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Abstract

Tidal flats are clay and silt accumulations formed under the tides, mainly including
intertidal zone, and also including supratidal zone and subtidal zone. The Yellow River
carries a lot of sediment and accumulates in the delta, forming tidal flats under the
tides. Tidal flats are important land resources and have important significance in
energy transportation, material exchange, and maintaining species diversity. Since
1984, the amount of sediment transported by the Yellow River has decreased sharply,
and the amount of sediment entering the sea has decreased, resulting in a decrease in
the suspended sediment concentration in the offshore delta. Under the background that
the offshore sediment concentration decreases year by year, the landform development
rules of the Yellow River Delta are still unclear, and the numerical simulation, field
observation and remote sensing analysis have different defects. This article is funded
by the National Natural Science Foundation of China “Research on Dynamic
Landform Evolution of Intertidal Tidal Flats in the Yellow River Delta in the Last 50
Years (U1706220)”, which aims to use physical model methods to study Yellow River
delta tidal flat development response to the reduction of sediment concentration.

In this paper, the natural silt of the Yellow River Delta is used, and the self-designed
device "Water and sand uniform mixing and tidal circulation device "create waves and
currents”, and Argus system are used to establish two indoor physical models, which
supplemented by Cutting Ring method, Distortion Correction method, Drying method
and Spatial Interpolation method. Based on above, we study differences in the spatial
distribution of the development of dry-wet tidal flat and tidal flat development
response to the reduction of sediment concentration.

The main research conclusions are as follows:

(1) Retained air in the silt of the Yellow River Delta discharges behind the
submergence of current. Due to the random horizontal and vertical migration of gas
under pressure, the tidal flat form subtle ground changes, then further affects the
current movement and the tidal flat geomorphology.

(2) In the process of dry to wet conversion of tidal flats, small tree-like textures are
formed due to surface disturbances. Then under the influence "return to trough water",

slope and current, textures continue to develop, forming headward erosion. Differences
Y%



in the spatial distribution of tidal flat development: the upper tidal flat changes greatly,
forming high density and complex connection of irregular tidal channels-collapse
system. The middle and lower tidal flat changes slightly. There are dendritic and tiny
tidal ditch above the tiny steep and collapses, which are distributed in parallel along
the shoreline.

(3) Suspended sediment spreads from the sea to tidal flats, a large sediment settles
along the way. The sediment concentration in the subtidal zone is less than 10% of the
original concentration. Under the same hydrodynamic conditions, as the offshore
sediment concentration increases, subtidal sediment concentration increases. The
change law of sediment concentration in the subtidal zone is a gradual increase trend
during the high tide and a gradual decrease trend during the low tide, which is related
to the erosion of the bed lagging behind the enhancement of the current and the
sediment settling lagging behind the weakening of current.

(4) The reduction of sediment concentration has transformed the micro-topography
of the tidal flat: The intertidal zone is affected by the tidal effect, there are some
comb-shaped flow marks along the vertical shoreline, and the subtidal zone is
dominated by sand wave movement. In the same sediment concentration, the statistical
characteristics and variation laws in different profiles has greatly difference. In the
different sediment concentration, the development of sand waves in the same profiles
also have obvious differences, which is related to the intensity of the current on the bed
and the change of sediment concentration.

(5) Summarize the erosion and siltation model of tidal flat: After the sediment
concentration decreases sequentially, in general, the tidal flat erosion and siltation
coexist. With the 7m isobath as the boundary, the erosion is on the land side, and the
siltation is on the sea side. The closer to the ocean, the greater the siltation intensity.
Specifically, at 100% sediment concentration, the tidal flat is silted along with a small
amount of erosion; at 65% sediment concentration, the tidal flat erosion and siltation
coexist; at 30% sediment concentration, the entire tidal flat is eroded, accompanied by
partial siltation; at 15% sediment concentration, the tidal flat is still mainly eroded,
with some siltation; under clear water, there is no siltation in the tidal flat, and it is all

in an eroded state. The sediment concentration is gradually reduced from 100% to clear
VI



water, the tidal flat change laws are that full line siltation, with minimal
erosion--erosion and siltation coexistence--full line erosion, partial siltation--full
erosion.

The main innovations of this paper are:

(1) Through the indoor physical model, we study the development mechanism of the
tidal flat dry to wet conversion landform and the impact of the Yellow River sediment
into the sea on the erosion and siltation of the tidal flat, making up for the defects of
traditional research methods. It reveals the dynamic mechanism of the remained air in
the natural silt to the topography of the tidal flat.

(2) The Argus system was introduced into an indoor experiment to take pictures of
tidal flat topography, which provided a new method for on-site recording of physical
models. We designed a device "Water and sand uniform mixing and tidal circulation”
and device "create waves and currents”, which realized the simulation of rise and fall
tide and the preparation of muddy water and provided the dynamic of tide and current.

Key Words: Physical model, Sediment concentration, Sand wave motion, Argus

system, Yellow River Delta
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*=q.w,(S—-S*
7/0 at S s( )

Hrr: SHEWE: S* R, WMAE TIREEE: KR us ug,

xRy I7 ) FEIAT TR s v v, XAy T ) BRI s w B b i
a NIRRT RE KR TR p S ER MR iR
I 1] o

2 M S EC RO ST YA WA IS

Pvs = A2 1 24 (31)
MO0 S A S0t RSP (Kb B A B4, Wi e h ik R
IR BV e SR R =aji, pghU

R, =a,pof H*IT
W G TEYRETITIEN:
R3:(ps_p)gh3*a)s/}/s
b, on Moz WAREG i AZKIREEBLELRR(i, =U?/Clgh); pAZKIbas R, U

RIKIEIITIE s fw NPEIREEFE R ys NYRVP BRI AR H; ps AIRIDH R .
i R1+R2=R3 1] 15

3 2
S* — p 75 , - + az fW H— (32)
Ps—P C, gha, ho,T
3 2
RS ETE: se Py Y e HY
S 1 2 S 2w
Ps—P C0 gha)s Ps— P ha)sT
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ly 23
ﬂs*:l : P 2u 7
W e AR L R (=) oo Ay
A
o= (33)
295y . AT (pop)
P Ay 2o
.
IR YD B8 7 AR UL EE Ao Mnr Ay
A
/Is*:¢ (34)
G495y fhfEife Aip,-p)

BTV B, B WA IER N Il RAE, Brblk. e s ER
As*

P (35)
" A(ps*p)
Vb PRI TR AR AL L R s
hs
A =4, ;;sp A (36)

Hodn,s NYBTD 2 S8
3.2.4 [RivEahEIEXK
MRAE S EA Y, . IRILEAVE N R DSy AR b 51 6 i JeS PR R U FE 2051,

O(hN) . aLhS (U, +Uy,)] | ANS (v, + Vi, )]
ot Ox oy

+a @ (N-N*) =0

) (37)
i *
yo?b:aba)b(N_N )

Horr, NIRRT N* BRI RIPEETT: o NIRIDTTRE R 4L
o IR TUREELE s IRV A ST PRIE iR 221

2 S N VNSEIECE
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Inn _ P )
PR
Inhh g, (39)
P
A=A (40)
J,
PRELIEY RPN 41
e (41)
1 (38) . FOHEA TR LR
p
P 42)
7
(43)

1 (39) S TUE I s Ay =k |4 =472 14,
i1 (40) UV HYD &5 H b ae /i ERARSE . 2, =/1N*:jys 23 (4d)

M (41D FURYD G- PR i i 18] B R Ao pep
ﬂ'h _ ﬂ(ps’p ﬂ'l
&, =4, N =4, A, AV (45)

HFULE, R 3.1 P VIS E AR LR
# 31 EEMMLLR

LREFH 95 AR HR A GiRe] FLEL R
S EEWAN Al 750 B SHEIR AL 100
EHEILR Ah 100 USRI AT 10
RL AR AN Au 10 PP PTH LR Ao 1.33
iRNEIIEWAN M 75 FUWEHRR st 1
MELR 750000 P AHIRITEIER A 75

RSN An 0.78 R HIb E R AN 1000
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£ 485 BN ZAMNEETEE A HIRA FYIERE I
4.1 Bk

NI LY AR R MR A A I PR R AT . HOBURE B
S AINEMER SRR D, ST ST Y EAR AL, e O Argus RG0SR T
W7, AEIOIE— & W N IR A FE A M 3R AR Ak, BF 5 T b 35 2 [
ATESR, AT T RIS FLBR P o B 2 S T L AR 1) B L
4.2 LM RS EIRITRIE
4.2.1 TR FHE

VR SRR P AL B EL AT B 58 (1 b P 2 AR AR ReL i ] 2.1 s, T 2018
9 H 15 HFF 4 45 30 0N B (119.09°E, 37.84°N) EHIFY B, £ i
AN _EFR A3 BRI E A PAT TR 2K 50m. BT AL 2m AHTIRKE T, ARG
5 B i1l 3em X 3em X 3em SRAE AV ZTAT 77 1A RG 5Sm HUR = 2em Ui, i
[ S5 F AT RLEE 40 A1 o AL VDAERE T A8 LR HR R 2 10em TR, T
BKJegm S, it 400 48 Gl 4 300 48, E#(Z) 100 £2), HHEEY
15 Wi, b, mErEE eV BB AR, RV AR . [ sE
%, {HH Malvern Mastersizer 2000 F6HLEE 73 AT CGHAT R 408, HUD A ik
NBERR R I, SRIGIN 10%3K B SRR BRI AR IR 28, VR N ZRIE/K
B 8 /NI, RIS BRI PR 7R A e IR 10 23, BJE T . AR
MELE R, BARV-F Y RAEE 0.0378-0.0472mm, W& E7E 10.46%-15.54%, #3
W & 84.46%-88.01%, Zit& & 0-1.69%; BBV FHkiiz 0.022-0.033mm,
W& B AIE 7.21%-10.51%, b4 & 88.01%-92.76%, Zi+ &= 0.04-3%.

WA R AT E N BT, PR EAeZER, [ERRAREEMAK,
SRIGAEH] Imm RS GRBEAT R . AR TROR T Imm f [T 250800 — iR, FE e
fii, WKIRER, BHEKTAVRDIEN, PUA BB RIS 5

PR TIEE R KIREE (p)y THEE (po) WHIRHE (p2). FLIE.
DM 5 N ORI W FIRFR Vo FR T, K 0 25451 100 5 0I5 2 B350 8 7E
x2, BR—MET, HREREMR TS NMEE R . & LTt
i 3 R 32, R L 2 R LA BRE, ROEHEE W,

HRIRE IR -
= 46
Vi, (46)
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T2 BRI VEM b, FRAWE I TR 3 T SR Wae HT- 25 BT & 4
.

W, -W, (47)
Vi

PL=

Rl i T R TP IR R R, JREZ) 10 cm, YRR E 23 B3
WA 12 /N, R R oK B, A8 FHETIRZ0R 2 2 K HEHE
VAN AN b, R A T Z A B IR T4 K 73, AR Was

FLHOANR 2 T R
W4 _Wl (48)

Vi

FIRTIHN 80 CHEFE HHET 12 /NG, HUH P& S IR FRE Wso HFLFR 5
R
b= aWs (49)

p7J<

MARZE BBCP MG, RAREFE N 151 glem®, T-55 4 0.89 g/lem®, 1HANIE S
FEN 1.75 glem®, FLBRFE 52.2 %.
4.2.2 Argus EERFEHZIE

WA AEARNL GO R T, AR T Se R B A M AR T, R EAIEAR AR
(k1,k2,k3) FIYIAIEGAE (pl,p2). 42 [HIHAR E BRI M IR RN, AR IEA 3
T

X

corrected

= XL+ kr? +k,r* +k,r®) (50)
= y(L+K,r? +k,r +k,r’)

ycorrected

Hrb, (xy) NEBHZBES, ZARIEHEIEALE N (Xeorrected, Yeorrected) o
D) i e A A TE A 2 R
ormecteg = XH[2PXY + P, (r? +2x)] (51)
Veorresea = Y +LPL(F* +2Y%) +2,xy]
Hrp, (xy) AEBHREGE S, MR IE i EBALE N (Xeorrecteds  Yeorrected ) o
FITLA, R R M e A R

X
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DiStortioncoeﬁiciems = (kl k2 pl p2 ks)
NAREIAHMLIAERE fol A fe2. Je2eds (eelec2), RIFHNLNSHERE, HE
v/ I

X fc, 0 cc || X
yl=| 0 fc, cc,||Y (52)
w 0 0 1|2z

] MATLAB BEATIRAZRZIE . T2 fE:
()M OPENCV E M (https://docs.opencv.org/2.4/_downloads/pattern.png) %45 &
B I M26A 5548 Sk WA R B AR dedr e i, RfF K2 15-30 kKl F.
(2)iIAH MATLAB [ N LR camercalibator, SRAZZAHNLAIZIEGAE k1,k2,k3
M)A iGAL pl,p2 LA RN ZFERE . A5 5 0R:

FiEAE: -0.31381729 0.08129432 0

Pl A% : 0.00128515  0.00054761

1471.5706 0 1541.0609

NS5 0 1471.7197 1050.9172
0 0 1

S N ONSEIECE

Distortion -0.314 0.081 0.001 0.0005 0)

costciens = (
FE B fel,fc2 4y W AN 1471.5706,1471.7197 , 18 &K M br 6 2 b b N

(1541.0609,1050.9172).

Q) mAs 8. BEEE. e N MATLAB AR IEACRSIZ 4T, 7 rect.m

A apply_distortionm SO, WEm AT LR E, WEEE. THE 4.1

NS IR HI JE R L
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(a)FZIE i (b)BLIE )

&1 4.1 T R e AR I i 0

4.3 LIGHIE

PRSI ME B /35, BIIdfE 7m, K 20cm, Fi%G Ocm. 5 58 ) At
TRV RO Lk, Wb AERE 2m 8 i TR B R R . Rt A D
NTIETER BTG E, MH 2m KERIEE YL E LG, B 26 A0 M
o, BB — . MR ST R . I R 4.1.0 FTOR.

Tk P 2y 93 43k, B PIIT 60 Z38h, WZE 20cm, BLAULIE AR A R T
M T A R R R B Rk . WA, N O SRR BORE T (3.5 m7
m), REERN IHz, HmEA R 4.2 fiow, BEEHKRE 8.97 cmis, Tk
HHIRE 7.34 cmis; V&I ORI 11.62cm/s, P75 EIIE 8.92cm/s. kIR,
Tt B SR RN, AN S R 4.3 B, [RINHME T S0 07 4
HARYS0A K. it 1MW EiE, MRS mE 440 B, T 4.4.a
FIT7s

— R
VT

A Cem/s)

20 40 60 80 100 120 140 160 180 200 220 240
I 18] 2 1)
Kl 4.2 k. EEIEAR L
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i l‘;’;.‘:"-;:%i .
(a) T ¥ () ]
Kl 4.4 MR AR 5 X B

SEIGAE R JE N LIS SR S SKE ., %E. WE, NFEMRHmERE
DAY, BEIMED N 2.33m % 2.33m K/ 9 MEETT, WE 4.5 Fios.

= = J Le Mgy 7m -—
B ' A ; tj
1 2 30K
f
o 4 5 6

\ M 1 1 il 1
(a) BUgEEH &5 (b HAhrEH
Kl 4.5 BIAFETT R Son = A

29

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



S]35I

4.4 FMERSRTERI DM ER
4.4.1 EPMEHSRAE R 5 TR4SE

4411 FHHTHMHRELE

7. 8. 9 SREFARMEIMET & (& 4.6), MFRMREN, MBI TFE, Tk
W R D BRI, SRR 0.2-7.1 cm. Argus AT B KN (116.5cm, 81lcm,
129cm). (349cm, 81lcm, 129cm). (349cm, 81lcm, 129cm), W% fifE N 459,
i B B R G0 0y K5 ERR, DU KT S — GO, SRR TR IR 28
TIRITE, NSO SN S = R .

7-1 /12— Z0ve e 12 25 gk, K 0.5-7cm. 58S 0.1-0.3cm.
KIRFEL) 0.2cm; 7-2 1 5 26— e 7 4 A, K 2-7cm. P58
N 0.2cm. VA 0.1-0.2cm; 7-3 5 7-4 VA E 1-5cm. P % 0.1ecm. P
B 0.1cm; 9-1 HIVAK E 4.7-12.5cm, 58 /% 0.1-0.7 cm, ¥ 0.05-0.1cm.
SEIRIRE SO VA R B RN BEIR BRI 1y, W RESTAT T M A, B
WACIRIERS, HARBraa .
4.4.1.2 PR LE

4. 5. 6 SFE MM (B 4.6), ST AR B A S
o FETSINBESR BB VIR ERRG B 07 & B B IR E&AT 5 m 51 A, A Wi
20k, IR T ) 5 AR K R EDIR AN o 2 AT VD R A m A, Tk i
FEA #4S90, miFE 6.9-11.3 cm.  Argus FAHR 7 B fK 7 N (116.5¢cm, 578cm, 129¢cm).

(349cm, 578cm, 129cm). (582cm, 578cm, 129cm), fw#% ffE N 45°,

4-1. 4-2, 5-3. 6-1. 6-2. 6-3 NENGKBEEMNER L. Hr, 4-1 /9 %K
2.7-10.9cm ) —ZmAvA . 11 4614 1.6-3.5 cm [ i . 3 451 0.2-0.5cm {1 =2
WAV, T8 ETE 0.05-0.2cm, I 0.05-0.1 cm; 4-2 B 39 4% 1.2-16.9cm — 434
V. 23 %% 1.4-5.3cm 2 VA . 8 4% 0.2-0.4cm =ZIVA4L K, T8 0.05-0.3cm,
PRE 0.05-0.1cm; 5-3 VA K& M 1.3-6 cm, %6 F 0.1m, “FHJUESE 0.05cm; 6-1
W — 2 VA K 4-12 cm, T8/ 0.1-0.3cm, “FHTREZ) 0.0m; 6-2 FF— Ve K
6-13.5cm, %% 0,1-0.4cm, “FIIIREZ) 0.1m; 6-3 h—ZeElAKE 4-13 cm, T8
0.1-0.5cm, “FHIREEZ 0.1cm.

4-4.5-1.5-2 FVA K BIERMZ o Hrd, 4-4 RREHH 13 46 5.5-19.2 cm
— VA 23 % 1.2-2.3 cm 2 VA . 8 %% 0.2-0.4cm =V R, TERELE
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0.1-0.5cm, )% 0.05-0.3cm 74 -V4 Sk MECIRENA R 4t; 5-1 th 2 26— ZlVa A 8
S ORI A IR R4, Bl 13cm, B BE 0.2cm, SFITREE 0.1em A&
s 5-2 B 25— g0 8 2k GV I BOIR o X A R %, K 14
cm, A% 1em, BAREE 0.2em.

W 4-3 o, WIS RENTIEKE, AT RN VDAL I [ b ) s 4% 2
30cm, RJGTE 5 GHEITIKE AT REL, &JE1E 6 ST A7 A% 4) 30cm, &
HRYINIE .
4.4.1.3 B EEMIRAE

1. 2. 3SR AL 138 (B 4.6), MiRAMbEK, T e % 5 FNid il
AT EE - T DR G R g, HEoRun KIRBEEUTRE, SKUikE 4.1cm, ~F
Botke2) 2 cm, FEARSEE M 1/35 i/ $1] 9/350, FKELIREA KEAIES), &ifE
10.6-19.5 cm. Argus AN B MK N (116.cm, 345 cm, 129cm). (349cm, 345cm,
129cm). (582cm, 345cm, 129cm), fiE ff1 N 450,

1-1 Ve %6 0.2-4.5 cm, MFEER 2-5cm. kA KESBE N, AR5
T Rt IR IR, SR 5 IV BT, K IRPAIEIE; 1-2 e
JEIZVSTE B R 5 TE CELAR 33em K il HTHBERIERS , A DK 29em, 3 1.7cm,
P2 om [PVEER 1-3 s K 3 b, HodrO A B 75 (44 em,55cmD 4k, B4R 12cm,
R 3cm.

2 SREJT AT AR, 2 5 SR FIEMB e S R 2-1 v, B
RIBEIE 69 4>, RAIRE 3.1cm, &K% 8cm, KZIHE 0.5-2cm, %% 1-4cm,
WVAIE 29 4%, VRFE 0.2-0.5cm,  TERE 0.2-0.5em; 2-2 & WK EEM 17.2-31.7cm, 5E
J& 0.1-0.2cm, ¥R 0.1-0.3cm BRI VA R4
3 SRR, HIREER 1-6em, RIF 1-1.7 cm; BVAEREE L, TE
0.1-0.2cm, ¥R 0.1-0.3cm.

4.4.2 FRMESRYN[E) 53 A HFHE

PA 1y 4y 7 SHREDT ARG HEIE 2 MEAMED 38, 20 5. 8 54 7 4H R s vty 8
FWIMEX A, 3y 6. 9 ST AR HEG A D B, R X e R AR AN HLTE
S, I AR AR AR, BRI L EORN, A BRI s T
PR AR AR, B R ESGEE 1, 4 SR GERIBZAMD F16 SFF
Ji CAEI AN AR H B R 2 A8k, TR i TEL3ZE 8 PR AN J U Vi - B B &R 4t
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RR—#E ) B 1 5 57 B ARSR P30 o it 9 00 DX Sl b A s 26 7 vy,
V) - 45 B o P AN SR 2R AR K

TR

B 4.6 8 ME 24 7 18 B e R4
32

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



BIR R A A AR S

4.5 T IRE IR L F R HIHE S

B0 DX CRR ) S B D 2L A, RARB D B T-RORL SR THI 5 6 FELAeT, R AR
TR A, TR KIS FLBR, SRR TR b FLBRE N 52.2%. SR AR
EIHERT RS, T ALBR A TR, 15 DLLERE T M RO B R PIRES . BTk
B, TR RIROK S, FLBRABE R A . PR IEKE R —ER
Y, PR TR 2 otiid, ST — BRI, FHAS 7ML B A Sk
HEH,  AEASFLBS PN 8 R SR D HE R S TR . R MK R S T8,
FLB AR K 38, S BRI R KR BT e 8%, A ETE P31
W THI TR B N T R AR, anBEIR . fUINIF = iE .
23S 2 ELT IS RS (1 R IR Tk i FE K T B KRS, EKE R, FLBEW
SBREEIBBA, H K PER, K RARERHENEE . Wk
JiiE# .

OFMEH: BT ZEE, K EERaEAL, Rtk st e £,
AT AZBMEANTE o ARG ) 7E M BE BT AR FHANZS 200, RS I BE L 14 ) 7
R, KRR, BT A rp B KA L P DU P T T T, TRk 4.3 1R
BRI, AR RNV RS o IR KGRIE TR, R R 2 TR i e e
%, ZJEKATE, HHFIBRN TS, TARER R, — 50 G M
Hig#, KD ESIEIES), 53— s 2. KRk, =5
A S5 B 2 N EE A A R MRS, R ae it B AR, RIAKIE K ES
NIRRT

Q)L ER : BEERE, KRR m, W R e, A
AR AR ARHE R TR, FLBR N 22 BRI 30 T B HE
H, KA DRSS, 55— ek E T i BEiE R, T
EER, THIMEIE AR, JKPIERE R rp T, N AR IR BB
FRab 2K Fieks, (bR SEEREL, K02 S HR 2 s 2k .
BT BERRRS, ArA LB 2 R Ae e AR, i 2 R R 2 S 3

SITE B R E S M R AR R, RS IETE B A A A R e . FL
B P S A R Hh A8 SR AR 35 50 DT G B /N HE BT, iR e R 2 . [
I, WK, TR 2 B VR, WM T (1.75 glem®) 6 KT 1% B (0.89
glem®), BT AARFR Py EE RN 96.6%, 43R JZ I E S I N E AR TR b £
tEE T, (EMERBUIRFREIRG. T, (D w2z,
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W RARMRER, TR 8 FEAE R B A A AR 78 - B R R e s g e B 2 e
AR/, WP (20 P RAR RO, it P AR AR N

M T R AR B B A BEIR SRS A, 5 A T IR K3l T
Wi NLAFAEZE 5, PRI S BN ah, EBEIR. IR FE _E 7 B R dn s i B
WErE . AR AT, B0 LRI KIS IENE N T, BIE—REKER, e B
BEL 3 5%k 3B A At A E A P, AESRREAE T 5 KR [ AR F v i 2%, TR
KB, SR VIREK R R, SRR M, BRI ORI A 2R, RN
ERERRATENL, WA AW e, H B T IR T A K
4.6 KEING

(D)3 =i £ EZ AR, FLBREE K. TR B K ), FLER
P B e SR R TR R, RS R B LIS 2, S ECTIH )
MEL T R A R AR o IR A RS (R 2 i3k — 20 R i i i A sl A e b e »
AT A Al e S 2, I PR 5 w3 2 8] 70 A

(Q)ENVA K E I TR, K3 T2 R AR I A Bk o0 A/ NS,
AR R SR EEANVE R AR A E L, Wi AR S E DR AR T, G T R [ R
T3 TR K o LIS R AL ME T B AN o & PR i BEIR Blitn e E 07
2T AT T RS 20T o

QWA MRILEE Mo S A SKRAEVIRR. BT HEKRIE
THER, PRI GAFZFm) (AN S90S Somia) i rh b 2N IR 8 I
XFFR e [RIEE, N3850 90 S S0 3 M = AR BOK, it (Al AR/

(4) R A B 8 - RSB R SR B B R A 22 . MIA b, W it
KA, TR EEAE R R 2 AU A - B b R 40 1 SR e
AR AL /N, MBI, FERUNBEIR AR BE EJ7 KB AR R 4 AT 7 1 HEB 1 o)
A (R BCIR G A, I AW R
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%5 5 D830 ER D XM SRR TR YRR A S
BAER
5.1 ik
S 7 5 4 S TR U M BB S, DA A 7 B DD B AR

TINHFPETD HIILRE  BIF FUTRIR] = A P e i e i A 0 3 I A2 A
SO, WEFT T KR EE NN A R AN R IR S 1 & D B AR AN (Y132 3 LA AN
KBHLUE, FFCFAR SV B E N#ME SR A2, R E 1R
SR AR A3 ) 73 A 72 57 5 G IS O R £ 3 A

5.2 LM

5.2.1 LI mALIE
CLRTE R B yb P 1k 42 0.022-0.033mm, W& ELE 7.21%-10.51%, Wb & &

88.019%-92.76%, %17 0.04%-3%. [FFEKJRVPIEZENHATI T, B, i,
BRI

AR 3.2.2.3 H, BRI = A M R M S A - 2% (1 2/10000-7/10000 ), i/ T
1/50, JEIRAIRERES e B0 ¢, (R RRR AT Aeil 2 JLRIARAL. fESER =, {3
G FEI TP, OB R Y R RSP R I RS, B ISR G I3 RS 1/35. 7
WP A R B AR R SE G SRl b, (PRI R TR s B . BB
CUALER TR 7K, (S HAEAN, DL 4.2.1 B (1) 7720 M et 1/35 3 55 24 150 M
5.2.2 LI iE
5221 ZiIvERE

MR ATIR 2.2 v 1984 4 5] H AT g R B KBV E S EILR, %
R K&V RN 14.9kg/m3, SEIGIES) 5 Fiigst: &)= 100%. 65%. 30%. 15%-
0%, LPAE IR SR N ERID FIERE . RS FR R, /K3 &,
S EFAAFE . WIS K A VE KBS HI 4 2.4.2 firik
5.2.2.2 EiMETHIL

W B 5.1 B Ay Aty o R Al S A IR 2 A DL TR K AL R . AR
P B 1 BT = A B AR BOKIREE R, PR B g k7K A7 13.5em. Ak 2.3.3
IR TR = I 2 (0 0 3 B B e B R, AR 20 1.5em, BRIV IA R A AT
PMIKIE 13.5cm #ifl e P IE T 22 /KR 15em, R JE iR #] 22 /K% 13.5cm. JITLA,
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FrRALBFRM 0 2] 176cm o _Eay . 176cm 2] 227cm A (A4 . 227cm ] 700cm

MY -
R T
71
176cm |

& o P &
o™ o

} 227cm ! _ I

crm

Kl 5.1 il BCHIME S F KA R B A

5.2.2.3 #RAE#YZE

PRI AT I 2.3.3 BT 11 0w VA 35~ 357 35K 3 B 1) 1Y X8 9 Wl e (] B B [T B R, %
SERALEKE I 20 4 57 18 70, RIARRYAAAR A 227cm 2| 176cm, &1 5 43
30 7, RIARRGAALAR A 176cm | 227cm.

AR ] 2.3 BT 1 BT g S S it i AR A, ¢ W AU T 64T B 2R 2 3KM

, ¢ HRBEWMBERETEE 0.04m/s-1.14m/s, T 0.53m/s; 2 Vi v
0.05m/s-1.4m/s, “¥-3%) 0.53m/s; JiK )2 s 7E [ 7E 0.03m/s-1.01m/s, “F34J3ik 0.41m/s,
VU 2 S Y I 0.49m /s i MR AY G TE b R, R P T B A I A Y L
0.3cm/s-14cm/s.

Sea R, RGN R IR IR OO T B 5.4 B EiMERT S, &
M, HARME 5.2 fos.

15 — 15 A E
— 25 H AR

—_
(=]

e

WMM“

i

50 100 150 200 250 300 350 400 450 500

i 17 /7 71
Kl 5.2 BEALKRTEAAL,
AR S P RO, FFE TR B R, SEIG R E BE W T R AR L K . AR
SCHEAT 36 AN, DUBLOE A 18 R 2 JI7ER .
5.2.2.4 JFREE
IRIE AT IR 2.3.2 BT LLRIRAFIE I G Tt A0 5 I G s R A2 IR ) o AR AL AR
FEX RACFR G, R s 3.4m, MBI = 5m, B KR 8.2s. ARAE M =

KA HE Cem/s)
W (=23

b
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Jo e I RALLR,, Pl i AL L s 0.05m, 3 A3 0.8s, 7K¥K 0.135m, ik
RN B BRI . BTGB R g A s KAE S, i Matlab R ¥E
HC RO BT e X 3 K

L, = gT2 /2%

AT R

p =10000000

fori=1:p

L= La —0.0001i

. 27
f round(L,3) ==round (tanh(—)L_,3
it round(L,3) == round (tanh(-=)L., 3

end
if i<j
L

end

Hor, LAWK TR h AKE: g NEIJIERE. 2058, itk
£ 38.1cm.
5.2.2.5 EibRIRIEE

TV E K R AL TR TR 2L Re K/, 43 20 SRUAII I X 1B, AN [R] X 35,
VORTH R ANXAR, FRX (Re<0.5) fiH] Stokes ~3\; Zift[X (Re>1000) fiiH]
gl AR IEX (0.2<Re<1000), @ R HKEFE & X % — AR

Re FHiaHOHH AN

Re=29% _doy (53)
)7 Vv

b, p NBIEREE, d A TFERAR, oo NIBIDUTHE, u MFRAEREE, v N3l
JIRGE REL (v=plp), KIS A RN v=1x10%pa-s. fEFRIZEHE R, JIbM
RN BRI Re 1 HLEZBAR, BURLER/IN, AR IEK, Bl 0.

BT L1 R D R P YR A% 0.024mml®d, @b, #5148 FH Stokes Wi A =X
W, o, 8 24x10%m/s, K75 Re=0.0058, iiz/hT 0.5, HIWJeybsfK b=t
JETIRES o

(1) Stokes A =X: A AFWSARIA I AKX F = Cynd? pw,” 18 FIE IV E T
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G=(p,—p)arxd’ 16, JIPUTREN, PIFEME, W F=G, B, FHIEWPITE

ﬁg o:
o~ |Hp—p)yd (54)
i 3Cyp
Bﬂﬁ%ﬁ Cd:
4 (p, — p)gd
Cd:ggi_ggL (5)
pra)o

b, pr NRWEE, p NI E. Stokrs BRI TEK I 1

F=3nudo=3npvde, %M1 F =C, xd? pw,” 18, B TTFEAGH:

c,-24_2 (56)
od  Re
\"
co_24_24
¥ ©Tod Re MAVIDUIMEERE oo, 1
v 2
o, =~ L=P 99" (57)
18 p v

VDL pr=1750kg/m3, /KM% p=1000kg/m3, = JjfiniE & g=9.8m/s2,
Bl SR R 8 v=1x10-6pa-s.

QBRI RLAR: RS ST VIRV PR, THEAS R AR R BRI E
N 2.4X10%m/s. BRIPTRELL RO 1.33, MBS T FEAE 2K 1.8 X 10 m/s. AR
A Stokes A3, 13 EIBALEVFIRAE S 0.020mm, AR VDL H S,
SEEIRIAEZ) 0.022-0.033mm,  FEARFF AR,
5.2.2.6 LWHIEXRE

RESLIGI 5 AME R, BAME FEIRRETTIEME, BN BARN .

(L)mIpEH IR e 1 2.2.4 ik, RSB T S8 Argus R48, X
WEHB ST IO . EEALHE, R STI T AR TN G S MR AR RS R
Fe SRS R, AR e ik 5.3 s . e P e A SR AR M LA

(350cm, 965cm, 305cm), FikMiR} 45 FZ; Fr-FEJ7HAM, 1 SFETHAE (116.5
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cm, 345cm, 129cm), 2 SFEFHEAIE (349 cm, 345cm, 129cm), 3 5L
A E (582 cm, 345cm, 129 cm), 4 S E (116.5cm, 578cm, 129
cm), 5 SR THIEAIE (349 cm, 578 cm, 129cm), 6 SFE IS E (582 cm,
578 cm, 129 cm) 7 SFEFHAHEAIE (116.5cm, 811cm, 129cm), 8 SHEJjHAH
fr#E (349cm, 8llcm, 129cm), 9 SHE A E (349 cm, 811cm, 129 cm).

()ENEIMES VO EAAL: AR (BRIE/KD) - AI7E% 10, 20, 30. 36 )4
FARGERAT . Bk ke V& TEACIRES RAKHEE, A 500mI R & L 7E 9 ME AT
% (350cm, 730cm) A7 EHERE 2cm VEKKEE, it 80 i

Yo RE s Rl S aG =, VAR B A b E . MRS T R
MmO A e v e, R R AR TR . E o
W RE RO VK BINE R, EVEARERR, PG R A HEKE B, JTE 10
NI, FRJRVDIEATIRE, IR IRE KRR . FRE MM KR 45BN, 7F 105°C 4t
FIARBEIET 10 /N, AR B =R, AR5 1/10000. FkE FE BT R TR
H,

QB ARG T, ARMHEDEAISGRE e, V8, B
m WK, IR, BB BAIFEATE R, T E AR AR R R R R

X m
200cm 350cm 500cm 650cm|
| ; T I
I | |
I ! | [
b i O F
|
o N
| ! I |
I ! I |
£ i 6
| ! | |
| | | |
| T | |
| | | |
| | | |
7 I 8 | 9
| | | |
1 | | |
' ' T wm
T T fﬁkiﬂ‘?ﬁi v 2> 3 BEHTERS
Ca) PAFITHFE TR0 43 (b)Y HFIHEE T Rl

K 5.3 PRI 7w
HAE 53528 x=50cm. x=200cm. x=350cm. x=500cm. x=650cm, i 25
FHIH . X E S, AR EDFERAER EAFESE ST, [F—A2E
I\ENHFFAEXS G, B FEvb i B AT LB
(4)31 ME B IR AR A A TR 22 St THL 20 R 2 4 8 WSl PR B e A P
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ST NGEEE YD /o X R B v i 52 i (¥ P BRAR R AT 5T

HH T B2, T2 P = S AT b, GIS 2[R 43 AT (1 B BB 08, A #a ]
FI ArcGis 2 [8] 43T Lh BN 5 BL 4 (1 v 1O OO X o ot o R o 0 A7 2 (R4, N
eI AL DEM.

W& 5.4 s, SRS SSRBITERT. 25 &ME—K, SRH 718 MgE—
AR A, 1SRN AR XYZ bR, A SEIGHT S m R AR, RIS ERE AR S b s
N RS AR . WIMEMI AT T A R KT XL YL Z A
AN EXCEL 1, ¥4k CSV #:0, ARJFMEH] ArcGis BlEH, T SHP mi#d,
Z JE M ArcGis T..B44 3D Analyst BEATMH&ARAE, e B EVEEEE. Sk
PREUE B AR #F ArcGis % 3D Analyst T A, (MR RIS Lk, R
Je A ) [ T BT A 2k

1-1 2-1 13-1
1-6 2-6 13-6
—>»176cm €—

beeses

A 4 booed

hooeq

£ /

=

B i D

pesss

‘\ heood i
peees
S5lem

> 227cm <« >

rE A )
Bl 5.4 e s R &
5.2.2.7 #&BILGIE
(VAGEIGAE: W15.2.2.3 Frik, ARHE B L TR AR S i TR B R,
N TS AL YE LA 0.3ecm/s-14cmis, 4P 5.4 Fizr, 15 ADV ATl i v [
2] 2cm/s-12cm/s, 2 ‘5 ADV BTl yE 2] 2cm/s-8em/s, & K
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()b e ahim i KL

, /6 12 5/2
u, = k'[|g(1ll)}[d_} &, +ghs(/d) [ Yo ] +36gd 2L (58)
K |Ld= d Vo -

B AT =1 e L Rl T G 2 1 b o /s W A = i = M M el TR

0.41 ¥z

A k'=10.26 ¥zhAK5)

0.32 b &EF)
AEBACN (@) JEK Cem)y # () i, —M k'=0.32, yole?b T4 HE; eosr
EREEE IB R, PV e0=1.75cmP/s%; O NTERKIEREZ%, ©=2.31x10%m; yo-
RPeP e AR OKIER 15em 47,  yolyo=1); h ALK ps Flp b RiAI7K 1)
I (P EE 1.51g/cm); d APk, s dHUE DY 10mm:
0.5mm d <0.5mm

d'HUHE: d'=:d 0.5mm<d<10mm
10mm d>10mm

1.0mm d<0.5mm
IRITRE %K, =+ 2d 0.5mm<d<10mm
2d*2dY?>  d >10mm

T = AR SRR D F B R4 0.039mm. 7EJKIE 13.5ecm T, JED RSN HE
N 7.39cmis, MRAIBELE AN, SLIRE TR B,
(3) MR FRERAE: Wil 5.5 Fiax, ARIEAEKEY R4, VHEGARARE
7 2018 4 12 H 23 HRWIIRUE, AR5 SeBR AN A B AR —8, WAk
{E & K2 20cm.

] sl
[
140
-o ] 0
1204 = -
.I_ [ ] /
21004 - .
5 L = /. ./
. 80 . . .
60 . .. . o
| " m .
40 .
. '] 0 [] " "
20 =
=/ Kl 5.5 WiALL e 2
0 T T—T T T T T T T T 1

— . T . . . . - . .
0 2 4 6 8 10 12 14 16 18 20 22 24
I Chours)



ST NGEEE YD /o X R B v i 52 i (¥ P BRAR R AT 5T

5.3 LWERSHIES

531 HITHRIVEE

1E 100% %0 & . 65% b & 30% VbR 15% SV EE R T, fE5 10, 20,
3&36%%%%%&%%\%¢\%%\%¢\%Xmmﬁ,mﬁﬁﬁﬁ%%%
(y=700cm) /)= 2cm 7KK K 80 JHACHE dhlr [Bl Seier %, A8 AL 1R & 5 b
&, He5F K 5.6 FiR.

100% & Vb RGN, W T SV EAES 10 Ak SR AS (I 1.5083g/L i K
i, RIMKSIE (14.9kg/m®) 1) 10.12%; S EAES 30 B PEA RS L
0.66169/L 5/ ME, & THIE KT 4.44%; 28 ~F& &4 0.9718g/L, & Tk
1] 6.52%.

65% F Vb BN T, W AT SRS 36 BRI 0.6414g/L K
i, RWEEIE (9.685kg/m®) ) 6.63%; SV ELELE 36 LA MRS LI
0.3821g/L fe/ME, SETBAE M 3.95%; 4= MIFH& 78N 0.5122g/L, 2 THis(H
) 5.29%.

0% E Y EGE T, W NSV EAEH 10 B EIRASHI 0.37229/L K
{8, TR VD 8 (4.47Kg/m®) 1) 8.32%; & b5 1F 55 36 J& 174 ACIR A& Hi#1 0.1863g/L
B/ME, SRR 4.16%; 4 HFE & b8 0.2881g/L, & TRIZAA M) 6.44%.

5% VG, B S EAESE 30 Bk e IRA HBL 0.18469/L ik
B, RHRSIE (2.235kg/m®) 1] 8.25%; SIVETEN 20 WL A RS LY
0.0878g/L it /ME, & TBEAE M 3.92%; 4= WISFHI &7 & 0.1346g/L, & THiRE(H
[t) 6.02%

TR BB R IEBR, SE W ERE KRR, KRR
Perb KBTI, AR 8 K 2.4 s B g K, R NI
Pevb 1r) g = AP S, TR B G e B RO, SV HEEIR . WA
TR RIS AR ORE YIS, A BARIMERT 2 1 20X 10% /245, HAR 90%IHIE
VU BIRR BB ARMENTIME, EMNSEIEIE TS S, & &Y B ER
FEHENE R A KR SV B .

5.6 frzx, ASEIE VD EAE SO E R, AKRE NN S A 3L
IR fE—A B d i, SWER KGR/, Wiz s m, %
WAL T R Ry, BRI R KR A IR AR, AH R RS
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TE BCEAH AN T AT, 25 B0 DXk WAt s B K TV I, K AL R A 5 K
TRIPRES T, AT (] AT AR P BV R YRV

AN R TR, BV RS Hh T W 4 R N T T a6, K I3 5E, HR
WEEIER, BRaFlb @i raesE, HAREESMRRKR, (HIFELZ MR
PRIPRIAN 7R, T — B AR, R PR b i 5 T K S A s o, A DAY
YRR AR, W0, [FEE, YA ki g AR VR T R, K
W19 EG, BD I, BIFAEL RIIPSLZITIRE, 5 50 B R K A
NN RBARFF RN, @ —BNE e, FEriRE, RIYeyb b 5 T 7K
FAFIRET, BT LAE VD AT AR i R R R A

—=— 100% GV E
—— 6% EVE
—A— 30%EVE
15% b &

1.6 7

1.47

B0/ - 20— 30 -—

—_

.07

EE (g/L)
i
co

=
(&3]
1

0. 47

0. 27

T T T T T T T T T T T L]

0.0 —
; %
@ & %@% f’ﬂ;%@ ¥ "%@{% %)%% %%\é{vb&{%%@ :@-ﬁ@%ﬁ

K1 5.6 AFEMEEE T KIFEREANE] T &b R4
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5.3.2 WWEEEHIRERLZEHLH

RS, KRR FUR iR & & AR 7 UGz g, BE
PR, IRIETER AR, K& kiss). AFEARERT,
ARG DTV ST RIEE T il %, B 5.7 s Rib iR~ = i, & 5.8-12
NUDIEGEHRFAE, S IR Vb (RIS B R SR B AL

PR h s
ﬁ%h4_,////\\\\_4\ tm'"_'li/ﬁifj“—‘

VR IR e R
a: AIBEEZE A: HTMJEMN

N _/\
i I
W o RIEIRBE e B AR

WA Tk

c: AR C: R M
Kl 5.7 Wik S iR E s = B

PR WS KBMERT, BESWERRAD, MEFST, AR
[ Z AV GE TR AE SR 22 R BOR . AN T, MAHEASIm R E
A B2

Wik 5.8, 7£ 100% &b N, x=50cm. 200cm. 350cm. 500cm. 650cm
M 73 A K B 51 4. 114 %, 188 k. 187 k. 150 %&ibik, HIsKit Ul
Hli], VOBEB P 2, AT WU SR R TH R & IR
KZE5, WK 5.8.a 15 5.8.e Fiw, fEKMFHM x=50. 650cm I, ki,
W EIG K, Horh x=50cm ¥ =6l 0.1-2mm; x=650cm J% = 0.5-2mm. 5] 5.8.b
Mic, d¥m S A2k, x=200cm ¥ =56 B A 0.3-2mm, x=350cm % & 76
M 0.3-1.5mm, x=500cm 3% /= ¥ A 0.1-2mm, {3 [ p5 4435 ThT 98 v e K AE.
IR BB N ES, AL KRR oK, KUV REIE T, 32 AT
IR, KIRBREEIRETAR /N BREmIAAT y (176-227cm) KB A W F 4 E B
R, WK SEESE AN, Fgm, sEETRE, K, x=50cm KK
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FEL A 1.9-4.4cm, x=200cm % K5 M 0.9-4.7cm, x=350cm i K5 M 1.2-3.4cm,
x=500cm % K8 B M 1.4-3.8cm, x=650cm I K5 B 2-3.9cm. [ Ay
(176-227cm) IR KIS RE&IEE, I HIHD BRI E MEARRE—8, K5
FREAT . AR KA K ZE R, SEEXR, FraHImH c BEA A 3
TEHIT & LR, ARAN RIS TH 9 % 5 308 AR a3 A —3,  x=50cm &b
3ol c-b-c-a, I A-B-A-C; x=200cm B IEARL#a N c-a-c-b, HTE
AL C-A-B-C; x=350cm A BN c-a-b, BIEA A-C: x=500cm ¥
AL AT N c-b-c, WIARLHF A-B-A; x=650cm WAL N b-c, BIKAE
WiaH C-A; ¢ BT RE I Tk W12 5 BEJE AR R, BRI FH = A VB W fe
VB SURE AL, YA TR, a SR IRE SRR, b BB SR .

s i L& o 3 h & i )
4 a-h PETEIRMTE 4 a-A B R
CE Es
r Sty Hpe—
i) = %2 A
> - ™ b
1}, e S 1} _ -
o— o bl 0‘ N— aC—y e bB—t
4 -~ 100 5 e |10
P o~ - pily o
Vs —Eip ~— £ PO
g — By 0
IR ) I - SR 50 =
22 y A = 100 22 i, — oo
1/ -150 1 f0
Gm & ) 3 ) o ] — — o -200 om—ommmccﬂhNhﬂmcm—wo—o-—czm
o = n =] =~ = = — o4 - R = P T L - T e B R T T I - el
~ - _I\ID C.._\D ~ ~ [ —NNOMHWMM?’MPV?W’H"“'U\'&OFF
g B (em) [X=50cm] & m hi M (em) [(X=200em]T
5 ¢ el 3 s
4 C a-h PR 4 d a-A R
B3 ' b-C - CE
= = —_—
2y E 9 c-A —
S :
1 eeA o aC— oA —t—b Ot
- —/ s =~ S—
9 b 100
¢ . Sp 100 5 EE
o \ £ {50 4 — M0
’%3 ———— — 0 Q .53-\/—,_, 0 g
- 4 s oL 50 =
22 o . aeor B S -100#
1 -150 1 -150
B T e e U:‘EF325““2”"-%‘”55‘-”3”‘4";25&_200
Trfdzmescafgdg g8 g BT R M-I EEAE - A
e T S < T R H oA T oSS R n ° e e
plrite Al W (em) [X=350cm)] itk 67 9 (em) [X=500cm]
e — il
4 a-h o I R
&
— A —
fac¥] — A —

L - —

|

|

|

h \.\\

| I

- |
(FiE)

100
50
B
< Y
AU -50 =
| e
= -100%
1 -150
ol 200
S T e R S
= i M of 06 ¢ S O 0 B oed S oW W
i
N o omom O YR T2 eon e ng 0
£ + = i e v e ™~

W W
i (cm) [X=650cm]

K5.8 1000% & v &R T AR H T Vb B S THFAE
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WK 5.9, £ 65% Vb E R N, x=50cm. 200cm. 350cm. 500cm. 650cm [¥]
PHITH 73 WK EH 45 % 161 5k 217 5. 152 k. 44 %10k, [FIFES 100% &b
S E, R g, YRR 2 o YOI S E S R A T Y
REMEABAZER, WK 5.9.d iiw, x=500cm #ITH, H b L e 21K,

i A 0.1-2mm. FEAR T 1 S AR AR AL, x=50cm 3 e Y6 A
0.3-1mm, x=200cm 3% = 3G FE M 0.3-2mm, x=350cm % =78 M 0.3-1.5mm, 5 1

MBS, BRI KB AR i R, BEE SV e, BT
MR AN G IRD BRIV VP I ORE, W R R N EAL TR AR, ER e b
UUREVDPR A, WemR /), AR, JevbisiEil, AKmPRig o, HEhk.
B2 x=50cm il [ KA AR FERR,  HAh ] TV K H g BBt A2 A S Ak i 1
2z, Horp, x=50cm KGR M 0.7-5.9cm, x=200cm ¥ K yE F M 1.5-3.1cm, x=350cm

s i J it
a iy h S I b

4 a-h HEGRATE 4 ah BHRRHE
£ B3
EZ .;2 = . c-A —_—it aC i
! B - oA -;; .\ =

1 , o a—( — A 1 i : _./,

0 0

5 w100 5 wic |10

b L {50 B kRS0
’;?3 T e 0 = 55 — 0
— -— v AN ot
% 0 E SN E
2 oo H - i -100%

1 -150 1 -150

0 =~ ) o =+ —_ ) o ) ) o =+ -200 03 woe | = R e S Qg ndeF W 200

= 8 2 g 3 o g & 82 9 93 SRgggEEsR RS Sggw g3
o = w vy [ = I T = =
i i ¥ (em) [X=50em] #hii i (cm) [X=200cm]

& i 5 d e

4 a-h WHANIE 4 a-h MY
E3 EE
ot & A —
bt aC - : &’ Pl
: c-A M — "

1= - ‘—c__ et 1 AL K = a "

0 — nl — . -

5 Hg {100 5 s [

4 Em {50 4 — kR s
TN ~—— - - - B [ — — &
= S0 W - ) ’ 50 3
] S - ool wmYTT—— - - 100

1 _150 1 -150

0l 200 M 200

e =l BRI IR I B = = QRS S ELALEE T ESEDE
—S8SENI R EESE T T s s R ENS 9 —Ngvﬂ%ﬁv"v'rﬁ-raz?z
[ ] (=] A en i wi o -7 ~ = o [ - BT
o fir M (em) [X=350em] i H (em) [X= 100cm]

5 e i i
4 a-h TR
E3
4
& ——at—
Al =
—— J s
g — ¢ 00
4\_ - — Ef {50
g, . 0 =
N — o 50 =
E= 100+
1 -150
R =~ TR RS 2200
= o = e = r-l -+ = =] ] =
s & & @ i 2 & & =

it !'P‘fLur_IIX 6a0cm

K 5.9 65% &b &GS R A R NFHI VD3 S it RFE
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FARIERE M 1.7-3.3cm, x=500cm K76 H M 1.8-3.2cm, x=650cm 3+ 76 [
2.4-3.8cm. Ry (176-227cm) ViR KBS RLEE, FraHmybwmEm
FEARLRFF—8, REUERZ&AT. BRER, Fra &l c sIEM A BT & A
BUK, Bk X=200cm H#ITH#IEAZAN c-a, HILARN A-C, HRBIE AL ER A c-a-c,
W AR AN A-C-A. BEIRE K, y=400cm I y=600cm #2874 ik H
i BRI 73 WIS XL kvl aR AR A X L RO X, SRR AT RE
SIRCMA B VR R T TR AS O E 2R

Wi 5.10, 7F 30%F VP EEEE T, x=50cm. 200cm. 350cm. 500cm. 650cm
PIPHIH K BA 62 %% 138 26 145 5k, 81 %%, 64 %kVbik, 5 WA SAH
7], A p e, PRSI S . AAEIES 65% S E BB L,
Ry BRI OK,  [RINREAN B T A s R sh Ak, BEE SV E R, 2R
REEJRIP I RE AR TR, /KRR A RIBIY) 538, wEsg R, A

5
ik i i
4 a a-A IR BNIE 4 b a-A P RIETE
:E} :%3 A —
5, _ég e —~
-t — { =b=Br] - | -~ N al
| -
- '-..___-" — —_ 0
g ........................................................ - i/- 100 5 ;’EL’\ 100
- #l 5 af — —_— — itM 4
A N tE s g . i SRR R
g RN 0o I 33 2
23 - 0o ¥ Sl &
oL AR N st 2 — T}
w2l 100 '-'*_‘? e _ 100+
1 -150 0
[ — N )| | 0:;_ e T s T S = T B B0
&R ET e g e e e T g d A g e g g I Rogoe =
] e = by = = - [ [ L] i} 5 L] Mo e e e W W v~
NN e o Lol i B (cm) [X=200cm]
bt A (emd [X=50cm] 5 by
5C . d —
i 4 4 a-h IR
4 A SRR -
8 53
%2 A = oA —
% I—‘_ — A — 1 R - — _
I._— t‘. <
4 LR {50 A il M
53/ S 0 = =3 — 50 =3
sk — =50 = L — ]
Hal—— - 100 22 ~, 100#
i _150 : 150
0 200 s CS > ) ] = o~ -, ) E) = 200
B R T~ = ¢ & z 5 @& g2 2 4o g 2 B
S EREEERESFARRE N CHE S ROIR I B
ﬁ.{f ﬁ “m} Ll SwLDJ [ g 1L cm J
< =1 Sede
e —
4 a-h R
r'_;ijl—~ c-A —_—
_%2
|| [
g 100
B g |
g iEr |50
| T—— 0 &
23l N =
M 50 =
2 10054
1 -150
e £ w G e ' " = -200
E & & 5 g 4 2 =
= ) o = ~
i # (cm) [X=650cm] 2
NIy S
K15.10 30%: v e N AN E Vb i SRR
a7
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S L BRI B R i/ MEL AR R s R, X ATRE S S bR
b, BV ENE VIR R A K. B RS EAMERAREAK, FA G

n\\ ’

SRR ARG S B SRR — 2 WIBR SR iy

H T VU 78 1) R 2647 x=350cm/500cm/650cm T 42384 ¢ YR a 37, it
A s A A0 P Vi v S X PR T T S B S ) P SEAC A &5 . AR e .
HELlc, aNE,

3

& 5.11, 7F 15% %
FIEIH 3 K EA 60 26+ 1

/I\

= HE T, x=50cm. 200cm. 350cm. 500cm. 650cm
155 2%, 350 %%, 70 %. 6

126003, i K g ) ) eh
YOI ECEART G . ZESE RIS 30% S vb R b, R R A
EERE AR R, XS &V R D S B KR R R R BR A . BN

5, — W . ! g
. a a-A WA 4P a-A  WIERMEH
~ | c-A - i é
B3 y E3 e-A —
) / E,| - - - ;
E . e - a-C—
.‘_,§2 // \J—‘ a-C —| 2, \ .
1 S 1 N\
| — _ ) .
5 L&K 100 5 &K- 100
7T — it {50 I L
= - o) a 0 B
23 / 0 & =3 N
W] ~. -50 7 o - . . o _ A o
#2 N koo FS 1o
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