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ʆɻʃɸɺʃɽʅʀɽ 

 

HERBARIUM  PERMICUM . ʇʆʃɽɺʆʁ ɸʊʃɸʉ-ʆʇʈɽɼɽʃʀʊɽʃʔ ʇɽʈʄʉʂʀʍ 

ʈɸʉʊʀʊɽʃʔʅʓʍ ʆʉʊɸʊʂʆɺ ʇʆ ʈɸʁʆʅʋ ʇʈʆʍʆɾɼɽʅʀʗ ɺʆʈʂʋʊʀʅʉʂʆʁ ʋʏɽɹʅʆ-

ʅɸʋʏʅʆʁ ʀʅɾɽʅɽʈʅʆ-ɻɽʆʂʈʀʆʃʆɻʀʏɽʉʂʆʁ ʇʈɸʂʊʀʂʀ ɻɽʆʃʆɻʀʏɽʉʂʆɻʆ 

ʌɸʂʋʃʔʊɽʊɸ ʄɻʋ ʀʄɽʅʀ ʄ.ɺ. ʃʆʄʆʅʆʉʆɺɸ 

 

ʅʘʫʛʦʣʴʥʳʭ ʉ.ɺ.
1
, ʂʠʨʠʣʠʰʠʥʘ ɽ.ʄ.

 2
, ʀʩʘʝʚ ɺ.ʉ.

 3 

1
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; naugolnykh@list.ru  

2, 3 
ʄʦʩʢʦʚʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; 

2 
conodont@mail.ru; 

3 
tpomed@rambler.ru  

 

 

ɺʃʀʗʅʀɽ ɻɸɿʆɺʆʁ ʂʆʄʇʆʅɽʅʊʓ ʅɸ ʉɺʆʁʉʊɺɸ ʄɽʈɿʃʓʍ ɻʈʋʅʊʆɺ ʀ 

ɼʀʅɸʄʀʂɸ ɽɽ ɺʓɼɽʃɽʅʀʗ ʇʈʀ ʀɿʄɽʅɽʅʀʀ ʊɽʄʇɽʈɸʊʋʈʓ 

ʈ.ɻ. ʂʘʣʴʙʝʨʛʝʥʦʚ
1
; ʌ.ʉ. ʂʘʨʧʝʥʢʦ

1
; ʂʫʪʝʨʛʠʥ ɺ.ʅ.

 1
, ʈ.ɺ. ʉʦʙʠʥ

2
,  

1
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ɻʝʦʵʢʦʣʦʛʠʠ ʠʤ. ɽ.ʄ. ʉʝʨʛʝʝʚʘ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀɻʕ ʈɸʅ), ʣʘʙʦʨʘʪʦʨʠʷ  ʛʨʫʥʪʦʚʝʜʝʥʠʷ ʠ ʤʝʭʘʥʠʢʠ ʛʨʫʥʪʦʚ  
2
 ʄʦʩʢʦʚʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; 

 

ʈɸɿʈɸɹʆʊʂɸ ʄɸʈʉʀɸʅʉʂʆɻʆ ɻʈʋʅʊɸ-ɸʅɸʃʆɻɸ ɼʃʗ ʆʊʈɸɹʆʊʂʀ ɹʈʆʉʂʆɺʓʍ 

ʀʉʇʓʊɸʅʀʁ ʇʆʉɸɼʆʏʅʆɻʆ ɸʇʇɸʈɸʊɸ çʕʂɿʆʄɸʈʉ-2020è 

ɻʨʠʰʘʢʠʥʘ ɽ.ɸ.
1
, ʄʘʢʦʚʯʫʢ ɺ.ʖ.

1
, ɼʤʠʪʨʦʚʩʢʠʡ ɸ.ɸ.

1
, ʉʦʨʦʢʠʥ ɽ.ʄ.

1
, ʋʚʘʨʦʚʘ ɸ.ɺ.

1,2
, ʉʣʶʪʘ ɽ.ʅ.

1
, 

ɺʦʟʥʝʩʝʥʩʢʠʡ ɽ.ɸ.
2
, ʅʠʢʠʪʠʥ ʄ.ʉ.

2
, ʉʝʥʮʦʚʘ ɽ.ɸ.

2 

1
ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɺ. ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʈɸʅ (ɻɽʆʍʀ ʈɸʅ), ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; 

orskatya@mail.ru 
2
ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; NikitinMS@geol.msu.ru 

 

ɼʃʀʊɽʃʔʅʆɺʈɽʄɽʅʅʆʁ ʄʆʅʀʊʆʈʀʅɻ ɺ ʖɾʅʆʁ ʊʋʅɼʈɽ ʅɸ ʆʉʅʆɺɽ 

ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆ-ɺʈɽʄɽʅʅʆʁ ʂʃɸʉʉʀʌʀʂɸʎʀʀ ɻɽʆʉʀʉʊɽʄ (ʅɸ ʇʈʀʄɽʈɽ 

ʅɸʋʏʅʆ-ʋʏɽɹʅʆɻʆ ʇʆʃʀɻʆʅɸ ʍɸʅʆɺɽʁ) 

 

ɹʝʟʜʝʣʦʚʘ ɸ.ʇ.
1
, ʀʩʘʝʚ ɺ.ʉ.

2
, ʉʝʨʛʝʝʚ ɼ.ʆ.

3
 

1
ʀʥʩʪʠʪʫʪ ʛʣʦʙʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ ʠ ʵʢʦʣʦʛʠʠ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʖ.ɸ.ʀʟʨʘʵʣʷ, abezdelova@mail.ru 

2
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, ʢʘʬʝʜʨʘ ʛʝʦʢʨʠʦʣʦʛʠʠ, tpomedd@yandex.ru 

3
ʀʥʩʪʠʪʫʪ ʛʝʦʵʢʦʣʦʛʠʠ ʠʤ. ɽ.ʄ.ʉʝʨʛʝʝʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; sergueevdo@mail.ru 

 

ʀɿʄɽʅɽʅʀʗ ʆʊʅʆʉʀʊɽʃʔʅʆɻʆ ʋʈʆɺʅʗ ʂɸʈʉʂʆɻʆ ʄʆʈʗ ɺ ʇʆʉʊʃɽɼʅʀʂʆɺʆɽ 

ɺʈɽʄʗ 

 

ɹʘʨʘʥʩʢʘʷ ɸ.ɺ.
1 

1
ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ;  alisa.baranskaya@yandex.ru  

 

ʀʊʆɻʀ ɻɽʆʂʈʀʆʃʆɻʀʏɽʉʂʆɻʆ ʄʆʅʀʊʆʈʀʅɻɸ ɺ ʏɸʈɽ 2005-2019 ʛ.ʛ.: ʉʆʉʊʆʗʅʀɽ ʀ 

ɼʀʅɸʄʀʂɸ ɻʆʈʅʆʁ ʄɽʈɿʃʆʊʓ 

 

ʉʝʨʛʝʝʚ ɼ.ʆ.
1 

1
ʀʥʩʪʠʪʫʪ ʛʝʦʵʢʦʣʦʛʠʠ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; sergueevdo@mail.ru 

 

ʆʇʓʊ ʀʉʉʃɽɼʆɺɸʅʀʁ ʉʋɹɸʂɺɸʃʔʅʆɻʆ ʂʈɸʉʅʆʗʈʉʂʆɻʆ ʆʇʆʃɿʅʗ (ʆɿ. ɹɸʁʂɸʃ) 

ɸ.ɸ. ʂʫʜʘʝʚ
1 

1
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ; http://oilmsu.ru/ 

 

https://istina.msu.ru/courses/237454647/
https://istina.msu.ru/courses/237454647/
mailto:naugolnykh@list.ru
mailto:conodont@mail.ru
mailto:tpomed@rambler.ru
mailto:NikitinMS@geol.msu.ru
mailto:sergueevdo@mail.ru
mailto:sergueevdo@mail.ru
http://oilmsu.ru/
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ʉʆɺʈɽʄɽʅʅʓɽ ʇʆɼʍʆɼʓ ʂ ʆʈɻɸʅʀɿɸʎʀʀ ʄʆʅʀʊʆʈʀʅɻɸ ʊɽʄʇɽʈɸʊʋʈʓ 

ʄʅʆɻʆʃɽʊʅɽʄɽʈɿʃʓʍ ɻʈʋʅʊʆɺ 

ɼ. ʂʨʠʚʦʚ
1
; ʌ. ʐʝʚʯʠʢ

2
,  

1
 ʆʆʆ ʈʋʉɻɽʆʊɽʍ, ʛ. ʄʦʩʢʚʘ, https://www.rgtekh.ru/about.html  

2
 ʄʦʩʢʦʚʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; 

 (https://www.rgtekh.ru/about.html) 

 

ʊɽʄʇɽʈɸʊʋʈʅʓʁ ʈɽɾʀʄ ʀ ɺɽʃʀʏʀʅɸ ʉɽɿʆʅʅʆɻʆ ʇʋʏɽʅʀʗ ʅɸ ʊɽʈʈʀʊʆʈʀʀ 

ɿɺɽʅʀɻʆʈʆɼʉʂʆʁ ɹʀʆʉʊɸʅʎʀʀ ʄɻʋ 

ɸ.ɺ. ʋʚʘʨʦʚʘ
1
 , ʀ.ɸ. ʂʦʤʘʨʦʚ 

1
 , ʀʩʘʝʚ ɺ.ʉ.

1
 ɸ.ʀ. ʊʶʨʠʥ 

1 

1
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤ.ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ 

 

ʉʅɽɾʅʓʁ ʇʆʂʈʆɺ ʀ ʃɸɺʀʅʓ ɺ ɻʆʈʅʓʍ ʈɸʁʆʅɸʍ ʉ ʉʋɹʊʈʆʇʀʏɽʉʂʀʄ 

ʂʃʀʄɸʊʆʄ 

 

ʊʫʨʯʠʥʩʢʘʷ ʆ.ʀ.
 1 

1
ʆʨʜʝʥʘ ʃʝʥʠʥʘ ʠ ʆʨʜʝʥʘ ʆʢʪʷʙʨʴʩʢʦʡ ʈʝʚʦʣʶʮʠʠ ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɺ.ʀ. 

ɺʝʨʥʘʜʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ;  olgaturch@yandex.ru 

 

ɻɸɿʆʇʈʆʅʀʎɸɽʄʆʉʊʔ ʄɽʈɿʃʓʍ ʇɽʉʏɸʅʓʍ ɻʈʋʅʊʆɺ 

ʈ.ɻ. ʂʘʣʴʙʝʨʛʝʥʦʚ
1
; ʀ. ɸʛʘʧʢʠʥ

1
,  

1
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ɻʝʦʵʢʦʣʦʛʠʠ ʠʤ. ɽ.ʄ. 

ʉʝʨʛʝʝʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀɻʕ ʈɸʅ), ʣʘʙʦʨʘʪʦʨʠʷ  ʛʨʫʥʪʦʚʝʜʝʥʠʷ ʠ ʤʝʭʘʥʠʢʠ ʛʨʫʥʪʦʚ  

 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʃɸɿɽʈʅʆɻʆ ʉʂɸʅʀʈʆɺɸʅʀʗ ɼʃʗ ʆʎɽʅʂʀ ɼʀʅɸʄʀʂʀ 

ɸɹʈɸɿʀʆʅʅʆ-ʆʇʆʃɿʅɽɺʓʍ ʇʈʆʎɽʉʉʆɺ ɺ ʇʈʀɹʈɽɾʅʆʁ ɿʆʅɽ ʉɽɺɸʉʊʆʇʆʃʗ 

 

ʀʩʘʝʚ ɺ.ʉ.
1
, ʀʛʥʘʪʦʚ ɽ.ʀ.

1
, ʅʦʚʠʢʦʚ ɸ.ɸ.

2
, ʂʘʰʠʨʠʥʘ ɽ.ʉ.

2
,ʊʨʘʯʫʢ ɺ.

 2
 

ɸʤʘʥʞʫʨʦʚ ʈ.ʄ.
 1 
, ɻʦʨʰʢʦʚ ɽ.ʀ.

1
, ɺʝʨʙʦʚʩʢʠʡ ɺ.B.

 3 

1
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤ.ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ 

2
ʌʘʢʫʣʴʪʝʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ʢʘʬʝʜʨʘ ʛʝʦʵʢʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʬʠʣʠʘʣʘ ʄɻʋ  ʠʤ. ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚʘ ʚ ʛ. ʉʝʚʘʩʪʦʧʦʣʴ. https://sev.msu.ru/otdelenie-geografiya/ 
3
 ʆʆʆ çɸʨʪɻʝʦè 

 

ʆʇʈɽɼɽʃɽʅʀɽ ɼʃʀʊɽʃʔʅʆʁ ʇʈʆʏʅʆʉʊʀ ʄɽʈɿʃʆɻʆ ɻʈʋʅʊɸ ʉʊɸʊʀʏɽʉʂʀʄ 

ɿʆʅɼʀʈʆɺɸʅʀɽʄ 

ʉʦʢʦʣʦʚ ʀ.ʉ.
1
, ʃʘʛʦʰʘ ɼ.ɺ.

2
, ɺʦʣʢʦʚ ʅ.ɻ.

1
, ʀʩʘʝʚ ɺ.ʉ.

2
 

1
ʆʆʆ çɻɽʆʀʅɾʉɽɺʀʉè (ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʛʨʫʧʧʘ ʢʦʤʧʘʥʠʡ ʌʫʛʨʦ), ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; ssi@fugro.ru 

2
ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; tpomed@rambler.ru 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʅɸɿɽʄʅʆɻʆ ʃɸɿɽʈʅʆɻʆ ʉʂɸʅʀʈʆɺɸʅʀʗ ɼʃʗ ʆʎɽʅʂʀ 

ɼʀʅɸʄʀʂʀ ʊɽʈʄʆɸɹʈɸɿʀʆʅʅʓʍ ʇʈʆʎɽʉʉʆɺ ʅɸ ʋʈɸʃʔʉʂʆʄ ɹɽʈɽɻʋ 

ɹɸʁɼɸʈɸʎʂʆʁ ɻʋɹʓ 

ɸʤʘʥʞʫʨʦʚ ʈ.ʄ.
 1
, ʀʩʘʝʚ ɺ.ʉ.

 1
, ɻʦʨʰʢʦʚ ɽ.ʀ.

 1
, ʉʠʙʠʨʷʢʦʚʘ ɸ.ʀ.

 1
, ʐʝʚʯʫʢ ʗ.ʆ.

 1
 

1
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, ʢʘʬʝʜʨʘ ʛʝʦʢʨʠʦʣʦʛʠʠ  

 

ʇɽʈɺʀʏʅʓɽ ʈɽɿʋʃʔʊɸʊʓ ʃɸɹʆʈɸʊʆʈʅʆɻʆ ʀɿʋʏɽʅʀʗ ɼʀʅɸʄʀʂʀ ʇʆʈʆɺʆɻʆ 

ɼɸɺʃɽʅʀʗ ɺ ʇʈʆʎɽʉʉɽ ʇʈʆʄɽʈɿɸʅʀʗ ɻʈʋʅʊʆɺ 
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1
, ʂʦʤʘʨʦʚ ʀ.ɸ.

1
, ʀʩʘʝʚ ɺ.ʉ.

1
, ʂʘʣʴʙʝʨʛʝʥʦʚ ʈ.ɻ.

2
, ʂʘʨʧʝʥʢʦ ʌ.ʌ.

2  
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1 
ʂʘʬʝʜʨʘ ʛʝʦʢʨʠʦʣʦʛʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʘʫʣʴʪʝʪʘ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ; 

2 
ʀʥʩʪʠʪʫʪ ʛʝʦʵʢʦʣʦʛʠʠ 

ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ;  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ʄɸʊɽʈʀɸʃʓ 5-ʆʁ ʂʆʅʌɽʈɽʅʎʀʀ çɼɽʅʔ ʅɸʋʂʀ 2020è 

4 | ˿ ͭ ͙ͪ͊ͤͼ͊ 
 

HERBARIUM  PERMICUM . ʇʆʃɽɺʆʁ ɸʊʃɸʉ-ʆʇʈɽɼɽʃʀʊɽʃʔ 

ʇɽʈʄʉʂʀʍ ʈɸʉʊʀʊɽʃʔʅʓʍ ʆʉʊɸʊʂʆɺ ʇʆ ʈɸʁʆʅʋ ʇʈʆʍʆɾɼɽʅʀʗ 

ɺʆʈʂʋʊʀʅʉʂʆʁ ʋʏɽɹʅʆ-ʅɸʋʏʅʆʁ ʀʅɾɽʅɽʈʅʆ-ɻɽʆʂʈʀʆʃʆɻʀʏɽʉʂʆʁ 

ʇʈɸʂʊʀʂʀ ɻɽʆʃʆɻʀʏɽʉʂʆɻʆ ʌɸʂʋʃʔʊɽʊɸ ʄɻʋ ʀʄɽʅʀ ʄ.ɺ. 

ʃʆʄʆʅʆʉʆɺɸ 

 

ʅʘʫʛʦʣʴʥʳʭ ʉ.ɺ.
1
, ʂʠʨʠʣʠʰʠʥʘ ɽ.ʄ.

 2
, ʀʩʘʝʚ ɺ.ʉ.

 3 

1
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ; naugolnykh@list.ru 

2, 3 
ʄʦʩʢʦʚʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, 

ʈʦʩʩʠʷ; 

2 
conodont@mail.ru; 

3 
tpomed@rambler.ru 

 

ʇʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʩʦʪʨʫʜʥʠʢʦʚ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 

ʈɸʅ, ʄʫʟʝʷ ʟʝʤʣʝʚʝʜʝʥʠʷ ʠ ʢʘʬʝʜʨʳ ʛʝʦʢʨʠʦʣʦʛʠʠ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ 

ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ. ʕʪʦ ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʧʦ ʧʦʣʝʚʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʧʝʨʤʩʢʠʭ 

ʠʩʢʦʧʘʝʤʳʭ ʨʘʩʪʝʥʠʡ, ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʇʝʯʦʨʩʢʦʤ ʫʛʦʣʴʥʦʤ ʙʘʩʩʝʡʥʝ ʠ ʥʝʨʝʜʢʦ 

ʩʚʷʟʘʥʥʳʭ ʩ ʫʛʣʝʥʦʩʥʳʤʠ ʬʘʮʠʷʤʠ. ɸʪʣʘʩ ʚʢʣʶʯʘʝʪ ʬʦʪʦʠʟʦʙʨʘʞʝʥʠʷ, ʧʨʦʨʠʩʦʚʢʠ ʠ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʩʢʦʧʘʝʤʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʧʣʘʫʥʦʚʠʜʥʳʭ, ʭʚʦʱʝʚʠʜʥʳʭ, 

ʧʘʧʦʨʦʪʥʠʢʦʚʠʜʥʳʭ ʠ ʛʦʣʦʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ. ɺ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʢʥʠʛʠ ʧʨʠʚʝʜʝʥ 

ʦʙʰʠʨʥʳʡ ʩʧʠʩʦʢ ʨʝʢʦʤʝʥʜʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʧʦʩʚʷʱʝʥʥʦʡ ʨʘʟʣʠʯʥʳʤ ʘʩʧʝʢʪʘʤ 

ʧʘʣʝʦʙʦʪʘʥʠʢʠ ʠ ʩʪʨʘʪʠʛʨʘʬʠʠ ʧʝʨʤʩʢʦʡ ʩʠʩʪʝʤʳ. 

 

HERBARIUM PERMICUM. FIELD ATLAS FOR IDENTIFICATION OF PERMIAN 

PLANT MACROFOSSILS ON THE AREA OF VORKUTA ENGINEER-

GEOCRYOLOGICAL SCIENTIFIC-EDUCATIONAL FIELD WORK (THE LOMONOSOV 

MOSCOW STATE UNIVERSITY, GEOLOGICAL FACULTY) 

 

Naugolnykh S.V.
1
, Kirilishina E.M.

 2
, Isaev V.S.

3 

1
Geological Institute RAS, Moscow, Russia; naugolnykh@list.ru 

2, 3 
Lomonosov Moscow State University, Moscow, Russia; 
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conodont@mail.ru; 
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tpomed@rambler.ru 
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The collaborative results of the researchers of the Geological Institute of RAS, the 

Geocryology Department (Geological faculty) and the Earth Science Museum at the Lomonosov 

Moscow State University are presented. The book is focused on the educational aims of the field 

determination of the Permian fossil plants, which are often found in the Pechora coal basin and 

are frequently linked with the coal-bearing deposits. The atlas includes photographs, drawings 

and reconstructions of the fossil plants, which belong to the divisions Lycopodiophyta, 

Equisetophyta, Polypodiophyta (=Filicophyta), and gymnosperms (divisions 

Pteridospermatophyta (=Lyginopteridophyta), Ginkgophyta, Pinophyta). An extensive list of the 

recommended bibliographical sources is given in the final part of the book.  

 

ɺ ʨʘʤʢʘʭ ɺʦʨʢʫʪʠʥʩʢʦʡ ʫʯʝʙʥʦ-ʥʘʫʯʥʦʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʠ ʢʘʬʝʜʨʳ ʛʝʦʢʨʠʦʣʦʛʠʠ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ 

ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʝʝ ʫʯʘʩʪʥʠʢʠ ʧʦʩʝʱʘʶʪ ʨʷʜ ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ ʇʝʯʦʨʩʢʦʛʦ 

ʫʛʦʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ. ʕʪʦ ʦʙʥʘʞʝʥʠʷ ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʨ. ɺʦʨʢʫʪʘ, ʩʣʦʞʝʥʥʳʝ ʥʠʞʥʝ- ʠ 

ʩʨʝʜʥʝʧʝʨʤʩʢʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʦʙʦʛʘʱʝʥʥʳʤʠ ʠʩʢʦʧʘʝʤʳʤʠ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʦʩʪʘʪʢʘʤʠ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʦʙʨʘʥʘ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʘʷ ʢʦʣʣʝʢʮʠʷ ʵʪʠʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ. 

ʆʥʘ ʧʝʨʝʜʘʥʘ ʚ ʄʫʟʝʡ ʟʝʤʣʝʚʝʜʝʥʠʷ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ [1-4].  

ʇʨʠ ʜʝʪʘʣʴʥʦʤ ʠʟʫʯʝʥʠʠ ʢʦʣʣʝʢʮʠʠ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʥʝʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʙʨʘʟʮʳ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʤʫʟʝʡʥʫʶ ʠ ʥʘʫʯʥʫʶ ʮʝʥʥʦʩʪʴ, ʠ ʧʦ ʵʪʠʤ ʤʘʪʝʨʠʘʣʘʤ ʚ ʤʫʟʝʝ 

ʤʦʥʪʠʨʫʝʪʩʷ ʚʳʩʪʘʚʢʘ çʇʘʣʝʦʙʦʪʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ɺʦʨʢʫʪʠʥʩʢʦʡ ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʠ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘè. 

ɺʳʩʪʘʚʢʘ ʟʘʜʫʤʘʥʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʭ ʬʘʢʫʣʴʪʝʪʦʚ 

(ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ, ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ, ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ, ʧʦʯʚʦʚʝʜʝʥʠʷ) ʢʘʢ ʥʘʛʣʷʜʥʦʝ 

ʧʦʜʩʧʦʨʴʝ ʧʨʠ ʟʥʘʢʦʤʩʪʚʝ ʩ ʛʝʦʣʦʛʠʝʡ ʠ ʛʝʦʛʨʘʬʠʝʡ ʙʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ ʪʫʥʜʨʳ. ʂʨʦʤʝ 

ʪʦʛʦ, ʚʳʩʪʘʚʢʘ ʚ ʪʘʢʦʤ ʬʦʨʤʘʪʝ ʚʦʩʪʨʝʙʦʚʘʥʘ ʩʤʝʞʥʠʢʘʤʠ ʠʟ ʠʟʳʩʢʘʪʝʣʴʩʢʠʭ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʵʪʠʭ ʨʘʡʦʥʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʪʜʝʣʴʥʳʝ 

ʵʢʩʧʦʥʘʪʳ ʚʳʩʪʘʚʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʙʱʝʡ ʧʨʦʩʚʝʪʠʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ ʤʫʟʝʷ, ʚʦ ʚʨʝʤʷ 

ʧʨʦʚʝʜʝʥʠʷ ʦʙʟʦʨʥʳʭ ʠ ʪʝʤʘʪʠʯʝʩʢʠʭ ʵʢʩʢʫʨʩʠʡ, ʘ ʪʘʢʞʝ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ, ʥʘ ʟʘʥʷʪʠʷʭ 

ʩʦ ʩʪʫʜʝʥʪʘʤʠ ʠ ʰʢʦʣʴʥʠʢʘʤʠ.  

ʇʘʣʝʦʙʦʪʘʥʠʯʝʩʢʠʝ ʩʙʦʨʳ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʘʬʝʜʨʳ ʛʝʦʢʨʠʦʣʦʛʠʠ ʚ ʵʪʦʤ ʨʘʡʦʥʝ 

ʧʨʦʜʦʣʞʘʶʪʩʷ, ʦʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʤʘʩʩʦʚʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʩ ʪʝʨʨʠʪʦʨʠʠ ʇʝʯʦʨʩʢʦʛʦ 

ʫʛʦʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ ʘʪʣʘʩʦʚ-

ʦʧʨʝʜʝʣʠʪʝʣʝʡ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʛʝʦʣʦʛʠ ʠ ʢʨʘʝʚʝʜʳ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʧʨʝʜʝʣʘʭ 

ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ, ʤʦʛʣʠ ʙʳ ʚ ʦʙʱʝʤ ʧʣʘʥʝ ʩʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʦʪʥʦʰʝʥʠʠ 
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ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʥʘʡʜʝʥʥʦʛʦ ʨʘʩʪʝʥʠʷ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚʦʟʥʠʢʣʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʦʜʛʦʪʦʚʢʝ ʨʘʙʦʯʝʛʦ ʦʧʨʝʜʝʣʠʪʝʣʴʩʢʦʛʦ ʢʘʪʘʣʦʛʘ ʥʘʭʦʜʠʤʳʭ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ. ʇʨʝʜʣʘʛʘʝʤʦʝ ʠʟʜʘʥʠʝ ʩʦʩʪʘʚʣʝʥʦ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ 

ʩʙʦʨʦʚ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʇʝʯʦʨʩʢʦʛʦ 

ʫʛʦʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʇʨʠʫʨʘʣʴʷ [5], ʨʠʩ. 1. 

 

ʈʠʩ. 1. ʆʙʣʦʞʢʘ ʘʪʣʘʩʘ-ʦʧʨʝʜʝʣʠʪʝʣʷ ʧʝʨʤʩʢʠʭ ʨʘʩʪʝʥʠʡ ʇʝʯʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʇʨʠʫʨʘʣʴʷ [5] 

 

ɸʪʣʘʩ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʢʦʧʘʝʤʳʭ ʨʘʩʪʝʥʠʡ ʚ ʭʦʜʝ 

ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʙʦʪʳ ʩ ʘʪʣʘʩʦʤ ʚ ʥʝʤ ʨʘʟʤʝʱʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʤʳʭ ʚ ʇʝʯʦʨʩʢʦʤ ʫʛʦʣʴʥʦʤ ʙʘʩʩʝʡʥʝ ʪʘʢʩʦʥʦʚ. ʇʨʠ ʵʪʦʤ ʜʣʷ 

ʢʘʞʜʦʡ ʢʨʫʧʥʦʡ ʛʨʫʧʧʳ ʨʘʩʪʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʠ ʬʦʪʦʠʟʦʙʨʘʞʝʥʠʷ, ʠ ʧʨʦʨʠʩʦʚʢʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʫʚʠʜʝʪʴ ʚʘʞʥʳʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʩʪʝʥʠʡ ʜʝʪʘʣʠ ʤʦʨʬʦʣʦʛʠʠ. ɺ ʮʝʣʷʭ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʣʷʜʥʦʩʪʠ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʪʝ ʦʙʨʘʟʮʳ ʠʩʢʦʧʘʝʤʳʭ ʨʘʩʪʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʧʨʠʟʥʘʢʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʪʘʢʩʦʥʘ. ʏʪʦʙʳ ʦʙʣʝʛʯʠʪʴ ʜʘʣʴʥʝʡʰʫʶ ʨʘʙʦʪʫ ʩ ʠʩʢʦʧʘʝʤʳʤʠ ʦʩʪʘʪʢʘʤʠ, ʚ 

ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʧʨʠʚʝʜʝʥ ʦʙʰʠʨʥʳʡ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ ʨʘʙʦʪ, 
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ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʩ ʩʦʙʨʘʥʥʳʤʠ ʧʘʣʝʦʙʦʪʘʥʠʯʝʩʢʠʤʠ 

ʢʦʣʣʝʢʮʠʷʤʠ.  
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RuNoCORE CPRU-2017/10015, ʘ ʪʘʢʞʝ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ʛʦʩʟʘʜʘʥʠʷ ˉ 0135-2019-0044 

çʌʠʪʦʩʪʨʘʪʠʛʨʘʬʠʷ, ʧʘʣʝʦʬʣʦʨʠʩʪʠʢʘ, ʢʨʠʟʠʩʥʳʝ ʩʦʙʳʪʠʷ ʢʘʡʥʦʟʦʷ, ʤʝʟʦʟʦʷ ʠ ʧʘʣʝʦʟʦʷ 

ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʦʚ ɽʚʨʘʟʠʠ, ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʠʝ, ʧʘʣʝʦʬʠʪʦʮʝʥʦʪʠʯʝʩʢʠʝ ʠ 

ʧʘʣʝʦʬʠʪʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠè ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʈɸʅ, ʪʝʤʳ ɸɸɸɸ-

ɸ16-116033010094-4 çʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʥʦʟʘ ʠ 

ʢʘʨʪʠʨʦʚʘʥʠʷ ʢʨʠʦʣʠʪʦʟʦʥʳ ʈʦʩʩʠʠè ʢʘʬʝʜʨʳ ʛʝʦʢʨʠʦʣʦʛʠʠ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ 

ʄʦʩʢʦʚʩʢʦʛʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʪʝʤʳ ɸɸɸɸ-ɸ16-

116042010088-5 çʕʚʦʣʶʮʠʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ʠ ʛʣʦʙʘʣʴʥʳʝ ʧʨʠʨʦʜʥʳʝ 

ʧʨʦʮʝʩʩʳè ʄʫʟʝʷ ʟʝʤʣʝʚʝʜʝʥʠʷ ʄʦʩʢʦʚʩʢʦʛʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚʘ. ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʠʩʢʨʝʥʥʶʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʉ.ʂ. ʇʫʭʦʥʪʦ 

(ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ ʠʤʝʥʠ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʈɸʅ, ʛ. ʄʦʩʢʚʘ) ʟʘ 

ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʩʢʦʧʘʝʤʳʝ ʦʩʪʘʪʢʠ ʨʘʩʪʝʥʠʡ ʠʟ ʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʡ 

ʇʝʯʦʨʩʢʦʛʦ ʫʛʦʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʇʨʠʫʨʘʣʴʷ. 
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During the development of the Arctic region there is an increase in the intensity of 

permafrost processes. These processes have a negative impact on the environment, living 

conditions of people, as well as on production facilities. One of these processes is the release of 

the gas component from frozen soils. As a result of gas release, explosive processes that have 

become more frequent in recent years are accompanied by soil dispersion and the formation of 

craters. Therefore, the problem of activation of geocryological processes and isolation of the gas 

component from frozen soils under the influence of human engineering and economic activity, as 

well as General climate change, requires a comprehensive study. 

 

ʄʘʩʰʪʘʙʥʦʝ ʦʩʚʦʝʥʠʝ ʘʨʢʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ ʠʥʠʮʠʠʨʫʝʪ ʠ ʘʢʪʠʚʠʟʠʨʫʝʪ ʨʘʟʣʠʯʥʳʝ 

ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʷʚʣʝʥʠʷ. ʆʥʠ ʦʢʘʟʳʚʘʶʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ, ʫʩʣʦʚʠʷ ʧʨʦʞʠʚʘʥʠʷ ʣʶʜʝʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʦʙʲʝʢʪʳ. 

ʇʨʦʙʣʝʤʘ ʘʢʪʠʚʠʟʘʮʠʠ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʜ ʚʣʠʷʥʠʝʤ ʠʥʞʝʥʝʨʥʦ-

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ ʦʙʱʝʛʦ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʪʨʝʙʫʝʪ 

ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʟʫʯʝʥʠʷ.  

ʆʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʝ ʛʨʫʥʪʳ ʘʨʢʪʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ ʷʚʣʷʶʪʩʷ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʧʦʤʠʤʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʢʝʣʝʪʘ, ʤʦʛʫʪ 

ʥʘʭʦʜʠʪʴʩʷ ʣʝʜ, ʚʦʜʘ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ (ʥʝʟʘʤʝʨʟʰʘʷ ʚʦʜʘ), ʨʘʩʪʚʦʨʝʥʥʳʝ ʩʦʣʠ ʠ 

ʛʘʟʦʚʳʝ ʚʢʣʶʯʝʥʠʷ. ʂʘʞʜʳʡ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʪʨʫʢʪʫʨ 

ʛʨʫʥʪʦʚ, ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʱʠʤ ʠʭ ʩʚʦʡʩʪʚʘ. ɺʩʝ ʢʦʤʧʦʥʝʥʪʳ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʡʩʪʚʘ 

ʛʨʫʥʪʦʚ ʚʩʝʩʪʦʨʦʥʥʝ ʠʟʫʯʘʶʪʩʷ. ʆʜʥʘʢʦ, ʢʘʢ ʜʣʷ ʪʘʣʳʭ, ʪʘʢ ʠ ʜʣʷ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʛʘʟʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʝʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʪʚʝʨʜʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟʘʤʠ ʛʨʫʥʪʘ ʦʩʪʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤʠ. 

ʄʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʝ ʛʨʫʥʪʳ ʪʨʘʜʠʮʠʦʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʪʘʙʠʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʩʣʦʞʝʥʥʳʝ ʚ ʦʩʥʦʚʥʦʤ ʤʠʥʝʨʘʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʤʠ ʣʴʜʦʤ ʧʨʠ ʟʘʤʝʨʟʘʥʠʠ. ʆʙʱʝʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ 

ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʤʝʨʟʣʦʛʦ ʬʘʟʦʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚ ʪʘʣʦʝ. ɺ ʠʥʪʝʨʚʘʣʘʭ ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨ ʟʘʤʝʨʟʘʥʠʷïʦʪʪʘʠʚʘʥʠʷ 

ʩʚʦʡʩʪʚʘ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʩʯʠʪʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʧʨʝʜʝʣʷʝʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʦʡʩʪʚ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʧʨʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʠʟʳʩʢʘʥʠʷʭ ï ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʩʦʭʨʘʥʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʧʨʠ ʦʪʪʘʠʚʘʥʠʠ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘʢʦʧʣʝʥʦ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʚ, ʧʦʢʘʟʳʚʘʶʱʠʭ, ʯʪʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʥʝ 

ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʝʪ ʜʘʪʴ ʧʦʣʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʚʦʡʩʪʚ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʠ ʜʦʩʪʦʚʝʨʥʦ 
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ʦʙʦʩʥʦʚʘʪʴ ʧʨʦʛʥʦʟ ʠʭ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʦʨʫʞʝʥʠʡ. 

ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ ʵʪʦ ʩʪʘʥʦʚʠʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʠʟʤʝʥʝʥʠʝʤ 

ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʚʦʟʨʘʩʪʘʶʱʠʭ 

ʪʝʭʥʦʛʝʥʥʳʭ ʥʘʛʨʫʟʦʢ ʧʨʠ ʘʢʪʠʚʠʟʘʮʠʠ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʘʨʢʪʠʯʝʩʢʦʤ 

ʨʝʛʠʦʥʝ. 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʠʟʤʝʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, çʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʥʳʝè ʚ 

ʤʝʨʟʣʦʤ ʩʦʩʪʦʷʥʠʠ ʛʘʟʦʚʳʝ ʚʢʣʶʯʝʥʠʷ, ʤʦʛʫʪ ʧʨʠʦʙʨʝʩʪʠ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʘʥʠʡ ʩʦʦʨʫʞʝʥʠʡ. ɻʣʦʙʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʧʨʠʚʦʜʷʪ ʢ ʘʢʪʠʚʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʚʳʜʝʣʝʥʠʡ ʟʘʢʣʶʯʝʥʥʳʭ ʚ ʤʝʨʟʣʳʭ ʛʨʫʥʪʘʭ ʛʘʟʦʚ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʩʪʝʧʣʝʥʠʷ 

ʛʨʫʥʪʦʚ ʠ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʫʯʘʩʪʠʚʰʠʝʩʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʟʨʳʚʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʨʘʟʙʨʦʩʦʤ ʛʨʫʥʪʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʦʨʦʥʦʢ ʠʣʠ ʢʨʘʪʝʨʦʚ (ʥʘʠʙʦʣʝʝ 

ʠʟʚʝʩʪʥʳʡ ï "ʗʤʘʣʴʩʢʠʡ ʢʨʘʪʝʨ"), ʦʙʨʫʰʝʥʠʷ ʙʝʨʝʛʦʚ ʠ ʩʢʣʦʥʦʚ, ʩʦʣʠʬʣʶʢʮʠʦʥʥʳʝ ʠ 

ʜʨʫʛʠʝ ʧʨʦʮʝʩʩʳ ʠ ʷʚʣʝʥʠʷ. 

ʕʪʠ ʧʨʦʮʝʩʩʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤʠ ʬʘʢʪʦʨʘʤʠ ʨʠʩʢʘ ʠ ʚʥʦʩʷʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʩʣʦʞʥʦʩʪʠ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʧʦʵʪʦʤʫ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʘʟʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠ ʝʝ ʨʦʣʠ ʚ ʧʦʚʝʜʝʥʠʠ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʧʨʠ 

ʦʪʪʘʠʚʘʥʠʠ ʦʯʝʥʴ ʚʘʞʥʦ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʜʘʥʥʦʤ ʚʦʧʨʦʩʝ ʠ ʧʦʥʷʪʴ ʧʨʠʨʦʜʫ 

ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʘʚʪʦʨʳ ʧʨʦʚʝʣʠ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʣʠ ʨʘʩʢʨʳʪʴ ʦʩʥʦʚʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʛʘʟʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘ ʩʚʦʡʩʪʚʘ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ.  

ɹʳʣʠ ʚʳʧʦʣʥʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʦʮʝʥʠʪʴ 

ʦʙʲʝʤʳ ʠ ʚʝʣʠʯʠʥʫ ʜʘʚʣʝʥʠʷ ʚʳʜʝʣʠʚʰʠʭʩʷ ʛʘʟʦʚ, ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʨʫʥʪʦʚ ʠ ʠʭ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ 

ʥʘʧʨʷʞʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʛʘʟʦʚʳʭ ʚʢʣʶʯʝʥʠʡ ʥʘ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʝʨʟʣʳʭ 

ʛʨʫʥʪʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʦʤ ʥʝʜʨʝʥʠʨʦʚʘʥʥʦʛʦ ʩʜʚʠʛʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʦ ʩʪʘʥʜʘʨʪʦʤ 

ʀɻʕ ʈɸʅ ʉʊʆ 93.020-2013/7 çʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʛʨʫʥʪʦʚ ʤʝʪʦʜʦʤ 

ʥʝʜʨʝʥʠʨʦʚʘʥʥʦʛʦ ʦʜʥʦʧʣʦʩʢʦʩʪʥʦʛʦ ʩʨʝʟʘ ʩ ʟʘʤʝʨʦʤ ʧʦʨʦʚʦʛʦ ʜʘʚʣʝʥʠʷè. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʙʨʘʟʮʳ ʤʝʨʟʣʳʭ ʩʫʛʣʠʥʠʩʪʳʭ 

ʛʨʫʥʪʦʚ ʘʢʪʠʚʥʦ ʦʩʚʘʠʚʘʝʤʦʛʦ ʙʝʨʝʛʘ ɹʘʡʜʘʨʘʮʢʦʡ ʛʫʙʳ, ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʦʛʦ ʪʠʧʠʯʥʦ ʜʣʷ 

ʪʦʣʱ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʩʝʚʝʨʘ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ʇʦ ʜʘʥʥʳʤ ʧʦʣʝʚʳʭ ʠ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʘʥʥʳʭ ʛʨʫʥʪʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 
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ʚʥʫʪʨʠʤʝʨʟʣʦʪʥʳʭ ʛʘʟʦʚʳʭ ʩʢʦʧʣʝʥʠʡ, ʠʤʝʶʱʠʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʠʦʭʠʤʠʯʝʩʢʠʡ 

ʛʝʥʝʟʠʩ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʛʨʫʥʪʦʚ ʷʚʣʷʝʪʩʷ ʥʝʧʦʣʥʘʷ ʚʦʜʦ-(ʣʴʜʦ)ʥʘʩʳʱʝʥʥʦʩʪʴ - 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʜʦʥʘʩʳʱʝʥʠʷ ʜʣʷ ʩʫʛʣʠʥʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 0.91ï0.97, ʪʦ ʝʩʪʴ ʚʩʝ ʵʪʠ ʛʨʫʥʪʳ 

ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʛʘʟʦʚʫʶ ʢʦʤʧʦʥʝʥʪʫ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʟʘʤʝʨʟʘʥʠʷ ï 

ʦʪʪʘʠʚʘʥʠʷ ʜʣʷ ʩʫʛʣʠʥʢʦʚ ʨʘʚʥʘ ï3Á ʉ. 

ʆʮʝʥʢʘ ʨʝʘʢʮʠʠ ʛʘʟʦʩʦʜʝʨʞʘʱʠʭ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʥʘ ʚʦʟʤʦʞʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʦʩʥʦʚʘʥʘ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʥʘʤʠʢʠ 

ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʚ ʥʠʭ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʨʤʦʙʘʨʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ (ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ). ɻʘʟʦʚʳʜʝʣʝʥʠʝ ʚ ʛʨʫʥʪʘʭ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ ï10Á ʉ ʜʦ +20Á ʉ, ʩ ʰʘʛʦʤ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʦʜʠʥ ʛʨʘʜʫʩ. ɼʠʘʧʘʟʦʥ 

ʪʝʤʧʝʨʘʪʫʨ ʙʳʣ ʚʳʙʨʘʥ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ [7]. ʀʩʧʳʪʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʩʚʦʙʦʜʥʦʛʦ ʛʘʟʦʚʳʜʝʣʝʥʠʷ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʞʠʤʘʶʱʠʭ ʥʘʛʨʫʟʦʢ, 

ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʙʲʝʤʥʦʛʦ ʩʞʠʤʘʶʱʝʛʦ ʜʘʚʣʝʥʠʷ ʚʝʣʠʯʠʥʦʡ ʚ 0.05, 0.1 ʠ 0.2 ʄʇʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʨʘʬʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1 ï 3.  

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʛʘʟʘ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʩʫʛʣʠʥʢʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʨʫʥʪʘ. ʉʚʦʙʦʜʥʦʝ 

ʛʘʟʦʚʳʜʝʣʝʥʠʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʥʝʰʥʠʭ ʩʞʠʤʘʶʱʠʭ ʥʘʛʨʫʟʦʢ ʚ ʛʣʠʥʠʩʪʳʭ ʛʨʫʥʪʘʭ 

ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ï5Á ʉ, ʧʠʢ ʥʘʩʪʫʧʘʝʪ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ï2Á ʉ, ʟʘʪʝʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʩʦʢʨʘʱʘʝʪʩʷ ʜʦ ʧʦʣʥʦʛʦ ʧʨʝʢʨʘʱʝʥʠʷ ʚʳʜʝʣʝʥʠʷ ʛʘʟʦʚʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʧʨʠ +4Á ʉ.  

ʍʘʨʘʢʪʝʨ ʚʳʜʝʣʝʥʠʷ ʛʘʟʦʚ ʚ ʛʨʫʥʪʘʭ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʞʠʤʘʶʱʠʭ ʥʘʛʨʫʟʦʢ ʩʥʠʞʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʛʘʟʦʚʳʜʝʣʝʥʠʷ, ʪʘʢʞʝ 

ʤʝʥʷʝʪʩʷ ʜʠʥʘʤʠʢʘ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʨʠ ʵʪʦʤ ʦʙʱʠʡ ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ ʚʳʜʝʣʷʶʱʠʭʩʷ ʛʘʟʦʚ 

ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ. 
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ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʛʘʟʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʩʫʛʣʠʥʢʦʚ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʨʫʥʪʘ 

 

ɺʳʜʝʣʝʥʠʷ ʛʘʟʦʚ ʚ ʤʝʨʟʣʳʭ ʛʨʫʥʪʘʭ ʧʨʠʚʦʜʠʪ ʢ ʟʘʢʦʥʦʤʝʨʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʠʭ 

ʩʪʨʦʝʥʠʷ.  ɺ ʨʝʟʫʣʴʪʘʪʝ ʛʘʟʦʚʳʜʝʣʝʥʠʷ, ʧʨʠ ʨʦʩʪʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʞʠʤʘʶʱʠʭ ʥʘʛʨʫʟʦʢ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʠ ʩʪʝʧʝʥʠ ʚʦʜʦ-(ʣʴʜʦ)ʥʘʩʳʱʝʥʠʷ 

ʠ ʩʥʠʞʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʛʨʫʥʪʦʚ. 

ʀʟʤʝʥʝʥʠʝ ʩʪʨʦʝʥʠʷ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʠʥʘʤʠʢʦʡ 

ʚʳʜʝʣʝʥʠʷ ʛʘʟʦʚ ʚ ʥʠʭ. ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʩʪʨʦʝʥʠʷ ʩʫʛʣʠʥʢʦʚ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʞʠʤʘʶʱʝʛʦ ʜʘʚʣʝʥʠʷ. ʕʪʦʪ ʬʘʢʪʦʨ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʪʠ ʧʨʦʮʝʩʩʳ 

ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʨʦʩʘʜʢʘʤ ʛʨʫʥʪʦʚ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ ʩʦʦʨʫʞʝʥʠʡ. 

ʀʟʤʝʥʝʥʠʝ ʩʪʨʦʝʥʠʷ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʚ ʥʠʭ ʚʳʟʳʚʘʝʪ 

ʠʟʤʝʥʝʥʠʝ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʛʘʟʦʚʳʜʝʣʝʥʠʝ ʚ ʤʝʨʟʣʳʭ ʛʨʫʥʪʘʭ ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʠʭ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʠ 

ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʜʝʛʨʘʜʘʮʠʠ ʩʚʦʡʩʪʚ, ʧʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ 

ʛʨʫʥʪ. 

ɺ ʫʩʣʦʚʠʷʭ ʩʚʦʙʦʜʥʦʛʦ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʟʘʢʦʥʦʤʝʨʥʦʝ ʩʥʠʞʝʥʠʝ 

ʧʨʦʯʥʦʩʪʠ ʩʫʛʣʠʥʢʦʚ (ʨʠʩ. 2,3), ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʠʟʤʝʥʝʥʠʷʤ ʠʭ ʩʪʨʦʝʥʠʷ. ʉʥʠʞʝʥʠʝ 

ʧʨʦʯʥʦʩʪʠ ʛʨʫʥʪʦʚ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʠʭ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ ï5Á ʉ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʛʘʟʦʚʳʜʝʣʝʥʠʷ.  
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ʈʠʩʫʥʦʢ 2 ï ʀʟʤʝʥʝʥʠʝ ʧʨʦʯʥʦʩʪʠ (ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ) ʩʫʛʣʠʥʢʦʚ ʧʨʠ ʛʘʟʦʚʳʜʝʣʝʥʠʠ 

 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʝʛʨʘʜʘʮʠʠ ʧʨʦʯʥʦʩʪʥʳʭ 

ʩʚʦʡʩʪʚ ʥʘʨʘʩʪʘʝʪ, ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ï2ï3Á ʉ ʜʣʷ ʩʫʛʣʠʥʢʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʘʢʪʠʚʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʝʥʠʷ ʛʘʟʦʚ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʫʤʘ, ʚʝʣʠʯʠʥʳ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ, ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ű ʠ ʩʮʝʧʣʝʥʠʷ ʉ, ʩʥʠʞʘʶʪʩʷ ʜʦ 

ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ.  

ʇʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʛʘʟʦʚʳʜʝʣʝʥʠʝ ʠʟ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʩʚʦʙʦʜʥʦʛʦ ʦʪʪʘʠʚʘʥʠʷ ʙʝʟ ʥʘʛʨʫʟʢʠ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʫʧʣʦʪʥʝʥʠʶ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʩʥʠʞʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʤʫ 

ʨʘʟʫʧʨʦʯʥʝʥʠʶ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ +3Á ʉ ʠ ʚʳʰʝ. 

ɺ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʠʷ ʩʞʠʤʘʶʱʠʭ ʥʘʛʨʫʟʦʢ ʛʘʟʦʚʳʜʝʣʝʥʠʝ ʠ ʚʳʟʚʘʥʥʦʝ ʠʤ 

ʠʟʤʝʥʝʥʠʝ ʩʪʨʦʝʥʠʷ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʥʘʯʠʥʘʶʪʩʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʠʤʝʶʪ 

ʦʪʣʠʯʥʳʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦʙʦʜʥʳʤ ʛʘʟʦʚʳʜʝʣʝʥʠʝʤ, ʭʘʨʘʢʪʝʨ ʧʨʦʪʝʢʘʥʠʷ. ɺʘʞʥʦʡ ʠʭ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ ʛʘʟʦʚʳʜʝʣʝʥʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘʛʨʫʟʦʢ ʧʨʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨ ʟʘʤʝʨʟʘʥʠʷïʦʪʪʘʠʚʘʥʠʷ, ʧʨʦʠʩʭʦʜʠʪ 

ʫʧʣʦʪʥʝʥʠʝ ʛʨʫʥʪʦʚ, ʩʥʠʞʝʥʠʝ ʠʭ ʧʦʨʠʩʪʦʩʪʠ. ʀʟʤʝʥʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ ʚ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʠʥʘʤʠʢʦʡ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ 

ʠʭ ʩʪʨʦʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 3 ï ʀʟʤʝʥʝʥʠʝ ʧʨʦʯʥʦʩʪʠ (ʩʮʝʧʣʝʥʠʷ) ʩʫʛʣʠʥʢʦʚ ʧʨʠ ʛʘʟʦʚʳʜʝʣʝʥʠʠ 

 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ 

(ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʠʠ) ʧʨʠ ʛʘʟʦʚʳʜʝʣʝʥʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʞʠʤʘʶʱʠʭ ʥʘʛʨʫʟʦʢ ʧʨʦʠʩʭʦʜʠʪ 

ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ï7Á ʉ ʜʦ ï 4Á ʉ, ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʥʠʞʝʥʠʝ ʚʝʣʠʯʠʥʳ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦ ʠ ʧʣʘʚʥʦ. 

ɺʝʣʠʯʠʥʘ ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ 

ʩʞʠʤʘʶʱʝʛʦ ʜʘʚʣʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʛʘʟʦʚʳʜʝʣʝʥʠʝ, ʯʪʦ ʚʳʟʚʘʥʦ ʪʝʤ, ʯʪʦ ʧʨʠ 

ʙ·ʣʴʰʠʭ ʜʘʚʣʝʥʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʛʨʫʥʪʘ. 

ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ ʪʘʢ ʞʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʠʥʘʤʠʢʦʡ 

ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʠʭ ʩʪʨʦʝʥʠʷ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘʛʨʫʟʦʢ ʩʥʠʞʝʥʠʝ ʚʝʣʠʯʠʥʳ 

ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʠ ʩʮʝʧʣʝʥʠʷ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ ï 8Á ʉ ʜʦ ï 7Á ʉ ʠ 

ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʧʨʦʪʝʢʘʝʪ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ï 5Á ʉ, ʧʨʠ ʵʪʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʝʛʨʘʜʘʮʠʠ 

ʧʨʦʯʥʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʩʞʠʤʘʶʱʝʡ ʥʘʛʨʫʟʢʠ. ʉʪʝʧʝʥʴ ʩʥʠʞʝʥʠʷ ʚʝʣʠʯʠʥʳ ʫʛʣʘ 

ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʧʦʥʠʞʘʝʪʩʷ, ʘ ʩʮʝʧʣʝʥʠʷ ï ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʝʤʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʥʘ ʛʨʫʥʪ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʳʜʝʣʝʥʠʝ ʛʘʟʦʚʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ ʧʨʠʚʦʜʠʪ ʢ ʜʘʣʴʥʝʡʰʝʡ ʜʝʛʨʘʜʘʮʠʠ ʧʨʦʯʥʦʩʪʠ ʛʨʫʥʪʦʚ, ʥʦ ʜʠʥʘʤʠʢʘ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʠʤʝʝʪ ʩʣʦʞʥʳʡ ʥʝʨʘʚʥʦʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʣʠʯʠʝ ʛʘʟʦʚʳʭ ʚʢʣʶʯʝʥʠʡ 

ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʨʫʥʪʦʚ ʠʥʠʮʠʠʨʫʝʪ ʥʘʯʘʣʦ 

ʚʳʜʝʣʝʥʠʝ ʛʘʟʦʚ ʚ ʥʠʭ, ʧʨʠʯʝʤ ʵʪʦʪ ʧʨʦʮʝʩʩ ʥʘʯʠʥʘʝʪʩʷ ʠ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʧʨʦʪʝʢʘʝʪ ʫʞʝ 

ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʳ 
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ʟʘʤʝʨʟʘʥʠʷïʦʪʪʘʠʚʘʥʠʷ, ʚ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʢʦʪʦʨʳʭ ʛʨʫʥʪ ʚ ʮʝʣʦʤ ʦʩʪʘʝʪʩʷ ʚ ʤʝʨʟʣʦʤ 

ʬʘʟʦʚʦʤ ʩʦʩʪʦʷʥʠʠ, ʭʘʨʘʢʪʝʨʥʦʤ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʨʠʦʣʠʪʦʟʦʥʳ. 

ɻʘʟʦʚʳʜʝʣʝʥʠʝ ʚ ʤʝʨʟʣʳʭ ʛʨʫʥʪʘʭ ʧʨʠʚʦʜʠʪ ʢ ʟʘʢʦʥʦʤʝʨʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʠʭ ʩʪʨʦʝʥʠʷ ʠ 

ʜʝʛʨʘʜʘʮʠʠ ʧʨʦʯʥʦʩʪʥʳʭ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. ʍʘʨʘʢʪʝʨ ʠ ʜʠʥʘʤʠʢʘ ʪʘʢʠʭ 

ʠʟʤʝʥʝʥʠʡ ʟʘʚʠʩʷʪ ʢʘʢ ʦʪ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʛʨʫʥʪʘ, ʪʘʢ ʠ ʦʪ ʝʛʦ ʩʦʩʪʘʚʘ, ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʠ ʩʚʦʡʩʪʚ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʩʢʘʟʘʥʥʦʤʫ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʜʘʪʴ ʦʮʝʥʢʫ ʠ ʧʨʦʛʥʦʟ ʧʦʚʝʜʝʥʠʷ ʛʨʫʥʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ 

ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʩʦʦʨʫʞʝʥʠʡ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʥʝʦʙʭʦʜʠʤʦ ʦʙʷʟʘʪʝʣʴʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʦʦʨʫʞʝʥʠʡ.  
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To conduct the drop tests of the ExoMars-2020 lander module, an imitator of Martian soil 

that simulates the physical and mechanical properties of the Martian regolith at a potential 

landing site, on the Oxia Planum was created. A number of terrain types have been identified on 

this plateau, each of which is characterized by geomorphological features and the mechanical 

properties of the surface soil. Then, Martian soil imitator was developed on the basis of 

calculation methods in accordance with the distribution of soil components that differ in particle 

size distribution and density. 

ɺʚʝʜʝʥʠʝ 

ʐʠʨʦʢʠʡ ʠʥʪʝʨʝʩ ʢ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤʫ ʚʝʱʝʩʪʚʫ ʄʘʨʩʘ ʧʨʠʚʝʣ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʩʦʟʜʘʥʠʷ ʛʨʫʥʪʦʚ-ʘʥʘʣʦʛʦʚ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʧʦʩʘʜʦʯʥʳʭ ʤʠʩʩʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ 

ʨʦʩʩʠʡʩʢʦ-ʝʚʨʦʧʝʡʩʢʦʛʦ ʧʨʦʝʢʪʘ ʕʢʟʦʄʘʨʩ [1]. ɻʝʦʣʦʛʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʵʣʣʠʧʩʘ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʤʝʩʪʘ ʧʦʩʘʜʢʠ, Oxia 

Planum, ʦʢʦʣʦ ʜʝʩʷʪʢʘ ʪʠʧʦʚ ʛʨʫʥʪʘ [2]. ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ ʛʨʫʥʪʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʧʦʪʝʥʮʠʘʣʴʥʦʤ ʤʝʩʪʝ ʧʦʩʘʜʢʠ ʩʧʫʩʢʘʝʤʦʛʦ ʤʦʜʫʣʷ ʜʝʣʘʝʪ ʟʘʜʘʯʫ 

ʧʦʜʛʦʪʦʚʢʠ ʤʠʩʩʠʠ ʥʝʪʨʠʚʠʘʣʴʥʦʡ. ʋʯʠʪʳʚʘʷ ʤʘʩʰʪʘʙʥʦʩʪʴ ʧʨʦʚʦʜʠʤʳʭ ʠʩʧʳʪʘʥʠʡ, 

ʦʙʲʝʤʳ ʟʘʤʝʰʠʚʘʝʤʦʛʦ ʛʨʫʥʪʘ-ʘʥʘʣʦʛʘ ʠ ʚʤʝʩʪʝ ʩ ʪʝʤ ʦʛʨʘʥʠʯʝʥʥʦʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ, 

ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʨʘʟʨʘʙʦʪʢʫ ʘʢʪʫʘʣʴʥʦʡ, ʧʨʠʭʦʜʠʪʩʷ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʜʦʨʦʛʦʩʪʦʷʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʪʦʨʦʥʫ ʫʧʨʦʱʝʥʠʷ ʠ ʫʜʝʰʝʚʣʝʥʠʷ ʛʨʫʥʪʘ-ʘʥʘʣʦʛʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ 

ʨʘʩʩʤʦʪʨʠʤ, ʢʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʧʨʝʜʣʘʛʘʶʪʩʷ ʥʘʤʠ ʜʣʷ ʩʤʝʩʠ ʘʥʘʣʦʛʘ ʛʨʫʥʪʘ, ʧʦʜʪʚʝʨʜʠʤ ʚ 

ʭʦʜʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦʜʦʙʠʝ ʘʥʘʣʦʛʦʚ ʠ ʤʘʨʩʠʘʥʩʢʦʛʦ ʛʨʫʥʪʘ ʧʦ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠ ʨʝʢʦʤʝʥʜʫʝʤ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ ʛʨʫʥʪ-ʘʥʘʣʦʛ ʜʣʷ 

ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʭ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ 

ʙʨʦʩʢʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʩʧʫʩʢʘʝʤʦʛʦ ʤʦʜʫʣʷ.  

ʀʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʩʪʘ ʧʦʩʘʜʢʠ çʕʢʟʦʄʘʨʩ-2020è  

ʕʣʣʠʧʩʦʤ ʧʦʩʘʜʢʠ çʕʢʟʦʄʘʨʩ-2020è ʙʳʣ ʚʳʙʨʘʥ ʨʘʡʦʥ Oxia Planum (ʧʣʘʪʦ ʆʢʩʠʘ). 

ʆʙʱʘʷ ʪʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʨʘʡʦʥʘ Oxia Planum ʩʦʩʪʘʚʣʷʝʪʩʷ ʜʚʫʤʷ ʛʣʘʚʥʳʤʠ 

ʧʨʦʚʠʥʮʠʷʤʠ, ʥʠʟʤʝʥʥʳʤʠ ʨʘʚʥʠʥʘʤʠ ʠ ʧʨʠʧʦʜʥʷʪʦʡ ʤʘʪʝʨʠʢʦʚʦʡ ʤʝʩʪʥʦʩʪʴʶ. 

ɻʣʘʚʥʳʤʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʤʠ ʜʝʪʘʣʷʤʠ ʥʘ ʨʘʚʥʠʥʝ ʷʚʣʷʶʪʩʷ ʧʦʣʦʛʠʝ ʭʦʣʤʳ ʠ ʨʝʣʠʢʪʳ 

ʫʜʘʨʥʳʭ ʢʨʘʪʝʨʦʚ, ʥʘ ʤʘʪʝʨʠʢʝ ï ʜʝʧʨʝʩʩʠʠ ʬʣʶʚʠʘʣʴʥʳʭ ʨʫʩʝʣ Coogoon Valles ʠ 
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ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʝ ʚʳʙʨʦʩʳ ʢʨʫʧʥʦʛʦ ʢʨʘʪʝʨʘ. ʇʦ ʮʠʬʨʦʚʳʤ ʤʦʜʝʣʷʤ ʨʝʣʴʝʬʘ MOLA 

(Mars Orbiter Laser Altimeter) ʠ HiRISE (High Resolution Imaging Science Experiment) 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʝʩʪʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʘʣʳʤʠ ʫʢʣʦʥʘʤʠ 

ʧʦʚʝʨʭʥʦʩʪʠ [2], ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʜʣʷ ʧʦʩʘʜʢʠ. 

ʈʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʥʠʟʢʠʭ ʰʠʨʦʪʘʭ ʄʘʨʩʘ ʨʘʡʦʥ Oxia Planum ʧʦʢʨʳʪ ʯʝʭʣʦʤ 

ʤʘʨʩʠʘʥʩʢʦʛʦ ʨʝʛʦʣʠʪʘ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʨʦʟʥʳʤ ʠʩʩʫʰʝʥʥʳʤ ʛʨʫʥʪʦʤ, ʤʦʱʥʦʩʪʴ 

ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 300 ʤ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʥʠʤʢʦʚ CTX (Context Camera) ʠ 

HiRISE ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʜʘʥʥʳʭ ʩ ʤʝʩʪʘ ʨʘʙʦʪʳ ʩʧʫʩʢʘʝʤʳʭ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʨʘʡʦʥʘ Oxia 

Planum ʚʳʜʝʣʝʥʳ 10 ʪʠʧʦʚ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʮʝʥʢʠ 

ʢʦʣʠʯʝʩʪʚʘ ʧʳʣʝʚʦʡ, ʧʝʩʯʘʥʦʡ, ʢʘʤʝʥʠʩʪʦʡ ʠ ʛʣʠʥʠʩʪʦʡ ʢʦʤʧʦʥʝʥʪ ʛʨʫʥʪʘ (ʪʘʙʣʠʮʘ 1).  

ʊʘʙʣʠʮʘ 1 ï ʄʦʜʝʣʴʥʳʡ ʩʦʩʪʘʚ ʛʨʫʥʪʘ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʚ ʨʘʡʦʥʝ Oxia 

Planum 

ʇʦʜʨʘʟʜʝʣʝʥʠʝ 
ʀʥʜʝʢ

ʩ 

ʂʦʤʧʦʥʝʥʪ ʛʨʫʥʪʘ, ʦʙʲʝʤʥʳʡ % 

ʇʳʣʴ ʇʝʩʦʢ ʂʘʤʥʠ ɻʣʠʥʳ 

Cʚʝʞʠʝ ʚʳʙʨʦʩʳ ejd  70 30  

Cʚʝʪʣʳʝ ʧʦʢʨʦʚʳ bem 30 40 10 20 

ʉʚʝʪʣʳʝ ʨʘʚʥʠʥʳ lbp 10 80 5 5 

ʊʝʤʥʳʡ ʙʫʛʨʠʩʪʳʡ ʤʘʪʝʨʠʘʣ dpj 10 60 30  

ʆʪʣʦʞʝʥʠʷ ʢʦʥʫʩʦʚ ʚʳʥʦʩʘ dd 5 80 10 5 

Oʪʣʦʞʝʥʠʷ ʨʫʩʝʣ cd 5 80 10 5 

ʆʩʪʘʥʮʳ ʤʘʪʝʨʠʢʦʚʦʡ ʤʝʩʪʥʦʩʪʠ me 10 60 30  

ɼʝʛʨʘʜʠʨʦʚʘʥʥʳʝ ʚʳʙʨʦʩʳ ed 10 50 40  

ɻʣʘʜʢʠʝ ʨʘʚʥʠʥʳ ups 10 20 70  

ɺʳʙʨʦʩʳ ʜʨʝʚʥʝʛʦ ʢʨʘʪʝʨʘ uem 10 50 40  

ʇʨʠʤʝʯʘʥʠʝ: ʆʮʝʥʢʘ ʢʦʣʠʯʝʩʪʚʘ ʢʦʤʧʦʥʝʥʪʦʚ ʛʨʫʥʪʘ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ 

Ñ10% 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʨʝʜʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠʤʝʝʪ 

ʧʦʜʨʘʟʜʝʣʝʥʠʝ ʩʚʝʪʣʳʭ ʨʘʚʥʠʥ (ʪʘʙʣʠʮʘ 2). ʇʦʚʝʨʭʥʦʩʪʴ ʵʪʦʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʝʪʣʘʷ, ʧʦʣʦʛʦʚʦʣʥʠʩʪʘʷ, ʥʘ ʢʦʪʦʨʦʡ ʤʝʩʪʘʤʠ ʚʩʪʨʝʯʘʶʪʩʷ ʫʟʢʠʝ ʠ ʥʠʟʢʠʝ 

ʛʨʷʜʳ, ʯʘʩʪʦ ʩʣʠʚʘʶʱʠʝʩʷ ʚ ʧʦʣʷ ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʜʶʥʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʯʘʩʪʠʮ 

ʧʝʩʯʘʥʦʛʦ ʨʘʟʤʝʨʘ, ʪʠʧʠʯʥʳʭ ʜʣʷ ʤʘʨʩʠʘʥʩʢʠʭ ʛʨʫʥʪʦʚ, 0.06-0.2 ʤʤ. ɺ ʦʙʣʘʩʪʠ ʩʚʝʪʣʳʭ 
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ʨʘʚʥʠʥ, ʧʦʤʠʤʦ ʜʶʥʥʳʭ ʧʦʣʝʡ, ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʡ ʧʝʩʯʘʥʠʩʪʳʡ ʤʘʪʝʨʠʘʣ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʢʦʤʢʦʚʘʪʳʡ ʛʨʫʥʪ ʠ ʢʦʨʢʠ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʠʟ ʢʦʪʦʨʳʭ ʯʘʩʪʠʮʳ 

ʧʝʩʯʘʥʦʡ ʠ ʧʳʣʝʚʦʡ ʨʘʟʤʝʨʥʦʡ ʬʨʘʢʮʠʠ ʯʘʩʪʠʯʥʦ ʚʳʜʫʚʘʶʪʩʷ ʚʝʪʨʦʤ. 

ʊʘʙʣʠʮʘ 2 ï ʇʣʦʱʘʜʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʚ ʤʝʩʪʝ 

ʧʦʩʘʜʢʠ Oxia Planum 

ʇʦʜʨʘʟʜʝʣʝʥʠʝ ʇʣʦʱʘʜʴ, 

ʢʤ
2
 

ʇʣʦʱʘʜʴ, 

%    
ejd 9.0 0.4 
bem 176.6 7.1 
lbp 1281.6 51.4 
dpj 457.2 18.4 
dd 50.9 2.0 
cd 37.2 1.5 
me 3.6 0.1 
ed 144.0 5.8 
ups 268.1 10.8 
uem 62.9 2.5 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʛʝʦʣʦʛʦ-

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʘʡʦʥʘ ʧʦʩʘʜʢʠ Oxia Planum ʩ ʧʦʤʦʱʴʶ ʩʥʠʤʢʦʚ CTX ʠ 

HiRISE ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʧʣʦʱʘʜʝʡ, ʟʘʥʠʤʘʝʤʳʭ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʛʨʫʥʪʘ, ʚ ʧʨʝʜʝʣʘʭ ʵʣʣʠʧʩʘ ʧʦʩʘʜʢʠ Oxia Planum (ʪʘʙʣʠʮʘ 3) [3,4]. 

ʊʘʙʣʠʮʘ 3 ï ɺʩʪʨʝʯʘʝʤʦʩʪʴ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʠʧʦʚ ʛʨʫʥʪʘ ʚ ʧʨʝʜʝʣʘʭ ʵʣʣʠʧʩʘ 

ʧʦʩʘʜʢʠ Oxia Planum (ʪʠʧʠʟʘʮʠʷ ʛʨʫʥʪʘ ʦʩʥʦʚʘʥʘ ʥʘ ʤʠʩʩʠʷʭ çɺʠʢʠʥʛ-1,2è) 

ʂʦʤʧʦʥʝʥʪʳ ʛʨʫʥʪʘ 
ʇʣʦʪʥʦʩʪʴ, 

ʛ/ʩʤ
3
 

ʈʘʟʤʝʨ 

ʟʝʨʝʥ, ʤʤ 

ʇʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ, 

% 

ʇʳʣʝʚʘʷ ʢʦʤʧʦʥʝʥʪʘ 1-1.3 0.001-0.01 2-7 

ʇʝʩʢʠ 1.1-1.3 0.06-0.2 22-27 

ʂʦʨʢʠ ʚʳʚʝʪʨʠʚʘʥʠʷ 

ʠ ʢʦʤʢʦʚʘʪʳʡ ʛʨʫʥʪ 
1.1-1.6 0.005-0.5 32-37 

ʂʘʤʝʥʠʩʪʳʡ ʛʨʫʥʪ 1.2-2.0 0.05-3 26-31 

ʂʘʤʥʠ 2.6-2.8 2.0-2000 5-10 

ɻʣʠʥʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ 1.5-1.6 <0.001 0-3 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʛʨʫʥʪʦʚ-ʘʥʘʣʦʛʦʚ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʧʦʜʙʦʨʘ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʛʨʫʥʪʦʚ ʠ ʧʣʦʪʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʜʘʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʬʠʟʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʨʫʥʪʦʚ. 
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ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʘʨʩʠʘʥʩʢʦʛʦ ʛʨʫʥʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʤʝʣʢʠʭ 

ʧʝʩʯʘʥʳʭ ʠ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ. ɼʠʘʧʘʟʦʥ ʬʨʘʢʮʠʡ ʟʝʨʝʥ ʨʝʛʦʣʠʪʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʚʝʱʝʩʪʚʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ. 

ʊʘʢ, ʜʦʧʫʩʪʠʤʳʡ ʜʠʘʧʘʟʦʥ ʧʣʦʪʥʦʩʪʠ ʜʣʷ ʤʦʜʝʣʴʥʦʛʦ ʛʨʫʥʪʘ ʙʳʣ ʚʳʙʨʘʥ ʧʦ ʩʭʦʞʠʤ 

ʛʨʫʥʪʘʤ ʠ ʧʨʠʥʷʪ ʦʪ 1,1 ʛ/ʩʤ
3
 ʜʦ 1,9 ʛ/ʩʤ

3
 ʜʣʷ ʪʦʥʢʦ-ʩʨʝʜʥʝʟʝʨʥʠʩʪʦʛʦ ʧʝʩʢʘ, ʪʠʧʠʯʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 1,4 ʛ/ʩʤ
3
. ʉʨʝʜʠ ʤʠʥʝʨʘʣʦʚ, ʩʣʘʛʘʶʱʠʭ ʯʘʩʪʠʮʳ ʤʘʨʩʠʘʥʩʢʦʛʦ ʛʨʫʥʪʘ, 

ʧʨʝʚʘʣʠʨʫʶʪ ʧʣʘʛʠʦʢʣʘʟ NaAlSi3O8ïCaAl2Si2O8, ʧʠʨʦʢʩʝʥ (Ca,Mg,Fe)2Si2O6 ʠ ʦʣʠʚʠʥ 

(Mg,Fe)2SiO4 ʩ ʧʨʠʤʝʩʴʶ ʘʤʦʨʬʥʳʭ ʬʘʟ, ʧʦ ʩʦʩʪʘʚʫ ʧʨʠʙʣʠʞʘʶʱʠʭʩʷ ʢ ʛʣʠʥʘʤ. 

ʋʜʝʣʴʥʳʡ ʚʝʩ ʵʪʠʭ ʤʠʥʝʨʘʣʦʚ (ɟʤ) ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 2.5ï2.7 ʛ/ʩʤ
3
 (ʧʣʘʛʠʦʢʣʘʟʳ), 3.1ï

3.5 ʛ/ʩʤ
3
 (ʧʠʨʦʢʩʝʥ ʠ ʦʣʠʚʠʥ) ʠ 2.2ï2.8 ʛ/ʩʤ3 (ʬʠʣʣʦʩʠʣʠʢʘʪʳ). ʆʪʩʶʜʘ ʜʣʷ ʛʨʫʥʪʦʚ ʩʦ 

ʟʥʘʯʝʥʠʷʤʠ ʧʣʦʪʥʦʩʪʠ (ɟ) 1ï2 ʛ/ʩʤ
3
 ʧʦʨʠʩʪʦʩʪʴ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 35ï65 %. 

ʉʨʝʜʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʨʩʠʘʥʩʢʦʛʦ ʨʝʛʦʣʠʪʘ ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʝ 

ʜʘʥʥʳʝ ʠʤʝʶʪʩʷ ʜʣʷ ʫʛʣʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʠ ʩʮʝʧʣʝʥʠʷ. ʆʥʠ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʨʘʥʞʠʨʫʶʪʩʷ ʧʦ ʪʠʧʘʤ ʛʨʫʥʪʘ. ʊʘʢ ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʜʣʷ ʵʦʣʦʚʳʭ 

ʥʘʥʦʩʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 15.1 ʛʨʘʜʫʩʘ ʠ ʜʦʭʦʜʠʪ ʜʦ 42.2 ʛʨʘʜʫʩʦʚ ʚ ʢʦʤʢʦʚʘʪʦʤ 

ʛʨʫʥʪʝ. ɿʥʘʯʝʥʠʷ ʩʮʝʧʣʝʥʠʷ (ʢʦʛʝʟʠʠ) ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 0.18 ʢʇʘ ʜʣʷ ʵʦʣʦʚʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʛʨʫʥʪʘ ʜʦ 10.6 ʢʇʘ ʚ ʢʘʤʝʥʠʩʪʦʤ ʛʨʫʥʪʝ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʘʨʩʠʘʥʩʢʦʛʦ ʛʨʫʥʪʘ-ʘʥʘʣʦʛʘ 

ɼʣʷ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʭ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʙʨʦʩʢʦʚʳʭ 

ʠʩʧʳʪʘʥʠʡ ʠ ʦʪʨʘʙʦʪʢʠ ʧʦʩʘʜʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʤʠʩʩʠʠ çʕʢʟʦʄʘʨʩè, ʘ ʪʘʢʞʝ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʤʘʨʩʦʜʨʦʥʦʚ ʩ ʮʝʣʴʶ ʠʩʧʳʪʘʥʠʷ ʩʘʤʦʭʦʜʥʳʭ ʠʣʠ ʠʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ 

ʜʣʷ ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʦ ʤʘʨʩʠʘʥʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʩʧʳʪʘʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʤʘʨʩʠʘʥʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʟʜʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʜʦʙʳʯʝ ʠ ʦʙʦʛʘʱʝʥʠʶ ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʩʫʨʩʦʚ ʪʨʝʙʫʶʪʩʷ ʦʙʲʝʤʳ ʛʨʫʥʪʘ-

ʘʥʘʣʦʛʘ, ʠʟʤʝʨʷʝʤʳʝ ʜʝʩʷʪʢʘʤʠ ʪʦʥʥ. ʇʨʠ ʚʳʙʦʨʝ ʢʦʤʧʦʥʝʥʪʦʚ ʛʨʫʥʪʘ-ʘʥʘʣʦʛʘ ʜʣʷ 

ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʭ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʫʯʠʪʳʚʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ. ɺʦ-ʧʝʨʚʳʭ, ʤʦʜʝʣʴ ʤʘʨʩʠʘʥʩʢʦʛʦ ʛʨʫʥʪʘ ʜʦʣʞʥʘ ʠʤʠʪʠʨʦʚʘʪʴ ʪʦʣʴʢʦ 

ʦʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɺʦ-ʚʪʦʨʳʭ, cʦʩʪʘʚʣʷʶʱʠʝ ʛʨʫʥʪʘ-ʘʥʘʣʦʛʘ 

ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʠ ʣʝʛʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʜʦʩʪʫʧʥʦʩʪʴʶ ʚ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ. ɺ-ʪʨʝʪʴʠʭ, ʠʟʛʦʪʦʚʣʝʥʠʝ ʛʨʫʥʪʘ-ʘʥʘʣʦʛʘ ʠ ʝʛʦ ʫʢʣʘʜʢʘ 

ʚ ʩʪʝʥʜ ʜʦʣʞʥʘ ʧʨʦʚʦʜʠʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʜʦʩʪʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ 

ʠʥʩʪʨʫʤʝʥʪʦʚ [4]. 
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ʊʘʢ ʢʘʢ ʠʤʝʥʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʠʟʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʷʚʣʷʶʪʩʷ ʠʥʜʠʢʘʪʦʨʘʤʠ ʧʦʚʝʜʝʥʠʷ ʛʨʫʥʪʘ ʚ ʩʣʫʯʘʝ ʚʥʝʰʥʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ, ʪʦ ʧʨʠ ʩʦʟʜʘʥʠʠ ʄɻɸ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʩ 

ʟʘʜʘʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʟʥʘʯʝʥʠʡ ʜʣʷ ʦʩʥʦʚʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ. ʉʶʜʘ ʚʭʦʜʷʪ 

ʧʣʦʪʥʦʩʪʴ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʤʦʨʬʦʣʦʛʠʷ ʯʘʩʪʠʮ, ʢʦʛʝʟʠʷ (ʩʮʝʧʣʝʥʠʝ), ʫʛʦʣ 

ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʩʫʭʦʛʦ ʤʘʨʩʠʘʥʩʢʦʛʦ ʨʝʛʦʣʠʪʘ. ʅʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʟʥʳʭ ʪʠʧʦʚ ʛʨʫʥʪʘ ʚ ʧʨʝʜʝʣʘʭ ʵʣʣʠʧʩʦʚ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʤʝʩʪ ʧʦʩʘʜʢʠ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʨʠʚʳʭ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʜʣʷ ʤʝʩʪ ʧʦʩʘʜʢʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʢʨʠʚʦʡ ʥʘ 

ʛʨʫʥʪ-ʘʥʘʣʦʛ JSC (ʨʠʩʫʥʦʢ 1). 

 

ʈʠʩʫʥʦʢ 1 ï ʀʥʪʝʛʨʘʣʴʥʳʝ ʢʨʠʚʳʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩ ʤʝʩʪ ʧʦʩʘʜʦʢ Oxia Planum, 

Mawrth Vallis (ʜʦ 2017 ʛʦʜʘ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʤʝʩʪʦ ʧʦʩʘʜʢʠ çʕʢʟʦʄʘʨʩ-2020è) ʠ ʛʨʫʥʪʘ-ʘʥʘʣʦʛʘ JSC. 

ʇʦʜʙʦʨ ʥʝʦʙʭʦʜʠʤʳʭ ʪʨʝʙʦʚʘʥʠʡ ʙʳʣ ʦʩʣʦʞʥʝʥ ʥʘʣʠʯʠʝʤ ʚ ʧʨʝʜʝʣʘʭ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʤʝʩʪ ʧʦʩʘʜʢʠ ʜʝʩʷʪʠ ʚʝʱʝʩʪʚʝʥʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʬʨʘʢʮʠʡ ʛʨʫʥʪʘ ï ʛʣʠʥʠʩʪʦʡ, ʧʳʣʝʚʦʡ, 

ʧʝʩʯʘʥʦʡ, ʢʦʨʦʢ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʢʦʤʢʦʚʘʪʦʛʦ, ʢʘʤʝʥʠʩʪʦʛʦ, ʩʢʘʣʴʥʳʭ ʚʳʭʦʜʦʚ. ʇʦ ʠʪʦʛʘʤ 

ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʝʱʝʩʪʚʝʥʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʠ ʢʦʤʧʦʥʝʥʪ ʛʨʫʥʪʘ ʚ ʥʠʭ ʙʳʣʠ 

ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʨʠʚʳʭ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʜʣʷ ʤʝʩʪʘ 

ʧʦʩʘʜʢʠ Oxia Planum (ʨʠʩʫʥʦʢ 2). 

ɻʨʫʥʪʳ-ʘʥʘʣʦʛʠ ʧʦʜʙʠʨʘʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʧʦʩʪʨʦʝʥʥʳʭ ʛʨʘʬʠʢʦʚ ʤʝʪʦʜʦʤ 

ʧʨʝʜʝʣʴʥʳʭ ʢʨʠʚʳʭ. ʉ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʣʦʪʥʦʩʪʠ 
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ʤʘʨʩʠʘʥʩʢʦʛʦ ʨʝʛʦʣʠʪʘ, ʜʦʙʘʚʣʷʣʦʩʴ ʙʦʣʴʰʝ ʧʳʣʝʚʘʪʦʡ ʬʨʘʢʮʠʠ, ʢʦʪʦʨʘʷ ʙʳʣʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʦʣʦʡ-ʫʥʦʩʘ ʠ ʟʦʣʦʰʣʘʢʦʤ, ʠʤʝʶʱʠʤʠ ʥʝʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ.  

ʉʦʛʣʘʩʥʦ ʵʪʠʤ ʦʮʝʥʢʘʤ ʠ ʧʨʝʜʣʦʞʝʥʠʷʤ ʥʘ ʨʳʥʢʝ ʜʦʩʪʫʧʥʳʭ ʚ ʮʝʥʦʚʦʤ ʦʪʥʦʰʝʥʠʠ 

ʤʘʪʝʨʠʘʣʦʚ, ʙʳʣʠ ʚʳʙʨʘʥʳ 4 ʚʠʜʘ ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʄɻɸ: ʢʚʘʨʮʝʚʳʡ 

ʧʝʩʦʢ ʜʨʦʙʣʝʥʳʡ ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʬʨʘʢʮʠʠ 0.5-1.2 ʤʤ (ʜʦʧʫʩʢʘʝʪʩʷ 0.5-1.0 ʤʤ), ʢʚʘʨʮʝʚʳʡ 

ʧʝʩʦʢ ʦʢʘʪʘʥʥʳʡ ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʬʨʘʢʮʠʠ 0.19-0.23 ʤʤ (ʜʦʧʫʩʢʘʝʪʩʷ 0.1-0.3 ʤʤ) 

(ʧʨʠʨʦʜʥʳʡ), ʟʦʣʘ-ʫʥʦʩʘ ʠ ʟʦʣʦʰʣʘʢ. 

ʂʘʞʜʳʡ ʠʟ ʚʳʙʨʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʢ ʟʘʢʫʧʢʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʄɻɸ ʩʪʨʦʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ (ʪʘʙʣʠʮʘ 4). 

 

ʈʠʩʫʥʦʢ 2 ï ʀʥʪʝʛʨʘʣʴʥʳʝ ʢʨʠʚʳʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʝʱʝʩʪʚʝʥʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ Oxia 

Planum. 

 

ʊʘʙʣʠʮʘ 4 ï ʉʦʦʪʚʝʪʩʪʚʠʝ ɻʆʉʊ ʢʦʤʧʦʥʝʥʪʦʚ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʜʣʷ ʟʘʢʫʧʢʠ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʄɻɸ  

ʂʦʤʧʦʥʝʥʪ ʉʦʦʪʚʝʪʩʪʚʠʝ ɻʆʉʊ 

ʂʚʘʨʮʝʚʳʡ ʧʝʩʦʢ ʜʨʦʙʣʝʥʳʡ 

ʦʩʪʨʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ, ʬʨʘʢʮʠʷ 

0.5-1.2 ʤʤ (ʜʦʧʫʩʢʘʝʪʩʷ 0.5-1.0 

ʤʤ)  

ɻʆʉʊ ʈ 51641-2000. ʄʘʪʝʨʠʘʣʳ ʬʠʣʴʪʨʫʶʱʠʝ 

ʟʝʨʥʠʩʪʳʝ. ʆʙʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ʂʚʘʨʮʝʚʳʡ ʧʝʩʦʢ ʦʢʘʪʘʥʥʳʡ, ɻʆʉʊ ʈ 51641-2000. ʄʘʪʝʨʠʘʣʳ ʬʠʣʴʪʨʫʶʱʠʝ 
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ʬʨʘʢʮʠʷ 0.19-0.23 ʤʤ 

(ʜʦʧʫʩʢʘʝʪʩʷ 0.1-0.3 ʤʤ) 

ʟʝʨʥʠʩʪʳʝ. ʆʙʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ɿʦʣʘ-ʫʥʦʩʘ ɻʆʉʊ 25818-91. ɿʦʣʳ-ʫʥʦʩʘ ʪʝʧʣʦʚʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʜʣʷ ʙʝʪʦʥʦʚ. ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ɿʦʣʦʰʣʘʢ ɻʆʉʊ 25592-91. ʉʤʝʩʠ ʟʦʣʦʰʣʘʢʦʚʳʝ ʪʝʧʣʦʚʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʜʣʷ ʙʝʪʦʥʦʚ. ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʴʥʦʛʦ ʤʘʨʩʠʘʥʩʢʦʛʦ ʛʨʫʥʪʘ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʤʧʦʥʝʥʪʳ, 

ʢʦʪʦʨʳʝ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʦʪʥʦʩʷʪʩʷ ʢ ʜʠʘʧʘʟʦʥʫ ʤʝʣʢʠʭ ʧʝʩʯʘʥʳʭ ʠ 

ʧʳʣʝʚʳʭ ʬʨʘʢʮʠʡ, ʪʘʢ ʢʘʢ ʯʘʩʪʠʮʳ ʠʤʝʥʥʦ ʪʘʢʦʛʦ ʨʘʟʤʝʨʘ ʙʳʣʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʯʘʩʪʠ ʤʘʨʩʠʘʥʩʢʦʛʦ ʛʨʫʥʪʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʘʜʦʯʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ ʠ ʤʘʨʩʦʭʦʜʘʤʠ [8]. ʇʨʠ ʩʦʟʜʘʥʠʠ ʩʤʝʩʝʡ ʤʳ 

ʪʘʢʞʝ ʫʯʠʪʳʚʘʣʠ ʤʦʨʬʦʣʦʛʠʶ ʯʘʩʪʠʮ ʠ ʫʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʳʝ 

ʜʣʷ ʛʨʫʥʪʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʤʝʩʪ ʧʦʩʘʜʢʠ (ʪʘʙʣʠʮʘ 3). 

ɺʩʝ ʚʳʙʨʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʩʝʨʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 12536-2014 [9], ɻʆʉʊ 5180-2015 [10], 

ɻʆʉʊ 25584-2016 [11]. ʇʦʩʣʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʩʦʜʝʨʞʘʥʠʷ ʬʨʘʢʮʠʡ ʚ ʛʨʫʥʪʝ-

ʘʥʘʣʦʛʝ ʧʦʜʦʙʥʦ ʫʩʨʝʜʥʝʥʥʦʡ ʤʦʜʝʣʠ ʤʘʨʩʠʘʥʩʢʦʛʦ ʛʨʫʥʪʘ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʧʨʦʧʦʨʮʠʠ 

ʜʣʷ ʩʤʝʰʠʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ.  

ʅʘ ʦʩʥʦʚʝ ʧʦʜʙʦʨʘ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʳʣʠ ʩʦʟʜʘʥʳ 4 ʛʨʫʥʪʘ-ʘʥʘʣʦʛʘ. 

(ʪʘʙʣʠʮʘ 5). ʀʭ ʠʥʪʝʛʨʘʣʴʥʳʝ ʢʨʠʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. ɺʩʝ ʛʨʫʥʪʳ-ʘʥʘʣʦʛʠ 

ʚʳʭʦʜʷʪ ʟʘ ʜʦʧʫʩʪʠʤʳʝ ʨʘʤʢʠ ʚ ʟʥʘʯʝʥʠʠ ʬʨʘʢʮʠʠ 0,5 ʤʤ. ʇʦʜʦʙʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʙʳʣʦ 

ʜʦʧʫʱʝʥʦ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʛʨʫʥʪʦʚ ʩ ʤʝʥʴʰʝʡ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ (ʪʘʙʣʠʮʘ 6). 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʙʳʣʠ ʩʦʟʜʘʥʳ 

ʯʝʪʳʨʝ ʛʨʫʥʪʘ-ʘʥʘʣʦʛʘ ʜʣʷ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʤʝʩʪ ʧʦʩʘʜʦʢ. 

ʊʘʙʣʠʮʘ 5 ï ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʛʨʫʥʪʦʚ-ʘʥʘʣʦʛʦʚ 

ˉ

   

ʧ

/

ʧ 

ʆʙʨʘʟʝʮ 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚ % ʧʦ ʤʘʩʩʝ ʬʨʘʢʮʠʡ ʚ ʤʤ 

ʛʨʘʚʠʡʥ

ʳʡ 

(ʜʨʝʩʚʷʥ

ʳʡ) 

ʧʝʩʦʢ ʧʳʣʴ 

10- 5-2 2-1 1- 0,5 0,25- 0,1- 0,05- 0,01 0,005 < 
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5 0,5 -

0,2

5 

0,1 0,05 0,01 -

0,00

5 

-

0,002 

0.00

2 

1 
ɻʨʫʥʪ-ʘʥʘʣʦʛ 

1 
0,0 0,3 11,2 

25,

2 
8,1 22,0 7,9 18,5 5,4 1,5 0,0 

2 
ɻʨʫʥʪ-ʘʥʘʣʦʛ 

2 
0,0 0,2 7,4 

21,

2 
4,6 16,9 12,5 35,1 1,0 1,0 0,0 

3 
ɻʨʫʥʪ-ʘʥʘʣʦʛ 

3 
0,0 0,1 9,6 

33,

2 

11,

6 
26,6 8,3 7,8 2,0 1,0 0,0 

4 
ɻʨʫʥʪ-ʘʥʘʣʦʛ 

4 
0,0 0,1 0,8 1,2 

12,

7 
36,0 10,7 33,6 4,4 0,6 0,0 

ʊʘʙʣʠʮʘ 6 ï ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʟʜʘʥʥʳʭ ʩʤʝʩʝʡ 
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W ɟs ɟd max ɟd min ʝ max ʝ min 

1 ɻʨʫʥʪ-ʘʥʘʣʦʛ 1 0,5 2,54 1,69 1,44 0,50 0,76 

2 ɻʨʫʥʪ-ʘʥʘʣʦʛ 2 0,4 2,48 1,55 1,30 0,60 0,91 

3 ɻʨʫʥʪ-ʘʥʘʣʦʛ 3 0,2 2,61 1,85 1,59 0,41 0,64 

4 ɻʨʫʥʪ-ʘʥʘʣʦʛ 4 0,5 2,50 1,57 1,32 0,59 0,89 
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ʈʠʩʫʥʦʢ 3 ï ʀʥʪʝʛʨʘʣʴʥʳʝ ʢʨʠʚʳʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʛʨʫʥʪʦʚ-ʘʥʘʣʦʛʦʚ. 

ɼʣʷ ʚʳʙʨʘʥʥʳʭ 4 ʛʨʫʥʪʦʚ ʘʥʘʣʦʛʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʠʭ ʧʦʢʘʟʘʪʝʣʝʡ [12]: ʩʪʘʪʠʯʝʩʢʠʡ 

ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ (ɽʫ), ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ (ɽʜ), ʦʙʱʠʡ ʤʦʜʫʣʴ ʜʝʬʦʨʤʘʮʠʠ 

(ɽʦʙ)ɦ, ʩʮʝʧʣʝʥʠʝ (ʩ), ʫʛʦʣ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ (ű), ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ (ʪʘʙʣʠʮʘ 7). ʅʘ 

ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣ ʚʳʙʨʘʥ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ 

ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʛʨʫʥʪ-ʘʥʘʣʦʛ 2. 

ʊʘʙʣʠʮʘ 7 ï ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʨʫʥʪʦʚ-ʘʥʘʣʦʛʦʚ 
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ɽʦʙ ɦ ɽʫ ɽʫ ɽʜ ɽɼʫ G50 c ű tgű 

ɻʨʫʥʪ-ʘʥʘʣʦʛ 1 12,7 - 0,385 77,6 115,2 1,7 0,011 24 0,445 

ɻʨʫʥʪ-ʘʥʘʣʦʛ 2 5,6 57,3 0,332 55,3 248,9 1,5 0,007 25 0,458 

ɻʨʫʥʪ-ʘʥʘʣʦʛ 3 18,7 - 0,384 68,6 117,6 1,2 0,036 28 0,525 

ɻʨʫʥʪ-ʘʥʘʣʦʛ 4 10,6 67,5 0,451 57,2 148,5 1,3 0,031 25 0,472 
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ɿʘʢʣʶʯʝʥʠʝ 

ʅʘ ʦʩʥʦʚʝ ʦʙʟʦʨʘ ʬʠʟʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʨʩʠʘʥʩʢʦʛʦ ʛʨʫʥʪʘ 

ʠ ʩʚʦʡʩʪʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʛʨʫʥʪʦʚ-ʘʥʘʣʦʛʦʚ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʛʝʦʣʦʛʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʤʝʩʪ ʧʦʩʘʜʢʠ çʕʢʟʦʄʘʨʩ-2020è ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ 

ʢ ʜʠʘʧʘʟʦʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʦʜʝʣʠ ʛʨʫʥʪʘ. ʇʨʦʚʝʜʝʥ ʧʦʠʩʢ ʠʩʭʦʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʠʭ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʧʨʝʜʣʦʞʝʥʳ ʚʘʨʠʘʥʪʳ ʠʭ 

ʩʤʝʰʠʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʩʢʦʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʭʦʜʷʱʠʭ ʚ ʟʘʜʘʥʥʳʝ ʜʠʘʧʘʟʦʥʳ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ ʤʘʨʩʠʘʥʩʢʦʛʦ ʛʨʫʥʪʘ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʧʨʝʜʝʣʝʥʳ ʬʠʟʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʤʦʜʝʣʝʡ ʤʘʨʩʠʘʥʩʢʦʛʦ ʛʨʫʥʪʘ. ʈʝʢʦʤʝʥʜʦʚʘʥ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ ʦʙʨʘʟʝʮ 

ʛʨʫʥʪʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʙʨʦʩʢʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦʩʘʜʦʯʥʦʛʦ ʤʦʜʫʣʷ çʕʢʟʦʄʘʨʩè. 
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ɼʣʠʪʝʣʴʥʦʚʨʝʤʝʥʥʳʝ ʤʦʥʠʪʦʨʠʥʛʦʚʳʝ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʧʦʩʪʦʷʥʥʳʭ ʧʣʦʱʘʜʷʭ 

ʥʘʙʣʶʜʝʥʠʡ, ʨʘʟʙʠʪʳʭ ʚ ʦʩʥʦʚʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʯʘʩʪʷʭ ʤʘʢʨʦʨʝʣʴʝʬʘ (ʚʦʜʦʨʘʟʜʝʣ, ʩʢʣʦʥ, 

ʜʦʣʠʥʘ) ʥʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɺ.ɹ.ʉʦʯʘʚʳ ʷʚʣʷʶʪʩʷ 

ʦʩʥʦʚʦʡ ʜʦʣʛʦʩʨʦʯʥʳʭ ʧʨʦʛʥʦʟʦʚ ʨʘʟʚʠʪʠʷ ʢʨʠʦʛʝʥʥʦʡ ʛʝʦʩʠʩʪʝʤʳ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ 

ʫʨʦʚʥʝ. ʉʪʨʫʢʪʫʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʤʘʢʨʦʢʦʤʙʠʥʘʮʠʠ (ʦʪ 

ʚʦʜʦʨʘʟʜʝʣʘ ʜʦ ʜʦʣʠʥʳ) ʚʳʷʚʣʷʝʪ ʩʦʩʪʦʷʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʨʠʦʛʝʥʥʦʡ ʛʝʦʩʠʩʪʝʤʳ. 
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Long-term monitoring observations at constant observation areas, broken down in the main 

structural parts of the macrorelief (watershed, slope, valley) are the basis for long-term forecasts 

of the development of a cryogenic geosystem at the regional level. It must be organized 

following the structural-dynamic classification of V.B.Sochava. The structural-dynamic analysis 

of plant communities of ñmacrocombinationò (from the watershed to the valley) reveals the state 

of stability of the cryogenic geosystem. 

 

ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʯʫʪʢʦ ʨʝʘʛʠʨʫʝʪ ʥʘ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʠ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʤʝʨʟʣʦʪʥʳʭ ʫʩʣʦʚʠʡ. ʆʥʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ñʧʣʦʱʘʜʥʳʤò ʠʥʜʠʢʘʪʦʨʦʤ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ, ʦʩʦʙʝʥʥʦ ʚ ʶʞʥʦʡ ʪʫʥʜʨʝ, ʛʜʝ ʢʨʦʚʣʷ 

ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ ʦʧʫʩʢʘʝʪʩʷ ʯʘʩʪʦ ʙʦʣʝʝ 1 ʤ ʠ ʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤ 

ʧʨʦʤʝʨʦʤ ʩ ʧʦʤʦʱʴʶ ʱʫʧʘ. ɺ ʧʨʠʨʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʝ ʠʟʤʝʥʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ 

ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ ʥʝ ʚʩʝʛʜʘ ʩʠʥʭʨʦʥʥʳ, ʪʘʢ ʢʘʢ ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ ʧʝʨʚʳʡ 

ʨʝʘʛʠʨʫʝʪ ʥʘ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʥʦ ʝʛʦ ʩʫʱʝʩʪʚʝʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʣʫʞʘʪ ʪʦʣʯʢʦʤ 

ʠʣʠ ñʩʧʫʩʢʦʚʳʤ ʤʝʭʘʥʠʟʤʦʤò ʠʟʤʝʥʝʥʠʷ ʚʩʝʡ ʢʨʠʦʛʝʥʥʦʡ ʵʢʦʩʠʩʪʝʤʳ. ɸʥʪʨʦʧʦʛʝʥʥʳʝ 

ʥʘʨʫʰʝʥʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʚ ɸʨʢʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ ʫʩʠʣʠʚʘʶʪ ʧʨʠʨʦʜʥʫʶ ʘʢʪʠʚʠʟʘʮʠʶ 

ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ ʠ ʬʦʨʤʠʨʫʶʪ ʥʦʚʳʡ ʤʠʢʨʦ- ʠ ʤʝʟʦʨʝʣʴʝʬ, ʚʣʠʷʶʱʠʡ ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʧʣʘ ʠ ʚʣʘʛʠ, ʯʪʦ ʠʟʤʝʥʷʝʪ ʩʪʨʫʢʪʫʨʫ ʣʘʥʜʰʘʬʪʘ ʚ ʮʝʣʦʤ.  

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʱʘʜʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʨʫʰʝʥʠʷ ʚ ʪʫʥʜʨʦʚʦʡ ʟʦʥʝ ʚ ʫʩʣʦʚʠʷʭ 

ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʚʠʪʩʷ ʚʦʧʨʦʩ ʦʨʛʘʥʠʟʘʮʠʠ 
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ʜʣʠʪʝʣʴʥʦʚʨʝʤʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʢʨʠʦʛʝʥʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ʚ ʧʨʝʜʝʣʘʭ ʦʩʥʦʚʥʳʭ ʬʦʨʤ 

ʤʘʢʨʦʨʝʣʴʝʬʘ ʥʘ ʦʩʥʦʚʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʠʣʠ ʩʪʨʫʢʪʫʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʜʥʦʨʦʜʥʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ï

ʮʝʥʦʤʝʨʳ (ʠʣʠ ʧʨʠ ʛʝʦʩʠʩʪʝʤʥʦʤ ʧʦʜʭʦʜʝ ï ʛʝʦʤʝʨʳ) ʚ ʧʨʝʜʝʣʘʭ ʢʨʫʧʥʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʨʘʟʣʠʯʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʥʝʦʜʥʦʨʦʜʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ - 

ʮʝʥʦʭʦʨ (ʠʣʠ ï ʛʝʦʭʦʨ). ʅʘ ʪʦʧʦʣʦʛʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʥʘʠʙʦʣʴʰʝʡ ʩʪʨʫʢʪʫʨʥʦʡ ʝʜʠʥʠʮʝʡ 

ʷʚʣʷʝʪʩʷ ʪʦʧʦʮʝʥʦʭʦʨʘ, ʠʣʠ, ʧʨʠ ʛʝʦʩʠʩʪʝʤʥʦʤ ʧʦʜʭʦʜʝ, ʪʦʧʦʛʝʦʭʦʨʘ [1, 2]. ʊʦʧʦʮʝʥʦʭʦʨʘ 

(ʠʣʠ ʤʘʢʨʦʤʙʠʥʘʮʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ - ʬʠʪʦʤʘʢʨʦʢʦʤʙʠʥʘʮʠʷ) ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʦʯʝʪʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ (ʮʝʥʦʭʦʨʘʤʠ) ʠʣʠ ʛʝʦʩʠʩʪʝʤ 

(ʛʝʦʭʦʨʘʤʠ) ʚ ʧʨʝʜʝʣʘʭ ʤʘʢʨʦʨʝʣʴʝʬʘ ʦʪ ʚʦʜʦʨʘʟʜʝʣʘ ʜʦ ʨʝʯʥʦʡ ʜʦʣʠʥʳ. ɿʘʢʦʥʦʤʝʨʥʘʷ 

ʬʠʪʦʤʘʢʨʦʢʦʤʙʠʥʘʮʠʷ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʦʡ ʝʜʠʥʠʮʝʡ ʛʝʦʙʦʪʘʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʘ [3]. 

ʆʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʯʘʩʪʠ ʤʘʢʨʦʨʝʣʴʝʬʘ (ʚʦʜʦʨʘʟʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʩʢʣʦʥʳ ʨʝʯʥʦʡ 

ʜʦʣʠʥʳ, ʨʝʯʥʘʷ ʜʦʣʠʥʘ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤ ʟʘʢʦʥʦʤʝʨʥʳʤ ʩʦʯʝʪʘʥʠʝʤ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʦ ʤʝʟʦʨʝʣʴʝʬʫ. ʌʠʪʦʤʝʟʦʢʦʤʙʠʥʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʦʣʦʛʦ-

ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʨʷʜʘʤʠ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ (ʛʠʜʨʦʤʦʨʬʥʳʡ, ʛʘʣʦʬʠʪʥʳʡ, 

ʧʩʘʤʤʦʬʠʪʥʳʡ, ʧʝʪʨʦʬʠʪʥʳʡ ʠ ʜʨ.), ʵʢʦʣʦʛʦ-ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʨʷʜʘʤʠ ʩʦʦʙʱʝʩʪʚ ʩʢʣʦʥʦʚ 

(ʟʦʥʳ ï ʩʥʦʩʘ, ʪʨʘʥʟʠʪʘ, ʘʢʢʫʤʫʣʷʮʠʠ), ʵʢʩʧʦʟʠʮʠʦʥʥʳʤʠ ʩʦʯʝʪʘʥʠʷʤʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

ʩʢʣʦʥʦʚ, ʪʠʧʘʤʠ ʙʦʣʦʪʥʳʭ ʤʘʩʩʠʚʦʚ ʠ ʜʨ. [3, 4]. ɺʳʜʝʣʝʥʠʝ ʥʘʠʤʝʥʴʰʝʡ ʩʪʨʫʢʪʫʨʥʦʡ 

ʝʜʠʥʠʮʳ ï ʬʠʪʦʤʠʢʨʦʢʦʤʙʠʥʘʮʠʠ ʠʣʠ ʤʠʢʨʦʮʝʥʦʭʦʨʳ [3, 1] ʩʚʷʟʘʥʦ ʩ ʟʘʢʦʥʦʤʝʨʥʳʤ 

ʯʝʨʝʜʦʚʘʥʠʝʤ ʩʦʦʙʱʝʩʪʚ ʠʣʠ ʠʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʤʠʢʨʦʨʝʣʴʝʬʘ ʠ ʦʙʫʩʣʦʚʣʝʥʦ 

ʨʘʟʣʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʘʙʠʦʪʠʯʝʩʢʦʡ ʩʨʝʜʳ - ʫʚʣʘʞʥʝʥʠʝʤ, ʟʘʩʦʣʝʥʠʝʤ ʠ ʪ.ʜ. 

ʄʠʢʨʦʢʦʤʙʠʥʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʤʧʣʝʢʩʘʤʠ, ʤʠʢʨʦʧʦʷʩʥʳʤʠ ʨʷʜʘʤʠ, ʩʝʨʠʷʤʠ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ [3]. 

ʆʜʥʦʨʦʜʥʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ï ʘʩʩʦʮʠʘʮʠʠ, ʛʨʫʧʧʳ ʘʩʩʦʮʠʘʮʠʡ ʠ ʜʨ. 

(ʮʝʥʦʤʝʨʳ ʠʣʠ ʛʝʦʤʝʨʳ) ʚ ʩʪʨʫʢʪʫʨʝ ʤʘʢʨʦʢʦʤʙʠʥʘʮʠʠ ɺ.ɹ.ʉʦʯʘʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʚ 

ʩʪʨʫʢʪʫʨʝ ʩʠʩʪʝʤʳ ʵʧʠʘʩʩʦʮʠʘʮʠʠ, ʷʜʨʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʢʦʨʝʥʥʘʷ (ʟʦʥʘʣʴʥʘʷ) 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʥʘʠʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʘʷ, ʪ.ʢ. ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʚʥʦʚʝʩʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʢʣʠʤʘʪ-ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʢ ʢʦʪʦʨʦʡ ʩʪʨʝʤʷʪʩʷ ʚʝʨʥʫʪʴʩʷ ʚʩʝ ʥʘʨʫʰʝʥʥʳʝ 

ʩʦʦʙʱʝʩʪʚʘ (ʧʨʦʠʟʚʦʜʥʳʝ ʠʣʠ ʚʪʦʨʠʯʥʳʝ) ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ ʨʷʜʳ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʩʫʢʮʝʩʩʠʡ [1, 2]. ʂʦʨʝʥʥʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʠ ʚʩʝ ʝʝ ʧʝʨʝʤʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ - 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ, ʢʚʘʟʠʢʦʨʝʥʥʳʝ (ʤʥʠʤʦʢʦʨʝʥʥʳʝ ï ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʙʦʣʦʪ, ʧʝʩʢʦʚ) ʠ 

ʩʝʨʠʡʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʦʙʨʘʟʫʶʪ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ ʵʧʠʘʩʩʦʮʠʘʮʠʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʦʡ, ʠʟʤʝʥʷʶʱʝʡʩʷ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʨʝʥʥʦʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʦʪʨʘʞʘʝʪ ʩʦʩʪʦʷʥʠʝ 
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ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʩʝʡ ʢʨʠʦʣʦʛʠʯʝʩʢʦʡ ʵʢʦʩʠʩʪʝʤʳ, ʝʝ ʩʧʦʩʦʙʥʦʩʪʴ ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

ʅʝʦʙʨʘʪʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʢʨʠʦʛʝʥʥʦʡ ʵʢʦʩʠʩʪʝʤʝ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʨʘʩʰʠʨʝʥʠʠ 

ʜʣʠʪʝʣʴʥʦʧʨʦʠʟʚʦʜʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʧʦʜʨʘʟʜʝʣʷʶʱʠʭʩʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʣʠʪʝʣʴʥʦʧʨʦʠʟʚʦʜʥʳʝ ʠ ʫʩʪʦʡʯʠʚʦ ʜʣʠʪʝʣʴʥʦʧʨʦʠʟʚʦʜʥʳʝ, ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʝʩʷ ʜʦ 

ʢʦʨʝʥʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʠ ñʦʙʨʘʟʫʶʱʠʤʠ ʫʩʪʦʡʯʠʚʳʝ ʠʥʳʝ, ʦʪʣʠʯʥʳʝ ʦʪ ʢʦʨʝʥʥʳʭ 

ʨʘʩʪʠʪʝʣʴʥʳʝ ʩʦʦʙʱʝʩʪʚʘò [5, 3].  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʘʢʨʦʨʝʣʴʝʬʘ ʚ ʨʘʡʦʥʝ 

ʩʪʘʥʮʠʠ ʍʘʥʦʚʝʡ ʚʳʷʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝ ʟʦʥʘʣʴʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ; ʪʘʢ ʢʘʢ ʨʝʣʴʝʬ 

ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʩʦʯʝʪʘʥʠʝʤ ʢʨʫʧʥʳʭ ʤʦʨʝʥʥʳʭ ʛʨʷʜ ï ʤʫʩʶʨ (ʩʨ. ʜʣʠʥʘ ï 5-7 ʢʤ, 

ʦʪʥ. ʚʳʩʦʪʘ ï 120-100 ʤ, ʩʢʣʦʥʳ ʜʣʠʥʥʳʝ ï ʧʦ 2 ʢʤ ʠ ʧʦʣʦʛʠʝ ï 2-3
Á
) ʩ ʜʦʣʠʥʥʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʯʸʪʢʦʚʠʜʥʦʡ ʬʦʨʤʳ [6, 7]. ʅʘ ʥʝʰʠʨʦʢʠʭ (1-1,5 ʢʤ) 

ʚʦʜʦʨʘʟʜʝʣʘʭ ʤʫʩʶʨ ʧʦ ʧʣʦʱʘʜʠ ʧʨʝʦʙʣʘʜʘʶʪ ʦʙʰʠʨʥʳʝ ʫʩʳʭʘʶʱʠʝ ʦʟʝʨʥʳʝ 

ʣʝʜʥʠʢʦʚʳʝ ʢʦʪʣʦʚʠʥʳ [8], ʷʚʣʷʶʱʠʝʩʷ ʦʩʪʘʪʦʯʥʳʤʠ ʬʦʨʤʘʤʠ ʣʝʜʥʠʢʦʚʳʭ ʚʦʜʦʸʤʦʚ [9 ï 

ʩ.161; 10 ï ʩ.409], ʩʦʝʜʠʥʸʥʥʳʝ ʥʝʙʦʣʴʰʠʤʠ ʚʦʜʦʨʘʟʜʝʣʴʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ. ʅʘ ʜʥʝ 

ʦʟʝʨʥʳʭ ʢʦʪʣʦʚʠʥ ʨʘʟʚʠʪʳ ʨʘʟʨʦʟʥʝʥʥʳʝ ʪʝʨʤʦʢʘʨʩʪʦʚʳʤʠ ʦʟʝʨʘ ʠ ʦʟʝʨʢʠ ï ʜʦ 35% [11 ï 

ʩ.59; 10 ï ʩ.409]. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʝʛʠʦʥʘ ʷʚʣʷʝʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʨʫʧʥʦ-

ʙʫʛʨʠʩʪʦʡ (ʢʨʫʧʥʦ-ʙʣʦʯʥʦʡ) ʩʪʨʫʢʪʫʨʳ (ʚʳʩʦʪʘ ʙʣʦʢʦʚ 1-2 ʤ, ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ 50-70 

ʥʘ 25-45 ʤ) ʤʝʟʦʨʝʣʴʝʬʘ, ʦʩʥʦʚʥʳʤʠ ʯʘʩʪʷʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴ ʙʣʦʢʘ ʠ ʝʛʦ 

ʩʢʣʦʥʳ ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʠ. ɺ ʦʩʥʦʚʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʯʘʩʪʷʭ ʤʘʢʨʦʨʝʣʴʝʬʘ 

(ʚʦʜʦʨʘʟʜʝʣ, ʩʢʣʦʥ, ʨʝʯʥʘʷ ʜʦʣʠʥʘ) ʢʨʫʧʥʦ-ʙʫʛʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʟʣʠʯʥʘ (ʨʠʩ. 1).  

 

 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʢʨʫʧʥʦ-ʙʫʛʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ: 1-ʧʦʚʝʨʭʥʦʩʪʴ, 2-ʧʦʜʩʢʣʦʥʦʚʘʷ ʯʘʩʪʴ, 3-ʧʨʠʩʢʣʦʥʦʚʘʷ 

ʯʘʩʪʴ, 4-ʤʝʞʙʫʛʨʠʩʪʳʝ ʧʦʥʠʞʝʥʠʷ) ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʯʘʩʪʷʭ ʤʘʢʨʦʨʝʣʴʝʬʘ (1-ʧʦʣʦʛʠʝ ʩʢʣʦʥʳ 

ʤʫʩʶʨ ʠ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʢʦʪʣʦʚʠʥ. 2-ʚʦʜʦʨʘʟʜʝʣʴʥʳʝ ʢʦʪʣʦʚʠʥʳ, 3-ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʡ ʪʝʨʨʘʩʦʚʠʜʥʳʡ 

ʤʝʟʦʨʝʣʴʝʬ ʨʝʯʥʦʡ ʜʦʣʠʥʳ. 
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ʂʨʫʧʥʦ-ʙʫʛʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʥʘ ʧʦʣʦʛʠʭ ʩʢʣʦʥʘʭ ʤʫʩʶʨ ʠ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʢʦʪʣʦʚʠʥ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʪʜʝʣʴʥʳʤʠ ʨʘʟʨʦʟʥʝʥʥʳʤʠ ʙʫʛʨʘʤʠ (25-20% ʜʦ 35%), ʨʘʟʜʝʣʝʥʥʳʤʠ 

ʰʠʨʦʢʠʤʠ ʠ ʥʝʛʣʫʙʦʢʠʤʠ ʣʦʞʙʠʥʘʤʠ (ʩʨʝʜʥʷʷ ʰʠʨʠʥʘ ï 15-20 ʤ, ʛʣʫʙʠʥʘ ï 20-30 ʩʤ), ʩ 

ʚʳʨʘʞʝʥʥʦʡ ʧʦʜʩʢʣʦʥʦʚʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʯʘʩʪʴʶ, ʙʦʢʦʚʳʤʠ ʩʢʣʦʥʘʤʠ, ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ 

ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʠʩʢʣʦʥʦʚʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʯʘʩʪʠ. ʀʥʦʛʜʘ ʚ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʝ ʚʩʪʨʝʯʘʶʪʩʷ 

ʤʘʣʝʥʴʢʠʝ ʟʘʨʘʩʪʘʶʱʠʝ ʦʟʝʨʢʠ ʠʣʠ ʬʨʘʛʤʝʥʪʳ ʩʬʘʛʥʦʚʳʭ ʩʦʦʙʱʝʩʪʚ. ʅʘ ʜʥʝ 

ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʢʦʪʣʦʚʠʥ ʠ ʚ ʨʝʯʥʦʡ ʜʦʣʠʥʝ ʧʨʝʦʙʣʘʜʘʝʪ ʢʨʫʧʥʦ-ʙʫʛʨʠʩʪʦ-ʟʘʧʘʜʠʥʥʳʡ 

ʢʦʤʧʣʝʢʩ ʤʝʟʦʨʝʣʴʝʬʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʩʦʯʝʪʘʥʠʝʤ ʢʨʫʧʥʦ-ʙʫʛʨʠʩʪʳʭ ʩʪʨʫʢʪʫʨ 

ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ (ʩʨ. ʨʘʟʤʝʨ - 70-50 ʭ 25-40 ʤ, ʚʳʩʦʪʘ 1-2,5 ʤ), ʩʦʝʜʠʥʸʥʥʳʭ ʥʝʙʦʣʴʰʠʤʠ 

(1,5-4,0 ʤ) ʠ ʥʝʛʣʫʙʦʢʠʤʠ (0,5-1,0 ʤ) ʤʝʞʙʫʛʨʦʚʳʤʠ ʧʦʥʠʞʝʥʠʷʤʠ. ʅʘ ʜʥʝ 

ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʢʦʪʣʦʚʠʥ ʚ ʢʨʫʧʥʦ-ʙʫʛʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʝ ʤʝʟʦʨʝʣʴʝʬʘ ʧʨʝʦʙʣʘʜʘʶʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʝ ʨʘʚʥʦʤʝʨʥʳʝ ʙʦʢʦʚʳʝ ʩʢʣʦʥʳ, ʧʝʨʝʭʦʜʷʱʠʤʠ ʚ ʥʝʛʣʫʙʦʢʠʝ ʠ 

ʥʝʰʠʨʦʢʠʝ ʤʝʞʙʫʛʨʦʚʳʝ ʧʦʥʠʞʝʥʠʷ. ʇʨʠʩʢʣʦʥʦʚʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʯʘʩʪʠ ʬʨʘʛʤʝʥʪʘʨʥʳ ʧʦ 

ʙʝʨʝʛʘʤ ʚʝʨʭʦʚʴʝʚ ʨʫʯʴʝʚ. ʈʝʜʢʠʝ ʙʫʛʨʳ ʧʫʯʝʥʠʷ ʠ ʢʨʫʧʥʳʝ ʪʦʨʬʷʥʠʢʠ, ʨʘʟʜʝʣʝʥʥʳʝ 

ʟʘʙʦʣʦʯʝʥʥʳʤʠ ʧʦʥʠʞʝʥʠʷʤʠ, ʟʘʥʠʤʘʶʪ ʥʝʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ ʧʦ ʦʢʨʘʠʥʘʤ 

ʪʝʨʤʦʢʘʨʩʪʦʚʳʭ ʦʟʝʨ ʠ ʦʟʝʨʢʦʚ. ʂʨʫʧʥʦ-ʙʫʛʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʨʝʯʥʦʡ ʜʦʣʠʥʝ ʨ. ɺʦʨʢʫʪʳ 

ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʩʢʣʦʥʦʚʦʡ, ʧʦʜʩʢʣʦʥʦʚʦʡ ʠ ʙʦʢʦʚʳʤʠ ʯʘʩʪʷʤʠ ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚʳʪʷʥʫʪʦʡ ʬʦʨʤʳ ʙʣʦʢʦʚ ʚ ʩʪʦʨʦʥʫ ʨʝʢʠ, ʩ ʦʙʱʠʤ ʫʢʣʦʥʦʤ 1-2
Á
.  

ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʦʡ 

ʪʫʥʜʨʳ, ʚ ʨʘʡʦʥʝ ʩʪʘʥʮʠʠ ʍʘʥʦʚʝʡ, ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʣʦʩʝ ʢʨʫʧʥʦʝʨʥʠʢʦʚʳʭ ʪʫʥʜʨ [12] 

ʶʞʥʦʪʘʸʞʥʦʡ ʧʦʜʟʦʥʳ ʪʫʥʜʨʦʚʦʡ ʟʦʥʳ ʠ ʚʭʦʜʠʪ ʚ ɺʦʩʪʦʯʥʦʝʚʨʦʧʝʡʩʢʫʶ ʧʦʜʧʨʦʚʠʥʮʠʶ 

ɽʚʨʦʧʝʡʩʢʦ-ɿʘʧʘʜʥʦʩʠʙʠʨʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʪʫʥʜʨʦʚʦʡ ʦʙʣʘʩʪʠ [13, 14]. ʇʨʠ 

ʛʝʦʙʦʪʘʥʠʯʝʩʢʦʤ ʨʘʡʦʥʠʨʦʚʘʥʠʠ ɽʊʈ ɺ.ɼ.ɸʣʝʢʩʘʥʜʨʦʚʘ ʠ ʊ.ʂ.ʖʨʢʦʚʩʢʘʷ ʚ ʧʦʣʦʩʝ 

ʶʞʥʳʭ ʪʫʥʜʨ ɺʦʩʪʦʯʥʦʝʚʨʦʧʝʡʩʢʦʡ ʧʦʜʧʨʦʚʠʥʮʠʷ ʚʳʜʝʣʷʶʪ ɺʦʨʢʫʪʠʥʩʢʠʡ ʦʢʨʫʛ, 

ʧʨʠʤʳʢʘʶʱʠʡ ʩ ʟʘʧʘʜʘ ʢ ʩʢʣʦʥʫ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ [7 ï ʩ. 16].  

ɺ ʧʨʝʜʝʣʘʭ ʤʦʨʝʥʥʦʛʨʷʜʦʚʦ-ʜʦʣʠʥʥʦʛʦ ʘʢʢʫʤʫʣʷʪʠʚʥʦʛʦ ʣʝʜʥʠʢʦʚʦʛʦ ʤʘʢʨʦʨʝʣʴʝʬʘ 

ʧʦ ʧʣʦʱʘʜʠ ʧʨʝʦʙʣʘʜʘʶʪ ʢʨʫʧʥʦʝʨʥʠʢʦʚʳʝ (ʚʳʩʦʪʘ Betulʘ nana ʙʦʣʝʝ 50 ʩʤ) 

ʢʫʩʪʘʨʥʠʯʢʦʚʦ-ʤʦʭʦʚʳʝ ʠ ʣʠʰʘʡʥʠʢʦʚʦ-ʤʦʭʦʚʳʝ ʪʫʥʜʨʳ ʧʦʣʦʛʠʭ ʩʢʣʦʥʦʚ ʤʫʩʶʨ ʠ 

ʧʦʣʦʛʠʭ ʩʢʣʦʥʦʚ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʦʟʝʨʥʳʭ ʢʦʪʣʦʚʠʥ (65-70% ʧʣʦʱʘʜʠ ʤʘʢʨʦʨʝʣʴʝʬʘ). ɺ 

ʜʦʣʠʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʠ ʥʘ ʜʥʝ ʦʙʰʠʨʥʳʭ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʣʝʜʥʠʢʦʚʳʭ ʦʟʝʨ ʚ ʩʪʨʫʢʪʫʨʝ 

ʢʨʫʧʥʦ-ʙʫʛʨʠʩʪʦ-ʟʘʧʘʜʠʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʟʦʨʝʣʴʝʬʘ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ 

ʤʝʣʢʦʝʨʥʠʢʦʚʘʷ (Betulʘ nana ï 20-30 ʩʤ) ʢʫʩʪʘʨʥʠʯʢʦʚʦ-ʣʠʰʘʡʥʠʢʦʚʘʷ ʠ ʤʦʭʦʚʦ-
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ʣʠʰʘʡʥʠʢʦʚʘʷ ʪʫʥʜʨʘ. ʂʨʫʧʥʦʝʨʥʠʢʦʚʳʝ ʢʫʩʪʘʨʥʠʯʢʦʚʦ-ʤʦʭʦʚʳʝ ʪʫʥʜʨʳ ʟʘʥʠʤʘʶʪ ʣʠʰʴ 

ʥʝʰʠʨʦʢʠʝ ʠ ʥʝʛʣʫʙʦʢʠʝ ʤʝʞʙʫʛʨʦʚʳʝ ʧʦʥʠʞʝʥʠʷ (25%).  

ʅʘʫʯʥʦ-ʫʯʝʙʥʳʡ ʧʦʣʠʛʦʥ ʨʘʩʧʦʣʦʞʝʥ ʚ ʜʦʣʠʥʝ ʨʝʢʠ ɺʦʨʢʫʪʳ ʥʘ 2-ʭ ʣʝʜʥʠʢʦʚʳʭ 

(ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʭ?) ʪʝʨʨʘʩʦʚʠʜʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʨʘʟʙʠʪʳʭ ʜʨʝʥʠʨʫʶʱʠʤ 

ʨʫʯʴʸʤ ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘʤʠ ʢʨʫʧʥʦ-ʙʫʛʨʠʩʪʦ-ʟʘʧʘʜʠʥʥʦʛʦ ʤʝʟʦʨʝʣʴʝʬʘ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʚʳʩʦʪʥʳʭ ʩʪʫʧʝʥʷʭ (ʨʠʩ. 2).  

 

ʈʠʩ. 2. ʅʘʫʯʥʦ-ʫʯʝʙʥʳʡ ʧʦʣʠʛʦʥ ʚ ʜʦʣʠʥʝ ʨʝʢʠ ɺʦʨʢʫʪʳ ʥʘ ʣʝʜʥʠʢʦʚʳʭ (ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʭ?) 

ʪʝʨʨʘʩʦʚʠʜʥʳʭ ʚʳʩʦʪʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʢʨʫʧʥʦ-ʙʫʛʨʠʩʪʦ-ʟʘʧʘʜʠʥʥʦʛʦ ʤʝʟʦʨʝʣʴʝʬʘ, ʨʘʟʙʠʪʳʭ 

ʜʨʝʥʠʨʫʶʱʠʤ ʨʫʯʴʸʤ . [ʇʦʩʦʙʠʝ ʧʦ ɺʦʨʢʫʪʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ, ʚ ʧʝʯʘʪʠ] 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʦʙʫʩʣʦʚʣʝʥʦ ʩʪʨʫʢʪʫʨʦʡ 

ʤʝʟʦʨʝʣʴʝʬʘ ʨʝʯʥʦʡ ʜʦʣʠʥʳ (ʪʘʙʣ. 1). ɺ ʩʪʨʫʢʪʫʨʝ ʢʨʫʧʥʦ-ʙʫʛʨʠʩʪʦ-ʟʘʧʘʜʠʥʥʦʡ 

ʤʝʟʦʢʦʤʙʠʥʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʢʦʥʦʤʝʨʥʳʝ ʩʦʯʝʪʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ. 

ʂʨʫʧʥʦ-ʙʫʛʨʠʩʪʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʥʠʤʘʶʪ ʥʘʠʙʦʣʝʝ ʭʦʣʦʜʦʣʶʙʠʚʳʝ ʩʦʦʙʱʝʩʪʚʘ 

ʢʫʩʪʘʨʥʠʯʢʦʚʦ-ʣʠʰʘʡʥʠʢʦʚʦʡ ʪʫʥʜʨʳ c ʝʜʠʥʠʯʥʳʤ ʫʯʘʩʪʠʝʤ ʙʝʨʝʟʳ ʢʘʨʣʠʢʦʚʦʡ (Betulʘ 

nana) ʩ ʥʘʠʤʝʥʴʰʝʡ ʚʳʩʦʪʦʡ 15-17 ʩʤ. ʍʘʨʘʢʪʝʨʥʳʤʠ ʚʠʜʘʤʠ ʢʫʩʪʘʨʥʠʯʢʦʚʦ-

ʣʠʰʘʡʥʠʢʦʚʦʡ ʪʫʥʜʨʳ ʷʚʣʷʶʪʩʷ ʘʨʢʪʦʘʣʴʧʠʡʩʢʠʝ ʰʧʘʣʝʨʥʳʝ ʢʫʩʪʘʨʥʠʯʢʠ - ʚʦʜʷʥʠʢʘ 
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ʧʦʯʪʠ-ʛʦʣʘʨʢʪʠʯʝʩʢʘ ʠʣʠ ʧʦʣʷʨʥʘʷ (Empetrum subholarcticum), ʘʨʢʪʦʫʩ ʘʣʴʧʠʡʩʢʠʡ ʠʣʠ 

ʪʦʣʦʢʥʷʥʢʘ ʘʣʴʧʠʡʩʢʘ (Arctous alpina), ʨʝʜʢʦ ʚʩʪʨʝʯʘʝʪʩʷ ʣʫʘʟʝʣʝʫʨʠʷ ʣʝʞʘʯʘʷ (Loiseleuria 

procumbens). ʀʟ ʣʠʰʘʡʥʠʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʨʢʪʦʘʣʴʧʠʡʩʢʠʝ ʚʠʜʳ ï ʪʘʤʥʦʣʠʷ 

ʯʝʨʚʝʦʙʨʘʟʥʘʷ (Thamnolia vermicularis), ʬʣʘʚʦʮʝʪʨʘʨʠʷ ʩʥʝʞʥʘʷ (Flavocetraria nivalis) ʠʣʠ 

ʮʝʪʨʘʨʠʷ ʩʥʝʞʥʘʷ (Cetraria nivalis), ʮʝʪʨʘʨʠʷ ʠʩʣʘʥʜʩʢʘʷ (Cetraria islandica), ʛʦʚʘʨʜʠʷ 

ʯʝʨʥʦʚʘʪʘʷ (Gowardia nigricans) ʠʣʠ ʘʣʝʢʪʦʨʠʷ ʯʝʨʥʦʚʘʪʘʷ (Alectoria nigricans), ʛʦʚʘʨʜʠʷ 

ʘʨʢʪʠʯʝʩʢʘʷ (Gowardia arctica), ʘʣʝʢʪʦʨʠʷ ʙʣʝʜʥʦ-ʦʭʨʷʥʘʷ (Alectoria ochroleuca). ʄʦʭʦʚʦʡ 

ʧʦʢʨʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ï ʘʫʣʘʢʦʤʥʠʫʤ ʚʟʜʫʪʳʡ (Aulacomnium turgidum), ʪʦʤʝʥʛʠʧʥʫʤ 

ʙʣʝʩʪʷʱʠʡ (Tomenthypnum nitens) ʠʣʠ ʢʘʤʧʪʦʪʝʮʠʡ ʚʦʣʦʩʦʚʠʜʥʳʡ, ʜʠʢʨʘʥʫʤ ʫʜʣʠʥʝʥʥʳʡ 

(Dicranum elongatum). 

ʅʘ ʩʢʣʦʥʘʭ ʢʨʫʧʥʦ-ʙʫʛʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʦʙʣʘʜʘʝʪ ʤʝʣʢʦʝʨʥʠʢʦʚʘʷ 

ʢʫʩʪʘʨʥʠʯʢʦʚʦ-ʣʠʰʘʡʥʠʢʦʚʘʷ ʪʫʥʜʨʘ, ʩʤʝʥʷʶʱʘʷʩʷ ʧʦ ʩʢʣʦʥʫ ʤʦʭʦʚʦ-ʣʠʘhʡʥʠʢʦʚʦʡ ʠ 

ʤʦʭʦʚʦʡ ʪʫʥʜʨʦʡ. ɺ ʤʝʣʢʦʝʨʥʠʢʦʚʦʡ ʢʫʩʪʘʨʥʠʯʢʦʚʦ-ʣʠʰʘʡʥʠʢʦʚʦʡ ʪʫʥʜʨʝ ʥʘ ʩʢʣʦʥʘʭ 

ʢʨʫʧʥʳʭ ʙʣʦʢʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʙʠʣʠʝ (ʩ 12-15% ʜʦ 45-70%) ʠ ʚʳʩʦʪʘ (ʩ 17-20 ʩʤ ʜʦ 30-35 

ʩʤ) ʝʨʥʠʢʘ ï ʙʝʨʸʟʳ ʢʘʨʣʠʢʦʚʦʡ (Betulʘ nana). ʀʟ ʢʫʩʪʘʨʥʠʯʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʛʠʧʦʘʨʢʪʠʯʝʩʢʠʝ ʚʠʜʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʩʝʚʝʨʥʦʡ ʣʝʩʦʪʫʥʜʨʳ ʠ ʪʫʥʜʨʳ - ʛʦʣʫʙʠʢʘ 

ʤʝʣʢʦʣʠʩʪʥʘʷ (Vaccinium uliginosum subsp. microphellum), ʙʨʫʩʥʠʢʘ ʤʘʣʘʷ (Vaccinium 

minus), ʙʘʛʫʣʴʥʠʢ ʩʪʝʣʶʱʠʡʩʷ (Lʝdum decumbens) ʠ ʤʦʨʦʰʢʘ (Rubus shamoemorus). 

ʐʧʘʣʝʨʥʳʝ ʘʨʢʪʦʘʣʴʧʠʡʩʢʠʝ ʢʫʩʪʘʨʥʠʯʢʠ (ʘʨʢʪʦʫʩ ʘʣʴʧʠʡʩʢʠʡ, ʚʦʜʷʥʠʢʘ ʧʦʣʷʨʥʘʷ) 

ʚʳʧʘʜʘʶʪ. ɺ ʤʦʭʦʚʦʤ ʧʦʢʨʦʚʝ ʧʨʝʦʙʣʘʜʘʶʪ ʚʠʜʳ ʙʦʨʝʘʣʴʥʳʭ ʭʚʦʡʥʳʭ ʣʝʩʦʚ - 

ʧʣʝʚʨʦʮʠʫʤ ʐʨʝʙʝʨʘ (Pleurozium schreberi), ʠ ʛʠʣʦʢʦʤʠʫʤ ʙʣʝʩʪʷʱʠʡ 

(Hylocomium splendens). ʉʨʝʜʠ ʣʠʰʘʡʥʠʢʦʚ ʜʦʤʠʥʠʨʫʝʪ ʢʣʘʜʦʥʠʷ ʦʣʝʥʴʷ (Cladonia 

rangiferina) ʠ ʢʣʘʜʦʥʠʷ ʣʝʩʥʘʷ (Cladonia arbuscula), ʨʝʜʢʦ ʚʩʪʨʝʯʘʝʪʩʷ ʢʣʘʜʦʥʠʷ 

ʟʚʝʟʜʯʘʪʘʷ (ʉladonia stellaris) ʠ ʧʝʣʪʠʛʝʨʘ (Peltigera sp.).  

ɺ ʤʝʞʙʫʛʨʦʚʳʭ ʧʦʥʠʞʝʥʠʷʭ ʧʨʝʦʙʣʘʜʘʶʪ ʢʨʫʧʥʦʝʨʥʠʢʦʚʳʝ ʢʫʩʪʘʨʥʠʯʢʦʚʦ-

ʦʩʦʢʦʚʦ-ʤʦʭʦʚʳʝ ʪʫʥʜʨʳ ʩ ʚʳʩʦʢʠʤ ʦʙʠʣʠʝʤ ʦʩʦʢʠ ʰʘʨʦʚʠʜʥʦʡ (Carex globularis) ʠ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʛʦʣʫʙʠʢʠ ʤʝʣʢʦʣʠʩʪʥʦʡ (Vaccinium uliginosum subsp. microphellum) ʠʣʠ 

ʤʦʨʦʰʢʠ ï Rubus shamoemorus. ʈʘʟʨʝʞʝʥʥʦ ʚʩʪʨʝʯʘʝʪʩʷ ʯʝʨʥʠʢʘ (Vaccinium mirtillis ). 

ʄʦʭʦʚʦʡ ʧʦʢʨʦʚʦʚ ʩʧʣʦʰʥʦʡ ʠʟ ʧʣʝʚʨʦʮʠʫʤʘ ʐʨʝʙʝʨʘ (Pleurozium schreberi) ʠ 

ʛʠʣʦʢʦʤʠʫʤʘ ʙʣʝʩʪʷʱʝʛʦ (Hylocomium splendens). ʀʟ ʣʠʰʘʡʥʠʢʦʚ ʠʟʨʝʜʢʘ ʚʩʪʨʝʯʘʝʪʩʷ 

ʢʣʘʜʦʥʠʷ ʦʣʝʥʴʷ (Cladonia rangiferina) ʥʝʙʦʣʴʰʠʤʠ ʩʢʦʧʣʝʥʠʷʤʠ. ɺ ʤʝʞʙʫʛʨʦʚʳʭ 

ʧʦʥʠʞʝʥʠʷʭ ʩʦ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʳʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʪʦʢʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʢʨʫʧʥʦʝʨʥʠʢʦʚʳʝ ʨʘʟʥʦʪʨʘʚʥʦ-ʦʩʦʢʦʚʦ-ʭʚʦʱʦʚʦ-ʤʦʭʦʚʳʝ (ʨʝʜʢʦʧʦʢʨʦʚʥʳʝ ï 20-25% ʧʦʜ 
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ʩʦʤʢʥʫʪʳʤ ʧʦʢʨʦʚʦʤ ʝʨʥʠʢʘ) ʩʦʦʙʱʝʩʪʚʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ 

ʬʦʨʤʠʨʫʶʪʩʷ ʢʨʫʧʥʦʠʚʥʷʢʦʚʳʝ ʨʘʟʥʦʪʨʘʚʥʦ-ʦʩʦʢʦʚʦ-ʭʚʦʱʦʚʳʝ ʩʦʦʙʱʝʩʪʚʘ ʩ ʠʚʘʤʠ 

ʢʨʘʩʠʚʦʡ (Salix pulchra), ʬʠʣʠʢʦʣʠʩʪʥʦʡ (Salix phylicifolia), ʩʠʟʦʡ (Salix glauca), 

ʧʝʨʝʭʦʜʷʱʠʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʣʦʞʙʠʥʳ ʩʪʦʢʘ ʚ ʢʨʫʧʥʦʠʚʥʷʢʦʚʳʝ ʦʩʦʢʦʚʦ-ʟʣʘʢʦʚʦ-

ʨʘʟʥʦʪʨʘʚʥʳʝ ʩ ʚʳʩʦʢʦʪʨʘʚʴʝʤ (ʨʝʜʢʦʧʦʢʨʦʚʥʳʝ) ʨʘʩʪʠʪʝʣʴʥʳʝ ʩʦʦʙʱʝʩʪʚʘ. ʇʦ ʙʝʨʝʛʘʤ 

ʜʨʝʥʠʨʫʶʱʠʭ ʨʫʯʴʝʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʚʥʷʢʠ ʦʩʦʢʦʚʳʝ. ɻʠʜʨʦʤʦʨʬʥʳʡ ʨʷʜ ʤʝʞʙʫʛʨʦʚʳʭ 

ʟʘʧʘʜʠʥ ʦʪ ʙʝʩʩʪʦʯʥʳʭ ʢ ʜʨʝʥʠʨʫʶʱʠʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ï ʢʨʫʧʥʦʝʨʥʠʢʦʚʘʷ ʢʫʩʪʘʨʥʠʯʢʦʚʦ-

ʦʩʦʢʦʚʦ-ʤʦʭʦʚʘʷ Ÿ ʢʨʫʧʥʦʝʨʥʠʢʦʚʘʷ ʨʘʟʥʦʪʨʘʚʥʦ-ʦʩʦʢʦʚʦ-ʭʚʦʱʦʚʦ-ʤʦʭʦʚʘʷ Ÿ 

ʢʨʫʧʥʦʠʚʥʷʢʦʚʘʷ ʨʘʟʥʦʪʨʘʚʥʦ-ʦʩʦʢʦʚʦ-ʭʚʦʱʦʚʘʷ (ʨʝʜʢʦʧʦʢʨʦʚʥʘʷ) Ÿ ʢʨʫʧʥʦʠʚʥʷʢʦʚʘʷ 

ʦʩʦʢʦʚʦ-ʟʣʘʢʦʚʦ-ʨʘʟʥʦʪʨʘʚʥʘʷ ʩ ʚʳʩʦʢʦʪʨʘʚʴʝʤ (ʨʝʜʢʦʧʦʢʨʦʚʥʘʷ) Ÿ ʢʨʫʧʥʦʠʚʥʷʢʦʚʦ-

ʦʩʦʢʦʚʳʝ ʩʦʦʙʱʝʩʪʚʘ ʧʦ ʢʨʘʷʤ ʜʨʝʥʠʨʫʶʱʝʛʦ ʨʫʯʴʷ.  

ʊʘʙʣ.1. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʩʪʨʫʢʪʫʨʝ ʤʝʟʦʨʝʣʴʝʬʘ 

ʨʝʯʥʦʡ ʜʦʣʠʥʳ 

 

ʉʪʨʫʢʪʫʨʘ ʤʝʟʦʨʝʣʴʝʬʘ 
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ʚʝʨʭʥʷʷ ʯʘʩʪʴ  ʢʫʩʪʘʨʥʠʯʢʦʚʘʷ- ʢʫʩʪʘʨʥʠʯʢʦʚʦ-ʣʠʰʘʡʥʠʢʦʚʘʷ ʩ ʝʨʥʠʢʦʤ  

ʙʦʢʦʚʳʝ ʩʢʣʦʥʳ  
 

 

 

 

 

ʤʝʣʢʦʝʨʥʠʢʦʚʘʷ 

ʤʝʣʢʦʝʨʥʠʢʦʚʘʷ ʢʫʩʪʘʨʥʠʯʢʦʚʦ-ʣʠʰʘʡʥʠʢʦʚʘʷ- 

ʧʨʠʩʢʣʦʥʦʚʘʷ ʯʘʩʪʴ  

ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʤʝʣʢʦʝʨʥʠʢʦʚʘʷ ʢʫʩʪʘʨʥʠʯʢʦʚʦ-ʣʠʰʘʡʥʠʢʦʚʘʷ 

ʥʠʞʥʷʷ ʯʘʩʪʴ 
ʤʝʣʢʦʝʨʥʠʢʦʚʘʷ ʢʫʩʪʘʨʥʠʯʢʦʚʦ-ʤʦʭʦʚʦ-ʣʠʰʘʡʥʠʢʦʚʘʷ ʠʣʠ 

ʣʠʰʘʡʥʠʢʦʚʦ-ʤʦʭʦʚʘʷ 

 

 

 

ʧʦʜʛʦʨʥʘʷ ʯʘʩʪʴ 

ʚʝʨʭʥʷʷ ʯʘʩʪ ɹ ʤʝʣʢʦʝʨʥʠʢʦʚʘʷ ʢʫʩʪʘʨʥʠʯʢʦʚʦ-ʣʠʰʘʡʥʠʢʦʚʘʷ -  

ʩʨʝʜʥʷʷ ʯʘʩʪʴ ʤʝʣʢʦʝʨʥʠʢʦʚʘʷ ʢʫʩʪʘʨʥʠʯʢʦʚʦ-ʤʦʭʦʚʦ-ʣʠʰʘʡʥʠʢʦʚʘʷ 

ʥʠʞʥʷʷ ʯʘʩʪʴ ʤʝʣʢʦʝʨʥʠʢʦʚʘʷ ʢʫʩʪʘʨʥʠʯʢʦʚʦ-ʤʦʭʦʚʘʷ ʩ ʣʠʰʘʡʥʠʢʦʤ 

ʫʟʢʘʷ ʧʦʣʦʩʘ ʚʥʠʟʫ 

ʩʢʣʦʥʘ 
ʢʨʫʧʥʦʝʨʥʠʢʦʚʘʷ ʢʨʫʧʥʦʝʨʥʠʢʦʚʘʷ ʦʩʦʢʦʚʦ-ʤʦʭʦʚʘʷ- 
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ʟʘʧʘʜʠʥʳ 

ʥʝ ʜʨʝʥʠʨʫʶʱʠʝ  

 

ʢʨʫʧʥʦʝʨʥʠʢʦʚʳʝ 

ʢʨʫʧʥʦʝʨʥʠʢʦʚʘʷ ʢʫʩʪʘʨʥʠʯʢʦʚʦ-ʦʩʦʢʦʚʦ-ʤʦʭʦʚʘʷ 

ʬʨʘʛʤʝʥʪʘʨʥʳʡ ʩʪʦʢ 
ʢʨʫʧʥʦʝʨʥʠʢʦʚʘʷ ʨʘʟʥʦʪʨʘʚʥʦ-ʦʩʦʢʦʚʦ-ʭʚʦʱʦʚʦ-ʤʦʭʦʚʘʷ 

(ʨʝʜʢʦʧʦʢʨʦʚʥʘʷ) 

ʩʪʦʢ ʥʝʙʦʣʴʰʦʡ, ʜʦ 10ʩʤ  
 

ʢʨʫʧʥʦʠʚʥʷʢʦʚʳʝ 

ʢʨʫʧʥʦʠʚʥʷʢʦʚʘʷ ʨʘʟʥʦʪʨʘʚʥʦ-ʦʩʦʢʦʚʦ-ʭʚʦʱʝʚʘʷ ʩ ʝʨʥʠʢʦʤ 

(ʨʝʜʢʦʧʦʢʨʦʚʥʘʷ) 

ʨʫʩʣʦ ʩʪʦʢʘ ʜʦ 30ʩʤ 
ʂʨʫʧʥʦʠʚʥʷʢʦʚʘʷ ʦʩʦʢʦʚʦ-ʟʣʘʢʦʚʦ-ʨʘʟʥʦʪʨʘʚʥʘʷ ʩ-ʚʳʩʦʢʦʪʨʘʚʴʝʤ 

(ʨʝʜʢʦʧʦʢʨʦʚʥʘʷ)  

ʦʟʝʨʢʠ ʠʣʠ ʦʩʦʢʦï

ʩʬʘʛʥʫʤʦʚʳʝ ʬʨʘʛʤʝʥʪʳ 
  ʦʩʦʢʦʚʦ-ʩʬʘʛʥʦʚʘʷ 

ʈʫʯʴʠ ʜʨʝʥʠ-

ʨʫʁʱʠʝ 
 ʚʳʨʘʞʝʥʥʦʝ ʨʫʩʣʦ ʩʪʦʢʘ ʨʫʩʣʦ 4-7ʤ ʂʨʫʧʥʦʠʚʦʚʦ-ʦʩʦʢʦʚʳʝ  ʂʨʫʧʥʦʠʚʥʷʢʦʚʦ-ʦʩʦʢʦʚʘʷ  
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ɼʠʥʘʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʦʪʨʘʞʘʝʪʩʷ ʚ 

ʩʪʨʫʢʪʫʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʢʦʨʝʥʥʳʭ (ʨʠʩ. 3ʛ) ʠ ʧʨʦʠʟʚʦʜʥʳʭ (ʨʠʩ. 3ʘ,ʜ) ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʩʦʦʙʱʝʩʪʚ. ɺ ʜʦʣʠʥʝ ʨ. ɺʦʨʢʫʪʳ ʧʨʝʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʳʝ ʨʷʜʳ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʧʠʨʦʛʝʥʥʳʭ ʩʫʢʮʝʩʩʠʡ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʥʝʦʜʥʦʢʨʘʪʥʳʭ ʧʦʞʘʨʦʚ ʚʙʣʠʟʠ 

ʙʳʚʰʝʛʦ ʧʦʩʝʣʢʘ ʍʘʥʦʚʝʡ, ʯʠʩʣʝʥʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʜʦʭʦʜʠʣʘ ʜʦ 3000 ʞʠʪʝʣʝʡ. 

ʄʥʦʛʦʢʨʘʪʥʳʝ ʧʦʞʘʨʳ ʚ ʨʝʯʥʦʡ ʜʦʣʠʥʝ ʧʨʠʚʝʣʠ ʢ ʩʦʢʨʘʱʝʥʠʶ ʧʣʦʱʘʜʠ ʢʫʩʪʘʨʥʠʯʢʦʚʦ-

ʣʠʰʘʡʥʠʢʦʚʳʭ ʥʘʠʙʦʣʝʝ ʭʦʣʦʜʥʳʭ ʩʦʦʙʱʝʩʪʚ ʢʨʫʧʥʦ-ʙʫʛʨʠʩʪʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʯʘʩʪʦ ʥʝʙʦʣʴʰʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʠʣʠ ʤʝʣʢʦʝʨʥʠʢʦʚʦʡ ʢʫʩʪʘʨʥʠʯʢʦʚʦ-

ʣʠʰʘʡʥʠʢʦʚʦʡ ʪʫʥʜʨʦʡ ʩ ʘʨʢʪʦʘʣʴʧʠʡʩʢʠʤʠ ʢʫʩʪʘʨʥʠʯʢʘʤʠ ʠ ʣʠʰʘʡʥʠʢʘʤʠ.  

ʇʦʩʣʝʜʩʪʚʠʷ ʧʠʨʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳ ʦʪ ʝʛʦ ʩʠʣʳ, ʧʣʦʱʘʜʠ ʠ ʠʩʭʦʜʥʳʭ 

ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʚʳʛʦʨʘʥʠʷ ʣʠʰʘʡʥʠʢʘ ʠ 

ʢʫʩʪʘʨʥʠʯʢʦʚ ʩ ʤʦʭʦʚʦ-ʣʠʰʘʡʥʠʢʦʚʳʤ ʠ ʤʦʭʦʚʳʤ ʥʘʧʦʯʚʝʥʥʳʤ ʧʦʢʨʦʚʦʤ, ʠʟʤʝʥʷʝʪʩʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʦʙʱʝʩʪʚʘ, ʬʦʨʤʠʨʫʝʪʩʷ ʙʫʛʦʨʢʦʚʳʡ (ʠʣʠ ʙʫʛʦʨʢʦʚʦ-

ʟʘʧʘʜʠʥʥʳʡ) ʢʨʠʦʛʝʥʥʳʡ ʢʦʤʧʣʝʢʩ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʢʫʩʪʘʨʥʠʯʢʦʚʦ-ʣʠʰʘʡʥʠʢʦʚʦ-

ʤʦʭʦʚʳʤʠ ʚʦʟʚʳʰʝʥʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ (ʚʳʩʦʪʘ 20 cʤ, ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ 50ʭ70 ʩʤ) ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʣʠʰʘʡʥʠʢʦʚʳʤ ʨʝʜʢʦʧʦʢʨʦʚʥʳʤ ʥʘʧʦʯʚʝʥʥʳʤ ʧʦʢʨʦʚʦʤ, ʩ ʝʜʠʥʠʯʥʳʤʠ 

ʚʠʜʘʤʠ ʢʫʩʪʘʨʥʠʯʢʦʚ (ʨʠʩ. 3ʘ). ɺʳʩʦʪʘ ʥʘʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʢʫʩʪʘʨʥʠʯʢʦʚʳʭ 

ʬʨʘʛʤʝʥʪʘʭ ʩʦʩʪʘʚʣʷʝʪ 10-12 ʩʤ, ʘ ʚ ʣʠʰʘʡʥʠʢʦʚʦʤ ʧʦʢʨʦʚʝ ï 3-4 ʩʤ (ʈʠʩ. 3ʙ), ʯʪʦ 

ʦʪʨʘʞʘʝʪʩʷ ʚ ʨʘʟʣʠʯʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ ʧʦʯʚ, ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʷʨʯʝ 

ʧʨʦʷʚʣʷʝʪʩʷ ʧʦʜ ʤʦʭʦʚʳʤ ʧʦʢʨʦʚʦʤ (ʨʠʩ.3.ʚ.). ɺ ʨʘʟʣʠʯʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʢʨʫʧʥʦ-

ʙʫʛʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʟʦʨʝʣʴʝʬʘ ʢʨʠʦʛʝʥʥʳʡ ʙʫʛʦʨʢʦʚʦ-ʟʘʧʘʜʠʥʥʳʡ ʢʦʤʧʣʝʢʩ ʚʳʨʘʞʝʥ 

ʨʘʟʣʠʯʥʦ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʢʨʫʧʥʦ-ʙʫʛʨʠʩʪʦʛʦ ʤʝʟʦʨʝʣʴʝʬʘ ʧʨʝʚʳʰʝʥʠʝ ʥʝʙʦʣʴʰʦʝ ï ʜʦ 

20 ʩʤ (ʨʠʩ. 3ʘ), ʥʘ ʩʢʣʦʥʘʭ ʧʨʝʚʳʰʝʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʜʦ 30-40 ʩʤ) ʠ ʜʦʩʪʠʛʘʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʤʝʞʙʫʛʨʠʩʪʳʭ ʧʦʥʠʞʝʥʠʷʭ ʠ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʢʣʦʥʘ ï ʜʦ 50-70 

ʩʤ (ʨʠʩ. 3ʜ). 
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ʈʠʩ. 3. ʄʝʣʢʦʝʨʥʠʢʦʚʘʷ ʢʫʩʪʘʨʥʠʯʢʦʚʦ-ʣʠʰʘʡʥʠʢʦʚʘʷ ʪʫʥʜʨʘ ʩ ʘʨʢʪʦʘʣʴʧʠʡʩʢʠʤʠ ʢʫʩʪʘʨʥʠʯʢʘʤʠ 

(ʧʦʷʩʥʝʥʠʷ ʚ ʪʝʢʩʪʝ). 

 

ɺ ʥʘʨʫʰʝʥʥʳʭ ʩʦʦʙʱʝʩʪʚʘʭ ʩʦʢʨʘʱʘʝʪʩʷ ʦʙʠʣʠʝ ʘʨʢʪʦʘʣʴʧʠʡʩʢʠʭ ʢʫʩʪʘʨʥʠʯʢʦʚ 

(Arctous alpina, Empetrum subholarticum), ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʙʠʣʠʝ ʠ ʚʳʩʦʪʘ ʝʨʥʠʢʘ, 

ʧʦʷʚʣʷʶʪʩʷ ʧʠʨʦʛʝʥʥʳʝ ʚʠʜʳ: ʣʫʛʦʚʦ-ʪʫʥʜʨʦʚʳʡ ʚʠʜ [15] - ʚʝʡʥʠʢ ʣʘʧʣʘʥʜʩʢʠʡ 

(ʉalamagrostis lapponica) ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʢʨʫʧʥʦ-ʙʫʛʨʠʩʪʳʭ ʩʪʨʫʢʪʫʨ ʠ ʣʝʩʥʦʡ, 

ʝʚʨʘʟʠʘʪʩʢʠʡ ʙʦʨʝʘʣʴʥʳʡ ʚʠʜ, ʠʥʜʠʢʘʪʦʨ ʫʚʣʘʞʥʝʥʥʦʩʪʠ - ʦʩʦʢʘ ʰʘʨʦʚʠʜʥʘʷ (ʉarex 

globularis) ʥʘ ʩʢʣʦʥʘʭ ʢʨʫʧʥʦ-ʙʫʛʨʠʩʪʳʭ ʩʪʨʫʢʪʫʨ ʠ ʚ ʤʝʞʙʫʛʨʠʩʪʳʭ ʟʘʧʘʜʠʥʘʭ. 

ʇʨʝʦʙʣʘʜʘʥʠʝ ʚ ʨʝʯʥʦʡ ʜʦʣʠʥʝ ʧʨʦʠʟʚʦʜʥʳʭ ʪʫʥʜʨʦʚʳʭ ʩʦʦʙʱʝʩʪʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʰʠʨʥʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʨʫʰʝʥʠʷ ʢʦʨʝʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʢʨʠʦʛʝʥʥʦʡ ʛʝʦʩʠʩʪʝʤʝ, ʯʪʦ ʪʘʢʞʝ ʦʪʨʘʞʘʝʪʩʷ ʯʘʩʪʦ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʢʦʨʨʝʣʷʮʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʩ ʛʣʫʙʠʥʦʡ ʟʘʣʝʛʘʥʠʷ ʢʨʦʚʣʠ 

ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ, ʜʘʞʝ ʚ ʥʘʠʙʦʣʝʝ ʭʦʣʦʜʥʳʭ ʤʝʩʪʦʦʙʠʪʘʥʠʷʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʢʨʫʧʥʦ-ʙʫʛʨʠʩʪʳʭ ʩʪʨʫʢʪʫʨ. ɼʣʠʪʝʣʴʥʦʚʨʝʤʝʥʥʳʝ ʤʦʥʠʪʦʨʠʥʛʦʚʳʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʦʤ ʚʝʨʭʥʠʭ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʠ ʜʠʥʘʤʠʢʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ 

ʦʩʥʦʚʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʯʘʩʪʷʭ ʤʝʟʦʨʝʣʴʝʬʘ ʧʦʟʚʦʣʷʪ ʚʳʷʚʠʪʴ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢʨʠʦʛʝʥʥʦʡ ʛʝʦʩʠʩʪʝʤʳ ʠʣʠ ʝʝ ʧʦʨʦʛ ʥʝʚʦʟʚʨʘʪʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʦʪʣʠʯʥʦʡ ʦʪ ʢʦʨʝʥʥʦʡ ʩ ʜʨʫʛʠʤʠ ʘʙʠʦʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ. 
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