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—. WE

ERRTEE-THOR L, HiIRERERBB LML, LEBLRF B
Longuet-Higgins & Stewart (1960) ¥ !} 7 34 %, Bretherton & Garrett (1968)
B | i Whitham (1965) 7 $& 3% 5 averaged Lagrangian method ¥ H{ —#% ¥4 65
B, (8RR Bray theory, M EPMEF LR LEEFR, Hh—&K
B, EHRBYTER L, & 525K E BT &K, LIt ray solution ££
HE AL —EH RN (singularity), REHS FEEHBHEFE X, EEE
R IEm, SR R, Smith (1975) # 1 Ludwig’s (1966) ’ansatz’ 5
FE R L EEB S E AN §— % L0 RR, HARBURE B iRPE 1 DU, MER 8t
R4 BAR KRB . Smith 5 A7 # R FEEE R LIS, AT E RTEFEH R
BOEGT,AHEFEan—LXBBRAE-HAMRA, H#LEDRE
— & transport equations B4R B, # M7 BIEFE RIS # H BTIR .

5—73 T, Shyu & Phillips (1990) fERF S R MR IR ER R, REH 5 —
BUAOR HARAE VAR BEERBERER IR, RIEHER
FBRER R, FI AL E N Xe9AF, Tung & Shyu (1992) B Hi B 8 3 i 5% K 1T
ER YR E, KSR EAR(SFEAER) BLHERX HEXAAF-EBHE
BT R, B0 A FI 7 BEEEFE A, (B Shyu & Phillips (1990) &9 £ 7 IR 7 B 17
5 E R A FTREARE, T RIS R AR ERNE DM
E-RBE_EZMALBEBERSOHRE, LB TEAERRZHHLT.



—. EEXHEA

TEA B o B B RS R BRI, E RSB, B — iR
EREEEFEEBBLET 2 KERRROFBR, —H BB SEM, BE
B ££ & 7% f8 independent solutions & &k [ B fA 38 A ST FIR 41 I, MR SR AE S
MEBRMECE— S S BEBFEEK—BEHERS HBRE, TR HE
RBERERR SRS

ERERESA S EFR S B ORE, BAE B e P/ % M R
b, RMEETH SR EMER AR ERT, BAEMED RS
BT B GRRS

no = [g(k2 + ch)%]% + Uk, = constant, (2.1)

Hebn RERAR, g REDNIEE , U RERBWE, k. Fk, R B (wave-
number)k fEz My HEB S B, BPAELBEEZEZEZRMAH A AR 8576 .
Hi(2.1) 7T 18

Utk? — 4noUk3 + (6n3U? — g®)k2 — 4njUks + (ng — ¢°k2) = 0. (2.2)

B (2.2) 85— @E K %RX, B Shyu & Phillips (1990) Bt #575 & 7T
o, BMEE BN GRG S & TG —RB A EENXAERE
L Sregular By RSP,

BB ESIK AL n(z, v, t) BIPAFE 5 , B MR F A LUtE ray solution f#3
— It % B ( 7N 411 45 action conservation principle ), #£ 3 B 4 2k FE A RIPH FE /S,
BREEFRMP R, BERKTRRAEGHBRE, AP TR — B RS
JEMCF R ER LA REEBEAERE, R el AEH RN T (a5
PHEERETER).

B 5t B8 LA A ray theory
Vxk=0,
7RED
Ok, ks _
oz Oy



B B AR B R 7E y J7 5 Sk, % 6/0y = 0, RUL P B 7E £ I A2 & , (£ ]
B#Fﬂaa

k, = constant.

B E & (2.1) LR Ll ray solution, £, 7T {1 3% i i % (velocity potential)

6= A(z)exp [i / k.(z) dz + / (z, 7) dz] exp i(kyy — not) (2.3)

n = a(z) exp [z/ ko (z) dz] exp i(kyy — not), (2.4)

Hooh A(), a(z) T ko(2) 7 = J7 E PEAR RSB AL, (=, 2) ZE= T = 5 1) (R IR 1S R B (L
. sl B ¢ 4 76 R Laplace’s equation, 3 7T R B2 37 k. MBS BRERRINT .
4% (2.3) £ A Laplace’s equation # 7] 1§

[ o k2 + i] é=0. (2.5)

8zz Y 822
ME23), ERFPH - BFT TRITAFHKER, NERCE

.dkg 1dA

96 _ (k24 i%s gy 104
paz = (ke igs + 2k 2509, (26)
92 ol

(ECORLURUTHHGE, AMHAEKEBLBB AN —HHEE

B H5 2.9 , 53 Shyu & Phillips (1990) L % LA B9 ray theories B i F 69 3

HEE.)#(2.6)F(2.7)RA(2.5) B F
dk 1dA

— 2 ._ y — —
k’+1d:¢: +21szd:c

—k§+12+g—i—=0. (28)
£ (2.8) AR FIA K & 01/0- M dk. /d= Z [R5 BR -, B R B LLBA R X, RF%

EBBEF R EFTREGRI, L ERET, & =0, (2.5) LR



(@)oo
B kR, B A IE @5 R 1T, Bl o6 W 2

o6 .0p

9z ‘0z

0 .

(TR ¢ 16 £ - B 1 6 2 35 MO ), LS (2.3) FE 55 15

6 = A(z)exp [z / k(z) dz + / (z, ) dz] eminot

m28) EXB/E
—k2 4 i% +-2ik%% +12 4+ % =0.
#(2.10) R A (2.9), AAA B TER
. 1dA
k+ Z—a; =il
B EXRELEWEFH, LR SHEIATE
o oo 1dA
—k +2zk-A—-(—1—; = -,
B (2.11) #0(2.12) 37 BP R R
ol .dk
9z = ‘dz’

(2.9)

(2.10)

- (2.11)

(2.12)

(2.13)

EREE2DHFHE L, (B 7% i R R o] fE A7E 3D( R — @8
ARHBEERHQCB)HEEEESEN—BER, EHEERESE &4

B3R, 8T LA R ), B e B RTES IR T

ol _ K2 dk,
8z k2 dz’

Rk = (242 RKE R, 1 (2.14) R A (2.8) W AT 18

—4 -

(2.14)



2 kZ dk
12 = k? - 2k, ;‘;A z(l ) 3
S BAR S, Ak AR T

ks A ikl k2

%A 2k (1= kz)

(LUTFRMERA =dA/dz, k., = dk./dr S HEBIGERBERREHE KD )
BETAAMAALAZERGEDRE ISR EHBAESAS, LIHE

H, LRI HEEEMS HR, SERHB A, BMEH(2.3)F(2.15) &5/

fEz=05%

(5.15)

T =H- R e
= e
)
%:k[l;i:—;%’—%% - 2)lé

grge = Mhell =i 0+ 1) - 56~ )l

aizg ~kk2[1 - %’X(H:z)—%%(?%kz t—%)]‘ﬁ»

ai:g = —ikk3[1 - %(3+: 5.%(6+7—2——’)]¢

B LR RRME—$ B3

Z_i’ =i%’[1 ,CO +,clk'] (2.16a)
% _ ik [1 - zco‘j1 +zc21c']a a (2.160)
g}g _ ks [l_wof; Fiegkt] 00 zgz, (2.16¢)
A (P (2.16d)
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e

1 k2 )
'c":E(l_k_?)’
1 k2
o=l -5
1, 3k 1k
02——E( _§k—2+§k_4 2 (2.16¢)

1 5k 1k}
"2 et

3 =

1 7k2 1k?

:——3———-}--———,
e kg( 2k2 2k4),

FIF (2.16a—) BN M EBY R B I8 R R EF LA &
ERMBHRR, EH R NEREHELUTRS

—ingn+ Uy’ + U’ = %% at z2=0, (2.17)
. ¢
—1n0¢+gn+U0—z:0 at z2=0 (2.18)

(3;}5 Shyu & Phillips (1990)). (n#FE G & ERALBY, BETERE
BB T, RPILLT 00 B v 0", 0 % AR5 0n/0z, 0%1/022, 8%/02> % ) 1 (2.17) B
IRCIESS

0

2
: 1 ! H"o__ ¢
(—ing +2U" )Y + Un" = 9205 (2.19a)
. ¢
_ Nt "o
(—ino +3U" )" + Un 32253 (2.19b)
(=ing +4U YY" + Un'V = 09 (2.19¢)
0z39z2° '
B (2.18) TEA
: N . . 0% _ .
(=ino+U )&‘ +g7 + Uﬁ =0, (2.20a)
. 7 32¢ 1" 63¢ —
(—ing +2U )W +gn" + U@ =90, (2.200)
. 63 64(25
- . () " - .
(—ln() +3U )ﬁ + an + U_az4 0. (2 200)
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%% (2.16¢,d) #i[E] (2.19b,c) fX A (2.20¢), 7] 1B
k A k
sz)lv + 7" —i(2noU + %) + 70U + Coi—zz + (3 — c.;)noni. - 641—216;]
+1n" [—ng —in3(c3 — ca)k, — 6inoU’] =0. (2.21)

T4 (2.16b,c) #F (2.19a,b) fL A (2.20b), B3

U9 + 9" |—i(2noU + :)+5UU’+ ok—k—+(cz—c3)non —caikk']

+9 [—n% — in3(ca — e3)kl, — 4inoU'] =0.

s £ R 5 BT L —2ino/U Righ/U%k. T3

2ing gk A’
—2inoUn’"" — 17"[ i (2 0U+g ) + 10inoU’ + co 'Uoi T + 2i(cy — c3)nikl,
_2ino gk , , 2m0 nd , U _
P k]— 5 +(cz—c3) K +8nip| =0 (2.22)
o
ﬁ 1" nl 9 gkﬂ gk 2 A’ no gk ,
oy +1 U2k,(2n°U+ )+5—U+—( ) +i(cy — )Ukk

__Ciﬁz, ’_’n_gg._k _ ﬂg_k'l nng,
Uz(k,) kz]'*'"[ 'Uzkz+(c2 c3)U2k k +4'i'/;7k U] 0. (223)

B £ #% (2.16a,b) H[F] (2.17) F0(2.192) fX A (2.20a), I 5 R A T LA —n3/U, B 3

gk v’ ni gk A’
n2n'" + o' [ 7] (2noU+ i =) - 3n§7 U02!l]c =3 - (a —cz)
+c2(mc Z ] +n[U2 +i(cs - )wk' +2i UZU'] 0. (2.24)



45.(2.21)~(2.24) e — R4 T 18

_ k A
UtV 4+ 9" [—4moU+ 7UU’+CO%—7 + (3 — ca)nolUk; — C4Z_kklz] :
") .2 gk - gk LS gk —gk
+n { 6 + ()" = (16in0 = 5i 5 U+ o 2i- (2% — 2no)

A, gk gk
' [ 3i(cz ~ es)nf — “3(Uk )’ +z(c2+ca)non ]kl}
,[4in] JU" | no gk ng gk A’ g
—1ln TUE A~ He-a)yk
[T -k G GV e g g — e - ) R
(e _C)ggkk,]+ [_H(C_ g 0 2"0U’]—0 2.25
2= ) Uk e U2 17 ¢2)ms R U? (2.25)
REB/LEX, RAMABFHA
k2

Ci—Cp=Cyp—C3=C3—C = (226)

Ic2lc2'

U EEREYIHER; B H(2.25) Ah M F IR (2.2) —HFH, (2.25)
AE—F MUk, HEd(24)

I
= (21'1%% + ik, — k). (2.27)

F AR L % 7T 46 (2.25) o 3 2 o S MRHR R 0 978, (863 S B0 R IE FALAS B 89, B
o' /o B A'A LA T S B9TE, L T e s R OE M SRR
ERPFRE(2.3) F1(2.4) R A (217), T

—inga + U(a' + ikza) + al’ = IA. (2.28)
He®o WHER(2.15), B4
—ingd’ + iUk, a’ + ikzaU’ + iUakl = kA’ + AK'.
£ ERFETASHERNBELZK, 55 b

k
kI:_Ik/
kT

-8~



EXTTHER

k
—inga’ + iUkgza’ + ikgaU’ + iUak, = kA’ + A—kik;.

H—hm, BBy RPARTES

y_ _pke
U'= _DE’
Hep
k. 1
0=U+ m(gk)z.
# e (2.29)
A’k+Aszk;, - _i(gk)%(a/ +ak2:c:2z)’
8 (2.28) *ﬂ(?.l{i)

A=-iz@ht 1+ 220 Lop)

(gk)t a - (gk)¥ v
FI(2.33) B (2.32) X 2. M8 i B IH, T 18

A k k kok,,

AET R e,
IS
o A kK.,
- At
B2 RHFATHER

., A k2
7' = [21k,7 + zk;(l + p) - kz]r).

R (2.35) BN AT AT BIRAI TIE.
FE22)hr BHEBES

LTI

YLy
Uk,” — U?

+(ka )

—9-

(2.29)

(2.30)

(2.31)

(2.32)

(2.33)

(2.34)

(2.35)

(2.36)



| H3(2.35)

(Zoyay = [aike (B S ik (14 Koy (Shoyr (S, )
BB ALE(2.25)FEEA/ABEE
gk Tlg . ’
oo e )+ 1" lico e (o = 2ma) ] = [eo T2 A 5]+ ik (S0) 24
:n{—iki[coi—j]—kﬁ[icoljg (X —2ng) 2] ik [Z’Ug:i(gk-i-Qnon )]

+ [aik (Shry? —1}

!
s o )

=0,

(A (2.16¢)).

ETARIEMEQC2)HHESLBERBAEEIH, B (2.26), 5L AR
FIAD, ELIEAE (2.37) P& b B HR B, FT B K
n3 n? gk

Uk, ' Uk, Uk, U2k2]

lk:k;{(CQ - 63) [—nonx + 371(2) -3

gk gk : k2
+mc;[C4Uk‘z+CaUk —"0(02+03)+6‘2Uk ]}+z(1+ %]

(U,C A

FIl 1 (2.16e) R BB K (2.1), LN TLER

ikl [ - (f]kk) (1- ﬁ-) ﬁ] (2.38)

FlHEt, & U B R 2 BB E (2.25) B BHEIRE, TLER

o k gk)?
ik2U [ 63— +6(U?22] (2.39)

F A (2.30) #1(2.31), (2.38) F0(2.39) ¥ o] 4 & KX,

- 10 -



2

U U2 U%%
WMD) RETHRE
2, IV ml_q; | _gn2 g /[4-7‘8]
l’ 1’ +7l [_. 1n01)] +n [_ n0+ _] +1’ 71—
& g%kl kk ( k)z k2
; Ny [rl grkKs g g ::

BA BRI % BB A4 %t H , 7| A Laplace’s equation J i8 F & 4 B) i I
(2.40) (HEBBRGAR 2.1) REEAT BB R RHESR ), BB A/ABHEKRIL K
FE F 3] action conservation principle, (B fE_ F X Sk, H Z2BEMERH
HAREETT2HE, % (2.40) R E & {0 Rsingular. £ T — 8 8, P FI A
action conservation principle H H (2.40) vk BAIIH, HEE/R (240) ER ERE,
H wave action B3 FESFH .
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=. m—EHE

B B B SR R B R (2.2), R E A0 B 2 IS 5 = £ S,

U27’IV+7I/”[—4'inOU]+17”[—6n(2)+g,—22]+7]'[4i-7;]—8] + [718 g2k? .

"o - _U_zg] (3.1)
B(2.4) M A4
17" = (21’&'1% + 1k:r,' - kf‘)n’
= _(3;@% + 3k kL + ik2)7,
v = (_4,‘]&3% — 6ikZk, + k3)n.
RA(31) T4

/ i
n [U 2(—4ik2% — 6ikZk; + k) + 4inoU(3k§% + 3k, k. + ik3)

2 ’ 3 4 2p2
g ., a . .ngy ,a . n g9

FIAQ22), ERPEEFEENBYERAER, EUTRMEEHAKER &
BREWH,ZQCLFR M- LWAHFEMLUT 4.

EXTTEHER
171213 . 2 . 9 .g2 .ng a
n[( - 41U’_‘kz + 12ingUkZ — 12ink, + 2zmk, + 417) "

2
+ (~6iU2k2 + 12inoUk, — 6ind + i-"—)k;] ,

e (3.2)

H o a'/a ] Fl| F action conservation principle KBk, R U, ZE B M HERT ,
it principle AT ft. 115

5] E
3z (U+ny);] =0,

~-12 -



HhCu =k 2 R B EEE: B R, E=pd 2 REHERER
B, o= (gk)} & ¥ 6 REZ$A XK (intrinsic frequency), #

9 1(gk)* (yk)*
N

EERPEREBSF/2HEE, # ERXBRBALR(230)RAR,TTH

vl (3.3)

PRI P
e
0] = U(1+;:2)+ :z (3.4)

#(3.3) RA (3.2), B# (2.30) RA IR, BROBEHRBER, B2) R
CLIENA )2

1. 9kks (gk)a gzlcz
[U(G T -2 —4U2k2)

W (240) A& .
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. EBAHEMRHEHFER

7 (2.40) X fEFL £ B ) B singular, B X epk, W E, R LB HE
MHEEES —ERAHBENRHEORS FE, BERMBEE(240) 57
E—BUST B AAHEMRSEA L RANESHBE—-KBMY, B
MERERFTAGH @M %, LtBysingularity B 7] HiEHEH, Atk —
EREAHBERNRH BN BR. By A7 (2.40) &, FMEK A Turrittin (1952) ff
B %K 7 1k (7R 2B Shyu & Phillips (1990)).

4.1. SRR MA
BERMKECA)XBS—ERHTBAHER

7' = (Bo + B1)7, (4.1)
Heh
, ‘
_ n'
m= | (42)
71”/
0 1 0 0 0 0 0 0
o 0 1 o0 o o0 o0 o
B°‘[0 0 0 1}’ Bl‘[o 0 0 o}’ (4.3)
by by bz by bs 0 0 0
BHiERGbHITHE
b= = g4, bo=—diph, b3 =655 - &1,
Ek gty 3 g3k2 (4.4)
— 1 — JTT? x
by = 4ifp, bs = iU/ (625 — 2007 — 4 k),

EEESZAEGDFHE MERBUEMEB B RE /), BPIHIEERB 5
M, At ERHH U TEAXE AR

B (4.1), % Bo 1 By % BE W B {4 75 ¥ A 4R - 979 5 [ (diagonal blocks) 7y
B9 703 % fiE , Bll I G B % AR BT 8 2 A7 6 AR 8 250 0 18 DA _E 1R R, B SE Bk

BE, BMEExs
7=S7, (4.5)



HPhsHRR—BFHEREZ4x4BREH, AR TRFOEKRBE, (45 R
A4l tELE
ST¥+S'y=(Bo+B1)S7.

BRFRMASRERIUSHYEMS, TH—-FHHIFHR

7 =(Co+C1)7, (4.6)

K
Co = S™1'B,S, (4.7
Ci=5'B;§-S5"'5". (4.8)

HPNHREBLHBEYS, SHTREN, REUGS) RPa MESE G
2. 75—Hm4.7)XRFX—E Y B BTy similarity transformation, ¥ 1 f& i
BARME M, & S H Bo B9 {8 eigenvectors 48 5L , Bl 8 #& 4 A5 C, BI £ diagonal.
# i (4.3) %K Bo B9 P9 fBeigenvalues A1, X, X F A, EFI AT R

-2 1 0 0
0=de(Bo-an=|, o L ¢
bl bz b3 b4 -
= =AY £ b4 A3 4+ b3AZ 4+ bo) + by, (4.9)

HPIREMER. LARR-BRKSEHR, CHANR T EHSEMER

Ad2dsdg = =bi, T NidjAe = by, } (4.10)

S Aidj = —bs, AL+ A2+ A3+ Ay = by

AABREAR, A& FQ22)IMTTRE, (492 2)HMBAELT
B £
Aj = ikgj, j=1,234. (4.11)

A (4.9) AP AT 3¢ — 25 3R Bo B9 P49 & eigenvectors, 5 B £

J=1,23,4

- 15—



BHRBEHERERS

1 1 1 1
AL Az A3 Ay
=1 x u (4.12)
AA A8 A
KB
—A2A3Ags Ly (AzAa + Az + A2A4)L1 —(/\2 + Az + A4)L1 L
s1_ L =MAsdls (Mdz+A3da+Mde)Ly —(A+ A3+ M)l Ly (4.13)
T det S —A1A2x4 L3 (Alz\z + A2l + /\1/\4)L3 —()\1 + Ao + A4)L3 Lj '
=AA2A3Ls (M2 4+ A2d3+A3A)Ly —(A + A2+ A3)Ly Ly
Hep
Ly =(x3— )\2)(/\4 = A3)(Az2 — A,
Lz = (As = M)(Aa = A1)(Ag = A3),
3 (4.14)
Ly = (A2 —A)(g - A )(Az — Ay),
La = (32 = M)A = AD)(Aa — Ag). )
B
det S = —(Ag - Al)()\;; - Al)(Aa - Az)(Az - A4)(A4 - Aa)(/\4 bt /\1)
#(4.12) (413 RA L) T8
A 0 0 0
0 X O 0
=g-1 = 4.15
Co=5"BoS = | N (4.15)
0 0 M
LB —diagonal 5[, {H 55— M H (4.8)
C1 = S—lBls— S—IS'
[ ’ L] [bs - (/\4— Ll[b5 - (A4— Ll[b5 - (/\4— h
Lalbs = M) 3)0a =M1 A)(ha = )] Ag)(hs — Aa)Xi]
L2[b5 b (/\4— _ 1) L2[b5 - (/\4"' L2[b5 - (A‘l_
[ es—aoxg PET 0060 D el |, "
T det S Ls[bs - (A4— L3[b5 - (Ae;— L — Na). L3[65 - (A‘i— :
PR TP WP W 1S R VA B Y S VRS WYy
La[bs — (A2— Lalbs — (M- Lafbs — (As— La(be — Na)!
La0s = A0XM] )= Ah] A)(a—dgrg  Lalbs ~NeX)

~16 —




Hep
Ny = Aad3 4 A3dq + A2 Ay — 2A1(A2 + A3+ /\4) + 3/\%, )
No = AAs+ A+ A3y — 2/\2(A1 + A3z + /\4) + 3)\3,

> (4.17)
N3 = AAa+ Aadg + A Ag — 2/\3(/\1 + A2+ Aq) + 3/\%,

Na= Ao+ Aads + Ay — 224(A1 + Az + A3) + 322
i C R Y BT block diagonal, Rt A L BT 5 —KE#k, KA 4
y=T¢ (4.18)
(58 B 92 P46 7 1 35 & BA (asymptotic expansion)
T=To+T1+-, (4.19)
Kb REE/GE. ¥ (4.18) f(4.19) LA (4.6) T8

(To+Ti+ ) =[(Cot CTo+Ti4-) = (Tg+T{ +-- )&

EREERER |
& =(Do+Di+ ), (4.20)
R REAMLETE
ToDg = CoTo, (4.21)
ToDy + 11Dy = CoTh + C1 T — Té, (422)
He(4.22) MESKRENEH.

EE (421) EI%IL %ﬁTO =1, EIJ
Do=Co= | . (4.23)
T Do A B, 55 — diagonal SEFH , HBF (4.22) 75 7T W L B

D, =CoTh -T\Cy + C;. (424)

-17 -



BINE RBREFEEH T {E D B block diagonal B) 7. HRR BT B9
A] 2% Wasow (1985), 1RiB b5 B FI o B 14

T1 x det S =
0 0 Aall)\l [b5 - (’\4_' ,\,I:.,\l [b5 - (’\4— ]
As)(A2 — A3)A3]  A3)(Aa — Az)Aj]
0 0 3z lbs — Qa—  xclbs — (M-
A3)(A1 = A3)A5]  As)(Aa — Ap)AY] (4.25)
x5 (bs — (Aa— x5 [bs — (A= 0 0
AD)(A2 =AM A2) (A = Ag)AL]
ity lbs — (o= s lbs — (M- 0 .
L A1) (A3 = A0)M] A2)(Az — A2) 5] ‘
lafi5
I / Ly[bs — (Aa—
Li(bs — N1 AY) )\2)()\3—/\2))\5] 0
Labs — (Mg~
Lo(bs — Ny A 0
I T PO R WP R
l =
det S Lalbs — (Ag—
0 0 La(bs — N3\ 375 4
3(bs =MNad3) 304 = Aa)x]
Lqlbs — (As—
0 0 L4(bs — N4
A)(a — Ag)yy]  Lalbs — Nady) |

(4.26)

X Do A1 D1 P9 % B i 5 E 8 #hX diagonal blocks RITE , #u bt £ 79 7T #% (4.20)

SRR ETEEHRE, 5E4S
&1
-lf
&4
B4
__[és
°T [64]

B (4.23) F1(4.26) XA (4.20) 8, 7T B

7= (f)o + Ijl)f,

~ 18 —

(4.27)

(4.28)



Lalbs — (Mg — A1)
(A4 — A2)A})

La(bs — NaX,)

) La(bs — N3Aj)

Do = , Dy = ——
° [0 ’\4] 1T detS Lyfbs — (A3 — A1)
(As — A2)Ag]

(4.29)

B (4.28) AMJEEG FRAKEB OB ERMT, KL A 428) RE—%
TRR—HERET B

REZHBES, RAS

T= V¢, (4-30)
He
V=Vo+Vit+--. (4.31)
fRA (4.28) 7T 18
Vo+ Vit ) =[(Do+ D)) (Vo +Vi+--) = (V§ + Vi + - ).
EFREABRERRB
C=(Fo+Fi+--), (4.32)
AR B RAFLEKYS
VoFo = DoV, (4.33)
VoF1+ ViFo = DoVi + D,V — V4. (4.39)
7 Do B 5 diagonal X, , # i (4.33), 4 Vo = 1, B
Fo=Dp = [’\03 i] , (4.35)
H(434)FTHLGR
Fl =ﬁ0V1 —Vlbo'f'Dl. (436)

# Fo fh Ry diagonal, H eh(4.36) RMATEH, &

- 19 -



0 ylbs — (Mg — A1)
1 (Mg — A2)Ay]

Vi= —
det S A—ali‘z[bs—(Aa—Al)

(Aa = Az)3] °
Bl
- &%3'- [Ls(bsstAg) - Ezmg)] (4.37)
R £ diagonal. 4
e=[a]
B 38 F FIF, R A (4.32), RAPIP R 7T 18 5] — B Rt
G = [t s - M)
HER
{'aa_z - [+ FL:g(bs — No)y)| }42 =0. (4.38)

CE3(4.38), 5 G MBS 0, R _E A BR IR AR % 7 (2.40) 8%, (A B BT RMIE
7% I P9 5 factorized, 8 £S5t WL ARS8 5 2 J — @B A7, RIPTEF A7

(2=0. (4.39)

R (4.39) R 107 B, RIMGE MR, 5% (4.30) F1(4.31)
(= (Vo + Vl)_lf
e E T
=&~ (V)& =0, (4.40)

KAV R ZHBIZFNE TR - ETKE(4.5), (4.18) F1(4.19)

7= ST +T)E,
L QVLL ¥
E=(To+T) 'S 'y

—-90 -



REEZEAE L2WMBME, E4£

€a=—(T)a [(S™Hun+ (S D20 + (S s + (S H14n"]
= (T)a2[(S™H )21+ (S71) 227’ + (5™ )23n” + (S71)24n™]

+[(57Da1n + (57 )azn’ + (571 )aan” + (S71)aan™], (4.41)

&=—(T)xn[(S™Hun+ (S Hin’ + (S Han” + (S7H)1an"]
~ (T)32[(S™ )21 + (S22’ + (57 )23n" + (S™1)24n™]

+ (S Va1 + (S Ha2n’ + (S Vaan” + (S™Haan™], (4.42)

Hep () REVRRNEMZF TR TTR H(441) F(4.42) R A (4.40), E 4%
FTAMKBERYFRRE 2,7 TH

(5™t + (5™ aat’ + (S™asn” + (5™ aan”] = (T [(S7)11m + (5™ )rar
(57 100" + (ST an"] = (T)ae [(5™)a1n + (S™zzn’ + (S aan’” + (5™ )aan’”

- (Vl)2l [(5_1)317] + (5—1)327], + (5_1)337]“ + (5_1)347‘,I”] =0,

RER

7" + E2n’ + Exv + Eon = 0, (4.43)

e

(S~ (S 1)2s (S a3

Ez = —(A1+ 224 23) - (Tl)-ﬂ(s Tea —( 1)42(5 Tas —( 1)21(S Tea

(5" Das

N W(S- Jo (4.444a)
Ey = (Ad2 4+ AA3 + A3h) - (Tl)‘“ (S ;12 ~( 1)425? 1;22 (V) Eg:iiz
(5 Va2
T (4.44b)

(S~ S S-1 S-1),
Eg = —=A1A3)3 — (T1)41(S 1;“ ( 1)4255 1;21 (V1)21ES_1;jl +\I’ES_1;4;,(4.44C)
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(S~ s
(S71)aq

(S71)24
(S71)4a

(571)34

¥ = (T1)41 + (T1)42 + (V1)21

BES(444a—c), MBEMR(413), (443 BEFTERR
N —(ds+de)n" — (d2 +ds)n' — (d1 +da)n =0,

He

di = MA2h3,  dp = (A2 + A2z + Azhy),  da= A+ A+ A,

(S=1)aa

= a0 02 1 g g - (Ee

= (G + G (0 = s

o= @l 4 a0 4 (g )8 - o )s.
42. HRE=FEMS

N

(4.45)

(4.46)

(4.47)

(4.48)

BEZREHT (4.40) i, B TARTHREST ME MR, BoREs—m(A
Dl BB Ak E 18 — 5 ), A FShyu & Phillips (1990) 5E 2 R

sk LIRS
TI” + [_(’\1 + /\2) + Q]n/ + [/\1)2 + P]r] =0,
Hrp
5 1
= d Ashi 4 Azhs — Ada)ds — (Az — AN
9 (A3—,\1)(,\3_.,\2)[4+)‘3d5+(31+ ad2 = A1Az)ds — (Aa — A2)Ap
- (/\3 - Al)’\IZ])
; 1
P [(A3 — A2 — ’\1)d4 — Arhads — /\1/\2/\3d5

T A — )

+ /\2(/\3 — Ag)/\ll + /\1(/\3 - /\1)/\’2]

—_929 _

(4.49)

(4.50a)

(4.500)



oA (4.48), (4.25), (4.13) F1(4.14), W fL W 1, 7T 1B

Az — Ag
Ay — M

- _ 1 b5 _ B )
Q T (A= A3 —1\2){(,\2 “ )4 — /\l)(/\3+z\4 Az —Ap)

A= A (A3 +Aq — 2,\2),\',}, (4.51a)

Az + Ag = 22N —
(As+ As = 221)A =

. 1 bs
i " (s =20 - X) { (A2 = A4)(As — A1) [Aada = (A1 +22)(As + Ae) + M d

Az~ A Az — A
87 22Xz + As — 22X 4+ A LAz + Ag — 2X2) X, $(4.51B)
Aq - )\1 A4 - '\2

+ (A 4+ D] + X2

7 (4.49) (98 P FOQ, 4 IR 2 bs #978, 7E0A % 2 {9 5% singular, SO = REB
HEEE MR ERME, EREERAHBENRHR, AW (44985
FREL—E, A EHA AR AT —EFEMOT R Y BEETIL B AT

4.3. A _REMTS

AFIRAE G LM 42 AFTR BE RO, N ERTHEFTEABE
HELBETRSRAE, AETERAEHHERT, AMNHE Q9 HER

7 = (Bo + B1)7, (4.52)
He
ﬁ=[3f]’ B°=[—A(:Az Anluz]’ B‘z[—of’ —OQ]' (#.53)

H1(4.51a,b) RFIPT 0 B, B S K EREHEH.
R 5 f#(4.52), BV on LU 7/ HE Bo F1 B, 55 diagonal, B 4

n=>75Y, (4.54)

A
7 = (Co+C1)7, (4.55)

Kep
Co = S_lBoS, (456)
C = S“BlS -S-lg. (4.57)
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g (4.56), & S B35 — 17 ¥ B Bo B9 — {Bl eigenvector M 5K, Bll Co 44 & diagonal, B
F 5T BN £ Bo B9 i fBEl eigenvalues, % K R AT RE 5 I BN M F 2o, A

S:[l 1]’
IEpY
iz H
M0
Co = .
° [0 /\2]

4% (4.58) 11 (4.53) X A (4.57) 7T 75

c 1 [P+A1Q+A’1 P+A2Q+A’g]
1

T [-P-MO-X —P-20-X]
B C A R EEH RS diagonal, ER T F— KRB, E6B 4
y=T¢,

aH
T=To+Ti+--.

o3 — Wi T R BA. 48 (4.61) F0(4.62) fL A (4.55) AT 18

(To+Ti + -+ ) = [(Cot+ CYTo+ T+ — (T +T{ +-- ).

FREBRERR

€ =(Do+ Dy +--)E,
Bl th B BRI LB 15 3|

Ty Dy = CpTo,
ToDy + T1 Dy = CoTy + C1 T — T(; .
%%TO = Ia E\U
A7 O

m:a—h M]

B

—924 —

(4.58)

(4.59)

(4.60)

(4.61)

(4.62)

(4.63)

(4.64)



D, =CyT) —ThCo + Ch. (465)

3 Do {75 £3 diagonal, B i (4.65) & 1%

n=n, W)
3
Ty = ﬁ(ﬁ+/\2@+ X),
Ti2 = (Az——l,\{)—z(P +M1Q + ),
U
D1=ﬁ[p+'\loé+’v’ _p_,\(ZQ_,\fz] (466)
7R £ diagonal.
W% (4.64) F1(4.66) fX A (4.63), B4
= [2)
TRMETNESHAER, P —ER
6= {h+ i (P-aQ- W6
BERE
[%—(Awﬁ)] & =0, (4.67)
3
E= /\21 (=P — 22Q = Xb). (4.68)

BETRAMBCBRET, B (4.54), (4.61) 0 (4.62)
= (To+T))"'S17.
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WRBHEETHETSE

5= i M det(T01+ ) [+ 7'+ Ri(han — )]
Y i A det(T01+ 1) [7'(1 = Ri) = (A = A2 Ry)],
He
= (—,\2—_1,\—1)2(—15-,\1(@_%)_ (4.69)
fRA (4.67) 2 3
1 1

[Ba—:c - (A2 + E“)] 2 = A1 det(To + T7) [7(1 = R1) = n(A = MaRy)] = 0.

L3 R R B SR R SRR B 7 (4-49); (BE B Wi B 3 factorized, #
REBEBR—@0 5 & BMEFEE MRS

W= Ri) = n(h = MRy = 0.
EREHRIOEEEFRLT
7 —ah+ (A= A)Ri] = 0. (4.70)

H% R B3 PRIQ, #H (4.51ab), EREERE &b H— BB, 3K (4.4) B bs i
B AL ko = M /i RA T BERF & R 38 R ERT B (HBS P F0Q ML A FNQ 2 AR
R, bs Fb RANEK), (B(4.70) {7 4 2 5 9 B 92 B A ST -

ELMEAKXBEE, RML KT ZA S BERR H B, B LR TR #
BRARAHBENRHE, ELTRPIEN REAH B, » KBRS, HRE
R & BRI R B

7 — A2+ (A2 = A\)Ry] = 0, (4.71)

e

1

Ry = m(—132 —22Q2 — Ab), (4.72)
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B P Q. J985(4.51a,b) ch 5 P F1Q, ¥ H b B9 b5 LA k.o RA(REBR) FTEBY
BR.

LR B/ A0 MU IREFASR—EHFG MM, LB
& BT & P 7 BEL 2E RGBS

44. AE—HBABZH
B0 MU REEH—-GR4HFRXS
{6% -2+ (A2 - /\1)32]} {% -+ - /\2)R1]} n=0. (4.73)
EAURHEARL 5B, BN M ES RS- HEN, X ERBEES AR
LGB, EREXBITSE
7" = [A 422+ (A = A2)(R1 = Ra)]n’ + [Mdz + (A1 = A2)(AaRy — M Rp) — Ay = 0.
HRABM R ELRPERYE, AERME LR

’\Il_’\é ’
—=n' -2
,\2_,\171 1

)
=0
A=A

o, QI =T & 158

Al = X
7" = A+ A2+ (A = A)(Ry — Ry) — L7222 gy
Az — A

PYS ST
+ /\1/\2 + (Al - /\2)(/\2R1 - /\1R2) - _AzT n= 0. (474)

LRAPMA HBHHRERZHB, KA SEIRAR L 58, ERESH
B 5B, BB L, R M (4.73) BAKS, ¥ 1. F A, B8, UEMKRFR Ei,
BOHRBSRTAMNT)E2HRGER LTRMASEHNE —&EER
BERARAHBENR S BEHE, LSO AR ERNGT %,

-7 -



F. BU (4.74) 7EBA E B S regular
BPAKk SER(2.2) BOHET M M RELTHEX:

M=M-N, dy=M+N, (5.1)
Hep N AE VIR, M Ty ¥ FHentire functions, Ay LA ER R F, K

NN'= 24 (5.2)

{c B % B £ analytic, B N2, N*, N® % 15 analytic, Rt M LU T # R 8 (4.74)
RN ELHEAREE LA GEH S BRAEE.
B4 (5.1) |
A+ X = 2M, AX; = M2 — N?
0 (4.74) ch B £ BIH & S analytic; L F B BH K EFMELS# .
E3 (4.69) #1(4.72),

AL~ A 1 - - 5 .
—(A1 = A)(R1 — Ra) + ,\; — /\j == (P = Po) + (M1Q1 — 22Q2)], (5.3)
AA] — A 1

(A1 — A2)(A2R1 — MR3) — pvees vl vy [—(AaP1 = M By) — A1 2(Q1 — Q2)]. (5.4)

BR Py Py LA Qo Q2 B9 25 BIEE FE R (4.51a,b) a9 bs 55 B {8 A kor 7 ko X0
A (LR R bs 3 Y I b} F 02 BRARER ), B

. A 1
P~ Py = s e e 0 [Mada = 1 +22)(a + M)

+ Ak + (O +23)] (64 - 83), (5.50)

N . 1
O -Q:= (A3 = A1)(A3 — A2)(A2 = Aa)(Ag — A1)

(A3 + Aq = Az — A1)(b5 — bd), (5.5b)

1
(Az — A1)(A3 = A2)(A2 = Ad)(Aa — A1)

AP =Py = {[/\3/\4 — (M1 + A2)(A3 + Aq)
Mg+ (O +A3)] (abd = Aabd) + (A = 2) [(a + A = 20)
(As - Az)(A4 - /\Q)Agz\'l + (/\3 + Ay - 2)2)()3 - A])(A‘; - Al)Alx\'g] },(550)
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1

MQ1— 2Qr = (A3 = A1)(Az = A2)(Az = Ag)(Ag = Ap)

{(/\3 + A4 — Ay — /\1)(/\11)% - Azbg)

+ (A1 = A2 [(,\3 + Aa = 221)(As = A2)(As — A2)A, + (As + Ag — 2)5)

(= 20 =) | (5.5
B (4.4)F(2.1)
b =U’ —no,\ — 8U)? + 18inoA? — % 3
g lv( . 3A2+12zn0A4+12UA3—4UA5)] i=1,2

bl — b2 =U'(A; — Az){ll]—?ng — 8U(A2 + A2) — 8UX g + 18ing(A; + A2)

1
- ESIE D [k2( 22 a3)( + A2) + 12ingk2(0 + A2)(A2 + A2)

2
+ 12k§'&—°(,\';’ +2) + 1242 U°A1,\2 — 4UE2(A 4+ A3) — AUE2A (02 + 22)

~ AUEIAINS ~ 12ingA2A2(A; + Ag) — 1272 ,\2,\3 +AUAIZ(O? + A2)

U

+ 4U,\?Ag] } (5.6a)

Azb; - Albg =UI(/\I - /\2){ -8U M\ /\2(/\1 + /\2) + 18ingA1 Ay + — U2

1
RCEENICEY)

[k2( n(,),\ Az + 12ingk2 Ao (A2 + A3)
+ 12inok2A202 + 12k27;]°,\ A2(A1 + A2) — 4UE2A Ao (A1 + A2)(A2 + A2)

41 .
~ ZZMAIA — 12in0X8A + AU AN +)\2)]}, (5.6b)

—99 _



- 12 .
/\lbé— Azbg ZU'(/\I - /\2){—571%(/\1 + )\2) — 8U(/\1 + /\2)(/\:12 + /\%) + 18"10()% + /\%)
: 2i 5 1 2 A avi02 g2
+ 18inodi )y — i GEESICEED) [ky( 5808 + 23 + ko)

2
+ 12ingk2(A% + M%) + 12inok2 A A2(A] 4+ A + A1h2) + 12k';’%°(,\, + A2)(A + A2)
4i .
—AURZO3 4 2)O2 + A2+ M o) + v-'_zng,\‘;’)\g — 12inoA2A2(A2 + A2 + A )s)

- 12"7‘2’,\3,\3(,\1 + A2) + AUNIAZ(A) + A2)(AZ + ,\3)] } (5.6¢)
PRH (5.3) F1(5.4) B3 7 B (A — Xo) FTEE T B8, BL7E(5.6a—¢) KIERA B HEAR A
R, 55— HEAE (5.5a-d) hRERET £ H R ROU R AT (R A B35
AAHBEHE, SHOCDARAR FIEN(BEN) TR LHER, @
BRNN', N2, N*, N3N' %), 3 (4.74) B (E 7E PR FE B 7R Ry regular, AL EREBH S E A
wE—&.
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N RHBEEAR

HP (4.74) IR ML 5 BIR R A SHEFIR §1 88, B 'C 6 A 72 0E 2 B
H(BEEERERN) KBET)RMITHEAHBENRHE, L2 BB R
HE KA. B A RFIYIR A Shyu & Phillips (1990) B9 #F 3k, bt 75 85 2 AR i
Smith (1975) 7 & S BT &R A 65— 18 1 il DA B S 3%

BERPKUAT)HRE
1" + [—i(ks1 + ks2) + Q0 + [—kerkz2 + Pln =0, (6.1)
R
Q= (v~ Ma)(Ri - Ry + 3138,
, ’ (6.2)
P = (A = 2)(A2Ry — MiRy) — 52:\\;:%
BET%4
n= v(z)ei(kw—no!) exp {—% /["'i(kzl + kz2) + Q] d.’L‘} . (6.3)
fRA(6.1) T8
v +o(H +G)=0, (6.4)
o |
H= %(k,l — En)?, (6.5)
G= Pt 5 (kar + k)@ + (kL + L), (6.6)
LR 7ERR 28 B 7 Hregular, A th Smith (1975) B9 52, R T 145
v & Ao Ai(—r) — CoAl(-r), (6.7)
Heh
%r% = —f:H%d.’z,
(6.8)
4o = (f7)¥ cos (~ f7 G/ H4 dz), Co=r~tH-}sin (- fs s6/Htde). f
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RUABER  AHRMEHEROVE R =0, % > (B RE R EET
SEEARF, LR P Ai(—r) F1 AV (-r) = {dAi(z)/dz}z=-, {8 F Airy function FHI'E RS
HERE, AT E W

d?Ai(—r)
dr?

% (6.7) F0(6.8) fR A (6.4) °T 18

+rAi(-r)=0. (6.9)

v" + v(H + G) = AJAi(—r) — Cl Ai' (—r). ' (6.10)

B35 Ao 1 Co 4 15 4% 1 58 (L. 09 5 B, 4 (6.10) 71 (6.4) 5 22 5 4 A1 LA Aff — BE 7T L)
72.W5 , B Ao, Co, I Ai 721 %€ B £ analytical, 5 b (6.7) 1 (6.8) S/ (6.3) £t
R — B 5 AR 15 — B W3 3 BUAR.

B (6.3), (6.7) 1 (6.8) T M4 48 2k 48 A B B R0 % B B 15 2 3 I LA 53, £l
1 Ai(=r) K1 A¥(=r) FEr 5 T L BE KRS, AT

Ai(—r) = 5 4rbain (301 4 ).
A (=r) = 1= 37} cos (; + %w) .
i (6.3), (6.7) F1(6.8), IR AI B HEz < 0B IR
ottt | [[ 1078 ] s [+ k-t 1]
+ H }exp [/:—;-(—Q+iG/H%)dz] expi[/oxlczd:c+kyy—-ngt+%1r]. 6.11)
ESREDE — 8 WKBJ solution, i & BT 1% # MU A S BEFIUR 4t B9 IR

VR BRI, (B A7 4 ok 38 R FERR SR REFAT O R (6.11) RPTPTZERA A S B F R &t
T B9 ¥z & ## (L % & action conservation principle.
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+. SE¥ ¥ B action conservation principle
iE — EP A TR PR EE 9 A &t B8 F0 R 5T B2 B9 1 08 88 (L BR & B BE WA & action
conservation principle 4} , f§ & #5 action fluxes 7R H§ %, &% action 7EBH 28 B IR 5F
5.
71, B — {E R K action flux
i(3.3),(3.4) F1(2.31), A 4 B 0% 4 B 2 W & action conservation principle,

A
a_ U [[]]
R (3.3)
H
[0 = U(“%:—%) +0i—%, (3.4)
I=U+ 2%(9'6)%« (2.31)
RMAEERAHEE, B (6.11), AHEMHRES
a=H}exp [/:%(-Q—:’G/Hﬂdz]. (7.1)
[ 4
= 2 : -1 $)ds
aZ_mexp [/0 (-Q—-iG/H=)d ], (7.1)
At
a 1 . Vi, — kL,
— = 3(~Q—iG/H%) - 5?:_E.
#%(6.2), (6.5) F1(6.6) fX A $4 7T 153
%, = (/\1 - /\2)R1.
& /A (4.69) f1(4.51a,b), L R TTRHAB
a ! (b5 + be), (7.2)

@ T 1 =) = )= A1)
_ 33 -



K
bs = [()\3 + /\4 — 2)1)(/\1 — /\2) - (/\3 — /\1)(A4 - /\1)] /\,1

B (4.10), (4.4) F1(2.30)

bs =X [(4iﬂ —3A1 = A2) (M = Ag) — (

—b .n
i L4 4+ 202+ /\1)\2)]

M, U

_M ;10 42 10y 42 3, 32y2 3 g*ky ng
SR [817/\1/\2 —417/\1/\2+/\1/\2+A1/\ 5A /\2+ Ua U4
U’ n 2p2 4
== %0 [8 A2, — 47]‘1,\1,\3 + AA3 + 2222 — 5230, + gU—f - -l’}—‘;] ,  (1.3)

B

(/\1 - Az)(/\a - /\1)(/\4 - /\1) = A1 A3Ag + Aili - /\f/\q - /\%/\3 - A2A3/\4 - /\%/\2 + /\1/\2(/\4 + A3)

:—4—-+2f’i—,\f(4i"—°—x1)+,\§

Us ) U
3 22 4
. Ny 2 (g k o 3 T 9
= —4;% 4 = 2052
It N ( U4 U4) TN i A
= U% - (—2n3Ukz1 — g*k2 + nd — Uk2, + 2noU3k3))
— 2 2 2 2.2 212
= T [(no Ukz1)*(ng — Uk2,) — g Icy]
_ 2 [Pk +EE)(no+ Uks) 22
= Uk, no — Uk 9
% g° 2 3
= Uik Uk [2Uk,;1ky + ’nok + Uk; 1]
2i I
= Tj—‘{no_—[]k’:l [2Uk3 + nok“ + Uk.zl]
7
(gk0)¥ - ng—UKgy
[]—U+ 2L1k1—U+ 2’02 kzy

1
= 2? [2U(k3 + k%l) + nok“ - Ukz'l]
1

1
= o [2Uk2 + noksy + UkZ],
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BEAREITERS

M =AYz = A= Ap) = Sk g2
(A1 = A2)(Az = Ap)(Aq = 1)-—74—m[]1. (7.4)

He®(3.3), (7.2) F0(7.4) BR, &

1 U4(ng — Uk
SUGEEE L NS )

R (6.11) W # & action conservation principle, |- 5 & 8] 3k Yoy~

4ik?g?
U+t

[[]]IU, + 2[]1(ﬂo - Uk,_-])bs = —2[]1(710 - Ukz-l)bs, (75)

BT RIPIEEEH (7.5) £ B RS HS.
B (4.4) F1(2.1), bs 7] B BASS

3 L2 3 2 L3 2
— ng k2, No ng k3, L]
bs = iU (— m?—2m+l2l—]—3?+l2mk“
12 o k:l 1 Ng k2 1 kzl 1 3
~ 2y~ Bkl g R epk ). (7.6)

B (7.6) 7 (7.3) fAA M JE A (2.1) M (2.2), BT 8 (7.5) S WA LB U B R I
ey

3 2
L.H. =12i%k,1 - 36:’%&:31 + 36inok3; — 12iUkS, — 2ig%k,1g2

.1
+ 2“@&21021

.n3 . Z
R.H. =8i72ks1ks — 10ingk2 ks 16;’%1:31 + 26inok3, + 2iURZ,k2, (1.7)

+ 20U k3 kep — 100U kS, — Zingk, k2, + 2i70 Lt _ 9%k2)
U4 oy v

1 kay 252
- 2zmk—ﬂ(no - g°ky). )

%—‘ﬁﬁ,@
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kai(g2k2,);
gzkzlkzZ =

%ﬁ(g2k31)-

o (2.2)

:La:: ng — 4ndUkzz + 6njUkL, — 4nUk3, + Utkz, — 92’“5)

) .
=k‘_ﬁ(n3 — 4ndUkzy + 603U kR, — 4noU°kS, + Uky, — g°k}).

GACE LR

kzlk::2

ng —g%ky = U'kZ k7, + Fort kg
T z

(41‘!‘3U et 4Tlo Uskzl kzg). (78)
#(1T8) A (T.T) KT 18

2 2
R.H. =8i%k,1k,2 — 8ingk2,kps — 16:‘%1;3, + 26inok3, + 26U k2, k2, — 10iU k%,

. 1 .7 .1
_ 21710]0;,;1’&?3.2 + m (21U—ik$1 —_ lekzl) (411:3U - 4710U3]cz1k,;2).

2 2
R.H. x (ko1 + kz2)? = - sil'Uﬂkglk§2 + 16ingk3 k2, — 12ingk?, k3, — 16il‘Uﬂkgl

2
- 321‘1‘(7%211%2 + 26inok?, + 52inok?, kyy — 8K k2,
+ 2iUk2, k3, + 4iUES k3, — 10iUKS, — 20iUkZ koo

3
— 2ingk 1k, — sz‘-;%kgl(k“ + kz2). (7.9)
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3 2
L.H. x (kz1 + kz2) =12i%k,1(k,1 + ko) — 361’%&:31(1‘:,1 + kz2) + 36in0k3, (ko1 + kap)

— 12iU k%, (ko + kan) — 21‘% (ng — 43Uk, + 6n2U%k2, — 4ngUk3,
20_kz'l

474 _ _272) _ o0 Kz1
+ U%kS, gky) 2T

(ng — AnBU ko + 602U k2, — dngU3k3,

+ U2, - gzkj) + 21‘%(713 ~4An3Ukzy + 602U 2k2, — 4noU3k3,

+ U4k31 - yzkz) (k.tl + k::2)

2 2
= - 16ir;j—°k21 - 241’%1&:311:,2 + 26inolc;‘.1 + 28in0kgllc,2 - 101'le:21
rr 1.4 -"3 -"% 2 . 3 -"g 2
- 101Uk,:]k1-2 + 161mk31 + 817k11k12 - 21110]6,-1*?12 - Slmkzl
n3 no [ kz1kzo
~ 8i—Lkoiksy — 2i— (UK, k2, + —Z1722_ (4n3U — 4ngU3k, ks ]
U2 1 2 U4 zl™x2 k::l +k1‘2( 0 No 1 2)
_ -ﬂ!"_r_l 412 1.2 kz1kzo 3rr _ 3
2i ik, UkZ kZ, + ot F (4n3U — dngU2k,1k;2)
k:lk:rZ

;i
+ 75 [U"kzlkzz +

ko1 + K 2(4118(] - 4"0U3kzlk:2)] (kzl + k';,_-z).

ERBRE 0+ k2 AT FI(7.9) E2 R B R, WEAEV A S KA IRE L
W % J& action conservation principle. 5] BB $k P /R 0T SEBA (6.11) by & &4 I BY
fi% 7R R action conservation principle.

7.2, H# A ST R 8 F 8 action fluxes

R T B9 (3.3) R BBR AR A H B F1 R 41 B 69 action fluxes 7E = J5 4 £ 5 fil (
£y J7 A IR B M ), 85T 2K TR PYH 3 B o i fluxes B HI %5 .

E%ﬁﬁﬁﬁ%ﬁm—@ﬁ%adion flux 76 & 5% B MR, S B Bt flux, £
PIn] RIFE— B S ER M BHETT, T (6.11) K (7.1), 7EBA FE B | action fluxes

(U + %%kﬂ) Q-3 (k; component);

E : !

(U+Coe) 2 = (7.10)
(U + %%é‘kz2) BH-% (k2 component).

HORBMER, AUTRMAMGE(TI10)SRESHE.
-37-



A7 e 51 H k1 component B S, #%(6.5) fRA K 7T 4

1

Ey o 2
(E + Cg,;])o_—l = E(Uk? + -é-U]kr])

m. (7.11)

Eﬂﬂgﬁta k:r:Z = krl,.&tﬁcpﬁg%ﬁ%?,&tﬁWI{BJ SOlutiOﬂ%#E*EEBﬂ
ENREFEAHR—-FEHAYS BRER—M L, U+ Cum =0, EX{HAEF
— A RES R (A, bt — R {7 g L'Hopital’s rule 7 .

=
f(z) = UK + Sorkan
=U(kZ, + k) + %("0 = Ukz1)kz1, (7.12)
9(z) = kzo — k1. ' (7.13)

# B L’Hopital’s rule

lim 1) _ i £
i g(@)  emb- ¢(z)

FI A (2.30), (2.31) Fn(2.1) /T LIS

(7.14)

f(z) _ Nu
g'(z)  De’
Hep
N 1 4 1 2.3 1 3 1.2 1 21.3 3 21214 3 2L4 2
u :-inonyk,,g — Znonykzl - -8—71on1.1ka - gnok“krg — ZU kykxl - §U krlka
UK + SUPRIkZ, - SnoUk ke,

De :U]\’;(kxl — ]C,,-Q) — Ulfﬁ(kgz - "721) - %nokxlk‘zg(kzz — kil) — %U’C:k‘xlkrg(kzl — k,;z)

1
— §Uk31k22(k,2 — kg1).
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Nu :(%non;M - i—nonzMa - %noUM5 — indMA - %Uzij“ - %U’MG + U2kS

8
1U2k4M2 N 1 Uk? 3 UkiM? 5 UM* 1 IM3 4+ 3U2k2 M3
+-2- v )+ (5110 -"+Zn0 v +Zn0 +Zn° + v
+ %U2M5 + U"’k‘y‘M) +N3(-- )+, (7.15a)

De =N(-2UKy - SUK}M? — 2noM® — UM*) — N3(3Uk2 — 2noM ~ 2U M?)

— UNS, (7.15b)
H 7 7ERH ZE &G
U+Cy=0,
BERR L
UM? + noM + 2Uk2 = 0,
[=7
_ —noM
T M2 42k
Bt (7.15a,b) AL 5
Nu=_1 __"3M_(M2 ~ 222 (M2 + k2) + N2(-- ) 4 - -
4" (M2 +2k2)? y y ’
De = -N#M%g(w = 2k5)(M? + k2) — N3(TUk2) — UN®.
B (7.14) RIS

M2 — 2k2
lim 18 _ 1 v
z—0-g(z) 4 " M2 42k

(7.16)

EXARBR—HRE.
ERCF R, B SR £ M2 = 22, B A $f B action flux S HR, (A
WHFFRE, RRE M =25, 76 (7.152) F(T.15b) AN R B A E B R, &
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#inp, BL(7.15) 9 N 9 R BUR S B, A% B s VO LUR F A KA E, Bk
(7.15a) F01(7.15b) 5 7 0 B — RS T B 15 4 IR 6 R IR 1 ( B BE %572 3n0/28).

5—m, B &5 B A action flux

1

Es o9
E C, —_— —_—
( + gz2) P 9

2
) = kg (Uk%-l— ngxz)k

z2 ™ kz'l

WERASEHERNEERN (7.15) RFTE NN N, BHRFVEHER, E
(7.15b) AT SR A8, R L EE O A 51 B R0 R 41 B B action fluxes fE= 7 A AR
HRABE (A RER).
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BEATE-BE_EEMEL EAREEGEE, NERTHIER
RE-BAENKECEBLEBERs R AERS FERMERERS
RS SE AN B —ROWA U, LRI ERES(KIEETRE
BANE1/2 B RETBERE) Bt — 4 RBAK WKBI 7, (e th & B PIZEY B #6947
B] #A & action conservation principle, H A §t F #action lux MK H HEEHE.

DEAERFEREUBRRERAES RERHBTROER, LEWE
HbBR TE A S B R R 4t R B9 MR IR IR SRR 6L, ik A e th 1R 8% T EBR S RERY AT K
HBHHMARL SAERABE, BB REZEHERBSNKBRE
Z=EZEMOGRAE LA REHLERE T, EEAEBERMH R, (6.7)F
B BRI RETE (E- @D EAE T m T T), MHEMRIFERE#E LS
RAEMBERTH —EEROGERANBLBR ), S8 BMF A& ray
solution RIGA S EMR H EORERHILEREEIHERANSE EAB S
(6.11) AR EHAT - [; Q/2ds FI - [y G/2H Y dz, B E MR EE B Ay B LK
IREDE 85 -Q/2 F-G/2H (B HRMQMGHI KRR AM — s, (BB M
RARBETAFTEREMBFMANE), HHERMRA(6.3), (6.7)F1(6.8) kBN 7T
%15 — B h caustic - R KM LK BEEL.
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