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ʏʝʨʥʳʭ, ʠ ʙʦʣʝʝ 130 ʫʯʝʥʳʭ ʠʟ ʃɸʀ ʊʆʀ ɼɺʆ ʈɸʅ, ʀʆʈɸʅ,ʄɻʋ, ʉʘʭɻʋ, ʊɻʋ, ʊʇʋ, ʌʀʎ 

ɹʠʦʪʝʭʥʦʣʦʛʠʠ, ʀʄɿ ʉʆ ʈɸʅ, ʉʢʦʣʪʝʭ, ʄʌʊʀ,)

ʂʣʠʤʘʪʠʯʝʩʢʠʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʘʨʢʪʠʯʝʩʢʠʭ ʠ 

ʩʫʙʘʨʢʪʠʯʝʩʢʠʭ ʤʦʨʝʡ ʈʦʩʩʠʠ (1994-2024 ʛʛ.): 

ʧʨʦʙʣʝʤʳ ʠ ʠʟʙʨʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ.



ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʪʠʝ ʤʠʨʦʚʦʡ ʢʣʠʤʘʪʦʣʦʛʠʠ ʠʩʧʳʪʳʚʘʝʪ 

ʪʨʫʜʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʝʜʦʩʪʘʪʢʦʤ ʟʥʘʥʠʡ ʦ 

ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʢʣʠʤʘʪʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʚ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘʰʝʡ ʧʣʘʥʝʪʳ ʠ ʚʳʟʳʚʘʝʪ ʨʷʜ 

ʩʝʨʴʝʟʥʳʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʣʘʥʠʨʦʚʘʥʠʝʤ ʨʘʟʚʠʪʠʷ ʚ ʦʙʣʘʩʪʠ 

ʵʥʝʨʛʝʪʠʢʠ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʩʦʮʠʘʣʴʥʦïɻ ʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʚʩʝʭ ʩʪʨʘʥ. 

ɺʦʧʨʦʩ ʦ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʠʤ ʠʟ 

ʛʝʦʧʦʣʠʪʠʯʝʩʢʠʭ ʧʨʠʦʨʠʪʝʪʦʚ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

(ʈʌ) ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʧʦʣʦʞʝʥʠʝ, ʪʘʢ ʢʘʢ ʧʨʠʤʝʨʥʦ 2/3 ʪʝʨʨʠʪʦʨʠʠ ʈʌ 

ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʜʝʛʨʘʜʠʨʫʶʱʝʡ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʭʨʘʥʠʣʠʱʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (ʆʋ) ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʘʩʰʪʘʙʘ 

ɻʣʦʙʘʣʴʥʳʡʚʳʟʦʚ: ʵʬʬʝʢʪʠʚʥʦʩʪʴçʣʝʛʢʠʭèʧʣʘʥʝʪʳ: ʣʝʩʦʚʉʠʙʠʨʠʠ

ɸʤʘʟʦʥʠʠʚʧʦʩʣʝʜʥʝʝʚʨʝʤʦ̫ʮʝʥʠʚʘʝʪʩʷʙʣʠʟʢʦʡʢçʥʫʣʝʚʦʡè. ʅʘʯʠʥʘʝʪʩʷ

ʧʝʨʝʦʮʝʥʢʘʨʦʣʠʄʠʨʦʚʦʛʦʦʢʝʘʥʘʚʧʦʛʣʦʱʝʥʠʠʘʪʤʦʩʬʝʨʥʦʛʦʉʆ2.

ʅʘʰʠʠʩʩʣʝʜʦʚʘʥʠʷʥʘʧʨʘʚʣʝʥʳʥʘʢʦʣʠʯʝʩʪʚʝʥʥʫʶʦʮʝʥʢʫʨʦʣʠ

ʦʙʰʠʨʥʳʭʤʦʨʩʢʠʭʵʢʦʩʠʩʪʝʤʘʨʢʪʠʯʝʩʢʦʛʦʰʝʣʴʬʘʈʌʠɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ

(ɼɺ)ʨʝʛʠʦʥʘʚʙʘʣʘʥʩʝʦʩʥʦʚʥʳʭʨʘʜʠʘʮʠʦʥʥʦ-ʘʢʪʠʚʥʳʭ(ʧʘʨʥʠʢʦʚʳʭ)ʛʘʟʦʚ,

ʉʆ2 ʠʤʝʪʘʥʘ(ʉʅ4)



˾ͦ͡Έ ͙͊ͪͭ͟;͔͎ͫͦͦ͟ ͙ͫͭͦ;͙ͤ͊͟ ͍ ͺ͙͍͙͙ͦͪͣͪͦ͊ͤ ͊ͭͣͦͫͺ͔ͪͤ·ͻ ͙͍ͣ͊ͫͣͯͣͦ͟ 
͍ͦͫͤͦͤ·ͻ ͙͍ͨ͊ͪͤͦ͟·ͻ ͎͍͊ͦ͘Σ ˿˻н ͙ ˿˹пΣ ͒ͦ ͤ͊ͫͭͦΎ΅͔͎ͦ ͍͔͔͙ͪͣͤ 

͊ͣ͊͘͡;͙͍͔͊ͭͫΎ όIPCC, 2007, IPCC, 2014Χ)

ɼʦʢʘʟʘʥʦ, ʯʪʦ ʧʣʘʥʝʪʘʨʥʳʡ ʤʘʢʩʠʤʫʤ (ʇʄ)  ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ (CH4) ʥʘʭʦʜʠʪʩʷ ʥʘʜ 

ɸʨʢʪʠʢʦʡ: ʥʘ 10% ʚʳʰʝ ʯʝʤ ʥʘʜ ɸʥʪʘʨʢʪʠʢʦʡ, ʠ ʥʘ 5-7% ʚʳʰʝ ʯʝʤ  ʥʘʜ ʫʤʝʨʝʥʥʳʤʠ 

ʰʠʨʦʪʘʤʠ ʩʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ, ʛʜʝ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ.  ʕʪʦʪ 

ʤʘʢʩʠʤʫʤ ʩʫʱʝʩʪʚʦʚʘʣ  ʚ ʧʨʝʜʳʜʫʱʠʝ ʪʝʧʣʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʵʧʦʭʠ,  ʠ ʦʪʩʫʪʩʪʚʦʚʘʣ ʚ 

ʣʝʜʥʠʢʦʚʳʝ ʵʧʦʭʠ.   ʊʘʢʘʷ ʞʝ (ʥʦ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʘʷ, ʧʨʠʤʝʨʥʦ  ʥʘ 2% ʚʳʰʝ ʥʘʜ ɸʨʢʪʠʢʦʡ)  

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʩ ʧʣʘʥʝʪʘʨʥʳʤ ʤʘʢʩʠʤʫʤʦʤ ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ. 

ɻʀʇʆʊɽɿɸ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʤʘʢʩʠʤʫʤʘ CH4(ʠ ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ)  

ʦʙʫʩʣʦʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ ʤʝʨʟʣʦʪʳ (ʜʝʛʨʘʜʘʮʠʝʡ)  ʠ ʤʘʩʩʠʨʦʚʘʥʥʦʡ 

ʨʘʟʛʨʫʟʢʦʡ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʫ.  

ʉʆ2 ʉʅ4



ʇʦʪʝʥʮʠʘʣ ʆɺ ʥʘʟʝʤʥʦʡ ʤʝʨʟʣʦʪʳ

-ʇʦʯʚʘ, ʩʣʦʡ (0-3m): ~1400 ɻʪ-C

- ʪʘʷʥʠʝ /ʵʨʦʟʠʷ- ʚʦʚʣʝʯʝʥʠʝ ʆɺ, ʵʤʠʩʩʠʷ CO2ʠCH4

- ʘʜʚʝʢʪʠʚʥʳʡ ʧʝʨʝʥʦʩ ʨʝʢʘʤʠ
Photo: P. Kuhry (PPP, 2009)

ɹʝʨʝʛʦʚʦʡ ʃʝʜʦʚʳʡ ʂʦʤʧʣʝʢʩ 

(ɽʜʦʤʘ)
- ʈʝʟʝʨʚʫʘʨ ʆɺ: ~400 ɻʪ-C 

- ʪʝʨʤʦ-ʘʙʨʘʟʠʷ ʠ ʚʦʣʥʦʚʘʷ ʵʨʦʟʠʷ

- ʵʢʩʧʦʨʪ ʆɺ ʚ ʤʦʨʝ, ʠ ʝʛʦ ʦʢʠʩʣʝʥʠʝ ʜʦ CO2

4000 kʥ ʚʞʩʞʜʧʛʧʢ 

ʤʡʦʡʡ1 ˥=ͭ 1 ͙͙ͣ͊ͪ͒͡͡ ͭͦͤͤʌʦʪʦ: ʀ. ʉʝʤʠʣʝʪʦʚ

ʇʦʜʚʦʜʥʘʷ ʤʝʨʟʣʦʪʘ (ʇʄ) ɺʦʩʪ-ʉʠʙ.ʰʝʣʴʬʘ
- ʆɺ, ʛʠʜʨʘʪʳ-ʩʚʦʙʦʜʥʳʡ ʛʘʟ: ~1000-1400 ɻʪ-C 

- IPCC/ACIA: ʜʦ ʥʘʰʠʭʨʘʙʦʪ ʙʳʣʦ ʧʨʠʥʷʪʦ 

ʩʯʠʪʘʪʴ, ʯʪʦCH4- ʛʠʜʨʘʪʳ ʩʪʘʙʠʣʴʥʳ, ʧʦʪʦʤʫ ʯʪʦ 

ʇʄ- ʩʧʣʦʰʥʘʷ ʠ ʩʪʘʙʠʣʴʥʘʷé

Shakhova, Semiletov  et al. (Science, 2010)

˨͡Ύ ͍͔͙ͫͪ͊ͤͤΎ:͍ ͊ͭͣͦͫͺ͔͔ͪ 
750 ˥ CͭO2͙ 5 ˥ CͭH4

ɼʝʛʨʘʜʘʮʠʷ ʤʝʨʟʣʦʪʳ ʧʨʠʚʦʜʠʪ ʢ ʜʠʩʙʘʣʘʥʩʫ ʉ-ʮʠʢʣʘ ʠ ʧʦʪʦʢʘʤ ʉʅ4 

ʠ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʫ ʟʘ ʩʯʝʪ ʚʦʚʣʝʯʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʡ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʡ ʮʠʢʣ ʛʠʛʘʥʪʩʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ      ʜʨʝʚʥʝʛʦ ʆɺ.



Ȼɚɣɑɘɟ Ȯɚɝɞɚɣəɚ-Ƚɔɍɔɜɝɖɔɕ ɤɑɗɨɠ (ȮȽɄ)?

ɺʉʐ
Åɺʉʐïʩʘʤʳʡ ʤʝʣʢʦʚʦʜʥʳʡ ʠ ʰʠʨʦʢʠʡ  
ʰʝʣʴʬ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ[ʄʆ] 

Åʆʙʱʘʷ ʧʣʦʱʘʜʴ2.1Ĭ106 ʢʤ2 (~25%ʦʪ 
ʚʩʝʛʦ ʰʝʣʴʬʘ ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ 
ʦʢʝʘʥʘ (ʉʃʆ); ~8%ʰʝʣʴʬʘ ʦʪ ʚʩʝʛʦ ʄʆ;

Å~75%ʧʣʦʱʘʜʠ ʤʝʣʴʯʝ 50ʤ(ʩʨʝʜʥʷʷ 

ʛʣʫʙʠʥʘ ʄʆ ~ 130 ʤ); ʦʩʘʜʦʯʥʘʷ ʪʦʣʱʘ

ʤʦʱʥʦʩʪʴʶ ʜʦ20 ʢʤ; ʩʦʜʝʨʞʘʥʠʝ Cʦʨʛʜʦ

12%.

Åʙʣʘʛʦʜʘʨʷ ʢʦʣʝʙʘʥʠʷʤ ʫʨʦʚʥʷ ʦʢʝʘʥʘ, ʚ 
ʭʦʣʦʜʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʵʧʦʭʠ ʰʝʣʴʬ 
ʧʦʣʥʦʩʪʴʶ ʦʩʫʰʘʣʩʷ ïʬʦʨʤʠʨʦʚʘʣʘʩʴ 
ʤʦʱʥʘʷ ʤʝʨʟʣʦʪʥʘʷ ʪʦʣʱʘ (ʜʦ 800ʤ ïʧʦ 
ʅ.ʅ. ʈʦʤʘʥʦʚʩʢʦʤʫ)



ʅʘʧʨʘʚʣʝʥʠʝ1 :
ʉʦʩʪʦʷʥʠʝ ʧʦʜʚʦʜʥʦʡ ʤʝʨʟʣʦʪʳ ʦʧʨʝʜʝʣʷʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʛʠʜʨʘʪʦʚ. 
ɼʝʛʨʘʜʘʮʠʷ ʧʦʜʚʦʜʥʦʡ ʤʝʨʟʣʦʪʳ ʧʨʠʚʦʜʠʪ ʢ ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ 
ʛʠʜʨʘʪʦʚ ïʧʦʪʝʥʮʠʘʣʴʥʳʡ ʢʣʠʤʘʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ, ʠ ʛʝʦʨʠʩʢʘʤ ʧʨʠ 
ʨʘʟʚʠʪʠʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʉʄʇ

A) 80% ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ 

ʧʦʜʚʦʜʥʦʡ ʤʝʨʟʣʦʪʳ  

ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ɺʉʐ

ESAS

ɹ) ʄʝʣʢʦʟʘʣʝʛʘʶʱʠʝ ʘʨʢʪʠʯʝʩʢʠʝ ʛʠʜʨʘʪʳ (ʥʘ 

ʛʣʫʙʠʥʘʭ > 100ʤ) ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦʜ  ʙʦʣʝʝ 

80% ʤʝʨʟʣʦʪʳ (ʠʥʪʝʨʧʦʨʦʚʳʝ ʛʠʜʨʘʪʳ ʤʦʛʫʪ 

ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʳ ʥʘ ʣʶʙʦʡ ʛʣʫʙʠʥʝ)



ʈʘʟʚʠʪʠʝ ʪʝʨʤʦʢʘʨʩʪʘʠ ʩʦʣʝʚʦʡ ʜʠʬʬʫʟʠʠ ʚ ʩʫʙʘʢʚʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ (ʰʝʣʴʬ, ʨʝʢʠ, ʦʟʝʨʘ)- ʦʩʥʦʚʥʦʡ ʧʨʦʮʝʩʩ ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ 

ʛʠʜʨʘʪʦʚ ʚ ɸʨʢʪʠʢʝ ʠ ʉʫʙʘʨʢʪʠʢʝ

ʊ ʤʝʨʟʣʦʪʳ = ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʊ 

ʚʦʟʜʫʭʘ =-17ęC

Thermo-abrasive transformation

of thaw lakes into sea lagoons

ʉʢʚʦʟʥʳʝ ʪʘʣʠʢʠ ïʧʫʪʠ ʨʘʟʛʨʫʟʢʠ 

ʧʫʟʳʨʴʢʦʚʦʛʦ ʤʝʪʘʥʘ, ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʨʘʟʨʫʰʝʥʠʷ ʛʠʜʨʘʪʦʚ

ʊ ʤʝʨʟʣʦʪʳ = ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʊ  

ʚʦʟʜʫʭʘ =-1ęC



ʅʘʧʨʘʚʣʝʥʠʝ 2 

ʆʩʥʦʚʘ ʧʦʥʠʤʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ʘʢʚʘʪʦʨʠʠ  ʉʄʇ = 
ʠʩʩʣʝʜʦʚʘʥʠʝ  ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʨʢʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʫʰʘ-ʰʝʣʴʬ

ESAS

Åɺʦʜʦʩʙʦʨ ʨʝʢʠ ʆʙʴ 

ʧʨʝʚʳʰʘʝʪ ʘʢʚʘʪʦʨʠʶ 

ʂʘʨʩʢʦʛʦ  ʤʦʨʷ, ʘ ʨʝʢʠ ʃʝʥʳ 

ʩʦʠʟʤʝʨʠʤ ʩ ʘʢʚʘʪʦʨʠʝʡ 

ʄɺɸ(2.5x106) km2

Å6 ʨʝʢïʍʘʪʘʥʛʘ, ʆʣʝʥʝʢ, 

ʃʝʥʘ, ʗʥʘ, ʀʥʜʠʛʠʨʢʘ, 

ʂʦʣʳʤʘ ʧʨʠʥʦʩʷʪ 

ʝʞʝʛʦʜʥʦ ʚ ʄɺɸ 

ʧʨʠʤʝʨʥʦ ï7x1011 m , 

ʯʪʦ ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ 

ʤʝʥʴʰʝ ʩʪʦʢʘ (ʆ+ɽ)

ʗʅɸʆ



ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʨʦʣʴ ʘʢʚʘʪʦʨʠʠ ʉʝʚʝʨʥʦʛʦ 

ʤʦʨʩʢʦʛʦ ʧʫʪʠ (ʉʄʇ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʩʧʦʨʪʦʤ ʧʨʝʩʥʦʡ ʚʦʜʳ ʠ ʫʛʣʝʨʦʜʘ ʚ 

ʘʨʢʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʩʫʰʘ ïh ʝʣʴʬ.

ʕʢʩʧʦʨʪ ʫʛʣʝʨʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝʤ ʤʝʨʟʣʦʪʳ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤ 

ʨʝʞʠʤʦʤ. ʅʘʠʙʦʣʝʝ ʭʨʫʧʢʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʤʝʨʟʣʦʪʳ ʷʚʣʷʝʪʩʷ ʣʝʜʦʚʳʡ 

ʢʦʤʧʣʝʢʩ (ʦʙʦʟʥʘʯʝʥ ʢʦʨʠʯʥʝʚʳʤ ʮʚʝʪʦʤ) 



˾͔ͯ͘͡Έͭ͊ͭ· ͍ͦͫͤͦ͊ͤ· ͤ͊ ͙ͯ͘;͔͙͙ͤ ͎͔͙ͣͤͦͦͭͤ͡ͻ όмффл͔-ͤ͊΄͔ 
͍͔ͪͣΎύ  ͙͔ͫͫͭͣͤ·ͻ Ή͎͙ͦͦ͟͡;͔͙ͫ͟ͻΣ ͎͔ͦͺ͙͙͘;͔͙ͫ͟ͻΣ ͙ ͎͔͎͙ͦͦ͡;͔͙ͫ͟ͻ  
͙͔͔͙͚ͣͤͤ͘ ͍͔ͦ͋ͯͫͦͤͤ͡͡·ͻ ͔͎͒ͪ͊͒͊ͼ͙͔͚ ͔ͣͪͦͭ͘͡· ͤ͊ 
͙͊ͪͭ͟;͔ͫͦͣ͟ ΄͔͡Έͺ͔ ͙ ͍ ͙͔͚ͨͪ͋ͪ͗ͤͦ ͔ͦͤ͘



ʂʘʨʪʘ -ʩʭʝʤʘ ʧʦʣʦʞʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʪʘʥʮʠʡ ʚʳʧʦʣʥʝʥʥʳʭ ʚ 50 ʘʚʪʦʨʩʢʠʭ 

ʵʢʩʧʝʜʠʮʠʷʭ ʚ ʧʝʨʠʦʜ 1999-2022ʛʛ, ʚʢʣʶʯʘʷ ʵʢʩʧʝʜʠʮʠʠ ʚ ɺʝʣʠʢʠʝ ʉʠʙʠʨʩʢʠʝ ʨʝʢʠ 

ʃʝʥʫ ʠ ʆʙʴ



(ʘ)        (ʙ)

ʈʠʩʫʥʦʢ 1.1ïʈʘʡʦʥʳ ʨʘʙʦʪ ʵʢʩʧʝʜʠʮʠʡʅʀʉ çɸʢʘʜʝʤʠʢ ʆʧʘʨʠʥè ʚ ʩʝʥʪʷʙʨʝ ïʜʝʢʘʙʨʝ 

2023 ʛ. (ʘ ïʪʨʝʢʠ ʤʘʨʰʨʫʪʥʳʭ ʛʘʟʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʠʩʪʝʤʝ 

çʧʦʚʝʨʭʥʦʩʪʥʳʡ ʛʦʨʠʟʦʥʪ ʚʦʜʥʦʡ ʪʦʣʱʠ ïʧʨʠʚʦʜʥʘʷ ʘʪʤʦʩʬʝʨʘè; ʙ ïʨʘʡʦʥʳ ʨʘʙʦʪ: 

ʪʦʯʢʠ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ ïʢʦʤʧʣʝʢʩʥʳʝ ʩʪʘʥʮʠʠ, ʪʦʯʢʠ ʯʝʨʥʦʛʦ ʮʚʝʪʘ ïʧʣʘʥʦʚʳʝ ʩʪʘʥʮʠʠ, 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʢʦʪʦʨʳʭ ʥʝ ʧʨʦʚʝʜʝʥʳ ʧʦ ʧʨʠʯʠʥʝ ʰʪʦʨʤʦʚʦʡ ʧʦʛʦʜʳ.



ʅʘʫʯʥʳʝ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʣʝʪʥʝ-ʦʩʝʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʦʪ  ʢʘʪʝʨʦʚ 

ʜʦ ʅʀʉ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʧʣʘʚʘʥʠʷ ʠ  ʣʝʜʦʢʦʣʦʚ

é ʚʝʨʪʦʣʝʪʳ, ʩʘʥʥʦ-ʪʨʘʢʪʦʨʥʳʝ 

ʧʦʝʟʜʘ, ʙʫʨʦʚʳʝ ʫʩʪʘʥʦʚʢʠ ʠ 

ʚʝʟʜʝʭʦʜʳ  ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ

(1999-2023ʛʛ)



ɀɜɌɏɘɑəɞɧ 

ɩɖɝɛɑɐɔɢɔɚəəɧɡ 

ɜɌɍɚɞ 



ɀɜɌɏɘɑəɞɧɩɖɝɛɑɐɔɢɔɚəəɧɡɜɌɍɚɞ

ɀɔɗɨɞɜɌɢɔɚəəɌɫɝɔɝɞɑɘɌɐɗɫ

ɛɚɗɟɣɑəɔɫɐɚɝɞɌɞɚɣəɚɍɚɗɨɤɔɡ

ɚɍɜɌɓɢɚɎɎɓɎɑɤɑəəɚɏɚɎɑɥɖɝɞɎɌ(ȮȮ)

ɐɗɫ ɛɜɚɎɑɐɑəɔɫɖɚɘɛɗɑɖɝɌ

əɑɚɍɡɚɐɔɘɧɡ ɏɑɚɡɔɘɔɣɑɝɖɔɡ

(ɍɔɚɘɌɜɖɑɜɧ, ɘɔəɑɜɌɗɚɏɔɫ,

ɡɔɘɔɣɑɝɖɔɕɝɚɝɞɌɎ)ɔ ɔɓɚɞɚɛəɧɡ

ɌəɌɗɔɓɚɎɎɖɗɪɣɌɫɜɌɐɔɚɟɏɗɑɜɚɐəɧɕ

ɎɚɓɜɌɝɞɚɜɏɌəɔɣɑɝɖɚɏɚɎɑɥɑɝɞɎɌȮȮ.

ȴɝɛɚɗɨɓɚɎɌəɔɑ ɩɖɝɞɜɌɖɢɔɚəəɚɕ 

ɝɔɝɞɑɘɧ ɐɗɫ ɔɓɎɗɑɣɑəɔɫ ɘɑɞɌəɌ ɔɓ 

ɏɑɜɘɑɞɔɣəɧɡ ɝɚɝɟɐɚɎ ɝ ɛɜɚɍɌɘɔ 

Ɏɚɐɧ (ɛɔɎəɧɑ ɖɑɏɔ) ɝ ɛɚɝɗɑɐɟɪɥɑɕ 

Ɍɐɝɚɜɍɢɔɑɕ Ɏ ɡɚɗɚɐəɚɕ ɗɚɎɟɤɖɑ ɔ 

ɔɓɘɑɜɑəɔɫ ɛɚɗəɚɏɚ ɔɓɚɞɚɛəɚɏɚ 

ɝɚɝɞɌɎɌ ɘɑɞɌəɌ (C13, D, C14)



ɀɜɌɏɘɑəɞɧ 

ɩɖɝɛɑɐɔɢɔɚəəɧɡ 
ɜɌɍɚɞ 



ɹʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʜʝʛʨʘʜʘʮʠʠ ʥʘʟʝʤʥʦʡ ʤʝʨʟʣʦʪʳ: 

ʪʨʘʥʩʧʦʨʪ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʷ  ʥʘʟʝʤʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʘʨʢʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʩʫʰʘ-ʰʝʣʴʬ



ɺ ʉʠʙʠʨʩʢʠʭ ɸʨʢʪʠʯʝʩʢʠʭ ʤʦʨʷʭ ʥʘʙʣʶʜʘʶʪʩʷ ʩʘʤʳʝ 
ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʙʝʨʝʛʦʚʦʡ ʵʨʦʟʠʠ (ʜʦ 20-30 ʤ ʟʘ ʣʝʪʦ)



ʀʟʤʝʥʯʠʚʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʚʟʚʝʰʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʝʛʦ ʠʟʦʪʦʧʥʦʛʦ 

ʩʦʩʪʘʚʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʛʦʨʠʟʦʥʪʝ ʚʦʜ ʥʠʞʥʝʛʦ ʪʝʯʝʥʠʷ ʠ ʜʝʣʴʪʳ ʨ. ʃʝʥʘ (ʢʦʥʝʮ 

ʠʶʣʷ ïʥʘʯʘʣʦ ʘʚʛʫʩʪʘ 2003 ʛ.) (ɼʫʜʘʨʝʚéʉʝʤʠʣʝʪʦʚ, ɼɸʅ, 2012; ʉʝʤʠʣʝʪʦʚ ʠ ʜʨ., 

ʎʠʢʣé, 2017; Semiletov et al., Biogeosciences, 2011):

(ʘ) ʩʪʘʥʮʠʠ ʧʨʦʙʦʦʪʙʦʨʘ, 

(b) ʈʆʉ, ʤʛ/ʣ: :1 ï<1,2 ï1ï1,3; 3 ï1,4ï1,6; 4 ï>1,6; 

(c) ŭ13ʉ, ă: 1 ïï26õï25; 2 ïï27õï26; 3 ï28õï27; 4 ïʣʝʛʯʝ ï28 ă

ɻʦʜʦʚʦʡ ʚʢʣʘʜ ʨʝʢ (ʥʘ ʧʨʠʤʝʨʝ ʨ. ʃʝʥʳ) ʚ ʵʢʩʧʦʨʪ 

ʚʟʚʝʰ. ʥʘʟʝʤʥʦʛʦ ʫʛʣʝʨʦʜʘ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 0.02-0.03 

ʊʛ, ʯʪʦ ʥʘ 2-3 ʧʦʨʷʜʢʘ ʥʠʞʝ ʚʢʣʘʜʘ  ʵʨʦʟʠʦʥʥʦʛʦ ʫʛʣʝʨʦʜʘ



ˣ͔͔͎͍ͪͦ͊Ύ Ή͙ͪͦ͘Ύ Ύ͍͡Ύ͔ͭͫΎ ͍ͦͫͤͦͤ·ͣ ͙ͫͭͦ;͙ͤͦͣ͟  ͔͎ͤ͊ͣͤͦͦ͘ ˻ˤ 
͔͔ͦͨͪ͒͡ΎΌ΅͔͎ͦ ͍͔͔͔ͫͦͪͣͤͤͦ ͍͙͔ͦͫ͊͒ͦͦ͋ͪ͊ͦ͊ͤ͘͟ ͙ 
͙͎͔͋ͦͦͻ͙͙ͣ;͔͙͚ͫ͟ ͔͙ͪ͗ͣ όΉ͎͙ͦͦ͟͡Όύ ͙͊ͪͭ͟;͔͎ͫͦͦ͟ ΄͔͡Έͺ͊ 
ό˸ˤˢύ

ɺʢʣʘʜ ʥʘʟʝʤʥʦʛʦ ʵʨʦʟʠʦʥʥʦʛʦ ʆɺ (ʆʄ ʩcontribution of terrestrial organic carbon 

(CTOM, %)) ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʦʩʘʜʢʘʭ ʄɺɸ: 1) <40%, 2) 40-69%, 3) 69-98%, 4) 

98-100% 

(ɼʫʜʘʨʝʚ ʠ ʜʨ., 2003, 2016; Semiletov et al., Biogeosciences, 2011; Semiletov et 

al., Environm. Res. Letters, 2012)



ʉʦʟʜʘʥʠʝ ʠ ʤʦʜʠʬʠʢʘʮʠʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʦʡ 

ʙʫʜʫʪ ʦʙʲʝʜʠʥʝʥʳ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ, ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ, 

ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʧʦʛʨʘʥʠʯʥʳʤ ʟʦʥʘʤ 

ʈʦʩʩʠʡʩʢʠʭ ɸʨʢʪʠʯʝʩʢʠʭ ʤʦʨʝʡ

ʂ ʨʦʩʩʠʡʩʢʦ-ʰʚʝʜʩʢʦʡ ʙʘʟʝ ʜʘʥʥʳʭ, 

ʩʦʟʜʘʥʥʦʡ ʚ 2021ʛʦʜʫ ʠ ʥʘʟʚʘʥʥʦʡ 

ñCASCADE ïThe Circum-Arctic 

Sediment CArbon DatabasEò, 

ʧʨʠʩʦʝʜʠʥʠʣʠʩʴ ʚʝʜʫʱʠʝ ʛʨʫʧʧʳ 

ʫʯʝʥʳʭ ʠʟ ʂʘʥʘʜʳ, ʉʐɸ, ʐʚʝʡʮʘʧʠʠ, 

ʅʠʜʝʨʣʘʥʜʦʚ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʩʦʙʨʘʪʴ ʜʘʥʥʳʝ ʧʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʆɺ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʦʩʘʜʢʘʭ ʥʘ 4244 ʦʢʝʘʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʪʘʥʮʠʷʭ, ʚʢʣʶʯʘʷ 2317 ʠʟʤʝʨʝʥʠʡ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʟʦʪʘ, 1555 ʟʥʘʯʝʥʠʡ 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ (ŭ13C) ʠ 268 ʟʥʘʯʝʥʠʡ 

ʨʘʜʠʦʠʟʦʪʦʧʘ ʫʛʣʝʨʦʜʘ (ȹ14C), ʘ ʪʘʢʞʝ 

653 ʧʨʦʙʳ ʠʩʩʣʝʜʦʚʘʥʳ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʪʝʨʠʛʝʥʥʳʭ ʙʠʦʤʘʨʢʝʨʦʚ. ɺ ʧʝʨʚʠʯʥʫʶ 

ʙʘʟʫ ʜʘʥʥʳʭ ʪʘʢʞʝ ʚʦʰʣʠ 326 ʦʩʘʜʦʯʥʳʭ 

ʢʦʣʦʥʦʢ 

ʥʘʯʘʪʦʩʦʟʜʘʥʠʝʥʦʚʦʛʦʙʣʦʢʘʜʘʥʥʳʭʦʩʥʦʚʘʥʥʳʭʥʘ

ʨʝʟʫʣʴʪʘʪʘʭʠʩʩʣʝʜʦʚʘʥʠʡʤʦʣʝʢʫʣʷʨʥʦʛʦʩʦʩʪʘʚʘʆɺʥʘʦʩʥʦʚʝ

ʧʠʨʦʣʠʟʘRock Eval. ɺʢʘʯʝʩʪʚʝʧʨʠʤʝʨʘʨʝʘʣʠʟʘʮʠʠʪʘʢʦʛʦʧʦʜʭʦʜʘʚ

ʨʘʤʢʘʭʜʘʥʥʦʛʦʧʨʦʝʢʪʘʤʦʞʥʦʨʘʩʩʤʘʪʨʠʚʘʪʴʩʪʘʪʴʶ(ʀʟʚʝʩʪʠʷ

ʊʦʤʩʢʦʛʦʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦʫʥʠʚʝʨʩʠʪʝʪʘ. ʀʥʞʠʥʠʨʠʥʛʛʝʦʨʝʩʫʨʩʦʚ. ï

2023. ïʊ. 334. ï̄ 2. ïʉ. 130-146).



ʀʟʙʨʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 
˹͊ ͍͔ͦͫͤͦ ͔͍͚ͨͪͦ ͋͊͘· ͒͊ͤͤ·ͻ 
͔ͣͦͯ͟͡͡Ύ͎ͪͤͦͦ ͙ ͙͎ͦͭͦͨͤͦͦ͘ 
͍ͫͦͫͭ͊͊ ˻ˤ ͒ͦͤͤ·ͻ ͍ͦͫ͊͒ͦ͟ ͍͔͎ͫͦ 
͙͊ͪͭ͟;͔͎ͫͦͦ͟ ΄͔͡Έͺ͊ ͨͦ͊͊ͤͦ͘͟Σ 
;ͭͦ ͙͎͔͋ͦͦͻ͙͙ͣ;͔͙͚ͫ͟  ͙ 
Ή͎͙ͦͦ͟͡;͔͙͚ͫ͟ ͔͙ͪ͗ͣ ͍͙͙͊͊ͭͦͪ͟ 
˿˸˽ ͔͔ͦͨͪ͒͡Ύ͔ͭͫΎ Ήͫͨͦͪͭͦͣ͟ 
͔͎ͤ͊ͣͤͦͦ͘ ˻ˤ (Martens, J., Wild, B., 

{ŜƳƛƭŜǘƻǾΣ LΦΣ 5ǳŘŀǊŜǾΣ hΦΣ ŀƴŘ mΦ DǳǎǘŀŦǎǎƻƴΦ 
Circum-Arctic release of terrestrial carbon varies 
between regions and sources. Nature 
Communications, 2022, vol. 13, no.5858)

˾͙ͫ. 1.˻͍ͫͤͦͤ·͙͙ͣͫͭͦ;͙͙ͤ͊ͣ͟˻ˤͤ ͔͎͙͊ͣͤͦͦͨͪͦͫ͘ͻ͔͙ͦ͗͒ͤΎ͍ͦ ͫ͊͒͊͟ͻ΄͔͡Έͺ͊˿͔͍͔͎ͪͤͦͦ
˶͔͍͙͎͔͒ͦͭͦͦͦ͊ͤ͊͟Ύ͍͡ΎΌͭͫΎͨͦ;͍·Σ͔͍͒ͦ͡·͚͔ͦͣͨͫ͟͟͡ό˶˴ύΣͭͦͪͺ. ˹͙͔͔͊͋ͦͣͦ͡΅ͤ·ͣ
͙ͫͭͦ;͙ͤͦͣ͟Ή͙͎ͪͦͦͤͤͦͦ͘˻ Ύʕ͍͡Ύ͔ͭͫΎ͔͚͋͊ͫͫͤˤͦͫͭͦ;ͤͦ-˿͙͙͎͋ͪͫͦͦͣͦͪ͟ΎΣ͎͔͒͋·͙͊ͫ͡ ͔͍ͫ͒ͦ͊ͤ͊͡
͔͎͍ͣ͗ͦ͒ͦ͊Ύ͔ͣͦͣ͊ͫ͘΄ͭ͊͋ͤ͊Ύ͙͔ͣͤ͘;͙͍ͦͫͭΈ͙͎͙ͦͭͦͨͤͦͦͣ͘ ͔ͦͯ͟͡͡Ύ͎͍͍͍͔ͪͤͦͦͫͦͫͭ͊͊͘΄͔͎ͤͤͦͦ˻ˤ
(POC)ͣ ͙͙͍͎͙ͦ͋ͦ͊ͤͤͦͦ͘͘͡˶ :˴ POC/TNͦͭͤͦ΄͔͙͔͍͍͍͔ͤͦ͘΄͔ͤͤͦͣ˻ όʕ͊ύ, 1ɻ5N (%)͍͍ͦ ͍͔͘΄͔ͤͤͦͣ
˻ όʕ͋ύ.˽͍͔͔͔͔͔͙͔ͪͦͫͭͪ͊ͤͫͭͤͤͦͪ͊ͫͨͪ͒ͤ͡ͺ͔͍͙͎͙ͤͦͦͤͤ͊͡͡ό͍ύ.˴͙ͦ͡;͔͍͔ͫͭͤͤ·͔ͦͼ͔͙ͤ͟ͺͪ͊͟ͼ͙͚
ͨͦ;͍·ό͔͔ͤ͘͡·͚ͼ͍͔ͭύΣ˶ ό˴͔͍ͦͪ͊ͤ͗·͚ͼ͍͔ͭύΣͭͦͪͺ͊ό͙ͦͪ͟;͔͍ͤ·͚ͼ͍͔ͭύΣ͙ͫ ͔͚ͦͪͦͫͭ͊ͯͣͯ͟͟͟͡Ύͼ͙͙
ͦ͋΅͔͎ͦ˻ˤ͍ͦͫ͊͒͊͟ͻ͍͔ͫͻ͙͊ͪͭ͟;͔͙ͫ͟ͻ͔͚ͣͦͪό͎ύ.
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ɼʚʝ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʚʠʥʮʠʠ ʚʳʜʝʣʝʥʳ ʥʘ ʘʢʚʘʪʦʨʠʠ 

ɺʦʩʪʦʯʥʦ-ʘʨʢʪʠʯʝʩʢʠʭ ʤʦʨʝʡ ʥʘ ʦʩʥʦʚʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʧʨʦʜʫʢʮʠʝʡ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠ 

ʘʢʪʠʚʥʦʩʪʴʶ ʛʝʪʝʨʦʪʨʦʬʥʦʛʦ ʙʘʢʪʝʨʠʦʧʣʘʥʢʪʦʥʘ

Rusanov I.I., Savvichev A.S., Zasko D.N., Sigalevich P.A., Pipko I.I., Pugach S.P., Pimenov N.V., Semiletov I.P. 

Primary production and microbial heterotrophy in the Siberian arctic seas, Bering Strait, and Gulf of Anadyr, 

Bering Sea, Estuarine, Coastal and Shelf Science, 2024; 

Semiletov et al., Geophys.Res. Lett., 2005; Pipko et al., Biogeosciences, 2011

ɺʦʩʪʦʯʥʘʷ ʘʚʪʦʪʨʦʬʥʘʷ 

ʧʨʦʚʠʥʮʠʷ  - ʚʳʩʦʢʘʷ 

ʧʝʨʚʠʯʥʘʷ ʧʨʦʜʫʢʮʠʷ, 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʘʷ 

ʛʝʪʝʨʦʪʨʦʬʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ 

ʙʘʢʪʝʨʠʦʧʣʘʥʢʪʦʥʘ, ʠ ʩʪʦʢ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʉʆ2.

ɿʘʧʘʜʥʘʷ ʛʝʪʝʨʦʪʨʦʬʥʘʷ 

ʧʨʦʚʠʥʮʠʷ - ʥʠʟʢʘʷ ʧʝʨʚʠʯʥʘʷ 

ʧʨʦʜʫʢʮʠʷ, ʚʳʩʦʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʛʝʪʝʨʦʪʨʦʬʥʦʛʦ 

ʙʘʢʪʝʨʠʦʧʣʘʥʢʪʦʥʘ, 

ʨʘʩʪʫʱʝʛʦ ʥʘ ʘʣʣʦʭʪʦʥʥʦʤ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʚʝʱʝʩʪʚʝ, ʠ 

ʵʤʠʩʩʠʷ  CO2ʚ ʘʪʤʦʩʬʝʨʫ.


