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Abstract

The Beijing section of Yongding River is an artificial rebuilt river. The environment flow study is of great
significance on ecology and environment rebuilt in a polluted watershed and river course. The principle
of environment flow in an artificial river is studied in this paper. First of all, the ecological goal theory
and specific ecological objectives are studied for different purposes. This paper indicates that environ-
mental flow in an artificial rebuilt river includes ecological base flow, water evaporation and infiltration
in the artificial river and lakes, and water demand of the riverside plants. In this research, the natural
river course is abstracted and generalized based on specific requirements of different sections of natural
river course and artificial river bed; the artificial river cross-section is designed subsequently. Further-
more, this paper has divided the content of consumptive and non-consumptive environmental flow.
Based on the ecological targets decided, research result of the consumptive and non-consumptive envi-
ronmental flow is calculated in the case study as follows: 1) the ecological base flow of the gorges section
and the plain section is 0.79 - 4.75 x 108 m3 under the basis of the lowest to best target; normally the
main course flow is included only in the low objective and some tributary environment flow could be al-
so included in the higher objective; 2) the consumptive water demand of the urban plain section and ru-
ral plain section is 2.81 - 9.17 x 107 m3 under different ecological targets, among which the water de-
mand for evaporation and infiltration of the artificial river and lake is 3.40 - 5.87 x 107 m3; the water
demand for riverside plant is 3.30 x 107 m3 for different ecological targets. The research indicates that
the environmental flow of the artificial rebuilt river is related to the transect of the river, the roughness
of the river course, the ratio of longitudinal slope, and the seepage prevention works in the course. In the
case of water limitation, the above factors could be adjusted to regulate environmental flow for proper
ecological targets.

PEZ . Tk He(1965-), B, RIBFFLR, FHMNIKIOKEIIF .

ESI A KR, XIBRAE, 2%, BEE. At BAESTEKEIFD]. KEIEPR, 2016, 5(2): 108-119.
http://dx.doi.org/10.12677/jwrr.2016.52014



http://www.hanspub.org/journal/jwrr
http://dx.doi.org/10.12677/jwrr.2016.52014
http://dx.doi.org/10.12677/jwrr.2016.52014
http://www.hanspub.org
http://creativecommons.org/licenses/by/4.0/

K EM AL B AE S TR AKEM AT

Keywords

Yongding River, Artificial Rebuilt River, Environmental Flow, Consumptive Water Demand,
Non-Consumptive Water Demand

=

R

RES, ARE, F w, REF’

b E R B R S VRRE ST, KRR R R AR e, b
LUK BT L, Jba

Email: zhangsf@igsnrr.ac.cn

sl

JRi E: 20164E3H 16H: EFHM: 20164E3H29H; %A H I 2016449121

 E

AL B A THRTE, A\ TERMENESRKRGEATEEET RN ESRE, AL
EFBAELBOFESER, A TRRTENMABRASREU NSRS IR, BB
WERRARER, AT RAME, &t 7 A TSR RIE, SoamEuihRs Tkt es
TR R A T K BOTERS . ZERAE R PR T HARATR T, TR AR MR b2 K AR 4
AR AR . SRER, LR RAEER A BAR T, AR LR BRI T B B A A 20 KR 50.79
- 4.75 x 109 m?; PRI AT BURIT B0 R BRI A R 7K 0.28 - 0.92 x 109 m?, EAABIR KRBT
Fi7K0.34 - 0.59 x 108 m3, FNEARBEFAK0.33 x 108 m3. BB, ATIEHESER SIENE, wiE
FURERE . QIR RTEEREEREY. N EAESBE A, EARZHRMNERT, B ARATT
TR . HRERE. 7K /7SRRI 65 MR BUA RL R A A AR

XKigid
ASER, NTERIE, EERK, MR, FHELRA

1. 531§

FEAMRAAM ARG T 5T, RERIE X W 7 KEOTERR. SRR BTadrta K
BAKOINKR, REZFRHEHK RIS TR G HE, §F 4 T BERAESTFKE, “GHET. AKEE” 2 —
HDXAT R 2 AL . AR, R IXTT G TIE R ARG B 5B E, WREEA . N AR RFIEZ T S .
N L HEEHE RS TR EMA SR ME R E 0 e i B2, b N 5 g e i T8 AT TE S A S
KRR, HASTKEE G AEANE ARSI, A TR 2 KBRS — R AR IE AN TR K .

MHEAESFTAKRIRRRE ERESHR T, N TR R e LSRG A LSRN IR FF I /N 75
7J<§[1]—[3]o MHEAESTKERRLAESTKERGEE, BRASFTARIT TR L. 2 5RIE A I35 A TE P )

ATRKEMH KRR, TN — 8 R TTEA]-[7], AHEKSCHEB] K Ik[9] A8k, 45
A/££[10] [11]o AFRITHETTE S A Fod A& R VE I [12]-[14], B ot 2 3 2 A i T8 /K B 2R —
KHKSCGE, P ANLEEME, SRAKERESIBOR N B RE R AK 15435, T AR R A i A A S,
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PRTARR AR B, . AR T KA TR RSN LR 5 5 S8 A B bR TTRRAY . oF 545 ARG FE R DA K Bkl
A = [15]-[17].

B A A AE ST IT BT %2 [18]-[20], 5 N T B [ AH OC FBUR « RURIRIE AR [0 # 5| R A 2 38 LR
I [21]-[23] - BRE E BB SCH ZL(UNESCO) [ B K SCTHRIES J\ B Btk ig v R (IHP-VII: 2014-2021) () F- /i —
ARAERIKICY, B “RIVKSESREWRE IS REMSES AT K CERGRRTT ZRAES TR Al
“CHERSKOCRTE,  DAERRRIK S il b 30 5 00 B 1 KRS R TRE Y TR0 2 AN AR S N TS A 1)
A TKIF AR EEA . Rk, AT EE g 1 A 25 7 /K A R M AT K SO A i) — N E R SR s b,
H AT A 25 F5 K B B AR AFAE T 2 8. 1 500 T2E3S HARITHR fI RN A &+ 58 4, FLUOo T4
PEAES KGR A S K I FAFEA L, A& 507 1 — MR AR IR T P A2 25 75 /K AT S A 28 75 7K AT R
g3, AR F A i L R RO SO, PRI, TN L R AR S TR K B R RN IR TE A
IR IR K R S8 il — PR R . ST XIBESREN T KR RGL, X — ] 87 g o
W I A S RGBS, IWEAES RAMNIRS DRt HE AR S . RN, BN TEEMEESRANE
M, HAESTKE R BFIRZE WA EZERH TR

2. MR

A2 F RS BT 52 AR I A AE A R KT SR H A e TSN LB g AR A 7K, 75 ZE DL AR B ZRIRAS
B TORMEEZONIER, MEASERE, S#TEST KRNI WHEAESTKERIFITEEZORE
IRSCEATTERR I TR FEAOREZK D 7 B AR I ) 28 BECA AR R BEAT AR UL [24] [25]

21. £EBBRMERZE

T A2 H AR I E MRS 2 CRAETTE AR S R R, SEOLTE )R s « A=A S AT e i 1) AR A ThRE
AGER AL BAES BAR EE AT 1) AR AR BAES RAREARL, SCIURGE Y I KoK A AP EHa kK
W HAR: 2) PRUEN T HE g Bl K IR R oK TR s 3) ORIE N T H Sl Y BTty R A0 T AR H AR s EZE S &R
GEXHARU WA IR A TR K BRI BUAE S R SRR KT KRESHNER, &
R R BRI AR AS RGO B P e A AE DI AR ThRE I R . AR TR K AR S B AR B A Thag.
2% ) B Bof [ 22 5 P o L HP T R AR 25 ] 22 S5 M AR BLTE AN [ 45 ) PR T P AR (R R B A A Bt A B A I5E FH) B SR A [
T BT X AN [ 2R ANE AR AN R hRE M T K R 5 b A2 H bR R 2 5 MR AR BLLE o T K A R A Bl A N 2B
AR ) BRI B 1) B SRATAE 22 7 [ 26]

22. AARXFEREHTEESER

IKICEATTHE—OR E Se Xt RGEHAT IR, BARKE . FFEf ). MBOIRE . T EORE RN E MK AL
OREF, IR IR bR HE B IR B PR P I BIUARYE () 5 B K SCHR AR AT B AT B, Bl i & 0 i
Iy R ECE ROV E AR L LR RESR . [FAMUKRTTVEA Tennant #5[8]. Texas i%. NGPRP i%. BF ¥4[11]. [#
WARER DT A H EE) IRIERIE, AL TIKEIE[10].

Tennant A ESE TR, 6T P7 S EiC SR AE_FR-TH 848 B IR TR ) 80 1 0 LA DR B8R, G H
TSR TR o 127 R LATISE A 2 AT A o B F v i S, AR BB 0. £E3
[, AZEIEH N TS BEAS e (9] BOEE AT BT 7T, s ATk 0 — i s . AEAFAS B N
R F 23 R A 10%~30%1F Tyt NI L AR A R K B

2.3. KNWFEAFEHEESER
N L EE ] T8 — O B A B IR K AT, B IR /K R 75 AR B IR IE O 28 iE F K 15 5 i AR ST = [9]
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IKIIFTTFSEARYETE K I SH, AFRR T8 KR Wik A AR 45, #g R ima, AR
TRENK T AR IRITARE LI A A AN, 127K 7420 B Sl e A S K
Q=AvV ()]
A ANRKWIHEITEAR, 467 m?: VAR KT P8, S0 mis.
B A WA E 20, A Ak

V =CvRS @)
b RIWKIEAR, AL m; SOKImRE: CoMlA #%. gz T A
c-tre @
n
A n MRS, #5(2). Q) URAQ)AE 2
2 1
Q:%ARESE 4

A Q ALk, AN mYs; n JPHUBEREG A NIDKITIIRL, S4A02 m? R AKIEAE, S0 m; S K
I 5 o

24, REFRZFMEHFKRNOHARGZE

A S TR EIE SN T /K 75 R R A 280K, AR 3 v [ B2 e b B ) 5 W IRURTE 7 B A D /K T 7%
R FC R [24], TR E AL X K T 2% & B 1 55500
E, =0.144(1+0.75 U, )[ D+d (T,5) (@ 1) Ty | (5)
Hr, ups N 15 m EEERGE, Lhm/s it D AMAKKIEZ, 2B d(Ts) MEFKRER R, =25/ SC
a— 1 NEEEERETRE: Tis N 15m SR, °C.
W ZE B V1 Se i FAO HEFF ) Penman-Monteith 17 18038 7E 28 KR B8 J1[25], TETEZE R RAEF 4 it
IK A T MBS () 75 IR B . 1998 4FBEA [F MR 4 UHERE A R
900
o 0.408A(R, —G)+;/T 73 (e,—e,)
° A+y(1+0.34u,)
b ETo NS HZ&BGE, A0 mm-day ™ RONIFES =, A8 MIm2day™; G N HIE#GEE, A7 MIm™;
T A HFRIE(CC): u 2 m A RGE, B0 ms™; e AMAKIKE, $47 kPa; e, NLPr/KISE, Hfr kPa;
85 — ea NUIRUKITIE % (KPa); A NHIRUKISIERI R (KPa-°C™Y), y MBI EL il kPaC .

3. fREXBASESBIFNE
3.1. KEMILRE LR

K ETT K FR A HF IR — RS, R T AR 4.7 x 10* km?, Pk nt 518 i A4 3168 km?. AKGE
TAESCEG, 9 T 7K P AR R A M 3t 21152 9% HE IXCTA], XA D 169.4 km, Hrp =50 LR #H 77 kB 91.2 km,
NERFGE, =FIELAT R E B, K 78.2 kme =5 L LI tLRIX [FRAK &, SR =5KE LR E
Wrift, ssREIE 1 PR, B ATAESE R ANE B 32200 GO K GE L B P BRI B, o MR N T ]
T8 KGE A B ] B IR AR WA 1o

KB TR AL B B R AR A YR 1 XONIR T B =S B A B X R, A A TOREIX, A EETR 2032 113
W EAW . PR e AN e, BRI 18.4 km, PSR B R TRV AT B AT R R T
B BRI A 2,

(6)
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Figure 1. The sketch of Yongding River in Beijing
1 kEAERBEREE

Table 1. The major characteristic value of the river course

1 EENRHEE

K J% (km) B (%o) TH] 3 (m) ¥4 % (m)
Lk B 91.2 3.1 70~300 283
P T T B 18.4 25 500~1500 46
5 A0 B B 59.8 0.38~1 200~1900 30
Jen B 169.4 2.1 70~2000 359
Table 2. The key characteristic values of the urban plain river and lake section
2. TR R EEAAFEE
T4 A [ e YRR 56184 At
A B /m 5240 5800 4200 1850 1310 18,400
B TE/m 294 376 580 430 420
] = FE/m 86.39~102 69.3~86.39 61.47~69.3 57~61.47 54,5~57.0
i FE %o 2.98 2.98 1.88 242 1.91 2.25
WHK/m 3300 3400 2700 1850 1310 12,560
SEE4 R /m 170 300 240 300 400 285
SPHIKERIm 15 1.8 18 15 1.0
KA /ha 61.9 109.2 96.3 55.5 52.4 375.3
b WA/m 56.1 102 91.8 55.5 52.4 357.8
B E/m 1940 2400 1500 0 0 5840
T AR ha 5.8 7.2 45 0 0 17.5
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3.2. REMEREIRHHE

3.2.1. KEMILREESRAARE

ACGEM AR B ES TR B AN, 28— R RN A SRR E, B R N LTUTRR A ESIER
B, HERANTEENBEGRNAESTKE, SRS, BRI PR E. HhRRE
MRS R 1, AR, (HEREEAIFAZEBUE TR YR N TIE e &
KRB T 28RO AR 54— 0 th BRI /K50 BRI A R s 8, ORBE T AP B o i X i)
SR ERL K, 58 SR T RETE R .

ACGETRNILIR B B AR BL, AR TR/K I 32 ZER AR A A AN R 7T K 28 R S8R o 7K GE T N L BUA
W T =ZIETF A2 11 % S5, K BEIE 78.2 km, W] AR AP 73, Herh =55 2 5 1 B 18.4 km,
NI IR B RSB G: WA BI85 9T JFUREFBL 1 59.8 km.o 7KGE ] = Z% B 524 H BUH)
A TR B K R ZEAGB IR AN K TSR SR AL AN KRR ERI TR L BEAT R AL FH AR 91 7K Jo B 46
Ko HAAZRBIRANKE R R T AN S SO B IR SRR BRI IR R . W SR AN K R
YEFRFIE A F KR, RASGEMEZE B bR, JbatiiAce MR E KRNy 513 mm A4, Hdil
DX J5 3 [X B3 7K & 73 1) 9 500 mm A1 559 mm, AN BLAERFERAL /K #5 oR . — BB /SR A IO 4E RS F 22N L
KK, IR E T A A P AR A T K IR A B B 0 o

32.2. EFBHF

AR i g VAT A 25 H A B SRFIAE SR KB L, AT AR S T K B AR e Nk @ MR = E X Bir.
N TWAZA KRB RATRRE LS TR K ESE AR H ARm 8 #h K BE . 3 T VAT i S £ KR FH AH R b
e, AR E ANRIES R TF A E I, WS HARW R

AR BAR, B0 R/KE (BFE X =R EERAK) T 10%, THFENE AR 25 75 KA RE DR IE T Bimm il A=
25 H AR s R A FH K

EHAS B, HERONKRKER 30%, A LIrE RS B SOW KT o I AT DUFESE T B I b R 7K g =]
Ao FERRET B TIATIR I AT AR B — 8 H AR S e, 7 T AT A 7K BT

AR HAR, FERARKER 60%, N TIRTEIZGIKE N E IR, S 2 B B ] v s e 4 /K 15 31
TRIE, SEILZ MR PEA KA SR B H AR

4, FTETREHELER
4.1, IRERNESEKE

7K E TR 1Ly B 1) A 25 TR /K B LS AR AR SR TRNVATIE K I 28 R 5B WA 2 o Foh AR S BRI AR RE PRI,
FRBIRNEEAEIER . ASERATEIERM Tennant 32, EK. . S=FASHE T AHFFENKE
TG B R T Ll B A A FR IR B e B R O 10%. 30% 811 60%. 1% MEA L F RIS, KB 1956~2013 4E£2
P ERREN 1.36 x 10°m?, ABI/KE N 6.56 x 108 m®, &t 7.92x10° m?, %K. . S=FMARMAES
Flbr, AKERE T B R SR T KRS58 0.79. 2.37 A1 4.75 x 10° m,

BT L 0 B o VAT K S 8RB, i B A WK B B 4y o IR 7 /K S R TR K
HHFAF N ZdEE . DL 1981~2012 b5t Gl s 8ai e flt, K E R AR X R RO B 17K I 728 K
B, BIAS(B), THEARHER T 2 E PR K ZA K &N 1124 mm. ARYE AL T K BRI AR, K e X
LK B R 500 mm,  SEBRTEEANK RN 624 mm. A K GE TR L sk (X JE) FR) AR O DR TR SO, I S e KA
T 42 RSP 1) 30 m? EAT 5, AT LATHAE 7 0 1Ly Ul [X I F9] 3 /K T 26 % ol 1.71 % 10° mP,

L0k X ] R R AR K, T3 RIS RN 1.93~20 mm/d, F IR BN KB IR RS, (kBB IR RN 0.20
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x 108 m®. BHIk, (LR AR ZE RIBIRE Y 0.22 x 10° mP,
42. FEBBATRRESTEKE

SR B ANy, TSR I TT BRI SR T B T B = S B VAR X R, A ORI, 2K
S ARSI S, BB 2 S I S . R R AN ST, T 2 T N DR B,
WBAAE S 18.4 kmo ZBEF BT VAME LT 24050 T A H T 2 %, 4 59.8 km, P 538 EF B8 2 N T3]
. N TEATERE e AL B B EAE, HASFTACGRIEMNFRMEN, TKRETFAGEILEKIAM Tennant
Jiid, R R IR AT BT U S SRR L B TR W T BT, TC R R R T B R R B B A k. %
TR B S 2B B AE S HARANR, Wit RS BT o 30007 B AT R R AR 564 24~30 m, ST 5 Vg LA
NHIRBEF B, BRI TERE N 10~16 m. MEWTTIHEAE 1:5, /KUK 0.6 m, RIEEBIIILIE 2, 4 3.

IR AR ~4), WEIATBRIS . KRS, ATLERSIR T B IE A 0.37~0.90 mis, AE&FEN
5.98~14.56 m*/s, “EAEZTF/KE N 1.89 - 4.59 x 10° m®. ZBEF B LEE F 0.38%0~0.65%0, 44 A BE T HIWTTH )T,
A DASRAS 20 B B (9903 0.35~0.45 m/s, LA E A 2.69~3.52 m¥s, AL T /KEN 0.85-1.11 x 108 m?, 5
SR 3.

30m
0. 6m
1: 5 N 119
‘ 24m
T =
Figure 2. The transect diagram of the stream in urban area
2. W ERIRREE R EE
I__ 16m |
> 0. 6m
1% 5 g
N 1
‘ 10m
I 1
Figure 3. The transect diagram of the stream in rural area
3. IR R E R EE
Table 3. The environmental flow of the artificial rebuilding river course
F 3 AILEBMEESER
. g KIHAR BRI T by 1T T A i ; piBL b i EFRKE
WES LI

(%0) (m) (m) (m?) (mis) (m°ls) (fz. m%

2.25 0.54 30 16.2 25.78 0.90 14.56 459

15 0.54 30 16.2 25.78 0.73 11.89 3.75
Wl B 0.65 0.54 30 16.2 25.78 0.48 7.83 2.47

0.5 0.54 30 16.2 25.78 0.42 6.86 2.16

0.38 0.54 30 16.2 25.78 0.37 5.98 1.89

0.65 0.488 16 7.8 25.35 0.451 3.52 111
2R HF B 0.5 0.488 16 7.8 25.35 0.396 3.09 0.97

0.38 0.488 16 7.8 25.35 0.345 2.69 0.85
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4.3. FRERERHESEKE

S TR B LR X AR S T AR AKCE T AL s BE BRI O o T JE BT 9 AE 25 75 /KBS I /K T 7% %
BIRGHFEMAER TR IR 2 S48 7 USRI BATIRR I R S VSR s I IR K T 28 R 4% R
Je st K ZE R 1124 mm T, 30T P JEBOK A N 375.3 ha, HrigliAi AR 357.8 ha, AT EHATIRRIHAR 17.5
ha, 7KGEF IR B4 /K & 559 mm, Fxh/KE A 565 mm. [Ft, 35077 R B Toiish X A& 8 S AT IR R K
HIKEN 2.12 x 10° mP. 5 405 VAR AR BT B RB T B (K THT IR A 95.7 ha, MR A2 2 75K BN 5.41 x 10° mP.

RIETF R B I A B IR, T E0 55 AN FIARKMA 1 R KRB 55— R DR AN e KA
K, TR RAEBT BT IR RN 1.93 mmid; 2 ZRME SR TEK BHREBCN 78 /0, BT — e
TSI, FEX—HR T, BIREIE 20 mm/d, FICAFEZ HARFE BAm i 5 & 5 58 0.33 x 107
m? f1 3.44 x 10" m3,

gi b, CPIRBCOAHK I 25 KB IR T KBNS &R e 595 s FRIAST/KES 54 0.60 x 107 m® Al
3.70 x 10’ m?,

44, ETEBESEKE

TR A AR A TR K B N LB T8 AR A TRk ) o — AN S B2 G 40 o TRTVE T R A 32 40 A AE T SRR B
A I T T B AN AT B AT B

S T B AR A T K B R IR A 310 FAO HEFF 1) Penman-Monteith B813+4%, BIA(6), MR4EIL 5T 1981~2012
SRR BRHS R Z5 0 Y 864 mm. Tk e T S B 2 AT R B K D 559 mm, RTARECH 0.24,
FAMKEA 439 mm,

Fo FRAT V2 R A AR R R, 7K s VAT b 3t BT 3 i B AN W v by () M M TRT ARy 366.3 ha, X8 BTy
TG THAN 7152 ha, NECRAES TR AR, BT HE3 0T BURNE T 7 KRN 0.16 x 107 m®,  ZBETF B i 75 K
F93.14x 10" m,

45 ARESEBFRTESEKE

LA BT, BRI AR BN RS B AR PR R AE S TR ERE RS TKE.

1) JEEFEMEAESTHRKE

AETH AR A S T KA (L e B AE S BT R B A I . AERFAES HART, A ik B A= 4 7 7K
EHN 079, 2.38 F14.75 x 10° m*. =S5 B AR T BAE SRR Bbs FATENTEATRR, 7
AR AR HAR FRES T KRS M 1.89 - 459 x 108 m®. /5 Vi LA R (157 J5 28 BF B AE S AR AR 2S B AR FAS
TN TR, (HRAEE A4S Hbr FRIZESTEN 0.85 x 10° m® il 1.11 x 10° m®. (A, REWEHIE
IR FKEN0.79-4.75 x 108 m® 2 |,

2) HFEHAESTHKE

THRETE AR 25 T /K AL JARIAT B L sk B AN N V] B Jo BRI /K T 28 R BT TS A A A S K . ARIEAS A
RS B bR, I L B R SRR A A5 T /K 2.168 x 107 m; R T BE TV AR A 77K 9 0.64 - 3.11 x
107 m®, FLh A TR T B AR K 0.48 - 2.95 x 10" m®, JAVEAF R MK 0.16 x 10° m®; P50 Bk
AFAKEN0-389%x10"m®, Hh ATIEFKHAKO0-0.75x 10" m?, A /K 0-3.14 x 107 m®, W7 4.

3) AL BAE S TR E

ERARESERT, FERE LB A ST I B E SE . N T BT IR I 75 /K R0 V52 7 A e A
IKER, JHAEMAESTKEN 028 x10°m?, ABIFTFE AN 079 x 10°m®; EEHAESHIR T, FEHEELT
VA AL R K BN R KR 1 BT B K TR RE,  ARRVHFEME A AT KR 0.60 x 10° m®, AR
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Table 4. The ecological water needed on different target (unit: 10* m®)
A4 FAEESBERTESHKEEL: 7 md)

K (km) A EH Ak
Lk B 91.2 2168.01 2168.01 2168.01
PRI T B 18.4 637.23 3112.54 3112.54
TR AR B 59.8 752.68 3892.41
JeatB 169.4 2805.24 6033.13 9172.96

FK N 0.85-2.38 x 10° m®; AERALAEZS HAR T, 1075 B G ET J550 B B (i i AR 25 7K, B T R
PEAERFKEN0.92 x 108 m?, AR FH KA 1.11-4.75 x 108 m®,

5. AEMILREATLERMEESHKERE

N T TS F AR A T K B A9 R AR S T 7K B AR Bf e R R . N T 3 T 08 ML DA AN [F) 2R R A 6
T K IR (R RIS

1) A7 HARIIHE S5

A HERBI E R B AR S TKER A e AN BAR, W FEEXE AR BAREAT e 6. a0k
SEF N TEEEREMA “—mPE. M2 P, KEEBE. FBAE” , EEa b, AR —2rK

T YERK R PET AT E S RN, — S, ASEREESFKENEWFIXR. ESEWRER,
M FKEEAR, AN TEEEASFKERLT.

AR AEZS B AR 2t K SR IR A AT BT N SRR & B AR AR AN ) H PR« 7R A% H bR T AR,
FISKTNE BIBEA A AR, KAEMFEE D] — @ BRI, EHIWRI S EaESERT, ENE
AT FE T S AR () AR A T, (R R I AT SR LA A2, oMK T AT DA JE — R O 7 2
ARMAER B b NASERER BARRES, KT RAF, 038 B HAH SRk S BIRR 2 3T FRAS

PR S FIIK BEIR AT AR A Je b 22 AR TR SR, — AN X B — A Tl AR A 757K B AR aT LU AT i 2 .
20 AR, bRt e B AR BEAN R, AR T B AR AT DL B ARRE K B AR, R0, N 21
)5, FOMA T r/KAGE TR E RHKIE, A B s o] DN H R B AR S I R K B3

2) NTHBIMEMNBLERSESTKERIXR

N T VAT B AR AS T /K B — M T T BB R A3 FE AN T2 IE MRS . 1 S T IE T
TITE — ML IR R T, SEE AR DABE I N . AR B S AR 55 H AR IR H, LIRS A /. =
FEAE Y . ARAEAK 725, AR KAt T, BSUEKRRIZK T AR, RN,
IKEN, T LA RV R ATRRIE A . BRIBTTII AN, MRIEFRRE R 5 — N E B R R RIERYE R DR
Wb Bt WAL R, TREELAE, ORI KR, KGR OOk . fa, TE A
JE R Ve T FE AN AR A K B R BE R 3R . N LITTE (3 B — M el AR SRR, (B2, N T AR S IR TR
AKE, FTRASRFH X TA) kK 75 3k A7 4 7 BB Rk /N K T8

WIEBEESESTRKEREYVIMEC. BB RR, 7GRN — BT 2. B wtrsiE v
FRIRK, HMEASLMBIERYCN 5.0x 107 -1.0 x 107° cm/s, 1Ml - B /K EE A+ T 11238 200X 5.0 x
10™ - 1.0 x 10°cm/s. FEfl RSB FRAIE L DK BE A - TR, A T 4ERKAES KGR, TTLCREIAN
T, VAR b TP SRR 10 008 4R B K, AR 20 mm/d, BP 2.0-3.0 x 107° cm/s, [l T
R K [ RN T B o

3) AEHFEMEA S TR GRS TAK KR
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NLHEBAERESTREEZW RWATIE, 5B RERN A, RIAESRE, AgERp g R 3 22
fRbr, RARMAMEASTKE; B RYER—E KR ERABR. BIRNNAVKE, ZMETEESHTKE. X
PR RS K B RV S AARIR], AR B R E MEE AR, HAEIT RS TOKICER, Hovk
YR 7T AEAWE T M N I B (0 T ik B AR S R 4% AL A5 T Re, DRI RR 2 P i 5

E ISR B (R R RS T AKI T H A A DACGER 6], #5758 N T @i A A
(I X R ARIATTE, X P o AR SR AR ) . R PRSI AE S KR T L E R, X
DU, AR EREAMER A ERAFAS AR TR, MEZ ETIRR, —BEFKT T, RIRME
RFNTRIE . AT N TE A R AT, B B3 B ARITIE 3 B R AR HEHEAT R . T A
e TS HARIER . AFRESFKEEN TREEWTE AL, Al ACE b e B i A S w K B SR BN

CIE
. &g

ALV AL BON RG], A T EEMEAS T KEI R, BE U R ARME R

1) EXHRAEBTKB IR N T8 HI 18 AR A T K T8 P75 ORI 38 S0 75 7K R R b
BEATAE S TR 8 2o e AR S T KRB B bR . S FRKIEBERTUR S ABRCES TR, EEES
TR A S TKESEARFN AR, BEE KA SRR TR0, N T EEE N EST KB
A DLEAT I %

2) N L EHEIE AR TR ARAESY, AEEFEME ARSI A FEE s gt b B 7K . Jb stk e A T
B T (R AR B R A S HAR TR /K88 0.79 - 4.75 x 10% m®, 5 41k 5 ST R vee i A ol FH 7K
0.28-0.92 x 108 m®, i Z8 KI5 FH/K 0.34 - 0.59 x 10° m®, Vv ki1 FH 7K 0.33 x 108 m®.

3) AN TIE M A SR S G W . GRS . G L ANTE BB R L R EY). NIEBIAEBEE HiR,
FETK B2 BIBR M A5 , AT LI N T (W KRS E . 7K 73 P8 RT3 Y825 T R A AR [ A 7

TKE.
EEHE
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