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£ x, mmxmmM®7K3r^^m- J^]t],ixijK
<| .«£#*&£( i.s^wß, &JtftMt .iiijxr|fc
Sc nttez**M&k. xmxxxm ------ ]jj|H

4—HS#j^^^ ftanrxa^pj^ißiKis-fefiiaia^Jiiiniiii^^ie-fe. sot

M-7^7-^ffß^^i^^7s**:^. xmmwimm%num^n®Wim\m. i+ir
ttfltt- x:^^K^^77m^^-m^J-^fiß^^*^ftl+

p{t,x)—>P(t,kx )
i 1

P(co,x)—>P(co,k x )

m, iixn^nimm&imwL, mxmmrM7^m&mmi?ttikP(it,kx mp<ico,x).

mi . 2-smX'}krtmmmmmw®&ftrm&M%-ym7.
m^m, <&>xwxsmm®^

%zx. ,kxwm^> ,^:^ummMM^mramm^-, fe ! jsg#
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%x&%. p(^,x)®%mMMM^M^t®^p.Bm&, itmmx^^mM^M

immz, -&mm^mM^®xmm^^^UH^jm^~mm^Mmimik-'mm
&s£&s&&, &&fc^&®m. %m%j:£ftmfrmm&&%m~m®Rst&, xmm
&-mxn. nxn-r, imx^t®mm®nmx;x\mmmzm\m(Wfc&&^%m

m?&nfc&&t¥®®fr&Mfc&i3$t—mxm®xxmm®&. mwm,
$&4, x/&nmx&&~-xw>jEXfamm%i, m^imtti®^&iM&&. &*, xxm
d%km>b&W'i ) m.wxnii^'%, \>immiimzmwixm®?m

p(t,x)=^e- iat + ik *
xP(co,k x )dcodkx ( 1.2.9)

/>6,*)-(*'*** \_\e- iatP(co,k z )do^dkz

=^eik * xP(t,k x )dk,



5. *A*fc£;J!
mm^^m^xu^^^^mn®m^m^.B^^mmmz=o^xxmx®m?^m,

mvmrm%i^i±:^UzxmkXM3wy§Lm. &&&s'^w^h^wmi %n xm
w W^^jfeg^ftt^^flt).

■x \ e */*inirA * $ta

-&M^comHWsLWikM\H, 3P&&&&s#itiffi#£fßj

JfC^^—#Jlft> mß&i&m, &il*2 +;r-t; 2 f 2 ift—fMcfo.ifi
ic ; mmmn, &&Mkmx&ikmm, mmw^mmf¥^mmjtmw.^®-x^mmx

(co, k x ) xm\h® %
-MMH-xM7-msL^&, mmwm&x&fc^Mxmmm^ gpeXP07^), MiM
mm&mt, z®iM.:

( 1.2.11a)

( 1.2.11b)

ffß^waii-^jff*** mx&Mmm&xinmmmM, nxm^ftmmitnxwM.
mm&ftm&n&x.

ffl*tf*v<K fff^^*Ji
<® ifcm&^MmMmmim PMmM^wtM, iMu^mxm^mzmt tf &

&»-&./*--#. ayi£**7j ftff£?
( 2 ) mi^^^^^m^^nx®ummm^^-m^-x^m^n^Mm^ % &, &

&%%&&m:yet&zft, mmmimm&m~immMmm'MAxz ®x4\

J7

ty) m-mi.z-^MPico.xmm^z^ *&m* wm&mn. m am" zmm

P(a,k x ,z)=P((D,k x ,o)e"c
* i '' l

*>' ( 1.2.10)

P(co,k z ,O) i P(co,k z ,z)

*-±<3--«r
v \ co"1 I

" co . ,= ±~- coso ( 1.2.11c ;

mnx^n^Mexp(-icot+ik;z)%-xftsi ( mxzntzmxmM x p m & m u n u
&) ; mm^ympt-xmk. m^EMmm^m^^xxm, mimix¥&-)k%mi
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l(x,z,t)^\\lP(k2 ,kz,i^Q)e- ixQi
>'

l *"')e'' l * x + ll >'dk z dkx

M^i.-o)^!!, mmlx, z) £m*iXXM&X®-~*XMM; ;t WM

Um%m&XJgMMM^, tyd<p/dk.md<p/dk.i%%miti,
z , osr^? TQinfkf <@) m%\v\XM&llTi\%rt

A p(x,z,t)=lJ(.P(kx ,z= 0,co)e i k * (a > k *>*-)€-' " t + ii * x dcodk x
\y^p(k x , o, co)xtw, %7FMx,t)&mftw.&xtft~xmm. z,
4it) &ffHtt®fti

$) 1.3 mmrnmrg-ftm

*^mrfmmmm®-mx^, \m]-x^mm^mxftmm&mmiitnm®-mx'X.
y^ i. m-ftftWtjL

m^.m%mnnmr.. &mmmM'\njsx, imm-^WMm^-^^m^xm
jm*, \tmm7®Mxwt^: V(V, *)¥®*bhs, u, r)xm®mMitmMX7. &
mnm^xft^, m'Mx\v}&&mx&i%&£o m7sLß%frm^mmmm)imfc#mm
ft, %m®msmx\tsm7um&&i£iis ( M^t$ca ) .

Mftttm<mr®fexmif;&w&Tftmmvxftimx%®mB}, m
Sit^^H72. mnttmmm-m&mM'ftmmmmm®,xmz-m,&m%fr m $$

T __i, , s_[ dz

(1.3.2)dz v
2. +4f#$,&&"
miftmsmtimftffi&mß%\x&*m%xMn®m®x&o
(x, z)%®mm$t (x, t)^mn®umxmmmmmm®xnx

W-X^ffihyperbotasummation method&UF*9SlEis.fyffl/B&J^ ig , semicircle-super-

position methodUW^tt&ftft. PMI

&m%mtSLXXMM&^, mcp/dkxmd(p/dkMx^i, iit^^^tum

r—**-".--*-* (1.3.1)
V\ rue Vkal f

mmxwmm*®w~w^mmm&mmx®fcimw..

u&mm4\ MXMmftmxm,
T __i, [ dz
T~ v . i*H

zz +xz =v2t 2 ( 1.3.3a)

m
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X s
I _J± .__ .2T + v* ~t (1.3.3b)

:£»£, vXM&.
mi.z-iMim\sm&sx&®mM&m ( mttß&Bmim&MftSchneider® m. %it

x C1970 ). &WLm%mz&s%'j>&Ji^fowmwft, &&&&m%fti--m%-®zjtM

%w&®-x^mm^m\s, m^Bt^-'u^^^mm-nitM^m. m&mnfc%&
mjEfc&x%&&&, x&¥m^m&\i&m!mi)n, mmM%skm&*mx££nm
■XW7-. wm, m7&(x, ii&mns^u&&zWzm &¥mji¥ftftw>mm&m
s^#j. 'Xtk&m, fovfffi&JEfo%Mto: (*, t) '^mn®mx^mmwtMi-^Mmm

«*teifc»'i3Jt^fisfeJnffli.s-2Bf*-. #&is»JSiy§^£u, r-)£ffi&%4*ttE9
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±M&m&&»A-+A.mxm-^x^^mn&m\Ui,-m

im^( l.s.sb )^^®-mxmk, m^mmx? (x, x) £®®ffi&i±LS.x. mnum
&mmm\^w.mmnmi, mr^®m.mrx(x, o ® m n\ %

mimii'WmmM^mxmiM^\tm^m^mxmu-^M^M;-*x,, $^&ftt%sf
Mfflkid. mimmmftmm^—fflmm®M&3m^—ft&mmmm® u& & b
m mxxm^mmm>ftmmft-m3t, Mmmmmmnf?, rm,
&mmri ( WM>. WMltt&ffihyperbola summation ) &¥®3tM ( #&: W$H. & S $
semicircle superposition ) , jfolbllrff$tffil%il#B ( hyperbola superposition ) gg 4* Hi
SI ( semicircle summation ) . $$lsft#slilli;&o#s#j&pfgjf JIS^JE $t&ifts^

( i ) ffisrr-fc£i®s^rajtf#gft#^^ ( RP{Rttsft) »
(2)fMjjffg;3tffi^:m^n!nj;
(2) MMmxikmm^mmw^n. m^vtw, wmm&mM%m^:msT-ii,

Br®ftMig&&&mm-®.

RmftMftm, x^^mmMnii^x.®.mm^m®-^m^x^^-xnft,^m^t;in
&WTMJEIQ&MmtiL ( all-pass filter ) . $ ft -ft#

Uilterman ( 1970 ) fJ^K2V^W/^lW^?tl76<JX^#iC7JE^|l^@^, &$ X ffe
;Jjc*^7ii^7^^|ffim^?*^^^^^;^f^lf^--a CM^Wfi^fifVXSlE )
®%^& (Schneider, 1977), IB^W^TltSt^^M^ltfiJS^^^^afll^r

mrmmift, Kirchhof/^mmm :rm^&m®ww.
3. -I>)%M

mi . 3-3 &mmsxriLmsMm

mm®mm%wx&, -mm

m^Mt',^mmMx^mm^
Jtemtessj^i. 2-2ffitt&mxi&
%immx&®&)&mM, im

j2«SSFi7r(p^^

JTOWW is&sU£g 12 « ft #
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mwm^u, mxxxx^MM^^^^m^m. Bm, \>m
?M^7. %ttmmnmm%®%

&-m&w®)&itt, §#i&Egi.3-4j^iß#sM^Mfr£#^*#.

m^¥iW^M4Mo) , mi, mmm&Xkz=vATft\, -^^m^-^^^x®^7M
mnxxc, mm^&muc, hxm-m&^nxmn7\^krp&.

&&®i£%&)>m. -&^xm&x/xs~</tmw&&s:zm, mmwmfe%&t=o\s®

& %^M>^m^®\mx. &xt=os®mp>.M&^cosmfrmzm, rmmw\^^(mt=

1% oftAmm&wxmmm) . mm%mmi-kxmx®mn^&x}xx^^uT]'n&m^®i^

For all k x{

For all co{

JSLij^f. ii§-#ffi*f { > ft^jM, tf-fFT C 3 H^&ft# C }ft
WffiscMP§R£&. —W-%

\%rmmm%^</tm&&z. mn\a^um®^m^wimmtmnm^xmxmx^m ® st

Wi*m exp^Ht^Vc (1.3.6)

U(co,k x )=FTiu(t,xy
For r-Ar,2Ar, ,

Image(k x ,x^)=1 0.
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C=exp( — icoAxX l — v zkl/co z )

} r

mm ( wmmMm ) ®ftm^mmmli, jxuxmmxKmw®xjTs.ffi&, m
\iexpdk,Az), ®pixmm\n}xm&; m^m7tmM®n^mm^x, &&mm&&¥
±mfo®mftfcMffiMKffiM&xftWft. mmxtrsiu®nftX:

For all k x {

For z—Zmix, Zm* z —Az, Zmax~-2Az, , 0{

M^n\H^x^^^xMxn^mmxmm^M-mx^®m^^^-, xxv. k xmz®
Hfl»#JF&w£&fi«f, %&&v&mBttQ-+m%.&sLti, n

m&mm&mmßfti, mi, &
mn^nm^miftm, mx-M®mn\mx%-7^&-£®ms&ft4MnmL mmintiL
ftm®MftM-^mfn®^m. ( 1.3.5) m¥xmmx&s&&~'Rßtm&, m^tf
u&&mmm&( 1.3.5 )mmMMmn7, %mM®®%mmmoom®mmm, \%%
mmmxm-Mmmsoikmmtm^.

5. Stolt^-&
fex^mmmx, stoum®xm&ii%®&m®~^mm®x&. m-&®ft%)X

jww, &£M&-ZMm^®m'<iE. nxmmmmmm,
®.mm&-WL. &&m%%r&, 3^-
±WRMMum®m^, m&stoitxmftmx7W7%mmmu&mM^®BJi*. %%^u
M&wftm ( JAL4.SU ) &&&&&&&*&&&%%*&s]# &. &
fi-^%B)kmx®wm, mm^n^^^ummm^. jxwmxm, &%<k*&mM,
m x-^mmMmm^%mumw.mnmm^.

Stolt^Wfr^^tnT:

U((D,k x )= U((D,kx )*C
Image(kx,r)=fikx ,r)+U(co,k x )

image(x, r) ■=$FT[%kx ,r) ]

Image(kx , z)=FT[image(x,z)~}
For all co and all k,

U(co,k x ) =0.
For all co{ s

C=exp(XiAzco*/ v~ 2 —kl/co z )
U(co,ki)= U(a),kx ) *CXlmage(kx ,z)
}}}

u(t,x)=FTLU(co,k x)l

p(x,t)-*P(kx ,co)-*P(k,,ki = «/ co 2/v2 -k2
x )-*P(x,z)
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n&m-mxtt&m<Mft. umm^^xm^®mxm^^m
( 1.3.6 )

exp(-icot+ik:z)*®m<m^ufcmm^®zstzm®£%Mfex®, ncommx^, m
+k,mmm:?Tftsm-k x MUM±ftWL. xm&^%m(mxMM.miM.)®ifc, unm
%xn^a&m^&.mm-co, @jtt, Tft&®m^mmt&coskM®Jsm%~:m, mx
ffMMMMMMMMM^^^^^^^' &£ ( 1.3.7) x

( 1.3.8b)

&:£( 1.3.8) iU^( 1.3.7) #£:£*&&&■& oM«^fi)Wsß^-#, Jsk,®s{

frnmxftXrsx^xxmx®mfru

(^MmiWifumm^7^^:, hxp(t, x, o)&mxp(co, k x , o).,
(2)^mffix.ttP7mm%w, w%mM,mMm&, mimm^mp (\mm

( s ) &ftmm&&&, &&m ( x, z ) sra. /©^*w.**\
ic^E^stoitjf:sft^«nmi.3-50f^. #TO£M3%£ffl#iiifli^

&^®%m&&&&%~^¥Wk, m^ikxmkz=o, mR^
nmx, $&&fioz=zm . xi &x M.mba.®BW®r^)szM^^mx. &ffim%\,
mttmmmimmmms%jxMw&^myi ( w^co®^^m^^wx k z®im*immt

*BM. &$«. -—M

%. cosoßpfl#( 1.3.9)#M@-T. ##

P(co,k x ,z)= eik *'P(co,kx ,z^O)
£jft^Jfe£flffis&-, #

p(t,x,z)= lle' »*— ' at + ik *'P(co,kx ,o)dcodkx

mmix, z) M.x®mMMM^m=otf®M'ft)xMm®-&n&m, %m
(x,z)m%=l\eit * x 'e ik * Ca ' k *

:,xP(co,k x ,o)dcodk x ( 1.3.7 )

XMmz7kxM^®-mxmmfr. $to\tftmmmM;mn& (1.3.7) mm^®~m tt* n

co= —9gn(kz)vV kl-r-kz ( 1.3.8a) ©

dco * kzr = -sgn(^)VTfTir

-Xmw (1 - 3- B <>

(x,z)mm-lle ik *< + ik *'{Pio(kx ,kz),kx ,oyy^k , )dkx dkz ( 1.3.9)

S^iyjT®-im, nrnpmx-.

mmfexkz=kcoso, wco99-kx/k-k x/jk*+k*~> a#**r3*(i..j\9).#isr*Kw«*ii** * jH: rt
X z
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tjmm¥f£¥msimmn%-&-&

m*&tf®mxm^%mwL%xi®^<M., #te#&*wW#K*, "hT&^jko *f

6.
Schneider ( 1978 ) T£W&MWt-fcMWi:?fof&foVr%&&%*

&*, > 4&s&&Ntt jkrt^* r+&-i. :K ®i^(i.3.10) t-a-

-jm. Xj±, m&smm&&, &-«
mx, ffi&mwz^m&ft-xxBWtM, jfjjm®&z%&&&-®:#,
\!itt-2/2'fomu&Mm. m%m&ttz^mxMrtrs%, mu^\^m^mmm\x.

$ (14,10 ) &w®&xmmMmxmnXM;x.m7-®. ( £«w*rw®# -m x
H). k&knf*&toikk& -xML^mmm®mmftMnixmM-^xm^m,

#mw#^& xa-^r-^®mak ( 1.3.10 ) B.B^mxr£mm~M trm%%'Z®fc
ik. g&f&k* \imm^x^(i.^Ao)®mi%mMtL^^7r^mwHmimp^^m^,
*:{fciE#;#fr£#fc^ lh m Mr & 7
it »ri^|ii|fcpp^tftj^^^^iM^#ife^s^: ( 1.3.10) mrM&mmmT&mj&&,
iiAmm^r^xmwMmxitmn-®^mm^..

mmmu j-jisffi&mrfmfi&&&, x-Vtn%®m. m\faWs&&^&,&'x*fa ft
sinc®«k^^^i(sin«)/«. Wm
step(/-r/y)^Brß®«r. —##

gi.3-5 Stoltti^MßWWiMmmM

%m, ' ~~~~
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Si. 3-6 l&Jim^mxmm&ifmttmftftiX®)

&±m#m%&(&%Bft®M, m%mxzmio24X2sQ®wm, u&ftm-%mzmmm
%-%mm-ftMfGm%m*t*tiim& ) , mxii®3%tt-^m&xmwtmx® stta
m, &mi.2-s®risx&7X7Mmmfr®'B~nmm.

O ETjSft#<D
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&iSLT/Lm&ioo&mn&fQ, m%&mmmooi&x*&un%®-]sjxMmm^m^n m
&mw,&%; £T?oii?»Hm^7ioo!ftA{i: ( i ) ftmmnxnfrmii.X7km tPst-,

si.3-8 mmmimm%.tiLm
mmmmmx

( 2 ) tiL?Jz =?4ftttfotism&&±tf). HH.3-B^M#
ffiiS:®m&mmm73®\k®, mmmzm®
mmmn&zmxmmx. t^mmm^x^^^^m^
x®, y®X9o°®%m, mmmm&M/hx-^ftz-;

msm&m%k»s\kr&x*/2~i%®.

mmm&rmftWii/QMfcXi
n a
Q ~ f

%*, a%MtfL&&. f%sL®im. ®3LMM&T%Mm±£%%i &T" Jj-. ftfc^r- ~Q, Wim^r-
%Qm%. —wt

mx% " t^.^mmmy, \ m^x fam&%fr :?-^&&. mm
Ax= £~^»n^A»<A=oA7*

4X 2 T 2

(O

s*#. TfoxMKtmtim, «&££(!). HaSvtffllt

S£^

A* 1 .jAw \

(H)

(in)

ftjftßT^s

( 1 ) mM&Hmm^r/T^mM^^^^^XTMmmMWzmAv/vZßm&^mf3sinetane^(sm9)/2,

Ap 2 /AT\

%0 =n/i%L&T/T=O.Om, M^p<2^r-=0.02. fc'HgJfcS&^-rt/W "M«i&^*7W#2

- "M&i&gte^Ji. SifeßT^, J9fiß "&¥*"*s& "Sfc/i ■.****#* "2.®.

r=ry 1-J~2=ry I—sin2 0 . x=~^-uTsin9

>-&-,)-*«*""*<>&)
Ax = "«—TsinOAv
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8. &tfX&Z-ft%Lsi-fifr
*^mm®^xm, &»T:

imnm^n « m & Stoltf£Mir&

SJIifiSE a *m

rt##Ea& TOU &&

£fflj££t/(2> *JBtNfeill»Bc m®

ilKMIg^r*iS#^^fnlJßT iIKMfIM *Kf#:i»««
JITM

M#r&lE?
«nait^T. *rtß tt&Mv(z }%*%?&■& MafllTGrFaffc&JE

«ffc-®&;&

$UTM#&&4.St!F
tEx®±^?r&t, SKI, *)

#ttTiftW>rjBjJB.4.sl!f
W36/-*^lgsiTsT X

j£a3Ee»Mg#«r*ha

ft&

mmiimm®m^mmwx~mx&®mrMm®ffimftmmz, «tw
-^n^^mm®. %Mxmmx®m&m&mmttftnMfoM^!m; mm

c2 ) M^mMmmmm^Av/v,
Wtir&WsMW&9=*, @At=o^A«=o, AMffiK3e£H*Tgg3!F*£ttiag.
m%®&, AT%£.m®, w^vat. %z&mmAx'ix¥-&&, sp

±-T9ineAv<-~-=~^vATt M

Av l /AT_\
v %ino \ T I (iv)

*^(iv)XßT#^i&»
( l ) STF?&*3rv&fflo-*/2fti*Kjtßa. M

At* 1 /A7^\_A7^
2

ftwo-«/2ttf&&8t&g&v/v&%£mmbTmMft!$mTti£ t

(2)A7*/r^-.^0.0i, he. mtt&&TM:mAv/v!&m'hTo.oi i

iHHl*:^ fg". M
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( i ) mmm&ftm&'&ux, m^nxmmmm7^®Bm. cdp#»jw»

( 2 ) mmmmM^mmxm®mMmn&%MXim, ®&nxftmmmmx mj&

7. win, ®fttft®mfcmw±&m®i&vtm
x, &Mmmm&o°)ttmffi±7®.

3 H
( i ) mjrmmmimmmmnm'ft&MmxftU^BwmfX: &fsmftm § ffi

( 2 ) 4i«sjf m^nmftwmmmmmmsi4k, mm%mmMm%®ummm! *p *r

( s ) —& Mg-EMs^fti^ia^.
(4)stoit»^Rrjnuiiaffa^, mmxm%mmmm®?x#mm'X. mm*®

«M6J$, &JgiU£lßJor£ ( f, *, )¥® "T#^

( 5 ) B^mmw^Mi^m^ftm±Mmmm\3\so^nn®mumn^nnmM^iP'i

1.4 ttg&SS
MM^Bmmmm®)i®mm^xm®m, \>mmnm^mnmm&, m

&mm%M^nxm®mm%ms®l&%£. msft%^mM^mmnmm, mt

M

( 3 )$&&& xfcmmmMwsmmxxi&mmi;

nmm^ftf%®mmiiftmtt&nm, mm^\Hmit^Mßx±^mzm®~'^x-mz
ft.

i. *$M%fofoMs}

um®&ffi%)£. &mp, R^^imml^^ x
25-&%®®.mm. 3(nini.4-iff ê Rmtymmrnxwrnrnft, ux&upMmnn
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5?

m\&iimmmm¥mm%m®~mms.^m, mim-n7-n®m^ (^mm^mmm^

mmmm^—&mKMm*®&% ) ,
®^m#%®®fcMsxn, ffiin-^&MMf^-^m'Mmjg^®mm. mtmm-

x.%z
KTO##a##M*^!s. M±tL%®mnmmx®mmmxmmßftwmm¥.
&myt-±&WM-4ium®m&, \mmm^m®M^mM-Bm^xm®. im^mm

Sheriff ( 1980 ) mM®^. \J 5 #tf#

(p^ ) mm&MmgxwM ( s& > . m&wm*3?7mri»m ?s w m it (sh

WC0 Cherry-^Waters ( 1968 ) UJi^Erickson, Miller-^Waters^-A ( 1968) #J M
&m®^mm-T%m&m:T7^xft.

MmMxmM&MMsi* mmw&m&®& um^^\^^^

mm, ®xt'%i%mmmmmx®£wmm#mmmmm. gass^s #& » #

i&-m®m&, mj>%^mm®mm'®M&&&mi®. mm^M^mm±mmxmmm

®%m%u&ftm%&m&. wm^^m®Mß^mw. wmm&*^m^®wftm&
( tt^ ) +*fc£g7m£*ii&. «^Si^^^^»tJtslJfSl6^#^«Ltillff^^, V&

zm, mm&^Mctn'mm'B.jm^mnmmmm&^M:^®^m\twMmm^mx,^^

2. -f->ft*fe,&^
m%mmM^&> :BM-m® :Mxi. ®m&%.im
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ft&-ftmfa&-ftA\#&&ftftniB. mtk^i&xft%mi?®&&%r{kmfcmmMxm
mx\ni®msj. sps/m. &%&mmm&®mmmmfr&x±Mmmm, u^^sHm
■*apt«WH& ihmmEj Wim&&nf&sHm%n&&&m?spstmftti\k. &m
ftmtft&w, &T&±mm#zft,
-, m&±mm*, n&mm&&ltgi^m&&s}^x. nmm®m&mnM;ii&&xm&
®mm,
&m&m&^smx®LMm®frmmx. irnxftmrnvtm, m^n^^x^^mx^m
m®£®frmmx. x&WLmmmm^RmmMs}®mMfrn, mm^mxmmwm^
\m&xm. mil, m*mim»?'Jmt, ifoii^in^iMi nil

nm®nmmmftm&^m&x&mmmwkmst®, te& t&&m®&&&tt (ft

& #&&&%&&£&%,*&%s*&* (&%=.%), m
iA-2ffim&-w^Mm&&mm^mmmm, &fc&Mm%BiVr\&m*, mxizm

e &&%-ft&®iA-2ffi7fiM%ftM.&toim&firT, m^fcUikX

&9&+l mmmmm^&is®mmiftiM., 7-n, &H£M%ft*Mmib#&tiLf&^m

(i)ftmxmnwmm\*, mm^mmn^m, mmmmmiP^L-.
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*

(2)ftmm%m, mmxmmmmkmmm;

wwrEMwmwMm^^^x^s.Mmm^^u-^nmftm, »smmitmM&
&&fimfe£mHmm—tn^^^cftmnmMm®^n.

4. )&*kmtxtf)xt'&

mm<¥xm&&nxmiX&mfrffimmm&mim\t®. MMmm^®-'^mnm
m®mm&: ~m%mmmnis®mm&^T\-. %Mmm&
mxAMmmwb®-isx, &&&%&&&*%£ &-&

-B&-mw®Mm. H^&mmM^mms{&n&ttw&£%Mmm%£m. m^^m
ite.. &mmß.mmMx,
im&^%.Mmmmmw&®mnxft. ww&b.si*.

ftmzmMmmn®mfafrmmx%jX2oKm.so%, &m, mm^m^x^-^mmo^
mso^mmmmm^m7Ksf®mm. ifcmm&-^&mm&mMi&mmmmm£M
n, -^M,m-nm^2omso-M^m®m\ai7Ksfzm^^ux^m®. &%b&%*, Afi
umnm^^mm:^W^m^lMyb®2fm^nii\7t^®um, xt^^mx^nxft

5. q-ffi&ft'\k&&¥i&l&. ©f^^x^
mffiM.w&M®HM3k.. mn^m<mA^-&mmmfemo-miM.®Mmmx&^

mn^m. MM^®mftftmx&&Mm&MX^mt£M®ffi3iM

mmxMmn®n&: &jixß%smi&mx, mmmmmx^ufe®. %-mm^®
&mm&&M^xttkm^m&W€.

«. mm^mmQW.X'B^. #^» ~®itmßM®%^^m&¥&®&x~^j&

6. ji^H^.i-^#.*,

m^n^®^m^^uitwmiimßrmm®M^n^^®^m7tm. &smtt*Mftm%—ti&ft, wtfk&^i:£iBs£xM®m-"&®mN, &ftfffls&m&mfcfft&mttnm]k

&'XM'&.®&uH. »s&> MMim®M¥&WL tfM7^(^ *)£

mM&ftnMnft*#^®tmtkiAm, m&&(x, o
mm, mmmmx®{n& ( swsm ) &®ft#&--%MM±Mm&i & in ® je

( 3 ) mMfrmwstmtxMmp&^mxmmsfc, ft&mmft®M^M=?mM, x>&

±mmms.x®£Mx&x&®mm&*, s#—t*6*{MMtttt. #rs£fc

Ml, &m&%mmm*^^x&&Mmm^*fc~%^mmftm, *i%ciim&mn&
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*. m^®^mmit^m7tn^^±-^^%mmui£^in®^mmm^m®. maud

ttm®4k£MttM&nmftMmHm, mmm\>m*immft%.mn^. &mmwm

ifcmm%^®%&p(x, z)mxn&m&M*K(x, 2 ), mßMmmM®%i®mnfr
%>. mmmmmmm&ft®m%< urnxm^m®
Wiift&m. i&mtsMsi ifcß^®MMMwmKmmxmmmn®ifc, nii^i
tEMMiftpU, z)mK(x, z). &mg&&mi®., w %
prnz^^mmi^mm®.

7. ifcil^j3LM&si%%sWr &
fe3*i3, B^ ,kMpHK®mmmm^mmiM\im%mm^m. mtvH®M£iß

gi^jsm, 1.4.2 )-j*#^^^A^m, g^w%g^_^#gjEaa^a&as#&§!

fh T§mmmm®.
[y mmmrnn, &x%?k7m®imw>fr, ¥nu^&mmmmmmm%wm, bp&m

Mt^&frWE, MSiHlßfliti&, 5pJ/B&t-£-ft«3£?EKdM^£—7 4fN£

©4t>fettutßi±^r^iMiiw>M£Siais@*. %¥®ttmmmAt=2som®, mm&Mfe&, &m^mn%

v= (1.4.ia)
R = (1.4.1b)

MX^XU, l*£ißl#tt£(i.4.i)^#att*, iitb#
K=vß (1.4.2a)
p=R/v (1.4.2b)

typl }Nsc(x,z) =VIoq(R).

®$i®mxmik&xx^iL®mmi%®, mmmm%Mmm&hx^m.x%i 2 $&" ,
#n,0i.4-3#r7F.

'12 &M> JX2M&MioB%, #«*-

~~\ %mm&%mptt»s&mm^K z
t \ s^~t> m®^%, &-t£&&£rmifimmm¥

\\===^-j———._.!__ /^,hz mix, mm^mtmftmm-M,®R
9 10 100

si. 4-3 ummmmmMmFmmM.z^&mm we.

&JmftMM^*&ffiftfcs^ ( reflectivity ) M&M&
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8. &&£.smm
m*kiffiM m mtmn^um mmnmm^m^® "&%" %%&tt&n&^xrm

(m%mmx&). **^w»-*M»n3gnf», Rifffi^m^n^iißciE^ "&£"
ASfi 2mm%mwnM^®mit

ffixfifcrn^m®^^^®® "M" mm. m*u^m**®ftmxm&mm)&-m
£&£&&&» mrfiniimwmm^ "&%" n&?*ft#fi *&%," &®&-*m
®, &M&ff®w£-WL#7f&mmuß.

9. >££*&:**£*s■s"&
P&^xnmmiftnj&KWWimptii* %-*wM.&%®xmm&mi¥ * ® #ft

x&;hwm®wmmx®]xx£%&s,. mux

famm^fcm&ftmmmt^mM&ft^ftw&ftn. tn^x+Ax^x®mmmm um
7&£x£x®mm, wmffi*h&£i&®. &mz, x^x+bxzmtofrtmiE&BM.

-4F-*-£ ****!
ft-«Ht^TM*

--£~4£+£-) fc^
3l^;£ ( 1.4.3a ) ■% ( 1.4.4a ) #ft-*«gj;frfi, "t^^p^^ ( 1.4. 3a ) ##*##

d d d 1 dP

s&, xrac I.4.4 ymtmrWi. -tEmwrnm^*, mm^m®&nm*®%}ffi&&

u=xjffattmW&L%&Mi
w=zX\^®m^m^mM;
p=mVfKZß.x.

mmxMm&=*jj =*-&%&&
du dP .

P-dT^—dx- (1.4.3a)

dw dP ,
P~df= —dz' (1.4.3b)

ffi#»=*iCE«ft3Mßx »£;£*£

~dx~ -oTu=-~dx~ T ~sx (1.4.5)

d2P d d ,(A a ,



34

#55 ( 1. 4. 5 ) ttASS (1.4.6), #-life*»§fr^^

g-nsim mm®?x¥^msLsixmx

m&^mz-zm, 3fe#^-T*ft^#M#^*. 3&m ic^stßr^^c 1.4.7b)

ftAK3&«¥

mnm&&^xm^&&mmrm*®Jii»s^i&, mnm^x.m^^ixn®^m^^

mm, itmnm-xxif^it^^M^m^^mA^m^^m^^mxm. «©. k.n
k z^mmmms®mm, &( 1.4.9 )5SftA( 1.4.8) arc, x&vmnm-^m^; %
&m&&£m&f®mm, m&a>* k z^k z mumm&^m^ji®. #tesfctfte^s n

X. mXß^^^^m^mm^Mi^M-^)in^^sm2 e +cos 2 9==l, n^sln9=vk x/co,
ffimnOj&j£i&&%MXf&, &nZ, vkzMxtcoMWr^itx®. M&lt&&ls&%MX
®, imm^M^^^xm^mmm7-yi-xMmmmMZft,m^mm^P^^i^(t,x)
¥m%f&—+&Mm&, w&t®w&7£&^?mnii'M(co, k x ) xmn®-^HM
ma, x&, mux&m?^nm®x&£X7mm^L, sl

&vk,&&ast, :K^M^ftfirF»l£7&^s
"ft2iS"a#&^^rBE}itfc^#fflasfl:witiß.QWLX%evanescence, J[#ffifc "mWCSCIk **6ifc&\

d'p _, d 1 dp .
F"=4:¥ 7 "S" (1.4.7a)

d*P „/ d 1 a , d 1 dvD ' .
aP—*(-sr 7" -s- + ~s~ 7" ~S7P ( '- 4- 7b)

d%P KI d! , a2 \n , , ,„.
dP-=7~VS^ +a^r (1 - 4-8 >

P=exp( — icot + ikxX+ikzz) ( 1.4.9)

~Wpr=k * +k > (1.4.10)

#&( 1.2^^(1.2.8)), R^M&®Ji®^m&&&m&x&(iAAO)®xm. &m
#&«>&*, &&>&%& ( 1.4. 10 ) *®k/pm&s.m®¥XU. o.m¥s)i®&&&ft

■

u2 =— (1.4.11)
P

io. iti&&©i?*!L}fUi:
#

kl +k x =-~fT (1.4.12)
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e±i^«Xv i-kl =e±v t !-"*/' 8
"» ( 1.4.13 )

ft&Mtiki evanescent wave). ftMUJftffi k x&%Wi, hkmk x = ±ik x. MX&

ttim&w\ft.mm*m&.

n\tmn®^mm^xm. &w®&mmmtfmft%
-®&mmxn. mmzm^m^7kxm. &w®nm

&<%*®pm, x®-p
u&ifcmm®p%mm&mmMzsmmm^M

m,mm^m^mmz^(v>v) .£
m^^®mumM^®p^^mmumm. &m&m
=um^mtxi\-^i^Mimx^mm®wM.

m&mßM&s}mm%xpm®Bmmmtt&&

ft^WiMm, &(a,kx )^mwM^K^^®BßM m&m^m. imsL&fci&
mu&m. mm, nW'B'ftfcMmmTfcMn, £« mwmmm, mm^mrn
im, %nftmMJL¥wt^&mm. mirnxwrnmrnum

u^Mmmm&* (a>,k x ) %m®mwMmmm^^m'j>mm, m&&# & x
««, m^EMmm±x-nkmfi7. ftmmmmn^n^, mM.mmm. #«&&&
m'm%fififtmmMm®^u&i&&±mm*.m, u.4-
-s^—7^l7. mmik^itux®mmm-m, mmmmmmmmr%m&&&sinx

si.4-5 m^m&mmmmmm, &^mmmmmMWM
mmmm, &&&&m, m^m^i^^m%m-^m^mmmmx®n^^M^^. mx

mmu. mmmm-'mMmmx^mx'myKm

m 1.4-4 mtmm^miz®
\coi>v(z)\k xm^&yzmx.
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mßtt&mfrz~, imM&mßmmmmM®-mmm^^^iimmA^m^^®^ mw
m. )xxx&%mm\mPc, fommmMsmmn&&?fam.

&xmmmmxMm^-&m®±7'Z&Mmn®m®Bm, mimm&^^&m®

&, ixmm^mmmm^m. mmxmmmm£m®m*&}s<Mm£,
mk-^mm^m.

11. JLMS&MM

mm¥xmmm®mx, m^xx^mmmm. jt-mmmr, -|£-a#-#£££
~&x®<xxux, #Rmnm, i£~nnn&w>js&M. mi, m^^^m,
#i^M&»^( 1.4.7b )fl, m^}m'&.%w:®^M^mM.&m&*&n, &$
mmmx&( 1.4.7b )*®^mmm, #^£mxmxm®%i%i. w^, mxim£m&
-p®mmwtmft, mxmxm%L^&Mi~^n®m3, mu&&mmm®.

&-&-mt~mikffinn®^^, m%%^7, -m^pM*. n&mty&M-t

mmt, £( 1.4.8 Pxx^Px ,&mxXcMX®x.d:m. WL&Mffi
Us.mm^^3^dp/dx/hxxux,7^jx^ ( l.4.7b )^m^:(i.4.B)

xPM~n^WLmPM, ms&^ii, mx&m^^m^mmx,
uxsix-mxxMx®-~ikm, mmnmrnmrn'merm^M^ft.

u®&xttn&MmMfcm®mitmm^, mnm&Wi&m^, u&B®&xumm
mmsmMft&-mmwM®%si> —»wi»£ js^m&^to. mmM\t
im&MmmteMmmmn&, M^&mm®n&&&R7£&&X7m/XBM; x^xnn

( mr^^mmn&nm®, {s£) , mipwm

&&mMM&mm. &ft, &-MmM>m&mM\i^%fßm&%&■%&. &W£iMfW&
m&mz&fe&fif&%uftu, to%&3ffi, %m^mmxx& (^2.2^ )^s#-s in &
©^ra. mm£®&mmmmWifeW:Mftmz*®mx,
%-zm-M, mmm&ps.xmvs\immmxn&fts.'tii&mm.

53 Hi
(i)^t-^m^®m7imz7, xmxymmAjkMmim. %mMmmmwzM%

m®xft%LWtvEm, mnptMm®Mmmm&fem7kmxmim^X7k® mm (^=lsoo
*/#). mn,^-xiiiM.xMmnmmmm\tßMm^-^, %&&%,&&&%&%&&

+$, imwst^&mns.m7mzx%m'? m^^fmmw^B^tu^om-^^oom^
®Bftm^. (Wirt: log e 10«2, 2jt«6^)

( 2 ) mi-m^xn
(^l___K(z}„ _*!_\ „«_*(*)_. 4BX>ML (1 4EI)
\dt 2 p(z) dz2 ) F p(z) 2 dz dz "«~ 'M%Mxixmmw.ftXw&u
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) ( X4E2)

St

#*■«&» ( E2 ) ftA«J# © ( Ei ) , )^itife«tlft#*^W^^^7^^^lff^7 ft ft

1.5 mmwM-nm.
tsMMsjxn^MM,H (Fourier) xn,

ifcmmx&~&mmMmm'ZMmMxm®mm®>xr, w&p&m&m'tmfy wm
in#l*3feHS®-7^fh^#^#, ( paraxial wave equat-
ion ) , '

v&i'&mQip&m&ftm&imm.
wtm*w,mmm,

m^mmm^zmm-m^rM^m . x m (singie-square-
root equation) , ftfrft* 'E^'—X^fß&M, tsftW^^M^]XU(parabolic wave
equation) o %sMsm&sxnx&xx^m®mni&^®> 'B®^ALmi^mx^m

equation)^, &%&%&%, ifc&MX&*bXffi%,
*mnftXtt&mmn&. %m&wo^mm^m^xnmmmmmim*x^, hm®
nm^^®'Wm. #«m, &*M&mB&&&mto&&&7n$lMftt&f&&&7. nn%
n, -m^m, ]Mw^xx®^m.

%m&sxmmmmxm&&&xm-w&. #k£&xmm^n^^&^M®®,
&xmimmmmvfM& mmmxMMmm&&^mm, mu&mmmmft
nn^mxnzm, mwk.md/dxim, mikz^d/dzßm.^xM^^^^mm^x,mm

frikßw®&&3Lf&> u&^m&x&®^&M&wftm&mm, &&vwmm®.
%mm%&,

1. #fa#*&^3F*£4&:>'fl-f*M*
m-^m^Mnmm-BM^xmftmm^^M^mxm, wmmmm%—m7. mm,

n&^&mßm&thxmftn, mßm^mxm^®nft(Kosioff^BaySai, i&sz).
m&, mo\ix®mi~xmmmmn&Mm%^xn'XsL®.

u&'M&jx^

RTtt&u, %Bxfc%%mnf&&&BLtt%&KH?*ft&Mmm&mt®gi%. nmm
&&&%im%, nmMfi\sizM&xto®mi&&2t0s 3f0 , 4*. mtfM3$lvsifc&fc&
Mi &&?&ftßttMM&lQWkm*, m^Mff^^yMMXto®M^^^t0^ h9% it 0

M®it, ®xt&&i^X7ix&iimxm. %&&$, &&3L-^m&m&ti, mn^m^
MMm^^mxftm®mm^Mm^s}o

Po=nm
y^ _i -*Jp(z)K(z)
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ft, iii^&mxmmmßifa&m~&&W!®®%:xmmx, &^xmxm®mmmmm

:f l̂m^i®^~-fmm^^xmM^m73^®, &mk&mn9zm

ftm'mu^&WL®sts}. mmr^uxm^. mx^m^m

%mßmu%xnmmw®%^mmn&xw&&&. um^^xn % — # m
m&&»

&mMx&Mj&m. mm&, pJi^M®m%n%-®Bimj}xmmM:.j%%mw.%xm.
2. #*& iLifi-frfl^Fourier%-&7) :<k
m&&BmsLsjXM®sLW^m&

WXffi.

#55. ( 1.5.2)fl *!*#:MC±?J«]iffiß;fcT*?K. 5$ (1.5.1 )£&*«§
SI

nzmmn^^mzm, wtn-^^xz®i^m^xn. mm-&iMxm*mmzX &m, xt
xm^^nmim^. &(i.s.2)*&®~mmß\&(us.*.)mn&®im~nm%, m
mx^mxn,^^mx^^wmn^^^xm®Mx.^mk^wmn^mmjixnzm,

m7mn%wtm*ifo&xm®mmMz?\>, &&
JtttJ^^2il^f&nS»ifegi»«^rs@l|jE|B^fi-^,

3. *r£^ (Snell)at

Mm^mmEMmzm®mmm^-mm^Mm,x^,^mmy^m^m^^^m^m

k xXk 2 = (1.5.1)

k,= ±y/^--kl (1.5.2)

d2P d2P 1 d2P
dx2 *dz2 ~v2 dt2

WHUffß^lfe^f*, tfS ( 1.5.2 ) &ft&&&Mft£Bi-^'{l%±ftWl ( <£T ft « ) m
3tnmL®XM. M^mm®MWfc^MRX&F^MXm~$R&®MM

d ,
~sf~=: — ico ( 1.5.3a )

d ,
dx~= tk" (1.5.3b)

d2-= *kx (1.5.3c)
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m&mwm®&fo. &rmiffimmfrmm&v(z)&Lft, mm^mi^m^^m®x^itx

m®xmx.
~m&LU&&¥'\ft,&x=-ooTL&x=+oo, itmim^k^mffcmmm^&ffiM

S^fH xmxMan^Mxmxii^Km^zmmrcKm, is^iitis^ii^. »m
%mm®mmmimm'%%im-mxxj]. m&mmmm&mmmmmx®, im®mw>

t5^>
_ m®mm&n&vMnm&m

7R7^fßiS^, JnmiHSP-^JKSP

t^>~ nmm®mmt/dx,^mx^^
m, -&smxft%>, m&ffifttt
m. &mitxft*, wrntx®

® : dt/dx^mmmmmt, bp
ai.s~i m®to~wiimM&pmtA%L*

temmn-m^te, &mm%zi2.&mmm%iz~~zz&&}dt/dx7%mm „ :xx^ ,: xX iltk u,m-^^

dt/dxT-mmmm^ik.
$L®mfr)i®^imi.s-2m7F. mm^tm

af _ coso .—-_ (1.5.4b)dz v v . . /

&m^xnfexmytm& ( mm
®m).%—^&Wimmmm&®
#¥&&, $v*J7}C7ffi« ; in
r^^f&ft«£3fißiiH£«ia

ait, &mm&ikuxx®.&ji'ffi
*®%mmmv. &®.mm&sk
u^x®nmn^®mmuxx
v, mm^&mmx®&B

®i.6-2 i&mftffiv(z)*MXftfcWffisMm,, fewm
fcsk¥ft¥&

n\h®M&M/bXv. mM&®®l%t^XXim ( stepout ) WL^'&iU ( slowness ) .
mm^^mw^'^-mn®im^mm^^-m^®imMm^^^~&.^(ixA^)

mn&xfafom&*% %uxx-Mi^m7mM®i£®. mm, &fmft#awiE«fafc

dt sin# , v

= ( i 5. 4a )dx v v . . /
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mmrtm&x¥m®.®sm%i%L/t'%¥, m^m^m^mrmmm^mv(z)®mm, &&
fexxwmm. -^¥m&si&&KMmv(z)mmmm&®m>x%i> WL#&r-^mm
&», &tt*kti'tti&%mftßk, Mi%~^wmftoikp=dt/dxmmmufcm.

iM,w&n®&, mmfcomp=dt/dxnX4tmmx-M.m%m, mv^em^-xm^mM
m. mjp=dt/dxsfimnm, mßmmmximfc^,
( 1.5.4) $*m£o

( 1.5.5b)

mim%Mt^x^®wcm/xmsmum&&&r^m
us

( 1.5.6a)

( 1.5.6b)

tt#todt/dx^dt/dz, mm^^i i.s.s) \tm, &&&&&&&&( 1.5.6b )5£.,
9fS*Jßßr^^rffi«^/(0» fWS( 1.5.6 )&^7M&ft»o, jßMfc^*.*)

£Eft*feM±W«^ 9|M«»@«Ktt«, di-MSfc*. :f ®

IS—4-^ W
tttttfcjfc

(1.5.9)

s£
( 1.5.10)

*T7#M:Aftim Tiß{B«^j6rSifctß^A
ap dt ap
dz dz dt (1.5.11)

&xm®ux
( 1.5.12)

dt s'm6 , „ ; .

dt cosfl _r i 2 T/s

dz - v ~Uv(z)) 2 ~p J

-', v sino .f* coso ,Kx.*)*s —^-x+} 9
-V-dz

«*.*)=Px+\'[(^)y-P° J-'dM

{mx®n&s-fo-to(x,z)mx

mmfcm&=j[t-px- \'o{^yr-p* )l/a^] (1.5.7)

4. #&jrM

p=f(t—f- ) ttm&m*m

PrHt.-»~ \'X <i')
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jfcntst( 1.5.11 )^( 1.5.12 )Ehi, m^m/(dt/d2yMim^n^m. m^pxxmmz®^
%m&&u%LxKm®, wmxtmmz. mU®w£W&Mmxzftm&ms&nwmi u

JftrS ( 1.5.5 ) ftAJtf, M«fJ?E^ ( 1.5. 11 ) ft9-ft#ft7£itt£3

( 1.5.13b)

( 1.5.13c )

o^7af/ax=Mf&^^M^^,#*^-^@(i.s.i3c)|ni^
ltmiMmP(X-r, 2=o)ffljgm^-#3ll^(^)^^-^, ttfclMfo»imm% dP/dz0&&
mxm%®&^®%-p, x^m^Wimyi^t--xmu^^mx^^xmn^^®9:iM-t
ft. xnwu^^nx.®xnw.wmmM, m^m^^MUftxmm^mnmmmmm
M. xm, iz~Mm%&xsmxM%®n®. m?> ~^m&n%®M.%mmmfrm
m^mu^Wi, %^%-xn-xmwxxn( 1.5.13) j^^fiH i.s.ir):^^iißi7

5. #^^/W
nmmmxmn®mmf(x,t,z=o)mimM.*Yxmi^w&W7}®%exp(-icot+

tkx .x)0 ummmwidt/dx=kx/commmmm^M, m&mxm®mi>LsLunx n m, hm
miMMXtM^&wxnm. &&r, R^\ismuwmn®mm&s®wmxmm,

p=-k*/oy%:^®%mxMzft> Fmm&xmmxm. tokkv&&xgm*nj&

mmmufcmnp®m*m&^.mmm, $%mmmxxuxm( 1.5.13) n&MX
%%&&&. imtxmmm&&mftm&xxuxn, 4< 1.5.13)^®%7d/dtm
-icoRM, mM%M&&, m^x

( 1.5. 15 )

«, tm^ximtxxn (1.5.15) ( 1.5.12)

( 1.5. 16 )

\im, m-M(ix.iQ)wtXf&mu®7, mmmx
xm ( 1.5. i3c ) ffi^if^M^7®^ft^4P'frjio^r^. mM&m&ftmmfa&fcft&mm
Mm, m&nmmMfi-rmMmmwm.

dP cos6> dP . r -l .
=_ (1.5.13a)dz v ot

<^_ r i p2T/2^
dz - l(v(z)) 2 ~ 1 J dt

dP _ r 1 / 'dt. \H I/2^aP
dz- L (v(z)) 2 Vdx ) J dt

dt sinO k x s-— = —= p= (1.5.14)dx v x co K

tEm&mn^, r^7f>j^^( 1.5.14)^^-7-^^, %%&&&MXxmmm.

Xr=~- +tCOl(vTz~)jir~~C^-} P(w,kx, Z )

P(w,k x ,z)e =exp{ico\
Q
(~y--~) '%

dz }
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.6. &JlffijL

mmfc&tettw<toM#sffim*#, mn&M, mn®mm<®L®fex#xffi

%vt, nmm&&mxv z, wmx^tv^xv.zft^, xnftftnmn&. mm^m^z
tit, BMM^xn®MommM^um^it, mm^x®mu^m^~

mm^xmnMui^x, mzm&m&&&WLf&&
m. n&miwxmmm&x, MEtroa
mmmm. m^%xm®mm^nsmm^m^®m^, mmmxmm\\7%®,xm
®mm, mnxm^Mft. i&m&®, p%m#&ftft, w&tm^M^i&mnm®®
m, minxfY&xmmßmn&x^&^nnmm&mmmp^x^.

M*xmm&Bms.s}xm. u^mmx, mxx&mxjxMmmftmgmxn-x &
wmftm^mm®xn.

3 m
( i ) \tm\—#7»»it&^ imxm^mMmzx

(a ) (t, x, z )
(b ) {co, x, z)
(c ) (co, k x , z)

i.6 -mmmmvj

*^ft®&mmMmx^mi&®x&ftm®Amm®uxx£.

mm. &%xmmmn7-mm, mm^mm^g-mm.
&&®m&, mM&M4smWfc: xt

7sxx\tm&%.&, mmmx®wxuHvt
mmxxHx-M^mmm. hxm^xn, m^^m.wn^W-m^wr%^mk, &7
mfrMstmmxffimmm®^mt£mnm&mx&mtimmm, miwtLmmm

##j£ftfflj&&£& ) ,mins-~wffmt}fe&&^®. %mArttt*§r%m&&m&&.&

(d ) (co, p, z)
(2)&*mmmWLA(z), I.s.l2) *®mmm,

umhx&MM. nxp=o®'\m, \%umtnx^A-^^^m(2)®m-.

p(t,x,z)=[^e- iat + ik *
x * ik *

sP(co,k x ,kz)dcodkxdkz ( 1.6.1 )
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o^^m^m®^m^mnxxmm^mM.^it. mm%x®m\mmn¥mmm
®m^%, TffiJL-.a7J»7£«g|i|, W&%fc&&

WtWM%, &Jkm%®^M®XXfo&%}, &&®&M&%*&tt, &&X^m&. it
mmmmmm, MX&&jx-xsMxuMmx&mKmmmmm:, mumm^
£&J^#&£M£ffltt±ffiiE[ftf§»fiM. £ss(i.6.i)*, &jsi£££AMt#ft

WRcj-fHi^l^K-7, *nHftS!t£iit!#&d/d* % a/a2^lf^ffiiS77^^fß]*, BPffi

ffijsy.7-x«7.

m^lb.®mmm^p,x^^mxm^mm^Hixnm^mmnrfmmßrmfp}m®mm
SMftif IT, 3*OOXll jM

md^msfam&\ mmj¥m^®Mmi&mmmxmmmm®MW)xom+?t, m&
hxom-jr. w-kth&i, ifcMxjML&s:®M&m, &m&%^®&4; %mmum%

7.
2. ;*:*&F£-MT#£

#tA^^!^^^^mm#Mlfg, 7^3i^^^#*7»iUl±aft-^^^@ilk« ft

M(j,i).
MTimx®ms, Witnmm^xn^, sift, mm-mmm^xmMffi&

ft. M, $#■%#;£&,
la, 16, lc, Id, 2a, 26, 2c, 2c/, 3a , &d

m&st'&f&> ws^m^wmmx, —ft&foAm, -^^msm, #1,
la, la, 2a, 2c, 3a, 3a, Ba, 8c;

BM: 16, id, 26, 2a\ 36, 3a\ 86, 8c/0

s^^iE^it^ihs^±fi (^.^it ) , mmmmxm&B, fr&A'mmß'm, #
m

A'M: la, 2a, 3a, , Ba, 16, 26, 86;
B'ife: la, 2c, 3c, , Bc, la\ 2c/, , 8c/0

-mmm, mMi.B^xm%'®mm-m. m^®m®m-u mm. h&, «, A
x&tm&n, nm>mmm%M.7. mmx, fss£#& aj«ra&«#, ji^-x
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GMtoftfa®.

&w±*m®ixmx'h, nm%m&&m^mßixx. muftm*, s«ft»sfs
07 imx£mmmx®m^, nm, w^^-xxmmm&xmmmm^mftMn, 0

3. *.3r&-ff#£#?-f(Rocca) rftMJUiM

&$# fjfctfeflg f&Jjfa, flfr&& lß#&m&&&&mftffi

mm, m%)Am&m&mm-n®mft*R^&~^m.

festt: &MlMrtlrf*. &tfcH " &-£ ( Fabio Rocca ) tJiffl—fttejtffiXW^fiffgtfr

mffM^,nMmi^^zm^zmm~mm^^^^^mnM^^a^^mymn, kim
xmmmmmft®nmmMmsmmmmmn

m&jm^-^7t-Mmxffim®&^m%.

Mm, mvM^m^m^nm^wm^^^mx®xm^mM^-^®w^^^®. xim&
-^m wmMMi mmmmftmm^ }-^*®~mm&&&mtmm-^mmnm
&&&®m?, &uft^ft%fetfmmmE&%%iM.m*mm. tm^ik^mmM-^jxm

%B, hkß'm^-ykm, T&mvs&foAmi &j|, mm&

mm/»w±*mtf}ftM, immmmmmm^^. mum,
jm=?sscm> mm. &&,
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1.7 mmmPF

m&xftM:Uih&®. kM®^rmßmttm^m^i^mxKoim^^),m^^nxm®

s*FOßTßAN^^fn^M^^it»^i@w, u&tmmm^itLMmmn- m \t
i£. Mf&fttei&'m^mMßatfor mW , Ratio *&&Rational Fortran ( £ M
RAN ) %ffi&i SP^HI^FORTRAN^ii. fM^RatforMM, Rat7orW^###

&T&&%mmstmtil, Ratfor@W^li±r»iFOßTßANifW-#

xrtm. m% "in r yjsmxm&j&m*}. "Eise { >-
ih'b'^^^RW. %7%MfT3m&, vi&Lfflm&m. jiis-#*M##m&. )
U&t—^ffi^, #Rm^*«^. "Break" }ft#itH if $ .
"Break2" T^M^K { } }#^ttj*. Mi ( ) 3/MJ, "While ( ){ }" Jig^t

tfcfiH }*&M*o. "Repeati } until ()" Ji£M?r*M&ft *& Sft — #11^ . It
"do" @^MJ««£ft!JWM^ "for(Mnt; ; [aaian ) < r @^.
"Next" &mmmmim^frmm#M§im^m&Ao fortran^w&^^m^

ft-gt-, -ge-, -ne-, >= , ! = , ■%&%£> #-and- ft -or- *T 3?
3j&5f11i.. §M^Rat(o*|t^tt*osftX*W^ it^flFORTRAig-WftiiAfi&if^,

ft#j&xfr#A4^ffiitfM£fcafr--H#R«. ft^JH~l-r«7G*ftio ft £ ? &
i, ftl»-«ftJPl«+l,-l, + 1,-l

©Kernighan, B.W.and Plauger, P.J., 1976, Software Tools. Addison-Wesley Publishing
Company.

l. RATional FORtran =Ratfor

2. ~*Ms££&
m, ffi%CooUy-Tukeynm&'WMW&'M& ( FFT ) , HM|fc-^ft fts*#m4> W *0 it £

i^f^)i»®it ofm^S.±^M^ft®^ii]^^M#^^Ml^'i'^:ft®i(. 3fc/B

ij-i&mAto%ft&isnwt&*M.±.tiit=o, £«^ft^i?±^«=o, mu^mi-mm
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tt#ja.f§ig; %m^%a&nm

#Test case for two-dimensional Fourier Transformation
integer it, nt, ix, nx ; complex cp(64, 64), cwork(64)
open(4, file = 'plotfile', status= 'new ',access= 'direct' ,form— 'unformat-

ted', reel— l)

#2D Fourier transform by using ID program

subroutine ft2d(nl,n2,cp,signl,sign2, cwork)
complex cp(nl,n2),cwork(n2)
integer nl, n2
real signl,sign2
do i2 = 1,n2 # transform over the fast dimension

call fork(nl,cp(l,i2),signl) # one-dimensional Fourier transform
do il = l,nl { # transform over the slow dimension

do i2=l,n2

call fork(n2, cwork, sign2) # one-dimensional Fourier transform
do i2=l,n2

relurn; end

nx=64 ; nt= 64 ;

do it=l, nt
do ix=l, nx

cp(it, ix) = 0
cp(l6, 3)=1. ; cp(l6, 4)= 4. ; cp(l6, 5) =6. ; cp(l6, 6) =4. -, cp(l6, 7)=l.
cp(l7, 3)=1. ; cp(l7, 4) =4. ; cp(l7, 5)=6. ; cp(l7, 6)= 4. ; cp(l7, 7)=l.
call ft2d(nt, nx, cp, +1., +1., cwork)
write(4, rec = l)((real(cp(it, ix)), it=l, nt), ix=l, nx)
stop; end

cwork(i2) = cp(il,i2)

cp(il,i2)=cwork(i2)
}

0 0

imw.mm

0 f . 0 co .
J# "Write" i£^M
I9JFORTRANnW

ai.7-1 -mtmmmj¥mmm\H&ms f. Ks&ttiM^?Lio4tiHtt
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"fork" Jftffl, lx^ftHifc
*, iFMI^U?AWK#k cx(lx/2 + l)^ofißNyquistM^ Trocx (lx ) JUMbfcftlK

# ID fast Fourier transform
subroutine fork(lx,cx,signi)
complex cx(lx),carg,cexp,cw,ct
j=l; k=l ; sc =sqrt(l./lx)
do i = l,lx {

repeat {

#Test case for Stolt migration. a 1.7-2 Zl^^R^^^^ll^Wl&tß
integer it,nt,ix,nx ; real vdtodx? complex cp(256,64)

if(i<=j) (ct =cx(j) ■» sc; cx(j) = cx(i) *sc; cx(i) = ct}

m= lx/2
while(j>m) {j = j-m; m= m/2 ; if(m<l)break}
j=j+ m
}

istep=2*k
do m=l,k {

carg=(0.,1.)* (3. 14159265 *signi *(m-l))/k; cw= cexp(carg)
do i =m,lx,istep

{ct=cw *cx(i +k) ; cx(i+k)= cx(i)-ct ; cx(i)= cx(i) +ct}
}

k=istep
} until(k> = lx)

return? end

Q^Xft^mnwft, ie,i979^s*fl:#xii:{flJßiktijE2:<*«fta«:ii*ba36*>. — m
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open(4,fiie= 'plotfile' , status= 'new ' , access = ' direct ' , form= 'unformatte<
recl=l)

#Stolt migration subroutine without cosine weight
subroutine stolt(nt,nx,cp, vdtodx)
integer ikx,nx,nt,nth,iktau,iom
real om, vkx, wl , wh, aktau, pi , pionth , vdtodx
complex cp(nt,nx),cbf(lo2s)

cbf(iom)= cp(iom,ikx) #Omit weighting
cp(l,ikx) =0. # Ignore zero freq
do iktau =2,nth+l { # Stretch

om==sqrt(aktau * aktau +vkx * vkx) ; iom=l +om/pionth
if(iom<nth) {

}

call ft2d(nt,nx,cp,-i. ,1. ,cbf)
return >, end

nx=64; nt= 256; vdtodx=l./4. #vdtodx = v dt/dx
do it=l,nt

do ix= 1,nx
cp(it,ix)= 0

cp(32,9)=1. ; cp(64,17)=l. ; cp(128,33) = l

call stolt(nt, nx,cp, vdtodx)
write(4,rec=l)((real(cp(it,ix)),it= l,nt),ix= l,nx)
stop; end

pi =3. 14159265; nth = nt/2 5 pionth= pi/nth ;

call ft2d(nt,nx,cp, 1. ,-l. ,cbf)
do ikx = l ,nx {

vkx =(ikx-l) *2 *pi *vdtodx/nx
if(ikx>nx/2)vkx =2.* pi * vdtodx-vkx # negative k x

cbf(l) = 0. ; cbf(nt+i) =0. # cbf =working buffer
do iom=l,nt

aktau =(iktau-l . Ol) * pionth

wl= iom-om/pionth ; wh=l.-wl
cp(iktau,ikx) = wi * cbf(iom) + wh *cbf(iom+l)
cp(nt-iktau + 2,ikx) = wl#cbf(nt-iom+ 2)+wh*cbf(nt-iom + l

}

else
cp(iktau,ikx) =0.

}
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Mit^@^ftii{B^M^i.3^raM^ji, %mmMmm®mm'\m, &M-~^4

si.7-3 stoitm^u^mmmmm^
4. Rocc»*s4*Jfif&£4fc

&vt&ft%%mTtofcst&. u&RoccajjmM&mmjj&®£mifc&&T^m &m »*t
% MJaßP^^SMi#ft^#Ti^@)¥mfgW^:^^f.

#Try Rocca's row Fourier transform.
# sign2 should be+l.or-l.it is the sign of i.
subroutine rowcc(nl , n2,cx, sign2, scale)
complex cx(nl,n2),cmplx,cw,cdel
do il — l,nl

do i2=l,n2
cx(il,i2)= cx(il,i2)* scale

j=l

doi = 1,n2 {

if(i<=j) call twidl(nl,cx(l,i),cx(l,j))
m =n2/2
while(j>m) {j= j-m; m =m/2 ; if(m<l)break}
j= j+m}

lstep=l
repeat {
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istep = 2 *lstep ; cw=i.
arg =5ign2*3.14159265/lstep; cdel= cmpix(cos(arg),sin(arg))

do m=i,lstep {

1step= i step

subroutine twidl(n,cx,cy)
complex cx(n),cy(n),ct

#If you feel like optimizing,this is the place,
subroutine twid2(n,cw,cx, cy)
complex cx(n),cy(n),ctemp,cw
do i = l,n {ctemp =cw*cy(i) ; cy(i)= cx(i) — ctemp; cx(i) = cx(i) + ctemp}
return; end

3 m

F( -co, -k)lfafe.
( 2 ) mmfaf&ftmm®m&*&, w&m®w-%&mm%ithmmr¥ffi&®.

¥. m%lEX%nrf®LF(co, 33). && ,
&&zn®s&m<r, ®m-t ■&&£»" . x )?sm®%m%
mm®F(eo, k) , wmmm

c4 ) tfmt^*tift&%%&?*~s2Zft®Mmm^&m& ( t, % )

( 5 ) &9t6nm&im*mAm£to&&mm&&m*k imm&%®ti®*w&%&fo

(e)^igstoit^^, %&*mmm. m&M, m&mmmi&imm

c7 ) %famstoumttffl¥ft&&G&&toum&itiw&vt, 9ms&&H&m&mm

do i= m,n2,istep
call twid2(nl,cw,cx(l,i),cx(l,i + lstep))

cw =cw*cdel
}

} until(lstep>= n2)
return; end

doi=l,n {ct= cx(i) ; cx(i)= cy(i); cy(i)= ct}
return; end
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c 8 ) m&M
p(t)rtxftt&mxm. m&, tLftmzwme-i^mp (co) ,

tt(si, g#*£JßW#»Tjgflitfh&£g«rfe?
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m~m ztimmm^mmM

mexpiik. u, kx ) z^mm^. mtWMmmxm mft mm.

ii^lWftft^Mf^^
lßW^ft«ii£,ftftfit3R. ffH*H^^i(o), i.^^-Si -S^^TlH^ft-^^SiU.

#).

asS%^X@lMgM3fij&i B8?J£
MJ*t»Jf;iifnftftl

vHjSßlsWT&^^ffiftjM.

®2.0-i mmmMmx(±m)^mmn®m(Tm)
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i^S^ft-#2s6X64ft^l^±t^fli*ft. ~&&T&,fan&%Mt£teßisft# t¥%&&=F

&3WKfMn>Kr£fci

—Tft[&]#:fr&£JM£#fcr. M*H, ff12.0-ift±, TW«#ifai£^#ra^j£fifc u&

1. #&£<ft

m, wmP&M®m^)&xm>&M^mm&&®. tf&mmj-/tmxm&xmmm^
®n&n&mfc%&ffim*&, %&&s*&&&&%&&%**, $LmM#m*&,&%,wmm

mmmmm&v. mmmBt&&ffl%s£m, nn&v{x), mmMM^^fflfc #4HAWs#ife

##££IW£ ( space-invariant ) , l» ?SftlS|^(^
iftXt*tt3tfrS#^Hl ) .

a?r©#&3££#HßXliMm^f&4^U£&.

mdwtmmm4x^&t=jx3c*& mmß^m^fr&n^mnT ■ ci ) & a % ism*HHjf
zm, M^mmrtmm7&ftm%ff-, (2) %%&%&■£&&&%&.

2. BtJ.
W^ifeH^^^^afjßrr^iiag. 0« ( Stepout ) --ii«^»N-f«ftg £ &3§*i

ftft^ftexpdvC©)] ft m tSH
#£&$& ( all-ixw« /jtfftf: ) , 3|S£, Miexp ( icp ) ftftf nUM^m^ £ Wsf

zna(i/z)/a(z)j%&. mmmiMm^®xu^mm, MA(z)%mmw%.m---^m

mm-. &m. &%%%&%
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#3ftft*fcft?WMiii!, R#&*df&fftir&iftfe \^ftmwt&-t-&mmL #s^
4fc*lliAxjiWi TkMA(z)=i+aiz+a 2 z\

3S^ : #?«ftsm^^*#«rt^^^^^^Sßr^^'i4. i?#m«j»*ft

0

3. M^Mi^-f-ft^&ii^
mMxm&mm^x&, m&n, imMmm^ftmzm,

m. imumsmm^mmrm®nisßm. m'-xm, &mmfrXMA&n^&x

mw.^fY^&mmxsom^zm^-mn^
m®mm^m-4fx^m-wx^. m&§sM^¥&f%M®m&ismfnm £toi&si#
mws%m&, nmrnmrnxxm^^zmmr^mrk. %-^mut&ft&&ft®&&p>m

kft^m mmßm^m^XEttMwt®n7k^^zuß.Mwtm-m^^M
&z&Mm\miKmmmmmmm.

MSiEftl«lM^^^^6ojW|^^^^sft|i^«^[|eft, W#ißaHS:#4J #;£&3SJftifc
is. &z&mmmß&tt&mmmm^, Rm&^&mxmmm=?Gonzm^~^m

wmmm&&xrm%Mmk.
4. $#$&,&

BtlMMftiiW, *T*4lif#iWfc ffifltfßfßJMlflUi^^

##ft'^H^, JPT#f*x
£4. sUfß^xtJnM«e«*««^flJ*#ißJli^r^f|l^
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5. $-*£

p. 7&, #*ft*ii#s#***tt*fcg#j^

2.1 fcftJNitfS

lycWffc E"prfJ^P(2+A2)=p(^)+A^p/^ft##^ißii[t:^^^ aMfca#J£fsi
m, ffi&>MjEi6&ftt&m£dP/dztom&£l. *mdp/dztQmftmikjjik&&witti&

i. %Lfo%.l£tfL#i7r*i
&m^wm&mmTMmmifft®B ( iseg^ ) , "^^mit^m^m" $#$p

*-^tett*Sm*&*&**fi&®&, £fex£flUßKr). BP|g^A^ftWS£A^, »-&*

ftT+^^sW^^i7^ti^#^^^r^ Tffi^lfitf^^^^^^ft^^E^^BjjTM*^

i969«#j, Ba*S^W-^^^o^^^«^®iMs^S^MX^^^ft^^, @P

mMXfc^wst&^xy.T&jrm^m

a*, PMXtm. mPom^x&rwfcm&mm&im mmo(x, *)*tt#, bp-st

m

P(t,x f z) =P oe- io>l, -z/,n (2.1.1)

P(t,x,z) = Q(x,z)e- ic° it -z/ 'n (2.1.2)
&5£(2 i.2)RAßnsJljnPxx +P~=Ptt/v\ #

$+(£+&)'<>-- -£o
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dx v °z oz

tf&^^^^^ft^ftim *^ft** ( 2. 1.4 ) ft Jft S p J£JR

offife?iW^ft«M/k friU, i^Js^m^^^^H«7ti«ffl#mAft^^ Az, hk

MIT, (2.1.4 ) It^ST-^^tft'Schroedinger^rlSft^^o

Wfe**W;
2. Muir-f-^-^^ff^-^
#Min%mmm^mmssmnx®x&%s, mm^xu&n^® ## 7 m

:^M, it#AA«Francis Muir.

(2.1.5)

#JS*„ mniE^jjWL ( MTfirMMPitb )

(2.1.6a)

mm^MMikzm&xd/dz. h^^o?#s^^^s;^-7^
mm%-7, bp

dz v V o2
(2.1.6b)

##4i ( 2. 1.6b ) $*^ap*^*«t*ffl—>w^*»iit#»«ig«it 4 #" ft

x, sis a % **T^»^R«fr<itoi pit**
PflFftT, m^, =a/3rf^«fc^Tß]ft^^^^^#W:tXo 4.6^#ijE!^, 3t#Taylor§£
&!##*£#&&. Francis Muirf tgffl . M^fft l*^4&pp#pftpiEJtt—#P#
**3F3*PftP. 3«s&s, i&^(2.i.6a)^sT«sm£X&XJ?i?

#mjtb^Bt, *ft&wm®:, ix-&Mmsi*hxnm ( x, z)mmM^mß. %wm
®&xxmsL, q(x, 2 )^n-i£7-ff. m^®n&m%Qmum®mm® %%t. w

=__JL_i!o ( 2 i 4)dz 2ico dx2

L2IL2 &
v2

v V co 2
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V V
(2.1.7)

ff#«w»Bfr^3«^ap!»m/?.Pw, mmrmmm^M

st(2.l.9)ft^^|g^liiof^^ft^it^(2.l.7). MJlMti*^ *(2'.1.»)«

0J: ApA*P^Tj«r«^ipiE^t¥sr. Pjs±, ft*
3£MftH&Jl3f^*ft«s, Mi?o = i3F&,

& 2.1-1 Muir^^^^?FW*BS3imir^
5°

15*

*Y-i-i£!
45* X22--^—

2

65* X2
2~ —

& :?&ft%s.#iMm, %2.i-iffm&jjM&&fr&m%50

* ise^4s°ft^@, m^^

llftltJF^ii^if^, W^ft^SffliWM^M-£.o ft*?PftPftftft-A&tt
nTilPo^-^MSft, SM^ft^Wftilsit

s. &*£#
;s^MftlttoU2.l.6a) Itlsc&jAL, 4f^2.1-l)fr^JM?]:^^A^(2.l.7)R, ft

tß^m^^^^2.i-20r^o inS2.i-ijgff^, m.i-2W^Wi^W-Mmi&=f^m.

l-2ft^fr^^|ffi)t^2. l-S^M^f®.

*- =>-ITK (2 - 1- 8)

mm%m&&. %Tm&ftftmt&&&ffi3 (^^Sttpftj? ).» «( 2.1.8 )

X 2

R„(i +R~)=i+R~-X 2

i?2 =l-X2 (2.1.9)

i?o =l

/Ti-i-—

x*

4. &&&>*&.*) £l«ft#

mA-^i^WiXxn^M^x^mxmxmM,mmmxMUMx-ms.Mmmn^x



58

$ 2.1-2 &ft£*

5"

15*

45"

52.1-1 3t2%;&2.l.6a#f^&s^

* 2.1-3 aMHß^initir*Bt«*Miws

U^ ( 2. 1.6b ) js£2. l-3f?^#^^Siljft^^^^^^^ffi^^.
5. &l^jKs£t)

PP|m^firttAillpPttAfl4t& "#it^tr , 'tS«
-%mzm w^^^M^ft^^^g^^2.6^fp.M#^ftM^, jw, #$^#>c*)£

BP

V

r,-> Vk Xi CD i_

v 2a>

L _0> Ay

y 2o>

&%'45
# +wffl^^Sc/?o=co S4s* mm, "&mmi&w.&:?o'ms'ft}ftT&
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( 2.1.11b)

/#[ - d* (2 1.10)
* o - / \ V ";'■""■ ,

:fM^CD^R^U/.exp(z^o ) o Hilt, £l^Pi#P(*/a>) :#ft&s

P(z,co) =Q(z,co)exz[ico\^ j^fey] (2.1. Ha)

f =§aexP [ % %$ +o(-)-^«p[-i;^v]
p

57=«p [ '4o^fj] [dl+-f ]Q



60

ou)=ou,)exP { -rL(b)~ sy^} (2 -'- ,3)
Zx

&i^-nmmij&&mmijmnm%umm-, ms
jfoimmM, mn^ mm tinman

( 2. i. 12b ) *MX-y%tgmsjfmsi&* md/dxß&ikMß&frm* ffi * a/a*, bp pi*

n- 2.1-5 mfa^mftmmßTtfimifiM

cz

dQ __v(x, z)d*Q
dz lico dx2

r i-.r,p^. *)~f di \ d® __p(*. 2 q

B±OTr#P#p:FftPlt& P©,P±*rP«#P#& ftp&3Mfia/az
08 in, #©(2.1.14) «T»st

a^a* , 2 a*2

3t^^is°^fW^ll^M^^T^^±ff^^Mftß^K^^S. sPJMP^SMMPifeM, fe
m&mmsmft^&m&tfcfcjiW. xft^isnM^mmmmm^®^mu^m&,

1U2.1-A.

8. HtfapJS,
im&ftTftmuo, *&js/b a/a* ft #-i©rp n. m

M, t'=vN"ftls°®3g#@^^J

-^r Q=-M^i Q ( 2 l 14 )dzdt 2 dx2 v . . /

9. X4t£

*LD=+s*LDdzdt 2 dx2

(i) i&^Ttaft-MJiMjm #\m2.i-Am*, mm® Mm

aj^(-2<x<+2) 0
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2.2 %mm&

2.420
ft
12.662

&.^M^ftM#tMig#OTi (2.2.0, w^^wiiLMyg mmw®t£®m
2r. #^m^ cfjfti[mu>i'b'Tffift^tft^*^, j^#i:ffi^ii£«^#. £-3rM, in

iiMmi&o.ioM-^itftW, fijffliwi-^^^^ic^a^^^^^-^. «#*
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3. ~#i±&%n£sr)k
ft&PP#fc#PT£;frS,

(2.2.3)

nisßßj]W.*sm&&dq/dtMiik:rN®t+i/2, mm&gq^mikTtiim. mnmtk
( 2.2.3 ) ftmi&qfemntxmttm+imm 3?®, mm^rasH^^a^ n- m

t+l/2t &&%, &( 2.2.3) ft tp>bmfrj&M%j

( 2.2.4a)

(2.2.4b)

—1 — a H<l
ft

( 2.2.4c )

+ 1—a f
1

&@£#£Af&P^T, ( 2.2.3 ) ftM£y&&®j« flfe £&
pftifippp^rpp;

4. JL£.&>jit.3r*£
mrm^&mmxnnu. io°imxnmux

um&mm, Rx^mw^nßi^mmrnß (iu^xnmu^^hrbedmgerx m, ixm

&tf»«i±^ps: (2.2.5) mmmn&im&&&&& ft&Mo mm m *m ( fi##
it-ft)ft^^E^^ffllo^m^^^4S^^.T^^ft**^x, pntra#sfflW, &P
£

ag „ g(f+Af)-g(Q ( 2.2.6a)
a* ~ - Af

3WT#s^ ( 2. 2.6a )

g» + 1 -g,= 2rZif-^+^-
$a =rAt, X^%

(l-a)g« + i-(l+ a)<7i = 0

= l|!f ( 2 . 2 .5)
ot c ox

g£.«.gj + *-"?'. (2.2.6b)
dt. M

pppp#p^«^. tf&t®fc%t+i4 MTM^M^^-^n^n^mz^. jm<k—tits

+ i-2g,+g,_ le a/yp^pia, &iW^s£-Jg£#Ptfrft, PJi-ft'Af^P
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d*q „ q* + l -2q"+q*- 1

dx2 ~" A*2 ( 2.2.7)

;iM±, *r&:£( 2.2.9 )PP3,(*, Oflt^-H'+miJWfl^^ in
@2.2-iff^0 &wM&n&%®^ !¥:fcjmM, W&&kM -zn-ixm-^&tiLT
&J&£fl;fc*ai7Dpftfi± ( RP£i#ft&*P#S± ) i fcPPftP^&ll^raW P jfc&

lfftP^**P*Pff**« T^4-^tfpW<^^WP

® 2.2-1 -mw^m^^MmftM&m&mm
# Explicit heat-flow equation
real q(12),qp(12)

do ia=l,2 { # stable and unstable cases
alpha=ia*.3333 ; write(6, '(/"alpha=",f4.2)')alpha
do ix=l,6 ; q(ix)=0. # Initial temperature step
do ix=7,l2 ; q(ix)=l.
do it=l,6 {

&( 2.2.6b )Jt( 2.2.7 )ttA&p;m #mw^=m*~, #
n X „X _,_JT + 1 t)\r.X J_ „X— 1
<?< +i—q t —Oqt —2qi+q, ,9 „ ft >>Af 7 TAP') C 2.2.8)

<§a=oAt/(cAx 2 M> & (2.2.8) rTS^^;
qUi-qx

t -a(qV 1 -2qx
l +qr 1) = 0 (2.2.9)

nx=i2

write(6,'(2ofs.2)') (q(ix) ,ix= 1,nx)
do ix=2,nx-l

qp(ix) = q(ix)+ alpha* (q(ix-l)-2. * q(ix)+ q(ix+ l))
qp(o= qp(2); qp(nx)= qp(nx-l)
do ix= l ,nx
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q(ix)=qp(ix)
}

}
stop; end

0.13 0.13 —.20 0.79 -.69 1.65 —.65 1.69 0.21 1.20 0.87 0.87
5. $k$kK7T&

%MMimMfrmrM£, t»t^pp#sp&p. &M&mmMmmmwMm&2.B^ft®x
Pftp*PP#4Hffp^fi? &&&&&-s%Ax&Atm\k&fs, mfrmmnmz^mm
fmnmnmsMjE®mmi?u-wt. feppfe^ p^^^*pp^*s^kp--#

m^n®
*+i/2±wiijb, xMi%M®x\mM£x&, m^xmmi-m^w^iXt-i^t+i z m®g

ft:
(2.2.10)

( 2.2.11 )

1

alpha=.33
0.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00
0.00 0.00 0.00 0.00 0.00 0.33 0.67 1.00 1.00 1.00 1.00 1.00
0.00 0.00 0.00 0.00 0.11 0.33 0.67 0.89 1.00 1.00 1.00 1.00
0.00 0.00 0.00 0.04 0.15 0.37 0.63 0.85 0.96 1.00 1.00 1.00
0.00 0.00 0.01 0.06 0.19 0.38 0.62 0.81 0.94 0.99 1.00 1.00
0.00 0.00 0.02 0.09 0.21 0.40 0.60 0.79 0.91 0.99 1.00 1.00

alpha=.67

0.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00
0.00 0.00 0.00 0.00 0.00 0.67 .33 1.00 1.00 1.00 1.00 1.00
0.00 0.00 0.00 0.00 0.44 0.00 1.00 0.56 1.00 1.00 1.00 1.00
0.00 0.00 0.00 0.30 —.15 0.96 0.04 1.15 0.70 1.00 1.00 1.00
0.00 0.00 0.20 —.20 0.89 —.39 1.39 0.11 1.20 0.80 1.00 1.00

ag +i—qt-i
dt ~ 2 At

pft#p*t^iiN£#pp*p*p'Ei

—i

I —2a 4a —2a

+ 1

*x
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£umtfiftffimm, rtatftm^mm, p#wpji&

%t%m, payH*P£p; rMTftiwwfiwm^ i^p, M^isiKfi^^i-^
P. ifcpp;Jip>h»&p;ift, g*-4*PxfattJ^£3£pjilipP-fc«r.
&a( &*#smpp ) , pfttfp#p&piMK9fe*--

6. Crank-Nicolson^"^-
Crank-Nicolson&ffijfcftPpXWP&PS&N®
PP#P(2.i.B)tfp**

( 2.2.12a)

jJt^S^/Crank-Nicolson^. M^fr%.WLjs
-*x

(2.2.12b)

1
t

m, m^(2.2.i2a) tMWf+i^iim pj^^p&ftp, #
-agUi+(l+ 2a)gl; + 1 -ag;;i =agr 1 +(l-2a)g7+agr 1 (2.2.13a)

>fWl'M^+lft«^M, «^ft*J«^EM, |)f^^(2.2.l3a)ft^^^B
», «W*W!. li^lj)llJ^*^iCgJ + ift"-M^AL^4lo &W£, a£(2.2.13a)#

-efn^t^^l^^AL^ilftM^mft. ii'^tfjLK

( 2.2.13b)

j§.x?t%mm:, bp, pH^*.^pppjtpiTOp^> pptoi ;̂iai»)
t«f«jffif^p7tt*P

KitPßfP^Ptt^P.?* ( 2.2.9 ) pajwa

:£#s. *&L *T^(2.2.l3a)fti|^^T^(2.2.9),
A/,P#TffiPffl-^&iftipiWl&iXiffofcAf,
P#P'PJ*#P£PPPJfc

qUi-q*=a[_qV 1 -2qx
t +qx

t
- 1 3

«, ~SMm^&\%mxm^x&tim-s\, m^^t^t+ix^t3]l^, #m

g; +i-^T=^[(gr 1-2gt+gr I )+(gUi-~2g7 +1 +g»;o]

— a I 2a— 1 —a

—a 2a+l —a

e,, -a 0 0 0 gl +i c?}
—a l+ 2a -a 0 0 g 2

+i of?
0 -a l+2a -a 0 g? +i Id\
0 0 —a l+2a —a j gt +i c/t
0 0 0 -a et} Jlg«+ » J
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( 2.2.15 )

nwm^mxnwLetHfi. m%.mfmrß^&&(2.2js)
( 2.2.16 )

gi =e i q ,r +i+ / ,

g,-l = +/.-1

# Implicit heat-flow equation
real q(l2),d(l2),e(l2),f(l2)
nx=i2 ;a =8. ; write(6,'(/'a=",f4.2)')a ; alpha=.s«a
do ix= 1,6; q(ix)=o. # Initial temperature step
do ix=7,l2 ; q(ix)=l.

call rtris(nx,alpha,-alpha,(i. +2. " alpha), -alpha, alpha,d,q,e,f )
}

stop; end

# real tridiagonal equation solvei
subrouti ne rt ris( n , endl , a ,b , c , endr , d, q , e , f )
real q(n),d(n),f(n) ,e(n) , a,b,c, den,endl, endr
e(l)= -a/endl ; f( l) =d(l)/endl

den=b + c*e(i-l) ; e(i)«*-a/den; f(i) =(cl(i)-c»f(i-l))/den}
q(n)=(d(n)-c«f(n-l))/(endr+c»e(n-l))

7. £#.£3fr#&JoUL:3rsL
Mnmw&ijm. 5k&%n%&&%, #I*l*3

&ftmL%mn&Mt&frisffl&
( 2.2.14)

do it= 1,4 {
write(6,'(2ofs.2)') (q(ix),ix= 1 ,nx)
d(l)=0. ; d(nx)=o.
do ix=2,nx-l

d(ix)=q(ix)+alpha*(q(ix-l)-2. "q(ix) + q(ix+ l))

do i=2,n-l {

do i*= n-l , 1,-1

q(i) = e(i)-q(i+l)+f(i)
return; end

a=-8.00
0.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00
0.17 0.17 0.21 0.30 0.47 0.76 0.24 0.53 0.70 0.79 0.83 0.83
0.40 0.40 0.42 0.43 0.40 0.24 0.76 0.60 0.57 0.58 0.60 0.60
0.44 0.44 0.44 0.44 0.48 0.68 0.32 0.52 0.56 0.56 0.56 0.56

aiqi*i+bi qi+ci q i .i=s d
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&(2.2.16)ftA( 2.2.14) , ft
(2.2.17 )

«5£ ( 2.2. 17 ) pPJIP, &ZmU? ( 2.2. 15 )

( 2.2.18)

&& ( 2.2. i5 ) M& ( 2. 2.15) &mmm&, mtf}Mme i sfi&jmm&&%

( 2.2.19a)

ppppps&ppppp3ty&iMtft, &^%ftm^m%~yr&mM'i'M, p-p&w
ppppppp*#p-i-#^-opptt*jsrf ( 2.2. 15 ) ftUtt * p, BPgo=ec gi+/o.
B^IMSHt&PPffle.-^/j, P^^cippf^Pa/.a^^o ffcfnpnj^ffi j£ ( 2.2.19a)

££Pfim#/ ampg^-ft&fMH^ P-p&&W£:£

fl^««, ltb^^^7^lt^lr^# Jf^M¥3i^^#0 5£(2.2.20)nr-%^(2.2.16)

g«-i = (2.2.21)
g a %»-i^^*^iC, *P, £( 2.2.20 ) if ( 2.2". 21) Jip>hfr;g, M^fMWB. p
jg—i^^mgnftit, g,_ 2 , tt.4»PP.

ppppppßfp^^pppp.tt-ppPiftu mjk&Mii9mm-\m%xm'M: (o

Ul^C 2.2.19a), (2.2.19b) *WPl&£P£fe--#;:fcHi#, ffffJ.SgW"Sl#Pfe*U<#fi
JfPP.

8. -f-itaYa^a*
45°^it^@^^^i5oigM^@^^^^fj^«^-^^ava^2ax0 &®%

PW-SP^s**^*»P
— 12 -11

AzA*2 ( 2.2.22 )1 -2 1

M,. l&7»^M±ftA^lW;^K '£#*£3tftt#P¥j£jSfl-£Pnfe

9. fcp3r*UsH*
p*. iun &*i§sip

p, P^ap^tpjip^pp*. <$A
L, pk##ppPHjwifc3i

#&A*PiW7. 2/a^2^r^ava^ 2 +ava^3 ft-t®fni^^M * it ffc-T^
S*Ml£. :tif##i#M:§*»li, *Crank-Nicolson^/^^HljC(2.2.l3a)^!A^
%*g =g I+ 1 -2g*+g*_1

> 3£(2.2.13a)^

al g,- + i+6,-g,+c I(^,- 1g I +/,--i)= c?f

n - ~ q »- n j_ dj-Cjfj-!q I r , q|+l T^ -T j

#- -^6 ," + c i ei - 1

'fifm .i ,: V*t . (2.2.19b)
Oi+CjCj-i

c»g,-i+<? r ,q„=d n (2.2.20)



68

(i-ad,.)Qi*i-(l+ a<3,„)Qi (2.2.23)

*MQ,*i&xsy&ir.mmwL, nm-^9m%jfi. g&, 3Sin&3

#Jiyi»Ss>;4-&PSiSS;iC, #$$i*-®sj*#-»iftfcWifrfc#jbn&flS&. &imQ
MXTixwm&ji, #ra»#^aft«^w-#«&*sw*A»

11 12 13 14
21 22 23 24

31 32 33 34 (2.2.25)
41 42 43 44

wiii: ms}&n&mtQij£ft3i ( 2.2.25 > *»##kii^jiris#iB£j
1 5 9 13

2 6 10 14

3 7 11 15 ( 2.2.26 )
4 8 12 16

'-tftm&nvmmix, yn-^nm-t^mmmm

1

1-4 1 ( 2.2.27 )
1

&&+¥#*»»?*( 2.2.26 )of£(*. nf^, &"Ttt
tf+z^jß, ft#S9WWT/lF£J&&&aMnJSi «ffi«f'^^»[-4«j|+^^jSi>f'»-

3. eftftfi. *&^i&\£2.2-iof^3Etm#flm-fr»fcffl&*JMffcS.

iff. M£. *2.*-i*#~«JKW^^^jK'±il*S^»^^*i)f«^-». Jgps£5J>

mm. m.tim^x^i-mmm.'&m^Mmt^m^m c*. y)i s ( 2.2.23 ) #$

[l-a(6„ +<5,,)]0. + 1 = [l +a(<s,, +(5»,)]Q ( (2.2.24)

+, #&Jgff»4*-'M£S#ai]lfcfk 3M»Uisl*sr7*j£SJ*£'£. JF&ltf, 4-^(2
2.27) +W£S-4«M&£(2.2.26)tt£_tft;£ltttfeS±. ittHtbTH^SlJ^^^^-WW^
i&7-&-*E&lft2fts±. *i*A*2.2-iJ9f2s^»cjgffi3iiau^-ft^»-?iJ^»£jiJ.^Jg,
&:£ ( 2.2.27 ) *fiU-4S7;£; ( 2.2.26 ) *&2|B#S, jfcftbT#SJ# =1- 1 ##J&7l.

mtw&m., &ffir*^-=>M^»ifiL^2. 4. 7»&a , Mammon;, a:s#sj
16X 16^T^iP$$n^2.2-lJgff^.

»& rifc-m%&&mu.i3LWiB., m-ivsgwimn-jjUi 2.2.24) ®mxt. *wfe
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2.2-1 LaplaceJC^fi«|-giSSil[*lps

ft-^iV^tk^W*^ i&ifijfcfrfcWiM** &M±tt£tt*:*(2.2.l6)£Jg«tr*

33

( 1 ) &@£u>lf JBTttEJ* ( 2.2. 12a ) B^itWft (*. * ) SlBinW4s , |»J|t*g.
( 2 ) ttJßfcspJ*#*£i/lOß*«JilJfrßflfc:fre.

2.3 ««i!&N££

®*&, 'e^^^aijt^-^^WRSo^iSWffil&^ftCH^Jgff^*). MlSftSiJit^jL

m

ts«W^*ftK&£i«£-/r-#-W±B. &£fflitt;£A«r±fii, &Jiffi«ft«^WJS
b, Krt§itji,

mw&ftLM&Kfi^. >hR®-^882.3-igf7s^:tl-WttgflsW^. Js£i^lf

i. -»*P*M#**.d**i-
ir-teffi^^^x-m^wt^ te*«£H*a;Sffi»tt«r,
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®mis«M3p— -t-pppp**. 1112.3-I^7^^^^^ ft &p*, #--?*#*
lambda, &&M%&m®M%BmZl&%BWifi&*WL%.&. P-*«S&PP;fPP T H4 #

&EWi§& $!¥#««>. WAo), 2Ao> , nwAcomZX&WmUWIFf $L
dw=Aco&.^mambda£%limsi-fc. HltblE^E

ft {ft M $

mm, m^BXbmmmmm^xmimxmmmm

PJS-s^^@^X7^ :feiSPft«r^KKffi

&^of#PttPP#3rig37

(2.3.1 )

Mxn-tPKAz, p-^jip

ao v ( 2.3.2 )a^r — f«;2 a^;2

*«]/BCrank-Nicolson!i#3T&, ltb£»

(2.3.3)

#31

(2.3.4)

(2.3.5 )

M?M»
QU+A2) =QO)e''^* (2.3.6)

©2.3-l^ft@j^rW^( 2.3.3) , (2.3.4) (2.3.6)#stW#?ffrJ.
%rm®isßw, pp#^ppp#ppj6&. &&+mft*, Rmrnxm^m^

lambda=nz* dz/4= —7

dw=v*pi2/ lambda =—j

*r . 2jtN t to= r-r-Aco

dt=pi2/ (nt*dw )

dP ico v d2 P
dz v(x,z) —fo)2 dx2

v _JSL~

qUi-ql v rgr 1-2g^+gr 1 , gr I~2g1~2g^ I+gUl1 +gUl "I
Az ico2 L 2A*2 K 2Arc2 J

vAz— icoAAx2

g^ +i~g^=a[(gr 1 -2g^+gr 1 ) + (g^:i-2g^ +I +gni)]

-aq x+
+ i+ (l + 2a) qU 1 -aqx l\=aq x +1 + ( l-2a) qx + aqV x

"-^PPT'skirp
_ao__ to) n
dz v

nw =2. $n*#KH]K^-^itsnw =l, MW*PPP^#^*PP7. £P
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if Wave field extrapolation program
implicit undefined (a-z)
complex cd(4B),ce(4B),cr(-lB),(|(4B),aa,a,h,c,cshift
real p(96,4B,l2),phase,pi2,dx,dz,v lzo,xo,t]t,dw,lan!uda,w,wov,x
integer ix,nx,iz,nz,iw,nw,it,nt

y= 1; lambda==nt*dz/4, dw=v»pi2/]ainbda; dl=pi2/{nl*dw); i»w«=2
do iz=l,nz; do ix=l,nx; do it=l,nt { p('i2, ix.il) ==■ 0. }
do iw «= l,nw { # superimpose nw frequencies

if "ctris" solves "complex tridiagonal equations
if i.e. "rtris" with complex variables

cshift — cexp(cmplx(o.,vyov»dz))
do ix — l.nx # shifting term

q(ix) = q(ix) * cshift
'do it ===== 1 ,nL { -ff evolution in time

p(iz,ix,il) — p(iz,ix,it) t-q(u)'cshift

}
}

writc(3,rcc=l) ({(p(iz,ix,it),iz= Liiz),ix=y] ,n\),it-* 1,nt)
slop; end

FIG. 2.3-1. Computer program to make a movie of a sum of monochromatic
waves. (Lynn, Gon2ale2, JFC, Hare)

52.3-1 m#-»±«jiti^+imw

&&fa&M.&ftm®m, mxßwzm®x&%.£\t%zikm7-&~m. ##^«#pt^m
xn®MU.

open(3,file==='plot3o',statu3=== ,
ncw ,

,acces3==
,dirccl',forin=='uiifor!iialtcd',rccl==j}

nt=l2; nx=48; nz= OG; dx=2; dz==-l; pi2==2.'3.111592

"w = iw*dw; wov = w/v H frequency / velocity
xO =» nx*dx/3; zO = nz*dz/3
do ix =* l,nx { if initial conditions for a

X = ix*dx-xO; if collapsing spherical wave
phas-; — -wov*sqrl(7.o«»2 + x»»2)
<l(ix) = cexp(cinplx(o,phase))
}

aa ■= dz/(4.»(0.,-l.)*wov»dx«*2) ff tridiagonal matrix coslficieiiU
„ a ="= -an; b — 1 -f 2.*aa; c == -aa

do iz = l.nz { // extrapolation in depth
do i;, == 2,»x-l if diffraction term

cd(ix) == aa«q(ix+l) + (1 -2 »aa)»q(ix) + aa'q(ix-l)
cd(l) = 0.; cd(nx) = 0.
call ctrisfnx.-a.a.b.c.-c.ed.q.ce.cf)

cshifl = cexp(cmplx(U.,-w«il»dt))
do ix = 1 ,nx

2. te&
mimm, oftffi^. fa&mui&M,

M^m^±HM^^^^T-i-^)vt^ft^^x*®2.3-6^w^m^*#tß^^, m&&m

m&W4s°*w. %tgns*ik%-&~*m. ft?mm&&&mffi&%m&%mm&&mz

3. ffifti&Jttlt
mfaM&&fov=v( x ) $*&©#£#£*, vvcm+m
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j?mAm&> %~&t8:a&(. 2.3.6), iwmkx^^mA^JM^M^^r\'^mm, ma
( 2.3.6 )E^{x;tft^^^^3iS^^. i^iiAH^i'iit,
&«;«ffftK ft Mt^fe^ (2.3.6) a^«^

4. W&^^

Mo^^fnftfit«^^rJft^sissif#^^^Kmajßy,^fij o Kfttii&Jfc&^^m&
ft, »fni«»»)tf#'£. il3-irt#Sfi^il^S «

%m%mmsi%-m. immmm^mmmMt&m

a#JfcJ£yW*ffißWfe*ar; Dave Haleorlifilft@^pr)i^^#?l#, iM If & Hi #R
T:

m&-^w;Mmim, mmiimmmmmn%&n%&~x/h, rwx^ji. ##*
jaftj«^Hf, wmit%~%inwx/h®mxft, smmm-M.®/x^^^.wm^x. &®

7ffisu
*&~m BmiMM%o<x<Xm^m<z^z m!i r, #;#£n^Hfc=o^ft|jj^lHt, €

zvs^m—&(x, = (^a x/3, -zma */z) ttks&m?
tm?> mmmn, mm^mn'mm^*4mmm&sr.

d( l ) =0. ; d (nx) =0.
tttEMm^mß "ctris" ptm

endl=—a ; endr =—c

endl =endr= 10s
°«

qO =bl * q ( 1 ) ; qnxpl=br " q ( nx )

cd (1 ) =aa * q (2 ) + ( 1.-2. " aa ) » q ( 1 ) +aa * qO
cd(nx)=aa * q(nx—I) + (1.-2, ♦ aa ) * q(nx ) +aa * qnxpl

endl=c * bl+b;
endr =a " br+b

call ctris ( nx, endl, a, b, c, endr, cd, q, ce, cf )

&it, Xt^£ft#jetbl=br=0, %¥*H+pL*lM-&bl°*br±U 4bLsbr> %it JQ
oT#^4.4^t)l|^tHft^i&^^##o

5.
M^^Tft-^tS^^iß^#ftia^, «#»#is«, «#JW»ft. ffiJiJ&M

ig^»iM}l#ftJß'l£.

3ft&a«w4f*--<tti> mm&-m£mm-ytmm&m.
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mm imMmm®.&m4s°mdxx , a mmm^7k^ o m^mwm^nm ym.?>-im

7 4,4.l*ttft&ftft&iN& ,Jl ±«IB * * R i&. tttfc*fcp&fc#e#fmm®&

i^s 0 ±*£-j&A *jb

±^^^7u-^^(-i, 2, -oftH)vt^n^^T*^^2^2 , w*fflT/(i-t/ftj)-. a

K2.3-2 £ s f±ia2.3-ijfrfe^6iJ^-'^f|-^®M
# s m>imm

6. ( o), x, z ) ( Kjartansson, Jacobs)

mt®wd&r£m%. m^w\R^^itt=o^mm, mrgw-nrnt, &Mmmmmm

£JB &ffla>i(^4Mftft #*^-#J^ftit-^l:^ft-Vlfe^i)A%^ll±}

#*&&?& &xm&timmwix, fffi&sfafiFoatb&& m2.wM%n%tiiftm&

i^s im^m^-m^, mz&&~^n&m%, MTtm^mmm&^rx^m

»£jk«*:#m*£ffl*i#, #x*ffita7, f>^;xi!^?*^m



74

512.3-3 £ s s>i2, rmmnw&i

»H2.3-4 £. H>|4; A5°M
#. mn*>, Wißiaffi^ft;

$&

+Btfclfv>M**fl#*SflW» »ft**ift*^itJW*!i*.

(2.3.1) rj^^ft#-f-, C5/I //fft^iii#^
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ft'X£ ( i ) *". n
(2.3.8 )

m%n^^, tfm&m*mdt=At2kMm\m a m&* ##rafcdun-4r*&*j&t, 0
«*§Uf^ $$*, J^*ftlS#KtlHß£|fc***!l. &ft«ftHJ3

H2.3-G X-. £h>lB, *^J?JI/6&15
£«

ft^lC^ffilWl. fllMr=^/^cir/riz= lAft^lA-^m,
d dr d 1 d ,rt „„ (2.3.7)d^ d^ or v or

dP . „ vz d 2 P
~x— — — icoP —r- t-2~dr —io)2 ox
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# Migration in the (omoga,x,s)-donuin
real q{4B,G4),pi2,alpha,Ht.dUu.dw
compicx crs(4B,B'f),cd(4B),ce(4B}) cf(4B),»a,a Ib,c,cshift1b,c,cshift
integer ix,nx,ii,ns,iw,nvr,it,iit
open(4,file=«'p!ot3B',status==,

ne%v
,,»ccese=« direct'.Corra-— 'unfornUUed'.red*" j )

nt = 64; nz « nt; lift *■ 4S; pi2— 2.*3. 141582
dt=l.; dtau«=l.; dw=pi2/(dt*nt); n«-=nt/2;
alpha = .25 # ="v*vdUu/(4*4E«dbc)doia=l,nz; do ix=--i/ftx; {<q(hs,u) — 0.; cq(ix,is)=-0. }
do it—nt/3,nt,nt/-i

do ix=-1,4 # Broadened impulse wurce{ cq(uc.it) — (5..ix); cq(ix,it+lj - (S.-ii) }
call rowcc(nx,nt,cq,-f 1 +L) # F.T. ever time,
do ii -« l,ni {^ ix arid jw loopa interchangeable
do iw — 2,nw { #;, ant j jw loop,, inUrehanKtaWe

aa «■ - alpha /( (Q.,-l.)*(w.-i)*dw )
a -= -aa; b — l.+t.*aa; c —- -aa
do ix ■* 2,nx-l

ed(ix) « aa*cq{ix+l,iw) + (i.-2.«&a)*cq(ix,iw) + aa*e<j(ut-3,iwj
cd(l) --- 0 ; t-d(nx) ■= 0.
call ctfia{^-a,a,b) c,-c.ed,cq{l,iw),e«,ef)
ishift « cexp{cr;ipU(o.r(iw-l)*dw*dU;u))
do ix—l.tnx

cq(ix,iwj =s cq(ix.iw) * cshift
do ix — l.rix

q(ix.i*) == q(ix,i*)-rcq(ix..iw) # q(t-,,(J) = £ Qfw)
writ*(<!fr«c— l) ({q(ix,ii),iz=l,ns)lix=-=l,nx)
stop; end

52.3-7 O, x,

*fc#ltffa *#**«*, KM£l«i^#M»M£o
m^m^m^^mt^nm2.3-m^jm})L^x^^^mmu. &&&sss ® x

ffl.
lit, I^^E'^ft^^il^-^^SftP^fHjilic, W««:4sM±W***a-* BE#*t

ffcx#4#*? 0 H^srara-^-^a^f^^w&j^^^o'ffi

52.3-8 m*iwffi%&&zw*i

2.4 *HHss£#A£
Slllfrtßf«flrsffiWPI>H4SA^B&^ & ft %

#fp^#l* ( /«// separation ) . £&ft»lf^T,

mr%muft-msifcmmfr%m ( spatting ) .
1.
gtMiimmiu&xmnmtt "«»g" x

m, %^^^%w^^^Mm^m®^wm®ii
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tt##£ii£3ib m&"&&&&&&%&&&&, &MBM£&m&i confer m&mM
h.^m&ftft^s-ar/d*mm (2)^Srf^-a7ya^pf]a^^m*a//,/

&mxmmxmM^m^®xmf&^mmxuxxmi^w^MXu, m%WfWmfr&

dJi_ d2 T
df~2a dx2. (X«Wft.y) ( 2.4.2a )

dT d2 T
W^ 2oW (*r«ft*) (2.4.2b )

s ( 2.4. 2a ) $, mxxjjmsmim^^o±Bmxmts, w%#ifOfts m m asfr
%m-, &$( 2.4.2b) (ft, HBf3pß^. «|^ft^ta!-£ij, «}s:£( 2.4.2a ) ft^«
if- £Htfra&stfcft2&JMgcss ( 2.4.2b) ft^«. &ftsfeil£#3&ffla;( 2.4.2a)-*?
(2.4.2b)^#ft^'S^^±nTiiEoj^l&^ :f^(2.4.l) ftM, #S^3Mf!& *&, Hifc

3. &&%&

i^^^#7J&7^-#mPW^. tt#j£~TAb a # M ( 2.4.2a ) Jf ( 2.4.2b ) ft « * Ii

ftTfttitmP&Wjn (2.4.2a) ii^^Jj^, r^ :r?^^#tKH^^*fP^^©( 2.4.2b)
ftM6*#, ftiLVftftjgf'&.

:^7j® ( 2.4.i)^xmuM-M,RXo^x^ym-xm'^
®&ltt, Tf^Pitb. XWlfrtf^OJi&Jfc^ftl*^ &ft&@*nffl2.4-l#f;S. £M
#&s#iE^ftiW, StBH ( 2.4. i ) 0 £ ft 7^&

H#&BWiß#s/BFourier*? &, Afe
r^^expC-o (&2 +6 2 ) «#%-#jiexp ( -0& 2

-* ) -^exp ( -Mjf ) ZmP,. WRW
W^M^^^^ft^f^E^crava^2£y;fgi|oava3/2^^o iA^^±i^,

ftm&ft&m£ft~M&^M> »R^^mi*ft^^iC^fflN^^0 ftJi, fP^-^^^i^J

dT ra' a! "]„ v

2.
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#lmum ( &m<%m&x%tmmi»m®%LX ) , mxm^®%- &_ n $ m#msmm
touwm, mm, jx(x, y)immms&&!&Xy, xymmmfci #s#f®# wa*
mm, m&&ft#stuT, ism.mmmn^ft^vrmmi&m®mn. mu,

&frnmz®%fym*j>t%

X

o-avay2^^, n&n&&
5J2.4-1 ix, u\mmm^ m, mm&rtkm&m

Wfns#^-s>Ti' I 2 4 2b } "2?

®&mft&mMtemftsi®%%; y&&%R%teM*mttm%m%yjjsi tt* i!^is^ffls£(2.4.2a)
m%, (£>

nftmm^±ftntkmit^mm^^^Mx^Brown<ii9S3)
0

= ( mßftm+n&&+mtt ) c/ (2.4. 3 )
&& ( 2.4.3 )nr^p, ®3&9(Ji?*£&OT£fc, a A^^gsit^ Hi^#i, immm±n

Crank-Nicolson;frfc*bagß3fr3B. li£fe^Wl£iiEft, IIEft
iiiSfcl. »lfflfftfr!Sm^'ilAAffift-|'t'#^. gl&ffitf^i

V(X ) .
ftm. &&&%[s€, wiUM^Bm^mmMßm^^Mmmmz. Btm, ks3kk#&fc&
Mfn-®xm^xx^,m^mmmm^mrmm\Hmmm^mtimzm®mxßm\^^.

5. atflf-i^MiT^-li;
H^^^m-K^ltiib.«^.l4ftfiS^^^W^ffiTaylor««^M:i^ft, M?F

B)fiiftis°^fiU

4. &.n-TffisiitJktit>}iV

t-wsu\ n^m^mftmx^yn^m^nmM,-%'n^^mMx, m^iw^

dU -{ ico + ;J" I * 1- *(*> —\udz \v(z) L v(x,z) v(z) J 2ieo dx 2 J
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rC-ico) 2 a2 a2 i l/2 __ *© _» * J>l_ __£_ ai_ ,
ffi A.:Lv 2 dx2 dy2 J ~ u -2i© d* 2 -2/0) dy2 4- 4 '

Francis Mulr^m^-X&XM,

(2.4.5 )

&»«*«, *fta«tflsiEiß m&wi&

w&^mtii, &m&-Wfr®.

#7. tt#*tfi&a3afi##ra#: ft^iatw^rßtti, $#, m-^jTn]ftfniTMa, mm

■f3fc&j£, ftAA( 2.4.7) EPHtB^C 2.4.8)

( 2.4.8 ) i«»^—limmmmznmtm. %myMWx&m%mmi)%ft ib
2.4.7 )MBtra«iSo j&sn^^jßffi^BiTffiffi^^fijfiit

pfirEffi^^Rrfg^fi-^E^j, fcjßrft 2.4.7 )ft=imm&, mmmm&mu, $£%%&
(2.4.6) m%~x-xmmm&, mttmm^£tf)sM4ss®mto, %m®rmm&^%H%
%& ( 2.4.8 )

JakubowiczftiiEßlilJl^^M^^^^ %&&%, &&
( 2.4.9 ) ftAj£ ( 2.4. 10 ) PT#iiS^ ( 2.4. 11 )

( 2.4.9 )

(2.4.10)

r(-ico) 2 a2 ai_T /a r(~ico) 2 _aiT/2 _ x 11L v2 ~ , a^2 i.fc^J ~L v2 a^2 J -2ico dy2

6. =-^^#^T^f^'[i ( JakubowicziJE^ )
ffl£M*#T, xm^&itxmimmmm, mm MWtn^»&iig

JakubowiczJ?Levin ( 1983 ) ##BiPJ, M&&¥Mft, 72ffiW&t8fcMJj&& UMM

t\^tl Jc (*-*<>) 2/v" (2.4.6)

*«-*■+ (y-y 0 ) 2/v 2 (2.4.7)
t 2 =tl+ ( x-x 0 ) 2/v2 + (y-y0 ) 2/V ( 2.4.8)

k 2^co2 -v 2 k 2
x

k 2

Fix — 2 Ht
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k\ CO'
v2 Kx " y ( 2.4. 11 )

Wxifm&tfs%o\m~!s.i6i&^mf&&fflMi& ( 2.4.9 ) mmf^mm^ t miwmu ( ps-

eudodepth ) Tft~#^&, my^^^M^^X^f^^^^^M^ ( 2.4. 10 ) WiihXM
u&msMMs®—3®?&&. &ftM&ft&ns\&^mm&tft£ ( 2.4.11 ) jMBRtt.

Jakubowicz^#^i^ft:tY^f±^f^Km^ijEoj2»e «MlC&i»#MiiE ft W-

f^iptii mmmm®mL^nmmmm'm&, &&, &x¥mnsiumimit&
mmmmm-mmm, mnmksxx>&&%nm. u%,
M^mum^MMMxmmm^mi'i

& BtJakubowiczii£Pj^!t m
mmmm'sizrY^xmifm^^L mmxmwmmw^mm-xttM: mmtxmm

MMifrJfo, Brum&^m^mmmmmo m-^vxMmmv ( z) rtxmim,
ftMmmmtmtftjj^&'z. yh, m^mmmmm-mi^.e^), lamm^&w

m&mßs^mt&m ug^ $$* &^
*, jgffw^c 2.4.12) Um %mftm&nsms%m±ftn

8. &&&"##&'&
£^fg&ft#R«B7 mmxn&Meik * zMff®M.^.. m^WHh^u, ab=

bamxmniMi&jL®, srro, xmmn£xnm&Mm&z, nMR^umMX-^it®n
ibtsU§&vEm.

m^m^mm^x^,M^mxm^:^n^mmtmx^mft^^, M-mx^Br^
ZMfr%7s\%m&, m^rmmm-x. nn, Anrw^-7
■m'xXmzxvmxnx®^. mxmwzi, mxnx®^,^^wumxm^^Mx.
mMz&ttx&miXJik^B^Bb, m£, mr&MMXimjkmmx, MK&h^n

feJ^fffli^MlWJlg^a +AA*)^. &-z:*|i««*, JEAS;,^ --X m mm

7. "fo&5&-;t.k±WftrtX /X%>\$-
EMmm^n^m^i-Emmx^^^. xiimmuiiz^-w^nftn, mPmiM

mpsMxxx?-iiio&mmTm, ts«*^^T», mmmmK^WM^mm-^m
mM%&&M, mmnßmmmmit&K^mm&mzm, »e^«7)^t««

m&mmjm& *
— aid +ugf—ap-J 1° < 2 - 4 - 12>
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*. Mirny, nXfr-mmmmimmiiMm, *% xmxwMmxm^w. m^^u

*ft»>»f^«##^r"i^a±ft^^o me^m, ttJt|f>p»R^**, jsr.*4ir.uJi
-¥M. fek¥tfi^OT^-L;t^r^^7-, HrfhA, '&s&illfimSfrit

s^tiXUMiU^M-x^mzm^tit. %mm&&—f-Pfc, wwci^raiw. itm

[UK fc^W'MSilß, SfciTltffiUiW,
S#ifc*A*3!fc»»*, M-^®,^iAV2 jtl:bMft^-l*fßfe*^^ft^m^ipiX^i/^

«A2= ( 21 -z 0 ) /W. nj m #gj, IT7I+ (A+ B ) Azsfi
®TnT(\+AAz) (l +BAz), Jrt#A^^-^A22^#l/iV2^ltMft, M,

( 2.4.14)

( 2.4.15 )

3 m
( 1 ) #*&&$& %in ( 1981 ) ftmx&m&mmmx4s°xn®-mj?mtt%M

mx%mmm®, &wxmm&x^mmffiMmrmi&mmm^Mms, x^-Ml, mi

P '.(>'+ A*) =AiP( 2 )

P(z+2Az) =b 2 [_A 1P(z) J
)Amm&m, mmiAmnuxx, {x^Mmm^m, tmmjmxxi

A,[AxP(2)]=(A,Ai)P(2)

ft, kmj^umal; %js&mmfr*i, f«iitsfst»H^2^. mm% %& ft%
7, f#SW«^ltft»jjP;fc^S^t£, &M, £RHABP =BAP, I||!JA %Bj& vf KB
ft.

ttmdp/dz®#?ft%i%A+B, %mftmm%mmm%({mftfa-jx%
P (zo +Az) =(I +AA2) (\ +BAz)P(z 0 ) . (2.4.13)

n&w^nxzm®, trM-XAmmrßi, '$%&%&
N

P(z I )=Yl\'o+A i Az) (l + 8.-A*) \P(zo)
« = i

-Mi&A-^B^-sMft, mn, &&%*%?
zmjtpsmmm&mmx

N N

(l +BAz) Jn (l+AAz)] P{z 0 )

rn^-m, xftMm&^Xjnxtfmm^M'].
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ikx —

2.4.9 ) , (2.4.10) & (2.4.11) ft M # KJtu.-^ui^
TJS'ftjUltl's.

(3)^^jt^ife^^M^^K^Rffiß^sLlft#^ltm^^P(^ y, O^HtIH
irimifirmiMi3*tr! ( ram ) *4&k mhhmmwm ( i^&fi^&fp$ iatz;

2.5 mß^Mt^
mmm^^-n^^MMm^mnftx^x®'^^^^.

mß^xwmx^mmftmm^HM. im®immmMfr%&-&
mnx^xmvtjm, mi, mmiM&m\\mnm^mm^m.

x^^m^®n®u-Mmmm^mmmjxmM®mmmmmmp^mmmm. -

mm^^mWM^^^M M&B m ft—lt &M ( Embree, Burgy^Backus,
1963). mim&ft&mmxm, 7kxim&^u-ikyst. mn, mnmm%m^vtt&

#Mftw^^^it, MWM%L^&mk/coim£imw tst m

( i ) ttOT^&^SOT^&i
(2)«PffiHMfc;

&ftmmmmm%mmx^m%te^mxms, mm&mm.
1. &P4SM&&LJLIL
■$pmx<w,imm, Qm^mM^M&mzm^mm. &$x m

Xm^.mm^isM^%MMM^M, &41, a%nmmio9,:

mm^m^ymmm'Si ( ©«#s& )

kg Of~ —ico+ajikx
1= 1 '

f[f^4s o^SEKftm& 1 , a2^b^ b t .

(S)BXmM;
(4)i+3Woifc£(fi>, k)Mtts?mf'&&&>



83

& m o <* p
a+k2 ■

mi£)xmMw%Pc&m&nmwi%-mwMzw¥c, ms^m^mMM-.
*mwM%m ( da ) »4'it37®immm

:fc7&&*Jii &IH.T(©, k)X-MvH k 2/co%tmsi, W coook2 ft ft It

/C
L- Nyauist

f&tfJffc?f7o H2.5-1 immmymmm^m&
2. if
%M^^mmmsM&&UjjMmmo

m^^fmm^immmm (Haie )

OBfiM "«" , Ji:!Mffi|l®AßraiaW^iaMA#.m±. #t

k 2

m m 0=—j-rr-Pa-rk
umm2mm:xrtMmmm, &xM%mx®jtm%

(-1, 2, -i) 0 jt#m, rtximmm mm^mx^x^nmm^jsmm.
(al+T)q=ap (2.5.1)

at, q-^p^^ji^ift, &K:Mttmxmx&iym&M.(&&: o kit*

te m Q~~ a+ k 2 p

— ico

k 2

w , k 2 F
a+ ;——ico

yy j fiiMa^flßiKTF/tjj tfcJ^. r «, o), b;twh « /©^^^o>j, w o)^« p>j ?

m<> $m 2.5-1 BrXtzmx, &w-mmiM.m i^—, —-i;
#M7^^'M^EMfn'M)tffi^ftii^o « \ \ \ m' / /
\wmK flMßimaaiw£*m ****» f ' *'f:SSv\ /Smnmk
#, im&ms,fa^mnfto "^ Vm\"
&, to%-^%mmmiiyxmm&mmm A / / .\ \ v: ]
to, WMX^w^^y^n^o &z, -mi* ~^tx^x—Xi— >
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Wo, ffi£ftn, mmw&m&j&x^:

±K^£7: l^Crank-mcolsonMXr^M^-ico^M^mWiftTiMo MWt^^, *^

#ftaft^««, AlMg^ftftffll, &

3. fflii^fj^j

*j*«m^£M##is#*#£oß j&t'Sfc!nereis, f^Mn

mm»m&^%w&imnmmmxXfaxmm&&fro n &

k&mfafm&R&ft^mfemmMGK, ftm&mmm--®<m&mm v ( i-^t )

M\mk\ &^W.%.-~^WM&m> lffll7)ft^4.3^rA]i^0

4. M^Jllife
BP^MVo)ft®i:]fii^>l^M±^^2/o)ftiiit, tn

a, 2 fw^ 2/o), tmmmm?mn&y%t'm.
fto

Maiiale-^Claerbout ( 1983 ) gfi§&&ffi##i!£s:#B;nr VlfeX^L #Q XMWMM ( M
r%w, &mMu&k/com%WMMmWL) 0 -&mw, 2/a* 2ftiii»,
to%M\k\m&im£&x®, mmmm^m\k\icomm3mmfe&o

H»ft«^, fa&yt&MMtt®&i^&m®tti&R&&, my&x^nft, &*
f££&ftiiP-->M£l*3o £$fm&ftl&fttt&:£££, r^Bt^ffi^^Butterworthii^#|t#

ftgtt^SSl, iUHftH^f^MM^ti^nr^T^iim^S::

(2.5.5 )

£M,

( — icoa\+T) Q = — icoap (2.5.2)

l^(q? + 1 -qO+T-l^^_ ==^ (ps + 1 -p i ) (2.5.3)

( S-,+lT)<"-=^
| -iT)<" +5F ( P'--'"> (2 - 5 - 4)

ss( 2.5.4 ) &-^&y%^mqt+ x%xn%mw;ALjfm2L, immmmmm.n%^\%ij n
m. 0

5. i§*Mfr#

a_ I fix ~TRy
O i :— ICO
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\a r O.y

( 2.5.6)

2.6 MjS^#
m%mmi&mz*mM, mn^mx-^m^-u^m. mum, m%mm%z

ffftfc \kwmft&-jktm^x^~-umM. mi,
mtmuMWix, z)mm%mms)skUix, x), %^, x=z+tv.
m^s^u^ms-^fr&&Mxm^M(x, z, f), n^, x=t-z/v0 m^

mmd{Mixm%±mst, ~m\ixvmm&mnxxi, m&xuxm%, \smux-Mi>
it^ft.

in. i*&mm&sjmm%mm. w&wt^-. t^wmmm^, mmnm^^x^

r^, m&n^ll^Bx^XX^Mn>^^, HMX^^mmnXfYW^M^'B. Fourier>ti&

1. &-£-s.*&£

M^y^^zmmM^^£^±^mmut&^x^m^m&^\^^^{Mn^M^vix f z))

mmmmm±~mm%x.

mßft®n®'MmAmMm.mMzsmmfcmsMMM%; mix', z')%xmmmx
ix, z)®mm, t^^^xmrsMtftmrnrnmi, m^&ik\immxftmm&, &

2. /kfeX-i&X.

m&Q^. mm, p(t, x, z)xn;M(tXx, z) mmt. &xzm^m kfeg»
p'(t\ x', z')m&^%(t', x', OBtfti^®»^c. &&w%x£&MX^mm
p^p'^mxmm^mim

Pit, x, z) —P'it' it, x, z) , x' it, x, z) , z' it, x, z) ] (262)
Pit, x, z) =P' it', x', z' )

— ico ' \ —ico

MM%skfo(t, x, z)%%Mm&fam(i\ X, z ) mtxnxw^Mii-x
t'^t'it, x, z) =t- [J^) (2.6. 1a)

x'=x' it, x, z ) —x (2.6.1b)
z'=z' it, x, z) = z i 2.6.1c)
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3. %4a &-%s*&&
#0, x, z)^nn, mmmw&mmmm^m^mft-xm. fmft&mmi ch.-

ain rule ) «4|-fTO &M (f, *, 2' ) SfiiJ. «P, #*# 2.6.2 ) , #

fiffl^(2.6.i)fb»/is^#-f* n
ap^ jj3^' , ap'
a^ jj 3f' a^' ( 2.6.3b)

£:£( 2.6.3)*, %?&mp#mt&&MZft, mm*x%%

(2.6.4)

at, £.&&*s%% a, x, z)®wmmnMn, m&m&7ss (f, x\ z')^&z

( 2.6.5 )

mmm&m%vt®%%f&&%, nmr^^^

i 2.6.6 )

»7f*ft#jfc*;£%-r££*k "ff-ttft, MW(4) "W ife#m7egfr#^. %m

( 2. 6.6 ) *^jg-^^#^®te^^, muß^fx&m^m^un^-jf i&«fc»fifit

4. s£&£#l*j Fourier £"&
bai-h^po, *, *m, mmmiz&uzttMi^x&i&mijmAL&Mt.x.z)

&&(*, *, 2)ft#K^#j^(o), fe„ Mr'; $J4-(f, x', z')mtfm
*;, *;)it*££®ft, ttftinjM;]isßM#(o)', *;, £Oi*Jf^ift(o),^,^ )

(2.6.4)

S#ftltfc£, m?FourierstmmmM;

— ico ( 2.6.7 )
v

vcfmzH^n^m, $&$&
( 2

? 6.8a )

dP__XP^ dt' dP' dx' ' dP^dz^ ,
dz'dt' dz^dx' dz^dz' ~dz <. 2.6.3a;

a i _a__ . _a_
a* ~ ~=dt' + a*'

az 2 ~\ *j ar +a2 ' A- ar +a^ /

_a 2__
=

x a 2_ a 2 a 2 ,/ 1 dv \ a
a2

2 u) 2ar 2 - draz'^a^'^V 72 a^'/a/'

a_ j_A_ A
dz ~"~- ar +az'

ik z ~ +ik'x

O)=0)



87

(2.6.8b)kx —kx

kz =k'z X zz~
V

( 2.6.8c)

iB&, t««^f§ft«^;*;

( 2.6.9 )

$■55 ( 2.6.8 )ftAs£( 2.6.9), msl^M^M^^ino:^BM^lfiMM^^, BP

( 2.6.10)

femmmmmm&myjr^mMmmr, mzw^M^Mmx-^^.
m2.6-iiim^-x^mmxM&\:-m

#nft«M:7«ffiis ( m ) nis,
®jSft^ffl^^^mft]l^fn]T^liiME

9i&giHiM^Msf; $mcoMm, mwtm
x, &&mzmmw>M:mmmm&nm
m^mz&^mm, %&, &kikM
Ny quistM^x/AzZm, PJ*&l#l Az J$ A
( IT-Pffi^JAL ) .

5. *tiHififr/j%f:Qsi%-ft
®2.6-i £il#*W (£S)?n&£fa[3l*#r*3

i^m) mmjxmxim&m
mm, mm&XP^Mx-x^MQ, rnxm-^r^^n-.

Xink]tY%XcosMWLZm%\. :£(2.6.ii) pjWOti

sw^&ft, ®Mia^m^M#4tTfe--T^^i:^ai'&ft^^7o
1887^^^Tm^flS^^ftMichaelson-Morley7^^K^^^, iilis7?ci6|E&

ft^m^m^!ii^^7ii^ft- yMi, &&R%&&&mm^?&ffittmfeMi&M&.to

~~z--==k 2
x +kt

wy.r** (k > +iy

Pico) =Q(a))exp[iG>\'zz^—~\ (2.6.11)L J° v iz) J

P(co) =Q(co)e iaz/v =Qico)e icot o (2.6.12)

fe^mmn e^'o^^xmwmmsit-to). &(2 m 6 m i2)&ffi&&rm&mn, #f
\i&mmft'ZwtM:T&mm:

pit) =qit) *dit-z/v) =q(t- 2/v) =qit') (2.6.13)

&x&mvE%y, fcx~x&m&QmvtT^mM&\smt'0

6. &H#fte&:x:#!afrte
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w, &nmuffi&^mmxmm®si, Kmmm&'^&x'=x-2vm*mm]&mw}
&w^M^m%^-^

It^J-tlitt^ 'XIX" m%, mA^-#nrUA^#Michaelson-Morley#iiftigM

-mmtmx^vix&jnmmM, m&&f±%pm%&&®--w, uxtixtxmßxt

mnmmmimmm&my-xmmrrßtmimm^mm, m^x^x^x
mfa&m%

( 2 . 6. ] 4a )

/ ( 2.6.14b)
v

t— 2 Z
c i 2.6.14c )

%m%mmmm&xmtfjnx*t;i&.

2.7 (t, x, z)£HAtt*rßg&
imx&x^m, Mx^^u^xrmm^iikMxxv-nMi^tii, x, z )

$ft. fm&w.m^xmmmii%mxnm, mm^^^m-xm'Xk^tiiz, t)x

1. iz, t) £|H]i*Jfi^#
%uMz'rt')&mn&ym&is^±mmj®mk*%m^

—*z

Co

1 Ui Cx

U t Ct

(2.7,1)u9 c s

Ui ! Ci
o 0 o!o J o

i
t'

tz =z—v— ■ " ■ —«/l-v 2/c2

Xl-v2/c 2

-ZXV^-XmPxx+Pxx =^P,'&&m^P*jg]
+p*.z, -~iPu > ' Js^m^mm)umm^xxmzmtfxmjiM^&xvx& p^k
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ft^jt*, mmz' =offimmm<]xtxmiu t mx ■, \ic t mx^^^mmm^mn^ m

i 2.7.2a)
(' 2.7.2b)

?&m, )tf*«?TFourier«, &m&&v&xlft&%.&&, WMiSW*ft#UA^i^iE
3£iSilifCexp ( ikxx ) , H rfi]

¥%&RMffi®^> rfo^^£7 ( 2.7.1 )®tX;mZ it', 2 ')fChiMlW^
w. 4-^-*im(z, t)sjmbmmnn-, mm^^n^u^-^mmxin, mi
d/dz d/dt^d2/dzdm^m^mx^:mx<:

( 2.7.6 )

wxi, st( 2.7.5 )tftmm&yv

(2.7.7)

i 2.7.8)

»:WJMSt ( 2.7.8 ) ( 2.7. i ) Br^ft.^.
EftlH^hfr&tftt/ft, ll'Jnrm®TlS!rl^ftM#^^^ft"#

M ( 2.7.9)M %
M

ia) (6)

WLt& pJffiW, ifc^ |6|>Ul,
£ft,

b, mxx^mt=o^\^mw^Mm^^^Mf^^m^^n^mx^.-iix^
z =z

t'^tXz/v iX^Xz^XXfr)
0 = t =t'-z'/v (2.7.3)

xm^mx, mmMWf&xm&mfex&^nijJizxo^),

UM2.i^®^it, m^m^if, x, z § )nm±^mjmijM^

_gg_-_jL a'rj

°=(f*'-W> < 2 - 7 - 5 >

[-1 +!]*[/ ]=L\ /]

-{f-^C^H-1," I]}^

mxMxzmmx^mmm\b\>\s\

0 =[ S 61*(7
L b 5-J
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M I \ i 2.7.10)££
M

(2.7.10) m%tt&*s\
: £*$3MS&(*.«o)T, JBsS ( 2.7.8 )tt£7+WMit

*«(2.7.i)j^|^ft-&7U*. «.£ffi*:frlfi*B[a#^M&s3gffi^fc,

TO.
2. (f, at, 2) £ISJ**lsj£»#^

mm a, x, z)>xnnmisK^, mmM®frmm&%iMiz, o£towj&&.
«, Jfcfl^*Mtssftii»^(*o> W^'JM"^ |Rf *U, &^|i«ft##fc/:^£
x=jAx&xmfe®&Xo mk2 m^^-^xM^m^.w, wxi, nknhmxM-h
2, -1). ft*, ««3/iEtt, *JB
s£(2.7.7)#feJta^£oB#|fc, M

(2.7.11 )

&£#j&-#Bls@#. M^TIAftMR
M;mtir. xt^^^u.^L.^ft^c 2.7.ll), #**Bfw«t-t, #

r rII -| r I — I -\] r«T-i aT+l -|

I L| | J L-| IJi LaT+l aT-\ J

(aT + l)u( + 1 ,.= -[(aT+l)u,„ +1 + ( aT-l )(u t „ +u l +1„ + 1 )]( 2.7.12)
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# Time Domain 15-d-igres Diffraction Movie
# Star: w=p(t ,z) y=-p{t ,z+l}
# Star: u=*p(t+l,z) v~p(t-fl,z-f-l)
rea1p(38,5Q),y(35),w(36},y(36),y(36),e(35),f(35),d(35),z(96),a!fa>betft
integer ix,nx,tz,nz,it,nt,kbyte
nr = 36; nz =■ 96; nt = 96; kbyte=l
alffe = .125 # v«dz*dt/(B*dx*dx)
beta = !40 # accurate x derivative parameter; simplest case b=o
openCa.n'e^'ploUO'.status^'new^accea^'direct'.form^'unformatted'^ecl^l)do iz^l.nz; do ix=l,nx; pfix.iz) — 0. # clear space
do \i~mls,ni,nz/4 # Set up initial mode!

doit=l,ls # of 4 band limited
do ix=l,4 # "point" scatterers.

p{ix,it+iz) = (5.-ix)*(B-it)«exp(-.l*(it-B)**2)apb = a!fa-hb3ta;amb = alfa-betc # tridiagona! coefficients
diag = i.4-2.*ajnb; offdi ■» -amb
do.tmtuX-2 { # Climb up in steps of 2 J-1«do i=l,ns; r(i)==o.; a(iz)=l. # Pointer tocurrant z-levelwnte(3,rfcc=--icbyte)(s(!),i-=l,r.z),((p(ix,i),i=l,az),isi^l,nx)

kbyte -- kbits + nx*nz*4 + nz*4
do ix—l,nx

{ u(ix) = p{ix,i^l); v(ix) - u(ix) }
do it=i£,iit {

do ix=3,nx #update the differericing star
{ w(ix) = u(ix); y(ix) = v(ix); v(ix) =p p(ix,it) }

dd = (1.-apb)»(v(l)+w(l))+apb*(v(2)-t-'»(2))
d(l) = dd-diag*y(l>oafdi*(y(l}+y{2))

"do ix=*2*nx-l {
dd = (1.-2.*apb)*{v(ix)-i-w{ix))
dd == dd + apb*(v(!x-ij+w(ix-l)+v{ix+l)-fw(ix-M))d(w) — dd-diag*y(is)-oHdi*(y{!x-!)+y(iK+i}) }

dd = (1.-apb)e{*{nx)+w(nx))+s.pL (v(nx-i)+w(nx-l)')d(nx) == dd~diag*y(&x)-orTdi«(y(^u ,
,+y(nx-I))

cyirte-s^Ex^iag+ogdJ.oidi.dsag.ofldi.diag-foffdi.d.u^,!)
dO j«=l.nx

.ajix.ii) --= u(ix)

)
eo i=ltn&,. zfi)=^o.; ?(1)=1
w»tU(a.recs=lciyte) Mij^,i*M(p(ija)Infci1nfci nt) ix=!,nx)

0

B2j-2m^m±ikMmxr^w&^^nzMmmm. m
mtkft-m2j-mmftft~m&%fB&&, mt&'z&mmm^Wk
%fa&Mffo {i^^,]i@J^^M±>t^Johnson^Claerbout ( 1971 )
/2Doherty-*fClaerbout ( 1972 ) #fXXmW^mhHMWXB.rX X.

40

3.
&&w%m &mmmmts£4m ( *, z, ty&n*r?m®, &

em, % $ mmm w&-s?m&%m H&ftft $, m ? m u imit',!!ti! v _
r r l 1- *t 1 _ 52.7-2 |rJ~F3£&J&s&

152.7-1 Um^MiUX i Clayton, Gonzalez, JFC, Hale)

mx7®munm, mm'M&Mffim^x®-^MM^&ttft^mn
&mm&&. mm (2j as) *®wmmx7mmmmt'xms
wntmmz'xnmmntm^Wi^, gP7M^i&.
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4. (t, x, z) £ I*l I*J tf45& 7)H

&&mix i x^mmmmimimmmijm. Mm&i&mfrmßffifcy £#"*«:*"»
n, mxi^rmmxm^wmM, wmß^^mmmz^m, jmmum^^~(\zr^
imxi-icoAt). m^mmn^m^mmxxmti, -wM^mnrvx^zmmmt

Mmmz®mmsiM*m%, %~-nm/mftmtsmsMm/ii-z)ms%%

xn. ji»gi/(i-z)ft^;iETf^mt^^^#ft^^Ei«: &wmti&£%&Kfckw
im^mm®. z^Wh^m^Ax^mxit,t:^Mxn^mM^itmMmy^^ydW^mih.

3 m
ii ) i\mm2j-i*mm, mz&^mmm. mwrn^WiX^Mm^ in xm.
(2) ;*m2.7-i^®gjfieiMf, mz^fc-mmimmmm.
(3) itXf&iz, t, k x )£|BJtft4s°{|^@^.

K4», H-r/£M7im M-t-^M7^S. #»#jßJft, $*>=i, At = i&Az=i* ifcfflTft
mmn&m*fttix&&mx® ( a#^i ) .

2.8 f&^ttffifr
mmm, ~M.ifc&\FMx&&m&munxm\-xm&mi, m.xmtm\twmmM

mmm&xmmm, m\i^m^m^>m^^ftmumx'4m^mw<.
Mfcmm-®^x&mMmft&xm^, i^Mii mm%m®M%-xx&m

xmfe®, mxsmm^px-)£:m-^nw&m%%. mxMJXF&x&mm^nft:
i 2.8.1 )

&Xffi%W%

i 2.8.2)

ffi^^7^^H^^7ft—t^iis:»a^^
(2.8.3a)(3.x 2 ' Ax2

/\

(2.8.3b)

3fi±, VM3I7& MCfrftU 2.8.1 MUVS£( 2.8.3a), #!±S^^^»^^ :

(2.8.4a)

mm=f*^fft¥ft

Pix)=P 0eikx

t£*M*i
d 2P Pix+ Ax)-2P(x) +Pix- Ax)

-^2p=A^re'iC, +A0_ 2e,ix_1_ e,-i(,-AOJ
i k Ax) 2 =2[l-cos ( kAx) ] (2.8.4b)
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Um&, «PHf(2.B 4b)ft^^M^^^

( 2.8.4c)

ft&mmffmmm,
y

kskfei&£mmw®&B.is. &M*=*ft^i^^ftNyquistsi
*fti,^tbx=2Rm&Mi&M¥n. & &-#, M^Nyquist^^
\%, t2nß.mmx%^ mm
mm. &yxMM&&&&&m®i&mffi-x^&xftm, ffi^ximmfsM&umm
ft.

1. &.K&'&7Ttl
M&m^mmm^mmm&^&ftjfeim. ava^ic^^^-^2, mm

(2.8.5)

(2 8.6a)

(2.8.6b)

W-ftM. i-i;titf, 2 >2c/ (oAO !««& 3ft *i£

m±fSM$L-&tt&T%.M&fcM. 4^A^#ft^, K3fXtSK^^«i3ffitTWll^JE.i^fiß&St
t^#st #R^»ißft-i^^rßj#i^^-^2, %x&Bmnmfoti, %&%
-£\ M, 1t^(2.8.5)J^(2>B.6)^ft^xM^a;^m^#^B. ( 2.8.4c )£

HJ, #Nyquist«sJfeA*=»B*, £#—"t±ISA2 =4/A^2
0 Jrt, M

(2.8.7)

2. JL£,ls;HSi#ar*£

&2.il^?SJile MMftisjf«^
fW@«l«W©,
4:uftf^m. Wi]^AK7^2ftof^##iiL'lf^T^®ai. MH®M7
mm®mx, xmm&M&xf&fe'&, immx, %■&&&, wißMXxmm^wmm^m
JkXXjXXHM.

k A#=2sin -~z—

Jq __ o , a

tf®m&tt&mfr%&f&%nffl&&±mniß&Mj]n%<kttm i

qt + i—qi o , 2

g, +i=(i --^-k^qi

s< i 2c
n ~Ax2

£( 2.8.6b) *ftK7^/>7~, ABsjHFSS.a*W^^tt. &&» itflt##fc£«*M*
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3. &K&M
Umßim, UftBBJfM

Sfc&flkftjjndq/dt&qtti—&s%.&&%&£&. &7^M, Crank-Nicolson^

nimmftijmsft®fr®m% g^^nm^

(2.8.9c)g» I—r/2

£*, *3/^«*. m*& i 2. 5. 9c ) &mxrsm%M^tv, m%mm±mmmft®t&

m^mmmmxm^^mm^k. xit^mmum^^nm^w i nmmmk-* t) m&x
ibAtJEjAxtfjx/him, mmi?mn&uM&i. j ivmmtmMm&x^w^M®.
k>& ( 2.8.9c ) *®r%^Mmmn^&&xmb, ( 2.8. 9c ) ft*i-A@7 #f #1^

71ft

£ftj&flJjfeW MifcJSl AWIRH^H^Bt, &7§!R<«
nmitm^, %&%&&, niMmftm&&-MU'&mm%x, », r
mm^iVMWMmxx: mn^mmm-x&vcmum, &^##£tok*Bft, mm
#M, &7*t( 2.8.9c )ftA/>llEl&^7i, 7^fjftf«W^ijAIS PMMlafi *)

if. W»^#ft^3&«!: {iM^^7f»ft^S«S#^f<^Wf^m^nisj^|g.

4. &&.£.3f*£
acs^ium, mmmm

i 2.8.11 )

S-HftM^f&. Hilt, l-^^Rli^^W*^it#ft.l:^^^©MW,^^E^: $?&&
£ftft. E«»#»oir, M#^it#f^WM: Fa^£S#^7S«A/>ftim
BM^^hT^-tIST-fiIUJIA* 8 , MiJMti^H^. Mf~j&4s, mntiib # X X WX«f

q t +i— q t =rqt (2.8.8)

<7, + 1 -<7,= rßft^ (2.8.9a)

(l --f-^t-V +T")g ' (2.8.9b)

ti¥rftiffi%ftfe % '^^rmXft^MXKU iB
i^^mirmMXx

r= --—& 2 (2.8.10)c

q_t±i — qt-i_ o , 2

2Ar""—vk q>
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ii#«fii* ( 2.8.11 ) mwtftmms&~^mx^ii±^mpik&ijjn, s^ft^©^

#&, nk2^m^^m^MM, »^-&47 tffefcj^i m2 i&mmM}kmm

fe*ii£tttt, m% i^kAx) 'frTm^mz®.

&?

*>

5. =-*iM%t 7?&&lfifr)k
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hhs tttte- -%-mm

M&m.
mmmxmm^mmm^mxßxmmHM. %-, tmwmmtmmmm

%Myg : *ft£«j»« ; mxmmffimxs> »j^ft*#n^m#it

&&xm&. &*#*s, mv&^mm\®&mMK^M&}xxi»m, bp, «t, *&fcm»

&%±xmmm, mt>&&xmnMmmm. fsi, m^^^miA^^mm%r

(1984), Tatham-^Stoffa ( 1976 ) Xi£> Mmm}sWMll%.M}kmM®

m^^.

2
( 3.0.1b)

£i^#@r£^ mo~ s ]fa

&nwmßi%m&mxmmiXfomm<}. mux, mnmn—mmtfrn, j&sMp#m

#7#S*Wffciß*bm, t^^P^^^iiM* &XM&&WXJ
ttHtAtßat m&%mm&mm.&ux&-&fcfcs{\H. s^^utiM^
5R*H«7* #4-<&^7sJlft£^M:7[>i!, TW5»#*A

i. &a* #.*!«"] #f£Ss-

mxftz-
y-±S±*- (3.0.1a)
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&mm%\mm\&m:

*

iy, a=o, fj
( y, h=hmia , t) MiMlrTO
(5, g, t=const) BtlTOtf
ih, y, t=const) BiffsJ-^it
(v, h=const, t)
(v, h=hmax, t)
(.y=cons£, h, t)
is=const, g, t) #&j&iti&J3fc»*hfM

£&»#£*,##*B&, 4*4*CDPjl£S*M&*&

#f^Ct)PiM. fltt^ GDP&flPg'JiglSJi^

in, mmmmmmm^m^. #
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S3. 0-2 Grand Battkj&Kft&igS^ftjfcg^KOtf
£@3j 'll® "*l&. £fflW#g»ftft£#W&*^

&:£#ft±a?j&«®

&&£. km

M.

gjS.O-3
£b&®#j£«w&&§>]®. &m73H%smsbm&tf}m±.wm

3. sTO>tf*frft M AbS^M^Wife.

ffflffi ( &*6£itSl) . R6sft*r
ffi^«&7jMM«ft:^ia^,

* fc«£Alg&fc*. fc±:

$fM^(#l^3.sllfifs.2^),

%&m 120-i^rft &»#ffia^.
2. « "£**.&" «k?
"&JfrA*K;#

TsJb ia^^7^#M*S.^ftEM

xm" »r? iA^^xfpftm^#,^ia^^^^^a^iiftM^T,^^MWi&M^*4^pr

&, &mm&n^%m ,%m&}mmmmsi, wm^ffi-mmmmffiftm. $#jMM*i&

ftrttiLSi^^^^m^^ftTJc^^^^rltiigjit iaE^-'t^^fnjW, S^MMSISfc
a^^4Pi^^^:^^^ffift-#mffl^^^ftgiix:. msn®mmmmnm%Mmmm, w
mMm,WiMi¥^^mft^mKummwMmm'ij^^^^Mn^.
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mmm&mmmm%mm umx&m* n*4, &n&&ftxmf&, mm\mx, *r

w-T^^uMft^^. *ft^*fti!iW7^®i'nr*fp^^w^!tftii@, m*mft&&
mxmmmwtf&Mn. jE&m&m&+m&, %mmm~%&mmmm&/xxif&
»B«fl»ft%mio

3. *-f^£&&, 4-Xf#

I^^EJjn^>A7jc¥#MftliMffSMft-^. JMR#±ifc, iti^Mft&lJmitPW

mm^^}ky^mmz®-^mummmMm^mx\xmmmm,^^mm^^mumzM
#jm&mmm&ikmmx®. nx(y, z)£im—x&, mn&m&m^Mfttfimtm.

mm^m-MMxxxttj. imiimmmmmmw&mmimmmm, nx^^m

y-XM&mm%-xmm. mmu, mmmmM-m^^^B.
3m 't

mfXiM-MMx^Emm,-Mmmmm%rMmtxnx. x^mx^mt&MiE
#7stfet#, m^xj-m^TxnwmmxMm^rm. &&&m.mm&Bm±m&&ftm
it, mmmzm&: mm^m^wn-mm, mm&&^%nmiXMmum^ik. m
m7xm^^itMmmm^uX'^ftx-M,^M.m^^x^mM^m^mmmm^. mm

&%&&"&
m^^jA^rnxmrnm^EMzm^^^^Mm^mm^m^m^m. $z, %mi&jgmift
Wffl-;PWJi.

4. fefeft^t^: it^^fj^nm.
ai n m $m.-&&&iß&kz

mum&mnu&MMimrFi^mmh), mxx^^me

mtm^kih-xmmmwxwmMmmm'M^^. mx%mxmMxmm&M&

&K. rt&^Atosi%%>J&%i%, T&%^mmffi%Mtft&&U%,*'b&yXt& (A, O
tS
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# Synthetic marine dafca tape movie geßeratJssn
integer kbyte.it.at.ih^h.k.ns.k^SfifcO.iy
real p{sl2),b(sl2),refl(2s,l6},s(2S),g^2s),readosa
open(3,file="plot" status— 'new',access=,diree6,,form=,unrormatie<l',recl=sl)
nt = 512; nh.= 48; as = 10; ns = 25;kbyte = 1
do u=l,nz # ReSecte- depth

s(is) = nt*random() # racdomQ is oa tits interval (0.,1.)
do is=l,n» # RsEectcr strength with depth.

geoi(is) = 2.*racdoai()-l.

do it = l,nt
b(it) = exp{-it*.oB)*ain(.s*it-.5)

io is — 83,1,-1 {
do ih = l,nh {

iy = (ia-l)-l-(ih-l)

# Prepare a wavelet

# Shots. Run backwards.
# down cable h = (g-s)/2
# y = midpoint

p(it) — 0.
do is = l,nz { $ Add in a hyperbola for each layer

itO = sqrt( s(is)**2 + 100.*(ih-l)**2 )
do it = I,mt-itO { $& Add in the wavelet

p(it+itO) = p(it+itO) + refl(is,iy)*b(it)

writc(3,rec=kbyte) (p(it),it=l,nt); kbyte = kbyte+nt*4

stop; end

33 Jl
(■*)«*, m.o-im&&mmsm?m®mmgfB=ifrz~i(i;%Mfti s =a9, m§mmmxo-i. m&: G7Mftmmm*<b&mm. m "^m^mmm" m

r^J\ ( 2 )^^M3.o-4^f7rci^, t&'&r'xmmwmmmmvimI"\/ a jR*r m ft-# &&*to&m.Mm*&. mmmrmmmw^mM

iMm&xmm®xmnßmm~x~m±-%fa~M.
i3 ) i^i&i+ftilfifiM^

w \— / — \/ -- f

do is = i,na # Give texture to the Geology
do is — l,m

refi(is^s) = (1.-frand©Ki())«>geol(is)

iy = 1 4- (iy-ns*(iy/ns)) # periodic with midpoint
do it = l,nt

jss.o-4 mmmmm±mmftritmftmmmtimfr

3.1 nifm^umm
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mmt-XimM%. »MGrand Isle^fflgfaftg St X W Ul&iltt^&fi&Mil&M,
(Pan, 1983), {RMSi7^^7^lMrlft^^,

1. Grand Isle^W: &^^&.&
Kjartansson#f«ft^r- i Louisiana ) >M\%&ftftGrand Isle^

X, tfffHlKl !*/&" (®&lt). «:S^ft^: £^2.3#ftF#fH]«Xftß
It*, asm7^*lftltfSl^4h(iau/.Tftll!3.i-3) , &3S&.&:)ijimM^C##
Mft.

Mr^t, RltJf^&J^ I
&®mm. rtx%%mm®%&
#ft~#iTrfMiira,

mm3A-mxtf}-^sp>b&m.m

xmnsstnKi?i£m£m. Mm

ft^m«^-#Wft, mi
Hfiftiiit &ft%±M%±&
nllij^fto Rr^,fiJ^M^^MS

i^^m/hft A It & 0+ ( ItfN
2. 55#ltf&£!!?&

©£!Bfli£ft£ft28 0,
EP Arccos ( 2.3/2. 6 ) =28° ) .
mxmsxM&i-Mz, tt^st^

a ;tB2o^
53. 1-1

2. Kjartansson^# tlit BfJf^WS^MMiaO, >frfl!l&*r?&2so. I&^ift fHjj&tt«m^3#lt±£h

&*iMt"3i *3&fir£M*bS. Je^^S£3os%3ls(Kjartansson,

fc|g&Mtt^M3i&ft»il«r|gl!3l* Grand Isleft J^SM-ft, X^Kja-
rtansson^*7M-#^lßlft^M. S3. l-2^r^gp^^#^M, g *, MM^ftWl

1 "&SMT #*#, sF&fcMfci&ifr#£il&SjB
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mfcmkxnimmm i xst%mmm&

±m%mm, rmft&mmmritmTft&M&m&M®. M&Mffl®, Mjl&^BSJijSflM&BEjl--
mm&K B%m&%m*i&%mmm&m&&mm fiift^jEia^?!, $MMXvio7o^R. fflwm* ±^£IBW##Ji** &A^o.33#

&tQ%}&&%fer%RM.

&^mm£zmm.%;&, M3.i-4(a )#?^. mm, mm%%cx%}&&4XM &m®v£iy,
h)xn, s®ft^^^^;f?ift4so^^^3fi7o-i-^^ft T&m&&T&,

%. :wim#ft{£fait^#^^
&m%sl, m^&mMx&Uy.u£,&mzx-4ia)q*, mx&x

m^Mf-th. mxmxt\%m^m^, 'MM^^mm^^m^^^tiMX'mx^^^mxx
+45°ft;%jt. &xmsMmmM&m-^m®mmxM: &

mm^n umfe mn&, m m mxMmm?&x

Wrl3.i-4(a)^^!pTOftffilWl^^, &ffl3.i-4(b)*£j*tfjTfttf#f&. itH^-H^
*&/£«*»!##, iA|TrJ?|^^^ia^jlfti!l^B^, #

m3A-m7XM&*&M>MMz-&&s&iEzmiftm:&, nx
ftfJ^B«lt^nrjALo

m m&mm* »iM^^^sLftWjassi7^^^, #f#
H3.i-4(b)^^^^, xTOffiiatfW!fe3

ft « it ##, :^#i>^M/77il
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/-s

R

■ J55 in
m ft
£3 .
t 5
EE r?r c
"5 *»—i life?ro

t-l Wo s
SI Jrt

rs
CO ft!
2, rh
» SI

mm

S ' Ja|§g
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®3.1-4(a) feg(/i, y)

S3.i-4(b) HtfHl(A, y)

(c)

@3.1-4(c) feJtU, y)

rS3.I-4(d) BfH(2 ( y)
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©3.1-5 um&iEzmm'b&M
H220(i§@3.1-l(b)t@^I)

53 . 1-6 mmmm&Kxmj&M%& i Ge0pnyS icai
Services^- iff )

±%#M&&m¥mib&%i :?T&±-%#to&w®±.. hibto*^
is**sw**eiM«

J3fffl&K&7ooo£R/# ( Kjartansson )

3.1-4(c)5!3.1-4(d)P^0

if;
g^^^a^^^fnißr^ft,
rtftrnmrwr*. mm^&&mmmMi±mmft%M&*
m^^^^mm^mmMmn. S3.i-6Bfx^#ft
w&. ®3A-mx;®&x.mmnwm%^, wt&n, mm^^mm^w^ zmm^^x

ffl, Wf4ftH^^Dahmi|Graebner ( 1982 ) fc«#A*iJa7HS. I-60f*WBfJtf.
3. %L%&&?&1k.1

M^m? #*anii,as-ww#xf^3i^A.^ms3. i-4(c)±ftm^^^^^
«gM^M,ra3.l-4(d)XftM&^^

?i m
(i)ft%&mi3Pms&*M®sik, i%ss.mm*}%P!fcm&tftxftz-. nx&^

3.2
*TtMiT^I«T£»M^

l. -f *A'##*^T'«*^*4*#
yh7ic^^M^^li o XMrimft,
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m*<x>b;mm i gmp ) mffi^fcMMi&fttfm&jE, m 0* & m^&xmMm, &m&

&&« nx—t^7^^x\^^cx^mmm®mm,

mk~mMn^w&&mxm&Mm, uij^m^mmx. mxw3#x<&&m

m^ifo,

in¥^J&Xi£&i«, HM^-^lt^^^Xft^|Bj^/jN7, £%-4*lftg±flWfil3ttf

AT.

z.2'mx^^^M.M.m^m^.2-2Mn^^'t^Mmzm.ms.2'2^^^mm^mm^-^
Mm, wMizik&n&mmmfcm, \m^mm^wmmxm^vl^mm.

2. n#.&
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t 2 v2 =4iy-y0 )2 s'm 2 aX4h 2cos 2a (3. 2. 1 >

ItiXih, t) £im&y=yi&Xift&*>b£MM, 3fn i 3.2. i )#t 2 =t 2
0 X

Ah 2/vi m\i, ximmtfimftaiinffi, &*&£MM&&M%x-^rwnsmm. m
ftfQ&to&%ft&Mft&ZtiiKBk& :s£, jm&M&&&%w&st. %xmt&%uxfc*

#&Levinffi&ftjEifi2n£ ( 1971 ) :

mx. mi, &*>i\sMm#xm&&u&gMM. mmm%®&M £x&&M-mx&n&
ft, mmm-x-^^tin^, wx.%^mftXftm-f& m
mwtmmx, m&wmxmjf\%®ft.

mm, vEW-x&i 3.2.1). ®3.2-4^^ft^^^x^f^ii^ft^~^M®xft

&f/>i&&%m^&%.ms.2-*%&iMi&s'gz&&*

-* £

\
©3.2-3

#jiM^m#3'jan. 53.2-50f/X^-^^7. \%m^^^m^m^x^ifiat spots),

#a= 45°1t^T, 'JjU ( 3.2. 1 ) &Wimti&&lk^#iM i Pythagoras ) ftft, fe X#■if &
* 8 =2

2

+*
2 . Xil^XA^^ft-^HIi, Rft

$&&-£7.

i>a=uJ4g/cosa . (3.2.2)
&mtz, immmmmmxXo

\?SP 1 X^
vr\ / scX<\\ \K

©3.2-4 &s'&ftzmnm^g&&iM

t 2 v2 =s2Xg2 — 2sgcos2a
t 2 v 2= iy-h)2 +iy+ h)2 -2iy-h)iy+h)cos2a
t 2 v 2 =2iy2 Xh 2 )-2iy2 -h2 )icos2a-sin2 a)
t 2 v2 = 4y2 sin2 a+4h2 cos 2 a

X&Wt&Jini 3.2.1).

£ ( 3.2. i ) f&%-m&mm&<. &ffiffi&fQ&m%immmm. i^xMJh -xmm
3. ,&&<*£
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-XikXix, z ) kX&}£MMZJL®%M, Ms. 2-emm.

©3.2-5 mx&mizmM. mmm^mx^

✓

'"**^^,

miMimmmm&mxmmmzm

4. Cheops^r^
&x£tm«£ii.«, mnmmjix^^^&^m, &&$:&( 3.2. 3)+5*. *.

#sfe, &%& i 3.2.3 ) «fftf£~^wfet^sit ra» ft $&$&&&%&&%

ffis, mss^—^^^rmci^^sc, f)$KRw-tjßiii «
(5, p)s(mra, fmmiM±gift—xmw(. am, %mimsM&—x

mn^®^^^u^^mmmxi\i^^M.&is ,g)xmxm^iy ,h)xm x&j-mih ,tu
®3.2-7(a)ifr^. &m, ftA^L s^#:iijft—xmm&^tft, nmm&Mßmmx-
m. —xufemiM.Mtffi&xis, g) M3.2-7(b)#fx. au-s
$k±st, mR%z-+o\s, mfjjmto&mmtnm
%m&, sm+

A—S ! ari \
e

! "■''■' : "\\ i Jx~x \
" V \ |//f \

I J]_ I _^_ ; i___^ [

S3. 2-6 &WL&M&-M

tv=^z2jr(s-xY -hXX +ig-xY (3.2.3)

vt=\s—x)X\g—x\ (3.2.4)
TkjEjj&Z'p'btiLTis, g ) = (x, x}. gtemiftffitimm
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©3.2-7
(a)m%}%ni3)&xmzmfeMmmismmts.. *&*"»—ffioi. m.nk&&u%.ti&&?&Mn. (b)@

%jzm ( i£/Mtf ) aa^iij6i)-^#i»f®

s^^ftfrWX, »s#ia«#&®&^«ittttS£&fli, ffi^Mfc£^ft&*n±->h&xfr

AS&BJ, &t^:&—X^®3.2-53§
®sRlKft¥fi7j<X^3&±fr&. Iftftlfe
«#EtflS^«Xft&£-#tllL

mmm®MnM®mzm&, &\5&i 3.2.3)
*ft#¥Mi^sTaylor^M#, .^^i-^#,»ffi, £3* # «feftsfW

5. Bt*L3-^ *$.&

*'J&mb»im(cos), K4»ai&B*raaift^s3Rffl^^f

©18. *^iiMftßrf^M^^XMa7JcX^>A^^l[^^ii^^^.
m2.2-mx;&&m-^mufttt&mMMMmmmft&^&fa& m &mw < csp ) .

mift&s^Mift, x&, sfniK>^^^^x#^^!^-si--^^x. x«iwftH«
X, Mafti»ftßifiHiX, W^mM-W^IMMMiL ftf?, &&tt&tttttfft£

M^MXMMftitm& $ e mm. mm-
x, umfcx, &¥te&s&fc&zmi&*to&&gkfa%iyt wr, hmx&m&mtk®.&
my^xu^mn^xftz-

|k-^ (3.2.5a)

A«"^=*-. ' (3.2.5b)
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&Mftffi&&ift&£&m%&&%tiL¥mft¥&M&\g-s\=vtZ&.

©3.2-8 mfcftft&wtMfaMi&tt&m&mHmmm

©3.2-9 «#*£Mf«^J
Mai^ffi

m^.2-io^&m^x^^^tt'X^^-^^umft

(cmp). m%&Mi-n&*>bfcmM, 4M&&&&*
j&tfcEßfri&Mxfrffc ( mft%ft ft # ft fa*&*fcm&*&
a). »MitJMr«ft«, 3&4MffiJtftttA

Mta^xii, &?^x^mji^xs, m^x
j:^^xt^^^xft^mit^,

ft. 53.2-ioft^rH^^)^rWLi[M#^^J^^XS'

©5.2-10 m^^^m^m^mi^X'bMMMiXM) .
lErt&t^^X2,JSftlf (£© )

6. iti^4^^|t#: Larner|?#.®
&»Ml£±, &m^sLi near-surface wave) &MT%i&m M X&MM&M. &X

MM.&&X. jtmmX, &i?X#^««sl; £fc±, mmi^Mwater wave),
immtin^ymxummmm.

m^.2-2^mM^Bmmw^m^r^^m^mzMxm^-nmm, &&fl?mm*, &
@ffiSLarner 's Streaks, sJ"#j& "J/C/S^rJt W%
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mimnmrn, /x^®^mMx^tmmwtMum^Wi^mm^® j?-M^m7.
&mtii&immm*, mm&-wi&&. fr^umur, $%.&&&*s>, mmm&-

-jßtfc««, ttwrnrnmu, mm-smmm,
4ft.

m&&m&&tQRM. mMxm&wmmmM. sfa, mx^%, &m
mi&mjL&ft&Mtt, mm^mmmrnxmrn. Larnermximi)B%kmnmffi&

i.ni

©3.2-11 PsJ^Slf|in.lfeEShelikofrSi^flmW7KMXm±^^^^^nH^fß]§iJ® ( MLarner )

7. ffl

iijft#i®BfmMft^. M-sm^^«x^^ifEft^^RE,
jfi&m&mmmip. <Mxmnsk

&<s&***
fc&xmmmmx, &x^MM&M&s&&&&m®*PMz&mx. -rtx&—tn%mM
u, &&^>b&mm&&~mmiftM®im, mmm^.2-9xzn mEMW^^^^-M.
wLB&&-^&7mmm&fcnm&iftn$\m, uummmmm^^mmm^mm^mn

"mm^xw mmx&m
mmm "mmxw mx&&m-Mxm

8. fa&ifam
B-ftUMTfajjU i 3.2.3 ) ®fr&&&Msmffl&l&fJ®st% ft $*##«

mmvsvE®, ntfct&&M&fft%L®&(y-yo, z ) xmx&^-xmm. zmuMnmw
mmpiMm®s.Jinnxmih. mm ix-xmm, y(*fix$l msjmfe-&mx2-6$
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*&, %-^mtt?g&, m-mmtm®mmm%, mm^mm&mxs^iy0, z)mg.
m~x®mwi®mmftmtfi%mm&m%m®, wmnu iy0, z) uwk
H7, W&U&&m*tv%nsi%WL.

mmtftiitty, z)^m\H®~-tm^®^m. rkmmmrxmm.
mmi?mjfn( 3.2.3 )&jmm* wmm^mmmm^m s:, nxx^^,

u&%x^%Mx\im®ftmm%xv;xm^®-Mx, miimn&mit&mm-x. &
iy, h)£tm, 55(3.2.3)3;

tv=*/zz Xiy-y0 -h)2 XXz2 + iy~yo Xhy ( 3.2.6 )
m&xm&Rmxwmm, Mfexsmy, mzmxmxnm^yo, wy->y-y». m
xm%x

nmxxum^x^u
i 3.2.10a )
( 3.2. 10b)

3iAai?oft£j£, m
i 3.2.11 )

M.y^zX^'^l

i3. 2.12a)

i 3.2.12b)

( 3.2.12c )

t 2v 2
half

t iM.m&m, mmrs^i^^^mm: mm
"mti^m" m%xiftffi®H"zmxx.-%lm.

3.3 uM^-nm^m^mmM^^mm
wmmwnM^&&tt&ft&&&&&&

eW<X%S experiment sinking, &&£^M-%9&, gJ&X^KIR. WuUWiiPMltmt^MX,

tv ii ci=2d=2tv ha i f (3.2.7a)
a=z* + iy+h)2 (3.2.7b)
b=z2 +iy~h)2 (3.2.7c)
a—b—Ayh (3.2.7d)

mm&mfcx, &:£( 3.2.6 )$&
2d= *S a+*/b (3.2.8)

mWim^nm, m&p>m~~wxxumxm
4d2 ~iaJrb) =2X^a X^b (3.2.9)

16J 4 - 8d2 ia+b)Xia +b)2 = Aab
16J4 -8ri2(a +6)+(a-6)2 =o

lQd i -Sd 2 [_2z 2 + 2y2 X2h2 ~] + 16y2 h2 =o

d"-d*h* =d\z* Xy 2 )-y a h*
d2id 2 -h2 )--=d2 z2 +id z -h2 )y'z

d*
mm, Rximsim®M'x> H

t 2 v2
half = JZ

h% -+(^-y 0 )2
(3.2.13)
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&; m&M.-®ffi%MxiiU3jn i dsr ) $mm%%mm\mmm&&. DSR^^ft
ftmm&mmxmmmmmmrM%, wk«^iriX2£&, mj&^^x&ib.
ft#mDSß3f@£M, *#^^|^^^^n^^XffiDSß^^^^#^^, «n, 4*l

m-mtm&j^i 3.2.9), #E#^se^^-#-a^^^x^mft # ft. -xx^m—x^mmnnmm
is, g, t) £mft&&&&T&mfmzFomierftmkg%mß, %- m && »smmM&®r

mftmmimikxis, s )wa h)xm, r
mftnwmmm, &*«^m y m h m%w? Fourier $&, mmmmm^®^
(3.3.17 ) . m^mx (3.3.9 ) %&ftmmtt&ijm.

DsRjm*33Mmm%%, mm^mm-nmm.
1. &$L£.&%&-ZL&&fi\

yvmmmwtftX: xmm%mtmM%, mMm®^.mmi-xmx^mn.
W&&±&, aSE2tfettJS3SJiH3;#tt%a^ ( self adjoint ) ft.

zMift&%-nmmwmrmw®MWMW, mysx\mmn^m&^w&m?Lm>
HM-rtTt-M*,

ma,

mmmwfc. %nm%mifc&s3m, mmiimmm^^i, #

©3.3-1 jjn^Jlffl/SlECentral Valleyiferft^fe^gltff^UM
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ft * m wamm%i&x

ffiw&&m&M&&&mi&z®M¥%—&mmm&i Has
IH»IH, n*a^^i&»#a^^ssßriaifc^«w^^^. s&B
&M&fB-+ft&, pT^®3 .3-i^ft&MM^M^X.

©3.3-2 mmwkimtfM

ff13.3-3^ft^X'ia^]-fßi-^K-^B^i^^^x««ia^fts:^ft, m ® BW&ftt^
7JcXUE^I£H^®3.3-iffipJ,Mil«*4X^«^OT3liJsJria

fft\lM*>bW>ft%^£n. ;%sXffiX^«X,
(K£^£mii«fti^). *53.3-3^#ft^;t»]i^ft-^^^iJiii®^-##^, @p

*4^ireftiwiHj $wxn&M.^isnn%M&mt^u

®3.3-2fr^^H-ti:^^*ia^ft3t^^^, ftffly-jfc&ikm* %^M%tm%MM&.

mm^mm ( &ffij^£ffl3.3-i**ofi&H>HaaO.
0 2C 40 60 80 100 120 140

o:»'Bfiftifiliiiw^l'
©3.3-3 I#^2. Styjtb&iUfettmWft

t-rrt r* n .i. Jt.*. /* A te? j-»trtJ. .\=rt Ln 11. *Bd '*" y<? rf-nl tiUcS- M=t A^ -r- Ift IIL >-*■ HSI KC >MiiTt AAt t-t-l .V Jt?
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&M*r ~istiif#whiteor^ft^^j7). &mtmmx,

H^X^^rfn]#ftXlH!, M&Xlfittm.ft TO X m. Fenati-^Rocca ( 1984 ) fm%&M

s»it#&Aft^; mmwm&, mfttftii&mmmimßx&ftftWiMmm

mu&mmx&m. »-MftiiEx, Xnm-MM^&mxp®., m^m^mm^vbm^
%mx&MT. UR&&x&mmmmMm%r-m,

«£l«f^WmAJm H*fci&teffcfaßifr£&SBffi#ira ( &M, i^iooo-i-

-ft^MJ. ~x±niwj;^: fc#&it®iK&»# ißj^inn^^^*^*^miß^af*r^

am**. &MMim&^xifo±mftt mmmxmx&^mms.gXftipt&&fsimjsfcM
mtfc%. mi, mmmmm\&-'^x-\m, 'Z&^smg^&tfjxmmwpis, g, o.osr

&f&jL#a&£ffiftMte±fr&iflT&«. ±^ftftX2£&^x^«ft^X2£

Bf^^^±^fn&E^^jt7^M^^^iqiXMa7.

®mM7kx, xmrnimm^^^n, umm^n^^mnumyKX; &&&&, #

2. «<]#?>] *U£fe&

&x ( *, z)

MK*, z)=lfc(s=x, g=x, z, t=0) (3.3.1)
ftxnje^Mft^x %l&t%, Mxft&mxM&jjmuTkMw®, ®xmmnm<M&m
mmmn^im^mmmmm. ttrmmm&^&n&fflw&iftWMimMM'ft, mm
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3. #&ilJsfr2T*l.*f-&
£i.sir#BSftgtt&3&^ffl7~*;fr;g, £*, ft WlTkMmm&sLttl

Sneim#ft#*^£Bri^ft, BP

dt _dt __ cose? __y i / (if yv/2 (3.3.2b)
X

m&-Ttf&ffi&ft%n&RMLmft&Mmffl&$lffimui

dU dt dU (3.3.3a)
dz dz dt

M/rfe- ) ( 3.3 3b)

XlWj^(3.3.2b)-#, #(3.3.2b)ftAJ&, #

%<+-(-&)T%- *»-$?
n&W&ix, i) JtfrFourier^JfeßiJ, fMM-»©tt# d/df , ft #, )tfXFourier^#

(3.3.4a)5ft

mTv&-Xztfjmskzft, xmi2.3Ab)®Mmm&fti]nmmM&®&-mh &
3X, ***$s&;fr@di&:£±fr&J»X:f XIXM, W^riM ( 3.34b ) W\R^XtTsi

m. %2MBrWtiftMmmd/dximikx%&AM\%£mm, rtxmw&MMxm&m^mn
mm^mm^m&^ftv ( x ) ft'i^^m, j^ftft^i^M-^ft.

4. &££#■&.£, £ fa] AM fitißL-f

(3.3.5a)

aff-(^-(-f)T

( 3.3.5a) ij (3.3.5b) £|H, BP
(3.3.6 )

d* — dt . . sinfl __ ✓ s

o^T -"5F » * (3.3.2a)
I,

M*-i(£^JJpp*U (3.3.4b)
oz s. V co' s

4&&]tn: ftdz sm'ftftAi&mft, mmxwsL®mmiM'M<mx
dt _ _f_x^_/jL VY/2

dzk U2 Vdg I >
&Bsm&x®dz s m~Mw<&&Xz=o, &stm¥&i

m%mm&sM&±%?>\v}X®\s, mtmmmx, 3\xi^nixx roa)mis.sxb)xm^

mM&^&sL&x%mmMfax&ft^±ffimm&~Mdz=dzg =dzs, m ft jm iajft&

dt i , dt , /dt , dt \,dt =-z dzg-r ~r—dzs = \~ -r-; )dzozg oz, \QZg dz, i
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m%

i-HbMi})f<X-(^)f} (*>"&

-^Fourier?£^Xfr«sr!»U, s, g ) #&s£/ ( cd, k,, k s ) , £Fourier£|lJ
R^X^fi( 3.3.8), #tr

S-T^T(^)l%C^(^Tfr (mT)
iae^rs (3.3.9)<pmxxixm^M, -x&ffiM&m&mm&nz&mmi^&m
&sbzmm, %~^&&&m&ftf&tottftiz&m&w&&ffi&ftzm&. mm&Lffijim*
ft&*x mnmmn®md/dgi-mikg , md/d&R&ik.ffi&&%#\ft&mm. m^wir]
M*(x), Hrfrj

* ( 3.3. io ) m^%ifiMsMm&£imznxjfUijmi dsr#@ ) ,

&mitftnms--^i2A^)wt£m&, nxxismnx^^^^wm, mwz^m
ijtxm^^^m^xx^mxm^^^-mmxmim. mm^mnm^mmxn^m^. m

5. t'-A4fe#:3& (y, A) Sl^t^X^^!
mn¥iiW]W£&&*fo&H]mmy> *)sb< mn^^mmmmwmmmm

iXm-Mig, s)-%M##*(y, ft Zm®st&%%k%
y--3—- (3.3.11a)

h^'j£JL (3.3.11b)

EM?XM£nM#B«>A'JS£%fkM i g, s) 'U^X^i y, A)£
mzm, 'Mmmitmnm-xn^mmmn^if^mi^mmm^^. 11, mm^
( 3.3.ll)f^WWA.(^, s ) £[IJ£&£ ( y, ft ) jfeft, &Jga?TFourier£&te;ts&£
oS;4i-*-)**i. n^mm^-iky, k h )mx^, i¥^i^g(3.3.9)!i

nmm^^^xdt/dz^^^^i^K-um < 3.3.3a), x&n

!-^fs+((w)
!

--^)
,> <»£»;

£(<?, a)-&m&(y, h) £®*i&M'xxi mt^mzmmik, mm%m&mmn&&^

dt _dt dy , dt dh _1 / 3f_, 3/_\ ✓ 3 12a )
3<7 3y dg dh dg 2V 3y 3/z /

dt _dt dy , dt dh _1/ dt _dt \ / 3 3 12b )
3s 3y 3s dh 3s 2\ dy dh '
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Uis,g)=U'iy,h) (3 3.13)
-mt^u-mnmimMx.-, iß&mvrnvixnrxM

mmmm-w, nxmrnmiy, »), #ft*s^*fo"* <V» g)msmm^xu^m

(3.3.14b)

nmm#t (3.s.n)f&£%, m
(3.3.15a)

j£ ( 3.3.16 ) gp^s£ ( 3.3.15 ) ftFourier^ 7K s£. #^ ( 3.3.16 ) ftA^ ( 3.3.9 ) flfft
&3l7#lflf±3Sß&, BP#^¥^^^S^©#^Mt^^-%^^Eft^^m^(y, /i)

(3.3.18b)

H=*X (3.3.18d)zco
m-m&mw, &vk,/(»&wt&mismn%i&tiL&mft&. mi, m^xsmmmm^

mmig, t) %tmntmmmw. mwm, Ynmm%mm\s®mmxmMm, hm

a^A^^ft«m^^^^^^^^^@(3.3.i9) ft^#. jxzfrm.-^uxtm,

os ds dy ds dh
dU =dy dU' A_ dh dU'
dg dg dy dg dh

dU _ l /dU' _dU'\
ds ' 2\dy dh /

dU l/dU',dU'\ , ... v(3.3.i5b)

&Fourier»sioiß, d/dx^&%ik„ %&m&mwm#&&m&mu=u'TßTs&*s$l

mmmn^zm,

k,=~ik t -ki) (3.3.16a)

kg =^iktXkh ) (3.3.16b)

f —tic -e^of+c h-^)TV ( 3 - 3 - i7 >
m^^M^'b&mm-mmte^xffimMitt-ftm(3.3.17 ) %&&&. m^ix-m

G=v-^- (3.3.18a)
CO

CO

Y= v-t (3 - 3 - iBc >

— L*/l-iY+Hy+ (3.3.19)
dz v
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33 m
ii ) imMtmmjfn ( 3.3.17 ) m&ixitwm^MW^^zm^mmm^.
3.4 mw-^m^mm^x

m&&^M:ikMm%tt'zm=imi, &&®&m*i ft^i?
*, mmmm&ikmmTXYi®xmii*%WL®&%m, im

{a)_2_ /i-x^L c/ ( 3.4.2 )
dz u T 4or

£:&( 3.4.2 ) tm^MSftw-titTf, $£tfjg gji&^tei^sm
mmmmmximmm.mixrbmymxtt&,Rm&^H=o,

mm^txnttM^mikmm^xmm^, nxMM^mmmmmzmxmmm, Mm&m

jEJfr»£~^klM. £&*foH&*tto£m
Rttrn®. %mt=Q\s&mmmxfftM#m&n£Mmmx®iM., Mfmx^t^-^mn

s . f#L&m.—stfofrM &
m& i 3 .4. lb ) ( DSRITX )

2 +Vi-5"a ]t/ (3.4.1a)dz v

W^z^cd^yXly+H)2 XVI-(F-H) 2 ]£/ (3.4.1b)
dz v

1. $-1&&8&fa&(H>=0)
m&ix4xb)zmwM-m^m&Mm^H=o, x&~mxxxu3tnm \%, jawj

2. $fl|4^(F=o)

7/?,=o, -mm^n, w=o&Lft, %m&w-^mmmwL\s, m^MßyzWiW^m®
Fourier«is#;%#. tWMt^«X^#ffif, TOBHf #

dU _ . 2 L v2k\ TT (q„ Q >>-—= — 10) Jl— 8" U (3.4.3)dz u v 4or

DSR(F,H) =Vl-(F-/f)a +«Sl-(Y+Hy ( 3.4.4 )
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53.4-1 SUBHJgfifrH&MgSSlfcJ-,

fiXFMISMWHXexp ( to DSR- -^- )

SI. £( 3.4.4 ) ftTaylorMMMTT^^^^ff F 2/f2^#ft^, Xfß
jßxßr^^ft^fc^^sx it * ft %.
m, &&%.#mi&vsfrn&, &m

mmmmm'S ) .
ih^flHlM-Xf^pr^^'l4ft-jtftl»iM. MifVT-I 2-^4 fi§«t^, S

+Vl-K»'-l, W&F=OB«tMM(£XJ^ft

SEP(F,i:f) = 2[l+(Vl-F^-l) +(Vl-H2 -l)] (3.4.5b)
&&, &H=ots, &i3A.s)istmxMxiftmx; £F=oitf, m^^^rnxux^u
nx, &%HsYx%mms, sep^xiwjxdsr.

£ ( 3.4.5 )
m%u&MM&, &®;wmourierwxmm
rty&h&ftsmn*t&ttjm. mimmsEpmifoTMtm, nun^izAAb)^^^

tfeftHSCMrO; U.,y) ft).

#£ ( 3.4.5b )

SEP(F,/f) = 2+[DSR(F,O)-2] +CDSR(O,/f)-2] ( 3.4.5a )
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SEP(F,H)=TD +MIG(F)+NMO(/7) ( 3.4 sc)

vsum&i 3.4.s )3XMu&mmx "Brnw , um&mxt®w,~mvMxnh
itx #£( 3.4.5)+, NMomx^mmmxmx^mtmmxm^x~Mu^x^3x

tmmw.^iiwxmm^mm^mm.
ms, $.m^mm&i%xrf'imo m&, jii^^zm^^mnmmmmm&muwß

$mnx2H/v-%&f?xmmm":

—h- FourierIJi«T
CO

KM\mx^mfi^mt%mkmM-xm*^k, imm=m> dt/dh%w. &m
W*-St'f> feU 3.4.2 ) jS^Xf>^ti^«Tr*^M^:ft. HMii», £KMftX4?&

§ M
m&tft. $m, m&%&-&$&. mm&'wmm

S3. 4-2
ft£&jfeKtt|ss£i|Wf ( if.@ ) . &£Bstß (-J&S )

mMm-mxit§mzMttm^mm&MfcWi

4. H =Otf}&ftt*H

j£.—MM^mnpx

di==\ t

-~
dt XJh

&feM , km
-2 ~ 1 0

■\M -- mm-
o. 5----r-TrTh--*T?h'^>vt"

— «jffiWJi....... X;S SM [

MliSpMl
i^iiiiil
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ft, i:^^* =olteMoi^Xll#MXftK©^m^, ftWX&^ft^&ttßA'ifc &
Mi^^ia

ftj&n). &smmm&m^¥&&zm, y^mxmxmmmxpwc^^nn^mM^^^:
ftMS, WpFresnel^ft^#E®^^.g^B^]»^ft±^o^. Fresnel'-rf ft Uit B
&!J^ft4HB&7. ®3.4-2j^^^;A-^lf^t>JM^miiiftFresnePrf.

Fresnel^ft£«M«»-#», S«s @ft#jt .ffcf^M^JfcJi^*!**
&&&ftT .&m&&mA-2*i®fflftf&fc%,mfaismM%ft&M*. &t=>i.omt=>i.i

*, ®%timfeTmmfrmwmu.
m*BiffisLZ¥WL&®w&, fr^~#«fts^, *s\inffinmmt&&xmoommx--
wfcftttikt »&&, &&®Mfttfm.£ mnmm®M:ii%®^ftft&^f±zMmm
&^&i?~ftx%%&Mfttt®2.i/iooto¥mm. mmm&xmumMTtift&jfmwtQ
A^j^^^ioo, orm^;{n*M^iiftii^A^^cos80 =0.99©

Mffiife±*%, #^itm§ijffi^^i:s^^rHjft±^^s'j^xiifsx!ni^^^#^/>ft
«. 'Sfn^x^^xft^ma^Xiwift^^iafj^^ft. *mf)<«
Mm&mjmuxmmmmi)Mm\, immnmmi-^mmxmmxmmm
x.

%m&M7Y.xMmmmmmsi,
&&&iM&m*, m&kmw,

yoXMtfcikwixx^tkMn*, nmxm i$ AAb) mn^mzmmxixim . &%$$
mmmtfi^im^®

@ &JgE.KjartanssonG<Jsrft(ja. "mffi^KX^^ffS ". 1985^, , Jfcflßt I*B*%!* #
WBM:t3jo. &&&o . #®S££&&S«%4~yf» Sl:Sgg* ~X-vtcOs9 t -12

mmr, nmM^±^mtikmz^^^Axmn\H±m^mmmAh^mi^%WMm^^M.±m m-~rv. %%&xx

2 2 2 v

01njcos0«l- -I_=i-_L_, f.Q--=ioo^t, #Co3§'«l -0.01=0.99. — if#

[i-iY-rH*)] 1 / 2*;!- ( vk » +vkh ) 2/ 2
2©

[l-(r-/f)2]l/2«!_ ( Vky-Vkh ) 2 /22o

ftAs£< 3.4.1b )rt. «#&;£( 3.4.6). ft*

l-l+-Xrs(g7-+w-)X^ < 3-^>
w&xxwMßmtsihm=swx. wxnxmxxnxn^m. v&m, m~ns&wxmxm
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titwMnmmmwcMmfiTmmmmmzA mmm

3.4.7b )8t^~4-^M, ii'geMM^m^^st^m^J®*^.

m^-mMtm^^'b^mm^m.xM^^ &£. *n*&££
Fresnel^ftmilß^l'li^4fcft, WWM=OWu%XMM&mm®faXMsnMW< 7 ~ #
7H%c®imxm.

m 3.4-3 Mi^EXM^^
ft*. r:aap%s±fii

#J«t1 '&j& ( Clayton )
ftX^^^Xft'l^X, W&&8B&

ft. &4^Axft^Bt. wmmmi'ik&ftiiE, «( 3.4.8 )rrx.

mmm£Msmsxxmmt. wx-mxum^num^^x^m, 3.21? *$ -Lamer &
&" wiMi-xmx. mux, & MmH^m^xx^mim^m^M^mn^\i^
®%smz%cst%mmY&jsm

®x*^i3f^iiE^^( 3.4.B )ft^^. mmuMf&ftv,, x%mm&f&nm%

■r

y s —p-a (3.4.9a)
ffi^A—tH^^ftoT^^Mnfe*, #

(-f +Xr |V)(M+-Mr- !*=+0° =° ( 3 - 4 - 7a >\dz -20)8 dy J\) ' —iwg oh 00

&%WLX&ikmh=±°oz&, &&£&,' )Awmft7kXMm&z%w:du/dh&&mx %,
ftjfc^MU, * ( 3.4.7a ) #r&, *H-ojMf»iMlT»!^X.jfc*A

immx) (M«o=o (3.4.7b)

F=sinacos/? ( 3.4.8a )
H=smficosa ( 3.4.8b )

(-f—v,-. )+*+■-!

y g = j3+a ( 3.4.9b )

o wm^io/vu. — m
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ft (3.3.18) v.'&Wt&mmiiWfcx, Mil

mx&~ysxm.mnws, mmm^zim^^^^^, #taciaytonft^^^x^^
(3.4.8)

6. Snell&&^4*t'~\&*f.&W&aB

o, m^MMßmfim&sm^m i xcmzs&wj-tm ) .
«iimft±^^(Bs.7^). jamim^,
9ffH(^ttajtt; feM«s; 2^fts. s^JTrPl^ft, &RT^S^X-^fit K g $Xft
Sneim.

SneimjM£MA#lXfXX®sift~#fir, 4&£X^PWfel§, ffiji $dt/ds=S/v
oM\tmmmum. m&a, s)xmmmwxdt/dsm-Mmnm^mp\^n^m, w*s
«JB«3ffK»*. 4i^^lMfc &&J^3R¥:fr tt §&
"7J®, ±^^*JJlMftXflSnell^fraXMlHßff^gftX^^X^@. Snell^fg^^##X

*r#B^##j£#, lfvMia^f^ft-ftji7i^^aft«n. ###

kz^-^x^x-(Yxpvy~ xxi-(Y-pvyi
V

i 3.4.10 )

&x^mßmxmmMx^Wfnnitx^m^ftxm, mM-B^mmmmft -■# m x
3£J3«WMSXft;W;7, ftjto^iftoli:s-&&&ffiSifcs; #

OttoliniftjfXfeX i 1982 ) .
7. 3H*rX&(S, G) §fi]r*|ifijT^.46?
#i*&SE&, HiX^^fttE#K^iilSft®, fcß**JW£ ( 5, G)£(a]r^J&[n]X

Y-H=S=^=v~=-siny,=sin(a-0)
co ds

Y+H=G= ~
v-k-g-= v -4-=+siny, = sin(a+^)co dg

F= ——sin(a+/?)+ —r—sin(«— ft) — sina cosy?

H= ——sin(a+/0———-sin(a —/0 =sin ft cosa
Z* Z

&mmnMmm&m&mxm&m.m&mmM m

mmi±LX^m&mx, rt^m&nfim^tm®m^x&m^;x%t. M^immm, m&

&*>b&mmmmsiß. wh=P v, m&%Tm&%mm^m%T%mz&i%??®
mmtm^MMm, M^ux^mxtmtmm, mm mm

Pv, m
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mmuMmwi&mMx, mmm&is, o^m^mmm^^mm. «* »*.*
%mis, G)&n&to&w&MTM9&i&&M

mmmtftmmnM. mkmY&mm&numxmmis, G)'&n®m&mm°\k#x

10M^^ft^®r^#iS^Mft^^W^**^^JL1^4rtti&o

£-X/®, 3tJg«!^«MnWß»iS), jJOTfgfjJIMs, flr)sKra*&aifi#.
&mm&w&&£s&%%-'^M®, %M&m&w.smmM&o £^»xxtet^

3.5 ftfti?jME*r*F
»»tfcE»;£iftiqja?T*to» &£»

£$£$, Hfcfck&JßlP&'t". o, OSia]ft- yivr*^if^^(y, OSKW—^fiff.
)TT&X^SkBMXR&

mm^ftffizMm&mmmm^n^mttfm. m&HX&m-M^PriA~-xxmm
kto, «£#**&.

»sJM£ff^iK©. isrit^wft^&^t, s^n^saswxpt^ft^

£b®. W§—-#M, iS^'PW^Ji*Slft§u^f©^rS*^» *& UJt Fourier^

#£&&&%&%&&, &m® h x a mn.

irwife. &ftxm§tmsm&mMxm^7&®&xm, tinmm&^^&^xmMM

&mifcftxm

1. jt'^BtJ.^.jE. (NMO)

Xt*B«^lE ( NMO ) Itj^l^-pjKlJftft^tt^f ffiflfWJfcMiSafc**BUMr *fc It
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i&ma^ft^^&x. mi&tomzft, mimtft&simxwmikWi
m. i-t, to&^&iibtfflmffl&t&w&tow&fc

5i3.5-i iszESß^Kxa^mx

X€Mil^ll^X#-^^

&^ X^ffi^^ft^ft^#!iM^X'ASßftß^^X^ft^#. Iftttftiil^^j x*
X#MMimP#sXlfK> ( flliftfrj&PiifP, ) ftftM#i«m, ft A

i2 ) &&m9vfcm#ti*9ttiw& ; ( 3 ) frtfmMmfa&i ( 4 ) #$Aiw-^{t^x m
ft.

mm'M&rt%mftft®&prmmsi®x, W}&&nmmmnxx)
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2. #*&£>#

afsM3itt& m^X'2^&m^m~m^mmMm^xAm^^^^^mmmrm^.^xz
jgft^*. ftlt, &£&*&E^ftftariW, ®^XN-M±ft^ffifiH!lliJ^XXJi,

M^lt^M ( fciß^&flF&SJr^BP pT^n ) , lio^Mft^S^Mmit^XX^rl^^rfailA
ft. MFtK^^AJSSK
ft-wjjt, a»*, mmi&m&Mm, mft&ftw&mMMwm

3.5-2ft^aJr^.

u-%m--mnfts& m & m p
m. niimmmwjmn%'&
inftit ( isLß.Bir^f^Rft m &
aft-&^ ) Xsf#ia^3tfr?3tiio*&
m&mi&'ZiimmMm). m
&tX?»1 JE — # ( j&Taner if
Koehler(l969)ft|^^C ) . *£"pT

jdn^.

BLMWxix&mmz&MWM-
#Xi^ll.,
XM&lSAvn^vtit.

3. &s".%#»&-

XBi^i^mirlt^SX^M^ft 53.5-2

mttstMtft^m-mx&mo m&,
m. -}*^*x^mft.

®w>miW&&Mrx^A®-mmx r-v*, ii-^i^xr{tN-^ms&-©^

i&mmmsL®xTm®xm%M.
rmxti; PJ^^-^^S^^ft^M. £:M#ii«T, Xt*BrtAM&M !«

Afc&fcgg. /ME. #t
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&&ffi> km&&?§, km
- 9 0 2- 2 0 2

m^mfTtnti strrrttltiffi mm

2.JpliiK
JfelfiUii ■ ii!. HI Uim^l

ißlilili ■
-, -.. . . --y.i -

4ME. &*o3£&ft*fcft-iift36sTS*ifc Mipif,

&mift7kxixmjMm. &mumiX, tm^u-mx&%&mxM.Mm ■sfM^jstM

®mux&. %mteftmft%mm?w*&ttwi&m%&&ft, minußft-xmitxm

mm&m&mMxxxw&fimikmiiLX, iXx/^xxwm, MmMEmmwLsm& m
&^

iß^aift&fltAf/AAfcM£A*.
4. NMO (j£fHtl&jt ) 3T *£

KiljZsttttK ( Koehler[l969]ftife^:, W
© a*#>aafito«&s»j|f—^«a, gfißr&^ffiaw^. 3?#jEißWie«jE##jji I j^s^^a®*

®3.5-3 iEm&Aihertam&m^mj&Mxx, ■^m^Mxxixixmi!xwß
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KfttlEin^i6). fa£&&%%im%tM.
xMinm-mmmmnn&wt^xmmmmmviz) K^irtt&ftXtt*& &x<x>b&m
mz~-x>xpih, t), xi%\sm&xmMcMmm&mx3k-mMMmQ i h, 2 )

mux, Q(h, z) m^mx^h®m^mwc, t&R&mftiffi%kmm®u,

&mih, t) xmxt&n-x&M.Mnm\ i h, z)xmxmm^&M..

&^%iw, m\x>bm&i£ih, z)xmxwx~^m*. m&^M.ih, 2 )m&xm

Wfa&~~t&sfrteiB, UXnXih, t)xmFtmm-&ih, 2 )fMß^il§iKl

m. mrm^mxmmmt i h, z ), %wms\>inmtxx

Mr. Fr^., r). -^#^ij^x(a, r)®mmxm, mmtixtihj)
xM^x^m. r&mw®m®mMmm~smjm&, x'£^zW&&Wt&&. %u

#m%f&&%. mm^u, ifc^mneiwmpM&W'MtM.,
%xmxwmxnMßTmm/xsfrmmviT)VfM&tip, x)mhip, tlm

i 3.5.4 )

£a£ ( 3.5?
4) Jf5£ ( 3.5.5 )f, dt/dzmh/dztftM&^&MM^X&mmXMi UWIW

mxj^m. r)mhip,x), xmx;pmmi^s\tih,x), m^ft&t^Rnmx
m. 3£^x*»Mift-—m%ffi%&MM—®%}&xdfi£vsmt&&% n & & m
Njffiii * rsftt«,XH,-XB^j£7;iS^xm iXWtM^&Mm^dCSXxMX'ZX. #
B«ffiis&Aß^Xm« X # i Sim, mtfXK^giTfSASSllftiiJt^lfya^ft^
it, mxffiMfeM&JE&&mfefkuMwfofkw&w

5.

mm^m, ®mm¥nm%im.&, mum^nxx^nn^mmm^^mu.
mn, &B£X't\sMmmwi%yx, tin, x&mmM^XAmmxxMu #b0

o) mx&&B^.®B&^®mi 'b&mm, (o> b) *s&&im.%ffiw~f?n

Staffft#. ot* "S>?3 ". BP&ft«2*i:. M

Qih,z)= earthiz)x constih) (3.5.1)

nBX
Qlh,z(h,t)l=P(h,o (3.5.2 )

Qih,z)=PLh > tih,z)l ( 3.5.3 )
MftiJf^xm, $sm%ixftm®m\skmp(h, t)&mftCMPM.m(&*>b&i&

mx, mm&^mQmwm/?cDmm(^m&&M).

dt .. dz dt __ 1_ ._ 1
dx dx dz V vcos6 jl

_ pzv^xy

thj^jk. jjh=vt&ne=—MiL (3.55)dx dr dz 2 vix)2
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j*, mmmiA, o)\^xm^, b) m
ruts. it&n^miaiTMttzm, % 0)^(0, B)mmm^. mmmtmm
®#siffi, mm^fmrfftim^M, 03.5-4
mm^zi^^^mm.M®mmmw7>Mm^^wmm, ®#ft^ta
&\mmmmftmxM%sitf}&m®&, %xxmnmxtmm<?km, fcitttissiHS &
&jEmmMtxzmmmm*.

sf<jMMi& &mxmxmmwm:iXffism, -Bim-^xmmm
mit, &&&n#&&toTto&m%ft&frm*%fammtomr%n, Mm&mmMi &

m^m^xw^^^, mjiH*. %mmM£m7Xj&&tf, mm^mx^m^m^, #&
m^&mft^^m, umwmm&nm&Mo ( h, omm, mj.#

m. 03.5-5
imxft&fcmm^im&ftxmjj&, mßMnM®Mm&m^mnx&&nM-xu

bm&m&mmm, yt'M.xrm®

M^^M^^;ftm»^se, mt^#;tj«^ftM.

&7fc, @ (Stanford Exploration Project) glllX^^MftM

mtt&m&rtxmmmiE^x xßxmiizf<mm, &mm^®xm&mmxm.
%.&&ttMMm '-s^tom&je ". %mtK&&titm&. —#^

®3.5-4 xximmmm&*^MM&;&imMxmsixux

%-Mmmmmi?mx&, ftfts#Mt; &&fcxmmM-mmnifc&®mnm%:M
m.%wuw&&. mmMmm^ji^^^Mimn'M^mh^xmMßMm^in mr=wt
ftil*#JH. M^, &%)$&}HM&U§m.

6. .&t'-\&&&tfsftr*i#iMh#
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&*&" ttm^Mi^ft^ltftJE

mt, ££&* mm±,
mmm®!sM:±M%
&mp-svmh

xn !tfm®.xzm, gbkt&sjsuw §33.5-5

lll)tX?i#^©l^SX^ftfbM3i^ii-> *tli&^BtSlf^W*^S*Wßtl§lJs!slJ^«f^fig**7

m-t, "^mw (badpass )tis, mnmx^

mm, wß&&mmm%Lxmm-, %-x
M, $#ft&B$i&IB& jmM»^Rftm*i£»ft, HrrX^ftiMXXJi U #■

wgftftiLh raar «^Mt&X4^, ®*t£&g7i&s, 53.5-6ff^^#^3a

&&ftmßMf&WWi**b&Xfaft&%M%®Wft> £#*** ils.6,f iff #

«^i«>jft. wMW-^-xiMftii^&fix-

7. si^.^l^^*t^

&M i constant-velocity stack ) llCVfi^JB. ~SMM^&WtMXX&~W:GV S #B,

~ ico
9 (3.5.6). k 2

aX——— ico
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mmz, ft m^m, ft
-10000 -50000 0 5000 10000 -1.0000 -50 00 0 SOOO 10000

S3. 5-6
£@: MMijn:feKW^£&Mte^H2f:

£®,

H*Hfcdi«tßT4;<^ u)£fttt^&sß*.
SM^fKftft^itfeTf^^ffi^7il^^¥^^]a-4h^®ftcvftM. mtncv^mm®
SM£s&— Jfcf&l^aßfik ia^fS^M^g^iEl^MX^vl^il^ftSgm, 485iflaJ.#3tW
iooo-M^|B|^#^, m®Bii&TfM-MLik7mm, £S
r^^^^A^^^^ffl^^^^^^ft, &q, #W^HJft«Rffi^'a!*isfe«r«3ftM.

( unitary matrix ) #MlWi?X^r^ft@. £«ft J# 3! it
*, -Xft^^X^TlilMii^^X-^^IIX. Thorson(l9B4)fg|g[i}, *jCV# #B ft

i&im, wik—tit, v)%mtpt®mmm. %mm&^MM&mmsimm®>&i ir
ft&sm&(t, z;)SjXtft^~-iSE?^M^^M^ftXmß«; », &3fa&&ii3*B#!Jl
a, u)stxtwix"ft«i&« &MS&
mimiim^ ti)s*®fr«fl, ur^^^wtm\mxmUk\xjk. nßr^n

© %&& (U ) MUeTmiteM&m&M (U') r^X^g&r*#:iMSßft. BP (V)?= ( U ) - ifJJM P$

= (C/)-i(t/ )«(£). M
@ &u(ro, i> )7aCVi^m, w(.t, h )%£%&&&%. %&*>L\£&m&lßi±mftisi&& :?Lm&%

Lw(t, A)=n(ro, p). Mft&%&nm&%.&?JLTm^t LT U <t0 , v)~w(t, />);

LPF (f, A) =lw ( f==-/fo 2 + /2 2 /ya , A'.)dA

LTu (to, v)= \u (to^Xtz-hXv 2 ,v ) dv. W%
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cvmM^mmmmnximmPMmxtnm.^Radon^mi^x^), wt^n, cv

2.2Uf*j£ ( 2.2.25 ) fts£ ( 2.2.26 ) »ft«ft®, ffi&S-&ftK&ftrXif&3g;tf $ H
wm^m^m^ *ms.* &xn^&&mm®. cvnmmm®pm

WtsL&^MiftpWM^ffim^~& miii#^Thorsonfti&;£.

53. 5-7 H^r§^D&®OT&mEft*#MjE*, H-XHt^(LU)^^X
XM3 i u ) ma-XH^ ( ltd )

--xmmi iD)mcvmw

3.s&Mmzm. mmLTDM-nvmjcvmMzmxt, LTDpMpmmmmmnmm,
tH^LU^^UftftfiCVftM.

fcvifc T~i!ffts.4isf^, m&Rmm\mxm®mMmw&, &fmftxmx&-
M&m^^fVMm, x&mm%c^&x^mM&.

®&CVAm%%:%su(to, v) , &pafffl!ft&3©3&!i('ifV, f). EfiWpMM/tT^Jf^iejl_
f°° f 2

u ( to , y)=JoJv
1i? (/o— to , v— v )u(to , v) dtodv

s£#. F^pmrnm^ito. v\sLmtos®wtik
F(to-T0 , v-V ) =4r o -y~f ° 2 H((r0 - *o) , (v-~v ) )

y2_y2

H((ro-ro).(w-o))S—^(5tS(ro. t; ) iF®!^^2iilsgfn^4f^ft^^#{tf^z:f|Heavisidlsfr^
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8. (z,t)-f&&&
£ls'j&ffi#gU, f = --l/2uU 44 #, &SW

E&'ft. #f&, &fti£ttj£l&£MT|qlT®ffi, PTf^^fPJTMffiM^i^ft^lt. Stephen
M.Dohert(lo7s)ttta^aftlSrlt*ft4'^^3it3a:#*M. #Wff13.,6-8.

&mmm%n*m2.~iF%A^ib%frft®RMm

Bh-**ojft»*«*»*fflT*** mm^mn®mn^m "urn* x
x&7F&rf%t'zmmmPMmmmm. n^uxuM&mi£t'=m, %mto&%i&%

m, ifcmm~TXM.
9. W&skfr%r%si&frmfai&fr-%

jx, -u%M mx^msfemmmmv cz ) mixum^t, wj%--w>/Mm-fii&xv ( * )
ft-jis.

mrm^-ftfrmzß, nxm, mmmm§^mßmmmm&

mmfrmm^xmmmmm'nLmm^m'B, mm%m^&^xm®mmftM, mrm

m&m&mmmv ( z ) mmmnxmm. m^xxv ( z ) z&mmnfrmxmm%,
wvx^m&mmMmvß.; rn^xxv iz) z^m®m.mn/xmmxf^x^., warn
i&mmmmxx^jt'z. m\i, im^x&xft'Mmfi, mmmfrwmxxmmm.

frm%&m&&®LM^®(khf c>)tt, mmi£kh^cozn-^K^®m-i'^m^^mm^M.^

P(K i, A=o) -Jj i I /'(«', *, A=o) I | 2

LH HUM
■ I r 4

Insp) I tir1"'SriifcrtSM « 'illili iill!iitiiraiitem»
03.5-8 #fe^gßt6<jW#(2, OXMMX

F^A^N&^a-tfWHJWM, "enfflfit^=oW, BP*M&FXi£(/j, o^Bftw
fiKfttt. £i&a^«M£3Ei3*ii. M^MM^i^a^m. {i**it£&siffig. Ms**
M.^m®&ft^±&r£m£%&&zfoxwL, i&z'=vt'^^mm^n, tm&m ( jgDoherty >
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M4Muitt^sffi4%£, &7i+iM^iiawsi, a--#»*7«iiK«tta**.
iO.-#']®X<^;l#-f&

7%&%mmnsLmit, y ) rajfjaPM-^^ft^te^Mß. j«i6xm, -&«

SU#MISIMaa. &^W&^slfa%sxM-&M i reflected refraction). &sft ft #1 H
f&x-#«Bft^MW3f&, wv=2dy/dt. frmumfQM&m, m&w-^mmm

x%UMMm&®£mu#&mnttft*. ttx-xmnii&mßm®&MW&,

mxmm&mmmm i Mm-XLamerMm ). &.2^t£ffirtsg.M&mmxß&m

umßMft&®mmmn&]xMmxmmMmm¥m%. xm-mmm®nm
xm^, ix^mum7^®^mmm^(}}isA^); &Xj£tj&®>mm, mm
xxmm. mM, mmixM^mm, u&mmm^Msmmfrmmzm%m^frm.

iftX^&m&^£^#ff£#li£r. ikmftM&dm, Claytonft^2

ffi^ft^ft. ffi^^B^fßi^Aß^, %--^m^®Bmnmm&mzx ■. mm^^^tm

mtt&&mjjmmmn^xfcM®Wifo&m'\^ mxtmwMXMm-&mmmi&m
j&ftm&mfeiftMJiMii mimm&mmMwm&m, &imn
Mzx, mwmmico, k y )rXz^mmmxm^muico, k y )mmmmsMPM^m
mmpiz)=ky/co==i/vizm&mm±. &%mmm&, &mm
itfts^t, &®MM.m%nx&mmzmm. &ft&mmMmmm^mmmMz
m, mmMMMmmm&%inmm*%x.

m%?mxm&~nikMiMMi aii-pasS fitter), @jtb, xtt&tymn«r«s m
yatm ®izzmi^mk, &nxmmm&zxmrmmw, %mmmMst^&
vtmt=ozmt&i&nfe&&&. Wcn&mn^zm, $ffism&
fiM3.5-9#f^.

ft, w&&&x&mxmikmmm&®&m, &&£ft&-£mmmxmnm, %mmm

em&zmm&m.mff-M^ &mmMmfoi:u&. &m#&&®®Mms!#j*mi fcisiTs^^-fc,
*m. —&m
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MMt%x®^^zm. )mmiX&^ftft®mmxxxm&&m%mmMn\m, j&mut
®m&&mmmMXMwxmrx®m&mß.

03.5-9 M'Xm&miMlkXli;

53 A
(i)^isigp(y, h, t^X'b&y^itm&xmM, imx&&mMPih,t,z=o)

Eft, MSSK^ftlfrS

KfcsL-XimPih,t,z=o)^s:XPi h=o, t, z)mto\t-®Mft^M. £13 JB Stolt iS
&ltf, i^)rt#ft^^SX^Fourier^i^>t*^X.

( 2 ) m^x^'i4s^a^^xit^^{t^it^/zxft--xcDPmiiM(/z , om&ypm
:£sW£ftS^: %XFourier&mZsmXUikk , co)-, mU l +sgn (© ) sgn(6, ) ,
#&ipa£&M< a, / )xm0

03.5-E2 gJI'H-^

3.6 £i?!iijijti£it

Mx-x^ffi&mwmm&mtmftmm, x^nvx&w&mimmm m. &&-x

1. -Sherwood^ "&&" 3T&
Levin^Xim^MftJxMtjß^BX & *.fc a£*

i &3.2X)

ftftttrJE^WKWSl? (A, r),f3, a^Ji~s:3Rffi^.Uilcosa^;tb^|^ifc^^atv«:A,

4-p^-i—{si-iYXHy+*/i--iY-Hy\p
oz v s /

f 2 t; 2 =4(y-'yo) 2 sin 2a +4/z 2 cos 2a ( 3.6.1 )
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iw.^mxm.
mmx, smfa&—t&%mmxxuxmmm%MX&—-Qum&im&m

&mm, Ui%, kkis&mmximxm*®mm%? %w&»x*fK9LJs, immu&
irixii, m%mwß®]krnn, fa&jsmMw&%\k&mMcr.

&^M~ywM&M%^sm&mi!iknm&mm. j.w.c.sherwood( 1976) t
m%&fa®smmm&MW&mßis:mMmu&mm. rk^mm^x^x nn # %
m. -^x^mmm^, %mnß«t£x ( nmo ) , %-mfrmH®&n*%., &j§-&
#*fcs£jft&±£s?*i». $herwoodmmsim^£®&nfmx~MWM&m, urn
#^i%yj&%n®mji. m^m®&mxmmtvevmshi "m&" xm), %xn& °&-
pping-event velocity inequalities licked" ( |tlM!^ffl!tt.SXiPiH#X ) ft^t^f. \im
YilmazH^MfiMi^
mfftWm&Xidip moveout or DMO) o^fll#-f5IDW--TSherwoodof#^^,li^i^ it
Rocca®imsiM&xmikmm, -mm^nwifm^x^&m^mxmmrMmnm.

StMM&t&^t g£<*
.0'

K3.6-i^ft»J®ft-X»h &~^«!4*MJi7^X#:, *$&%%#} &M&&

m^it^. -&&mev[\ish&iEZm, ftMX-#S»MMB, ofjj?,
&%wm, m rMmmmxm

"eio/cosaftfctfßt, BPft&fti£&. »W

p£~*:XX'4££r^X^

-;- . " .-"- —X : X-i-r

: XX .X^y X:-.^

03.6-1 nMmmmx® ( Digicon^^iM^ )
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-^mmnMm&tm*x~wxm®&&. Hiit, De*iiis*wfrffiE&nrt^M%M&n

nm^-wMm £ jm

03.6-2 DevilishftM]g£si ( Digicon£iXM#t )

2. RoccafrHn^X
Fabio Rocca^Sherwoodftli^^X^^^ALX—#m^ltlfPJlftm^, Si&fl! HI

3.6-3^MBJ3Roccaftft|ffMn&f!l^^X ( Prestack partial-migration operator ) fts£ &.
y , h=

h 0 ). n*, tx&M\s®, y%*¥&&3ku, h*%mmmßrm&®mfeMfam. &?r%
(#.» ) -x&x.x^&mbw, &ft%ftMm&isM%&M&&^mfrto¥mmtoE
mm, M&mmm®-'^M&x, &&&tiL?%-&&±. mm&nmmm®, Rmmm

Rocca^X.
Rocca^7&Ji®3.6-34»|ffi&£Jffi£& ( curve of osculation ) , BP£oRffig| $ itfc #£lj

*t3£;£*btoDß£ffi& ( smile-shaped curve )©. ft£ffi H3a±&&ftlti2n 53. 6-3 #T ft
W^fttl, rroXJi^jlXlll^ft^X^^ffi^ft®, jM*ftloitMJts&n±A*tafr
pr^ft^M7 ( mß&mifcmx&'Z&Mm& ) .

RoccaWM^%&xffi&ZMfJ\sm®Mffi%&^W, i^3JHJifuXil!3.6-4ff^ft —
(3.6.2)

"*ifi&&R^n*£fcr»*f jtumg. — $9

:XXX^

X1 ~/n
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l^il^iiiMlfS Jii:j:;;:i!ii!!i;i::ll!!i:!!!lii.Il| fejiiilf -

ufZ ■' ■ §118 tl ii it ill I i liiii i H# r̂^^"Pat-

y

S3. 6-3

(^Gonzalez )
hX^XXmm, Rocca%XWM.~JkUisL&X&imi. %%, -£#X;££«, H^M^ffitl
&&m&dt/d^2£v%mi&£xsuk&}.

Roccm¥&&m&mmm&&&%%mik%s.mm, MsMg^JMt@w : %

Mmw&m> m%nxmmM*>\x, mxn^x^mw^mmm^^^m^,
xMmxwm®nm&ftXM.MM;&M, wKit^wxftßoccairx. 3.6-5 or
%, mmM&&nx®mimmM^ximmmisMmm®mmfr; »rtwr, #
frfmii&xMi, wm&ift, m/vtM&'m^x, tm-^^m^^u.

OjtifFr^M^BtMSlE^T {dip moveout operator). RoccaflH^ffi££. RoccaJlX RoccaSfiflj^fii^

n?, mm^%, jziWfm-zmm, —*t

—, 3£X, fc^jfcSherwoodiifcjfclE.*, '&j& &

4-B^fHln^M^T+is^lHlftßocca#X, |ff^^lß^#mftiiii}^M^nS *. S 3.6-5 B?

/? h __

7.

03.6-4 RoccassSffi&(jgßonen)
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IT' "

'V'
X

f: " r"VCvX*iW"; j.i' "" XX "■

X „
:! \»giM

. : -XliX- -X]

|i|x, - "" v .. 1
lII.'. \ K a , ; - . ,'i

.IbX1 ■- ' ,--'- i„/X--liiKv '' ""--"- - ' * ■'? X
"Tr,^ "'* ' '" -■"'■ 7"X'..\ "--___ -< y. -.
ilEib^ .>->" , X

- ;.„ - .._ : ,,vJ_ _.-_..i,-

J...X>..,.c: X'X!—"■-.=,"._.X. _.._ ■_:..:
|W( "! li[ _""";,., ._... _ „'.....;..'". ..-_ _I^.

X/X '"""^■-- - ■ '- ' : . j

03. 6-5 mnft&ißimz&nmtiL ( £0 > ( £0 ) wtfc^ ( s Ha ie )

Roccamstfa®tn& i narrowness) fem%M,XX^nttb, bk'MfsXi&, -£mXX^&tk

ii fex^x^f^ftii^^jitif^mji, -si^^Mtifrxiii. &&&Mifi£,
@^ii»^^^^E^^^^frft¥^l^g^^ft, rrmWWfg4-A^Mm^ffXE^ttft'g
sn, in-tmm2.s7^Mmi/r-XRoccawxmm®m&m.

%%Mlfltt£®.jE#:?f&Wlftti®m&%&&> nTM#XlijXKirchhoff|R^^S3^ ft
ft#filtfjfcrf, kfc^*&fW*^*#,
Fourier«;g«^0

3. Hale^-&*&«&MHtl&i
Hale( 1983X )>^i^7^*^^SXr!iJM?a^Mi:ftf®^B^#^X^Fourier^^^^^

S, #KlT£#f?!l#£jst;frfi

lE'ffißtM^lE f—/.
(NMO)

Levin
t-*to

Efltf^iE

M^Bt^SE /n —*t 0
(DMO)

mmmim^X i DMO )# gfUvXfXj^X ( NMO ) Xm*, $£#&LeyinjEs^
nxxn®.

mmxms®mMXMXM, m^mmm®*, msm&ummM®mm%. &
¥our[er^m^®mMm^MmX, tmM®X&Xvk y/2co, K^kyXWiX'bMmxy®
mmt; xm^&nmfcu&mxnwL&mm, mn&%sco^xco 0 , m

Or^M^atli. 2&£j6/&Mstt&WMtifc-Je'. wMJIJiK, o^SfeM^A. *o^XiX&(M^^K^^lSlW*

k ) T^lf-MWSSSJLBtfJI ( Mi£Jtt/f0 /2 ) . i&&tetoisj, PX%£X#iS w

f=V f2 +4/,2/y2

r=v/ 12 -{-Ah2 cos2a/v a

tn=V t2 -ihz sin 2 a/v2
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sina=-^— (3 6 3)2o)„ '
x#«Mßt, x#i^^^x^)ifjii^ia^mfftot#^itMa^Mo^M^,^&fi^

Etf, X^B«IM^1MB«&XI^ $
&firX&&&mmEmnM&ft%®m'9Mfe« M ( pseudo-zero-offset section ) $

0 f£j£ t^^^fo'^KFourier^^X^ (S^,, &1§jI& B};Hjf o^ Four-
ier«, ft

( 3.6.4 )

teiWjY&WL&to&^Xtn, W\

/S#3£^;i, fI^M^XA), $H^3&@nJ7B©J?BS
p&HX#nX:

for all k y { # three nested loops,interchangeable
for all h { # three nested loops,interchangeable
for all o) 0 { # three nested loops, interchangeable

for all In {

#Mrf®PM^*®^m^7%sM&X=£®. M^^m^iEXniDMO) x
&}&&&m&( 3.6.3 )R&smaii mmnikx, mimf&tf&&iE#xmm¥mm.

\ixmyM^mMmm^m^M^^^xzmm=sX'B\imMx i nmo). mxxmrxm
m, m^&x-^&ix®;. Mm®&mnxnx&&mm, h^mjxmms, fw&
mmmM&m'®xmmwx i nmo ) pmzmMmmftnmxtfi^^M^x % z

Poico Q ,h,ky)= e Poit o ,h,k y )dt o

PoicooA,ky)=\-~^~e PoUoit n ),h,ky)dt n (3.6. 5 )

mx'M^xMmEzmmmPn^m^mßmm, x<m pn u n ,h,kv )= pG oQ it n ) ,h,ky )® &

PoicOo,h,ky)^-^^ Q Pnit n ,h,ky)dt„ (3.6.6)

n%RStoltffi&&mvs—W, ±&&&^dt0/dt m%%m*cobmsLffn£tyft&lßi%teß

Piky)=FTlPiy)-\
P„ittt )=NMOrPit)l

sum = 0

sum=sum+exp[io) 0(j 2 + 77^-)*' 1 Pn(t.,h,k 9 )

}

Poicoo ,h,ky)= sum
) ) >

poito,h,y)=FT2DtPoico o,h,ky)l0 ,h,ky)l
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DMO)2N*. 03.6-6^l®&BM&X£b3S*£Jil.
1 150 trrjo 250 300 350

w 1.5

:.r.
1.5

co x

w .1. 5

&DMojiimsim&Bm "

03.6-6 M#ltfg&lE&®tfj&Jffi(|gHale
f 1983)

4. Ottolini *$&ff9&&£ ( Radial trace )
W^^fll^ffi^t^^jt^Wf^^Miß^jlft-X*^, iPi^BtfajgiKft% &,

Taner j^^^ft#^ia^m^^^-^W^^M^Mftft-#^^

ftJnH3<«-7Jfj&j

&jfeft^:
( i )
Cz)&Wb*jß±, &iafttt&fift£:£ftttft'9t*& i^-fc«-te&*feJ(l
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M;

i 3 ) &£ißiHt±ftt&:*ft£&3u ® -

##jm i £5.61* ) , xs, mmm nit
gftrfoW, £ffliaiMtt*^o^&ftk--

Richard Ottolini^&jtPJ, i& JI ft ft

ft£g, WX^JWX^«ftM®. £»J"
#Wfflmß*P»«j£Cheop&^« ft ft $
$, rt« "&-&S" jg m# m i jal
3.2^). frFWftfc

03.6-7

lßji3£jt SWOTS. %Mrt^^-^^ic

(3.6.7 )

(3.6.8)

X^^SXMlfn^ft^ft'lf^! ®i#rl#ftmffi^^^^ill 3.6-8

03.6-8 &Cheop£&tgs*M¥ffisl%Lsl&. &&fi\TZ%M.®m±.:®%&t%M&g.

B«suEft3fli, i££BJ&&£.
T^+ft^^^-^lft^^fe^Kiffi^^M^fll^SltM^®, «WfS £ © * 4-

sin^=——vt
#ttx*.2ir>ptt&( 3.4.l3).ft, m

r" 2 n.l/2
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n '$ CO-*kz k 2 + 2 t|) = 4co 2 /y2

cosmzmmmmffe, w\xmu^m^Mmm^^um^^.-m,
MFourier«3lit, k z

nuß&. &Mjtw^, xm^-xxm^iimmxfcm^mmmx®m&nmmnmu
M^m®. jAm-xm^xxxm^mxkz, m&x&co->coosi®%xxxm,
***ttiE ( %u±M&&®&mM& ) m^9mmmmmmm%&mm&mmxMft
mMmmM^m&-4t-mx, %&&&%■&%&&&&&. %mnb*h& x i nmo )

fnii^B^-^^X© ( dmo ) . xmMmmXX^^^co-^coo^i^^xxXWXM^co-^cosm
cos^coo^Mxmmm^, u^M^^^t^^^m ft m
f?J HmWm;ananOt£#, Htffc^Jß^©,.

M^^lt^iJffiftff^Xlnl, 3tt
fttt&*#»;fcf&7cj£fi9. ifc^fn^itijE-XM^Bt^^Xa^^ft-^MS^^. JffoSO.
6.7 ) fo\ifJ&gte*©^©.ft&|pi]DMO£ifc, #^J^B^fsjfM^#B^lWft^^^^

mm&i 3.6.9), iim^m^xn.no^cosnuuxw.mfm-^stoitmmn^^M

fjMft^lfr^Ejgm^S^'rtM. «^X««^IX «fl

xit^m^MMX^x^Muaiem^m^mx^um^UMMMdt'^xmiMMM& 0?
£?g>Xl,

■ H^^W-^^^^MX^X^m^lift. Yilmaz( 1979)3^XDMO^MftXfP^It
xMxxmx^m* m\i&®xmixmm/xMim-niM&rmh iM^Yiimaz-tn x m m

t&xismwM&mzt&ummiz^ikM&iMffliJsm,
@&yrmx7jU%xmm&%&fa%\w&&%^'Mfe&nm&nH&. 'e^ft&^o , *%±MM#timt&

&%ty>b&sL%.±.tt}MMMHmto

k 2 + k 2= Aco2 /v 2
V z 0

v2 k jsin 2 il) +caocos 2 'il) =o) 2
4

u 2 £jsin 2 ij)+ 03s=a> 2

CuQCOS^= Cot

y^ 2 +o) 2 =o> 2 (3.6.9)

mmmmxM&vß^&i zxx)^mx&x, mu^\p\m^%^®¥MmxM^x-mm
xfcmxm&> &ftffiMti£&jEt&siMG>^>a>.#*m#%m&mM>.

s --cooZm^f£M.
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Mb, mibXftmwZtM.
5. *»#HfrJ.&jE.tf4ifcte#i#'l±

Piy^y^mftAyMmift^MfrM^X. «li^#X
jib^^f/P^ft^^JiaiShannonß^^^*EEM^jt7, »#-^ltfraW*i;R£*B

%mvt®mmAt&ft%ft, m#m^sißi6%&fa?i/(2to), sura in m w u %± m

MmAt%%w, mmn^wt^^i^.^%.
m^in^^mmmm, -m&m<mm

mm®fc&m&&mtkmm. ia-ft, cDP«Bft&it£ji#ft±{s#ft
ft. a-^ft^B^Bl#^Bolondi, Loingerflßocca ( 1982 ) ftit;£, Mm&J%&Ti®M

Xft^^^ft#ft^7#^iJft^M.
3 m

i 1 ) i^^HaleftM^B^^X^fcStJacobigi^fiXiJ^ft^Bl"].

3.7 mnmmmit
?sxmmm®mmmm&, m^mm^itwt^Mmmmm^rxx^MM^,. »,

m^t&'&mxxm^x&m. mmn^u%m\%mm% itmn^mx^x^mmmm

mi)AimmmmmM%^Bi&m&x^mtimmsmnMi;X, mm^x^nm
#«,mt£s##7 o Jti§ft^,M^^
MftE^^#lSSLJM^m^^^S^4b^-M74b»rudhoe^|fft*A^ffl 0 # #, mm
ft%Bxnm®nmikmx,i£iX'^u®° mftnxmx^&mm^xumiijVMMm.

113, 3P^mX^^^@A*^pr^fef^ft. )£X«;fr@ftM£, -b'^K^^^fil-ja
3l^fi?WMnM^i|ftti. £$,
mtiMM* mR^-^x&Mmxnx^-xmM^mMmiu^-mmimmii, jtw^a
mMfcx^fe, iz&&&x&&m\%m&mm&&Txmffi%&&viz). mmm, &

i. t^ii^—$.&*&&%&%.
to^ms. msmxMmm&mxtfhXXMm&).mmm%; &¥?w>

7%mt&®xwßi&®xx-gxmi; m^mm^^^m^m^nx^xx^BiA^m.
u^mu^nn^Pt, m\i^xmM^mmxiP,mm®m^. %ux, mmn%&&&&-
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cement velocity ) ftM. «B, MB^fPHll^ft^K^fe*, '!&«£-£»£ U {£-
0 Mi*&, #XnT

WXfK«c*«ift, fiA^W^lM^KK^9' «®**«linM^ta^SlffiJS««^fWit^ia

-*& lE^^^*4fnlTMffiMilS^lfn]^4e^^Tft^XSTt®, &M&

/«#.
&i '#" MSSl:WttiEfc{&iik&
B«BX *M^i!StK*j£ifiWAfc^W«l^lMS^ft, if&ft&ft&fcjfc. HMffi»(»)

:dMttdKf%ftWß, ofm^r@(3.7.i)m^fg^f^Bt^ftßtS. &XIEM3£
m^nmrnxm, mm^^m^xmi^xnmrmrnw m.

&Lynnil979^)mbXmm&%mr. Lynn&^ft: &M#tisfms*w##«s»&
KMia^4bXtftlb4tfMSW. Berryhill ( 1979 ) |«7^MKirchhoff;rj&£fc I^l
MtffeWttftW.

ffi^ftftiflM, tti+ftiNM^. Wiggins^A ( 1976 ) ttJltt&rrMMM£^XttW
£#j&B*&W#isfe.

m. ximftmm, nmm^Mxm. M^-mm®^^mm^^Mm®mmi^Mm}k

03.7-1 ( £0 ) , MM^fal^X^Eift^ ( £0 )
(i@Dent, 1983 )

mxfc{gff&m%mmk\Mß&-wmmm. vm, xmxn-.
dz \ v{s) v{g) vttvE S
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&HM. ®3.7-2jiDigicon^^^^-#^^REVEALft^a^^of#^^, X&16 ill &

53.7-3ff^^-X^^lt#:, tflH+ll^^M^fl^T^llMß^M

& mx&ft^mx&m^m&mmmt. \%m&m®mxiWM&m®m&)±Bim'Z

ii ) &m&mm, smmM^±^Mt
i2 ) m/mffiifc??*/&**ffWfc»**-i«i
( 3 ) ®XBffl4im»M&ft^, R£*&&J££ii*!fi*tj&n.

03.7-3 &^**#g£T«ti*j&tttMt&( &0 ) , &>mffla ( £0 )

03.7-2 %m&R&mstftftmmM :? .

2. «.*&-&,&*s*-s#* <
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mmM&mmmx&tftifofttfmzxTix), m\%tt&m&mmmm&, mn^miy)

m&

X%lhM^m&®Mm, 4-dt/dy^O,
Z&M. &^mmxxi\-^M^mMm^-MmM¥f®^L^^mm^mmmx®9o

mfom&mmM&m&tkx-mxx, >Ai-tn±i#, &wt&mmm®LM&m & £ 7 m
®, ?mxmm.mmi%®ft.

3. "&jl" SLM

Xo^^jtM4'(igKjartansson) , i.fejJC£§#JX

i^Sm^mS Kja-
rtanssonftifXit^. ®4«of^
mmm%.& im&^mzmm

-X&!«. ®3.7-4^ft^^

Kjartansson|EiM1l it^ r̂ &
ix&mmmm®&mmu.

mxm®xx, &»7jcx&i*

m±w-^x^m. mx&ft-

mxx%> fxm^m^x "m
W iBIt ( Phantom diffract-
ion ) . mnmt4*<®^ißm,
u&tinm%£Xim. mux,
s.iiJ+J^^ft "*£" AM
&mnmM; #Atm^&, m
M.mMxm&xm®mmM%m
«s7~#x&.

H3.7-6ji|t^^^^ffi ft

Wjl^fr^X, Ulisft#iiiffißX^X»TiiAft^l«^.

"£3RPltt2#&aiftlia&ft:<Ftfs&fit* Xtfoftlk&te. —##

tiy) =TiyXh)-rTiy-h)

03.7-4 xmmmmm^xnLmm&mmmm^xm
xmx. mmm.mmwMxmmm, m%ftßmmM

4. }&.P£^&^
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x%

03.7-5 7^mn-xmmxrXx%mftmmmmMmfomm^x&yizmmxws..

u#n&mto^M&t&msiiw.% {^mmm&mmft}^, M213)

5. «f>&©ji#
mmmfr-xm^mmst, mmmm-M7kxm*®-'Xrmsk&mm. mximm

xmM®%m, R^^^MX®m^^^mm^x.mm^^E^. mm&xmm, mwm
nmnmxwt\txmfkmmm^mn
mmmxA ix%.

y

MoM^£MXmi. 153.7-6^ rii
Kjartanssoni+^Ltß, j&&&—&tU

-T&>h

Kfjit^^M^ffiSft^^, &£}e

®3.7-6MWt,O««r: BJ§ *
jittWMfMm.
Sj^Mft^tttl: Jl#«£»W
®%mmy&Mmttm&mmm%.M
®Mm.mmm^mmw\-nxmMm:

801ft£®3.7-6*&fflSl& It ££,

( b ) ißSlrßEg^feS^^a^lt^^g;

(d)s£rßlS##jf^gj ( et/onesce«r waz/e )
( e ) *fcUjjgllSJr^&l*fcjffiS£;

cf ) mmkmmm±m%^-^m±.'&^mMa . &&.&

03.7-6 &£m--WLM

M&&i+g&ft^J&fa|MM ( JgKjartansson )
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w&-xm*mmmmw}#x3-xmm*wmx%immm.

x=s^xiEMm®m'W^^nMmi^^Mmmx=g^xmi^mn®m^&MmMMi^^m
tim&ftmm. mnmnnwmx, umm®M,

6. fiktili&Jlv ix ) Ht*frS&JHM*tf #"fc

w. xmmmxiEm®^^mnmm^^-P® :mm,

ftnn®&m. xx.m®m&mm^&®mm^x&wxm&mxx> %x^%mm

x^x^mmm®^^x^mumxixx^^^mm^m^mm\^mtmmmm®m &.
7. i£l^ ffrztß.
m&itmmmnt-y, #w&£#ft£fcw um®^m^^x^^®mm

m i lens term ) #

(3.7.2)

(3.7.3a )

RP

+i&J|ffi (3.7.3b)

oJtb^X»"O7ii^ft-^3t^^, XxttM^ViUft, -*#tt£&&±Mi&, -Ufr

8. 4M>Hfria]-t']©

Slt^*4E7T^^#M^^#. ITft»#&ll&*i*lkJi
SMS^&^f:X7, Xifc^fr£#ftiiir£ra
sfß±ft^bs—±mm.

®m&mft%*TkfkmM, &mmMmmmm&&-&B, mtmMmM®mfflmtemm

du _rr ico v2 js) a2 i , r to , v2 jg) a s- -iy
a* " lU2 (5 ) T 2/o) ~ a*2 ylv2ig) r 2to a^2 Jj

du __r ico , ico irj_rv2 is) d2 +v 2 jg) a^-idz lv2 is) v2 ig)J L2ico ds2^2ico dg2 J
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T, &&ILMmMtt&.
m®jjm&itjm "M^xiwr ®mxx^^±®, m

i 3.7.4)

i 3.7.5)

( 3.7.5 )®&famn* mi nxmmm^mt^mx^^mxft m
mm. wit, %M&&m-xmm^&. (y, zjk^mm^znjß^m^mMyx)

mu, mmcose=xx=sJn^m^ixiA)
&xmm&i 3.7.s )XA%mvMn®. mmimm-mm^ifommm, nmmmmm

m&Mm, mat, mmw&&f&7. n^mm^m^mM^

v\y,z)\- \ co /J

w*R*Rftiwii&*£ ( 3.7,4 ) %®n%&*z&&%mfttf®u&x-ffin&%7fis

fe.(y .r)=X-C(y'r)^ (3' ,T))7i
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mwm )msmmmrj

nmtm±, mm, im-^^xm^M^®^mmx, mßxx&mm®mmmiz%i

i. &&&£
<iX«|t]W:§ift, &ftgPftj&£il&

&ni>i&m^cossimk£mmm%%m§i]nu®fr&. tfcftxm

#(©,*) siWFi^E mm
xmmmm^, &Mm7&m&MmtiMszm Ax=AzmiM.x, nm^w&ftxmmu

mxm mm
&i&&i?&&mwimiti, m\im-mx##®:m%Um;sL.
mm®m^mmAnm®^^%m^^M®m^mm^U7h®,nMmMßWMm®^^®m
3S***flie*. Mn^x^m Nyquist m^®

-x^mr^&mnn, %-wmmmmw. &

04.0-i y quistPi^, miS£l4kEsA ( WM ) ,
Rxmmmxmrmm^m^ ( mm )
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gmm*isitftfQ&£*&m&j&}&T--ft&fiifti* WLwr®£®mm&, %nm 4.0-1 $
TJn.

f^H^M^XfJ^-^^ftNyquistPiW. #X^i£X£MXß«!i;7Nyquist ffi $, W)
Rxx±&&xxtmx-^^m^m®i, mniz&xxmm®m%i, bp(i+cos*,a*)/(i+

G.Sscosk xAx)>^nmm^m^^MNyqmstm^XX^M^\a\'^^.

&tt*£X¥M&^ftMM&^ftlSLsk&fc&.
2. &.4-%.&fo&&&ti}Jk%.

mm*. mm^mmxxxm®m*mm;
( 1 ) mM/xMx%mm/xnxtii%7vmmm&m;
( 2 ) ®xxummm)&®M{ksffim&z&fa%'&m^ i

(z)mnMs®®mm&;
(4)M^A79oSB^ft^P|n] ;

( 5 ) Fourier^&ffirJfSSi*!*!®■
( e ) m&viz)mto\tjsh®xm®&mttßsmMmmfrmm^%.
■frm^zx&mis-immzm, 4. e^mmrtm^ i causality ) om'ixmj} ®m%,

&^nm?~Btft&wsmm, m&?our\erm^mm®xmmMmmmm^wi n m
4.7f^^7^^k^ft^fe,

i^^x^^^^fe^^^i^it^ffl^ft®^, &uxmx\k&mm7\moM®mka ##
Xftffl4.o-i-%sffeW^S'ft^m^itblS^Jfe^, ;XlUttii^:WX^£lXin.

3. $.? ¥¥}&&&&. u(*)*i&^l3Xfl£<f4
Bfc#*S'fr*&M#b3i, XEj^Sft

ffmitiiM, *£ %#
ft, M^t^^^*#^^m**fe^fe^fß]ftJtS^^'llL^ft.

&¥?%nsw.mv(x,z)d xx% dxVix,z)dx ,

d xxvix,z)mM&%tein®i£fa-^m.i?M%x, mm, &&m&&®&-$rUm.tmmiM.
«bx^ftft^&i»ft. Mmm®7%, mx&mmmmmMmim^m, %mnm
mmxn^®-xm^^^^^LEMMmxxi, >AMi»tiXft£ft.

4.B^^^iX&ftM& ( bulletproof method ) .
4.1 a^^fifttiJii^^^fi^^iifs]^
«s», M^ii^m7iii^e^#^^pift^7ia^A*fi^ftx#^^ : tin^u

Gmxi&*ftft%}&'rz%M&.. %&&%&&%>&»!%s.&. M&^ffiM£&
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mK^xm^m^n^m^. umx,
m®%nmm, mmntm^mm^^m, uM^sm®muxff^, &^a-k!'##
££.

mmimsmmmrtk®, mx m^ft^xMmmvmmmm®, mm-&f&Mvtn
*mft&mm, mx^-^^mvimx\tm^m^xxx^^Mmmnx^. m&mxm%
tmxn&x^ftm-'mifflft, m%&t;itt®mm%i%.

l. t "far&lfc.
EMm^mm^m. xmmmmmmmmm, W\n-m^mmm®mxmmm^

mmmx. %mm^m^mmi mmw-xmmxmm3\^m^. xm%&&mn.t 2 \km
mmmm, Wrx^mm&mtmm®mmxmm. u&n&m'tmmj&n, mm
MM&mmmm, mwxmm* mmmmmymmmmxmm, -4-
&mmm, %-x&mxtis®, mx-z^n
M7AX.

t w.x&mmm<t*m®. m~xwM3kmxmm&Mxm!m&x~mi"m. mm
$.&&xm^mrM®, xmrm^®^w^mmmnmm^^^zxx^x\t^M, m
wum'x^mmm^mzxxwiXbtmx; 'U^mmmm^^^mmzxxmmtm®, m
mhmm/x^®m^m^x^m^^mnmtmm tAm^xmi^m®~^m.

ttTMmm%mn&n®immm%mm&xM^x, n&tnmmminmt%~^
mm-im, m^m^mmmm^mmui. %xim®, mmw-.

(l)"H£fSJ#»;
(2)3tSfe^;
(z)s&%cQ- IXmM;
(4) mmm%i-%&xs}xm%i® ■,

(5) *##£&£!*,
iG)nmx&mic.

mu, n^txiw^mum, aXsmj&mmmQ^&\k^®-MWinm. &xtim&ff
-mmMmmMm®mmmm®^m, ft&xu^uxtm. imn®-mi®-jk%m
%mm®mnnm, mtmmmmm. mxmm.wm, mmimMWiu&M, m%A®
x«j<#m, mm^^m^®in^%M^m. &imsmxm, w^m&mmcnmm)
x®rmWim®smzm.fcmmmmexp ( -aG>t ) m\^m. mmwssmmmm®m * &
mM%^®BMmmmmzx®mm^mmm. mxmm&, mx^m^m^mmm
&mBt&m&%%&, mmm^jk&mtt^nm® (^x^^xmrnm^im® n it ) . m
&x&xt2 ®u.m.
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2®m<m^mxmmma, nM;mimmmm®m

ft^i«&^ft«. &mtt%~^m&wm&%M% mMMm^mp^x icoi" ®
iff, 2+ ' .

mn^mmmmmmmx, 7Vimmm®xm^^m^^nxmi^^m® ( to»i
aggft ) , &Mmm®-xmm, MmmsM&xnm?m.

&%uxft*, mHM®wt2 mdiJsnim&xwm. mux., q{i-m m u &m m
X, ffißM&ft-l&MiMngtlfSft'b.

2. ©&4fHI
&B«mx^xi«ff^«.

-WrIM, (OxifciE^jt; c2 ) »w##^s:.
®isftX££&mt®, m^mix^M^mim&^mmmm

ftxmiimmi%xuxiM.®m%7kXttmffimmmM c cupping ) ®-^m *nu&
n. mmm^^xxmmm&^m^ummmm.
mm®, M^M®xmrxwi^^m /xikW:(quantite) . wMM&m®%mmumm&rt
m®xxwMa.mmm^m. imnft&^x^xximmnmm-.

9 jfflH^cWfriStflr ( percenfile) 99'* JftifefgM IfcfS, M£&
i"^^-ft^ip!wm?^^m@ftisw. &£Mx^mftm^xmmm®^m u x x
io%, miim£nm&%Mii /xmx9o thftmm. £*$#&&
as#«Aisx, nii^m^m^®noarew^(w<^wmm^mm^Mxw\®im,
W#KI ''«Miyg&M&if —^^^Claerbouti|Muir(l973)ftit^:).

X!*JftmX«X!^ftplft., Sgftft^^^^T^l^litte^f^M, Hfe»

A^ft^^#ffl~^*ijri^^^^^^^#ft. &mm%&&*¥, &fo~&&%mm&

&&xM4mxmzmmmEzmtmm,
xnm. h-»m, mmmmixm%m®mmm.

*'*, m^v^mß^^mMm^mnm)iZ^mm^M®-nxnm^^^^x^^^M
mmj¥&%f%Y==iM}xt 2 Mte, mßimx&%tM th mm.
isftftiMismx^, mmnmimm.
xm^m, j^yt#ftMKMte^3ißt; xm-zxMMmM®. x?t,
miX£x^&miß*mmst®sst.

®4.i-i^xx®ft^x. &T iz&x*mmmm, fomwM'&MWi&w®, bm
xmm^MmwnmmM®. te, immm^^MTxmx®^^, um®mm

MX=sgn(Mr!)lMr§r (4.1.1)
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04.i-i ffi^sfe^ifea^^iii^^tm^Eiam^J®

Fr^iSftWfX MXc^#^ttii^ftta^fnW?t^ife*tßW-^7KMft^, rfW££iW
*ktttfe*i*Mft4fc ®t&^feKMx^m?iftiMift^ a mwM" , mm-m&M®&
IX

3. s°j£fe;3r:{£t*st.&Ji
s'kia^a; w

itb^b, Q-^tanw*. |4.1-2p
**iffli ( 4. i. 2 ) si ( 4. i.3 ) aj&^&jfe^ie*.

5£(4.1.3)&&&*31A7#&, TOMIM, mmwMx.m-BmwtMi®.nikN m
m®&mm. %xismmm&&mmz®m®MWfrm&. %z

;>m^m^-M^ &m 4. 1-2 1,

£s. %m*%&. #s,

dP 1 dP * -." ' ..___ (4.1.2a)oz v dt

ikz = — (4.1.2b)v

mn, vxm%&-xmi?M. 3tgftjt«Mit^, m&sM^m%mmmm.
4. <&>lt#ffl
%m&v(comx&xm&xM-

=^/_xxy-< C4;ll3)
vico) v0 \ co 0 /
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0 20 40 60 80 100 120 140 160 180 200 220 240

#"H*#ft "X?WC #& "XMiBJ" (fall time)m&, EJBiE^WSJa«M M
♦wkwißifc. £^x#-*, &

m^'MX^M
mm&&%M&f$»#***!> #^ ( 4. i. 2 ) if c 4. i.3 ) m®%?%n&sM&ss,
x&w^&tiimwmxmmHmmQiM.stfo, m^ixum^x.

5. M&ttM
&xi««ft«x, &mxm&t&fc-i&%j&]k&w&t&. », &&tfmx®inm

XM&xm-msih

®4.1-3(a)&s#gftststffe&&. fel4.'H(b)^ &&,&&&&
&ft&mmiß&ft&zmtQ—ft£MWt&i #§i^?Ma rsi x «, m&m

4. 1-3 ( b ) *m&mxmm ( S*su, ?mxin]W>R&itiT»ft t&m®). &mx 1-3

i&m)x, &si&x&*, m^mm^Xz^-Xco'Tx^RT
mm*pit,z=o) tmxvk%ipit=o,z)., &mxi-z(&m)®fikm*, m%mms k x =
fiWv) ®&mmw,^%mwM p(t,x=o)t?mxm%. po=o,x). &%ffimnfa&
i pseudomigrat ion ) ZB, ¥f/B^£s ( pseudodiffraction ) , 3&j&%C-%WLfe

J^l-^^MX^iJ^MtftrTM (Beresford-Smith 5 Mas-

W, Hz

04.1-2 *MQ{a^Q= ioo^^^i*«ißm (MHale)

m^mmx^iimikz=i-icoy-'^^mwkz=x~ki'ircoV'v 2 z^, xxmrn^^-
#*^it. x&, fexs^mrnxx, &B£#m%XMM%Wft. mi, im^xin

= Vl + ctfg/cD2 (4.1.4)V{CO) Vq
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04.1-3 mwmmxm). mmmzmi^m)

SJsfJ&a^MX&M, -^Mi^cM&ir^S, £-MffiM-SJ, Mffia^^Uiiig^il
&£&lB±WgfrfefcJ^/£«tl&*r ( JgSword )

on, 1980X) .
6. Vk&M&Xifi&&s■s&

ft: Mimmr&kxxfaftmmk. ft~&&, &m®%tsmft&&ft&ffifc&, mx
rf^mm®tm*m&isiimm^ms®&mm, &&*d

mm^MMm^^^^n^M^^AMM^M^u^Mm®xm^. &m^wA® i&mmm
««i^&^«, m&x&%x\mm]Bwxiißrm&. &

Vf^^x, %m\inmmtiimmmxmMn-d:s..
7 . £ffi%£ faj i*) % ffc?tksL

k x , z)£\m®mx&m. -m&
$L, mm&mumnmx®. mmmiunmm^mm^®m^
hx c a, k )ms^wwm&ssm&cMtMi*)om&m*-Mx&®tm&x^&-x-
-timxmmmmxxxm.

8. ffiftftgi

M^ii^f^^^Aiii^^^^ii^©^^^*. mmmikz^e-icoromx^^ &;""*
- icoroftMk®MmrmX- (#^J2.l^, ro^XM&^Sft^l; ) . #7 15" # jg,
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TIAi II J 'TO

(4.1.5a)

(4.1.5b)

g4 .i-4 -X-^M^^K(^o)^X;ltM^^^teo)±i5o^gi^^ima^

miM^-Bm^mmxxm^mmxm)±4btm^mmMM^m04.1-5

2 i t
"■/(is) " i VRx

e—ico{r0 X 1)

Mx^xn, mm
2 L2

"L( 4 5 ) I V FZ xikz v^ — ico-i iTa— IICOT ;—7 T~\~£—*o>(r0 +l)

54. 1-4-^lll4. l-s^Xls°^4s°^7g'lf^X^^M^li^#^£ ;RXjW»Mft#S
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9. &&&&%#*§&&s&

mxm^XAmmuß&nuxm, mn^m-n^&AL®x. &m%&mi%WM®-^
m, mß&xxxMmxxxxymmxmimzmxm&fc, mkx^mxxnm^mihM
mtu^. wmymmvzm\iim, xwixmm-. &-, mmkmmmmr&xmx> %
X, aperture)mX (#Wl.2lsUf 1.s^). Mtil&ft&

w&xmm®. inxx^x®u®m^m
m%M&, MM-,
w. if^M.x<mmmm^mimm%^P,xft&&m, mmum^imm^mx'mM.m
ft'&f&M.

10. i£^fJr^^^th
&&mfc&Mn&fc%t&&m*ft&¥it&7&tt

n&&ti\io&mecm#imftnmftzntt®, mmm%r%&mnm^Mm&mm.mismo

ft, m&Bwm£iM%).

11. t%A&ffllL&MM :&iLftfi\
mmi®KmfcMmm&^®^®&M^m~^, muxxKx^,

M&fflftUfc. MM, ft3£&%M&ftft&rr-&\kMfafeZffl&&&&ZJz%&ffi&m £
S#@J^^i^®ft^S:ifiJ^ofX^. JRffiilffiS&W^ffift, WJ&B^jmftM^M
»m, Hiit, mx&&mmiinMMnmxmmmmm&7G±~st®. mm, »&&
MBfezmwLzmm:fms, ttxtt
WMxm®mk&, t&ftmp, nfrmfikMßfe, iK^&^mmmmmm^mm®

E^^ffiii?^^iC*#l!iEMSS^ft{ft, t«ffimr*fr #ft ft #. &
flft&WbX^, &g#ffii6#gsfirm tfJF4m^^ffl32^£tt&

4 &ft
$&.

12.

&. 3MftMMii#§S, iß^Xm?tifftii^Nffitt^^^®Slr!fi^mMM^ltft#

13. ifrAP^ift^'£WttHfc&
&m®zmsm&7&ft&wsfife, pni^n&, Bs#£itQ4Uictt&4Titwis!£X6
£ *fc£S*ig#jfagc)K#%^^Jftl&^^W^MlAl & &(m%
'mxxmmm) mi-x^&m, &w®Mm^iumm.^m^
it. mycm^xmmw.®m^m^^\^X3^^Wi^^mmu %—xm, &«««
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*, mm&nm&tiJtxwM®. x^M^mm4m^^®MM.mkm^mnu^^^®^
mm&ftm, m&mftm&&&m3]&i*fc%&f&.

omm-xmmx^mmmxmmnmffm^®mm o &&$.&&%&& mmft &
ft, um&m&fo&wm^&Mn&MM, H&&mmmwm&-)kmmmMzmm®

tfß&m&%Mft:¥ffi, m^M%mm&ftskmfQW&sm. ws.mx^mxasi3. %m
&®&m m&^rW&muxmm, m am

14. t%%Lftfy}fo%,

mnmmmmt^mm®wt^fm. %LvtmmsLa t t&z&&
(4.1.7)

%WLMmmmskmrsMx

MFourier^a&^Mia, -x^m
mWtM-XMMfiWLexp ( -at ) %m, &^m\HWL^iftXM-ico+ aMR^ -ico.

«, &%xm&ziM.m<xmMkxiM.®M?miimxmtmmrm^M- x "**><**«*) .
&^mmm^^^7xxm^m^at . £iHf#ftßt

m, immmmu&nxWrft®, wona t n^mm^^\^u^%x (ant\caMsa\) , \>ix

(4.1.11 )

mmmxm\mm%M&mm\n-%&, %mmmMztsmm%m&mm4*si&%&&
ft —urn t A^%WLtm7jmmmwLA— ®mm®¥&MM®mnMWim's%&%
ten, oii«mifi t x^it^^w^^^ft.

i^stfsftsu#, m^-Mmm^j%W{fc&m&mmwL, mm&&Mzm, &
x&, &%i®<HAß)zmmm. UftiiAßWtft^itmtiMi wmvtxft%m & m
fmwtmrtmnf&M, m&m t ax t b ) Mftft«ffl
$*ptir7. #&&*, M'MM^^mmmnm^Ai] Bm^mn, i#mi^s^

iiEii. Mitt, X<mXW$M

i—rn—r 1 _j_ol2 (4.1.6)
l-f-aco l+pkx

=£(4.i.6)

AiZ) =a o +a IZXa 2 Z2 +

t AiZ)^ao+a 1ea Z+aze2a Z2 + (4.1.8)

**»"#r*a?»ftfi£, nm^xu, t ®n^m^mea zi\mz. &ttmfc#% lf&
C(Z)= A(Z)BiZ) (4.1.9)

ummm\®x&, #
TC=( \ A)i t B) (4.1.10)

AiZ)=a O Xa-i y Xa - % ~y% +

15. ft^Jf-X
#7 T l£mn±B-MXXRm Z-*Ze\ MskC=Aß, i/iij
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ic=(\A)i\B). &w&mtfx&mmmi^m&^&&m'®'m, mstiw&&

mz2iwz, m&mztmmw-ffi. &^MX&mm*&M®%ft~'^iWi, mumm
mx c -ico ) "imu^QiM.. frWizmnmikTm..

z&&stmms.&
<$fc& CiZ)~AiZ)BiZ) 3A)

mm& Z-*Ze a

i iQ}-*i(o+a)

umrm(a>o Z-+Z"

im ) mzQOLmnk — ico-* { —ico) r

% m
(i)mmmfrm£W: mmmu^^^^xioi^zm, wiMmm&Wi&x&x t 2+e .
(2)^t 2 xm^mn®-^m^®p.m^xmx, &m.. M&Mm&stM®®. m #

(zimmm&ft tz fcx.mzmmxMftsmM&xtozm7km'! wi7jcMftQ{t

XftUXo
(4)%mmnmx e^'* 1 ®mm,

4.2 &fom&m5sm&®mfM

Xi^»s#UJtXl^Jf#Jiftßm&^^

dispersion) . iMmxnx\»mx\nm^n^.
imix, ri]#i4^mßrMMuirx^iiiMx^*##:. %ux, m^-M^m^^m

*£££: (l)&Sftßf|BJf»; (2)ft&®^M%M-s&m®Wifttip, %&mx&&
m, m&zx, xm\-&. X7

( i ) £NMiii«iimURJ£;
( 2 ) mm-&mx&mmwi&zm%Mm^®ftm^m.

nT4#*&&nm c msLsm ) s%xn^^%Lx.mMmm& ( 7xx{« ) x%zm®m
mmi. &mmif®m>, w^M®^^^^m^x^^^^zmm^m^m^m^^, ji

i. K4*M.x-;LVr®snm
&ffljmw£s£tit, mx\nxomm®^^i^nmmi^m. #fsj#«x«i«
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ttg&fflftttttwiK, mm&smmirX-3\mMm-M&- %£&&&&&&%&&&, Mm
xmlx-Wisi, wi?iii4.2-i^Bji^#mii. im®&m%7F&ik?m^£Mm&M&
®mmwm, &ffi&m%m^nmmm. &
ft, -Efn^ifcii^-i^XJt^^r^Mft, fiikswfttttt-, 'Sfn^it^^xm^ft &M

04.2-2 is- tm-jjmmwmixm )R^'^m^u^^wm ( £0 ) , zb&^rai^Hjtw

(0

4.2-2ft. mu±, mm^'bß&zmwfafrß&m
n, mxmm&xi% mM®&mz\H, msj&xt^
®&mwxnmmm}m&x;tittffim®i&x£®u
mmmM. %m4fi'?mmw®f w*t b #.( *, t)x
mftm&m't>ms®\tmx>b, mw-wmmM mw
tti&m^M^b. m
4. 2-4#vX. ,'

2. iiLX&fXfomiiitfl 04.2-3 45'^mXU®'bB3M
frWm®&ftii;ffiMftx, liifi^ipjiiif x&&Mmm^&m

Wlfft. i^f^Mi fc(£Rothmaa)

M%7.

04. 2-1 mmkxjmmms® ( &m > %&ft&&ftmst&wkm ( £0 )
&m, &^ms, MmmxmMxmsn iMßothm&n)

ftm&Mnmt &^°ftmxmtM®x&mumm&-nm®<b®m^ &mm%xm
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mnimmm®7^xnmmxdx/dt, mmMXfa
®nm&(t\i xdz/dt, mm&M&*'fl
%, &mmMM±nxxw.ftwmm&. a/j^«m

urn t*± *-, E* / <^ \

m&^M&xinxxmß.

Hifi, &Fourier£fajft, ftftlSUIA

(4.2.1a)

mm&fommm®. mmm®fsmmm^mm, \imx-
irjtefttfi, o ft, 45°ft^^)^x^^mMmftM. Astern, m^
«i?;MWG>ftSiit £&i^l£XftM^Xf«X»co. iH4.2-2^ftffi|i}

#lß]^'l4^fcft~-XW®^m^, tßft#raja#tf*#W££fe£
i^±ji«»^-^^i^^aif.^^iia^-^i^T^ftMffi^s^-ia±^ft^,ifc^HJsa
3*#jjs#. mmx^mxmz^m^%®m^.2-swt^-xmx, }AM&mmsm®rmz
m&^mm&mimxmrmMfam, &Msffl&Bt&ft ( 4. 2. ib ) *®wm n=f-*%
x, M&m%%mmx&m&ffl&®tmmxm. k zwi^
)A®co\kxi%\%mmk x mi%®M, x&jm^®mwt&Mmm,mxm®mmm&ft m
4.2-sm&j&xxmmm®mm, rxsmsfa®mmmi&^iLX&co®mi&m.

%mmj&&?z^mmmMmmt&&m%mmMM, * ft

m®^xm-Mmx WAiiMft-«M, Mim^xm^^-x&t, &%.&%& ®m
xx, TOi^«mx«is~iß, &mp,m&mmmimx^m^MMx.®&fi]xw

/ dt dt \

4f,^^_- \ dx' dz I

SfeTE3£^4fes& expiicp) = expi— icot X ikxx+ ik zi)
04.2-4 45'm%$>mxum»wmm

d(p= —codt+k x dx+kzdz— 0

«*ia*=(-£-. X)
m%&mmimxmmxmm-&, x&nmmmmmrm^&'t

mmm^m={^-, $£-)*>(*., k z ) (4.2.1b)
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%fo%mmiiwmmm®nrftf,
&®4.2-6*XMm&&iHMMX pI n

&MHMW4Ht*r?ffidfe i£«cM^
%M—^&W> ~^it»^-^7jcx^
#. mumft&&^®®i&m&mmx
mft, uxum^xmrn. h\m\kxi&,
mm5axm®m%tmxm-MiXm m s
WUmffi&»o°ft^ft, ffijo4.2-6^
ftsi7*Pi3j», ANMH-rftftJ&ffiE

04.2
~&Mlfa*sM

X
04.2-5 mxmmmfa&^mmMmfoxtm

;oll&ifc^ffi£Hlgßotliman)

6 mffixmmmmxw&, f^sa-xiM^s'^jt^iiit
, Km%^nmM^m^mn&mw&&73fam%mffimm (SEstevez)

MsX^il^uf . ,"i^a. j o*%i®&WL&*&0 4.2-7 A$«MX«£&WjMa 0 4.2-8
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♦~&,
&x%mnwßxmxmrtM, mtLxm^mm^%®mx*mxx, mtim(mm&&
«^^snri!4.2-70r^ftitifsi. mx, mmmmmmmx, mmmmx^, %)£%lmm
m®xm&M.xxmnmfc&ftxm*%Mxxak/x:f\' /Am, m&nmix-mxmmfrX

-}A^mm^^^di/dx=k x/co®-xiuniV£^m'mk c tt&rt&Bft m m k $
fM/^^iS^^^MllW^jlft^Mß^, &RtttSJßft

il&ffcffii*, ftJfcm*T*W4.2-B^f», «lHftßt#;/^/«*P®^*X^^^llft«^^. A
rvx^^ftA/>*^iHf§, pimft®^A#^^3Sft, $nn
#«£*X^xaft^S, pJ#M4.S-^, P?lft #§S, WW*WW
Koslofflf ( 1983 ) fP.Baysal^ ( 1983 ) Mft;X&.

3. fo&ikJkfrlft
mmmmm±niittx&Mm®msmMmmpxm, utLn^^^^-xux®

mmm, xmmmsmmu±. mrnxMrnM^mim, aaagftwitfttfiw*,
teWiffimidmfr&m^fcmsißpfi, mm&zßriimm; &mx£m

-X^aiifW^JftX^^^Fourier^^^S^-^^^maftftX^il^^,
mx2-9MXMi^xmmmm, ®xm^^mxxummmmiM.mm % %

®m^kzmkz®xMxxtm#xw&-fx, uwcm&xx:.

04.2-9 m&x&mmfcMM 04.2-10 $Ett^sfisfi&«^
a#, fc*

t\3X%\x w^xwm, fr2xmtfm&fk®mfcu^nmsx^x^frziLX.
&&, mmmfc~XM&mtyimmM^®Mm. mA.2-ioßx-x&-'Xnsm®mxM

%, xmmu^, foxmm%iim%HWiMmmni%n&r,. m&%^®&pm*sms\%
%^sne\mmp=dt/dx®%im. m®^x-^xp®®m&®x&M®m. tmm*
xpzfttii~un^%\ w%, fomm&&xns\mxißMih'&,

mM*&T%&hffi£%ptf&&%. &xm&Mm®m>mmxi?;w, \pjmx\s\h

31 KA^ X ft.-ft, (4J.2)* 2 kz
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£884.2-io*, \sm-®ftmxx7, m\%®ftmnmw&ux. *b±, o =ift

(4.2.3a)

(4.2.3b)

kzMXcomk x®mm. &tm, ms'^m^mw^, &nmx 20°m^^m^^zn
x&^®mmmmm, mmmmmum-m^mitmmm^m^xm®.

4. $fi&Jt^Jm%-&
feix, z)^m®M&XZßWmW&ft%Fourierftm®mm%::

~^#m^ft«l4lft^7. iJdf@ftf«

(4.2.6)

£f#'rf£Aßt, M^®f^^^^liii!'raft#'rtfevili^^®m. Hitb,
ftft*&u*, k,)&mtt%rjti&Ki&ft&¥sk,mk,m3L%%, &m&+&frft&7&?
*. mm&,

(stationary phase method). t^'t-T^tfj

(4.2.7b)

sm, Jimtm^ife, -«3»ftx

a^") (4.2.8)

-\ n xoco

**__dkr(£>-k ')
x a _

3ST**

e+ik * x+ik **dk x dkz (4.2.4)

e-*.iVri >♦!■*;. (4.2.5)
MR(k x , kz)rt-&ix2x)mrsmft, mft-ffl^Mmmm, ®mw&t =o vswt&
ikXix,z) = io,o) &X®BW. £^#rfAftß#W,

d f ~\ dco x „ f

a r "I _ dco _z
dkz L Xdkx t

&kmmMmm®&x&xw>®.
n&itmnm-mmx 2-2^®i5 o tmxmmx®&mm&mm * * ft. nm

15° M^mfto>m#fUV:£ (4.2.8), #f#*§* ( X, z) m^^kjco®-^^^, fJM"
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5. iXitiAPXtl^Xk
a^Kifttti4#m*arK«f^f***«f ( *.o «ax>

( 4.2.9 )

ft&«fc «f*tt««*jifßlT^lifeS

( 4.2.10 )

c^.2.3 )^xmmm^mum-m^xm ®. a (4.2,
io)-_ipr^Xif»rl4.2-3^ftil^. a*ifcj>WWs&ttE*H4.j2-^filE*,

e. x#^x^^-a<M
458^^ft^^^H^^X^^^ft, @1-X2.2^ £&1!f

&**"%s. msm&®im%mmi~-mmMMWi®.

MMiH&si7««oFxx«x^

4.3 mm%immsmmm
w*«A^'nw*A^o^BiaKfi?*wfti*. s^i^^ittnrt^x^ja^^^^ft^

MMMXJMBtft^W, TO£B#£JB*^m^iffifc^Mfcim3&&. XMS^ftfeW
3l^ft#'i«, te#flfcSj&£/£«3fM3&WW7. »*»»*&

MM*, «;is~#i«ft*, xt7^@ft^TT-^*m,
ft. ®m3il&±3& mxmfr^TffimfrMXltmmx&X-W:. mi
nnxto&w&n&i&MiiMiL. &a*s x£tkrfrsfx%®&&. 54.3-1s 4.3-1
$fX;i^i^x»-fti».

i±ii[^^^SFi^lfeft^mpXUl^^7m^X^X^:
&mmmx

7 fe#*#«;3l##7,
mft», Xa^#»^m^M^ftiff^, BP(i)&

7 »k uxn%.®^M&mm i2 ) w^^x mm ®
r m^mmwt^nx^nwim.

®4.2-2%fa&9m*&sLMWLfftM7; ±® X &
04.3-1 (a)McMi. (b-)ffift« M^MJ®. 4»RlWfflJi*t3i^g»«W,

*»*«!. H««S6»iffi^. (c) fl^nga^**, 200^^M^4#B^fH]±#

fttm, §im«EAA^ix
1. £ la] 1&M

$ $&$, *&£> t*Ai i^s.^f

[{ e izik z <«, i.x >-'"«/*♦* ,*/^dtod$M

;v ,.v,. / dkz dkz \(*,o^4-^7, ZcT')
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m. &7kxpjmjmx, mmxrm, i.3irwffi 1.3-3^^7-^^7,
vmn^ummit, 9&fr*f&&%w>. mxxm®~ti'mx&

mxmfi%wtf, x ®xmmx
NyquistsS3W_ltf. $f^3f&ifW

M,
M&Xll^ftM^&^XNyqu-
ist ilW^frftft, Ml 4.3-3 ff

04 . 3-2 J«Jlfi
( )m&x&BM i^^mmMum^^

fajiiM). m^f»;A^s^i^B^ftit^^s#^^^-^i^s, «&

30°ftfm#g^B2^M/#ft Whfc, fMiiEX^ilM^^ftM^^Hi^^X^M^J^i
$ & M . *

I$ f B 253t <40|$&

itfc 3fe. n-f.M 9$ 50^ <20f#3£

S H 3? I a loo^e <iog&

mmnmmm^m^%kzico,kx )= vv/v-^ im^m^co, &%vin xx£ m » it
tittmttmmkWbw-M^B. iso 200 250 3oo^

53854.3-3* 20 U&*t ft Jtf ~^^^^^^^^^^^^^^^^^^^H
smw*R*yi &sitt^ffi»^ lj|j§|j|g|

< ~vT ock fb lf!p., irxM §?Ill|il|M

H&ffiaW& 100* <5M lUill^l^^i^^^^^^
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0 JL.
Ax

04.3-3 M7\<-xA^u^wumi&^m^^

mmm%&m

mxwwmtxmxwmm®^, mirn
&m&mm;^mmmmm&?k^.

m®m\. &mm&mftim
m&zm&ft, &&w%wx&xft. 04.3-4 m&
m&^cMM., \mmmmumfrx&%.® 90°

&.mm®\m®^®mm, mmmmtn^rwcm

mmm^tzwt. &s^x#M&±i»#si
n& i mm%xmvrtxmxxmmm a 10 . &xwtxnimmx&zm, mwznM
m#xm, mw&mmipm%.

2. -mvr^fXf-ii
X^^^^Xft^^C^lS^

(4.3.1)

mxmmmm%xxM%skMx

&&%Axxxmtf&&mm, m&, &»#^tkxm, im&&&xtmxM.%. &
im~xmm&m%mxni4XA)®mmmnm%Mmin, mxxmm&^^m
-w&xn ( 4.3. 1 ) mmM%-M.u\ktMmmmp®%&d.

(b)

04.3-4 -M-Sl&M^, Ai= 4m&\ A*-»*. JIH;Aj2^M/tX
mvmim9o'--mmMm^ixm)Ris'^mmX7jßmM^^(xm)

d2 +Ax)-2Pjx)+Pix-Ax)
dx2 F iAx)2

B-$$B3&? (4- 3 - 2)

mW%msl&*fttixl]ikMiFourieT&&. #£#&P=Poexp(ikx ) ft #&, ##
im&m®%M%£imwLk®mWi. nf^tkmk, *r
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A2

dx2
p 2P (4.3.3 )

mmuxmfrnx®m&&MfcXk
2 P (4.3.4)

m&tiij&h-^mxk. m&t%%tPoexpUkx)=pft\s:i4x.i) , ismn&fex&
i 4.3.4 )#ftPi«Xft-#W;%& £«:£

m^i4XXb){/f&kAxttkAx®£%m, &UM&7^®m. H^ftXil
ftmm&i 4.3.5b )ftM-^fx^m, #

£A# . &A* , ■ v
2— *in~2^ (4.3.5c)

#*A*, tlXm^MfM. *Um#^Bfr9i, Mn

Mft'^W^Bi+»aß^folSi^^fß^ft^^^^ifr, Mi
A*jiXW, $B*#M«ftX & W

RTUJlffiTaylorMfc^feft^^: ( 4.3.6 ) £*V"&&&£& i£#, 3«#M£
MtftS#fMft^-£frW, £^P*£b
ffl*, *^^ffi^:(4.3.6), H7a3SW"^XAß^Mft^&^f^,m^Mm^nlti#fc^#

amMWfflX^fWM:

mm?tM4xxa)®%i&ft&miM.fcfh &mm=V6ftrt&mT, rt±-&wxu®tY&%

-£*p =J ĉy[e iUx^ x '~2e ikx +f ';k</"AO. l (4.3.5a)

~6^ ==^ ==iKxY' (i-cos^A*)] (4.3.5b)

mzmmftzmmmw, msmwf, km^m&mmmixk. x,
mMfeXkAx=x, or#j£to Ax=2w\%ttXn®-mm®mx

3.1/6&<&

d2 c5 2 Ax* dl ,__

■X«- _%!_ (4.3.7a)dx l+bbx'-.A-

JftsS( 4.3.5b )ttA, #
/s . 2 {kAx \(AAx_y =_ s" [—)

( b)V 2 ' 1 IA ' 2/M.x\l-64«n (,-)
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JMfe^fflM-B.

04.3-5 tt%&mfcm±mWL®r.®%&%k^(i.*j)mmm
(4.3.7b ) ±¥^mff^&-Ji^jimizmfomsi^k-%t, w^oth

±XflJJ&Ji»M(}gHale)

eu/i2ft#. w«**s^ft:i.
A*W#9f Jg, S( 6.3.4) ig
(4.3.7)#^-Eft. mm
i/i2*lt«M?X {M^M

us a,
SM^^lWl^fflftt:. Francis
MuirfM^iiJ, {|l/4-l/V«

1/6.726#Nyquist$^ X &

"BA 4.3.7 )&Mf^X£;tlt, fiEjßKflt«W^iß**Wß«lT.
W4.3-6ji#sp|«^K6^^:sßffl^Wtfc«, £S*W«^lJ, Xit&H^^^, *£&«,$-£«&

54.3-6tftß^fHl%^W2s6X>Sft^^, ffl&Al&Bfrft 'EJffcfr
ws7^.xft£. #fu*, m4x-Q&^x7muxft*mMmxmxmmi-i]Mmfrmrx
®mmmm.

$g»«ifii3l7.

4. at faj X#e4 v££X#C#-3?51i% £$

m^wczm^^M^xm®. ( MMi^^feft^-x^& a ) ,

&®M§&lf 'S««i(*#(^i/f^W'&ft»*#iC)*-^^X, bp

wmm£M-Mz=o\%®mmm. u&m
fa&®%&m%&i*n i tiimm%'&mxfrnfc&®&±®&%-%&, n%&&&%&m
imm®£Lmm£;m.

wxxu
(4.3.10)

\tmmiH: «fct( 4.3.7 )#fijge^#ji*im«7iiG. si6=6. *^^ft*s^

a a 2 sx2 ~~

dt q dx2q~^Ax^~~d2~ q (4.3.8)
6 dx2

&ms7^, m%xmMm\i^®frnn, #
/ , Arc 2 <5 2 \ a „ , , s( 1+1r "&?)^r^<3

"« < 4- 3- 9)
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I-^Ji^#«w, li^ftlt#;r?i£M#£^-'H-

#£ ( 4,3. 10 ) ftfe-goexp ( ft,* ) ftAl£ ( 4.3.11 ) , ffi&mSiflfJW-Wfc.-^&IS^
ft^x^jtißjft^ix

g4 .3-6 6=0, 1/12, 1/6.726, l/6fPl/slf^T &M&

£*♦*__"""£* „,X°/ +M+9* / 4 3 n )
A-— j«* ">

\" " . ,
2 *
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a*

ikzAz=2 e ii2A*_, g»
,

* 2A»/'s_o-i*,A*/'S
(4.3.12 )

(4.3.13 )

( 4.3.14)

MtlffM^, M*Afji7*B*, aM&Xco. 10#20>h&ltfft.fflfti£iS
3#fti#. Xi^^^ii3(mXftA^^^^lt^:(4.3.i4)M^^ft^^,

oTft, *.*f^X^X#^itCrank-Nicolson^^^^|ia-^ftliMo*'pfe##^ ft
&^:>fc, &Mf£tf£l|l/6miW#ft£M,
PSA2^A/AAMB^«X7. mW^l^^^^^^^iE^lra^ftlWla^Bt^PE, W£A
«s^Ul4^#^#HrlAf=4mB^ffß#Q^l|^^^*^fl«aJlEif*^.

StoltftM*ifc3: ( 1978 ) Bfc7:frmtfe&Fourier£&^ &&Hi : «MSH&
&%&®^^\>i&\mh®mu. $t<>u&w7s®&&mmm&¥£m®&&& w m
«{&, M^Bt^^'S^T-'X^S7JcX±f_atfll^^Wrl^^. &fFourier^ fg $
isffl7^ALft#^M, /xtjsim.. m
m, m^B^&^&mMX\%xmmm^m^umMff®BM^, mx-ZR&mfmi
m, jrXß*mm\H#.

-£inMi£^&m®Mi *j-exp*^A^ftM . fa
tfj^( 4.3. 11 )»*»!», #

(4.3.16)

(4.3.17)

ummim^^mxtm^xzFouriermm^mfM.

4.4 »
ju&

e »" *»a* + 1 ~V'"* *a z/2 Xe~ ' *',**/*
& >Hl£UJ3Rg&&!feffl*ffc ( &4.61* )

./" .
rt .sinfczA*/2lk^2=2lc~osXAz/2

k 2 Az , kzAz-——-tan-y-
55 ( 4.3. 14 ) fifr#»W«f«. 0M ~ T2.7^

©MftffMlSs<], HP
=tancoAl (4.3.15)

_j\XikzAz/2 \„qz +Az — \ x )q*
l-ikzAz/2

m\i, #m&z=NAzzmNzm®'\nmx, mmxnmi
I k 2 NAz ikzAz/2 \N

l-ikzAz/2
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m&B&mM£M\vsxmi£si, vrn%n®mnh\^utt%Mftm%)&z%i%- & it m *7. %m&mmtt%mixwx-tmmjaL,

&^m, &mmmiM&^&\mw^XKm®Mm, m\>mmnmnmm^&
i data padding ) ftgii.

i. $Lskiri£
&mi&®m%mvmmnimjitmm®mmm. xmmxmmm^WiM., mm

&mMxmm±rtmm&, mwju^&^mm®^Mßi&nx^, #*ft*&X;^-x«
t®m®. itmmMitimmMmh M^rm®mMmimm&xmiM.)&zsm*mmxm
ifiEEffife*, &&x»smb®nM. w%rfrmm
7£sgfc£ia&«. m&, f&w&ißft*/B^fe#B*HßcJß, m&mmm^&mmMim
IBW!£#L*£*k tefcl£*Sliß
X*, ji#^?*S^W^. ftftW^Sfftlfclßtt
itftsi&^^w^xa^i^^^: -x&xvtmm, -x&m^mm. mm®%im?mx
mnMu^m^mm^^m^m^.s^rH^^^-^^^xrmmm®M^mmm®^u.

2. MYf*}%,&ii®m%>&Jts}fttfi%*h

Bt, &Mimmmmx®ft, mt
jb#h*, it^c^^sft^iPjXM^rft'it^, mm

MJMM^orf&ir. &m&&%®^mtiimfc®imfc®m%,
®mmsr®mnsm7kX7xw. jAmmmmnmm^
-n^zttt, %&wftfrmws&&Hmti.rLWL&*fr i vmiftß&?kfc&tt&mftWim\>
i&ifcm&xmM'&®*£7 ) .

3. #*ifc^;^r^i6tEngquistii-JF-

um&®mx®.mmx ( m\i\wmmwsL£itsi%xmxn- ) . tiuxxmn%-&%-&

um&wtmxwi i 2.2^ ) u^mk~xnmxm®%wc, mu^amzmxu^ww^
&XmM7&&, Bjorn Engquisti/,iKPJ^inft^H^©BrW-#irJ^ffi. w % &

te^si®ftffisfeA&&W^®7£iß£sU Dc^il, W—'MM^ft^su # 4§/X*-r-iX,=

P ( i/X^#ft^H^B^|WJrfijfjf«it^, 3*^A®i^+»WXfm& tftHl.
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Engquistttjgl&£: MW®&&mjftm%mM?M\tQft&&tlr i&^M$ ife H #
SIAM&). StJJJ &

M±fr&^@; x*7ft»W®, fOffi^fc^ft^^prm^^^ft^Sl. il#S!E^
Robert c\aytoni^^w^m^^mi£^,mmmn^^\tmz~'^^xm7',^m^A-i.

04.4-1 j9'f/Fiii^rMft^r^®(±o), m^mm^
m±xftfcmmrmmi&mmixm) melton)

4. X^-^l^EngquistWit^fr

um^ftxm®^m^^^m^m :B, m^mxnmM^®MWMm^^mm^^^m^.
um^foim, Engquistt n^m, tfxm%?mmm, =iwra#;t-iii3ia^fti£i^*r

(4.4.1 )

&(t, x, z)xnn, r^xxmrntk "

Wr« (4.4.2)

&M£.

m/xz~'®m%, 38U4.4-2£Ff^.

fflXMftfcMii^Mt. ®4.4-24>ft

__^-l 1 * "W V £(©,*,,0= Xfix^=o
04.4-2 / _ _ n

(vJk- +^r+'m

mft'ife ( a k x , k, ) w&w& a, x, 2 )i& $$, -^&ts
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R^^^ft^S^@lEE^^W^^fiJ^^^#^ft^^ft^@. &&^J*ftttE#UJl#,
&M&ii%~^&M*nmmnz?mxm®Km. &mx&m®mm&x, xn®mm
#£"-». &skxmmnfc%i :fc: &*&&%&%&&&?&&&&%&&&& &&&z
&. ofm, &®^ m&mn
mm®m^i^^^ixm®—xmxtm^A-m^.

04.4-3

5. &«#C^*&
W£ih^in#^-Xit»^Mmmft^S^ll?. 4ft»ft#MXMAM« M &If

A (4.4.3) tftM*^7icx^»^^ffi^ft, W#JcB^liMAMtaffi(fiCMASrtttt
gpxia^f^, M«>-^*«£ft. m&&m&^x^&mmmw, &.#« #

Hf&, &Af«;fr W , 3/a^# m
+t*,i &)xl«^M, d/dtf#&;fc-i*„ &£, d/dzmM^:Xikz. O!TU, A (4.4.3) 4*
m&-^w&&WLs&D{G>> kx, kz) mum mp, mxmmx%,m%WLcmDico,
-kx , kz)nmp. mi, m^i 4.4.3 )Kxum, &ixx2)mstx

ico, k x )^xz\H^xmmmw.®kzmm^-&%mmm^Mjii^^w®^m^
lUMM'fb &£7^&i*ft«, &xig%&®7Xit&Mm^m%%msmfrz-
wwisw-it, Mmm^Wi^w^xm^xu^^n^m^xm^mm-'Mm^zmm^^

P(
k
x,z)= e- imt * ik *'(e+ it ' x +ce- il » x ) (4.4.3)

—Dico,kx k z ) t- . vc= -yw r—r \ (4.4.4)Uico,—kx,kz)

**Mm {^'Vkt)~X^vJX)

'm^uxMM^7Mmr®m.mmi®M^mm, tt^m&^m^, n^xm^y^x^^
A%xn&Bm£%x-^M'&.mvm£®.
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4.5 WRS&wgft&ttipi..
mimftmm-Timnxxw-®!®^^®, mmmv^^xmmourier^^i^

l.M£X9o°6t'M
ftXX9o°®mMWuifo&m^im&Mi\iW & M tt ® #1 m m m * ( evanescent

energy). BUT, *&mzm&Mft&&&&&&&**&&& fcfts&M&tti&M ttMWtt
lis^^BfsXit^^4'^^7#. @&

w*Tff«ttfoj:*Mfc J^f#^w#iat&&stiftfta7. im of^^mjifii^roj^=oß^ft

ffsx^^Mmx^ftekfL. xtai»ift*tß^^»ja»AinuJi#^^#ai'S

# first pass of conventional phase-shift migration.

Uimageik z ,r)— Uimageikz ,r)4 Pico ,kt )

# Second pass for underside image.

For r^rma x ,rraa x— Ar,rmaX — 2Ar, """, 0 I
For a 1 ! fe z {

#The wave changes direction but so does Ar
C^expi-icoArV \-vir) 2 k 2z/co 2 )

t

imftM&£Yt7ffifcmMdv/dz>o. h3j#&4hb«:, mmmmm n 11 w. "mm*

#RfW, S^j7^X{±llSiiji^ftE^Ul<|a)|/t;(rmaX )X^g^Sc

Pico,kz) =FTLuit,x)l
For r=Ar,2Ar, """ ,rmaX {

For all kz {

Uimageik z , r)= 0 .
For all co> \k\v(r) {

C=exp( — icoAr \Zl—vir) 2 k 2z/co 2 )
Pico,k z )=Pico,kz)*C

}
}

uimageix,r)=FT [ Uimageik z ,r) ]

}

Dimageikz , r) =0.
For co=\k\v{r)to co~\k\vir m ., x ) {

Pico,kz)=Pieo,kz)*C
Dimageikz ,r)=Dimageikz ,r)XP(co,k r )
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dimageix ,r)=FT [ Dimageikz ,r) ]
}

2. ftjLfy&fo& * #L*r&*JLf- (S. Levin, 1984)
®4.5-i|lX-4x&ffi«, _feft, JSin*^

e ±«»f. & W
%m~wxsT^^®m®ifo®nif.

&ft#, #bh
tm^Hm&mx^mftJimp®^, m
EfW^Ml^ftftFourier^lfe^l^rta j&
ftffjftfttt. IWft^«Tmg7#§SM,
Jn*ft^ra«-%s(U«R3Krl?^i[|gflHa^sß
$mmnmttxi&m^®^iM., M^Fourier
&&mm^\imm^sT^nm®iM®, n

®4.5-l#ft##ci»ffit%7.
04.5-1 4£S-#^^fU±^^f±^ffl^

jWßffi^XM, £#»& K&^t ( angular aperture ) M
owißX oxft^s£)£ffi^

nue^^.^^cosQ=to/t x^^, mwim^KMmwtM:^^s{ne=vkx /co^mmm ®kx§.
-X9o°ft^^E^^*»^^^_i^AN-fEls_^ft.Elt. Xffi^iMilfftM:

# Modeling with time truncation at t c

Modelikz ,z)=FT [ modelix,z) ]

For all co and all &*
#(©,£o=6;

For all co {

else
aperture— 0.

i

else

l/(©, kx)^U'ico , k x )e~ ' A k Bv
'» ~ 2

_i */., X'aperture * Modelikx, z)

For z=zm ,,,zm^-Az,Zrn^-2Azr"X {

For all \kx\<\co\/v {

\liz<v t c ) {

s\ne= /Xl-z 2/v 2t 2

if( \v k x \< |co I sine)
aperture— 1.

aperture— 0.
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uit,x) =FT2DlUico,k x)l

«^ft#«?Ti«M^ftM^^

3j£^]Stolt^#^&i^#4^#-
tott&m&nm-w, wxsto\m^nmmM^®xm^MM&M^mm®*? * a

"t^fe, P (~uoO,^m&ab}, 5£
&mMMzmmm&Mxftn®, m

immM!m^tm7m^& i shift backward ) , jAmMnmxmmmwc^nx m ®
rm, mmmmmm^&nnm, mmwimmmmz'm^wM. i&EW m m<t<T
x®mmmm, mmmmtt®&imm-T/2<t<T/2, m&®smmwm£&xm.
Hitb, 'M^toum^nß%&^—^^^M^Wi^^m^^r^muexp(ia)T/2), mmft
®, Mcmnmuexp i -icoT/2) .

mmmmx^&w<^%%n®nmm^7. %-xm, Fourier^® it mii-Rffl
sincmWtftffi iUWifcXs\ncu= is\nu)/u). M^co®sincmWl&&W^n^& —

&®m-T/2<t<T/2x&xm&m%immiM.. m-7, &&&
is&7xmnm&&nmmms^®mx;m®, &m^m&%w&zn&xm®m%., m
XM^wt^BWc^mmmwm^®^mnmzn^Mmi^®. w^swft^MitM
mmftzm&x, m^Mmimmmmm^xmmi®m^^m^M. &\smmft®&®m
mmntx^m^mn^^m^®s'incm^mi^®-nwm. ®
Pimmm^m^um&nm. .xii, smcmm^mAmmmumm, mm^-zM
wxmMt. mi, x<m®&^Pr&itt®M%mm®sincmm. Bin Harianim^: mmM
Wts\ncmWL&M^XmM®m%mYkim i zero padding) M>X^fT+lfWi]. Xx£, &$

( i9Bi^ ) tmX%%%ftffi*\Mf&U&®M2L.
4.StoIUM»r'#'|l&

~xft&&®x%mm®xm&&nx&m%Mxmmmn&, &x&-/tm&&m%

m, ffiM&ttM&ffi%&m&&s&&s¥p%&:. XW<&&®r®M, StolttM^Bjlsl

mm&wrm, mn^mmx£u^&%-mfeM&®mmmrx®. stoit^ & & x

i 4.5.1a )
1/

Tit) =(-^r\yvhis it')dt')
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vl Msit)=~\ l

Q
v*it')dt' (4.5.1b)

&WtßmmM®MXtf>®z&, stoit®m%rmMmrm®mftmkm>®:m-^. xm
mm^mm^^mFFT t mmxi&^^^m,&^-^,^miz^nzsitMn^t^u^±m±
$#«&; %xm%xmmQm»iFfXim®^m%., u^x^xmAxmrn^ft.

#rM£M*ftrM«-g[. ix, xymm&mm%>&®3?M%]

»wMm, mmmmm^xfmmmzft

a; ( 4. 5. 3 ) jinr jsm7M^^mraft. mm&m¥rrtmtkfrmmm&~?n*msr m ®
Btfslr(o, ffiUnT^fflSK 4.5.3 ) W»ft#s£ ( 4.5.4). #ffTs & fat ( x ) ft g$ ij
(*) ffiil&J^*^^ TRIBES, {asPit#ffifniJ®ii7ft*ft7. ilrfo^X-?A, ffcft
RT^K^^mfflilM^ft^W.ffiff, BPiXt=o£Xftr[f (*) ] xt*£z:Efr# &IB E
ft. f5A:£(4.5.3) J^(4.5.4 )ft^, "fTlEi^|tl/P^^mrc/r/c/fft^ii^O. &&ft
3R##&KXxfrfe£f, BP#ffiS:( 4.5.1).

i^nii^t^mfumm^ as m it m ® m
&, msx&T^&TM&x&M®mwnw>, W}&mmxn7?mmi%xmmz&isiM
®\msmmmmiM.&Mm. mum^®x.^^^m®wimmx^m^, mu^^^m^m.

mziX®EM~m, m^i 4.s.2) MxWxx, #&

&M&frfcPM-fixtm&®m&s:, xniti&xm&v:, m^x=\vs\nedt=p\v 2 dt, tu#
ftp=dt/dxX:

vlr 2 =x 2 Xz2 (4.5.2)

d2r 1 :X "%
U .X ar = 0 T^ o

d2 t \ 1 N(4.5.4)

dx x f %-j— = —2~ (4.5.5)dx TV0

siir| =A-(-dl Xt\\ _p2r/ Jr \ 2 dr d*t~]dx*\X m 0 dx\ dt dx/\x = o Ldt*\d%/ dt dx2_L= o

d*r _dr d*t\
dx2 x= o dt dx2 \x = o

#^(4.s.3)^(4. s. 4)#3'JftA±>£;£&, HP#

d/x = o y O 2 VD J 0
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dx~ yQ v 2 ip,t)dt (4.5.6)

*&£ ( 4.5.5 ) % ( 4.5.6 ) fes§f-%5£ ( 4.5.3 ) ftjfc ( 4.5.4 ) ffl^ftfr^B, {M^(4.5.5 )
#^(4.s.6)^fMM^^jtAL, W&Kfc&ffitftOTP/ftjk. JfcCrf)-jsf_4tfti #

c/r __ dt dt , >.

c/x dt dx ' '

#55(4.5.5)%(4.5.6)ftA5£(4.5.7), #

Xts£(4.s.9)»_??£tfh S^^#Ulr 2/2, &B«Xxfr«W#UJ^: (4.5. la ) , {MM 3£
®xsmxum&vRMS®§ifex

&U%n&v f iz)XXM'<E®-'®>mtkfrffi

fx vip, t)MxxM^mm, immn^m^^x^m, nmwmpmm. &%&&&

ijk®®M^nmmm%&p=dt/dx-, %-^m%&%

&*&H^2£ffis*#&l>tMSS#tß&.
5. GazdagfissisJ"sr£&;&u(*) &S&

l;M^9o°. Plff, &^?&*__**ftFourier£ifc, XibW^Sfillnj^fb. *»gS#|
fe Jeno GazdagisSguazzero( 1984)||-ai^—#raffi^^.tHl^-'7l.3l?ra#, W fe
ffiMj>U, f ) 3l&—&Fourier3£&, $f$SrP ( fc„ co ) , &Jg , HI GJexp [ i*. (©,
fe^A^DBPoJ^PCfe,, co)«KiHc[o]XMi. Gazdagiiaj7^7>h#^j£ffit;1 , "*";

"I^4*. ffiffi^"#^S|S]XMlX-iv^S^^,
4^*^i-, fL fMSM mfi&mmikm,ft&-ftp i ftFourierß.s£&, mmx
Pi ix, co). &%—ftxfctf, &stemit*ftfflbfm**&&tt7f^«, # ui § si ttt
pix, co). &f*jbwwm§r> m^pix, co)mx&MPikx, co), nM.mm®
ftm&m, wt&wmxpfcrtxx. &xjs^-^^M&misn&n%mm^im\m,
m^mm'xmmmr^mhA mxw^®&, -mmxmmmmmnmmßr

m^x^ixmrn-®®.

>} m

"ftIQOOX 1000ftr$&±3g^, KHirm^^^H^fßJrra^^aSS ( uncertainty ) ,

tvl ~ dt \\v 2 ip,t)dt (4.5.8)

TdT=\-^r[v 2 ip,t f )dtf ~]dt (4.5.9)
L Vq j o -!

vlMs='Y\t
v2 ip,t)dt (4.5.1c)

2sin3o° ■' ■ , ,-,
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(2)oftXtHWftFourier^&J|^
%, mx&H)xm&ux®z, uxn&x®xn®.&t==o\iw&.\%&m
X^ft. Kjartanssont?£itfJ, in^femm&T&fttYMZm, hA Wi % * U W £*= oB}ft
&, wmui\im&%in&z®mm'&, mmmM^xnm^Mimn *mm* m&^ft. «

4.6 Pl^rC
. fctftffift^©-%^m(Ri®, x@«&aife*s_feftßirfHiH*ftf«ijg, bp

#££ltXWi_#»s. £MMX£t, X^
#iMft#*&tt!M.

t¥&mnfo. %xn~mrxmttmm®%^mm^mm&&nm
&mz^m%fc*®m%'&m'®Mft.

ft, m&tk
immmm*&%mmiib. mmm^mmmmmxmm^mfaxtm, ummm

&m^&xnxx&mmi®®?m. snai, &fo#*m&mvmmmmu
&ftm, n^mnm^^^ifnX^mm.itimmn^ihMxmmx®mmM^, &~4f§%%
?m*nmm®®}m%m#mm. »±, mmxn® mw %wxtmnxxm,7E®

®-®jfr&, »£pt «£, m*m\ mm> %m. tm'&mmz*, mxm^®m%
mmmM&7.

Xm®M!&-%fcM^liM i reflectance filter ) MJL&ftffir^. itffßJiiftft rfttk%

it, mvm^-^^MWi^®u^mmMmijjm^n®mmmm, -zx^x&m^m®;
rt'pwfg.

i. &&%■%&skit*.

&TWj&WsWttto, mimmmi?o®i!im&&i

%m, &jr#MXv£m~-mx's:, mp,-M\mttXc%m^jMmX'bm&mMß. mk, n
M^-^x^mm, n*&w^m£Mmrfmm/xm&&mxmmtAM&iu% m#ft

xmftz-®w, mmnmn^-xmftz-fttfmxjvxz-®®---, stinjfcafrT*.
&*m^Mi^i/2, i/4, i/8, l/ie , xitmßWxxx^mmftmmw-
n, tinmm%m®%mmw®®Lxn, xmmmfc'zmm.

x,^mm®^m^^^xmmx^^^, m^xm^ammnnm^^x^^ #bh

%L-xx%mw, jm, -x +x -x +1 , iiimsxmx-XMm%t&mm.& #

(l-l)+(l-l)+(l-l)+- = l+(-l+l)+(-l+l)+-
0+0+ 0+ """ = 1+0+ 0+ --
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mmmxß^, &w~%%mfatt&rtWL&&&.
2. z&m
iiMnwLss®m^x tzz&&fexx

&^mxn&xmzmmx%-^w^®stm, x^z2m^^Hnx^iM.^m®MiE,
mm. mxiz)uiz)mx(z)uii/z)&w®M&&mimMLUiiM&®, mxtin

m&x%mn&nxz®%tiM., mmn,
xu®. n-xz^^mmMx®tm^z=xmz=-\, nßZMc^^{tmm\z\=i®mti

SW, co^Fourier«ft^i:. T&coX^M^MZMi&^&MX, &B4ftZ«^-#
ftffcFourier^jfe. &=F&fo##U (Z ) M^UM \Z\ = IXftTOZU^X^U, Mr«
&MXMMx-m^mm®\%mmm. wstmm.&&Mux&mmim®.

%mMmx^®w^m^i^^®^y^Mm%xit^\^miim^mx
#, 7r»*m<o)««, =0; *T7Z=o, E/(Z)#:f|fc. lnf#lt
«-!, «- 2-^^X^#, SW£Z=ojtfi£Z£&)Rr^lfc*. #7-'lxWH^pbftM, |
z&^&mn\z\<mx&m^&m\z\ = ix^, \u iz) m&mm^msy, mv.

= ix^^^^§i^Mi^m7^^^^mn^&&^:mo mst, mx
&z=mmms&ss. ii±izi=ix

Mftit^, mxM:Xxmm®m^'^m^, 7mtofcw%%mMx. tt^m®m^&
f,£r3ii^£#?WZ=o, Z=oofn|Z| = l

&H#'ii^X*»st?
«»£7i/( i-2Z)M^^W#Xl^^M^Zft^«, &m^X&X:

mib t m7X^^mm^, n^bt^a t®mm^^^smm, m<* *&&*s!&&&%, £
FourierJiFWfnM, MFourier^^jtbßT^, PJWX«^Mitbßj*iM. ZLW&nm

-ftMGMXf&ftJ&, ffcft***Bffc. m±of*&*r

Z(Z)= x_ 2Z-2 +x_ 1 Z- 1 +x0 +*IZ+x 2Z2 +- (4.6.1)

Z=e iaAl (4.6.2)

__J_
2^ ==1 + 2Z+4Z2 + 8Z8 +

i i —i r . l , x ■ "i7~!z T7i:=XzLI+ lz+lz5"1" J (4 - 6 - 3)
2Z

&mmx%mM*m~m®^m^z®m.m}^. MT\z\=im%, m-^mm^m, u
ffiu, &^fc®-^&ianticausai)mwLX^m%:®msi. «n?r*

z^&fex, mmAiz)=i/Biz) 0 m^Aiz)^^Mc^m^'m-mm^^^^^^Lm^
&*#)s, mmk %u&^b i z)^^^^ikmmi^&^mxm^^. #jsij£(z) =
l-2ZJtZ=I/2\sX^, $ksiAiZ)=l/BiZ)&mXX>%X, SfcJiiß, $&WiAiZ)l£

z=i/2h*&&*i TOa.xiwHMri. %m&Biz)R&mm&m®%mx &m
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i/5(Z)|<oo S|Z|<i

B&&

®m.mk

®.frm& m&JsL&mw&ft

3. fß.&&sinvrH
mmzmmx,^ (xx-WMMRiz), xM&wiz), x&

ia\R(z)tftmw&ft&m&&%'ZfQft&w, mmxwM^m^mm. jMo^Htt, y xxu
mxM&xm^mimwM. m%, nxßiz)xtz®mm, wmmMßiz)xux
mix®, &ftft£, mmm®x^xmm

xiZ)- R(Zy (4.6.5)

wmmy,®M-&sy^i£XiM:{k%.x to

( 4.6.6a)

(4.6.6b )

PJi?(Z) BSXIU^-*!XlMft. M
HXXfll^it: #*[£(©) ] >OMXm^^^®Coim^L. ttXffi&n&gitllX:

yxmmm^Courier immmiM, n&- mmj]XM-m®tMxifm^ i -»
mxxw), mn

(4.6.7b )

YiZ)=RiZ)XiZ) (4.6.4)

WR i Z ) B^UXm®., :

o<j%= Zti x £B£= 2feffix p_l«

= "2~2(z t y«+y<**)

=[z(-|)f(z)+f (4 )xizj]®z°mzmw i x q. 6c )

= -!—[**Re (XY)dco ( 4.6. 6d )
In J o

= \Re iXßX)dco=lXXßeiß)dc.j ( 4. 6. 6e )

(r 0 +r I Z +r 2 Z2 +-)-l-(f. +f, y+r 2 2-+-)xO, tf&ifc© (4.0.7a)

/?(Z)X7?(^--):-0, ty^Mcomt
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A. ® £»&**#
&%&WM^P'> Zm,

( 4.6.9 )

i 4.6.10 )

ra*smuH i-z), m
( 4.6.11 )

4mwtm&wz t f&j&&mm, mn
pt+pi-i ( 4.6.12 )

( 4.6.13a)

( 4.6.13b )

Hitb, qttA^pt^AkTcux^^mtzm^®nm^mmmx^, t^^^xMdO/dt^
PftCrank-Nicolson»lMXfrM. MX i 1+Z )/ ( 1-Z ) mMm&Wt, M% ft 9

S MZ=e'»A H£A, lflWfrXtft#fl£j£llMtt*SK

( 4.6.14b)

Tsmft#7( i+Z)/t i-Z)£Z=i±«£,, &&]*%T!iJ
«MAii«ftw«. &w£. «n, &
i/ i-ico) %a>t&timßysmmwi, m^^&tmm&rt^hm m icsgn( t) =t/
\t\, fmmnjkxmmftftifr&iF®. xmpMWMxmm, mm&mix-mufr®

P(z) = +p- 2Z-2 Xp-iZ-I XpoXpIZXp*Z2 + (4.6.8)

MKXft^, %X~XnX-ia
l l I+Z

"'Isa* 2 \-Z— i co At
#]>W7xy:xxp(z), %x&%-^nmsmmwiqt,

QiZ)=~ ~z^~PiZ)

(i-Z)Q(Z) =~(l +Z)P(Z)

gi-gt-i = 2

p= , 0,0.0,0,0,1,0,0,0,0,0,

0= , 0,0,0,0,0, -_-,!, XX XX

" ©A* __ ____? Z-°' 5 -Z+0 ' 5 ,

1+Z -Z-o. 3+z+ 0.5 ( 4.6.14a )

. sinicoAt/2) . /coAt \r cos(^At/2T^~ nanV2 )

7=4- + ipZr+ ipZy+ ] ( 4.6. 15a >

i *xm)

03/pftifS/Js a^a»^^MBt«±*^*JZfi^|*<S[y ffftftfe^ftltfti^feiEfo M



187

M&®-wx&¥Mi, M^mmx^®wxmxm-mmmwi®-xmx. \%%x%
&m&wx%mm, jl^^^^h*^. itmm^-x, &%$&&&%&'& ® %je

( 4.6.16b )

&j&X-&3tsJ, X@^§m-XXfill|ra# ( i-p2 ) Ej£3uE£, &«g:**.#
coi^xxiM., imxGAffi/X.

fcsm^nmi-ico, mm
xti-mmmxmfrM^fd/dt., r 0,92

MMft##£X£.

mrw^ummmmz^m^^m®, nmx^Br^M^®ummii\i%&m&mu^^^
{& (^3£NyquistM4^-ft^miL^#if^ ) , wMmmMmfa£x^xmmi£m®m\.
Kiit, BP^iarLXXit^x^ft, __»Bc3fcfli'b\

Francis M^rfII&.H& M $!«",

m^m. Risßxrxr£®-xmwmmm, mrmm.%&
&%^nm®

0 $g Francis Muiv%XMM . J&&

T L il±pZ) (l-p/Z) (i-p2 ) +p(Z-i/Z) . .f . .7~2 (1-pZ) (l-p/Z) "~ (Xffi^l)" (4.6.16a)

_ (l-p3 )-i'2psincoAf t
_

2 p fAiAjt-t 4. p*~ (xmm) —■—L* T i

nm- icopjffi&&]■ mmft &ftM
frm^f. ximnmAxmm
#7 ( i» - 1 ) ffi&7Bffi*sft
IHHsll, {MSat, OJM£&
#»7ft#>JiX gP

1— oZ »
X l=2Xt7 =2-4pZ+

4(pZ)a_4(pZ)B_i_ ®X'*±WlSl^ft3i2s6X&±iftgifcFourier£& f isn®%.SsM&
( 4 6 17 n #&T£fifi£*fe*i?ffl;£:£Jß

it^ft^#^^^^^'rt^ffift-#^^,
Jtf.

*iOT*£*#***#*£». *msX%.iM., SMttkp>i> &
> Z- I ft^^^^^lls[M?f, Ifc&ifc, t^SH*ft&ili^H%©; K|

5 . pa^ia £> fitMuir$L jN
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( 1 ) mVIXtMMma R'=aß

&mmmxm£M&msm&Mm, xxm%m-^MX'mmf^Mxx, mm, %r%x

>mmm\tmMxmtx, xmkx-ymm^M®m^m^^fXMLi£%^xMmxxm/x
Muir®xmmm\imvM, mm^nmMtin,%~&m\m&%uttmm&^.

( Fourier^XXft^ ) , UR'^MX^M®. 3X|£jg--Xl^:^Muirft3XX|Bl M ® M
m, wwixmMzmMmMXW!mm^®mm, wMmm'Mm^x^mpM, #sm

e. m&jLM^zLHrt&fc
mzxmm®~mm&n^w<m&x®, mxu^^^Mx^m®. mm^mmmm

tkM^Jk^FovLiiujxmc i co )gy r?x&M-^®ntmmWimnMrffimsk'®L
ft, msMfm&&mrm4>fi.
umx^o mm, ty.-A<P<+i&&^^ct x^~xmiAtzmmn&Xp®BW, g?our-

m^m^xxMrXmm^mmzm^^m^RnFourier^m^^x.^fki m^x x )
zm, rn^&w, mmfeft&Mmc, n^xnm&jxm%-mxbXR

&mm*4xn<WMAL, wR&Kf&%&%iEiM..
~ &R(c) ®m&^m§j^mmc i r ) iMfe&'tti ft#fc^**B#£^jsjw & #
\fem%&mm. xa, xm-xmnn®i^mMwxm^. -xxm^-Mimmmxx

XlLxsm®, M^X^HMfcCPftft ( causal and positive real ) , M U

m^-MiiE^m^'BMm^m^wM^mt^c, %f0m~5%%m&%&%&%*%

(2) fjf* R'xm
(3) im R^Ri+R*

C =pZ=--pe ioAi ( 4.6.18)
&m, wjx&mzmn&mxx-x&Mm.

R-\^ (4.6.19)

R&{%*m®&&> &4®%&mm, i±xxm±. %-&&&&&& ®
xmxm&rmxxu ncc<iM'xxxm^mmx^^m:mxcxc2 + %nwsm
&±xmxm£mtc®^wiin%is\R®im. mfrsnft^mmpMimii*G\> m

R*R=S'[Q mirX0 (4.6.20a)

ReR =Re\ (l J?£^-—-I^o ( 4.6.20b )
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im&mm^RWX-'mmß, x&&mx&

M##*#7(i-;?)iftfig, mm^^mxmmß®^M®, nx,
&m&ffl cm%ssmßM®i. -&&\tmm£®', kyjss-k ( i+^r 1 m j&r® lEmmz.

x'czmms
B^ 1—SA% (4.6.22)

IXsR

m#xxtmxcoimx®&mxe\R\<u &mm£7/7miw®xm^&®&&MX£i .
Bjtb, bm~welm&, nmrnzmtriXsß, fcjkuft&n&m-iE&ftikMi&fii&m*,

mmi®^^xMym.

i 3 )mXffipili^H7^M*^^X^^X^®^:XffiMAa<Jffix
( 4 )®Xffi^li^H7^^m^^H^'pt;
( s )SXtliili^H7^JiM^¥^^^Xffiiu;
( 6 ) ISlfLili^ft^itU^^mill^- i<p<ifl^liimM.

X^alMMi, &Xi£M®M®Lm%IZZ&&X

Hnii

C^XXX- (4.6.21)
I+J?

mi, mt®r^^mxmmm%^mm=, Romm^M^cim^M^R=ii-c)/

7. $„t^#f

miim&xLxniimmmx®Fourier&&zum, xtM%Mft~_s%&,
( i ) te&&wk&?z&&fo*m&&,
i2 ) m^m^wxzm%txmxmiu.wMmx;

ft Rft%s%a, MM%b, MR=a+ib, g.if, J^ltfc. XX

IH-i?i2 =(l +a) 2 +6 2

l-i?i 2 = (l-a) 2 +6 2

l + i?:a_ j_ R *~{i+o)i-i\~o)z~i a **4Re ft*
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£/(Z) = Wo +"iZ+M2 Z*+ ( 4.6.23 )

&£( 4.6.24 ) tt«J|HfcftZftftS-«, Sf^s(Z)#K^Zft#^^^e &f, ##ftft

w&&M.#msLfr&m&&, wxtß^B.^muxxm.
MmmßUxm^mMmxzFouriermM^' £&xmft, mMmx^^-^^m

®OMXf%, \tXMMxico), yico)-\= IReBiZ) , /-fl(Z)]. ft tbflyAft^XM X/X
ffi^^yC©). «b, B«@»MXfflft«HX^(z) =z=^

n%.. mxtmmmx®-m&&x

ftxmmmwzmm&<pico)^%m&co®-xnmmm, &fts|h nmßio)®s
m&xm ( Reß, inß ) nmttwtfc.

( 4.6.27b )

ikr^mßxmxmik, mmxMiXx, ttum&%isft&&& x^-nmxmitmmx
bt&BiZ) Wi_Z£&£*. W%

BiZ)-=e u=IXU +~~ + U
3;-X (IcXKcoHf ) (4.6.24)

&\muv£7& ( 4. 6.24 ) mxmx, [i»,fajyrßfflH^ii®.
x&iL%.m> w^m<im^mmm-wmQ&xmxmik, w%im

B+=e+u (4.6.25a)
B. = e~u (4.6.25b)

£&, B^B.x^xjMim&fk, mßmmfo'xm. uxmmmmxxMxm&%

my=sinco, teimx7-xuw>Mxm'b®m. aft, z=e im ®mniMi.cpico)=co 9 %&m
&a>®iffl%mWl. »/>*Bslt^X, ?s(co = 0)=<?3(co=27r) o ftX
im^m&^mm&, mim^cPico=v)=(P ico=2n)+2n e \imm^v£M®fcmmM^x\

N N

B==eucz >=exp(*2UkcoskcoXi*2U k s\nkQ)) ( 4.6.26a )
I=o I=o

= exp[r(co) +i>(a))] (4.6.26b)

miixi^ix. m-& i 4.6. 24 ) ®im#m%rtz®^m
U= lnß (4.6.27a)

dU J . „„
~Ty —Ui +2«2 Z+ 3m3 Z" +
dU 1 dB >'XV «- %

1/Z = F XX (4.6.27c)

Kftßftift£:frftUMßft, JtfX ( 4.6.27c ) 14. AX

&X£ll-^ttißc^ ft
&ikl w^\ixxx&m&vEmx&m4m)&AL.

m&mfeMs®im, #,&«, mxmxmzim'mmirjx^mxt. &%n
B r^ (^ el-By ==e r l nß ( 4 Q 2 & )
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#^*4*H*tt, x^.um%M2-m^9 **»e»*tf*f7»^fc**fi.
ftjgJHE^ao, $£&tt, MiL®mnrf^i^^^i:-i<p<i^^ffa^^ii^^M

m«#iil tt ftptfc ft

{t. fe/>ffi^ii^ft^f»^^^B^foii2i^fe

mxe-2Mimcom)z%x^m^moWMZM^mx^®\tm. $jf*A< ft&xmxx-
Aw^ftii^, #3^^^it4.i^itift£Mfe^Mc mnstix¥xkms\®, xxiiim^mm
mifc¥Msi&m&xrtxxumm$m®&m.

04.6-2 mmM^mmm^ ( xm ) m&Mmmwmi&g. (^0 ;

( 4.6.30 )

aWftfi^Wjia^. Francis M_ir£ft%Wkftf3&JLbttt&¥s#&ft
XJUJ&2.iI?),Mf&;)W
fp^^#i? B i^AEmii^Xrl^#ptM,>An=OßtX^, n #^MXm^mit^ ft,
7^£fts]M^-#ia!ait. ffiXit^itis[X2^^^x^-XsM^fF^^#i?riin:®^
fttM, &JtttftW£T*, tilij»#«i B)f^ft^ n^;feia^r¥im.

8. t %s.%#&
*=-&, \tn

.❖ 2 1-pZ
S --"0=-ir T+^Z V 4.6.23)

V2

i?-- ==s+T+^T
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R =s+ Xr (4.6.31a )

( 4.6.31b )
( 4.6.31c )

( 4.6. 31d )

tmwtmnU^, x2e£x& 2 , m^v%wc& kx xxx- ,xnmk. umx-m*®
Fouri*3H*Xfrfll. j&fti_:__tt|fe, MM

\hxx%\R^ux±ik,v. ißft, Ro\xx-ftß®-wimi, m&'-i'tZ mixfcWL%

xxxftsi?mxxf}%i, mmim&Ritm®^, WL^mmß®M.x^,

&Mm
mmtt&m-jiitW, pfi, mimux^xwM^amw, hfa
MXM^jkßvE-zinxmmK, m^^w^^m^^'tmmmv^^mnxmu^.
mM, x&tiOn&, ma^mmx^m^mm^xM^

iXMtiL ft, (-rS)S3*Zsj|*gj«* ( 4.6.29 ) £ttffi*W-*WH*lt. tttt£s&fllH
xxsttm£m&, i-i^y&&Mmmm. &ismmni ktrnkx^im^M-x
smffc, JAffi&fti 4.6.36 )%&®R 2&MiM?ii'mm±M0 hm-3*#&(4".«u6)»4ss
m®mx&xmMisxm} i£*, xmm~^&^mxMxmm®'\&, mmimwx&

x^mm^Mm&wxxnmxim&M#-mst&--

-sii«^. #3pamsjts£ft% 6 ftiEj^^fco3afT^#ft.

M«^*J/TJ^^"^X^7^liliftXfi-^.
j^JlXlilUpfe, WB.>Aiil4.6-3^fniX^^--# -3£j^««ft" (branch cut ) J3-M,

%mjki&, R®%mrk^XiJE%f±i positive real property). Umsk^FMg&M&jk
&m, &~&&m&m4x-^Mx®mmitfi, WLvtmx&i 4.6.36 ).5fx ft

9.
«»^e ( 4.6,29 ) WXHtk^ftmm&U&mXmiii. Kjartansson

R(sXR) = s(s +R) +X 2

R 2 =s s +X 2

R = */s* +Xl

R=±^j-^ 2 Xv 2kl (4.6.32)

Dix,z,t) =Dix,o,t)e ik *e-Sz/v e- icoi i 4.6.33 )

Uix,z,t) = Uix,o,t)e ik *
xe-Rz/v e- iat ( 4.6.34 )

Uix,z,t) =Uix,o,t)eik * xe+Rz/v e- i °" i 4.6.35 )
xttitMnß®im, +v=u #

R= J i-Uo) 2 +k 2x (4.6.36)
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04.6-3 5$ ( 4.6.36 ) xrXxmnxß&mr&^xmMxwxMffim
%&-ffm^M%^MAimmi&Kmm®:

( 1979 ) &&M&, &xm® n m & w #

i^Af = [(-*co)°X r<lij_t+(-zco) I X^Jffi]Xj_r^: ( 4.6.37)
iigg&tt*^. «»£#( 4.6.37 )MLmiM&%u%fi®. mmmm*ix%~'sr
&^M&, tftnmsfaftß&t&&fc&&jjm&tt( 4.6.37 ) tit(ft :

( i976)fti_:£. m^x^xM®^mM-rx,n^Axn}kX)k^^mm^mx-

mx = nm x j^+»ptx jsek*
#Fourier^&j§, MX

MX = %WiX(- ico)c xj_3£ (4.6.38a)
1 %sLst?t ( 4.6.38b )
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jjfisim%; (2)£yAl^^^^7ftm^*. Kjartansson( 1979)^ji1, (-fo) :MM

xx-ico)r mBLX%%&i 4.6.37). %Mw%#toW&QiM&M> n-i-icoymxx^s

m^mm®mw>sm%zsmvHMim-m, wm®&m%.Qti£&ffif&%fc. Qm*%M

n m
i 1 ) &e<o#sm4ffi? m w# m -^m®mx.
( 2 )$a>o%jE%&\£m&&, cx&wmm. xfn MMuirftM, t&Ep t *

l-C l-C

( 3 ) |Wj^( ( isomorphism ) R-^ R'W&&&W
Civ -C_ ; C, te&»4t^ H& M
PI'J. fctii

(-*cD) r =|©| r [-*'sgn(©)] r (4.6.39a)
Hco|XX'*sgn(a,)/2 ] y ( 4.6.39b)

= |col r jcos -z— sgn(co) — isin —— sgn(co) J (4.6.39c)

= ko| r {cos(-^)-isgn(©)sin(~^-U ( 4.6.39d )

1 /

-Q- — tanae~jie (4,6.40)

m 4.6-4 m&%ie-<- i *>
0 ' 97

t O &}UZQiM.B#

»^#£!]ft+#iIS#$3££8

l+C ~~° a IXC

&ft, ifcßmm7Mmr®3~mm\, \imttx*mnj£mMmr®mxMmm, umn
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a.'&H*ftHr*fl-*r

rjmji

( 4 )
log[(l+Z)/(l-Z)]

E^
ftJ^C^^Hilbert^fift-M.

is)i^^mxm*®xxurmmay\or}m

*m®, nxM.mx-ico=-icooXs, xw^.

X2 H^i)(^ix~)T^^^
(7 )K|«J : « mmmWL%fXM 1> —%%ffi&Levinson&m&&^^ffi&®MM%

Xm? MXX, Ut&XfiSX^'! H^: #isJonesi?Thron( 1980 ) fti_^.
(B)jsM£33&j_r£3l, BP, Jl£tgs3££

4.7 «—j*fiAW&£
fMi, mx-x. -x^mm, '&mwm. &&tM&9^istottj&&&%#&

®?jm. mn^mmxmxxMs£®um, uß^^mm^-x^x^^^Mi^^^ x®
mxm, &¥?&rttm^MMiiMMm^®. rt^^ftrnmßrnmuu^x, #*4*^#i
*#$Kte£§r£i-^. Ji^^fnM^/>^fnfta£;tf£®, (*R4p*fflTii«'+ft'i^
®%cm&mmMr!x®im.

:m^xuiik&^r^nfx®mnx, mM^ftM^&xmmxßrtmmix. as

xn.x£.?:&&ftWL&is, mfiw&&&xwm-m&ftmxm. %~fWh&&m&.m
xwft£&®Mmm,

dP . r i/vk \! i/ i* \*i r.

ie)^mmnm^mxco^^, mw&s7k¥xim%-x®ftsxM&, &&s&&£#
l ix)®xmmxm^. %^mx

zcos=
V 2
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x®x^£mMmmx&®mmMVAtm. tmx^?imM^, «&xi«ma
x^n^^^xn^^mm^xm^jßx®M&\m^Mmzim^m, mmnumf-XM

frjnm&(co, kx)^\Hn^'Mm&mi&s:, mmm^xm^xourietmh. xx^x^x
ft^mm&x&zmmf&m, mammmm®Ximm^jA^^®xn:^xnm^:iMxn.
nn^^^^x\xxir^^vxwx^mmm%®n^, %xMm®xfM,

i. $&%■%.
Ifsk, &*«lbX±VA*ft?£Slift. ft:&tf£?teil^J&££#9, &W3ifWM*S

( 4.3.7b )

wxi, Mx^m^m^umx&m, miim^xkx®m%m^ %kxim. mxfiumx^,
mum, i&&x&Xi-xmm"i®nmoM%BXMX%&£i. «,

Axn.^m:^^M^m®Wn'MWXM, ifc&&m^&&nZmMWtM7&fcnm®, X J£&
®mm&^mmMMvm£xxm%mm£ftm®im.

2. 4WH£J?!D^#.
m^xkxs-±n!tjmmn. nmmmmr?%xriMx&m, &tfsfttttt mz&

»xi
( 4.6.2 )

ußmiAmmm^m

( 4.6.29 )

j^XXiftlu ftssb p=i-«, itb^£>o^-priH#_l. BP^^^M^^ft^lrii^,
i^^x^Mmm^xp, m?twmx^mmft&n®srMtms.—m&mwix®~^m
m. ejkx%^mhftm®mm/Ni> t -^^mmt®^mxMimxmwuxxu
m&Y=U2fmxs^j&Mmmm :&, unmm^M^n\^mu®mrm.-^, mmß
&m%}x*e®&mtmxxmffi ) . mnmxm^n mrnxmrn^xmn x x
ftpft. &js, msco^mn\>mm, immnx^mm^^A, mtw^^sk

3. Muir.s£^itli3
kMxxun\ij^imm\,mpfxumfXßXX:MMmmm^^m it » m *. x m

Fourier^^^ftTT^^samH^pfe, vmmm~%m%uxxmwM,
mmmmwiK—ikxmxmk&^#m&&znmxmm&7. mx®xxtm&m®,
miii^mM^^^^~x^®^uuMi:^mnL7Mm4.G-z^mm®mik. mm&x&szw
iWu umxxM, ~m^:xx^mkx.js^xxk 2 -sm\m.xH^m^.®^^iXu 2k 2/

ftim y. sm -V 2 ' l-64sin^2

Z =e imL

.*> 2 1-pZ
lco^ ~KF T+pzT ~ lf<P<l
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i*/s*+v2x+s)imzm, x it

xmxnw.-Mx, mwm®^MMmrmm. &ro%x* :ftftMuirmmvs2.%&fQ&

2.1-1. m^nu&M—xnm^fomnmmu<%®nm. 4
,--\

i 4.6.29 )s— — t CO

)ARo^rosX^®M\i\rmnX
( 4.6.30 )

#**«* &7&4.6^tEiMi?j|xX^^,

( nr/&)-#**
(4.7.1)

XlOH.i^X^Xl'i&ft, Hf KMt^lf
fnJXS£&XX*Ut#

(4.7.2 )

St^*fti-f^©WM.7co.
&:£ ( 4.6.30 ) , mmR-sBLMrX-xmw*, nw&mMtikA-nni£®m&&,

( 4.7.3 )

ft (4,6.30)^*

(4.7.4)

mffiuumm, titiß, jw*tfc
,
ft«fa4n»j_fe3f!teaj9, #'ft£ajfe##i£**: w#

mm^Xy^mmm

(4.7.5)

(^^(4.7.s)^^(4.7.3)^^S^|t^#iil*^(4.6.3o)^[-afti;a^ls,,^@) .
;Ai^±i&, fti 4.7.2 )n^xxs;

e-ij'z/v+ ,-cz/ u (4.7.6)
{o^^EmilX^( 4.7.6) tfl^lttt2#mg*^#&4tt

4. »flMt***

i 4.3. 14 )

XX 2

-11/«_g-(B-S)V»»-!2/»

A A- C R C - i <o > + i <»3 z/v + iws/9

m\i.wwu{rmmnM\im.m, 4
R / =R-s

n' __xA!_A,+i~ 2s+r:

jp / V Rx _
Rl -silXr~;)

m%ifcmnmm%mfismnM%mu^x, M^mm^xmx.%
k z Az ' k x Az---=-

(
tan-j--

foftnELmTexpik.z. &xnmii-&m&, x^^-M^n^Mm.
—m^tizmmxmxxN t . &ft( 4.3.17)^^x^(4.7.6), #&
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- va„. n-R'Az/2v ye ~\l +R'Az/2v J (4.7.7)

5. HX&fi&'&'&&
xmmmmxmmx<iimmmm&mwmm&%, mMmx^®xx

mmmmmmM.mmmswxM?m. tr&imft, xxumx^xmmA^xmtkm
mx%&&^tofya:ffikwsJii, tmmAimmm®con%kmmM%&®^xmxb.
immMm^wxuu^mfsmM, m^M^®ixm
m\\nnm&m^oo^^xnm^). ms-> ttmmm*®Az/v-Mxm>&m®fm, u
&&&^xvim&x®M§i. mi, mti±.x7)&&m^mxyxmm%mM.mmm

6. H*f&7F«ffc
mnm&m%®Wi!ii&MWL^m, ±_«kb&7 ico, k.) xm^mux m m& &'7

NyquistM^m&l&%&XskM'simX^AlX. &?&tilfofrWtßScNyquiatifMffiXft®
$wkh®!mmMsttj%w, xm^\^®n^mmmm m x(i+zv ( i-o.sz )
mft®mmfM&m, mx
m^mmwm^x^^mx'Mmm^mwm/xm,mmom^^7^-^^mi^-z)
ii-o.sz)®nmm^®mM. n~Mm%mm*Mft®m&X:&7s&i£®jm, mxm

rtjals (^mwkkAi^M m
iM^). &xn®mm&^¥Axk^xio&xmj, mfa&Mx^xmmm®m%x^

Br^.^iXMXXi#ft^7B^|Hj.

7. nfr

&xxM®mrf. ommxsmsm&®m^&mmtfc, u&mmmmmxmxx:

-v z ; z
# representations of £

integer output, outfd, fetch
integer iw, nw, ik, nk, omhat, kxhat, kzhat, degree, tfilt, xfilt
real v, dt, dx, dz, xf, xO, tf, tauO, rho, bi, rO, eps, pi, omega, k, vk2
complexcz, cs, cikz, cexp, cmplx, csqrt, cp(1024)

call putch("esize r

call putch( "nl"
call putch( "n2"
call putch( "n3"

i

i
,8) # complex numbers
,nw) # inner index is co
nk) # outer index is kx

,l) #one frame movie
i
i

outfd=output()

nw= 256;

nk=641

if(fetch( "v", "fX v)==o) v =3.75*1 #rock vel
if(fetch( "dt",X", dt)==0) dt = .004 #At, sec
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if(fetch( "dx","f"., dx) = =0) dx = .025 #A*,km

if(fetch("omhat", "i", omhat) == 0) ornhat = 0 #co

if(fetch("kxhat", "i", kxhat) = =0) kxhat^O # k x

if(fetch("kzhatX "i", kzhat) ==0) kzhat=o # X,
if(fetch("degree", "i", degree) -==0) degree=9o

call putch('dl", "f", dt); call putch("labell","s","sec")
call putch("d2", 'f, dx) ; call putch('label2","s", "kilometers" )

# close data description file

#loop over all kx

(4./bi)*sin(k*dx/2)* *2)

do iw= l,nw{ #loop over all co

omega= 2*pi * (iw-l.)/nw
if(omega>pi) omega= omega-2 *pi
omega=omega/dt
cz = cexp(cmplx(o., omega*dt))
if(omhat==o)

if(fetch( "dz","f", dz)= =0) dz = .004 # Az, sec
if(fetch( xf","f, xf) == 0) xf - .25', x'o=xf*nk*dx
if(fetch( "tf","f", tf) ==0) tf = .5; tauo=tf *nw*dt

if(fetch("tfilt", "i", tfilt)=- =0) tfilt=l
if(fetch("xfilt", "i% xfilt)==o) xfilt=l

if(fetch( "rhoX "f", rho)==o) rho=l-4./nw
if(fetch( "bi", "f, bi) ==0) bi = 6.726 #6"x

if(fetch( "rO", "f", r0)==0) r0=0.7071
if(fetch( "eps', "{", eps)==o) eps=o.

call hclose()
pi = 3. 14159265
do ik=l, nk {

k =2*pi *(ik-l.)/nk
if(k>pi) k =k-2*pi
k=k/dx
if(kxhat==o)

vk2 =(v/2)* *2*k*k
else

vk2 =(v/2)* *2*(2/dx)'* *2*sin(k*dx/2)* *2/(l

cs=cmplx(l.e-5/dt, -omega)
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else

cp(iw)=(( 1.-cikz * dz/2)/( 1 . + cikz * dz/2)) * * (tauO/dz)
cp(iw) =cp(iw) *cexp(cmp!x(o., omega *tauO)) #unretard

if(tfilt>=l) cp(iw) =cpfiw)*(l+ cz)/(l-.8*cz)
if(tfilt>=2) cp(iw) = cp(iw) * (l-cz)/(l-.8 * cz)

call rite( outfd, cp, B*nw) # write
}

stop, end
# Finally, you must 2-D Fourier Transform(Section 1.7), take real part,

and plot.

# 45ft# 22X HI#4 jTi%XnftftHi ft , XI^#B?XXftXP»A#M«£nX:
tktf-^-g.

1.3-6a
1 3-6b

2.0-la

co2 0-lb

4.0-la

4 0-lb

4.1-4a
4. 1-4b
4.1-5a

cs = (2./dt) * ( 1.-rho * cz)/( 1. +rho * cz)
if(degree= = 90)

cikz=vk2/(csqrt(cs * cs+ vk2) + cs)
if(degree= =15 | degree==4s)

cikz=vk2/(eps+ (rO+ 1 . ) * cs)
if(degree= =45)

cikz=vk2/(2. *cs+cikz)
if(real(cikz)<o. )call erexit("cikz not positive real')

if(kzhat= =0)
cp(iw) = cexp(-tauO * cikz)

else

if(xfilt== l) cp(iw) = cp(iw)*(l+ cos(k*dx))/(l + .85*
/ cos(k*dx))

cp(iw) = cp(i\v) *cexp(cmplx(o. , k *xO))
}

tfilt = 0

co, u=2.o, xf=*.s, xf ilt =0

co, u*fX.O, xf-,5
15°
15°, s= I

45°, tf=.2
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4.1-5b 45°, tf=. 2, e =

45°, tf=.2, co
u=2.o, 90"

4.2-4
4.3-4a
4.3-4b
4.3-6a

4.3-6b

4.3-6c
4.3-6d &*, co, b

A. /\

&*, co, b'4.3-6e
4.6-2a

co

4.7-lb A*=.ol2, 45°, tf=.3, co, k x , kz
l^ft^nttlinffAlßftMft, jnJMMttll^&te( continuum ) iSftStlHi X

&ftftsL&:&tiit3L, m^m^Azmx^ ( mux, n&ftt&Mff *t n n m ® m m mx

&wftffim%MmmtgiM7, ##f*£
M7uu. %&m&ftnm, mm^wtm^xm-^m^^m^^^Mm-^.

4.8 Muir^GodfreyW^^^^j_:

S\ /S s^

v=2.o, 15°, co, k x , kz
k x , co, o_l = 1000000.
kx , co, 6-1 = 12.

kx, co, 6_1 =6.726

4.6-2b co

4.7-la A2=.004, 45°,tf=.3, co, k x , k z
S\ S\ S\

(a) <X

r54.7-l ix, z, t, )£fWft4s'j&£_|X £S^A2 =uAf,^®^A2= 3uAr
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un~%Mrtmmn\immmi±m®Mfe'&. «!£R+r*&jE£&i* ( %ux& ¥
x^ft)©, n£jjm

(4.8.1 )

%nu&&%n%.&. W}~-*^*m3zm%L'&®sm, #=?R&—ftß*zg&. ®x%m7z
$&» M-^®^^/xmnmmx^mmm^. mxß^-xum, i^®m^mmm
mm?tmwtxW±B&7±FouTieTsmfQtiti& m #ir&mii*&ftß»£is&it, sroa
inm&si>b®&xmft®im. mft&nmitxr?, nu®^txmnmxmmmm^itmm
TJtt7ttHK*HA#^|t|a "#&*!£" ii^ftfgAfo^X#^m^ft4s°^!|^fM^^J^S

lt^lffWr-l!f^BW, $«IW7U,
l.
t&q^XqftHermit^l.. 3H£:frsg (4. 8. 1 ) ftfUSft, Mqq*sM:frf*£^£

m^^Ml^lHjJi^^ft, BP
£-(qq')<o

»£

( 4.8.3 )

#5£(4.8.1) ftA:£(4.B.3) , #

q*(R+R*)q^o (4.8.4)
:£( 4.8.4 )%®, ®kmsAftXn%fe, R +R*>&MXXsE%® i positive semidefinite) .

2.
mfrxmzMSM*mmm® . ummmm-^mx^m^m. tmMi-xx&mm

x
( 4.8.5 )

*is*w»ji********ißP*. —m

*

£-*
7^^%^(q-+i +q.) ( 4.8.2 )

.dq dq*

q*Rq+ q*R*q>o

(a*a-b*b)--2~[(a+ b)^a """ b ) +( a~ b )*(a+b) ]

4a=q 8 +1 , b= q„, ftlA.&.a)sE%

(q*+iq» + i-q* q.)=-2-[(q. + l +q.)*(q. + i—q.) +(q. + 1 — q.)*(q« + i+q.)] (4.8.6)

n&mxm (4.8.2) ( q„ +1 -q„ ) m
Az(q* +iq» + i-q* q.)= 4— C(q. +i +q a )*R(qB+ 1 +q.)



203

+ (q. + i+q.)*R*(q-i + q.):i

= -f^[(q B + x+qB )*(R+R*)(q. +1 + q.)] ( 4,8.7 )

:&xxmm7xm%at.. immxß*xx.te, mqt+1 q n+l xxqt q„.
3. &MXASjISL%r?Y&
xfm^smwß®WM&s}xmx

i 4.8.8)

ft*, #7mmistomft

i 4.8.9 )

mn®mmiMt®wxxftm^M&ixxu, ximik x , m#
Mm-x^mrnxm. mvz4mmwm®%x&mmxmmmr?&&%cvix, *).%*
mfx^^mmnnm. $.mmxftm^mmx^m-®, mmi
nm^^%^^q^Mnmun&x^itmm^m^m^^^mm^M^. m^ft i 4.8.9 )

MWinumxd:ftq^^^Mmmx^®4^^mmmxM^mmz^mmm®xn
hm*, mn®x.m%xxfowt&msx&&vix, z) % ft
uwxn^^^mMxmMmmMm^mqmM^m^mzp^®^%^mi^,m^^m-^

m
mm, mn^^it^x iu -d/ax, n(va,)x

ivdxm%ivdx )ivdxy&mm&ft, nmmm^mix®, mx-Einm^^®^ £

&m~^®UMmmmxoymxmm :?fft®mw,x, *u 4.8.9)

R-^m^^UM^iEmmu, mx-im^mxj&mmft, mrvmxm&ftin&ummmm.
£ftftMuir»j. &-pw?RmxmmiXMikx) 2 =-d xxmidxy==-dx , wmxwm&
u 2fe^EX^(4.B.lo) ftX^tiEft.

ÜBL®X'Xunxß&%mm®m&ftmmmfcx

( 4,8.12a )

( 4.8.12b )

-, r>_-„,,*,,« _ Rq

, (va,)(va,) T

T= « (4.8.10)1 (Vd*) T(Vd_)
mumtmii^m, m&ffi&&i&%%&&fa%&viUL&%,siitsL&ft( 4.8.10) *mwM
%, >«^fi;E^»»ftfnXSft 0

— i2co

M = -—=—
-i2©l+—!—— i2co

R =V" 1/2MV- 1/2
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&xmmnsstoMfti?temi «u.8.i2) *%mm&ft^nim&jE%® i&wxft
m&Tsttf*i&&mxm&&) . mm-wm*&&%.m, wmmnmmw

Z^Mft®iffcUmX-*fciM.Z%mft, &^i£ijr;,
M#M£-H^#^(4.B.l2)*ftT, nr^T^XX^&m^M, HltbM* + M#B#f

ftftftrnftmuvt* mv- 1/2s.x&mts-~*m&Wi>&m®, m%x, i^m%y- Is.x
il-M. -mnm, £BHR*u+Uß«£ft, wmmn^x^ft^ftinq*\iQmm^ MW^,

R+R* = V-1/2(M +M*)V- 1/2 ( 4.8.13 )

inm&im®, mvcx&vEwmvE.
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<S# __--__ "*_--__ <<£=■ IS!

Bfe4WU\ lH^4-^*#iJ#M^^i^^ft-®^^m^^* tf17*^^§©-#. *
ii#M^^pruii:^iiai. gmß*i££jH;flHfr#s&
7W«lf«I«. #^^#iiJ^f_^^®^JA^lt^^^M^^^ft»*i[#X^. «^XF^
:%7M»iftts., j&mw^jias_&__jte i_:@wjfif^!

i. *fe.£Hf*t#F#
/^aiMßsiJ7&it&

«IT]^l^±-t3fcS^*|qJSß^f^4#, WXv^il
i£®Wrfa4#.

fr^j&jii?#? {^x-^l "mnnx
wmmw , i^ommmmi^mm^M-m®nnm^; ftx-mnm^^, ams%

"%#s*" . mm^n*®^tnm^uxmm^M
ft«c'sx %uxmm&&mm®ftWiiwm,

$« in itbr ft ft-#«&MUmSM^ft^J
$?, g^^M^ix x^xwp, ms&&sL¥sL.
Wiifc&xmmmß, uM^m^^um-^u^xw^^xxxmmmit^mmm.mz^

2. n^
mm^^nnm%'mnxumMi\mn^mi^nmMMm®mm^»mnmM^^m

u^^x^ux^mxi^m^mm^^n, Mmmn%m-mMi&~M&mm®. «£M
m&7-^nx%mmm&zim~MMm®&mmft. &UM%M&*7&^mm, m
xm^zm, m&nx&mm®xmx£n-MmiiLXz=o, M^&^mm&^mm
imxmmmv' ix, x ) Wimmmmw&mm&mmv i\ ) mn-mm. mx^xm
n&®mkmm&&ftmiuM^'XM, nmtßxxft&m, rnxxxu^mm^MM-mm

A.s^^M^to\tmrmt<mnm^^^xu&mmM,xw^^mmxmim^®M

l»B«t£X ( LMO ) &_£AfJi:sriMßfMn^7#S Mlf£l
m%r&mftx.rmn, msmnm®Mmm&rtMx m * n «««s^
ft. tmmxammmmi

3.
I.sU^WSnell^E^^^^#-#XM^: 'Z&Am&frmfrffiv= v(zms£&7#-

xmtfc. xw&m^vmxnn&x^WL, msneiimwmwK^mdt/dxXM^z®m^
mm. K5.0-lJ^X;^AM&J«TOftSnells, K*, ffi m V$ M ft»lW:«ttX
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ft, mm^Lzm'4i7kxx&. *¥
( slowness ) ffiXst

m.istepout), -Egx^gfaft^
mm, nm%&&*®%®WLim
&mmm>£&. ißAi^fttis-^^S_y>,.

\&& ftltlS#gj£Snell#__,
x<&. „ dt sxnßiz) _„„MOf/ \Vp P = ~i— = X^= constu)dx viz)

(5.0.1)

5 1
ffls.o-i m&mmmm. mmdt/dx^m^ ' , Jxx xxx^. '

tmdt/dx=isine)/v mxm*i®m®-+im,
a & in] ia & mm, xQ^®B®&mmmmkmms&mmji&

&. &in&mm7 mftKm&xiDMo)®Mx, DMom^i^®ux^mmnnit,
mxmmfrmmtzmmmufrffimm&ikXftmmmm^^MM.

&7«^ik«
m^ft^fnl#ft)^#X^fßjiß^^#^B^X^ft(^W-wuana«o, &ft^ E£ ft&*W
s&7xttf#&^l£#r#ii.

i&Ktm&7^feiMlt:ft#lt #MilMM££;*J
fV=**+2? (5.1.1)

it^iw-x, m,».#Mff-4»h. mm mm
5.0-iM^(r, t)XWift-X®\WM®XnX

m&mxn&?£mmMmxz ==±v 2 t 2 ftip, M#Miiir=+u^. (r, ox®
m±itiftE^M^^, mix, t ) xmmMm®Kmw\^^Mf3.

®mteMmmMfexx^mmm®-^M^. irwmmmi^XPix, t), $mm
mzxr=x/t, x^fem^mmmp' ir, otKf^^p'(r, t)=Pirt, t).

Mm&wfQ&¥VLM.xmm%j&x=vtBin9m&%,. m \>i £ m ftm^jsg^stt, #*

z ] = t 2 iv2 -r2 ) (5.1.2)
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®5.i-2 u^^mx^m^MbertamK^mm ( m%m&®m&m:&& )

P£6. i-2^^^^^M#|^SfHj^l!-^^Mft^^r!'JM. £#XJiXft iß^M£fX)M£c
ißft3£#ia^jt^f*fe*=rfffisTtt—&

ft*ft^^^i&^^ft-#ll#-fiiLJ, orUl,
r= ±vrQl , m&'X3:^i^Mx®Mm%x i^m^ ) . m^x-^Bx-xM—# ?_r uxmm
-r-ft'lf^.

135. 1-3 Alberta&ErWfl^J®( ®;rjij&&fe|S&iTOs )
XT^W^&lßjiß^m^ilu ( £@ ) *n£B ( £rll ) WSJ£

l. BtJU£j£&i^-^^t
Bt^^XßTUJl*it^--#AB^|s3^!j^^ft^^. &£Mi*_£jfc7H*_i&lEHifr, J&f^ißifc

3MslS^77ffi!Hlft^tf^^^^SM^( reflectivity). £II3l±, @fp]B^^^X^UJl?|

\smn^m*&WkmM&mmfcm. ms$m & x m^xt=^Xxx2/v 2 , m mrtm £
x, mmm

(5.1.3)

&lt--Ts£ ( 5. 1.3 ) mritt^We, g|£D ißitmMfe^ftß^^XE^B^fHji^#^ii7
o Slift^^i^^|&

7^^fßfflit^^^^-%^^:;xl'Xft^fii«l. 3S&ft^#&&di:

_^«___________-
V l-rz/v2
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m^zm®m^mm.
2. SnelHi^ii

Bt,PHJ^E^^^^^r^-o^Snell#-Mft^f^ftt. Snelliß^it£jOK*.f )¥®±ft&
#-Xr*«: iis^i^ (^), iMi&&&m}itfmp=dt/dxxi%MmottoVmi ®%.x\

mneimmm^m^x. i®M-^xM&fi®fr> m#^m
Snelliß^jlfl^Al

MMt^aft#p|j*i^, &&*&&& b * & a js m# iri ia mm. i big
one), ffoiAeißliß^3t?3tltMSnelliß^3t!)l!lX^^BltbAM^. &7@faiSM&*r^
/§, mm\immsnem^m®%m'&nm^n&-^®mL

5.2 tfftftft]
M,#rMß^^ftm^Sttft-#^m, -EEff^^ife«^mati-^rp]#^lo^;^^,ii*

mw^mimmMisiant stack)p^x&&m'Z>xx\iXs.^*j&&Rz %^§k®xm®
—3 i Schultz-^Claerbout, 1978), &m%M%sffl&MM __AH#£ifcl ±«JRieber^[
g^l93oX^ftXfg^^^ftPa6nHKflH H.AgtKftXf+X ££!}}»«#<£ E^~X fil

W^ifiK£7Jl,
MMftJßm^tMM7ieitii]-^Pti£^m»B UUl^ftSnellißMAf&. Snelliß^il

ft®^^lS^^M^S^®i^ftM^Bt^i>=c/f/c/^j_;#m^, *I$ ft MX^MiJ*
#&, M^^-j-ii^^^B^^mtt}*. to, immMXitm&&^B7xmzxMi&m/t
m. nmmmm-nmmMmxM&i, wm&is-mMm&x,
&ltft«XftM*ftMSßX mmtUt.

i. ffi®r&fas%. "s.!s£&&
ffl^X^j-^^ffi^lnl^lfiaft

x=\ otan9dz (5.1.4a)

t=f (5.1,4b)
J 0 ucostf

xrtsneui^mmixtm&x, 9iA_ttHtffnt h #&* m%d2=vdx, 7^#.ms

xip,r)=f , pV\ 2dr (5. 1.5a )
J 0 V l—p2 V 2

*(i^r)=f T

-7==J_=r c/r (5.1.5b)
-Xv \ — p 2 v 2

&mmm&x/XMm&z&, snew^MM^j&&&m^m®'%wmti)t&. w^

bx i^mmm-xmitm&mm^i^mi^nMm^®^^^^^^.
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x, wp, tm-ix, t)xmfti±Lxmm&x= g-smti^tx®ims;&Mix, txxm
ft&xmm&xmmt'=t-pxx, wMmmMsifrsrWt<k®M-m. &ft#&&mtom
5.2-i^rx, rn'im^^xnix, owmiw^i»(^ f)xmft
ft xicxw \%Mm, m*&M®7KXimm^x7xmxmtmm^mMmmmms..

©5.2-1 mmm&xw&mm^mnxft^mmz&.%m
*xm7&&mmzmmmm%

wm&mLi£zmt'=t-px, M^sneiimmx^xpz^m^® &mms<xwLU

{tMnitbfp. &E^«4«Bft&it.
mmußxmmm,

&kWV*I t)xmftzimmmmn^m&ffim®. xxt^m^m^x, mmmxm.m
pix, t)m&&ft%fsffit'zmwLf&—^fcmm.. $® *w&&&nwmfflm^*s
m^im&Mm&skßx®mmm. mmmmß®immfrßr&\ ® £&^&%mm

&S&3S&f jfift7ffl#E#ffil-fc£, m®%.&&ffiFtesnelMX%. U X- &-fe^#^SJH|
ft. &M&xufemmft^&xmm®mmn, mmz%mmnm%^xm.)Ammm\s
mm^fa, mm%s<yi~M\tn, w^tz, m&&m
mmmxm^M7~*m%-, mjkmxmtimm&&m&xxxm®xm®. &mn^x

2. ffift&fri&sk&mm
mmmm®mm^nr^-x\imm^mpx^^u®i^Mm, mt&p&stftimzkn

&mvf*£km®mnmm. iM:ii ]£%m^mmn®iM%im£&m\, &ftm&mn&
mm&mLegendre^mmsmmM\l^&, it^XM, ft M £M J£ If ft 1T % $? *&&
H.B.Calient « )> [1960^Wiley£ffJtBjig, 90MM95^] ) .

imam-x, 2 v2 =z2 xx2^ m ma &m
&. x&®x&&^MmmMft®mxmmsmxn, #&&, mn^mz=vtzosen
x=vtsxn6i£x=ztan6, mXMm % v2 =x2 4z\
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i . sin#r=it—px=t — xv
(5.2.1)

mm&mmxmnxt^x
i 5.2.2)z sin# , _ z_ _

t= 7i— ztand— —cosy
UCOStf u u
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ms.*-3tofi&%7*fa&&tozfcftjMft!&ms'i&o &ft, M{*> o£mth&&mk
jfc*Bs, vS&Mp, r)^fHj^'gfiWX^JtbffiSo fr¥&BWp=dt/dx&mm%mmz®
mmm, mm®^mmpjmumnMn^mmmmnm^mmx®uxp^M^mih^o

ft. mmmmxEip, r)^mnfL^^.-^mm, mxis®&migUjkm^mftMo
4. femftft&frteit&i&Jt
1.5--Wf^{±J, faXMlsSnell^#;^Xß»M, B»MK-^^ftftfi^^W^. #1

M,

im&mmmMm^j&mm^, mi, u&mmft®faxmm£mxm-x%.Mm
x^c^^mmm. ys&mmfttf&mz&%-msißL%±Wft®.&toi£m,
*®%z2xmmmmm. \%m®m-^m^tzxmumm, %xxmmm?xmmximm
m&imm. m%-x&Mm®mmjr&&zm, mm®M7&m-ummm%MMsm
mm. mm, immm-M-xnmmm, ummn®mnm-);&frMm®m&. nm
nmnmmm^ftMitummxxrM^MM'X,. -&srm&tiiiix&&&F .schuitz i 1982)

55.2-4 Schultz^ffiii^H^X^i*

m x2-A&Mmmji7& i3im-M&Mi3m®mm. &fa&Mm&&mf&RM&&t&&-

im*®&m%)£%?k, mx^HMxn®'Mmm impm) B\mmuM. p®m±&m&
MmM®umx^xfmzft, mu, &mm®imm)&w>xft-&w&.

SchultzM^#illif«Mi i+ftAf tiiffiftft®Xft&-. tft#fWMEfti!3MM

&m% m a ft % % ft^H^l^S*^^ ( ft
Ai>{! ) ftil, »l«#i«l»#^.

5. *M£-f&teX#>§&,l

m&%&ftfetiimß£±.mTm%.— ##«$&—mi, -si^sMtbM^s ( MX
£iw««±ft«) mmmu^ymtx.

&m%®m£, w&m&xfrTWßmmmmmft®;®. mrsmmm-&%xsi%u*
inX4&*. Olayton^McMechan ( 1981 ) fXZX&—#^££s^*;tSfti}±ft> MX^

- ^TX,X 2 <* 2 -x> . i
Pico,p,z 2 )=Pico,p,z1 )e * * "V
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&&mmmmmnx®%\x&, %MM&ttk&R&ftFMmm&%-finfa&M#:R%H

mmhKmmx®RmmMW^m^^mnM,i^.s^)®x^WM®^m,
mx^^^^mm^®^mt^Mmm^,^Wi%m^mxmmmmmmmmm^mmm
rnxm^ft^rftrm. mm^^XM-xxJi®mxm^®^. st-aa^rsitMtt*-
xws.mm®mmmm, mx&&m&mm&mxr^--wiM&,
m^Mmtm-w®Hmdt/dhz^mmm^m^mnm®^^. mmn m ®m^n-&

0 5 10 15 20 25 30 35
*_&ffiXkiti

(a)

r55.2-5 xmia)^^^^-^^-n^m§miu
H&ftj-H&IE^M^ )

( b ) «T*-SP^ot^. &+EMM&*
J&UWfeig ( b ) WlßlTs_&^&4o®s.2-6#f^ ( Clayton^McMechan )

fpfti£.
mm)mxftt/xz®wxm. 05.2-5-^5.2
-6®T?j;&Mim%mz-. e

>itClayton-^McMechanft^^ [W|Schu-
ltzft^^tb^C-X. Schultz^ffi-#)^ffi
mmxpw.mxumm® x & # &Mmx,
Clayton^McMechanlJl!)Ksf B&Xfl&lffllftftA
pfflfcfr.Schuitz%mt&MftML S -~ft&LB.M%
mmjx&MiX^mmmxmi, <&
m^&mxmiftmzummftmm&fc.
Clayton-^MeMechanU Ji ffi—^h^E^MH

n&MMtofe& i M&&M ) J
iWffltfc Igt* ( «, r)^l|
fc£A3, \kXsi^&Xuip>
r). &ip, r)xmxmmm

u&T&mm®m&, %&&ptr
Mm\kvir)=l/pir)n&. B.
mmMzMmmrnxmrn n vsm

Clayton^McMechan^ P*

»!£««, mmx&mm
MB,
a±, &^ftmvtmxibW;tt&

&®, &ftm®&M®&*&

p,s/km-
-0.36.36 0. 30 0. 25

3.0 3.5 4.0 4.5 5.0 6.0
v. km/s»

H5.2-6 uxzMmMm^MMxmmik
i@r£|ea ) .x^®s.2-5 ( b )

$mxfaxmrxm%
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i%%iUn%, &M^%lA&XXm*Xmnm&. Claytoni|MaMaciiaii&s_ &_SJiJisiB

6. ffi&r&Ua 4Fourier %&
&« ix, t) %m%. wk^x, m%®itM^~j)m ip, r) @Lfexx:

&xm.ft®&fr&i£xfeu%^im, mx^nwi^ix, owra^t
must*.

&FourieT&foftU!sM,%;7fiM®£kM. ®.%u(x, t)®XmFour[er^X^:Z^XX:

HM—XFourier^mft®sne\mMfeXp =k/co, MmthAft ( 5.2.7 ) ft X *|Fourier*£

&£( 5.2.6 )£.stft\s£( 5.2.9), #

wj icop, co)#ff^coft-xtgiiL \%co-jkhAik, co) xmffiMm=coptm®.

jAt/u, oj)#aic7(co^, co)mittu%B, teiiittMi^ ;tit£=coi>x
#^^M^^f^ft^^^(rt*^=^/^), Bffm^^l^^#ra». iEJnf&tf]&Stolt^&
fti+lMl^E^Mft, <F^_^SfH^tt*#sl^*fP^*«R«. ?^3liftSa^#
1^4.5^.

1M^^(5.2.6)&pJ^ffi5£(5.2.11). lM:£( 5.2.6 )ftf, #f_
##$fWftSfJ i Mb®AfS jR lg a%«■ft ft T, HM £ ffl £
( 5.2.11 )

7. sHAt^hfe.**
E^'jtft^ftTomography ( M«ft#«? ) & & &iS $««#B;M^ftit^ Mi

X. M#«3£> X^Tomography^^liM«Bll^^E^^Xgii^ft^lH^ft^#XS
HiMit

i^k=cop%Mdk=codpiXXfti 5. 2. 12). &ft, fR

Ms, &£#s*#tt£S3^lA£&ttJacobifr^:i£). TO

uip,r)=)uix,r +px)dx (5.2.6)

rriat - i x xUik,co)= \e uix,t)dx dt (5.2.7)

rr i " c * -p x >Uicop,co) =\\e uix,t)dx dt (5.2.8)

ftWX^ :&&tt^XT=t-PX
Uicop,co)=\e [\uix,r +px)dx Jdr (5.2.9)

Uicop,co)=\e uip,x)dr (5.2.10)

ft i 5.2. 10 ) ftFourieri_f^s^j
f - i co Tu~ip,r)= \e Uicop,co)dco (5.2.11)

ft i 5.2.11 ) M£&mW^l&mFourier®imft&to. "iXfc, fornix, t)
co) , mm? )AUik, co)nsL&u(cop, co)., mm, ju#&£&mt®#

uix,t)=\e~ W (je l XUik,co)dk^dco (5.2.12)



214

mmmfti s.2.U) ®&m^{}ft&ism®&^mmmmzmn®Four[er&^si, m
mcoMi^zixmmzmn&hnmftwt-Mi^m^m. &~xmm*, m-x&uicop, &>),
mftis.2.ll)®MX, -SE^MMMBftFourier^l^; MWt^
itLXpxsim®BWsi®mm; ®\a>mtkfar?rhoi&m, &x
rhomw£^piM.x%, mimnm^tiAMp®^*^^. mm^^m^mn, n\x
umpxrpx&^m&iiL, mm*mmm-Mxmm&^®mmmMxn:

mmm, imxmmn i 5.2.6 ) ®mxtm.Mm^x&?m w4 mfig-fmrnmn
®&M- i 5.2.15).

8. X©:Jt4^
prw^#-^#^x®^ft^. fcff^&i&jrW^ mmxiikmxn-^M

X&ftnrfioi&m
uip,r)^=rhoix)*uip,x) (5.2.16)

m&m&fti s.2.l6 yft&tiLxfe—i'r'Mxft, mmikmmii&u i P, x)mnx-M
7Mscit0 IB^^^:(s.2.i6)^A^(s.2.is)^^;(s.2X)x^pfi^, n&B-tt&Wt:

(5.2.17 )

x&%u i p,r) tmmmxxmfcm, mn^ ui P , r)%Bwmmdip-po)
dir-xo )mx\ftis.2.i7), mmn, mnm^uix, t)=dit-po x-x o )x3k-~

9 . JLM $%l—& ®>;L5 X © abHt X) ft *r rt,

mxmmvtmm. mft^&&Mmm®Bm®nft&x, %x%®mmmm&^m7.
mw&zimmm « mmmmmftmmti » -^^m-Y % ftft-trnzeoppritz ( 1919 ) x
mf^&®xm&EMmm#x&mm®~®m. fcsmmm®mi£fttix&&uFourier
xffixmm. xn i 5.2. ti^-m 5.2. is ) i^7XM&itm m m mm%mz®
ft«, mTMsn&ms&i^&m&mtsp, im*x^ *®mt. 9

%5$ (5.2.18) j*—s6fjE. &M£4ftK&£fcS, 3fcTOafr-&&M&ttJrFftKltStJc#*f > «jtbSs!B±±,

uix,t)=\e (\e' Uicop,co)\co\dp *]dco (5.2.13)

uix,t)=We a"(uicop,co)eiapx \co\ }dp (5.2.14)

uix,t)=rhoit)*\uip,t —px)dp ( 5.2. 15 )

uix,t)=\ uip,t —px)d p

uip,r)=rhoir) * \uix,rX px)dx (5.2.18)
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10. rhofa&L
&%Bxft* ,&& mx^iifct#m\&®mmimsftmi£m*&£

ftitm^^t*. mm ,rhom&*&m^&m®,im^n*®mxm^ £mimsmfr,
mrhommmtin&Ms\mz&wm%7kx. M^itmm^Pr^Mix-^^k^. rhom
&®mmsi®%m®m&m®, u&tfct&tfmm&n&ftxn. $&&ss!sw&&

tfmmm&MtiiXAt; &%$&$&&%&&&&&, rhommn^^u^®
VsfflM&. Hilberts*#i*-lAftFourier^s^j sgn(co), & ft, |co|=(-uo)x

a#—!t#Hfd»A*i js^rAojijft^i^^Mfp^, -^#-^x irb i®m«b, #—4*
M#^£ft«x»i, -##*_»s!#

W, mV^'MM&Xß.^'W'M^m.&hinneymA®ftXi?hinney et al.,198l)

*nmi&ximmn®Mmm.
&te±, immtjmxwixm¥ouriev^mmM^±nm, mr&&^-%M&mm

mmmvtik&Trt.

5.3 Snelli£iss__&

ft.
-■xsneim^iim^MmmWiT&ftimmM®^ jisneii»Rr&

9#n#ii& ifcift^mm^\s\-^M%m&sne\im®WLs} x m. & &m& nm®&
CDP4JB, &&B, ftTJ&ffiifeE£_Ji-ftj-HH7, W&£&£ft#&Jtft_diinj&. MV%

mßzm&xstftmmmmii7.
1. 2fXf*rtStSnelliiMi&

i slant stack) fftm^k&Mft®, JJWUJgltaSnelli*.
m~%mmmft®mMm^m~siimm, ms®Tixmmittxxms. i #i

&mmmMmitt^&Eimm^MiX£mxn% ) , &&w~mmrsirim]®mi%^
um%%imwmi&&%, RmAm%pis,g,tmßm~M&^mssimm®, tsx&

isgnico), &vtmmn&^&j&ftMmm&ii^(-^)=-jM-, 01^0(0= ~t~.

il)&viz) ~%m itmMFresnem®%&ZMXJ=J<ST$l lE.ft.
( 2 ) B%\v ( z ) ,
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*tw.£MMft®&i^mm-xmxm?miEm<%x

dt/dsmm®m&mx---%®si®&, mm^xxtmm^m-wi m &$&&&&

M^Mi^w^^MmmgMXM:.mm^Mmmsnmmmx mm^tm? mmn%&
Mim^^Bmmmmmß^^mmm^z^®m^xmmi^M®^M^m®, t±mmmz
M^lt^^Xft^^Btloj'f^S,!i|iJW^il>Kiß^^-#Snell^ft^^A^, Wfts\ iß^
nmmXps=dt/dg^ ±ft%B£%sinO= pt vi&& m

x, 7mm^ii&&mm%)ix&£xmtkzft®-x © mmm^rfsneim&nfttif.
&mmz, #*&j&__fio(s, t ) ft&ftffif&fctkffi&^ift&Tftsneim, m&ittkM

&® i g, t) ftmm%msimm®m&xfisne\m0

2.
m^mi i muting ) ®m^n®'Mmmkx%w®nm® ,

%. mwt&i&, %msffi m &&&&&&&&&
&m^mztkmg-s)/t^xnmiM.®wm%}MM. m^mmm^iim&ft^kxftm

wM^®^mmM^mm^m^'mx^mmm^Mumm. &mxm
%&%mß^mm%miim, irMim®m^^^^^n^^m^^mmft^^^nwimM
it MWLMftmfti&utftXM. iv.%&Mnmt£^&xmM, t^m, nmt/uss%.
&m\ %^m3tnmx&M&wmß®m. ■&M&%mis, t)ftrmmMxm&&sL&
%mig, orm^, lMi@MM^Mlli#ttfii^ xxmmxn
XX7tß^^ft(iE3.2^)!

m&mmsi&%&&mm, mmm^mnuftrnx m mm^. £3.2^*,
mnmmtLXMMmMM^m^M^mmmm, 'zmm\m, mmsm-mk7m&
&iMfß]^i&, mm^uikx^inmvx\.n^m®mxM^wiXM7KMMm. mimm^®

£<X. g 2 . O. f'FfflPOftin&sl. Eij#(s, o£i^rs£fXFfTW&. —M
msBmssMsit &M&m.&*&m%tt&®iEm&%&Mmi%®tt%?&&£tii&m ( *. o ftw§j»infeT

fTnFlr&o if it

¥ff««t&a. — #'«
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f\Uk/co)®m&mx&%m%mmm®mk, »rW^WH^Mt» 0 2.5^4,^

3. Snelli&fit£&
ummm^mmxx^^7-xxn®sne\m,mm^m-xxn^^^M.mm,

ußtmm^£Mxsr~m®in&^^min.
&ftffi®&M&&ffli&±fftfflfcP(s, g, t), %&&&&£.** m&Vfltgftikfiti

®t®--xmm. &B,m&&&M%.f&i&& ft#m,ikm&j&ftftfttoEL%&&TfiSneim
&&7&%*ffifti&m}f&±ftutu ( g, t). um^mft^m&Mfa^ik^im^,
imiftrxjxx, xs^bi«i.

mxßßMx^xmmm®^m, mMmix^mi-.

Snell^iSfi.m. Sneim^^mm MSi^#ftgiWi5m
m^iiiait
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e^i^iiißJWjft, x&i%L'sMmmwi£.B&®]Exx zft%mm\ >%. X7nm^mm

®5.z-zffim&Hms. 3-13W5. 3-2taiwi^:Miv¥^M,fo^^^fnc#^X^W#rt ft R
*gs

?i

I r#ffJr X c
;

m»#
A C

ffi^#XiiMofX^^-%^HX

m^x If M £ £ & M ft few
SnelHfcKßfr_££te*:#3r_>, *tfclfjGU. B^CMfc ft jR ffiH

6-^c^-
&ft&-%cft7<7i£lE

XAfftW, &03/'£tfl__*ltfß
Snell#«i?ft—X#t&fetf#

*7Xi^AM

mmi±LxmM&zxx.x, m

&7&i«ffiilft:». #
£Lxm*®mnmm'\s, mn-
m®x.misftMi%i7jcx^Mft

A C

? f ! ': ft, #&3»IhIkE_£*§_!#.

®5.3-3 £±MRXEit®±ftHX£i^fM,s,<X £X®
*offfla±Snell«. 2feTa*Sil^ftHt^«iEi:jg»Saelia. f^ffl

mb^x^* w^J£7#ytHtt^i£ftfi

k M^^^M*#^^7^ffi^ftMSXft. XM&MgiteM^S s&, thrift,
&&g' =g-Kn, £fflO£ft
&fi ; f^M^lpj^A^ a^&76££X. X#ftfl^fiA/J/(^)^-t^^^JTlilS^rr

4. Snell&sfe T "£--€#?
£&&¥;£«#©&if,

SnelM. if;M-*XFresnel=t#*X7iEA^l0 o&^, E^X. Hflf
o^XX^ftftit»flA«m.

w^xsneiiwjißf^tfft, rfo^^jtgp^^^^sit-n or u %m i mmmmmft
mmm » -%*»%s.6^*ffi&xmmniiftm. M3j&±&,
±mi7Xffi®cDmmmrrt&®-'mnx&7&7. mm,

r
D

, . _
A_ @._jg ;-_ g

-L-A.l*. i

X"

Sneil>£
C gi

1 I /
J c x_

v; Wi
i /
i /
b >./

/

i'
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7mmx&&&m-nrtsneuwimmnn®^m3t, mn^-^MM^neiv^®nmM
mm-Mii%c®^tmm.

5.
mMAMp=o¥mfomm&&s?Lmik'frffift?*!k ft ft nMn#w ft#?SHfc &W

£, #^^®ftmM^Mi^^^#'lf^X^^t"ft^^^JiP(oxconsK^). *tt#*3KW
Sftjiffi, fUJM«

t'— t — px (5.3.2a)

#'=# (5.3.2b)

!H!l«llßl^s^tt^r*T^^xfe^ffl Pix,t)=P'it')Xconstix') (5.3.3)
s&, %-xmMxm®®wunikM-mnmi, hxam
%mnm±®ixftx. tLMmwmmzm, mmzz-xxni 5.3.3 )-M3\i^mmmm
7mx%& i 5.3.2b ) m&x'=x\s ,xtt&mmiiM xm&mnn&x'®~^isiM.mm.

mmmisx.2)-Mim&mf%M, x?i--#M^«m^. &mwmmn^,
%imft®&&mmA%x& $m® i nme-variab-

h)xm&&s&mmfttn®<xsi&®7, %xkmm\n®%&'yL. mmnw^^m

6. Snell„t6§£#£*t
SnellKTH-tM-X®, stJfca>. «T^B *J ttJfc—&*s*llE. fiX^XffiJi'Jl;^

fe&ftMIXM, &+&&J&SM. JrSx^-tl^X®. fcjMHfc $5 3&«Nft&l«frW,
S*ft'HW*Ws4lsW, i£X®«teM.

X^fi^XSnell^M^fE

( 5.3.4a)

i 5.3.4b)

(5.3.4c)

xm i 5.3.4a ) mm&ft*&mtQmMtt&&M&%x7WLfttism&B,, mmmmix
Hm%sEi&&UMz'&ft&i¥ffi.

$■%&( 5.3.4c ytrnxm'^nm, w&&&%}m®&wmzxn. mm&&&,
o#&n#Ms£xmst, wmn®&®#*®&&, n&fe%.*&vt, famnst&~wi

V ,n COSOz \z ,x,t)=z
V

x' iz ,x,t)— ztan9 Xx

, »v cos# sin# , ,t {z ,x,t)—z —x \-t
V V

4-xmi s.3.4b )m%.x®x'mx'Bm, &Mn, mxx0, wm&Mmxn, mx~
x 0 )/z=-tan9, XH®xoiM.ftmxm®Ms%.
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ft«®.
hAm^X^t,W^XXX%m®-XXWjEX 7--^Xffi,o?m,4-:&(5.3.4a,b,c) 4»tf

:jmu^^,
x^^M-xmxxxm^^®m^.mmxmw^xm%m^d.t'=o,mmxms.'iAc),ni^

coordinate sys-
tem) . mmMsXA)ww®ttMm% mmmuxmuim, u&&nr&&m%&n
mx^misß&sLmi®m, mn, mmn
®&-%xmM&MMih, ox®; mm®xmm.j%mm®m^, Biii^mmn^x^
msiy, h)Mis, g)s%ffi*imtif, tiii^(^ h)xm*®. mm^^^
u$L, &&mm%^&^Bmm%M%mM®XAMm-m* M^Mumsmi $
x&m&&xm%^m,\km&,^ftMicg. mu, &mmxmmmmmsfc&^ft?%#i£X
ics, ch, ct)&m*. ft&xfcfife&x, %-xxm, mux^-xxmrn, «^

&xmcy, mmmm® "xm^w i&xo^)m~mnmmxfmWr.
m&&mmi&m^w%xsneimw., WM^xmrnmnxmixx^). tx, mx

ft^S^^f)J^Snell_t^Sin^=i)t<2)MH^^Xx $£z>&kftftmMz®m#%ii&.
Fourier2W17 #»Snell>&

£Fourier__f«lF*3, X^^li^^^BtfEfJ^^X^feftß^PT^ff^

( 1 )

v v cost/ cos#

; s**&ftW_rir- iin^d„+d/=o, ep-^x=xV. ;XTXX&!M ff ?gWo=-* c-^--*u ar sir '7 y

sin# __ . _» dz cos# -3?^rr, mil —tt~ "v at v
"^#'C\&4m*. a3»#&&ib. g^^-K*.^#. &3®&s>m —&f

dt'= Q =X"*fLdz--^!Ldx +dt (5.3.5)
V V

mmfcmvoX&t'^omufcnMxmxz'=dz=Qmx&%, nihxnm®x^ft
<fc-p ( 5 - 3 -6>

m.mi^wxxnmm i chain ruu ) , m%
X| I t't x't z\\{ dt A

A — +' ' ' A (5.3.7)
jOx " *x Xx Zx Ox >\

Oz ' t z Xz Zz ' O, ,>

— ico= —ico' ( 5 . 3 . 8a )
ih x =Xpco' -\-ik'x (5.3.8b)

&mim-M®xinx'ummfe)zm&mxm®mmmmm~mmx, tfx&mm&,
tid/dst'-ik:-*, 7Ji#^( 5.3.8a) -%( 5.3.8b )^^;^*nT#[_Siaft^^^e

p~-A\- (5 3.9)
co

3 &
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(2)^^(5.3.4) MXXfrSnellt&ftfrW, ttft, MXXfrSnellM^fft

(3)K^_^^m^(s.3.4) ra^^#*^^^@. &«&&-Efr-#lfrgJL
(4) K^MFourierXiM (co', k'„ k'x ) %MXUBM^iXM.®^WiX%.

5.4 mmm^mm^mm^.mm&
mmimfcxx^mimmmm&mmx&mfe7mn, &wx&rtxx&<mn-tii

ftmp^^-%^xwfs®mmxr\xn^rf^. Mr, &wx&&ximmm®m^tm
m\hMmin^it®M^m^mmMmm®i^m o mmimx^ < m^^mxmmmmß^
xfmnmm)AmMMm^^xn®m^.

Mm, &%?x&^fcx-nmmH: mm%nmmmm&zxmm&-^mk^&&
&zm, tiwitxi_JiMc.

mm®xxxz- m(z-z,)m%mnmzwM.
m-ftisA.i)Mtmxiunzxnm), #

@5.4-i^^, urnft i 5.4.3 ) ifm?mmm&\%®\-m

xn i 5.4.3 )prjr3xmtmm, munmmm^

&r, tmMii£%&xn isxx)im®m&r&mx
%jjjU&&vsus . txnm-M, ®&xm&®-xi§fr
mm&iiufe®sne\wmp=dt/dxi%mzmn± m %
%®.

$ajJ£#mx(z)0 %-^mm~Mm^xsne\w
mpxmM&^pmnmftminix&Amm, mm

( 5.4.2 )

i 5.4.3 )

55.4-1 Aa^^rfil^frfSgffi^
M, \%m%zwmp%&n, m
m^mm])£MXimkk&iftz.&

( )

mmt=^yA^Mz=o&x%LXws, wm%^imuvip, OffiTfeaW; Mgx( 2)i+ir
Hit; (A o^#&Kj^)ifll^x(2), tJtttßffi * f«fr&aisE&*&ji&*¥#S&itfrW#£tfi, gp

( 5.4.4 )

W.pvft&sine#ftlftsLp&&&%{fr^ft, #

1. W\sLi&&%-&%■&&
myMmxvzm&&x i x, *) = (o, z s )®&mm&k, -&zrmt \s m & >x m &

ix, z), '^X
v 2 t 2 =x2 +iz~z s y ( 5.4.1 )

ftisAA)*®xmixmm&h^>L>&yim, &\s,tm.&mm'mm-, m^vx-^m

2v2 t= 2x-^--dt

2 — _X_ dx
V~

t dt

x= vip,t)sin9dtJ 0
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x=p[
Q
Lvip,t)ydt ( 5.4.5)

vkm—f- ~jf (5.4.6)

i 5.4.10 )

&&M&mm&v*®
i 5.4.11 )

Bill, *^(5.4.11)pr^,f1Jj^55.4-2^
%m^msAmMm&mMm®smzmm®
XXU, mMVLM&m%&%iB.MmS%
i+i&Mmzimm®mm.
m%nxft&M£Mm>mm&m®x&VLM
xnzhmmfrffizftftx, MmmMXftß

m^m^m&MmMmr&nxmmm.

xmzft®, ffltWLma.*zj3, #jUu&x
n^immm^Kx®, &&&&-% simmy*

n^M&7-^^&mMsMMmm, &
#fW^SS.4-30f^.

55.4-2

&Lm&mmmmm (^Gonzalez )

u\%mt'Mm7Xftis.A. ii) mu

te&P=dt/dx, &(5.4.5)ftA(5.4.3)

"w^-r- C«(/>.OT^ (5.4.7)
r Jo

AdEfl£*7T^ifei
vnm=vxxs (5.4.8)

x%i s.4.7 y'jkfjktQMst* '&xmx-WR "xm^m* mnm% u mm%? m%.

mm®mp®M^>msmmmmmj), um^^^^MXix 1 ,t 1 ) mix2 ,t,). $§ft
(5.4.6) -%:£( 5. 4. 4 )*££&*, #MTBmmmi'X®&ix i ,t i ), #ft

x, -~f (5.4.9)

n^mmwi^mmmzmmMxnmvm, fiMMTfej+i^(s.4.9) *«*^^r
Tfi**^( 5.4.9), %%

ixi + l -x i )-^-=\ l

i

i+1 ivip,tyJ
2 dt=iti+l -t i )v2

a _ Xj + i—Xj dxm ti +x-ti dt
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:M5.4-3ft£|lJts!J^Jijg

WAf/Ax, mm&tßxft
i 5.4.12) mm. mmm?ft
M®?&&tfm&]EmXX, s®
mmft*®pw..

2. -^-t'-^>Snell^#

n\ksne\mftmx&MX % «

~X7 '

®5.4-3 fflm*&&ngtitiEM&m&g. i }gGonzalez )

mmnm&®&m
wi£M-mMfrMt±mmmx.

mMMW^:^mm^^^^mm^m®m^xn,^^^^^d:EM^^mmmm^it,
f*3^^^m^^ijmm^mm^mximM®ii^Mm, sx^>m#

mn^wAM®7%Mmx^n^^'t^x%^mn\t^^^^im^jn^^M,, &&mx
&±., M&i'mM^^m^iKX^Mwmx, Fresnem®itLSxsmmßmmft%,

®m\HmmxmmHMwtxxmmmm.

Mftfflß]U&fflmsi#mmMttm&v/c08e%%,x, x^nmmxm, %m%.nmftvt
|HjrO.

i""_i i_ r i

A# A#
( 5.4.12 )

nmW&Jk&Hffl* &&j&, *jpn*K«WH .( #, 0, s, 2 )R^fift. «HE

y(t,g,s,z)=~9-±~ (5.4.13)

xit,g,s,z)= 2zC-^ (5.4.14)

wm§x&MmxmnMmsms]X&, m'&mxmx%%.x®, tm&i®&
h'it,g,s,z)=-^~-Xztan9 i 5.4.15 )

&h'®%mxsixpm, m'Xtmmm^x, k^6tfc&z®m(g-s)m®fc*£-
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}A^mwAMmnzmtx^mmxm)X®m^^m, mmtMxx^&ttm&xmzi.
( linear moveout time) M&t, &&ffiUmztis®LMOlftffimTt-p

ig-s). \kXßmh'MxxMmxmw-., WLm'%.xsii&&LMOQsm. umßmmmm
Mzzwn®Luo^m, nto±\%wn®M'{TstffiMSr, njffii&®xftLMomm'fexx

|i|5.4-4|.^^^^^;ftXM^X.

?ts. )xMmnmzxu»i^&x

( 5.4.18 )

&^>L\£MM^iMOH®xum%ixnm&, #x^^x-^#^sneii
»##«, &&-mm?mmmm

mmnenfemnxM:^®%m,mmM&m&, #

1 2h'
$lftUft{S.AA2)%£:~%L.

t'=t-p(g-s)+r (5.4.16)
fa&w&ft&ft(s.AA6)m&)&& "w ®xfimsmm&, mmizm$it'=t LilQ +
izslant /v), xmmim, i&ftxuMi

t'it,g,s,z) =t-pig-s)X 2z-^~ ( 5.4.17 )v

mrnrn^=-^-«(-^- + />*' )CoS#

v2 = ~ K-sr is. 4. 19)
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&x&&mfexm*x-&xn, MiMßz®wx^imz\imxwmkm utm^.
4b, miUft:

i 5.4.20a )

i 5.4.20b )

i 5.4.20c )

( 5.4.20d )

&mm^xn\im, &4mmmwxsjmx®sne\m/&sm9iz)=pviz)W)x w h
nmmiAft^mx, sneimmp&mxxffi&m^^x-twtiM..

©& i 5.4.20a ) %&tQdt'/dzm& i 5.4.20c ) U&®dh'/dz%&&%^, $

( 5.4.22 )

&x~m%ft7m%mm&®xn i 5.4. 12 ) .
*4m»^ii^(s.2.2o)^^. &sftßm&*%¥&stv(z)Wfc.
*^^)Rffi^®i»fi9!Slß.ifeaj-SM,^nstspjffi^rS(s.4. l2), (5.4. 19)^ ( 5.4.22 )

mmii&^mmmmit, g, %, z)^m%x®m^%Wtif , y ,h f ,x) nw&x&

ltftfl». 7^^Snell^|^R^j&^^f^, #;£(5.4.23)ft5(5.4.20a) Jf (5.4.20d)
a BJf#^*E^^^AMoriSft#m##

r (5.4.24)
&&mmn&&^w.mmmm'X) i y,f )xmi®mm. xmmvmm^mmxM, » x
m.

3. WX 7jH%Fourier ±&

/ d t \ 1 t't y , h\ xt } (b\
ds ii y, ft', xz d,

d s t's y s h's x s d'h

XxJ Lf « y x h'z x z) X t J

t'it,g,s,z) =t- pig-s)+ 2\Z "^-dzJo V

kt\g K*J)=-*±±-

h'it,g,s,z)= 9^-x[tan9dz
2 Jo

xit,g,s,z) = 2 dzJo V

dt 2cos 6 / _ . 01 N
-jr; ——r n- \ 5.4.21 )dh utan V

mm^ftpv=sin9mxft*®EL%mw, mnmmm&mm&x
V

2 =J_ i

P^ 2 dh'

t= 0 R g= s (5.4.23)

( 5.4.25 )
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Btl^ifca.ftFourierlti^-uo, dt'R&Hf&CA.,
di ',d r ,d g ,d s ,dz)®m^.mM/7mX-ico'RHky,kk ',k t ,kg ,ks ,kz).^mW^MisA.2s)
ftM^'JfqlM^^ffi^SFourier^it^^Ar^ ( 5.4.20 ) WX, i 5.4.25 ) tft
&%%, #£JX&£rlr^ll

'-co W 1 0 0 0 S '-co'\

i 1 1kg -p —z- —z- ° k y

L
~ 1 1 1 .k, p — -_ 0 k'„

, 2cOS# A . _ 2zos9 ikx 0 tant/ kj
lit; v
\AM%ZIE&, G%mk&ft®tott%2.JE&. ■

mx®s>mnmi^Lmm&&mM&.

i 5.4.26 )

&sxmmft®AM%z]E&, G%mL&ft®toM%2.i£&. &&&&&, m
mm^9:Mmmxmm\m®^m.wMmmY^^, &mMm&rtm&x®&*>b&m. m&&&tmtt£&iEt&%*>b&m. m
±mmmm&®M.mmH'. &mmfcxm\x

i 5.4.27a )

mm^^ftH'=H-pvm^mxinmm®mm^^m^HnLMom^wm^H'mm^m.
Rmm^Mßh , mn7m/x, %M%&M&®7fiVLmm

ftpyQ®&&ftmto&to.H'/vfemk'/a>fcu*WL&fttim&3&?p.
4.

ftA ( 5.4.26 )R ( 5.4.27a ) , IMUXXUX^^X

m.u%m i s.4.2o )^\im&&nifrM®imm%, Xxt, imw^xw-xfix-^nX
3_iSneii#spftfiMM^ft'if^x, ir&&m&mis:=?v iz) ®mwxffift, xn^A.2o)

o_ Vk, x-_ Vkg
CO CO

Y=*hjL , H'='t^X (5.4.27b)
2c» 2©

mm%m i 5.4.26 )
G=pv+Y+H' = Y+iH'+pv) i 5.4.28a )

S=-pv +Y-H'=Y-iH'Xpv) i 5.4.28b )

Mxxmxn i dsr ) x
Ak^- = —J-(yTXsr^. /yYZIQ^) i 5.4.29 )

CO V

k, pv tf,_ l [\,2pvjH'-Y)XiH'-Y)2 y/2

co \-p2 v2 2 U \-p2 v2 J

+ +Y_)+jW+ YYY"-} (5.4.30)

xu i 5.4. 30 ) m^ii^mM^snen^^^mumftm^®Mxx^x^-zmm % &
ft.
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t~4mmft. mtmmm "mux* x^m%®^,#$
mmnx®&m&^mm&^Brmpm®MmsL, *h£( 5.4.30)

te^nmrnmrnpy, H'siY^m®muxm^%m^^^xmw
mxm, MSKi^Miii^^f, mmx^m^m^^mmiß^rxmm^m
m^&^mftx&~-x^mm%mm, *&, itrnwrn-xm^^m^.

%% itmv&ft i 5.4.30 ) *m~ft&isi£j&M&*wsH'ismkfrn&&.ftM

ftßmsAHfrmTtiftftntk. &b«f=o#&
WH'®n^ximzm^®n, #

ft i 5.4.30 ) ®Xn7&iUm^ft i 5.4.31b ) j&BXjS ( 5.4.32 ) . ft ( 5.4.32 ) t X #

fttM^ißixiiis^^ftß«^^^^ ( *'.*■' ) xmn^m^.
xn i 5.4. 32 ) mi^m®mmm^^wtmmH'^Mwm^ ( «\r ) x®x^m, *mmzm, &^nmmmmM.mx®mmmm^MM®M^mMmm^mm^.

Alfonso Gonzalez(l9B2)ft#:i_:^^:4l il^€ffiii.
53

( i ) m^^^^fi'j®XEiM^jta^xmffiii, niMiaxfrf, m««i?FHug ±
Mmip,x,t), B^^m^mmx-^mmmM^^isxmM),

ft^^Mm^M^lslft^ra^^^ft^S^M^, £&^^&&ftMlt«g, &l_i»
Mit^&wjft, mm^mmmxwXX&®x&i)MMM.

l.
®5.5-iß)fX7^MMft#ft^ii^^^iX #Mffl^2^-^2 =22^^^lfo]rl^/ = ;A2ta

M, ; = 0,i,2 JWM*&&faftM. S^iltaMS. ME&7]cM-3t
Eft,' w^Ji^^toX*^*ft*M^_?«si3iMft--^, &ft**rffi&tfi3&tt£&&iti£
Xl?&^:Jl#£#«ftMb. i&»MftmMf^«prft, {&&J&S^sif!CT

nnvbxft, Rtirxmi s.4.2o) mm#>%
kr , i ix -2pvY+Y2 Y/2 j_u +2pvY+Y2 Y/2\xr- 1~-xr\l~-xr\Y l~~x^p2Xx~'\ Hir" i-p*v* J /

( 5.4.31a )

.*!_-= i- —_i \yT-(Y~-^^ +a 2V l-p2 v2 L J

(5.4.31b)
±^^»j^^M7Richard Ottolim&&&sLlkX*fii&m&lQ—ftj]&.

4x^*X~^W (5.4.32)
co 2il— pv)

5.5 £&EMJ*iisr£B*
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#-£ffi&^fclfc£lW&flm&^raJe[
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l|||r~L~4xL£ :^':'il

mm&xMM.r^®xtx&xm\-xx&&^%
5«:M:fft, ®J3L-&^©7M^±*M-ft*

ftjxitMnx^iiMft7^it(^^"Bt*!iK
{-bMife^ ) , ®xnm4ism&&&fcMm,

m

UMibWWMX^BHMo &&HsftU&W

%M£f*^fi%mm i M5. 5-2 ) w # #

®5. 5-3 dbvsfdna ( m^mm^xn >

mm®, *a. £»m.B&s&a«iaifiaK*fc«iis. &*«

55.5-2 m^zmixm ) m%M&zm ( &m ) w^.x^jm
(GSl^^, yXXI96SX)

4_f_S£. km
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i+ftii.^^^-##^ftii, -z&xmmxj}mmmzm®mm, mm, mmm&xwcx

lOOll^ii^^^m^X^Aft^ Ml^^^ft^M-^^^^^^^ii^^il^^ft M $
j( )tfA^Mft^gt^ift,
$&, fidfegMtttftfttt, ltfe>AJl^il^^'M#^M^^, ffl&&&-£Wft ) .
fc**l74tfiMSsi! ( Tufekcic^, i9Bi). ;F{fi&f^mH£ft£ifcgmfcifitfJ^£^

fl« iL&^|®3fi;ffi^^#^S^^fti_f ffl3o&«3t^ft, M^-#-4- A X m ®
m, £i_ft, iixßxmnm&r'&&m®ftmM&
m§*mi spectral balancing) ft % —ftmFfo&ffi&ftttl. 05. 5-30f^gfc£fl§3l& Jft ft

ztmmmxzm&, imm&txnm%x^vxx®^.

£mmmi, u&, &jh&& «im RfKizioikowski(i9B4)Kr^fp.
xmmm&mnmmih, %%#*m&^®mmMmm-'#&mmnm^&mMi&m

m&mm-, mmnmmmm, mmum^.
3. &£&sm& (vsp)
ife«^^^^^iffini:m*r!!j®ftii^fim. vsp^ukmk

#«ißXcft^M£. Itin4^tt«W#stta£i4^ f*
mmßim^mmx^x^x. mmm^mx7kx®imm&x^, mm&
m#zft&ftmmfoffim#*fo3L. mnwmm^^^'M^mMm® "vsitMmm &n#

vsp^^t^tb^jßgft#rm, sffja»**rf#jiitfeli«-^#ipsff

:Si^^^M"m'fes:(iEGal'perin,l974^BalchtX 1982),
mm&mimmß%&fcM®Mmm'j&. 05.5-4^

xvsptm^iiii-^ft^iiE^, &&&%&mxin*%&mftffittW±&ftffl&r&. m
5.5-4*mm\mmMj%-d:xix&. x^mm^^nmmMmmx, mm^zm^^

«fi»ftHis.^4B#9l_i^]a.
&xmmzLMmx^mm, mm%m&mn&x<zwmi%m mvt w m j&jj ujl & m

x^nm^nßnxmm^m®mnxmxx^mmmmixm^mfv®mm, Mt

Xi^m&mmmm^kmi, my<x&&mttm%mim

m&mm&&R%. Rim^MMm^^&xmmw, mxmmnm®mm^Mmmft
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Arco VSP-Ps&s
fel&mMig, ft

2000 1800 1600 1400 1200 1000 800

©5.5-4 mMt&Mmm
fem&¥%&mMi&mi, 7K¥^^m§^. mMm^hk^-^-^mmnnm. m^m1 - 5

?f\twmMiAßco&m)

&Mmim^fen&mw^xmni&AA^). ms.o-Amw, m'^mißfenu

jMmftmn&ms.s-A'Q&M, Tftßwmmmmt-M^m&^&fr-m®^,
-m®m&®xfts.xw?mxM>m&. mmimm%%i%w®3k, mxm&ft®xftwm
xMmu&ft®xfiWL.

ms.s-sm^^mnWAnMm^^^mmm^M,mn^mmm^m^.w^^mn,x

Arco VSP-P ifcUm
ffiMismjg, ft

1600 1400 1200 1000 800 600 400

@5.5-5 m5.5-4mmm&mm&&M?Mmn®^



232

ftM*7M-^M?cs>t7. mn, mmMmiwxik, mmunmmit, xtm®^

®5.5-4t^---XE^ftf«A^W^s#Mc^fg-Mffitb^, «VSPft M X X£ X

Mi&&&%mt2 ), &mmiAm-ii®i?AmmßfemM*®immm^ & X7^ m
11, %ummmm&xmss®^mmm\km!.

*i£**BJ*Kfi X«M^ffi^ft'M. «»Jfi ft # ft
», Ttfttsfeft&£fc_#& M#,fHrfo^in^MrtX^^^M^ti^

xmnMmmmMm^mhmnsi^mn^®^M,, y^umm^^^mmmitLn.mi^
m.

xix®%xtm, vsm&^jsMimmtx£mm&m7 ■, vs?nmsmwxx.r®

ttft7]cxi^, -^^^a^%%®0 u^M^.m^nMXM x ,
x&n. x^mw®&mxfr\im®'\mn&x&mt&, &mrtt^w>ft&xm&m-.
ii ) Tfr«^»—ii^KiME; (2 ) MEiWit^ S#Ad& M ft i chaotic

function ) , ( 3 ) mß®mmmxf%-XBW®mm. Slit, & XX^MftfPst£% ft
I»l£, ±fi&4-sJi3lGJi3Jfcifa.

4. B£&£>Jt& &U&^^if
BP, »Jtei?«ltlf©*X#Atf«3ft^lt^¥ftJK *#"#

«Esl*!M. &Xrf«fttfeii»4X^, «?*»* XMWXIIri,

X^HM^MmtXX, mmWiMXmmwA £^XXA;^nifcb ;

$fts, i gas hydrate) , gjlfc, £$#?s#;£X Pjf^^WSlK 7 U
m^zmMfaxß%7mm, Wi^BH^^mmummmnmmx, )Amm& 7 &&r
it.

/l^^^.

fctftagfttttftfttfriMSg. I«M7^MftMX

m&&m&ffiumftm3fo7±m®!&, ufem&mnk&i&m, &m-&iimm®{7. %
nxzuxm&x&mmm^, iK^^mitm^x^AßM^mmn^:^xmw:mum7--^
mm.

5. %LlksiklL%%Jkn P&jLjf



233

m^&&^^m®xftmsx-6ffiXzi^m*mmz

mM^^izlt^^lwiftffS^«W7:!slft^^, ®5. 5-6 (b ) £#*)»*&-*SS£»^

Jl§ ii
' - ■■■'■:"■;■■■ - ;■

c -X|^---^-~-r"^-——rr:..;--:? r ~X2 £M2

"^S~S3^ X- ~ "X= :-X^>X ' ; X~X PM2
4fl'SSS'Si^'^^ 4

05.5-7 m&tk&%m ffi^&£XFlemis?i]l|X%M
*s^K»ag^j*9^*siii:sis. sp^j«j£'. BMi%%-^mj&£Kmi .'BM2%^~^mm^%.
It. P£-2fcfc. PMl^m—tmja^^fe, PM2^m-^m.S^^S(AMOCO-Canada^S])

i; mmmmm®-&&MMft^mn&xt2 , «ratine, x&mmtM%&WL
&-&tiUt% +nt x m:&. &ft, M^»X2J»M&, M£B, B«/2 + 2fIW&H?«li#f

@5.5-6 m^M*&mmftm%i ( a ) »&_*&& ( b > m^-& ( c > fm^xm.

mm^d^m^irnxm. &mxx, mm&kwnm
##WM, mtxm, msx-i*mx^&m^&M®-'Xrm.

j_*&&Jrg#Jffi (As=2sm)



234

%k, w*+2tl% t l+t 2 xt Im2t 1 +ti9 nm, nwmm^k®PEM%u&&nn+i^ m
um&m&&&-fc&wimf$%M in+i) ciMW®nzm§xMxm\n®, ik&nik#4
mm*%, imuuminxi) cr^ft^m^oj3.

n&mm&im, fe"£ m.s-x^^-mm^m17, x.
im%-msx anw %&m% "mnK o^RMm®Mmmm, jaias. 5-6 ;(?)'#

x, %inmsffiM^&Mm^m&M^ jtm^wm *, %M%wm%>>&m&pi&®,
n*®&mmmMx>xm%m&%. &mms &

%mi mmmk
Mtb, &mmm^Amn&mmmm®MmmtLX.. ummw^m®&M'mm&&&m
±®^M^mim^,x^Mno^^®^^m^^u^^innm^M®wmmzxmv

&&i££-»£.*#»i_i3sai, Jai^^^X^BSit^XMl^lX BM&!feXBf«;*l

i!jl974XfiH,
Don Rileyfß^^^lE^gj^lilS^X^TK^^MMftStiHfiraM.

mMmmm®~sm^zim&mMßm, m^xM^WMp^^^^, mmm7-
-mxmmmminnmM^d:mfsi®x& i mm « m m m m&mftm&® » -^nn

n
x-^&Mmm, mn®m^xmM'^mm^mm. &mm&mmmmmM\^xmm>\

®5.5-s

6. *fr&=ft#]«.£__3r##rE#]



235

mmim^^mxMx^m^mm^M^xm^xm^mm^.
£Don RileyßJf!^#fcftffls.s-9tfi, #J&ft7—■*!£#.

515.5-9 m\^xminx-. ia)-m^mm. (b)-*i3-si_m. ®sxi«Mu
(c)27^_t_£CDPgiJM. (d)iEi_^i_;„!lM(Jgßiley)

W^S5.5-9^ft##^Mbb^BtSißft-#^, £!?#ft#±i&Tfr£iß#J*ffl# ft i&
xmwx.m^ft®^mmm7, °& -*, #t^xb, &
j£«#X«xjfjils, m^^^*^^fiWiiE'_:X^Mslx^^sif^^^^^ Eft] Af

»+■

7. mX £ ;&)&£ft*Jl& 6XN X
##Slfflft&*tßsffi7£#:&lt,

ft, £fni^im3m#^7:i»^ MT
ft¥TW«^S3B%_lttE«*itt^#J**^, s*#»i^^ft,t;B#^-%m^ft^^S^
«n ( cdp ) mm, u^m%~%smr.%%ffi&B&tf t&&ftfrtt.

xiM, msti&wxx, Mmt&mmx^^-ixziM. mm®fc%sm%xm}$L&\7mm
«ftM, mmmmmxmM^^nu^mmmmnxm^®^^mm, &bw&j£#j&
m&mtt, mxim^mm, mmx&Mmxmmm, x&nmmmmmxMitTtnMx
--#;«.& mmmm7X^mm&m®ss&.tn
lens shift) ®&mmifcmmmMmi'. m^x-ioßrmm^&n-^m^m^, m*®

itxm-xxsL, #-& Mtmm^BL^rmxM^XMmu^mwmm®mm. n
*m%&M.M&*ik&tt&i&mmm, mmm^m^r^Mxmm®iM^nrxftm, &%

Wit; a«#AH.*g«Wßi«

a b c d
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X

T .1.,J

-.:>■ '"'■■..■■' ■'" ', |-jj !: j; ,|.:.!:,,,. „,,,.;,.. ;i i;,-.,^: .,,., ...... . , :.■ . -

liliiP XX i:r^;^ii!lj:;,;i:ijl!!!|:!ilj|!|iij!ii!l"i:
;,!:

55.5-10 mWMB^TkEM

&zm®&m&. &B±.E.m-fcß%&mxiß&7

mmuxmmm^mm^cDF^ij\\mmx®M
&£&&

%. & x ft m
'X&Mtt%'&xftm%nii%:Mik rn^mm

msx-nm?x®mxmm%nmi£MM.x
miH5.5-io^^iß^if»tft^^ll^, &&
mmm, xxmmmw^mx^mm^, &

um
&, %-, Riiey

ftSifcKitffiXMXWMBMM, &4_&i
mftfcm±Wixnx&tp>b£M m m m-, m
x, mmmmxmm3%&&&3cym%t, u
m\mmwmw¥t*%\>imitt&xm% m
M-, %x., m5.5-n^®mxumxm, urn
&-tm&&fftxmimi &m.

B

(^^SGeological Survey )
A. MftmWik;

C »^&Klt£ft/KHT±^M;
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a. jLm&%&&*.*ft ftTkik
&7kmmx, m®nftm^im%M®, %&&frsm%\®7. mum, *-^ir

mum, wm7KMn^x^^^^^nmmiitxmw^m^mm^x^u^w-, x&, mw
&Xs_££mXjlt.

mitmtX^X{Jk^MM^mm^^7M^MX^^^it. ®5.5-i*B®s.s-2fto!l7iiE&
7&&,

&&7mMf&, mmmm%mm&m»m&&M^mmim&, mkm&mwW7 jalx

M^mm&x®m*is£^, u&&mmMmmmxsi, %&&mMm%}XU&£im-
&»:»«!&, Hitb, mm®&%mit&mmiß-&&mm^mxmmmxm
&b»^£axx«. H®&xmmxmm%Mir&xm, &&&&&&%&%*&&&

m%c, nr^;A^x#^«tmxft®ma^jr^, &^&ft.&MWL&&g&VL*msift&R
ItftX.

mM\M®\%mxiWi&mmx;&%m&&m\\mmx®, mmzmsi®mm&x, &
u^B.mßm^mMXM^umi^^mm^\imxm^mM^)A-da&mm^^d^.

xmmxmmxmm®^7, u^wcm^x^^^d:KMnm^mmftm®mx, &w

i£&M®^®x^rmmxnmMsm&iE®xm%mm.
5) m

fr®Hftß>lfHlMfr!f:-¥-^, «N&ftsUfc&jtoftJ

5.6

m^^®m%%M. t€^'M®xm^xxm^xm^:B^nß^®^r^m^^xmm, n

i1 ) ffi@&g_tW&& *B£E^£!

( 2 ) m^m®x%±'\w:mxm^.^jixm it 7
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ftHs__3gifc.

xm&m®mu. mmw&m&mm* xmmwmim^r^mmxin^mmm-^

&x%m^w.x®xmmxx&, mfvXmm%Mx&m

%—ftJ?ikmft&'¥'b&®®&M(CM-p slant stack), $*&*«#»—##«"*

ireplacement impedance) Wi^X^M,:&.\\r^®mXX^X7
m&i£mm®>wMmm&ik. mnm®mx^m%¥fm'&%mmm%xmmx,
ftim—mmL&mfeE.tt*zm\ft&ik. xs£i&mftMMM&&®®&&Mfem®m&Mfa
xmm^x^x&sEft&mmzx, mmmixr mstmmmiMWk®m.mifrmmizu
ffi; &ftftm&mx&m&ffiiiift&9:&M, u&tmmw^xmx®-^ixsi.

i. vx^#__^^-^t^^—m^X}

B-mMmuAtm^mmmmx, ,x.m7muM®i^/x%xm®x
ft. &m-mmit&MmAxmumxmm&m'm, $m> &m&&mmi urnmnm
ftXxMt^iimm^mm&mmmnmx-m^m®®®.

&e^x
n^MMi^^^mxuMm^mii3x®^nm^mxi^M'U&neimm^ ®m 3. £
Miia %m®M^n^&mn®sn-mMmm®<®. £maimj>=o, s&rt

ItMft. 'MXiii»m^mrMmmp, mm®®mm&&mW&$l3:. U&,
mx, mm®&x^mxzf j&mfcmx&pumfe®\mx, mmm^f^mr. &<&
mmu, lEpfemfcft&T, Mmmim^i^m^m^ximfi^m^x^mn^n'B
■mmmn®, mt, mm^iMmm, Mmti^^m^fi&^^mummmn^mM^
&&mmm. mi, t:=t i -pf i^mMmm®-m^^mKt^^nmiiLX^mm^®ii
nn^^mnxx, Bmmm&&mmm> vxmm&mm&mttmfimM^, mmfc&

ni5.6-i m&uxmmmMmmi&fflxmjHm, sM_i^Ji^w##x^sneii#

m) , sneii#ii:p{sfi^Ht, m%&x%w%^nwn^n
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X7MmmnMmmmmMm%km&®, miA&&*>b£MMxmmm&&
m^mm^mmmmp=dt/dfzft®m£mmffi&&&, mmm^nxmMx&m
mm^m, &m®
jipjx^m^)MMmnms.e-2mmrox-mx^.

XMmm^^m^mmviz)-^x, -xMx&^mmamxxxmmmM.. mm±, num
W^^kW^^MMM^M, &(f,t)&m&tt% (_>,OSfeJ. fijm^O£fWt»

Xft£B

&mb mMmmmstM, -^^M^if,t)^n, &*«

®5.6-3^-# "xftxm" ft®im. mttwAimi\mmmntm&&, mt§m&
tkumwim, urn
mm®mmM^s^&Mfe&4

Mm^,—# ( )
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@5.6-3 mixti-n^^fcMzx, $tm*%ms.e-2M:mm®

nmm®m&.
Jl&tt9#&&.ft&ft^ »i,

ni#MTreitei^Afti^^: ( 1982 ) . &n-xxmm%xft^x±£rsMx%zm ft -
w«x-iH_#. tß®3mxzft^£X^miEmmmm7m^®m^MZM

2. J&JiMlxMjXfi

*/tp; ±»MftMStb7X^^MJKss:^, gp^S^tft^M-#®(3oo*/#), $,#;#
4>jj_ft*. ffiMMMSXK^r^X. Bfc7£*BS¥Jfej_:*r,
?%mrmxKit^zx, -&m&&i&wftxftftii;m&, i««i:bxs4x»^*£«.

im'mmmn-&x±MmMi&mmfaXtty%®. mxmExmo%®tmmmnx
mmmmM^m, #x#¥. #gji, #mm (&
\s®)^mm%&7F&m^xmx&jk®^im'B, R {w%u&xM7kx®mm. n^it
m^MmM.mx^mm®mmm&ii;tmmMm'> mmnmm. mmBKM. Wl

M^^t^&mmft®Mmxmwmßmm
%rm. yhfßjM^ir#iW3.7^fti_^. x

mm®m^7m, u&mmwmjxm^&m7m7m®vmnM, mm ;Mm®#jm§m

m®?mmkn

3. &
fax&m-m&^mwxmmm.. &fo&ftfrmz&mi/v(g) « m&ftXMizm&

l/vis)-, mm&'xm?tiZtismH/co; $&&gmr*szM&kg/(Q. &wft®M&&MsM
mmmM.m^^^x^^Mzimm.^.xmft^^^iimmnftmxtmn u x
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m. ~ ■mxftn^m%m^*®xn^w{mMmmiM.v i g ) -* -v (s) -\
n^^^mkjco,^x^^^m^Mßm\^^^mt,mm^^\i^miM®^^; mmmm
mm&&&ftm}fflcm%&&®Mmmm&xx&M-, te&&nnn%n:%m®&mti;3

i/v»ks/co, &%MM&WM£Wiift. mmmimmrXftmmMMftMmxmztmm
&, mmm\&sr*iiim£im®iitt. %-xm, m^tm^immmxm^-Mi^Mm^
mzftm\k&M-mxmzftxu%.

i?ftmm7fcm)rFXMfcM^cis)m&&}^xt&&M^c i g). ummm^im®
~^WL^mmm&: mmm^%mmmm, cis)&Mm^mxci g ).

4. p}kjLMfo°As4r&
&ft&M'smft&imtiki±n, mtmmm^to&ftm, m&&&m&tt&mm\>%TtQ

x&m&tfoi fe^zm, tswtn&.
tft&immmsm&ikzi®i, mmmmmiAmm^n^mn. -mmn, mm&m

z~m<:m&m^j£m®Mm.
x^mimmn^^n^zm®^, &tw^

t, msx&»i®mx&m%\%. mn, B^m&M&rxm&x^-MmN, mnmn
nmmm^xm&m^MMm®^kmmA. &&&&&, wtnum^irmm^t^m

ttnmm%d:&mm^~BMm®mm. &
ft#«tM, mmm<mu^Bxmi®frm, tfc&®mwm*t&&mL xnmm
m, ms-^m^iiimim\tmmxm®m. %m&m&mm^mmm,
x&xmttifrtk. }mmmx7®-xmm^: -^wMmxnmim-xwfs

?s^ft#^, m%m&%nsmmm, wt*u&%7&&fflGs.&»sM} -&WL, &m&

5. M#[jl#l^4JlJt
®x%uxft%msmmn, mm&n&ws:, Mm&m&n&>tM%&&:&M%r&%

mi&®^. Taner ( 1980 ) nMm±-fmm\\stft®m%mXm\X®X&, UPStJi #
ft^lß]ia^jt?A ( radial-trace method ) , &l3Jilf*jl&f&£f£&r== h/t®M%M MM®
ty&M&mM®--4kM&. mixttm&mm£x®temm.mftmm, mrt&mz^m%
m&im. BLmn^mrMfiiTnftiin, &mte^m\nixmm%m&*mi. wit,

mx^m^^x^m^^x
m®sim, iisne\mxx^&ps\iMs:&<T- mm®, %f>jmnj£nu%&. Estevez
( 1977 ) $ it
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(in&EfcO&ms*!. itx^^ x mmm^n^m^nxn^A^M^^w^m

55.6-4 g>fcfcZH®sßffiHffiZm%%.(ffiEstevez)

xm&frmmxmx^m. mmmmx&^mmikMXffi, u&vE&mmumxßrm
&®mmxmx&mm&xn^£x%nmm&x.m£. -w^n^rnxmu^x^m®,
s&t, mM-^mm-in^x^x^'W^^®^^^^^^. &j>fi»JM^«ft x m
&X&M, Taner^il7-##|slcfioJiß^m^.

sne\mx*mxixft, mm®mmmm^mty®mmm^i§im)tm&, mji
-z&^xxmzft, mxuft&in-M&'unminm. iimffimtit®~mx&%}M§tm
x&, x&-&iimxmsi\vix&%3mxm^.

6. &&.
%7ftmim&&Rtt, mvm&uft-mmmm^, nmmst&xti;.

#fl^mo]Eiaitfß^^M^®itf^S^^ll, Sflllltlli
Larry Morleyt &%MsLW%BtiiU^&ffl M _g

4XifMl»XAi*, Kt#±^&i6:£ ( 1982 ) H^7i^ffl^^A-tAft-^^AK^^ Wm

imMmjM-Mx&®, mmsM?&®m)&&Mm%Xc s , msMMMmmxcg, &$

ft*, z%fem&n&mimfemx®Mm&nx i E4.6^^ « ««»&«$! »
~^7Z«i?Jlftitit ) . £*&£ffi3MlS{«ft?MJf m-.

M^c^c.ztmmm, m^mßackusumrxm,

Y^-j~z~^ 1 ~cs Z +c2
g Z2 -cs

g Zz XcA
g ZA + ( 5.6.1 )

Y^7^ = l-cJ Z+ c2Z2 -c8Z8 +c4 Z4 + (5.6.2)

~T+^Z 2Z2 -4cBZ B + 5c4 Z4 + (5.6.3)
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ft i 5.6.3 ) x^®xwwtMackusWMMx, &Xi&xsmw x awn mumff m .
Morley)^oja^^^^-^^^^^^#J^^^W^#lft&^7lS^^St*Backus« $.
seum&i*2£&^t_*gißi£s& ( «****-ifr'_i ) , x&xmmackusnxnmx :

&ft i 5.6.4 ) ft*im#^MM^X:£ ( 5.6.3 ) ®m&ft,im£&mnnmxsmnx
n7, T^n®M

Xffiftffls.6-slRgMorleyft^{i_i£;£, &%Wfrftltim&£lktiL&-%r»!Mmsbf&n

nm^mmß.mxx^m,^^x^z-m^xm^n-9m®^m& be m m ( cos )
( wimmtifcmM ) . &2EW2.s®tfxi&-^mmm&W2 #^®-mmmx «se
iß^jtsim±^ f»w ft (*#&), m&&xcosmnxm&x^m)&ms^n&x
&ft, :©*#&fflai£&/&iBoM2ooffii_:, XsHAfnßJf®*4, &§*#&&
W^JiSJl^ftAMft^, iP^^^g-^^^^^^Xfi«^^S^^^«A^^.

ff15. 6-5 &J_&S_giJW(COS),
#J^4 5X*_J&iE&. &ft, -r^m®#^&il^^^^^PJX^aXKSlJl'l /J^

MPMi , mPMi g i JgMorley )

il +c s e icor<s >)il +cse iwt<gy ) (5.6.4)

£*B&ffi&lis (As=2sm)
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BmX^Wi&MX^^^^M^7Backuslt^mMmX^Mi^^m^XX^SL® & f§ &
WM^Mfrm, #^Backus«»lift?£
&u&~wsixm&mM\t%in®im.

&£bsl&is, mnmPriinmxmmackusm^u±xm^®x^wmM^i^^m^i

mfflftftM. mXih^in^^-XX^^ll^BackusirXfPteifftrnlM.
7. %%,—&.'&. p?k.sL&%)
&MMMffi&%MffiMl&M-~WL&&&JE&M isarface-consistenstatics model) ft

mxmwi^mHm, %m%ftmms, ifc^&mmm&tis, g)m&x-mmmm
tis, g)~t,is) xtg ig), iimftx&^®mmi is)mtg ig)niiMnx&um
MWi}lXm^mk^^ZX®mn^M^'^itm^lh®m^. TanerifCoburn ( 1980 )
m^-n^^^^^^f&^M-Wi^m^mmmmm^ft^^^iEnm^—m^, mv&n
jmftnfr&M&ismmmr. nxmmpis, g, co), mn®Mmmm&

(5.6.5)

£.*, K^ftHXft^XtWiMX; 07F(y,cD)
H^a,,Q))^u^BtM; mm®mxFico)

is)^xi g )-Musm
&jjft?w:&mmt&. ffiM'&mmtm, vsmmmmrx

Pfis,g,co)xS{s,co)Gig,co)Hih,co)Yiy,co)Fico) (5.6.6)
«e, s^^mMMm.x®m^mxm imu^mr^, &m^t^®imxmmmMi£
PX -JfifcUHH, ®Mfi XtPE&ffrWII&IE, oMJ_p&i?7

( 5.6.7)
p'ftM, wmmzMm, &^mmmrHzmmimin&, wi^tyii

3&^#fts.sF^Tfe^^ft^ wmmm®mm%n, Mikmwt&^j&xmm
ftx. sitb, fe^»Mß^iE^MAHiix^( 5.6.7 )®mw>,

mzm&. fyft(o.Bj)ffi&iQfrM, mm§tßxm-&Mxmr, m
$}HMWRMMm®L. &WM#J^WM&S^GSi , MorleyflJ m XWiener-Levinsonll
m, %ftE.&m&m t¥t&&n, mmx7ft
(5.6.5) $mm\s%k&xm, mmmmmmmmmmmm^m®^.

8. £ /AiiL JE#■] ik^S.^XJt fe^
"»Sl^*, MM^£X£tis«:,

mm%.s\mmzmm. m&&fa&m?K7 %

1 1 JL£_V_ 2 + 4 A 2

jP^flr,©)^.^ ,-.t<t> 1+c ei«T<-n^ " Hih,co)Yiy,co)Fico)

JAmitxn, mmmm^&-mmmtt'B.mm..
lnP/ is,g,co)x\nSis,co) + lnGig,co)XlnHih,co)XlnYiy,co)+lnFico)
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mmzx. &wmm&nmwrfr~m®^&RM, mmmmmmm^mmnx. &\

i^^m--^xxiHft, iKmmmmmmmik®mm/x^, m£t&ftMcm-P®&n, &-
s*"*!& m^WM7t^^r^m^mxn^®mmEMM^zmi^xmmxm^. nx
ffi&ftm&mmwrm&W:** &m&xu^
K&jtS i replacement velocity ) &i&MfcM&M$& i jA13.71f ) .
&mm\vlXM&. &&£s!&¥, Mft#*»«JM±tXMJWX«. nnmm^

/4-^x. um^xkmm, &mx&M&

mm&m
m&%.

mmmiix&w&mm&m&Nftxmmxm^n®, mmmM^^MM^^M
mn%m¥x&mift®m%rXftmmm:

ii ) }Axx^xxx^nmm7&^m®^^mM^^tmmmimxmx^m®x. m &

i2 ) jAxxxMmm^m®tfcsL^wbW.
&&®LgMxm%xim, fa&MftM%&&MW%tkWi^mBk. xmjix^mmm,

zm&%mi&&f®w®Mmwnnfmm.

3 m
(l)#Rlffls.6-3, m^X^!ll«JM:

a. n^mmmM^m^mn^mm^k^z.mmmmxmm^xmzm^^

c. &®m&mzm&,
a. mmkummz&mism&k&m&&i&&&

i2)^Mß%\&msmxix, u, u, )®^&mxmxmmm®xtrm,
wx^mtxix, u, /., mfrffizmmxjftxftmu', mmn*nm®fmusi
B&XI*.

b. mftftmmh^ftw%ftm73&^mfo%u#&%mmu', xnikuwmmm if

c. mm{mmnmmftmmti}-t%B^*sx&xik, f& uu/< xmi^tX
®-x&xu'zxm, n^xnwßis, /*,
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5.7 ____&*

mMmm®i&&Mms%xmmm®&MsMM%m®m&, MMM&MM%&¥sftm

UMftfe®, VtQlhWtitmftT&ft&Mm&MmWMMft(Cl*eTbout, 1970),MB.** it
&mm±j£Mm&*%x. &&&%ftffi&WLto&Wr:u/D)&ftfc&m

mmu^®m^.^-xm,^mu/Dm^mit®mm^mmm^Mßm®x^^mm^
if^m^ oRmM^ftm^M\iftM®w:m^®n7m.^pmmf,pmwm^-^^^rc,m

Mmm%7km^®smxtxx±. m&mmmmmu.'Mfo, immmmmiitx-&-imK
®&m£MMxm^Mmmnig%.

mn®^^. -AKOTtng/M, m%m&z®mwmm%x®®xm&MP & m Mn
%. mi, %fe7-B®mmmmm-fe®xftnm, mmmi^xnmm®M&®

mM'ft&Mmx&^mmmmttmx-ff, u/Dm&w&M/m&fc&ttt&mm^frm
mux, &{mmnwtmftmm^}-^^mmm&m\smm&mx^

&4-szm*-'ft&&
mr^xx.r^Bmm^, t%MimMs, R^^xammmnftm®%MMMxxuxu

®&mm&M%u&^7Vft, &%mmmftmm^M*.
l. u/d&s.*.£
u/DtiuVM&wfoi

mzft, ms.i-mm73Xftm7&xm&.
mmwmumm^umMnu/D^^mitmm, mx^xm^^umm^XimiU: a m

g, z, t)®ttn, mxxm±&tmwßxftmu ix, z, ox«x«£(*, z, o
fti+». u/D)immikx&^m®nmi±LS.S; mnmwt&xftxmm.

ftzmiumi;***, &®xxfimm^&mm&ftXßw/£m®, nmmsm^Mi

m, ±.fttkmM%sL%m

itime section) . is#
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mmm^x, m%mxmm&R®^^Bmmw&.
xft,sL^xwsi®^mm~mn\im%xxftMfemm&, MMm®xftm%st&m

mxwiwsi®Kmxmwz^M^®, &(*, z )^nnftft^x^n-mmm®'XM^

x^r^^^mx^-xxw^®^^^^^^-mm^mm^^^-B,Mm, x&, ja

wmxu, m^uiJcmm^rrmMwiomßi xjmrtXft&®mm\tm&&7&MMWi
ftftm.

£Fourier«isFX ( co, x, z)Dico, x, z ) ft
m EMmximwmuico, x, z)/Dico, x, z)i§&. sm&fe&im&mm, *m
/x^^MiX^ > m^^^Mxm^nu.n^m^^M.,^^m^^x^xfim^mx'm^wu
x&*jk/m&®sim c jal « &im&mftmm%& »-^4.6i? ) . M&m&wtzm&m x
®&&vm2M$L, mmttm/D^mmußx%%^mHZffi&, m%vxusmmm&
®mm^ft, mj®u/D®mim^mD®nfe&&w%srMim.

DonC. Riley ( 1974 ) Wmm^^W&ttWDjMUm, W, £T?T$ ft M Z m
fommnx'ix&m&xl^, & #RUey^ ft
®WMW&^xmxMmx&*mn&m.

2. Ht£&jE.3_*M,*Jtl*l#lM*
in^mm^m^zimxmM&m^m,

mmtmmmm-^mmmm,®^m^^±

im®, wmßm^mm&&n&, &&
mmmm®mwmm&~^ii-M®ft&M&.
mm, ms&m®&&m&M**&mfmim
&$; jAm^xn, xw^x^ix^s
mmmm^®-f>r&&xM:, u^^^mM
MM §£r % if ( wide dip spectrum ) If
x, nmmmxttftft.

fM^tßftfc&fciiJX, >!fMr!«^Af«***^~l«r,__l ZZZZZZZ m- 7~ l

Xtkm&£X}&^&m*mWsi 3£ #ft W &M&Trs#Mti<?i, c2 , ...,G*m&mm®.&R
fr, &BM 3*BSS«£«±. M3§GBKi3f:PJ±X&ikMaT^

£B*±, -£#!! «.=wra«fl-&. «astt#«tt»*i3*siapf#

3. 4tat l«.s'rt»*i^.-aiii**Ni :t^_£
&msifc#ffift u mgmmm%misne\mmpmx;n*riJE®fcmftsk

OW&M&&sktoffi®. ft%
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Um i radial-like axis) . i^UM &i%^ffi)km®^mftM^%&%iJf,, IMXMm®
xm:&&mmm&£®nmm%. ) . M^Mx®m^^m^m/fM &®\sm & xsneii
jdxm^u^m, -&mm^mm>3x, &mm*%mn®mmMmi£m.nx&^&x®L
«, mmxxn^m^jmxftmJ=jwmuMmum^®m^^^m. x«
m®^n^fmmmmm%m^mi^nmmmmn^mmmmmM.
ft##-§-^^nX:

p SnellMHllft ( s\n9)/v-,
t P—mmm&m#sxpzMmm®&n&®sbr«i i
g—*'#£&&&ftmmmm "

x—Mm^rmmm\m®%-^®;
x—%ixMwwsL^®Wiftttmm&, mMmz^n^m-,
t—mxmm.ntfc^m^znftitim;
vipjp)—mmmzxmm&mmv' iz).
mm^^-&xsm%-m&®Mv&x -.

ii ) fiMtt^ifi \®mxm&m%^m®mi\%mzximmx®L m&z&r m n
£i (2)|t^jf^Blf^XXlE^^X^sin^i?t;

a ftßtfßl^^; (3 ) It£|#fc#f„_Mtl£
{&Gl&9B;tt#lE&

miUMpm®mmxMm, mxnfexiM.®m&M mm .
m, x^m\i&ft3sftfcmx£tm^m&it', p, x)&xit, g, z)®-xmwi, m
m, mxwxx^ummxft^nEm^tnm®, umjacobmwx^, #*

th
(5.7.4)

m^U^, Fourier^*ft^^A-®
-coX f 2 g t , 0 V'-cd'
/j* = 0 z p k g (5.7.5)
£ r ; I— i <7, 2T Ak,>

im.M; fti 5.7.5 ) »&Fourier^Mft-X»», £LfefIR^^^^^g®
Hitb, ftis.7.s)n^ftxwm^mmn, p^n^xß^mnn^^

mmm^%®%xx &m%%ftw&%&mL, mm&-mm®m%, m%x%~xxm
?mrm&x.

(5.7.6)

t(t' ,p,x)= 2t'-x (5.7.1)
g(t f ,p,x) = 2p\ t

o mvip,tp) 2dtp-p\ xovip,tp)2 dt P (5.7.2)

zitf ,p,x)==llvip,t P )^/i^J^dtp (5.7.3)

'dt'} (t t > gt > z,, Ydi
dp —\t P gP zp dg

r ) t r gr zT Adz

'-©X r 2 g t , o Y-,

6* = 0gp zp k
, fe_ J \— 1 a, z.K k

x. M&&km^4M*Mkmim. bp^-o, 7^#
\-co') f 2 0 O-v-co'

k p =| 0 2t' — x 0 |! k g

i kr J I— 1 0 BAi,,
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xw&ft i 5.7.6 ) ftxfaxu%mkm®x%%®& :¥xuxmtt, )Amm%xM&& $

4. XX *M*-MM:*bfl sxfit^ £&#

&xAfn-»« *&&
gf#*ftWtttl^&fe "#£XT ft, &£P£ai7f&tß#Jß

z^ife4>^tWK^^lfelßis"Ssfr^@#lfeM^fHi^. Jt_£&ißl®Mi&,
J7M^^pTmj^^X^fHi§'J®ft, XiX»iiEiOT#-«*. i^&»ffc£B*#E3ffi
M^Wfp^^Wft^tb, f^*!B'S^^^^m^^@J7ftSiii.

Sherwood ( Loewenthal^, 1976 ) or^^.aAf-~-Mor^ffift^:®^^^-}f?M^^ #4 .
fik&XUi equation for profile migration ) ft %

m, mxm^um^m.ft^x^¥x®mm^\ i mxtfmmmis*&®&mmM®se.mm ) ,
isifrx&x®-xxmmMXM&®is°tmxm, im&ii-xmm, sp^w^ft
tb^m^[x/(2x-r) ] 2,
x%mt', wM%m%.m§.muAxmx3\i.

&©#&m). &&i972^&m®itx&^im&%i%, x&mmjfrmxftimifcmm

-A, Sherwoodffffe®^, MsftmH&%ft&&%Wfi%I&f&¥%fel/2% ft # ,

*#Rlt®glMfr3HßiS:, >A®«M«#7or!flift it 1/2 .m m M SiDoherty,
Muir^Clayton^ftirf^^^^M7^iSliJ#^JMlHm^BX »&X^ftmimgMJ>fr

£3#7.
f^ss-*^ « »t/«3gMM » ffi&7u/Dm&]amis&Lm?ftmm&. mm

ftffiß^stm&ziLmm, MHs)iiit, im^M&mmmi%s®&-M&&*hXM
®-mx&&7nmm*ftm®~isx, u/D^igm^^^mM^M^M^m msherwood
mmmmwm&mim.

5.8 **+$«USS
mm^M^2omzeo^Rß/^wi mmftMi^m^mikiitmit&^xmM^^7. wt

mvm-^n «^mwrnftM^M » -Is. H£&s£K^ttiJfa&&7is#,
x&^xm\7-MxsLWc®msT&. &o^R,mm^m^^7)^M^.^xn,&wt^^^B

&&R®ni. «_«&, w^fyx&i^E^^rrm
&&-©&, &i«inE«?&TA.#ic "-xir" mm, Miixftx^ ux^- nm7,

1. tMRI
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mimnmms ( truncation ) jSJjg, &%&&%&&&$£%WB, Kißfl jfcif W ftfc

(oaps)fni®, mm^m^mftym&xjkxpsnm®, imw&mxuMmmx^&m

#, {M.X^^^ig^Xft^M#^4X^. —
AK^ifraxi^, ffi3^^isc^^fn^^ißii?i7##, umwpm\m*Mx, mm&Mm,
oJtb,

mm^mms;mzmmft®x^®mjkxft&tt&HM®.

Mm&Sfcißltf, £&seßMfc#j£Wl -»jMI^7EM»tL, B'-»M^7s^m

mn, imm^mmbkxwm, tg
£„t*HsEft:fc*£*b, fHMHßjß.tt#e,^

*fc. gftffi&liW-HiftftfimWgSM^ fS^M^tiX^lt^^ft^i+^MA'^^it^S
itXJE^:^ilt^^Xc#SJm^ft^:M.

£jfc

2. #&ftlfc3£te^>&^J£te;i:#&&-
ih-afn^iH*^lim-X**. *&&s"s&mH^Ji—#looo xioooftXM, &XXM

M&-^A^xmo»xmKmmzmm&mm®wm%ft®; ftft&&%*%\mx, x
mmmi^mm^u. xm&mm, mvm%^^^mm^®WMn^^mx^®WMm-K

mmim^mmvtit&ftmmm&M,
&mMfcmxx^^xm®%x&mumzm, Mx&mfeM&m®. >aw, -aa
|I.7JWp'W»S*iP^ NM, |nlMft^^*-*lfe#^^l£tiXt^Dlftif»tß^HS—TOflr
Xft, 3tßr*^X7X#ftl«lM!

&& jfcm^M&xum, vm^M'zmmm. ikx, mmx^ititrnmrnm^;

3.
gmift^if^xfmia^ isii

*Mttfl£KKs «»X«A-X§rßm #^44^f:^#|fLM^X^it^lP^^'t-ir
BMft?#&, BxumnMmm^w.mm^mx-M^R^xm, wAi^Hitfcw^x
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m®-, Mft^mMmm%Bx&mm%m®teM, mMM3^Mtftx~^&B*%
m, &ftx%&m#Amuffl%&ft&&*%sLximT&. %w£Mti&m&m&&*,

nmmxwmmmm7. mm-mwmmz\Wfm»msj,

nmx®. x^XM^x^x<mMmxm^m^mm^®^mMm^x^®^it, w&mm

immm&m^xmmm. &%&&%%&%& "^m^nnft* MJ&im, k^mnm

-m. jAmftxi&, mmmHMm®a%£inMMnims7iiim\k, u%ujr&mm\&&
%&n%, -x.mxnmmmmss i R&mm^Bmm®^mu®ft&%%®<mn ) ,

mm. nmMmmm¥t®m^mmx^, m%-mw\Rmmm^mmm.
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