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SITHhHhTERHARRCODVTEHIARIT S,

1. 2. 1 2RXxY@rc@BIEREREN
RERBEBPTORMOEREDERBIUERUVEEEFEOHRTR BV T, X
DAMPYYTEBESITH LI MEOKRBEICHEREFTE O TE
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& DMEZID E DV TPapanikolaou [51120(e ) F THERIR Vh RFHERITVL.
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1. 2. 3 WRITERIOMN |
WAITBRAAORARRELPBITHOO TV S, ULDPU. ThsOHROKEH
EEBETHRTH D BROHARRT o MBI R, Ero. BAOHROKBS
LREHEBLERIIUT. BREHKEE OHEMEMZBRT SR EBHEN T
ES3ETIHONFELALETHY. ARROLS RHEKITHAAREREEHH
FLUTHZ. EBREREORITEVLS IIETHRRITo DO R,
ERMMEORENHRHE U T Newton[21], HIF[22]. iR »[23) 4t
& [24]. 0°Dea[25], Lloydd[26]2E N %, o XA RMBFLR &ilgKIT
BIAAUBEOHELHODR VLI ERATV S, HoOHRKEAE. Lloydd
[26]DRXOEHW T EDHTHEROINTVEN, Fhickse. REEREER
TOMBEHERITHBE NI VELSHARAUEHETCAU TS 2. REKE
KOBO. AT TIL7—OAMRTY I LOFEREKITHAADEI D FX
CRETHEECODVTREMRIERCERIFEABBOATEBY. WEERZ—K
BWRAGEIATLRY., TO—HEUTE. EMETLCERSREA. HA
FHRUBFORETH-> LV, HUBETOHERTH >RV UTH—-NRRRNIT
PhATVRVZEREF 6h 3. Zhit. @KITEARCKT 2 HANRKYD KL
BUELERRYIEATRVEDTH Y. EDIIRNIAI—RL>TXREL
ZUKTHIHE VDI LR BANCHBE U TITLLEBS S EX 60 3,
BAHTREOG & UTEEH27]. Blok[28172 & M5 3 2. fMh dHMIEEL L
WATBRABOMERFANROOTH 3. BHONIWKITSRAORERER
k. BEERCLIAMVBLTE. BEHNIT>LHEO & S5 1 FHEHEK
TOMBERFMT S EBTHTS I Y. RERROSBIL. GFERKEOHES
AFAETHY. kBRERBEEUTORVBOBLETS 3,
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HEARRATL—RFARVBEKRETORBOLDBELTEXON B EER
e AFIVI/OBAUThRBI UL ZMEBRI 3HERMIBRADBBEL R
20T, Karman® &S WHBNE TR RDAE+AROTH 55, @AITHRAH
DOFER. WHEOIO>CHBAREOHREUNEETHY. COBXBMATE
iV,

2A5IVIORKRADTHHREORELMV A A O W Vagner[311€T 3 3,
Bid. 2XTOREBEBKERCREATIE. ENORELERT L. KB
HOMMEEERY. HEWRVRUHSEUCHBRRZCERRT EE B,
HEHUEEOR SBARMERR DV TRAUR. HOZEXLHRIZTORELOHE
ZWRL>TRIEDBN. CONFHORRTRBLEERRLETATL 3,
Dobrovol’skaya[32]. Hughes[331iX VagnerBRU LB CHBURBOMER 2 #
FHAETRDR. CORE. ENOBEREALTL IRV A, KEMEO
HTHEREBERBE SN IBORVHDO— DTS %,

— %7 Arman® [34]. 930 [351[361. EHEORMTEMENTEALFESTH S
TEDSE. MEECHEBEEORTAELB/NN T XY —& U TMatched Asymptotic
Expansion MethodlZ & % BEHT 21T - ko

BEOMERMEEUVT. HERZZIZIBADBITOLA TSN, Thidl.2. 18
CEHETZOTIITRBERRL,
EROESBRAKL LIRS IV OBRFEITOATE L O Tk
BABORKRITS &S HGCHETE 2> R EEE d OB R
BREOEEMVE-> T BVagnerOHETH 3. CZTHBRRZOIEHD
BELEHAUTLIAEYHOHMMEERELTVIATS 3. ZhitBaE
THUCHRB LS mE RUROBMES L. NEMRE. AEHETENT
XEEERETHCERE>THBTES, dobd. ZOXSRETEURBOHB
HEAEEUCREUTUES 25 WATSRAAOFEEBRHEERT S L
SHAPSURBRARVIETHY. BROBABERILY 3 & LS HFRU.
BRI BRASOER R +HREHE ETITRERY EFZ 5 h B,
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ARXEROSED SR >TW 5,

BI1EUHRTD %

B2ETW. KESGHEPTREREDET S R/MACBIHEARNLHRET S 2D
OEI1BBLUTHERFNEBCBHIERNORERRUS. F2ETHVWSF i
BHHTHERNREOIWR. BHRERHFIBREL UVYERERELHEBRELT &
SRMBLHETH %. COAHRUEB L. REITHOh TERBE XV EEM
OEVRKEUT. ZEBRMAKICIAIMRIELRET 3. T WHEFEERDO
MAMCBEHT AUV BERS > THAERBABEVWABEA TS S & h s,
LEBEMELHMHAU CHERBOBVELRERR Y. TR, ThdD0Fik
WE>TRIMWRFEEECRRERERUT. ChoDFHEORYUKELRBUTL
%, B AMRTUREHOZLEMOBLI>dDE LT, MEBWE TIE LTRE
DAY FE > TW B,

E3ETUHNEEER L > MPADAESHBPTRERHELT 3L 20E
DEREIBCEHBRNEOHEERLDVTHENS, 2T NSMIBTIEAUBLAWLD
EJE BETERSZIFER L -THOMRLEERT YV vV EMRAHIIM
AGHELLORMECFEOERRTFT Yy hEUL. ZRhEHAVTALI—A(D
REOMUREOENLRDS. SO ThEMBEREBRIR>THAT IR
FOMBCBHIERERANERD S, £ LEOKBEERENR2HOTRD
PHREEDECHRTEOH BERRREL UKLV T. AMATREUVLFEOR
HHERRU S, BB BOLIXAMRATUREDHOAEMY KL, KIEEO
REPEELEDON S ETHRRURBAOEAASATETOAHESHERCHES E
BIEBYVCHBTEOEILRFEUSHANS,

BAETREKTBRABOBITELE DV TENS, #RITBRAADOBEF T UL,
B2, SETHYVR-LPREEOHEFEOZAGLRRY. HHEERHOK
BIENPEETHIIEDPOHKITORAHBLEBRERERBAZEVUTELR
BIETRITS>: CORLDEGE. REROBRIEBIIBBAITHBRASHUETU. 2K
OB CHUKS BRAHATESIERRU. Vagner[31IBR U REMER VD
BEMURS2HIELT. BRSSO CHERE 2Rk 3. £k, 20



J:5R?ﬁf.f§iﬁiﬁlz&*D’Cfb?%t’on%t%"’)i’.t&ﬁ%’g‘d’%fa&b\ HERRERD
BRLZAZERR2ITL. BRIHHEREUBRIRITS., T ok, HRFHER X
S>THRINWEEREHMBUTHREIL 7 —ALODLTOERRZITL. EXIiThh
TXLRBREREEBRLTH S,



P RNKIrME EIFIE I S A 14 D
25 BT T i 1B < IERR AZ GRAE 7D

E2ETWE. #E3ETARIAEBEDRET INBIHBIEREREDEERE
GERERDILDOE—BBEUT. KEBEHRIINEORKE @ ERE
RENZ2RAKERSGREHEEL UV TROEKS. XETAHAVSFEE. B1ET
BRELIRBREBEHILY, BHRERHEREE L. YEREIXHEHEELCSD
BR3EVIHETH %,

2. 1 ZEBERERLIBE

2. 1. 1 ZEBREREOENL
BEEZRLFiIg.2.10LDRED S, REEEKYE. EEE FOZOHMERKEY
BEBEERTF VYL EBFEEL. QERARERT,

v2d=0 (2.1.1)
Th. HEXELRHUBEHREERHE

‘529 99
+8 =0 on 2=0 (2.1.2)
g t?2 02 :

TREBDHBDEIRET %,
FTHOE. BUHBLUTL2YRBRKEI-0D B ETHDIMERODVTER
2. Q1DQIDREH2T Y —-VBEBRIRANTEREN B[38]
1 (y-y’)2+(z-2’)?

G(y,z,y’,2";t, T )=-8 (t-1)In
2 (y-y’)2+(z+42’)2

oo ek(z*z")cog{ k(y-y’)}

vk

+2\/_gj‘a sin{ vV kg(t- 1)} dkH(t-7)
(2.1.3)

REU §U- 1) )EF 4+ IV IOFLYEAK HE-1)RIANEY A FEKTS 5,

-10-



QADRETV VBBV TR I3 HEO0EERF YV P LERT &,
RANER B,

<I>(y,z;t)=—1— It dr § oy’ ,2’,1)G(y,z,¥y",2";t, 7 )dS (2.1.0)
2n ° S

ST, SWdBRMt=T R BU ZYHREALARL. cBPHRREBLOKEZHULS
fikTXI

BERL71E. PHBELELULTQI.OXN Bz ERXAFTAREBUTRIAT S
WMARTUEN. 22T YWEBELVEELHMIKEI k). FARS5FER
TRERRAE2AHB %,

CL.DRBAYNALAWRREHVOBLEAETY —HEBORDLDT 50 3,
AEY—HEOBA . ARXOLD Xz HBERRISERIABRESERXIT S
h%.

oo ek(zvz") cos{k(y-y’)}

L(t-T)=2vV 8§ sin{v kg(t- 7 )}dk-H(t- 1)
2 \/‘T

o0 ekZcoskyeeX? cosky’
=2v g § sin{Vv kg(t- v )}dk-H(t- )
e v k

o0 ekzginkyeekZ sinky’
+2v 8§ sin{V kg(t- v )} dk-H(t-T) (2.1.5)
a \/—k_

T
y’tiz’=r’exp[i(8’-n/2)] (2.1.6)
DEH CBLE. ROBRABFE SN 3,

, oo (-1)"k"r’"cosn@’
e4z’ cosky’=32

n=0 n!
oo (-1)"k"r’"sinnd’

ekz'sinky’=Z (2.1.7)
n=0 nt

_11-



ZhasDEFEE. RQILSARKRKATEIEXRRE2E %,

00 r’znm o0 kZMekZcosky
L(t-7)=2vgZ [ cos2m@’ § ———— sin{V kg(t- 7 )}dk
m=0 (2m)! e v K
r’2m+1 oo‘k2m+1ekzcosky
- cos(2m+1)8’ § sin{Vv kg(t- 7 )}dk
o @m)! @ vk .
r’am+1l o0 k2m+1ekzsinky
+ sin(2m+1)8°’ § sin{y kg(t- v )}dk
2m+1)! 2 v K
r’2m+2 00 k2m+aekzsinky
- sin(2m+2)8° § sin{v kg(it- v )}dk
(2m+2)1 - e vk
(k-1 o (2.1.8)
BRI, Efz,yk20TD
ytiz=rexp(i 8 -n/2) | (2.1.9)

DESEBLE. RRO &> RERER 3,

oo k2m*lekz  cogky
e ¢ ) sin{v kg(t- 7 D}dkH(t- 1)
2 v k sinky

d? o0 k2mekz  cosky

- )
d(t-r)2 ¢ JVk sinky

) sin{v kg(t- 7 )}dkH(t- 1)

2m! cos(2m+1) @

(
rém+1  gsin(2m+1) 8

' Y §(t-1) (2.1.10)

Q.LIOKXEZQABDACKAUVTEET S L XARRT 5.

r’?m 1 r’2m~1 d?

[ele]
Lt-7)=2v g = [{ cos2m @ ’+- cos(2m+1) 6’
m=0  2m! g (2m+1)! d(t- 7 )2

}

..12-



00  k2mekZcoosky

X § —— sin{Vv kg(t- 7 )}dk
8 JEK
r’2m+1 1 r’2m+2 de
+{ sin(2m+1) 8’ +~- sin(2m+2) 8’ - }
(2m+1)! g (2m+2)! d(t- 7 )2
oo kEm*tlekzginky
X § sin{y kg(t- 7 )}dkIH(t- T )
2 VK
o0 rrem+1 cos(2Zm+1) 8§ r’2m+2
-2 T { cos(2m+1) 8’ + sin(2m+2) 8’
m=0 2m+l ' pem+! 2m+2
sin(2u+2) 0 ,
x—-———e—--;———}a(t-r) (2.1.1D)
r m+.

—Fs AVNALABNBREBEUDIEER. RO SRERTX 3,

1 (y-y’)2+(z-2’)% oo pl2m+l cos(2m+1) 8
--1n =2 3 { cos(2m+1) 8’ —m—
2 (y-y)2+(z+2’)2  m=0 2m+] rém+t
r’am=+2 sin(2m+2) &
+ sin(2m+2)89’ — } (2.1.12)
2m+2 pam*2 '

2.LIDA. QuLADX KV QIR BERROES>RCER TR 3 SEBHD B,

G(y,z,¥y’,2’;t, 1)

r’zm i r’2m+1 da

o0 i
=2v g = [{ cos2m@ ’+- cos(2m+1) 8’ }
m=0 2m! g (2m+1)1! d(t- 1 )2

oo k2ZmekZcosky rrénsi
X § ——— sin{V kg(t- 7 )}dk #{
@ v k (2m+1)!

sin(2m+1) 8’

1 r’2m+2 da

+- sin(2m+2) 8’
g 2m+2)! d(t- 1 )2
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oo k2mtlekzgipky
X § sin{v kg(t- v )}dkIH(t- T ) (2.1.13)
2 Nan

22T QAUANARFTOBAHITIXROEIDBHEBREHEELTW 3,

00 k2mekZcosky

) —— sin{y kg(t- t D}dkH(t- 1)

0 VK
m 1 da1-2 00
=3 (-1 . §  k2m-lekzcoskydk & (t- 1)
]=1 81—1/2 d(t_r)Zl-a "]

1 d4n o0 ekZcosky

+ sin{v kg(t- 7 D¥dkH(t- 7 )

. )
g2m d(t-r)dm 2 \/—_k
(2.1.14)

LA ZQI.OARKRALVQILIOAOBEREAVWVT T XHET 2882 H L
2iT95, ¥alk. BEW ,2)CHETIAELOBL2—FEDHRITEEXRAERE 3,

oo ekZcosky

8(y,2:t) =5 0o(T)f —— sin{ vKE(t-7)} dkedz
) ) VK
00 cos(2m@ ) ‘1 d2ow cos(2m-1)8
+T { o.(t) —- . } (2.1.15)
m=1 r2m+1 g dta (2m_1)r2m_1

I Us y=resing .2=-r+cosf .00~ 0 BEEBORITH 3. T2, YU
EENK EHILTROAEMOKS>bOE UL THHEHEOEERL TV 5,
Lo BERIE. BHOBETHIPRIS X r=10BMMAOABTHY D,
UB->T. FFROLSRYROREIBEH I L X RPHABO- L BIEL
RohEORMEBEMABAZISIREETAEIRVYE. Q.1.15XDERR
NERADPBZEIR. OEBRERIOCHIET SEIL. rITARNEIRS,
Chid. RBOL S CKEHEOBERRODZEBBEUKRBIZEOERE R3S,
R, BEtETZBERITS. MELHACT IO BERBUENY FDH TP,
MENEZRNCHEIHDTHOTLBMNBBL 2 RBEEX 2L, 2EHBOR
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Lo dYBEOHEARBBOTI—~VIBHATELIOTRADLIWLRRTE %,

00
Gm(t)zRe[ 2 ane‘”m] (2-1.16)
n=1

ERXEQ.LIBARKALU. +HBMBEBLEREEZZS L. XKARE S

00 o0
(I)(y’z;t):Re[ z z an(bm(nw)ei”""’t] (2.1.17)
n=1 m=1

e B U~

oo ekZcos(ky)
po(nw)d=§ — dk
@ k-(nw )?3/8

cos2m@ (nw)? cos(2m-1)86
d)m(nw): +
rém g (2m-1)rer-!

DNETRERBRLISIFERTFYVIYLOERARBIZENTEROT. R
WERERHLEODVWTEZX 3,
MEERIGREEMUBzmasinw tO K

h(y)-z+a*sinw t=0 (2.1.18)

TRINBZ3DBOLTEE. PYRRETOHERAZHURATRSI L S,

0 ¢ 00 00 ddn(nw)
- =Re[ 2: 2 B mn ———— e[nam]
y n=1 m=0 7 v
fawcoswtv on z=h(y)tassinwt (2.1.19)

T v IVYHRREONMEIERER T,

2. 1. 2 ZEBEREORETE
FFHEHE. BERF VY P LVORFIR QL ADAR BV T B d KRB RO
Ty ZhEYHERARHFQ.LIDARI > TRET 53HiKREN S,
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VHRREERI.ED. 1RPL.ER2UVERATQRIIADARELERRADELSI R
2%,

00 00 J ¢
Rel = = Ban
n=1 m=0 d v

®
(yi,2i;nw)eei " ]=gwcoswtje vz

on z1=h(yi)+tassinwt; (2.1.20)

I Us J21,2,000den 151,2,00 01

m,nDEEEM=0,1,2++m, n=1,2,¢¢ne FTEU. Mo Xne<jeX1lZRB &S
MosNesjesle BN, S/NMEHRIKXRX KLV (2120 R ML T LR BanBRET
5IEMTE S,

AMRTE. meno~jo-leBETNFh. 12,7,30,20&6 UTiHERITo R, ¥ 12
Q20X PEHNZYROERFRMRKL v . EBEEROBEE. WHEORE
LOBRTHETIRLENS I LD, BEHFELOBEBELIRIBh NS 3 .
SHHAREIT-R3AELYROBER —FEROTHNLBRBLLU 2D - 2,

UETHERF YV L IBRES>RLDT. WHEZHSFEEIBHETX 5,
HEANCEHIIEERT YV Y VRIS TETZLETHHAOESR DR KR &
> TR %,

J
f1(t)=‘§ fo] Vzds
S ot
Ne Me
=0 § Rl 2 2 inwBandalnwde "¥]y ,dS (2.1.21)

Sk n=1 m=1

B2 U SeldBIEKE T OB &% 4 OW KR E X

2 1.2DRBEOMA L. MERELELEH L. 205V EERERELTE
R & 01T - ke

EEOHETH. (2. LIDROBTREENZEERT VY + LOEh 50 ME
BOHEBLETH 3 M. c'.’.h‘5Ciiﬁf%"@ﬂkfciﬁﬁﬁﬂﬁiﬁll?’6”‘57'}*755
MOHELARCERBAOHREEU 2 S, HEEF ok, REL. AHET
(> i)‘fétV)K%féﬁ%l;ﬁ@%ﬁfﬁﬁﬂﬁ‘gmf&%fi’.&)s HEXDLOBBIYTL—F
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B EBAEIRBERCEIHEREHAVILN—F AT MATHERIT - ko

2. 1. 3 ZEBEMAZELCIIFEHEREEORY

Fig 2 3WESAEOYES LTREBE B AKDOLba/d=0.5, X cEAHBH &=
w?2(B/2)/8=0.TT LTI ARH(DERERT S10o~n 0w ORRIEKRT,
fF1(DOBHRM(Fig.2.30Method2) WX ILEBIB O DRI TS 5. f1 (1) WM
TE31lw~newRAOBRRMNIVUEBHFILERIVDIERUREZHMUSEDT 5,
Zhit. QLIADRR BT B da(nw)dIB. rB/NELRZLBHMREKRELIRIED
THE3DB. lw~newilD 2REUESHYZIERBAOHAVBEVRZITBHULAEVR
FEErUTCTHEBIPRBEBEOINATVEBDEZEIONS, VB> TLERARKROD
FENLRDZEXUHFLEVHBEER S, Fh. (2.1.20XTHXIHL BT}
Yy 7 A0EREBEIVAEBFLENBIOEFUTVWSEZKREL. TRBULULTWVWS
EEPEILRBRVBREORZIEIBHEI DRV, VeW>T. ERLVLTWBHEXET
BUTVWAEXDERXBR2EULIIBREETHLTORIEBHETS %, |
DEDESUBZEBRAEZECLIIHHEEIREBREI BRI LB > THSH
REERPRSTCHERITOORELVLN. lo~newlA20BMUTHEXSZIEMN
TEZ2hD. YRPRERHREIT AL EZORELERISORIBURAETS
ZEEARB. FDO1HIE U TTable 2.112a/d=0.3&0.TOROZK w K2 O FH R
WIEtEAR R Y. ThUEHEF 5[39]1[40]10RRIE (AHBEOERRTS 35) @
Hme—HUTBYBKEL,

2. 2 EMME
METHERNEZEGRMAZEC I SBEE. VHERBE2ROCTEEHRERELR
HEHFECERSE 1R ETHETAHIRVOTH R0 G E R &V B,
MEERELRFR  OMMUBHTARIHERMED-EERTILEND 5. £
TEAEHTE. HOZERBRIECIAMELBR IS XMLV LZAZER DL
THENR B,

2. 2. 1 #EuUMmEoxENik
ZERBEBHIERLBIZIFERF VY SLORRAQAADRT. donw)d).da
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(w)l:ﬁﬁﬂ”%é:wli(nw)ea)ﬂé'él/i)>iﬁnf(‘b\7stb\o FIT. WilDIBEKX
EVEEX. n220HREMBR(Nw)2>0cDFEERF YV L TEIME S L.
RALE D,

cos(2m-1) @

0] OOA
‘b(y’z;t)"—’ Re[ > Bm1¢m(w)eim]+z Bm(t) - (2.2.1)
m=0 m=1 rzm-1

(2.2.DRLBVT. Lot WEERKFURVEAK. B.(DEBBIKET 3
KHMBTHEM. (Mw)2>0DEERF YV L E (W)WM TCRRVD T,
FBEAUAETCCROORMBERET 52 LRTERV., f>Te Bt WAl
HHOTREFUTCBLLAERISIBChZODLWT®RET 35,

BuiBHid > TRES>TVAIE. BANAEREERELT XS Ba(t)BR
DEZEBTETHE B FHTENRESRQ.2DAOKOE & TR
ORER+AROZEBEERDOT. WHEEROL 4 AT » — ATHEIT 5. B
TREOFHEENR B,

EMCRBANAOKETHEREL AT + —AEB L. TORBOBRTER
DB, YEFLSEHELOMSHRIRARO & > @i 3.

L a(t) L as(t)
y=C(t){ rsinf@+ — sind ——— sin36}
r ré
N N a1 (t) - az(t) -
2=-C(1){ rcos8@+ ——cos @ — = cos36} (2.2.2)
r r

BERETORE(, ) RHOTEERF YV LOXREREREAT EXAO
DR B,

o _ 00 cos(2m-1) 6
P(y,2;t)=Re[ £ Brnidpn(w)e'®] +T Bp(t) —— (2.2.3)
m=0 m=1 rem-1
el U,
. oo eXZcosky
po(w)= SB — dk=¢o(w)

k-w?/g
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. cos2mf w2 cos(2m-1)§
dolw)= = +— ¢« C(t)[ =
rem g 2m-1)rem-1

+ o - As
(2m+1)r2n+! (2m+3)r2m+3

a1 (t)co§(2m+1) 8 3a3(t)cos(2m+3) 8 ]

Q2.NRFOB BHEDED LD > TRODTBLLENS S . WHiTih
KPESCIOOBAUHREEI LD - THHEVEDLIRVERNS 3. 2
To M4 RT 4 — HEMTEC RS E TR RS 0 & EEBK EH O BRT O F iy
B URDONIUHBREFHLEOYRERE U Ursel -HFHER &> T
FHRETOREK B 2 RD 3. Ursel -HFEOKF Y Y + LORRR .

oo ,
®1(y,2z;t)= Rel 2()Bnn Pn(w)ei®t] (2.2.0)
m:

U
Po(w)=da(w)=da(w)

_ cos2md  w? _ cos(2m-1) 8
d)m(w): = -+ ‘C[

rem g (2m-1)?"2“‘“1

a;cos(2m+1) 6 3ascos(2m+3) 6
+ —

(2m+1)T2met (2m#3)r2ne

C,a1,a3 . PHEBOWRERRR T LA AT + — LOHRE

THEH QDRFOLA AT+ — 2O FRBERMOMBILR-> T
ZOT. BEAnE B OMBERDTERENS 3.
VEEOREUFEERF Y VY LEIRATEZO N S,

(2.2.5)
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Chiz QLIDATREINBERETRI ERADLISILR %,

00 1 oo | (-1)k*!
d,= 2 Bn p —_——
m=1 C{t)2m 1=0 k=0 (2m-1)!
m+l-1)1 L
X as(t)x " ta; (1)k — cos{2(21-km) 8}
k1{1-k)! p2(2l-k+my '
. &)2
+

°2° 5 (-D* 2m+l-2)!
g+(2m-1)C(1)2m~1

1=0 k=0

(2m-2)1k1C1-Kk)!
Xas () Tar(t)* <

cos{2(21-k+m) 9 }
r2(2!~k+m)—1
LHOEFEANBRASE. RALES

00 Bn(-1)31"""(2m+1-1)!
¢u= = ’ E
n=

1 m=1 1=1(m,n) C(2"2m-1)!1C21-n+m) 1 (n-m-1)!

~

1
Xas(t)r-m-la,(§)et-n*m» — cos(2n8)
. r- n

(2.2.8)

w2,Bm(-1)3i-n+m

X

as(t)n-m—la1(t)21~n+m
(21-ntm> ! (n-m-1)!

A

Q2.DREQRLIDARZAEUENBZEXROERIPBZ I EBLD %

~

m Bn m-n
Bni= Z
n=

(-1)3'7mrn(2n41-1)!
1 C(td2n(2n-D1 1=1(m,n) (21-m+n)!(m-n-1>1?

xal(t)zl-m+na3(t)m-n+l
UkBsTs Bm& B OBBRUEROL SRS,

k-1

I~

]
™
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g-C(1)2"" 1 (2m-1)!
(2m+l-2)!

cos(2n-1)8 ]
r2n-1 '

(2.2.1

(2.2.8)



Tn

~ ~ m
ﬁml = Bml(t)-—'z
n=1 C($)2"(2n-1)!

m-n (-1)3'-m*n(2n+1-1)!
X p> al(t)ﬂ-m*nas(t)m-nﬂ
1=1{m,n) (21-m+nd)t(m-n-1)? '

o n-1 7 n n-m (-1)3"-n*m(2mtl-1)!
Tn=C2nﬁn1'2 — 2
m=1 C2m-m>2m-1)Y 1=1(m,n) (2lt-mn)t(n-m-i)!
x£12l—n+m53n—m~l (2.2.9)

R U 1, m-nt)22BARBRVEROBRERT.

DEo#fEod et QADXNZYRIERAHC.LIANDACKATHIL. KA
HAPBEEERBREL T LOCBPERETB(DERDZZENTE 3, U
BU. Q2.DRRE>TROEBai(DEEDEFHE> THERITS LYBBF
HRUBLVERURE X (WEETOEAD S OEMr/NERE) R ILAER
RUENBHEEIR S, COBHKOEFREVUTRO IR ENELS L 3,

(1) REBEBECLZRETE. rdNE<RIE dal(w)BRIKA R
A BREPB. 20~Ne W DR R w>0DEERFIYVSLTEEWMAR
RHXHBHUEDRL RS ke

(I) rBNERFITE Pa(w)DFTHOAERENEERBS % &
2. nid S ERBENTCTBY>TEImwn.ORFL L3S
HUBLUEERSh T 3,

(I Fa()EPHEFRB B BnBAELRIR US> T MELIR
ZOTHMHCKEFEREREC RSN S NXRBR. HERE
BEONDAXRHABEERS R EHTL 3,

—FH. rSKEREFE. Fig.2 2L VPR EDC20~ne MBS EENT
INEW, Fhe MODNEREABDEERS L EDSOT e HRRETITBY S
BRUBMDHEBER L ZVBUNAE VL, T, l0OESEELD S (w)
TERERT. loDBALBEREL. (BRXRFDOOSEHNB LI TOLILEH
NBE. BYDREARBUTEY. rBNXRFOBEABTRDSEZHEEK
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EREERONRRBY. 2D, 10OESD»S (1), (O). (I oL
VBRVEDDUErBNEI R TRRECKRELLRIBNBAUBF > TV RVEE X >N 3,
ETCTC FHHNBOYWRRNBOIoTEHTIEERTF Y v L. HhtEe R
UT. KATREThBELRET 3.

®1(y,2;8)=Re [{c1 (2)y* +ca (2)y2 +ca(2)}e’ ] (2.2.10)

(2.2.10X D FHBc1(2),ce(2) 3 (DR FHLNBOWBREETEERF Y+ LD
2REBAETHFELIRB LD LBD 3,
DETEHEERTF YV LOBRDOIN B, ChRAVT EApRXRRICL-T
RdHoh %,
de 1 d¢ d ¢

p=-p [ +-{( Y2+( —— )214g2] (2.2.11)
ot 2 oy d2

PRCBIFEBNEQ2IADATHEEIIRNoR2YHRRELTEATHUR
LN, CITUBKERIXBNUARRDI DOBA LT TRD 3,
(1) BERF VL LORBYEAELI VB LI N

Jd ¢
fi=-p §
Sh dt

v zdS (2.2.12)

(2) FEOHRELVBOIh BN

1 d o o ¢
fe=pgf -{( — )2+ ( — )2}y .dS (2.2.13)
SH 2 oy d2z

(3) EHREOBY LBV LB N

7 Ui
fa=pg§9J pzxzxis—'w)gj;j (7 -2)v .dS
dy

=-pgn? | 2-0 (2.2.14)

dh

EU. HEREOEY EnY PTRRATREHZDBDET 3,
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1 9
=) z=p (2»2.15)

g dt
BAKELAOREARIAABULE=Z20EPMAGDLETERARLIOIRD >N
%o
F=fi+fo4f3 (2.2.16)

2. 2. 2 EMEEOKIEHE

EBRETE. BELROWEKEREL 4 AT + —hiEBT 3. Z OFEBILE
BEFS5HE. POABEIOBKLHT BL AR T +—LEBORBERDT
BE. ZTORBEATIAVABMUTRD 3. ZOXSRUTRDRLL AT #
~ AENORKOBRINOEHEE AV THRE B R Ursel I-EF KK & > TRD
3. AHETUE. Ursel -BHFHEOREUKF Y Y v LOEBR 1 2HETELT
BHERIT o ke |

UEO#ROD &, BB (DRRD B, (2.2.3)XBHAEHQ.1.19)R &
RAU. HEER.E5. 1AERLEHT3E. BABRROKS REHL
% %,

Me d 'cos(Zm-l)éx
2 Bm(t;) *
m=1

d v rp2m-t

o o
=-Rel £ Bot — o (wlexp(iwt;)]tawcoswtjsv 2
m=1 J v

on zi=h(yi1)ta*sinwt; (2.2.17)
U j51,2,000 0o 151,2,0¢0],
Movjorlo DN, ZEGRMELLIHEOREFML. 2hTh. 12,30,20
EUTHERTo R QINALEHAAENMERELHAVIBIZIER K
0. BB (DDBFIIBRD 5N 3, |
ZDEISRUTRDOhRREB(DRHV B E. (2.2.3)R & @Ef"{ﬁ‘v‘fv
PLDBHETES, 51, 2hE2Q.LIDARKATHE. EHpe kDB &
BTED, TOBRREL.(LDOKBBMABLETS M. Zhid. KRADL>R
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FOEHS BV THMET 3.

d . BaCtiv1)=Balti-1)
— Ba(tj)= (2.2.18)
dt 2° At

(2.2.12)R,. Q.2.13)A0OW|A . YWHERELI.EHU. SAMEREHREU
T. BEMI X SHE2 21T .

2. 2. 3 ZEEBRHBESB IUChapmand /Hik(6]E& O K

Fig.23QCEERTF Y+ VORMYALELIVB > S3BEKNO—BEMBO
HERNO—HERYT. BIPDMethod X BIGFHIEWR & S{H. Method2U B EHRB
MK L3RR Y. RUORBENIXRATERTILL TV 3,

_ f

f =
20 ga(B/2)

(2.2.19)

Tl HHORRBIFEBTTEXTILL TW 3,

HEARLERSZ XS, ZEBEBRE L ChapmanD HERAREBUREZ ELTL
30T, MEBBERLHAEIATVLAERLR BT ZRTTH 3B, Rt
RENTVLIEIIORHFRRVRBLS—HULU TRV, Zhid. MfiERRE LS
CEEBERMIEOFHBENEVI LN —EHTSH 3. ChapmanD Hixd. 8B
KERBZ ISR, EFDREBEORERDIZGAUBEFLELOBERE>OR
HUVERSY. SHA0HETRELRRACHBLTLRLED. HEORBE
B2TUDRVERTARV. Uk¥->T. 2EBBEMERUChapmand kO
FEHEPRERLUBEUT. BEUREOERM R Y LHMECFMIS0EHU
V. EMNEVRSIBREOEERNFMR TICLUTHTHSS5. 20L&
REBADSFig.2.3()RRBLEBMRER &> THENRYRERHETZZ0
WP B, Fig.23(RUAHBUIAU  TLTEREBR NI UREXD
ORRNLRT. CORKVEOHORES KIRENNII BRI EIDOH KR &
ZHEEO-HEBRS RS RACKEBEEFRNILULEZOHERITS
THBE ZDOHFFERIBFAEHERIETEZE USR5k, KRIZ. Do T
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BT 3. Fig. 2 dQREEOHREL VBN SN ORFZRINO—HERT,

foDIFA L t/T=0.25{FiF TChapmanD HEW L A3 HIEBRBFRE KR EREER-T
WEH. /0255 ERYRBBELLERUVULMUBETH Y. BKEAMBED/NEL
BRADTHRENIEZhEFERESROIBRVEZILSONBEATH %, LEB>T,
t/T=0.25(FE CRESEBBRERVELREC I SEIERA TS V. Chapman®D
FEREZEUNEGBRABARSZIIRBEFARLOMBELI VLRI >RDOTHS DS
*Ezohb, —FH /TO0NETUR2EREMELISFHEO-BENRL
BV, Thid. BEBERRAEORF VY S VOERAQ.2ZIDAZRWEIH O
BREIWE. EEDPODOHEHMBRKELL R REEDT VYU BEHUELY THRU
RHEOIRBMICNELLREED. BmRRDIEILREBIEIL TS E. &
ERFYYSLOBEIRBNFMEINIZIZEWXRZ, VBT, TOEEKRT Y
Ve LRES>THINIFEBRNDNESRIMHIZS %, ZhEFig.2.3 (3)D

fIRDO2VTHR SN BMETH 3.

BHXREORY LBV KB N 0RRINEFig.2.5(RKT. fsOHEED
t/7=0.2514 3 CChapmanD HERX XK 3 H HEBRERERRUTV 3. F&BIC &
Z&. ChapmanD FE U HBREAEBE TORERTF YV v VOBBEHEREIIEL
23N fldQ.2.15)RNEXVEODPREDW2=0TOFEERTF VY » LOKEKS
WEoTRESDOTChapmanD HIEWRL K AT DHFEHEIRVIEEOBIRVHDT
%, ~H ZEBBHBECLIEFERF VY VOHEEBIEHRTERS TH
ERELRIZEURVOT. FHEUTRESEBBRKCLZHEOABIERTS
BrEIOHN 3,

Fig.2.4(0),2.5(DDWRX W L FTREW R /NI U LBEDR, HOBRRINERT,
REBNEILRIESIFO—HELIMLET %3, LERERRAELZOD>VTRAMNED &
SWUBRZOARBALRIYUBERULEZLTRULREETHERD»OOHBEMrBKE
KELBAZEREREUTVLEOT. EESNIIRWIFERES W LTS L
WERBICHBTEX S, Fh ChapmanD HiEOFERE L REN NS RhT@ME
T23EEFEZONBZDOT. EIERNILSURLBEEE. 2EBRENIE L Chapmand ik
WEAHBHEUFEBRKELAVESI AROZFLVTIIRIVEHOBIZDOLHE
Aoh 3, BUREC DLV TRTHhOHELBEVTH—Fd-oLdb VVEER
52TV3, UkdB->T. EHMBEFERIVENHRLOEEHRCIDPRYLIVHE
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ERBB5CENTEEEL S 3.
BH. Fig.2.6(2),(DR EREDORBARMAGD Y R BENFORRNE
Fde BB FELHAELSALEEREMTS ZHERML. MK, K8
WERLRCEMHEERIET I LZEBBMENH20.ChapmanD T EPHE0TSH
D, PHMOEBE+ARRUREER 3. |

2. 3 ERELrOLK

ST, SEGEBEERUChapnan® B & 3HEEE EHMERL & 5 HEE
EREBUTORSMERFMEU k. 2 EEEEER U Chaprand i O 5 E5% &
CRENBo kD RERFEERE TI LB TERb ok, TR HHRERE
EBMBEUTVSHBLBEAsh S, 2T T KM TRASIKETIT - RES
AR AORS L TERABRORRE &AM EER X 3HEER LBRRET 5,

2. 3. 1 R

ERUEABAE T EHERNER N KB (140X 0.30X0.5MX BV TEEU ke £
BRICHAURERIRFIg. 2. TR0RT &5 RS IEBFOEEN0.In. K& 20.2970 E
SHENEELOWKTS 5. BRI LTEREERIF -V +E—Y —0EKEEK
—AXVTLTHHOEBCERT 235 A TObOREL. EHF S5V ARAL
RAKEEBRAHGC &L > TRENRMEL e 2B, BHHEBEOEERR
HHBHzTH > Re WEShREKAOBRIIAMD VIESBI S h . 2
DEBORBKENBHIZTS Y LEORYBEREOBEERAHKEREU TS - k.
UkBoT. BEXARLBRICAShZMPVEDLIRIDELBRIRORDY
HEETHY. SHOFHMNRTHIRBEANERE>RLHARRVDODTH B
EBAP ok, BEOBHNDERBTRCOL> REHE T ALY —SRBUT
HUTUES 3. SHOXBTREXRORKNOWEREMELTBY. T 10
LR k> THEROFABNOUMBED 3T ENFHRELLDOT. T4 LY —
LZWEHURD S k.

BAFRE->THEEL RFEENG. BEBENUVT. MVIEBRBRELYVIFY
YLEBCEBT 5. TOBOFYTYY Y « ¥ 401 1 AMCHS0E DY > T
YUY T EES>ESRBE LR VMIERBEBRIVFYILESCERShRIE
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F— Y OEFIE. N—=VYFLaAYE2—pc-9800% HWVTITo ke RBTW. =
BTHRET—9% RRIWEVIEL. TV IBRAUREE2ORBEVSIET
FIN. EBOLSR. WEIThEF— YRRV BBRREBORIBERELEX
2ha3flhbViREIBAachk, ThoR2BHUIBR D, RBORRERTE. 10
B2 OBRMER L >RHBDERT, .
SEHORRTHERIT>-RRBUE.LTRIERaL #EROBKdE Diba/dd0.
1,0.3,0.503@HETH 3, FUT. ThEhKODWTEXTAME%20.2~0.9
OHBETCEILEY L, REU. a/d=0. 10t IEXRERBERRELOF VIR
HOkEGROT. 22 TWa/d=0.3,0.50BERXDVTOIRE S,

2. 3. 2 ZRREBLOLK

Fig.2.7(a)i £1=0.7.2/d=0.50FAEQOMWEED S 10 TEHT 5EXNIRUY
HOBEBHENREUSIVENORRIERT, BHOEIP VR IBIUBERE O
BEHEDHCLIZ3DDTHS. ChERUIBRI D, @IEOL S IOKMIOEM
FYRE->RERRUTHSY. BHoa D353+ ARCMOVKBRI TS LR
VARV, UL, BHBEREOESLC LIRS UERBEARLKSIBIAWLENRT
FHEBEBDPRBRYOYKREVOTHAXMNT S EMBTE S,

Fig.2.7(b)2 L £+=0.7,2/d=0.3& NI VEBAEORRINERL T3, Fig
L2.7Ca), (MR BV TERBUEUH BRI K AHEETH S M. Fig.2.7@)D /T
08T IET—HEBRLRBRLVOROFI I RREEFAEEIIRS B ULUTV S,

—B. KBRERAZEHKEBELRABTSIBRICEFiIg.2.TOLS BRI THERT
ZOBLEFLVEEDLIhIEIN,. BRRMCLSLETUEIBLXOREE. KBS
Z2H—FEHETIOUELU L. FZT. UTTREVBATRAEMNEERAD &
SRI—YTEHEUL.

F=Fa-aw?2Msinw t+taw Ncosw t+Fesin(2w+ 8 2)+eesee (2.3.1)

F:etiifE& v @A EBHEARKYBRORIE
20BN ETORBEBOVTEHRGRBRED %,
Fig.2.8,2. 0 FhZThiymEEREN. BRNDRENERT. R
B. WHWOM, NIIM, NeXRRIC &> TEXRTILL TS 5.
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- M - NV (B/2)/g
M= ~ N= (2.3.2)
p n(B/2)2/2 p m(B/2)2/2

EBRERCUNMEERKIIESOMMICE bR > THWT 35, HEEbE
OHMERBHERERLLILS KT 3. —4. BEFENERER. HEOFEEClw
BADEERF YV LV EHMBCRODRBEREAV TV 3. HEIERE
BHEMUTHHREELLTVRY, COBRMEERBELLE NS Y. BF >
[A0IBER UL LD CHHEOHELEIOhILDAREBOBRAURTENEREL
ERUHETZORBLLL>CEDNL 3,

Fig.2.10,2. 1MW EFNFNREEFNE20 A DHOERE. MHEERT. 20K%
OHOEBURRBELE 202853 8. AHEEOHEN PSR ZORED—K
ETtATH3EEDN %, 20BPDNOHHELRREEHALBELrOo—HERS
DRIBVY. Ch200LOFERF Y Y+ L RIIHBESRIATORLE
EE. BEHELOBBAFY TH oMY OMBRET UEEPRIAILI
EBEEEEXS NG, TR EENCEUCHERBLEHEBO—HERZH
BERRVE. HHEBNERLORDT. COBREO—HET+ATH B L
Zxoh 3,

Fig.2.12~2. 15 ILFI8lic k 2 M O MH E FIRARIK & 2 RRIE & FE B
BHRERLIHEELRLUBRUTS 3. BRBUHABOSALEZAKOBEA AR
AMEERBERREEHEEE CEFRIS—RUTV 3. —H. RRICK 3
BENRBUEBIARELRIEELTIMALSVHEEO—HERD UBL
RoTW 3, 202 DNOEE. SHCEUTEESAKOEA AL —KE
BEhEERIBOY, EFARHEUTE £+=0.1~0.30FEHTLL—BULTY
3,

DEDo k>R, AEMHEZIMPOEMNENUTHAIEHRFELEZE Lo
3,

2. 4 HB2EOES

F2ECTUNMEEELRONMBAEEREHTRERHIET I &5, AAR
BLHEBNERDZLHDOBE—BEBEUVUT. KEBHET 3 2K cWE <5
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KNEEEERMELAAURSERE> TRD L. ¥R, HEBMEERET
5hdHic. ZEGRMAEOELBELRRU. ChapmanD HIEL X 3 HERVUER
BrOLBRTEToh. TOBE. DT OH®B %S R |
(1) BHBEEHUSHE UDRSERHEMECERLT &V 5 EHOD E T,
EEBREERAALRAER L > TEBERRNERD I EBTE R, UD
L. HHOFELEBRAZIRZRUAN-T. HEBERE S L NHEER
. KEBOEAOHERECERMBE > ke

(2) 2EBREEOHERMLERT 32D, ThOEHURERRUR. X5
. ELREOZYMEFMT 3 D0, SEEEMERU Chapman® 5 I & 3
HEEEORBETL. EUREREIZEEOVHERERGX 3T & BRE k.
(3) E3AMNERUANELL OWRR OV TENREL L 3HEEERER
EOLBBRT TR EUREITACERARFETSEIEBHD o ke
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S = RIRTEEI IR I S A iasic @ <
SERRIEFRIE I & IERRIEZ IS FE

B2ETW. 2XTAREDEMBELR LD, BHRARREE L. 9K
RELEUHEHMECHELT ISR UTHSHERR VR T3, EAXOMNMIHE
AT 3868252 C. HEBMOBLELMEEHAL. BRECEROLB LT
WELW—HEBEZENTE R, |

AECUNMIBTIEAUBAARESVT. B2ETHERRFERLLVEOLE
HERF OV LRMEAMEMAAHOERDOR. HBEETORERF Y Y
PLEU. ZhEAVLT NAX—AORRIVMBEREOEARRD. 20K
NEERTEIERE->THBNERD 3,

BB FETE. MOHEOBAOARMOKEL. AEEOHENEELEbh
Z3LETH. REhOAAANETOREORARCHE S EHHEBRURENEOR
EBFEL TN,

3. 1 HRHEE

HE TN LI RNSMDOBX AU TERILEZITD. 2E L. WHUHKE
ODRUBRESEIALTSCIERIIEBEMOANSI LD, NSHEBRRZEADBSB
WOT. ZOREPRLHIZEN S,

3. 1. 1EBERCEREH
AFEETUHEERELFIg3.IDLDIRZED S, 22T
0-x",y’,2": MEUTHIET 2 EE
0-x7,y7,2" A 44 [ 5E HE 4
0-x",y’,2’ ! WE & V0-2’ & FITWED 12 BE
Za’ D BEO-X,y, 2 OB B R

0.’ D EEO-x',y 2 OEEA
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K. ThoOBEREOBXRTERERRNR & > TIT 3.

: TR 53 3
N 1 | . 1 - - 1 -
Xp= —3x’ yr= — <y - zp=z —J<2z (3.1.1)
L’ el’ el’
'y x',  yJ vy, 2 z’
1 1
28.‘:— Za’s 68=-88, (3-102}
el’ £
BEU.
L’ $E
B’ : ftE
e =B’/2L’

G LD G LDROERTIL & V. BEXTEETEL 2 REREOEEED
KRESW. EE1CVERS, LTRIENE. KELEEREOBXTES 1<
BLDAEXWERSERET 3.

Fig-3. 1CRUASEEROHERE. clBATVH0OELT. BEROEEOF
—F—ENeULOLORERT 3. RROXSLHTh 3,

s (3.1.3)

222422 4% 0 o - & (X} 1)
7&7’5[4» Cﬁiﬁ?ﬁf@kgﬁﬁﬁ;'@\ 72Kl2&vf§gn%tﬁi'féo
Z (x;4)=¢ wcos(Kx+t) (3.1.4)

NI N

Lo A OmIE (EXix)
KD ASROBE (ERT)
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Fh. AHBEOARBE R we'.

HEVLEIEB 0. RURRtL ERNL & > TE

Rtk R2iT-oTW 3,
wa=wa’Vv L7/g
(A)e=we’ L' /g r (3.1.5)
t=t’(a)e,
g BAmMEE
U BREHDOLOIRVWBIFYY2DFWTWVWE3HbOREFRTE. FYy¥ad
HL\"CLW&L‘@@Ci%?ﬁ(i(ﬁ&ﬁ?‘@@?:3‘%0
FPBDESREHREBUVLRERTILR2ITOE. ERAEBEETORI> EEBRTEET
OWAEDHERIUTO LD RS,
bl 1 0 1 d 6 a 0
gy L dx L ax L 3z
1 d 1 d 7e 0
T — e — —— ¢ — (3.1.6)
L’ d x L’ J x dz
o 1 0 1 0 1 o
—— = s — = o — = LY (3.1.7)
ay’ el’ oy el’ ay el’ oy
J 1 0 1 0 1 d
= = s —= = s - = ¢ — (3.1-8)
dz’ el’ dz el’ 02z el’ d 2z
J d¢ _d8. ¢
=wev 8/l ——wevV &/L°( — #tx — ) —
ot’ é dt 02
J J 7e d
=wey 8/L0 ——wevV g/’ « — (3.1.9)
o1 dt dz
MEXEOERN

DLEOHRFEODET. BYCMBERARELEL>DVWTEZL S,
KRTRELZDOET B &, |
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F(R7,97,2708)= ¢ L{H(X,y)-2}=0 (3.1.10)

MAEXRERHEIRATRSIL S,

DF oF ~ A
— Y’V )F=0 on F=0 (3.1.11)
Dt’ dt’

XLy, WET A M EE T T 5 B,
RFIVY L E2RADIDZIRET %,

U
ZZTC. &

B

®°(x’,y,27;t")
veiLs

=g2F palx,y,z)-Fnx

£ A A
+ — 1 (x,z2;t)te2wePa(x,y,2;t) (3.1.12)
wa

p1=-8 ue?sin(§+t)
’z\=8>w92§,§=<“)3§ (3.1.13)
2 72 Us Fot 70— F &
Po: EBRRKFIV ¥
$1: ABBEORF Y v L
P2 FEERFIV %L
GIADRBGLIDREKRAU. don d1v ¢:RHT 3 HKATRAIVDO
*UTERT 3. R %HE 3,

dPde gl Jddoe dgH

= p — = on F=0 (3.1.18)
dy Jy d 2z d x
¢ ¢2 o H d ¢2 wae A A dza ~ d fa Fn
. - ==Z.( — de?sin(x+t)—-——x — + — 0Oa
gy 7y dz We dt di W e
on F=0 (3.1.15)

Xl NSMERB L ETHBAEZ 2. Q.. 1I5)ROETE—EEEHET 3 &
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ARRES.

d P2 JH d do2 w8 ~ A
o — — —— == ,( — Dexpl~da(x;t)Isin(x+t)
oy ay 0z We

dza . d@a Fn
—_———X —— + — @4 on F=0 (3.1.16)
dt dt We

PEU. PHBKd BKETORGEROTILEMYANRS 2D, AHBEORK
iV TONBEREROB K CGUENBERER GOEAVTRREL UKD
5o
~ we?® . ~
dm(x;t)=I- d’(x;t) o (x;t) (3.1.17)

. EHEERGUENHERBERRERRIEZ A %,

%2 d P2
2 + =
J t2 2z

€ We 0 , on 2z=0 ' (3.1.18)
REU. GlA)ABMEKBLTHLRT IR TZOTERL. ARHKOHEE
OMEFEIE/IMEEIEXRTHIEVDOELU. ARBBOEE(2=0)THREZIT LD
7T %,

REB. BEBRF VP Lok 20TR. RABDISIRAKFHETRLERVD
T ¢eDHHRARZRBL DV TRBERR L,

3. 1. 2 EERFYV¥YIVOFGFHE

EERF Y+ VEINSMEBBRCREOZERITE (y-2FE) T&02RTHE
EUTKD B, CORK. BRZFH/HEUTHVWIDEI(B.1.16)K. (3.1.18)ATH
3, ChESHNENTOEERT VY P Lo NTEIHRAZHLUTHEZE
FTERADEIDIRZR S,

d ¢2p AY A dza . d&a Fa

==% .( — Dexpl~dasin{x+t)]— — —x + — 8.
d v We dt dt W e
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~ N
on z=h(y)+2za+x 0 o - £ wcos(x+t) (3.1.19)

d2¢op d dap
£ We? + =0 on 2=0 (3.1.20)
d 12 d2 :

v BHWETETOER
h: ERWE COWHAERA LRI EEY

Gl AKX GL20R 2 EARXHE VT BB RUVREMREC > Tod2r
URDZCEBTES, UDPU. G LIDROEGBREN TV S2.. 6.2 E W
WENERDEKR. EHABRRXNEADPRVERDOINTBRVERDT. za. 8.2&
ERODLLDETIBIBEUVFEBLBERR S, Z.nl‘Ct)L\'CC:I?&'G%?ﬁb(if_ﬁ«\'%o :

3. 1. 3 EHhoftu
ﬁﬁﬁ?fﬁgﬁ¥yvv»wim6nk®?»:h%%h%&&ﬁwmmﬂ
VRO S,

p’ U2 0d’ 1

— == — — —(V’%’)2-g’2’=0 | (3.1.21)
p’ 2 at’ 2 '

U U, G 2DRARMBELHETI0U. DRVEERHEEETZOT. &
BEITRY. X T GU2DA0BHOKEDRKEIEFARNTLELEDbh
ZEEEET A2 ERT 3, G 12DRCGLIADKXERAUVTEET 3 &, &
REH 3.

p’ 1 We 0 P dd2 e 0 b2
= =-e?we?[ ( ) +( —_— )
p’g’L’ €EWe? Wa ot 0t dt 0z

1 we Pz 0 d1 Jd P2

+-( 2{( — )2) +( —x )2}+-€e2wa?( =

2 Wwe J X 0z 2 J x
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dx d 2z 2 We d x Jd 2z
F ) dde 1 o 1 1)

H — ){——— +0. — +( 24-( —— )2
We 7 X dz 2 ay 2 02
F Wwa 3¢1 6¢0 5¢

te — ( )2 —— ( — =0 — )telwe?( — )
woe ®e o X dx Z We

X(——86:s —/— X — — —& ——=(— )3
7 x 02 g x d X 0z £ We
Fn (905 Fa b2 Jd 7 0P
X(— A —wa2( — X( A T A .
We J X W e X & X Jz

+£ woe?( ) a ( y i A ° Y+-{( )2
We X d X J X Z 2 oy
Fa dde d P2 0 doe ddo
+( — )2+ ( ~ ~— + ~ °
A We y oy gz 7z
we Fn Do d o we 0 ¢ d P2
+( )e( ) — . A+ . il ]
We W e 0z 0z We Jdz d2z
—e2 (3.1.22)

(B3.1.2)AFD da. ¢1. d2RUZCh > OMAEWR. (3.1.1)K. (3.1.15)R
LOBPBEIEOIE. BRICOHVOKEXITH %, UhB->T. BHOKTHR
REIUBHEZDPDP>DTVIARBR E->TRES, 22C. ZhoDAkEXX R HE
BRCEHEU RERETable 3. 1R T. REU. FHRTEHEH & U TSRIOS
MBUMNIEHAV DT e=0.07268 Uke F2v HRIWEA/L=1.0~1.5CHVOH
BCHET 300 Uke 25, MEEF=0~0.27508 8 % R U ko Table 3.1
DERLV e?wese?2(Fn/we)2 (Fr/we)2 e (Fr/wedwo/we)?.e2we2(Fn
/WedsFa/we(Wo/ we)2(Fi/we)DERNMEVDOTEHT ZdDELR. Th
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SOBELEHT ZEG.A.2)RATRADL DR B,

We 6¢1 5¢1
p=-€ — tefawae ry
wae dt Jx

0 P2 o 7o dd2

dt ot 0z

we d P Fn Jd P2 d7e Jddo2
~€£2We2wo?(e . A~ — — X —= ~
We & x W e 7 X X J 2
0 b 1 Jd P2
—-e?we?( —a )¥-—gfw.?{( )2
J X 2 Jdy
we d P d P
+( e~ )2}
We oz Jz

BB, 3.1.20RFDI po/IBARD L S UTHEETF - e

0 @2 1 0 @2 1 . .
Py = . = [¢2"1-¢2'
o x wa? J x We?AX
P _ _ Jd oo _ '
- (yi7t-y')- (2'"1-2')]
Jdy dz
< 2T
i BrEOES

(yivz): iZEOBERNTOEE
Ax o W E [ O e

3. 1. 4 HENWECHMBEBHOFHE

(3.1.23)

(3.1.24)

RECHIEENEGI2)ATRDohZENR. XRAOLSCMERTE L

THRA2ULTKDSHh %,

Fzzs p‘Vz’dS"‘F:
SH
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My=S§ pexev z+dS+MZ (3.1.26)
Sh

Fz @ 2B A jic @ < 71

M ! YBIBIY DE— X 2 }

S ASBE LY TOMBERE

vy: 28OS RRE
FEME ! RAKEMELDOIEIER

REU. RBOHETR v EUTxHMAMORUKREOHELERH LUR2DOR
Ao, EMENT2REBHICMYEoR. e FEMEIMETRUL RO &R
WIRAWRL X VIR EIT- 2,

1 dy

Fe=§ -~p2 — dx (3.1.27)
Se 2 dh
1 dy
M&=§ ~p2x — dx (3.1.28)
Se 2 dh

Se . MIARE & AHBE L DR

(3.1.25).B.1.20)AB LUz 0.2 ERIT—VIRBERL. EHRID
ERBEHVCTEHHEA LB ERRAD &S LR B,

—n2w02M’Zan=an(Za1 ,Za2,'°‘~931\9a2s”')
"nawea"ean:ms;n(Zal ,232,"’\0a1\982\"°)‘

n=1,2,¢se00 (3.1.29)

M: kO HE
P! MEOEEE—X 2}
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(3.1.20)RX M T2 0B REBZDOTH B, 3.1.28 TR K 3 IZFzn,
MynldZas 0a DT — U LRBOBBRAZ>TVAEDT. COFEDOETRIDIE
HTH3. TIC MEMWRVETHIABOBE20. LV RROBA R I0. DMK
ARTHEBUTHEVDT. EHHEB LI E20.DHADATRTDDEET 5,
XOW. lWeDHEAERDIBRIE. 20 DHAUEBHTELDOET S5, 2O
E3NELXZE. lo.OWRARCHTIABHBRARIXROLILRT N S,

— Wo2M2a1=F21(2a1,6 51)
—we2|031=My1(Zalgeal) (3.1.30)

ERE2e1 001 KBTS RBEHBERE AR UENHTHE X1 3 ABIRIER Y
MEEUT. REERL LS5 T21,0012RDZIEVTEL, 20.0DB 1w,
DB IHENRTHAEVDT. 10 DEAERHDIEZDLIRXCREFARRIT-T
BECRDIDEERVEEDN S, 22T RENO20. OB E2XADL S
R,

Fz2(201,2a2, 8 a1~ 80 2a2)=F22(2a1,0, 0 31\0)+ﬁz‘2a2+ﬁ9 c@a2tAF2

My2(281 ,za2~9a1\9a2)=M92(za1 ,0, 931\0)+ﬁz’2a2+ﬁ9 +fa2tAM

(3.1.31)

22T F2,FO M, NO R EHRBTORNBED 0. TEHIRT 3 & % D FHAE 1% NSH
ko TROBIMBETH %o AF2, AMRERT 3L, 20.OBHCHT 3EHHE

Rl za2 02 XBETAHREHBRRCRIOT. ChE2ERBHBEHI T 202,002
RDoh %,

WEEN . BB E— X2 P EG.1.25)R.(3.1.26)X DR 2 EEOW EH
EFTITHCERE->THO>N B,

3. 1. 5 HEHHE .
AtEEOTIO—F v — P RFig.3.20lR 7, ZORMIRUEN>T. BIEHHX
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RikN 3B,

FEERHBDITR. RBEROF—IYRANTILENS 5. kRO F —
PEUT. MBERRFAMEY B2 Vvay T &R2A%5U. BWEOENGEER
BANT %, CORF—-FYEUTEIA O RHEERZILEREITTS 5 8. #
BOEIWE. LHEARIVEFTARBLLZEXHHEABKETIONB ESIT 2 LD,
LHRLY LEEFTREHBBEMBS S LI CANRIT> k.

Fig.3.207 0—F +— PRRULER LI B NSMZ X3 ESH O
{E221%,6 1" DFFHERITS. COEEMPEEUTRVEBEUVHEIRLY. MkE
BERDIDOTHED. TORPNEKELRED I LD, 22— YERAVS, UT
KZOFEMEEN B,

BINZAEAULGL3OARTH S, ChI2nBVYEBEABRRXROT. &
KDL RFEEBEXHD O B,

Gi(zal,931)=0)e2MZa1+le(Zal,6a1)=0
GZ(Zal,981)=&)92|931+M91(Za1,9a1)=0 . (3.1.32)

NEHOBRVEBELRBG SER. FhEh. Gi",62",2.1",0a1"ET 5 &, ntl
BEOEFZXRALC L > TRDSH 3,

d Gi d Go
G — G
6 051 6 eal
Za1n+1=2a1n+Ck (3-1.33)
d Gi d Gz d Gy d Gz

. ——— .

0 Zat Jd 0 a: d 0 a d Za1

d Gz d Gy
*G1"— G2 "
& Zat J Zai
6217126 451"+Cx (3.1.34)
2 Gy d Ge d Gy d G

3 -— .

aZal J 0 a J 0 an 0 Za1

UG G HERNER2B/BI2DO0OEHFBE (SHOHE TI0.8)
T, (3.1.3DABABHARPIRENS6,6O0MAEL. BFHREERD 3
CEDTERVDT. RADISIRXHKEHSBIT>TRD 3,
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6(;1 (ea1n-1_981n-2)(Gln-G1n—1)

J 2a1 (Zaln'Zaln_l)(ealn_1"ealn~2)

—~(Ba1"- 821" 1)(G1" T -G1"72)

(3.1.35)
—(Ba1"= 021" 1 )(2a1"" 1 -2a1"72)
7 Gi (Za1™-2a1""1)(G1" ' -Gy""2)
d Za1 (2a1"-2a1""1)( 021" 1-0a1""2)
— (221" ' -251"72)(G1" -Gy " 1) ‘
(3.1.36)

“(981”'ealn—l)(Zaln_l'Zain_e)

SEIToRIDOHFERLBFETE. S~MAOBVEUBRTHRENHIOCEE
FTCHHUR. BESWIOEELVSER. YUBENKZVEISRBEDL
20, BUBUNIRZ 3 HEARRMBSERCRIRICI L L. HERRE LR
TENEERIEOBEDZThEERVIEDSICOREONKRETHRIEL R
BY B LU ke

MBELBHCREENOHETRBE2ETENLREHEEEBAUAETERRS
VYR LERDE. Th. MEXECOEHOBRSU. B2ETHERRESWKH
BORBFEHNTHERETL20E5 L. ARNCLIMBRIToRE YO TY
SRR KSTREHHMOBARIT - k2.

3. 2 EREEOHK

3. 2. 1 RRE&

BRI ARAZRAKE (100X7.8X4.5m) HWTEMEL ko KT L2
ARAOEHEEBWON T SN TH Y. COEWBEWR & > TER U LB F
TEREIToh. BHAUABNEME2.5nO AR TSRIBHA[AIIEFELZDD
TH %,

Fig 3.3 RBREBOMEL RS, BAWESS. T TUMEIHh. 200V EL2BRN
HToORVTH S, CORNT THREFEOWERIT >k H. SHORRTU.
RNHFOBETHEN NOARMEL k. . REBLOBEMNERRBRCHE
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T35 MEBLOBLMECMEREF MO, ETHEERGFHU 2.

BRI IHeaving Lod2 N UTHY TR Yy VRV FTF 6TV 3, TOME. #ifk
HUEMOYNT A FPBRIVERE. HER. KELMPEEIHh. %R #®
fEh., ETHEPHHEER->TWVS, WREE2EHEVEOW. MREREET 3
CEWESTs Heaving LR EREBHO BB X. HIEWRU LTEONBE
PBILTI0OBT LTSS, B, BRFAETUREAOOREDCH T
ZMRFOLEINTIVIR2]EF A, FIREBIZELTLRL,

BIREBE. NI YAz 4 PEYTHFe Yy VERDRSTAY—BHEToh
RT7T—Y—RMYFTFohRRFIVaA—F—WLo>TEHUU L, HiEhiL
Heaving Lode M E 2BEEUV TV 3B NI NTIohRFrYalt—y—
ko> Tat#lUk. e ETHEOFWME. Y72+ Vv VB FFosh iR
FrYaxX—%—k->THeaving LodDEH X RFHWMIT BT &R &> TITo k.

Table3 2R BAOTEHER R, Table3.2&k VA H 3 LS. HUOHEBER
DSRIBMUDOEERBRUNTRRYRERBEIR>TVE N, Zhit. HEH
EEMBREOBEBRHN LGOS 2D, PRYVYKXERBRAF (FES50kg. EEHIS
kg) REBHULOBERHTH 3, COLDEEN. ETHEOEFSILSRIBHELD
BERBEHERXTRERMICBHU. F=0.20BRARIEA /LB, 2hFh,
1.2& 1.4, Fr=0.2750K1.3& 1.6V oke UDUAEBROBEMIIAE T
BEREAREOHEFHAMEZRIOBENTH 0T, AAAPEERBERER ST
LEORBRVEBAZOEEITERRITo R, —/. MEOBEEZHHERNGFOR
BERONUTEEOBETRESN. RNHOEENETET. EROBKERE
DRODEEBRNFAOMYFIHREDBEIRHRURThEREMo R, URH
20 2ROBESERHUENVTIHEORETEZOLD. RAOFOFBOEIRIE
FhEERELSRBL, BRI TOMREROBEHIRSBILW30H2EE TS - k.

Table3 . 3WCEH AT > LTI —F¥. BEMRILERY. ARRTIL. #R*%
REBROUEVEELELh 3EHAORIEERE L. iﬂz%’é‘ﬂtz:c}:%%#&%
US#liRE, B, HaMEEL/LE. FTHF—-YOEHEEBEDARVEED
BhEEaho. METHKITHBRAABEI 3BREORESI TEILIE R, Uk
Do TH/LO LB BERC I > TRRZBERR> TV 3,

st h ES. FEUADEREIT>REHBN—Y F LIV E 2 — % pc-9800%
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O TREEITor. HHENREDF— YU BEOEHRE R/ > TV 3 R
BoE AR IOEEARTEHULTT — Y LRERIT > ke BB A/DEHRETFS
oy 7YY EEgE. 1 BRRHS0~608Y 7Y BITD KDIWBEL
Fo

3. 2. 2 MEEHOHLEK
Fig.3.4.Fig.3.5lCFn=0.2ll BT B1wMADLTHKIEL. KELIRBLRU
RHERT. HEMRLH/ABEOR. EARTEEUNSMC L ZHEEE TE—K
T3 (Kt EHEENSHE T, FERF Y Y v LOXAHICET 5 HMMED Bk
MERZEDRRBLE—HURV) . k. BHEEL. BLEHRUDZERY
RHETIHETW. TRBCUANEBREABITBRAATO RN, KtEET
IRE KB AS LS RRBUHET B TERVOT. MAME LERL
VZEDEFFLHRERUVLARBOHERIT > TV 3, BB, RRET>LBHO
HETE. RERSDTHPEAKETRRIVIBETS - .
Fig.3.6.Fig.3.TWF:=0.275 B 3 lw.MA DL THIEEIL. ®RiZhiEWELER
UhitE%R R T, Fn=0.2750B . AHSTETESHRBEBF.=0.208 L b KX
X RBRHF=0.20H L9 HNERFEEETUDPERIIT > TRV,
Fig.3.4.Fig.3.5.Fig.3.6.Fig.3.TXBVTC. RERWLHABHELIO—-HEILRY
BBV, UDU. HEOMKCHES EHHEBERULMOELELCELITLS
kSCEDbDNh S, Ukt->T. CORRBEFEBEOTF—HUBSOE AL &
ZHEBEEELAHEENICHEATOLORVOTUERL. RENEOBRTLH
ETIHEOIY. AHEETUERREBEIL TLRVIRTEE. MitEE
VEREBERTSZS5eBx0h0 3, 22T, Fig.3.802h o OEEPEDR
EOEILEUT. EQXIRBAIHERBERUTHR. Fig.3.80 0553 & 5 2.
AR BHC L BHEMEBIREHONERERE. SKTLEREERLED
FhABRBHOESHEESABREETTX 3525603, Fig.3.9.Fig.3.10K
LHEORBOBERTS>SROVRERBEUH NI ESROTEEEEREBEEOES
FUADYRERERT. CORRLVADZ LS. ABEBRULHEES
DEACHE->THREHD IR EAEMT 30 TERL. KRR &> TEILOHES
CENSYD. AHBRITOMTRECESATVAZE NAD B, Xdw. &
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AHFERKAHEBEE. MNBHESOBNSMZES3HEBEIZE-HT I Eho.
MRKLVERINhTOVAINSHMEERBEEOTFT—HOBERE. HEHE LV iR
ERE. SBRRXEBEREOAVRZELVELIZEDBVR S, BB, MIAESEW
BUISZARARTOFEBERREEOED. ITICHRHBAIIRELLRTET
REVESWCWEHDOh SH, Thid. FHULRSRIBEMOBHEZBAZLLDE
HARADRERMCBEHU. SKTHE. WEEENELLOVBRI BT hEDEE
A on%[44][45). Fo. SEIRERRZIT TRV, FHEETREBATBA
APRULSRBEDVREFGCRIE, EHEE. UHTARCTILT 3, 20
&k D RMMEIE. 0'Dead [5]ORREFER DN TVEIN., ZO LS RBEHH
WITHRAAKOEEDEAONSOT. I BRARKBREOHTEORUINE S
h%e BB, Fo=0.2T50B 5B BERIToRBERUEF=0.208E4 AU TS - k.
RZ2w MA DO ETH. HEBHhIWIEL & UMHRFig.3.11.Fig.3.12.Fig.3.13.
Fig.3. 1MZR T e 20 MADEHRBUP RV NI ROOROTRREEL LMY
HBPS3EB N3y, LTHRCHUTUHERRERRESULBHRELL S >
T3, —7. BEACHULTR]. HFEBERERRECO—HERIRBI RV, C
hids A EETUBEIWATVRLVMAMEZHSEENOEHRD I L > T
RETIHBERLE- XAV BEELTCLIOTRRVDEEL O N 3, [AHKH
UTW. FIETRUVA2RTHEOBALHAEEO—-RETSH %,

3. 2. 3 HEHEOLK

ARRCRETE—AY F OFWRIT S TOVRVOTHNFEOR I DV Tk
N5, Fig.3.15.Fig.3.16WSS. T4 ICRY 3 WM D1 w5 DM R U A% 5
Fo CCWRURLHEEANE. REROBMENEMOBRVRE. DT oG ESED
OSS.TF ETCRBERNEMAUVRLEBETH 3. RELBVTUE. HEBOED
NECHONGeMEEFCL>THBULNEELRA VT, RAOFTELED
SHMEROBEHENOKD RIEIEU 2,

Fig.3.15.Fig.3. 6 CHFAHBRERBRBELO-HERS I VR RV, T T
Faz0 205 8 OXRBUELIHCAEXLEOERMUAHETBELLDLORFIg.3.17R
Ao Fig.3.1TXk0BNB L5, HHEFEOHALHIHSHON BB ER
BEOEERBIEV TS WLY. EHERLLS—HT 3., DF 0. KtEHEWR
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ko THEDEMEESWHFEOEIL P BERCHET 32 LN TE 3,
Fig.3.18.Fig.3. 19X HED20 . RADKRB L MMHERT. BHiHFEOHEA
3. EHEBCHERU T20. B0 PAEVRD. RRERLROREEE ST
BUOERRBOBEIBERVESEDN S, $h. HERREERIBUF.=0.2EF,
S0.2750TWHOHAEL SR —~HUTH Y K EHEOBAEERLTL 3,

3. 3 EISTORKHA |
E3ETCUARST CAERDRT SMALB AR NIRUES RIELHE T
BRHit. B2ETRVL 2R MBI H T 3 EMBERHEUT. NSHOH 25
BRECURERLRIT>Re E61. ZOHERHL TRIEFERTV. RBE
REDOEBRRIAEIT R, TORBR. UTORRESE R
(1) 2B TCRUL2KAVROAREHRMBOEURELMAT 32 0
V. AEESHBEFTREEHELU TV IMERVOEERT VY v L&
MERHETRDZZEDNTE
(2) KHBEHEC LB 10 KA OHEBZODOU. FEEEHE. SKTLE
DEEBRITVILDERBEEO—BEBRVRL Ro D M. BNKERE
BUAHEOERKELTRPhUE. HEORACH I RRIEOEILRBER
ETEBHIEMWS o ko
(3) 20.HMALHUCHBEBNLERE., AHBERL > TRERHET X
B EBHRD o R - |
(A FHEERTHETESREL. BUVEKITSRADPE S RVEE £ T
TH5nD. ZOLIBRBRBIIMEEERSORFTEORIE VLS I &N
HHM EUTH- k.



= 44 = 2K FT 5 3A FH» D A AT

BOBERUBSETRABASRBETEMITT MMAOEBRERDBERBIU R
BEWNEOHERLE DV THUTEL, 22T, BHEHEOEZGEEN AT L
tL\’)Uiioazbé:L:%iﬁétxaHaiéﬁ%ﬁt&%b\“cﬁ@ﬁ&ﬁvko TORRERID
BmcHEMEZHRE. HENEOEILE+ARBETHEL D 3HEELTR
TIEMNTER, UL, EEHRXREBOXBEEIHMBALRS LSRN, frl
BRITHBIAABREET LIV ARETOREAREMENZR -2, £ T. KET
BZDBKITHBRAAOEBGBHREITEL DL THU 3.

4. 1 HWRITHRAZRFOH
AT B A ERMORMMEELRDZEERERO—DE LT, HIHSH
RBFHONTER. UDU. THOORBARFHREREOMMEML R E@AKITS
RALEER T ESERBZOONFTEAET. WATHRARBOERERER
REZOOOEHEL2HE. FREOKOEBRZ->RsOUMA IRV, &
Bo AT BRZERCHARREUT LIV TY T OO T—NLBKED S T
ROA-RUT ZBEGOERARY. RHLBRAZHERENS S, Zhodk
BERBORREUT. TORZERBHREEARFURERV. Urdo T
AT BARBOEHXEHRPAE. ENEERDIFRUBEOL I EE
= -RVRAN

ZORSRERD B, WKITBABEHEBERERHRE UTEALTESD
ERCENERENL. UHU. HBOXSREBERERHRE. BARER
BEMCEE>RBERETHY. ChEEELSBITTI30RERRHELL. Uk
HoT. ZOESRALZOAROFIEE U T, BU»>AEERREHES R
KEMIFLEIT> k0. BIFBRFELE->T. BONRE 5 3BEM -2 L
T BEHESCXIMERRIFRT>ABBETHI 2150 3.

COEIBUBHPLIAETUAE BREOBRIBIZWAITBAZRLR
BB V. Vagner[3IIBRU R 2RO E SABIEEEFE U TRIFET >,



4. 2 2K THOCHUESETLOXA

HEOE>IE. BATSRAARSUMA RERSERCESE > 2 ERERE
$THY. ChEMERKEOE E TRINEEEAL TR OWRITETS 3.
Uge 5o T %5 OENIER YRS U TRIFHCENESh BRSEFNLE
£ L0 EBH D, COBRBERIE G, PR HLEHRAETOEHFEHIRHE
GBI RS BENS B E TS 5. UTF T 0K > %8 TH A
REBERBREUTH 5.

BH 561 REOEERHME L MEROREDOD L. 2RAEDOHERM
MEUTHOEohe WATSRAOEEOAMRERICLY. REKFENO
RAEEEMBE UTHS CENTES, X0, MELMAELT 3R, #
EHRDFig.0.10&>RATECEMTE 3 ERET 3. % . HEHE LS
EREEEUCEEL TV ARBOSEE2 T, MBRAEHHELTRS. 20
By, BEt-0OTHMELEREPHERELURE T S E. Figd28RT &S REWHE
KTOWKERE. Fig. d.30RT £OWKE. —EFEEvezUtan 1 TIARUL TV 3
AR UTRE NS, UbL. BERECRHEO LTHRUAKO L THH M 3
OT. WENOWKERE: BEREEREZTERIARO L > CRRS h 3,

FOx,y;t)=vetH( & « 7 5 1(1))=0 (4.2.1)
U,
X y
&= . 7= (4.2.2)
vetl vetl
1(t)=vat1(1) (4.2.3)

DR ERBEUEP O THhIEBR2ERL. RTOXTEFD. MALHEED
HEVLVARBERE20w.ET5&. IDIRRADEIIREKRITH S,

1{(t)=lesinwet (4.2.8)

G2.DAEEHEHRBFLCRAT S L.
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DF o o H i

— =V9H(§\77;i)'Va(§ +7 ) +7 JtvaV &+ VH
Dt d & a7 d 7
dH di
tvgt — ¢ — : (4.2.5)
dl dt

REVEERTF Y Y LT d=ve?t (£ 7)) BRTILLTV S, F . HIE

_ g\
H(g\”;i)=H(£\7l;0)+|—~3——T— doee . (4.2-6)

DEIXFEITBZDT. HERWwer oo DBRTRU2.DATHUELEF TS OBH

» B
‘. BHZFEB LEORENZHRZODVTHARS. EHARBRERDEID>ICHEXH S,

Jdd 0o 1 gt
d—-(&— +7 - (Ve V)d+—2=0 (4.2.7)
g 5 0 V/i 2 Ve
B U,
g BEFIMEE

Ul Do Te g t/ve> 0B TUENZRHLHEUECHET S, TheSEXTHL
ZEWEOMNE LR >OEMX=UtE AV TET &

X
—>0 (4.2.8)

g~Uatanéﬂ
DF Y. U oo PX>0DREIRTHYILDDB L H %,

DEOERR LY. A REROBAW. BEA2PLEUT3AKYHEE—
ERETHEVUTOK LR 2KXRTHCHURBET LVRERPUTEZZ RN 5D
> R2e

BB, LAORFBUEKEMNRABLUELFREUVTVLSY,. SEMUMMOMEE
RIABHRCEFENZEE, BUVWBKITHERAAEREZFZIRT I, BRITHIAARN
HIA3OUME LHRBERICETIRBTHS M. EFEPELTRT
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BREEEZON B,

4. 3 2RHIHEUGEORE

Doblovol’skaya[32],Hughes[33NXMITHY FFiE W & U BIEWM K O KE R AR E L
WTAMEBEREBTVWS, AMRETE. SAEYWEBERLUTWIISZEGOHCH
1L 518 # Dobrovol *skaya® Hik B IEH U TH <,

4. 3. 1 IV F—BHELZDOWVT
QRAWEHNTCIALYEB—EEETEEUTVIMER. ENOEERE

BURLEE. HEHUESERY., Q2. )R0LIREUEBEAVS E. EE

RFIVPNVBUTO LD RECET 5,

¢ (x,y;t)=ve?td (& .7)
W (x,y;t)=ve?tW (&7 ) (4.3.1)

Eol. METOERRH S LD, HUFEE ((§.7)-FE) T XKRXOLSQHE
FRFIVPILEHEALTEL,

V(gH=2 (& .70+ 1V (& 7) (&=&+in) (4.3.2)

MUEETOEENY PLB(E ) EYHEEBTOFERENY P LUKy W
RDKDRBRERILESD B,

U(x,y;t)=ve B(& . 7) (4.3.3)
UhBoT. HENI PILUODEMB B XKD L DR S,

dU o U ¢ uU dB é B
= dt+ dx+ dy=vel d&+ d7 J=vedB (4.3.4)

dUs=
gt d x dy d £ d 7

(4.3.OROEKE. WHEHETHRO,Y; DD 6 Alxtdx,yrdy; tHd )L T ¥
REEDOEENT PVOEILIURHBFEFE TH(E 27)P o H(E+dE 7 +d7 )L
BB REX2ORENY PLOEIdBRvVve BB T LDORKFLLEWVLS I ET
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HB, ChREHRBLEDIARABRTOMEELYTEDTHS & Fig.b.42
R LK. VEFEORPIRS 3N FRIBREIPZZBE T 5. COK
OMEBEIRPIDORPABH UL XOFEEOREILRIU/ALTH %, T . £
OFME. G.3.DORNLVdBOAMREFLVIEBSM S, HUFHE TRIBEA
PIDEHRBOERBARMEBEHULLEOEFEOREILTH 3. D . WHE
HMTOHHRAE LS SHUNTOMEENY PLOFMBHELUEFETOEHEK
HETHEESAEAANOEEND PLOEL (HENY PLEEBRABRAKIULED
D) DN PLOMEEZELV. —F. WHEETORER T OMNEEDH @,
ENREHAUVLRSERENGROMERUTH %, BHRXALETE. BEAMII
ENE—ERDOT. ENHEAROEMEXIEHRTAOEBAMTH 3. Ukdo> T,

BEHXALORBKNFOMEEOMEIEHRTBOEBRAMTS 3. ThEEM
FEHNTOEENY LOEILTEXZE. HMUFERNTEEHREOBE D
SHEENI PLOELOMEIEHRABDOEROAMERMVTVWE Z &R 3,

R, ERFEENZI/AE EEBENT PNLVEDODHBREZBATAHAZIERRDELS
CRBERBS B

dv(g)
dg

=B (4.3.5)

Fig. 4.3 R U LU FETE. MAN T, FHIhIENIDFHHLOEX S &,
BACDRW--TUHHBEXEONAME. BHDBRIB>TUHBREORN M X,
EABALB>TUYHRIREORESM. BAACRKB>TEBEA LA EH
FhmETh3EEIBND, ThR, EXHEREINVZIAL EdZ L OBKRE L TS
EHEDPTORAarg(dV/dL dE ) 2RHFHEUTHBIERDEDIWR S,

dv 1
DCR e+¢s arg( — d&)'72=—=xnn
dg 4

dV 3
DB e+¢¢ arg( — d&)'""2=—qg xnn
d¢& 4
dv
BAF ¢+ arg( — dZ&)'" 2= +xnn
dg
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dVv 3
ACH o++s arg( — dZ)'V2z—ntxnn
dZ 2

DNEDOEBDOD LW, KRATEHRINAHK (77 7B W2V THEATH S,

¢ d2v. ¥
Jdz (4.3.86)

00 dze

;BB LT Fig d 3R UARMHLUFEFETOBEHRAEDHS CD AR
fn/A0BEE. BHADBUIINOBEKEE®REIN S, SLYKXEOEABA,
CDUEthZEhEAR. n/20EBLREBINBZILEBAMS. DFEV. 2O
BBk VHMPETHRBERHEATVARAE. ThELRDOLREARRED
EBUEgR N3, 22T HMUFECORKEREFiz4.50RT X5 RAAK
PHBEEBIN S EIRET %. EBE. h-THOREORERIR A RIEHEBE L S
hah BEHRETOEENY PLOELOFEBEDLIRAS TEHHRABENKEK
MYRTEZZERBLBZE. Fig.4.50KEB > EbHEABESE LS 5,

4. 3. 2 IFF—EBRAAULRE
B CdENR TS — R L > CTHERF YV o L E-FEE ¢ -FEH (B
FE) OMRPAPZOT. RRh-FHEOBMELEZX 5, 2O EELF
HEZEX3OUELLOT. BAEUTFig.1.60%> Ru-FHEEER . 725,
(-FHECORBEZUVv-FECOLETHERERINEDDET 3, |
REEROBRA TR > h 3 HRER B FETOREE UTHRT 5 &.
RRADES>REEN S,

dV d& _
[K] Re[i ——i— & 1=0 (4.3.7 )
dw dw
(1m[w]=0, -c0<Re[w]<0)
dv d&
[B] Rel[i I=1 I sinae (4.3.8)

dw dw



d¢ n
[B] arg —=(-2+aa) (4.3.9)

dw
(Imlwl=0,0=Re[w]<1)

dv

[B] Re[i — J=0 (4.3.10)
dw v
d¢ n

[B] arg ——=— - (4.38.11)
dw 2

(Im[w]=0,1=Rel[w]<oo)

h-FHTORKFEZLIFig. .50 4 AEEARNTH IS, w=hOSHEEKITRR
THRIh 3,

h=ice § (wtd)~ 1724174 (w-1)"1"2dy (Imco=0) (1.3.12)
(o]
DAEWAV(Ea)/dE=24 (IHBBW) LRZTLEERLTA.3.6)R.(4.3.12)R
XOhBHETZE. KX B3,

dv. _ d¢ d 1
— =f4y ——Co § o (wtd) w7 2(w~1)"1! — dw (4.3.13)
dw dw dw ¢ d&

dw

UIINDATRINIZERRF YV S LV IEHHXRETOEHFEHR{MLW.3.DOR
PHETHAE. ENRULEHNRERT. F2 T (4.3.13)DRX 2 U.3. DR
AT B ERKREEZ, ’

dZ o d& 1
Reli — § { — +co®Cutd) 'u 21 (u-1)"1u-1)"' — }dul=0
: dw "¢ dw - dg
dw
(-c0<y=0, u=Re[w]) (4.3.15)

R WL DEBREITI>RDREROLI RUEERF EKIF (WL AAT 3,
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dg

arg'd——' =—q [f(u)+1] (-o0<u=0)

W

f(u)—=>0 when u—>-o0 (4.3.16)
B8

f(u)—»>-— when u—>0- (I&g&8’)
n

E#of(WEHAVEE v L OERBABEXANTRI N 3,

d& 2 f(uw)
— =-jcw P(w-1)"%exp[- § du] (4.3.17)
dw - 00 u-w
27 U
ap Boe
a= — . B=— . ImLc]=0
7 n

DETCwV. w2 O0F5BEBBFRLFLA.3.IDRA.. U3 INDADELD KX L
BZEBRD R (4.3.1DRA. (4.3. 1R RAEBco. cRUD MO EH
EaBEBINTVEN. ChollRDESRBRRBEDPOIRETE S,

g (1)=-i (4.3.18)
£(0)=¢ (4.3.19)
ImL & (W)I—=0 when u—>-o0 (4.3.20)
dv :

—_—=j at £ =-i (4-3.21)
d&

TTHDE. EHcIEA.3.2D. U3 IDAORUHEHLTRARLIIRD o h
%o

“i=&»
c= (4.3.22)
1 a  flur)
§ -iuPu-1)"%xpl-§ ——— duil
¢ =00 Ui-u
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Q32DATEHCHBRELURDOT. BEL(WGvwv-FHTCODMOEE-dD@EL R
HDhTUSIADAERMAUTRDIZENTES, w-FEHTOD HDME-dIZ(4.3

2OROBREE S TRODOh,. KROL I RICET 3B AR LB I L
BT %3,

-d 2 f(ur)
7otimL§ -iuP(u-1)"%xpl-§ ——— du:]
@ =00 yi-u

00 f(uy)

+1nL§ - iu"#Cu-1)"%expl- § dus 130 (4.3.23)

-0 Ui -u

(4.3.2) R a2 — P VETROVTIOELRET 3, TOLI3RUTRDOINE
dOER2HVWT. ik Ld>CRDH 3,

-d 2 flui)
Za=¢& HI@ -iuf(u-1)"%exp[-§ ——— du1l] (4.3.28)

- ui1-u

RBRIE. Ecold(4.3.1NREUB2DRIVBOINIXRRADPOFHETE B,

: e (1.3.25)
Cg“= .3.
1 1
§ Gutd) " 'ut 2(u-1)"t — du
-d dt
du

—7s RABBAWMRRARE(.3.7).(4.3.8).(4.3.9).(4.3.10). (4.3.1DR
EHETIORRELULRG AU ROGRV. ULHAU. U3 IDKRTEIhIETK
Frvelit.s A32DRXR2FLUEATHIE. WERELXSOEHHCELY
OT. #R. EHRALTOEHEHRARHLT ISCFWEREL TR
RWZ & » 3,

TCT. HHRELTOEH¥HIRAHU3. DR U3 IDRERALTHES h
(4.3.15)K @3 IDXERAT IR LH 3.

—sinmn f(u) $~:[G1 (u)cosnt f(u)+Gosinn f(u)]ldu
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+cos1tf(u)‘[:[Gx(u)sinzzf(u)-Gacos1xf(u)]du=0

kltil/s
@ f(uy)
Go(u)=cp2(u+d) 'u % (u-1)"1"*%xpl § ———— du:]

, -0 yr-u o

) f(u1)
Gr(w=icu ?u-1)"%expl—-§ dui ]

- 0o Uy ~u

f: E@En

(1.3.20)ROFBLERA T 3 ERAD& > KR 3.

df(U) u
-n -E———cosvzf(u)‘Yd[61(u)cos:zf(u)+Gasin7zf(u)]du
" .
df (u)

+n -———sin7:f(u),{utcl(u)sin1tf(u)-620037tf(u)]du—Ga(u)=0

du d

LAOHBEETS RS —EHATILRAEE 2,

d2f(u) Go(u) df(u) dGo (u)
. . =17 Gi(u)+
du? df(u) du : du
du

ChEEEULU. uRBT 32T >ERADEI >R S,

GB(U) u

== §  Gi(u)du+C
df (u) -d
du

ZTT (4.3.20REVu—>-dTREARBROL O & BHH 5.

Ga (u)
df(u)
du

- () when u—>-d
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(4.3.27)

(4.3.28)

(4.3.29)

(4.3.30)

(4.3.31)
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UlBoTs C0&20. (4.3.3DNDRBRRDEIIRERTZIENTE B,

df(u) 1 Ge Cu)
Se- (4.3.33)

n u
I_de (uddu

du

(4.3.33)ROFELEMHUU.3. 1R LEEBT L. KO LS RFWIZHEYT 3M
KAEBRRLIE D,

1 GG(U])
f(u)=—§ duy (4.3.34)
n -0 ut
§  Gi(uz)duz
(-co<u<-d)
1 o GB(Ul)
f(u)==g——§ du; (4.3.35)
n ° ut
$ Gi(uz2)du:
-d
(-d<u=0)

ChoORAFEARBEHZR OV TI(WERET hIIv->V, v OFREK
BEELRESLZDOT. ChoLVBEBRRKF YV P LVRUVEBHERERERD 3
EMTES, T EHPEXRATRD O 5,

P ) av
ps ——— =-2Re[V-&{—]—- — |2 (4.3.36)
1 dg dg

- p va?
2

4. 3. 3 HKEHHE

R CHRNERIET. ERHERDZDORMBI(WTH 3. (4.3.1)RT
FAINEHEBIWTE. vOBEB(-o<u<-d)ER>THBYKIBEHE LBON
EVODOT. ROLDBREBEHBBITS.
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t= —— (-oo<u<-d) (4.3.37)
1-u
-2d

t= — (-d<us=0) (4.3.38)
u-d

UTFTTE. ERXOLSCEREHRINEHBIWEBERADLSIWLCERT,
f(u)=f’(t) (4.3.39)

—F. M CTERZRETRIEOWERNTOFEEABEBUE. I XTHRETERE
RARRE->-TWVW3, UEP->T. COTFTORETHREFERITOLREBETFL
BLRIZOTEBREMBTIDEND S, TIT. CHhoDBEBFHBERITOI YD
OEBEHRIZ DOV TENR B,

(1) EBcOFHE

TR (A.3. 2R TRDSN 3, CORDREAMMCRHRIENS 3D WLu=]

PBAETHZ. COREHEMVB LDRKAAD & > REREHET 5.

ti=(1-u)t-¢ (4.3.40)

(4.3 40X L2 EHEHRITI & U322 UERXRAD LSRR %,

1 : 2u dBs (d-u) ubd (1O PO s Cu-)
u (- ) (—
I-a u+d 1+d

1
le=§
]

1 (1+d) f°C1)
Xexpl § {

{ —f’(1- )}~
e 1+d-(l-w) 7T 4

2 2d f°Cr) 1
-5 { --f’(2)}d v Jdt4 (4.3.41)
' (d-u) T -2d T 2

EHcE EAXAEZHVWBEXRDEIILCUTKRDON S,
c={&uvt(notl)?} 72/, ‘ (4.3.42)
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(2) ERJIOFH

BERJIU32DRNTHETAIN., BHA(WDBu=-dT¢-FHEZST 30504
ArTREVLIERERED, UaB->T. u=-d2 BV THBHBRESBRES LR
Do CHEMUVBRSLOEDE2E. HEIHXNUT. FhZFhROLSIREK
E#|EIT .

te=(1-t)1-v | (4.3.43)
Te=(t-1)1-7 (4.3.44)

ChoDEHEBREBITS EUB2DAOEBE2E, E3HERFLhFLhEXRO &
COREEIH S,
(14d)1-¢@ 1

lq=- ___.___j‘ t-3/2*f‘(t)+f'(t)(1+d,t)—d+2dtf'(l.)/{t(d—1)+(1+d))
-7 °

Vx(l_t)f'(lo)-f’(t)-(i—t)(l'ﬁd)f' () 7{t(d-1)+(1+d)}

1 tf’(r)-krf’(t)
Xexpl-f dr
e (1 -1t)

2 2dt 1

-5 {=f(r )"}
Vo{tdd-1)+14d} T -2dt 1

2dt

2 .
—————f’ (1. )In—1Jsinn £ (t)dt: (4.3.45)
t(d-1)+(14d) 1+4d

2d1-° 1

j‘ t-3/2-(1+d)1f’(l-)/((d—la)t—Zdl
1-r e

I 2=—

X(2-t1)7P-1" (9 {ad-(d-1)t}-«

x(t-l)f'(t)-f'(I.)—Zd(t'l)f'(1-)/(2d-(d-1)t)

! (1+4d)t 1
Xexpl § {—F’Cr)- )M~
2 t(1+d)- v {2d-(d-1)t} T
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o tP(T)-T (1) (14d)t 2d
-5 dr- - £7¢1-)1In
! r(1-1) 2d-(d-1)1t (1+d)t

Isinm £7(t)dte

(4.3.46)
(4.3.45). (4.3.36)X2HV 3 &, EBEJHEITSIEREAERN L. XRXOX
SRRETH S,

7 v—cll1(d)-12(d)]=0 (4.3.47)

EXBoa—- P ERE>THE, EEIJRZKRD %,

(3) EXcoDFHE
EHcold(A.3.2)R W k> THEITH S, ZOXNTHu=l.u=0u=-dBKEL

KRSTVEDTIhODRHELAENIBRSZDREROEIS XEREBREIT S

Tazut 2 (4.3.48)
~

ta=(1-u) (4.3.49)
ta=(t-1)7 (4.3.50)
Yaz(2-1)t72 (1.3.51)

EROEIREBEHRPITIEUIIRNBRAXDOEIIREET L S,

Ve

1.V 2
K1=2exp[i(a-1)n]Sa (u+d) " tuP(1-u)-1+¢

2u -dB/ (d-u) utd (1+d)f L) 7 (1-u)

X ( )) (—)
u+d 1+d
1 (1+d) f’Cr)
Xexpl—§ { —-f7(1)}d 1
e 1+d-(1-wr T
2 2d f’< T ) 1 ~
+§ { -f7(2)}d T 1dts (4.3.52)

to(d-u) T -2d 7 2 1 2
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1/2“ 1 2U -dBs (d-u)
Ke=expliCa-1D)n]l§ —(u+d) "ty ¢(— )
a o u+d

1 (1+d) IMED
Xexp[-§ { (1)}
e 1+d-(1-u) T

2 2d f’(‘t’) 1 A
+§ ' -f°(2)}d r Jdts
U (d-u) T -2d T 2

d-* 1/27
Kz=- — Xa (2-4)7P* 1" ¢0{2d-(d- 1)t} 1+ <
T

x(t_l)-f'(t)*f’(l.)+2d(t—1)f'(1-)/(2d-(d-1)t)

1 (1+d)t 1
X exp[—§ {=f’Cr)-f’ (1)
2 t(1+d)- v {2d-(d- 1)t} =

e tf’(r)-T £’ (%) (1+d)t 2d

(4.3.53)

£ dr+ £2(1-)1n —+in £2(t)1d1s

1 r (1 -t) " 2d-(d-1)t (1+d)4

Ve

1 2
K‘:=-2d‘°(SB (2-t)P+ 17 ¢ {2d-(d-1)t} -1+

x(t_l)-l—f’(t)+(1+d)tf‘(1—)/(2d-(d-1)t}

1 (1+d)t 1 '
Xexp[—§ {=fCx)-f°(1-)}d
@ t(l+d)-r{2d-(d- Dt} 7

2 tf’°(r)-v (%) (1+4d)t
+§ d7r+ f7(1-)
1 (1 -1t) 2d-(d-1)t

2d -
XIn——inf’(t)1dts
(14d)t

c(Za-1)

Ki+Ka+Ka+Ka4

co?=-j
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(4) 2 OHELEHXERROFYE
MEPETOIAOMHE 343 20RTHEETAZ Y. ZORREBREL
REHET AR ERBEROT. CCTHHERERROFBEERIE~ 3,

(1.3 2ROHBMAMBTHEE RS 3B L. u=-dTH 3. 2T KROD
&> RERERET S,

Taz(t-1)1-7 (4.3.57)
Ta=(1-t)t-7 (4.3.58)
EROESREHRTHEITS>E. BHEEERIROELS> XU TKRD B> H %,

21?14

‘Y t-3/2-(1+d)tf'(I-)/((d-la)t—2d)
1-r @

=8~

X (2-t)7 81 {2d-(d-1)t}"¢

x(t_l)f’ (LY -f' () -2d(t-1)f’ (1)~ (2d-(d-1)1}

, (1+d)t 1
Xexpl § {—Ff'Cr)-f1 )}~
8 $(1+d)- v {2d-(d-1)t} 7

2 (T )-1 (%) (1+d)t ~
-5 dr - £2°(1-)1In i £l (t)]dta
1 r(1-1) 2d-(d-1)1t (1+d) 1
(-d< u<0) (4.3.59)
c(l+d)!-% i,
Z::d.*._.___.___j' t-3/2+f' (t)(1+d_t)—d+2dtf' () 7{t (d-1)+(1+d)}

-7 2

x(l_t)f’(l.)—f’(t)—(l-t)(1+d)f' (l) 7t (d=-1)+(1+d)}

1 (T )-T (1)
Xexpl-S dr
e (1 -%)

2 2dt

1
-§ {=f’Cy)-"ADMdT
U {t(d-1)+14d} v -2dt 7T
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20t 2 ;
2 in-—-inf’ (t)]dta (-eo<u<-d) (4.3.80)

t(d D+(1+d) 1+d
(5) FRHET 3MAHEROHHE
HORET 3RAHRRUL. uOBEREL > T (4.3.3DR & (4.3.35)RO =D
mﬁwénéo%Z?\if%wmwﬂﬁuﬁxomfﬁx%o@33@%?&
AR BV THRAEE SRR SRS, ChRRVKR 2DORMNORA LT H
MOMACHUT. ThTh. KOS RIEMERELT 5.

Pe=(1-4)1-7 | (4.3.61)

Ps=(1-t)2r-1 (4.3.62)

EXERAOTUIIDAREBEETERAEES

~

- ce? ts
f’(l-tl/m’ﬂ)-_—__...._____ (1+d)°‘"$ t»f'(t)
(27 -1) o

x(l+d-t)-d+2dfy.f’ ()74t (d-1)+({1+d)}

x(l_t)l—2f'(l.)+f’(t)+2(1+d-t)f'(lo)/(t(d~1)+(1+d)]

y 1T )1 £7(%)
Xexpl § dt
: e (1 -1t)

2 2dt 1
+5 {—=fCr))-’UHMdT
Vo{$(d-1)+14d} T -2dt T

2d1 2 N
+ ———————F" (1. ) In—1/%: (+)d¥s | (4.3.83)

t(d-1D+(1+d) 1+d
272 U.

c2(l+d) - (1-¢)1-7
X; ()= —————§ t-372+f (1
1-7 2
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x(l+d_t)-u*2dtf‘ (W 727t id-1)+(1+d))

x(l_t)f’(lo)—f’(t)—(i-t)(1+d)f'(k)/(t(d-i)*(l*d))

A HEDEEAMED
Xexpl[—S dr
° r(1-%t)

2 2dt 1
-§ {=f"Cr)-f’(1.)Hd7r
Vo{t(d-D+1+d} v -2dt 7

2dt 2 . |
(1) In— dts (4.3.84)
t(d-1)+(1+d) 1+d

4.3.35)ROAMOBHEEL BAHE. uv=-dRUu=0TREHELIDODOT. 200K
BIlC 4 %0 FUT 0>u>-d/3TE. RADK D REBEREIT S

Te=(2-t)172 (4.3.65)

. (4.3.35)RXOHRMOBEED B, v=-dTRHEHERDLODT. XKRAD LD
BREREHEIT .

To=(t-1)1-7 (4.3.66)
RO LS BREREHREITO &, (A.3.35DRUBERRDELORZEEIH %,

2ce2d-%  ted @
§ {2d-(d-1)t}-1*¢
n 2 xn :

£7(2-t62)=- B+

x(t_l)-l—f'(t)+(1+d)tf'(l-)/(ed—(d-i)t)(z-t)6+f'('c)

1 (1+d)t 1
Xexpl-§ {—F’(r)-f>U-)d~
e t(1+d)-r {2d-(d-1)t} T

2 tf’(Cr)-Tf°(Y) (1+d)t 2d
+§ d 7+ f°(1-)In
! r(1-t) 2d-(d-1)t (1+d)t

/X2 (t)1dte

(4.3.67)
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e U

2c3dt-f (E-1)1°Y
§ ,
1-7/ @

t“3/2~(1*d)tf‘ (LYys((d-1821-24d1

Xz2(t)=

X (2-1)72"" ) {2d-(d-1)t}¢

x(t-l)f' (t)—f'y(l,)—ed(t—t)f' (1) 7{2d~td~1)211}

' (14d)t 1
Xexpl § {=f'(r)-f’(1-)}dr
| 2 t(1+d)- 7 {2d-(d-DDt} T

2 tPP°Cr)-r (L) (1+d)t
-5 dr— £7(1-)1In
! r(r-1t) 2d-(d-1)t (1+d)t

1dts  (4.3.68)

-4/3>u> - dOEBETEAMNOBMAB LB U TRADL I REBREREIT S,
I=(3-1)2r-1 | | (4.3.69)
ERREIABFHEHREITS> EUBRBRRDODEIS>RCEEXH B,

. 2ce2d™¢ 1
£2 (141617 2V 1) )2 (-d/3) ———— {2d-(d-1)t}- 1+ ¢
: n(2r-1) 17287}

x(t_l)'-l-f’ (L) +(1+d)t e’ (l~)/(2d—(d-1)t)(2.t)ﬁ+1'(t}

- (1+d)t 1
Xexp[-§ {=fCr)-f’(1-)}d~
8 t(1+d)- T {2d (d-1)t} ~

2 tf7CT)-1f7(b) (1+d)t 2d

+§ d7+ 7)) In ——inf’ (t)]dte
1 (T -t) 2d-(d-1)t (1+d)t

(4.3.70)

DERRBHULIS BEBEREET I EWX LY. E’TE&®§E¥£TT$NL&K
ﬁﬂﬁﬁ’&ﬁ(@ﬁﬁ?ﬁ&ﬁﬁ/k*ﬁ‘%u&iﬁfé%o

LBOEADSS (1) ~ (4) THAIML TREHARHME2AR UK

BEBBRAD A2000 KER XA BEED £ITo . TRy (5) WHHhZHH
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TR BEERMRUOFEHFVEREMBRT Y A2 B X SMARIT - 2.
BIELf(u)iX(4.3.63)K. (4.3.6DR. (4.3.7T0ORARAVT. REETHEIDT
50 TOBR BRURBEUTOIEHAVERLDNRIEL B>k UDU. +
ARELCNERU. HIOEOREHTHRENIC'BEEEITNRIESIIENTE L,
Tl REBERRULRILME. REUBHROTOLPEIIRBZIEHHMBU B
BERDPORZELSSBETFTHINZOT. BREVICUTTRELIT B - ko

4. 3. 4 FHHEER

Fig..7. ae=30",U. HR\GE 7 R EALBEOHBREER LR, T
OE»>. BRGX 7KL TS E. AT L —%HIE. RO Z08H
D3, OB YRIVURN REZATURRSIL2EACHOHBRERERI
BEELUTOVRY. 2hid. WD RBRhRECZOBHREOEY LY
ROEBWRT B CERLIIFRYBRTIEEIINIDOTHY. YWHOIEL
OHFh & TBBARE. BEKETOPBEOAREIRBTI TRESTLUES DESE
ABdh3., —~A. PEOMED» S LHXRRUBTATL - BHRESIHBEL
EXRYHONMZABICHNB > TS, UMU. WHRORBEDLSATL —D%E
HETORTUZ=ZDORBTCEHEEEILLUTVRV, Thid. #EXELY L
@K@Wﬁt%&ﬁﬁ?@%ﬁ@ﬁﬁu%bhthé%ﬁm&vf\%mmﬁ&
D EOKOUBBHBEINERDATL—HNOKOEBRIFTLEEEDORVLE
FOLLE. RERTENDHLVDDZZETHEM. ATL—+L—}TO
ENBHEI=ZD0ORBTEhEBEDLOIRVEEITEDS. ATL—HNOKOH
FRZ2ORBTEREEEDLOIRVEDEE X >N 3,

Fig.4.8ldFig. 4. TEMURETO. YRUEAOENAHTSH 3. Fig.4.TT 7»
BMNEVEEEHRHREEREIBEREUWNEL ORZA (B 942U LTRM B
2 TW3, —7. Fig d.8DENBH T 72 BNAEVHDEE. BEAEHETOESN
EALHKE V. * oo BAEETOEAOHERE. RAD &SR35,

p=Relco (& b-£ D172 « exp(-iBa/2)] (4.3.71)

(K
N
&

Co - EH
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URBo>T 7o BhEVEE. BAGH CORMBENGRIT & 0. BAEEB
Ui, tHOBOHMEBMESh 3, TORHEFiz.L.T0K>REHE
BHERBBOh360EELSN 3.

. CORBRBRENARSS 3B IYEERCHBEN > A3 &SN
EBoTVE, ZOTEE. ERDESW. RMBRENIRE & >TAT L —
WAMEZET ShZETS>2EDS. WHRERCHEED > A THREDH I
MERBEEFROUBEDHEBEKIT B RABLE >TEETH B2 ENHD
3.

4. 4 HEHBKSOXR

HiE. REEOBRTUY. HE0BAT B> CHIhRHBERALOD B
ERMI OB ONZTERRET SRS, FRBT. Fig l00FT &> RAEHS
OHEU LB ERMU. HEOHIET > k.

KBRUABRAZHEMAKETCREU L. EHAU LB 2K0.50. 150.268nD
FOUYLBBR TS 3, HRORKBEXWE. PJARRELLEIEE2ER&-T
ABTZL3ER>TVE, th 12MOBRPSWESDPRES . BHORM
HEERENECH DN RY L OMBAHBAE <RV HUBERRZDT.
SEHORBRTERMERLES.3n/sE Uk, BB, ®FE. AAEHBAO I SN
— RO G kY — KR KRG & > THEET - .

Fig.4.10i2 75=0.380 B ADRE R HDAUH LV BELLOOR T, BUO
KW ETPCABEPOIBKTZOEB SR (ETHTIHNOHBRYRL &
DMERBOKENDU LRSS, ). BILKED52.5mEEEH»UTRO T
BRTVWE, ZORD. KBHETEMLESHEA TSN, KBEIVDULHES
DOURMBETATL —BRELUTVS. X351, ThiV®RH TR 1.28618
XREIRENOHEPAECRZOT. HBHEREDN. ATL—RHhES
TV 3,

Fig 4. 11RO DERTIEHX-g/U2=0. 1350 KWEIC AV v b XY
TC BRORAOKPENIFI >N AHGRE->-LEHREONAER 2 B
LhbOTH 3. COSETHERNLVNMNOE bREHR TR TR B
AMOBRIFMCHONLHEBRRELS~BUTL 3T EBAD 3.
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Fig 4. 120 UFig 0. 13C @Y —KAKGHEEOTHHU B E. HEHR
CREBUTWVS, Fig.4.1212. SHBHEOEXTEMX -g/VBRX D2V THWMU R
HREEA—OHUFEREAVUTS 3. COHED S SHEHHURT > R BETE
+AREUHEBS I LT3, . HEFREOUBRTRATL - EHOF
BER>TVIOERREXLS—HULTV 3,

Fig d I3MEARBE 72 MEURBAOHISERERBRBERTH 3. 7o%
NELURBE. ATL—EESEHONMIZ 3 & VS M FHERD &
CHEATV3, UPUFig. b 130 BIEFig.4. 208 RIS EHEBBED—
HENRERL, 2hid. Figl .30 AT LA ORMETET
WEADT, BEANOHERFig. 4. 20BALVRRIZLDEZEXO>N B, Ek.
BAULVBALHNETOTR—RRSRALENEIFEREEELX LI Y. AWRT
M. SEAREBRODVTUZEBUTLRVOT. ZhQLOoRBIZEUVEX 5.

4. 5 BEIL7—-ARBEITIEER

4. 5. 1 BHEIL7-AOHERBRHIKRE

AFRTOHEHELAAUT. BERTIL7 —AREDZHER OV TER
£1T 5.

EEORMTRAETORRAMEEELBEE T 3L CRDIATV SO
T BAITBRASREORMUELT LORDLZhEELTE30UBETER
Ve 22T, KB TORREELEE T AT LORROBEELEEIZ LR
T %, $h. AHETU. NEOHREATHTEBUTEXA TV M. EFO
EENMHOBE. ATHRL L > TEMTEZ> RBEEMERSED 555.9% <
BVETTHB. Ehe WAITBRALE > TROEEROUMBERTED T
L7 —BRTH B0 5. Fig.d. 10TRT & 5 12.55.9% TOMEORU RS & do
2HVT. TONAOLEROBRERD 52 LT 3.

RWIZ. BT BRAABEDLOIREXZBIZ0LERDBTF TRV,
Ub L. ABRTCUENOHEREERUTL 3R dERECEANSPNES 3 &
SRRARHETCER V. UkBoT. WATSRAZREOHRE U THIEY
RHBDEBJREUVRTAE RSBV, 12 BT LAZREFHORRERILL S &.
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REEED L TREL R AT L —BBARITCE US> TENOERE
KUBMhES 5. TOR. HLBTREL TV 3HBATRT L — 0555 b B 7 52
POEEEARIVEERLVANES SRS CRERLEMAED. BB
KONMRSEEOAMIMNESSE VWS X SUELSh B, E2 T WAH
BRBBHET ZOUMMOEMRANTRAOER LRSI X > KRBT 3
EIRET %, COROHBRE X 7vc &I L7—A o DBREFiIg.4.15ITR T,

 Figd.15B 5. b/deRAIAIY—EUT. EEOTL 7~ as T 5 MK
LRABRERORMEFRBEOhd /de WRAWL & VFHET X 3,

b

I-——cotae
d1 da

da_ 1+7bvc(ae) -5
FOHERELFiIgA18WIRT, Fig. . 160 R T ae W KEREZH50EMNRVB.
b/de=0.1~0.3DB AW ae=20"~45" DX EDWAITBRABBEI VI VK
VB3N 5,

—%. MBOENEFIgAITERT &S ae=20"~10"OM TR A X LT
ZNWKTBRABHEEROKMBEFRBEEELULRY, Lo T. RUTOE
NOZEWEZ VA B L ae=20'~25 HENBBRIL 7 —~AEZXSD 3.

4. 5. 2 ERHLOLK |

LEOHATE. BAOREODERB oL RHEHRLELERET > kB,
UTTREROHEEEEROWRITBRAZHET 3RRO L OHBERIT >,
0’Dea® [25IR ULloyd5[2615 W& &M (7Y —7 — M) OMEHREH AR
BB, @RITBABENT ZHEEFN. Table 4. 12H 6 BRBREIT
> RMEHRCH U THEOHEEMAL RERERT. (Lloyd DBowsl F v
ILBRHOTEY. 2B T L7 —ABYE0 T, RETIHE@MBRVOT
RETVRV) 2EL. Ho20AVRNERREENT 3B, Fig.l.180 k51
TR 1T > ko |

Table 4.1TiXhe/N QEBAEROOBWAT BRAABEZ VBV & EHK
T3, 0'Deads ODRBRERIZ L B &, Parent& Bowl DH/KITHIAAKED H BHhic
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HATEV. Zhid.Table 4.12FUzhe/hi DEEREL TV 3, —H. Lloyd
SORBRERLILET L. BwWl~IRVIREUTRRVEZEBRVELIHFERIE
Table 4. 1D R E —HT 5. BowBOHEEN R . BowSBBEL ELIRRER
Table L. 1OFEREE—HUR V. UDLU. BHoORRIFTHMEPTITbh R
&, Deck-planDMEBITENERHTRVREFAHROKELEGLRVADZL
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VIThE L. MEERBATERTEUTERVEAY. BREEE & OHNM
HERUNMEEBSAZVESSREMEBRFTENTOHUESBEI A RVESD
FBEZOLWTHE DT ZLENS B, |

1. 8 HEAEOHB |
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[BIBRUE2REOHDAMKSLAE U CRFETORREL OB ET>
Ro Eh. BFEREHALC. BEIL7—BLOWTEREF >k, TOH
RUT 0% %S R,
(1) 5% BEREOEAOHEKITSRAS ORI 2KEH SHLES ST
X 32 ERRU R |
(2) Dobrobol’skaya® HHEEHE L T, FREEHSELV PRI S &3 RECH
BEEORERD BT & HTE ke A
(3) ATWBEROBUEFEKFTRAL. TOHVORERFMULER. =
BMCd (2) TENRESRESBBE O EEHRET S L
(4) (2) THRLWRREOBARMELT. BEIL7—ARET ZERRIT
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UTWVAZEBRD 5k |
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ERRD L. |
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FRLTRURHEEC I VBERHETEZZEBS P oR.
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ERE—BMT BT EBAD o k.
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FRXERIACLHLY, BRI THRAEEWHRIVERERWEREBY
FURRODAREHUEUVUTEZEORERSKRBOERRLET,

AHRE. FEBRERFAERBMIBELIDO O ARBRAET 2R F & &
SRBECEZEITRIToRbOTTH. ARAZALBEANEIRELTORN
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Fig.4.1 The tetrahedral approximation of the bow

I Bow
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Fig.4.2 The relationship between three dimensional flow-field

and two dimensional one
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Fig.4.5 The flow region CABDC in the plane of Wagner's function

Fig.4.6 The image of fiow region CADBC in the w-plane
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Fig.4.10 The photograph of the free surface deformation

Fig.4.11 The photograph of the free surface at a transverse

section
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Fig.4.14 The triangular "approximation of the sectional profile
for the present method
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Fig.4.18 The triangular approximation of the sectional profile
for experimental results
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Fig.A-1.1 Coordinate system
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Table 3.1 The magnitude of coefficients in Eq. (3.1.22)

2
A 1 |2e 2 2y
L EW? | W, w g
e e
1.0 1.297 0.350 0.208
1.5 2.104 0.410 0.093
2 2 2
A o2 Fa Fa gfg oo
L w w We |W
e e e
1.0 2x107°3 0.004 0.003
4%x10 77 0.007 0.004
F we ) %F F
A 2,420 (1| _1o w212
L oy clw Wo 0w
e e e
1.0 0.002 0.529 0.408
0.002 0.758 0.360
Al | B wo )y
L 0 W w W g
e e e
0.270 0.065 0.038
| 0.195 0.086 0.055
A Wo
= —
e
0.592
0.640




Tabie 3.2 Principal dimensions of model ship

Length (m) 2.50
Breadth (m) 0.363
Draft (m) 0.136
Displacement (m?) 0.0705
Block coeff. 0.5716
le (ZLPP) 1.417
k /L 0.28
YY PP

Table 3.3 Experimental conditions

A/L |Fn=0.200 | Fp=0.275
1.0 O

1.1 O
1.2 O

1.4 O
1.6 O O




Table 4.1 IRelative: water levels for various bow shapes

O’ Dea et.al.

Bow No. | ao (deg.) hi/ he he/h¢

Parent 24 -0. 11 0.75
1 9 -0.81 | 0.868
2 36 0 0. 75

Lloyd et.  al.,

Bow No. ae (deg.) hi/ht he/h:
1 24 -0.21 0. 73
2 27 -0.19 0. 73
3 34 -0. 086 0. 74
4 39 0 0.75
S5 45 0. 09 0. 76
8 16 -0.43 0. 70
9 29 -0.11 | 0.74




