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ABSTRACT

Tunnel belongs to the underground construction engineering, during
the construction, we often meet multifarious geological hazard, such as
dashing out the mud, water, gas and the rock outbursts. With the
increasing of tunnel engineering in our country, they become into deeper,
bigger, longer, the engineering geological and hydrological geology
problem being more complex, the theory study and practice on the ahead
detecting and predicting are becoming more significant.

Ahead detecting is basic on the difference of the medium’s
geophysical property. Its is the application of the geophysical exploring
methods in the tunnel, underground well, stope. Through the observing
distributions and the mutative rules of underground physical field, we can
find the geological abnormality and make certain their scale and state.

Base on principal and prediction law of TSP(Tunnel Seismic
Predication) and GPR (Ground Penetrating Radar),combining their
application in the ahead prediction,the author develops research. The
paper have elucidate the main types, reasons, geological features and the
physical mechanical properties of the tunnel geological hazard.Base on
samdwich model and the principal of seismic reflection method, author
deduces the equation of the time-distance curve,discusses features. The
composed record of multilayer modles are simulated using Ricker
subsidiary wave and minimal phase subsidiary wave.The resolaving
power of seismic wave on folium was discussed from tune thickness.The
relation was take apated between the reflectance and an incidence angle
and stratum “space angle”.The author also presents the characteristics,
data processing procedures of TSP203 system, and discusses the main
influencing factors .The author has design an “equator combined
demodulation observation system”.An accurate first velocity has been
afford for after reveision.

On the ather hand, basic on the principal of the GPR, the author
simulates some models of dual layers horizontal medium and combined
cylinder using Finite-Difference Time-Domain Method and exceed
absorb bound condition.The rationality and validity of this kind of
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simulation are proved by Qian-Gui railroad’ radar detacting. The general
principal of radar images of different rock strata and karst are
summarized.The main influencing fators and key technology of GPR
were discussed in this paper.

Theory and pratice have make know,tthat TSP method mainly
reflects the rock’s mechanical property so belongs to the long distance
geological forecast, and its detecting effects is better to the layered media,
but detacting effect is unperfect on minitype karst,its interpret to the long
distance is not enough accurate. GPR mostly reflects the electric property
and dielectric properties of the media, its resolving power is upper.It has
a higher resolution so the capacity of discernment of the karst, interlining,
fault zone is rather high.But its detating distance is not enough long. TSP
shoud be adopt on long distance ahead forecast. GPR shoud be adopt on
witch there is dubitable by TSP or there is a karst. Combined with the
geology structural properties, we have to comprehensively analyze and
explain the observating data to test, verify, supplement each other, to
advance the reliability of the ahead forecast.

KEY WORDS: tunnel geological hazard, ahead detecting ,
compounding demodulation, tunnel seismic predication,
Ground Penetrating Radar,

Finite-Difference Time-Domain Method
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R BAARRHEE R, W3 S, i, PRRRSE SNk
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oE E
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P
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S NI IR Py, SH O SV il =AM A $. (3-17) ZERARFR R R
TN -
o(r.0,z:0) = jo'”go(k,z,w)Jn(kr)cos(ne)e-f“"kdkdw
1(r,0,z;6) = ji j: 1k, z,0)J (kr)sin(n@)e ““kdkdw ~ (3-18)

w(r.0,z:0) = j: w(k,z,w)J, (kr) cos(nf)e " kdkd

KhJ (x) HE—Fn i VIFE/R (Bessel) PREL.
¥ (3-18) AP AL EHEAN (3-17) 1, A1

9’ 9’ 9’
9 =0, (i )r=0, (i w=0  (3-19)
(z+a)e CZ+00x CZ+0W
2 2
:T:tl:':‘ azzki—kzy b2:k§_k2’ k127:;)2’ k;z%o
P S

@~ ¥~ IR B AR e, HE AR -
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¢ — Aeiaz + Be—iaz
w = Ce" + De™™ (3-20)

ibz —ibz

Yy =FEe" +Fe
BRI, AR IAE A, =AM A N B A
o(r,0,z;1) = j: j: (A€ + Be ™) J (kr)cos(nf)e ™ kdkd o
w(r,0,5:0 = j:(ce"bz +De ™) J (k) cos(nb)e ™ kdkd @ (3-21)

7(r,0,z:6) = j‘” j 0°° (Ee™ + Fe™™)J (kr)sin(n@)e ™ kdkd @

3.2 MERHIEREKXFIE

M= S AR R e (o, S5 YRR bE . BEPHPT. PRMERL R
) N, MEshEE (ER) MhiE (Bei) MBI N TR )
I TP AR T AR R AR, RO oA bR s S AR AT I 1AD  HRE
AHAE A2 SRR St S BT A S5 SR o ST P P PR A . A R T K TR
TR —MER A TSP VE (TVSP /A FD, BN — R A FOois s i

3.2.1 TSP %

TSP 7% (Tunnel Seismic Predication, P& LR TR ) A2 75 REE 5101 5 7705
B TE L B AT B 2 N EREE AU R, BORMUR B, A =70 AR R AR & 5
TR Ok 1 7 SR SR, T TR ) M R A T AT AL B,
A AT T A R i, H AR SR & 3-4 iR .

b 3 2k ELI BRRL N\ AN

B 3-4 TSP I HRETEZR
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3.2.2 TVSP £

TVSP i (Tunnel Vertical Seismic Profiling, i T [ 1 5% % 1HI) #2Y6 T
I BB I I P b R TV, AR R AR BRI AR T — A SRR IR, fE L
VT JG 77— 52 BE 2 T B BRI E 3T —ANEE AL, FERS AL e B T s (o
SRSy BCKk AT SR R, ] 3-5 FR.

¥4
a
I/ A\
i _I. — e e e — . _‘}:@‘EO_'T%. L(\}\_A.A\A\T
‘ \\\% \\\
B& i b & w7 HTTHREAL \ AN

H 3-5 TVSP ik ITHREFER

TSP V21 TVSP 130 & 3L W 3 47 S SR (R AT IS TR« 0% « AHAL AR
R ARE AE A HE T T 7 A BRI PE BT CUn g Ao (1) 2% B o DRSS R A L 23 R e 7 8
gy 2 S MR VSN BER E2 5 QA Iy AT E A LT NI U2 TN e I A
MG REIEZ NI, DIHEWT 3 7 T 7 A A SRR . S KA 5
FEA N ARSH. #g b, TVSP Lk TSP yABCR By, (HSEprjt Lrh B
BORIMAE, HH T2 R TSP %,

3.3 FIEEfHZ A2
3.3.1 — 1M ERA

I 2k Mz 3l 2% A P fiid T M= P fEAE FR I R I —2F ¢ &, L TSP I
VETTIE A, 2 S ST E ) S BRI RIAT RS T C i, bR NS D RN s i
FERE AR P 3-6 s
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A
Zi= P 1Vi Z>=P 2V: Oﬁ
0

=
m
&
X
7]
w
b
|
E
(@]

A 3-6 ¥EEEBRBRETER

7ESiv Son e v SN RIS R, B2 e,
NI RIFNE > SR GREHGTANED, BN SRR Re 25 1 MM RO IR RE
FIOE SRR A 42k SIDR, AR SR e BEANGER R (A O R IR RD kK15
SIS 2 7 RN -

t= l\/(zh c0s8)’ +(x—2hsin )
A%

| ' (3-22)
=v—1\/(2Lsin49cosé?)2+(x—2Lsin2 49)2
IR P R 2 T A -
t:ﬁ (3-23)
Vi
Horre x N8RS 2R PR R R E,

v NS 1 RS R B RE SR,
h=Lsin@, KB R R 2SR SRR,
L 20 S5 F i 5 B s B 2 A2 s B s R AR,
O 9 S S B B R 2 i K Ay, RO AT BB I A
W SR BRI 2R (3-22) ARl Ak
£ (x—2hsin®)* _
[Z}zcosﬁJ2 B (2hcos 6)’ -

Y

(3-24)

AHEFR Y, (3-24) AOWXUZ T RE, BRI — A1~ S ) B s il st i gt e
Mgk (r>0), HXHMK x=x,=2hsin@=2Lsin* G,
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x, =2hsin@
W (x, 1,0, ; :2hc0573

B I R LR R (323) REA R, RN k=

4

3-7a RW] T [R—Ftii0 . ANE] “osm) 7 St BRI PR i 2 1 B A8 ARy
MRS HIEW KRR (L=200m, v, =3500m/s, 6=15",30",45,60°,75°,90° );
5 TSP LS BRI o, 0 e A B AR 1 T AR s 2 ) ) — B B N (S1~Siy
— Mk 16~55m, Wil 3-6 i), Bk, HERWIERh & —isr, & 3-7b
T Ay W00 S Bl PN PR B R 2R ( L =100,200m , v, =3500m/s, 6=45,80").,

120 T 120
d0dip L=200m | Reflected wave ( 80dip ) |
ok, 7507 Reflactad wanves b s ‘
804lp \
WEU 2 80F Reflected wave ( 43din ) |
£ 45ip - |
v £
=l =Kil | |
g P g ) Reflected wave ( 50dip ) |
= N L=100m¢{ | |
s 407 efected wave (454 ) |
15dip ‘
2l Directwave (V13500115 ) 1 Al Drect wave { 3500
‘ ‘ Face
) ‘ ‘ ‘ 0 Range of shotholes, | |
i a0 1 . 150 0 250 I 10 il kil 40 al il 70 a0
DL L Distance / m
a AN[A) ] £ b AL YE FE A

B 3-7 RATMA. AR FE &

3.3.2 BN HRE

WREHITA n+l 25, n ANJRPES S0 R1. R2. ... Rn, %2 M0HbE D
MR~ vy s v v ST AT, HREERIZ M 0,

I SRR IE A AT AR EOUR R EERS 0 L« Ly Ly L, 1] 3-8
7R
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3182

Ln

B 3-8 ZAREARR

PG Ci> 1) IR SR R 2y R T B R SIS HOT R R -

2Z(L —-L, )tano, .,
X, =
’ 1+sm49tam0(12 (3-25)
: _22 xsiné
Vcosa/wl) Vcosat12
AT 2% 2K e 2
singg, _sinat, Sy S0 —p (3226
e v, Vi
4 —Vp
3 cosa;,, =1-V,"p" tan &y . = = 2
-V, p
ot S REBNSS § RS RSB 1 S22 B NS £
V4
0< a](/+1)<2_0

CL=J2A OB, 25— AN F i Ry (I BT R «

1, zi\/(ZL1 sin@cos6)’ +()c—2L1 sin’® 6?)2 (3-27)
Vi
AN R IR & S HOTHE N

5 L tanoy, +(L, — L) tan ar,,
l+sin@tan ¢,
L L,—-L xsin &
tz — 2( 1 + 2 1 )_
V,COS0¢Y, V,C08Q,; V,COSQ,

X, =

(3-28)
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3-9 AWATATIH (0=7x/3+ L,=100m . L, =150m . v, =3200m/s
v, =3600m/s ) SN EEEE 2, Ry SN R HhZ A XU 2, R, St
I PR AN 0 Ze s LA 3-9a Sk T BRI EE A B AS, K 3-9b ek T
HI 0 B P 1 B A

100 T T T T T 100 T T T T —
| |
a0 1 a0 B
RQ'R';ﬂECtZd lv\rave Ri-Reflected wave |
al {no hyperbalic) | ol | |
ot . 70t | | ]
[} [} | ‘
E w0t £ B0t | ‘
£ £
= =} R1-Reflected wave = A0 R1-Reflected wave ‘
© {hyperbolic) T | |
= =
T o40r 2 A0 |
~ ~
ot - Wt | | _
0t L1=100m v1=3200mis | nk | ‘ ]
L2=150m v2=3600m/s | Diract wiave
10F Diract wave Dip=pi/3 g 10 | | e
Range of shot holes ‘
D Il 1 1 Il 1 D L 1 1 1 1 1 1
0 50 100 180 200 250 300 0 10 20 30 40 50 B0 70 a0
Distance/m Distance/m
a PRI B h e b LI YE FEl A

B 3-9 AS-FAT I8 RS IR B FE o 2%,

[FIEE, XF2AFmE T, AN S SR B o X £,
ANBHOTREMZE, I EE IR WA 3-10 Por.
S5 A F D SR I 2y R

1 :l\/(2L1 sin @ cos 6)’ +(x-2L,sin® «9)2 (3-29)
vl

551 AN GNPt 2 S BTN -

2 (L, —L, )tana,,
x, =—2
’ 1+sinftan o, (3-30)
/= 22 Lj _Lj—l _ XSine
" Evicosa,,,, vcosa,

3-10 K AT AELE 5 ASPAT SR 6 5 S5 BB A2, R, T 2 11
I EE 2 4G, Row Rav Ry Rs JRTHUGHR (1 B 126 AS R R 2G s 5
R B R (LK), MBI . IR 2 MOP2E . 1] 3-10a X
e T BRI BRI A, Pl 3-10b SCIe T VLIS FH g (1 B8 4 B 2
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w

N =

(O8]

I

N

=
=1

140

= ] 120} |

10} ]
R?
&0 N
| |

1 B0t | |
L3=180m v3=4200mis

R1 |
B L2=180m v2=3600m/s - 40 —

i |

|

L1=100m v1=3200més |
|

|
1 Zlly Diract wave | 1
Diract wave Dip=pif3 |
! L L . | 0 - _ Range of shof holes | | | )

I
50 100 150 200 250 300 350 ] 10 20 30 40 a0 60 70 a0

L8=240m v1=4600m/s 4

=]
=

= =)
= =
a/
.
/;‘ il
[ i 3]

Travel time/ms

i L4=200m v4=3800rmis

Travel time/ms
o
=

=
(=1

[
=

=

! Distance/m Distance/m
a HLR I i 2k b ULIE LA

A 3-10 % /A~FAT5 0 RIS AT 3E W &

3. 3 KRR k4T =

K 3-7 1] 3-9 1P| 3-10 ] T Sz S i B bl 28 1 s b He 5 LR IR I K &R

v HIRVEETEEHhER o H R, R

v AN PR D S S e g 2 A XU £, A 22 A ST PR B AN T A W
th&esh, e St AR .

v YR S R T A 2 A BRI A EE B L — g i, AN (R A R
280 55 FLIA B I BE R ZRAHAS T IRl — pt, B0 x = Lo AR S N i 2 5
LAY IS P M 2 A8 s AR AR x = L 0] ) W7 i - [y T A R
HNWEEE S ONETFIE) A

o0=L-x,
2 x, AR R BB R .

VAR A 0B, BRI 21 1) S 5 St 1 8 (J¥] 3-6 H DE B FEN ), 6 =90°
I, 2 OO AR BRI B &- FR T [R]— R SO @8]y, A BE RO,
RN, S S A B 2 T 2%

v LIS FEL Y, B A EE x (IO, BRI RAT I ARk A, T R SRR
AT IS TA) E ARG CSLINYE T AN S B/ 05 SRS s I ity
LIRLR (BB EIED R, BPRTE “HAE”, —% % “8J)
X7 AL

N OF <\ N B R R o

39



[ VAT S R BRIEME POMTTIEA IR il Rk 5K

3.4 YK ERE LR RS FIEST
3. 4.1 K&

Fee NN B SAEA TR 73 TR, AU RS — R b A2 S
Tfﬁﬂﬁ? RS AE I BRI IE S b A BRI Ry

g 3-11 gl
NS P B P O SV

P GBS PBCRUE ST SV IR B 2L SV(a3)
DRESH " y

e (D
¢(1) — Alej(k‘ Xtk z—ar) o Jp
1 CprMpupa e Vst )

¢(2) — Azej(kiz)x+k§2)z—wz) 2 (pahzprzie2iis2)
PlA44)
1//(3’ = o/ kI z=an)
- 43
BV{AS)
4) _ FED X+ z-ar)
Q" =A4e z
+1.(5) (5),_ . N
y' = g e B 3-11 Pk @ ko R g A4
7E bk,
KV =k® =—siner, kP=—sinf, k=—sine', k¥ =—sinp"
Pl S1 Pl S1
HA k(l) _ k<2) _ k<3) _ k<4) _ k(S)

M n] 73 SO ALE S E A R RE D

VP] — sz — VP2 — VSl (3'3 1 )
sin sinf8 sina' sinf'

UeAh, il 3-9 ATLLUE

@
kY =—cosa
Pl

w
k¥ =——cos«
Pl
w
kP =——cos 8
S1
w
kY =—cosa'
VPl
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K =£cos,8'
S1
FEN L, AL RN

(kD M, _ (k2 (2),_
@ = ¢7(1) +¢(2) — Alej(k‘ Xtk z=or) +A2ej(kx xtk;Tz-ar)

Ok z—ar)

=y =4’
FEST IR 2 S IR N

e kD 7
0, = g = 4,/ K w0

(k) x4k 57—
v, =y = gz

3.4. 28 R&H

TEHAE I FUIAL, MR NPT REIELL N ) 4E,
RIfE z =040

u=u,

w =,

(0.),=(0.),

(7)) =(7,),

HIAL PR R R A

Jdp, dy, _dg, Jy,

ox oz ox 0z
99 Y, _9¢, Y,
Jz  ox Jz  Ox
Vz _2Vj 82(01 0 2 + azlﬂl):

2
pl
sz1 0’t 0z Oxoz

+2V3(

2 _op2 32 2 2
Lol T 08 gyn (00, IV
o) V., o't dz"  Oxoz

oy, Ay, _p g, 'y, Iy
V22 L4+ 1 N=F2p20m 2 2 2
i oxdz ox’ 0z ) o) £ oxdz | or oz )

3.4.3 BT REFNEG R

(3-32)

(3-33)

(3-34)

(3-35)

(3-36)

(3-37)

PR BN BRI AR B (3-32) ~ (3-35) AR (3-37), &y,
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1 1 (R ,
V—sm()((Al +A2)+V—cos,BA3 :V—sma A, ——cos B' 4,

prl sl p2 52

1 1 1 A T
V—COSO((Al —A2)+V—smﬂA3 :V—cosa A, +—sin B' 4,

pl sl p2 52
V2 —2V2sin’ o V2 —2V2sin’ o
_ln (4 + 4y +sin2fd, =—Lo 122 4, -L2sin2p' 4,
Vpl pl Vp2 pl
2 2
d —Lsin20/(4, — 4,)+cos2 A, = e 2Vsz sin2a' 4, + P cos2f' A,
Vpl | p2 P
(3-38)
H R R e (3-31), W4
Vo =2V sin’ a=V) =2V sin* =V cos2f
V), =2Visin®a' =V, =2V sin® B'=V), cos2f3'
AN (3-38) s =3, IFRAIE TR R IR ER 4, 73
V V V
sinaé+—plcosﬂé——plsina'é+icosﬂ'é=—sina
1 sl 1 p2 1 s2 1
V V V
cosaé—isinﬂé+—plcosa'é+ilsinﬂ‘é:cosa
Al Vp2 Al p2 1 52 1 (3_39)

. A A . A
cosZﬂﬁ—ngﬂJ—&COSZﬂ'—“—&ngﬂ'—S: —cos2f3
Al Al 1 Al IOI Al
2 2 2
Lzlsin20(é+cos2ﬂé+&l/422sin?_oﬂé—&coslﬁ'é =V—‘2lsin20{
pl 4, 1 PV P |

pl

iR (3-39) RIOMiRHF (Knott) Jrfe, "Bt 1 2% IXAL pR AR R - 1)

%%, EEP%\ j A4 %uf;/\ I P IS B SV BN R P

BB ST RAFN SV U 1IE 5 R AL
PR R YRR L ] 3 7m
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4 _Su_g
4 S, mw

A _SuVu _Vag

A Su ¥ Vo (3-40)
A _SuVp Vg '
Al S01 Vpl pl "

A _SuVo Vo

A4 S, Vp1 1 -

Hrp Sy v Sppn Sy~ Sou FSo 73RS P ¥ BN Pt S SV . &
OF P RAIEST SV BRI R R, « R, ~ T, AT, 73504 AL I lE &< )

PP P

P SO R H L SV BRI R P BOE ST REU SV I S R A # AN (3-39)
AP B 2% (Zoeppritz) J7FE:

sinaR,, +cos SR, —sina'T, +cos f'T, =—sina

cosaR, —sin SR, +cosa'T,, +sin f'T, =cosc

V.,
cos2fR,, —V—sm2ﬁR P 222 cos 2B T, —hsmﬂ? T, =-cos2f
Vpl pl pl 1Vp1
2 2

P ‘2 sin2a'T, _PYe —=2c0s2B'T, =%sin2a
P

pl 1 p2 1 pl

(3-41)
SKARAE 2 .2 (Zoeppritz) 7R T LAFREI ARSI 5T RECRBIT R 8, =
PR ERA TIPS B D pos Vs Vs Voo Vobb, BHHEAM Q.
RS A1 B B Fis o A B, TS RIS S 0 4 T KR 2 21 s P A Ak
For, DAIE, S SR ECRUE T R ECSRR LR R SR b e .
SEELRINST SRR S R BB R WA X 2% (Zoeppritz) 7Rk
WA RIS, S Tk — B, i AT LUK RO R (et B
YRV BE A LI, N 325 16 A4 RE KA A IR o B 7

A 4 EENF R AR

P RIS, AN Ma=0, WHE/REHn %, X R A AE T A
A E o SEPREIER TAE T, S Hb R A AN KT AT BRI K A B, ARk
WAL PTG RCTE ENI

EG-ADY L a=F=a'=4"'=0, WA G T 17 H 2% (Zoeppritz)
J7 R A5 R
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RPS +Tps =0
R, +T, =1
V
R, ~C22T, =1 (3-42)
pl pl
R — PV T =
oy
it 7 R4S

R = szpz _prpl

” pZVpZ + prpl
B =0 (3-43)

— 2prpl )

” PV o+ PV,

Tps =0

0 72 0 D B AU B R 7 1) 0 30 T R0, A W
ORISR, SO ST & IS b, IR I TN 72
MARIBS . th (3-43) RATHL, A IRIOBHEIE K, RO R, T8 5
.

SO OB, RSB A R RITRACR, >0, SIS A
S GO, MR MRS 2 A BRI . R, <OBE, RS
NSRBI, SR “ L, BUTHEAZE R 2 S B3 2022
WP 3-12 %, ARV, Wl WU AR S A LB e,
PRARE I EATe SKIE, , Bi Gk IR IR T, T e v, )
oW A

SEARINEAN T R4 5 SREERAIT)
Jsdf ikt IES Ve i)

A 3-12 ERHMA R RMHTZHE
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3.5 HRIERMALSH

W T OE HREUR IO . 2ot M AR SR I AT Hh 1 O b B B g b
B, R AR RS, AT BER DY AR AR I TR AT PR AERR . AR IN [A) A T
M55, R4Sl sk AR AL, HIEA R MR IR AR, &
FEST P AR TN L IRME A A3 A 1 S22 S M S R R B S5 A 3= AT
AR I ARFAE 22 R B R S AU 18 R TR AR P IR 3, 4L
WhREitsk. H MR TIAT Richer T Zine FHOANIE LR B 1355

5. 1 HEFREE_ENFRBERMEIERESK
I3 T HE RS Richer I8 7E IS TR) 2k 1 B2 ik X oy 1971371381,

r() =[1-2(zf 1) ] ™" (3-44)
R BT RN
Y 3% F(f)=Q/In) /21 eV
FHA 1 0(f)=0
b f, REAEIR, M f 0 O TR T, (SRR %, AT
f,=0.77f,

Zine 1A I [ 1 K RIB A OA -

_2fysin2xzft 2f sin2xft
2w f,t 2w ft

2(t) (3-45)

K, f, TR R BRI, f, BT BRI SRR AR AR
£, =07f,, HOEE f o =(f,+1)2
IE 5% B Yok 30k 7 1 TR B e R s K «
w(t)=e " sin27 1 (3-46)

Kb L TRERL BN T B R

3-13a. b. ¢ 2394 Richer T . Zinc T 1IF5ZI5EEEW T IR IE K
RIS 2. T EAR R, P se, MR/, Richer A
Zinc T EMIERESH, (RS MR LR /MR T RGPk s A, (155
WAL, SRR — & 2 5o X SehrbE v kbl 5, Hums 7
KA, e LIE I IA1 s Y e T e 0 000, DL Rl ATt i v LU (LA
F ] R U 1) A v T A, T LA, SR WA AR 3R AR 40 v LA
BT M T TR HER IR AR (AT, S o) £ s e 71400,
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1
1
08
06
04
= Zo2
~ E)
0
o
02
04
05 08,
2 0 ™ o @ o 0 0 2 ® 40 @ & 0 o @
t t

50
i

05
0 e 60 40 20 0 20 40 60 80 1 CEERE

a Richer T b Zinc TI¥ c IESZIRECERT I
B 3-13 %A F Rk kH fe ki@t

Mg b, KRG R T TN SO R AR (e, TR (AR A0 R
SATHET, ASEPR b, MR BN SO RECEA R GBS, XA
TVFZ itk HZREI4), WM GREED & AN R SRR 1) v J2 4 B
HuRE 7P T ENIR B S, &2 0 SO 7R AR AR TR,
SURIRTE AR MEA T BT B i e R . Ses 35 RE s 4 R H AN 18

A HLRE BTG S (1) o, MR T S5 S 2R B0 2 s BROSURE B S i AT I 1)
MIERECR(r) » 7EECF BT HNZ 38 AR RO R S HUE I 3% £(0) -

f(O)=St)*R(t) = jOT S(T)R(t—7)dt (3-47)

WA ENR, V,=2000m/s, V,=3200m/s, L=100m, @=rx/3, {ifF
HE RV, =1250m/ s (T4 H Richer FCRUR/MAN T3k GESZFRECER
TP 5 R RFBE R A B E A bR sk, Wi 3-14 R

120k

120

100 E

100

G0 E

a0

B0 E

B0

40

40

2E

20

[ ‘4 o :,%,,,,%%

1 N N 1 N 1 N
1000 1500 2000 ] 500 1000 1500 2000
M N

o
o
=}
a

a 1 Ricker 15 LK b R NIRRT R
B 3-14 Z—BEAJnemitik
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3.5.2 ZENRIREMFICRE K
GH 6 JZN T, RS 3-1, AW EMZE, DI E ALY
R ES O E T EN e
Pin Vpi+l - inpi
PN T PV
k31 BEAHK

(3-48)

5 % JEJE b, I Ay PPHZY FEIES JZ TR NFE At

(m) (g/em™) (km/s) R, i (ms)
W1 100 2.04 2000 0. 3023 100. 0
$2 2 50 2.38 3200 0.1464 31. 26
$3 2 30 2. 46 3600 -0. 1328 16. 66
6457 20 2.26 3000 0.1709 13.33
$52 40 2.52 3800 0. 0486 21. 06
%6 )2 2.58 4400

HI Richer 59 B/ MAAL T35 S 28 2RI R IR AR A0 15 R — )= A i =
Wk, K 3-15 R IRIERE A ALK, 8] 3-16 O 24 MR G G, UMY
AT 2 S M B M A B I ) PR R TRk, S AR A TR] P 4% 322 3-23,
A 3-25 A5

a 1 Richer & MU it il b sk HIRE 8 A PRI S T
/@ 3-15 P iek

&0 } N g g 60 {P__
sk w g5 E \\‘\H ff=
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B R SO AL A Ie A, RS S OSOR I T B AR . BRIE
o ST TR S TSPERIM A AT £ 15, AT LA e TSP iy M 5 g (R A PE ARG S
XSRS L) T A, T AT AN R 5= () AT AR S L B
ERASR AR, IEMEFAE RS, 55U GEREANERES AL ED
FIATE, WARMBARR AR 8 Y. G PED R, AR T
TSPIRIN AR B AR P

PRIk, 7EAHI TSP AR GEE AT A0 2 Fir, 0N ERFFTER I X R HESE, 73
At 32 EEAT R TR 23 0] PR, B A% s S W R A ) dse A T e AR
B A I 2 A 45 R T 5 Pl 2 T i 3 g 170 S A K90 I BB T B —
A REAT BB OK B IR IS SO AR S o BRI PRI B e — P
T, R Sy A, R ZE ORI ERIIRG 5 AR R HRII B i 2 A T X
(, SIS R R (R LSO AR e PRI AT A PR T
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4.7 REING

Bk T A COREA S RBOWM R G, BIR T IR SR AN S B
N J B S B ARER A TR A AT AR EE S . RAZ R GE T SRAFE LB e S S
GBI I BE M e, G0 ] 5 PR Bl By 23 87 SR s s 1R A 2%, R &
s A BT ARSI HIE B, PP IR e it 1 i i, PO U5 9
KB IMEARTEIAT RSB T, BEmdgmEme . Wi RE Hik
D NIE A0 I i PR I 1) 2 ] VA v B R IR AR LV, AN ARV
M vt B TS P (VIR 88, i vt T A 28 (RS AR L

gi RSB, FIH] matlab XF TSP SEIMEHEREAT /0 T AIALEE, 3 T BT
PR 0 S s o0 G 2 R i A 5 RO B BORBEAT T PR I8 . SEERER WY, W)
e | S I it 5 T AN R i b [ IR AR W S s e 22 5,
REBGHRSE . AR LE . B W IR R 5 0 2 S BT AN I AR AU R, AEMGE
SSERIGE AR B BA R BRIE, AR X e R A## . TSP203 &
GER AR B (V) 75 3200 BT RIS R P B BE I — B, (EEESG HER . W]
SEMITUR AR, IE IS 5 JE I B TE T RERT A, 20 5 PR N SR ATE 5 1) A
By BB IRAR R AR AT RO WLy SO 7%, DL ORAE
A ERIRS FE TSR 1, AT BESRAS S R IR B
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FhE BEMRREBRIHEREEHRNE

HL RS I e e vy T ML R e, 0 IR S H AR A B A B K HRE T o M
HIETR(GPRYVHI 7 Sk S M Ay CRy il 5 KT« Aty ) HAT R i) Y UAI g
T3, AE R K2R A X DA K Bl TR O A rh, DRI e s Y i
J R TR T B AR A IR T IR I B A L, R AT R 2 4
WX 2B AR TR AL AR AL 5 3047 2 PR I IR, 45 K h
TRESEGIT 18 T GPR AEFEE T T BT N RCR . B8 T MR
HoJFARALE GPR PG AP RIRF R S D o

5.1 IR EEEARIE L

5.1.1 TEHN R3E

A TR K5 DO R AL B AR A, DL H ARty 8 F A B o re e s 57
TS, TR S (R 98t MHz 2T MHz),  BASE Rk
MR I ERASRE T AT, 4 HARPRS I SAFIRER,  daeioR
2 R4 WK 5-1a Prons  HBEBAS SAEN R AL4E, B2 Lk AN K5
Rt e A RO L O IR A IS, RN AR BOR Ze AR DN 2 _E 42— S 1K) ]
PR R 2y, SRAFZINZE B BRI B R (sl 5-16 B ), i3 SRR 5 1
)y ARRL B0 i B S A AR 7 A A HE T A B i B S,

MLk /m

° ‘ i) /ns
a HLREPAL R 1L b TRIAHIEG

A 5-1 FRERRETEH

77



[EEne A SR BRI T TR AR

TR IE M3 WAL 480 24 H AR 20 By H BRI U5 88 7, Bk T
kPR BE L, SRR TE ISR P, e AR N T TR I A ] ) kA
SR, B ULIR BE T ) B R . R TR IS BT R SR T A B
WBCRE « R T 1) B RS Bl B A R 3R P4 12700,

DR R TR 8 SR RN, FLREAS 5B 5 0 2 A B, AR A 27 1 e i
5 HARBOF IR ) 22 At BTS2 H AR I BEBOR L -

L= VUAF =

(5-1)

A, Lo H AR S (BRI, m;

U g WHEBALHRIEL, m/ ns 5

At BSOS A AR RIINTEZE,  ns 5
X N AZ L CRIREACR & Z TR ), m o
X BREARIT 5, 55 57 10— 00 52 ST R A 0 B S T ) A

v

h Oy AEAR LD RIS I S, m

r N BREAREAR, m

x RRE A BT PO A 51 1 R4
AN

21 5 18- 117 7 TR ER 204
AT ¢ 5 x RO ER U2 S &R

Xof % 8 AT R T B, AR T
FARN AN E 3~6 212, Wil 5-2 Ffri
— R HFRAUR AT S fd I, rply
i K 25MHz 5% 50MHz, Mk 0.1~
0.3m, RIS FR FH O o UG B HERR
TE 7 AR B 7R o I 0 IR 5 S 4 11
A PR DL TR, DL, S
ARG, SFAFEW AT HE IS IS 7F
IR R s, 5 e R L kAT
Hb T A RE

5.1.2 BHLKIEE it

tzl(\/h2 +x° —r)

B 5-2 HFAMEA E

XFFRE K] GPR SR, SEM T FARZ ) g ARG R 1) 5 ZE DR 2 AT P A
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B RCRE A B R R AL R TR BE T o « R T W RGP IR AR &, HA L& 4
R H AR AE E OB AR AL B AR 2211870y, T L, B AE 5200 H bR E ARG BE 1)
PRI 22 2 o e P A R (0 o R P M T HEAT AR TR eh A RS o
LRGP AE T A R AR B B T B L, N A A UM R A% R TR
JE iy 7R,

(1) A HuH Hiod:

FEXS T GPRYT H 110 i A H A J i 5> 30 3 D0 i 268 81 ) A T 4 DAV, % HE
Pk EIESREN TR fEIXA T, P RS T B, R A
SHE AT R Aok

v=ﬁ (5-2)
K, BRSSP AL, mins ;
£ FEAT AR A B W 2

FATAS A U £ e 0] SR S e B th & 303k A, IRvkshiN ok )y, H=
PSR HE A e A — 8 FF 5 BRI R B S B R 22, 520 e RS FE
(2) A EH.LIELE (CDP) TH 5

WE5-3Pr7, MRS RIS B AR R IRAT I TH] -

2 22 2 I x
KMZX:JX+4 =J%ﬁﬁ (5-3) T R
Vv % v 7
o
A o) A RS R AR R SR e AT 1] W%Ni /
t, R AL A s N RURE Jie 4 7 BsF 1) 6

i 2 QR FH S a2 e v o HE A 3

THPE, HIGVEANE & I Rl
(3) FERAHE

B ARG T G AL BN B SR U AR R BEAR T2 — o SR HL R
PR IR LIS, B S B T8 I AR e M E AR IR S iR A0 B8R, AR FH 2R
“COURTZIRE” IR, AR I .
(4) GJEb ik

PR PR SR BEE , 6F AR R I B, 2R A AN [R) IR 1) s S R 4
55 SR R R B E Lo 30 22 R I H T 3 2 A ORI 1) S A5 5, e
GIRWEVENIEL T, HRB RBON Lttt N SO IRIE 4 M 4, $55-420Rk 15
AL

SR H R
B 5-3 F) CDP sk RECkik
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1— A
Ay e (5-4)

Hf/
VE R —Fhade BE bR o2 1 790, T I T 48 ) 2 IR AT 1 FH
(5) LRk
1] HE BEE AT 58— IRERIININT, 5 FH ks B2 04 A W i B0 A A B A5
MR AR AL, AR T G R AR S R SR A FE R TR, X S
KA FATARRE, TR LR, TR O 0 58— PR Y P 1) F A2 2 R
BT AMERE R A A, SREE RAEXT L, DU IEAR A i . 2 B
ANFIEPER, FH EIR TR AE IEAR A HH G, P DASRAS VA (1 Fe A
NI e T 285 SR R HERf

V=

5. 1.3 5 AN REENS R R
(1) A%

AR L R R R T A B A o M R, IS A K
PEEDIM R, 5-5 SNRIE TEMZ R

\/Ezn(l—s)\/aﬂas\/aﬂl—n)\/a (5-5)

X, o Aa AR, o, WM EE, o, WKIHSE, o L

RIS, n AFLBR, s AN,
I LRI, LRI A R B, HAEOG R W] 5-6 S

7N
e=L _kis (5-6)
7

b e WL KOS RIEFARNEL, p afabx.

R m b A P AP R LLAL, LGOS (1 R B AR, BEEATRUME
RGP 2230 A0 A BCEORT 1T 12, KIS HU R A
& 81, UL, A A RS KRR R A R BN R XU IR R AL
X KRG I R AR A S A

(2) 4R

HLREIRAE A J2 AR, 38 2 F BN [ R 20 T o A S S A
HP BT 5-7 k&
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i

e,

S ZR A S A B R B S R W 5-4 P, g BEOKER &, Uik
AN RO REE R e He, ZRBOR, WIS 5B, gERBR.

(5-1

1.00 T T T T T T T %
0.75 e, =1 7 & \// /”12<0
0.50 £ =4 -
5 25 <
W 0.25 | e =10 - &,
= az 20 >0
X 9.00 17 ?
.0.25 F - £, \/ r, <0
-0.50 1
0.0 10.0 20.0 30.0 40.0 .
PR TN ERE, ¢
B 5-4 RMARKSALE £ A B 5-5 w ALk E L BA

Mg <e, b, r<0, HLREB AN E B A PO B RE A 5™ AR SO, B R
WS NS A B e > e i, r>0, FI R B A L I SR P R
PEATE SO, BSOS NS AR AT AR ] o 1] 5-5 S DY A LR OE 5SS
B, SENBHN A EEERIRRN: € <6, >6 <€,

PR 0 36 3] ST I S 5 3 2 A7 SO IR T B A B B, 2 MR AN AR B
BAASKIS s E/RPER AR E T A BRIk, T RURR 9 rURE
(R 1E A7 SRR AE SR W H AR CAur . REBUR & By 55D &K, X
F b 7K 5 [ R 1 i T A T YA 1 TR

TSR TR AR i AR I3 AT 1 T8 MR I S W TEAS . RRAE A LG
D R SR Rl 7 0 UK ] DAY P 517 250 R AT BT R *ﬂﬁﬂ%iﬁﬁfi%?ﬂii@,
7 10 BTG 05 7 T 22 AR s e A A LR R RSO R S
PRI s 22 Pl A e e 3 K A KB b LR IR PRI R IR i, SR D P ﬁtfﬂ'l@e
Tk R A B A R PR T AR 4 2R ORI R D MEATHf e, i
R0 5 W i ) B U DABI S o P 82 Ay 14

5.2 FHEAREDZEIXKIER

Kane S. Yee T 1966 4F kK T % %18 3L “Numerical Solution of Initial
Boundary Value Problems Involving Maxwell’s Equation in Isotropic Media”, "
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7 I [A) AR 5 () Maxwell Jig B2 77 B R 2293 1% 3K (Yee [GIIAR), IF DI HIBLR T
HAL 4 Pk o 55 AR A FH PR I dams N, 4 RR R IS 4AT PR 2243 (Finite-Difference
Time-Domain Method 5% FD-TD), J& M) lilid s N ot 55077, Zadkir 20
R RE, WO FEAAT I N A AN 2, 53 XNV S DXy, Sl
TRSHITHE . 20 4 80 AR S IHLAK, I AT PR 25 7012 H BOGAE A )12
Pz RN, AW 2] TR R R, FEMAY T UL (1D B
AR TE NG, (2) WMREHIAR, (3) 7 IEAT Mg Al br 2 i 22 40 4% SRk
IERAZTEMHE, (4) & T O U ZE i, (5) BRI Ft 4 AR o
Wl B4t e FEENH T H A RGO R . REHRFEVE . WESHRIS. TH
W R ER NGRS A AR R R R ST T AT

I35 R 2 4 (Finite-Difference Time-Domain, &# FDTD) Fik &R
TR AT IE A B RO7 7, e R O ZE AR 22 v 0 =5 7 R A R I gy
FAT, A2 HrRs RS I AR, LU TR 34 ) 07 2 OE B A i P 7
HABEY . T T g 55 Pl A % e A RS ) A g 192139,

5.2.1 BB B RE N EHEKRIE

FDTD 72 M\ 25 I 8] 28 £ (1) 15 A Maxwell Jig 5 07 R H &, WF ST 35 Fa i 1
Sk WTs . Stk et RS RTe R A, fEGIX, Maxwell
JTREA IR P TS T3 RE ] 37 A

V><E=—,ua—H—0'mH
ag (5-8)
VxH=¢e—+0,E
ot

L, E WM Vim), H AWEE (A/m), e AW (F/m),
u AEEGEFE (Hm), o, JESFFE (S'm), o, WEBHHE (Qm). 5INE
TG BELZE 1) H ) 52 T TR B A R

5K Yee FMIASHT, I Ax« Ay Rl Az 53 HIARGRLE xo y Al z AA%5 5 1) ) 94
RS AR A, A 2 ] A T T PR IR A -

(i, j, k) = (iAx, jAy, kAz)

Hodi o Rk BN, R x y Bz ABRR T ) B A b S A 1) 5
KNS WP K At RO, n BRI KA. — MRS E RS
AR G, WA REAIE, & — MU, KT RnJ7 e (h
RS HAERMS S B, JER N E AR R T
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F(i, j,k) = F(iAx, jAy, kAz, nAt)
Hrp F AR AR 28
DL =423 (] Cz J7 ) 3475)) TRy TM U Il @A), et o 2 (R A A e ) v
P s aEm, Blu=u, Cuy AESHRIEETH), o=0. {EEHMALERF, R
Yee [KMHE T4 2804 PR Z 4377 R (5-9):

1
EI"(i, j)= CA(i, j) E!(i, )+ CD'CB(i,j)'{Hy 2(i+1/2,))

1 1 !
_H 2 NeH 2 ~H 2, j-
H, Q=112 )+ H, 2 G j+12)=H, 2] ”2)} (59)

1 ol
H, (i, j+1/2)=H_ (i, j+1/2)+CD-[ E!(i, /)~ E. (i, j+1) ]
1 1

H,2(i+1/2,j)=H, 2(i+1/2,j)+CD-| E!(i+1, /)~ E! (i, )]

| o)A
b, cag, jy=—280D o A1 CB(, j) = £ :
O'(Z,J)At As E M ’ .. G(l,])Al
i oo £, j)+— 27—
2&(i, ) 2

o NHSRE, HTHARMN, SEET FAbs: e MEFP I G
Ax = Ay = As, A's Rorge—F K

11 (5-9) U2 b, I TR)HY f Ar FIAS )25 As AN ALK, BTN
AR s A2 T 2% AF

As
2v

mxs

At = (5-10)

DUBF R BB AT, As — I A,, /100 CA B IR it o S5 e AT %o T 1)
V8 SORER Y/ b7 i Sl LTIE Sl DE =9 NBER 3 U 13

M (5-9) KMZEDHEAOKRSE, ArHE R, e 8o )2 EIE,
Wi B R) BB . 5 SE BT — IR sk Wi, AR BB T
WY . 253 A RIS AEAE R Crsallson Uikt D, WIHERTaRIN ¢ =0,
WihsEh 0, HIHFIWEIAHES K 05 Bt = Ar WZ], BRHIEA Y 0, IR e i
20 gy, PR e = Ar INZUR R TS e = (3/2)x Ar I ZI kY7, Tl IR Uiie
AR B AR 3R e
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5.2.2 KA R &M S1E-TTBRBNA R &4

Rt b HL B3 1) o A 2 JE BRI i v SEATL AR A i 25 TR TS SIS ) A B
RETH SRS b (K370 SERR S 5 HIAT BRUT 523 T R AU JE B 51
N PRUE =38 BOAF R0, it SR vH 32 m) R AT I R REA TR IR AR B, (AT AL
Pt EORRE “HMRATEE” R, TEW SIS, BRI, I FLAE N B
AL S L1037 A e A, AERUE TSI R I 5 4T
FOML Mur B WO 7 S A R AR AT FAR XS B Gy B AT RS

VAL —As 2As
En+1 (0’ ) — _En—l (1’ ) + En+l (1’ ) +En—1 (0’ ) + En (0’ ) +En (1’ )
"0, )=—E" (L, ] vAHAg[Z N+E™©0.))] vAHAg[Z DHEQ))]

N (vA?)’
2As(VAL + As)

[E/(Lj+D)=2E (L j)+E/(Lj =)+ E(0.j +1-2E"(0. ) +E 0./ -D) |
(5-1D

R, v FR B B . JUEh T F I W A 4 0 22
ARG (511 KM

Mur W 46 P ZEREL TSP 8 3032 I, (S 46 P 1
SEB AR, RGN ST AR T FERG5 56 . 1 5 MO 4 P S RAE R Lt
b R RS TR AL L, TSP AT R A, 350 Ry LB
T I, U BRI AEME 5 . Fang Al Mei(1988) P UL T
BRSO, 20T LR LR, Itk b5
I 9 2 L A 2 5 R S T e e B 4 e

i = M OISR RS IO, VR R 4 LB
(1) HE$—Fh B IRIGA R4 I T E2 (M., )+

@>mﬁ—wwmﬁ$#ﬁwm%$aﬁwpw;p,w&ﬁ=
’“(M 1/2, /) 3
(3) HIEH ZE5y JifE (5-9) iﬁﬁrﬁﬁ@m 2! (M 1/2,/): E"(M,j)

M)&p=MNm,@TﬁﬁﬁﬁHﬁwhﬂzﬁ:

84



[EEne A SR BRI T TR AR

1
1 +0) ,
o M—-1/2,j)+ H M-1/2,
H, 2(M—1/2,j)— ( NP ( /)

I+p
(5) HHE E! (M, ) SO, R LS S H, (M ~1/2,))
WH—IRE! (M, j), UMEXEITEIE, HEARXN:

worr o I O N .
EI(M,j)=E. (M—l,J)+C— H, *(M-1/2,))-H, *(M -1/2, )

2

At
A c, =—.
As

F TR I A AR VT S DR AR £y SOASOE, IR A i )

VAt cos o — As
VAt cos o+ As

¢""(0,0)=¢" (L) + [ (,1)=¢"(0,0) | (5-12)

A o TSRO 2 530 B R A
20 AL FEUE PE AR A As = 2vAe I

vAtcosa 20 st
sa+2[¢

e mipEmriE oy (5-13) TR AR

Uﬁﬁ Matlab ZEATHRE, 25 € B L HAOCSHL, Wi A S U AL
LT, I IRF L, BRBAE R AR SR REHR . PR S 25
iﬁﬁﬁ@wﬁ\%&iﬁﬂ%ﬁ&%%oﬂ%ﬁﬂﬁﬁm%ﬁﬁﬁiﬁﬁﬁ
e, AR AR A, BRI RS AR AE Matlab S5 R R . O T4
PRI, PRI AE R B Rl dzt” 3CA,  HAZH] GSSI 22 7] ) Radan #fF ok
H T L AT SR AT P i ) ) 28 o T8 Hcdf Ak B ARA R 48 IDSPS.0 41T, HAZ B
HisE G

(11— 4" (0,0)] (5.13)

¢""(0,0)=¢" (LD +

5. 2. 3 /K FERARIR B E BRI

Kl 5-6 ) ZJEACE A BB, & EJEA BRIARN A e, O 10, SR o
4 0.0004S-m™t, JEEER 3ms FEARIIAEXN A S e, B 20, Ko, A
0.018-m™, Al FICHR e,
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I Tt o T I TR e A RN

HEATHRITT G, REFOIIREL 60MHz R X 15 80 x 100 B 4% 4

], I

)25 nt=512, 25025 K ds = 1/20 = 0.0790 m, 5[] 25K dt=ds/ (2 - v) =0.41667ns
FI I, B AR IE VAL, R & 5-7 i
3ns AL BEAFAE— DRSO, HoAl

B 545 R IDSP5.0 B A R 45
Pl 5-7 i 28 Hb SO T AERAT I TR Z 6
755 NI HE G I AR AN A S o

1 ¢
h=— At =3.0m
2 JE
e
Il 5 10 15 20 2I5 30 33 40 45 5IU
';E’ji: 26,61
T
53.23
)
< 2 ') PN
0 7990
=
81 O-l hl Z 54|
133.07
& 0,
159. 63
126. 301
B 5-6 KFEARAEA

5.2. 4 B REVEEIR

K 5-8 A BAT AR, FoRHE 5
FAEARE . 28 5-1 Ry % b AT AR 7Y
AR ZSH: AR EL B3R,
AT A4 A7 B DR FE A, IXSE SR
T [ AT A4 55 T o 22 TR) RS A F P AT A
MM 22 5, DA SR AT TR ST SR,
A USRI i A h e K e ie el e <
W AR . & 5-9~[&] 5-21 4 KA
TR SR Y I S A7 PR 22 o0k IRV R 4 R
PSINAIIEP AN SE
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& 5-1 &AF [ ARRARA A
i o, o, h | r

£ £ ERINE R
G | N (Semy | T2 (Sem™) | (m) [ (m)
1 |10 | 4x10* | 1 10° 3.5 | 1.0 | 100x100 I (1:2:99)
2 |10 | 4x10® | 1 107° 3.5 [ 1.0 | 200100 | FSEAH(70:2:130)

3 110 | 4x10™ | 81 | 2x107 | 3.0 |1.0 | 200100 | F8/K¥%(70:2:130)

4 |10 | 4x10®* | 81 | 2x107 50 [1.0 | 200100 | Fe/K%IE(70:2:130)

5 5 4x107 81 10° 3.5 | 1.0 | 200%100

o

K (70:2:130)

6 5 | 4x10® | 81 107 3.0 0.5 | 200100

ot

JK IR (70:2:130)

7 |10 | 4x10™ 1 10° 3.5 0.5 | 200x100 | 78 HR(70:2:130)

8 |7 107 81 10" 3.0 0.5 | 200100 | FE/K¥E(70:2:130)

9 |7 107 1 10”° 3.0 0.5 | 200100 | F&#(70:2:130)
/4:(‘

10 | 8 [25x102 | 1 10° 3.0 0.5 | 200x100 | 78 CHR(70:2:130)

11 |7 107 81 10" 3.0 0.5 | 200100 | FE/KEE(1:2:199)

12 | 5 | 4x10° | 81 107 50 (0.5 | 200x100 | Fe/KEI(1:2:199)

BT, REFAIE R 60MHz, AFLX I8 4 200100 F1 100x100
K318, WHEPEE nt=512, [ ds=0.1m, HFEIZSK dt fi(5-10)xHf 5,
FEARAL TP oD 2 b o R 545 B e dzt S, 75 IDSP5.0 Ab #E 4K
PEFTIT, BRA3EIE 5-9 FiRimgs 3.

A1 5-9 FIA, [RAEAA IR — 4 B 0k UG NI TEAR, 9IRS 5% B PR A T IS
(1) X 7 2 B TS YA 53 R AAR T 4 1t 3 PR A IR R R AT I 1) o 0 T 2 s [ A A A
TUET IR UG I BEACREAE,  SEBR AR gt 2 ) AR AR A A B 1 A o v o 15 A7
TEZS S AT S A . EXUIMER N N 7, ICAEAE AR I [FARR, X2
T BB AR 5 FREAR Z (WA 2 RO it . T LIS Rt 2CE T
I LT 2 0O, TS g B AT B 21 2 R, R I
FEAVRIN, X PR TN H .

3 B S R b Bl A 5 T ) T A A IE AR, B TR e R Ah,
JhPE A YR SERR TAEH, e 5 AT AR D 4EAb B, (HRh YR &
TRAMEA R ey, Bl XML T SO Bk i i — A e A, 5 SRR
DUFAAE 8 ZE0], 5 AR SE B DL IEAT X LA P
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