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1 IEC®HIC

AT, BEHMER B2 0 Z X REFEE RN T 2 BUEEICOWTER TS, QCR”
(n =2, 3) ZRIELOFHNREHMEAE LTHhEE L, SLKERRY Iy VHEEBETS. u
BEMNRT Pv, e(u), oxu(u) ZZNERNOTAT VYN, WHTYINVETE. ZDOLE, XD
SN DRVASE X P i

e(u) = %(Vu +Vul), o u(u) =2ue(u) + Mre(u)l, .

ZIZT, A\ p lE 7 XOHERETHD, tr 1XfTHID L — R, I, & n KENATHITH 5. ZEHE
A&, ROBEMEREAREXDKD Lo T 5:

pd2u =V¥oy ,(u)+Ff inQx(0,7T). (1)

O X 0/ot BEIKL, pe C(Q)FEE, T >0 3BRRHoRX, fe L2((0,T); L2(; R™)) &5
ZBNZEBE T2, BB pe L2(Q) ZGFMCOAKEFEL, X5

0<C <Az) <0, 0< O <px) <CP Ve

iz eorss. 2L, 0. (6 =1,2) BEAONLEERTH S, F7z, ML
R & OHE u(-,0)o = @y € H'(QRY), du(-,0)|o = B € H(QR), Bk OEEEN
ulpaxor) = g € C([0, T); HY?(89Q)) BEZ 5N TWE DL T 5. TRTORMBBAH AT
By, —EOEMERELEE, ENELEY TS 5.

wC O EREZBNEESHERY L, WHBN w e C((0, T); H (w; R™)) 23, RSB Tl <
Vu dbEBDTHEIALNTVWE TS, ZOL X, AR TIEIROBRBECHEEZELRT 5.

Z X RBEERE
PEB @ = ulux0,7), V& = VUul,xo,7) & D 7 AFPEREBIE A(x), p(x) ZREE K.

AZED HANZ, FHERMHREELHEICN L TRRSALTE (1] 2I0HT 2 28T, BE
LRE DD ERGE CTRIERTHERR T X FREIRIE RS N 5 2 BUEAHEDHFE T H 5.

2 FERMMMEKZEZICHLS XREEE

AWFZE TR 2 ERERAAIRE(I, SN2, FThbb Ll b2 LT oAl i
L LTWaZENBN. 2070, FEERIE LU NEBICET 2 2 L 2 RET 2 BESH
3. % TR B W TIREEIRNE, Lo Z2Icidrs < Lo 22 mgaIc DA $h 3 H2(Q)
RT3 2 L RGEL, HX(Q) NTRET 2L %2 3.

SRR LR L IR S N TRl T 5720, BEM S X REEREEAT 5.
br, b € CHR) 20 < da(y) <1, 0< du(y) <1, Wy € R Bl THME T 5. 0,C € HX(Q) %

AAIGSHEEER 2024 4E 2 H#HTRE (2024-09-14/16) Copyright (C) 2024 —i&HEHIEA A AIGH RS



HWT, BEAS XREEBERDE B ITERT 5.

M0) = () = o (0() + O, i(0) = (CP — CD)u((=)) + CPV

A XNFBER S MRRUE, N\, € H2(Q) TH Y, REBRCH 3 2 Mkt eilz 3. s
BB Z VT, TTORBIFEEMEZRD & B D ITEERANE ZHT 5.

BEES XA GRBEERZ

W%Kﬁ(ﬁ”ﬂ == ’U1|w><(0’T), VH - V’U/|w><(07T) ::1: b, 9, C S H2(Q) %ﬁlig“ﬂ_i

COMEZ, JTTORELEY, BT 2 EBZEEDSMIHIRISEERR S T v,
HEAYREZ R 720, ROPBEKZEAT 5.

~ T ~
J(0, ¢) = J(N0),Ti(C)) = / [ulX(6), ()] — 21 eyl

ulNB), i(O)] &, T AREBEEE D), 1(¢) BEABRILED (1) OETH 3. K J 0R/ME
BEISC &b, BWEARG, ¢ ZRAET 2. BMUBERZREE ST 2L LT, MEAREEH V3.
Z D7 DITHERIEEIBUL, ROEBDITKDZ LD TES.

0J dox 0 9 n) _ o)y dPu )9S

_ (2 (1) vJI
G = (@ - PO =R -0

8,7 <~ o~ r / — aj N 5 ’ ! u
a(/\, i), @ :/ (u'[p,0],2(u — @) g1 dt, a—(x\, ), :/ (u'[0,4],2(uw — @)) g dt.
0 12 0
ZZT, Up, ] BROFGTIEROETH 5.
pofu = V7o (u) = Vo, 4 (w0), 5(C)]) in 2 x (0, T).
77U (, 0)g = 0/ (. 0) g = 0, W|paxor) =0 CH3. KAOHHNEMIEIE, KORES
ot X DFEET 3.
9@_;,_1 =0, + Ggsg, CE+1 =(r+ Egsé (f =0,1,2,...... )

T 2T sp, s¢ FRRITM, ¢ > 0 FHYNTG R ONRROETH 2. FRAMAE, ROTEAZ
i v T1H5.

ap(sg, ©) = — <g§, g0>, Yo € H2(Q), ac(s¢, ¥) = — <gg, 1/1>, Y € HQ(Q)

ap(-, ), ac(, ), H? WHERBY LTED . cho WKtk 3 FRRAEML 2 L TH2
F o FCERFHEED, FHT2 L CHAZHEREZL, 24U D RAID S X FAEEE K
5. BUHEBRERICOWTIE, MHIRT.

BiEE  ARFZEIX JSPS RBHFEE 23K03236 OBIKE 23 7-d DTT.

BE R

1] RHEEE=, H1 BIAEE % o 75 8 75 12 X 0 (R B R E B 0 3 2 BUE R K FIE, 56
29 [AIFHE ToFafTHE SR S, F-01-04 (PDF) |, 2024.
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Q° C U= (=L/2,1)2) x R T Q= U\ OF T2 S 05 BAMESS 2, 87180 L ©
A7 FSHREIS IS T L. ABEA 0, Bk DA S 7 — il u™ .= exp(ik(xq cos O + xasinf)) & A
WL EOELEE v LEHL, 0L E, 2 u = u™ +u D Q~DOHIRE L TUT R
EFEDIEZRKET 5,

Vu(z) + ku(z) =0 z€Q (1)

q(z) :=Vu(z) n(z) =0 zel:=090° (2)

u(z + Ley) = u(z)e® zeTp:={x|x =—-L/2} (3)

gz + Ley) = —q(z)e? zeTy (4)

u*(z) — i:ax CEexp(ids - x) 29 — 400 (5)

T e = (1,008, B := kLcosf, n X Q° DN ZHEAIER, npw, = —[ (kL + 8)/27].

Nmax = — (kL — B)/27]. |-] 3KBI%TH 2, £, BWHICE T 28I (5) ZHER T 2 Firi o
IR dF 3BT h Y., ZOIRIE CE 13 ulr ZHOTU T X ) IckIns,
Cr—z L / (d - n(2))u() exp(—ikdE - z)dT (6)
2LdE, Jr
51T, ZRLF—EER T 1ZXATHiTE 2 (1),

1 Mmax

Y G +GmolPdy, (7)

N=Nmin

T=—
sin 6

Z 21T o 1 Kronecker DT VY TH %,
AWIZEDO HIE, 52 & I BB [f1, f2] I8 1T 2EBRDY

Lk
JfQ_fl/fl Tdf (8)

ZR/MET 2 X9 mANE 2RO 200 b XY —RELEBETL ZLICH B, 1FLDIC,
(8) ICHN By % M BERE T TRD 2 2 L IFHENTE RV LICEET S, L vwIHD
b, FAMEEO T Z VX —BEKR T 1ZVbw2 7 /< VIE LT, AEEOE» LB L TA
I dT 223D D, Lo THRZEYNICHET 22 LD L WdTHb, 22T, [1]
IZBEWT T DRAEBIEE % Padé T L TH & N GHS A2 ISR T 2 HEZREL .,
%%, Padé i BRUCB W THIELE & D5 CF % EORRABBM ZERAEHREE 74— — FE—F
DHBM D ZHAEDELZTFERIC L) EERICRD 2 2 L3 TES 2], ST, AEHOTEIZ, 20
EHICLTHHIiL 72 (8) D b A uy —EEM DrJ #RKD2 2 LichH b, T D PadéiERLE LT, 47
T R ENEN M, N ROZHEAZM 28852525, O, JI3ETSEECT OFE %
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M + N BERBEEMycL£ING, LEP>TJ O Ry -8l O Di=0,--- , M+ N R
JABE D b R P —EREE Dr(CH® ZHWTUTO L9 IcEHT 2,

Nmax M+N
DpJ=%| ) }: Dyp(CH)@ (9)

N=Nmin =0

BEFEARGE 2 T (9) 23T 5 L XXZ2/ 5,
DTJ::%[@VU-Va—k%mMM*Nq (10)

Z 2z, u xbEfEEETH H . UT OEFYERED R TH 5,

22T, at 3TTEREIND,

in 1, .
u'(z) = Z ST exp(—ikd,, - x) (16)
vl ! 0J (i=0,---,M+N) (17)

mo (M+ N> A(Cih)(M+N—i)
)

AMEOERERTH 5 (8) DI E 2 & b F 0 — B §5 5 a4 H R T,

BEE  AWFZ213 JSPS BHFEE 23K28103 oMK 232772 DT,
2E R

[1] Y. Honshuku and H. Isakari, BEM-based fast frequency sweep for acoustic scattering by
periodic slab, Journal of Computational Physics, Vol. 509 (2024), 113046.

[2] J. Qin, H. Isakari, T. Takahashi, and T. Matsumoto, A robust topology optimization
for enlarging working bandwidth of acoustic devices, nternational Journal for Numerical
Methods in Engineering, Vol. 122, No. 11 (2021), 2694-2711.
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1 #E

TEARERIBUITAR (BRSO 22 6 EBUENOX)IGZ 5 2 2 BB OEEETH D, BIK -

N R R Y — R b e ¥ O E ERERe E I B E 2 BUER T AW S 5, Il ZAXHEIN A R

BB T, Bt OG22 580 L CERI N2 RMA FRER0OBE5 e 5 2 B ES
Z. TOWNBEEE (B f/he T2 HIREHRT 2, MIREREEBIEZ 0 & 5 R bRE T 3
SIELEEREET 2B 72 5, R R EEE S 2 IR LRI 2 IR R A B
LTBRCZ L 0FEPHONTE D, £ 0 ZI0H UBEFREICBE L THEZ K ORI IS
XhTuws (1),

ARFFZEIE AR 7T 2 B 3 2 AR RIEOCBE L ARl & 1 2 B —E 3 B oy i L
THMD VDI e 2R T 5, BERANCIE, HRED TR ORI T 2 IIRINBIE D IZIRE
B EFEERGE L I 2 FIETHWTEHETZ 2 2 e 2R L. £5 00 2B (0BT X
3 #RB) OIERIMEICOWTHRT 5.

2 BRESAREN NGB

AT CF o 21 FHAEBE 2D Banach ZEfil % Ck ¥ Kid T %, v > 0 ZEHL LT OS5,
DEHE D ES U % Uag := {0 € C5_: p(t) > 7o for all t € R} TEHKRT %, 52607y € Ung
LT R? LoRFHEE Q, 2R TED 5.

00, = {(y(t) cost,y(t)sint)” : 0 < ¢ < 27} (1)

T 2T RO 2 fE Fredholm BB FFE D HIERICOWTEZ 5,

p(z) + . K(z,y)e(y)ds(y) = floa,(z) for all z € 09, (2)

T2, fiR? o RIGHEBRE, BOBK R2xR2 5 R S ELERE T2, ZOBERES A
FEBELUT X D RD [0,27] EOfED R iy 425,
27
b(t) + / K ((8),1(r) Y (b(r)dr = f((8) for all t € [0, 2n] 3)
(1) = p(a(t)) (4)
HACEIEL o € Cor % 5EfsE R

= " K((0), 4 () () () (5)

WESHIBIERZEZ A, : Cor — Cor £ 55, ZOMFAFE A, Za v X7 FTHD, ¥/ K OHEf
Ve B v s A € £(Car) 1& Fréchet MOTRETH 2 Z L 05923 [20 & 242, L£(Car) 1 Car B
LZNHENOERRIUEHZ2RKOESTH D, 1EHE VL %A 72 Banach ZEETH 5,
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TERZRTBI v DFFERE Uia DD LB DEEEZ X LT, BOTEX T+ K,))p=fory
PEEDy € X T—EVRTH2L T2, TOMR Y, € Cor ZHWTIEIRIEE j : X - R %
i(v) = J(v,¢y) TED S, 21T J: X X Oy — RIE Fréchet MO FIRELIBEBKTH 2, DL
. HIgHAED & ILBEEL 5 1% Fréchet A FIRETH 2 Z e 3D 5, IH TR, ZOWMARB ORI %

%{*%ﬁ&%ﬁﬁb\‘fglﬂj L\ if:%@IEE”’I\ﬁEL:OL‘VC%%‘g?éO
BE

(1] B E F5, KR LE, ARALHIAR, 2016.
[2] R. Kress, Linear Integral Equations, Springer, 2014.
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1 =
AHHTIE, IR & 5 BRI EROM (O 2 Tfif) 12OV THHRT 2.

{ Fl(.’I}l,.’EQ,"' 7xn):0

Fm(mlax27“' 7xn):0

(1)

TIT, FjEZ (B3 L S ZIHATHEY) KT, m >n 325, ZORMOEMENN T ko7
DiF, FHTHRE L ZEEDZ W, BWEDUER,

{ (z—21)*+(W—y)?+(z—2)* =7}
(

$_$m)2+(y_ym)2+(z_zm)2 :T?n

TH5. 22T, m>3TH%. (2) FBHR (25,95, 2) DOXNRY) (2,9, 2) ~NDOFEEEZ KD 5 BRI
BONBZRTH 2D, EALEZZOADZIEENEEZNTED, HRY (2,y, 2) LI L2 E
JETERV. AFEHETIE, 2O XS RBRRERDO ML EHANDBEITHARERIETEL DD Z
ZHNE T 5.

2 FEMEZR

EB&R 1 (1) 12BWT, UTOHREZ LREZLY LS.

(i) H2RTBNT, HiRHOBEEZITS.

i) (31X & (X))o (0Th) EdFteAAREEZETEDES. $7213, » 2O 0

TRWERZHNT 5.

(2)

(i) (¢ 3X) & (j ) oEARLeHIARLEZELEDE .

(1) D2 TOREHOWZEAEEFIC X > TEONFRE (1) OFFRERE L5
d 2 R (1) L Z2D¥FEMER (D) 12oWT, BURMKALT 5.
{Solutions to (1)} C {Solutions to (D)} (3)
AT, UTF2IRET 5.
RE 3 % (1) @@EFRSL, 0PRMESR e U THRELBREITVE R

a1171 + a12T2 + - + a1 Ty — sy =0
2121 + A22To + -+ - + Aoy — S92 =0

Ar =s & e (4)
k121 + ageTa + -+ Ay — S =0

MHEoh, ZORBITI A DRI n TH 5.

COREFFERL, BRRDDTH S, EIE, R (2) IZBVT, HILTRENGEY) (v, y, 2) ZBTIFEE
LTEBY, #@YITHO TR HEM m 2184UE, rankA=n 2725, .
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3 FEE
ARETE, EHEOICHEZRF IO, EEEARE T — 22OV MR OWTHE®S 5. 2
NETE, R (D) XOVWTHEam L TE D, SEREOFEICI D, ERIELN DI, XROEDR

Fl(xlal"Qv e 7$n) = €
(5)
Fm(xlaw% te 7$n) = €m
T, Z O EEEFEERE R,
a11r1 +aiexe + -+ a1pxTy, —S1 = €1,
Ap — 3 o ) 02171 + a22$'2. ++ AonTy — Sz = €2, (6)
ap1T1 + 22 + -+ + ATy — Sk = €k

£7%%. ZIT, FD ¢, 5 BFFAEDHEERTIFHITNES BB TH .

FE4 R (6) (R @) ) KBV TrankA =n 2 51F, R (1) OZ—ETH D, ZDiEURD
OEDlE, % (6) RN 2 FEfEr LTHONS.

COEMITED, RELREDHEIC X o T, ERIAFAATRER R (1) OO —EMD, AFAIHER
% (6) ORBUTHI DRER D HHRIT E, R (1) QLIRS BEKATRER Z LSV R 5. 2 DR

z=('AA)"'145 (7)

ELTHRLNZEIHONT VS [1]. 22T,88, =8 +¢ EF i 7L T2 mRTRY LT
H5. Fl, (1) OELTHN 175 (TAA) =1 A 131751 A D Moore-Penrose Wif74IH & 2 HH W\ 2
% [1].

AR O — i X EH 4 OFEFHICOWTIX [1] %, EH 4 OISHABCOWTIX [2, 3, 4] %, %
nehZRI 0.
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