
 

 
 



1 

 
 
 
 
 
 
 
 

 
ʆʩʥʦʚʘʥ ʚ 1947 ʛ. ʢʘʢ çʉʧʝʣʝʦʣʦʛʠʯʝʩʢʠʡ ʙʶʣʣʝʪʝʥʴè 

Founded in 1947 as çSpeleological Bulletinè 

  



2 

MINISTRY ON EDUCATION  

OF THE RUSSIAN FEDERATION  

Perm State University 

Karstology and Speleology Institute 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PESHCHERY (CAVES) 

 
INTERU NIVERSITY COLLECTION OF SCIENTIFIC  

TRANSACTIONS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Perm 1999 



3 

ʄʀʅʀʉʊɽʈʉʊɺʆ ʆɹʈɸɿʆɺɸʅʀʗ  

ʈʆʉʉʀʁʉʂʆʁ ʌɽɼɽʈɸʎʀʀ 
ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʀʥʩʪʠʪʫʪ ʢʘʨʩʪʦʚʝʜʝʥʠʷ ʠ ʩʧʝʣʝʦʣʦʛʠʠ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʇʝʱʝʨʳ 

 

ʄʝʞʚʫʟʦʚʩʢʠʡ ʩʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʇʝʨʤʴ 1999  



4 

ɹɹʂ 26.823 
ʇ78 
ʋɼʂ 551.44 
ʇ 78 ʇʝʱʝʨʳ: ʄʝʞʚʫʟ. ʩʙ. ʥʘʫʯ. ʪʨ. / ʇʝʨʤ. ʫʥ-ʪ. ï ʇʝʨʤʴ, 1999. ï 219 ʩ. 
ISBN 5ï7944ï0123ï0 

 
ʉʙʦʨʥʠʢ (ʚʳʧʫʩʢʠ 25ï26) ʧʦʩʚʷʱʝʥ ʛʝʦʣʦʛʠʠ, ʛʝʥʝʟʠʩʫ ʠ ʦʪʣʦʞʝʥʠʷʤ ʧʝʱʝʨ 

ʇʨʠʫʨʘʣʴʷ, ʇʦʚʦʣʞʴʷ, ɽʚʨʦʧʝʡʩʢʦʛʦ ʩʝʚʝʨʘ ʈʦʩʩʠʠ, ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ, ʘ ʪʘʢʞʝ 
ʂʨʳʤʘ ʠ ʂʫʙʳ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʩʧʝʣʝʦʪʝʨʘʧʠʠ, ʪʝʨʤʠʥʦʣʦʛʠʠ ʠ ʤʝʪʦʜʠʢʠ 
ʠʟʫʯʝʥʠʷ ʧʝʱʝʨ. ʆʩʚʝʱʘʝʪʩʷ ʠʩʪʦʨʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʩʧʝʣʝʦʣʦʛʠʠ, ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ 
ʦ ʢʨʫʧʥʝʡʰʠʭ ʧʝʱʝʨʘʭ, ʥʦʚʳʭ ʩʧʝʣʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʢʘʨʩʪʦʚʳʭ 
ʩʦʚʝʱʘʥʠʷʭ ʠ ʢʦʥʛʨʝʩʩʘʭ; ʨʝʮʝʥʟʠʨʫʶʪʩʷ ʥʦʚʝʡʰʠʝ ʧʫʙʣʠʢʘʮʠʠ ʧʦ ʩʧʝʣʝʦʣʦʛʠʠ; 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʠʙʣʠʦʛʨʘʬʠʷ ʧʦ ʢʘʨʩʪʫ ʠ ʧʝʱʝʨʘʤ. 
ʀʟʜʘʥʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʩʪʫʜʝʥʪʦʚ ʚʫʟʦʚ, ʠʥʞʝʥʝʨʦʚ-

ʛʝʦʣʦʛʦʚ ʠ ʛʠʜʨʦʛʝʦʣʦʛʦʚ, ʚʝʜʫʱʠʭ ʠʟʳʩʢʘʥʠʷ ʚ ʢʘʨʩʪʦʚʳʭ ʨʘʡʦʥʘʭ, ʘ ʪʘʢʞʝ 
ʩʧʝʣʝʦʣʦʛʦʚ. 
 

Peshchery (Caves): Interuniversity collection of scientific transactions / Perm, 1999. ï
219 p. 

The collection (issues ̄ 25ï26) is dedicated to the geology, origin and deposits of 
caves of Urals, Volga region, European north of Russia, East Siberia, Crimea, and Cuba. 
The problems of speleotherapy, terminology and the methods of cave studies are discussed. 
Among other topics are history of domestic speleology, the data about largest caves, new 
results of speleological research, materials from recent karstological conferences and review 
of recent publications. The bibliography on karst and caves from 1993 to 1998 is compiled. 

This publication may be useful for professors and students, engineering geologists and 
hydrogeologists working in karst regions, as well as for cavers. 

 
ʈʝʮʝʥʟʝʥʪʳ: ʢʘʥʜ. ʛʝʦʣ.-ʤʠʥ. ʥʘʫʢ ʀ. ʅ. ʐʝʩʪʦʚ, ʂʘʤʅʀʀʂʀɻʉ; ʇʝʨʤʩʢʘʷ 

ʠʥʜʫʩʪʨʠʘʣʴʥʘʷ ʘʢʘʜʝʤʠʷ 
 
ʇʝʯʘʪʘʝʪʩʷ ʧʦ ʧʦʩʪʘʥʦʚʣʝʥʠʶ ʨʝʜʘʢʮʠʦʥʥʦ-ʠʟʜʘʪʝʣʴʩʢʦʛʦ ʩʦʚʝʪʘ ʇʝʨʤʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ 
 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ 
ɺ. ʅ. ɼʫʙʣʷʥʩʢʠʡ ï ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ, ɺ. ʅ. ʂʘʪʘʝʚ (ʇʝʨʤʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ), ʀ. ɸ. ʃʘʚʨʦʚ (ʂʫʥʛʫʨʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ-ʩʪʘʮʠʦʥʘʨ ɻʀ ʋʨʆ ʈɸʅ), 
ʀ. ʀ. ʄʠʥʴʢʝʚʠʯ ï ʩʝʢʨʝʪʘʨʴ ʨʝʜʢʦʣʣʝʛʠʠ, ʅ. ɽ. ʄʦʣʦʰʪʘʥʦʚʘ (ʇʝʨʤʩʢʠʡ 
ʫʥʠʚʝʨʩʠʪʝʪ), ɻ. ɿ. ʌʘʡʥʙʫʨʛ (ʇʝʨʤʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ). 
 
ʉʧʦʥʩʦʨ ʠʟʜʘʥʠʷ: ʩʘʣʦʥ-ʤʘʛʘʟʠʥ çɸʣʴʧʫʨè, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ 
 
ʂʦʤʧʴʶʪʝʨʥʳʡ ʥʘʙʦʨ: ʖ. ɺ. ʂʘʜʝʙʩʢʠʡ, ʀ. ɸ. ʃʘʚʨʦʚ, ɺ. ʅ. ɼʫʙʣʷʥʩʢʠʡ 
 
ISBN 5ï7944ï0123ï0 É ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  

ʫʥʠʚʝʨʩʠʪʝʪ, 1999 
 
ʅʘ ʧʝʨʚʦʡ ʩʪʨʘʥʠʮʝ ʦʙʣʦʞʢʠ: ʚʠʪʳʝ ʣʝʜʷʥʳʝ ʩʪʘʣʘʛʤʠʪʳ ʠʟ ʄʝʯʢʠʥʩʢʦʡ ʧʝʱʝʨʳ. 

ʌʦʪʦ ɸ. ʉ. ʆʱʝʧʢʦʚʘ 
ʅʘ ʯʝʪʚʝʨʪʦʡ ʩʪʨʘʥʠʮʝ ʦʙʣʦʞʢʠ: ʧʦʪʦʢ, ʚʳʨʳʚʘʶʱʠʡʩʷ ʠʟ ʩʠʬʦʥʘ ʧʝʱʝʨʳ ʂʘʨʘʩʫ 

(ʐʘʚʮʢʘʣʘ), ɻʨʫʟʠʷ. ʌʦʪʦ ɻ. ʅ. ɸʤʝʣʠʯʝʚʘ 
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ʉʚʝʪʣʦʡ ʧʘʤʷʪʠ  

ʂʣʘʨʳ ɸʥʜʨʝʝʚʥʳ ɻʦʨʙʫʥʦʚʦʡ 

 
In  memory of ʂ. A. Gorbunova 

 

 
18 ʘʧʨʝʣʷ 1996 ʛ. ʥʘ 71-ʤ ʛʦʜʫ ʞʠʟʥʠ ʩʢʦʥʯʘʣʘʩʴ ʂʣʘʨʘ ɸʥʜʨʝʝʚʥʘ 

ɻʦʨʙʫʥʦʚʘ ï ʢʨʫʧʥʳʡ ʫʯʝʥʳʡ-ʢʘʨʩʪʦʚʝʜ, ʜʦʮʝʥʪ ʇʝʨʤʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʜʠʨʝʢʪʦʨ ʀʥʩʪʠʪʫʪʘ ʢʘʨʩʪʦʚʝʜʝʥʠʷ ʠ ʩʧʝʣʝʦʣʦʛʠʠ (ʚ 1992ï1996 ʛʛ.), ʯʣʝʥ 

ʨʷʜʘ ʢʦʤʠʩʩʠʡ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʧʝʣʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʶʟʘ, ʧʦʯʝʪʥʳʡ ʯʣʝʥ 

ʈʫʩʩʢʦʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ ʩʙʦʨʥʠʢʘ 

çʇʝʱʝʨʳè. 
ɺ 1948 ʛ., ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʩ ʦʪʣʠʯʠʝʤ ʛʝʦʣʦʛʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʇʝʨʤʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʂ. ɸ. ɻʦʨʙʫʥʦʚʘ ʧʦʩʪʫʧʠʣʘ ʚ 

ʘʩʧʠʨʘʥʪʫʨʫ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʆʙʱʘʷ ʛʝʦʣʦʛʠʷè. ɺ 1956 ʛ. ʦʥʘ ʟʘʱʠʪʠʣʘ 

ʜʠʩʩʝʨʪʘʮʠʶ ʥʘ ʪʝʤʫ çʂʘʨʩʪ ʥʝʢʦʪʦʨʳʭ ʨʘʡʦʥʦʚ ʇʝʨʤʩʢʦʡ ʦʙʣʘʩʪʠè, ʚ 

ʢʦʪʦʨʦʡ ʚʧʝʨʚʳʝ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʦ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʢʘʨʩʪʘ ʠ ʜʘʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘʢʘʨʩʪʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʦʙʣʘʩʪʠ. 
ɹʦʣʝʝ 40 ʣʝʪ ʧʨʦʨʘʙʦʪʘʣʘ ʂʣʘʨʘ ɸʥʜʨʝʝʚʥʘ ʥʘ ʢʘʬʝʜʨʝ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʛʝʦʣʦʛʠʠ ʩʪʘʨʰʠʤ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ, ʟʘʪʝʤ ʜʦʮʝʥʪʦʤ (ʩ 1956 ʧʦ 1993 ʛ.): 

ʧʨʦʚʦʜʠʣʘ ʣʝʢʮʠʦʥʥʳʝ ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʟʘʥʷʪʠʷ ʧʦ ʦʙʱʝʡ ʛʝʦʣʦʛʠʠ, 

ʛʝʦʤʦʨʬʦʣʦʛʠʠ, ʛʠʜʨʦʭʠʤʠʠ, ʢʘʨʩʪʦʚʝʜʝʥʠʶ, ʨʫʢʦʚʦʜʠʣʘ ʫʯʝʙʥʳʤʠ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʧʨʘʢʪʠʢʘʤʠ, ʢʫʨʩʦʚʳʤʠ ʠ ʜʠʧʣʦʤʥʳʤʠ ʨʘʙʦʪʘʤʠ. 
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ʂ. ɸ. ɻʦʨʙʫʥʦʚʘ ʦʧʫʙʣʠʢʦʚʘʣʘ ʙʦʣʝʝ 300 ʥʘʫʯʥʳʭ, ʥʘʫʯʥʦ-ʧʦʧʫʣʷʨʥʳʭ ʠ 

ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʠʟ ʥʠʭ 7 ʤʦʥʦʛʨʘʬʠʡ. ʆʩʥʦʚʥʳʤʠ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ʂ. ɸ. ɻʦʨʙʫʥʦʚʦʡ ʙʳʣʠ: 
ʛʝʦʤʦʨʬʦʣʦʛʠʷ: ʤʦʨʬʦʣʦʛʠʷ ʢʘʨʩʪʘ ʠ ʧʝʱʝʨ, ʩʪʨʦʝʥʠʝ ʜʦʣʠʥ ʠ ʪʝʨʨʘʩ ʨʝʢ 

ʉʳʣʚʳ, ʏʫʩʦʚʦʡ, ʂʘʤʳ, ʤʝʨʟʣʦʪʥʳʝ ʬʦʨʤʳ; 
ʢʘʨʩʪʦʚʝʜʝʥʠʝ: ʪʠʧʳ ʢʘʨʩʪʘ ʠ ʢʘʨʩʪʦʣʦʛʠʯʝʩʢʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ; ʚ 1990 ʛ. 

ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʢʘʨʪʘ ʤʘʩʰʪʘʙʘ 1:500000, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʧʨʠ ʠʟʳʩʢʘʥʠʷʭ; ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ 

ʩʚʦʜʢʠ ʧʦ ʢʘʨʩʪʫ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ; 
ʛʠʜʨʦʛʝʦʣʦʛʠʷ: ʛʠʜʨʦʣʦʛʠʷ ʠ ʛʝʦʭʠʤʠʷ ʟʘʢʘʨʩʪʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ; 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʢʘʨʩʪʦʚʳʭ ʦʟʝʨ; 
ʩʫʣʴʬʘʪʥʳʡ ʢʘʨʩʪ: ʢʘʨʩʪ ʩʫʣʴʬʘʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʙʳʚʰʝʛʦ 

ʉʉʉʈ, ʝʛʦ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʚʣʠʷʥʠʝ ʥʘ ʛʠʜʨʦʩʬʝʨʫ, ʦʮʝʥʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʟʘʢʘʨʩʪʦʚʘʥʥʳʭ ʧʣʦʱʘʜʝʡ; 
ʩʧʝʣʝʦʣʦʛʠʷ: ʩʚʦʜʢʠ ʦ ʢʘʣʴʮʠʪʦʚʳʭ ʧʣʦʪʠʥʘʭ ʨʝʢ ʢʘʨʩʪʦʚʳʭ ʦʙʣʘʩʪʝʡ ʠ 

ʛʫʨʦʚ ʧʝʱʝʨ (ʩʦʚʤʝʩʪʥʦ ʩ ɻ. ɸ. ʄʘʢʩʠʤʦʚʠʯʝʤ), ʠʟʫʯʝʥʠʝ ʂʫʥʛʫʨʩʢʦʡ 

ʧʝʱʝʨʳ, ʠʩʪʦʨʠʯʝʩʢʠʡ ʦʙʟʦʨ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʱʝʨ; 
ʠʩʪʦʨʠʷ ʠʟʫʯʝʥʠʷ ʢʘʨʩʪʘ ʠ ʧʝʱʝʨ: ʠʩʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʨʩʪʘ ʦʩʚʝʱʝʥʘ 

ʝʶ ʩʥʘʯʘʣʘ ʜʣʷ ʇʝʨʤʩʢʦʡ ʦʙʣʘʩʪʠ, ʘ ʟʘʪʝʤ ʜʣʷ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʙʳʚʰʝʛʦ 

ʉʉʉʈ. ʇʦʩʣʝʜʥʷʷ ʧʦʩʤʝʨʪʥʘʷ ʨʘʙʦʪʘ ʂ. ɸ. ɻʦʨʙʫʥʦʚʦʡ ʥʘ ʵʪʫ ʪʝʤʫ 

ʧʫʙʣʠʢʫʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʤ ʩʙʦʨʥʠʢʝ; 
ʵʢʦʣʦʛʠʷ: ʚʣʠʷʥʠʝ ʪʝʭʥʦʛʝʥʝʟʘ ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʩʨʝʜʫ, ʘʢʪʠʚʥʦʩʪʴ ʢʘʨʩʪʘ 

ʠ ʧʨʦʚʘʣʦʦʧʘʩʥʦʩʪʴ ʦʩʚʦʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ; ʚʧʝʨʚʳʝ ʩʦʩʪʘʚʣʝʥʘ ʩʭʝʤʘ 

ʪʝʭʥʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʩʨʝʜʫ ʇʝʨʤʩʢʦʡ ʦʙʣʘʩʪʠ. 
ʅʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʫʯʝʥʠʢʦʚ ʂʣʘʨʳ ɸʥʜʨʝʝʚʥʳ ɻʦʨʙʫʥʦʚʦʡ 

(ʛʠʜʨʦʛʝʦʣʦʛʦʚ, ʠʥʞʝʥʝʨʦʚ-ʛʝʦʣʦʛʦʚ, ʛʝʦʬʠʟʠʢʦʚ) ʨʘʙʦʪʘʶʪ ʚ ʨʘʟʣʠʯʥʳʭ 

ʫʛʦʣʢʘʭ ʩʪʨʘʥʳ. ʈʝʟʫʣʴʪʘʪʳ ʝʸ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʜʝʩʷʪʢʘʭ 

ʤʦʥʦʛʨʘʬʠʡ ʠ ʩʦʪʥʷʭ ʩʪʘʪʝʡ ʚ ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ. ʄʥʦʛʠʝ ʪʝʨʤʠʥʳ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʪʨʘʢʪʦʚʢʝ ʂ. ɸ. ɻʦʨʙʫʥʦʚʦʡ ʚʦʰʣʠ ʚ ʩʣʦʚʘʨʴ-ʩʧʨʘʚʦʯʥʠʢ 

çʊʝʨʤʠʥʦʣʦʛʠʷ ʢʘʨʩʪʘè (1991), ʜʚʘ ʝʸ ʦʯʝʨʢʘ ʧʦʤʝʱʝʥʳ ʚ çɻʦʨʥʦʡ 

ʵʥʮʠʢʣʦʧʝʜʠʠè (1989, ˉ 4; 1991, ˉ 5). 
ʉʚʝʪʣʘʷ ʧʘʤʷʪʴ ʦ ʂʣʘʨʝ ɸʥʜʨʝʝʚʥʝ ɻʦʨʙʫʥʦʚʦʡ ʥʘʚʩʝʛʜʘ ʦʩʪʘʥʝʪʩʷ ʚ 

ʥʘʰʠʭ ʩʝʨʜʮʘʭ. 

ʈʫʢʦʚʦʜʩʪʚʦ ʀʥʩʪʠʪʫʪʘ ʢʘʨʩʪʦʚʝʜʝʥʠʷ ʠ ʩʧʝʣʝʦʣʦʛʠʠ, ʢʦʣʣʝʛʠ ʠ 

ʫʯʝʥʠʢʠ 
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ʇʈɽɼʀʉʃʆɺʀɽ  

FOREVORD 

 

 

 

 

 
ɺ 1947 ʛ. ɺ ʇʝʨʤʠ ʧʦ ʠʥʠʮʠʘʪʠʚʝ ʧʨʦʬ. ɻ. ɸ. ʄʘʢʩʠʤʦʚʠʯʘ ʫʚʠʜʝʣʦ ʩʚʝʪ 

ʧʝʨʚʦʝ ʠʟʜʘʥʠʝ ʧʦ ʩʧʝʣʝʦʣʦʛʠʠ ï çʉʧʝʣʝʦʣʦʛʠʯʝʩʢʠʡ ʙʶʣʣʝʪʝʥʴè, 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʝ ʚ 1961 ʛ. ʚ ʩʙʦʨʥʠʢ çʇʝʱʝʨʳè. ɺ 1961ï1993 ʛʛ. ʚʳʰʣʦ 24 

ʚʳʧʫʩʢʘ; ʩ 5-ʛʦ ʚʳʧʫʩʢʘ çʇʝʱʝʨʳè ʷʚʣʷʶʪʩʷ ʧʝʯʘʪʥʳʤ ʦʨʛʘʥʦʤ ʀʥʩʪʠʪʫʪʘ 

ʢʘʨʩʪʦʚʝʜʝʥʠʷ ʠ ʩʧʝʣʝʦʣʦʛʠʠ, ʩ 16-ʛʦ ï ɺʩʝʩʦʶʟʥʦʛʦ ʠʥʩʪʠʪʫʪʘ 

ʢʘʨʩʪʦʚʝʜʝʥʠʷ ʠ ʩʧʝʣʝʦʣʦʛʠʠ, ʩ 17-ʛʦ ï ʠʟʜʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʝʞʚʫʟʦʚʩʢʠʡ ʩʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. 
ɺ 1994ï1998 ʛʛ. ʩʙʦʨʥʠʢ ʥʝ ʠʟʜʘʚʘʣʩʷ. ɿʘ ʵʪʠ ʛʦʜʳ ʤʥʦʛʦʝ ʠʟʤʝʥʠʣʦʩʴ ʚ 

ʩʪʨʘʥʝ. ʈʘʩʧʘʜ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ ʧʨʠʚʝʣ ʢ ʣʠʢʚʠʜʘʮʠʠ ʤʥʦʛʠʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʟʘʥʠʤʘʚʰʠʭʩʷ ʢʦʦʨʜʠʥʘʮʠʝʡ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʨʝʢʨʘʪʠʣʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʂʦʤʠʩʩʠʷ ʧʦ ʢʘʨʩʪʫ ʠ ʩʧʝʣʝʦʣʦʛʠʠ ʠ ʉʝʢʮʠʷ ʩʧʝʣʝʦʣʦʛʠʠ ʅʘʫʯʥʦʛʦ ʩʦʚʝʪʘ ʧʦ 

ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʣʦʛʠʠ ʠ ʛʠʜʨʦʛʝʦʣʦʛʠʠ ɸʅ ʉʉʉʈ. ʆʜʥʘʢʦ ʥʝʢʦʪʦʨʳʝ 

ʦʙʱʝʩʪʚʝʥʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʦʢʘʟʘʣʠʩʴ ʙʦʣʝʝ ʞʠʟʥʝʩʧʦʩʦʙʥʳʤʠ: ʥʝʩʤʦʪʨʷ ʥʘ 

ʫʪʨʘʪʫ ʜʚʫʭ ʩʚʦʠʭ ʜʠʨʝʢʪʦʨʦʚ (ʀ. ɸ. ʇʝʯʝʨʢʠʥ, 1991 ʛ.; ʂ. ɸ. ɻʦʨʙʫʥʦʚʘ, 

1996 ʛ.), ɺʩʝʩʦʶʟʥʳʡ ʠʥʩʪʠʪʫʪ ʢʘʨʩʪʦʚʝʜʝʥʠʷ ʠ ʩʧʝʣʝʦʣʦʛʠʠ (ɺʀʂʉ) ʫʩʪʦʷʣ, 

ʭʦʪʷ ʠ çʧʦʪʝʨʷʣè ʧʝʨʚʫʶ ʙʫʢʚʫ ʚ ʥʘʠʤʝʥʦʚʘʥʠʠ (ʀʂʉ). 
ɺ 1997 ʛ. ʚ ʇʝʨʤʴ ʧʝʨʝʝʭʘʣ ʦʜʠʥ ʠʟ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʦʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʩʧʝʣʝʦʣʦʛʠʠ, ʫʯʝʥʠʢ ɻ. ɸ. ʄʘʢʩʠʤʦʚʠʯʘ, ʧʨʦʬ. ɺ. ʅ. ɼʫʙʣʷʥʩʢʠʡ, ʢʦʪʦʨʳʡ 

ʧʦʩʯʠʪʘʣ ʩʚʦʠʤ ʜʦʣʛʦʤ ʚʦʟʦʙʥʦʚʠʪʴ ʧʦʧʫʣʷʨʥʦʝ ʠʟʜʘʥʠʝ çʇʝʱʝʨʳè. 
ʈʝʜʢʦʣʣʝʛʠʷ, ʥʘʯʠʥʘʷ ʧʦʜʛʦʪʦʚʢʫ ʩʙʦʨʥʠʢʘ, ʥʘʭʦʜʠʣʘʩʴ ʚ ʪʨʫʜʥʦʤ 

ʧʦʣʦʞʝʥʠʠ: ʝʝ çʨʝʜʘʢʮʠʦʥʥʳʡ ʧʦʨʪʬʝʣʴè ʙʳʣ ʧʦʯʪʠ  ʧʫʩʪ.  ɺʝʜʴ  ʝʩʣʠ  ʜʦ  

90-ʭ ʛʛ. çʇʝʱʝʨʳè ʙʳʣʠ ʝʜʠʥʩʪʚʝʥʥʳʤ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʨʝʛʫʣʷʨʥʦ 

ʚʳʭʦʜʷʱʠʤ ʠʟʜʘʥʠʝʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʉʉʈ (ʣʠʰʴ ʚ ɻʨʫʟʠʠ ʚ 1965ï1987 ʛʛ. 

ʙʳʣʦ ʚʳʧʫʱʝʥʦ 11 ʥʝʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʙʦʨʥʠʢʦʚ çʇʝʱʝʨʳ ɻʨʫʟʠʠè), ʪʦ ʚ  

ʢʦʥʮʝ  90-ʭ ʛʛ. ʩʠʪʫʘʮʠʷ ʠʟʤʝʥʠʣʘʩʴ: ʥʘ ʋʢʨʘʠʥʝ ʨʝʛʫʣʷʨʥʦ (2ï4 ʥʦʤʝʨʘ ʚ 

ʛʦʜ) ʚʳʭʦʜʠʪ ʩʧʝʣʝʦʣʦʛʠʯʝʩʢʠʡ ʞʫʨʥʘʣ çʉʚʝʪè (ʩ 1996 ʛ. ʦʥ ʧʦʣʫʯʠʣ ʩʪʘʪʫʩ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ), 
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ʧʦʧʳʪʢʠ ʥʘʣʘʜʠʪʴ ʚʳʧʫʩʢ ʠʟʜʘʥʠʡ ʩʧʝʣʝʦʣʦʛʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ ʚ ʄʦʩʢʚʝ (1990 ʛ. ï çɹʝʟʜʥʘè, 1 ʚʳʧʫʩʢ; 

1993ï1997 ʛʛ. ï çɹʘʨʴʝʨè, ʦʢʦʣʦ 40 ʚʳʧʫʩʢʦʚ; 1994 ʛ. ï çɺʦʧʨʦʩʳ ʬʠʟʠʯʝʩʢʦʡ 

ʩʧʝʣʝʦʣʦʛʠʠè, 1 ʚʳʧʫʩʢ; ʠ, ʥʘʢʦʥʝʮ, 1998 ʛ. ï çʉʧʝʣʝʦʣʦʛʠʷ ʚ ʈʦʩʩʠʠè, 

ʧʝʨʚʳʡ ʚʳʧʫʩʢ). ʂʨʦʤʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʙʳʚʰʝʛʦ ʉʉʉʈ 

ʝʞʝʛʦʜʥʦ ʧʦʷʚʣʷʶʪʩʷ ʜʝʩʷʪʢʠ ʢʣʫʙʥʳʭ ʠʟʜʘʥʠʡ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʣʠʩʪʢʠ, 

ʙʶʣʣʝʪʝʥʠ, ʘʣʴʤʘʥʘʭʠ ʠ ʧʨ., ʯʘʩʪʦ ʠʤʝʶʱʠʝ ʩʧʦʨʪʠʚʥʫʶ ʩʧʝʣʝʦʣʦʛʠʯʝʩʢʫʶ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ. 
ʈʝʜʢʦʣʣʝʛʠʷ ʧʨʦʚʝʣʘ ʚ ʢʦʨʦʪʢʠʡ ʩʨʦʢ ʙʦʣʴʰʫʶ ʨʘʙʦʪʫ ʧʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʫʪʨʘʯʝʥʥʳʭ ʩʚʷʟʝʡ ʩ ʧʨʝʞʥʠʤʠ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʘʚʪʦʨʘʤʠ 

ʩʙʦʨʥʠʢʘ çʇʝʱʝʨʳè. ʆʛʨʦʤʥʫʶ ʧʦʤʦʱʴ ʚ ʧʦʣʫʯʝʥʠʠ, ʩʙʦʨʝ, ʦʙʨʘʙʦʪʢʝ, 

ʢʦʤʧʴʶʪʝʨʥʦʤ ʥʘʙʦʨʝ ʤʘʢʝʪʘ ʩʙʦʨʥʠʢʘ ʦʢʘʟʘʣʠ ʩʦʪʨʫʜʥʠʢʠ ʂʫʥʛʫʨʩʢʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ-ʩʪʘʮʠʦʥʘʨʘ ɻʦʨʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʋʨʆ ʈɸʅ ʀ. ɸ. ʃʘʚʨʦʚ ʠ 

ʖ. ɺ. ʂʘʜʝʙʩʢʠʡ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʩʪʦʷʱʠʡ, ʩʜʚʦʝʥʥʳʡ 25ï26-ʡ ʚʳʧʫʩʢ ʧʨʦʜʦʣʞʘʝʪ 

ʧʨʝʨʚʘʚʰʫʶʩʷ ʚ 1993 ʛ. ʩʝʨʠʶ. ɽʛʦ ʩʪʨʫʢʪʫʨʘ ʩʪʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʤʳʩʣʫ 

ɻ. ɸ. ʄʘʢʩʠʤʦʚʠʯʘ ʠ ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʪʝ ʨʘʟʜʝʣʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʚʝʜʝʥʳ ʠʤ 

ʚ 60ï70-ʝ ʛʛ. ɺ ʨʘʟʜʝʣʝ çɻʝʦʣʦʛʠʷ ʠ ʛʝʥʝʟʠʩ ʧʝʱʝʨè ʧʦʤʝʱʝʥʳ ʦʙʦʙʱʘʶʱʠʝ 

ʩʪʘʪʴʠ ʦ ʧʝʱʝʨʘʭ ʉʝʚʝʨʘ ʠ ʮʝʥʪʨʘ ʈʦʩʩʠʠ, ʋʨʘʣʘ, ʋʢʨʘʠʥʳ; ʚ ʨʘʟʜʝʣʝ 

çʆʪʣʦʞʝʥʠʷ ʧʝʱʝʨè ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʝʱʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ ʨʘʟʥʳʭ ʪʠʧʦʚ; ʨʘʟʜʝʣʳ çʉʧʝʣʝʦʪʝʨʘʧʠʷè ʠ çʆʭʨʘʥʘ 

ʧʝʱʝʨè ʩʦʜʝʨʞʘʪ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʭʨʘʥʳ ʧʝʱʝʨ 

ʨʘʟʥʳʭ ʨʝʛʠʦʥʦʚ; ʨʘʟʜʝʣ çʊʝʨʤʠʥʦʣʦʛʠʷ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡè 

ʦʙʲʝʜʠʥʷʝʪ ʩʪʘʪʴʠ, ʧʦʩʚʷʱʝʥʥʳʝ ʵʪʠʤ ʠʥʪʝʨʝʩʥʳʤ ʧʨʦʙʣʝʤʘʤ; ʨʘʟʜʝʣ 

çʀʩʪʦʨʠʷ ʠʟʫʯʝʥʠʷ ʧʝʱʝʨè ʟʘʚʝʨʰʘʝʪ ʨʘʙʦʪʳ, ʥʘʯʘʪʳʝ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʝʛʦ ʩʦʟʜʘʪʝʣʝʤ ï ʂ. ɸ. ɻʦʨʙʫʥʦʚʦʡ: ʜʚʝ ʩʪʘʪʴʠ ʦʩʚʝʱʘʶʪ çʩʦʚʝʪʩʢʠʡè ʵʪʘʧ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʝʨʚʘʷ ʠ ʚʪʦʨʘʷ ʧʦʣʦʚʠʥʳ XX ʚ.), ʪʨʝʪʴʷ ï ʫʩʧʝʭʠ ʚ ʠʟʫʯʝʥʠʠ 

ʧʝʱʝʨ ʇʝʨʤʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 70ï90-ʝ ʛʛ. ʉʚʝʜʝʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʵʪʦʤ 

ʨʘʟʜʝʣʝ, ʦʩʦʙʝʥʥʦ ʚʘʞʥʳ, ʪʘʢ ʢʘʢ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʪʦʨʠʶ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʢʘʨʩʪʘ ʠ ʧʝʱʝʨ ʧʨʠʜʝʪʩʷ ʦʧʠʩʳʚʘʪʴ ʫʞʝ ʥʘ ʥʦʚʦʤ, ʨʦʩʩʠʡʩʢʦʤ ʤʘʪʝʨʠʘʣʝ. 
ɺʪʦʨʘʷ ʯʘʩʪʴ ʩʙʦʨʥʠʢʘ ʪʨʘʜʠʮʠʦʥʥʦ ʠʤʝʝʪ ʥʘʫʯʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ 

ʭʘʨʘʢʪʝʨ. ɺ ʨʘʟʜʝʣʝ çʅʦʚʦʩʪʠ ʩʧʝʣʝʦʣʦʛʠʠè ʧʨʠʚʝʜʝʥʳ ʢʨʘʪʢʠʝ ʜʘʥʥʳʝ ʦ 

ʨʝʟʫʣʴʪʘʪʘʭ ʥʦʚʳʭ ʩʧʝʣʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ; ʨʘʟʜʝʣ çʇʦʪʝʨʠ 

ʩʧʝʣʝʦʣʦʛʠʠè ʧʦʩʚʷʱʝʥ ʩʚʝʪʣʦʡ ʧʘʤʷʪʠ ʫʰʝʜʰʠʭ ʠʟ ʞʠʟʥʠ ʢʘʨʩʪʦʚʝʜʦʚ ʠ 

ʩʧʝʣʝʦʣʦʛʦʚ; ʚ ʨʘʟʜʝʣʝ çʈʝʮʝʥʟʠʠè ʧʫʙʣʠʢʫʶʪʩʷ ʤʘʪʝʨʠʘʣʳ ʦ ʥʝʢʦʪʦʨʳʭ 

ʢʨʫʧʥʳʭ ʨʘʙʦʪʘʭ ʧʦ ʢʘʨʩʪʫ ʠ ʩʧʝʣʝʦʣʦʛʠʠ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ 90-ʝ ʛʛ.; ʚ 

ʨʘʟʜʝʣʝ çʍʨʦʥʠʢʘè ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʥʝʢʦʪʦʨʳʭ ʩʦʚʝʱʝʥʠʡ ʠ 

ʶʙʠʣʝʡʥʳʝ ʜʘʪʳ, ʦʪʨʘʞʘʶʱʠʝ ʩʪʘʥʦʚʣʝʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʢʘʨʩʪʦʚʝʜʝʥʠʷ; ʚ 

ʩʧʨʘʚʦʯʥʦʤ ʨʘʟʜʝʣʝ ʧʨʠʚʝʜʝʥʳ ʥʦʚʳʝ ʮʠʬʨʦʚʳʝ ʜʘʥʥʳʝ ʦ ʩʘʤʳʭ ʢʨʫʧʥʳʭ 

ʧʝʱʝʨʘʭ ʙʳʚʰʝʛʦ ʉʉʉʈ ʠ ʈʦʩʩʠʠ, ʷʚʣʷʶʱʠʝʩʷ ʚʘʞʥʳʤ ʜʦʧʦʣʥʝʥʠʝʤ ʢ 

ʩʪʘʪʴʷʤ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʘ; ʜʘʥ ʧʝʨʝʯʝʥʴ ʩʦʚʝʱʘʥʠʡ ʠ ʢʦʥʬʝʨʝʥʮʠʡ ʧʦ 

ʢʘʨʩʪʫ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʙʳʚʰʝʛʦ ʉʉʉʈ ʩ 1933 ʧʦ 1997 ʛʛ. ʉʙʦʨʥʠʢ ʟʘʚʝʨʰʘʝʪ 
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ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ ʧʦ ʧʝʱʝʨʘʤ ʠ ʢʘʨʩʪʫ ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʙʠʙʣʠʦʪʝʢʦʡ ʇɻʋ ʠ ʜʦʧʦʣʥʝʥʥʳʡ ʨʝʜʢʦʣʣʝʛʠʝʡ. 
ʉʣʝʜʫʶʱʠʡ ʚʳʧʫʩʢ ʨʝʜʢʦʣʣʝʛʠʷ ʧʣʘʥʠʨʫʝʪ ʧʦʜʛʦʪʦʚʠʪʴ ʚ 2001 ʛ 

(ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʠʟʜʘʥʠʷ 1 ʨʘʟ ʚ ʜʚʘ ʛʦʜʘ), ʧʦʩʣʝ ʘʥʘʣʠʟʘ ʚʩʝʭ ʧʫʙʣʠʢʘʮʠʡ ʚ 

ʩʙʦʨʥʠʢʝ çʇʝʱʝʨʳè ʟʘ 1961ï1999 ʛʛ. ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ 

ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. ʅʘʜʝʝʤʩʷ ʥʘ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ ʥʘʰʠʤʠ ʧʦʩʪʦʷʥʥʳʤʠ 

ʠ ʥʦʚʳʤʠ ʘʚʪʦʨʘʤʠ. 

ʈʝʜʢʦʣʣʝʛʠʷ 
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ɻɽʆʃʆɻʀʗ ʀ ɻɽʅɽɿʀʉ ʇɽʑɽʈ  

GEOLOGY AND GENESIS OF CAVES 

 

 

 

 
ɺ. ʅ. ʄʘʣʢʦʚ, ɽ. ʀ. ɻʫʨʢʘʣʦ 

ɿɸʆ çɸʨʭʘʥʛʝʣʴʩʢʛʝʦʣʨʘʟʚʝʜʢʘè 

 

ʉʇɽʃɽʆʃʆɻʀʏɽʉʂʆɽ ʈɸʁʆʅʀʈʆɺɸʅʀɽ 

 ʀ ʈɸʉʇʈɽɼɽʃɽʅʀɽ ʇɽʑɽʈ ɸʈʍɸʅɻɽʃʔʉʂʆʁ ʆɹʃɸʉʊʀ 

 
V. N. Malkov, ɽ. N. Gurkalo 

SPELEOLOGICAL SUBDIVISION INTO ZONES AND DISTRIBUTION  

OF CAVES OF THE ARKHANGELSK AREA  

 
The caves of the Arkhangelsk area are developed in the sulphate rocks of Sakmarski layer of Lower 

Permian. By 1974, some 134 caves were found by cavers from Leningrad. Today the number of known 
caves has reached 367. Among largest caves are: Kulogorskaya-Troya (14,3 km), Olympic-

Lomonosovskaya (5,5 km + 3,3 km, caves are jointed by a 280 m-long siphon) and Constitutional 

(6,3 km). Some 25 karst massifs, having different density and nature of karst are known in the area. The 
caves have a variety of attractions: underground rivers, lakes, waterfalls, permanent glaciers, diverse ice 

formations; bats, cave fish, and insects. Karst landscape protected territories have been created in order 

to protect caves of the area. 

 

ʇʝʱʝʨʦʡ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʦʣʦʩʪʝʡ, ʜʦʩʪʫʧʥʘʷ ʜʣʷ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʯʝʣʦʚʝʢʘ, ʠʤʝʶʱʘʷ ʚʭʦʜ, ʥʝ ʦʩʚʝʱʝʥʥʳʡ ʩʦʣʥʝʯʥʳʤ ʩʚʝʪʦʤ, 

ʘ ʪʘʢʞʝ ʜʣʠʥʫ (ʛʣʫʙʠʥʫ) ʙʦʣʴʰʝ, ʯʝʤ ʜʚʘ ʜʨʫʛʠʭ ʠʟʤʝʨʝʥʠʷ [5]. ʇʝʱʝʨʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʩʦʙʳʝ ʧʨʠʨʦʜʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʦʣʦʩʪʝʡ 

ʨʘʟʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚʦʟʨʘʩʪʘ ʠ ʨʘʟʤʝʨʦʚ. ʄʝʣʢʠʝ ʧʝʱʝʨʳ ʤʦʛʫʪ ʙʳʪʴ 

ʦʜʥʦʨʦʜʥʳʤʠ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʧʦ ʤʦʨʬʦʛʝʥʝʪʠʯʝʩʢʠʤ ʠ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʠʟʥʘʢʘʤ. ʉʨʝʜʥʠʝ ʠ ʢʨʫʧʥʳʝ ʧʝʱʝʨʳ ʧʦ ʧʨʦʠʩʭʦʞʜʝʥʠʶ, ʚʥʫʪʨʝʥʥʝʤʫ 

ʩʪʨʦʝʥʠʶ, ʚʦʟʨʘʩʪʫ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʦʜʥʦʨʦʜʥʳ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ 

ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʥʘʯʘʣʦ 1998 ʛ. ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 365 ʧʝʱʝʨ ʠ 

ʠʤʝʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʙʦʣʝʝ ʯʝʤ 50 ʥʝʦʙʩʣʝʜʦʚʘʥʥʳʭ ʧʝʱʝʨʘʭ. 

ɺ ʩʦʩʪʘʚʝ ʢʘʨʩʪʫʶʱʠʭʩʷ ʧʦʨʦʜ, ʟʘʥʠʤʘʶʱʠʭ ʦʢʦʣʦ 30% ʪʝʨʨʠʪʦʨʠʠ 

ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ, ʧʨʝʦʙʣʘʜʘʶʪ ʠʟʚʝʩʪʥʷʢʠ ʠ ʜʦʣʦʤʠʪʳ; ʤʝʥʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʫʣʴʬʘʪʥʳʝ ʧʦʨʦʜʳ (ʥʠʞʥʝʧʝʨʤʩʢʠʝ ʛʠʧʩʳ ʠ ʘʥʛʠʜʨʠʪʳ), 

ʟʘʣʝʛʘʶʱʠʝ ʚ ʚʠʜʝ ʛʦʨʠʟʦʥʪʘ ʤʦʱʥʦʩʪʴʶ ʜʦ 40ï60 ʤ. 

 

 

 
Éɺ. ʅ. ʄʘʣʢʦʚ, ɽ. ʀ. ɻʫʨʢʘʣʦ 
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ʂʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ ʩʠʣʴʥʦ ʪʨʝʱʠʥʦʚʘʪʳʝ, ʠʥʪʝʥʩʠʚʥʦ ʟʘʢʘʨʩʪʦʚʘʥʥʳʝ, ʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ï ʨʘʟʨʫʰʝʥʥʳʝ ʜʦ ʢʘʨʙʦʥʘʪʥʦʡ ʤʫʢʠ. ʇʝʱʝʨʳ ʚ ʥʠʭ 

ʚʩʪʨʝʯʘʶʪʩʷ ʦʯʝʥʴ ʨʝʜʢʦ, ʥʦ ʧʨʠ ʙʫʨʝʥʠʠ ʯʘʩʪʦ ʦʪʤʝʯʘʶʪʩʷ ʤʝʣʢʠʝ 

ʢʘʨʩʪʦʚʳʝ ʧʦʣʦʩʪʠ. ɺ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ 2 ʥʝʙʦʣʴʰʠʝ 

ʧʝʱʝʨʳ ï ʂʨʝʩʪʦʚʘʷ (ʚ ʚʝʨʭʦʚʴʷʭ ʨ. ʆʥʝʛʠ) ʠ ʋʩʪʴ-ʊʫʨʴʠʥʩʢʘʷ (ʥʘ ʨ. ʉʦʷʥʝ). 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʝʱʝʨ ʦʙʣʘʩʪʠ (ʩʚʳʰʝ 360) ʨʘʟʚʠʪʦ ʚ ʪʦʣʱʝ ʩʫʣʴʬʘʪʥʳʭ ʧʦʨʦʜ 

ʩʘʢʤʘʨʩʢʦʛʦ ʷʨʫʩʘ ʥʠʞʥʝʡ ʧʝʨʤʠ (ʩʦʪʢʠʥʩʢʘʷ ʩʚʠʪʘ). ɺ ʢʨʘʩʥʦʮʚʝʪʥʳʭ 

ʛʠʧʩʦʚʳʭ ʧʝʩʯʘʥʠʢʘʭ ʫʬʠʤʩʢʦʛʦ ʷʨʫʩʘ ʚʝʨʭʥʝʡ ʧʝʨʤʠ ʠʤʝʶʪʩʷ 2 ʥʝʙʦʣʴʰʠʝ 

ʧʝʱʝʨʳ ï ʥʘ ʨ. ʇʠʥʝʛʝ (ʚ ʨʘʡʦʥʝ ʜ. ʑʝʣʴʝ) ʠ ʥʘ ʨ. ʉʠʝ (ʧʝʱʝʨʘ ʆʨʘʥʞʝʚʦʝ 

ʥʝʙʦ). 

ʇʝʨʚʦʝ ʦʧʠʩʘʥʠʝ ʧʝʱʝʨ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʜʘʥʦ ʚ ʨʘʙʦʪʝ [2], ʚ 

ʢʦʪʦʨʦʡ ʚʳʜʝʣʝʥʦ 6 ʨʘʡʦʥʦʚ (ʩʧʝʣʝʦʤʘʩʩʠʚʦʚ): ʉʦʪʢʠʥʩʢʠʡ, ʂʫʣʦʛʦʨʩʢʠʡ, 

ɻʦʣʫʙʠʥʩʢʠʡ, ɹʝʨʝʟʥʠʢʦʚʩʢʠʡ, ʉʠʷ-ɻʙʘʯʠʥʩʢʠʡ ʠ ɿʚʦʟʩʢʠʡ. ʅʘ 1974 ʛ. 

ʣʝʥʠʥʛʨʘʜʩʢʠʝ ʩʧʝʣʝʦʣʦʛʠ ʦʪʢʨʳʣʠ ʟʜʝʩʴ 134 ʧʝʱʝʨʳ (ʨʠʩʫʥʦʢ, ʪʘʙʣ. 1). 

ʇʣʘʥʦʤʝʨʥʦʝ ʠʟʫʯʝʥʠʝ ʧʝʱʝʨ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘʯʘʣʦʩʴ ʚ 1974 ʛ. 

ʧʦʩʣʝ ʩʦʟʜʘʥʠʷ ʚ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʧʘʨʪʠʠ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʢʘʨʩʪʦʚʦʛʦ ʦʪʨʷʜʘ (ʨʫʢ. ʖ. ʀ. ʅʠʢʦʣʘʝʚ). ɹʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ 

ʩʪʘʪʝʡ ʠ ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ [3ï4 ʠ ʜʨ.]. 
ʇʝʨʚʦʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʥʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ɹʝʣʦʤʦʨʩʢʦ-ʂʫʣʦʡʩʢʦʛʦ 

ʧʣʘʪʦ ʠ ʦʧʠʩʘʥʠʝ ʩʧʝʣʝʦʨʘʡʦʥʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʦʪʯʝʪʝ ʂʫʣʦʛʦʨʩʢʦʛʦ ʦʪʨʷʜʘ 

(ɺ. ʅ. ʄʘʣʢʦʚ ʠ ʜʨ., 1983 ʛ.). ɺ 1994 ʛ. ʦʪʜʝʣʦʤ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ 

ʅʊʎ ʇɻʆ çɸʨʭʘʥʛʝʣʴʩʢʛʝʦʣʦʛʠʷè ʦʩʫʱʝʩʪʚʣʝʥʦ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʢʘʨʩʪʘ ʚ 

ʨʘʤʢʘʭ ʩʦʩʪʘʚʣʝʥʠʷ ʢʘʨʪʳ ʢʘʨʩʪʫʶʱʠʭʩʷ ʧʦʨʦʜ ʉʉʉʈ ʤʘʩʰʪʘʙʘ 1:2500000 

ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʦʚ, ʧʨʝʜʣʦʞʝʥʥʳʭ ɻ. ʅ. ɼʫʙʣʷʥʩʢʦʡ [1]. ʕʪʘ ʨʘʙʦʪʘ ʩʪʘʣʘ 

ʦʩʥʦʚʦʡ ʜʣʷ ʩʧʝʣʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ɸʨʭʘʥʛʝʣʴʩʢʦʡ 

ʦʙʣʘʩʪʠ. ʅʘ 01.01.93 ʛ. ʢʦʣʠʯʝʩʪʚʦ ʧʝʱʝʨ ʥʘ ʝʝ ʪʝʨʨʠʪʦʨʠʠ ʚʦʟʨʦʩʣʦ ʜʦ 323, ʘ 

ʝʱʝ ʯʝʨʝʟ 5 ʣʝʪ ï ʜʦ 365 (ʪʘʙʣ. 1). 
ʊʝʨʨʠʪʦʨʠʷ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʉʝʚʝʨʦ-ʈʫʩʩʢʦʡ 

ʩʧʝʣʝʦʧʨʦʚʠʥʮʠʠ. ɻʨʘʥʠʮʳ ʩʧʝʣʝʦʦʙʣʘʩʪʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʨʘʥʠʮʘʤ 

ʦʩʥʦʚʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ï ʄʦʩʢʦʚʩʢʦʡ ʠ ʄʝʟʝʥʩʢʦʡ ʩʠʥʝʢʣʠʟ. 

ʇʝʨʚʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʆʥʝʛʦ-ɹʝʣʦʤʦʨʩʢʘʷ ʩʧʝʣʝʦʦʙʣʘʩʪʴ, ʚʪʦʨʦʡ ï 

ʄʝʟʝʥʩʢʘʷ. ʉ ʟʘʧʘʜʘ ʄʦʩʢʦʚʩʢʘʷ ʩʠʥʝʢʣʠʟʘ ʦʛʨʘʥʠʯʝʥʘ ʚʳʭʦʜʘʤʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʜ. ɺʳʜʝʣʝʥʠʝ ʛʨʘʥʠʮ ʩʧʝʣʝʦʨʘʡʦʥʦʚ ʧʨʦʚʝʜʝʥʦ ʧʦ 

ʨʝʛʠʦʥʘʣʴʥʳʤ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʩʪʨʫʢʪʫʨʘʤ, ʨʘʟʜʝʣʷʶʱʠʤ ʨʘʡʦʥʳ ʩ ʨʘʟʥʳʤʠ 

ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ ʠ ʠʩʪʦʨʠʝʡ ʨʘʟʚʠʪʠʷ ʢʘʨʩʪʘ. ɹʦʣʝʝ ʜʨʦʙʥʦʝ ʜʝʣʝʥʠʝ 

ʨʘʡʦʥʦʚ ʧʦ ʪʠʧʘʤ ʢʘʨʩʪʫʶʱʠʭʩʷ ʧʦʨʦʜ ʧʦʢʘ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. 
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ʉʭʝʤʘ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʉʝʚʝʨʦ-ʈʫʩʩʢʦʡ 

ʩʧʝʣʝʦʧʨʦʚʠʥʮʠʠ: 

ʌʦʨʤʘʮʠʠ ʢʘʨʩʪʫʶʱʠʭʩʷ ʧʦʨʦʜ: 1 ï 

ʢʘʨʙʦʥʘʪʥʘʷ, 2 ï ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʘʷ, 

3 ï ʢʘʨʙʦʥʘʪʥʦ-ʩʫʣʴʬʘʪʥʘʷ, 4 ï 

ʩʫʣʴʬʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʘʷ; ʛʨʘʥʠʮʳ: 5 ï 

ʩʧʝʣʝʦʦʙʣʘʩʪʝʡ, 6 ï ʩʧʝʣʝʦʨʘʡʦʥʦʚ, 7 ï 

ʬʦʨʤʘʮʠʡ; 8 ï ʧʝʱʝʨʳ ʠ ʛʨʫʧʧʳ ʧʝʱʝʨ. 
ʈʘʩʧʦʣʦʞʝʥʠʝ ʩʧʝʣʝʦʤʘʩʩʠʚʦʚ ʚ ʧʨʝʜʝʣʘʭ 

ʩʧʝʣʝʦʨʘʡʦʥʦʚ (ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ). 
ɸ 1. ʇʨʠʙʝʣʦʤʦʨʩʢʠʡ: ʂɼ-1, ʂɼ-2 ï 

ʂʠʨʦʢʩʘ-ɼʚʠʥʩʢʠʡ 1,2; 
ɸ 2. ʆʥʝʛʦ-ɽʤʝʮʢʠʡ; 
ɸ 3. ɺʝʨʭʥʝ-ʆʥʝʞʩʢʠʡ: ʅʏ ï ʅʠʞʥʝ-

ʏʫʨʴʝʛʩʢʠʡ. 
ɸ 4. ɿʘʧʘʜʥʦ-ɺʘʞʩʢʠʡ: ʄ ï 

ʄʝʭʨʝʥʴʛʩʢʠʡ, ɽ ï ɽʤʝʥʛʴʩʢʠʡ. 
ɹ 1. ʉʦʷʥʦïʇʠʥʝʞʩʢʠʡ: ʂ-9 ï 

ʄʝʛʨʠʥʩʢʠʡ, ʂ-10 ï ʉʦʷʥʩʢʠʡ, ʂ-7 ï

ʇʦʣʪʠʥʩʢʠʡ, ʂ-8 ï ʂʝʣʜʠʥʩʢʠʡ, 

ʂ-1, 3, ʅʠʞʥʝ-, ɺʝʨʭʥʝ-ʉʦʪʢʠʥʩʢʠʡ; ʇ-1 ï

Ƥɻʦʣʫʙʠʥʩʢʠʡ, ʇ-2 ï ɹʝʨʝʟʥʠʢʦʚʩʢʠʡ, ʇ-

3 ï ʉʝʚʝʨʦ-ɻʙʘʯʠʥʩʢʠʡ, ʇ-6 ï

ʋʪʦʧʝʣʢʩʢʠʡ, ʇ-7 ï ʉʠʡʩʢʠʡ, ʇ-8 ï 

ʇʦʨʪʶʛʩʢʠʡ, ʇ-9 ï ʏʫʛʩʢʠʡ, ʇ-10 ï

ʋʛʟʝʥʴʩʢʠʡ, ʇ-11 ï ɺʝʨʭʥʝ-ʇʦʟʝʨʩʢʠʡ. 
ɹ 2. ʂʦʡʜʦ-ʂʫʣʦʡʩʢʠʡ: ʂ-6 ï ʅʠʞʥʝ-ʆʣʤʠʥʩʢʠʡ, ʂ-5 ï ʉʚʝʪʣʦ-

ʆʣʤʠʥʩʢʠʡ, ʂ-2 ï ʉʨʝʜʥʝ-ʉʦʪʢʠʥʩʢʠʡ, ʂ-4 ï ʂʫʣʦʛʦʨʩʢʠʡ, ʇ-4 ï

ʇʠʣʴʝʛʦʨʩʢʠʡ, ʇ-5 ï ɺʦʥʛʦʚʩʢʠʡ 
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ʊʘʙʣʠʮʘ 1 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʝʱʝʨ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦ ʩʧʝʣʝʦʤʘʩʩʠʚʘʤ 

 
ʉʧʝʣʝʦʤʘʩʩʠʚ ʂʦʣʠʯʝʩʪʚʦ ʧʝʱʝʨ ʂʦʣʠʯʝʩʪʚʦ 

ʢʨʫʧʥʳʭ 

ʧʝʱʝʨ 
ʥʘ 01.01.74 ʥʘ 01.01.93 ʥʘ 01.01.98 

ʂ-1. ʅʠʞʥʝ-ʉʦʪʢʠʥʩʢʠʡ  35 36 7 

ʂ-2. ʉʨʝʜʥʝ-ʉʦʪʢʠʥʩʢʠʡ 35* 33 32 4 

ʂ-3. ɺʝʨʭʥʝ-ʉʦʪʢʠʥʩʢʠʡ  24 23 2 

ʂ-4. ʂʫʣʦʛʦʨʩʢʠʡ 15 14 14 3 

ʂ-5 ʉʚʝʪʣʦ-ʆʣʤʠʥʩʢʠʡ ï ? ? ï 

ʂ-6. ʅʠʞʥʝ-ʆʣʤʠʥʩʢʠʡ ï ? ? ï 

ʂ-7. ʇʦʣʪʠʥʩʢʠʡ ï 3 3  

ʂ-8. ʂʝʣʜʠʥʩʢʠʡ ï ï ï ï 

ʂ-9. ʄʝʛʨʠʥʩʢʠʡ ï 9 9 ï 

ʂ-10. ʉʦʷʥʩʢʠʡ ï 1 1 ï 

ʇ-1. ɻʦʣʫʙʠʥʩʢʠʡ 36 41 44 12 

ʇ-2. ɹʝʨʝʟʥʠʢʦʚʩʢʠʡ 24 40 41 3 

ʇ-3. ʉʝʚʝʨʦ-ɻʙʘʯʝʚʩʢʠʡ ï ? ? ï 

ʇ-4. ʇʠʣʴʝʛʦʨʩʢʠʡ ï 1 2 ï 

ʇ-5. ɺʦʥʛʩʢʠʡ ï 13 13 ï 

ʇ-6. ʋʪʦʧʝʣʢʩʢʠʡ ï 6 6 ï 

ʇ-7. ʉʠʡʩʢʠʡ 10** 8 8 ï 

ʇ-8. ʇʦʨʪʶʛʩʢʠʡ  18 18 1 

ʇ-9. ʏʫʛʩʢʠʡ ï 57 83 7 

ʇ-ʖ. ʋʛʟʝʥʴʛʩʢʠʡ ï 9 10 2 

ʇ-11. ɺʝʨʭʥʝ-ʇʦʟʝʨʩʢʠʡ ï 2 10 ï 

ɼʂ-1. ɼʚʠʥ.-ʂʠʨʦʢʩʢʠʡ-1(ɿʚʦʟ) 14 6 6 2 

ɼʂ-2. ɼʚʠʥ.-ʂʠʨʦʢʩʢʠʡ-2 ï 2 2 ï 

ʄ. ʄʝʭʨʝʥʴʛʩʢʠʡ ï ï 3 ï 

ʅʏ. ʅʠʞʥʝ-ʏʫʨʴʝʛʩʢʠʡ ï 1 1 ï 

ɺʉɽɻʆ: 134 323 365 43 

*ʧʦ [2] ï ʉʦʪʢʠʥʩʢʠʡ ʨʘʡʦʥ; **ʧʦ [2] ï ʉʠʷ-ɻʙʘʯʝʚʩʢʠʡ ʨʘʡʦʥ; ? ï ʧʝʱʝʨʳ ʠʟʚʝʩʪʥʳ, ʥʦ ʥʝ 

ʠʟʫʯʝʥʳ 

ɺ ʧʨʝʜʝʣʘʭ ʩʧʝʣʝʦʦʙʣʘʩʪʝʡ ʚʳʜʝʣʷʶʪʩʷ ʫʯʘʩʪʢʠ ʩ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʨʘʟʚʠʪʠʷ ʠ ʚʩʢʨʳʪʠʷ ʧʝʱʝʨ ï ʩʧʝʣʝʦʤʘʩʩʠʚʳ. ʆʥʠ ʠʤʝʶʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʫʶ ʠʩʪʦʨʠʶ ʨʘʟʚʠʪʠʷ ʩʧʝʣʝʦʩʠʩʪʝʤ, ʬʨʘʛʤʝʥʪʳ 

ʢʦʪʦʨʦʡ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʚʠʜʝ ʧʝʱʝʨ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʜʝʣʝʥʦ 25 

ʩʧʝʣʝʦʤʘʩʩʠʚʦʚ (ʨʠʩʫʥʦʢ). ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʝʱʝʨ ʧʦ ʩʧʝʣʝʦʤʘʩʩʠʚʘʤ 

ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1 ʠ 2. 

ʍʦʨʦʰʦ ʠʟʫʯʝʥʳ ɺʝʨʭʥʝ-ʉʦʪʢʠʥʩʢʠʡ, ʉʨʝʜʥʝ-ʉʦʪʢʠʥʩʢʠʡ, ʅʠʞʥʝ-

ʉʦʪʢʠʥʩʢʠʡ, ʂʫʣʦʛʦʨʩʢʠʡ, ɻʨʣʫʙʠʥʩʢʠʡ, ɹʝʨʝʟʥʠʢʦʚʩʢʠʡ; ʩʣʘʙʦ ï 

ʇʦʣʪʠʥʩʢʠʡ, ʅʠʞʥʝ-ʆʣʤʠʥʩʢʠʡ, ʇʠʣʴʝʛʦʨʩʢʠʡ, ʋʪʦʧʝʣʢʩʢʠʡ, ʄʝʛʨʠʥʩʢʠʡ ʠ 

ʄʝʭʨʝʥʴʛʩʢʠʡ. ʉʣʘʙʦ ʠʟʫʯʝʥʳ ʂʝʣʜʠʥʩʢʠʡ ʠ ʉʚʝʪʣʦ-ʆʣʤʠʥʩʢʠʡ 

ʩʧʝʣʝʦʤʘʩʩʠʚʳ, ʛʜʝ ʠʤʝʶʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʩʢʨʳʪʠʷ ʠ 

ʦʙʥʘʨʫʞʝʥʠʷ ʧʝʱʝʨ.  
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ʊʘʙʣʠʮʘ 2 

ʂʨʫʧʥʝʡʰʠʝ ʧʝʱʝʨʳ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ 

 

ʇʝʱʝʨʘ ɼʣʠʥʘ, ʤ 
ɸʤʧʣʠʪʫʜʘ, 

ʤ 

ʇʣʦʱʘʜʴ, 

ʤ2 

ʆʙʲʝʤ, 

ʤ3 

ɻʦʜ 

ʦʪʢʨʳʪʠʷ 

1. ʂʫʣʦʛʦʨʩʢʘʷ-ʊʨʦʷ 14300 18 55400 72550 1837 

2. ʂʦʥʩʪʠʪʫʮʠʦʥʥʘʷ 6130 32 25900 32880 1970 

3. ʆʣʠʤʧʠʡʩʢʘʷ 5500** 27 45570 88610 1976 

4. ʂʫʤʠʯʝʚʩʢʘʷ 4520 24 24000 52320 1974 

5. ɿʦʣʦʪʦʡ ʢʣʶʯʠʢ 4380 10 5620 14160 1985 

6. ʃʦʤʦʥʦʩʦʚʩʢʘʷ 3330** 19 30310 65180 1977 

7. ʉʠʤʬʦʥʠʷ 3240 10 6120 9660 1974 

8. ʇʝʭʦʨʦʚʩʢʘʷ 3205 18 19260 27920 1979 

9. ʃʝʥʠʥʛʨʘʜʩʢʘʷ 2947 27 22430 56480 1966 

10. ʇʠʥʝʞʩʢʘʷ ʠʤ. 

ʊʝʨʝʱʝʥʢʦ 

2599 12 9340 12560 1968 

11. ɺʦʜʥʘʷ 2598 8 6540 6960 1967 

12. ʖʙʠʣʝʡʥʘʷ 2280 30 16400  1974 

13. ʇʝʭʦʨʦʚʩʢʠʡ ʧʨʦʚʘʣ 2262 22 16730 23260 1979 

14. ʂʫʣʦʛʦʨʩʢʘʷ-5 2035 10 5560 4210 1967 

15. ʉʝʚʝʨʷʥʢʘ 1830  4500 6300 1970 

16. ɻʦʣʫʙʠʥʩʢʠʡ ʧʨʦʚʘʣ 1622 17 52670 8260 1967 

17. ʄʫʟʝʡʥʘʷ (ɾɺ-53) 1480 10 10880 13190 1974 

18. ɾɺ-1,2 1380 10 5300 2630 1972 

19. ʃʫʥʥʳʝ ʛʦʨʳ 1233 11 4820 6480 1976 

20. ɻʝʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʦʙʱʝʩʪʚʘ 

1005 19   ? 

ɺʩʝʛʦ 29716 67 367350 503610  
* ʩʤ. ʨʠʩ. 1; **ɺ 1994 ʛʦʜʫ ʧʝʱʝʨʳ ʆʣʠʤʧʠʡʩʢʘʷ ʠ ʃʦʤʦʥʦʩʦʚʩʢʘʷ ʦʙʲʝʜʠʥʝʥʳ ʯʝʨʝʟ ʩʠʬʦʥ 

280 ʤ ʚ ʩʧʝʣʝʦʩʠʩʪʝʤʫ. 

ʇʝʱʝʨʳ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʠʤʝʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʠ: ʧʦʜʟʝʤʥʳʝ ʨʝʢʠ, ʦʟʝʨʘ, ʚʦʜʦʧʘʜʳ, ʤʥʦʛʦʣʝʪʥʠʝ 

ʧʝʱʝʨʥʳʝ ʣʝʜʥʠʢʠ, ʣʝʜʷʥʳʝ ʥʘʪʝʢʠ, ʠʟʫʤʠʪʝʣʴʥʳʝ ʩʥʝʞʥʳʝ ʢʨʠʩʪʘʣʣʳ, 

ʨʝʜʢʦ ï ʢʘʨʙʦʥʘʪʥʳʝ ʥʘʪʝʢʠ. ɾʠʚʦʪʥʳʡ ʤʠʨ ʧʝʱʝʨ ʩʣʘʙʦ ʠʟʫʯʝʥ: 

ʚʩʪʨʝʯʘʶʪʩʷ ʣʝʪʫʯʠʝ ʤʳʰʠ, ʧʝʱʝʨʥʳʝ ʨʳʙʳ, ʨʝʜʢʠʝ ʥʘʩʝʢʦʤʳʝ. ɺ 

ʂʘʨʛʦʧʦʣʴʩʢʦʤ ʨʘʡʦʥʝ ʠʩʪʦʨʠʯʝʩʢʠʤ ʧʘʤʷʪʥʠʢʦʤ ʷʚʣʷʝʪʩʷ ʧʝʱʝʨʘ 

ʂʨʝʩʪʦʚʘʷ, ʥʘ ʩʪʝʥʝ ʢʦʪʦʨʦʡ ʚʳʙʠʪ ʪʝʢʩʪ ʤʦʣʠʪʚʳ. ʈʘʥʴʰʝ ʚ ʵʪʦʡ ʧʝʱʝʨʝ 

ʥʘʭʦʜʠʣʩʷ ʤʫʞʩʢʦʡ ʩʢʠʪ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʝʱʝʨ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦ. ʉʘʤʘʷ 

ʧʦʧʫʣʷʨʥʘʷ ʧʝʱʝʨʘ ï ɻʦʣʫʙʠʥʩʢʠʡ ʧʨʦʚʘʣ, ʢʦʪʦʨʫʶ ʨʝʛʫʣʷʨʥʦ ʧʦʩʝʱʘʶʪ 

ʪʫʨʠʩʪʠʯʝʩʢʠʝ ʛʨʫʧʧʳ, ʧʨʦʧʣʳʚʘʶʱʠʝ ʥʘ ʙʘʡʜʘʨʢʘʭ ʧʦ ʨ. ʇʠʥʝʛʝ. 
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ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʦʟʥʠʢʣʘ ʧʨʦʙʣʝʤʘ ʩʦʭʨʘʥʥʦʩʪʠ ʧʝʱʝʨ ʠ ʢʘʨʩʪʦʚʳʭ 

ʣʘʥʜʰʘʬʪʦʚ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʝ ʧʝʱʝʨʳ ʩʣʝʜʫʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʢʘʢ 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʘʤʷʪʥʠʢʠ ʧʨʠʨʦʜʳ. ʅʦ ʧʨʝʞʜʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʜʦʩʪʦʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʠʭ, ʧʨʦʚʝʩʪʠ ʠʭ ʦʙʩʣʝʜʦʚʘʥʠʝ ʠ ʦʧʠʩʘʥʠʝ. 

ʈʝʛʠʩʪʨʘʮʠʶ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʘʤʷʪʥʠʢʦʚ ʧʨʠʨʦʜʳ ʧʨʦʚʦʜʠʪ ʆʙʱʝʩʪʚʦ 

ʦʭʨʘʥʳ ʧʨʠʨʦʜʳ, ʦʜʥʘʢʦ, ʩʨʝʜʩʪʚ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʜʠʮʠʡ ʧʦ ʠʟʫʯʝʥʠʶ 

ʧʘʤʷʪʥʠʢʦʚ ʧʨʠʨʦʜʳ ʫ ʥʝʛʦ ʥʝʪ. ʇʦʵʪʦʤʫ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʣʫʯʰʘʷ ʤʝʨʘ 

ʦʭʨʘʥʳ ʧʝʱʝʨ ï ʦʛʨʘʥʠʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʦʯʥʦʤ ʠʭ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ. 

ɺʘʞʥʦʡ ʤʝʨʦʡ ʧʦ ʦʭʨʘʥʝ ʧʝʱʝʨ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʟʘʢʘʟʥʠʢʦʚ. ɼʣʷ 

ʩʦʭʨʘʥʥʦʩʪʠ ʢʘʨʩʪʦʚʳʭ ʣʘʥʜʰʘʬʪʦʚ ʦʪ ʤʘʩʩʦʚʳʭ ʨʫʙʦʢ ʣʝʩʘ ʧʦ ʠʥʠʮʠʘʪʠʚʝ 

ʛʝʦʣʦʛʦʚ ʦʪʜʝʣʘ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʅʊʎ ʇɻʆ 

çɸʨʭʘʥʛʝʣʴʩʢʛʝʦʣʦʛʠʷè ʦʨʛʘʥʠʟʦʚʘʥʳ ʢʘʨʩʪʦʚʳʝ ʣʘʥʜʰʘʬʪʥʳʝ ʟʘʢʘʟʥʠʢʠ 

çɾʝʣʝʟʥʳʝ ɺʦʨʦʪʘè ʠ çʏʫʛʩʢʠʡè. ɻʦʣʫʙʠʥʩʢʠʡ ʟʘʢʘʟʥʠʢ ʙʳʣ ʩʦʟʜʘʥ ʧʦ 

ʠʥʠʮʠʘʪʠʚʝ ʇʠʥʝʞʩʢʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ. ʆʜʥʘʢʦ ʚʦ ʤʥʦʛʠʭ ʨʘʡʦʥʘʭ ʠʤʝʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʳ ʦʪʢʨʳʪʠʷ ʥʦʚʳʭ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʫʯʝʥʠʷ ʫʞʝ ʠʟʚʝʩʪʥʳʭ ʧʝʱʝʨ. 
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ʄ. P. Bortnikov 

KARST-SPELEOLOGICAL SUBDIVISION INTO REGIONS AND CAVES 

 OF THE SAMARA AREA  

 
The paper present the data about geologic features of caves in the Samara area, and discusses its 

subdivision into regions in terms of karst features. Some 48 caves developed in limestone or gypsum 

and totaling 2,07 km length are known in the area. The largest one is Cave of Brothers Greve (500 m). 

Morphology and deposits of caves, as well as their significance as natural monuments are discussed.  
 

ʉʘʤʘʨʩʢʘʷ ʦʙʣʘʩʪʴ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ ɺʦʣʛʠ, ʧʦ ʦʙʦʠʤ ʝʝ 

ʙʝʨʝʛʘʤ, ʟʘʥʠʤʘʷ ʪʝʨʨʠʪʦʨʠʶ ʦʢʦʣʦ 54 ʪʳʩ. ʢʤ . ɺ ʧʨʝʜʝʣʘʭ ʦʙʣʘʩʪʠ ɺʦʣʛʘ 

ʦʙʨʘʟʫʝʪ ʉʘʤʘʨʩʢʫʶ ʃʫʢʫ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʨʝʛʠʦʥʘ (91,9 %) ʣʝʞʠʪ ʚ 

ʣʝʚʦʙʝʨʝʞʴʠ (ɿʘʚʦʣʞʴʝ), ʤʝʥʴʰʘʷ ï ʚ ʧʨʘʚʦʙʝʨʝʞʴʠ (ʇʨʝʜʚʦʣʞʴʝ). 

ʃʝʚʦʙʝʨʝʞʴʝ ʧʦ ʭʘʨʘʢʪʝʨʫ ʨʝʣʴʝʬʘ ʜʝʣʠʪʩʷ ʥʘ ʅʠʟʢʦʝ, ɺʳʩʦʢʦʝ ʠ ʉʳʨʪʦʚʦʝ 

ɿʘʚʦʣʞʴʝ, ʘ ʧʨʘʚʦʙʝʨʝʞʴʝ ï ʥʘ ʇʨʠʚʦʣʞʩʢʫʶ ʚʦʟʚʳʰʝʥʥʦʩʪʴ ʠ ɾʠʛʫʣʝʚʩʢʠʝ 

ʛʦʨʳ. ʅʘʠʙʦʣʴʰʘʷ ʚʳʩʦʪʥʘʷ ʦʪʤʝʪʢʘ ʦʙʣʘʩʪʠ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʡʦʥʝ 

ɾʠʛʫʣʝʚʩʢʠʭ ʛʦʨ (374 ʤ). 
ʉʘʤʘʨʩʢʘʷ ʦʙʣʘʩʪʴ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʈʫʩʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ, ʚ ʧʨʝʜʝʣʘʭ ɺʦʣʛʦ-ʋʨʘʣʴʩʢʦʡ ʩʠʥʝʢʣʠʟʳ. ʇʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤʫ 

ʬʫʥʜʘʤʝʥʪʫ ʚʳʜʝʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʳ I ʧʦʨʷʜʢʘ: ɾʠʛʫʣʝʚʩʢʦ-ʇʫʛʘʯʝʚʩʢʠʡ ʠ 

ʖʞʥʦïʊʘʪʘʨʩʢʠʡ ʩʚʦʜʳ, ʄʝʣʝʢʝʩʩʢʘʷ ʠ ɹʫʟʫʣʫʢʩʢʘʷ ʚʧʘʜʠʥʳ, ʉʦʢʩʢʘʷ 

ʩʝʜʣʦʚʠʥʘ. ʆʥʠ ʦʩʣʦʞʥʝʥʳ ʙʦʣʝʝ ʤʝʣʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ II  ʧʦʨʷʜʢʘ ï 

ʩʠʩʪʝʤʘʤʠ ʚʘʣʦʚ, ʧʨʦʛʠʙʘʤʠ, ʦʪʜʝʣʴʥʳʤʠ ʚʘʣʘʤʠ ʠ ʢʫʧʦʣʘʤʠ. ʅʘʣʠʯʠʝ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʦʧʨʝʜʝʣʠʣʦ ʚʳʭʦʜʳ ʥʘ ʜʥʝʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʢʘʨʩʪʫʶʱʠʭʩʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʘʣʝʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʟʘʥʠʤʘʶʱʠʭ ʧʣʦʱʘʜʴ 

12,7 ʪʳʩ. ʢʤ (24 % ʧʣʦʱʘʜʠ ʦʙʣʘʩʪʠ). 
ʇʦ ʫʩʣʦʚʠʷʤ ʟʘʣʝʛʘʥʠʷ ʧʦʨʦʜ ʠ ʭʘʨʘʢʪʝʨʫ ʨʝʣʴʝʬʘ ʚ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ 

ʨʘʟʚʠʪ ʧʦʜʪʠʧ ʨʘʚʥʠʥʥʦʛʦ ʢʘʨʩʪʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʟʘʣʝʛʘʶʱʠʭ ʧʦʨʦʜʘʭ. ʇʦ 

ʩʦʩʪʘʚʫ ʢʘʨʩʪʫʶʱʠʭʩʷ ʧʦʨʦʜ ʚʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʣʘʩʩʳ ʢʘʨʩʪʘ: 

ʢʘʨʙʦʥʘʪʥʳʡ (ʢʘʨʩʪʫʶʪʩʷ ʠʟʚʝʩʪʥʷʢʠ ʠ ʜʦʣʦʤʠʪʳ ʚʝʨʭʥʝʛʦ ʢʘʨʙʦʥʘ) ʠ 

ʩʫʣʴʬʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʳʡ (ʢʘʨʩʪʫʶʪʩʷ ʠʟʚʝʩʪʥʷʢʠ, ʜʦʣʦʤʠʪʳ, ʛʠʧʩʳ ʠ 

ʘʥʛʠʜʨʠʪʳ ʚʝʨʭʥʝʡ ʠ ʢʘʟʘʥʩʢʦʛʦ ʷʨʫʩʘ ʥʠʞʥʝʡ ʧʝʨʤʠ). ʉʣʦʞʥʳʝ ʬʘʮʠʘʣʴʥʳʝ 

ʧʝʨʝʭʦʜʳ ʦʪʣʦʞʝʥʠʡ ʧʝʨʤʩʢʦʡ ʩʠʩʪʝʤʳ ʥʝ ʧʦʟʚʦʣʷʶʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʯʝʪʢʦ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʛʨʘʥʠʮʳ, ʦʩʦʙʝʥʥʦ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʦʙʣʘʩʪʠ. 
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ʇʦ ʩʪʝʧʝʥʠ ʦʪʢʨʳʪʦʩʪʠ ʢʘʨʩʪʫʶʱʠʭʩʷ ʧʦʨʦʜ ʚʳʜʝʣʝʥʳ ʧʦʜʢʣʘʩʩʳ 

ʧʦʛʨʝʙʝʥʥʦʛʦ, ʧʦʢʨʳʪʦʛʦ ʠ ʧʝʨʝʢʨʳʪʦʛʦ ʢʘʨʩʪʘ ʩ ʫʯʘʩʪʢʘʤʠ ʛʦʣʦʛʦ. ʇʦ 

ʜʘʥʥʳʤ ɸ. ʀ. ʆʪʨʝʰʢʦ ʚʦʟʨʘʩʪ ʢʘʨʩʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʥʝʦʛʝʥ-

ʯʝʪʚʝʨʪʠʯʥʳʡ.  
ʇʦ ʛʝʦʩʪʨʫʢʪʫʨʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʉʘʤʘʨʩʢʘʷ ʦʙʣʘʩʪʴ ʦʪʥʦʩʠʪʩʷ ʢ ʪʠʧʫ 

ʢʘʨʩʪʘ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʦʜʥʷʪʠʡ ʚ ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʦʵʪʦʤʫ 

ʦʩʥʦʚʥʳʝ ʪʘʢʩʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʝʜʠʥʠʮʳ ʢʘʨʩʪʦʚʦ-ʩʧʝʣʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʛʨʘʥʠʮʘʭ ʩʪʨʫʢʪʫʨ, ʚʳʜʝʣʝʥʥʳʭ ʥʘ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʢʘʨʪʘʭ ʠ ʩʭʝʤʘʭ [4, 9]
1
. 

ʇʦʧʳʪʢʠ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʢʘʨʩʪʘ ʉʨʝʜʥʝʛʦ ʇʦʚʦʣʞʴʷ ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ 

ʨʘʟʣʠʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. ʅʘʠʙʦʣʝʝ ʧʦʣʥʳʤʠ ʩʯʠʪʘʶʪʩʷ ʨʘʙʦʪʳ 

ɸ. ɺ. ʉʪʫʧʠʰʠʥʘ ʠ ɸ. ʀ. ʆʪʨʝʰʢʦ [3, 7]. ʄʳ ʚʳʜʝʣʠʣʠ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ 

ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ ʩʣʝʜʫʶʱʠʝ ʪʘʢʩʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʝʜʠʥʠʮʳ: ʩʪʨʘʥʘ ï 

ʧʨʦʚʠʥʮʠʷ ï ʦʙʣʘʩʪʴ ï ʦʢʨʫʛ ï ʨʘʡʦʥ (ʨʠʩʫʥʦʢ, ʪʘʙʣʠʮʘ). ʉʦʛʣʘʩʥʦ 

ʩʫʱʝʩʪʚʫʶʱʠʤ ʩʭʝʤʘʤ ʢʘʨʩʪʦʚʦ-ʩʧʝʣʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ [2, 6, .8] 

ʪʝʨʨʠʪʦʨʠʠ ʙʳʚʰʝʛʦ ʉʉʉʈ ʉʘʤʘʨʩʢʘʷ ʦʙʣʘʩʪʴ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʧʨʝʜʝʣʘʭ 

ɺʦʣʛʦ-ʋʨʘʣʴʩʢʦʡ ʩʧʝʣʝʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ɺʦʩʪʦʯʥʦ-ʝʚʨʦʧʝʡʩʢʦʡ 

ʢʘʨʩʪʦʚʦʡ ʩʪʨʘʥʳ. ɺ ʝʝ ʛʨʘʥʠʮʘʭ ʚʳʜʝʣʝʥʳ ʧʷʪʴ ʢʘʨʩʪʦʚʦ-ʩʧʝʣʝʦʣʦʛʠʯʝʩʢʠʭ 

ʦʙʣʘʩʪʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʨʫʢʪʫʨʘʤ I ʧʦʨʷʜʢʘ. ʇʦ ʩʪʨʫʢʪʫʨʘʤ II  ʧʦʨʷʜʢʘ 

ʚʳʜʝʣʷʶʪʩʷ ʰʝʩʪʴ ʦʢʨʫʛʦʚ. ʂʘʨʩʪʦʚʦ-ʩʧʝʣʝʦʣʦʛʠʯʝʩʢʠʝ ʦʢʨʫʛʘ ʧʦʜʨʘʟʜʝʣʝʥʳ 

ʥʘ ʜʝʚʷʪʴ ʨʘʡʦʥʦʚ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʚʦʜʦʨʘʟʜʝʣʘʤ ʢʨʫʧʥʳʭ ʨʝʢ ʠʣʠ ʢ 

ʜʦʣʠʥʘʤ ʨʝʢ. 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠ ʢʘʨʩʪʦʚʳʝ ʷʚʣʝʥʠʷ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʠ ʧʦʜʟʝʤʥʳʤʠ ʬʦʨʤʘʤʠ. ʉʨʝʜʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʳʜʝʣʷʶʪʩʷ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʢʘʨʩʪʦʚʳʝ ʥʠʰʠ, ʚʦʨʦʥʢʠ, ʧʨʦʚʘʣʳ, ʦʟʝʨʘ, ʠʩʪʦʯʥʠʢʠ. ʉʨʝʜʠ 

ʧʦʜʟʝʤʥʳʭ ï ʛʨʦʪʳ, ʢʦʣʦʜʮʳ ʠ ʧʝʱʝʨʳ. ʂʨʦʤʝ ʢʘʨʩʪʦʚʳʭ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʩʝʚʜʦʢʘʨʩʪʦʚʳʝ (ʩʫʬʬʦʟʠʦʥʥʳʝ ʚʦʨʦʥʢʠ ʚ ʨʳʭʣʳʭ 

ʦʪʣʦʞʝʥʠʷ ʢʘʡʥʦʟʦʷ) ʠ ʢʣʘʩʪʦʢʘʨʩʪʦʚʳʝ ʷʚʣʝʥʠʷ (ʥʠʰʠ, ʛʨʦʪʳ, ʚʦʨʦʥʢʠ, 

ʧʨʦʚʘʣʳ, ʧʝʱʝʨʳ ʚ ʧʝʩʯʘʥʠʢʘʭ ʧʘʣʝʦʛʝʥʘ). 

ʇʦ ʢʦʣʠʯʝʩʪʚʫ ʠʟʚʝʩʪʥʳʭ ʧʝʱʝʨ ʉʘʤʘʨʩʢʘʷ ʦʙʣʘʩʪʴ ʟʘʥʠʤʘʝʪ ʧʝʨʚʦʝ 

ʤʝʩʪʦ ʚ ʉʨʝʜʥʝʤ ʇʦʚʦʣʞʴʝ. ʅʘ 01.01.1999 ʛ. ʟʜʝʩʴ ʥʘʩʯʠʪʳʚʘʝʪʩʷ 48 ʧʝʱʝʨ 

ʦʙʱʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 2067 ʤ (ʪʘʙʣʠʮʘ). ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʝʱʝʨ ʢʨʘʡʥʝ 

ʥʝʨʘʚʥʦʤʝʨʥʦʝ: ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ɾʠʛʫʣʝʚʩʢʦʤ (25 ʧʝʱʝʨ 

ʦʙʱʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 445,5 ʤ) ʠ ʉʘʤʘʨʩʢʦʤ (14 ʧʝʱʝʨ ʦʙʱʝʡ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 933 ʤ) ʨʘʡʦʥʘʭ ʉʘʤʘʨʦʣʫʢʩʢʦʛʦ ʦʢʨʫʛʘ [1]. 

 
1ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʪʘʢʩʦʥʦʚ ʪʠʧʦʣʦʛʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʘʨʩʪʘ ʜʠʩʢʫʩʩʠʦʥʥʘ (ʧʨʠʤ. ʨʝʜ.) 

  



18 

ɼʨʫʛʠʝ ʩʧʝʣʝʦʨʘʡʦʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʝʱʝʨ (ʦʪ 

ʦʜʥʦʡ ʜʦ ʪʨʝʭ). 

ʇʦ ʣʠʪʦʣʦʛʠʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʚʳʜʝʣʷʶʪʩʷ ʢʘʨʩʪʦʚʳʝ (ʚ ʢʘʨʙʦʥʘʪʥʳʭ 

ʧʦʨʦʜʘʭ ï 27, ʚ ʩʫʣʴʬʘʪʥʳʭ ï 19) ʠ ʩʫʬʬʦʟʠʦʥʥʦ-ʢʣʘʩʪʦʢʘʨʩʪʦʚʳʝ ʧʝʱʝʨʳ 

(2). ʇʝʨʚʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʩʧʝʣʝʦʦʙʣʘʩʪʷʭ ʖʞʥʦïʊʘʪʘʨʩʢʦʛʦ ʠ 

ɾʠʛʫʣʝʚʩʢʦ-ʇʫʛʘʯʝʚʩʢʦʛʦ ʩʚʦʜʦʚ, ʚʪʦʨʳʝ ï ʚ ʦʙʣʘʩʪʠ ʄʝʣʝʢʝʩʩʢʦʡ ʚʧʘʜʠʥʳ. 

ʇʦ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʧʝʱʝʨʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ (2), ʤʘʣʳʝ 

(7) ʠ ʥʝʙʦʣʴʰʠʝ (39 ʧʦʣʦʩʪʝʡ). ɼʣʠʥʥʝʡʰʘʷ ʧʝʱʝʨʘ ʚ ʠʟʚʝʩʪʥʷʢʘʭ ï ʧʝʱʝʨʘ 

ɹʨʘʪʴʝʚ ɻʨʝʚʝ (ʧʨʦʪʷʞʝʥʥʦʩʪʴ 500 ʤ, ʛʣʫʙʠʥʘ 5,2 ʤ, ʘʤʧʣʠʪʫʜʘ 25 ʤ). 

ɼʣʠʥʥʝʡʰʘʷ ʧʝʱʝʨʘ ʚ ʛʠʧʩʘʭ ï ʉʝʨʥʦʚʦʜʩʢʘʷ (472 / -5,7). ʉʘʤʘʷ ʛʣʫʙʦʢʘʷ ï 

ʢʦʣʦʜʝʮ ʄʝʯʪʘ (-15). 

ʇʦ ʤʦʨʬʦʣʦʛʠʠ ʢʘʨʩʪʦʚʳʝ ʧʦʣʦʩʪʠ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʠ 

ʚʝʨʪʠʢʘʣʴʥʳʝ; ʧʝʨʚʳʝ ï ʚ ʦʩʥʦʚʥʦʤ ʦʜʥʦʵʪʘʞʥʳʝ ʧʝʱʝʨʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ 

ʕʨʦʟʠʦʥʥʦ-ʢʦʨʨʦʟʠʦʥʥʳʤʠ, ʢʦʨʨʦʟʠʦʥʥʳʤʠ, ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʠ 

ʘʙʨʘʟʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ; ʚʪʦʨʳʝ ï ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʢʦʨʨʦʟʠʦʥʥʦ-

ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʠ ʕʨʦʟʠʦʥʥʦ-ʢʦʨʨʦʟʠʦʥʥʳʝ ʢʦʣʦʜʮʳ. 

ɺ ʧʝʱʝʨʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʘʣʣʦʭʪʦʥʥʳʝ ʛʣʠʥʠʩʪʳʝ ʠ ʦʙʚʘʣʴʥʦ-ʛʣʳʙʦʚʳʝ 

ʦʪʣʦʞʝʥʠʷ. ʍʝʤʦʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʷʨʢʦ ʚʳʨʘʞʝʥʳ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 

ʧʝʱʝʨ ʦʪʤʝʯʝʥʳ ʫʚʣʘʞʥʝʥʠʝ ʠ ʢʘʧʝʞ, ʚ ʨʷʜʝ ʧʝʱʝʨ ï ʩʝʟʦʥʥʳʝ ʨʫʯʴʠ ʠ 

ʥʝʙʦʣʴʰʠʝ ʣʫʞʠʮʳ-ʦʟʝʨʮʘ. ɺʦ ʤʥʦʛʠʭ ʧʝʱʝʨʘʭ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʶʪʩʷ 

ʣʝʜʷʥʳʝ ʥʘʪʝʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʚ ʪʨʝʭ ʧʝʱʝʨʘʭ ʦʙʥʘʨʫʞʝʥ ʘʪʤʦʛʝʥʥʳʡ ʣʝʜ. 
ɾʠʚʦʪʥʳʡ ʤʠʨ ʧʝʱʝʨ ʧʨʝʜʩʪʘʚʣʝʥ ʪʨʦʛʣʦʬʠʣʘʤʠ ʠ ʪʨʦʛʣʦʢʩʝʥʘʤʠ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʚʩʪʨʝʯʘʶʪʩʷ ʧʦʟʚʦʥʦʯʥʳʝ (ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʨʫʢʦʢʨʳʣʳʭ) ʠ 

ʙʝʩʧʦʟʚʦʥʦʯʥʳʝ (ʥʦʛʦʭʚʦʩʪʢʠ, ʢʦʤʘʨʳ, ʙʘʙʦʯʢʠ). ɺ ʧʨʠʚʭʦʜʦʚʳʭ ʯʘʩʪʷʭ 

ʥʝʢʦʪʦʨʳʭ ʧʝʱʝʨ ʚʩʪʨʝʯʘʶʪʩʷ ʛʨʳʟʫʥʳ, ʭʠʱʥʠʢʠ, ʧʨʝʩʤʳʢʘʶʱʠʝʩʷ ʠ 

ʧʨʦʜʫʢʪʳ ʠʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. 
ʉʧʝʮʠʘʣʴʥʳʝ ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣ ʪʦʣʴʢʦ ʆ. ʅ. ɹʘʜʝʨ 

ʚ ʧʝʱʝʨʝ ɹʨʘʪʴʝʚ ɻʨʝʚʝ, ʚ ʧʨʠʚʭʦʜʦʚʦʡ ʯʘʩʪʠ ʢʦʪʦʨʦʡ ʦʙʥʘʨʫʞʝʥʦ ʢʦʩʪʨʠʱʝ 

ʙʨʦʥʟʦʚʦʛʦ ʚʝʢʘ, ʥʘʡʜʝʥʳ ʬʨʘʛʤʝʥʪʳ ʫʪʚʘʨʠ ʠ ʫʢʨʘʰʝʥʠʡ, ʨʳʙʦʣʦʚʥʳʝ 

ʢʨʶʯʢʠ ʠ ʥʘʢʦʥʝʯʥʠʢʠ ʩʪʨʝʣ. 
ɹʦʣʴʰʠʥʩʪʚʦ ʢʘʨʩʪʦʚʳʭ ʦʙʲʝʢʪʦʚ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ ʠʤʝʝʪ ʙʦʣʴʰʫʶ 

ʥʘʫʯʥʫʶ ʠ ʵʩʪʝʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ. 11 ʠʟ ʥʠʭ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʦʩʦʙʦ 

ʦʭʨʘʥʷʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ ʠʣʠ ʷʚʣʷʶʪʩʷ ʧʘʤʷʪʥʠʢʘʤʠ ʧʨʠʨʦʜʳ. ɺʩʝ ʧʝʱʝʨʳ 

ɾʠʛʫʣʝʚʩʢʦʛʦ ʩʧʝʣʝʦʨʘʡʦʥʘ ʚʭʦʜʷʪ ʚ ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʨʠʨʦʜʥʳʡ ʧʘʨʢ 

çʉʘʤʘʨʩʢʘʷ ʃʫʢʘè; ʉʘʤʘʨʦʣʫʢʩʢʦʛʦ ʩʧʝʣʝʦʨʘʡʦʥʘ ï ʚ ʦʭʨʘʥʷʝʤʳʝ 

ʪʝʨʨʠʪʦʨʠʠ; çʂʦʧʪʝʚ ʦʚʨʘʛ ï ʉʪʫʜʝʥʳʡ ʦʚʨʘʛè; ʧʝʱʝʨʳ ɹʨʘʪʴʝʚ ɻʨʝʚʝ ʠ 

ʉʝʨʥʦʚʦʜʩʢʘʷ ï ʧʘʤʷʪʥʠʢʠ ʧʨʠʨʦʜʳ. 
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ʉʭʝʤʘ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʢʘʨʩʪʘ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ: 

ɻʨʘʥʠʮʳ: 1 ï ʢʘʨʩʪʦʚʳʝ ʦʙʣʘʩʪʠ, 2 ï ʢʘʨʩʪʦʚʳʝ ʦʢʨʫʛʘ, 3 ï ʢʘʨʩʪʦʚʳʝ ʨʘʡʦʥʳ, 

4 ï ʧʝʱʝʨʳ ʠ ʛʨʫʧʧʳ ʧʝʱʝʨ. ʅʘʟʚʘʥʠʷ ʢʘʨʩʪʦʚʳʭ ʦʙʣʘʩʪʝʡ (IïV) ʠ ʦʢʨʫʛʦʚ 

(ɸïɼ) ʩʤ. ʚ ʪʘʙʣʠʮʝ; ʢʘʨʩʪʦʚʳʝ ʨʘʡʦʥʳ ʥʘ ʨʠʩʫʥʢʝ ʥʝ ʧʨʦʥʫʤʝʨʦʚʘʥʳ 

 

ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʧʝʱʝʨ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʙʣʠʟ ʢʨʫʧʥʳʭ ʥʘʩʝʣʝʥʥʳʭ 

ʧʫʥʢʪʦʚ (ɹʨʘʪʴʝʚ ɻʨʝʚʝ, ʉʝʨʥʦʚʦʜʩʢʘʷ, ʉʪʝʧʘʥʘ ʈʘʟʠʥʘ ʠ ʜʨ.), ʥʘʭʦʜʠʪʩʷ ʚ 

ʫʜʨʫʯʘʶʱʝʤ ʩʦʩʪʦʷʥʠʠ. ɺʭʦʜ ʚ ʦʜʥʫ ʠʟ ʠʥʪʝʨʝʩʥʝʡʰʠʭ ʧʝʱʝʨ ʦʙʣʘʩʪʠ 

(ʃʠʪʢʝ) ʟʘʩʳʧʘʥ ʤʫʩʦʨʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʧʨʠʥʠʤʘʝʤʳʝ ʤʝʨʳ ʧʦ ʦʭʨʘʥʝ 

ʧʝʱʝʨ ʥʝ ʚʩʝʛʜʘ ʜʦʩʪʘʪʦʯʥʳ. 
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ʂʘʨʩʪʦʚʦ-ʩʧʝʣʝʦʣʦʛʠʯʝʩʢʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ 
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ʦʙʣʘʩʪʴ ʦʢʨʫʛ ʨʘʡʦʥ 
ʢʦʣʠʯʝʩʪʚʦ, 

ʰʪ. 

ʢʨʫʧʥʝʡʰʠʝ 

ʧʝʱʝʨʳ 

(ʧʨʦʪʷʞʝʥʥʦʩʪʴ/ 

ʛʣʫʙʠʥʘ, ʤ) 
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I. ɾʠʛʫʣʝʚʩʢʦ-

ʇʫʛʘʯʝʚʩʢʠʡ ʩʚʦʜ 

ɸ. ʉʘʤʘʨʦʣʫʢʩʢʠʡ 1. ʉʳʟʨʘʥʩʢʠʡ 1 ʄʘʢʘʨʦʚʘ ʜʳʨʘ 

(28/+5) 

2. ʋʩʠʥʩʢʠʡ   

3. ɾʠʛʫʣʝʚʩʢʠʡ 25 ʆʙʢʘʥ (43/+2) 

ʄʝʯʪʘ (15/15) 

4. ʉʘʤʘʨʩʢʠʡ 14 ɹʨʘʪʴʝʚ ɻʨʝʚʝ 

(500/-5) 

ɿʦʣʦʪʘʷ (12/12) 

ɹ. ʇʦʢʨʦʚʩʢʠʡ 5. ʏʘʧʘʝʚʩʢʠʡ -  

6. ʂʘʤʝʥʥʦʩʳʨʪʦʚʳʡ 1 ʇʘʜʦʚʩʢʘʷ (18/0) 

ɺ. ɹʦʛʦʨʦʜʩʢʦ-

ʆʙʰʘʨʦʚʩʢʠʡ 

 -  

II. ʖʞʥʦ-ʊʘʪʘʨʩʢʠʡ 

ʉʚʦʜ 

ɻ. ʐʝʥʪʘʣʠʥʩʢʠʡ  -  

ɼ. ɹʦʣʴʰʝʢʠʥʝʣʴʩʢʠʡ  -  

ɽ. ʉʦʢʩʢʦ-

ʐʝʰʤʠʥʩʢʠʡ 

7. ʏʝʨʝʤʰʘʥʦ-

ʐʝʰʤʠʥʩʢʠʡ 

-  

8. ʂʠʥʝʣʴʩʢʦ-ʗʨʩʢʠʡ 2 ʉʝʨʥʦʚʦʜʩʢʘʷ 

(472/6) 

9. ʉʦʢʩʢʦ-ʗʨʩʢʠʡ 3 ʉʦʬʴʠʥʦ-2 

(56/-2,3) 

III. ʉʦʢʩʢʘʷ 

ʩʝʜʣʦʚʠʥʘ 

  -  

IV. ɹʫʟʫʣʫʢʩʢʘʷ 

ʚʧʘʜʠʥʘ 

  -  

V. ʄʝʣʝʢʝʩʩʢʘʷ 

ʚʧʘʜʠʥʘ 

  2 ʇʝʩʯʘʥʘʷ-1 (52/0) 
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ʇʝʱʝʨʳ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ ʥʝʩʦʧʦʩʪʘʚʠʤʳ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʢʨʘʩʦʪʝ ʩ 

ʧʝʱʝʨʘʤʠ ʋʨʘʣʘ ʠ ʂʘʚʢʘʟʘ, ʥʦ ʜʘʞʝ ʩʘʤʘʷ ʤʘʣʝʥʴʢʘʷ ʧʝʱʝʨʘ ʤʦʞʝʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʣʶʙʠʪʝʣʝʡ ʧʨʠʨʦʜʳ ʨʦʜʥʦʛʦ ʢʨʘʷ, 

ʙʳʪʴ ʢʣʘʜʦʚʦʡ ʥʘʫʯʥʦʛʦ ʠ ʵʩʪʝʪʠʯʝʩʢʦʛʦ ʙʦʛʘʪʩʪʚʘ. 
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ʂʆʄʇʃɽʂʉʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʂɸʇʆɺʆʁ ʇɽʑɽʈʓ 

 
J. S. Lakhnitski, M. A. Chuiko  

COMPLEX RESEARCH IN KAPOVAYA CAVE  

 
Kapovaya cave (Shulgan-Tash) is a monument of the culture for East Europe, because it contains 

unique Palaeolithic painting. Research carried out during 1981ï97 have shown that the sizes of the cave 

are: length 2,86 km, surface area 21,9000 m2, volume 155,600 m3. This paper describes the results of 

the radiological, microbiological, geological, geomorfological, hydrological, microclimatic, 
mineralogical, glacialogical studies and survey carried out in the cave and on the surface. The 

evaluation of the state of cave painting was made for the first time, and the experiments on its 

conservation were conducted. Different variants of the preservation strategy for cave painting are 

discussed in the context of the cave development as a show cave. 

 
ʂʘʧʦʚʘʷ ʧʝʱʝʨʘ (ʐʫʣʴʛʘʥ-ʊʘʰ) ʚ ɹʘʰʢʦʨʪʦʩʪʘʥʝ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ 

ʧʘʤʷʪʥʠʢʦʤ ʢʫʣʴʪʫʨʳ ʠ ʧʨʠʨʦʜʳ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ. ʆʥʘ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʦʜʥʦʞʴʝ ʧʨʘʚʦʛʦ ʩʢʣʦʥʘ ʜʦʣʠʥʳ ʨ. ɹʝʣʦʡ ʚ 6 ʢʤ ʩʝʚʝʨʥʝʝ 

 

 

 
É ʖ. ʉ. ʃʷʭʥʠʮʢʠʡ, ʄ. ɸ. ʏʫʡʢʦ, 1999 
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ʜ. ʀʨʛʠʟʣʳ [8]. ɽʝ ʧʘʣʝʦʣʠʪʠʯʝʩʢʘʷ ʞʠʚʦʧʠʩʴ ʦʪʢʨʳʪʘ ɸ. ɺ. ʈʶʤʠʥʳʤ ʚ 

1959 ʛ. ʉ ʪʝʭ ʧʦʨ ʧʝʱʝʨʘ ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʘʨʭʝʦʣʦʛʦʚ, ʠʩʢʫʩʩʪʚʦʚʝʜʦʚ ʠ 

ʫʯʝʥʳʭ-ʝʩʪʝʩʪʚʝʥʥʠʢʦʚ [1,2, 9]. 
ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʧʝʣʝʦʣʦʛʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠ ʩʦʪʨʫʜʥʠʢʠ 

ɹʘʰʢʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʨʫʢ. ɽ. ɼ. ɹʦʛʜʘʥʦʚʠʯ ʠ 

ʀ. ʂ. ʂʫʜʨʷʰʦʚ [6]), ʘ ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʆ. ʅ. ɹʘʜʝʨ [1]. ʉ 

1981 ʛ. ʛʨʫʧʧʘ ʈɻʆ ʠ ɺʉɽɻɽʀ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʚʪʦʨʘ ʧʨʠʩʪʫʧʠʣʘ ʢ 

ʢʦʤʧʣʝʢʩʥʦʤʫ ʠʟʫʯʝʥʠʝ ʧʝʱʝʨʳ, ʥʝʦʙʭʦʜʠʤʦʤʫ ʜʣʷ ʩʧʘʩʝʥʠʷ ʵʪʦʛʦ 

ʫʥʠʢʘʣʴʥʦʛʦ ʧʘʤʷʪʥʠʢʘ ʧʨʠʨʦʜʳ ʠ ʠʩʪʦʨʠʠ ʤʠʨʦʚʦʛʦ ʟʥʘʯʝʥʠʷ [7]. 

ʇʨʦʚʦʜʠʣʠʩʴ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʝ, 

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ, ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ, 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ, ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʝ, ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʝ, 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ (ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʝ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ, 

ʧʘʣʝʦʤʘʛʥʠʪʥʳʝ) ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʮʝʥʢʦʡ 

ʩʦʩʪʦʷʥʠʷ ʧʘʣʝʦʣʠʪʠʯʝʩʢʦʡ ʞʠʚʦʧʠʩʠ, ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʫʪʝʡ ʨʝʩʪʘʚʨʘʮʠʠ ʠ 

ʟʘʢʨʝʧʣʝʥʠʷ ʨʠʩʫʥʢʦʚ, ʨʝʞʠʤʦʤ ʧʦʩʝʱʝʥʠʷ ʧʝʱʝʨʳ ʐʫʣʴʛʘʥ-ʊʘʰ. 

ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʥʦʩʠʣʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 
ɺ ʭʦʜʝ ʨʘʙʦʪ ʚ ʧʝʱʝʨʝ ʦʪʢʨʳʪʳ ʥʦʚʳʝ (ʨʘʡʦʥ ʂʠʩʝʣʝʚʘ; ʭʦʜʳ ʊʢʘʯʝʚʘ, 

ɺʦʩʭʦʜʷʱʠʡ ʠ ʜʨ.), ʘ ʪʘʢʞʝ ʟʘʩʥʷʪʳ ʠʟʚʝʩʪʥʳʝ ʨʘʥʝʝ ʧʦʣʦʩʪʠ (ʨʘʡʦʥʳ 

ɻʦʨʥʦʛʦ ʂʦʨʦʣʷ, ʐʪʫʨʤʦʚʦʡ; ʭʦʜʳ ʃʝʧʝʭʠʥʩʢʠʡ, ʊʨʝʫʛʦʣʴʥʠʢ ʠ ʜʨ.), ʯʪʦ 

ʚʳʟʚʘʣʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʚʠʟʠʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʝʱʝʨʳ 

(ʪʘʙʣʠʮʘ). 
ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʂʘʧʦʚʦʡ ʧʝʱʝʨʳ 

 
ʇʦʢʘʟʘʪʝʣʴ ɼʘʥʥʳʝ ɹɻʋ ɼʘʥʥʳʝ ʘʚʪʦʨʦʚ 

ʇʨʦʪʷʞʝʥʥʦʩʪʴ, ʤ 2000,0 2857,5 
ʇʨʦʝʢʪʠʚʥʘʷ ʜʣʠʥʘ, ʤ 1880,0 2849,7 
ɼʣʠʥʘ ʩʠʬʦʥʥʳʭ ʫʯʘʩʪʢʦʚ, ʤ ï 517,5 
ʉʨʝʜʥʷʷ ʚʳʩʦʪʘ, ʤ 6,8 7,1 
ʉʨʝʜʥʷʷ ʰʠʨʠʥʘ, ʤ 8,9 7,7 
ɸʤʧʣʠʪʫʜʘ/ʛʣʫʙʠʥʘ, ʤ 103/30 ï 
ʇʣʦʱʘʜʴ ʧʨʦʝʢʪʠʚʥʘʷ, ʤ 16000 21852 
ʇʣʦʱʘʜʴ ʧʦʣʘ, ʤ2 ï 21917 
ʆʙʲʝʤ, ʤ3 86100 155611 
ʂʦʵʬʬʠʮʠʝʥʪ ʧʣʦʱʘʜʥʦʡ   
ʟʘʢʘʨʩʪʦʚʘʥʥʦʩʪʠ 0,083 0,084 
ʂʦʵʬʬʠʮʠʝʥʪ ʂʦʨʙʝʣʷ 1,06 1,84 

 

ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʘʡʦʥ 

ʨʘʙʦʪ ʥʘʭʦʜʠʪʩʷ ʥʘ ʟʘʧʘʜʥʦʤ ʩʢʣʦʥʝ ʖʞʥʦʛʦ ʋʨʘʣʘ ʚ ʧʨʝʜʝʣʘʭ 

ʧʘʣʝʦʟʦʡʩʢʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ɹʘʰʢʠʨʩʢʦʛʦ ʘʥʪʠʢʣʠʥʦʨʠʷ. ɺ ʥʝʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ ʜʝʚʦʥʘ ʠ ʢʘʨʙʦʥʘ, ʥʘ ʚʦʩʪʦʯʥʦʤ ʬʣʘʥʛʝ 

ʟʘʣʝʛʘʶʪ ʩʠʣʫʨʠʡʩʢʠʝ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ. ʇʝʱʝʨʘ ʨʘʟʚʠʪʘ ʚ 

ʚʠʟʝʡʩʢʦ-ʥʘʤʶʨʩʢʠʭ ʥʠʞʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ ʭʝʤʦʛʝʥʥʳʭ ʠʟʚʝʩʪʥʷʢʘʭ, 

ʩʣʘʛʘʶʱʠʭ ʚʦʩʪʦʯʥʳʡ ʙʦʨʪ ʐʫʣʴʛʘʥʩʢʦʡ ʩʠʥʢʣʠʥʘʣʠ [8]. ʀʟʚʝʩʪʥʷʢʠ 
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ʞʝʣʪʦʚʘʪʦ-ʩʝʨʳʝ ʩ ʤʝʣʢʦʡ ʬʘʫʥʦʡ, ʢʦʪʦʨʦʡ ʦʩʦʙʝʥʥʦ ʤʥʦʛʦ ʚ ʪʝʤʥʳʭ 

ʨʘʟʥʦʩʪʷʭ ʠʟʚʝʩʪʥʷʢʦʚ (ʦʙʣʦʤʢʠ ʨʘʢʦʚʠʥ, ʯʣʝʥʠʢʠ ʢʨʠʥʦʠʜʝʡ). ɺʩʪʨʝʯʘʶʪʩʷ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ ʠʟʚʝʩʪʥʷʢʠ ʩ ʟʝʨʥʘʤʠ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʨʝʟʫʣʴʪʘʪ 

ʫʤʝʨʝʥʥʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ). ʇʦʜʪʚʝʨʜʠʣʦʩʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʢʨʫʧʥʦʡ ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʩʠʥʢʣʠʥʘʣʴʥʦʡ ʩʢʣʘʜʢʠ ʩ ʢʨʫʪʳʤ ʟʘʧʘʜʥʳʤ ʠ 

ʧʦʣʦʛʠʤ ʚʦʩʪʦʯʥʳʤ ʢʨʳʣʴʷʤʠ. ʅʘ ʫʯʘʩʪʢʝ ʨʘʟʚʠʪʳ ʧʦʣʦʛʠʝ 

ʩʨʝʜʥʝʘʤʧʣʠʪʫʜʥʳʝ ʩʢʣʘʜʢʠ, ʨʘʟʙʠʪʳʝ ʥʘ ʙʣʦʢʠ ʥʝʩʢʦʣʴʢʠʭ ʧʦʨʷʜʢʦʚ.  

ɹʣʦʢʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʡʦʥʘ ʫʪʦʯʥʝʥʘ ʧʨʠ ʜʝʰʠʬʨʠʨʦʚʘʥʠʠ ʘʵʨʦ- ʠ 

ʢʦʩʤʦʩʥʠʤʢʦʚ ʨʘʡʦʥʘ. ʆʥ ʨʘʟʙʠʪ ʨʘʟʣʦʤʘʤʠ ʠ ʩʠʩʪʝʤʘʤʠ ʪʨʝʱʠʥ ʨʘʟʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ. ɺʳʷʚʣʝʥʦ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʝ ʩʠʩʪʝʤʳ ʪʨʝʱʠʥ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʠʩʪʝʤʘ ʩ ʘʟʠʤʫʪʦʤ ʧʘʜʝʥʠʷ ʦʪ 94Á ʜʦ 125Á ʠ ʫʛʣʘʤʠ ʜʦ 40Á, ʬʠʢʩʠʨʫʶʱʘʷ, 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʪʨʝʱʠʥʳ ʥʘʧʣʘʩʪʦʚʘʥʠʷ (ʥʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʠʥʠʤʘʣʠ 

ʟʘ ʥʘʧʣʘʩʪʦʚʘʥʠʝ ʢʫʣʠʩʥʳʝ ʪʨʝʱʠʥʳ ʩ ʘʟʠʤʫʪʦʤ ʧʘʜʝʥʠʷ 255ï270Á ʠ ʫʛʣʦʤ 

70ï80Á). 

ʉʠʩʪʝʤʳ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ, ʚʳʷʚʣʝʥʥʳʝ ʚ ʨʘʡʦʥʝ ʨʘʙʦʪ, ʪʠʧʠʯʥʳ 

ʜʣʷ ʖʞʥʦʛʦ ʋʨʘʣʘ. ʕʪʦ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʝ, ʰʠʨʦʪʥʳʝ ʠ ʜʠʘʛʦʥʘʣʴʥʳʝ 

ʢʨʫʪʦʧʘʜʘʶʱʠʝ ʜʠʟʴʶʥʢʪʠʚʳ. ʂ ʦʩʦʙʝʥʥʦʩʪʷʤ ʫʯʘʩʪʢʘ ʦʪʥʦʩʠʪʩʷ ʥʘʣʠʯʠʝ 

ʥʘʨʫʰʝʥʠʡ ʉɺ ʧʨʦʩʪʠʨʘʥʠʷ, ʩʦʯʝʪʘʥʠʝ ʢʦʪʦʨʳʭ ʩʦʟʜʘʝʪ ʩʣʦʞʥʫʶ ʤʦʟʘʠʯʥʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʦʙʫʩʣʦʚʠʚʰʫʶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʫʧʝʥʯʘʪʦʡ ʚ ʧʣʘʥʝ ʩʠʩʪʝʤʳ 

ʧʦʣʦʩʪʝʡ. ʄʝʞʜʫ ʟʦʥʘʤʠ ʢʨʫʧʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʩʫʱʝʩʪʚʫʝʪ 

ʧʦʩʪʦʷʥʥʳʡ çʰʘʛè. ʇʦʣʦʩʪʠ ʯʘʱʝ ʦʙʨʘʟʫʶʪʩʷ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ 

ʢʨʫʪʦʧʘʜʘʶʱʠʭ ʠ ʧʦʣʦʛʠʭ ʥʘʨʫʰʝʥʠʡ. ʄʝʞʜʫ ʥʘʨʫʰʝʥʠʷʤʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 

ʥʘʭʦʜʷʪʩʷ ʙʦʣʝʝ ʤʝʣʢʠʝ ʥʘʨʫʰʝʥʠʷ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʦʚ, 

ʦʙʨʘʟʫʶʱʠʝ ʟʦʥʳ ʠʥʪʝʥʩʠʚʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʠʣʠ ʧʦʚʳʰʝʥʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ. 

ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʱʝʨʳ ʠʤʝʣʘ ʩʠʩʪʝʤʘ 

ʥʘʨʫʰʝʥʠʡ ʩ ʧʨʦʩʪʠʨʘʥʠʝʤ ʦʢʦʣʦ 160Á ʠ ʢʨʫʪʳʤ (80ï90) ʧʘʜʝʥʠʝʤ ʢ ʖɿ, 

ʩʠʥʛʝʥʝʪʠʯʥʘʷ ʢʨʫʧʥʦʤʫ ʨʘʟʣʦʤʫ, ʧʦ ʢʦʪʦʨʦʤʫ ʟʘʣʦʞʝʥʘ ʜʦʣʠʥʘ ʨ. ɹʝʣʦʡ. 

ʕʪʦ ʧʨʠʦʪʢʨʳʪʳʝ, ʠʥʦʛʜʘ ʟʠʷʶʱʠʝ ʪʨʝʱʠʥʳ. ɺ ʧʝʱʝʨʝ ʧʨʦʩʣʝʞʝʥʳ 4 ʪʘʢʠʭ 

ʥʘʨʫʰʝʥʠʷ, ʠʤʝʶʱʠʝ çʰʘʛè 110ï120 ʤ (ʥʘ ʨʠʩ. 1 ʦʥʠ ʦʙʦʟʥʘʯʝʥʳ ʮʠʬʨʘʤʠ 1, 

2, 3, 4). 

ʐʠʨʦʪʥʘʷ ʩʠʩʪʝʤʘ ʥʘʨʫʰʝʥʠʡ (ʨʠʩ. 1, ʮʠʬʨʳ I, II , III , IV) ʩʳʛʨʘʣʘ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʥʦʡ ʦʩʥʦʚʳ ʩʧʝʣʝʦʩʠʩʪʝʤʳ. 

ʆʩʥʦʚʥʳʝ ʨʘʟʣʦʤʳ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʨʘʩʩʝʢʘʶʪ ʤʘʩʩʠʚ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʯʝʨʝʟ 

190 ʤ. 

ʉʠʩʪʝʤʘ ʥʘʨʫʰʝʥʠʡ ʉɺ ʧʨʦʩʪʠʨʘʥʠʷ (ɸ, ɹ, ɺ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʝʤʷ 

ʥʘʨʫʰʝʥʠʷʤʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʩ ʫʛʣʘʤʠ ʧʘʜʝʥʠʷ ʦʢʦʣʦ 45Á ʠ ʰʘʛʦʤ ʦʢʦʣʦ 

140 ʤ. ʆʥʠ ʚʳʨʘʞʝʥʳ ʤʝʥʝʝ ʦʪʯʝʪʣʠʚʦ (ʧʨʠ ʥʘʢʣʦʥʥʦʤ ʟʘʣʝʛʘʥʠʠ ʚ ʤʘʩʩʠʚʝ 

ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʝʝ ʧʨʦʝʢʮʠʷ ʥʘ ʧʣʦʩʢʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʚʠʣʠʩʪʫʶ ʢʨʠʚʫʶ), 

ʥʦ ʪʘʢʞʝ ʚʣʠʷʶʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʝʱʝʨʳ. 
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ʈʠʩ. 1. ʊʝʢʪʦʥʠʯʝʩʢʘʷ ʩʭʝʤʘ ʫʯʘʩʪʢʘ ʂʘʧʦʚʦʡ ʧʝʱʝʨʳ:  

1 ï ʛʘʣʝʨʝʠ ʠ ʟʘʣʳ ʧʝʱʝʨʳ; 2 ï ʢʘʥʴʦʥ ʨ. ʐʫʣʴʛʘʥ; ʟʦʥʳ ʨʘʟʨʳʚʥʳʭ 

ʥʘʨʫʰʝʥʠʡ: 3 ï ʛʣʘʚʥʳʝ (ʦʩʥʦʚʥʳʝ ʥʘʨʫʰʝʥʠʷ: 1ï1ʋ ï ʰʠʨʦʪʥʳʝ; ɸïɺ ï ʉɺ 

ʧʨʦʩʪʠʨʘʥʠʷ; 1ï4 ï ʉɿ ʧʨʦʩʪʠʨʘʥʠʷ); 4 ï ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ. ʆʩʥʦʚʥʳʝ 

ʣɻʝʤʝʥʪʳ ʧʝʱʝʨʳ: 1 ï ʛʨʦʪ ʇʦʨʪʘʣ, 2 ï ɻʣʘʚʥʘʷ ʛʘʣʝʨʝʷ; ʟʘʣʳ: 3 ï 

ʂʫʧʦʣʴʥʳʡ, 4 ï ʍʘʦʩʘ, 5 ï ʈʠʩʫʥʢʦʚ, 6 ï ɸʢʫʩʪʠʯʝʩʢʠʡ, 7 ï ɺʝʨʭʥʠʡ, 8 ï 

ʈʘʜʫʞʥʳʡ, 9 ï ɹʝʟʜʥʳ, 10 ï ɻʦʨʥʦʛʦ ʂʦʨʦʣʷ, 11 ï ɼʘʣʴʥʠʡ; 12 ï ʨʘʡʦʥ 

ʂʠʩʝʣʝʚʘ  
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ʈʠʩ. 2. ɻʠʜʨʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʘʡʦʥʘ: 

1 ï ʠʟʦʛʠʧʩʳ, 2 ï ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʦʪʦʢʠ, 3 ï ʦʟʝʨʘ, 4 ïʩʫʭʦʜʦʣʳ, 5 ï 

ʢʘʥʴʦʥʳ, 6 ï ʚʭʦʜʳ ʚ ʧʝʱʝʨʳ, 7 ï ʂʘʧʦʚʘ ʧʝʱʝʨʘ. ɺʦʜʦʪʦʢʠ: 1 ï ʨ. ʐʫʣʴʛʘʥ, 

2 ï ʨʫʯ. ʍʘʨʘʣʘ, 3 ï ʨʫʯ. ʂʘʨʘʥ, 4 ï ʨ. ɹʝʣʘʷ. ʃʦʛʘ: 5 ï ʉʝʚʝʨʥʳʡ, 6 ï 

ɺʦʩʪʦʯʥʳʡ 
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ʂʦʤʙʠʥʘʮʠʷ ʩʠʩʪʝʤʳ ʥʘʨʫʰʝʥʠʡ ʉɿ ʧʨʦʩʪʠʨʘʥʠʷ ʩ ʫʛʣʘʤʠ ʧʘʜʝʥʠʷ 45ï

60Á ʩ ʥʘʨʫʰʝʥʠʷʤʠ ʧʝʨʚʦʡ ʩʠʩʪʝʤʳ, ʠʤʝʶʱʠʤʠ ʙʣʠʟʢʦʝ ʧʨʦʩʪʠʨʘʥʠʝ, ʥʦ ʉɺ 

ʧʘʜʝʥʠʝ, ʩʦʟʜʘʝʪ ʢʣʠʥʦʚʠʜʥʳʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʭʦʨʦʰʦ ʟʘʤʝʪʥʳʝ ʚ 

ʢʘʥʴʦʥʝ, ʣʦʛʝ ʂʣʠʥ, ʘ ʚ ʧʝʱʝʨʝ ï ʚ ʧʦʪʦʣʢʝ ʟʘʣʘ ʍʘʦʩʘ. 
ʄʝʨʠʜʠʦʥʘʣʴʥʳʝ ʢʨʫʪʦʧʘʜʘʶʱʠʝ ʥʘʨʫʰʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʨʝʜʢʦ, ʥʦ ʠʛʨʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʩʪʨʦʝʥʠʠ ʧʝʱʝʨʳ. 
ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʇʝʱʝʨʥʦʛʦ ʤʘʩʩʠʚʘ ʪʠʧʠʯʥʦ ʜʣʷ ʟʦʥ ʩʜʚʠʛʘ 

(ʩʜʚʠʛ ʧʨʦʠʟʦʰʝʣ ʧʦ ʢʨʫʧʥʦʤʫ ʤʝʨʠʜʠʦʥʘʣʴʥʦʤʫ ʨʘʟʣʦʤʫ). ʈʘʙʦʪʳ ʃʠ ʉʳ 

ɻʫʘʥʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʩʜʚʠʛʝ ʚ ʦʜʥʦʨʦʜʥʦʡ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʘʩʪʠʯʥʦʡ 

ʩʨʝʜʝ ʚʦʟʥʠʢʘʶʪ ʨʦʤʙʠʯʝʩʢʠʝ ʠ ʦʢʨʫʛʣʳʝ çʚʠʭʨʝʚʳʝè ʪʝʣʘ. ɼʦʢʘʟʘʥʦ, ʯʪʦ 

ʙʦʣʴʰʘʷ ʠʭ ʯʘʩʪʴ ʠʤʝʝʪ ʦʙʲʝʤʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʘʧʧʨʦʢʩʠʤʠʨʫʝʤʫʶ 

ʪʨʝʭʦʩʥʳʤ ʵʣʣʠʧʩʦʠʜʦʤ (ʨʦʤʙʦʵʜʨʳ ʠʣʠ ʣʠʥʟʳ). ʊʘʢʠʝ ʪʝʣʘ ʚ ʧʦʣʝ 

ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʩʞʘʪʠʷ ʦʙʣʘʜʘʶʪ ʤʠʥʠʤʘʣʴʥʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʧʦʪʝʥʮʠʘʣʦʤ, ʯʝʤ ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʠʭ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʆʥʠ ʥʘʟʚʘʥʳ 

ʂ. ɼʦʣʴʩʪʨʦʤʦʤ ʚ 1970 ʛ. çʜʫʧʣʝʢʩʘʤʠè, ʢʦʪʦʨʳʝ ʧʨʝʢʨʘʩʥʦ ʚʳʨʘʞʝʥʳ ʚ 

ʨʘʡʦʥʝ ʂʘʧʦʚʦʡ ʧʝʱʝʨʳ ʠ ʢʦʥʪʨʦʣʠʨʫʶʪ ʨʘʟʚʠʪʠʝ ʝʝ ʧʦʣʦʩʪʝʡ. ʅʘʠʙʦʣʝʝ 

ʢʨʫʧʥʳʝ ʠʟ ʥʠʭ ʦʛʨʘʥʠʯʝʥʳ ʨʘʟʣʦʤʘʤʠ, ʪʨʘʩʩʠʨʫʶʱʠʤʠʩʷ ʜʦʣʠʥʘʤʠ ʨʝʢ ʠ 

ʦʩʥʦʚʥʳʤʠ ʣʦʛʘʤʠ, ʧʝʨʝʩʝʢʘʶʱʠʤʠʩʷ ʧʦʜ ʫʛʣʦʤ ʦʢʦʣʦ 45Á, ʙʦʣʝʝ ʤʝʣʢʠʝ 

ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʚʠʪʠʝ ʢʘʨʩʪʦʚʳʭ ʧʦʣʦʩʪʝʡ. 
ʃʦʢʘʣʠʟʘʮʠʷ ʧʦʣʦʩʪʝʡ ʂʘʧʦʚʦʡ ʧʝʱʝʨʳ ʦʙʫʩʣʦʚʣʝʥʘ ʠʥʪʝʥʩʠʚʥʦʡ 

ʥʘʨʫʰʝʥʥʦʩʪʴʶ ʧʦʨʦʜ, ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʢʨʫʧʥʳʭ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʨʘʟʣʦʤʦʚ ʠ 

ʩʣʦʞʥʦʡ ʙʣʦʢʦʚʦʡ ʩʪʨʫʢʪʫʨʳ; ʤʦʨʬʦʣʦʛʠʷ ʠ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʧʝʣʝʦʩʠʩʪʝʤʳ ʚ 

ʮʝʣʦʤ ʟʘʚʠʩʷʪ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʙʣʦʢʦʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʘʷ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʩʣʦʞʥʦʩʪʴ, ʧʦʜʜʘʝʪʩʷ ʜʝʰʠʬʨʦʚʢʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʣʝʞʠʚʘʪʴ ʧʫʪʠ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʦʜʳ ʚ ʧʝʱʝʨʫ ʩ ʧʦʚʝʨʭʥʦʩʪʠ. 
ʈʘʟʣʠʯʥʳʝ ʥʘʨʫʰʝʥʠʷ ʧʦ-ʨʘʟʥʦʤʫ ʚʣʠʷʶʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʨʩʪʦʚʳʭ 

ʧʦʣʦʩʪʝʡ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʧʦʣʦʩʪʠ ʦʙʨʘʟʫʶʪʩʷ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ 

ʟʠʷʶʱʠʭ ʪʨʝʱʠʥ ʦʪʨʳʚʘ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʧʨʠ ʥʘʧʨʷʞʝʥʠʷʭ ʨʘʩʪʷʞʝʥʠʷ; 

ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦ ï ʧʦ ʪʨʝʱʠʥʘʤ ʩʢʦʣʘ ʠ ʩʞʘʪʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦʣʦʩʪʠ ʥʝ 

ʧʨʦʭʦʜʷʪ ʧʨʠʪʸʨʪʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʢʘʣ ʩʢʦʣʴʞʝʥʠʷ, ʘ ʢʘʢ ʙʳ ʦʪʨʘʞʘʶʪʩʷ ʦʪ 

ʥʠʭ, ʨʘʟʚʠʚʘʷʩʴ ʚʥʫʪʨʠ ʙʣʦʢʘ ʧʦ ʦʧʝʨʷʶʱʠʤ ʪʨʝʱʠʥʘʤ. ɽʩʣʠ ʧʦʣʦʩʪʴ 

çʧʨʝʦʜʦʣʝʚʘʝʪè ʨʘʟʣʦʤ, ʪʦ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʦʥʘ ʧʨʠʦʙʨʝʪʘʝʪ ʭʘʨʘʢʪʝʨ ʫʟʢʦʛʦ 

çʰʢʫʨʦʜʝʨʘè, ʣʘʟʘ ʚ ʛʣʳʙʦʚʦʤ ʟʘʚʘʣʝ, ʩʠʬʦʥʥʦʛʦ ʢʦʣʝʥʘ. ɺ ʧʦʪʦʣʢʝ ʛʘʣʝʨʝʡ 

ʯʘʩʪʦ ʦʙʨʘʟʫʶʪʩʷ ʱʝʣʝʚʳʝ ʧʦʣʦʩʪʠ, ʠʥʦʛʜʘ ʧʝʨʝʭʦʜʷʱʠʝ ʚ çʦʨʛʘʥʥʳʝ 

ʪʨʫʙʳè. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʨʩʪʦʚʳʝ ʧʦʣʦʩʪʠ ʨʘʟʚʠʚʘʶʪʩʷ ʚʜʦʣʴ ʥʘʨʫʰʝʥʠʡ 

ʠʣʠ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʠʤʠ. 
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ɻʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʫʚʷʟʢʠ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʨʝʣʴʝʬʘ, ʢʘʨʩʪʦʚʳʭ ʧʦʣʦʩʪʝʡ ʠ ʠʭ ʵʣʝʤʝʥʪʦʚ ʚʳʧʦʣʥʝʥ ʙʦʣʴʰʦʡ ʦʙʲʝʤ 

ʪʝʦʜʦʣʠʪʥʦʡ ʠ ʧʦʣʫʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʩʲʝʤʢʠ. ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ ʚ ʜʦʣʠʥʝ 

ʨ. ɹʝʣʦʡ ʫʚʝʨʝʥʥʦ ʚʳʜʝʣʷʶʪʩʷ ʚʪʦʨʘʷ (+5,3ï6,7 ʤ) ʠ ʪʨʝʪʴʷ (+13,2ï18,2 ʤ) 

ʥʘʜʧʦʡʤʝʥʥʳʝ ʪʝʨʨʘʩʳ; ʥʝ ʩʦʚʩʝʤ ʫʚʝʨʝʥʥʦ ï ʧʝʨʚʘʷ (+3,7ï6,7 ʤ) ʠ ʯʝʪʚʝʨʪʘʷ 

(+19,0ï20,2 ʤ). ʉʫʱʝʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʜʘʪʠʨʦʚʢʠ ʪʝʨʨʘʩ. ʈʘʙʦʪʳ 

ʛʝʦʣʦʛʦʚ ʦʙʲʝʜʠʥʝʥʠʷ ɹʘʰʢʠʨʛʝʦʣʦʛʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʦʤ ʚʦʟʨʘʩʪʝ ʧʝʨʚʦʡ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ (277ï279,5 ʤ 

ʠʣʠ +4,2ï6,7 ʤ). ʆʪʣʦʞʝʥʠʷ ʟʘʣʘ ɿʥʘʢʦʚ ʩ ʢʫʣʴʪʫʨʥʳʤ ʩʣʦʝʤ (14,8 ʤ) 

ʢʦʨʨʝʣʠʨʫʶʪʩʷ ʩʦ ʚʪʦʨʦʡ ʥʘʜʧʦʡʤʝʥʥʦʡ ʧʦʟʜʥʝ-ʩʨʝʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʦʡ 

ʪʝʨʨʘʩʦʡ (ʧʘʩʝʢʘ).  
ʊʝʦʜʦʣʠʪʥʳʡ ʭʦʜ, ʧʨʦʚʝʜʝʥʥʳʡ ʧʦ ʢʘʥʴʦʥʫ, ʜʘʣ ʚʳʩʦʪʥʳʝ ʦʪʤʝʪʢʠ 

ʵʨʦʟʠʦʥʥʳʭ ʫʩʪʫʧʦʚ ʠ ʨʝʣʠʢʪʦʚ ʜʨʝʚʥʠʭ ʪʝʨʨʘʩ. ʀʟʫʯʝʥʠʝ ʩʚʷʟʠ ʢʘʨʩʪʦʚʳʭ 

ʧʦʣʦʩʪʝʡ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʬʦʨʤʘʤʠ ʨʝʣʴʝʬʘ ʧʦʟʚʦʣʷʝʪ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʜʘʪʠʨʦʚʘʪʴ ʠʭ. ʅʘʠʙʦʣʝʝ ʝʩʪʝʩʪʚʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʚʘʨʠʘʥʪ, ʢʦʛʜʘ ʧʦʜʟʝʤʥʳʝ 

ʧʦʣʦʩʪʠ ʥʝʩʢʦʣʴʢʦ çʦʪʩʪʘʶʪè ʚ ʩʚʦʝʤ ʚʨʝʟʝ ʠ ʥʘʭʦʜʷʪʩʷ ʚʳʰʝ, ʯʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʨʨʘʩʳ ʠ ʵʨʦʟʠʦʥʥʳʝ ʫʨʦʚʥʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, 

ʦʪʣʦʞʝʥʠʷ ʚʦ ʚʭʦʜʥʦʤ ʛʨʦʪʝ ʇʦʨʪʘʣ ʠʤʝʶʪ ʚʳʩʦʪʫ ʦʢʦʣʦ 280 ʤ (+6,9 ʤ), ʘ 

ʩʦʧʦʩʪʘʚʠʤʘʷ ʪʝʨʨʘʩʘ ʨ. ɹʝʣʦʡ ï 278,1ï279,5 ʤ (+5,3ï5,7 ʤ). ɹʦʣʴʰʘʷ 

ɺʝʨʪʠʢʘʣʴ ʢʘʥʴʦʥʘ ï 312 ʤ (+39,2 ʤ) ʢʦʨʨʝʣʠʨʫʝʪʩʷ ʩ ɹʣʠʞʥʠʤ ɹʦʣʴʰʠʤ 

ʢʦʣʦʜʮʝʤ ï 315 ʤ (+41,9 ʤ). ʇʝʨʚʘʷ ʛʘʣʝʨʝʷ ï 316ï317 ʤ (+42,9ï43,9 ʤ) 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʯʘʩʪʢʫ ʢʘʥʴʦʥʘ ʦʪ ʛʨʦʪʘ ʇʦʛʣʦʱʘʶʱʝʛʦ ʜʦ ʣʦʛʘ ʂʣʠʥ ï313ï

319 ʤ (+40,2ï46,2 ʤ), ʘ ɺʪʦʨʘʷ ʛʘʣʝʨʝʷ ï ʪʝʨʨʘʩʝ ʛʨʦʪʘ ɽʞʠʢʘ ï 331 ʤ (+57,9 

ʤ) ʠ 329 ʤ (+56,2 ʤ). ʇʨʠ ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʢʦʨʨʝʣʷʮʠʠ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʧʦʣʦʩʪʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʪʫʧʘʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚʳʰʝ 

ʧʦ ʢʘʥʴʦʥʫ, ʥʘʧʨʠʤʝʨ ʚʦʜʦʧʘʜʫ ʌʠʣʠʥʘ ï 347 ʤ (+74,2 ʤ). ʅʝʢʦʪʦʨʳʤ ʠʟ ʵʪʠʭ 

ʵʣʝʤʝʥʪʦʚ ʨʝʣʴʝʬʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʦʩʪʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʧʝʱʝʨʝ (ʭʦʜ 

ʊʢʘʯʝʚʘ; 343 ʤ ʠʣʠ +70,2 ʤ), ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʧʝʱʝʨʦʡ ʊʘʰʢʝʣʷʪ ʠ ʟʘʣʦʤ 

ɺʝʨʭʥʠʤ ï 360,5ï335,5 ʤ (+87,4ï62,4 ʤ). 

ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ 

ʥʘʤʠ ʩ 1982 ʛ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʧʨʦʛʨʘʤʤʝ ʦʙʩʣʝʜʦʚʘʣʠʩʴ 

ʚʝʨʦʷʪʥʳʝ ʦʙʣʘʩʪʠ ʧʠʪʘʥʠʷ ʠ ʨʘʟʛʨʫʟʢʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʫʩʣʦʚʠʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʜʟʝʤʥʦʛʦ ʩʪʦʢʘ, ʥʘʟʝʤʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʦʨʛʘʥʠʟʦʚʳʚʘʣʠʩʴ 

ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʚʳʰʝ ʠ ʥʠʞʝ ʚʳʭʦʜʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ɺ 

ʢʘʨʩʪʦʚʳʭ ʧʦʣʦʩʪʷʭ ʚʳʷʚʣʷʣʠʩʴ ʚʩʝ ʪʦʯʢʠ ʦʙʚʦʜʥʝʥʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʣʠʩʴ 

ʨʘʩʭʦʜ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʚʝʨʦʷʪʥʳʡ ʛʝʥʝʟʠʩ ʚʦʜʳ. ʀʟʤʝʨʝʥʠʝ ʨʘʩʭʦʜʦʚ 

ʚʦʜʦʪʦʢʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʚʝʨʪʫʰʢʦʡ ɻʈ-55, ʦʙʲʝʤʥʳʤ ʠʣʠ ʧʦʧʣʘʚʢʦʚʳʤ 

ʤʝʪʦʜʘʤʠ. 
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ʆʩʥʦʚʥʦʡ ʚʦʜʥʦʡ ʘʨʪʝʨʠʝʡ ʨʘʡʦʥʘ ʷʚʣʷʝʪʩʷ ʨʝʢʘ ʐʫʣʴʛʘʥ (ʨʘʩʭʦʜ ʚ 

ʚʝʨʭʦʚʴʷʭ ʦʢʦʣʦ 0,02 ʤ
3
/ʩ) ʩ ʧʣʦʱʘʜʴʶ ʚʦʜʦʩʙʦʨʘ 41 ʢʤ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʜʝʚʦʥʩʢʠʭ ʠʟʚʝʩʪʥʷʢʦʚ ʧʨʦʠʩʭʦʜʠʪ ʝʝ ʯʘʩʪʠʯʥʦʝ ʧʦʛʣʦʱʝʥʠʝ. ɺ ʨʘʡʦʥʝ 

ʜʝʨʝʚʥʠ ʐʫʣʴʛʘʥʦʚʦ ʦʥʘ ʧʨʠʥʠʤʘʝʪ ʧʨʘʚʳʡ ʧʨʠʪʦʢ ï ʨʫʯʝʡ ʍʘʨʘʣʘ. ʏʝʨʝʟ 

600 ʤ ʨ. ʐʫʣʴʛʘʥ ʧʦʛʣʦʱʘʝʪʩʷ ʚ ʢʘʨʩʪʦʚʦʡ ʚʦʨʦʥʢʝ (ʚʭʦʜ ʚ ʧʝʱʝʨʫ 

ʆʞʠʛʘʥʦʚʩʢʘʷ). ɼʘʣʝʝ ʜʦ ʚʳʭʦʜʘ ʚ ɼʘʣʴʥʝʤ ʟʘʣʝ ʂʘʧʦʚʦʡ ʧʝʱʝʨʳ (ʦʢʦʣʦ 

2,5 ʢʤ) ʦʥʘ ʧʨʦʭʦʜʠʪ ʧʦʜ ʩʫʭʦʜʦʣʦʤ. ɺ ʟʘʣʝ ɹʝʟʜʥʳ ʝʝ ʨʘʩʭʦʜ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 0,4 ʤ/ʩ, ʟʘʪʝʤ ʦʥʘ ʫʭʦʜʠʪ ʚ ʩʠʬʦʥ ʠ ʧʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʚʦʢʣʶʟʘ ʚʦ 

ʚʭʦʜʥʦʤ ʛʨʦʪʝ ʇʦʨʪʘʣ, ʥʘ ʜʥʝ ɻʦʣʫʙʦʛʦ ʦʟʝʨʘ (0,5 ʤ
3
/ʩ). ɺ 800 ʤ ʦʪ ʩʝʚʝʨʥʳʭ 

ʟʘʣʦʚ ʧʝʱʝʨʳ ʚ ʧʨʘʚʦʤ ʣʦʪʝ ʩʫʭʦʜʦʣʘ ʥʘʭʦʜʠʪʩʷ ʢʘʨʩʪʦʚʳʡ ʠʩʪʦʯʥʠʢ, 

ʜʘʶʱʠʡ ʥʘʯʘʣʦ ʨʫʯʴʶ ʂʘʨʘʥ (0,004 ʤ
3
/ʩ), ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʧʨʦʪʝʢʘʝʪ ʧʦ 

ʢʘʥʴʦʥʫ ʠ ʧʦʛʣʦʱʘʝʪʩʷ ʚ ʨʘʡʦʥʝ ʟʘʣʘ ʍʘʦʩʘ. ʀʤʝʥʥʦ ʵʪʠ ʚʦʜʦʧʨʠʪʦʢʠ ʠʛʨʘʶʪ 

ʦʩʥʦʚʥʫʶ ʥʝʛʘʪʠʚʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʟʙʳʪʦʯʥʦʡ ʦʙʚʦʜʥʝʥʥʦʩʪʠ 

ʟʘʣʦʚ ʍʘʦʩʘ, ɿʥʘʢʦʚ ʠ ʂʫʧʦʣʴʥʳʡ ʠ ʨʘʟʨʫʰʝʥʠʠ ʨʠʩʫʥʢʦʚ ʧʝʨʚʦʛʦ ʵʪʘʞʘ. ɺ 

ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʧʝʱʝʨʳ ʥʝʙʦʣʴʰʦʡ ʨʫʯʝʡ, ʙʝʨʫʱʠʡ ʥʘʯʘʣʦ ʚ ʧʦʥʦʨʘʭ 

ʉʝʚʝʨʥʦʛʦ ʣʦʛʘ, ʧʠʪʘʝʪ ɹʦʣʴʰʦʝ ɺʝʨʭʥʝʝ ʦʟʝʨʦ (60Ĭ10 ʤ, ʛʣʫʙʠʥʦʡ ʜʦ 2,5 ʤ). 

ʈʘʟʥʠʮʘ ʚ ʨʘʩʭʦʜʘʭ ʐʫʣʴʛʘʥʘ ʚ ʟʘʣʝ ɹʝʟʜʥʳ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʞʝ ɻʦʣʫʙʦʛʦ 

ʦʟʝʨʘ (ʦʢʦʣʦ 0,1 ʤ/ʩ) ʦʙʲʷʩʥʷʝʪʩʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʧʦʜʟʝʤʥʦʛʦ ʧʨʠʪʦʢʘ ʩʦ 

ʩʪʦʨʦʥʳ ɺʦʩʪʦʯʥʦʛʦ ʩʫʭʦʜʦʣʘ (ʨʠʩ. 2). 
ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʨʘʡʦʥʘ ʂʘʧʦʚʦʡ ʧʝʱʝʨʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʘʟʚʠʪʦʤʫ ʟʜʝʩʴ ʢʘʨʩʪʦʚʦʤʫ ʣʘʥʜʰʘʬʪʫ [3]. ɼʦ 75% ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʘʧʨʝʣ-ɹʠʶʥʴ, 10ï25%, ï ʥʘ ʠʶʣʴ-ʥʦʷʙʨʴ, 5ï10% ï ʥʘ ʜʝʢʘʙʨʴ-

ʤʘʨʪ (ʟʠʤʥʷʷ ʤʝʞʝʥʴ). ʃʝʪʥʷʷ ʤʝʞʝʥʴ ʦʪʤʝʯʘʝʪʩʷ ʚ ʢʦʥʮʝ ʘʚʛʫʩʪʘ ï ʥʘʯʘʣʝ 

ʩʝʥʪʷʙʨʷ. ɺ ʧʘʚʦʜʦʢ ʨ. ʐʫʣʴʛʘʥ ʧʝʨʝʧʦʣʥʷʝʪ ʧʝʱʝʨʫ ʆʞʠʛʘʥʦʚʩʢʘʷ, 

ʯʘʩʪʠʯʥʦ ʟʘʪʘʧʣʠʚʘʝʪ ʩʫʭʦʜʦʣ ʠ ʧʦʛʣʦʱʘʝʪʩʷ ʚ ʧʦʥʦʨʘʭ ʟʦʥʳ ʜʨʦʙʣʝʥʠʷ ʠ 

ʛʣʳʙʦʚʳʭ ʧʨʦʩʘʜʦʢ ʚ ʢʠʣʦʤʝʪʨʝ ʦʪ ʧʝʱʝʨʳ. ʈʘʩʭʦʜʳ ʚʩʝʭ ʚʦʜʦʪʦʢʦʚ 

ʤʥʦʛʦʢʨʘʪʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ (ʚʦʢʣʶʟʘ ɻʦʣʫʙʦʛʦ ʦʟʝʨʘ ï ʜʦ 4 ʤ
3
/ʩ), 

ʥʘʧʦʣʦʚʠʥʫ ʟʘʪʘʧʣʠʚʘʝʪʩʷ ʟʘʣ ɹʝʟʜʥʳ (ʦʙʲʝʤ ʟʘʪʦʧʣʝʥʠʷ ʜʦʩʪʠʛʘʝʪ 15 ʪʳʩ. ʤ, 

ʘ ʧʦʜʲʝʤ ʫʨʦʚʥʷ ï ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ). 
ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʚʦʜʦʦʙʠʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ, 

ʚʦʟʨʘʩʪʘʥʠʝ ʠʥʬʠʣʴʪʨʘʮʠʠ ʠ ʠʥʬʣʶʘʮʠʠ ʚʦʜʳ ʠʟ ʢʘʥʴʦʥʘ ʐʫʣʴʛʘʥʘ ʚ ʟʘʣ 

ʍʘʦʩʘ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʝʨʴʝʟʥʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʧʘʣʝʦʣʠʪʠʯʝʩʢʦʡ 

ʞʠʚʦʧʠʩʠ. ɺ ʧʦʜʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʟʘʢʨʝʧʣʝʥʠʝ ʠ ʨʝʩʪʘʚʨʘʮʠʷ ʨʠʩʫʥʢʦʚ ʤʦʛʫʪ 

ʙʳʪʴ ʤʘʣʦʵʬʬʝʢʪʠʚʥʳʤʠ. ʇʦʵʪʦʤʫ ʣʦʢʘʣʠʟʘʮʠʷ ʩʪʦʢʘ ʧʦ ʢʘʥʴʦʥʫ ʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʝʛʦ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʣʦʛʘ ʂʣʠʥ ʷʚʣʷʝʪʩʷ 

ʧʝʨʚʦʦʯʝʨʝʜʥʦʡ ʟʘʜʘʯʝʡ ʦʙʫʩʪʨʦʡʩʪʚʘ ʠ ʤʫʟʝʝʬʠʢʘʮʠʠ ʧʝʱʝʨʳ. 
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ɻʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʨʘʟʥʳʝ ʚʠʜʳ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʜʥʦʨʦʜʥʳʤ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʤ ʢʘʣʴʮʠʝʚʳʤ ʩʦʩʪʘʚʦʤ. ʀʥʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʚʦʜʳ (ʢʘʧʝʣʴ 

ʠʟ ʪʨʝʱʠʥʥʳʭ ʟʦʥ ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ) ʠʤʝʶʪ ʩʨʝʜʥʶʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ 

240 ʤʛ/ʣ, ʠ ʨʅ 7,6ï8,2; ʠʥʬʣʶʘʮʠʦʥʥʳʝ ʚʦʜʳ ï 250 ʤʛ/ʣ, ʨʅ 7,4ï7,7; ʚʦʜʳ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜʦʪʦʢʦʚ (ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ) ï 112ï222 ʤʛ/ʣ, ʨʅ 7,5; ʚʦʜʳ 

ʢʘʨʩʪʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʂʘʨʘʥ ʠ ʚʦʢʣʶʟ ɻʦʣʫʙʦʝ ʦʟʝʨʦ) ï 288 ʤʛ/ʣ, ʨʅ 7,7. ɺʦ 

ʚʨʝʤʷ ʧʘʚʦʜʢʦʚ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ ʧʦʜʟʝʤʥʳʝ ʧʦʪʦʢʠ ʩʤʝʰʠʚʘʶʪʩʷ, ʟʘʪʨʫʜʥʷʷ 

ʦʮʝʥʢʫ ʠʟʤʝʥʝʥʠʡ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ ʠʩʪʦʯʥʠʢʦʚ. 
ɺ ʪʝʧʣʳʡ ʤʝʞʝʥʥʳʡ ʧʝʨʠʦʜ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʧʝʱʝʨʥʦʛʦ ʤʘʩʩʠʚʘ 

ʬʦʨʤʠʨʫʶʪʩʷ ʟʘ ʩʯʝʪ ʩʤʝʰʠʚʘʥʠʷ ʚ ʨʘʟʥʳʭ ʧʨʦʧʦʨʮʠʷʭ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʦʡ, 

ʠʥʬʣʶʘʮʠʦʥʥʦʡ ʠ ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʡ ʚʦʜ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʉʘʉʆ3 220ï250 ʤʛ/ʣ 

ʠ ʨʅ 7,7ï8,4. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʦʭʣʘʞʜʝʥʠʝ ʚʦʜ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʩʚʷʟʘʥʥʦʝ ʩ ʚʳʧʘʜʝʥʠʝʤ ʢʘʨʙʦʥʘʪʦʚ ʢʘʣʴʮʠʷ ʚ 

ʚʠʜʝ ʥʘʪʝʢʦʚ (ʪ.ʝ. ʚʦʟʤʦʞʥʦ ʟʘʨʘʩʪʘʥʠʝ ʨʠʩʫʥʢʦʚ). ɺ ʧʦʜʟʝʤʥʳʭ ʚʦʜʦʪʦʢʘʭ 

ʩʦʜʝʨʞʘʥʠʝ ʉʘʉʆ3 ʩʥʠʞʘʝʪʩʷ ʜʦ 98ï212 ʤʛ/ʣ ʧʨʠ ʨʅ 8,1. ɺʦʜʳ ʢʘʨʩʪʦʚʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʟʘʥʠʤʘʶʪ ʩʨʝʜʥʝʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʦʧʠʩʘʥʥʳʤʠ ʚʦʜʘʤʠ ï 

240 ʤʛ/ʣ, ʩ ʨʅ 8,0. ɺ ʧʘʚʦʜʢʠ, ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ 

ʘʛʨʝʩʩʠʚʥʳʭ ʚʦʜ, ʧʨʦʮʝʩʩ ʟʘʨʘʩʪʘʥʠʷ ʨʠʩʫʥʢʦʚ ʩʤʝʥʷʝʪʩʷ ʚʳʱʝʣʘʯʠʚʘʥʠʝʤ, 

ʯʪʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʨʘʟʨʫʰʝʥʠʶ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ ʠ ʚ 

ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʥʘ ʧʝʱʝʨʥʦʤ ʤʘʩʩʠʚʝ ʣʝʞʠʪ ʧʦʩʪʦʷʥʥʳʡ ʩʥʝʞʥʳʡ 

ʧʦʢʨʦʚ, ʘ ʛʣʫʙʠʥʘ ʝʛʦ ʧʨʦʤʝʨʟʘʥʠʷ ʜʦʩʪʠʛʘʝʪ 1,8 ʤ. ɺ ʵʪʦ ʚʨʝʤʷ ʩʪʦʢ 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʭʦʣʦʜʥʳʝ ʘʛʨʝʩʩʠʚʥʳʝ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʠ 

ʢʦʥʜʝʥʩʘʮʠʦʥʥʳʝ ʚʦʜʳ, ʠʟ-ʟʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʳʭ ʦʙʲʝʤʦʚ ʢʦʪʦʨʳʭ 

ʨʘʟʨʫʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʟʠʤʥʝʛʦ ʩʪʦʢʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 
ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʦʙʥʘʨʫʞʝʥʳ 

ʠʦʥʳ NO2, NO3, NH4. ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʥʠʪʨʘʪʦʚ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ 

ʚʝʨʭʦʚʴʷʭ ʨ. ʐʫʣʴʛʘʥ (ʫ ʧʝʱʝʨʳ ʆʞʠʛʘʥʦʚʩʢʘʷ), ʚʦʜʘʭ ʨ. ʇʦʜʟʝʤʥʳʡ 

ʐʫʣʴʛʘʥ ʠ ʚ ɻʦʣʫʙʦʤ ʦʟʝʨʝ. ʀʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʝʥʠʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʝʪʩʷ 

ʨʫʯʝʡ ʍʘʨʘʣʘ, ʚ ʚʝʨʭʦʚʴʷʭ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ʜ. ʐʫʣʴʛʘʥʦʚʦ. ɺ ʚʦʜʝ 

ɻʦʣʫʙʦʛʦ ʦʟʝʨʘ ʦʙʥʘʨʫʞʝʥʦ ʟʘʢʠʩʥʦʝ ʠ ʦʢʠʩʥʦʝ ʞʝʣʝʟʦ (ʜʦ 1 ʤʛ/ʣ). 

ʉʦʜʝʨʞʘʥʠʷ ʈʔ, ʉu, Cd, Zn ʚ ʚʦʜʘʭ ʥʠʞʝ ʧʨʝʜʝʣʴʥʦʛʦ ʜʦʧʫʩʪʠʤʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ (ʇɼʂ) ʜʣʷ ʧʠʪʴʝʚʳʭ ʚʦʜ, ʦʜʥʘʢʦ ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʰʝʥʳ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʠʥʮʘ. ɺ ʚʦʜʝ ʄʘʣʦʛʦ ʢʨʫʛʣʦʛʦ ʦʟʝʨʮʘ ʦʙʥʘʨʫʞʝʥʳ ʉu ʠ Zn, 

ʯʪʦ ʩʚʷʟʘʥʦ, ʚʝʨʦʷʪʥʦ, ʩ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʟʘʛʨʷʟʥʝʥʠʝʤ ʧʨʠ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʤ 

ʧʦʩʝʱʝʥʠʠ ʧʝʱʝʨʳ. 
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ʄʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʠʪʝʣʴʥʳʝ ʨʝʞʠʤʥʳʝ 

ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʪʦʯʢʘʭ ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʩʭʝʤʝ 

ʮʠʨʢʫʣʷʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ, ʠʟʤʝʥʝʥʠʷʭ ʚʣʘʞʥʦʩʪʠ ʠ ʜʘʚʣʝʥʠʷ ʚ 

ʧʝʱʝʨʝ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʨʘʟʥʳʝ ʩʝʟʦʥʳ, ʘ ʪʘʢʞʝ ʚʳʷʚʠʪʴ ʚʣʠʷʥʠʝ 

ʛʨʫʧʧ ʵʢʩʢʫʨʩʘʥʪʦʚ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʠʢʨʦʢʣʠʤʘʪʘ. ʌʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ. 
ʈʘʜʠʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʧʝʨʚʳʝ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʂʘʧʦʚʦʡ 

ʧʝʱʝʨʝ ʚ ʬʝʚʨʘʣʝ 1991 ʛ. ʨʘʜʠʦʤʝʪʨʦʤ ʉʈʇ-68. ɺ ʮʝʣʦʤ ʛʘʤʤʘ-ʘʢʪʠʚʥʦʩʪʴ 

ʩʦʩʪʘʚʠʣʘ 4ï17 ʤʢʈ/ʯ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʨʦʜʥʦʤʫ ʬʦʥʫ. ɸʥʦʤʘʣʠʷ 

ʦʙʥʘʨʫʞʝʥʘ ʪʦʣʴʢʦ ʫ ʩʝʚʝʨʥʦʡ ʩʪʝʥʳ ʟʘʣʘ ɹʝʟʜʥʳ, ʛʜʝ ʚ ʨʫʩʣʝ ʚʨʝʤʝʥʥʦʛʦ 

ʚʦʜʦʪʦʢʘ ʨʘʟʚʠʪʳ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ ʤʦʱʥʦʩʪʴʶ ʜʦ 80 ʩʤ. ʆʪ 

ʚʝʨʭʥʝʡ ʢ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʛʘʤʤʘ-ʘʢʪʠʚʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 25 ʜʦ 

70 ʤʢʈ/ʯ. ɺ ʦʜʥʦʡ ʠʟ ʧʨʦʙ ʩʫʧʝʩʠ (70 ʤʢʈ/ʯ) ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʮʘ ʜʦ 0,8% 

ʢʦʨʨʝʣʠʨʫʶʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚ ʫʨʘʥʘ ʠ ʪʦʨʠʷ. ʉʦʜʝʨʞʘʥʠʝ ʩʚʠʥʮʘ 

ʧʨʝʚʳʰʘʶʪ ʇɼʂ ʜʣʷ ʧʦʯʚʳ ʚ 80ï400 ʨʘʟ, ʘ ʫʨʘʥʘ ï ʚ 10 ʨʘʟ ʚʳʰʝ ʬʦʥʦʚʳʭ 

ʟʥʘʯʝʥʠʡ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʫʨʘʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʦʡ ʬʦʨʤʝ, 

ʯʪʦ ʚʳʟʳʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʜʦʥʘ ʚ ʚʦʟʜʫʭʝ. ʕʪʦʤʫ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʪʘʢʞʝ ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʥʘʨʫʰʝʥʥʦʩʪʴ ʨʘʡʦʥʘ ʠ ʙʦʣʴʰʦʡ ʦʙʲʝʤ 

ʧʝʱʝʨʳ ʩ ʨʷʜʦʤ ʨʘʡʦʥʦʚ, ʚ ʢʦʪʦʨʳʭ ʚʦʟʜʫʭʦʦʙʤʝʥ ʟʘʪʨʫʜʥʝʥ [4]. 
ʅʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʳʝ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʧʨʦʚʝʜʝʥʳ ʥʘ ʧʝʨʚʦʤ 

ʵʪʘʞʝ, ʚ ʇʦʨʪʘʣʝ ʠ ɻʣʘʚʥʦʡ ʛʘʣʝʨʝʝ, ʛʜʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʵʢʩʢʫʨʩʠʦʥʥʦʛʦ ʤʘʨʰʨʫʪʘ. ɿʜʝʩʴ ʟʘʤʝʨʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʦ 

ʩʝʪʢʝ 0,5 ʤ (ʦʢʦʣʦ 1200 ʟʘʤʝʨʦʚ). ɿʥʘʯʝʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ 

ʥʝ ʧʨʝʚʳʰʘʶʪ 9 ʤʢʈ/ʯ. ɿʦʥʘ ʟʘ ɺʪʦʨʳʤʠ ʚʦʨʦʪʘʤʠ ʦʙʩʣʝʜʦʚʘʥʘ ʧʦ ʩʝʪʢʝ 2 ʤ. 

ɸʥʦʤʘʣʠʠ ʥʝ ʚʩʪʨʝʯʝʥʳ, ʥʘʠʙʦʣʴʰʠʝ ʧʦʢʘʟʘʥʠʷ (ʜʦ 15ï20 ʤʢʈ/ʯ) ʦʪʤʝʯʝʥʳ 

ʥʘ ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʷʭ ʚ ʟʘʣʘʭ ɿʥʘʢʦʚ ʠ ʂʫʧʦʣʴʥʦʤ. 
ʆʧʨʝʜʝʣʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʨʘʚʥʦʚʝʩʥʦʡ ʦʙʲʝʤʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʕʈʆɸ) 

ʨʘʜʦʥʘ ʚ ʚʦʟʜʫʭʝ ʧʝʱʝʨʳ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʘʣʴʥʳʭ ʪʨʝʢʦʚʳʭ 

ʨʘʜʠʦʤʝʪʨʦʚ ʨʘʜʦʥʘ ʀʊʈʈ. ʇʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʜʦʥʘ ʤʦʛʫʪ ʠʤʝʪʴ 

ʨʘʟʥʳʝ ʧʨʠʯʠʥʳ: ʨʘʜʠʘʮʠʦʥʥʳʝ ʘʥʦʤʘʣʠʠ (ʟʘʣ ɹʝʟʜʥʳ), ʟʘʩʪʦʡʥʳʡ ʨʝʞʠʤ 

(ʪʫʧʠʢʠ ʟʘʣʦʚ ʉʪʘʣʘʢʪʠʪʦʚʳʡ, ʍʘʦʩʘ, ɸʢʫʩʪʠʯʝʩʢʠʡ ʠ ʜʨ.), ʥʘʣʠʯʠʝ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ (ʟʘʣʳ ɸʢʫʩʪʠʯʝʩʢʠʡ, ʈʘʜʫʞʥʳʡ, ɹʝʟʜʥʳ, ɺʪʦʨʘʷ 

ʛʘʣʝʨʝʷ), ʚʦʜʦʝʤʦʚ ʠ ʚʦʜʦʪʦʢʦʚ (ʟʘʣ ɹʝʟʜʥʳ, ʆʟʝʨʥʳʡ ʭʦʜ). ɺ ʩʚʷʟʠ ʩ 

ʥʘʣʠʯʠʝʤ ʨʘʜʦʥʘ ʚ ʦʙʚʦʜʥʝʥʥʳʭ ʧʦʣʦʩʪʷʭ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʨʘʜʠʷ-226 ʚ ʚʦʜʝ ʧʦʜʟʝʤʥʳʭ ʚʦʜʦʝʤʦʚ. 
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ɺ ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜ (ʤʘʨʪ 1995 ʛ.) ʩʦʜʝʨʞʘʥʠʝ ʨʘʜʦʥʘ ʚ ʧʝʱʝʨʝ ʤʝʥʷʝʪʩʷ ï 

ʦʪ 40 ʜʦ 2670 ɹʢ/ʤ
3
. ʄʘʢʩʠʤʘʣʴʥʳʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʩʪʨʝʯʝʥʳ ʚ ʟʘʣʝ ɹʝʟʜʥʳ 

(ʥʘ ʙʝʨʝʛʫ ʧʦʜʟʝʤʥʦʛʦ ʐʫʣʴʛʘʥʘ) ʠ ʚ ʆʟʝʨʥʦʤ ʭʦʜʝ (ʫ ɺʝʨʭʥʝʛʦ ʦʟʝʨʘ). ʆʥʦ 

ʧʦʚʳʰʝʥʦ ʪʘʢʞʝ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʦʣʦʩʪʝʡ ʠ ʚ ʩʫʞʝʥʠʷʭ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ, 

ʧʨʦʭʦʜʷʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲʝʤʳ çʪʝʧʣʦʛʦè ʧʝʱʝʨʥʦʛʦ ʚʦʟʜʫʭʘ (ɻʣʘʚʥʘʷ 

ʛʘʣʝʨʝʷ, ʟʘʤʝʨʳ ʚ ʤʝʪʨʝ ʧʦʜ ʧʦʪʦʣʢʦʤ). 
ɺ ʪʝʧʣʳʡ ʧʝʨʠʦʜ (ʠʶʥʴ-ʠʶʣʴ 1995 ʛ.) ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʚʪʦʨʥʦʝ 

ʦʧʨʦʙʦʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʨʘʜʦʥʘ ʚ ʂʘʧʦʚʦʡ ʧʝʱʝʨʝ. ɿʘʤʝʨʳ ʧʨʦʚʦʜʠʣʠʩʴ 

ʵʢʩʧʦʟʠʮʠʦʥʥʳʤ ʪʨʝʢʦʚʳʤ ʤʝʪʦʜʦʤ. ɺʳʷʚʣʝʥʘ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʘʷ ʢʘʨʪʠʥʘ: ʚ 

ʙʣʠʞʥʠʭ ʢʦ ʚʭʦʜʫ ʨʘʡʦʥʘʭ ʇʝʨʚʦʛʦ ʵʪʘʞʘ ʝʛʦ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʜʦʟʘ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʝ ʧʨʝʚʳʰʘʣʘ 100 ɹʢ/ʤ
3
. ʅʝʩʢʦʣʴʢʦ ʧʦʚʳʰʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʜʦʥʘ 

ʚ ʉʝʚʝʨʥʦʤ ʪʫʧʠʢʝ ʟʘʣʘ ʍʘʦʩʘ (ʩ ʟʘʩʪʦʡʥʳʤ ʨʝʞʠʤʦʤ ʚʦʟʜʫʭʦʦʙʤʝʥʘ) ʠ ʚ 

ɻʦʨʣʝ (ʯʝʨʝʟ ʢʦʪʦʨʦʝ ʧʨʦʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʧʝʱʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, 

ʦʙʦʛʘʱʝʥʥʦʛʦ ʨʘʜʦʥʦʤ). ɺ ʥʠʞʥʝʤ ʧʦʪʦʢʝ, ʚʳʭʦʜʷʱʝʤ ʠʟ ʧʝʱʝʨʳ (ʟʘʤʝʨʳ ʥʘ 

ɺʪʦʨʳʭ ʠ ʇʝʨʚʳʭ ʚʦʨʦʪʘʭ), ʩʦʜʝʨʞʘʥʠʷ ʨʘʜʦʥʘ ʚʳʰʝ 170 ɹʢ/ʤ
3
 ʥʝ ʚʳʷʚʣʝʥʳ. 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʣʝʪʥʠʡ ʨʝʞʠʤ ʚʦʟʜʫʭʦʦʙʤʝʥʘ ʜʦʩʪʘʪʦʯʝʥ ʜʣʷ ʚʳʥʦʩʘ ʨʘʜʦʥʘ. 

ʇʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ɾʝʤʯʫʞʥʦʤ ʪʫʧʠʢʝ 

(260 ɹʢ/ʤ
3
) ʠ ʚ ʟʘʣʝ ʈʠʩʫʥʢʦʚ (310 ɹʢ/ʤ

3
). ʆʪ ɺʪʦʨʦʡ ʛʘʣʝʨʝʠ ʜʦ ɺʝʨʭʥʝʛʦ 

ʟʘʣʘ ʧʨʝʦʙʣʘʜʘʶʪ ʩʦʜʝʨʞʘʥʠʷ ʦʪ 250 ʜʦ 380 ɹʢ/ʤ
3
, ʜʦʩʪʠʛʘʶʱʠʝ ʚ ʟʘʣʝ ʍʨʘʤ 

580 ɹʢ/ʤ
3
. ʇʦʥʠʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʵʪʦʡ ʟʦʥʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʢʨʫʧʥʳʭ 

ʦʪʚʝʪʚʣʝʥʠʷʭ, ʢʦʪʦʨʳʝ, ʚʝʨʦʷʪʥʦ, ʠʤʝʶʪ ʩʚʷʟʴ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʯʝʨʝʟ ʱʝʣʠ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʜʦʥʘ ʚʦʟʨʘʩʪʘʝʪ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ɹʨʠʣʣʠʘʥʪʦʚʦʛʦ ʟʘʣʘ (ʙʦʣʝʝ 

1000 ɹʢ/ʤ
3
), ʜʦʩʪʠʛʘʷ ʚ ʉʪʘʣʘʢʪʠʪʦʚʦʤ ʟʘʣʝ 1770 ɹʢ/ʤ

3
 (ʨʠʩ. 3). 

ʃʝʪʦʤ 1995 ʛ. ʟʘʤʝʨʷʣʩʷ ʫʨʦʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʜʦʥʘ ʠ ʚ ʜʨʫʛʠʭ 

ʢʘʨʩʪʦʚʳʭ ʧʦʣʦʩʪʷʭ ʨʘʡʦʥʘ. ʅʘʠʙʦʣʴʰʘʷ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʙʥʘʨʫʞʝʥʘ ʚ 

ʧʝʱʝʨʘʭ ʊʘʰʢʝʣʷʪ (1760 ɹʢ/ʤ
3
) ʠ ɻʘʩʥʫʱʠʭ (2740 ɹʢ/ʤ

3
). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʂʘʧʦʚʦʡ ʧʝʱʝʨʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʜʦʥʘ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ 

ʢʦʨʨʝʣʠʨʫʝʪʩʷ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʦʪ ʚʭʦʜʘ (ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚʦʟʜʫʭʦʦʙʤʝʥʘ), 

ʚʦʟʨʘʩʪʘʷ ʦʪ ʙʣʠʞʥʝʡ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʳ (ʚ ʦʩʥʦʚʥʦʤ ʧʝʨʚʳʡ ʵʪʘʞ) ʢ 

ʩʨʝʜʥʝʡ (ʚʪʦʨʦʡ ʵʪʘʞ ʜʦ ʟʘʣʘ ɺʝʨʭʥʝʛʦ) ʠ ʜʘʣʴʥʝʡ (ʅʦʚʳʡ ʨʘʡʦʥ, ʜʘʣʴʥʝʝ 

ɺʝʨʭʥʝʝ ʦʟʝʨʦ). ɺ ʧʨʝʜʝʣʘʭ ʟʦʥ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʨʘʜʦʥʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫ ʧʦʣʘ (ʛʜʝ ʣʝʪʦʤ ʠʜʝʪ ʥʠʞʥʠʡ çʧʝʱʝʨʥʳʡè ʚʦʟʜʫʭ), ʧʦʥʠʞʝʥʠʝ ï ʚ 

ʧʦʣʦʩʪʷʭ, ʛʜʝ ʚʦʟʤʦʞʝʥ ʧʨʠʪʦʢ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʚʦʟʜʫʭʘ ʧʦ ʪʨʝʱʠʥʘʤ. 

ʆʨʛʘʥʠʟʘʮʠʷ ʵʢʩʢʫʨʩʠʦʥʥʦʛʦ ʤʘʨʰʨʫʪʘ ʚ ʙʣʠʞʥʝʡ ʯʘʩʪʠ ʧʝʱʝʨʳ ʪʨʝʙʫʝʪ 

ʦʮʝʥʢʠ ʩʫʤʤʘʨʥʦʡ ʜʦʟʳ, ʢʦʪʦʨʫʶ ʧʦʣʫʯʘʪ ʵʢʩʢʫʨʩʦʚʦʜʳ ʧʨʠ ʨʘʙʦʪʝ ʚ 

ʧʝʱʝʨʝ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʜʦʟ ʩʦʩʪʘʚʠʣʠ 3,6 ʤʢɿʚ/ʜʝʥʴ ʟʘ 

ʦʜʥʫ ʵʢʩʢʫʨʩʠʶ ʠ 1,3 ʤɿʚ/ʛʦʜ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʝʞʝʜʥʝʚʥʦ ʧʦ ʦʜʥʦʡ 

ʵʢʩʢʫʨʩʠʠ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʨʰʨʫʪ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʧʘʩʥʦʩʪʠ, 

ʧʦʩʢʦʣʴʢʫ ʵʬʬʝʢʪʠʚʥʳʝ ʜʦʟʘ ʧʦʩʝʪʠʪʝʣʝʡ ʧʝʱʝʨʳ, ʥʝ ʧʨʝʚʳʩʷʪ 5 ʤʢɿʚ ʟʘ 

ʧʦʩʝʱʝʥʠʝ, ʘ ʛʦʜʦʚʘʷ ʜʦʟ ʜʣʷ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʵʢʩʢʫʨʩʠʠ ʧʝʨʩʦʥʘʣʘ ï 

1,5 ʤɿʚ/ʛʦʜ. ʇʨʦʚʝʜʝʥʠʝ ʩʦʚʤʝʩʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʦʙʲʝʤʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʘʜʦʥʘ ʠ ʘʵʨʦʟʦʣʝʡ ɼʇʈ ʚ ʚʦʟʜʫʭʝ ʧʝʱʝʨʳ ʧʦʟʚʦʣʠʪ 

ʩʜʝʣʘʪʴ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʟʘʢʣʶʯʝʥʠʝ ʦ ʩʪʝʧʝʥʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦ 

ʤʘʨʰʨʫʪʘ ʵʢʩʢʫʨʩʠʡ ʜʣʷ ʧʦʩʝʪʠʪʝʣʝʡ ʠ ʧʝʨʩʦʥʘʣʘ. 
ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʢʦʤʧʣʝʢʩ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ 

ʧʝʱʝʨʳ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʢʫʣʴʪʫʨ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ 

ʧʦʚʳʰʝʥʥʦʝ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʥʘ ʪʨʦʧʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʜʢʦ ʧʦʩʝʱʘʝʤʳʤʠ 

ʫʯʘʩʪʢʘʤʠ. 

 

 
 

ʈʠʩ. 3. ʉʦʜʝʨʞʘʥʠʝ ʨʘʜʦʥʘ ʚ ʚʦʟʜʫʭʝ ʂʘʧʦʚʦʡ ʧʝʱʝʨʳ, ɹʂ/ʤ ʚ ʤʘʨʪʝ (ɸ) ʠ 

ʚ ʠʶʣʝ (ɹ) 1995 ʛ. 
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ɺ ʮʝʣʦʤ ʚʦʟʜʝʡʩʪʚʠʝ ʘʣʣʦʭʪʦʥʥʦʡ ʤʠʢʨʦʬʘʫʥʳ ʧʦʢʘ ʥʝʚʝʣʠʢʦ, ʪ. ʢ. 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝ ʧʨʠʩʧʦʩʦʙʣʝʥʳ ʢ 

ʫʩʣʦʚʠʷʤ ʧʝʱʝʨʳ. ɹʝʩʧʦʢʦʡʩʪʚʦ ʚʳʟʳʚʘʝʪ ʙʫʨʥʦʝ ʨʘʟʤʥʦʞʝʥʠʝ ʧʣʝʩʥʝʚʳʭ 

ʛʨʠʙʢʦʚ. ɺ ʧʦʜʟʝʤʥʦʤ ʐʫʣʴʛʘʥʝ ʚ ʟʘʣʝ ɹʝʟʜʥʳ ʦʙʥʘʨʫʞʝʥʘ ʨʳʙʘ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʜʢʫʶ ʠ ʠʥʪʝʨʝʩʥʫʶ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʧʣʘʥʝ ʥʘʭʦʜʢʫ. 
ʈʘʟʣʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɻʣʠʥʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ, ʨʘʟʚʠʪʳʝ ʚ ʨʘʟʥʳʭ 

ʯʘʩʪʷʭ ʧʝʱʝʨʳ, ʠʤʝʶʪ ʚ ʦʩʥʦʚʥʦʤ ʭʣʦʨʠʪ-ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ-ʠʣʣʠʪʦʚʳʡ 

ʩʦʩʪʘʚ. ɺ ʣʘʙʦʨʘʪʦʨʠʠ ɺʉɽɻɽʀ ʠʟʫʯʝʥʳ ʩʪʨʫʢʪʫʨʳ ʧʘʣʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʦʙʨʘʟʮʦʚ ʛʣʠʥ, ʚʳʷʚʣʝʥʳ ʝʛʦ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʷ ʵʢʩʢʫʨʩʦʚ ʄʦʥʦ, 

ʂʘʨʛʦʧʦʣʦʚʦ ʠ ɻʦʪʝʥʙʫʨʛ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʳ ʮʠʢʣʳ ʧʘʣʝʦʚʝʢʦʚʳʭ 

ʚʘʨʠʘʮʠʡ. 
ɺʳʷʚʣʝʥʳ ʪʘʢʞʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʣʝʜʷʥʳʭ ʥʘʪʝʯʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʫʜʠʪʴ ʦ ʩʚʷʟʠ ʤʝʣʢʠʭ ʱʝʣʝʚʳʭ ʛʨʦʪʦʚ ʩ 

ʢʨʫʧʥʳʤʠ ʧʦʣʦʩʪʷʤʠ ʚ ʥʝʜʨʘʭ ʤʘʩʩʠʚʘ ʠ ʚʳʷʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʟʣʠʯʥʳʭ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘʪʝʢʦʚ ʦʪ ʠʟʤʝʥʝʥʠʡ ʤʠʢʨʦʢʣʠʤʘʪʘ. ɺ 90-

ʝ ʛʛ. ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʣʴʜʘ ʚ ʧʦʥʦʨʘʭ ʠ ʠʥʬʣʶʘʮʠʦʥʥʳʭ ʢʘʥʘʣʘʭ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʨʦʤʝʨʟʘʥʠʶ ʤʘʩʩʠʚʘ. 
ʆʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʧʘʣʝʦʣʠʪʠʯʝʩʢʦʡ ʞʠʚʦʧʠʩʠ. ɺʧʝʨʚʳʝ ʟʘ ʧʦʩʣʝʜʥʠʝ 

20 ʣʝʪ ʚʳʧʦʣʥʝʥʘ ʵʢʩʧʝʨʪʥʘʷ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʧʝʱʝʨʥʦʡ ʞʠʚʦʧʠʩʠ. 

ʄʦʩʢʦʚʩʢʠʝ ʨʝʩʪʘʚʨʘʪʦʨʳ ʠʟ ʤʘʩʪʝʨʩʢʦʡ ɻʨʘʙʘʨʷ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʆ. ʅ. ɹʘʜʝʨʘ ʚ 70-ʭ ʛʛ. ʧʨʦʚʝʣʠ ʦʯʠʩʪʢʫ ʧʘʣʝʦʣʠʪʠʯʝʩʢʠʭ ʨʠʩʫʥʢʦʚ ʦʪ ʛʨʷʟʠ, 

ʢʦʧʦʪʠ ʠ ʥʘʜʧʠʩʝʡ ʪʫʨʠʩʪʦʚ. ʅʘ ʶʞʥʦʡ ʩʪʝʥʝ ʟʘʣʘ ʍʘʦʩ, ʩʥʷʚ ʩʣʦʡ ʥʘʪʝʢʘ 

ʤʦʱʥʦʩʪʴʶ 4ï5 ʩʤ, ʦʥʠ ʦʙʥʘʨʫʞʠʣʠ ʧʦʜ ʥʠʤ ʢʦʤʧʦʟʠʮʠʶ çʣʦʰʘʜʢʠè. 

ɺʥʝʰʥʷʷ ʯʘʩʪʴ ʨʠʩʫʥʢʘ ʠʤʝʣʘ ʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʥʘ ʛʣʫʙʠʥʝ 2ï3 ʩʤ ʝʝ 

ʩʤʝʥʠʣ ʧʣʦʪʥʳʡ ʩʘʭʘʨʦʚʠʜʥʳʡ ʩʣʦʡ ʩʪʘʣʘʛʤʠʪʦʚʦʡ ʢʦʨʳ. ʇʨʠʣʝʞʘʱʠʡ ʢ 

ʨʠʩʫʥʢʘʤ ʩʣʦʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥ, ʥʦ ʠʤʝʣ ʨʝʣʠʢʪʳ ʩʣʦʠʩʪʦʩʪʠ ʠ 

ʰʝʩʪʦʚʘʪʦʛʦ ʩʪʨʦʝʥʠʷ. ʇʨʠ ʨʘʩʯʠʩʪʢʝ ʢʦʤʧʦʟʠʮʠʠ ʦʥ ʯʘʩʪʠʯʥʦ ʙʳʣ ʩʦʭʨʘʥʝʥ 

ʜʣʷ ʟʘʱʠʪʳ ʢʨʘʩʦʯʥʦʛʦ ʩʣʦʷ. ʂʦʤʧʦʟʠʮʠʷ ʧʨʝʢʨʘʩʥʦ ʩʦʭʨʘʥʠʣʘʩʴ: ʦʥʘ ʙʳʣʘ 

ʯʝʪʢʘʷ, ʷʨʢʘʷ, ʢʨʦʤʝ ʢʨʘʩʥʦʡ ʦʭʨʳ ʚ ʦʙʚʦʜʢʝ ʚʥʝʰʥʠʭ ʣʠʥʠʡ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ 

ʙʫʨʳʝ ʠ ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʝ ʪʦʥʘ ʢʨʘʩʠʪʝʣʷ. ʕʪʠ ʩʪʠʣʠʟʦʚʘʥʥʳʝ ʣʦʰʘʜʢʠ 

ʙʳʣʠ ʩʘʤʳʤʠ ʭʦʨʦʰʦ ʩʦʭʨʘʥʠʚʰʠʤʠʩʷ, ʠʥʪʝʨʝʩʥʳʤʠ ʠ ʮʝʥʥʳʤʠ ʨʠʩʫʥʢʘʤʠ. 
ʈʠʩʫʥʢʠ ʠ ʟʥʘʢʠ ʟʘʣʦʚ ʂʫʧʦʣʴʥʳʡ ʠ ɿʥʘʢʦʚ ʪʘʢʞʝ ʩʠʣʴʥʦ ʧʦʩʪʨʘʜʘʣʠ. 

ʏʘʩʪʴ ʠʭ ʧʦʣʥʦʩʪʴʶ ʫʪʨʘʪʠʣʘ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʦʙʣʠʢ ï ʦʪ ʥʠʭ ʦʩʪʘʣʠʩʴ 

ʪʦʣʴʢʦ ʥʝʷʩʥʳʝ ʨʘʟʤʳʪʳʝ ʧʷʪʥʘ ʩ ʯʘʩʪʠʯʥʦ ʦʩʳʧʘʚʰʠʤʩʷ ʩʣʦʝʤ ʢʨʘʩʠʪʝʣʷ 

(ʪʘʢʦʚʦ, ʥʘʧʨʠʤʝʨ, ʧʷʪʥʦ ʚ ʟʘʣʝ ʂʫʧʦʣʴʥʳʡ ʩ ʧʨʦʮʘʨʘʧʘʥʥʦʡ ʥʘʜʧʠʩʴʶ 

çʂʫʤʝʨʪʘʫè). ʄʦʱʥʳʤ ʨʘʟʨʫʰʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʚ ʵʪʦʤ ʟʘʣʝ ʷʚʣʷʝʪʩʷ 

ʤʦʨʦʟʥʦʝ ʚʳʚʝʪʨʠʚʘʥʠʝ, ʪʘʢ ʢʘʢ ʚ ʙʦʣʴʰʠʝ ʤʦʨʦʟʳ ʟʜʝʩʴ ʥʘʙʣʶʜʘʶʪʩʷ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ. 
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ɺ ʟʘʣʝ ɿʥʘʢʦʚ ʩʦʩʪʦʷʥʠʝ ʨʠʩʫʥʢʦʚ ʟʘʧʘʜʥʦʡ ʩʪʝʥʳ ʯʫʪʴ ʣʫʯʰʝ, ʪʘʢ ʢʘʢ 

ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʨʘʟʨʫʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʨʨʦʟʠʷ ʨʠʩʫʥʢʦʚ ʧʣʝʥʦʯʥʦʡ ʠ 

ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʡ ʚʣʘʛʦʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʨʘʩʦʯʥʳʡ ʩʣʦʡ ʰʝʣʫʰʠʪʩʷ ʠ 

ʦʪʩʣʘʠʚʘʝʪʩʷ, ʧʦʵʪʦʤʫ ʥʝʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ ʞʠʚʦʪʥʳʝ ʙʳʣʠ 

ʠʟʦʙʨʘʞʝʥʳ; ʊʘʢ ʢʘʢ çʟʥʘʢʠè ʩʦʭʨʘʥʠʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʝ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʥʠ ʤʦʣʦʞʝ ʨʠʩʫʥʢʦʚ. 
ʉʦʩʪʦʷʥʠʝ ʨʠʩʫʥʢʦʚ ʚʪʦʨʦʛʦ ʵʪʘʞʘ ʥʘʤʥʦʛʦ ʣʫʯʰʝ, ʥʦ ʠ ʦʥʦ ʚʥʫʰʘʝʪ 

ʦʧʘʩʝʥʠʷ. ʃʝʪʦʤ 1995 ʛ. ʧʨʠ ʞʘʨʢʦʡ ʠ ʩʫʭʦʡ ʧʦʛʦʜʝ ʨʠʩʫʥʢʠ ʢʦʤʧʦʟʠʮʠʠ 

çʃʦʰʘʜʢʠè ʚ ʟʘʣʝ ʍʘʦʩʘ ʧʦʜʚʝʨʛʘʣʠʩʴ ʫʚʣʘʞʥʝʥʠʶ ʠʥʬʣʶʘʮʠʦʥʥʳʤʠ ʠ 

ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʤʠ ʚʦʜʘʤʠ ʠʟ ʢʘʥʴʦʥʘ ʨ. ʐʫʣʴʛʘʥ. ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ 

ʥʘʙʣʶʜʘʣʘʩʴ ʥʘ ʚʦʩʪʦʯʥʦʡ ʩʪʝʥʝ ʟʘʣʘ ʍʘʦʩʘ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʦ 

çʘʥʪʨʦʧʦʤʦʨʬʥʦʝè ʠʟʦʙʨʘʞʝʥʠʝ. ʅʝʤʥʦʛʠʤ ʣʫʯʰʝ ʙʳʣʦ ʩʦʩʪʦʷʥʠʝ ʨʠʩʫʥʢʦʚ 

ʚ ʟʘʣʝ ɿʥʘʢʦʚ, ʩʪʝʥʳ ʢʦʪʦʨʦʛʦ ʢ ʩʝʨʝʜʠʥʝ ʣʝʪʘ ʧʦʯʪʠ ʚʳʩʦʭʣʠ. ʂʦʤʧʦʟʠʮʠʠ ʚ 

ʟʘʣʝ ʈʠʩʫʥʢʦʚ ʥʘ ʚʪʦʨʦʤ ʵʪʘʞʝ ʧʝʱʝʨʳ ʚʳʛʣʷʜʝʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʝ. ʉʪʝʥʳ 

ʙʳʣʠ ʩʦʚʝʨʰʝʥʥʦ ʩʫʭʠʤʠ, ʟʦʥʳ ʢʦʥʜʝʥʩʘʮʠʠ ʥʝ ʟʘʪʨʘʛʠʚʘʣʠ ʨʠʩʫʥʢʠ. ʆʜʥʘʢʦ 

20 ʠʶʥʷ ʠ ʥʘ ʟʘʧʘʜʥʦʡ ʩʪʝʥʝ ʧʦʷʚʠʣʠʩʴ ʦʪʜʝʣʴʥʳʝ ʩʪʨʫʡʢʠ ʚʦʜʳ, ʢʦʪʦʨʳʝ 

ʧʝʨʝʩʝʢʣʠ ʨʠʩʫʥʦʢ çɹʳʢè, ʘ ʟʘʪʝʤ ʩʣʠʣʠʩʴ, ʦʙʨʘʟʦʚʘʚ ʟʦʥʫ ʫʚʣʘʞʥʝʥʠʷ. 21 

ʠʶʥʷ ʦʥʘ ʧʦʛʣʦʪʠʣʘ çʂʨʘʩʥʦʛʦ ʤʘʤʦʥʪʘè, ʟʘʪʝʤ ʚʩʝʛʦ çʄʘʤʦʥʪʝʥʢʘè, ʘ 22 

ʠʶʥʷ ï ʚʩʶ ʧʝʨʝʜʥʶʶ ʯʘʩʪʴ çʄʘʤʦʥʪʠʭʠè. 23 ʠʶʥʷ ʥʘʯʘʣʦʩʴ ʫʚʣʘʞʥʝʥʠʝ 

ʚʦʩʪʦʯʥʦʡ ʩʪʝʥʳ (ʨʠʩʫʥʦʢ çʅʦʩʦʨʦʛè). 28 ʠʶʥʷ ʚʦʜʘ ʨʘʩʧʨʦʩʪʨʘʥʠʣʘʩʴ ʥʘ 

ʟʘʜʥʶʶ ʯʘʩʪʴ çʄʘʤʦʥʪʠʭʠè, ʥʘ çʃʦʰʘʜʴè ʠ ʧʦʜʦʰʣʘ ʢ çʊʨʘʧʝʮʠʠè. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʫʩʣʦʚʠʷʭ ʞʘʨʢʦʛʦ ʠ ʩʫʭʦʛʦ ʣʝʪʘ ʚ ʧʝʱʝʨʝ ʫʩʠʣʠʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʦʥʜʝʥʩʘʪʘ ʠ I ʥʘʯʘʣʦʩʴ ʩʠʣʴʥʦʝ ʫʚʣʘʞʥʝʥʠʝ ʩʪʝʥ ʟʘʣʘ ʈʠʩʫʥʢʦʚ, ʚʝʩʴʤʘ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʝ ʜʣʷ ʠʭ ʩʦʭʨʘʥʥʦʩʪʠ. 

ʈʘʟʨʫʰʝʥʠʶ ʨʠʩʫʥʢʦʚ ʧʦʩʣʝ ʨʘʩʯʠʩʪʢʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʪʦ, ʯʪʦ ʥʘʪʝʯʥʘʷ 

ʢʦʨʘ ʙʳʣʘ ʨʘʩʯʣʝʥʝʥʘ ʫʛʣʫʙʣʝʥʠʷʤʠ, ʩʜʝʣʘʥʥʳʤʠ ʧʦ ʣʠʥʠʷʤ ʨʠʩʫʥʢʦʚ. ʕʪʦ 

ʧʨʠʚʝʣʦ ʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʣʘʛʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʝʝ ʩʪʨʫʝʢ ʠʤʝʥʥʦ ʥʘ 

ʫʯʘʩʪʢʘʭ ʩ ʢʨʘʩʦʯʥʳʤ ʩʣʦʝʤ. ɺ ʧʘʚʦʜʦʢ ʪʦʥʢʠʡ ʟʘʱʠʪʥʳʡ ʩʣʦʡ ʢʘʣʴʮʠʪʘ 

ʨʘʟʨʫʰʘʝʪʩʷ, ʘ ʚʳʩʪʫʧʘʶʱʠʝ ʢʨʘʷ ʩʤʝʞʥʳʭ ʫʯʘʩʪʢʦʚ ʢʘʣʴʮʠʪʦʚʳʭ ʢʦʨ 

ʦʪʩʣʘʠʚʘʶʪʩʷ ʦʪ ʩʪʝʥʳ. ʅʘ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʟʘʱʠʪʥʳʡ ʩʣʦʡ ʨʘʟʨʫʰʝʥ 

ʧʦʣʥʦʩʪʴʶ, ʢʦʨʨʦʜʠʨʫʝʪʩʷ; ʢʨʘʩʠʪʝʣʴ, ʦʪʩʣʘʠʚʘʝʪʩʷ ʢʨʘʩʦʯʥʳʡ ʩʣʦʡ, 

ʨʘʟʤʳʚʘʝʪʩʷ ʩʫʙʩʪʨʘʪ. ɺ ʤʝʞʝʥʴ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʦʝ ʟʘʨʘʩʪʘʥʠʝ ʨʠʩʫʥʢʦʚ 

ʙʝʣʳʤʠ ʢʘʣʴʮʠʪʦʚʳʤʠ ʥʘʪʝʢʘʤʠ. ʉʝʡʯʘʩ ʫʞʝ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʢʦʤʧʦʟʠʮʠʠ 

ʟʘʢʨʳʪʦ ʠʤʠ, ʘ ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʨʠʩʫʥʢʘ ʩ ʪʨʫʜʦʤ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ. 

ɸʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʨʠʩʫʥʢʦʚ ʧʦ ʚʩʝʡ ʧʝʱʝʨʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʥʘ ʥʠʭ 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ: ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʠ 

ʠʥʬʣʶʘʮʠʦʥʥʳʝ, ʢʦʥʜʝʥʩʘʮʠʦʥʥʳʝ ʚʦʜʳ ʠ ʘʵʨʦʟʦʣʴʥʘʷ ʚʣʘʛʘ; ʤʦʨʦʟʥʦʝ 

ʚʳʚʝʪʨʠʚʘʥʠʝ; ʦʙʨʘʟʦʚʘʥʠʝ ʧʣʝʥʦʯʥʳʭ ʥʘʪʝʢʦʚ ʢʘʣʴʮʠʪʘ; ʜʠʬʬʫʟʠʦʥʥʦʝ 

ʨʘʩʩʝʠʚʘʥʠʝ ʢʨʘʩʠʪʝʣʷ ʚ ʠʟʚʝʩʪʥʷʢʝ ʩʫʙʩʪʨʘʪʘ ʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʭ ʥʘʪʝʢʘʭ; 

ʢʦʨʨʦʟʠʷ ʨʠʩʫʥʢʦʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ; ʤʝʭʘʥʠʯʝʩʢʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʠ 

ʟʘʛʨʷʟʥʝʥʠʝ ʨʠʩʫʥʢʦʚ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʫʪʨʘʪʝ ʨʠʩʫʥʢʦʚ ʚ 

ʙʣʠʞʘʡʰʠʝ 10ï15 ʣʝʪ. 
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ʇʦʚʪʦʨʥʘʷ ʨʘʩʯʠʩʪʢʘ ʨʠʩʫʥʢʦʚ ʦʪ ʥʘʪʝʢʦʚ ʥʝʞʝʣʘʪʝʣʴʥʘ: ʚʦʧʨʝʢʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʤʫ ʤʥʝʥʠʶ, ʢʘʣʴʮʠʪʦʚʳʝ ʥʘʪʝʢʠ ʥʝʣʴʟʷ ʩʥʠʤʘʪʴ ʩ 

ʢʨʘʩʦʯʥʦʛʦ ʩʣʦʷ ʤʥʦʛʦʢʨʘʪʥʦ. ʇʨʠ ʢʘʞʜʦʡ ʨʘʩʯʠʩʪʢʝ ʯʘʩʪʴ ʢʨʘʩʠʪʝʣʷ 

ʜʠʬʬʫʥʜʠʨʫʝʪ ʚ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʝ ʥʘʪʝʢʠ ʠʣʠ ʚʳʥʦʩʠʪʩʷ ʬʠʣʴʪʨʫʶʱʝʡʩʷ 

ʯʝʨʝʟ ʢʦʨʳ ʚʣʘʛʦʡ. ʇʦʵʪʦʤʫ ʧʝʨʚʦʦʯʝʨʝʜʥʳʤ ʤʝʨʦʧʨʠʷʪʠʝʤ ʧʦ ʩʧʘʩʝʥʠʶ 

ʧʝɦʝʨʥʦʡ ʞʠʚʦʧʠʩʠ ʜʦʣʞʝʥ ʩʪʘʪʴ ʦʪʚʦʜ ʚʦʜʳ, ʧʦʩʪʫʧʘʶʱʝʡ ʚ ʟʘʣ ʍʘʦʩʘ ʠʟ 

ʢʘʥʴʦʥʘ ʐʫʣʴʛʘʥʘ, ʯʪʦ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʯʠʥʘʪʴ ʨʘʙʦʪʳ ʧʦ ʠʭ 

ʟʘʢʨʝʧʣʝʥʠʶ ʠ ʨʝʩʪʘʚʨʘʮʠʠ. 
ʇʫʪʠ ʨʝʩʪʘʚʨʘʮʠʠ ʠ ʟʘʢʨʝʧʣʝʥʠʷ ʨʠʩʫʥʢʦʚ. ʉ ʫʯʘʩʪʠʝʤ ʚʝʜʫʱʠʭ 

ʨʝʩʪʘʚʨʘʪʦʨʦʚ-ʪʝʦʨʝʪʠʢʦʚ ʈʦʩʩʠʠ ʥʘʤʝʯʝʥʳ ʤʝʨʳ ʧʦ ʩʧʘʩʝʥʠʶ 

ʧʘʣʝʦʣʠʪʠʯʝʩʢʦʡ ʞʠʚʦʧʠʩʠ ʂʘʧʦʚʦʡ ʧʝʱʝʨʳ. ʃʝʪʦʤ 1995 ʛ. ʨʝʩʪʘʚʨʘʪʦʨ 

ʉ. ɹ. ʑʠʛʦʨʝʮ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʟʘʚ. ʣʘʙʦʨʘʪʦʨʠʝʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʕʨʤʠʪʘʞʘ ɽ. ʇ. ʄʝʣʴʥʠʢʦʚʦʡ ʚʳʧʦʣʥʠʣ ʥʘʪʫʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ 

ʟʘʢʨʝʧʣʝʥʠʶ ʨʠʩʫʥʢʦʚ. ʇʦ ʨʝʰʝʥʠʶ ʋʯʝʥʦʛʦ ʉʦʚʝʪʘ ʟʘʧʦʚʝʜʥʠʢʘ ʜʣʷ ʥʝʛʦ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʫʯʘʩʪʢʠ ʩʪʝʥʳ ʚʙʣʠʟʠ ʢʦʤʧʦʟʠʮʠʠ çʃʦʰʘʜʢʠè ʠ ʚ ʥʘʢʣʦʥʥʦʡ 

ʱʝʣʠ ʧʦʜ çʘʥʪʨʦʧʦʤʦʨʬʥʳʤè ʠʟʦʙʨʘʞʝʥʠʝʤ. ʆʥʠ ʙʳʣʠ ʧʦʢʨʳʪʳ 

ʛʠʜʨʦʬʦʙʥʳʤʠ ʢʨʝʤʥʠʡ-ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠ ʧʦʣʠʵʪʠʣʝʥʦʚʳʤ 

ʚʦʩʢʦʤ. ʅʝʩʢʦʣʴʢʦ ʦʙʨʘʙʦʪʘʥʥʳʭ ʛʠʜʨʦʬʦʙʥʳʤ ʩʦʩʪʘʚʦʤ ʦʙʨʘʟʮʦʚ ʦʩʪʘʚʣʝʥʦ 

ʥʘ ʧʦʣʫ ʟʘʣʘ. ʅʘʙʣʶʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʝʣʠʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʪʨʝʭ ʥʝʜʝʣʴ, 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʨʘʙʦʪʘʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʭʨʘʥʷʣʠ ʛʠʜʨʦʬʦʙʥʳʝ ʩʚʦʡʩʪʚʘ: 

ʚʦʜʘ ʩʪʝʢʘʣʘ ʧʦ ʥʠʤ ʤʝʥʷʚʰʠʤʠ ʧʦʣʦʞʝʥʠʝ ʦʪʜʝʣʴʥʳʤʠ ʨʝʜʢʠʤʠ ʩʪʨʫʡʢʘʤʠ; 

ʩʤʘʯʠʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʩʫʪʩʪʚʦʚʘʣʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʚʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʙʥʘʜʝʞʠʚʘʶʱʠʤʠ. ɼʣʷ ʫʩʧʝʰʥʦʛʦ 

ʧʨʦʚʝʜʝʥʠʷ ʟʘʢʨʝʧʣʝʥʠʷ ʨʠʩʫʥʢʦʚ ʠ ʠʭ ʨʝʩʪʘʚʨʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʦʙʦʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʩʤʝʩʝʡ ʠ ʜʦʙʠʪʴʩʷ ʠʭ ʤʘʢʩʠʤʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵ 

ʪʝʨʤʦʚʣʘʞʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ ʢʘʨʩʪʦʚʳʭ ʧʦʣʦʩʪʝʡ. 
ɼʣʷ ʚʳʙʦʨʘ ʤʝʨ ʟʘʱʠʪʳ ʨʠʩʫʥʢʦʚ ʚʘʞʥʦ ʟʥʘʪʴ ʩʦʩʪʘʚ ʠʩʧʦʣʴʟʦʚʘʚʰʠʭʩʷ 

ʢʨʘʩʠʪʝʣʝʡ. ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʈʫʩʩʢʦʛʦ ʤʫʟʝʷ ʙʳʣʠ ʩʜʝʣʘʥʳ ʠʭ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦ ʯʝʰʫʡʢʘʤ, ʥʘʡʜʝʥʥʳʤ ʫ ʨʠʩʫʥʢʦʚ. ʂʨʘʩʢʘ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ 

ʩʣʦʞʥʘʷ, ʩʧʝʮʠʘʣʴʥʦ ʧʨʠʛʦʪʦʚʣʝʥʥʘʷ ʧʫʪʝʤ ʦʙʞʠʛʘ. ʂʨʘʩʥʘʷ ʢʨʘʩʢʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʘʯʝʩʪʚʝʥʥʦʡ ʨʝʘʢʮʠʠ ʥʘ çʩʠʝʥʫè, ʘ ʯʝʨʥʘʷ (ʚʦʟʤʦʞʥʦ, 

ʧʨʦʜʫʢʪ ʨʘʟʣʦʞʝʥʠʷ ʧʝʨʚʠʯʥʦʡ ʢʨʘʩʢʠ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ çʤʘʨʩè. ʕʢʩʧʝʨʪʳ 

ʩʯʠʪʘʶʪ, ʯʪʦ ʵʪʠ ʢʨʘʩʢʠ ʜʨʝʚʥʠʝ ʠ ʪʠʧʠʯʥʳ ʜʣʷ ʧʘʣʝʦʣʠʪʠʯʝʩʢʦʡ ʞʠʚʦʧʠʩʠ. 
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ɺ ʣʘʙʦʨʘʪʦʨʠʠ ɺʉɽɻɽʀ ɺ. ɸ. ʐʠʣʦʚʳʤ ʙʳʣ ʧʨʦʚʝʜʝʥ ʣʘʟʝʨʥʦ-ʩʧʝʢʪʨʘʣʴʥʳʡ 

ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʢʨʘʩʢʠ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʡ ʝʝ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʠʟ ʙʫʨʳʭ 

ʞʝʣʝʟʥʷʢʦʚ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʧʝʨʚʳʝ ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʨʠʩʫʥʢʦʚ ʂʘʧʦʚʦʡ ʧʝʱʝʨʳ 

ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʜʦʢʘʟʳʚʘʶʱʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ 

ʟʘʢʨʝʧʣʝʥʠʷ ʞʠʚʦʧʠʩʠ ʠ ʩʦʭʨʘʥʝʥʠʷ ʝʝ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 
ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʤʠʨʦʚʦʡ ʦʧʳʪ, ʤʘʩʩʦʚʦʝ ʧʦʩʝʱʝʥʠʝ ʧʝʱʝʨ, ʠʤʝʶʱʠʭ 

ʧʘʣʝʦʣʠʪʠʯʝʩʢʫʶ ʞʠʚʦʧʠʩʴ, ʧʨʠʥʦʩʠʪ ʝʡ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʨʝʜ, ʩʦʟʜʘʚʘʷ 

ʦʧʘʩʥʦʩʪʴ ʫʥʠʯʪʦʞʝʥʠʷ. ʅʘ ɿʘʧʘʜʝ ʩʝʡʯʘʩ ʪʘʢʠʝ ʧʝʱʝʨʳ ʧʦʩʝʱʘʶʪʩʷ ʢʨʘʡʥʝ 

ʨʝʜʢʦ, ʚ ʦʩʥʦʚʥʦʤ ʨʝʩʪʘʚʨʘʪʦʨʘʤʠ, ʘʨʭʝʦʣʦʛʘʤʠ, ʠʩʢʫʩʩʪʚʦʚʝʜʘʤʠ. ʈʠʩʫʥʢʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʰʠʨʦʢʦʡ ʧʫʙʣʠʢʝ ʚ ʚʠʜʝ ʢʦʧʠʡ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʤʫʟʝʷʭ. 

ʀʥʦʛʜʘ ʜʘʞʝ ʩʦʟʜʘʶʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʜʫʙʣʠʢʘʪʳ ʧʝʱʝʨ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʤʘʩʩʦʚʳʭ ʵʢʩʢʫʨʩʠʡ, ʥʘʧʨʠʤʝʨ, ʢʦʧʠʷ ʧʝʱʝʨʳ ʃʷʩʢʦ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʚ 

ʧʨʠʛʦʨʦʜʝ ʇʘʨʠʞʘ. 
ɺ ʮʝʣʦʤ ʥʘ ʨʠʩʫʥʢʠ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ: 

ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʠ ʠʥʬʣʶʘʮʠʦʥʥʳʝ ʚʦʜʳ, ʢʦʥʜʝʥʩʘʮʠʦʥʥʘʷ ʢʘʧʝʣʴ, 

ʘʵʨʦʟʦʣʴʥʘʷ ʚʣʘʛʘ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʢʦʨʨʦʟʠʦʥʥʦʝ ʠ ʵʨʦʟʠʦʥʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ; ʤʦʨʦʟʥʦʝ ʚʳʚʝʪʨʠʚʘʥʠʝ; ʦʙʨʘʟʦʚʘʥʠʝ ʧʣʝʥʦʯʥʳʭ ʥʘʪʝʢʦʚ 

ʢʘʣʴʮʠʪʘ; ʜʠʬʬʫʟʠʦʥʥʦʝ ʨʘʩʩʝʠʚʘʥʠʝ ʢʨʘʩʠʪʝʣʷ ʚ ʠʟʚʝʩʪʥʷʢʝ ʩʫʙʩʪʨʘʪʘ ʠ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʭ ʥʘʪʝʢʘʭ; ʢʦʨʨʦʟʠʷ ʨʠʩʫʥʢʦʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ; 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʨʠʩʫʥʢʦʚ; ʟʘʛʨʷʟʥʝʥʠʝ ʠ ʪ. ʜ. 

ʈʝʞʠʤ ʧʦʩʝʱʝʥʠʷ ʧʝʱʝʨʳ ʐʫʣʴʛʘʥ-ʊʘʰ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʭʨʘʥʝʥʠʷ 

ʞʠʚʦʧʠʩʠ ʪʨʝʙʫʝʪ ʟʘʢʨʳʪʠʷ ʧʝʱʝʨʳ ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʧʦʩʝʱʝʥʠʷ. ʆʜʥʘʢʦ, 

ʩʣʠʰʢʦʤ ʚʝʣʠʢ ʠʥʪʝʨʝʩ ʢ ʧʝʱʝʨʝ, ʦʩʦʙʝʥʥʦ ʤʝʩʪʥʳʭ ʞʠʪʝʣʝʡ ʠ ʪʫʨʠʩʪʦʚ ʠʟ 

ʜʨʫʛʠʭ ʨʘʡʦʥʦʚ ɹʘʰʢʠʨʠʠ, ʩʯʠʪʘʶʱʠʭ ʝʝ ʩʚʦʝʡ ʥʘʮʠʦʥʘʣʴʥʦʡ ʛʦʨʜʦʩʪʴʶ. ʇʦ 

ʨ. ɹʝʣʦʡ ʧʨʦʭʦʜʠʪ ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʚʦʜʥʳʡ ʪʫʨʠʩʪʩʢʠʡ ʤʘʨʰʨʫʪ, ʠ ʤʥʦʛʠʝ 

ʩʧʝʮʠʘʣʴʥʦ ʝʜʫʪ ʧʦʩʤʦʪʨʝʪʴ ʧʝʱʝʨʫ. 
ʇʘʣʝʦʣʠʪʠʯʝʩʢʘʷ ʞʠʚʦʧʠʩʴ ʧʝʱʝʨʳ ʐʫʣʴʛʘʥ-ʊʘʰ ʠʤʝʝʪ ʤʠʨʦʚʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʠʩʪʦʨʠʠ ʢʫʣʴʪʫʨʳ ʠ ʠʩʢʫʩʩʪʚʘ. ʇʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʢʦʤʧʨʦʤʠʩʩʥʦʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ. ʄʦʨʬʦʣʦʛʠʷ ʧʝʱʝʨʳ ʠ ʝʝ 

ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʠʪʴ ʞʝʩʪʢʦ 

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʝ ʵʢʩʢʫʨʩʠʦʥʥʦ-ʪʫʨʠʩʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʣʠʞʥʝʡ 

ʯʘʩʪʠ ʧʝʱʝʨʳ ʧʨʠ ʝʝ ʦʙʫʩʪʨʦʡʩʪʚʝ ʠ ʧʨʦʚʝʜʝʥʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʧʝʣʝʦʩʠʩʪʝʤʳ. ʅʝʦʙʭʦʜʠʤʦ 

ʩʢʦʨʝʡʰʝʝ ʦʙʫʩʪʨʦʡʩʪʚʦ ʙʣʠʞʥʝʡ ʯʘʩʪʠ ʧʝʱʝʨʳ, ʪʘʢ ʢʘʢ ʧʨʦʜʦʣʞʝʥʠʝ 

ʵʢʩʢʫʨʩʠʡ ʚʝʜʝʪ ʢ ʫʥʠʯʪʦʞʝʥʠ  ʁʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ, ʚʧʦʣʥʝ 

ʚʦʟʤʦʞʥʦ, ʥʘʭʦʜʠʪʩʷ çʢʫʣʴʪʫʨʥʳʡ ʩʣʦʡè. 
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ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʠʩʭʦʜʠʪ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʣʦʩʪʠ ʧʦ ʚʩʝʤʫ ʤʘʨʰʨʫʪʫ ʠ ʩʦʟʜʘʝʪʩʷ 

ʦʧʘʩʥʦʩʪʴ ʪʨʘʚʤʠʨʦʚʘʥʠʷ ʵʢʩʢʫʨʩʘʥʪʦʚ. 
ʆʙʫʩʪʨʦʡʩʪʚʦ ʧʝʱʝʨʳ ʥʝʦʙʭʦʜʠʤʦ ʥʘʜʦ ʧʨʦʚʦʜʠʪʴ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʘʣʴʥʝʡʰʠʭ ʧʣʘʥʦʚ ʝʝ ʟʘʧʦʚʝʜʘʥʠʷ, ʤʫʟʝʝʬʠʢʘʮʠʠ ʠʣʠ ʧʨʦʚʝʜʝʥʠʷ 

ʪʫʨʠʩʪʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɽʛʦ ʧʨʦʝʢʪ ʨʘʟʨʘʙʦʪʘʥ ʚ 1995 ʛ. ʠ ʧʝʨʝʜʘʥ ʚ 

ʟʘʧʦʚʝʜʥʠʢ ʐʫʣʴʛʘʥ-ʊʘʰ. ʂ ʩʦʞʘʣʝʥʠʶ, ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʝʛʦ 

ʨʝʘʣʠʟʘʮʠʷ ʥʝ ʥʘʯʘʪʘ. 
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MRAMORNAYA  CAVE 

 
The Mramornaya cave on Chatirdag karst massif in Crimea (length of 2,06 km, surface area 

22,000 m2, volume 130,000 m3) was discovered in 1987. The paper discusses data on me morphology, 

deposits, microclimate, radiological features, hydrogeology, and history of formation of the cave. The 
changes in microclimate and microbiologic features related to the tourist activity (e. g., 230,000 visitors 

in 1991) are discussed. The paper suggests measures on cave preservation. 

 
ɺʦ ʚʨʝʤʷ ʠʥʪʝʥʩʠʚʥʳʭ ʩʧʝʣʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʂʨʳʤʘ (1960ï

1965 ʛʛ.) ʂʦʤʧʣʝʢʩʥʦʡ ʢʘʨʩʪʦʚʦʡ ʵʢʩʧʝʜʠʮʠʝʡ ɸʅ ʋʉʉʈ ʠ ʩʧʝʣʝʦʣʦʛʘʤʠ 

ʩʪʨʘʥʳ ʥʘ ʏʘʪʳʨʜʘʛʝ ʙʳʣʦ ʦʪʢʨʳʪʦ ʠ ʠʩʩʣʝʜʦʚʘʥʦ135 ʢʘʨʩʪʦʚʳʭ ʧʦʣʦʩʪʝʡ 

ʩʫʤʤʘʨʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 9,1 ʢʤ ʠ ʦʙʱʝʡ ʛʣʫʙʠʥʦʡ 3,4 ʢʤ. 
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ɺ 1966ï1986 ʛʛ. ʟʜʝʩʴ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʪʦʣʴʢʦ ʥʝʩʢʦʣʴʢʦ ʥʝʙʦʣʴʰʠʭ 

ʧʦʣʦʩʪʝʡ. ʇʦʵʪʦʤʫ ʦʪʢʨʳʪʠʝ ʚ 1987 ʛ. ʫʥʠʢʘʣʴʥʦʡ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʢʨʘʩʦʪʝ 

ʧʝʱʝʨʳ ʄʨʘʤʦʨʥʦʡ (ʧʦʣʝʚʦʝ ʥʘʟʚʘʥʠʝ ɸʬʛʘʥʩʢʘʷ) ʩʪʘʣʦ ʩʝʥʩʘʮʠʝʡ. ʂ 

ʩʯʘʩʪʴʶ, ʚʥʦʚʴ ʦʪʢʨʳʪʫʶ ʧʝʱʝʨʫ ʥʝ ʧʦʩʪʠʛʣʘ ʫʯʘʩʪʴ ʜʨʫʛʠʭ ʧʦʣʦʩʪʝʡ 

ʂʨʳʤʘ: ʝʸ ʩʨʘʟʫ ʚʟʷʣʠ ʧʦʜ ʦʙʱʝʩʪʚʝʥʥʫʶ ʦʭʨʘʥʫ ʩʧʝʣʝʦʣʦʛʠ, ʘ ʟʘʪʝʤ ï 

ʉʠʤʬʝʨʦʧʦʣʴʩʢʠʡ ʮʝʥʪʨ ʩʧʝʣʝʦʪʫʨʠʟʤʘ ʆʥʠʢʩ-ʊʫʨ (ʜʠʨʝʢʪʦʨ ɸ. ʌ. ʂʦʟʣʦʚ). 

ʉʝʡʯʘʩ ʵʪʦ ʣʫʯʰʠʡ ʚ ʋʢʨʘʠʥʝ ʧʝʱʝʨʥʳʡ ʵʢʩʢʫʨʩʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ, ʚ ʮʝʣʦʤ 

ʦʪʚʝʯʘʶʱʠʡ ʪʨʝʙʦʚʘʥʠʷʤ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʉʦʶʟʘ ʉʧʝʣʝʦʣʦʛʦʚ. 
ɺ 1991ï1992 ʛʛ. ʩʦʪʨʫʜʥʠʢʠ ʣʘʙʦʨʘʪʦʨʠʠ ʢʘʨʩʪʘ ʠ ʩʧʝʣʝʦʣʦʛʠʠ 

ʉʠʤʬʝʨʦʧʦʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ɹ. ɸ. ɺʘʭʨʫʰʝʚ, 

ɻ. ʅ. ɸʤʝʣʠʯʝʚ, ɸ. ʅ. ʄʠʭʘʡʣʦʚ, ʩʪʫʜʝʥʪʳ ɽ. ʅ. ʉʝʤʝʥʦʚʘ, ɺ. ɸ. ʄʝʣʴʥʠʢʦʚ, 

ɽ. ʀ. ʂʦʚʝʨʟʥʝʚʘ, ɺ. ɺ. ɼʫʥʢʝʚʠʯ ʠ ʄ. ɸ. ʂʦʟʣʦʚ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʧʨʦʬ. ɺ. ʅ. ɼʫʙʣʷʥʩʢʦʛʦ ʚʳʧʦʣʥʠʣʠ ʢʦʤʧʣʝʢʩʥʳʝ ʢʘʨʩʪʦʣʦʛʦ-

ʩʧʝʣʝʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʄʨʘʤʦʨʥʦʡ ʧʝʱʝʨʳ. 

ʇʦʣʦʞʝʥʠʝ. ɺʭʦʜ ʚ ʄʨʘʤʦʨʥʫʶ ʧʝʱʝʨʫ ʥʘʭʦʜʠʪʩʷ ʥʘ ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʝ 

918 ʤ, ʚ 500 ʤ ʦʪ ʙʨʦʚʢʠ ʥʠʞʥʝʛʦ ʧʣʘʪʦ, ʥʘ ʧʦʣʦʛʦʤ ʛʨʝʙʥʝ ʩʝʚʝʨʥʦʛʦ ʩʢʣʦʥʘ 

ʏʘʪʳʨʜʘʛʘ. ɿʘʣʦʞʝʥʘ ʦʥʘ ʚ ʙʣʦʢʝ ʚʝʨʭʥʝʶʨʩʢʠʭ (ʪʠʪʦʥʩʢʠʭ) ʤʘʩʩʠʚʥʳʭ 

ʪʦʣʩʪʦʩʣʦʠʩʪʳʭ ʠ ʩʨʝʜʥʝ-ʧʣʠʪʦʚʳʭ ʠʟʚʝʩʪʥʷʢʦʚ, ʠʤʝʶʱʠʭ ʦʙʱʝʝ ʧʘʜʝʥʠʝ ʥʘ 

ʟʘʧʘʜ. ʆʥ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʞʜʫ ʏʫʤʥʦʭʩʢʠʤ ʚʟʙʨʦʩʦʤ, ʧʦ ʢʦʪʦʨʦʤʫ 

ʠʟʚʝʩʪʥʷʢʠ ʢʦʥʪʘʢʪʠʨʫʶʪ ʩ ʟʘʣʝʛʘʶʱʠʤʠ ʥʠʞʝ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ, ʠ 

ʧʘʨʘʣʣʝʣʴʥʳʤ ʝʤʫ ʥʘʨʫʰʝʥʠʝʤ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʤ ʟʘʧʘʜʥʳʡ ʙʦʨʪ ʏʘʪʳʨʜʘʛʘ. 

ɺ ʧʨʝʜʝʣʘʭ ʙʣʦʢʘ ʧʦ ʣʠʥʝʘʤʝʥʪʘʤ (ʥʘʧʨʘʚʣʝʥʠʷ ʙʘʣʦʢ, ʛʨʝʙʥʝʡ, ʧʝʨʝʛʠʙʳ ʚ 

ʧʨʦʜʦʣʴʥʦʤ ʧʨʦʬʠʣʝ, ʮʝʧʦʯʢʠ ʚʦʨʦʥʦʢ, ʬʦʪʦʪʝʥʴ) ʠ ʟʦʥʘʤ ʜʨʦʙʣʝʥʠʷ 

ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʩʫʙʰʠʨʦʪʥʳʝ ʠ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʝ ʥʘʨʫʰʝʥʠʷ ʥʝʙʦʣʴʰʦʡ 

ʘʤʧʣʠʪʫʜʳ (0,5ï3,0 ʤ), ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʙʣʦʢʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ. ɺ ʠʭ 

ʧʨʝʜʝʣʘʭ ʫʛʣʳ ʧʘʜʝʥʠʷ ʠʟʚʝʩʪʥʷʢʦʚ ʤʝʥʷʶʪʩʷ ʦʪ 20 ʜʦ 35Á. ɺ ʢʘʞʜʦʤ ʠʟ ʥʠʭ 

ʨʘʟʚʠʪʘ ʩʚʦʷ ʜʦʚʦʣʴʥʦ ʛʫʩʪʘʷ ʩʝʪʴ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʪʨʝʱʠʥ ʩ ʧʨʦʩʪʠʨʘʥʠʷʤʠ 0 

ʠ 180Á. ɿʜʝʩʴ ʧʨʦʷʚʣʷʶʪʩʷ ʠ ʪʨʝʱʠʥʳ ʩʢʘʣʳʚʘʥʠʷ ʩ ʧʨʦʩʪʠʨʘʥʠʷʤʠ 30ï40Á ʠ 

120ï130Á, ʠʤʝʶʱʠʝ ʫʛʣʳ ʧʘʜʝʥʠʷ 60ï70Á. ʀʤʝʥʥʦ ʠʭ ʢʦʤʙʠʥʘʮʠʷ ʩ 

ʪʨʝʱʠʥʘʤʠ ʥʘʧʣʘʩʪʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʝʱʝʨʳ. 

ʅʠʞʥʝʝ ʧʣʘʪʦ ʏʘʪʳʨʜʘʛʘ ï ʩʣʘʙʦ ʥʘʢʣʦʥʝʥʥʘʷ ʥʘ ʩʝʚʝʨ ʚʳʨʦʚʥʝʥʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʨʘʩʯʣʝʥʝʥʥʘʷ ʜʨʝʚʥʠʤʠ ʵʨʦʟʠʦʥʥʳʤʠ ʚʨʝʟʘʤʠ ʛʣʫʙʠʥʦʡ 20ï

40 ʤ, ʨʘʩʧʘʚʰʠʤʠʩʷ ʥʘ ʢʘʨʩʪʦʚʳʝ ʢʦʪʣʦʚʠʥʳ. ɹʦʨʪʘ ʠ ʩʢʣʦʥʳ ʢʦʪʣʦʚʠʥ 

ʧʦʢʨʳʪʳ ʚʦʨʦʥʢʘʤʠ, ʢʦʪʦʨʳʭ ʥʘ ʏʘʪʳʨʜʘʛʝ ʟʘʢʘʨʪʠʨʦʚʘʥʦ 740 [5]. ʀʭ 

ʧʣʦʪʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʣʘʪʦ (60ï90 ʚʦʨʦʥʦʢ ʥʘ 1 ʢʤ
2
), 

ʩʥʠʞʘʷʩʴ ʢ ʩʝʚʝʨʫ. ʅʘ ʩʝʚʝʨʥʦʤ ʩʢʣʦʥʝ ʠʟʚʝʩʪʥʳ ʪʦʣʴʢʦ ʝʜʠʥʠʯʥʳʝ ʚʦʨʦʥʢʠ. 
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ʆʩʥʦʚʥʳʤ ʤʠʢʨʦʵʣʝʤʝʥʪʦʤ ʨʝʣʴʝʬʘ ʷʚʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʝ ʫʩʪʫʧʳ ʚʳʩʦʪʦʡ 

ʜʦ 5 ʤ. ʇʦʜ ʦʜʥʠʤ ʠʟ ʥʠʭ ʚ ʢʫʩʪʘʭ ʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʭʦʜ ʚ ʧʝʱʝʨʫ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʫʟʢʫʶ ʱʝʣʴ, ʥʘ ʛʣʫʙʠʥʝ 3 ʤ ʦʪʢʨʳʚʘʶʱʫʶʩʷ ʚ ʢʫʧʦʣ 

ʦʛʨʦʤʥʦʡ ʛʘʣʝʨʝʠ. 
ʅʘ ʏʘʪʳʨʜʘʛʝ ʠʟʚʝʩʪʥʦ 8 ʢʨʫʧʥʳʭ ʠ 14 ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʘʨʩʪʦʚʳʭ ʧʦʣʦʩʪʝʡ. 

ʄʨʘʤʦʨʥʘʷ ʧʝʱʝʨʘ ʟʘʥʠʤʘʝʪ ʧʝʨʚʦʝ ʤʝʩʪʦ ʧʦ ʧʨʦʪʷʞʝʥʥʦʩʪʠ (2055 ʤ), 

ʧʣʦʱʘʜʠ (22 ʪʳʩ. ʤ
2
) ʠ ʦʙʲʝʤʫ (130 ʪʳʩ. ʤ

3
), ʩʦʩʪʘʚʣʷʷ ʧʦ ʜʚʫʤ ʧʦʩʣʝʜʥʠʤ 

ʧʘʨʘʤʝʪʨʘʤ 60% ʩʫʤʤʘʨʥʦʡ ʧʣʦʱʘʜʠ ʠ 40% ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʚʩʝʭ ʢʘʨʩʪʦʚʳʭ 

ʧʦʣʦʩʪʝʡ ʤʘʩʩʠʚʘ. 

ʄʦʨʬʦʣʦʛʠʷ. ʄʨʘʤʦʨʥʘʷ ʧʝʱʝʨʘ ʩʦʩʪʦʠʪ ʠʭ ʪʨʝʭ ʢʨʫʧʥʳʭ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ: ʧʦʯʪʠ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ɻʣʘʚʥʦʡ ʛʘʣʝʨʝʠ 

(ʧʨʦʪʷʞʝʥʥʦʩʪʴ 725 ʤ), ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʧʣʘʩʪʦʚ 

ʠʟʚʝʩʪʥʷʢʦʚ, ʠʟʚʠʣʠʩʪʦʡ ʅʠʞʥʝʡ ʛʘʣʝʨʝʠ (960 ʤ), ʦʙʨʘʟʫʶʱʝʡ ʨʷʜ ʤʝʘʥʜʨʦʚ 

ʩ ʧʨʦʩʪʠʨʘʥʠʝʤ 90ï260Á, ʠ ʊʠʛʨʦʚʦʛʦ ʭʦʜʘ (390 ʤ), ʷʚʣʷʶʱʝʛʦʩʷ ʢʘʢ ʙʳ 

ʙʦʢʦʚʳʤ ʧʨʠʪʦʢʦʤ ʵʪʠʭ ʛʘʣʝʨʝʡ ʠ ʤʝʥʷʶʱʠʤ ʦʨʠʝʥʪʠʨʦʚʢʫ ʦʪ 15 ʜʦ 200Á 

(ʨʠʩʫʥʦʢ). ɿʘʣʳ ʚ ʧʝʱʝʨʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʧʨʠ ʨʘʩʯʣʝʥʝʥʠʠ ʛʘʣʝʨʝʡ ʥʘʪʝʢʘʤʠ ʠ 

ʛʣʳʙʦʚʳʤʠ ʥʘʚʘʣʘʤʠ. 
ʅʘʠʙʦʣʴʰʠʡ ʦʙʲʝʤ ʠʤʝʝʪ ɻʣʘʚʥʘʷ ʛʘʣʝʨʝʷ. ʅʘʯʠʥʘʷʩʴ ʚ ʦʩʥʦʚʘʥʠʠ 

ʚʭʦʜʥʦʛʦ ʢʦʣʦʜʮʘ (ʩʶʜʘ ʞʝ ʦʪʢʨʳʚʘʶʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʚʭʦʜʳ), ʦʥʘ ʦʙʨʘʟʫʝʪ 

6 ʢʨʫʧʥʳʭ ʟʘʣʦʚ: ʉʢʘʟʦʢ, ʇʝʨʝʩʪʨʦʡʢʠ, ɻʫʨʦʚʳʡ, ʇʣʦʪʠʥʥʳʡ, ɼʚʦʨʮʦʚʳʡ ʠ 

ɻʣʠʥʷʥʳʡ, ʧʝʨʝʧʘʜ ʤʝʞʜʫ ʢʨʘʡʥʠʤʠ ʪʦʯʢʘʤʠ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 60 ʤ. 

ʉʪʝʥʳ ʟʘʣʦʚ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʧʨʦʪʷʞʝʥʠʠ (20ï30 ʤ) ʟʘʣʦʞʝʥʳ ʧʦ 

ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʪʨʝʱʠʥʘʤ, ʠʤʝʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷ, ʙʣʠʟʢʠʝ ʢ ʧʨʦʩʪʠʨʘʥʠʶ 

ʠʟʚʝʩʪʥʷʢʦʚ (350ï10Á), ʥʦ ʙʦʣʝʝ ʢʨʫʪʳʝ ʫʛʣʳ ʧʘʜʝʥʠʷ (50ï70Á). ʕʪʦ 

ʦʧʨʝʜʝʣʷʝʪ ʭʘʨʘʢʪʝʨʥʦʝ ʪʨʝʫʛʦʣʴʥʦʝ ʩʝʯʝʥʠʝ ʟʘʣʦʚ ʩʦ ʩʚʦʜʘʤʠ, ʟʘʣʦʞʝʥʥʳʤʠ 

ʧʦ ʥʘʧʣʘʩʪʦʚʘʥʠʶ ʠ ʦʩʣʦʞʥʝʥʥʳʤʠ ʚʳʚʘʣʘʤʠ ʠʟʚʝʩʪʢʦʚʳʭ ʛʣʳʙ. ɺ ʩʚʦʜʘʭ 

ʤʝʩʪʘʤʠ ʩʦʭʨʘʥʠʣʠʩʴ ʬʨʘʛʤʝʥʪʳ ʜʨʝʚʥʠʭ ʩʠʬʦʥʥʳʭ ʢʘʥʘʣʦʚ, ʘ ʪʘʢʞʝ 

ʬʘʩʝʪʢʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʧʨʦʨʘʙʦʪʢʝ ʠʭ ʚ ʥʘʧʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʉʘʤʳʡ 

ʙʦʣʴʰʦʡ ʟʘʣ ʧʝʱʝʨʳ ʇʝʨʝʩʪʨʦʡʢʠ (ʧʨʦʪʷʞʝʥʥʦʩʪʴ 175 ʤ, ʰʠʨʠʥʘ 15ï28 ʤ, 

ʧʣʦʱʘʜʴ 4 ʪʳʩ. ʤ
2
, ʩʨʝʜʥʷʷ ʚʳʩʦʪʘ 13 ʤ, ʦʙʲʝʤ 38,8 ʪʳʩ. ʤ). ɽʛʦ ʩʚʦʜʳ 

ʧʝʨʝʨʘʙʦʪʘʥʳ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʥʘ ʜʥʝ 

ʦʙʨʘʟʦʚʘʣʩʷ ʛʣʳʙʦʚʳʡ ʥʘʚʘʣ ʤʦʱʥʦʩʪʴʶ ʜʦ 30 ʤ. ɺ ʩʪʝʥʘʭ ʟʘʣʘ ʠʟʚʝʩʪʥʳ 

ʬʨʝʘʪʠʯʝʩʢʠʝ ʢʘʥʘʣʳ ʦʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ ʜʣʠʥʦʡ 30ï40 ʤ. ʇʦʩʣʝ ʟʘʣʘ 

ʇʝʨʝʩʪʨʦʡʢʠ ʚʳʩʦʪʘ ɻʣʘʚʥʦʡ ʛʘʣʝʨʝʠ ʩʥʠʞʘʝʪʩʷ (ɻʫʨʦʚʳʡ ï 12, ʇʣʦʪʠʥʥʳʡ ʠ 

ɼʚʦʨʮʦʚʳʡ ï 9, ɻʣʠʥʷʥʳʡ ï 4 ʤ); ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʦʥʘ ʫʟʢʠʤ ʣʘʟʦʤ ʠ ʢʦʣʦʜʮʝʤ 

ʚ ʛʣʳʙʦʚʦʤ ʥʘʚʘʣʝ. 
ʅʠʞʥʷʷ ʛʘʣʝʨʝʷ ʥʘʯʠʥʘʝʪʩʷ ʠʟ ʦʙʚʘʣʴʥʦʡ ʥʠʰʠ ʚ ʟʘʧʘʜʥʦʡ ʩʪʝʥʝ ʟʘʣʘ 

ʇʝʨʝʩʪʨʦʡʢʠ. ʆʥʘ ʧʦʯʪʠ ʮʝʣʠʢʦʤ ʧʦʢʨʳʪʘ ʥʘʪʝʢʘʤʠ, ʢʦʪʦʨʳʝ ʨʘʟʜʝʣʷʶʪ ʝʸ 

ʥʘ 8 ʟʘʣʦʚ: ʈʦʟʦʚʳʡ, ʅʘʜʝʞʜʳ, ɹʘʣʢʦʥʥʳʡ, ʃʶʩʪʨʦʚʳʡ, ʆʙʚʘʣʴʥʳʡ, 

ʈʫʩʣʦʚʳʡ, ʐʦʢʦʣʘʜʢʘ, ɻʝʣʠʢʪʠʪʦʚʳʡ. 
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ʅʘʠʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ (ʧʨʦʪʷʞʝʥʥʦʩʪʴ 190 ʤ, ʩʨʝʜʥʷʷ ʚʳʩʦʪʘ ʖʤ, 

ʤʘʢʩʠʤʘʣʴʥʘʷ ï 20 ʤ, ʧʣʦʱʘʜʴ 34 ʪʳʩ. ʤ
2
, ʦʙʲʝʤ 25,6 ʪʳʩ. ʤ

3
) ʠʤʝʝʪ 

ɹʘʣʢʦʥʥʳʡ ʟʘʣ. ɺ ʥʝʤ ʩʦʯʝʪʘʶʪʩʷ ʵʣʝʤʝʥʪʳ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʝʷʪʝʣʴʥʦʩʪʴʶ 

ʥʘʧʦʨʥʳʭ ʠ ʩʚʦʙʦʜʥʳʭ ʚʦʜʥʳʭ ʧʦʪʦʢʦʚ, ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʬʦʨʤʳ. 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʟʘʣʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʟʘʣʦʞʝʥʠʝʤ ʪʦ ʧʦ 

ʧʨʦʩʪʠʨʘʥʠʶ (ʟʘʣ ʪʨʝʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʩʦ ʩʚʦʜʦʤ, ʥʘʢʣʦʥʝʥʥʳʤ ʧʦʜ ʫʛʣʦʤ 

ʜʦ 30Á), ʪʦ ʧʦ ʧʘʜʝʥʠʶ (ʟʘʣʳ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʧʦʪʦʣʢʘʤʠ) ʠʣʠ ʥʘʠʩʢʦʩʴ 

(ʟʘʣʳ ʠʤʝʶʪ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʫʛʣʳ ʧʘʜʝʥʠʷ ʩʚʦʜʦʚ). ʅʠʞʥʷʷ ʛʘʣʝʨʝʷ 

ʢʦʥʯʘʝʪʩʷ ʚ 66 ʤ ʥʠʞʝ ʚʭʦʜʘ ʥʝʙʦʣʴʰʦʡ ʢʘʤʝʨʦʡ. ʇʝʱʝʨʘ ʠʤʝʝʪ 

ʧʨʦʜʦʣʞʝʥʠʝ ʚ ʛʝʥʝʨʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ: ʚ 100 ʤ ʢ ʩʝʚʝʨʫ ʦʪ ʦʢʦʥʯʘʥʠʷ 

(90 ʤ ʥʠʞʝ ʚʭʦʜʘ) ʠʤʝʝʪʩʷ ʬʨʘʛʤʝʥʪ ʥʘʧʦʨʥʦʛʦ ʢʘʥʘʣʘ, ʘ ʚ 200 ʤ ï ʥʘ ʩʝʚʝʨ 

(160 ʤ ʥʠʞʝ ʚʭʦʜʘ) ʦʙʥʘʨʫʞʝʥ ʚʳʭʦʜ ʢʦʥʛʣʦʤʝʨʘʪʦʚ, ʧʦʣʥʦʩʪʴʶ 

ʟʘʧʦʣʥʷʶʱʠʭ ʧʝʱʝʨʥʳʡ ʢʘʥʘʣ ʩʝʯʝʥʠʝʤ ʙʦʣʝʝ 5 ʤ. ɺ 1994 ʛ. ʥʝʧʦʜʘʣʝʢʫ ʦʪ 

ʥʝʛʦ ʦʙʥʘʨʫʞʝʥʘ ʥʦʚʘʷ ʧʝʱʝʨʘ ɹʝʣʦʩʥʝʞʢʘ (ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʙʦʣʝʝ 100 ʤ), 
ʥʝʩʦʤʥʝʥʥʦ, ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʩʠʩʪʝʤʝ ʄʨʘʤʦʨʥʦʡ ʧʝʱʝʨʳ. 
ʊʠʛʨʦʚʳʡ ʭʦʜ ʧʦ ʤʦʨʬʦʣʦʛʠʠ ʥʘʧʦʤʠʥʘʝʪ ʥʠʞʥʶʶ ʛʘʣʝʨʝʶ. ɽʛʦ 

ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʩʠʬʦʥʥʦʛʦ ʢʘʥʘʣʘ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 110 ʤ, ʦʙʨʘʟʫʶʱʝʛʦ ʦʙʲʝʤʥʫʶ ʩʧʠʨʘʣʴ. ɺ ʨʷʜʝ ʟʘʣʦʚ 

ʠʤʝʶʪʩʷ ʛʣʳʙʦʚʳʝ ʥʘʚʘʣʳ ʤʦʱʥʦʩʪʴʶ ʜʦ 10 ʤ. ɿʘ ʢʦʥʮʝʚʳʤ ʥʘʚʘʣʦʤ 

ʤʝʪʦʜʦʤ ʙʠʦʣʦʢʘʮʠʠ ʦʙʥʘʨʫʞʝʥ ʠ ʧʨʦʡʜʝʥ ʥʘ 30 ʤ ʭʦʜ, ʧʨʦʜʦʣʞʘʶʱʠʡʩʷ ʚ 

ʩʪʦʨʦʥʫ ʙʘʣʢʠ ʏʫʤʥʦʭ. 

ʄʠʢʨʦʢʣʠʤʘʪ. ʇʝʨʚʳʝ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ 

ʤʘʨʪʝ-ʦʢʪʷʙʨʝ 1990 ʛ. ʋʢʨɻʀʄʈ (ʖ. ʀ. ʐʫʪʦʚ). ʅʘ 16 ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʢʘʭ 

ʧʝʱʝʨʳ ʧʨʦʚʝʜʝʥʦ 6 ʩʝʨʠʡ ʥʘʙʣʶʜʝʥʠʡ, ʢʦʪʦʨʳʝ ʚʳʷʚʠʣʠ ʥʘʣʠʯʠʝ 

ʫʨʘʚʥʠʚʘʶʱʝʡ ʧʨʠʚʭʦʜʦʚʦʡ ʟʦʥʳ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ (Cv=0,20ï0,40) ʠ ʥʝʡʪʨʘʣʴʥʦʡ ï ʚ 

ʦʩʪʘʣʴʥʳʭ ʯʘʩʪʷʭ ʧʝʱʝʨʳ (ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ 8,9Áʉ, ʘʙʩʦʣʶʪʥʘʷ 

ʚʣʘʞʥʦʩʪʴ 8,2 ʤʤ ʨʪ. ʩʪ., Cv=0,02). 
ɺ ʠʶʣʝ 1991 ʛ. ʠ ʚ ʘʚʛʫʩʪʝ 1992 ʛ. ʚ ʄʨʘʤʦʨʥʦʡ ʧʝʱʝʨʝ ʩʦʪʨʫʜʥʠʢʘʤʠ 

ʉɻʋ ʚʳʧʦʣʥʝʥʘ ʜʝʪʘʣʴʥʘʷ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʘʷ ʩʲʝʤʢʘ. ɿʘʤʝʨʳ ʧʨʦʚʦʜʠʣʠʩʴ 

ʙʦʣʝʝ ʯʝʤ ʚ 100 ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʪʦʯʢʘʭ. ʆʩʥʦʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʤʠʢʨʦʢʣʠʤʘʪʘ 

ʧʝʱʝʨʳ ï ʥʘʣʠʯʠʝ çʦʧʨʦʢʠʥʫʪʦʡè ʪʷʛʠ: ʣʝʪʦʤ ï ʟʠʤʥʝʡ ʚʦʩʭʦʜʷʱʝʡ 

(ʛʨʘʜʠʝʥʪ 2,9 ʇʘ/ʤ), ʟʠʤʦʡ ï ʣʝʪʥʝʡ ʥʠʩʭʦʜʷʱʝʡ (ʛʨʘʜʠʝʥʪ 3,5 ʇʘ/ʤ). ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʩʚʷʟʝʡ ʢʘʨʩʪʦʚʳʭ ʧʦʣʦʩʪʝʡ ʥʠʞʥʝʛʦ ʧʣʘʪʦ ʏʘʪʳʨʜʘʛʘ 

ʩ ʪʨʝʱʠʥʥʦ-ʢʘʨʩʪʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ ʝʛʦ ʚʝʨʭʥʝʛʦ ʧʣʘʪʦ [1]. ʇʦ ʢʦʵʬʬʠʮʠʝʥʪʫ 

ʚʦʟʜʫʭʦʦʙʤʝʥʘ (0,7 ʨʘʟ/ʩʫʪ) ʄʨʘʤʦʨʥʘʷ ʧʝʱʝʨʘ ʦʪʥʦʩʠʪʩʷ ʢ ʩʪʘʪʠʯʝʩʢʠʤ 

ʧʦʣʦʩʪʷʤ. 
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ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʚʩʝʭ ʜʘʥʥʳʭ ʦ ʤʠʢʨʦʢʣʠʤʘʪʝ ʧʝʱʝʨʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʝʸ ʯʘʩʪʴ ʠʤʝʝʪ ʩʨʝʜʥʶʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ 

8,5ï8,6Áʉ (Ñ0,1). ɹʦʣʝʝ ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ (8,9Áʉ) ʠʤʝʝʪ ʊʠʛʨʦʚʳʡ ʭʦʜ, 

ʩʣʘʙʦ ʩʚʷʟʘʥʥʳʡ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʠ ʪʫʧʠʢʦʚʳʡ ʭʦʜʳ (9,2 ʉÁ). ɹʣʘʛʦʜʘʨʷ 

çʦʧʨʦʢʠʥʫʪʦʡè ʪʷʛʝ ʟʠʤʦʡ ʯʝʨʝʟ ʝʩʪʝʩʪʚʝʥʥʳʡ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʚʭʦʜʳ 

ʧʦʩʪʫʧʘʝʪ ʙʦʣʝʝ ʦʭʣʘʞʜʝʥʥʳʡ ʚʦʟʜʫʭ. ɸʙʩʦʣʶʪʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ 

ʧʦʚʩʝʤʝʩʪʥʦ ʩʦʩʪʘʚʣʷʝʪ 8,2ï8,3 ʤʤ ʨʪ. ʩʪ., ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʙʣʠʟʢʘ ʢ 

100%. ɺ ʩʚʷʟʠ ʩ ʥʝʙʦʣʴʰʠʤ ʧʝʨʝʧʘʜʦʤ ʚʣʘʞʥʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʜ 

ʟʝʤʣʝʡ (ʦʢʦʣʦ 1 ʤʤ ʨʪ. ʩʪ., ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ) ʢʦʥʜʝʥʩʘʮʠʷ ʥʝʚʝʣʠʢʘ ʠ ʚʣʠʷʝʪ 

ʣʠʰʴ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʪʝʢʦʚ. ɺ ʙʦʢʦʚʳʭ ʭʦʜʘʭ ʠ ʩʫʞʝʥʠʷʭ ʦʪʤʝʯʝʥʦ 

ʤʝʩʪʥʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʣʘʛʠ. 
ɻʘʟʦʚʳʡ ʩʦʩʪʘʚ ʚʦʟʜʫʭʘ ʦʧʨʝʜʝʣʷʣʩʷ ʚ 1990 ʛ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʥʘʫʢ ɸʅ ʋʢʨʘʠʥʳ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʝ çɺʳʨʫ-ʍʨʦʤè (26 ʧʨʦʙ, ʘʥʘʣʠʪʠʢ 

ʅ. ʃ. ʗʙʣʦʢʦʚʘ) ʠ ʥʘ ʤʝʩʪʝ ʧʦʨʪʘʪʠʚʥʳʤ ʭʨʦʤʘʪʦʛʨʘʬʦʤ ʇʦʠʩʢ-1 (37 

ʦʧʨʝʜʝʣʝʥʠʡ). ʉʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʟʜʫʭʝ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 20,16 ʜʦ 21,19, 

ʘʟʦʪʘ ï ʦʪ 78,95 ʜʦ 79,11, ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʦʪ 0,05 (ʚ ʧʨʠʚʭʦʜʦʚʦʡ ʯʘʩʪʠ) ʜʦ 

0,92 ʦʙ.% (ʚ ɻʣʠʥʷʥʦʤ ʟʘʣʝ). ʄʝʪʘʥ ʠ ʪʷʞʝʣʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚʳʰʝ 1Ĭ10
-2
ʦʙ.% ʥʝ ʦʙʥʘʨʫʞʝʥʳ. 11 ʥʦʷʙʨʷ 1990 ʛ. 

ʩʦʪʨʫʜʥʠʢʘʤʠ ʋʢʨɻʀʄʈ ʧʨʦʚʝʜʝʥʘ ʛʘʟʦʨʪʫʪʥʘʷ ʩʲʝʤʢʘ. ɺ ʥʝʦʙʦʨʫʜʦʚʘʥʥʦʡ 

ʯʘʩʪʠ ʧʝʱʝʨʳ ʩʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ ʩʦʩʪʘʚʣʷʣʦ 62ï174Ĭ10
-9
, ʚ ʦʙʦʨʫʜʦʚʘʥʥʦʡ ï 

500Ĭ10
-9
, ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʧʨʝʚʳʰʘʝʪ ʇɼʂ ʜʣʷ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʡ (300Ĭ10

-9
). 

ʈʘʜʠʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʜʠʦʤʝʪʨʦʤ ʉʈʇ-68-01 ʚ ʦʙʦʨʫʜʦʚʘʥʥʦʡ 

ʯʘʩʪʠ ʜʘʣʠ 5ï13 ʤʢʈ/ʯ, ʯʪʦ ʥʠʞʝ ʬʦʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ (12ï13 ʤʢʈ/ʯ), ʘ ʚ 

ɻʣʠʥʷʥʦʤ ʟʘʣʝ ʠ ʅʠʞʥʝʡ ʛʘʣʝʨʝʠ ï 15ï40 ʤʢʈ/ʯ. ʕʪʦ ʩʚʷʟʘʥʦ ʚ ʦʩʥʦʚʥʦʤ ʩ 

ʦʙʠʣʠʝʤ ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ. 
ɺ 1991ï1992 ʛʛ. ɸ. ɹ. ʂʣʠʤʯʫʢ ʚʳʧʦʣʥʠʣ ʨʘʜʦʥʦʤʝʪʨʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 22 ʪʦʯʢʘʭ ʧʝʱʝʨʳ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʜʦʥʘ ʚ ʟʘʣʝ ʉʢʘʟʦʢ 

ʩʦʩʪʘʚʣʷʝʪ 2100, ʚ ʊʠʛʨʦʚʦʤ ʭʦʜʝ ï 4590, ʚ ʅʠʞʥʝʡ ʛʘʣʝʨʝʝ ï 12640, ʚ 

ɻʣʠʥʷʥʦʤ ʟʘʣʝ ï 17500 ɹʢ/ʤ
3
. ʆʥʦ ʟʘʚʠʩʠʪ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʦʟʜʫʭʦʦʙʤʝʥʘ ʠ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʠʩʢʦʚʳʤ ʢʨʠʪʝʨʠʝʤ ʥʘ ʧʨʦʜʦʣʞʝʥʠʷ ʧʝʱʝʨʳ [4]. ʉʝʟʦʥʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʨʘʜʦʥʘ ʩʚʷʟʘʥʳ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʪʷʛʠ (ʤʠʥʠʤʫʤ ʚ 

ʭʦʣʦʜʥʳʡ, ʤʘʢʩʠʤʫʤ ï ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜʳ). ʕʢʩʢʫʨʩʠʦʥʥʘʷ ʪʨʘʩʩʘ ʚ 

ʨʘʜʠʘʮʠʦʥʥʦʤ ʦʪʥʦʰʝʥʠʠ ʙʝʟʦʧʘʩʥʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʅʠʞʥʝʡ ʛʘʣʝʨʝʝ ʠ ʚ 

ʜʘʣʴʥʝʡ ʯʘʩʪʠ ɻʣʠʥʷʥʦʛʦ ʟʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʚ ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜ, 

ʦʛʨʘʥʠʯʠʚʘʷ ʠʭ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ, ʚʦʟʜʝʨʞʠʚʘʷʩʴ ʦʪ ʢʫʨʝʥʠʷ ʠ ʧʨ. 
ɻʠʜʨʦʛʝʦʣʦʛʠʷ. ʄʨʘʤʦʨʥʘʷ ʧʝʱʝʨʘ ʩʝʡʯʘʩ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʟʦʥʳ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʠʩʭʦʜʷʱʝʡ ʮʠʨʢʫʣʷʮʠʠ ʠ ʣʠʰʝʥʘ ʚʦʜʦʪʦʢʦʚ. 

ʇʝʨʠʦʜʠʯʝʩʢʠʝ ʚʦʜʦʝʤʳ (ʚ ʦʩʥʦʚʥʦʤ ï ʚ ʛʫʨʦʚʳʭ ʚʘʥʥʦʯʢʘʭ) ʚʦʟʥʠʢʘʶʪ 

ʪʦʣʴʢʦ ʧʦʩʣʝ ʩʥʝʛʦʪʘʷʥʠʷ ʠ ʩʠʣʴʥʳʭ ʣʠʚʥʝʡ. 
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ʆʙʩʣʝʜʦʚʘʥʠʝ ʚ 1990 ʛ. ʧʦʢʘʟʘʣʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʚʘʥʥʦʯʢʘʭ ʨʘʟʥʳʭ 

ʯʘʩʪʝʡ ʧʝʱʝʨʳ ʩʦʩʪʘʚʣʷʝʪ 8,3ï8,6Áʉ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ 

ʠʛʨʘʶʪ ʦʭʣʘʞʜʘʶʱʫʶ ʨʦʣʴ. ʂʘʨʩʪʦʚʘʷ ʜʝʥʫʜʘʮʠʷ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ 

ʝʜʠʥʠʯʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʘʥʘʣʠʟʘʤ, ʩʦʩʪʘʚʣʷʝʪ 26 ʤʢʤ/ʛʦʜ, ʯʪʦ ʥʝʩʢʦʣʴʢʦ 

ʥʠʞʝ, ʯʝʤ ʚ ʮʝʣʦʤ ʜʣʷ ʏʘʪʳʨʜʘʛʘ (39 ʤʢʤ/ʛʦʜ [3]). ʇʘʣʝʦʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʝʱʝʨʳ ʤʦʞʥʦ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʧʦ ʤʦʨʬʦʣʦʛʠʠ 

ʧʝʱʝʨʳ (ʩʣʝʜʳ ʜʨʝʚʥʠʭ ʚʦʜʦʪʦʢʦʚ, ʬʘʩʝʪʢʠ ʠ ʧʨ.) ʠ ʧʦ ʥʘʣʠʯʠʶ ʚʦʜʥʳʭ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. 
ʆʪʣʦʞʝʥʠʷ. ʄʨʘʤʦʨʥʘʷ ʧʝʱʝʨʘ ʙʦʛʘʪʘ ʦʪʣʦʞʝʥʠʷʤʠ ʨʘʟʥʳʭ ʪʠʧʦʚ [1]. 
ʆʩʪʘʪʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ʚʠʜʝ ʩʢʦʧʣʝʥʠʡ ʛʣʠʥ ʬʦʨʤʠʨʫʶʪʩʷ ʟʘ ʩʯʝʪ 

ʨʘʩʪʚʦʨʝʥʠʷ ʚʤʝʱʘʶʱʠʭ ʠʟʚʝʩʪʥʷʢʦʚ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʦʢʦʣʦ 1% 

ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʦʩʪʘʪʢʘ, ʯʪʦ ʤʦʞʝʪ ʜʘʪʴ ʜʦ 25 ʢʛ ʛʣʠʥ ʥʘ ʢʘʞʜʳʡ ʢʫʙʦʤʝʪʨ 

ʠʟʚʝʩʪʥʷʢʦʚ. ɺ ʯʠʩʪʦʤ ʚʠʜʝ ʠʭ ʚʳʜʝʣʠʪʴ ʪʨʫʜʥʦ.  

ʆʙʚʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ. ʇʨʝʦʙʣʘʜʘʶʪ ʦʙʚʘʣʴʥʦ-ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ, ʢʦʥʮʝʥʪʨʠʨʫʶʱʠʝʩʷ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʧʝʱʝʨʳ. 

ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʦʙʚʘʣʴʥʳʝ ʙʣʦʢʠ (ʜʦ 20Ĭ6Ĭ3 ʤ), ʠʤʝʶʱʠʝ ʚʝʩ ʜʦ 1000 ʪ, 

ʚʩʪʨʝʯʝʥʳ ʚ ʟʘʣʝ ʇʝʨʝʩʪʨʦʡʢʠ. ʀʭ ʧʘʜʝʥʠʝ ʤʦʛʣʦ ʛʝʥʝʨʠʨʦʚʘʪʴ ʢʘʨʩʪʦʚʳʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʤʘʛʥʠʪʫʜʦʡ ʜʦ 3 ʝʜ. ʀʥʦʛʜʘ ʙʣʦʢʠ ʥʝ ʦʙʚʘʣʠʚʘʣʠʩʴ, ʘ 

ʩʤʝʱʘʣʠʩʴ ʰʘʨʥʠʨʥʦ, ʩ ʧʦʚʦʨʦʪʦʤ ʥʘ 10ï90Á ʠʣʠ ʜʘʞʝ ʩ ʧʝʨʝʚʦʨʦʪʦʤ. ʅʘ ʥʠʭ 

ʥʝʨʝʜʢʦ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʥʘʪʝʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʨʘʩʪʘ ʦʙʚʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʤʝʪʦʜʳ ʘʙʩʦʣʶʪʥʦʛʦ 

ʜʘʪʠʨʦʚʘʥʠʷ. 
ɺʦʜʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʦʪʣʦʞʝʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʪʜʝʣʴʥʳʤʠ ʥʘʭʦʜʢʘʤʠ 

ʛʘʣʴʢʠ ʢʚʘʨʮʝʚʦʛʦ ʠ ʢʚʘʨʮʠʪʦʚʦʛʦ (76%), ʧʝʩʯʘʥʠʢʦʚʦʛʦ (24%) ʠ 

ʠʟʚʝʩʪʥʷʢʦʚʦʛʦ (2%) ʩʦʩʪʘʚʘ ʚ ɹʘʣʢʦʥʥʦʤ ʠ ʈʫʩʣʦʚʦʤ ʟʘʣʘʭ, ʚ ʊʠʛʨʦʚʦʤ 

ʭʦʜʝ, ʚ ʢʦʣʦʜʮʝ ʚ ʟʘʣʝ ʉʢʘʟʦʢ. ɺ ʟʘʧʘʜʥʦʡ ʩʪʝʥʝ ʟʘʣʘ ʇʝʨʝʩʪʨʦʡʢʠ, ʚ ʥʠʰʝ 

ʧʦʜ ʛʣʳʙʦʚʳʤ ʥʘʚʘʣʦʤ ʚʩʪʨʝʯʝʥʳ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ. 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʨʫʧʥʦʡ ʧʨʦʙʳ (17,2 ʢʛ ) ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʘ ʥʘ 

90% ʩʦʩʪʦʠʪ ʠʟ ʯʘʩʪʠʮ ʛʣʠʥʠʩʪʦʡ ʠ ʚʩʝʛʦ ʥʘ 10% ï ʧʝʩʯʘʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. 

ɺʳʧʫʢʣʘʷ ʢʫʤʫʣʷʪʠʚʥʘʷ ʢʨʠʚʘʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʝʸ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ 

ʨʫʩʣʦʚʦʡ ʬʘʮʠʠ [1]. ɼʣʷ ʥʝʸ ʭʘʨʘʢʪʝʨʝʥ ʘʥʦʤʘʣʴʥʦ ʥʠʟʢʠʡ ʩʨʝʜʠ ʧʝʱʝʨ 

ʂʨʳʤʘ ʚʳʭʦʜ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ (ʚʩʝʛʦ 0,5%) ʠ ʦʙʝʜʥʝʥʥʳʡ ʤʠʥʝʨʘʣʴʥʳʡ 

ʩʦʩʪʘʚ (17 ʚʠʜʦʚ ʤʠʥʝʨʘʣʦʚ ʚʤʝʩʪʦ 34). ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʧʝʨʝʦʪʣʦʞʝʥʠʷ ʧʨʦʜʫʢʪʦʚ 

ʨʘʟʨʫʰʝʥʠʷ ʢʦʥʛʣʦʤʝʨʘʪʦʚ, ʥʝʢʦʛʜʘ ʧʦʢʨʳʚʘʚʰʠʭ ʥʠʞʥʝʝ ʧʣʘʪʦ ʏʘʪʳʨʜʘʛʘ 

[2]. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʵʪʠ, ʨʘʟʥʳʝ ʧʦ ʥʘʭʦʞʜʝʥʠʶ 

ʦʪʣʦʞʝʥʠʷ, ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦʡ ʛʝʥʝʨʘʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ. ʃʝʛʢʘʷ ʬʘʮʠʷ 

ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʧʝʱʝʨʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʚʘʨʮʝʤ, ʦʪʜʝʣʴʥʳʤʠ 

ʟʝʨʥʘʤʠ ʢʘʨʙʦʥʘʪʦʚ ʠ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʘ ʚ ʩʦʩʪʘʚʝ ʪʷʞʝʣʦʡ ʦʧʠʩʘʥʳ 

ʣʝʡʢʦʢʩʝʥ, ʤʘʛʥʝʪʠʪ, ʤʘʨʪʠʪ, ʮʠʨʢʦʥ, ʨʫʪʠʣ, ʠʣʴʤʝʥʠʪ, ʭʨʦʤʰʧʠʥʝʣʠʜʳ, 

ʛʝʪʠʪ, ʣʠʤʦʥʠʪ, ʤʦʥʘʮʠʪ, ʩʪʘʚʨʦʣʠʪ, ʪʫʨʤʘʣʠʥ, ʬʘʥʘʪ, ʘ ʪʘʢʞʝ ʥʝ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʦ ʚʠʜʘ ʩʫʣʴʬʠʜʳ (ʘʥʘʣʠʪʠʢ ʅ. ʃ. ɻʘʨʫʥʦʚʘ, ʋʢʨɻʀʄʈ). 
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