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Abstract

Nowadays, Fully coupled electromagnetothermoelastic multiphase composites (FC-EMTE-MCs)
are being used more and more widely in space planes (sensors), supersonic airplanes (gas turbines),
rockets, missiles, nuclear fusion reactor, power generation, petroleum and petrochemical industries as
well as submarines (smart skin systems) due to their capabilities to respond in an advantageous manner
to changing environment (e.g. When missile accelerated to the 1 mach, it will meet sound barrier, and
when missile accelerated to the (3)5 mach, it will meet heat barrier). However, relatively little works
have been made for the 3D crack (growth) problem because of the present limitations both practical
(computing time) and theoretical (accurate 3D formulations of dislocation shielding and image
force).These require us to provide with general precious and accurate theoretical method by use of
mathematics tools, and found efficiently numerical method. This work presents hypersingular integral
equation (HIE) method proposed by the author for modeling 3D crack (growth) under extended loads
through the intricate theoretical analysis and numerical simulations. The main contributions of the

dissertation are as follows:

1. The extended fundamental solutions of FC-EMTE-MCs in literatures are further studied by
tensor transfer method and elastic theory. The compact formula of extended fundamental solutions
(elastic displacement, electrical potential, magnetic potential and thermal potential) are obtained, which
can be used as extended Green’s functions in the crack problems analysis. Then, applying main part
method and extended boundary conditions, an arbitrary shaped 3D crack in FC-EMTE-MCs subjected
to the extended loads (mechanical loads, electrical loads, magnetic loads and thermal loads) are reduced
to solve a set of HIEs. The unknown functions are the extended displacement discontinuities (elastic
displacement discontinuities, electric potential discontinuities, magnetic potential discontinuities and
thermo flow potential discontinuities) of the crack surface. Also, the singularity of the extended
displacement discontinuities is analyzed. The analytical solutions of the extended singular stresses
(singular mechanical stresses, electric displacements, magnetic displacements and thermal stresses), the
extended SIFs (mechanical SIFs corresponding to the crack mode I, II and III, electric SIFs K, ,
magnetic SIFs K and thermal SIFs K, ). the extended strain energy factors(SEDFs) and the extended
energy release rate are given. In addition, the numerical method for rectangular 3D crack is proposed by
the body force method and some numerical solutions are calculated. For the special case, the results are
compared with those obtained in literatures. Finally, the numerical solutions of extended SIFs (SEDFs)

with varying the shape of crack are discussed.

2. Based on the above method, the arbitrary angle (stochastic) 3D cracks in FC-EMTE-MCs
subjected to the electro-magneto-thermo-elastic coupled loads are reduced to solve a set of HIEs
coupled with extended boundary conditions. The unknown functions are the extended displacement

discontinuities of the multiple cracks surface. Then, the analytical solutions of the extended singular

ii
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stresses, the extended SIFs, the extended SEDFs and the extended energy release rate are presented,
respectively. Also, the numerical method for multiple 3D cracks is proposed by the extended body force
method, and some numerical solutions are calculated under extended boundary condition to illustrate
the accuracy and efficiency of the method. Finally, the relationship between extended SIFs (SEDFs) and
the shape of flaw, the distance between two interface cracks, the properties of the materials and the

electro-magneto-elastic coupling effects is discussed.

3. FC-EMTE-MCs typically exhibit pronounced nonlinear response under sufficiently higher
electromagnetothermoelastic loading conditions. These extended loads are causing higher local
extended stresses than under corresponding static loads and may induce crack initiation, crack growth
and finally lead to fracture or failure of structures. Due to the importance of the reliability of these
structures, viscoplastic fracture and failure analysis have received considerable interest in the recent
decade. In this part, the general solutions of extended incremental displacement rate (creep viscoplastic
incremental displacement rate, electrical incremental potential rate, magnetic incremental potential rate
and thermal incremental potential rate) are obtained by time domain boundary element method. Then,
applying main part method and extended boundary conditions, a 3D crack growth problem subjected to
the extended incremental loads rate (incremental mechanical load rate, incremental electrical load rate,
incremental magnetic load rate and incremental thermal load rate) is reduced to solve a set of HIEs. The
unknown functions are the extended incremental displacement discontinuities gradient (incremental
creep viscoplastic displacement discontinuities gradient, incremental electrical potential gradient,
incremental magnetic potential gradient and incremental thermal potential gradient) of the crack surface.
Also, the singularity of the extended incremental displacement discontinuities gradient is analyzed. The
analytical solution of the extended incremental singular stresses gradient (incremental singular stress
gradient, incremental singular electric displacement gradient, incremental singular magnetic
displacement gradient and incremental singular thermal stress gradient) and extended incremental
J¢ integral near the crack front are given. In addition, the numerical method of the HIE for a 3D crack
subjected to extended incremental loads rate is proposed and some numerical solutions are calculated.
For the special case, the results are compared with those obtained in literature. Finally, the results show
that the present method yields smooth variations of extended crack incremental opening displacements

(CIOD) along the crack front accurately.

4. The extended fundamental solutions of fully coupled electromagnetoelastic (anisotropic)
multiphase composites in literatures are further studied by tensor transfer method and elastic theory.
The compact formula of extended fundamental solution (elastic displacement, electrical potential and
magnetic potential) is obtained. Then, applying main part method and extended boundary conditions, a
3D crack perpendicular to the interface of anisotropic electromagnetoelastic multiphase composites
subjected to the extended loads (mechanical loads, electrical loads and magnetic loads) are reduced to
solve a set of HIEs. The unknown functions are the extended displacement discontinuities (elastic

displacement discontinuities, electric potential discontinuities, and magnetic potential discontinuities) of

il
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the crack surface. Also, the singularity of the extended displacement discontinuities is analyzed. The
analytical solutions of the extended singular stresses (singular mechanical stresses, singular electric
displacements and singular magnetic displacements), the extended SIFs (mechanical SIFs
corresponding to the crack mode I, II and III, electric SIF K, and magnetic SIF K, ), the extended
SEDFs and the extended strain release rate are carried out. In addition, a numerical method for
rectangular 3D crack is proposed by the body force method and some numerical solutions are calculated.
For the special case, the results are compared with those obtained in literature. Finally, the numerical

solutions of extended SIFs with varying the shape of crack are discussed.

Key words: Fully coupled electromagnetothermalelastic multiphase composites, Three-dimensional

crack, Hypersingular integral equation method, Stress intensity factor, Strain energy intensity factor.
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1.1 ARBHMEENX

W2 T3 2 AR A IS ARL RN 45 K W 2R 00 5 RS0 R AR IR ) 228k, INIE S5 a TARSOER &
AIVEFED L, AHEIEAED T &R IR T AT 2 W SRR AR, @ =
FEL 50 FEATTEAIN[1-6]. WrZd 124 Griffith(bs FLIENT) . Inglis(Bks LN ITE], 4 Irwin(FX
3C). Orowan( ¥ % J7 )55 K JE T il 50 B 1A 2 B PE 4 00 2 AR . 7638 44 [ 4K ) 2% K Rice(ifi
W) Orowan(¥ %' J7). Hutchinson(M3 4K #%) Sih(B# £ SR, #EEMEWR ) 22 W& T K
o WD) 5 W R BAH 255 T T W O T 2 D) %, RO S 20 R R IR F R

BUEIR 3 20 2 T 1R A A A RS R ) — T IRESE R 2 B, B AR 5 P DRSS (HUBR. oK
U ioR. &, oo M TR B GRR . B8R, s 7. et e EWRREE)
AT (B8 B 0T JEE. BERIEE) I AR TS, BRSOk e, BB, -
A BB AR EAE ER RSB S U s DIAR G, ) [ 20 5 A e A1 57 8l e B v ™ A T K5
M) o

MR SR b 28 R A AR 124 107 T T WK ) 22 B BE (T 24 0 24 RN oM T 284 24 B
Br(Wrdmy sty . 22 W ) 2 B IR 2 DU SE BOR A I S A BdE H s, JF4EH T LA
PIPEER A oL P BRME IR 2R BINZWER I, AR A —ROW BRI s AR AR AT A
KRR WBES A TR, (AR SR e AN B MO 2546 s ReAE BB IR Bt ) ik 5 b
JR AT A RGBT R bR o EERFEI S I B T 40 SRR )2 RS —17]
MATERE O D) 2 A Bl B 80 AR, JRIBRM A K . T SR IE a8 W AR
TE. BRI SIS R IRIEIE AT AR s DRI AR OC ZAT kSR 2 - 40 - 10w
FEE G IR, RITEAORSS R 0 A AR IR 2 DRSS s A4 RIS IR B 0 A B T Tl 1 0 27
FRFR[7, 8]

Rk TR, BEEFTEORIE R, MBI T G Ref, TR R 2R A
AT BB TR P55 2 IRE R M R . IR e T, Rl RloR RS R AN [
AIREZRSZ AN AT 4 (D) L. 3 WS . 5. () o SEG e itk 2
G /B EM B DA A REAR UF IR0 A2 SE PR T 2, DRI ZEHIE — /M B 280 QI b, Rty
O BEESARM B CIiR DA h AL 3 R 8, BORARE AT HORe I, T e il
JE btk . RS BRI WIRE . BUL PRI S RS2 6 )1 o MEERIRIEMEL (TBC s) [9-11]
FE— B FERE T DA A LA EZEsk, R TBCs MBI R U 7 B SR 42 8 18 45 4007 45 5 it EAIK
MR )y, IR T BOX RARHEE 25 57 AR R RGO 7 [ s R [12-15].

7E_LAE 80 “EAXK, Niino M1 Maeda[16]7E 70 # TBCs A/ RFER fURIIN i, 51N T DIRERR AL
kL (FGMs) #t&. Dhfesh AR BT & m e fe e, MR/S&BEa4HE, eri- IRt 2
TEHEAN MR R AL o X AT FGMs MRS HURF P B0 70 284S A 832 2 A8 A B A0 AN [ 14 X
AR . FGMs ARHE AT IR il A JE TR MR PR TR I, 38 B my i BE RIS o R )23/ S IR )22
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BA MG, MRS JHIR N 286 s AR 2 I nl DUHIE FGMs MK 3 H )
FRAHE: FBHRHHIAR[17, 18]. ARG 4 P/M) HiR[19]. AL2HPIRTE(CVD)[20].  H £ 4E F il
TR BAR(SHS)[21, 22]. WoOtRAHIAR[23]. BBV T REEREEATRL H 24 1 R
WP ATRL, BEAE R R RE, TS RERR LA B N ] T e ek Hepgds[24] (fbi ) Hy
fFy ORBIRE R A AT . SRR RGN A o A [25-33] (BEH . s
RVERRLERD 5 S AR [34] CESMALERE) + ZUB M BIIER 2 [35]; s by TR
[36]: AEMBEAEMIRI3T7-39]. R T REAR BEARLI N 7S ) 2 BRI, AR AR S br i FH i A
AR 2 TAFEA, X SR AN B2 JE 3 Dy R AR BEA L 2%, 1T HZE R ARAT 1R ) 27 ATk
FUTHIAT Cln 20 LB R A T, JUARAT IR 38 FH R el AR 25 4] P 45 £ 25 R R T
WIBL . — AR LR SRR 5 R BT 8 i) . A MRS R N E G R AR TR EOR ) A I
o REIATIRE, WHEHR IS 2 T Az T ih, gk 2 in), R8s, KN %
ML, HEBEANEHBIAN) o X HIUER, V275 10R ) BNB AR ) VA 5
ZALLHE S Ty 0 AR 7 (R BRAR 23 B FIECE AR TAE T, R RGU = ARy e IR B 2 T IR
AN B FE[40-45].

M Brewster. Curie Y55 . Vaslek, #| Davis. Vandenboomagaard. Tinkham. Aboudi[46-
49]. Zheng F1 Zhou[50-57]. He[58]. Gao[59, 60]. Fang[61-79]. Wang[80-85]. Yang[7, 8]
Li[86-91]. Sih [92-111]. Jiang[33]. Wu[112, 113]; H-Hi-F-FaREG )@ HAZ BIx 2 248 K
e Tk, BEIKEARIIRRE, MRS TBOANKE S, SR EHREW Ha i, #
HL SRR S AR E R 2% . HES Tl RPL. KT SS90, B RNHE. Atk T R ER KRS
BUEE T Z N o TAERREE ARG - H- - R S 1 S 2 (G WL R ) R B 22k
R R P o BRI CARRRES CAngS M e a2 1 Sk, SsRb3) b, i m sl 53) %
RIS, SRR HREED AR B AL P A N e, METT AR R, HEUARWT R,
I 2 BUAE K RPN o (R I R 0 34 R AR E M BESRAR AR 7 o DRI R A RE 5 R AR
IR B W28 07 25 o) BRI AIE SO R e TR N FH v AT S S, AR D) 2 A R e s )
W7 102 —[4]0 TG AIRE 5 AR A 0 T (1 I 0 1 52 380 R B 22 1) 27 35 1Y) D2 [46, 59, 60,
114, 115].

H3E TR AT SR T ) BN (e RA<y JE>HERY)  Hr (A N PEAR) S 2 H
PVERA (R 2%) LR A, AERG LSRR AR = RS T, U AR I = e 8
JEJTI, WD o ot 2 WL EESRBATT N e TR — bl S R L HERf PR AT 52
P T BRI, 23 AR R R i R CRE IS« R R LIy T B )5 3

ASCH B MARL: 5t WHEECE . s S SEE RI CR E A BE , K
FICLBE IR 20 A A it DABUE R TR MW SUIE B, S % A ARl S A LT 3R ) 2247 o B
WRER: 0 =4 ), NATEA R Ik, BT R ) AAT  i BE A
7 HARZARANIIL, 22 SR R RGN D fe e, | ey ) (4
) Wy )T N ARRESR L A M) SCREE R BCR AR AT IR I, HES T SON T SR A S
AR RS R AU V50 W T FORTRAN 55, MBI 4wl AT, s 8 & 844 n) i
BEATVGE, A3 2RRGy T SON T s B 1 AN SONAR RE SRS DR TR G R, DLACEATTRER B
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MRA SRR R G AL, AR AT T AR I, 73 A SRR GO RT3
RN o 5 2343 B L AR R S AR SRR S (T ) Il R R By S AR ) T RE i, P R AR
A S AR BB AE L S AR 2 ) A i N HT

1.2 ERSMRER

ATGHT 314 45, A IS 27 500 B T R A0 A A PR 5 4R b AR B T A e T s
ALY (RN ) s 1824 AR I3 A% 22 B 27 58 Brewster(Ai i WTRF) B R IN T #A LR IR 4
(pyroelectricity) ; 19 HZUK, SeE Y32 K IR EF(1878)F1 Voight(1897)%f A L F IR AT
TS

1880 41V [EI My B 25 58 Bz B3 R i HL 55 BFREAE v AR 20 HLAE AT 5 A FEL I Rt A0 o ek )
%, 16 a A5 i b ek T RN, RIPEJE 28 G A (R Re 8 7 1) D0 Hs g, AT — 285
IR T b ) e B SR AR A Ay, R A A P ERAE ) R/ BRG], TR SRR R B s H
RUN. 1881 4F, G.Lippma MK #4427 J BE A FC e <3 T A F A <3 0E i AR TS 7 300 s v 4 b B
CHLEUNGE N AR, R AR S B AR BRI N, AR e AR N g T A AR R AR AR
o [FAFE, P.JaHAN I B0 o FRI U S8 T He B i AR /e AN s /R T 2 IR AR s [ 116,
117].

1916 “FBHZ J5 F A0 0% db AU K R R SR FIFR ST IR e R 8 I FH B3 v U S 9 IS
1921 EAFH D A7 il g #5 FH U8 As ,  TFA T Fs H it A4 70 00 2 4 ol A0 8 TR/ T A . o 1935-
1938 4F, JRK[#" G.Busch Fl1 P.Schemer Affiil H 7K 1 e HE i A IR — &8 (KHLPOy, THFK KDP)
FBER — A (W8 ADP), 7E TP HERMR] T2, XM B R R TR K
HESI1EH -

JLILHITEA B.M.IE 90 22 AR R ) 2 RO FRPE BRI TS, A8 A e e IOREPE LA, W RE
AAAEREHIN, . 1960 4F T HLBTrRE 2/ di G A S 6 HpOM 8 21 S R CrryO 548 1) HL BB HL 2K
Mo 1961 4F G.THZHM V.IAME W] CroOs B IR HEEHE P ALY o 4l JE T i B A ik
JEVL LI, CryOs ity % S Bl P2 2 g Wi ' i, Bl PN B 2 TH % R FEARLAE I T R
HR S BRI LA U F 3, AL AR R R P HL A LA R i) e A A ) e B A S BRI
PR T SN R e SERR T, RS B b A S A £ S | B WA T
(LB, LRSS I N I8 07 R A e (FBEUE 7). RIS iS00 57 ) AU
BL, BRI TR N AT T onas P E BRI AR R 20 THED 60 SEAUSE, WOBRIZLAMY
AR AR AR E T FA RN A N T TS, F o MUR e T Puf Bl

Davis(1974). Vandenboomagaard, et al., (1976)F1 Tinkham (1974)%5%%3[118-123 ] - R Fetif
FUH HL/ i 708 Aboudi(2001)+ Gao, et al.,(2003)%52% #[46, 59, 60, 114, 11515 HL AAGRL A 14
BHOIERIEBAGHATHEI AR X Maxwell FrGIa6 i) dL i s ) 27 JEAC B 1K — N OB K e,
Zhen M Zhou FES7. T X FBEA BHEE R ARG ) 22 AT AW s BE RO BB AE Y, 2 P08 B 465 e iU
BRI LMY S IR (W ) 22365050, 517, 1 HiGAT 2 R & AR Ze AR G 2R [52, 53], il
TN GRS B EERIAT Ay 2ty T ARG (0 g BTN [54, 55], 7E#8 FATFTTT1H, Zhou 5% - FL M-
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PRE A 1E T GBI BRI S 465 S (R TN [S6, 57] ¢ Pan[124-139]0) s RS A B4 RL 5 284 bk
PRI AT T A il RGURANINEGL; Yang[7, 810 ) A R B MOMLINT 2 0 27 64T T 541 U
WEST; Li[86-O1] A il A% A1 B Xt Bk fL 4 RE A4 KL g ML SR B B AT TR AT, ANl A% )2 1T 3 e 1
Eshelly 7K & vH5 7 0 T SO BERM BB 27 il T SO 21 T 2R o Sih [92-95] 55 - $2 i
ARSI T B, IFIX S Y B RE A GRRE S AR R E T s, T VR HATOT
QITERSCR[96-111]0 Jiang[33]. Wul112, 113]5557 2t MA [R5 Tt i L ARG & A4 R ST
TSR TR B RRR S AR I B2 B E N AMRZ B I 2 RE . BLEIX SRR
N VTR GHORE S MR AR ) BT U B T AT BRI LA

1.218RhH%E

1 5% 0 B g BIE UL B8 v 8 1) 30 R 00 J7 RR T 46 A e R 1K), Az 38 il A 4 2 40 i |
JE TG B FR ), AR Mo wORE, WSRO R, gt B
I 14R3# /& Laplace /7 FEBY Poisson /7 #2. Kellogg J& R4 J7 FE 7 V2K fift Laplace [n) @1 569K

AL SRSy 73T LAIE 3 31 1903 4F Fredholm [ T.4F, Fredholm (1903)75 HH 34 [n] £ (1) £ 4>
AR Kellogg (1929). Muskhelishvili  (1953) . Kupradze(1966) & 5 ] 3 #ft 1 ) 41 o
Ritz(1909) & A7 FRITi%; 1926 4F Trefftz #& tH i STz b i . B vFSALEOR PRk
TRy I RT3 A A — Beii A g 2 R S b Tz N o 307 T AIPE R AR 7E 20 tHed 60
FEAR T Jaswon[140], Symin[141], Hess Al Smith[142], Massonnet[ 1431554 Hif¥); Jaswon(1963).
Seem(1963) W H (8] 212 S TCVE VS T AL nl s LAJS 320 S TCVEAE AT 3 (¥ 3 FH H a2 AT
B BRI FRE T, 1967 4F Rizzo [144]N ] L otk 5 7 ek a8 1969 4
Cruse [ 14517512 57015 3 FH 31 = 4E 3 o)

1971 4 Cruse. Buren[146]8 54514 S5 T AN H T8 %7, SR 2 31 IX 3802 4L
0] LAY kg — M PR T2 A o) R AT A B, AT 38 B 1 0 R TGV AR e T 2R ) I 8 3] ) AN o
Banerjee . Butterfield . Brebbia. Dominguez(1977) %5 #¢ i T i1 A ok & BAL B i85 1978 4F
C.A.brebbia ¥ X IFE LA ICHEEE: 1986 4F Ghosh ZE[ 147140 4 st ] UL A g8 27 S 00 e
WA RISy 1994 4F Lei[148, 14970 — 4 a1t Reissem BEE T3 JH0 i SR 4 R

PR, AF AR PR R A RGN, 1965 FFI 15015 P 5E ), &
VIR N IL IR Trids R R TEREFEAW 5E 385 o — AN e R R o AR5 NI, BT
EEP L AR EoUE. M. BRI, EEE. B OEEL AW, EAMR. ik
Do ok UG, FRRAZ . Bl SReills ZRREAEAR D A SOk 2195 A 1wt
FUAE, AR R AT RRUNTHRRS LB, KR VFEZ U5 B Gauss B AL WIELL
WIREEEA, Green MAGE. ArAETR. XHRIAFBUNE. RARSE L. A8 —Ofii(Hikes. @l =
TZENRRE, EBAARI5, AF OGN S AR S A, B A, AR ) A
AR B 238 i) A5 A0 o

1971 £ J.L.Swedlow I T.A.Cruse[ 151 85 F- 0198 T ARkt ik, $el 7 & A 8w AR
AR T Somigliana 18 25 204k ) TR, (HEAT 45 H W EBNY 1) Rk SRS, 1973 4E
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P.C.Ricardella [152] T§iR%5 H T 439 1 i /s 5 0322 IR B0 45 S % 38 P T X1 98 1P 1 AR T
SrIERIR R [F4E, Mendelson[15310 18 T SIS [ AR 23 2, g5 T NN ) ik
3, (HIEPE N AR AR AR Y . 5K Mukherjee A1 Kumar[154, 1551355424 1E T [153]3C#k 4
[F%5i%. 1977 4F Chaudonneret B AT SR IC I HEE N THRBIE 4, 45 B AWIN ) B
PIRL5r Ji#E, {2 Mukherjee #I Chaudonneret 25 P s N ) (AR 73 Rk A IE# . 1978 4F
Bui[ 15614 1 k& T AR L PE IR 4> S B IE M AL B 7570, UEBH T 55k A S It (i A7 7E
H IR T ARZ N ) ARy ik . 4Rk TAELLS, Mukherjee 1 Kumar[157]588% T 5 I [A]
FHOE AR LM AR AZ /2 M o 1979 4F Telles Al Brebbia[ 1584521 1 = 4 f — 4 5 53 M i J850 1) ¢ 4K
HFTCA . 1980 4 Telles F1 Brebbia[159, 160153l #3812 ST w1 AR R Y. g 1B
2 IHE G A 1)L SR TR N BR800, SRR T BRI S e ) @, B 45 R R T 15t
JEIEM T PR ICHE BT 5 M W )7 . [A)4F Morjaria 1 Mukherjee[ 161738 3343 F £k 32 5L e Fl
Euler U [AIFA 53 J5 Gl T (1S 7] EAE 75 i, FEAEL162] A B P 11 171 i i 1) 5 A A 0 00 A
(AL I A0 A o M T8RS IR A G T . 1982 4 Telles A1 Brebbia[ 163K Perzyna
BHRG AN S AR T BRI 25 K ) Buler IFTRIBLAN 5%, SEOL T fede—HhbAT 9000k, iR
HUKGHAE BT R B I I A0k . 1979 4F Banerjee %[ 164118 H % {812 A i CAIT P 55 5000 S 4] Y
JIEE, RS T = Es B ) ST EUE 73T, Banerjee SE[1651i I A H —IR%F 2 0
FUAEIRTG, IRAGARARAS I, SNTHIRY ) FOHII Y AR FEAT AN S IE REARSK AR, KRS T = 4E o
PERURG B PE 2 S0 o0 BT (RORS BE RIS e o b S0 00 A3 38 P 9 (R i BRASJR) FR T32 AR 40 O 7%
RIS, B BT PR — I AR ) 5 ) — /N 43 [166] -

B LA, WHOURBEM) S RIGEFEM)MLL, BAHHEHES R . AR TR
L RG] BN 2L S W 2R (LEFM) A fr) SR A o (EL R 3 2800 S S I 7 35 ) 7
AT RGP — AR W R T N H B AR FRIFTERUA R BL

122 BERROHE

X TR ), TR A AR R L SR TR G RR O WL ARGy TR i e
(07, H LR 32 SRR G3 O R T LLSRA A SR A AR Bk B B . i R SR I AR, —
ANIBSE I T AL AR EOCR FH, X E TR R ZE . TR & B o HU 1
Gy JiRE, AR RES I AR5 D7 R AT AR A A W, 515 Hadamard EA{E B4R 5 1)
ML

1910-1923 4F Hadamard[167, 16814 bt 3= {8 4 77 5 AR 73 U7 #4100 2 22 (R AR 23 J7 RE R A
Hadamard #7810 i fE (RGBT S8R 4> J7R2) 5 Fazil Erdogan[3, 169-174]— HEF & K 1%
DTVELERI 127 TR N s 1982 4F Toakimidis[175, 176] 8 Y3 Hadamard (#8775 A 70 v 31 2%
PAPEWT ) b, S S ) U A T AT B AR e G0 W A7 e AR R, IR
Kutt 15 BR B/ AL TEUE AL 1985 4F Sohn 5 Hong[ 17718 FHAL A% 18] Wi 23 A 22678 R ToBR
W T BRGSO, JREEL T AN BV . 1990 4F Tang 5 Qin[178-1801 R %t 157
AT FIIE 5T T 88 77 S AR O A8 = 4R X SR R IR 2 e b i N, 3R A n R SR AR B e
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Qin[181-186]HE X — B AW 52 3%, I FH 3 =4 5 & AR 2L 0] B K 20 B [187-190]; Hog 2%
FAMANERE S [ =F R e T % J774[148, 149, 191, 192].

FETT R R SR IC g A R WS T 2 ) 2 ) B — R AR T RO s, dA T
VR LA BRSO BE 45 S0 o DR oK S i) R0 45 0 SR i — B 27 e AR 5 R4, dHTH =
PEALFE, B4k o R vE 5 REAL, AR IR T B SR A Ok R vk W 24 )y 2 ) B — b R 4R
[179].

1.2.3 HiAEIB S MR R AL

It 4 &+ 4 /8 Davis[121, 122] . Vandenboomgaard[118, 120] . Tinkham[123] Al
Vanderhoeven[ 119155 %% 4 I FL b AT T 1 s AP R BT T ORI 9T o DRI HLAT V22 R R P o (e i
JEAREE S W IR 5D, DDA N I BIMUR S8 . B kL KEr . S RN HE A
BORANPLEER Z A . 3 =k, BEAE I TAIHRIE SR K, wE i AR & AR
L H &) 2

RSB TAERREE T, th 52 2wyl s (04 F A B A RS 5 4 R T R A T 28 1 s AR
ARAS, 045 K PR T3 R0 3ok R op SOAN v 3 S PR 3 i A7 A R 2R B B (LAY 32D, i
L6 SR A FA R R P G AR T ) FL AR 9 i DA A H 0k 3 550D TR 2R 2 45 g ) A1 2 280 ) o S i
o JF H TAEMREER M RGeS A2 R BB T m i 2k, 25200 T
VEIRES, EAPRIEBRBE AL ™ A N B, HET AR R, REAWTY R, mA FEEH RN
IR o RIS 25 R TR R RGP P P R AR ™ 4

AELZ Fh T 1) ) 5 %k B ) 2 R LR TR, o Pl BRI 5 A B IR B 9T 22 R T AR
RSN, W RRIRR IR 7 TH A BB 45 FAR D, HLK 22 B0 0 AL B X1 18I e 1) s DRIt i
TR A DR 5 BRI BRI 9, G = S ) 1 BT 9, RN SR AE )R Ry 2
F AT V) T LMD . 7 R S T, Tian [193]45 T 5 SH-FATRE00 )
SNy FE R -5 A Sih [100, 107, 108] 15T T BaTiOs—CoFe,Oy # R4 #; Feng [194]
W50 T G RS Li [195] 5 Soh [196] 4347 T =L FHZL ;- Zhou [197143H7 T XA I
LR Hu [198] BFFE TSGR M, Wang [199] 5 Liu [114] 7087 7 5P R TH 2L
78 ; Chue [200]73#7 T BaTiOs—CoFe,04 # K FHIHIZLLUIN & ; Jiang [131] BFFT T W5 REL A
;. Zhao[201]73 471 TR0 . 7R D Redh BEA REJ7 1T : Maheendra[202]8F 5T 1 ¥4 J2 Al i
455 AR LR L Prabhakar[203] REEWEIT T FHHRLLUR B Zhao[ 20413 H 77 57 A3 43 J5 A0 5T
9 57 FIT 2] JL; - Carl[205]0 R4 1N, ) 37 S W RS AT T VFAE ;- Serkan[206]%] i R 1
fis (9] @UEAT T WEST; Chan [207-209] 18 FH 8 75 53 M 5 23 7 FEBIEFT T A7 AL N AR A6 200 1 D 284 )
s AR R AR S AR — RGO TR IE IR /D [210, 2117

13ARXFETE

WRAE LA B grid, ASCC T i JLI5 g A
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L 7EC A SCERTORER -, SR EAR e, 2P, S, LRRCFIE T i i Al &6 k)
T AL RS BEAAR T A T A AR S O AR D b AT IR AR AR SR =) X
FEAAR W ARIE L, N A7 A T B 7 V000 M il P AR IR B PR = T 2 ) 27 ) [ B
SEml; SIANRGUT AL R A W&, A Somigliana A3, A ICVER EH o #E, Wit —
RYNEAHBCFHET PR B AR S WDRE = 2 PR 2 2 0] U A Ry SRAR — DLZR S0 ) SUAL RS 18] e
ohy R G R B R 7T e AR R AL I s A R R AR TR B AT, R T R AT AR
Y TTRER AR IERS, A0 A% M R RGO I S HTVR 2 40T, SR T REnfi kst s 16
UEBER b, AT A vk, RERAS 3) T 7 AR ST e R T SRR RN )8, IR LT
J7SCN R BER L T SO AR e R BE DR AT SCRE SRR s T SCAL RS [ W7 B A R SRR
&, NHE T AR A eHUE ik R R B, N A R R
U, ¥R S 77 e AR o Ty FR A A AREO R AL, IR o B &2 5 e AR 4y
VET R UTARE, Sy HAES THAE T, gt 7 HARTES . RN 45 7 0 R T SO % (0] T
A BR HOME & R R ST T SO g i B TR R SO AR B B DR BB X, AN T S8 2 e a7
TR RS TR T O T IR VA A SRR I, AR SUHE T BRI, BT
FORTRAN % HIFEF (7000 2455 , XF AL ) AT 7 BUE TS, WE9T 1) SON ) 9 B R~ f
T SRAR R B DN B R SR EOB IR S BRI . X8 WA AEA S 28 — Frh v

2. AR I AT A B0 I v AR AR S AR = R ARG T T, N B AR AR RN R R AR
RN, f i v FAERRE B A R = o [ e 0 SO R B AR AT 1 R BRI AR e, 45 3 DA%
ARG E A AR FR T RIS G T AT SR AR 4 R T b N F 11 T i ) SRR AR il ik s Ak
KXo EY G AR TR IR b, Sl RAVBIBCAES, /158 T &
MEBRPAT =4 2 G008 =42 WA S AT e 0 TR . TRl B, e A = 4B iR
W, R YA SR I BT i, XL L B L  SR L T U ) SN A
oo T XN 54T T 0, T 2 3RERE ) SO S s EE D L )T SOWAR fe i R A
TR R ER R . PR R BB A SRR TR S T AT, WME T M
FORTRAN Fi/7 (7000 4x4%) , BT T HAZMEVAE, 13 2 i PRl & AR 2R bt — I 2]
FLI: g 5 DKL A0 SN AR fie it B2 DXL 1 BE A R 2 B0 S RGOV AR S AR A, 23 Afr T 2R 4]
(DM A BAEHT o X B> WA AEA SO =R g it

3. AMIHS B S (R B v PR 5 PR S = AR LR B ik, AESIN T N Ay
SR MR RN SURLH [ Wy A A M A RE il b, S e S g B8 — il A ol 4 gy T R AN I
LA AR LA E R M Dy s AL B, A4S SR T LA Dy AR Ty A Dy S B, XA st vl LA
IR = 20 P FA R 5 AR L P () R A AR A DAy 5 8 AP T (10 AR PR O SIR g = 4 98 17 [
Y R Ja ISRy TR ik, Rt H ARG 5 A Rl = A 0™ o i) L A DA SR At 2L I Bk
AT R T RE L, A3 SOV B g AR S, @ ST TRy BRI A
SR I RE P B B ) 2R B0 0 AT T B AR R, Dz i R AR AR Tk, S
T M) FORTRAN F2/7 (9000 4345) » #EHAT T H M. @Oy Bi ik Ha ke
AAERAATHEL Uk T AR IR SRR L . X B W ARAEA SR b 2a
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4. FERA BTAEEEGE b, ik A R FRR A SUDRE — 4 2 ) ) R A AR AT A B L LR
S UE LA b, 192 T 3E A T & AUy R ik A 6 5 S e BRSO AR bR R AR
filt () R RIA S HEF T RER FRRR A XU R S 1T 2 A A R R ) R s A R
=Yl AL B AT R TR RN SRS A BB A R 1 b
Jitk, YRGS ) mr iR R T SRR AT T b . e ST SRR
J7SON s B R ) SN AR e i B DR RN SCRE SRR o A%y R A ST RE SR AR TV
45 T TR FORTRAN 27 (7000 24%) , #HAT T HZIMEME . il a8 ikt 5 45
MU RUATICE, B0 T AEE 7 ik 0 aT SEdE FIMER P . #3280 17 SOy 5 J8 B 7 R
I AR fie o P DR 7 B AR S B R b BRI . X A TE AR SCEE b 4G .

ARICRA ETTAE, KRl AR S ADRE = 4 W72 ) 27 ) JBER 77 S AR 4y 7 R T I S — A
HERERUR RS, B UK B AT S B a0 T R T VA TN B F R A M R = 4R R ) 2E e,
AR T Z BB TE DR BR B S A A R = YR 2 ) 2 U b g S, B B AN AN
FHRT S 10601 B A ST J X U T R AR BB 2 2% A {1
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F T HEAEBES MR =Y BR8]

215|87

M AT B 7R (1824) 51 N #i s M $2 9k, Curie S0 2 (1880) & HIL K HL &% ., F Davis
Vandenboomagaard . Tinkham[118-123] 4% 2% 3% %f & HL/ F i 0] @AM 53¢ . % Tiersten. Taylor
Rosen. Crawly. Yang . Huang. Li. Pan. Qin. Fang[74, 138, 212-228]%] filf s H v i (I HIF 5% o
B3] Lius Tan. Aboudi. Gao. Zheng. Zhou . Chen. Ding[46, 50-55, 114, 115, 229, 230]%] %
HL AR ] AT o PR ISR 5 T R — B2 B AR 2 2 (R RV o

AR RALOR, kAR AR IR L I R TR ] T AR AR 2 IR . 1990 4
Ja, B ATRE S RHERTE U CREHL) « KEF o MTITERE CRYRESE) « K
REHEL AL T R R B R S L AF AU ) N T B A TR ] B2 (R
I TARPREE, SRR AR RS E PEESRARH 4% S 2 [ A b3 I\ 21 v FAGHRS 5 44
FHET RS BRI R BT FE ok, B T — 2B TSR . 2000 SELUG, X FEISE LG, BEAE
AT KR MW TRRR AR - Tk AR 5 A LSO 5 W ) 2 BT O B2 5
P MR AR — o BEBEDITTIIRA, 2004 SELK, R AORE ST B R B A i
BULHTSE A5, RREEAT —SE A BB R

B 3 R 10 SRR 2Rt i Hl AR T 28 A I A T TR AT e P AR S AR )
PEBTITIHI[S0, 51, 54-57, 214, 231-237 15480 T V25T AH T Il R 52 % 1k I 0 2 Ry E A
FERI IR AE, X6 TG A ARG S BDRE I 70 R 22 BR T JEA R 73 A, BT RPN IR 7 1 1) 2 {1 &5
AR A, LK 22 B SR A1 AT 6ok 1 T ) A o DR I KT R P B SER £ A L DT 4 R ) A
GO, JCHIE ZYE A R ) R RIETE, s R FR AR KW R ) 2 2 T, 38 ) 75 B AR R ) [a)
AR A AT e T SRS 018 N L DR B A R 2 A NN 7 2 N AN £ AN & SN S AN
ML G ARGRI G L AR 5 ) o AR X SO BT R 5 IR ) T S BIAR 0 R A RE
AL BT 284 5 B R i) 0 PR F A A T S ()N S R ) R O AT AR L S
A FF MR RS FEE 2. Podil’chuk[238-243] X J& G & #RLEAT T 5T Sih.
Tian. Feng. Hu. Li[100, 107, 108, 193, 194, 244-2511%H 4 [k AR A #F R EAT THF9T: Liu. Pan.
Tian. Wang. Zhou. Chou[114, 131, 193, 196, 197, 199, 200, 252-254 %} i [ FEL R A5 XA RHSEAT T
9%, Gao. Pan. Qin. Ueda. Cheng[59, 60, 138, 217, 234, 255-258]%} i o B fil & A4 Bk AT T
WL FFImCE M) W sy 78 i, —SSRgun A 20 T o, SRS
Huang %5[259-263 6 I 24 SO RIS 24T T 9T, Zhou %5[197, 234, 2551%F JL 2k S BSR4 FR
SPATRGUAT TFSE . Jiang[32, 33]WFF0 T F HLUBAL H 5 7 St IHI 4 S0k 12 5 2418 B Y- THT 1)
B FE=YEJ7 T, WIS R D, Ding. Cheng. Pan[138, 214, 215, 229, 230145 th 1 G Ha FABH RN
B MR R RS BHE) Green B4
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FEARTESR, HAAMM) AR EEA AL Ttk L SCRLAR 18] W by RS ek e, K pll- -
SRR 1 DN Wk A AR SRR BRSSPl Ay S A R AL .
iy, A E M, ot TRSGHT SR TEN )3 ) XN 3 TR A, 1380 T RS0y
7N Ty S I A 2k 5, T T XON s B T ON AR g g DR R SCRE BRI
o WRJE, MHAREBS B, X7 R0y FRAL AT A B, 1380 T ) SON ) i R TN
T SONAR R E R I EE A, )5, g FORTRAN LHIFRT (7000 R4 , it
XYV SR BTV, A58 17 SNy 5 B DR A SCOMAR g 98 B I 1 B A 2 40RT
REUPARZAL AT, 2 i SREGR) U W7 2R 1 HE U o

2.2 BRI P
22.1 EAXFIE

T FEL AR A A Rl 5 R AT R M [46, 211

zu,i+fj =0 (2-1)

N TSRS Ty, AT S ] B A5 cn B RE . Wdg ], KRS PR
EEE1~6, NEFREOBUEEE A 1~3; FARHR 7 R XA R AR AR SR A 7)o I
@D RS YRR R, RS AT E U

PIVET I )

X Q-1 FrFg f oA URBU), HRARZR R AR & SOh
f, J=j=123

~f, J=4
L=l s 2-3)
—/fs J=6

AR TUE ey p SAIE7/EL Wi E S BTN R

Z v =Emly (2-4)

Hoit (2-4) S B, JorB B R AR, ARG R TR

10



A A K 2 220 18 S o T g P PAREORR £ B — ¢ LS

Copy -, 0
Qm:[éf 0 _ﬂ} (2-5)
iJ

R (2-5) PR s TL AR | XL REA SR8, HIUARIER 50

Ci J,K=12,3
€ J=12,3,K=4
e, J=4,K=12,3
o= d, J=123;,K=5 2:6)
el d,, J=5K=12,3
-g, J=4K=50r=5K=4
- €, J,K=4
-1, J,K=5

v, J=1,2,3K=6

g

M,=l¢c, J=4K=6 2-7)
n, J=5K=6

W (2-4) W55 Z, Fon) XA FERE, L RARRIEA,
ZKIZ[UK,I ‘9,/]T (2-8)

Horps (2-8) iP5 U Row) Ak, HHEAARRIEA N

u, K=k=123
K=4
Uy = ? (2-9)
Q K=5
9 K=6

X Q2-1D) ~ (2-9) FIH GRS LA ILRTRIE U B PN AR RS 2 AR SC 32 B4 5 3 v it
BECHR[211, 264, 2651 R

22208\ HiE

BB G SRS S AR R A S AR RTRARE  RGL S, B[ E A ARAR R CREARARAR
) x,(i=1,2,3) RGALT xx, VN, JFHRLOMS x, AAFrghaEE . T oASNLF, QA
BRE A POREIT B 2R ] X8R, ST R RGCRIA S, N R OGERT E 2X¥ Somigliana
TEAE, REUAHE p i) U TR R

U, ==| (LU, +U,T)ds+[ Uyb,dv+| . (U,T,~T,U,)ds (2-10)

11



R AR KA T2 8 S B TR AR S bR Y RS
Horr, 502100 S T, Ron) vt )y, LRARRIEATRR N :
t,=0,n forJ=j=1,2,3

=Dn J=4
T, = 9= Jor (2-11)
p=8,n for J=6

X Q100 FRFZU,, < Ty 2RI AL REA 7 Sl D FEA . W3 22 8] (AR LG AR
LEZVF

T,(E—x)= EkJMnUIM,n (& —x)n, (2-12)

o BT ZF AR D7 R, T NG U R TR K U, R s s Uk

o~ +

u J

0,=19757%
=979
;=0T

—u J=j=1,23

J
J

S <

(2-13)

AL

Il
S N S

I
AN »n A~

=

Wp i YRR, Qi A, FIH LR LR

T,(p.q")==T,(p.q ) =T;(p.q)

Uy(p,a)=U,(p.q)

(2100 1) SCHAPEAL RS AT BFT R s 4 -

U, = [ W,T,~T,U)ds— [ T;0,ds+[ U, fdv (2-14)
AR RN B, 7N EARR R AR Rm N

Z i .[r (DKiJTK o SKiJUK )ds o J’S+ S;iJUKdS + _[Q DKiJdeV (2-15)

R (215) DS, B Dy, WS, AR A T2
Sy (P:q) = _EUMnTMK,n(paQ) (2-16)

Dy, (p,q) = _EiJMnUMK,n (2-17)

R (215) WA BRI B ERA RN T [ (DT, — Sy U )ds REMAFIA R
MBI, R X T Cauchy A, FRIEEN, BRI [ Sp,0,ds R

12



AR 2 i S S5 SRR SRR Y B R
NEREUA SR, A Ay, B A e, ASBE N AT SR AR VAT SRR, 2T
FUE Rl P TR, R o RO ARG R v, R T BRAKZR G R 3] B &
gk A (2-100 ~ (2-17) S L F AT 2L AR TR . P p — PGEIE T
WFET), FG0 R B TR LR IR A

C,U, = | U,T,~T,U,)ds+| U, frdv+[ T,U,ds (2-18)

Hrp C, 2 5 APHIR I —NEE, RIERMMdE, B, Rl F AN B, 1)
13 2B 77 A T

. SiUcds = [ (DT =SuUpds + | Dy fredy (2-19)
ok MARBUSET, WA AR AR AR JUE Sk
n-1 (k) n-2 (k)
j f(x) dx J. (x S) n[f(x) Zf ( )(x S) ]dx+z f (S) (r_S)—nJrkJrl
! S Chark+1)k! oa0)

ANO)]
)| ——=In(r—ys)

k
Eit*jf(“(b‘ﬁfle() Fx) RSB, AE[sAWIESE, fEsSIOAIN f(x)eC,

(n=1,0<a <) £(x) Jn-1ra 5, H £ (x) # £ Holder-Lipschitz(H-L) 4 £F »

223 FERHE

AT AR ) 5 R (R A AT AP AR IR A, 30 A P 8B 0o o 2R il (1 8 T S AR 93 s
A0 475 A 11 bR K0P 7 3 AR 0 R T B SCHE B 20 300, ey IR R AR 23 R e g B
BUPHAR, DL SRR B (K 27 2 ARy D P i v SRS R, BB H ARy T RER
S PR BAE R LTI VRS, SRR IE moRG BB SR B A 5, AT ) B B8 3 5 B 00 1) 8 20
Mrorik, IERbE R AR 7 R R JN R B AT PR Mo A R R R RS ke A S AR )
fedhE, Wit A e BT o b, AR AR T R A S N UM

U, (£)
—=—==d B, 2-21
j e de=B) (2:21)

X (22D Hxe(gat+e)Bxe(e,b-¢g), ¢ NIELT /ML, B, (x) NERGU S SR
B, RARBOT IR N

U, (§)=F (DY, (§)=F (H)b-¢)" (¢ ~a)' (2-22)

13
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Hrp (2:22) I E (&) WHIARMEE, ERLRTEAER, BEY, (&)=0b-8)"(E-a) b
LN R, R, ﬂfiﬂﬁﬁﬂn@&zhﬁﬁﬁ abﬂﬁ«%&r e, MREAA B AU R
BIEG O R0 S B, MURBNZ L 0<a, B<2. #RMEEHFEMANE
HITHE, uﬁﬂ/%éxﬁamﬁa Iﬁijiﬁj‘jg;

we F (a)(b—=8)" (& ~a)”

L U, ()
— : dé= 1 d 2-23
T Ya (x_éf)z g x—nlzgl—)O-[a (x_§)2 § ( )
X EIRRIEA (2-23) HKIRAERBRIE & nT LA £

Ui o) dé~—(E-a)"'F (a)(b—-a)" Betgfr xe(e,a+e) (2-24)

e (x=¢)

L, A (2-23) AT R FERGOm bk, TR N

' U,(©) F, (a)(¢—a)" (b—a)”

de= ] l d 225

a(x— é:) o= xaiglaoj.b—g (x_§)2 4 ( )
VR B 1 DA

I ' U (5) ~—(b-x)""F (b)(b-a) actgarxr  xe(&,b-¢) 226)

KLl ES RRUACAN B RE (2-21) 5 JFfx @ T ma b RRIZ 5L, diT B, (x) 728 S0
s, DA AT DUORAFPE S PR 80 AL AR T FE, i sk PR3 B HAR A, BRIy e i
RERBOTF R N HAETEA . TS e, B RIER 12, (BT AR SRR 5 St A
RINRG T Bt s AR A A R0 I Rk . A SO K BIIK B RER G 77 57 4R A
PN AT IR B, SRR, PRANEEE LA S AR N A

2.2.4 BRABASEEZ

1923 4FHadamard 7E R/ U0 HH 2 (i 1570 7 RE IR 4R U 07 A7 BRIBAR 70 UL i KA Kutt ) 1% R
SrEEREAT e, FAAE (U

J’ f (5) (2-27)

b K P T 1R3s. EXeR g f(E) fElrs]IX sk, HAExABhknl T, Ll
I3 AL R ORI Cauchy 58 SCT #B 72 R UK o A7 BRIEBAR 73 52 H R OB 43 I R B0 o Lt R
B A SR, ARy R BRI v 5. 4% Hadamard 19 € S, DA B B 2 Vi % T 41
AR

14



AR R o i 3 S R P SRR bR Y e A
I f(f)

(k)
ae=[ =0t - 5D e-orues

n=2 f(k)(s) f( 1)( ) (2-28)
; Crrkanp " oy )
At T B PR BB 25
f(cf) S A I A )
j dé=lim{[" (£-5)" f(©)dE + 2arim ooy el (2-29)
Mn=2, 3H
Ib f© 4 J f(?) I ARy
“(§-a ) (§-a ) (2:30)
. I f(f) .y f(f) 2/ @),
£—0 +& (§ &
I f(f) I f(f) I f(é)
(2-31)

_hm[j f(rf) f f(é) 3 (@)

+& (é 82 ]

ROt A E S iﬁf(é)lﬁ’]~ BB AT BREBRR Gy [ SCo ARAE LA_E 2 X[208], R4y LM

METAE R . BT 8N f(E)=F(EF(E) « Hh F(&) M 7k,
F(&)=(1-&)", %TE@& SFE) I Ay, AT AL S0 T 5
/() F (&)~ F (@) (-] /(&)
II@ dé=[ [F(&)-F(a)-(1-a) () e+ 1()I1(§ el
(2-32)
EOf, B¢ icxc

drttmr g, B ILEE — WO IE R AR, T AR 5ok, R PSR T2 th A
BREBAR D AN AR5, A B IAE X, EAT A R IR A -

I] ; i d¢ =—ra f T — o f -d& = (2-33)

(& -a) l1-a 1+a 1(&E-

Chebyshev % I 2 14 B HRER 43 -

j_llF E?Vl) & o= —a(n+DF(a) n20 (2-34)
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KL F (x) &2 —JChebyshevZ Wi, HIt, Erdogan #1377 —& 7 AR Gauss B KA Ty
o AEWTRL)) R )b, FLE TR AT S LA I ik o

[Tk, (r, )+ k(e ENf (A =g(v)  a<x<b (2-35)

SRR k(x, &) FE[b] P T RL, 3 H g(x) £ CAIH FE¥, BBk, (x,E)
AT I RA e IR B F, (8) Yok TR B BBk, (x, &) - AR AF ARy
FEEAHTIOLE B, RANERHL £(E) LRI A [ b 5, LT 265 AL F Ak

f(&)=F(&E(S) (2-36)

R0 F () el b] LR RIH TR 11 F,(£) AL F R IR
F(§H=0b-8)"(¢-a)"” (2-37)

A (2-27) RGBT AR R a,b A R BT AR, DL L R A S AR 20 5 R A AT B A R
PRI R SCHEAT KA o U ] A RS B 8 (&) AT I AR R TT A AT 5 B8 5 025K i

F&)=Y" a¥ (&) (2-38)

X (2-38) R RHa, WA MAUR B kg, W, (&) MEEINEARER. 18 (2-30)
(2-32) N (2-29) hAffEEILL N KR

a6, ()~gx) a<x<b (2-39)
Hrp
G,(0) = [ k(O (OFE)dE+[ k(. O (EF,(£)dE (2-40)

FHa, P T UL ARET R4
N b b )

>r anL G, (x)p, (X)W, (x)dx =L g)p, (W, (x)dx  j=0,1,2...N (2-41)
0,(x) RS H WA (LA ZIRD L 1 W, (x) R % o 5B oA e 38 9% 4 56 4 o SR
(W, (x),0;(x)) ENAMBIEARZ M Z I, AEHBU AT DAG St . 5K IR 2 W =
FAMRELR . LegendreZ 1A\ ChebyshevZ Uiz O (x) BAELEE, ]k Ay br A a7 B (1) 38 0 22 10 =
X WAL (x), @, (x) 4 BIEHUS LLF B4

W,(x)=1; ¢,(x)=56(x—x,) (2-42)

Ao (2-32) fEAFERIARH faf S AT RE 4l

16
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N
>, 4,G,(x)=g(x)) (2-43)

Me B x, A DMERIESE, S8 H P Legendre 2 I\, ChebyshevZ HUAUMR . BUAR X T B A1) 3%
PR A IR, (A2, T U T o A PR 6] ARG RO &5 R o —FRIV, R 5 R4
1SR E R a, BAREI (2-28) JEERI1S 2R AR EL £(E) BERUE. R IRIE S5
Erdogan [ AH TR FIR 3, 169-174].

2.3 " MEIKHE

231 - XA BEKEE

X T F AR SR RL, FIRI[2291 70 (R 759, ik H AP i T e 1 R vl R A

6 4
u = (”418_6"'”51A6_4"'”61Az ik + 11, A7) == 2 _ af
ox; Ox; ox; ox, Ox,
6 4 2
U, =(”416_6‘H”51A 4 +n61A2 ‘ + 1y, A7) == % 8f
ox; ox; ox; ox, Ox,
o 5" o8 e
um = (n4m _2+nSmA_4+némAz 2 +n7mA3)_g
ox; ox; ox; ox,
8 6 4 2
Y=(n—5+nA 66 + A 64 +n,A’ 82 +nA")g
3 0xs 3 3
X (2-44) him=3,4,5 S g M f R IR
6 82
[[a+—=)g=0 (2-45)
ne2 Oz,
o’ -
(A+—)f=0 (2-46)
Oz,

Kbz =5.2,8 =\Jce/C »Se =y Auz o 8, (8 =2,3,4,5) F i J5 FE I VYR (S EOR ¥ 58

BB 43):

\

pafg

as® —a,s® +ast —a;st +a;=0 (2-47)

X (247) PSRRI R IUMRA. 764 EE, &, E) I XA, 1 (3, X,,5) A X
TR A E S OF

17
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UW:Z”R””( YaSug 40, + 208, + A5, + 25 o A50,) (2-48)

X (2-48) Tm=3,4,56; a=1,2; WS AEREXIMFEA. 5 E(E,E,E) U x, Tl
VERISRAT 2500, B x(x, Xy, %) B SURT RS BEAR R T R0 A

(&, —x,) AV, +A08,, +A76,, A’so,, . O
a’ 7 73J i T4J i 5J 2J

i 16J)

Uy = X0 Dl — )% R RE A+

R
' ! (2-49)
(x, =)0y, _‘(xz —6,)0, _ D, 52J]
R,R; R

Dy[(x, =)

0

X (2-49) hfF S BARREA NI FA NTE R E(E,E,,8) W X, T mAfER AL s )y, M
x(xp, Xy, %) A0 AT FEASE, IR AP R AR AT R: X o x,, X, X

2321 XEDEKRME

X (2-48)~ (2-49) N HFRMFEARBLR . A A&, Sl EARMBCAHES, w43 B0 HL R
PR A MR = ER SO AR bR R T O SEAME, HHARRIE R

T, = —cyuDys, (Rglfe(;l _R53]%61X22 - R(;zkazXzz) + lnz; D, /%vaXl +z; D[cys;

+e A +e Al +d AP NRTRT - RPRT X2 - RPRPX ) 0
Ty = ¢, Dys, X, X, (RORY + RPR) =Y. DX, X,[eys, +cy A o)
+e A +d AP NRPR™ + RPR?)
Ty=-> Alleys +e A’ +e il +d AP IR X, (2-52)
Ty=-. A%cys, +c A" +e il +d A IR7X, (2-53)
=" Aleys, +e A e A +d ARV X, (2-54)
==Y A'cys, +cu A" +e il +d AP IR7X, (2-55)
T, =~ Dys, X, X, (R Ry + RRD =D DX, X, [cys, +c A 56

te A +d ATIRPR +RPRY)

18
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Ty, = ¢, Dys, (R Ry = RyR' X =R R X ) +1, Y. D ARPX,+> D

+e A e Al +d AP NRTRT -RPRT X, - RPRPX,?)
Ty=-. Allcys, +c A +e il +d AL IR X,
Ty==> APleys, +eud) +esAf +d A IRVX,
I, = —Z; Alleys, +e A +e Al +d AP IR7 X,

T, = _Z; AiY[C44Si +e A+ 6152’1? +d A7 ]Ri_3X2

T =1, Z; D, )liVRi_3X1 +z; Dlcys; +c A"+ elS/liVj +d A7 ]Ri_3X1

T, 1332 D, A'R7X, +Z Dleys, +c A" +e Al +d AP IRPX,

Ty _z, As (e Feps AT +eys, A +dys ATIRCX,
= _zl A7si [=ey Feys AT ey, A +dys, AT IR X,
= Zl IAIJS, [~ciy + 38, A" +eys, A +dys AT IR X,
Ty = _Zl LA [y Feps AT eys, A +dys, AR X,
I, = _Z; D[~e; +eys, 4"~ €33 5,4 =g, 47 + IRV X,
Ty = _Z; D[~e; ey, 4"~ €33 5,4 =835, 4 + IRV X,

_ N ¢ p 3
L, __Zilei[_em teus, A — €y S, AT — g8, AT+ O IR XG

— P w [ 4 -3
T,=- ! si[—ey +eus, A" — €y 5; AT = gus AT+ IR X,

i=1 1 1

w 1) ] -3
z,l Csi—ey ey, A — €5y 5, AT — gy, AT+ O IR X,

(2-57)

(2-58)

(2-59)

(2-60)

(2-61)

(2-62)

(2-63)

(2-64)

(2-65)

(2-66)

(2-67)

(2-68)

(2-69)

(2-70)

(2-71)

(2-72)
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z 1Afrsl[ e tens A —ey s, A —gus A+ LR X, (2-73)

Is=—- ; D, s[~dy, +dys, A" — gy, AL — 155, AP + 115, IRV X, (2-74)
T, = —z; D, s[~dy +dys, A" — 2538, A — 11,5, A2 ++11, 1R X, (2-75)
Ty ==Y A's[=dy +dys, A" — 83,8, 4 = 1,5, A0 +11, )RV X, (2-76)
Ty == A%s[~dy +dys, A" — g8, A = phy5, A7 + 11, 1R X, (2-77)
I = —Z ]Aljsl[ dy +ds, A" — g5, A — 11,5, A2 + s IRV X, (2-78)
T, =~ 1AZYSI[ dy +dys, A" — g8, A — 15, AP+, IR7X, (2-79)
Tio=>" D,sA (R =3R4 X} 3R A, X, X, +3R 7 A, X1s?) (2-80)
Ty=Y DA GR AX X, ~R A, +3R7 A, X} +3R* A, X, X,s57) (2-81)
Ty=Y. A'A'SN(-3R2,X, X, =3R A, X, X, + R4, —3R A, X1s7) (2-82)
=" AASH(BREAX, X, —3R 2, X, X, + R7 A, —3R A, X1s?) (2-83)
T=Y A"ASN(-3RA,X, X, —3R A, X, X, + R4, —3R A, X157) (2-84)

T (95— Ths i FoR T AL x, ARbRJy [ I 0, 3 A IR j R AEH T35 q (0984
TR S AARTT s & RO p A8, X, SRR T q AR

233 XN HRT %R

X (2-50)~ (2-84)BEAT K T, PN RSB S AT, A BOrmEUEE S, W
%ETH@E%@EE%&E£%%L&hﬁ%&&Wuﬁ,A%ﬁﬁtmT

S = Z; (CagS; A" + e A +d AN ey, Dys, + ey df
e+ d AR 3XRY) DR (-3 XCRY)

(2-85)

20



A A K 2 220 18 S o T g P PAREORR £ B — ¢ LS

= ’ w ¢ @ P
S __Zizl 3(eys; +euA +es A +d AN ey Dy s, +cyu 4,

(2-86)
+es A7 +d AR X, X, =3¢, DysiR X, X,
_ 5 w [ o v
Sy = _Zizl 3(—estepdls repdls, +dpAls, + A7 ) ewD; s, (2-87)
tey Al +e AP +d ADRTX, X,
_ 5 w @ ] v
Sy = _zi=1 3(—ey +ep s, — €5 Als, — g Als, + O Als ey D s, (2-88)
+c, A" +e A% +d AR X, X,
— 3 w [ ? v
Ss31 = _Zizl 3(=dy +dyAs; — g Als; — s Als; =3 Als ey D s, (2-89)
+c, A" +e A% +d AR X, X,
Sea1 = _z; 3458 (D5, +cy A +e A7 +di AR X, (2-90)
S = Zf:l (cus; +euk +ek +di AN ey D, s, + ey 4] (2-91)
+e A° +d AR X, X, +¢;,DysRX, X,
Sy = _z; (CagS; +Cigy" "'615/1:j +d A7) e D s, +c44AiP (2-92)
+esA° +d s AR (1-3X;R) — c;, Dysi Ry’ (1-3X7R;)
Sy =D 3(- A 225, +dyA%s, + 1,275, )(cyuD,
32 = il (mcis tep s, +epAls, +dy Als; + 1,47, )y D, s, (2-93)
+e A +e A% +d AR X, X,
S =—Y . 3(- A, — €y Als, — g Al A D
432 = Zizl (—ey +epds, — €5 A's, —guAls; + Cu s New D, s, (2-94)
+c, A" +e A% +d AR X, X,
Sy == 3(=dy, +dyyA"s, — g Als, — 1, ALs, =112 8, )(CyD
532 = Zi:l (—dy +dys A7, — g Als; — s Als, =133 A7s, Ny Dy s, (2-95)
+c, A" +e,A° +d AR X, X,
Sen = _Z; 3233*91'2 (D, s; +cyu A’ +615AiQ +dis AR X, +;{32Si2R;5X3 (2-96)
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_\" w ¢ ¢
S _Zizl 35, (Cys; + e +e A +disAT)=D, ¢y
P 0 J s
ey ;s e Afs, +dy ATs )R X, X
5 Y w ) o\ p-3
+Zi=l A v (cys, +e A e A +d AT )RTX,

_\" w ¢ ®
S _ZH 35, (CaaS; +Cu A +es A +di AT )=D, ¢
P J -5
ten As, + ey APs, +dp A5 )R X, X,
5 Y w ¢ Y 34
+Zi:1 Aty (cyys; He A" +e Al +d s ATRTX,

_ 5 w @ @ v
Sy = zizl s; (= HepAls, Hepdls, +d Al A, (=D, ¢y
+c, A's +e A% +d  A's )R
Cy3; S; T €334,7S; T U334, 5;) 1Y

5 T w ¢ ] v -3
+Z,-:1 Aty (—cs+epds, vepAls, +dyAls, + 5, A's )R X,

_\" w ¢ ? v
Sz = Zi:] s; (—ey HepAls, — ey Als, — g Als, + CuAls )(=D, ¢
P 0 J -3 5 Y
tepd s, e A7s, +dyp A7 s)R, +Zi=l 4; 15 (—ey,
w ¢ @ v -3
tepd's, — €y Als; —guAls; +CuAs, )R X,

_ 5 w @ @ v
Ss33 = Zi:l 8, (=dy +dy s, — g Als, — s Als; = Als, (=D, ¢y
P 0 J 3
+enpdls + e s +dy A7 s)R,

5 " y _
+Z,-:1 A1y (=d;, +d s, _g33/1i¢si — psAls; =13 A5 R X,

Sex = Z; Siz/liv (=D, ¢y + 345, + 633AiQSi +ds, A5 )R (34, X,
+32;,X,) - Z; A"sI A gt R

5 :
- w 14 4
Sis4 _ZiZI 35, (Cys; +eud +esAl +disA7)(=D; ey
P 0 Jo\p-5
+epd s, — ey A7s, — g A s )R7 X, X,
5 Y w ) o\ p-3
+z,-=1 A Gy (cys; e A +esAf +dsATRTX,

5 w
Sy = Z,—zl 35, (Cy8; + A" +e Al +di A0 )=D, ey,
P J o\ p-S
+euAls,— € APs, — g A s)R7X, X,
5 Y w -3
+Z,«:1 A Cy(cys, +e A +ed! +d ANRCX,

(2-97)

(2-98)

(2-99)

(2-100)

(2-101)

(2-102)

(2-103)

(2-104)
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5 :
_ w 1) ] v
Sy = ZM S, (et e s, +epAls, +dyAls, + 1475, ) (=D, ey
P 0 J o\ p-3
+epd s, — ey A7S, — g A SR, (2-105)
5 Y w ) » v -3
+Z,-=1 A C(—es+epds, +epdls, +dyAls, + 15,47, )R X,

5 w 4
Sy = ZH 8; (e +ep s, — € /1[¢S,- —gpA’s, G Al s (=D, ey
tepAs,— ey AP, — gy A5 )R (2-106)
+ z; Aty (e +epA's, — ey /Iigési — g Als; + AT R X,
_ 3 w ¢ ® v
Ss34 = Zi:l 8; (=dy +dyAs, — g Als; — u Als; = Als; )(=D, ey,
+e,A's,— e, A%, — g A'sHR” (2-107)
5 W v -
+ z,«zl A1y (=dy, +dyAs; — g33/1i¢sf — s A0S, =1 A s R7 X,

Ses = Z; S;A (=D, e + e Als,— ey APs, — g, A's)R” (34X,

J ) (2-108)
+3/132X2)_Zi:] A ST A AR

S5 = Z; 35, (Chs; Hey A" + 615/1,? +d A7) =D, dy, + d33AiPSi
—g,A%s, — 1A' s )R X, X, (2-109)
+z; AN (Cys; + ey h e Al +d ADRVX,

Sys = Z; 35, (Cags; e + els;ti¢ +dy AP )N=D, dy, +dy, A,
_g33AiQsi _ﬂ33A£]S,~)R,‘_5X2 X, (2-110)
+Z; AiY7733 (CogS; T A" + 615/1i¢ +d, A )Ri_3X2

5
S5 = zizl 8, (¢ + e s, + 8332“?51‘ +dyuAls, i 4's, (=D, d;,
+d33AiPSi - g33AiQSi - ﬂ33AijSi)Ri73 (2-111)
+Z; AiY7733 (¢ e ds, + e332’i¢si +dyuA's, + i h's, )R;}Xa

_ 5 w ¢ ® v
Siss = Zizl S, (=5 +epd’s, — €y Als, — g Als, + G Als )(=D, dy,

+ d33AiPSi - g33AiQSi - ,u33AfJS,- )R;3 (2-112)
5 Y w ¢ @ v -3
+Zi:1 A 1y (—ey +epAls, — €53 ATs, — g Als, + E s )R X,
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5 w v
Ss3s = Zid s, (=dy +d A, —g33ﬂ,.¢s — ps s, =153 4s, )(=D, d
tdy A, = 3,48, — ps A sR
5 w 14 -
+Z,-=1 AiY7733 (—dy, +dA's, _gssﬂ';ﬁsi — U A's, =Ny A's )R 3X3

(2-113)

S635:Zf: Sizﬂ’iv(_Dd +d, AP g33A S; ﬂssAiJSi)Ri_S(3ﬂ31X1+3ﬂ32X2)

5 _
_Zi | AzY 12/1 At R }

Si36 = z, - A7 (CayS; ey +els/1¢ +d A0 A (RS - -3R~ 5X2)
+zi:1 A" Ay (Cays; A" +615ﬂ*,-¢ +d151i¢)3R;5X1 X,

Sne = z, | Al (cps, +e A +e A +d A0, (R7 -3R7°X7)
+Zi:1 Ai 131(64451' +c44ﬂ“1’w +e15ﬂvi¢ +d15ﬂviw)3R;5X1 XZ

Y w ) ] v -3

Si36 = Z, | A s (—ey + e Als, HegdAls, +dpAls, + 5 As, )RTX,
_ 5 Y w ¢ @ v -3

Syz6 = z[=1 A s; (e +epd's, — €5 Als, — g Als, + CAls )RTX,
Y w ¢ 7] v -3

Sss6 Z A s, (=dy +d s, — g Als, — s Als, — A )R X,

=1 1 1

5 , -
Ses6 = _Z,«:I AiYSiz/li Ay 3(A X, + A, X)R

S, BIRAARE AT W, [T i (n=2,3,4,579H T, HWNREEL
r

AT AR R BAC N ZL, BAEAR 7> I8 2% 18 FERE RS BE (1 5

24 BHFRATIE

2.4.1 B aR A

(2-114)

(2-115)

(2-116)

2-117)

(2-118)

(2-119)

(2-120)

LGS, AEREL
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X (&)

AN
X (G
o

4

X (&)

% (&)

x (&)

2-1 BB AEBAEMBASEERRT R RY B REE

WIE 2-1 Fror s ABCBEHE L AAHORE S R RE 2 8] X8k Q w5 A7 — AR RO RN 25 AL B AR A 2
S0 EPRAEARIE 2 AAKR 2RO X (B BLAABAR R x, (1=1,2,3), fEREUI S (STUS™) &RimsrmilfEH
RANEETT AR SR KRS S 3T OO p, (P) » BT q(P) , BT b(P) FIEAT p(P))
N TR, BATES R E AR R & (1=1,2,3).

242 BFFMOTIE

R I[1891 U5, LI ek o4, 23R GT i) R AT e A Dby SR A — it A S AR 23 U5 RE 4L I
A, AT SRR 7 REAL I R A RIE S R

@D (8 =3 ) +(E,,=3r1) Y AN (@) +37'r, Y, st (@lds(q)=—p,(p)(2-121)
st

Foor, 3 AR @+ Y D Al @)+ 3 A,y VA i (@)ds(q)=—p,(p) 2-122)
St

j;[r—Z (50(,3 B 3’fa’iﬁ )Z::I AfY;{lﬁtizﬁﬁ (q) + 31"_4/130/:0[ z; AiYVizﬂ’igj’j}pisﬁﬁ (Q)]ds(q) =—Ds (p) (2' 1 23)
5

et p,, gy by T Gy 4> MR ZILLICTH N BpT, FLBR, RESRATRIAAGIAT . BT B Iy R 1)
FRLH 350 A -
t' =(c;,D;s, +c Al +eA° +d, A)) (2-124)

1] =y, ey d + elS/1i¢ +ds A7 (2-125)
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£ =—cpy +5,(cA) +e Al +d A7 +1,A47) (2-126)
th=s(e A — ey AP — g A7+ A ) ey, (2-127)
£ =s.(d A" — g, A — A+ A7) —d,, (2-128)
pl=c,Ds +c, A +e A° +d A’ (2-129)
0 =s.(c, A" +e A% +d A’ - Dic,y (2-130)
p =S (e33 - €y, A g33A )—D.e,, (2-131)
0 =5 (dyA” — g, A° — A" - Dd,, (2-132)
PL=0 1+ 0,6+ 0 5, s+, (2-133)
P =8, 1 +0, 6+ 0, T (2-134)

ot UL B a0 iR A AT U Y, ol Ay e B RE 2 5 SCRR[187, 188 ] 4 i il (16 7y
AR T RE B AT R 454

243 T XHFMHEE

ARG 7y e R A, B R AR AR R X X, xy» ARARAH x, W R AT UT
w&ﬁﬁ,%ﬁﬂ@@ﬁ&ﬁﬂ&&ﬁﬁ,£%ﬁ%@5ﬁ&ﬁﬂﬁmﬁﬁo%&ﬁ%afx
BRI RN -

[i(q) ¢(q9) @(q) Y(@l=g(q)é" 0<Re(4,)<l (2-135)

Hor g, (q,) WERLGTHT g KAHRKAER W E, A, R e vhfa e, RRCREe A —/»
FRIXIS, , NI SCER 18915 S IKAT IR A7 Mr ik, Wl AR 21 R oG R K

f rdss =2 (g6 cotldm) (2-136
2~
femlhaes = 2aig g cotth) 2137)
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J:S 4 _551)2[‘1 déé, = _gﬁ/llgl (QO)qu_l cot(4, ) (2-138)

& r

% (x, _51)()22 — )i, dEE =0 (2-139)
Ss r

J LM g g = 06, (g cot(em) (140
5.

MY S WAWN CEaR A iy s T VRS P
cot(4,7)=0,cot(4,7)=0,cot(4,7)=0,cot(4,7)=0,cot(A7)=0,cot(4,7)=0  (2-141)

HE— 3 BB R L BB SR A
A=hy=A=A=A=A=A=1/2 (2-142)

244 " XN HBEREF

il PR AR S R = LU ) SN g R PR T SR«

K;:ln%eraBogeﬂ ,K;:ln%eraﬂogeﬂ ,Kg:lngvzraﬂogeﬂ (2-143)

r—> 09=0 r— =0 r—> 0=0

K, =1imv2rD,(r. 49)‘ K, =1im2rB,(r, 9)‘ K, = 1in3\/2r93(r,6’)‘ (2-144)
r— =0 r— =0 r—> 6=0

K, FRUE N ISR T, K, RN DGR T, K, #oRI N D8R T, K, #5h
R T, K R iR T, K, BRI, by Fkp i S g, 1
iy

2.4.5 - XN 135

WE2-2077R, X TEREUITH mp, NI E BT DA 21 R 6 R K
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& 2-2 B AR S MR R E BR X B EE

J -2 g e, = @) oo G @149
S, RO ]/‘}"0 2
J %(1—3“’"3) idgg, =8 o5 % @149
S, RO \/% 2
3w x.(x, — 0
J’ ij3(x52 ‘fz)ﬂsdélégﬂ%(%)sin_j (2-147)
s Rj Jrrj 2
0. 0. 56,
J. % led GG, = ?zg(’(%) (2cos™ =L —3cos—L —cos—2L) (2-148)
s Rj 30sin Grr,\[rr, 2 2 2
x2x3 p 47g(q,) 9,
j i dé s, = ———sado) gog T (2-149)
31/rrj
0.
J Y ges s 2725;;(%) . (2-150)
3r r Jrrj 2

Hr = \/cosz 0+s.sin’ 0,0, =tan"'(s, tan ) ,r,e” =cosO+is,sin@ . FIHILA KRR,
AU BRSNS AR

V4 7/
o =2, Dys> & cos ! (2-151)

N

28



A A K 2 220 18 S

i}:

i {g E AR bR — A R S ]

\/7 {g As[154,87 cot (3 COS% —3sin’ g os% —% sin’ 6, cos3—9i) 2 sin”! 4

2.2

rr; 2
(2-152)
+L(2cos ——3cos£—cos—)]+p 7T COS— (tg +4Zt g}
2rr; sin@ 2 2 l =
0
Z,q Slﬂ'[—(t g, cotd cos” —+6cot—Zt g,)+ 8 A \/;cotﬁ cos—)]
i=1 \/7 2
(2-153)
G m 233 zgé UL 4
27 A" 1,17 cos (g2 cot 6, +Zt g,)+———==>-c0s ]n—3 5
o Jr 2
5 Y 5
=3 A T eon L (14 S, + EIEE 0 c0s % Vo i B
NI " 2 (2-154)

15118, A,5° 2% cot 6,3 cos% —6 cos%sin2 &_ i sin” 0, cos> )(25 A+ G )]

r;sin 6

i 6,, =[o;

D, B, ML ERARA T, Al U2 SOy 9 B I8 55 1 SO 395 2 18]

ok F&
o —Lcos& (2-155)
B2 2

& . = K fu + Ko foo + K fos + Ks fus + Ko fos n=2-6 (2-156)
\N2r

i & [023 o, D, B, 9 1MEH S HAARIERNY:

\/_cos (125, +4L)8,, +4t'8,, +4L)68,,),n=1,2,4,5

3
Pidiy cotd cos” 2n=3-5
Jr 2

5 0
= Z AfY’”\/ K COSEICOt 0.(13305, + 63304, + 113305
i1

b0
Som = pr S;(A;Yr F COSE"‘ 600‘[?)(133 + 63304, 1133 Sm)(t 0,,
P

+t'8, +68,,);m=3-5n=2,4,5
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. . ) 2 .
[154,,s” cot9(3cosg—3sm icosi—lsmzﬁicos?)—a)— 2/133 sin”' =~
\f 4 2 2 4 27
+/13—(2cos 2—3cosg—cosﬁ)]
2rr, sin@ 2 2 2

5 2 4
= plstArr cot 6, cos%+ A" mcos%(%@n +63,0,, + 15305, ),n=3-5
i=1

l
V7

4232t s; A’ L0

if[cos (A + 42,5, + 2210 (24, cos 322 sin Ei)]

= —cos (/132+4ﬂ,33s NES,, +145,, +1°5, ),n=3-5

g

: 2 6, 0, sin’ 9 A,
=>'454"r2 2. s> 2% cot 0.(cos— — cos—Lsin O, — 2s’
f%6 ; i 132 i l( 4 2 i 2 )( 2‘33 1’7" Sln 0

I BT R AT e BRI T K, . BRI T K, B 3R R F K TR S
. BB T K, N DB T K, BN T K R ) R T K 2 A
AT,

2.4.6 " MREERRME

il L FAEORE 5 AR RS RE TR TR T LR R Y «
G=G’+GJ +G{ +G, +G’ + G/ (2-157)

Hrp:

G° = 7K, [K: (K Ky = K. Ki,) + Ky (K54K1* - K34K;) +K,, (K35K5* — KSSKI*)]
7 =
2[K35 (K43K54 - K44K53) + K34 (K45K53 - K43K55) + K33 (K44K55 - K45K54 )]

o 7zK22
? 2(Ku _Klz)

7KK (K, —K,)K +K26[(K11 + ZKM)Kz — (K, - KK, 1}

G = : -
’ 2(K11 _Klz)[Kzé(Kll +2K112)_(K11 _KIZ)K66]
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GD _ ”K4 [K: (K35K53 — K33K55) + K45 (K33K: — K53K1*) + K43 (KSSKI* — K35K;k )]
Y =
2[K35 (K43K54 - K44K53) + K34 (K45K53 - K43K55) + K33 (K44K55 - K45K54 )]

GB _ ”Ks [K: (K33K54 — K34K53) + K44 (K53K1* — K33K;) + K43 (K34K: — K54K1*)]
S =
2[K35 (K43K54 - K44K53) + K34 (K45K53 - K43K55) + K33 (K44K55 - K45K54)]

G = ﬂ-K6 [(Kll +2K112)(K2 +K3)_.(K11 _.KIZ)Kﬁ]
’ 2[(K11 _KIZ)K66 _le(Kn +2K12)]

K, K, KK K IR S I A
2.4.7 " XN g E EHF

L4 A 5 FI 1193, 941, T HU AR A B B F AT IR 0V = vy, €T XL 40
B ISR X

2 2 2 2 2 2
0,10y, 103 v 01105, 100345, 05330y, + O, TO;3 10y

AW =(

2E £ 2
+ D121 + D222 + D323 _ v’ Dl 1D22 + D22D33 + D33D11 + D122 + D123 + D223

2E £ 2 s

B +B-+B~ B B.+B.B.+B.B. B~+B.+B @139

+ 11 22 33 _v’ 11722 2233 3311 + 12 13 23

2E £ 2,0
+ '9121 + 9222 + '9323 _ v’ 911922 + '9221933 + l933'911 + ]9122 + l9123 + '9223 )dV

2E £ 20

K E,v,u,E" V', g 53 Fosm K. JAfatt. BIDIRE R, S0 KR, SMiAfa L,
SMETYIRE. 40 FUAEN (2-151) ~ (2-154) DIR3) XN AR BE RS R %k, #ia T

aw K> a a’ +a. a, +al+a
_ n ( 3n + 1n 2n + 4n 5n Gn) (2_159)

v 22 E Y7 E'

] SUNASRESR IS BT T A, W DB AT B UM AR R SR IR TR

2 2 2 2 2
aln + a2n + a4n + aSn + a6n
H E'

2
S|, :Kj(a—g-i- ) (2-160)

Hrha, (mn=1,2,3,4,56) HFMEME A XK S, AARRIEL LM RA.

mn

25 BUERE
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DN VAT T R O bR 2 P
2.5.1 BERE

NI SCHR[187, 26611 1 5%, mI LAXHE R A T RE4 (2-121) ~ (2-123) HHATH({E AL
o R AT TN AT A et AT a5 S, ) S A% TR W A 1 eR EionT DU R U

U, (&.8)=F (&,5)E W (E,E) (2-161)

Hrp

W(E,E) =@ —EN2b-&,)

Fi(&,6,) = Zioz;{:o aJshéSg;

a,,, e RRARAE . 8 (2-161) ANEE BT, a0 7 R LA
~ﬁ%ﬁﬁﬁﬁﬁﬁ,%ﬁ@mmﬂULnTﬁiﬁo

Do Dol (5056 = =, (3, %,) (2-162)

Horp

Ly, =3[ (K, + Ky, (2-163)
Ly, = [ 71K (1=3) + K, (1=3r))]S, (2-164)
T e (2-165)
Ly ==] 3r (K + Kip)ry S, (2-166)
Ly = [ 771K (1=3r)) + K, (1-319)1S, (2-167)
I = J.S r’3[l'{”(1 —31112) —Klzr’1 r’z]S1 (2-168)
Loy = [ 377 KA1, S, (2-169)
Loy = [ 35K 62,756 (2-170)
Loy =] 771K, (1=313) = 3K, 17,18, (2-171)
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FRS S ARL — U RS )L

Lo = J-S3r_4Ka6r:aSG
Imash = J.S r_szll/:aSa

L

S, =&&"wdé dé,

M

K, =c.,D,s.

K,=Y pi

K, = z; Q52!

Kaﬂ - Z; A 2ot

K, =>" o't

K, =Y Ap
mé6

> _ 5248 m
K = i:lsiii o

Km6 = z; AiYSizﬂ“igﬂG3pi6

(2-172)

(2-173)

Jike (2-163) ~ (2-173) 2wtk EUATEUE AL B AT AU 7y S PR HEAT A B, R 28 )

JETF R ARRR T %%, anB2-317, TR 2 R R &R

(@ =x7)"° —xrcos6, /(a* —x7)"° =0

=0
éls ((12 _x12)0.5 — s

(2-174)

x' (@ —x))" +x[sa’ = (s +D)x; 1 cos 6, (a® —x)) >+ O, 17’

s>0

P 2b— &) = x N (2b - x,)* + (x5 [4b(A, + h) -
(24, +2h+1)x, 17 sin 6, + 01’} /2(2b— x,)*’

(2-175)



RN R R VA7 O A e R s S
Ql = az(xl + 51)[(“2 _xlz)OAS ((az _x12 )OAS + (az - 512)05 )(51 (az _xlz)OA5

(2-176)
+x,(a® = EH*)] ' cos® 6,
[s(s —Da*x = (s* + Da’x; +s(s+1)x"]cos’ 6,/ 2(a” — x7)"?
E=x
0, = 172 sl 2 g2\05 s 2 2\05  _s—lp 2 2 _ 22405 (2-177)
rG (@ —&)) x (a”—x7) X, [sa” = (s+D)x; 1(§ —x)/(a” —x;)}
S * X

2a? —x2) S X sin? G {16(A, + h)(A, + h—1)b* —8b(A+n)(2A, +2h—1)x,

+H4(4, +h) —1x3Y, & =x

0 = e s 521 o 0s 05 e (2-178)
HEN Qb - £ — 3 (2b -, —(2b— x, ) xE T [2b(A, + h)

(4, +h+0.5)x,]1 (5, —x,)}, & #x,

/N\
R(0,)

/ (él,a I
RS
(xl 2

L)

& 2-3 MR SHREE

FIFHR (2-174) ~ (2-175) , HFE (2-163) ~ (2-173) H{HZF AL R E T AR R A

EMER (@ - E)2b—E) = D] + D} 1+ D; r} (2-179)
W Dy, D ® Dy Sk, kA RS MR BRI, X (2.163~2.731) A LAf]
oA L ik

Ly, = [IK,, (1-3sin 0) + K, (1-3cos’ O)]S, (2-180)

I, = jj”l.S(K11 +K,,)sin 268, (2-181)
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Ly = J'OQ”I'S(K” +K,,)sin 205, (2-182)

I,,= j:”[KM(l ~3cos?0)+ K, (1-3sin? O)]S, (2-183)

Iy = [ 71K, (1-3c0s* ) ~0.5K , sin 2615, (2-184)

I, = .[02”3(K16 cos 0o,, + K, sin60,,,)S, (2-185)

I, = J'Oz”[f{u(l—3sin2 0)-K,, cos@sin 6]S, (2-186)

Iigy = [ 3K 4 (2, SO+ A, sin 0)S, (2-187)

Loy = 3K, (4, cos0+ 4y, sin O)S, (2-188)
2

]mash = -[O Kml cos QSa (2-189)
2z

Imnsh = J.O KmnSn (2-190)

SR REHS, = (D) InR-R'D; + [ Dydr)d6 . n-123456.
252 BELERRITIR

N T RS ERBUE VAR IR TE,  DARE AR SRR = EAR R R LN 6, HIFORTRAN
H O RSB REY (700043550 o HEBAGRR S APRHIIAD RS B 225103k 2- 1771

Ro- 1 R BB EISY

HPEEE GPa fiF 4L Ns/VC FEHLHE %L Cm™
‘i G Ci3 C33 Cas &n 833 s &1 53
286 173 170 269.5 453 0.005E-9 0.003E-9 11.6 4.4 18.6
FEHEH . N/Am bR Ns*'C? I L A C/Nm? P Sy
ds d,, dy;s Hi M3 €n €33 4 Ly L33
550 580.3 699.7 -590E-6 157E-6 0.08E-9 0.093E-9 0 0 0
PO H AL PR H Poft: SR T
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S S S33 U Uy 133 A Ay A

0 0 0 0 0 0 0 0 0
KT EF R, XER2- 1 SRS EO T C BN AR B, HAR A XA RIR A
¢, =c,/c..¢ =¢l e, g=c,/ €.d, =d; /e, .8, =d, /|, u, (2-191)

E/:ﬂg//ﬂllaa:\/ell/cn¢7¢: ﬂ11/011¢’5i:Di/\/011611;E:Bi/ Crily, (2-192)

UL LEASAONZ2-1, (] DA BIT E N AR 25, Wak2-201R0R.

R2-2 TENHEEREBEMRISH

G € Ci3 C33 Cu4 & 833 € €33
1 0.6049 0.5944 0.9423 0.1584 -0.2301E-4i  -0.1381E-4i 1 1.1625
ds dy, ds;s Hi Hs €;s €5 €33
-0.04231 -0.04471 -0.05391 1 0.2661 2.4251 -0.9199 3.8885

LRSI S S H e B A G R Ak 2-3 0, FIIXEES 4, A Tt ol LA A
GRS T 9 IR T

R2-3 SMHIERBXTERSH

m i) 3 4 41 51 61 " 42 y) "62 "7
4.39951 5.5476 -1.7959 0 1 3.3130 -0.7791 -0.0490 2.4251 2.4814 -0.2419 -0.1639
43 "s3 "63 "3 o ) 2 a4 A bip b3 B4
200423 0.0775 038450  -0.0099  40.836 1.8653 43378 284925 194882  2.4812 09632 14.6629

P P P P
51 By B3 Boa B3 B3 B3 B4 4 4 4 A4
17496 -0.1681 23976 27683 -5.0874i  -0.1056i  0.0442i  -3.1662i  -0.8493 0.1981 0.3747 0.2765
0 0 0 0 J J J J
4 4 I o 4 4 4 4, D, D, Dy D,
0.1336 0.0240 0.0591 202167 92924i  1.0905i  -10.616 188177  5.8703 0.1022 0.0947 -6.3481
w w w w [ ¢ ¢ [ [ [ @ @
A 2 Ay 2y A 2 Ay 2y A 2 u 2
0.2479 1.4187 2.1105 0.2969 0.0223 -0.0961 52533 0.0560 00647 -0.0604 0.0969 0.0641
9 ) a3 94 ) S0 S1.2 53.4 556
-0.6840 -0.7078 7.9102 13.608 6.0377 1.1168 +1.9253i 0.9376%.1052i -0.93760.1052i
578 K Ksq Ko K34 K33 Ka3
+1.7336 0.0196 0.1987 X 10°+19.1566i 2.8986 -0.03298i -2.7031-0.4022 X 107 i 1.9849 -0.6217 X 10* i -1.3770+1.5938 X 10
Kss K34 K3s Ks3 Kys Kag
0.07316+52261X10%  -2.7031-0.4022X10%i  1.0579X10°40.0274i  03071X10%43.7552i  -2.7120X10%+0.0813i  -19.2065+1.0310X 10%
—1 ], \) N N, NI 4 S =N . —
[RIFESXT T SN g5 B DR F- 1V 5 A B BEAT AR N T AL AL B, HAR A T RIR
_ o 7.1-4 _ ©
F;j _Ku/o-ssb I =K, /0'33\/b (2-193)
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F,=K,,lo b F, =K, /o:\b
F,,=K,,lo5b"™* F, =K, |c5\b

F,,=K,,/ Db F, =K,/ Di\b
F.

5.1 :KS,/I /B;bliﬂan =K /B;;\/Z

X W AR BESR A 1 BEAT JE AL, BAR A SRR

2 2 2 2 2
S ‘ _( l) (a3n aln +a2n +a4n +a57'1 +a6n)
E
2 2 2 2
‘ _ (F ) (aBn aln +a2n + a4n +a5n +a6n)

)z E'

(2-194)

(2-195)

(2-196)

(2-197)

(2-198)

(2-199)

Bo B AW KK=LL=20 X20, ZSUBIRb/a=1. FEE0FE 0 5 /N4 . ) 22 3150 28 Fig 55028 A B At
K2-4F12-57: AEE2-4%, B NRIRN T o = (04, 05) + 1B 2 TR FER08 K/, $ol
o SRS P B 2 T KO T ok, HAKBUE b M=N=9, o,=5.27x10"; M=N=I3,

o, =1.07x10°.
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o T LR £ Bk

H EEARNP A 22 7 18 S

(b) M=N=9

=7

=N

(a)M

(d) M=N=13

=N=11

(c)M

LL=20X20, bl/a=1)

KK:

0 ’

LETE 5 N KK=LL=20 X20, ZIiXI5HM

24 EENREHTHEN (0, /07 +1

1306, 4N (e L0 b

=N

MIE2-57] LU H

P AR A R A

TERGUAGAEATRRPS) (EH L@ ) .
YEZR L) FBUEAT R AR E PR AT

ARG D

N RUEE (K

Al‘ﬁio

45
ET

I A S A 5 VR v 5

N
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-0.95 -0.86 -0.77 -0.68 -0.59 -0.5 -0.41 -0.32 -0.23 -0.14 -0.05

B 25 AR A EUME (o, /07 +1=0, KK=LL=20X20, bla=1)
BEOVIN bla=1, FOE A KK=LL=20X20, B o W, | XUV pE B 7B 2 T4
ARSI IR 24 R 26 FPs: fEx, =02bik, F,, Bix,/a EXHAG, x /a= 00l
KO, |,y =07536. B TURATHCUM, I35 P T RO . 4515 LA SR L 5
T ASCRAE TR B 4 R S, A RO

#2417 x, = 0,250 F,, BESTIREHEME IR (KK=LL=20X20, bla=1)

X /a 0/11 1/11 2/11 3/11 4/11 5/11 6/11 7/11 8/11 9/11 10/11

M=13 7536 7518 7464 7374 7244 7067 .6829 .6512 .6092 5503 4493
M=11 7536 7518 7464 7374 7245 71067 .6829 .6512 .6089 5501 4520
M=9 7536 7518 7464 7374 7244 7067 .6829 .6512 .6092 5503 4493
M=7 7529 7514 7466 7383 7246 7069 .6827 .6513 .6071 5505 4433
[266] 7534 1517 7465 7375 7245 7065 .6826 .6510 .6086 5494 4543

0.775
0.75
0.725
0.7
0.675
0.65
F;JL 0.625
0.6
0.575
0.55
0.525
0.5
0.475
0.45

B & L LAY LN LAY LLRAN LRRAA LAY LN LLARS LARAN AR LA LA
ARRREN LRRRY LRRRD RRRRY LARRY LRRRD RRLRY LARRN LARRS LAAEN LLAM) LM

-0.8 -06 -04 -02 0 02 04 0.6
x, /a

q
o
of

&

267 x, =0,2b BXER XL NBERT F, , BELIFEUME (KK=LL-20X20M=N=13,bla=1)
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g UL e v e

Bl oy N, HEULARLE ba=1, WE & KK=LL=20X20, | SN )0 BE R 7B 2 TR 4
ARFRAR AR IR 2-51 2-6 2 2-7. 2-8 sy F,, (fEx, =xallix,/b). F,, (fx,=0,2b
bix /a)5 F, ({f£x, =0,2b Kt x, / a )AL, F,, B x,/b € (0, 2b) JXFRIY

fi, 76 x, /b =b WA F,

X,/ a=0 Wi KE F,

,Amax

,Amax

X, /b=

=0.9903,
=0

x/a

F2-5E X =ta il F,, BERRIEHEMEURE (KK=LL=20X20, ba=1)

,=9.8786: F,Bix/a € (-a, a) MXSFRI A, fE

%, /b 0/11 1/11 2/11 3/ 4/11 5/11 6/11 7/11 8/11 9/11 10/11
M=13 5541 .6576 71232 7700 .8039 .8290 .8479 .8617 8710 .8763 .8781
M=11 5565 .6588 71229 1697 .8039 .8290 .8479 .8616 .8709 .8763 .8780
M=9 5564 .6613 7230 7691 .8039 .8294 .8478 8611 .8707 .8765 .8786
M=7 5514 .6655 7252 71678 .8020 .8292 .8493 .8629 8711 .8752 8765
09F
0875 F
085F
0.825F
08
0775 F
E; ok
0725
07F
0675 F
0.65F
0625 F
06H
0575
NS A NS S N EE FEwn W S S
0 02 04 06 08 1 12 14 16 18 2
x,/b
277X, =Ta AREBRXENBERT F,, BEFREUNE (KK=LL=20X20,M=N=13,b/a=1)
R2-6% x, = 0,218 F,  BES TR IEHURMBEUME (KK=LL=20X20, M=N=13, bla=1)
x/a 0/11 1/11 2/11 3/11 4/11 5/11 6/11 7/11 8/11 9/11 10/11
M=13 9903 9880  .9809  .9686 9506 9263  .8944 8526  .7978  .7240  .6020
M=11 9905 98382 9809  .9686 9508 9266  .8946  .8529 7991  .7258  .5998
M=9 9905 9881 9808  .9686  .9507 9265  .8948  .8540  .8009  .7262  .5936
=7 9900 9877 9808 9689 9512 9271  .5958  .8555  .8021  .7233  .5799
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1

28%x,=0,2018 RER XM NBERT F,, BLIREHME (KK=LL=20X20,M=N=13,bla=1)

BeE S KK=LL=20X20, ZIXI88 M=N=13, T RN IJIsEJE R T Fy, Fy, Fs, Fy , FsFEREOEAR L
MR 2-7 KB 2-9 Fion: Wy R T BER GO AR L 3G i3, e sk 2 22, 4

bla> 8 Wf, UL —4E B R AMEE R, F.l,,,, =10022, F | =10332,
Fyal ,,, =1.5370,
27 K RBAN NRE E FRERART FLIIAE (KK=LL=20X20,M=N=13)
FN @SS [248] [244] [243]
bl/a 1 2 3 5 7 o0 o0 0 o0
F,F,Fs 7536 9183 9279 .9379 1.0020 1.0022 1.000 1.0053 1.000
F, .8781 9904 1.0191 1.0322 1.0328 1.0332
F; 9903 1.2817 1.4084 1.4983 1.5242 1.5370
1r
0.975 —
0.95 §—
0.925 —
E 0.9 §—
0.875 §—
0.85 —
0.825 §—
0.8 ;
1 7 ; ‘a‘ /‘b‘ . G
a) F,

41



A A K 2 220 18 S o g LR £ R — ¢ LS S

1.025 -
1 -
0975
2
095
0.925
0.9
1 1 T 1 1
1 2 3 4 5 6
alb
b) F,

IR A ) I IR
1 2 3 4 5 6 7

alb

C) F3
29 B2 X S153EEF FBERSFIR LT UHE (KK=LL=20X20,M=N=13)

Bl oy, BUE S KK=LL=20X20 I}, % 2-8, 2-9, 2-10, 2-10 #HIFER~ZHXIEEN 13,
11, 9, 7 AR GEBREE K 7-h O Rl x, /a LML 76 x, =0.2b ik, S, Bl x [ a SEXSFRSY
A, x /a=0BUR K. BEZWETREAE N, Buas R, |’ 2-10, 2-11, 2-12, 2-13 [d
PER R AR BE B R 1B O Al x, /@ B, S, , 15 180° -360° [MA{EHFRS 07 -180° ]
AR FR AT, X 5 SEBRE ARV 5 o
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ROSEBN-NMERBERTH 0, X, /a TWME (KK=LL=20X 20, M=N=13,b/a=1)

0/11 1/11 2/11 3/11 4/11 5/11 6/11 7/11 8/11 9/11 10/11

0 .5501 .5476 .5401 5272 .5087 4842 4525 04122 03615  .2970 .2042
10 .5637 5611 .5534 .5402 5213 4962 4638 04225 03705 3044 2092
20 5681 .5655 5577 .5445 .5254 .5000 4674 04258 03734 3068 2109
30 .5616 .5591 5513 .5382 5194 4943 4620 04208 03690  .3033 .2084
40 5439 5414 .5339 5212 .5029 4786 4472 4073 3572 2935 2016
50 5158 5134 .5063 4942 4768 4537 4239 .3861 .3385 2781 1910
60  .4797 4775 4708 4595 4433 4217 .3940 3587 3144 2583 1774
70  .4388 4367 4306 4202 4053 3855 .3600 3277 2872 .2360 .1620
80  .3970 3952 .3896 .3802 3666 .3486 3254 2961 2594 2132 .1463
90 3587 3570 3520 3434 3310 3146 2936 2671 .2339 1923 1320

100 .3277 3262 3216 3136 3023 2872 .2680 2436 2134 1754 1205
110 .3073 .3059 3015 2941 2834 .2693 2511 2283 .1999 .1644 1130
120 .2997 2983 2941 .2868 2764 2626 2449 2226 1950 .1603 .1103
130 .3058 .3043 .3000 2926 .2820 .2680 2500 2273 .1991 .1638 1128
140 .3248 3233 3187 .3109 2997 .2849 2658 2418 2119 1743 1201
150 3548 3532 .3483 .3398 3276 3115 2909 2647 2320 .1908 1316
160 .3928 3910 .3856 3763 .3629 3452 3224 2936 2574 2117 .1460
170 .4349 4329 4269 4167 4020 3825 3574 3255 2854 .2348 .1619
180 4768 4746 4681 4569 4409 4196 3921 3572 3133 2577 1777

x1/a=0/11
x1/a=1/111
x1/a=2/11
x1/a=3/11
x1/a=4/11
x1/a=5/11
x1/a=6/11
x1/a=7/11
x1/a=8/11
x1/a=9/11
x1/a=10/11

B 2-10 EERRTHERER TR O X,/ a THHME (KK=LL=20X20,M=N=13,b/a=1)
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ROOXBN-NMERBERTH 0, X, /a TWME (KK=LL=20X 20, M=N=11,b/a=1)

I 4 1 W e A 2 T

X, /a

1 0/11 1/11 2/11 3/11 4/11 5/11 6/11 7/11 8/11 9/11 10/11
0 .5502 5477 .5400 5272 .5089 4843 4526 4122 3618 2979 2047
10 .5638 5612 .5534 .5402 5215 4963 4638 4225 3708 .3053 2098
20 .5682 .5656 5577 .5444 5255 .5002 4675 4258 3737 3077 2115
30 5617 5591 .5513 .5382 5195 4944 4621 4209 3694 .3041 .2090
40 .5439 5415 .5339 5212 .5030 4787 4473 4074 3575 .2943 2022
50 5159 5135 .5063 4942 4770 4538 4240 3861 .3388 2789 1914
60 4798 4776 4708 4595 4434 4219 .3940 3587 3148 2591 777
70 4388 4368 4306 4202 4054 .3856 3601 3277 2876 2367 1621
80 3971 .3953 .3896 .3802 3667 .3487 3255 .2962 2598 2139 .1463
90 3588 3571 3520 3434 3311 3148 2937 2672 2344 1929 1318
100 3278 .3263 3215 3136 3024 2874 .2681 .2438 2138 1760 1201
110 3074 .3060 3015 2941 .2835 2694 2512 2284 .2004 1650 1126
120 2998 2984 2941 2868 2765 2627 .2450 2228 1954 1610 .1099
130 .3058 3044 .3000 2926 2821 2681 .2501 2274 .1996 1644 1123
140 .3249 3234 3187 3109 2998 .2850 2659 2419 2123 1750 1198
150 .3549 .3533 .3482 3398 3278 3117 .2909 2648 2324 1916 1314
160 3929 3911 .3856 .3763 3631 .3453 3225 .2936 2578 2125 .1460
170 4350 4330 4269 4167 4021 3826 3575 3255 2858 2356 1620
180 4769 4747 4681 4569 4410 4197 3922 3573 3137 .2585 1780

Yu — X1/2=0/11

— e

St

W

180

B 211 RERNTHERERTHO X, /a THHME (KK=LL=20X20,M=N=11,b/a=1)

x1/a=7/11
— X1/2=8/11

x1/a=9/11
x1/a=10/11
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RIOEBRXMEEBERTH 0, X, /a THME (KK=LL=20X 20, M=N=9,b/a=1)

X, /a
1
0/11 1/11 2/11 3/11 4/11 5/11 6/11 7/11 8/11 9/11 10/11

0 .5504 5471 .5399 .5270 .5087 4843 4527 4126 3626 2986 2020
10 .5639 5612 .5532 .5401 5213 4964 4639 4228 3717 3061 2071
20 5683 .5656 .5576 .5443 .5254 .5002 4676 4261 3746 .3084 .2088
30  .5619 .5592 5512 .5381 5194 4945 4622 4212 .3702 3048 2063
40 5441 5415 .5338 5210 .5029 4788 4474 4077 3584 2950 1995
50 .5160 5135 .5062 4941 4769 4539 4241 .3865 .3397 2795 .1888
60  .4799 4776 4707 4594 4433 4219 3941 3591 3156 2597 1751
70 .4389 4368 4305 4202 4053 3856 .3602 3281 2884 2371 1597
80 3972 3953 .3896 .3801 3666 .3487 3256 2966 .2606 2142 .1440
90 3588 3571 3519 .3433 3311 3148 2938 2676 2352 1932 1296

100 .3278 3262 3215 3136 3023 2873 2682 2442 2146 1763 1180
110 .3074 .3060 3015 2941 2835 .2693 2513 2289 2011 1652 1105
120 .2998 2984 .2940 .2868 2764 2627 2451 2232 .1962 1612 1078
130 .3059 .3044 .3000 2926 2821 2681 2502 2279 .2003 .1646 1103
140 .3249 3233 3186 .3109 2997 .2850 2660 2424 2131 1753 1177
150 .3550 3533 .3482 .3397 3277 3117 2910 2652 2332 1919 1292
160 .3930 3911 3855 3762 3630 3454 3226 2940 2586 2129 1437
170 4351 4330 4268 4166 4020 3826 3575 3259 .2866 2362 1597
180 4770 4747 4680 4568 4409 4198 3923 3576 3145 2592 1756

—— X1/2=0/11
x1/a=1/11
— X1/a=2/11
x1/a=3/11
x1/a=4/11
30 e x1/2=5/11
— X1/2=6/11
x1/a=7/111
— x1/a=8/11
x1/a=9/11
x1/a=10/11

80

2-12 RRRMEHEBER TR O Fx, / a TUME (KK=LL=20X 20, M=N=9,b/a=1)
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FNEBR-NMEEBERTH 0, X /a TWUME (KK=LL=20X 20, M=N=7,b/a=1)

I 4 1 W e A 2 T

X, /a

0 1 0/11 1/11 2/11 3/11 4/11 5/11 6/11 7/11 8/11 9/11 10/11
0 .5492 .5470 .5401 5281 .5095 4847 .3407 4129 3628 .2985 .1954
10 .5627 .5605 .5535 5412 5221 4967 3519 4232 3718 .3060 2004
20 5671 .5648 5578 .5454 .5262 .5006 3555 4265 3747 .3084 2020
30 .5606 5584 5514 .5392 .5201 4948 3502 4216 .3704 .3047 .1995
40  .5430 .5408 .5340 5221 .5036 4791 3355 4081 3585 2949 .1929
50 .5150 5129 .5064 4950 4775 4542 3122 .3869 .3398 2793 1825
60 .4789 4770 4709 4603 4439 4222 2823 .3596 3157 2592 .1691
70 4381 4363 4307 4209 4059 .3859 .2485 3287 2885 2366 1540
80  .3965 3948 .3897 .3807 3671 .3490 2139 2971 .2608 2135 .1386
90  .3583 3567 .3520 3438 3314 3151 1822 2682 2353 .1924 1245
100  .3274 .3259 3215 .3140 .3026 2877 1567 2448 2148 1753 1132
110  .3071 .3057 3015 2944 2837 2697 .1398 2295 2014 1642 .1059
120 .2995 2981 2941 2871 2767 2630 1336 2238 .1965 .1602 .1033
130 .3055 3041 .3000 2929 2824 2684 1387 2285 .2006 1637 1057
140  .3244 .3230 3187 3113 .3001 2853 1545 .2429 2135 1744 1130
150  .3544 3529 .3482 .3402 3281 3119 1794 2657 2336 1912 .1243
160  .3923 .3906 .3856 3768 3635 .3456 .2109 .2945 .2590 2124 .1385
170 4342 4324 4269 4173 4026 .3829 .2457 3263 2870 2358 1541
180  .4760 4741 4681 4577 4416 4200 .2804 .3580 3149 2590 .1696

£0 — X1/2=0/11

x1/a=1/11

——r

e

180

2-13 ERRMEHEBER TR O Fx, / a TUME (KK=LL=20X 20 M=N=7,b/a=1)

— X1/2=6/11
s X1/2=7/11
— X1/a=8/11

x1/a=9/11
x1/a=10/11
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Eisn

FRS S ARL — U RS )L

FCE R KK=LL=20X20, ZII5%E W=N=13, ﬂ%kﬁﬁﬁé?ﬁfﬁlﬂ?gaFﬁﬁ%@(%ﬂﬁthiﬂﬁiﬁﬂﬁ

2-12 oW 2-14 Pros: NAZREOR LN BRSO IR LRSI o8, BEMBE BEs IR e %, 1 bla>8
I, Fear — o ) U E 45
R2-DLEEBRNMTEBERE TR 0, baTEME (KK=LL=20X20, M=N=13)
arb
1 2 3 5 7 0
0

0 0.5501 0.8361 0.9366 1.0122 1.0693 1.0793
10 0.5637 0.8548 0.9561 1.0321 1.0906 1.1007
20 0.5681 0.8610 0.9625 1.0387 1.0979 1.1079
30 0.5616 0.8524 0.9535 1.0295 1.0883 1.0983
40 0.5439 0.8284 0.9284 1.0038 1.0611 1.0712
50 0.5158 0.7901 0.8885 0.9630 1.0178 1.0278
60 0.4797 0.7406 0.8370 0.9102 0.9616 0.9716
70 0.4388 0.6844 0.7786 0.8504 0.8977 0.9077
80 0.3970 0.6269 0.7188 0.7892 0.8321 0.8420
90 0.3587 0.5738 0.6637 0.7328 0.7714 0.7813
100 0.3277 0.5305 0.6189 0.6870 0.7217 0.7316
110 0.3073 0.5017 0.5891 0.6565 0.6882 0.6981
120 0.2997 0.4902 0.5774 0.6446 0.6745 0.6843
130 0.3058 0.4974 0.5852 0.6525 0.6818 0.6917
140 0.3248 0.5224 0.6115 0.6795 0.7096 0.7195
150 0.3548 0.5628 0.6537 0.7227 0.7549 0.7648
160 0.3928 0.6143 0.7074 0.7777 0.8129 0.8228
170 0.4349 0.6716 0.7671 0.8389 0.8778 0.8878
180 0.4768 0.7290 0.8269 0.9001 0.9430 0.9530
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& 2-14 T BN I EERE FH ThE 6 #1ba THME (KK=LL=20x20, M=N=13)

2.6 IRE /&

LN B IR SRS SEAER R 4 L AR R & MORME RO AR P S S0 iU A6
SRA 2 AZRGLR I A [ W Ay 2 S0 o 6 ) 7 5 B g R il AL

2. KM =4 Ay 5w A IR R o kA 2 1 RSOy ) SOV A e v fe AL, i, il
TR T RG A (SR T 2R GURT I e sl B A 33 R N ) Sl i Rk e e LT UMy 5 5 A
T T SONAR BE RS DR TR SCRE R U

3. MR GRS 5] Wi A 0 R SR TR A8 1) W S A e 80 2 N2 B, A
B AR M b Ay S ARy R T i s Tk

4. SR R B Iy REAR R BRI AT SR, A3 B T SOV SRR R SN AR B
JERFIEUE 5 250, ] FORTRAN #5495 T LR, xRS G T 7ok 5s A
URATAL TS (N NAZRED 9PN T B A5 RSN, iy ARG RS . K (M
Jis WARRED SRPEIN T RERSOBAR L K, 2 a/b =28, L — YRG0 8 {E 4
Ko

5. TREr IR R N2 A A RN A RGO, Al DA AR SCHR A K S 200 5 1 U)ok
R iwi ity ANNICTETS ¢ SNV E SELIER A3 Oa R SR AT R CTE TS eI A pe
R, FETREN R T LI RS .
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FE-E HMEREESMRIZE S R0

315818

20 4450 1) FL 2 [ ARl Hp S5 A7 T ) A, DR 5 | T VR 22 2 3 R D R kAT T K
T . L 2 e inl U5 2 B0 TR AT IR (A B) T~ 5248 ok Hi0y 25 B AR 4y AR ey
2, M2 TR th 2 G TR . I AR RGTE 1, 1L, I B3 & AF T
(K f# (1962 4F Barenblatt[267]. Erdogan[169]). =4 L&kZ4rde 1, 1, I BT &8 1 1 fi
(1964 4 Sih[95]) . &K ILLRLAE 1, I, I BUHOL R AIAR(1957 4F Irwin[268]. 1959 4F
Koiver. 1973 4 Tada[269]). 5K HEZRLC (HIP-FAT I FRANMIZRLD 78 1T BL4AF T (1 g
(1973 4 Tada[269]). &AT 48 2 R4 i 31 fift & B s R 40 Fi 26 7 1R 3 P O 20 (1971 4%
Snedden[270]), BTG TF BT LS (U TR X A# (1973 4F Isida[271]). SRTIANERZ, XLEf#
AT A 8 JR0 B TR o 70 A (R 2R S0 S L TR BT 5, AE R ZHUE LS, 2R 4un &, T A
M APE, #TCVEBOHE T SRAF A AT i R Re A B T 45fE 2.

7 S B 00 T R T R SRR TG PR K 5k A v S R 0] IR A A% U775, Kishida
Asano[272] N 77 5 AR 73 TT RO AT T =5 PATREU A e, N FZ T VSR A 22 2440 n) jUE A7
Narendra il Cleary[273]. %EAME A —HE A& Narendra Al Cleary[273]#&H T —FhAb AT 42244 i)
B AT T, XM ITEF ERELE — 4 82 5 T AR 11 5T X3 P 38 5l A8 F 1A 1 ) 24
80, 2R BEE S A EARH], IRy DL oy X, A i, el DL, RG]
DA SZAT B R R o 205 R N s R IR AR 3 T, N I G A A 4y A R R n REL, I
JE A5 B 7 AR O 7 RN R —— P BT AR 2 2R A

Az, AT AR IERS 22 B A F T A AR A AR = 4 2 RGO AT T
PR REAE T E G, R IR A Ay SRAEE— 2L LA™ SCRLR 18] W DAy AR %00 R 55011 7 572 AR 03 T
REFREL, 753 7 RGUITHT) ™ XA 5t N a2k s, @ T SON i E R - ) SO AR fE
SRPEDR AN SRR AR s BEi, NI BRESAR 0 S S AR ik, Dol R ARy R A
jTﬁﬁi%ﬁ%,%F&UMNmaﬁﬁTﬁﬁVX(fﬁ AZRED 5 8 A1 L A
Fes SRJa, DL=4EXCRZONE], E AL, SR T ON . NARRED) 9N T
%&QE\%&%%&HﬂéﬁE%%ﬂﬁomE,%ﬁT%&@T%&E@Wﬁ&ﬁEIE
SRR IR R

28R FHIE

BT 3-1BToIR B T PR AR A 2 T 0 0 o A R TR 45 B L PP 2 3
Ol WEEMAMPRR X, (=1,23) 0 BIAER R, AL S, (7 UST) (1 =1,2.....n)3R i 4 B
JH DK /IN A 458 5 ) R R AR (D R pl(PT) AR g (P, R BT (PT) A A
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P (P o Ny RGBT 8, JRf T R LA AR R x] B4 S, 77 2 AR bRAh x) x]
KR P T P, T B R R A R X T B R R AR x5 A R AR X, 1 SR
O (x,,x) . BLUPL MR R O (&, ELE) o I SomiglianaZy 2, il i H R RS A 44k op

R p(x, X, %) T XL U, (p) nIoR N

(&)

>, (5,)

1 1 *
hoA5E) €@

X (&) £ &) A E
CRIC) o

3-1 R AEBEMBHARIETERRIUET R 2 RETEE
Ui(p)==[ (T5(p,)US(@)+ U} (p, )T (9)ds(q) + [ UL (p.a) f,(q)dV (q)+
[ s WL (P T (@) =T (p.q)U (9))ds(q)
UL OT @) =T (P )V (@)ds (@) + oo -

k[ U T (@) =T (U S (9)ds ()

ooy U T (@) =T (p.0)U S (9))ds ()

F S —

K G- PHFET(g) (1 =0,1,2.cn) K XH A5G, BAkRIER N

pl=oinJ=j=123
q’T=D,’7n, J=4

ri -4 =0 G-2)
b'=Bin, J=5
p = 97’;11,. J=6

PSRRI JIHEAAR Ul (p,q) M T (p,q) BRI A2 R AT B F U 3r:

Ty (& =X)= By Upy ,(E= ), (3-3)
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FINGLH S, ) XA i UF (p) , H B b
0=u—u = =123
gioh=t g J=4 (3-4)
A [T R N -
Pi=9 —9 J=3
& _ &+ _ ai- J=6
Y _gj

MAXER T, (p.q") =-T,(p.¢ ) =T, (p.q) MU}, (p.q") =U},(p.q)» | XBHU,(p)
A AR HHT R R

U,(p)= [ (U (p.0)T) (@)~ T3 (p. U3 (@))ds(@) + [ U}, (p.9) f,()dV (q)

. 75 (.U @ds(@)+ [ T (p. )T (@)ds(q)

. ~ 3-5
|+ T (P T @)ds(q) oo o
T ()T (@ds(@)+ [ T (p.9)U (@)ds ()
JUXRI AR AR
J; 85 (.U @ds(@)+ [ S5, (p. )T ()ds(9)
2P ==| +] S (P Ur(@)ds(@)+-o+ [ Si ()T (@)ds(q)
- (3-6)
+],. St (P.a)U5 (9)ds(q)
+[ (DL (P TE(@) = Sk (P UL (@)ds(@) + | D3y (p,) fic (@)dV ()
X (3-6) PRUMLESL S B DL [ HAAFRIER N
Si(iJ (p,q) = _EiJMnTAlj[K,n (p>q) (3-7)
Dy (P,0) = ~Ep,Usic (D5 9) (3-8)

BYLH AR AR T L S, (ST UST) ik s, WIHIAS &N, i p Rl
A, Gk FRAAN, TAIHPARAEE, MR (3-5)n L3 F LR e,
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[, TV (P.)U S (9)ds(q)+ [ T3 (P )T (q)ds(q) +
CU(P)=~| [ T (P.)U(q)ds(g) 4o L T (P.U ) (9)ds()

i (3-9)
[ T3 (P.)U (9)ds(q)

n

+ [ UL (PO (9) - Ty(P.9)U S (9)ds(q)+ [ Uy (P.g) f,(q)dV (q)

L W5 C, S PSS » RGO SO0 52, nTUAGRILL Ml a5 B 7 R4l
£S5 P.oUx@ds@)+f, S5 (P.gU @)ds@)+f, S (P.g)Ur (@)ds(@) ++---- +J

. S0 (P.oU @ds@)+ T, SE(P.a)Ui ()ds() 510)

n

= [ (Dl (P.9)TL(9) - 52, (P.)UR (@)ds() + | DYy (P9) fi(@)dV (g)

E*f WAL R A A T SR AR,  aUrh 8 — AN A RO 7, RN
SRR RERAFGB-9) ~ (3-10), L ERARENEO ol LORE 7o Q s W QAR —
s WNZ A SEAR AR 2R T AR ARA 5 17 R AS TR

Ue(Q) == T (P ,Q)U, (P )dS; ==[ T{,(P ,Q)U; (P )dS, (3-11)

Heh U, (B ) =U,(B)=U,(B)RU(B) =Uj(B)=Uj(P)) WIS 1 B8R R

RURIBR IO SRR I . 4000 5 X 00t F R o

i, (P)=u (P)-u (P) I=i=1273

0, )y=) B BI=4E)=6,(R) =4 .
¢(B)=¢/(B)-¢ (B) I=5

$(P)=8(B)-4(B) I=6

i (P)=u"(P)-u (P) [=i=123

B )= ¢{(1’;)=¢{ (P;)—¢}:(P;) =4 (3-13)
F(P)=p"(P)-g (P) I=5

Ge)=8 - @) 1=6

T (P ,O)RITL (P, Q) 4 BIAREHEAR R x, AR R x| R SR I HEARE . S A15 7 S 4k
AARAN S T

Ty (Pl ,0) = EnnUxain (P, ,0)n, (3-14)
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TIé] (P, ,0)= EIIMnU;(M,n (Pl > Q)nl = H;(TH;LILTTL (Pl ,0)= H;(TH;LEIILnUKL,n (P, 5 Q)nl (3-15)

WU, NEERR T AL SEAE, B ARRIE AT 0l 225 3CHR[274] AR b Jie e A2 4 5K

HI,, Hi, BAFETaiakat x?, xR T

i ) KT =123 (3-16)
11 K, T=4,56
X =HI (/-0 (3-17)
i |, K. T=1,2,3

= 3-18
o {1K;T=a5ﬁ (19
x=Hl (x'-0) (3-19)

Horh 2, = cos(xk,x]) MR E T Ab bRkl x! 15 R AR T ALKRA X/ KR . il = cos(xk, x,)
RS TR ALbRA X SRR T ARRAN x, AL, R B-RiAE % R M HookesE A, 1T LU
SRR X 1 O(E &, & ) KT SUEAMIR R XSy 4 6

> (@ =] Si(P 0T (Q)dS! (3-20)

X (3200 PREEH S AfkEA I

Sty (P ,0)==E,, Ti (P ,0) (3-21)

3.3 XEKHE

3.3.1 T XA FpE KR

ECAHEI138, 214, 215, 229, 230, 275, 2761 5EAt L, Nk EAR R, 8, #ES. LA
IOUE T e H GRS S AR R A B S AR A, S & & T A 5 A 5 R 7 v R AR R H A
PR A AR = YE ] U FEA R R IE A, B AR

1. EERREAP . O J ., Ex B RRER:

U;J =3 R'A, (R,-El (x,—&)0,, + A", + A8, + A8, + RI_EZ (& -x)A%s76,) (322

i=1" i

X (3-22) PHEZHR ML IHIRB.
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HR R AR M K 25 A 24 18 S SF W A R SR 2 2 ] B
2. ,.nf Tx FEEREBEMS T, -5x " XA BEKBAI RN

Ui, =" D0, ~ENE,RIRAE, —x,) - RIR (A8, + 208, + A78.,)~ A’ R 5,8,

(3-23)
+13i1:1521) +D,((x —S)R; Ro_lz (5, =8, —(x, =&,)8,) - Rgfl 1)

X (3-23) FHESHA ML IHIKB.

3327 XEDEKME

WL IEANE 3 (3-22) ~ (3-23)W HFPEIEAR B . A&, i RHL, T
P i R RS A R = MRS £ AR R R I S AR, ﬁiﬁﬁﬁéﬁﬁﬁw :

i -1p-1 3 p-1 2 2 H-2 2 5 v p-3 5
Ty = =cauDysy (R Ry = RORUX, P = RERZX, )+, DAIRIX, 3 Dleys,

teu A e +d A NRIR —RORIX P~ RPRPX D) o
Tzi =0y D5 X} X, (Ro_;]%o_fl + Ro_{'zléofz) - z; DX X ileys; +eud” (3-25)
+e A +d AP 1R R +RPRY)
Th==Y Alcys, +cu A" +e il +d APIRIX (3-26)
Ty ==Y A%cys, +cu A tesh +d AP IRV X,, (3-27)
Th=->" Alleys, +e A" +e il +d P IRFX, (3-28)
== Ay, +e A e +d A IRFX (3-29)
T = =y Dyso X, X, (RER + RIR =D DX X, [c,s, +c A" 50
+e A +d AP NRR +RPR)
T3, = Dyso(R) R —RPRIX 2~ RIR2X )41, > D ARX, +> . Dleys, )
e A et +d A RIR - RART X, P~ RARX ) _
Ty == Alleys, +cu Al +e Al +d AL IR X, (3-32)
Ty ==Y APleys, +eu ) +esh! +d A IRVX,, (3-33)
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T ==Y Aleys, +c A +e A +d A IRFX,. (3-34)
T = —z; Alleys, +e A +e Al +d ATIRCX . (3-35)
Th=1,Y DARIX +Y, Dlcys, +cuh’ +esAl +d AP IRFX,; (3-36)
Th=1,) DARIX, +Y Dleys, +c A" +e A +d A IRFX,. (3-37)
Ti = —z; Als [—cy +eys, A +eys, A +dys, AP IR X (3-38)
7:{; = —Z; AP, [—cy + 038, A" +eys, Al +dys, ATIRCX (3-39)
T == Als[—cp+cys, A +eys, A +dys, AR X (3-40)
Tﬁ’; = —Z; Als [—cy+eps, A +eys, A +dys, AV IR X (3-41)
T = —Z; D€, +eys, A" — €55 5,40 = g335, A+ IRX (3-42)
T2’4 = —z; D[—e, +e,s, A"~y 5,40 — g5, A7 + 4/33]R,~,_°3X22 (3-43)
T = —z; D€, +eys, A" =€y 5,4 — g5, A + {3 IRCX (3-44)
T. = —z; Als[—ey +eys, AV =€y 8, A — g3, A + IR X (3-45)
TS’4 = —z; A%s [—e, +eus, A —ey 5, A — gus, AL+, ]R;XS; (3-46)
T = —Z; Als[—ey +eyus, A — €y 5,40 — 338, A7 +C IRV X (3-47)
T = —z; D, s[—dy, +dys, A" — 8338, A — phyys, A7 + 13, IR X . (3-48)
Ty == D,s[=dy +dy,s, A" = 83,8, A = 5, A0 ++1, IR X, (3-49)
T3’5 = —Z; Als[=dy +dyys, A — g3y, AL — 1338, A7 + 115 1RCX (3-50)
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Ty = —z; APs[—d, +dyys, A" — 338, A — pyys, AL + 0y IR X (3-51)
z 1Ale,[ dy +dyys, A = g3y, AL = pys, AL + 115 IRX (3-52)
—z 1A,YS,[ dy +dyys, A = 8u8, A — 1S, A + 113 IR X (3-53)

Ti =" D54 (RS Ay =3R4y X2 =3R4, X X, + 3R A, X 2s?) (3-54)
Ty =" DA BR A X X, — RA, + 3R A, X2 +3R A, X, X :s?) (3-55)
Ti = Z ATA'SH(BRA, X X, —3R A, X, X+ R Ay =3R4, XLs?) (3-56)
T = A NSN3RI A, X Xy = 3R A, X, X+ R Ay = 3R A, X 2s7) (3-57)
=3 ATASHBRIAX Xy — 3R A X, X+ R A~ 3R A, XS] (3-58)

333 X NI T E

AR (3-24) ~ (3-58)[)) X I RAM AT RS, KL EIRNHES, F)s T
FIMDEI N AR AL Sy » RIS IR

; 5
= / ¢ P
Sisi _24 (Caus; + A +es Al +d A7) ey D, s; + ¢4

(3-59)
+esA° +d s AR (1-3X2R)— ¢}, Dys; R, (1-3X .R..)
S£31 :_Z;S:l 3(Cyys; ek +615/1i¢ +d A7)y, D; s, +C44AiP (3-60)
+esA° +d s AR X, X, =3¢, DysR; X . X,
Shi==>" 3(- A 225, +dyA%s; + 1,205, )(cyuD,
31 = Zizl (—cis + e ds; e Als, +dyAls, + 1 A's ) ey D s, (3-61)
tey A +es AP +d, 4] )R,ESXU"X%"
Siy=-> 3~ RS, — €y Als, — g A’ 25, )¢y D,
81 = Z,—=1 (—ey +epd's, — ey A's; —guAls, + CAls ey D, s, (3-62)

P 0 J =5
teud e A +d 4 )Ri{ X15X3i
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i 5 w v
Sss1 :_zi:1 3(=dy, +d A, _g33/1i¢si = ps TS, =S ey D s,

P 0 J\ p-5
teud: tesd7 +d A )RSX X

i 5 2 P 0 J\ p-5
S ==, s (cyD,s; +cy A +eA° +d A RCX

I w 4 ® P
Sia _Z,-=1 3(eys; +eud +e Al +d AT ey D;s; + 4,

+615AiQ + dlSAiJ )Ri_SXl X, + Cj4D0S§Ro_55X11’X25

P 5 w ¢ ® P
Sy __zi=1 (Cuys; Ty +es Al +disA) ey, D, s; +cy 4,

+e,5A4° +d ;A )R (1-3X..R2) —cy,Dys; R (1-3XR;)

17 70:

i 5 w ¢ @ v
Sy = _Zizl 3=yt s, HepAls, +dpAls, + 3 As ) e D, s,

P 0 J =5
te,d; e A7 +d A )Rif X, Xy

i _ 5 w ¢ ] v
Sipn = _Z,-=1 (e teuAls, — €5 Als; — g Als, + CAls New D, s,

P 0 J =5
tedi +es A7 +d s 4; )Rif X25X3f

f 5 w v
Ss3 :_Zi:l 3(=dy +dyu A, _g33/1i¢si = Hs TS, =S ey D s,

Sé32 = _Z; 3255; (cyyD;s; + ey AT + e A7 + dlSAiJ)R[ESXzf + ﬂszsz'zR,-ESXf

P 0] J -5
te,d; e A +d A )Rif X, Xy

1

i _ 5 w @ @
Sy = Zizl 3s; (Cys; +epd” +e A +d A7) =D, ¢y

p 0 J 5
ey d; s e A7s, +dys 4] Si)Rii leXsf

5 Y w ¢ o\ p-3
+Zi:l A vy (cys, He A e Al +d s ATRSX

i 5 w ¢ @
Sy = Zizl 3s; (Cyus; +epud” +e A +d A7) =D, ¢y

57

P 0 J s
e d s, +epdrs, +dy A Si)R,-f X, Xy

13

5 Y w @ [ -3
+Zi:1 A 15 (Cuys; + ey + e Al +disAT)RSX

(3-63)

(3-64)

(3-65)

(3-66)

(3-67)

(3-68)

(3-69)

(3-70)

(3-71)

(3-72)
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i _ O3 w ¢ ? v
Sy = Zizl 8; (= T e Als; FepAls, +dyAls; + 13475, ) (=D, ¢
P 0 J \p-3
e dls, +en s +dy A7 s)R;

5 Y w @ @ v -3
+Zi:1 A (e e As; +eAls, +dAls, i As )RSX

Sias = z; s; (—ey T epdls, — €y /1;/551' —guA’s, +CuAis ) (=D, ¢
+ C33A[PS1. + e33Al.Qsl. + d33Al.Jsl. )Rl,}3 + z; Al.Yl33 (—e,,
e As, — ey Als, — g Als, + C A, )leX 3
i3 w ¢ [ v
S5y = Zizl S, (—dy +dyy A%s, — g AlS, — s Als, =153 48, )(=D; ¢
+e, Al's, + e, A%s, + a’33Al.Jsl.)RiE3

5 w v -
+Zi:1 Aty (~dyy +dy A, = g Als, — s Als, =S, )Rif3X3f

Sé33 = Z; {4 (=D ¢y + e As; + e As, + d33AiJSi)Ri1:5 (344X,

+34,X,) - Z; ATS2A) 2ot R

N ek w ¢ ®
Siag _Zi:1 35, (CyyS; Ty A" +es Al +d AN =D, ey,
P 0 J 5
tend; s~ €y A7S; — €33 4; Sz‘)Rif XXy
5 Y w ) o\ p-3
+Zl~:1 A Gy (cys; e +esAl +dsATRSX

i _N\? w ¢ 4
Sy _Zizl 35, (Cuys; Heu b +es Al +d AT )=D, ey,
P 0 J s
tepd s~ €y A7s, — g A SR X, X
5 Y w ¢ P\ pR-3
+Zl—=1 A; G5y, e A +e Al +d A )R,f X,;

i 5 w ¢ ® v
S, = zi:l S, (= FepAls, e Als, +d Als, + 4, A7s, ) (=D, e,
P 0 J 3
+epdls— €y A7s — 83 A7 5)R;

5 Y w 1) @ v -3
+Zl~:1 A G (e +epds, +epAls, +dAls, + 1,478, )RS X

i _ N\ w ¢ ? v
Sia = z,-zl 8 (—ey +epAs, — €y 4TS, — g Als; +CuAs; (=D, ey
P 0 J o\ p-3
+epds— €y A%s — g3 A s)R;
5 Y w ¢ o v -3
+z,~:1 A vy (—eyy +ep s, — e Als, — g Als; + O )R7X

(3-73)

(3-74)

(3-75)

(3-76)

(3-77)

(3-78)

(3-79)

(3-80)
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i 5 w v
Ss34 = zizl 5; (~dyy +dy A's, = g Als, = g Als; =11 A0S (=D, ey,
+ e33AiPSi_ €33 AiQSi - g33A'jSi)R,-E3 (3-81)

1

5 W v =
+Zi:1 Aty (~dyy +dy A, = @ Als, — g Als, =1 As, )Rii3X3f

Sé34 = ZS | Sizﬂ’iv (=D, e + 633AiPSi_ €33 AiQSi _g33AiJSi)Ril:5 (34, X,

i=

. o . (3-82)
+34,X,) - Zi:] A s 4 AR

S1f35 - Z; 3s; (Cys; + e + els/1i¢ +dA")(=D, dy, + d33AiPSi
—g3 AP, — 1 AT )RS X, X (3-83)
D AT (cys, oA e Al +d ADRIX,

S;s = Z; 35; (Cyps; +eu ™ + elS/liqﬁ +dA")(=D, dy, + d33AiPSi
_g33AiQSi _ﬂ33AiJSi)R;5X2;X3; (3-84)
+Z; AiY7733 (CoyS; TCyyd" + elsﬂﬁ(/j + d15ﬁ~i¢)R,«,?3X2;

Séss = z; s, (=¢5 e ds; + 633/1,'%1‘ +dyAls, +1,4's, (=D, d;,
+ d33AiPSi - g33AiQSi - lu33AijSi)R,'E3 (3-85)
+ Z; A (e +epAv) s, e Als, +dAls, A, JRX,;
i w ¢ [ v
Sis = Zi:l S (e +epAls, — €5 Als; — g Als, + 3 A's, (=D, d,
+ d33A7‘PSi - g33AiQSi - ﬂ33AiJSi)R,~,:3 (3-86)

5 Y w ¢ o v -3
+Zi:1 A (e + e Als, — €55 Als, — g Als, + Gl )Ri; X3;

l/: 5 w v
S35 = Zi:] 8; (—=dy +du A, _g33ﬂ’i¢si — pssAls; =1 4's, (=D, d;,

+d33AiPSi - g33AiQSi - /’133A1'JS[)R1‘1:3 (3-87)
5 ” v -
+Zi:l A (~dyy +d A, = g Als, — g Als, =L, )Rif3X3f

i 5 v R
Sess = Zizl Sz‘z;{’i (=D, d;, + d33AiPSi - g33AiQSi _/‘33A,?]Si)Ri;5 (B4, X, +34,X,)

5 Y 2qv -3 (3-88)
_Zizl A ;A AR
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Slf36 = _z; AiY (Cous; e + 615/1i¢ +dsA7) A, (R,-? - 3R,»ESX12;)

+Z; Aingz (C44Si + c442,l_w + e15,1i¢ + dlS/liw )3RZ.ESX1;X2; (3-89)
Sino =D Al (Cus, ek v e+ d AN (R <3RIX) 390

1 AT (Cys, e A +esAl +d APBREX X, (3-90)
Sizs = —Z; ATS, (cpy + e s, + e Als, +dyAls, + 1 Als RPX Gon)
Siss = Doy AT, (mey +en s, — ey Als, =g A0S, + AT RTX, (3-92)
S;é B Z; A's, (~dy, +dyAls; =g Als, = i Als — 1A, )R,»ESng (3-93)
Stz = —Z; A'sI A 2332, X, + 2, X,)R? (90

34 BFFRNTIE

341 BEFHRL AR

1 FERRSMET R ZRYE R

A SN AR oy Wik, 200 AR HE S A 2L LA RORS S M R B A 2 /AU
R A SRR T R
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s i
;;;(r (c2,D, so(§ =3ra15)+ (8,5 =31, r/,)Zp, )u},+3r’4r’az/13352t1ﬁ6)d5+z_[KZ ,ds——pa

=2 §r

Sl 4:(};2},:&2141 prlu¢11r+r ZZ/’ZHI n+3r j’Ba azs 9 ‘Ian)ds-'—ZJ.K',':’ﬁ;ds__p;
s i=1

n=3 i=l =2

£07(5,,-3r,r ﬁ)z AT A 0+ 3r4ﬂgarﬂz ATSAS A ptiil)ds +zﬁ“ j Kitiiids =—p|
s i=1 i=2g

:j:(r (DS (8,5 =315 + (8,5 = 3r rﬁ)Zp, )ik +3r7'r, 2/13352 ‘Nz)ds+j1<);, ,ds+zj1<;jz;;ds——p§

5 =35

S, :J.:(r’zrﬂ Z A,‘ tfpl‘ﬁfy + r’3iip,'"tlfﬁf + 3r’4/¥3aija Zs gpl"‘ﬁﬂ)ds + J. Km, ,ds + Z J. Km,”, ds = —plzn
K i=l

n=3 i=l S i=3 5

F07(5,,-3r r/,)ZA Dol +3r 7 Ao r azAf 202 00 )ds+j1<;; }ds+zj1<;j ilds =—p?
53

i=3 5t

=

r(ci,Dysi Ogp —3ralp) + =3r,r pt 11” 1Jr3r’4r s ds + K"*~"dv+ K ds = -pr
) 7 Y ; 2 ai i aitli

Sy i=l st

S, :I:(r r z rfp,“(';l-%—r’zzz“p tat 3t Al aZszﬂ‘gp,””” ')ds+j.Km, ,ds+z'|.K,'mu,’ds——

st n=3 i=1 e

A=2
F076,-3rr, )ZA Ayt +3r’4ﬂgaijaZAYszi Ay piEi ) ds + j Kiads+), [ Kijiilds =—p]”
st i=1 s; i=1

15’

il
:f:(r’3(c54D0s§(§ =3r; rﬂ)+( s~ 37, rﬂ)Zp, t, )uﬁ +3r’4r z/lnsz 1dg)ds+z j K('uul'ds——
Si

=l g

S| F07r, X AP 4 Y P 3 azszﬂp:"abdsfi [ Kiilds =—p:
5 =} n=3 i=l i=l gt
A 3-95
F07(8,,-3r rﬂ)ZA Aoptlii +3r*‘%3arvazf1fsf/1 Ay pliilyds +Zj1<;,,z;;ds -p! (3-95)
St i=1

=l gt

Hrbpl L pi(g'). pi(B) A pl (') ITLLEI MR LU R . MR o B
K iy Bl s\ 7B,

2 FERAFITER S HYEE

K320, WA AASERR S AR R =Y AT 2R, REUNEH Y xy B, 22847 1E
H T A (e RS A . B 7T AR S T R AT R
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=

/?\x;*I & A, () /:Y‘zz &)
: i

32 M HEAEBBEMBINSEERRETER S RHUTER
i 5 5 i .
{:(r* (D3 (85 =317 )+ (8,5 =37 )Y pHD il +3r7'r, Y Aysitliil)ds + j Klilds=—p!
s i=1 i=1 i=2 gr

n=3 i=1

5 5 5 5 i P
F2r, YA Pl + 1Y Y Pl + 3 A, Y 524 Pl s + Y [ K dilds = —p),
S i=l i=1

i=2 sF

5 5 it P
F07 (8, =3 )X A Dyt +3r A, D AT A A plig)ds +) [ Kiiilds =—p;
s i=1 i=1

=2 g

5 5 i P
FO DS 5 =3rar5) 4 (8, =31, PN, + 317, Y Asitlid)ds + [ Kliilds+ Y [ Klids =—p.
55 i=1 i=1 s i=3 st

5 5.5 5 A
-2 Y2 12 -3 mat =2 —4 298 m~2 1 =1 i~ 2
:J.:(r 7, E At pii, +r E E plti, +3r" A, 1, E s;A plig )ds + IKmu,.der E J.Kr’mu‘.ds =—p,
i=1 i=1 s i

St n=3 i=1 i=3 gt

5 5 it N
T80 =31 )Y AT A i+ 3 A, Y ATSIA Ay pliyds + [ Kiiilds + . [ Kyl ds =—p;
i=1 i=1 i

sy ¢ =3 s

5 5 -2 P R
F (D50 (85 =3rar ;) + (8,5 =3r,r )Y IV +3r 7, > Asitity s+ [ Kliilds+ Y. [ KL gilds =—p”
i=l i=l st i

Sy i=l g+
i 7
5 5.5 5 iz2 RN
-2 Y2 l=i-l -3 m ot =il —4 228 mi-l T Posigo el
F OO, YA Y)Y prti 43 Ay, Y 5P A pl Vs + [ Kldilds + ) [ Kl ds ==,
Sty i=l n=3 i=| i=l St i=l g

5 5 i2 L. X
£ 726 =3 )X A Ayt + 3 A, Y ATSI A Al Vs + [ Kiilds +y, [ Kidiids =—p]”
5t i=1 i=1 st i=1 s
5 5 -l L. X
(e Dyse (8, =311 )+ (5, —3r 1 Py +3r st yds + K i ds=-p.
442050 Oz5 alp op alp (L] a 35 Lillg ailti o
S; i=1 i=1 i=l g
L X 5.5 . 5 X izl L .
Py A plit 7 M+ 3 A,y sTAS plal )ds + K. i ds=-p!
w24 b Py pi i, salia 25 Pi Us mithi P
st i=1 n=3 i=l i=1 i=l s
5 . 5 ) il L. ) (3_96)
L0728y ~3r VD AT T 43 A, S AR AN 4 [ K ds = p
s: i=1 i=1

i=l g

MRV, p! &1‘2@@&& (K B ARFRIE I SRB e X FHRFRAE O, 1 AAHRE S AR PP AT
Y LR A A R AT A A -

62



A A K 2 220 18 S 28 — R AR SRR — A A

5 5
F (7 (ChDys0 (8,5 =317 )+ (8, =37V P2 Vil + 317 r, 3 Aysitliig)ds + [ K iilds =—p),
i=1 i=1 SZ‘

s
5 5 5 5
e S v S5 3, S [ K]
e = =3 =l i=1 55
5 5
:J;(V’2 By =317 ) D AT Aaptlity + 3 Ay, L ATS] A7 Ao plig)dis +.[ Kiiids =—p; (3-97)
s i=1 i=1 S5

5 5
# (]”_3 (C§4DOS§ (555 - 3’:&’:ﬁ) + (é‘aﬂ - 3”:(1”:,8)2 Ioizti2 )iz/zi + 3}/_4’/:11 z 233S1‘2ti]ﬁ§)ds + J. K{iiﬁi]ds = _p(i
5 i=1 i=1

S

5 5 5 5
-2 .2 1~1 -3 mt ~2 -4 298 m~2 2 ~1 _ 2
=f=(r r, E At pi, +r E E plti, +3r A, 1, E s A p; u6)ds+JKmiuidS——pm
S5 i=1 i=1 i

n=3 i=1

5 5
%(r_z (5aﬁ - 3”:11]/”8 )Z Arrﬂ’_‘aﬁttzizé + 3’/_42'3(1”:(1 Z A[Ysizﬂ’[sﬂ'}f&piéﬁz )ds + J‘ Kfiﬁ/lds = _p:
S5 i=1 i=1 Sy

R, = (6 =x)/ R, R=((§=x) +(&=%,)" + /") . BUMLRE K, 19 FLAFGE A

Bisio mT LA H il ar 5 B U RE-15 SCHR[187, 1881+ BTl il 7l 146 73 5 A 23 U5 R AT AR
Bt AT RERAL, ELNFRBERFIHEEZO (x,,x) =0 (MPTEREED .

342 " XFIHEE

N T o T RS I AT e R ) 8, FRATITAE R AR W S, — R AR FR R X, X, X o xR
BURTIY o SV, x, Bl g, 5 LG0T P PO ), o, Bk 5 G e Py 1 . SRR
SUHTHE g W) SRS (B Wl s -

i) ¢(@) ¢@ F@I=gi(g)E*  0<Re(4)<I1 (3-98)

Horb g, (go) M55 gy SR MR, A, BAECHT I R ) 2 PR ZE RS K,
05 g MEPERIR RS, I T 189, 2741, BALLHIV A PR A AT 275

cot(4 7) =0, cot(Az) =0, cot(A ) =0,cot(A ) =0,cot(A ) =0,cot(Azr)=0  (3-99)
S SRR, TSP R R Ak g
HN=li=A=A=M=2=1=1/2 (3-100)

343 XN ABEREF

J SO 98 B IR R] RASE SO«

<Kf:1h%J2r0;039ﬂ ,Kj:ﬂngvzra;ogeﬂ ,Kj:qn%era;ogeﬂ (3-101)

r— 6=0 r— 6=0 r— 6=0

K} =1im2rD|(r, 9)‘ KI=1im\2rBi(r. 9)‘ K{ =1im2r9,(r, 0)‘ (3-102)
r— 9=0 r— 6=0 r— 6=0
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344 XEFFRN A

ML ERAR, W 2IRGGT A tE N 1y, FERMSRIE T

oi, = &2, Dys2 T8 cos &b (3-103)
1t 2
. . 0 .,0 8 1. 3. 24, . ,6
0. =3 T g 152,52 cot 8 (3cos— —3sin® — cos—- ——sin’® @ cos—L) ——2-gin ' -~
23 Zz‘:l \/;1 {81545, (. 4 > ) 4 i 2) rznz 3
A ’ 6 (3-104)
+—"2  (2cos™ 3cos——cos— +preos—(t,g,+4) t'g
2, smé’( 2 2 ) p, (2g2 n;
i 5 n 1 2 i -1 0 0 5 " i 3
0, :ZH ol S/Z'[T (¢ g, cot @ cos EI+6COtEIZ g )+ g6s A \/; cotd cos—)]
- 3%
T (3-105)
+2m A [\, cos—(g2 cot 6, +Zt g+ /1\3/3_ig6 cosEi],n:3—5
r
. 4 2 1. 2178 ) ]
G = ZS 4 ”[cos—(ﬂgz +44,57 )z A g + M(Mﬁ cosg —3%3 sin™ ﬂ)
\/7 3 2 rr 2
(3-106)
. o g .,60 1. 30 A,
158" A s2 2% cot 0. (3 cos - — 6.cos— sin’ - ——sin* @, cos —L)(2s>
r’;g()ﬂ'ﬁsz 7 z( 4 2 2 4 i 2 )( Sl /133 1’7" Sl 6)]
RN 6L =[oh, DI B, Ll LARHER skt
013 K, 00562’/ 2rr, (3-107)
Ois :[0'53 G§3 D; B; ‘9; ]:(I<1;f}"ll+K§»fnz+K4l;»fn4+K§f;15+Kéf;l6)/\/5 (3-108)
X (3-108) P HESH A EFTIE AN KB,
3.4.5 [ X REEREMEE
T H RGRRE A M RL = 4 2 R0 n) ) ) SCRE RS R T AR R N :
G =m(GT +GZ +GI +GP +GF + G /2 (3-109)

Hrp
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Gm’ — Kli [K:i (K3 Kss — K55 Ksy) + Ky (K54K1*i _ K34K: )+ Ky (K35K_:i _ KssKl*i )]
1 5
K35 (K43K54 - K44K53) + K34 (K45K53 - K43K55) + K33 (K44K55 - K45K54)

. KZ{
Gl =—=2
Kll _K12
Goi _ K3i (Ksi (Ku _KIZ)K16 +I<.26((K11.+ 2K12)K2i _(Kll _Klz)K4i ))
’ (Kn _Klz)(K26(K11 +2K12)_(K11 _Klz)K66)
GDi _ K4i (K:i (K35K53 _K33K55)+K45(K33K;i _K53K1*[)+K43(K55K1*i _K35K;i ))
=

K35 (K43K54 - K44K53) + K34 (K45K53 - K43K55) + K33 (K44K55 - K45K54)

Bi _ Ksi [K:[ (K33K54 _K34K53)+K44(K53K1*i _K33K5*i)+K43(K34K5*[ _K54K1*

i K35 (K43K54 - K44K53) + K34 (K45K53 - K43K55) + K33 (K44K55 - K45K54)

]

K6f[(K11 +2K12)(K2f +K3f)_(K11 _Klz)Ksi]
(Kn _KIZ )Koe _Km(Kn +2Klz)

Yi
G,' =

Fabth e s K K MK, 725 LI B.

346 XN REEERTF

L4 522 A 193, 941, Bl FL A A BERL A BT AR Y, = dix b 7] L=
eI T B2 05

2 2 2 2 2 2
dVVf — (6511 055 T 00 —v 01119120 T 91233 + 013393 + Oiin T T3 1 Ois
2F E 2u
2 2 2 2 2 2
+D511 +Di"22 +Di"33 - Dfllszz +Df22Di33 +D{33Di"11 + Dflz +Df13 +Df23
2E' E' 24
2 2 2 2 2 2 (3-110)
+ Bi11 +B522 +Bf33 - Banizz +szzBf33 +Bf33Bil1 + Bilz +Bf13 + B£23
2F' E' 24
& +3 +F 984 +84 84 +4.9 & +F +4
+ i1 522! i33 - i117i22 i22 ’533 337011 + i12 513! 523)de
2F E 2u

E. v,y E'" V', g 5l R Rt BTUI R, SRR, Smiit, S
B AR, AU N (3-103) ~ (3-106) , AJS3)) W ARGEmEam s E, Rk
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dw. K: a% a?l +a?2 a34 +a35 +a36
L — in ( i3n + iln iZn + i4n on ln) (3_111)
v, 2J2r E y7, E'

BE— PR ATAG 2] SON AR RE 3 R 2Rk 3

2 2 2 2 2 2
a.

a. a. +a: +a.. +a:
S. :K?( i3n + iln i2n + i4n i5n zén) (3_112)
1 0 m E ﬂ E'

Hrfa, (mn=1234,56) ARBEHERA X CRMBH, AR IMRB. X TP P84

RIRFIR TG DL, ) SONCAR RE i IR 1 AT R A «

2 2 2 2 2
alln +a12n + al4n +a15n + al6n

p o ) (3-113)

2
a
Si ‘9 =K ( z,n +

2 2 2 2 2
Ay, Ty, n Aoy T Gys, + Ay,

P I ) (3-114)

2
a
Sz‘H :K22n( ;;" +

Hrha (mn=1,.,3,4,56)1 HAAKIE L LI % B.

amn

35 EERZE

3.5.1 BT

ML LA pal LU 7y 57 B 00 J R AR AR SR AR A2 de K DR, 1 e e SR g 1) 7 S X
T ER Y E T BB SR AR G5 SR KRS FEAMSC A o 1) I AT T3 A5 8 R K/ 4 Gauss-Chebyshev %
By, NHE =5k, SXER I B RAE B r R E N2k, (R A7 37 B 00 % S SR i - 2R 4L
LR SRR T T R DL R -

Ui (&) =K/ (&L ENa W (&8 G119

b &g ) =@ - 2b-&)  Fi (& e) =" S deidh s, %
SN R 48 L N A A R, nI AR an MARE O R, L EAARR AL R

NS Ho G i1 i2 i3 S
Z;ZFOZ,FOQ i (L g H L g 1 ) = =D (X, x3) (3-116)

Hrp
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I, = L; rRlK, (=30 + K, (1-3r)EE D WidE dé,
I = 3j PR (K, + K )& E R widg d gl
o= 2] Kudh& v wiaglag,

I, = j 30Ky + K ) maEE T W d g d gl

.
Vg =], 3 Ko a6 5 WdG a8,
D =, 7K 8 Wiaglag,

]tl

mnsh

=], KW g dg;
Lo = [ 3 Kpdsar 16 W dE dg,
P =20], Kuhevwiaglag,

I = [, 7K 1=3r) = Koy W dg,
I = |, r IR (1=3r) 3K,y 5 W dE dg,
"

i = | 3 KA 1 S E W dE

Fow=21, |, &7 wiagas

o = | 1K (=30 + Ky (1=3)E &5 W d gl dé]

(3-117)

(3-118)

(3-119)

(3-120)

(3-121)

(3-122)

(3-123)

(3-124)

(3-125)

(3-126)

(3-127)

(3-128)

(3-129)

(3-130)

K, BRI Bo L LA oUrh S A i o0 SO G AT B A B, A T AEAT RSy o

LIRS S

éi;ﬂ tlj+h\/( _§12)(2b g ) DIJ Dtjr+DtJ 2
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A nr fa A -

i1 e .2 i 2 i i1 NI ;

' —'[O [K,,(1-3sin" @)+ K,,(1-3cos” §)](D',InR—-R D0+j0 D'.,dr)d0"  (3-132)
,1 27 } IR I S R St P

Iy =] 15K, +K,)sin 26 (D' In R—R™D7S + [ D'3dr)d6 (3-133)
i1 2w iyl -1t (R i

Iy = [T 15(K, +K,,)sin26 (D'} In R—R™'D'y + [ " D'\dr;)d6 (3-134)
i1 27 2 i .2 i P2 -2, (R iz ;

I' —Io [K,,(1-3cos” 8')+K,(1-3sin" 8)|(D',InR-R"D 0+I0 D'dr)d0"  (3-135)
i1 ey 2 i S e 0 1 i RN ! i

Iy = [ 1K, (1=3c0s’ 6)~0.5K,,sin 20' (D'} In R—R"'D' + | " D'\dr)d6 (3-136)
i1 2 j i i6 -6, (R e i

Iy = [ 73(K g 0865, + Ky sin 65, )(D'Y In R— R D' + | " D'3dr;)d6 (3-137)

],162% = J.:”[Klz (1-3sin’6") — K, cos ' sin@’ ](D’Tl2 InR— R’ID’% + IOR D’gdr1 )do' (3-138)

I = j:”31<66 (A, c086" + A, sin@ )(D' InR—R™'D'S + j: D'Sdr)d6’ (3-139)
il 27 ; < aing 6 16, (R 6 ;

Im—jo 3K, (4, c086 + A, sin@ )(D'°InR—R Do+joDzdrl)d¢9 (3-140)
I ="K, cos@ (D¢ nR—R™D'g + [ D'sdr)d 6 (3-141)
il in in R in i

o= j K _(D"InR-R'D" + JODzdn)dﬁ (3-142)
352 BELERNITE

EKHAY, Tl TR I b T B 37 (R 5O 7 VK 57— M R = 2 % S R, S T
FORILLARI T, TSN SN I T F), SRE N r SUN g R T F it
AR, TRIULARY:

F,=K.,lo3b™  F =K /o';\b (3-143)
F,,=K,,/c'5p"™ F =K,/c'3b (3-144)
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F;l,i = Kil /Gfgozbl_/1 F3; = K§ /Ojfz\/z
F,=K,,/D5p™  F =K,/D'5Jb
F,=K,,/B%"™  F =Ki/B3b

Fl,=K.,/9p""  F =K./9\b

XF TG O, = YRR G AT AR ) SO 58 B DR W] s -

F, =K, /o'WW ™" F,=K,,/cb™ F,=K;,/cb™"
F'=K'/6'%\b,F =K. /6'2\b,F! =K!/6'%b
F,=K,,/D' "™ F,=K;,/B3™ F, =K,/ 97"
F'=K!/D'*\b,F =K'/ B%\b,F =K./ 97b

Ff/l = Klz,/l /0_2;1)17,1’}722’/1 = Kzz,/l /0'2;01171%9173?1 = Ksz,i /O-zgczbl%
F =K /c*Nb,F} =K2 /6% \Jb, F2 =K? | 675,/b

Fyy =Ko, | DD B =K, | B LD By = K, | 876

F} =K}/ D*3b, F} =K 1 B5b, B = K 1 9\b

e AN O 35t SRR E SR

2 2 2 2 2 2
§ _ Ff 2 afSn afln+a52n af4n+a5511+af6n
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S — (FZ )2( 23n + 21n 22n + 24n 25n 26n ) (3_160)
2, 6 n,A E ,Ll E!
2 2 2 2 2 2
— a a, +a a, +ta. +a
S — (FI)Z( Bn 4 Min 120 4 “ldn 15n 16n) (3-161)
116 n E ,Ll EV
2 2 2 2 2 2
— a a, ~+a a +a,, +a
Sz‘ = (F;lz)z( 2Bn | 2l 20  “24n 25n 26n) (3-162)

E U E’

1. s

TEREUBAREE bla=1, WPATREUAE EEE A h/b=1, BCE M KK=LL=20X20, J;fiztit
J AT Ky oy W6 T SO A DR 2 TR R s s Sl B B AR I 3-
1R 33 fig. fEx,=02b#, F,, FLix/a R0t BRAA, x/a=0 B KE
F e 06932, F:. g ~0:02460. fiti 2 TR A I, K g SRR sk . ASSCHUE Ty
VAT B S5 RS, AR IR L

W3- Ex, =020 AKREBRN X HBRERT F,. F, BE IR EHE U ME(KK=LL=20X20,b/a=1,h/a=1)

1,224,

M x/a 0/11 /11 2/11 3/11 4/11 5/11 6/11 711 8/11 9/11 10/11

Fia .6932 6915 .6866 .6783 .6663 .6501 .6282 .5990 .5604 .5062 4133

. ES 02460 02454  .02436  .02407  .02365  .02307  .02229  .02126  .01989  .01796  .01467
F .6932 6915 .6866 .6783 .6664 .6501 .6282 .5990 5601 .5060 4158
! E 02460  .02454  .02436  .02407  .02365  .02307  .02229  .02126  .01988  .01796  .01475
F .6932 6915 .6866 .6783 .6663 .6501 .6282 .5990 .5604 .5062 4133
’ E 02640 02634  .02615  .02583  .02538  .02476  .02392  .02281  .02134  .01928  .01574
; F .6926 6912 .6868 .6792 .6666 .6503 .6280 5991 5585 .5064 4078

E 02456 02451 .02435  .02408  .02364  .02306  .02227  .02125 .01980  .01796  .01446
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0.7 0.025

0.024

0.65
0.023

0.022

LS 0.021 F
F{,l I F? F
oss b 14 002F
L 0019 F
osf 0.018
L 0017 E
045} 0.016 |
: AT R 0015 -
1 05 0 05 1 ; : 1
x/a x/a
1 2
D F, 2 K

B33 % x, = 0,20 08N XL HBERTF £, I, BT LA (KK=LL=20 X
20,M=N=13,b/a=1,h/a=1)
Bl o i, HEUBARLE bla=1, BUE M KK=LL=20X20, | XV J)5iE 1 b 2 50

e ARRAACRA N 320 3-3 K& 3-4. 35k F,(fEx, =xablix, /b). F,({fix,=0,2b
bix /a)5 F, (f£x, =0,2b ki x, / a GBI M. F B x, /b€ (0, 2b) BRI,

1Ex,/b=b Exﬂij:ﬁFZmax 708077, F | oy 00287 Fbix/a€ (-a, a) BAFR
fi, fEx,/a oﬁﬂﬂiﬂﬁﬂm _,=0.9109, ijx 700324,

FT32EX =ta RENXENBERT F,, F,, BERRIEHT L AER(KK=LL=20X20,b/a=1,h/a=1)

M % /a 0/11 /11 2/11 3/11 4/11 511 6/11 7/11 8/11 9/11 10/11

E 5097 .6049 .6652 7080 7394 7625 1799 7926 8012 .8060 8077

. F 01811 .02149  .02364  .02516  .02627  .02710  .02771  .02816  .02847  .02864  .02870

By 5119 .6060 .6649 .7080 7395 7625 7799 7925 8011 .8060 .8076

" E; 01819 02153 .02363  .02516  .02628  .02710  .02771  .02816  .02846  .02864  .02870

By 5107 .6070 .6637 .7060 7379 7613 7782 .7904 7992 .8046 .8065

’ E, 01815 .02157  .02358  .02509  .02622  .02705  .02765  .02809  .02840  .02859  .02866

; By 5072 6121 .6671 7062 7377 7627 7812 7937 .8013 .8050 .8062
s

24 01802 .02175  .02370  .02510  .02621  .02710  .02776  .02820  .02847  .02861  .02865
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0.84 0.029
081 0.028 F
078F 0.027F
075 0.026 |-
orzf 0.025
1 E 2 =
Fz,/1°'69 B FM 0.024 g
0.66 F 0,023 F
063 0.022
06F 0.021 F
0.57F 0.02f
0.54 0.019
51 — 8! —
051 05 1 5 0.018, 05 1 5 2
x, /b x, /b
2 2
1 F! 2) F?
2.4 2.2

347X, = 0,2b i FEBAT- XHHBERTF F

2,4°

Fy}, BEAAR AL AR (KK=LL=20 X

20,M=N=13,b/a=1,h/a=1)

F33 7 x, = 0,20 ARBRXEHBERTF F, ;. Fy, B5 ARIEH T IMEKK-LL-20X 20,b/a=1,h/a=1)

M x/a 0/11 /11 2/11 3/11 4/11 5/11 6/11 711 8/11 9/11 10/11

Fl

34 9109 .9088 .9023 .8909 .8744 .8520 8227 1842 7338 .6660 5537
13 ,
£ .0324  .03233  .03210 .03169  .03110  .03031  .02926  .02790  .02610  .02369 .0197
Fy 9111 .9090 9023 .8909 .8746 8523 .8229 1845 7350 .6676 5517
11 )
£ 03241 .03233  .03209 .03169  .03111  .03032 .02927 .02791 .02614  .02375 .01962
Fy 9111 .9089 9022 .8909 .8745 .8522 8231 1855 7367 .6680 .5460
9 2
£ 03241  .03233  .03209 .03169  .03110  .03031  .02928  .02794  .02620  .02376  .01942
Fy 9106 .9085 9022 .8912 .8749 .8528 .5480 71869 7378 .6653 5334
7 2
£ 03239 03231  .03209 .03170  .03112  .03033  .01949 .02799  .02624  .02366  .01897
0.9 ; 0.032 :—
I 0.03 —
08 [
2 o0028F
I £, i
34 I o.oze:—
0.7 N
- 0024
i 0022
06 r
:._. T ISR EENTRI EAE—— 1 0.02 L L | L
-1 05 0 05 1 1 05 0 05 1
x/a x/a
1 2
1)) Fm 2 F;J
357X, = 0,20 AR BRI X NBERTF F,,, F, EFEUHERKK=LL=20X

20,M=N=13,b/a=1,h/a=1)
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R34 RGAIE T BN XMTREBERTFHE 0, X, /a THMEEKK=LL=20X 20,M=N=13,b/a=1,h/a=1)

X, /a

691 0/11 1/11 2/11 3/11 4/11 5/11 6/11 7/11 8/11 9/11 10/11
0 .3880 4110 4220 4250 4200 4100 3920 .3680 .3340 .2900 2190
10 .3950 4200 4310 4340 4300 4200 4020 3770 .3440 .2980 2260
20 .3980 4230 4350 4380 4340 4230 4060 .3800 .3460 .3000 2270
30 .3960 4190 4310 4330 4290 4180 4010 .3750 .3420 .2960 .2240
40 .3870 4090 4190 4210 4160 4050 .3870 .3620 .3290 .2840 2140
50 3730 .3920 4000 4010 .3950 .3840 .3670 .3420 .3100 2670 .1990
60 3540 .3690 3750 3740 .3680 .3570 .3400 3160 .2850 .2440 1810
70 3320 .3430 .3470 .3450 .3380 .3260 .3090 2870 2570 2190 .1600
80 .3100 3170 3180 3140 .3070 2950 2790 2570 2290 .1930 .1390
90 .2880 2920 2910 .2860 2780 .2660 .2500 .2300 .2040 .1700 1210

100 2700 2710 .2690 2630 2550 2430 2280 .2080 .1830 1520 .1060
110 2560 2560 2530 .2480 2390 2280 2130 .1940 1710 .1410 .0978
120 .2490 2500 2470 2410 2330 2220 .2080 .1890 .1670 .1380 .0959
130 .2490 2510 2500 .2450 2370 2270 2130 .1950 1720 .1430 .1010
140 2570 2610 2610 2580 2510 2410 2270 .2090 .1860 .1560 1120
150 2700 2780 2810 2790 2730 2640 .2500 2310 2070 .1760 .1290
160 .2880 3010 .3060 .3060 3010 2920 2780 2590 2340 2010 .1500
170 .3090 .3270 .3350 .3360 3320 3240 .3100 .2900 2630 2280 1720
180 3310 3530 .3630 3670 .3640 .3550 .3410 .3200 2920 2540 .1930

TEREUBIRLE bla=1, PIPATRECZ MR EHE S ha=1, BUE A KK=LL=20X20, JGfz
UET XCHAE o IS AT SUSAERESRIE RS, | 52,1\9%9, X,/ a IR 3-
4, 3-5 JelEl 3-6, 3-7 fim. S, 7E 180° -360° [IRALKUHEL 0° -180° [HIARAL HLHE LA R 43
i, X EBREBUAEI .
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R3S HGANLE BN T RERE R THE 0,

5=

-
S

AR AR, 2 2 B

X, / a TME(KK=LL=20 X 20,M=N=13,b/a=1,h/a=1)

X, /a
691 0/11 1/11 2/11 3/11 4/11 5/11 6/11 7/11 8/11 9/11 10/11
0 .00059 .00059 .00058 .00056 .00054 .00052 .00048 .00044 .00039 .00032 .00022
10 .00060 .00060 .00059 .00058 .00056 .00053 .00050 .00045 .00040 .00033 .00022
20 .00061 .00060 .00060 .00058 .00056 .00053 .00050 .00045 .00040 .00033 .00023
30 .00060 .00060 .00059 .00057 .00055 .00053 .00049 .00045 .00039 .00032 .00022
40 .00058 .00058 .00057 .00056 .00054 .00051 .00048 .00044 .00038 .00031 .00022
50 .00055 .00055 .00054 .00053 .00051 .00048 .00045 .00041 .00036 .00030 .00020
60 .00051 .00051 .00050 .00049 .00047 .00045 .00042 .00038 .00034 .00028 .00019
70 .00047 .00047 .00046 .00045 .00043 .00041 .00038 .00035 .00031 .00025 .00017
80 .00042 .00042 .00042 .00041 .00039 .00037 .00035 .00032 .00028 .00023 .00016
90 .00038 .00038 .00038 .00037 .00035 .00034 .00031 .00029 .00025 .00021 .00014
100 .00035 .00035 .00034 .00034 .00032 .00031 .00029 .00026 .00023 .00019 .00013
110 .00033 .00033 .00032 .00031 .00030 .00029 .00027 .00024 .00021 .00018 .00012
120 .00032 .00032 .00031 .00031 .00030 .00028 .00026 .00024 .00021 .00017 .00012
130 .00033 .00033 .00032 .00031 .00030 .00029 .00027 .00024 .00021 .00018 .00012
140 .00035 .00035 .00034 .00033 .00032 .00030 .00028 .00026 .00023 .00019 .00013
150 .00038 .00038 .00037 .00036 .00035 .00033 .00031 .00028 .00025 .00020 .00014
160 .00042 .00042 .00041 .00040 .00039 .00037 .00034 .00031 .00028 .00023 .00016
170 .00046 .00046 .00046 .00045 .00043 .00041 .00038 .00035 .00031 .00025 .00017
180 .00051 .00051 .00050 .00049 .00047 .00045 .00042 .00038 .00033 .00028 .00019

3-6 WY1 LT X BRMN T RESRAE FFEUMEB(KK=LL=20X20, M=N=13, b/a=1,h/a=1)

x1/a=0
x1/a=1/11
x1/a=2/11
x1/a=3/11
x1/a=4/11
x1/a=5/11
x1/a=6/11
x1/a=7/11
x1/a=8/11
x1/a=9/11
x1/a=10/11
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—— x1/a=0
e x1/2=1/11
— x1/a=2/11
x1/a=3/11
x1/a=4/11
e X1/2=5/11
x1/a=6/11

e x1/2=7/11
— x1/a=8/11
x1/a=9/11
x1/a=10/11

B 3-7 HY 11 L7 X2 T HERE B F T U MEKK=LL=20 X 20, M=N=13, b/a=1,h/a=1)

2 —fAELR

LB S KK=LL=20X20, ZIiF5EM=N=13, HGILIKLL (b/a) RG] E L (h/a) X
SN 983 DR 7 5 M a1 236 S 3-8 3-9T 7o 4401 11 ol [N 1 ) i 2 480 1 ) B8 125 L 394
ARG, FL02 R g N T F BEZESC )00 25 LL 3 mosisl ;s 4h/a=5 B, F) s —
[ A (L L), F SR EI0. 45 5L o 4 0Ia] (TP 57 eV FH i 8 22 6 T 1) 8 85 94
IS, “h/a=50F, EATTZ AAH B AR AT DL RS AN BfE gy Rk Wor, R L)
SN s T F F SIBESURR G s, B R R TR D Mb/a=Ti,
F', F W) — e (i 28 vl). KRR g N T 7Eb/a=Ti, 8 fss s 1%,
O] UGB AR P & T .

R3-6 KENBAI XENBERT F” BRI, FL50HIE 355 bb 25 L A (KK=LL=20 X 20, M=N=13)

hla hla F/ F Fy Ff Fy Fy’
0.25 5853 .6820 7692 0771 .0899 1014
0.5 .6304 7345 .8284 0717 .0835 .0942
0.75 .6659 7759 8751 .0428 .0498 0562
1.0 .6932 .8077 9109 .0246 .0287 0324
: 1.5 7252 .8450 9529 .0085 .0099 0112
2.0 7394 8615 9716 .0049 .0057 .0064
5.0 7536 8781 9903 .00010 .00012 .00014
0 7536 8781 9903 .0000 .0000 .0000
2 0.25 7133 7693 9955 .0940 .1014 1312
0.5 7681 .8284 1.0721 0874 .0942 1219
0.75 8115 8752 1.1326 0521 .0562 0728
1.0 .8447 9110 1.1789 .0300 .0324 0419
1.5 .8836 9530 1.2333 0104 0112 .0145
2.0 9010 9717 1.2575 .0059 .0064 .0083
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5.0
o0
0.25
0.5
0.75
1.0
1.5
2.0
5.0

0.25
0.5

0.75
1.0
1.5
2.0
5.0

0.25
0.5

0.75
1.0
1.5
2.0
5.0

0.25
0.5

0.75
1.0
1.5
2.0
5.0

==

KSe -
Sy — L

AR AR, 2 2 B

9183
9183
71207
7762
.8199
.8535
.8929
9104
9279
9279
7193
1747
.8184
8519
8912
9086
9379
9379
7685
.8276
.8743
9101
9521
9707
1.002
1.002
7687
8278
.8745
9103
9523
9709
1.0022

1.0022

.9904
.9904
7916
.8525
.9005
9374
.9806
.9999
1.0191
1.0191
.8017
.8634
9121
.9494
9932
1.0127
1.0322
1.0322
.8022
.8639
9126
.9500
9938
1.0133
1.0328
1.0328
.8025
.8642
9130
.9503
.9942
1.0137
1.0332

1.0332

1.2817
1.2817
1.0939
1.1781
1.2445
1.2955
1.3553
1.3818
1.4084
1.4084
1.1638
1.2533
1.3240
1.3782
1.4418
1.4700
1.4983
1.4983
1.1839
1.2750
1.3469
1.4020
1.4667
1.4954
1.5242
1.5242
1.1938
1.2857
1.3582
1.4138
1.4790
1.5080
1.5370

1.5370

.00014
.0000
.0950
.0883
.0527
.0303
.0105
.0060

.00014
.0000
.0948
.0881
.0526
.0303
.0105
.0060

.00015
.0000
1013
.0941
.0562
.0324
0112
.0064

.00016
.0000
1013
.0941
.0562
.0324
0112
.0064

.00016

.0000

.00016
.0000
.1043
.0969
.0578
.0333
0115
.0066
.0016
.0000
.1057
.0982
.0586
.0338
.0117
.0067

.00016
.0000
.1057
.0982
.0586
.0338
.0117
.0067

.00016
.0000
.1058
.0983
.0586
.0338
.0117
.0067

.00016

.0000

.00020

.0000
.1442
.1340
.0799
.0461
.0159
.0091

.00022

.0000
1534
.1425
.0850
.0490
.0170
.0097

.00024

.0000
1560
.1450
.0865
.0498
.0173
.0098

.00024

.0000
1573
1462
.0872
.0503
.0174
.0099

.00024

.0000
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0.9

0.8,

hi/a

5) F'b/a=3

0.1

0.08

0.06

0.04

0.02

0.15

h/b

4) F? bla=2

3
hi/a

6) F2 b/a=3



H EEARNP A 22 7 18 S o — TR HL R S B — o 2 A

15 1]
1.4;
af —— 5
F —8—F,
126 —_—F
1.1?—
F h

0.9F
D.Bi

o

1 2 h/a3 4 5

7) F',b/a=5 8) F.b/a=5

16
F 02

_E_El
—E—F;
—_—h

ool 1) [ R

“nia’

9) F'bla=7 10) F? b/a=7

B 3-8 RAXHARERT F F MBEE KL . T 8 8EE T M (KK=LL=20X 20, M=N=13)

1
EI: 0.6 0.62 0.64 0.66 0.68 0.7 0.72 0.74 0.76 0.78 0.8 0.82 0.84 0.86 0.88 0.9 0.92 0.94 0.96 0.98 , 7 07072074076078 08 082084086088 0.9 092094096 098 1_102
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F! | Y Y O g L i |
3 ; 23: 08 0.85 0.9 095 1 1.05 1.1 1.15 1.2 1.25 1.3 135 14 1.45 15 1 147 0005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05 0.055 0.06 0.065 0.07 0.075 0.08 0.085 0.09 0095
s 6
b b*
a ‘b a'
3k 3
2F 2
1 o b b b b b b Y IS B Fr
0.5 15 25 3 35 4 45 05 1.5 2 25 3
1 2
3) F, 4HF
E 2 O O
2 _____25:0.010.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 3 7 26 02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11 0.12 0.13 0.14 0.15

Q|

25 3 35 4 45 5 ; ‘0.5‘ - 1 15 2 25 3
hila hila
5) F; 6) F;

39 F'F) F} F? F] F, WZ400K . 24501 263 bt ALHE (KK=LL=20 X 20, M=N=13)

R A KK-LL=20X 20, ST MEN=13, FEURAR Lo AUALEUR B LA T X2 it P
TR 3-7. 3-8 i B 3-100 3-11 k. 440 1 BN ARREREE R 1 S, , WAL ] £
BLLRINTIR, L0 2 ERRAESRIEI TS, | BRI B LTI 4 ha=s B,
S, |, el (ORI, S, || U] 0 &5 L S0 5 R e B 2
0T 90 G ECHA DTG RIS, 4 a5 I, e T2 WAL A T LU0 Ao Heffi 4 B
AR G LT ORI TS, | L S, | SISO i, L B
Wi 2 ba=7 B S| LS, | WS TR ). AR RS T bla
=7 B, HMMBERE TR, CARTURHELTEINET . (B 39 BERES R

www.imechanica.org/blog/2237).
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R3-7 B T 2N XN I BESR E E FhEb/a,h/afi O LM (KK=LL=20 X 20, M=N=13)

b/a hila 6=0 O=nl6 O=r/3 O=r/2 0=21/3 6=57/6 O=rn
0.25 .3401 .3388 2894 2164 .1808 2141 2876
0.5 3849 13930 3357 2510 2097 2483 3336
1 1.0 4655 4752 4059 3035 2536 .3002 4034
2.0 .5296 .5406 4617 3453 2885 3416 4590
5.0 .5501 5616 4797 3587 2997 3548 4767
0.25 .5650 5752 .5050 4004 3483 3944 4988
0.5 6554 6672 .5857 4644 4040 4574 .5786
3 1.0 7925 .8067 7082 5615 4886 5531 .6996
2.0 9016 9178 .8057 6389 5558 6293 7960
5.0 9366 19535 .8370 6637 5774 6537 .8269
0.25 .6066 6168 .5457 4401 3878 4347 .5404
0.5 7035 7154 6329 5104 4497 .5041 6268
5 1.0 .8507 .8651 7653 6172 .5438 .6096 7579
2.0 9678 9841 .8707 7021 6187 6935 .8623
5.0 1.0122 1.0295 9102 7328 6446 7227 .9001
0.25 6407 6519 5764 4631 4057 4539 .5662
0.5 7430 7561 .6685 5371 4705 .5265 6566
7 1.0 .8985 9142 .8083 .6494 .5689 6366 7940
2.0 1.0221 1.0401 9196 7388 6472 7242 19033
5.0 1.0693 1.0883 9616 7714 6745 7549 19430

F3-8 B E LB X5 T 4258 B (& FRlib/a,h/afl O 25 4L I (KK=LL=20 X 20, M=N=13)

bla hila 6=0 O=m/6 O=r/3 O=r/2 6=2r/3 0=57/6 O=x

0.25 .00576 .00588 .00503 .00376 .00314 .00372 .0050

1 0.5 .00498 .00508 .00434 .00325 .00271 .00321 .00431
1.0 .00059 .00060 .00051 .00038 .00032 .00038 .00051

0.25 .00982 .01000. .00877 .00696 .00605 .00685 .00867

3 0.5 .00878 .00863 .00758 .00601 .00523 .00592 .00748
1.0 .00100 .00102 .00090 .00071 .0062 .00070 .00088

0.25 .01054 .01072 .00948 .00765 .00674 .00755 .00939

5 0.5 .00910 .00925 .00848 .00660 .00584 .00652 .00815
1.0 .00108 .00109 .00097 .00078 .00069 .00077 .00096

0.25 01112 .01132 .01000 .00804 .00704 .00788 .00983

7 0.5 .00961 .00978 .00864 .00695 .00608 .00681 .00849
1.0 .00113 .00116 .00102 .00082 .00072 .00070 .00100
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s h/2=0.25

270 270

h/a=0.25
h/a=0.5
h/a=1
hla=2
h/a=5

(c) bla=5 (d) b/a=7
3-10 B4 1 LI X R BRI T EERE EFhE 6 1 b/a TUMEB(KK=LL=20X 20, M=N=13)

h/a=0.25 h/a=0.25

h/a=0.5
h/a=1
h/a=2

(a) b/a=1 (b) b/a=3
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90 hia=0.25
hla=0.5
hia=1

150

(c) b/a=5 (d) bla=7

3-11 B LT N TCE R 25 4858 B ThE O 71 b/a ZLME(KK=LL~20X 20, M=N=13)

3.6. KF /T

AT TR PR TR, AT T 20 (ke e, A 510 BT REEFTF meh H
A bHEL = 2 B, AT

L% Gl L, e S0 BRI R AR A b % B MR K
B SRS I R B SR AT S I RN, IR 1 A B MO
PRV T XA RIS AR, R ST N, RS AT XA R R
%,

2. M AT SR AR O T RE R R SR S AR I R T TR AR B, Rz RE e B — A5
REZL, DT SRR TR SL T U AR, ST Oy NARRE) RN AU T 5
Al DA=YEXRUREON ], H] FORTRAN 15 S5 4iE 1 & 1TIREF, tHE 7 IS F] . HqEss R e
IR ATPERA R WSS BE . SRl ) S Oy NARRED BRI T 5 R EUBAR
bo. SREUm BB LE . ) ST SRR 2 B TR A e, SRR T P B A I AVE S 3R
SUBAR. LB SGRE A R, 1 H S AT R SRR S R

3. TREAFIE RN Z SR T AR R 2 REGUR L, w] AR A SCHR A R G0PF 52 1R D oK
TR A R TSk o RN ISR XA, 22 2R G0IR) T PEAN 5 i 1 R R4 ARk 45 Ay it B R T
FEVERIEW o W, AR TR A YT LU R .

82



A A K 2 220 18 S s DU i P R PR oo S Y — A A ]

FE #EREBES PRI = YR R 5]

4.135|5

AN TERIG, V2 AR SOOI U SV B AR ) s v R T 2 ok
1959 4 Barenblatt[277, 27815 | AL F Ui ik, (AR 3k 0 27 5 i i AR e ok
PEWT R ) 22 A AT RE . B LR BT R AR T H R, ARG R R ) ok B2 B AT
FIEA, X TR Er Sl )22 m 8, H 1968 4F Hutchison[279], Rice I Rosengren( ¢ i
{7)[280]1k % T %4 1F) HRR ZF Mt )5, Rice[2811X 51N T —H 542 TR HIFLY T B (B
P H RN IE A Eshelby(f72E /K D)[33 118! Cherepanov(%K 1 ifK)[332]), 13595 14
ZE ) AT ER KR . 1991 TEMIER BRI F71-[282] R G M B T BRS¢ 25 ith W R BH 8 N2 HE N
Fo B0 2 45 [283-286 0 S M U ) AR EAT TR NI R G L. 35148, Fidbkl (e
HIbS K1 [287-289],  THBEREEARI[227, 290-293]) HIWFY, i A2 2 W 5T 7 11 56 3 Th BEA R
(17 T 2405 IR 1) 1R [47-49]. SR PANAEXT I 5 T, B4 iR RIS e . fE i T,
I )R st R AE AR RSB RV PE X Ak, R AR St RS G g o G AR Ay J e th T M RHEALE
Bl e, BTOERIN R R RGBS TN, AR, %
IR HAR T A%, MORMH R A B I AR M I, 065 AR RO 9% 57 S JLAR B AR P AT AT 2 it il 4
PRI I 32 2R PRI [294].

L VE AN, I — I A g AR S R ) R, R A I R AT AR A S A
FE T AR LA AR ) T AR AR AE DI 1 73 o VB AR ME FR B AR LA 1) RE A, (HL AT
DUFT I ) 28 ) FEA AR AR, A5 AR k3720 5 /NI AR, I il A PR A e [ M T
AR ] 7 [295-299]0 D4 1K LR A Sk S ) VA Y e N BAE A 1), 1 e 2
J SCHRAHH I — I AR o RE A oy RN S A A IR AR 2 Pk RS iV D D 28 AR BE o [) iy T 5y
Hh 3 = B W AR ) R AR A e AR T R IR AL, AR BRI A T S RS AT
W TS O BRI RE AL B, G Y R AR A AL B DA bR BB BB B 2 B A
W N D AR 20 T REHE) ™ R0 S R, S S HE T T P SRR B A e = 5 0 41— A W 2R )
R A S AR ) T R

AT, HE, SN GHE A7 B MR A SR ) i AR AR, A A S — i
AR 0) T REAL T4 AT (AR S PR R W A1 O 28y AR B, 45 28 P A 1 L B4 (AR A Oy
T AL, IR AT AR ] = 2 0 L AR 35 A e 58 P ) R 1) A g AT DAy 5 8 410 A2 ) A
KDL A A SR = s VR AR W R SRS, NI R Jm AL SR AR TR T i, R T F A BEORY
BRE = YRS ALY e I U A 0y SRAE— AL N Sl 7y S AR 0 DT R R, A9 21 SO R il b &
B EXT)TXCT B dEi, WA A R AR B R SR AR AT T A A
B, g AN BAER AR %, 95 T LI FORTRAN Ffy (7000 450 , 3T T %
Perb . da, TR B i A R O 4 AT LR, BRE T AV ) ] A R
ik o
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A N o S A 2R A 1 255 DY PR R B A DR I 1 — A SRS R [
4.2 ERIEiS

RO B IR DA P A LSRRI bk, 4 B TR P T AR DS, 3¢
FOTREE IR R, SURFTAERAS ST, AR EBRRIR T A B 1A
SR LIRS L, G T AR P . A LU R 7 P 4 B A
i

42 .1 shiEi

ML, W)L ) AR IR AR A S AR s i F B R T, R SRR AR
NORFRAT . S AR R G, ) SONAR R & RN R 6, /NS N I N )T
SR A FEA T RE[166, 300];

o"j],j+F,=0 xeV (4-1)
o

FI = f[ _d;'ll,j

O.-i’; = E;KIéZI

& =éh+él +él + &)
‘C"LT/ = aTé;J

. M hd
&y = (Eiem),r ol

JIROpay
) 1, . )
€y = E(uu + uJ,i) xeV (4-2)
L/ Py
6, =Eéq xeV 4-3)

G LA RN T R RIS %A

f, :a'ljn:t;, xeS (4-4)
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fELL B, x bR, O, it Kronecker & WAL V FoREIE—IRA K, S i
PE—dRA AT, n, WIS S WANEL T ARG, EIAFS b, AW R A

i, =1, xeS" (4-5)
ﬁ:Z+dﬁm xeS' (4-6)

T SU RIS P RIFRIAT S g SURAS BB b, RO TR )G T, (988 o 75 SRR i rp 4
TEIL S F)— oy EREA AR 55, ST s 24, WIBRIN A7 A% 2 A1 15 1 ) A PR % AR, BT
IR Iy A ARG, WD NI ) 3 8 40, R IRIR . BB I —iR AR K ) 27 Il Ul e 2R AT
R TIRITL AT, SRIBECLE B s 73 75 R4

o"j,,j-i-FI =0 xelV

Gy =Eéy xeV

L

. 4-7)
- . t
T, =1, +g]?1nj xesS

. i u
u, =u, xesS

4228 RMnHE

WAL S YR AR SR A IR AR A RS (%), ERGLLKE S™
BAHMMER Y (=1,2,3), x, 85 ST W A THIP-AEAR N, 755 ROk )1
F, RORTI st T, 06, TRV T LA SR P R R A5 == A o 5 P A R o it 3
i) 50 ) AR RS AR B P 1) . {3 H] Somigiliana 230, IR HEAL p AL SR RS I AR
IRk Vi WAR

¢,U,(p)==[ T,(p.O)U,(Qds(Q)+ [ Uy, (p.Q)T;(Q)ds(Q) +| U, (P, O F(Q)dV () (4-8)

S Q R BT R, U, 0T, 4590 o B e AR AR SURE RS 38 BRI ST )
BEE AR . MDA

¢,U,(p)= _L T,(p,OU,(Q)ds(Q) +L U, (p, 07, + &n; )ds(Q) +JQ U, (p,O\f - & )V ()
=—[ 1, (p.OU,(Q)ds(0) +{ U,/ (p. 0V, (Q)ds(0) + U, (. 057, (O, )ds(Q) (49)
+[ Uy(p.0)]ds(Q)~[ Uy (.0, dV(Q)

A e BT I8 B oy, X HaRS Ko T RATHFRYE, i AR S et = o 56 008 2% [ s [ 7
ML F R TR R R
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cU,(p)==[ T, (p.Q)U,(Q)ds(Q)+[ U, (p.0),(Q)ds(Q) + | U, (p,0) f:dV (Q)

] _ . (4-10)
ol (2 0)+ Uy, (0, D67 Q)Y (0)

SR B T 5 A B B R LB TR SN 0 SRS T
B,

;=i =i - i=123
. b =¢" — ¢ J=4
U, = ?’ ?ﬁ ¢.’_ (4-11)
=P 9 J =3
~ _.+ O J=6
Y, =1 -1,

LU LA XA T, (p,q) =T, (p.q ) =T (p.9) MU, (p,g ) =U, (p.q7)» TR X
RO B AR (4-9) TR
e, U, (0 ==[_ T (.00, (Q)ds(Q)+ [ U,,(p,0)/ds(0)

N

1 ' . (4-12)
> JolUss, (- Q)+ U ., (- Q65 (Q)aV Q)

Fal (4-12) RANBIAKITRE (4-3) of, TR ATLAS 2 W s RIA, M os:
2,(0)=-] 50, (.00 (Q)ds(Q)+ [ Dy (1.0 fidS( @)~ [ W (0. D)3 (Q)s(©@)  (413)

A, B RS, (p,0) « Dy, (p,Q) FIW,,(p,0) 4> M RUTF

_ or.. (p, or . (p,

SK[J (p,0)= E i %ﬂ) =—E % (4-14)
— ouU,,. (p, ou, . (p,

Dy, (p,0)= E o % =—E %Q) (4-15)
WiJn (p’ Q) — E[JMn(aUU(p’ Q) + anM (pa Q)) (4-16)

0&,,0x, 0&,0x,

1S A R L 7 0l o AR A b R AR, R Lk 2 B T A B
el R A DR R T R A SRR R LU SNy B R B R A
S, (9.0) 5 Dy, (p, Q) [ TF I X5 1T 25 WA SR 8515 P 25 B 6 SCRR301, 302] 474
TR AT ES . W, (p,0) BARIFA N

Wi = Caglis) s +E[C44(“33,11 +”31,31)+ els(”34,11 +”31,31)+d15(u35,11 +”31,31)_131(u36,11 +“31,31)]
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VVSZ! = c44u32,23 + 5 [c44 (u32,32 + u33,22) + elS (u32,32 + u34,22) + dlS (u32,32 + u35,22) - ]’31 (u36,22 + u32,32 )]
W;Bl = E [013 (u31,31 + u33,1 1) + cl3 (u32,32 + u33,22) + 2c33”33,33 + e33 (u33,33 + u34,33) + d33 (u33,33 + u35,33 )] - 1331’l36,33

VI/;M = 5 [831 (a34,1  F 7’“33,31 ) e 0’"34,22 + u32,32 ) teg (a34,33 + 7’"33,33) —83 (u34,33 + 7’"35,33) - 4/33 (a34,33 + u36,33 )]

T 633 Usy 33

We = 5 [d;, (s, + Uss 3 )+d;, (“34,22 + ”32,32) +dy, (”34,33 + “33,33) — a3 (u34,33 + ”35,33) — 713 (“34,33 +ily 33)]

83l 33

Wie = 233”36 33

43 [~ XEK#E
V] SCHR [214, 229, 230, 303-305] 4 ()75, Al RS, AT RIS 200 re A RS &

MR SO AT RS A, HARGR ) -

ISABE. BENE. BEEMAN LS
EﬁﬂéﬁwgoﬁéﬁﬁPgéjﬂYT,ﬁﬂnxw@ofX&%%Eﬂ%%ﬁ:
=Z R4 (R\(x,-&)5,, + K, v,z KOy — R (X = &K 5VI8,)  4x (4-17)

th
=R +v:z

>

R =((x, - ‘):1)2 +(x, - ‘52)2 + (viz)z)o.s
A =[4, 4, 4,4,0] = w

_ 05 05
VI = Ceg Cuq

Ve = }‘101'5 33

e SHA S IRC
2 x, HEAER S NEE
TER (& &y, E DM X, TR, 28G5, X0 0) | XRLRE T B
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Uy, =" (D~ &N, R RAE, ~x)~ KRR K8, ~Ks0 R5,)+RS,,) -

. R (4-18)
(6 =SB, 'R (x5, =8)3,, —(,=)3,) K, S,/ 4rcy,
Hr
=V'100001]"
Vy = (v, 8y + K580, )k +v, 55,
LK U-17) ~ (4-18) ARAW,,, BERAGRIWAFZI W, , K RAREIL
5 1 y , 1 3x7
Wi = Z,»:lA;P{_CMV; +E[C44(V; +A4) +es(v+ A7) +d (v, + 4 )]}(F‘FR_S]
5 p 1 N . v, 132
W = Zizl N +E[C44(Vi + A7) +es (v, + A7) +d (v, + 4, )]}(E‘*‘?
5 (v + A" 2 3x) 3x) y 5vx;
mszzziﬂAfP{BT(R? R_51 R,2)+333/1 V4X3(_1+ R i
R
e(v+l) 2 3x; 3x; , 5vx
Mo = L Gt o+ g 2)——4331 g 3( )
2.2
+[%e33"i2 (/Iiwviz +/1[¢)_%g33"[2 (/1,'WV1‘2 +A) -3 e j’ivvizj’iw _54,33",'2 iv](%+ 3‘;;3 )}
pody (v, +A") 2 3xt 3x] ) 5v x;
VV351 Z, 1% %(RE R_sl 2)__7733/1 14 3( 3)
w2 w_ 2 v v. 2w v 3V»2x32
+[ d33v (4", +ﬁ¢)——,u33v AV + A7) =3guA Vi A 7733 i z]( )}

R’

3x
VV:’all Zl =1 l( 1

Wi = le 1(_"‘_

3x2 1
Wy = 211 3(_+_ (_+R_52 +W3E
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R NS = VA SE8 DY e SR S BDRLR S T — AR S i o)
3x? o1 3x? 1

Wi = z - 4(__+ RSI W, (F—'—R_j)—'_ ‘R
3x? o1 3x2 ~ 1

Wi = z s(f+ Rsl S(EJFR—; SR

Wie = 0

Hrre

W =w, = A {—c, v, +[c,, (v, + ")+ e (v, + A7)+ d, (v, + 4]/ 2}

Wy = A e, (v, +A4")/2

Wy =34 e, ) (VI + A7) 12+ d, v (A" + A7) 2+ ¢, vP A" ]

W, = A e, (v, + A")/2

W, =34 (e V(A" + A7) 12— g Vi AV + A)) ) 2— ey AVIAY =& viA) 12]
Wy =Ad, (v, + A" /2

Wy =347 [d v (A + A7) 2= o vi (A + 4)) 12— g Vi) —npviAl 12]
44 BFFRNTIE

4.4.1 B =iEE

% (&)

(&)

% (61)

B 4-1 BEAEBESMRNSEEMRILET R B R TER
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i

BB £ b LR SO — Rl

Wk 4-1 Fro, Bscrd b PRl S AR A 18] X Q R S AR R RART Fr 40, IR A ] e A
bRAR N MR R X, (1=1,2,3),  ERGU S(STUS™) KMo A R RN J5 1) AH S5 1 2
i o

442 BFHREBHFFINS HIE

IS PG 53 B i) e ) 320 Sk M B 2 B A, o B2 2 B A 5 T 4 B R B ORR S A RME
AR Fr 28000 51 b Sl 757 S B 4 7 R

:J.t [r - (CLDOVS (555 - 37fa’f 5) + (5043 =3r,r ﬂ)z; :0,'21[2 )li/; (@)+3r 4’?& Z; 233‘}1‘2t1‘lﬁ6 (@)ds(q)

St

(4-19)
5 . . .c . . .
7 32N + 8 +El +E00AV (@) =—p, ()
Q
— 5 2 _ 5 5 mt~ 5 m~

;[r 2’1(1 z[=1 Athizpilua (q) +r } 2n=3 Zi=l pl ti un (q) + 31/'4/130!7:0! Zi=1 viz/lilgpi ué (q)]ds(q)

S+
(4-20)

[ D0, (B, 4 72) 4, Xy + 5+l + £V (@)=, (p)
Q

FU2 S, =3 ) A Al ( @)+ 3 A 3 AVIA A plitg(@)s(q) =—p(p)  (4-21)
A

Hrpre

t' =(cs,Dv, +c, A" +e,A° +d A)
t?=c,v,+e A +e Al +d A

£ =—c, +v.(c A +e AP +d A7 +1,A47)
th=v(e A" — ey A — g A7+ A7) ey,
6] =vi(dy A =g A = i Al + 127 ~dy,
Pl =cyD;s, +c, Al +eA° +d A

) =v.(c A" +e,A° +d A" ) - Dy,

P! =v,(ep A’ — e, A° — g, A)) - Dee;,

IO[S = V[ (d33AiP - g33Al‘Q - ﬂ33AiJ) - Did31
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pi6 =03,15310,,653105,M3+0,

pil =03,43 104,655 10 5,75

443 NEFMN HIEE
RAGUHIVE g s SRS 8] W7 AR 2R 0] 7R A

U, =g (q)&  0<Re(4)<1

T S BB 2 M2 1891, AT LLAG B F ¢ Rl
f i, dé g, = 2mhgx) cot(A)

f 3 (e, — &), dEE, = ~4miyg i cot(A,m)
fs_ 3r7 (x,—¢& )zﬁi,ld§l§2 = —27z/11g1xj‘ N cot(4,7)

fs re (x, _§2)ﬁi,2d§1§2 = 2g2x;2 cot(4,7)

HGLRTHT) AR )8 Bn] o -
G,y =—0.25¢,,v,8,(rr,) "’ cos 6,

Gy = z; 7 (r1;) "% (g6 A5 (154,;v7 cot 6,(3¢0s 0.256, - 3sin® 0.56, c0s 0.56, — 0.25sin> 6, cos 1.50,) —

22, (rr) 7 sin™' 0.56, + 0.5, "' sin™' §,(2cos™ 0.50, —3¢0s0.56, — c0s 2.50,)) + p,, 7 c0s0.56,

5. N e
(1,8, +4Zm:3 Pin&n)+ WHE ik c0s0.56,)

G, = Z Py eot O, ((rr, ) (p,g,cos™ @, +6cot b, Z 3ptmgm)+g6vl K, (7)™ cos 6))
+27 4,15 ((rr )™ cos¢9,.(g2 cotd + Zm:3 D£n&)+ (1 )V Ak g, cos 0,) +
Z; () W, El cos 6, n=3-5

‘9 Z - Ay (rry) 70'5(0059(/132 +4A§3V'2)z plmgm +4/?32p12g2\1, isK (2/3232 cos@ +/133(rr0
sin™ ) +15rmg, A,V K5k, cot 6,(3¢0s 0.50, — 6cos §,sin® 6, —0.25sin” 6, cos 36, )(2v A,
+2,(rmy) " sin ™ 6))

Ht 6, =[6,, D, Bl

4.4.4 FEE AT S
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RSP 7 R JUAT A RIL 4, JEH 8RR )y . i B IV . SRS 2
VELEERT LRI S, 2 R LU R R B R TE SR JE ot TR TR A
SeFa, DRITI PV A 45 25 0 S ) Ty 25 PR 18 A I A 090 1 BB BR 0, T S St e 5 400 R 5 A
VA 9. JE RN T TR AR AR, T R, R ] - D AR 4
[306-311], Wi AEAEE I BE ALY, i L AR J & SR B SRTI T I Jy, AR 47 i 2 o
By ORH, W TER AR A IR, AR AR TE e, Y N R AR AT B
S, BIDH AKIAA S SRR S EERA, D JE TR AR 3 5

AT T 58 AT R AR I N/ BB R RS A R B, AR S T
U IFHIERN T RN BRI S, D PG 3l 0 s P - AR WA 2 K

Jig = J‘S+sm [Wn; - (pjuj,i + pjaj,i + pjuj,i)]dS - J.Av [W, - (O-jk + Oij)éjk,i - djkgjk,i]dA (4_31)

_J‘A; (G sty + 0 sty + 6 i ) s+ (f + )ity + Sy, 1dA

W =0,6,+0.56,¢,
4.5 BEE

4.5.1 BUETZE

I X E AT R TR W Y AR R e B ] RN A
U, [(&.5.0) = F (&,&.0EW(E,E,) (4-32)

Hrp

W(&.é,)= ((a2 - 9812 )(2b-¢&, ))0-5
F,(6,8,,0) = ZiOZZO a,., (t)éflsézzh

A,y (O) FIARGNE R AC LN A R RS, w752 LN AT R4 -

S H i .
Zs:O z neo Ysh (O}, (x5 %,) = =P, (X, X,,7) (4-33)

b ARV, BUE N 0~n. BRI O REL, (x,, X,) BAEFEA N
Iy, = =3[ 17 (K, + Kp)ry & €W d& dé, (4-34)

Ly = [ r (K (1=3r) + Ky (1=3r DEENW dé, dé, (4-35)
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Ly = | 77K, & & W dg dé,

Ly ==[ 3r7 (K, + Kp)ryr, & W dé de,

Loy = [ 17 (K, (1=3r1)+ K, (1=3m )8 &7 W dE, dg,
Lo = [ (R (=3r1) = R ra )0 68 W dé, dé,
Ly = [ 37 KAy r & & W dE, dé,

Doy = [ 317K Ao r & EF W & dE,

Ly = [ 7 (R (1=3r0) 3K, 1y ))& E7W dE, dé,
Ly = [ 377K g S1E0 "W d& d&,

o = | UK G W G dE,

mash

(4-36)

(4-37)

(4-38)

(4-39)

(4-40)

(4-41)

(4-42)

(4-43)

(4-44)

HEBHOUASI R Co L1377 A BT A ERUE T ST AT REAT Ab B W] Taylor’s JEIFAIHE

bR E —x, =r,c080,, & —x, =r,sin 6, AT#FEIU TR AN

(a* —x})" —x;rcos6, /(a’ —x})” -Qr°, s=0

x(a?=x)" +x7(sa’ = (s+D)x)rcosO, /(a> —x)+ 0,17, s>0

é:l(a - )05:{

o (2h— ) = x5 (2b—x,)" + (T (4B, + ) — (24, +2h+1)x, ) sin ) + Q1)) 2(2b—x,)*

Hrp

Q1 :a2(x1 +§1)((a2 _XIZ)OAS((GZ _x12)0.5 +(a2 _éZ)OAS)(é;I(aZ _XIZ)OAS +x1(a2 _512)0‘5))—1 COSZ 01

_{(s(s—l)a“xls o (sP D)’y +s(s+D)x ) cos” 6,/ 2(a> —x7)?, & =x,
’ ”iiz(‘f]ly(az _§1 o - X (CZ -X )05 —Xf 1(Saz _(S+1)x12)(§1 _xl)/(az _xIZ)O.S)’ é:l # X

s 2@ =xiy X2 sin® G (16(A, +h)(A, +h—Db> —8b(A+n)(24, +2h—D)x, +(4(4, +h) -Dx3), & =x,
- h (flﬁl(zb 52)05 ;JH(Zb xz) -(2b~- x2)05 zﬂﬁhl(zb(ﬁ./"'h) (/1./+h+0~5)x2) (é:z xz)): §2¢x2

PRI (4-45) ~ (4-46), T FER(4-34) ~ (4-44) TR KRBT LAR R N -
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& =)= E) = D) + D 1+ DL 1} 50

HWep DY, DY F Dy Sy Canekse, WU R IR A R, R34 ~ (4-44)
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b=Bn, J=5
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JEEATE RS T, % p(E,E,,E) L G(x, Xy, X,) 43 BRI SR 21, T AT R SE AR
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RIIAHIRR (5-4) RUHEANE, | XY, WRRN:
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C, Jy S35 PHIEH S, MHBL 1), R R AN, B SR TR Eom

j.:y SlziJUde = L (Dy;y Ty =Sy, U )ds + _[Q Dy, frdv (5-14)

sop f WAUEAL A BB A kAR, LT 7 A, R (5-14) AT
AL | (DT, ~SuU )ds R RWEERMIEMNBA T, il
WX F Cauchy BB, FSEEN, BULRA 5 S0 ds RRNRLL T B
S, AR, FUA A SYE, AR B R TR AR, RS A ek TR
REFT e, B TR B A AR AR5 R T B P 0 ) T S P e s

53 XEKE

531 X8 E AR
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HPEREL Ca ~ JE IS € s 15 e, ARk e s
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+(ey, + 53— 20, — 4644)531'531‘531(531 T¢, ijé‘kl + Cos (é‘iké‘jz + 5i15jk)
€y = €;,0;0y +€5(5,0;; +0,05,) + (5 — €5, = 2€,5)0,,05,0,, (5-16)
Si=Cn 511 + (633 - e11)531531 (5-17)
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ik A g A f WA L RO

H(A+a—)g 0 (5-19)
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104



PR AR MK 27 2267 18 3 S5 T s PR 5 UM L = 2 R i)
s AR MV = 18 40

W ’ % SIRCX, X 5-58)
Sias :Z; 38, (CuuS; +euh +elsﬂi¢ +disAN=D, ¢y +epd s, e As, +d A s)RTX X, (

v ’ O +d. A'S)R°X, X, (559)
S :Z; 38, (CyS; T, +elsﬂi¢+d15/1f¢)(_D; Gyt s, e ATs, +d A s )R X, X,

J A3 i
S = le 8, (¢ +epd's, +e33ﬂi¢si +d, A’s; (=D.c +c33AiPS1’ +e33AiQSi +dyuA4's)R (5-60)
i1 Vi (it
J o \p3 i
Ay :ZIS 5, (e tepd's, — €y ﬂfsi —g A’ (=D.c; +CS3Az'PSi +e33A7‘QSi +dyA's)R (5-61)
i— Vi 7 Vi
J D3 )
Ssis :Z s, (=d;, +d A, _g3327¢sf — ;A7 (=D, ¢ +0334?3S; +e33ArQS; +dyA's)R (5-62)
=1 Vi 7 P

w Pg— %6 —g A'S)R°X X, (5-63)
513422; 35, (Cag8; +Co A"+ A +d A0ND ey +enAs— ey A5~ g Al )RV X, X,

w Py — % —o A's)R°X, X 5-64)
Sy :Z; 35, (CS; +euh +e A +d A0N-D e, tepAls— ey A5 g A )RTXX,

J D3 i
Siay :Z,S s, (G +eud's, +e33/77¢si +dA’s, (D ey, +6334P5i_€33 A;'Qsi —8ud 5K (5-65)
=1 Vi 7 i
J N\ p3 i
Sy :2—1 5, (e +epd's, — & /11¢Si —guA's, (D¢, +%3Afsi_€33 AiQSi — 84 )R (5-66)
J 3 i
Sz :Z: s, (—dy +d A, _g33ﬂ7¢5i — 1 A’s, (=D, ey, +e33AiPSi_€33 AI'QSi —8uA )R (5-67)

w Py —g A% — 1 A’ )R°X X, (5-68)
S135:z; 35, (Cys; +euk +615ﬂ“i¢+d15ﬂ“i¢)(_Di dyy +dy Al s, — G A7S, — 1y A s )R X Xy (

v P —g. A% — 1 A’ )R°X, X, (5-69)
Szaszz; 35, (Cus; +euh +els/1i¢+d15}“i¢)(_Di dy +dyu A4S, — 83 A7S, — s A7 )R X, X,

J N\ p3 i
Sis :Zf 8, (=G +epd's, +e33ﬂ7¢5i +dA’s, (=D, d;, +d33A7'PSi _g33A7‘QSi — s 4 s)R (5-70)
S
J \p3 i
Sis :ZS s, (- ted’s, — €, ﬂfsi g A's, (=D d;, +d33AiPSi _g33Az‘QSi — s A SR (5-71)
=1 “i 7 Vi
} 72
Sss :Zs_l s, (—dy +d A's, _g33}%¢si — e A's, (=D d, +d33AfSi _g334Q S; _:%34'] SR (5-72)

1 e
WSy MRS AR, AT — (=234 STOMIBF, P AL, (Ef

WA T LR R AR, BER I3 I N 25 F8 GRS JEE FA) 5,

105



PR AR MK 27 2267 18 3 55 T3 g s EUR 15 XURA ) = 2 1) it

54 BEFHNHIE

5.4.1 #Ra

P 5-1 T3, 08— P JE BRI i fA L A M A ORI F, AL T 140 AR R
X (i=1,2.3) 0 ox,x, il A FARRIKBT T1 5, A4 F AT 1 46, SRS 1A I
BB S0 P SUBRE FRBE o R SUHE R B Cy o S TR B8R, HUR[138, 214,
215, 230] A AIEE AT MBI AN 4, 45 BT IR D T P RS 2 XA SURL RS B AR 1) FL
ikt

% (&)

x (5)

B 51 E BTN S AR EEA AT K RYaEFEE
542 BAFMRNTIE

BRI A2 ) X 7,7, 0., OF L ST AEH . H(G-14) KA R, IR L0

BT O AR TRk, T B B S, B R AG B  E R I URE A UM
Frit ) = 4k & R GUR B Ay S AR Ty REAL, FLRARSRIE HOA -

022 (Cu5) iy =28,)147+ Y D@y = i N+ Ky (00 @S =P, (p) (5T3)
s*

FG > Dipup+ K, (2,9, (@)ds(q)=—p,(p) (5-74)
S+

Hrp

= (6 =8) + (5 =& +27)™

106



PR AR MK 27 2267 18 3 55 T3 g s EUR 15 XURA ) = 2 1) it

r = (= 8) + (48 421

r,=ntz

SRR KR D, . o, TN

Py =0 (s K (Col; 506, a5+ 0,5 ('S, (€ iy +dighs, ) =) +8,(K's; (e — €,
/) =€) 05 (K, (diyh, — 8k, — 1ol —dly)
Py =0,,(Cys; : +k}_1 (cyDs; +cyd, +esd, +d s 4;)+0;,(s,(cyd, +ey A, +d4,)—Dey)+3,,(v(es 4,
—€, A, —8uAs)—Dey)—e,)+ 05, (s,(dy A, — 83 A, — 1434;)—Ddyy)

MITFRA(5-73) ~ (5-74) WJLLEH, HEHLAGHRAS G XU R = 4RSI SCQin[ 187, 188]H i)
BT A T R LA AR 45k . K BRGBR: AEAE B o rp— Pl sl B R R 32 5
(LB REL P, p, TAHININ), (FrI15F 8 RME . M A5 5 Rk = 4 2 4 i) ) 7 e A
IR . AR RS SRR B AR BRG] B B, 45 5K(5-73) ~ (5-74) BALJE WA
B n) A A AR i, R AR

%’/ij ((044S1 (3ria,a7/ia,ﬂ _25046’) / 47[+ Z; 1)1/912&2 (é‘aﬂ _37/ia,al/ia,ﬂ)dg(p) = _pa (p)
st
_ 5 5 A
{ rim3 Z[=3 Zn=3 Dipimp[nds(q) = _pm (p)
S+

FEARTE G trrd, o T Mgl R R A etk DARE S "B 5 00D RL 5 Jt i o B = ¢
G R) UK R — B DU BIBEAT 0 b, IR IR B E T 2 A T R B AT, RT
W MR, A — IR Ao D T AT RE EAF (0 T IR AL 5 (KR SOVP e v, 5 AE
BUEA R G TR 7, R T PR 5 0URDRE ) AL, TR I &0 H s P R 5 R = ¢ 2 4 )
IR SRR R R B 45 2R, BAR N A0S 2 WA 5 A R

543 "X OFHEE

WP IR GUSH G L 08 b g s AN — Rl =4 IEAC HARAEBR R AV DI A L g mih
LR TR XCERS, , ERGUHTHY ¢ 1) ALAE [ Wl g SCOh -

U, (9 =g.(q,)&"  0<Re(4,)<I1 (5-75)
FIHQin [189]h —4E AT A 7 BB AT, I A RIS . ) A7 e ke SRR ik 7 2«

[ . 3 5 5 5 A
AR Kk AT+ (cos A 2me, + Y (DAY Y p,p,)=0 (5-76)
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cos(A47) =D, + Zis:l D.p,p: (5-77)

LT SN )37 PR BB AR S B I W L 5-2 B

s 0.45 0.46 0.47 0.48 0.49 0.5 0.51 0.52 0.53 0.54 0.55 0.56 0.57

0.85
0.8
0.75
0.7
0.65
0.6
0.55
0.5
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

52 RYELAT XA FHE R R SEE U RE

SEREARA L (V] V)RS REBTUIRERE L () / g0 XS] SIS B PR AR 2 s BRI ] 2 Fos. T
SR A 73 YRS vy Bt aE N, B v s 7 SN A RSB 4 / g 80 B
OB AN WO N, M gl /=50 BT T — B e E (K 52 B AR g S L

www.imechanica.org/blog/2237).
544 XHFRENH

ZEE7(5-76) ~ (5-77) J(5-73) ~ (5-74) ] UG RISy &y 7 SN i3 Bk kis =
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013 =0.25¢c,s, g, (1 )™ cos ‘91 ((Vegy —vicy) [(vicy +vici) —1) (5-78)
5 . SO A .

0-23 = Zi:l ﬂ.zpﬂ (1’7’;) 03 COos 01 Zm=3 (ping + 4p[mgm) (5_79)

Gy, = Zsz L > p S (1) v a(p,g, cotd cos™ 6 +6cot 6 2;3 0,8,.), n=345 (5-80)

o
63, =loy; D; Bl

545 XK HEEREF
il P AR 5 XU L = 2 441K ) SO i 3 DR 7 1T 5 U

K, =lingx/5033(r,9)‘ = 111’1’1\/5632(1" (9)‘ = hm@cfﬂ(r 6’)‘ (5-81)
r— =0

Kfﬂ%JZQUﬂﬂ,K
r— =0

(5-82)

K RN B, K, ORI Y g B R, K RO N s N 7, K, Ron i
W RRPER T, K RN s g R 7 e 3ROR p i BIREHTHY g, s, B R
(5-81) ~ (5-82) , J " MAFFNII(5-78) ~ (5-80) wJ AL A

o, =K, cos 6, /2, , &322 K.f. /N2r,n=2-5 (5-83)

n ni

Hih &, BB S, BAkaRE N

G, =0, 05 Dy B

n3

- 5 5 A 5 . _
fmn = 5m22 (IOiZ COS@ (p12 1n +4Zk:3 p[35kr1))+5mkzi:1 pikSi COtQ(I’; 0‘5p12 COS 051;1
+6pm( 4n Sn))

546 " XEBEEBEKE

i R AR 5 XU el — 4 2 RGBT SCRE R FRCR m] AR N -

G=r(G’+G +G{ +G, +GF)/2 (5-84)
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o _ K1 [K: (K34K55 — K35K54) + K45 (K54K1* — K34K;) + K44 (K35K; — K55K1* )]
1 = )
K35 (K43K54 - K44K53) + K34 (K45K53 - K43K55) + K33 (K44K55 - K45K54)

2
Gr=—F2
Kll _Klz
G° = K3 (K3 (Kll _KIZ)K16 +K26((K11 +2K12)K2 _(Kll _Klz)K4))
Sy =

(Kn _Klz)(KZG(Kll +2K12)_(K11 _KIZ)K66)

Gf — K, (K: (K35K53 — K33K55) + Ky (K33K5* — K53K1*) + Ky (KSSKl* — K35K5*))
Kss (K43K54 - K44K53) +Ky, (K45K53 - K43K55) + Ky (K44K55 - K45K54)

GSB — K [K: (K33K54 — K34K53) +Ky, (K53K1* — K33K5*) +K, (K34K: — K54K1* )]
K35 (K43K54 - K44K53) + K34 (K45K53 - K43K55) + K33 (K44K55 - K45K54)

£

G GP RGP 4y At AT . A IR A2 . RS K, =K, +K, K, »

K,=K,+K,K,, K=K, +K, .

547 " XMNERERE R

MR A AR RE o L BB [93, 94], WA GRS S A RL N TR V. = dx dxydox, 1E] =4
N3 TR RN A REA -

AW =(6121+O‘222+O'323 _v6110_22+0220-33+033611+O]22+0123+O_§3+l)121+D222+D323
E

2 E 2u 2F
v'l)llD22 +D22D33 +l)33D11+l)122+l)123 +D223 +BIZI+B§Z+B323 _VIBIIBZ2 +BZ2B33 +B33Bll (5-85)
E 24/ 2F E
L By+B, +B§3)dV
24

K E, v, u BV, p 03030k IR WIRALE . BIVIRTEE, S5ids IRBTEE, S ifatt,
7

aw K?> al@ a’+al a +a:
— n (i‘i‘ 1n 2n_|_ 4n Sn) (5-86)

dv  2J2r E P E'

1

S RS ORI £
p

I SV AZ g 5 5 PR B E R ST AT
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2 2 2 2 2
a3n aln + a2n + a4n + aSn

S| =K*(—32+
|0 ”( E IL[ E!

)

(5-87)

Hrfra, (mn=123,4,56) HRFPEHERAG S S8, Akt LI D.
5.5 8BS *
551 BERZE

N SCRR[187, 266]7H 71k, Kl R T FEA(5-73) ~ (5-74) HHATHUEALALHE . DUAR
RO, WnES-307R.

X3 (&3)

Cina
% CiJKl
(&)

E 5-3 BERBA MRS RAEEERT A RY R REE
RELHTHT SR T eR 2 (5-10) T LAfR fk:

U] (6,8)=F, (fpéz)ézij W<, (5-88)
Hp

W=(a"-&)2b-&))"
F, = Zioztho ajsh§1S§2h

a,, WRIEEL, O (588) RN(GS-T3) ~ (5-74) , BZF SRS UL Al LIEE K 4L
B AL

S H
zs:o Zh:o alshIIJsh =—p, (5-89)
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Hrp

Ly =Ly == 317K +K,)S, (5-90)

Ly = [ 7K, (1=3r0)S, (5-91)

Ly = [ 77K, (5-92)

Ly = [ r2 (K (1=3r) + K, (1=31)S, (5-93)
o

S, =&& "W dg de,
4 N 5 5 A
K, ==06,,0,,c8, 147 +6,,6,, Z,H D, py, 04, +6,,9,, 21:3 Zk:3 D, py,. P,

TiRE(5-90) ~ (5-93) Ayiwr Aoy, AERUH AL BE AT L2000 BE A7 S AR O3 B 0 AT AL B . Y 2 )
JETT AR AR bR T LAAG 2 LR R R 5

(@ )" —xr 086, (@~ ) ~Qr?, 5=0

E@ —x)* :{ (5-94)

x (@ —x) +x7(sa’ = (s+D)x))rcosO(a’ —x) P+ Q17 , s>0
Gt b—EY" =x(2b—x,)" +( " (A, +h)— (24, +2h+1)x,)rsing +Q 1 05(2b—x ) (5-95)

Hrp
Q1 :aZ(xl +§1)((a2 _x12)(),5((a2 _x12)0.5 +(Cl2 _éZ)O.S)(é(a2 _xl2)0.5 +xl(a2 _éZ)(),S))—l 0052 91 (5-96)

~ {(s(s—l)a‘sq” —(s* +D)@x +s(s+Dx"?)0.5¢c08’ Q@ —x) ", & =x,

= (5-97)
LG @) X (@ ) -7 (5@ () (& )@ ), &
_ {2@2 =) sin’ QSR +hN A, +h=1)b" 8K, +1\ 2, + 2D, + (4, +hY ~D), & =x, (5-98)
B (2b-&)" =" (2b—x,)" —(2b—x,) T QA +) ~(A, +h+0.5)) (6 x,)), & %X,
MR (5-94) ~ (5-95) , JFE(5-90) ~ (5-93) LB £oR N
EET (@ =EHRb-E)) =D + D r,+ D] 1’ (5-99)

o D], DY, Dy yesness, 7O HIZEERITE S MR RK (5-99) , J5
R (5-90) ~ (5-93) HfAitk A
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1y, = [ 1K, (1= 3sin 0) + K, (1-3cos O)]S,

2r .
Loy =], 15(K,, +K,)sin 268,

2z

I

mnsh 0

Kmn Sl’l

Ileh = .[OZﬂl'S(Kll + Klz)Sin 2651

I, = joz”[K“a—scos2 0)+K,,(1-3sin’ 0)]S,

L

M

552 MELEREITE

$,=(D; mR-R"'D; + [ Dy )d0

(5-100)

(5-101)

(5-102)

(5-103)

(5-104)

TR BB KBUE VA IERTE, ALL [225] AR A, 5SS R G
Jis HEURR 5 SR RLSRAPEAR, TE BRI AR F AL 3T 73, 05y o IUE ORIRFEIBATIOs , @7k}
CoFer04r @R IRFHIBaTIO;—CoFey040 A T FHUEL,  E TR AL Bl AT e AL, ToEd

AFWSE
¢, =c,lc . =¢/ce, §=¢€,/¢, (5-105)
dij:dzj/ Criblyy 5 & :dij/\len Hyy s 1y :/ujj//ull (5-106)
LI 225 R B N B2, RUATAS B0 AL R 2, FURE Ran & s5-1R .
F5-1 RENLHMHSE
[on o, (o Cy3 Cy 8 g3 Eh €53
@ 1 4639 4699 .9760 2590 .338E-2 139E-2 1 1.125
® 1 .6049 5944 .9423 1584 -230E-4i - 138E-4i 1 1.625
ds dy dy My M s e [
@ 0 0 0 1 2 2690 -.1020 4314
® -.04231 -.04471 -.0539i 1 -.2261 0 0 0

XF(5-81) ~ (5-82) HHATTCEAN, Tommdiik) SUN Jyom BER ik X ok
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F, =K, /oo™ F =K, |oib
F,, =K, /o %" F, =K, /oib
F,,=K,,lo5h"™* F, =K, |c5\b
F,,=K,,/ Db F, =K,/ Db

F,, =K.,/ Bib™ F, =K, /Bi\b

IR A(5-87) BEATICRAY, WA RIJC R N AR RE s L D RAE 3K

2 2 2 2 2
a3n aln + a2n + a4n + aSn

< _ 2
S|, = (B = =)

2 2 2 2 2
a3n + aln + a2n + a4n +’a5n
E y7i E

§], = (F, ( )

(5-107)

(5-108)

(5-109)

(5-110)

(5-111)

(5-112)

(5-113)

FCE R 20X20, RECKIM /MR AN T B2 BATR BRI 5-4 FoR: AR )

0o = (04 /| 00+ 1 BEZ T EEHON K TIRAN, KO( S5 RS 1 B 2 T $6 KO T 8

W

SX

N
"

0
X

X
!
%

)

0
5
O

§
%

0

)

)
W

N
¢
‘X
Q)
) ”\ \
%
XXN)
o
o
R
{
"

{

\
0‘0
Y
\

%)

()

4

Q)

¢

0

0
5
()
)

QOO0

0
)
A
00
W5
X
N
,'/,4‘
—
g /
o
o
o
o
(]

)

0’0‘000
o
\N.‘
X
A
&

S
A
)
2\
L
200
A
S
o
R0
W
X
Y

4

2.
A
=
N s’
d
Q
N

2S
5
xX)
05
2R
S
4
L
N

<L
/D

Y

=3

(a) M=N=9 (b) M=N=13

5-4 B/ NRIR B NRE % TR ST (L AR

Vo= Q2

< LIRS

L RINKRED \{A 2R IS \/
aA%,;ef::e:f::'::!;:?:zi\*Y X
SR NT AN TSI 53533

B ol i, BCE A 20X20, ZIAIRECH 13X13, |7 SN R H T2 TR HL A
WAL I 52 M8 55 FiR: fEx, =0.2b 1, NRIENTF,, F,, Fbix /a 2%
AT, X fa=0 B KA. B2 WHREON I, B ROR WS . 45 R S T At SO L R

Ry ABUETHEFR AU S R TTEER, AR ORI .
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RS2 x, = 0,287 XENBERT F| b S HRIEEHT LME(KK=LL=20X20,b/a=1)

x/a 0/11 1/11 2/11 3/11 4/11 5/11 6/11 7/11 8/11 9/11 10/11
M=13 7536 7518 7464 1374 7244 7067 .6829 6512 .6092 5503 4493
M=11 7536 518 7464 1374 7245 7067 .6829 6512 .6089 5501 4520

=9 7536 518 7464 1374 7244 7067 .6829 6512 .6092 5503 4493
=17 7529 7514 7466 7383 7246 7069 6827 6513 6071 5505 4433
[266] 7534 7517 7465 7375 7245 7065 6826 6510 6086 5494 4543
075
07
0.65
06
0.55
05f
1 L 1 L 1 L
045 05 0 0.5
x/a
B 557 x, = 0,20 RPN HRERTF F| b4 X, / a THME(KK=LL=20X20,M=N=13 b/a=1)
RS3EX, =Fanr XEHBERT F, BSRRIEHT WA KK=LL=20X20,b/a=1)
xy/b 0/11 1/11 2/11 3/11 4/11 5/11 6/11 7/11 8/11 9/11 10/11
® 2666 3164 3480 3705 3869 .3990 4081 4147 4192 4218 4226
M=13 ® 3793 4496 4943 5262 5492 5663 5791 5885 5948 5985 .5996
® 2316 2749 3023 3219 3361 .3466 3545 3602 3641 3664 3671
@ 2667 3170 3479 3704 3868 .3990 4080 4147 4192 4217 4226
M=ll @ 3810 4505 4941 5259 5492 5663 5791 5885 5948 5984 5996
® 2326 2754 3022 3218 3361 3466 3545 .3602 3641 3663 3671
) 2671 3182 3479 3701 3869 3991 4080 4144 4190 4219 4228
M=9 ® 3810 4523 4941 5255 5492 5665 5790 5881 5946 5986 .6000
® 2326 2765 3022 3215 3361 3467 3544 .3600 3640 3664 3673
) 2652 3202 .3490 .3695 .3860 .3990 4087 4153 4192 4202 4218
M=T @ 3716 5552 4957 546 5479 S664 5801 5893 5949 5977 5985
®

2305 2782 3032 3210 3353 3466 3550 3607 3642 3666 3674
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BT oy N, BCE A 20X20, ZHGIRECH 13X13, )7 3ON 5 R 1 Bl 22 1R
e AARRACAE ISR 5-3. 5-4 K& 5-6. 5-7 s F,({Ex, =xa B x, /b)) Fy({fEx, =0,2b
bt x, [ a )RS F, (75 x, = 0,20 Bl x, / a ML, D5 @R %L iS4 7 kL = 424 g4k

Ko @R RHEIE RSSO RHS Ft i 2 AR LA R

T T E—— |

0.5 Xz/b1

B 5-6 % X, = ta RRANNBERTF F, BLIR X, / b TUMEB(KK=LL=20 X 20,M=N=13 b/a=1)

RS54 7 x, = 0,200 XL 5B E EF F} B % TR EE (A (KK=LL=20 X 20,b/a=1)

xj/a 0/11 1/11 2111 311 411 511 6/11 711 8/11 9/11 10/11
@ 4763 4752 4718 4659 A572 4455 4302 4101 3837 3482 2895
M=I3 @ 6788 6772 6723 .6639 6516 .6349 6131 5844 5469 4965 4131
® 4140 4130 4100 4049 3974 3872 3739 3564 3335 3027 2516
O 4704 4753 4718 4659 4573 4457 4303 4102 3843 3491 2884
M=ll @ 6789 6773 6723 6039 6517 6351 6132 5846 5478 4978 4116
® 4141 4131 4100 4049 3974 3873 3739 3565 3340 3034 2507
O 4764 4752 4718 4659 4573 4456 4304 4107 3852 3493 2855
M=9 @ .6789 6772 6723 .6639 6516 .6350 6133 5854 5491 4981 4073
® 4140 4130 4100 4049 3974 3873 3740 3570 3348 3036 2481
O 46 4751 4718 4660 4575 4459 4309 4115 3858 3479 2789
M= @ .6786 6770 6723 .6641 6519 6355 6140 5865 5500 4960 3978
® 4138 4129 4100 4050 3976 3875 3744 3576 3353 3023 2424

BiCE S 20X20, ZHFREA 13X13, £ 5-5. 5-6. 5-6 AR RI N THEO. @F
@M AZBES L R 1Bl A T ARBRAR AR 4E x, = 0,2 101, NARRESRE N b x, / a RS
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fii, X /a=00UR K. Kl 5-8. 5-9. 5-10 FIFESN TR N TAEHO. @MET VA HE
DRl 1~ B £ B R AR BRAS A A 7E 180° -360° [RIEE 45 A1 0° -180° X BRI ) o

i 1 1 1 P
-0.5 0 0.5
x,/a

77 x, =0,2b RERF NBERT F, B4 X, / @ THMEKK=LL=20X20,M=N=13,b/a=1)

RSSTEEM XMERSBER TR 0. X /a THMEKK=LL=20X20,M=N=13,b/a=1 D)

X /a

0t 1 21 3 4nm 51 o/11 71 8/11 9 10/11

0 0.2329 0.2319 0.2287 0.2233 0.2156 0.2053 0.1920 0.1749 0.1534 0.1259 0.0861
10 0.2398 0.2387 0.2354 0.2299 0.2220 0.2114 0.1977 0.1801 0.1580 0.1296 0.0886
20 0.2428 0.2418 0.2384 0.2328 0.2248 0.2141 0.2002 0.1824 0.1600 0.1313 0.0897
30 0.2411 0.2400 0.2367 0.2311 0.2232 0.2125 0.1987 0.1811 0.1588 0.1303 0.0890
40 0.2341 0.2330 0.2298 0.2244 0.2166 0.2003 0.1929 0.1757 0.1541 0.1264 0.0863
50 0.2220 0.2210 0.2179 0.2128 0.2054 0.1955 0.1828 0.1665 0.1460 0.1198 0.0817
60 0.2055 0.2045 0.2017 0.1969 0.1901 0.1809 0.1691 0.1540 0.1350 0.1107 0.0755
70 0.1859 0.1851 0.1825 0.1781 0.1719 0.1636 0.1529 0.1392 0.1220 0.1000 0.0681
80 0.1649 0.1642 0.1619 0.1580 0.1524 0.1450 0.1355 0.1233 0.1080 0.0886 0.0603
90 0.1445 0.1438 0.1418 0.1384 0.1335 0.1270 0.1186 0.1079 0.0945 0.0774 0.0526
100 0.1265 0.1259 0.1241 0.1211 0.1168 0.1110 0.1037 0.0943 0.0825 0.0077 0.0460
110 0.1126 0.1121 0.1105 0.1078 0.1039 0.0988 0.0922 0.0838 0.0734 0.0602 0.0409
120 0.1042 0.1037 0.1022 0.0997 0.09!1 0.0914 0.0853 0.0775 0.0679 0.0557 0.0380
130 0.1019 0.1015 0.1000 0.0976 0.0941 0.0895 0.0835 0.0760 0.0665 0.0546 0.0373
140 0.1061 0.1056 0.1041 0.1016 0.0980 0.0932 0.0870 0.0792 0.0694 0.0570 0.0391
150 0.1161 0.1155 0.1139 0.1112 0.1073 0.1021 0.0954 0.0869 0.0762 0.0626 0.0430
160 0.1308 0.1302 0.1284 0.1254 0.1210 0.1152 0.1077 0.0981 0.0861 0.0707 0.0487
170 0.1488 0.1481 0.1461 0.1427 01377 0.1311 0.1227 0.1118 0.0981 0.0806 0.0556
180 0.1682 0.1674 0.1652 0.1613 0.1557 0.1483 0.1387 0.1265 0.1110 0.0913 0.0629
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x1/a=0/11
x1/a=1/11
x1/a=2/11
x1/a=3/11
x1/a=4/11
x1/a=5/11
x1/a=6/11
x1/a=7111
x1/a=8/11
x1/a=9/11
x1/a=10/1

B 58 XERBHAUTHBERFHO Fx, /a THME (KK=LL=20X20,M=N=13,b/a=1 #D)

RS-CTREMN NMETHBERTH 0, X, /a TWMEKK=LL=20X20,M=N=13,b/a=1#$}@)

X a
P om 111 il 3 4m S 6/11 7 8/11 9 10711
0 0.3414 0.3399 0.3352 03273 03159 0.3008 0.2813 0.2563 0.2248 0.1847 0.1268
10 0.3509 0.3493 0.3445 0.3364 0.3247 0.3092 0.2801 0.2635 0.2311 0.1899 0.1303
20 0.3545 0.3529 0.3480 0.3398 0.3280 03123 0.2921 0.2662 0.2335 0.1918 0.1316
30 0.3509 0.3493 0.3445 0.3364 0.3247 0.3091 0.2801 0.2634 0.2310 0.1898 0.1302
40 0.3397 0.3382 0.3335 0.3256 03143 0.2992 0.2798 0.2549 0.2236 0.1836 0.1259
50 0.3214 0.3199 03155 0.3080 0.2973 0.2830 0.2645 0.2410 0.2113 0.1736 0.1190
60 0.2973 0.2959 0.2918 0.2849 0.2749 0.2616 0.2445 0.2227 0.1952 0.1603 0.1098
70 0.2694 0.2682 0.2644 0.2581 0.2490 0.2369 0.2214 0.2015 0.1767 0.1451 0.0993
80 0.2404 0.2393 0.2359 0.2302 0.2221 0.2112 0.1973 0.1795 0.1573 0.1292 0.0884
90 0.2130 0.2120 0.2090 0.2039 0.1966 0.1870 0.1746 0.1588 0.1391 0.1143 0.0782
100 0.1899 0.1890 0.1863 0.1818 0.1753 0.1666 0.1555 0.1414 0.1238 0.1017 0.0696
110 0.1735 01727 0.1702 0.1661 0.1601 0.1521 0.1419 0.1290 0.1130 0.0928 0.0036
120 0.1654 0.1646 0.1623 0.1583 0.1526 0.1450 0.1353 0.1230 0.1077 0.0885 0.0607
130 0.1604 0.1656 0.1632 0.1593 0.1535 0.1459 0.1362 0.1238 0.1085 0.0892 0.0013
140 0.1763 0.1755 0.1730 0.1688 0.1628 0.1548 0.1445 0.1315 0.1152 0.0948 0.0052
150 0.1941 0.1932 0.1905 0.1859 0.1793 0.1706 0.1594 0.1451 0.1272 0.1047 0.0721
160 0.2179 0.2169 0.2139 0.2088 0.2015 0.1917 0.1792 0.1632 0.1431 0.1178 0.0813
170 0.2452 0.2441 0.2407 0.2351 0.2269 0.2159 0.2019 0.1840 0.1614 0.1328 0.0917
180 0.2733 0.2721 0.2684 0.2621 0.2530 0.2409 0.2252 0.2053 0.1802 0.1482 0.1023
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x1/a=0/11
x1/a=1/11
x1/a=2/11
x1/a=3/111
x1/a=4/11
x1/a=5/11
x1/a=6/11
x1/a=7111
x1/a=8/11
x1/a=9/11
x1/a=10/11

SO NERNMTREEEFHO M x, /a THHME (KK=LL=20X20,M=N=13,b/a=1 ##}@)

RS-TREM NMEREBERTFHE 0, X, / a TWME(KK=LL=20X 20,M=N=13,b/a=1#$}E))

X ra
P 0m 111 2 3 4m S5 o/11 gt 8/11 9 10711

0 0.2034 0.2025 0.1997 0.1950 0.1883 0.1793 0.1677 0.1528 0.1340 0.1099 0.0750
10 0.2004 0.2085 0.2056 0.2008 0.1939 0.1846 0.1727 0.1573 0.1380 0.1132 0.0773
2 02123 0.2114 0.2084 0.2035 0.1965 0.1872 0.1750 0.1595 0.1399 0.1148 0.0783
30 0.2111 0.2102 0.2073 0.2024 0.1954 0.1861 0.1741 0.1586 0.1391 0.1141 0.0778
) 0.2054 0.2045 0.2017 0.1969 0.1901 0.1811 0.1693 0.1542 0.1353 0.1109 0.0756
50 0.1953 0.1944 0.1917 0.1871 0.1807 0.1720 0.1608 0.1465 0.1284 0.1053 0.0718
60 0.1812 0.1803 0.1778 0.1736 0.1676 0.1595 0.1491 0.1358 0.1190 0.0976 0.0664
0 0.1642 0.1634 0.1611 0.1573 0.1518 0.1445 0.1350 0.1229 0.1077 0.0883 0.0600
80 0.1458 0.1451 0.1430 0.13% 0.1347 0.1282 0.1198 0.1090 0.0955 0.0783 0.0531
90 0.1275 0.1269 0.1251 0.1221 0.1178 0.1120 0.1046 0.0952 0.0834 0.0083 0.0463
100 0.1110 0.1105 0.1089 0.1003 0.1025 0.0975 0.0910 0.0828 0.0725 0.0594 0.0403
10 0.0979 0.0975 0.091 0.0938 0.0904 0.0860 0.0802 0.0730 0.0039 0.0524 0.0355
120 0.0894 0.0890 0.0877 0.0856 0.0825 0.0785 0.0732 0.0666 0.0583 0.0478 0.0325
130 0.0862 0.0858 0.0846 0.0825 0.079 0.0757 0.0707 0.0643 0.0563 0.0462 0.0315
140 0.0885 0.0881 0.0869 0.0848 0.0818 0.0778 0.0m27 0.0661 0.0580 0.0476 0.0326
150 0.09!1 0.0956 0.0943 0.0920 0.0888 0.0845 0.0790 0.0719 0.0031 0.0518 0.0356
160 0.1080 0.1075 0.1060 0.1035 0.0999 0.0951 0.0889 0.0811 0.0711 0.0584 0.0402
170 0.1230 0.1225 0.1208 0.1180 0.1139 0.1085 0.1015 0.0925 0.0812 0.0067 0.0460
180 0.1397 0.1391 0.1371 0.1340 0.1294 0.1232 0.1153 0.1051 0.0923 0.0759 0.0522
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90 — x1/a=0/11
e x1/2=1/11
— x1/a=2/11

x1/a=3/11
x1/a=4/11
e X1/2=5/11

3@ x1/2=6/11

x1/a=7/111

x1/a=8/11
x1/a=9/11
x1/a=10/11

5-10 "X EBANTESRERT S, B0 F X,/ a THHME (KK=LL=20X20,M=N=13b/a=1 ##I3)

TR XN 5 R BE SR L Wi R 5-8 5-9 &P 5-11. 5-12, 5-13 filiom: | X
Ny A - BE LSO IR LG I K, 24 b/a> 8 W), R — 4 o) @ AU B 45 5 .
R5-8MABERET F, BERSFLK LT L E(KK=LL=20X20,M=N=13)

bla 1 2 3 4 5 8 oo
AXGR 7536 9183 9279 9314 9379 1.002 1.002
[248] — — — — — — 1.000
[244] — — — — — — 1.005
[243] — — — — — — 1.000
0.95
1]
09
E 0.85 ;
0.8 ;
1 1 1
0'751 2 3 4 5
b/a

5-11 [T 2N 1R ERF FHEESFK LT L RE (KK=LL=20X20,M=N=13)
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R5OMNBERTFE, F; BERSFRK LT AEKK=LL=20X20,M=N=13)

bla 1 2 3 5 6 7 8 0
0) 4226 4731 4901 4968 4973 4975 4978 4980
F, ® .5996 6276 6510 .6602 .6604 .6605 .6607 6610
® 3671 4110 4259 4316 4318 4320 4322 4324
) 4763 6162 6770 7043 7198 1279 1357 7463
F; ® 6788 8786 9693 1.032 1.044 1.051 1.055 1.071
® 4140 5359 5888 6261 6331 6373 .6400 .6492
0.675
- == = 1
0.65
0.625 F
0.6[F —_—— 3
0.575 F —_—— 2
F,ossfF —_—— ]
0.525 F
05 - —_—= = 1
0.475 F
0.45F
0425 ——— = #1
04
0.375,
e v b b
T 2 3 % 5 6 7 8
bla

& 5-12 - X T2 AR /158E B F F, MESFIK LT UME (KK=LL=20X20,M=N=13)

0.9

Fos

0.7
]

0.6

|| AT ETENENEE ENNENINE ENATENENE ENRNETEN SRR R
0'41 2 3 4 5 6 7 8
b/a

5-13 -T2 MM 153 E EF F R LT E (KK=LL=20X20,M=N=13)
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£ 5-10 RN T MBI @FN@H KN AR B 5 BF K 1B £ FE AR LE AR A s T
SO AR R g R BEZLSORAR EE I AN K, Y b/a>8 W, BT 4k BRSO S R . K& 5-
14, 5-15. 5-16 [AFES N T XN A RO, @FIOGN AR feom FE K 1B /A B F AL R AR A 7E
180-360 HIH{E 25 KA 0-180 4 MR A )

R5- 10T BN XL I 4258 E B FHEb/afn 6 T MR (KK=LL=20 X 20,M=N=13)

bla L 6=0 0=r/6 0=7/3 O=n/2 0=213 0=57/6 6=n
@ 2329 2411 2055 .1445 1042 1161 1682

1 @ 3414 3509 2973 2130 1654 1941 2733
® 2034 2111 1812 1275 .0894 0961 1397

® 3422 3539 3062 2224 1646 1774 2470

2 @ 4934 .5066 4397 3311 2656 2963 3947
® 2977 13089 2688 .1950 .1403 -1459 2039

® 3712 3833 3331 2456 .1859 2005 2738

3 @ 5475 5611 4907 3771 3093 3426 4463
® 3210 3325 2903 2132 1568 1638 2250

® 3843 3965 3453 2563 1960 2112 2860

5 @ 5836 .5973 5256 4100 3414 3757 4815
® 3355 3471 3041 2257 1687 1763 2387

@ 3924 4048 3532 2635 2024 2175 2928

6 @ 5927 .6060 5344 4179 3486 3829 4893
® 3400 3518 3086 2295 1718 1792 2420

® 4198 4336 3793 2828 2150 2279 3069

7 @ 6247 6401 5638 4387 3621 3956 5078
® 3643 3774 3320 2470 1827 1874 2530

® 4228 4366 3823 2857 2178 2308 3099

8 @ 6269 6423 5660 4409 3642 3977 5100
® 3652 3784 3329 2478 1836 1883 12540

® 4268 4406 3862 2896 2218 2348 3139

oo @ 6355 6509 5746 4494 3727 4062 5186
® 3682 3814 3360 2508 1865 1913 2570
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5-16 "X B T HE5RE FE FhE O 0 b/a TLHE (KK=LL=20X 20,M=N=13##l3)
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5.6 KENT

LS AR o I SCRL RS FEASAAE g 38 T T s iR 45 0URA R i = 4 VR 5 B SR L ]
L s R £ BRI S A TR P BRG] 3 e A Dk SR A — 2 AR ST A [ W R 00
B ay ARy RE . R e Ay AR (1 MRS B 7RG ) N ) 7 5
PEFR RO RGO LT RN TR S 32 i i ik e

2 F A B M ke Ay e ARy R T BB 7, A FORTRAN W H 905 T %
MIRES?, VFE TR MRS, r AR R TS R S MRS R AL EE TSRS
XS = He 280l ) 0 OV gy NARRED s 27 B 45 2R

BNEAEE RIS, |7 (N Ty WARRE) 95 TN e 4 RS Sy, iy HLAT AR B R kG
JEo dek (NJ7. NARRE) SRPEDN T BERSUBAR LI IO, 2 b/a=8 I, 0L 411K
2 AU E AR .

4. TREHIE IR 2 i S AE T BRSO RES J i 1l R E0R 8, ) AR FASSCER A R LT
SE HE R AT AT S 4548 (T SEdE . AEN A b Xk PY, 5 Jt i 3 B 2R GOR MR 45 ) i JSE A )
SEVERREm W, A RN R T LS RS
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#
o

6.1 BIFETRLR

ASCAESE B MG IR Ay S AR SRR b, RO 55 N 2L HLAAORR S A LT3R ) 2
BT, R NUA R TR AE S M R ) 22U b (N T, R S B A A
RS, O N AMZ ST ST R S . ASSCRIHT OR T 2R

L SIS SR IR RE &, g 10 L R G A B B AT RORIRP e R CRRGL, “PAT
2R AERZ LD WAk fR A AR TR I S S 2R R AT X
) 73 PEFR O SCAT PR D i fide s o SCT ) 0 (R Jg RARRED) o2 DR AN i R IO
W% Rl AT S AR R A I ARBOT R, 31 (N g NARRRD) s R AUE
X 442K B )40 T FORTRAN & HREF (14000 434%) , ST, 793 7 & 2R3800) 81
JUSC ONJg NARRED A R AR R [316-320]

2. GIAKRHEE A TR ) AL MW AR R T SRR ARAR D3RI SCER TH kS ik
T SCAR- T R o s U A 20 T R R A A A I AR St s e VA Dl ey AR, £ 0 1 DL Ok 1
RO I s R ik e HORE S AR SRR AT ROR AR 280 Jie ) 7230 4 A4 A it 1o 3
BAT AR T RE R, HET T SOV R AT RA S, ST ST B X @ A R AR
o b R A B 5 R R B AT AR EE, oy R T BUESR M vk, wE T H
FORTRAN F£/7 (9000 434%) , AT T HAZ MG, BUr 7 508 J v s Sl Fn e o 4 [301,
302].

3. 38 R RS A UM B (R RS SR AR AT BE BRI AIE, 19 BIE A TR A AR TRy
DA EEA AR BoRRIA S KRR R S A RMT BOBRE  Rar. whs rRE & 0UR R 5 S
e FLAT BR800 350 ) A R SR ARER 87 S AR 40 i RR AL s HES AR ATV ) XN )
A PERR BRI AT Ny A T . e ST PRI S (R g NARRED SRBEDR TR X RE
R . MR TR L T ISR AR E, R AT (RN AR SRR
a5, 95 T H FORTRAN L5 (7000 434%) » 34T T B RMETHEL, 153 7 R4
) S O s NARRED SR AR LA 210, 321-324],

6.2 451t
ARCAESCHR[93, 94, 166, 170, 172, 325-3301WF57 TAESEAE [, X 0% FEAAGRE & k) = 2 5
JIPER AT T RGOEANBS SEUE Y, SR R348

1S AT R P AR 5 PRE St s PR 5 XUR R 23 8] ) SCREAS BEAS AR BRI B B L AN
BlE . X THEB GRS AR SRS FEAE, AT SIS R, HET B RS A AR AR
R NG T AT AR 7 R D5 A AR A 2 8] SRR FEA AR ) s Rk 5 0 TG A
XA RH R [MALAS FEA MR BEAT 4P . BORANEGUE, NV T AR AR AR 2R R oK AR ), 283 e R i
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Herie s, G TIEG Dl AR 5 R A N I B ARRR R 28 1) A7 A8 SR A o 7 ik
o XS FIXPR B SO RS REA R, AR O s ity | SOG40, S aE & 1
AR T RE TR A (0 LA AR AR 2R K A L AR P RE (RGP R 45 0URRE ) 2 i) i it
SCT Sy FEAERN SN SRR A% bR

QAR AR IR I, IRMRAIR, IS0k, Somigliana A3, B HTIA
Sk L AASHORE S M RME RO Fr SR G0n) il i L PR S MR RO AR 2 40
CHT2REG EBZRE0 AR S MERPEEAE R 7 R G R 8 1
R XU RL S 510 38 B OB AR 7 R E0R 8RR AT T R g s, il o8t s, 7
BAGH T # RGO B RGO AR 2R R SOV 13 (7 AN 73R it ik s, 843K
LR IY I Fe A g LA SCREAZ TR W () SCREAS )BT AR ) DAy oA 1 o ) R 7 5 AR 20 5 R 2
() L, 348 [ L b Ay S R 0 g RE LR T 1 RIS oy R A 28 i AR A vl DUSR A - H - - 55 4
FH B2 ARRE G AT RRG0R . 5 RE2L (045 AR 77 5 A0 5 R 5 IAE D RE R EE G M LI 2
SRR N ) FFAERE T K, AR R R TR AT AR Ty R VRSR AR TR ) A AR

3AEXS SCHR[187, 2661+ Ty RREAT ¥ REAN 5835 (K AEAE_E, A 328 Bridont B i 43 21 1) 4528
AT AR TR AT ARG I b T RGOy SO A SR ) SR
Wy (BED St Ris e ) S Il (NAZR) B, SIAT XAl (N2
) CHPLRBOEASR, XL REUR L, € ST LA SR RS (] Wk B Ros ) 30 (R AR
AED) SR TAI SCREERECR s XL # R MR A i ) BE LT SC TR o I AT BRESR 23
Jiik, HEHRT AR TR A A SRARARET R 4L R 8L, IRt 5 RE 2 vh 2% 3 S AR 23 8 0 20 i)
177 RTIAE, S 0 (N NARRE) 5 8 A 7 BB v AL A 30 i & 2 i) it 7y
B0 5 RE A B SR 7 i

44EJ] FORTRAN 15 595 7 4 KLU dl) 0 (N Ty NARRE) 5N 71 S FE 7
(40000 A345) » A FIALGUA LA ol BUREAT T BUELVHEE, 4% 1A SCH S U VA e st
FIEETE S MERTERURGRE, ZERE 0 BUH S RS T B IR 2. fEdb3tat b, 8 7 N
BEATEL BT DI R L. REUBIREL . 2R WOE A8 Bt Rh2ERIE F] 75 0] S8 S 5O AL
e X2 RO, ot 7RSO AR, TS0 (N WARRED SR D TR AR
PRARAC A . X AR VE R A eI, WFST T RGN RV RS R B I [a] AR A LA, AR
SR T REY R

6.3 FRE

LR EPTE, ASCEEH K2 i B A 58 3 AR R 27 5 AR 3 O R ik B LA B, Gl
LR WAL N SR AR T S AR Y TR, S AT SR AR O RE TR IO\ B A AR S A R
F AR A PR O AL - FL- - 5ORR S A D AR ) Th B I SR P RE = Y W 5 = 1) s st
SEASGE T AT — R BS FEUE SRR VL . R AT IRAS T — LB R, A D)
HER I SRR 24 g 25 i FL A IR A T8 o ik, (O BR T ASSCAE B KPS I, AT K
M AR RATSE M A A AFERL LA 5 k25 TF L
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L R 28, A A Bl SO I MCE PRAN IR ST, A Y R R L, R
SKISAN LA Y ) i 55 o 3K 28 ) LR A SCOUAT R P Bkl B, SOE IR 3RS ol 3k L A SORR 5 44
KIZHAE , ASORREXN ML (N ) WARRE) 98 D 12502 5oy Bl 2EAT SE A 5
SJURZHH T LU R ) 218 . IX LS AR B R AE A e 0 A rh AR5 1k

2.1 AR RS S AR R B B R MO — IR EL, AR 5 ) A7 A S
JEWr T 2z )l (2 ROER S PEes RER &)« TREGTMRBOE M TR, RIMEPE 1
PRSL AT ik T hm . IR EL, R TR EL, H BT GEIRIR . BRI LA H A4
ARG R AT LEREAY B O 2247 T DR M B AR, (H2 MBS A 7 B R
AAAE S W QT A RS T, w] 1 A SRR AN R A 7

3. B 2 PEAAH S BER AN A Tk s HURE & DU R R G, xS S~ 47
Ryl FHmRar. 5P AN AR R A B GEEAT I I IR LY i) U R AE A 5C 5 T 5T B 3
fUHER EA3 ER AT

4. 5 UERR S W R R LE, BhaS W i REE B M S0 EASRAERS 22 o X v ERDEL,
TOINTHERARLNE, WIEERE O N E. a1 AR, 280 i AR 38 R 11 sXAte 4 14 i 24
GO AR EoR AN eI At XM ORJN 38 Bl 1 S ) R AR A e ARk, RN 2y
BRI T EAE, B BRI ARL N, A0 i AR B R L SCER AR R R k. X I A
(R TARMEE, e ShaBAT D , Wr]iASOIENRAM, S LSRRk, R
2 i) AT AT RUARSS (R o o

S ATSFARG JT A AR = RGO ) AN R, LR, R
AW T, D2 i i 207 27 U — DS S B I B AR R . R i B ig it — 25
e, DUIRESELF I RIOR AW R D 2 i, s 200 22 NARELIN 55 ).

127



A A K 2 220 18 S

N
B
-
=

22 3R

(1] VERAM. WA BLR LA R HARAE 2003.

[2] Cotterell B. The past, present, and future of fracture mechanics. Engineering Fracture Mechanics 2002;69(5):533-53.
[3] Erdogan F. Fracture mechanics. International Journal of Solids and Structures 2000;37(1-2):171-83.

[4] 2006-2007 32222 R R AR S 40 B 4. 2006-2007 J122 2Rk B4R 5. T E 22224 2006.

[5] B, RAFIC. SIINEMTR )2, KA AR 1985,

[6] AATHE. RGO L PG, B Al o2y Rt 1996.

(7] BBy R AR AL 2001,

(8] # 1L U2y 2. IR b H Rkt 1995.

[9] Lieber CH, Miller RA. Ceramic thermal barrier coatings. journal of plymer science:polymer chemistryy edition

1984;18:2221-38.

[10] Sheffler KD, Gupta DK. Current status and future trends in turbine application of thermal barrier coatings. ASEM

Journal of Engine for Gas Turbine and Power 1988;110(4):605-9.

[11] Sidky PS, Hocking MG. Review of inorganic coatings and coating processes for reducing wear and corrosion.

British Corrosion Journal 1999;34(3):171-83.

[12] Sun JH, E C, Chao CH, Chen MIJ. The spalling modes and degradation mechanism of thermal barrier coations.

Journal Oxidation Metals 1993;40(5-6):465-81.

[13] Ho S, Hillman C, Lange FF, Suo Z. Surface cracking in layers under biaxial, residual compressive stress. journal of

the American Ceramic Society 1995;78:2353-9.

[14] Tzimas E, Mullejans H, Peteves SD. Failure of thermal barrier coating systems under cyclic thermomechanical

loading. Acta Materialia 2000;48:4699-707.

[15] Zhou YC, Hashida T. Thermal fatigue failure induced by delamination in thermal barrier ceramic coating.

international journal of Fatigue 2002;24(2-4):407-17.

[16] Niino M, Maeda S. Recent Development Status of Functionally-Gradient Materials. IJSS International

1990;30(9):699-703.

[17] Prchlik L, Sampath S, Gutleber J, Bancke G, Ruff AW. Friction and wear properties of WC-Co and Mo-Mo,C based

functionally graded materials. Source: Wear 2001;249(12):1103-15.
[18] Sampath S, H.Herman, Shimoda N, Saito T. Thermal Spray Processing of FGM's. MRS Bulletin 1995;20(1):27-31.
[19] Watanabe R. Powder Processing of Functionally Gradient Materials. MRS Bulletin 1995;20(1):32-4.

[20] Hirai T. CVD processing. MRS Bulletin 1995;20(1):45-7.

128



A A K 2 220 18 S

N
B
<
=

[21] Stangle GC, Miyamoto Y. FGM fabrication by combustion synthesis. MRS Bulletin 1995;20(1):52-3.

[22] Cirakoglu M, Bhadur iS. Combustion synthesis processing of functionally graded materials in the Ti-B binary

system. Journalof Alloys and Compounds 2002;347(1-2):259-65.

[23] Pei YT, Ocelik V, Hosson DJ, Th M. SiCp/Ti6Al4V functionally graded materials produced by laser melt injection.
Acta Materialia 2002;50(8):2035-51.

[24] Gasik MM, Ueda S. Micromechanical modeling of functionally graded W-Cu materials for divertor plate

components in a fusion reactor. Material Science Forum 1999;308-311:603-7.

[25] Chin SC. Army focused research team of functionally graded armour composites. material science and engineering

A 1999;259(2):155-61.

[26] Wu H, Zeng Y, Fan T. The negative extended KdV equation with self-consistent sources: soliton, positon and

negaton. Communications in Nonlinear Science and Numerical Simulation;In Press, Corrected Proof:482.

[27] Wu H, Zeng Y, Fan T. On the extended KdV equation with self-consistent sources. Physics Letters A;In Press,

Corrected Proof.

[28] Wu H, Zeng Y, Fan T. Complexitons of the modified KdV equation by Darboux transformation. Applied

Mathematics and Computation;In Press, Accepted Manuscript.

[29] Wu H, Fan T. Nonlinear dispersive ZK(n, n) equations: New compacton solutions and solitary pattern solutions.

Applied Mathematics and Computation 2007;187(2):1308-14.

[30] Wu H, Fan T. Negaton and complexiton solutions of sine-Gordon equation. Physica A: Statistical Mechanics and its

Applications 2007;379(2):471-82.

[31] Wu H, Fan T. New explicit solutions of the nonlinear wave equations with damping term. Applied Mathematics and

Computation;In Press, Corrected Proof:1314.
[32] MR, R RPN BY V)N HRE Rk 21 438 5 5 G b R SRR OS5 [ 0 2 544 2006;3:255-9.
[33] XU SC, J7 R, Y. TR IR B 5 3 SR SR T 1R 2 2 T8 727274k 2006;38(2):185-90.

[34] YAMADA K, SAKAMURA J, NAKAMURA K. Broadband ultrasound transducers using piezoelectrically graded

materials. Materials science forum 1999;308-311:527-32.

[35] Borovinskaya LP, Merzhanov AG, Uvarov VI. SHS Materials of Graded Porosity. MATERIAL SCIENCE

FORUMS 1999;308-311:151-6.

[36] Zhao J, Ai X, Huang XP. Relationship between the thermal shock behavior and the cutting performance of a

functionally gradient ceramic too. Journal of Materials 2002;129(1-3):161-6.

[37] Watari F, Yokoyama A, Matsuno H. Biocompatibility of titanium/hydroxyapatite and titanium/cobalt functionally

graded implants. Materials Science Forum 1999;308-311:356-61.

129



A A K 2 220 18 S

N

25 LR

[38] Li XQ, Fan P, F J. Polarity and hydrophobicity interactions in protein synthesis process. Journal of Theoretical

Biolog 2006;240(1):87-97.

[39] Fan J, Chen B, Gao Z, Xiang C. Mechanisms in Failure Prevention of Bio-Materials and Bio-Structures. Mechanics

of Advanced Materials and Structures 2005;12(3):229-37.
[40] Lines ME. Principles and Applications of Ferroelectrics and Related Materials. Oxford 2001.
[41] Taya M. Electronic Composites. Cambridge 2005.
[42] Hubert A. Magnetic Domain. Springer-Verlag 2001.
[43] Kronmuller H, Fahnle M. Micromagnetism and the Microstrucutre of Ferromagnetic Solids. Cambridge 2003.
[44] Yang JS. An Introduction to the Theory of Piezoelectricity,. Springer-Verlag 2006.
[45] Qin QH. Fracture Mechanics of Piezoelectric Materials. WITpress Southampton,Boston 2001.

[46] Aboudi J. Micromechanical analysis of fully coupled electro-magneto-thermo-elastic multiphase composites. Smart

Materials & Structures 2001;10(5):867-77.

[47] Aboudi J. Micromechanical analysis of the fully coupled finite thermoelastic response of rubber-like matrix

composites. International Journal of Solids and Structures 2002;39(9):2587-612.

[48] Aboudi J. Micromechanical analysis of the finite elastic-viscoplastic response of multiphase composites.

International Journal of Solids and Structures 2003;40(11):2793-817.

[49] Aboudi J. Micromechanics-based thermoviscoelastic constitutive equations for rubber-like matrix composites at

finite strains. International Journal of Solids and Structures 2004;41(20):5611-29.

[50] Zhou YH, Zheng XJ. A general expression of magnetic force for soft ferromagnetic plates in complex magnetic

fields. International Journal of Engineering Science 1997;35(15):1405-17.

[51] Zhou YH, Zheng XJ. A generalized variational principle and theoretical model for magnetoelastic interaction of

ferromagnetic bodies. Science in China (Series A) 1999;42(6):618-26.
[52]Zheng XJ, Liu XE. A nonlinear constitutive model for Terfenol-D rods. Journal of applied physics 2005;97(053901).

[53] Zheng XJ, Sun L. A nonlinear constitutive model of magneto-thermo- mechanical coupling for giant

magnetostrictive materials. journal of applied physics 2006;100(063906).

[54] Zheng XJ, Wang XZ. A magnetoelastic theoretical model for soft ferromagnetic shell in magnetic field.

international Journal of Solids and Structures 2003;40:6897-912.

[55] Zhou YH, Gao YW, Zheng XJ. Buckling and post-buckling analysis for magneto-elastic-plastic ferromagnetic

beam-plates with unmovable simple supports. International Journal of Solids and Structures 2003;40:2875-87.

[56] Zhou YH, Yang XB. Numerical simulations of thermomagnetic instability in high superconductors: Dependence

on sweep rate and ambient temperature. Physical Review B 2006;74(054507).

130



N

A A K 2 220 18 S 25 LR

[57] Zhou YH, Zhao XF. Dynamical analysis of superconducting levitation with hysteresis. Physical C 2006;442(55-62).
[58] TRBE. RS I | SCAL ARG RS 5 A7 D ) 0 2 3 [ 2 18 5] P 2. 7 22420 K22, 2003.

[59] Gao CF, Kessler H, Balke H. Fracture analysis of electromagnetic thermoelastic solids. European Journal of

Mechanics a-Solids 2003;22(3):433-42.

[60] Gao CF, Noda N. Thermal-induced interfacial cracking of magnetoelectroelastic material. International Journal of

Engineering Science 2004;42(13-14):1347-60.

[61] Chen X, Fang D-N, Hwang K-C. Micromechanism of ferroelectrics. Communications in Nonlinear Science and

Numerical Simulation 1997;2(1):1-4.

[62] Fang D-N, Lu W, Hwang K-C. Nonlinear electromechanical analysis: a constitutive theory for perovskite type

ferroelectrics. Current Applied Physics 2001;1(6):455-65.

[63] Feng X, Fang D-N, Hwang K-C. Closed-form solutions for piezomagnetic inhomogeneities embedded in a non-

piezomagnetic matrix. European Journal of Mechanics - A/Solids 2004;23(6):1007-19.

[64] Jiang B, Fang D-N, Hwang K-C. A unified model for piezocomposites with non-piezoelectric matrix and

piezoelectric ellipsoidal inclusions. International Journal of Solids and Structures 1999;36(18):2707-33.

[65] Kah Soh A, Fang D-N, Lee KL. Analysis of a bi-piezoelectric ceramic layer with an interfacial crack subjected to

anti-plane shear and in-plane electric loading. European Journal of Mechanics - A/Solids 2000;19(6):961-77.

[66] Kah Soh A, Liu J-x, Fang D-n. Explicit expressions of the generalized Barnett-Lothe tensors for anisotropic

piezoelectric materials. International Journal of Engineering Science 2001;39(16):1803-14.

[67] Li F-X, Fang D-N. Effects of electrical boundary conditions and poling approaches on the mechanical depolarization

behavior of PZT ceramics. Acta Materialia 2005;53(9):2665-73.

[68] Li F-X, Li S, Fang D-N. Domain switching in ferroelectric single crystal/ceramics under electromechanical loading.

Materials Science and Engineering B 2005;120(1-3):119-24.

[69] Lu W, Fang D-N, Hwang K-C. Nonlinear evolution of ferroelectric domains. Communications in Nonlinear Science

and Numerical Simulation 1997;2(1):30-5.

[70]Soh AK, Fang D-N, Lun Lee K. Fracture analysis of piezoelectric materials with defects using energy density theory.

International Journal of Solids and Structures 2001;38(46-47):8331-44.

[71] Soh AK, Lee KL, Fang D-N. On the effects of an electric field on the fracture toughness of poled piezoelectric
ceramics. Materials Science and Engineering A 2003;360(1-2):306-14.

[72] Zeng T, Fang D-n, Lu T-j. Dynamic crashing and impact energy absorption of 3D braided composite tubes.
Materials Letters 2005;59(12):1491-6.

[73] Zeng T, Fang D-n, Ma L, Guo L-c. Predicting the nonlinear response and failure of 3D braided composites.

Materials Letters 2004;58(26):3237-41.

131



A A K 2 220 18 S

N

25 LR

[74] Fang DN, Wan YP, Soh AK. Magnetoelastic fracture of soft ferromagnetic materials. Theor Appl Fract Mec
2004;42(3):317-34.

[75] Lee KL, Soh AK, Fang DN, Liu JX. Fracture behavior of inclined elliptical cavities subjected to mixed-mode I and
II electro-mechanical loading. Theor Appl Fract Mec 2004;41(1-3):125-35.

[76] Li FX, Fang DN, Soh AK. Theoretical saturated domain-orientation states in ferroelectric ceramics. Scripta

Materialia 2006;54(7):1241-6.

[77] Liu JX, Soh AK, Fang DN. A moving dislocation in a magneto-electro-elastic solid. Mechanics Research

Communications 2005;32(5):504-13.

[78] Wan YP, Fang DN, Soh AK. A small-scale magnetic-yielding model for an infinite magnetostrictive plane with a

crack-like flaw. International Journal of Solids and Structures 2004;41(22-23):6129-46.

[79] Zhang ZK, Fang DN, Soh AK. A new criterion for domain-switching in ferroelectric materials. Mechanics of

Materials 2006;38(1-2):25-32.

[80] Duan HL, Jiao Y, Yi X, Huang ZP, Wang J. Solutions of inhomogeneity problems with graded shells and

application to core-shell nanoparticles and composites. J] Mech Phys Solids 2006;54:1401-25.

[81] Duan HL, Wang J, Huang ZP, Karihaloo BL. Size-dependent effective elastic constants of solids containing nano-

inhomogeneities with interface stress. J Mech Phys Solids 2005;53(1574-1596).

[82] Duan HL, Wang J, Karihaloo, L B, Huang ZP. Nanoporous materials can be made stiffer than non-porous

counterparts by surface modification. Acta Materialia 2006;54(2983-2990).

[83] Huang ZP, Wang J. Nonlinear mechanics of solids containing isolated voids. ASME Appl Mech Rev 2006;59(210-
229).

[84] Wang J, Duan HL, Huang ZP, Karihaloo BL. 2006 A scaling law for properties of nano-structured materials. Proc
Roy Soc A 2006;462(1355-1363).

[85] Wang J, Duan HL, Yi X. Bounds on effective conductivities of heterogeneous media with graded constituents. Phys

Rev B 2006;73(104208).

[86] Li JY, Dai H, Zhong XH, Zhang YF, Ma XF, Meng J, Cao XQ. Effect of the addition of YAG (Y3Al5012)
nanopowder on the mechanical properties of lanthanum zirconate. Materials Science and Engineering: A 2007;460-

461:504-8.

[87] Li JY, Rogan RC, Ustiindag E, Bhattacharya K. Domain switching in polycrystalline ferroelectric ceramics. Nature
Materials 2005;4(10):776-81.

[88] Ma YF, Li JY. A constrained theory on actuation strain in ferromagnetic shape memory alloys induced by domain

switching. Acta Materialia 2007;55(9):3261-9.

[89] Sun LT, Zhao HW, LiJY, Wang H, Ma BH, Zhang ZM, Zhang XZ, Guo XH, Shang Y, Li XX, Feng YC, Zhu YH,

Wang PZ, Liu HP, Song MT, Ma XW, Zhan WL. A high charge state all-permanent magnet ECR ion source for the

132



A A K 2 220 18 S

N

25 LR

IMP 320 kV HV platform. Nuclear Instruments and Methods in Physics Research Section B: Beam Interactions with

Materials and Atoms;In Press, Accepted Manuscript:348.

[90] Tulayakul P, Dong KS, Li JY, Manabe N, Kumagai S. The effect of feeding piglets with the diet containing green

tea extracts or coumarin on in vitro metabolism of aflatoxin B1 by their tissues. Toxicon 2007;50(3):339-48.

[91] Zheng XJ, Zhou YC, Li JY. Nano-indentation fracture test of Pb(Zr0.52Ti0.48)O3 ferroelectric thin films. Acta
Materialia 2003;51(14):3985-97.

[92] Sih GC, Chen EP. Moving cracks in a finite strip under tearing action. Journal of the Franklin Institute

1970;290(1):25-35.

[93]Sih GC. A three-dimensional strain energy density theory of crack propagation: three-dimensional of crack problems.

Mechanics of Fracture GC Sih(Ed), Noordhoff International Publishing, Leyden 1975;11:xxv-xxvi.

[94] Sih GC. A Special Theory of Crack Propagation: Methods of. Analysis and Solutions of Crack Problems. Mechanics

of Fracture GC Sih(Ed), Noordhoff International Publishing, Leyden 1973;1:xxv-xxvii.

[95] Sih GC. Boundary problems for longitudinal shear cracks.Proceedings. Second Conference on Theoretical and

Applied Mechanics, New York: Pergamon 1964:117.

[96] Zuo JZ, Sih GC. Energy density theory formulation and interpretation of cracking behavior for piezoelectric

ceramics. Theor Appl Fract Mec 2000;34(1):17-33.

[97] Tzou DY, Sih GC. Thermal/mechanical interaction of subcritical crack growth in tensile specimen. Theor Appl

Fract Mec 1988;10(1):59-72.

[98] Tang XS, Sih GC. Evaluation of microstructural parameters for micro/macro-line crack damage model. Theor Appl

Fract Mec 2006;46(3):175-201.

[99] Spyropoulos CP, Sih GC, Song ZF. Magnetoelectroelastic composite with poling parallel to plane of line crack
under out-of-plane deformation. Theor Appl Fract Mec 2003;39(3):281-9.

[100]Song ZF, Sih GC. Crack initiation behavior in magnetoelectroelastic composite under in-plane deformation. Theor

Appl Fract Mec 2003;39(3):189-207.

[101]Song ZF, Sih GC. Electromechanical influence of crack velocity at bifurcation for poled ferroelectric materials.

Theor Appl Fract Mec 2002;38(2):121-39.

[102]Sih GC, Yu HY. Volume fraction effect of magnetoelectroelastic composite on enhancement and impediment of

crack growth. Composite Structures 2005;68(1):1-11.

[103]Sih GC, Tang XS. Form-invariant representation of fatigue crack growth rate enabling linearization of multiscale

data. Theor Appl Fract Mec 2007;47(1):1-14.

[104]Sih GC, Tang XS. Random property of micro/macro fatigue crack growth behavior predicted from energy density

amplitude range. Theor Appl Fract Mec 2007;48(2):97-111.

133



A A K 2 220 18 S

N

25 LR

[105]Sih GC, Tang XS. Scaling of volume energy density function reflecting damage by singularities at macro-, meso-

and microscopic level. Theor Appl Fract Mec 2005;43(2):211-31.

[106]Sih GC, Tang XS. Screw dislocations generated from crack tip of self-consistent and self-equilibrated systems of

residual stresses: Atomic, meso and micro. Theor Appl Fract Mec 2005;43(3):261-307.

[107]Sih GC, Song ZF. Magnetic and electric poling effects associated with crack growth in BaTiO3-CoFe204
composite. Theoretical and Applied Fracture Mechanics 2003;39(3):209-27.

[108]Sih GC, Jones R, Song ZF. Piezomagnetic and piezoelectric poling effects on mode I and II crack initiation

behavior of magnetoelectroelastic materials. Theoretical and Applied Fracture Mechanics 2003;40(2):161-86.

[109]Sih GC, Chen EP. Dilatational and distortional behavior of cracks in magnetoelectroelastic materials. Theor Appl

Fract Mec 2003;40(1):1-21.

[110]Sih GC. Fatigue crack growth rate behavior of polyvinylchloride hidden by scaling: Reinterpreted by
micro/macrocrack model. Theor Appl Fract Mec 2007;47(2):87-101.

[111]Sih GC. Multiscale evaluation of microstructural worthiness based on the physical-analytical matching (PAM)

approach. Theor Appl Fract Mec 2006;46(3):243-61.

[112]JHan W, Zhu L, Jiang E, Wang J, Chen S, Bao L, Zhao Y, Xu A, Yu Z, Wu L. Elevated sodium chloride
concentrations enhance the bystander effects induced by low dose alpha-particle irradiation. Mutation

Research/Fundamental and Molecular Mechanisms of Mutagenesis;In Press, Corrected Proof.

[113]Guo L-C, Noda N, Wu L. Thermal Fracture Model for a Functionally Graded Plate with a Crack Normal to the
Surfaces and Arbitrary Thermomechanical Properties. Composites Science and Technology;In Press, Accepted

Manuscript.

[114]Liu TJC, Chue CH. On the singularities in a bimaterial magneto-electro-elastic composite wedge under antiplane

deformation. Compos Struct 2006;72(2):254-65.

[115]Tan P, Tong LY. Modeling for the electro-magneto-thermo-elastic properties of piezoelectric-magnetic fiber

reinforced composites. Composites Part a-Applied Science and Manufacturing 2002;33(5):631-45.

[116]Rao SS, Sunar M. Analysis of Distributed Thermopiezoelectric Sensors and Actuators in Advanced Intelligent

Structures. Aiaa J 1993;31(7):1280-6.
[117]Sunar M, Rao SS. Thermopiezoelectric control design and actuator placement. Aiaa J 1997;35(3):534-9.

[118]Vandenboomgaard J, Vanrun AMIJG, Vansuchtelen J. Piezoelectric-Piezomagnetic Composites with

Magnetoelectric Effect. Ferroelectrics 1976;14(1-2):727-8.

[119]Vanderhoeven CJ, Vanoorschot BPJ, Meffert P. Distortion of Piezoelectric Transducers. Journal of Physics E-

Scientific Instruments 1976;9(12):1053-4.

[120]Vandenboomgaard J, Vanrun AMIJG, Vansuchtelen J. Magnetoelectricity in Piezoelectric-Magnetostrictive

Composites. Ferroelectrics 1976;10(1-4):295-8.

134



A A K 2 220 18 S

N

25 LR

[121]Davis PM. Piezomagnetic Computation of Magnetic-Anomalies Due to Ground Loading by a Man-Made Lake.
Pure and Applied Geophysics 1974;112(5):811-9.

[122]Davis PM. Computed Piezomagnetic Anomaly Field for Kilauea-Volcano, Hawaii. Journal of Geomagnetism and

Geoelectricity 1976;28(2):113-22.
[123]Tinkham M. Electromagnetic Properties of Superconductors. Reviews of Modern Physics 1974;46(4):587-96.

[124]Wang X, Pan E, Feng WJ. Time-dependent Green's functions for an anisotropic bimaterial with viscous interface.

European Journal of Mechanics - A/Solids 2007;26(5):901-8.

[125]Chen SL, Chen LZ, Pan E. Three-dimensional time-harmonic Green's functions of saturated soil under buried

loading. Soil Dynamics and Earthquake Engineering 2007;27(5):448-62.

[126]Wang CY, Denda M, Pan E. Analysis of quantum-dot-induced strain and electric fields in piezoelectric

semiconductors of general anisotropy. International Journal of Solids and Structures 2006;43(25-26):7593-608.

[127]Pan E, Han F. Green's functions for transversely isotropic piezoelectric functionally graded multilayered half spaces.

International Journal of Solids and Structures 2005;42(11-12):3207-33.
[128]Pan E. Preface to: Anisotropic Green's functions and BEMs. Eng Anal Bound Elem 2005;29(6):512-7608.

[129]Yang B, Pan E, Tewary VK. Three-dimensional Green's functions of steady-state motion in anisotropic half-spaces

and bimaterials. Eng Anal Bound Elem 2004;28(9):1069-82.

[130]Pan E. Eshelby problem of polygonal inclusions in anisotropic piezoelectric full- and half-planes. Journal of the

Mechanics and Physics of Solids 2004;52(3):567-89.

[131])Jiang X, Pan E. Exact solution for 2D polygonal inclusion problem in anisotropic magnetoelectroelastic full-, half-,

and bimaterial-planes. Int J Solids Struct 2004;41(16-17):4361-82.

[132]Yang B, Pan E, Yuan FG. Three-dimensional stress analyses in composite laminates with an elastically pinned hole.

International Journal of Solids and Structures 2003;40(8):2017-35.

[133]Pan E, Yang B. Three-dimensional interfacial Green's functions in anisotropic bimaterials. Applied Mathematical

Modelling 2003;27(4):307-26.

[134]Yang B, Pan E. Three-dimensional Green's functions in anisotropic trimaterials. International Journal of Solids and

Structures 2002;39(8):2235-55.

[135]Yang B, Pan E. Efficient evaluation of three-dimensional Green's functions in anisotropic elastostatic multilayered

composites. Eng Anal Bound Elem 2002;26(4):355-66.

[136]Pan E, Yang B, Cai G, Yuan FG. Stress analyses around holes in composite laminates using boundary element

method. Eng Anal Bound Elem 2001;25(1):31-40.

[137]Pan E, Yuan FG. Three-dimensional Green's functions in anisotropic bimaterials. International Journal of Solids and

Structures 2000;37(38):5329-51.

135



N

A A K 2 220 18 S 25 LR

[138]Pan E, Yuan FG. Three-dimensional Green's functions in anisotropic piezoelectric bimaterials. International Journal

of Engineering Science 2000;38(17):1939-60.

[139]Pan E, Amadei B. Boundary element analysis of fracture mechanics in anisotropic bimaterials. Eng Anal Bound

Elem 1999;23(8):683-91.

[140]Jaswon MA. ntegral equation methods in potential theory 1. Proceedings of the Royal Society of London Series A

1963;275:23-32.

[141]Symm GT. Integral equation methods in potential theory. Proceedings of the Royal Society of London Series A

1963;275:33-46.

[142]Hess JL, Smith AMO. Calculation of Potential flow about arbitrary bodies. Progress in Aeronautical Sciences

1967;8:107-18.

[143]Massonnet CH. Numerical use of integral procedures, in: "Stress analysis". edited by O C Zienkiewicz and G S

Holister, John Wiley and Sons, London-New York-Sydney 1966:198-235.

[144]Rizzo FJ. An integral equation approach to boundary value problem of classical elastostatics. Quarterly of Applied

Mathematics 1967;25:83-95.

[145]Cruse TA. Numerical solution in three-dimensional elasto- statics. international Journal of Solids and Structures

1969;5:1259-74.

[146]Cruse TA, Van.Buren. Three-dimensional elastic stress analysis of a fracture specimen with an edge crack.

International Journal of Fracture 1974;7:1-15.

[147]Ghosh N, Rajiyah H, Ghosh S, etal. A new boundary element method formulation for linear elasticity. jornal of

applied mechanics, ASME 1986;53:69-76.

[148]Lei XY. A new BEM approach for linear elasticity. International Journal of Solids and Structures

1994;31(24):3333-43.
[149]Lei XY. A new BEM Approach for Reissner’s plate bending. Computer & Strutures 1995;54(6):1085-90.
[150]Yu DB. Natural Boundary integral method and its applications. Kluwer academic 2002;30.

[151]Swedlow JL, Cruse TA. Formulation of boundary integral equations for three-dimensional elasto-plastic flow.

International Journal of Solids and Structures 1971;7(12):1673-83.

[152]Riccardella P. An Implementation of the Boundary Integral Technique for Planar Problems of Elasticity and

Elastoplasticity. PhD thesis, Carnegie-Mellon University Pittsurgh, PA 1973.
[153]Mendelson A. Boundary Integral Methods in Elasticity and Plasticity. NASA 1973;TN-D-7418

[154]Mukherjee S. Corrected boundary-integral equationsons in planar thermoelastoplasticity. INTERNATIONAL

Jouranl of solids and strucutres 1977;13:331-5.

136



A A K 2 220 18 S

N

25 LR

[155]Kumar V, S. Mukherjee. A boundary-integral equation formulation for time-dependent inelastic deformation. in

metals. International Journal of Mechanical Sciences 1975;19:713-24.

[156]Bui HD. Some remarks about the formulation of three-dimensional thermoelastoplastic problems by integral

equations International Journal of Solids and Structures 1978;14(11):935-9.

[157]Mukherjee S, Kumar V. Numerical analysis of time-dependent inelastic deformation in metallic media using. the

boundary-integral equation method. Journal of Applied Mechanics, Transactions ASME 1978;45(4):785-90.

[158]Telles J, Brebbia C. On the Application of the Boundary Element Method to Plasticity. Applied Mathematical
Modelling 1979;3:466-70.

[159]Telles JCF, Brebbia CA. the boundary element method in plasticity Applied Mathematical Modelling 1981;5:275-
81.

[160]Brebbia C, Telles J, Wrobel L. Boundary element techniques. Springer-Verlag 1984.

[161]Morjaria M, Mukherjee S. mproved boundary-integral equation method for time-dependent inelastic deformation in

metals. International Journal for Numerical Methods in Engineering 1980;15(1):97-111.

[162]Morjaria M, Mukherjee, S. Numerical analysis of planar, time-dependent inelastic deformation of plates with cracks

by the boundary element method. International Journal of Solids and Structures 1981;17:127-43.

[163]Telles JCF, Brebbia CA. Elastic/viscoplastic problems using boundary elements International Journal of Mechanical

Sciences 1982;24(10):605-18.

[164]Banerjee P, CathieE D, Davies T. Two and three dimensional problems of elastoplasticity. Developments in

Boundary Element Methods 1979;1:65-79.

[165]Banerjee P, Davies T. Advanced implementation of boundary element methods for three-dimensional problems of

elastoplasticity and viscoplasticity. Developments in Boundary Element Methods 1984;3(1):1-26.
[166]5=%¢. FAFIPRVE-IEAZ W M 10 1L Ttk [ LA 3], i, RIAT R 1996.
[167]Hadamard. leanssurle calcul des vaiations Hermannet fils. paris 1910.
[168]Hadamard. lectures on Cauchy problem in linear partial differential equations. yale univ press 1923.

[169]Erdogan F. On the stress distribution on plates with collinear. cuts under arbitrary loads. In Proc of the 4th National

Congress of Applied Mechanics 1962:547.

[170]Erdogan F. Approximate solution of systems of singular integral equations. SIAM Journal of applied mathematics

1969;17:1041-59.
[171]Erdogan F. Mixed boundary value problem in mechanics. Mechanics Today, V4 Nemat-Nasser, S ed 1978:44~84.

[172]Erdogan F, Gupta G. The stress analysis of multi-layered composites with a flaw. International Journal of Solids

and Structures 1971;7(1):39-61.

137



A A K 2 220 18 S

N

25 LR

[173]Erdogan F, Gupta GD. Layered composites with an interface flaw. International Journal of Solids and Structures

1971;7(8):1089-107.

[174]Erdogan F, Gupta GD. On the numerical solution of a singular integral equation. Quarterly of Applied Mathematics

1972;30:525-34.

[175]loakimidis NI. Application of finite-part integrals to the singular integral equations of crack problems in plane and

3-D elasticity. Acta Mech 1982;45:31~47.

[176]loakimidis NI. A natural approach to the introduction of finite-part integrals into crack problems of three-

dimensional elasticity. Engineering Fracture Mechanics 1982;16:669-73.

[177]Sohn GH, Hong CS. Application of singular integral equations to embedded planar crack problems in finite body.
Springer-Verlog 1985;2(57-87).

(1781 AT 5L, Wigd Iy vh (W 275 AR i R Dl AT K2 24 1990;24(5):36-46.

[179]Z8 K5, A ATH. =4EWR 7% AT BB R - A osik. 4 [ 3 = Jm il s AR 2 B8 U8, i 1991.
[1801AATFE. Wiskd )y~ P PR AT A T . R ATl K224k 1990;24(5):36-46.

[I811AAESE, Z K. —4iA7 BRAK 1 R R QU 27 AR Ty e -1 BB M. B3 032 1996:17(3):182-7.
(182143, Z8 K. YAy BRAR P ARG 7 5 AR T R T 05--11 BB b B )75 1997;18(1):30-7.
(183178 K, A EHE. —HEJo PRI VAT B RSO BT VA 7 5 AR 20 T R AR, TR ) 272741k 1995;1(41-47).
(18414 MEHE, Ze K. —4EWr Ry 2 (27 AR T REJT I8, %574 1993;25(6):665-75.

(185128 KU, A EHE. SKART 40l i i) A IR 73 S i ocid. R 2% 5 772 1992;13(12):1045-51.

[186]Z8 K&, = 4L ) 27 AT FRARAR > — W A IR, [ 22 i8] . i, iAok .1992..

[187]Qin TY, Noda NA. Analysis of a three-dimensional crack terminating at an interface using a hypersingular integral

equation method. J Appl Mech-T Asme 2002;69(5):626-31.

[188]Qin TY, Noda NA. Application of hypersingular integral equation method to a three-dimensional crack in
piezoelectric materials. Jsme International Journal Series a-Solid Mechanics and Material Engineering

2004;47(2):173-80.

[189]Qin TY, Tang RJ. Finite-Part Integral and Boundary-Element Method to Solve Embedded Planar Crack Problems.
Int J Fracture 1993;60(4):373-81.

[190]Qin TY, Yu YS, Noda NA. Finite-part integral and boundary element method to solve three-dimensional crack

problems in piezoelectric materials. International Journal of Solids and Structures 2007;In Press, Corrected Proof.

[191]Lutz E. Exact Gaussian quadrature methods for near singular integrals in the boundary element method. Eng Anal

Bound Elem 1992;91:233-45.

138



N

A A K 2 220 18 S 25 LR

[192]Schanz M, Antes H. New visco-and-elastodynamic time domain BEM formulation. Computing Mechanics

1997;20(5):452-9.

[193]Tian WY, Gabbert U. Parallel crack near the interface of magnetoelectroelastic bimaterials. Computational

Materials Science 2005;32(3-4):562-7.

[194]Feng WJ, Xue Y, Zou ZZ. Crack growth of an interface crack between two dissimilar magneto-electro-elastic
materials under anti-plane mechanical and in-plane electric magnetic impact. Theoretical and Applied Fracture

Mechanics 2005;43(3):376-94.

[195]Li R, Kardomateas GA. The mode III interface crack in piezo-electro-magneto-elastic dissimilar bimaterials. J Appl

Mech-T Asme 2006;73(2):220-7.

[196]Soh AK, Liu JX. Mode III interfacial edge crack in a magnetoelectroelastic bimaterial. Key Eng Mat 2004;261-
263:393-8.

[197]Zhou ZG, Wang B. The scattering of the harmonic anti-plane shear stress waves by two collinear interface cracks
between two dissimilar functionally graded piezoelectric/piezomagnetic material half-infinite planes dynamic

loading. P I Mech Eng C-J Mec 2006;220(2):137-48.

[198]Hu KQ, Kang YL, Li GQ. Moving crack at the interface between two dissimilar magnetoelectroelastic materials.

Acta Mech 2006;182(1-2):1-16.

[199]Wang BL, Mai YW. Closed-form solution for an antiplane interface crack between two dissimilar

magnetoelectroelastic layers. J Appl Mech-T Asme 2006;73(2):281-90.

[200]Chue CH, Liu TJC. Magneto-electro-elastic antiplane analysis of a biniaterial BaTiO3-CoFe204 composite wedge
with an interface crack. Theor Appl Fract Mec 2005;44(3):275-96.

[201]Zhao MH, Wang H, Yang F, Liu T. A magnetoelectroelastic medium with an elliptical cavity under combined

mechanical-electric-magnetic loading. Theor Appl Fract Mec 2006;45:227-37.

[202]Kasmalkar M. The surface crack problem for a functionally graded coating bonded to a homogeneous. layer..

Bethlehem, Pennsylvania Kaysser, WA (ed) 1999; Ph.D. Dissertation. Lehigh University.

[203]Prabhakar.R.Marur. Fracture behaviour of functionally graded materials 1998. Evaluation of mechanical properties

of functionally graded materials PhD Dissertation, Mechanical Engineering, Auburn University 1998.

[204]Zhao H. Fracture and fatigue analysis of functionally graded and homogeneous materials using singular integral

equation approach Ph DJohns Hopkins University 1998.

[205]Rousseau CE. Evaluation of crack tip fields and fracture parameters in functionally graded materials. PhD

Dissertation, Auburn University, 2000.
[206]Dag S. Crack and Contact Problems in Graded Materials PhD dissertation, Lehigh University 2001.

[207]Feng BF, Chan YS. Intrinsic localized modes in a three particle Fermi-Pasta-Ulam lattice with on-site harmonic

potential. Mathematics and Computers in Simulation 2007;74(4-5):292-301.

139



A A K 2 220 18 S

N

25 LR

[208]Chan Y-S, Fannjiang AC, Paulino GH. Integral equations with hypersingular kernels--theory and applications to

fracture mechanics. International Journal of Engineering Science 2003;41(7):683-720.

[209]Chan Y-S, Paulino GH, Fannjiang AC. The crack problem for nonhomogeneous materials under antiplane shear

loading — a displacement based formulation. International Journal of Solids and Structures 2001
38(17):2989-3005.

[210]Zhu BJ, Qin TY. Hypersingular integral equation method for a three-dimensional crack in anisotropic electro-

magneto-elastic bimaterials. Theor Appl Fract Mec 2007;47(3):219-32.

[211]Bojing Z, Taiyan Q. Application of hypersingular integral equation method to three-dimensional crack in
electromagnetothermoelastic multiphase composites. International Journal of Solids and Structures 2007;44(18-

19):5994-6012.
[212] k. Bk RS TERACZ & 42 10 2 AN R A IS I 2 38 30 At K5, 1998.
[213 R4 . HUIT RS 5 B0 G 2 ) A R I IE. [1 2 18 30] AL AT I AR 1996.

[214]Pan E. Three-dimensional Green's functions in anisotropic magneto-electro-elastic bimaterials. Z Angew Math Phys

2002;53(5):815-38.

[215]Pan E, Tonon F. Three-dimensional Green's functions in anisotropic piezoelectric solids. Int J Solids Struct

2000;37(6):943-58.

[216]Qin QH. Green's functions of magnetoelectroelastic solids with a half-plane boundary or bimaterial interface. Phil

Mag Lett 2004;84(12):771-9.

[217]Qin QH. 2D Green's functions of defective magnetoelectroelastic solids under thermal loading. Eng Anal Bound

Elem 2005;29(6):577-85.

[218]Tiersten H F MRD. Forced vibration of piezoelectric crystal plates. Quarterly of applied mathematics
1962;22(2):107-19.

[219]Tiersten H F. Linear piezoelectric plate vibrations. 1969.
[220]TAYlor G W GJJ, Meeker T R, Nakamura T, Shuvalov L A,. Piezoelectricity. 1985.
[221]Rosen C Z HBV, Newnham R. Piezoelectricity. 1992.

[222]Crawly E F. Intelligent structure for aerospace: A technology overview and assessment AIAA Journal

1994:32(8):1689-99.

[223]CRAwly E F LJD. Use of piezoelectric actuators as elements of intelligent structures. AIAA Journal
1987;25(10):1373-85.

[224]Li JY, Dunn ML. Micromechanics of magnetoelectroelastic composite materials: Average fields and effective

behavior. J Intel Mat Syst Str 1998;9(6):404-16.

140



A A K 2 220 18 S

N

25 LR

[225]Li JY. Magnetoelectroelastic multi-inclusion and inhomogeneity problems and their applications in composite

materials. International Journal of Engineering Science 2000;38(18):1993-2011.

(2261 R 5. LY R —r— b — ) 2 2 & BEIR 5A BRTT 0 M7 05 125 [ 27 A2 18 5] B 5 B st Tl oK,
2005.

[2271XUM2. 2 B A W 24 550 S5 P 9. [ L2718 30 ] b s i HE K2 2000.
[22814 ZE. 2k F B B L R0 2% [ 1 5] 4B s B AR K 22,1999,

[229]Chen WQ, Lee KY, Ding H. General solution for transversely isotropic magneto-electro-thermo-elasticity and the

potential theory method. International Journal of Engineering Science 2004;42(13-14):1361-79.

[230]Ding HIJ, Jiang AM, Hou PF, Chen WQ. Green's functions for two-phase transversely isotropic magneto-electro-

elastic media. Eng Anal Bound Elem 2005;29(6):551-61.

[231]Ponomarev BK, Negrii VD, Redkin BS, Popov YF. Magneto-Electro-Elastic Effects in Some Rare-Earth
Molybdates and Related Properties. J Phys D Appl Phys 1994;27(10):1995-2001.

[232]Wang XM, Shen YP. The conservation laws and path-independent integrals with an application for linear

electro/magneto-elastic media. International Journal of Solids and Structures 1996;33(6):865-78.

[233]Wang XM, Shen YP. Further Discussion on the Conservation-Laws and Path-Independent Integrals in Linear

Elasticity. International Journal of Fracture 1994;66(1):R11-R4.

[234]Zhou ZG, Wu LZ, Wang B. A closed form solution of a crack in magneto-electro-elastic composites under anti-
plane shear stress loading. Jsme International Journal Series a-Solid Mechanics and Material Engineering

2005;48(3):151-4.
[235]He JH. Variational theory for linear magneto-electro-elasticity. Int J Nonlinear Sci 2001;2(4):309-16.

[236]Chen ZR, Yu SW, Meng L, Lin Y. Effective properties of layered magneto-electro-elastic composites. Composite
Structures 2002;57(1-4):177-82.

[237]Pan E. Exact solution for simply supported and multilayered magneto-electro-elastic plates. J Appl Mech-T Asme
2001;68(4):608-18.

[238]Podil'’chuk YN. The stress state of a ferromagnetic with an elliptic crack in a homogeneous magnetic field.

International Applied Mechanics 2001;37(2):213-21.

[239]Podil'chuk YN. The stress state of a ferromagnetic with a spheroidal inclusion in a homogeneous magnetic field.

International Applied Mechanics 2002;38(10):1201-9.

[240]Podil'chuk YN, Dashko OG. The stress-strain state of an elastic ferromagnetic medium with an ellipsoidal inclusion

in a homogeneous magnetic field. International Applied Mechanics 2003;39(7):802-11.

[241]Podil'chuk YN, Dashko OG. Stress-strain state of a ferromagnetic with a paraboloidal inclusion in a homogeneous

magnetic field. International Applied Mechanics 2004;40(5):517-26.

141



A A K 2 220 18 S

N

25 LR

[242]Podil'chuk YN, Podil'chuk IY. Stress state of a transversely isotropic ferromagnetic with an elliptic crack in a

homogeneous magnetic field. International Applied Mechanics 2005;41(1):32-41.

[243]Shindo Y, Sekiya D, Narita F, Hohiguchi K. Tensile testing and analysis of ferromagnetic elastic strip with a central

crack in a uniform magnetic field. Acta Materialia 2004;52(15):4677-84.

[244]Tian WY, Gabbert U. Multiple crack interaction problem in magnetoelectroelastic solids. European Journal of

Mechanics a-Solids 2004;23(4):599-614.

[245]Feng WJ, Hao RJ, Liu JX, Duan SM. Scattering of SH waves by arc-shaped interface cracks between a cylindrical

magneto-electro-elastic inclusion and matrix: near fields. Archive of Applied Mechanics 2005;74(10):649-63.

[246]Hu KQ, Li GQ. Electro-magneto-elastic analysis of a piezoelectromagnetic strip with a finite crack under

longitudinal shear. Mechanics of Materials 2005;37(9):925-34.

[247]Hu KQ, Li GQ. Constant moving crack in a magnetoelectroelastic material under anti-plane shear loading. Int J

Solids Struct 2005;42(9-10):2823-35.

[248]Hu KQ, Li GQ, Zhong Z. Fracture of a rectangular piezoelectromagnetic body. Mechanics Research
Communications 2006;33(4):482-92.

[249]Wang BL, Mai YW. Crack tip field in piezoelectric/piezomagnetic media. European Journal of Mechanics a-Solids
2003;22(4):591-602.

[250]Wang BL, Mai YW. Fracture of piezoelectromagnetic materials. Mechanics Research Communications

2004;31(1):65-73.

[251]Watanabe K, Iki S, Takiue K, Saito M. Structural and fracture mechanics analysis of ITER toroidal field coil.

Fusion Engineering and Design 2005;75-9:429-33.

[252]Soh AK, Liu JX. Interfacial debonding of a circular inhomogeneity in piezoelectric-piezomagnetic composites
under anti-plane mechanical and in-plane electromagnetic loading. Composites Science and Technology

2005;65(9):1347-53.

[253]Liu G, Nan CW, Sun J. Coupling interaction in nanostructured piezoelectric/magnetostrictive multiferroic complex

films. Acta Materialia 2006;54(4):917-25.

[254]Chateil JF, Sirinelli D, Brun M, Mallemouche F. French regulation for radiation dose control in paediatric

radiography. Archives De Pediatrie 2006;13(6):786-8.

[255]Zhou ZG, Wang B. Two parallel symmetry permeable cracks in functionally graded piezoelectric/piezomagnetic

materials under anti-plane shear loading. Int J Solids Struct 2004;41(16-17):4407-22.

[256]Ueda S. A finite crack in a semi-infinite strip of a graded piezoelectric material under electric loading. European

Journal of Mechanics a-Solids 2006;25(2):250-9.

[257]Ueda S. The crack problem in piezoelectric strip under thermoelectric loading. Journal of Thermal Stresses

2006;29(4):295-316.

142



N

A A K 2 220 18 S 25 LR

[258]Niraula OP, Wang BL. Thermal stress analysis in magneto-electro-thermoelasticity with a penny-shaped crack

under uniform heat flow. Journal of Thermal Stresses 2006;29(5):423-37.

[259]Huang JH, Kuo WS. The analysis of piezoelectric/piezomagnetic composite materials containing ellipsoidal

inclusions. J Appl Phys 1997;81(3):1378-86.

[260]Huang JH. Analytical predictions for the magnetoelectric coupling in piezomagnetic materials reinforced by

piezoelectric ellipsoidal inclusions. Phys Rev B 1998;58(1):12-5.

[261]Huang JH, Chiu YH, Liu HK. Magneto-electro-elastic Eshelby tensors for a piezoelectric-piezomagnetic composite

reinforced by ellipsoidal inclusions. J Appl Phys 1998;83(10):5364-70.

[262]Huang JH, Liu HK, Dai WL. The optimized fiber volume fraction for magnetoelectric coupling effect in
piezoelectric-piezomagnetic continuous fiber reinforced composites. International Journal of Engineering Science

2000;38(11):1207-17.

[263]Jiang ZQ, Liu JX. Coupled fields of two-dimensional anisotropic magneto-electro-elastic solids with an elliptical

inclusion. Applied Mathematics and Mechanics-English Edition 2000;21(10):1213-20.

[264156A05, Z8 K5, WA AGR G A Rl =4 B & AR SURe IR Aotk 2006 A AR 2R ig s MEERAS T
T 2006.

[2651KAH 5, ZeRu. — 4Efil HHGRbRL R & RGO 7 AR 2 Tk, 2006 4 B4R 22 RS IE i 7200
5 AT 8 BT 2006.

[266]Qin TY, Noda NA. Stress intensity factors of a rectangular crack meeting a bimaterial interface. International

Journal of Solids and Structures 2003;40(10):2473-86.

[267]Barenblatt GI. The mathematical theory of equilibrium crack in brittle fracture. Advances in Applied Mechanics

1962;7:55-129.

[268]Irwin GR. Analysis of stresses and strains near the end of a crack traversing a plate. Journal of Applied Mechanics,

Transactions ASME 1957;24:361-4.
[269]Tada H, Paris PC, Irwin GR. The Stress Analysis of Crack Handbook. DelResearch Corp, Hellerton PA 1973.
[270]Sneddon IN. Integral transform methods. Mechanics of Fracture 1971;1:315-67.

[271]Isida M. Method of Laurent series expansion for internal crack problems. In Methods of Analysis and Solutions of

Crack Problems (Mechanics of Fracture, Voll), Sih GC (ed) 1973.

[272]Kishida M, Asano M. A study of interference of three parallel cracks. engineering Fracture Mechanics

1984;19(25):531-8.

[273]Narendran VM, Cleary MP. Elastostatic interaction of multiple arbitrarily shaped cracks in plane. inhomogeneous

regions. engineering Fracture Mechanics 1984;19(3):481-506.

143



A A K 2 220 18 S

N

25 LR

[274]Bojing Z, Taiyan Q. Application of hypersingular integral equation method to three-dimensional crack in
electromagnetothermoelastic multiphase composites. International Journal of Solids and Structures 2007;In Press,

Accepted Manuscript.

[275]Li JY. Magnetoelectric Green's functions and their application to the inclusion and inhomogeneity problems. Int J

Solids Struct 2002;39(16):4201-13.

[276]Aimin J, Jiangying C, Haojiang D. Solutions for transversely isotropic magneto-electro-elastic body, semi-infinite
body and bi-material infinite body subjected to uniform ring loading, charge and current. International Journal of

Solids and Structures;In Press, Accepted Manuscript.

[277]Barenblatt GI. The formation of equilibrium cracks during brittle fracture:general ideas and hypotheses,axially

symmetric crack. Applied Mathematics and Mechanics 1959;23:622-36.

[278]Barenblatt GI. Equilibrium cracks formed during brittle fracture. rectilinear cracks in plane. plates. Journal of

mathematical and Mechanics 1959;23(4):1009-29.

[279]Hutchinson JW. Singular Behavior at the End of Tensile Crack. in a Hardening Material. Journal of Mechanics and

Physics of Solids 1968;16:13-31.

[280]Rice JR. Rosengren G R. Plane strain deformation near a crack tip in a power-law harding material. Journal of

Mechanics and Physics of Solids 1968;16(1):1-12.

[281]Rice JR. A path independent integral and the approximate analysis of strain concentrations by notches and cracks.

ASME Journal of Applied Mechanics 1968;35(2):379-86.

(2821 &, 4351, B FE i 225, b5t 2000; FE 7 b AL

(28312 54z, SOV R A BRI I 7. (19 L2418 S0 AL S 3 HRK 2. 1995.

[284]5K Ak, BRAESIBME A BLY™ RSN I e T IR (1 207 18 50 AL BT W AR K A%.1993.
[285]Fh~F . AR LG ER I8 T 1o b A BB PR A DG 2R . [ 24 18 S0 AL AT i A K 22.1992.
(2861300 . LRI A AORHE AT BRI S0 0 [ L2010 50] AL T TR %1992,
[287]Parton VZ. Fracture mechanics of piezoelectric materials. Acta Astronautic 1976;3(9):671-83.

[288]Sosa H. On the fracture mechanics of piezoelectric solids. International Journal of Solids and Structures

1992;29(21):2613-22.
[2891F H . [& HEA ARSI SR M R X AL () ) 22 M. F122 544 1999;03(311-319).

[290]Delale F, Erdogan F. The crack problem for a nonhomogeneous plane. Journal of Applied Mechanics, Transactions

ASME 1983;50:609-14.

[291]0zturk M, Erdogan F. The axisymmetric crack problem in a nonhomogeneous medium. Journal of Applied

Mechanics, Transactions ASME 1993;60:406-13.

144



A A K 2 220 18 S

N

25 LR

[292]Delale F, Erdogan F. Interface crack in a nonhomogeneous elastic medium. International Journal of Engineering

Science 1988;26:559-68.

[293]Konda N, Erdogan F. The mixed mode crack problem in a nonhomogeneous elastic medium. Engineering Fracture

Mechanics 1994;47(4):533-45.
[294]Bressers J. Creep and Fatigue in high temperature alloys. Applied Science Publishers 1981:71-110.
2951 R &4, LT T KHAE S L TR PN, Rl K2 AL 1996.

[296]Carini A, Gioda G. A boundary integral equation technique for visco-elastic stress analysis. international journal of

numerical and analyis 1986;10:585-608.

[297]Tanaka M. Time-space boundary element methods for viscoplasticity. Variable Methods in Engineering (edby

Brebbia) 1985;Springer-Verlag:8-3;8-16.

[298]Kanko N, Shinokawa T, Yoshida N, Kawahara M. Numerical analysis of viscoelasticity using boundary element

method. Proc,4th Int ConferAppINumModelling 1984;Tainan/Taiwan, Dec27-29:437-77.
[299]Christensen RM. Theory of Viscoplasticity. 2nded 1982.
(300113 AEHFEVERT AR AL I, [ 220718 30). V8. G ¥ KA N 1240 FUpT. 1991,

[301]Zhu BJ, Qin TY. Time domain hypersingular intergral equation method to 3D crack growth in fully coupled
electromagnetothermoelastic viscoplastic multiphase composites. European Journal of Mechanics - A/Solids

2007;Under Review.

[302]B.J.Zhu, T.Y.Qin, . 2007. . In: . . Three-dimensional mixed-mode crack growth modeling in electro-magneto-
thermo-elastic coupled viscoplastic multiphase composites by time-domain hypersingular integral equation method.
Proceedings of ISCM 2007,July30-August 1(ZHYao, MWYuan eds) 2007;Tsinghua University Press& Springer
Verlag:368.

[303]Zhu H, H, Chen Q, J, Yang L, D. Boudary element method ans its application in rock soil engineering. Tong ji
university Publication 1996:162-9.

[304]Bigoni D, Capuani D. Green's function for incremental nonlinear elasticity: shear bands and boundary integral

formulation. Journal of the Mechanics and Physics of Solids 2002;50(3):471-500.

[305]Bigoni D, Capuani D. Time-harmonic Green's function and boundary integral formulation for incremental nonlinear
elasticity: dynamics of wave patterns and shear bands. Journal of the Mechanics and Physics of Solids

2005;53(5):1163-87.
[306] )3 75t ey ifih 25 A6 S 98 P -l 20 1) S8 ) A R 76 43T [ 2 i S ] Al i T R 2. 1991,
[3071#H 4. S5 7E FA-HUARZRAT T I FEZe M 70 T RE AR W R 5T [ 25 A6 18 320 14 22 T 2 A8 Tl K 2. 1990,

[308]Raju.L.S, Shivakumar KN. An equivalent domain integral method in the two dimensional analysis of mixed mode

crack problems. engineering fracture mechanics 1990;37:707-25.

145



N

A A K 2 220 18 S 25 LR

[309]Nikishkov GP, Atluri SN. Calculation of fracture mechanics parameters for an arbitrary three-dimensional crack,by

the equivalent domain integral method. international Journal of numerical method 1987;24:1801-27.
[310]Hellen TK, Blackbum WS. nonlinear fracture mechanics and finite elements. engineering computer 1987;4:2-14.

[311]Shivakumar KN, Raju.l.S. an empirical stress intensity factor equation for the surface crack. engineering fracture

mechanics 1981:185-92.
[B12)% Bk, 2R iAvE BT (1A BR JC-1u Aol & 7 8. [T 0] b s K 2.1984.

[313]C.P.Providakis. Viscoplastic BEM fracture analysis of creeping metallic cracked structures in plane stress using

complex variable techniques. Engineering Fracture Mechanics 2003;70:707-20.

[314]Li Z SKH. Engineering treatment model for creep crack driving force estimation: CTOD in terms of 65 Engineering

Fracture Mechanics 2001;68(2):221-33.

[315]Gao C-F, Wang M-Z. Green's functions of an interfacial crack between two dissimilar piezoelectric media. Int J

Solids Struct 2001;38(30-31):5323-34.
[3161RAI, ZRAH. Rk AR B b L — 4 22 S S0 L B 77 57 BME. 7754 2007 % .

[317]Zhu BJ, Qin TY. Application of hypersingular integral equation method to three-dimensional crack in
electromagnetothermoelastic multiphase composites. International Journal of Solids and Structures 2007;44(18-

19):5994-6012.

[318]Zhu BJ, Qin TY. Multiple 3D flaws in fully coupled electro-magneto-thermo-elastic multiphase composites by

extended hypersingular integral equation method. Submited.

[31915RAA5S, 28 N5, e IABRE S MR = 4E B A TR GUR R otk JEtRHE K22 254k (38D 2006;28(3):532-
44,

[32015RA155, Z8 NI, = 4Efk AT RIS ) B B AT e U 5k i 2@ e (%) 2007;28(210):125-30.
[B21RAH S, 28 K06, T ELRE R H bR AT = 4e 20 7 AR A, 124244 2007;39(4):510-6.
[3221KAH S, Z8 K IG. — AR & 3 BT 0 R AL IR A B 40 R 3 S AU s, T 12 2540 2007, 25 .

[323]Zhu BJ, Qin TY. A three-dimensional inclined crack on the bimaterial interface by hypersingular integral method.

International Journal of Mechanical Sciences 2007;Under Review.

[324]Zhu BJ, Qin TY. Hypersingular intergro-differential equations methods for 3D interface crack in anisotropic

electro-magneto-elastic composites.Under Review.
(325128 K5 —HEWT )y 2 1A BRES A 7> —IA S OB L. [ 2 18530, b, B sl ka7, 1992.
(326K 5 . JA ARSI A LA I ST TN 1y 20 B [ 422008 500 i, BT K%, 1994.

(327540, —4ER G RPRNTR ) 2 1) i R B e AR 23 Rk, [ 22 5C). Bl il BT K%, 1994,

146



A A K 2 220 18 S 225 ik

[3281WR A R, PIAHAP KL T ML (35 Friin ) =2 )2 B 2y S AR 2y e 2. [ 20 5. il i

AT K A~.1997.
[3291RAH . = 4E XA A R S0 1) 5L P R 23 S AR 40 R D 9 [ 2418 S0 ] AR B P LR K K 22.2005.
[33014% 10042, [ HL AL Hh = 4k 34 230 ) BB 27 S AR 03 O R 5 [ A1 3] AR R P BRI K 2. 2005.

[331] Eshelby,J.D. Energy relations and the energy momentum tensor in continuum mechanics. Inelastic behavior of

solids. M.F.Kanninen et.al (ed.). McGraw-Hill, New York,1969;77-115.

[332]uepenanos, r. m 3 METEWIZL )2, 2 70 B A5 b 50 REE R, 1990.

147



A A K 2 220 18 S S

o

ANAEARK2) 5 40, INZR KU AR BHAT T B0 5T I ZAH AL,
TR, IEES SEE AT AR RO Fr AR K AR R A 3 e o e B SR
DRI EL IR R JEAR, A TAT DAAE 2 (K2 R i sk B X BR AT (LA T S K PR

=2

U AR TR . B BRI I AR R . ARV A AT S S
Ay 1)y I (46

FERSCHTICE R, B BER . e HBIR . WHEERIEER . RIS 7 TERZT)
T SCRERA ) A — 82 R E R xR A IR T AR SR TARGF il fEuk—
IR IRR IS o

IR B BE B WO R DT TARSR I B, AR B T AR S e 8. I T
P e BN I AE B TR IR AT T4 T IO OGP AR 3 o T 1l 5 U8 T I 4 =2 i A SRS 38 5 T 4 3 1) 3
Bho JEUETI7% AR 308 SN GRS 5 AR A AL SO TR T T4 T (3 B o

T T2 2 AR A N — R BEfR . BRI S
SR ACRERT B 2 AR OR AR 1 _E IR Sl A SO !

Ve RAAYE

2007 4F 9 A

148



A A K 2 220 18 S BioK

b A

a =c,h,0, e b, +(c,—L)h, +(ey, €, +l322)l34 +(eyul, +l322)l44 +2cyes —LL by +2cyds =Lk, +
Aeug )10, +¢1b,0s G (Culy + 5ty + &1l +Cay(Calas Felis +83lis) +H(G 1G5 +c§4 _1221 My
Holy + L 46y +Cues =2 oy (6 dy +Cuds =20 LoV + 20 Lo 110 Hewh, +(cyC —h )by +
(s ) Gy oy + 206105 il Mo (61 =iy Moy (61—l Moy +(6,85 il M 15,

n, =, +ul b, + (Gl =6l )b, + Gy —A LD + 6Ly (Gl + AL + A L1 10, H4 (6l
+e,hy, +dish) —(ye —Lh)L —(Les —uh L)L, — (L dy — L, + A L)L (6 Ly + AL ), +
Gy + A, L1010, v (Culy 65k, + i) — (Lo — bl s — (Y, =B, +6,5)hs — (L dy — 4L,
AL (6L, + AL, + 6L L + A L1 10, —4 150,

ny =cy, (Gh, =6k, — 41,0, (66, b )y e (Wl =6 L, = A1) + (Wl + 6.5, sk, — alyn) —
(Gl + A4 L (85l — €43 1) (63 Ly — AL Ndislyy, —el,)10,, + (L6, —vuh ) —cu (636 4l
—(Aa, b)) = (Gl =V — AL ) (Wl + 6.5, by — 80k — (W + AL (g b — <0 1)
+(G3lyy = ALy Nyl —€5h,)105 +[(16 —Uh)hs = (66 4l s — (A6 + 1l )is 16y

Ny =Cy(Ghy + Gl + A4,1,)0, +H(he, —vL )b+, (Gl =6l = A L)+ (A, =4y ) —cu (L, +
Gy Ay ) = (ks 63 Wby = Gualio) = (tbsy + Aoy N@ishoy F33b) + (3, = Ay Ny =
e,l,)10y, +(e, —vh)l, — (66 Hul ), —(Aa, +uly )y ey (Gl + 4l + Al ) — (L, +
i) uiloy +disho) (1l + AL, )&y + €15l ) (63, = A Wl shoy =658)10, +(66, — Uy s
Haxe )l +(Ae, +ul,)lk, 10y,

1y = Cy (Gl + 63l + A1,)0, +[(Ge, —vL )L, + s (W +656,) + iy (4a, + 4Ly + ey (Ll + 63l
+ A4 L) + (Gl + Gl ) dyly, + &lyy) = (Glyy + Ay (€5 by +e5l)) + (630, — 4 1y el —
€313)10y, (e, = by s = (656, + 4Ly + (A, + 4l )y + ¢4 (Gilsy +4ls + Alsy) —

(Wl +65l)(d) y + 815l) = (Wly + AL E by + sl )+ (630, — ALy €5l —Culy))10
+H(we, bl (g6, +y L)k, +(Ae, +4l,)l5 16,

R =((x,— 981)2 +(x, - ‘52)2 + Zi2 )0'5

Rz’ =R +z, 4" =K,5,/ K,

D, =-1/4rnc,,

¢ _
A =K,8, 1K,

¢ _
i K‘i4Si /Kil

149



A A K 2 220 18 S BioK

ﬂ“;9 =—K;50,5/ K,

D=V'0 0 0 0 P /4rc,

A =[A[P A,.Q A,.J A[[.]r A[S]T = W_|]5X5[PZ O J T O]T /4
Ky = ”4151‘6 _”5131‘4 + nélSiZ — Ny

Ky = 0,5y — NS5 + 1,58 — 1,85 +ng

Wy =1, = €5 +(Ck, + ek +dysky)s) 1Ky —LKsS5 /K
Wiy = €, + (€K, — €43 Ky = 833K,0)S; | Ky — 63550,/ K,

Wy =dy, +(dy3K,, — 833K _1u33Ki4)Si2 /K, —13K550,5 1 K

Wis = 20y = Cop + (G135 + €518, + Z3,1K1)S, | Ky = 13K, / Ky, ]
Vy = KyS; 0y | Ky + K550,56,, 1 K,y +5, 05

K = K (K —K,)K6 +K26[(]€ll + 2klz)K2 — (K, — KK ]
2 = =
(Kll _KIZ)[KZ()(KII + 2K12)_(K11 _KIZ)KG()]

K. =K, +K . K, +KK,

K = (Kll +2K12)(K2 +K) - (K, —K,,)K;
’ (Kn _Klz)Kss _Klﬁ (Kll +2K12)

K,=K,+K,K, +K,K,
K =K, +K,K, +K, K,
Horp

L, =€, Ny + €3 1y, — 28,853

L, = el + sl — 81,53 — €335
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ly=dy; €, +d,5 €5 —g) 1635 — 85365

Ly =c;+cy,

Ly = Chalhyy + 33y +2d5dy

Ly ==Cu&33 = 33811 — €533 — €338

Ly=es5+ey

Ly = ¢y €55 +Cyy €, +26585,

Ly, =d\s+d,

iy =—2gye5,d,, _c33d323 + g323 €33 +(3323 +Cy3 €33y
Ly =gy + d323

lyy =—C383 — €335,

Ly =Wy €3 _g323

Ly =d33855 — ey3lhs;

Ly = eyndy; — gy €5

Ls =W, €, _g121

Ly =d g, — ek,

lis=-2de58,, _044g121 +g§3 €33 +(e323 +Cy3 €33)Hy;
Ly = Cptyy + g125

ly; ==Cu& —d,s€;5

9
[y =e5—Cy €5
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lis = €58, —ds €

s ’s.t, cotd cos™ O
4, 253”\/%00890 +51n(z,~:1 AvY\/; cos €] cot26) (1,305, 63,0, +773355n)+pl =2 \/—l )
r

aZn :Zf_]%[pzz COSHZ (tlzéin +4tz36‘2n +4tz4§4n —i_é‘bl‘zsé;'n)_i_é‘én(ﬂS_“a(ISXBSz2 COtzez (30%91 _3S1n2 291 CX)SHI
I’;
~025sin* 26 cos66) )—24,7 > sin” 26 +0.54,1 " sin” A2cos ' 26 —3c0826, —c0s108) )]

a, =" [ A\r s +6caG XPS, +5, +16,)+6, (A 088 420 (1S, +6:5, +1:0,)
] Y2 g
' ngtzmm 0s stz +6;16(Q3S[2ﬂ1.9\/;w26 (X)SQ ; Af ‘5‘1233/?1 (XEHI (%3@)1 +g3364‘1n +7£3é;n))]

I I

a, =" [ Gl A 008 +600G XPS, +115, +£6,)+3,(A"1 0080 0120 (48, +6,8,, +73:8,)

x 9
+/0;‘Sl- Ltz 20 oo 9 +é;16(p;‘si22i‘9\/;ngi s + 4 Slzﬂfﬁﬂi s (16, +6:0,, +7733é;n))]

g g

a5, =" (A5 A 008G +6c08 XES, +5, +8,)+3, (A c0s 126 (118, +6,5,+7S,)
-1 g 3
} iitZC(ngi Cos gisf +5r16(pl§si2%9\/;0(12@ OOSQ } A; 512%3/1; OOSH, (]’335:3n+g3354n+77336;n))]

g g

2 3 4 5
a, = Z; AY[COSQ (ﬂsz +4/133S21;9§3n +[i 54;1 +ti 55”) +§1’1((COS9" (ﬂijié‘iﬁsi )tz +4/132tzsizﬂig(2ﬂ'32 COS@I
% %

.2
SO0 SN0 252 2y + 520 )]

32,57 sin ™ 0))/3)+3,,454,5.4° cot 26, (cos% —cos 6, sin26, —
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2 2 S .
Koi =Hy, (R (c3yDyso (85 =3R. (R ) +(S,, =3R R )Y pit] +3h R*(5,6,, = 5R, R ),
i=1

i La ip

5 R »
+GBRR, Y Aysit +3h7 R R (1- 55,6, — 5h™ R:*)5,,)
i=1

. . 5 A . 5 5 . .
K, =H, (R°R > A p +310" R2R*(1-58,6,, = SH" R)G,, +(R° D > o't 430" R R (1-5R’*))5,,
i=1

7
n=3 i=l

5 . .
+GBR A R Y A'sip +30" R R (155,68, —5h" R*)&,,)
i=l

2 2 5 .
Ky =H (R (c3,Dyso (85 = 3R, (R )+ (S, =3R. R )Y p't] +30" R (5,8, — SR, R )5, +
i=1

5 R .
GRIR, > Aysit! +3h7 R R (1= 55,6, — 5Sh* R*)S,,)
i=1

2 _ 5 L
Ko = R7(cuDys; (6.5 =3R R ) +(5,, 3R R, ﬂ); Pt +30" R (5,8, =5R. R ),
5 . .
+BRAR. Y Aysit) +3h" R R (1-55,8,, = 5h™ R*)6,
i=1

. 5 . . 5.5 . R
K, =(R°R Y A 30 R R (=538, =S RS, +(RYD At +3° R R (1-SKH )G,
i=1

n=3 i=l

5 . .
+BROAR Y As o3 RER (1-55,6,,~ 5k RY)S,,
i=1

i

2 5 2
Ky =R7(cuDyso (85 =3R R )+ (5,5 =3R R )Y pit] +3h" R (5,6, —5R R, )5 +
i=1
5 . .
GRIR. Y A5ty +307 RE R (1-55,8,, — 5k R7)S,,
i=l

5
K}, =R7 (-3¢, Dys; R,R, +(1=-3R))D . pit? +30°R7 (s, —5R}))S,, + R™(1-3¢;, Dy, R3)

i=1

5 5
3R.R,Y p’t} 15K’ R7R,R,)5,, + BR 'R, Y Aysit! +3W°R*R7*(1-55,5,, - SH’R7)S,,
i=1 i=1

5
Ky = R Dyt (1-3R2)=3R,R, > P12 ~1SIPR*5R,R )6, + R (¢, Dysi 3R, R, +

i=1

5 5
(1=3R3)D Pt} +30°R (5, —SR3)S,, + BRR, Y Ayysit! + 30 Ry R* (1-55,0,, — S R?)5,,
i=1 i=l
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S 5
Ky =(RPR Y A'C g B3I R R (1-55,~SIF RS, +(R°R, Y At ol 431 R R (1-55, —SI R ™)),

i=l i

5 5 5
+QRPY Y L 43R (R +R )-SR )S, + BRAR Y A's g +3W R R (1-55, -5’ R ™)

n=3 i=l i=l

5
BRULR, Y A's 0 +3I° R R (1-55,— 5 R ™),
i=1

S b
K, =(R7R D AC g B3I RR*(1-55,~SIPRZ)S, +(R°R, Y A"t pl +3I° Ry R (1= 55, — S R™))3,,

i=1 i=l

5 5 5
H2RZY Y P 43R (R +R)1-5R IS, + BRI AR Y A's pt +3 R R (1-55,—5H'R ™)
i=1

n=3 i=l

5
BRUALR, S A5 ot + I RER (155, ~SH R )6,

i=l

5 5
K, =(R*RY_AC g 30 R R*(1-55,~ S R*)S, +(R°R, Y _A't g 43I R} R (1=55,~ S R™))3,

=l i1

5.5 5
H2RPY D FU+IPRR, +R )-SR, +BR AR Y A'si 7 +3 R R (1-55,~5H'R”)
1

n=3 i=l i=]

5
BRA,R, S Vs 0+ RER(1-55,~SIPR™)S,

=1

5 5
Ky =R (6, Dys; (1-3R)+(1-3RND At +3W° R (5, —5R))S, + R (Bci,Dys; 3RR, —3R,R D it}
i=1

i=1

5
—I5R*R,R))+ R (c;, D5y (1-3R)+(1-3R,R)D o't +3W°R (5, ~5R)S, +BR (R, +R))
i=l

5
XD ity HR?+ R IR (1=55, SR )6,

i=1

roy =, =x,)/r

R, =S —x,)/R

R=((&-x) +(&—x,) +h")"
Koy =Koy

I _ g2
Kam_ Kam

1 2
Ka()_Ka()
1 2
K6i_K6i
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R =((x, = &) +(x, = &) +(z, +i)")™

R =R +z,(1+ih)

Ky = (K3 (K, =Koy K+ Ko (K +2K,)K ~(K, =K KO)VK, = K XK (K +2K,,) (K, — K ,)K)
K" =K +K, K} + KK

T=KI+K K +K K

K] =K!+K,K +K,K:

K =((K,, +2K,)(Ki + K= (K, —K,)KD)I(K,, — KKy — K, (K, +2K,,))

0 =’ (x+E)(@ —x)* (@ —x)"* + (& = &))@ —x) " +x,(a” = &)*)] " cos’ 6

B {[s(s —Da'x? = (s* +1)a’x} +s(s +D)x]cos 6,/ 2(a” —x7)?, & =x,
| =

R (@ =8N = xi (@ =) = x T [sa’ = (s+ DG —x) M@t = x)) & #x

. {2@2 —x2) X2 sin? GU6(A, +h)(A, +h—1)b> —8b(A+n)2A, +2h—1)x, +[4(A, + K —1]x2}, & =x,
’ rl_z {gz/:ﬁh (2b - 52 )0'5 _xz;v o (2b =X, )0'5 - (2b X )O'szlj o [Zb(/b + h) - (ﬂv +h+ O-S)XZ ] (égz - xz)} ’ 52 #X,

Ky, =ciuDys;

K, = Z; piztiz
K= z; /13351‘21‘1‘1
K= Z; AT Dt}
Ky =2 P,

K = At

ma

> 5 2199 m
Km6 - vai /li pi
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a, =08, cosb, +6, z 1 €08 0, 0t 26, (13365, + 6338, + 115305, ) + p.5:7: 1, cot 6, cos ™6, )

a., = Zf 1! cos0,(115,, +41)5,, + 415, +41)5;,) + 8, (A5 (152557, cot 26, (3cos 0, —3sin’ 26, cos b,

- sin’ 26, cos 66, )= 24,7 sin”' 26, +0.54,,r; ' sin” @(2cos™' 26, —3c0s 26, —cos108.))]

@y, = [051(AT 0080, +600t) XS, +1'5,, +1°5, )+, (47" cos 6, cot 26 (1,6,

i 2n +g33 +7733 )
0 S,,’?f) 't cot 26, cos™ ‘9 +§6(p13‘g,,ﬂig > cot 26, cos 6, +‘47YS§/?33/773’§,-4)'5 086, (13305, +6330;, +71305,))]

a, = Z:1 Al P15 G (AT cos 0, +6¢otd, (125, +18,, +1°85,)+ 5, (4" cos B, cot 26 (1,

85, + 63304, +115305,)
+pls.r %, 00t 26, cos™ 0. +8,(pls A r 0ot 26, cos b, + A'sI 4, A°E " cos 6, (1,6,

o 63304, +115365,))]

afSn = ZJS l[pi5’733sfi (A7Yn05 Cos 0" + 6COt9)(t3§2n +ti454n +ti555n) + ,11(147YI"05 0059 cot 20 (l33é‘3n +g3354n + 7733 5n)
+05.1: %, 00t 20, cos™ 0. +8,o(p}5 A K cot 20, cos 0. + A's: A, A E " 008 0. (1336, + 6330y, +113305,)]

s, :Z; A:Y[ OOSQ (4, +4’?33S2 XS, +16,,+63,)+8, (’},-{)'5 (cosé. (4, +4ﬂ335,§ ), +4ﬂ32t2%/7,‘9(2ﬂ32 cost)
H 59 a ) sin’ @ cos36, o
A S )3+, 4574 o 20 s % —cos)sin2) L YO g 52 )

3 -1
l Z [ ’s 1, cotd. cos” 6.
3" COS 0 + é‘ln( le 147Y hi cos 011' cot 26} (133 3n + g33é:ln + 7733 n ) + IOI = L . )

]/iA

1

= \/_[p C0sO, (5, +4L5, +41'5, +4C5, )+, (A (15257 cot 26, (3cos ), —3sin’ 26, cos ),

~0.25sin” 26, cos64,)—24,,7;; > sin”' 2. +0.54," sin™ 2cos ™ 26, —3c0s26, —cos106,))]

a13n = ZS:I [/Dz?slilﬂ (Alr\/: Cos 9 +600t611 Xt35 +t45 +t55

8, (A", 056, COt26](1,5,, + G Py +T1s)
Ao s’ G,

(p3s % \/7001:26 COSHII+4 sllﬂ'ﬁﬂ‘gcos (l33 3n +g33 4n+7733 511))]

B

I{.

i

Ay =z::1[pfsué'33(4r\/gcos6’ +6C0t0, (15, +1/5,, +176,) é‘;n(Afr\/ZCOSH €0t 26}, (1305, + 6330, +715:05,)

Y2, 58
s s, 1 1, cot26, cos™ 0, +56(p1 zlg ;. cot26), COSQII."FAi 8§ A €088, (13305, +6336,, +1y Sn))]

1
}’i .

i

}'i.

i
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s, =3 [0Es (AT €086, +6C0t0, XS, +115,, +18,)+ 8, (A1, 088, €0t 20, (1,8, 6455, +77s0ey)
LA Oy 5 (5520, cot26, cos, + A5 00500150, + 6360, 0)

T hi

0086 (A +4458, )

+HAASNES,, +15,, +E6,
G, :Zil A,Y[ 6%, +44, 21)( ) 1,1( +4ﬁ32tzsfiﬂig(2ﬂszcose
B 7
5. 2,9 4, . cos34, sin” 4
By sin” 0,)/3)+0,454,5,.4 C0t26{,.(0055’—0059”sm29“ _7[)( 233—1-232}’2, sin24,)]

8,;t, cot @, cos™ 9
Dy, :53;1\/;003‘920‘*' 1;1(2 4 \/ZCOSH cot 260, (11305, +6336,, +17305,) + ,0, =

*)

b

1 .
= ZSIF[P,-Z 0086, (1, +44:5), + 45, +445,)+ &, (Aey (154555, 00t 26, (3c0s 6, ~3sin” 26}, cos 6,

—0.25sin” 26}, 00866, )~ 24,75 sin”' 26, +0.52,1;, sin” 2cos ™' 26, —3c0s 26, —c0s106),))]

=3 [ 5,41y O8O, +6cO XS, +15,, +£8,)+ 8, (A5, 0056, 00t 26, (15, +645, +770%,)
}pftzootZGZ,OOS 92iS2i +6:16(pi3sjiﬂig 1’2100t29 00549 ,Az 133/77 OOS (1336;n+g33é:1n+77336;n))]

b B

=3 [5G (A, 08O, +6C00, X125, +1°5,, +£8,)+8, (A1, co56, €126, (1,8, +656, +775,,)

/1\9
sy t,00026, 05" 8, 48, (A0 cot 26 o5 + Al 008 (ol 0 +11d)y

b b

sy =3 137 (A1, O8O, +6006, X35, +£15,, +£8,)+3, (A1, c086, €026, (1,5, +6,5, +720%,)
-1
; iitz COtZHZi C0S 62is2i +5;,6(,05S2, \/_C0t2(921 008(921 AI 13321 Cosem(l.’ﬁé;n +g3354n +7733é;n))]

[
B Vi

3 4 5
azfm — ijl 141Y[COSH (Z’_’;Z +4A33S21 )(t 6‘311 +t 5 +t 5 ) ln((cos 921' (132 +4233S2,-)t2 +423212S§iﬂ73(2ﬂ32 oS 92i
D i
134,057 sin 60,)/3)+8, 454,52 27 cot 26, (cos% —cos@), sin20, —Mésmez' Y282 A, + Ay sin26,)]
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fi>x C

1 =Cyby & Gy HCy —Lhy HCy &)+ HCubty HE)y 25 —hiby Moy +2cudhs —Libo )y +2cugy
Hy L)) +C, Ly (G (Cuboy +6hy +&isly )+ (Coabos Felss + 8l ) H(C Co +Coy =D +E L, + L +
(G185 Tuis =2l )y (G oy +Cbhs =2 1y oy + 2L oL )0 +H(Cyhy +(G 05— 221)lz4+(cu33 +1321)l42 +(G s
Hi Wy 20610~y by 6y =l oy Gy iy = My 618~ M )

ny ==, +ub b, + (GG =6 L )b, (Wl = AL, + 66 Ly (6L, AL, + A LIS )0, H( = (cub, +esh,
Hshy) ) —=(4Cs —th )b —(es —uhy +d by —(Gdiy =ty +AL s HGky + AL by + 65k, +AL)S,
H Gy T650y +lishs) —(4 G~ s —( e —BE +6h s —( g =ty + AL is HG Ly + A L)y
Gl + ALl )8, 156,

s =Cu(thy =Gl =416, + (G561 —th )y + (Wl =Gyl — A l3) (W, + Gy Nl — &ulin) (1, +
Al X &= L)+ (G, = AL Ndilyy —el,))0y +((LG —uhhy —Cu(GG b, —(AG +uly)ls

—Cu(Gils —Uhs = Als) + (bl + 656y = Gil) — (Wl + A1, (81l — &) L) +(G ks, = AL Xdishy —
&l )0y +(u6, —uhbs —(636, Huly s —(Ac +uly)is)0y

1y =Cy (Gl +61, +A4,1,,)0, +(bG, b (W =Gl = A l) s (A, =4 b)) —c (W, + 61, +
Aoy ) =l + Gy Nitsslyy = 8sliy) (b + Ay NGy ) +(Gy Ly = A Ly Nliols, =511, )0y, +((16,
L), =66, 4L, —(AG, by ) e (Gl Al + AL — (Wl +6.0, W by, +dihy) —(13132
Ay X811y sty H(G = ALy Ny —Cistip DBy +(16y =t s+, Tulylp H(AG 1l ) )0y

1y =C (Gl +6ls + AL, H((ue —vh )y H (U + 6,6+ (A, Hu ) +e, (Wl + 6l + A4 L) +
(4l + Gy Nl + &) =(tlyy + A 1y N &35 by el ) +(Gy 1y = ALy Ny =y D)0y + (46 =ty iy
=66, 4Ly H(AG, Ul )y ey, (Gl Hls +AL) =Wl +6.0L, XA by + 85l — (W, + AL, (E,
by +eisls) +(Gly = AL Neshy —Culs )0y +((46 —uhy s (636, Fub s +(Ac; +uly )ls)0,

Ly =06 Pyt € 1y —2811833) + 0 (et + €5y =811y —&sthis) +65(dyy &, s €3 =816 —8365)
+00,(G3 +Cyy) + O (Caghlyy T Coalty 20, 3033) = Oy (Cay sy €381 + 65 +€3815) + 031 (65 +€) +05(cy
€5y +Cy € 12650+ 0y (dis + i) +8,(85 € HEy +C €)My — 2880y —Cndy) + 5 (ot )
~ O (s Feuy) + 0, (Hey €3 ~20) + 0, (s —hty) + 0y (€l =G €1)+ s (1, € €11+
(A58 — €5kl ) +015(2 € HE +Cpy €y — 24561581, —Cuiy)+ Ty (Cogblyy +815)— o (Cuyy +is6is)
+8,4(€ €y €4) +05(6581 ~dls &)

W, =0, +0,(Gy H(epk, ek, +d33’§4)"}2’(i11 _13’(555;5’{5_11)"'6;3 (&, ek, — € K3 —g33lg4)sz —GK550;s
’(;11)+5i4(d31 H(dyh, — ks _/”33’(1‘4)"1‘2@1 _773’%55;5’(;11)+25i5 (6 =€ Gk, ek, +g31’§4)vz‘2’§1 -

- 6 4
LKOsKs )y Ky =NV, =gy, +n6lvz‘2 -1y,
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5 n n n n _
K, = Zi:l (610,220 + 511516%3"1'2:0;'1 +0,, (0,5 + 0y AuPa P + 56]44Vi3’('i5’('illﬂ33pi6 )

—0,,0,,CuVv, /41
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& =Cy(Clyy Feplys —ihh )0 (GG +Cu(Culy by Feln + il ) =Ly (bl + sl — Ll )+ s (Lol =L
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Ly =Ll ) =L (ol —Lihis ol o ) =L (Ll — Lol + 10 )0 +(6, (Clyy ik, =26k +d L, +e )+,
(Culy +h)) =Ly (L Ly ol k) =L (Ll e =Ll +oy ) =L (Ll =Ll =Ll ), +6, (G iy F65s =i )Os
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(24165 ety + 0, (0o iy €0)+ 8, (UGt G, A 26585+, (¢ € )4, (Cuthy +)

1, =(G 1,0, +6 ks —Gh03)0,, HGl, HCuly +/€1]52 +€11 =285l )0 Hahs +Culs = s (W by ol
(8l +655)105 HGhy —Cubo +h5(& sy + i) —15(§, by +e5h9)10 16, H(G )+l +,Lg3l35+ S
1327 =28lb57)8, b +Culis —hs(Wghyy + iy )+ (Gl 3516y, HG b+l Hhs(Ghyy +ilis)— 1,
(€ Ly +ephis )16, 16, HCuh 0, +Cuhs0 —Cube0,)8,,

n; =Lyl + Lslg — 1)), + (bl + sl — 1,0,) 0y, + (Ll + L) S5,

K = —n3s;‘ + nzsf —n,

Kmi = n7msi6 - n6mSi4 + nSmSiZ - n4m

. ] 3 o1 41
v, =S5, 54i+zk:1/c,g.zci S;

!

a .,n .n I K K' Lan,n, LK K, BATATRI S

1 ml in’ mi in?

vmn = (k;l_lsrjl Kim—l)n 2:2 5/1]{ +SnWm—3)né‘m5 + vv(m—4)n 2:6 é;ﬂc - é;nl )Z:I 5](11 + (é:nl + K! - 1K(]Whl)n Z 6 +
Snm/((m—3)n§m5 + M}m—4)n 24 O )Zj:s S

W, =0, +0,3(K (e — €5 K =85, —€)+ 0, (K (G, Ty +diyi)—G3)+0, (K (il s, — 14/ —dly)

4 .
b,=-0, _Zizl (K(n—l)iKi (0, +0,5+9, 4)+SW(” i F W 4)121‘ =6 Ou)

160



A A K 2 220 18 S BioK

~ _1 .1 .1
Py =0,,(Coysi + K (Coyky 5Ky, +dy5K5,)) + 0,5 (K;s, (i, + ey, + dysiy ) — ¢3)

.1 .1
+0,,(K; s, (€K, — €55 Ky, 833K5,) —€3)) +0,5(K; s, (dyyK,; — 833Ky — MKy, ) — dy))

Py =0, (cyyv +K(cyuDys; +cyy A+ Ay +disA)+3,, (s, (e Ay + e A, +dA4,) = D)+
O, (s;(end — €y Ay — g3345) — Diey)) =€)+ 05, (s,(ds3 A — €334, — t5345) — Dds))

K,y =((Dy+ Y. DYt +(Dy+ Y. x,& +Dy(x, + &)t = (0, + &) DY &) +
O > kDS F8,0,+(x, = &) D, + &) DY Kyx,E,
(% + &)1 + 8 (i NGB+ (=€) Dy + &) +
D Z K58 (6, + &) + K, (g5 + 15,52 ))8,,6,, + (D, +Z D)y, +
(D, + ZH D.x,& + D, (x, + &Ny — 15y (x, +E) &' D Z

Koy = Aulon (4,058, + >0 K7 5, (0, +E) I + (O K K, = A,

,qst cot cos™ @

1 \/r— -)

0,41y cos, +6,

a, Zf ( — P oosf (5, +405, +4'S, +4°5. )

a, :Zl /@IZO(IQ:zTO(B_I s,

—Zf o's \/_t cot26 cos™ 4

_2 ALt 26 008 s

\r

161



A A K 2 220 18 S

KpE B
1991.9-1995.7
1995.7-2002.9
2002.9-2003.9
2003.9-2005.9

2005.9-2007.12

fii

Wik 1974.6
SRR K 5
EEHRHERILKFE
REARMAE (LT
i E R K E

i E R K E

& A

LA kEA TFEL dERIKF

it HEZ W I%%+
IR DER #m
TRENFE iz
BN FEL Tt
FRIEEW THEL

162



A A K 2 220 18 S s S es il

BT HERRD ZRFHIEX

1. Bojing Zhu, Taiyan Qin. 2007. Application of hypersingular integral equation method to three-
dimensional crack in electromagnetothermoelastic multiphase composites. International Journal of Solids and

Structures. 44(18-19),5994-6012.(SCI&EI)

2. Bojing Zhu, Taiyan Qin. 2007. Hypersingular integral equation method for a three-dimensional crack in
anisotropic electro-magneto-elastic bimaterisals. Theoretical and Applied Fracture Mechanics. 47(3), 219-

232 (SCI&ED.

3. RAHYE, 22 K.2007. T BRI ROPPRFI T = RS0 5T 57 B 900.39(4), 510-516 1% 24R (ET)

4. RAAYE, 28 K. 2007, = 2 ik L FA A e R 0 1) i FF) 8 25 5 A 23 U5 T 28(3).125-130 i *A4R(E)
5. Bojing Zhu, Taiyan Qin. 2007. Three-dimensional mixed-mode crack growth modeling in electro-
magneto-thermo-elastic coupled viscoplastic multiphase composites by time-domain hypersingular integral

equation method. In: Z.H.Yao, M.W.Yuan eds. Proceedings of ISCM 2007,July30-August 1, Tsinghua
University Press& Springer Verlag. Beijing, China. 368.

6.Taiyan Qin, Bojing Zhu. Mixed-mode stress intensity factors of a three-dimensional crack in a bonded

bimaterial. Engineering Computing. Accepted. (SCI&EI).

7. RAGYE, ZoKMy. = U 1 P T BT OURE R ST IR 4 28 A i T AR O i B 22 R
(2006.12 ¥252 84 ) (EI)

8RAHNE, Z KH. M HAAHORR &5 b ) =4 22 S GUIR) R 77 e R 0. 02754 (2007.09.17 3552 85D
(ED

163




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


