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[3]

(1),

2. 1
5. :
12
, , 2000 2010
1
( ) 1790 1800 1810 1820 1830 1840 1850
( ) 39 53 7.2 96 12 9 17 1 23 2
( ) 1860 1870 1880 1890 1900 1910 1920
( ) 31 4 38 6 50 2 62 .9 76 0 92 0 106 5
( ) 1930 1940 1950 1960 1970 1980 1990
( ) 123 2 131 7 150 7 179 3 204 0 226 5 251 4
)
(Madthus, 1766—1834) 1798
[1] r ( ) -
[2] t=20 Xo , t x(t), , X(1)
t+At
x(t+At) - x(t)
At = rx(t)
x(t)
dx rX
dt (1)
x(0) = Xo



12 : . 3.

X(t) = Xo€' (2)
't 5 o , X(t) 5 0 (r > 0) .
[4] :
(2) : r : 1
16 18
1790—1980 :r = 0.307.
[5]
Xo=39,r=0 307 (2), 1810—1920 :
2.
2
( ) ( (%)
1790 39
1800 5.3
1810 7.2 73 14
1820 9.6 100 42
1830 12 9 13 7 6 2
1840 17 1 18 7 94
1850 23 2 25 6 10 3
1860 31 4 350 10 8
1870 38 6 47 8 23 8
1880 50 2 65 5 305
1890 62 9 89 6 42 4
1900 76 0 122 5 61 2
1910 2”0 167 6 82 1
1920 106 5 229 3 115 3
2 ,1810—1870 1880
(Logistic )
[1]
(a) r x( 1) r( x)( ), r(x) =r- x,r,s>0
). T
(b) Xm .

[2]



(3)

[3]

[4]

[S]

X = Xm ,
(1)
(4),
d x
T
(5) X ot
dx
1-1 d? X

1 17/90—1980

r =0 2072, xm = 464
3 34 .
(4) :

(5),

S = . r(x) = r - sx,
1- =% X
Xm
rt
1-2 x t
cr =0 2072, xXn = 464 .
1800—1990

ﬂt+ﬂ:>qU+Ax:xU)+r1—lﬁleL t=0,1,2,

(6) 1800—1990

56

(3)

(4)

(5)

(6)
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3
( ) (5) (6)
( (

1790 39

1800 53 5 .9025 0 1137 3 9000 0 .2642
1810 72 7 .2614 0 0085 6 5074 0 .0962
1820 96 8 .9332 0 0695 8 6810 0 .0957
1830 12 9 10 9899 0 1481 11 4153 0.1151
1840 17 1 13 5201 0 2094 15 .1232 0 .1156
1850 23 2 16 6328 0 2831 19 8197 0 .1457
1860 31 4 20 4621 0 3483 26 5228 0 .1553
1870 38 6 25 1731 0 3478 35 4528 0 .0815
1880 50 2 30 9687 0 3831 43 5329 0.1328
1890 62 9 38 0986 0 3943 56 .1884 0 .1067
1900 76 0 46 8699 0 3833 70 .1459 0 .0770
1910 92 0 57 6607 0 3733 84 7305 0 .0790
1920 106 5 70 9359 0 3339 102 4626 0 .0379
1930 123 2 87 2674 0 2917 118 9509 0 .0345
1940 131 7 107 3588 0 1848 137 8810 0 .0469
1950 150 7 132 0759 0 1236 148 7978 0 .0126
1960 179 3 162 4835 0 0938 170 2765 0 .0503
1970 204 0 199 8919 0 0201 201 1772 0 .0138
1980 226 5 245 9127 0 0857 227 5748 0 .0047
1990 251 4 302 5288 0 2034 250 4488 0 .0038

[6]
1 1790—1990
r =0 2083, xm = 457 6. (6)
x(2000) = 275; x(2010) = 297 9

()

1.3
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14 7 -
7.
8 .
9.
10 .
14
1 1650 5 0 3%,
10 ( 1850 10 ) 1970 36 2.1% .
( ) -
2 11 1790— 1990
3 ,
3. t x(t), t t+At
Xm - X(1) ( Xm )



