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Hammerstein F B8 X OB WM M L 2 > v T

#EETINKRY HATE ( Chisato Suzuki )

§1.13 L ®» I

KEHTIE, B HFERN0ERE 2 SERMEMNE
i u”(z)=Ff(z, u(z))

(1. 1)
|\ u(-1)=qa, u(l)=24

ERHHEREEEE L TEL Hammerstein R
(1. 2) u(z) = f_l K(z, s)f(s, u(s))ds + h(z), zcI=[-1, 1]

DROEUEE (BERKEEWIEUTC) HENIKEE T 3D 0HEFERF LES L
5. 5B, CORAFLBIEH

(i) K(z, s) 3 IXI LowEoHhKEEE

(i) f(z, y) 13 IXR LowEosHrBEE

(ii) hi(z) 3 ILO®ES MR
2Rtk &9 %5 Hammerstein FRERICH L CHAETH 3.

§2. ¥ fj
Hammerstein 58 (1. 2) ORBRIHN T A2EUBOFE®R L PEREL EICET 28
REBZEEIIV—BUBEREOTHEITbhTWV3. EB
(A1) K(z,s)i3 IXI ( I=[-1, 1] ) E® Riemannwu]# 4 BEE
(42) f(z, 2) ¥ IXR' ECEBEINL (—&IC 2B L CIERIE ) ERBETHO
XE#id : I LOEED Riemannu] 4 HE u(z), vlz) LT, @Y
I toEEAREE 9(z) PEELT
| f(z, u(z))—f(x, v(z)) | <g(z) | u(z)—v(x)| ( z€I)
AL L,
(A3) h(z)ix I L Riemanmmu] B4 BEETH 3,
EDREDT D Hammerstein FEAOWMELH 5. Kfficld¥mE LT, UToD
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ERCBVTHELRB IR OPOERNBERE LRI 1) »55[HT 5.
¥ LEORE (A1) ~ (43) OF T Riemann W[EHBEBA S8 22 R(I) LD
E&T % ‘

(2.1) T(u)(zx) :f_ K(z, s)f(s, u(s))ds + h(zx), ucR(I)

LEET B, FD L X, Hamerstein FERX (1.2) 3 T OfHHEMHE
(2.2) u=T(u) 4in R(I)
LEMIcks. COMEOR (?’t&b%K@J;ﬁ) DOEPICH LT, 2XEDIENRX
hTws,
(1° ) Riemann Tﬁﬁ}ﬁaﬁ'mﬁﬁ R(I) FoBH T O TH 5358
(2.3) re (u)(z)=® . (n.u)lz) +h(z), for ucR(I), nzx1
LT, ZOREBE u(x) (n22) NEET S EX, #YEBHH { ualz) } A
HoT, DEINKIAULT B,
@) u,(z)i3 Hammerstein FBRRZHREH M M- IHE v (x) T L: PURT 5.
(GERHR @ 1) OoFE® 2, EHISE)
b) un* =T7( u, )(:c)zi Hammerstein B A B 2 Cl - TR uw*(z) w—8HT
5. (FEFA IR 1) o 45 8)
=L, o
O, :n RENT7 bV wEREZHHET IEHAET, I OBRIPOHOAUEZE
KL, 2XDEIRCEBINATVLS X7 MV w=(Ur1,00., U,)ER"
LT

O, (w)(®) =3 wigai(a)f(z,, )
ZCT

g (z) = 2_ (

| ) K(z,. =)
1 i=1, i%»p (z, —

n (x_x,,)
z; )

7. B wz) (€I ) O n RIENT PNVEBNOHE ;
7aulz)=(u(zs),ee., u(z,))™ =uER" (z,ell, )

I, : BAELWEY, n K Legendre ZLIHRA p.(z) ® n HOEFuLDES ;
O, = { T1, T2y eees T, }

(2°) BRIUCHSAHAEEOLPOBETIEMFR T O n RTaL—7Y v R
2R R LOEMTH 3 E5H | |

(224) T (ut)=zm.( Q. (ur)+h ), (ur=(u,..., u,,)‘ER“ )
5 Kz, @)u,f( o, ) +h(z,)

DERBEESHDIETH B, (XEk1) OEHE1SR)
fo2L, {w, } 30, EicEBERKE%SH > Legendre-Gauss PHEHBE S AXDOEHFEE
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5. -
w, =2( 1— z,%)/[ n*p,_s(z,)? ]
FLT S
DT, T %ZhZh T OFSETUEHE, BEEHUERE VLS.
@ T, OAREEE T ORB A (XizHammersteinFBR) OBESEELBE LS.
® T, OFRH L% T OFRB L (RidHammersteinFER) OMECELBEE V5.
bHAALROERE, ZMAERID NS I FTEE 2 EEMBZEM C(I) w&HEL
LT, FEROME K(zx,s), f(z,y), h(z) %8 1 THERLESZE (i) ~ (i) I©
BXBACHERTS. ‘ |
(8 ) ERLE (1°) L (2°) A5, DEDZLEEERTEILNTELS.
TE9 (2° ) K&koT, T (n21) ORBEOBEETHIREIANIE
(1°) OFHBACHRFELLFR [ u(z) (n21) oFE BEETH
By, QRUOOWEIIREELIRS, Lkd>TT, Hammerstein KR
DEEROFENRILE TN B I LiIciE 3, |
ChiCD2V TR, BITEHOI S RICH L TXR2) THRENTIO TV 5.
UFLORELIEEORRO b LIC, DS HTREMBORBE L BEOFMHEFT
.

§3. MUMROKZEZ D FF M
CCCREKEMUR u.(z) OBRELRFMS 2. BERBH v(z) LT

1
(3.1) r.(v) = v(z) — f_l K(z, s)f(s, v(s))ds + h(z)

KE->TEET S. LEOEE/LDI-DIZ,

Ulz)= u,(x), U;= Ulz;}, fi=Ff(z; U;) _
EBL. SIS K(z,s) LBE flz, Ulz)) o4 3 A, LD Lagrange
MoBREZZTOTH

R.(K)(z,s) = K(z,s) — K,(z, s)
R (F(U))(z)= f(z, U(x)) — F, (U)(x)

_ . . (z — x, ) » (s — z,)
K. (@, S)—i—_—l ,-Z=z p=11,1n%a (z, — z, ) ) [q=1r.lq%j (z; — z, ) JRIENEN
B n n (x e .'L',, )
@@= [ 0 e ) fz, U(z,))

Chick &2 r.(u,) &
r.(U)(z)= A, (z) + B, (z) + C.(x)
LELIENTXB, ZIT

(3.2)  4(z) =— K.(3z, 5) R,(F(U))(s)ds



18

1
(3.3) B.(z) =— f_an(K)(»s) F.(U)(s)ds

1
(3.4) C.(x) ?—f_an(F(U))(s)R..(K)(x, s)ds

LT, ra(u,) OFMII

(3.5) I r(@) < All+ 11 Bolb+ 11 Call

wEoll A ll, Il Bll, Il C.ll #@AicgFEmIhiE+ocdbs. z£0 || - 11
2FI)NLEEN%T S, hbidSchwarz AERX VW CHBRICHEMTE, T%‘E’&%
5.

(3.6) I Boll V2 [IR(E) LN F(U) | o

{HAH§2HRJWWHHMHw
| Coll 1l Ru(F(U)) | || Ro(K) ||

X510, | R(F@) | & IR(K) || OFFIzoWTH, > XOREERH 5.

WE1 K(z,s), f(z,2), hiz) B+H5ESHhTHhIE, || R(FU)) | & I R.(K) ||
X LT EHBRILT 3.

(i) V2 || Ru(F(UI) || €2, 00 (I DKl o+ 1l Il DKl o)
(i) IR (K| SM I F ™ (U) ]

fz#2L, D,"=08"/82*s D.,"=0"/8s"ThHbh, Z£L T

2" n! ‘ [ 2 )1/2

Mo ==+ 4= = lgpy7

l
(REFAR XD OFHES 25 R)
A%ER (86) LEoWEEZAVT, K (35) »oBRAUBICNT H5RED
FHELT, DEEH/S.

(8.7) Nl za(U) |l <2M, {I|F™AU) || o I K|
| Fa Ul DBl oo + 11 DKl o) NI FOUD || o }

P, BMBEALURE v~ ORZODOFMIIN (3.1) »offRICFMIZENTE
5. §kbb, (381) AKXBWT,  2A, TBIT3RBS ¢, Wb, ZLTH
SIHIZ DWW T Legendre-Gauss DA ARZEZHEHA T A3 ¢ IC&-T, D EN
Bohs. ‘

r.(UNzx;)=— d,D**(K(z, n J)F(UMN7n:), (ln:il<1)

T
_ 22n+1(n!)4
(3.8) 4 =anx1)(2nt )
chh o, BEELURICHTIBREOHEME LT
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(3.9) | v (UNz,) | £ d,ID2"(K(z;, « )F(U)] o
»ESHhB.

8§83 EUMEOREFM
CCTRAEAREUR u.(z) OBRZOFMERAH L, u.(z) O#fE

(4.1) e.(z) = u,(z)—ul(x)

OBRRAOFMEEZ S, 1L wz) 3 T OLBHSFEXOMELRBRTDHS.
R u.(z) LT, DXEOEEINKRIULT 3.

EHL wz)ZdHF (1) ~ (1) OTFTTCOLRHSMHE u="(u) (in C(I) ) ORE
U, u,(z) 38 2 CHRXEA, LTEES (wz) ©) AL T 3. x5
G(X,S5) =K(z, s)D,f(x, 2) | .-y (o>
PROBLTIREBS,FTEAR 1 OEFHEERILBEVWSD LT B, L, vis)id
flz, u,(s))— flz, u(s)) =)D, f(z, 2) | -y (s» (U, (8)—u(s))
AWl dTEIBEE sEI T u,(s) & uls) OBMOBEEWM3ESRBMETH 3. Z0
L&, LM u.(x) OB e (z) Il T
I e. < CI+HRID) I ralu,) |l
PERIALT B. 120, IR D R(z,8) BOoXDVL IRy VFBRZ2WMI-TLE9K
BTH5.

; : ’
(4. 2) R(z, s) ~fl G(z, t)R(t, s)dt = G(x, s)

(4. 3) R(z, s} - § R(z, t)G(t, s)dt = G(z, s).

[GERAY 32 (4.1) BEE r.(u,)(z) & u=T(u) 2T
e.(z) = r(u,)(z)+T(u,)(z)—T(u)(x)
LEFFS. CORXDELOE2HLEIFLEHOFHEAVTERETHE
(4.4) e.(r) = r (u,)(z)— {iG(a:, s)e,(s)ds
rEoND. EREFARERIAITLE, FFARHER

(4.5) (I-6) e, = r.(u,) (I BEEEHR)

LB, REKE-T Gz, SIODLINARY M Rz, S)THBEhb, fEAE
(I-G) OF L'"HNEELT, 2XHRIT 3. EEOHEGEE viz) LT

. ; ,
(4. 6) L 'v(z)=v(z)+ J“_IG(:c, s)v(s)ds
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Lo
(4.7) e.,= L' r(u,)
AL hs. 2oXEbEic, |l e, | Z2FMITOE
|l en 11 LU Palu,) |l
EiB. e, || I 1k (46) KXo, SchwarzREXEFH VLT
I Z='o | £ CI4+1IRI) o]l
LFEMmTEB. O
COERIMSHEGOUROBERABZORECKMI AL SHB. I HICH
EhHho, BREODBAENPERD I R(F(U)) || & || RAK) || OBERMICHHAT A END
BERRAER flz, u(z)) & Kz, sS)IO{ 2 OHWMBBED 2R ) VLAORBERICHHT
B5ENDMB.
MEADBOBERFIE (47) XA oMBICFMT s LTSS, K

l en(xi) I é “ L_l “OOX Sup l rn(un)(x}’) I ( n:1323")

1<p<n

#B5. ZZC, | KNl B2EDXSCFEMmIh 3.
1
(4.8) 1L llou< [ 1+2 sup § R(z, s)?ds J
ze1 _

BB, BMEBCGELUROBECHTAFEM (3. 9) XEHVWT, £ n2l1 tdLT
(4- 9) I en(xi) I g Bn
=7 L

B,= d, |l 7' |l o X sup ||D,**(K(z;, - )F(U)|
®’1<p<n *

LM TE B, , '
EHORDLDICEL T, BMBEUES T'.(w)OALHSMEE Newton IETHR S
&0 Newton REONEHFEICODVWTIAAY MA2BRXS. BEEUE v N (4.9)
RTEMINBELIBEBEZLODEL S, BMEBELEUE&OAHSHE
Trln(un): ur
PEOBREERICBIZLI VIS, S. $8bLE, COFBERIXT 5 Newton X1
THOhZEUEN B, BEORZRSITHIE, REEZEBILELTHIRVWEEZLI SO
3. 22T Newton REN2KPEDOBICA->BET, ZOBEEN B, THX X
chhif, WRLAERBMI I ENTES.
DXDOHTRRIBEHEXF LTI B, 220X0E3KCLTEDTV S,
sup || D2 (K(z, « )F(U)|| = a(2n?) (a 3EHIEED
I<p<n
LT, (49) XA
B, ~|l I™' ||l a d.(2n!) = C; (Zn+1)§g;§)z
¥, Kz, s) Lflz, z2) WETEERET 5E D.2"(K(z,, « JF(U)IIIERICFEM%
FMI s LR TES (XW2) 228 .
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§5ﬁﬁ#§x#A
gﬁﬁAAnz(n>2)L@§ﬁﬁMﬁWh1M)#%k%bﬂf“%tﬁ%bf
CORUBHLLOXD (At DB 1DFFREOKOBVWRBEDESA, LOD)
HEE TR 1.(z) 2HET3LDORFLAROVCHRRS. FOHT n=1 & 2 O
u,(z) 2KDZFIMEIcOVWTHRXRSE. COFHIWHFRE LESR.

Stepl. HEXVERZZ.2HOVT u,1(z)% RREBICHEL, 206% urtd 3% :
(5.1) Ut =g ,U,-1 ()
O u A, FOBBEMURE v THTETHFELS.

Step2. OEFWTHTF u FHREMEELT, FAHAHERX

ur — Td_(ur) =
% Newton (i TR .  Newton RER/EIT, Vo= "u, LT
(5.2) Vier = Ve + 68« (k=0, 1, 2, .u..)
TERINB. 2T
(5.3) Sy =— I VNV, — T (V) )

J(V,) = I—K,W,F. (V)
=L,

K, = (Ki;) , Ki;= Klz;, x;)

W, = diag (Wi, W2y eeey W,) :
[af(l‘;, v:) of(z, v,) ]T

0V st 0V,

Vi= (Ui, V2, sae, ) T

COREONERHEIBERS HXFT XA —%

22 n+1 (Tl.')‘

F, (V) =

(5.4) N, = Ci y (€ >0)
(2n+1)(2n!)*

ko THXZONBNBEIL-TIFS. Thbb, KER

(5.5) N6 N2ma Il Vi Il

PEDELEEIETSZ. ChEREELEAIEVL S,

Step3. ﬁiﬂ#ﬁ@&%,u~vﬂztb HHOAALERO, 2HVWTA., L&

Bl u.(x) 2183 ;
(5.6) _ u,(x) =0,(u")+h(z)

Stepd. OXWREHEETI. TIT, RBHUEELRIHKS A0 LOFEBUBEFIC
BRTA2LENSZ200ENEEURECBEMIOHETEZETHS. HEDOHE
BPHT u & wOHRBRICL-TITI. T4bb, o0 LHREIOLERREE
e>0 kXL T

(5.7) I "ur — wr oS Co Vel un floo (C: >0)
DRALTBEE, u BHEOREEZHTHLEAMT. ChE2RHHAEMEVS.
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Step5. XPHEAMPHI-hhiT, BRI LEHUR u*(z) %
(5. 8) u*{(z) = T(u,)(z)
K-> THIBRL, b n=ntl LB%, Stepl KR 3,

IHFHRE :
ERUEFERFLEZERT 3D, BRILIBEL L —DRAENUBIEA T
BUHOAEBSRBW. CORPVOEURERDZFREZEZAMAEUFREEZ LV S. BK
BIICE, N n CBU2BBEUEROAHSHFEREEL B HFETRITIET LW,
BiziE, n=1¢%¢ 2 OMBEEUBEROAHEHFERZ>EcE521 o603,

n =1 : = > w1 —2Ks of(0, u;) —h(0)=0

{wl_ Kp, p.f(p_, ul)_ Kp, —pf(—p, uZ) - h(p) :0

I
I

n =2 - >

w:— K_,, f(p, us)— K_,, _,f(-p, u2) — h(-p)=0

=L, K. .=K(z, s), p=1/V 3.

25w TO4THOVERBHMESFEOEM B WTHELERE52 3. sTHEK
ERRE u ! hofEr. KXo THRENS v ORBEURSCTH v ! OKED
A= VIENTHE. —F u ORERELTH v ' LABREOKESbo. Lk
NoT, T,EA, OEETO u(z,) OBERIFIET S v° ORFOBEEDF
—THRERTHS. WAL u HhHAT u» BEMERMES.
FRUAFEFESAJO—F v —bELTH 1 ICRXN 3.

§6. % & Al

A TRECARAEHMEFERFLICLETE, o0 D HammersteinF X %
(¢T3, RFLOBHICBLTRBRAFLOE C1, C: B Fhdl Ll
(B 1] TEOFERIR mamo®Hm X cRbhi-BETH 5.

! 3
u(z)=- I, [ 3+(S~x)+—g(x+1)(s+1)] (5u(s) +5z+8)

375
COHFBRROXIE—DRTHS.

T 11
u(x)——T - T .

AZF¥FLDOBRHICHI>oTR n=2 TBVLWTHHFEHEX LMY, Newtonpk THIE L
fo. BRI, >DXOBEIE SO
. [—1.340]

-0.784
ZAFLOBRAICELTRE, BXBEERET S35 24— (&) lde=1.06-15 & L
fo. RITHEROVTR (n=5 DEERYPHENLELLE D) THORKRIOBZHED
Th5. 3% NewtonREEEIE 2~5FTODE n KHLTIXRTIELYTH > /-,
n=>5 ORAMNBELRLUR s ()T EBEO ) VLI 2.226-16 TH D
BREXREE (1.08-15 ) 2L TV 3.

ds
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AT e &

n=1 - w; — 2K, af(O,.u;) —h(0)=0
ERrdre
wr — K, pf(p: U )~ Kp.-—pf(_p: uz) — h(P) =0
2

n=
wz— K_, pf(p.o u ) — K, —nf(_p: Uuz) — h(—p)':o
DWThh%EEL
__________________________________________________________________ Stepl ~Steps LBY HN—F
REEMN—F >

[ w=r.u() ] FHFOHE
RBAHBR w— I, (1) =00 Rk

NewtontE O H, S AR E

ul’l

NewtonZ )\ — F

@Eﬁ@*ﬁ&7/7T“F :
Sa=— JVI( V=18, (V,) ) : !
Viei= Vi+ 0« : :

NewtoniH O WHHE |
ENETNIAN |

Yes

- [n=nti1 | B L R

[ k= k1]

[(u.(z)= 0, (u) th(z) | HEELR

T w—ur oS Cov &l || o RHEHE

Yes

Cw*(z)=T(u)(z) | Bkt Eiui

M1. BEABERFLOT7o—F v —}
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% 1 ® HammersteinFERicdtd 3 @AEE

= A RE Lo MR E
z; =-0.906179845938664 -0.646910077030668 6.939D-17
T, =-0.538469310105683 -0.830765344947159 ~1.110D-16
z;= 0.000000000000000 -1.100000000000000 0.000D+00
Ti= 0.538469310105683 —-1.369234655052840 0.000D+00
s = 0.906179845938664 -1.5563089922969330 -2.220D-16

[ Bt 2) T3 HochstadtDEEY cu L\'c# L CB¥FXh T3 Hammerstein

HERTH 3.
u(z)=f Isin [ (z+1)

-1

COFERIZ 2O u.(z), u(z) 2o :

(x+1)
(%5~ )

n ) u(s)*ds

u(z) =

u,(x) = 0
z&x%wwﬁmubto'cm n=2 k%mﬂﬂ)ﬁﬂ%ﬁ%%mb, Newtoni: CLE L

=« HEMIZ, DXOBIESN .
2 +0.811 . _ (0.00
" = [+0.811} > = [o.oo]
Z2FLOFHICEL TR, BEREELZEET ST A—% (&) de= 1.06-8 L L
P AN LTALZDENERODVTHR, (n=7 OLERBHUELELE
D) TRORICRINZBEDTHS. 3%, Newton REMOPFIE n=2 0L ¥ 1,
n=3 & x2[@, 4~7 ¥TOK N TRIXRTC2MEEITH-7. n=7 OREKRY
BEBILR vt (2) CHT 2BEDO—8/ IV LIL 8.38E-16 Thbh, MOEXRKEE
( 1.0E-8 ) 2@ L TW3. u,’ 2¢HELI I BAREbBYuRsEH 5.

#l 2 © HammersteinFEFIZx 9 5 # A #R

= A =8 Lo M FRZE

=-0.949107912342759 0.798559858869677D-02 6.641D-10
xz=:—0 741531185599394 0.394939375022787D-00 3.285D-09
T3 =-0.405845151377397 0.803586188234196D-00 6.683D-09
zs= 0.000000000000000 0.999999991683422D-00 8.316D-09
Ts= 0.405845151377397 0.803586188234196D-00 6.683D-09
Ts= 0.741531185599394 0.394939375022787D-00 3.285D-09
;= 0.948107312342759 0.798659858869677D-02 6.641D-10

[BEB 3] FEoFBERE Shimesaki-Kiyono DR cRbO-METH 3.
u(x)= J‘Isin

x(s+1)

(-

4

4—z

)u(s)zds, +
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COFBEREI2O0M ulx), u(z) 2o ERAohTw3. LhL, BER
PEZERASBVOT, HEROBZORHICBLTREKED (=7 ) HER
EOBEREL .

xx*A@ﬁ%hﬁtaTmn 2L%mt@ﬁ%ﬁ§%mb,MWM&fﬂﬂL

%%%k,ﬂémﬁ#%bht

u,? :[ 3.41 ], u,? :[ 0.499)
-2.41 0.501
Z2FX¥LOBRICELTIRE, BRKEELHRETS/37A—F (&) lde= 1.0E-8 &L
fo. u? 2UBBAL T LZORITERODVTCHE, (n=5 ODLERPHUENELL
D) TROEDaRINZBEDTHS. iH NewtonREREIPI 2~5 FTOH n
TRINXTIEEYTH-7. n=5 ORMRMBTELEIUR u*'s(z) WHTI2RED
—Fk ) VLl 5.284E-8 THD, BLEKKE ( 1.0E-8 ) 2L T 3.

P RUBEETAEARLD n=5 DLEXRBHUENELELY, THEOEDDIIR
Xha@#bhiciEs, LHL, ZEHSdSh3KH n=5 ORBEHLEEREIUBRDOR
Z (—8) JIVAIL 6.096E-12L 15, BERBEELEKEINRT ES. ChiigEE
Mo XE2EB%T 5. CORRNRIRBHECHENDSZELEBZ o503, 55 Newton J¥
EEEE 2~5 FTOH nCRIXNTIEETTH- .

Bl 2 ® Hammerstein FEN X T 5HAKR

Z A BMoXE | RR EOEL M RE
T; =-0.906179845938664 -4.10068880587440 -3.5635D-09
T:=-0.538469310105683 -2.27935749143068 2.889D-07
r;= 0.0000000000600000 % a 0.50000000000000 0.000D+00
Ts= 0.538469310105683 | 3.27935749143068 —-2.889D-07
Ts = 0.906179845938664 5.10068880587440 3.5635D-09
x; =-0.906179845938664 0.5021953556827321 —4.118D-12
T:=-0.538469310105683 0.500569848593646 -4.022D-13
xs= 0.000000000000000 &b 0.500000000000000 0.000D+00
T,= 0.538469310105683 0.499430151406353 - 4.022D-13
Ts = 0.906179845938664 0.497804644172679 4.118D-12
Z % X W
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