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AHHOTaNHSA

Beeoenue. Hacrosmiast paboTa MOCBAIICHA HCCIEIOBAHUIO HECTAIIMOHAPHON NBYMEPHOW MOJENH TPAaHCIIOPTa HAHOCOB
B NMPHOPEXKHBIX MOPCKHUX CHCTeMax. MoJeslb YyUUTHIBACT CIOKHBIII MHOTOKOMIIOHEHTHBIN COCTaB HaHOCOB; JEHCTBUE
CHITBI TSDKECTH U TAHTEHIIMAJIHHOTO HAMIPSDKCHMS, BEI3BAHHOTO BO3JICHCTBHUEM BOJIH; TypOYICHTHBIN OOMEH; TMHAMHYICCKU
u3MeHsieMblil penbed aHa u apyrue ¢axropsl. Llenbio paboThl SBISUIOCH MPOBEACHUE aHATMTUYECKOTO MCCIICAOBAHUS
YCIIOBUM CYLIECTBOBAHUS U €IMHCTBEHHOCTH HaYaJIbHO-KPaeBOH 3a7a4K, COOTBETCTBYIOIIEH YKa3aHHOW MOJEIH.
Mamepuansl u memoost. B pabote Ha BpeMEHHON pPaBHOMEPHOW CETKE BBIMIOJHEHA JMHEeapu3alus HadalabHO-Kpae-
BOHM 3amaud, TpH KOTOPOW HENMHEHWHBIC KOX(PQPUIMEHTH KBAa3WIMHEHHOTO NapabONMYecKOro YypaBHEHUS OepyTcs
C «3ara3gbIBaHUEM) HAa OJWH LIar CETKH. Tem cambpIM CTPOUTCA LCIIOYKA 3a/1a4, CBA3AHHBIX 11O Ha4YaJbHBIM YCJIIOBUAM
1 GUHATHHBIM pereHusIM. [[puBITekas MeTOIbI MATEMAaTHYECKOTO U (PYHKIIMOHAIEHOTO aHAJIH34, & TAKXKE METOJIBI PEIIICHUS
nuddepeHInaIbHbIX YPaBHEHHM, MPOBOAUTCS HCCIICAOBAHHE CYIISCTBOBAHMS M CIMHCTBEHHOCTH 3a1a4, BXOMSIIHX
B JJAHHYIO LIETIOUKY, a IOTOMY U B LIEJIOM UCXOJHOW 3aJauu.

Pe3ynomamut uccnedosanus. Ha ocHOBE aHanu3a CYIIECTBYIOIIMX PE3YJIbTaTOB MAaTEMaTHYECKOTO MOJEIHUPOBAHHS
THIPONMHAMHYECKUX IIPOIIECCOB paHee ObUIa FHCCleqoBaHA HENWHEHHAs IPOCTPAHCTBEHHO-IBYMEPHAs MOJEIb
TpaHCIIOPpTa HAHOCOB B CJIy4a€ JOHHBIX OTﬂO)KeHHﬁ, COCTOAMMX M3 4YaCTUll, UMCIOIHNX OJUHAKOBBIC XapaKTCPHBLIC
pa3Mepsl U IUIOTHOCTH (OHOKOMITOHEHTHBIH cocTaB). B Hacrosmieit paboTe mpeasiayInue pe3ylbTaThl HCCICIOBAHHS
pacnpocTpaHeHbI Ha CiIydail HAHOCOB MHOTOKOMITOHEHTHOT'O COCTaBa, a UMEHHO OTIPE/IeNICHBI YCIOBUS CYIECTBOBAHHS
U €AMHCTBEHHOCTH PELICHHs HauaJlbHO-KPaeBOH 3a1a4M, COOTBETCTBYIOLLIEH paccMaTpuBaeMO MOJIEIH.

Oobcyscoenue u 3aknrouenus. Mojenb TpaHCIIOPTa MHOTOKOMITOHEHTHBIX HAHOCOB MOXKET OBITh IOJI€3HA IS ITPOrHO3a
pacmpocTpaHeHHUs 3arpsi3HIIOIINX BEIISCTB, a TAKKE MPH UCCIICAOBAHUN TWHAMHUKH W3MCEHEHHUS penbeda JTHA KaK MpH

AHTPONIOI¢HHOM BO3HCﬁCTBHH, TaK U B CUJIY €CTECTBECHHO MPOTCKAOMINX MPUPOJHBIX IMPOIECCOB B MOPCKUX CUCTEMAX.

KiaroueBnie cioBa: TPAHCIIOPT MHOI'OKOMIIOHCHTHBIX HAaHOCOB, an6pe>KHa$[ MOpCKasd CHUCTEMaA, Ha4aJlbHO-KpacBas

3aja4a, CymeCTBOBAHUE PCUHICHUA, €AUHCTBCHHOCTb PCHICHMS.
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Abstract

Introduction. This work is devoted to the study of a non-stationary two-dimensional model of sediment transport in
coastal marine systems. The model takes into account the complex multi-fractional composition of sediments, the
gravity effect and tangential stress caused by the impact of waves, turbulent exchange, dynamically changing bottom
topography, and other factors. The aim of the work was to carry out an analytical study of the conditions for the initial-
boundary value problem existence and uniqueness corresponding to the specified model.

Materials and Methods. Linearization of the initial-boundary value problem is performed on a temporary uniform grid.
The nonlinear coefficients of a quasilinear parabolic equation are taken with a “delay” by one grid step. Thus, a chain of
correlated by initial conditions is the final solutions of problems is built. The study of the existence and uniqueness of
the problems included in this chain, and therefore the original problem as a whole, is carried out involving the methods
of mathematical and functional analysis, as well as methods for solving differential equations.

Results. Earlier, the authors investigated the existence and uniqueness of the initial-boundary value problem of the
transport of sediments of a single-component composition. In the present work, the result obtained is extended to the
case of multi-fractional sediments.

Discussion and Conclusions. The non-linear spatial two-dimensional model of sediment transport was previously
investigated by the team of authors in the case of bottom sediments consisting of particles having the same characteristic
dimensions and density (single-component composition) based on the analysis of the existing results of mathematical
modeling of hydrodynamic processes. In this paper, the previous results of the study are extended to the case of
sediments of a multicomponent composition, namely, the conditions for the existence and uniqueness of the solution
of the initial-boundary value problem corresponding to the considered model are determined.

Keywords: multicomponent sediments’ transport, coastal marine system, initial-boundary value problem, solution
existence, solution uniqueness.
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Beenenmne. [Ipu pemennn psja NpakTHYECKUX 3ajiad, CBA3aHHBIX C YKOJIOTMYECKOW OLIEHKOW COCTOSHHSI BOJIHO-
ro 00BEKTa, HEOOXOAMMO HCIOIB30BaTh KOMIUIEKC MOJEINIEH Pa3iIuYHbBIX IO MPOCTPAHCTBEHHBIM W BPEMEHHBIM Mac-
mradam [1-6]. B nocnennue necsTuiieTHsi akTUBHOE Pa3BUTHE MOJTYYHIM HUCCIEIOBAHUS MaTeMaTHYECKUX MOeIen
THAPOPHU3NIECKUX TPOIECCOB, KOTOPHIE XapaKTepU3YIOTCS MHOKECTBOM napameTpoB [7—14]. B macrosmeit padore
paccMarpuBaercs 2D maremarnueckask MOAENb JJIsl pacueTa TPaHCIOPTa MHOTOKOMIIOHEHTHBIX HaHOCOB NMPHMEHU-
TEJIBHO K TPHUOPEKHBIM MOPCKUM crcTeMaM. COBOKYITHOCTh ypaBHEHHH KOHBEKINHU-TU(DY3UH U1 KasKA0H KOMITOHEH-
TBI HAHOCOB (MM (pakiyn) GopMUPYET JaHHYIO0 MaTeMaTHYECKYIO MOJIENb C YYETOM TypOyIIEHTHOTO 0OMeHa, JeUCTBHS
CHITBI TSDKECTH, TAaHTCHIIMATBHOTO HAMPSDKEHSI, IMHAMIYECKHA H3MEHIEMOro penbeda aaa u qpyrux ¢akropos [15-17].

B crarbe npencrasieHsl pe3ynbTaThl IPOBEACHHS TEOPETHYECKOTO UCCIIE0BAHMS CYILIECTBOBAHHS U €IMHCTBEHHOCTH
HadaIbHO-KPaeBOH 3a/1auu, 0a3upyroIIeiicsl Ha TOCTPOSHHOH MOZIeH. B COOTBETCTBHHM € TIOCTABICHHOH IIETBIO paccMa-
TPUBAETCsl HAYAIbHO-KpaeBas 3aj1a4a JJIsl KBa3HWJIMHEHHOTO YpaBHEHHUS TapadoIniecKoro TUIa, JJIsl KOTOPOil MeToamMu
MaTeMaTHIEeCKOro 1 (PyHKIIMOHAIBHOTO aHAIN3a, & TAKXKE METOIaMHt peIeHus TuddepeHInanbHbIX YPAaBHEHNH OTIpee-
JIEHBI JOCTATOYHbIE YCIOBHS CYIIECTBOBAHUS U €MHCTBEHHOCTH PEILICHHUSI.

MartepuaJbl 1 METOAbI

1. HayanbHo-KpaeBasi 3aJa4a TPAaHCIOPTAa MHOTOKOMIOHEHTHBIX HAHOCOB. 3alUIlIEM YpaBHEHUE TPAHCIIOPTa
MHOTOKOMIIOHCHTHBIX HaHOCOB [16, 17]:

w, .
gradH]+ & e, r=L1LR. (D

T c,r

sin @,

’

1- ar)a—H +div(Vk3,) = div(V,kr
ot P,
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3mecs H = H (x, v, t) — DyOuHa BOOEMA; € — TIOPHCTOCTD 7-OM KOMIIOHEHTBI B COCTABE HAHOCOB; V — 00beMHas J10-
s 7-0if KOMIIOHEHTBI; T, — BEKTOP KacaTelbHOI0 TAHI€HIINAIbHOTO HAIPSKEHHs Ha THE BOJIOEMA; T,  — KPUTHYECKOE
3HAYCHHE TAHTCHIMAILHOTO HANPSKCHNS [T F-0if KOMIIOHEHTBI HAHOCOB, Ty, = 4, SINQy> a — HEeKOTOpHIH K03(du-
LHCHT [l 7-Oii KOMIIOHCHTBI HAHOCOB, (), — YI'OJI €CTECTBEHHOIO OTKOCA IPYHTA B BOLOGME; W, — IHIPABIHYCCKas
KPYITHOCTb HJIM CKOPOCTH OCQXKIECHHS 7-OH KOMIIOHEHTBI; P, — IUIOTHOCTb 7-OM KOMIIOHEHTHI JJOHHOTO MaTepHaa;
k. =k, (H , X, Y, t) — HEJMHEHHBINA K03()(ULMEHT, OnpeeNIieMblii COOTHOILICHUEM:
~ p-1
Awd,

p

((p, —po)ed,)

1€ © — YCPEIHEHHAs YacToTa BOJH; d, — XapaKTEPHBIA pasMep 7-0i KOMITIOHEHTBI; g — YCKOPEHHUE CHJIbI TIKECTH; P, —
TUTOTHOCTh BOJHOM cpenbl; A U f — Oe3pa3MepHble MOCTOsIHHBIE.

ITycts mporecc TpaHCIOpPTa HAHOCOB MPOMCXOAMT B obmactu D, D, D(x,y)={0<x <L ,0<y <L} c rpaHu-
Ler S, MpeAcTaBIAIomEed KyCOUHO-TIaAKy0 JMHA0. CauTaeM, 9To TpeXxMepHbId nmmuHap L = D x (0, T ) BBICOTHI T’
¢ ocHOBaHHEM S €CTh 001acTh 3amanus ypaBHenus (1). ['paHuia 3TOro MUIMHAPA COCTOUT U3 OOKOBOM MOBEPXHOCTH
S x [0, T] U IByX OCHOBAaHHI — D x {0} U D x {T}

Ypasuenue (1) paccmarpuBaeTcs ¢ HauadbHBIM yCIOBUEM:

- Tbc r
T —grad H

kr = b .
s @,

>

H(x,y,0) = Hy(x, y), (2.1)
Hy(x.y) € C*(D)~C(D). (2.2)
grad(w)HO IS C(l_)), (2.3)
() eD (2.4)
" yCJIOBUAMH HA I'PAHULIC obmactu 5 .

 =o, (3)

y=0
H(L,, y,t)=H,(y.1), 0<y <L, C))
H(0,y,t)=H,(y,1), 0< y< L, (%)
H(x,O, t) = H3(x), 0<x<L,. (6)
H(x,L,,t)=0, 0<x<L,. (7)

[Ipennonaraem:

grad(, ,H € C(ET )ﬂ CI(HT ),

‘Cbx :Tbx (x’y’t)’
k, 2k, =const >0, V(x,y)eB, 0<t<T,

2. JIuHeapu3anusi HAYaJIbHO-KPaeBO# 3a1a41 TPAHCIIOPTA MHOTOKOMIIOHEHTHBIX HAaHOCOB. [TocTpoum BpeMeH-
HYIO CETKY (., CIIaroM t: M, = {tn =nt,n=0,1,..N, Nt= T}.

Ecmn n=1, To mrybuna Bomoema H m(x, ¥, to) SIBISIETCSI N3BECTHOW W OIIPE/eNsIeTCS M3 HadaJbHOTO YCIIOBHUS, T. €.
H(l)(x, V, to) =H, (x, y). Ecmm xe n = 2,..., N, To irybuHa BojjoeMa H(")(x, ¥, tH) TaKxe OyJeT N3BECTHOH, TOCKOIBKY
ABJIAETCS pelleHHoH 3anaya (1)—(7) ais BpeMeHHOro npoMexyTka f, , <t <t, ,,T.e. H (")(x, P, tH) =H ("’1)()6, V, t,H).

O003Ha4YNM:
~ p-1
T
k) = Aod, S8 - grad H" x,y,t,,) . n=12,.,N. ®)
(0, = po)ed,) sin ¢,
IMoce nuHeapu3anuy ypasHeHue (1) 1 HaYaIbHOE YCIOBHE PHMYT BHI:
(n) T w JE—
(1—e,) 27— i a0 e graamr® |~ aiv{y k0%, )+ Lot e - =TR, )
ot sin @, P,
t,,<t<t,n=12..,N,
H(l)(x, ¥, to) = Ho(x,y), H(")(x, v, tH) = H(”’l)(x, Yot ), (x, y) e 5, n=2,..,N. (10)

I'pannunsie  ycnoBuss (3)—(7) mnpeamonaraloTcst BBINOJHEHHBIMH JUISI  BCEX IPOMEXYTKOB BpPEMEHH
t,,<t<t,n=12,.,N.
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Pe3yabTaThl Hcclie0BaHU
1. MccaenoBanune cylmecTBOBAHUSI pelieHUs JMHEAPU30BAHHOH HAYaJbHO-KPAaeBOil 3aJa4yd TPaHCHOPTAa
MHOTOKOMIIOHEHTHBIX HAHOCOB. [lonoxkum n =i, i =1,2,..., N B ypaBHeHuu (9).

Nmeem:
H(f) N W, I
(1- sr)a = le[V kU ter orad HU )j - diV(Vrkr(”')tb)+ £ce., r=LR. (11)
sin @, P,
VYpaeuenue (11) gonomusercs ycnosusmu (10) u (3)—(7).
Ecnu i =1, TO Ha OCHOBaHMU C/EJIaHHBIX paHee MPENOI0KEHHH MOXKEM 3arncaTh:
v e e (i), vk0%, e C'(IL,). (12)

sin @,
U3 [18] MOXXHO 3aKIIIOYMTh, YTO MPH BHIIOIHEHNUH ycioBus (12), perieHne HauansHO-KpaeBoii 3axaqn (11), (10), (2)—
(7), t, <t <t, i =1, cymecTByeT U NPUHAIIICKHUT KIIACCY:
HY(x,y,1) e CZ(L[,I)GC( t]), grad(w)H(l) € C( tl).

Ecnu i = 2, To HavanpHO-KpaeBas 3a1ada Oy/ieT UMEeTh HadaJbHBIM yCIIoBHEM H (2)(x, ¥, tl) =H m(x, ¥, tl) Ero ran-
KOCTb COBIIQIACT C IVIaJKOCTHIO HAYAIBHOTO yCJIoBHsI 115 ypaBHeHus (11) Homepa i = 1, a UMEHHO:

H(z)(x, y,t) € C2 (th )ﬁ C(_lz )’ grad(X»Y)H(Z) € C(_tz )

O4eBHIHO, YTO ONATH MPUMEHUMEI ycioBus u3 [18], u pemenne 3amagu (11), (10), (2)—(7) mis HOMepa i = 2 cy-
LIECTBYET.

Hanee, ecnu i, [ =3,..., N, To JUI1 KQXIOro ciiydasi OyneM MMETh CMEUIAHHYIO 3a/1auy Ui JHHEHHOrO YPaBHEHUS
napa6onnqec1<oro tuna. HavanpHbie u TpaHUYHBIC YCJIOBUA I[aHHOﬁ 3aJa491 UMCIOT ITIaIKOCTh, TOCTATOYHYIO IJIA CYy-

IeCTBOBaHMS (DYHKIUN H(i)(x, y,t), t,, <t<t, i=12,..,N Kiacca CZ(LI,I_ )m C(ﬁz,- ), grad(w)H(") € C(ﬁti ), SIBIIA-

FOIIUXCSI pellieHneM HaqallbHO-KpaeBbix 3a1a4 (11), (10), (2)—(7) [19].
2. UccnenoBanue eTMHCTBEHHOCTH pellleHUs JINHEAPU30BAHHOMH HAYAIbLHO-KPaeBoii 3a1a4l TPAHCIOPTA MHO-
TOKOMIIOHEHTHBIX HAHOCOB. 3amnuiieM ypaBHeHue (11) mpu n =1:

(1 _
(1- g,)aH = di (V j0) Sber gradH()] —div(, k0%, )+ 222 r = 1R (13)
ot sin @, .
JIOIyCTHM CYILECTBOBAHUE JBYX Pa3IMYHBIX €r0 PEIICHHUH, 4 IMEHHO:
H' = H'(x,y,t), H" = H"(x,y,t), (x,y)e B, ty <t <t
O603HaYNM:
w(l)(x, y,t) = H'(x, y,t) - H"(x, y,t), t, <t <t w(l)(x, y,t) £0, w(l)(x, ¥, to) =0.
HauanbHo-KpaeBas 3a1aya juist QyHKLIUU w(x, ¥, t) = w(')(x, ¥, t) OyZ€eT UMETh BHL:
(1= )2 - div(V,ka) “ter gradwj =1,R, (14)
ot sin @,
w(x, y,O) =0, (x,y) IS B, (135
k|| =0, (16)
y=0
wlx,L,,1)=0, 0<x<L, (17)
w(0,,6)=0, 0<y<L, (18)
W(Lx,y,t)zo, OﬁySLy, (19)
w(x,0,6)=0, 0<x<L. (20)

O6e vactu ypaBHeHus (14) yMHOXUM Ha (QyHKIIHUIO w(x, y,t)aé 0, t,<t<t, (x, y) € B, a janee BBIMOJIHUM
UHTETrPUPOBAHUE II0 IEPEMEHHBIM £, f, <t <t u (x,y) B obnactu D. [Tomyuum:

1

ow b —
1- == dxdy |dt = div| VK9 22" gradw | dxdy |d 1,R. 21
J.(( sr)J;J.w o X y} t J(I Wi lv[ sin o, gra wj X y} t, r= (21)

to o\ D
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[ocrne psina mpeodpa3oBanmii paBeHcTBa (21), OTydnM:

n

%(l - s,,{_[)jwz(x,y, t )dxdy - J;S[wz(x,y, t, )dxdy} = J.[J‘ Wdzv(V k(o) Sin o, ~— grad wjdxdyjd . (22)

0

PagenctBo (22) npu ycnosuu (15) 3anumercs B Buje:

1 ( ) ’?L N
- 23
5 1 g, ”w X, Yt ) dxdy = ;[[_[dezv( k, " gradw] dxdy}d (23)
IlycTts: "
R(w) = J.( I wdiv[Vrk,(o) gradedxddet 24
A% sin @,
0
HNmeer MecTo paBEeHCTBO:
0 Tbc r 6_W 0 Tbc r dxdy _
& sin (po X ke sin @, By
— i 0 Tbc r a_W 0 Tbc r aW dxdy _ (25)
x sin (p0 X sin @, 6

E [(Vrkf wla) [ »- suii;o J(ZL”J e

C apyroii CTOpOHBI, C y4eTOM I'paHNIHBIX yciaoBui (16)—(20) u B cury Teopems! Octporpazackoro-I'aycca [19], umeem:

I O | g Trer OOy ) Trer | OW G g, (26)
| Ox sin ¢, ) Ox oy sing, ) oy

W3 paBencTB (25) u (26) HaxXOmUM:
E J~ J~J~V Tbc; (GWJ i 8w dxdy d. (27)
sin @, [\ Ox 6y
C yuerom (27) paBeHCTBO (22) 3anuiueTcs B BUIC:
T owY ow
- 4 )dxdy =—({ | [[v k@ e |1 25+ dxdy |dt. 28
aijy )xy II sin @, (8}6] (8}1} i (&)
Harnee npeobpa3yem mpapyto yacTh paBeHcTBa (28). IlpuBnekas nepaBencto [Tyankape [20], momyyaem:
2 2
- j | (2] ) e 0 e} I (2 j dedyldr. (29
sin (p Ox 6y sin @, o
W3 HepaBeHcTBa (29) crnemyer oneHKa:
2 2
- j ”V Thor (&V] | 2 \dvdy |dr < 2w k@ Srer | 1 1 j ”wzdxdy dt. (30)
sin@, | \ Ox oy sing, | L, L,
U3 paencts (33) u (35) nmoixy4eHO HEPABEHCTBO:

©0) Fer | 11
—(1 - 8").‘;,[ w’ (x, ¥, tl)dxdy <-n'V,k\° @[E + I ] I l:“w dxdy:ld 31)

Tak xak w(x, y,t) # 0, TO BBITIOTHEHO W’ (x, y,t*) > 0. B cuity HenmpepbIBHOCTH GYHKIMH W’ (x, y,t) B HEKOTOPOi

OKPECTHOCTH TOYKH ¢ mipu £, < t* < {,, ©UMeeM ” w? (x, ¥, t)dxdy > 0, a moTomy:
D

2 (0) Toe,r 1 1 2
Tk o {Lz + o ]j Djw dxdy:|dt< 0. (32)

D
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W3 monygennsix HepaBeHCTB (31) u (32) OyzmeT ciaenoBaTh MPOTHBOPEINBOE HEPABEHCTBO:
%(l - ar)” w’ (x, V.t )dxdy< 0. (33)
D

CreioBarenbHo, CIpaBelIuBO TOXKIAECTBO W(x, Vv, tl) = (0. B cuny mpousBONBLHOCTU BPEMEHHOIO Imara T, T > 0,
HMEECM:
w(x, y,1)=0, 1, <t <.

QOueBUIHO, YTO w(x, y,t) =0 npu (x,y) eD, t_ <t=<t,, n=2,..,N.
TeM caMbIM cHelaH TEpPBBIA IIAT WHAYKIOUH TpU n = 1. AHaJOTHYHBIM 00pa3oM CTPOSTCS PACCYXACHUS IS

n=s, s=2,..,N,4T0 IPUBOIUT K PABCHCTBY:

no

w(x, ¥, tx) =0.
Pe3ynbTaToM NPOBEAEHHBIX PACCY)KACHUH CITYXKUT CIIEAYIONas TeopeMa.
Teopema. Ilycts mansl ypaBaeHus (11):

o™

(-2

r

= div(V,,kr(”'l) —Tb”"' grad H(”)J - div(Vrkr(”'l)%b ) T
sin @,

r

t,, <t<t,n=12..N,

n-1
B IIPSIMOYTOJIBHOW 00JIacTH:

D(x,y) ={0<x<L,0<y< L},},
Add, -
(b, = py)ed, )’

Torma, eciu  BBINOJHEHBI  YCIOBHA k,(”") 2k, >0, kf"’l) eC I(B), 0 Vn, n=12,...N  ¢yskuusa

T,
T, — gradH("")(x,y,tn_,)
sin @,

e k" =

r

C Ha9aJbHBIMH U TpaHUIHBIMHA ycaoBusmiu (11), (3)—(7).

H(”)(x, ¥, t), t,, <t<t,, n=12,.,N Kiacca CZ(IlT ) N C(L_IT ), grad(w)H(") € C(ﬂT) OyZzeT pelieHneM ypaBHEHUS

HoMmepa n B yuiuHApell = D x (O, T), 1 9TO pELICHUE EANHCTBEHHO.

Obcyxnenne n 3aKkaodennsi. HoBuzHa naHHOM paboThl ONpesenseTcs: II0CTaHOBKOH HECTAIl[MOHApHOW NMPOCTPaHCT-
BEHHO-/IByMEPHOW MaTeMaTU4eCKOM 3aJa4yu TPAHCIIOPTa HAHOCOB, YUMUTHIBAIOIIEH MX CIOXHBIM MHOTOKOMITOHEHTHBIH
cocraB. JIuHeapu3alus COOTBETCTBYIOIIEH HAa4adbHO-KPAaeBOW 3aJauM BBIIOJHEHA HA CETKE IO BPEMEHH U AN
IIPOU3BOJIBHOTO BPEMEHHOTO mmara ¢, | <t <t¢,, n=1,2,..,N, IOIy4eHsl yCIOBHs CyIIECTBOBAHNS U CUHCTBEHHOCTH
pelleHus HauanbHO-KpaeBoM 3a1a4u.

Cnucok Jaureparypbl

1. JleontseB U.0. [Ipubpesicnasn ounamuka. sonnvl, mewenusi nomoku Hanocos. Mocksa: 'EOC; 2001. 272 c.

2. Xiaoying Liu, Shi Qi, Yuan Huang, et al. Predictive modeling in sediment transportation across multiple spatial
scales in the Jialing River Basin of China. International Journal of Sediment Research. 2015;30(3):250-255. https://doi.
org/10.1016/].1jsrc.2015.03.013

3. Mapuyk I'U., ApimuukoB B.I1., 3anecustit B.b. Mamemamuueckue modenu 6 ceoguzuueckoii euopoounamuxe u
yucnenuvie Memoowl ux pearuzayuu. Jleamarpan: 'mapomereounsaar; 1987. 296 c.

4. Gic-Grusza G., Dudkowska A. Numerical modeling of hydrodynamics and sediment transport — an integrated
approach. Ocean Dynamics. 2017;67:1283—-1292. https://doi.org/10.1007/s10236-017-1085-9

5.Ouda M., Toorman E.A. Development of a new multiphase sediment transport model for free surface flows.
International Journal of Multiphase Flow. 2019;117:81-102. https://doi.org/10.1016/].ijmultiphaseflow.2019.04.023

6. Aksoy H., Kavvas M.L. A review of hillslope and watershed scale erosion and sediment transport models. Catena.
2005;64(2-3):247-271. https://doi.org/10.1016/j.catena.2005.08.008

7. Sukhinov A., Sidoryakina V. Two-Dimensional-One-Dimensional Alternating Direction Schemes for Coastal
Systems Convection-Diffusion Problems. Mathematics. 2021;9:3267. https://doi.org/10.3390/math9243267

8. Sukhinov A., Belova Y., Nikitina A., et al. Sufficient Conditions for the Existence and Uniqueness of the Solution
of the Dynamics of Biogeochemical Cycles in Coastal Systems Problem. Mathematics. 2022;10:2092. https:/doi.
org/10.3390/math101220928

9. Sukhinov A., Belova Y., Panasenko N., et al. Research of the Solutions Proximity of Linearized and Nonlinear
Problems of the Biogeochemical Process Dynamics in Coastal Systems. Mathematics. 2023;11:575. https://doi.
org/10.3390/math11030575

10. CyxunoB A.U., YuctsakoB A.E., bormapenko H0.C. OueHka MOrpenIHOCTH peUICHUs YpaBHEHUS TUPQy3uu
TIOTPEITHOCTH Ha OCHOBE cXeM ¢ BecaMu. M3zeecmus FODY. Texnuueckue nayku. 2011;8(121):6—13.



https://doi.org/10.1016/j.ijsrc.2015.03.013
https://doi.org/10.1016/j.ijsrc.2015.03.013
https://doi.org/10.1007/s10236-017-1085-9
https://doi.org/10.1016/j.ijmultiphaseflow.2019.04.023
https://doi.org/10.1016/j.catena.2005.08.008
https://doi.org/10.3390/math9243267
https://doi.org/10.3390/math101220928
https://doi.org/10.3390/math101220928
https://doi.org/10.3390/math11030575
https://doi.org/10.3390/math11030575

Comp ional Math tics and Information Technologies. 2023;7(2):73—80. eISSN 2587-8999

11. CyxunoB A.U., Yuctsakos A.E., Iumens A.B. OreHka NOTpenIHOCTH peieHns ypaBHeHH Auddy3un Ha OCHOBE
cxeM ¢ Becamu. Maremarndeckoe moxenupoBanue. 2013;25(11):53-64; Mathematical Models and Computer Simulation.
2014;6(3):324-331. https://doi.org/10.1134/S2070048214030120

12. CyxunoB A.U., YucrsaxkoB A.E., Vrompuunkuit I'A. u ap. TeopeTHKO-UTPOBBIE PETIAMEHTHl MEXAHU3MOB
YIOpaBICHUS yCTOWYMBBIM PAa3BUTHEM MEIKOBOIHBIX IKOCUCTEM. Agmomamuka u menemexanuxa. 2017;6:122—137.
Automation and Remote Control. 2017;78(6):1059-1071. https://doi.org/10.1134/S0005117917060078

13. Cyxunos A.U., Cupopsaxkuaa B.B. O cxomumocTn perieHus: TUHEapH30BaHHON ITOCIEIOBAaTEIHHOCTH 3a1ad
K PElICHHIO HEeJIMHEIHOM 3a/1au¥l TpaHCIIopTa HaHOCOB. Mamemamuueckoe mooenuposanue. 2017;29(11):19-39.

14. Cunopsixkuaa B.B., CyxunoB A.U. MccnenoBanme KOPPEeKTHOCTH M YMCIICHHAS pealn3anusl JHHEApU30BaHHOM
JIBYMEPHOW 3a7auu TpPAHCIIOPTa HAHOCOB. JKVpHAN GblMUCIUMENbHOU MAMEMAMUKY U MAmemMamudeckol @Qu3uku.
2017;57(6):985-1002; Computational Mathematics and Mathematical Physics. 2017;57(6):978-994. https://doi.
org/10.7868/S0044466917060138

15. CyxunoB A.J., Yuctaxos A.E., [Iporierxo E.A. TlocTpoeHne qucKkpeTHOH ABYMEPHOI MaTeMaTHIeCKOH MO
TpaHcmopTa HaHOCOB. M3secmusi FODY. Texnuueckue nayku. 2011;8(121):32—44.

16. Sukhinov A L., Chistyakov A.E., Sidoryakina V.V. Parallel Solution of Sediment and Suspension Transportation
Problems on the Basis of Explicit Schemes. Communications in Computer and Information Science. 2018;910:306-321.
https://doi.org/10.1007/978-3-319-99673-8 22

17. CyxunoB A.U., YuctakoB A.E., Atasa A.M. u ap. Maremaruueckass MoJiesib Mpolecca OCAKICHUS Ha JHO
MHOTOKOMIIOHEHTHOW B3BECH M HM3MEHEHHS COCTaBa JOHHBIX MarepuanoB. Mzeecmus UMHU YoI'y. 2022;60:73—89.
https://doi.org/10.35634/2226-3594-2022-60-05

18. Bnagumupos B.C. Vpasuenus mamemamuueckou gpusuxu. YaebHuk. 4-e u3f., uctp. u nor. Mocksa: Hayka; 1981.
512 c.

19. Jlagpoxenckas O.A. Kpaesvie 3a0auu mamemamuyeckoui ¢pusuxu. Mocksa: Hayxka; 1973. 407 c.

20. JJagpoxenckas O.A., ComonnukoB B.A., YpameneBa H.H. Jluueiinvlie u keazununeiinvie ypasHenus napabo-
auueckoeo muna. Mocksa: Hayka; 1967. 736 c.

References

1. Leontiev 10. Coastal dynamics: waves, currents, sediment flows. Moscow: GEOS; 2001. 272 p. (In Russ.).

2. Xiaoying Liu, Shi Qi, Yuan Huang, et al. Predictive modeling in sediment transportation across multiple spatial
scales in the Jialing River Basin of China. International Journal of Sediment Research. 2015;30(3):250-255. https://doi.
org/10.1016/].1jsrc.2015.03.013

3. Marchuk GI, Dymnikov VP, Zalesny VB. Mathematical models in geophysical hydrodynamics and numerical
methods of their implementation. Leningrad: Hydrometeoizdat; 1987. 296 p. (In Russ.).

4. Gic-Grusza G, Dudkowska A. Numerical modeling of hydrodynamics and sediment transport — an integrated
approach. Ocean Dynamics. 2017;67:1283—-1292. https://doi.org/10.1007/s10236-017-1085-9

5.0uda M, Toorman EA. Development of a new multiphase sediment transport model for free surface flows.
International Journal of Multiphase Flow. 2019;117:81-102. https://doi.org/10.1016/].ijmultiphaseflow.2019.04.023

6. Aksoy H, Kavvas ML. A review of hillslope and watershed scale erosion and sediment transport models. Catena.
2005;64(2-3):247-271. https://doi.org/10.1016/j.catena.2005.08.008

7. Sukhinov A, Sidoryakina V. Two-Dimensional-One-Dimensional Alternating Direction Schemes for Coastal
Systems Convection-Diffusion Problems. Mathematics. 2021;9:3267. https://doi.org/10.3390/math9243267

8. Sukhinov A, Belova Y, Nikitina A, et al. Sufficient Conditions for the Existence and Uniqueness of the Solution
of the Dynamics of Biogeochemical Cycles in Coastal Systems Problem. Mathematics. 2022;10:2092. https://doi.
org/10.3390/math101220928

9. Sukhinov A, Belova Y, Panasenko N, et al. Research of the Solutions Proximity of Linearized and Nonlinear
Problems of the Biogeochemical Process Dynamics in Coastal Systems. Mathematics. 2023;11:575. https://doi.
org/10.3390/math11030575

10. Sukhinov Al, Chistyakov AE, Bondarenko YuS. Error estimation of the solution of the error diffusion equation
based on schemes with weights. News of the SFU. Technical sciences. 2011;8(121):6—13. (In Russ.).

11. Sukhinov Al, Chistyakov AE, Shishenya AV. Estimation of the error of solving the diffusion equation based on
schemes with weights. Mathematical modeling. 2013;25(11):53—-64; Mathematical Models and Computer Simulation.
2014;6(3):324-331. (In Russ.). https://doi.org/10.1134/S2070048214030120

12. Sukhinov Al, Chistyakov AE, Ugolnitsky GA., et al. Game-theoretic regulations of mechanisms for managing the
sustainable development of shallow-water ecosystems. Automation and telemechanics. 2017; 6:122-137; Automation
and Remote Control. 2017;78(6):1059-1071. (In Russ.). https://doi.org/10.1134/S0005117917060078

13. Sukhinov Al, Sidoryakina VV. On the convergence of the solution of a linearized sequence of problems to the

solution of a nonlinear sediment transport problem. Mathematical modeling. 2017;29(11):19-39. (In Russ.).

79


https://doi.org/10.1134/S2070048214030120
https://doi.org/10.1134/S0005117917060078
https://doi.org/10.7868/S0044466917060138
https://doi.org/10.7868/S0044466917060138
https://doi.org/10.1007/978-3-319-99673-8_22
https://doi.org/10.35634/2226-3594-2022-60-05
https://doi.org/10.1016/j.ijsrc.2015.03.013
https://doi.org/10.1016/j.ijsrc.2015.03.013
https://doi.org/10.1007/s10236-017-1085-9
https://doi.org/10.1016/j.ijmultiphaseflow.2019.04.023
https://doi.org/10.1016/j.catena.2005.08.008
https://doi.org/10.3390/math9243267
https://doi.org/10.3390/math101220928
https://doi.org/10.3390/math101220928
https://doi.org/10.3390/math11030575
https://doi.org/10.3390/math11030575
https://doi.org/10.1134/S2070048214030120
https://doi.org/10.1134/S0005117917060078

80

B.B. Cudop}muna. Cymecmeosanue U eOuncmeeHHoCcmy peuwenun Hauaﬂbuo-xpaesoﬁ 3a0auu mpancnopma MHO20KOMROHEHMHbIX HAHOCO8

14. Sidoryakina VV., Sukhinov Al. Correctness study and numerical implementation of a linearized two-dimensional
sediment transport problem. Journal of Computational Mathematics and Mathematical Physics. 2017;57(6):985-1002;
Computational Mathematics and Mathematical Physics. 2017;57(6):978-994. (In Russ.) https://doi.org/10.7868/
S0044466917060138

15. Sukhinov Al Chistyakov AE, Protsenko EA. Construction of a discrete two-dimensional mathematical model of
sediment transport. News of the SFU. Technical sciences. 2011;8(121):32—44. (In Russ.).

16. Sukhinov Al, Chistyakov AE, Sidoryakina VV. Parallel Solution of Sediment and Suspension Transportation
Problems on the Basis of Explicit Schemes. Communications in Computer and Information Science. 2018;910:306-321.
https://doi.org/10.1007/978-3-319-99673-8 22

17. Sukhinov Al, Chistyakov AE, Atayan AM., et al. Mathematical model of the process of deposition to the bottom of
a multicomponent suspension and changes in the composition of bottom materials. Izvestiya IMI UdGU. 2022;60:73—-89.
(In Russ.). https://doi.org/10.35634/2226-3594-2022-60-05

18. Vladimirov VS. Equations of mathematical physics. Textbook. 4th ed., ispr. and add. Moscow: Nauka; 1981. 512 p.
(In Russ.).

19. Ladyzhenskaya OA. Boundary value problems of mathematical physics. Moscow: Nauka; 1973. 407 p. (In Russ.).

20. Ladyzhenskaya OA, Solonnikov VA, Uraltseva NN. Linear and quasi-linear equations of parabolic type. Moscow:
Nauka; 1967. 736 p. (In Russ.).

06 asmope:

Cunopsikuia BanenTnHa BaagumupoBHa, HOIeHT Kadenpsl MaTeMaTHKH, 1araHpOTCKUIl HMHCTHTYT WMEHH
A.TI. YexoBa (pmmman) PI'DY (PUHX), (PD, 347936, r. Taranpor, yi1. WuunuaruBHas, 48), kaHmumar (U3UKO-
Marematndeckux Hayk, MathSciNet, eLibrary.ru, ORCID, ResearcherID, ScopusID, cvv9@mail.ru

MocTynunia B penaknuio 18.04.2023.
MocTynuia nocie penensupoBanus 24.05.2023.
Ipunsra k nyoankannu 25.05.2023.

Kongnuxm unmepecos
ABTOp 3asBIsIET 00 OTCYTCTBUM KOH(IMKTA HHTEPECOB.

Aemop npoyuman u 0006pusL OKOHUAMETbHbIU 8APUAHI PYKONUCU.

About the Author:

Valentina V Sidoryakina, Associate Professor of the Mathematics Department, Taganrog Institute named after
A. P. Chekhov (branch) of RSUE (48, Initiative St., Taganrog, 347936, RF), PhD (Physical and Mathematical Sciences),
MathSciNet, eLibrary.ru, ORCID, ResearcherID, ScopusID, cvv9@mail.ru

Received 18.04.2023.
Revised 24.05.2023.
Accepted 25.05.2023.

Conflict of interest statement
The author does not have any conflict of interest.

The author has read and approved the final manuscript.


https://doi.org/10.7868/S0044466917060138
https://doi.org/10.7868/S0044466917060138
https://doi.org/10.1007/978-3-319-99673-8_22
https://doi.org/10.35634/2226-3594-2022-60-05
https://mathscinet.ams.org/mathscinet/MRAuthorID/730104
https://elibrary.ru/author_profile.asp?authorid=124086
https://orcid.org/0000-0001-7744-015X
https://www.researchgate.net/profile/Valentina-Sidoryakina
https://www.scopus.com/authid/detail.uri?authorId=57194681211
mailto:cvv9%40mail.ru?subject=
https://mathscinet.ams.org/mathscinet/MRAuthorID/730104
https://elibrary.ru/author_profile.asp?authorid=124086
https://orcid.org/0000-0001-7744-015X
https://www.researchgate.net/profile/Valentina-Sidoryakina
https://www.scopus.com/authid/detail.uri?authorId=57194681211
mailto:cvv9%40mail.ru?subject=



