
ȼɚɗɨ ȼɚɝɝɔɔ Ɏ ɏɗɚɍɌɗɨəɚɘ 

ɢɔɖɗɑ ɟɏɗɑɜɚɐɌ

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ 

ʧʦʯʚʦʚʝʜʝʥʠʷ ʈɸʅ,  ʌʀʎ ʇʅʎɹʀ ʈɸʅ

ʇʫʱʠʥʦ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣ.

ȴɜɔəɌȹɔɖɚɗɌɑɎəɌ ȶɟɜɏɌəɚɎɌ
ɼʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ



ȻɗɌəɗɑɖɢɔɔ:

1. ɻʣʦʙʘʣʴʥʳʡʮʠʢʣʫʛʣʝʨʦʜʘ: ʜʠʥʘʤʠʢʘʦʩʥʦʚʥʳʭ

ʧʫʣʦʚʠʧʦʪʦʢʦʚ; ʪʝʨʤʠʥʳʠʧʦʥʷʪʠʷ

2. ʈʦʣʴʥʘʟʝʤʥʳʭɻʢʦʩʠʩʪʝʤʈʦʩʩʠʠʚ

ʬʦʨʤʠʨʦʚʘʥʠʠʛʣʦʙʘʣʴʥʳʭʧʫʣʦʚ,ʧʦʪʦʢʦʚʠ

ʙʘʣʘʥʩʘʉ;

3. ʉʤʝʥʘʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷʢʘʢʢʣʠʤʘʪʦ-

ʨʝʛʫʣʠʨʫʶʱʠʡʬʘʢʪʦʨ: ʚʣʠʷʥʠʝʥʘʧʨʦʮʝʩʩʳ

ʩʝʢʚʝʩʪʨʘʮʠʠʫʛʣʝʨʦʜʘʚʧʦʯʚʘʭ;

4. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝʦʮʝʥʢʠʩʢʦʨʦʩʪʠʧʦʪʝʨʴʠ

ʩʝʢʚʝʩʪʨʘʮʠʠʉʧʨʠʩʤʝʥʝʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ;



1. ȯɗɚɍɌɗɨəɧɕ ɢɔɖɗ ɟɏɗɑɜɚɐɌ: ɐɔəɌɘɔɖɌ 

ɚɝəɚɎəɧɡ ɛɟɗɚɎ ɔ ɛɚɞɚɖɚɎ; ɞɑɜɘɔəɧ ɔ ɛɚəɫɞɔɫ

ʎʠʢʣʦʨʛʘʥʠʯʝʩʢʦʛʦʫʛʣʝʨʦʜʘ(ʉʦʨʛ) ʷʚʣʷʝʪʩʷʦʩʥʦʚʥʳʤʩʨʝʜʠʜʨʫʛʠʭ

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭʮʠʢʣʦʚʥʘʥʘʰʝʡʧʣʘʥʝʪʝ: ʦʥʧʦʣʥʦʩʪʴʶ

ʧʨʝʦʙʨʘʟʦʚʘʣʩʦʩʪʦʷʥʠʝʧʦʚʝʨʭʥʦʩʪʥʳʭʦʙʦʣʦʯʝʢɿʝʤʣʠʠʚʧʨʦʮʝʩʩʝ

ʵʚʦʣʶʮʠʠʦʙʝʩʧʝʯʠʚʘʝʪʩʪʘʙʠʣʴʥʦʩʪʴʝʝʫʛʣʝʨʦʜ-ʢʠʩʣʦʨʦʜʥʦʡ

ʩʠʩʪʝʤʳ(ʘʢʘʜ. ɻ. ɸ. ɿʘʚʘʨʟʠʥ,2004: ʃʝʢʮʠʠʧʦʧʨʠʨʦʜʦʚʝʜʯʝʩʢʦʡ

ʤʠʢʨʦʙʠʦʣʦʛʠʠ).

ɺʛʣʦʙʘʣʴʥʦʤʘʩʧʝʢʪʝʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʡʮʠʢʣʫʛʣʝʨʦʜʘʧʨʝʜʩʪʘʚʣʷʝʪ

ʩʦʙʦʡʢʦʤʧʣʝʢʩʧʨʦʮʝʩʩʦʚ,ʚʭʦʜʝʢʦʪʦʨʳʭʧʨʦʠʩʭʦʜʠʪʧʝʨʝʥʦʩ

ʫʛʣʝʨʦʜʘʤʝʞʜʫʨʘʟʣʠʯʥʳʤʠʨʝʟʝʨʚʫʘʨʘʤʠ. ʉʠʩʪʝʤʦʡʧʨʷʤʳʭʠ

ʦʙʨʘʪʥʳʭʩʚʷʟʝʡʛʣʦʙʘʣʴʥʳʡʮʠʢʣʫʛʣʝʨʦʜʘʪʝʩʥʦʩʚʷʟʘʥʩ

ʠʟʤʝʥʝʥʠʝʤʢʣʠʤʘʪʘʥʘʧʣʘʥʝʪʝ.

ɺ ʧʦʩʣʝʜʥʠʝʜʝʩʷʪʠʣʝʪʠʷʛʣʦʙʘʣʴʥʦʝʠʟʤʝʥʝʥʠʝʢʣʠʤʘʪʘʠʟ

ʫʟʢʦʩʧʝʮʠʘʣʴʥʦʛʦʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʦʛʦʚʦʧʨʦʩʘʧʨʝʚʨʘʪʠʣʦʩʴʥʝ

ʪʦʣʴʢʦʚʦʜʥʫʠʟʥʘʠʙʦʣʝʝʦʩʪʨʳʭʧʨʦʙʣʝʤʤʠʨʦʚʦʡʵʢʦʥʦʤʠʢʠʠ

ʧʦʣʠʪʠʢʠ,ʥʦʠʚʚʘʞʥʝʡʰʠʡʵʣʝʤʝʥʪʥʦʚʦʡʨʝʘʣʴʥʦʩʪʠ,ʢʢʦʪʦʨʦʡʚʩʝ

ʯʝʣʦʚʝʯʝʩʪʚʦʚʳʥʫʞʜʝʥʦʧʨʠʩʧʦʩʘʙʣʠʚʘʪʴʩʚʦ ʭʁʦʟʷʡʩʪʚʝʥʥʫʶ

ʜʝʷʪʝʣʴʥʦʩʪʴ.



Ⱦɑɜɘɔəɧ ɔ ɛɚəɫɞɔɫ:
ʇʫʣʳ (ʠʣʠ ʨʝʟʝʨʚʫʘʨʳ) ʫʛʣʝʨʦʜʘ ʉ: 

ʀʩʢʦʧʘʝʤʦʝ ʪʦʧʣʠʚʦ, ʘʪʤʦʩʬʝʨʘ, ʧʦʯʚʘ, ʨʘʩʪʠʪʝʣʴʥʘʷ ʠ ʤʠʢʨʦʙʥʘʷ 
ʙʠʦʤʘʩʩʘ ʠ ʜʨ.

ɻʣʦʙʘʣʴʥʳʡ ʙʘʣʘʥʩ ʉ:

ʩʦʦʪʥʦʰʝʥʠʝʤʝʞʜʫʚʳʜʝʣʝʥʠʝʤ(ʵʤʠʩʩʠʝʡ)ʉʆ2 ʠʝʛʦʧʦʛʣʦʱʝʥʠʝʤʚ
ʦʙʱʝʧʣʘʥʝʪʘʨʥʦʤʤʘʩʰʪʘʙʝ;

ʕʤʠʩʩʠʷ (ʚʳʜʝʣʝʥʠʝ) ʉʆ2:

ɸʥʪʨʦʧʦʛʝʥʥʘʷ ʠ ʝʩʪʝʩʪʚʝʥʥʘʷ (ʜʳʭʘʥʠʝ ʧʦʯʚ, ʨʘʩʪʝʥʠʡ, ʵʢʦʩʠʩʪʝʤ); 

ʇʦʛʣʦʱʝʥʠʝ ʉʆ2:

ü ʌʦʪʦʩʠʥʪʝʟ- ʵʪʦʩʦʚʦʢʫʧʥʦʩʪʴʧʨʦʮʝʩʩʦʚʧʦʛʣʦʱʝʥʠʷ,ʧʨʝʚʨʘʱʝʥʠʷ
ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷʩʚʝʪʦʚʦʡʵʥʝʨʛʠʠʜʣ ʧ̫ʨʝʚʨʘʱʝʥʠʷʉʆ2 ʚ
ʦʨʛʘʥʠʯʝʩʢʠʝʚʝʱʝʩʪʚʘ. ʆʮʝʥʠʚʘʶʪʧʦʚʝʣʠʯʠʥʝʯʠʩʪʦʡʧʝʨʚʠʯʥʦʡ
ʧʨʦʜʫʢʮʠʠ- NPP.

ü ʉʝʢʚʝʩʪʨʘʮʠʷʉ - ʵʪʦʧʨʦʮʝʩʩʳʫʜʘʣʝʥʠʷʉʆ2 ʠʟʘʪʤʦʩʬʝʨʳʩ
ʫʯʘʩʪʠʝʤʨʘʩʪʝʥʠʡʠʟʘʢʨʝʧʣʝʥʠʷʉʚʧʦʯʚʝʥʘʜʣʠʪʝʣʴʥʦʝʚʨʝʤʷ.

ɹʘʣʘʥʩ ʫʛʣʝʨʦʜʘ: ʯʠʩʪʳʡ ʵʢʦʩʠʩʪʝʤʥʳʡ ʦʙʤʝʥ ïNEE (ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 
ʘʪʤʦʩʬʝʨʝ), ʠʣʠ ʯʠʩʪʘʷ ʵʢʦʩʠʩʪʝʤʥʘʷ ʧʨʦʜʫʢʮʠʷ, NɽP(ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 
ʵʢʦʩʠʩʪʝʤʝ).



ʇʦʯʚʳ (0-2 ʤ),

3605

ʀʩʢʦʧʘʝʤʦʝ 

ʪʦʧʣʠʚʦ, 5000

ɸʪʤʦʩʬʝʨʘ, 

820

ʆʢʝʘʥ, 

38 725

ʈʘʩʪʝʥʠʷ, 

560

ȯɗɚɍɌɗɨəɧɕ ɢɔɖɗ ɟɏɗɑɜɚɐɌ:
ɚɝəɚɎəɧɑ ɛɟɗɧ (ȯɞȽ)

1 ȯɞ Ƚ = 10 15 g C ʅʘʟʝʤʥʘʷ 

ʙʠʦʤʘʩʩʘ

(TerBio):

ɾʠʚʘʷ = 560 

ɼʝʪʨʠʪ = 60

ʉʫʤʤʘ = 620

ʀʩʪʦʯʥʠʢ: Plaza et al. (2018) and Lal (2020).

SC = 5.8 TerBio

SC = 4.4 Atm

ʇʦʯʚʘ(SC)

ʩʣʦʡ 0-2 ʤ

ʉʦʨʛ= 2047 

ʉʥʝʦʨʛ= 1588

ȽɟɘɘɌ = 3605
ʃʠʪʦʩʬʝʨʘ, 

12 000 000



31%
3.4

23%
2.5

86%
9.4

14%
1.6

46%
5.1

ȴɝɞɚɣəɔɖɔ= Ƚɞɚɖɔ

0. 05 ȯɞC/ɏɚɐ (0.4% )ȰɔɝɍɌɗɌəɝ Ƚ:
(ɜɌɓəɔɢɌ ɘɑɒɐɟ ɔɝɞɚɣəɔɖɌɘɔ ɔ ɝɞɚɖɌɘɔ)

ȯɞȽ/ɏɚɐ ȯɞȽ/ɏɚɐ

ʉʞʠʛʘʥʠʝ ʪʦʧʣʠʚʘ

ʆʢʝʘʥ

ɸʪʤʦʩʬʝʨʘ

ʅʘʟʝʤʥʳʝ 

ʵʢʦʩʠʩʪʝʤʳ

Ƚɚɚɞəɚɤɑəɔɑ ɘɑɒɐɟ ɔɝɞɚɣəɔɖɌɘɔ ɔ 
ɝɞɚɖɌɘɔ Ƚ Ɏ 2010-2019 ɏɏ.

ʀʩʪʦʯʥʠʢ: Global Carbon Budget 2020; Friedlingstein et al., 2020

ʀʟʤʝʥʝʥʠʝ 

ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ



40

ʉʞʠʛʘʥʠʝ 
ʠʩʢʦʧʘʝʤʦʛʦ 
ʪʦʧʣʠʚʘ

ʀʟʤʝʥʝʥʠʝ 
ʟʝʤʣʝʧʦʣʴʟʦʚ.
ʥʠʷʆʢʝʘʥ

ʅʘʟʝʤʥʳʝ 
ʵʢʦʩʠʩʪʝʤʳ

ɸʪʤʦʩʬʝʨʘ

ɻʪ ʉʆ2/ʛʦʜ

ʆʙʣʘʩʪʴ ʜʠʩʙʘʣʘʥʩʘ 

ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʘʤʠ ʠ 

ʩʪʦʢʘʤʠ

ȰɔəɌɘɔɖɌ ɏɗɚɍɌɗɨəɧɡ ɛɚɞɚɖɚɎ Ƚ-ȽȺ2

Ɏ 1850-2019 ɏɏ.

ɺʄɺ

ɺʄɺ ïɺʪʦʨʘʷ ʤʠʨʦʚʘʷ ʚʦʡʥʘ;

ʀʩʪʦʯʥʠʢ: Global Carbon Budget 2020



ɸʥʪʨʦʧʦʛʝʥʥʘʷ 

ʵʤʠʩʩʠʷ C-ʉʆ2 (ɻʪʉ)

ɽʩʪʝʩʪʚʝʥʥʳʝ ʧʦʛʣʦʪʠʪʝʣʠ 

C-ʉʆ2 (ɻʪʉ)
ɼʠʩ-

ʙʘʣʘʥʩ, 

ɻʪʉ

ʉʞʠʛʘ-

ʥʠʝ

ʪʦʧʣʠʚʘ

ʀʟʤʝ-

ʥʝʥʠʝ

ʟʝʤʣʝ-

ʧʦʣʴʟʦ

ʚʘʥʠʷ

ʆʙʱʠʝ 

ʚʳʙʨʦ-

ʩ ʚr 

ʘʪʤʦ-

ʩʬʝʨʫ

ɸʪʤʦʩ

ʬʝʨʘ
ʆʢʝʘʥ

ʅʘʟʝʤ-

ʥʳʝ

ʵʢʦʩʠʩ-

ʪʝʤʳ

ʆʙʱʝʝ 

ʧʦʛʣʦ-

ʱʝʥʠʝ

440 Ñ

20

235 Ñ

75

675 Ñ

80

275

Ñ5

170 Ñ

20

220 Ñ

50

665 Ñ

60
10

Ƚɚɚɞəɚɤɑəɔɑ ɘɑɒɐɟ Ɍəɞɜɚɛɚɏɑəəɧɘɔ 

ɎɧɍɜɚɝɌɘɔ C-ȽȺ2 Ɏ Ɍɞɘɚɝɠɑɜɟ ɔ ɑɏɚ 

ɑɝɞɑɝɞɎɑəəɧɘ ɛɚɏɗɚɥɑəɔɑɘ (1750-2017 ɏɏ.)

65% 35% 100% 41% 26% 33% 100% 1.5%

ʀʩʪʦʯʥʠʢ: Lal (2020).



1. ȹɑɓɌɘɖəɟɞɚɝɞɨ

ʥʘʩʦʚʨʝʤʝʥʥʦʤʵʪʘʧʝʵʚʦʣʶʮʠʠʙʠʦʩʬʝʨʳçʣʦʚʫʰʢʘʤʠè

ʉʆ2, ʙʣʘʛʦʜʘʨʷʢʦʪʦʨʳʤʦʥʚʳʙʳʚʘʝʪʠʟʛʣʦʙʘʣʴʥʦʛʦ

ʢʨʫʛʦʚʦʨʦʪʘʫʛʣʝʨʦʜʘ,ʩʣʫʞʘʪ:

Vʊʦʨʬʦʦʙʨʘʟʦʚʘʥʠʝ;

Vɿʘʢʨʝʧʣʝʥʠʝʉ ʚ ʩʪʘʙʠʣʴʥʳʭʧʫʣʘʭʦʨʛʘʥʠʯʝʩʢʦʛʦ

ʚʝʱʝʩʪʚʘ(ʆɺ)ʧʦʯʚʩrʚʨʝʤʝʥʝʤʧʨʝʙʳʚʘʥʠʷ>100-1000

ʣʝʪ(ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʳʝʢʦʤʧʣʝʢʩʳ);

Vɿʘʭʦʨʦʥʝʥʠʝʉʆ2 ʚʚʠʜʝʢʘʨʙʦʥʘʪʦʚʚʛʣʫʙʦʢʠʭʩʣʦʷʭ

ʧʦʯʚʳ.

2. ȰɔəɌɘɔɣəɚɝɞɨ

ʦʙʫʩʣʦʚʣʝʥʘʚʳʩʦʢʦʡʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶʢ ʚʩʝ

ʚʦʟʨʘʩʪʘʶʱʝʤʫʘʥʪʨʦʧʦʛʝʥʥʦʤʫʧʨʝʩʩʠʥʛʫʠʚʳʨʘʞʘʝʪʩʷ

ʚʠʟʤʝʥʝʥʠʠʢʦʥʮʝʥʪʨʘʮʠʠʉʆ2ʚʘʪʤʦʩʬʝʨʝ.

Ⱥɝɚɍɑəəɚɝɞɔ ɍɔɚɏɑɚɡɔɘɔɣɑɝɖɚɏɚ 
ɢɔɖɗɌ ɟɏɗɑɜɚɐɌ:



ȶɜɌɞɖɚɑɜɑɓɪɘɑ(1):

Çʅʘʟʝʤʥʳʝʵʢʦʩʠʩʪʝʤʳʦʙʝʩʧʝʯʠʚʘʶʪʦʢʦʣʦ1/3

ʛʣʦʙʘʣʴʥʦʛʦʩʪʦʢʘʉʆ2 ʘʪʤʦʩʬʝʨʳ,ʯʪʦʚʩʨʝʜʥʝʤʚ

2010-2019 ʛʛ. ʩʦʩʪʘʚʠʣʦ3.41 ɻʪʉ/ʛʦʜ;

Çʇʦʯʚʝʥʥʳʡʧʫʣʉ:

üʪʨʝʪʠʡʧʦʚʝʣʠʯʠʥʝʨʝʟʝʨʚʫʘʨʫʛʣʝʨʦʜʘʧʦʩʣʝ
ʣʠʪʦʩʬʝʨʳʠʦʢʝʘʥʘ

üʩʣʫʞʠʪçʣʦʚʫʰʢʦʡèʠʜʦʣʛʦʚʨʝʤʝʥʥʳʤʭʨʘʥʠʣʠʱʝʤ
ʘʪʤʦʩʬʝʨʥʦʛʦʉʆ2;

üʷʚʣʷʝʪʩʯ̫ʫʚʩʪʚʠʪʝʣʴʥʳʤʢ ʠʟʤʝʥʝʥʠʷʤ
ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ,ʚʳʟʚʘʥʥʳʤʠʩʚʝʜʝʥʠʝʤʠʣʠ
ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤʣʝʩʦʚ,ʦʩʫʰʝʥʠʝʤʙʦʣʦʪ,
ʨʘʩʰʠʨʝʥʠʝʤʠʣʠ ʟʘʙʨʘʩʳʚʘʥʠʝʤʩʝʣʴʩʢʦ-
ʭʦʟʷʡʩʪʚʝʥʥʳʭʫʛʦʜʠʡ.



2. ȼɚɗɨəɌɓɑɘəɧɡɩɖɚɝɔɝɞɑɘȼɚɝɝɔɔɎ

ɠɚɜɘɔɜɚɎɌəɔɔɏɗɚɍɌɗɨəɧɡɛɟɗɚɎ,

ɛɚɞɚɖɚɎɔɍɌɗɌəɝɌȽȺ2

ʋʛʣʝʨʦʜʥʳʡʦʙʤʝʥʤʝʞʜʫʥʘʟʝʤʥʳʤʠʵʢʦʩʠʩʪʝʤʘʤʠʠʘʪʤʦʩʬʝʨʦʡ

ʷʚʣʷʝʪʩʷʦʜʥʠʤʠʟ ʢʣʶʯʝʚʳʭʧʨʠʨʦʜʥʳʭʧʨʦʮʝʩʩʦʚ,

ʥʝʦʙʭʦʜʠʤʦʩʪʴʢʦʣʠʯʝʩʪʚʝʥʥʦʡʦʮʝʥʢʠʢʦʪʦʨʦʛʦʜʠʢʪʫʝʪʩʷ

ʫʩʣʦʚʠʷʤʠʈʘʤʦʯʥʦʡʢʦʥʚʝʥʮʠʠʧʦʢʣʠʤʘʪʫ,ʂʠʦʪʩʢʦʛʦʧʨʦʪʦʢʦʣʘʠ

ʧʦʩʪ-ʢʠʦʪʩʢʠʭʢʣʠʤʘʪʠʯʝʩʢʠʭʩʦʛʣʘʰʝʥʠʡ.

ʈʦʩʩʠʷ,ʟʘʥʠʤʘʶʱʘʷʙʦʣʝʝ1/9 ʯʘʩʪʠʩʫʰʠ(11.5%) ʠ ʠʤʝʷ

ʦʛʨʦʤʥʳʝʪʝʨʨʠʪʦʨʠʠ,ʟʘʥʷʪʳʝʣʝʩʘʤʠʠ ʙʦʣʦʪʘʤʠ,ʠʛʨʘʝʪ

ʩʫʱʝʩʪʚʝʥʥʫʶʨʦʣ ʚɹ ʬʦʨʤʠʨʦʚʘʥʠʠʫʛʣʝʨʦʜʥʦʛʦʙʘʣʘʥʩʘ

ʥʘʟʝʤʥʳʭʵʢʦʩʠʩʪʝʤʥʘʰʝʡʧʣʘʥʝʪʳ,ʘ ʪʘʢʞʝʧʦʯʚʝʥʥʦʛʦ

ʨʝʟʝʨʚʫʘʨʘʫʛʣʝʨʦʜʘ.

ɼʠʦʢʩʠʜʫʛʣʝʨʦʜʘ(ʉʆ2) ʘʪʤʦʩʬʝʨʳʧʨʠʤʝʨʥʦʥʘ25-40% ʠʤʝʝʪ

ʧʦʯʚʝʥʥʦʝʧʨʦʠʩʭʦʞʜʝʥʠʝ,ʘ ʩʘʤʧʦʯʚʝʥʥʳʡʧʦʢʨʦʚ,ʚ

ʩʦʦʪʚʝʪʩʪʚʠʠʩʦʩʚʦʠʤʧʦʣʦʞʝʥʠʝʤʥʘʢʦʥʪʘʢʪʝʘʪʤʦʩʬʝʨʳ,

ʣʠʪʦʩʬʝʨʳʠʥʘʟʝʤʥʦʡʬʠʪʦʩʬʝʨʳ,ʟʘʥʠʤʘʝʪʢʣʶʯʝʚʫʶʧʦʟʠʮʠʶʚ

ʙʠʦʩʬʝʨʥʦʤʢʨʫʛʦʚʦʨʦʪʝʉʆ2.



ɂɔɖɗ ɚɜɏɌəɔɣɑɝɖɚɏɚ ɟɏɗɑɜɚɐɌ
ʌʦʪʦʩʠʥʪʝʟ

ʉʆ2+ ʅ2ʆ Ÿ [Cʦʨʛ] + O2

ɗɔɝɞɨɫ

ɝɞɎɚɗ

ɖɚɜəɔ

ɸʩʩʠʤʠʣʷʮʠʷ

ʉʦʨʛ 

ʄʠʢʨʦʙʥʦʝ 

ʩʦʦʙʱʝʩʪʚʦ

ɼʳʭʘʥʠʝ ʧʦʯʚʳ

ɼʳʭʘʥʠʝ ʧʦʯʚʝʥʥʳʭ ʤ/ʦ 

(ʨʘʟʣʦʞʝʥʠʝ ʆʄ)

ɼʳʭʘʥʠʝ ʵʢʦʩʠʩʪʝʤʳ

ɼʳʭʘʥʠʝ ʢʦʨʥʝʡ 

ʠ ʨʠʟʦʩʬʝʨʳ

[ʉʦʨʛ] + O2= ʉʆ2+ ʅ2ʆ

ʉʆ2ʉʆ2

ʉʆ2
hv

ɚɛɌɐ

ɂɔɖɗ Ƚ Ɏ əɌɓɑɘəɧɡ ɩɖɚɝɔɝɞɑɘɌɡ

ʉʪʘʙʠʣʴʥʳʡ

ʉʦʨʛʧʦʯʚʳ



ȺɝəɚɎəɧɑ ɛɟɗɧ ɔ ɛɚɞɚɖɔ ɟɏɗɑɜɚɐɌ Ɏ 
əɌɓɑɘəɧɡ ɩɖɚɝɔɝɞɑɘɌɡ

ȽȺ2

GPP

NPP

NEP

NBP

ȭȴȺȸȬȽȽȬ

t = 10 -100 ɗɑɞ

ȺȻȬȰ 

t = 2 -10 ɗɑɞ

ȺɜɏɌəɔɣɑɝɖɚɑ 

ɎɑɥɑɝɞɎɚ 

ɛɚɣɎɧ

t > 1000 ɗɑɞ

ȰɧɡɌəɔɑ 

ɜɌɝɞɑəɔɕ

ȰɧɡɌəɔɑ 
ɘɔɖɜɚɍɚɎ, 

ȸR

ȬȾȸȺȽɀȱȼȬ

t = 12 ɗɑɞ

ȭɌɗɌəɝ Ƚ = NPP ðȸR ðD + LUC
D (disturbance); LUC (land use change)(ɜɌɓəɚɝɞəɧɕ ɘɑɞɚɐ)



ȺɝəɚɎəɧɑɖɚɘɛɚəɑəɞɧɟɏɗɑɜɚɐəɚɏɚ
ɍɌɗɌəɝɌɎɩɖɚɝɔɝɞɑɘɌɡ:

Çʆʪʣʠʯʘʶʪʩʷʚʳʩʦʢʦʡʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡʠʚʨʝʤʝʥʥʦʡ

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴʶ,ʧʦʵʪʦʤʫʪʨʝʙʫʶʪʧʨʦʚʝʜʝʥʠʷ

ʥʝʧʨʝʨʳʚʥʦʛʦʠʤʥʦʛʦʣʝʪʥʝʛʦʤʦʥʠʪʦʨʠʥʛʘ;

Çʆʮʝʥʢʠ,ʦʩʥʦʚʘʥʥʳʝʥʘɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭʜʘʥʥʳʭ,

ʠʤʝʶʪʚʳʩʦʢʫʶʩʪʝʧʝʥʴʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ.

Çʇʨʷʤʳʝɻʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝʠʟʤʝʨʝʥʠʷʙʘʣʘʥʩʘʉ

(ʯʠʩʪʦʛʦʵʢʦʩʠʩʪʝʤʥʦʛʦʦʙʤʝʥʘ, NEE) ʥʘʩʪʦʣʴʢʦ

ʬʨʘʛʤʝʥʪʘʨʥʳ,ʯʪʦʥʝ ʤʦʛʫʪʧʦʢʨʳʪʚɹʩʝ

ʨʘʟʥʦʦʙʨʘʟʠʝʵʢʦʩʠʩʪʝʤ;

Çʇʦʵʪʦʤʫʥʘʠʙʦʣʝʝʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʧʦʜʭʦʜʦʤʜʣʷ

ʦʮʝʥʢʠʦʩʥʦʚʥʳʭʢʦʤʧʦʥʝʥʪʦʚʫʛʣʝʨʦʜʥʦʛʦʙʘʣʘʥʩʘ

ʷʚʣʷʝʪʩʤ̫ʦʜʝʣʴʥʳʡʧʦʜʭʦʜ,ʧʦʟʚʦʣʷʶʱʠʡ

ʫʯʠʪʳʚʘʪʴʨʘʟʥʦʦʙʨʘʟʠʝʚʩʝʭɻʢʦʣʦʛʠʯʝʩʢʠʭʫʩʣʦʚʠʡ

ʥʘʪʝʨʨʠʪʦʨʠʠʈʦʩʩʠʠ.



ȭɌɗɌəɝ  ɟɏɗɑɜɚɐɌ Ɏ əɌɓɑɘəɧɡ 

ɩɖɚɝɔɝɞɑɘɌɡ ȼɚɝɝɔɔ: 2010 ɏ. 

ɃɔɝɞɌɫ ɛɑɜɎɔɣəɌɫ 

ɛɜɚɐɟɖɢɔɫ, NPP 

+4.41 ȯɞȽ/ɏɚɐ

ȭɌɗɌəɝ Ƚ = 0.91 ȯɞȽ/ɏɚɐ 

(ʏʠʩʪʘʷ ʵʢʦʩʠʩʪʝʤʥʘʷ ʧʨʦʜʫʢʮʠʷ, NEP)

ȬəɞɜɚɛɚɏɑəəɌɫ 
ɩɘɔɝɝɔɫ,  ȬE

ʩʞʠʛʘʥʠʝ ʪʦʧʣʠʚʘ, ʧʨʦʜʫʢʮʠʷ 
ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʘ, ʠ.ʪ.ʜ.

ȸɔɖɜɚɍəɚɑ ɐɧɡɌəɔɑ 
ɛɚɣɎ, MR

-2.78 ȯɞȽ/ɏɚɐ

-0.8 0 ȯɞȽ/ɏɚɐ

ȴɓɘɑəɑəɔɑ ɓɑɘɗɑ-
ɛɚɗɨɓɚɎɌəɔɫ,  LUC

ɿʘʙʨʘʩʳʚʘʥʠʝ ʩ/ʭ ʫʛʦʜʠʡ 
ʧʦʩʣʝ 1990 ʛ.

+0. 07 ȯɞȽ/ɏɚɐ

ʀʩʪʦʯʥʠʢ:Kurganova et al., 2010; Tellus B



ȭɌɗɌəɝ ɟɏɗɑɜɚɐɌ Ɏ əɌɓɑɘəɧɡ ɩɖɚɝɔɝɞɑɘɌɡ 

ȼɚɝɝɔɔ (ʣʘʥʜʰʘʬʪʥʦ-ʵʢʦʩʠʩʪʝʤʥʳʡʧʦʜʭʦʜ)

ʂʦʤʧʦʥʝʥʪʳ ʙʘʣʘʥʩʘ
ɹʘʣʘʥʩ ʉ,

ʄʪ C/ʛʦʜ
Ñ90% ʉI

ʃʝʩʘ 691.9 175.3

ʇʘʰʥʷ 78.3 33.4

ʉʝʥʦʢʦʩʳ 28.5 9.2

ʇʘʩʪʙʠʱʘ 117.1 26.2

ʇʘʨʳ 4.2 2.1

ɿʘʣʝʞʠ 46.1 14.2

ɹʦʣʦʪʘ
Ⱥɍɥɔɕ ɝɞɚɖ

53.4
1020

35

ʈʝʜʢʦʣʝʩʴʷ ʠ ʥʘʨʫʰʝʥʥʳʝ ʣʝʩʘ-40.3 12

ɻʘʨʠ -20.8 4.7

ʊʫʥʜʨʘ ʠ ʣʝʩʦʪʫʥʜʨʘ ʥʘ ʚʝʯʥʦʡ  ʤʝʨʟʣʦʪʝ-15.0 54.3

ɺʥʫʪʨʝʥʥʠʝ ʚʦʜʦʝʤʳ -11.8 1.5

ʉ.-ʭ. ʧʨʦʜʫʢʮʠʷ, ʟʘʛʦʪʦʚʢʘ ʜʨʝʚʝʩʠʥʳ-170.4 35

ȭɌɗɌəɝ Ƚ (ɞɑɜɜɔɞɚɜɔɫ ȼɚɝɝɔɔ)761 196
ʀʩʪʦʯʥʠʢ: Dolman et al., 2012, Biogeoscience)

68%

14%



ȭɌɗɌəɝ ɟɏɗɑɜɚɐɌ Ɏ əɌɓɑɘəɧɡ 

ɩɖɚɝɔɝɞɑɘɌɡ ȼɚɝɝɔɔ

ʀʩʪʦʯʥʠʢ: Dolman et al., 2012, Biogeosciences



ȽɜɌɎəɑəɔɑ ɚɢɑəɚɖ ɍɌɗɌəɝɌ ɟɏɗɑɜɚɐɌ 

Ɏ əɌɓɑɘəɧɡ ɩɖɚɝɔɝɞɑɘɌɡ ȼɚɝɝɔɔ

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ 

ʧʦʜʭʦʜ

ɹʘʣʘʥʩ ʉ,

ɻʪC/ʛʦʜ
ʀʩʪʦʯʥʠʢ

ʈʘʟʥʦʩʪʥʳʡ (NPP-MR-D) 0.86 Kudeyarov, Zavarzin, 2006

ʈʘʟʥʦʩʪʥʳʡ (NPP-MR-D-

LUC)
0.91 Kurganova et al, 2010

ʄʦʜʝʣʴʥʳʡ 0.83 Ciais et al., 2010

ʃʘʥʜʰʘʬʪʥʦ-ʵʢʦʩʠʩʪʝʤʥʳʡ0.76 Dolman et al., 2012

ʅʘ ʙʘʟʝ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ 

Eddy-covariance
0.71 ñ ïñ

ʈʘʩʯʝʪʥʳʡ(12 ʤʦʜʝʣʝʡ) 0.69 ñ ïñ

Ƚɜɑɐəɔɕ ɍɌɗɌəɝ(ɝɞɚɖ) Ƚ =  0.79 ȯɞC/ɏɚɐ



ȼɌɝɛɜɑɐɑɗɑəɔɑ ɝɞɚɖɌ ɟɏɗɑɜɚɐɌəɌ 

ɞɑɜɜɔɞɚɜɔɔ ȼɚɝɝɔɔ ʚ 2001-2004 ʛʛ.

ȷɑɝɌ; 563

ʊʫʥʜʨʘ ʠ 

ʢʫʩʪʘʨʥʠʢʠ; 

50

ʃʫʛʘ ʠ ʩʪʝʧʠ; 

58

ʇʘʰʥʷ; 32

ʅʝʥʘʨʫʰʝʥ. 

ʪʦʨʬʷʥʠʢʠ; 

47

ʈʝʢʠ; 81 ȷɑɝɌ:   67.7%

ȾɟəɐɜɌ ɔ 

ɖɟɝɞɌɜəɔɖɔ:

6.0%

ȷɟɏɌ ɔ ɝɞɑɛɔ:

7.0%

ȻɌɤəɫ:  3.9%

ȹɑəɌɜɟɤɑə. 

ɞɚɜɠ. :   5.7%

ȼɑɖɔ:     9.7%

ȸɞ Ƚ/ɏɚɐ %

Ⱥɍɥɔɕ ɝɞɚɖ:  -831  ȸɞ Ƚ/ɏɚɐ

ʀʩʪʦʯʥʠʢ:Ciais et al., 2010



ȯɗɚɍɌɗɨəɧɕ ɍɪɐɒɑɞ ɟɏɗɑɜɚɐɌ Ɏ ɗɑɝəɧɡ

ɩɖɚɝɔɝɞɑɘɌɡ ɘɔɜɌ(ȯɞȽ/ɏɚɐ) 

ȼɑɏɔɚə 1990 -1999 2000 -2007 1990 -2007

ɹʦʨʝʘʣʴʥʳʝʣʝʩʘ0.50Ñ0.08 0.50Ñ0.08 0.50Ñ0.08

ʋʤʝʨʝʥʥʳʝ ʣʝʩʘ0.67Ñ0.08 0.78Ñ0.09 0.72Ñ0.08

ʅʝʪʨʦʥʫʪʳʝ 

ʪʨʦʧʠʯʝʩʢʠʝ ʣʝʩʘ
1.33Ñ0.35 1.02Ñ0.47 1.19Ñ0.41

ȷɑɝəɧɑ 

ɩɖɚɝɔɝɞɑɘɧ 

ɘɔɜɌ

2.50Ñ0. 36 2.30Ñ0. 49 2.41Ñ0. 42

ȼɚɝɝɔɫ 0.41 0.46 0.44 (18%)

ʀʩʪʦʯʥʠʢ: Pan et al., 2011; Science
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ʂʘʥʘʜʘ ʉʐɸ ʄʝʢʩʠʢʘɽʚʨʦʧʘ          

(25 ʩʪʨʘʥ)

ʈʦʩʩʠʷ ʂʠʪʘʡʉʝʚʝʨʥʦʝ 

ʧʦʣʫʰʘʨʠʝ

˿ͭͦ͟ ˿Σ ˸ͭ ˿ ͎ͦ͒-1

˶͔ͫͤ·͔ Ή͙͔ͦͫͫͭͣ͟·

˿ͯͣͣ͊ͪͤ·͚ ͫͭͦ͟ ˿

Cɞɚɖ Ƚ Ɏ əɌɓɑɘəɧɑɩɖɚɝɔɝɞɑɘɧ 

ȽɑɎɑɜəɚɏɚ ɛɚɗɟɤɌɜɔɫ

45%

ʀʩʪʦʯʥʠʢ:Ciais et al., 2010

(ʄʪ ʉ/ʛʦʜ)

56 %



ʇʦʢʘʟʘʪʝʣʕɹʢʦʩʠʩʪʝʤʳ 

ʤʠʨʘ

ʕʢʦʩʠʩʪʝʤʳ ʈʦʩʩʠʠ

ʘʙʩ. ʝʜ. %

ʇʣʦʱʘʜʴ, ʤʣʥ ʢʤ2 148.7 17.1 11.5

NPP 60ĭ80 4.4 ĭ 4.77.3 -7.8

ȸSR -63.6 -2.8 : -3.6 4.4 -5.5

ʉʞʠʛʘʥʠʝ ʪʦʧʣʠʚʘ
(2010-2019) -9.9 -0.46 4.5

Ƚɞɚɖ Ƚ (2010-2019) 3.4 0.79 23.2

ȳɌɛɌɝɧ Ƚɚɜɏ(0 -1 ɘ) 1580 319 20. 2

ȽɚɎɜɑɘɑəəɌɫ ɚɢɑəɖɌ ɍɌɗɌəɝɌ ɟɏɗɑɜɚɐɌ ɔ 

ɑɏɚ ɚɝəɚɎəɧɡ ɝɚɝɞɌɎɗɫɪɥɔɡ (ȯɞȽ/ɏɚɐ) Ɏ 

əɌɓɑɘəɧɡ ɩɖɚɝɔɝɞɑɘɌɡ ȼɚɝɝɔɔ ɔ ɘɔɜɌ


