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αμ cosmgF = , ϕμ tg= .    (1.2.1)

. 1.2.1. : m

mg, F N
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αμαα 2
2

2

cossincos gg
dt

xd −= .    (1.2.2)
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dt

txd αμαα 2
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2

cossincos     e      wher,
)( −=ΨΨ= ,  (1.2.3)

i . 

, (1.2.2)

(Perla et al., 1980), 

. (1.2.3), 

i-

11)( −− +−Ψ= iiiii vTTgv ,    (1.2.4)

i , i, vi-1 i. 

i (1.2.3)
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i
ii
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ii
iii g

v

gF

xx
TT

Ψ
=ΒΒ−−+Β+= −−

−
112

1     ,
2

.   (1.2.5)
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. μα >tg , 
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( )
i

iii
i

gL
v

α
αμ

cos

tg2
1

−
<− .    (1.2.6)

, (1.2.2)
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Calder et al. (2002) , 
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ghv 20 = , h – . , 

50 100 , , 30–40 / . 

(Calder et al., 2002)
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(17–30°, Heinrich et al., 2001)

(20–40°, Le Friant et al., 2003). 
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(Le Friant et al., 2003); 7°
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Le Friant et al., 2003). 
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. , 15

(Deplus et al., 2001). 29 2001
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5 (Herd et al., 2005). 

1999 2003
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( ., 2004; Pelinovsky et al., 2004). 
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3 ( 250 ), 

  . 1.2.3 . 

, . 

12°–15.5° ( . 1.2.3 ), , 
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. , , 

33 / , 13°. , 

, 

0.94,5.20.3 int =+⋅= RvCϕ ,     (1.2.7)

vint / , c – , R – . 

(

) . 1.2.3 ,

(30, 35 40 / )

, 8° 17°. . 1.2.3 , 

2 . 

0.79     ,135 =+⋅= RT RiverTar ϕ ,    (1.2.8)

, . , 

30–35 / . 

100 / , . 1.2.3 . 

0.98        ,17510 =+⋅−= Rv RiverTar ϕ ,    (1.2.9)

v / , .  

. 1995

(Calder et al., 2002). , 

2009 2
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(MVO, 2009). , 

, , , 

500 , 

( . 1.2.4a). , , 

15° (NMSS, 2011). , 

. 15° 16.5°, 

34 / , . 1.2.4 . , 

3200 , 50–100 ( . 1.2.4 ). , 

.  

0.82     ,66  =−⋅= RT GhautTuitts ϕ ,    (1.2.10)

, . , 

30 100 / ( . 1.2.4 ). , 

- 2009 (MVO, 2011), 

, 16°, 

30 / . , 

0.97,        ,1759  =+⋅−= Rv GhautTuitts ϕ    (1.2.11)

v / , . 

, 1997

55·106 3 (Calder et al., 2002);

3 (Heinrich et al., 1998; O’Loughlin et al., 2003; Pararas-

Carayannis, 2004), . . 1.2.2. (Heinrich et al., 1998, 2001)

, ( ., 2004; Pelinovsky et al., 2004), 

( ), 50 . , – 2009

3 (MVO, 2011).  

, . 

, - 1997
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. , , , 

– 2/3 . 1999

, 8 2007

, . 1.2.2 (MVO, 2011).  

-

( . 1.2.5a). 

(250 ): 12° ( ) 16.5° ( ), 

. 1.2.5 . , 

, . , 

– 2009 (MVO, 2011). 

, . 1.2.5 . , 

« » (Heinrich et. al., 2001), 

. . 

60 1997 (Heinrich et al., 2001). 

, 

2 (Heinrich et al., 2001), 

« » . . (Bellotti et al., 2009)

, , 

, 

, .   

( . 1.2.5 ), 

. 

« » 80 / (Heinrich et al., 2001), 

. , . (Heinrich et al., 1998), 

- , 

25–55 / . , 

« »

(35–40 / ) (13°–15°). , 

, , 

12° 16.5°. , 

, - , 

. 



22

  

a)       )

)

)

. 1.2.3. :

( ), ( ), ( ), 

( )
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a)       )

)

)

. 1.2.4. :

( ), ( ), ( ), 

( )
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a)       )

)       )

. 1.2.5. :

( ), ( ), ( ), 

( )

- , . , 

, ( . 1.2.6 ). 

, , , 

, 

( . 1.2.6 ). 

a)      )

. 1.2.6. - , . 2010

(MVO, 2011) ( ) , 2009

( ., 2010) ( )

, , 

2010 (H–24). 
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1.3 « » :

« » , , 

. 

. , (

), - . 

. , 

( ., 1973;

., 2010; Aranson et al., 2008). , 

« », 

. , , 

(Pudasaini et al.,  2007). , 

, - . 

(

, ), 

, 

. , « »

( , 1983;

Pudasaini et al., 2007; ., 2007; , 2009)

( ) ( ) 0=
∂
∂+

∂
∂+

∂
∂

hw
y

hu
xt

h
,    (1.3.1)

22
cossincos

wu

u
gg

x
h

g
y
u

w
x
u

u
t
u

x
+

−=
∂
∂+

∂
∂+

∂
∂+

∂
∂ θμθθ , (1.3.2)

22
cossincos

wu

u
gg

y
h

g
y
w

w
x
w

u
t
w

y
+

−=
∂
∂+

∂
∂+

∂
∂+

∂
∂ θμθθ , (1.3.3)

h(x, y) – , u v – ,              

g – , θ θy – ,               

μ = tg(ϕ) ϕ – , 

; 1.2. 
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  (1.3.1) – (1.3.3)

, 

. -

(Bouchut et al., 2003, 2004), . 

  

(Pudasaini et al., 2007). 

( ), 

, (Pirulli et al., 2008). 

( , 

), . 1.3.1.  

. 1.3.1. 2 2008 - , 

. , (MVO, 2011). , 

, 

, (1.3.1)–(1.3.3)

(Pudasaini et al., 2007)

( ) 0=
∂
∂+

∂
∂

Su
xt

S
,     (1.3.4)

ugg
x
h

g
x
u

u
t
u

sgncossincos θμθθ −=
∂
∂+

∂
∂+

∂
∂

,   (1.3.5)
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S(x, t) – , , h(x, t) –

, u(x, t) – . 

( , 1959). 

, 

« »

( ) m
ykyz = ,     (1.3.6)

k m – ( . 1.3.2), (« »)

( )
( ) mm

m
h

km
m

S 1
11

2 +

+
= .    (1.3.7)

a)       )

  

)       )

. 1.3.2. : m = 0.5 (a), m = 1 ( ), m = 2 ( ), m = 4 ( )
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, (1.3.4)

0
1

=
∂
∂

+
++

x
u

h
m

m
x
h

u
t
h

∂
∂

∂
∂

,    (1.3.8)

(1.3.5)–(1.3.8) . 

- , , 

m/(m+1), m → ∞, 

(S ~ h). 

(θ > ϕ). u > 0 (1.3.5)

θμθθ cossincos gg
x
h

g
x
u

u
t
u −=

∂
∂+

∂
∂+

∂
∂

.   (1.3.9)

(1.3.8)–(1.3.9)

, 

( , 1959; Carrier et al., 1958; Zahibo et al., 2006; Choi et al., 2008). 

. , 

:

gtgh
m

m
uI αθ −+±=± cos

1
2 ,    (1.3.10)

0cossin >−= θμθα ,    (1.3.11)

(1.3.1) – (1.3.2)

0=
∂
∂+

∂
∂ ±

±
±

x

I
c

t

I
,     (1.3.12)
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gtI
m

m
I

m

m
c α+

+
++

+
+= ±± )1(4

2
)1(4

23
.    (1.3.13)

(1.3.12)-(1.3.13)

( , 1959; Carrier et al., 1958; Zahibo et al., 2006; Choi et al., 2008), , , 

, . 

:

- , 

. « »

« ». 

h(x, t) u(x, t)

1.3.10), (g t)

  

( ) ( )txvtgtxu ,, += α .     (1.3.14)

( )
2

, −+ += II
txv ,     (1.3.15)

( ) ( )2

1cos16 −+ +
+

= II
mg

m
h

θ
,   (1.3.16)

> 0 , . (1.3.11). 

, , (1.3.12)

0=
∂
∂+

∂
∂ ±

±
±

X
J

C
t

J
,     (1.3.18)
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θcos
1

2 gh
m

m
vJ

+±=± ,     (1.3.19)

J
m

m
J

m

m
C

)1(4
2

)1(4
23

+
++

+
+= ±± .    (1.3.20)

(g t)

(1.3.18) – (1.3.20). 

m, . 

(1.3.18) – (1.3.20)

. 

. (1.3.18)               

J- = 0, v

( ) θcos
1

2, gh
m

m
txv

+= .    (1.3.21)

(1.3.18) J+

0=
∂

Γ∂Γ+
∂
Γ∂

Xt
,     (1.3.22)

( ) ( )tXv
m

m
,

12
23

+
+=Γ      (1.3.23)
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. (1.3.22)

( , 1959; ., 2003; , 1977; , 1971;

., 1986; ., 1975). 

( ) ( )tXtx Γ−Γ=Γ 0, ,     (1.3.24)

0(X)

(   , ( )Xh0 ). 

(1.3.24) :

, , 

. (1.3.24)

(m = ∞) ( ., 2007)

( ., 1993; Zahibo et al., 2008). 

, . 

(1.3.24)

. 

. 

( ( )X0Γ ∼ ( )Xh0 ), 

, . 1.3.3a. , , « »

:

( )
<<Γ

−Γ
−

Γ<<−
+Γ

+

=
Γ

Γ

,2        
2

2

2     
2

2

,

00
00

00
00

00 LXt
Lt

LX

tXL
Lt

LX

tX
   (1.3.25)

L , 00 . , 

, – :

( )
ts

s
ts

0

0

1
= ,      (1.3.26)
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dxds 00 Γ= , .  

a)       )

. 1.3.3. ( ) ( )                  

( )

, 

(1.3.25)

( )

( )
( )
( )

( ) <<Γ
Γ−

Γ−−

Γ<<−
Γ−−

Γ−−

=

,2       
2

1

2     
2

1

,

002
00

2
00

002
00

2
00

0

LXt
tL

tX

tXL
tL

tX

htXh   (1.3.27)

p . 1.3.3 . 

. (1.3.21), m

. , (m = 2)

(1.5)1/2 = 1.225 , ; (m = 3)

21/2 = 1.414. 

(m → 0), , . 

, (1.3.6)

( . 1.3.4). 

. 

. 

( )
( ) θcos232

1

2
0ghm

mmL

T

L
Tbr +

+
== ,    (1.3.28)
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.  

  

a)       )

. 1.3.4. (a) (m = 1)

( ) (m = 2) ( )

. 1.3.5. , 

. 

, 

(m → 0). , 

, , , , 

. (1.3.27) , 

. « »

( , 1959; , 1977), 

( .,  007). 

S1 = S2, . 1.3.5. 

, , 
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. , 

3

2 00tL
X fr

Γ
≈ , 

t
hhL

00
0 3

8
Γ

≈ .   (1.3.29)

, 

. 

. 

( , 1959)

(Mangeney  et al., 2000). 

( ., 2008). 

(1.3.18)

, ( , 1959). 

, 

θcos
1

gh
m

m
c

+= .     (1.3.30)  

(1.3.18)

( ) ( ) 02)(2 =±
∂
∂±+±

∂
∂

cv
X

cvcv
t

,    (1.3.31)

(1.3.31) , ( , 1959;

Mangeney et al., 2000).  

(t = 0)

:

0)0,( =xu   
>
<

=
.00

0
)0,( 0

x

xh
xh    (1.3.32)
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(1.3.32)

0)0,( =Xv , 
>
<

=
,00

0
)0,( 0

X

Xc
Xc    (1.3.33)

( , 1959). , , ( , 1959), 

  

. , 

Mangeney et al. (2000). 

, ( , 1959), 

<

<<−−

−<

=

Xtc

tcXtc
t

X
c

tcXc

tXc

0

000

00

20

22
3
1

),( ,    (1.3.34)

<

<<−+

−<

=

Xtcc

tcXtc
t

X
c

tcX

tXv

00

000

0

22

2
3
2

0

),( .     (1.3.35)

2c0 (

), – c0. 

, . 

c0

:

θcos
1

0 ogh
m

m
c

+= .     (1.3.36)

, , 

- (m → 0) . , , 
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. (1.3.35), 

:

<

<<−−

−<

=

.20

22
9

),(

0

00

2

0

0

00

Xtc

tcXtc
tc

Xh

tcXh

tXh    (1.3.37)

( . 1.3.6), 

. , , 

, :

, – . 

:

, – . 

« » , –

. 

a)       )

. 1.3.6. 

(a), ( ) « »

( = h0/c0) ( )

. 

, 

, . 

« » L, 

(1.3.37) –(X + L) c0 – c0:
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−<+

<+<−++

>+

=

tcLX

tcLXtc
tc

LXh

tcLXh

tXh

0

00

2

0

0

00

20

22
9

),( .   (1.3.38)

1.3.6 L/h0 = 16.4, 

, 

, . 

. 1.3.7 . 

(m = 1) , 

(m = 2) . 

« » ( ). 

  « ». 

a)      )

. 1.3.7. (a) (m = 1)                   

( ) (m = 2) ( )

- . 

,   

- . 

(Savage et.al., 1989, 1991) (Pudasaini et al., 2007). 

, 

, (1.3.17), 

(1.3.15). (1.3.8) – (1.3.9)

0
1

=
∂
∂

+
++

X

v
h

m

m

X

h
v

t

h

∂
∂

∂
∂

,     (1.3.39)
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0cos =
∂
∂+

∂
∂+

∂
∂

X

h
g

X

v
v

t

v θ .     (1.3.40)

)(
1

),( ξξ F
t

th
a

= , )(
1

),( ξξ G
t

tv
b

= , 
ft

X=ξ ,  (1.3.41)

F, G a, b, f . 

(1.3.39)

(1.3.4) (1.3.7). 

const,),(/1 =
+∞

∞−

+ dXtXh mm      (1.3.42)

  

m

m
af

1+= .      (1.3.43)

(1.3.41) (1.3.39) (1.3.40), 

0
1

1 =
+

++−− +−−

ξξξ
ξ

d

dG
F

m

m

d

dF
Gt

d

dF
faF fb .    (1.3.44)

0cos11 =++−− ++−−+−−

ξ
θ

ξξ
ξ

d

dF
gt

d

dF
Gt

d

dG
fbG bfafb .   (1.3.45)

, 

)1(3

2

+
=

m

m
a , 

23 +
=

m

m
b , 

23
)1(2

+
+=

m

m
f .    (1.3.46)
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(1.3.44)

( )[ ] ( ) const
1

=+−
+

ξξξ m
m

FGf .    (1.3.47)

(1.3.47), 

( ) ( )ξξ
23
12

+
+=

m

m
G .     (1.3.48)

(1.3.48) (1.3.45)

ξ
ξ

θ bf
d

dF
g =cos ,     (1.3.49)

( ) ( )
( )

2
20

23cos

1 ξ
θ

ξ
+

++=
mg

mm
FF .    (1.3.50)

, 

( ) ( )
( )+

++= +−
2

20

~

22

1
,

~
23

2

T

X

m

mm
ThTXh m

m

,   (1.3.51)

( )
T

X

m

m
ghtXv

~

23

1
cos2, 0 +

+= θ .    (1.3.52)
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( ) 2

2
1

cos
0

0 m

m

g

F
h

θ

+

= , 
0

~
h

X
X = , 

0

cos
h

g
tT

θ= .  (1.3.53)

(1.3.53) m → - , 

(Savage et al., 1989) (Pudasaini et al., 2007). (1.3.53), 

m . 

. 1.3.8 , 

. 

( . 1.3.8 ). 

:

( , 

), « » . , 

, . 

, , 

(m → 0). 

  

a)       )

. 1.3.8. - m = 2 ( ) = 2 ( )

( )

)(tL

X=η , t = t,     (1.3.54)
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(1.3.39) – (1.3.40)

0
/

1
11

=
∂
∂+

∂
∂−+

∂
∂

+
++

ηη
η u

L
h

h
L

dtdLu
h

t

m

m

m

m

m

m

,   (1.3.55)

0
cos/ =

∂
∂+

∂
∂−+

∂
∂

η
θ

η
η h

L

gu

L

dtdLu

t

u
.   (1.3.56)

, (Pudasaini et al., 2007), 

( , )

dt

dL
v η= .     (1.3.57)

(1.3.55) (1.3.56)

t

( ) 0
11

=+
∂
∂ ++

m
m

m
m

h
L

dtdL
h

t
,    (1.3.58)

0
cos

22

=+
∂
∂

θ
η

η g

dtLdLh
,    (1.3.59)

( )2
0 1)( η−= thh , 

2

2

0 cos2
)(

dt

Ld

g

L
th

θ
= ,   (1.3.60)

L(t)

q
dt

Ld
L m

m

=+
+

2

2
1

12

,     (1.3.61)
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q, . , 

( . 1.3.9), 

(Pudasaini et al., 2007), 

. 

. 1.3.9. 

(1.3.61)

−+=
+

+

1
0

0

2

1
12

1

m

m

L

L

m

m

L

q

dt

dL
m

m     (1.3.62)

L(t = 0) = L0, 

0L
L

l = , 
1

23

0

)1(2

+
+
+=

m

m

mL

mq
tτ .    (1.3.63)

(1.3.62)

+
−

−

=
l

m

m

x

dx

1 11

τ .     (1.3.64)

(1.3.64) m ( ), 

m = ∞ ( ) (Pudasaini et al., 2007)
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50     ,11
1

12ln
16
15

8
15

4
51

1
31

313132
31

.m =
l

llll
l

−+−+++−=τ , (1.3.65)

1     ,11
1

12ln
4
3

2
31

1
21

21
21

m =l
l

ll
l

−+−++−=τ ,  (1.3.66)

2     ),2(
1

1 3/1
32

m =ll
l

+−=τ ,    (1.3.67)

( ) ( ) ( ) ( ) ( )( )[ ] 3   ,31331115
1

1 1111
3167

43
=Γ⋅−−++⋅−+⋅−+⋅−= mkikEil

l
ηητ , (1.3.68)

( ) ( )( ) 4    ,
1

1
1

31
1 22225454

52

54
=−−

−
⋅−−= mkFkE

ll

l

l
l ηητ ,  (1.3.69)

( ) ∞=−= mll     ,1τ ,    (1.3.70)

( ) ( )( ) ( )( )
( )( )( ) 11122

11111
414143

41324131412343

32

−+++−+−

−−⋅+−−
=Γ

−

llll

llll
,   (1.3.71)

F(x, k) and E(x, k) –

( )
−−

=
η

ηη
ηη

0
222 11

,
k

d
kF , ( )

−

−
=

η

η
ηη

η
0

2

22

1

1
,

dk
kE   (1.3.72)
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51
1 l=η , 11 −=k , 

( )
1

332
41

41

2 −
+=

l

ilη , 
3

3
2 +

+−=
i

i
k .  (1.3.73)

, . 1.3.10a

( ). 

( )

( ) m
m

l +
+−≈ 1

1

2
1 τττ .     (1.3.74)

(1.3.58)

(1.3.65) – (1.3.70), . 1.3.10 . 

( ) mm tLth ++ −− ≈≈ 1
1

1
1

.     (1.3.75)

, , , 

, L ∼ t-2/3. 

1
01

+
−=

m

m

L

L

L

pXυ .    (1.3.76)

, 

, . 1.3.10 . , 

. 

. 

, 
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)]([),( 0 txxtxh −= β ,  tug
dt

dx
tu ]cossgncos[sin)( 0 θβθμθ −−== , (1.3.77)

β . (μ = 0), 

(β < 0), , 

, , ( . 1.3.11 ). 

(β > 0), , 

tg θ > β ( . 1.3.11 ), , tg θ < β ( . 1.3.11 ). 

tg θ = β , 

, , ( . 1.3.11 ). 

, , 

. 

a)      )

)

. 1.3.10. (a) ( ), 

X = L/2 ( ) « »

(q = 1, L0 = 1)
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, 

. , 

. 

, . 

, 

« »

, . 

, ( ., 1998). 

. 

a)       )

)       )

. 1.3.11. 

, , (H–2; H–5; H–12). 
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1.4   

( )

( ), . 

∂(t,x)/∂(I+,I-) (1.3.12) – (1.3.13)

0=
∂
∂−

∂
∂

± I

t
c

I

x
.     (1.4.1) 

,  (

). 

 (1.4.1) c± t, . . 1.3.13. 

0
)(2

232

=
∂
∂−

∂
∂

−
++

∂∂
∂

+−−+−+ I

t

I

t

IIm

m

II

t
.   (1.4.2) 

gtu
II αλ −=+= −+

2
,    (1.4.3)

θσ cos
1

2
2

gh
m

mII +=−= −+ .    (1.4.4)

(1.4.2)

0
23

2

2

2

2

=
∂
∂+−

∂
∂−

∂
∂

σσσλ
t

m
mtt

.    (1.4.5)



48

x( , ), (1.4.3) – (1.4.4) (1.4.1)

t:

λ
σσ

σσ
α

∂
∂

+
−

+
+

∂
∂=

∂
∂ u

m

m

m

mu
u

x
g

)1(2)1(2
.   (1.4.6)

, u

Φ(λ, )

σσ ∂
Φ∂= 1

u .      (1.4.7)

(1.4.5). - , 

u, (1.4.3); - , (1.4.7) , 

0
2

2

2

2

2

=
∂
Φ∂+−

∂
Φ∂−

∂
Φ∂

σσσλ m

m
.    (1.4.8)

(1.4.6) (1.4.3), (1.4.4) (1.4.7)

u, h, x t λ , σ  Φ

2

1cos4
1 σ

θ +
=

m

m

g
h , 

σσ ∂
Φ∂= 1

u ,   (1.4.9)

λ
σα

∂
Φ∂

+
−

+
+=

)1(2)1(42

22

m

m

m

mu
gx ,  

α
λ

g

u
t

−= .  (1.4.10)

, 

(1.4.8). 

. 

= 0 ( h = 0), 
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(1.4.8) 0, 

. 

–

(Carrier et al., 1958)

(m → ). , 

(Zahibo et al., 2006; Choi et al., 2008); , 

. , 

  , 

, « » . 

, 

(u = 0). 

(1.4.10), = 0. 

(1.4.7) (1.4.10)   

0),0( ==Φ σλ ,    (1.4.11)

)(
)1(2

2

2

0

σασ
λ λ

x
m

gm +−=
∂
Φ∂

=

,   (1.4.12)

( ) , h(x)

(1.4.9).  

( = 0)

, (0, ). 

(h = hmax, = max), , 

. : )

( ); )

. , 

(1.4.8) 0 < < . 

( ). 

(1.4.8) « »

( ., 2000) . 

(m = 2),   



50

σ
σλσλ ),(

),(
Ψ=Φ      (1.4.13)

(1.4.8)

0
2

2

2

2

=
∂

Ψ∂−
∂

Ψ∂
σλ

,     (1.4.14)

0.   

<−Ω−+Ω
<<−Ω−+Ω

=Ψ
,)()(

,0)()(
),(

σλλσλσ
λσσλλσ

σλ   (1.4.15)

(1.4.11), Ψ( , 0) = 0, 

Φ(λ, = 0) Ψ(λ, 0) = 0. 

( 0) (1.4.12), 

(1.4.15)

)(3
2

)(2 2

σασ
σ
σ

σ
gx

d

d −=Ω
,  2

cos6
1

)( σ
θg

xh = .  (1.4.16)

,     ,     ,
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cos

   ,
)(
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h
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u
V

h

h
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ghgh

αα
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    (1.4.17)

h0 – , –

, 22TXX −=′ . 
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   (1.4.18)

, 

2/)6()0( γγσ HqqTX −=−== , 0>q .   (1.4.19)  

(1.4.19) (1.4.18)

( )

2
4

)2(2
3

16
)( +

+
+=Ω γσ

γ
σσ q

,     (1.4.20)

(1.4.13) (1.4.15) Φ(λ, ). 

. 
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2
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),( 32 λλσσλ ++=Φ q
,     (1.4.21)  
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6
1

),( XVT
q

TXH −= , T
q

q
TV

6
)61(

)(
+= .  (1.4.22)
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(1.3.75), 

. 

, , 

. 

« » (γ = 4, H~(1–X)1/2). 

  

6
4

416
)( σσσ q+=Ω ,     (1.4.23)

Φ(λ, )   

( ) )3103()(
2
1

, 532432 λλσλσλλσδλ ++++=Φ q .   (1.4.24)
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),2012(
2
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λλσ
  (1.4.25)

(λ ~ T/12qσ2)

, (1.4.25), 
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1

136),(
2

2 T
qH

qHTHX ++−≈ ,   (1.4.26)
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3/2

5/1872

1
T

q
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, , 

( , 

, g ). , 

(1.4.27), , 

(1.4.25)

2204

3
36),(

2
3/4

3

2 T
T

q
qHTHX ++−≈ ,   (1.4.28)

, « »

. , , 

(1.4.25); . . 1.4.1, 

, . 

a)       )

. 1.4.1. q = 1, ( )

, ( ) ( H ∼X1/2)

, , 

. , 

,   
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TX +−= ,    (1.4.29)

(1.4.25) = 0. 1

( g ), 

« » . 
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>+++

<+++
=Φ

.)3()(
2

,)3()(
2),(

2222

2222

λσλσ
σ
λλσλ

λσλσλσλ

λσ
q

q
   (1.4.30)

<
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, 

. , . 

(1.4.31), ∼

Tbr ∼ 2q. . 1.4.2a q = 1. , , 

2q, . , 

H ∼ 2, 

, (1.4.33). 

  

a)       )

. 1.4.2. ( ) , 

(q = 1, H ∼ 2), ( )

, 

« »

, , , . 

, , . 1.4.2 . YX ′

, 

2. 

, . 

« » , 

, . , 

. . 

, , (H–5).  
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2. - , 

« » . , 

( -
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, – , 

, . , 
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3.

- . 

( ). 

, , 
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2.1

( ., 2005). 

2004 , 225 300 , 

, 1.5 , 8500

. , , 

, . , 22 1960 , 

, , 21-22

(4.7 , 1.5 . ). 

( )

( , 1996; ., 1974). 1 1755 , 

, 

(NGDC, 2011). (27 2010 ) , 

, 22

( . - –

16 , . – 120 ), ( . - – 228 , 

. – 15 , . – 110 ,) . ( . – 20 , 

. – 8 , . – 20–30 ) ( , 2011). 

( )

, 

.  

, 

, . 

, , , 

, . 

, ., , (Yalciner et al., 2003). 

. 

. 

( ., 1996; , 1999; Sabatier, 1986; Heinrich et al., 1998; Harbitz et al., 1992;

Assier-Rzadkiewicz et al., 2000), , 
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, 

. . 

( ), 

. . 

– –

. 

, 

, 

( . 2001; . 2003; O’Loughlin et al., 2003; Roger et al., 2010;

Yalciner  et al., 2010; Zahibo, 2006; Zahibo et al., 2001, 2003a, 2003b, 2005). 

( 2003 2007 .), 

. 

« » . 

, , 

, . 

. 2.2

, 

. 

. 

2.3. 2.4 , 

2003 . , 

  

. 2.5

, . , 

, , . 

. , 

. 

(H–1; H–3; H–7; H–9;

H–10; H–11; H–31). 
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2.2 , 

, 

; 1998 15

(McSaveney et al., 2000; Synolakis et al., 2002). 1999

( ) 2.5

(Altinok et al., 2001). (Deplus et al., 2001)

, 

; . 

2.8 260 . Teeuw et al. (2009), 

, , 

1-3 . .  
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z
txWuxh
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b
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∂==

∂
∂+

∂
∂

),()(
η

,    (2.2.1)

0=
∂
∂+

∂
∂

x
g

t
u η

,      (2.2.2)

( , t) – , u( , t) –

, W( , t) – zb(x, t), , 

. . 2.2.1. (2.2.1) (2.2.2) . 

, « » , 

( ) ( ) .00,          ,00, == xuxη      (2.2.3)

. 2.2.1. : (x, t)

zb(x, t) h(x)
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, 

( ∂ /∂t) , , 

. , , 

W ( . 2.2.1), , , 

. 

, . 

(2.2.1) , 

. 

, 

(2.2.3), ., , (Tinti et al., 2001; Liu et al., 2003). 

. , 

, 

. , 

, 

, ( , 1996). 

.  

, 

, . 

. (

)

. (Kajiura, 1963; Kervella et al., 2007), 

( )

, . 

« » , . 

« » e

),()(),( txZtYtxz bb = ,    (2.2.4)
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Zb(x, t) – « » , ( , 

), Y(t) – , 

( ). 

W = ∂Zb/∂t

(2.2.1) (2.2.2) , 

)0,()0,( xZx b=η ,  0)0,( =xu .   (2.2.5)

(2.2.5) « »

. , , 

, ( ) , 

. 

, « »

.   

(2.2.1) (2.2.2)

(Zb zb)

2

2
2

2

2

)(
t

z

x
xc

xt
b

∂
∂=

∂
∂

∂
∂−

∂
∂ ηη

, )(xghc = ,  (2.2.6)

)0,()0,( xzx b=η ,  )0,()0,( x
t

z
x

t
b

∂
∂=

∂
∂η

.   (2.2.7)

  

[ ]
xt

z
guxc

xt

u b

∂∂
∂−=

∂
∂−

∂
∂ 2

2
2

2

2

2

)( ,    (2.2.8)
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0)0,( =xu ,  )0,()0,( x
x
z

gx
t
u b

∂
∂−=

∂
∂

.   (2.2.9)

, (2.2.7) (2.2.9) (2.2.5)

.  

(2.2.6) (2.2.7)

.  

. 

3/4)( pxxh = ,      (2.2.10)

– -1/3, , = 0

. ( ., 2008; Didenkulova et al., 2009), 

(2.2.10) , 

, (h-1/4). 

: , . 

(2.2.10), , 

( ., 2009, 2010; Didenkulova et al., 2009; ., 2008)

. , 

(2.2.10) « », , 

, 

. 

, « »

. (2.2.10)

(Tinti et al., 2001). ( 0 h0 –

)
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( ) ( ) ( )txHxAtx ),(, τη = , ′
′

=
x

x
xc
xd

0

)(
τ , ( ) ( )

4/1
0

0=
xh

h
AxA ,  (2.2.11)

(2.2.6)

∂
∂=

∂
∂−

∂
∂

)(
),(

2

2

2

2

2

2

τ
τ

τ A
tz

t

H

t

H b .   (2.2.12)

(2.2.12), (2.2.7), 

( ., 2000)

+

−

−+

−− ∂
∂+

∂
∂+

+
++

−
−=

t

t

t t

t

bbbb d
z

A
dd

t

z

AtA

tz

tA

tz
tH

τ

τ

ρτ

ρτ
ςρς

ρς
ρσσ

στ
τ

τ
ττ

0

)(

)(
2

2

.),(
)(

1
2
1

)0,(
)(

1
2
1

)(
)(

)(
)(

2
1

),( (2.2.13)

( )

( ,1996; Tinti et al., 2001) , 

.  

(2.2.13) , 

)()(),( tFrZAtzb ⋅−= τττ ,    (2.2.14)

Fr – , . 

Frxc
dt
dx

xV ⋅== )()( .     (2.2.15)

(2.2.14), ( )  

⋅−== ττττ dtFrZAcdxtxztM b )()()(),()( .  (2.2.16)
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Z( ) 0 , 

+>
+<<

<
=

,,0

,1

,,0

)(

0

00

0

T

TZ

ττ
τττ

ττ
τ ,    (2.2.17)

+
+= t

T
Fr

MtM
2/

1)(
0

0 τ
.    (2.2.18)

, , t (~x1/3 or ~h1/4), 

t-1 (~x-1/3), 

(~x1/3). (~x2/3). 

, « »

. , 

, (Pudasaini et al., 2007). , 

( , ) (~h1/4), 

, (2.2.10)

. 

(2.2.14), (2.2.13)

)(
)1(2

1
)(

)1(2
1

)(
1

),(
2

2

tZ
Fr

tZ
Fr

tFrZ
Fr

Fr
tH +

+
+−

−
−⋅−

−
= ττττ . (2.2.19)

(2.2.19) , 

, 

( , 1996; Tinti et al., 2001). (2.2.19)
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+
+

+−
−

−⋅−
−

= t
xc

dx
Z

Fr
xA

t
xc

dx
Z

Fr
xA

tFr
xc

dx
ZxA

Fr

Fr
tx

)()1(2
)(

)()1(2
)(

)(
)(

1
),(

2

2

η . (2.2.20)

, 

(2.2.15); , , 

, . 

(« ») (Fr > 1) (« »)

(Fr < 1). , 

( ) (Fr > 1)

(Fr < 1). , 

. , 

, .  

. 2.2.2 . 

H/Z, 

(2.2.20), - –

– . 

, , 

, . (Fr = 1)

, ( ) .  

. 2.2.2. (h~x4/3)

: ( ), , 

( - ) ( )

(Fr = 1) (2.2.20)
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[ ] [ ] [ ]txZ
xA

txZ
xA

tx
ZtxA

tx ++−+−
∂
∂−= )(

4
)(

)(
4

)(3
)(

2
)(

),( τττ
τ

η .  (2.2.21)

, , . 

, tx ≈)(τ , 

[ ]tx
ZxxA

txres −
∂
∂−= )(

2
)()(

),( τ
τ

τη .    (2.2.22)

, 

)/max(
3

0
0

0 τ∂∂=∞ ZA
c

x
A .     (2.2.23) 

, 

, « » . 

 (2.2.10) 

, 

−−−+−==
a

Tx
a

TxxA
txzb

2/)(
tanh

2/)(
tanh

2
)(

)0,( 00 ττττ
, (2.2.24) 

= 30 , 0 = 11 , 

1 2 7.5 100 , . 2.2.3. 

= 0.3 « » . 

 (Tinti et al., 2001), 

(Ten Brink et al., 2006; Teeuw et al., 2009),  (2.2.10). 

, , 

. - , 

(HTDB/WLD, 2011), . 2.2.4. 
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. 2.2.3. (2.2.24) h~x4/3

. 2.2.4.   . - , (HTDB/WLD, 2011)

. 2.2.5 :

(Fr < 1) (Fr > 1). (Fr = 1.2)

, (2.2.19), 

. . 2.2.5 (« »), 

– . (Fr = 0.8) –

, , 

. . 2.2.5, , , 

. . 2.2.6 . , 

, (

2.5), 2–3

(A(x) ~ h(x)-1/4 ~ x-1/3). , 

, , , 

.  

, (2.2.19), 

, 

( . 2.2.7). , 

( . 2.2.6 ), 

. 

2-3 . 
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. 2.2.5. h~x4/3

( ) ( )

  

a)       )

. 2.2.6. , ( ) ( )

h~x4/3

. 2.2.7. h~x4/3

( ) ( )
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, : . 

(2.2.10) ;

(Synolakis, 1987; ., 2006, 2008). 

, 

(Didenkulova et al., 2009), . 

, 

, . 

( ., 2006; Synolakis, 1987)

( ., 2007; ., 2009)  

λ/5.3 1XARplane ≈ ,     (2.2.25)

– , X1 . 

X1 ~ 500 , A ~ 0.7 , λ ~ 200 , , (2.2.25)

3.9 . (2.2.20), 

, , ~1/(Fr+1). 

, 

, 

. , , , 

(Didenkulova et al., 2010). 

. 

. 

, ( Fr = 1), 

( , 1996), , 

, . 

, (2.2.10). 

, , , 

. 

, 

. , ( )xghxc =)( , 

. 
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txs −= )(τ ,   xx =′ ,    (2.2.26)

τ(x) – . (2.2.6)

2

2
2

2

)()(2
s

z

x
xc

xsxd

dc

xs
xc b

∂
∂−=

′∂
∂′

′∂
∂+

∂
∂

′
+

′∂∂
∂′ ηηη

.   (2.2.27)

(2.2.27) , 

( ). 

(2.2.27) . 

(2.2.27)

( )sxdy
s

syz

ycxc
sx

x

x

b ,
),(

)(

1

)(2

1
),( 0

0

ηη +
∂

∂−= ,   (2.2.28)

0 , (x0, s)

. , 

(2.2.28)

∂
∂−=

x

x

b
res dy

s

syz

ycxc
sx

0

),(

)(

1

)(2

1
),(η .   (2.2.29)

(2.2.29)

( ), 

, . 

,   

0          ,)(
0

0 >= γ
γ

x

x
hxh ,     (2.2.30)
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( h0 – 0), , , 

. 

:

( ) [ ]txZxQsZxQtxzb −== )()()(),( τ .   (2.2.31)

D(x)

τ
τη
∂

−∂−= )(
)(),(

tZ
xDtxres ,  =

x

x yc

dyyQ

xc
xD

0
)(

)(

)(2

1
)( .  (2.2.32)

, . 

4/

0
0

4/1

0
0)(

γ−−

==
x

x
Q

h

h
QxQGr .   (2.2.33)

D( )

( ) ( )[ ]
( )

( ) =

≠−
−==

−−

2,
/

/ln

2,//
2/1

1

)(          ),(
2

)(

2/1
0

0

4/
0

4/31
0

0

00

γ

γ
γ

γγ

xx

xx

xxxx
xNxN

gh

xQ
xD GrGrGr

, (2.2.34)

NGr(x) . 2.2.8. (2.2.34)

, < 4/3. 

« » ( = 4/3)

. > 4/3

. , 

, « », 

. 
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x/x
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N
G

r(x
)

. 2.2.8. NGr(x) : γ = 1 ( ), 

γ = 4/3 ( ), γ = 2 ( - ), γ = 4 ( ).  

, < 2

−− −−== )2(2)2(2 ~)(~)()()(),()( γ
γ

γ
γ

τττττττ tdtZdtZQcdxtxztM bGr . (2.2.35)

t1/2, « » – t. 

, γ > 4/3 , 

. 

, 

constdtFrZQcdxtxztM bC =⋅−== ττττ )()()(),()( ,  (2.2.36)

. (2.2.36) , 

Q ~ c-1:

2/1

0
0

2/1

0
0)(

−−

==
x
x

Q
h
h

QxQC ,   (2.2.37)

N (x)

)(
2

)(
0

00 xN
gh

xQ
xD CC = ,    (2.2.38)
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( ) ( )[ ]
( )

( ) =

≠−
−=

−−

.3/4,
/

/ln

,3/4,//
4/31

1

)(

3/1
0

0

4/
0

1
0

γ

γ
γ

γγ
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xxxx
xNC   (2.2.39) 

N (x) γ 1, γ > 1

, . 2.2.9. , 

, :

NC(x→∞) = 4. 
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0
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2.5

3

x/x0

N
C

(x
)

. 2.2.9. NC(x) : γ = 1 ( ), 

γ = 4/3 ( ), γ = 2 ( - ), γ = 4 ( ).  

, , 

 (Pudasaini et al., 2007), , 

, , :

4/3

0
0

4/3

0
0)(

−−

==
x
x

Q
h
h

QxQD .   (2.2.40) 

« »  (2.2.10) Z( ),  (2.2.17), 

+
+=

t
T

xQtM D
0

00 1ln)(
τ

.    (2.2.41) 

 (2.2.39) ND(x):
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xND .   (2.2.42) 

, 

. 

, 

.  

« »

. 

V

−−=
2

2

0
)/(4

exp),(
T

tVx
Qxtzb .    (2.2.43)

  

0x
x

X = , 
0

0

x
sc

S = , 
0c

V
Fr = , 

0

0

x
Tc=θ ,  (2.2.44)

(L = c0T)

x0; (2.2.43)

( )
θ

ξ
−−+−

= Fr

X
XS 112

.   (2.2.45)

(2.2.29)

( ) ( )++
−=

X

dy
d
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yX

Q
XS

0
4/14/1

0 )(

1

1

12
),(

ξ
ξ

θ
η , ( )24exp)( ξξ −=Z . (2.2.46)
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, Fr = 3 , θ =1

. 2.2.10.  
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. 2.2.10. Fr = 3 and θ = 1. 

;

t =

2 100 , 

T ~ 1 . 

= 16 (Fr > 1), 

(Fr < 1), , . 

, , 

( ), c(x), 

. 

, , . 

,                  

- - , 

. 
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, (θ ), 

, , 

. 

. 2.2.11. « »

; , 

. 

. 

– ( , 2002). 

, , , . 

, 

, 

. 

. 2.2.11. θ = 1, 

Fr = 1 ( ), 2.5 ( ), 2 ( - ), 

3 ( ). 

, , (H–1; H–3).  
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2.3

  

, , , 

. . o. 

. 2.3.1 . ( Ms = 7.4; 14.943°N, 

61.244°W; 147 ) 29 2007

( . 2.3.1 ), . 2.3.1 (USGS, 2011), 

. 2.3.2. ; . 

( Pointe-a-Pitre, Baie-Mahault), 

40 , 

. , . 

( , 

). 

a)       )

. 2.3.1. ( )

29.11.2007 (USGS, 2011) ( )
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2.3.1

29.11.2007 (USGS, 2011)

1 2

7.4 7.4

  
, °W 61.243 61.243

, °N 14.940 14.940

( ) 109 216

( ) 147 147

( ) 120 120

( ) 40 40

( ) 59 64

u ( ) -31 -145

( ) 3-5 3-5

29 2007 , 

, . 

( Dampier Saint-Félix)

30 2007. 

, . 

. 2.3.2. : L, W   

NAMI-

DANCE, TUNAMI (NAMI DANCE, 2010;

., 2003), .

« »

. . . ( . ., . ., . ., . .).  

( , 1996; , 2005; ., 2005)  
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∂

NMN
D

k

x
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xt

N η
,  (2.3.2)

0=
∂
∂+

∂
∂+

∂
∂

y

N

x

M

t

η
,      (2.3.3)

− ; t – ; x – ;

)( η+= huM )( η+= hvN ( )

y; u v – ; D = h(x, y) + −

; h(x, y) ; k = 0.0025 –

. 

, 

( ). 

0=
∂
∂

n

η
,     (2.3.4)

n – . 

, 

( , , )

:

( ) 0=∇⋅+
∂
∂ ηη

ngh
t

.    (2.3.5)

Okada (1985). 

, 29 2007

, . 2.3.3. , , 

, :

. 

60 1 . 
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(Geist, 1998) , u

, , 

, 

(p . 2.3.3). , . 

( - , - )

, . – .  

. 2.3.4 2.3.5, 

( )

( ). . 

« » , 

1 (

, 

10 ). , , . 

, . 

, 

, .  

   
a)       )

. 2.3.3. ( ) ( )
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a)       )

. 2.3.4. ( ): ( )
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-64 -62 -60 -58 -56 -54

10

12

14

16

18

-0.32

-0.15
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-66 -64 -62 -60 -58 -56 -54
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-66 -64 -62 -60 -58 -56 -54
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12

14

16
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20

-0.52

-0.35

-0.2

-0.03

0.02

a)       )

. 2.3.5. ( ): ( )

( )

65 « » . (31 ), 

. (24 ), . - (2 ), . -

(7 ), . (1 ), p . 2.3.6. « »

2 ( . 

(IPGP, 2006)), – 30 . 

(«shoaling effect»). 

. 

, . 

, , 

1

28%. . 2.3.7.  

a)       )

. 2.3.6. o. (a) . ( ): –

, –   
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a)        )

. 2.3.7. ( )

( ). « » a

29 2007 147 .                

( , 1969) , 

30 . 

140 20 , , 

. 2.3.1 ( 5 ). 

(1985) 60 20 . 2.3.8. 

. 

. , 140 20

0.03 (Baillif Vieux-Habitants)

1.7 (Pointe des Châteaux). , , 

. 

. 2.3.9a. 

, 

( . 2.3.9 )

R = 0.96

( ) ( ) 85.1ln21.1ln +⋅−= dη ,    (2.3.1)

d – ( ), – ( ). 
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-70 -65 -60 -55 -50
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-0.430
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d = 60 km

   -75 -70 -65 -60 -55 -50 -45
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-75 -70 -65 -60 -55 -50 -45
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25

-1.000

-0.138

-0.060

-0.017

-0.010

0.007

0.014

0.021

0.029

d = 20 km

. 2.3.8. ( , 

d)

a)        )

. 2.3.9. ( ) ( )

(a);

( )

. , , . (1997), 

. ( ., 

2011), 

. (2.3.1)

. . 

, , (H–31). 
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2.4 , . 2003 :

  

- , . 

( . 2.4.1) 1000 (

). 18 1995

, 

o. (MVO, 2011). , 

( . 2.4.2), . 

, . 2.4.2–2.4.3. H , 

1.2 « »

.  

. 2.4.1. . ( , – )

. 2.4.2a , , , 

. 22 2003 80

260 3. , 12 13 2003 , 

. , 

120 3 . 

9:30 (13:30 ), 10:45

. 

21:50 12 0:50 13 ( ), « »

3 . 10 3

(MVO, 2011).  



85

23:35. 

, « » 10 2 - . 

23:52, 15

, , , 

15 . , , 

, 12 2003 ., 

( ., 2004). , 

, .  

a)       )

. 2.4.2. 1995 (a)

3 2003 ( )  

12-13 2003

( 2.3)

. , , 

. 

, 

10–20

( ). 

, 

. 

TUNAMI, 

1867 . 

(Zahibo et al., 2003a) ( ., 2003;

Zahibo et al.,2003b). GEBCO

1.5 . 
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, ( 1.2), 

20–40 / , , , . 

, 

. (Heinrich et al., 1998), , 

10 . 

2 (16.71°N, 62.14°W)

10 .  

, 

, – , . 2.3.3a. 

1.9 ( . ), 1.6 ( . ), 

1.2 ( . ) 0.9 ( . ). , 

. (p . 2.4.3 ) . 

, 

. 

. 2.4.3.   

( ) 12-13.07.2003  

2003

. , 

. . , 

, 

, 10 – 12 1985 (

2.2). «France-Antilles»

. . . , 

, 

(Pointe de la Grande Vigie). , 
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, « » . . 

- , , , 

1867 ( . 3.2).  

Deshaies ( 1867 )

( 15 ), 

. 

60 , p . 2.4.4. . Deshaies

«Note Bleue», , , 

. , 23 01

. , 1.5 25 . 

, 

. , 

  1 .  

Deshaies Plage de la Perle , 

50 13 . 

« », Malendure, 14.5 Deshaies, 

20 46 , 

. 2.4.3 . , Vieux-Habitans (27 )

60 .  

, , 12 13 2003

Deshaies . 

   

a)       )

. 2.4.4. Deshaies 60 , ( )

Malendure (46 ) ( )
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2004 . 

, 12-13/07 2003 . 

, 2003

. . , 

Spanish Point Farm Bay (16.737°N, 62.153°W.), . 2.4.5a. 

, 3 – 4

, 2004 , . 2.4.5 . 

, , 

. 

, - , 3. 2003

. : (IV -

) (III ); -

3.2. IV-V 210 /

( . 

3.3) . , 

(3/09 2003) (13/09 2003)                  

( – 400 ; – 600 ), NOAA (2011). , 

, . , . , 

- ( . )

( 4 ), Farm Bay. 

a)       )

. 2.4.5. . , 

2004 (a); Spanish

Point . ( )
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, 2003-2004 , 

4 . 1 . . 

, 

(Heinrich et al., 1998). 

2003–2004

. 2003 1997 , 

, 2003 . , , 

1997 « » . . , , 

(1 ). 1997

( 3 O’Loughlin et al. (2003) 2.5). 

, , (H–9; H–11). 

, - . 

, 

(MVO, 2011). 5/02 2010

- . 11/02 2010, 

, . 
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2.5  

500 , 1498 p . 2.5.1. 

, 1997

(Lander et al., 2002), 1530 1991

56 . 20 , , 

5 . , 

. , (O’Loughlin et al., 2003)

, 1498 – 1998

XIX XX . 

(O’Loughlin et al.,  2003) 53

127 .  

. 2.5.1 , 

(Zahibo et al., 2003b)

(Zahibo et al., 2001). 24 , (Zahibo et al., 2001)

1867 , , , 18

( ). 

(Zahibo et al., 2008d; Accary et al., 

2010). 

National Oceanic and Atmospheric



91

Administration (NOAA, 2011), National Geophysical Data Center (NGDC, 2011)

(HTDB/WLD, 2011). , 

. , 

. 

. , 

.  

(O’Loughlin et al., 2003), . 2.5.1. 

, . 

- , , - ; . - . - , . 

( . 2.5.2). , 

3 ( ) 4 ( ) , (O’Loughlin et

al., 2003).  

2.5.1

(O’Loughlin et al., 2003)

0 ; . 0%

1 . 

, 

.

25%

2 ;

, .

50%

3 , . 

.

75%

4 . . 100%
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a)     )

. 2.5.2. : . ( );           

. - , . - . . - , 

o. , o. - ( ). « »:          

- -

. , , 

, , . 

, 

Ms = 8.3 (1843 , o. ). 

. 

. .  

6 a 1690 . « [? –

] , 

9-10 ; 16.5 – 18.5 . 

, - . 

, -

201 . , 

» (O’Loughlin et al., 2003). 

1-2 (0.5–3 )

(HTDB/WLD, 2011). 

( M~8, 33 ) 9 -

4 o. a. . 

17.2°N 62.5°W (HTDB/WLD, 2011)
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05/04/1690 17.5°N 61.5°W 06/04/1690 (NGDC, 2011) 05/04/1690

(HTDB/WLD, 2011).  

, 

, 

. , 

( 3 ). 

24 a 1767 . «

» (O’Loughlin et al., 2003). (HTDB/WLD, 2011)

1 (0.5 ). 

( 7 (HTDB/WLD, 2011), )

14.5°N 61°W  (HTDB/WLD, 2011) 14.4°N 61°W (NGDC, 2011), 

. . , 2004

( s = 6.3)

, , 24 a 1767

(3 ). 

30 1823 . « » ( 2 (1 );

HTDB/WLD, 2011) . , « , 

» (O’Loughlin et al., 2003). 

( ) 14.2°N 61.1°W

(HTDB/WLD, 2011) 14.4°N 61.1°W (NGDC, 2011). 

(4 ). 

30 1827 . « , 

560 », . . 

(O’Loughlin et al., 2003). ( ~ 6.5;

14.5°N 61°W (HTDB/WLD, 2011) 14.4°N 61°W (NGDC, 2011);

), . ( 6), . 

( 4), o. ( 3), o. - . 

(Ms ~ 6.5), 

2004 . - , 50 . 

, 1827

( 3 ) .  
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11 1839 . « . 40 , 

. » (O’Loughlin et al., 2003). 

( 7.8;

33 ; 14.4°N 61°W (NGDC, 2011), 

. ( 9), 

, . . 

( s = 7.8), (3 ).  

8 1843 . (O’Loughlin et al., 2003) « 1.2

, » . . 

1 (0.5 ) (HTDB/WLD, 2011). «

» (16.5°N 62.2°W; 8.3; 33 ), 

Pointe-a-Pitre . ( 9). 

« » . - , o. , o. ( 7),                  

. - , o. - . , 

. , . 

. (4 ). 

18 1867 . 

1867 . « - - . 2

50 . -                  

1 . . - , , . 

o. . . 

. - , 

1 . 8-10 . 

, . 

2 . o. 

100 . , 

5 6 . 60 [19.8 ] , 

, 3 [5.6 ] , 

. , 

.

. , , 

» (O’Loughlin et al., 2003).  
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Zahibo et al. (2001)

, , o. 

(Deshaies, Sainte-Rose) 10, 5 . 

o.                  

(Deshaies, Sainte-Rose), , 

2 – 5 (Zahibo et al, 2003a). 

3 (HTDB/WLD, 2011). , 

5-20 - (18.4°N 64.3°W; 7.5, 

33 ). (4 ). 

16 1985 . « [0.10 – 0.12 ]

. » (O’Loughlin et al., 2003). 

( 17.013°N 62.448°W (NGDC, 2011) 16°N 61.72°W

(HTDB/WLD, 2011); 6.3 (O’Loughlin et al., 2003; HTDB/WLD, 2011)

6.4 (NGDC, 2011); 13 )

( 6). . 

, . , 

(O’Loughlin et al., 2003). 1985 (4 ). 

21 2004 . 2004 . -

(Zahibo et al., 2005). 

( 15.677°N 61.650°W, 14 , 6.3 (USGS, 

2011)). - , , , -

, - . , , 

(21/11 2004), 

. - , 50 . -

(4 ).

, 

– , (16/03 1985)

. , 29 2007

(

4.943°N, 61.244°W; 7.4; 147 (USCS, 2011)). 

, , 
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. 2.4

. 

.

, , 

;

( ., 2005;

, 1996; Pararas-Carayannis, 2004). 1498 – 2010 . 

, .  

5 1902 . - , o. 

, , (Saint-Pierre), 

, , 

3–4 (NGDC, 2011) 20 (Adélaïde-Merlande et al., 1996).                  

(Adélaïde-Merlande et al., 1996)                  

. (Saint-Pierre), , «

». (4 ).  

7 1902 . , - , 

, - (O’Loughlin et al., 2003). 

- , 

(3 ) . . 

8 1902 . « »

. (Sainte-Pierre), , , 

(O’Loughlin et al., 2003; Adélaïde-Merlande et al., 1996). 

: «O , , , 

. 160 / ». 28,000

. (4 ). 

30 1902 . , - , 

. (Fort-de-France, Case-Pilote, Carbet, Saint-Pierre, 

. . 2.5.2a): « 9:25 , . , 

, , »                  

(Adélaïde-Merlande et al., 1996). (4 ). 
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26 1997 . . , 

. , 

. «

1 , 2 . 

80 . ( , 

, ) . 

1 . 

, . 

» (O’Loughlin et al., 2003).  

- , o. . 

Heinrich et al. (1999) . 

, - , 

. , , 

(Heinrich et al., 1999), 

2 – 3 . o. (50

) 10 . 12/07 2003

Heinrich et al., 1999 1997 (3 )

. . 

12-13 2003 . 10 2 -

- ( ., 2004; Pelinovsky et al., 2004). , 

12 13 , . 

, 120 . 3 . 

. 1.5 Deshaies

25 , 50 . 

. (Malendure, Vieux-Habitans)

40 60 . (4 ). 

12-13/07 2003 ( ., 2004;                  

Pelinovsky et al., 2004). , 

1.6 . . , 

, 2.3. 

20 2006 . Zahibo (2006), , 

- , . , 

. (Deshaies). , 



98

60–70 , . , 

, , . 

(4 ). 

, 

(3) (4). 

. 1498–2010

: , (1755), 

, (1929). 

1 1755 . ( 8.5-9

(O’Loughlin et al., 2003), 37°N 11°W (NGDC, 2011), 

20-40 ( 4), 

, 

. «

, , 

60 . o. - 4.6 . 

o.                  

» (O’Loughlin et al., 2003). 4 . 

,                   

(Roger et al., 2010; Yalciner et al., 2010; Horsburgh et al., 2008; Mader, 2001;                  

Baptista et al., 1998). 

18 1929 . (44.69°N 56°W; 18 ;

Mw = 7.2; MMI = 6 (USGS, 2011))

( 200 3), , 

(NGDC, 2011). . (La Trinité) «

» (NGDC, 2011). (3 ). 

, 

1498–2010 . 18, . 2.5.3. 

, . . 

( 10 ),                 

o. - (2 ), . - (1 ) o. - (1 ). 

, , . 2.5.3. 
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- ( . )

- ( ). 

. 2.5.3. 

. 2.5.2, , , .  

. 2.5.4. 1498–2010 .  

, 1498 - 2010 . 18 , 

28.5 . , 

. 

100 50 . 2.5.5.  



100

  

a)       )

. 2.5.5. 50- (a) 100- ( )

1498 – 2010 ( –

- , – , –

- )

, 

( . 2.5.6a). 

(2.5.1)

R = 0.92:

210630)/ln( .M.TN +−= ,    (2.5.1)

( . 2.5.6 ), 

)630exp(81.0 M.T ⋅= ,    (2.5.2)

– . 

(2.5.2), 

7.5 100 . 
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a)      )  

.2.5.6. (a) ( )

. 2.5.7. 

10 , 18 20 ( ), 

0.1 1 a . 

.2.5.7. P   
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2.5.2. ( )

a

N , ( )

1 6.04.1690  o.   

2 1.11.1755 o. - 4.5

o. Anse Maurice,  

Anse St Marguerite

2.3

o.   1.8

3 24.04.1767 o. 

4 30.11.1823  o. « » ;

5 30.11.1827  o. Fort-de-France

Saint-Pierre

  

o. Pointe-à-Pitre

6 11.01.1839 o. . 
40 , 

;

7 8.02.1843 o. « 1.2 , 
»

8 18.11.1867 o. Sainte-Rose 10  

Deshaies 18.3

o. - 1

o. - 1

9 5.05.1902 o. Saint-Pierre 3-4 (20?)

10
7.05.1902 o.   

11
8.05.1902 o. Saint-Pierre

12
30.08.1902 o. Fort-de-France, Case-

Pilote, Le Carbet, 
Saint-Pierre

1  

13
18.11.1929 o. La Trinité  

14 16.03.1985  o.   Basse-Terre 0.10-0.12

15 26.12.1997  o. 2-3 ( )

16 12-13.06.2003 o. Plage de la Perle 0.5-1

Deshaies
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2.5.2. ( )

N , ( )

17 21.11.2004 o. Trois-Rivières 0.5

Basse-Terre

Rivière Sens

o. - Village of Grande Anse 5
80

Beach of Grande Anse 0.7

Village of Petite Anse 2-3

Baie du Marigot

18 20.05.2006 o. Deshaies 1

, , (H–7; H–10). 



104

2.6

:

1. , 

, 

. 

. 

, . , 

, 

, 

. 

2.

(

29.11.2007 .). 

, 

.  

3. , 

. 2003 . 

, 

. .  

4.

1498 – 2010 . 

, 

, ( ). 

, 

( ).  
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3

3.1

( ., 2005). 

, ;

; . 2011

, 

. 

, . 

- , 

(16.11.2010), 180

. 

, . . , , 

. , 

. 

2

( . 3.1.1). , 

, 

. 

, , 

. 

. 3.1.1. - , ( )
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. 

. 3.2

. 

; . 

, 

2007 , 3.3. . 

, 

. 3.4

, 2002 ;

. 

(H–4; H–6; H–8). 
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3.2

, 

20°N 20°S. « » « » . 

Neumann et al. (1978)

1871–1977 ., 850 . 

10 (6 ) « »

, . 

(UNISYS, 2011), 

(Saffache et al., 2002, 2003; Neumann et al., 1978). , 

, 

1780 , 22,000

( . , . ). – 1776 (V

– , . . 3.2.1), 6000

. (Rappaport et al., 1997). , 

17 1989 . : 25,000

. 2007

. . 16–17 2007 , 

. , 3 ( 3.3), 

. 

. . 

(Saffache et al., 2002, 2003) 1635–1999

160 . , 

3–4 . 1635 – 2000 . . 3.2.2. 

, . (59%)

o.  - (26%), – . - (4%), (3%), 

o. - (3%) o. - (4%), . 3.2.3. 

, 

, . 
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. 3.2.2. 

, 

. . 3.2.3, 5-

1631–2000 . (12 )

1996–2000 ., – 1966–1970 . (1 ). 1981

1995 ( 1 ). 

. 3.2.3. 5- 1631–2000 . 

. 3.2.4 10- ; , 

1931–1940 . 1971–1980 ., 

. 25- , 

(28 ) 1926–1950 . ( . 3.2.5 ). 25

(27 ). , 

50- . 3.2.5 . , 150

, , , , 

. , 

, (48 49 ). 
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50–100

.  

. 3.2.4. 10- 1631–2000 . 

a)       )

. 3.2.5. 25- (a) 50- ( )

1631–2000 . 

, 250

(1636–2000) , -

( . 3.2.6), . 
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. 3.2.6. 250

( , )

200 . 

100–200 , 

. . 3.2.7

1851–2000 . ( n = 109)

1901–2000 . (n = 90); «TS», –

«TD», . . 3.2.1 (Simpson, 1974). (IV- )

( ) . , 

. , . 

4- 3- , 

. 

. 3.2.7. 
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3.2.1

– : : «TS» – ,  «TD» –

, /c
, 

, 

V > 70 < 920 > 5.5 , 

, 

, 
4.6

457
;

-

IV 58 – 70 920-945 4 – 5.5 , 

, 

, 
, 

, 

3
;

10
;

III 50 – 58 945-965 2.5 – 4
, 

, 

, 

;

II 42 – 50 965-980 2 – 2.5

;

, 
, 

I 33 – 42  > 980 1 – 2

, 

TS 17 – 33 – 0 – 1 – –

TD < 17 – 0 – –
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. 3.2.8a , 

(100 150 ) . 

  

( ) CTN 6.04.0log −−= ,    (3.2.1)

R = 0.95. – , T . 

( . 3.2.8 ), 

( )CT 6.0exp67.0= .     (3.2.2)

, I, 2.3 , 

, (Hurricanecity, 2011). II, III IV

4, 7.6 13.4 . , 

IV- « » 75 , , 200

. . 

a)       )

. 3.2.8. (a) ( )

. . 

. 3.2.9 150 (1851–2000, n = 41) 100 (1901–2000, 

n = 34). Sharma et al. (1988), 
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(P0 = 101.325 ) p, 

. ( P = P0 – p) . 

100 150 , 

. 

( R = 0.91) :

( ) 87.038.0ln −Δ−= PTN ,     (3.2.3)

( . 3.2.9 ), 

( )PT Δ= 38.0exp39.2 .    (3.2.4)

(3.2.4), , 

( P =5 ), . 15 .  

  

a)       )

. 3.2.9. 

. 

. 

. 3.2.10

150 (1851–2000, n = 108) 100 (1901–2000, n = 88). , 

. 

R = 0.89:



114

( ) WTN 06.007.1ln −= ,    (3.2.5)

W – / . (3.2.5)

( )WT 06.0exp9.0= .     (3.2.6)

, 10 /

, 50 / – 11 . 

  

a)       )

. 3.2.10. (a) ( )

. .

. , 

, , 

. , 

, 

(Zahibo et al., 2007)

321 SSSS ++= ,    (3.2.7)
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PS Δ= α1 ,     (3.2.8)

, P,                  

– ,  

θβ cos2 WWS = ,    (3.2.9)

, ,               

W – , – ,                  

– , , 

fvS γ=3 ,     (3.2.10)

. f = 2 sin –

, – , – , v –

, ,          

– , , 

(Pararas-Carayannis, 1975). 

. 

, 

. , 1642 : «

: » (Saffache et al., 2003). 

( ), 

(Zahibo et al., 2001;

O’Loughlin et al., 2003). . 3.2.2                  

( , , , 

). 

2007 (6–8 , Petit-Havre) , 

3.3; 1995 (4–6 , - . );

1999 (4–5 , . ). 200

, , 

(2.2 ) , 

(4.4 ). 
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- (Gosier, Sainte-Anne, Saint-François), . p . 3.2.11. 

, 100 (Gosier, 2007 ) – 200

(Deshaies, 1999 ) .  

1928–2008 . . 3.2.11, 

( , ), 

, 1928 15- . 

( ), (IV ), 

, « ». 

(

) . 2000–2006 . 

2.5–3 2003 (4 , 

). 2002 , 

200 . 23 24 ;

93 / . . 

. , 

, 3.4.  

3.2.2 ( )

. 1928-2008 . 

, /
, 

, 

1  12.09.1928 Petit Cul-de-Sac-
Marin

57 94 IV 5

Pointe-a-Pitre 4.5

2  21.09.1949 Basse-Terre 23   6

3 27.09.1966 Grande-Terre 46 96.1 III 2

4 29.08.1979 Basse-Terre, sw 50 93.3 IV 6

Basse-Terre, ssw 33 3.5

Gosier,              
St-Francois,           
La Desirade

31 4

Basse-Terre, wsw 25 92.4 4

5 03.09.1979 Boucan 28 99.9 TS 0.7

St Claude   0.5

Gosier   0.2
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3.2.2 ( )

, /
, 

, 

17.09.1989 La Pointe des
Chateaux, Moule, 
Gosier

72 95.9 IV 15

Goyave, Pointe-a-
Pitre, Abymes

   

Canal de la
Dominique

72 95.9 7

St Rose 67 95 3

Grand Cul-de-Sac
Marin

93.4 3

Grande-Terre 95 2.5

Petit Cul-de-Sac
Marin

94.1 1.5

7 05.09.1995 Illes de Nord 56  IV 10

St Martin 69  8

Pointe-a-Pitre

8 25.08.1995 Marie-Galante, 
les Saintes, 
La Desirade, 
le Petit Cul-de-
Sac Marin, 
Gourbeyre,    
Petit-Bourg

22 99.5 TS 3

9 14.09.1995 Marie-Galante 42 96.9 I 6  

les Saintes, 
Capesterre

36  4

Petit-Bourg    

Basse-Terre 41  6

Boucan 51 95 2.5

Deshaies 44 96.3 1.5

10 06.09.1997 Illes de Nord 33 98.8 I 4

19  3.5

11 20.09.1998 Port Luis 51 96.3 III 7

12 1998 Guadeloupe 22  TS 2

13 1998 Illes de Nord 10  II 2.5

2

1.5



118

3.2.2 ( )

, /
, 

, 

14   19.10.1999 La Desirade 50 99 II 8

41 97.9 5.6

33 99 5.6

44 97.9 3

33 99.2 2.5

15 17.11.1999 Guadeloupe 59 93.3 TS 4  

Petit-Perou 69 93.3 1.8

Pointe-a-Pitre 59 93.3 1.5

Point-Noir 28 99.4 1

16 21.08.2000 La Desirade 36 99.3 I 4

33  3

17 29.09.2000 Guadeloupe 17  TS 2

18 17.08.2001 Guadeloupe 18 101.1 TS

19 02.09.2003 Guadeloupe  64 94.3 IV 4

20 12.09.2003 Guadeloupe  72 92 V 2.5

21 06.09.2004 Guadeloupe 46 96.9 II

22

(

2.4)

17.08.2007 Petit Havre
(Gosier)

46 96.7 II 6-8

Deshaies 3

Vieux-
Habitants

3-4  

23 16.10.2008 Guadeloupe 59 95.8 IV 2.5-3

1928–2008 23 . 

, 

, 

1928–2000 . 46. 

, . 

. 3.2.12

. . 3.2.12 , 

, , . 
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. , 

, 5 , 

1–2 (Sharma et al., 1988);

( ., 2000). , 

. 

, , , 

. 

. 3.2.11. . 1928–2008 . 

a)       )

. 3.2.12. ( )

( )
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, 

, , . . 3.2.12 . 

(3.2.9), = 0.0026 c/ 2 = 0. 

(3.2.9) , 

. 

S( ) = 0.23W( /c)     (3.2.11)

, . 3.2.12 . 

, –

, 

. , 

, 2002

( . 3.4). 

2000 , 

, (H–4; H–6; H–8). , 

« » , 

. , 

« » (

), . , 

( ) 2002

3.4. ( 2007 )

3.3.  
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3.3 « » 2007 . 

16 17 2007 . 

- ( . ), III

- , 160–180 /

200 / , . 3.3.1. ( « » )

. (15 . Sainte-Anne, 30 Lamentin). 

. 3.3.2. 

a)       )

. 3.3.1. ( ) ( ) -

. 

. 3.3.2. 17.08.2007 5.15 GMT (NOAA, 2011)  

. 

: (

. Faula au Vauclin - . ), . 
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. (Sainte-Anne Le Diamant) . 

(100% . 80% . ), 

(70% . ). 

,                 

10 – 100 « » ; 200 , 

, . 

                 

126 / ( . - ) 119 / ( . ) (France-Antilles Guadeloupe, 2007). 

. 100 /

175 / . - , 

0.09 – 3.3 - - . 

6 10 , - . 

( . Basse Poine) 10.4 , - – 9 . 

. 6-8 , - – 7 (NOAA, 

2011).   

. . 

: - ( - ), 

- ( - ). 

. 

. . 

, -

. 

- : . 

Sainte-Anne, Saint-Félix Petit-Havre. 

(Sainte-Anne), (Petit Havre), 

, 50–60 (Saint-Félix). -

- , :

. 

, 

- - (Vieux-Habitants, Sainte-Rose, Malendure, Vieux-

Habitants). , 

.  

Gosier ( , 

, ) ( , ), . 3.3.3a. 
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5

. Gosier, , 

( . 3.3.3 ) 10

. , Ile de Gosier, 

, ( . 3.3.4a). 

Anse du Mont   Saint-Félix , 

100 ( . 3.3.4 ). Anse Canot (Saint-Félix)

40 ;

( . 3.3.5). 

  

a)       )

. 3.3.3. ( ) ( ) . Gosier

  

a)       )

. 3.3.4. Gosier ( ), 

Anse du Mont . Saint-Félix
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a)       )

. 3.3.5. Anse Canot . Saint-Félix: , 2007 ( )

, 2007 ( )

Petit Havre 6 , . 3.3.6. 

, , , 

. 

, . Petit

Havre « » 45 . 

( . 3.3.7). , , 

. 

. 3.3.6. Petit Havre
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. 3.3.7. Petit Havre

: « Sainte-

Anne ;

», . 3.3.8. 

( . 3.3.9 ) ( . 3.3.9 ). 30–40 , 

( 1.8 ). 

Village Artisanal, Sainte-Anne, 

50 , . 3.3.10.  

a)       )

. 3.3.8. Sainte-Anne 2005 ( ) – 2007 ( )

a)       )

. 3.3.9. ( ) . Sainte-Anne ( )
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. 3.3.10. Village Artisanal 50

- . 

Vieux-Habitants 3–4 , 

( . 3.3.11a), « »

Vieux-Habitants ( . 3.3.11 ). Malendure

( . 3.3.12). H

. Sainte-Claire . Goyave ( . 3.3.13). 

  

a)       )

. 3.3.11. ( )

Vieux-Habitants ( )
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. 3.3.12. Malendure

a)      )

. 3.3.13. ( ) Sainte-Claire ( ) Goyave

. 1984 ,                

10–12 . (O’Loughlin et al., 2003). 

2007 , , 

, ;

2 Deshaies, Bouillante, Vieux-Habitants

Gourbeyre (IPGP, 2006). . Deshaies. 

, Deshaies 3 a, 

. 3.3.14. , . Deshaies . 

, , 2 , 

. , - (Vieux-Habitants)

3–4 . - , 
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( ) ( ). « »  

, 

; « »

( , 1947). 0.5

5 (IPGP, 2006). 

0.7 , 40 . 

« » . (200 ), 

.  
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, , (H–6). 
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3.4 , « » 2002 . 

, 

23–25 2002 . 

2002 . 3.4.1 (UNISYS, 2011). 

- , 

. 23 24 414 ;

93 / . . 

. 

. , II - , IV

, I , 

( ), ;

. . , , 400

, - - . 

( « » ) , 

( ) . 3.4.2. . 3.4.1

21–25 2002 . 

. 3.4.1. 2002 . 

( 12)
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. 3.4.2. ( )

( ) (N , 2011)  

3.4.1

: 21–25 2002

/
(UTC) ( ) ( / )(°N) (°W)

21.09 18 :00 10.2 -44.6 100.9 13 TD

22.09 00:00 10.3 -46.5 100.7 15 TD

22.09 06:00 10.8 -48.5 100.6 15 TD

22.09 12:00 11.2 -50.4 100.6 15 TD

22.09 18:00 11.8 -52.2 100.5 15 TD

22.09 00:00 12.1 -54.6 100.5 18 TS

23.09 06:00 12.2 -56.8 100.5 21 TS

23.09 12:00 12.4 -58.7 100.4 23 TS

23.09 18:00 13.4 -60.4 100.5 26 TS

23.09 00:00 12.7 -62.1 100.6 26 TS

23.09 06:00 12.8 -63.7 100.6 26 TS

23.09 12:00 13 -64.9 100.4 31 TS

23.09 18:00 13.2 -66 100.7 26 TS

23.09 00:00 13.5 -66.9 100.8 18 TS

23.09 06:00 13.7 -67.5 100.8 18 TS

23.09 12:00 14 -68.2 100.8 21 TS

23.09 18:00 14.2 -68.9 100.7 21 TS
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( ., 2001). 

ETOP 3 3 (Smith et al., 1997). 

23 (12:00) 25 2002 (12:00) (UNISYS, 2011), 

. . 3.4.1. . 3.4.3. 

. 3.4.3. :

, –

. 3.4.4

. 

. (Pointe-a-Pitre, Deshaies), 10 , . 2.2.1. 

, ( , 2005; , 1996; ., 

2005), 1–2 , 

. . 

, , (H–4; H–6; H–8).  
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