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1. IlocramoBka 3ama4m

CramumonapHoe pacupeaeaeHne KOHIIEHTPAINH TAPHUKOBBIX Fa30B B 9KOCUCTEME «JIEC—
60JI0TO» B TPEJITOJ0KEHNN N30TPOIHOCTH TTPOCTPAHCTBA 110 OHON U3 FOPU30HTATBHBIX
KOOPJMHAT UMeET BUJI KOHTPACTHOM CTPYKTYPBHI C JIOKAJIU3alUell BHYTPEHHErO IIEePEeX0/I-
HOT'O CJIOSI B OKPECTHOCTH I'PAHUIIBI MEXKJTY JIECOMOJIOCON U DOJIOTOM. DTO SBUJIOCH OCHO-
BaHHEM JIJIgd IIPUMEHEHU A ACUMITOTUYECKON TeoOpUun KOHTPACTHBIX CTPYKTYDP K HUCCJIEI0-
BaHUIO OJTHOMEPHOI MOJIEIBHON KpaeBoil 3a/1a9u AJ1d yCPEAHEHHOTO YPAaBHEHUS IIEPEHOCA
ra30BOM ITPUMECH

2" —eA(x)u = B(u,r,e), x¢€(-1,1),e€(0,1), (1)
C IPAHMIHBIMU YCJIOBUSAME BUJIA
u'(—1,e) =4 (1,6) = 0. (2)

B1ech u — 6e3paszmMepHasi KOHIIEHTpaIus ra30Boil npumecn, A () — ropusoHTaabHast
KOMIIOHEHTa 6e3pa3MepHOii CKOpOCTH BeTpa. B paMkax JanHoi Mojenn hyHKIUs B3au-
MOJIEHCTBHS C PACTUTEIBHOCTBIO B (u, 2, £) BIOUpaeTcs B Buje

B (u,z,¢) = (u =1 (2)) (u—= @2 (2)) (u— ¢35 (z)),

riae byHKIwn u = @; (), ¢ = 1,3 HHTepHPeTHPYIOTCs Kak Ge3pa3MepHble KOHIIEHTPAIIN
MApPHUKOBBIX T'a30B HAJ| JIECOM W OOJIOTOM.

2. Pemenne norpaHcJ/I0MHOIo THUMIA

Borpoc o cymecTBoBaHIN KOHTPACTHBIX CTPYKTYD B 3a1a4e (1)—(2) memocpeacTBeH-
HO CBA3aH C BOIIPOCOM O CYIIECTBOBAHUU PEIICHUIl HOIPaHCJIONHOIO TUIIA B CJIeLyIoNleit
3a1a4e:

P — A @) = (w— o () (=2 (0) (= g3 (2), 2 E(-LD),  (3)

u/(_Lg) = 01, u<1’5) = G2- (4)

Hasiee Gyem ucciieoBaTh pelieHre morpasc/ioiinoro tuma 3agaan (3)—(4), koropoe

67m3Ko K perieHnio u = 1 (x) BeIpoxKIeHHOrO ypashenus B(u,x,0) = 0 BHyTpu uH-

tepBaia (—1,1) , a B Toukax & = £1 yjoBierBopsier rpaHudHbIM ycsoBusiM (4). st
ONPEJIEIEHHOCTH OYJIeM CYUTATh, 9TO g > ¢1(1) .

HyCTb BBIIIOJIHEHBI YCJIOBULI:

(Y1) Dynryuu A () u; (x) — docmamouno eaadkue dynryuu 6 obracmu x € [—1,1],i =
1,2,3

(Y2)Kopru u = @; () ewpoorcdennozo ypasrernus marosv, wmo @1 () < g9 () <
s (x).
[Mopsiok raajgroctu Gyt A (x) u ¢; (x) onpemessieTcst HOPSIIKOM CTPOSIIIEHCsT ACHMII-
TOTHK.
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Iycts (A (1)) 44 (@ (1) — @1 (1)) (w2 (1) — @3 (1)) < 0. Torma B cuy yeaosus (V2)
toukn 1okos (p1(1),0) u (¢3(1),0) ma daszosoit mwrockocTu (U, V) TPUCOCTUHEHHON CH-

dv/dpy = A(1) 0+ (u—¢1 (1) (=2 (1)) (u—s3(1)),
du/dpy =v, —o0<py <0

(5)
KJ1accuUIUPYIOTCS KaK TOUYKHU MOKOsl THIIA cejiia, a Touka (po(1),0) — kak dokyc.

[yt cymiecTBOBaHUSA pelleHust HOrpaHciIoinoro Tuma 3aga4du (3)—(4) mocrarodno,
9TOOBI IIPAMAsS U = o Ha IJIOCKOCTH (U, U) IIepeceKasia CelapaTpPHCy, BXOILIILYIO B CEI0
(p1(1),0) mpu py — —oo [1]. CooTBercTByIOIIEE HEpEceTeHne 0OECIETNBAET CIIELYIOIEee
yCJIOBUE Ha 3HAYEHUe ¢ :

(¥3) Beau A1) = /3 (o1 (1) + 03 (1) — 202 (1)), mo 01 (1) < g2 < 3 (1) ;
ecau A(1) > (/3 (01 (1) + @3 (1) — 22 (1)), mo g2 > ¢1 (1);
can A(1) < \/3 (o1 (1) + 05 (1) = 205 (1)), mo 91 (1) < g2 < 0

)
2de U — maubosvuwiee u3 603MOACHHLT 3HaveHul makuz, wmo p1 (1) < 4 < @3 (1),
U(a) =0, @#ex(l).

B uacrroctu, nycts B = u(u — 1)(u — 4) . [lonoxkenue cenaparpuc B BepxHeil MOJLy-
tockocTH (as3oBoii mwrockocTr (U, V) IpU pasindHbIX 3HadeHnsx kodddunuenta A(1)
IrpeJicTaBjeHo Ha puc. 1-3.

4 3 8
\\ /\ 6 7
2 2 /
/LN e
0 i L e
-2 /, 0 0
'40 1 5 3 4 0 1 2 3 4 29 1 2 3 4 5
Puc. 1. A(1) =1, 0 =25 Puc. 2. A(1) =2 Puc. 3. A(1) = 1.9

Yenosue (Y3) soimosaeno, ecin 0 < go < 2.5 upu A(l) = 1,0 < go < 4 upn
A(1) = /2, u, maxonen g, > 0 npu A(1) = 1.9 .

B coorBeTcTBIM ¢ METOJOM MOIPAHUYHBIX (DYHKINI [2] acCHMITOTHKY TTOMPAHCIONHO-
IO peleHns UIeM B BUJIE PsJia;

u(z,e) = ﬂ(x,a)%—ﬂu* (p+.€) +1Iu™ (p-. ), (6)

i (r,6) = o1 (0) + et (&) ..., Tu* (pg,e) = ot (ps) +elluf (p) + ...,

p-=(x+1)/e, pr=(z—1)/e
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B mysieBoM mpuO/IMKEHUN UMeeM:

d* Ty /dp? — A(=1)dllugy /dp- = B (1 (=1) + My, —1,0) ,

dug (0)/dp— =0, Ty (+00) =0, (7)

B (g1 (=1) 4+ Hug, —1,0) = Huy (1 (—1) — 2 (1) + ug ) (o1 (—1) — @3 (—1) + uy ) -

Anasmsupyst $ha3oBblil MOPTPET CUCTEMBI, KOTOPas COOTBETCTBYET YPABHEHUIO U3 32~
maan (7), BugmM, 9T0 3ajava (7) nmeer TpuBnasbaoe perrerne: u, (p-) = 0.

Ananornano nosrydaeM 3anady jist onpeetenus dbynxuun [ug (po):

Mg /dp% — A (1) dlug [dpy = B (g1 (1) + g, 1,0)
HUSF (O) =02— ¢ (1) ’ HUO+ (_OO) =0,

rae
B (1 (1) + Hug,1,0) = Hugd (e1 (1) — @2 (1) + Mug ) (o1 (1) — @3 (1) + g )

Ecou monoxkuts U(py ) = @1 (1) +Hug (po), To ypasaennio us sagaun (8) Gyaer cooTser-
croBarh cucreMa (5). B cuy yenosus (V3) cymecrsyer pemtenue 3a1a4au (8). B kade-
CTBe pellleHns: BBIONpaeM MOHOTOHHO U3MEHSIIOILY0Cst (QDYHKIMIO OT 3HaYeHus g — @1 (1)
upu py = 0 J10 HYJIS TIPU py — —00, HPUUEM |Hu5r (,0+)‘ < CeXor+ - xo > 0.

KoncranTsl, 3HaUeHUsT KOTOPBIX HE 3aBUCAT OT &€, 3]1eCh U Jajee OyjaemM o603HaYaTh
oyksoit C.

[Ipu n > 0 pa wienos pasnoxkenns [Lu™ (p)) mmeem nuneiinble 3axatm:

&l fdp? — A (1) T /dpy, — B (p )Ty = £ (py), =00 < py <0, ©)
Mu, (0) = =7, (1), T, (—00) =0,
rie Bf (py) = (@ — ¢2(1))(@ — 3(1)) + (@ — 1 (1)) (@ - 3(1)) + (@ =1 (1) (@ = ¢a(1))
, [7 (p+) — usBectble dynknun, npuueMm |f7 (py)] < CeXnPt b > 0.
[Mockosbky pemenus 3azad (9) mpecTaBUMBI B IBHOM BHJIE

1} (1) = =2 7 (0) - mmp/ A0 (s ds [ ) g )

— 00

To jisd dyukumit [Ty} jerko moaydurs 3KCHOHEHIINAIBHBIE OIEHKHU:
+ Xt p +
Tt (py)] < CeXnit b > 0.
IIpu n > 0 orHOCHTEeBPHO DyHKIMI Ilu, MMeeMm aHATOrMYHBIE 3318491

d*Mu, fdp? — A(=1)dlu, /dp- — B, Tu, = f; (p-), 0<p- < +oo,

N _ _ (10)
dlu, (0)/dp- = —u,,_,(—1), Ilu, (+00) =0,



Haseimosa M.A., Jlesamosa H.T., 3axaposa C.A.
MogesupoBanue mporecca MepeHoca ra3oBoi IPUMECH B IIPUIIOBEPXHOCTHOM CJIO€ aTMOChEpHI 287

peneHnd KOTOPhIX IIPEJCTaBUMbI B BUJIE:

+oo
S " T YO v Yo R N
Hun )\1()\2 - )\1) O/ ‘ fn <€>d€ /\1 unfl( 1) e + Hun )
ve Tz = —Yi (o) [ AV, (€) £ (6) de + Ya (o) | e ACVEY, () £ (€) de —
0 +o00

qaCTHOE PeleHre HeOJHOPOAHOTro ypasHenus u3 3a1aqan (10), Y (p-) = \/e::—%l — @CP

OJIHOPOJTHOTO YPaBHEHUS, \p = ACDFy A;(_I)J“@; k=12,
By = (p1(=1) — o2 (=1)) (1 (—1) — 5 (—1)), fi (p) — msmecipre dymcmmn.

Crpasemuset onenku: [ITu, (p_)| < Cexnf-  y, < 0.

JokazarenbeTBo cymmectBoBanus perenus 3aga4n (3)—(4) ¢ acummnrorukoii (6) ocHo-
BAHO Ha MJIESX aCHMIITOTUIECKOrO MeTo/a iiuddepeHnnaibHbIX HEPABEeHCTB (CM., HAIIp.,
[3,4]). Bepxuee B, (z,c) n HuKHee oy, (X, €) peleHnst CTPOATCA B BAJE CTAHIAPTHBIX MO-
JudUKANTil ACHMITOTHIECKOrO pa3yoxenus (6):

Bu(w,8) = 1 () + et () + ... + (U (¥) +7) + Mug (p4) +elluf (p1) + ...+
+e"uy (pi) + gy (p+) + ellug (p-) + ..+ " lugy (p-)
an(w,€) = 1 () + et (2) + ...+ (U (2) =) + ug (py) +elloy (py) + ...+
+e" Tl (py) + "oy (p4) + ellug (p-) + ..o+ " lugy (p-)

rae v > 0, a dyakuun I, gul (py) onpesessioTcs Kak pelreHus CJIeyouxX 3a1ad:

Ao sl [dpt — A(1) dl gu,s fdp, — B (p )Mo pu,” =
= FITuy (3Mug + 41 (1) — 2(p2(1) + w3(1))) £ ¥(p4), —00 < py <0,
[, su (0) = 0,11, gu, (—o0) = 0.

Baech 0 < U(p,) < Cyexp(apy),da>0,Cy >0.

B pesysbrare mpoBepKH cOOTBETCTBYIONHX [T depeHImanibHbIX HepaBeHCTB 4] m1o-
Ka3bIBACTCS

Teopema. [Tycms swvinoanerve ycaosus (Y1)-(¥3). Toeda cywecmeyem pewenue
u(z, e) 3adavu (3)—(4) maxoe wmo

lu(x,e) — U, (x,6)] < Ce"™, xe[-1,1],

ede U, (r,€) — wacmuunas cymma n-20 nopadka acumnmomuueckozo pada (6), C' — ne
3A6UCAULAA O € KOHCTNANMNA.
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Ecin paceMoTpeTh HapabosIMuecKyio 3aady, COOTBETCTBYIoNyio 3aiade (3)—(4), c
navasbaoil bynkiueit u’(x) Takoit, uto ay(z,€) < u’(z) < Bi(x,€) , To €é cranmonapuoe
pererne u(z, £) ¢ acuMITOTUKOMI (6) Oy/IeT ACHMITOTHIECKH YCTOWINBBIM 110 JIAIyHOBY,
U, CJIeJIoBATE/ILHO, ¢JIMHCTBEHHBIM B yKasaHHO obsactu [5]. DTo yTBepskjieHne Jerko
JI0Ka3aTh, €CJIM MPUMEHUTh aCHMITOTHYECKIH MeTo, i depeHImalbHbIX HEPABEHCTB
K JICCJICJ0BAHMIO BBIMICYTIOMSHYTOI 11apaboImuecKoil 3a,1au.

3. KoHTpacTHbIe CTPYKTYPbI

CdopMynupyeM OCHOBHBIE yCJIOBHSI CYIIECTBOBAHUA KOHTPACTHBIX CTPYKTYD B 3818~
ae (1)—(2).

[Tycrs (A(x))? + 4By (p2(x),2,0) < 0 npu x € [—1,1] , Bomossens yeaosust (V1) |
(¥Y2) u ycaosue

(V3% Cywecmeyem snavenue xg € (—1,1) maxoe, wmo

A(zg) = ! (¢1(x0) + p3(w0) — 2¢a(x0)) -

2
HpI/I OITMCaHUU KOHTPACTHBIX CTPYKTYD CYIIECTBEHHYIO POJIb UT'DAET IIPUCOCIUHEHHAA
CHCTEeMa

dv/dg = A(x) v+ (0= 1 (2)) (u = @2 (2)) (W= 3 (7)),

du/dE =7, —o0 <€ < +o0. (11)

Onpenemmm dyuxuuio H () =01 (0,2) — v~ (0,2) , € [xg — d, 20+ 0], 0 = O (¢),
rae vF (§,x) — perenns cucremsl (11) ¢ yenoBuamu ut (Foo,z) = ¢; (z), i = 1,3,
0T (Foo,z) = 0. B cuy yenosua (V3%) npu = zy Ha $Has3oBoii IOCKOCTH CHCTEMBI
(11) cymecTByer cenaparpuca, coenunsiomas cemia (p1(zg),0) u (¢3(xo),0). Caemoa-
tesbro, H (z9) =0 .

(V4). Iyemov H'(x) > 0.
AcumnroTnveckoe pasjioxkenue perteHus u(x, £) THIA KOHTPACTHOH CTPYKTYDBI 110-

JIyLIaeTCH B pGByJIbTaTe Cl — CIHIMBaHUA ﬂByX ACUMIITOTUK HOFpaHCHOﬁHOFO TUIIa B TOYKE
rT=71:

W =T (9) QU (60) T (o 2) r € [18), -
Wt =T (5,6) + Qut (€,0) + TTu* (py, )z € (3,1),
§=(x—12)/e,
e U (z,e) = 1 (2) +euy () +...u" (z,¢) = p3 (z) +eu; (x)+...— perynaphble ua-
crn pasnoennit, Hu® (pi, ) = Hug" (ps) + ellui (p+) + . .. — byukmmm, onmcbBaronTe

TOrpaHUYHBIE CJION B OKpecTHOCTH Towek = = +1 | Qu* (€, ¢) = Qui (§) +eQui (€)+. ..
— yHKIUM, OMUCHIBAIONIHE OTPAHUIHBIE CJIOM B OKPECTHOCTH TOUKH & = I, TIOJIOKEHHe
KOTOPOIi OIpeie/seTcst yeaoBueM u (I, €) = ¢y () , a 3HAUEHUE UINETCS B BUJIE

fi’:JIo—i‘é‘LL’l—F..., (13)
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1€ B KadeCTBeE I'JIaBHOI'O YJICHa BbI6I/IpaeTCH 3Ha4Y€HUue Tp, OlIpeJgesidaeMoe YCJIOBUEM (y30) .

[Tocrpoenue psizios (12) Beinosasiercst B coorsercTuu ¢ 1. 2. Koaddurmenrsr x; ps-
1a (13) ompe/esisiorest U3 yCIOBHs [VIAJKOTO CIIMBAHU ACHMITOTHK IIPH T = T(€) :

(du* (2)/dz — du” () /dz) = H () +
e (gl (2) — @ () + dQuy (0, 2) /dE — dQuy (0, ) /dE) + . .

[Mogcrasnsst psa (13) B ypasuenue (14), ¢ yaerom siBHOTO Bua (DYHKIIHIT Quf, ITOJTy YaeM
[OCJIEIOBATEIBHOCTD PA3PEIIUMbIX, B CUILy ycsoBust (Y4), ypaBHEHHUT OTHOCUTETBHO T;,
1>0:

(14)

H/(I'()).CEZ' + Gz (.CC(), L1y 7331'—1) = O,

riae G (xg, 1, ..., x;_1) — u3BeCTHBIC (DYHKIN.
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Abstract. In the present work the model boundary value problem for a stationary singularly per-
turbed reaction-diffusion-advection equation arising at the description of gas impurity transfer processes
in an ecosystem ”forest — swamp” is considered. Application of a boundary functions method and an
asymptotic method of differential inequalities allow to construct an asymptotics of the boundary layer
type solution, to prove the existence of the solution with such an asymptotics and its asymptotic stabil-
ity by Lyapunov as the stationary solution of the corresponding parabolic problem with the definition



Modeauposanue u anaausd ungopmavyuornoz cucmem. T.23, Ne3 (2016)
290 Modeling and Analysis of Information Systems. Vol. 23, No 3 (2016)

of local area of boundary layer type solution formation. The latter has a certain importance for ap-
plications, since it allows to reveal the solution describing one of the most probable conditions of the
ecosystem. In the final part of the work sufficient conditions for existence of solutions with interior
transitional layers (contrast structures) are discussed.

Keywords: reaction-diffusion-advection type equations, contrast structures
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