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SAJAYA TITYPMA - JINYBMIJIJIA
HA TEOMETPUYECKOM I'PA®E

A.A. Baasumosa

THE STURM - LIOUVILLE PROBLEM
ON GEOMETRIC GRAPH

A.A. Bayazitova

B nocnesmee BpeMsi BHUMaHHE MHOTHX KCCIIe0OBATE e IPUBIEKAIOT Jud-
depeHImaNbHbIE ypaBHEHHUs HA rpadax ¢ yCJIOBUSMHU HENPEepbIBHOCTU K 0a-
JlaHca TmoToKa. Mexay TeM, ObLIO OTMEYeHO, YTO MOZEJIMPOBAHUE PAa3JIMIHbIX
IIPOIIECCOB B €CTECTBEHHBIX M TEXHWYECKUX HAYyKaX B PsJie CIy4YaeB OIHUCHIBA-
0T ypaBHeHusi coboseBCKOro Tuna. I[Ipu u3ydeHun ypaBHEHHH COOOJIEBCKOIO
tuna Ha rpadax BosHukKaer 3a1a4a [rypma — Jlnysumsa. Crares 06001maeT
MPeIbIAYIIUe Pe3yIbTaThl U MOCBSIIEHS N3y I€HHIO CBOMCTB COOCTBEHHBIX 3Ha-
yeHnil U 0006meHHbIX cobcTBennbix GyHKuuit 3amadn [lrypma — Jlnysunna
Ha reoMeTpuYecKux rpadax.

Kamouesvie caosa: cobcmeennvie 3navenus, cobcmeennne Gynxyuy, one-

pamop IImypma — JTuysuars

The differential equations on graphs with continuity and balance of flow
conditions attract attention of many researches. Meantime, there was noted
that modeling of different processes in natural and technical sciences in row of
events is described by the equations of Sobolev type. At studying Sobolev type
equations the Sturm — Liouville problem appeared. The article generalized the
previous results and is devoted to the study of characteristics of eigenvalues
and generalized eigenfunctions of the Sturm — Liouville problem on geometric
graphs.

Keywords: eigenvalues, eigenfunctions, Sturm — Liouville operator

BBenenue

IIycts G = G (U, €) — KoHeuHBIH CBA3HBIH opueHTHpOBaHHbIH rpad, rae U = {V;} — mHoKe-
crBo BepumH, a € = {E;} — mHOXecTBO pebep. Kaxkomy pebpy HOCTaBHM B COOTBETCTBHE [Ba
gncna lj, dj € Ry, obo3Hauaromye JIuHYy ¥ ILIOMAIbL HOMEPEYHOTo cevenus pebpa FEj; coorser-
creenno. Ha rpacde G paccmorpum 3amaay [lrypma — Jluysuna qia ypaBHeHUS

aj(z)uj — (¢j(@)ujz)e = fj, uj =uj(z) maascexz € (0,15),t € R. (1)
Jns ypasrenuit (1) B ka0 BepumHe rpada 3a1auM yCIOBUS

> dici(@ue(0,t) = D dmm(z)uma(lm,t) =0, (2)
E;€E%(V;) Em€B* (V)
Uy (07 t) = uk(O, t) = um(lma t) = Un(lnat)a (3)

rue E;, By € E*(V;), En, E, € E“(V;), t € R. 3gech uepes E*@)(V;) 0603HaIEHO MHOXKECTBO
ayr ¢ HadajgoMm (KOHIOM) B BepmmHe V;. Yciosue (2) o6o3Ha4aer, YTO IOTOK dYepe3 KaxKIyIo
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A.A. BassuroBa

BEDLINHY JOJKEH PaBHATHCSA HY/IO, a ycjioBue (3) — 9TO pelleHwe u = (u1,ug,...,uj,...) B
KasKJI0fi BEpIINHE JOJIKHO OBITH HempephIBHBIM. B wacTHOM ciyuae, xorma rpad G cocrour u3
ofHOro pebpa M ABYX BepmuH, yciosue (3) mcuesaeT, a yciosue (2) TpespamiaeTcs B yC/IOBHE
Heitmana.

TTudbdepeniuanbable ypaBHeHus: Ha rpadax — CPABHUTEIbHO HOBAsl YaCTh MaTeMaTHIeCKOro
snanus. Ilepeble myGamKanuy B 9T0H 06JaCTH IOABMINCH B TIOCJEHEE JECATAIETHE HPOIILIOro
Beka, mepsas MoHorpadwusa seimuta B 2004 1. [1] u OblIa TOCBsIEHa W3Y4EHNIO KadeCTBEHHbBIX
cBoiicTB nuddepeHIHaIbHbIX yPaBHeHNH Ha MHOr00Opa3uax Tuma cerd. B [2] na rpade G pac-
CMOTpEHBI yPaBHEHUs peakiuu-1uddysun

ujt = ujze + f(uj), z€(0, l;),t € Ry, (4)

rae f — rmagkaa yHKIuMs, obmas aad Beex Ayr Ej, ¢ ycioBusMu THIA Kupxrodpda. Mexay
TeM 6BLIO 3aMEUYEHO, UTO B PsAJE CJIydYaeB ypaBHEHHs! COOOJIEBCKOTO THUIIA, OMMCHIBAIOT IIPOLECCHI
peakuyn-guddy3un Tydie, YeM HOLyIuHERHbIe ypapHeHus Busa (4).

VpasHerus cobosieBcKoro Tuma Ha rpadax siepsrle 6blm paccMoTpens! B 2002 1. [3]; mepBoe
JMCCEPTALMOHHOE UCCAeOBaHIe B 9TOM HAIpaB/eHHH ObLI0 BBITONHEHO B 2002 — 2005 rr. [4]
u comepkaso pesyasrarer [5] — [7]. B paborax [3] — [7] n mocaenyrommx [8] — [10] nemsmernno
BozmmKasa 3amaya LlItypma — Junysus (1) — (3), npasna, B yacTHOM ciydae (¢j(z) = 1, aj(z) =
a = const), MprYeM NPeIJIOKEHHbIH TOJX0 UMeJ MaJjio 0OIero ¢ pe3yIbraTaMu [1]. Janbreitnee
nceaenosanme [11] mpuseno x mosoit 3amade llrypma — Jluysumns suma (1) — (3), Tenmeps yxe
B ciyqae cj(r) = 1, aj(x) = a;j. D10 06CTOATENHCTBO MOOYIMIO PACCMOTPETH 3313y (1) -
(3), KOTOpasi SBJISETCS €CTECTBEHHBIM 00ODIIEHHEM PAcCMOTPeHHbIX panee 3ajad. Ilomyvennbie
Pe3y/ILTATH HOCAT OKOHYATENIbHbIN ¥ HCUEPIBIBAIOIIAN XapaKTep.

CraTbs KpOMe BBOJHOI YaCTH M CITHCKa JIUTEPATyPbl COCTOUT U3 JByX maparpados. B nepsom
naparpade BBOAATCS OIPEEeHNs KJIACCHIECKOro 1 06001IeHHOr0 PelleHni, N3y 4aioTcs yCI0Bus
CYIIECTBOBAHUS M €MHCTBEHHOCTH 0606mIenHoro pemenus 3azaau (1) — (3), Bropoit naparpad
MOCBAIIEH UCCIEOBAHMIO CBOMCTB COOCTBEHHBIX 3HAUEHM U COOCTBEHHbBIX (DyHKIMH 331a4H.

1. CymiecTBOBaHNE M €IUMHCTBEHHOCTH OOOOIIEHHOTO pelleHns
Cnenys [11], BBeeM B pacCMOTpeHHE THIBLOEPTOBO IPOCTPAHCTBO

Ly(G) = {g = (91,92, 9> ), 95 € L2(0,1)}

CO CKaJIAPHBIM HpOI/IBBeAeHI/IeM
L
0.h) = d; [ ophyda
J

 Ganaxoso mpocTpaHcTBO Y = {u = (u1,Us, .y Ujy...) : u; € Wy (0,l;) u BRmOMHEHO (2)} C

HOPMO l
= Yo d [ + e
; 0

OtmMeTnM, 9TO ycjaoBue (2) MMeeT CMbICT B CHIy abCOIOTHON HENPEPBIBHOCTH KOMIIOHEHTOB Uj,
a IPOCTPAHCTBO 4k TIIOTHO M KOMIAKTHO BJI0XKeHO B Lo(G). Obosnaunm uepe3 § COIpSKEHHOe K
il oTHOCHTEBHO (-, ) GaHaxoBO mpocTpaHcTBO. OUeBKHA MJIOTHOCTH U KOMIIAKTHOCTD BJIOKEHHS
H—3F.

IIycrs na rpade G 3anano ypasuenue (1), Koo unueHTs KOTOPOro BEIECTBEHHO3HAYHBI U
YZOBJIETBOPSAIOT yCIOBHAM

aj(z) € C[0,1;], cj(z) € C0,1;], c¢j(z) > co > 0 mua Beex x € (0,15).
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3agaua IlItypma — JInmyBujisi Ha reoMeTpudeckoM rpade

Onpegenenne 1. Bexmop-gynxuyuro u = (u1,Ug, .., uj, ...) maryro, wmo uj € C2(0,1;)NC0,1;]
naszoeem Kaaccuueckum pewenuem sadaqu (1) — (8), ecau ona ydosaemeopaem ypasrenuro (1)
u Kpaesvim ycaosuam (2), (3).

Onpenenenne 2. Bexmop-@ynxyuio u € i nasosem obobwernvm pewenuem 3adawu (1) — (8)
npu f € F, ecau 0aa Hee 8bINOAHAENCA MOAHCIECTNEO

l

Z d; / ¢j(2)ujzvjz + aj(x)ujvj) do = Z d; /fjvjda: (5)

EJEG 0 E ce¢
npu ecex v € 4.

[anee OyneM mpearosarats, 9To a;(z), ¢;(T) — BelleCTBeHHBIE, OTPAHUYEHHbIE, N3MEPUMBbIE
a (0,1;) dyukuuu, npudem BbiIOIHEHO cj(z) > J > 0. Beegem oneparop A : 4 — §, B34B B
KadecTBe OIpe/le/IeHus] JIEBYI0 9aCTh paBeHcTBa (5)

l;

(Au,v) Z d; / T)UjgVjz + aj(T)u;vj)dz. (6)

Ejee
Toxmectso (5) 3amuiieM B BHje yPaBHEHUS

(Au,v) = (f,v), (7)
roe u, v € U, f € §, paspermmMocTs KOTOPOro u OyJieM U3ydaTh B JaJbHEHIIEM.

Jlemma 1. ITycmo a;(z) > 0 u zoma 6o, 00na u3 Pynxyud a;(T) He pasHa HYA0 MOKHCIECTIEEHHO.
Toz0a opmyaa (6) onpedeasem ckasaproe npoudeederue, IKEUBANEHMHOE CKANAPHOMY TPOUI-
eedenuro 8 npocmpancmee L.

Ypasuenue (7) mepenuineMm B BHJE

[u,v] = (f,v). (8)

Tak kak npu ¢uKcHpoBaHHOM f € § sumHeinblil mo v € Y dynkumonas (f,v) orpaHudeH:
[{(f,0) ] < Nfllglvllcye) < CliflIzllvllg, Toe mocrosmrras C' > 0 ne sasucur oT f U v, TO 1O
teopeme Pucca B 4 cymecryer dbynknusa F, mis koropoit (f,v) = [F,v] npu moboit v € U,
npudeM sta dynkuumsa exuncrenna u ||F||y < C||f||z. CrenoBarensro, B { cymecTByeT eIuH-
crBenHas pynkuusa u = F, ynosnersopsiomas Tox1ecTBy (8).

Takum obpa3om, JoKa3aHA

Teopema 1. Ecau aj(z) > 0 u zoma 6. 00na us dynkyut aj(T) me pasra nyato moscoecmsento,
mo daa aobol f € F cywecmsyem eduncmeenroe obobujernnoe pewenue 3adavwu (1) — (3). Ipu
amom

lullg < ClIfll5,

20e noaoscumenvras nocmoannas C ne sasucum om f.

W3 BCero BBIMECKA3aHHOTO CJIAyeT, 9To ecan a;(z) > 0 u xors 661 oxHa u3 byHKIM aj(T) He
paBHa, HYJII0 TOXKJIECTBEHHO, To onepaTop A € L(i; §) — TomiuneHbIi 130MOPGU3M IPOCTPAHCTE
#l u §. B cuny teopembl Banaxa cymecrsyer omeparop A”! : § — U, mpuaem A7l € L(F; ).
[ockomnpKy Bioxenue 4 — § kommaxTo, oneparop A~! € L(F) aB/sgercs KOMIAKTHBIM.
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A.A. Bag3uroBa

2. Cob6cTBennbie QYHKIIMN U COOCTBEHHbIE 3HAYEHUS

Onpegenenue 3. He pasnas moowcdecmeenno nyao Gynyus u = (U1, Uz, ..., Uj, ...) HA3bI6AEMCA
cobecmeennoti pynxyueti sadawu (1) — (3) daa onepamopa

A= ({% <—c1(z)-a%> +ay(z), Z% (-c?(x)a%> + as(z), % (—cj(w)a%) +aj(m),...> :

eCAU CYWECMBYEM MAK0E YUCA0 N, 4MO PYHKYUA U ABAAEMCA KAGCCUMECKUM DEULEHUEM CAEDY-
roueti 3a0avu:

aj(z)uj — (cj(T)ujz)e = Auy, 9)

uj(()’ t) = uk(lk7t)7 Ej7 Ek € Ea(‘/i) UEw(‘/i)a (10)

> dicj(z)up(0,t) — > drek(@)ura(lk,t) = 0. (11)
E;jeE~(V;) EreE(V;)

Queao A Hasvieaemca cobcmeennvlm sHavenuem (coomeemcmeyrougum cobecmeennot dynryuu

Jlerko BuzeThb, uTo cobcrBenHas dyHknus 3amadn (1) — (3) mpu Bcex v € i ymoBneTBopsier
HMHTErpaJbHOMY TOXKJIECTBY

l; L

>4 /(Cj(fﬂ)ujxvjm +aj(z)ujvy)de =\ Y d; /uj'Ujdl'- (12)

Onpenenenune 4. He pasnas nyao dynruyus u € Y Haszveaemea obobuennoti cobcmeennol
Pynryuets sadavwu (1) — (8) dasa onepamopa A, ecau cywecmeyem makoe wucao A (cobecmeentoe
3nauenue, omeenaowee u), 4mo Pynryus u npu ecex v € LU yodosaemeopaem UHMEEPLALHOMY
moatcoecmsy (12).

B nasbHeifmeM MBI GymeM paccMaTpuUBaTh TOJBKO 0000LIEHHBIE COOCTBEHHBIE (DYHKIUM U
COOTBETCTBYIONIME WM COOCTBEHHBbIE 3HAYEHWs, HOPMUpPOBaHHBIE ycioBueM ||ul|r,q) = 1 . Ham
ymo6HO paccMmaTpuBaTh TOXIecTBO (12), ompesensiomee 0606meHEbIE COOCTBEHHbIE (YyHKIUHY,
KaK PaBEHCTBO CKAJISPHBIX TpousBesienuil B mpocrpancTse Ly(G) u B mpocrpancTse 4 cOOTBECT-
BenHo. Ilycte m = min( n(lin)aj(w) (3mech MBI He TpemmosaraeM, 4ro aj(z) > 0). Torma

J TE O,Zj
bynkmmn d;(z) = a;(z) —m+ 1 > 1. TlosTomy CKaIspHOE NPOU3BeeHNe (SKBUBAJIEHTHOE 00bId-
HOMY) B 4l MOXKHO 3a/IaTh PaBEHCTBOM

L
o= 3 d; / (c; (2)ujavis + 4 (2)ujv;)dz. (13)
0

Ejee€
ToxmecTBo (12) mocse 3TOro0 MOXKHO IEPENuCcaTh B BUE
[u,v] = (A =m + 1) (u,v). (14)

Jlemma 2. Cywecmeyem aunetinwiti ozpanunennvdi onepamop B us Lo(G) 6 U ¢ obaacmoro
onpedeserus Lo(G), dasn Komopozo npu ecex v € L umeem mecmo paseHcmeo

(u,v) = [Bu,v]. (15)

Onepamop B umeem obpamnvii B~1. Onepamop B, ecau e20 paccmampueams Kax ONepamop us
U 6 U, ABAAEMCA CAMOCONDAHCEHHBIM, TONONHCUMENDHDIM U BTLOAHE HENPEPLIEHDIM.
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3agaua IlItypma — JInyBusuist Ha reoMeTpU4ecKoM rpade

Jloxasamenvcmeo. Ina moboit (pukcnposannoit) dyukmun u € Lo(G) mumeitnsiit mo v, v € iU,
dbynxmmonan [(v) = (u,v) orpaHudeH, TaK Kak

(W) = {u,0) | < lullry)llvllrae) < Cllullny@ vy

Iosromy corsacHo semme Pucca cymectsyer emuacrsenHas dyukuus U € U, ||Ully = [|I|| <
CllullL,(g) Taxas, [ro l(v) = [U,v] ana Becex v € 4L 1O 03HAYAET, UTO Ha Ly(G) 3anman
oneparop B (ouesmmno, ymmeiineiit): Bu = U, ans koroporo seimosustercs (15). Tax xax
||Bully < C|lul|p,(q), To omepatop B m3 La(G) B i orpannuen. Ecim npn Hekoropom u u3
Ly(G) uimoseno pasenctso Bu = 0, o B cuity (15) (u,v) = 0 gns Bcex v € Y, Te. u = 0. 310
03HauaeT, UTO CymecTByeT omepatop BL.

U3z (15) BoITeKaer, 4ro oneparop B u3 i B 4l ABjIsgeTca CaMOCOTPIKEHHBIM

[Bu,’l)] = (u,v) = (v,u) = [BU,U] = [U"B’U]'

W3 (15) BeITEKAET TakXKe, 94TO orepaTop B mosioxuTesex.

ITokaxem, uaro oneparop B u3 il B il sBJisieTcss BIIOJIHE HelIPePBIBHBIM. Bo3bMeM IPOM3BOJIb-
HOe orpaHmuennoe B 4 MHOxkecTBO. B ety komnakraocTH Bioxkernus 4 — Lo(G) 9T0 MHOKECTBO
KOMIAKTHO B Lo(G). 3HaunT, U3 M060ro ero 6ECKOHEIHOTO IOJMHOMKECTBA MOXKHO BEIOpaTh dyH-
naMeHTATBHYI0 B Lo(G) mociaenosaresHOCTD U, 8 = 1,2,.... Tak xak oneparop B u3 Lo(G) B
$l orpaHWYeH H, CJIeJ0BATENbHO, HENPEPHIBEH, TO MOCAeA0BATeIbHOCTh Bug, s = 1,2, ..., bynja-
MeHTasbHA B L. O

Teopema 2. Cobcmeennnvie 3HAUEHUA A1, A2, ... 3adaxu (1) — (8) das onepamopa

A= (% (—cl(a:)(,%) +ay(z), % <—02(x)%) + as(z), .., % (—cj(x)a%) + aj(z),...)

sewjecmeentbl U As — +00 npu s — 0o. Cobcmeennvie 3HA¥EHUA YIOBAEMEOPAIOTN HEPABEHCTNEY

As > m = min ( min a; (:c)) 80 6ceT cAy“aAz, kpome a;(r) = a;(x) = const das ecex i, j.

7 :L'E(O,lj)
Ecau orce a;(z) = a;(x) = const daa scex i, j, mo cobcmeeHHbie 3HAUEHUA YOOBAETEOPAIOM
J y Js
nepaserncmey As > m, s = 1,2, ..., npudem cywecmeyem odHOKpamHoe COOCMEEHHOE SHAYEHUE,

I -1

pasnoe m, ¢ cobcmeennoli pynkyuet | Y. dijCj(a:)dx (1,1,...,1,...).

Ej€€ 0
Joxasameavcmeo. Cornacuo jsemme 2 u Toxzaecrsam (14), (15) umcno A aBngercsa coOGCTBEH-
HbIM 3HadenueM 3amaqm (1) — (3) mas omeparopa A, a u — COOTBETCTBYyIOMmEH emy 0600IIEHHOM
cobcTBeHHOM PyHKIMEH TOrAa W TOJIBKO Toraa, Koraa (A —m+ 1) ecTh XapaKTEPUCTUYECKOE THC-
JIO CaMOCOIIPSA?KEHHOTO BIIOJIHE HempepbiBHOrO omeparopa B u3 4 B U, a u — COOTBETCTBY IO
eMy cobcTBeHHBIH 3yemeHT. [losToMy cymecTByer He 6Gojiee deM CYETHOE MHOXKECTBO COOCTBEH-
HBIX 3HaueHwuit 3ama4un (1) — (3); 95T0 MHOXKECTBO He MMeeT KOHEYHBIX NPeJebHBIX TOYEK; BCe
COOCTBEHHbIE 3HAYCHHUS BEIIECTBEHHBI; KaXk/IOMy COOCTBEHHOMY 3HAYEHHWIO OTBEYAeT KOHEYHOe
4pC/I0 (KPaTHOCTh COBCTBEHHOTO 3HAYEHMsI) B3aMMHO OPTOTOHAIBHBIX B il COOCTBEHHBIX (YyHK-
IHit; cobcTBeHHBIE (DYHKIMU, OTBEYAOIIE PA3INIHBIM COOCTBEHHBIM 3HAYEHUAM, OPTOrOHAIbHEI
B Y. OTMeruM, 9TO s KaxKJ0ro COBCTBEHHOTO 3HAYEHUsI A MOXKHO BbIOpaTh poBHO k, rae k —
KDPATHOCTH )\, JI€HCTBUTEIBHBIX TIOMAPHO OPTOrOHAJIBHBIX B 4l cOOCTBEHHBIX (DYHKIMIL.

IIycTs
A1, A2y eeey Agy -en (16)

— MOCJ/IeI0BATEIBHOCTD, COAEPKAIas Bce cOOCTBeHHbIH 3Hadenud 3aqa4un (1) — (3) m1s omepaTopa
A, mpmueM Kaxkjoe COOCTBEHHOE 3HAUEHHE IIOBTOPSIETCS CTOJIBKO Pa3, KaKOBa €ro KPaTHOCTb.
IIycts

UL, UQy ooy Ugy eee (17)
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A.A. Baa3uroBa

— cECTeMa B3aMMHO OPTOTOHAJLHBIX B U 0600menHbIx cobcrBennbx bynxmuit (|[usl|r,@) = 1);
KasKJas Us COOTBETCTBYET COOCTBEHHOMY 3HAYEHMIO A :

(As —m+1)Bus=u;, s=1,2,.... (18)
Yuuoxas (18) ckanapro B 4 Ha us, noaydnM B cuty (15) paBencrsa
lulli = s =m + DllullLye) = s —m+ 1), (19)
koTophIe (CKasspHOe TpousBenenne B 4 onpeneseno dhopmyoii (13)) MOXKHO TIepenucaTh B BUAe
L
S d; [ esaucdy + (as(0) = Audyde =0, (20)
W3 pasencrsa (20) BeITEeKaeT, 94TO 714 Beex s = 1,2, ...

As >m = min _a;(z), (21)

z€(0,l5)
mpudeM Ui BCeX § = 1,... HIMEET MECTO CTPOrOe HEPaBEHCTBO KPOMeE CIydas, eC/id 3HAaueHWs
aj(z) = ai(z) = const pusa Beex 4, j. Ecmm xe aj(r) = a;(z) = m Oasa Beex i, j, TO cpean
cobcrBenHbIX 3HadeHuit 3amaun (1) — (3) ecth 3HadYeHue, paBHOE —m, C COOCTBEHHOH (yHKIH-

L

eit, pasuoit [ Y. dj [ ¢j(z)dz (1,1,...,1,...). 9ro cobcTBeHHOE 3HAYEHIE NMEET KPATHOCTS 1,
E;je€ 0

Tak Kak B cuiay (20) Bce cobcTBeHHBIE (DYHKIMU, €My OTBEYAIOIIUe, yJOBJIETBOPSIIOT PABEHCTBY

b
> dj [ ¢j(x)usi,de = 0, T.e. ABAAOTCA TOCTOSHHBIMA.
E;e€
U3 (19) BbITEKaET, 9TO CHCTEMA

U1 U9 Ug
Vi—m+1 V—m+1 7 VA—m+1
oproHopMupoBana B 4. B cusy teopembr ['mipbepra — [IIMuaTa oHa ABJISIeTC OPTOHOPMUPOBAH-

HbM G6azucom B 4. Tak kak mpocTpaHCTBO 4 HECKOHEYHOMEpPHO, TO MHOXKECTBO (22), a 3HAYHUT, U
(16) 6eckoneuno. ITosromy Ay — +00 mpu § — 00. d

(22)

Teopema 3. Obobwenmnvie cobemeennvie dyrryuu ui (), uz(z),... 3adawu (1) — (8) obpasyrom
opmonopmuposanmnviti basuc 6 La(G), m.e. awbas gynryua f € Lo(G) passazaemca 6 pad Pypoe

F= fous fs=(frus), (23)
s=1

cxodauutica 6 La(G). Jaa pynxyuu f € U pad (23) no obobwennvim cobcmsentvim Gynryuim
sadawu (1) — (3) cxodumca 8 Y u umeem mecmo HepaseHCmeo

o0

ST IlIf < ClIfIE (24)

s=1

20e nocmosnnas C ne 3asucum om f.

B 3axatoMenulu asmop CHumMaem C80UM NPUAMHbIM J0A20M 6bBPASUMD CE010 UCKPEHHION
6aazodaprocmv npogpeccopy I'A. Ceupudioxy 3a nocmanosky 3adavu u uxmepec K pabome u
npogpeccopy B.E. Dedoposy 3a cmpozyio, HO KOHCMPYKMUEHYIO KPUMUKY, 6 HEMAAOTU CMENEHU
CNOCOBCMBYIOUYI0 YAYHUEHUIO CMAMDY.
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