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PRI T F 55 A R N IG5 TR %A I N T %A s8I N Tl 5t
FAP AR N LI S A4S, I AE R R R 58 £ I = (PML) J7 &S i v # o — A A Ll
ik, REH N T FAH A i & st m, m—MENPLR R, =P REK, LR ITTTECHK
R IR ZE 3 T3 A IR TGI8 2 Ja K R e R 1) B U T VR 2 —, R IE VR 22 T F X3 ) R <
bR AR CAR 22 R H.

1 TCT7 1 AR RN P Ah B ) R () A () AR R B — 4. e R R R S AT BTy, R
SRR T T A P e R SR mT B DX P AT R (A R B IO T 0 S X 1 ) R SR R A
B AERMETHE T, RSB BN LR R AR, AN T — ST H SR R A, E R I R R
B MRl R, a0 FR AT M OFE R, 4530 AT EAE T SE A 2 AR )@ R D) 8L
FTT SN XA TR 787> B, A KRB L E [5-7) SRR

EHAN RN R S AT VEAR B A [ 2R 1 AR T R, e T AT B2 JE 4T 7 11, 7T Re R 89 75 1), wJ
AEJE Cauchy L7531, M AT Ae /e ar 57 1, 110 B B SR SRS BB 7 5 R A B 7 5 (0. A S 8
A AR R Riemann 5 N2 RKHU A = K. BT HE A7 S M0 R B HOE T 55 1) TR HE DA
JeRFIX AR B e SR R A 2 8 (R 3 AR TEAR A I — B BN AT TR A 77 38 o 26 1 HHE 25 S AR 2
H3 20 B /\HEAR, BEE RS T ENBOR R &, KT8 & R ARt e 7 TAEA IF
IREHIREIOGE. W2 RFE NS, KTl R B AR 7 B AU T SR TR R S
BRAERC 5 TR AR I, PROATE S SRIL F eIk ) sebrit B, X SRR 2% B, AT
SRR B BB v S AN AT i G, B DTVl I AR A BRARAR i B B e, B IR i
Bl 77 A AE TSR R o 2 A AR B (RIS 5 R S 3 ), T 8 S AR 23 D7 R e Je I X o 75 v )
et sRAF. HIEWAL AT, REERE N b T AR R R IR 8121 45 21 T o 2L ki
N TG AY, FR ELEGR A B B AR FHE AT 2 88 A AR 0 TR, BT B FH i BVl =& B
Galerkin %, # B 77 7 AR 70 7 R B HICN ZEMEARE T R4, T2 ) R ) % B A1 £ T A0 rT 45 303X AR
TR R E, O L6 AR U 73 S AR 43 (R B8 v B )

T =R, BEE AT = AR IR ABIE A, & T E Sl A e AR 3 B A R U E SR AR &
AAET I, EEARE Gauss KA 1318 F b Newton-Cotes 243 197201 & AUAF sk [27-30] FiH:
il — LU EGAR Ty vk B34 B B R R FE A I I, Gauss SREUTVAR S RIAR LR R A 20 M d R B
I PRSI, IR AT VERL R 2 T HALEYE, 240 Newton-Cotes 153177 F i 1& & i R B0
WHRIRAIER. A4, MEER T HAL T, 216 Newton-Cotes A RAEEME L INE 552, HHE
XoF DX A P 32 XA %o 7R 3 AR BE A

HBAT A AL Newton-Cotes A5 Linz 200 $2H, b4 T & R0 2 LR
T2 : A Simpson 23 7 BABAH R (1R ZE A8 v, F AR s 1 R G B B ) 0 SR AT S A T
R, 207V R, R T I R R s IR AN HE AL B S, TR (35, 36) X TVEAE T HE
J7E G T AR A S EI T R E AL A, ERWXSEE R A AR g TR A U
THE T, REEESE TR R s BT R LT s DL S B BE R 7. IRk, HA R AR
RSSO RS 1 O, SCHR [24) BFFT 1 XA _E R & A HE 2B 246 Newton-Cotes A3
HEE SO R, R T WSO S AR R i, AT B 487 18IS SOI 5 A 1 SR A

A8 F AR HEVE R I WL S 4535 CL28 )72 B FH B SR R %% AN Sk, R 50 A e AR A I A ME
ERERRIE ARG US>, SOk [37) BHFC T IX (] ERE TR A Bt 5 Bl & e AR iR 2 R T A, M
PRIEUE OGN, 4 T iRZZ B A e i i AU A S AR T R AR R A IR AR
93 7€ LI AMIER .
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ARSCEERIUNS : 5 2 i AT AR A8 SOMBEARNE S 28 3 5l ZE A4 Gauss B3 AL S B
A A 30 Newton-Cotes R4 A sURI /MR AE I AT S0HE B S A o SR R BB U732, 32 7/ 41 Newton-
Cotes A ZIL AT L8 A7 5 R4 R 2202 R FIAE SRR WA SIS SR DA B X T) TR 2 sA M el ot
A AU R AR B 4 RN ARG B 5 N N b AR TR,

2 BERHISPEX
2.1 ZHHBHFRHSHIENX
B TR 2 Xt Hadamard B8 45 1 Rt FR A Hadamard 75 R #40AH 43

" @) @) C) 2f(s) 1.
famgeml arge [ame ) .
U SLRRL f(x) Holder SELER, FR9H IR ATRAK). K43 LR f(2) R R s &b Taylor RETF,

T A B F A IR 0 AR 00 8 SCHEBRL, A B = 5 AR (3 5 20 1, e th v B VRl A 7 A
55—l X

_ .
/f x_s<><x S)dx‘f(s){bis‘ais}+f’(s>1ns_2; 0
Mi%$ Cauchy FEAEAKS, M F] Hadamard 4 BEE 5 3R 5 L
f@) [ f)
i f = f L s, 2

T AR BOAN R E SCAE — 5 26 1F T AR SE M 1, VEAR I/ 25 ILSCHR (39, 40).

2.2 ZiBAEFROEEr
MR R T 2 B, AN E X

%b(x f(s = x—hm{(/ /+> x—sP+1 i’zé s . (j)lg):—j}' (2.4)

R, A

= {7 ) e 25)
b

it m{([ [ )i S5 e

FADkHh, AR LR 3 5 B E 3L
b f(z) B b 1 r f(j)(s)(fﬂ—s)j f(j)(s) b de
falome= [ oogm i - ST e S s e

Hp>0,r>p, se(ab).
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Xf peN, s € (a,b), & IR R LM, Bl

baf(x) + By(x
7({ (l.is)pil )dx
PLA
A i
dx J, (x — s)P
Pl
" f=)
T s o =
B ERA T
7[*’ f@
AFER

X ERPEAR I, AT 21

7[ p+1d +57[ p+1

A IC))
7pj[a (gc—s)P“dx’ s € (a,b)

1d " f(z)

oz s dx, sé€ (a,b),
1 [*f(x)
Hﬁ - dx, CES (a,b).

ﬁﬁ()%((; e,

b
|

s=a, A

i

{(x K o = <b =

3 BAEAFHRIHHE

(2.12)

(2.13)

AR 7y 7 AR 0 AN [F] R 2 SRV B R B PR R, P 7 e AR 0 IR o SR e T i S A i i AU

TP

3.1 BHERADPEEITE

X BLEE P R SO AR R 2 TR B 5 3R JOR = Ay R O R A AR T SR A SR

1 1

{(x =

MERHLEES neN, H

b n n-1, k-1
€ n a—1b " 1 b—s ks n—k n—k
_— = _—_— 1
76( de == +n og — +,§ nfkb —a" "), s € (a,b),

x — 5)2 (b—s)(s—a)

LA

b kx —b
%%dm —eks| 42 +klog
( — a

a JU—S)
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il
b sinzx > i(b—5)% — (s —a)¥
76(90_3) dzcoss{log +Z 2j(2j +1)! ]
O D St R o VY Gt et Gl i
*“”[w—@w—a>+g¥ Ve } (3.4

PEARATE SRR WSCHR [41).

3.2 BARRIHBETE

T2 55 R BN 2 Ffe AT BR B R 5 B pR AR B i R S OB (AR T, @3 AR AR AT OH B,
XL FH B BUE T v R 5 ek 5O P AN [, ﬁrnﬁﬁiﬂﬁﬁ/fﬁﬁ?iéﬁﬁ Vo B AR5, 4
Gauss RFVE. S BIARHyk . AL Newton-Cotes VEFIAMETRSE. R [H i) B 411X B8 77 VA S A AR

3.2.1 Gauss XN

X T Riemann FA55, Gauss KART7VEH T HAGFE m MG 20 2 S A, 1% T8 & iy, L)
Gauss RITTVENA G BEAT . RIGHE A A0 AR RE X, Gauss RIRTTET Loy A T-55 7
B E X Gauss SRFERJTEMIET Cauchy FAEHFR /3K T € L) Gauss SRFR 7145,

N Cauchy FAEF R T L4243 1) Gauss SRITTIEMERIEANH. B Jex) Cauchy F
HRG

b x
Io(f,s) :][ w(m):‘vf(_)sdx, s € (a,b), (3.5)
FiEA T \
]{l w(m)j(_xl = ¢n s # x4, (3.6)
Horp > FORIEPITHE, 2, 2 ¢ (2) E‘J*E, H{WEE&%%
b
[ wl@m(@)u(e)in = b, (37)
X8 6,,,, N Kronecker £75, q,(s) & XA
b
qn(s) = %/ Wd% (3.8)
_ —hn41
A kndy, (2i) P (i) (3.9)

H k., XN ¢p = kpa™ + -

(1) Cauchy EE{E*R%E’J Gauss—Legendre RER A

# on =/ (2n+1)/2P, (), Ff P, (2) 25—k Legendre ZIix, H w(z) = 1, 4, X (3.6),
ES)

@), . 20)

1T —s

i f(fll, s # x4, (3.10)
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HA Q, N 3K Legendre £, z; N P,(x) FIHR, H
-2
A= (n+ 1) P! () Patr (2) (3.11)
(2) Cauchy FEFI/ ) Gauss-Chebyshev KA.
b = apnU,_i(z), HH U,_1(x) A% 3 Chebyshev 2T H a, ANIENILET, BREL

w(z) = V1 — 22 & IE %A

<amUm—17 anUn—1> = Omn,

W, *t(3.8), WA

Gn(s) = %an /b de = ganTn(s), (3.12)
Hr T, (s) NH—2 Chebyshev 2T, T2
11 _ ..2\1/2 n
][_lwczxu Un]_‘ To(s +;)\ ST st (3.13)
Sl @, 9 U, (s) ORR, L |
Z; = COS E, (3.14)
n
LA .
A = Zsin? (3.15)
n n
R ¢ R ) )
d flz _ f(z
P Sda: = 7{ @ S)Qda:, (3.16)
A
’ f@) . 2f'(s) ~ fl@) 2f(s) . 2f(s) /
Rl LR SYACED D i w s VAC R TAOCAC Ny
T RAFEIN T Legendre Z I Chebyshev 2 Tz 1R T71% 5370
! flz) o 2f'(s) fl@)  2f(s) -
f0g e = R+ gA i ORI
Fl
A=) i) 2nf(s) 2rf(s) ,
jé_lwdx:— U._ 1(S)Qn(5) Ug 1(3)Q n(8)Up_1(s)

mf'(s
“ T )+ Z)\ (3.19)
FEREE (3.10) A1 (3.13) AR ZM —1 2] 1, XHMEREMIX[A] (a,b) P LIS 2 AR e
2t=((b—a)z+ (b+a), 25=(b—a)s+ (b+a),

H z,5 ¢ (a,b), 2,5 € (—1,1).
TESITHISCHR [17) H, VEEEW 7 oR 5 SCRIAT 74 B8 8 SURN IRl Gauss vk, 1 B4y
T RSO T
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3.2.2 S BITriasE

S Rt —Fh [0, 1) BA Sy (RIS, AT DUSEAR S 5 () pR A HL & — e B O B, e A S
AR | B3 BRI A SSCE E. X H FRATIAH S RS i 2 R EE ) FEAN N 2 LSCHR [28,29).

W a N—PNIERIERE, BESTE N ne N n<a<n+1. B NeNHH N>
FREREL f BT KLY, g

(1) f e C™(0,1);

( ) fU) € Gol0,1]), 5=0,...,n—1;

fo (1 —x)) = f9)(z)|dr < 00, j=0,...,N.
%9]‘ TE S KN R

1
1 flla.n = jzr(r)laXN/O (x(1 — )7~ f9) ()| da, (3.20)

77777

M7= E KLY Hed f A SR
(1) XF j=0,...,n, fO FEXE (0,1) AT, BAEENE$ C #15

A|ﬂWmMz<mvmw;
(2) FAEEFAIEH S C 115
lfO (@) < Cle(l —z))*" U+ j=0,...,N—1. (3.21)

FIAN=A S B ., o e > 1 R IRBIEY, B [0,1) B H S ——B, & ChSHE
BREL, v FRA r > 1 B S BUAR R, SR e 2 LU T R4
(1) v € C'[0,1] N C>(0,1) H ~,(0) = 0;
(2) (@) +9(l-2)=10<z <L
(3) v FEDXIA] [0,1] b/ i3
(4) vL FEIX (8] [0,1] b6 H 47(0) = 0;
(5) £ = 0 Wi, v = O(27—7), j € N.
M > 1y, MEBE S IR, S AR (sigmoidal trasformation) IS4,
T EA AR S AR RIS Y S AR
(1) FREAL S A

Yr(z) = 96’"—1—?1—3;)’“’ zel0,1], r>1
N or B,
(2) B4 S A5t
Jo b
vr(x) = € [0,1],
Jo h(&) d¢

(i) 24 h(z) = (2(L— )"t r > 1, v (2) A r Brae;
(ii) 24 h(z) = exp(—(1/x + 1/(1 — 2))) B, v.(x) NTCFH AL
TR AT AR

Li(f,s) :jg (xf(:cg)Q de, se(0,1), (3.22)
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A AT o
1S~ fE)
m — (Tt g2 ms —t, ¢ Z,
QN = | T (3.23)
ms;?;n (% _5>2, ms —t, € Z
il
o] 7 f'(s) cot(m(t, —ms)) + 7*mf(x) csc*(n(t, —ms)), ms—t, & Z,
S NE =4 0 Y (3.24)
3 f(s)+ o ms —t, € Z,
Hrp
t, :”;rl, ~1<v<l,
RS
y v " Bi(t,) 1 [ &7t
s =@ - st - P L () |
-1
o (5 | ethne. (3.25)
Hr
1] 1 Logn f(s) B o (x;5)\ Bn(t, —ms)
06 = o [ (s - ) Bl g (3.26)
blas) = {wf(s) cot(m(z —s)), z—s¢Z, (3.27)
0, xr—s €.

3.2.3 Newton-Cotes 2T\

e EF A BT A A% B T e, 28 A BB T v SOk B 2 K. X T Riemann 1
o, 2 k AU, kB2 AL Newton-Cotes 22 IUHJUEBT A O(RFTY); 10 & 9B Ens, Felse S )y
PLEE] O(RE2). WL B HH Newton-Cotes A XU AT A 7, Fogh B2 &R B,

KT E A Newton-Cotes A 2THELEE A 7 AR 70 ()72 SCHR [20], 1985 4 3 [ %38 Linz 45, 1
K B HICE B2 B A 77 1%, W A A AT T B, 4t T TSI ) B TR A R AR I AR T
2250 Simpson A3, Il TR R ZE A, WER T HASE Y O(RY), k = 1,2, IXZELE Riemann
RS SRR IG; T HLX T 33 57 A 5 30 o 5 LA I, 7Rk, DRI, AR SCHR AU RO vk v
JR3Z AN A

XA RS R EA B, Yu B TR E X B IE T EIE AR E A R
Fem s TR A MR R ZE S TE. SOk (23] 5 e HEOE A ek T o R A L w7, e
H T EARR) Cotes %L, KRN 1) BUE RLEARIHIEBIA R iR 22, J5 2K, SCHR [44] XHEH T —
TSR, AETHE BRI — BT T, sk 75 i AL B B2, B, SR [19] # XA AR
B V= R

MAESR, SR [45]) WEFE 1 X TA) b B a3 5 A 7 2 A6 Simpson AXHJEBEWSEIS, 2 GE T — &
FIK T H A Newton-Cotes 2 XS #r IWF 7T TAE. X TE M Newton-Cotes A it H X /] E—
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Bk ar ARy, SCHR [22] UEH T BSOSO G BIAE BN R R R K 2 L, JRAIT AT 1 IR Rk BR B 1
. SCHR [25,46) 4t T EAE A AR 0 AR S A6 Newton-Cotes 2 20 A AAH B SR L I
K. HIXIA FEEE RS AE, X BSOS HIE A XA . SR R AR AR S PR
FRFEAREE A, HXEREZ Clausen R L4 &7

N THI A EA S R AR RS S 18, WA BT OCHR [22,46]. Wa=2o <21 < <z, =b
RIXTE [a,b) EBEKN b= (b—a)/n BI—EH 7. N THE kRS9 A Lagrange Tﬁﬁgiﬁ—ﬁ TERAT
X [ b FRAE — 350

Ti =Ti0 < Ti1 < -+ < Tig = Ti+1-
EXMNZFETC [—1,1] BT XIE [, 2541] FIZAEAR
x=2;(7) := (7 4+ D@i+1 = 2:) +ax;, Te€[-1,1]

2
45y A Lagrange $fi{H 2 Wizt

k

Frn(z) = Zf(%)(x_im()g;)(x)» T € [T, 1], (3.28)
=0 17 )k \*e]
Hrp )
lki(l‘) = Z(J} — JI”)
=0
H Fin(z) BRZET FIR 2 f(z) 15 2] Newton-Cotes 24zl
flm " (k 1) _ b f(x) B
Qkn(s, [) = 7[ o E%Z) = 7[ CEE dz — Epn(s, f), (3.29)
H & (f) NIREZ R, wz(Jk 1)( ) N Cotes %
(SIYR SRS B LS B » SR
G0 = oy 7[ it m:gn#(x Tim) 2. (3.30)
XFEAHEE A XM Simpson A, Bl Ok, (f) (k= 1,2), Linz 29 Z3 1 TiRZE TN
Ekn(s, )] < Cy2(MRF, k=1,2, (3.31)
Hrp
A7) = min, I —hle ! _2|T| (3.32)

AR, FORE AR T B8 5~ 2 (), a5 s TR g, AT BUA BIRALET O(h); 24
TR AL s BT R, RERT 472 (r) KRR SERTLT.
IHERI B Newton-Cotes 242 A iH S0 AT A7y, SCHR [22] 45 T Seflix =4t

Epn (s, ) < CIny(r)|pF ot (3.33)

TEA4H Newton-Cotes 2~ 3G HEEILSZE R 28, o5l AN Fid 5. & X

Si(T) = V(7)) + D [ (=20 + ) + Up (2 + 7). (3.34)

i=1
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£
or(T) = H(T Tj) = H T ? , (3.35)
j=0 j=0

! ' u(r) dr, |z| <1
e 7 3.36
O e, 2] > 1 o

2) 17— ’ ’

HRAE K T € AT A,

Vp(z) = (3.37)

1 1 ¢k(T)

—_ d 1
274_1 A dn el <1,
1
2

— " _o(r) T, |z
Lzt >t

H A Newton-Cotes A TGN SAPESS Run .
FE 1 W f(z) e CF1Ha,b), 0 < a <1 H 7 REXT (3.34) BIREL Si(r) BIZF A, WX T
HE & T M E L Newton-Cotes AN Qrp (f), TEML s = (17) &b, 24 k NETH,

1Ern (s, )| < C[L+m(s)R2RE T 0 < a < 1; (3.38)

Mk ER,

(s, )] < C[1+m(s)hr=2lhF*e, 0<a <1, (3.30)
kn\o, X .
Clm(s) +[Inh[]A* 1, a=1,

Hrp
m(s) =max{(b—s)"" (s—a)"'}. (3.40)
TRAMUERTE RE WOCHR [22]. JLEEK, X & AU @ St F S 1A kR, X T XA ==
vk Ay S AR 2 USSR 45 2R I SCHR [47], 158 ) b S AR 20 AR MACSI SR L SR [46).

3.2.4 HMEE

FHAMBEVERINE Y S B ©4 )12 B BT S0 &8-S U 481 T 22 T (5 A0 22 e

B HMEE CA IR EIR BT 7T, b BN 41 /2 Richardson AMEVAA! Romberg AMET:, HiR%
T(h) — ag = a1h? + ash* + azh® +--- |

Hr 7(0) = ag, a; N5 h TRHIEEL. Richardson I PN FI IR E B A2 T, LR “h2-
S SCHR (48] BT R 1% 77 2 T AR 00 J7 Ry TR B SR A E2 X Tk AR 0 B M SRS,
HA LT TSR AR R L2

Mg R TEIE AN X B E R R E R I, WX [o,0) BB KR R =0 1)—
HHANa=a0g<m1 < <wpy1 <ap=0. X fr(z) N

Jole) = =L fap) + TE—=f(@)), @€ lejanl, 0<j<n-1. (3.41)
HE— b, S X
I:jfj(T) = (T;]-) (xj+1—;z:j)+:z:j, T E [71,1], (342)
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BT XN [, 2500) HBIBRLLXE] [—1,1). 4 f(x) H (3.41) 1 fo(z) BB AN

s) = Y Wi ' f(ac) x — S
Qun(f, )—7[@ = ;) i - (x_s)Qd En(s, f), (3.43)

Forb w;(s) AN Cotes R 2021 iR R EUE U

b b
gln( f) :ft; (wffxz)gdx) _%a (fo_(a;))gdx

_&
Fi(r) = (t = D(r+ D[(r +1)" = (r = 1)7], (3.44)
_;][_11 fifzdf, It <1,
Gii+1(t) = L Ey(r 3.45
0 —é/leZdT, t] > 1. (34

ARFTIE SN, QiR Fy(r) NEE—28 Legendre Z I, WA, ¢i01 Hi/EH 2 Legendre BREL. & X
1 .

—17[ Fi(7) dr, |t| <1,
1 \T —

2], 1)
Pii(t) = 1 (3.46)
L[ E@)
Lo
1 (V1 — k—i—2
qSik(t):—%/_l Ei )((k_f))! dr, k>i+l. (3.47)

EIE 2 2% f(x) € Clia,b], 1 > 2. XE SN (3.43) FIEMWBTE AR Q1,.(f,s), FAE—N5 h Fl s
TRIMIES C, UKS h TFRIEE a;(r), B

E1n(s Z > B ($)ay(7) + Ron(s), (3.48)

Htrs=2, +(1+7)h/2, H
IRn(s)] < C(y™H(7) + |In bR,

L 2 (KR MLOCHR [37), T2, BAHBIG 3RE Re T
Ein(s Z 2; FE (8)ai(r) + O 1), (3.49)

Horbai(r) A5 h ERKIREL, 7 NEF A s IO N R EAAAR. JET1ZR Z2 T 3K, FRATHE AR B Y
HMESE. BB AE B no 1E75
no(s —a)
b—a
e MNEEEL E G, K IXE [a, 0] SR ng DFIXTE], A28 Ly, HB KN hy =

mo =

b GRS T, TR
AR L, HPKA hy = L KIRE SRR, 52355 {1} (5 =1,2,...), Fod I0; & 10, o
FERR), BKA by HIAFBIIMERE, X T45E e (—1,1), & a7 4

T4+ 1

Tk, j=1.2,... (3.50)

$; =8+ 5
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il
T(hj) = Ipi-1,,,(f,85)- (3.51)
TRARIMEFEL DRI
(1) 5
T(]) T(hj)7 J = 17 , T
(2) it5&

X4 R B R ERAR RS 7, AP 55 RAEIL AT S s, IXFFRATAME AT IS B ESR RS, 1M
HIET] DAFS BAR R A J5 30 iR ZE A 1

15 J& L 2 AR 20 ik A R AR 0 8 SR AMESRE Z ISR [50], [X 1) _E il 2r 5 AR 7y 2 T3 7
73 1€ SLIIAMER 5892 WSCHR [51).

4 BUEEH

A P AMEZE AT S0 T X T F e 3 e AR 20 RAS: 36 A VS (A 1
Bl 1 BRE X (a] b E AR )

1, .4
541 9 4 s+1 3 1-s
—=dt=14 2 = 4s° log ——. 4.1
jg(x—s)z S+S+3+s(s—1)+ 58Ty (4.1)

WA A s =0.25,0.9. FEHU T F 5

Hrp 7 =0,£2, s; X (3.50).

FER 1 AN 2 ) 3RAT s 2 B A UL T S A A s = 0.25 A s = 0.9 [IAMIEE.
TEZE 3 A1 4 ) B SR AMBERSRIN 23 BIA by b2 A B3 XS BRATIEIR TRV & /E3K 5 A 6
Hr, BRATIAS B B J5 S8R 22 TSR A B, b2 R B3, HES TS0 B R 7, AT, A
WIR AR ALARIUEL R A ), T 2 RUL S A2 O(h).

F1 Hs=o0.25 B, IMERIRPITEBF R MIEIME

T=-2/3 h2-extra h3-extra
32 —4.427994656
64 —4.470949523 —4.513904391
128 —4.492714408 —4.514479293 —4.514670927
256 —4.503668423 —4.514622438 —4.514670154
512 —4.509163295 —4.514658166 —4.514670075
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ETM

®2 Hs=09 0, SMEREMHEBERRSIEME

T=-2/3 h2-extra h3-extra

100 —2.155840392e+1

200 —2.134963330e+1  —2.114086269e+1

400 —2.124676207e+1  —2.114389083e+1  —2.114490022e+1
800 —2.119569985e+1  —2.114463763e+1  —2.114488657e+1
1600 —2.117026146e+1  —2.114482307e+1  —2.114488488e+1

*3 Y s=0.25 0, SMEREMHEBERRIIRE

T=-2/3 h2-extra h3-extra

32 —8.667540960e—2

64 —4.372054216e—2  —7.656747194e—4

128  —2.195565741le—2  —1.907726621e—4  8.613570168e—7
256  —1.100164219e—2  —4.762696573e—5  8.826638886e—8
512 —5.506770788e—3  —1.189938672e—5  9.806290002e¢—9

T4 Hs=o09 0, IMEREMHEBSRRANIRE

T=-2/3 h2-extra h3-extra

100 4.135192716e—1

200  2.047486574e—1  —4.021956765e—3

400 1.018774233e—1  —9.938107202e—4  1.557129472e—5
800  5.081520627e—2  —2.470107994e—4  1.922507508e—6
1600 2.537681635e—2  —6.157357297e—5  2.388358382e—7

®5 Hs=0.25 0, SMERECOUTEBIHRAOHERIRE

JRRARTE h2- R iR 22 h3- JE KR 22

32

64 —4.295486744e—2

128 —2.176488475e—2  —1.916340191e—4

256  —1.095401522e—2  —4.771523212e—5  —1.104415183e—7
512 —5.494871401e—3  —1.190919300e—5 —1.120858555e—8

*e6 Hs=o09 M, IMERETEBSRRINERIRE

Je IR 7E h2- Ja g% h3- JaRiR %=

100

200 —2.087706142e—1

400 —1.028712341e—1  3.028146045e—3

800 —5.106221707e—2  7.467999207e—4  —1.364878721e—5
1600  —2.543838992e—2  1.854372264e—4 —1.683671670e—6
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5

®7 Hs=09 0, BAFI s; = s+ (1 + Dh; /2 EUHEBFRRIRE

T=-2/3 T=2/3 T7=0
100 4.135192716e—1 2.200095045e + 0 1.345661969¢ + 0
200 2.047486574e—1 1.055159313e 4+ 0 6.570399556e—1
400 1.018774233e—1 5.170413867e—1 3.247134719e—1
800 5.081520627e—2 2.559654336e—1 1.614220085e—1
1600 2.537681635e—2 1.273534599e—1 8.047938958e—2

RE
138 F 0 5 I BAT R 1) AR SEAC B A R, L) i N 3 T 5 DX 4 i)t P B A

SRPETIE L WD A A BHA T AU b, R R A e 2 SE IR A, IV e s B
Iz IRER RO SO VE Ja T SRR BRI, A JE BATREE J0F LU U5 T AR 7T AT

(1) XA AR 0 7 R AT BUE SR AR, 45 5 IS AR, W TR Z 00T
(2) X3 S e e f) AN = 4 ] B, A4 38 R BUE SRR TS s
(3) X 73 KB ik 73y R P H I 0 — 2 7 KBl Ar S AR 03, M A L B vk, AT B T A

FHABHE T

(4) 5L TREF3E F iy 22 5 AR 2.
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Numerical methods to compute hypersingular integral in
boundary element methods

LI Jin & YU DeHao

Abstract The computation of hypersingular integral is one of the important subjects in boundary element
methods especially in natural boundary element methods. Classical numerical methods such as Gauss methods,
Newton-Cotes methods cannot be used to approximate the hypersingular integral directly. In this paper, we
introduce the numerical methods such as Gauss methods, Newton-Cotes methods, S transformation methods and
extrapolation methods which are based on different definitions; then we mainly present the results of Newton-Cotes
methods and extrapolation methods which are used to compute the hypersingular integral.

Keywords natural boundary element methods, hypersingular integral, error functional, Newton-Cotes
methods
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