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YHucieHHO-aHAJIMTUYECKOe MCCJIeJOBAHUE JIMHAMUKN
BUOPOY/IAPHOTO0 MeXaHU3Ma C YYeTOM BJINSHUS
obpabaTbiBaeMoii cpeabl

FO. 1. Aaucumona, 1. B. Hukudoposa

HHTY um. H.U.JIobavesckozo

Paznoobpazue 3aja, B KOTOPBIX MPUXOIUTCS HCCJIEIOBATH JIMHAMUYIE-
CKHe CHUCTEMBI C Pa3pbIBHBIMU HEJMHEHHOCTSIMU HEOOBIYAHO MHPOKA. DTO
CUCTEMBI C CyXUM TPEHUEM, BUOPOYIAPHbIE, CACTEMBI C IEPEMEHHON CTPYKTY-
];)01'717 MHOT'OYUCJICHHBbIEC MEXaHN1IeCKNE U PaJUOTEeXHUICCKNEe CUCTEeMbI C HEeTJIa/ -
KIMHJ XapaKTePUCTUKAMH OTIEJbHBIX 3jeMeHToB u T.J. [1,2,3]. Pazpaborka
TEeOpUrn N METOAUKHN pacdeTa TaKUX yCTpOﬁCTB BeCbMa aKTyaJibHa JIJIsd MHO-
rux obsiacreil coppemMenHoro Mammuocrpoenus. [4,5,6,]. Heobxonumocts ma-
TEMATUIECKOTO OMUCAHUS CUCTEM C YIAPHBIMUA B3aNMOICHCTBUIMU BO3ZHUKA-
€T TaK»Ke B CBJA3U C PACYETOM IIPOIECCA YIAPHOI'O TOPMOYKEHUS CUCTEM.

B pabore uzydaercs quHaMuKa BUOPOYIAPHBIX MEXAHU3MOB C KPUBOIIIUITHO-
IMATYHHBIM BO30yIuTeIeM KOJIEOAHUN U C yIeTOM CBOHCTB 00pabaTbiBaeMOoit
cpegpt [7].

UccnenoBanne HAIIPABIEHO Ha YUCACHHBIN aHAIN3 TUHAMUKN BUOPOYIAD-
HOT'O MEXaHU3Ma C JIByMsI HOPITHAMU-YIAPHUKAMEI, B KOTOPOM CHJI& COIIPO-
TUBJICHUS 3aBUCUT OT BEJIMYUHBI IPEALIIyIeil ocanku rpyurta. [Ipeacrasiie-
HA MaTeMaTH4YecKas MOJIeJIb MexaHu3Ma. BbIBejeHbl ypaBHEHUs JTBUKEHUS
CUCTEMBI, IIPUBEICHHBIC KAaK B PA3MEPHOM, TaK U Oe3pa3MepHOM BHUJIE.

[Ipoanaju3upoBana JuHAMUKA B3aUMOJIEHCTBUS YIUIOTHAIONIETO MeXa-
HHU3MAa C TPYHTOM C YYETOM CHUJIbI COITPOTUBJICHUS U AMOPTU3AIMOHHBIX CBOICTB
cucreMbl. [locTpoeHbl OCITUIITIOrPAMMBI JIBUKEHUSA, JEMOHCTPUPYIOIINE TPO-
[eCC YIUIOTHEHUS TPYHTA IPU PA3JIMIHBIX 3HAYEHUSIX [TaPAMETPOB CUCTEMBI.
B zakuiouenue ormedaeTcs, YTO JAJIbHENIIINE UCCIIEI0BAHIS OYLyT COCPE0-
TOUYEHBI Ha 0oJIee JeTAJbHOM yueTe (PU3NKO-XUMUIECKUX CBOUCTB 00pabaThi-
BaeMbIX Cpel W OIITUMHU3alN IIapaMeTpOB MeXaHnu3Ma JJigd IMOBBIIICHUA €0
3P PEKTUBHOCTH.
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O cucremax nTepupoOBAHHBIX (DYHKITNI, AaTTPAKTOPDI
KOTOPBIX ABJAIOTCA KAHTOPOBBIMU MHOX>KECTBaMU

A. B. Baraes, /I. M. I'aneena

Buicwas wxora sxonomury Husernuii Hoszopod

OHUM U3 BazKHBIX HHCTPYMEHTOB IIOCTPOEHNUST (DPAKTAJIOB SIBJISETCS TEO-
pHsL CHCTEM NTePHPOBaHHBIX QyHKINil. CHcTeMOit HTePUPOBAHHBIX (DYHKINIT
(CHI®) Ha 10JHOM MeTPHYECKOM IIPOCTPAHCTBE X HA3BIBAETCS KOHEYHBbIi
Habop cxkumaromux orobpaxkenuit S = {f1,..., fr}, 3amanneix vHa X. Co-
riacHo teopeme Xarumucona [I] must yoboit CUD S = {f1,..., fi} na X
CYIIECTBYeT €JIMHCTBEHHOE HeIlyCTOe KOMITAKTHOe mojMHO)kecTBO A C X,
MHBapHAHTHOE OTHOCUTEJIHHO S

fi(A)Uu---U fr(A) = A.

MuozkectBo A HazwiBaercst arrpakropom CU® S. Arrpakrop A CUD S
MOXKET MPEJICTABIATh COOON KaK «IIPOCTOE» MHOXKECTBO, TaK U MMETb OoJiee
CJIOYKHYIO CTPYKTYPY U SIBJISITHCST (DPAKTAJIOM.

Mpsr uccaenyem CHU®, aTTpakToOpbl KOTOPBIX SIBJISIOTCSH KaHTOPOBBIMU
MHOXKecTBaMu. BazkabiM Kjaccom Takux CU®D ciyKaT BIIOJHE HECBsI3HBIE
CUO.

[Tousitue Brosue Hecsizoit CU®D upejioxkeno Bapucin [2]. B coem
OIIPe/IeJIEHNN OH UCIIOJIH30BaJ TOHATUS aJ[PECHOTO IPOCTPAHCTBA U a[PECHON
dyHKIHIN.

Hamu mpesjioskeHbl Apyrue ompejesieHnst BroJHe HecBsizHol CUD, He
UCIIO/TB3YIOIIME TOHATUS AJIPECHOT0 IIPOCTPAHCTBA U aJPEeCcHOi (hyHKIUU, u
JIOKa3aHa MX SKBUBAJEHTHOCTH OIPEICICHUIO, TaHHOMYy BapHciin.

[Ipumensisi HaIT TOJAXOM, MbI MOJYYUIN JOCTATOYHBIE YCJOBHUS BIIOJIHE
uecsizHocT CUD.

Haiinennr nocrarounsie ycsoBusi, npu KoTopbix arrpakTop CUD ssiis-
€TCsl KAHTOPOBBIM.

[ocrpoenst npumepbr CUD, arTpakTOphl KOTOPBIX MPEICTABISIOT OO0
KAHTOPOBBI MHOXKecTBa, 1ipu 3TroM CUD He sIBJIsieTCsT BIIOJIHE HECBSI3HOIA.

Uccnenosanue ocyrecTsaeHo B paMkax IIporpaMMbr hyHIaMeHTATILHBIX

uccienosanniit HUY BIID.
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Perynspusaius HeKOpPEKTHBIX OOpAaTHBIX 3a1a4
gyepe3 0000MIEHHBIE IICEBI000pAaTHBIE OEPATOPHI

A. A. Baruposa

Hayuonarvruii uccaedosamenveruds yrusepcumem «Buicwa wrora
IKOHOMUKU>

HekoppekTHble oOpaTHbIE 3a/a9d, BO3ZHUKAIOIIUE IIPU PEIICHUN WHTE-
rPaJIbHBIX YPABHEHU IEPBOTO POA, KAK IIPABUIIO, HE YIOBJIECTBOPIIOT YCJIO0-
BHUSIM KOPPEKTHOCTH 110 A jaMapy, 94TO IPUBOJUT K OTCYTCTBUIO YCTONUIUBBIX
periennii B npocrpancrse 3a1anubix Janubix [1, 2] B]. KomnakrHocTs onepa-
TOopoB K B rtyibOEPTOBBIX IIPOCTPAHCTBAX JejIaeT MpsiMoe OOpalleHne TaKnX
yPpaBHEHUII HEKOPPEKTHO IOCTABJICHHON 3aatiell, MOCKOJIbKY CIEKTD OIepa-
Topa K COMEpKUT CXOISILYIOCT K HYJIIO TOCJIEI0BATEIbHOCTh CHHTY/ISIPHBIX
3HaueHNit, YTO MPUBOIUT K PaspbIBHOCTH obpaTHOro onepartopa K 1 [M].

Perynsipusanus HEKOPPEKTHBIX 3aJad UIPaeT KJIOYEBYIO POJIb B MaTe-
MaTUIEeCKOM MOJIEJTUPOBAHUU W AHAJIU3€ JAHHBIX, OCOOEHHO B IIPUKJIAHBIX
JUCIUIINHAX. B KOTHUTUBHBIX HAyKaX ¥ HEHPOHAYKAaX METO/IbI PEIleHus 00-
PATHBIX 33124 IMUPOKO TPUMEHSIIOTCS ISt BOCCTAHOBJIEHUST UCTOYHUKOB HEli-
porHoit akTuBHOCTH Ha OcHOBE MAarHuTHBIX (MEG) n snexrpuieckux (EEG)
curraJsioB rosiopaoro mosra [5]. Boccranosienue pactpesesenusi HelipOHHOI
AKTUBHOCTH 110 JIAHHBIM MHOTOKaHaIbHBIX 3amuceit EEG/MEG upencrasis-
eT coboil KJIACCUIECKyI0 HEKOPPEKTHYIO 3aJlady, TaK KaK COOTBETCTBYIOIINI
oIepaTop ILJIOXO O0YCJIOBJIEH. DTO IMPUBOIUT K BBICOKOW UYBCTBUTEIBHOCTU
pelrennit K myMy u HeOOXOAUMOCTH IPUMEHEHHUs] METO/IOB PEryJ/isipU3allii,
BKJIIOYAsl PEry/Isgpu3anuio TUXOHOBA U UCHOJIL30BAHNE OOOOIIEHHDBIX IICEBI0-
obpaTHbIX orepaTopos [6].

B wmacrositiieit pabore ucciemayercs MOAX0[ K CTAOUIU3AINU PEeIeHMi
HEKOPPEKTHBIX 33741 Ha OCHOBE ODODOIIEHHBIX MICEBI00OPATHBIX OIEPATOPOB
A i ux mpecTaBIEHNS B TEPMIHAX PA3JIOKEHIS B PSlIbI CHHIYIISIPHBIX 3Ha-
gennii (SVD). [TpoBe/iéH crieKTpasibHBIN aHAIN3 TAKUX OIEPATOPOB, HA OCHO-
Be KOTOPOT'O MPEJJIOZKEH METOJ, PETyISPU3aIiu, UCIOJIb3YONni MoauduIm-
POBaHHYIO IICEBI00OPATHYIO MATPHUILY. PacCMOTPEHbI TPUMEPh TPUMEHEHUsT
JAHHOI'O METO/Ia K MHTErPaJbHBIM yPaBHEHUIM IIEPBOTO POJIa:

Kf=y,

rme K : Hi — Hs — KOMIAKTHBIN OIepaTop MeKIy T'MIbOePTOBBIMU IIPO-
CTPAHCTBAaMU.



Paccmorpum nrTerpanbuoe ypasaenne Opearogbma mepBoro poia:

(K f)(x) = /Q K(z.y)f(y) dy = g(x),

rne K(x,y) — sapo oneparopa, a ¢g(x) — 3azanHas (yHKius. Perenue
Tpebyer pery/spusaiuu, Tak Kak omeparop K 1mioxo obycioBieH. 3ajmada
K f = g nHaspiBaeTCsi HEKOPPEKTHO IOCTABJIEHHOW, €CJIU XOTsl OBl OIHO W3
yCJIoBHIA AlamMapa HapyIIaeTcs: CYIecTBOBAaHUE (J7Ist JIIOOOro g CyIIeCTBYeT
perienue f), €JIMHCTBEHHOCTH (pelleHne eJMHCTBEHHO), CTabuIbHOCTD (Ma-
JIble BO3MYIIEHUsI ¢ HE MPHUBOAAT K MPOU3BOJIBHBIM OTKIOHeHUsM f). s
CTADUIU3AINN PEIeHUs] BBOISTCS PEryJIsSpPU3aIHOHHBIE METOJIBI, OJHUM U3
KOTOPBIX SBJISETCs UCIIOJb30BaHUE IICEBII00OPATHOIO OIIEPATOPA..

IIceBmoobparuetii oneparop Mypa-Ilenpoysa g A € R™*™ M0OXKHO BbI-
pa3uTh Yepe3 Pas3iIoKeHHe B Psijibl CHHTYISApHbIX 3Hadernit (SVD). Ilycrs
A : Hi — Hy — KOMIaKTHBIH OMEpaTop, TOTJAA CYIMIECTBYET PA3IOKeHUE:

A=USV*,

rie U,V — yHuTapHbie OepaTopsl, 2. — AUaroHaIbHAsT MaTPUIA CHHTY/ISAP-
HbIX unces o, a Al sammceiBaercs kax

At = vyt~

rne B = diag(o; 1) as o; # 0 [A]. Perymsipusanus Tuxonosa ocHoBana Ha
MOAn(UKAIIH TICEBI00OPATHOIO OIEPATOPA

Al = V(22 +al)" 'R0

[Tapamerp o > 0 crabuausupyer pelieHue, Io/aBiisis BIUSHUE MaJIbIX CHH-
IyJISIpHBIX gucest [3].
Paccmorpum orniepaTopHoe ypasHeHUe:

Kf:g, K:H — H,.

Tak kak K — KOMIIAKTHBII OIIEPATOP, EI'0 CIIEKTP COJIEPKUT YOBIBAIOIILYIO 110~
CJIEJTIOBATE/IbHOCTD CUHTYJISIPHBIX UHUCEJI 0y, UTO JEJACT IpsiMoe obpaIreHne
HEeBO3MOXKHBIM. Permenne 1uepe3 perynsapusannuio THxXoHOBa 3alHCHIBAETCS B
BUJIE:

fo=Klg=V(E2+al) txU*g.

Paccmorpum maTerpaibuoe ypapuernne Opearoabma:

1
| ey = o).

0
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Baecy K(z,y) = e~ l#=¥l — gommakrubt oneparop. s ero obparienust
HCIIOJIL3YEeTCsl CIEKTPAJIBHOE Pa3JIozKeHNe:

o0

K(z,y) = Z ontn (T)vn(Y),

n=1

rie o, — cobcrBennbie yncia omneparopa K* K. PerynspusoBantoe perieHne
UMeeT BUJI;:

fal@) = 37 (g, vn)un(a).
n=1

2
o+

Hcnonb3oBanne 0OOOIEHHBIX CEBIO0OPATHBIX OMEPATOPOB IIO3BOJISIET
CTaOUIN3UPOBATH PeIleHNs HEKOPPEKTHBIX 3ajad. X cBaA3b ¢ passoxkeHu-
€M B CHHIYJISIPHBIE YUCJIA JICJIAET UX YIOOHBIM MHCTPYMEHTOM JIJIsi PEITeHUsT
UHTEIPAJILHBIX YPaBHEHUN U 00pabOTKM CUTHAJIOB.

CIIUCOK JINTEPATYPHI

[1] A.H. Tuxonos, B.{. Apcenun. Memoodv. pewenus nexoppexmmux 3a0au.
Mocksa: Hayka, 1979.

[2] H. Engl, M. Hanke, A. Neubauer. Regularization Methods for Inverse
Problems. Springer, 1996.

[3] P.C. Hansen. Discrete Inverse Problems: Insight and Algorithms. SIAM,
2010.

[4] F. Riesz, B. Sz.-Nagy. Functional Analysis. Dover, 1955.

[5] S. Baillet, J.C. Mosher, R.M. Leahy. Electromagnetic Brain Mapping.
IEEE Signal Processing Magazine, 2001.

[6] A. Tarantola. Inverse Problem Theory and Methods for Model Parameter
Estimation. STAM, 2005.

11



Attractors of transformation groups of topological
manifolds with boundary

R. A. Dedaev, R. R. Imaev, N. I. Zhukova

HSE University

In this paper, by G is denoted a group of homeomorphisms of an n-
dimensional topological manifold M with non-empty boundary oM.

The set G.z := {g.x|g € G} is the orbit of the point z € M. For any
B C M we will use the notation G.B := {G.z |z € B}. A subset B C M is
called invariant, if G.B = B.

Let G be a group of homeomorphisms of an n-dimensional topological
manifold M with non-empty boundary dM. A proper closed invariant subset
A of a topological manifold M is called an attractor of the group G [2], if
there exists an invariant neighborhood U of A with the following property:
for any point x € U \ A, the closure G.x of the orbit G.z contains A, that
is, if

ACGx VzeU\A (1)

The neighborhood U is called the basin of the attractor .4 and is denoted
by Attr(A).

If Attr(A) = M, then A is called a global attractor.

Recall that a non-empty closed invariant subset M of a manifold M is
called a minimal set of a homeomorphism group G if the orbit G.z of any
point x from M is everywhere dense in M.

As emphasized by D. V. Anosov [I], the study of the questions of exis-
tence and structure of minimal sets and attractors are central in the theory of
dynamic systems and, consequently, in the theory of transformation groups.

In the works [3], [4] and [5], the definition of the attractor A additionally
requires that A be a minimal set. We study the specifics of global attractors
that are minimal sets.

First of all, we study the problems of uniqueness of global attractors of
homeomorphism groups. We have proven that the existence of two different
global attractors A; and As of the dynamic system (G, M) is realized. It is
shown that in the case when both global attractors A; and As are minimal
sets, they coincide.

We are not aware of any works that investigate the influence of the
boundary of the manifold M on the structure of attractors of homeomor-
phism groups of M. The main goal of the work is to fill this gap. We have
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proven that any global attractor A of the homeomorphism group G on a
manifold M with a non-empty boundary OM either belongs to the bound-
ary and can be either a proper subset of the boundary or coincide with it;
or is equal to the union of the boundary M with a global attractor A° of
the induced homeomorphism group G/|,s0 on the interior M of the manifold
M.

Various examples of global and non-global attractors of transformation
groups are constructed.
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Attractors of pseudogroups, transformation
groups, and foliations

R. A. Dedaev, N. 1. Zhukova

HSE University

A dynamical system is understood as a pair (S, X), where X is a smooth
manifold of arbitrary dimension, .S is either a pseudogroup of local diffeomor-
phisms, or a transformation group, or a smooth foliation of an n-dimensional
manifold X.

An attractor of a dynamical system (S, X) is a proper closed invariant
subset A in X, having a neighborhood U that is invariant and open, such
that the closure of the orbit S.z of any point = € U\ A contains A. IfU = X,
then the attractor A is called global. The compactness of the manifold X or
the attractor A is not assumed.

As emphasized by D.V. Anosov [I], minimal sets and attractors are the
main objects of study in topological dynamics, as they significantly deter-
mine the behavior of dynamical systems as a whole. We investigate the
questions of existence and uniqueness of attractors for dynamical systems
(S, X).

For foliations of arbitrary codimension on n-dimensional manifolds, two
criteria for the existence of an attractor (and a global attractor) have been
proven. These criteria reduce the problem of the existence of an attractor
to analogous problems for the pseudogroups of holonomy of foliations in the
general case and global holonomy groups in the case of foliations covered by
fibration.

For dynamical systems (S, X), necessary and sufficient conditions for the
existence of an attractor that is a minimal set have been found.

Various examples of attractors have been constructed, including regular
attractors and attractors that are fractals.

The main results of the work are published in [2].
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WccnenoBaane mpocTpaHCTBEHHOI MO/Iesn
CTAIMOHAPHBIX OMOJIOTUYECKIX COODINEeCTB
Y. Iukmana u P. Jloy.

B. A. Konesa

Ceseprnli (Apkmuueckudl) dedeparvrodi yHusepcumem umeny
M. B. Jlomonocosa

I'naBHas uaes JaHHONW MOJIEIN COCTOUT B TOM, YTOOBI HAWTHU «IIPOEKITUIO»
CUMYJIIPYEMOr0 OHOJIOTMYIECKOTO IIPOIECCca HAa HEKOTOPbIE XapaKTEPUCTHKH,
JUHAMUKA KOTOPBIX MO2KeT ObITh BbINIMCAHA aHaauTudeckKu. B kadecTse Ta-
KHX <«XapaKTepucTuk» B Momenn wkmana u Jloy BBICTymaioT, Tak Ha3bI-
BaeMbI€ «IPOCTPAHCTBEHHBIE MOMEHTBI». BBINMUCHIBACTCS CUCTEMA UHTEI'PO-
i depeHnnaabHbIX yPABHEHU, OINUCHIBAIONIAS TPOCTPAHCTBEHHYIO JHHA-
MUKY B 3T0i Mojenun. CtaBuTcs nmpobieMa 3aMbIKAHUsT TPETHETO MTPOCTPAH-
CTBEHHOI'O MOMEHTA, n30aBJISIONAs CUCTEMY OT OECKOHEYHOT'O YHCJ/Ia YPaBHe-
uuii. BeimucbiBaioTcsa mpuMepbl 3aMBIKAHUN TPETHEr0 MOMEHTA, JBa U3 KOTO-
PBIX, TaK Ha3bIBAEMbIC ACCUMETPUYHOE N CUMMETPAYHOE 3aMBIKAHIA BTOPOH
CTEIeHNU, paccMaTpuBatoTcs bostee moapobro. CraBuTCs 3a/1a9a C JTHHEHHBIM
MHTErpaJibHBIM YPaBHEHUEM PABHOBECHUS, KOTOPAdA IIOJIy4aeTCA IIPU UCIIOJIb-
30BaHUU aCCHMETPHUIHOTO 3aMbIKaHus. Jlajgee aHaan3 HeJOCTATKOB MOJIY Y€H-
HOI MOJie/iN, B CBA3U ¢ €€ OMOJIOrNYeCcKOil MHTepIpeTalyeil, a TakkKe C Ipu-
MEeHEHIeM 3TOT'0 3aMbIKaHWUs IPY U3YUeHNN ABYXBUIA0BOM Momesnn. U B uTore
dopmyupyeTcs HeJuHeiHas IPodJIeMa, BOSHUKAIONIAS IPU UCIIOJIHL30BAHIT
CHUMMETPUYHOI'O [IapaMETPUYECKOI'0 3aMbIKaHUs BTOPOH CTEIeHH C €€ duc-
JICHHBIM HUcCJeJoBanueM. /lemMoHcTparus e€ MpaBOMEpPHOCTH, B TOM YUCJIE U
B JIBYXBHAJOBOW MOJIEJIN.
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Modeling of filtration of multicomponent
hydrocarbon solutions with phase transitions
during oil and gas production

K. V. Litvinova

Lomonosov Moscow State University

Modeling of oil fields is one of the most complex science-intensive prob-
lems, the solution of which requires a wide range of knowledge. It is nec-
essary to know individual chapters of thermodynamics of open systems,
physics and chemistry of solutions, underground hydrodynamics, mathemat-
ical aspects and numerical methods for solving partial differential equations
[1]. Forecasting multicomponent filtration accompanied by phase transitions
(liquids can be both compressible and incompressible) is possible only using
mathematical modeling methods.

Thermodynamically consistent analytical models with adjustable param-
eters have been constructed, allowing one to approximate the thermody-
namic functions of two-component solutions and increase the efficiency of
numerical modeling of two-component filtration with phase transitions. In
this paper, the method of constructing phase equilibrium constants with
adjustable gas meters that take into account the behavior of a specific real
solution in a given range of pressures and temperatures has been selected. As
an example, a two-component methane-decane model is considered. In the
considered pressure range, good agreement between the calculation results
and the accurate compositional model has been obtained.

REFERENCES

[1] Koldoba E.V. Method for constructing phase equilibrium constants of
multicomponent solutions, Matem. modeling, 30:4 (2018), 84-96.
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Exact solution of one countable-dimensional
system of ordinary differential equations

[. A. Maruseev, A. E. Rassadin

HSE University

Let one consider the following countable-dimensional system of ordinary
differential equations:

=0, @=L keN, (1)

provided by initial conditions:
uo(0) =, ug(0) = u) ke N. (2)

To solve the Cauchy problem (1)-(2) let us introduce a generating func-
tion for solutions of system (1):

+oo
= Z up(t) 2 . (3)
k=0

It is obvious that a generating function for the initial conditions (2) is
equal to:

+oo
U(z,0) = Up(z) = Zug z . (4)
k=0

Further, it is easy to see that the generating function (3) obeys to the
following integro-differential equation:

ot = [Cvienae. o)

Exact solution of equation (5) under x € [0, 1] with initial condition (4)
was found in work [I]:

Uz, t) = Ul +f/”12v Uo(€) de . (6)

where [;(...) is the modified Bessel function of the first kind.
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If Up(z) = 2™ (n =0,1,2,...) then in accordance with formula (6) exact
solution of the Cauchy problem (4)-(5) is equal to [1]:

Ul(z,t) = n! 1/(%)71171(2 Vzt) (7)

Using formula (7), due to the linearity of operator (6), it easy to see that
the general solution of equation (5) with the initial condition in the form
(4) has the following form:

Uz,t) =Y udn! (%)nln@ Vat). (8)

By decomposing the modified Bessel functions of the first kind in formula
(8), we obtain a general solution of the input Cauchy problem (1)-(2):

1 n! k—n , 0
uk(t)zﬁz(k—n)!t Uy, -

The publication was prepared within the framework of the Academic Fund
Program at HSE University (grant N 25-00-014, 'A new numerical-analytical
method for solving Cauchy problems for evolutionary equations and systems
of evolutionary equations with quadratic nonlinearity’).

REFERENCES
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UccnenoBanue pemtenuii auddepeHInaibHOTO
YPaBHEHUsI BTOPOTO IOPSIKa C UMILYJIbCHOM
dyukiueii B mpaBoii 4acTu

N. H. Macjyienukos, 1. C. Kamenko

Hpocaascruti 2ocydapemeennoiti yrusepcumem um. 1. I Jemudosa

Paccmorpum HenmueiiHoe muddepeHnnaIbHOEe ypaBHEHNE BTOPOIO II0-
PsIKa C 3aIa3/IbIBaHIeM

Z+oi+x=f(x(t—h)), (1)

e 0 > 0 u h > 0. OrrocurensHo HennHeiiHOM dyuKInN f(x) npennonara-
€M, 9TO OHa UMeeT MMIIYJIbCHBIA THIl, T.e. siBjsiercs d-pyukimeit: f(x) = 0,

b
upu z # 0 u [ f(z)dz = fy upn mobeix a,b > 0. Bymem uncciemosars
—a

[IOBeJICHUE PeIeHnil npr (PUKCUPOBAHHBIX 3HAUEHUSIX TapaMeTpoB o, fo, h.

CuavaJia MbI OIIPEJIEJIUM KJIACC HAYAJIbHBIX yCJIOBUN S 4, 3aBUCIIIUI OT
napamerpa A u cocrosimuit u3 HenpepbiBHBIX GyHKIWIA (), 3aJaHHBIX Ha
orpeske [—h, 0], aust kKotopbix ¢(t) # 0 mpu t < 0, ¢(0) = 0 u $(0) = A.
st ka0 HadagbHON dyHKIuu n3 S(A) METOJOM I1aroB MOCTPOUM pe-
mienne =4 (t) u HaiijeM 1epBblii ero I0JIOKUTENbHbI KOpeHb t, = t.(A) :
xA(t«(A)) = 0. Ilpu Bommossennn ycinosus ty(A) > h MOXKHO yTBEpPXKIATb,
ato wa(t«(A) + 1) € S(A), e A = p(A) = a(t«(A4)). Taxkum obpazom
ompeiesisiercst orobpazkenne A,y = p(A,), JMHAMIKA KOTOPOTO ONUCHIBA-
€T MOBEJIEHUE PEIeHuil UcxoaHoro auddepeHnnaabHOr0 ypaBHEHUS C 3a-
na3abiBanreM. KOHKPETHBIH BHJI OTOOPaXKEHUS M €r0 CBOHCTBA 3aBUCAT OT
apamerpos o, fo, h.

[Tokazano, ¥to mpu ¢ > 2 CcyImecTByeT 3Hadenne A,, Ipu KOTOpOM perrre-
nue x(t) u3 kinacca HauaabHBIX GyHKIWI S(+A,) sABISETCS TIEPUOIUICCKUM
n HeycroifunBbiM. st ocrampubix dyskimit () uz S(A) maiimercs Takoe
T, aro Bce pertennst 3aiadi (|1)) ¢ HagaabHBIM yesioBueM u3 S upu t > 1 co-
XpaHsT 3HaK u crpemsites K Hyso(Puc. [1) a). IIpu 0 < 0 < 2 cymecrBytor
ycroituuble niepuouueckue perenusi(Puc. (1| b) u perenust, copepriatoriue
HeperyJsipable kosebanusi(Puc. (1| ¢).

Pabora BeImIOIHEHA B paMKax IIPOrPaMMbl Pa3BUTHs PernonaaibHOro Hay IHO-
00pa30BaTEILHOTO0 MATEMATHIECKOTO TEHTPa fPOCIaBCKOTO TOCyIapCTBEH-
noro yuupepcurera uM. II.I. JlemumoBa npu dunaHcoBoil mogaepkke Mun-
HUCTEPCTBA HayKHu U Bbiciiero obpasosanusi Poccuiickoit @eneparuu (Co-
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Puc. 1: I'paduku perienus ypaBHEHUS npu:
a)h = 02,0 = 3,fp = —10,b) h = 2.74,0 = 0.737, fo = 10,
c)h = 38,0 = 1.24,fy = 10

rJIalieHne o mpejocraBieHnn cyocupuu u3 depepaiabaoro owpkera Ne75-
02-2025-1636).
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Kinaccudukalist COITMTOHHBIX perieHnii B
0000111eHHOI ypaBHeHnn KopteBera—ae ®@pu3za

(KdV)

. E. Mejbuukos!?

1. Huoiceeopodexuti kamnyc HUY BIIS, Huotcrut Hoszopod
2. Uncmumym npukasadrnot gusuru um. A.B. Tanonosa-I'perosa PAH,
Huorenuti Hoszopod

Jana kiraccuduKaiys BOSMOXKHBIX COJTUTOHHBIX PelleHuil B 0000IeHHOM
ypaBuennu KdV c riagkoit memuneitnoit dpyukmueii. /lokazamno, aTo coJin-
TOHHOE PeIlleHne MOXKET ObITh TOJIBKO YEThIPEX BO3MOXKHBIX TUIIOB - KJIACCHU-
9eCKUM (TO €CTh 3HAKOIIOCTOSIHHBIM, C OJJHUM SKCTPEMYMOM U JBYMsI TOUYKA-
Mu 11eperufa), MIpaMuIaIbHBIM (¢ GOJIBIINM KOJINIECTBOM TOYEK [eperutda),
KJIACCHYECKUM KUHKOM (MOHOTOHHBIM PEIIeHUEM, BBIXO/ISIIMM Ha OTINIHY IO
OT HyJIsl KOHCTAHTY Ha IUIIOC GECKOHEYHOCTH C OJHOW TOYKON Iieperuba) u
OUPAMUIAJIbHBIM KHHKOM (KaK KJIACCHYECKHi, HO ¢ GOJIBIIMM KOJMIECTBOM
TOYEK Ieperuba).

st HemuHeRHBIX (DYHKIUH THITa 0600IIEHHOT0 TOInHOMA M deObIIeB-
cKoii cucrembl (ragKkux (YHKIUIT) yTOUHEHBl YCJIOBHUS IIOSIBIICHUST COJIUTO-
HOB 9TUX YeThIPeX Pa3JIMYHBbIX TUIOB. [IpuBeseHbl npumMepsl ypaBHEHUN ¢
HETPUBUAJIBHON (POPMOIi COJTUTOHOB, a TaK»Ke 00CYKIAI0TCsI IpyTue (pOPMbI
COJINTOHHBIX PEMICHUN A4 HErJIaAKONW HEeJIUHEHHOCTH.

Baarogapnaoctu. Pabora Boinosiaena ripu nojepxkke rpaata PHO Ne24
27-00110.

CIIUCOK JINTEPATYPHI
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JnHaMunKa KaJablineBbIX KoJieOaHUil 1
CUHXPOHU3AINS ACTPOITOB

JI. II. Hukudoposa, C. FO. MakoBkun

Huorcezopodexuti 2ocydapemeennviti ynusepcumem um. H.H. Jlobauesckozo

B crarpe uccienyorca 6udypKammoHHble MEXAHU3MbI T€HEPAITUN KOJIe-
OGaHuii B 6MOU3NIECKON MOJIEIN XUMUIECKU BO30YIUMBIX KJIETOK MO3ra —
acTpOIUTOB. B oT/imume OT HEHPOHOB, IIUPOKO U3YyUIAEMBIX B HEJIUHEHHOM
JUHAMUKE, aCTPOIMTHI He 00JIaJaloT COOCTBEHHOHN 3/IeKTPUYECKON aKTHUB-
HOCTBIO, OZJTHAKO CHOCO6HBI remepupoBaTb XUMHYIECKUE CUT'HAJIbI, BJIUAIONINE
Ha JuHAMUKY HelipoHoB. Mogens Yinaxa-FOura [I] onucsiBaercst cucremoi
HEJIMHEHHBIX nuddepeHmaabiblX ypaBHeHN TpeThero mopsaaka. lis nn-
TErpupOBaHUsI CUCTEMBI IIpUMeHsIeTCs YucaeHnblii meron Pynre-Kyrra 4-ro
IIopsaKa C IIOCTOAHHBIM BPEMEHHBIM IIIaroM. O,ELHI/IM N3 KJIIOYEBbIX MEeXaHN3-
MOB, IPUBOJIAIINX K aBTOKO/I€0aTeILHBIM IIPOIIECCaM, SIBJIAeTCA OmdypKaIms
AnyponoBa-Xoitda, onpejessonas U3MeHEeHIe YCTONYNBOCTH CTaIlnOHAP-
HOT'O COCTOSTHUSA KOHIEHTPAIINY KAJIbITHS.

AHnaju3 npoBoiuTCsl IpU W3MeHeHun napamerpa [ P3*, koTopslit urpa-
€T POJIb B PEryjsiiud KaJbIMeBOil JTWHAMHUKN, B TO BPEMs KaK IapamMmeTp
v4 ocTaeTca (PUKCUPOBAHHBIM. Vccaeayiorcss MaKCUMAaJIbHbIE 1 MUHUMAJIb-
Hble 3HAYEeHUsI KOHIeHTpaIu KaJibist [C' a2+], ITO MO3BOJISIET BBISIBUTH OU-
dypKaIMOHHbIE ITEPEX0/Ibl M KPUTHIECKNE TOUKHU CUCTEMBbI. JIJIsT HarIsqHoro
MPEJICTABICHUST JIUHAMUKN CTPOUTCH TI'PadUK IPEAeIbHOrO IUKJIA, JTEMOH-
CTPHUPYIONINN 3aBUCUMOCTD aMILIATY/ KOJIEOAHUI OT N3MEHEHUsT YIIPABJISIIO-
IIIero rapamerpa.

JloTIOJTHUTE/IBHO pPacCMaTPUBAECTCS PEAKIUS aCTPOIUTA HA HWMILYJILCHOE
BOB,HQIZCTBI/IG C USBMEHEHUEM €ro rnapamMeTpoB — aMIIJIMTYAbI, JJIUTCJIBHOCTU U
9aCcTOThl CTUMYJIAnn. [Ipu ompeneseHHbIX YCAOBUIX HAOIIOMAETC YCI0MK-
HEHUE JIMHAMUKU, IPUBOJIAIIEE K HEPETYISPHBIM KOJeOAHWSIM, & [IPU J1ajIb-
HeHIeM YMEHBIEHNN ePUOa CTUMYJ/ISAINE CACTEMAa MOYKET IEePEXOIUTh B
KBa3UCTAIMOHAPHOE COCTOsHUE. [ljIsT OIeHKHM XapakTepa IUHAMUYECKHX pPe-
JKUMOB HCIIOJIB3YeTCs PacdeT CTAPIIero mokasaress JIsamyHoBa, MO3BOJISIIO-
X ONPeIeIUTh HAJINIHEe Xa0TUIECKNX PEXKUMOB U I'DAHUILI yCTONIUBBIX
COCTOAHUM.

Anasms nokasaresieii JIsimyHOBa O3BOJIN BLISBUTDH XapaKTEPHbIE PEXKU-
MBI IMHAMUKH cucTeMbl. IIpu A > 0 HabIIOZAETCsST XaO0TUYIECKOe TTOBeIeHNe,
CBSA3aHHOE CO CTPAHHBIM aTTPaKTOpPoM. B ciyaae A = 0 B cucreme mpucyT-
CTBYET peryJisipHas JAHAMUKA.
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Jlajtee paccMaTpuBaeTCsl CHHXPOHU3AIHS JIBYX aCTPOIMTOR, B3aUMOJIei-
CTBYIOIINUX Y€pe3 JIBYCTOPOHHIOKW Jnddy3nOHHYIO CBsA3b. [l OleHKn ChH-
XpOoHU3alIUN UCHOJIb3YETCA PAJT HOKaSaTeJIeﬁ, BKJIIOY9as MT'HOBEHHYIO 9aCTO-
Ty Kojiebanuit, pasuuily da3 u guctepcuio ¢dazosoro cupura. OupesesieHbl
YCIOBHUS, IIPU KOTOPBIX aCTPOUUTHI JEMOHCTPUPYIOT IIOJHYIO CUHXPOHU3A-
U0, TPOTUBOMAZHBIE WM HECHHXPOHU3UPOBAHHBIE PEXKUMBI. BLISBIICHBI TTe-
pexoiHbIe 06JIaCTH, TJIe B3aMMOJIEHCTBIE IPUBOJUT K U3MEHEHHUIO XapaKkTepa
KoJIeOAHM, BKIIIOYast HEYyCTONIUBLIE U XaoTu4aeckne cocrostansi. Ocoboe BHU-
MaHUe yIe/IsdeTcsi anaan3y (HhasoBoil IUHAMUKU: €CJIH PA3HUIA MIHOBEHHBIX
YacTOT acTPOIUTOB He HpeBblmaer 1% OoT cpejHero 3HavYeHUsl, CUUTAETCS,
YTO OHU CUHXPOHU3UPOBAHBI 110 9aCTOTE.
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Merging of chaotic and quasiperiodic attractors
and their multistability in the Chialvo map

A. A. Panyushev, N. V. Stankevich

HSE University

In this paper, we explore the multistable behavior of irregular attractors
and the process of their formation and fusion in the Chialvo map, which is
a two-dimensional discrete-time model with rich dynamics [1]. The map is
described by the following equations:

Tptl = :C%Ley*x + 1
Ynt1 =ay —br +c

We study the parameter domain where several nontrivial attractors co-
exist in phase space. One attractor is chaotic and the other is quasi-periodic.
These attractors arise from different equilibrium states, and their basins of
attraction have complex fractal shapes. There is a saddle point at the bor-
der between the two attractors that prevents them from merging. When the
parameter reaches a certain value, one of the attractors collides with the
separating saddle, and they merge to form a new composite attractor. This
composite attractor contains elements of both original attractors and is the
global attractor for the system.

REFERENCES
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Investigation of the SIS model with different
migration rates of sick and healthy individuals by
the method of breaking the power series

D. A. Podolin, A. E. Rassadin

HSE University

The report deals with the following generalization of the well-known SIS
model [1]:

28 99 oI ol
= _SI+1T — —=51—-1. 1
ST+, 5 +Ug. =% (1)

ot o

In this system of partial differential equations of hyperbolic type S(z,t)
is linear density of susceptible to this disease individuals and I(z,t) is linear
density of infectious ones. Parameter U is migration rate of sick individuals.
This parameter obeys to the next inequalities: 0 < U < 1, which means
that the sick move more slowly then the healthy.

System (1) ought to be provided by initial conditions:

S(z,0) = Sp(z) >0, I(x,0) = Ip(z) >0, reR. (2)

Further, let one suppose, that the initial conditions (2) belong to the
class of real-analytic functions on the entire real axis:

+oo +oo
So(z) :ZS,g:Ek, Io(:L‘):ZI,gxk. (3)
k=0 k=0

Therefore, in this case, it is convenient to search for a solution to system
(1) also in the form of a power series:

+o00 +00
S(z,t) =Y Spt)a",  I(x,t) =) It a". (4)
k=0 k=0

Substituting power series (4) into system (1) reduces it to the following
countable system of ordinary differential equations:

k
Sk = —(/-C + 1) Skr1 + Iy — ZSnkana
n=0
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k
Iy = =U(k+1) I _Ik+ZSnIk—n7 (5)
n=0
where the dot above the letter means the time derivative.
The initial conditions for the system (5) are extracted from the power
series (3):
S(0)=5Y, L(O)=1I), k=0,1,2,... (6)

The report considers approximate solutions of the Cauchy problem (5)-
(6), which are obtained numerically as follows: in system (5), starting from
a certain k, Sk(t) = 0 and I;(t) = 0 are assumed, which corresponds to the
termination of the power series (4) on a certain term. As test solutions for
this procedure a number of exact solutions of system (1) found in work [I]
has been used.

The publication was prepared within the framework of the Academic Fund
Program at HSE University (grant N 25-00-014, 'A new numerical-analytical
method for solving Cauchy problems for evolutionary equations and systems
of evolutionary equations with quadratic nonlinearity’).
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Ilepemerkaroniasicds CHHXPOHU3AIUA B MOJIEJIN
TPEXYACTHOI'O CUHAIICA

J1. J1. ITomos, C. FO. MakoBkuH

Huotcezopodcxuti 2ocydapemeennoiti yrusepcumem um. H.HU. Jlobavesckozo

B pabore msydaercss HEHPOH-aCTPOIUTAPHBIN aHCAMOJb, COCTOSIIIUI U3
JBYX HEfIpOHOB M OJHOTO acTporuTa. InHaMuKa BHYTPUKJIETOTHON KOHIIEH-
rpaunu Ca’t B acrpouure onucsBaercs Mozeabio Yiuiaxa-IOmra 1], mem-
OpaHHBII IOTEHIMAJ HelipOHA OIHMCHIBAETCS MOJIEIbI0 XO/KKIHA- Xakcu [2]
¢ mojudukarpeit Maitaena [3, [4] mist Mmosra mekormraromux.

TpéxaacTHblil cHHAIIC — 9TO (PYHKIMOHAJILHAS €IUHUIA, COCTOAIIAT U3
TPEX KJIFOYEBBIX KOMIIOHEHTOB: IIPECUHAITHIECCKOIO HEHPOHA, BBIIE/ISIONIEIO
HEHPOMEINATOPDI, IOCTCUHAIITHYECKOIO HEPOHA, COIEPIKAIIEr0 PEelTOPhI
JJIsI UX BOCIPHATHS, ¥ aCTPOIUTA — IVIMAJIBHON KJIETKHU, OKPY2KaIOIIeil Cu-
Ha,HTI/ILIeCKyIO n1eJib. ACTpOL[I/IT])I AKTHUBHO yqaCTByIOT B peryjadnun CuHallThu-
9ecKoil repeadn, KOHTPOJIMPYsT KOHIIEHTPAIINIO HefpOMeInaTopoB, HOHOB U
JIPYI'UX CUTHAJIbHBIX MOJIEKYJ B CUHAIITUYECKON IIesId, & TaKxKe MOJLYJIUPys
AKTUBHOCTH HEHPOHOB.

3 —wu
— v

Puc. 1: Ilunamuka qByX TOPMO3HO CUHAITHYECKYU CBIA3AHHBIX KOJIEOJIIOIITITXCS
HEHPOHOB € YCUJINBAIOIITUM aCTPOIUTAPHBIM Bo3ielicTBrueM. Ha Bepxiem rpa-
duKe TTOKA3aHbI J[Ba IIEPUOIA TUHAMUKN yBEJIUIE€HUs] BHY TPUKJIETOYHO KOH-
LEHTPAIUU Kajbliusd B acTponuTe. IlyHKTUDHAS JIMHUA [TOKAa3bIBAET 1IOPOT
AKTUBAINYU JIJI ACTPOIUTAPHOTO BJIHUSHUS HA CHHAINTUYECKYIO CUJIy CBS3U.
Ha mmxuem rpaduke n3o0parkeHbl MTHOBEHHBIE 9acTOThI HEHPOHOB. 7Kesi-
TBIM IIBETOM Ha TpaduKax BbJIeIeHA 00/IaCTb CHHXPOHUBAINHA HEHPOHOB,
PO3OBBIM I[BETOM BbIJIeJIEHA 00JIACTh ACHHXPOHU3AIINN
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Ha pucl[l] Bunmo, uro xonebanusi HeHPOHOB BBI3LIBAIOT KOJIEOAHUST Kalb-
nusg B acTporure. Ilpn nocrmxkeHnn mopora BHYTPUKJIETOYHONU KOHIIEHTpPA-
i Ca®t, acTporuT yeHmImBaeT CHHANITHYECKYIO CHJIY CBA3M MEKTy Hefi-
pOHAMU, U OHI CHHXPOHH3UPYIOTCA B IpoTHBOMda3e Ha MHTepBaJje BpeMeHU
PaBHOM JUIMTEIBLHOCTU UMILYJIbCOB KaJILIMsS B aCTPOILUTE.

AcrporurapHast MOJYJISIIUS CUHAIITHYECKON CBSI3M HEHPOHOB YIIydIlaeT
CHHXPOHU3ALIUI MeXKIy KoJiebromumucs HeiipoHaMmu. BimsHue acrponura
Ha JUHAMUKY Iapbl CBA3aHHBLIX HEHPOHOB 3aK/II0YaCTCA B CTUMYJIAINNA CAH-
XPOHU3aIUHU KojlebaTeIbHOI aKTUBHOCTH HEHPOHOB 3a CUeT yIIPaBJISeMOI'o
ACTPOIUTOM yBeJIMYeHNs] HeHPOHHO CHHANTHYECKON Cuiibl cBsA3H [5].

10

Color
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Puc. 2: I'panuiia yacroTHOl cuaxporusanymin. OTHOCUTEILHOE BPEMs CHHXPO-
HU3AIMK JJIsI TOPMO3HOM CBSI3M MEXKAy Heifponamu. JlaHHast quarpamMma Io-
Ka3BIBAECT 3aBUCUMOCTD Joyn OT Algy,, vie Alyyy = Ioppt — Lapp2, Lappt = 1.5.
Lper Ha gaHHOM AuarpaMMe XapaKTepHu3yeT OTHOIIEHNE BpEMEHH, KOI1a Hel-
POHBI CHHXPOHU3UPOBAHDLI {5 KO BPEMEHU HAOJIIONEHUS tiot, T.€. OTHOCUTEIb-
HOE BPeMsl CUHXPOHU3AIINN tizt' Ha pucyske MOXKHO BUJIETH, YTO BbI3BAHHAS
ACTPOIUTAMU MOJLYJISIIIUSI CHHAIITHYECKON CBSI3U PACIIUPSIET II0JIOCY CHHXPO-
HU3AIUNA. DTO MPOUCXOIUT U3-3a TOIO, YTO, BO BPEMSsI IOBBIIIEHUS YPOBHSI
KaJIbIMs, aCTPOIUT YBEJIUYNBAECT HEHPOHHYIO CHHAIITUYECKYIO CHJIY CBSI3U
Ha IIPOJIOJIKATETEHOCTH UMITYJIBCOB KaJIbIinsi, OJaromapst 9eMy CTaHOBUTCSI

BO3MO>KHBIM ,ZLO6I/ITI)CH BpeMeHHOfI CHUHXPOHU3alIUMN JIBYX HeﬁpOHOB ¢ 060JIb-

I1eil 4aCTOTHOI PacCTPOMKOIL.

ILHH JAeTaJIbHOT'O UCCJICJOBAHNA 3TOI'O ABJICHUA, paCCINTaHa 3aBUCUMOCTD
OTHOCHUTEJILHOI'O BpEMEHUN CUHXPOHU3AIIUN OT 9aCTOTBI paCCTpOfIKH OCHMJIJIA-
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TOPOB " CUHAIITUYECKON CUJIbI CBsI3U. BhI3BanHAas acTpouTaMi MOJIYJIATA
CHUHAIOTUYECKOI CBSI3U pacHinupdeT IIOJIOCY CUHXPOHUI3AIInN (pI/IC
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I'eomeTpuydeckue cBoiicTBa perneHuil ypaBHEeHUIA
MeJIKOII BoAbI Ha Bpamialomnieiica cdepe

E. S. Stetsyak?, A. P. Chupakhin 2

1. Novosibirsk State University, Faculty of Mechanics and Mathematics,
Novosibirsk
2. Lavrentyev Institute of Hydrodynamics of the SB of the RAS

Consider a shallow-water model on a rotating, attracting sphere, which
approximately describes the large-scale motions of air and ocean masses on
long time scales [1]. The system of equations for such motions is:

1
Dov = w?ctgh + roweosh + Zsin@cos& — foha,

Dyw = —vwctgl — rovcost — fo(sinH)_lhg, (1)
Doh + (sin) " h(wy + (vsind)s = 0

where Dy = 0y + v0y + (sin@)_1w8¢ is the material derivative on the
sphere. In , the following notations are used: 0 < 8 < 7,0 < ¢ < 27 are
the latitude and longitude, v, w are the corresponding velocity components,
h is the depth of the fluid layer; rqg = 25%“0, fo = % are the Rossby and
Froude numbers.

In [2], [3] some exact solutions of the system of equations have
been found and investigated analytically and numerically, including those
describing motions with weak and strong discontinuities (shock waves).

In this work, the geometric properties of such wave motions are investigated
using methods of differential geometry. For the surface h = h(6,¢), which
defines stationary wave profiles, the curvatures, the Willmore functional, and
other geometric parameters are computed and analyzed. Questions about the
domains of definition of the solutions, their properties, and applications to
hydrophysics problems are discussed.
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