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HEITPEPBIBHO-IMCKPETHBIE CEHEHI
PACCJIOEHMIT BAHAXOBBIX PEIIETOK

A. E. 'yrman, A. B. Konres

B pabore yTounsieTcs moHsTHE HETPEPHIBHOTO PACCIOCHIS OAHAXOBBIX PEIIETOK U MCCJIEIYIOTCS TOPSIIKO-
BbIE CBOMCTBa npocTpancTsa CDo-ceueHuil TAKOro pacCIOeHusl.

KuroueBrbie ciioBa: HenpepblBHOE HaHAXOBO pacciioeHne, GaHaXOBa PEIIeTKa, PACCIOeHHe OaHAXOBBIX
perterok, CDg-ceyenne 6anaxoBa PACCIOCHUS, yIBOCHHUE TI0 AJIEKCAHIPOBY.

OcHoBHAS LIEIb JAHHONM 3aMETKH — BBIACHUTD, IIPU KAKUX YCJIOBUSX HEIPEPLIBHASA CTPYK-
Typa paccjioeHnst HaHAXOBBIX PEmIETOK 2 HaJ TOIOJOTMYECKAM IIPOCTPAHCTBOM () coryacy-
€TCd C IMOTOYEUHBIMHU PEHIECTOYHBLIME OICPAlUsMHU. B KadecTBe IPUJIOXKEHUS MbI IOKAXKEM,
470 npoctpanctBo CDy(Q, Z) HelPEePBIBHO-TMCKPETHBIX CEYEHIUN TAKOTO paccaoenus 2 sB-
JisieTcs 6aHaXOBOI PeleTKOoll, U uccaeayeM ee IOPSIKOBLIe CBoicTBa. [0BOPs O HEIPEepPLIBHLIX
BaHAXOBBIX PACCIOEHUSIX, MbI CJI€JlyeM TEePMUHOJIONMN U obo3HaveHusM u3 [1] u |2, §2.4].

IIycre 2 — auckpernoe 6aHAXOBO PACC/IOCHUE HAJl KAKMM-II00 MHOXKECTBOM (), KaxK-
netit cooit 2 (q) Koroporo siisiercst 6aHaxoBoil perreTkoil. Torma BeKTOpHOE IMPOCTPAHCTBO
S(Q, Z) Bcex cevenmit paccyioeHust 2 TpejcTaBisier cOO0il BEKTOPHYIO PEIeTKY OTHOCH-
TEJHLHO MOTOYEUHOrO MOPSIIKA

u<v < u(q) <v(q) ms Beex q € Q,
IpUYeM PEIIeTOYHBIE OIIEPALNU TAKXKE BLIYHC/ISIOTCA IOTOYEYHO:

(uVv)(q) =ulg) Volg), (uAv)(q)=ulg) Av(g),
@) =ul@)®, v (@ =ul@”, ullg)=u()

JuIst Beex q € Q. Ecnm, Kxpome Toro, () SIBISIETCS TOMOJIOTHYECKUM MMPOCTPAHCTBOM, a 2 —

u

HEIIPEPBIBHBIM PAaCCIOCHIEM, TO perierodnble omepanuu B S(Q, Z°) He Beerja COXpaHSIIOT
HeIIPEepLIBHOCTL cedeHuii. Hampumep, ecim 4 — MOCTOSHHOE HEIpPEPBIBHOE DAHAXOBO Pac-
ciaoenne HaJ R co caomvu 2 (q) = (R, |+]), a nopanok <, na 2 (q) onpesensercs IpaBuIoM

r <y, ecmuqceQ;
TLqY =

vy, ecmqeR\Q,
TO TIOJIOKUTENIBHAS 9aCTh U = X HENPEPBIBHOTO CeUeHns U = 1 OKa3bIBAeTCsl PA3PBIBHON BO
BCexX TOYKaX. B ciemyromeii TeopeMe IpUBEeNEHbl YCIOBU, KaXKI0e U3 KOTOPBIX 00eCIednBacT
COIIACOBAHHOCTD PENIETOYHOI CTPYKTYPBI CJI0EB C HEINPEPBIBHOM CTPYKTYPOil pACCIOCHHSL.
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Teopema 1. Ilycte 2~ — HenpepblBHOE DAHAXOBO PACCIO€HHE HAJ MPOH3BOJIBHBIM TOIO-
JIOTHYIE€CKHM HPOCTPAHCTBOM (), puiaeM Kaxk/blii cjioii 2 (q) sB/steTcss 6aHaxXOBOI PEHIeTKOIH.
Crenyromue yTBepKIeHHsT TONAPHO PABHOCHIBHBI:

(1) orobpaxenne Vo : ((q,2),(q,y)) € (Q® Z)* — (¢,2Vy) € Q ® Z HenpepbiBHO;

(2) orobpazkenue ();g (¢,2) €Q®Z — (¢,27) € Q ® 2 HenpepbIBHO;

(3) muOxkeCTBO C(Q, Z") siBsiercss nonpemerkoii S(Q, Z);

(4) cymecrByer mocsoiino miorHoe B % BekrTopHOE mojnpocrpancro % C C(Q, Z),
spistronieecs: nogpererkoi S(Q, Z7);

(5) cymecrByer nocsioiino miorHoe B 2 nommuoxecrso % C C(Q, %) rakoe, 4uro
up Vug € C(Q, Z) mst mro6bix uy,ug € U ;

(6) cymecrByer nocioiino mioraoe B 2 nommuoxecrso % C C(Q,Z") rakoe, 4uro

ut e C(Q, Z) anst mobbix u € U .

<1 DkBuBaIeHTHOCTD (1) < (2) obecreuanBaeTCst OIEBUIHBIME PABEHCTBAMNI
T =2Vv0, zVvy=(@-y)t+y

U HEIPEepPBbIBHOCTBIO JIMHEHHbIX oneparuii (em. [1, 2.1.5]), (2) Bieuer (3) Guaromaps |1, 2.1.7],
mviumkarmu (3) = (4) = (5) oueBunnsl, a u3 (5) cremyer (6) o coemyomeil npuanHe: ecan %
yaosaersopsier (5) u ug € %, To

(u—up)T = (uVug) —ug € C(Q, Z)

JUIsi Beex u € %, a 3Haunt, % — ug yuosiaersopsier (6).

[TokaxkeMm, uro (6) = (2). Ilycrb Z — muoxectBo, yiaosiersopsioriee (6). Pacemorpum
napy (¢,x) € Q ® 2, okpecrnocrs U Touku ¢, ceuenue u € C(Q, Z") u aucno € > 0 rakue,
aro (¢,z%) € U(u,e), T e.

eo = [lz" —u(g)] <e.
Ham npezcrout Haiitn Takyto okpectHocTs V(v,0) mapst (g, z), aro (+)5[V(v,6)] C U(u,e).
[Mosoxkum 0 := (¢ — €0)/2 u BbIGepeM cedenne v € % Tak, 9TOObI

l —v(g)|l <.
Torma [l2F — vF(q)|| < [l — v(q)|| < 4, orxyma
[u(g) — v (@) < llulg) — 2™ || + [la™ — v ()| < 0 + 6.
Bnaronaps menpepbisHOCTH v U v Haiiierca Takas okpectHocTb V. C U TOYKH ¢, 9TO
[u(p) —v*(p)|| < eo+d mpupe V.

Torma V(v,d) — uckomasi okpecTHOCTH napsl (¢, x). HeiicrBurensno, ecim (p,y) € V(v,9),
10 [lyT — vt (p)|| < |ly — v(p)|| < & u mosromy

ly* —up)| <yt — o @) + lv (p) —u@)|| <0+ + 0 =k,

re ()5 (py) €Ulu,e). >

SAMEYAHUE 1. Cruucok yrBep:KjeHuii, paBHOCUIbHbIX (1)—(6), MOXKHO paciupuTh, HOJI-
craus A Bmecto V B (1) u (5), a Takke (+)” wm || Bmecto (1) B (2) u (6).

SAMEYAHUE 2. Ecau cunrarh 6aHAXOBY pemIeTKy TONOJOTMYecKoil aarebpandecKkoil cu-
creMoii ¢ (HelpepbIBHBIMK) JMHEHHBIMU U PEIIETOYHBIMU OIEPAIUIMU, TO yTBep:KieHus (1)
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u (2) Teopembl 1 o3HauaioT, 4ro () ® 2 SIBIISIETCS] PACCIOEHUEM TaKUX CHUCTEM B CMbICTIE
onpenenenus |3, 1.5]. OTmeTuM Tak)e, 9T0 MHOKECTBO %/, yJOBJIETBOpSIONIee yCaoBuio (4)
TEOpEeMBI 1, sIBJIsIeTCsI PEIIeTOYHON HeNPEPbIBHOI CcTPyKTypoii Ha 2, a 3naunt, napa (2, %)
npecTaBIgeT coboil HellpepbIBHOE PACCIOeHUe DAHAXOBLIX PEMIETOK COLJIACHO OIIPeIeIeHUIO,
upussiToMy B [4], npudem crpykrypa % skBuBajenTHa (cM. [1, 2.1.8]) ucxomHoil HenpepbiB-
HOit crpykType paccioenusi 2. (Ilpu srom mmmumkanus (4) = (3) B Teopeme 1 coBnajaer
¢ temmoii [4, §2].) Ilpuseennbie Bble cOOOParKEHUsT CJIY?KAT OCHOBAHUEM JIJIs CJIELYTOIIETO
OIIpeIeICHUSI.

OIPEJAEJIEHUE 1. HenpepuoigHvim paccioenuem 6anaro6uis pewemor Ha30BeM HellpephIB-
HOe 6AHAXOBO PACCIOCHNUE, CJIOM KOTOPOT'O SIBJISIOTCS GAHAXOBBIMU PEIIeTKAMI B KOTOPOE Y10~
BJIETBOPsIET JIIOOOMY U3 SKBHUBAJIEHTHBIX ycsoBuii (1)—(6) Teopemsr 1.

BosHuKIIee OHATHE HEIIPEPBIBHOIO PACCIOCHHsT OAHAXOBBIX PEIIETOK [IPEJIOCTABIISIET BO3-
MOYKHOCTH YTOYHHUTH OCHOBHBIC (DAKTBHI O CEUEHMSIX OAHAXOBBIX PACCIOCHMIT M IOJIYUIUTH HX
AHAJIOTH, OTPAKAIOIINe HAJINYNE IIOPS/IKA B PACCMATPHBAEMBIX AIreOpamvecKnX CHCTEMAX.
B kauecTBe mpEMepa OCTAHOBHMCsI Ha HCCJIC/IOBAHUU HOPSIKOBBIX CBOWCTB IIPOCTPAHCTBA
HEIPEPLIBHO-AUCKPETHBIX cedennil. (B 9Toii yacTi 3aMeTKH MbI HCIIOIB3yeM TEPMHUHBI i 000~
3HAUEHUs, BBeJECHHBIE B |5, 6].)

ONPEAEJEHUE 2. Ilycts () — HemycTOll KOMITAKT 6€3 M30JMPOBAHHBIX TOYEK U 2 —
HEIPEePBLIBHOE paccjioeHre OaHaxXxoBLIX pemeTok Han (). Kak Jerko Buaerhb, IPOCTPAHCTBO
°(Q, Z') Bcex orpaHUYeHHBbIX cedeHuii 2 sIBIsIeTCsl TOPSIJAKOBBIM HMIEAJI0OM BEKTOPHON pe-
merku S(Q, Z7), a IpoCTPaHCTBO

(@ 2) ={ueS@Q 2): lull €co(@)}

SIBJISIETCsI TTOPSIIKOBBIM mteanioMm £°°(Q, Z7). Kpowme Toro, ecim u,v € S(Q, 2°) u |u| < |v],
to [Ju|| < ||v||, a ecim B mobasok v € £°(Q, Z7), To ||u|| < ||v||. Takum obpasom, £°(Q, Z"),
co(Q, Z) n C(Q, Z) upencrapisitor coboii GaHAXOBBI PENIETKH OTHOCUTEJHLHO TOTOYEYHBIX
JIMHEIHBIX Ollepalii, MOTOYETHOIO MOPsKa U pPAaBHOMEpHO# HOpMbL. s soboro cede-
st u € S(Q,2) u3 ouesmmnoro pasencrsa |lu| = |||u||| Bbirekaer skBuBasenTHOCTL
u € c(Q, Z) < |ul € ¢(Q,Z). Hamomunm rtaxxke, aro CDy(Q, Z") — 6aHaxoBo moj-
npoctpascTBo £°°(Q, Z7), KOTOpoe NpeJICTaB/IsieTcsl B BUJIE IPSAMOii CyMMBbI

ODO(Q7 %) = C(Qa %) 2] CO(Q7 %)

C COOTBETCTBYIOIIUMU JIMHEHHbIMU 11poeKTopamu (). u (+)q (cm. [5]).

Teopema 2. IIycts 2 — HenpepbIBHOE paccioeHHEe GAHAXOBBIX PEHICTOK HaJl HEILyCTHIM
KOMITAKTOM () 6€3 H30JIMPOBAHHBIX TOYEK.

(1) IIpocrpancrBo CDy(Q, Z") siBisiercst 6banaxooii noapererkoii (°°(Q, Z7).

(2) JIuneiinupiii npoexrop (+).: CDo(Q, Z") — C(Q, Z") sBisiercsi pereToIHbM FOMOMOP-
duzmom: (uV ). = ue V Ve, (uAV)e = ue A ve iist Beex u,v € CDy(Q, Z).

(3) st srobpix u,v € CDo(Q, Z7) Bemomnsiercss mHepaserctsBo |(u V v)q| < |ug| V |vgl.
B uacrnocrn, ||(uV v)all < llugll + llvall # [|(wV v)all < [luall + [[vall

(4) Ilycrp Q u & — yasoennst Q u 2 coorsercreenrno. Torya 2 1npeicrapisier co-
6oif HenpepbIBHOE paccoeHne 6aHAXOBBIX PEIIETOK OTHOCHTEJIBHO €CTECTBEHHOI'O IMOPsJIKA,
a orobpazkenne u — u, e u(q,0) = uc(q) m u(q,1) = u(q) ansa Beex q¢ € Q, sABmIACTCT

He ToJIbKO JnHERHOH nzomerpueii Mexy CDo(Q, Z7) n C(Q, Z") (cMm. [5, Teopema 6]), HO 1
MOPSTIKOBBIM H30MOD(DH3MOM.
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<y mo6oro cevennst u € CDo(Q, Z7) nveem |[ut — (ue) V| < [u—ue| = |ug| € co(Q, Z),
a sHaunt, v = ut — (u.)t € ¢o(Q, Z"), orkyna ¢ yderom menpepbiBHOCTH (u.)T ciemyer
ut = (ue)T +v € CDYQ, Z) u (u). = (ue)T, aro nokaseiBaer (1) u (2).

[Tpucrynas xk ob6ocuoBanuio (3), NPEJIBAPUTENHLHO MOKAXKEM, UTO B JIOOOH apXumeI0Boii
BEKTOPHOI1 PeIlleTKe CIPaBEJINBO HEPABEHCTBO

|z1Vay —y1 V| < o1 — 31| V |22 — 92l (*)

Baarogapst npunnuny FOauna o coxpaHeHUN COOTHOIIEHUH JOCTATOYHO YCTAHOBUTH (%) Jist
BEeIIECTBEHHBIX 4dHcesl. B 9ToM ciiydae 6e3 HApyIIeHns OOIMHOCTH MOXKHO CUATATh, 9TO T =
max{z1,T2,Y1, Y2}, a Toraa [v1Vre — y1Vy2| = 11 —y1Vy2 < 71— 91 < |11 — 1| Vw2 — a2l
Teneps st Beex u, v € CDy(Q, Z7) ¢ yaerom (2) u (%) nmeem

[(u V)l =|uve — (uVo)] = [uVv — ucVoe| < Ju—ue| Vv —ve| = |ug| V |val.

s nokazarenncra (4) samerum, uro us (1) u (2) cnenyer u(q,7)t = (u)~(q,r) ana
Beex u € CDy(Q, Z), (q,r) € @, U ITO9TOMY 2 apnsercs HEIIPEPLIBHLIM paccjIoeHneM DaHa-
x0BbIX pemerok. Kpome toro, ecin u € CDo(Q, Z7) u u = 0, To B cuity (2) Mbr umeeM u,. > 0,
orkyaa u(q,0) = uc(q) = 0 u u(g,1) = u(q) > 0 mua Beex ¢ € Q, a 3uauut, v > 0. Eciam xe
u >0, 10 u(q) =u(q,1) >0 must Becex ¢ € Q, 1. e. u = 0. >

BAMEYAHUE 3. B owmune or (-). smueiinsiii npoekrop (+)g: CDo(Q, Z) — co(Q, Z")
OKa3bIBAETCsl PEIIETOYHBIM FOMOMOPMhU3MOM JIHIIb B BbIpoxKieHHOM ciaydae 2 = {0}. Bosee
toro, eciu Z # {0}, To (+)g4 He SABJIsIETCS] MOJIOKUTETBHBIM OmepaTopoM. JleiicTBuTesnbHo,
nycrb u € C(Q, Z7), u > 0 u u(p) > 0 miua wekoropoit Touku p € Q. (Ha posb u noxxomur
MO/LyJIb HEHYJIEBOTO HenpepbiBHOrO cedenus.) Oupegenum ceuenue v € co(Q, Z'), nonaras
v(p) = u(p) uv(q) =0 upu q # p. Torma w:=u—v € CDy(Q, Z ) nuw >0, Ho wg = —v < 0.

ONPEAENEHUE 3. Ilycrs 2" u % — (muckpertble) 6aHAXOBBI PACCIOCHUS HAJL IPOU3BOJIb-
HbIM MHOKecTBOM Q. Ciienyst [5, § 4|, obosnaunm cumsosiom S[ 2, %] BekTOpHOE TIPOCTPAH-
CTBO BCEX CEUYEHMI JUCKPETHOro baHaxoBa paccjaoenns Hall () co cirogamu B (,%” (q), (q)) Ta-
kM obpasom, S[Z", #| cocrout u3 BceBO3MOXKHBIX (DbyHKIWI H , Onpe/ie/IeHHbIX Ha () U COTIOo-
CTaBJIAIONINX KaXKJION ToUKe ¢ € () orpaHnveHHbIi suHelinbiii oneparop H(q): 2 (q) — % (q).
st BekropHoro nopnpocrpaucrea % C S(Q, ") u ceuenusst H € S| 2", %] onpenenum Jiu-
Heiinpiit oneparop Hy : % — S(Q, %) dopmynoit (Hyu)(q) = H(q)u(q), u € %, q € Q.

Teopema 3. Ilycre 2" u % — npou3BoJIbHBIE PACCTAOEHHST OAHAXOBBIX PEITeTOK Haxd (),
H € S[Z,%] u nycte % — nocsioiino miorHasi BekTopHasi nogperierka S(Q, Z7). Onepa-
top Hoyy: % — S(Q, %) mosoxkuresien (sIBJIsieTcsi peieToIHbIM T'OMOMOPGDHU3MOM) TOIJIA H
TOJIBKO TOIja, Korga omeparop H(q): 27 (q) — % (q) momoxurernen (sBiIsieTcst pereToIHbIM
roMoMOpu3MOM) JIsT KaXKJ0i TOUKH q € Q.

< Hocrarounocts odeBuaHa. [lokaykeM HEOOXOIUMOCTh. 3adUKCHPOBAB IIPOU3BOIBHYIO
TOUKY ¢ € (), pacCMOTPUM BCIOY IIOTHYIO B 2 (¢) BekTopHyIo nojpemterky % (q) := {u(q) :
uw € %} m mumeinbni oneparop Hy = H(q)|yq): % (q) — #(q). Ecm z € %(q), T0
st cevennst u € % co suadenmeMm u(q) = x mbl umeeM u't(q) = u(q)T = zT, orkyma
Hyxt = H(q)u™(q) = (Hzu")(q). Cnenosarensho, B ciyaae Hy > 0 mbl mosmyuaem Hyz > 0
st > 0, a ecoim Hyy — pemmerounstii romomMopdusmM, To Jyist Jo6oro x € % (q)

Hy(a™) = Hy (u*)(q) = (Hyu)*(q) = (Hzu)()" = (H(g)u(q))" = (Hyz)*.

Ocraercst 3aMeTUTH, UTO U3 IOJIOXKHUTEIBHOCTH (pereToqHoi roMoMopdHocT) cyzkenust H
orpanudeHHoro orneparopa Hy, (¢) Ha BCIOfy IWIOTHYIO BEKTOPHYTO nojpemerky % (q) C 2 (q)
cJIeJlyeT T0JIOXKUTEIbHOCTD (pererounasi roMOMOPHOCTH) caMoro orneparopa Hy, (q). >
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ITpocTpaHCTEO MMHEHHBIX OIEPATOPOB, AEHCTBYIONMX B BEKTOPHBIX PEIIETKAX, II0 yMOJI-
YAHMIO CHAOXKAETCS IOPSIKOM, IHOPOKICHHLIM KOHYCOM IIOJIOXKHUTEILHLIX OIeparopos. Torma
JIJISE pacCaoeHn 6aHaXOBLIX pelieToK 2 u % Haj (Q Kazk10e U3 IpocTpancTs B (5?,” (q), (q))
OKa3bIBAeTCsl yIOPSIOYEHHBIM, ¥ HA BEKTOpHOM npoctpancTse S[Z°, %] (1 ero momaupocrpa-
CTBaX) BO3HUKAET €CTECTBEHHBII MOTOYCTHBI MOPSIIOK.

Caencreue. Eciin & u % — HelnpepbIBHBIE pacC/JI0eHHs ODAHAXOBLIX PEIIETOK HaJ HEILy-
CTBIM KOMITAKTOM () 6€3 H30TMPOBAHHBIX TOYEK, TO ONpejeleHHbIe B |5| GHeKIH MexK 1y 1po-
crpaacrBavu CDo| 2", %), C|Z", %], Orth(C(Q, 2),CDy(Q, @)), Orth(C(Q, 2),C(Q, @))

SIBJISIIOTCST HE TOJIBKO JIMHEHHBIMH H30METPHSIMH, HO U IIOPSIIKOBBIMIA H30MOP(hU3MAMH.

JIuteparypa
1. I'yrman A. E. BaHaxoBbI pACC/IOEHAs B TEOPUX PENIETOYHO HOPMUPOBAHHBIX poctpancts // Tp. Un-ta
maremaruku CO PAH.—Hosocubupck: Uzn-so Un-ta maremaruku, 1995.—T. 29.—C. 63-211.
2. Kycpaes A. I Maxopupyemsbie onepatopbl.—M.: Hayxka, 2003.—619 c.
3. Gierz G. Bundles of Topological Vector Spaces and Their Duality.—Berlin etc.: Springer-Verlag, 1982.—

296 p.

4. Kusraev A. G., Tabuev S. N. Banach lattices of continuous sections // BiagukaBk. Mar. KypH.—
2012.—T. 14, Ne 4.—C. 41-44.

5. I'yvrman A. E., KonreB A. B. Tlpocrpancrsa CDg-cevyennit u CDo-roMmomMopdu3MoB GaHAXOBBIX PACCIIO-
ennit // Bectun. Hosocu6. roc. yu-ta. Cep. Maremarnka, Mexanuka, uHdopmaruka.—2007.—T. 7,
o, 4.—C. 27-48.

6. I'yrmam A. E., Konrres A. B. Ilpoctpanctsa CDo-byuknuii n ynsoenue mo Anekcanapony // Bragukask.
mar. KypH.—2007.—T. 9, Ne 3.—C. 11-21.

Cmamva nocmynuaa 19 nwoabpsa 2013 e.

I'vTMAH ANEKCAHJIP EOoUMOBUY

MNucruryr maremarnkn um. C. JI. Cobonesa CO PAH,
3aBeayromuii jaboparopueii yHKIIHOHAJIBHOIO aHAJIN3a,
POCCHZ, 630090, Hosocubupck, np. Akamemuka Komntrora, 4;

HoBocubupcknit rocyapcTBeHHBIN YHUBEPCUTET,
rpocpeccop Kapeapbl MaTEMaTHIECKOTO aHAIU38
POCCHUZ, 630090, HoBocubupck, yi. Iluporosa, 2
E-mail: gutman@math.nsc.ru

KonTEB AJIEKCAHIP BUKTOPOBUY

Nucruryr maremarukn um. C. JI. Cobonea CO PAH,
crapmuii Hayd. COTPYAHHUK J1ab. (DYHKIIHOHAJIBHOI'O AHAJIH3A
POCCHU A, 630090, HoBocubupck, np. Axagemuka Komnriora, 4
E-mail: koptev@math.nsc.ru

CONTINUOUS-DISCRETE SECTIONS
OF BUNDLES OF BANACH LATTICES

Gutman A. E., Koptev A. V.

The notion of a continuous bundle of Banach lattices is clarified and the order properties are studied of the
space of C'Dy-sections of such a bundle.
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