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Annomauus. Llens Hactosmeil paboTel — MOCTPOCHNE KOMIIAKTHONW CXEMbI METO/Ia KOHEUHBIX PAa3HOCTEH I MOJEIHPOBaHUS
JUHAMPKU XUIIHUKA U )KEPTBBI HA OCHOBE ypaBHEHHH peakiuu—au(dy3un—aJBeKIUH ¢ IepeMEeHHBIMU K03 UIneHTaMH.
Memooei. I AUCKpeTH3aluy MPOCTPAHCTBEHHO-HEOJHOPOIHOH 3aJaul ¢ HEIMHEIHBIMU WIEHAMU TAKCHCHOTO U JIOKAJIBHOTO
B3aUMOAENCTBUS NIPUMEHSIETCA UHTETPO-UHTEPNOALNOHHbIN MeToA. [II0THOCTH BUIOB ONpeNeNstoTCs Ha OCHOBHOM ceTke,
a MX IOTOKH BEIYHCIISIIOTCS B y3JIaX CMEIIEHHON ceTkH. MIHTerpupoBanue 1Mo BpeMeHH NMpoBOguTcs: MeToioM PyHre —KyTTh!
BBICOKOTO TOpsiAKa. Pe3yibmamei. st ciydasi OTHOMEPHOTO KOJIBIIEBOTO apealia Ha TPEXTOYETHOM INAOIOHE MOCTPOEHa
pa3HOCTHas cXeMa, II03BOJIAONIAsl IIOBBICUTH IOPSIIOK TOUHOCTHU 10 CPAaBHEHUIO CO CTaHIAPTHOM CXEMOM BTOpPOro mopsjaxa
armpoxcumanud. [IpencTaBineHs! pe3ynbTaTsl BBIYACIUTEIBHOTO SKCIIEPUMEHTA U IIPOBEJICHO CPABHEHHE CXEM ISl CTaIHO-
HapHBIX ¥ HECTAllMOHAPHBIX pemieHnd. Ha ocHOBe mpomecca DHTKeHa A TOCIEA0BATEIbHOCTEH TPOCTPAHCTBEHHBIX CETOK
peaan30BaHbl BHIYUCICHUS S(Q(EKTHBHOTO MOPsIIKa TOYHOCTH. PaccynTaHHbIe 3HAUSHHUS VIS MIPEAJIOKCHHON CXeMbI ObUTH
OorbIlle CTAaHAAPTHBIX ABYX: IS AUGQY3HOHHO 3a/1ady MONyJalich 3HaYeHHsI He MEHbIIIE YeTHIPEX, YMEHbBIICHHE 10 TPEX
OBIIO OTMEYEHO MU yUETe HANPaBICHHON MUTPAIH. DTH BBIBOJBI ObIIH MOATBEPKICHBI U P pacyeTe HECTAMOHAPHBIX
peXUMOB KoneOaHui. 3axmouenue. IlomydeHHbIE pe3ynbTaThl AEMOHCTPHPYIOT (G ()EKTHBHOCTh IIOCTPOSHHON CXEMBI pacuera
JUHAMHUKY CHCTEMBI XUIHUKA U XEPTBBI Ha HEOJHOPOJHOM apeaje oOHTaHus.

Kniouegvie cnosa: KoOMIaKTHBIE CXEMbl, HEOJHOPOIHBII apeall, CUCTEMbl XUITHUKA U KEPTBBL.
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Abstract. The aim of this work is to develop a compact finite-difference approach for modeling the dynamics of predator
and prey based on reaction-diffusion-advection equations with variable coefficients. Methods. To discretize a spatially
inhomogeneous problem with nonlinear terms of taxis and local interaction, the balance method is used. Species densities are
determined on the main grid whereas fluxes are computed at the nodes of the staggered grid. Integration over time is carried
out using the high-order Runge-Kutta method. Results. For the case of one-dimensional annular interval, the finite-difference
scheme on the three-point stencil has been constructed that makes it possible to increase the order of accuracy compared to
the standard second-order approximation scheme. The results of computational experiment are presented and comparison of
schemes for stationary and non-stationary solutions is carried out. We conduct the calculation of accuracy order basing on the
Aitken process for sequences of spatial grids. The calculated values of the effective order accuracy for the proposed scheme
were greater than the standard two: for the diffusion problem, values of at least four were obtained. Decrease was obtained
when directional migration was taken into account. This conclusion was also confirmed for non-stationary oscillatory regimes.
Conclusion. The results demonstrate the effectiveness of the derived scheme for dynamics of predator and prey system in a
heterogeneous environment.
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BBenenue

KomnakTHBIE cxeMBI TO3BOJISIIOT MOBBICUTD MOPSAAOK Pa3HOCTHBIX allIPOKCHMAIMKA U 00€CIeYnTh
KEJNAEMYI0 TOUHOCTh C MUHUMAJIbHBIMH BBIYUCIUTENBHBIMU 3aTpaTamu [1,2]. VX pa3BuTue u npuMeHe-
HUE B 3aj7ja4yaX aKyCTHUKH, TUAPO- U a3POJMHAMHUKH OMHCAHO B CTaThsIX, 0030pbI KOTOPBIX MPUBEIECHBI
B [3-7]. Jns nuHeHHBIX 3a/ia4 MOPSAOK allpPOKCUMAIMM YCTaHABIMBAETCS IMOJACTAHOBKOM TOYHOTO
pelIeHNs B pa3HOCTHBIE aHAJIOTH YpPaBHEHUH U MpPsIMBIM pasiiokeHueM B pan Teitnopa [8]. B cimyuae
HENTMHEHHBIX 3371ad MPUMEHSIOTCS BEIYUCIUTENbHBIE TIPOIEYPHI Ha CTYIIAIONINXCA CeTKax Tuna Pugapn-
coHa, Pynre, Oiitkena [9]. CyiecTByIOT MOAXOABI, OCHOBAHHBIC HA PA3HOCTHBIX alpOKCUMAIUAX 10
MIPOCTPAHCTBY U IO BPEMEHH, a TAK)KE BapHaHTHI METO/IA MPSIMBIX, B KOTOPHIX Pa3HOCTHAs alpOKCH-
Malus OPOBOJIUTCS MO NPOCTPAHCTBEHHBIM MEPEMEHHBIM, a 10 BPEMEHH UCIOJIB3YIOTCS METOABI TUIIA
Pynre—KyTTb1. Bricokue mopsaku HHTETpaTopoB 1o BpeMeHH [ 10] mO3BOMSIOT COCPETOTOYUTHCS TOIBKO
Ha almpoKCUMAalLHUAX MO MPOCTPAHCTBEHHBIM KOOPAHHATAM.

[Ipu uccnenoBaHuu MojeNel MOMYNIAIHOHHOW JTUHAMHUKH, OCHOBAaHHBIX Ha YPaBHEHHUSX peak-
U — U Py3un —aaBeKnd, TpeOyeTcss BBIYUCIATh U aHATH3UPOBATh CTAIMOHAPHBIC PEIICHHUs, a TaK-
JKe KoJjiebaTeIbHbIe PEXUMBI, OCOOEHHO HJISi CHCTEM, ONMCHIBAIOIINX B3aWMOJEHCTBHE XHUIIHHUKOB
u xeptB [11-14]. [IpuMeHEeHHE CXeM TOBBIIIICHHOTO MOPSIKa TOYHOCTH IS MTPOOJIeM MaTeMaTHdeCKOH
OHMOJIOTUH BCTPEYAETCsl JOCTaTOUHO peako. B [3] kommakTHas pa3HOCTHAs cXeéMa BBICOKOTO MOpsAKa
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peanu3oBaHa Ui PEIICHHUsT OMHOMEPHOH M0 MPOCTPAHCTBY 3a/laudl peakluu—aJBeKInd —IuQQy3uu,
a B [4] npennoxeHa anmpoKcHMalMs TPEXMEPHOIO YpPaBHEHUs KOHBEKIMH—Iubdy3un Ui ciydas
HepaBHOMEpPHOW ceTku. B [5] ncnonp30Banucy KOHEUHO-PAa3HOCTHBIE AMIPOKCHMAIIMH 110 BPEMEHHON U
IIPOCTPAHCTBEHHOM KoopauHaTtaM [yl ypaBHeHus: Koiamoroposa—Ilerposckoro—ITuckynoBa—®umepa.
st perieHnst ypaBHeHHH peakuuu-1uddy3un ¢ mepeMeHHbBIMI KodpuIMeHTaMy 1 HeTMHEHHBIM UCTOY-
HUKOBBIM WICHOM B [0] pa3paboTaHa KOMITAKTHAsI KOHEUHO-PAa3HOCTHAS CXeMa YETBEPTOTO mopsiaka. B [7]
paccMoOTpeHa MOJENb XeMOTaKcuca JUIsl CUCTEMBI ¢ Kpocc-Tuddy3ueid u JOTUCTUIECKUM HCTOYHUKOM.
B nmanHO# pabote aisi pelieHus] HEJIMHEWHBIX ypaBHEHHWH CHCTEMBI XUIIHHWKA W JKEPTBBI HC-
MIOJI3YETCs] METOJ MPSIMBIX aHAJIOTUYHO CXEME CO CMEIEHHBIMHU CETKaMH, pa3paboTaHHoOM B [15,16].
[InoTHOCTH BHIOB ONpEAEISAIOTCS HA OCHOBHOM CETKE, a X TOTOKH BBIYUCISAIOTCA B y3JIaX CMEIIEHHOMH
ceTkH. Jluckperusanus 3a1a4u A KOJIBLIEBOIO apeajla IPOBOAUTCS Ha TpexToueuHoM mabnone. s
MHTETPUPOBAHUS M0 BpeMEHH NpuMeHsieTcss MeTox PyHre—KyTThl BEICOKOTO MopsiKa.

1. MaremaTn4veckasi MoaeJdb XHIIHUKA U KEPTBbI HA HEOAHOPOIHOM ape€aJie

Jnst omucaHus MPOCTPAHCTBEHHO-BPEMEHHOTO B3aMMOICHCTBHS XHUIITHAKA U )KEPTBBI UCIIONB3YIOT-
cs1 ypaBHeHUS peakiur—nuddy3nr—ansexnuu [11,13]. B ciydae omHoMepHOTO apeana MareMarndeckas
MOJIE/Tb MOXET OBbITh 3allMCaHa B BHJC CHCTEMBbl YPAaBHEHHI OTHOCHTEIBHO IIOTHOCTEH KepTBbl u(x, t)
u xumHuka v(x, t) [15,16]

U= _q3+F1; q1 = —klu’—l—ucp'h (1)
O=—qy+ Fa, g2 = —kv' 4 vgh, (2

T7e TOYKOH 0003HaueHOo auddepeHIMpoBaHIe IO BpEMEHH ¢, a IITPUXOM — MPOU3BOAHAS IO x. YUeHBI
F; (1 = 1, 2) ONUCHIBAIOT JIOKAJTbHOE B3aMMOJICHCTBYE BUIOB HA OCHOBE (DYHKIIMOHAIBHOTO OTKJIMKA
XoMHTa BTOPOTO POJia, MOAETH POCTa THIIEPOOIMIECKOTo THTIA /IS )KEPTBHI U JIMHEWHOTO 3aKOHA
yObUTH XUIHKUKA [17]

B
Fl(u,v):u[u (1—;) —HUCU] , Fg(u,v):v[—k—i—ng] . 3)

3mece p = p(x) — pecypc, A — ko3GHUIMEHT CMEPTHOCTH, B — MPHPOCT XUIHAKA B Pe3yJbTare
KOHTaKTa C XepTBoi, a C MO3BOJISIET y4eCTh MHEPTHOCTH XHIIHHUKA NPH IOUCKE, MOIIOUICHUU U
nepepaboTKe KEePTBHI.

B BeIpaskenmsx st motokoB ¢; (hopmyisl (1)—(2)) mepBoe ciiaraeMoe xapakrepusyeT auddysuro,
a BTOpOE OTBEYaeT 3a HalpaBlIeHHYI0 MHUrpanuio (takcuc) [13,16]. OyHKIMSA (1 BKIIOYAET TaKCHUC
JKEPTBBI Ha HEPAaBHOMEPHO pacIpeeICHHBII BIOJb apeaja pecypc p(z), MUTPALMIO OT 0cobeil cBOero
Buga (—Pi1w) U oT xumHUKa (—P12v). OYHKUUS 2 ONMUCHIBAET TAKCUC XHUIIHUKA Ha JXKepTBY (P21u)
U Takcuc (—P22v) OT CTyNICHUS XUIIHUKOB [16]:

@1 = ap — Briu — Pi2v, @2 = Paru — Porv. 4)

Kosdurmentsr muddysun k; n HanpapneHHoi Murparmu o, ;5 (i, j = 1, 2) SBIAI0TCA HEOTPULATEIb-
HBIMH BEJTMYUHAMHU.
Cucrtema (1)—(4) gomonHseTcs yCIOBUAMH NepuoaudHocTy npu = = 0 (z = a):

U(O’ t) = u(av t)a q1 (07 t) =q1 (aa t)a

v(0,t) =v(a,t), q2(0,t) = qa(a,t). Q)
HavabHble yCIoBHS 33/1aK0TCsl JUIS IUIOTHOCTEH BHJIOB
u(w, 0) =u’(x),  v(z,0) =’ (x). (©)
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2. Pa3HocTHAsI cXeMA NMOBBLILIEHHOTO MopsAAKa TOYHOCTH

B paborax [15,16] onrcana KOHEUHO-PA3HOCTHASL CXeMa PEIleHHs 3aa4 JUHAMHUKY TOMYISAIMNA Ha
OCHOBE METO/Ia KOHEUYHBIX Pa3HOCTEH C MUCTIOIH30BAHUEM CMEIICHHBIX CETOK JJISI BHIYHCICHUS MTOTOKOB.
Jst nuckperu3annn ypaBHenuii (1)—(6) mo npocTpaHCTBEeHHO# KoopauHare Ha otpeske [0, a] BBogum

pPaBHOMEpPHYIO CeTKy X, = Th, r = 0,...,n, h = a/n, B y371ax KOTOPOH BBIYKMCIISIOTCS TIOTHOCTH

BUJIOB U, U W YJIEHBI JIOKAJILHOTO B3auMoAeucTBus £}, 7 = 1, 2. [y BEIYHUCIEHUS IOTOKOB HCIOIb3YEM

CMEIIEHHYIO CeTKy 2, 1 = rh — h/2, r = 1,...,n. Jlanee onpeznenseM OnepaTopsl PasHOCTHOH
2

HpOHSBOHHOﬁ W BBIYUCIICHHA CPCIAHCTO

Yrey ~ Y4 Yrey + b4

(dy), = =272, (dy), = — 25—, ()
Yr — Yr— Yr + Yr—1

)y =" Bu)y =T ®

[Ipumenum momxon [1, 8] mis anmpokcuMaruu ypaBaenui (1)—(4). Mcmons3yeM HHTETpo-HHTEP-
MOJISIUOHHBINA MeTox (MeTox Oananca) [8] u popmyny Cummcona. [Ipounterpupyem (1) mo oTpesky

[IL'T_%, xr—i—%]’ B y3J1aX CMCIHICHHOU CCTKH IET_% 3aMCHACM IIPOU3BOAHYIO IIO BPEMCHU U F1 MOJIyCyMMOH

3HaUYEHUN B COCEIHMX y3JIaX OCHOBHOU ceTku. B pesynprare numMeem

x 1
7‘+§

0= /(—qll—u—FFl)dx%—ql(xT_i_%)‘i‘%(wr_%)—l-(xH_%—xr_é)[—\lfit-i-\IJFl]r, 9)

1
T3

TJe CeTOYHBIN omeparop VU ompenersieTcs ClIeayromen hopMyIoi:

1
Yy, = 12 (yr—l + 10y, + yr-‘rl) :
Torma u3 (9) monyvyaem
l:[]'L.L'r' == —dCILr‘i‘\PFLr, FI,T :Fl(uTav’r‘)a r= 17"'7 n. (10)

C ucnonp30BaHNEM BTOPOI Pa3sHOCTHOMN MPOU3BOTHON

41—2 _
Ay, =SS T0 o, (i1
ypasHerwue (10) mepenuceBaeTCs CISAYIOMNAM 00pa3oM:
h? h?
(1 + 12A> Uy = —dqi, + <1 + 12A> Fi, (12)
u F , BeIUMCIsAeTCA 10 opMyIie:
Tl -1
Uy Uy 1 dx
P, = 1l—— ) - —— P=|- — . 13
1,r Uy |:U/T‘ ( Pr> 1+ C'LLT:| 5 & h / p(w) ( )

x 1
T—3

B pesyibrare mHTErpupoBaHus BTOporo ypaBHeHust (1) mo oTpesky [x,_i ;] ISl MOTOKa g;
moJrydaemM

ql,rf% = (—k‘ldu—i—éud(pl)?_%. (14)
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C yuetom (4), (7) u (8) umeem

Q1= [—k1du + adpdu — B11dudu — Blgdvéu]r_% ) (15)

)

AHaOTn4YHO 13 (2) BBIBOAATCS ypaBHEHHS IUTSI TUIOTHOCTH XUIIHUKA U

h? h? Bu
14+ —A) 0, = —dga, 1+ —=A|Fy, By=v |-k +—r0u—]|, 16
( + 13 )v Q2 + ( 15 > 2, 2, =V [ +7 —l—Cur] (16)

" BBIPpAXKCHUC 1A IMOTOKA @2 B y3J1aX CMECILICHHOM CETKHU JaeTcCs (I)OpMyﬂOﬁ

p 1 = [—kodv + Po1dvdu — [I))devé’l)]ri% . (17)

)

B pesynbrare nuckpeTHU3anuy Mo NpOCTPAHCTBEHHOW MEPEMEHHOM MOJydaeTcsl CUCTEMa ypaB-
HEHHI ¢ HEM3BECTHBIMHU U, (1), v, (t), 7 = 1,..., M, COOTBETCTBYIOIMMH IUIOTHOCTSIM PaCIpe/ie/ICHHI
MOMYJISINH U, v B y31ax x,. Cucrema (12), (13), (16),r =1,..., nu (15), (17),r =1,..., n MOXeT
OBbITh 3amUcaHa B BEKTOPHOM BHUJE

U:—M71D1+G1, V:—M71D2+G2, (18)

371€Ch
U= (ui,...,upn), V=(v1,..,0),

D; =[dgin,....,dqgin], Gi=[Fi1,....Fin, 1=1,2,

[PUYEM B CUITy YCIOBHH MEPUOAUYHOCTH Ug = Up, Un+l = Ul, V0 = VUn, Untl = V1, @01 = G; 1.
b 2 ’2
Marpunia M pasmepa n’? uMeeT BUJ

10 1 0 1

. 1 10 0 0
M= — : . : : . 19
S (19)

0 0 10 1

1 0 1 10

[MocTpoeHHas KOHEYHOMEPHAS MOJICIb MOXKET ObITh 3allCaHa B BUJIC

W=aoW), W(0)=W, (20)

snece W = (U, V') — BeKTOp 3HAYCHUIT MEPEMEHHBIX B y371aX ceTku. HadanbHble JaHHBIC LIS CHCTE-
MHI (20) cnenyrot u3 (6):
Wo = (Uo, Vo) = (12, ..., u2, 09, ...,00). 1)

'

g uaTerpupoBanus cucteMsl (20) mo BpeMeHHu ucnonb3yeTcs meton Pynre—KyTTh! BeIcOKOTO
nopsiaka (mHTErpaTop 1Mo Bpemenu ode89 n3 MATLAB). Jluckperu3arust BTOPOro MopsiaKka TOUHOCTH
10 MPOCTPAHCTBEHHOU NUCKpeTu3aluuu nonyvaercs u3 (18) npu 3amene M Ha eqUHUYHYIO MAaTPUILY:

U=-D1+Gi, V=-Dy+Gs. (22)
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3. Pe3y.m)TaT1,1 BbIMUCJIUTECIBbHBIX JKCIEPUMEHTOB

Juis onenku TouHoCcTH cxeM (18) u (22) mpoBenieHbl BBIYHCICHNUS CTAllMOHAPHBIX U KOJeOaTeb-

HBIX peKUMOB crucTeMsl (1)—(6) nmpyu GpUKCHPOBAaHHBIX 3HAYCHUAX CIEAYIOMHNX mapameTpos: k; = 0.02,

ke = 0.01, B =4, B12 = P11 = P22 = 0. BappupoBanuce 4ncio y3iioB Mo apeaiy n, mapamerp cMepT-

HOCTH A, BenmmurHa C, MUTpalioHHble K03 GHUIMEHTH o U [321. Pacnpenenenue pecypca 3a1aBajioch Ha
unrtepsaie [0, 1] B Buze

p(x) =1 —0.2sin 2wz + 0.2 sin 47z, (23)

DOKCIEPUMEHT TPOBOAMICS HAa CETKAX N, Nijt+1 = 2N, Njy2 = 4n,;, u W,; ecTb ducieHHoe
peleHue Ha ceTke n;. D(PEKTUBHBIN MOPSIOK TOYHOCTH 1) HA OCHOBE mporecca Jiitkena (h; = 1/n;)
BBIUMCIISIICS TI0 popMyJe

m=logy o ;= Wi~ Wil
Sit1
rae S; — HOPMBI Pa3HHIIBI MEXIY YUCIECHHBIMH pelieHussMU W Ha ceTkax n; U 7;_1.

B Tabmuue u Ha puc. 1, 2 npuBeaeHB! pe3yabTaThl pacieTOB Ha yCTAHOBJIEHHE CTAI[MOHAPHBIX
pelIeHnid COCYIIECTBYIOINX XHUIMHNUKA U kepTBbl nipu A = 1.1, C' = 2.5 g psaga 3HaYeHHH MUTpa-
IIMOHHBIX MMapaMeTpoB o U P21. Ha puc. 1 mpeacraBiieHo U3MEHEHHE BO BPEMEHU MPOCTPAHCTBEHHBIX
pacnpenenenuii npu o = 0.005, B2; = 0.01. JIas Tpex HAG0POB MHUTPAIMOHHBIX MAPAMETPOB ¢ U Pa1
Ha pucC. 2 JaHBl CTAIlHOHAPHEBIE pacIpeneleHus
(@) u BEIUKCIICHHABIE 3HAYCHUS d(PPEeKTHBHOTO 1MO-  Tabmuia. DbdeKTHBHBIA NOPSIOK CTAHAAPTHON CXEMBbI
PAZIKA TOYHOCTH B PA3JIMYHbIE MOMEHTBI BPEMEHH (PC'2) u cXeMbl MOBBILICHHOTO NOPs/KA TOYHOCTH
(b). BumHo, 9TO B 3aBHCHMOCTH OT 3HAYCHHH ITa- (PCY); )= 1.1, C =25, m = 10, ny = 20,

PaMeTpoB peaM3yIOTCs Pa3IMYAIOIINeCs pacipe- ng = 40 (npouece Siirkena)

JIeTICHUsT XUIITHUKA U XepTBel. B Tabmuie cron- Table. Efficient order of standard scheme (PC2) and
6ert PC2 cOOTBETCTBYET pacueTy MopsaKa 1) Mo high order scheme (PC'4); ) :.1-1’ ¢ =25,
CTaH/IaPTHOM CXEMe BTOPOTO MOPSIKA TOYHOCTH, ny = 10, ny = 20, ng = 40 (Aitken process)
a PC'4 — BBIYUNCIICHUSM 11O CXEME MOBBIILICHHOTO o Bor PC2 PCA
nopsika TouHocTd. Ilpu o = 0.001(,)[321 = 0.005 0001 0.005 5051 20745
3Ha4YEHHE 1) IOYTH PAaBHO yeTblpeM. OTMETUM, 4TO
! P P : 0.005 | 0.005 2.0588 3.209
C YBEJIMYEHUEM MHUTPALMOHHBIX MapaMeTpOB Be-
0.005 0.01 2.0589 2.9398

JIMIMHA 1) CHUXKACTCA.

7
////

{0
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Puc. 1. IIpocTpaHCTBEHHO-BPEMEHHOE paCIpeAeeHHe KEPTBhI u (ceBa) U xuinHuka v (cmpasa) mist oo = 0.005, f21 = 0.01,
A=11,C=25n=20

Fig. 1. Spatial-temporal distribution of prey u (left) and predator v (right) for a = 0.005, f21 = 0.01, A = 1.1, C = 2.5,
n =20
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Fig. 2. a — Stationary distributions of prey u(z) (blue curves), predator v(z) (red), resource p(z) (green); b — order of accuracy

values at various times for PC?2 (black), PC4 (blue): a = 0.001, P21
TOYHOCTH Ha ceTkax n = 12, 24, 48 npu A = 0.95. Ha puc. 4, 5 npencrasieHbl BEIYUCICHHS HOPMBI S

(cM. puc. 3), To ecTb Ha apealie peaJu3yloTcsi Oerylre BOJHBI IoTHOCTeH nomyssiuuid. Ha puc. 4-7
IIPUBECHBI PE3YIbTAThl PACUETOB KOJICOATEIBHBIX PEXUMOB U BBIUNCIICHUS 3P(PEKTUBHBIX MOPSAKOB
U MOpsiIKa TOYHOCTH 1| B Pa3IMYHBIE MOMEHTBI BPEMEHH I TPEX 3HAYEHHUH O B CIIydae OTCYTCTBHS
takcuca (21 = 0). BugHo, uro HOpMa pasHocTu st n = 12,24 B cioy4yae NpenjioKeHHOH CXEMBbI
BCETJa MEHbIIE HOPMBI PA3HOCTH UL CXEMBI BTOPOIO MOPSAKA TOUHOCTH Ipu n = 24,48, a cpaBHUMBIE
pe3ynbTaThl MOMYYaroTCs TONBKO NMPU UCIIOIB30BaHUU ceTOK 1 = 48, 96. s cxeMbl BTOPOro nopsiika
TOYHOCTH Ha GonbioM BpemMeHHOM mpomexyTke [0...1000] BenuumHa S yBEIHYUBACTCS, U BHIHBI

OMUX XUIMHUKA 1 )KEPTBbI CTAHOBUTCA HCYCTOMYMBBIM M BO3HUKAIOT MCPUOIUICCKHEC KOJIC

Puc. 2. @ — CrauuoHapHble pacrpe/eleHnst )epTBbl u(x) (CHHUE KPHUBbIC), XUIIHUKA U(T
b — 3HaYeHHs MOps/IKa TOYHOCTH B Pa3InIHbIe MOMEHTHI BpeMeHH 11t PC'2 (uepHsblie)

(crnomunsie kpussbie), o = 0.005, P21
(dashed line) and o = 0.005, P21

0.95,
03

0, A

0.95,n =24

A=
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2.5, o = 001, I?)21
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Puc. 3. TIpocTpaHCTBEHHO-BPEMEHHOE pactiperneieHue u (HaBepxy) u v (BHu3y) s C'

n =24
Fig. 3. Spatial-temporal distribution of u (top) and v (bottom) for C
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Puc. 4. I'paduku n3MeHEHHs BO BpeMEHH BblYMCIseMbIx HOpM S; it o = 0.001 (cneBa), oo = 0.005 (uentp), o = 0.01
(cmpaBa): cxema MOBBILICHHOW TOYHOCTH (CHHMIA LIBET), CXeMa BTOPOTO MOPSAAKA TOUHOCTH (YepHBIN), n; = 24 (kpuBbie [ U 3),
n; =48 2 u 4); P21 = 0, A = 0.95, C' = 2.5 (uBer oHIAiH)

Fig. 4 Graphs of changes .S; over time for oo = 0.001 (left), & = 0.005 (center), oo = 0.01 (right): high-order accuracy scheme
(blue color), second order accuracy scheme (black), n; = 24 (curves I/ and 3), n; =48 (2 and 4); f21 =0, A =0.95,C = 2.5
(color online)

n
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Puc. 5. I'padyxy M3MEHEHNSI BO BPEMEHHU BBIYHCIIIEMOTro ropsiika TouHoctd 1 1t o = 0.001 (cneBa), oo = 0.005 (weHTp),
o = 0.01 (cmpaBa): cxema MOBBIIICHHONW TOYHOCTH (CHHHUI I[BET), CXeMa BTOPOTrO MOPsAKAa TOYHOCTU (YepHBIi); P21 = 0,
A =0.95, C' = 2.5 (uBer oHIAIIH)

Fig. 5. Graphs of changes 1 over time for o = 0.001 (left), o = 0.005 (center), a = 0.01 (right): high-order accuracy scheme
(blue color), second order accuracy scheme (black); f21 = 0, A = 0.95, C' = 2.5 (color online)

OCHMJUILIMM PACCUUTHIBAEMOIO MOPSAKA TOYHOCTH. DTO SBISIETCS PE3YJIbTaTOM HaKalTUBaroILEHCs
OIMOKY MU pacyeTe HUKJIa Ha TpyOoi ceTke. MOXHO TakKe OTMETHTh, YTO JJISI CXEMBI BBICOKOTO T10-
psiKa IIpY YBEITMUYESHUH MUTPAlMOHHOTO IapameTpa o TpeOyeTcst HEKOTOpOe BPeMsl [Ulsl YCTaHOBJICHUS 1).
st 3amaum ¢ yaetom Takcuca (B21 = 0.005,0.01) pe3ynbraTbl BEIMUCICHUS MOPSIKa TOUHOCTH MPUBEIC-
HbI Ha puc. 6. [Ipu yBenudyeHuu 321 B JBa pa3a BeIUYHHA MOPSIKA TOYHOCTH MEHSETCS HE3HAUUTENBHO.

2| ettt AN D e e N )

1

0 500 13 0 500 t
Puc. 6. M3meneHue Bo BpeMeHH MopsiaAKa TOUHOCTH 1) 1uist B21 = 0.005 (cmesa), P21 = 0.01 (cmpaBa): cxema MOBBILICHHO#
TOYHOCTH (CHHHMII IBET), cXeMa BTOPOTo Mopsiika ToyHOCTH (depHbii); o = 0.005, A = 0.95, C' = 2.5 (uBer oHaiiH)

Fig. 6. Change in time of the order accuracy 1 for f21 = 0.005 (left), 21 = 0.01 (right): high-order accuracy scheme (blue),
second order accuracy scheme (black); o = 0.005, A = 0.95, C' = 2.5 (color online)
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Puc. 7. IIpocTpaHCTBEHHO-BPEMEHHOE pacmpesenaeHne v (HaBepxy) u v (BHu3y) it C =2, o = 0.01, f21 = 0, A = 0.95,
n =24

Fig. 7. Spatial-temporal distribution of u (top) and v (bottom) for C' =2, a = 0.01, 21 =0, A = 0.95, n = 24

Brusaue napamerpa C' Ha xapakTep MEpPUOJUYECKHX KOJICOaHWH WILTIOCTPUPYIOT puc. 3 U 7.
BuaHo, 4To 115t ONMM3KUX 3HAYCHUI MapameTpa WHePTHOCTH XuliHuka C' = 2, 2.5 peanusyroTcs koneba-
TEJIbHBIC PEXKUMBI C Pa3HBIMU aMIUTUTYAaMU U nepuogamu. Cxema MOBBIIIEHHOTO MOPSAKa TOYHOCTH
MTO3BOJISICT HA TOCTATOYHO IPYyOBIX ceTKaX (n = 24) MPOU3BOIUTH PAaCcUeThl PENIaKCAIlIOHHBIX KOJICOaHUH,
KOTJIa 3HaUYMTEJbHbIC IEPUOABI BPEMEHU XUIIHUK MPAKTHYECKH OTCYTCTBYET (CM. pHC. 7).

3akjoueHue

B pabore npemioxkena npocras il peaau3aluy KOMIIAKTHAs YUCIICHHAs! CXeMa PEILeHUS] CUCTEMBI
ypaBHEHHM MapaboIMYecKOro THMa C HEIMHEWHBIMH aJBEKTUBHBIMM M HCTOUYHHUKOBBIMU UJICHAMH.
PaccMotpeHa 3aaua 0 JUHAMKKE MOMYIALNUN XUITHUKA U )KEPTBBI HA HEOMHOPOJHOM KOJIBLIEBOM apealie.
[pencraBieHsl pe3ynbTaThl PaCUeTOB CTALMOHAPHBIX PACTIPEACICHUI BUIOB U KOJIEOATEIbHBIX PEKIUMOB.
Paccunrannsle 3Ha4eHus 3P PEKTUBHOTO MOPSAAKA TOYHOCTH MOKa3aIl IPEUMYILECTBA PEII0KEHHON
CXEMbI TI0 CPAaBHEHMIO C KJIACCHUYECKOM anmpoKkcHMaluei BTOpOro Mopsaka Mpy pacyeTe CTallMOHAPHBIX
1 HECTAIlMOHAPHBIX pemieHni. CxeMa MOBBIIIEHHOTO MOPSIIKa TOYHOCTH TT03BOJISIET UCIIONB30BaTh CETKH
MEHBIIETO pa3Mepa, 4TO JAeT BBIUIPHINI IPH BBIUMUCICHUM CTAllMOHAPHBIX PACHpPENEeIEHUNH METOIOM
YCTaHOBJIEHUS U TIPH pacyeTax HEeCTAMOHAPHBIX IPOIECCOB THIIA OEryIINX BOJIH. DTO 0COOEHHO BaXKHO
[IPH aHaJIM3€ 3a4a4 MOMYJIAUOHHON JTUHAMUKHU C CUIBHO HEOJAHOPOIAHBIMU PacIpeieICHUsAMH pecypca
Ha apeajie ¥ B Cly4ae HECKOJBKHX MPOCTPAHCTBEHHBIX NIEPEMEHHBIX.
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