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1 [FLCE®HIZ

LP 72 <> Lorentz ZEfE] LP9 73 & OBELZERI DS & A Ze M FHBOHEE S MHIMEE %2 © D)
EIRARDZ L, BEMITESEMTFICB T 2 EELRMERECHD. £, TOME
%, 77—V @M, FESERR, min mR, mHEZEMm, MR, SIEmimRg Sk e
SEIOSHENTWS., 2B OBEZEM D% < 1X Lebesgue f8r 2 AW TER SN TE
0, BIEOIENE L FES OBENER A BT ) A CEERERHZRZL TV,

IR, ERERMOMEBEAORENER TS RWEREOMALZ B E LT, FEMERHEIE
L IEMIERE S OFFFENER STV 5. FEIMERVRIEL, ED o-IEMEE X0 55 BFR
HINMEICE S MR -EGRETHY, ZOBEMETH LIRS & &b, HFIH
HEm, WREHR, LR, TEERFEROL L TOHEREFEFREDSFIZEZ DS
M%&Ho[4,5,6,15,19]. iz, FEMMERRIE & IEHIAE T & B CIER 0O B ZE
FEBRL, TOMEZRADLZ L, HFENERICE EELT, BEREMR oS A
ERERIZINT D LN TEHETEETHD.

Z /g T, Choquet 745 Shilkret &4y % i T Lorentz 22[#<°59 Lorentz 22 %
BERL, TOEMME L ERREMITATRIEIC O W TH O R AR T 5.

2 JEMNERRVEIE & IEEMIRS

UTFTE, (X, A) ElZEM e+ 2. £72, NIZEREEE, R=(—o00,00) TEHL
&, R:= [—o0,00] IL@H O ENEFHEE & N IEEZ b OIMRERIK L L, Boiwm%s EHE
T DBRIAEFIZ2 AT (£00) - 0=0" (£o0) =0 BIRET D. £72, inf =00 LHMTS.

FERES a,b € RIZx LT, max{a,b} % a Vb T, min{a,b} # aAb TEL, B
f,g: X > ROLBES fvyg, FHREHK fAgkh, e XITRLT

(fVvo)(@) = flx)Vy(x), (fAg)r):=[f(z)Ag(z)

TEDD. X ECERINS ATHAREE f: X o RO2kE F(X) TEL, FHX) =
{feEF(X): f>0} £B<. £8 ADEHRBME 4, WEESE A= X\ATET. £
=, X OWMBESOEEE 25X THRT.



EE 1 £658% u: A— (0,00 1IFKD 2 DDO5AMH:

(i) u@) =0 (FHERHE)

(i) AC B76iE u(A) < w(B) (k)
-9 & FIEMERMBRIE &, Z2oekE M(X) TR

FENNERTR B2 1308 5 D N % B S i WA FEEBEETHY, HFRE, 77
CAHE, BEEWOZIELDA.

WITHBI T 5 A I IR MER R E R OISR C L <FA S, EhbiESE
B f OIEIMERIRIE 1 2B 5BV 2R

Gu(f) =p({f>t}), teR
ERNCERSLTNADT, B LTHRREEILES & LiThs,
% 2 (1 f) € M(X) x FHX) 245,

ﬂ)Cmmmm%ﬁBJ&:Cmmfy:/wMUb%Dﬁ

7272 L, FHiDDOFES1E Lebesgue f845 F 7213 /5% Riemann 85 CTh 5.
(2) Shilkret #&% [20, 25]: Sh(u, f) := sup t-u({f >1t})

te[0,00)

EE 1 p N o-ERITHIE, Choquet &4y 1344 Lebesgue &4y & —%3 5.

BRSO ST RIERIERE Sy & L CIE, Sugeno 4y [17, 22] X° Sipos %y [21] NEE
ThD. IIMERRE & IR T 23 BT (3, 9, 16, 24] 72 E& R &L,

3 Choquet-Lorentz ZEf & Shilkret ZEfH

ZDETIX, Choquet &%) & Shilkret #&43% AVT, 73D Lorentz Z2f#] & §5 Lorentz
25 (99 LP ZEf L b D) ZIFIMERRIE SR OPSEA THBKR T 5. £07His, £37
v L OIS E — LT 5.

TE 3 X IIEGEEMETS. B || X — [0,00] 1X 0] =0 &= & &5 —
vy, (X)) BF—PERBEVD. SV X

e TEDze X ITHLT |z|| <oco D& EHR

e EED x e X ITHLT, |z =04bldec=0%MTLERznwTS

e (TBED z e X LEEBD a e RIZKHLT, |ax|| = |of||z| 2350 S22 & X F R

e T K >1MNHFELT, FED z,ye X IZx LT

Iz +yll < K([lz]l + llyll)



MDD L EE=ZAFERZM 2T, K=10L 2 I=ZAFEX LT
EWH. F, FUER(X D) For—=Y ||| 2
o HIRMNOHFRB CHE=AREX AT & B/ JVLER, I OICAEHHET UL
#/ )L LZER

o AENOSFRM TCE=ARERZM 2T & EF/ IIVALZER, SOICEEZDBETNIX/ L
L\ ZEFH

Lo,
UTFTI, 7=V ERMOTBMESCHETERIEOER L, ERICLELRMGELERTS.

EE A4 (X, | |)3Fr—vEMeETs. ACX, {zptnen 1 X OSSN ET 5.

(1) supyeq |zl <co DEE, AIFEREV .

(2) limyy nooo [|Tm — 2] =0, T48DL, FED e >0 LT, ng € NBHFEEL
T, fEBEDO m,n e NIZX LT, m,n >ng 25IE ||z — x| <& DYoL X,
{Tn}tnen ZERFIE NS,

(3) FEED {@ptnen C X ITKH LT, {n}tnen DERDPOERINIRHIE, v € X BIFE
LG, ||op—x|| 2 0BV E X, AIFERBE VY.

(4) EED {zptneny C X IR LT, {Tpfneny BERINLOIE, v € X BHFELT,
|z — || = 0 ARV NDEE, ATSEHREVD.

AR 2 VI RICEEARERSE=ARNERN WS R0 T, BRSNS T L
LER LIRS, £z, BRRLIFEZFHTHS.

ST, 0<p<oo, 0<qg<oc T, peMX) 75, BREHHERICTLD
(2, FEMMERIRIE p IFIGER, T72bb, B A, Bec A LT, pu(B)=072561F
wW(AUB) = pu(A) B> E 95,

& fe F(X)ITtLT

) 1/q
Ch(pue/, | 19)/5 = ( | uttise > t}>q/pdt) {0 < g < o0
1£llp.q = 0
Sh(p/?,|f) = sup t-p({|f] > t})/" if ¢ = 0o
t€[0,00)

LB E, | lpg: FX) = [0,00] 2R F(X) LOFRMS—T 5. £, (&
B0 f,ge F(X) IR LT

JAN
f’\“g<:>||f_q,‘p,q:0



TF(X) ICEERRNEATELZ0T, fe F(X) oRfEEY [f] TRT. oL, FE
BOME AN T —50, F—VOREE~OIEEYL, REBEORFTOROFICLSTIC

o [fl+ gl =[f+gl. ABT—f alf] = of]
F=Y R |[flllpg = 1fllp.q
THELERTE, F(X) & REECE > 7= g%
F(X) = A{[f]: f e F(X)}

%, REDBETOHRR TS —V 2 bOEMRBZEMERD. £ T, 1RO Lorentz Z2f# &
55 Lorentz 22 D FEMMERIHEIEE 3R O PEAE A TO— ik %

LP(p) = {f € F(X): [ fllp,g < oo}

LP9(p) == {[f]: f € L7 (n)}

TEW, 0<q<oo®&xiX Choquet-Lorentz Z2ff (#5 L C CL ZZ/), g =00 D & &
I% Shilkret ZEf (B L C Sh ZEf) & k5.

FE3 (1) p IFEH, 420, £EDO {Nywen C A LEEDO N € AITH LT,
NnTNZ)VD,u(N) 0 (n=1,2,...) 25 u(N) =0 RV I LTS, ZDEx,
1 fllpg=0¢&, f=0 p-ae [ZRMETH 2.

(2) ERITIE, p DFEIERRGEIZRY, "B ZEM F(X) (2 RERoFiE CRIEE
BEALT, S22 ERES— 2% b oM F(X) 2K T .

4 CLZER & Sh ZERDE/ JLLYE
Zeff] & Sh ZEE %2 ) v 2T 5 72 OITIENNERIRIE p IR T REFHEEET 5.

EEDS peMX) T2, EHK>10BFELT, EED A B e AIZKLT,

ANB=07e51%
p(AU B) < K(u(A) + p(B))

WD ILOE &, p [ TESIER, FFICK =10 L SIEMEME N

FE 1 pe MX)EIFEMEHLET L. KO 3 H>DOFERITFHE.
(i) p I TELIER.
(i) (LPU(p), || - |lp.q) (THEF L A ZER.
(ii1) (LP9(p), || - [lp.q) 62 1172,



EE A (1) pBBMENCTHTh, || |l BEATEREBET L IR AR, F e
P pg DEARERZFH T 2O DOMEFSRMEZLTO®Y THS [1, Theorem 5.1].
e 1<pg<oold D, ZDEX, |- |pg PEARERLZT 72O DMLE+ 73S
1T, piP NEED25—, Tabb, LED A BcAIZXLT
qu/p(A UB) + ,uq/p(Aﬂ B) < MQ/P(A) + MQ/p(B)
PO NDZ L THD.
e l<p<oolTd. ZDLXE, | |po DEAREXREZMIZT 2O DOMEFI3EHT,
w N FP-IER, +78bb, FED A Bc AL T, ANB=07251F
u(AUB) = u(A) vV pu(B)
MDD Z EThHD.
(2) % D Lorentz ZEf] L1 OFAETL, 1 <p<oonD1<g<oo Thiuk, ¥/ 1

B Nl ERMER ) VBB EETH LB TES. LinL, CLZEM= Sh 2R T b Rk
OFERNE D S OMNIFRHTH 5.

5 CLZ=EME Sh ZERDO|ESE

ZOETIH CL ZE/ & Sh ZROEMIEIC OV TCiERT D, BH D Lorentz ZZH<C55
Lorentz ZEf L 138720, CLZEMEDS—2 ||+ |lp.q ° Sh ZE EOF—2 || - ||p.co 1E—
BICITE=ARERXT LM IR, £, HEOIEMEMES, Choquet &7 & Shilkret
FEO DIEMIEEIZ LY, ZEMEOERICIEROBERSCE I RMOGERLEER D Z &%
T& e\, 22T, CLZEME Sh ZEMOEEEEZROFIETRT.

o Riesz OSEMMEERR (I INAICEE L CHEARFN & 7 2 AR BIES I —ARINR - 5 557
FlZ ) # IEMERTRIE OBAIIRE L, CL ZEM<° Sh 2 O EARF| DU H I & 72
2% E R

o WE—HERINA T 2 ATIHIBAER S O ~ & 2RI T 5 Fatou OMEZ IEMNERRIE I L TE
b L, CL ZEf=° Sh ZEMDEARF| D7 — PIHMEDFEIZ AW 5.

5.1 Riesz DEREMETEEDIEMEIE

%7 Riesz DM ER L IFMELT 5. Fiwziad SN, FRIBEESN G 50 <
OPDORFEZ £ L O THL.

FHE6 pc MX) LTS5, {falnen C F(X) HBES, e F(X)LT5.
(1) Bt N REELT, BBEO = ¢ N T LT fu(z) = f(z) RV o &,



Fo b f 10 pBRIRERT B L, fy — f peace. &<

(2) EED e >0 LT, E. € ADBFIELT, p(E:) < e D2 supugp, |fulr) —
f(@)| = 0k sLoE E, f 1d f I u-B—8RINEKT 5 &\, f, — f prau. &
<.

(3) HED e > 0125 LT limpyoo p({[fn — f| > e}) =0 RO 2oL &, fo 13 1T
p-BIEIRERT 5 Lo, f, B f el

(4) EED e > 01x LT limyy oo H({|frn—fn] > €}) = 03D LD & =, {f nen
T p-BERERICEA L TRERIITHD LD,

IR S5 BEOREOERE LIRS, IEMMERRE it LTh, pu-E—ERINE T 5 AT
BAEINT BN 2D p-IEINER S 2. £/, IROFBEPHLNTND.

e 1 1Zx LT Lebesgue OFEE (u- BN T 5 rlHIBIE S p-RIEEINR T %) AR
5 & p l3RIEFESR, Thbb, FEDO {Apen CAEEED A AITHLT,
Ap L ADo p(A) =072261F p(A,) — 0 230 32> ([10, Theorem 1)).

o 2% LT Riesz MEIER (p-IEIE S 2 FIHIBAESNL p-BECR T 2555514 H )
IMRRALT 5 < pl3EE (S) /s, 742bb, fFED {Ay ey C AT LT,
W(Aw) = 0 72 51T, M {An Yren HEE LT, (1% U, An) = 0 #3520 32
> ([23, Theorem 2.1], [12, Theorem 5.17].

e 1 1Zxt LT Egoroff O (pu-HBEUNE T 2 FIHIBAESNIT p- B — RN T %) AR
% & it Egoroff £ %777, T7/4bb, kD 2 >DO4%H:

(i) =B m,n,m/,n' € NIZXELT, m>m! 2o n <n' 2 51E A D A
(11) ’LL(U;?:l n;ozl Am,n) =0
aifled 2 BIRAFREI {Amn}(mmnyenz C AITHLT,

Hlleléu ( U Am,e(m)> =0

m=1
MERV LD, 727201, © I N»H N ~OEE2K%2% T ([11, Theorem 1], [14,
Proposition 1]).

o p-HIENRT 2 & AZRATRIBEES S - —BRICR T 28982 b > < p i3EE (Sy)
iz d, $7hbb, EFED {Aney C ATKH LT, p(4,) — 07251F, #Hs5l
{An, teen DFEL T, lHmyoo w(Upe; Any,) = 0 2380 325 ([13, Theorem 4], [12,
Theorem 5.24]).

HIERRIZI T % Riesz O5EftEEEIL, HEENCRICE L TEARS L 72 5 /T RIBESEINILHE



CHE— IR 28052 6o 2 L2 EEL TR Y, MR NED SRR FEICE LT
AHEMZERAER TH D 2 L 2R TEICAVSND. EE, [7, Theorem 22.D] IZ L4
1E, p A o-NERZR 5 1F Riesz OZHIEEB AL Y STHoO T, BIBEICRICE L TEAS L
725 {fatnen C F(X) T LT, ¥HF {fo, been & f € F(X) BDFEELT, fo, = f
pra., FROZ f, 4o fEBD. LoT, WOER2 LY f, 1 f Ly, F(X)
BIEEI RN E o 5 BEEEGTHRICBI L T TH 5 2 L AVRE 5.

EHE 2 ([8, Theorem 2]) p € M(X) IFEEBARBYE TS, {futneny C F(X)
(RIS B L CHEASIT, {folnen DESF {fo, boen & f € F(X) BHFELT,
fon > f T2, ok f, L fris.

LITCiE, FEMEREIEE ISR LT Riesz O EE N Y SLo72012, HIEICFRY
NEFMEEZBETDH. BEOL U M RDOPROFERTH Y, BIENRT 5 TR
PEACRIEIERICEE U CEARF E R D 1O OUBE+5EEEZE X TV D
¥ 3 ([8, Theorem 3]) pe M(X) &35, RO 2 >OFERITFE.

(i) p IZERIERBEE R, T 7abh, EEO (A, bney C A LEED {Bylnen C Ak
LT, u(An) V u(By) — 072513 (A, UBy) — 0 235 0 325,

(i) p-BIEEI T 5 {fodnen C F(X) & p-BIEEIHIZ B L C HAFI T 5.

IR 6 IEIERHIE OREICES L TIRDIEL Y 320,
o EH) = %5F Y =2 7 — = HINEN = EHINEN = RIEREARE = 55T AR
o bOiEfE = MIERFERE = IAFFERE; Eit = Egoroff & = sRIEFEE
o TbiEfE = FEh; HHE (S1) = HE (S) = F&EH

I

EH 2 LEHE 32k D &, Riesz O5EfMMEEEE 4 I (2 BRBEAE st 2 (608 T AT Ak
SETAZERTFTEINS. UL, Ee6z=OM LIk, BEBEARME T TIE, Riesz
DFEEHEEENRIN LARWNWZ L5, F2T, FEMERRIE ISR T X H- s
mET 5.

THET peMX) LT, LED {Eylbnen C ACKLT,

k+1 ')
p— 7L F 1 p—
kli)ngoilelgu (L;JkEn> 0 7251E len;Ou (U En> 0

n==k

RO L&, p I ISERERM L VD .

sefi Rt 2 VS, Riesz OFEMRIEEEZ KO X O ICIFMELTE 5.



EBE 4 pe M(X) IHERREAERMDOTHAERKN E T2, Z0LX, {fulweny C F(X)
2 p-RIENCGRICEE U CERFN e HIX, {fnlneny OEBDFN {fr, teen & f € F(X) BFEL
T, fn, = [ prau 725,

EH 2, EH 3, EH4LVROZRPELND.

21 pe M(X) ITEEREARRADOTEMAERE T 5. RO 2 S>OFRITFE.
(1) {fntnen 1 p-HIEEI I B L CEAS.
(i) fe F(X)BEFEELT, f, 2 f.

Tz, F(X)IE p-HERFRIZE L TR E 72 5.

SIE T R LOTE®) L () ARETHIUT, T3 LY u TEEEAERIO L 25, L
U, p SR E S I TRRTH S,

ER A% 1 IRELEEMAERMEIZ—RT 2 EEMT Y THDHD, 2 oD%t

k—+1 o)
lim sup p (U En> =0 & klim I (U En> =0
—00
n=~k

k—o0
leN n==k

DEVZILENTHY, u A THLERE, T2bb, FED {A}neny C A LEED
Ae AITHLT, A, 1T AbiX u(Ay) = w(A) BV SETE, 2 2O5MFIF—ET 5.
Tz, T bEGERFFENMERRIEIIZHAERK TH D, T bEgE & TR S RV,
R AR RLA D O SEIRAE RO 72 3ENERRI E O BT FRROMBY TH 5.

i 1 pe M(X)IETRD (1), (i) DWTIUH D Fefth % il 7o W 1T FERE A A > D SEIR A4
R TH 5.
i) EEDe >0 LT, d >00R”FELT, FED {Eyfpey C AT LT
sup,en H(En) < 6 261E (U, En) < & 235V 3D,
(i) p=op) &RZND. 127201, ve M(X) ITEEBEERDNOTRLER TH Y,
@: [0,00] = [0,00] 1L ¢(0) = 0 Zifi7= HFAEMBIE T, FR DI TRk
FHEMREME T 5.

5.2 Fatou M##HRED IEMEE

Z2RR0 Sh ZERID 7= || - ||p.g WP 2 EAFN { fr bnen (ZBIEERICEI LT HEAS]
272 % DT, Riesz OFEHIEEBOIEME (EH 4) XV, I {fo, tren & f € F(X)
MTEELTC, fo, = f prau. &725. Ko7T, CLZEMX Sh ZHOEmMEE R~II2IE, H
— KBRS 2 B B3 % Fatou O % JEMNREIMIEE (2 %t L izl ER L L C,



o [[fn— fllpg =0
o feLPi(u)
ALY SO Z & R R L.
FES5 peMX) T2 0<p<ooldTEHETH. ROERIIFEMETHS.
(1) p I TTHALHFABCERE, T2bb, FEDAc A LEED (B, neny C AITHL
T, {Bptnen BNEFHRD T 1(B,) — 0 72 51F n(A\ By) — p(A) 23 Y 1o,
(i) EBD {folnen C FHX) LEBED f e FHX)ISHLT, fo— f prau 25U,
Ch(p, fP) < liminf, o Ch(p, fP) 235680 32-D.

(iil) EED {futnen C FH(X) EEBED f e FH(X)IZHLT, f, = f prau 72515,
Sh(u, fP) < liminf,, o Sh(u, fP) 23 0 3Z-2.

5.3 CL Z=fE & Sh ZRIDESHFE & ZiEtE
CL z=fil & Sh ZEEIO5EEIEIXER 1, E#H 4, TH 5 Z2HOTORED.

FEG6 0<p<oo, 0<g<0&7T5. peMX)L&7%.

(1) g DM EREREAE PR D O AE R /o T 70 & BEH B EUEEE 2 B1E, (LP9(), || lp.g)
REERETHD. Thbb, LPU() DEED |- BRI || g BAFNL L7 (1)
DBEFI | - ||y IET 5.

(2) p ASHELIIRERI NS4 F I T b B E 23872 51, (LP9(0), || - llp.g)
EEEE ) L LZER, (LP9(p), || - [|pg) HSEHE 2 L LR L 22 5.

6 Al

WOFNE, p DEIEME & D FER TR EINEREE 2572 LTz LTH, Riesz
DM EROIEMEL (EH 4), BIERHRIZB 2 AR F(X) o5t & 1),
CL Z=f<° Sh = o5 M (BB 6) 1%, FENMERIEIE 23 520/ £ A T2 T AUEEAL L7
BANHDHZLERLTVND.

Bl X:=N A:=2X2+9% £ AcAlzxtL T
0 if A=1
p(A) =< > ca1/2 if A#0Q 7> ATERES
14> ,c41/20 if AITEERES
CINMERIE 10 A — [0,2] ZEDD.



(1) piXBIER. £hwpx, EEINER), FINER), #EEBEARD, —HEE CEs, B
CaEge, BB CER CTHD.

(2) piIME (S) 24, Thwx, FEHRTHD.
(3) pIEFEMMAERAI TRV, 2Pz, THHER TRV,
(4) p FNEFFERE T2V, v R, FRIERERE T 6 L Sk TH 7220,
(5) plIEME (S1) ZiE/z 720,
6) 0<p<oo, 0<qg< o0l FEHLTS. A, ={1,2,...,n}, fn, :=xa4, (n=
1,2,...) £BWT, BEF {f,}neny C F(X ) ZEDD &, R SLO.
(i) EEDO n e NIZK LT f, € F(X) 7D f, € LPY(p).
(i) {fn}nen TRIENGRIZE L CEARFITH D23, F(X) OFERICRIENGE L
Wz x, F(X) FRIERIRICE L ToEfE TaRun.
(i) {fotnen (3| lp.g-BH72 | - |lp.-BAIITH D25, LP9(p) DEFRIT |- [|p.q-
IR LW, iz, (LP9(w), || - [p.q) FEEM CHEM TH 0.
S% XAk
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