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îïðåäåëÿþò êîëåáàíèÿ öåí è òåì ñàìûì ïðèáûëü äàæå ïðè íåèç-
ìåííîì óðîâíå äîáû÷è, êîòîðûé ê òîìó æå ñàì ïî ñåáå î÷åíü ÷óâñò-
âèòåëåí ê ïîãîäíî-êëèìàòè÷åñêèì èçìåíåíèÿì. Äîñòàòî÷íî óïîìÿ-
íóòü øòîðìû â ðàéîíàõ øåëüôîâîé íåôòåäîáû÷è, ñáèâàþùèå ãðà-
ôèêè çàáîðà íåôòè èç íàêîïèòåëåé íà ïëàòôîðìàõ, ïîíèæåíèå
òåìïåðàòóðû äî –40 Ñ è íèæå, ïðè êîòîðûõ ðåçêî âîçðàñòàåò ÷èñëî
ïîëîìîê òåõíèêè, íåäîñòàòîê âîäû äëÿ ïåðâè÷íîé îáðàáîòêè ðóäû è
ò.ï. Ïðè ýòîì ñòðàõîâàíèå è ôèíàíñû äåëÿò òðåòüå ìåñòî ñ ïðîèç-
âîäñòâîì â ñèëó òîãî, ÷òî îíè òåñíåéøèì îáðàçîì çàâÿçàíû íà äîáû-
âàþùèå îòðàñëè è àãðîêîìïëåêñ. Â íàøåé ñòðàíå ñèòóàöèÿ áûëà áû
íåñêîëüêî èíîé: ÆÊÕ ïåðåìåñòèëñÿ áû íà áîëåå âûñîêîå ìåñòî, äî-
áàâèëèñü áû ïðîáëåìû ñ èíôðàñòðóêòóðîé è ñòðîèòåëüñòâîì, îäíàêî
óÿçâèìîñòü ôèíàíñîâîãî ñåêòîðà îñòàëàñü áû äîñòàòî÷íî âûñîêîé.

Îáóñëîâëåííûå ïîãîäíî-êëèìàòè÷åñêèìè ôàêòîðàìè îáùèå ãî-
äîâûå êîëåáàíèÿ ýêîíîìèêè ÑØÀ ìîãóò äîñòèãàòü 485 ìëðä äîëë.,
÷òî áîëåå ÷åì â ïîëòîðà ðàçà ïðåâûøàåò ãîñóäàðñòâåííûé áþäæåò
Ðîññèéñêîé Ôåäåðàöèè.

Íà ðèñ. 1 ïðèâåäåíû îñíîâíûå òèïû êëèìàòè÷åñêèõ ðèñêîâ è
òå ïîäñåêòîðû ôèíàíñîâîãî ñåêòîðà, íà êîòîðûå â íàèáîëüøåé
ñòåïåíè îêàçûâàþò âëèÿíèå ñîîòâåòñòâóþùèå òèïû ðèñêîâ.

Ðèñ. 1. Òèïû êëèìàòè÷åñêèõ ðèñêîâ è èõ âëèÿíèå íà ôèíàíñîâûé ñåêòîð
ýêîíîìèêè.
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ðèòîðèè Äàëüíåãî Âîñòîêà, à ëèøü â îòäåëüíûõ ðàéîíàõ ×óêîò-
êè, Êàì÷àòêè è Êóðèëüñêèõ îñòðîâîâ.

Ðåãèîí òàêæå îáëàäàåò áîëüøèìè çàïàñàìè ñîëíå÷íîé, âåòðî-
âîé è ãèäðîýíåðãèè. Íà ðèñ. 2.1—2.3 ïðåäñòàâëåíî ðàñïðåäåëå-
íèå ýêîíîìè÷åñêèõ ïîòåíöèàëîâ ýòèõ òðåõ âèäîâ ýíåðãèè. Ïî-
ñêîëüêó ñîëíå÷íàÿ ýíåðãèÿ èñïîëüçóåòñÿ íå òîëüêî äëÿ âûðàáîò-
êè ýëåêòðè÷åñòâà, íî è äëÿ îòîïëåíèÿ, åå ïîòåíöèàë òðàäèöèîííî
èçìåðÿåòñÿ â òîííàõ óñëîâíîãî òîïëèâà (ò.ó.ò.).

Ðàçëè÷íûå ãåîãðàôè÷åñêèå ðàéîíû Ðîññèè õàðàêòåðèçóþòñÿ
ðàçíûìè âèäàìè ýëåêòðîñíàáæåíèÿ. Â íàèáîëåå òåõíè÷åñêè ðàçâè-
òûõ ðàéîíàõ èñïîëüçóåòñÿ öåíòðàëèçîâàííîå ýíåðãîñíàáæåíèå, â òî
âðåìÿ êàê â ìàëîíàñåëåííûõ è òåõíè÷åñêè íåðàçâèòûõ ðàéîíàõ
öåíòðàëèçîâàííîå ýíåðãîñíàáæåíèå çàìåíåíî àâòîíîìíûì. Ïðè
ýòîì â ðÿäå ðàéîíîâ èñïîëüçóåòñÿ ñìåøàííîå ýíåðãîñíàáæåíèå.

Íà òåððèòîðèè Äàëüíåãî Âîñòîêà èìåþò ìåñòî âñå ýòè òðè âè-
äà ýíåðãîñíàáæåíèÿ: â þæíîé ÷àñòè (Ïðèìîðñêèé è Õàáàðîâñêèé
êðàé) ðàçâèòî öåíòðàëèçîâàííîå ýíåðãîñíàáæåíèå, â öåíòðàëüíîé
÷àñòè (Ìàãàäàíñêàÿ îáëàñòü) — ñìåøàííîå ýíåðãîñíàáæåíèå, à íà
Êàì÷àòêå è Êóðèëüñêèõ îñòðîâàõ — àâòîíîìíîå.

Ðèñ. 2.1. Ðàñïðåäåëåíèå ýêîíîìè÷åñêîãî ïîòåíöèàëà
ñîëíå÷íîé ýíåðãèè (ìëðä ò.ó.ò.).
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Ðèñ. 2.2. Ðàñïðåäåëåíèå ýêîíîìè÷åñêîãî
ïîòåíöèàëà âåòðîâîé ýíåðãèè (ÒÂò ÷).

Ðèñ. 2.3. Ðàñïðåäåëåíèå ýêîíîìè÷åñêîãî
ïîòåíöèàëà ãèäðîýíåðãèè (ÒÂò ÷).
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, , G X
y G Y, y = ( ). y

m fi. -

, fi -

( fi
* < –fi).

( ) ( ( )), ,..., ,i iJ x f x i i m (4.1)

.
,

1: , ( ,..., ), ( ) .M m
mJ x R J J J J X F R (4.2)

R Y -
R X:

1 2 1 2( , ) ( ( ), ( )) .x x R x x R (4.3)

R -

F Rm:

1 2 1 2 1 2, : ( , ) ( , ) ,z z F z z R y y R (4.4)

z1 = f(y1), z2 = f(y2).
, -

( -
)

X, Y, F. -

J : X F Rm, (4.5)

. . X F.
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( ) max : , 1,..., ; .m
i i

x D
f x f D R i m D R (4.6)

(4.6) , m fi, -

D n- = (x1,...,xn) -
R. , -

n- -

Rn, D.
(4.6), .

. -

fi
( ,

fi),
. ,

f2,...,fm, -
. , (4.6) -

:

1( ) max ,n

x D
f x D D R

/ ( ) , 2,..., .i iD x D f x t i m (4.7)

-
.

, fi( ), * ( * -

(4.8)) fi(x
*).

* * *
1( ) max , : , ,n

x D
f x D x x x x D D R

/ ( ) , 2,..., .i iD x D f x t i m (4.8)

(0 < < 1)
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— , -
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J : D— — R.
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x Di i
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, -
.
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J x f x (4.10)
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J(x) -

, x -
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J
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J fi. ,

.
,

( ) min ( ) max,i i
i x D

J x a f x (4.11)

ai

(4.9).

,
.

5.

5.1.

, . 5.1 ( , 2010).
1 3,4 .

5.1

, . .
1 -

-
,

1 -

,
. .

1 -
-

-
,

./ ( )

50 3000 25 1,24

- 30 3000 24 1,04

67 4500 83,8 1,34

- 34 4700 16 1,1
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-
. -

(PB) . 5.2. -

. 5.3. , -
, (

12 %).

5.2

( )

,

8

- 5

8

- 4

5.3

(NPV)
12 %

,

2 3 4 5 13 15

–32568,4 –27956,1 –23837,9 –20161,0 –1895,4 614,4

- –10954,4 –5915,0 –1415,5 2601,8 22558,7 25300,9

- –42063,2 –35465,0 –29573,7 –24313,7 1816,2 5406,7

- –4920,5 2773,7 9643,7 15777,6 46248,5 50435,4

NPV . 5.1. IRR -
, -

, NPV . 5.3.
IRR . 5.4.
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Ðèñ. 5.1. Çàâèñèìîñòü NPV îò âðåìåíè äëÿ ðàçëè÷íûõ ÂÈÝ.

1 — âåòðîâûå ÝÑ, 2 — ãèäðî-ÝÑ, 3 — ãåîòåðìàëüíûå ÝÑ, 4 — ãåëèî-ÝÑ.

ïîêàçàòåëåé, ðàññ÷èòàíà åæåãîäíàÿ ïðèáûëü, ïîëó÷àåìàÿ ïðè èñ-
ïîëüçîâàíèè ðàçëè÷íûõ âèäîâ ÂÈÝ, íà 1 êÂò íîìèíàëüíîé ìîùíî-
ñòè. Ðàññ÷èòàííûå ïîêàçàòåëè ïðåäñòàâëåíû â òàáë. 5.5.

Ïî äàííûì îá ýêîíîìè÷åñêèõ ïîòåíöèàëàõ ñóáúåêòîâ ðåãèî-
íà è òàáë. 5.5 áûëè ðàññ÷èòàíû çíà÷åíèÿ ïîòåíöèàëüíîé ïðè-
áûëè, ïîëó÷àåìîé ïðè èñïîëüçîâàíèè ðàçëè÷íûõ âèäîâ ÂÈÝ
(òàáë. 5.6).

Òàáëèöà 5.4

Çíà÷åíèÿ âíóòðåííåé íîðìû äîõîäíîñòè (IRR)
äëÿ ðàçëè÷íûõ âèäîâ ÂÈÝ

Âèä ÂÈÝ IRR

Âåòðîâûå ÝÑ 0,123

Ãèäðî-ÝÑ 0,165

Ãåîòåðìàëüíûå ÝÑ 0,126

Ãåëèî-ÝÑ 0,188

NPV

60 000

45 000

30 000

15 000

0

–15 000

–30 000

–45 000

–60 000
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

4

2

1

3

1
3
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5.5

1

1
, .

10 200

- 10 200

15 300

- 15 980

5.6

( .)

- -

648 33 276 2384,9

259,2 3540 466,4

9136,8 43 188 26,4

11 599,2 41 772 35,2

5637,6 85 668 4699,4

907,2 7788 35,2

11 469,6 72 216 2692,9

16 200 67 260 8,8

22 615,2 283 200 1267,2

. 5.6 ,

.
,

-
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. -
.

5.2.

, -
. 2,

.
( . 5.7).

5.7

f1 f2 f3 f4

6,48E+8 –8 –15 0,123

- 3,3276E+10 –5 –5 0,165

— –8 –13 0,126

- 2,38491E+9 –4 –3 0,188

fi, i = 1,...,4, -

:

f1 — ( .),

f2 — ,

f3 — ,

f4 — IRR.

f2 f3

,
.

-
.
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. . 2, -
,

.

. -
.

. 5.8. ,

:
. -

, -
.

-
( 0,9). -

. 5.9.
, , ,

-
, -

.

5.8

- -

+

+

+

+

+

+

+
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5.9

- -

++ + 

+ ++ + 

+ ++ 

++ ++ 

+ ++ + 

+ ++ 

++ ++ + 

++ ++ 

+ ++ 

. ++ -
; + , .

. -

f1,...,f4 -
. -

10- .

f2, f3, f4 -

( ) min ( )
10 , 2,...,4.

max ( ) min ( )
i x i

i
x i x i

f x f x
v i

f x f x
(5.1)

, f1 -
( , . . 5.7). -

:
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1 1
1

1 1

lg ( ) lgmin ( )
10 .

lgmax ( ) lgmin ( )
x

x x

f x f x
v

f x f x
(5.2)

.

f1 . 5.10.

5.10

f1

- -

5 8 6

4 6 4

7 8 1

8 8 2

7 10 6

5 7 2

8 9 6

8 9 1

-

1,..., 4, . 5.11.

5.11

i

1 2 3 4

0,4 0,1 0,3 0,2

4

1
( )i ii

a f x . 5.12. -

, -
. -
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, -
, ,

.
. 5.13.

5.12

4
1 i ii=
a f (x)

- -

2,6 6,1 8,4

2,2 5,3 7,6

3,4 6,1 6,4

3,8 6,1 6,8

3,4 6,9 8,4

2,6 5,7 6,8

3,8 6,5 8,4

3,8 6,5 6,4

5.13

- -

++

++

+ ++

+ ++

++

++

++

++ +

. ++ ; + -
,

.
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. . 2, -
-

( ), 1,...,4.i ia f x i

,
.

min ( )i ia f x . 5.14.

5.14

min i ia f (x)

ai

- -

0,1 0,6 1

0,1 0,6 1

0,1 0,6 0,4

0,1 0,6 0,8

0,1 0,6 1

0,1 0,6 0,8

0,1 0,6 1

0,1 0,6 0,4

0,1 0,6 1

. 5.15.
min ( )i i ia f x -

(PB). ,

2 = 0,1 -
. -

f2.
-

, .
, -
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5.15

(
) ai

- -

+

+

+

+

+

+

+

. -
.

, -
( (4.10)),

i, -
. -

. 5.16.
,

( . . 5.17). , -
, , -

,
.

, . 5.9, 5.13, 5.15, 5.17.
-
-

, -

.
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5.16

min i ia f (x)

ai

- -

1 3 6

1 3 4

1 3 1

1 3 2

1 3 6

1 3 2

1 3 6

5.17

(
) ai

- -

+

+

+

+

+

+

+

6.

. 5 -
: ( , - -
) ,

. ,
,
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ìàëîýôôåêòèâíî ðàçâèòèå ñîëíå÷íîé ýíåðãåòèêè (ââèäó íèçêîãî
ïîòåíöèàëà òåððèòîðèè â îòíîøåíèè äàííîãî âèäà ýíåðãåòèêè).
Íà òåððèòîðèè ßêóòèè öåëåñîîáðàçíî ðàçâèâàòü â îñíîâíîì ãèä-
ðîýíåðãåòèêó (âïîëíå ïðèåìëåìàÿ äëÿ âñåãî ðåãèîíà âåòðîýíåðãå-
òèêà íå ìîæåò ýôôåêòèâíî ðàçâèâàòüñÿ èç-çà ïîëóãîäè÷íîãî àí-
òèöèêëîíà), à â Àìóðñêîé îáëàñòè ðåøàþùóþ ðîëü äîëæíû èã-
ðàòü âåòðî- è ãåëèîóñòàíîâêè.

Íà ðèñ. 6.1 ïðåäñòàâëåíà ðåçóëüòèðóþùàÿ êàðòà ÂÈÝ, ðåêî-
ìåíäóåìûõ äëÿ ðàçëè÷íûõ ðàéîíîâ Äàëüíåãî Âîñòîêà. Èç àíàëèçà
êàðòû ñëåäóåò, ÷òî íà þãå Äàëüíåãî Âîñòîêà ìîæíî ýôôåêòèâíî
ðàçâèâàòü ñîëíå÷íóþ ýíåðãåòèêó, à íà ñåâåðíûõ è ïðèáðåæíûõ
òåððèòîðèÿõ — âåòðîýíåðãåòèêó. Ïðàêòè÷åñêè íà âñåé ïëîùàäè
Äàëüíåãî Âîñòîêà èìååòñÿ îáîñíîâàííàÿ âîçìîæíîñòü ðàçâèòèÿ
ãèäðîýíåðãåòèêè.

Ðèñ. 6.1. Ðåêîìåíäóåìûå ÂÈÝ äëÿ ðàçëè÷íûõ
ðàéîíîâ Äàëüíåãî Âîñòîêà.

1 — âñå âèäû; 2 — âñå âèäû, êðîìå ñîëíå÷íîé
ýíåðãèè; 3 — âñå âèäû, êðîìå ãèäðîýíåðãèè; 4 —

ãèäðîýíåðãåòèêà.
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( ); Ki —

xi; S — ; i3 — -

; —
( , , -

,
(1984), = 0).
(1) , , -

n.
(1) ,

-
, ,

(

x3 > 0). « »
( ) « » ( ) -

( ., ,
(1975)) ,

3

3
3 0

0,d
x

c
K v c

x
(2)

vd — ( -

vd). (1)—(2)
, -

( ).
-



55

, -
.

, . .
R,

50—100, -
:

22
,

9g
a

gR
w (3)

a —
, g — .

, -
, ( ., ,

Stout, Arya, Genikhovich (1995)),
.

, -
,

-
« ».

(1) / t, (

, x1

) u2, u3 K1. -
(1) ,

x3,

x1 = x, x3 = z, u1 = U(z), K2 = Ky, K3 = Kz(z).
-

, (1) -
— ( . ,

(1991)) = z/L,

L v*,
g/T, Q ( -

), a ( -



56

15 1,22 / 3),

cp,

3
* .

( / )( / )p a

v
L

g T Q c
(4)

(2)

1 1| | ,z zc c (2 )

c1 — ( , ) -

z = z1, -
(1)

1
*

exp ( ) ,gw
c c z

v
(5 )

11
( ) .T T

zz
z f f

L L
(5 )

fT(z/L) — , -
-

.

, fT(z/L)
lnz, , (1973) ( -

(1955) (1965)). -
-

Goroch, Burk, Davidson (1980),
,

— . , ,



57

(5 )—(5 ) -

.
(5 ) -

, -

wg.

wg ,

fc(wg), -

. , fc(wg)
- , . .

11
( ) ,

( )
gwk k

c g gf w w e
k

(6)

2
1

1/

2

*

( ) .

1 ( )

V
g

c
c z

w
V z

v

(7)

(k) — - ; gw —

; V — -

, / .gwV w

-
(7) (7 ) « -

», (7) (z) ln (z/z1):

1/

1 1

( )
1 ln ,

b
c z z

Ab
z

(7 )

b = V2; A =
* T

w

v
= 1,85

*

;
w

v
— , -

.



58

H -
.

(1975),
«

».
-

-86. -
, -

(« ») ,
, , , -

-86 ,
, .

-
.

-86 -
(1) , -

(1975):

0

0
1

1 0

0

ln

( ) ,

z z

z
U z u

z z

z

(8 )

1 0( ) ([ ] ).z hK z K z z (8 )

u1 K1 — -

z = z1, z0 — , h — -

, [z]h z -
h

[z]h = z z h, (9 )

[z]h = h z > h. (9 )



59

( x)
:

0| ( ).
( )x
M

c z H
U z

(10)

:

; ; ,x Xx z Zz c Cc (11)

1

1 0
1

0

,
ln

U h
X

z z
K

z

(12 )

,Z h (12 )

1 0

0

1

ln

.

z z
M

z
C

hu
(12 )

( )
:

0
1 0

0

ln ([ ] ) ,
z z c c c

W z z
z x z z z

(13 )

0
0

0

( )
| ,

ln
x

z H
c

H z

z

(13 )

1 0 0{[ ] ) } | 0,z
c

z z Vc
z

(13 )

| 0,zc (13 )

1/ ,gW W K 1/ ,dV v K / ,H H h 0 0 / .z z h



60

-
.

(13 )
1 00

exp
[ ]

z
W

f dz
z z

z ( . -
(1975)). -

,
.

, -
, , . 1.

n, -
.

1

H W V 0z

10 0 0 0,00005

100 20 3 0,05

10 22 10 10

. 1, 22 000 -
,

0|zc

(« ») P -
. , -
L, . . , -

« » ( ) ,
, .

-

. , -
,



61

àïïðîêñèìàöèé, ÷òî ïîçâîëÿåò óïðîñòèòü âû÷èñëèòåëüíûå àëãî-
ðèòìû èíæåíåðíûõ ðàñ÷åòîâ è, êðîìå òîãî, ñîãëàñóåòñÿ ñ îáùåé
èäåîëîãèåé ïîñòðîåíèÿ èíæåíåðíûõ ìîäåëåé ðàñ÷åòà çàãðÿçíå-
íèÿ âîçäóõà, ïîëîæåííîé â îñíîâó ðàçðàáîòêè ÎÍÄ-86.

Ðàñ÷åòû ïîêàçàëè, â ÷àñòíîñòè, ÷òî äëÿ ìàêñèìàëüíûõ çíà÷å-

íèé ïðèçåìíîé êîíöåíòðàöèè ñm ìîæíî ïîäîáðàòü òàêèå çíà÷å-

íèÿ ïîêàçàòåëÿ ñòåïåíè n, ÷òî êîìáèíàöèÿ n
m mc c H ïðàêòè÷å-

ñêè íå çàâèñèò îò Í â øèðîêîì äèàïàçîíå èçìåíåíèÿ îñòàëüíûõ
îïðåäåëÿþùèõ ïàðàìåòðîâ. Â êà÷åñòâå ïðèìåðà äëÿ ñëó÷àÿ

z0 = 0,00005 è V = 0 íà ðèñ. 1 ïðèâåäåíû ãðàôèêè mc è n, à íà

ðèñ. 2 ïîêàçàí ìàñøòàá ðàñïðîñòðàíåíèÿ L êàê ôóíêöèÿ W è H.

0
0,2
0,4
0,6
0,8

1
1,2

0 5 10 15 20 25W

m

0

0,01

0,02

0,03

0,04

0,05
n

n

m

Ðèñ. 1. Çàâèñèìîñòü mc è n îò áåçðàçìåðíîé ñêîðîñòè îñàæäåíèÿ W

ïðè z0 = 0,00005 è V = 0.

Ðèñ. 2. Ìàñøòàá ðàñïðîñòðàíåíèÿ
àýðîçîëåé L ïðè z0 = 0,00005 è

V = 0.

20 000

0

40 000

60 000

80 000

100 000
L

10 30 50 70 90

W
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1/4 1/2
0 .

K K b
c b

z b z
(14 )

-
; x , y — ; u w —

x
y; b — ; — -

; b c — -

, T; 0 = 0,046.
(14 )—(14 ) -

:

x = 0: u = U0; b = B0; c = C0, (15 )

z = 0: u = 0; w = 0; b/ z = 0;

K = 1/4 1/2
00 ;c z b / ,c dK c z v c (15 )

0 0 0: ; ; .z u U b B c C (15 )

:
— , -

, , -
-

;
— -

,
;

— -
, -

-
( . . ).

, -
, (14 )—(14 ), (15 )—(15 ) -
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0 0 0 0; ; ; ; ; ; ,u U u b B b w Ww K K k c C c x Lx z Zz  (16)
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:

x = 0: u = 1; 1;b c = 1, (19 )
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0( ) ; ,c d

c
k c z b k v c
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(19 )

: 1; 1; 1.z u b c (19 )
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g d zP w v S c dx (20)
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Q . -
-

. 3, -
0,005; 0,005; 0,02.g dw v x

4.

(7 )
.

1. -
, 3; 3,75; 4,5 6

(Chamecki et al., 2007). -
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.
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.
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2. . . (1989, 2010), -
-
-

( ). -
. 1990 .

1,5; 10; 20 26 .

. 2 c(z)/c1 -
-

.

2

(z)/ 1

, ,
z

. .

1,5 — — 1,00 1,00

3 1,00 1,00 — —

3,75 0,67 0,73 — —

4,5 0,50 0,52 — —

6 0,30 0,30 — —

10 — — 0,08 0,25

20 — — 0,07 0,25

26 — — 0,05 0,17

, ,
A b (7 ). -

-
-

c1/c(z) ( . .
), -

-

V * .w v V

*w v . 3.
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Òàáëèöà 3

Îïðåäåëÿþùèå ïàðàìåòðû äëÿ ðàñ÷åòà âåðòèêàëüíîãî ðàñïðåäåëåíèÿ
êîíöåíòðàöèè àýðîçîëüíûõ ÷àñòèö 

Ìýðèëåíä, ÑØÀ Èì÷æàäîíðè, ÊÍÄÐ
Ïàðàìåòð

Ìàêñ. Ñðåäíåå Ìàêñ. Ñðåäíåå

V 0,0017 0,0017 0,79 0,98

*w v 0,729 0,936 0,57 3,0

Âîññòàíîâëåííûå â ñîîòâåòñòâèè ñ ïîëó÷åííûìè ïàðàìåòðàìè

ãðàôèêè îòíîøåíèÿ c(z)/c1 îò z ïðèâåäåíû íà ðèñ 4.
Ñâîäíûå êîððåëÿöèîííûå ãðàôèêè èçìåðåííûõ è ðàññ÷èòàí-

íûõ îòíîøåíèé c(z)/c1 äëÿ ñðåäíèõ è ìàêñèìàëüíûõ çíà÷åíèé
êîíöåíòðàöèè ïðåäñòàâëåíû íà ðèñ. 5 à è á ñîîòâåòñòâåííî.

Ðèñ. 4. Èçìåðåííûå (1) è ðàññ÷èòàííûå (2) ìàêñèìàëüíûå (à, â) è
ñðåäíèå (á, ã) êîíöåíòðàöèè àýðîçîëÿ ïî äàííûì èçìåðåíèé

â ÑØÀ (à, á) è ÊÍÄÐ (â, ã).

0 5 10 15 20 25 z

ã)

0

0,2

0,4

0,6

0,8

1

0 5 10 15 20 25 30

â)

3 3,5 4 4,5 5 5,5 6 z

á)

0

0,2

0,4

0,6

0,8

1

3 3,5 4 4,5 5 5,5 6 6,5

c(z)/c1

à)

1
2
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Ðèñ. 5. Êîððåëÿöèîííûå ãðàôèêè èçìåðåííûõ è ðàññ÷èòàííûõ çíà÷åíèé

îòíîøåíèÿ c(z)/c1 äëÿ ñðåäíèõ (à) è ìàêñèìàëüíûõ (á) çíà÷åíèé
êîíöåíòðàöèè.

Â òàáë. 4 ïðåäñòàâëåíû óðàâíåíèÿ ðåãðåññèè è ñîîòâåòñòâóþùèå
èì êîýôôèöèåíòû äåòåðìèíàöèè, õàðàêòåðèçóþùèå ñâÿçü ìåæäó
ðåçóëüòàòàìè ðàñ÷åòîâ è èçìåðåíèé.

Èç ïðèâåäåííûõ ðåçóëüòàòîâ âèäíî, ÷òî ôîðìóëà äëÿ âåðòè-
êàëüíîãî ïðîôèëÿ ïîëèäèñïåðñíîãî àýðîçîëÿ (7 ) äîñòàòî÷íî õî-
ðîøî ñîãëàñóåòñÿ ñ ðåçóëüòàòàìè ýêñïåðèìåíòîâ.

Ñòðîãî ãîâîðÿ, ôîðìóëû â äàííîé ðàáîòå îòíîñÿòñÿ òîëüêî ê
«ñóõîìó» (ò.å. íåîáâîäíåííîìó) àýðîçîëþ, íàïðèìåð ê ñóõîé ïû-
ëè. Â ðÿäå ñëó÷àåâ, îäíàêî, ñëåäóåò ó÷èòûâàòü, ÷òî àýðîçîëè ìîð-
ñêîãî ïðîèñõîæäåíèÿ ÿâëÿþòñÿ ãèãðîñêîïè÷åñêèìè è, ñëåäîâà-
òåëüíî, ìîãóò îáìåíèâàòüñÿ âëàãîé ñ îêðóæàþùèì âîçäóõîì. Ðå-
çóëüòèðóþùàÿ ñêîðîñòü ãðàâèòàöèîííîãî îñåäàíèÿ òàêèõ ÷àñòèö
çàâèñèò îò ñîäåðæàíèÿ âîäÿíîãî ïàðà â àòìîñôåðíîì âîçäóõå.
Â äàííîé ñâÿçè ìîæíî óïîìÿíóòü ðàáîòû Áîðòêîâñêîãî (1983),
Áîðòêîâñêîãî è äð. (1974), Fitzgerald (1975), Gong et al. (1997a,b),

Òàáëèöà 4

Óðàâíåíèÿ ðåãðåññèè è êîýôôèöèåíòû äåòåðìèíàöèè,
ñîîòâåòñòâóþùèå äàííûì, ïðåäñòàâëåííûì íà ðèñ. 3

Êîíöåíòðàöèÿ àýðîçîëÿ Óðàâíåíèå ðåãðåññèè R2

Ñðåäíÿÿ [c(z)/c1]calc = 0,986[c(z)/c1]exp – 0,0021 0,9934

Ìàêñèìàëüíàÿ [c(z)/c1]calc = 1,0031[c(z)/c1]exp + 0,0291 0,9888

0 0,2 0,4 0,6 0,8 1

á)

[c(z)/c1]exp
0

0,2
0,4
0,6
0,8

1
1,2

0 0,2 0,4 0,6 0,8 1 1,2

[c(z)/c1]calc

à)
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Grini et al. (2002), Lewis, Schwartz (2005), Sofiev et al. (2010).
-
-

. , , -
,

Goroch, Burk, Davidson (1980) , ,
Kasten (1969):

0,25(1 ) ,dR R f (22)
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Ðèñ. 1. Ãîäîâîé õîä êîíöåíòðàöèè ôîðìàëüäåãèäà â ãîðîäàõ.
à — Êàçàíü (1) è Òîëüÿòòè (2), á — Äçåðæèíñê (3) è Ñûêòûâêàð (4), â — Ñòàâðîïîëü,

ã — ßñíàÿ Ïîëÿíà.

Ðåçóëüòàòû àíàëèçà ñâÿçè ìåæäó êîíöåíòðàöèåé ôîðìàëüäå-
ãèäà è òåìïåðàòóðîé âîçäóõà ïðåäñòàâëåíû â òàáë. 2. Äëÿ ðàñ-
ñìîòðåííûõ ïÿòè ãðóïï ãîðîäîâ êîýôôèöèåíò êîððåëÿöèè ìåæäó
êîíöåíòðàöèåé ôîðìàëüäåãèäà è òåìïåðàòóðîé ñîñòàâëÿåò 0,54—
0,68. Ïðè ïîâûøåíèè òåìïåðàòóðû âîçäóõà îò 15 äî 20 Ñ êîí-
öåíòðàöèÿ ôîðìàëüäåãèäà èçìåíÿåòñÿ â îñíîâíîì â ïðåäåëàõ îò
2,6 äî 5,4 ìêã/ì3, îäíàêî â ïåðâîé ãðóïïå ñåâåðíûõ ãîðîäîâ ýòî

èçìåíåíèå äîñòèãàåò 9,6 ìêã/ì3. Ïðè ïîâûøåíèè òåìïåðàòóðû
âîçäóõà îò 20 äî 25 Ñ êîíöåíòðàöèÿ ôîðìàëüäåãèäà óâåëè÷èâà-

åòñÿ íà 2,6—10,7 ìêã/ì3. Èçìåíåíèÿ êîíöåíòðàöèè ôîðìàëüäå-
ãèäà ïðè ïîâûøåíèè òåìïåðàòóðû îò 25 äî 30 Ñ óäàëîñü îöåíèòü
òîëüêî äëÿ îäíîé ãðóïïû ãîðîäîâ.
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2

(R),
,

( Q)

5 ( 15 20 ( Q1), 20 25 ( Q2) 25 30 ( Q3))

Q / 3

R
Q1 Q2 Q3

1 0,59 Q = 0,215T2 – 5,602T + 44,62 9,6 — —

2 0,54 Q = 0,038T2 – 0,811T + 10,47 2,6 4,5 —

3 0,56 Q = 0,129T2 – 3,675T + 33,77 4,2 10,7 —

4 0,68 Q = 0,045T2 – 0,495T + 0,728 5,4 7,7 9,9

5 0,66 Q = –0,053T2 + 3,085T – 27,32 4,5 2,6 —
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M — ( / ), M — -
( / ). q = 1 — p.
,

M, :

0 1 – p M p.
, -

-
, -

— f — M.
,

= fM : 0 1 – p

= fM p. -
N , -

,
,

n:

1

.
N

n
n

(1)

n

P{ n = cn} = pn , P{ n= 0} = 1 – pn qn. (2)

= ( 1, 2,…, N)
( ) N.

,
, « »

, .

, -
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1
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F (4)
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(Evans,
Leemis, 2004; ., 1979) (3).
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t t.
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(pn, cn) N = 10 N = 20 (10 20 ). -

98-
-

, -
, K = 100, -

K = 1000. pn (0, 1),

n (0, 10). -
, , ,

. , - , -
.

(%):

98 98
200 ,

98 98

appr

appr

p p

p p

p98 — 98- , -
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. 1
10 20 . -
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(2) 20 .
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1

K=100 K=1000 K=100 K=1000

10 20

0,1 0,79 0,94 0,13 0,01 0,72 0,92 1,30 0,02

0,2 1,64 1,81 0,27 0,02 1,37 1,69 1,80 0,03

0,3 2,55 2,68 0,41 0,04 2,23 2,54 2,22 0,05

0,4 3,54 3,57 0,56 0,05 3,10 3,27 2,60 0,07

0,5 4,60 4,54 0,72 0,07 4,08 4,19 2,92 0,09

0,6 5,81 5,63 0,91 0,08 5,22 5,17 3,27 0,11

0,7 7,45 6,85 1,12 0,10 7,02 6,38 3,65 0,13

0,8 9,96 8,40 1,39 0,12 9,10 7,95 4,12 0,16

0,9 14,61 10,83 1,78 0,16 13,44 10,04 4,78 0,21

0,95 19,28 13,06 2,16 0,19 17,58 12,00 5,36 0,24

0,98 24,60 15,57 2,57 0,23 23,64 14,88 6,01 0,30

0,99 29,18 17,40 2,91 0,26 30,04 16,25 6,26 0,34

CPU, 3,7 4438,5
CPU, 0,34 0,35 1,07 1,41 0,36 0,38 1,21 3,7

. — , — -
; K = 100 K = 1000 —

K = 100 K = 1000.

, -
, , , -

.

,
. 2. N , - ,

.

-
N. K = 100 -

, K = 1000. , - ,
: - ,
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2

N
K

K

10 20 50 100 200

100 1,1 1,2 1,8 2,4 4,5

1000 1,4 3,7 11,1 15,1 21,1

, - , -
98- . ,

,
N, .

-
. ,

, . . -

max.

, 98- , 98. -
, , -

R = max/ 98.
. 3 -

R = max/ 98. - -

(10 000 ) 20 (pn, cn).
R, -

, , -
« ». ,

pn cn , -

3

R
,

(K = 1000, )

................ 0,10 0,50 0,60 0,70 0,80 0,90 0,95 0,98 0,99

R ........................... 1,23 1,39 1,43 1,47 1,52 1,61 1,69 1,79 1,82
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R . R
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pn. , N = 20 pn = 0,5 R 1,5, pn = 0,2 R 2,9,

N = 50 pn = 0,5 R 1,6.

4.

, -
-

—

, .
,

, , . . - -
« » . , -

1 ( 360 ) 100 -
, , 36 000 -

,
. -

, , . 1, 10 000
, -

, -
, .

.
,

, , . -
-

, « — -
». -
,

; ,
.
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Climatology Project, ISCCP) (Schiffer and Rossow, 1983). -
—

World Climate Research Programme (WCRP). -
-

, -
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.
1 1983 . .
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(Satellite Processing Center,
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.
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-
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-
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(3)—(5) -
ˆ . -

(3)
- .

. , ,
Goupillaud et al. (1984).

-
,

.

ISCCP
( ,

) (Rossow, Schiffer, 1991). , -
- .

(%) , . .
-

(Rossow, Garder, 1993a).
-

(Rossow, Garder, 1993b). -
ISCCP -

(Lindzen, Chou, Hou (2001), Lindzen,
Choi (2009, 2010), Pielke et al. (2007), Spencer et al. (2007)).

-
. -

(%) , -
.
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,
, .

63 70 %.
, (%)



121

Ðèñ. 1. Àíàëèç ðÿäà ãëîáàëüíîé îáùåé îáëà÷íîñòè
ïî äàííûì ISCCP.

1 — èñõîäíûå äàííûå, 2 — ëèíåéíûé òðåíä, 3 — íåëèíåéíûé
òðåíä (ðåçóëüòàò ñãëàæèâàíèÿ ðÿäà).

óêàçàííûé ïåðèîä èçìåíèëàñü îò 68 äî 64,6 %. Òàêèì îáðàçîì,
óìåíüøåíèå ñîñòàâèëî 3,4 %. Êðèâàÿ íåëèíåéíîãî òðåíäà ïîçâî-
ëÿåò âûäåëèòü ïåðèîä óâåëè÷åíèÿ îáëà÷íîñòè (1983—1986 ãã.) è
ïîñëåäóþùåå ìîíîòîííîå åå óáûâàíèå âïëîòü äî 2000 ã. Çàòåì
ñëåäóåò íåáîëüøîå óâåëè÷åíèå äî 2004 ã., êîòîðîå ïåðåõîäèò â
óáûâàíèå â ïåðèîä 2005—2009 ãã.

Â ðàáîòå Scafetta (2009) ïóòåì ðàñ÷åòîâ ïîêàçàíî, ÷òî íàáëþ-
äåííîå óìåíüøåíèå îáëà÷íîñòè çà 13-ëåòíèé ïåðèîä 1987—
2000 ãã. íà 4 % ðàâíîñèëüíî óâåëè÷åíèþ ïîòîêà ïðèõîäÿùåé

ñîëíå÷íîé ðàäèàöèè íà 0,9 Âò/ì2. Èíòåðåñíî îòìåòèòü, ÷òî, ñî-
ãëàñíî îò÷åòó IPCC-2007, çà ïåðèîä 1750—2006 ãã. (ïîñëå ìàëîãî
ëåäíèêîâîãî ïåðèîäà) óâåëè÷åíèå ïðèõîäÿùåé ñîëíå÷íîé ðàäèà-

öèè ñîñòàâèëî 1,6 Âò/ì2. Òàêèì îáðàçîì, çà òðè ïîñëåäíèõ äåñÿ-
òèëåòèÿ ïðîèçîøëî çàìåòíîå óâåëè÷åíèå ïðèõîäÿùåé ñîëíå÷íîé
ðàäèàöèè. Âîçíèêàåò âîïðîñ î òîì, êàê ðàñïðåäåëèëîñü îòìå÷åí-
íîå èçìåíåíèå â îáëà÷íîì ïîêðîâå Çåìëè.

70

69

68

67

65

64

63

66

1
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, %
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,
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(Rossow, Delo, Cairns, 2002). -
30 ,

,
1600 ,
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. 2 -

. -
58,3 56 %. ,

,
. , -

, ( . . 1).
.

10 % .
. 3 -

.
, ,
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.
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( . . 1).
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Ðèñ. 2. Àíàëèç ðÿäà îáùåé îáëà÷íîñòè íàä ñóøåé ïî 
äàííûì ISCCP.

1 — èñõîäíûå äàííûå, 2 — ëèíåéíûé òðåíä, 3 — íåëèíåéíûé
òðåíä (ðåçóëüòàò ñãëàæèâàíèÿ ðÿäà).

Ðèñ. 3. Àíàëèç ðÿäà îáùåé îáëà÷íîñòè íàä àêâàòîðèÿìè
ïî äàííûì ISCCP.

1 — èñõîäíûå äàííûå, 2 — ëèíåéíûé òðåíä, 3 — íåëèíåéíûé
òðåíä (ðåçóëüòàò ñãëàæèâàíèÿ ðÿäà).
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Òðîïè÷åñêèé ïîÿñ âûçûâàåò ïîâûøåííûé èíòåðåñ, ïîñêîëüêó
èìåííî çäåñü íàèáîëåå èíòåíñèâíî ðåàëèçóåòñÿ îáìåí âëàãîé ìå-
æäó àòìîñôåðîé è îêåàíîì. Îáëà÷íîñòü â ýòîì ñëó÷àå èãðàåò ðîëü
ïîñðåäíèêà. Ïîýòîìó î÷åíü âàæíî çíàòü, êàê ìåíÿåòñÿ îáëà÷-
íîñòü â òðîïèêàõ (Sud, Walker, Lau, 1999).

Íà ðèñ. 4 ïðåäñòàâëåíû äàííûå, îòíîñÿùèåñÿ ê øèðîòíîìó
ïîÿñó 30 þ.ø. — 30 ñ.ø. Â ñîîòâåòñòâèè ñ ëèíåéíûì òðåíäîì â
òðîïèêàõ ìàêñèìàëüíîå óáûâàíèå îáëà÷íîñòè çà ðàññìàòðèâàå-
ìûé ïåðèîä ñîñòàâèëî 6 % (îò 62 äî 56 %). Ýòî îçíà÷àåò, ÷òî ïðè-
òîê ñîëíå÷íîé ðàäèàöèè â òðîïèêàõ âîçðàñòàåò áûñòðåå, ÷åì â

ñðåäíåì ïî ïëàíåòå, è ýòîò ðîñò ñîñòàâëÿåò áîëåå ÷åì 1 Âò/ì2. Ïî-
ñêîëüêó â òðîïèêàõ äîìèíèðóþò àêâàòîðèè, ýòîò ôàêò ñâèäåòåëü-
ñòâóåò î òîì, ÷òî óâåëè÷èâàþùèéñÿ ïðèòîê ñîëíå÷íîé ðàäèàöèè
âëå÷åò, ïðåæäå âñåãî, ïîâûøåíèå òåìïåðàòóðû ïîâåðõíîñòè
îêåàíà (ÒÏÎ). Íåóäèâèòåëüíî, ÷òî ñàìè çíà÷åíèÿ îáëà÷íîãî ïî-
êðûòèÿ è èõ âðåìåííûå òåíäåíöèè áëèçêè ê ãëîáàëüíûì õàðàê-
òåðèñòèêàì (ñì. ðèñ. 1).

Ðèñ. 4. Àíàëèç ðÿäà îáùåé îáëà÷íîñòè â òðîïè÷åñêîì
ïîÿñå ïî äàííûì ISCCP.

1 — èñõîäíûå äàííûå, 2 — ëèíåéíûé òðåíä, 3 — íåëèíåéíûé
òðåíä (ðåçóëüòàò ñãëàæèâàíèÿ ðÿäà).
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Ïîñêîëüêó íàçåìíàÿ ìåòåîðîëîãè÷åñêàÿ ñåòü íàèáîëåå ðàç-
âèòà â Åâðîïå, â êà÷åñòâå ñëåäóþùåãî ïðèìåðà íà ðèñ. 5 ïðåä-
ñòàâëåí õîä îáùåé îáëà÷íîñòè íàä Åâðîïîé. Ëèíåéíûé òðåíä
äåìîíñòðèðóåò ñóùåñòâåííî áîëåå ñêðîìíîå óáûâàíèå îáëà÷íî-
ñòè — íà 2,1 % (îò 72,1 äî 70 %). Íåëèíåéíûé òðåíä ïîêàçûâà-
åò óìåíüøåíèå îáëà÷íîñòè äî 1997 ã. è ïîñëåäóþùåå ìåäëåííîå
åå âîçðàñòàíèå, êîòîðîå ëèøü ÷àñòè÷íî êîìïåíñèðóåò ïðåäøåñò-
âóþùåå óáûâàíèå. Òàêèì îáðàçîì, íà òåððèòîðèè Åâðîïû íå
ñëåäóåò îæèäàòü çàìåòíûõ èçìåíåíèé ïðèõîäÿùåé ñîëíå÷íîé
ðàäèàöèè.

Ðàññìàòðèâàÿ äðóãèå ðåãèîíû, ñëåäóåò îòìåòèòü, ÷òî íàè-
áîëüøåå óìåíüøåíèå îáëà÷íîñòè îáíàðóæèâàåòñÿ äëÿ òåððèòî-
ðèè Àôðèêè è Þæíîé Àìåðèêè. Íàä Àíòàðêòèäîé îáëà÷íîñòü
âîçðàñòàåò, ÷òî ñîãëàñóåòñÿ ñ òåíäåíöèåé óâåëè÷åíèÿ ëåäîâîãî
ïîêðîâà â ýòîé ÷àñòè ìèðà.

Ðèñ. 5. Àíàëèç ðÿäà îáùåé îáëà÷íîñòè íàä Åâðîïîé
ïî äàííûì ISCCP.

1 — èñõîäíûå äàííûå, 2 — ëèíåéíûé òðåíä, 3 — íåëèíåéíûé
òðåíä (ðåçóëüòàò ñãëàæèâàíèÿ ðÿäà).

76

72

68

67

, %
 

1980 1985 1990 1995 2000 2005 2010

74

70

75

73

71

69

1
2
3



126

Ñïåêòðàëüíûé àíàëèç ðÿäîâ îáëà÷íîñòè

Ðÿäû îáëà÷íîñòè, êàê è äðóãèå êëèìàòè÷åñêèå ðÿäû, ÿâëÿþò-
ñÿ íåñòàöèîíàðíûìè, ïîýòîìó äëÿ âûÿâëåíèÿ ÿâíûõ è ñêðûòûõ
ïåðèîäè÷íîñòåé íåîáõîäèìî èñïîëüçîâàòü àäåêâàòíûé àïïàðàò
ñïåêòðàëüíîãî àíàëèçà. Â íàñòîÿùåå âðåìÿ íàèáîëåå ðàñïðîñòðà-
íåí ìåòîä âåéâëåò-àíàëèçà, èçëîæåííûé âûøå è èñïîëüçîâàííûé
íàìè ðàíåå â ïðåäûäóùèõ êëèìàòè÷åñêèõ èññëåäîâàíèÿõ (Ïî-
êðîâñêèé, 2010; Pokrovsky, 2009à, b, c, d).

Íà ðèñ. 6 ïðåäñòàâëåí âåéâëåò-ñïåêòð ðÿäà ãëîáàëüíîé îáùåé
îáëà÷íîñòè (ñì. ðèñ. 1). Ïî îñè àáñöèññ îòëîæåíû ãîäû, à ïî îñè
îðäèíàò — ïåðèîäè÷íîñòè. Çíà÷åíèÿ ñïåêòðàëüíîé ïëîòíîñòè íà
ïîëå ðèñóíêà îòâå÷àþò îäíîâðåìåííî è ïåðèîäè÷íîñòÿì, è ãîäàì.
Ñðåäè ïðîòÿæåííûõ (ïî âðåìåíè) ïåðèîäè÷íîñòåé âûäåëÿåòñÿ ãî-
äîâîé õîä ñ ïåðèîäè÷íîñòüþ, ðàâíîé åäèíèöå. Êðîìå òîãî, ïðîòÿ-
æåííàÿ ïåðèîäè÷íîñòü îòíîñèòñÿ ê ìàñøòàáó, ñîñòàâëÿþùåìó
îêîëî 32 ëåò, ÷òî ñîîòâåòñòâóåò îáùåé òåíäåíöèè óáûâàíèÿ îáëà÷-
íîñòè, êîòîðàÿ äîìèíèðóåò. Ñëåäóþùàÿ àíîìàëèÿ ñïåêòðàëüíîé
ïëîòíîñòè îòíîñèòñÿ ê ïåðèîäè÷íîñòè îêîëî 12 ëåò è ïðèâÿçàíà ê
ïåðèîäó 1990—2005 ãã. Ýòà ïåðèîäè÷íîñòü îïèñûâàåò èçìåíåíèå

Ðèñ. 6. Âåéâëåò-àíàëèç ðÿäà ãëîáàëüíîé îáùåé
îáëà÷íîñòè ïî äàííûì ISCCP (ñì. ðèñ. 1).
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Ðèñ. 7. Àíàëèç ðÿäà àíîìàëèè ãëîáàëüíîé òåìïåðàòóðû
âîçäóõà CRUTEM3v ïî äàííûì Öåíòðà Õýäëè ïðè

Áðèòàíñêîé ìåòåîðîëîãè÷åñêîé ñëóæáå.
1 — èñõîäíûå äàííûå, 2 — ëèíåéíûé òðåíä, 3 — íåëèíåéíûé

òðåíä (ðåçóëüòàò ñãëàæèâàíèÿ ðÿäà).

èñõîäíûõ çíà÷åíèé ñîñòàâëÿåò –0,62. Ïðîöåäóðà ñãëàæèâàíèÿ
ðÿäîâ ïîçâîëÿåò îòôèëüòðîâàòü «øóì», õàðàêòåðèçóþùèé ñëó-
÷àéíóþ ìåæãîäîâóþ èçìåí÷èâîñòü. ÊÂÊ äëÿ ñãëàæåííûõ ðÿäîâ
äîñòèãàåò –0,86.

Íà ðèñ. 8 ïðåäñòàâëåí ðÿä çíà÷åíèé ãëîáàëüíîé ñðåäíåãîäî-
âîé ÒÏÎ, êîòîðàÿ, ñîãëàñíî ëèíåéíîìó òðåíäó, ïîâûøàåòñÿ íà
0,4 Ñ, ò. å. â ïîëòîðà ìåíüøå, ÷åì ÒÂ. ÒÏÎ, êàê è ÒÂ, ïîâûøàåò-
ñÿ â êîíöå XX âåêà, à â íà÷àëå XXI âåêà ïîâûøåíèå ïðèîñòàíàâ-
ëèâàåòñÿ. Ïîýòîìó íåóäèâèòåëüíî, ÷òî ÊÂÊ ìåæäó îáëà÷íîñòüþ è
ÒÏÎ òàêæå âåëèêî è ñîñòàâëÿåò –0,84.
Ïðèâåäåííûå äàííûå ñâèäåòåëüñòâóþò î òîì, ÷òî ôàêòîð âëèÿíèÿ
îáëà÷íîñòè íà èçìåíåíèå êëèìàòà äî íàñòîÿùåãî âðåìåíè áûë
íåäîîöåíåí (IPCC, 2007). Îäíà èç ïðè÷èí ýòîãî çàêëþ÷àåòñÿ â
òîì, ÷òî òîëüêî íåäàâíî ñòàëè äîñòóïíû êëèìàòè÷åñêèå îáîáùå-
íèÿ äàííûõ ïðîåêòà ISCCP. Äðóãàÿ ïðè÷èíà ñîñòîèò â òîì, ÷òî
íàøè çíàíèÿ î ìåõàíèçìàõ îáðàçîâàíèÿ è ýâîëþöèè îáëà÷íîñòè
ÿâëÿþòñÿ ÿâíî íåäîñòàòî÷íûìè, à ìåòîäû è ïàðàìåòðèçàöèè, èñ-
ïîëüçóåìûå â êëèìàòè÷åñêèõ ìîäåëÿõ, — íåòî÷íûìè (ñì. ðàáîòó
Rossow, Zhang, Wang (2005)).
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Ðèñ. 8. Àíàëèç ðÿäà àíîìàëèè ãëîáàëüíîé òåìïåðàòóðû
ïîâåðõíîñòè îêåàíà CRUTEM3v ïî äàííûì Öåíòðà

Õýäëè ïðè Áðèòàíñêîé ìåòåîðîëîãè÷åñêîé ñëóæáå.
1 — èñõîäíûå äàííûå, 2 — ëèíåéíûé òðåíä, 3 — íåëèíåéíûé

òðåíä (ðåçóëüòàò ñãëàæèâàíèÿ ðÿäà).

Òîò ôàêò, ÷òî îäíîâðåìåííî ñ ïîâûøåíèåì òåìïåðàòóðû îêåàíà,
êîòîðîå âëå÷åò çà ñîáîé óâåëè÷åíèå èñïàðåíèÿ ñ âîäíîé ïîâåðõíî-
ñòè, íàáëþäàåòñÿ óìåíüøåíèå îáëà÷íîñòè, è ïðåæäå âñåãî íàä
îêåàíàìè, òðåáóåò êðèòè÷åñêîãî àíàëèçà ñóùåñòâóþùèõ ïðåä-
ñòàâëåíèé î ìåõàíèçìàõ îáðàçîâàíèÿ îáëàêîâ íà ðàçíûõ âûñîòàõ.
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( 1)
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Md 0—0,09 0,10—0,19 0,20—0,30 0,31—0,40 0,41—3,0

V % 0—40 41—50 51—60 61—70 71—100

N 8—11 6—7 3—5 1—2 0

N 8—11 6—7 3—4 1—2 0

W0—20 0—5 6—10 11—15 16—20 21—70

W0—50 0—15 16—25 26—35 36—45 46—140

W0—100 0—25 26—40 41—60 61—80 81—280
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— åæåäåêàäíûé ìîíèòîðèíã çàñóõ ðàçëè÷íîé èíòåíñèâíîñòè
çà ïåðèîä ìàé — ñåíòÿáðü j-ãî ãîäà ïî òåððèòîðèè ÐÔ.

Äëÿ ïðèìåðà ïðèâåäåì êàðòî-ñõåìó ðàñïðåäåëåíèÿ çàñóõ ïî òåð-
ðèòîðèè Ñàðàòîâñêîé îáëàñòè (ðèñ. 3) çà òðåòüþ äåêàäó ìàÿ 2011 ã.

Ôîíä àãðîêëèìàòè÷åñêèõ õàðàêòåðèñòèê (ÔÀÕ) çàñóøëèâûõ
ÿâëåíèé è çàñóõ ïðåäñòàâëÿåò ñîáîé áàçó äàííûõ íà òåõíè÷åñêèõ
íîñèòåëÿõ äëÿ èíôîðìàöèîííîãî îáåñïå÷åíèÿ ðåàëèçàöèè îñíîâ-
íûõ çàäà÷ Öåíòðà ìîíèòîðèíãà çàñóõ (ÖÌÇ) Ìåæãîñóäàðñòâåííî-
ãî ñîâåòà ïî ãèäðîìåòåîðîëîãèè (ÌÑÃ) ÑÍÃ è ïðîãðàììíûå ñðåä-
ñòâà ïî åãî ôîðìèðîâàíèþ è óïðàâëåíèþ. Îí ñîçäàåòñÿ â ñîîòâåò-
ñòâèè ñ Ïîëîæåíèåì î ÖÌÇ ÌÑÃ ÑÍÃ.

Áàçà äàííûõ ñîäåðæèò åæåãîäíûå çíà÷åíèÿ õàðàêòåðèñòèê è
ïîêàçàòåëåé îöåíêè çàñóõ è çàñóøëèâûõ ÿâëåíèé íà òåêóùèé ãîä
ïî îòäåëüíûì ïóíêòàì çà ïåðèîä àïðåëü — îêòÿáðü, à òàêæå âåðî-
ÿòíîñòíûå îöåíêè äèíàìèêè çàñóøëèâûõ ÿâëåíèé ðàçíîé èíòåí-
ñèâíîñòè. Íàêîïëåííûå ìàòåðèàëû ïðè çàïðîñå ïîòðåáèòåëåé ìî-
ãóò âûäàâàòüñÿ â ôîðìå òàáëèö (òàáë. 2) èëè êàðòî-ñõåì (ðèñ. 4).

Íàïðèìåð, àâòîðàìè ñîñòàâëåíà óíèêàëüíàÿ êàðòî-ñõåìà
«Ðèñê ñèëüíûõ ïî÷âåííûõ çàñóõ â ïåðèîä ñåâà è âåãåòàöèè îçè-
ìûõ çåðíîâûõ êóëüòóð íà åâðîïåéñêîé òåððèòîðèè Ðîññèè» (ñì.
ðèñ. 4). Ýòà âïåðâûå ïóáëèêóåìàÿ êàðòà îòðàæàåò ðàçâèòèå ïðî-
öåññà â ïåðèîä ñ 1992 ïî 2010 ã.

Ðèñ. 3. Ðàñïðåäåëåíèå èíòåíñèâíîñòè çàñóõ çà òðåòüþ
äåêàäó ìàÿ 2011 ã. ïî òåððèòîðèè Ñàðàòîâñêîé îáëàñòè.

1 — ñèëüíàÿ çàñóõà, 2 — ñðåäíÿÿ çàñóõà, 3 — îòñóòñòâèå çàñóõè.
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2

(%)
0—20

34344 17 42 18 27 83 17

34432 39 50 0 11 33 39

34438 25 25 0 40 33 17

34445 42 17 9 18 73 18

34539 33 0 33 67 67 33

34545 28 22 0 6 50 17

34625 - 39 22 0 11 44 39

34635 25 33 0 0 30 30

34636 27 9 0 17 58 17

34644 - 33 25 8 25 67 25

34646 14 29 13 6 67 13

34740 27 27 0 0 46 8

34742 38 0 13 25 63 13

34743 17 28 0 24 69 6

34759 29 35 0 17 83 17

34723 18 9 0 0 20 40

34735 17 33 0 14 50 50

34747 0 100 0 0 0 0

34554 0 33 0 0 100 0

34748 0 33 0 0 100 0
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Ðèñ. 4. Âåðîÿòíîñòü (%) ñèëüíûõ ïî÷âåííûõ çàñóõ â ñëîå ïî÷âû 0—20 ñì
â ïåðèîä ñåâà è âåãåòàöèè îçèìûõ çåðíîâûõ êóëüòóð íà åâðîïåéñêîé

÷àñòè Ðîññèè.
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âîçäóõà íà þã Å×Ð ÷åðåç Çàïàäíóþ Ñèáèðü) âîçîáíîâèëàñü íà þãå
åâðîïåéñêîé ÷àñòè Ðîññèè.

Ïðè íîâûõ âòîðæåíèÿõ àðêòè÷åñêîãî âîçäóõà (ÝÖÌ 12âë è
10à), ôîðìèðîâàíèè óñòîé÷èâîãî àíòèöèêëîíà íà þãå Å×Ð (ÝÖÌ
8à) è íîâîì ïîïîëíåíèè åãî ñóõèì àðêòè÷åñêèì âîçäóõîì (ÝÖÌ 4á,
10á, 8ãë, 4â) óñèëåíèå èíòåíñèâíîñòè òåìïåðàòóðíîé àíîìàëèè
ïðèâåëî ê ðàñïðîñòðàíåíèþ îòðèöàòåëüíûõ ýêñòðåìóìîâ óâëàæ-
íåíèÿ íà òåððèòîðèþ Öåíòðàëüíî-×åðíîçåìíîãî, Âîëãî-Âÿòñêîãî è
Öåíòðàëüíîãî ðàéîíîâ è äàæå â ñåâåðíûå ðàéîíû Íå÷åðíîçåìíîé
çîíû (ðèñ. 1).

Ê êîíöó àâãóñòà ÎÀÇ çàêîí÷èëàñü â öåíòðàëüíûõ è ñåâåðíûõ
îáëàñòÿõ Å×Ð, à êî âòîðîé äåêàäå ñåíòÿáðÿ ïðåêðàòèëàñü â þæíûõ

Ðèñ. 1. Ñåâåðíàÿ ãðàíèöà îáëàñòè îïàñíîé àòìîñôåðíîé çàñóõè íà
òåððèòîðèè åâðîïåéñêîé ÷àñòè Ðîññèè â 1972 ã. (1) è â 2010 ã. (2).
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-
,

10—15 . -
.

-
(129 ), . -

-
(30 ).

— 2010 ., 1972 ., -
, ( . 2).

. 3 ,

2

1961—1990 .

, , %

1972 . 2010 . 1972 . 2010 .

VI VII VIII VI VII VIII VI VII VIII VI VII VIII

2,4 1,5 1,8 3,4 3,9 4,0 31 0 0 24 0 5
3,5 3,1 3,9 3,3 4,5 5,3 33 127 11 19 166 7

- 3,0 1,2 2,6 2,7 3,0 4,7 31 409 29 82 52 55

- - 4,9 4,7 5,9 4,5 5,8 7,7 41 148 148 17 132 9

3,3 2,8 4,2 3,6 4,1 5,4 82 36 8 100 104 10
- 2,1 3,0 4,5 4,9 5,6 5,9 100 41 0 0 33 26

2,9 4,1 6,3 4,7 6,4 6,3 40 9 1 1 33 20

3,8 3,9 6,6 4,2 6,8 7,1 92 52 7 52 46 52
3,9 3,5 6,6 5,0 7,0 7,3 76 125 13 4 35 55

0,4 2,2 5,3 4,9 6,6 6,8 67 62 0 9 2 51
3,7 4,3 6,9 4,0 7,3 6,5 5 28 0 48 15 100
1,6 0,8 0,7 2,4 2,4 2,8 147 16 4 27 15 7
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Ðåçóëüòàòû àíàëèçà èçìåíåíèé ñóììàðíîé ðàäèàöèè

Ñåâåðî-çàïàäíûé ðåãèîí Åâðîïû. Àíàëèç ãîäîâûõ çíà÷åíèé
ñóììàðíîé ðàäèàöèè, èçìåðåííîé íà 22 àêòèíîìåòðè÷åñêèõ ñòàí-
öèÿõ â ñåâåðî-çàïàäíîé Åâðîïå, ïîêàçûâàåò, ÷òî â ïåðèîä ñ 1964 ïî
1989 ã. òàì ïðîèçîøëî óìåíüøåíèå ïîñòóïëåíèÿ êîðîòêîâîëíîâîé
ñîëíå÷íîé ðàäèàöèè íà çåìíóþ ïîâåðõíîñòü â ñðåäíåì íà 2,6 % çà
äåñÿòèëåòèå. Îòðèöàòåëüíûå òðåíäû ãîäîâûõ çíà÷åíèé ñóììàðíîé
ðàäèàöèè îòìå÷àþòñÿ ïî÷òè íà âñåõ àêòèíîìåòðè÷åñêèõ ñòàíöèÿõ
çà èñêëþ÷åíèåì ñòàíöèé Äå-Áèëò (Èðëàíäèÿ) è Ëåðóèê (Âåëèêî-
áðèòàíèÿ), ãäå òðåíä íå âûÿâëÿåòñÿ (òàáë. 1). Íà âîñüìè ñòàíöèÿõ
èçìåíåíèÿ ðàäèàöèè ÿâëÿþòñÿ ñòàòèñòè÷åñêè çíà÷èìûìè, äîâå-
ðèòåëüíàÿ âåðîÿòíîñòü òðåíäîâ ïðåâîñõîäèò 95 %. Íàèáîëåå çíà-
÷èòåëüíîå óìåíüøåíèå ðàäèàöèè íàáëþäàåòñÿ íà ñòàíöèè Áèðð

(Èðëàíäèÿ) — íà 6,5 % (65 Äæ/ñì2).

Àíàëèç ñåçîííûõ çíà÷åíèé ñóììàðíîé ðàäèàöèè, îñðåäíåí-
íûõ ïî ðåãèîíó, äåìîíñòðèðóåò ñõîäñòâî èõ âðåìåííîãî õîäà. Íà
ðèñ. 2 ïðåäñòàâëåíû îòêëîíåíèÿ îò ñðåäíèõ ìíîãîëåòíèõ çíà÷å-
íèé ñóììàðíîé ðàäèàöèè íà ðàññìàòðèâàåìîé òåððèòîðèè.

Íàèáîëåå ñóùåñòâåííî çíà÷åíèÿ ñóììàðíîé ðàäèàöèè ïîíè-
çèëèñü â ëåòíèé ïåðèîä — â ñðåäíåì íà 3,8 % çà 10 ëåò. Îòðèöà-

Ðèñ. 1. Àêòèíîìåòðè÷åñêèå
ñòàíöèè Åâðîïû.

1 — ñåâåðíûé ðåãèîí, 2 — öåíòðàëüíûé
è âîñòî÷íûé ðåãèîí, 3 — þæíûé

ðåãèîí.
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,
-

.
-

( ) — 8 %

(140 162 / 2 ).
- -

, -
. -

-
.

, ( ),

7,4 % (25 / 2). -
,

.
-

( ),
- .

- 1990 2010 . -
2,6 % 10 . , -

XXI -
, 60-

, 80- .

.
/ , , -

6,2 5,1 % -

(53 46 / 2) 95 %.
- -

.
/ , ,

12 % (29 32 / 2),
/ , — 8,9

7,9 % (79 / 2 ).
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Ðèñ. 2. Îòêëîíåíèÿ îò ñðåäíèõ çà ñåçîí è ãîä çíà÷åíèé ñóììàðíîé
ðàäèàöèè, îñðåäíåííûå ïî òåððèòîðèè ñåâåðî-çàïàäíîé Åâðîïû.

íàèáîëüøèå èçìåíåíèÿ ñóììàðíîé ðàäèàöèè íàáëþäàëèñü íà
ñòàíöèè Äå-Áèëò (Íèäåðëàíäû), ãäå ðàäèàöèÿ óâåëè÷èëàñü íà

8,1 % (47 Äæ/ñì2). Ìàêñèìàëüíûé ïîëîæèòåëüíûé òðåíä ñðåä-
íèõ çà ëåòíèå ìåñÿöû çíà÷åíèé ðàäèàöèè íàáëþäàåòñÿ íà ñòàí-

öèè Ñòîêãîëüì — 4,7 % (81 Äæ/ñì2).
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-
, -

, -
2—3 % , — 5 %.

1964 2010 . (1969,
1975, 1976 .) (1998 .). -

1970, 1985, 1986
2010 ., 1974 1990 .,
1975, 1976 2006 ., 1971 .

1990 1995 ., 1983 .,
1981 1998 ., 1984 . ( . 2).

. -

-
- .

1964 1989 .
, -

( . 3).
1964—1989 .

,
95 %.

( ) ( ): -
11,8 8,7 % (25 22 / 2).

, -
.

- ( ) -
( ) — 6 % (44 24 / 2).

-
-

. -

— 70—90 %.
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Ðèñ. 3. Îòêëîíåíèÿ îò ñðåäíèõ çà ñåçîí è çà ãîä çíà÷åíèé ñóììàðíîé
ðàäèàöèè, îñðåäíåííûå ïî òåððèòîðèè öåíòðàëüíîé è âîñòî÷íîé Åâðîïû.

Â äðóãèå ñåçîíû íà áîëüøèíñòâå ñòàíöèé ñ 1964 ïî 1989 ã.
ïðîèçîøëî óìåíüøåíèå ïîñòóïëåíèÿ ðàäèàöèè, íî äîâåðèòåëü-
íàÿ âåðîÿòíîñòü êîýôôèöèåíòîâ ëèíåéíîãî òðåíäà, êàê ïðàâèëî,
íå ïðåâûøàåò 90 %. Çíà÷åíèÿ îòíîñèòåëüíûõ îòðèöàòåëüíûõ
òðåíäîâ ñåçîííûõ çíà÷åíèé ñîñòàâëÿþò â ñðåäíåì 1—3 % çà
10 ëåò. Íàèáîëüøèé ïî âåëè÷èíå òðåíä îòìå÷àåòñÿ â âåñåííèé
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- (8 %, 141 / 2),
( ) (5,9 5 %, 114

94 / 2 ), - ( -

) (6,9 %, 49 / 2). 24
, -

1,7 %,
- ( ) - ( 6,9 5,7 %,

83 79 / 2 ).

47- :
1972 ., 1983 .,

1977 1980 . 1976 .
1990 2010 .

, - ,
3,2 % 10 ,

7 % ( . 1). ( )
-

.

, .
-

( 3,6 5,6 %
). ,

90-
(2003 2007 .)

(1997, 2003, 2006 .). -
10 %

( , - , - ). ,
2003 .

2003 . ,
2009 . ( . . 3).

.
,

( . 4).
1960—1980- -
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Ðèñ. 4. Îòêëîíåíèÿ ñðåäíèõ çà ñåçîí è çà ãîä çíà÷åíèé ñóììàðíîé
ðàäèàöèè, îñðåäíåííûå ïî òåððèòîðèè þæíîé Åâðîïû.

òåëüíóþ â 1990—2000-õ ãîäàõ. Â ïåðâûé èç óêàçàííûõ ïåðèîäîâ
ïðîèñõîäèò óìåíüøåíèå ñåçîííûõ è ãîäîâûõ çíà÷åíèé ðàäèàöèè
â ñðåäíåì íà 1,5—3 % çà 10 ëåò, âî âòîðîé — èõ óâåëè÷åíèå íà
2—3 % âî âñå ñåçîíû çà èñêëþ÷åíèåì çèìíåãî. Çèìîé âî âðåìåí-
íîì õîäå ñóììàðíîé ðàäèàöèè, èçìåðåííîé íà äåâÿòè ñòàíöèÿõ,
âûÿâëÿåòñÿ ïîëîæèòåëüíûé òðåíä, à íà îñòàëüíûõ ñòàíöèÿõ —
îòðèöàòåëüíûé, õîòÿ, êàê ïðàâèëî, ñòàòèñòè÷åñêè íåçíà÷èìûé.
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òðàåêòîðèè äâèæåíèÿ 800—900 ì. Îñíîâíûì ìåõàíèçìîì èîíè-
çàöèè îáëà÷íîé ñðåäû ÿâëÿåòñÿ òåðìîýëåêòðîííàÿ ýìèññèÿ ñ ãî-
ðÿ÷èõ àýðîçîëüíûõ ÷àñòèö ïî òðàåêòîðèè äâèæåíèÿ èõ èñòî÷íè-
êà — ãîðÿùåãî ÏÑ. Îáùåå êîëè÷åñòâî ýëåêòðîíîâ ýìèññèè îïðå-
äåëÿåòñÿ ïðîäîëæèòåëüíîñòüþ ñîõðàíåíèÿ âûñîêîé òåìïåðàòóðû
îáðàçîâàâøèõñÿ ÷àñòèö. Ïîòåðÿ ýëåêòðîíîâ ãîðÿ÷èìè ÷àñòèöàìè
îáóñëîâëèâàåò èõ ïîëîæèòåëüíûé çàðÿä. Ãèãðîñêîïè÷íîñòü îï-

ðåäåëÿåòñÿ îáðàçîâàíèåì êàðáîíàòà êàëèÿ K2CO3 (ïîòàø), õîðî-
øî ðàñòâîðèìîãî â âîäå.

Ýëåêòðîíû ýìèññèè ñ îáðàçîâàâøèõñÿ ãîðÿ÷èõ ÷àñòèö

Ïðîäóêòû ñãîðàíèÿ ïèðîòåõíè÷åñêèõ ñîñòàâîâ ïðåäñòàâëÿþò
ñîáîé ðàçëè÷íûå ñîëè è îêèñëû (Øèäëîâñêèé, 1973). Ðåçóëüòàòû
èñïûòàíèé ÏÑ â êàìåðå òóìàíîâ ïðèâåäåíû íà ðèñ. 1.

Ðèñ. 1. Ïëîòíîñòü ðàñïðåäåëåíèÿ ÷àñòèö ãîðåíèÿ
ÏÑ ïî ðàçìåðàì â ìîìåíò ãåíåðàöèè (à) è ïîñëå

âûäåðæêè â òå÷åíèå 30 ìèí (á).
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2) äàëüíÿÿ çîíà (â ðàäèóñå 30—200 êì îò ÄÌÐË-Ñ Âàëäàé):
Ìàëàÿ Âèøåðà (26 184), Ëþáàíü (26 078), Êèðèøè (26 080), Òèõ-
âèí (26 094), Åôèìîâñêèé (26 099), Îõîíû (27 108), Ìàêñàòèõà
(27 208), Òîðæîê (27 401), Òîðîïåö (26 479), Ñòàðèöà (26 499),
Õîëì (26 378), Ñòàðàÿ Ðóññà (26 275), Íîâãîðîä (26 179), Äíî
(26 268), Òâåðü (27 402), Âåëèêèå Ëóêè (26 477), 27 106.

Ðàñïîëîæåíèå óêàçàííûõ ñòàíöèé ïðåäñòàâëåíî íà ðèñ. 1.
Äëÿ èññëåäîâàíèÿ áûëè âûáðàíû äíè (ïåðèîä ìàé—èþëü

2011 ã.) ñ ãðîçîâîé àêòèâíîñòüþ â çîíå äåéñòâèÿ ÄÌÐË-Ñ Âàëäàé
(0—200 êì îò ã. Âàëäàÿ, 57 59 ñ.ø., 33 15 â.ä.). Áûëè ïðîàíàëè-
çèðîâàíû äàííûå çà ñëåäóþùèå 52 äíÿ:

— ìàé: 4, 5, 6, 12, 13, 14, 18, 21, 22, 23, 24, 26, 28, 29, 30;
— èþíü: 2, 3, 9, 10, 11, 13, 14, 15, 16,18,20, 21, 25, 26, 27, 28,

29, 30;
— èþëü: 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 15, 16, 17, 20, 21,

22, 23.

Ðèñ. 1. Ðàñïîëîæåíèå ìåòåîñòàíöèé â ðàéîíå ã. Âàëäàÿ.
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41 %

12 %

44 %

3 %

1

2

3

4

Ðèñ. 4. Äîëÿ (%) îáíàðóæåííûõ è íå îáíàðóæåííûõ
ÄÌÐË-Ñ ãðîç, êîòîðûå áûëè çàôèêñèðîâàíû íàçåìíîé

ñåòüþ ìåòåîñòàíöèé.

1 è 2 — äîëÿ îáíàðóæåííûõ ÄÌÐË-Ñ ãðîç â áëèæíåé (1) è
äàëüíåé (2) çîíå, 3 è 4 — äîëÿ íå îáíàðóæåííûõ ÄÌÐË-Ñ

ãðîç â áëèæíåé (3) è äàëüíåé (4) çîíå.

53

81

4847

19

52

0
10
20
30
40
50
60
70
80
90

I II III

%

1

2

Ðèñ. 5. Âåðîÿòíîñòü (%) îáíàðóæåíèÿ (1) è
íåîáíàðóæåíèÿ (2) ãðîç ÄÌÐË-Ñ.

I — âñÿ çîíà îáçîðà (0—200 êì), II — áëèæíÿÿ çîíà
(0—30 êì), III — äàëüíÿÿ çîíà (30—200 êì).

Èç ðèñ. 6 âèäíî, ÷òî äîñòàòî÷íî áîëüøàÿ äîëÿ ãðîç, çàôèêñè-
ðîâàííûõ íàçåìíîé ñåòüþ ìåòåîñòàíöèé è ïîäòâåðæäåííûõ äàí-
íûìè ÄÌÐË-Ñ, îáíàðóæåíû ëîêàòîðîì ñ ñàìîé áîëüøîé âåðîÿò-

íîñòüþ R (68 %).
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Òàáëèöà 3

Âåðîÿòíîñòü îáíàðóæåíèÿ è íå îáíàðóæåíèÿ ãðîç ÄÌÐË-Ñ

ÇÄÇÁàíîçÿñÂàêèòñèðåòêàðàÕ

×èñëî ãðîç, çàôèêñèðîâàííûõ íà ìåòåîñòàíöèÿõ 105 16 89

×èñëî ãðîç ïî äàííûì ìåòåîñòàíöèé, îáíàðó-
æåííûõ ÄÌÐË-Ñ

56 13 43

×èñëî ãðîç ïî äàííûì ìåòåîñòàíöèé, íå îáíàðó-
æåííûõ ÄÌÐË-Ñ

49 3 46

Âåðîÿòíîñòü îáíàðóæåíèÿ ãðîç ÄÌÐË-Ñ, % 53 81 48

Âåðîÿòíîñòü íåîáíàðóæåíèÿ ãðîç ÄÌÐË-Ñ, % 47 19 52

21 %

68 %

11 %

R

R)

(R)

Ðèñ. 6. Äîëÿ (%) îáíàðóæåííûõ ÄÌÐË-Ñ ñ
ðàçíîé âåðîÿòíîñòüþ ãðîç, êîòîðûå áûëè
çàôèêñèðîâàíû íà ìåòåîñòàíöèè (56 ñëó÷àåâ)

â çîíå 0—200 êì.

Îñíîâíûå âûâîäû

Ïîäõîä ê ñîïîñòàâëåíèþ ðàäèîëîêàöèîííûõ äàííûõ ñ äàí-
íûìè ìåòåîðîëîãè÷åñêîé íàçåìíîé íàáëþäàòåëüíîé ñåòè, êîòî-
ðûé ïðåäëîæåí â íàñòîÿùåé ðàáîòå, íîñèò ïèëîòíûé õàðàêòåð.
Äàííàÿ ðàáîòà îñóùåñòâëÿëàñü äëÿ êîíêðåòíîãî îáðàçöà ÄÌÐË-Ñ,
óñòàíîâëåííîãî íà Âàëäàå, â ðàìêàõ åãî îïûòíîé ýêñïëóàòàöèè.
Êîíå÷íàÿ öåëü íàñòîÿùåé ðàáîòû çàêëþ÷àåòñÿ â ðàçâèòèè àâòî-
ìàòèçèðîâàííîé òåõíîëîãèè ñîïîñòàâëåíèÿ íàçåìíûõ ìåòåîðîëî-
ãè÷åñêèõ, ãðîçîïåëåíãàöèîííûõ è ðàäèîëîêàöèîííûõ äàííûõ ñ
öåëüþ óòî÷íåíèÿ êðèòåðèåâ ãðîçîîïàñíîñòè. Òàêîå ñîïîñòàâëåíèå
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Ðèñ. 1. Êàðòîãðàôè÷åñêàÿ èíôîðìàöèÿ, ïîëó÷àåìàÿ
íà ÏÀÑ «Ñèíîïòèê-Ïðîãíîçèñò».

— ïîñòðîåíèå ïðîãíîñòè÷åñêèõ òðàåêòîðèé äâèæåíèÿ ÷àñòèö
âîçäóõà ñ ðàñ÷åòîì ìåòåîðîëîãè÷åñêèõ ïàðàìåòðîâ âäîëü ýòîé
òðàåêòîðèè;

— ïîñòðîåíèå àýðîëîãè÷åñêîé äèàãðàììû, ñ ó÷åòîì òðàåêòî-
ðèé ÷àñòèö âîçäóõà íà ðàçëè÷íûõ âûñîòàõ íà îñíîâå òåëåãðàìì â
êîäå ÊÍ04;

— âåäåíèå æóðíàëà òåêóùåé ïîãîäû ïî âñåì ñòàíöèÿì;
— âåäåíèå æóðíàëà øòîðìîâûõ òåëåãðàìì ñ ïîäà÷åé çâóêîâî-

ãî ñèãíàëà ïðè ïðèõîäå øòîðìîâîé òåëåãðàììû.

Ñïóòíèêîâûå äàííûå

Åñëè â áàçå äàííûõ èìååòñÿ ñïóòíèêîâîå èçîáðàæåíèå, ïðè-
íÿòîå è ïðèâÿçàííîå ê êàðòîãðàôè÷åñêîé îñíîâå, òî ìîæíî ïðî-
âåñòè íàëîæåíèå ñïóòíèêîâîé êàðòèíêè íà êàðòó ïîãîäû. Äëÿ
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Ðèñ. 2. Ñîâìåùåíèå ñïóòíèêîâîãî èçîáðàæåíèÿ è êàðòû ïðèçåìíîé
ïîãîäû íà ÏÀÑ «Ñèíîïòèê-Ïðîãíîçèñò».
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Ðèñ. 3. Ñèíîïòè÷åñêàÿ êàðòà, äîïîëíåííàÿ ôðîíòàëüíûì àíàëèçîì è
äàííûìè àâòîìàòèçèðîâàííûõ ìåòåîðîëîãè÷åñêèõ ðàäèîëîêàòîðîâ.

Ðèñ. 4. Ðàäèîëîêàöèîííàÿ ìåòåîðîëîãè÷åñêàÿ êàðòà ÿâëåíèé.
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öèè äî ïîòðåáèòåëÿ è ìàêñèìàëüíî ó÷èòûâàåò ñïåöèôèêó èñ-
ïîëüçîâàíèÿ ýòîé èíôîðìàöèè ïðè ïðèíÿòèè õîçÿéñòâåííûõ
îïåðàòèâíûõ ðåøåíèé. Âåðñèÿ, ôóíêöèîíèðóþùàÿ â âèäå html-
ñòðàíè÷êè, íå òðåáóåò óñòàíîâêè íà êîìïüþòåð ñïåöèàëèçèðî-
âàííîãî ÏÎ è ÿâëÿåòñÿ ïåðñïåêòèâíûì íàïðàâëåíèåì ðàçâèòèÿ
ñèñòåìû ÊÀÑÌÅÒÅÎ-Ê.

Êîìïîçèòíàÿ êàðòà ìåòåîðîëîãè÷åñêèõ ÿâëåíèé ïîãîäû, ñâÿ-
çàííûõ ñ ðàäèîëîêàöèîííîé îòðàæàåìîñòüþ, ôîðìèðóåòñÿ íà
âíóòðåííåì ñàéòå Ñàíêò-Ïåòåðáóðãñêîãî ÖÃÌÑ-Ð Ñåâåðî-Çàïàä-
íîãî ÓÃÌÑ è èñïîëüçóåòñÿ â îïåðàòèâíîé ïðàêòèêå òîëüêî ñè-
íîïòèêàìè ÓÃÌÑ.

Äëÿ ïîäãîòîâêè ýòîé êàðòû èñïîëüçóþòñÿ òèïîâûå ïðèëîæå-
íèÿ ÊÀÑÌÅÒÅÎ-Ê, çàïóñêàåìûå â ïàêåòíîì ðåæèìå.

Ýòà ôîðìà ïðåäñòàâëåíèÿ èíôîðìàöèè äîïóñêàåò âîçìîæ-
íîñòü äâèæåíèÿ ïî àðõèâó, ïðîñìîòðà äîïîëíèòåëüíîé èíôîðìà-
öèè è çàïóñêà ðåæèìà ìóëüòôèëüìà (ðèñ. 5).

Ðèñ. 5. Êîìïîçèòíàÿ êàðòà ðàäèîìåòåîðîëîãè÷åñêèõ ÿâëåíèé ïîãîäû.
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Ïðåäñòàâëåíèå äàííûõ ìåçîìàñøòàáíîãî ìîäåëèðîâàíèÿ

Â êà÷åñòâå ïðèìåðà óäà÷íîé èíòåãðàöèè ðàçëè÷íûõ âèäîâ
ãèäðîìåòåîðîëîãè÷åñêîé èíôîðìàöèè ìîæíî ïðèâåñòè ðåàëèçà-
öèþ â ÏÀÑ «Ñèíîïòèê-ïðîãíîçèñò» âîçìîæíîñòè âèçóàëèçàöèè
ðàñ÷åòîâ ãèäðîäèíàìè÷åñêèõ ìîäåëåé àòìîñôåðû.

Íà ðèñ. 6 ïðåäñòàâëåíû äàííûå íàçåìíîé íàáëþäàòåëüíîé ñå-
òè, äîïîëíåííûå èçîáàðàìè (òåìíî-ñåðûå êðèâûå), è äàííûå ìå-
çîìàøòàáíîãî ìîäåëèðîâàíèÿ ñ èñïîëüçîâàíèÿ ìîäåëè ÌÌ5
(ñâåòëî-ñåðûå êðèâûå).

Ñîõðàíåíèå ïðîãíîñòè÷åñêîé è ôàêòè÷åñêîé èíôîðìàöèè â
åäèíîé áàçå äàííûõ ïðåäîñòàâëÿåò èíòåðåñíóþ âîçìîæíîñòü
ñîïîñòàâëåíèÿ ïðîãíîñòè÷åñêèõ è ôàêòè÷åñêèõ ïîëåé íà îáùåé
êàðòîãðàôè÷åñêîé îñíîâå ñ ó÷åòîì ñèíîïòè÷åñêîé èíôîðìàöèè.

Ðèñ. 6. Êàðòîãðàôè÷åñêîå ïðåäñòàâëåíèå äàííûõ íàçåìíîé
íàáëþäàòåëüíîé ñåòè.
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Æóðíàë òåêóùåé ïîãîäû

Ôîðìà ïðåäñòàâëåíèÿ äàííûõ íàçåìíîé íàáëþäàòåëüíîé ñåòè
â âèäå òàáëèöû îêàçàëàñü óäîáíîé ïðè ðàáîòå îïåðàòèâíûõ ñè-
íîïòèêîâ.

Æóðíàë òåêóùåé ïîãîäû (ðèñ. 7) ïîçâîëÿåò îòñëåæèâàòü èçìå-
íåíèÿ ïîãîäû ïî íåñêîëüêèì ñòàíöèÿì, âûáðàííûì ñèíîïòèêàìè.

Æóðíàë òåêóùåé ïîãîäû îòîáðàæàåò äàííûå çà ïîñëåäíèå ñó-
òêè. Ìîæíî äîáàâèòü ñòàíöèþ â ñïèñîê îòîáðàæàåìûõ ñòàíöèé,
âîñïîëüçîâàâøèñü ïóíêòîì ìåíþ «Äîáàâèòü» è ââåäÿ èíäåêñ
íóæíîé ñòàíöèè. Äëÿ óäàëåíèÿ ñòàíöèè ñëåäóåò ïîäâåñòè êóðñîð

Ðèñ. 7. Æóðíàë òåêóùåé ïîãîäû.
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. ,

.

-
-

LPDM
(Lagrangian particle dispersion models) (Stohl, 1998).

, LPDM,
FLEXPART (NILU). -

« » (air
parcel model) (Jacobson, 2005).

-
FLEXTRA (NILU) HYSPLIT

(NOAA).
,

, ,
.

.
.

(Stohl, 1998) -
AMBT (air mass back tra-

jectories).
-

FLEXPART

ˆ( ) ( ) [ ( ) ( )],X t t X t t v t v t (1)

X — ; t — ; t —

; ( )v t — , -

; ˆ ( )v t —

.
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( ),v t ,

. ˆ ( )v t -

(Stohl, 1998).
HYSPLIT -

— -
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, ,
-

(NOAA).
,

.
, -

HYSPLIT, NCEP/NCAR Re-
analysis c 2,5 -

6 ( 1948 . ) GDAS

1 3 ( 2005 . ). -
-

HYSPLIT -
15—30 % (

) (NOAA, ARL).
FLEXTRA.

-
-

-
(Aalto

et al., 2007; Robinson, 2011). -
Stohl (1998).
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Smax:

max max ,n n
i jS x x (2)

i, j: i = 1, 2, ..., 10 i j j = i + 1, i + 2, ..., 10;

i, j — ; n —
.

MATLAB («Mathworks», )
distance. , -

.
AHTD (Stohl,

Wotawa, 1995) —

— Smax

( -

). Smax
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, -
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(Toledano et al., 2008). -
( ,

, 2000). -
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. , , -
,

, Draxler (2009), -
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.

TSV (total
spatial variance) . TSV
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, ,
, ,1 1

TSV ( ),t lt N l N i j i j
i j t l lt l
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Ðåçóëüòàòû

Âûøåèçëîæåííûé ìåòîä áûë ïðèìåíåí äëÿ 1459 ñëó÷àåâ çà
2010 ã. (øàã ïî âðåìåíè ìåæäó ñëó÷àÿìè 6 ÷àñîâ). Ïðè ïîìîùè
ìîäåëè HYSPLIT áûëî ðàññ÷èòàíî 14 289 îáðàòíûõ òðåõäíåâíûõ
òðàåêòîðèé äëÿ òî÷êè ñ êîîðäèíàòàìè 59 57 ñ.ø., 30 42 â.ä.
(ýêñïåðèìåíòàëüíàÿ áàçà Ãëàâíîé ãåîôèçè÷åñêîé îáñåðâàòîðèè
èì. À. È. Âîåéêîâà). Äëÿ ïðîâåäåíèÿ êëàñòåðíîãî àíàëèçà è

îöåíêè Smax áûëà íàïèñàíà ïðîãðàììà íà ÿçûêå Matlab. Òîëüêî â
160 ñëó÷àÿõ (11 %) âñå òðàåêòîðèè ìîæíî áûëî çàìåíèòü îäíîé.
Â îñòàëüíûõ 89 % ñëó÷àåâ âñëåäñòâèå âûñîêèõ çíà÷åíèé TSV ïî-
òðåáîâàëîñü ïðîâåäåíèå êëàñòåðíîãî àíàëèçà.

Ðèñ. 1. Âðåìåííîé õîä çà 2010 ã. îáùåé ïðîñòðàíñòâåííîé èçìåí÷èâîñòè
(à) è ìàêñèìàëüíîãî ðàññòîÿíèÿ ìåæäó ñîîòâåòñòâóþùèìè ýëåìåíòàìè
äâóõ òðàåêòîðèé îäíîé ñåðèè (á), à òàêæå ðàñïðåäåëåíèå ÷èñëà ñëó÷àåâ ñ

ðàçëè÷íûìè TSV (â) è ñ ðàçëè÷íûì ðàññòîÿíèåì Smax (ã).
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Êëàñòåðíûé àíàëèç ïðîâîäèëñÿ äëÿ 89 % ðàññìàòðèâàåìûõ
ñëó÷àåâ äëÿ ÷åòûðåõ ïîðîãîâûõ çíà÷åíèé ìèíèìàëüíîãî ïðèðà-
ùåíèÿ îáùåé ïðîñòðàíñòâåííîé èçìåí÷èâîñòè: 20, 30, 40 è 50 %

(ðèñ. 3). Èç ðèñóíêà âèäíî, ÷òî óâåëè÷åíèå TSV ïðèâîäèò ê
óìåíüøåíèþ ÷èñëà ñëó÷àåâ ñ ÷åòûðüìÿ ñðåäíèìè òðàåêòîðèÿìè

(êëàñòåðàìè) îò 732 ïðè TSV = 20 % äî 248 ïðè TSV = 50 %, â
òî âðåìÿ êàê ÷èñëî ñëó÷àåâ ñ äâóìÿ êëàñòåðàìè óâåëè÷èâàåòñÿ

ïî÷òè â òðè ðàçà: îò 217 äî 646 (äëÿ òåõ æå çíà÷åíèé TSV). Âû-

áîð ïîðîãîâîãî çíà÷åíèÿ TSV ÿâëÿåòñÿ ñóáúåêòèâíûì è çàâèñèò
îò öåëåé ðåøàåìîé çàäà÷è.

Ïðèìåðû âîçìîæíîãî ðàñïðåäåëåíèÿ òðàåêòîðèé îäíîé ñåðèè
è ïîëó÷åííûå äëÿ ýòèõ ñåðèé ñðåäíèå êëàñòåðíûå òðàåêòîðèè
ïðåäñòàâëåíû íà ðèñ. 4. Äëÿ ñëó÷àÿ ñ ìèíèìàëüíûì çà ãîä TSV
(31 àâãóñòà 2010 ã., 18:00 UTC) òðàåêòîðèè íà âñåõ âûñîòàõ ïî÷òè
ñîâïàëè, ïðè ýòîì âûñîòà ñëîÿ ïåðåìåøèâàíèÿ ñîñòàâèëà 392 ì.

Ðèñ. 3. Ðàñïðåäåëåíèå ñëó÷àåâ ñ ðàçëè÷íûì ÷èñëîì
êëàñòåðîâ â çàâèñèìîñòè îò ïîðîãîâîãî çíà÷åíèÿ

èçìåíåíèÿ TSV.
1, 2, 3 è 4 — îäèí, äâà, òðè è ÷åòûðå êëàñòåðà ñîîòâåòñòâåííî.
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Ðèñ. 4. Ïðèìåðû ðàñïðåäåëåíèÿ òðàåêòîðèé îäíîé ñåðèè è ñîîòâåòñòâóþùèå
èì ñðåäíèå êëàñòåðíûå TSV = 30 %.

à, â è ä — ðàñïðåäåëåíèå òðàåêòîðèé ïðè ìèíèìàëüíîì (à), ñðåäíåì (â) è
ìàêñèìàëüíîì (ä) TSV ñîîòâåòñòâåííî; á, ã è å — ñðåäíèå òðàåêòîðèè äëÿ

ñîîòâåòñòâóþùèõ ðàñïðåäåëåíèé.

Â ñëó÷àå æå ñ ìàêñèìàëüíûì çà ãîä TSV (9 ìàðòà 2010 ã., 12:00
UTC) ðàñõîæäåíèå ñàìûõ óäàëåííûõ ñîîòâåòñòâóþùèõ ýëåìåíòîâ
òðàåêòîðèé ñîñòàâèëî 4448 êì.

à) á)

â) ã)

ä) å)
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551.5+327+339

Finances and climatic risks. Sal l M.A. Proceedings of MGO. 2012. V. 565.
P. 7—21.

This paper was done in the framework of the discussions concerned with
macroeconomics implications of climate change for Russian Federation. The main
task is to review the issues arising in the financial structures that are occurring due
to climate change. We consider some of the mechanisms of adaptation of the financial
system and mechanisms of adaptation of real sector of economics which are based on
various financial instruments. Thus, our task is to mark associated with climate
change issues to be faced by the Russian financial system. At present, Russian
insurance companies, investment companies as well as government financial policy
does not take into account the mentioned problems, so international experience may
be helpful for us.

Climate change and its impact on the financial system are considered in both the
short and long term. Additionally, the paper discusses some of the tools of insurance
and weather futures and options on the Chicago Mercantile Exchange and related
problems, depending on the climate.

Keywords: climate change, financial structures, adaptation.

Tab. 5. Ref. 7.

620.9

Economic justification of renewable energy source selection. K obysheva N. V.,
Kobyshev N. A. Proceedings of MGO. 2012. V. 565. P. 22—48.

Metodology of optimal renewable energy source selection includes three stages.
At the first stage economic resources of the different types of renewable energy were
estimated. Then the investment prospects of each energy source were assessed. In
conclusion a decision on optimal energy source was made.

Application of metodology presented can be shown by example of Far east region.
This area refers to risk zone because of seismical and weather hazards. Therefore in
this region detailed adjustment of energy policy is required.

Keywords: renewable energy source, economic resources, renewable energy,
energy policy.

Tab.17. Fig. 4. Ref. 9.
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551.510.42

Characteristics of the aerosol atmospheric pollution: nodeling for practical
applications. Genikhovich E. L., Grachev a I. G., Ionin V. A., Oni kul R. I.,
Rumyantsev D. A., Fi latova E. N., Yakovleva E . A. Proceedings of
MGO. 2012. V. 565. P. 49—78.

Problems related to calculation of the vertical distribution of aerosols (including
hygroscopic ones) in the atmospheric surface layer, as well as either joint or separate
estimates of their gravitational sedimentation and dry deposition are considered.
Corresponding equations are solved either analytically or numerically. Comparisons
with data of field experiments are presented too.

Keywords: atmospheric aerosol, dust, vertical distribution, deposition,
underlying surface, horizontal aerosol sampler, nuclear power plant.

Tab. 5. Fig. 5. Ref. 48.

551.510.42

On analisis of consequences of episodes of high atmospheric pollution in
Moscow in summer 2010. Genikhovich E. , Kise lev A., Smirnova I . ,
Chicher in S. Proceedings of MGO. 2012. V. 565. P. 79—88.

Using data of the instrumental monitoring of the air pollution in Moscow in 2010
including the time period with intensive wildfires, quantitative estimates of
contributions of different harmful pollutants to the acute and chronic risk for
population health were calculated and presented in this paper. It was shown that the
major input into the acute risk was attributed to the fine-particle atmospheric
pollution, and the major chronic risk was due to the impact of formaldehyde and
benz(a)perene. Certain propositions are formulated about measures aimed for limiting
possible negative consequences in the future if similar episodes would occur again.

Keywords: wild forest fire, atmospheric aerosol, dust, Moscow, high air
pollution, death toll, risk for population health.

Tab. 3. Fig. 1. Ref. 14.
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551.510

Possibility of assessment of high concentrations of formaldehyde at changes
in air temperature. Bezuglaya E. Y. , Za gainova M. S. , Iv leva T. P.
Proceedings of MGO. 2012. V. 565. P. 89—102.

The dependence between changes in formaldehyde concentrations in 19 Russian
cities and air temperature was investigated according to observations of 2001—2010.
The possibility of forecast of formaldehyde concentration at changes in the air
temperature in the summer is shown. The increase in turn ratio of nitric oxide to
nitrogen dioxide, as the increase in formaldehyde concentration indicates the growth
in chemical activity of the atmosphere for the period 1997—2010.

Keywords: forecast of formaldehyde concentration, nitric oxides, turn ratio,
tendency, the territory of Russia.

Tab. 3. Fig. 13. Ref. 5.

551.510.42

The discrete random variable model of the source emissions asynchronicity.
Ziv A. D. Proceedings of MGO. 2012. V. 565. P. 103—114.

The account for the source emissions asynchronicity is often a valuable tool to
make the estimations of the air pollution more realistic. However the precise
description of the combinations of simultaneous work of different sources is nearly
impossible. Therefore a simple random variable model of source emissions is
proposed. The distribution of the concentration is then the distribution of the sum of
random variables. It is shown that there are at least two methods which could be
exploit for the effective (from the points of accuracy and CPU time) approximation of
this distribution.

Keywords: source emissions, discrete random variable, distribution, air
pollution.

Tab. 3. Ref. 5.
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551.576

The cloudiness climatology research based on the International Satellite
Cloud Climatology Project Data. Pokrovs k y O. M. Proceedings of MGO. 2012.
V. 565. P. 115—131.

Results of a comprehensive analysis of the global and regional cloudiness for
1983—2009 have been presented. The monthly data obtained in frame of the
International Satellite Cloud Climatology Project (ISCCP) were used in this study.
The aproach based on imlementation an original smoothing technique and the wavelet
analysis was imlemented in this research. Both techniques are approriate to be
applied to non-stationary time series. It was shown that there is a decreasing trend in
total cloudiness of 2—6 % size for global and regional scales. Greatest decreasing
tendencies were found in the tropic belt and over the oceans. Least decreasing was
found over the land. The crosscorrelation coefficients between the global cloudiness
on one hand and the surface air temperature and the sea surface temperature climate
series on other hand have achieved the 84—86 % levels for 1983—2009.

Keywords: cloudiness, ISCCP data, climate change, global and regional scale,
climate series analysis, linear and nonlinear trends, wavelet analysis.

Fig. 8. Ref. 24.

551.588

Observed climate trends and dynamics of Russian agriculture productivity.
Pavlova V. N., Sirotenko O. D. Proceedings of MGO. 2012. V. 565. P. 132—151.

Updated estimates for linear trends of air temperature and precipitation for the
area of agricultural zone of Russia are presented. Physical-statistical relationships
were obtained. They allow to investigate the effect of climatic factors changes on the
productivity for certain regions. The component in the trends of grain yields
occurring due to climat change were estimated for the period of “explosive” warming,
from 1975 to 2010. These trends were found positive for overall. It was established
that the observed climate changes contribute to the growth of winter wheat yields at
a speed of about 2,6 % for 10 years for the whole Russia territory.

Keywords: climate change, agricultural productivity, trends.

Tab. 7. Fig. 2. Ref. 18.



313

630: 551.583(470+570)

Practice agroclimatic and operational monitoring drought events in Russia on
ground data. Zoidze E. , Zadornova O. , Khomyakova T. Proceedings of
MGO. 2012. V. 565. P. 152—164.

A unified system for monitoring of drought events in Russia on ground data
including agroclimatic and operational monitoring of drought events were discussed.
Methods of agroclimatic and operational monitoring of drought events were
considered. The methods include creation and regular updating of science and
application catalog on drought events, the preparation agroclimatic atlases and
reseach dynamics of probability of the years whith drought of varying intensity and
methods for monitoring drought events, together with the methodology of the
monitoring beginning and development drought events, creating and expanding of
the bank agroclimatic characteristic of drought events.

Keywords: agroclimatic monitoring, operating monitoring, drought events,
probability drought events.

Tab. 2. Fig. 4. Ref. 10.

551.577.38: 632.112(470):551.533.2

Analisys of a severe atmospheric drought in 1972 and 2010 and macrocirculation
conditions of its formation over the european part of Russia Cherenkova E. ,
Kononova N. Proceedings of MGO. 2012. V. 565. P. 165—187.

Development of a severe atmospheric drought in the territory of the European
Russia in the summer 1972 and 2010 according to daily observations of the surface
air temperature and precipitation at 44 meteorological stations was investigated.
Similarity and differences between the seats of severe atmospheric drought of these
years, spatial-temporal characteristics of drought, macrocirculation conditions of its
formation have been identified. Contribution to the aridity formation of each type of
elemental circulation mechanism in the B.L.Dzerdzeevskii classification was
investigated.

Keywords: severe atmospheric drought, atmospheric circulation of Northern
Hemisphere, elementary circulation mechanism.

Tab. 4. Fig. 2. Ref. 38.
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551.521.31

Evaluation of long-term changes of global solar radiation in Europe.
Samukova E. A. Proceedings of MGO. 2012. V. 565. P. 188—204.

The results of analysis for changes in the seasonal and annual values of global
solar radiation measured at 69 actinometrical stations of Europe for the period of
1964—2010 are presented. The long-term changes of global radiation are estimated
by the linear trend coefficients and their confidence probability. The decrease of
global radiation over the period of 1964—1989 and its increase in 1990—2010 at the
majority of stations are shown.

Keywords: decrease and increase of solar radiation at the surface, approximation
by the linear trend.

Tab. 1. Fig. 4. Ref. 24.

551.594.21

The distribution of electric field made by ionosphere electrical generator in
lower atmosphere. Morozov V. N. Proceedings of MGO. 2012. V. 565. P. 205—215.

The problem of the distribution of electric field made by ionosphere electrical
generator in lower atmosphere is solved by using of method of spherical harmonics
for conductivity of atmosphere describing by three exponential functions.
Calculations of establishment time of stationary electric field in lower atmosphere
under switching of ionosphere electrical generator and dissipation time of electric
field and density of electrical current in the absence of electrical generators are made
by nonstationary 1D model of atmospheric electric field.

Keywords: atmospheric electricity, modeling of atmospheric electric field.

Tab. 3. Ref. 7.
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551.509.543

Theoretical basis for artificial precipitation from the clouds, charged with
hygroscopic reagents. Kozlov V. N., Kl ingo V. V. Proceedings of MGO. 2012.
V. 565. P. 216—231.

The article offers a theoretical description of pyrotechnical generation of
charged hygroscopic drops that interact with the drops of natural cloud environment,
which leads to coagulation of drops in a cloud to the size of regular precipitation. The
article suggests the exact calculation of the quantity of emission electrons, that
reaches 1018. It has been proven that all the emission electrons are used in creation
of negative ions with oxygen molecules. After the emission is over the remaining
light ions are distributed among positively charged particles and the particles
without emission. In the result 3 % of particles have the charge of 1900 + and 97 %
of particles have the charge 63 .

Keywords: cloud, precipitation, hygroscopic reagents, artificial precipitation

Tab. 3. Fig.1. Ref. 15.

551.576

Operation testing of sample DMRL- on a position Valdai and the analysis of
comparison radar data about dangerous weather events with surface observations
and satellite information. Gor batovskaya A. S., Dorofe ev E. V., Pop ov I. B.,
Tarabukin I . A. Proceedings of MGO. 2012. V. 565. P. 232—245.

In 2011 the Doppler meteorological radar DMRL-C was tested in the European
part of Russia on Valdai. The article presents the results of comparison of the radar
data on such dangerous weather events as a thunder-storm and the surface
observations data. Some statistical characteristics were estimated. These
characteristics can show possible reasons why the DMRL-C wasn’t able to recognize
the dangerous weather events.

Keywords: dangerous weather event, thunder-storm, meteorological radar, data
comparison.

Tab. 3. Fig. 6. Ref. 4.
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551.576

Features of interconnecting heterogeneous meteorological information to ensure
the safety of aircraft in a complex automated information-measuring system of hy-
drometeorological safety of naval aviation “KASMETEO-K”. Dorofeev E. V.,
Drozdov A. E. , Tarabukin I . A. , Mironchuk A. F. , Sharomov V. Y.
Proceedings of MGO. 2012. V. 565. P. 246—256.

The article presents the latest technology combining heterogeneous
hydro-meteorological information based on a single map for solving the problems of
diagnosis and prediction of weather, while ensuring safety of aircraft and
shore-based deck.

Keywords: Hydro-meteorological information, union of diverse information,
technology association.

Fig. 7.

501.508

Current state and trends in development of the Aerodrome Meteorological
Information and Measurement Systems. Pe rs in S., Aniskin L. , Medvedev D.
Proceedings of MGO. 2012. V. 565. P. 257—262.

The tendencies in development and improvement of the meteorological services
for aircrafts takeoffs and landings by using the Aerodrome Meteorological Information
and Measurement Systems are considered. The main directions of the development
and implementation at aerodromes of the meteorological systems are given with
emphasis on automation scale increase, integration of additional sensors and data
processing algorithms, system flexibility and reliability improvement, widening
spectrum of tasks solved and automation of whole aerodrome environment.

Keywords: aerodrome, meteorological system, automation, meteorological sensor.

Ref. 14.
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551.551.8; 551.556.4

Determination of th most representative backwards trajectories depending
on its specified arrival heights. Ivakhov V. M., Zinchenko A. V. Proceedings
of MGO. 2012. V. 565. P. 263—276.

A new approach for determination of most representative back trajectories is
suggested. Comparison and cluster analysis of a set of 10 three days back trajectories
generated for Voeikovo (59 57 N., 30 42 E.) for evenly distributed initial heights
are considered. The mean of maximal distance between corresponding endpoints of

one set trajectories maxS is approximately equal to 850 km, and the maximal maxS

value equals 4448 km. From one to four representative (mean cluster) trajectories are
obtained as a result of analysis of each 10 trajectory set. Also it is offered to assign
weights to mean cluster trajectories according to number of trajectories in cluster for
further trajectory analysis.

Keywords: trajectory analysis, cluster analysis, back trajectories.

Fig. 4. Ref. 16.

551.508:551.585

About the load on the techical equpment of extreme air temperatures.
Kozhevnikov B . L. Proceedings of MGO. 2012. V. 565. P. 277—284.

The opinion of the technical experts concerning of the load evaluations under
extreme air temperature deviation (from normal values) as influencing climate
factors of aggressiveness of weather and climate atmospheric conditions has been
acknowledged with the help of the entropic methodology.

Keywords: quality of the atmosphere for technical equipment, weather and
climate conditions, aggressiveness evaluation, influencing climatic factors, normal
conditions, extreme air temperature deviation, ratio of the load evaluations.

Ref. 15.
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