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Abstract  

The series of papers discusses the first results of 

industrial application of the mine method of oil 

production in the conditions of the Yarega oil field 

in the period of 1939 -1944.  

Based on the analysis of literary sources and ar -

chival materials, the basic prerequisites for the use 

of the mine method of oil production, and the de -

velopment of technologies and technical means for 

the mine method of development were studied.  

This paper discusses the features  of underground 

wells exploitation by the mine method, the main 

mechanisms of oil production, as well as the fea -

tures of the geological structure of the field that 

influenced the processes of oil production.  

The data on the first observations of oil mine spe-

cialists on the geological structure of the Yarega 

field, which established the presence of disjunctive 

disturbances and intense fracturing, that changed 

the nature of the wells operation when hitting 

them, are presented. The role of the Geological 

Service of Oil Mine ×1 during the trial operation 

of a new mine method of oil production, which has 

specially developed a method of structural analysis 

to determine the spatial position of fractured oil 

accumulations, is noted.  

Information on the choice of t he field development 

system and the introduction of a new for that time 

²Ukhta method of mine oil production³ is pre-

sented. It was found that the main methods of ex -

ploiting the first underground wells were such as 

fountain, airlift, bailing. The dynamics  of the main 

indicators of field development during ex -

perimental application of the mine method of oil 

production was also given.  

Keywords:   

mine  method of oil production, underground wells, 

high -viscosity oil, development system, underground 

wells operation.  
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ɺʚʝʜʝʥʠʝ 

ʗʨʝʛʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ 18 ʢʤ 
ʶʛʦ-ʟʘʧʘʜʥʝʝ ʛ. ʋʭʪʳ ʠ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʚ ʤʠ-
ʨʝ, ʛʜʝ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʧʨʠʤʝʥʷʝʪʩʷ 
ʫʥʠʢʘʣʴʥʘʷ ʪʝʨʤʦʰʘʭʪʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʜʦʙʳʯʠ ʥʝʬʪʠ.  

ɺ ʨʘʙʦʪʝ [1] ʜʘʥʘ ʢʨʘʪʢʘʷ ʠʩʪʦʨʠʷ ʦʪʢʨʳʪʠʷ ʤʝ-
ʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʨʝʜʧʦʩʳʣʢʠ ʚʳʙʦʨʘ ʰʘʭʪʥʦʛʦ ʤʝʪʦʜʘ 
ʜʦʙʳʯʠ ʥʝʬʪʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʗʨʝʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞ-
ʜʝʥʠʷ ʚʳʩʦʢʦʚʷʟʢʦʡ ʠ ʪʷʞʝʣʦʡ ʥʝʬʪʠ, ʘ ʪʘʢʞʝ ʦʪʨʘ-
ʞʝʥʳ ʚʦʧʨʦʩʳ ʙʫʨʝʥʠʷ ʧʝʨʚʳʭ ʧʦʜʟʝʤʥʳʭ ʩʢʚʘʞʠʥ.  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 
ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʚʳʙʦʨʘ 
ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʟʝʤʥʳʭ 
ʩʢʚʘʞʠʥ ʥʘ ʗʨʝʛʩʢʦʤ ʥʝʬʪʷʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚ 
ʧʝʨʠʦʜ 1939ï1944 ʛʛ. 

 

ʆʩʦʙʝʥʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ  
ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

 

ʈʘʡʦʥ ʗʨʝʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʘʩʧʦʣʘʛʘ-
ʝʪʩʷ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʩʢʣʦʥʝ ʶʞʥʦʛʦ ʊʠʤʘʥʘ ʠ 
ʧʨʠʫʨʦʯʝʥ ʢ ʦʜʥʦʡ ʠʟ ʩʢʣʘʜʦʢ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʚ 
ʩʚʦʜʦʚʦʡ ʯʘʩʪʠ ʋʭʪʠʥʩʢʦʡ ʙʨʘʭʠʘʥʪʠʢʣʠʥʘʣʠ. ʅʝʬ-
ʪʷʥʘʷ ʟʘʣʝʞʴ ʠʤʝʝʪ ʪʘʢʠʝ ʨʘʟʤʝʨʳ: 36,6 ʢʤ ʧʦ ʧʨʦ-
ʪʷʞʝʥʥʦʩʪʠ ʠ 4ï4,5 ʢʤ ʧʦ ʰʠʨʠʥʝ. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ 
ʗʨʝʛʩʢʦʡ, ʃʳʘʝʣʴʩʢʦʡ ʠ ɺʝʞʘʚʦʞʩʢʦʡ ʩʪʨʫʢʪʫʨ. 
ʇʨʦʤʳʰʣʝʥʥʳʝ ʟʘʧʘʩʳ ʥʝʬʪʠ ʥʘʭʦʜʷʪʩʷ ʚ ʪʨʝʪʴʝʤ 
ʧʣʘʩʪʝ, ʟʘʣʝʛʘʶʱʝʤ ʥʘ ʛʣʫʙʠʥʝ 130ï220 ʤ ʚ ʧʝʩʯʘ-
ʥʠʢʘʭ ʩʨʝʜʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʜʝʚʦʥʘ [2]. 

ʉʨʝʜʥʷʷ ʵʬʬʝʢʪʠʚʥʘʷ ʥʝʬʪʝʥʘʩʳʱʝʥʥʘʷ 
ʪʦʣʱʠʥʘ ʧʣʘʩʪʘ 26 ʤ. ʅʠʞʥʷʷ ʝʛʦ ʯʘʩʪʴ ʥʘ ʙʦʣʴʰʝʡ 
ʧʣʦʱʘʜʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʦʜʝʨʞʠʪ ʧʦʜʦʰʚʝʥʥʫʶ 
ʚʦʜʫ. ʕʬʬʝʢʪʠʚʥʘʷ ʩʨʝʜʥʷʷ ʧʦʨʠʩʪʦʩʪʴ ʪʨʝʪʴʝʛʦ 
ʧʣʘʩʪʘ ï 25%, ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 
2,0 ʤʢʤ

2
. ʇʣʘʩʪ ʨʘʟʙʠʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʪʝʢʪʦʥʠ-

ʯʝʩʢʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʠ ʛʫʩʪʦʡ ʩʝʪʴʶ ʤʝʣʢʠʭ ʪʨʝ-
ʱʠʥ. ʅʝʬʪʴ, ʥʘʩʳʱʘʶʱʘʷ ʪʨʝʪʠʡ ʧʣʘʩʪ, ʪʷʞʝʣʘʷ, 
ʧʣʦʪʥʦʩʪʴ 945 ʢʛ/ʤ

3
. ʆʥʘ ʦʙʣʘʜʘʝʪ ʚʷʟʢʦʩʪʴʶ ʦʪ 5 

ʜʦ 20 ʇʘĀʩ ʚ ʧʣʘʩʪʦʚʳʭ ʫʩʣʦʚʠʷʭ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘ-

ʩʪʘ 6ï8 ʉ̄, ʥʘʯʘʣʴʥʦʝ ʧʣʘʩʪʦʚʦʝ ʜʘʚʣʝʥʠʝ 1ï1,3 
Mʇʘ. ʇʦʧʫʪʥʳʡ ʛʘʟ ʩʦʜʝʨʞʠʪ 95ï98% ʤʝʪʘʥʘ. ʄʝ-
ʩʪʦʨʦʞʜʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʝʞʠʤʦʤ ʨʘʩʪʚʦʨʝʥ-
ʥʦʛʦ ʛʘʟʘ, ʧʝʨʝʭʦʜʷʱʠʤ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʛʨʘʚʠ-
ʪʘʮʠʦʥʥʳʡ. ɿʘʧʘʩʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʦʣʴʰʠʝ ʠ ʧʦ 
ʵʪʦʤʫ ʧʨʠʟʥʘʢʫ ʦʪʥʦʩʷʪʩʷ ʢ ʢʨʫʧʥʳʤ ʟʘʣʝʞʘʤ [2,3]. 

ɺ ʧʨʦʮʝʩʩʝ ʦʧʳʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ 1939ï
1944 ʛʛ. ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʦʡ ʥʝʬʪʝʰʘʭʪʳ ʫʩʪʘ-
ʥʦʚʣʝʥʦ ʥʘʣʠʯʠʝ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʜʠʟʲʶʥʢʪʠʚʥʳʭ 
ʥʘʨʫʰʝʥʠʡ ʠ ʠʥʪʝʥʩʠʚʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ III ʧʣʘ-
ʩʪʘ [4]. ʇʝʨʝʩʝʯʝʥʥʦʩʪʴ ʧʣʘʩʪʘ ʪʨʝʱʠʥʘʤʠ ʨʘʟʣʠʯ-
ʥʦʛʦ ʨʘʟʤʝʨʘ ʠ ʭʘʨʘʢʪʝʨʘ ʦʙʫʩʣʦʚʠʣʠ ʥʘʣʠʯʠʝ ʚ 
ʩʘʤʦʤ ʧʣʘʩʪʝ ʦʩʦʙʦʛʦ ʚʠʜʘ ʢʦʣʣʝʢʪʦʨʘ ï ʪʨʝʱʠʥ-
ʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ, ʦʙʨʘʟʫʶʱʝʛʦ ʚ ʧʣʘʩʪʝ ʪʘʢ ʥʘʟʳ-
ʚʘʝʤʫʶ ʪʨʝʱʠʥʥʫʶ ʟʘʣʝʞʴ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ 
ʩʪʨʦʝʥʠʷ ʢʦʣʣʝʢʪʦʨʘ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩʧʦʩʦʙʩʪʚʦ-
ʚʘʣʘ ʫʣʫʯʰʝʥʠʶ ʜʨʝʥʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʧʣʘʩʪʘ ʠ 
ʧʦʚʳʰʝʥʠʶ ʥʝʬʪʝʦʪʜʘʯʠ, ʩ ʜʨʫʛʦʡ ï ʧʨʠʚʝʣʘ ʢ ʫʩ-
ʣʦʞʥʝʥʠʶ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʣʘʩʪʘ, ʚʩʣʝʜʩʪ-
ʚʠʝ ʨʘʟʨʳʚʘʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ 
ʩʧʣʦʰʥʦʩʪʠ ʧʦʜʩʪʠʣʘʶʱʠʭ ʧʣʘʩʪ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝ-
ʤʳʭ ʧʦʢʨʳʰʝʢ [4]. ʆʙ ʵʪʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʟʘʣʝʞʠ ʦʪ-
ʤʝʯʝʥʦ ʩʣʝʜʫʶʱʝʝ: çʏʘʩʪʳʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʥʘ-
ʨʫʰʝʥʠʷ ʩ ʩʦʧʨʦʚʦʞʜʘʶʱʠʤʠ ʠʭ ʟʦʥʘʤʠ ʨʘʟʣʦʤʘ  

ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʫʩʪʘʷ, ʥʝʨʘʚʥʦʤʝʨʥʘʷ ʚ ʨʘʟʥʳʭ ʫʯʘ-
ʩʪʢʘʭ ʩʝʪʴ ʤʝʣʢʠʭ ʪʨʝʱʠʥ, ʨʘʟʙʠʚʘʶʱʠʭ III ʧʣʘʩʪ, 
ʩʦʟʜʘʶʪ ʚ ʥʝʤ ʩʚʦʝʦʙʨʘʟʥʳʡ ʪʨʝʱʠʥʥʳʡ ʢʦʣʣʝʢʪʦʨ, 
ʭʘʨʘʢʪʝʨʥʳʡ ʩʚʝʨʭʥʦʨʤʘʣʴʥʳʤ ʦʙʲʝʤʦʤ ʧʦʨ. ʇʨʠ 
ʧʦʜʭʦʜʷʱʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʥʘ ʪʦʤ 
ʠʣʠ ʠʥʦʤ ʵʪʘʧʝ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʤʝʩʪʦʨʦʞ-
ʜʝʥʠʷ, ʵʪʦʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʣʣʝʢʪʦʨ ʘʢʢʫʤʫʣʠ-
ʨʦʚʘʣ ʚ ʩʝʙʝ ʛʘʟ, ʥʝʬʪʴ ʠ ʚʦʜʫ, ʫʯʘʩʪʢʘʤʠ ʨʘʟ-
ʜʝʣʴʥʦ, ʫʯʘʩʪʢʘʤʠ ʚ ʠʭ ʨʘʟʣʠʯʥʦʤ ʩʦʯʝʪʘʥʠʠè [5]. 
ʕʪʦ ʩʚʦʡʩʪʚʦ ʩʪʨʦʝʥʠʷ ʢʦʣʣʝʢʪʦʨʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 
ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ-
ʩʪʠ ʩʢʚʘʞʠʥ, ʚʩʢʨʳʚʰʠʭ ʪʨʝʱʠʥʥʳʝ ʢʦʣʣʝʢʪʦʨʘ, ʯʪʦ 
ʧʦʟʚʦʣʠʣʦ ʜʦʙʳʚʘʪʴ ʪʷʞʝʣʫʶ ʷʨʝʛʩʢʫʶ ʥʝʬʪʴ ʨʝʥ-
ʪʘʙʝʣʴʥʦ. ɺ ʨʘʙʦʪʝ [5] ʪʘʢʞʝ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʩʣʝ-
ʜʫʶʱʝʝ: çʀʩʢʣʶʯʠʪʝʣʴʥʫʶ, ʝʩʣʠ ʥʝ ʦʩʥʦʚʥʫʶ ʨʦʣʴ 
ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʗʨʝʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʜʟʝʤ-
ʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ ʩʳʛʨʘʣʘ ʪʨʝʱʠʥʥʘʷ ʪʝʢʪʦʥʠʢʘ. 
ʆʩʥʦʚʥʦʝ ʧʠʪʘʥʠʝ ʩʢʚʘʞʠʥ ʠʜʝʪ ʧʦ ʪʨʝʱʠʥʘʤ. ʅʘʠ-
ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʠʟ ʥʠʭ ʟʘʢʣʶʯʘʶʪ ʚ ʩʝʙʝ ʪʘʢ ʥʘʟʳ-
ʚʘʝʤʳʝ ʪʨʝʱʠʥʥʳʝ ʟʘʣʝʞʠ ʥʝʬʪʠ ʚʳʩʦʢʦʡ ʥʝʬʪʝ-
ʦʪʜʘʯʠè. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦ-
ʩʪʝʡ ʛʝʦʣʦʛʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʢʘʞʜʦʛʦ ʫʯʘ-
ʩʪʢʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʦʡ ʅʝʬʪʝʰʘʭʪʳ ˉ1 ʙʳʣ 
ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘ-
ʣʠʟʘ, ʢʦʪʦʨʳʡ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʜʦʩ-
ʪʦʚʝʨʥʦʩʪʠ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʷʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 
ʧʦʣʦʞʝʥʠʝ ʪʨʝʱʠʥʥʳʭ ʩʢʦʧʣʝʥʠʡ ʥʝʬʪʠ. ʕʪʦ ʜʘʣʦ 
ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʝʜʫʧʨʝʞʜʘʪʴ ʙʫʨʦʚʠʢʦʚ ʦ 
ʤʝʩʪʝ ʧʝʨʝʩʝʯʝʥʠʷ ʪʨʝʱʠʥ ʩʢʚʘʞʠʥʘʤʠ, ʥʦ ʠ ʧʨʦʝʢ-
ʪʠʨʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʳʝ çʪʨʝʱʠʥʥʳʝ ʩʢʚʘʞʠʥʳè [4ï 
6]. ʅʘʯʠʥʘʷ ʩʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ 1943 ʛ. ʟʘ ʩʯʝʪ 
ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʅʝʬ-
ʪʝʰʘʭʪʝ ˉ1 ʩʪʘʣʠ ʨʝʛʫʣʷʨʥʦ ʜʦʙʳʚʘʪʴ ʜʦʧʦʣʥʠ-
ʪʝʣʴʥʫʶ ʥʝʬʪʴ [5]. 

 

ɺʳʙʦʨ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
 

ʆʙʲʝʢʪʦʤ ʨʘʟʨʘʙʦʪʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʳʣ 
ʚʳʙʨʘʥ ʧʣʘʩʪ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 15 ʤ. ʍʦʪʷ 
ʧʣʘʩʪ ʩʦʩʪʦʷʣ ʠʟ ʜʚʫʭ ʥʝʬʪʝʥʦʩʥʳʭ ʧʘʯʝʢ, ʨʘʟʜʝ-
ʣʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ 2ï3-ʤʝʪʨʦʚʦʡ ʪʦʣʱʝʡ ʘʨʛʠʣ-
ʣʠʪʘ ʠ ʦʪʣʠʯʘʶʱʠʭʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʨʘʟʣʠʯʥʦʡ ʥʝʬ-
ʪʝʥʘʩʳʱʝʥʥʦʩʪʴʶ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ [4, 7].  

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʰʘʭʪ ʩʧʝʮʠʘʣʠʩʪʳ ʠʟ-ʟʘ 
ʥʘʣʠʯʠʷ ʚ ʧʣʘʩʪʝ ʛʘʟʘ ʤʝʪʘʥʘ ʥʝ ʨʝʰʠʣʠʩʴ ʦʧʫʩ-
ʢʘʪʴ ʧʦʜʟʝʤʥʳʡ ʥʝʬʪʷʥʦʡ ʧʨʦʤʳʩʝʣ ʥʝʧʦʩʨʝʜʩʪ-
ʚʝʥʥʦ ʥʘ ʢʨʦʚʣʶ ʥʝʬʪʷʥʦʛʦ ʧʣʘʩʪʘ, ʘ ʦʩʪʘʥʦʚʠʣʠʩʴ 
ʚ ʧʫʩʪʳʭ ʥʘʜʧʣʘʩʪʦʚʳʭ ʧʦʨʦʜʘʭ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ 
çʪʫʬʠʪʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘè. ɺ ʩʪʘʪʴʝ ʉ.ʌ. ɿʜʦʨʦʚ ʦʪ-
ʤʝʯʘʝʪ: çɹʫʨʝʥʠʝ ʧʦʜʟʝʤʥʳʭ ʩʢʚʘʞʠʥ, ʥʘʯʘʪʦʝ ʩ 
ʪʫʬʠʪʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚ 1939 ʛ. ï ʮʝʣʠʢʦʤ ʦʧʨʘʚ-
ʜʘʣʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʡ 
ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʜʦʙʥʳʤ ʚʘʨʠʘʥʪʦʤ 
ʰʘʭʪʥʦʛʦ ʩʧʦʩʦʙʘ. ʕʪʦʪ ʛʦʨʠʟʦʥʪ ʧʦʢʘʟʘʣ ʠ ʜʦʩʪʘ-
ʪʦʯʥʫʶ ʥʘʜʝʞʥʦʩʪʴ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʦʪ ʚʥʝʟʘʧʥʳʭ 
ʠ ʙʫʨʥʳʭ ʚʦʜʦʥʝʬʪʝʧʨʦʷʚʣʝʥʠʡ ʚ ʥʠʭ, ʧʨʠ ʧʝʨʝʩʝ-
ʯʝʥʠʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʪʨʝʱʠʥè [7]. 

ɼʦʙʳʯʘ ʥʝʬʪʠ ʥʘ ʅʝʬʪʝʰʘʭʪʝ ˉ1 ʦʩʫʱʝʩʪʚ-
ʣʷʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʧʦʜʟʝʤʥʳʭ ʩʢʚʘʞʠʥ, ʧʨʦʙʫʨʝʥ-
ʥʳʭ ʠʟ ʙʫʨʦʚʳʭ ʢʘʤʝʨ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʛʦʨʥʳʭ 
ʚʳʨʘʙʦʪʢʘʭ ʚ 10ï22 ʤ ʥʘʜ ʢʨʦʚʣʝʡ ʥʝʬʪʝʥʦʩʥʦʛʦ 
ʧʣʘʩʪʘ [1, 4, 8].  




