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 2081–2100 .  1986–

2005 .  CMIP5  0,3–1,7 °  ( 2.6), 1,1–2,6 °  

4.5), 1,4–3,1 °  ( 6.0), 2,6–4,8 °  ( 8.5). ,  

,  

,  ,  .   

8.5  XXI .  

 43 % 2.6 

 94 % 8.5  8 % 2.6  34 % 8.5  [IPCC, 2013].  

,  
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8.5. ,  CMIP3,  

 CMIP5 8.5.  

 CMIP3   CMIP5   

.  

 

 1.17.  
 

2. , 
 « -

»   
2100 .,  

 ( ). , 
 

(1860–2010 .), .  
 

,  
 

 8.5. , 
 CMIP5,   

2  1 % ,  
.  

 1861–
1880 .,  –  1870 . [IPCC, 
2013] 
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2.1. .  

. ,  

, , 

. ,  

 

, , ,  [ ., 2008; , 2005; -

, 2011]. 

 

,  

 CMIP3 (Coupled Model Intercomparison Project) 

[Meehl et al., 2007]  WCRP (World 

Climate Research Programme)  

 PCMDI (Program for Climate Model Diagnosis and 

Intercomparison).  CMIP3  PCMDI 

[http://www-pcmdi.llnl.gov/ipcc/about_ipcc.php].  
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,  CMIP3  1. 
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, , .  

 20C3M,  

2,  

 ( .  1.3) 

 

,  .   

,  [ ., 2008; 

, 2011]. , , 

 

. . ,  

 

. .  

, ,  

,  « »  « ».  

, , ,  

. 

   

. ,  

,  

  . ,  

  ,  

,  

 50  

,  1979; , 2002].  

 (   , , 

).  

.  

 

.  (  

 0,1 0,1 ) 

 hind-casting, .  
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,  

.  

, ,  

. ,  

. ,  

, ,   . , 

, , ,  

. ,  –  

.  

 

 – , [Chernokulsky, Mokhov, 2012; Lindsay et 

al., 2014; Wang et al., 2016] . , ,  

,  

, ,  [  

., 2013; , , 2009; , 2005].  

, , ,  

 https://reanalyses.org 

(Advancing Reanalysis, ), -

 NOAA - 

http://www.esrl.noaa.gov/psd/data/writ/ (Web-based Reanalyses Intercomparison Tools – WRIT).  

 

, , . 

 2.1 ,  

, ,  

. , 

.  ,  

, ,  

,  0.4 . , , 

55  (10% ), .  

   GPCP –  

 2 %.  

 1,  

,  

.  CMIP3  

.  
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 [IPCC, 2007].  

 CMIP3  [ , , 2009; ., 

2006; ., 2008; ., 2008],  [ ., 

2008]. ,  

, ,  

.  

 

 2.1. 
,  
,    

 1961-1989 . [ ., 2008] 
 

 
-
, 

0  
,  ,  

NCEP 5.1 608 588 
ECMW 5.8 577 431 
GPCP -- 563 - 

JAEGER -- 677 - 
LEEMENS -- 494 437 
LEGATES -- 598 - 

 
 5.4 556 370 

 

,  

 [ ., 2008].  

  ,  

 1961  1989 ,  43–69º .  

29–61º .  667 ,  

. . ,  

: 30–40º .  43–53º . (  

559 . 2)   50–60º .  58–68º . (  814 . 2)  

 171 ,  –  27. , ,  

 70 ,  

 –  150 . ,  – -

,  

200 . 

 (  

, )  ,  

 « »  
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 –  ( ,   10 000  40 000 2). 

,  

. ,  

 

 44–68º .  30–60º .  

.     2  ,   

 – 2 2º.  

,  

.  

,  

 (  « » ) ,  

   2-  44–68º .  30–60º 

. , ,  [ ., 2013]  

,  

 

.  

 ( -

), ,  

. ,  

 ( )  

, ,  « »  

. , ,  

, , ,  

.  

,  CMIP3  

. ,  

, . ,  

,  

, ,     ,  

. ,  

,  « » 

,  

. ,  

, ,  

, « » ,  
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.  

,  

. ,  

, .  

,  ( ) 

.  

.  

,  CMIP3  CMIP5   

,  ,   

 (PMIP; http://pmip3.lsce.ipsl.fr/;  [Braconnot et al. 2011]) 

 

 (1961-1989 .)  

 CMIP3  20C3M (20th Century Climate in Coupled 

Models,  CMIP  .  1.3).  

 

 « »  « » , 

 « » , ,  

.  

 TTT ,  %100
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P . 

 « » ,  

,  « » - .    

 « », , 
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             2

1
1 XX

n M
n

M  ,                                                  

 

 XM  -  

, X - ,   .  

,  

,  
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, .  
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.  

 15  23 (  2.2). 

, , 

 CMIP3,  

 XXI . 

, . , 

 MIUB-ECHO .  GISS-ER 

 

.  –  

 2–40 .  

 

 2.2.  
   

   CMIP3  . 
 

         
 

 

, º P,% , º , % 
 

BCCR-BCM2.0 1.7 -8 2.1 17 
CGCM3.1 -0.6 18 1.9 36 
CNRM-CM3 -0.2 32 1.5 19 
CSIRO-Mk3.0 -2.9 30 1.0 18 
ECHAM5/MPI-OM -1.5 31 1.5 21 
GFDL-CM2.0 -4.2 8 1.6 20 
GFDL-CM2.1 -1.6 -10 1.7 25 
GISS–ER 3.1 68 1.7 133 
INM-CM3.0 -4.3 47 1.2 28 
MIROC3.2 (medres) 0.0 20 1.3 19 
MIUB-ECHO 1.7 -56 1.1 28 
IPSL_CM4 1.6 8 1.2 30 
MRI-CGCM2.3.2A -3.3 40 1.5 19 
CCSM3 -1.5 24 0.8 28 
PCM 0.1 61 0.8 29 

 -0.8 21 1.4 31 
 - - 1.5 30 

:  – 19,50 ,  - 47 . 
 

, ,  

, . 

   

 [ ., 2008], 

 2 ,    

 8 .   3,5   4,5 , 

,   4 . 



 60 

 20%,    

 50  (  100%).  

,  ,  ,   

 « » ,  

, ,  

,  (  

, , , .)  

 

.  

.  

.  

, « » ,  

. ,  

, ,  

, . , 

,  [ , 2000; , 2005] ,  

 

 ( -

) .  [Raisanen, Ylhaisi, 2011]  

,  

 ~2000 . 

,  

 45-55 . – 

 

 1 .  

,  –4…–5 .  

 

 (  2.1).  

, .   

 0 . 

 « »  

 20-30%, , 

. ,  

, ,  20-

30%.  ,   
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 [ ., 2008].  

. 

,  1,5-2 , 

.  

.  

 15-20%.  
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. ,  

.  

 

 (« »).  « » : 

 – ,  « » -  75%  

25%- ,  « » - .  Y 
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 2.2  50 .  
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, .  

, , 

. 

 50-70 ,  150 ,  
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 2.5-2.7  

. ,  

.  (  1-2 )  

. ,  « » 

. ,  
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 2.4.  
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 2.5 ,  

.  2.7 . 

.  

 1.5-2  3 . 
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. ,  

 

.  

 

. 

 2.3 ,  

 .  

 

. , ,  

.  

 

. ,  2.3  

.  

,  

, . 

.  

 2.3.  
 

 %  
75%  59 
90%  59 
50%  58 
99%  57 
99%  43 
50%  37 
90%  36 
75%  35 

 

 

.  mpi_echam5,  

 50%, 75%, 90%, 99%-  

.  2.4  

.  

,  50%, 

75%, 90%, 99%  ncar_pcm1.  

csiro  miroc3_2.  mpi_echam5, 

  inm.  
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 2.4.  
 

 
 %  

 
ncar_pcm1 67 
csiro 65 
miroc3_2 54 
cnrm_cm3 53 
ncar_ccsm3_0 53 
mri_cgcm2_3 51 
cgcm3-1 50 
gfdl2-0 48 
gfdl_cm2_1 44 
mpi-echam5 12 

 

,  

.  2.5 . 

,  

, . ,  

, ,  

. 

 2.5. ,  

 ,  
 

%  
 

ncar_ccsm3_0 99%  81 
cgcm3-1 99%  69 
cnrm_cm3 99%  66 
csiro 50%  74 
echam5 99%   16 
gfdl2-0 90%  75 
gfdl_cm2_1 99%  78 
miroc3_2 90%  75 
mri_cgcm2_3 75%  79 
ncar_pcm1 99%  83 
 

,  

 95%  99% .  

, , 

 95%  7-18  5-10 .  

 2.6 ,  

. 
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 2.6. ,  

  %  
ncar_ccsm3_0 >95%  87 

cccma_cgcm3_1 >95%  90 
cnrm_cm3 >95%  55 

csiro_mk3_0 >95%  78 
mpi_echam5 >95%  74 
gfdl_cm2_0 >95%  73 
gfdl_cm2_1 >95%  70 

miroc3_2_medres >95%  82 
mri_cgcm2_3 >99%  83 

ncar_pcm1 >99%  90 
 

,  

,  ( )  

 ( )  

. ,  

 

. ,  

.  2.7 .  

,  Mpi_echam5  

. 

 
 2.7.  

 

     %  
1 siro_mk3_0 58 
2 Ncar_pcm1 57 
3 Cccma_cgcm3_1 56 
4 Ncar_ccsm3_0 54 
5 Mri_cgcm2_3 52 
6 Miroc3_2_medres 51 
7 Cnrm_cm3 50 
8 Gfdl_cm2_0 47 
9 Gfdl_cm2_1 46 

10 Mpi_echam5 29 
                                                      

,  

, ,  

,  .   
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 2.8, , ,  

. 

 

 2.8.  (  10  )  

   
 %  

 
1  61 
2 >10  61 
3  60 

4 
 95%-  

 60 
5 75%-  59 
6 90%-  59 
7 50%-  58 

8 
 99%-  

 58 
9 99%-  57 

10 
 95%-  

 56 

11 
 99%-  

 54 
12  51 
13  1  50 

14 
 5  

 48 
15 99%-  43 
16 50%-  37 
17 90%-  36 
18 75% -  35 
19  23 

 

 

.  

, .  

2.9 ,  

. , ,  

,  

 (  2.8). ,  

,  

.  

.  

 

,  (  
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) , . 

, ,  

, .  

,  

 

. .  

 
 2.9.  

 

  

 

 
 

 
 
 

1  0,8 
2  0,8 
3 50%-  0,7 
4 75% -  0,7 
5 50%-  0,7 
6 90%-  0,7 
7 75%-  0,6 
8  5  0,6 
9 90%-  0,6 

10 99%-  0,6 
11  0,6 
12  95%-  0,5 
13  1  0,5 
14  95%-  0,5 
15  99%-  0,5 
16  99%-  0,5 
17  99%-  0,5 
18  0,4 
19 >10  0,2 

 

,  

 21 .,  

,  x0,5/x0,75  x0,75/x0,95, x0,95/x0,99.  

, , ,  

,  

 1961  1989 ,   

2046  2065  2081-2100 , ,  

 « » . 

, . 
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,  

 

.  

,  

,  

.  ,   

 

,  

. 

. 

,  

 (  2.8).  « »  1961  

1989 . .  

, . ,  

 1968  1976 . . 

,  20%  

. ,    

, .  –  

 15- .  

, ,  

, , , , ,  

 

.  

,  

. 

 
 

 2.8.    
 ( )  ( ) 

., 2008,  2]. 
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. ,  

 (EOF)  

.  

 

 1961  1989 .  15 ,  

., 2008,  2].  

 – .   

 mn (m –  ( )  

,   n – ).  

  

 km

n

1k
mkmn VYX      , 

,  {Vkm} 

 [ , 

, 2000]. .  

,  

 « »  

, .  

   1    

.  ( )  

,  2 .  

.  

,  

,     « » ( , 

, ).  

 (     V1m , V2m .)   

,  (  

 « »). ,  

 }{ kmV ,    

m
T
mnn VXY 11   

. ,  

 jcos  ( j  - ),  
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,  

,  

.  

. ,  

, . 

,   , 

 

. ,  

, . 

 EOF-  2.9. 

 

 
 

 2.9.  EOF  
:  ( )  

 ( ) [ ., 2008,  2]. 
 

,  

 EOF- , , 

, .  

,  EOF-   18-20%  

,  – 7-8%,  –  6%  

 2.10).   :  

 20-23 % ,  – 8-10%,  –  6%. , 

 EOF , .  

, , ,  EOF  

.  

,  (r1)  

.  r1  

 (  2.10, 2.11).  r1  

, ,  

:  r1  –  
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.  r1  

 0.01-0.03 . 

 

 2.10.  
, EOF , EOF  

T1 T2 T3 P1 P2 P3 
BCCR-
BCM2.0 

0.19 0.07 0.06 0.33 0.22 0.13 

CGCM3.1 0.32 0.08 0.04 0.18 0.09 0.04 
CNRM-CM3 0.25 0.06 0.05 0.12 0.06 0.05 
CSIRO-
Mk3.0 

0.19 0.06 0.05 0.14 0.06 0.05 

ECHAM5/M
PI-OM 

0.22 0.07 0.05 0.16 0.06 0.04 

GFDL-
CM2.0 

0.24 0.07 0.05 0.32 0.20 0.12 

GFDL-
CM2.1 

0.25 0.06 0.06 0.29 0.24 0.11 

GISS-ER 0.33 0.09 0.05 0.25 0.09 0.05 
INM-CM3/0 0.30 0.08 0.05 0.15 0.06 0.05 
MIROC3.2 
(medres) 

0.24 0.07 0.06 0.19 0.07 0.05 

MIUB-ECHO 0.20 0.10 0.06 0.27 0.10 0.06 
IPSL_CM4 0.20 0.09 0.05 0.13 0.05 0.04 
MRI-
CGCM2.3.2  

0.15 0.08 0.06 0.15 0.06 0.05 

CCSM3 0.23 0.08 0.04 0.14 0.06 0.04 
PCM 0.21 0.08 0.05 0.20 0.06 0.04 

 
 

0.23 0.08 0.05 0.20 0.10 0.06 

 0.20 0.07 0.06 0.18 0.08 0.06 
 

 r1, ,  

.  

.  r1 -

, . , .  

 

 (r1) .  r1 , 

.  ( )  r1  

 0.08  0.14.  

 r1 ,  r1 .  

,  

, , . 
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)  

 2.10.  (r1)  
 1961-1989 . ) , )  

 

  , 

 

 2.12, 2.13).  

,  99% 

.  (  16 14 )  

 2  40%.  3-5%.  

:  16 14  

 1- . ,  

 – 10 8 ,  (70%),  12 10.  
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 2.11.  (r1)  

 1961-1989 . ) , )  
 

, , ,  

, . .  

 800-1000 .  2 .  

, ,  

 90-99% .  

, , 

,  
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, , ,  

, ,  

.  10 

 (  2.11).  

 

 2.11.  
 

 
  - 

 
 

 
 

NCAR_CCSM3  
 

 T85L26 

CGCM3.1  
 

 T47L31 

CNRM-CM3  
 

 T42L45 

CSIRO-Mk3.0  
 

,  

 T63L18 

ECHAM5/MPI-
OM 

  T63L32 

GFDL-CM2.0  
 

 
 

 N45L24 

GFDL-CM2.1  
 

 
 

 M45L24 

MIROC3.2  
 

 T42 L20 

MRI-
CGCM2.3.2  

 
 

 T42L30 

NCAR_PCM   T42L18 

 

 

.  (1961-1989, 2046-2065, 

2081-2100 .)  2 2  

   

 dmyX ,,  (  y, m, d – , , , ). ,  

 ( )  T
dmyX ,,   (2046-2065 .  2081-2100 .) 

 1961-1989 . 
19891961

,dmX : 
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,,,,, dm
T

dmy
T
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. ,  

 

.  

 19891961
,dmX .  

 

 T
dmynewX ,,  

: 

 
T

dmydm
T

dmynew XXX ,,
19891961

,,, .                    

 

   

 (1961-1989 .)  (2046-2065, 2081-2100 .) 2 

 2.14).  

.  

 10 IP3. , 

 2 2 . 

 
 2.14.   

2 [ , 2000]. 
 

 

, ,  

, , ,  
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, , 2009].  

. .  

 

.  

.  

 

 21 . 

 XXI  

2  (1961-

1989 .).  

, 2008]. , , ,  

, , , 

,  

,  [Karl et al., 1999; 

Peterson et al., 2001; Zhang et al., 2005]; ,  

,  

. ,  

.  

,  – 

.  40  XXI .  

, . 
 

    
  
  
 ,  
 ,  
  t>0  t<0 , t>10 C,  
  t>0 C, t<0 C, t>10 C, t>15 C, t>20 C 
  tmin<0 C, tmin>20 C 
  tmax>25 C, tmax<0 C 
  (t>0 C) –  ( 6 )  

 10 C 
  t>5 C –  ( 6 )  

 5 C 
 ,  
 ,  
 ,  
 ,  
 ,  
 .  t<18 ,  
  (  6 ,  

 8 ), . 
 

 ,  
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 ,  
 ,  
  5 .,  
  Pr 1  
  Pr 10 , Pr 20  
  (Pr<1 ) 
  (Pr 1 ) 
 ,  Pr>Pr95%, Pr>Pr99% 

 
 : ) , )   
 : . 

 
 ,  
 ,  
 , 2 

,  
, ,  

 
.  

 

2.2.  

 

,  2046-2065, 2081-2100 .  

, ,  

. 

2.2.1. ,  
 

 –  

, , , , , , 

 – .  

 

 ( , , .).  

.  

.  

, , ,  – .  

 

 

.  

, .  

.  

.  

,  
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. . ,  

 

3–5 ,  ( , )  12-15  [ , 1986]. 

 

10–12 ,  ,   ( ,  ,  .)   

.  

 20  

 30–40%.  

, .  

 

.  

, 

, ,  

.  

 

,  

.  

.  

 

.  

,  – ,  

,  .   

. , ,  

 7  14  4–6%,  

 8–10% [ , 1986]. 

, , 

 –  

 

.  

 

.  

 

10 .  

,   –   15 .  
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» – , .  

, ,  

 (  2.12). 

.  

 

. , . , . , . . 

, ,  

 

 t>10 . , .  

(1930),  (1958),  (1958)  

: , , , . 

.  

,  ,   (  

2.13). 
 2.12. 

: 
 10 , ( 10, ))  

,   ( 10),  90% ,  [ , 
1966; , 2001] 
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,  (  2.14).  

.  

 

. , 

, .  

. ,  

:  

 

. 

 2.13. 
,  [ , 1958; 1985]. 

 
 

 
 

 
 

(>10 ) 
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-

 
1800-2400 ,  

,  
 2400-3000 , . ,  
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 >4200  
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 5, 10, 15 ,  

0 ,  .   

,  

. 

 

, 

, ,  

. ,  

  , ,  

. ,  

.  

 

 ( , , ),  

. .  

- , ,  

,  (  

). , . , 

, ,  

:  – –20…–22 , 

 – –25…–30 , ,  – –20…–25 , , 

,  – –18…–20 . ,  

,  –

30  [ , 1992; , 1986]. 

 

2.2.2.  
   

, :  

,  

 <0 , >0,  5, 8, 10, 15, 18, 20 ,    

<0 ,  >0,  >5, >10 .  

 [ , 2001],  

, ,  

 

 2 2 .  
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,  

, , . 

 

 2.15-2.17.  

. 

.  

 

 2.15). ,  

. ,  0  1–3 .  

,  12 .  

, ,  

, ,  

.  

 (  2.15) , 

, .  57-

60 . ,  

 

.  

, . 

,  

.  

,  

.         0  

 –20 .  

,  –  

. 

,  

, ,  

,  
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2011-2030 

 
)  

 
)                                                                 )  

 2.15.  (1961-1989 ,  
)    2011-2030 .  

 ( ). 
 

.   

,  

, .  

,  –10 . 

 10–12 .  

 57-60 . 
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2046-2065 

 
)  

 

 
)                                                             )  

 
 2.16.  (1961-1989 ,  

)    2046-2065 .  
 ( ). 

 

 

.  

. . 

.  

,  

.  

,  25 , , 13–14 , . 

 

,  
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. .  

, 8-10 .  

 57-60 . .  

 

 2.15.  XX .  XXI . (  – 
,  – ) 

  
 

  
* * 

 
 

1961-1989  3,4 
(0,0…12,0) 

-2.0 
   (-15.4…11.0) 

2011-2030 1,3 
(0,9…1,9) 

1.8 
     (1.3…3.3) 

 
, 

  
 

 2046-2065 2,9 
(2.0…4.4) 

3.5 
     (2.6…5.4) 

 
 

1961-1989  -11,8 
(-21,1…1,9) 

-20.0 
   (-34.3…-6.4) 

2011-2030 2,3 
(0,8…4,5) 

3.2 
     (0.9…6.2 

 
, ,  

 
 

 2046-2065 4,1 
(1,7…8,1) 

4.8 
     (2.4… 8.2) 

 
 

1961-1989  3,4 
(-8,7…11,3) 

-3.0 
   (-24.2…13.6) 

2011-2030 1,2 
(0,7…1,7) 

     1.7 
     (1.0…3.8) 

 
, ,  

 
 

 2046-2065 2,5 
(1,8…4,1) 

     2.9 
     (2.0…4.9) 

 
 

1961-1989  18,2 
(11,6…25,3) 

    16.7 
     (0.7…28.8) 

2011-2030 1,2 
(0,8…1,8) 

     1.3 
     (0.8…1.7) 

 
, ,  

 
 

 2046-2065 2,6 
(1,7…3,9) 

     2.2 
     (1.0…2.9) 

 
 

1961-1989  3,7 
(-3,2…12,2) 

    -1.0 
   (-13.6…10.7) 

2011-2030 1,1 
(0,6…1,7) 

     2.0 
     (1.2…4.5) 

 
, ,  

 
 

 2046-2065 2,6  
(2,1…4,5) 

     4.0 
     (2.4…8.2) 

* ,  26-60 ., 40-70 . ( ), 
44-78 ., 60-92 . ( ) 

 

.  

  ,  

 (  2.15, 2.16).  

, , -

.  

, .  

.  

,  
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,  

,  

, . ,  

.  

,   

, , ,  

 [ ., 2016]. 

.  

.  

 –  2  6-8   .  

,  

. ,  

 – , , 

, .  

 ( )  –  

, .  

.  

.  

 – , ,  

., 2016]  1939-

2015 . ,  – ,  

. 

 2011-2030  2046-2065 . 

 2.15  2.16  , .  

. ,  

 2046-2065 .  1,5-2 ,  2011-2030 .  – 

 3–4 , ,  

  , , .  

 

 –  

.  

 

.  

 XXI  .   20–30 ,   –   20   (  

2.17).  (t>10 )  
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 20 . ,  

 ( .  2.15),  

 t>0 ,  (  2.16).  

 t>0 ,  

 0–10 ,  t>10  C 

 – .  

 
) t>0 C 

 
) t>10 C 

 2.17.  t>0  C, 10  C  (1961-1989 ,  
)  (2046-2065 .)  

 ( ). 
 

 t>15 ,  

.  55 .  2011-

2030 .  60 .  2046-2065 . 



 92 

 t>20  XXI . 

 30–40 ., ,  

 2–4  

 60 ..  

. 

,  

 (2011-2030 .  2046-2065 

.) ,  

 XXI . 

 

,  

.  

,  

. , 

. 

 

,  

. , , 

,  0 , 

.  

 

 2.16.  
 21 . 

 – ,  – ) 
  

 
  

* * 

 
 

1961-1989  141 
(29…219) 

   191 
    (85…298) 

2011-2030 -12 
(-22…0) 

   -15 
   (-49…-3) 

 t < 
0 C 

 
 

 2046-2065 -25 
(-56…0) 

-24 
   (-74…-14) 

 
 

1961-1989  224 
(144…336)        

   174 
    (85…298) 

2011-2030 12 
     (0… 22) 

    15 
     (3…51) 

 t  
0 C 

 
 

 2046-2065 25 
    (0…56) 

    25 
    (14…73) 

 
 

1961-1989  171 
    (90…283) 

   132 
    (17…233) 

 t > 
5 C 

 
 

2011-2030 13 
     (4…28) 

     9 
     (0…20) 
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* * 

 2046-2065 27 
    (4…76) 

    16 
     (0…43) 

 
 

1961-1989  123 
    (40…215) 

    96 
     (3…196) 

2011-2030 11 
    (0…23) 

     9 
     (0…17) 

 t > 
10 C 

 
 

 2046-2065 22 
    (0…44) 

    16 
     (0…29) 

 
 

1961-1989  75 
    (13…151) 

    61 
     (0…159) 

2011-2030 10.2 
     (0…22) 

     8 
    (0…18) 

 t > 
15 C 

 
 

 2046-2065 21 
     (0…40) 

    15 
     (0…43) 

 
 

1961-1989  27 
     (1…101) 

    27 
     (0…119) 

2011-2030 10 
     (0…25) 

     5 
     (0…19) 

 t > 
20 C 

 
 

 2046-2065 17 
     (0…51) 

         10 
     (0…42) 

* ,  26-60 ., 40-70 . ( ), 
44-78 ., 60-92 . ( ) 

 

 2081-2100 .  

.  

 2.18). ,  

. 

 

  

 
 2.18  50 .   

75 .   ( )   
2081-2100 .  

 

 

.  – 

 

. .  
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,  (  2.19) 

,  

,  

, . , ,  

 ( .  

),  

.  

 
) t>0 C 

 
) t>10 C 

 2.19.  t>0C, t>10 C  
 (1961-1989 , )  (2046-

2065 .)  ( ). 
 

 t>0 C  t>5 .  (t>10 )  

 – ,  

, .  
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. , ,  

,  

 10 .  [ ., 2008], 

.  

 

, ,  10 .  

, . 

 2081-2100 .  

 (  2.20) ,  –  

. ,  2046–2065 .. 

 (>0, 5, 10 ), 

, ,  10 . 

 
 2.117.  XXI . (  – 

,  – ) 
  

 
  

* * 

 
 

1961-1989  -1286 
 (-2830…-97) 

-2760 
 (-6421…-585) 

2011-2030 191 
     (0…576) 

   465 
   (132 …1131) 

 
 

t<0   
 

 2046-2065 507 
     (0…327) 

   929 
   (244…1905) 

 
 

1961-1989  2538 
  (1078…4468) 

  2041 
   (248…4616) 

2011-2030 284 
   (131…507) 

   206 
    (55…423) 

 
 

t>0   
 

 2046-2065 562 
   (259…907) 

   363 
   (65…714) 

 
 

1961-1989  2413 
   (938…4323) 

  1940 
   (136…4504) 

2011-2030 285 
    (82…531) 

   192 
     (0…412) 

 
 

t>5   
 

 2046-2065 567 
(268…1029) 

   346 
     (0…695) 

 
 

1961-1989  2057 
   (569…3821) 

  1669 
    (36…4229) 

2011-2030 269 
     (0…520) 

   192 
     (0…385) 

2046-2065 531 
     (0…983) 

   342 
     (0…688) 

 
 

t>10   
 

 

2046-2065 525 
  (333…1594) 

   950 
   (277…1987) 

* ,  26-60 ., 40-70 . ( ), 
44-78 ., 60-92 . ( ) 

 

 



 96 

  

 
 2.20.  50 .  

75 .  2081–2100 . 
 

2.2.3.  
, ,   .  

 (  t<8 ) 

.  

 

, .  

,  

 [ , 2005],  

,  18 : 

18t , 

 t – , . ,  

t<18 .  – .  18  

.  

.  

 0.7-0.9  

, 2008; , , 2004].   

-

. 

.  

,  140  

 260-280 . ,  

.    

 2.21).  

, .  17  [ , 2005]. 
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, , , , ,   

,   

.   

 1,5 .  

 (2046-2065 .)  

.  1  

 (  2.21).  

,  –  

. 

 (2081-2100 .)  

 – ,  

.  2046-2065 ,  

 2.21),  

 20 % .  

 t<8  t<0 .  

 

 1,4–1,8, .  

,  1,6–3. ,  

 0–8 . 

 
 2.21.  nd ( )  t (0 C)  
  (  500 .) ,  

I . 
 

.  

 ( )  

 2.21).  50-63 .  

.  
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,  

.  

  .  

 –4…-6 ,    –8 . 

.  0,18 /10  ( , 

2005). 

 2046-2065 .   

.  (  3 )  

 2.21), .  

, ,  

.  2081-2100 .  

.  50 . (  2.21),  

 47 . .  

 2  6 . 

.  

.  

. , 

 7000 , . , 3000 ,  

 (  2.22). 

 
 2.22.  ,  (  500 

.),  , I . 
 

.  2046-2065 .  

,  600 

 1600 ,  20%  (  2.22). , 

 1/5  

.  

,  
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.    2081-2100  .   1,5  ,   

,  30%,  38%  

 (  2.22). 

 

 (  31 , ) ,  

 (  2.18). ,  

 8 .  

   

 10 .  15–

20 . .  

,  1,3-1,5 . 

 
 2.18. ,  

 21 . (  – ,  – ) 
  

 
  

* * 
 

 
1961-1989  221.8 

   (119.2…306.4) 
   254.1 

   (154.1…359.0) 
2011-2030 -11.6 

   (-26.7…-0.2) 
    -8.7 

   (-18.0… 0.0) 

 
 

 
(t 8 C), . 

 
 

 2046-2065 -23.3 
   (-58.9… -0.5) 

   -15.5 
   (-29.6…0.0) 

 
 

1961-1989  125.9 
    (77.8…169.4) 

   140.6 
    (86.4…179.0) 

2011-2030 -5.1 
   (-19.2…0.0) 

    -3.1 
    (-7.4…0.0) 

 1-  
 

 (  31 
), . 

 
 

 2046-2065 -9.6 
   (-42.9…0.0) 

    -6.4 
   (-11.2…0.0) 

 
 

1961-1989  95.9 
    (40.7…137.0) 

   113.5 
    (63.6…180.0) 

2011-2030 -6.5 
   (-14.8… -0.2) 

    -5.6 
   (-11.8…0.0) 

 2-  
 

 (  1 ) , 
. 

 
 

 2046-2065 -13.7 
   (-48.7… -0.5) 

    -9.1 
   (-22.9…0.0) 

 
 

1961-1989  -984.0 
 (-2484.4…361.3) 

-2523.4 
 (-6233.5…-318.4) 

2011-2030 200.4 
  (-158.7…701.3) 

   480.3 
   (164.6…1194.9) 

 
, 

  
 

 2046-2065 524.7 
  (-333.2…1593.6) 

   950.4 
   (277.4…1986.6) 

 
 

1961-1989  5462.7 
  (2572.7…8331.7) 

  7454.9 
  (3492.2 12233.7) 

2011-2030 -398.8 
  (-706.4… -192.0) 

  -632.2 
 (-1194.9…-345.0) 

 
,  

 
 

 2046-2065 -921.3 
 (-1599.6… -383.8) 

-1222.3 
 (-1986.6…-580.1) 

* ,  26-60 ., 40-70 . ( ), 
44-78 ., 60-92 . ( ) 

 



 100 

 1–2  

.  

.   

 [ ,  ,  2009].  ,   

,  

,  

.  

.  « -

» ,  

.   

 

 21 . ,    

,   , , 

.  

, , , -

. ,  

 

. 

 

2.3.  

 

, , 

, ,  

.  (  

, , , .).  

 

. , ,  

, , ,  

, , . ,  

, . , 

 

, ,  

, . 

 ( ,  

, , , , , ,  
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), , ,  

, , , . 

.  

, ,  [ , 2001],  

,  ,  .  ,   

,  

1,5–2 , . ,  

. ,  

, .  

. 

 

.  

,  

. , 

, .  

, . 

,  

.  

,  

. . 

, ,  

. , , 

,  ,   

.   8-10   

, .  

,  

, , . 

.  

,  

. , ,  

. , , , , 

, . ,  

, ,  

 2800-3600 ,  

 170 . ,  
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,  3600 ,  100  

 [ , 1986]. 

 

. ,  

. 

 

, , . 

: 

,  

<0 , >0 , >5 , >10 .  

,  

.  

 

,  

 10, 20, 30 ,  (  

 1  )  ,   

, . 

 [ ., 2008],  

, . 

,  

. ,  

,  

, ,  

, . 

 50-

65  (  2.23).  

, . 

 ( , , ,  

, , ), ,  

.  

, .  

 450 .  

.  50 . ,  

.  

.  
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 200 .  

.  

 1100–1400 .  

,  

. . 

.  

,  ( ) ,  

 ( ),  1,5 .   

, .  

 

. , , . 

,  

.  

, . 

 

,  (  2.23,  2.19).  

 2011-2030 . . 

, , .  

 

. . , 

.  55 .  

.  

,  

 21 .  

 

,  [IPCC, 2013]. 

, , , 

, .  

,  

,  

 (  2.24).  

. , 

 5  10  (  2.24). 

 

, , , .  
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, ,  

,  –50…–70 .  

, 10–20 .  
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t>10  

 2.24.  
 2046-2065 . ( )  

 1961-1989 . ( ) 
 

 

 2.19.  
  

 
  

* * 

 
 

1961-1989     495.2 
   (117.9…1043.9) 

   378.4 
   (111.6…868.0) 

2011-2030     28.1 
   (-18.5… 69.1) 

    31.8 
    (-5.4…72.0) 

 
,  

 
 

 2046-2065     34.6 
  (-77.6…89.2) 

    55.5 
    (-0.6…101.8) 

 
 

1961-1989      32.7 
     (8.9…96.3) 

    21.4 
     (6.3…54.1) 

2011-2030      2.7 
    (-6.8… 8.1) 

     2.9 
    (-3.0…11.6) 

 
, ,  

 
 

 2046-2065      5.6 
   (-12.4 …13.1) 

     5.3 
     (2.8…12.6) 

 
 

1961-1989      31.6 
    (15.6…80.6) 

    25.0 
    (11.7…64.9) 

 
, ,  

 
 

2011-2030      2.8 
    (-5.8…10.7) 

     1.9 
    (-4.1…6.3) 
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* * 
 2046-2065      4.1 

   (-10.2…14.4) 
     4.3 

    (-0.9…11.1) 
 

 
1961-1989      59.2 

     (5.6…87.7) 
    50.9 

     (4.3…91.6) 
2011-2030      0.4 

    (-9.3…10.4) 
     1.7 

    (-9.1…8.9) 

 
, ,  

 
 

 2046-2065     -1.1 
   (-14.0… 9.5) 

     2.4 
    (-7.5…14.6) 

 
 

1961-1989      44.9 
    (10.4…83.2) 

    35.9 
     (9.1…103.7) 

2011-2030      3.6 
    (-6.5…12.5) 

     5.4 
    (-4.9…13.3) 

 
, ,  

 
 

 2046-2065      3.2 
   -11.4    12.4 

     7.9 
    (-1.6…17.1) 

 
 

1961-1989     141.0 
    (32.6…252.0) 

   153.7 
    (22.5…389.3) 

2011-2030     -9.4 
   (-36.2… 9.4) 

     0.5 
   (-23.1…25.8) 

 
 t<0 ,  

 
 

 2046-2065    -16.0 
  (-134.6..11.5) 

     8.5 
   (-24.0…38.5) 

 
 

1961-1989     352.5 
    (69.3…961.5) 

   223.6 
    (79.4…536.8) 

2011-2030     37.4 
  (-14.4…80.2) 

    31.4 
    (11.2…60.9) 

 
 t>0 ,  

 
 

 2046-2065     50.4 
   (-75.3…109.0) 

    47.0 
    (21.2…86.5) 

 
 

1961-1989     272.7 
    (46.4…729.6) 

   171.3 
    (24.2…429.5) 

2011-2030     32.5 
    (-4.0…64.7) 

    19.9 
    (-2.8…47.8) 

 
 t>5 ,  

 
 

 2046-2065     44.2 
   (-31.5…121.0) 

    30.5 
     (0.0…63.2) 

 
 

1961-1989     194.5 
    (29.1…511.7) 

   119.4 
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