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ABSTRACT

Heihe is the second biggiest inland river in china. During a very long time, the
downriver has a tendency of water lessening ,forest death, grassland degeneration and
desert extending and thus make it become the head area of desertification of North China
because of population explosion, economic development and the increased water demand of
the middle reaches of Heihe basin.Based on the actuality of the water resource exploitation
of Heihe basin, questions were brought forward, study of inside and outside of countries
actualities on water resource optimized allocation were sum up and the social ,economic
and entironmental data related to Heihe water resource optimized allocation were
collected, cleared up and analysed. So the water demand of Heihe basin was analysed and
forcasted. At the same time, the water resource optimized allocation modle was built and
the related scheme was achieved which has important referenced worth in realizing water
resource optimized allocation in Heihe basin. The main results are as following:

(1) The golden rules and objectives of water resource optimized allocation of Heihe
basin were put forward, and then 5 schemes in 2010 level year were formed which
established base to putting the scheme in practice.

(2) Linked to the saving rebuilt of industrial and agricultural growth structures, lives,
production and entironmental demand were forecasted in the method of ration and the
general water demand was lessened 16.9% from 42.01 hundred million steres now to 34.93
hundred million steres in 2010,which considered as reasonable and accorded with basin

facts.



(3) LPM was built which embodied the objective of minimizing the general water lack
of the basin. Material processes and related formula were put forward by Genetic
Arithmetic which enriched water resource optimized allocation methods.

(4) Six schemes in the status year and 2010 level year were achieved by long series
data and IPM after mass operation. After study on realizing harmony, water demand
assuring ratio, the degree of water resource exploitation and utilization of distibute in water
power, lives, production and environmental water demand through each scheme, and
evaluating on sustained carrying capacity of water resource, coefficient on
development ,harmony, sustainability were emphasesed and finally the fifth scheme was
selected as the optimized scheme of water resources. Overall, the results gained in the paper
have important guidance meaning in realizing water resource optimized allocation in Heihe

basin.

Keywor ds: Heihe Basin; Water Resource;Optimized Allocation;Sustained Utilization;

Carrying Capacity;Evaluate
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Xss 0 0.003 7.50 0 0.50
6.11 0.310 12.24 0.69 2.56
4-5 m’
1.56 1.56
0.98 0.98
0.27 0.27
0.38 | 0.377
0.80 | 0.800
0.27 | 0.272
0.06 | 0.055
0.27 | 0.270
0.14 | 0.147
7.94
7.01
7.64
1980 1992
235Ky 0.50

39




4.6

3

4.6.1
2010 42 .01 m
34.93 o 4 6
-6
1999 2010
m % m %
0.52 1.2 0.76 2.2
27.10 64.5 14.30 40.9
0.94 2.2 1.52 4.4
28.04 66.7 15.82 45.3
4.10 9.8 6.11 17.5
9.35 22.3 12.24 35.00
13.45 32.1 18.35 52.5
42.01 100.00 34.93 100.00
4.6.2
4-2 4-3
42.01 2010 34.93 16.9%
1.2%
2010 2.2%
4-3
66.7% 2010 45 _3%
27.10 m’ 2010

40



14.30 o’ 47 .2% 13.45
m’ 2010 18 35 m’ 2.01
m3

67% 1%

2%

41



5.1

5.1.1

5.1.2

070km’

70

42

49398km’

8126km’

90

62



“ 92" “ 97"
(1" 92
A 1992 12
1992 2533  *
T 15.8
9.5 m” 0.9
0.6 , 10 m*”
()" 97
LT 1997 12
” 1997 496 " 15.8
. 9.5 m 25% 7.1
10.9
756%
12.9 6.3

“ 92"t 97

43



5.1.3

€y

)
®3)

“4)

®)

(6)

44



5.2

- N M <

5.3

14

45



5.3.1

Wq=Min{222<\/\@(tmj)—Wg(t,mj)«ng(t,mj)} 5-1

t t=1,---,T j m
m=L--M W,
W, (t,m, j) t m j W, (t,m, j) t
m j
5.3.2
&)
W, (t,m, j)=WB, (t,m, j)+WD (m, ) 5-2
W(t,m, j) =WB(t,m, j) +WD(mj) (5-3
WB, (t,m, ) WD, (m, j) W(t,m, j)

46



WB(t,m j) WD(m, j)

)
WC(t,m, j) =WR(t,m, j)-WB,(t,m, j)— AW(t,m, ) 5-4
V(t+1)=V(t)+WR(t,n, D -W,t,m j)—AW(t,m, j)
WC(t,m, j) WR(t,m, j)
AW(t,m, j) V(t+1)
€))
W —-W =+WD
W =AWR
i
W =W +W +W +> WD (t,m j) 5-5
j=1
T M J .
DS WD, (t.m, j)<WD,,,
t=1 m=l j=1
w W W
w W WD, Yij
4)
Vmin SV(t) SVmalx 5_6
Vmin Vmax
(5) . . .
W, (M ) <W, Em j) W, (m, ) 5-7
j j 1 j 2 j 3

Wymin(rn’ J) Wymax(rn’ J)

W, (M) =a W, (m j) 5-8

a a, 1 a, 0.78

a, =0.8

47



5.3.3

LPM

20

5.3.3.1

€y

&)

®3)

(4)

LPM
Genetic algorithms GA
60 70 De Jong
20
GA

48

80

Holland

Goldberg



®)

(6)

@,

5.3.3.2 GA
a.
st,m j)
W, (tm j)=stmj)-wt.mj) ,otmj)efo]
W(t,m, j) W, (t,m, j)
T
J TxMxJ
b.
(5-1) GA

um=mﬁi§jj (t.m j)- ﬁmﬂ%

t=1 m=1 j=I

c. F(X)

F(X)
f(X)+C,., if f(X)+C, <0
if  f(X)+C_ >0

min

F(X)=

min

49

5-9

(5-10)

5-11)



[Umin’Umax]
I 5!
u -U._.
5 — maXI min 5_12
2" -1
S, S
§=1/(2° ~1)=0.032
hh_ ---bb,
' , u -U._.
x=U_, +Q b-2'") —me —mn 5-13
=) 2 -1
e.
¢y
0 1
)
R P,
P. =P’ —axexp(-7/r,, )—bxexp(-u/u_,) 5-14

P, =P, -a xexp(-7/r,, )+b xexp(-u/u,,) 5-15

max

a,b,a,b’ T u



a=0.001 b=-0.005 a =0.0001
b'=0.0002 7 =10 u_ =10

max max

A:xxExxxxExxx A':xxgyyyyéxxx

: : — ; :
BIyYyiyyyyiyyy B:yyixxxxiyyy
1 2
¢ Pm
(]
0 1
©)
100 1000
5.4
1956 1999

5-1

51



[43

20°0- | 9L°¢ | zv'o | ve'e | 8L | 1870 170°€ ST°0 | TT°0 | 6T°T- 6T T- Sl o | eev | 2Tex
ST°0- | 9T | €50 | 0T | 67T v°0 660 9z°0 | 6070 | ¥0°0- 070~ TE'T | 9070 | 6T°0 | £0°T | TTeX
IT°0- | 9576 | S6°0 | Tv'v | €8S | 2670 4 w0 | 20 | €21 €2°1- 90°G | 9070 | 970 7S T2X
90°T- | 6T | TL°S | 62°€T | 9070z | €L°¥ Tv €T €€°T | 8570 | 86°8T | 9v°¢ | 6T°0- | TL°ST | GL°OT | 250 | ¢€T | 1678 rAY
€0 €0 €0 €270 €070 | €070 gr°e €' ZTX
€0 Z€0 | zeo | €170 €170 2070 | ¥0°0 6v°2T 6v°2T | TIX
29°0 29°0 | 290 | €170 970 9070 | £0°0 26°ST 26°ST X

Sz°6- | viiz | evv | L6722 | S92 | T'¥ 60°/2 ¥6°0 | 250 | 8¥'8 | 9578 | 80°0- 91°8Z | 6970 | S9°Z | €8°¥e
92°0 | 8T°0 | 8070 | 9270 720 2070 | 2070 | 907¥ 62°0 Ll°€ | 8v'T | STO | €8T €EX
0 12T | 1 12°0 | 12T | 5970 170 v0°0 | S0°0 | 6L°% 6L Zex
TE0- | 90°T | 9T°0 | 670 87T | 9€0 S6°0 v0°0 | 2070 | 9879 Sv-0- T€°L | 200 | 2070 TEX
T€°0- | 2572 | ¥&'T | 6T°T | €82 | 10T ¥9°T 1°0 | 600 | 26T 91°0- T€°L | ST | 1170 | €8T £X
270~ | zvo | 200 | v vI'T | ST°0 1670 7070 | vL°0- vL70- 95°7T 6v°0 | 10T | zzex
78°T- | €8T | Lb'z | €8°ST | 210z | Lv'C 18797 v5°0 | vz0 | 2792 | 9578 €172 89°GT | €T°¢ | 9¥°0 | €2°0 | vz | Teex
vS7Z- | L°8T | 8v°Z | 27997 | 92T | €9°C v8 LT ¥S50 | G270 | ¥9°Sz | 9578 vI 89°ST | 69°¢ | 9¥°0 | 2270 | 15°€ zex
86°0- | TO'v | 220 | 6L | 66% | 20 9y 6070 | 9070 | 9T- 97" 1- Sl o | eey | zTex
Tv'T- | 9v'T | 6670 | 20T | /82 | 1070 1572 IT°0 | 9070 | S0°T- ST°0- TE'T | 9070 | 6T°0 | £0°T | TTeX
6€°2- | 'S | T9°0 | 98°v | 98°L | €0 1171 9z°0 |10 | 2eT- e 1- 9079 | 9070 | 970 7S T2X
€6y~ | Zvz | 60°€ | 60°TZ | ¢T6C | ¥6°C 10752 80 | L670|ceve | 9578 8070 89°GT | GL°0T | 25°0 | ¢€T | 1678 X
570 se'0 | s€0 €0 €0°0 | €070 ev-e €€ AN
v€°0 v€0 | ¥&°0 | ST°0 ¥1°0 20°0 | v0°0 6v°2T 6v°2T | TIX
6970 69°0 | 6970 | ST°0 -0 ¥0°0 | 9070 26°ST 26°GT X

G | D | 6D | D (1) ()] (T1) (on) (6) (8 ) (9) [©) ) © | @ [§3)

1-S




€S

¥0°0 | ¥0°0 070 €070 | T0°0 | 8079 6270 6,°G | 8v°T | ST°0 | €€°T £eX
66°0 | 60 | 970 66°0 | 8.°0 T°0 | ¥0°0 | 2070 | 9279 9,79 zex
6670 | 60°0 | 670 6670 | 8770 €0 | 9070 | 2070 | S0°6 Sv-0- S6 | 2070 | 2070 TEX
20z | 280 | ST 2072 92T €5°0 | €T°0 | T°0 | 8812 91°0- 56 ST | /10| €T X
9°0- | ¥€°0 | €00 | 2€0 | ¥6°0 | 820 ¥9°0 200 | T- T- 95°T 6v°0 | L0°T zzex
¥670- | G9°2T | vL°v | T6°L | 6G7€T | €57 1178 | €670 | 9870 | 9T'T2 | v°€ 50°¢Z TL°ST | €1 | 9v'0 | €270 | wve 122X
¥S'T- | 6672T | 9L°v | €278 | €s¥T | z8'€ Tv'6 | €670 | 8670 | 9T°0Z | ¥°€ S0°T TL°ST | 697 | 9v°0 | 2270 | 15°€ zex
20°0- | 92°¢ | zv0 | ve'e | 8L | 150 T0°€ | ST°0 | TT°0 | 6T°T- 6T T- SLy Zvo | eev | zTex
ST°0- | 9T | €0 | 20T | ST v°0 6670 | 9270 | 6070 | ¥0°0- ¥0°0- TE'T | 9070 | 6T°0 | £0°T 12X
IT°0- | 987G | 9670 | Tv'v | €5°G | 2670 4 w0 | 20 | €271~ €2°1- 9079 [ 900 | 90 g TZX
TL°T- | G8°8T | T2°G | v9°2T | 90702 | €L7% Tv°€T | €8°T | 8570 | €6°8T | ¥°€ 8T°0- | TL°GT | S2°0T | 250 | 21| 168 A4
€0 €0 €0 €2°0 | €070 | €070 VA VA AN
€0 Z€0 | ze0 | €10 €T°0 | 2070 | ¥0°0 6121 6v°2T TTX
29°0 29°0 | 2970 | €TI0 9870 | 9070 | 070 26°ST 26°GT X
90°1- ¥9°1¢C €79 1Sl L'TT €19 eyl 4! SLO e e S€0- 91'8¢C 69°0 §9°C £8'¥C
v0'0 | ¥0°0 00 €00 | 100 | ss's 670 9zs | s¥1 | s10 | €€l £eX
66°0 6£°0 90 660 8L°0 o 70°0 L0O0 €29 €29 (494
660 | 600 | 60 660 | 8¥0 €0 900 | 200 | TS'8 S0 168 | 200 | 200 TEX
0T 40 ST 0T 9T'1 €50 €ro 10 £0¢ 91°0- L6'8 ST LT°0 €l 194
90- | ¥€0 | €00 | €0 v6'0 | 80 90 w00 | 1- I- 95'1 6v°0 | LO'T zzex
6C°0- €l YLV LS8 65°¢l £€6°¢ LL'8 €60 9¢°0 11T e 70T IL°ST €re 970 €C0 244 Taex
68°0- | ¥9€l | 9Ly | 888 eyl | w8 176 €60 | 8€0 | 1T0T | 9v'€ Y01 1Ls1 | 69% | 9v0 | TLo | Is€ zex
@D | @n | G | D (€39) @n an on | 6 ® (0)) @ () @© | @ (@)
w : T-S




125

200- | 92¢ | ezvo | vee | 8¢ 1570 10°¢ | sT0 [ 110 | 6T°T- 6T T~ Sy wo| ey 212X
ST°0-| 9T | €50 | 07T | ST 770 6670 | 92°0 | 6070 | ¥070- 00~ TET | 9070 | 6T°0 | L0°T 112X
IT°T- | 9¢°S | 8670 | Tv'¥ | 57§ 26°0 v w0 | 20 | €1 €2 1- 90°G | 90°0 | 90 v°g 72X
OT"T- | 9678T | T2°G | G2°€T | 90702 | €.°v | Tre€r | €T | 850 | ¥8°8T | 8€°€ GT°0- | T9°GT | GL°0T | 2570 | 2€°T | 1678 X
€0 €0 €0 €2°0 | €00 | €070 eve eve ZTX
2€°0 €0 | €0 €170 €1°0 | 2070 | ¥070 677 ¢l 677 ¢l TIX
29°0 29°0 | 2970 €170 9¢70 | 9070 | L070 26°GT 26°GT X
¥870- | 98°T¢ | €2°G | €9°GT | L7ez €1°9 | TEWT | 28T | G0 | §TE | SvE 6270~ 91°8¢ | 69°0 | G9°¢ | €8°¥e
¥0°0 | %070 070 €0°0 | 100 | T2°S 62°0 267 | 8T | G170 | €€ €€X
660 | 6£°0 9°0 6670 8.0 T°0 | ¥0°0 | 070 | 687G 68°G ZEX
660 | 6070 6°0 6670 8r°0 €0 | 9070 | 200 | 8T8 S0~ €9°8 | 200 | 2070 TEX
20°C | 2570 ST 20°C TR €50 | €170 | T°0 | 62761 9170~ €98 | ST |10 €eT €X
09°0- | ¥€°0 | €070 | 2€0 | v670 8270 970 200 | T1- 1- 95T 670 | L0°T zzex
1070~ | 2G°€T | ¥.°v | 8L°8 | 6G7€T | €5°€ 1L°8 | €670 | 8e0|STTZ | e 60°2 T9°GT | €T°¢ | 9v°0 | €20 | tre 122X
LG70- | 98°€T | 9.y | T°6 |€5¥T | e8€ Tv'6 | €670 |80 |GT0Z | Gv'e T°1 T9°GT | 69°% | 9¥°0 | 2270 | 18°€ zex
20°0- | 9L | zvo | vee | 8L€ 1570 T0°€ | ST°0 | TT°0 | 6T°T- 6T T~ SLY o | eev FAXA
ST°0-| 9T | €0 | 07T | ST 770 6670 | 9270 | 6070 | 070~ 00~ TET | 9070 | 6T°0 | L0°T 112X
IT°0- | 927G | s6°0 | Tv'¥ | 57§ 26°0 v o | 20 | €1 €2 1- 90°9 | 90°0 | 9°0 vg 72X
¥870- | Z¢°6T | TL°G | TS'€T | 90702 | €°v | Tyer | €T | 850 | 26°8T | '€ €1°0- | T9°GT | GL°0T | 250 | ¢€'T | 71678 X
€0 €0 €0 €2°0 | €070 | €070 eve eve 2TX
€0 €0 | zeo €170 €1°0 | 2070 | ¥070 67°CT 6v°¢T TIX
29°0 29°0 | 2970 €170 9¢°0 | 9070 | L070 26°6T 26°6T X
@ | @ | G | ¢GD (€39) (€49) Gt | (D | 6 ) @) ) () W) @©® | @ o
ol -G
i TLT- i 66702 i €279 i 9L YT i Lz i €19 i 16771 _ 6T i S0 i 90°€ i v'e €70~ i i 91°8¢ _ 6970 i G9°2 i €877 i




199

00 | ¥0°0 ¥0°0 €0°0 | 100 | 86°S 62°0 | 69°G | 8y°T | ST°0 | €eT eex
660 | 6670 | 970 | 66°0 | 8.0 | T°0 | ¥0°0 | L0°0 | 9579 99°9 zex
66°0 | 60°0 | 670 | 6670 | 8v°0 | ev'0 | 8070 [ 2070 | ¥9°8 s°0- | 6076 | 2070 | 2070 Tex
20°C [ 250 | ST | 20z | 92T | €70 | €170 | T°0 | L2°T2 910~ | 606 | ST | /170 | €€°T 4

19°0- | €e'0 | €070 | TE0 | ¥6°0 | 820 | ¥9°0 00| T 1- 95°T 6v°0 | L0°T | zzex

2e70- | L€l | vL'v | €9°8 | 6S°€T | es'e | L2°8 | €670 | 9€°0 | 07Tz | 8e'€ | 80z | T9'ST | €T°E | 9v°0 | €270 | vz | TZeX
€670~ | 9°€T | 9z'v | ¥8'8 |€s'yT | 28°¢ | Tv'6 | €670 | 8670 | L0°0z | 8€'E | 80°T | T9'ST | 69°% | 9p°0 | 20 | TSE | zeX
2000~ | oz'¢ |evo | ve'e | 8L'e | 1970 | TO°€ | STO | TT°O | 6T°1- 6T°1- L'y w0 | ey | eTex

§T°0- | 9T |€s0| 0T | ST | vO | 6670 | 820 | 60°0 | ¥0°0- y0°0~ Te°T | 9070 | 6T°0 | 07T | TTeX

1170~ | 9€°s | S6°0 | Tv'v | €SS | 2670 vy | o | zo | €T €2°1- 909 [ 9070 | 970 | ¥7§ 12X

T°T- | 9678T | 105 | Sg€T | 9070z | €'y | Tv"€l | €e'T | 85°0 | ¥8°8T | 8e°€ | ST°0- | T9'ST | GL°0T | 2570 | Z&'T | 16°8 x
€0 €0 | €0 €2°0 | €0°0 | €070 ev'e eve | TIX
20 2e°0 | ze0 | €170 | €170 | 20°0 | %070 6zt 6v'eT | TIX
2970 29°0 | 2970 | €170 | 90 | 90°0 | 00 26°sT 26°ST | X
T'T- | 9Tz | €29 | LeST | Lzz | €179 | TeWT | 28T | G470 | L0°€ | 9ge | TETO- 91°8z | 6570 | S9°Z | €8'%C
00 | ¥0°0 ¥0°0 €0°0 | T0°0 | L6°S 62°0 | 89°S | 8¥°T | ST°0 | €T eex
6670 | 6670 | 970 | 6670 | 8.0 | TO | ¥0°0 |00 | 995 5979 zex
66°0 | 60°0 | 670 | 6670 | 8y°0 | €v°0 | 9070 [ 2070 | ¥6°8 sv°0- | 686 | 2070 | 2070 Tex
202 |2s0| ST | 20z | 9T | €50 | €170 | T0 | §8°1C sT0- | ee6 | ST | 2170 | €€°T 4
19°0- | €€'0 | €070 | TEO 820 | ¥9°0 200 | 0°1- 0°1- 95°T 6v°0 | L0°T | zzex
2670~ | L€V | vL'v | €978 | 6S°€T | 670 | L2°8 | €670 | 9€°0 | 07Tz | 8€'€ | 80°C | T9'ST | €T°€ | 9v°0 | €270 | vz | TZex
G | G | GO | D | €D | @D G | o | | & | O (©)] (O] W | © | @ @
T-G
| e670- | oer | orv | w88 [eswT | z8'e | w6 | e6'0 [8e 0|00z | eee | 80T [T1osT| eov |ovo|zo| 185e [ zex |

[4




9¢

7 1~ 7 9°T¢ 7 €79 _ LE°GT 7 L ¢e 7 €179 7 134" 7 4] _ S.°0 7 10°¢ 7 8€°¢ _ T€°0- _ 7 91°8¢ 7 6970 _ §9°¢ 7 €8°v¢ 7




5.4.1

28.16 m
24.83 2.65 0.69
32.65 m’
0.52 0.94 27.10
4.10 o
5-1 27.40
m’ 22.97 o’ 4.43
5.25 m’ 16.1%
24.18 n’ 21.09 n’ 3.09 n’
4.93 m 4.93 m
0.31 7.31 o
3.77 mw
5.4.2 2010
2010 28.16 m’
24.83 2.65 m 0.69
m’ 22.70 0.76
1.52 14.31 6.11
T
1
21.64 m 15.41 m’
6.23 1.06 4.7%
8.97 m

57



20.99 : 14.76 W
6.23 1.7 o’ 7.5%
9.50 m
5.79
3
21.86 m 15.63
6.23 0.84 n’ 3.7%
8.63 m
4.92
4 4
7 9 21.80 m
15.37 6.23 m
1.10 n’ 4_8%
9.39 m 0.11 m
15.8
5.56
5
0.3 m’ 9 09
o
5.69
5.5
(1)
1992 .
y 1992 2533
15.8 m 9.5 m

58



5
0.11 nm
4 0.41
(2
5 4
4 5
3)
16.1% 2010 1
1.71 m 3.7% 7.5% 2010

8.6%  12.4%

59

525 m
0.84 m’



2010 3
2
7.5% 4 5
4.8%
(4)
100%
107 4% 2010
83.7%
5 84.8% 2010
5-2
5-2
1999 2010
1 2 3 4 5
2483 | 24.83 | 2483 | 2483 | 2483 | 2483
2666 | 2067 | 2055 | 2055 | 21.04 | 21.05
% | 10740 | 8330 | 82.80 82.8 84.00 | 84.80
5.6
€Y

60



)

®3)

61



(S)

(S)
(S)
(S)
5-3
5-3 2010
N S, S; S
1 1 0366 0 9887 0 9973 1 0034
2 1 0369 0 9784 0 9996 0 9984
3 1 0365 0 9848 0 9944 1 0007
4 1 0368 0 9898 0 9995 1 0044
5 1 0367 0 9898 0 9996 1 0044
5 1.0369 1.0368 1.0367
3 1.0366 1.0365
4 5
0.9898;
0.9995 0.9996,
0.9944 0.9973
S 1.0
0.99 2 0 98

62

0.98



4 5
b.
5-4
5-4 2010
GDP  / km? S,

1 144.6 9663 4937 1.0034
3 144.6 9663 4937 1.0007
4 144.6 9663 4937 1.0044
5 144.6 9663 4937 1.0044

GDP

4 5
3
4

63




€y
)

®3)

(4)
®)

(6)

64



6.1

') 1956 1999

25.261 m®

3.179 28.44 m’

@)

2010
o)
m’ 2010 34.93 m’ 16.9%

4)

65

42 .01



LPM

®)
2010

6.2

LPM

LPM

66

30



(4)

®)

67



68

2005

2



[1] ; .- [v1-
,1991
2] .. [R].1993,3
[3] , . [R],1999,3
[4] . [M]. ,1985
[5] : (GEEDILIE ,1979
[6] . [v]. ,2002
[71 . [v]. ,1984
[8] .- [v]. ,2003
[9] ) [M]. ,1986
[10] ; [v]. ,1994
[y . [v]. ,1997
[16IN.Brnus , , . [M]-
[17] . [J1-
,1995,5(10):38 41
[18] , . [J1-
,1997,25(5):548 552
[91 . [J]1-
,2002,2(20):14 20
[20]Romijn E, Tamiga M.Multi-objective Optimal Allocation of Water
resources[J].J Water resources Planning and management,ASCE.1982,108
(2) 217 229
[21]Willis R, Yeh W. Groundwater system planning and management. New jersey
Prentice Hall,1987

[22] Cockshott A R, Hartman B E.lmproving the Fermentation Medium for

69



Echinocandin Production Particle Swarm Optimization [J].Process
Biochemistry ,2001(17):469 486
[23] . [J]. ,1994(5):6 7
[24] . , : [J1-
,2002,21:64 67
[25] : . [M].
,2003
[25] . ; M. ,2002
[26] , , . []-
,2001
[27] . : [M].
.2001
[28] .21 [J1- ,2002,2(3):7 11
[29] i [91. .2000(6):73 79
[30] , . [J]1.
.2003
[31] ) , . [J]. .2001(1):20 22
[32] ) ) . .2000
[33] ) [J]. ,2001(11):15 16
[34] . , [J]-
,2002(2):1 2
[35] . . [J1.
,2000,11(3):307 311
[36] . [J]-
,2002,13(1):111 115
[37] , . [J]-
,2001,21(3):29 32

70



[38]Afzal ,Javaid.&Noble,David H. Optimization model for alternative use of
different quality irrigation waters[J]. Journal of Irrigation and
Drainage Engineering. 1992,118:218 228

[39]Watkins,David W.Jr.Mckinney,Daene C.Robust.Optmization for
incorporating risk and uncertainty in sustainable water resources
planning[J]. 1AHS Publication (International Association of
Hydrological Sciences).1995, 231, Jul 1-14:225 232

[40]JR.A. Fleming R.M.Adams.Regulating ground Water Pollution: Effects of
Geophysical Response Assumptions on Economic Efficiency[J]. Water
Resources Research,1995,31(4):712 721

[41]Upmanu Lall.Yield Model for Screening Surface and Ground Water
Development[J].Journal of Water Resources Planning and Management,
1995,201(3).155 163

[42]Ghossen R. Masharrafieh, Richard C. Peralta. Optimizing Irrigation
Management for Pollution Control and Sustainable crop Yield[J]. Water
resources Research, 1995,31(4):760 767

[43]Wong,Hugh S.Sun,Ne-zheng. Optimization of conjunctive use of surface
water and groundwater with water quality constraints[A]. Proceedings of
the Annual Water Resources Planning and Management Conference Apr
6-9[C] , Sponsored by: ASCE. 1997:408 413

[44]Shuval, HillelsS. Optimizing wastewater reuse:A sustainable water
resource for arid countries International Water & Irrigation Review[J].
Internatinal Water & Irrigation Review, 1997,17 (2):32 35

[45]Carios Perrcia , Gideon Oron. Optimal Operation of Regional System with
Diverse Water Quality Source[J]. Journal of Water Resources Planning and
Management.1997,203(5):230 237

[46]Kumar,Arun.Minocha,Vijay K. Fuzzy optimization model for water quality

71



management of a river system[J]. Journal of Water Resources Planning
and Management. 1999,205(3):179 180.

[47]Rao Vemuri, V. & Cedeno,Walter. New genetic algorithm for multi-objective
optimization in water resource management [A]. Proceedings of the IEEE
Conference on Evolutionary Computation Nov 29 — Dec 1[C], Sponsored by:

IEEE 1995:495 500

[48] : [v]. ,1985

[49] . [M]. ,2004

[s0] i [v]. ,1997

[51] . [M]. ,1994

[521 . . ,1998

[53] i [J]1. ,2002(5):13 15

[54] , . [J1-
,1990(1):67 75

[55] . [J1.
,1992(2):35 43

[56] , , i [J1.
,1995(3):39 42

[571 , . [J1.
,1995(1):43 46

[58] ) . [J]-
,1999,10(1):1 8

[59] , - [J].
,2001,(9):59 63

[60] . [J]1-
,1988(5):109 118

[61] - [J1.

72



,1989(1):11 15

[62]
[J]. ,1989(1):1 6
[63]
,1995,6(2):139 -144
[64]
,1995(2):1 11
[65]
1997(6):40 47
[66]
[67]
,1999
[68]
,2000(1):15 17
[69]
,2000,33(1):30 32,62
[70]
,2003
[71]
,2002(8):1 6
[72]
[73]
,1996(8):7 9
[74]
,1996(11):41 44
[75]

,2000(1):22 25

[J].

[J]-

73

[J].

Q).

,1999(5):57 62

[J].

[J].

[J].

[J]1-

[V]-

[M].

,1994(1):46 52

[J]-

[J].

[J]1-



[76] - [J]-

[77]

1994(10):500 505
[78] . [J]-
[79]

,2002,12(6):50 54

[80] , - [M]-
[81]

[J]. ,1989(1):1 6

74

,2000(1):52 57
[J].

,2001(6):1 4
[J]

,2001



	封面
	文摘
	英文文摘
	1 绪论
	2 黑河流域水资源及其开发利用概况
	3 水资源优化配置的指导思想与目标
	4 黑河流域水资源需求分析及预测
	5 黑河流域水资源优化配置研究
	6 结论及建议
	致   谢
	参考文献

