ITEPEHOC KPAEBOT'O YCJIOBUA N3 BECKOHEYHOCTU
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BTOPOTI'O ITIOPAAKA C MAJIBIM ITAPAMETPOM
(Siberian Journal of Numerical mathematics, 1999, V. 2, N 1, p.
21-36.)

AN. Banopun

Paccmarpupatorcst 0ObIKHOBEHHBIE TUu( HEepEeHINATbHBIE YPABHEHUS BTOPOT'O MO~
PAaKa ¢ MAJIBIM IAPAMETPOM IIPHU CTAPIeH TPOU3BOAHON HA 1TOIyOECKOHEIHOM WH-
tepeasie. [lpemmaraercs: cocob mepexona K 3a/1a9e Ha KOHEYHOM WHTEDPBAJIE WJIH K
3amade Komn /st ypaBHEHUS IePBOro HOpsAka. s pereHus BCIIOMOraTesbHON
CUHTYJAPHON 3afaum Komm mpejiaraeTcs UCIOAb30BaTh aCUMITOTHIECKUN TTOM-
XO[I,.

IIpu MaTeMaTHYECKOM MOJEJUPOBAHUN PA3JIUIHBIX (DUIUIECKUX sIBJIE-
HUl, HATTPUMED, TMePEHOCa MPUMECH WA PACIPOCTPAHEHUS ILJIAMEHM, KPa-
€BbIE YCJIOBHSA MOTYT CTaBUTbCs Ha Oeckoneunoctu. llpm permenun Takmx
33739 KOHEYHO-PA3HOCTHBIM METOIOM HEODXOAMMO IMepeiTH K OrpaHUYIeH-
HO#t obnacTu. B nanHOoil pabore paccMaTpuBaeTcs BOIIPOC [IEPEHOCA, KPAEBBIX
yCaoBuit u3 GECKOHEYHOCTU B CJIy4ae OOBIKHOBEHHBIX JIuMdEpPeHITnaIbHbIX
ypaBHEHU ¢ MaJIbIM [IapaMeTpOM IIPU CTApLIEH IIPOU3BOIHON.

s meperoca KpaeBoro yCIoBusS n3 OECKOHEUHOCTH UCIIOJIb3YETC TOJ-
xoz1, pejiioxkennsiii B [1]-[3]. B coorBercrBum ¢ 3TMM MOAX00M BBIIEISIETCS
OJIHOMEPHOE MHOT000pa3ne pereHnit HCXOJHOrO YPaBHEHHUs, YIOBJIETBOPSIIO-
MAX TPeaeLHOMY YCI0BUIO Ha, Oeckonedanoctu. 3 ycjoBusd mpuHAIIEKHO-
CTU PEeIeHUs TOMY MHOI00Opa3UIo CJIeIyeT I'PAHUYHOE YCJIOBUE B KOHEU-
ot Touke. Hammame masioro napamerpa B guddepennuaibHoM YPaBHEHUN
ITO3BOJISIET PEITUTh BCIIOMOTATEIbHYIO CUHTYJIAPHYIO 337a4dy Komwm acumi-
ToTnaeckuM MeTojioM. B [4] npemioxen crioco6 pereHnst BCOMOraTesibHOi
zajiaun Korw ¢ nepBbIM HOPSJKOM TOYHOCTH TI0 ITAPAMETPY € JJis JIMHEN-
HOI'O U HEJIMHEHAHOro aBTOHOMHOI'0 YPaBHEHUN BTOPOI'O LOPAAKA C 11€PBOM
npou3sBo/tHoit. MccseoBaHo BiusHUE TOTPEITHOCTH PEMIeHUs 9TOH BCIIOMO-
TaTeJBHON 33JadyM Ha pelreHue 3a1a4du, ¢hOpPMyJIUPOBAHHON HA KOHEUHOM
waTepBase. s perennsa peayupoBAHHON K KOHETHOMY MHTEPBAJIY 3a/1a-
ui 0OOCHOBBIBAETCS PA3ZHOCTHAS CXEMA.

B nannoii pabore, B orsmune or [4], npejsiaraercs HCKaTh perieHne BCro-



MoraTebHON 3a1aun Kol B BUjIe aCHMIITOTHYECKOrO DS/l [0 TapaMeTpy
€, PACCMOTPEH eIre CIydail ypaBHeHus 0e3 1mepBoil mMpOn3BOIHOMI.

Bceiogy nox C' u C; MOHUMAIOTCS MOJIOKUTEIbHBIE IOCTOSHHbIE, He 3a-
Bucdiiue OoT &, 1Ipu4eM B C/rydadx, 1€ 3TO HE BbI3bIBACT He’ZI;Opa:ﬁyMeHI/II‘/JI,
pPa3IuYHbIE BEJIMYIUHBI OTPAHUYIUBAIOTCS CBepxy omHo# mocroamuoit . Ilox
HOpMOit ceTounoit dyHKIUM uin GYHKIUE HEIPEPBIBHOTO apryMenTa p(z)
nogpasymesaercs ||p|| = max |p(z)| , e x npoberaer 061aCTH OMTpe e/ IeHNS

dyHKIHINT.

1. Cixy4uait HeCcaMOCOTIPSAXKEHHOU JIWHENHOW 3a/1a9m

PaccmoTrpum kpaeByto 3amady:

Lou = —eu” + a(x)u' + c(z)u = f(z), uw(0) = A, lim u(x)=0. (1.1)

T—00

Ipeanonaraem goCTaTOYHYIO MIAJKOCTL @ , C, f

D>a(zx)>a>0,e€(0,1], B>c(z)>b>0,
f(z) =0, a(z) — ap, c(xr) —co, x— 00.

CoracHo [5], pM HAIOXKEHHBIX OIPDAHMYEHUSX CYIIECTBYET €JIMHCTBEHHOE
perenne 3amaan (1.1).

Kak uzBectho, eciin jyis oneparopa L. cipaBeijiuB MIPUHINAL MaKCUMY-
Ma, TO JJIst JOCTaTouno riaakoi dynkunn V(x) u3 ycrosmit

U(ay) >0, U(ag) >0, L.U(x) >0, a1 <z < ag

crepyer U(z) > 0, a1 < 2 < ag. Aranormuasiv 06pazom GyieM MpUMEHSTh
IPUHINN MaKCHMyMa K KPaeBLIM YCJIOBHAM TPETLETO poja U K auddepen-
HMa/IbHBIM OIlepaTopaM [ YPaBHeHHIl IepBOro IopsiKa.

Ha ocHoBanuM NPUHIUIIA MAKCAMYyMa MOXKHO II0Ka3aTh:

OcranoBUMCs HA BONIPOCE MEPEHOCA KPAEBOrO YCJIOBUSA M3 DECKOHEUHO-
cru. Vcnoawzyem noaxoz [1]-[3], cornacHo koTopomy mpenesbHOe yciaoBue
Ha GECKOHEYHOCTH BBLIIEIIET OTHOMEPHOE YCTOHUMBOE MHOTOOOpasue perre-
Huit B pazoroM mpocTpancTBe mepemennabix (u,u'). st sagannoro Lo > 0

Jull < 11+ | 22




yenosue npurarexnocta (u( L), uw' (Lg)) aToMy MEHOroo6pasmio 3aJaeT rpa-
HUYHOE yCJIOBHE B 3TOI TOYKE.
Hrak, myctnb

u'(z) = y(z)u(x) + B(z), (1.2)
rie () u f() ABAAIOTCS pellleHus MU CUHTYJISPHBIX 3aa4 Kormn:
Ry=¢ev —ay+ey’ —c=0, lim y(z) =r, (1.3)
Tr—00

e 7 - OTPULATEIBHBIA KOPEHb YDAaBHEHUS er?

ef —la(w) —ve]B = f(x), lim B(z) =0. (1.4)

—agr —cg =0,

IMepeiinem k anamm3y cBoiicTs pemenus 3agaqn (1.3). Beegem
x

v(x) = exp /’y(t)dt . (1.5)

0

YuuThiBag npegeabHoe yeaosue Ha y(Z), MOKHO 3aK/II0UATD, 9TO (DYHKIIUS
v(x) siBJIsieTCsl pelIeHneM JIMHEeHHOM KpaeBoi 3aj1adu:
" / .
—ev’ 4+ a(z)v' +c(z)v =0, v(0)=1, lim v(x)=0. (1.6)
T— 00
Herpyano ybemurhest, uro s uneiinoit 3anaum (1.6) cipasejius npunmun
MaKCUMyMa, pelleHue 3TOi 3ajadu CyIeCTBYeT W e€JMHCTBEHHO. U3 3Toro
CJIeJIyeT CyNEeCTBOBAHUE U €IMHCTBEHHOCTD pemenud 3agaqau (1.3).
IMpumenss npuanMn MakcuMyma K 3aade (1.6), MOKHO TIOKa3aTh, 9TO

2B 2b
, Tg = — )
o+ va?+4Be 2 D ++/D? + 4be

Mokazkem, aro v'(z) < 0 npu < 00. ITO CJELYeT U3 TPEACTABJICHUS TTPO-
W3BOJHOI:

exp{riz} <v(x) < exp{raz}, r = —

o0 xT

(z) = —! / o(s)v(s) exp é / a(t)dt| ds.

s (1.5) cnenyer v'(z) = y(z)v(z), mostromy mpm Beex & < 00
v(z) < 0. (1.7)
Jlemma 1. Ilpu scex x

2B 2b
_ <z < -— <
a+\/a2—|—4B€_/Y()_ D ++/D? + 4be

0. (1.8)



Hoxazameavcmeo. JokaxkeMm BTOPYIO 9aCcTh 9TOr0 HEPABEHCTBA (mepBast
4ACTh JOKA3bIBAETCA aHAJ0rum4IHO). [TycTh

2b

S =— .
D + v/ D? + 4be

Toraa
£S?2 - DS —-b=0.

[Iycre z = S — ~. Torma

Lz=cz —{a—e(S+v)}z=(D—-a)S+b—c<0, zlin;oz(x) > 0.
B coorsercreun ¢ (1.7) S+ < 0, mo3TOMy U3 paccy:KIeHHH OT TPOTHBHOTO
crepyer z(x) >0, x < 00. DTO JOKA3BIBAET JIEMMY.

OcranoBuMcs Ha BOIpoce TpubJINKEHHOro perterus 3aga4an (1.3). B co-
orsercrBun ¢ [4] pemenne 3asaun (1.3) ycroitunso K Bo3MyeHno koabdu-
meHToB. OcTaHoBUMCA Ha 3TOM moapobHee. [lepeiimem ot (1.3) K 3amade:

e — Gy +e7? —E=0, lim 5(z) =7 (1.9)

[Ipeanomaraem, 9To

vV
S
\Y
e

~~
=
—_
o

S~—

a(z) — ag, é(x) — cg, +—00, D>a>a>0, B>¢

Torna B coorBercrBum ¢ 4] cupaBeainsa
Jdemma 2. Iycmo

la(x) —a(z)| < A, |e(x) — é(x)| < A das x> L.
Tozda natidemca C':

[v(z) = ¥(z)| < CA daa x > Lo. (1.11)

Ha ocroBanum sleMMbl 2 7151 JOCTATOYHO GOIBIMX T Y(T) MOXKHO 1pH-
OMZKEHHO HAMTH Ha OCHOBE pasjoxkenns Kodddunuentos a(x) u c(r) B pa-
Jibl 110 06paTHbIM crenensiv z. Takoil noaxo/ ucnosub3osasics B [3].

Ecau npu soctaTodno GOJIBIINX T CIPABETUBLI IPEJICTABJIEHU:

a(z) =~ a(x) = Zaix_z, c(x) = é(x) = Z cx”’, (1.12)
=0 1=0



10 Y(x) MOKeT OBbITh MPUBTUKEHHO HANIEHO B BUJIE:

N
V(@) ~ F(@) = 3 e
i=0
it 97010 HEOGXOAMMO TOJICTABUTE PA3/IoKeHud a, ¢, ¥ B (1.3) u mosryunm
PEKYPPEHTHYIO (POPMYJIy OTHOCUTEIBHO ;. Keau s © > Lo umeror MecTo
pazsioxkenus (1.12), u mpu sT0M

la(z) = a(z)|, le(z) - é(x)| < C/a™H,

TO B COOTBETCTBHM ¢ JTeMMoit 2 mpu > Lo |y(z) — A(2)| < Cy /LY. Tpn
MEPEHOCe KPAEBOTO YCJIOBUS U3 DECKOHEIHOCTH JIJIMHA KOHEYHOTO WHTEpBa-
Jia, K KOTOPOMY PeJIyIUDPYeTCss UCXOIHAs 3a7]a4a, JOJKHA ObITh J0CTaATOTHO
DOJIBITION.

Jng npubimKeHHoro HaxoxKaenus y(X) MOKHO HCIOIB30BATH MAJOCTh
mapamMerpa € u CTPOUTH ACUMITOTUIECKUH Psiji 110 napamerpy €. Takoe pas-
JiozKeHue pertennd Oyjaer npumenumo npu Bcex x > 0. Ilpm srom nnuna
WHTepBaJia, K KOTOPOMY CBOIWUTCS WMCXOJHAs 3a/1ada, MOXKET ObITH MpPOu3-
BosibHOM. [lapamerp € mokeH ObITh JOCTATOYHO MAJ.

Pemenve 3anaun (1.3) umeM B Buje aCHMIITOTHYECKOTO Dsijia:

N
Iv(z) =D nlx)e". (1.13)
n=0

[Moncrasass sro pasnoxenue B (1.3) u cobupasd WieHbl IPU OJUHAKOBBIX
CTEMEeHSX €, TIOJIYIUM PEKYPPEHTHYIO (DOpMYIy:

Yo=a"t |+ Z Yivi| s (1.14)
i+j=n—1

rme0<4,7<n—-1, n>1,
Yo(w) = —c(a) fa(z). (1.15)

Jdemma 3. ITycmo pynryuu a(x) v c(x) N pas nenpepwsro dupdeperyu-
pyemuvt. Tozda daa docmamouno Masvx 3HaMeHUT € OAA HEKOMOPOT, NOCMOo-
annot C npu ecex x

Iy(x) — An (z)] < CeNFL



Zoxazamenvcmeo. g BEeTWYUHBI 7', COOTBETCTBYIOMIEN TPEIETLHOMY
yCJIOBUIO HA DECKOHEYHOCTH, CJle/IaeM PA3JIOKEHUe B PsiJl 110 €:

N
FN: E Tk&“k.
k=0

[ojcTaisis 9T0 PA3/IOKEHHE B yDaBHEHHE €72

—agr —cy = 0 u npuBojs
TTOA00HbIE TIPU OJNHAKOBBIX CTETIEHSIX €, TTOJTYINM:

— Co
T =ag! E riri|, To=——. (1.16)
i+j=n—1

U3 cpasrenns (1.14) n (1.16) caeayer

lim Ay (x) = 7n.

P
B cuty toro, uro npouzsoguas N1t () orpannuena pasromepHo 10 € |
|r(e) — 7n(e)| < Coe™ T (1.17)
Omnpenenum z = v — yy. Torga

Rez=¢e2 —{a—e(y+9n)}z = F(z), lim 2(z)=s,

T—00
e
|F(z)] < CoeM L, |s| < CoeV+L, (1.18)

Jng mexoropoit nocrosuuoit C1 |v;(z)| < C1, i = 1,2, ..., N. Cregosarens-
uo, |yn| < C1/(1 —¢). Torga

a—e(y+An) > a/2
npu € < o/ (a + 2C1). Onpenesnum
U(z) = CeVH £ 2(2).
Torma ¢ yaerom (1.18) mis mekoropoit moctosiaaoi C' BBITIOJTHATCS YCIOBUST:

lim U(z) >0, R.¥(x) <0, 0 <z < oo.

T—00

B cuny npunnuna makcuvyma ¥(z) > 0, 0 < x < 00. DT0 J0KA3LIBAET
JIEMMY.



Urak, pemenne 3amaqn (1.3) MokeT ObITh HaliICHO C MTOMOIIBIO ACHMII-
Tornaeckoro passoxenus (1.13).
Teneps ocranosumMcs Ha Boupoce Haxoxaenus ((x) uz (1.4). Herpyuauo
TOKA3aTh, 9TO
f(z)

a(z)

Ilepeiimem ot (1.4) K ypaBHEHHIO ¢ BO3MYIIEHHBIMU KO3 bUIIHEHTaMME:

18(=)]] <

ef — [a(z) — 7e]B = f(z), lim G(z) = 0.

Tr—00

[Ipeanomaraem, 9To
a(z) — ag, 4(x) =7, f(x) =0, z — o0, a>a>0,5(z) <0.
Ilycts poisg & > Lo
la(@) — a(@)| < A, 1f(z) - f@)] A, hy(@) - ()] < Ar.
[lokazkem, aro Torma Haiinercsa C:
18(x) — B(z)| < C[A + Ave] mna x> Ly. (1.19)
IMycte z = 6 — @ Torma

Rz=¢ez —[a—ez=f—f+0a—a)+PBes(7—7), lim z(z)=0.

T—00

[Tpumenss IPUHIUIT MAKCUMYyMa K OLepaTopy Re, HETPY/IHO Oy IUTh OIeH-
Ky (1.19).

Takum obpaszom, ecim dynknms () HalgeHA ¢ HEKOTOPO MOTPEnTHO-
CTBIO, TO 9TO HE BBI3bIBAET YBEJUUEHHUs MOTPENTHOCTH pHu pacdere [(x).

ITpu nocrarouno Gonpmux x dbyaxmus [(x) Moxker ObITH HaiigeHa HA
OCHOBE pasokKeHus Ko3PHUITEHTOB a, 7, f B A 10 CTeleHAM T M0
anasoruu ¢ y(z).

Hns waxoxaennst S(x) MOXKHO HUCIOJB30BATHL U MAJIOCTh HAPAMETPA .

IIycrs
N
Bx) =Y Bal)e™
n=0

[Moscrasasgs 910 coorHotenue B ypasaerue (1.4), moaydum:

f ()

a(x)’

By, + 76

’ /60('%') = -

ﬁn—&—l =



Econ dyuknuu a, ¢, f N pas menpepuBHO IudhepeHImpyeMol, TO Ha,
OCHOBAHUW TIPUHIIUIIA MAaKCUMyMa HETPYAHO IMOKA3aTh, 9TO IOJIid HeKOTOpOfI
mocrosuuoit C' nmpu Beex T

< 0N+,

N
‘ﬁ(w) 3 e
n=0

ITokazxkeM, aTo coorrorrerue (1.2) 3a1aeT yCTORIHBYIO CETAPATPHCY OCO-
6oit Toukm (0,0) B dazoBom npocrpancTse nepemennbix (u, u'). 13 (1.2) coe-

JLyeT:

T

w(@) = u(wo) exp / ()t S + / B(s) exp / ()it b ds.

xg s

YunrsiBast HepasencTsa (1.8) u yeiosue f(z) — 0,  — 00, Tenepb HECTOXK-
HO moyunth (u(x),u'(x)) — (0,0) npm x — oo.

C yuerom ypaprenus cenaparpuchl (1.2) 3amaqy (1.1) MOXKHO 3anucaThb
Ha koHeunoM uHTepsase [0, Lo):

Leu = —eu” + a(z)u + c(z)u = f(z),

u(0) = A, v/(Lo) — v(Lo)u(Lo) = B(Lo). (1.20)

ITpu uepexoze or (1.1) k 3agaqe (1.20) 3navenus y(Lo) u B(Lg) moryr
OBITEH HAIEHBI ¢ HEKOTOPOi MOTPenTHOCTHI0. OIeHNM BIUSIHIE TO MOTPerr-
HOCTH Ha pernenne 3a1aqgu (1.20).

Teopema 1. ITycmo U(x)— pewenue sadawu (1.20) 6 cayuae 603MYyweHHLT
snawenuti 5(Lo), B(Lo). yemo

7(Lo) <0, 17(Lo) = F(Lo)| < As, [B(Lo) — B(Lo)| < Aa.
Tozda npu eécex x € [0, Lo
lu(x) — a(x)] < ea” YAy + Arfu(Lo)|} explae ™ (z — Ly)]. (1.21)

Hoxazameavcmeo. Oupenenum z = u—u. Torga z(x) aBasercsa pertennem
3aaHm7:

Lez = 0,2(0) = 0,2'(Lo)—7(Lo)2(Lo) = B(Lo)—B(Lo)+(v(Lo)—=7(Lo))u(Lo)-
Onpenenum GyHKITHIO:

U(z) = {Ag + Ar|u(Lo)|}ea ™ expleta(z — L) £ 2(z).



Torna
U(0) >0, W(Lo)—4(Lo)¥(Lo) >0, L:V(x)>0,0<az< L.

13 npunmuma makcumyma caeayer ¥(x) > 0 mpu 0 < x < Lg. Teopema
JIOKA3aHA.

Ucnonssyst ypasuenue (1.2), ot 3agaan (1.1) MoxkHO nepeiTn K 3aade
Kormm:

o(2) = y(2)u(z) = B), u(0) = A. (1.22)
Oyuxrun y(z) u B(x) B (1.22) u3 3amau (1.3) u (1.4) MoryT GBITH HaiieHBI
C HEKOTOPOI TOTPeImHOCThI0. Ha OCHOBAHWN TPWHITUAITE, MAKCUMYMa MOYKHO
MOKA3aTh, 9TO €CJIN IPH BCEX &

(@) <=0, 0>0, [y(x) =3(@) <A, [Bz) - B(2)] <A,

o |Ju—al| <071 + ||ul|)A.
s permennst 3aqaun (1.22) MOXKHO MCIIOIB30BATH OJMH U3 METOJIOB pe-
mennst 3agagu Ko [6].

!

2. JIuneitnoe ypaBHeHUe 06€3 TepBOil ITPONM3BOIHOIM

Paccmorpum kpaeByto 3amaqdy:

Lou = 2" — A(x)u = f(x), u(0) = A, lim u(x) = 0. (2.1)

r—00

[IpeamonaraeM m0CTATOYHYIO TaaIKOCTh ¢(x), f(x) |
e€ (0,1, B>c(x)>b>0, f(x)—0, clx)—co, x—00. (2.2)

Corytacao [5], mpu HATOXKEHHBIX OIPAHUYCHUAX CYIIECTBYET €JIUHCTBEHHOE
pemenue 3agaqu (2.1). Ha ocrHoBaHuM npuHIMIA MAKCMMyMa HETPYJIHO 110~
Ka3aTb, YTO

[lull < [A] + |If (x) /()] (2.3)

[IpaBoMy TIpeieIbHOMY KPaeBOMY YCJIOBHIO B (ba30BOM IIPOCTPAHCTBE [e-
pemennbix (u,u’) coorsercrByer ocobas Touka (0,0). B coorsercrsun ¢ mog-
xozom [1]-[3] 3amaanm yeroitunByio cemaparpucy 9Toi 0cob0# TOUKM COOT-
HOTIIEHUEM

eu'(z) = y(z)u(z) + B(a), (2.4)



rie () u B() ABAAIOTCS PeleHusiIMUA CUHTYJISPHBIX 3a1a4 Kormn:

Rey=ey +9% = () =0, lim y(z) = —co, (2.5)
ef' + ()8 = f(x), lim B(x) = 0. (2.6)

Ilepeiimem K anau3y CBOWCTB pemieHus 3amaqn (2.5). Beegem
x

v(x) = exp /sly(t)dt . (2.7)

0

YuaurbBag npegennHoe yeaosue Ha Y(Z), MOYKHO 3aK/II0UNThH, 9TO (DYHKIINS
v(x) aBisiercst pemeHneM JTMHEHHOH Kpaesoii 3a1aum:

2" — A (x)v =0, v(0)=1, lim v(z)=0. (2.8)
Tr—00
Mg nuHeiino#t 3amaqn (2.8) crmpaBemiuB TPUHIAI MAKCHMYyMa, DEIICHHe
9TOM 3a/1a49u CyIIEeCTBYeT U eAuHCTBeHHO. U3 sroro caepyer cyecrBoBanue
U €JMHCTBEHHOCTH DelleHusd 3aja4n (2.5), Tak Kak B COOTBETCTBHHU C (2.7)
upu T < o0

Y(x) =v'(z)/v(x).

U3 (2.8) cremyer, aro
v(z) >0, V'(z)<0. x < oo.

Canenosarensho, y(x) < 0 npn z < 00.
Jlemma 4. llpy ecex v < 00

—B <~(z)<-b<0. (2.9)
oxazameavcmeo. [JokaykeM BTOPYIO 9acTh STOTO HepaBeHCTBaA (mepBast
4acTh JI0Ka3bIBaETCs aHagornguo). Iycrs z(x) = —b — y(z). Toraa

Lz=c +{-b+v}z=0—-c*<0, lim z(z) > 0.
T— 00

B cuny Toro, uro —b + v < 0, u3 paccyzKJeHuil 0T IPOTHBHOIO IOJIYIHM
z(x) >0, x < 00. DTO JIOKA3BIBAET JTEMMY.

OcranoBumcest Ha BOTpoce MpubmikeHHOro pemenns 3agaqn (2.5). TToka-
JKeM, 9TO perrenne 3anaun (2.5) yeroiiuuso x Bosmyruenuto ¢(x). Ilepeiimem
or (2.5) k 3amaue:

ey +4% - & =0, lim 5(x) = —co. (2.10)

T— 00

10



[Ipeanosaraem, 9T0

&(x) — co, T — 00, E>b>0.
Jemma 5. Illycmo

Ic2(z) — &(2)] < A npu x> L.

Toz0a
y(z) = F(2)| <b7'A npu x> Lo.

Hoxazamenvcmeo. Yuursiasi, 4ro ypasHenue (2.10) spisercss anasio-
roM ypasHenus (2.5) B ciydae BO3MYIIEHHBIX KOI(DMUIMEHTOR B yPaBHEHUN
(2.5), mosmyunm J(z) < 0.

IIycts 2 = v — 7. Torza

e +(y+A)z=c2— &, lim z(x) = 0.
r—00
cnonb3yst TPpUHIMN MaKCUMyMa, TOJIYy9UM YTBEPKIEHHE JIEMMBbI.

Ha ocHoBanum JieMMBI 5 JUIsT IOCTATOIHO OOJBINKUX T 7Y(Z) MOKHO TIpH-
6MKeHHO HaliTh Ha OCHOBe pasioxkenusi ¢(x) u y(r) B paj 10 06paTHBIM
CTENeHsAM .

Teneps Gyem uckarh perenune 3a1aun (2.5) B BHJE aCUMITOTHYECKOTO
psijia 10 TapaMeTpy &:

N
An(z) = Z’yn(:r)sn. (2.11)
n=0

[MoxcraBags sro pasznoxkenue B (2.5) u cobupasg UaeHBl IPU OAUHAKOBBIX
CTEMEeHSX €, TOJYIUM PEKYPPEHTHYIO (DOpMYIIy:

Yo ==Yt D WY/ (20), Yo =—c(), (2.12)
i+j=n

el <i,7<n—-1, n>1.

Ilo amamormm ¢ sieMMmoit 3 MOXKHO JOKA3aTh, UTO CIIPABEAINBA
Jdemma 6. ITycmo pynxyua c(x) N pasz nenpepuisno duddepenyupyema.
Toz20a 0as oCMATMOYHO MAABLE 3HAYERUT € i Hexomopoth nocmoannoti C

npu G6Cexr T
y(z) — An(z)] < CeNHL
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Kak u B ciygae HecamoconpsizkeHHol 3a1aan (5(z) u3 (2.6) Moxker ObITH
HaIEHO B BUJe acuMITOTHYECKOTO paaa. 3 (2.6) creayer, uro musg x > Lo

3(a)] < max | (o)) /b

Eciu uckare 3(z) B BUge psijia

~ N
Bn(@) = 3 Bala)e",
n=0

TO KO PUIUEHTHI [3), CBA3aHBI PEKYPPEHTHBIM COOTHOITEHUEM

n—1(2) f(x)
Bu(x) = ==, Bo(a) = ——. (2.13)
! v(x) V()
Ha OCHOBAHUWW TIPWHIUIIE MaKCUMYyMa HETPYJIHO ITOKa3aTh, 9TO €CJIU (byHK-
mu f(x) u c(z) N pas uenpepoisuo aud epeHnupyemMsl, TO J1Jist HEKOTOPO
nocrostauoi C' pu Beex

B(x) — B ()] < CeNT

TMokaxkem, uro perrenne 3agaun (2.6) ycroiiunso K BO3MyIenuio y(x).
ITycrn B(m) — permrenne 3agaun (2.6) B cydae BO3MYINEHHON (DbyHKITHN
¥(x). Ha ocHOBaHWM NPUHIMTIA MAKCUMYyMa MOYXKHO MOKA3aTh, 9TO €CJIH TP
T > LO _
S@) < b <0, hy(@)—i@)| <A,

TO TIpu Bcex x > Ly

B(x) — B(2)| < max |5(x)p'A.
x>Lg
C yuaerom coorrortenns (2.4) nepeiigem or (2.1) K 3a7a4e Ha KOHEUHOM

HHTEpBAJIe:
Leu = e*u” — (x)u = f(z),
u(0) = A, eu'(Lo) —v(Lo)u(Lo) = B(Lo). (2.14)
ITpu nepexome ot (2.1) k zamage (2.14) swauenus y(Lo) u [(Lo) moryr
OBITE HAlIEHBI ¢ HEKOTOPOil MOTPENTHOCTEHI. OTeHNM BUSIHIE TO MOTPer-
HOCTH Ha pernenne 3agaqdn (2.14).

Ha ocmopammm npunimna mMaxkCuMyMa HETPYIHO yOeanThCsd, 9TO CIpa-
BEJINBA
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Teopema 2. Ilycmo u(x)- pewenue 3a0au (2.14) 6 cayuae 603myuwenbiT
snauenuti y(Lo), B(Lo). ITycms natidemes b > 0 maxoe, wmo

7(Lo) < =b <0, |y(Lo) = F(Lo)| < A, |B(Lo) = B(Lo)| < A.
Tozda npu eécex x € [0, Lo

u(@) — a(z)| <0711+ [lulA.

OcranoBuMCs Ha BOOPOCE YMCAEHHOrO pemenuns 3ajaqun (2.14). ITo ana-
Joruu ¢ [7] MOXKHO 1MOKa3aTh, YTO NI MPOU3BOAHBIX pernenust 3ajaqn (2.1)
CIIPaBEJJIUBBI OICHKU:

w9 ()] < O[1 + e exp{—be'z}], j=1,2,3,4 (2.15)

Takum ob6paszom, pemenne 3amaun (2.14) COMEPKUT IKCIOHEHINATBHBIA 110~
IPaHUYHLI C/I0H 0KO10 Tparuisl © = 0. PaBHOMEpHO cXoAdmasca pasHoCT-
Hast CXeMa, JIJIst TAKOM 3a/1a491 MOYKeT ObITh MOCTPOeHa MO 38 CYET MOJTOHKN
K TIOTPaHCIOHOMY pocTy perienud [8], mmubo 3a cuer mocTpOeHUs B TOTpa-
HUTHOM CJIO€ CIeNUaIbHON HepaBHOMEpHOIt ceTkn [9].

Pemenne zamaun (2.1) moxker OBITH HANJIEHO W C TOMOIIBIO PEITEHUS
samaun Komm qis ypasuenus (2.4):

eu'(x) — y(x)u(z) = B(x), u(0) = A. (2.16)

Jlns Haxox merns pertenus 3a1a9u (2.16) MOXKHO MCIOTB30BATH PABHOMEPHO
cxopsyiocs cxemy [7], [10]. Kosddunuenrs: B (2.16) vy(z) u f(x), kak 310
HBIIO OIPEJIEIEHO BBINIE, HAXOAATCH C HEKOTOPO# morpemHocTsio. Ouerwnm
BJIMSIHIE 9TOH IOTPEIIHOCTH Ha pernenne 3amadn (2.16).

MOXKHO TIOKa3aTh, UYTO €CJIU P BCEX T

F(x) < =b, b>0, |y(z) —F(2)| <A, [Bz) — Bz)| < A,

TO

[lu—all <571+ [ul])A.
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3. Henuneiinoe ypaBHeHHe C MePBO ITPOU3BOHOIM

Paccmorpum kpaeByto 3aaa4dy:

Tou = —eu”" +mu' + g(u) =0, w(0)=A, lim u(z)= B. (3.1)

Tr—00

[Ipeanomaraem, uro byHKkusg ¢(s) ABIAETCA JOCTATOYHO TVIAIKON IIPH BCEX
seER,
g€ (0,1, m>0, g(B) =0, ¢'(B) >0,

g (s)>—-B,s€R, >0, m? —48e > o > 0. (3.2)

Cormacho [5] permenne 3azaqu (3.1) npu ycaosusx (3.2) cyiecrByer u eans-
creerno. 3amava (3.1) sBjsieTcst MOJEIBHON, HAIPUMED, IPU AHAJU3E TTPO-
ecca mepenoca maMenu [11].

OcranoBuMcs Ha BOIPOCE MEPEHOCA KPAEBOTO YCJIOBHS N3 OECKOHEYHOCTH
B HEKOTOPYIO TOYKY Ly.

Cormacuo moaxony [1]-[3| yeroiiuuBas cemaparpuca "cemma"s dazoBom
MPOCTPAHCTBE MepeMeHHbIX (U, u') 33aeTcst COOTHOIIEHUEM:

u'(z) = ri(u(z) — B) + y(u()), (3-3)

e 71 - OTPUIATEIBHbIH KOpenb ypasuenns —er? +mr + g'(B) = 0,
v(u) - pemenue 3aja4n Tuna JIsgmyHosa:

ey (W)[ri(u — B) +7y(u)] = eray(u) + g(u) — g'(B)(u — B),

v(B)=0, r+ry= me~ ! (3.4)

pemenue 3aa9n (3.4) CyIIECTBYeT U eIMHCTBEHHO.
Yuaursias (3.3) u Beipaxkas u3 (3.4) y(u(z)) B sBHOM BHE, MOKHO TO-
Ka3aTh, YTO s Tpou3BoakHOTO Lo > 0 ipm BCex x > Lo

rie u(x)— pemenne 3aga4n (3.1).
Pemmenwue 3amaun (3.4) umeM B Bujie aCHMIITOTHYECKOTO Psijia:

N
v () =D n(u)e™ (3.5)
n=0
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Ilepennmrem ypasuenue (3.4) B Buse:
r1e{y/ (w)(u—B) +y(u)} + 27 (w)y(w) = my(u) + glu) — g/ (B)(u— B). (3.6)
Vureu, 1T0

rie = (m—S@)/2, SE) =+/m?+2pe, p=24(B),

rue

K N i—2
m+z z+1 D=2 g, — H(2n+1), Ki=1. (3.7)
n=0

Ioncrasass (3.5) B (3.6), yuursiBas (3.7) u cobupas Ko3bdUINEHTE Ipn
OJIMHAKOBBIX CTElEeHsIX €, upu Bcex 1 > 0 mosyaum:

2 ! m2t

n—1 n
- S e R IO By 69
=0 i=1

puydeM

J(B)(u—B)—g(u
=SB = B) gl
m
Jdemma 7. ITycmo pynxuus g(u) (N +1) pas nenpepvisno dudpeperyupy-

ema. Toeda das nexomopoti nocmoannot C npu ecex x
y(u(@)) = A (ule))] < CeVH, (3.9)

2de u(z)— pewenue 3adauu (3.1).
Hoxazameavcmeso. Ilycrs z(u(z)) = v(u(z)) — An(u(z)). Torga z(u(zx))
SIBJISIETCS PEIIeHNeM 3a/1axH:

Eiz(u(w)) —ergz(u(x)) = F(z), lim z(u(x)) =0, (3.10)

dx T—00
rae |F(z)] < CoeN L.
3 (3.10) caemyer:

z(u(z)) = 1 /F(s) exp[ra(x — s)]ds.

S
T

13 sroro coorromrenns noxyanm |z(u(z))| < Com~teNFL, Jlemma noxazana.
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Ypasuenue (3.3) mo3BoJigeT cBeecTr 3339y (3.1) K KOHETHOMY HHTEPBa-
JIy:
—eu” +mu’ + g(u) =0,

uw(0) = A, v/ (Lo) = m[u(Lo) — B] + y(u(Lo)). (3.11)

Bomnpocsl uncientoro permenns 3agaan (3.11) nccnegosanst B [4]. Mccnegyem
Bausiiue norpemuocta B 3ananuu y(u(Lg)) Ha pemenne 3anaun (3.11). B
coorBercrsuu ¢ |4| cupasenusa

Teopema 3. Iycmv 4 - pewenue 3adauu (3.11) 6 cayuae 603myusennot

dynxyuu Y(v). IMyemo dynryus 7(v) nenpepuisno duddepenyupyema npu
scex v € R,

—7”1—:)’/(“) > _ﬁOa UGR, 60 >07 m_2605277>0
ITyemo |y(u(Lg)) — Y(u(Lo))| < A. Toeda npu scex x € [0, L)

u(@) — ()] < 286~ explm(22) ™ (z — Lo)).

Ha ocuoBanmn coorHomenus (3.3) 3amady (3.1) MOKHO CBECTH K 33/1axe€
KOH_H/I JJIsT YPAaBHEHUA TIEPBOT'O TTOPAJIKA:

W(@)— fw) =0, u(0)=A, fu)=ri(u—B)+y@).  (313)
Herpynmo mokazars, aTo ecan
r+7 ()< -0, veR, §>0, (3.14)

U(x)— pemenne 3anaum (3.13) ¢ Bo3mymennoit dpyukimeit ¥(u), To U3 ToOro,
gro npu Beex T |y (u(z)) — F(u(x))| < A, crenyer ||[u — @l| < 7'A. Ecm
crpouth J(u) B Buge (3.5), 1o yciaoBus (3.14) GyuyT BBILOJIHEHB! JJIsl JOCTa~
TOYHO MaJIbIX 3HAYCHHII €, ecau Jyd Hekoroporo b >0 ¢'(v) > b, v € R.
Bagaua (3.13) HE CONEPKUT MOIPAHUYHOIO CJOA U U Jjisi €€ DEIleHUs
MOYKHO WCIT0JIL30BaTh KaKo#-mb0 n3 MeTooB perrennst 3anaun Korn [6].

4. Henmmueiinoe ypaBHeHne 6e3 mepBoii MPOM3BOIHOM

Paccmorpum caygait memHerHOW KpaeBoil 3a1adn:

2 (z) — g(u) =0, uw(0)=A, lim u(z)=B. (4.1)

r—00

16



[IpeamnonaraeM 10CTaATOYHYIO [JIAJIKOCTE (DYHKIUN ¢,
M?>g'(s)> 3% se€R, M >0, 3>0, g(B)=0. (4.2)

Takag 3ama9a MOKET BOSHUKHYTD, HAIIPUMED, IIPU MOACJIHPOBAHIH IIPOLIECca
muddysunonnoro roperns [11].

Ha ocHOBaHWM MPUHIAIIA MAKCUMYMa MOYKHO YOeauThCst, 910 u(x) BO3-
pacraer npu A < B u y6riBaer, ecnim A > B. U3 (4.1) cnenyer:

B

(ev ()2 = F(u) = —2 / o(s)ds. (4.3)

u

Taxum obpaszom,
e (z) = /F(u), ecrm A < B,

eu'(x) = —/F(u), ectu A > B. (4.4)
Ha ocuoBanum coorHomenuii (4.4) MOKHO I€peHECTH KpaeBoe yCJIOBUE U3

beckonegnoctu. Pacemorpum coayuait A < B (cayqait A > B aHaJOTHYEH).
Bagada (4.1) HA KOHEUHOM MHTEPBAJIE TIPUHUMAET BUJT:

2 (x) — g(u) =0, 0<z< Ly,

u(0) = A, eu'(Lo) + S(u(Lo)) =0, S(u)=—+/F(u). (4.5)
MoxkHO TOKa3ab, 9TO
eswztvsn (46)

Mlycts @ peurenue 3agaun (4.5) B caydae Bosmymenno#t dbyskun S(u).
[Iycte S’ (v) > By, v < B. M0oKHO NOKa3aTh, 9TO €CJIN

1S (u(Lo)) = S(u(Lo))| < A,
to upu Beex & € [0, Lo BbimosHrTCS
lu(z) — a(x)| < G5 A.

[Tpu mocTpoernn Pa3HOCTHON CxeMbl i 3agaun (4.5) HeoOXOAUMO yIUThI-
BaTh, YTO PEIIeHNe IMeeT HOrPAHMYHEBIN 10 0KOJIO rpanunsl & = 0.

Coornomenne (4.3) MOXKHO HCIOIB30BATEH JJIsI CBEJIEHUST MCXOIHON 3a-
nmaan (4.1) x wavanpnoit. st onpenenennoctn moaraem A < B. Torma
Hada bHad 3a1a98 TMEeeT BUJI:

eu'(z) +S(u) =0, u(0)= A, (4.7)
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rae S'(v) ynoenersopsier onenkam (4.6). Pemenne samaun (4.7) comepxur
TMOTPAHUYHBIN CI0M 0KOoJI0 HauaabHOW Toukm x = 0. Haa permenmss Taxoit
3a/1a9u MOYKHO WCIOJIb30BaTh, HampuMmep, cxemy u3 [10].

Herpyano ybeaurnes, uro ecan U— pentenue 3agaun (4.7) B ciyuae Bo3-

mymennoit dbynkmun S(u), S'(v) > fo, v < B 10 u3 ycaosus

|S(u(@)) = S(u(z))] <A, 0<z< Ly

ciaemyer

lu(z) —a(x)| < By tA, 0<x < L.
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