

ʨʫʶʱʠʝ ʟʦʥʳ; ʚʳʧʦʣʥʝʥʦ ʝʛʦ ʧʨʠʚʝʜʝʥʠʝ ʩʥʘʯʘʣʘ ʢ ʤʘʛʥʠʪʫʜʝ Ms, ʘ ʟʘʪʝʤ ʢ ʤʦ-

ʤʝʥʪʥʦʡ ʤʘʛʥʠʪʫʜʝ Mw; ʧʨʦʚʝʜʝʥʘ ʜʝʢʣʘʩʪʝʨʠʟʘʮʠʷ ʢʘʪʘʣʦʛʘ ʧʦ ʘʣʛʦʨʠʪʤʫ 

ɻʘʨʜʥʝʨʘ-ʂʥʦʧʦʚʘ [4], ʠʩʧʦʣʴʟʫʶʱʘʷʩʷ ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʟ ʥʝʛʦ ʟʘʚʠʩʠʤʳʭ ʩʦʙʳ-

ʪʠʡ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʝʨʠʦʜʦʚ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦ ʢʘʪʘʣʦʛʫ 

ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ZMAP [5]. ʆʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʫʨʘʚʥʝʥʠʠ ɻʫʪʪʝʥʙʝʨʛʘ-ʈʠʭʪʝʨʘ ʜʣʷ ʟʦʥ ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʤʘʢʩʠ-

ʤʘʣʴʥʦʛʦ ʧʦʜʦʙʠʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʛʨʘʤʤʘ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪ-

ʨʦʚ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʧʨʦʮʝʜʫʨʫ [6], ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʫʯʠʪʳʚʘʪʴ ʢʘ-

ʪʘʣʦʛ ʠʩʪʦʨʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʧʨʠ ʨʘʟʥʳʭ ʧʝʨʠʦʜʘʭ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ʨʝ-

ʛʠʩʪʨʘʮʠʠ ʜʣʷ ʨʘʟʥʳʭ ʤʘʛʥʠʪʫʜʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʜʘʥʥʳʭ. ɺ ʦʪʜʝʣʴʥʳʭ ʟʦʥʘʭ, ʛʜʝ 

ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʩʝʡʩʤʠʯʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘ-

ʣʘʩʴ ʩ ʫʯʝʪʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʤʘʛʥʠʪʫʜ.  

ʄʦʜʝʣʠ ʟʘʪʫʭʘʥʠʷ. ɿʝʤʣʝʪʨʷʩʝʥʠʷ, ʩʝʡʩʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʢʦʪʦʨʳʭ 

ʦʞʠʜʘʝʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛ.ɸʣʤʘʪʳ, ʦʪʥʦʩʷʪʩʷ ʢ ʥʝʛʣʫʙʦʢʠʤ ʢʦʨʦʚʳʤ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʷʤ ʚ ʪʝʢʪʦʥʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʨʘʡʦʥʘʭ. ʇʨʠ ʚʳʙʦʨʝ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʩʦʪʨʷʩʝʥʠʡ ʛʨʫʥʪʘ ʧʨʠʤʝʥʷʣʠʩʴ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʤʝʪʦʜʠʢʠ ʦʪ-

ʙʦʨʘ ʥʘʜʝʞʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʪʘʢʠʭ ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʇʨʦʚʝʜʝʥ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʦʜʝʣʝʡ ʧʦ ʨʘʟʥʳʤ ʧʘʨʘ-

ʤʝʪʨʘʤ, ʚʳʷʚʣʝʥʳ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʩ ʧʦʟʠʮʠʡ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ 

ʧʨʦʛʥʦʟʘ ʚʦʟʜʝʡʩʪʚʠʡ ʚ ʫʩʣʦʚʠʷʭ ʛ.ɸʣʤʘʪʳ. ʆʪʦʙʨʘʥʳ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʝ ʧʨʦ-

ʛʥʦʟʥʳʝ ʤʦʜʝʣʠ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʥʘ ʩʦʟʜʘʥʥʦʡ ʙʘʟʝ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʡ 

ʛʨʫʥʪʘ, ʘ ʠʤʝʥʥʦ ʥʘ ʨʝʛʠʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʧʠʢʦʚʳʭ ʫʩʢʦʨʝʥʠʡ ʠ ʩʢʦʨʦʩʪʝʡ 

ʢʦʣʝʙʘʥʠʡ ʛʨʫʥʪʘ. ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʤʠʥʠ-

ʤʘʣʴʥʳʡ ʥʘʙʦʨ ʤʦʜʝʣʝʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʦʮʝʥʢʝ ʠʩʭʦʜʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ 

ʦʧʘʩʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʛ.ɸʣʤʘʪʳ. ʕʪʦ ʤʦʜʝʣʠ Akkar-Bommer (2010), Chiou-Youngs 

(2008), Boore-Atkinson (2008)/ Atkinson-Boore (2011), Campbell-Bozorgnia (2008) ʠ 

Zhao ʠ ʜʨ. (2006).  

ʈʘʩʯʝʪʳ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʠʩʭʦʜʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʚʳʧʦʣ-
ʥʝʥʳ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ M3C [7]. ʆʮʝʥʢʠ ʧʦʣʫʯʝʥʳ ʚ 
ʩʨʝʜʥʝʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʷʭ PGA ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ, ʚʢʣʶʯʘʶʱʝʡ ʛ. ɸʣʤʘʪʳ ʚ 

ʧʨʝʜʝʣʘʭ 43.00-̄43.425  ̄ʩ.ʰ. ʠ 76.72 -̄77.17  ̄ʚ.ʜ. ʧʦ ʩʝʪʢʝ ʩ ʠʥʪʝʨʚʘʣʦʤ 0.025 ̄ʚ 
ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ɼʣʷ ʢʘʞʜʦʡ ʨʘʩʯʝʪʥʦʡ ʪʦʯʢʠ ʫʯʠʪʳʚʘʣʦʩʴ ʚʦʟʜʝʡʩʪʚʠʝ ʟʦʥ 
ʚ ʧʨʝʜʝʣʘʭ ʨʘʜʠʫʩʘ 250 ʢʤ. ʅʘ ʨʠʩ.1 ʧʦʣʫʯʝʥʥʳʝ ʢʘʨʪʳ ʠʩʭʦʜʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ 
ʦʧʘʩʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʛʨʘʥʠʮʘʭ ʪʝʨʨʠʪʦʨʠʠ ʛ. ɸʣʤʘʪʳ.  

ʋʯʝʪ ʚʣʠʷʥʠʷ ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʡ. ʀʟʥʘʯʘʣʴʥʦ ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʚʳʧʦʣ-

ʥʠʪʴ ʧʝʨʝʩʯʝʪ ʠʩʭʦʜʥʳʭ ʫʩʢʦʨʝʥʠʡ ʚ ʙʘʣʣʳ ʤʘʢʨʦʩʝʡʩʤʠʯʝʩʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ], 

ʫʯʝʩʪʴ ʧʦʧʨʘʚʢʠ ʟʘ ʛʨʫʥʪʦʚʳʝ ʫʩʣʦʚʠʷ ʚ ʧʫʥʢʪʘʭ ʨʘʟʤʝʱʝʥʠʷ ʩʝʡʩʤʦʟʦʥʜʦʚ, ʘ 

ʟʘʪʝʤ ʚʥʦʚʴ ʚʳʧʦʣʥʠʪʴ ʧʝʨʝʚʦʜ ʚ ʫʩʢʦʨʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ ʧʝʨʝʩʯʝʪʘ 

ʤʝʞʜʫ ʙʘʣʣʘʤʠ ʠ PGA ʚʥʫʪʨʠ ʢʘʪʝʛʦʨʠʡ ʛʨʫʥʪʘ [8, 9].  

ʆʜʥʘʢʦ, ʧʦʣʫʯʝʥʥʳʝ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʘ ʪʘʢʞʝ ʰʠʨʦʢʦʝ 
ʦʙʩʫʞʜʝʥʠʝ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʝʧʨʠʝʤʣʝʤʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝ-
ʥʠʷ ʦ ʨʦʩʪʝ ʤʘʢʩʠʤʘʣʴʥʳʭ ʘʤʧʣʠʪʫʜ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʛʨʫʥʪʘ ʚ ʜʚʘ ʨʘʟʘ ʥʘ 
ʙʘʣʣ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʩʣʫʯʘʷ ʙʦʣʴʰʠʭ ʘʤʧʣʠʪʫʜ (ʥʘʧʨ. [9]), ʟʘʩʪʘʚʠʣʦ ʧʝʨʝʩʤʦʪ-
ʨʝʪʴ ʚʳʙʦʨ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ. 
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ʈʠʩ. 1 -  ʂʘʨʪʳ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʦʮʝʥʢʠ ʠʩʭʦʜʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʚ 

PGA ʜʣʷ ʧʝʨʠʦʜʦʚ ʧʦʚʪʦʨʷʝʤʦʩʪʠ 475 ʣʝʪ (ʩʣʝʚʘ) ʠ 2475 ʣʝʪ (ʩʧʨʘʚʘ) 
 
ɹʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ, ʧʨʝʜʣʦʞʝʥʥʘʷ ɸ.ʉ. ɸʣʝʰʠʥʳʤ, ʚ ʢʦʪʦʨʦʡ 

ʛʨʫʥʪʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ (ʙʦʣʝʝ 2 ɻʮ) ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ (ʦʪ 

0.25 ʜʦ 2 ɻʮ) ʯʘʩʪʷʭ ʩʧʝʢʪʨʘ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʠʭ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠ-

ʯʠʥʳ ʩʝʡʩʤʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʠ. ʄʝʪʦʜʠʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʢʦʥʪʠʥʫʘʣʴʥʦʡ ʪʝʦʨʠʠ ʩʝʡ-

ʩʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʨʘʡʦʥʠʨʦʚʘʥʠʷ [10], ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ ʜʠʩʢʨʝʪʥʦʡ 

ʩʠʩʪʝʤʳ çʩʝʡʩʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ï ʨʝʘʢʮʠʷ ʛʨʫʥʪʘè ʢ ʩʠʩʪʝʤʝ, ʛʜʝ ʧʘʨʘ-

ʤʝʪʨʳ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʧʦʢʘʟʘʪʝʣʠ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ ʤʝʥʷʶʪʩʷ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ʥʝʧʨʝʨʳʚʥʦ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʦʡʪʠ ʦʪ ʨʘʟʙʠʝʥʠʷ ʥʘ ʛʨʫʥʪʦʚʳʝ 

ʢʘʪʝʛʦʨʠʠ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʩʢʘʯʢʫ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʜʥʦʡ ʢʘʪʝʛʦʨʠʠ ʢ ʜʨʫʛʦʡ (ʠ ʫʚʝ-

ʣʠʯʝʥʠʠ ʩʠʣʳ ʠʩʭʦʜʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ), ʯʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʧʨʠʨʦʜʝ ʥʝʧʨʝʨʳʚʥʳʭ 

ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʦʙʲʝʢʪʦʚ.  

ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚ [10] ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʠʣʦ ʥʘʤ ʠʟʙʝʞʘʪʴ ʦʰʠ-

ʙʦʢ, ʟʘʣʦʞʝʥʥʳʭ ʠ ʚ ʠʩʧʦʣʴʟʫʝʤʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʰʢʘʣʝ MSK-64(ʂ) [2], ʦʪʢʘ-

ʟʘʪʴʩʷ ʦʪ ʧʝʨʝʩʯʝʪʘ ʫʩʢʦʨʝʥʠʡ ʚ ʙʘʣʣʳ ʠ ʦʙʨʘʪʥʦ, ʠʟʙʝʞʘʪʴ ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ ʥʝʧʨʝʨʳʚʥʳʭ ʚʝʣʠʯʠʥ ʠ ʧʝʨʝʡʪʠ ʢ ʧʨʷʤʦʤʫ ʨʘʩʯʝʪʫ ʢʦʥʝʯʥʳʭ ʫʩʢʦʨʝ-

ʥʠʡ ʥʘ ʦʩʥʦʚʝ ʩʢʦʨʦʩʪʝʡ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ ʠ ʧʣʦʪʥʦʩʪʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʠʥʞʝ-

ʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʷʭ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʦʧʨʝ-

ʜʝʣʝʥʠʡ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʧʝʨʝʯʥʦʡ ʩʢʦʨʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʚ 30-

ʤʝʪʨʦʚʦʡ ʪʦʣʱʝ ʚ 1451 ʧʫʥʢʪʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ. ɺʣʠʷʥʠʝ ʛʨʫʥʪʦʚʳʭ ʫʩʣʦ-

ʚʠʡ ʫʯʠʪʳʚʘʣʦʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʛʨʫʥʪʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʣʷ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʦʡ 

ʯʘʩʪʠ ʩʧʝʢʪʨʘ. ʉʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ [10, 11], ʟʘʚʠʩʠʤʦʩʪʴ ʛʨʫʥʪʦʚʳʭ ʢʦʵʬ-

ʬʠʮʠʝʥʪʦʚ Fa ʦʪ ʩʝʡʩʤʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʠ R ʚ ʣʠʥʝʡʥʦʤ ʜʠʘʧʘʟʦʥʝ ʚʦʟʜʝʡʩʪʚʠʡ 

(ʫʩʢʦʨʝʥʠʝ ʠʩʭʦʜʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʝ ʧʨʝʚʳʰʘʝʪ 0.25 g) ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʧʦ ʬʦʨ-

ʤʫʣʝ lgFa=-0.4lgR+1.32. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʠʩʭʦʜʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʜʣʷ ʛʨʫʥʪʦʚ 
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ʩ Vs30Ó 270 ʤ/ʩ ʫʯʠʪʳʚʘʣʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʣʠʥʝʡʥʦʩʪʠ, ʨʝʢʦʤʝʥ-

ʜʦʚʘʥʥʳʡ [11].  

ɼʣʷ ʨʳʭʣʳʭ ʛʨʫʥʪʦʚ (Vs30<270 ʤ/ʩ) PGA ʦʛʨʘʥʠʯʠʚʘʣʠʩʴ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʟʥʘʯʝʥʠʝʤ 0.675g. ʂʦʵʬʬʠʮʠʝʥʪʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʣʴʝʬʘ ʚ ʛʦʨ-

ʥʦʡ ʤʝʩʪʥʦʩʪʠ (ʢʨʫʪʠʟʥʘ ʩʢʣʦʥʘ ʙʦʣʝʝ 15Á ʠ ʙʦʣʝʝ 30Á) ʤʦʛʫʪ ʙʳʪʴ ʚʚʝʜʝʥʳ ʦʪ-

ʜʝʣʴʥʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʢʘʢ ʚ [1]. 

ʇʦʩʢʦʣʴʢʫ ʦʮʝʥʢʘ ʠʩʭʦʜʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʚʝʨʦ-

ʷʪʥʦʩʪʥʦʤ ʚʘʨʠʘʥʪʝ, ʪʦ ʠ ʢʘʨʪʳ ʉʄɿ ʷʚʣʷʶʪʩʷ ʚʝʨʦʷʪʥʦʩʪʥʳʤʠ. ɼʣʷ ʧʣʦʱʘʜʥʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʠʥʪʝʨʧʦʣʷʮʠʷ ʤʝʪʦʜʦʤ ʢʨʠʛʠʥʛʘ ʧʦ ʟʥʘʯʝʥʠʷʤ, 

ʨʘʩʩʯʠʪʘʥʥʳʤ ʚ ʧʫʥʢʪʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʝʡʩʤʦʟʦʥʜʦʚ. ʊʘʢ ʢʘʢ ʧʣʦʪʥʦʩʪʴ ʩʝʡʩʤʦ-

ʟʦʥʜʦʚ ʥʝ ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʡ, ʠ ʤʝʪʦʜ ʠʥʪʝʨʧʦʣʷʮʠʠ ʤʦʞʝʪ ʚʥʦʩʠʪʴ ʩʚʦʠ ʠʩ-

ʢʘʞʝʥʠʷ, ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʢʘʨʪ (ʨʘʩʯʝʪʥʦʡ ʠ ʉʄɿ) ʚʳʧʦʣʥʝʥʘ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʩ 

ʫʯʝʪʦʤ ʂʘʨʪʳ ʢʘʪʝʛʦʨʠʡ ʛʨʫʥʪʘ ʧʦ ʩʝʡʩʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠ ʂʘʨʪʳ ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʊʆʆ ʂʘʟɻʀʀɿ (ʨʠʩ. 2). 

 
ʈʠʩ. 2 - ʂʘʨʪʘ ʨʘʩʯʝʪʥʳʭ ʫʩʢʦʨʝʥʠʡ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ɸʣʤʘʪʳ 

 

ʂʘʨʪʳ ʚ ʧʠʢʦʚʳʭ ʫʩʢʦʨʝʥʠʷʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʝʡʩʤʠʯʝʩʢʫʶ ʦʧʘʩʥʦʩʪʴ ʚ 

ʩʨʝʜʥʝʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʷʭ PGA ʚ ʜʦʣʷʭ g. ʀʟʦʣʠʥʠʠ ʧʨʦʚʝʜʝʥʳ ʩ ʰʘʛʦʤ 

0.025g ʠ ʷʚʣʷʶʪʩʷ ʛʨʘʥʠʮʘʤʠ ʠʥʪʝʨʚʘʣʦʚ, ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʷ ʥʝʨʘʚʥʦ-

ʤʝʨʥʦ ʚʦʟʨʘʩʪʘʶʪ ʦʪ ʠʟʦʣʠʥʠʠ ʩ ʤʝʥʴʰʠʤ ʥʦʤʠʥʘʣʦʤ ʢ ʠʟʦʣʠʥʠʠ ʩ ʙʦʣʴʰʠʤ.  
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ʂʘʨʪʘ ʨʘʩʯʝʪʥʳʭ ʫʩʢʦʨʝʥʠʡ, ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʦʩʥʦʚʝ ʢʘʨʪ ʚ ʧʠʢʦʚʳʭ ʫʩʢʦʨʝ-

ʥʠʷʭ ʠ ʧʦʟʚʦʣʷʝʪ ʥʘʧʨʷʤʫʶ ʩʥʠʤʘʪʴ ʩ ʥʝʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʘʛ ʠʟʦʣʠʥʠʡ ʥʘ ʥʝʡ ʩʦʩʪʘʚʣʷʝʪ 0.02g, ʠ ʚʥʫʪʨʠ 

ʠʥʪʝʨʚʘʣʦʚ ʟʥʘʯʝʥʠʷ ʥʝ ʤʝʥʷʶʪʩʷ. ʋʩʢʦʨʝʥʠʝ ʚ ʢʘʞʜʦʡ ʨʘʩʯʝʪʥʦʡ ʪʦʯʢʝ ʵʪʦʡ 

ʢʘʨʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʟ ʜʚʫʭ ʚʝʣʠʯʠʥ ï PGA ʧʨʠ ʧʝʨʠʦʜʝ ʧʦʚʪʦ-

ʨʷʝʤʦʩʪʠ 475 ʣʝʪ ʠʣʠ 2/3 PGA ʧʨʠ ʧʝʨʠʦʜʝ ʧʦʚʪʦʨʷʝʤʦʩʪʠ 2475 ʣʝʪ. ʂʘʨʪʘ ʉʄɿ 

ʚ ʨʘʩʯʝʪʥʳʭ ʫʩʢʦʨʝʥʠʷʭ ʩ ʫʯʝʪʦʤ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʦʢʘʟʘʥʘ ʥʘ (ʨʠʩ. 2).  
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MODEL OF THE VOLUMETRIC CENTRE AND THE MECHANISM OF TECTONIC 

EARTHQUAKES 

Tazhibaev K.T., Tazhibaev D.K. 
 

ɸʥʥʦʪʘʮʠʷ: ʅʘ ʦʩʥʦʚʝ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʛʦʨʥʳʭ ʫʜʘʨʦʚ ʠ ʘʥʘ-
ʣʠʟʘ ʠʤʝʶʱʠʭʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʬʘʢʪʦʚ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʝʤ-
ʣʝʪʨʷʩʝʥʠʡ ʦʙʦʩʥʦʚʘʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʙʲʝʤʥʳʭ ʦʯʘʛʦʚ ʠ ʤʝʭʘʥʠʟʤ 
ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʙʲʷʩʥʠʪʴ ʤʝʩʪʥʦʩʪʴ, ʣʦʢʘʣʠʟʘʮʠʶ ʨʘʟʣʦ-
ʤʦʚ ʠ ʢʦʥʪʘʢʪʳ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʩ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤʠ ʩʝʡʩʤʠʯʝ-
ʩʢʠʤʠ ʩʦʙʳʪʠʷʤʠ, ʘ ʪʘʢʞʝ ʩ ʢʚʘʜʨʘʥʪʥʳʤ ʠ ʥʝʢʚʘʜʨʘʥʪʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ (ʚ 
ʟʥʘʢʝ) ʧʝʨʚʳʭ ʧʦʩʪʫʧʣʝʥʠʡ ʧʨʦʜʦʣʴʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 
ɿʝʤʣʠ. ʉʣʝʜʩʪʚʠʝʤ ʟʝʤʣʝʪʨʷʩʝʥʠʷ  ʤʦʛʫʪ ʙʳʪʴ ʜʚʠʞʝʥʠʝ ʤʘʛʤʳ ʠʟ ʚʫʣʢʘʥʠʯʝ-
ʩʢʠʭ ʦʯʘʛʦʚ, ʠʟ ʤʘʥʪʠʠ, ʠʟʚʝʨʞʝʥʠʝ ʚʫʣʢʘʥʦʚ. ʄʘʛʤʘʪʠʟʤ ʚ ʙʫʜʫʱʝʤ ʚ ʨʝʟʫʣʴ-
ʪʘʪʝ ʠʟʚʝʨʞʝʥʠʡ ʵʬʬʫʟʠʚʘ ʠʣʠ ʛʣʫʙʠʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠʥʪʨʫʟʠʚʘ ʠʟ ʚʳʩʦʢʦʪʝʤʧʝ-
ʨʘʪʫʨʥʦʡ ʤʘʛʤ  rʧʨʠ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʟʘʩʪʳʚʘʥʠʠ ʩʧʦʩʦʙʥʘ ʩʦʭʨʘʥʠʪʴ ("ʟʘʧʦʤ-
ʥʠʪʴ") ʵʥʝʨʛʠʶ ʪʝʧʣʘ ʚ ʚʠʜʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʇʦʪʝʥʮʠʘʣʴ-
ʥʘʷ ʵʥʝʨʛʠʠ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʪʘʢ ʢʘʢ 
ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʪʨʠʛʛʝʨʥʳʭ ʩʠʣ ʧʨʝʜʝʣʴʥʳʝ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʦʙʫʩʣʘʚ-
ʣʠʚʘʶʪ ʚʟʨʳʚʦʧʦʜʦʙʥʦʝ ʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʝʤʣʝʪʨʷʩʝʥʠʝ, ʛʦʨʥʳʝ ʫʜʘʨʳ, ʤʦʜʝʣʴ ʦʯʘʛʘ ʟʝʤʣʝʪʨʷ-
ʩʝʥʠʷ, ʦʩʪʘʪʦʯʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʪʝʢʪʦʥʠʯʝʩʢʠʡ ʨʘʟʨʳʚ, ʩʝʡʩʤʠʯʝʩʢʘʷ ʚʦʣʥʘ, 
ʫʧʨʫʛʘʷ ʦʪʜʘʯʘ. 

 
Abstract: Based on the established mechanism of rock bursts, and analysis of 

the available experimental characteristics and facts of tectonic earthquakes, a theoret-
ical model of volumetric focuses and the mechanism of earthquakes are substantiated, 
which make it possible to explain the terrain localization of faults and contacts of mag-
matic formations of catastrophic seismic events, as well as quadrant and non-quadrant 
distribution (in sign) of the first arrivals of longitudinal seismic waves on the surface of 
the earth. The earthquake may cause the movement of magma from volcanic sources, 
from the mantle, the eruption of volcanoes. Future magmatism as a result of effusive 
eruptions or deep intrusion movement from high-temperature magma with uneven so-
lidification can save (ñrememberò) the heat energy in the form of genetic residual 
stresses. The potential energy of elastic deformation can be the cause of an earth-
quake, because under the influence of trigger forces, the limiting residual stresses 
cause explosive dynamic destruction of rocks. 

Key words: earthquake, rock bursts, earthquake focus model, residual stress, 

tectonic fault, seismic wave, elastic recoil. 
 

ɺʚʝʜʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝ-
ʥʠʡ ʩʯʠʪʘʝʪʩʷ ʧʨʝʜʝʣʴʥʦʝ ʤʝʭʘʥʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʚʝʣʠʯʠʥʘ ʠ ʭʘʨʘʢʪʝʨ ʢʦʪʦʨʦʛʦ 
ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ ʠ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ 
ʥʘʧʨʷʞʝʥʠʡ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʄʝʭʘʥʠʟʤ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʦʪ 
ʧʨʝʜʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʦʯʘʛʘʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠʟʫʯʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʦ. ʀʤʝ-
ʶʱʠʝʩʷ ʢʣʘʩʩʠʯʝʩʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʝ ʦʯʘʛʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʦʩʥʦʚʘʥʳ 
ʥʘ ʧʦʣʦʞʝʥʠʷʭ ʪʝʦʨʠʠ ʫʧʨʫʛʦʡ ʦʪʜʘʯʠ ʈʝʡʜʘ [1].  

ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʪʝʦʨʠʠ, ʤʝʭʘʥʠʟʤ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʧʨʝ-
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ʜʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʤ ʣʦʢʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʟʝʤʥʦʡ ʢʦʨʳ ʦʙʨʘʟʫʶʪʩʷ ʪʨʝʱʠʥʳ ʠʣʠ ʨʘʟ-
ʣʦʤʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʷʪ "ʫʧʨʫʛʘʷ ʦʪʜʘʯʘ ʩʪʦʨʦʥ (ʙʝʨʝʛʦʚ) ʪʨʝʱʠʥ ʢ ʪʘʢʦʤʫ ʧʦ-
ʣʦʞʝʥʠʶ, ʚ ʢʦʪʦʨʦʤ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʫʧʨʫʛʘʷ ʜʝʬʦʨʤʘʮʠʷ", ʚʠʙʨʘʮʠʠ ʩʚʷʟʘʥʥʳʝ ʩ ʟʝʤ-
ʣʝʪʨʷʩʝʥʠʷʤʠ, ʟʘʨʦʞʜʘʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʳʚʘ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʠʩʩʣʝ-
ʜʦʚʘʥʠʡ ʦʧʨʝʜʝʣʠʣʦ ʦʪʢʨʳʪʠʝ ʢʚʘʜʨʘʥʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʝʨʚʳʭ ʚʩʪʫʧʣʝʥʠʡ ʧʨʦ-
ʜʦʣʴʥʳʭ ʚʦʣʥ, ʩʜʝʣʘʥʥʦʝ ʷʧʦʥʩʢʠʤʠ ʩʝʡʩʤʦʣʦʛʘʤʠ. ʉʫʱʥʦʩʪʴ ʢʚʘʜʨʘʥʪʥʦʛʦ ʨʘʩʧʨʝ-
ʜʝʣʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʝʨʚʳʝ ʚʩʪʫʧʣʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ ʚ ʜʚʫʭ ʧʨʦʪʠ-
ʚʦʧʦʣʦʞʥʳʭ ʢʚʘʜʨʘʥʪʘʭ ʩʬʝʨʳ ʚʦʢʨʫʛ ʦʯʘʛʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʦʣʥʝ ʩʞʘʪʠʷ, ʘ ʚ ʜʨʫʛʦʡ 
ʧʘʨʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʢʚʘʜʨʘʥʪʦʚ ʩʬʝʨʳ - ʚʦʣʥʝ ʨʘʟʨʝʞʝʥʠʷ.  

ʅʘ ʨʠʩ. 1 ʠʟʦʙʨʘʞʝʥʳ ʨʘʟʥʳʝ ʚʠʜʳ ʧʝʨʚʳʭ ʚʩʪʫʧʣʝʥʠʡ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʩʦ-
ʛʣʘʩʥʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ. ɼʚʘ ʙʦʣʴʰʠʭ ʢʨʫʛʘ ʥʘ ʩʬʝʨʝ, ʛʜʝ ʧʨʦʠʩʭʦ-
ʜʠʪ ʩʤʝʥʘ ʟʥʘʢʘ ʧʝʨʚʳʭ ʚʩʪʫʧʣʝʥʠʡ ʠ ʛʜʝ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʤʝʱʝʥʠʷ ʨʘʚʥʳ ʥʫʣʶ, 
ʥʘʟʳʚʘʶʪʩʷ ʥʦʜʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ. ʇʦʣʥʘʷ ʢʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʝʨʚʳʭ ʚʩʪʫʧʣʝ-
ʥʠʡ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʛʣʘʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ 
ʦʯʘʛʝ. ɺ ʩʚʦʝ ʚʨʝʤʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʝʨʚʳʭ ʚʩʪʫʧʣʝʥʠʡ ɸ.ɺ. ɺʝ-
ʜʝʥʩʢʘʷ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʧʦʩʪʨʦʠʣʘ ʢʘʨʪʫ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ɿʝʤʣʠ [2], ʛʜʝ ʧʦ-
ʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʩʝʡʩʤʠʯʝʩʢʠ ʘʢʪʠʚʥʘʷ ʦʙʣʘʩʪʴ ʟʝʤʥʦʛʦ ʰʘʨʘ-ʊʠʭʦʦʢʝʘʥʩʢʠʡ 
ʩʝʡʩʤʠʯʝʩʢʠʡ ʧʦʷʩ - ʥʘʭʦʜʠʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʩʞʘʪʠʷ, 
ʠ ʥʘʦʙʦʨʦʪ, ʦʩʥʦʚʥʳʝ ʨʠʬʪʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ɿʝʤʣʠ (ʉʨʝʜʠʥʥʦ-ɸʪʣʘʥʪʠʯʝʩʢʠʡ ʭʨʝʙʝʪ, 
ɺʦʩʪʦʯʥʦ - ɸʬʨʠʢʘʥʩʢʠʡ ʠ ɹʘʡʢʘʣʴʩʢʠʡ ʨʠʬʪʳ) ʥʘʭʦʜʷʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʠʟʦʥʪʘʣʴ-
ʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ. 

ʇʦ ʪʝʦʨʠʠ ʈʝʡʜʘ ʫʧʨʫʛʘʷ ʦʪʜʘʯʘ ʜʦʣʞʥʘ ʜʝʡʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, 
ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʱʠʥʳ (ʨʘʟʨʳʚʘ), ʧʨʠʯʝʤ ʚʩʝʛʜʘ ʠ ʚʩʶʜʫ ʜʦʣʞʥʦ 
ʥʘʙʣʶʜʘʪʴʩʷ ʪʦʣʴʢʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʧʝʨʚʦʝ ʚʩʪʫʧʣʝʥʠʝ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ (ʜʚʠʞʝ-
ʥʠʝ ʦʪ ʦʯʘʛʘ ʢ ʥʘʙʣʶʜʘʪʝʣʶ), ʪʘʢ ʢʘʢ ʧʦ ʜʘʥʥʦʡ ʪʝʦʨʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʯʘʛ-
ʧʣʦʩʢʦʩʪʴ ʨʘʟʨʳʚʘ. ʂʚʘʜʨʘʥʪʥʦʝ ʠ ʩʤʝʰʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪ-
ʨʠʮʘʪʝʣʴʥʳʭ ʚʩʪʫʧʣʝʥʠʡ, ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʦʧʨʦʚʝʨʛʘʝʪ ʜʘʥʥʦʝ ʧʦ-
ʣʦʞʝʥʠʝ. ʉʜʚʠʛʦʚʘʷ ʤʦʜʝʣʴ ʦʯʘʛʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʷʧʦʥʩʢʠʤ ʠʩʩʣʝʜʦ-
ʚʘʪʝʣʝʤ ʅʘʢʘʥʦ, ʭʦʪʷ ʠ ʦʙʲʷʩʥʷʝʪ ʢʚʘʜʨʘʥʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʝʨʚʳʭ ʚʩʪʫʧʣʝʥʠʡ, 
ʥʦ ʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʦʣʦʞʝʥʠʝʤ ʦʙ ʫʧʨʫʛʦʡ ʦʪʜʘʯʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʳʚʘ, ʘ ʪʘʢʞʝ ʩ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʬʘʢʪʘʤʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʠ ʩʤʝʰʘʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʝʨ-
ʚʳʭ ʚʩʪʫʧʣʝʥʠʡ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʪʝʦʨʠʠ ʠ ʤʦʜʝʣʠ ʥʝ ʨʘʩʢʨʳʚʘʶʪ ʤʝʭʘʥʠʟʤ ʚʦʟʥʠʢ-
ʥʦʚʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʥʝ ʦʙʲʷʩʥʷʶʪ ʠʭ ʧʝʨʠʦʜʠʯʥʦʩʪʴ, ʣʦʢʘʣʴʥʦʩʪʴ ʠ ʧʨʠʫʨʦʯʝʥ-
ʥʦʩʪʴ ʢ ʟʦʥʘʤ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʘʟʣʦʤʦʚ.  

 
 

ʈʠʩ.1. ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ ʧʨʠ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʠʤʧʫʣʴʩʘʭ.  1 - ʠʩ-
ʢʫʩʩʪʚʝʥʥʳʡ ʚʟʨʳʚ (ʚʝʨʭʥʠʡ); 2 - ʪʝʢʪʦʥʠʯʝʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ (ʩʨʝʜʥʠʡ); 3 - ʦʙʚʘʣʴʥʦʝ 
ʟʝʤʣʝʪʨʷʩʝʥʠʝ (ʥʠʞʥʠʡ); (+) - ʧʝʨʚʦʝ ʜʚʠʞʝʥʠʝ ʦʪ ʦʯʘʛʘ; (-) - ʧʝʨʚʦʝ ʜʚʠʞʝʥʠʝ ʢ ʦʯʘʛʫ. 

 

ʄʝʪʦʜʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘ ʦʩʥʦʚʝ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 
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ʛʦʨʥʳʭ ʫʜʘʨʦʚ, ʠ ʘʥʘʣʠʟʘ ʠʤʝʶʱʠʭʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʬʘʢʪʦʚ 
ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘʤʠ ʙʳʣʘ ʦʙʦʩʥʦʚʘʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʙʲʸʤ-
ʥʳʭ ʦʯʘʛʦʚ ʠ ʤʝʭʘʥʠʟʤ ʟʝʤʣʝʪʨʷʩʝʥʠʡ [3] (ʨʠʩ. 2).  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʦʨʥʳʝ ʫʜʘʨʳ ʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʜʝʣʠʪʴ 
ʥʘ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʠ ʦʙʚʘʣʴʥʳʝ (ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ), ʪʘʢ ʢʘʢ ʚ ʵʪʠʭ ʜʚʫʭ ʩʣʫʯʘʷʭ ʤʝʭʘ-
ʥʠʟʤ ʠ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʦʯʘʛʝ ʨʘʟʥʳʡ. ʆʙʚʘʣʴʥʳʝ ʛʦʨʥʳʝ ʫʜʘʨʳ 
ʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʚʝʩʴʤʘ ʨʝʜʢʦ ʠ ʧʦ ʩʠʣʝ ʩʣʘʙʳʝ. ɺ ʦʩʥʦʚʥʦʤ ʚ ʟʝʤʥʦʡ 
ʢʦʨʝ ʠ ʣʠʪʦʩʬʝʨʝ ʠʤʝʶʪ ʤʝʩʪʦ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʊʘʢ ʥʘʟʳʚʘʝʤʦʝ ʚʫʣ-
ʢʘʥʠʯʝʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ - ɻ ʪʦ ʩʣʝʜʩʪʚʠʝ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ɺ ʦʪʣʠʯʠʝ 
ʦʪ ʦʙʚʘʣʴʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ (ʨʘʟʨʫʰʝʥʠʷ ʦʪ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ) ʧʨʠ ʪʝʢʪʦʥʠʯʝʩʢʦʤ 
ʟʝʤʣʝʪʨʷʩʝʥʠʠ, ʨʘʟʨʫʰʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʦʙʲʸʤʥʦʤ ʦʯʘʛʝ ʷʚʣʷʝʪʩʷ ʚʟʨʳʚʦʧʦʜʦʙ-
ʥʳʤ, ʪ.ʝ. ʧʨʦʠʩʪʝʢʘʝʪ ʧʦ ʧʨʠʥʮʠʧʫ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ [3]. 

ʉʫʱʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʡ ʥʘʤʠ ʤʦʜʝʣʠ ʠ ʤʝʭʘʥʠʟʤʘ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷ-
ʩʝʥʠʡ ʧʦʷʩʥʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʣʝʜʫʶʱʠʭ ʧʦʣʦʞʝʥʠʡ ʠ ʜʘʥʥʳʭ ʨʠʩ. 2 

 
ʈʠʩ. 2. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʙʲʸʤʥʳʭ ʦʯʘʛʦʚ ʠ ʤʝʭʘʥʠʟʤʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

 
ʉ, ʇ, ʄ - ʦʯʘʛʠ ʩʠʣʴʥʦʛʦ, ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ, ʤʘʣʦʤʦʱʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 
1 ï ʪʝʢʪʦʥʠʯʝʩʢʠʡ ʨʘʟʣʦʤ; 2 ï ʟʦʥʘ ʚʣʠʷʥʠʷ ʨʘʟʣʦʤʘ; 
ð Å ð Å ð  ï ʛʨʘʥʠʮʘ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ; 

Ä ïʨʘʩʪʷʛʠʚʘʶʱʝʝ ʦʩʪʘʪʦʯʥʦʝ ʥʘʧʨʷʞʝʥʠʝ;  ï ʩʞʠʤʘʶʱʝʝ ʦʩʪʘʪʦʯʥʦʝ ʥʘʧʨʷʞʝ-

ʥʠʝ; 
+,       - ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʧʝʨʚʦʝ ʚʩʪʫʧʣʝʥʠʝ (ʜʚʠʞʝʥʠʝ ʦʪ ʦʯʘʛʘ) ʧʨʦʜʦʣʴʥʦʡ ʩʝʡʩʤʠʯʝ-
ʩʢʦʡ ʚʦʣʥʳ; 
ï  ï ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʧʝʨʚʦʝ ʚʩʪʫʧʣʝʥʠʝ (ʜʚʠʞʝʥʠʝ ʢ ʦʯʘʛʫ) ʧʨʦʜʦʣʴʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ 
ʚʦʣʥʳ. 

. 
1. ʊʝʢʪʦʥʠʯʝʩʢʦʝ  ʟʝʤʣʝʪʨʷʩʝʥʠʝ  ï  ʵʪʦ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʩʝʡʩʤʠʯʝʩʢʦʝ ʢʦʣʝʙʘ-

ʥʠʝ ʯʘʩʪʠ ʣʠʪʦʩʬʝʨʳ ʚʩʣʝʜʩʪʚʠʝ ʩʘʤʦʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦʩʷ ʚʟʨʳʚʦʧʦʜʦʙʥʦʛʦ ʨʘʟʨʫ-
ʰʝʥʠʷ ʧʨʝʜʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʦʙʲʝʤʥʦʤ ʦʯʘʛʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʚʳ-
ʩʚʦʙʦʞʜʝʥʠʝʤ ʧʦ ʧʨʠʥʮʠʧʫ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ ʵʥʝʨʛʠʠ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ 
ʥʘʨʫʰʝʥʠʠ ʠʭ ʨʘʚʥʦʚʝʩʠʷ ʪʨʠʛʛʝʨʥʳʤʠ (ʩʧʫʩʢʦʚʳʤʠ ʚʥʝʰʥʠʤʠ) ʩʠʣʘʤʠ, ʪ.ʝ. ʩʠʣʘʤʠ, 
ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ  ʩʣʠʷʥʠʝʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʣʷʶʱʝʛʦ ʩ ʩʠʣʘʤʠ ʧʣʘʥʝʪʘʨʥʦʛʦ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɿʝʤʣʠ ʩ ʥʝʙʝʩʥʳʤʠ ʪʝʣʘʤʠ ʠʣʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 
ʥʘʧʨʷʞʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  
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2. ʉʘʤʦʧʦʜʜʝʨʞʠʚʘʶʱʝʝʩʷ, ʚʟʨʳʚʦʧʦʜʦʙʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʦʙʲʝʤ-
ʥʦʤ ʦʯʘʛʝ ʦʙʫʩʣʦʚʣʝʥʦ ʦʩʚʦʙʦʞʜʝʥʠʝʤ ʵʥʝʨʛʠʠ ʧʨʝʜʝʣʴʥʳʭ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 
(ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʠʭ ʨʘʚʥʦʚʝʩʠʷ), ʠʤʝʶʱʠʭʩʷ ʥʘ ʩʪʨʫʢʪʫʨʥʳʭ ʫʨʦʚʥʷʭ ʦʪ ʢʨʠʩʪʘʣʣʠʯʝ-
ʩʢʦʡ ʨʝʰʝʪʢʠ ʜʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʪʜʝʣʴʥʦʩʪʝʡ ʚ ʟʦʥʘʭ ʘʢʪʠʚʥʳʭ ʪʝʢ-
ʪʦʥʠʯʝʩʢʠʭ ʨʘʟʣʦʤʦʚ, ʢʦʥʪʘʢʪʦʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ, ʤʝʪʘʤʦʨʬʠʯʝ-
ʩʢʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ.  

3. ʋʧʨʫʛʘʷ ʦʪʜʘʯʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʣʦʩʪʠ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʘʟʨʫ-
ʰʝʥʠʠ ʧʨʝʜʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʦʙʲʝʤʥʦʤ ʦʯʘʛʝ, ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ 
ʩʝʡʩʤʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʯʘʩʪʠ ʣʠʪʦʩʬʝʨʳ.  

4. ʅʘʧʨʘʚʣʝʥʠʝ ʫʧʨʫʛʦʡ ʦʪʜʘʯʠ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʢʘ ʥʘʧʨʷʞʝʥʠʡ ʠʤʝʶʱʠʭʩʷ ʥʘ ʤʝ-
ʩʪʘʭ ʙʫʜʫʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʣʦʩʪʠ (ʦʯʘʛʘ) ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ  ʜʠʥʘʤʠʯʝʩʢʦʝ  ʨʘʟ-
ʨʫʰʝʥʠʝ  ʛʦʨʥʳʭ ʧʦʨʦʜ:  ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʧʨʝʜʝʣʘʭ ʦʙʲʝʤʦʚ, ʛʜʝ ʠʤʝ-
ʶʪʩʷ ʩʞʠʤʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʧʝʨʚʳʝ ʚʩʪʫʧʣʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ ʚʩʶʜʫ ʦʪʨʠʮʘ-
ʪʝʣʴʥʳʝ (ʜʚʠʞʝʥʠʝ ʢ ʦʯʘʛʫ); ʛʜʝ ʠʤʝʶʪʩʷ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʝʨʚʳʝ ʚʩʪʫʧ-
ʣʝʥʠʷ ï ʧʦʣʦʞʠʪʝʣʴʥʳʝ (ʜʚʠʞʝʥʠʝ ʦʪ ʦʯʘʛʘ); ʛʜʝ ʚ ʦʯʘʛʝ ʠʤʝʶʪʩʷ ʠ ʩʞʠʤʘʶʱʠʝ ʠ 
ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʪʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʚ ʨʘʟ-
ʥʳʭ ʤʝʩʪʘʭ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʚʳʝ ʚʩʪʫʧʣʝʥʠʷ ʙʫʜʫʪ ʠʤʝʪʴ ʨʘʟʥʳʝ ʟʥʘʢʠ (ʩʤ. 
ʨʠʩ.2), ʠ ʚ ʨʘʟʥʳʭ ʩʣʫʯʘʷʭ ʚʦʟʤʦʞʥʦ ʢʘʢ ʩʠʤʤʝʪʨʠʯʥʦʝ, ʪʘʢ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʝ ʨʘʩ-
ʧʨʝʜʝʣʝʥʠʝ ʧʝʨʚʳʭ ʚʩʪʫʧʣʝʥʠʡ ʧʨʦʜʦʣʴʥʦʡ ʫʧʨʫʛʦʡ ʚʦʣʥʳ.  

5. ʄʝʩʪʦ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ï ʵʪʦ ʟʦʥʳ ʘʢʪʠʚʥʳʭ ʢʨʫʧʥʳʭ ʪʝʢʪʦʥʠʯʝ-
ʩʢʠʭ ʨʘʟʣʦʤʦʚ ʚʳʪʷʥʫʪʳʭ ʚʜʦʣʴ ʛʨʘʥʠʮ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ, ʨʠʬʪʦʚʳʝ ʟʦʥʳ, ʟʦʥʳ ʛʝʦ-
ʣʦʛʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ, ʢʦʥʪʘʢʪʦʚ ʠ ʧʝʨʝʭʦʜʦʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʠ 
ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ï ʤʝʩʪʘ, ʛʜʝ ʠʤʝʶʪʩʷ ʚʟʘʠʤʥʦ ʫʨʘʚʥʦʚʝʰʝʥʥʳʝ ʧʨʝ-
ʜʝʣʴʥʳʝ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ. ʂʦʥʢʨʝʪʥʦʝ ʤʝʩʪʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʚʝʨʦ-
ʷʪʥʦʛʦ ʤʝʩʪʘ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʡʩʪʚʠʝʤ 
ʪʨʠʛʛʝʨʥʳʭ ʩʠʣ ʚ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʣʠ 
ʜʝʡʩʪʚʠʷ ʧʨʠʨʦʜʥʳʭ ʩʠʣ. 

6. ɺʨʝʤʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʝʨʠʦʜʦʤ ʤʘʢʩʠʤʫʤʘ 
ʩʠʣ ʧʣʘʥʝʪʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɿʝʤʣʠ ʩ ʥʝʙʝʩʥʳʤʠ ʪʝʣʘʤʠ, ʚʨʝʤʝʥʝʤ ʢʦʥ-
ʮʝʥʪʨʘʮʠʠ (ʚ ʥʘʧʨʷʞʝʥʥʳʭ ʟʦʥʘʭ) ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʠʣʠ ʜʨʫʛʠʭ ʩʠʣ ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 
ʤʘʩʩʠʚʝ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʊʦʯʥʦʝ ʚʨʝʤʷ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʨʝ-
ʤʝʥʝʤ ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ ʠ ʯʘʩʪʦ ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʛʦʨ-
ʥʳʭ ʧʦʨʦʜ ʠ ʥʘʧʨʷʞʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ, ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʝʨʝʜ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ 
ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ.  

7. ʉʠʣʘ (ʵʥʝʨʛʠʷ) ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʦʚʥʝʤ ʠʤʝ-
ʶʱʠʭʩʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʢʦʥʪʫʨʘ ʙʫʜʫʱʝʛʦ ʦʯʘʛʘ (ʛʠʧʦʮʝʥʪʨʘ) ʠ ʦʙʲʝ-
ʤʦʤ ʨʘʟʨʫʰʝʥʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʪ.ʝ.: 

 

              Wr = 
˒
  ï  ‎̐ Ὓ                 (1), 

 
 ʛʜʝ     Wr - ʦʙʱʘʷ ʵʥʝʨʛʠʷ ʛʦʨʥʦʛʦ ʫʜʘʨʘ ʠʣʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ; ůs = ůo + ůr + ůʧ - 
ʩʫʤʤʘʨʥʦʝ ʥʦʨʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ,  ʜʝʡʩʪʚʫʶʱʝʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʢʦʥʪʫʨʘ ʦʯʘʛʘ;  ůo 
- ʦʩʪʘʪʦʯʥʦʝ ʥʘʧʨʷʞʝʥʠʝ;  ůr - ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ; ůʇ - ʧʨʠʣʠʚʥʦʝ (ʪʨʠʛʛʝʨ-
ʥʦʝ) ʥʘʧʨʷʞʝʥʠʝ; V - ʦʙʲʸʤ ʦʙʨʘʟʦʚʘʥʥʳʡ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʘʟʨʫʰʝʥʠʠ ʛʦʨʥʳʭ ʧʦ-
ʨʦʜ ʧʦʣʦʩʪʠ; ɔʇ ïʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ ʨʘʟʨʫʰʝʥʠʷ (ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨ-
ʛʠʷ) ʛʦʨʥʦʡ ʧʦʨʦʜʳ; S ïʧʣʦʱʘʜʴ ʚʥʦʚʴ ʦʙʨʘʟʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʦʤ 
ʨʘʟʨʫʰʝʥʠʠ.  
 ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 2, ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʜʘʶʪ ʢʚʘʜʨʘʥʪʥʦʝ ʨʘʩ-
ʧʨʝʜʝʣʝʥʠʝ ʧʝʨʚʳʭ ʚʩʪʫʧʣʝʥʠʡ ʧʨʦʜʦʣʴʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʚʦʣʥʳ. ʉʦʛʣʘʩʥʦ ʤʦʜʝʣʠ, 
ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʙʲʸʤ ʦʙʨʘʟʦʚʘʥʥʦʡ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʛʦʨ-
ʥʳʭ ʧʦʨʦʜ ʧʦʣʦʩʪʠ (ʦʯʘʛʘ) ʟʥʘʯʠʪʝʣʴʥʳʡ ʠ ʦʭʚʘʪʳʚʘʝʪ ʫʯʘʩʪʢʠ ʩ ʨʘʩʪʷʛʠʚʘʶʱʠʤʠ ʠ 
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ʩʞʠʤʘʶɦʠʤʠ ʦʩʪʘʪʦʯʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ. ɺ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʦ-
ʩʪʠ ʥʘʧʨʘʚʣʝʥʠʷʭ ʠʟ ʫʯʘʩʪʢʦʚ ʩ ʨʘʩʪʷʛʠʚʘʶʱʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʠʟʣʫʯʘʶʪʩʷ ʚʦʣʥʳ 
ʩʞʘʪʠʷ, ʠʟ ʫʯʘʩʪʢʦʚ ʩʦ ʩʞʠʤʘʶʱʠʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʦʣʥʳ ʨʘʟʨʷ-
ʞʝʥʠʷ (ʨʘʩʪʷʞʝʥʠʷ). 
  ʄʘʣʦʤʦʱʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠʣʠ ʩʠʣʴʥʳʝ ʛʦʨʥʳʝ ʫʜʘʨʳ, ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠ, 
ʧʨʦʠʩʭʦʜʷʪ ʚ ʦʩʥʦʚʥʦʤ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʨʘʟʥʦʠʤʝʥʥʳʭ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ, 
ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʚ ʦʩʥʦʚʥʦʤ ʚʩʶʜʫ ʜʘʶʪ ʪʦʣʴʢʦ 
ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʧʝʨʚʳʝ ʚʩʪʫʧʣʝʥʠʷ, ʪ.ʝ. ʚʦʣʥʫ ʨʘʟʨʷʞʝʥʠʷ.  
 ɺ ʤʦʜʝʣʠ ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʩʪʴʶ ʦʙʲʸʤʘ ʦʯʘʛʘ (ʦʙʨʘʟʦʚʘʥʥʦʡ 
ʧʦʣʦʩʪʠ) ʠ ʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴʶ ʝʛʦ ʚ ʧʨʝʜʝʣʘʭ ʦʙʲʸʤʦʚ, ʛʜʝ ʠʤʝʶʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʠʝ 
ʩʞʠʤʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ.  
 ɼʘʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʬʘʢʪʘʤʠ ʚʦʟʥʠʢʥʦʚʝ-
ʥʠʷ ʚʦʣʥ ʨʘʟʛʨʫʟʢʠ ʠ ʭʘʨʘʢʪʝʨʦʤ ʧʝʨʚʳʭ ʚʩʪʫʧʣʝʥʠʡ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʧʨʠ ʛʦʨʥʳʭ 
ʫʜʘʨʘʭ. ʅʘʧʨʠʤʝʨ,"ʧʨʠ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʷʭ ʟʘ ʩʦʪʨʷʩʝʥʠʷʤʠ, ʚʳʟʳʚʘ-
ʝʤʳʤʠ ʛʦʨʥʳʤʠ ʫʜʘʨʘʤʠ ʚ ʰʘʭʪʘʭ ʂʣʘʜʥʦ (ʏʉʉʈ), ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʚʩʝʭ ʟʘʧʠʩʷʭ 
ʩʦʪʨʷʩʝʥʠʡ ʚʩʪʫʧʣʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʦʪʚʝʯʘʝʪ ʨʘʟʨʝʞʝʥʠʶ "[4].  
 ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʦ ʤʦʜʝʣʠ ʜʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘ-
ʪʝʣʴʥʳʝ ʧʝʨʚʳʝ ʚʩʪʫʧʣʝʥʠʷ, ʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʭ ʧʨʠ ʵʪʦʤ ʥʝ ʢʚʘʜʨʘʥʪʥʦʝ. ʉʣʝʜʫʝʪ 
ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦʟʤʦʞʥʳ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʵʪʠʭ ʧʨʘʚʠʣ, ʪ.ʝ. ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠ ʚʩʝ ʟʘʚʠʩʠʪ 
ʦʪ ʪʦʛʦ, ʛʜʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʦʯʘʛ ʠ ʢʘʢʦʚ ʝʛʦ ʨʘʟʤʝʨ. 
 ɺ ʤʦʜʝʣʠ ʜʦʧʫʩʢʘʝʪʩʷ ʠ ʪʘʢʦʝ ʝʩʪʝʩʪʚʝʥʥʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ (ʦʙʳʯʥʦ ʨʝʜʢʦʝ ʠ 
ʥʝʩʠʣʴʥʦʝ), ʦʪ ʢʦʪʦʨʦʛʦ ʠʟʣʫʯʘʝʪʩʷ ʚʦ ʚʩʝ ʩʪʦʨʦʥʳ ʪʦʣʴʢʦ ʚʦʣʥʳ ʩʞʘʪʠʷ (ʧʝʨʚʦʝ 
ʚʩʪʫʧʣʝʥʠʝ ʚʩʶʜʫ ʧʦʣʦʞʠʪʝʣʴʥʦʝ), ʪ.ʝ. ʪʘʢʦʝ ʩʦʪʨʷʩʝʥʠʝ, ʢʘʢʦʝ ʙʳʚʘʝʪ ʦʪ ʧʨʦʤʳʰ-
ʣʝʥʥʦʛʦ ʚʟʨʳʚʘ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʛʦ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ.  
ɼʦʧʫʩʢʘʝʪʩʷ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʘʷ ʬʦʨʤʘ ʦʙʲʸʤʥʦʛʦ ʦʯʘʛʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ (ʦʙʨʘ-
ʟʦʚʘʥʥʦʡ ʦʪ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦʣʦʩʪʠ) - ɻ ʣʠʧʩʦʠʜ ʚʨʘʱʝʥʠʷ, 
ʙʦʣʴʰʘʷ ʧʦʣʫʦʩʴ ʢʦʪʦʨʦʡ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʠʣʠ ʧʘʜʝʥʠʶ ʨʘʟʣʦʤʘ (ʘʢ-
ʪʠʚʥʦʡ ʟʦʥʳ).  
 ʇʦ ʩʝʯʝʥʠʶ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʢ ʙʦʣʴʰʦʡ ʧʦʣʫʦʩʠ ʥʘʧʨʘʚʣʝʥʠʠ ʠʤʝʝʤ ʢʨʫ-
ʛʦʚʫʶ ʦʙʣʘʩʪʴ (ʥʘ ʨʠʩ. 2 ʦʥʘ ʧʦʢʘʟʘʥʘ ʢʘʢ ʦʯʘʛ ʟʝʤʣʝʪʨʷʩʝʥʠʷ). ʋʢʘʟʘʥʥʘʷ ʚʟʘʠʤʦ-
ʩʚʷʟʴ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʦʩʪʘʪʦʯʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ, ʫʨʦʚʝʥʴ ʢʦʪʦʨʳʭ 
ʚʳʩʦʢ ʚ ʟʦʥʘʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʘʟʣʦʤʦʚ, ʢʦʥʪʘʢʪʦʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ 
ʦʙʨʘʟʦʚʘʥʠʡ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʌ.ʅ. ʖʜʘʭʠʥʘ ʠ ʊ.ʗ. ɹʝʣʝʥʦʚʠʯ [5], ʢʦʪʦʨʳʝ ʦʪ-
ʤʝʯʘʶʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʨʦʪʷʞʝʥʥʳʝ ʟʦʥʳ ʩʞʘʪʠʷ ʠ ʨʘʩʪʷʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʨʘʥʠ-
ʮʘʤ ʤʠʢʨʦʧʣʠʪ, ʪʠʧʳ ʤʝʭʘʥʠʟʤʦʚ ʦʯʘʛʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠʟʤʝʥʷʶʪʩʷ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ 
ʦʪ ʢʨʫʧʥʳʭ ʨʘʟʣʦʤʦʚ, ʨʘʟʜʝʣʷʶʱʠʭ ʤʠʢʨʦʧʣʠʪʳ  ʣʠʪʦʩʬʝʨʳ, ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩʛʨʫʧ-
ʧʠʨʦʚʘʥʳ ʚʜʦʣʴ ʥʘʢʣʦʥʥʳʭ ʚʳʪʷʥʫʪʳʭ ʫʟʢʠʭ ʟʦʥ ʠ ʧʦ ʚʝʨʪʠʢʘʣʠ.  
 ʌʘʢʪ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ɸ.ɺ. ɺʚʝʜʝʥʩʢʦʡ ʩ ʫʯʝʥʠʢʘʤʠ [2], ʦ ʪʦʤ, ʯʪʦ ʚ ʩʝʡʩʤʠʯʝ-
ʩʢʠʭ ʧʦʷʩʘʭ ʟʝʤʥʦʛʦ ʰʘʨʘ ʦʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʦʩʝʡ ʥʘʧʨʷʞʝʥʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʦʯʘʛʘʭ, 
ʥʘʧʨʘʚʣʝʥʘ ʧʦʯʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʧʨʦʩʪʠʨʘ-
ʥʠʶ ʩʪʨʫʢʪʫʨ (ʥʘʧʨʠʤʝʨ, ʧʨʦʩʪʠʨʘʥʠʝ ʛʦʨʥʳʭ ʭʨʝʙʪʦʚ), ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʛʣʫʙʠʥʳ ʦʯʘʛʘ 
ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʟʘʠʤʦʩʚʷʟʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʪʘʪʦʯʥʳʭ 
ʥʘʧʨʷʞʝʥʠʡ ʩ ʟʝʥ ʤʣʝʪʨʩ̫ʝʠʷʤʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʜʚʠʛ, ʩʙʨʦʩ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʨʘʟʨʫʰʝʥʠʷ, ʧʨʠʥʠʤʘʝʤʳʝ 
ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘ ʤʝʭʘʥʠʟʤ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʵʪʦ ʚʩʝʛʦ ʣʠʰʴ ʯʘʩʪʥʳʝ ʩʣʝʜʩʪʚʠʷ 
ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʦʙʲʸʤʥʦʤ ʦʯʘʛʝ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʦʙʲʸʤ-
ʥʘʷ ʤʦʜʝʣʴ ʦʯʘʛʘ ʠ ʤʝʭʘʥʠʟʤ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʢʦʥʮʝʧʮʠʠ ʧʨʦʷʚʣʝʥʠʷ 
ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʪʨʠʛʛʝʨʥʳʭ ʩʠʣ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʬʘʢʪʦʤ 
ʩʦʚʧʘʜʝʥʠʷ ʟʦʥ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʟʦʥʘʤʠ ʤʘʛʤʘʪʠʟʤʘ ɿʝʤʣʠ. 

ʉʨʘʚʥʝʥʠʝ ʢʘʨʪʳ ʵʧʠʮʝʥʪʨʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʥʦʛʦ 
ʰʘʨʘ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʤʘʛʤʘʪʠʟʤʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʰʝʡ ʧʣʘʥʝʪʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 
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ʚʳʪʷʥʫʪʳʝ ʟʦʥʳ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩʦʚʧʘʜʘʶʪ ʩ ʛʣʘʚʥʳʤʠ ʘʨʝʘʣʘʤʠ ʚ ʦʩʥʦʚ-
ʥʦʤ ʘʥʜʝʟʠʪʦʚʦʛʦ ʠ ʯʘʩʪʠʯʥʦ ʙʘʟʘʣʴʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ [3].  

ʉ ʤʘʛʤʘʪʠʟʤʦʤ, ʢʘʢ ʫʢʘʟʘʥʦ ʚʳʰʝ, ʩʚʷʟʘʥʦ ʛʝʥʝʪʠʯʝʩʢʦʝ ʦʩʪʘʪʦʯʥʦʝ ʥʘʧʨʷʞʝ-
ʥʠʝ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʝʡʩʤʦʘʢʪʠʚʥʳʝ ʟʦʥʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʛʦʨʥʦ-ʩʢʣʘʜʯʘʪʳʭ ʦʙ-
ʣʘʩʪʷʭ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʟʘʠʤʦʩʚʷʟʠ ʧʨʦʮʝʩʩʦʚ ʤʘʛʤʘʪʠʟʤʘ, ʟʝʤʣʝʪʨʷʩʝʥʠʷ 
ʠ ʛʦʨʦʦʙʨʘʟʦʚʘʥʠʷ. ɺʟʘʠʤʦʩʚʷʟʴ ʤʘʛʤʘʪʠʟʤʘ (ʚʫʣʢʘʥʠʟʤʘ) ʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʦʪʤʝ-
ʯʝʥʘ ʚ ʨʘʙʦʪʘʭ ɹ.ɻʫʪʝʥʙʝʨʛʘ, ʂ.ʈʠʭʪʝʨʘ, ɺ.ɺ.ɽʨʰʦʚʘ, ɸ.ɸ.ʅʦʚʠʢʦʚʘ, ɻ.ɹ.ʇʦʧʦʚʘ [6, 7], 
ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʢ ʛʦʨʥʦʩʢʣʘʜʯʘʪʳʤ ʦʙʣʘʩʪʷʤ -  ʚ ʨʘʙʦʪʝ ɺ.ʅ.ʐʦʣʧʦ 
[8], ʧʘʨʘʛʝʥʪʠʯʝʩʢʘʷ ʩʚʷʟʴ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʩ ʤʘʛʤʘʪʠʟʤʦʤ - ʚ ʨʘʙʦʪʝ ʄ.ɺ. 
ɻʟʦʚʩʢʦʛʦ [9]. 

 
 

ɺʳʚʦʜʳ 

1. ɼʚʠʞʝʥʠʝ ʤʘʛʤʳ ʠʟ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʦʯʘʛʦʚ ʠʣʠ ʠʟ ʤʘʥʪʠʠ, ʠʟʚʝʨʞʝʥʠʝ ʚʫʣ-
ʢʘʥʦʚ ʠʣʠ, ʩʢʘʞʝʤ, ʤʘʛʤʘʪʠʟʤ ʤʦʛʫʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʥʦ ʚ ʙʫʜʫʱʝʤ, 
ʧʦʩʢʦʣʴʢʫ ʠʟʚʝʨʞʝʥʥʘʷ (ʵʬʬʫʟʠʚ) ʠʣʠ ʛʣʫʙʠʥʥʘʷ ʥʝ ʠʟʚʝʨʞʝʥʥʘʷ (ʠʥʪʨʫʟʠʚ) ʚʳʩʦʢʦ-
ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʤʘʛʤʘ ʧʨʠ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʟʘʩʪʳʚʘʥʠʠ ʩʧʦʩʦʙʥʘ ʩʦʭʨʘʥʠʪʴ ("ʟʘʧʦʤ-
ʥʠʪʴ") ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʪʝʧʣʘ ʚ ʚʠʜʝ ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ (ʧʦʪʝʥʮʠʘʣʴ-
ʥʦʡ ʵʥʝʨʛʠʠ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ), ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʧʨʠʯʠʥʦʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʝʤ-
ʣʝʪʨʷʩʝʥʠʷ, ʪʘʢ ʢʘʢ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʪʨʠʛʛʝʨʥʳʭ ʩʠʣ ʧʨʝʜʝʣʴʥʳʝ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷ-
ʞʝʥʠʷ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʚʟʨʳʚʦʧʦʜʦʙʥʦʝ ʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ.  

2. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ, ʮʠʢʣʠʯʝʩʢʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʪʝʧʣʦ-
ʚʦʡ ʵʥʝʨʛʠʠ ʚ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ (ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝ-
ʥʠʡ), ʢʦʪʦʨʘʷ ʚ ʙʫʜʫʱʝʤ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʪʨʠʛʛʝʨʥʳʭ ʩʠʣ ʚʳʟʳʚʘʷ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 
ʩʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʠʣʠ ʚʦʟʨʦʞʜʘʪʴ ʨʘʟʣʦʤʳ, ʨʘʩʯʠʱʘʷ ʧʫʪʴ, ʪ.ʝ. ʨʘʩʢʨʳʚʘʷ ʢʘʥʘʣ 
ʜʣʷ ʥʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʠ ʚʝʱʝʩʪʚʘ ʠʟ ʥʝʜʨ ʚ ʚʠʜʝ ʨʘʩʧʣʘʚʣʝʥʥʦʡ 
ʤʘʛʤʳ. ʇʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʥʦ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʧʦʚʪʦʨʝʥʠʝ ʮʠʢʣʘ, 
ʯʝʨʝʟ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ. 
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RISK ANALYSIS OF THE LANDSLIDE ñKOY-TASHò IN MAYLUU-SUU,  

KYRGYZSTAN 
Torgoev I.A., Alyoshin Yu.G. 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʛʝʦʬʠʟʠʯʝ-

ʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʦʮʝʥʢʠ ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʟʤʦʞʥʳʤ ʧʦʚʪʦʨʥʳʤ ʩʤʝ-
ʱʝʥʠʝʤ ʦʧʦʣʟʥʷ ʂʦʡ-ʊʘʰ ʚ ʨ. ʄʘʡʣʫʫ-ʉʫʫ. ɼʦʣʛʦʩʨʦʯʥʳʝ ʜʦʟʳ ʧʦ ʦʮʝʥʢʘʤ ʩʧʝ-
ʮʠʘʣʠʩʪʦʚ ʢʦʤʧʘʥʠʠ ɺʀʉʋʊɽʂ (ɻʝʨʤʘʥʠʷ) ʜʣʷ ʥʘʩʝʣʝʥʠʷ ʠʟ-ʟʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 
ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʭʚʦʩʪʦʚ ʤʦʛʫʪ ʩʦʩʪʘʚʠʪʴ ʜʦ 20 ʤɿʚ/ʛʦʜ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʚ ʮʝʣʷʭ 
ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʟʨʫʰʝʥʠʷ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ˉ5,7 ʠ ʨʘʩʩʝʷʥʠʷ ʠʭ ʨʘʜʠʦʘʢʪʠʚ-
ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʚʥʝʟʘʧʥʦʤ ʧʨʦʨʳʚʝ ʦʧʦʣʟʥʝʚʦʡ ʜʘʤʙʳ ʫʢʨʝʧʠʪʴ ʥʠʟʦʚʳʝ 
ʦʪʢʦʩʳ ʫʜʝʨʞʠʚʘʶʱʠʭ ʜʘʤʙ ʵʪʠʭ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ʤʦʱʥʦʡ ʢʘʤʝʥʥʦʡ ʥʘʙʨʦʩʢʦʡ 
ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʦʙʫʩʪʨʦʡʩʪʚʦʤ ʛʨʫʥʪʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʭʚʦʩʪʦ-
ʭʨʘʥʠʣʠʱ ʤʦʱʥʦʩʪʴʶ ʜʦ 1 ʤ ʠ ʥʦʚʦʡ ʘʚʪʦʜʦʨʦʛʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʦʣʟʥʝʚʘʷ ʦʧʘʩʥʦʩʪʴ, ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʝ, ʛʝʦʬʠʟʠʯʝ-
ʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʜʘʤʙʘ, ʟʘʧʨʫʜʘ, ʩʝʣʝʚʦʡ ʧʦʪʦʢ, ʨʘʟʤʳʚ, ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʭʚʦ-
ʩʪʦʭʨʘʥʠʣʠʱʘ, ʧʘʚʦʜʦʢ. 

 
Annotation. The article considers the results of geophysical studies to assess 

the risks associated with the possible repeated displacement of the Koy-Tash landslide 
in the Mailuu-Suu river. Long-term doses, according to experts of VISUTEK (Germany) 
for the population due to the spread of radioactive tails, can be up to 20 mSv / year. It 
is recommended that in order to prevent the destruction of tailing dumps No. 5.7 and 
the dispersion of their radioactive materials during a sudden breakdown of a landslide 
dam, the lower slopes of the retaining dams of these tailing dumps should be strength-
ened with a powerful stone draft with the simultaneous arrangement of soil cover on 
the surface of tailings with a capacity of up to 1 m and a new road. 

Key words: landslide hazard, tailings, geophysical studies, dam, dam, mudflow, 

erosion, radioactive tailings, flood. 
 
ɺʚʝʜʝʥʠʝ. ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥ-

ʥʳʭ ʜʣʷ ʦʮʝʥʢʠ ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʟʤʦʞʥʳʤ ʧʦʚʪʦʨʥʳʤ ʩʤʝʱʝʥʠʝʤ ʦʧʦʣʟʥʷ 
ʂʦʡ-ʊʘh, ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʙʣʦʢʠʨʦʚʘʥʠʷ ʜʦʣʠʥʳ ʨʝʢʠ ʄʘʡʣʳ-ʉʫʫ ʦʧʦʣʟ-
ʥʝʚʦʡ ʜʘʤʙʦʡ ʠ ʧʦʜʪʦʧʣʝʥʠʷ ʫʨʘʥʦʚʳʭ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ˉ5,7. ʀʩʩʣʝʜʦʚʘʥʠʷ 
ʦʧʦʣʟʥʷ ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʷ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʫʶ ʨʝʟʠʩʪʠʚʥʫʶ ʪʦʤʦʛʨʘʬʠʶ ʦʧʦʣʟʥʝ-
ʦʧʘʩʥʦʛʦ ʩʢʣʦʥʘ ʧʦʩʣʝ ʝʛʦ ʘʢʪʠʚʠʟʘʮʠʠ ʚ 2017 ʛ., ʨʘʩʯʸʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʦʮʝʥʢʫ 
ʟʦʥʳ ʧʦʨʘʞʝʥʠʷ. 

ʄʝʪʦʜʠʢʘ. ʇʦʣʝʚʳʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ, ʛʝʦʪʝʭʥʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ, ɻʀʉ ʦʙ-

ʨʘʙʦʪʢʘ ʜʘʥʥʳʭ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʨʳʚʘ ʜʘʤʙ ʠ ʟʘʪʦʧʣʝʥʠʷ ʪʝʨʨʠʪʦʨʠʡ.  
ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɻʣʘʚʥʳʤ ʥʝʛʘʪʠʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʙʫʩʣʘʚʣʠ-

ʚʘʶʱʠʤ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʙʳʚʰʝʛʦ 
ʫʨʘʥʦʚʦʛʦ ʨʫʜʥʠʢʘ ʚ ʄʘʡʣʫʫ-ʉʫʫ, ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʧʦʜʚʝʨʞʝʥʥʦʩʪʴ ʦʧʦʣʟʥʝ-
ʚʳʤ ʧʨʦʮʝʩʩʘʤ ʫʯʘʩʪʢʦʚ ʨʘʟʤʝʱʝʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ: ʦʪʚʘʣʦʚ ʠ ʭʚʦʩʪʦ-
ʭʨʘʥʠʣʠʱ. ʅʘʠʙʦʣʝʝ ʫʛʨʦʞʘʶʱʘʷ ʩʠʪʫʘʮʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʢʣʘʜʳʚʘʝʪʩʷ ʥʘ 
ʫʯʘʩʪʢʝ ʦʧʦʣʟʥʷ ʂʦʡ-ʊʘʰ (ʨʠʩ. 1), ʯʘʩʪʠʯʥʘʷ ʨʘʟʛʨʫʟʢʘ ʢʦʪʦʨʦʛʦ ʩ ʙʣʦʢʠʨʦʚʘʥʠʝʤ 
ʨʫʩʣʘ ʨ. ʄʘʡʣʳ-ʉʫʫ ʧʨʦʠʟʦʰʣʘ ʧʨʠ ʦʯʝʨʝʜʥʦʡ ʤʘʩʩʦʚʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ʦʧʦʣʟʥʝʡ 
ʚ ʧʨʝʜʛʦʨʴʷʭ ʌʝʨʛʘʥʩʢʦʡ ʜʦʣʠʥʳ ʤʥʦʛʦʚʦʜʥʦʡ ʚʝʩʥʦʡ 2017 ʛ [1].  
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ʈʠʩ.1. ʆʧʦʣʟʝʥʴ ʂʦʡ-ʊʘʰ (ʢʦʨʠʯʥʝʚʳʡ ʢʦʥʪʫʨ) ʥʘ ʣʝʚʦʤ ʙʦʨʪʫ ʜʦʣʠʥʳ ʨʝʢʠ 

ʄʘʡʣʳ-ʉʫʫ, ʥʘʧʨʦʪʠʚ ʫʨʘʥʦʚʳʭ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ˉˉ5,7; ʢʨʘʩʥʘʷ ʣʠʥʠʷ I-I ï ʛʝʥʝʨʘʣʴ-
ʥʳʡ ʧʨʦʬʠʣʴ ʩʢʣʦʥʘ ʜʣʷ ʨʘʩʯʸʪʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 2 

 
ʂʘʢ ʠʟʚʝʩʪʥʦ, ʨʘʟʚʠʪʠʝ ʦʧʦʣʟʥʝʡ ʚ ʫʟʢʠʭ ʜʦʣʠʥʘʭ ʛʦʨʥʳʭ ʨʝʢ ʯʘʩʪʦ ʧʨʠʚʦ-

ʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʧʦʣʟʥʝʚʳʭ ʜʘʤʙ, ʧʦʜʧʨʫʞʠʚʘʥʠʶ ʨʝʢ ʠ ʙʳʩʪʨʦʤʫ ʥʘʢʦʧʣʝ-
ʥʠʶ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʚʦʜʳ, ʟʘʪʦʧʣʝʥʠʶ ʦʙʰʠʨʥʳʭ ʫʯʘʩʪʢʦʚ ʨʫʩʣʘ ʠ/ʠʣʠ ʧʦʡʤʳ. 
ʇʨʠ ʧʨʦʨʳʚʝ ʪʘʢʠʭ ʦʙʚʘʣʴʥʦ-ʦʧʦʣʟʥʝʚʳʭ ʟʘʧʨʫʜ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʤʦʱʥʘʷ ʛʠʜʨʦ-
ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʦʣʥʘ, ʢʦʪʦʨʘʷ ʩʪʨʝʤʠʪʝʣʴʥʦ ʫʩʪʨʝʤʣʷʝʪʩʷ ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ ʚ 
ʚʠʜʝ ʧʘʚʦʜʢʘ ʠʣʠ ʨʘʟʨʫʰʠʪʝʣʴʥʦʛʦ ʩʝʣʝʚʦʛʦ ʧʦʪʦʢʘ. ʇʦʜʦʙʥʳʝ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʝ 
ʵʬʬʝʢʪʳ ʦʧʦʣʟʥʝʡ ʦʩʦʙʝʥʥʦ ʦʧʘʩʥʳ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚ ʟʦʥʫ ʨʠʩʢʘ ʠ ʫʷʟʚʠ-
ʤʦʩʪʠ ʢʘʢ ʩʘʤʠʭ ʦʧʦʣʟʥʝʡ, ʪʘʢ ʠ ʚʳʟʚʘʥʥʳʭ ʠʤʠ ʦʧʘʩʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʠ ʷʚʣʝʥʠʡ 
ʧʦʧʘʜʘʶʪ ʭʨʘʥʠʣʠʱʘ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ, ʢʘʢ ʵʪʦ ʥʝʦʜʥʦʢʨʘʪʥʦ ʠʤʝʣʦ ʤʝʩʪʦ 
ʚ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ ʨʝʢʠ ʄʘʡʣʳ-ʉʫʫ [2]. 

ʊʘʢ, ʧʨʠ ʩʭʦʜʝ ʦʧʦʣʟʥʝʚʳʭ ʤʘʩʩ ʦʙʱʠʤ ʦʙʲʸʤʦʤ ʩʚʳʰʝ 2 ʤʣʥ. ʤ3, ʥʘʯʘʚ-
ʰʠʤʩʷ ʥʘ ʫʯʘʩʪʢʝ ʂʦʡ-ʊʘʰ 22 ʘʧʨʝʣʷ 2017 ʛ., ʨʫʩʣʦ ʨ. ʄʘʡʣʳ-ʉʫʫ ʧʦʯʪʠ ʥʘ ʩʫʪʢʠ 
ʙʳʣʦ ʟʘʙʣʦʢʠʨʦʚʘʥʦ ʦʧʦʣʟʥʝʚʦʡ ʜʘʤʙʦʡ ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ ʩʚʳʰʝ 400 ʤ ʠ ʚʳʩʦ-
ʪʦʡ ʜʦ 10 ʤ (ʨʠʩ. 2). ʆʙʱʠʡ ʦʙʲʸʤ ʚʦʜʳ, ʩʢʦʧʠʚʰʝʡʩʷ ʚʳʰʝ ʦʧʦʣʟʥʝʚʦʡ ʧʣʦʪʠʥʳ 
ʠ ʧʦʜʪʦʧʠʚʰʝʡ ʦʩʥʦʚʘʥʠʷ ʜʘʤʙ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ˉˉ5,7, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 
ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʙʝʨʝʛʫ, ʩʦʩʪʘʚʠʣ ʜʦ ʥʘʯʘʣʘ ʨʘʟʤʳʚʘ ʜʘʤʙʳ ʦʢʦʣʦ 0.8 ʤʣʥ. ʤ3. 

 
ʈʠʩ.2. ʇʨʦʬʠʣʴ ʩʢʣʦʥʘ I-I ʥʘ ʫʯʘʩʪʢʝ ʂʦʡ-ʊʘʰ ʜʦ ʠ ʧʦʩʣʝ ʩʤʝʱʝʥʠʷ ʚ ʘʧʨʝʣʝ 
2017 ʛ.; ʞʸʣʪʦʡ ʟʘʣʠʚʢʦʡ ʧʦʢʘʟʘʥʦ ʚʦʟʤʦʞʥʦʝ ʧʦʚʪʦʨʥʦʝ ʦʙʨʫʰʝʥʠʝ ʤʘʩʩ 

 

ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʩʤʝʱʝʥʠʷ ʦʧʦʣʟʥʝʚʳʭ ʤʘʩʩ ʥʘ ʫʯʘʩʪʢʝ ʂʦʡ-ʊʘʰ ʩʪʘʣʦ 
ʩʠʣʴʥʦʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʠ ʧʦʜʟʝʤʥʦʝ ʫʚʣʘʞʥʝʥʠʝ ʩʢʣʦʥʘ ʟʘ ʩʯʸʪ ʘʥʦʤʘʣʴʥʦ 
ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ, ʚʳʧʘʚʰʠʭ ʟʠʤʦʡ ʠ ʚʝʩʥʦʡ 2017 ʛ. ʇʦ ʜʘʥʥʳʤ 
ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ çɸʢ-ʊʝʨʝʢè, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ 
25 ʢʤ ʚʦʩʪʦʯʥʝʝ ʄʘʡʣʫʫ-ʉʫʫ, ʚ ʘʧʨʝʣʝ 2017 ʛ. ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʨʘʡʦʥʝ ʚʳʧʘʣʦ 
310 ʤʤ ʦʩʘʜʢʦʚ, ʯʪʦ ʙʦʣʝʝ, ʯʝʤ ʚ 2 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʩʨʝʜʥʝʤʝʩʷʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 
ʦʩʘʜʢʦʚ ʚ ʘʧʨʝʣʝ, ʩʦʩʪʘʚʣʷʚʰʝʝ ʚ 2008-2016 ʛʛ.   142 ʤʤ/ʤʝʩʷʮ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, 
ʯʪʦ ʪʦʣʴʢʦ ʟʘ 21-22 ʘʧʨʝʣʷ 2017 ʛ., ʪʦ ʝʩʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʩʭʦʜʦʤ 
ʦʧʦʣʟʥʷ ʚʳʧʘʣʦ 64 ʤʤ ʦʩʘʜʢʦʚ, ʯʪʦ ʙʦʣʝ, ʯʝʤ ʚ 10 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʩʨʝʜʥʠʡ ʫʨʦ-
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ʚʝʥʴ ʩʫʪʦʯʥʦʛʦ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʘʧʨʝʣʷ ʤʝʩʷʮʘ. ʈʝʢʦʨʜʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʤʦ-
ʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʚ ʘʧʨʝʣʝ 2017 ʛ. ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʧʦʚʳʰʝʥʥʳʤ ʫʨʦʚʥʝʤ ʠ ʨʘʩ-
ʭʦʜʦʤ ʚʦʜʳ ʚ ʨʝʢʝ ʄʘʡʣʳ-ʉʫʫ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʫʩʣʦʚʠʣʦ ʩʠʣʴʥʳʡ ʧʦʜʤʳʚ 
ʦʩʥʦʚʘʥʠʷ ʩʢʣʦʥʘ ʂʦʡ-ʊʘʰ. 

ʅʝ ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʩʧʫʩʢʦʚʳʤ ʢʨʶʯʢʦʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʩʤʝʱʝʥʠʷ ʤʘʩʩ ʥʘ 
ʫʯʘʩʪʢʝ ʂʦʡ-ʊʘʰ 22 ʘʧʨʝʣʷ 2017 ʛ. ʧʦʩʣʫʞʠʣʠ ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ. ʊʘʢ, 17 ʘʧ-
ʨʝʣʷ 2017 ʛ., ʪʦ ʝʩʪʴ ʟʘ 5 ʜʥʝʡ ʜʦ ʩʭʦʜʘ ʦʧʦʣʟʥʷ ʂʦʡ-ʊʘʰ ʧʨʦʠʟʦʰʣʦ ʩʠʣʴʥʦʝ 
ɻʠʥʜʫʢʫʰʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʩ ʤʘʛʥʠʪʫʜʦʡ ʄ=5.4, ʢʦʪʦʨʦʝ ʩʧʨʦʚʦʮʠʨʦʚʘʣʦ ʩʝ-
ʨʠʶ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʊʷʥʴ-ʐʘʥʝ: ʧʦʩʣʝ ʵʪʦʛʦ ɻʠʥʜʫʢʫʰʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, 
19 ʘʧʨʝʣʷ ʚ 156 ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʩ ʄ=4.2 ʩ ʵʧʠʮʝʥʪʨʦʤ ʚ ɾʝ-
ʢʝʥʜʠ (ʂʘʨʘʤʳʢ). ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʵʧʠʮʝʥʪʨʘ ʵʪʦʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ ʜʦ 
ʦʧʦʣʟʥʷ ʂʦʡ-ʊʘʰ ʩʦʩʪʘʚʣʷʣʦ -200 ʢʤ. ɿʘʪʝʤ 21 ʘʧʨʝʣʷ 2017 ʛ.  ʚ 655 ʧʨʦʠʟʦʰʣʦ 
ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʩ ʄ-4.5 ʥʘ ʨʘʩʩʪʦʷʥʠʠ 240 ʢʤ ʦʪ ʦʧʦʣʟʥʷ ʂʦʡ-ʊʘʰ. 

ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʦʣʟʥʷ ʂʦʡ-ʊʘʰ, ʚʳʧʦʣʥʝʥʥʳʝ ʥʘʤʠ ʦʩʝ-
ʥʴʶ 2018 ʛ., ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʲʸʤ ʥʝʫʩʪʦʡʯʠʚʦʡ 
ʯʘʩʪʠ ʩʢʣʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 4 ʤʣʥ. ʤ3 (ʨʠʩ.3ʩ, 3d). ʅʘʨʘʩʪʘʥʠʝ ʦʙʲʸʤʘ ʥʝ-
ʫʩʪʦʡʯʠʚʳʭ ʛʨʫʥʪʦʚ, ʘ ʪʘʢʞʝ ʧʦʥʠʞʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʢʣʦʥʘ 
ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2017 ʛ. ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʣʝʜʫʶʱʠʤʠ ʧʨʠʯʠʥʘʤʠ: 

- ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʩʝʨʠʠ ʪʨʝʱʠʥ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʝʫʩʪʦʡʯʠ-
ʚʦʛʦ ʫʯʘʩʪʢʘ ʩʢʣʦʥʘ (ʨʠʩ.2) ʩʦʩʪʦʷʥʠʝ ʠ ʩʪʨʫʢʪʫʨʘ ʤʘʩʩʠʚʘ ʛʨʫʥʪʦʚ ʠ ʧʦʨʦʜ ʭʫʞʝ, 
ʯʝʤ ʜʦ ʦʙʨʫʰʝʥʠʷ ʩʢʣʦʥʘ ʚ 2017 ʛ. ʂ ʪʦʤʫ ʞʝ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʩʤʝʱʝʥʠʷ 
ʥʝʫʩʪʦʡʯʠʚʳʭ ʤʘʩʩ ʫʩʫʛʫʙʣʷʝʪ ʦʪʩʫʪʩʪʚʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʫʧʦʨʘ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ 
ʩʢʣʦʥʘ (ʨʠʩ.2);  

- ʛʝʦʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʦʜ ʩʤʝʩʪʠʚʰʝʡʩʷ ʤʘʩʩʳ ʦʧʦʣʟʥʷ 
ʥʘʤʥʦʛʦ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʦ ʨʘʟʛʨʫʟʢʠ 
(ʩʭʦʜʘ) ʦʧʦʣʟʥʷ ʚ ʘʧʨʝʣʝ 2017 ʛ., ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠ-
ʚʦʩʪʠ. 

ɺ ʩʣʫʯʘʝ ʧʦʚʪʦʨʥʦʡ ʨʘʟʛʨʫʟʢʠ ʦʧʦʣʟʥʷ ʂʦʡ-ʊʘʰ ʠ ʚʦʟʤʦʞʥʦʛʦ ʦʧʦʣʟʥʝʚʦʛʦ 
ʙʣʦʢʠʨʦʚʘʥʠʷ ʨʫʩʣʘ ʨ. ʄʘʡʣʳ-ʉʫʫ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ˉ5,7, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ 
ʧʨʘʚʦʤ ʙʝʨʝʛʫ, ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʟʘʪʦʧʣʝʥʥʳʤʠ ʥʘ ʦʧʨʝʜʝʣʸʥʥʳʡ ʢʦʥʝʯʥʳʡ ʧʨʦ-
ʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ (ʨʠʩ.1). ʇʦ ʨʘʩʯʸʪʘʤ ʚʝʩʴʤʘ ʚʝʨʦʷʪʥʦ ʧʦʚʪʦʨʥʦʝ ʦʙʨʫʰʝʥʠʝ 
ʩʢʣʦʥʘ ʦʙʲʸʤʦʤ ʦʢʦʣʦ 4 ʤʣʥ. ʤ3, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʨʫʩʣʦ ʨ. ʄʘʡʣʳ-ʉʫʫ ʙʫ-
ʜʝʪ ʟʘʙʣʦʢʠʨʦʚʘʥʦ ʦʧʦʣʟʥʝʚʦʡ ʜʘʤʙʦʡ ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ ʧʦ ʨʫʩʣʫ ʦʢʦʣʦ 400 ʤ ʠ 
ʚʳʩʦʪʦʡ ʜʦ 20 ʤ. ʕʪʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʚʝʨʭʥʝʤ ʙʴʝʬʝ ʦʧʦʣʟʥʝ-
ʚʦʡ ʜʘʤʙʳ ʧʦʜʧʨʫʞʝʥʥʦʛʦ ʚʦʜʦʸʤʘ ʦʙʲʸʤʦʤ ʦʢʦʣʦ 1.1 ʤʣʥ. ʤ3 ʩ ʧʦʜʲʸʤʦʤ 
ʫʨʦʚʥʷ ʚʦʜʳ ʥʘ 12 ʤ ʚʳʰʝ ʦʩʥʦʚʘʥʠʷ ʜʘʤʙʳ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ˉ5 ʠ ʥʘ 8 ʤ ʚʳʰʝ 
ʦʩʥʦʚʘʥʠʷ ʜʘʤʙʳ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ˉ7. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʤʳʚʘ ʦʧʦʣʟʥʝʚʦʡ ʜʘʤʙʳ, ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʸʪ ʧʝʨʝʣʠʚʘ, 
ʚʦʟʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʚʦʣʥʳ ʧʨʦʨʳʚʘ ʠʟ ʧʦʜʧʨʫʞʝʥʥʦʛʦ 
ʚʦʜʦʸʤʘ. ɺ ʨʘʟʨʫʰʠʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʵʪʦʛʦ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʧʦʪʦʢʘ ʤʦʛʫʪ ʙʳʪʴ 
ʚʦʚʣʝʯʝʥʳ ʩʠʣʴʥʦ ʫʚʣʘʞʥʸʥʥʳʝ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʝ ʤʘʪʝʨʠʘʣʳ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ 
ˉ5,7 ʦʙʱʠʤ ʦʙʲʸʤʦʤ ʜʦ 1 ʤʣʥ. ʤ3. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʜʦʙʥʳʡ ʩʝʣʝʚʦʡ ʧʦʪʦʢ ʤʦ-
ʞʝʪ ʚʳʟʚʘʪʴ ʨʘʜʠʦʘʢʪʠʚʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʧʦʡʤʳ ʨʝʢʠ 
ʄʘʡʣʳ-ʉʫʫ ʚ ʧʦʣʦʩʝ ʜʦ 15 ʤ ʧʦ ʦʙʦʠʤ ʙʝʨʝʛʘʤ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʚʳʩʦʢʠʡ ʨʠʩʢ 
ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʚʦʣʥʳ ʧʨʦʨʳʚʘ ʦʧʦʣʟʥʝʚʦʡ ʜʘʤʙʳ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 
ʫʯʘʩʪʢʝ ʦʧʦʣʟʥʷ ʂʦʡ-ʊʘʰ ʠ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ˉ5,7 ʤʦʞʝʪ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ 
ʪʨʘʥʩʛʨʘʥʠʯʥʦʝ ʨʘʜʠʦʘʢʪʠʚʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʢʦʥʫʩʘ ʚʳʥʦʩʘ ʨ. ʄʘʡʜʳ-ʉʫʫ ʥʘ ʪʝʨ-
ʨʠʪʦʨʠʠ ʩʦʩʝʜʥʝʛʦ ʋʟʙʝʢʠʩʪʘʥʘ.  
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ʈʠʩ.3. ɻʝʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ ʕʈʊ ʥʘ ʫʯʘʩʪʢʝ ʦʧʦʣʟʥʷ ʂʦʡ-ʊʘʰ: ʘ,b) ʧʦʣʦʞʝ-

ʥʠʝ ʧʨʦʬʠʣʝʡ ʕʈʊ ʥʘ ʩʢʣʦʥʝ; ʩ) ʧʨʦʜʦʣʴʥʳʡ ʧʨʦʬʠʣʴ ɸ-ɸ; d) ʧʦʧʝʨʝʯʥʳʡ ʧʨʦʬʠʣʴ ɺ-
ɺ; ʩʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʳ ʨʘʟʤʝʨʳ ʩʤʝʱʸʥʥʦʡ ʯʘʩʪʠ ʛʨʫʥʪʘ 

 

 
 ʈʠʩ.4. ʂʘʤʝʥʥʘʷ ʥʘʙʨʦʩʢʘ ʥʘ ʥʠʟʦʚʦʤ ʦʪʢʦʩʝ ʜʘʤʙʳ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ˉ5 

 

ɺʳʚʦʜʳ 
1. ʇʦ ʦʮʝʥʢʘʤ ʩʧʝʮʠʘʣʠʩʪʦʚ ʢʦʤʧʘʥʠʠ ɺʀʉʋʊɽʂ (ɻʝʨʤʘʥʠʷ) ʜʦʣʛʦʩʨʦʯʥʳʝ 

ʜʦʟʳ ʜʣʷ ʥʘʩʝʣʝʥʠʷ ʠʟ-ʟʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʭʚʦʩʪʦʚ ʤʦʛʫʪ ʩʦʩʪʘ-
ʚʠʪʴ ʜʦ 20 ʤɿʚ/ʛʦʜ. 

2. ɺ ʮʝʣʷʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʟʨʫʰʝʥʠʷ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ˉ5,7 ʠ ʨʘʩʩʝʷ-
ʥʠʷ ʠʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʚʥʝʟʘʧʥʦʤ ʧʨʦʨʳʚʝ ʦʧʦʣʟʥʝʚʦʡ ʜʘʤʙʳ 
ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʢʨʝʧʠʪʴ ʥʠʟʦʚʳʝ ʦʪʢʦʩʳ ʫʜʝʨʞʠʚʘʶʱʠʭ ʜʘʤʙ ʵʪʠʭ ʭʚʦʩʪʦʭʨʘʥʠ-
ʣʠʱ ʤʦʱʥʦʡ ʢʘʤʝʥʥʦʡ ʥʘʙʨʦʩʢʦʡ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʦʙʫʩʪʨʦʡʩʪʚʦʤ ʛʨʫʥʪʦʚʦʛʦ 
ʧʦʢʨʳʪʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ʤʦʱʥʦʩʪʴʶ ʜʦ 1 ʤ ʠ ʥʦʚʦʡ ʘʚʪʦʜʦʨʦʛʠ 
(ʨʠʩ.4). 
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A LANDSLIDE RISK IN THE KULMEN-SAI NATURAL BOUNDARY     
(MAYLUU-SUU) 

Torgoev I.A., Alyoshin Yu.G. 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʦʢʫʤʝʥʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʪʫʘʮʠʷ ʩ ʦʧʦʣʟʥʷʤʠ ʚ 
ʫʱʝʣʴʝ ʂʫʣʴʤʝʥ-ʉʘʡ ʚ ʄʘʡʣʫʫ-ʉʫʫʫ ʠ ʦʮʝʥʠʚʘʝʪʩʷ ʨʠʩʢ ʦʧʦʣʟʥʝʡ ʜʣʷ ʫʨʘʥʦʚʳʭ 
ʭʚʦʩʪʦʚ ˉ 11. ʍʨʘʥʠʣʠʱʝ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʧʦ ʩʪʘʥʜʘʨʪʘʤ ʠ ʥʦʨʤʘʪʠʚʥʳʤ 
ʪʨʝʙʦʚʘʥʠʷʤ ʄɸɻɸʊʕ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʩʯʠʪʘʝʪʩʷ ʥʘʜʸʞʥʳʤ ʚ ʪʦʤ ʩʣʫʯʘʝ, 
ʝʩʣʠ ʦʥʦ ʩʧʦʩʦʙʥʦ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʚʦʟʜʝʡʩʪʚʠʶ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ 
ʚʨʝʤʝʥʠ ʜʦ 1000 ʣʝʪ. ʆʧʦʣʟʝʥʴ ʂʫʣʴʤʥ-ʉʘʡ ʚ ʩʣʫʯʘʝ ʩ ʫʯʘʩʪʢʦʤ 
ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ˉ11 ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ, ʯʪʦ ʤʦʞʝʪ ʨʘʟʛʨʫʟʠʪʴʩʷ ʚ ʙʣʠʞʘʡʰʠʝ 50-
100 ʣʝʪ ʠ, ʧʦʵʪʦʤʫ ʵʪʦʪ ʫʯʘʩʪʦʢ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 
çʭʚʦʩʪʦʚè ʩ ʫʯʸʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʠ ʩʪʘʥʜʘʨʪʦʚ ʄɸɻɸʊʕ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʦʣʟʝʥʴ, ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʝ, ʛʝʦʬʠʟʠʯʝʩʢʠʝ 
ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʠʩʢ, ʫʛʨʦʟʳ, ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʝ, ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʦʪʭʦʜʳ, 
ʨʝʘʙʠʣʠʪʘʮʠʷ, ʫʨʘʥʦʚʳʝ ʨʫʜʥʠʢʠ. 

Annotation. The document examines the situation with landslides in the 

Kulmen-Sai Gorge in Mailuu-Suu and assesses the risk of landslides for uranium tails 
No. 11. According to the IAEA standards and regulatory requirements, the radioactive 
waste storage facility on the Earthôs surface is considered reliable if it can withstand 
the effects of extreme factors. environment and natural disasters over a long period of 
time up to 1000 years. The Kulmen-Sai landslide in the case of the tailing site No. 11 
is predicted to be unloaded in the next 50-100 years and, therefore, this site is not 
suitable for storing radioactive ñtailsò taking into account the requirements and 
standards of the IAEA. 

Key words: Key words: landslide, tailing dump, geophysical surveys, risk, 
threats, radioactive waste, rehabilitation, uranium mines.  

ɺʚʝʜʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʂʳʨʛʳʟʩʪʘʥʝ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʝʢʪ 
çʆʮʝʥʢʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ 
ʦʙʦʩʥʦʚʘʥʠʝ ʙʝʟʦʧʘʩʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʦʙʲʝʢʪʦʚ 
ʥʘʩʣʝʜʠʷ ʫʨʘʥʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʄʘʡʣʫʫ-ʉʫʫè.  

ʄʝʪʦʜʳ. ʈʘʙʦʪʳ ʧʦ ʨʝʘʙʠʣʠʪʘʮʠʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʫʨʘʥʦʚʦʛʦ 
ʨʫʜʥʠʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʧʦʣʟʥʝʦʧʘʩʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʜʦʣʠʥʝ ʨʝʢʠ ʄʘʡʣʳ-
ʉʫʫ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ  ʧʝʨʝʥʦʩ ʥʝʢʦʪʦʨʳʭ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ʠʟ ʜʦʣʠʥʳ ʨ. ʄʘʡʣʳ-
ʉʫʫ ʥʘ ʙʝʟʦʧʘʩʥʳʝ ʫʯʘʩʪʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʧʨʠʝʤʣʝʤʳʤ ʨʠʩʢʦʤ ʦʪ 
ʚʦʟʤʦʞʥʳʭ ʦʧʦʣʟʥʝʡ, ʩʝʣʝʡ ʠ ʵʨʦʟʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʵʢʩʧʝʨʪʳ-ʛʝʦʪʝʭʥʠʢʠ 

ʧʨʝʜʣʦʞʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʧʝʨʝʥʦʩʠʤʳʭ çʭʚʦʩʪʦʚè ʧʣʦʱʘʜʢʠ 
ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ˉ11 ʠ ˉ15, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʫʨʦʯʠʱʝ ʂʫʣʴʤʝʥ-ʉʘʡ, ʚ ʩʪʦʨʦʥʝ 
ʦʪ ʛʦʨʦʜʘ. ʇʦ ʠʭ ʤʥʝʥʠʶ ʵʪʠ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ʥʝ ʧʦʜʚʝʨʞʝʥʳ ʬʘʢʪʦʨʘʤ 
ʦʧʦʣʟʥʝʚʦʛʦ, ʨʠʩʢʘ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʘʡʦʥʘ. ʄʝʞʜʫ ʪʝʤ, 
ʨʝʟʫʣʴʪʘʪʳ ʥʘʰʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʂʫʣʴʤʝʥ-ʉʘʝ ʚ ʨʘʟʥʳʝ ʛʦʜʳ, ʘ 
ʪʘʢʞʝ ʜʘʥʥʳʝ ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʜʘʨ-ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ ʟʘ 2015-
2018 ʛʛ. ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʫʯʘʩʪʦʢ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ˉ11, ʦʢʨʫʞʸʥʥʳʡ 
ʜʨʝʚʥʠʤʠ ʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʦʧʦʣʟʥʷʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʧʨʠʝʤʣʝʤʳʤ 
ʦʧʦʣʟʥʝʚʳʤ ʨʠʩʢʦʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʥʘ ʥʸʤ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 
ʦʪʭʦʜʦʚ. ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʜʘʸʪʩʷ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʦʧʦʣʟʥʝʚʦʡ ʩʠʪʫʘʮʠʠ ʚ 
ʫʨʦʯʠʱʝ ʂʫʣʴʤʝʥ-ʉʘʡ ʩ ʦʮʝʥʢʦʡ ʦʧʦʣʟʥʝʚʦʡ ʫʛʨʦʟʳ ʜʣʷ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ˉ11. 
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ʅʘ ʧʨʘʚʦʙʝʨʝʞʥʦʤ ʩʢʣʦʥʝ ʨʫʯʴʷ ʂʫʣʴʤʝʥ-ʉʘʡ ʠʤʝʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʦʧʦʣʟʥʠ 
(ʊʝʭʥʠʢʫʤ, ɿʤʝʠʥʳʡ ʠ ʜʨ.), ʢʦʪʦʨʳʝ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ 1953-1954 ʛʛ.  ʚ ʪʝʣʘʭ 
ʢʨʫʧʥʳʭ ʜʨʝʚʥʝʦʧʦʣʟʥʝʚʳʭ ʦʯʘʛʦʚ (ʨʠʩ.1). ʕʪʠ ʦʧʦʣʟʥʠ, ʠʤʝʶʱʠʝ ʩʚʦʠʤ ʙʘʟʠ-
ʩʦʤ ʨʘʟʛʨʫʟʢʠ ʜʦʣʠʥʫ ʨʫʯʴʷ ʂʫʣʴʤʝʥ-ʉʘʡ (ʧʨʘʚʦʛʦ ʧʨʠʪʦʢʘ ʨ. ʄʘʡʣʳ-ʉʫʫ), ʧʨʠ-
ʜʘʶʪ ʩʢʣʦʥʫ ʪʠʧʠʯʥʳʡ ʦʧʦʣʟʥʝʚʦʡ ʨʝʣʴʝʬ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʯʝʨʝʜʦʚʘʥʠʝʤ 
ʦʧʦʣʟʥʝʚʳʭ ʜʝʧʨʝʩʩʠʡ, ʤʝʞʦʧʦʣʟʥʝʚʳʭ ʛʨʝʙʥʝʡ ʠ ʚʳʧʦʣʦʞʝʥʥʳʭ ʧʣʦʱʘʜʦʢ ʩ 
ʨʘʟʜʝʣʷʶʱʠʤʠ ʠʭ ʩʢʣʦʥʘʤʠ ʨʘʟʣʠʯʥʦʡ ʢʨʫʪʠʟʥʳ [1].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʫʶ ʫʛʨʦʟʫ ʜʣʷ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ˉ11 (ʨʠʩ.1) 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʦʣʟʝʥʴ çʂʫʣʴʤʝʥ-ʉʘʡè, ʩʬʦʨʤʠʨʦʚʘʚʰʠʡʩʷ ʚ ʧʨʠʚʦʜʦʨʘʟʜʝʣʴ-
ʥʦʡ ʯʘʩʪʠ ʩʢʣʦʥʘ (ʨʠʩ.1), ʛʜʝ ʚ 1994 ʛ. ʧʨʠ ʦʯʝʨʝʜʥʦʡ ʤʘʩʩʦʚʦʡ ʘʢʪʠʚʠʟʘʮʠʠ 
ʦʧʦʣʟʥʝʡ ʦʙʨʘʟʦʚʘʣʠʩʴ ʧʨʦʪʷʞʸʥʥʳʝ ʪʨʝʱʠʥʳ ʦʪʨʳʚʘ, ʘ ʥʠʞʝ ʠʭ ʙʳʣʠ ʟʘʬʠʢʩʠ-
ʨʦʚʘʥʳ ʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʦʩʘʜʢʠ, ʧʨʠ ʵʪʦʤ ʙʳʣʠ ʧʦ-
ʚʨʝʞʜʝʥʳ ʯʝʪʳʨʝ ʦʧʦʨʳ ʃʕʇ-35 ʢɺ. 

 
ʈʠʩ.1. ʉʦʚʨʝʤʝʥʥʳʝ ʦʧʦʣʟʥʠ (ʢʦʨʠʯʥʝʚʳʝ ʢʦʥʪʫʨʳ) ʠ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ (ʢʨʘʩʥʘʷ ʟʘ-

ʣʠʚʢʘ) ʚ ʫʨʦʯʠʱʝ ʂʫʣʴʤʝʥ-ʉʘʡ 

 
ɼʣʷ ʦʮʝʥʢʠ ʦʧʦʣʟʥʝʚʦʛʦ ʨʠʩʢʘ ʥʘ ʫʯʘʩʪʢʝ ʂʫʣʴʤʝʥ-ʉʘʡ ʠ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ 

ˉ11 ʅʘʫʯʥʦ-ʠʥʞʝʥʝʨʥʳʤ ʮʝʥʪʨʦʤ çɻɽʆʇʈʀɹʆʈè ʙʳʣ ʚʳʧʦʣʥʝʥ ʢʦʤʧʣʝʢʩ 
ʥʘʫʯʥʦ-ʠʟʳʩʢʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʚʢʣʶʯʘʚʰʠʡ: ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʨʝʟʠʩʪʠʚʥʦʡ ʪʦʤʦʛʨʘʬʠʠ (ʕʈʊ) ʠ ʩʝʡʩʤʦʪʦʤʦʛʨʘʬʠʠ ʧʦ 
ʤʝʪʦʜʫ ʧʨʝʣʦʤʣʝʥʥʳʭ ʚʦʣʥ (ʄʇɺ) ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʜʚʫʤʝʨʥʳʭ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 
(ʨʠʩ.2ʘ) ʠ ʛʝʦʩʝʡʩʤʠʯʝʩʢʠʭ (2ʙ) ʨʘʟʨʝʟʦʚ ʦʧʦʣʟʥʝʚʦʛʦ ʪʝʣʘ;  ʘ ʪʘʢʞʝ ʛʝʦʪʝʭʥʠʯʝ-
ʩʢʠʝ ʠʟʳʩʢʘʥʠʷ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʩʦʩʪʦʷʥʠʷ 
ʛʨʫʥʪʦʚ ʥʘ ʦʧʦʣʟʥʝʦʧʘʩʥʦʤ ʫʯʘʩʪʢʝ ʜʣʷ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ [1].  

ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 2ʘ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʠʧʠʯʥʳʝ 
ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʘʢʪʠʚʠʟʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʦʧʦʣʟʥʝʡ ʚ ʄʘʡʣʫʫ-ʉʫʫ. 
ʇʨʠʚʦʜʦʨʘʟʜʝʣʴʥʫʶ ʯʘʩʪʴ ʩʢʣʦʥʘ (ʘʙʩʦʣʶʪʥʳʝ ʦʪʤʝʪʢʠ 1480-1500 ʤ) ʧʦʜʧʠʨʘʝʪ 
ʤʦʱʥʳʡ ʟʫʙ ʧʣʘʩʪʦʚ ʠʟʚʝʩʪʥʷʢʘ ʩ ʫʜʝʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 
(ʋʕʉ) ʩʚʳʰʝ 1000 ʆʤĀʤ, ʠʟ-ʧʦʜ ʧʣʘʩʪʦʚ ʠʟʚʝʩʪʥʷʢʘ ʚʳʢʣʠʥʠʚʘʶʪʩʷ ʧʦʜʟʝʤʥʳʝ 
ʚʦʜʳ, ʧʝʨʝʚʦʜʷʱʠʝ ʛʣʠʥʠʩʪʳʝ ʠ ʨʳʭʣʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ʪʝʢʫʯʝ-ʧʣʘʩʪʠʯʝʩʢʦʝ ʩʦ-
ʩʪʦʷʥʠʝ. ɿʜʝʩʴ ʥʘ ʦʪʤʝʪʢʘʭ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 1460 ʤ ʬʦʨʤʠʨʫʝʪʩʷ ʤʦʱʥʘʷ 
ʟʦʥʘ ʧʨʦʩʘʜʢʠ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʩʢʣʦʥʘ ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 10 ʤ ʥʘ ʧʨʦʪʷʞʝ-
ʥʠʠ ʙʦʣʝʝ 300 ʤ ʧʦʩʪʝʧʝʥʥʦ ʩʤʝʱʘʝʪʩʷ ʚʥʠʟ, ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʶʛʦ-ʟʘʧʘʜ. ʇʣʦʩ-
ʢʦʩʪʴʶ ʩʢʦʣʴʞʝʥʠʷ ʦʧʦʣʟʥʷ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʷʚʣʷʶʪʩʷ ʪʨʝʪʠʯʥʳʝ ʛʣʠʥʳ, ʦʙʣʘʜʘ-
ʶʱʠʝ ʋʕʉ 2~5 ʆʤĀʤ [1]. 

ʅʘ ʨʠʩ. 2ʙ ʧʨʝʜʩʪʘʚʣʝʥ ʛʝʦʩʝʡʩʤʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʧʦ ʧʨʦʬʠʣʶ Sz1, ʢʦʪʦʨʳʡ 
ʚ ʮʝʣʦʤ ʧʦʜʦʙʝʥ ʛʝʦʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʨʘʟʨʝʟʫ Vz1.  

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 2 ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦ-
ʨʦʜ, ʩʣʘʛʘʶʱʠʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʩʢʣʦʥ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʦʟʤʦʞʥʦʝ ʨʘʟʚʠʪʠʝ 
ʦʧʦʣʟʥʝʚʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʫʨʦʯʝʥʦ ʢ ʚʳʩʦʪʥʳʤ 
ʦʪʤʝʪʢʘʤ 1428é1390 ʤ, ʛʜʝ ʧʣʦʩʢʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʛʣʫʙʠʥʝ ʦʪ 8 
ʜʦ 12 ʤ ʦʪ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʦʨʦʜʘʭ ʛʣʠʥʠʩʪʳʭ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ dpQIV, 
ʦʙʦʛʘʱʝʥʥʳʭ ʙʣʦʢʘʤʠ ʠ ʱʝʙʥʝʤ ʧʝʩʯʘʥʠʢʘ ʧʘʣʝʦʛʝʥʘ.  
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ʆʙʱʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʦʧʦʣʟʥʝʚʦʛʦ ʦʯʘʛʘ ʩʦʩʪʘʚʣʷʝʪ ~ 80é100 ʤ. ʅʝ ʩʣʝ-
ʜʫʝʪ ʪʘʢʞʝ ʠʩʢʣʶʯʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʦʣʟʥʝʚʦʡ ʨʘʟʛʨʫʟʢʠ ʩʢʣʦʥʘ ʧʦ ʯʘʩʪʷʤ: ʚʥʘ-
ʯʘʣʝ ʥʘ ʫʯʘʩʪʢʝ ʩ ʦʪʤʝʪʢʘʤʠ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 1389é1411 ʤ, ʟʘʪʝʤ 
1411é1428 ʤ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʨʘʢʪʠʯʝʩʢʠ ʙʫʜʝʪ ʧʨʦʪʝʢʘʪʴ ʦʜ-
ʥʦʚʨʝʤʝʥʥʦ. 

 
 

 
ʈʠʩ. 2. ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ ʥʘ ʦʧʦʣʟʥʝ ʂʫʣʴʤʝʥ-ʉʘʡ: ʘ) ʵʣʝʢʪʨʦʪʦʤʦ-

ʛʨʘʤʤʘ (ʕʈʊ) ʧʦ ʧʨʦʬʠʣʶ 3-3; ʙ) ʩʝʡʩʤʦʪʦʤʦʛʨʘʤʤʘ ʄʇɺ ʧʦ ʵʪʦʤʫ ʞʝ ʧʨʦʬʠʣʶ 

 
ʉʦʚʤʝʩʪʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʛʝʦʪʝʭʥʠ-

ʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʧʨʠʚʦʜʦʨʘʟʜʝʣʴʥʦʡ ʯʘʩʪʠ ʩʢʣʦʥʘ ʩʦʩʨʝʜʦʪʦ-
ʯʝʥʳ ʨʘʟʨʳʭʣʝʥʥʳʝ ʤʘʩʩʳ ʛʣʠʥʠʩʪʦʛʦ ʛʨʫʥʪʘ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʫʧʥʳʭ 
ʙʣʦʢʦʚ ʠ ʛʣʳʙ, ʢʦʪʦʨʳʝ ʧʦʜʧʠʨʘʶʪʩʷ ʩ ʶʛʘ ʤʦʱʥʳʤʠ ʧʘʢʝʪʘʤʠ ʩʤʝʱʝʥʥʳʭ ʧʣʘ-
ʩʪʦʚ ʚʝʨʭʥʝʛʦ ʤʝʣʘ. ʇʦʵʪʦʤʫ ʚʝʩʴ ʩʢʣʦʥ ʂʫʣʴʤʝʥ-ʉʘʡ, ʥʘʯʠʥʘʷ ʩ ʚʝʨʭʥʠʭ ʝʛʦ ʦʪ-
ʤʝʪʦʢ ~ 1400é1470 ʤ, ʛʜʝ ʧʨʦʷʚʠʣʘʩʴ ʪʨʝʱʠʥʘ ʦʪʩʝʜʘʥʠʷ, ʤʦʞʝʪ ʙʳʪʴ ʟʘʭʚʘʯʝʥ 
ʮʝʣʠʢʦʤ ʦʧʦʣʟʥʝʚʳʤ ʩʤʝʱʝʥʠʝʤ ʪʦʣʴʢʦ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʩʤʝʱʝʥʠʠ ʚʩʝʛʦ ʜʨʝʚ-
ʥʝʛʦ ʦʧʦʣʟʥʷ ʚ ʮʝʣʦʤ ʠʣʠ ʧʨʠ ʦʧʦʣʟʘʥʠʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʠʣʠ ʧʘʢʝʪʦʚ ʚʝʨʭ-
ʥʝʛʦ ʤʝʣʘ, ʩʣʘʛʘʶʱʠʭ ʮʝʥʪʨʘʣʴʥʫʶ ʠ ʶʞʥʫʶ ʯʘʩʪʠ ʩʢʣʦʥʘ.  

ʋʩʪʦʡʯʠʚʦʩʪʴ ʪʘʢʦʡ ʛʨʘʥʜʠʦʟʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʩʜʚʠʛʫ ʧʦʨʦʜ, ʩʣʘʛʘʶʱʠʭ ʪʝʣʦ ʜʨʝʚʥʝʛʦ ʦʧʦʣʟʥʷ, ʘ ʚʦʟʤʦʞʥʦ ʠ 
ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʚʝʨʭʥʝʛʦ ʤʝʣʘ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʛʣʫʙʠʥʝ, ʛʦʨʘʟʜʦ ʥʠʞʝ ʟʦʥʳ ʚʳ-
ʚʝʪʨʠʚʘʥʠʷ. ʅʘʠʙʦʣʝʝ ʩʣʘʙʳʤʠ ʧʦʨʦʜʘʤʠ ʚ ʪʝʣʘʭ ʜʨʝʚʥʠʭ ʦʧʦʣʟʥʝʡ ʂʫʣʴʤʝʥ-
ʉʘʷ, ʘ ʪʘʢʞʝ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ (ʚʝʨʭʥʝʛʦ ʤʝʣʘ) ʷʚʣʷʶʪʩʷ ʛʣʠʥʳ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘ-
ʶʪʩʷ ʚ ʚʠʜʝ ʩʣʦʝʚ ʤʦʱʥʦʩʪʴʶ ʜʦ 7é10 ʤ ʚ ʤʘʩʩʠʚʘʭ ʧʘʣʝʦʛʝʥʘ ʠ ʤʝʣʘ, ʘ ʪʘʢʞʝ 
ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʷʚʣʷʶʪʩʷ ʟʘʧʦʣʥʠʪʝʣʝʤ ʪʨʝʱʠʥ ʠ ʧʨʦʤʝʞʫʪʢʦʚ ʤʝʞʜʫ ʨʘʟ-
ʜʨʦʙʣʝʥʥʳʤʠ ʠ ʩʤʝʱʝʥʥʳʤʠ ʙʣʦʢʘʤʠ ʩʢʘʣʴʥʳʭ ʠ ʧʦʣʫʩʢʘʣʴʥʳʭ ʧʦʨʦʜ ʚ ʪʝʣʘʭ 
ʜʨʝʚʥʠʭ ʦʧʦʣʟʥʝʡ. ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʫʯʘʩʪʢʘ ʫ ʧʦʜʥʦʞʴʷ ʧʨʠʚʦʜʦʨʘʟʜʝʣʴʥʦʛʦ 
ʫʩʪʫʧʘ ʤʦʱʥʦʩʪʴ ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ ʚʤʝʩʪʝ ʩ ʛʣʳʙʘʤʠ ʠʟʚʝʩʪʥʷʢʘ ʠ ʧʝʩʯʘʥʠʢʘ 
ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 30 ʤ. ʂ ʵʪʠʤ ʛʣʠʥʠʩʪʳʤ ʧʦʨʦʜʘʤ ʧʨʠʫʨʦʯʝʥʳ ʦʧʦʣʟʥʝʚʳʝ ʩʤʝ-
ʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʨʘʟʚʠʪʠʷ ʤʝʣʘ ʠ ʧʘʣʝʦʛʝʥʘ. ɺ ʧʝʨʠʦʜ ʦʪʨʘʙʦʪʢʠ ʄʘʡʣʠʩʘʡʩʢʦʛʦ 
ʫʨʘʥʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ ʦʩʝʥʴʶ 1953 ʛ. ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ 
ʧʝʨʚʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʦʧʦʣʟʥʠ ʥʘ ʜʨʝʚʥʝʦʧʦʣʟʥʝʚʦʤ ʩʢʣʦʥʝ ʂʫʣʴʤʝʥ-ʉʘʡ, ʤʘʨʢ-
ʰʝʡʜʝʨʩʢʦʡ ʩʣʫʞʙʦʡ ʧʨʝʜʧʨʠʷʪʠʷ ʧ/ʷ 200 ʙʳʣʠ ʥʘʯʘʪʳ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʠʥʩʪʨʫ-
ʤʝʥʪʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʩʤʝʱʝʥʠʷʤʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʢʣʦʥʘ 
ʧʦ ʩʝʪʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʳʭ ʧʫʥʢʪʦʚ.  

ʇʦ ʜʘʥʥʳʤ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʧʝʨʠʦʜ 1950-1964 ʛʛ.  ʬʠʢʩʠʨʦ-
ʚʘʣʠʩʴ ʤʝʜʣʝʥʥʳʝ ʩʤʝʱʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʩʢʣʦʥʘ ʚ ʠʥʪʝʨʚʘʣʝ ʩʢʦʨʦʩʪʝʡ 
2.5 ~ 5.0 ʩʤ/ʛʦʜ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʘʜʝʥʠʷ ʩʢʣʦʥʘ, ʥʘ ʶʛ-ʶʛʦ-ʟʘʧʘʜ (ʚ ʩʪʦʨʦʥʫ 
ʫʩʪʴʷ ʨʫʯʴʷ ʂʫʣʴʤʝʥ-ʉʘʡ).  

ʊʘʢʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʳʝ ʩʤʝʱʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʳ ʧʦʣʟʫʯʝʩʪʴʶ 
(ʢʨʠʧʦʤ) ʥʝʫʩʪʦʡʯʠʚʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʩʤʝʱʘʶʱʠʭʩʷ ʧʦ ʧʣʘʩʪʘʤ ʠʣʠ ʧʨʦʧʣʘʩʪ-
ʢʘʤ ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ. ʇʦ ʜʘʥʥʳʤ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ 
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ʄʘʡʣʫʫ-ʉʫʫ ʩ ʧʦʤʦʱʴʶ ʨʘʜʘʨ-ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʬʠʨʤʳ 
GeoConsult (ɸʚʩʪʨʠʷ) ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘ 2018 ʛ. ʩʤʝʱʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 
ʧʨʘʚʦʙʝʨʝʞʥʦʛʦ ʩʢʣʦʥʘ ʂʫʣʴʤʝʥ-ʉʘʡ ʩʦʩʪʘʚʠʣʦ 2.5 ʩʤ (ʨʠʩ. 3).  

 
ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪʳ ʤʦʥʠʪʦʨʠʥʛʘ ʩʤʝʱʝʥʠʡ ʚ ʄʘʡʣʫʫ-ʉʫʫ ʟʘ ʧʝʨʠʦʜ 2015-2018 

ʛʛ. ʧʦ ʜʘʥʥʳʤ ʨʘʜʘʨ-ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ: ʞʸʣʪʳʤ ʵʣʣʠʧʩʦʤ ʧʦʢʘʟʘʥ ʧʨʘʚʦʙʝʨʝʞʥʳʡ 
ʩʢʣʦʥ ʂʫʣʴʤʝʥ-ʉʘʷ; ʢʨʘʩʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ-ʩʤʝʱʝʥʠʝ ʚ ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

 

ʕʪʦ ʝʱʸ ʨʘʟ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʧʨʝʢʨʘʱʘʶʱʝʡʩʷ ʦʧʦʣʟʥʝʚʦʡ (ʛʝʦʜʠʥʘ-
ʤʠʯʝʩʢʦʡ) ʘʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʨʘʥʦ ʠʣʠ ʧʦʟʜʥʦ ʤʦʞʝʪ ʦʙʝʨʥʫʪʴʩʷ ʨʘʟʛʨʫʟʢʦʡ 
ʦʧʦʣʟʥʷ ʂʦʡ-ʊʘʰ ʚ ʩʪʦʨʦʥʫ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ˉ11. 

ʏʠʩʣʝʥʥʘʷ ʦʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʟʦʥʳ ʦʧʦʣʟʥʝʚʦʛʦ ʧʦʨʘʞʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷ-
ʣʘʩʴ ʥʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʜʚʠʞʝʥʠʝ ʦʧʦʣʟʥʷ ʚ ʛʠʜʨʦ-
ʜʠʥʘʤʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʚ ʧʦʩʪʘʥʦʚʢʝ ʉ.ʉ. ɻʨʠʛʦʨʷʥʘ.  ɿʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʜʣʷ 
ʨʷʜʘ ʚʘʨʠʘʥʪʦʚ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʢʦʤʙʠʥʘʮʠʝʡ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʬʠʟʠʢʦ-ʤʝ-
ʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʦʣʟʥʝʚʦʛʦ ʪʝʣʘ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʥʳ ʪʨʘʥʟʠʪʘ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʥʘʠʙʦʣʝʝ ʚʝʨʦ-
ʷʪʥʭr ʩʮʝʥʘʨʠʷʭ ʨʘʟʚʠʪʠʷ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʡ ʬʘʟʳ (ʠʤʝʷ ʚʚʠʜʫ, ʯʪʦ ʧʦʪʝʨʷ 
ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʢʣʦʥʘ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʚ ʥʘʠʙʦʣʝʝ ʚʣʘʞʥʳʡ ʧʝʨʠʦʜ ʛʦʜʘ), ʙʦʣʴ-
ʰʘʷ ʯʘʩʪʴ ʦʧʦʣʟʥʝʚʳʭ ʤʘʩʩ ʨʘʟʛʨʫʟʠʪʩʷ ʥʘ ʫʯʘʩʪʢʝ ʩʢʣʦʥʘ ʩ ʘʙʩʦʣʶʪʥʳʤʠ ʦʪ-
ʤʝʪʢʘʤʠ 1340é1360 ʤ, ʭʦʪʷ ʤʘʣʦʤʦʱʥʳʝ ʦʙʚʦʜʥʝʥʥʳʝ ʷʟʳʢʠ ʦʧʦʣʟʥʷ ʤʦʛʫʪ 
ʙʳʪʴ ʧʝʨʝʭʚʘʯʝʥʳ ʜʚʫʤʷ ʧʦʧʝʨʝʯʥʦ-ʜʠʘʛʦʥʘʣʴʥʳʤʠ ʩʘʷʤʠ ʩʢʣʦʥʘ ʠ ʪʨʘʥʩʧʦʨʪʠ-
ʨʦʚʘʥʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʦ 600é1000 ʤ. 

ɺʳʚʦʜʳ 

1. ʇʦ ʩʪʘʥʜʘʨʪʘʤ ʠ ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʄɸɻɸʊʕ ʭʨʘʥʠʣʠʱʝ ʨʘʜʠʦ-
ʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʩʯʠʪʘʝʪʩʷ ʥʘʜʸʞʥʳʤ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 
ʦʥʦ ʩʧʦʩʦʙʥʦ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʚʦʟʜʝʡʩʪʚʠʶ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʳ ʠ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ (ʜʦ 1000 
ʣʝʪ).  

2. ɺ ʩʣʫʯʘʝ ʩ ʫʯʘʩʪʢʦʤ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ˉ11 ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ, ʯʪʦ ʦʧʦʣ-
ʟʝʥʴ ʂʫʣʴʤʥ-ʉʘʡ ʤʦʞʝʪ ʨʘʟʛʨʫʟʠʪʴʩʷ ʚ ʙʣʠʞʘʡʰʠʝ 50-100 ʣʝʪ ʠ, ʧʦʵʪʦʤʫ ʵʪʦʪ 
ʫʯʘʩʪʦʢ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ çʭʚʦʩʪʦʚè ʩ ʫʯʸʪʦʤ ʪʨʝ-
ʙʦʚʘʥʠʡ ʠ ʩʪʘʥʜʘʨʪʦʚ ʄɸɻɸʊʕ. 

ʃʠʪʝʨʘʪʫʨʘ 
1.ʊʦʨʛʦʝʚ ʀ.ɸ., ɸʣʸʰʠʥ ʖ.ɻ., ʃʦʩʝʚ ɺ.ɸ. ʍʘʚʝʥʠʪ ʍ.ɹ.    ʄʦʥʠʪʦʨʠʥʛ ʦʧʦʣʟʥʝʚʳʭ 

ʧʨʦʮʝʩʩʦʚ ʥʘ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʂʳʨʛʳʟʩʪʘʥʘ // ʀʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ 
ʧʨʦʙʣʝʤʳ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ / ʄʘʪʝʨʠʘʣʳ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʠʤʧʦʟʠʫʤʘ. ï 
ɽʢʘʪʝʨʠʥʙʫʨʛ. ʀʟʜ-ʚʦ çɸʢʚʘ-ʇʨʝʩʩè. 2001 ï ʊʦʤ I. ï ʩ. 385 ï 392. 
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ʈɽɿʋʃʔʊɸʊʓ ʇɸʃɽʆʉɽʁʉʄʆʃʆɻʀʏɽʉʂʀʍ ʀʉʉʃɽɼʆɺɸʅʀʁ ɺ 
ʉɽɺɽʈʅʆʁ ʏɸʉʊʀ ʂʋʈɸʁʉʂʆʁ ɺʇɸɼʀʅʓ (ʂʋʈɸʁʉʂɸʗ ɿʆʅɸ ʈɸɿʃʆʄʆɺ, 

ɻʆʈʅʓʁ ɸʃʊɸʁ) 

ʊʫʨʦʚʘ ʀ.ɺ., ɼʝʝʚ ɽ.ɺ., ʇʦʟʜʥʷʢʦʚʘ ʅ.ʀ. 
 

RESULTS OF PALEOSEISMOLOGICAL RESEARCHES IN THE NORTHERN 
PART OF THE KURAI DEPRESS (KURAI Fault ZONE, MOUNTAIN ALTAI) 

Turova I.V., Deev E.V., Pozdnyakova N.I. 
 

ɸʥʥʦʪʘʮʠʷ. ʇʘʣʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʘʢʪʠʚʥʳʡ 
ʨʦʩʪ ʬʦʨʙʝʨʛʦʚʳʭ ʧʦʜʥʷʪʠʡ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʂʫʨʘʡʩʢʦʡ ʚʧʘʜʠʥʳ ʩ ʧʨʝʠʤʫʱʝ-
ʩʪʚʝʥʥʳʤ ʥʘʜʚʠʛʘʥʠʝʤ ʠ ʩʤʝʱʝʥʠʝʤ ʠʭ ʩʝʚʝʨʥʦʡ ʛʨʘʥʠʮʳ ʚ ʩʪʦʨʦʥʫ ʂʫʨʘʡʩʢʦʛʦ 
ʭʨʝʙʪʘ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʠ ʩʪʨʫʢʪʫʨʥʦʝ ʧʦʣʦʞʝʥʠʝ ʩʝʚʝʨʥʦʛʦ ʫʩʪʫʧʘ 
ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʥ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʤʦʣʦʜʳʤ, ʯʝʤ ʶʞʥʳʡ ʫʩʪʫʧ. ɺr ʷʚʣʝʥʥʳʝ ʧʨʠ 
ʘʥʘʣʠʟʝ ʪʨʘʥʰʝʠ ʂʫʨʘʡʩʢʘʷ-4 ʧʘʣʝʦʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠʤʝʶʪ ʚʦʟʨʘʩʪ ʤʦʣʦʞʝ 6500 
ʣʝʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʨʘʥʰʝʡʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʣʦʤʥʳʭ ʦʙʨʳʚʦʚ ʚ ʩʝʚʝʨʥʦʡ ʯʘ-
ʩʪʠ ʙʘʩʩʝʡʥʘ ʂʫʨʘʡ (ʟʦʥʘ ʨʘʟʣʦʤʘ ʂʫʨʘʡ) ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʛʦʣʦʮʝʥʝ ʧʨʦʠʟʦ-
ʰʣʦ 4 ʧʘʣʝʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ (3 ʠʟ ʢʦʪʦʨʳʭ ʟʘ ʧʦʩʣʝʜʥʠʝ 6,5 ʪʳʩ. ʃʝʪ) ʩ Mw = 6,4-
7,1 ʠ I = 8-9. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʛʘʟʦʧʨʦʚʦʜʘ 
ʚ ʂʠʪʘʡʩʢʦʡ ʅʘʨʦʜʥʦʡ ʈʝʩʧʫʙʣʠʢʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʨʳʚ ʨʘʟʣʦʤʘ, ʩʠʣʴʥʦʝ ʧʘʣʝʦ ʟʝʤʣʝʪʨʷʩʝʥʠʝ, ʪʨʘʥ-

ʰʝʠ, ʂʫʨʘʡʩʢʘʷ ʟʦʥʘ ʨʘʟʣʦʤʘ, ɻʦʨʥʳʡ ɸʣʪʘʡ, ʨʘʟʣʦʤʳ, ʪʨʝʥʯʠʥʛ. 
 

Annotation. Paleoseismological studies indicate an active growth of forberg 
uplifts in the northern part of the Kurai depression with a predominant thrust and dis-
placement of their northern border towards the Kurai ridge. The morphological features 
and structural position of the northern ledge indicate that it is younger than the southern 
ledge. Paleo-earthquakes revealed during the analysis of the Kuraiskaya-4 trench are 
younger than 6500 years old. As a result of trench studies of faults in the northern part 
of the Kurai basin (Kurai fault zone), it was shown that 4 paleo-earthquakes occurred 
in the Holocene (3 of which over the past 6.5 thousand years) with Mw = 6.4-7.1 and I 
= 8-9. These results should be considered when designing a gas pipeline in the Peo-
ple's Republic of China. 

Keywords: fault scarp, large paleoearthquake, trenching, Kurai fault zone, 
Gorny Altai, faults, trenching. 

 
ɺʚʝʜʝʥʠʝ ʠ ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ. ʂʫʨʘʡʩʢʘʷ ʟʦʥʘ ʨʘʟʣʦʤʦʚ ï ʦʜʥʘ ʠʟ 

ʢʣʶʯʝʚʳʭ ʩʪʨʫʢʪʫʨ ʖʛʦ-ɺʦʩʪʦʯʥʦʛʦ ɸʣʪʘʷ. ɽʝ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 130 ʢʤ, 
ʘ ʰʠʨʠʥʘ - 20 ʢʤ. ʅʘ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʦʤ ʵʪʘʧʝ ʦʥʘ ʢʦʥʪʨʦʣʠʨʫʝʪ ʧʦʣʦʞʝʥʠʝ ʩʝ-
ʚʝʨʥʳʭ ʘʢʪʠʚʥʳʭ ʦʢʨʘʠʥ ʜʚʫʭ ʢʨʫʧʥʳʭ ʚʥʫʪʨʠʛʦʨʥʳʭ ʚʧʘʜʠʥ ï ʏʫʡʩʢʦʡ ʠ ʂʫʨʘʡ-
ʩʢʦʡ. ʀʩʩʣʝʜʫʝʤʳʡ ʨʘʡʦʥ ʷʚʣʷʝʪʩʷ ʪʝʨʨʠʪʦʨʠʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʧʨʦʞʠʚʘʥʠʷ ʠ ʭʦ-
ʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ.  

ʀʥʪʝʥʩʠʚʥʦʝ ʚʦʟʚʝʜʝʥʠʝ ʟʜʝʩʴ ʦʙʲʝʢʪʦʚ ʪʫʨʠʩʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, 
ʚʦʟʤʦʞʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʝʪʠ ʤʘʣʳʭ ɻʕʉ, ʘ ʪʘʢʞʝ ʧʨʦʢʣʘʜʢʘ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ 
ʛʘʟʦʧʨʦʚʦʜʘ ʚ ʂʅʈ, ʜʝʣʘʶʪ ʘʢʪʫʘʣʴʥʳʤʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʥʦʚʳʝ 
ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʮʝʥʢʫ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʠ 
ʩʝʡʩʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ.  

ɺ ʨʝʛʠʦʥʘʭ ʩ ʦʯʝʥʴ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʠʩʪʦʨʠʯʝʩʢʠʤʠ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠ 
ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʝʜʝʥʠʷʤʠ ʪʦʣʴʢʦ ʧʘʣʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʦʩʪʘʶʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʥʘʜʝʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟ-
ʤʦʞʥʳʭ ʤʘʛʥʠʪʫʜʘʭ ʠ ʧʝʨʠʦʜʝ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 



93 
 

ɿʘ ʧʝʨʠʦʜ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʂʫʨʘʡʩʢʘʷ ʟʦʥʘ ʨʘʟʣʦʤʦʚ ʧʨʦ-
ʷʚʠʣʘ ʩʝʙʷ ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʦʩʝʡʩʤʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʜʣʷ ʢʦʪʦʨʦʡ ʭʘʨʘʢ-
ʪʝʨʥʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʄ Ò 5. ʅʦ ʪʘʢ ʣʠ ʵʪʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ?  

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʘʣʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʛʦʚʦ-
ʨʷʪ ʦ ʙʦʣʝʝ ʩʠʣʴʥʦʡ ʧʘʣʝʦʩʝʡʩʤʠʯʥʦʩʪʠ ʂʫʨʘʡʩʢʦʡ ʟʦʥʳ ʨʘʟʣʦʤʦʚ [1-3]. ʕʪʦ ʧʦʜ-
ʪʚʝʨʞʜʘʶʪ ʠ ʨʝʟʫʣʴʪʘʪʳ ʥʦʚʳʭ ʪʨʝʥʯʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 
ʂʫʨʘʡʩʢʦʡ ʚʧʘʜʠʥʳ. ʀʭ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ. 

 
ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʠ ʧʘʣʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ 

ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʂʫʨʘʡʩʢʦʡ ʚʧʘʜʠʥʳ ʧʨʦʚʦʜʠʣʦʩʴ ʜʝʰʠʬʨʠʨʦʚʘʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ 
ʩʥʠʤʢʦʚ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʜʦʩʪʫʧʥʳʭ ʚ ʧʨʦʛʨʘʤʤʝ Google Earth, ʥʘ ʢʦʪʦʨʳʭ 
ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʫʯʘʩʪʥʠʢʠ ʜʣʷ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʨʘʟʣʦʤ-
ʥʳʝ ʫʩʪʫʧʳ ʠ ʠʭ ʩʝʛʤʝʥʪʳ, ʷʚʣʷʶʱʠʝʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʨʘʟʨʳʚʘʤʠ ʩʠʣʴʥʳʭ ʧʘ-
ʣʝʦʟʝʤʣʝʪʨʷʩʝʥʠʡ.  

ɺʦ ʚʨʝʤʷ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʜʝʪʘʣʴʥʦʝ ʢʘʨʪʠʨʦʚʘʥʠʝ 
ʤʦʨʬʦʣʦʛʠʠ ʨʘʟʣʦʤʥʳʭ ʫʩʪʫʧʦʚ (ʚʳʩʦʪʳ, ʧʨʦʪʷʞʝʥʥʦʩʪʠ, ʩʝʛʤʝʥʪʘʮʠʠ), ʚ ʪʦʤ 
ʯʠʩʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ GPS.  

ɺʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ ʨʘʟʣʦʤʥʳʭ ʫʩʪʫʧʦʚ ʠʟʫʯʘʣʘʩʴ ʚ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʛʦʨ-
ʥʳʭ ʚʳʨʘʙʦʪʢʘʭ ï ʪʨʘʥʰʝʷʭ ʠ ʢʘʥʘʚʘʭ.  

ʇʨʠ ʠʟʫʯʝʥʠʠ ʩʪʝʥʦʢ ʪʨʘʥʰʝʡ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʜʝʪʘʣʴʥʦʝ ʧʦʢʚʘʜʨʘʪʥʦʝ 
(1Ĭ1 ʤ ʠʣʠ 0.5Ĭ0.5 ʤ) ʢʘʨʪʠʨʦʚʘʥʠʝ ʨʘʟʨʝʟʦʚ.  

ʌʠʢʩʠʨʦʚʘʣʠʩʴ ʵʣʝʤʝʥʪʳ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ (ʜʣʷ ʩʣʦʝʚ ʦʧʨʝʜʝʣʷʣʠʩʴ 
ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʛʝʥʝʟʠʩ), ʥʘʨʫʰʘʶʱʠʝ ʠʭ ʨʘʟʣʦʤʳ, ʪʨʝ-
ʱʠʥʳ, ʩʢʣʘʜʢʠ.  

ʆʧʨʝʜʝʣʷʣʠʩʴ ʦʪʣʦʞʝʥʠʷ, ʩʣʘʛʘʶʱʠʝ ʢʨʳʣʴʷ ʨʘʟʣʦʤʦʚ, ʢʦʣʣʶʚʠʘʣʴʥʳʝ 
ʢʣʠʥʴʷ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʧʦʜʥʷʪʳʭ ʢʨʳʣʴʝʚ, ʵʣʝʤʝʥʪʳ ʟʘʣʝʛʘʥʠʷ 
ʨʘʟʣʦʤʥʳʭ ʧʣʦʩʢʦʩʪʝʡ, ʪʠʧʳ ʠ ʘʤʧʣʠʪʫʜʳ ʩʤʝʱʝʥʠʡ ʧʦ ʨʘʟʣʦʤʘʤ.  

ʅʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʛʝʥʝʨʘʮʠʡ ʨʘʟʣʦʤʦʚ, ʩʨʝʟʘʶʱʠʭʩʷ ʠʣʠ ʧʝʨʝʢʨʳʚʘʶ-
ʱʠʭʩʷ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʠ/ʠʣʠ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʢʦʣʣʶʚʠʘʣʴʥʳʭ 
ʢʣʠʥʴʝʚ ʠ ʧʘʣʝʦʧʦʯʚ, ʧʦʟʚʦʣʠʣʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʩʝʡʩʤʠʯʝʩʢʠʭ ʧʦ-
ʜʚʠʞʝʢ. ɺʳʷʚʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʝʡʩʤʦʛʝʥʥʳʭ ʨʘʟʨʳʚʦʚ ʧʦʟʚʦʣʠʣʠ ʦʮʝʥʠʪʴ 
ʤʘʛʥʠʪʫʜʳ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʨʝʚʥʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʵʤʧʠʨʠʯʝʩʢʠʭ 
ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʟ [4].  

ʀʟʫʯʝʥʠʝ ʧʘʣʝʦʩʝʡʩʤʦʜʠʩʣʦʢʘʮʠʡ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʦʪʙʦʨʦʤ ʦʙʨʘʟʮʦʚ ʜʣʷ 
ʠʭ AMS14C ʦʧʨʝʜʝʣʝʥʠʷ ʘʙʩʦʣʶʪʥʦʛʦ ʚʦʟʨʘʩʪʘ.  

 
ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʂʫʨʘʡʩʢʦʡ ʚʧʘʜʠʥʳ ʚʳʷʚ-

ʣʝʥʦ ʜʚʘ ʨʘʟʣʦʤʥʳʭ ʫʩʪʫʧʘ. ʆʙʘ ʫʩʪʫʧʘ ʧʨʦʩʪʠʨʘʶʪʩʷ ʩʫʙʧʘʨʘʣʝʣʴʥʦ ʧʦ ʘʟʠʤʫʪʫ 
110Ü ʤʝʞʜʫ ʜʦʣʠʥʘʤʠ ʨʨ. ʂʫʨʘʡʢʘ ʠ ʂʳʟʳʣʪʘʰ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ 100 ʤ ʜʨʫʛ ʦʪ 
ʜʨʫʛʘ. ʋʩʪʫʧʳ ʪʨʘʩʩʠʨʫʶʪ ʧʦʣʦʞʝʥʠʝ ʘʢʪʠʚʥʦʛʦ ʨʘʟʣʦʤʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʩʤʳʢʘʶ-
ʱʠʤ ʩʝʛʤʝʥʪʦʤ ʤʝʞʜʫ ʜʚʫʤʷ ʬʦʨʙʝʨʛʦʚʳʤʠ ʧʦʜʥʷʪʠʷʤʠ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʂʫ-
ʨʘʡʩʢʦʡ ʚʧʘʜʠʥʳ.  

ʕʪʠ ʬʦʨʙʝʨʛʠ ʦʪʜʝʣʷʶʪ ɸʢʪʘʰʩʢʠʡ ʨʘʤʧ ʦʪ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʂʫʨʘʡʩʢʦʡ 
ʚʧʘʜʠʥʳ. ʋʩʪʫʧʳ ʩʝʢʫʪ ʩʨʝʜʥʝ-ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʝ ʧʨʦʣʶʚʠʘʣʴʥʳʝ ʢʦʥʫʩʘ 
ʚʳʥʦʩʘ, ʜʦʣʠʥʳ ʨʨ. ʂʫʨʘʡʢʘ ʠ ʂʳʟʳʣʪʘʰ ʠ, ʚ ʪʦʞʝ ʚʨʝʤʷ, ʧʨʦʨʝʟʘʶʪʩʷ ʘʥʪʝʮʝ-
ʜʝʥʪʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʜʦʣʠʥ ʵʪʠʭ ʨʝʢ.  

ʇʦʡʤʳ ʨʝʢ ʧʝʨʝʜ ʫʩʪʫʧʦʤ ʨʘʩʰʠʨʷʶʪʩʷ, ʘ ʧʦʡʤʘ ʨ. ʂʳʟʳʣʪʘʰ ʧʨʝʜʩʪʘʚ-
ʣʷʝʪ ʩʦʙʦʡ ʟʘʙʦʣʦʯʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʇʦʣʝʚʦʝ ʠʟʫʯʝʥʠʝ ʫʩʪʫʧʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ 
ʙʦʣʝʝ ʶʞʥʳʡ ʠʟ ʥʠʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʪʦʡ ʦʪ 2 ʜʦ 5.5 ʤ ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 
1.8 ʢʤ, ʩʝʚʝʨʥʳʡ ï ʚʳʩʦʪʦʡ 1.5 ʤ ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 1 ʢʤ. 
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ʖʞʥʳʡ ʫʩʪʫʧ. ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʶʞʥʦʛʦ ʨʘʟʣʦʤʥʦʛʦ ʫʩʪʫʧʘ ʧʨʦʡʜʝʥʘ 
ʪʨʘʥʰʝʷ ʂʫʨʘʡʩʢʘʷ-1 ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 10 ʤ ʠ ʛʣʫʙʠʥʦʡ 2 ʤ [2].  

ɺ ʟʘʧʘʜʥʦʡ ʩʪʝʥʢʝ ʪʨʘʥʰʝʠ ʚʩʢʨʳʪʳ ʩʝʨʳʝ ʧʨʦʣʶʚʠʘʣʴʥʳʝ ʩʫʙʛʦʨʠʟʦʥ-
ʪʘʣʴʥʦ- ʠ ʧʦʣʦʛʦ-ʣʠʥʟʦʚʠʜʥʦ-ʩʣʦʠʩʪʳʝ ʚʘʣʫʥʥʳʝ ʛʘʣʝʯʥʠʢʠ (ʩʣʦʠ 1 ʠ 3, ʤʦʱ-
ʥʦʩʪʴ ʙʦʣʝʝ 0.8 ʠ 0.8 ʤ) ʠ ʤʘʩʩʠʚʥʳʝ ʛʨʘʚʠʡʥʠʢʠ (ʩʣʦʠ 2 ʠ 4, ʤʦʱʥʦʩʪʴ 0.15 ʠ 0.1 
ʤ). ɿʘʣʝʛʘʥʠʝ ʩʣʦʝʚ 3 ʠ 4 ʥʘʨʫʰʝʥʦ ʧʘʜʘʶʱʠʤ ʥʘ ʶʛ ʩʝʡʩʤʦʛʝʥʥʳʤ ʚʟʙʨʦʩʦʤ ʩ 
ʘʤʧʣʠʪʫʜʦʡ ʩʤʝʱʝʥʠʷ 1.2 ʤ.  

ɺ ʚʠʩʷʯʝʤ ʢʨʳʣʝ ʚʟʙʨʦʩʘ ʩʣʦʠ 1-4 ʩʦʙʨʘʥʳ ʚ ʧʨʠʨʘʟʣʦʤʥʫʶ ʩʢʣʘʜʢʫ. 
ʂʨʦʤʝ ʪʦʛʦ, ʚ ʚʠʩʷʯʝʤ ʢʨʳʣʝ ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʝ ʢʣʠʥʦʚʠʜʥʳʝ ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʷʞʝ-
ʥʠʷ, ʨʘʩʩʝʢʘʶʱʠʝ ʩʣʦʠ 1-4.  

ʉʪʨʫʢʪʫʨʳ ʨʘʩʪʷʞʝʥʠʷ ʚʳʧʦʣʥʝʥʳ ʩʝʨʳʤ ʤʘʩʩʠʚʥʳʤ ʚʘʣʫʥʥʳʤ ʛʘʣʝʯʥʠ-
ʢʦʤ ʩ ʬʨʘʛʤʝʥʪʘʤʠ ʩʣʘʙʦʛʫʤʫʩʩʠʨʦʚʘʥʥʳʭ ʘʣʝʚʨʠʪʠʩʪʳʭ ʧʝʩʢʦʚ (ʩʣʦʡ 5, ʤʦʱ-
ʥʦʩʪʴ ʙʦʣʝʝ 1.5 ʤ).  

ʉʣʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʣʣʶʚʠʘʣʴʥʳʡ ʢʣʠʥ, ʩʣʦʞʝʥʥʳʡ ʧʝʨʝʦʪʣʦʞʝʥ-
ʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩʣʦʝʚ 1-4. ʆʥ ʪʘʢʞʝ ʩʨʝʟʘʝʪ ʚʟʙʨʦʩ ʠ ʦʪʣʦʞʝʥʠʷ ʩʣʦʝʚ 3 ʠ 4 ʚʦ 
ʬʨʦʥʪʝ ʫʩʪʫʧʘ.  

ɺ ʧʦʥʠʞʝʥʠʠ ʚ ʢʨʦʚʣʝ ʩʣʦʷ 5 ʚʳʜʝʣʝʥ ʤʘʣʦʤʦʱʥʳʡ ʧʨʦʩʣʦʡ ʛʫʤʫʩʩʠʨʦ-
ʚʘʥʥʦʡ ʩʫʧʝʩʠ (ʩʣʦʡ 6, ʤʦʱʥʦʩʪʴ 0.2 ʤ), ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʝʣʶʚʠʡ, 
ʫʯʘʩʪʚʫʶʱʠʡ ʚ ʩʪʨʦʝʥʠʠ ʢʦʣʣʶʚʠʘʣʴʥʦʛʦ ʢʣʠʥʘ.  

ɿʘʚʝʨʰʘʶʪ ʨʘʟʨʝʟ ʪʨʘʥʰʝʠ ʜʝʣʶʚʠʘʣʴʥʳʡ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʡ ʛʨʘʚʠʡ-
ʥʠʢ (ʩʣʦʡ 7, ʤʦʱʥʦʩʪʴ 0.15 ʤ) - ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʢʦʣʣʶʚʠʘʣʴʥʦʛʦ ʢʣʠʥʘ ʠ ʩʦʚʨʝʤʝʥ-
ʥʘʷ ʧʦʯʚʘ (ʩʣʦʡ 8). 

ɸʤʧʣʠʪʫʜʘ ʩʤʝʱʝʥʠʷ ʧʦ ʚʟʙʨʦʩʫ ʧʦʟʚʦʣʠʣʘ ʦʮʝʥʠʪʴ ʤʦʤʝʥʪʥʫʶ ʤʘʛʥʠʪʫʜʫ 
ʧʘʣʝʦʟʝʤʣʝʪʨʷʩʝʥʠʷ - Mw = 6.7õ7.0, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ I = 8-9 ʙʘʣʣʦʚ ʧʦ ʰʢʘʣʝ 
MSK-64. 

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʨʘʩʪʘ ʚʝʨʭʥʝʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʘʥʠʮʳ ʜʨʝʚʥʝʛʦ ʟʝʤ-
ʣʝʪʨʷʩʝʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʚʟʙʨʦʩ, ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʝʤʫ 
ʧʨʠʨʘʟʣʦʤʥʘʷ ʩʢʣʘʜʢʘ ʠ ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʷʞʝʥʠʷ ʚ ʚʠʩʷʯʝʤ ʢʨʳʣʝ, ʙʳʣ ʦʪʦʙʨʘʥ 
ʦʙʨʘʟʝʮ ʛʫʤʫʩʩʠʨʦʚʘʥʥʦʡ ʩʫʧʝʩʠ ʠʟ ʩʣʦʷ 6. AMS 14C ʚʦʟʨʘʩʪ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʠʣ 
5487 Ñ 71 ʣʝʪ (UGAMS-27118), ʢʘʣʠʙʨʦʚʘʥʥʳʡ ʚʦʟʨʘʩʪ ï 6440 ï 6175 ʣʝʪ ʥʘʟʘʜ, 
ʪ.ʝ. ʩʘʤʦ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʧʨʦʠʟʦʰʣʦ ʦʢʦʣʦ 6500 ʣʝʪ ʥʘʟʘʜ. 

ɺ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʶʞʥʦʛʦ ʨʘʟʣʦʤʥʦʛʦ ʫʩʪʫʧʘ ʧʨʦʡʜʝʥʘ ʪʨʘʥʰʝʷ ʂʫʨʘʡʩʢʘʷ-
2 ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 7 ʤ ʠ ʛʣʫʙʠʥʦʡ 2.5 ʤ. 

 ɺ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʩʪʝʥʢʝ ʪʨʘʥʰʝʠ ʚʩʢʨʳʚʘʝʪʩʷ ʧʨʦʣʶʚʠʘʣʴʥʳʡ ʢʦʨʠʯ-
ʥʝʚʦ-ʩʝʨʳʡ ʧʣʦʭʦ ʩʦʨʪʠʨʦʚʘʥʥʳʡ ʚʘʣʫʥʥʳʡ ʱʝʙʥʝ-ʛʘʣʝʯʥʠʢ ʩ ʧʝʩʯʘʥʦ-ʜʨʝʩʚʷ-
ʥʳʤ ʟʘʧʦʣʥʠʪʝʣʝʤ (ʩʣʦʡ 1, ʚʠʜʠʤʘʷ ʤʦʱʥʦʩʪʴ 1.8 ʤ).  

ʅʘʙʣʶʜʘʝʪʩʷ ʛʨʫʙʘʷ ʥʝʷʚʥʘʷ ʣʠʥʟʦʚʠʜʥʘʷ ʩʣʦʠʩʪʦʩʪʴ, ʧʘʜʘʶʱʘʷ ʚ ʩʪʦʨʦʥʫ 
ʛʦʨʥʦʛʦ ʩʢʣʦʥʘ. ɿʘʣʝʛʘʥʠʝ ʩʣʦʷ 1 ʥʘʨʫʰʝʥʦ ʢʨʫʪʦʥʘʢʣʦʥʥʳʤ ʩʙʨʦʩʦʤ F2, ʧʦ ʢʦ-
ʪʦʨʦʤʫ ʬʨʦʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʚʠʩʷʯʝʛʦ ʢʨʳʣʘ ʨʘʟʣʦʤʘ F1 ʦʙʨʫʰʠʣʘʩʴ ʥʘ ʝʛʦ ʣʝʞʘ-
ʯʝʝ ʢʨʳʣʦ.  

ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʧʦʣʦʞʝʥʠʷ ʦʙʨʫʰʠʚʰʝʡʩʷ ʯʘʩʪʠ ʚʠʩʷʯʝʛʦ ʢʨʳʣʘ ʧʦʟʚʦʣʠʣʘ 
ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʝʥʠʝ ʠ ʢʠʥʝʤʘʪʠʢʫ ʨʘʟʣʦʤʘ F1 ï ʵʪʦ ʧʘʜʘʶʱʠʡ ʧʦʜ ʫʛʣʦʤ 65Á 
ʥʘ ʶʛ ʚʟʙʨʦʩ.  

ɸʤʧʣʠʪʫʜʘ ʩʤʝʱʝʥʠʷ ʚʜʦʣʴ ʣʠʥʠʠ ʧʘʜʝʥʠʷ ʨʘʟʣʦʤʥʦʡ ʧʣʦʩʢʦʩʪʠ F1 ʩʦʩʪʘʚ-
ʣʷʣʘ 1.2 ʤ. ʉʣʦʡ 1 ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʢʦʨʠʯʥʝʚʦ-ʩʝʨʳʤ ʤʘʩʩʠʚʥʳʤ ʚʘʣʫʥʥʳʤ 
ʱʝʙʥʝ-ʛʘʣʝʯʥʠʢʦʤ ʩ ʧʝʩʯʘʥʦ-ʜʨʝʩʚʷʥʳʤ ʟʘʧʦʣʥʠʪʝʣʝʤ (ʩʣʦʡ 2, ʤʦʱʥʦʩʪʴ 0.5 ʤ). 
ʉʣʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʣʣʶʚʠʘʣʴʥʳʡ ʢʣʠʥ. ʆʪʣʦʞʝʥʠʷ ʩʣʦʝʚ 1-2, ʚ ʩʚʦʶ 
ʦʯʝʨʝʜʴ, ʩʤʝʱʘʶʪʩʷ ʧʘʜʘʶʱʠʤ ʥʘ ʶʛ ʚʟʙʨʦʩʦʤ F3.  

ɸʤʧʣʠʪʫʜʘ ʩʤʝʱʝʥʠʷ ʚʜʦʣʴ ʣʠʥʠʠ ʧʘʜʝʥʠʷ ʝʛʦ ʨʘʟʣʦʤʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʦʩʪʘ-
ʚʠʣʘ 1.8 ʤ.  
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ɺʟʙʨʦʩ F3, ʩʣʦʠ 1 ʠ 2 ʩʨʝʟʘʶʪʩʷ ʠ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʦʪʣʦʞʝʥʠʷʤʠ ʩʣʦʷ 3 - 
ʢʦʨʠʯʥʝʚʦ-ʩʝʨʳʡ ʤʘʩʩʠʚʥʳʡ ʱʝʙʝʥʥʠʢ ʩ ʦʪʜʝʣʴʥʳʤʠ ʛʘʣʴʢʘʤʠ ʠ ʧʝʩʯʘʥʦ-ʜʨʝ-
ʩʚʷʥʳʤ ʟʘʧʦʣʥʠʪʝʣʝʤ (ʥʠʞʥʷʷ ʯʘʩʪʴ ʢʦʣʣʶʚʠʘʣʴʥʦʛʦ ʢʣʠʥʘ, ʤʦʱʥʦʩʪʴ ʜʦ 0.6 ʤ). 
ɺʳʰʝ ʟʘʣʝʛʘʝʪ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʘʷ ʣʠʥʟʦʚʠʜʥʦ-ʩʣʦʠʩʪʘʷ ʩʣʘʙʦ ʛʫʤʫʩʠʨʦʚʘʥʥʘʷ 
ʩʫʧʝʩʴ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʛʘʣʝʢ ʠ ʱʝʙʥʷ (ʩʣʦʡ 4, ʤʦʱʥʦʩʪʴ 0,3 ʤ, ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʢʦʣ-
ʣʶʚʠʘʣʴʥʦʛʦ ʢʣʠʥʘ).  

ʈʘʟʨʝʟ ʟʘʚʝʨʰʘʝʪ ʩʦʚʨʝʤʝʥʥʘʷ ʧʦʯʚʘ (ʩʣʦʡ 5, ʤʦʱʥʦʩʪʴ ʜʦ 0.4 ʤ). 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʪʝʥʢʘʭ ʪʨʘʥʰʝʠ ʂʫʨʘʡʢʘ-2 ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʳ ʜʚʫʭ 

ʧʘʣʝʦʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʇʝʨʚʦʤʫ ʩʝʡʩʤʠʯʝʩʢʦʤʫ ʩʦʙʳʪʠʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʣʦʤ 
F1. ɸʤʧʣʠʪʫʜʘ ʚʟʙʨʦʩʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʚ 1.2 ʤ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʤʦʤʝʥʪʥʫʶ ʤʘʛ-
ʥʠʪʫʜʫ ʧʘʣʝʦʩʦʙʳʪʠʷ ʢʘʢ ʄw = 6.7-7.0.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʫʰʝʥʠʷ ʚʠʩʷʯʝʛʦ ʢʨʳʣʘ ʚʟʙʨʦʩʘ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʩʙʨʦʩ F2 
ʠ ʢʦʣʣʶʚʠʘʣʴʥʳʡ ʢʣʠʥ ï ʩʣʦʡ 2. ɹʦʣʝʝ ʤʦʣʦʜʦʤʫ ʧʘʣʝʦʟʝʤʣʝʪʨʷʩʝʥʠʶ ʩʦʦʪʚʝʪ-
ʩʪʚʫʝʪ ʚʟʙʨʦʩ F3. ɸʤʧʣʠʪʫʜʘ ʩʤʝʱʝʥʠʷ ʧʦ ʥʝʤʫ ʩʦʩʪʘʚʠʣʘ 1.8 ʤ, ʯʪʦ ʩʦʦʪʚʝʪ-
ʩʪʚʫʝʪ ʄw = 6.8-7.1.  

ɺʦʟʨʘʩʪ ʵʪʦʛʦ ʧʘʣʝʦʟʝʤʣʝʪʨʷʩʝʥʠʷ ʤʳ ʢʦʨʨʝʣʠʨʫʝʤ ʩ ʩʝʡʩʤʠʯʝʩʢʠʤ ʩʦʙʳ-
ʪʠʝʤ, ʚʳʷʚʣʝʥʥʳʤ ʚ ʪʨʘʥʰʝʝ ʂʫʨʘʡʩʢʘʷ-1, ʪ.ʝ. ʦʥʦ ʧʨʦʠʟʦʰʣʦ ʦʢʦʣʦ 6500 ʣʝʪ 
ʥʘʟʘʜ [2]. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪ ʙʦʣʝʝ ʜʨʝʚʥʝʛʦ ʧʘʣʝʦʟʝʤʣʝʪʨʷʩʝʥʠʷ ʦʮʝʥʝʥ 
ʢʘʢ ʛʦʣʦʮʝʥʦʚʳʡ. 

 
ʉʝʚʝʨʥʳʡ ʫʩʪʫʧ. ʏʝʨʝʟ ʩʝʚʝʨʥʳʡ ʨʘʟʣʦʤʥʳʡ ʫʩʪʫʧ, ʚ ʝʛʦ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘ-

ʩʪʠ, ʧʨʦʡʜʝʥʘ ʪʨʘʥʰʝʷ ʂʫʨʘʡʩʢʘʷ-4 ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 12 ʤ ʠ ʛʣʫʙʠʥʦʡ ʜʦ 1.5 ʤ. ɺ 
ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʩʪʝʥʢʝ ʪʨʘʥʰʝʠ ʚʩʢʨʳʚʘʝʪʩʷ ʩʝʨʳʡ ʧʨʦʣʶʚʠʘʣʴʥʳʡ ʚʘʣʫʥʥʦ-
ʛʘʣʝʯʥʠʢ ʩ ʦʪʜʝʣʴʥʳʤʠ ʛʣʳʙʘʤʠ ʜʦ 1 ʤ, ʟʘʧʦʣʥʠʪʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʩʢʦ-ʜʨʝʩʚʷ-
ʥʠʢʦʤ, ʤʝʣʢʦʡ ʛʘʣʴʢʦʡ ʠ ʱʝʙʥʝʤ (ʩʣʦʡ 1, ʚʠʜʠʤʘʷ ʤʦʱʥʦʩʪʴ 1.2 ʤ). ʉʣʦʡ 1 ʥʘʨʫ-
ʰʝʥ ʧʘʜʘʶʱʠʤ ʥʘ ʶʛ ʧʦʜ ʫʛʣʦʤ 45Á ʚʟʙʨʦʩʦʤ F1, ʢʦʪʦʨʳʡ ʚʳʷʚʣʝʥ ʚ ʶʞʥʦʡ ʯʘʩʪʠ 
ʪʨʘʥʰʝʠ. ɸʤʧʣʠʪʫʜʘ ʩʤʝʱʝʥʠʷ ʚʜʦʣʴ ʣʠʥʠʠ ʧʘʜʝʥʠʷ ʨʘʟʣʦʤʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʦ-
ʩʪʘʚʠʣʘ ʥʝ ʤʝʥʝʝ 1.4 ʤ.  

ɺʳʰʝ ʟʘʣʝʛʘʶʪ ʩʝʨʳʡ ʤʘʩʩʠʚʥʳʡ ʚʘʣʫʥʥʦ-ʛʘʣʝʯʥʠʢ ʩ ʧʝʩʢʦ-ʜʨʝʩʚʷʥʳʤ ʟʘ-
ʧʦʣʥʠʪʝʣʝʤ (ʩʣʦʡ 2, ʤʦʱʥʦʩʪʴʶ ʜʦ 0.6 ʤ, ʥʠʞʥʷʷ ʯʘʩʪʴ ʢʦʣʣʶʚʠʘʣʴʥʦʛʦ ʢʣʠʥʘ) 
ʠ ʩʚʝʪʣʦ-ʩʝʨʳʡ ʛʘʣʝʯʥʦ-ʱʝʙʝʥʥʠʢ ʩ ʩʫʧʝʩʯʘʥʳʤ ʟʘʧʦʣʥʠʪʝʣʝʤ ʠ ʥʝʷʚʥʦʡ ʣʠʥʟʦ-
ʚʠʜʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ (ʩʣʦʡ 3, ʤʦʱʥʦʩʪʴ ʜʦ 0.6 ʤ, ʚʝʨʭʥʷʷ ʯʘʩʪʴʶ ʢʦʣʣʶʚʠʘʣʴʥʦʛʦ 
ʢʣʠʥʘ).  

ʎʝʣʦʩʪʥʦʩʪʴ ʩʣʦʝʚ 1-3 ʥʘʨʫʰʘʶʪ ʨʘʟʣʦʤʳ F2-F7. F2 ʠ F3 ï ʚʟʙʨʦʩʳ, ʨʘʩʧʦ-
ʣʦʞʝʥʥʳʝ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʪʨʘʥʰʝʠ.  

ʇʣʦʩʢʦʩʪʠ ʨʘʟʣʦʤʦʚ ʧʦʛʨʫʞʘʶʪʩʷ ʥʘ ʶʛ ʧʦʜ ʫʛʣʦʤ 45Á. ɸʤʧʣʠʪʫʜʳ ʩʤʝʱʝ-
ʥʠʷ ʚʜʦʣʴ ʨʘʟʣʦʤʥʳʭ ʧʣʦʩʢʦʩʪʝʡ F2 ʠ F3 ʩʦʩʪʘʚʠʣʠ 0.4 ʠ 0.3 ʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
F4 ʠ F5 ï ʢʨʫʪʦʧʘʜʘʶʱʠʝ ʚʟʙʨʦʩʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʪʨʘʥʰʝʠ. ɺ 
ʩʚʦʝʡ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʣʦʤ F4 ʧʝʨʝʭʦʜʠʪ ʚ ʢʣʠʥʦʚʠʜʥʫʶ ʩʪʨʫʢʪʫʨʫ ʨʘʩʪʷʞʝʥʠʷ. 
ɸʤʧʣʠʪʫʜʘ ʩʤʝʱʝʥʠʷ ʚʜʦʣʴ F4 ʩʦʩʪʘʚʠʣʘ 0.1 ʤ, ʚʜʦʣʴ F5 ï ʥʝ ʤʝʥʝʝ 0.3 ʤ. F6 ʠ 
F7 ï ʩʙʨʦʩʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʪʨʘʥʰʝʠ.  

ʈʘʟʣʦʤʥʳʝ ʧʣʦʩʢʦʩʪʠ ʧʘʜʘʶʪ ʥʘ ʩʝʚʝʨ ʧʦʜ ʫʛʣʘʤʠ 70Á ʠ 80Á ʩʦʦʪʚʝʪ-
ʩʪʚʝʥʥʦ. ɸʤʧʣʠʪʫʜʘ ʩʤʝʱʝʥʠʷ ʚʜʦʣʴ ʨʘʟʣʦʤʥʦʡ ʧʣʦʩʢʦʩʪʠ F6 ʩʦʩʪʘʚʠʣʘ 0.4 ʤ, 
F7 ï 0.1 ʤ. ʉʣʦʡ 4 ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʢʦʣʣʶʚʠʘʣʴʥʳʤ ʢʣʠʥʦʤ ʠ ʩʣʦʞʝʥ ʛʘ-
ʣʝʯʥʦ-ʱʝʙʝʥʥʠʢʦʤ ʩ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʤ ʧʝʩʯʘʥʳʤ ʟʘʧʦʣʥʠʪʝʣʝʤ ʚʠʜʠʤʦʡ ʤʦʱ-
ʥʦʩʪʴʶ ʙʦʣʝʝ 0.7 ʤ.  

ʆʥ ʩʨʝʟʘʝʪ ʦʪʣʦʞʝʥʠʷ ʩʣʦʝʚ 2 ʠ 3, ʨʘʟʣʦʤʥʳʝ ʧʣʦʩʢʦʩʪʠ F2 ʠ F3, ʚʳʧʦʣʥʷʝʪ 
ʢʣʠʥʦʚʠʜʥʫʶ ʩʪʨʫʢʪʫʨʫ ʨʘʩʪʷʞʝʥʠʷ, ʩʚʷʟʘʥʥʫʶ ʩ ʨʘʟʣʦʤʦʤ F4. ʉʣʦʡ 4, ʚ ʩʚʦʶ 
ʦʯʝʨʝʜʴ, ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʣʦʝʤ 2 ʥʘʨʫʰʝʥʳ ʩʙʨʦʩʦʤ F8, ʧʣʦʩʢʦʩʪʴ ʩʤʝʩʪʠʪʝʣʷ ʢʦ-
ʪʦʨʦʛʦ ʧʘʜʘʝʪ ʥʘ ʩʝʚʝʨ.  



96 
 

ʉʦ ʩʙʨʦʩʘʤʠ F6-F8 ʩʚʷʟʘʥʳ ʢʣʠʥʦʚʠʜʥʳʝ ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʷʞʝʥʠʷ, ʟʘʧʦʣʥʝʥ-
ʥʳʝ ʦʪʣʦʞʝʥʠʷʤʠ ʩʣʦʷ 5. ʆʥ ʧʨʝʜʩʪʘʚʣʝʥ ʯʝʨʥʦ-ʢʦʨʠʯʥʝʚʦʡ ʛʫʤʫʩʠʨʦʚʘʥʥʦʡ ʩʫ-
ʧʝʩʴʶ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʱʝʙʥʷ ʠ ʛʘʣʴʢʠ. ɽʛʦ ʤʦʱʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 0.7 ʤ. ʈʘʟʨʝʟ ʟʘ-
ʚʝʨʰʘʝʪʩʷ ʩʦʚʨʝʤʝʥʥʦʡ ʧʦʯʚʦʡ (ʩʣʦʡ 6) ʤʦʱʥʦʩʪʴʶ ʜʦ 0.3 ʤ.  

ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʚ ʪʨʘʥʰʝʝ ʂʫʨʘʡʩʢʘʷ-4 ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ 
ʚʳʜʝʣʠʪʴ ʜʚʘ ʧʘʣʝʦʟʝʤʣʝʪʨʷʩʝʥʠʷ.  

ʅʘʠʙʦʣʝʝ ʜʨʝʚʥʝʤʫ ʟʝʤʣʝʪʨʷʩʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʟʙʨʦʩ F1. ɸʤʧʣʠʪʫʜʘ 
ʩʤʝʱʝʥʠʷ ʧʦ ʣʠʥʠʠ ʧʘʜʝʥʠʷ ʚʟʙʨʦʩʘ ʚ 1.4 ʤ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʤʠʥʠ-
ʤʘʣʴʥʫʶ ʤʦʤʝʥʪʥʫʶ ʤʘʛʥʠʪʫʜʫ ʵʪʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ Mw= 6.7-7.0, ʠʥʪʝʥʩʠʚʥʦʩʪʴ 
- I=8-9 ʙʘʣʣʦʚ. ʇʨʠ ʨʘʟʨʫʰʝʥʠʠ ʚʠʩʷʯʝʛʦ ʢʨʳʣʘ ʚʟʙʨʦʩʘ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʦʪʣʦ-
ʞʝʥʠʷ ʩʣʦʝʚ 2 ʠ 3.  

ʉʣʝʜʫʶʱʝʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʧʦʜʚʠʞʢʦʡ ʧʦ ʚʟʙʨʦʩʘʤ F2 ï F5. 
ɺʝʣʠʯʠʥʘ ʩʤʝʱʝʥʠʷ 0.4 ʤ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʚʟʙʨʦʩʘ F2 ʧʦʟʚʦʣʷʝʪ ʫʩʣʦʚʥʦ ʦʮʝ-
ʥʠʪʴ ʤʘʛʥʠʪʫʜʫ 6.4.  

ʅʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʚʟʙʨʦʩʦʚʳʭ ʧʣʦʩʢʦʩʪʝʡ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 
ʪʦʤ, ʯʪʦ ʧʦʤʠʤʦ ʚʟʙʨʦʩʦʚʦʡ ʩʝʡʩʤʦʛʝʥʥʘʷ ʧʦʜʚʠʞʢʘ ʠʤʝʣʘ ʠ ʩʜʚʠʛʦʚʫʶ ʩʦʩʪʘʚ-
ʣʷʶʱʫʶ. 

 ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʙʨʦʩʦʚ F6-F8 ʠ ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʠʭ ʢʣʠʥʦʚʠʜʥʳʭ ʩʪʨʫʢʪʫʨ 
ʨʘʩʪʷʞʝʥʠʷ ʩʚʷʟʘʥʦ ʩ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʨʘʟʨʫʰʝʥʠʝʤ ʨʘʟʣʦʤʥʦʛʦ ʫʩʪʫʧʘ. 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʠ ʩʪʨʫʢʪʫʨʥʦʝ ʧʦʣʦʞʝʥʠʝ ʩʝʚʝʨʥʦʛʦ ʫʩʪʫʧʘ ʧʦʟ-
ʚʦʣʷʝʪ ʥʘʤ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʥ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʤʦʣʦʜʳʤ, ʯʝʤ ʶʞʥʳʡ ʫʩʪʫʧ. 
ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʚʳʷʚʣʝʥʥʳʝ ʧʨʠ ʘʥʘʣʠʟʝ ʪʨʘʥʰʝʠ ʂʫʨʘʡʩʢʘʷ-4 ʧʘʣʝʦʟʝʤʣʝ-
ʪʨʷʩʝʥʠʷ ʠʤʝʶʪ ʚʦʟʨʘʩʪ ʤʦʣʦʞʝ 6500 ʣʝʪ. 

 
ɺʳʚʦʜʳ 

1. ʈʝʟʫʣʴʪʘʪʳ ʧʘʣʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʢʘʟʳʚʘʶʪ ʥʘ ʘʢʪʠʚ-
ʥʳʡ ʨʦʩʪ ʬʦʨʙʝʨʛʦʚʳʭ ʧʦʜʥʷʪʠʡ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʂʫʨʘʡʩʢʦʡ ʚʧʘʜʠʥʳ ʩ ʧʨʝʠʤʫ-
ʱʝʩʪʚʝʥʥʳʤ ʥʘʜʚʠʛʘʥʠʝʤ ʠ ʩʤʝʱʝʥʠʝʤ ʠʭ ʩʝʚʝʨʥʦʡ ʛʨʘʥʠʮʳ ʚ ʩʪʦʨʦʥʫ ʂʫʨʘʡ-
ʩʢʦʛʦ ʭʨʝʙʪʘ.  

2. ɺ ʛʦʣʦʮʝʥʝ ʟʜʝʩʴ ʧʨʦʠʟʦʰʣʦ 4 ʧʘʣʝʦʟʝʤʣʝʪʨʷʩʝʥʠʷ (3 ʠʟ ʢʦʪʦʨʳʭ ʟʘ ʧʦ-
ʩʣʝʜʥʠʝ 6500 ʣʝʪ) ʩ Mw= 6.4-7.1 ʠ I=8-9 ʙʘʣʣʦʚ. 

 
ʌʦʥʜʦʚʘʷ ʧʦʜʜʝʨʞʢʘ 

ʇʘʣʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜ-
ʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʳʭ ʧʨʦʝʢʪʦʚ 18-35-00280 ʤʦʣ_ʘ, ˉ 18-05-00389_ʘ. 
ʈʘʜʠʦʫʛʣʝʨʦʜʥʦʝ ʜʘʪʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ 
ʈʅʌ 19-17-00179. 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʠʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʝʞʠʤʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʧʝ-

ʨʠʦʜ 1993-2015 ʛʛ ʧʦ ʚʳʷʚʣʝʥʠʶ ʘʥʦʤʘʣʴʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʛʠʜ-
ʨʦʛʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʧʦʣʷʭ ʖʛʦ-ɿʘʧʘʜʥʦʛʦ ʋʟʙʝʢʠʩʪʘʥʘ ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥ-
ʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʚʷʟʘʥʥʳʭ ʩ ʩʝʡʩʤʠʯʥʦ-
ʩʪʴ.ʁ ɸʥʦʤʘʣʴʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʝʬʦʨʤʘʮʠʠ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ, 
ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʳʭʦʜ ʟʘʭʦʨʦʥʝʥʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʚ ʧʦʨʘʭ ʚʦʜʦʩʦʜʝʨʞʘ-
ʱʠʭ ʧʦʨʦʜʘʭ. ʀʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦ-
ʮʝʩʩʦʚ ʚ ʩʝʡʩʤʦʛʝʥʥʳʭ ʟʦʥʘʭ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʩʠʣʴʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ɺ ʧʝʨʠʦʜʳ, 
ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʥʘʙʣʶʜʘʶʪʩʷ ʘʥʦʤʘʣʴ-
ʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʅ2. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʦʜʦʨʦʜ, ʘʥʦʤʘʣʠʷ, ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʩʝʡ-

ʩʤʠʯʥʦʩʪʴ, ʚʦʜʦʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ, ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʧʨʦʛʥʦʟ, ʩʝʡʩʤʠʯʝʩʢʦʝ ʟʘʪʠʰʴʝ, 
ʛʠʜʨʦʛʝʦʩʝʡʩʤʦʣʦʛʠʷ. 

Abstract: This article presents the results of operational observations for the period 

1993-2015 to identify abnormal manifestations of molecular hydrogen in the hydrogeoseismo-
logical fields of southwestern Uzbekistan and discusses the features of changes in molecular 
hydrogen in groundwater associated with seismicity. Anomalous manifestations are associated 
with an increase in deformation in rocks, which increases the yield of buried molecular hydro-
gen in the pores of water-bearing rocks. A change in tension leads to an increase in defor-
mation processes in seismogenic zones with the occurrence of a strong earthquake. In the 
periods preceding and accompanying seismic activity, anomalous manifestations of H2 are 
observed.  

Key words: molecular hydrogen, anomaly, groundwater, seismicity, water-bearing 
rocks, earthquakes, forecast, seismic calm, hydrogeoseismology. 

ɺʚʝʜʝʥʠʝ. ɿʝʤʣʝʪʨʷʩʝʥʠʷ - ʵʪʦ ʦʜʥʠ ʠʟ ʩʘʤʳʭ ʩʪʨʘʰʥʳʭ ʠ ʨʘʟʨʫʰʠʪʝʣʴ-

ʥʳʭ ʧʦ ʩʚʦʝʡ ʤʦʱʠ ʧʨʠʨʦʜʥʳʭ ʢʘʪʘʩʪʨʦʬ, ʧʦʜʚʝʨʛʘʶʱʠʝ ʦʧʘʩʥʦʩʪʠ ʩʦʪʥʠ ʪʳʩʷʯ 
ʞʠʟʥʝʡ. ʇʨʠʤʝʨʦʚ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʧʦʚʣʝʢʰʠʭ ʟʘ ʩʦʙʦʡ ʙʦʣʴ-
ʰʠʝ ʞʝʨʪʚʳ, ʦʯʝʥʴ ʤʥʦʛʦ. ʋʯʝʥʳʝ-ʩʝʡʩʤʦʣʦʛʠ ʧʨʠʣʘʛʘʶʪ ʤʘʩʩʫ ʫʩʠʣʠʡ ʜʣʷ ʚʳ-
ʷʚʣʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʷʚʣʝʥʠʡ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʶ. 

 ʇʦʵʪʦʤʫ ʧʝʨʝʜ ʥʘʫʢʦʡ, ʩʝʛʦʜʥʷ ʩʪʦʠʪ ʚʘʞʥʘʷ ʠ ʥʝʦʪʣʦʞʥʘʷ ʟʘʜʘʯʘ ʧʦ ʚʩʝ-
ʩʪʦʨʦʥʥʝʤʫ ʫʛʣʫʙʣʝʥʠʶ ʟʥʘʥʠʝ ʦ ʧʨʦʮʝʩʩʘʭ, ʚʳʟʳʚʘʶʱʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʘ 
ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘ-
ʥʠʡ ʧʦ ʧʨʦʛʥʦʟʫ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ.  

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ ʛʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʨʘʟʣʠʯ-
ʥʳʭ ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝ-
ʢʦʪʦʨʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦ-
ʜʘʭ. ʈʘʩʩʤʦʪʨʠʤ ʵʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘ ʧʨʠʤʝʨʝ: ʛʠʜʨʦʛʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʧʦ-
ʣʷʭ ʖʛʦ-ɿʘʧʘʜʥʦʛʦ ʋʟʙʝʢʠʩʪʘʥʘ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ. ɺʦʜʦʨʦʜ ï ʩʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʚʩʝʣʝʥʩʢʠʡ ʛʘʟ, ʦʥ ʚ 

ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʜʨʘʭ ɿʝʤʣʠ [1].   
ʄʝʪʦʜʦʣʦʛʠʷ. ʉ 70-ʭ ʛʛ. ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʩʨʝʜʠ ʛʝʦʣʦʛʦʚ ʩʪʘʣʘ ʰʠʨʦʢʦ 

ʠʟʚʝʩʪʥʘ ʛʠʧʦʪʝʟʘ ɺ.ʅ. ʃʘʨʠʥʘ [2] ʦʙ ʠʟʥʘʯʘʣʴʥʦ ʛʠʜʨʠʜʥʦʤ ʩʦʩʪʘʚʝ ɿʝʤʣʠ ʢʘʢ 
ʧʣʘʥʝʪʳ, ʠ ʯʪʦ ʚʥʫʪʨʝʥʥʝʝ ʷʜʨʦ ɿʝʤʣʠ ʩʦʩʪʦʠʪ ʠʟ ʛʠʜʨʠʜʦʚ ʤʝʪʘʣʣʦʚ (ʞʝʣʝʟʘ ʠ 
ʥʠʢʝʣʷ), ʘ ʚʥʝʰʥʝʝ ï ʠʟ ʤʝʪʘʣʣʦʚ ʩ ʨʘʩʪʚʦʨʝʥʥʳʤ ʚ ʥʠʭ ʚʦʜʦʨʦʜʦʤ.  

ɻʠʧʦʪʝʟʘ ʦʙʦʩʥʦʚʳʚʘʝʪ ʥʘʣʠʯʠʝ ʢʦʩʤʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʘ ʚ 
ʚʠʜʝ ʛʠʜʨʠʜʦʚ ʤʝʪʘʣʣʦʚ ʚ ʷʜʨʝ ɿʝʤʣʠ ʠ ʧʦʩʪʝʧʝʥʥʫʶ ʜʝʛʘʟʘʮʠʶ ʚʦʜʦʨʦʜʘ ʠʟ 
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ʤʘʥʪʠʠ ʯʝʨʝʟ ʟʝʤʥʫʶ ʢʦʨʫ ʚ ʘʪʤʦʩʬʝʨʫ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʪʦʣʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʨʝ-
ʤʝʥʥʦʡ ʦʪʨʝʟʦʢ, ʚʦʜʦʨʦʜ ʝʱʝ ʩʣʘʙʦ ʠʟʫʯʝʥ. ɼʘʞʝ ʛʣʫʙʠʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʨʦʠʩ-
ʭʦʞʜʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠ ʝʛʦ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʨʦʣʴ ʚ ʥʝʜʨʘʭ ʧʣʘʥʝʪʳ ʨʘʩʢʨʳʚʘʶʪʩʷ 
ʧʦʢʘ ʪʦʣʴʢʦ ʥʘ ʫʨʦʚʥʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ. ɺ ʩʠʣʫ ʩʚʦʝʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 
ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʚʦʜʦʨʦʜ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, 
ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʥʠʭ.  

ʆʥ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʠʯʥʳʭ ʨʘʜʠʘʮʠʦʥʥʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-
ʩʦʚ, ʘ ʪʘʢʞʝ ʪʝʨʤʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʚʦʜʳ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝ-
ʨʘʪʫʨ ʥʘ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ. ɹʣʘʛʦʜʘʨʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʠ ʘʥʦ-
ʤʘʣʴʥʦ ʚʳʩʦʢʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ, ʚʦʜʦʨʦʜ ʤʠʛʨʠʨʫʝʪ ʯʝʨʝʟ ʨʝʰʝʪʢʠ ʤʠʥʝʨʘʣʦʚ ʧʦ 
ʤʠʢʨʦʧʦʨʘʤ, ʪʨʝʱʠʥʘʤ, ʦʙʫʩʣʦʚʣʠʚʘʷ ʝʛʦ ʧʦʚʩʝʤʝʩʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʢʦʤ-
ʧʦʥʝʥʪʘʤʠ ʧʦʨʦʜ. ʄʠʛʨʘʮʠʶ ʛʣʫʙʠʥʥʦʛʦ ʚʦʜʦʨʦʜʘ ʥʘʟʳʚʘʶʪ ʩʪʝʨʞʥʝʤ ʜʝʛʘʟʘ-
ʮʠʠ [3], ʪʘʢ ʢʘʢ, ʦʙʣʘʜʘʷ ʥʘʠʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʧʦʜʲʝʤʘ, ʦʥ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʧʨʦ-
ʮʝʩʩʳ ʤʝʪʘʤʦʨʬʠʟʤʘ ʠ ʤʝʪʘʩʦʤʘʪʠʟʤʘ ʠ ʧʦʷʚʣʝʥʠʝ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʚʝʨʭʥʠʭ 
ʛʦʨʠʟʦʥʪʦʚ ʟʝʤʥʦʡ ʢʦʨʳ.  

ɺ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚʦʜʦʨʦʜ ʚʩʪʨʝʯʘʝʪʩʷ ʥʘ ɿʝʤʣʝ ʣʠʰʴ ʚ ʥʝʟʥʘʯʠ-
ʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. ɺ ʦʩʥʦʚʥʦʤ ʦʥ ʚʳʜʝʣʷʝʪʩʷ ʚʤʝʩʪʝ ʩ ʜʨʫʛʠʤʠ ʛʘʟʘʤʠ ʧʨʠ 
ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʠʟʚʝʨʞʝʥʠʷʭ; ʠʟ ʙʫʨʦʚʳʭ ʩʢʚʘʞʠʥ ʧʨʠ ʜʦʙʳʯʝ ʥʝʬʪʠ ʠ ʛʘʟʘ. ɺ 
ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʣʫʯʘʷʭ, ʚʦ ʚʨʝʤʷ ʧʦʜʛʦʪʦʚʢʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʦʪʤʝʯʘ-
ʶʪʩʷ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʟʦʚ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ, ʬʠʢʩʠʨʫʝʤʳʝ ʢʘʢ 
ʧʨʝʜʚʝʩʪʥʠʢʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ 
ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. 

ʎʝʣʴʶ ʨʘʙʦʪ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʘʥʦʤʘʣʴʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʤʦʣʝʢʫʣʷʨ-

ʥʦʛʦ ʚʦʜʦʨʦʜʘ ʛʠʜʨʦʛʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʧʦʣʷʭ ʖʛʦ-ɿʘʧʘʜʥʦʛʦ ʋʟʙʝʢʠʩʪʘʥʘ. 
ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣʠ: ʘ) ʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʣʝʪʥʠʭ 

ʥʘʙʣʶʜʝʥʠʡ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʉʫʨʭʘʥʜʘʨʴʠʥʩʢʦʡ ʦʙ-
ʣʘʩʪʠ ʂʇʉ çʐʫʨʯʠè ʚ ʩʢʚ. ˉ8 ʟʘ ʧʝʨʠʦʜ 1993-2015 ʛʛ.; ʙ) ʚʳʷʚʠʪʴ ʘʥʦʤʘʣʴʥʦʝ 
ʧʨʦʷʚʣʝʥʠʡ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʧʝʨʝʜ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ. ʄʥʦʛʦʣʝʪʥʠʝ ʥʘʙʣʶʜʝʥʠʷ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ, ʠʟʣʦ-

ʞʝʥʳ ʚʦ ʤʥʦʛʠʭ ʥʘʫʯʥʳʭ ʪʨʫʜʘʭ (ʄʘʚʣʷʥʦʚ ʠ ʜʨ. 1973; ʉʫʣʪʘʥʭʦʜʞʘʝʚ ʠ ʜʨ. 1983; 
ʉʫʣʪʘʥʭʦʜʞʘʝʚ, 2006; ʖʩʫʧʦʚ ʠ ʜʨ. 2014; ʏʝʨʥʦʚ ʠ ʜʨ. 2016). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 
ʚʩʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʚʝʣʠʯʠʥʦʡ ʄ/lgR ʨʘʚʥʦʡ ʠ ʙʦʣʝʝ 2,5 ʚʳʟʳʚʘʶʪ ʘʥʦʤʘʣʴʥʳʝ 
ʠʟʤʝʥʝʥʠʷ ʚ ʨʝʞʠʤʝ ʧʦʜʟʝʤʥʳʭ ʚʦʜ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʚʳʟʳʚʘʶʱʠʡ ʧʦʷʚʣʝʥʠʝ ʘʥʦʤʘʣʠʡ 
ʧʨʦʪʝʢʘʝʪ ʚ ʥʘʙʣʶʜʘʪʝʣʴʥʦʤ ʧʫʥʢʪʝ ʧʨʠʤʝʨʥʦ ʦʪ 1 ʜʦ 7 ʤʝʩʷʮʝʚ ʜʦ ʟʝʤʣʝʪʨʷʩʝ-
ʥʠʷ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʛʘʟʦʭʠʤʠʯʝʩʢʠʡ ʧʨʝʜʚʝʩʪʥʠʢ (ʅ2) ʢʘʢ ʥʘ ʩʨʝʜʥʝʩʨʦʯʥʳʡ.  

 
ʈʠʩ 1. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʚ ʩʢʚ. ˉ8 ʟʘ ʧʝʨʠʦʜ 1993-2016 ʛʛ. 

 
ʕʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʤʥʝʥʠʷʤʠ ʤʥʦʛʠʭ ʘʚʪʦʨʦʚ (ɿʠʤʠʥʘ ʊ. 2002; ɻʠʜʨʦʛʝʦʭʠ-

ʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 1977; ʄʦʨʛʫʥʦʚ ɺ.ɸ. 1999; ʂʠʩʩʠʥ ʀ.ɻ. 2009; ʂʦʧʳʣʦʚʘ ɻ.ʅ. 
2008 ʠ ʜʨ.). ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʛʠʜʨʦʛʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ, ʧʨʦʚʦʜʠ-
ʤʳʝ ʀʥʩʪʠʪʫʪʦʤ ʩʝʡʩʤʦʣʦʛʠʠ ʚ ʉʫʨʭʘʥʜʘʨʴʠʥʩʢʦʤ ʫʯʘʩʪʢʝ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩʚʠ-
ʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʥʘʙʣʶʜʝʥʠʷ 
ʟʘ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʭʘʨʘʢʪʝʨʦʤ ʜʝʬʦʨʤʘʮʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦ-
ʷʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʚʘʨʠʘʮʠʠ ʛʘʟʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥ-
ʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʧʦʚʳʰʝʥʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 
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ʨʝʛʠʦʥʘ. ɿʘ ʵʪʦ ʚʨʝʤʷ ʧʨʦʠʟʦʰʣʠ ʤʥʦʛʦ ʩʠʣʴʥʳʭ (ʄ>5) ʟʝʤʣʝʪʨʷʩʝʥʠʠ, ʧʝʨʝʜ 
ʙʦʣʴʰʠʥʩʪʚʦʤ ʠʟ ʥʠʭ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʘʥʦʤʘʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʛʠʜʨʦʛʝʦʩʝʡʩʤʦʣʦ-
ʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ɺʳʷʚʣʝʥʥʳʝ ʘʥʦʤʘʣʠʠ ʠʤʝʶʪ ʙʦʣʴʰʦʝ 
ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʦʛʥʦʟʘ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʨʝʛʠʦʥʝ. ʇʦʵʪʦʤʫ 
ʜʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʨʝʞʠʤʥʳʭ ʚʦʜʦʧʨʦʷʚʣʝʥʠʷʭ ʧʦʣʠʛʦʥʦʚ ʜʝʪʘʣʴʥʦ ʧʨʦʘʥʘ-
ʣʠʟʠʨʦʚʘʥʳ ʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʩʝʡʩʤʠʯʥʦʩʪʴʶ ʠ ʧʨʦʚʝʜʝʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ 
ʦʮʝʥʢʘ ʟʥʘʯʠʤʦʩʪʠ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʛʠʜʨʦʛʝʦʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 
ʧʝʨʝʜ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ. ʈʝʟʫʣʴʪʘʪr ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 
ʚʦʜʦʨʦʜʘ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʢʚ. ˉ8, ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ 
çʐʫʨʯʠè ʉʫʨʭʘʥʜʘʨʴʠʥʩʢʦʡ ʦʙʣʘʩʪʠ.  

ɻʣʫʙʠʥʘ ʧʝʨʬʦʨʘʮʠʠ ʦʪ 155 ʜʦ 175 ʤ ʠ ʧʨʠʫʨʦʯʝʥʘ ʢ ʯʝʪʚʝʨʪʠʯʥʳʤ ʦʪʣʦʞʝʥʠʷʤ, 
ʛʜʝ ʚʦʜʦʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʷʚʣʷʶʪʩʷ ʛʨʘʚʠʡʥʦ-ʛʘʣʝʯʥʠʢʠ ʩ ʧʨʦʩʣʦʷʤʠ ʧʝʩʢʦʚ. 
ʈʘʩʭʦʜ ʩʘʤʦʠʟʣʠʚʘʶʱʝʡʩʷ ʩʢʚʘʞʠʥʳ ʩʦʩʪʘʚʣʷʝʪ 6,0 ʣ/ʩ, ʤʠʥʝʨʘʣʠʟʘʮʠʷ 0,33 ʛ/ʣ. 

ɿʝʤʣʝʪʨʷʩʝʥʠʷ: 1- ʂʘʤʘʰʠ 31.10.1999 ʛ., ʄ=5.2; 2- ʂʘʤʘʰʠ 20.04.2000 ʛ., 
ʄ=5.5; 3- ɻʠʥʜʠʢʫʰ 14.11.2005 ʛ., ʄ=7.0. 4- ʄʘʨʞʘʥʙʫʣʘʢ 26.05.2013 ʛ., ʄ=6.1; 5- 
ɻʠʥʜʠʢʫʰ 14.06.2014 ʛ., ʄ=6.6;  

ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʟʘ ʧʝʨʠʦʜ 1993-2016 ʛʛ. ʤʦʞʥʦ 
ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʯʘʩʪʠ ʧʦ ʧʨʦʷʚʣʝʥʥʳʤ ʘʥʦʤʘʣʠʷʤ. ʇʝʨʚʘʷ - ʩ 01.11.1996 ʛ. ʧʦ 
01.11.1999 ʛ., ʘʥʦʤʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʚʦʟʤʦʞʥʦ ʧʝʨʝʜ ʧʦʜʛʦ-
ʪʦʚʢʦʡ ʜʦʚʦʣʴʥʦ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʩ ʵʧʠʮʝʥʪʨʦʤ ʚ ʂʘʤʘʰʠ 31.10.1999 ʛ. ʩ ʄ = 
5.2, R=140 ʢʤ; M/lgR = 2,42; ʂʘʤʘʰʠ 20.04.2000 ʛ., ʄ=5.5, R=150 ʢʤ, M/lgR=2.53; 

ɺʪʦʨʘʷ - ʧʦʷʚʣʝʥʠʝʤ ʝʛʦ ʧʝʨʝʜ ɻʠʥʜʠʢʫʰʩʢʠʤ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ 14.11.2005 ʛ., 
ʄ=7.0, R=350ʢʤ, M/lgR =2.75; ʩ 02.02. 2005 ʛ. ʧʦ 01.07.2005 ʛ. ʊʨʝʪʴʷ - ʥʘʯʠʥʘʷ 
02.12.2011 ʛ. ʧʦ 15.04.2014 ʛ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʧʨʦʠʟʦʰʣʠ ʄʘʨʞʘʥʙʫʣʘʢʩʢʦʝ ʟʝʤʣʝʪʨʷ-
ʩʝʥʠʝ (26.05.2013ʛ., ʄ=6.1 R=140 ʢʤ, M/lgR = 2.85;) ʠ ʩʝʨʠʷ ɻʠʥʜʠʢʫʰʩʢʠʭ ʟʝʤʣʝʪʨʷ-
ʩʝʥʠʡ (14.06.2014 ʛ., ʄ=6.6, R = 280 ʢʤ, M/lgR = 2.7.) 

ɺʳʚʦʜʳ 

1. ʉʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʘʥʦʤʘʣʴʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ ʪʝʤ, ʯʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝ-
ʨʝʜʴ, ʵʪʦ ʫʚʝʣʠʯʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ, ʯʪʦ ʧʨʠʚʝʣʘ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ ʟʘʭʦʨʦ-
ʥʝʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʚ ʧʦʨʘʭ ʚʦʜʦʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʝʥʠʝ 
ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʨʠʚʝʣʦ ʢ ʫʩʠʣʝʥʠʶ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʝʡʩʤʦʛʝʥʥʳʭ ʟʦʥʘʭ, ʢʦʪʦ-
ʨʦʝ ʟʘʚʝʨʰʠʣʦʩʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʩʠʣʴʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ; 
2. ʄʝʞʜʫ ʘʥʦʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʥʘʙʣʶʜʘʶʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʚ 
ʪʝʯʝʥʠʝ ʜʦʚʦʣʴʥʦ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ, ʩ 1993 ʛ. ʜʦ 31.10. 1996 ʛ., ʩ 01.01.2000 ʛ. ʧʦ 01.02. 2005 
ʛ., ʩ 02.07.2005 ʛ. ʧʦ 01.12.2011 ʛ., ʯʪʦ ʠ ʩʦʚʧʘʜʘʝʪ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʩʝʡʩʤʠʯʝʩʢʠʤ ʟʘʪʠʰʴʝʤ ʚ 
ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ. 
3. ɺ ʮʝʣʦʤ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʭʘʨʘʢʪʝʨʥʦ ʜʦʚʦʣʴʥʦ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ (0,005-

0,05 ʦʙ. %) ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʅ2, ʚʧʣʦʪʴ ʜʦ ʝʛʦ ʦʪʩʫʪʩʪʚʠʷ. ɸ ʚ ʧʝʨʠʦʜʳ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʠ ʩʦʧʫʪ-

ʩʪʚʫʶʱʠʝ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʥʘʙʣʶʜʘʶʪʩʷ ʘʥʦʤʘʣʴʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʅ2. 
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DISASTER OF PLANETOSPHERES OF CENTRAL ASIA AND KYRGYZSTAN 

Usupaev Sheishenaly  
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʚʩʣʝʜʩʪʚʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʩʠʩʪʝʤ-
ʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʣʘʥʝʪʦʩʬʝʨ ʨʝʛʠʦʥʘ ɸʟʠʠ ʨʘʟʨʘʙʦʪʘʥʳ ʦʩʥʦʚʳ ʧʨʠʢʣʘʜʥʳʭ ʠʥ-
ʥʦʚʘʮʠʦʥʥʳʭ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ: ʘ. ʢʘʪʘʩʪʨʦʬʦʚʝʜʝʥʠʝ (ʂʉɺ) ʠ ʙ. ʥʦʦʩʬʝʨʥʘʷ 
ʠʥʞʝʥʝʨʥʘʷ ʛʝʦʥʦʤʠʷ (ʅʀɻ) ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʡ ʛʝʦʨʠʩʢʦʚ ʥʘ ʥʘʩʝʣʝʥʠʝ 
ʂʳʨʛʳʟʩʪʘʥʘ ʠ ʩʪʨʘʥ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ʇʨʠʚʝʜʝʥʳ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʂʉɺ ʠ ʅʀɻ 
ʢʘʨʪʳ ʠ ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʣʘʪʝʨʘʣʴʥʳʝ ʧʦ-ʰʠʨʦʪʥʳʝ ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʦ-ʚʳʩʦʪ-
ʥʳʝ ʛʝʦʥʦʤ ʤʦʜʝʣʠ ʪʠʧʠʟʘʮʠʠ ʠ ʧʨʦʛʥʦʟʘ ʛʝʦʨʠʩʢʦʚ ʧʨʠʨʦʜʥʦʛʦ, ʪʝʭʥʦʛʝʥʥʦʛʦ ʠ ʵʢʦ-
ʣʦʛʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. ɿʘ ʧʦʩʣʝʜʥʠʝ 5 ʣʝʪ ʨʘʟʚʠʪʠʷ ʎɸʀʀɿ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʚ-
ʪʦʨʘ ʩ 2015 ʧʦ 2019 ʛʛ. ʟʘʱʠʱʝʥʳ 3 ʜʦʢʪʦʨʩʢʠʭ ʠ 1 ʢʘʥʜʠʜʘʪʩʢʘʷ ʜʠʩʩʝʨʪʘʮʠʠ. ʀʟ-
ʜʘʥʳ ʠ ʚʥʝʜʨʝʥʳ ʙʦʣʝʝ 120 ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʚ ʧʨʘʢʪʠʢʫ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʛʝʦʨʠʩʢʦʚ 
ʠ ʦʙʫʯʝʥʠʷ ʚ ʂʳʨʛʳʟʩʪʘʥʝ, ʊʘʜʞʠʢʠʩʪʘʥʝ, ʂʘʟʘʭʩʪʘʥʝ ʠ ʋʟʙʝʢʠʩʪʘʥʝ, ʪ.ʝ. ʥʘ ʪʝʨʨʠ-
ʪʦʨʠʠ ʩʪʨʘʥ ɺʳʩʦʢʦʡ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʪʘʩʪʨʦʬʦʚʝʜʝʥʠʝ, ʛʝʦʨʠʩʢʠ, ʠʥʞʝʥʝʨʥʘʷ ʛʝʦʥʦʤʠʷ, ʥʦ-
ʦʩʬʝʨʘ, ʧʣʘʥʝʪʦʩʬʝʨʳ, ʪʠʧʠʟʘʮʠʷ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʦʧʘʩʥʦʩʪʴ, ʤʦʥʠʪʦʨʠʥʛ, ʜʠʩ-
ʩʝʨʪʘʮʠʠ, ʚʥʝʜʨʝʥʠʷ. 

Annotation. Due to a comprehensive interdisciplinary systemic study of the plane-
tospheres of the Asian region, the foundations of applied innovative research areas are 
developed: a. disaster management (SWR) and b. noospheric engineering geonomy (NIG) 
to reduce the impact of geo-risks on the population of Kyrgyzstan and the countries of 
Central Asia. Integrated SWR and NIG maps and their transformations into lateral latitudi-
nal and vertical elevational geon-height models of typing and predicting geo-risks of natu-
ral, technogenic and environmental nature are presented. Over the past 5 years of devel-
opment of CAIIZ under the guidance of the author from 2015 to 2019. 3 doctoral and 1 
candidate dissertations are protected. Over 120 scientific papers have been published and 
introduced into practice of geo-risk prevention and training in Kyrgyzstan, Tajikistan, Ka-
zakhstan and Uzbekistan, i.e. in the countries of High and Central Asia. 

Keywords: disaster management, geo-risks, engineering geonomy, noosphere, 
planetosphere, typification, forecasting, danger, monitoring, dissertations, implementa-
tions.  

ɺʚʝʜʝʥʠʝ. ɻʝʦʨʠʩʢʠ ʨʘʟʚʠʪʳ ʚ ʧʣʘʥʝʪʦʩʬʝʨʘʭ ɿʝʤʣʠ ʠ ʚ ʝʝ ʚʝʩʴʤʘ ʘʢʪʠʚʥʳʭ 
ʩʫʙʯʘʩʪʷʭ ɺʳʩʦʢʦʡ, ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʠ ʂʳʨʛʳʟʩʪʘʥʝ. ʂʉɺ ʠʟʫʯʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʦʧʘʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ, ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ, ʯʨʝʟ-
ʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʠʥʳʭ ʬʣʫʢʪʫʘʮʠʡ, ʚ ʢʘʯʝʩʪʚʝ ʤʝʭʘʥʠʟʤʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 
ʧʣʘʥʝʪʦʩʬʝʨ ɿʝʤʣʠ. ʉʥʠʞʝʥʠʝ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʛʝʦʨʠʩʢʦʚ ʥʘ ʣʶʜʝʡ ʠ ʠʥ-
ʬʨʘʩʪʨʫʢʪʫʨʫ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʪʝʨʨʠʪʦʨʠʠ ʠ ʘʢʚʘʪʦʨʠʠ, ʝʩʪʴ ʘʢʪʫʘʣʴʥʘ ̫ʧʨʦ-
ʙʣʝʤʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʧʨʠʢʣʘʜʥʦʡ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʠ ʦ ʢʘʪʘʩʪʨʦʬʘʭ ï çʂʘ-
ʪʘʩʪʨʦʬʦʚʝʜʝʥʠʠ - ʂʉɺè.  

ʄʝʪʦʜʠʢʘ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʠ 

ʢʘʤʝʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ, ʩʪʘʪʠʩʪʠʢʠ, ʤʦʥʠʪʦʨʠʥʛʘ, ʢʘʨʪʠʨʦʚʘʥʠʷ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʠʧʠʟʘʮʠʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʛʝʦʨʠʩʢʦʚ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʠ-

ʩʪʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟ-

ʚʦʣʷʶʱʠʭ ʥʝ ʪʦʣʴʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʧʦʜʭʦʜ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦ-

ʪʘʪʴ ʥʦʚʳʝ ʤʝʪʦʜʳ ʠ ʥʘʫʯʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ [1-6]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʂ ʢʘʪʘʩʪʨʦʬʘʤ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 
ʧʨʦʭʦʜʠʚʰʝʡ ʚ 1974 ʛʦʜʫ ʚ ɺʝʥʝʩʫʵʣʝ, ʨʝʰʠʣʠ ʦʪʥʦʩʠʪʴ: 1. ʩʪʠʭʠʡʥʳʝ ʙʝʜʩʪʚʠʷ, 2. 
ʢʨʫʧʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʘʚʘʨʠʠ, 3. ʵʧʠʜʝʤʠʠ, 4. ʚʦʝʥʥʳʝ ʢʦʥʬʣʠʢʪʳ. ʇʦʵʪʦʤʫ, ʂʉɺ, 
ʵʪʦ ʠʥʪʝʛʨʠʨʫʶʱʝʝ ʥʘʫʯʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʢʦʪʦʨʘʷ ʠʟʫʯʘʝʪ ʩʦʚʨʝʤʝʥʥʳʝ 
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ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʠʩʪʦʨʠʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʪʘʩʪʨʦʬ, ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 
ʦʢʨʫʞʘʶʱʫʶ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʩʨʝʜʫ, ʢʘʢ ʙʳʩʪʨʳʭ ʚʦ ʚʨʝʤʝʥʠ ʪʘʢ ʠ ʤʝʜʣʝʥʥʦ 
ʧʨʦʪʝʢʘʶʱʠʭ ʦʧʘʩʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ, ʦʮʝʥʢʠ ʠ 
ʩʥʠʞʝʥʠʷ ʨʠʩʢʦʚ ʙʝʜʩʪʚʠʡ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʚʝʜʝʥʠʷ ʠʥʞʝʥʝʨʥʦʡ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 
ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ [1-6].  

ɺ ʂʳʨʛʳʟʩʪʘʥʝ ʂʉɺ, ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʠ ʧʨʝʨʦʛʘʪʠʚʦʡ ʄʏʉ ʂʈ ʠ 
ʧʨʦʬʠʣʠʨʫʶʱʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʟʥʦʚʝʜʦʤʩʪʚʝʥʥʦʡ ʤʦʥʠʪʦʨʠʥʛʦʚʦʡ 
ʩʝʪʷʤʠ ʥʘʙʣʶʜʝʥʠʡ ʠ ʩʦʩʪʘʚʣʝʥʥʳʤʠ ʚ ʚʠʜʝ çʜʦʨʦʞʥʦʡ ʢʘʨʪʳè ʠʟʜʘʚʘʝʤʳʤʠ ʩ 
ʧʝʨʩʧʝʢʪʠʚʦʡ ʥʘ 1 ʠ ʙʦʣʝʝ ʛʦʜʳ ʚʧʝʨʝʜ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʤʠ ʩʝʨʠ̫ʤʠ çɸʪʣʘʩʦʚ ʢʘʨʪ 
ʦʮʝʥʢʠ ʛʝʦʨʠʩʢʦʚè ʠ çʂʥʠʛʘʤʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡò ʩ ʤʦʥʠʪʦ-
ʨʠʥʛʦʤ ʠ ʥʘʫʯʥʳʤʠ ʦʙʦʩʥʦʚʘʥʠʷʤʠ ʦʞʠʜʘʝʤʳʭ ʛʝʦʨʠʩʢʦʚ ʥʘ ʫʨʦʚʥʝ 7 ʘʜʤʠʥʠʩʪʨʘ-
ʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ 42 ʨʘʡʦʥʦʚ, ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ ɹʠʰʢʝʢ, ʆʰ, ʊʦʢʤʦʢ, ʅʘʨʳʥ. 
ɸʥʘʣʦʛʠʯʥʦ ʩʠʩʪʝʤʘ ʂʉɺ-ʅʀɻ ʨʝʘʣʴʥʦ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʥʝ ʪʦʣʴʢʦ ʚ ʩʪʨʘʥʘʭ ʎʝʥ-
ʪʨʘʣʴʥʦʡ ɸʟʠʠ ʠ ʜʨʫʛʠʭ ʛʦʩʫʜʘʨʩʪʚʘʭ ʄʠʨʘ, ʢʦʪʦʨʳʝ ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʦʙʨʘʱʘʶʪʩʷ ʠ 
ʚʝʜʫʪ ʙʦʨʴʙʫ ʩ ʢʘʪʘʩʪʨʦʬʘʤʠ [6]. 

ʂ ʧʨʠʯʠʥʘʤ ʘʢʪʠʚʠʟʠʮʠʠ ʠ ʧʦʩʣʝʜʩʪʚʠʷʤ ʛʝʦʨʠʩʢʦʚ ʚ ʨʝʛʠʦʥʝ ɸʟʠʠ ʦʪʥʦʩʷʪʩʷ 
ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʧʦ ʟʘʢʦʥʘʤ ʨʠʪʤʠʯʥʦʩʪʠ [1-6]:  

ʘ. ɽʞʝʛʦʜʥʳʡ ʦʨʙʠʪʘʣʴʥʳʡ ʦʙʣʝʪ ɿʝʤʣʠ ʚʦʢʨʫʛ ʉʦʣʥʮʘ, ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ 
ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʉʚʝʪʠʣʫ ʫʚʝʣʠʯʠʚʘʝʪ ʤʘʩʩʫ ʠ ʩʞʠʤʘʝʪ ʦʙʲʝʤ ʧʣʘʥʝʪʳ, ʧʨʠ ʤʘʢʩʠ-
ʤʘʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʉʦʣʥʮʘ ʨʘʩʰʠʨʷʝʪʩʷ. 

ʙ). ʂʨʫʛʣʦʛʦʜʠʯʥʦʝ ʠʤʧʫʣʴʩʥʦʝ ʦʨʙʠʪʘʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʢʨʫʧʥʦʛʦ ʪʚʝʨʜʦʛʦ 
ʷʜʨʘ ʧʦʜ ʫʛʣʦʤ ʦʢʦʣʦ 45 ʛʨʘʜʫʩʘ ʢ ʉʦʣʥʮʫ ʥʘ ʫʜʘʣʝʥʠʠ ʦʪ 480 ʢʤ ʠ ʙʦʣʝʝ ʦʪ 
ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ɿʝʤʣʠ ʚʥʫʪʨʠ ʞʠʜʢʦʡ ʧʣʘʥʝʪʦʩʬʝʨʳ ʧʦʜ 5 ʪʚʝʨʜʳʤʠ 
ʧʦʜʤʘʥʪʠʡʥʳʤʠ ʷʜʨʘʤʠ ʧʣʘʥʝʪʦʙʣʝʤ. 

ʚ). ɽʞʝʛʦʜʥʳʝ ʨʠʪʤʠʯʥʳʝ ʚʥʫʪʨʝʥʥʠʝ ʩʦʫʜʘʨʝʥʠʷ ʪʚʝʨʜʦʛʦ ʷʜʨʘ ɿʝʤʣʠ 
ʚʨʘʱʘʶʱʝʛʦʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʘ ʦʪ 0,25 ʜʦ 0,5 ʛʨʘʜʫʩʘ ʚ ʛʦʜ ʙʳʩʪʨʝʝ, ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 
ʠ ʷʜʨʘʤʠ ʧʣʥʝʪʦʙʣʝʤ ʥʠʞʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ. 

ʛ). ʂʨʫʛʣʦʛʦʜʠʯʥʦʝ ʦʧʫʩʢʘʥʠʝ ʧʣʦʩʢʦʩʪʠ ʦʨʙʠʪʳ ɿʝʤʣʠ 22 ʠʶʥʷ ʢ ʶʞʥʦʤʫ, ʘ 
22 ʜʝʢʘʙʨʷ ʧʦʜʲʝʤʘ ʢ ʩʝʚʝʨʥʦʤʫ ʧʦʣʫʰʘʨʠʷʤ ʉʦʣʥʮʘ. 

ʆʨʙʠʪʘʣʴʥʳʝ ʜʚʠʞʝʥʠʷ 6 ʛʠʜʨʠʜ-ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʚʝʨʜʳʭ, ʚʥʫʪʨʠ ʞʠʜʢʦʛʦ 
ʷʜʨʘ ɿʝʤʣʠ, ʚʦʟʤʫʱʘʶʪ ʚʳʰʝ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʣʘʥʝʪʦʩʬʝʨʳ ʛʨʘʚʠʠʥʝʨʪʥʥʳʤ 
ʤʝʭʘʥʠʟʤʦʤ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʠ ʠʤʧʫʣʴʩʥʳʤ ʩʙʨʦʩʦʤ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ 
ʛʝʦʚʦʣʥʦʚʳʭ ʨʝʘʢʮʠʠ. ʇʣʘʥʝʪʦʩʬʝʨʳ ʨʝʛʠʦʥʘ ɺʳʩʦʢʦʡ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ 

ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʚʥʦʩʷʪ ʩʚʦʡ ʚʢʣʘʜ ʚ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʛʝʦʨʠʩʢʘʤʠ 
ʢʦʤʧʦʥʝʥʪ ʛʝʦʩʬʝʨ. ɺ ʂʉɺ ʜʘʥʦ ʚʣʠʷʥʠʝ ʛʝʦʬʠʟʠʯʝʩʢʦʡ, ʛʝʦʭʠʤʠʯʝʩʢʦʡ, ʛʝʦʨʝʩʫʨʩ-
ʥʦʡ, ʛʝʦʢʦʩʤʠʯʝʩʢʦʡ, ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʡ ʬʫʥʢʮʠʡ ʛʝʦʩʬʝʨ ʥʘ ʠʥʞʝʥʝʨʥʦ - ʭʦʟʷʡʩʪʚʝʥ-
ʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ. ʇʣʘʥʝʪʦʩʬʝʨʳ ʨʝʛʠʦʥʘ ɸʟʠʠ ʩʚʷʟʘʥʳ ʩ ʚʦʟʜʝʡʩʪʚʠʷʤʠ 
ʚʳʰʝ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʩʦʧʨʷʞʝʥʳ ʩ ʢʦʩʤʦ-ʵʢʟʦʛʝʥʥʳʤʠ ʛʝʦʨʠʩʢʘʤʠ [1-6]. 

ʂʦʩʤʦ- ʠ ʠʦʥʦʩʬʝʨʳ. ɺ ʨʝʛʠʦʥʝ ɽʚʨʘʟʠʠ ʩʦʣʥʝʯʥʦ-ʣʫʥʥʦ-ʟʝʤʥʳʝ, ʘ ʪʘʢʞʝ 
ʤʝʞʧʣʘʥʝʪʘʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʟʜʘʶʪ ʤʥʦʛʦʣʝʪʥʠʝ ʛʦʜʦʚʳʝ ʤʝʩʷʯʥʳʝ, 
ʩʫʪʦʯʥʳʝ ʠ ʙʦʣʝʝ ʢʦʨʦʪʢʠʝ ʧʦ ʚʨʝʤʝʥʠ ʨʠʪʤʠʯʝʩʢʠʝ ʠ ʮʠʢʣʠʯʝʩʢʠʝ ʬʣʫʢʪʫʘʮʠʠ ʠ 
ʘʢʪʠʚʠʟʘʮʠʠ ʠʟʤʝʥʝʥʠʡ ʧʦʛʦʜʳ ʠ ʢʣʠʤʘʪʘ, ʧʦʩʨʝʜʩʪʚʦʤ ʛʨʘʚʠ-ʠʥʝʨʪʥʳʭ, ʵʣʝʢʪʨʦ-
ʤʘʛʥʠʪʥʳʭ ʚʝʱʝʩʪʚʝʥʥʳʭ ʠ ʧʦʣʝʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʜʠʥʘʤʠʯʝʩʢʫʶ 
ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʣʷ ʧʘʣʝʦʧʨʦʯʥʦʩʪʠ ʧʣʘʥʝʪʦʩʬʝʨ ɻʝʦʠʜʘ. ʆʟʦʥʦʚʳʝ ʜʳʨʳ 
ʠʦʥʦʩʬʝʨʳ, ʧʦʪʝʨʠ ʚʦʟʜʫʭʘ ʚ ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʝʜʫʪ ʢ ʠʟʤʝʥʝʥʠʶ ʢʣʠʤʘʪʘ 
ʠ ʩʤʝʱʝʠʥʷʤ ʠʭ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʛʨʘʥʠʮ ʦʪ ʥʠʞʥʠʭ ʩʣʦʝʚ ʘʪʤʦʩʬʝʨʳ, ʯʝʨʝʟ 
ʪʨʦʧʦ- ʠ ʩʪʨʘʪʠ- ʩʬʝʨʳ ʜʦ ʠʦʥʦʩʬʝʨʳ ʠ ʚʳʰʝ.  

ɻʝʦʜʝʬʦʨʤʦʩʬʝʨʳ. ɺ ʨʝʛʠʦʥʝ ɽʚʨʘʟʠʠ ʥʘʠʙʦʣʴʰʠʝ ʛʝʦʜʝʬʦʨʤʘʮʠʠ ʩʦʧʨʷ-
ʞʝʥʥʳʝ ʩ ʛʝʦʨʠʩʢʘʤʠ ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʠʤʠ ʧʣʘʥʝʪʦʩʬʝʨʳ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʠʥʞʝ-
ʥʝʨʥʫʶ ʠ ʭʦʟʷʡʩʪʚʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʦʣʱʝ ʢʨʦʚʣʠ 
ʣʠʪʦʩʬʝʨʳ. ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʘ ʩʦʩʪʘʚʣʝʥʥʘʷ ʚʧʝʨʚʳʝ ʅʀɻ çʂʘʨʪʘ ʢʘʪʘʩʪʨʦʬʦʚʝ-
ʜʝʥʠʷ ʠ ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʥʦʤʠʠ ɽʚʨʘʟʠʠ ʠ ʝʝ ʩʫʙʯʘʩʪʝʡ ɺʳʩʦʢʦʡ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ 
ʠ ʂʳʨʛʳʟʩʪʘʥʘè [1-3]. 
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ʈʠʩ. 1. ʅʀɻ ʢʘʨʪʘ ʢʘʪʘʩʪʨʦʬʦʚʝʜʝʥʠʷ ʠ ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʥʦʤʠʠ ɽʚʨʘʟʠʠ ʠ ʝʝ ʩʫʙ-

ʯʘʩʪʝʡ ɺʳʩʦʢʦʡ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʠ ʂʳʨʛʳʟʩʪʘʥʘ. ɺ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʷʭ ʧʨʠʚʝ-
ʜʝʥʳ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʛʨʘʥʠʮʳ: 1. ʙʘʩʩʝʡʥʦʚ ʩʪʦʢʘ ʨʝʢ ʚ ʦʢʝʘʥʳ (ɸ ï ɸʪʣʘʥʪʠʯʝʩʢʠʡ, ʀ 
ï ʀʥʜʠʡʩʢʠʡ, ʉ ï ʉʝʚʝʨʥʦ-ʃʝʜʦʚʠʪʳʡ, ʊ ï ʊʠʭʠʡ) ʠ ʙʝʩʩʪʦʯʥʳʝ ʙʘʩʩʝʡʥʳ (ɹ); 2. ʣʠʪʦ-
ʩʬʝʨʥʳʝ ʧʣʠʪʳ ʠ ʠʭ ʤʘʣʳʝ ʩʫʙʯʘʩʪʠ; 3. ʧʣʘʥʝʪʘʨʥʳʝ ʛʠʛʘʥʪʩʢʠʝ ʥʘʜʨʝʛʠʦʥʘʣʴʥʳʝ ʨʘʟ-
ʣʦʤʳ; 4. ʩʝʡʩʤʠʯʝʩʢʠʝ ʧʣʘʥʝʪʘʨʥʳʝ ʄʝʛʘʩʪʨʫʢʪʫʨʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʠʧʘ, ʪʨʘʥʩʬʦʨʤʠʨʫ-
ʶʱʠʝ ʣʠʪʦʩʬʝʨʫ ɽʚʨʘʟʠʠ ʠ ʝʝ ʩʫʙʯʘʩʪʝʡ (ʞʝʣʪʳʡ ʮʚʝʪ); 5. ʩʪʨʘʥʳ ɽʚʨʘʟʠʠ, ɺʳʩʦʢʦʡ ʠ 
ʎʝʥʪʨʘʣʴʥʦʡ  ɸʟʠʠ ʠ ʂʳʨʛʳʟʩʪʘʥʘ (ʟʝʣʝʥʳʡ ʮʚʝʪ); 6. ʧʦʜʥʷʪʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʨʪʳ 
ʬʠʛʫʨʳ ɻʝʦʠʜʘ ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚ ʛʠʧʦʮʝʥʪʨʝ ʷʜʨʘ ʧʣʘʥʝʪʦʙʣʝʤʳ ʉʝ-
ʚʝʨʥʦʛʦ-ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ (ʚ ʚʝʨʭʥʝʤ ʧʨʘʚʦʤ ʫʛʣʫ ʇɹ 3); 7. ʘʥʘʣʦʛʠʯʥʦ (6) ʨʘʩʧʦʣʦʞʝ-
ʥʠʝ ʵʧʠʮʝʥʪʨʘ ʦʩʥʦʚʥʦʛʦ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʦʛʦ ʷʜʨʘ ʠʟʥʘʯʘʣʴʥʦ ʛʠʜʨʠʜʥʦʡ ɿʝʤʣʠ (ʚ ʧʨʘ-
ʚʦʡ ʯʘʩʪʠ ʨʠʩʫʥʢʘ ï ʗɿ); 8. ʛʨʘʥʠʮʳ ʧʨʦʭʦʞʜʝʥʠʷ ʥʫʣʝʚʦʡ (0) ʣʠʥʠʠ ʥʘ ʛʨʘʚʠʤʝʪʨʠʯʝ-
ʩʢʦʡ ʢʘʨʪʝ ʬʠʛʫʨʳ ɻʝʦʠʜʘ; 9. ʛʨʘʥʠʮʳ ʧʝʨʝʜʥʠʭ ʬʨʦʥʪʦʚ ʩʞʘʪʠʷ ʥʘ ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ; 
10. ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʨʘʩʪʷʞʝʥʠʷ; 11. ʩʜʚʠʛʠ ʧʦ ʧʣʘʥʝʪʘʨʥʳʤ ʛʣʦʙʘʣʴʥʳʤ ʨʘʟʣʦʤʘʤ; 12. 
ʵʧʠʮʝʥʪʨʳ ʧʨʦʠʟʦʰʝʜʰʠʭ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʅʘʟʚʘʥʠʷ ʯʘʩʪʝʡ ʣʠʪʦ-
ʩʬʝʨʥʳʭ ʧʣʠʪ: ʊʘ ï ʊʘʨʠʤʩʢʘʷ, ʀʥ ïʀʥʜʠʡʩʢʘʷ, ʀɸ ï ʀʥʜʦ-ɸʚʩʪʨʘʣʠʡʩʢʘʷ, ɸʨ ï ɸʨʘʚʠʡ-
ʩʢʘʷ, ʀʨ ï ʀʨʘʥʩʢʘʷ, ʊʘ ï ʊʘʨʠʤʩʢʘʷ, ʂʑ ï ʂʠʪʘʡʩʢʠʡ ʑʠʪ, ʂʠ- ʂʠʪʘʡʩʢʘʷ, ɸʤ ï ɸʤʫʨʩʢʘʷ, 
ɽʚ ï ɽʚʨʘʟʠʡʩʢʘʷ; ʛʨʘʥʠʮʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ: ʂʈ- ʂʳʨʛʳʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ, ʈʂ ï ʈʝʩʧʫʙ-
ʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ʈʋ ï ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ, ʊ ïʊʫʨʢʤʝʥʠʠ, ʈʊ ï ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠ-
ʩʪʘʥ, ʂʅʈ ï ʂʠʪʘʡʩʢʦʡ ʥʘʨʦʜʥʦʡ ʈʝʩʧʫʙʣʠʢʠ, ʄʥ ï ʄʦʥʛʦʣʠʠ, ɸʌɻ ï ɸʬʛʘʥʠʩʪʘʥʘ, ʈʌ ï 
ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ʅʘ ʅʀɻ ʢʘʨʪʝ ɽʚʨʘʟʠʠ ʢʦʥʪʠʥʝʥʪ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 4-ʤʷ ʦʩʦʙʳʤʠ ʧʣʘʥʝʪʘʨ-
ʥʳʤʠ ʛʨʘʚʠ-ʠʥʝʨʪʥʳʤʠ ʫʟʣʘʤʠ ʧʘʣʝʦʧʨʦʯʥʦʩʪʠ ɿʝʤʣʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʚʠʜʝ ʧʦ-
ʥʠʞʝʥʠʡ ʠ ʚʦʟʚʳʰʝʥʠʡ ʥʘ ʢʘʨʪʝ ʩʧʫʪʥʠʢʦʚʦʡ ʛʨʘʚʠʤʝʪʨʠʠ ɻʝʦʠʜʘ.  

ʉʘʤʦʝ ʩʝʚʝʨʥʦʝ ʚʦʟʚʳʰʝʥʠʝ ɻʝʦʠʜʘ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘʜ ʂʦʣʴʩʢʠʤ ʧʦʣʫʦʩʪʨʦ-
ʚʦʤ +66 ʤ., ʧʨʝʜʩʪʘʚʣʝʥʦ ʵʧʠʮʝʥʪʨʦʤ ʫʜʘʨʥʦʛʦ ʩʪʦʣʢʥʦʚʝʥʠʷ ʧʨʘ-ɿʝʤʣʠ 2,8 ʤʣʨʜ. 
ʣʝʪ ʪʦʤʫ ʥʘʟʘʜ ʩ ʧʣʘʥʝʪʦʙʣʝʤʦʡ ɸʨʢʪʠʯʝʩʢʦʡ (ʉʝʚʝʨʥʦ ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ), ʘʥʪʠʧʦ-
ʜʘʣʴʥʳʡ ʮʝʥʪʨ ʢʦʪʦʨʦʡ ʚʳʭʦʜʠʪ ʥʘ ʟʘʧʘʜʥʫʶ ʦʢʦʥʝʯʥʦʩʪʴ ɸʥʪʘʨʢʪʠʜʳ.  

ʖʞʥʦʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘ ɿʝʤʣʝ ʧʦʥʠʞʝʥʠʝ -105 ʤ. ʬʠʛʫʨʳ ɻʝʦʠʜʘ ʥʘʭʦʜʠʪʩʷ 
ʥʠʞʝ ʀʥʜʠʡʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʠ ʦʩʪʨʦʚʘ ʐʨʠ-ʃʘʥʢʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʪʠʧʦʜʘʣʴʥʳʤ 
ʮʝʥʪʨʦʤ ʧʣʘʥʝʪʦʙʣʝʤʳ ʊʠʭʠʡ ʦʢʝʘʥ ʫʜʘʨʥʦʝ ʩʪʦʣʢʥʦʚʝʥʠʝ ʢʦʪʦʨʦʡ ʧʨʦʠʟʦʰʣʦ 0, 67 
ʤʣʨʜ. ʣʝʪ ʪʦʤʫ ʥʘʟʘʜ ʠ, ʵʧʠʮʝʥʪʨ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʦʤ 
ʭʨʝʙʪʝ ʚ ʙʣʠʟ ʵʢʚʘʨʠʘʣʴʥʦʡ ʟʦʥʝ ʟʘʧʘʜʥʝʝ ʖʞʥʦʡ ɸʤʝʨʠʢʠ. ɺʦʩʪʦʯʥʳʡ ʦʩʦʙʳʡ ʫʟʝʣ 
ʫʜʘʨʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʡ ʧʣʘʥʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʵʧʠʮʝʥʪʨʦʤ ʟʝʤʥʦʛʦ ʪʚʝʨʜʦʛʦ ʷʜʨʘ, ʨʘʩ-
ʧʦʣʦʞʝʥʥʦʛʦ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ, ʚʦʩʪʦʯʥʝʝ ʶʞʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʗʧʦ-
ʥʠʠ.  

ʏʝʪʚʝʨʪʘʷ ʦʩʦʙʘʷ ʟʦʥʘ ʧʦʥʠʞʝʥʠʡ ɻʝʦʠʜʘ ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʦʪ ʚʳʰʝ ʦʧʠ-
ʩʘʥʥʳʭ ʢʨʠʪʠʯʝʩʢʠʭ ʪʦʯʝʢ ʧʘʣʝʧʨʦʯʥʦʩʪʠ ɿʝʤʣʠ, ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʂʳʨʛʳʟʩʢʦʛʦ 



103 
 

ʊʷʥʴ-ʐʘʥʷ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʂʠʪʘʷ ʩ ʧʦʥʠʞʝʥʠʝʤ ɻʝʦʠʜʘ ï58 ʤ., ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʪʠ-
ʧʦʜʘʣʴʥʳʤ ʮʝʥʪʨʦʤ ɹʨʘʟʠʣʴʩʢʦʡ ʧʣʘʥʝʪʦʙʣʝʤʳ ʚʦʟʨʘʩʪʦʤ ʫʜʘʨʥʦʛʦ ʩʪʦʣʢʥʦʚʝʥʠʷ 
4,0 ʤʣʨʜ. ʣʝʪ ʪʦʤʫ ʥʘʟʘʜ, ʵʧʠʮʝʥʪʨ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʦʤ 
ʭʨʝʙʪʝ ʟʘʧʘʜʥʝʝ ʶʞʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʢʦʥʪʠʥʝʥʪʘ ʖʞʥʦʡ ɸʤʝʨʠʢʠ. 

ʂʦʥʪʠʥʝʥʪ ɽʚʨʘʟʠʷ ʠ ʠʩʩʣʝʜʫʝʤʳʝ ʥʘʤʠ ʨʝʛʠʦʥʳ ɺʳʩʦʢʦʡ ʠ ʎʝʥʪʨʘʣʴʥʦʡ 
ɸʟʠʠ, ʘ ʪʘʢʞʝ ʂʳʨʛʳʟʩʪʘʥʘ, ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʦʧʠʩʘʥʥʳʤʠ ʚʳʰʝ ʵʧʠ- ʠ ʘʥʪʠʧʦʜʘʣʴ-
ʥʳʤʠ ʮʝʥʪʨʘʤʠ ʛʨʘʚʠ-ʠʥʝʨʪʥʦʛʦ ʠ ʵʣʝʢʨʦ-ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʧʘʣʝʦʧʨʦʯʥʦʩʪʠ ɻʝʦʠʜʘ, 
ʫʜʝʨʞʠʚʘʝʤʳʝ ʚ ʧʣʘʥʝʪʦʩʬʝʨʘʭ ʥʘʠʙʦʣʝʝ ʧʣʦʪʥʳʤʠ ʠ ʛʨʘʚʠʪʠʨʫʶʱʠʤʠ ʪʚʝʨʜʳʤʠ 
ʷʜʨʘʤʠ ɿʝʤʣʠ. ʅʘ ʅʀɻ ʢʘʨʪʝ ʪʠʧʠʟʘʮʠʠ ʢʦʥʪʠʥʝʥʪ ɽʚʨʘʟʠʷ ʚ ʩʨʝʜʠʥʥʳʭ ʝʝ ʦʙʣʘʩʪʷʭ 
ʧʨʝʜʩʪʘʚʣʝʥ ʙʝʩʩʪʦʯʥʳʤ ʙʘʩʩʝʡʥʦʤ ʩʪʦʢʘ ʨʝʢ (ʨʠʩ.1, ɹ- ʢʦʨʠʯʥʝʚʳʝ ʣʠʥʠʠ) ʢʦʥʪʨʦ-
ʣʠʨʫʝʤʳʡ ʘʥʪʠʧʦʜʘʣʴʥʳʤ ʮʝʥʪʨʦʤ ɹʨʘʟʠʣʴʩʢʦʡ ʧʣʘʥʝʪʦʙʣʝʤʳ. ɸʥʪʠʧʦʜʘʣʴʥʳʡ 
ʮʝʥʪʨ ʊʠʭʦʦʢʝʘʥʩʢʦʡ ʧʣʘʥʝʪʦʙʣʝʤʳ ʢʦʥʪʨʦʣʠʨʫʝʪ ʙʘʩʩʝʡʥʳ ʩʪʦʢʘ ʨʝʢ ʚ ʀʥʜʠʡʩʢʠʡ 
ʦʢʝʘʥ, ʘ ʵʧʠʮʝʥʪʨ ʠʟʥʘʯʘʣʴʥʦʛʦ ʛʠʜʨʠʜʥʦʛʦ ʪʚʝʨʜʦʛʦ ʷʜʨʘ ɿʝʤʣʠ ʚ ʙʘʩʩʝʡʥʳ ʩʪʦʢʘ 
ʨʝʢ ʚ ʊʠʭʠʡ ʦʢʝʘʥ [1, 4]. 

ʅʘ ʅʀɻ ʢʘʨʪʝ ʢʨʘʩʥʳʤʠ ʩʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʣʠʪʦ-
ʩʬʝʨʥʳʭ ʧʣʠʪ ʠ ʠʭ ʛʝʦʙʣʦʢʦʚ, ʛʦʣʫʙʳʤʠ ʠ ʩʠʥʠʤʠ ʩʪʨʝʣʢʘʤʠ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ 
ʙʘʩʩʝʡʥʦʚ ʩʪʦʢʘ ʨʝʢ.  

ɾʝʣʪʳʤʠ ʮʚʝʪʘʤʠ ʣʠʥʠʠ ʠ ʟʘʢʨʘʩʢʘ ʧʦʢʘʟʘʥʳ ʩʝʡʩʤʠʯʝʩʢʠʝ ʢʦʣʴʮʝʚʳʝ ʤʝʛʘ-
ʩʪʨʫʢʪʫʨʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʠʧʘ, ʛʜʝ ʥʘʭʦʜʷʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦ ʵʧʠʮʝʥʪʨʳ ʩʠʣʴʥʝʡʰʠʭ 
ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʩ ʫʢʘʟʘʥʠʝʤ ʛʦʜʘ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʩ ʠʭ ʠʥʜʫʮʠʨʦʚʘʥʥʳʤʠ 
ʛʝʦʨʠʩʢʘʤʠ. 

ʂʨʘʩʥʳʤʠ ʣʠʥʠʷʤʠ ʚʳʜʝʣʝʥʳ ʧʣʘʥʝʪʘʨʥʳʝ ʨʘʟʣʦʤʳ ʠ ʩʜʚʠʛʠ ʨʘʟʜʨʦʙʠʚ-
ʰʠʝ ʢʦʥʪʠʥʝʥʪ ɽʚʨʘʟʠʠ ʥʘ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʙʣʦʢʠ. ʌʠʦʣʝʪʦʚʳʝ ʣʠʥʠʠ ʷʚʣʷʶʪʩʷ 
ʛʨʘʥʠʮʘʤʠ ʨʘʟʜʝʣʘ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ ʠ ʠʭ ʪʝʢʪʦʛʝʦʙʣʦʢʦʚ ʥʘ ʩʫʙʯʘʩʪʠ. ʅʘ ʅʀɻ 
ʢʘʨʪʝ ʰʪʨʠʭ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʯʝʨʥʦʛʦ ʮʚʝʪʘ ʷʚʣʷʝʪʩʷ ʥʫʣʝʚʦʡ ʠʟʦʣʠʥʠʝʡ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʬʠʛʫʨʳ ɻʝʦʠʜʘ ʠ ʢʦʥʪʨʦʣʠʨʫʝʪ ʙʝʩʩʪʦʯʥʳʡ ʢʨʫʧʥʝʡʰʠʡ ʥʘ ʧʣʘʥʝʪʝ 
ʙʘʩʩʝʡʥ ʩʪʦʢʘ ʨʝʢ. ʂʳʨʛʳʟʩʪʘʥ ʠ ʩʪʨʘʥʳ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ (ʈʠʩ.1) ʨʘʩʧʦʣʦʞʝʥʳ 
ʚ ʙʝʩʩʪʦʯʥʦʤ ʙʘʩʩʝʡʥʝ ʩʪʦʢʘ ʨʝʢ. ʊʝʨʨʠʪʦʨʠʷ ʂʳʨʛʳʟʩʪʘʥʘ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʠ 
ʶʞʥʦʡ ʯʘʩʪʷʭ ʨʘʩʩʝʯʝʥʳ ʨʝʛʠʦʥʘʣʴʥʳʤ ʨʘʟʣʦʤʦʤ, ʩʜʚʠʛʦʤ. ɿʜʝʩʴ ʧʨʦʭʦʜʠʪ ʚ 
ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʶʛʦ-ʟʘʧʘʜʘ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ ʛʨʘʥʠʮʘ ʣʠʪʦʩʬʝʨʥʦʛʦ ʙʣʦʢʘ ʠ ʵʧʠ-
ʮʝʥʪʨʳ ʧʨʦʠʟʦʰʝʜʰʠʭ 1902 ʠ 1966 ʠ 1911 ʛʛ., ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 
[1, 4]. 

ʅʘ ʅʀɻ ʤʦʜʝʣʠ ʧʣʘʥʝʪʳ ɿʝʤʣʷ ʂʳʨʛʳʟʩʪʘʥ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʰʠʨʦʪʝ, ʧʣʘ-
ʥʝʪʘʨʥʦʛʦ ʧʦʷʩʘ ʨʘʟʣʦʤʦʚ, ʛʜʝ ʩ 40ʦ ʩʝʚʝʨʥʦʡ ʰʠʨʦʪʳ ʠʩʧʳʪʳʚʘʝʪ ʜʚʠʞʝʥʠʝ ʣʠ-
ʪʦʩʬʝʨʥʳʭ ʧʦʣʠʛʨʫʥʪʦʚ ʚ ʚʦʩʭʦʜʷʱʝʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʩʫʙʰʠʨʦʪʥʦʡ ʦʨʠʝʥʪʠ-
ʨʦʚʢʝ ʨʘʟʣʦʤʦʚ, ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʠ ʠʭ ʩʤʝʱʝʥʠʶ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʝ 
ʨʫʤʙʳ. ɺ ʫʢʘʟʘʥʥʳʭ ʰʠʨʦʪʘʭ, ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-
ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʠʪʦʩʬʝʨʳ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʚʳʰʝʥʠʝ ʩʠʣ ʜʝʬʦʨʤʠʨʦ-
ʚʘʥʠʷ ʥʘʜ ʧʨʦʯʥʦʩʪʴʶ ʛʨʫʥʪʦʚʳʭ ʤʘʩʩʠʚʦʚ, ʧʦʩʣʝʜʥʠʝ ʦʩʚʦʙʦʞʜʘʶʪ ʧʨʝʜʝʣʴ-
ʥʳʝ ʥʘʧʨʷʞʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʚ ʚʠʜʝ ʨʘʟʣʦʤʦʚ ʨʘʟʣʠʯʥʦʛʦ ʨʘʥʛʘ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʩʝʡʩʤʦʢʘʪʘʩʪʨʦʬʘʤʠ ʩ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʤʠ ʛʝʦʨʠʩʢʘʤʠ [4-6]. 

ʅʘ ʅʀɻ ʤʦʜʝʣʠ ʪʠʧʠʟʘʮʠʠ ʠ ʧʨʦʛʥʦʟʘ ʛʝʦʨʠʩʢʦʚ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ 
ɽʚʨʘʟʠʠ (ʈʠʩ. 2), ʪʝʨʨʠʪʦʨʠʷ ʂʳʨʛʳʟʩʪʘʥʘ ʧʨʠʫʨʦʯʝʥʘ ʚ ʰʠʨʦʪʥʦʤ ʦʪʥʦʰʝʥʠʠ ʢ 
ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʠʢʘ ʛʝʦʥʦʤʘ ʣʘʪʝʨʘʣʴʥʦʡ ʦʨʦʛʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ 
ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʠʢʘ ʛʝʦʥʦʤʘ ʩʝʡʩʤʠʯʥʦʩʪʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʩʦʚʨʝ-
ʤʝʥʥʳʭ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʜʚʠʞʝʥʠʡ ʠ ʧʨʦʷʚʣʝʥʠʝ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʫʧʨʫʛʦʡ ʵʥʝʨ-
ʛʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʚʠʜʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ʈʠʩ. 2).  
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ʈʠʩ. 2. ʅʀɻ ʤʦʜʝʣʴ ʧʦ-ʰʠʨʦʪʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʪʠʧʠʟʘʮʠʠ ʠ ʧʨʦʛʥʦʟʘ ʛʝʦʨʠʩʢʦʚ ʠ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʭ ʛʝʦʥʦʤʦʚ: 1. ʦʨʦʛʝʥʥʦʩʪʠ, 2. ʨʘʚʥʠʥʥʦʩʪʠ, 3. ʩʝʡʩʤʦ-

ʛʝʥʥʳʭ ʟʦʥ, 4. ʯʠʩʣʘ ʨʘʟʨʫʰʠʪʝʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, 5. ʊʝʨʨʠʪʦʨʠʘʣʴʥʦʩʪʠ 

 
ʃʠʪʦʩʬʝʨʘ ʂʳʨʛʳʟʩʪʘʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʅʀɻ ʤʦʜʝʣʠ ʤʝʞʜʫ ʜʚʫʤʷ ʰʠʨʦ-

ʪʘʤʠ ʧʨʦʷʚʣʝʥʠʷ ʚʦʣʥ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʶʞʥʝʝ ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʰʠʨʦʪʝ 
20ʦ ʩ.ʰ. ʛʝʦʜʝʬʦʨʤʘʮʠʠ ʜʚʠʞʫʱʠʝʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 236 ʤ/ʩʫʪ (86,2 ʢʤ/ʛʦʜ), ʩʝʚʝʨ-
ʥʝʝ ʥʘ ʰʠʨʦʪʝ 47ʦ ʩ..h 93 ʤ/ʩʫʪ (34 ʢʤ/ʛʦʜ). ʅʘ ʅʀɻ ʤʦʜʝʣʠ (ʈʠʩ. 2) ʜʣʷ ɽʚʨʘʟʠʠ 
ʚʳʜʝʣʝʥʳ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʝ ʰʠʨʦʪʳ ʧʦʨʘʞʝʥʥʳʝ ʛʝʦʨʠʩʢʘʤʠ ʦʪ ʩʠʣʴʥʳʭ ʟʝʤ-
ʣʝʪʨʷʩʝʥʠʡ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʠʢʦʤ ʛʝʦʥʦʤʘ ʥʘ 38-40 ʛʨʘʜ ʩ.ʰ., ʘ ʪʘʢʞʝ 2 ʤʘʢʩʠ-
ʤʘʣʴʥʳʭ ʧʠʢʘ ʛʝʦʥʦʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʩʝʡʩʤʦʛʝʥʥʳʭ ʟʦʥ ʥʘ 22 ʠ 43 ʛʨʘʜ 
ʩ.ʰ. ʇʨʠ ʵʪʦʤ ʥʘ ʅʀɻ ʤʦʜʝʣʠ ʧʠʢ ʛʝʦʥʦʤʘ ʯʠʩʣʘ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʢʦʨʨʝ-
ʣʠʨʫʝʪʩʷ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʦʨʦʛʝʥʥʦʩʪʠ. ʅʘ ʅʀɻ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʢʘʨʪʝ ʪʠʧʠʟʘʮʠʠ 
ʠ ʧʨʦʛʥʦʟʘ ʛʝʦʨʠʩʢʦʚ ʚ ɺʳʩʦʢʦʡ ɸʟʠʠ (ʈʠʩ. 3).  

 
ʈʠʩ. 3. ʅʀɻ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʢʘʨʪʘ ʪʠʧʠʟʘʮʠʠ ʠ ʧʨʦʛʥʦʟʘ ʛʝʦʨʠʩʢʦʚ ʥʘ ʪʝʨʨʠʪʦ-

ʨʠʠ ɺʳʩʦʢʦʡ ɸʟʠʠ ʦʙʲʝʜʠʥʷʶʱʘʷ ʩʣʝʜʫʶʱʠʝ ʪʝʤʘʪʠʯʝʩʢʠʝ ʢʘʨʪʳ: ʘ. ʛʨʘʥʠʮ ʣʠʪʦ-
ʩʬʝʨʥʦ- ʧʣʠʪʥʳʭ (14) ʩʫʙʙʣʦʢʦʚ ʂʁ ï ʂʠʪʘʡʩʢʦʡ, ʀɸ ï ʀʥʜʦ-ɸʚʩʪʨʘʣʠʡʩʢʦʡ, ʀʈ ï ʀʨʘʥ-
ʩʢʦʡ, ʊɹ ï ʊʠʙʝʪʩʢʦʡ, ɽɸ - ɽʚʨʘʟʠʘʪʩʢʦʡ; ʙ. ʚʝʨʛʝʥʪʥʳʭ ʥʦʚʝʡʰʠʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʛʝʦʚʦʣ-
ʥʦʚʳʭ ʜʚʠʞʝʥʠʡ; ʚ. ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ, ʛ. ʛʨʘʥʠʮ ʙʘʩʩʝʡʥʦʚ ʩʪʦʢʘ ʨʝʢ ʚ 
ʦʢʝʘʥʳ. ɺ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʷʭ: 1. ʤʝʛʘʘʥʪʠʢʣʠʥʘʣʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, 2. ʤʝʛʘʩʠʥʢʣʠ-
ʥʘʣʠ, 3. ʤʦʣʘʩʩʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʢʘʡʥʦʟʦʷ, 4. ʊʫʨʘʥʩʢʘʷ ʧʣʠʪʘ, 5. ʀʥʜʦʩʪʘʥʩʢʠʡ ʱʠʪ, 6. 
ʩʝʚʝʨʦ-ʤʦʥʦʚʝʨʛʝʥʪʥʳʝ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ, 7. ʶʞʥʦ - ʤʦʥʦʚʝʨʛʝʥʪʥʳʝ ʥʝʦʪʝʢ-
ʪʦʥʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ, 8. ʫʯʘʩʪʢʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʩʞʘʪʠʷ, 9. ʫʯʘʩʪʢʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥ-
ʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ ʥʘ ʦʙʱʝʤ ʬʦʥʝ ʩʞʘʪʠʷ, 10. ʦʬʠʦʣʠʪʳ, 11. ʫʯʘʩʪʢʠ ʧʨʦʷʚʣʝʥʠʷ ʢʘʡʥʦ-
ʟʦʡʩʢʦʛʦ ʚʫʣʢʘʥʠʟʤʘ (ʮʝʧʠ ʚʫʣʢʘʥʦʚ ʠ ʦʪʜʝʣʴʥʳʝ ʚʫʣʢʘʥʳ), 12. ʣʠʥʠʠ ʥʝʩʦʛʣʘʩʥʦʛʦ ʟʘ-
ʣʝʛʘʥʠʷ ʢʘʡʥʦʟʦʡʩʢʠʭ ʤʦʣʘʩʩ ʥʘ ʜʨʝʚʥʝʤ ʦʩʥʦʚʘʥʠʠ, 13. ʛʨʘʥʠʮʘ ʀʥʜʦʩʪʘʥʩʢʦʡ ʧʣʘʪ-
ʬʦʨʤʳ, 14. ʛʨʘʥʠʮʳ ʙʣʦʢʦʚ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ, 25. ʛʨʘʥʠʮʳ ʙʘʩʩʝʡʥʦʚ ʩʪʦʢʘ ʨʝʢ ʚ ʦʢʝ-
ʘʥʳ, 16. ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ: ʘ. ʚʦʩʪʦʯʥʦ-ʤʦʥʦʚʝʨʛʝʥʪʥʳʤʠ, ʙ. ʟʘʧʘʜʥʦ- ʤʦʥʦ-
ʚʝʨʛʝʥʪʥʳʤʠ ʛʝʦʚʦʣʥʦʚʳʤʠ ʜʚʠʞʝʥʠʷʤʠ. 

 


