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O paspewsumocmu 00H020 KAACCA UHMESPAALHBLT YPaBHeHUT
HA NOAOHCUMENBHOU TLOAYNPAMOT C B8BINYKAOT, HEAUHETUHOCTNBIO
Axonsin A.P. (Poccuiicko-Apmanckuit YHUBEpCHTET)
e-mail: alexander.hakobyan@gmail.com
XagarpsiH X.A. (Epesanckuit locynapcrsenuniit Y nusepcurer)
e-mail: khachatur.khachatryan@ysu.am

B pabote paccmaTpuBaeTcs CaedyOMnil ClienuaabHBIN KIaCC HEeJTMHENHBIX MH-
TerpaJbHbIX YPABHEHUI HA MOJIOXKUATEJIBHOI ITOJIYyIIPAMON ¢ UHTErPAJIbHBIM OIlepa-
TOPOM He 00JIaIAIOIINM CBOMCTBOM IIOTHOM HENPEPBIBHOCTU B MTPOCTPAHCTBE OI'Pa-
HUYEHHBIX (DYHKITAN:

f(@) = Ax) /Ooo K@)G(f(r(z,y)))dy, = € R := [0, 00). (1)

OTHOCHUTEJILHO MCKOMOI HEOTPUIATEJbHOM 1 orpanuydenHoil dyukuuu f(x).
B ypasnenuu (1) A u K usmepumble bynkiuu Ha MHoxkectse RT 1 yrosaerso-
PAIOT CJAEIYIONIUM YCJIOBUSIM:

a) 0 < Ax) <L, Az)Z 1,z e RY A\2) 1 maRT, z(1 - \(z)) € Ly(RT),

b) K(z) > 0,0 € RY, K € Ll(R+),/ K(z)dz = 1,
0

rjae L1(RT) - npocrpancTtso cymmupyeMbix byHKImil Ha MHOMkKecTBe R
Hesmmneiinocts G 00/1a18€T CJIELYIONMMU CBOMCTBAMME:

1) cymecrByer uncio 1 > 0, Takoe, uro G 1 Ha orpeske [0, 1),
2) G(u) = u, u€[0,n], G(n) =n,
3) G(0) =0, G € C(RM),

riae C(RT) - nmpocTpaHcTBO HeNPepbIBHBIX (DYHKIUI Ha MHOKecTBe RT.

B (1) 7(z,y) nenpepsisaag dynknus na RT x R, npunuMaer HeoTpunaTe/ib-
HbIE 3HAYEHUS U YJIOBJIETBOPSET CJIELYIONTIM ONPDAHUIEHUIM:

I) npu kaxom dbukcuposannom x € RT dyukius r(z,y) 1 o y na muoxkecrse
R* u npu kazkjioMm dbuxcuposantoMm y € RT dbyuknus r(z,y) 1 no z na RT.

IT) r(x,0) > z, x € RT u cymecrsyer uucyo § > 0, Takoe, 4T0

r(z,0) >x+6, x € R,

B pasznmmuHbIX 9acTHBIX CIyYasx JAHHBIA KJIACC ypPABHEHUI UMEET IPUIOXKEHUS B
KOHKPETHBIX HAIIPABJIEHUSX MaTeMaTnieckoil ¢pusmku. B wactnoctn, Takume ypas-
HEHUsI BCTPEYAIOTCA B TEOPUH TIEPEHOCA 3Ty IeHH, B KHHETUIECCKON TEOPUH Ia30B,
B KUHETUIECKOH TEOPUH ILIA3Mbl U B TEOPUU P-aIUIECKUX OTKPBLITO-3aMKHYTBIX
crpyH (cm. [1]-[5]). Coueranue crenuanbHBIX MTEPAIMOHHBIX MeTONOB (cM. [6]) ¢
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METOJAMH TEOPUU MOHOTOHHBIX oneparopos (cm. [7]), meficTByomux B oupeie-
JIEHHBIX KOHYCHBIX OTPE3KaX, IMO3BOJISIET JOKA3ATh CJIEIYIONLYI0 KOHCTPYKTUBHYIO
TeopeMy:

Teopema 1. IIpu ycaosuax a), b), 1)-3) u I), II) neaunetnoe unmezpanvroe
ypasHenue (1) obradaem HEOMPUUAMEALHOIM HEMPUBUAALHBM U 02DAHUMEHHBIM
na RY pewenuem f(z), npuuem cywecmeyem ngoo flx)=nun—feLi(R").

Tak>ke NPUBOAUTCS LPUMED HEJUHEHHOCTH YDPABHEHHUS, B CJIydae KOTOPOIo
€JIMHCTBEHHOCTD PEIIEHUs] B IIPOCTPAHCTBE OTPAHUIEHHBIX (DYHKIUI HAPYIIAeT-
cs1. B KOHIlE pacCcMaTpUBAIOTCS KOHKPETHBIE YACTHBIE IPUMEPBI YKA3AHHOTO KJIAC-
ca ypaBHEHWH, 1lepBasi YacTh U3 KOTOPBIX MMEET IPUKJIAJIHON UHTEPEC, & BTOpast
9aCTh UMEET YUCTO TEOPETUIECKUil XapaKTep.

Hcenedosanue 6mopoeo asmopa 6binoaneno npu @Gunancoeoti noddepoicke Ko-
mumema no nayke PA 6 pamrax naywnozo npoexma M 21T-1A047.
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[5] X.A. Xauarpsn. O paszpemumocru B Wi(RT) ognoro nesmmeitnoro uarerpo-
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O npocmome U CAOHCHOCTNU AHAAUTNUHECKUTL GYHKUUT
Besomanka B.K. (Mockosckuit ynusepcurer um. M.B.Jlomonocosa)
e-mail: vkb@strogino.ru

IlenHOCTh MATEMATUYIECKOTO HMCCJICIOBAHUS, KAK yIaT HAC KJIACCUKU, B 3ara-
JIOYHOM COYETAHWM TIYOMHBI U MPOCTOTHI. AHTUTE30l TJIyOUHBI SIBJISIETCS] TPUBU-
AJIBHOCTh, AHTUTE30i ITPOCTOTHI — CJI0KHOCTH. [IpobsieMa CJI02KHOCTH U €e OIeHKA
MIPUCYTCTBYeT, TAK WJIA WHAYE, B JIIOOOH MaTeMATHYECKOHl IuCHUILINHE. Barsm
Ha MaTeMaTHUKy C IO3UIAI TeOpUH CJI0KHOCTHU I103BOJISET II€PEOCMBICIUTD JI0CTHU-
JKEHUsI TIPOIILJION0, OOHAPYKUTH HEOKUJIAHHBIE CBSI3U U C(DOPMYJIMPOBATH BOIIPOCHI
Ha Gy/yiee [1]. DToT 1oaX0/| 03BoJIsIeT OGHAPY X KUTH HEOXKHJIAHHBIE CBA3U MEXK LY
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ypasuenueMm Jlamraca u syumnnrudeckuMu OyHKIUSAME, yPABHEHHEM TEILIOMPOBOI-
HOCTH W WHTErPAJIOM OMIMOOK W TIp.

B nokmnane 6ymer maH 0630p pe3ysIbTATOB O CIOXKHOCTU AHATUTUIECKUX (PYHK-
Ul HECKOJIBKUX IepeMeHHbIX. Cpen HuX:

— CxeMbl KOMITO3UIUHU U KJIACCHI CJIOXKHOCTH.
— Onucanne K1accoB cpeicTBamMu A depeHITnaIbHON aJIredphl.
— KammbpoBounas rpymma, TeopeMa 0 crabmin3aTope, CBsI3b C Teopueil TKaHeil.
— Teopema Betiepmrpacca n anre6pamieckne dbyHKIUM IEPBOTO Kiacca. 2]
— I'eomeTpust Kj1accoB: KJIacChl KaK OECKOHEYHOMEPHbIE MHOTI'O00Pa3us.
— Crparudukaiys permennii quddepeHuaIbHbIX cooTHOMeHnH (criekTp).[3]
— Ouucanue pereHuil CJIOKHOCTH OJUH Psijia ypaBHeHuii mardusuku. [4]

JIureparypa

[1] A.T. Burymkus. 13-a npobaema I'misbepra n emeskubie Bopocst. Y MH, 2004,
59:1(355), 11-24.

[2] V.K. Beloshapka. Algebraic Functions of Complexity One, a Weierstrass
Theorem, and Three Arithmetic Operations. Russian Journal of Mathematical
Physics (RJMP), 2016, Vol. 23, no. 3, pp. 343-347.

[3] M.A. Crenanosa. O6 amamuTH9eckoit caokHOCTH —aubbEPEHITMATBHO-
aarebpanaecKux

dbyuxnuit. Marem. ¢6., 210:12 (2019), 120-135.

[4] V.K. Beloshapka. On Simple Solutions of Some Equations of Mathematical
Physics. Russian Journal of Mathematical Physics, Vol. 27, No. 3, 2020, pp.
272-276.

1%0pewuﬂ(ﬂh“ﬂnn6eﬂ”ocﬂmu daa npocmuvtr mpu20OHOMEMPUUECKUT
Ppados U UL NPUMEHEHUE K KPATIHBIM PAOAM
Tepopksia I.T. (Epesanckuii rocy/1apcTBeHHBIN yHIBEPCHTET)

e-mail: ggg@ysu.am

Ecmm nBax sl hopMaIbHO HHTErpUPOBATH TPUTOHOMETPUIECKUAN PSiI,
n .
E ane'™" =: E A, (z), (1)
nez nez

C OrpaHUIeHHBIMA KOI(DDUITUEHTAME, TO TOJIYIUTCI PABHOMEPHO CXOISTIIICS P,

F(z):=Az+ B+ GO;Q - Z A:l(f) (2)

nezZ,n#0
Bripaxkenus

F(zx+h)+ F(x —h) —2F(x)
h? ’
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S(z, h) = h >0, (3)



Ha3bpBalOT cymMamu Pumana pama (1), Bolpaxenue S*(x) = suppsg |S(x,h)|-
maxkopanroii Pumana psaza (1). Ecau pan (1) B Touke x cxomurcs, TO
limp, 0 S(z,h) = >, oz An(x). A BoOGHIE, eciu cymecrsyer limy_,o S(x,h) = S,
TO roBopsT, 9T0 s (1) B Touke x MeronoM PuMaHa cyMMupyeTcst K 3HAUEHHIO S.

BepHbl criefiyioniye TeopeMbi.

Teopema 1. ITycmo das pada (1), ¢ xosfduyuenmamu, cmpemiwuMucs x
HYA10, BCI00Y, Kpome, Obimd MOAHCEM, HEKOMOPO20 CHeMH020 MHodHCECMEa B, 6bi-
noansemes S*(x) < oo u cymmor S(x, h) no mepe crodamesa % HexomMOPol uH-
mezpupyemots pyrkyun f, xoeda h — 0. Toeda pad (1) asasemes padom Pypve
dpyrxyuu f.

Teopema 2. [Tycmsv das pada (1), ¢ oepanusernvmu xospduyuenmamu, 6cro-
dy evinoansemcs S*(x) < oo u cymmue S(xz,h) no mepe crodsmesn x nexomopot
unmezpupyemot pynruyuy f, koeda h — 0. Toeda pad (1) asasemcs padom Pypve
dyrxyuu f.

VaureiBas peryaspHOCTb METOJIa CYMMUPOBaHus Pumana, U3 TeopeMbl 1 1o-
JIyqaeTcst CJIeAYIONasi TeopeMa.

Teopema 3. Ilycmo dan pada (1) ecrody, xpome, Gvimd Mmodicem, HeKo-
MOP020 CUEMH020 MHONCECTNBG, BHINOAHACNCA SUD N ZIn\SN An(z)| < o0 u
limpy o0 E\nISN A (z) = f(x) no mepe, 2de f-nexomopas unmezpupyemas @yrk-
yua. Tozda pad (1) aeasemes padom Pypve dynryuy f.

OTU TeopeMbl SIBJISIOTCS YCUJIEHUSIMU Kjaccudeckux Teopem Basute Ilyccena
[1] 0 eMHCTBEHHOCTH TPUIOHOMETPUIECKHUX DsiI0B. KpoMe TOro ¢ nprMeHeHHeM
TeopeM 1-3 TOJIyYaroTCsl HOBBbIE KJIACCHI MHOYXKECTB JIJIsI KPATHBIX TPUTOHOMETPH-
YeCKUX PSIJIOB.

Hamomunm uro muoxkectBo £ C T?, d > 1, nassBaercss U-MHOKECTBOM (V P-
MHOXKECTBOM) d-KPATHBIX TPUTOHOMETPUIECKUX DSJIOB, €CJIU M3 CXOIUMOCTH d-
KPATHOTO TPUTOHOMETPUYIECKOIO Psijia BCIOY, KPOME, OBITh MOXKET TOYEK MHO-
xkectBa E K Hymo (K BCIOy KOHEUHOI uHTerpupyemoii pyukiuu f), ciemyer 94ro
9TOT PsiJi TPUBUAIBLHBIA (siBisiercs psagom Pypoe dyukuuu f). fcho, uro moboe
V P-muoxkecTBO siByisiercst U-MHOKECTBOM.

B cnyuae d > 2 Hy>KHO yTOYHUTH, 9YTO IIOHUMAEM, KOTIa TOBOPUM PsII, CXO/UT-
cs1. Bee 3aBucuT 0T TOro Kakue 9aCTUYHbBIE CyMMbI KPATHOIO PsJIa PACMATPUBAIOT-
cs1. B macrosiieit pabore MBI pACCMATPUBAEM TPSIMOYTOJIbHBIE YACTUIHBIE CYMMBbI,
T.e. CXOAMMOCTD 110 [IpuHrcxeiimy.

B 1972 rony Om n Yenans [2] mokasanu, 9ro B cirydae d = 2 IyCTOe MHOXKECTBO
saBJsieTcs: U-MHOYKECTBOM IS JIBOMTHBIX TPUTOHOMETPUIECKUX PSIIO0B, CXOSITUXCS
o IIpuarcxeiimy.

JoJiroe BpeMsi OCTaBaJICS. OTKPBITHIM OTBET Ha CJIEJYIONUI BOIIPOC:

Ecmu d-xparnpiii (d > 3) TpUroHOMETpUYECKUil Psiji CXOAUTCA K HYJIIO IIO
[Ipunrcxeiivy Beoay za T, To 065350 71 Bee KOIDDHUIMEHTH 9TOr0 psia GBITH
HYJISIMH.

B 1991 roxy II.E. Terynamsuau [3] qoKasas psiji BaKHBIX TEOPEM B KOTOPBIX
COJIEPKUTCS TOJIOKUTEIBHBI OTBET Ha BhINEyKa3aHHbI Bonpoc. OH TaKkKe MoJIy-
quJT GOraThiil KJIace HEmyCThX V P-MHOMKECTB JIjis KPATHBIX TPUTOHOMETPHUIECKUX
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PAI0B, cxoasmuxcs o IIpunrexeiimy.

C upumenenueM TeopeM 1-3 MMOJIyYalOTCs HOBbIE KJIACCHI V P-MHOXKECTB IJjIst
KPaTHBIX TPUTOHOMETPUYEeCKUX PssioB. CopMmyaupyeM OJHY U3 HUX.

Teopema 4. [Iycmwv dsotinoti mpuzoromempuseckuti pad

Z am me+”y) ¢ cymmamu Sy (x,y) Z Z A€ ETY) (4)

m,n€”Z Im|<M |n|<N

ydosaemeopaem ycaosuam limy noyoo Smn(z,y) = f(z,y), (z,y) & G, 2de f-
6C100Y KOHEUHAA UNMELPUPYEMAA GYHKUUA, U

G= U Xy, x{y}, ede mes(Y)=0 u mes(X,) =0, daa mobozo y €Y.
yey

Tozda psd (4) asasemces padom Pypve Pyrnruyuy f.
JIureparypa

[1] Ch. J. Vallee-Poussin. Sur I'unicite du developpement trigonometrique. Bull. de
I’Acad. Roy. Belgique, 1912, 702-718.

[2] J. Ash, G. Welland. Convergence, uniqueness and summability of multiple
trigonometric series. Trans. Amer. Math. Soc., V. 163 (1972), 401-436.

[3] II. T. Terynamsuiu. O HEKOTOPBIX KPATHBIX (DYHKIIMOHAJIBHBIX PSJIAX U Pellie-
HUe TPOBJIEMbI €IMHCTBEHHOCTH KPATHBIX TPUTOHOMETPUYIECKUX PSIJIOB JIJIsT CXOJTH-
moctu 1o Ilpurrexeiivy. Mar. 6., 7. 182:8(1991), 1158-1176.

DynruuUu, YHUBEPCANDHDBIE OTNHOCUMEALHO

mpUZOHOMempu%eCTCO'I'], CUcCMmMmemdsl

I'puropsin M.T. (Epesanckuii rocyapcTBeHHEIH YHUBEPCHTET)
e-mail: gmarting@Qysu.am

B noxitajie 6yayT paccMOTPOHBI BOIIPOCHI, CBSI3AHHBIE € CYIIECTBOBAHUEM U OIIH-
canueM cTPyKTypbl (yHUBepcadbHBIX MyHKIuU) byukimii,psaapl Dypbe KOTo-
PLIX B TOM WJIM WHOM CMBICJIe YHEBEPCATbHBI B Kmaccax LP[—m, w|, LP[—m, x]?

[0,1). OrmeTrum,uTO CymecTBoBaHWe (DYHKIWI, YHUBEPCAIBHBIX B TOM WJIH
MHOM CMBICJIE M3yYaJoch MHOrmMu Maremarnkamu (Bupkrod, Maprunkesud,
I'pocce - Apaman, JIbo...), paborasmumu B Teopun HYHKIUNA Kak JeHCTBATEIHHO-
r0,TaK M KOMIIJIEKCHOTO TTEPEMEHHOTO U IIYOIUKAIINH 110 ITOH TEMATHKE PETYJISIPHO
MOSIBJIATOTCS B MATEMATHIECKON MevaTn

[Mousitue yHUBEpCAIBHOrO psijia (KaK [0 KIACCHYECKUM,TaK U 110 ODIIMM OPTO-
HOPMAJIbHBIM CHCTEMaM ) BocxomuT K paboram Menbmosa n Tanansua. Hanbosee
obmmue pe3ysbTaThl OBUIM MOJIyYeHbl MMHU M UX yueHHKamu. B paborax [1] — [8]
MBI U3YYHINA BOIPOC CYIIECTBOBAHUS W OMICAHUS CTPYKTYPHI (DYHKINL, KOTOpbIE
YHUBEPCAJIbHBI B TOM WJIM UHOM CMbIcie st KiaaccoB LP[0,1) upu p € (0,1) u
L°[0, 1)kak oTHOCHTE/IHHO CHCTeMBI YOTITa TaK K OTHOCHTEIHHO TPUTOHOMETPHIe-
ckoii cucrembr. HerpyiHo BuzieTh, 9To n3 3HaMeHnTol Teopembl Konmoroposa (psiz
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Dypbe KaxKIOH UHTErpUpPyeMOiil (DYHKIIUU 10 TPUTOHOMETPUIECKOU CUCTEME CXO-
JIUTCS TI0 Mepe) CJIeflyeT 4To He CylecTByeT uHrerpupyeMoil yukuuu psj Pypbe
KOTODOIi 110 TPUIOHOMETPUIECKOI cucTeMe (a TakzKe 10 cucreMe Youiria) Gbli Obl
YHUBEPCAJIBHBIM B KJIACCE BCEX M3MEPUMbBIX (DYHKITAIA.

Tewm He MeHee B pabore [5] aBTPOM [OCTpOeHa HHTerpupyeMast QYHKIs Takasl,
YITO IOCJIe BHIOOpa MOOXOIANINX 3HAKOB {d = £1}7°  miaa ee Koabduimentos
Dypbe MOXKHO JIOCTHYb TOTO, YTO YK€ BHOBb TOJIYYE€HHbIH sl OyJeT YHUBEPCAIb-
HBIM B KJIACCE M3MEPUMBIX (DyHKITHH.

Bysem rosoputs, uro dbyuxmus v € LY(T?) ans xinacca LP(T?) orHOCHTE/BHO
JTBOMHOMN TPUTOHOMETPIIECKOit cucrembl {eF® eI

a) yHMBepcasibHa (IO NPSIMOYTOJIbHAM, COOTBECTBEHHO Mo cdepam),
€CJTH MPSIMOYTOJIBHBIE, COOTB. chepUIecKue IacTHIHbIe CyMMBI psijia Pypbe GPyHK-

o o ikx ,isy\ oo 2
nun u(z, y) 1o asoitnoit cucreme {e™Te" Ve mnornsr 8 LP(T7),

6) yCJIOBHO yHHUBEpPCAIbHA (110 IIPSIMOYTOJIBHAKAM, COOTB. N0 chepam), ecain
CYIIECTBYET LOCIIEI0BATEILHOCTD 3HAKOB {0k s = £1}7°. | 9TO IpSIMOYIOJIbHBIE

o=

Sk, sk, s€* eV EBuT GBI

(cooTB. cpeprrteckne) HACTHIHBIC CYMMBI PR Y
miotaeibiME B LP(T7?),

B) MOYTH YHUBEPCAJBHA (IO NPAMOYIOJBHUKAM, COOTB. 10 cdepam), ec-
JH CYIIECTBYET TOC/IEI0BATEIbHOCT 3HaKoB {0k s = 115, ¢ PA(Q)p =
1 Takas, UTO HPSMOYTOJIbHBIE (COOTB. cdepHdecKHe) HacTUYHbIE CyMMBI Dsijia
> e oo Ok Tk, s€™*% €'Y 611 661 toTHBIBIMI B LP(T?), e Q = Q(u) = {(k, s) €
A = A(u) = spec(u), dis =1},

e £ (N ((—n,n) x (—m,m)))
pa=lim s &R () X (Cmom)) @

Kak ymomumnasiocs Beimre, Teopema Komoroposa HCKIIIOYaeT CyIIeCTBOBAHUE
yHUBepcasbHO! dyHKImu (0nHOM mepeMenHoit) mis npoctpancrsa LP[—7, 7], p €
(0,1) oTHOCHTEIBHO TPUTOHOMETPHUIECKOI cucTeMbl. HecMOTpst Ha TO, UTO Teopema
Komamoroposa, kak jokazas P./.Tenanze, He BepHa JJjisi JBOMHON TPUTOHOMETPH-
veckoii cucrembl (P.J.Tenanze ,orsevas na sonpoc Menbmosa JI.E. mokazas, aro
B IIPOCTPAHCTBE pa3MepHOCTH bosbie 1 KyOndeckne YacTHBIE CyMMbI HHTEIPUPYeE-
MOIt (DYyHKIMY MOTYT HE CXOJUTHCS 0 Mepe, a pabore C.B.Konsruna mokasano,4ro
GYHKITUIO MOXKHO BBIOPATH TaK,dTO JII00As IOJIIOCIEI0BATEILHOCTD KYOMIECKUX
YACTHBIX CyMM IIOYTH BCIOJy He OrpaHWdeHa ), HO TeM He MeHee W B JByMep-
HOM CJIyYae TaKXKe He CYIIECTBYeT (DYHKIMU YHUBEPCAJIBHOU JJIsi IPOCTPAHCTBA
LP[-7,7]?, p € (0,1) OTHOCHTETHLHO JBOHHON TPUTOHOMETPHIECKOH CHCTEMBI.
DToT BaxKHbIN pesysibrar HepasHo Obut oayden C. B. Konsrunbim.

Teopema 1. He cywecmeyem dynxyuu v € LY(T?), d > 2 ynueepcarvrori
no NPAMOY20AbHUKAM Onsf Kaacca LP (Td)7 p € (0,1) omnocumensvro d-meprot
MPULOHOMEMPUECKOT, CUCTILEMDL.

B srom gokiane usydaercs cyiecrBoBanue dbyHKIMA, KoTopbie (YCJIOBHO)
MOYTH yHUBepcalIbHBI 11a Kiracca LP(T?), p € (0,1), oTHOCUTEIBLHO IABOI-
HOIl TPUTOHOMETPUUECKOIN CHUCTEMBI {e”””eisy}zf’s:_o07

CupaBeJIMBO CJIeJIYIONIEEe YTBEPIKIEHNE
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Teopema 2. Cywecmeyem dynxyus u € LY(T?) nowmu ynueepcarvna xax
no npamoyzosvHUKaM Max u no chepam oas ecex xaaccos LP(T?), p € (0,1)
OMHOCUMENBHO DBOTUHOT, MPULOHOMEMPUHECKOT, CUCTNEMDL.

Bamerum, uTo u3 TeopeMbl 1 Konsruua BbITEKaET, 9TO TeOpEMa, 2 OKOHIATEIHbHA
B OIPEJICSIEHHOM CMBICJIE.

Hccenedosanue gvinoaneno npu dunancosoti noddeporcke Komumema no nayke
PA 6 pamxax naywnozo npoexma M 21AG-1A066.
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Narepnonsmmonnste dhopmynt Jlarpanzxka n Dpmura 6a3upyIOTCs HA UHTED-
[PETAIME Y3JI0B HHTEPIOJISANUN B BH/Ie KOPHEH ITOAXOAAIUX MOMMHOMOB. [Tosromy
Takure (POPMYJIbI OTHOCAT K KJIACCY aaredpamvecKux WHTepIossnnii. Vmeomorns
anreGpanvecKuX WHTEPIIOJANNIA MOIYYHIa B TOCJE/HEE BPEMs IPUCTATBHOE BHU-
MaHUe ¢ TOYKHM 3PEHHsT MHTEPIOIIUOHHO Teopun (DYHKINNA MHOIMX IIEPEMEHHBIX
(cm., nHanpumep [1]-[3]).

OnHOlt 13 pacCMATPUBAEMBIX HAMU 33184 SIBJISETCI MHOTOMEPHAsT HHTEPIIOJIS-
nus Jlarpamxka:

Bamaua 1. Jlaa sadannwz snavenuti {c,}, w € p~1(0), natimu muozouaen
f(z) ¢ yeaosuem

fw)=cy,  wep H0).

Koropas permraercst ciemyromeit TeopeMoii:
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Teopema 1. Caedyrouuti mHozouseH PEWAEM NOCTNABAEHHYIO 34004y

fE = Y cuH(zw)res (1) |

I
wep-1(0) p

20e res (p—ll) — aokasvhold eviwem I'pomenduxa, a H(z,() — amo onpedesument
mampuins (hjg):
n
pi(2) =i (Q) = Y (2k — Gk (2 ), Jj=1...,n
k=1

Iycts p = (p1,...,Pn) — HYJIbBMEPHBIH NOJMHOMHUAJBHBIN nzeasn. OGo3HATNM
4epes B, MoHOMUAIbHBIH Gazuc okaabHoil anrebper O, /(p) B Touke w € p~1(0).
PasmeprocTsb 910i1 aaredpbl COBIAIAET C KPATHOCTBIO OTODPAXKEHUS P B KOPHE W
(em. [4], pasmen 19.4). MuoxecTBO IoKaszaTeneit £ 6azucHBX MoHOMOB (2 — w)f €
B, oboznaunMm A, .

Cirenyromeil paccMaTpuBaeMoOil 3aa4deil siBJIsIe€TCSI MHONOMEpPHAasi MHTEPIIOJIsi-
nust DPMUTA:

Banmaua 2. [aa sadannox snanernut {cy o}, w € p~1(0); £ € Ay, natimu mmo-
eounen f(z) ¢ yeaosuem

ol f
0z¢
ede b= (Ly,....0L) ull] =41+ ...+ L,

Mpr 3/1€Ch pacCMOTPHUM BapUAHT MPUBEICHHON 3a/1a91 B CJIydae, KOTJa MHOTO-
rpannnku Hetorona nocureneit A, ; 10 cyTn aBIAI0TCS Tapasiie/IenuieaMmu Bujia
{OgélSdl—l}x...x{ogfngdn—l}.

Teopema 2. [Ipednonosicum, wmo oas xastcdozo xopra w € p~L(0) cywecmey-

(w) = cw e, w e p_l(O) te Ay,

em maxot eexmop dy = (dy,...,dn) € Z}, wmo
a‘e‘Pi
541 (w)=0,0<¢<d,—1, (1)
0% p;
det —(w)|| #0 (3sdecvi,k=1,...,n). (2)
O0z*

Tozda mHoz20uMEH

c o )Tk
fe)= Y detHu(z) | YD CRn ) s <(>>
)

I
wep—1(0 (<dp—1 p
f<dy o I—1
pewaem nocmasaennyto sadawy, 20e Hy(2) = ||hi]l, — mampuya us npedcmas-
NAEHUA d
p1(2) (21 —wp)™
: = H,(2) . (3)
P (2) (Zn - wn>dn
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Curesyrommasi JieMMa JIOKa3bIBaeT CYINECTBOBAHUE ITOrO IpejacTaBienus (3) u 1o-

MOI'aeT HOHATh CTPYKTYDY JIOKAJIbHBIX UIEAIOB (P),, B ycioBusax (1) u (2).
Jlemma 1. Jlana cucmema pocmxos Q1, ..., Qn € O maxuzr, 4mo eunoimnsi-

tomea yeaosus (1), (2): Tozda 6 koavye Oy uUMeEN MECTNO PABEHCTNEO UJEAN0B:

<Q17 ey Qn> = <(Z1 - wl)dla sy (zn - wn)d">'
Hccaedosarus noddeporcaro. eparmom PHD Ne 20-11-20117.
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Jlzema-pynryus Pumana u odnomepHble 603MYuLeHUA
CaMOCONPAAHCEHHBLL ONEPATNOPOS
Kamycrun B.B. (Cankr-Ilere6pyprckoe oTaesnenne MaTeMaTuueckoro
nucruryTa uM. B.A.Crekiosa)
e-mail: kapustin@pdmi.ras.ru

O/ tHUM U3 TOIXOOB K JIOKA3aTeIbCTBY KJIACCUYIECKON rmnoTe3nl Pumana o Hy-
JIX J3eTa-QyHKIMN SIBJIAETCS HJiesi TOCTPOEHUsT CAMOCOIIPSI?KEHHOT'O OIIEpaTOpa,
CHEKTDP KOTOPOrO IpeJCTaBiseT cOO0N MHOYKECTBO HETPUBUAJBHBIX HYyJIEH J3eTa-
dyHKIMM, pasBepHYTOE HA BEIIECTBEHHYIO OCh. JIOKJIAJI MOCBSAMIEH MOCTPOEHUIO
OIIEPATOPOB € TAKUM CIIEKTPOM, SIBJISIIOIIAXCS MAJIbIMK (OJJHOMEPHBIMU) BO3MYILIE-
HUSIME CAMOCOTIPSI?KEHHBIX (b DEePEHITIATBHBIX OIIEPATOPOB.

st CrIeKTPaJIbHOTO aHAJM3a HEKOTOPBIX BayKHBIX KJIACCOB JddepeHITnab-
HBIX OIEPATOPOB MCIOJB3YETCsI TEOPUsI HPOCTPaHCTB je Bpamxka. [lostomy mep-
BBIM IIATOM B JIOKJIaJ1e OyJIeT OCTPOeHe KOHKPETHOIO IIPOCTPAHCTBA Jie Bpanka,
COJIEP2KAIINEr0 CJAETKa MOAMMUIINPOBAHAYIO Keu-pyHKINO PuMana, a mMeHHO, se-
JIEHHYTO HA MHOTO'WIEH TpeTheii crenenn [1]. lanmee ¢ TOMOIIBIO eCTECTBEHHOTO aHa-
Jiora mpeobpazosanust Pypbe IOCTPOEHHBIN OIIEPATOP IEPECAKUBAETCS B IMIILOEP-
TOBO ITPOCTPAHCTBO KAHOHHUYECKOIN CHCTEMBI, COOTBETCTBYIOIIEH ITPOCTPAHCTBY e
Bpanxa [1]. 9710 1mo3BoJIsIeT CTPOUTH MaJible BO3MyIleHusi oneparTopos IItypma—
JInyBUILIS CO CIIEKTPOM, COOTBETCTBYIOIINM MHOXKECTBY HyJieil a3eTa~-dyHKImn. B
YaCTHOCTH, [TOKA3aHO, 9TO B KAYEeCTBE TAKOr'O OIEPATOPa MOXKHO B3STh OIEPATOP
IMpeauarepa Ha mOTyocH ¢ moTeHnmaaoMm Mopca [2].
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Cpe3'K:'U/ 0UC'K:puMUHaHma CUCMEMDBL MOAUHOMOB JIOpaHa
Kuemkosa E.A. (Cubupcknii dbenepaibublii yausepcuTer)
e-mail: ekleshkova@gmail.com

leomerpust IUCKPUMUHAHTHON TUIIEPIIOBEPXHOCTH OTPAYKEHA B CTPYKTYPE MHO-
rorpannaunka HpioToHna mauckpuMmMuHaHTa. B 9acTHOCTH, €€ acCUMIITOTUYECKOE IO-
BelleHNE <«Ha OECKOHEYHOCTH » KOHTPOJIUPYETCS <«IKCTPEMAJLHBIMIY MOHOMAMEI
JMCKPUMHUHAHTA, KOTOPbIE COOTBETCTBYIOT BEpIIMHAM MHOrorpanHuka HbioToHA.
B ciiygae omHOro ypapBHEHUSI, KOTOPBI CYATAIOT KJIACCUYECKUM, MHOTIOI'DAHHUK
HeroroHa nuckpuMuHaHTa JeTansHo nsydeH [3]. Kpome toro, B pabore [4] Haiigen
HOBBIIl ITOJIXOJ] K JOKA3aTeJIbCTBY M3BECTHBIX (DAKTOPU3AIMOHHBIX TOXKIECTB I[JIst
CPE30K KJIACCHIECKOT0 MUCKpUMUHAHTA. JI0OKAa3aTeIbCTBO OCHOBAHO HA CBOMCTBAX
CHUTMa-TIPOTIeCcca, /I JOTapuPMUTIeCKOro oTobparkeHust ['aycca TUCKpPUMIHAHTHON
CUIIEPIIOBEPXHOCTH. MBI UCIIOIB3yeM MOJ00HYI0 TEXHUKY B MCCJIEIOBAHUU CPE30K
JUCKPUMUHAHTOB MTOJIMHOMHUAJIBHBIX CHCTEM.

Paccmorpum npusedennyro cucmemy n TPUHOMHUAJIBHBIX yDaBHEHMI

Qi=y*" +a20y —1=0,i=1,...n, 1)

n
¢ HeusBecTHbIMA Y = (Y1,...,Yn) € (C\ 0)", nepeMEeHHBIMU KOMILJIEKCHBIME KO-

. (i) (%) .
.o (@) w (i)
sdbdurmentamn xr = (x(1)7 . ,x(”)), B KOoTOpO#t ¥ " = y; ' -...- ynr Y’ =
(i) (i)
g4 g

Y1' +...°Yn" — MOHOMBI HEU3BECTHBIX Y1, ..., Yn C IEJIBIMH IOKa3aTessiMu. Muo-
KecTBO K03 dunumentos cucrembl (1) npoberaer BekTopHoe mnpocrpancrso CI.
[peanonaraercs, aro marpuna w := (WM, ... w™) nepbipoxiennas.

O6o3naunM yepe3 V° nommuoxkectBo B C7 Bcex xoaddurmentos ¢ = (aj(i)),
JJIS KOTOPBIX MOJMHOMUANIbHOE oTobpaxenue @ = (Q1,...,Q,) UMeeT KpaTHbIe
Hy/IM B KOMILTeKcHOM ajirebpandeckom tope (C\ 0)" | To ecThb

Ve = {m €EC:Q1(y") = =Qn(y°) = %(yo) =0,9" € (C\O)”},

rJe % — sikoOuaH oTobpakeHus ().

Onpegnenenne 1. Juckpumunarnmiom mrooscecmeom V cucremsl (1) Hasbl-
BalOT 3aMbIKaHMe MHOXKeCTBa V° B mpocTpaHcTBe Ko3ddurmentos. Eciu MmHOXKe-
cTBO V €CTh I'MIIEPIIOBEPXHOCTD, TO OLPEIesIOIui eé nosuHoM A(z) Ha3bIBAIOT
duckpumunarmom cucremot (1).

Hanomuum, aro mnozoeparnnukom Hviomona Na nomunoma A(x) HasbBaet-
st BhIMyKJas obosouka (B mpocrpancTse R™) mocurens A(z). Kaxapiii MoHOM
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« anp

=2z ... 28 MoXKeT OBITh BU3YaM3UPOBaH KaK TOYKa & = (A1, ..., Q) Pe-
mérkn Z". Tlox nocumenem MOIMHOMA IIOHUMAIOT MHOYXKECTBO BCEX IOKa3aTeseit

T

€ro MOHOMOB, IMEIOIUX HEHyJIeBble KO3 MOUITMEHTHI.
Onpegnenenne 2. Cpesxoti nommuoma A(z) Ha rpanb h MHOrorpanauka Na
HA3bIBAIOT CYMMy BCEX MOHOMOB u3 A(Z), HOKa3aTem KOTOPBIX IIPUHAJIIEKAT .
Cesa3p Mexkiy nosuaoMoM A(x) W ero cpe3koil Ha TIpaHb h yCTaHABJIUBA-

T — d x T o
er dbyukmus Hf(x) = 7°A (le ey T“‘W;L) , B KOTOPOH [i1,..., [y — KOODIH-
HATHI BHENIHeH HOpMasu f K TpaHu h, d — B3BEIIEHHAs CTEIEeHb OTHOCUTE]Ib-

HO Beca [, I BCeX MOHOMOB u3 cpesku A(z)|,. Ona sBisiercs roOMOreHH3AIM-
et juckpuMuHaHTa cucrembl (1) oTHOCHTENBHO Beca (i U 00JIaJaeT CBOMCTBOM:
H (z) = A(z)|,. Cormacno [1] orobpazkenne CP? ! — C? ¢ koopuHaTamm

s gy (s \ ™

<,l/)i; S> k=1 <wk)a S> ’

@ = i=1,...,n (2)

olpeJieJisieT IIapAMETPU3ANUI0 JUCKPUMUHAHTHONO MHOXKecTBa V cucrembl (1). B
dopmyiax (2) g, ¥ cyTb crpokn Marpun U = w*o u ¥ := ¥ — |w| B, coorBet-
CTBEHHO, B KOTOPBIX 0 = (0'(1), . 7U(")), w* — TIpHUCOeIMHEHHASA MATPUIA K W, &
E, — enuanvHas Marpuna. B [2] moka3aHO, YTO CTPOKHU 1, ..., W, U Y1, ..., P,
KaK OPABUJIO OIIPEJEJISIIOT HOPMAJIbHbIE HALPABJIEHUS JJisl TUIEPrpaHeil MHOIO-
rpannuka Hpiorona puckpumunanta cucreMbl (1). C HOMOIIBIO apaMeTpu3au
(2) u cBoiictBa dbynkuun H (z) nccienopana mapaMeTpPH3aIlist HyT€BOIO MHOKe-
crBa cpeskn A(x)|,; Ha rpanb hj, IMeIOLyI0 HOpMATIb ¥, j = 1,...,n, B Ipe/Io-
JIO?KEHUU, 9TO w](.J ) # 0. B pesynbrare uccienoBanusa choOpMyInpOBaHa TUIIOTE3a
0 cTpyKType cpesku A(x)|p; .

T'umoresa 1. Cpeska A(z)|p, MMCKpUMIHaHTa TpUBEAEHHON cucTembr (1) Ha
IpaHb h; ¢ TOYHOCTHIO OO MOHOMHAJILHOTO MHOXKHUTEJIS IIPEACTABIISIET COOO0M KOM-
MO3UIINIO JIUCKPUMUHAHTA IPUBEJIEHHON cucTeMbl . — 1 ypaBHEHU U MOHOMUAIIb-
ubIx yukumit ot kosddumuentos z = (), ... 2() cucremsr (1).

Hocurens cucrembl 1 MOHOMUAJIBHBIE PYHKIIUY BLITACAHBI SBHO.

PesysibraTel, IpeIcTaBIeHHbIE B JOKJIA/E, TIOJLYICHbI COBMECTHO ¢ AHTUIIOBO
n.A.

Paboma noddeporcara Kpachoapcrum mMamemamuieckum 4eHmpom, Gurarcu-
pyemoim Munobprayxu PO (Coenawerue 075-02-2022-876).
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Asrebpoii Tenmmmua 7 ([1]) maseiBaerca C*-anrebpa, HOPOXKIEHHAS BCEMU
omnepaTopaMu TenymIia ¢ HeNpepBIBHLIMA CHMBOJIAMH Ha HPOCTPAHCTBE Xapu
H>(T) ={feL?: f, =0, n <0}, f — xosbdumuenrs: Pypbe,B KOTOPOM
ceMeiicTBo {z"} ez, 0OpasyeT opTOHOpMHpPOBaHHEI Gasmc. Omeparop HpaBoro
caura T, Tz" = z"T!, gpnserca remeparopom asrebps Temmma. Anrebpa T
ABJIAETCA PACITUPEHNEM aare6phl (DyHKIUIT, HETPEPBIBHBIX HA €JIUHIYHON OKPY K-
Hoctr C(T) ¢ IOMOIIBIO KOMIIAKTHBIX OIEPATOPOB K| TO €CTh CyIIECTBYeT KOPOT-
Kasl TOYHAs TI0CJIeI0BATETbHOCTD

0 — K(H?) -5 T -2 C(T) — 0,

rJe ¢ — BJIOXKeHHe, 1 T — (PaKTOP-0TOOpaKeHHE.

Hama IeJiIb — OIIMCaThb MHBbEKTUBHDLIC 3Hﬂ01\10p(bﬂ31\lb1 a.HI‘e6pI:>I TeHHHHa. CO—
rnacao Teopeme KobOypna, orobpaxkenue 1 — V| rine V — HeyHUTapHas n30MeT-
pusi, pacmmpsiercst j10 sH70Mopdu3dMa T — T, CBs3b MOKA3BIBAET CJIEIyIOIIast
KOMMYTaTUBHaA AUarpaMma

0 K T —"— C(T) 0
IER Ja

0 Ky Ty —Y— Cy(T) —— 0
| | |

0 K T —— C(T) —— 0,

roe « — *-H30MOpQU3M, ¢ — BIOXKeHHe, o3 = 7 : T — T — spnoMmopdusM,
V =7(T) u Ty — C*-anrebpa, nopoxaennas V.

Ilpengoxenne 1. I[Tycmov Endg T noayepynna ecex unsexmusHbr 3HOOMOP-
Pusmos, u Iso (T) — noayepynna ecexr neyrHumapHror usomempud,

TEENdyT <= 7(T) €Is0T.

CkazkeM, 9TO IHJIOMOPMU3M (¢ SBJISETCS KOMIAKTHBIM BO3MYIIEHHEM SHIOMOD-
dusma [, ecim a(A) — B(A) — koMuaKTHBI onepaTop st Beex A € T
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WNunekcom supomopdusma 7 € Endg 7T Oyzem HasbiBaTh uHjueke Openaroabma
ind 7(T"), Torga ind (71 0 73) = —ind 7yind 75.

IMonyrpyuna sunomopdusmos eaunnydHoil okpykuoctu uzomopdua U(T) =
{u € C(T) : |u| = 1}. ®ysxmuo v € U(T) paccmarpuBaeM Kak OTOOpayKeHHe
u: T — T, trorma U(T) nosyrpynna OTHOCHTENHHO ONEPAIUK CyIEPHO3UIIUH, 1
sugomopdusmy X € End C(T) coorserctryer x(z) € U(T), z — ToxkmecTBenHas
dyukuua. Jua x € End C(T) Toxe onpejieinM UHIEKC Yepe3 UHIEKC BETBJICHUS
x(2), ind x = —wn x(2).

ITycrs Endy C(T) = {x € EndC(T) : indx < 0}, End, C(T) = {x €
EndyC(T) :indx = —n}, u End,, 7 = {7 € Endy 7 : ind7 = —n}.

Teopema 1. Cywecmseyem cropsexmuehvill noay2pynnosot sHAoMopHusm

v :Endg7T — EndoC(T)

maxot, wmo y(End,,T) = End,,C(T), npuuwem das scex u € EndoC(T) aobuvie
a, B €y H(u) asasomea xomnarmmoLm 603mywenuem dpye dpyaa.

BeijesuM cpeu 9HA0MOPGhU3MOB OOy TPYIIY SHAOMOpdbu3MoB Bisimke
Endp (T) (]2,3]), nopoxaennyio orobpazkernsmu T +— by, (T), rae

n

bu(T) = ¢ T[(T - 2)(I -~ =T *176191_[ _ZZT 2] < 1.
1

Teopema 2. Ilycts A4 — paBHOMEPHO 3aMKHYTas nogaaredbpa 7, TOpOKIeHHAs
m

eI, ¢n € C. Iycrs @ € Endg T, u a(A) = A. Torga o € Endg (T)
0
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O 83aumocssasu 08Yxr Meopemuro-noOMeHUUGAbHBLL 30004 PABHOBECUS:
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[Ipobsiema onmcanust caboii acMMITOTHKEU HyJedl mosmHOMOB dpmura-llase
(runos I u II) B HacTosmee BpeMsi B 3HAUUTEIBHOIN CTEIICHN UCC/IEJOBAHA TS Psi-
Jla CHCTEM MapKOBCKUX (hyHKINi; HanboJiee 00IIeil 13 HUX ABJISIETCS 000OIIEHHA
cucrema Huxkunmua |1, 3|, wm GA -cucrema, BKIoyaommas B cebs KaK 9aCTHBIE
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cJlydam yKe CTaBIIHe KJIacCHIecKUMHU cucreMbl Ankesecko [2] n Hukummna [5].
Cirabble aCHMITOTHKH OIMUCHIBAIOTCS B TEPMHUHAX COOTBETCTBYIOIINX BEKTOPHBIX
TEOPETHKO-TIOTEHITNAJIBHBIX 3a/ad PABHOBECUsl; MPEICTABISIONEeil coboit 3aaady
MUHUMU3AIIH (DyHKIIMOHAIA SHEPTUH JIJIsI BEKTOPHOTO TOTEHITNAJA B KJIACCE BEK-
TOPHBIX Mep C OI'DAHUYEHUSIMU HA MACChI KOMIIOHEHT.

B pabore [6] B paMkax pasBuThsi HOBOrO 1oxoja K o6obimenuio Teopuu [Tra-
Jsist Ha osimaoMbl DpmuTa-Ilame C. 1. CyeTnHbiM Ha TpUMepe MOJIEILHON 3a1a4u
0 caaboit acuMmTuTHKe HyJeil mosmuomoB dpmura-Ilajge tuna 1 jqys mHekoTopoi
KOHKpeTHO# GA -cucrembl Fy u3 aByXx GyHKIMi ObLIa aHOHCHPOBaHa pas3paboT-
Ka HOBOW TEPMUHOJIOI'MH, OCHOBAHHOI Ha OIMCAHWU IPEIEebHBIX Mep B TEpMHU-
HaX CKaJIIPHON T€OPETUKO-IIOTEHIINAILHON 33,1491 PABHOBECHS C BHEITHUM TapMO-
HUYECKUIM TI0JIEM, TIOCTABJIECHHONW HA KOMIIAKTHONW DPHMAHOBOIl moBepxHOCTH. Pac-
cMorpenHast B [6] cuerema B o6Go3HavweHmsix paboter [1] coorercTByeT rpady c
V ={0,1,2}, (0,1) = {ai}, (1,2) = {ad,...,ab}; pebpy a} orBeuaer orpezok
[-1,1] € R u mepa \/%, pébpam ozé COOTBETCTBYIOT OTPe3KM F; m MepHl 0

T. 9. % > 0 m.B. ma Fj; upm stom conv| [;_, Fr N [-1,1] = @. Cnaberii npe-

JleJT CYMTAIONNX Mep Hylleil cooTBeTcTByIoOmero Fo monunoMa @y o B [6] onmcan

KaK pellleHue CKaJsdpPHOHI TeOpeTUKO-IIOTEeHINa/IbHOI 3a/laui paBHOBECHs Ha KOM-

1= (z)e(t)]
[z—t]?

B TNPUCYTCTBUU BHEITHETO TapMOHHWYECKOro mouisi log |p(2)|; 3nech n mamee q —
TOYKA HA PUMAHOBO IOBepXHOCTH, ¢ = 7(q), T — KAHOHWYECKasl IPOEKIHsl Ha
pumanoBy cdepy; ¢(o) — dbyuxius, obparnaa k dbyaxknun 2Kykosckoro. B pa-
6ore [4] upengioxkennas C.II. CyerunbiM cxema ObLla pasBuUTa i HECKOJIBKO
Gosee obuieit GN-cucrembr F,, a IMEHHO COOTBETCTBYIOLIEH rpady, y KOTOpO-

MAKTHOM JBYJIUCTHON PUMAHOBOM MMOBEPXHOCTH POJIA HYJIb C SApOM log

ro (0,1) = {ad,...,ad""}, pebpy o coorsercrByer orpesox E; = [egj_1,ea;]
U Mepa, SIBJISIOMASC CyKEHUEeM W Ha Ej; 3necs w(z) = /p(2), p(z) =
H?g:-'l'Q(z—ej), e1 = —1, eag12 = 1, 7(2) € R[2] u He umeer Hyseit na conv [_]fii E;;
conv Ugii E; Nconv| [{_, Fy = ©. Ananormunas BBe#gHHON B [6] Teopernxo-
HOTEeHIHAIbHAS 3a/1a4a it Fy CTaBUTCS HA KOMIIAKTHON JIBYJIMCTHOI PUMAHOBOM
IIOBEPXHOCTH POJIA § OTHOCUTEILHO Aapa log ﬁ—i— gy (2, 00(9)| t) u BHenIHErO IO
log |®(2)|, rue gy(z,0,0) — Gunonspuas yukuus ['pusa ¢ HeKOTOPBIM (BBHIOpaH-
HBIM) HOPMHUPOBOYHBIM NOTEHIHATIOM ¢ 13 paborsl [8]; $(o) ecTh MHOTO3HAUHAST
byHKIHS ¢ OHOZHAMHBIM MOJyJIeM, KOH(OPMHO 0TOOparKalomas paccMaTpuBae-
MYIO PIMAHOBY IIOBEPXHOCTL Ha PHUMAHOBY cdepy.

Bumecre ¢ TeMm, B pabore [7] GbLIO [IOKA3aHO, YTO i CHCTEMbI J{ COOTBET-
CTBYIOIIAS CKAJIIpHAS TEOPETUKO-TIOTEHIAAIbHAS 38,1298 PABHOBECHSI HA PUMAHO-
BOIl MOBEPXHOCTH SKBUBAJICHTHA KJIACCHYIECKOH TeOPeTHKO-TIOTeHITUAILHON 3a1aue
PaBHOBECHUS Ha TJIOCKOCTH B TOM CMBICJIE, UTO TIO MEpe \, ABJIAIONIEC perennem
TIepBOil 3371491, BOCCTAHABINBACTCS BEKTOP-Mepa (A1, \2), SIBJISAIOMASICS PEITeHN-
eM BTOpOil 1 Haobopor. [lokiam Oyaer mOCBAMIEH OOODIIMEHUIO ITOTO PE3yJILTATA
Ha CJIydail cucreMbl Fy, & TakzKe B I[€JI0M IPObJIeMe JaIbHEHIIero pasBUuThs Ipu-
MeHeHHMsI CKaJIsIpHOM 3aJladi PaBHOBECHs Ha PHMAHOBOH MOBEPXHOCTH C BHEITHUM
rapMOHUYECKUM TOJIeM K OIHUCAHUIO cJaboil aCUMITOTUKHU TMOJMHOMOB DPMUTa-
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IMage pns GN-cucreM, COOTBETCTBYIOIIUM MPOU3BOJIBHBIM I'padaM ¢ HCOPHEHTH-
POBaHHBIMU ITUKJIAMUA.

I'panm PH®, npoexm N 19-11-00316.
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BuoproronanbHable MHOrOUIeHb! Ko [1] nMeroT psiji 3HAYMMBIX [PUIOKEHNMI
[2]-[4]. Hegasro 66110 06HAPY2KEHO [5], 9TO Ha HAPSAY ¢ OPTONOHAJIBHBIMI MHOIO-
YJIeHAMY OHU SIBJISAIOTCS CIEIUAIBHBIME (“TDAHUYHBIME) CIIy9asiMi MHOIOYJIEHOB,
penrarimux CMellaHHYI0 THTEPIIOJIAIIMOHHYIO 3a/1a1y.

B noxitazie peds noiier o mape JIBORCTBEHHBIX IOCTAHOBOK HHTEPIIOJISAIOHHOI
3aadu CMeIanHoro tuma. Mer obcynum airebpantdeckue CBOMCTBA UX PEIIEHHI,
TaK#e KaK COOTHOIIEHNST OPTOrOHAILHOCTH, HOPMAJIBHOCTD MHEKCOB, DEKYPPEHT-
mble hopmyiasl. IloroBopum 06 aCHMIOTOTHKE M CXOJUMOCTY HHTEPIOJISINA, 8 TaK-
7K€ TIPEJICTABUM HEKOTODPbIE HOBBIE TIPHIIOXKeHUst [6].
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O 2uN034AUNTMUYECKUL OMHOCUMENDBHO 2PYNTIbL

NEePEMEHHBIT MHO204NEHAT

Maprapsua B.H. (Poccuitcko-ApManckuit yHUBepCHTET)
e-mail: vachagan.margaryan@yahoo.com

B pabore paccMaTpuBaiOTCsl CBA3U MEXKIY PA3JIMYHBIMU TUIAMUA TUIOIJLIUI-
TUYHOCTH OTHOCHTEJILHO I'PYIIIBI IEPEMEHHBIX M gobaBienue "mMiaammx " 94aeHos,
COXPAHSIONIHI TUI TUTOITUITHIHOCTH.

ITycte No—MHOXKECTBO IIeIBIX HEOTPUIATEIbHBIX drnces, N{— MHOXKeCTBO T~
MEPHBIX MYJIbTUHHJIEKCOB, a R™— n-MepHOe BEIeCTBEHHOE IBKJIUJIOBO IIPOCTPaH-
CTBO.

Ounpenesnenne 1. (cm. [1], oupenenenue 11.1.2 u reopemy 11.1.3) Mnozouaen
P om nepemennozo £ € R™ nazvi6aemcs 2unodsiunmudeckum, ecat 0ai 4106020
0#a € Nj npu |¢| == /& + -+ € — 0o D*P(E)/P(€) - 0.

Oyero n>2, 1<k <n, & = (€1, &) €= (G- bn) €= (€€,

a MHOrOwWIeH P oT nepemMeHHOro & mpecTaBiieH B CJIELYIONIEM BUIE

/
ANEe 1"

PE)=PE.)= Y (€) PsE). (1)

o' eNg

Onpepenenue 2. (cm. [1], onpenenenne 11.2.4 u teopemy 11.2.3) Mrozousen
P, npedcmasaernoidi 6 sude (1), Ha3bBAEMCA HACTIUNHO 2UNOIAAUNMUNECKUM O
¢ (eunosanunmumeckum no Topduney-Manzpanocy no £ ), ecau
a) mmozouaen Py eunosssunmunen no ¢,
b) das w06020 0 # o € N npu |¢] — oo Py (€7)/Py (€)= 0.

Onpepenenune 3. (cu. [2]) Mruozouren P om nepemento2o & nasvisaemcs 2u-
noaaaunmuveckum no bypenkosy omrocumenvro & , ecau das dwobozo 0 # a €
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Nb npu l¢] — 0 [D% P(&)] / (1+ [P()]) = 0.
Onpepenenue 4. (em. [3]) Crasrcem, umo muozounen P mowgnee mrozousera
Q u 3anuwem Q < P, ecau cywecmseyem nocmoannas ¢ > 0, das kKomopozo

Q&) < c¢(1+|P(€)]) V&€ eR™

[Tonyvensr cieyronue pe3yabraTh:
Teopema 1. [Tyemv mmozousenvs P u Q, Q < P npedcmasaenv 6 sude (1).
"
Ecau P I'-M zunosarunmusen no &, mo muozousern P+ (Q — Q) maxoce I'-M
1"
2unoansunmuyen no & .
’
Teopema 2. Ilycmv das B-z2unosasunmuveckozo no & mHoz20useha, nped-
" "
cmasaennozo 6 eude (1), Py (§ ) eunosasunmunen no & . Tozda muozowner I'-M
"
2unoarsunmuyen no & .
Caencrue 1. Ecau MPU YCAOSUAT MEOPEMDL 2Q <P, mP+(Q—-Qy)
I'-M zunoasrunmuuern no & .
’
Teopema 3. I[Tycmv k = 1, a mrozousen P I'-M 2unossrunmuyen no & . Tozda
P B-2unosasrunmuyer no & .
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Byner mocrpoena mempuueckas 1-popma, TMO3BONAIONAS 3aJaTh JIOPEHIIE-
BY MeETPHKY, OINpasCh Ha paccioeHne HebecHbix cdep. na dusndeckoro
IPOCTPAHCTBA-BPEMEHH €€ 3HaYeHUsl (Ha KacaTeIbHbIX BEKTOPAX) UMEIOT pa3Mep-
HOCTB JJIUHBI, & BOODIIE MeTprudecKas (popMa IPOMOPIMOHAIBHA KOPHIO KBaIPAT-
HOMY W3 METPHYECKOTO TE€H30Pa Jog. 1Ipm 3TOM, 0cOOBIM 00pa3oM 3aaHHAS MeT-
pudeckasi 1-dpopma MOXKET HCIOJIB30BATHCS M KaK CIIOCOD 3a[aHMs ITPOCTPAHCTBA-
BPEMEHHU BOOOIIE, & He TOJBKO IIPEJICTABUTENS B 3aJaHHOM KOH(MOPMHOM KJIACCE.

Byner BoiBesieHo jquddepeHaibHOe COOTHOIIEHNE, CBSI3bIBAIOIIEE MeTPHYe-
ckyto 1-dopmy ¢ ¢ apyroit 1-dpopmoit — npomo-xormarmmot gopmoti 9, onucan-
ol panee. Obpas sapa dopmbr ¥ o JEficTBIEM €CTECTBEHHOI TPOEKINN 3a1a6T
KOHTAKTHYIO CTPYKTYPY HA H-MEPUU CBETOBBIX I'€0[€3MIECKUX.

Jammoe coobienre OCHOBAHO Ha JIOKJIAJE, CACTAHHOM Ha ceMUHape BUTyIku-
Ha 28 okTsi6pst 2020 1. [1], HO pesyabTaT GyJeT U3JI0XKEH MeHee TEXHUIHO.
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T'eomempuueckue memodo. pewerus ypasreruti Illaepau
Mepgubix A.J. (Uucturyt maremartuxu um. C.JI. Cobosnesa, Hosocubupck, Poccus)
e-mail: mednykh@math.nsc.ru

Kiraccuyeckoe ypasuenne Illnedsn cssbiBaer nuddepeniuan odbema HeeB-
JINJIOBa MHOTOTPAHHUKA C JUIMHAMHI €ro CTOPOH u muddepeHnnajaMu ero IBy-
rPaHHBIX YIJIOB. B cirygae, Korga rayccoBa KpUBH3HA HEEBKJIMIOBA TPOCTPAHCTBA
[IOCTOSIHHA U paBHa K OHO MMeeT BH]

1
KdV = 5 Z lo, dov;,

rjie cymMMma 6epercst 110 BceM pebpaM ¢ JJIMHAMU [, ¥ JBYI'DAHHBIMU YIJIaMU ;.

Amnastornvanasi popmysia cripaBeyinia U st 00bEeMOB y3JI0B M 3alleIICHUH,
MO/IEJIUPYEMBIX B HEEBKJIMJIOBOI I'€OMETPUN.

B noknase n3ydaroTcsi MHOTOTPDAHHUKH, Y3JIbl U 3allelJICHUs, MOJEIUpYyeMble
B runepOOTUTIECKOi, ChHepUIecKoil N eBKINI0BOM reoMeTpusaX. Mbl TPUBOINM TIO-
JiydeHHbIe B paboTax [1]-[4] TpuroroMerprueckne ToXKIECTBA, CBSI3BIBAIOIIIE JIJTH-
HBI pebep U yIUIbl yKa3aHHBIX MHOT00Opa3nit. O6HAPYKHUIIMCH JIOBOJIBHO JIIOOOIIBIT-
HbIE BEIH: /IS TaKUX JJIMH U YIVIOB CIIPABE/JINBBI AHAJIOTU IIKOJBHBIX TEOPEM
CUHYCOB, KOCUHYCOB M TAHI'€HCOB. DTO MMO3BOJIMJIO HAWTH COBEPIIIEHHO HOBBINA Te0-
METPHUYIECKHI TOIX0 K perieHuio auddepenimaabubix ypasuennit [1lmedpan. B
pe3ysbTaTe BBIYUCISAIOTCS B KBaJIPATYypaX 00bEeMbl PA3JIMIHBIX CEMEHCTB MHOTO-
IPAHHUKOB, y3JIOB U 3alleILUICHUIl B TUIIEPOOJINIECKOl U chepuiecKoil reoMeTpu-
gax. Ecim y3esr MozeupyeTcsl B €BKJINJIOBOM IT'€OMETPHUH, TO B KavYeCTBE €/INHUIIBI
JJIMHBI HEOOXOJIMMO B3sITh JIJIUHY camoro yajia. Torjma yaaercs goka3aTh, YTO BbI-
YUCJIEHHBIN TAKUM 00Pa30M €BKJIUIOB 00bEM, SIBJISIETCS KOPHEM AJIrebpandeckoro
YPaBHEHUS C MEJBIMA KOI(PDUITMEHTAMHI.
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Jluckpumunanmonm MHOTOUJIEHA CTEIIEHN 7

fly) =ao+ay+...+ay"

Ha3bIBAETCs HEIPUBOUMBIA MHOTOWIEH Ay, (ag, a1, . . ., Gy ) C IEJTOINCICHHBIME KO-
s durmenTaMm, KOTOPBIA 0OpaIaeTcst B HyJIb TOT/a U TOJBKO TOTIa, KOrma f mMe-
eT KpaTHble KOpHU. JIUCKpUMUHAHTHI UIPAIOT (DyHIAMEHTAIHHYIO POJIb B TEOPHUU
asrebpanvecknx OYyHKIHIT, B TeOpun 0COBEHHOCTEH, B airebpantecKoil TeOMeTpun,
0 YeM CBUJIEJILCTBYET 3HAUNTENbHOE YUCIIO IyOaukaimil (cM., Hanpumep, [1]-[4]).

B knwure [5] nokaszano, uto muororpannuk Huiorona N'(A,,) C R* ™! ykazanmo-
IO JIMCKPUMHUHAHTA KOMOUHATOPHO 9KBUBajieHTeH (n— 1)-mepHomy KyOy. OTMeTnmM,
YTO JIPYTOE JIOKA3aTeIbCTBO 3Toro dakra gano B. Baroipessim ([6]).

B pabore [7], mo pesyabraram KOTOPOi OymeT cIejaH JOKJIAJ, U3ydYeHBI Ia-
pamerpusanun lopra-Kanpanosa n Ha npuMmepe napaMeTpu3aniyi KJIacCuIecKoro
JMCKPUMHUHAHTA HOJIyY€HbI HOBBIE JIOKA3aTe/IbCTBA (DaKTOPU3AIMOHHBIX TOXKIECTB
JIJIsT CPE30K TAKOTO JUCKPUMHUHAHTA. [LOSCHUM 9TO, HAC WHTEPECYIOT CPE3KU JIUC-
kpuMuHaHTa A, Ha rpadu ero maororpananka N (A,,), obpasyiommecs: myTeM me-
pecedeHust p HEKOOPMHATHBIX Tureprpaneit. HarmoMumM, 910 ¢pe3koti MHOTOUIeHA
A, Ha rpanb h ero muororpanuuka N(A,) Ha3BIBAIOT CyMMYy BCEX MOHOMOB H3
A, TIOKa3aTeIN KOTOPBIX MPUHAIIEXKAT h.

B poknane Oymer npuBenena uiest J0Ka3aTEIbCTBA CPOPMYINPOBAHHON HIZKE
carepytomeil TeopeMbl u3 [7] o dakropuzanuoHHbIX GOpMyJIax s cpe3ok A, Ha
rpanu N(A,). ng GopMy/MpoBKE 3TOi TeopeMbl BBejieM 0bo3HadeHusi. 1lycrnb
hi := hg, 0 ... N hy,, rpas N(A,,), moqydeHHas nepeceveHneM p HEKOOD[HHAT-
HBIX runeprpaneit. 3ueck Mynbrunaneke K = {kq,...,k,} oupenenser pasbuenue
natopa {0,1,...,n} na p+ 1 noguabopos (0Tpe3KOB)

Ki = {kiaki+1a-"aki+l}7 i:0717"'7p7
cantad ko = 0, kpy1 = n. Oboznaunm uepes l; := k;y1 — k; Jyuny K; u
fr, =ag, +ap, 1y + ...+ akiﬂyli.

Teopema 1. Cpeska A, Ha epanv hi parmopusyemcea 6 sude npouseederus

p
A"’hK = a%( HAl'i(fKi)7
i=0
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2de a3 = ail . aip, a Aj, — duckpumurarmo, mHozounenos fr, cmenened l;.

[IpounmiocTpupyem ,ZLaHHyIO TeopeMy Ha KpHKpeTHOM npumepe. Jlis MHOroweHa

cenpMoit cremrenn f(y) = Z apy® cpeska A7’h Ha I'paHb hy N hs IpeICTABATCS

B BUJC IIPOU3BEACHUA Tpex ,ZLI/ICKpI/IMI/IHaHTOB
2 2
a2a5A2(a0, ai, ag)Ag(ag, as, a4, CL5)A2(CL5, aeg, 0/7),

T.€. JUCKPUMHUHAHTOB MHOT'OYIEHOB g + a1y + a2y2, as + azy + a4y4 + a5y5 n
as + agy + azy®.

Takke B oKIaje OyJIeT pACCMOTPEH CJIydail /st Cpe3oK A, U Ha KOOP/IUHAT-
HbIe runeprpanu ero Muororpanauka N (A,,).

Paboma noddeporcara Kpacroapckum mamemamuieckum UeHmpom, GuHaHCU-
pyemoim Munobprayru PO (Coenawernue 075-02-2022-876).
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dynruuam ompastceHus u NPONYCKAHUA 00HOPOOHO20 CAOA

Mypagsu M.T. (Apmanckuit rocynapcTBeHHbIH SKOHOMIYECKUI YHHBEPCUTET)
e-mail: mazim_ muradyan@yahoo.com

Sajaua CTAIMOHAPHOTO KOTEPEHTHOTO HEM30TPOIMHOIO PACCeSHUsT B OJHOPO/I-
HOM TpexMepHOM 110cKoM cjioe 0 < 7 < 7, IpU OTCYTCTBUH BHYTPEHHUX UCTOYHU-
KOB, B CJIy4ae CUMMETPUYECKON MH/IMKATPUCHI PACCESTHUS, OIMCHIBAETCH CUCTEMO
uHTerpo-auddepeHIalbHbIX YPaBHEHUN IEpeHoCa

W) (At Dot () + Lo (), — ™ (1)=L*(7) + (- A+ Lo~ (7).
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Biech BekTop-bynkimu @1 (T,w) U ¢ (T,w) — UHTEHCUBHOCTH U3JIyYeHUs Ha
rrybune 7 (PACCINTAHHONW CO CTOPOHBI JIEBOH T'DAHUITBI CJIOS) IO HATTPABJIECHUSIM
BO3pacTaHusI U yOBIBAHUS COOTBETCTBEHHO, dw — Mepa Jlebera Ha eIUHUTHON TO-
aycdepe QF. L u A — He3aBUCAIEE OT T HEOTPAHUYEHHBIE ONEPATOPHI Bua (W w’
— CKaJIIpHOE TTPOU3BeJIeHNe BeKTOpoB w 1 w’ € Q1)

1 1
Lf = o [ gwa)f)aw, Af=—-f@), [oww)dwst
wn wn
Q+ o+
rme n € QF — BHyTpeHHasss HOpMajJb K JIEBOH ILJIOCKOH TpaHHIe CJIos,
wn > 0, glww') — ungukarpuca paccesHUs, YIOBIETBOPSIONAS YCIOBUAM

gwe) > 0, g—we) = glw).

KaxK10My CJI0I0 TOJIIMHEL * COOTBETCTBYET OLlepaTop orpaxkenus R(r) u mpo-
nyckarust T'(r). Ecan cpena caeBa ocsernena nsiayuennem ¢ (0,w) = «, a cupasa —
©~ (r,w) = 3, TO IO CMBICITYy STUX ONEPATOPOB, U3 CPEJIbI CJIEBA U CIIPABA BBIXOJST
msnyvernst R(r)a+ T(r) 5 n T(r) a + R(r) f coorsercrsento. Oueparopst R(r)
u T(r) mosoKuTe/bHbIE U JEHCTBYIOT B MOAXOMSIIMM 00OpPa30M BBIODAHHOM Oa-
HaxoBOM Ipocrpanctse, npudeM ||R(r) +T(r)]| < 1. Cuyuait |R(r) +T(r)]| =1
HA3BIBAETCS KOHCEPBATHBHBIM, a ciydail ||[R(r) +T(r)|| < 1 — auccunarusHbIM.
BakHO OTMETHTBH, UYTO B HACTOsIIEE BPEMs CYIIECTBYIOT 3(PdEKTUBHBIE METOJIbI
uamepenust R(r) u T'(r) IIOCKOro CJI0sl.

O603Ha1MM yepe3 R(0o) oneparop oTpazkeHHst OT OJHOPO/THOIO Oy TPOCTPAH-
CTBa C TAKUM K€ MATEPUAJIOM, YTO M Hail cjioii. R(00) yaoBierBopsier 0600IIeH-
HoMy ypasaeHuo Ambapuymsna (I — eMHUYIHBIN omepaTop)

AR(00) + R(00)A = [I + R(c0)] L[I + R(c0)] . (1)

B cBs13u ¢ acTpodusnIecKUME U APYIUME IpHIoxKeHusiMu Exrubapsia [1] npes-
JIOXKUJT otpeesiuThb oneparop L u3 (1), eciiu 3apanee u3BeCTEH OLEPATOP OTparKe-
HUg OT HoJjrynpocTpancTsa R(00):

L = [I + R(c0)] " [AR(c0) + R(c0)A] [I 4+ R(c0)] " (2)

OrMernM, 9TO B pacCMaTPUBAEMOM HAMHE CJIydae 00beMHbIH K03hdUIMEHT m0-
rironieHus paset 1, T.e. A uzBecrubliii oneparop. O6parumocts oneparopa [+ R(00)
cienyer u3 HepaseHcTBa ||R(00)|| < 1 (xuccumaTHBHBIN cirydait).

Bapaua 1. ITo ussecmmovim onepamopam R(r) u T(r) natimu onepamop L.

OauH MeToJ pelleHus OJCTaBIeHHON 3a1a4uu npeyioxken B padore [1]. B ero
OCHOBE JIEXKUT CJIeJyIomas ujes. 3Hasl OMepaTopbl OTPAYKEHUsI W MPOIYCKAHUS
CJI0ST TOJIIIUHBI T, C TIOMOIIBIO HEKOTOPOI TIPOIELYPBI OIPEIETSIOTCST COOTBETCTBY-
omuye ornepaTopbl CJI0d TOJITUHBL T/2 HeO}lHOKpaTHbH\/I IIOBTOPpEHUEM IIPpOIIEeCCa
“IteJieHust CJIos”; MOYKHO HAMTH OITepaTOPhI OTPAYKEHUs U IIPOILYCKAHUSI CKOJIb YTI0/I-
HO TOHKOTO cJios. TeM caMbIM TPUOJIMIKEHHO OIpefensercs: oneparop L, onuchl-
BaIOIIAN 3JIeMEHTApPHBIA aKT pacCedHnd.

B macrosimmeit 1okiajie mpejjiaraeTcsi MeTo 1, HellOCPEICTBEHHOTO OIIPE e/ ICHIST
omneparopa L, onmparomuiicst Ha CJIeIyIOIe ITIOCTPOSHMS.
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IMocpencrsom omneparopos R(r) u T(r) cocraBuM HeJMHERHOE ONEPATOPHOE
ypasuenue [1]

W = [R(r) + T(r)W] [T(r) + R(r)WV].

Do ypasHeHue 00JIa1aeT PEIICHUEM, YI0BJIeTBOpsomiee yeaosuam W >0, |[W]| <1.
OHO ABIAETCA CUJBHBIM IIPEIEJOM MOHOTOHHO BO3PACTAIONIEr0 UTEPAIMOHHOTO
porecca

Wit = [R(r) + T(r)W,] [T(r) + R(r)W,], Wy=0, n=0,1,....

HoxkaseiBaercs, uro R(oco) = R(r) + T'(r) W. CooTHOIIEHNST STOTO TUIA, CBA3bIBA-
folee XapaKTePUCTUKY TOIYIIPOCTPAHCTBA U KOHEYHOIO CJIOs, (DU3MYECKUMH CO-
obparkeHUsIMI BIEPBbIe ObLTH MOy IeHbl B pabore 2. [Tocae onpenenerns R(oo),
onepatop L onpenensiercs o dopmyse (2).

Bapaua 2. ITo ussecmmnomy onepamopy R(r) natimu onepamop L, npu ycao-
BUU, YN0 MONUUHE CAOA HE MAAA.

B page pa6or (cm., Hanp., [3]) Teoperudecku u SKCIEPUMEHTAIBHO HCCIIEI0-
BaHa 3aBUCAMOCTH OTPAYKEHUsI U IPOIYCKAHUsI OT TOJIMUHBI ¢aosg. OKa3aaoch,
9T0 (QYHKIMS OTPAYKEHHs] BO MHOTHX CJIydasX ObICTPO MPUOJINKACTCS K ACHMII-
TOTHYECKOMY 3HAYEHUIO 110 Mepe yBeJUYEHUs TOJIIMHBI CJIosi. B dacTHOCTH, IJIst
raMMa-u3JIyueHns: ObIJI0 YCTAHOBJIEHO, 9TO KOI(MDMUIMEHT OTPAarKEHUsI CJI0s TOJ-
muHOH 6ostee 1 mm 2 AaUH CBOOOIHOTO TMpobera IacTUIIBI OT UCTOUYHUKA SHEPTUU
MPAKTUIeCKU TaKOi 2Ke, KaK KOIDMUIINEHT OTPAYKEHHs OJIyOECKOHETHON CPeIbl,
T.€. JIUIs TAKUX CJIOEB IIPAKTHIECKN BepHO paseHcTBO R(r) = R(00). Teneps u3 (2)
MOXKHO OIIPEJIEIUTh ollepaTop L, TeM caMbIM WHIUKATPUCY PACCESHUS.

JIutepatypa

[1] H. B. Earubapsan, M. I'. Mypagau, P. C. Bapnausau. Hekoropble 3aja4u qucran-
nuonnoro 3ouaupoBanus. Tp. XII mayunsix urenunit mo kocmonastuke. M: UNET
AH CCCP, (1989), 14-21.

[2] H.B. Enrubapsia, M. A. Muanakanass. O JuHeHHBIX 3a/a9aX nepeHoca. JJoKiI.
AH CCCP, T.217, N3 (1974), 533-535.

[3] A. Shimizu, K. Aoki. Application on invariant embedding to reactor physics.
New-York: Acad. Press, 1972.

O sbiuucaeHUU BBIYEMHBLT UHMESPAAOE
Mpubimkuna E.K.! (Cubupckuii dbeepanbubii yansepcurer)
e-mail: elfifenok@mail.ru
Iynies A.B.? (PHOMII «KpacHosipckmii MaTeMaTHEeCKHil IEHTD> )
e-mail: ashchuplev@sfu-kras.ru

Paccmorpum cucreMy ypaBHeHII



rae Bce f1,..., fn menbie dynkmuu. [IpenmosoxuM, 910 cucremMa mMeeT KOHEU-
Hoe uncyo Hyner B C", Torma HyJn MOXKHO OIPEIEUTh U3 UX CTEMEHHBIX CYMM,
BBIYHCJIEHHBIX OTIOCPEIOBAHHBIM crtocoboM. B padorax [1, 2| 66110 MpeiozKeHo BbI-
YUCJIATH CTEIEHHBIE CYMMBI HyJefl CHCTEMBI ¢ MOMOINBIO BHIYETHBIX WHTETIPAJIOB.
HanomuuM, 94T0 BHIYE€THBIM HHTEIPAJIOM Jijia oTobpaxkenusd (f1,..., fr): C* — C™
u rostomopduoit (B C™ niu (C\ {0})™) n—dopmbl ¢ HasbIBaeTCsT HHTErpaJ

1 P
J(p) = —/ _e
(©) 270)"™ Jify)=er,os | ful=en J1- - fn

ITpu ompe/leIeHHBIX OrpaHnYeHnsIX Ha By dyHKumit f; B [1, 2] mokasaHo, Kak JiIs

, — —B-1 1 1
MaJIBIX €, BBIYETHBIE HHTErpassl Jg = J(z dz), rue A T R I

B € N{j, cBsI3aHbI CO CTEHEeHHBIME CyMMaMU HyJieil cucreMsl. [Ipu sToM BbIdeTHBIE
UHTErpaJibl Jg IPEJICTABIIAIOTCA B BUJE KOHEUHBIX CYMM, 3aBHUCHAIIMX TOJIBKO OT
K03(bIUINEHTOB pa3/iozKeHus GyHKIUEA f; B CTEleHHbIe PsAJBI C IEHTPOM B HYIIE,
YTO MO3BOJIAET IPUMEHSATD JJIs UX BBIYUCJIEHUS TPOrPAMMBI CUMBOJILHOMN aare0phl.

[Ipomoskast uccyieI0BaHMsI, HAYAThIE B YKA3AHHBIX CTATHIAX, Mbl IOKA3BIBAEM
KaK MCIOJb30BaTh 3TOT METOJ, JJIsl PEIIeHUs] CUCTEM HeaJrebpandecKux ypaBHe-
HUIL.

L Asmop ucnoavsosan durarcosyio noddepocky Poccutickozo naywnozo donda,
ITpasumenvcmea Kpacnospckozo kpas u Kpacnospckozo xpaesozo gonda nayxu
(epanm 22-21-20028).

2 Paboma noddeporcara Kpacroapckum Mamemamuieckum yenmpom, dunar-
cupyemvim Murobpnayku PO (Cozaawenue 075-02-2022-876).

JIutepatypa

[1] A. M. Kpirmanos, E. K. Meiunkuna. HaxoxieHue creneHHbx CyMM KOPHEH Cu-
creM HeasreGpandeckux ypasuenuii 8 C". U3s. By3os. Marem., 12, (2013), 36-50.
[2] A. M. Kprrmanos, E. K. Mpnuknsa.O creneHHbIX CyMMax KOPHEH CHCTeM IeJIbIX
dyukmit Koneunoro mopsiaka pocra. Becta. HI'Y. Cep. matem., mMex., nHdopM.,
14:3 (2014), 62-82.

Onmumaavroe pacnpedeaerue cpedcme 0as 00HO08PEMEHH020 8bLroda
Ha 3a0aHHbIT YposeHs PoHdo80OPYIHCEHOCTU 2PYNNLL 06BeKMO08
8 Kpamualtuee epems
Huxkosenko I1.B. (Pocrosckuit rocynapcTBeHHbIH SKOHOMIYECKUI YHHBEPCUTET)
e-mail: petr.v.nikolenko@gmail.com
Hosuxkosa JI.B. (IOxublit dbeepanbublii yHUBEepCHTET)
e-mail: lunovikova@sfedu.ru

B Mozmenm mHBeCTHIMU-TIOTPEOICHIE IUHAMUKA, (DOHI0BOOPY?KEHHOCTH IO TIH-
HeHa 3aKoHy (cM., [1, ¢.312]) & = sf(z) — px.
3nech © — (DOHIOBOOPYKEHHOCTD, & — IIPOU3BOJHAs 1O BpeMeHH, f — Ipon3-
BozicTBeHHAsl byHKIUsA, f(Z) — CTOMMOCTH, IPOM3BEJICHHAS B €JMHUILYy BPEMeHU
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OJTHMM PADOTAIOIINM, S — JI0JIs TPOU3BEIEHHON CTOMMOCTH, KOTOPAasi BO3BPAIIAET-
Cs1 B IPOU3BOJCTBO B BHUJIE MHBECTUINH, (1 — KOdDunmenT amMmoprudanuu HOHIOB.
Paccymorpum rpyminy o0beKTOB, KaXKIblil CO CBOMM 3aKOHOM JTMHAMUIKH

&y = s fi(wi) — paws = Fi(x;), e i=1,2,...,n
Ha MOMEHT BpeMeHH HyJIb (DOHIOBOOPY’KEHHOCTH COCTABJIAET Beamdmuy z’ =

(9,29,...,29), Tpebyercs, aToObI 3a KpaTuaiiniee BpeMs (OHIOBOODPYKEHHOCTD

nocruria sHadennit w1 = (z},21,...,xL). Jlna sToro B gomomHenne K cobCTBEH-

HBIM MHBeCTHIUSM s; f;(2;) BblueseHa cymma S, KOTopas HOCTyIIaeT Ha OObEeKT
¢ HOMepOM ¢ B BHJe PUHAHCOBOIO NMOTOKA u;(t). Tak, 4ro ypaBHeHuHe TUHAMUKY
JJIsT x; IPHOOpeTaeT BUI;

&y = Fi(z:) + wi(t),
npuueM u;(t) € [0, p;], TIe p; — npesebHAsT CIIOCOGHOCTD K TIOMVIONIEHUIO MHBECTH-
nmit. Takum 06pa30M, BBITTOJTHIETCS YCJIOBHE

ty
/(ul(t) +ua(t) 4+ ... +u,(t))dt =S,
0
rae t; MOMEHT 3aBepIIeHHUs IIPOIECCa, TO €CTh ITO TaKoe t, IJIs KOTOPOI'O
x1(t1) = x%, xo(ty) = m%, vy xp(ty) = x}L

Tpebyercst onpenesnTb (PYHKIUU U; TaK, 9TOOBI f; OKa3ajach MUHUMAJILHOM.
[Ipeamnonaraercss, 4ro f; 0bJagaeT OOBIYHBIMEU CBOWCTBAME IIPOU3BOJICTBEHHBIX

byHKIMIA:
>0, <0, lm flz)=oco, lim fl(z) =
) z—0 x—o0 "
CdopmynnpyeM 3a1ady B BHIE 3aJa91 TEOPUN YIIPABICHUA:

t1 — min
&y = Fi(z:) + wi
Tpp1 =u +us+...+uy,

©(0) =27, xi(t) =z
xn+1(0) =0, zn-&-l(tl) =5
O0<u; <p;, =1, N

Teopema. Ecau (z,u) onmumasshvili npoyecc, mo Kaiclas KoMNoHewma
ynpasaenus u umeem He boaee 08YT mouek nepexaouenus. 3navenus T; (i =
2,...,n), KOMOpvle COOMBEMCMEYIOM MOMERTNAM NEPERAIOUEHUA, ONPEOCAAIOMCH
U3 CACOYIOWET, CUCTIEMDL:

Fld(aéc)—i_/ Fl(d)erl /F /F z) +pi

1] (29,27 1] (29,21

/ L—F _|_ / dix_g ’
h Fr(z)+p Fu(z)+n




npuuém F;(29) = F;(2)).

IIpumep. Fi(z) = 10y/z — 0,1z, mpenenbHast CHOCOGHOCTH K MOTIIOMIEHUIO
MHBECTHIMH 11epBhIM 00beKkTOM p; = 30.

Fy(z) = 154/ — 0,22, rye npesesbHasi CIOCOGHOCTD K TIOMVIOMIEHUIO MHBECTH-
Uit BTOpBIM OOBLEKTOM py = 35. 3ajaHHble 3HaUeHns (POHIOBOOPYKEHHOCTH JIJIsT
[IEPBOI'0 U BTOPOI'0 00BLEKTA:

[29; 21] = [500;3000], [x9; 23] = [400;2500]; S = 300.

Brrsncans by g1, @2, monysaes: (p1(3)) = (100 — V/5)%, (92(2)) =
(75 — \/2)?. Buibupas x9 = (yo;20) = (1500;1200) mocsie0BaTeILHO MOTydaeM
1= (Y1;21), -+, Tn = (Yn, 2n)-

Pe3ybTaThl BBIMUCIEHUI IPUBEJICHBI B CJIEYIOMEH Tabme:

Yn Zn
1500 1200
2059,3 | 1376,6
2469,6 | 1389,3
2469,7 | 1389,5

=l w3

(p1(ya)) = 2530,5,  (pa(z4)) = 1423,1.

Taxkum obpasom, Ha npomexxyTke [2469,7;2530,5) u; = 0, u; = 35 Ha ero Jyo-
HoJIHeHNH, Ha npoMexxyTke [1389,5;1423,1] ug = 0 u uy = 35 Ha ero JOIOJHEHUH.

JIutepatypa

[1] IT. B. Hukouerko, JI. B. HoBukosa. O6 01HOi1 9KCTpeMasIbHOR 3a1a9e B MOJIEJIN
uHBecTHLIUK-I0TpeOIeHre. BiiaukaBkasckuii MareMaTndecKuil xxypHaait. 2 (2022).

Teopemsvr cyuecmeosarus u eQUHCMEEHHOCTNUY A5 00H020
KAGCCA UHMEPANDHBIT YpasHeHUU Tammepwmetina-Boavmeppa
C MOHOMOHHOUT HEAUHETTHOCTMbLIO
ITerpocsin A.C. (Hammonansueiit Arpaprpiit Yausepcuter ApMmenut,
Mockosckuit locymapcrsennstii Yuusepcurer uM. M.B. JlomoHOCOBa)

e-mail: Haykuhi25@majil.ru

B kwunermueckoit Teopum Ta30B NpPU UIYUEHUU HEJIUHEHHOrO UHTErpPO-
nuddepeHnuagbLHOro ypasaenus Bosbumana (B paMkax MoAuUPOBAHHON MOjie-
su Bxarnarapa-I'pocca-Kpyka) Bo3HuKaeT HEOOXOAUMOCTD UCCIIEI0BATH BOIIPOCHI
CYNIECTBOBAHUS U €IMHCTBEHHOCTHU PEIeHUs] JJIsl CIIEIUAJTBHOTO KJIACCA HeJUHE -
HBIX HMHTErpajibHBIX ypaBHeHuil [ammepireiina-BoJsibreppa co croxacTudecKuMm
stipoM. JIOKJ1a 1 MTOCBSIIEH W3YYEeHUI0 BOIIPOCOB CYIIECTBOBAHUSI M €IUHCTBEHHO-
CTH HETPUBUAJIHLHOTO OIPAHUYEHHOTO DPEIEeHUsi TAKOTO YDABHEHWs, & TaKXKe WC-
CJIEZIOBAHUIO ACHMIITOTHIECKOIO MOBEICHNS JAHHOIO DENleHusl B OECKOHEIHOCTH.
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B koH1e GyryT MpUBEIEHBI NPUKJIIAIHBIE TPUMEPDI HEJMHEHHOCTEH TAHHOTO ypaB-
HEHUsl YJIOBJIETBOPSIONINE BCEM OrPAHNYEHHSM JIOKA3AHHBIX yTBEPIKICHNUIA.

Hceaedosanue swnoaneno 3a cwem epawma Poccutickozo wmayunozo gonda
(npoexm Ne19-11-00223).

Mnozomeprwvie anarozu Gopmyast cymmuposarus Jtaepa-Maxraopera
u npeobpasosanue Bopeas cmenennux pados
ITerpouyenko M.E. (Cubupckuit Oenepanbubiit YHUBEpCHTET)
e-mail: petrochenkomaz@rambler.ru
Jleitnaprac E.K. (Cubupckutt ®enepanbupiii YHUBEpCHTET)
e-mail: lein@mail.ru

Ob6oznaunm R — MHOXKECTBO BEIECTBEHHBIX YHUCEN, Z — MHOYKECTBO IIEJIbIX
qucel, R" =R x ... xR, Z" =Z x ... X Z, Z» — MHOKeCTBO HeOTpUIATEeIbHbIX
——— N—————
n
n

n
uenblx uucest. st x € ZY% 0003HaMM pAIMOHAJIBHBIN IapasuIe ey

M(z) ={teR":0<t; <z, j=1,...,n}

u g dysknun @(t) nepemensubix t = (t1,...,1,) PACCMOTPHUM 33Ja4y O HAXOXK-
JICHAU CYMMBI
S)= > o), (1)
tell(z)NZn

r.e. Tpebyerca HaliTu saBHYIO dopMyIy, B KOTOPOii cymma (1) BbIpazkaercs depes
KOHEYHOe, He 3aBUCAINee OT X UNCJIO0 3HAYEHUH HEKOTOPOH (hyHKIUH.

B nameit pabore [1] IIpeJiIaraeTcss HOBBIM 10JIX0JT K IIPUBEJIEHHON 3a/1a4e CyM-
MUPOBAHWs, OCHOBAHHBIN Ha WCIOJIB30BAHUM TPeoOpa3oBaHusi Bopessi KpaTHBIX
CTEIEHHDIX PSIJIOB U MHTErPAJIbHBIX [IPEJICTABICHUN NI BepXHEH U HUKHEH PyHK-
U TPeoOpa30BaHUA. DTOT IIOXO/] TO3BOJISET HE TOJIBKO MOy IUTh HHTErPATHHOE
peCTaBIeHne I JUCKPETHON ePBOOOPA3HOIl, HO M HOBBIA BapuaHT (POPMYJILI
Ditnepa-MaxkjopeHa.

g Hadaja ONpenesIuMcs ¢ TUIIOM cyMMuUpyeMbix dbyHKImi. Byaem mpemmo-
JIAraTh, 9TO HAIYM (DYHKIUA ABJIAIOTCS HEJIBIMA (TO €CTh BCIOLY aHAJATHIECKIMU )
¥ HAJIOKMM OTPaHWYeHHe Ha UX POCT Ha GECKOHEYHOCTH. A MMEHHO, 00O3HAYMM
Exp(C™) — upocrpamctso nenbix dyaxnumit ¢(z) : C7 — C sxcnoneHNuaIbHOro
THIA, T.e. HeIbIX (BYHKIHi, yI0BIeTBoOponux nepasenctsy |¢(z)| < Cel®*D | rue
o= (01,...,0n), 05, C >0 — HeKOTOpBIE KOHCTAHTHI, |2| = (|21],...,|zn]).

Just bukcuposansoii dyunkuun ¢(z) € Exp(C™) paccMOTpEM MHOMKECTBO

0, = {0 €RY :|p(2)| < Ce!lFD | nna mexoropoit koncramTer C' > 0}.

s dbyaxuumit n3 Exp(C™) MoxkHO paccMoTperh npeobpasoBanne Bopeirs.
IIpeobpasoBannem Bopess cremennoro psiaa



HA3bIBAETCH DA BUIA

Ble()] = Y -

VGZ;

Oyuxmun ¢(z) u Blp(z)] HaspBaOTCA accONUUPOBAHHBIME 110 Bopeio, ¢(z) —
BepxHsist byHKwms, Bp(z)] — HUKHAS DYHKIMS TPeobpa3oBaHusl.

[TpuBenéMm nHTErpaJILHOE IIPEICTABICHNE JJisl JUCKPETHOI 11epBoobpas3uoii f ()
dyukuun ().

Teopema 1. [Tycmo p(x) € Exp(C"), c €0, u T ={£& € C": |§|=r;, r; =
oj, 1 #2mm, j=1,...,n, m € Zx}, mozda Pynryus, onpederérnan Gopmy.aot

1 [ Blele)eo
@) = e | e )

AsaAeMCA Quckpemnot nepsoobpasnoti das o(x), u das cymmo, (1) cnpasedausa
Ppopmyra:
S(x) = wnr(0,7)f(x). (3)

Omneparop Hetworona-Jleiibanna wyr(0,7) sBiasercs  aHajorom  bop-
Myabl  Heiorona-Jleiibuuna  juig QYHKIHHA — JUCKPETHOIO — [EPEMEHHOTrO.
Murerpasbuoe  npeicrasienue (2) ©  AUCKPETHBbIH — aHajor  (hOPMYJIbI
Hrororona-Jleiibauna (3) m03BOJSIOT HOIYIUTh JBa BapuaHTa (GopMyJibl Diijiepa-
MaxktopeHa.

Teopema 2. ITycmo 6 ycaosuax meopemvs (1) mowka (27, ...,2w) € o,, mo-

2da cnpasedauso, caedyrowue apuaHmov, dopmyave isepa-Makaopena das cym-
Mot (1):

0" 1p(0) 1
S@ =Y %;wNL(a,w)By(x), (4)
ueI+Zg ’
ZBV v—1I
S(z) = Z 7wNL((5,77)6 o(x).
veZl ’

3decv wacmmaa NPoudcodHan MUHYC NEPEoti cmeneny - amo urmeezpan om 0 do x;

Tj

9 tp(x)
“or, /cp(w]x + te;)dt.

0

OrmernM, uto BapmanT (4) dopmyssr Ditnepa-MakiopeHa sSIBISETCS HOBBIM
JlaXke JIs cirydasd n = 1.

Patoma noddeporcara Kpachoapekum mMamemamuieckum Uenmpom, Gurancu-
pyemoim Munobprayru PO (Coenawenue 075-02-2022-876).
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JIutepatypa

[1] E.K. Jleitnaprac, M.E. Ilerpoyenko. Muoromepubie anajgoru GpopMyJibl CyM-
MupoBaHus Jitnepa-Makiaopera u mpeobpasoBanne Bopesst CTeneHHBIX PsIOB,
Cubupckue Jjekrponubie Maremarudeckue M3sectus, Tom 19, Nel, crp. 91-100
(2022).

O nexomopom xaacce “oxeusasenmmocmu’ dupdeperuuarvHovir
ONEPamopos8 U 0 BbLABAECHUU AUHETUHBIT CEOUCTME HEAUHEUHBLL
3aday neperoca
IMuknusin O.B. (Bopakanckaa obcepsaropust HAH PA)

e-mail: hovpik@gmail.com

1. ITycTh Ha rpaHUIbI OJHOMEPHON PACCEMBAIOIIEH-TIOTIONAIONIEH aHU30TPOTI-
Hoit cpejibl [0, L] reoMeTpudeckoit ToJuHb! L, cocTosieil u3 1By XyPOBHEBBIX ATO-
MOB, IIaJIQI0T MOIIHbIE MOTOKU M3JIly4eHHsl MHTeHCUBHOCTeN = (cieBa) u y (cupa-
Ba). Tpebyercs onpeeuTh HHTEHCHBHOCTD 1oy u3ydenus I+ (1, z,y, L) na reo-
MeTpudeckoit rybune 0 < [ < L a Tak:Ke OTPaKE€HHO-TIPOIYIIEHHbIE W3JIYIeHUS
I'|g=p) = ut u I |(4=0) = u~ (IOJIOKHUTEIHHBIM CIUTAETCS HAIPABJICHHE POCTA
rry6unbt). ). C 3T0i HeJIbIo TPAIUIUOHHO (DOPMY/IUPYETCS JBYXTOUeIHAs KpaeBasd
3a/1aua JJid ypaBHEHUs TepeHoca u3yydenus. [locaennee npejacrapisger u3 cebs
KUHETUIEeCKOe ypaBHeHne BosbIiiMaHa, HAMCAHHOTO st POTOHHOTO rasa. Ilpm-
MEHEHUEeM HeJIMHEHHOro aHaJjora IPHHIWIA WHBApHaHTHOCTH AMOapiyMsHa (Me-
TO7Ia HEJIMHEHHOTO CIIOXKEHNUS CI0EB) K 3TOH 3a/1a4e, HETPY/IHO IOJYINTh MOJHBIH
nabop auddepeHIuaIbHbIX YPABHEHUNH MHBAPUAHTHOIO IOTPY2KeHHs (B CMBICTIE
Besuimana) u ocpeicTBOM UCKIIIOYEHNs! TIPOU3BOIHBIX 110 TPOCTPAHCTBEHHBIM I1e-
peMeHHBIM TepeidT K (GyHKIMOHATHLHLIM YPABHEHUSIM IIOJTHON WHBAPUAHTHOCTH
Awmbapiymsna (IIA). B urore ajist onpeesieHus OMHUX U T€X UCKOMBIX BEJIUIUH
I* mosryquM JiBe OT/Ie/IbHbIE CHCTEMbI YPABHEHHI: CHCTEMa KHHOTHICCKIX YPaBHe-
uuit BoabnMana u cucremMa pyHKIMOHAIBHBIX ypaHenuit [TMA | coorBeTcTBEHHO:

BI* = ta*(I",17) u AI* = £a®(I1,17), (1)
. d P N
B:dl u A=a"(z,u )636 a( ,y)ay, (2)

[Jle BEJIMIMHON aF IpelcTaBiieH “HITerpasl CTOJIKHOBEHUN” TAHHOM 3a1a4u. XoTs

nuddepeniuaibabie oneparopsl (2) B cucreMax (1) UMEIOT COBEPIIEHHO PA3HYIO
[PUPOJLY, OJHAKO MX BO3EHCTBUE HA MCKOMBIE BEJIMYMHBI (IIPH COOTBETCTBYIOIIUX
IPAHUYHBIX ¥ HAYAJIBHBIX YCJIOBUSX) B UTOrEe IPUBOAUT K HICHTUIHOMY DE3YIlb-
tary +aT(I1,17). Beytesum Kiace TaKUX CHCTEM BBOJIOM YCJIOBHOTO TOHATHSI
HEKOTOPOH “9KBUBAJIEHTHOCTH WX OIEPATOPOB.

Ompenenenne. Kaacc  onepamopos I:I, W, ...V mnazosem “F
axeusanenmuvmu” meorcdy cobotli, ecau cywecmeyem makas Gyrkyus (uau
Pynxuyuu) f, sosdeticmeue na Komopyo (Komopwvie) KaHcobiM U3 IMUT ONEPAMmo-
P08, NPU YAOBACMBOPEHULU ONPEIEAEHHBIT YCA08Ul h, W ...V COOMBEMCMBENNHO,
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npusodum x odnomy u momy owce evpastcenuro F{f}. Imy sxeusarenmmnocmo
KPamxo 0003Ha4UM NOCPEICMEOM

FH}LEWw FE“'

\Hﬁj

V" (3)

Mexay oneparopamu (2), COIJIACHO OIDEJEICHAIO, HUMEET MeCTO ‘-
3KBUBAJICHTOCTEL B BUJIE

[TpupasauBanue JieBbIX Yacreil ypasuenuii (1) IpUBOAUT K HOBBIM yDABHEHUAM

d B N N
m[ (l,z,y, L) = |a™ (z,u )Bx o (u ,y)ay I*(l,z,y, L). (5)

ITpenmyrnecTBo ypasHenuit (5) 10 OTHOIIEHUIO HEJIUHENHBIX cucTeM (1) oueBUHbI-
OHU JIMHENHbIE ’ pa3aesibHbIC. ECTeCTBeHHO X Ha3blBaTb KUHETUYICCKHMU YypaB-
HeHusiMU dKkBuBaseHTHOCTH (KVD).

2. B oneparope A Tpebyercs 3nanue pemenns ut (z,y, L) 3ama4m “oTparkenns-
[POILyCKaHUs, KOTOPbIE HAXOJSATCS U3 CBOEH crucTeMbl (DyHKIMOHAJIBHBIX yPaBHEe-

muit TIMA

Aut = +at(ut,y),

. B ut)ymo = T4 (), u™|y=0 = Ry (). (6)
Au” = —a (z,u"),
st perienusi cucteMbl (6) HaMu ObLI IIPEJJIOMKEH METOJI, TAK HA3BIBAEMBIX, “JIH-
Heitnbix 06pazo” T+ u R dbynkuuit orpaenus-npomyckamus u®. Pemrenns (6)
OTBICKMBAIOTCS B BUJIE TIPOCTOI JTMHEHHON KOMOMHAITIN BBOANMBIX ‘THHEHHBIX 00-
pazos”:
ut(z,y,L) = T*(z,y, L)z + R" (z,y, L)y,

u (z,y,L) =T (x,y, L)y + R~ (x,y, L)z. (7)

OTUM BBISBJISIETCS OIpEJeJeHHbIE ‘JIMHEHHOEe CBOUCTBO peIleHusi Cyrybo HeJn-
HeliHoit 3asa4u (6) U, HAIPUMED, B YACTHOM CJIy4dae U30TPOIHOM Cpelibl IIPU KOH-
CEPBATUBHOM PACCESHUHU IO3BOJISET IOJIYYNUTH SABHbIE AHAJUTUYECKHE DElleHus B
3aMKHYTOH dopme (£ = x + )

b
W T ST TE 0l

(8)

Topuuecxue moppusmu, u duazornaru psdos Jlopara
ITouexkyroB JI.FO. (Cubupckuii cbenepasbublii yHIBEPCUTET)
e-mail: dpotchekutov@sfu-kras.ru
ITycrs C — moste komrutekcHbix ncest, C* := C—{0} — ero MysbTUIIINKATHBHAST
rpymna, 1 R C C — moanoste BermecrBenHbix uncest. [lycts M — pernerka pasra n,
a N — nBolicTBeHHasi K Hell pemeTka. PaccMOTpuM n-MepHBIN KOMILIEKCHBIH TOD
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T" := M ®z C*. 3adurcupyem 6aszuc e',...,e" pemerkn M ¥ IBONCTBEHHLII
6asuc eq,...,e, pemerku N. Torma M ~ Z"™ N ~ (Z™)*, a Top MO)KeT ObITH

3alliCaH B BUJIEC
T} =C* x...xC*.

910 abeseBa rpylia, KOTOpasg UMEET CTPYKTYPY KOMILIEKCHOTO MHOTOOOpa3nsd,
CHAOKEHHOI'O KOODJMHATHBIMI (DYHKIUSAMHA Z = (21,. .., 2n)-
Mmnozounen Jlopana Q Has C — 310 KOHEUHAs] CyMMa, BUJIA

Q(z) = Z aaz®,

acA

rje A — KOHEUHOe HOJMHOXKECTBO ABOHCTBeHHON K Z" pemerku (Z™)* | go € Cu
1 n

z% =2 ... 28 . O6osnauum 4epes Z*(Q) := {z € T2 : Q(z) = 0} MHOKeCTBO

uyneit 8 T muorowrena Jlopama (. Awmeba Ag muorourena Jlopama () — 310

obpaz Z*((Q)) oTHOCHTENILHO JIOrapudMUIECKOro 0TOOPAKEeHNUST
AT - R A(z) := (log|z1], .. .,1log|zn]),

rie R™ := 7" @z R.
ITycts P(z), Q(z) — Henpusoaumble MHOrOWIeHbl Jlopana. PacemorpuM psigg
Jlopana (¢ eHTPOM B HadaJje KOOPAMHAT)

F(z)= Z C2P (1)

Be(zr)*

panumonassHol dyukimu F(z) = P(2z)/Q(z). Xopoio uzsecTHO, 4T0 061aCTh a6-
COJIIOTHOI cxouMocTH psia Jlopana (1) siBasiercst jorapudMUYeCKH BBIILYKJIOM.
Bouee Toro, ona mveer sux A1 (E), rae £ — KOMIOHEHTa CBA3HOCTH JOMOTHEHHST
R™ — Ag.

Iycrs Q := (qq,...,q,) — YIODPSJIOUEHHBI!I HAGOP T BEKTOPOB, KOTOPBIE II0-
poxiatoT mofpereTky L panra r pemerku (Z")*. lpu k = (k'... k") € (Z")*
GyseM ucrosb3oBaTh obosnadenue Qk = klq, + ... + k"q,. Torga noanoti Q-
duazonaavio paga Jlopana (1) naseiBaercs psaj Jlopana

do(t)= > Caxt*,
ke(Zm)*

3aBUCAIINI OT T HEPEMEHHBIX (1" — pane TuaroHasm). JIpyruMu cioBaMu, uaroHasIb
dg(t) — a0 mpousBonsmas HyHKIH r-MepHOit mognocaenosarensrocta {Cor | n-
MepHoii nocsenosarenasaoctn {Cg} kosddunuenrtos Jlopana psa (1).

Jlnaronanam panyuoHAJIBHBIX (DYHKIUI €CTECTBEHHO BOSHUKAIOT B CTATHCTHYE-
ckoit mexauuke (cM. [1]) u nepeuncaurensuoit kombunaropuke. P. Cransm npegio-
KU B [2, 1. 6.1] corenyronyio nepapxuio HanboJlee BarKHBIX JIJIs IePeIHCINTETbHOMN
KOMOMHATOPHKH KJIACCOB IIPOU3BOAAMINX (DYHKIIHIA:

{pannonanpusie} C {anrebpanyeckue} C {D-koHeuHbBIE}.
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Kitaccuyeckuil pesynbraT yTBEpKIAeT, 4TO JuaroHaju psamos Teitsopa pamuo-
HAJIBHBIX (DYHKIUH JBYX mepeMeHHbIX (ciaydail n = 2 u r = 1) aBusiorcs ajres-
pandecknmu dyukimsmu. OH 0CcTaeTCst BEpHBIM U B ciiydae psijioB JlopaHna pammo-
HasbHBIX DYHKIMI 1ByX nepemeHHbIX [3, Teopema 1]. IIpu n > 2 naxke quaroHasu
psnoB Teitopa panuoHadbHBIX MYHKIU ABIAIOTCS, KAK [IPABHUIIO, Heasredpantie-
ckumu, cM. [4, 0. 2] u [5, 0. 4] g KOHKPeTHBIX IPUMEPOB.

B noknane mMbl paccMaTpuBaeM MPUMEPHI, MOKA3BIBAIOIINE, YTO TAKUE JIMAr0-
HAJIH MOTYT OBITH aJreOpamvdecKuMU, U PACKPbIBA€M, KaK HHTErpajbHbIE IMPEJl-
CTaBJICHUSA IIOMOT'a0OT O6'])HCHI/ITI) 9TOT (beHOMeH. MI)I IIOKa3bIBaeM, 4TO /[Mal'OHaJIb
dg(t) MoxkeT GBITH IpeCTaBICHA B BIJE MHTErpaja OT PalHOHAJLHON (HOpMBL w
¢ mapamerpamu t 1o (n — r)-mepromy mmkiay A~1(y’), rie y' — Touka B KOMIIO-
penre E' C R™™" nononuenusi K ame6e 3naMenarens w. OCHOBHBIM Pe3y/IbTATOM
SIBJISIETCST TEOPEMA.

Teopema 1. [ycmv mnabop Q nopoosicdaem HACHULEHHYIO T-MEPHYIO
nodpewemsxy® pewemmxu (Z™)*, u p — pasmepHOCTIL KONYCA PEUECCUU KOMNOHEHTbL
E'. Tozda, ecau ycrosue

n—r—p=1

BVINOAHEHO, MO NOARAA Juazonans dg(t) pada Jdoparna (1) payuorasvrots Pyrryuy

F(z) asasemes anzebpauieckoti Gynryued.

'HamomuuM, uro mompemerka L pemerku N Ha3BIBACTCS HACHIUEHHOT < IS

J06bIX v € N, ecu kv € L, rioe k — MOJIOXKATEIBLHOE TIej10€e, TO v € L.
Hcenedosarnue evimoanerno 3a cuwem epanma Poccutickozo nayunozo @onda

(npoexm Ne 20-11- 20117).
JIutepatypa

[1] A. Bostan, S. Boukraa, G. Christol, S. Hassani, and J.-M. Maillard. Ising n-
fold integrals as diagonals of rational functions and integrality of series expansions.
Journal of Physics A: Mathematical and Theoretical, 46:18 (2013), 185-202.

[2] R. Stanley. Enumerative combinatorics, Volume 2, Cambridge University Press,
1999.

[3] D. Pochekutov. Diagonals of the Laurent series of rational functions. Siberian
Mathematical Journal, 50:6 (2009), 1081-1091.

[4] H. Furstenberg. Algebraic functions over finite fields. Journal of Algebra, 7:2
(1967), 271-277.

[5] D. Pochekutov. Analytic continuation of diagonals of Laurent series for rational
functions. J. Sib. Fed. Univ. Math. Phys., 14:4 (2021), 360-368.

Cnucox unmezpasbHur npedcmasaeruti 0as duazonaau psada Jlopara
PAUUOHAALHOT PYHKUUY
CenamoB A.B. (Cubupckuit dbenepanbubiit yHIBEpCHTET)

e-mail: asenashov@mail.ru

Paccmorpum  npousBosbHBIN  psiz JlopaHa s panmoHaJbHON (byHKIUN
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e}

Ez;, C IEHTPOM B HyJIE:

F(z) =

Q

F(z) = Z ozt = Z Con,nan 2t o 20, (1)

agZn agZm

e P u (Q — HecOKpaTHMBblE HMOJIMHOMBL I3BECTHO, 9TO TaKMe PSAJBI CXOIATCH
B obsactax Log~!(E), rne E — cpasuas koMnonenta jonosienust R\ Ag ame6ni
snamenaress @ [1]. HamomuunM, 90 amebot Ag nomuoMa () uian ajarebpandeckoit
IUIEPIIOBEPXHOCTH

V={z€(C\0)":Q(z) =0}

nasbiBaercs obpas V' upu orobpaxenun Log : (C\0)® — R™, oupeznenentom dop-
MYJION
Log : (z1,...,2n) — (log|z1],...,log |za])-

CoruiacHO pe3yJibTaTy craThi [2] cylecTByer nHbeKTuBHAs (DYHKIHS OPIIKa
v:E—Z"(|Ng,

COIIOCTABJIAIONMAsT KazKION CBsI3HON kommoHenTe F momonuenns R™\ Ag memotmc-
JeHHBIT BekTOp ¥ = V(FE), npuHaqeskamuit MEHOrorpaHnuky Heiorona Ng MHO-
rowieHa Q.

Pacemorpum p—mepnyio noapererky | C L, ¢ 6asucom ¢(P), ..., ¢®) . Mbr noz-
pasyMeBaeM, UTo 3TOT 6a3uc MOXKET OBITh PACIIUPEH 10 L m — p I1eI0ncIeHHbI-
vu Bexropamu ¢PHD g™ (310 mpemoxenne SKBUBAIEHTHO TOMy, UTO BCe
p X p - musoper Marpunst A = (¢, ..., ¢®) B3anmuo mpoctsr) (cm. [3] wim
upemoxkerne 4.2.13 [4]). Takum o6pasom, MaTpuna

A= (q(l),...,q("))

YHUMOJYJISIDHA, W MBI OyJeM MOoJpa3yMeBaThb, 9YTO €€ OIPeJeJUuTeh pa-
sen 1. Hanpasmenus ¢V . . ., ¢(P) 3a1a10T uaroHaIbHyio I0/IOC/IE[0BATETEHOCTE
{cig}tiezr, tne | - ¢ o3HavaeT npoussBenenue 1 X p - MaTpuipl [ U p X N - MATPHUIBL
A: lg=1ligM + -+ lpq(p). IIpousBomsrmue byHKIMN

dq(t) = Z Clqtlll .. .t;p

lezr

YKa3aHHBIX TOJIIOCIEI0BATEILHOCTEH HASBIBAIOTC NOAHMLMU -0UG2OHANAMY P
J1a.

[Tycts pan Jlopana dbynxman (1) cxomurea B Log~'(E), rae E 3710 cBasHas
komronenta R"™ — A nopssika v. Betbepem ¢ = (t1,...,tp) TaK 910 aMeObI MHOTO-
wieHoB 29" —ty,...,2% —t, pasnensiuu E ma 2P vacreit E(¢), rne € = (e1,...,¢&,)
poberaroT ceMeficTBO BCeX BepIINH p—MepHoro Kyba [—1, 1]P. E(e) — nepeceuenue
E c xonycoMm {z € R" : g1(e™? — |t1]) > 0,...,e,(e™ % —|t,]) > 0}.

Mmuozxkecrso Beex taknx t B (C\0)P o6ozmauum T', ono 3asaeTcs nojryasirebpante-
CKUMH yCJIOBHSIME HA [t1], ..., [tp].
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Hnat € T qys nosmoit p-mepHoit quaronanu d,(t) psna Jlopama (1) momyctumo
HHTEerpajibHOe IpejicTaBienue (mpempioxenne 2 [5])

(1) (p)

-z dz1 dzp,

1 29
dQ(t) = (27’1’1)” /F(Z) (Zq(l) _ tl) L (Zq(P) _ tp) 71 e Zn ?
r

riel = > (e1-....e.)Log~ (x(¢)) u z(e) 310 ToukKa U3 E(g). Ucnonbays 3ameny Tie-
€

pemennbix w = A7z, 3amaronryro Topudeckuii MOpGU3M, TOTyYAEM CJIETYIONLYTO
TeopeMy, IO3BOJIAIONIYIO MOHU3UTH KPATHOCTh WHTETPAJIHLHOIO IPEICTABJICHUS C
COXPAHEHUEM PAIMOHAHLHOCTHU TIOJIBIHTEIPABLHOIO BHIPAYKEHUSI.

Teopema 1. ITycmo q = (q1,...,qr) NOPOAHCOGIOM HACLIUEHHYIO D— MEPHYIO
nodpewemxy L. Tozda das t € T noanas duazonasv pada (1) moorcem Goimo
npedcmasaerna 6 caedyrousets Popme

do(t) = — tpr,...,wn) dwpy1 ... dwy,
! 27” i Qt,Wpi1, .. Wy) Wptl - - Wy
“(y)
2de Yy = (Yp+1,-- -, Yn) MOUKA 8 KOMNOHEHME E nopaodka (Pt ..., pu™) donoamne-
nus amebve Q(t, Wyi1, ..., wy), 2de p= A" w.

Paboma noddepoicana Kpacroapekum mamemamuieckum 4eHmpom, GuraHcu-
pyemoim Munobprayxu PO (Coznawerue 075-02-2022-876).

JIutepaTtypa

[1] 1. Gelfand, M. Kapranov, A. Zelevinsky. Discriminants, Resultants and
Multidimentional Determinates. Boston : Bikhauser, 1994.

[2] M. Forsberg, M. Passare, A. K. Tsikh. Laurent determinants and arrangements
of hyperplane amoebas. Advances in mathematics, 151:1 (2000), 45-70.

[3] L. Nilsson, M. Passare, A. K. Tsikh. Domains of Convergence for A-
hypergeometric Series and Integrals. 2Kypu. CO®Y. Cep. Marem. u dusz., 12:4
(2019), 509-529.

[4] T. M. Cagpikos, A. K. ITux. 'nnepreomerpuueckue u anrebpandeckue QyHK-
1 MHOTHX mepeMmeHHbIx. M: Hayka, — 2014.

[5] O. ¥O. Iovekyros. duaronanu psanos Jlopana panuonanbubix Gynknuit. Cub.
mareM. XkypH., 50:6 (2009), 1370-1383.

Ipmumoss, ypasuenus Anza—Muaaca u uxr obobuerus
Ceprees A.TI. (Maremaruyecknit nacruryt um. B.A.Crexsosa)
e-mail: sergeev@mi-ras.Tu
OpmuToBo ypasaenue dura-Mminica — 9TO HeJnHETHOe ypaBHEHUE Ha SPMU-
TOBY METPHKY, 33/[AaHHYI0 Ha TOJIOMOP(MHOM BEKTOPHOM PACCIOCHUH HAJL KOMIIAKT-
HBIM K3JIEPOBOM MHOr00Opa3umeM. Fro MOXKHO TakzKe paccMaTpuBaTh KaK ypaBHE-
HIE HA YHUTAPHYIO CBSI3HOCTD, aCCOIMUPOBAHHYIO C YKA3aHHOW SPMUTOBON MeT-
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pukoit. Eciiu pasmeprocTh 6a30BOro MHOroo6pas3ust paBHa 1, TO PEIIEHUsIMU IP-
MHUTOBa ypaBHenus fura—Mmuiica SBIAIOTCS IJIOCKHE CBA3HOCTU. Kcim 3Ta pas-
MEPHOCTDb PaBHa 2, PENIEHUSIMU SIBJISIOTCS aHTU-aBTO/[yaJIbHbIE CBSI3HOCTH, HA3bI-
BaeMble MHaYe MHCTAHTOHAMH. 1eM caMbIM, SPMUTOBBI ypapHeHus fura—Muinica
MOXKHO PacCMaTpUBaTh KAK MHONOMepHOe 0000IIeHre ypaBHEeHHil J{yaIbHOCTH.

OCHOBHBIM DE3YJILTATOM TEPBOIl YACTU JIOKJIA]1a, OTHOCAIIENHCH K SPMUTOBBIM
ypasuenusm Adura-Muica, sBiasercsa Teopema J{oHAIBICOHA O CYIECTBOBAHAN 1
€JIMHCTBEHHOCTH PEIIeHus] TPAHNYIHON 3a1a4qn Jupuxiie st SpMUTOBA, yPaBHEHUS
Aura-Musca Ha KOMIAKTHOM K3JIEPOBOM MHOT'OOODAa3UHU C KPAeM.

Bropast gactb mocesiiena 1edbOpMUPOBAHHOMY 3PMHUTOBY ypapBHeHWUIo fHra—
Muuica. 9to 0bobeHne spMuToBa ypaBaeHnusi fnra—Muwuiica BO3HUKIIO B pabo-
Tax dy c coaBropamu. ledopmupoBanuoe spmuroBo ypasaenune Aura-Muminica
peaymupyercss K 9pMUTOBY ypasHenuio fAnra—Mmiica B mpeese 60abII0T0 00b-
ema. CyriectBoBanue perreHust j1eOPMUPOBAHHOTO 9PMHUTOBA ypaBHeHUs1 SIHTa—
MuJuica 1py JIOMOJHUTEIBHBIX YCJIOBUSIX THUIIA TOJIOXKUTETHHOCTH KPUBU3HBI J10-
Ka3bIBAETCH C IIOMOIMIBIO [TOTOKA TEIJIOIPOBOIHOCTH. DTOT HOTOK CYIIECTBYET IIPU
BCEX BPEMEHAX U B Ipejiesie DOIbIIOro o0beMa CXOMUTCS K PEneHnio 1eopMupo-
BAHHOT'O SPMUTOBa ypaBHeHust nra—Mumica.

Peasruszauyusa anzebp JIu 2onomopdprovimu asmomopphusmamu
2unepnoseprrocme
CrenanoBa ML.A. (MI'Y um. M.B.Jlomonocosa)

e-mail: step__masha@mail.ru

CymiecTByer ps pe3yJbTaToB O peaausanuu rpyiin u aarebp Jlu asromopdus-
MaMH KOHKDPETHBIX KJIACCOB MHOI00Opa3nii. Y TBEp2KICHUSA TaKOrO PO JAIOT OT-
BET Ha €CTECTBEHHBIN BOIIPOC O TOM, HACKOJILKO 60raT KJace aBTOMOPMHU3MOB I
BBIGPAHHOTO MHOYKECTBa reoMerpudecknx obbekToB. Hampumep, mssectro ([1]),
970 JIIOOYIO JINHEHHYIO CBA3HYIO TPYIILy JIM MOKHO Peajn30BaTh KakK TPYIILY To-
JIOMOP(MHBIX aBTOMOPMU3MOB orpaHnveHHoi obiactu. Takzke uzsectHo ([2]), uro
KaxKJasd CBsA3HAsA TIpyIna JIu MoxkeT OBITH peaqu30BaHa KaK IPYIIIa ToJoMOpd-
HBIX ABTOMOP(MOU3MOB HEKOTOPOro Muoroodbpasust [reitna. OmHAKO COOTBETCTBYIO-
Uil pe3yJIbTaT JJIs BEMIECTBEHHBIX IHIIEPIOBEPXHOCTEH OTCY TCTBOBAJ, HACKOJIHLKO
U3BECTHO aBTOPY JOKJIaIa. B JI0K/Ia/1€ MbI BOCIIOJTHAM 3TOT IPOGE/I U OKAYKEM, ITO
JHOOYI0 KOHEYHOMEPHYIO BEIIECTBEHHYIO ajireOpy JIu MOXKHO peajin30BaTh TaKiKe
Kak ajrebpy rooMopdHBIX aBTOMOP(MU3MOB POCTKA BEINECTBEHHO-aHATUTHIECKON
TUIEPIOBEPXHOCTH KOMILIEKCHOTO ITPOCTPAHCTBA.

JIureparypa

[1] A.E. Tymanos, I. B. Illa6ar. Peanusaiust suneitabix rpynn Jlu Grroromopd-
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O KOMOUHAMOPHBIL KOIPPHUUUEHNAT PE3OABEBEHMBL 2PAHULDBL NOAUICDA
VYabsept P.B.(Cubupckuit denepambHbiil yHEBEPCHTET,

Cubupckuii yHUBEPCUTET HAYKH M TEXHOJIOTHI )

e-mail: ulvertrom@yandex.ru

Pacecmorpum wabop fi, ..., fr, momuaomoB Jlopana ot n nmepemenubix. OpHuM
n3 JOCTATOYHBIX yC.HOBI/Iﬁ KOHEYHOCTU MHOXKECTBa peHIeHI/Iﬁ CUCTEMBI ypaBHeHI/IfI
fi =+ = fn =0 B xomIIekcHOM anrebpandeckom Tope T" = (C\ 0)™ spisiercs
YCJIOBHUE padgepHymocmu Habopa MHOrOrpanHukoB Hbioroma Ag,...,A, C R”
JIAHHBIX [TOJIMHOMOB, KOTOPOE BBIPAYKAET TOT (PAKT, YUTO MHOTOIPAHHUKHI HAXOATCS
B ODIIEM ITOJIOXKEHUH OTHOCUTEJBHO JIPYT JApyra.

IIyctb A = Ay 4+ --- + A, — cymma MUHKOBCKOIO pa3BepHyTOro Habopa
Ay, ..., A, Kaxgas rpaas I' C A eMHCTBEHHBIM 0Opa30M NPEACTABISETCS B
Bujie cymmbl I' = 'y +- - -+ T, re I'; — rpans A;. U3 yciioBust pa3BepHyTOCTH CJie-
JIYeT, 9TO B 9TOM PA3JIOKEHUHN XOTsI ObI OJTHO U3 CJIaraeMbixX ['; SIBJISI€TCS BEPIITMHOIA.
Kazk moii Bepiuae A MHOrOrpaHHUKA A COIIOCTABIIAETC KOMOUHAMOPHBIT Koahdhu-
yuenm k4, paBHbIT JTOKaIbHOIT cTenenu poctka (0A, A) — (ORY}, 0) crenuaibabiM
06pa3oM IOCTPOEHHOTO Tapakmepucmuueckozo omobpasicerus (em. [1]). Kombuna-
TOPHBIHA KO3 duIment k4 MOXKeT ObITh HAWIEH KAK YUCIIO TIOJCIYATAHHBIX C yde-
TOM 3HaKa npasusviur ¢uaros rpameit A =T0 c Tl c...c ™! cI™ = A,
dimI'™ = m, B kOTOpBIX HepBble M ciaaraeMbix 17" C A; rpaan I'™ = I'* 4. 4T
UMEIOT TIOJIOKUTEHHYIO0 PA3MEPHOCTD, a MOCJIETHIE 1 — 1M CJATAEMBIX SBJISTIOTCSI
BepmuHamu (cm. [2]).

Kombunaropuble KOI(DP@UIUEHTBI TIOABJIAIOTCA B U3BECTHON Teopeme leb-
don — XoBaHckoro o ryiobasbHOM Bbrvere ['porerauka B T", KoTOpasi yTBepK1a-
€T, 9TO JIUTs oJIMHOMOB JlopaHna f1, ..., f, ¢ pa3BepHyTHIM HAOOPOM MHOTOTDAHHU-
koB Hptorona u jioboro nmosmmuaoma Jlopana f cymma Beraeros I'poreninka popmMbl
w=(f/f1-..fn)(dz1/21) A=+ A (dzn/2zs) TIO BCEM KODHSIM CHCTEMBI ypaBHEHHUIA
fi=-=fn=08T" pasaa (—1)")_ karesaw, rje cCyMMHUDPOBaHHE PACIIPO-
CTPaHSETCsT Ha BCE BEPINNHBI MHOTOTPAHHUKA-CYMMBI A, U T€SAW — Mopudeckul
evruem opmbl w B Bepiuue A € A (em. [1]).

Mpr mpeajiaraeM Apyroe OnpeeeHrne KOMOMHATOPHBIX KO MUIMEHTOB JIJTsT
CODOCTBEHHBIX T'paHeil JI00bIX Pa3MEPHOCTEN TPOU3BOJILHOIO KOMITAKTHOI'O BBITYK-
Jioro moyimaipa B R™ ¢ pacKpallleHHBIMU TPaHsIMU. B crieruaabHoM citydae ropowet
PACKpPacKn KOMOMHATOPHBIE KOIDMUIUEHTHI IPAHEN OMPeIEISIIOTCST OHO3HATHO 1
TaK¥Ke MOTYT ObITh BBHIYUCJIEHBI HA OCHOBE MOJICYETa YUC/Ia MPABUILHBIX (DJIAroB.

I[Iycts A — KOMIAKTHBIN BBIMYKJIBIA TOIUAP pa3meprHoctd n B R™ u F —
MHOYKECTBO BCEX €ro rpameil, B3AThIX ¢ (bUKCHpoBaHHON opmenTtarueii. Paccmor-
puM nenHoi kKommieke C' = (F;0), B koropom abesesa rpymma C' HOPOXKIAETCST
MHOXKECTBOM CBOGOIHBIX o6pasytommux F. Ilycrs I = {1,...,n} — MHO)KeCTBO UH-
JIEKCOB, KOTOPBIE MBI Oy/IeM MHTEPIPETUPOBATH KaK PA3IMIHBIE TIBETA C COOTBET-
crByomuMu HoMepamu. Ortobpazkenue x: I — 27\ Gynen HasbBaTH packpackol
rpaneii nosmaapa A. Bynem rosopurh, 9ro Kaxkuas rpanb I € x(i) okpainena
B IBeT i (OKDAIUBAIOTCS TOJBKO cobcTBeHHBbIE rpann). OGosnaunm vepes H (i)
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noarpymiy B C, IOPOXKIEHHYIO BCEMU IPAHSIMU, OKPAIIIEHHBIME B I[BET i.

Ipanuma 0A mosmsnpa A ssisiercss mukiom komiuiekca C. IMocimenoBaresn-
HOCTH orobpakenuit &y,&1,...,&,—1 Ha30BeM pesoaveenmoti 1ukiaa OA, coor-
BeTCTBYIOMefl packpacke rpameit y, ecin &,: IP*1 — C — aubrepnuposanmnoe
orobpaxenue ¢ obpasoM &y (ig, 1, - .. ,0p) € H(ig) N H(i1) N --- N H(ip), npudem
0A = fo(l) + - —|—§0(n) u 8§p(10, il, .o ,ip) = Zie[ﬁerl(i?iO?ih e ,ip) (B bostee
ob1eM BuJie onpe/iesieHue pe30JbBeHThI Jaercs B [3]). MoxHO ckazaTh, 4T0 pe3osib-
BeHTa COIOCTaBJISIET KazKIOMy HoaHabopy {ig,%1,...,%p} 1BETOB U3 I HEKOTOPYIO
LEIIb, SIBJISOILYOCS CYMMOI I'paHeil pa3MepHOCTU 1 — P — 1, paCKpaIlleHHbIX BO BCe
[[BETA TOr0 MOAHADOPA, B3ATHIX ¢ HEKOTOPBIMU IIeJIOYUCIEHHBIME KO3 durimenTa-
mu. Pe30JibBeHTa CYIIECTBYET TOrJA U TOJIBKO Toraa, korga OA € H(1)4---+H(n),
TO €CTh I'PaHUIA TOJMIpa MOJHOCTBIO OKparnena. [Ipu aToM 1 KaxK ol cob-
crBeHHOMN rpanu [ pazmepHOCTH ™M MOJM3Apa A U KaXKJI0T0 YIOPSI0YEHHOTO O
mabopa 11 < ig < -+ < y_;; IIBETOB OMIpPEJETeH KOMOMHATOPHBIN KO3MDDUIIMEeHT
kr(ii,42,...,%n—m) C KOTOPBIM 3Ta I'PAHb BXOAUT B 1EMb &pn—m—1(i1,02, -« ., bn—m)-

HasoBeMm packpacky rpaseii x monmsapa A xopowed, €Ciu BBIIOTHAIOTCS CIIe-
JIYIONINE YCJOBUs: TPAHU PA3MEPHOCTH 7 — 1 OKpAIEHBI B €JIMHCTBEHHBIN IBET,
npuyeM B KaXKJIbIl 1BeT ¢ € | oKparena XoTs Obl OHA TaKas I'PaHb; I'PaHb ' pas-
MEPHOCTH MeHbIle 1. — 1 OKpallleHa B [BET { TOIJia W TOJIBKO TOTJA, KOIJia B 9TOT
I[BET OKpAIIleHa HEKOTOPasi TPaHb OOJIbINeHl pa3MepHOCTH, cojepaKaiiast I'; Kaxk1ast
rpaHb pa3MepHOCTH M OKpallleHa He bosiee, €M B 1 — M PA3IMIHBIX [[BETOB.

Teopema. ITycmos x — xopowas packpacka zpanets nosusdpa A pasmepro-
cmu n. Toeda cyuwecmeyem eduncmeennas pesoaveenma &g, 1, ..., En_1 2paHuybL
noauadpa 0N, coomsememeyrowan amot packpacke. Ipu smom xomburnamoproil
koagppuyuenm kr (i1, ia, ..., in—m) cobemeennol epanu T' pazmeprocmu m pasen
roauvecmsy gaazos epanet I' = I'y, C I'pypy C - C Iy, = A, dimI; = j,
oxpawenHur mak, wmo epanv I';, m+1 < j < n —1, umeem 6 mounocmu no-
crednue N — j UBEMmMoO8 U3 CNUCKA 11,12, . . ., in_m. Kaocowil paae yvumovieaemcs
co 3narom (L |Tmi1) Tma1|Tm2) - (Tne1]Ty), 2de (T'5|Tj41) — woadduyuenm
+1 uau —1, ¢ komopwuim epans I'; exodum e yenv OL'j4 1.

PesosibBeHTa rpaHUILBI TOIU/IPA U CBI3aHHBIE C HEell KOMOMHATOPHBIE KO3 du-
[IMEHTHI BOBHUKAIOT B TEOPUM MHOIOMEPHBIX BBIUETOB U MHTEIPAJILHBIX TTPEJICTAB-
Jlennit. B 9acTHOCTH, UX MCIOJB30BAHUE PACIIUPSIET 0DJIACTH IPUMEHEHUs] TeOPe-
MbI ['enbdomra — XoBaHCKOTO.

Pa6oma noddeporcana Kpacnoapckum mMamemamuieckum uermpom, Gunarcu-
pyemvim Munobprayxu P@ (Coenawenue 075-02-2022-876).

JIutepatypa

[1] O.A. Gelfond , A.G. Khovanskii. Toric geometry and Grothendieck residues.
Mosc. Math. J., 2:1(2002), 99-112.

[2] I. Soprounov. On combinatorial coefficients and the Gelfond-Khovanskii residue
formula. Contemp. Math., 334 (2003), 343-349.

[3] A.M. Gleason. The Cauchy — Weil theorem. J. Math. Mech., 12:3 (1963), 429—
444.
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I'pard npocmparncmea muna Moppu

YmapxamxkueB C.M. (Komrekcraerit nayaHo-nccnesoparenbekuit nactutyT PAH,
Axkanemus nayk Yegenckoit Pecy6imkn)
e-mail: umsalaudin@gmail.com

Beegnensr ([1]) npocrpancTBa Tuna Moppu MP4% (R™), onpeensieMble HOp-

MOt
N
o . » P dr
£l agv.a.w (rmy := sup w(r) flFdy | — ]
rzeFE 0 lz—y|<r r

rae E — mpousBosbHOe MHOXKecTBO n3 R™, E C R", 1 < p < 00, 1 < ¢ < o0,
we Q(R,),

o0 a
QR4 = {w W eCThb BeC W / @dr < oo, t> 0} .
t

B cayuasx E = {0} u E = R"™ Mbl nMeeM U3BECTHBIE A0KAAGHYIE U 2A000AbHDLE
IpocTpancTsa Tuia Moppu, COOTBETCTBEHHO.

Yacrraoe rpanxg npoctpancTBo trnna Moppu. [Iycts 1 <p < oo, 1 <¢q <
00.

1
q—2ao

a=3
e _ 8 P dr

1y = _sup @ sup | [ w(ry? %(r)i(/ f(y)l”dy> o
0 0 | r

<o6<g-—1 zeE z—y|<r

e ¢ € L(0,q — 1), ¢(6) > 0 u lims_,g () = 0. definition

Cwmemannas rpasgusanusi npocrpadcts tuna Moppu.llyets U C R,
u (0,0) ecrs npeznenbaas Touka Muoxkectsa U. Iycrs 1 < p < 00, 1 < g < o0,
w € L>®(U), p(e,6) > 0 for (¢,0) € U and limys (. 5)—(0,0) ¢(€,0) = 0. Hazpisém
U-rpanusanueii UM 57)17"1)’1”(1@”) npocTpaHcTBa Trna Moppn MHOXKECTBO (DYHKIIMIA,
onpejiesigeMoe HOpMOU

oo )
1 llonmmern = sup (e 8) sup ( |t
M (®™) (e,6)€U z€E 0

=3 1
_ £ pee d’l" e
[ swrcawia) L)
lz—y|<r r
Baoxkennsi.

Teopema 1. Yeaosun a € LY(R™) ub € L' (R, %) docmamowr dan 6aovrce-

HUA )
M (R < UMD (RY)

oas 106020 mroocecmea U.
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Ecau b € LYRy,4), mo npocmparncmeo MP4%(R™) eaosiceno 6 wacmmoe

2pand npocmpancmeo MS’Q)’w(R”).
Onepartopsl ¢ ogHOpoaHbIME siapamu. [anee momaraem, uro E = {0}.
PaccmarpuBaem orepaTopbl BUia

Kf(e) = [ Klel. o)1 ).

rae siapo K ogHopomHo crenern —n. O0o3HAYNM

wi(@) = sup LU oy o |sn*1|/ s7 T HK(L, 8)| w* <1) ds.
0 S

reR4 ’LU('I")

Teopema 2. Ilyemv 1 < p < 00, 1 < ¢ < 00 v w € Q(Ry). Yeaosue
7" (1) < 0o docmamouro das 0ZPAHUMEHHOCTNU ONEPATNOPA

Kf(z) = / T Ky f()dy, @€ Ry,

6 npocmpancmee MPAP(Ry) w [K fllygra sy < 5" (D fllagsas )
Caencrue. Onepamop Xapou

Hef(z) = |m|a*”/ f(ya) dy, a € R,
wl<lel Y1
ozparuner, 6 MPTANR™), 1 <p < oo, 1 < q< oo, A >0, moeda u moavko mozda,
Sn—l
Koeda o < o + A w [[H®|| = %,_M_L.
Teopema 3. IIyemov 1 <p < oo, 1 <g<oouwée Q(Ry). Ecau

® n_g 1 1 Q(qic?)
sup <p(5)/ (1, t)|w* () [b* ()] dt < oo
0<8<do 0 t t

ons HEKOMOopo20 50 c (O,q — 1), mo onepamop K 02PDAHUMEH, 68 NPOCMPAHCIMEE
vaQ)yw(Rn)'

JIureparypa

[1] S.G. Samko, S. M. Umarkhadzhiev. Grand Morrey type spaces. Vladikavkaz
Mathematial Journal. 2020, Volume 22, Issue 4, P. 104-118.

Dernomen I'apmozca u cnexkmpasvbHas nocaedosamesbHocms Jlepe
®exkmnucroB C.B. (Cubupckuit denepaibubiil yHuBEpCUTET)
e-mail: sergeyfe2017@yandex.ru

IIycts X,Y — kommiexkcuble mMuHOTOOOpasus u ¢: X — Y — rosomopdHoe
JIOKAJIbHO TPUBUAJIBHOE PACCIOEHUE CO CBI3HBIM HEKOMIIAKTHBIM cjioem F', F —
IyYI0K abeseBbIX Ipynir Ha X .

47



Teopema 0 CIEKTPaJIBHON MTOCJIEI0BATETBHOCTH KOMIO3UINN (DYHKTOPOB MEXK-
Jy abesieBbIMU KareropusiMu [4] mosBosisier HOIyYUTH CIEKTPAJILHYIO [IOCJIEI0BA~
TebHOCTH Jlepe 1yt KoroMosornit ¢ KOMIIAKTHBIMUA HOCHUTEJISMH.

ITpengioxkenne 1. Cywecmsyem cnexmpaivhan nocaedo8amesbHocmy

EPY = HEY (X, F),

ede BN = HP(Y, Ri¢\F).

Wcnonp3yst MJIMHHYIO TOYHYIO [TOCJIEI0BATEILHOCTE Tapbl u hopmyray Kronnera
[1], ymaercst Beramesnuts creban myakos Ri¢Ox, rae Ox — MyvoK TOI0MOPMOHBIX
dbyukmit Ha X.

IIpennoxenne 2. (R1¢pO0x), = Oy, @ HI(F,OF).

Amnaymsupyst BTopoil JILCT CIIeKTPaJIbHON IoceqoBarenbaocT £P9, norydaem
CIIeIYIOMU pe3yabTaT 06 OOpAIeHU B HYJIb TPYIIILI KOTOMOJIOTHA ¢ KOMITAKT-
HBIMHU HOCHTEJISIMHU.

Teopema 1. I[Tycmv ¢: X — Y — 2oa0moproe A0KaADHO MPUBUAALHOE PAC-
caoenue ¢ nexomnarmuvim caoem F. Ipednonosicum, wmo HL(F,Or) = 0 das
6cex i < q. Tozda H:(X,0x) =0 das 6cex i < q.

Ecmu cnoit F asistercss maoroobpasuem Illreitna, To momydaem

Cnencrsue 1. H{(X,Ox) =0 daa 6cex i < dim F.

B wacrnoctn, ecim F'= C! u [ > 1 (x npumepy, ¢ — rosoMopdHoe BeKTOpHOE
paccyioenne), Torya mosydaeM pesynbrar P. JIpuiesnda 06 OGpAIeHNN B HYJIb
rpymmer HH(X, Ox) [3].

OpHUM W3 TPUIOXKEHWI TeopeMbl | SBJSeTCd Pe3yabTaT O (DEHOMEHEe MpPOo-
IoJKeHusT laprorca B HEKOTOPBIX IOYTH OIHOPONHBIX ajrebpamueckux G-
MHOT000PA3UIX.

Omnpegenenne 1. Bydem 2080pums, 4mo HEKOMNGKIMHOE CBAZHOE KOMNALKC-
Hoe mHo2000pasue X donyckaem geromern Iapmozca, ecau das kasrcdoli obaacmu
W C X w xaorcdozo komnaxma K C W maxuzx, wmo W\ K cessno, 2omomoppusm
oepanunerus O(W) — O(W \ K) asasemces usomophusmom.

Onpenenenune 2. Hexomnaxmmnoe xomnaexcroe mnoz2006pasue X wasvieaem-
ca (b, 0)-KoMNAKMUPUUUPYEMBIM, ECAU CYULLCTNEYEM KOMNAKIMHOE KOMNAEKCHOE
muozoobpazue X' u omxpwmoe 2onomopgproe eaosicenue 12 X — X', co caedy-
rowumu ceoticmeamu: X'\ X — cobemeennoe anaiumuueckoe nooMHosicecmao,
umerowee b ceaznox xomnonenm; dim HX(X', Ox/) = o.

Ipu s1om, ecan X sBisieTcss K2JepoBbIM (cooTB. G-MHOrooGpasueM), TO Tpe-
Gyercst uTobbr X TakkKe SIBISLIOCH KIJIEPOBBIM (COOTB. (G-MHOT00OGpa3neM) u BJIO-
kerne i: X < X' coxpaHsieT COOTBETCTBYIOIINE CTPYKTYPHI (B CJIydae KJIEePOBbIX
MHOroo0Opa3uil — K3JiepoBa CTPYKTypa Ha X HMHIYIAPOBAaHA K3JIEPOBOIl CTPYKTY-
poit Ha X'; B caygae G-MHOrOOOpasuii — BJIOXKEHUE § ABAsAeTCa (G-3KBUBAPUAHT-
HBIM).

SamMeTnM, 9TO YUCJIO b €CTh B TOYHOCTU YUCJIO TOIOJIOTUIECKUX KOHIIOB MHO-
roobpasust X (B 9acTHOCTH, He 3aBUCUT OT BbIGOpa Kommaktudukarmuun X'). B
cIydae K3JIEPOBBIX MHOr000pasmii, YMCJI0 0 PABHO Pa3MEPHOCTH MHOroOOpasust

Anpbanese A(X').
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Teopema 2. ITycmv ¢: X —'Y — 20n0mopdroe 10KaNDHO MPUBUGADLHOE PAC-
CAOEHUE CO CBAZHBIM HeKomnarmHbim caoem F. Ipednosootcum, wmo X saeasem-
ca (1, 0)-komnaxmuduyupyemvim, a F seasemean (1,0)-komnaxmuduyupyemvim
u donyckaem geromer ITapmoezca. Tozda X donyckaem dernomen Lapmozca.

IIycte X — Heocoboe mouru ofHOPOAHOE ajrebpanveckoe G-MHOTOOOpas3ue ¢
oTkpbITOi opburoii ) = G/H. M. Bpuon nokaszaia [2], aro Jio6oe Takoe MHOIO-
obpasue sBisieTcss G-5KBHBAapPUAHTHBIM ORHOPONHBIM (G ¢ s H )-paccioeHneM Haz
muoroobpasuem Asbbaneze A(X) = A(Q) = G/(GasrH), croit xKoTOpOro sIBIIS-
€TCsl II0YTH OJIHOPOJIHBIM asiredpamdecKuM Gy p-MHOroob6pasueM, rjue Gqrp — 3a-
MKHyTasl CBsI3Hasi HOpMaJibHas adduunas noiarpynmna B G Takas, 910 (HakTop
G/Gqsy aBIgeTCa abeIeBBIM MHOIOOOPA3HEM.

IIycts €2 — orkpertas opbura moITH 0AHOPORHOro G, ¢ p-Muoroobpasus F. Tax
kak Gofy — addunnas rpymnma, To MHoroobpasue Ansbanese A(Gqfy) HynbMep-
HO, a 3HaunT u A(Q)) Toxe Hymbmepno. Ilostomy, ecu cioit F sisisiercst (b, o)-
koMnakTudunupyeMbiM, To o = 0. VI3 Teopembl 2 mojiydaeM CIeAYIONHi Pe3yiib-
Tar.

Teopema 3. ITycmv X — mneocoboe xaaepeso nowmu odnopodnoe (1,0)-
Komnaxmuguyupyemoe anzebpaueckoe G-mnozo06pasue, npuvem o # 0. [ycmov
F — caoti omobpasicerus Aavbanese X — A(X). Ecau F umeem odun mono-
Aozuneckul Koney u donyckaem gdenomen Iapmoaca, mo X donycxaem deromen
Tapmoeca.

Paboma noddeporcara Kpacroapckum mMamemamuieckum Uenmpom, GuHarcu-

pyemoim Munobprayru PO (Coenawernue 075-02-2022-876).
JIureparypa

[1] G. E. Bredon. Sheaf Theory. Springer-Verlag, New York, 1997.

[2] M. Brion. Log homogeneous varieties. arXiv:math/0609669, 2007, p. 32.

[3] R. Dwilewicz. Holomorphic extensions in complex fiber bundles. J.Math. Anal.
Appl. 322. 2006, pp. 556 — 565.

[4] C. Voisin. Hodge theory and complex algebraic geometry II. Cambridge Studies
in Advanced Mathematics, Cambridge University Press, 77, 2009.

O mamemamuieckur MOO0easT PacnpocmpareHus INUIEMULECKUT
3abosesarutli
Xauarpsaa A.X. (Macturyr maremarukn HAH Apmermm)
e-mail: aghavard59@mail.ru
Hapumansau A.2K. (Yausepcurer Bpemena, lepmarms)
e-mail: arsen@narimanyan.de

PaccmarpuBatoTcst Tpu MaTeMaTHYECKHE MOJIEIIH, OIMICHIBAIONINE PACIIPOCTPa-
HEHUE SUJIEMUAN CPeJIY HACEJIEHUSI.

B pamkax nepsoii Mozenu [1], 3a1a1a CBOIUTCS K HEJIMHEHOMY HHTErPaJbHOMY
YPABHEHUIO CBEPTOYHOTO THIIa Ha Beell ocu. Jlokazana TeopeMa CyIECTBOBAHUS
HempepbIBHOTO pemnrenns Ha R. B onpenenerntom Kaacce QyHKINN TOKa3aHA TaKKe
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€IMHCTBEHHOCTD PEIEHUs BBIIIEYKA3aHHOIO ypaBHeHus. [IpuBeieHbl pe3y IbTaThl
YUCJIEHHBIX PACIETOB.

Bropast momens [2|, mssectnast mox Hassanmem “COVID-19”, onmcbisaercst
HEeJINHEITHBIM MHTErpaJibHBIM ypaBHeHusM Tuiia Bojbrepa. JlokazaHo cyriecTBo-
BaHUE eJIMHCTBEHHOI'O HEIPEPBIBHOIO Iu(HEPEHIMPYEMOr0 PEIIeHUs] YKA3AHHOTO
ypasuenus. Bropast mozesns 6buta npumenena s “COVID-19” wa npumepe @pan-
muu B nepuog ¢ 27.12.2019 mo 27.06.2020 rme na 104-brit 1eHb ObLIO OOHAPYKEHO
MaKCHUMAJILHOE IHCJIO NHPUIMPOBAHHBIX. PaccMaTpuBaemMasi MOJIEIb JIAeT MAaKCH-
MaJIbHOE YHCJI0 MHPUIUPOBAHHBIX Ha 105 JIeHb U ¢ AOCTATOYHO OOJIBINON TOIHO-
CTHIO OIIMCHIBAET [TOBEJIEHIE PACIPOCTPAHEHUsT MHQEKIUN.

" B komne B pamkax rperbeii SIR momenu [3] uzyuaerca mnpobiema reo-
rpadUIecKoro PaACIpOCTPAHEHHsT SMUJIEMUNA. 3aJiada CBOJUTCS K HEJUHEHHO-
My MHOIOMEPHOMY HHTErpaJbHOMY ypaBHeHuio. IIpu onpeesieHHbIX yCJIOBH-
X JIOKA3BIBAIOTCS TEOPEMBI CYIECTBOBAHWS U €JMHCTBEHHOCTH DPEIeHUs] B
[IPOCTPAHCTBE MOHOTOHHBIX HEIIPEPBIBHBIX U OTPaHUYEHHBIX (hyHKIWil. Pesyiib-
TaThl MPUMEHEHBI K HECKOJbKHM TECTOBBIM IIPUMEPAM C COOTBETCTBYIOIIMMU
YUCJIEHHBIMA PACYETAMHU.

Hccenedosarue nepeozo aemopa 6bNOAHEHO NPU  GUHAHCOB0T noddepotcke
Komumema no nayke PA 6 pamxax naywnozo npoexma Ne 21T-1A047.

JIutepatypa

[1] A.Kh. Khachatryan. Solvability of One Nonlinear Integral Equation Arising
in Modelling of Geographical Spread of Epidemics. OTHA, Operator Theory and
Harmonic Analysis, Springer Proc. in Math. and Stat, 2021, 253-272.

[2] A.T. Ceprees, A.X. Xauarpsta, X.A. Xauarpsa. Maremarnaeckasi MOJENb
pacnpoctpanenust nadgaemun tuna Covid-19. Tpyxer MMO, 83:1, 2022 (B nevatn).
[3] Kh.A. Khachatryan, A.Zh. Narimanyan, A.Kh. Khachatryan. On
Mathematical Modelling of Temporial Spatial Spread of Epidemics. Mathematical
Modelling of Natural Phenomena, 15:6, 2020, 1-14.

BO‘npOC’bL omcymcmaeust uAUu CYyuwecmeaeosaHusl u edurcmeeHHocmMu
HEMPUBUAADBHOZ20 PEWEHUS daa HEKOMOPHBLL KAACCOB HEAUHETUHDBLT
UHMEZ2PAABLHBLL YPABHEHUT TMUNA CBEPMKY
XagarpsiH X.A. (Epesanckuit [ocynapcTseHHBIfl Y HUBEPCHUTET,
Mockosekwuii Tocynapersenssiit Yansepenrer uM. M.B. Jlomonocosa)
e-mail: khachatur.khachatryan@ysu.am

Jokai TMOCBAIIEH H3YYE€HUI0 BOIPOCOB OTCYTCTBUS WJIM CYIIECTBOBAHUS U
€/IJMHCTBEHHOCTH HETPUBHAJIBLHOIO HEOTPUIATEILHOIO U OI'PAHMYEHHOI'O PelleHHs
JIJI1 HEKOTOPBIX KJIaCCOB HEJIMHEHHBIX NHTErPaJIbHbIX yPaBHEHUH CBEPTOYHOI'O TH-
Ia, Ha TOJIYOCH W Ha, BCel mpsaMOil. YpaBHEHU: yKa3aHHOTO XapaKTepa BCTpeda-
IOTCS B JUHAMHYECKOI T€OPpUH P-aIMYECKUX OTKPBITO-3aMKHYTBIX CTPYH JIJIsl CKa-
JIIPHOTO TIOJIsI TAXUOHOB, & TAKXKE B MAaTEMATHIECKON TEOpHUU TreorpaduIecKoro
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pacmpocTpaHeHus smujaemMun B pamkax mozgesnn lukmana-Kamepa. U3 ccopmymnn-
POBaHHBIX PE3Y/IbTATOB KaK YacCTHBIN ciydail IojydaeTcd IIOJIHOe DeIleHue OT-
KpbIToit ipobsiembl B.C. BiraguMmuposa 0 €IMHCTBEHHOCTH POJIJIMHTOBBIX PEIIeHU T
B p-a/IMYECKUX YpaBHEHUAX. B KoHIIE JT0K1a/1a OY/IyT IPUBEIEHBI KOHKPETHDIE TTPHU-
KJIaTHbIE TIPUMePhl YKa3aHHBIX YPaBHEHMUII.

Hccenedosanue svinoaneno 3a cuem epawma Poccutickozo nayunozo ¢onda

(npoexm Ne19-11-00223).

O paspewumocmu 00HOT cucmembvl, HEAUHEUHBIT BECKOHEeYHbLT
anzebpauveckur ypasHeHull 8 npocmpaHcmaee
02PAHUNEHHBLT NocaedosamenbHocmets
XavarpsaH X.A. (EpeBaHCKI/Iﬁ TocynapcrBeHHDIH YHUBEPCHUTET)
e-mail: khachatur.khachatryan@ysu.am
Agerucan M.O. (HarmmonaabHbrif arpapHBIit yHIBEPCHTET ApMeHNTH)
e-mail: avetisyan.metaqsya@mail.ru

Jloktay — TOCBSINIEH  W3YYEHUIO  BONPOCOB  CYIECTBOBAHUS W €JIUH-
CTBEHHOCTH, @ TakyKe HCCJICJOBAHUIO KAYECTBEHHBIX  CBOMCTB  pere-
HUS  JJI  OJHOrO  KJjacca  HeJUHEHHBIX  OECKOHEYHBIX  CHUCTEM  ajred-
paudYecKux ypaBHEHHI ¢ MaTpuraMud Tuima lemmna.  YKa3aHHas — CH-
cTeMa  BO3HUKAET B  JUCKPETHBIX  3aJadax  JUHAMHYECKOH  Teopum
p-aJMIeCKuX CTPYH, B MATEMATUYECKOW TEOPUM PAaCIPOCTPAHEHUS SIIUIe-
MUY, B TEOPHUH IIEPEHOCA U3JIyYeHUs B HEOJHOPOIHBIX cpenax. Jloka3aHbl TeopeMbl
CYNIECTBOBAHUS U €JIMHCTBEHHOCTH HETPUBUAJBLHOIO HEOTPUIATEIHHOIO PEIeHUst
B [IPOCTPAHCTBE OMPAHUYECHHBIX MOCIe0BaTeIbHOCTel. V3ydena Takyke acUMIITO-
THYECKOe TIOBEJIEHNEe TOCTPOEHHOrO pelieHusi. B KOHIe MPUBEJIEHBI CIIEIHaIbHbIE
NIPUKJIQIHBIE TPUMEDBI.

Hccenedosarue nepsozo aemopa 6bNOAHEHO NPU  GUHAHCO80T Noddepotcke
Komumema no nayxe PA 6 pamxar naywrozo npoexma Ne 21T-1A047.

O nocmpoeruu u uccaedo8aHUU PeUWEeHUT KAACCA CUH2YAAPHBLL
UHMESPANOHBIT YPABHEHUT, C MOHOMOHHBMU HEAUHETHBLMU
KOMNOHEHMAMU HA 8cell OCU
Xauarpsin X.A. (Epesanckuit [ocynapcTsenHbIfi Y HUBEDCHTET,
WNucruryr marematuku HAH Apmenun)
e-mail: khachatur.khachatryan@ysu.am
Annpusa C.M. (HannoranbHeiit arpapHbrii yausepcnTer Apmennn)
e-mail: smandriyan@hotmail.com

OcHOBHOI 1IEIBI0 PAbOTHI, KOTOPOI IOCBAIIEH JTOKJIAI, SBJIAETCS HCCIEI0BAHNE
KJIacca CUHTYJISIPHBIX WHTETPAJbHBIX YPaBHEHUN ¢ ABYMs MOHOTOHHBIMU HeJIUHe-
HOCTSIMM Ha BCEI YMCJIOBOI OCU. AKTYaJIbHOCTh U 3HAYUMOCTD MCCJIEIOBAHUN ITUX
ypaBHEHUI CBsi3aHa ¢ UX MHOT'OYUCJIEHHBIMU BayKHBIMU NpuyioxkeHusimu. OHU BO3-
HUKAIOT, B YaCTHOCTH, B JUHAMIYIECKOU TCOPUH pP-aJUIECKUX OTKPBITO-3aMKHYTBIX
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CTPYH, B KHHETUYECKON TEOPUHU Ia30B, B MATEMATHIECKON OMOJIOIMH TIPU MCCIIEI0-
BaHUK [IPOCTPAHCTBEHHO - BPEMEHHOI'O PACIIPEJIeJICHUs] SIUIEMUn (CM., HAIIpUMeD,
[1]-[5] n ccpinkn B HEX).

BecbMa BasKHBIM B IIPAKTUYECKOM OTHOIIECHUM SABJIAIOTCA CBOMCTBA (DyHKIMIA,
OTMCHIBAIONINX HEJIMHEHHOCTH ypaBHeHuii. Kak nu3BecTHO, B IBHOM BUJIE HeJIMHET-
HbIE YPABHEHUS YIAIOTCST PENTUTD JIUIIh B UCKJIIOUATETBLHBIX ciIydasx. [locTpoerue
¥ WCCJIeJIOBAHUE DEIEHUs COMPSI?KEHBI ¢ TPYAHOCTSIMU, BHI3BAHHBIMU KaK CJIOXK-
HOCTBIO WX CTPYKTYPBI, TAK W HEOIPAHUIEHHOCTHIO MHOYKECTBA, HA KOTOPOM OHHU
paccmarpuBatorcst. [TosroMy BarKHeiiliee 3HAYEHNE UMEIOT TEOPEMBI CyNIECTBOBA~
HUSI ¥ €JIMHCTBEHHOCTU PEIIeHUil, a TaK»Ke KaueCTBEHHBIE METOJIbI JIJIsl BBISBJICHUS
XapakTepa pPelreHun.

B macrosimeit 3aMeTke paccMaTpUBaeMblil KJIACC HEJUHENHBIX yDABHEHUN Xa-
paKTepu3yeTcss HaJUMIUeM He TOJBKO YETHOrO KOHCEPBATHUBHOIO $IJIpa W CHHTY-
JIIPHOI (DYHKIINH, & TaKXKe HAJIUYIUEM JIBYX HEJMHEHHBIX KOMIIOHEHT, CYIIEeCTBEH-
HO 3aTPYIHSIIONMUX UccaenoBanue. [Ipun 3ToM ciieyer OTMETHTh, 9TO KaxKJIasi U3
HeJIMHEHHOCTEeH U sIPO ypaBHEHWsT MMEIOT Gojiee OOIMMe MpeICcTaBIeHUsI, BKITIO-
Jaonme B cebe Cydan KOHKPETHBIX HEJUHEHHOCTel M KOHKPETHBIX sijiep paHee
HCCIeTyeMbIX ypaBHeHnii (cM., Hanpumep, [1]-[5]).

Ha 6ase paccyxkmenwuit u pesyasraros pabor [6]-[10] mepsoro asropa paspabo-
TaHbl 1 OOOCHOBAHBI METO/IbI, CIIEIIUATBLHO TIPUCIIOCODJIEHHBIE K PENIEHNIO PACCMAaT-
PMBaEeMOro KJjacca HeJIMHEHHBIX MHTerpaJibHbIX ypasHeHnuit. [TocpegcrsoM mocTpo-
€HUsI CHENUABHBIX MOCIEI0BATEILHBIX TPUOINKEHUH JTOKA3aHA KOHCTPYKTUBHAS
TeopeMa CyIeCTBOBAHUS HETPUBUAJIBHOTO HEIMPEPBIBHOTO perieHust. TeM caMbiM
JJTsT JIAHHOTO CJIydasi ObILIM YCTAHOBJIEHBI YCJIOBUST PA3PEITIMOCTH PACCMATPUBAE-
MOTI'O KJIACCA HEJIMHEHHBIX YPABHEHUI, IIPU TOM HECYKAIOIIUe ECTECTBEHHBIE YCII0-
BUsl OTMEYEHHBIX BBIIIE MPUKJIATHBIX 3aa4. VccmesoBano MoBeIeHre IIOCTPOEH-
HOTO pellleHusl, HafileH ero mpenes Ha + 6eCKOHEYHOCTH. BBIsSBIIEHBI HEKOTOPHIE
CBOICTBa 3TOrO PEINIEHUsI, JiJIsi KOTOPOTO B TOM YHCJIE TOJYYeHA WHTErpabHast
OTICHKA.

st oJtydeHust eJJMHCTBEHHOTO PEIeHusT BBEIEH ONPeIeIEHHBIN KIacc (DyHK-
Ui, HEMPEPBIBHBIX ¥ OrPaHUYEHHBIX [TOUTH BCiony Ha R. B aToMm Kitacce gokazana
TeopeMa, eJMHCTBEHHOCTH, OCOOEHHO BayKHAsl C MPUKJIAJIHONW TOUYKM 3peHust. [Ipu
JI0Ka3aTeIbCTBE TEOPEMbBI €IUHCTBEHHOCTH UCIOJIb30BAHBI COOTBETCTBYIOIIE N
pabot [8]-[10].

PesynpraTsr mpeacraBienHoit paboTsl 0000IAIOT HEKOTOPBIE pamHee IOJIY9eH-
HBbIE PE3YJIbTATHI UCCJIEIOBAHWI B 9TOM HampaBjeHuu. /[efiCTBEHHOCTH MOJIyYeH-
HBIX TEOPEM UJLIIOCTPUPYIOTCH IPUMEPAMU PACCMATPUBAEMBIX YpaBHEHHUH. TakuM
0o6paszoM, ¢ pacliupeHreM KJacca HeJIMHEHHOCTel yIaéTcs pacliupuTh KPYTr TPH-
MEHUMOCTH [TOJIYYEHHBIX PE3YJIBTATOB K MCCJIELyeMOMY KJIacCy ypaBHEHUM.

Hccenedosarnue svimoaneno npu gurarncosoti noddepocke Komumema no nayke
PA s pamxax nayunozo npoexma N 21T-1A047.

JIutepatypa

[1] B.C. Baagnmupos. O HeJMHEHHBIX yPABHEHUSIX P-aJIMUECKUX OTKPBITHIX 3a-
MKHYTBIX ¥ OTKPBITO-3aMKHYTHIX cTpyH. TM®, 149:3 (2006), 354-367.
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16-27.
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239-255.
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reopun crpyH. Tp. MMO, 79:1 (2018), 117-132.
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Dusnka n Maremarnka, 53:1 (2019), 17-22.

[9] Kh. A. Khachatryan, S. M. Andriyan, A.A. Sisakyan. On the solvability of a
class of boundary value problems for systems of the integral equations with power
nonlinearity on the whole axis. Bul. Acad. Stiinte Repub. Mold. Mat., 2, (2018),
54-73.

[10] X. A. Xauarpsan. CyliecTBOBaHHE U €IUHCTBEHHOCTD DEIEHUs OJHONH IPaHUY-
HOI 3a/1a4y Jjid MHTErpPaJIbHBIX YPaBHEHUII CBEPTKH C MOHOTOHHOU HEJIMHEHHO-
croio. 1138. PAH. Cep. matem., 84:4 (2020), 198—-207.

0606w éHHBIE IAAUNMUYHOCTNU 8 TNEOPUAT
Jugpdeperyuarvrvlr U anzebpauneckur ypasHeHul
ITux A.K. (Cubupckuit desepanbublii yHUBEPCUTET)

e-mail: atsikh@sfu-kras.ru

Knaccuaeckne murerpasbabie mnpeobpazoBanus Pypwe, Jlammaca u Memmunaa
CIIy?KaT IEHTPOM IIepecedennss MHOTUX obsacreil anaiau3a. Lenp anamm3a Oypoe
COCTOUT B PA3JIOKEHUU [IPOM3BOJIBHON (yHKIMU B CyMMy (OOBIYHO He JIUCKPET-
HYIO, & HEIPEPBIBHYIO) XapakTepoB. B Kiacce HeNpepbIBHBIX dyHKIHi f, HOpMu-
posauubix yciaosueM f(0) = 1, COBOKYITHOCTb XapaKTEPOB COCTOUT U3 SKCIIOHEHT
flz) = el g € R". Ecin orpaHnauThCst n3ydenieM byHKIH I PACIIPeIe e I
(obomEnubIX BYHKIHMIA), JOCTATOUHO XOPOIIO BeyIUX cebst Ha GECKOHEUHOCTH, TO
MOKHO OpaTh UMCIO0 @ IUCTO MHUMBIM a = +4£. Takum 06pa3oM, NCKOMOEe Pas3Jio-
JKEHUe TI0JIyJaeTcs B BHe IpeobpasoBanus Pypee.

Komnmernust pacrpesesieHust obpa3oBajia 3aMeUaTesbHBI TaHIEM € TEOPH-
et nuddepennuanbabix ypaBraenuii. [locje ocHOBomoJIararomux pe3yIbTATOB
N.T". Tlerposckoro (1937) n I'. Beia (1940) 6buto o6HAPYKEHO CBOHCTBO aHa-
JIUTHYHOCTHU pellleHuii—pacipeiesiennii u simnrudeckoro ypasaenust P(D)u = 0.
OcraBaJicst OTKPBITBIM BOIIPOC O cBoiicTBe auddepennupyemoctu. OH ObLI penéH
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JI. Xépmanaepom B 1955 r. BBeJeHNEM TOHATHUS 2UNOIAAUNMUYECKO020 TIOJTMHOMA,
Kak nojiuaoMa P(z) co cBoiicTBOM

P (2)/P(x) = 0 npu z — oo B R™, « # 0,

rie P(®)(x) — cvemanmas npoussognas P ropsyka o = (aq, . . ., ). @yHaamen-
TajbHAs TeopeMa XépMmasjepa raacuT [1], 4To Jyist BCSIKOrO OTKPBITOIO MHOXKe-
crBa X C R™ cBoiictBo auddepeHnupyeMOCTH BCSIKOTO PEIIeHnsI—PACIpe e IeHIs
ypaBrenus P(D)u = 0 umeer MeCTO TOJBKO JJIsl TUIOIINITHYECKIX OJTMHOMOB
P.

[TapaJutesibHast 1esib aHamM3a MeJIMHA [IPeIIojaraeT pacCMOTPEHUE XapaK-
TEpoB B BHUjEe COOCTBEHHBIX (DYHKIIUI OIIEPATOPOB CIBUIA B «JIOrapudMUIECKO
mkajes, T.e. pyakmmit f : C} — C Ha KOMIUIEKCHOM aJireOpamdecKoM Tope
Cr = (C\ {0})" co croticrson f(z O y) = f(@)e(y), T1e 2O Y = (@191, -, Ta).
B kuracce byHKIUA aHAJIUTHIECKIX B TOPE COBOKYIIHOCTH XapaKTePOB COCTOUT U3
crenenublx dyuknuit ©* = (27, ..., zZ"). Takum 06pasoM, AApo NpeobpasoBaHus
Mesmuna onpenensiercs auddepenimanbaoil dhopmoit z%dx /.

B nokmaze Gyner pacemorpeno npeobpaszosanue Mesunna mis Gyakinuu 1/ P,
rae P — momunom. Takasg yHKIUsS urpaer BaxkKHyI0 POJb B IIOCTpOeHHH (yHIa-
MeHTaJIbHOrO perienus oneparopa P(D). Vtak, Mbl paccMaTpuBaeM UHTErPAJL

xzfl

M[1/P)(z) = / Py 1)

R}

Hanomuum, aro cpesxoti nomuaoma P = > ¢,x% B HAIIDABJIEHUH KOBEKTODA @ €
a€cA

R™ maspiBatoT moimHOM P, = Y coz®, 1ae A% ecTh I'DaHb MHOIOIDAHHHKA
acAe
Heiorona nosimaoma P B HaIpaB/IeHUU d.

Onpepenenne 1. [lorunom P Hasvieaemcsa K6a3UIMAUNMUBECKUM, €CAU OAA
A100020 Henyaesozo xosexkmopa a € R™ ezo cpesxa P, we obpawaemcs 6 nyav 6
mope (R\0)". Ecau P, # 0 6 R}, mo P na3vi6aemcs K6a3ussrunmuieckum na
Rn

+: )

Teopema 1. O6acTeio cxopumocTy nHTerpasa (1) sisasiercs monoca A° +iR™.

O603maunm gepes ) € Z™ pHermHEe HOPMAIH K THIEPIPAHIM MHOIOTPAHHI-
ka A. Taxmm o6pasom, A = {u € R : (™) u) <v® k=1,... N}.

Teopema 2. Ilycts nosmnom P spisgercsa kKpasuajuunrudeckuM Ha R . Torga
B KaxK/JI0ii TpybuaToit obnactu U + tR™, re

Uy = ﬂ {u eR": <ﬂ(j)7u> < l/(j)}7 k=1,...,N,
J#k
npeobpaszosanue M[1/P](z) npeicrapisiercst BBIpaxKeHHeM
Mi(2) = e AD( (0 )T+ (1Y), 2)) B (2),
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B KOTOPOM

By(2) = v.p. /V Res (;Z(;I)dx) , )

rae Vi, C {P = 0} — 0BepXHOCTH BEIIECTBEHHOl pasMepHOCTH 7 — 1.
Panee B [3]| 6b110 JOKa3aHO IpEICTABICHEE BUAIA

g =00 T (40— u.2).

B KoTOopoM P(z) ectb nenast Gynkiwms. CormacHo (2) ®(z) — dyHKIMS SKCIOHEH-
IUAJLHOTO THIIA.

PesynbraThl, IpecTaBIeHHbIe B TOKIae, TOJIy9eHbl coBMecTHO ¢ M.A. Antn-
nosoit u T.A. EdpumoBbiM.

Paboma noddeporcana Kpachoapckum Mamemamuseckum Uenmpom, PuHarcu-
pyemvim Munobprayxu PO (Coenawenue 075-02-2022-876).

JIutepatypa

[1] L. Hérmander, On the theory of general partial differential operators, Acta
Math. 94 (1955), 161-248.

[2] T.O. Epmonaera, A.K. Ilux, arerpuposanne pamoHaIbHBIX QyHKIWM 10 R™
C TOMOINIBIO TOPUYECKUX KOMIAKTU(UKAINA U MHOIOMEPHBLIX BbIYeToB, Mamenm.
6. (1996) Ne 187:9, 45-64.

[3] L. Nilsson, M. Passare, Mellin transform of multivariate rational functions,
Journal of Geometric Analysis — 2013. — Vol. 23. — P. 24-46.

Obaacmu cxodumocmu 0ast CAYHAS 08YMEPHBLL

2unepzeomempuieckur pados

Yepenauckuit A.H. (Cubupckuit ®enepaibupiit Y HUBEpCHTET )
e-mail: alex.cherepanskiy@gmail.com

B poknajsie mpejcraBiieH pe3y/bTaT HCCJIEI0BaHUS 00JIACTel CXOIUMOCTHU TH-
MEePreOMeTPUIECKAX PAJMIOB, TMPEICTABIAIONINX PEITEeHNsT JIjIsI OOIIEro TeTPaHOMMU-
aJBLHOTO aaredpandeckoro ypaBHEHUsT

ao + ary' + amy™ + any™ =0, (1)

rae [, m,n — B3auMHO TIPOCTHI U | < m < n.

[IpocTbiMu MOHOMUATBEHBIME TPEOOPAZOBAHUSIME TAKOE yPABHEHIE MOYKHO CBE-
CTH K TPUBEIEHHOMY BHUIY, 3aDUKCHPOBAB MPOU3BOILHYIO APy KOIDPUIMEHTOB
ap, 4. Pemmennsa ypasnennit Torna Oy/[yT IPeJCTaBIATHCS B BUJE JBOMHBIX CTEIICH-
HBIX PsIJIOB ruepreoMerpudeckoro tumna. Ilpueenem onucanue obracreil cxoammo-
ctu Dy, paccMaTpHUBaeMbIX PAJIOB B BHJIE SABHBIX (DyHKIMOHATHHBIX HEPABEHCTB,
¢ yuactueM JucKpumuHaaTa A mojHoro ypasaenus (1).

Kombunaroproe ommcamme Takux odjacTeil cxomuMocTn ObLIO JTaHo B pabore
IMaccape-TTuxa [1].
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1 mpuBeAeHHOTO ypaBHEHHST 0003HAYNM JOMOJTHUTEIBHYIO TTapy Ko3MuIm-
EHTOB YEePe3 G, Us.

Teopema. [2] 3a uckaouenuem obaacmeti Do; u Dy ¢ Hevemmowm I u wem-
HOLMU M U N, obaacmu Dy onpedeasromes 00nUM U 08YMSA HEPLEEHCTNEAMU
caedyrouwezo muna:

A

ap=t1 ag=t1 (£ las|, +]ai|) = 0.

Hccenedosanue vinoanerno 6 pamkar epanma PHO Ne 20-11-20117.
JIutepatypa

[1] Passare M., Tsikh A.K. Algebraic equations and hypergeometric series. The
Legacy of N.H.Abel, Springer-Verlag, 2004. P. 653—-672.

[2] Cherepanskiy A.N., Tsikh A.K. Convergence of two-dimensional
heypergeometric series for algebraic functions. Integral Transforms and Special
Functions, 2020.

LP bounds for orthogonal polynomials and applications
Aptekarev A.I. (Keldysh Institute of Applied Mathematics RAS)
e-mail: aptekaa @ keldysh.ru

The classical Steklov problem deals with bounds of the Tchebyshév norm
lp]|>°(A) for the polynomials p,(x), orthonormal with respect to the strictly
positive wieght function w € LY(A)(Ss, S5 = {w : w(x) > § > 0,z €
A}. Modern applications (in particular, to the information entropy of quantum
systems) motivate us to consider also the estimates of LP norms: ||p,||E,(A) for the
Steklov weight functions w € X (A) () Ss from the various classes X := L™, S —
(the Szego class), BMO, A, — (the Muckenhoupt class).

Our talk is based on the joint paper with Sergey Denisov and Michel Alexis
[1]. Thus, we focus on ||p, |2, p > 2, for w € A3[)Ss.

References

[1] M. Alexis, A. Aptekarev and S. Denisov. Continuity of Weighted Operators,
Muckenhoupt Ap Weights, and Steklov Problem for Orthogonal Polynomials.
International Mathematics Research Notices, Vol. 2022, No. 8, pp. 5935-5972.

Local reconstruction by the spherical radon transform
Aramyan R.H. (Institute of Mathematics of NAS of RA )
e-mail: rafikaramyan@yahoo.com:

Thermoacoustic tomography (TAT) is a new safe method for Tomography. The
mathematical base of TAT is the spherical Radon transform that maps a function
to its integrals over spheres with the centers at detectors.
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We denote by R¢ the Euclidean d - dimensional space. Let S?~! be the d — 1
dimensional unit sphere in R? with the center at the origin O € R¢ and by S(P, )
we denote the sphere of radius ¢t > 0 centered at P € R?.

The main mathematical problem is to restore a real valued function f supported
compactly in a region G C R? from the mean value M f(P,t) of f over spheres
S(P,t) centered on some set L.

Exact inversion formulas for the spherical Radon transform are known for different
geometries of detectors.

The article [2] applies the consistency method for the inversion of the spherical
mean Radon transform in 3D with detectors on a plane. A new iterative inversion
formula is found which gives an algorithm to recover an unknown function
supported completely on one side of a plane from its spherical means over spheres
centered on the plane. This formula has the benefit of being local in the following
sense: for a fixed point (x,y,z), to reconstruct f(x,y,z) we need the values of the
spherical mean of f with the centers in a neighborhood of the projection of (x,y,z)
onto the detector’s plane. The consistency method first was already applied in [1]
to invert the spherical mean Radon transform in 2D with detectors on a line and
a new iterative formula to recover an unknown function was found which has the
benefit of being local.

References

[1] R. Aramyan. To local reconstruction from the spherical mean Radon transform,
Journal of Mathematical Analysis and Applications, 470 (2019) 102 - 117.

[2] R. Aramyan. Local reconstruction from the spherical Radon transform in 3D.
arXiv preprint arXiv:2206.11605, 2022.

On Some Clifford-valued Bergman Type Operators
Avetisyan K.L. (Yerevan State University)
e-mail: avetkaren@ysu.am

Clifford-valued Bergman projections on the monogenic Bergman spaces over
the real ball of R™ have been already studied in a paper of Brackx, Sommen
and Van Acker [1], and developed then by Ren and Malonek [2]. We extend and
generalize their results by considering more general Bergman operators and finding
a necessary and sufficient condition for them to be bounded on weighted Lebesgue
spaces of Clifford-valued functions. Sharp estimates for the weighted monogenic
Bergman kernel are also given.

References

[1] F. Brackx, F. Sommen, N. Van Acker. Reproducing Bergman kernels in Clifford
analysis. Complex Variables Theory Appl., 24: 3-4 (1994), 191-204.

[2] G. Ren, H.R. Malonek. Bergman projection in Clifford analysis. In: Clifford
algebras (Cookeville, TN, 2002), Prog. Math. Phys., 34, Birkhduser, Boston, MA
(2004), 125-139.
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Homogeneous operators and homogeneous integral operators
Avetisyan Zh.G. (University of Ghent, Belgium and RMC Rostov-on-Don, Russia)
e-mail: zhirayr.avetisyan@ugent.be
Karapetyants A.N. (RMC Rostov-on-Don, Russia)
e-mail: karapetyants@gmail.com

We introduce and study in a general setting the concept of homogeneity of
an operator and, in particular, the notion of homogeneity of an integral operator.
In the latter case, homogeneous kernels of such operators are also studied. The
concept of homogeneity is associated with transformations of a measure - measure
dilations, which are most natural in the context of our general research scheme.
For the study of integral operators, the notions of weak and strong homogeneity
of the kernel are introduced. The weak case is proved to generate a homogeneous
operator in the sense of our definition, while the stronger condition corresponds
to the most relevant specific examples - classes of homogeneous integral operators
on various metric spaces, and allows us to obtain an explicit general form for the
kernels of such operators. The examples - various specific cases - illustrate general
statements and results given in the paper and at the same time are of interest in
their own way.

The talk is based on the following paper:
[1] Z. Avetisyan, A. Karapetyants. Homogeneous operators and homogeneous
integral operators, Mathematical Methods in the Applied Sciences, 2022.

System of variational inequalities with interconnected obstacles
Barkhudaryan R.H. (Yerevan State University, Yerevan, Armenia)
e-mail: barkhudaryan@ysu.am

We consider interconnected obstacle problems and develop a numerical
approximation scheme for them. These problems are given as (weakly coupled)
systems of variational inequalities and model optimal decision or switching under
uncertainty. For example, these problems can be regarded as a system-version of
the American-type option problem with multiple choices and switching between

them. These systems can be written (for vector-valued functions u = (uy, -+ ,um))
as ‘
min(—L'u; — fzvrjn;gl(uz —uj +145)) =0, Uilpq = gis

for i = 1,...,m and with the compatibility condition on 0%, g; — g; + ¥;; > 0,
i # j > 0. One has also to assume certain no-gain on the loop condition (see
(1)). A solution to the preceding system is understood in the viscosity sense (see
[1,2.3)). o

For the sake of simplicity, we consider the case where L' = L’7. Additionally,
for the optimal switching problem to be well defined, we impose a non-profit loop
condition; that is, for any = € €2 and any loop g, %1,...%, = iy, where 2 < p < n,
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we assume that

P
Z%j,l,ij > 0. (1)
j=1

We examine the above optimal switching problem from different perspectives
focusing primarily on an iterative method and a monotone scheme. We begin
by addressing the theory of viscosity solutions for these systems and show the
equivalence between several definitions. Next, we consider a monotone scheme to
study the existence of solutions and for numerical computations. Subsequently, we
discuss an application in the theory of financial bubbles.
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Gabor frames for rational functions
Belov Yu.S. (Saint-Petersburg State University)
e-mail: j_b_juri_belov@mail.ru

Let g be a function in L?(R). By Go, A C R? we denote the system of time-
frequency shifts of g,

Gr = {e"""g(x — )} wyea-

A typical model set A is the rectangular lattice Ay g := aZ x BZ and one of the
basic problems of the Gabor analysis is the description of the frame set of g i.e.,
all pairs a, 8 such that Gy, , is a frame in L*(R).

It follows from the general theory that a8 < 1 is a necessary condition (we
assume «, 8 > 0, of course). Do all such «, 8 belong to the frame set of g?

Up to 2011 only few such functions g (up to translation, modulation, dilation
and Fourier transform) were known, see [3,6]. In 2011 K. Grochenig and J.
Stockler extended this class by including the totally positive functions of finite
type (uncountable family yet depending on finite number of parameters), see [5],
and later added the Gaussian finite type totally positive functions, see [4]. We
suggest another approach to the problem and prove that all Herglotz rational
functions with imaginary poles also belong to this class, [1, Theorem 1.1]. This
approach also gives new results for general rational functions. In particular, we
are able to confirm Daubechies conjecture for rational functions and irrational
densities and prove some results about irregular sampling, [2].
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About estimates of Lebesque constants for Holder spaces
Berezhnoi E.I. (Yaroslavl State University)
e-mail:ber@Quniyar.ac.mu

We set T' = [0, 27], and, as usual, in the periodic case points 0 and 27 we will
identify.

Let S(u) be the space of Lebesgue measurable functions f : T — R, x(D)
be the characteristic function of D. Along with Lebesgue spaces LP = LP(T),
p € [1,00] are often used in harmonic analysis ideal and symmetric spaces.

The Banach space of measurable functions X on 7T is said to be ideal if f € X,
g € S(u), and inequalities |g(t)] < |f(¢)] hold for almost all ¢ € T we have g € X
and [}g|X | < [If]X]|.

Two functions f,g € S(u) are said to be equimeasurable if relations u{t €
Q:|f@) <Ay =p{t € T : |g(t)] < A} < oo hold for all A > 0. For each
function f € S(T) denote by f* the nonincreasing function equimeasurable with
|f|- A Banach ideal space X is said to be symmetric if norms of equimeasurable
functions are the same.

For every ideal space X, the dual ideal space X " is well defined: it consists
of functionals, continuous on X and representable in the integral form with finite
norm

lg1 X[ = Sup{/Tg(t)f(t)dtr 11X <1}

Below we give several examples of symmetric spaces.
Let h(.) be an N-function. The Orlicz space Ly, consists of functions with finite

" ? Lf(@)l
s t
11 Ln ]| = inf{A > /0 (5 )dt < 1}
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Suppose given a positive concave function 9 (t) such that 1/(0) = 0. The Lorentz
space A(v) ( Marcinkiewicz space M (v) ) consists of all functions with finite norm

1A = ; Wf*(t)dw(t)v (I IM ()] = sup Wt)/o fr(pydt).

te(0,27]

For each f: T — R with formulas

A1<f<t)’7-> = f(t + T) - f(ﬁ), Ak(f(t)vT) = A(Akfl(f(t)’T)’T)

we define differences of the k-th order f with step 7 at the point ¢. Let X be a
symmetric space on 7" and let w be some modulus of continuity of the k-th order.
How usually, via Hy(X) denote the space of functions in which the norm is given

by the equality [|f|H (X)|| = || /|C(D)] + sup, o 12LGIXI
Substituting the spaces LP, Ly, A(¢), M () instead of X, we obtain Hélder spaces
with integral smoothness calculated in the corresponding space.

Below we will consider only the case k = 2. No changes in formulations of
assertions of the report for other k£ are required.

Let w a modulus of continuity of the 2-th order, a symmetric space X on T,

from which the space HY (X) is constructed, be given. We fix n € N. Let’s put

T sin(n + 0.5)t
=wy, D,(t)= ———>—, (teT, ne N).
w((n—i— 0,5)) “ns Dn(t) sin(0.5)¢ ( " )
Fix points ¢, = %, k=0,1,2,...,2n+ 1, and for k = 0,1,2, ..., 2n we form

gaps Uy = [tk + itl,tk+1 — itl].
We define Lebesgue constants for the space H (X) by formulas:

Ln(H (X)) = sup{ /T F()Da(t)dt - || £1HS (X)]) < 1}. (1)

Theorem 1. Let L, (HY (X)) be defined by the equality (1).
Then there is a positive constant cy such that for all n € N inequalities hold

Let us illustrate the obtained results with examples.
Theorem 2. Let p € [1,00]. Then

1

(Up)| X
IXTDIX.

YU X' || € Lo (HS (X)) < cow nl > -x
k=1

??'M—‘

)t/ if 1< p < oo
) Inn, if p=oc.

Lo(HS (7)) ~ c(p) { 4

w(

SIERAE]

Let be a N -function h, h*(t) = infsso{ts — h(s)}, (t € Ry). Then

LTL(HS)(L}L)) ~ C(h)W(%)nlnf{)\ >0: Zh*(%) < 27?,7:— 1}.

k=1
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Let be a positive concave function 9 : [0,27] — R4, ¥(0) = 0. Then

LoHF @) ~ ol _mp I
-1 1
ko o((k—1)t)

From Theorems 1 — 2 in a standard way one can obtain criteria for the
convergence of Fourier series for spaces Hy (X ), which refines the Dini criterion.

Ln(H3 (M) ~ w(5) S s = - )
k=1

Szegd measures and vibration of Krein strings
Bessonov R.V. (St. Petersburg State University and PDMI RAS)
e-mail: bessonov@pdmi.ras.ru

We give a dynamical characterization of Szegé measures on the real line. Szeg6
condition for a measure u = wdx + us,

1
/ 70gw(a?) dz > —o0,
R 1 + 1;2

is proved to be equivalent to a stable propagation of waves on an associated Krein
string. Related results in scattering theory of Dirac operators will be also discussed.
Joint work with Sergey Denisov (University of Wisconsin-Madison).

The author is supported by the Russian Science Foundation grant 19-71-30002.

Electrical filters and multiband approximation

Bogatyrev A.B. (Marchuk Inst. for Numerical Math., Moscow State Uni.,
Moscow Cent. for Fund. and Appl. Math.)
e-mail: ab.bogatyrev@gmail.com

Optimization problem for an electrical filter is a multiband generalization of
the fourth Zolotarev problem about the best uniform approximation of the Sign
function [1]. The problem attracted attention of many prominent mathematicians.
One of the approaches to the practical solution of the problem is to use an
analytic formula (Ansatz) with few unknown parameters [2]. A survey of the recent
developments in the topic will be given [3].

References

[1] E.I. Zolotarev. Zapiski Sankt-Peterburgskoi akad. nauk, 30:5 (1877).
[2] A.B. Bogatyrev. Sb. Math., 201:11 (2010).
[3] A.B. Bogatyrev. Proceedings of AMS, 149:7 (2021).

62



Capacities related with second-order elliptic equations
Fedorovskiy K.Yu. (Lomonosov Moscow State Univ. & St. Petersburg State Univ.)
e-mail: kfedorovs@yandex.ru

In the talk we plan to consider geometric and metrical properties of B- and
C-capacities (capacities defined in classes of bounded and continuous functions)
related with homogeneous second-order elliptic equations with constant complex
coefficients. These capacities appear quite natural in problems on uniform
approximation of functions on compact sets in RY, N > 2, by solutions of
the equations under consideration. In the case of harmonic functions (when
the operator under consideration is the Laplace operator), the properties of
such capacities are well known and they were deeply studied in classical works
on potential theory at the first half of the 20th century. In the general case,
these capacities are poor studied up to now. We plan to show how (in which
approximation problems) the capacities under discussion arise, to state the main
problems related with these capacities and to discuss approaches to solve them
and principal issues and difficulties differ these capacities from the harmonic ones.
Next, for a wide class of equations under consideration we plan to present new
two-side estimates of B;- and C-capacities (B- and C-capacities determined by
potentials of positive measures) via harmonic capacities in the same dimension.
The constructions are based on relatively simple explicit formulae for fundamental
solutions of equations under consideration, which we also plan to present and
discuss.

The talk is based on the joint work in progress with Petr Paramonov
(Lomonosov Moscow State University).

The work presented in this talk is carried out in frameworks of the research
project supported by the Russian Science Foundation (grant no. 22-11-00071).

On the growth of symbols of degenerate operators
Ghazaryan H.G. (Institute of Mathematics of NAS RA,
Russian-Armenian University)
e-mail: haikghazaryan@mail.ru

In connection with a study numerous problems of the theory of linear
differential equations, the quation naturally arises of obtaining the conditions
under which symbol (caracteristic polynomial) P(§) = P(&,...,&,) of the
differential operator P(D) = P(Dx,...,D,,) increases at infinity as the modulus
of its argument increases infinitely. We denote by I,, the set of such polynomials.

Elliptic, semielliptic and hypoelliptic polynomials increase at infinity ([1]),
while hyperbolic by Garding ( consequently hyperbolic by Petrovsky ) ([2], [3]
or [1]) or almost hypoelliptic polynomials ([6]) can remain bounded under infinite
argument increase. At the same time, it turns out that to check the hypoelliptisity
of an differential operator P(D) the main difficulty lies precisely in finding
algebraic conditions for checking that the symbol P(£) of the operator P(D)
increases infinitely at infinity, i.e. P € I,,.
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Let P(D) = >, 7.D% be a linear differential operator with constant
coefficients and (P) = {a : 7o # 0}. The minimal convex hhull of the set
(P)u {0} is called the Newton polyhedron of operator P(D) (polynomial P(&))
and is denoted by R(P). A polyhedron R is said to be complete ([4]), if R
has a vertex at the origin and one vertex (distinct from the origin) on each
coordinate axis of R™. The k—dimensional fases of a polyhedron R are denoted
by RF (i =1,..., Mg, k=0,1,....,n —1). The face R¥(1 <i < M, 0<k<n-—1)
is said to be principal ([4]) if among the outward normals of this face there is one
with at list one positive component.

Let ® = %R(P) be Newton polyhedron of a polynomial P(§),
RFA1 < i < M, 0,< k < n — 1) be its principal faces and P“*(¢) =
Yoa Rk Yo% be subpolynomial corresponding to the face R%. The face R¥ is called
nondegenerate ([4], [5]) if P%*(¢) # 0 for all £ € R™ : &...€,, # 0. Otherwise, the
face called degenerate. Let T' := §Rf§ (1 <ig < Mg, 0,< kg <n-—1) be some
principal degenerate face of the Newton polyhedron of a polynomial P(£). Denote
by A(T') the set of all outward normals T’ and by > (T") the set of points 7 for
which P%*o(n) = 0. Let us represent the polynomial P in terms of the vector
A€ > (T) as the sum of A— homogeneous polynomials

N N

PEO=> PO=> > 7t
j=0

7=0 (A, a)=d.(\)

where Py(§) = Ploko(¢) and P;(¢) = Pj(€,\) are A—homogeneous
(7=0,1,...,N(N), do(A)>di(A) > ..>dn(N)>0.

Also denote by J(I',n, A) the smallest of the numbers k : 1 < k < M for which
Pi(n) # 0.

When a polynomial P is degenerate the partial solution of problem P € I,
gives by following statement

Theorem. Let R = R(P) be the complete Newton polyhedron of polynomial P :
P(&) >0 V& € R™. Let all the principal faces R (i =1,..., My, k=0,1,...,n—1)
of R eqcept for principal face T' = §Rf£ (1 <idg < My,1 < kg <n-—1) be
nondegenerate and face T' be degenerate. Let J(T',n,\) =1 for all A € A(T') and
n € X(I'). Then P € I, if and only if di(T',n,A) > 0 and Pi(n) > 0 for all
Ae A(T) andn € X(I).
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On the Gasca-Maeztu conjecture for n =6
Hakopian H.A. (Yerevan State University)
e-mail: hakop@Qysu.am
Vardanyan G.K. (Yerevan State University)
e-mail: gagik.vardanyan2000Qgmail.com
Vardanyan N.K. (Yerevan State University)
e-mail: vardanyan.navasard@gmail.com

A two-dimensional n-correct set is a set of nodes admitting unique bivariate
interpolation with polynomials of total degree at most n. We are interested in
correct sets GC,, with the property that all fundamental polynomials are products
of linear factors. In 1982, M. Gasca and J. I. Maeztu conjectured that any GC,
set necessarily contains n + 1 collinear nodes [1].

So far, the Gasca-Maeztu conjecture has been confirmed to be true only for
n < 5. The case n = 2 is trivial. The case n = 3 was established by M. Gasca
and J.I. Maeztu in [1]. The case n = 4 was proved by J.R. Busch [2]. The case
n = 5 was proved by H. Hakopian, K. Jetter and G. Zimmermann [3]. Recently
G. Vardanyan provided a simpler and shorter proof for this case [4].

In this paper [5], we make a step in proving the Gasca-Maeztu Conjecture for
n = 6. Let us mention that the analogue of this step was crucial in the proof of
the case n = 5 (see [3]|, Prop. 3.12, [4], Prop. 2.8). More precisely, we prove the
following

Theorem. Assume that X is a GCg set with no line passing through seven
nodes. Then for no node in X the fundamental polynomial is a product of linear
factors three of which vanish at 18 (= 6 + 6 + 6) nodes of X.
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About some properties of the kernels of transformation operators
for the Sturm-Liouville and dirac equations
Harutyunyan T.N. (Yerevan State University)

e-mail: hartigr@yahoo.co.uk

We obtain an analogue of the Gelfand-Levitan equation for the kernel
of transformation operator, generated by Sturm-Liouville equation (with real
summable potential) with Dirichlet initial condition. The existence and uniqueness
of the solution of this integral equation is proved. Besides, the representation of
this solution in the form of a series is obtained.

For the matrix- kernel of the transformation operator, generated by Dirac
equation, and for the matrix-kernel of the inverse operator the representation
through a basis, consisting of the identity matrix and three Pauli matrix is
obtained.

On weighted solutions of 0-equation in the complex plane C
Hayrapetyan F.V. (Yerevan State University)

e-mail: feliks.hayrapetyan1995@gmail.com
Karapetyan A.H. (NAS RA, Institute of Mathematics)

e-mail: armankar2005@Qrambler.ru

In the papers [1, 2| (see also [3]) the spaces Lb  _(C) of complex-valued
measurable functions f with finite norm

[ 1rwre e o am
C

were introduced, where 1 < p < oo, p,o > 0 and v > —2. Moreover, for the
subspaces HY , (C) = H(C)N LY , _(C) of entire functions the following integral
representation was established.

Theorem 1. If f € H

1/p

P 5~(C), then

// Fw) - Eyye (0%72m: 1) = [wdm(w), zeC. (1)

whereufv‘;z,c:p‘; and
=3 o
Eypp(w,p) = ~—w wel
’ iz Dl 30)

1s well-known Mittag-Leffler type entire function.

In [4] an analogue of this result (Pompeiju-type formula) was obtained for
C'-functions in C, satisfying certain growth conditions at infinity:

Theorem 2. Assume that a function f € CY(C) satisfies the following
conditions:
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o for some e € (0,1)

fw) = 0= " when  |w| — oo
o for some e € (0,1)

0f(w) o(1—2)|wl®
8’111 —O(@ ! )7

when  |w| — oo.

Then we have

y=c- // Flw) - By (027275 1) e~ o dom(a)

_1 //aﬂm. U(z, w)dm(w), =€ C, (2)

where the kernel ¥ is defined as follows:

w]

coh(y —
U(z,w)=1+ protlz—w) /eig'rp AR P (02/”7’23; ,u) dr. (3)
w w
0

It is natural to use the second term in (2) as a base to write out an explicit
solution formula for d-equation in the whole complex plane C. In other words the
following result is established:

Theorem 3. Assume that g € C*(C), k = 1,2,3,...,00 and for some ¢ €
(0,1)
g(w) = O(e” ="y when  |w| — oo.

%.[/i@l.w@ﬂ@mmwy 2 €C, (4)
C

of(2)
0z

If we put

then f € C*(C) and

=g(z), zeC. (5)
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Probability inequalities for multiplicative sequences

of random variables

Karagulyan G.A. (Institute of Mathematics of NAS of RA)
e-mail: g.karagulyan@gmail.com

A sequence of bounded random variables ¢, n = 1,2,... (finite or infinite) is
said to be multiplicative if the equality
E[¢7L1¢TL2 d)n,,] =0 (1)

holds for all v > 1 and all possible choices of indexes n1 < no < ... < n,. Well-
known examples of multiplicative sequences are mean zero independent random
variables and more general, the martingale-differences, since the condition

E(¢n|¢17 v 7¢n—1) =0

in the definition of the martingale-difference implies (1). The trigonometric
sequences {sin(2np7z)} with integer ny, satisfying ngi1 > 2ng, are known to
be non-martingale examples of multiplicative systems on [0, 1].

The multiplicative systems were introduced by Alexits (see [1]), who also proved
that the uniformly bounded multiplicative systems are convergence systems.
The multiplicative systems were considered also in the context of central limit
theorems and law of iterated logarithm (see for example [2], [3]). Such properties
of multiplicative systems are closely related to Khintchine type inequalities. Let
rn, n = 1,2,..., be the Rademacher independent random variables. The classical
result of Khintchine states that for each p,q > 0 there exists a constant ¢, 4 such

that the inequality
1| n p\ 1/p 1] n q\ 1/q
</ szrk(t) ) < Cpg (/ Zxkrk(t) ) (2)
0 k=1 0 k=1

holds for any choices of real coefficients zj. Kahane [4] generalized Khintchine’s
inequality (2), taking coefficients xj from a Banach space F' and replacing in (2)
the absolute value by the norm of F'.

The classical definition of multiplicative system requires (1) for all subsets
{ni,...,n,} CZ. We say ¢ = {¢y} is l-multiplicative if relation (1) holds for all
nonempty subsets of cardinality < [. Likewise, ¢ is called I-independent if for any
collection of [ variables of the system ¢ is stochastically independent. We consider
systems of bounded random variables ¢ = {¢y : k =1,2,...,n} satisfying

A < gf)k < Bk, where A < 0 < By. (3)
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Setting Cy, = min{—Ay, By}, we define the [-multiplicative error of ¢ to be the
quantity

1
i(9) = > o [l bl
1§#{n17n2,...,n,/}§l niYng - LUn,

Our main result is the following inequality.

Theorem. Let G : R* — RY be a conver function and
o = {or : k = 1,2,...,n} be a of random wvariables, satisfying (3). Then
it holds the inequality

E[G (1, 0n)] < (1 + m(@) E[G (&1, -5 &n)],

where &, k = 1,2,...,n are {Ayg, Bi}- valued mean zero l-independent random
variables.

Corollary 1. Let G : R — RY be a convex function. If ¢ = {¢p : k =
1,2,...,n}, is a l-multiplicative system of random variables, satisfying ||¢x|lco < 1,
then we have

E[G(¢1,.--,00)] S E[G(11,...,m0)],

where i, k=1,2,...,n, are Rademacher l-independent random variables.
Corollary 2. Let X be a Banach space, ® : R — RT be a convex function

and ¢ = {dr : k =1,2,...} be a full-multiplicative system of random variables,

satisfying ||Pklloo < 1. Then for any finite vector sequence {x} C X it holds the

n n
(0] (mrzlix ka¢k ) P <m3x kark >1,
k=1 k=1
where ry are Rademacher independent random variables.
Different applications and extensions of these inequalities will also be
considered. The results of the present report are continuation of author’s
investigation of [5].

E <FE
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On extension of weighted spaces of holomorphic

functions in the unit bidisc to the unit matriz disc

Karapetyan A.H. (Institute of Mathematics, NAS of Armenia)
e-mail: armankar2005@rambler.ru

Let m,n > 1 be arbitrary natural numbers. Denote by M,,,, = C"™" the space
of all complex m X n— matrices. The domain

Ropn ={C € My : I™ — (- C* is positive definite} (1)

is called Cartan classical domain of type I or unit matrix disc. For
0 <p<ooandt>—1denote by HY(R,,,) the space of all holomorphic functions
f(¢), ¢ € Ry, with finite “norm”

1A= [ VFOF - [etr™ = ¢ ¢ dpn (0 @)

mn

In [1] the following problem was investigated: what type of function spaces in the

unit bidisc Us are obtained when the spaces HY (Ra,) (0 < p < oo and ¢t > 0) are

restricted (so-called diagonal mapping) to the “diagonal” of the domain Ry,.
One of possible solutions of above-mentioned problem was given in [1]:

_ Theorem 1. Assume that n > 2, a function f is holomorphic in Rz, and

f(a,d) is a restriction of f to the unit bidisc Uy. Then for arbitrary p > 0 and

t > 0 we have:

n—1
WG4 (Y, (3
where the “norm” )) e ({ is defined as follows:
NIH(Gem= /|d<| - [Fla, d)P - (L —[a?)*" 1 (1 |d])*" dm(a)dm(d)+

+/ |, )P - (1 —[af*) =t (1= [d) " dm(a)dm(d).  (4)
lal<|d|<1

In the present report an inverse problem is investigated: what type of function
spaces are obtained when weighted LP-spaces (generated by the norm of the type
(4)) of holomorphic functions in the unit bidisc Uy are extended to the domain
R,,5. The mentioned extension is understood as follows:

Definition. Let n > 2 be an arbitrary natural number. For a function f(a,d)
giwen in the domain Us , put

P i G2 Q3 --- G )
= = : 5
/ < Co1 C22 Co3 ... Con f(Cit, Ga2) (5)
which is defined in Ra, and called an extension of the function f to this domain.
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Theorem 2. Assume that n > 2 is a natural number, 0 < p < oo,t > 0. For
arbitrary holomorphic function f(a,d) in the unit bidisc Us put

8= [ U@l (1 JaP) (1 R dm(a)dm(d) +
o<|d|<]al<1

+/ [fla, d)P - (1= [a[)*"71 - (1= |d*)"*"dm(a)dm(d).  (6)
0<|a|<]|d|<1

Iff is the extension of function f to Ra, in the sense of (5), then

~ 4 5 7T2 . 22t+4 71_2 n—2
g < 88 (574 Conrs) (rness) - @
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Hausdorff-Berezin and Hausdorff-Zhu integral operators

in complex analysis

Karapetyants A.N. (Southern Federal University, Rostov-on-Don, Russia)
e-mail:karapetyants@gmail.com

We will discuss two classes of complex analysis operators that are very
similar in definition, but the operators of these classes have completely different
characteristics (properties).

In recent papers, some classes of operators in complex analysis have been
studied, which, among other, contain classical operators of mathematical physics.
For example, in [1] we introduce and study a class of Hausdorff-Berezin operators
on the unit disc based on Haar measure. This class includes the Berezin transform
itself, as well as some other classical operators, such as the invariant Green’s
potential. We discuss certain algebraic properties of these operators and obtain
boundedness conditions for them, and discuss questions of approximations of
functions by the constructions in the form of Hausdorfl-Berezin operators (see
also [2]).

A related new class of operators, called the Hausdoff-Zhu operators by the
authors, also appears naturally in problems of spectral representations (we refer
to [3]). Conditions of boundedness, compactness, and nuclearity of this operators
are given. A special attention is paid to particular but important cases of analytic
symbols and radial symbols. In particular it is shown that Hausdorff-Zhu operators
with analytic symbols are at most two-dimensional and their spectra are computed.

We will partially touch upon the more general properties of homogeneity or
invariance for operators in these classes, by analogy with studies in [2,4].
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On continuous selections of set-valued mappings in
optimization problems
Khachatryan R.A. (Yerevan State University)

e-mail: khrafik@ysu.am

In this paper we consider a parametric problem of the form
flz,y) — inf, x € M,

where M is a convex closed subset of a Hilbert or uniformly convex space X and
y is a parameter belonging to a topological space Y.

The problem of the continuity of the set-valued mapping a. is considered. By
using the linearization and gradient projection methods we study the problem of
the existence of continuous selections of the set-valued mapping

ac(y) ={r € M/f(z,y) < Jinf f(z,y) + €}

where € > 0.
We prove the following

Theorem 1. Suppose that
1) X is a Hibpert space, Y is a topological space, and M C X is a convex compact
set;
2) f(xz,y) is a s convex function with respect to the variable x;
3) f(z,y) and fl(x,y) are continuous.
Then for any point (xo,y0) o € ac(yo), there is a continuous selection of the
mapping a. passing through it, i.e there exists a continuous function x :Y — M,
such that

z(y) € ac(y) Yy €Y, z(yo) = o.
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Holomorphic maps of Hermitian CR-quadrics
Kruzhilin N.G. (Steklov Mathematical Institute, Russian Academy of Sciences)
e-mail: kruzhil@mi-ras.ru

We consider Hermitian CR-quadrics of small codimension in complex linear
spaces. We discuss conditions ensuring that local holomorphic maps between such
quadrics are linear fractional or birational. The arguments are mostly based on an
analysis of the Segre families associated with the quadrics.

Zeta-function of zeros of some entire function
Kuzovatov V.I. (Siberian Federal University)
kuzovatov@yandex.Tu

This abstract is devoted to the study of the properties of the zeta-function (¢ (s)
of zeros of an entire function f (z). We obtain an explicit expression for the kernel
of the integral representation of the zeta-function in one case.

Concerning generalizations of the zeta-function, we note that in 1950s Gelfand,
Levitan and Dikii studied the zeta-function associated to eigenvalues of the Sturm-
Lioville operator. As it turned out, its value is connected with the trace of the
operator. Further their approach was developed by Lidskii and Sadovnichii who
considered a class of entire functions of one variable, defined the zeta-function
of their zeroes and investigated its domain of analytic continuation. Smagin and
Shubin constructed the zeta-functions for elliptic operators, as long for operators
of more general type, proved a possibility of meromorphic continuation of the
zeta-function and gave some information on its poles.

Multidimensional results were obtained by Kytmanov and Myslivets. They
introduced the concept of zeta-function associated with a system of meromorphic
functions f = (f1,...,fn) in C®. With the help of the residue theory, these
authors gave an integral representation for the zeta-function, but the system of
functions fi, ..., f, was subject to rigid constraints.

Theorem 1. Let f (2) be an entire function of the zero order in C and satisfy

the condition () .
z
—wo=0(— 1|, |z]— .
o =)

Suppose that 0 < Re s < 1. Then

f' ()

where wq is the limit value of at infinity.

The method of proof of Theorem 1 shows that the statement remains valid in
the case when f (z) is an entire function of order less than 1.
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Theorem 2. Let f(z) be an entire function of order p < 1 with zeros z, =
—7n?. Then for real x € (0;+00) the following holds

flla) _vm g o— 1
oINS

The author was supported by RSF, Krasnoyarsk Territory and Krasnoyarsk
Regional Fund of Science (project number 22-21-20028).

Appell Functions in the Theory of Hyperholomorphic Functions
Malonek H.R. (CIDMA - University of Aveiro, Portugal)
e-mail: hrmalonQua.pt

The aim of our contribution is to show that Appell functions [2] are a useful tool
in hyperholomorphic function theory. Particularly, it will be shown that Appell’s
hypergeometric function F; can advantageously used as generating function of
generalized Appell polynomials in the setting of hypercomplex analysis. This result
is based on unique analytic continuation properties of hyperholomorphic functions
(see [4]). Here, it is obtained in different ways, one of them through the application
of the hypercomplex derivative, the others by the consideration of related gradients
due to variations in the applied variables.

Hyperholomorphic functions (for more details see [4]) are the main object
of an approach to higher dimensional problems by using a generalization of the
theory of functions of one complex variable from the plane to higher dimensional
Euclidean spaces. They are Clifford algebra valued solutions of a generalized
Cauchy-Riemann system of one hypercomplex variable. Different from the usual
approach by functions of several complex variables, this approach allows to work
with complex-like methods in any dimension, particularly in the 3-dimensional
Euclidean space with "real world applicationse.g. in quasi-conformal mapping
or, more general, in harmonic analysis, potential theory, differential geometry,
operator theory, BVP of PDE, analytic number theory, discrete and computational
mathematics, etc.

In general, a Clifford algebra is constructed from a finite dimensional vector
space with (not necessarily positive definite) inner product, introducing an algebra
multiplication which both reflects the properties of this inner product and a
corresponding outer product (W. K. Clifford 1878). But for our purposes it is
sufficient to start with the vector space R™ equipped with an orthonormal basis
{e1,ea,...,e,} and a non-commutative product according to the multiplication
rules

exe; +eep = =20, k,iI=1,...,n,

where dy,; is the Kronecker symbol. The set {e4 : A C {1,...,n}} with
€A =¢€nChy - €, 1<h <---<h.<mn, ep=¢e =1,

forms a basis of the 2"-dimensional Clifford algebra Cfy, over R. Each element
a € Cly, can be represented in the form o = )", asea, where oy are real
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numbers. Let R"™! be embedded in Cly, by identifying (xg,z1,...,z,) € R*T!
with
x=x9+z €A, =spang{l,e1,...,en} C Cloy.

Here, zy = Sc(x) and = e;x1 + -+ + epx, = V() are the scalar resp. vector
parts of the para-vector x € A,,. Like in the complex case,the conjugate of x is
given by Z = ¢ — z and its norm by |z| = (#z)2 = (22 + 22 +--- + 22)2. The
extension of this norm to the norm of a € Cly ,, is straightforward and leads to

ol = (3 aa)/2 = (3 a2
A A

As consequence, the usual approach to hypercomplex function theory considers
Clo,n-valued functions f(x) =>4 fa(z)ea, fa(z) € R, as mappings

fiQCR"™ = A, s Clyp.

The advantage of this approach is to deal with only one hypercomplex variable x.
A second hypercomplex structure of R”t! different from that given by A, and
for the first time systematically used in [3] (very recently discussed and applied for
other purposes in [1]), consists in using n hypercomplex variables z; (now called
Fueter variables; see [1], [4]) defined by the following isomorphism:

R = H™ = {F: 2, = 2, — 0ep; To, 2 € R}.

Hence, f(z) = 3. 4 fa(z)ea can also be considered as mapping f : @ C R*T! =
H" — Clyp.

The aforementioned different approaches to the use of Appell’s function Fj
as hyperholomorphic generating function also allow to illustrate interesting
numerical facts, e.g. the generation of the generalized Vietoris number sequence
by hypercomplex polynomial Appell sequences (see [4]).
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Trigonometric Convexity for the Multidimensional Indicator
Mkrtchyan A.J. (Siberian Federal University, Institute of Mathematics NAS)
e-mail: alex0708Qbk.ru
Vagharshakyan A.A. (Institute of Mathematics NAS)
e-mail: avaghars@kent.edu

The concept of indicator is well-known for analytic functions in one complex
variable. Multidimensional indicator after Ivanov is a generalization of that concept
for analytic functions in several complex variables. We state the trigonometric
convexity for two-dimensional indicator after Ivanov [1].

Defination 1. Denote by A,, C C the open sector determined by the angle
0 < aj <7/2as follows: Ay, = {z; € C\ {0}: |arg(2;)] < oy} .

Defination 2. Recall that a function f is of finite exponential type (h1, ko) in
the Cartesian product A,, x A,, if for any € > 0 there exists a constant k. > 0
such that

|f (21, 22)| < kee(h1+€)|21|+(h2+€)|22|’
for all (z1,22) € Ay, X Ag,.
In definition 2 we tacitly assume that hy, he > 0.
Defination 3. Denote by Exp (a1, ag) the class of functions f that are analytic

and of finite exponential type in Ay, X A,,.
Defination 4. Namely, Ivanov introduced the following set:

Ty (5) = {17 eR?: In ‘f (Feig)’ <uviry +very + Oy 5, for all 7 e RQZO} ,
Theorem Let a function f € Exp(ai,az) and the numbers Af, A, A7, A
satisfy:
(AiF’A;r) € Tf (0(1, 052) ) (Al_v AZ_) € Tf (—011, —012) 5
(AT,A;) ETf (041,—052>, (A;,A;r) ET{f (—al,ag).
Then for constants Cq,Co determined from the following formulas:
Cl sin (2051) = A-li_ sin (01 + 011) + Al_ sin (Otl — 01) y

Cysin (2a) = A7 sin (6 + ag) + A5 sin (g — 6) ,

we have

(Cl, 02) S Tf (01, 92) .
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A note on Hadamard - Bergman convolution operators
Morales E.A. (Southern Federal University, Rostov-on-don, Russia)
e-mail: evelynmorales2507@gmail.com

This paper is a continuation of the recent studies of the class of Hadamard-
Bergman operators. The notion of an operator constructed according to the
Carleson measure on the Bergman space is introduced, the Berezin transform
of the Hadamard-Bergman operator is studied, and the sufficient conditions are
given for compactness and belonging to the Schatten ideals in various cases, that
is, when the kernel of the operator is a holomorphic function, an L (D) function,
or when the operator is constructed via the measure of Carleson.

Weighted Hardy operator on the poly-tree
Mozolyako P.A. (Saint Petersburg University)
pmzlcroak@gmail.com

Let T be a poly-tree, i.e. a collection of dyadic rectangles on R™ (Cartesian
product of usual dyadic intervals on R) with natural order by inclusion.
The Hardy operator and its ’adjoint’ are

If(R) ==Y f(Q)

RCQ

'f(Q):= > f(R).

RCQ

We are investigating the action of this operator from L?(T,w~!) to L*(T,pu),
or, which is the same, I* from L*(T',u~!) to L?(T',w), where w and u are just
collections of non-negative weights attached to the elements of I'. If for given u,w
the Hardy operator is bounded, we call (u, w) the trace measure-weight pair.

Our main goal is to provide a characterization of such pairs. They appear
naturally in a number of settings — Hardy operators on [0,+00)", Carleson
measures for analytic and harmonic weighted Dirichlet spaces on the poly-disc,
maximal operators on dyadic rectangles, etc.

We plan to give a short review of known results and discuss some recent
developments regarding the case of non-product weights.

Holomorphic continuation of functions with boundary
Morera properties
Myslivets S.G. (Siberian Federal University)

e-mail: sMyslivets@sfu-kras.ru

We consider some results related to the holomorphic extension of functions that
are continuous on the boundary of a bounded domain with a piecewise-smooth
boundary to this domain. We will talk about functions that satisfy the Morera
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boundary condition. It consists in the equality of zero integrals of this function
at the intersection of the boundary of this domain with coplex lines or complex
planes. E.Greenberg studied functions with the Morera property in the ball (in
fact, this result was contained in the article by M.L.Agranovsky and R.E.Walsky).
I.Globevnik and E.L.Stout and D.Govekar obtained Morera’s boundary theorem
for an arbitrary bounded domain with a twice smooth boundary. The local version
of Morera’s theorem is considered by I.Globevnik, D.Govekar-Leban. In the work
of S.G.Myslivets, functions with the Morera property along complex curves are
considered. In the works of the author, some families of complex lines sufficient
for holomorphic extension of functions are given.

Let D be a bounded domain in C™ (n > 1) with a connected piecewise-smooth
boundary. (A domain with a piecewise-smooth boundary is a smooth polyhedron).
Consider one-dimensional complex lines [, ; of the form

lz,b:{CE(CnZCj:Zj-i-bjt,j:l,...,?’L,tE(C}, (1)

passing through a point z € C™ in the direction of a vector b = {by,...,b,} €
CP"! (the direction of b is determined with an accuracy of up to multiplication
by a complex number A # 0). By Sard’s theorem, for almost all z € C™ and almost
all b € CP" !, the intersection 8D N l.p is a finite set of piecewise-smooth curves
(except for the degenerate case where 9D N, = 2).

Definition 1. We say that a continuous function f on 0D (f € C(0D))
satisfies the Morera property along a complex planel of dimension k, 1 < k < n—1,

if
JRGEGE
aDNl
for any differential form B of type (k, k—1) with constant coefficients. It is assumed
that the plane [ transversally intersects the boundary of the domain D. If [} is
a complex line intersecting 0D transversally, then the Morera property along [,
consists of the equality

f(z+bt)dt = / fz14+bit, ... 2y +bat)dt =0 (2)

8Dﬂlzyb 6Dmlz,b

for the given parameterization ( = z + bt of the complex line [ ;.
For complex lines, we consider a more general condition. Let k£ be a fixed non-
negative integer, then the condition

/ f(z+bt)tkat = / fz1 + b1ty ..oy 2 + bpt)thdt =0 (3)
oDNl; oDNl;

we will call the generalized Morera property. For k = 0, the condition (3) becomes
the condition (2).

We formulate this result. Let D be s smooth polyhedron (that is smooth parts
od the boundary are of class C?) and the complement C™ \ D is connected.
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Theorem 1. Let D be a bounded domain in C" (n > 1) with a connected
piecewise-smooth boundary and let for a fized k and a function f € C(OD) the
condition (8) hold for almost all lines ., of the form (1) intersecting an open
set V. .C D (or an open set V.C C"\ D), then the function f is holomorphically
extended into D.

Earlier we proved this theorem for domains with a smooth boundary and for
k = 0 it was proved by J. Globevnik and L. Stout.

Now we will consider the so-called sufficient sets for holomorphic continuation.
Let D be a bounded domain in C™ (n > 1) with a connected smooth boundary.
Recall that a smooth manifold I" of class C* is said to be generic if the complex
linear span of the tangent space T (I") coincides with C™ for each point z € T'. We
denote the family of all complex lines intersecting I" by £r.

Theorem 2. Let D be a bounded domain in C™ (n > 1) with a connected
smooth boundary and let for a fizred k and a function f € C(OD) the condition (3)
hold for almost all lines | from Lp then the function f is holomorphically extended
into D.
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Discrete Painlevé II equation and representation of symmetric group
Novokshenov V.Yu. (Institute of Mathematics, Ufa Science Center RAS)
e-mail: novik53@mail.ru

Discrete Painlevé equation of the second type

nTy

dPII . P e —
SR FE R}

n €N, (1)
is transformed into the classical Painlevé II equation u” (t) = tu(t) + 2u3(¢) under
the scaling [1]

t=(n-22)v"5, x,= (—1)"1/_%11(15)7 n — oo. (2)

Equation dPII is integrable by means of special version of Riemann-Hilbert
problem (see [2]), its asymptotics as n — oo were found in [1].

Let S,, be a symmetric group of order n, i.e. the permutation group of the set
of n elements denoted by integers 1,2,...,n. Put A, (o) to be largest increasing
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1

subset in permutation o € S, and |-| be the number of elements. Set pj! = -+ {0 €

Sny | An(o)] <k}, and introduce the generating function

X 2n
2 14
OIS Sy

n=0

where v is some parameter. Take all partitions A = (A1, A2,...,A) € S} such
that [A| > -+ > |N| > 0, [Ai] < k and |\ = |A1|+ -+ |\i]. Let dim A be a
dimension of irreducible representation of symmetric group S|y, then one has

_2 dim A\ 2
n = 5 ()

A<k

where summation is taken over all partitions A. Calculation of py(v) is an important
task in representation theory of the symmetric group. As it was proven in [3] this
function has the form of Toeplitz determinant

“+00
pr(v) = e detlli_;(20) 18,y , > Iu(2)gm =D (3)
where I, are modified Bessel functions of the first kind.
Another form of pg(v) is linked with special dPII solution, namely, if one set
the initial data

To = :F]., T = :|ZI1(2I/)/I0(2I/) (4)
and find solution z,, of dPII, then [2]
Prt1(V)pn-1(v) 2
o AR =] — g, 5
P w) o ®)
Xn, Pn

-05

~10f "

Figure 1: Special solution of dPII with » = 15 and initial conditions (4) (squares)
and corresponding values of p,(v) in (5) (circles).

The constraint (5) is used to estimate x,, with initial conditions (4). The limit
of the Toeplitz determinant is given by the well-known Szegd theorem
2

lim det[l;;(2v)]; ;=1 =€ .

n—oo
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Thus, p,(v) — 1 and x,, — 0 as n — oo. This also follows from probabilistic
argument, i.e. the asymptotics p, (v) — 1 means that increasing sequence [,, always
certainly is no longer than n.

The structure of solutions x,, p, are shown in Figure 1. The point n = 2v
marks a transition of x, from oscillation to exponential decay and p, from 0
to 1. This is due to the scaling (2) and the choice of Painlevé II solution with

asymptotics
(t) % ' 7 (6)
u ~ —1/4
tz\//; exp (—%t3/2), t — +o0

(Hastings - McLeod solution).
Theorem. Equation dPII (1) with initial conditions (4) has asymptotics (6)
in terms of Hastings - McLeod solution u(t)

Tp = (—=1)"v 5 u(t), t=(n—2w)v3,

and generating function p,(v) of irreducible representation of symmetric group Sy,
is found by formula (5).
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A boundary value problem for fractional differential inclusions
of order 1 < g < 2 with an almost lower semicontinuous multimap
Obukhovskii V. (Voronezh State Pedagogical University, Voronezh, Russia)
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In recent decades, the study of boundary value problems for fractional
differential equations and inclusions in Banach spaces has become very popular
(see, for example, [6]-[8]). One of the best methods for investigating such problems
is the methods of nonlinear analysis (see [1]-[5]). In the present work we consider in
a separable Banach space F a boundary value problem for a semilinear differential
inclusion

“Dix(t) € Ax(t) + F(t,z(t)),t € [0,T), (1)
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with a boundary conditions
x(0) = xq, 2’ (0) = x1. (2)

Here the symbol ¢ D{ denotes the Caputo fractional derivative of order 1 <
g <2, A:D(A) C E — FE is a linear operator generating a family of cosine
operator—functions, F': [0,7] x E — E is an almost lower semicontinuous (a.l.s.c.)
multivalued map that satisfy the following conditions

(F1) F:[0,T] x E — K(F) is a.ls.c;

(F'2) for every r > 0 there exists a function w, € L*([0,T]) such that for all
x € E with ||z|| < r we have:

1E(t 2) || < wr(t)

for a.e. t € [0,TY;
(F'3) there exists a function p € L°°(]0,T]) such that for every bounded subset
@ C E we have:

X(F(t Q) < u(t)x(Q),

for a.e. t € [0,T], where x is the Hausdorff measure of noncompactness in E.
Theorem 1. Under conditions (A), (F1) — (F3) the set of mild solutions of
boundary value problem (1)-(2) is a nonempty subset of the space C([0,T]; E).

The work was supported by the Russian Science Foundation (project number
22-71-10008).
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Completely bounded Schur multipliers
Peller V.V. (St.Petersburg State University)
e-mail: peller@msu. edu
I am going to speak about my joint results with A.B. Aleksandrov.

Definition 1. A matrix {a;x};r>0 of complex numbers is called a Schur
multiplier of Schatten-von Neumann class Sp, p > 0, if for an arbitrary matrix
{bji}jk>0 of an operator on ¢? of class S, the matrix

{a;kbir} k>0

also represents an operator of class S,.

Definition 2. A matrix {a;;}; x>0 of complex numbers is called a completely
bounded Schur multiplier of Schatten—von Neumann class Sy, p > 0, if for an
arbitrary block operator matrix {Bj}; x>0 (i.e., the Bjj are operators on Hilbert
space) of class S, the operator block matrix

{ajk Bik k>0

also represents an operator of class S,.

It is well known that for p = 1 and p = 2 each Schur multiplier of class S, is
completely bounded. Gilles Pisier posed a problem of whether the same is true for
all p > 1.

The main result of the talk is that for p € (0,1), each Schur multiplier of class
S, must be completely bounded.

On the Convergence Domains of Hypergeometric Series for Solutions
to Systems of Algebraic Equations
Phan Kh.Q. (Siberian Federal University, Russia)
e-mail: phquangkhanh@gmail.com
Tsikh A.K. (Siberian Federal University, Russia)
e-mail: atsikh@sfu-kras.ru
In 1889 J. Horn gave a description of convergence domain for the hypergeometric
series in two variables a,b (see Horn, [3]), that is the parameterization |a| =
v1(8),1b] = @a(s),s € Ry for the conjugate radii of convergence domain. In 1991
Kapranov [4] proposed an remarkable analog of the parameterization. In 2020,
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by using the Horn-Kapranov parametrization, introduced by A. K. Tsikh and M.
Passare [5], Cherapanskiy and Tsikh [2] have a description for the convergence
domain of the hypergeometric series presenting the solution to an algebraic
equations with order n.

In our study, we use parameterizations for { Ay, ..., A, }-discriminants of systems
of algebraic equations, introduced by Tsikh and Antipova [1], to describe the
convergence domain of hypergeometric series presenting solution y = (y1,y2) to
the system

(1)

a1y™ +agy®® + azy™ =0,
byt + bayP2 + b3yPs =0,

with variable coefficients a;,b; € C? and fixed exponents «;,3; € Z*. Using
suitable division we can reduce each such trinomial equation and then obtain
a reduced system of the form

(2)

yi* +aylys —1=0,
yh + byiys —1 =0,

where m,n € Zo and (p,q), (u,v) € Z>.

The discriminant for the general system (1) is a polynomial denoted by
A(ay,az,as,b1,be,b3). For the reduced system (2) the discriminant is the
polynomial A(1,a,—1,1,b,—1).

For the solution y = (y1,y2) to (2) with (1, p2), (p, q), (u,v) € Z2,, we consider
the hypergeometric series for the monomial function

v =) caa™ b, (3)
a€N?

And for the so-called principal solution (satisfying initial condition
y(0,0) = (1,1)), we get the following expression of coefficients c,:

Ca = (—1)0‘1+a2 -T'y - Ra,
where

F(er-rl;m + %041 + %OQ)F(;M[H + %011 + %042)

[(ar + 1) (ap + DI(AER 4 2o, 4 %ag)I‘(MTH + fon + ”—l_lozg)7
(p1 + uaa) (2 + gon) — uganan

(1 + pau + uag)(p2 + qan +vag)’

Iy =

a =

We call T, the gamma-part and R, the rational-part of the coefficient c,.
Theorem 1. Let A(1,a,—1,1,b,—1) be the discriminant of the system (3). The
convergence domain of the hypergeometric series (3) representing the monomial

vy yh? of the principal solution is determined by 1 or 2 or 3 inequalities of the

types
+A(+1, £|a|, -1, £1,£|b|,—1) < 0. (4)
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In order to explain the statement of this theorem let us consider the following
example.

Example 1. Consider the system of trinomial equations

yP +ayiys —1 =0,
ys + b1y — 1 =0,

with the discriminant A(1,a,—1,1,b,—1) =: A(a,b):
A(a,b) = —27 — 4a® + 6a2b + 6ab® — 4b° + a*b? — 2430 + a*b*.
The convergence domain of the series for the monomial y\" y5? of the principal
solution to the system (5) is determined by two inequalities of the type (4) as
following:
D = {A(lal, =[b]) < 0} N {A(=lal, [b]) < 0}.

This work is supported by the Krasnoyarsk Mathematical Center and financed
by the Ministry of Science and Higher FEducation of the Russian Federation
(Agreement No. 075-02-2022-876).

References

[1] I.A. Antipova and A.K. Tsikh. The discriminant locus of a system of n
Laurent polynomials in n variables. Russian. In: Izv. Ross. Akad. Nauk Ser. Mat.
translation in Izv. Math., 76.5 (2012), 881-906.

[2] A.N. Cherepanskiy and A.K. Tsikh. Convergence of two-dimensional
hypergeometric series for algebraic functions. In: Integral Transforms and Special
Functions, 31.10, (2020), 838-855.

[3] J. Horn. Uber die Konvergenz der hypergeometrischen Reihen zweier und dreier
Veranderlichen. In: Math Ann, 34, (1889), 544-600.

[4] M.M. Kapranov. A characterization of A-discriminantal hypersurfaces in terms
of the logarithmic Gauss map. In: Math. Ann., 290, (1991), 277-285.

[6] M. Passare and A.K. Tsikh. Algebraic equations and hypergeometric series.
The Legacy of N.H. Abel. Springer-Verlag, (2004), 653-672.

On the 3-generated commutative rings of differential operators
Shabat G.B. (Russian State University for the Humanities)
george.shabat@Qgmail.com

The general theory of commutative rings of differential operators (containing
the operators of almost all orders) was basically completed in 1970-s; the complete
classification in algebro-geometric terms can be found, e.g., in [1]-[2]. This theory
established the bijection of the isomorphic classes of such rings and certain linear
flows on the jacobians of projective models of their spectra.

A special attention was paid to the rings, generated by two operators of the
coprime order, usually of order 2 and of some odd order; the theory of such
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rings turned out to be equivalent to the theory of KdV hierarchy. However, the
corresponding algebraic curves were always hyperelliptic.

In order to handle the general (canonical curves), one should consider the rings,
generated by more than two operators. In the paper [3] the author considered the
simplest possible case of this kind — that of generators of orders 3,4,5. The following
theorem is a result of straightforward calculation.

Theorem 1. For an operator D? 4+ pD + q there exist operators of orders 4 and
5, commuting with it, if and only if for some constants C1,...,Cq1 the following
system of ordinary differential equation holds:

" —2¢" + 2pp" — 4pq = 3C1p’ + 6C1q + 3Cs2p + Ci, (1)
4
2p™V — 3¢" + 6pp” + 3p™* — 3pq’ + gp?’ —6¢> =9C1¢' +9Csq + Cs, (2)

5
PtV + 5pp” + 15p'q + gp3 —15¢% = —=9C7p’ +18C7q+9Csp+ Cio,  (3)

q"V +10p"q + 10p'q’ + 5pq” + 5p*q — 15q¢' =
= —6C7p" — 3C7p* + 9C7q +9Csq + C1;. (4)

In [3] the solutions of (1)-(4) were rationally parametrized and some algebro-
geometric application of this parametrization presented. The main step used the
transformation to the system

The system (5)-(8) demonstrates some enigmatic phenomena: two of the
equations are non-differential and two are linear in q — %p’ . The explanation of
these phenomena was out of reach in 1980-s.

The talk will be devoted to algebro-geometric interpretation of the related
construction, based on the well-known smooth models of genus-two curves as
quintics in the projective 3-space. Some interesting special cases will be considered
and the discrete analogs discussed.
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Test wavelets on the Vilenkin groups

Skopina M.A. (St. Petersburg State University and
Regional Mathematical Center of Southern Federal University)
e-mail: skopinama@gmail.com

Let G, denote the locally compact Vilenkin group associated with a positive
integer p > 2. It is well known that the characters of G|, are the generalized
Walsh functions (see [1], [2]). As well as the additive group of the p-adic number
field Q,, the group G, is a special case of zero-dimensional groups. A general
method for constructing the Haar bases on different structures (including local
fields of positive characteristic and zero-dimensional groups) was proposed in [3].
It is known [4] that any orthogonal wavelet basis for L?(Q,) consisting of band-
limited functions is a "damaged" (wavelet equivalent) Haar basis. The situation
is different for the Vilenkin groups, where there exist orthogonal band-limited
wavelet bases essentially different from the Haar bases. The first examples of such
bases were constructed in [5].

Similarly to the real setting, the construction of wavelets on the Vilenkin groups
is based on a multiresolution analysis generated by a scaling function that has a
number of special properties, in particular, it must be refinable (solution of a
refinement equation). Such wavelet systems are called MRA-based. MRA-based
wavelets inherit important properties (such as smoothness and compactness of
the support) of the generating scaling function. That is why we are interested
in providing smoothness for refinable functions as much as possible, and the
band-limited functions are optimal in this sense. In contrast to the real setting,
there exist compactly supported band-limited functions on G),. The class of such
functions is an analogue of the Schwartz class on the real line, and these functions
are finite linear combinations of the generalized Walsh functions which, in turn, are
step functions. Wavelets generated by step scaling functions are also step functions.
That is why compactly supported band-limited refinable functions lead to the test
wavelets, which is used in the approximation theory on the Vilenkin groups. In
particular, it is known that test wavelets provide the best order of approximation
in some functional spaces. A number of concrete examples of compactly supported
step scaling functions generating wavelet bases and frames on G, exist in the
literature (see, e.g., [5], [6])-

In the present paper, we give a complete description of all compactly supported
refinable step functions on G, and the corresponding wavelets, in particular, to
construct MRA-based tight frames and orthogonal wavelet bases.
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Mathematical model of a non-classical problem of bending a beam
of variable thickness with an additional condition
Stepanyan S.P. (Yerevan State University)

e-mail: seyran.stepanyan@ysu.am

It is known that the elements used in various construction systems are in the
form of beams, plats, and shells.The clarification of the bearing capacity of these
elements, depending on external influences becomes decisive. In this regard, the
mathematical description of the observed physical problem is very important.
The following problem is considered in this work.

An orthotropic beam is observed with variable thickness h, length [, and width b.
The beam is under the action of a uniformly distributed load.
Let us describe the mathematical of the problem.

The following system of differential equations was obtained to solve the problem

of beam bending, which is based on the refined theory of orthotropic plates of
variable thickness [1].

(2)

{8#5’; — 1690, =12,

Bh24w 4 ophdhdw _ poop2@er _ 9pgpdhdes | 8oy = 0.

dx dx? dx dzx

The beam is elastically clamped at the edge x = 0.
It is known [2] that the condition of elastic clamp is described by the following
equations:

%:D(an—Mw), w:a%—l—BNw, D:i—?. (3)
Here w, N,, and M, are the bending, the shear force, and the bending moment,
respectively. D and B are the parameters of the elastically clamped support.
When x = [, then we have that

w=0; — =0. 4)

The beam is articulated at some distance from the elastic clamping rib w = 0,
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which gives an additional condition. At this point the following condition hold

Pw

:O' _
v " dx?

=0. (5)
Thus, the system of differential equations (1) obtained for solving the physical
problem, together with the conditions (2), (3), and (4), is a mathematical model
of the problem of bending a beam of variable thickness.

Numerical optimization is completed depending on the set of different values of
parameters.

The optimal solution has been found.
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Maz’ya’s ®-inequalities
Stolyarov D.M. (St. Petersburg State University)
e-mail: d.m.stolyarov@spbu.ru

The talk will be devoted to a special class of limiting Sobolev inequalities,
where the vectorial nature of functions and operators plays the crucial role.
Sometimes such inequalities are called Bourgain—Brezis inequalities. Consider
a version of the limiting Sobolev inequality [Vflr, ., ., < [AfllL,, here
we consider smooth compactly supported functions f on R?, and the sign <
means there is a multiplicative constant independent of the choice of f. Such
a bound is not true (it should not be mixed with the Gagliardo—Nirenberg
inequality || fllz,,_,, S IV fllz,, which is true). In [1], Vladimir Maz’ya suggested
a non-linear modification: let now ®: R? — R be a positively d/(d — 1)
homogeneous function, then

| [e(vs@)ds| < 18517,
R4

provided @ satisfies additional cancellation condition [g,_, ®(¢)do(() = 0;
here S~ is the unit sphere in R% equipped with the standard Hausdorff measure o.
He considered the special case d = 2 and @ is a quadratic form and conjectured
the inequality is always true.

I will try to survey the proof of the inequality or at least explain the main
ideas. The approach is not the most common for the field. We will first construct
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a discrete model that mimics the problem and solve that version using a harmonic
analysis technique called the Bellman function (having its origins in the stochastic
optimal control). Then, we will transfer the ideas of proof to the original continuous
setting (such a trick is quite common in harmonic analysis and there are many
instruments available). This will lead us not to the proof of Maz’ya’s conjecture
only, but also to a wider class of inequalities: we will describe all the (sufficiently
regular) pairs K, ®, where K: R? — R’ is an (d — a) positively homogeneous
kernel and ®: RY — R is d/(d — «) positively homogeneous function, such that the
inequality

d_
| [ o gta)) do] 5 N7,
Rd

holds true for all smooth compactly supported functions g with zero mean.
Based on the papers [2] and [3] and supported by the Russian Science
Foundation grant n. 19-71-10023.
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Degenerate third order differential-operator equations
Tepoyan L.P. (Yerevan State University)
e-mail: tepoyan@yahoo.com

We consider two boundary value problems (BVP) for degenerate differential-
operator equations of third order

Su= (t“u") — Au' + Bu=f, u(0)=u'(0)=1'(b) =0, (1)

Mu= (t“u") — Au' + Bu= f, wu(b) =u'(0) =/(b) =0, (2)

where t € (0,0), « >0, A,B: H — H are in general unbounded linear
operators in separable Hilbert space H, commute with Dy, f € Ly((0,b), H), i.e.

b
112 = Jo IF@ONF dt < oo
We assume that the operators A, B : H — H have a common complete system
of eigenfunctions {¢y }%2 ,, which form Riesz basis in H, i.e., Ay = arpr, Bor =
bk, k € N and for every x € H we have

T = Trpr, (3)
k=1
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and there are some positive constants ¢; and ¢y such that

oo oo
) lanl < el <ea ) |l (4)
k=1 k=1

We prove that under some conditions on the operators A, B and on the number
« the boundary value problems (1) and (2) have unique generalized solutions
u € La((0,b), H) for any f € L2((0,0), H).

First we investigate one-dimensional cases of boundary value problems (1) and
(2), when Au = au, Bu = bu, a,b € C. Then we consider operator equations.

LPR inequality for arbitrary Vilenkin systems
Tselishchev A.S. (Leonhard Euler International Mathematical Institute, PDMI)
e-mail: celis-anton@yandez.ru

Let f be a function on R. For an arbitrary measurable set £ C R we denote
by Pg the Fourier multiplier that acts on f in a following way:

Pef=(xsf)".

The famous Littlewood—Paley theorem (which was proved in [1]) states that if
I; =[27,20F1) U (—29%1, —27], then for every p, 1 < p < oo, we have

Il = || (X2 ‘P,jf|2>1/2‘
JEL

The notation A < B means that there exist positive constants ¢ and C' such that
cA < B<CA.

The sequence {27} in the theorem may be replaced by any lacunary sequence
{\;}, that is, A; should satisfy the condition Aj4+1/A; > ¢ > 1.

In the paper [2] Rubio de Francia proved that if I; are arbitrary disjoint
intervals in R then for any p, 2 < p < 0o, we have

S et < i
7 L

We will discuss a similar inequality in the context of arbitrary Vilenkin systems;
the functions in these systems are characters of the infinite product of cyclic groups.

e
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Sectorial Paley- Wiener theorem
Vagharshakyan A.A. (Institute of Mathematics, Armenia)
e-mail:avaghars@kent. edu

By correcting, simplifying and extending a result of M. Morimoto, we prove a
Paley-Wiener type theorem for functions of exponential type in a sector. It serves
as a sectorial analogue of Polya’s theorem on the indicator of entire functions and
improves a result of M. Dzhrbashyan and A. Avetisyan by finding the maximal
convex set of analytic continuation inside a sector.
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