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MareMaTu4iecKuii aHAJIU3 U MaTeMaTUYecKoe MojeIMpoBaHue:
te3. gokir. XIV Bnagmkask. monogexn. mat. mk. (PCO-A; c. H. Ileit, 16-21 wmrona 2018 r.)

KPUTEPUN CIOPBEKTUBHOCTH OIIEPATOPOB CBEPTKI
B ITIPOCTPAHCTBAX I'OJIOMOP®HBIX B BHITIYKJ/IOI OBJIACTH
OYHKIINIT 3AJTAHHOI'O POCTA!

T. M. Aaapeesa
(Poccusg, Pocros-ua-/lony, FODY; Bragnkaskas, KOMI)

ITycrs G — Bbinyksas orpanndenHas obiacte 8 C, H(G) — npocrpaHcTBO
Bcex dyHKImil, TooMOpdHBIX B G, a (vy)02; — BO3PACTAOIMIAS [0 N TOCIEI0BA-

TEJIBHOCTh HEOTPUIATECJIBHBIX BBIITYKJIBIX MOHOTOHHO BO3PaCTaIOMIINX d)yHKHI/Iﬁ Ha
(to, +00) (to = 0).
C KaxKJIBIM BECOM Uy, N € N, CBSIXKEM COOTBETCTBYIOIEe DAHAXOBO MPOCTPAHCTBO

_ . _ £ (2)]
H,,(G) == {f € H(G) : [[fllo, == iggm < OO},

riie d(z) — dbyHKIMSA paccTostHust 0T TOUKHU z € G 110 obsiactu rpanutbl G, u 06pazyem
naykTuBHblil npegen VH(G) :=ind H,, (G).

Ilycts, nanee, p — amanutuyaeckuii pyrkmuonas B C ¢ wocurenem B K, roe K —
HEKOTOPOE BBIMYKJI0€ KOMITAKTHOE TOJAMHOXKeCTBO. IIpu HEKOTOPBIX OrpaHUYEHUIX
Ha BECOBYIO MOCJIEI0BATEILHOCTH, TO00HBIX WCIOJIb30BaHHbIM B pabore B. B. Ha-
naskoBa [1|, mcceayercs BOmMpoc 0 HEMPEPBIBHOCTU U CIOPBEKTUBHOCTH OMEPATOpPA
CBEPTKH

wx f(z): f = pwf(z+w),
neiicreytomiero n3 VH (G + K) B (ra) VH(G). C 10MOIIBIO MOIXOJSIIIErO OMUCAHNUS
conpsizkeHHbIX ¢ VH (G + K) u VH(G) BeCOBBIX TPOCTPAHCTB TEIBIX (DYHKITHIT 3a-
JIAHHOTO POCTa OTBET Ha 3TOT BONPOC JAETCA B TEPMHUHAX mpeobpasosanms Jlammaca

~

(1(C) := p.et*) bynxmmonamna .

OCHOBHBIMU pe3yJIbTaTAMK JITAHHONW PAOOTHI ABJIAIOTCS CJIE/TyIOIIHIe.

1) Ionyuen xkpurepuii HenpepbiBHOCTH Oneparopa ceeprku px* : VH(G + K) —
VH(G).

2) Tonyuen GyHKIMOHATBHBI KPUTEPHI CIOPbEKTUBHOCTH ONEPATOPA CBEPTKH
B TEPMUHAX 3aMKHYTOCTH 0Opa3a CONMPSIKEHHOTO K fi* OIlepaTopa yMHOKEHUS Ha [i.

3) JIist 9aCcTHOTO CJIydast IPOCTPAHCTE KCIIOHEHITMATBLHO-CTENEHHOTO POCTA MAK-
CHMaJILHOTO M HOPMAJIBHOTO TUIOB YCTAHOBJIEH KPUTEPHH CIOPBHEKTHBHOCTH Ol€pa-
TOpa CBEPTKHU B TEPMHUHAX PEry/ISPHOCTH POCTA [i (OLEHKN CHU3Y HA |fi| BHE MCKIIO-
YUTETHHBIX MHOYKECTB OITPE/IEIEHHOTO BU/IA).

4) Inst npOCTPAHCTE MAKCUMAILHOTO THIIA MOJIYYeH TAKKe KPUTEPHii CyIecTBO-
Banus y oneparopa cseprku JIHIIO.

Panee 110/106Hb1e pe3yabraThl ObLIN T10JayYeHbl B [2, 3] 1uist nmpocTpancTs DyHK-
nuit, rOJIOMOPMHBIX B BBIMTYKJ/IBIX 00JACTAX W 00JIAIAI0NMX TTOJUHOMUATBHBIM PO~
cTOM BOJIM3M TPAHUITBI 00JIACTH, T. €. JIsl BECOB BUIA Uy (z) = nin(1l + |z]).

!PaGora BBIMIO/IHEHA mpu nojaepxkke rpanTa Ilpesunenta Poccniickoit @emepaliunm 11 MOJIOABIX
yueHbIx-KanauaaTos Hayk, MK-1056.2018.1.
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MaTteMaTu4decKuii aHAJIN3 U MaTeMaTUdeckKoe Mo/eJMpoBaHUe:
te3. gokir. XIV Bnagmkask. monogexn. mat. mk. (PCO-A; c. H. Ileit, 1621 wmrona 2018 r.)

3AJTAYA O HEM3OTEPMNYECKOM TEYEHNU BSA3KON KUJIKOCTH

E. C. Bapaunosckuii (Poccusi, Boponex; BI'Y),
E. H. Cupugosa (Poccusi, Boponex; BYHIT BBC)

PaccmaTpuBaerca cmcrtema HeTWHEMHBIX YpPaBHEHW, OMUCHLIBAIONINX HEM30TEP-
MHWYECKOE CTAIMOHAPHOE TEYEHWE BSA3KOH KUJAKOCTH (C MOCTOSHHON IMJIOTHOCTHIO)
B OTpaHUYEHHON JOKaJbHO-unmuieBoit objgactu ! C R™, n = 2,3, ¢ rpanureit I’
IpU YCJIOBUM TIPUCTEHHOTO CKOJbKeHust Hasbe [1, § 5| 1 cMemanHbIX KpaeBbIX yCJI0-
BUAX JJIsA TEeMIEPATYPbI:

(v-V)v—div{p(@)D(v)} +Vp=f BQ,

divv =0 B,
(v V)9 — div {k(0)VE} — u(8)|D,(®)]> = w 5 Q,
w(0)[D(v)n]tan = —(0)vtan na T, (A)

v-n=0 mal,
%:w HaFO)
(0 =0 ma I\ Ty,

rjile ¥ — CKOpPOCTh TedeHus, § — Temmeparypa, p — jaBjenue, f — BHEIIHUE CHJIbI,
W — BHYTPEHHHUE UCTOYHUKY Tera, (i(f) — Ba3kocTh kugkoctu, D(v) — Ten3op cko-
pocreit gedbopmarmm, D(v) = (Vo + (Vo)1) /2, D,(v) — perynspusosannbiii Terzop
ckopocreii gedopmanun (MHIEKC p 0603HAYALT TPUMEHEHHUE OepaTopa yCpeTHEeHNS,
em. [2, o I, §1, 1. 6]), k(0) — koadbdurment rensonposogaoctr, »(0) — koabdu-
IIMEHT TPOCKAIL3bIBAHNS, N — eJINHUYHAS BHeHss Hopmasb K [, k(0)) — morok
Ternsia depe3 ydactok rpanuns ['g C I

HewussectabivMu B cucteme (A) gapisiorcs v, § u p, a BCe OCTAJbHBIE BEJIUIUHBI
CHUTAIOTCA 3a/JaHHBIMMA.

OrnrunrenbHas 0COOEHHOCTh PACCMATPUBAEMOIl 3314l COCTOUT B TOM, UTO OC-
HOBHBIE TTapaMeTpbl Mojenn (K03 UIMenThl TenI0npoBOHOCTH, BI3KOCTH U TIPO-
CKAJIb3bIBAHMUSI) HE SIBJISIIOTCS OCTOSTHHBIMU BEJIMUUHAMMU, & 3aBUCAT OT TEMIIEPATY-

pBI.
Beejiem nonsitne ciabbix pemtennit 3agaqn (A). ITycrs

X(Q)={veH'(Q): divv =0, v-n|pr =0},
Y(Q):={0eH(Q): rpr, =0}.

Yepes G : F obozraunm ckaasiproe npon3senenne terzopos G n F.
ONPEAENEHUE. Bygem roBoputh, uro mapa (v,0) € X(Q) x Y(Q) — caaboe

pewenue 3anaun (A), eciu BBITIOJHEHBI CJIETYIONINE PDABEHCTBA!
¢
3 dr + [ p@)D(v):D(p)dx + [ »#(0)v-pdo= | f-pdx,
T
Q

=10 Q



Z/vi%ndm—k/k(G)VG-Vndm— /,u(c9)|Dp('v)|277d:c =
=14 ’ 9) 9)
= /k(@)wnda—i-/wnda:
To Q
Juist 100bIX @ € X(Q) un € Y (Q).
Cdopmynupyem Terepb OCHOBHOH pe3ysibTaT paboThI.

Teopema. ITycts meas (I'\ T'g) > 0. Ilpeamoroxnm taxxe, uro f € L*(Q),
we L2(Q), v € L2(Ty), pyuxnun p, k, »2: R — Ry HeIpepbIBHEI U CyIECTBYIOT KOH-
CTaHTHI [ig, |41, ko, k1, 20, 21 Takme, 910

0<po<p(s) <pr, 0<ko<k(s)<k, 0<sx<x(s)<sx VselR

Torna 3amaua (A) umeer mo kpaiiHeii Mepe OJIHO cJ1aboe peIleHue.

JlutepaTtypa

1. Pamxkaroman K. P. O HEKOTODPBIX HEPENIEHHBIX MPOOIEMaX HEJIMHENHON NWHAMHUKH YKUIKO-
creit // Ycuexu mar. Hayk.—2003.—T. 58, Ne 2.— C. 111-121.

2. Jlagprpxernckas O. A. MaremarudecKue BOIIPOCHL JUHAMUKY BA3KOI HECKUMAEMON XKUTKOCTH.
2-e m3g.—M.: Hayka, 1970.—288 c.



MaTteMaTu4decKuii aHAJIN3 U MaTeMaTUdeckKoe Mo/eJMpoBaHUe:
te3. gokir. XIV Bnagmkask. monogexn. mat. mk. (PCO-A; c. H. Ileit, 1621 wmrona 2018 r.)

K BOITPOCY O PA3BPEHIMMOCTN OBBIKHOBEHHBIX
JUOOEPEHIINAJIBHBIX YPABHEHII JPOBHOTO MOPIIKA

®. T. BorarsipeBa
(Poccust, Hasbunk; ITIMA)

Paccmorpum ypaBuenue
Lu(z) = D u(z) = ADS M u(z) = f(z), 0<a <1, (1)

rae Dé;"ﬁ }, Dé;’(s} — omepaTopsl gapobrnoro muddepennupoBanna xpbamsama —
Hepcecsina, acconumnpoBanHble ¢ yropsiioueHHbiMu napavn {«, S} u {7, d} nopsiakos
p=a+p—-1>0,v=~v4+9J—1>0 coorBercrBento, u > v, A € R.

Omnepatop apob6uoro muddepennuposanus lxpbamsaua — Hepcecana, accoru-
MPOBAHHKII C OC/IEI0BATEIBHOCTBIO {0, V1, - - -, Y} HOPAIKA ¢ = D 1 oy, — 1 > 0,
Yk € (0, 1], onpenenserca coornommennem [1]

{70,715+ 7n} _ pm—lpm-1 1 Y0
Dy, w(x) = Doy Doy~ - Doy Dggu(z),

rae D, — npoussoanas (urrerpan) Puvana — Jluysus [2].

Pasmepnocts siyipa muHelHbIX auddepennmanbHbIX onepaTopos (1e10ro u apob-
HOTO TIOpsiZiKa), KaK MPaBWJIO, CBA3aHA C TMOPSIKOM crapiieii mpom3BogHoii. Ha-
npumep, g omneparopoB Pumana — JluyBwina m Kamyro mopsaka o, e
m — 1 < a < m, COOTBETCTBYIOIIAsT pa3MepPHOCTb paBHA M.

B nmamnoii pabore nocrpoeno ofiiee mpejcTaBieHue pemenus ypasHenus (1) u
TIpU 9TOM TIOKA3aHO, YTO PA3MEPHOCTH sSjpa ornepaTopa L 3aBUCUT OT pacipe/ie/IeHust
mapaMerpoB «, 3, v, 0 U MOXKeT ObITh PABHOW HYJIIO.

Jokazana ciemyromias

Teopema. Ilycrs ¢pyuknus f(x) npegcrasuma B Buge f(x) = Dy g(x), g(z) €
L[0,1], € > 0 — p. Torxa Jr0boe peryasproe perenne ypapaenns (1) Oyaer umernb
BHJT

1) mpm o > 7y

u(@) = [ 1O~ 0 By (N~ 1)) dt -+
0

+xa71Eu,,,7a()\a:“7”) [Dgglu(a:)]

z=0;

2) npum o = vy

xa—l

I'(«a)

(DG, ()]

z=0;

u(z) = / @ — DBy ypir (M — ) dt +
0



3) mpu o < 7y
x

u(@) = [ 1O = 0 By (N~ 1))

0

e By, (2) = Y50 2% /T (ak + p) — ¢yaxnus Mutrar — Jlechcprepa [3, c. 117].

JluTeparypa

1. Ixpbamsaua M. M., Hepcecaa A. B. JIpo6uble nmpom3Bogabie n 3agaun Komm ana audde-
PEHIMABHBIX ypaBHeHuii apoGHoro nopsaka // Mse. AH ApmCCP. Maremarnka.—1968.—
C. 3-28.

2. Haxymen A. M. Ipo6uoe ucuucsienue u ero npumeneaune.—M.: @uzmariur, 2003.—272 c.

3. /Ixpb6amnrsta M. M. InrerpasbHbie TpeoOpa30BaHUs U IPEACTABICHNs (DYHKIMI B KOMILJIEKC-
ol obmactu.—M.: Hayxka, 1966.—672 c.
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MaTteMaTu4decKuii aHAJIN3 U MaTeMaTUdeckKoe Mo/eJMpoBaHUe:
te3. gokir. XIV Bnagmkask. monogexn. mat. mk. (PCO-A; c. H. Ileit, 1621 wmrona 2018 r.)

CHUCTEMA ®YHKIINN, OPTOHOPMIPOBAHHAZ II0 COBOJIEBY
11 TIOPOYKIEHHAS CUCTEMOII ®YHKIINI JIATEPPA!

P. M. Tagxxumup3aen
(Poccusi, Maxauxana; JTHIT PAH)

Ilycts p > 1, LP — npocTpaHCTBO m3MepuMbIX (DYHKIHUI f, OmpejesieHHBIX Ha
nosyocu [0, 00) U TaKuUX, 9TO

1fllze = (/!f(w)!pdw> < 00,
0

Wi, — moaknacc dynkimit f, nenpepsisro auddepennupyeMbix r — 1 pas, 1 Ko-

TOpI:.IX =1 aGcomoTHo HempephIBHA Ha TPOM3BOIBHOM cermente [a,b] C [0, 00),
a f") e LP. Yepes p&(z) (n = 0 1,... 0603H8HI/IM (byHKLu/H/I Jlareppa, KoTOpbIe
OIPEJIETISIOTCS PABEHCTBOM [ (X \/ x)1%(z), voe p(x) = e Tz®, & (x) — op-

TOHOPMUPOBAHHBII TIOJMHOM ﬂareppa crenenu n. XOPOIIO W3BECTHO, UTO CUCTEMA
bynkimit {ud(2)}02, nmpr o > —1 OpTOHOPMUPOBAHA OTHOCHTEIHHO CKAJISPHOTO
upomssenenus (1) = [0 po (@)l () de. B pabore [1] Gbi10 mokasano, 410 Cii-
crema dynkmit {uf ()}, npu a > 0 obpasyror 6asuc B npocrpancrse LP s
% <p<A4.

B macrosmieii pabore paccmarpupaerca cuctema dymkmmit pg, (r) (r € N,
n=20,1,...), BBemennas B pabore [2|, oproHOpMHUpOBaHHAS TpH « > —1 OTHOCH-
TeJILHO CKatsipHOro npounssenenns Coboesa

oo

r—1
= 3" FP(0)g) (0) + / FO 1) (1) dt
v=0

0

n nopoxennasi dyukuusimu Jlareppa pu%(z) (n = 0,1,...) HOCPeICTBOM PABEHCTB

pon(®) =—, n=01,...,7 =1,

i@ = oy [[(@ =0 n=0.1...
0

OcHOBHBIMU pe3yJibTaTaM¥ HACTOSIINEH pabOThl ABJISIOTCS CJAETYIOIINE TEOPEMBI.

Teopema 1. Ilycts o > 0, A > 0, % < p <4, fe Wi, Torma par Pypre

dynxmm f 1o cucreme {uy, ()} cxoamTes pasroMepHo otHocuTensHo T € [0, A].

!Pa6ora Brimomena npu buHAHCOBOI TomAepkKe Poccmiickoro ¢horga byHIAMEHTATFHBIX UC-
crenoBanuii, mpoext Ne 18-31-00477 mout_a.
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Teopema 2. Ilyctp o > —1. Tornma copaBeaIuBhI CAEIYIONIAE DEKYPPEHTHBIE

COOTHOIIIEHHUAA: x
H?,n(x) = Eug,n—l(x)? Isn<r—1L

P () = (@ = 28 — @)y () + 2zpg g (2), 72 15

o )= 204 (%) — i (8) + Vil + (@)
Hintal®) = Vot hntatl) T

rlug—i—l,r—‘rn(x) -V n(n + a)u%r—&—n(m) + (.ZU —2n—a+ 1) u;},r-l—n—l(x) +

V(=D +a—Dud o), r>1n=23...

Teopema 3. CupaBemqinBa CaegyroIas aCAMITOTHIECKAS (POPMYJIa:

xle”

2(n+1)(n+2)

xre
i 1) = 2L (@) +

SIE
ML

L3 (x) + On (),

B KOTOPOH JIJIsI OCTATOYHOTO 4YJI€Ha CIIPABEJIUBBI CJAETYIOIIAE OI€HKH:

1 1
O(T),Ogmg_)
n n

Jluteparypa

1. Askey R., Wainger S. Mean convergence of expansions in Laguerre and Hermite series //

Amer. J. Math.—1965.—Vol. 87.—P. 698-708.
2. TI'amxmnvup3aes P. M. PexyppeHTHbBIE COOTHOIIEHUA AJjId MOJIMHOMOB, OPTOHOPMUPOBAHHBIX

no CoGosneBy, mopoxennbrx mommaoMamu Jlareppa // Uss. Capar. ym-ta. Hos. cep. Cep.
Maremaruka. Mexanuka. adopmarnka.—2018.—T. 18, Ne 1.—C. 17-24.
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MaTteMaTu4decKuii aHAJIN3 U MaTeMaTUdeckKoe Mo/eJMpoBaHUe:
te3. gokir. XIV Bnagmkask. monogexn. mat. mk. (PCO-A; c. H. Ileit, 1621 wmrona 2018 r.)

K TEOPUN KPAEBBIX 3AJTIAY /1J151 YPABHEHU A
C OIIEPATOPOM JPOBHOI'O INCKPETHO
PACHPEAEJIEHHOTO JNO®®EPEHIIMPOBAHNMA!

JI. X. T'ag3oBa
(Poccus, Hanpanxk; TIMA)

B wnaTepBane 0 < x < 1 paccMoTpuM ypaBHEHUE
m
> Bidhiu(x) + du(z) = f(x), (1)
j=1

e o €]1,2[, \,B; € R, f1 >0, aq > ... > au, 9], u(xz) — npomssoanas Kamyro
[1, c. 11]:
Iy u(z) = Dgx_nu(") (), n—1<~vy<n,

D], — oneparop jpoGrOro narerpo-auddepeHupoBanus IopsiKa Y B cMbIc/ae Pu-
mana — Jluysuis [1, ¢. 9] mo nepementoii .

B mammoit pabote 06CyKIAIOTCS BOPOCH PA3peNnMOCTH OCHOBHBIX KPAEBBIX 3a-
a4 [T TUHEHHOTO OOBIKHOBEHHOTO nuddepeHnnaaibHoro ypaBHeHUs C OepaTopoOM
JIPOOHOTO TMCKPETHO pachpesesieHHoro auddepennnpoBanusd. /oKazanbl TeopeMbl
CYIIECTBOBAHUS U €IMHCTBEHHOCTH DPEINeHuil, TOJIyYeHbl IBHbIE TPEeJICTaBICHUs Pe-
mrernii u moctpoens! dbyukiun ['puna [2—4].

JIutepaTtypa

1. Haxymes A. M. Ipo6Hoe ucuncsenue u ero npumenenne.—M.: @uszmaraut, 2003.—272 c.

2. T'agzosa JI. X. 3amaua dupwuxse u Helimana s 06bIKHOBEHHOTO (b hepeHIMaIbHOTO YPaB-
HEHud JPOGHOTO MOPSAJKa ¢ NOCTOTHHbIME KO3 dummentamu // dnd. ypasuenna.—2015.—
T. 51, Ne 12.—C. 1580-1586.

3. T'anzona JI. X. 3amaua Heiimana 11 0OBIKHOBEHHOTO A¥i(pepEeHITNAIHFHOTO YpaBHEHNS IPO6-
HOro mopanka // Brammkask. mar. xypu.—2016.—T. 18, spm. 3.—C. 22-30.

4. Tanzoa JI. X. KpaeBas 3aa4a 1 IMHEHHOTO OOBIKHOBEHHOTO JIu(HepeHITnaIbHOTO yPaB-
HEHUsI C OIIEPATOPOM APOGHOTO AUCKPETHO pacupesesenHoro quddepennuposanust // Tud.
ypasuenns.—2018.—T. 54, Ne 2.—C. 180-186.

!Pa6ora Boimomrena npu (GHHAHCOBOM mommep:kke Poccmiickoro dbonma dbyHIaAMEHTATBHBIX HC-
cienoBanuii, mpoext Ne 16-01-00462-A.
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MaTteMaTu4decKuii aHAJIN3 U MaTeMaTUdeckKoe Mo/eJMpoBaHUe:
te3. gokir. XIV Bnagmkask. monogexn. mat. mk. (PCO-A; c. H. Ileit, 1621 wmrona 2018 r.)

YCTONYNBOCTH TOHKO IIJIEHKU SJJEKTPOJINTA
10 JENCTBUEM ITEPEMEHHOT'O SJIEKTPUYECKOTO I10JId!

I. C. Tanuenko (Poccus, Kpacnomap; ®unancossrii yausepcurer),
H. 0. Tanuenko (Poccusi, Kpacunomap; Ky6I'V),
E. B. Top6aueBa (Poccus, Kpacuonap; Ky6I'V)

JlokJta g MOCBSIIIEH TEOPETUIECKOMY UCCJIEIOBAHUI0 YCTOWIUBOCTA TOHKOMN TIJIEH-
KW 3JIEKTPOJINTA TIOM JAefiCTBUEM TIEPEMEHHOTO 3JIEeKTPUTIEecKoro moJst. PaccmarpuBa-
eTCd MUKPOHHBIN CJION 3JEKTPOJNTa Ha TBEp/Ioil mojjioxKke. B obmeil moctaHoBKe
MOBEJIEHNE JIEKTPOJINTA ONMUChIBaeTCcst cucremoit ypasHeruit Hepracra — Iliamka —
[Iyaccona — Ctokca OTHOCHTEIBHO KOHIIEHTPAINil NOHOB JUCCOTIMUPOBAHHBIX COJIEH,
9JIEKTPUIECKOTO TIOTEHITNATA, TaBIEHUsT W BEKTOpa CKopocTu. Bosmyx mpemamosiara-
eTCs TNIJEKTPUIECKUM U OMHUCHIBAETCS ypaBHeHHeM Jlammaca OTHOCUTETBHO 3JIEK-
TPUIECKOTO MTOTEHITUAJIA.

Bru1o BBIsIE/IEHO /1BE MPUHIMIHAIBHO OTJIUYHBIE TOCTAHOBKW: B TIEPBOM CJIydae
DJIEK TPUIECKOE TT0JI€ OBLIO0 HAITPAB/IEHO B/I0JIb CBOOOIHOM rpaHuIlbl pasaesa a3, a BO
BTOPOM — IT0 HOpMaJii. B KadecTBe OCHOBHOTO peITieHns JIjist ABYX CJIyYIaeB IPUHUMA-
JIOCH perrierne 6e3 BO3MYIIEeHusT CBOOOIHOM Tpanuiibl. B mepBoM ciiydae B OCHOBHOM
penienre TpucyTCTBYET ABUZKEHNE JIEKTPOJINTA, BBISBAHHOE 3JIEKTPOOCMOTUYIECCKUM
TedeHneM, B TO BpeMs KaK JIJis BTOPOTO CJIy4ast IBUKEHUE SJEKTPOJIUTA OTCYTCTBYET.
s mceeioBanus JIMHEWHON YCTOWYIMBOCTH OCHOBHOT'O PEITIEHNsT HA HETO HAKJIAIbI-
BaJIUCh MAJible, IEPUOIUIECKUE BIIOJb TIJICHKHU, BO3MYIIEHUS.

B ciyuae kacaTebHOrO J€KTPUIECKOTO 0 Ob1I0 0OHAPYKEHO, YTO B CUCTEME
MPUCYTCTBYET JBa THUIA HEYCTOWYMBOCTU: KOPOTKOBOJHOBBIN U JJTUHHOBOJTHOBBI.
ﬂﬂHHHOBOHHOBbII)’I TUIT HeyCTOﬁqHBOCTH CB4d3aH C HeyCTOﬁqHBOCTBIO TTOBEPXHOCTHOTO
3aps1a, a KOPOTKOBOJTHOBBII — € BO3MYIIEHUEM MPOBOIUMOCTH dJ1eKTposmTa [1].

Kax okazamock, caydait HOpMATBLHOTO JIEKTPUIECKOTO TIOJIs KAPAUHATLHO OT/IN-
YAeTCs OT TIEPBOrO Caydasi, TaK KaK B YIIPOIIEHHON MOCTAHOBKE 33/1a4Ua MOXKET ObITh
CBeIeHa K ITOCTaHOBKE THUIIA KUJKOT'O JUIJIEKTPUKaA C KOMILIEKCHOT ,Z[I/ISﬂeKTpI/I‘leCKOfI
[IPOHUIAEMOCTBIO € = €0 — i3¢/w, TJIe €9 — JANIJIEKTPUYECKasi TIPOHUIAEMOCTD JIEK-
TPOJINTA, 3 — €TI0 JIEKTPUIECKAS TTPOBOJUMOCTD, & W — YAaCTOTA BHEITHETO JIEKTPU-
9eckoro moJid. st ciydass 60bIIX 9aCTOT TUAPOINHAMUIECKA 9aCTh 3a/Ia9U HE
pearmpyeT Ha KoJiebaHUsI ¢ 9acTOTON GOJIbIe COOCTBEHHOI [2] U B crCcTeMe 0CTaroTCs
TOJIbKO MOHOTOHHBIE CJIaraeMbie, KOTOPBIE€ BBI3BIBAIOT Jpeiid smekTposmTa. B 3T1OM
caydae HEYCTONYIMBOCTh BOZHUKAET HE U3 YPABHEHU JIEKTPOCTATUKHU, KAK B TIEPBOM
ciaydae, a u3 ypaBHeHui rugpoaunaaMuku. st ciaydas mieHKku O€CKOHEIHOM TOJIIIN-
HBI MOXKET OBITH TIOJTyYeHa, CJeyotast mpocTas hopMyaa st KoadduimerTa pocta

!Pa6ora Boimosrena npu (GHHAHCOBOM mommep:xkke Poccmiickoro dbonma dbyHIaAMEHTATBHBIX HC-
cnenoBanuii, npoektbl NeNe 18-58-15004-HITHU a, 16-08-00643 a, 18-38-00611-mo1_a, u Cosera
no rpaaTaM IIpesunenTta Poccuiickoit @eneparmu, MK-5302.2018.1.
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BO3MYIIIEHUIL:

E2 2 52 _
A= — (%—Q—i-ao(eo—ag)) Re —ggﬂ —al,
peg \w le|? € + ¢4 2u

e B — aMIinTyia BHEITHETO 3/IEKTPUIECKOr0 MO, (4 — JIUHAMUYIECKAs BI3KOCTh
3JIEKTPOJINTA, €4 — JIMAEKTPUIECKas TTPOHMUIIAEMOCTh BO3/yXa, (v — BOJHOBOE HUHC-
JIO BO3MYyIIEHUil, 7 — K03 DUIMEHT MOBEPXHOCTHOTO HaTsiKeHus, Re obo3nadaer
ﬂeﬁCTBHTeﬂbHyIO qaCTh KOMIIJIEKCHOTO 4YuCJIla. ﬂaHHbeI TUIIL HeyCTOﬁqHBOCTH HaIIO-
MUHAET HeycToiunBocTh Tonkca — DPpeHkens s JUIIeKTPUIeCKUX KUJAKocTeit [3].

TeOpeTI/ILIeCKI/Ie PE3YJAbTATHI JaHHOTO HUCCJIEJO0BAHUA MOTYT 6])ITB TIOJIC3HBI JIJIdA
MPAKTUYIECKOTO TPUMEHEHUs KaK B MWHKEHEPHBIX 007IaCTIX /i TPOEKTUPOBAHUS JIa-
boparopuit Ha unile, TaK W JJIsi PEIIEHUs MEIUIUHCKUX TPOOJIEM JTOCTABKM JIEKAP-
CTBEHHBIX IIPEnapaTosB.

JIutepaTtypa

1. Demekhin E. A., Ganchenko G. S., Gorbacheva E. V., Amiroudine S. Stability of two layers
dielectric-electrolyte microflow subjected to an alternating external electric field // Electro-
phoresis.—2018. DOI: 10.1002/elps.201700472.

2. OgoBuuy B. H. BubpommHaMmka ¥ BHOPOT€OMETPHS MEXAHMIECKUX CUCTEM CO CBSI3SIMMI.
Y. II. // Ycuexu mexanuku.—2006.—T. 4, Ne 3.—C. 75-129.

3. @penkeas . H. K Tteopun TouKca 0 pa3pbiBe MOBEPXHOCTU YKUIKOCTH IOCTOSHHBIM 3JIEK-

TPUYECKUM TIOJIeM B BakyyMe // ZKypHas 9KCnepuMeHTaIbHOM U TeopeTndeckoii dbusnku.—
1936.—T. 6, Ne 4.—C. 347-350.
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MaTteMaTu4decKuii aHAJIN3 U MaTeMaTUdeckKoe Mo/eJMpoBaHUe:
te3. gokir. XIV Bnagmkask. monogexn. mat. mk. (PCO-A; c. H. Ileit, 1621 wmrona 2018 r.)

JIBYMEPHBII TIPEJEJILHBIN PAT
10 YJIBTPACO®EPUYECKUM IIOJIMHOMAM SIKOBU

N. TI. I'yceiinosn
(Poccus, Maxaukana; JTHI] PAH)

oL,Q
Oupenenum ynbrpacdepuaeckue noauaombr Axobu Py " (x), KoTopsIe st ympo-
miennst 3anucu Oyjem obosHadars vyepes PY(x), a € R, npu nomommu dbopmyiis! sis-
HOTO BHJIA

P = Piete) = (")

n

i (—n)éc(n+2a+1)k <1 _x>k, n >0,

=0 o+ 1)kk)' 2

e (a)o = 1, (a)y = ala+1)...(a+k —1),k > 1 — cumsoa Ioxrammepa. IIpu
a > —1 nommuoMEl P{(x) yAOBIETBOPSIOT COOTHOIIEHUIO OPTOTOHATLHOCTH

1
/ (1 — 2)* P2 (@) PP (x) di = hil6y,
e

e
o Tk+a+1)D(k+a+1)22H
FTUORID(k 4 20+ 1)(2k + 200+ 1)
a 0 — cumBos Kponekepa. Uepes p&(x) Gyzem 0603HaYaTh HOPMUPOBAHHBIE MOJIN-
HOMBI ZlK06H, KOTOpBIe cBsi3aHbl ¢ PY(x) paBeHCTBOM

1
pp(x) = {hi} 2 P ().

IMycts X = [-1,1]x[—1,1], a C(X) — HOpMUPOBAHHOE TPOCTPAHCTBO HEMPEPHIB-
ueix Gyukunii f = f(z,y), 3agannabix #Ha X, 1Jist KOTOPBIX HOPMa OIpeJesieHa 00bIt-
ueiM obpazom kKaxk | f|| = sup{|f(z,y)| : =,y € [-1,1]}. Jna dyskumn f € C(X)
npu «, 8 > —1 onpegennm kKoaddunmentsr Pypbe

11
= [ [t @p] ) - ot dedy. i >0,
—1-1
u pag Pypoe
ZZfJ pz )
=0 7=0

Ipedesvrvim yavmpachepuveckum padom no nosurnomam HArxobu HA30BEM PsiI,
oIy 9eHHbIi u3 psijja Pyphbe, ONMpeaeIeHHOr0 BhIIE, B Pe3yJbTaTe MOUJIEHHOTO TTpe-
JIeJIBHOTO TIepexojia npu «, f — —1, T. e. psi BuIa

ZZf P @)y (W),

=0 7=0
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e

T @ps ) = lim dim f7pe(2)p! ().

a——1p8—-1

[Tosb3ysich pe3ysbraTamu, HOJIyYeHHbIME B pabore [1|, Mbl 1IOKaXKeM, 9TO Tpejiesib-
HBI yabTpacdepudeckuii psa o moauaoMaMm Akobu mia dyakmuu f € C(X) umeer
BUT

() ~ QU y) + (L =) Y far(f) + ybu(f)] pi() +

k=0
+1 =) lalf) + zdi(£)]pi (y) +
1=0
+(1 =21 =)D eni(fpi(2)p; (v)
k=0 [=0
JIuteparypa

1. ITapamyauaos H. H. Ilpenenvusre yibrpacdepudeckne psabl U UX alllIPOKCHMATUBHBIE CBOM-

crBa // Mar. 3amerku.—2013.—T. 94, Ne 2.—C. 295-309.
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MaremaTuyeckuii aHAJIN3 U MaTeMaTU4YeCcKoe MOJeJInpOBaHue:
Te3. goks. XIV Braamkask. monomexn. mat. mk. (PCO-A, c. H. Ileit, 16-21 wrona 2018 r.)

MHOT'OCJIOMHBIN TTEPCEINITPOH KAK MHCTPYMEHT
IMPOTHO3MPOBAHNS PE3VJIBTATOB COLIMAJILHBIX SABJIEHUIN

A. ®. /I>xuoes
(FOxmnas Ocerns, xuupan; FOOI'Y um. Tubunosa)

B mamm guu 60JBITY IO TOMYASPHOCTD [0 BCEMY MUPY HaOpaJia esiTeJIbHOCTD OYK-
MeKepCKuX KOHTOp. OpraHuzaropbl JaHHOTO BUA JeATeTHHOCTH HYXKIAIOTCS B CO-
CTaBJICHUN TPOTHO30B JJisl BBICTABJIEHUsI KOPPEKTHBIX KO3(DDUITMEHTOB HA MUCXOJBI
KaKOTO-1u00 coOBbITHSA. BykMekepckrne KOHTOPBI MOCTOSHHO COBEPIIEHCTBYIOT CBOIO
paboTy, OJHAKO BCE PABHO MPHUCYTCTBYET JOCTATOUYHO OOJIBINONI pa3zbpoc 3HAUYEHUIT
K03 OUIMEHTOB HA OJHH W Te K€ COOBITHA B PA3HBIX KOHTOpax. I3 9Toro mox-
HO COe/IaThb BBIBO, YTO HCIOJbB3yEMble MMU METOJAbl MPOTHO3MPOBAHUA BCE 2KE HE
SIBJIIIOTCST UI€AJbHBIMU U TIOPOi HE OTPAXKAIoT peasibHoe mojoxkenue Bereit. C yue-
TOM TOTO, 9TO aJITOPUTMBI, NUCIIOJIB3YIOIUECA TTPU TPOTHO3UPOBAHUN TEX WMJIN MHBIX
pPEe3yIbTATOB B PA3JUYHBIX KOHTOPAX, ABJSIOTCA UCTOYHUKOM JIOXOTA JJis HUX, TO
MOXKHO CA€JIaTh BBIBOJ O TOM, YTO B IMUPOKOM JIOCTYTI€ OHU HAXOAUTHCA HE 6yﬂyT,
TaK KaK KOHKYDEHIUS MEXIY OYKMeKepaMu JIOCTATOYHO BBICOKA.

AHam3 MeTO0B MO3BOJISIET Pa3paboTaTh MPOTPAMMHOE 00EeCIIeUeHNe, UCITOIB30-
BaHUE KOTOPOTO MOXKET 00ecrevunTh (PUHAHCOBYIO BBITOTY JIJisi OYKMEKEPCKON KOHTO-
pHI.

Hesnbto paboOTHI SIBJISIETCS TTOCTPOEHUE MOJIEN TPOTHO3UPOBAHUS PE3Y/IBTATOB
GbyTOONMBHBIX MaTUel, KAK YaCTHOTO CJIyYasi COIUAJBbHBIX COOBITHI, HA OCHOBE JIAH-
HBIX 0 BAUSIOMNUX pakTopax. PaccMoTper m mpoaHaIn3npoBaH psf (hbakToOPOB, BJIN-
SIONIUX HA PE3YIbTAThl CIIOPTUBHBIX COPEBHOBaHU. Pe3yibraThl anmpobupoBaHbl Ha
ucxogax urp Yemmnmonara Poccun mo dpyrbosy.

IIpenmerom uccsieoBaHUs SBJISIETCS ABTOMATHU3AIUS MPOIECCA TPOrHO3UPOBA-
HUS Pe3y/abTaToB Mardeil. MeTomoiorudeckoit m Te0peTnvueckoii OCHOBOM HUCCIEI0-
BAaHUsI SIBJISIOTCSA TPY/IbI OT€UECTBEHHBIX U 3apPyOEKHBIX aBTOPOB B 00JACTU CTATHU-
CTUYECKON TEOPUH, PErpecCHOHHOT0 aHaiM3a, TPOTHO3UPOBAHNST BPEMEHHBIX PSIIOB,
TEXHUYECKOTO aHAJM3a, HEIeTKUX JIOTUK U HEHPOHHBIX CeTel.

Bazoit gis monydenust nadopMauu ABIAETCA CTATUCTUKA TI0 PE3YJIBTATY HUIP
gemnuonara Poccuu no ¢pyr6osy. Bee mannbie omybmKOBaHBI B CBOOOIHOM JOCTYIIE
B I/IHTepHeTe N B PA3JIMYHBIX TME€YIATHBIX U3JaHUAX.

HoBusha jgaHHOTO mMCCaeA0BaHUS COCTOUT B pa3pabOTKe MOJEJN, CIOCOOHOM Co-
CTAaBUTH KOHKYPEHINIO OYKMEKepCKUM KOHTOpaM. TeopeTuyeckas 3HAYNMOCTb COCTO-
UT B TOM, YTO BbIBO/bI, CAC/IAHHBIE Ha OCHOBE UCCJI€JOBAHUA, MOTYT 6LIT]3 HNCIIOJIb-
30BAHBI [IPU YCOBEPIIIEHCTBOBAHUU U pa3pabOTKe HOBBIX METOJIOB MPOTHO3ZUPOBAHUS
NCXON0B COPEBHOBAHMIA.

He BBI3BIBaET COMHEHUsT aKTyabHOCTDH JTAHHOTO MCCAEI0BAHUS, TTOCKOIBKY KOH-
KypeHnnus cpequ OyKMEKepOB BenKa, u Jirobas OykMmekepckas KOHTOpa Oymer crpe-
MUTBCSA YCOBEPIIEHCTBOBATH CBOIO CHCTEMY TpOrHO3uWpoBanud. [la u, K ToMy ke,
CTaBKH, CIeJaHHBbIE HA HAYIHO OOOCHOBAHHBIX METOJaX, MPUHOCIT OOJIbINE J0X0/Ia
U BBITOJIbI, UeM CJeJIaHHBbIE «HAYIATY>.
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JIutepaTtypa

Poccuen JI. A. Camoobyuaronpecs: HEpOCeTeBble SKCIEPTHHIE CUCTEMbI B Me IUITNHE: TeOPHS,
MEeTOI0JIOTUs, MHCTPYMeHTapuii, BHeapenue.—Kpacuoapck: 2000.—118 c.

Yepnosa H. H. Teopus BepositHOCTEl: Y4eb. nocobue nma By3oB.—Hosocubupck: Cub. roc.
YH-T TeaeKoMMyHuKanwit u nadopmarukn, 2009.—128 c.

I'mypman B. E. PyKoBOICTBO K PEIIEHUIO 3374 10 TEOPHUU BEPOATHOCTEH U MATEMATUIeCKON
cratucTtuke. 9-oe w3m.—M.: Beicmasa mkomna, 2004.—404 c.

I'mypman B. E. Teopud BepoaTHOCTEH U MaTeMaTUdIecKad CTaTUCTHKA. 9-oe m3a.—M.: Bric-
mas mkoJia, 2004.

. Apedinep H., Cuur I. Tlpuknaguoit perpeccuonnsiii ananu3. Kaura nepsas.—M.: @unancot
u craTucTuka, 1987.
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MaTteMaTu4decKuii aHAJIN3 U MaTeMaTUdeckKoe Mo/eJMpoBaHUe:
te3. gokir. XIV Bnagmkask. monogexn. mat. mk. (PCO-A; c. H. Ileit, 1621 wmrona 2018 r.)

CIIEKTPAJIBHBINT AHAJIN3 OIIEPATOPHBIX TTOJIMHOMOB
n JNOPEPEHIMAJIBHBIX OIIEPATOPOB
[MPOU3BOJIBHOT'O TTOPAIKA

. B. Jlugenko
(Poccus, Boponex; BI'Y)

[Tycts X — KOMILIEKCHOE GAHAXOBO MPOCTPAHCTBO ¢ HOPMOIi || - ||, End X — 6a-
HaX0Ba aaredpa JUHEHHBIX OIPAHWYEHHBIX OMEpPaTopoB, gefictByrommx B X. Ilycrs
A: D(A) C X - X — nuHeHbII 0MepaTop ¢ HEIyCTHIM PE30JbBEHTHBIM MHOKE-
crBoMm p(A) u By, Bs, ..., BNy — oneparopsl u3 anre6psl End X, N € N.

OnPEAENEHUE 1. [Tycte B : D(B) C Y — Z — 3aMKHYTHI JINHEHHbIH omepa-
Top. Paccmorpum ciemytomue ycoBus:

1) sgpo Ker B = {y € D(B) : By = 0} oneparopa I3 — Hy/1eBO€ TIOATPOCTPAHCTBO
u3 ) (oneparop B MHbEKTHBEH);

2) pasmepnocts dim Ker B = n aapa Ker B onmeparopa B 1mo/i0)KuTeIbHA W KO-
HEJHa;

3) Ker B — 6eckoneunomeproe noampocrpanctso u3 )Y (dim Ker B = oo);

4) Ker B — nonosnsiemoe niognpocrpanctso B D(B) (D(B) paccmarpupaercst Kak
faHax0BO MPOCTPAHCTBO ¢ HOpMOiT rpaduka |z|g = ||| + ||Bz|, © € D(B));

5) obnacTs 3Hadennit Im B onpearopa B zamkmyta (Im B = Im B), uTo sKBHBA-
JIEHTHO IIOJIOZKUTEJIBHOCTU BEJINYUHBI (MI/IHI/IM&.HI)HOFO MOyJid omepaTopa B)

. 1Bzl . lyll
v(B) = inf . = . ,
zeD(B)\Ker B dist(z,Ker B)  y=Bz, dist(x,Ker B)
x¢Ker B

rae dist(z, Ker B) = inf; eker 8 |2 — xol[;

6) Im B # Im B (Im B — He3aMKHyTOe MOAIPOCTPAHCTBO);

7) Im B — 3amKHYyTOE J0TOJHAEMOE B Z TOAMTPOCTPAHCTBO;

8) omeparop B paBHOMepHO uHBeKTHBeH (KOoppekTen), T. e. KerB = {0}
uy(B) > 0;

9) Im B — 3aMKHyTO€ JOTOJHIEMOE TOANPOCTPAHCTBO U3 Z KOHEYHON KOpa3zMep-
Hoctr (codim Im B = m < o0);

10) Im B — 3aMKHYyTOE JOMOJIHSIEMOE MOAMPOCTPAHCTBO U3 Z OGECKOHEYHOl KO-
Pa3MEPHOCTH;

11) ImB = Z, 1. e. B — ClOpBHEKTUBHBII 0nepaTop;

12) ImB # Z;

13) omepatop B mmeer seswri obpartmbii omepatop (B71); € Hom (Z,)),
T. e. (B7Y)Bx = x ana mo6oro z € D(B);

14) omeparop B mmeer mpaswrii obpatueii omeparop (B7!), € Hom (Z,)),
T. . B(B™1), = Iz — Toxaectennsiit omepatop B Z u Im(B~1), = D(B);

15) oneparop B (mernpepsisro) obparum, T. e. Ker B = {0}, In B = Z (u, ciezo-
BaTeILHO, 110 Teopeme Bamaxa B~! € Hom (Z,))).
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Ecmm ana onmeparopa B BBIIOJHEHBI BCE YCJOBUS W3 COBOKYIIHOCTH S HEIIPOTH-
BOPEYMBBIX YCJIOBHH n3 MHO)KecTBa ycosuit Z = {1,2,...,15} (S C Z), 10 Gyuem
TOBOpUTH, UTO omepaTtop BB HaxoauTcs B cocrogaunm obparumoctu S. MHOXKeCTBO
cocrosianii o6parumocTu oneparopa B 0603HaIMM CUMBOJIOM Stiny (B).

Paccmorpum smmedineii omepatop A = AN + BiAN"! + ...+ By : D(AN) C
X — X ¢ obmactio onpesenennst D(A) = D(AN), N € N.

Hapsiny ¢ omeparopom A ompegennm omepatop A : D(A) € X X X — X x X
C TOMOIIIBIO MATPUIIBI

A —I 0 0 0
0 A —1I 0 0
0 0 A 0 0
A~
0 0 0 .. A —TI
By By_-1 Byn—2 ... By A+ B

Teopema 1. Muosxecrsa cocrosuuii obparuvoctn oneparopos A : D(AN) c
X - XuhA:DAYN CX xX = X x X copnanaror, T. e.

Stiny (.A) = Stinv (A) .

JIuteparypa

1. Backaxos A. I'., Kabannosa JI. FO, Kocrpy6 U. /1., Cmaruna T. U. Jluneiinbie nuddepeniu-
aJIbHBIE OTIEPATOPBI U OIIEPATOPHBIE MATPHITHL BTOPOro mopsaka // Jdud. ypasuenna.—2017.—
T. 59, Ne 1.—C. 1-10.

2. BackakoB A. I. Tlomyrpymibl pa3HOCTHBIX OMEPATOPOB B CIEKTPAJIHHOM aHAJIA3€ JIMHEHHBIX

muddepenmmanpabx onepatopos // @ymkn. amamm3 u ero npuwr—1996.—T. 30, Bbm. 3.—
C. 1-11.
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MareMaTuiecKuii aHAJIU3 U MaTeMaTUYeckKoe MojeIMpoBaHue:
te3. gokir. XIV Bnagmkask. monogexn. mat. mk. (PCO-A; c. H. Ileit, 1621 wmrona 2018 r.)

MOJEJIMPOBAHUE KPATKUX ITMKOB YNCJIEHHOCTU
OTIYJIAINN TTPY MTHBA3UN YYKEPOJIHBIX BIIOB
BE3 COIIPOTUBJIEHUSI CPEIBI!

B. A. y6posckas (Poccusg, Cankr—IlerepOypr; CIIMNPAH),
A. 1O. IIepeBapioxa (Poccus, Cankr—Ilerepbypr; CIINPAH)

Hamu paccMaTpuBaioTcss MOJIENIN s CIIeHAPHs [epexo/ia K B3PbIBOOOPa3HOil Tu-
HAMUKE YUCJAEHHOCTU y TMOMyJdnuii B (popMe KPAaTKOro MUKa YUCAEHHOCTU, CMEHSI-
IOIErocst JITATEILHON Jlerpecueii oy aiun Beesenta. [1ogo0HbIe 9KOJIOTHYeCKe
ABJICHUA CHeU;I/I(i)I/ILIH])I " CONMPOBOZKAAIOT TPOHIECCHI PACHIPOCTPAHEHUA OIMACHBIX 9y-
JKEPOHBIX BUJIOB C BBICKUM PENPOIYKTHBHBIM MOTeHIHagioM. COOBITHS OTHOCITCS K
MEpeXOIHBIM CATYAIUAM B CyIIECTBOBAHUM 3KOCHCTEM, MIOTOMY HE ONUCHLIBAIOTCS AT-
TPAKTOPAMU — YCTOWYMBBIMU PEXKUMaMU TpaekTopuu. lIpemioxum st onucanus
BapUAHTOB MOBEJIEHNUS MOCJIe BCIBIIKU BCEJIEHITA HOBBIX A dDepeHnagbHbIX yPaB-
HeHWsl ¢ 3anasapiBanvem (3) u (4).

B [1] MBI ipoBesM MOZIETMPOBAHIE MPOTIECCa pa3pyiienus cpebl (crenapuii Oct-
posa ITacxn) BUIOM B ypaBHEHNU C MTPEIKPUTHIECKUM TOPOTOM H | PE3KO MEHSIOTIIM
s exTUBHOCTH BOCIpON3BOICTBA. BudypKarus 3amyckaer BApuanT CTPEMUATETHHO-
ro, KaracTpouIecKoro KpU3nca 1moc/ae PaspylieHnst MepexoIHoro KoaebaTebHOTo
peKIMA;

d—N:mN(l—W)(H_N(t_T))- (1)

B (1) HeBbIHYXK/IEHHOIl JECTPYKIIUH TOMYJISIIIAN TIPU TIEPENOTHEHUN CPEJIbl BEJINYU-
Ha R He TOXKIECTBEHHA 10 CMBIC/Ty K — 6a1aHCOBOMY PaBHOBECHIO, «€MKOCTHU IKOJIO-
rugeckoit Humuy VN (0) > 0, limy_, o N(t) = K. B Jannom ciydae 9KOJIOIHIeCKOTO
PaBHOBECUS y «BUJI/CpeJlay HET.

OiHaKO, B KpUTUYECKYIO CUTYAIUIO CIIOCODEH TONacTh WHBA3MOHHBIN Buj. B Mo-
nea XaTdanHCOHA MOXKHO NostyanTh crenapuii: 3ty, N(0) < K, 7> 7: N(r1,tpr) >
K, limy oo N(r7,t) = K, HO mOZ00HBIiI pEXKUM MOJIEIN OKA3bIBAETCS HECYIIECTBEH-
HBIM BPEMEHHBIM TI€PETTOJITHEHNEeM IKOJIOTUYIECKOM HUIM, HO HE 6y,Z[eT BbITJIAJIECTH
YTPOKAIOIIEA SKOCUCTEME BCHBIIIKON, OTHOCAIIEHCA K MHTEPEeCYIOIeil HaC 3KCTpe-
MaJILHOM JUHAMUKE YUCJICHHOCTH.

OH M3 MEeTO/I0B MOJIEJIMPOBAHKUS IOJI0OHBIX HECTALMOHAPHBIX U IEPEXOIHBIX
peXkuMOB — (popMasn3anus 3aMa3AbIBAIOIIE! DPEry/saiuu il BBIYUCIUTETHHOTO
aHa/IM3a ypaBHEHUil C OTKJIOHAIONMMCS aprymenTom. Hampasiienme mogennpoBa-
HUsI CTAJI0 PA3BUBATHCS SKCTEHCUBHO C YBEJIUYEHWEM I1apaMeTpPOB 3alla3/IbIBAHUs
Nt —71),...,N(t —72),...,N(t — 73), 9acT0 N3OBLITOUHBIM.

!Pa6ora Brimomena npu buHAHCOBOI TomAepkKe Poccmiickoro ¢horga byHIAMEHTATFHBIX UC-
ciaemoBanuit, mpoexT Ne 17-07-00125.
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Paccmorpum BapmanTbl MommdUKAIMNT MOJEIN C 3ala3ablBAHHEM Ha OCHOBE
dbyukimu [ommepTiia u3 Caeayionero ypaBHeHus:

N (5) )

t—o00

N(t) = K exp (m (NT> e’"t) , lim N(t) = K.

Kauecreennoe oriunune rpaduka dynxnun [ommepriia ot momenn Pepxroibcra —
nosnoxenne roukn N neperuba F”(N) = 0 va kpusoii pemenust. Bkarouny B Mojiens
3aIa3/ILIBAIONILYIO PETYAAINIO U N3ATHE K:

AN K
—-=rN@®h <m> — kN(t). (3)

OnmineM IpoXOXKAHNEe MIHAMYMa YUCICHHOCTH IIOCEe PE3KOTO IHKA.

IMpenozkum momndukanmio n3secTHO Mogenn Basbikuna (4). Mogens npumenn-
Ma K CHTyaluu TOpoTroBoiil uncjaerroctu L > 1 B sBHOM BHUJe — IpyIIbl ocobeit, 00si-
3aTebHON JI7Isi HeJIoTyIeHusi BbiMupanus Buga npu N (i) < L : limy_oo N(t) = 0.

k
Y N (@) (ﬁ) V(NG —m) — L) — xN(2). (4)

Hnst N(t) — L rpyumnsl ocobeii HaM NPeJICTaBJISIeTCSl NHTEPECHBIM 13 CO00pazkeHuii
0 TPUYMHAX BO3HUKHOBEHUS JKOJIOTHIecKoro 3dderra Oumm (Korpa keaaTesrbHO
YKPYIHATH TPYIIBI 0CO0€it Jist JIydieii BhI>KMBAEMOCTH TIOTOMCTBA), UMEHHO BapH-
aHT THOKO HacTpamBaemoil Mozesn, Har BbOOp v(N) = In(K/N) B (4) u crenenn
m = 1/3 6Gosee soruden, dem st kBagparuanoit perysuun f(N) =rN(1— N/K).

JIutepartypa

1. Ilepesapioxa A. FO. Cuenapuil HEBBIHYKIEHHONH I€CTPYKIUHU IMOIYJIANUA B MOIAUDUKAIAN
ypasaenus Xaruamacona // Bmamukask. mar. xypu.—2017.—T. 19, semr. 4.—C. 58-69.
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MaremaTuyeckuii aHAJIN3 U MaTeMaTU4YeCcKoe MOJeJInpOBaHue:
Te3. goks. XIV Braamkask. monomexn. mat. mk. (PCO-A, c. H. Ileit, 16-21 wrona 2018 r.)

UNBOUNDED CONVERGENCE AND THE RELATED OPERATORS

O. Zabeti
(Iran, Zahedan; USB)

In this talk, we survey Unbounded convergence and the corresponding possible
operators in both special and general directions. We obtain some relations between
them and in addition, we consider many examples to confirm that some assumptions
and situations, are reasonable in each case.

Let E be a Banach lattice. For a net (x) in E, if there is a net (u), possibly over a
different index set, with u, | 0 and for every  there exists ag such that |z, —2| < uy
whenever a > ag, we say that (z,) converges to z in order, in notation, z, — .
A net (z,) in F is said to be unbounded order convergent (uo-convergent, in brief)
to z € E if for each u € E, the net (|x, — x| A u) converges to zero in order. It is
called unbounded norm convergent (un-convergent, for short) if |||z, — 2| Aul| — 0.
For a version of an unbounded convergent net in term of weak convergence, a net
(zo) in a Banach lattice F is said to be unbounded absolutely weakly convergent to
x € F if for each positive u € E, one has |z — 2| A u —> 0.

Now, we give some definitions for some classes of operators regarding these kind
of convergences. Suppose F is a Banach lattice and X is a Banach space. We say that
an operator T: F — X is uaw-Dunford—Pettis if for every norm bounded sequence
(zn) in B, z, =% 0 implies ||T(x,)|| — 0.

An operator T: X — E is said to be (sequentially) uaw-compact if T'(Bx)
is relatively (sequentially) waw-compact where By denotes the closed unit ball of
the Banach space X. Equivalently, for every bounded net (z,) (respectively, every
bounded sequence (x,)) its image has a subnet (respectively, subsequence), which
is waw-convergent. We further say that the operator T is un-compact if T(Bx)
is relatively un-compact in E. In [1], some properties of un-compact operators are
studied. Denote by Bypp(E), Bpp(E), Kyaw(E), Kun(E) the spaces of all uaw-Dun-
ford—Pettis, Dunfor—Pettis, uaw-compact and un-compact operators on a Banach
lattice E, respectively.

In this talk, we consider some relations between these operators and characterize
some spaces on which some inclusion or equality relations for these classes of
operators can happen.

References

1. Erkursun-Ozcan N., Gezer N. A., Zabeti O. Unbounded absolute weak Dunford-Pettis and
unbounded absolute weak compact operators. Preprint. arXiv:1708.03970v3.
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MaTteMaTu4decKuii aHAJIN3 U MaTeMaTUdeckKoe Mo/eJMpoBaHUe:
te3. gokir. XIV Bnagmkask. monogexn. mat. mk. (PCO-A; c. H. Ileit, 1621 wmrona 2018 r.)

O JMHAMUVKE MHOT'OMEPHBIX OITEPATOPOB IIOMMBE

II. A. lBanos
(Poccus, Pocros-na-/lony; FODY)

B moknaze maer peds 0 IMUKJIMYECKHX BEKTOpax omeparopa llommbe B mpo-
CTPAHCTBAX AHAJATUIECKUX (PYHKIUH MHOTUX KOMILIEKCHBIX TepeMeHHBIX. llycThb

ms N € N cumBon Py obosnagaer muoxkectso {1,2,... N} [dna ¢t = (tj);\f:l,
N

z = (2)j2 € CN, j € Py uepes t;, obozmasmm Touxy B CV, momyuennyio m3 t
3aMeHOIi j-0ii KOOpJMHATHI Ha Zj, T. €.

255 k= j7
(tj2)y, == ’ .
ti, k#J.
[Monoxum 0; := a%j, j € Py. Jdanee, Q — momummiuaapudeckas obmacts B CN:
Q= x---xQp, tze Q, j € Py, — obmactu B C.
OnPEAEJEHUE 1. Iycrs dbyskima f asammraana 8 Q 8 CV. s j € Py,
z,t € €} moyioxKuM
f)—f;.2)
{tf ti # 7
9f(tjz), 1y =z
ITycrs No := NU{0}. s o = (oaj)é-v:l,ﬁ = (@);VZI € NY¥ 6ynem mcars a < B,

Dj-(f)(t) ==

ecn o < B, 1 < j < N. Kak o6erano, nmonaraem z® := z{" .-+ 23N (cuuraenm,
uro ¥ = 1 g moboro ¢ € C), |a| := a1 + -+ ay, a! := ai!---ay!, z € CV,

o € Név . Onepatopsl D; ., HONapHO IepecTaHOBOYHLI U €CTeCTBEHHO JId o € Név ;
z € Q BBectu oneparopsl DY, neiicteyiomue B A(€2), ciaeayronmm o6paszom:

o ._ D1 P2 | DHON
l)z‘__l)Lzl)Zz [%Vz'

Mycrs fa(t) =17, ¢t € CN, 3 € N)Y. Ormernwm, uro D§(fs) = fs—a, ecn a < 3,
u D (f3) = 0 B mpoTuBHOM CiTydae.

C oneparopamu Df, o € Név , Kak n B caydae N = 1, MOXKHO CBsI3aTh UX CJ/IBU-
u T,, z € CN. Oun ompenensiorcs TakuMm 06pazoM, YTOOBI I MHOTOUJIEHOB f
BBITIOJTHAJIOCHh PABEHCTBO

T.(f)= ) ="D§(f).

aeN§
ecu ) comepxkur 0.
ONPEJAENEHME 2. lnsa z € Q, j € Py, f € A(R2) nonoxum

{% tj # zj,
zj0; f(tj2) + [(t52), t; = 2,

Tj-(f)(t) ==
H:T;:::jaziéz"'jvmz-
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Ecmu 0 € Q, o cumBosiom Cyclg(Dp) 0603HAUNM MHOKECTBO BCEX IUKINIECKIX
BeKTOpOB cucrembl Dy, T. e. dbynkimit f € A(Q) raxux, uro cucrema {D§(f) : o €
NV} nonma B A(Q).

Jlemma 1. Ilycts ) = Qq x --- X Qn, rae Q;, j € Py, — o1HOCBA3HBIe 00/1aCTH
B C, conepxamas 0. /Lns f € A(Q) cienyromme yTBep»K/ieHnsi PABHOCH/IbHBI:

(i) f € Cyclq(Dy);

(ii) cucrema {T,(f) : z € Q} nomna B A(S2).

Teopema 1. Ilycts () = €y x --- xQp, r1e (), j € Py, — onHocBsasHble obiactu
B C, conepxamme 0. Crenyrorne yCJa0BUsT PABHOCHIbHBI:

(i) f € Cycla(Dy);
(i) f € AQ) u f ormyna or paruoHaIbHON (DYHKIIHH.

Caencrsue 1. s nenoii B CN ¢GyaRIEE [ caenyromnipe yTBEPIKACHUS DABHO-
CHJIBHBI:

(i) f € Cyclen(Dy);

(ii) f ommmuma or MHOrOUIEHA.

Panee npuBeieHHbIE PE3YIBTATHI OBLIN MOy YEHBI B OJJHOMEPHOM ciydae (cum. [1]).

JIutepaTtypa

1. JIuauyk H. E. IlpencrasieHne KOMMYTaHTOB oreparopa IloMmbe n ux mpusoxkenns // Mar.
zamerku—1988.—T. 44, Ne 6.—C. 794-802.
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MaTteMaTu4decKuii aHAJIN3 U MaTeMaTUdeckKoe Mo/eJMpoBaHUe:
te3. gokir. XIV Bnagmkask. monogexn. mat. mk. (PCO-A; c. H. Ileit, 1621 wmrona 2018 r.)

O PEAJIMBAIINN AJITEBP AHAJINTNYECKUX ®YHKIIMOHAJIOB
B BUJE KOMMYTAHTOB

O. A. UBaHoBa
(Poccusi, Pocros-na-/lony; FODY)

Mycrs E — Becosoe npocrpanctso nesibix 8 CN byukumit: E = | E,, toe

neN

E,:= {f e H(CY) ' sup /()]

— = < +oo VkeN,.

2eCN eXp(’Un’k(Z)) }

IIpu 3toM v,k : CV — R — menpepbiBHBle DYHKIMEM Takue, UTO Up ki1 < Unk <
Up41,k 215 10061x 1, k € N. IIpocTpanctso @pemte E,, nenpepbIBHO BI0XKeHO B Fy, 41,
n € N; B F BBOAUTCA TOMOJIOTHs UHJIYKTUBHOTO TIPEJeia MOCae10BaTebHOCTH Fyy,
n € N, ornocurensno snoxkennit £, 8 E. Beca v, ; yI10BIeTBOPAIOT CTaHIAPTHBIM
YCIOBUSIM, 00ECIeunBaoNM HHBAPUAHTHOCTL F oTHOCHTENbHO jnud depeHimpoBa-
HUS, CIBUTOB W yMHOXKEHUST HA MHOTOUJIEHBI. MHOrHEe mpoCTpaHCTBa WU WX COTPS-
JKEeHHBIE, BCTPEYaIoIecss B KOMILIEKCHOM aHau3e, B aHaause Oypbe, peaansyorcs
B BUJle TPOCTpancTBa F mogobHOro Bua.

Hanee, B/ — tononoruueckoe conpsizkennoe K E, L(E) — npocTpancTBo JuHeii-
HBIX HenpepbiBHBIX onepaTopos B E. s cucremsr A oneparopos A € L(E) onpe-
nensiercs: cucrema J omeparopos casura T, z € CN| ana A. B noxnaze uaer pedn
0 CJIeJTYIOTIel KOHCTPYKIIUN, BO3MOXKHO# /1711 HeKoTopbix Tpoek (E, A, T). B E’ BBO-
mmres oneparms ymaoxerns (@@ (f) = p.(V(T.(f))), ¢, € E', f € E. C neit £
CTAHOBUTCS ACCOIMATUBHOM M KOMMYTATUBHON ayirebpoii, n3oMopdHON KOMMYTAHTY
cucrembl A B koabiie L(E). Tlpusesem apa npumvepa 3moro.

ITycts A — cucrema {0; : 1 < j < N} oneparopos gacTHOro auddepeHmpona-
must, a T, (f)(t) == f(t +2), t,2 € CN, — obwranmie cipurn. B stom ciydae

(@ )(f) = p(0e(f(t+2)), v eE, feE,

n p ® 1 — obbryHas cBepTka. Takoe ymHOXKeHHe ® B E' MOXKHO BBECTH /s TIPO-
cTpancTB F, 3a/jaBaeMbIX BECAMU Uy, f, Y/I0BJIETBOPIIONIIMH JIOTIOTHATEIHLHOMY YCI0-
BUIO C1a001 Oy I INTUBHOCTH:

Vn3mVs3kIC >0: vyp(t+2) < vms(t) +vms(z) +C, t,zeCV.

B sTom ciydae cipaBeainBa

Teopema 1 [1]. Ilycre ¢ynrunm (Vp j)nkeN YAOBIETBODSIOT YCIOBHIO CJIa00f
mostyauTuBHOCTH. TOr/1a BBIMOIHSIIOTCS CJIEYIONIHE Y TBEDIHK ICHHU:

(i) (F',®) — yHuTanpHas accOMMATHBHAS M KOMMYTATHBHAS aare0pa.

(ii) Orobpazkenne ¢ — By, By(f)(2) == ¢i(f(t+2)), z€ CN, f € E, p € F/,
apusiercs uzomopguzmom (E', ®) na kommyranr cucrembr {0; @ 1 < j < N} B KoIb-

e L(E).
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IIycts Temeps, N =1 u A — cucrema, coCToAIAs W3 OJHOTO omneparopa [lomvbe

Dy g,, onpenensiemoro Tak. 3adukcnpyem dynknmio gy € E Takyio, aro go(0) = 1
(mpejmosiarasi, 9TO OHA CYIECTBYET), W TOJIOKIM

f(t)—=go(t)£(0) t#£0

D0790 (f)(t) = 12 t / ’ ’

f(0) = g5(0)£(0), t=0.

Kak u BbIme, npejmosaraeM, 9T0 Uy, i Y/IOBJAETBOPSIOT CTAHJIAPTHBIM TEXHUYECKUM
yenosusaMm. Onepatoprr casura 1, z € C, qna Dy 4, 3a/a10TCa 10 TPABUIIY:

t—=z ’

200 (2) = 2F(2)gb(2) + F(R)go(z), =z

Honoxum qs (¢ @ ) (f) == . (V(T.(f))), p, € E', f € E. Nlmeer mecto

Teopema 2 [2]. (i) (F',®) — yH#TampHas accomuaTHBHAS H KOMMYTATHBHAS
asarebpa.

(ii) Orobpaxenne k : ¢ — By, By(f)(z) := ¢(T:(f)), 2 € C, f € E, p € F,
spisiercs nzomopgpuzmom (E', ®) na kommyranr Dy 4 B koubie L(E).

tf(t)go(2)—2f(2)go(t) t#£z
T.(f)() = {

JlutepaTtypa

1. HBanmosa O. A., Meauxos C. H., Menuxos FO. H. O xommyTanTe oneparopoB auddepentu-
POBAHUS U CABATA B BECOBBIX IMPOCTPAHCTBAX mebix GyHkumit // Ydum. mar. xypu.—2017.—
T. 9, Ne 3.—C. 38-49.

2. Hsanoa O. A., Memmxos C. H. O6 onieparopax, mepecTaHOBOYHBIX C OTIEPATOpoM Tuta ITom-
Mb€ B BECOBBIX IPOCTPAHCTBAX Neabix GyHkumit // Asre6pa m anamm3.—2016.—T. 28, Ne 2.—
C. 114-137.
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MareMaTuiecKuii aHAJIU3 U MaTeMaTUYeckKoe MojeIMpoBaHue:
te3. gokir. XIV Bnagmkask. monogexn. mat. mk. (PCO-A; c. H. Ileit, 1621 wmrona 2018 r.)

HAYAJIbHO-KPAEBBIE 3AIAYN
J1JI1 TIAPABOJIMYECKOT'O YPABHEHISI BEHICOKOT'O TTOPSIIKA
C IPOBHOM ITPOM3BOJHOII 110 BPEMEHHOI1 IIEPEMEHHOIT!

JI. JI. KapareBa
(Poccus, Hanpanxk; TIMA)

Paccmorpum ypaBHeHME

6a " 62n
@u(%t) +(=1) WU(%O = f(z,t), (1)

rae n € N, gTO; — JsipobHasi npon3BojHast nopsiaka «, 0 < a < 2 [1, c. 9].

VYpaguenue (1) mpu n = 1 coBnagaer ¢ audHy3u0HHO-BOJHOBBIM ypPaBHEHUEM,
KOTOpOE MIMPOKO ucceoBano (cM. [2] u Gubamnorpaduio tam). B wacrnocru, B pabo-
Te [3] nccnenoBana Kpaepas 3ajaua B noaybeckoHedHoit obacty st ypasHenust (1)
npu n = 1. B pa6ore [4] nia ypasuenus (1) moctpoeno dbyHIaMEHTATBHOE PEIIeHne
u perriera 3amada Kormm.

B namnoit pabore ayist ypasaenus (1) pemnensl 3a7a49u B HEOTPAHUYEHHBIX 001~
CTSIX, JJOKA3aHBI TEOPEMBI €IMHCTBEHHOCTH B Kjiacce (DyHKIINt OBICTPOTO POCTA.
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NCCJEJOBAHUE STHIITENHOBO-IIOJIOBHBIX
I[ICEBJOPMMAHOBBIX MHOI'OOBPA3UIN C NCIIOJIB30BAHUEM
METOJ0OB KOMITbBIOTEPHOII MATEMATUKIT!

I1. H. Kunenukos (Poccusi, Bapnaysn; Antl'V),
E. . Poguonos (Poccuga, Bapuaym; Antl'VY)

Mmuoroo6pasust DUHIITEiHA FBISIOTCA BAYKHBIM KJIACCOM (TICEBJIO) PUMAHOBBIX
MHOro00pasuii, KOTOpble IMUPOKO HCIOIB3YIOTCA B reomerpuu u ¢usuke. V3sect-
HO, UTO Kayk/I0e MHOT00Opa3me DUHINTEHiHA WMeeT MapasiieSbHbINl TeH30p Puuun
(r. e. Vxr = 0). B nocienee BpeMsi akTHBHO M3y4arOTCsi PasandHble 00001eH s
MHOT000pa3uii DUHINTENHA, OJHUMHI U3 KOTOPBIX SIBJISIOTCS SUHINTEHHOBO-TI0/I00HBIE
(nceBio)pumanoBbl MHOr0O6pasusi B cmbicsie A. I'pes [1].

OnpPEAENEHUE 1. (IlceBmo)pumanoBO MHOrOOGpa3uwe MMeeT TUKJIUIHO MapaJ-
JIeJIbHBIN Ter30p Puuun (mpunajiexur k kaaccy A), ecan

(Vxr) (Y, Z)+ (Vyr)(Z,X)+ (Vzr)(X,Y)=0

Juts JiIo0bIx BeKTOpHBIX mosieit X, Y u Z. JlanHoe yc/ioBre SKBUBAJIEHTHO TOMY, UTO
Ten3op Puuunm aBagerca Tem3opom Kwmmimara

(VXT) (XvX) =0

JUUTsT JTI0O0TO BEKTOPHOTO oyt X .

OnpEAEJNEHUE 2. (TIceBno)pumanoso MHOTOOOpa3we mMeer TeH3op Puadm, Ko-
TOpBIi siBIsieTcst Ter3opom Komamiu (mpunajexur K kiaaccy B), ecan

(VXT) (Y7 Z) = (VYT) (X7 Z)

JUUTst TIOOBIX BEKTOPHBIX ToJieit X, Y u Z.

Mmuoroobpasus, npunapIekamme Kinaccam A m B, Ha3BIBAIOTCA SHHINTERHOBO-
moI06HBIME (TICEB/T0) pUMAHOBBIMU MHOTOOOpasusmMu 1mo A. I'pero [1].

B nannoit pabore, ¢ UCMOIB30BAHUEM CUCTEM KOMITBIOTEPHOW MATEMATUKM, U3Y-
YAIOTCS JIOKAJTBHO OJJHOPOJHBIE (IICEBJI0)PUMAHOBBI MHOrOO6pasns ¢ WHBAPUAHTHOl
SUHIIITETHOBO-TI0T0OHO METPUKOI, 9TO TMIPOI0JIZKAET TTPELITYIINE UCCIeI0BAHNS aB-
TOpPOB |2, 3].
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IMPUMEHEHUE CUMBOJILHBIX BHIYNCJIEHNIN
TP NCCJIEAOBAHIN 4-MEPHBIX O/ITHOPO/IHBIX
IICEBJOPUMAHOBBIX MHOT'OOBPA3MII!

C. B. Kuenukosa (Poccus, Bapnayn; Anrl'V),
O. II. Xpomosa (Poccuga, Bapuayn; Anrl'V)

WccneoBanne pa3audHbIX CBOWCTB WHBAPUAHTHBIX TEH30PHBIX TOJIEH MTOMOTa-
€T TTOHUMAHUWIO TOIJIOTUYIECKOTO M TeOMETPUYIECKOTO CTpOQHI/Iﬁ OJHOPOJHBIX (HCGB—
JI0)PUMAHOBBIX TPOCTPAHCTB. JacTO TPUXOAUTCS HAKJ/IAIBIBATH OTPDAHUYEHUs HA
KJIACC PACCMaTPUBAEMbIX MHOI00ODa3uii u/WiM UX Pa3sMEepPHOCTh, TIOCKOJIbKY pelle-
HU€ JJAHHO 33/1auu B O0ITEM CJIyuae siBJISeTCsl JOBOJIBHO CJA0KHBIM. [Ipn mocraTodno
MaJIOM Pa3MEpPHOCTU CTAHOBUTCA BOSMOXKHBIM ITPUMEHHNUTH CUCTEMbBI CUMBOJIBHBIX BbI-
YUCJICHUMN.

Jamrast paboTa siBJSIeTCd MPOJOJIZKEHNEM U3yUeHUs] ABTOPAMU TPUMEHEHUST YH-
BEPCATHHBIX MAaTEMATHIECKUX ITAKETOB B WCCJIEIOBAHUU OHODPOIHBIX (IICEBJIO)pHU-
MaHOBBIX TpoctpadcTs [1-4]. TIpu sT10oM paspaboranbl MaremMaTnvyecKue U KOMITbIO-
TepHBbIE MOJIEJIN JIJIsi BBIYUCJIEHUS KOMIIOHEHT PA3IMIHBIX TEH30POB KPUBU3HBI (Ha-
npumep, Ten3opoB Pumvana, Puvun, Beitnsa, Cxoyrena — Beiiig u mp.) 0THOPOTHBIX
(nceB10) PUMAHOBBIX TPOCTPAHCTE, MPUYEM TPOU3BE/IEHA PeaTu3alysi B CPEJIe TaKe-
ta Maple. C moMoOIIbi0 TaHHOTO aJTOPUTMAa MOYKHO KaK TOJYUUTh KJ1ACCU(DUKAIUIO
MHOr000pa3uii, yJI0BJIETBOPSIONINX HEKOTOPHIM OTPAHUIEHUSM HA TEH30P KPUBU3IHBI
(mampumep, ¢ W30TPOMHBIMU TeH30pamu Pumvana, Puaun win Beiinis), Tak u ompe/ie-
JINTH COOCTBEHHBIE 3HAYEHUS PABIUIHBIX OMEPATOPOB KPUBU3HBI: KPpUBU3HbI Pradn,
OJHOMEPHON MU CeKIIMOHHON KPUBU3HLI.
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HBIX nccaenoBanuii, mpoext Ne 18-31-00033 mos_ a.

31



MaremaTuyeckuii aHAJIN3 U MaTeMaTU4YeCcKoe MOJeJInpOBaHue:
Te3. goks. XIV Braamkask. monomexn. mat. mk. (PCO-A, c. H. Ileit, 16-21 wrona 2018 r.)

NCCJIEJOBAHUE MYJIBTUCTABUJIBHOCTU
JJ1d CUCTEMBI IBYX KOHKYPUPYOIINX BUJI0B
HA HEOJIHOPO/JHOM APEAJIE

M. TI. Kpyraukos (Poccus, Pocros-na-lony; FODY),
B. I. ITu6ysun (Poccus, Pocros-na-/lony; FODY)

B maremaTuueckoii 9K010ruu aKTUBHO U3YYAIOTCS MOJIE/N, OMUCHIBAIOIINE BhIXK -
BaHME KOHKYPUPYIOMIUX TOIMYJISINN, THBA3WU HOBBIX BUJOB Ha, 3aCE/I€HHBIE TEPPUTO-
pun. Ananms cucrem ¢ OHOPOAHOI Aud dy3neil ToKa3al, 9TO CPEIN JBYX MOMYJISIUI
BBIXKUBAET Oojiee MeJJIEHHAsI, T. €. MOIYJISIIUs ¢ MeHbIeil aucrnepcueii (OTHOIIeHNe
ko3 dunmenta quddysnn k mapamerpy pocra). Uccnenosanme mMomeneit KOHKypu-
PYIOIIUX TOMYJIANNN Ha HEO[HOPOIHBIX apeajiaX, KaK MPaBUIo, TpeOyeT mPOBeIeHNUsT
MPSIMBIX PACIETOB MHOTOTApAMETPUYIecKux 3ajad. [[puMenenne teopun KOCHMMET-
pun [1| 17151 aHATM3a ClIEHAPUEB COCYIECTBOBAHNUS POJCTBEHHBIX BUJIOB HA OJHOMED-
HBIX ¥ JIByMEpPHBIX apeasax [2, 3] nokazaso cowo sddexruprnocrs. Ipu nccrenosa-
HUU BJINSHUST HEOTHOPOIHBIX TI0 apeaJjy mapaMeTpPOB pOCTa HA CIEHAPUU BBHIXKUBAHUST
KOHKYPUPYIOIINX BUAOB B BBIYUCIUTEIHHOM SKCIEPUMEHTE ObLIN HAWIEHBI YCI0BUST
Ha TapaMeTpbl, IPU KOTOPBIX PEATUBYIOTCS CIIEHAPUN COCYIIECTBOBAHUS BUJIOB.

B namnoit paborte ¢ npuMeHeHreM anmapara CeJIeKTUBHON (DYHKIINN MCCJIeTYIOTCS
YCJIOBUSI COCYIIIECTBOBAHUSA IBYX OJM3KOPOJICTBEHHBIX TOMY/IAINUN C yIeTOM HEOITHO-
POJTHOCTH apeajia U MapaMeTPOB POCTA.

. u—+v
U= [klu/ - u(pll]/ + 771Uf0a fO =1- P (1)

V= [kgv' — v<p’2]/ + n9v fo. (2)

Baeck u = u(x,t), v = v(z,t) — mwroraoctu nomyasmmit. Kosddunnentsr muddy-
sum k; (1 = 1,2), pocra 1); ABISIIOTCS MOJIOKUTETLHBIMYU (DYHKIIUAMU MTPOCTPAHCTBEH-
HOIl mepemenHoil x. OyHKINA fj ONMCHIBAET yMEHBIIEHNE IPUPOCTa, TMOMYJISINN Ipn
npubJIMKEHNN TJIOTHOCTEl K ITPejiesIbHbIM 3HauenusM pecypc P = P(x). Cunraercs,
YTO IIapaMeTpPbl HAPABJICHHON MUIpDAlUU ; 3aBUCAT OT ILJIOTHOCTEH IIOIy/Idluil 1
pecypca. 3a/1aua pacCMaTpUBAeTCs Ha KOJIBIEBOM uHTepBaje x € [0, a| mpu ycaoBusix
COTJIACOBAHUS TJIOTHOCTH ¥ TMOTOKOB ipn = = 0, a.

PazBuBaercst moryoOpaTHbBIil METO/ [JIsT AHAJN3a CTPATETUii, TTO3BOJIAIONIAX 34
cueT ympasJjieHusd (PYHKIUAMU POCTA 00ECIEYNTH BBHI2KUBAHUE ODEUM IOIY/ISAIIAAM.
Braugasie HaxoagaTCA yCJIOBUS Ha MMapaMeTphl, IPU KOTOPBHIX V¥ CUCTEMBI UMEETCs KO-
cuvmmerpus. Jlamee gaBHBIM 00pa3oM 3aaeTCd OTBEYAIONIEE ITOMY CIydal0 CeMeli-
CTBO CTAIMOHAPHBIX peIeHuii (MyJIbTUCTAOUIBHOCTE) U JJIsl PA3JIUIHBIX (DYHKITH
pocTa, pas3pyIainX KOCUMMETPUI0, AaHAJU3UPYIOTCS HYJIU CEJIEKTUBHON (DYyHKITUN.
[Ipamoii pacueT mpuMeHsICcd I OTpeJeeHns CTAIMOHAPHBIX pacIpeeeHnii Tpu
HAlIEHHBIX 3HAYEHUAX TaPAMETPOB.
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WHEN ARE ALL ALGEBRAIC BAND PRESERVING
OPERATORS ORDER BOUNDED?!

Z. A. Kusraeva
(Russia, Rostov-on-Don, SFEDU; Vladikavkaz, SMI VSC RAS)

Here we give a description of algebraic orthomorphisms on a vector lattice.

Let P[z] be a ring of polynomials in variable = over a field P. An operator 7" on
a vector space X over a field P is said to be algebraic if there exists a nonzero ¢ € P[x],
a polynomial with coefficients in P, for which ¢(7) = 0. A linear operator 7" on
a vector lattice X is said to be diagonal if T' = A\ Py +. ..+ A\, By, for some collections
of reals Ay, ..., Ay, and projection operators P, ..., Py on X with PjoP; = 0 (i # j).
In the equality above, we may and will assume that P, + ...+ P, = Ix and that
A1, ..., A are pairwise different. An algebraic operator T is diagonal if and only if
the minimal polynomial of T" have the form pp(x) = (x — A1) - ... (x — \,) with
pairwise different Ay,..., A € R.

We call an operator T" on X a strongly diagonal operator if there exist pairwise
disjoint band projections Pi,..., P, and real numbers \i,...,\,, such that T" =
AP+ oo 4+ APy In particular, every strongly diagonal operator on X is an
orthomorphism. It is easily seen that the set of all strongly diagonal operators on X
is an f-subalgebra of Orth(X).

Theorem. Let X be a universally complete vector lattice. The following asser-
tions are equivalent:

(1) The Boolean algebra P(X) is o-distributive.

(2) Every algebraic band preserving operator in X is order bounded.

(3) Every algebraic band preserving operator in X is strongly diagonal.

(4) Every band preserving diagonal operator in X is strongly diagonal.

(4) Every projection operator in X is a band projection.

References
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1The study was supported by Russian Foundation for Basic Research, project Ne 18-31-00205.
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CHUCTEMA ®YHKIINI, OPTOTOHAJILHAS B CMBICJIE COBOJIEBA
1 TIOPO2KJEHHA ST CUCTEMOI YOJIIIIA

M. I'. Maromea-Kacymos
(Poccusa, Bnagukaskas, FOMU; Maxaukasma, THI] PAH)

Omnpenenum cucremy dyukiuit W, r > 1, mOpoxKIeHHYIO cucTeMoit (pyHKIHi
Youma W = {wy,(z)}02, € [0,1]:

xk
wr(@) = 73, 0<k<r—1, (1)
wr k() o1 ,/x—t fw(t) dt, k> (2)

0

ITycrs LP — upocrpanctso dyHKImil, cymmupyembix Ha orpeske [0, 1]. Hepes
Wi,, v > 1, oboznaunm mpoctpancTBo CoboseBa, cocTodlee U3 HelpepbIBHO TUd-
dbepennmpyembix r — 1 pa3 dbyukunit f = f(x), 3aganabix Ha orpeske [0,1], mis
koropsix f" 1 (x) aGecomorno menpepeiua, a f() € LP. Bamerny, uro 2, C Wi,
npu Jobom 7. B npocrpancree W, onpejennm ckanspHoe NpouseejieHne coboes-
CKOT'O THUIIA

r—1 L
(fr9) =3 F0)g(0) + / FO£)g) (1) dt, (3)
s=0 0

koTopoe npespammaer Wi, B ruibpbepToBo npoctpancTBo. HeTpymno mokasars, 9To
psan @ypre bynkmun f € W/, no cucreme 2, nveeT caeiyiommit BUL;

r—1 k o0
F@) ~ 3 DO + D ern(Funla),
k=0 k=r

ThE Cr = fol f(r) (t)wk—r(t) dt.

Ob6mmast Teopusi cucreMm (YHKIHH, OPTOTOHAIBHBIX OTHOCUTEIBHO COOOJIEBCKO-
IO CKaJIsIPHOTO MPOW3BejeHus BUAa (3) M MOPOXKEHHBIX KJIACCHIECKUME OPTOTO-
HAJIBHBIMU CHCTeMamu, paspaborana B padorax [lapanymunosa U. U. (cm., nanpu-
mep, [1]). B crarpax [1-4| paccMorpenbl KOHKpeTHBIE CO0O0JIEBCKHE CHCTEMBI P,
T 2 1, TTOPOXKAEHHBIC PA3IMIHBIMU KJIACCUICCKUMU OPTOTOHAJIBHBIMU CHUCTEMAMM:
cuctemoit Xaapa, cucremoit mosmanomoB YeoOwimieBa, Jlexxanapa, fxobu, Jlareppa.
s dyuxmuit u3 cucrem P, moydeHbl ABHBIE TPEACTABIEHUS, MUCCAEIOBAHBI MX
ACUMNTOTUYECKUE CBOMCTBA U W3YUEHBI AlPOKCUMATHBHBIE CBOHCTBA YACTUUHBIX
CyMM DAI0B CDypbe 0 YKa3aHHBIM CHUCTEMaM. AHaJIOFI/IquIe PE3YyJIBbTATHI TIOJTYY€HBI
n OJjid CUCTEM, TMOPOXKACHHBIX KJIACCUYECKUMU JUCKPETHBIMU OPTOTOHAJIBHBIMU CH-
cTeMaM¥, TAKUMU KaK CHCTeMa TOJUHOMOB UeObIieBa TUCKPETHO mepemMenHoii [5],
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cucrema mojmHOMOB Meiikcuepa |6, 7|. HepaccmoTpernoii octaBaiach OpTOTOHATb-
Hast o CobosteBy cucrema dynkiuit 9., mopoxkaernast cucremoit Yourma. lanras
paboTa mpu3BaHA YACTUYHO BOCIOJJHUTH STOT TPOOEII.

OcHoBHast 11€/1b PADOTHI 3AKJIIOYAETCS B UCCAEJOBAHUU BOIIPOCA O PABHOMEDHOI!
cxoumocTH paoB Pypre no cucreme 2, ana dbynknuit f € Wi, p > 1. Ilpexge
BCEro, OTMETHM, YTO NpUMeHsisi TeopeMy 2.1, nokazanHyio B obmem ciaydae B [1],
K cucreme U, MOXKHO TOJYIUTh YTBEPIKICHUE:

YrBepxkaeuue 1. Cucrema ukiuit A0, noana B WT, u opronopmupoBaHa
T L
OTHOCHTEJIHHO CKaJISIPHOTO Ipon3BeseHns (3).

B Toit e pabore nccie0BaHbI BOIPOCH PABHOMEPHO CXOAUMOCTH PsijioB Pyphe
[0 CHCTeMaM, OPTOTOHAJBHBIM OTHOCHTENBHO CKAJSIPDHBIX TPOM3BejeHuil Buaa (3),
quist bysknuit w3 npocrpancts Cob6osnesa. 13 reopembr 2.2 paborer [1] BeITEKaer
CTIeIYIOIee YTBEPKIeHNE.

Yreepxkaenue 2. Pajg @ypoe no cucreme W, pyuximun f € Wi, pasnomepo
ma [0,1] cxonures k f.

Wcnonp3ys 6a3ucHOCTh cucTeMbl Yourma B mpoctpancteax LP, p > 1, mannoe
YTBEPK/IEHNE MOYKHO YCUJINTh, PACIIPOCTPAHUB €ro Ha 0oJjiee MMUPOKnii Kjaace (pyHK-
mait — Wi, p> 1

Teopema 1. /g moboii pyaxnun f € Wi,, p > 1, par Pypoe s1oit pyHKINI
o cucreme 2, pasaomepro Ha [0, 1] cxoaures k f.

Ormernm, aro psig Pypee 1o cucreme 2, MOKHO ONPEIEIUTH st JII000i dyHK-
nuu f € WJ,. B cBsi3u ¢ 3TUM BO3HUKAET €CTECTBEHHBIII BOIPOC O TOM, CIPABEINBO
JIN yTBEpXKIEHNEe JOKA3aHHON TeopeMbl s caydad p = 1. OTBer Ha 3TOT BOIPOC
SIBJISIETCS OCHOBHBIM PE3y/ILTATOM HACTOAIIEH PabOTHhI.

Teopema 2. /L mo6oit pynxmun f € Wiy, r > 1, pag @ypre atoit pynxnmm
o cucreme 2, pasaomepro Ha [0, 1] cxoaures k f.
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MaTteMaTu4decKuii aHAJIN3 U MaTeMaTUdeckKoe Mo/eJMpoBaHUe:
te3. gokir. XIV Bnagmkask. monogexn. mat. mk. (PCO-A; c. H. Ileit, 1621 wmrona 2018 r.)

KPAEBAA 3ATAYA J1JI¥d OBBIKHOBEHHOT O
JNOOEPEHIIMAJIBHOT'O YPABHEHIA JPOBHOI'O ITIOPAIKA
C BATIA3OBIBAIOIIINM APTYMEHTOM!

M. I'. Maxxruxosa
(Poccust, Hasbunk; ITIMA)

PaccmaTpuBaercs ypaBHeHHe
Dgu(t) — u(t) — pH({t —T)u(t — 1) = f(t), 0<t<]1, (1)

e 1 < a < 2, A\, 4 — TpPOUBBOJIbHBIE TOCTOSTHHBIE, T — TOJOXKUTENHHOE UUCIIO,
Dg; — omepatop apobnoro maTerpo-anddepennuposanna B cmeicae Puvana — JIn-
yBuss |1]

ign ( ) d
53 t 8) f ‘t g‘ufla v < 07
v _
Ditg(t) = g(t), v =0;
sign™(t — )dtnD;’t" (t), n—1l<v<n,neN,

H(t) — bynkuns Xesucaiija.
B pabote nostyueno pemienne ypasaenus (1), yIoBIeTBOPSIONIEe YCIOBUIM

: a—1 : a—2 _
ahm DOt u(t) + b}g% D “u(t) =0,
clim D tu(t) + d}ini D& 2u(t) =0,

—

t—1

npuaem a® + b2 £ 0u ¢ +d? #0.
Pemmenne 3azaan (1)—(2) umeer Bug

1
O/f G(t,€) de

e

BWa(t) — aWa_1 (1)
< :

G(t,8) = H(t = Wa(t = &) + (W1(1 = &) + dWs(1 = £))
A = ac( AWy (1) + pWo (1 — 7)) + (ad — be)W1 (1) — bdWo(1) # 0,

Z N am+u 1 pm+1 ()\(t _ mT)?f_), v ER,

a,am—+v

!Pa6ora mpoemena mpu (GUHAHCOBOI ToAmepKKe Poccmiickoro ¢homma dbyHIaMeHTATBHBIX HC-
caemoBanuit, mpoekT Ne 16-01-00462-a.
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_ = (P)kzk
Pap®) = kzzo T'(ak + B)k!

— obobmennas dbyuknua Murrar—/Iedbdaepa [2], (p)r = F(Fp(j;)k ) cmvpost Tloxran-

Mepa.
Jlokazaua, cjemyroras

Teopema. 3azauda (1), (2) mmeer b KOHEYHOE YHCJIO BEI[ECTBEHHBIX COO-
CTBEHHBIX 3HAYCHHH.

JIutepaTtypa
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2. Prabhakar T. R. A singular integral equation with a generalized Mittag—Leffler function
in the kernel // Yokohama Math. J.—1971.—Vol. 19.—P. 7-15.
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MaremaTuyeckuii aHAJIN3 U MaTeMaTU4YeCcKoe MOJeJInpOBaHue:
Te3. goks. XIV Braamkask. monomexn. mat. mk. (PCO-A, c. H. Ileit, 16-21 wrona 2018 r.)

[NPYUMEHEHIE BBICTPLIX ITPEOBPA3OBAHNIT
K IMTPUBJIM?>KEHHOMY PEHIEHUWIO 3A/TAYN KON
JJId HEJIMHENHBIX OY C IIOMOIIIBIO OPTOTOHAJIBHBIX
B CMBICJIE COBOJIEBA CUCTEM ®YHKIINI

M. C. Cyaranaxmenosn
(Poccus, Maxaukana; JTHI] PAH)

O6oznaunm uepes ¢, (z) (n = 0,1,...) dyukmy, obpasyiomiue MOJHYIO OPTO-
HOPMHPOBAHHYI0 CHCTEMY B IIPOCTPAHCTBE L%[a, b], tne p = p(x) — BecoBas byHK-
uust. Mlapanyauaossiv 1. W, 6b110 niokazano (cu., nanpumep, [1, 2]), uro na ocHose

o0 o
cucrembl {pn ()} 2 Moxer GbITh nocTpoena cucrema {@1 ()} ), cocTosmas u3
byHKIHIl, OPTOrOHANIBLHBIX B CMBICJIE CKATAPHOTO Tpon3seaenus tuma Coboesa cie-

JIYTOIIIETO BUJTA:
1

(1.9) = f@)gta) + [ 1'@)g/ @hp(e) d, )
-1
npwdeM 3Ta cucreMa Oymer mosHoi, a pax Pypbe 1o Heit OyIeT CXOIUTHCA PABHO-
MEpHO Ha BCEM OTPe3Ke [a,b] mpu HEeKOTOPBIX yCI0BUsIX HA BeC p(x).

Psaapt u cymmer @ypoe no cucreme @i ,(x) (n = 0,1,...) asisrorcs yao6HbIM 1
BecbMa 3P HEKTUBHBIM UHCTPYMEHTOM MPHUOIMZKEHHOTO pertenus 3aaaqun Koy st
ob6bikHOBeHHBIX Jnddepennnanbibix ypasaenuit (OY). B uacraocru, B [3] mius
sagaan Komm s menuneitnoro qudepenuanibHoro ypaBHeHus BUIa

y/(x) = f(xay)v y(O) = yO’ (2)

CKOHCTPYUPOBAH MTEPAIMOHHBIN MPOIECC W HAMIeHbl YCJIOBUs HA TPABYIO YaCTh U
camy cucremy {1, ()}, IPU KOTOPEIX STOT IPOIECC CXOTUTCSL.

B pa6ore [4] B kavectBe cucrembl {1, ()}, PACCMOTPEHa CACTEMa MOJIHHO-
MOB, OPTOTOHAJILHBIX B cMbIcsie CobojieBa M TMOPOXKIEHHBIX CHCTEMOl MOJUHOMOB
Yebbimesa 1nepsoro poga. Asropamu ObL1 HalieH KOHKPETHBIA BUJ UTEPAIMOHHOIO
IpoIIecca, I 3TOTO CJiydas U pa3paboTaH ajropuTM i TPUOJINKEHHOTO PeIleHnst
sagaan (2).

IIpu 3TOM B KadyecTBe MPOMEKYTOUYHONW BO3HUKAET 3a/a4a MHOTOKPATHOTO BbI-
YUCJIEHU A Bpra}KeHI/Iﬁ BUJIA

N-1
Sn(x) = Sn(p, ) = > prTirn (@ (3)
k=0

e p = {pk}év:_ol — NPOW3BOJILHBIE JEHCTBUTEIHHBIE YUCIIA.

B nacrosimeit pabore s pelIeHus 9TOi 3aa9n HA CeTKe OCYIIECTBIJICH Psifl TIpe-
obpasoBanuii Beipazkenust Sy (), KOTOPBIE B UTOTE MO3BOJIAIOT CBECTH PACCMATPUBA-
eMy10 33/1a9y K IPAUMEHEHHIO OBICTPOro TUCKPEeTHOro mpeobpasosanus Pypre. Paspa-
6OTaHbI COOTBETCTBYIOIINI AJTOPATM U PEAM3YIOMIAs ero KOMIBIOTEPHASA TPOrPaM-
Ma. IIpoBe/ieHbl YHCIeHHBIE SKCIIEPUMEHTBI, KOTOPBIE MOKA3BIBAIOT, UYTO AJTOPHUTM,
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OCHOBAHHBI HA OBICTPOM Pe06pa30BAHNN, 3HATUTEILHO BBIUTPHIBAET B CMBICJIE CKO-
POCTH BBIYHUCJIEHNUTT 110 CDABHEHUIO C METOJIOM HENOCPEeJICTBEHHOI'O BbIYMCIICHUST CyM-
MBI SN (), TOIB3YSACH SBHBIM BUIOM HOJHHOMOB 17 ().

JIutepaTtypa
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2. Ilapanymunos H. H., Maromen-Kacymos M. I'., Maromenos C. P. IlonuaoMBI, OPTOrOHAIb-
uele o0 Co6oJieBy, acCONMUPOBAHHbLE ¢ OJMHOMaMu JeGbimeBa mepBoro poga // larecras.
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O1Y nocpencreoM psioB Pypse o (yrkusiv, oproronassaeiM 1o Cobomesy // larecran.
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MaremaTuyeckuii aHAJIN3 U MaTeMaTU4YeCcKoe MOJeJInpOBaHue:
Te3. goks. XIV Braamkask. monomexn. mat. mk. (PCO-A, c. H. Ileit, 16-21 wrona 2018 r.)

OIITUMAJIBHOE ITPOJOJIZKEHUE
ITOJIOZKNTEJIBHBIX OITEPATOPOB
B KBABUBAHAXOBBIX PEIIETKAX

B. B. Tacoes
(Poccust, Bragnkaskas; FOMI)

Berogy amxke E — kBaszubanaxosa pemerka, R — 0-KOJIbIO (= KOJIBIO, 3aMKHY-
TOE OTHOCHUTEJHHO CUETHBIX MEPeCceveHril) MOIMHOKECTB TPOU3BOJIBHOTO HEYCTOTO
vuokectsa (). O6oznaumM cumBosom RI°C coBoxymrocTs moamuOKecTB A C Q) Ta-
kux, 9to AN B € R aus Bcex B € R. Torna cemeiictso RI°C gisiercst o-anrebpoii.

ONPEAENEHUE 1. Orobpazkenue p : R — E HaspiBaercsa mepot, ecau () = 0
u st r060it mocaegoBarensHoCcTH (Ay,)0° | HOMAPHO HENEPECeKAOIIUXCsT MHOKECTB
A, € R makoit, uro |J;7 A, € R, pan Y oo, u(Ap) cxomures mo KBasHHOpMe
K ,U(Uzozl Ap).

Tpoiiky (€2, R, ;) HA30BEM NPOCMPAHCMEOM € 6EKMOPHOT MEPOT.

ONPEJENEHUE 2. Humezpaaom o1 R-crymendaroit yHruun f = > " | a;x A,
(Ai1,..., A, € R) nasmBaerca sekrop [ fdu := > a;u(A;). Ionoxurensuyio
R'Cmzmepumyio bynxmmio f : Q — R U {co} HaswBaoT unmezpupyemodi, ec-
JIM CYIIECTBYET MOC/Ie0BATeIbHOCT R-crynendarsix yukmumit (f,)02; Takas, 410
0 < folw) 1 f(w) ans p-mB. w € Qu B E cymectsyer lim,, [ f, dp € E4. Ilpu sTom
nonarator ,(f):= [ fdp:=1Lm{, [ f,dp.

Iponssoabuyo R°C-m3mepnMyio ByHKINIO f HA3HIBAIOT UHMEZPUPYEMOT T TIO-
narator I,(f) = I,(f*) — I,(f7), ecim murerpupyemsr ™ u f~. Cumsosamu
LO(Q, R, 1) m LY(Q,R1°°, 1) 6ymem 0603HAMATH COOTBETCTBEHHO NPOCTPAHCTBA
K/TACCOB 9KBUBAJEHTHOCTH [I-1.B. KOHEUHBIX RI‘-H3MEPHMBIX U [i-HHTETPHPYEMbIX
dbyukunit va Q (cp. [2]).

Bacdukcupyem g-aarebpy > MOIMHOKECTB (), COMEPIKAIIYI0 0-KOJBIO R, 1 Mepy
p: X — [0, 00]. Bekrophasi Mepa A : R — E Ha3bIBaeTcst abCoAOMHO Henpepuienol
ommuocumenvro (i U TuryT A < p, ecau u3 pasenctsa ((A) = 0 ciaeayer M(A) =0
75t iponsBosbHOTO A € R. B 9tom cayuaae ¥ C RI°C u koppexTHO onpeiesien onepa-
top ¢ : LO(Q, %, 1) — LO(Q, R'°¢, \), KOTOpPEIii BCAKOMY KJIACCY SKBHBAICHTHOCTH Y-
maMepuMbx dynkumit f € LO(j1), mpeacraBuTeneM KOTOporo ssisercs dbyHKus [,
CTABAT B COOTBETCTBUE KJIACC SKBUBAIEHTHOCTH RIC-m3MepuMbIX dbyuKIH, comep-
Kammmii 3Ty xKe yHKIno f.

Mycrs X (1) — maeansroe KBasubamaxoso npocrpanctso B LO(1).

ONPEAENEHUE 3. Jluneitusiit oneparop T : X (u) — E HasbiBaeTcst oT-nenpe-
poenwm, ecia T'(f,) cxonurest mo kBasmuopMme K symementy T'(f) € E muasa moboit
nocreposarensuoctn (fr) C X(u) n dbyskuun f € X () takmx, aro 0 < f, T f
U-TL.B.

Badukcupyem 110JI0KUTEIBbHBIN OT-HenpepbiBHbINH onepatop T @ X(u) — E.
Ha d-xomerie ¥y, = {A € ¥ : xa € X(p)} ompenennmv BeKTOpHYIO Me-
py mr : Yx() — Ey, aeicrsyiomyio no dopmyne mr(A) = T(xa) ana seex

A€ Xy (- dceno, uro ¥ C El)‘g‘(fu).
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Teopema 1. Ilycrp X(u) — wmieanpHoe KBa3HOAHAXOBO IPOCTPAHCTBO B
LY, %, 1), E — kBasmbamaxosa pemerka n T : X(p) — E — mosoxurers-
Hplil oT-HenpepriBHbIi omepatop. Torga cymectsyer §-Kombno Xx(,) C X H Bek-
TopHas Mepa my : Xx(,) — Ey rakme, uro mp < p um T = Iy, o, e
Ly : LY, EI)?‘EM),WT) — FE — omeparop HHTerpHUpOBAHHSL.

Toeopsit, uro X (u) obnagaer o-c6olicmeom, eCau CylecTByeT T0C/IeI0BaATe b
Hocth (§2,) C X Takag, uro J, Qn = Q u xo, € X (1) (n € N).

Teopewma 2. IIpu ycroBusix TeopeMbl 1 mpeamnoioxkum JonosHuTeabHo0, 910 X (1)
obmaaer o-ceoticreom. Torpa npeacrapienne T = Iy, 0L ONTHMAJIBHO B CJIELYIOIEM
cumpicie: ecan Z(§) — mieanbHoe KBaznbaHaxoBo npocrpancTBo u S @ Z(§) — E —
ITOJIOXKATEIBHBIH OT-HEeIPEPBIBHBIN omepaTop Takme, 9410 & < pu u T = S o, To
oneparop 1 : Z(€) — LY(9, El)??u),mT) KOPPEKTHO OIIPEJeIeH H UMEeT MeCTO IIPeJi-
crapgerne S = Ip,,. o (.

SAMEYAHUE. Teopembl 1 u 2 pacnpocTpaHAOT KOHCTPYKIIUIO ONTHUMAJILHOTO
TPOJOJIZKEHU A TIOJIO?KUTEJIBHBIX OTIEPATOPOB CO 3HAYEHUAMU B 6aHaXOBOM TpOCTPpaH-
CTBe, TpeJIIOKEHHOl B paboTe [2|, Ha ciydaii, korjga F — KBasubaHAXOBA PEIIETKA.

JIutepaTtypa

1. Kusraev A. G., Tasoev B. B. Kantorovich—-Wright integration and representation of vector
lattices // J. Math. Anal. Appl.—2018.—Vol. 462.—P. 712-729.

2. Calabuig J. M., Delgado O., Sdnchez Pérez E. A. Factorizing operators on Banach function
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MareMaTuiecKuii aHAJIU3 U MaTeMaTUYeckKoe MojeIMpoBaHue:
te3. gokir. XIV Bnagmkask. monogexn. mat. mk. (PCO-A; c. H. Ileit, 1621 wmrona 2018 r.)

ACUMIITOTUKA CIIEKTPA CTAIIMOHAPHOI'O TEUEHNYI
BA3KOI HEC2KIMAEMOII YKNIJIKOCTIU
IIPU BOJIBIINX YNCJIAX PEMHOJIBICA B COEPUTYECKOM CJIOE
C BPAIITIAIOIINMCS BBIXOJ0M IIOTOKA

A. C. YepsbIm
(Poccus, Pocros-na-lony; FODY)

PaccvarpuBaercss cTanuoHapHOE TeUeHHe KUAKOCTU B cepudeckoM cioe D =
{1 < |x| €0, x € R?}, ommucwisaemoe ypasnermavu Hasbe — Croxca:

Vp 1
(WVWHD—;+EAW (1)
div V = 0, (2)
Von|— =1, (3)
Von|—, =2, (4)
nx V]g =0, (5)
nxV]g, =nxV" (6)

3ecs V. — BEKTOPHOE TI0JIe, XapaKTepu3yollee TedeHne, p — JaBjaenne, p — II0T-
HOCTB XKUIKOCTH, R — paanansroe uncao Peitnonbaca, a S— u S4 — COOTBETCTBEHHO
BXOJI U BBIXOJI IIOTOKA.

ITore VT o6o3HagaeT TaHTEHIMAILHYIO CKOPOCTh Ha rpanune 0D obmactu D,
a HEeHyJIeBble CKAJSIpHBIE (DYHKIUHU Y| U Yo — HOPMAJBHYIO CKOPOCTh. IIpemmosiara-
eTCs TaKKe, UTO PACXOJl KUIKOCTH depe3 O TOCTOSIHEH, UTO BJIEYET CJIEAYIOIIee
COOTHOTIIEHUE MEKIY KOMIOHEHTAMHU HOPMAJIBLHOW CKOPOCTH:

/’ylds: /'ygds.

r=ry r=r2

BameTrnM, 9TO KaK TOJBKO 3aJaHbl (DYHKIMA Y1 U Y2, MOXKHO OIPEJETUTH BXOJ
n BBIXOJ 1oTOKa. Tak, ecom y1 < 0 u 9 > 0, To S_ = {r = r;} — Bx0j 1MOTOKA,
a Sy = {r =re} — BoIxXOA, W HA06OPOT ecu y; > 0, u 7o < 0.

HpeﬂHOHaFaeTCﬂ, 9TO 2KUJKOCTH BTE€Ka€T B 06ﬂaCTB " BBITEKaAET U3 HEE C ITOCTOAH-
HOIi ckopocThio. C momomntpio Meroga Bumnka — Jlocrepuuka (cum. [5-6]), caemys 1],
CTPOUTCS aCUMIITOTUKA PEIeHnsT yKazaunHoit 3agaqun npu R — 0 B Buze

1
V:Ejﬁg%
k=0

Cornacao merony Bumunka — JlrocTepHuKa pereHne uieTcst B BUJIe CyMMbI BHEIII-
HEr0 W BHYTpPeHHero pasJioxkenuii. [Ipm 3moM BHeIlTHee pas3jio’KeHWe ONKUCHIBAET Pe-
mmeHne BOM3Y BBIXO/IA TTOTOKA, BPAIIAIOIIENCs C TTOCTOSHHON CKOPOCTHIO, a BHYTPEH-
Hee — BO Bceit ocraabuoit obactu. Takum obpaszom, Vi mpeicrasBisgerca B Buje

Vi(r,5,0,0) = Vi(r,0,0) + Vi(s,0,9), (7)
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e s = R(ra — ), korma S; = {r =}, ms = R(r —r1), ecmu Sy = {r = r }.
QyHKIINK C UHIEKCOM b COOTBETCTBYIOT BHEITHEMY PEIIEHWIO, & ¢ — BHYTPEHHEMY.

3ameruM, UYTO B PACCMATPUBAEMON 3ajiave yAAeTCs Pa3e/uThb TepeMeHHBIE
u NpUiTH K KPaeBoi 3ajatve st 0OBIKHOBEHHOTO AudDepeHnaIbHOTO yPABHEHNUS.
Tak 9T0 HOPMATBHYIO KOMIIOHEHTY TOJIs V ; MOXKHO TPEJCTABUTH KOHEYHON CyMMOit
MHOTOY/IeHOB JIeKauapa, a TAHTeHIMAIBHYI0 — WX MTPOU3BOIHBIMUA.

ITocse Toro kak HalijleH OCHOBHOI TOTOK, cuctema Hasbe — Crokca nuHeapusy-
ercsi Ha HeM M CIoco60M, yKa3aHHBIM B [2—4], cTPOMTCS acuMITOTHKA COOCTBEHHBIX
quces U COOCTBEHHBIX (DYHKITUI, KOTOPBIE UIIYTCS B BUJIE PSIIOB 10 OTPUIATETHHBIM
crerenam R:

GNP 1 =1
k
)‘:Zﬁa V:Zﬁvka P:Zﬁpk- (8)
k=0 k=0 k=0
JlaBienue u 10J1€ CKOPOCTHU TaK Ke MPEICTAB/ISAIOTCI B BU/€ BHY TPEHHETO W BHEITHETO
Pa3JI0KeHmit:
Vk(Ta'S»ev(P) = V,i;(hev(p) +VIIZ;(879790)7 (9)
pr(r;5,0,0) = pi.(r,0,0) + pi(s,0,¢). (10)

Kaxnoe npubsimkenne uiercsd B BUje PAIOB 110 BEKTOPHBIM C(hepraecKnM rapmo-
aukaM (cm. |7-8]).

CobcTBeHHbIE 3HATEHNS OMPEIEISIIOTCA M3 YCAOBUS PA3PENNMOCTH 3aa9n I
paJuaabHONl KOMIIOHEHTHI BHYTPEHHEro pasJioxkenus perrenus. lIpu 3Trom Teopema
IToiia (cM. [9]) mo3BOJISIET YCTAHOBUTD, YTO BCe COOCTBEHHbIE 3HAYEHNUS PACIIOJIOKEHBI
CTPOTO B JIEBOU TOJIYILIOCKOCTH.

B wmrore mocTpoen wWTepanmoHHBIN TPOIECC, KOTOPBIH OMpeesisteT aCuMITOTH-
Ky COOCTBEHHBIX 3HAYEHWII W COOCTBEHHBIX (DYHKIWI I/Isi TTPOU3BOJBHOTO TPHUO/IU-
JKEHNUsI CTAIIMOHAPHOTO TedeHusT paccMarpuBaemoit 3amaun. [Ipm aTom okasbiBaercs,
YTO Mmpejie/ibHbIe Tpu R — 00 3HaUYeHNs] COOCTBEHHBIX UUCE/ HE 3aBUCAT OT CKOPOCTH
BPAITEHUS BBIXOA MTOTOKA.
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YNCJIEHHOE PEINIEHWE CUCTEM OOy
C ITIOMOIIBIO MTOJIMHOMOB, OPTOT'OHAJIBHBIX I1IO COBOJIEBY,
IMOPOZKJEHHBIX KJIACCUYECKNMUI OPTOI'OHAJIBHBIMU
[MHOJINHOMAMMU JTIATEPPA

T. . IllapanyauHOB
(Poccus, Brannkaskas; FOMI)

PaccmarpuBaercst 3a1aua 0 peICTaBICHUN Peliennst 3a1a49u Kormm j1jist CucTeMbl
0OBIKHOBEHHBIX JinepeHnnaibubIX ypaBHeHuii (BooOIe TOBOpPsl, HEJINHENHHBIX) B
Buge psga Pypoe mo mommuaomanm I i (x;b) (k= 0,1,...), OPTOHOPMUPOBAHHBIM MO
CobosieBy OTHOCUTETHHO CKAJISIPDHOTO TTPOU3BE/ICHUS

r—1

(f.9) = f(0)g" +/f )¢ (®)ettdt ¢ b>0,
0

v=0

MOpOK AeHHBM MomdmmmposanHevT morHoMamu Jlareppa Iy (2;0) = bLy(bx)
HOCPEJICTBOM PABEHCTB

Lo(z:b) = (k=0,1,...,r —1),

o (2 b) = ﬁ /(m by dt (k=0,1,...).

0
B 6eckoreuHOMEPHOM I'UILOEPTOBOM IIPOCTPAHCTBE (5" M-MEPHBIX II0CJI€J0BATEIBHO-
creit C' = (cp,c1,...), Vsl KOTOPBIX onpejenera Hopma ||C|| = (Z?’;O Zﬁl(cé-)Q)%,
CKOHCTPYMPOBAH CXKUMAIOIINN HejauHeitHblil onepatop A : [ — [3', HenoasukHas
Touka C = (¢o,¢1,-..) KOTOPOTO COBIAAET C MOCJIEI0BATEEHOCTHIO HCKOMBIX HEM3-
BECTHBIX KO3(MDMUIIMEHTOR PA3JI0KEHNs PEIeHnst paccMaTpruBaeMoit 3agaqan Ko B
pax @ypse o cucreme [y i (z;0) (kK =0,1,...). CKOHCTpyHPOBAH TaKKe COOTBECTBY-
fonmii Koneunomepnbiit anasor Ay : RY — RN oneparopa A, xoroperii jeiictsyer
B KoHeuHOMepHOM TpocTpancTse R marpum C pazmeprnoctn m X N, B KOTOPOM

\CHN—< Z(C§)2> :

ompeeseHa HOPMa,

7=0 =1
Henonsuxuas rouka C' = (¢, ¢1,...,Cn—1) oneparopa Ay mnpezcrapisier coboii
oreHKy (mpubimKenHoe 3uavenue) uckomoii Touku Cy = (¢, é1,...,EN—1)-

B nmacrosimeit pabore OB TTOCTPOEH YNCIEHHBIH METOM s HAXO0XKIEHWsT Hero-
JIBUXKHOI Touky oneparopa Ay. Takzke ObLia pazpaboTana KOMIILIOTEPHAS ITPOrpaM-
Ma, OCYIIEeCTBJIAIONIAA IpuOINKeHHOe pernenne 3aaadn Komm g cucreMbl 0ObIK-
HOBEHHBIX I DepeHITNaIbHBIX YPABHEHN YKA3aHHBIM BBIIIE METOIOM.
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O CXOIUMOCTHU PAJ0OB ®YPBE I10 ITIOJIMHOMAM AKOBU
B BECOBOM ITPOCTPAHCTBE JIEBETA
C TIEPEMEHHBIM ITOKASATEJIEM

T. H. IIlax-9mupos
(Poccms, Maxaukamna; JTHI] PAH)

IIycts p = p(x) — meorpunarenbuag uMepumas GyHKIUd, 3ajanHas Ha F =
[—1,1], o = p(e, Byz) = (1 — 2)*(1 + )8 (o, B > —1) — Becopas dbymnxrms. Te-
pes Lﬁ(z) (E) o60o3HaunM TPOCTPAHCTBO u3MepuMblx dbyukuuii f = f(r), 3aganabix
na F, jis koTopbix Konewen mmterpan Jlebera [4 |f(2)|P@ () dz. Mssecrno [1],
a0 ecyin byHKIUA p = p(x) CyIecTBeHHO orpannvena #a E, 1o Lﬁ(x)(E) SIBJTSIETCS
JIMTHEWHBIM TOTIOJIOTHYECKHAM ITPOCTPAHCTBOM, B KOTOPOM TIPH JOTIOJTHUTETHHOM YCJI0-
sun 1 < p(E) < p(z) < P(E) < oo (P(E) = ess sup,cpp(z), p(E) = ess infyep p(z))
MOZKHO BBECTHU HOPMY

(z)
%P plx)de <15,

1F ey (B) =inf o> 0 /

E

x
KOTOpas IPEBPAIIAET Li’,ﬁ )(E) B 6aHAXOBO IPOCTPAHCTBO.
B caywae «, > —% ObLI0 TOKa3aHo [2], 9TO OpTOHOpMMpOBaHHAs CHCTEMA

mommaomos SAxobn piP(z) = (h3?)"2P3P(z) (n = 0,1,...) aBrgerca Gasmcom
B Lﬁ(x)(E), eciu 420(‘1113 <p(l) < 420(;;11, 4% <p(—1) < 42%%11. ITesb10 HacTOsIIEH

pabOTHI SIBJISIETCST YCUJIEHNE YKA3AHHOTO Pe3ysabTara Ha caydait o, f > —1
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JNJIATALINA BIOJIHE TTOJIOXKNTEJIBHBIX OTOBPAYKEHNN
B I'JIBBEPTOBBIX A-MOJLYJIAX

4. B. Dubcaes
(Poccus, Bnagukaskas; BHIT PAH)

Brnostie mostokuTeIbHBIE 0TOOpaYKEHUS, TeHCTBYIONINE B OTIEPATOPHBIX anredpax,
ABJIAIOTCA B HACTOAIIIEE BPpEM A TTOJIE3HBIM MHCTPYMEHTOM UCCJIEJOBAHUA B KBAaHTOBO
MeXaHWKe W TEeOPUH KBAHTOBBIX Bhluncjiennii. [lycte A u B — C*-anre6psl. Brosime
MTOJIOKUTEJIbHOE oToOpakenune ¢ : A — B — 9T0 JuHeHoe 0TobOparkKeHrne Takoe,
ato [p(ai;)} ;=1 — monoxkuTeNbHBI saemenT B C*-anrebpe M, (B) Beex n X n KBaj-
PaTHBIX MaTpHI[ ¢ 3eMenTamn u3 B s Beex nonoxurensubx marpun [(aq;)]7
B M, (A), n € N. Craiincupunr B pabotre |3| mokaszas, 9TO BIOTHE MOJOKHUTETLHOE
orobpaxkenne ¢ : A — L(H) u3 anrebpel A B anrebpy L(H) snHeiiHbIX OrpaHnveH-
HBIX OMEPATOPOB B THILOEPTOBOM TPOCTPAHCTBE H MOKHO TIPEJCTaBUTH B opMe
o(-) = S*xn(+)S, rme m — 510 TMpecTaBIenne anrebpsl A B THb0epTOBOM TPOCTPAH-
cree K, S — nwuHeiinblii orpanudennbiii oneparop w3 H B K. B nanbHeiimem pe-
gyabTar CrafiHcnpuHra 0006IIAICT Ha CIydaii THIL0epTOBBIX Moyseit wHag C*-aj-
rebpavu u Gosiee obmmx Tonosornueckux anre6p [1, 4]. Heobxoaumbie ceejennst o
ruap0epToBBIX C*-MOIYIAX MOKHO HANTH B [2].

Aurebpa ¢ unaBostonueit A HazwBaercst unsosromustoti LM C-anzebpoti, ecmu A —
9TO JIOKAJBHO BBIMYKJIOE TOTOJOTHIECKOE BEKTOPHOE MPOCTPAHCTBO, TJIE TOMOJIOTHS
3aJ12€TCs1 CeMECTBOM TIOJIYHOPM (P ) aeA, YOBIETBOPSIIOIINX CJIEYTOIINM YCIOBUSIM:

a) pa(zy) < pa(x)pa(y) ams mobeix x,y € A u mo6oro A € A;

b) pa(x) = pa(x*) mus mobbix © € A, X € A.

Ecnu naBomorusrass LMC-anrefpa mosiHa, TO OHA HA3BIBACTCA A0KAAbHOTU C*-a.a-
2e6poti, eCJIN CIIPABEIINBO PABEHCTBO

c) pa(zx*) = px(x)? ana mobex z,y € A, X € A.

Ecmu B jokanbuoit C*-airebpe CymecTByeT €IMHUIA, TO aarebpa Ha3LIBAETCS
ynumasvnot. Ilycrs G — n0KaTBLHO KOMTAKTHAST Tpynna u F — TOaHBI THIn0ep-
T0B A-monynb. Henpepwenvim deticmeuem G Ha E Ha3bIBaeTCs YHUTAPHBIH TOMO-
mopdusm rpyni ¢ — 1, 3 G B Aut(E) — rpynny Bcex nzoMopdu3MoB rusbbep-
ToBa A-MOJyJsisi, Takoii, uro orobpaxenue t — n(x) w3 G B E HenpepwIBHO st
aoboro x € E. Tpoiika (G,n, E) HasbiBaeTcss dunamuyeckoti cucmemoli Ha THIIb-
6eprosom A-momyne E. Ilycts ¢ — up u t — u; — yHuTapHble npejcrasienus G
Ha ruapbepToBbix mpoctpancTBax H w K. Bmosme mosoxkurenbroe oToOpakeHume
¢ : F — L(H, K) nassiBaerca (v, u)-kosapuarmuvim ornocurensuo (G,n, E), ecau
Jid Jio0bIX « € E| t € G BBINOIHAETCS PABEHCTBO

D (ny(z)) = ui®(z)uy.

[ycrs (G,n, E) — aunavudeckasi cucrema Ha rusbbeproom A-mopyne E.  Kosa-
PUGHMHBLM TIPEJICTABICHUEM JTUHAMUYECKON cucteMbl (G, 7, E) Ha3biBaeTCs msiTepka
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(rg,w,v,H,K), tne H w K — runsbeproBbl npoctpancTsa, 7g @ E — L(H, K) —
npejicrapiaenne runsbepropa A-monyis B, v i G - UH) nw w : G — U(K) —
yHUTapHbIe *-Tpejacrasienus G 8 H u K COOTBETCTBEHHO, TaKWe, YTO

me(ni(z)) = wrp(z)vy

st i0bbix t € Gu x € E.
CdopmymupyeM OCHOBHO# pe3y/ibTar.

Teopema. Ilycte A — ynurtanbHast JokajabHass C*-aarebpa, F& — ruibbepros
A-moxyns, H uw K — ruibbeproBer npocrpancTBa, ¢ : A — L(H) — HempepbiB-
Hoe, BIIOJIHE I10J10KHTebHOe orobpaxkenne, ® : E — L(H,K) — p-prno/ne 1mo-
soxurenpaoe, (u',u)-xkopapuanrnoe, oraocurenbuo (G,n, E), orobpaxenne. Tormna
cymectBytor rusbeproser nmpocrparctea H®, K, xopapmanrroe npescrasierne
(7, w?®,v® H® K®) qumammaeckoii cucremsr (G0, E), nzomerpua S® : H — H®
n gacrmanas komzomerpus W® : K — K® rakne, uro

1) ®(z) = W®n®(2)S® ana moboro x € E;

2) v S® = S%u; gra moboro t € G;

3) wPW?® = W, gra moboro t € G;

1) {7 (E)S®(H)}] = K?;

5) {7¥(A)S®(H)}| = He, rae 7% : L(Hg) — L(Hg) — HempepbIBHBII *-TOMO-
Mopcpu3M, accoruupoBaHHLI ¢ T,
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