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ATl Hata-Yamaguti[1l] THRHHA TV IHE. EHLFERZB LU
Lebesgue O REAB L AAMBRHAR TSI 32K, 2AF Y- LOFELT
WEISWTEERT %, '

2. EER
I1=[0,1] 02L& % n=70,1,... XU

I(n’j) = [jz-n;(j'l'l)z_n[’ j=0,..,2"-2,
I1(n,2"-1) = [@2n-1)27",1] ‘

&U. o-InkEOE MY 2
F) = o 1(n,§);j=0,..,2"<1), n=0,1,...
&9 %, Fh 1 LOBEKR, ¢ %

R(x) - licior(x) - 1, nr(x),
¢ (x) = 2x mod 1

EBLe B or (0<r<l ) XU, T LOWRYE ulr) T

rae(r)CT(n, i), n=20,1,...,
(l-r)g(r)(l(n,j)), j=0,1,..27-1,

"

p(r)C(nt1,2))
uCr)(T (ntl,2j+1)
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N2 UERLHRVUETHS. Fk

Llr,x) = 2 (r)([0,xD
. Vb3 Lebesgue DRERRBTH . Fi.

S(r,x) = f;ZR'/{H(.‘Zr-I)R}du(r)

SCryn,x) = S(r,¢"(x)), n =0,1,...,
SCryn,j,x) = SCryn,x)lica, n(x), n=0,1,..., j =0,1,..,2"-1

YU. 1 LOBSERBOLHEE (1) THT.

EW2.1 f€L(1) BRO &S C—BEREMEh 3.

, o 90
f(x) = fQO+(FD-FODL(r,x)+ 3 _Eoflz(r,f,n,J)S(r,n,J XD
= J:

2T ABEB—BNEOEKTHY.

Celr,fyn, i) = FO2G+D27 D -(L-r) (27 ") - rf((j+1)27 "),
n=0,l,..., j =0,1,..,2"-1.

FE O S/2,n,§,x)n,j & Schauder £ »m o, EDEEIE Schauder B
Ho—gitiei-TWw 3,

EH2.2 & x€l 20T

[ere)
f(x) = a + bL(r,x) + EOC(n)S(r,n,x)
n:

[oge]
BRHT 5. Eolc(n)l<°° THY. FEEHK K BFEEUVT
n= . |
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o0
fal + 1bl + 2 lc(n)IE KIfI

n=0 00
HE LOTEY. r=1/2 0% M- LOOHRTS 3.

THE2.1, TE2.2HMOEBRROEESENN S,  Zhid. MH-00
OERY. r£1/2 OBABELLI ERV STV 3,

EH2.3 I (c()),n=0,1,.., BEAdhREE. ERHERRK
f((2j+1)2‘"”)-(1-r)f(J2‘”)-rf((J+1)2‘“) = c(n),
n=20,1,..., j =0,1,..,2"-1
BH FCR(1) 2o ndOLE+HEHEY ;Z‘iolc(n)l<oo <% 3.

COEE. R URODELOIRERIN S,

FCx) = f<o>+<f(1>‘-f(o>)L<r,x>+%°0c(n>s<r,n,x)
n:

BB, BABEKYE Lebesgue OB EMBOBENY 3 M- LOOAR R —
BILT 3 RHI. RORSEERT 3, B

gCryn, ) = (I, iN
T(r,0,x) = L(r,x), kK =0,1,...,

o0 2n-1 ) )
T(r,k+l,x) = 20 ZOQ(r,n,J)U(r,k,n,J,x), k=0,1,...,
= J:

udr,0,x) = S(r,x),
UCr,k,x) = RCGOTCr, K, ¢ (x)), k = 1,2,...,
UCr,kyn,x) = UCr,k, @7 (X)), k = 0,1,..., n = 0,1,...,

i
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Ulr,k,n,j,x) = U(r,k,n,x)lun.j)_(x), ‘ » ,
k =0,1,00., n =0,1,.., j =0,..,2"-1

FI2.4 Lebesgue OHREEK L() & re(0,1) @2V T, @(I1)-ER
FEBTS 0. WM T2,

akL(r,x)/8rk = k! T(r,k,x), k = 0,1,...,

3. EHEOQLH

3.1 #fH
UTF§20E82dbb03, Fh. u(r) WHIZHHER E[ ] TET.
O<r<l, HE¥ £ xULT |

1,

Z(r, £,0)

-1
2(r, & ,n) ?10{1+2<s SPRe @ /(1+@r-DRo ¢ DY, n=1,2,...,
J:

EBL. RUIBBRFRE %

GE3.1.1 (i) (142Re ¢"/(1+(2r-1)Re ¢7),F (n+1)), n = 0,1,...,
W oal) CHTBILFISF—-LETH %,

Gi) (ZCr, E,n),F(N))s n=0,1,.00y W p(r) RBATAILFIUF -
TH %, :

(iii) 0<s<l @& &, (Z(r,s,n), F), n =0,1,..., & u(r) XHET 3
FEILVFIF—=LTHY. Z(r,s,mdu(r) & du(s) KHNFRT 3,

FTE Z(r,s,n)bii F(n) EWCHIBRU 2 u(s) 0)Jﬂ(r) WH 9 % Radom
MO TH3. Fhe INFIUH—-N Zr,E,0),FM)), n=0,1,..., &
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£ BEBOEERHRY LI-ERTS 5,

#wWE3.1.2 (i) §rgdulr)=0=Rslld

: <xg du(r)

f:8° prdu(r) = 2’"2;H(1){1+(2r-1)R° qﬁf(x)}f
Gi) h 8 F)-mll. E[g1F ()] =0 Balf
X ) X
fohg dur) = h(x)fog du(r)
BB (i) ¢ B u(r) RET3FRIERTEZ DB,

§igo¢mdu(r) =0 ERBY. n=1 OEARKRELREW &L,
x€ 1(1,0) D&%, '

X
f03°¢du(r) Framt o (I ulrdy)

rf:)(xg du(r)

x€1(,1) o&x.

fx_u.n)g" pdulr) + Si11.1r80 ¢du(r‘)

fx /d()
Og¢ur

rSigdulr) + (l-r)‘f;b(X)g dudr)

0
<1-.r>f§5 "8 du (o)

Gi) x€I(n, ) &Us 1(n,)) OERMOERE J &¥3¢&.
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X
fohg de(r) = fshg dulr) + feXlica, Hhg du(r)

§ ohE[gl F (n)1d u (r) + h(x)f;h(n,j)g du(r

h(x)f;g du(r)

3.2 Schauder 20—t (FE2.10H)

v 2 1 LOERRBRWETERBEHU u(J)0 2#HLTDDET 3,
ROoFRKEHLY I o285 J,j), j=0,..,k(n), n=0,1,..., %
A%,

() J(n, 3> @ = k(n) AT RTEHRERTS %
Gii) J(nt1,§),i=0,..,k(ntl), W& J (n,j),j=0,..,k(n), OSB3 Td 3,
Ciii) Tim max{ 1 J(n,jd1;j=0,..,k(n)} =0

n—> 00

EEIZ.
G(n) = aC J(n,§);j=0,..,k(n) ), n=0,1,...,

&H <,

HE3.2.1 U9(n) LOBHRMENE v »

Pim sup{l v (JOLER J €U, 9,30, ):) € J(n, i)} =0

n—>» o0

Ry & X,

.Mf\

n)
Y
=0

Z(n) = (J(n)j))lJ(n:i)/ﬂ(J (n:J>)yn =‘0’l’"°’b

€

EBFWE. ZWM),9M), n=0,1,..., % u RETAEILFIUHF~LTD 3,
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H. f;Z(n)du @ 1 ET—HLEENE f R, Thl
£(0) = 0, . ..
v (J(n,§)) = £<bdn, i)Y - faln,id), n=0,1,..., j = 0,..,k(n),

&ﬁt?‘ ZZC aln,j), b(n, i) @& J(n,j) OEHELT aln,ji<bln,j) &
T B '

B x€ T, DT I, EUs T R T, DN T (np,)) OEMOR
MET 5. x
f;z(nﬂl)du - f;z(n)du

= v (J)+ v{J(n+p, i) uCfo,xIN J(n+p,j))/u(J (ntp,j))
- v (I, Do, xIn I, iN/uddn,id)

b

If;Z(n+p)du - f;z(n)du I

s 3sup{lv (DXL Jeu 9,33, D) < J,idl.

- T f;Z(n)d_u @ 1 ET—BIRET 5.

BYOBHE. () DEHDS>FRLRYE 5.

HH3.2.2 FEOFEHEEK f NUT. o KEHIBIALFIHF -

(Z(n);?(n))’ n= 0’1,°'-, i)gﬁ?fb\ I;Z(n)dﬂ I LT“&C: .
F(x) - £C0) WINET 3. | |
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v (I, 5) = 1B, 0 - £Ca(n,)), 1= 001penes = 0peyk(nd,

2T aln, ), b(n, D & J(n,j) OwmAT aln,jd<bln,j) &3 3,

O v WARadE3.2.10%H4EHERTIS. RAFUr— (Z(n),9(n))

DEEVVZ B, Fhe < x€1 XUT

lim fZ(n)du =0

n—>00

ET B &

$oin, ) Z(ntp)d 1
lim §on, HpZCntpddu =0
p—>00 - :

Son,HZn)d u

Ed Z(n) =0 p-ace., n=0,1,.... Ho>Te —BHBLRI B,

EE3.2.3 JO,)) H2ERE. FRDB [0, & 5.
f€EE€(l) Ci&@&’)ll“.‘%ﬁﬁl@ﬁﬁ_%h%a

(3.2.1) f(x) = fC0) + (FC1)-FCONNL u,x)

k(n)
+ 2 2 C(ﬂ ,f n,J)S(M n’J,x>’
n=0 j=0

ZZTC ABE—HBNEROEKTHY.

L(M ,X) = U (EO,X]),
SCu,n,j,x)

X '
= fo{ll(n+1.2j)/ﬂ<-1 (n+1,2j))

= lica+t,2j+00 /70 CI(n+1,2541))3d i,
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| n=0,1,..., j=0,1,..,27-1.
cCu,f,n,j)
= f((2j+1)2°""1)
- {u (1 (n+1,2§+1))FCj27)
- (I (n41,2i)FCC+1)27") 3/ u (1 (n, ),
n=0,1,00., j =0,1,..,20-1.

Y #E3.2.205 f RESTEIAFIF =A% L0, F), &
BRMmEHMEL2 v 9%, Z0EE,

[ 2@du = [ v CD/uCDdR = EW-HOLC ),

[ (@2

2M-1 ,x
_20 fO{V(I (n+1,2))) ¢t 250/ 2 C1 (n+1,2)))
J:

+ v (T (nt, 2§41 ) i cnvr, 25+ 00 /0 CT (041, 25+1)) M w
= v (I, N, i/ uCIn,j)idu

n

2 <
'EOE{H( I(n+1,2j+1)) v (1 (n+1,2j)) 11 cnv1. 25

J

- w(I(n+1,2))) v (1 (n+l,2J+l})}/xt(I (n,j))]-
f;{lx(nn.ej)/ﬂ(l(n+1,2.i)) |

= licnst,zien /70 (I (n+l,2j+41))}d 1
2"-1
= 2 C(u ,f,ﬁ,J)S(u ,n,j,x)
J=0
hoao £ B.2.1) OBRERIHh 3, Th. —BEffL. #E3.2.20
~BHDSBBLTE 5o
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EH3.2.3WLBVT. u = u(r) ODEEYB. TH2.1TdH3, FKE,
cudr),f,n,§) = c(r,f,n,j)

THY. @Wi#Hl3.1.2&0
SCudr),n,j,x)

= f;{(lx tnet, 2 /) Qlicnsr,2i+ 7ZQ-rNIdu (r)/7u CI (0, )

f;éRo S /{1+2r-1Re d I u(rdlicn, jH{x)

n
I

%2/(1+(2r-1)R °o ¢ i(x))}

[,

SCryn,j,x), n=0,1,..., j =0,1,..,2"-1.

3.3 Sidon MOFERE (GEH2.20FEH)

wE3.3.1 & x€1 T

f(X) = OEO.C(n)S(r’n’x)
n=0

[o2e]

WINET 522 s W 20 lc(n)l < oo,
n=

SIEH a€ 1l 2XRODEDSRZED B,

cn) < 0 & ¢"@EIT,0UIL,3)
cn) 20 © ¢"@EITIDUIT(L,2)

CDE&E. o"(U-x) = 1-¢"(x) WEET 3 &.
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ctn){S(r,n,a)-(1+2r-1)R e ¢na))/2} > 0,
c(n){S(r,n,1-a)-(1+(2r-1)R ¢ n(1-a))/2} > 0, n = 0,1,...,

g
(3.3.1) c(m{S(r,n,a) + S(ron,1-a)} 2 c(n), n = 0,1,...
§50 & U

NCSD) = { n;1SCr,n,a)-(1+2r-1)Re @ "(a))/21<8 T hit
1SCr,n,1-a)-(1+Q2r-1)Re ¢ "(1-a))/21<8& }

&EBL L&
(3.3.2) c(n){s(r,n,a) + S(r,n,1-a)} & 28 Ic(ml + c(n), n €N(&)
iz, 8>0 B +HMEEBE
(3.3.3) i, j € N(8&), i#j 2alL i - j.123
TR /3% ¢ OEM2OEMATS BT ED 5.
(3.3.4) f(1/3) + £(2/3) = £ c(n{S(r,1/3) + S(r,2/3)}
W->T k3.3.1),(3.3.2),(3.3.4) &Y
f(a) + f(1-a) | .
= 28n€EN( alt):(n)l +{f(1/3)+f(2/3)}/7{S(r,1/3)+5(r,2/3)}
o

3.3.5 I
¢ ) n¢ y

(3.3.3) &9, ROKH (),(ii) BWRT LWL bE] REDZIEBTE
3.
(i) nEN(S) D& &,
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cn) < 0 & ¢"@)ET12,0UI(2,3)
cn) 2 0 © ¢na)€1(,1)UT12,2)

(1) 970,37 ETQOU TR = 472 METQDUIE, 25

&# Gi) &o. 174, 374 i {$"(b);n=0,1,...3, {¢ (1 b)n01 }
BRALBZIRLM B, +HRER 750 &amaa

1SCr,n,bY-(1+(2r-1DR o ¢ "(b))/21>7 ,
IS(r n, 1-b)- (1+(2r 1)Re ¢ "(1-b))/21>9, n = 0,1,

E«ﬁt‘ﬁ‘&:okf% %cg%# (i) 2HWT.
c(n){S(r,n,b) + SCryn,1-6)} 2 27 lc(n)! + c(n), n ENCS)

ETCE3, foT. (3.3.5) WHETHU. HAEES,

LOREDS. TE2.20ENVE B KK

E
2

{ W)In=0,1,... ;= 1d(n)I<co }

¥3<. E d—8 L AT Banach ZRTS V.
Wd{n)dn = => d@)+d(DL(r,x)+Z d(n+2)S(r, n, x)

TExXOh 3. ¢ »o ENOEREESEIL. TH2. lck”)ﬁﬁflf&@\ fn
H3.3. lckbéﬁic‘:f&%o # > T. Banach ODE.IEJQ Uiﬂ2 20)&#%
Wz %,

3. 4 - UO0ARO—{L (EE2.40EH)

3 .4.1 O0<r<l, D={ EEXE ;1&1<1,1&-1I<1 } & U
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FCry & 5n,x) = f;z(r,é ,mMdu(r), £€0, x€1, n=0,1,...,

EBLEE. RBHY IO,

(i) sup{‘ IF(ry, & ,n,x)1,x€ 1 }
S 1+ 1&-ri/{1-max(l & l,l&-ll)}, n=0,1,...,

Gi) & r, n XUT F(ry, $,n) @ D LOGCI)-ERFTERT. no>o &
VR EXIL&E—HRNET %,

E>Te BFF(r, &,/ 8 £%, k=1,2,0.., B D LT nooo YU E LS
—BRINET %, ’ A

g () #wE3.1.2»5

FCr, & ,n+i,x)

FCry & ,m,x) + f;Z(r,S y)2(E -r)Re @ /{1+(2r-1DRe ¢ "} u (r)

(g ) + 2700 (1428 DR 8500} -
ffngf)s Sr)RZ{1+(2r- 1R} 1 (r)

5

IIF(r,E,IFx)Ié L+ 1&-rl,
IFCr, & ,n4], ) IS IFCr, £,n,x)1 + 1 E-rimax(1E1,1€-11)

- T.
| [F(r, E,n,x)1= 1+ lvs-rl/{l-max(lsI,ls-ll)}

(ii) #&E3.1.2H06
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‘F(r,s yntl,x) - F(r, £ ,n,x)
n-1 o
= 2-"25){&(25-‘1)% ¢>J'(x)}f: %%(r,s s 1)-13dp(r)

IFCry & ,ntl,x) - F(ry &5n,x01
S max(1€1,1£-10002 + 1€ -r1/{1-max(1 £ 1,1 £ -1D}]

#iE3.4.2
DCr,k,n,x)

X k v i ‘
- s {2Ro ¢ /C14C2r-DRe ¢ D} u(r),
0§i1<i2<..<ik§nf0 (TR @ /(1+Qr-DR e ¢ A
k = 1’2,..., n= 0’1,0'0’

EBLEE. RBM YLD,

0,1,...,

i)y utir,k) IIDO s {1-max(r,1-r)} %, k

Gii) NT(r,k)-D(r,k,n) 1 = Const(k)n*max(r,1-r)", k = 1,2,...
(o,

G () WEBWRE %, #&#3.1.22HLVTHET &,

ITCr,1,x)-0C(r,1,n,x)I1= max(r,1-r)"*1/{l-max(r,1-r)},
IT(r,k+l,X)'D(r,k+l,n,X)|

o i
sl = 2'j:

1 N .
, IM{14(2r-1)R > ¢ ' (xDIU(r,k, j,x)1
J=ntl 0

) |
: l§f02‘5:[%{1+(2r-1)R° ' CORe ¢ (x) »

{T(r‘,k,¢"”(x))-D(r,k,n-j'l, ¢j+1(x))l
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s max(r,l-r)"*‘lIT(r,k)Il /{1-max(r,1-r)}
o0
+ 2? maxd(r,1-r)i Il T(r,k)-D(r,k,n-j-1) 1l
J=0 _ 00
o, (ii) 2183,

SE3.1.1-BE3.4.140.

dxL(r,x)/3rk = lim k! D(r,k,n,x)

n—>0oo

Eho, BE3.4.2h0FH2.4%183,

2% YR o |
[1] M.Hata and M,Yamaguti,The Takagi function and its generalization.
Japan J.Appl.Math.,1(1984),183-199. '
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