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PEAVKUNA HEJTNHEMHOW KPAEBOI
3AJAYN ONA CUCTEMbI YPABHEHUIA
BTOPOIro NOPAAKA C MANbIM
NAPAMETPOM C MOJTYEECKOHEYHOIO
NHTEPBAJIA K KOHEYHOMY
A. . 3agopun

Awnnoranusi: PaccmarpuBaercst kpaeBast 3a1ada JJjIsi HEJIMHEHHON aBTOHOMHON CHCTe-
MbI OOBIKHOBEHHBIX [ depeHnaIbHbIX yPaBHEHUI BTOPOro MOPSIKa C MaJbIM Iapa-
METPOM IIPH CTapIIUX IPOU3BOSHBIX Ha IOIyOeCKOHEIHOM HHTepBase. HastorkeHs orpa-
HUYEeHUs] Ha sIKOOWAaH, IIPYU BBIIIOJIHEHUH KOTOPBIX PEIlleHre 3aJa4U CyIIeCTBYeT U €J[UH-
crBeHHO. [l7151 mepeHOCa KpaeBBbIX YCIOBUH N3 GECKOHEYHOCTH HCIOIb3YeTCs M3BECTHBIN
IIO/IXOJ, OCHOBAHHBI! Ha BBIJIEJIEHUN MHOIOOODAa3Wsl DEIIeHHil, Y/IOBJIETBOPSIONNX IIpe-
JIeJILHOMY YCJIOBHIO Ha GecKOoHedHOCTH. Jlyis1 pemreHnst BcmomorareapHOR 3amadu Kormm
MIPUMEHSIOTCSI PA3JIOXKEHHsI PeIleHus 110 napaMerpy. Bubmauorp. 9.

[Tpu MaTeMaTHIECKOM MOJE/JIMPOBAHUY PA3JIMIHBIX (DU3UIECKUX IIPOIECCOB Ta-
KUX, KaK [EPEeHOC IIPUMECeil OT UCTOYHUKOB, XUMHUYECKUE PEeaKIuu U JpP., BO3HU-
KAIOT KPaeBble 33aJ[add i HeorpanmdeHuoit obsjactu. [Ipu permennm takmx 3a-
J1a9 KOHEYHO-PA3HOCTHBIM METOJIOM HEOOXOMMO MPEIBAPUTEHHO CBECTH 32Ty K
orpanmveHHoi objactu. B mannoit pabore 3TOT BOIPOC PACCMATPHUBAETCS B CIIydae
HEJINHEITHOW aBTOHOMHOM CUCTEeMbI OOBIKHOBEHHBIX T depeHInaIbHbIX yPaBHEHHI
C MaJIbIM [IapaMeTPOM IIPU CTAPIIUX [POU3BOJHBIX. JLjisi IIepeHoCa KpaeBoro ycJio-
BUS U3 OECKOHEYHOCTHU HUCIIOJb3YETCs M3BECTHBIN IO/IXOJ, OCHOBAHHBIN HA BbBIIEJIE-
HUAU MHOT000Opa3us PEIeHnil NCXOMHOIO yPABHEHNS, YIOBIETBOPSIONINX IPEIEIbHO-
My yCJIOBUIO Ha OeckonednocTu. Jjist penreHns BCIoMOraTebHON 3a1a4qu JIamynosa,
BO3HUKAIOIIEH [IPU BBIJEJEHUNA ITOIO0 MHOTO0OOpAa3WUsi, MPEeJJIAaraeTcsl UCIO0JIb30BaTh
ACHMIITOTUYIECKIE PA3JIOXKEHUsI PEIEHNs 110 MaJIOMYy IIapaMeTpy.

Wrak, paccMOTPUM HCXOJHYIO KPAEBYIO 3aa4y:

Tou= —eu” + au' + g(u) =0, (1)
u(0) =A4, lim u(x)= B, (2)

rJie @ — MOCTOsTHHAS TUATOHAJIbHAS KBAIpATHAST MATPUIA TOPsiaka N ¢ JTUATOHAJb-
HBIMU 3JileMeHTamMu a;, A, B — BexkTopbl n3 N KOMIIOHEHT, € — TMOJIOKUTETHLHBII
qucsioBoil nmapamerp, € < 1, g(u) — usBectHast BekTOp-byHKINUSA, U(L) — BEKTOP-
dbyuxnus pemenus. IIpeanosnaraercs, 4To GYHKINU ¢ UMEIOT HEIPEPBIBHbIE UACT-
HbIe TIPOU3BOIHBIE JI0 BTOPOTO IOPSJIKA 110 BCEM CBOUM apryMEHTaM.
IIycrn .
X3
Gv) = 855—(1)) , veRY,
Uj
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— marpuia Akobu Bekrop-dyukmu g(v). Ipeanonaraem, aro

mozai2m>07i:1a27"'aN7 g(B):Oa Gi,j(v)goai#javeRNa

N N
YN Gijw)> B, >0, m®—4Bc>0>0, Y Gij(B)>0i>00>0. (3)
j=1 j=1

ITpu Bermosaennu yeaosuit (3) G(B) asaserca M-marpuneit [1, c. 270] n Bce ee
COOCTBEHHBIE YHCJIA UMEIOT TI0JIOXKUTEIbHBIE BEIECTBEHHBIE YACTH.

Bagaua (1), (2) MoXKeT paccMaTPUBATHLCSI KAK MOJIEJIbHASI, HAIIPHMED, [IPU aHa-
JIn3e XUMHUIECKUAX PeaKIuii ¢ yaeroMm auddy3umn.

B pabore 6ymer mokazaHo, ITO MPH CACTAHHBIX OTPAHNICHAAX PEIIeHUe 33, Tan
(1), (2) exuHCTBEHHO, IIPEIENBLHOE KPACBOEe yCIoBrue HA GECKOHEIHOCTH (2) sBJIsteT-
sl JIONYCTUMBIM [2], T. €. BBIJEJSIET OJHOMEPHOEe MHOr0OGpa3mne PelleHuit ypaBHe-
Hust (1), yIOBIETBOPSIIOIINX 9TOMY YCJIOBHIO. BbliejieHHOE MHOI0OGPA3He TO3BOJINAT
CBeCTH 3aJ1ady K KOHEYHOMY MHTepBaJly. Berony Huzke nog C' u C; Gyjem noHIMaTh
HOJIOKATE/IbHbIE [IOCTOSTHHDIE, HE 3aBHUCHAIINIE OT napaMeTpa €. OIperesnM HCIoIb-
3yeMble HOPMBIL: ||¢|| = max |g;| 1t BekTODA ¢; ||¢|| = max l¢(z)| nyst orpannaenHoi

2

dbysxmn ¢(x); ||| = max max |gi(z)| mist orpanmyenuoit Bekrop-dyHKINM ¢(T).
i x>

IIpeamonaraem, 4TO0 HOpMa MATPHILI COTJIACOBaHa ¢ HOpMOIT BekTopa. Iloj mepa-
BEHCTBOM BEKTOPOB OyIeM T0Ipa3yMeBaTh IMTOKOMIIOHEHTHOE HEPABEHCTBO.

8§ 1. Amammus pemenusi gudpdepeHnnaIbHON 3aaa9u

Paccemorpum smmeitabril onepaTop
L.ou= —eu” + av' + Mu,
r7e Juis MaTpuilel M IIpeJoaratoTcs ClipaBe/[JINBBIMI OTPDAHIYEHI:
M;; <0 upu Bcex 14 # j. (4)

Jlemma 1. Ilycre nabigercs BekTop-byHKOust ¢(r) ¢ JABAXKIbI HEIPEPHIBHO
srchpepeHIupyeMpIME KOMIIOHEHTAME TaKasl, 9TO

¢(x) >0, x >0, L.o(z) >0, z>0. (5)

Torpa ecou st Hexkoropoii Bekrop-pyakmun V() ¢ gBazK1pl HeIpepbIBHO Augde-
PEHIHPYEeMbIMH KOMITOHEHTAMH
v(0)>0, lim ¥(z)>0, LV(x)>0, x>0, (6)
Tr— 00
o ¥(x) > 0 npu Beex x > 0.

JOKABATEJILCTBO. Ilpeamosioxkmm, 910 KaKMe-TO KOMIIOHEHTBI BEKTOP-DYHK-
mn U(x) okasanuck menbine Hyssi. Onpenenmm y: y; = U;/¢;. Torma npu Heko-
TOPBIX i, Tg Oymer y;(zo) < 0. YuurbiBas Kpaesble ycjaosus B (6), 3aKa0uaeM, 4To
dbyuxmst y;(z) B HEKOTOPOI TOUKe MUMEeT JIOKAJIBHBIA OTPHUIATEJHHBIH MUHIMYM.
Bes orpanuyenust oBIIHOCTE MOYKHO CUUTATh, 9TO Y; (o) = min mzin yj(z). Herpyn-

J

HO yOeIUTHCsI, ITO

N

LOW = —ediyi’ + [~2e¢) + aidily; + yi LD+ > Mindr (g — i)
=1
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W3 sToro coorHoreHust ciemyer LE;Z)\II(:EO) < 0, gro mporusopeunr (6). Jlemma
JIOKA3AHA.

OripetesiuM ycJioBUst, IIPY BBITIOJHEHUU KOTOPBIX 115 onieparopa L. Oyaer cipa-
BeJJIUB IPUHIUI MakcuMyMa. Ilycrs B jgonosnenue K (4) upu Beex i

N
ZMz‘,jZ—ﬁ, B>0, m?—4pe >0 > 0. (7)

j=1

Omnpesennm BekTop-byHKIMo ¢(z) ¢ KoMmmonenTamu: ¢;(x) = exp{28m~tz}. na
910i1 QyHKIMHU BbIIOIHEHBI yesoBus (5). B coorsercrBum ¢ jiemMoit 1 npu BbioJ-
Hernu ycsosuii (4), (7) s oneparopa L. cupaBe/jinB IPUHIAIT MAKCUMYMA.

YunreiBast ycaosus (3) u seMmy 1, MOKHO 3aKJIIOUHTh, UTO DEIleHne 3a/1a9K
(1), (2) emmucrBenno. Kpome Toro, eciam BBIIOJHEHBI cOOTHOMEHHs (3), TO mpw
olpeJieJIeHHbIX yesoBusx pernenue 3azgaqdu (1), (2) meorpunaresnbno. Tounee 3ro
MO2KHO C(HOPMYJIMPOBATH CJIELYIOMAM 00Pa30M.

IIycTs

A>0, B>0, g(0)<0. (8)

Torma u(z) > 0 upu Beex x. HdeifcrBuresnsno, yunrssas, 410 g(u)—g(0) = G(0(u))u,
3anuiieM ypasuenue (1) B Buge

Lou = —eu” + au’ + G(O(u))u = —g(0). 9)

Ecuu BbinosiHens! yesnosust (8), To B cuuty npuHIuina MakcuMyMa u(z) > 0 upu Beex
2. CBOICTBO HEOTPHUIATEIBHOCTH PEIeHHsT CyIIEeCTBEHHO, HAIIPUMED, IIPU MO/IEJIH-
POBaHUM XUMHAYECKUX PeaKUUil, KOrJa U ABJIAeTCd BEeKTOPOM KOHIEHTPAaIii.

Jlemma 2. Ilpu Bcext ux < 00
|ui(z)] < exp(28m™" ) [m*B~ o™ {|g(0)| + [|A]. (10)

JIOKA3BATEJIBCTBO. Ilycre ypasuenue (1) upencrasieno B Buge (9). Pacemor-
pum ypasuernue (9) ma xoneunom unutepsaje [0, L]. OupeneauM HOKOMIOHEHTHO
BEKTOD-PYHKITHAIO:

U;(x) = exp[28m ™ a][m?5™ 0™ |g(0)| + || All] +explm(2e) (& — L)]Jus ()] £ us(x).
ITpu rakom 3aganuu ¥ (x) Gymer
L.¥(z)>0, O0<ax<L, ¥(0)>0, Y(L)>0.

Ncnonbays npuanun makcnmyma, nosyanM W(z) > 0 npu 0 < 2 < L. Verpemusist
L — oo, mpujieM K yTBEPK/IEHUIO JIEMMBI.

CorytacHo jlemMe 2 npy BblojHeHNN ycsosuii (3) pemtenne 3amaqau (1), (2) mo-
JKET UMETh SKCIIOHEHIUAIBHBIN POCT.

Hccneyem moBejieHne perieHus Ipyu GOJIbIINX 3HAYEHHUIX apryMeHTa. B cooT-
BETCTBUHM ¢ ycjoBusmu (2) n (3) Jyist Kaxkioro ¢ Haiiiercs L; Takoe, 910
N

0
Gi,j(u(z)) > 5 mpn > L.

=1

J
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Jlemma 3. Ilycte L = max L;. Torna npu Bcex x > L
|u;(x) — B;i| < |ui(L) — B;|exp{ri(x — L)}, i=1,2,..., N, (11)

rae r; = —oi{a; ++/a? + 20;e} 7L
JTOKA3ATENBCTBO. Ilycrs z(z) = u(x) — B, g(z + B) — g(B) = G(6(z))=.
Tora 2 sABAsSETCS PENeHNeM KPAaeBoil 3a/1auu

Sz=—-e2"+az +G2=0, 2(0)=A-B, lim z2(z)=0.

T— 00

OupeiesiuM NOKOMIOHEHTHO BeKTOD-(bYyHKIHIO:
U, (x) = |u;(L) — Bi|exp{ri(z — L)} &+ z(z).
Torma st KaXkJ10ro i
S, > [757"1-2 + a;r; + 0.501} |u(L;) — Bi|exp{ri(x — L)} =0,

npuuem V(L) > 0, lim ¥(xz) > 0. B cuny npunnuna makcumyma ¥(z) > 0, x > L.

DTO JIOKA3BIBAET JIEMMY.

CorytacHo jleMMe 3 IPH JIOCTATOYHO GOJIBIINX 3HAYEHUSAX T pelteHne u(r) 1o
KasKJION KOMIIOHEHTE OIPAHMYIEHO M SKCIIOHEHIINAJBHO TIPUOJIIKAETCS K IPEJIEIbHO-
My 3HAYEHHIO Ha GECKOHETHOCTH.

N3 nemm 2, 3 cuenyer, uro |ullp < C mast mekoropoit nocrostruoit C. 13
ypasuenust (1) ciezayer, uro

o

u'(z) = —é /exp{e_l(x —s)a}g(u(s))ds.

x

Vunrsisas, aro || exp{e ! (x — s)a}| < exp{e~!(x — s)m}, nia HexoTOpOit MIOCTOSAH-
uoit C' 1oty anm
[u/ (@)]lo < C. (12)

Takum o6pasom, perterne 3aga4m (1), (2) orpaHnYeHO PABHOMEPHO TI0 IAPAMETDY €
BMeCTE CO CBOe# IIPOU3BOLHOIL.

§ 2. TlepeHoc KpaeBOro ycJIOBUsi U3 GE€CKOHEYTHOCTHU

st mepeHoca KpaeBoro ycJOBHUsI U3 HECKOHEYHOCTH UCIOIB3YEM IOIXO/I, Pa3-
pabarbiBaeMblii B [2—4] u apyrux paborax 3THX aBTOpOB. B COOTBETCTBHU C ITUM
HOJIXOJIOM JIjIsl yDABHEHUsI BTOPOro nopsizika (1) ypaBHeHHEM HEPBOro HOPsIIKA BbLIe-
JITeTCsT MHOT00Opa3ue PeIleHnii, yI0BIETBOPSIONINX IPEIeIbHOMY yCJIOBUAIO Ha Oec-
koHeuHoCTH. [Ipu pukcupoBaHHOM 3HAYEHUN APTYMEHTa 3TO ypPaBHEHNE MOXKET pac-
CMaTpPUBATHLCS B Ka4eCTBE KPAeBOI'O YCJIOBUS JIJIsi KOHEYHOIO MHTepBaJia. Jljis BbI-
JIeJIEHUsI 9TOTO MHOTI000pa3msl HEOOXOUMO PEIIUTh BCIOMOTATEJbHYI0 HAYAJIHHYIO
3amagqy. Hurke mpemyraraercs criocod pereHus 3To# 3aJa4un HA OCHOBE aCHMIITOTH-
JeCKUX pazsoxkeHuil. B ciaydae oHOTO ypaBHEHUs TAKON ITOAX0/T IPUMEHSIJICS HAMMA
B [5,6]. Ormeru™m pabory [7], Te paccMoTpeHa cuHTYIIsIpHas 3aada Komm ¢ cuHry-
JISIPHO BXOJISIIIMM OOJIBIITIM IIapaMETPOM, HEJIMHEHHOCTD 3a/[aHa B BUJe MHOIOYJIEHa,
110 32BUCUMbBIM [TEPEMEHHBIM, JIJIsl HAXOXKIEHUsI PEIIEHIs UCIIOJIb3YI0TCS PA3JIOKEHIST
[0 CTETEHsIM [TapaMeTpa.
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Wrak, nccieryeM BOIIpoC IepeHOca KpaeBoro ycyioBust u3 beckoneanoctu. 1lpe-
BapUTEJIbHO PACCMOTPUM MaTPUYHOE KBaIPATHOE ypaBHEHUE

—ev? +ay+G(B) =0. (13)

Mo2KHO HOKa3aTh, 9TO OJHO U3 PelleHuil MaTpudHoro ypasHeHust (13) mo HOopwme
OTPaHMYeHO PABHOMEPHO TI0 apaMeTpy €, Korja v ~ —a~ 'G(B).

B ciayvae ckaasspHOl MATPHIBI @, KOT/IA OH& MEPECTAHOBOYHA C JPYTUMHU MAaT-
PUIIAMH, 3TO pelleHre MOXKHO BBLIIIACATD B sIBHOM BHJIE:

v =—2G(B)[a+/a® + 4G(B)e] .

ITycrs v — perenne (13) u ||y]] < C, cKaIApHOCTh MATPHUILL ¢ B ODIIEM CJIydae HE
npejnosaraem. Omnpejesnm

Yo = —a " G(B). (14)
ITokazkem,9T0 TOTIA

7 =0l < Cre. (15)

Do creayer u3 orpannyuentocty ||y|| u Toro, uro v — vy = ca~ 42, Marpuna (—7o)
apigercsa M-marpuieil, 109ToMy Bce COOCTBEHHbIE 3HAYEHUS MATPHUIIBI Yo JIEKAT B
JieBoO#t TostytIockocTH [1, c. 270].

ITokazkeM, 4TO OPU JOCTATOYHO MAJIBIX 3HAYCHUAX € BCE COOCTBEHHbIE 3HAYCHUS
MATPHIIBI 7y JIEZKAT B JIEBOM TIOJIYILIOCKOCTH. B cooTBeTcTBUM ¢ Teopemoii [epiropu-
Ha [1, ¢. 113] mpousBosIbHOE COGCTBEHHOE 3HAYEHUE A0 MaTpHIBI Yo IS HEKOTOPOTO

1 JIE?KUT B KpyTe
0 0 0
[ReX’ = 75| < D3l
J#i
Ncnonbays (3), MoxKHO mOKa3aTh, 9ro Re A0 < —mgy 100. YuurbeiBasi, 9TO JIjIsI MO-
HOTOHHOM MaTPHITLI COOCTBEHHBIE 3HAYCHUS HEITPEPBIBHBIM 00Pa30M 3aBUCST OT JJIe-
MenToB Marpunpl [1, ¢. 115], nysa mekoropoit nocrosinuoi C' 110y dum

[Ai = A < Clly = 70l < Cae.

CiresioBaTeIbHO, IIPU JIOCTATOYHO MAJbIX 3HadYeHHusX € (¢ < og/(Camg)) Bee cob-
CTBEHHBIE 3HAYCHUS MATPHUIILI Y JIEKAT B JIEBOH HOJIYIIJIOCKOCTH.
OmupesiesinM acCUMITOTAYECKHN METOJL HAXOXKJIEHHsT MATPHILBI 7

M
e =Y AWk 4O = _alG(B). (16)
k=0

YunreiBast 3tu cooTHOIeHus B (13), MOIyInM peKyppeHTHYIO hopMyIry

yED =7t N 4@ p g >0,
p+q=k
Taxum 0O6pa3oM, MATPHUIA Y MOXKET OBITH HaM/IeHA C 33IAHHON TOIHOCTHIO.

B coorBercTBUE ¢ OAXOA0M [3] Cie/yOmuM ypaBHEHUEM 3818 IUM MHOI00Opa-
3ue penteHnii ypasHenust (1), yJOBIETBOPSIIONINX MPEJEIBHOMY YCJIOBHUIO HA GECKO-
HEYHOCTH:

u'(x) = y(u(z) — B) + F(u(z)), (17)
rjie 7y fBJisleTcs peleHneM ypasHenus (13), 0 KOTOPOM IOBOPHJIOCH BBIIIE, BEKTOD-
dyukuusa F(v) — pertenune 3axa4u JlanyHosa:

eF'(v)y(v = B) + F(v)] = (a = e7)F(v) = g(v) - G(B)(v — B), F(B)=0. (18)
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B coorsercreuu ¢ [4,8] B Masoit okpectaocTn B, Korga ||v — Bl mocraTouno maJd,
sanaqa (18) obmamaer permenueM, yI0BIETBOPIONIAM JAOMOJTHATEIBHOMY OTDAHITIE
unio F'(B) = 0. Jdas takoro penienns cupasepansa oreHka || F(v)|| = o(|jv — B||) n
B cwity Teopemsl Ileppona [9, ¢. 343] uz (17) caenyer, uro u(z) — B, x — co. Yun-
TeiBag (18), MOXKHO TOKa3aTh, 4TO perenne ypasaenus (17) yloBiIeTBopsieT ypasHe-
auto (1). Takum 06pazom, AefiCTBUTEIBHO IPK A0CTATOUHO Goubinux & (2 > X)) (17)
BBIJIEJISIET YACTh permeHuii ypasHeHns (1), yIOBIETBOPAIONUX MPEJEIBHOMY YCIIO-
BHIO Ha OECKOHEYHOCTH.
ITpexnae gem orenuts || F(u(z))||, paccMorpuM JImHERHbINA omtepaTop

Sz=¢ez' — Mz. (19)
IIpeanmonaraem, aro marpuia M uMeeT cTporoe auaroHajbHOE IpeodIaJaHue:
My(1=n) =Y [Myl, 0<n<1l, Mi>a>0, i=12..N (20
J#i
Jlemma 4. IlycTb BBIIIOJIHEHBI YCJIOBHST (20). Tora J1J1sT IPOU3BOJIBHOM HelIpe-

pbiBHO gudepennupyemoii Bekrop-yaknun z(x), uMeromeii npees Ha 6ecKkoHed-
HOCTH, U 11pou3BojgsHOro P > 0 cupaBeanBa oreHka

Il <0~ H{a Sz p + max lim |z;(x)[}. (21)

HOKABATEJILCTBO. [ljisg mpon3BOIBHOTO ¢ IMEEM

/
Tiz= €z; — M;izi = Siz + E Miij.
J#i
PaccyKieHusiMI OT TIPOTUBHOTO MOKHO yOEIUThCs, UTO JJIst orieparopa T cripaBe/-
JIUB MIPUHIUI MaKCHMyMa, B COOTBETCTBUM C KOTOPBIM JJIsl IIPOU3BOJILHON Helpe-
poiBHO quddepentnupyemoit dyrkuuu ¥(x) u3 yciaosuit

T;¥(z) <0, P<z<oo, lim ¥(z)>0 (22)

r—00
cnenyer U(z) >0, P < 2 < co. Js 3a1aHHOTO 4 OIIpeJIesInM

15zllp  lzllp

U(z) = " AL

> IMy| + lim [z(2)] + z(@).

— r—00

J#i

MozkHo nokaszars, uto s dyskmun U(x) BeinonHeHs! yeiaosust (22). B cuty npus-
muna Makcumyma uMeeM W (z) > 0 opu Becex P < x < 0o. YuursiBas ycaosust (20),
HOJIy9UM yTBEPKJICHUE JIEMMBI.

JIemma 5. Ilycrs u(z) — pemrenne 3agaqn (1), (2). [rs Hekoropoii mocTosiH-
noit C' n 3aganxoro P > 0

I (u(x))llp < Cllu(z) - Bl (23)

JTOKA3ATENBCTBO. Oupenennm R(z) = F(u(x)). YaurwBas (2), (17), (18),
ITOCTABAM 331241y
SR(z) =eR'(z)— (a—ev)R(x) = g(u(z)) —G(B)(u(z)— B), lim R(z) =0. (24)
r—00
Tak Kax MaTpUIa @ AUArOHAJJIbHA, IPU JOCTATOTHO MAJIBIX 3HAUCHUSX € JIJIsT MaTPH-
bl M = a — ey G6yayT BeimosnHens! yesaosus (20) npu n = 0.5. HerpynHo mosyauTs,
91O

lg(u(z)) = G(B)(u(x) = B)|lp < Cllu(z) - B3
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Ucnonbsyst jemmy 4, NpUXOIUM K YTBEPKIEHUIO JIEMMBI.
W3 pemmbr 3 cemyer, aro st P > L

|lu(x) — Bl|p < Cexp{maxr;(P— L)}, r; <DO0.

C nomomipio 310#t onerky u (23) qyst P > L umeem

|1F(u(z))]|p < Cexp{2 m?xri(P —L)}. (25)

ITpex e yem nepeiitu or (1), (2) K 3a/1a1e HA KOHETHOM UHTEPBAJIE, PACCMOTPUM
JIMHEUHBIA onepaTop
Lez=—e"+az' + Gz (26)

C KPAEBBIMU YCJIOBUSIMU
2(0), Dez = 2'(Lo) + Sz(Lo), (27)
riae G u S — marpuisl nopsiyika N.
Jlemma 6. Ilycte G <0, S;; <0 npu Bcex @ # j. Ilycts cymecTByer BeKTOp-
GyHKIHS G(T) ¢ ABAKIBI HEIPEPHIBHO AUMDEPEHITHPYEMBIMI KOMITOHEHTAMH TaKasl,

qaTo

L.p(x) >0, 0<xz<Ly, oé(x)>0, 0<x<Ly D.¢p>0. (28)
Torpa eciin W(x) — BeKTOP-DYyHKIHS € JIBAXK bl HEIIPEPHIBHO UM DEPEHIDYEMbIMU
KOMIIOHEHTAMH, TO U3 yCJIOBHIT

L.U(z) >0, 0<z<Ly U0)>0 D.V>0 (29)

caeayer, aro ¥(x) >0, 0 < z < Ly.

JIOKA3ATEJBCTBO. OmnpenesnM IOKOMIIOHEHTHO BeKTOP-byHKINO y: y;(z) =
U;(z)/¢i(x). HomycTum, 9TO It HEKOTOPOIT KOMIIOHEHTHI { U TOYKU T OKA3aI0Ch
U;(z9) < 0. Torma y;(zo) < 0. Be3 orpannuennss o6IIHOCTH MOXKHO CUATATH, UTO
yi(zo) = minminy;(z). Ecmm 9 < Lo, TO NOJyYUTL INPOTUBOPEYNE MOXKHO IO

7 T

anasiorun ¢ jemmoii 1. Pacemorpum ciyuait xg = Lo. Yeaosue DLW > 0 uz (29)
MOZKHO 3aIlCaTh B BHUJE

N
yi(20) DL + ¢i(wo)yi(zo) + Y Sijdj (o) (yj(zo) — wilo)) > 0.

j=1

W3 sroro HepasencTsa cieyer y;(zo) > 0. DTO IPOTUBOPEUUT TOMY, YTO MUHIMYM
dbyuximn y;(x) gocruraercst B Touke zo. Jlemma jokazaHa.

JIemma 7. Ilycrs B (26), (27)

N
Gij <0, Sy <0, mpuscex i#j, Y Gij>—B B>0,
J=1
N (30)
m? —4Be >0 >0, Y Sij>—Po, fo>0, m—26>00>0.
j=1

Torpa suist oneparopa L. u3 (26) ¢ kpaeBbivu ycaoBusivu (27) clipaBei/IuB IPHHIHL
MaKCHMYMa.

JIOKA3BATEJIbCTBO. Oupezenum BeKTOP-QYHKIUIO ¢ () ¢ KOMIOHEHTAMU

¢i(x) = exp{m(2¢) " (x — Lo)}.
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ITpunnmas Bo BHEMaHue ycsaoBus (30), MOKHO MOKA3aTh, YTO JUIsL ¢(X) BBINOIHEHBL
ycaoBus (28). Temepb moKazaTesbCTBO Cyeyer u3 JeMMbl 6.

YunrsiBast, 4T0 coorHonenne (17) sBJsIeTCs TOYHBIM JIsl pertieHnst 3aa4n (1),
(2), nepeiinem or (1), (2) K 3a1a1e HA KOHEYHOM HHTEPBAJIE:

Tou = —eu”’ +au'+g(u) =0, u(0)=A, u'(Lo)=[u(Lo)—B]+F(u(Lg)). (31)

Bamada (31) nmocrasieHa Ha KOHEIHOM HHTEPBAJIE, U JJIsI €€ PEIICHUS MOXKHO UCIO b=
30BaTh, HAIIPUMED, KOHEYHO-PA3HOCTHYIO cxeMy. Marpuna v u BekTop-byHKIMs
F(u) u3 (13) u (18) moryr 6bITh HaiimeHbl npubiamkeHHo. OIEHUM BJIASHHEE O-
rpemHoctd B ¥ u F' na pemenue 3anaan (31).

IMepeiimem ot (31) xk Kpaesoii 3a1a4€ ¢ BO3MYIIEHHBIMU Y U F:

Tei = —ei’4+ai/ +g(@) =0, @0)=A, @ (Lo)=Aa(Lo)—B]+F(a(Ly)). (32)

Teopema 1. Ilycts cymecTByer P (v), mempepbiBHass mpr Beex v € RN mr

S@) =[5+ F'(v)], Siy(v) <0, npmscex i#j,

LA (33)
> S = —Bo, Bo >0, m—25e>0>0.
j=1

Ilyctp

[1F(u(Lo)) = Fu(Lo))l <A, |y =3l < Aq,

rae u(x) — pemenne 3azga4u (1), (2). Torma upu Beex i u x € [0, L]
|ui(2) — @i (w)] < 2607 [A + Ay|ui(Lo) — Bi|] exp{m(2¢) ' (z — Lo)}.
JOKABATEJBLCTBO. Ilycrs z = u — @. Torna st HekoTopbix 67 u 0
Lez=—e2"+az' +G(61)z=0, =z(0)=0,

#/(Lo) + Sz(Lo) = F(u(Lo)) — F(u(Lo)) + (v = 9)[u(Lo) = Bl, S =—[7+F(6)].

VuursiBasg ycaosus (33) u jeMMy 7, 3aKJI09aeM, 9TO JJjis oneparopa L. ¢ 3aaHHbI-
MU KPAEBBIMHU YCJOBUSIMU CIPABE/JINB MPUHIMIT MakcuMyMa. OmpegesimM BeKTOp-
dbysxmo ¥(z) ¢ KOMIOHEHTAME

U,(z) = 2607 A + Ay |ui(Lo) — By|] exp{m(2e) " (z — L)} + 2 ().

ITpu rakom 3amannn W (x) BeOIHSATCS yestoBus (29) 1 B CHILy IPUHIMIIA MAKCHMYMa,
U(z) > 0 npu Beex x. DTO JOKA3BIBAET TEOPEMY.

PaccMOTpUM pasmuaHbIE TOAXOABI K 33JIAHUI0 KPAEBOTO YCIOBHSI B KOHEIHOI
touke Lo upu nepexogze ot (1), (2) k 3amaue Ha KoHewHOM HHTepBade [0, L.
Bagamum B Ly KpaeBoe yciosue Hefimana:

—eil” +ai +g(@) =0, @(0)=A4, @(Lo)=0. (34)

B sroMm cayuae B (32) 3agaerca = F (v) =0, ycnoBus (33) Teopembl 1 BBIIIOJHEHBI.
VYunrbiBast onenku (11), (25), s Ly > L (L ompenesieHo B JjiemMMe 3) U BCeX &
HOJTY IUM

fus(@) — i(z)| < Ce exp{m(2e) ™ (x — Lo) + ri(Lo — L)}, i <0.
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B coorBercTBUU C 3TOI OIEHKOI TOYHOCTH MIEPEHOCA KPAEBOT'O YCJIOBUS M3 OeCKOHEY-
HOCTH yBEJIMINBAETCS C YMEHBIIEHNEM MaJIOTO IapaMeTpa U ¢ YBeJMIeHUeM JJINHBI
nHTepBaJia. KpoMe TOro, BUIHO, ITO MOTPENTHOCTD IKCIIOHEHIINATHHO YMEHbIIAETCS
IIpY y/IAJIEHUH OT KOHITA WHTEPBaJa.

B cay4ae, ecnm He BbIoHEHO yeaoBue Lo > L, cripaBesinBa OIEHKA,

jui(2) — s(2)] < Ce exp{m(22) " (z — Lo)}.
Paccemorpum cygait kpaeBbix yesosuit Jupuxire:
—et” +at’ +g(a) =0, a(0)=A4, a(Ly)=B.
Ucronib3yst IpUHIUTT MAKCHMyMa, HETPY/IHO TIOKA3aTh, YTO B 9TOM CJIy4ae
fus(@) — (@] < lui(Lo) — Blexp{m(2e)™ (@ — Lo)}.
B ciayuae Lo > L sta onenka B coorercrBuu ¢ (11) yrounsercs:
lui(z) — @i (z)] < Cexp{m(2e) ™ (z — Lo) +r;(Lo — L)}, 7 <O.

punmvas B (32) 7o 13 (14) 1 F(v) = 0, nepeiizem or (31) k 3a1ade

—et” +at' +g(a) =0, a(0)=A, at'(Lo)+G(B)(u(Ly)—B)=0. (35)
Ha ocuoBanun Teopemsr 1 MOXKHO mOKa3aTh, 9to pu Lg > L 1j1s1 Bcex ¢

lui () — @;(x)| < Celexp{ri(Lo — L)} + €] exp{m(2e) " (x — Lo) +ri(Lo — L)}.

1151 IOBBITIIEHNS TOYHOCTH IIEPEHOCA KPAEBOT'O YCIIOBUS U3 OECKOHETHOCTH MOXK-
HO HaliTy npubinzkeHHOE penenne 3a1a49u (18) Ha OCHOBE ACUMIITOTUIECKHUX PA3JIO-
2KeHUit 1o mapametpy €. Ilycrs

F™(v) =Y Fi(v)e®. (36)
k=0

IMoacrasisst 3o pasioxkenue B (18) u cobupast 4IeHbI IPU OAMHAKOBBIX CTEHEHIX &,
[IOJIy MM PEKYPPEHTHYIO (DOopMyITy

Finr(0) =™ [F{ oo — B) 440 + 3 EU0)E )], pa >0,
p+a=k (37)
Fo(v) = —a"'[g(v) — G(B)(v - B)].
JIemma 8. Ilycrs u(x) — pemenne 3agaqun (1), (2). Ilycrb BekTop-pyHKIHS

g(v) sBasiercss nocraroano raakoii n exrop-pynxuun F(u(x)), F™(u(z)) onpeze-
gensl ipu x > X. Torma

1F (u(@)) = F™(u(x))]x < Ce™ . (38)

JIOKABATEBLCTBO. Ilyers z(z) = F(u(x)) — F™(u(z)). B cury Toro, aro
F™(v) cTpouTcst Ha OCHOBE ACUMIITOTHYIECKUX Pa3sioxKeHuii s 3amaqan (18), F™(v)
ABJIACTCS PEHICHUEM 3aJa9H

eF'(v)[y(v = B) + F(v)] = (a — £7)F(v) = g(v) = G(B)(v - B) + H(v),

F(B)=0, [|H(v)| < Coe™. &
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Yuanreisast (18), (36), (39), HerpynHo yGemuThbest, uTo BeKTOp-DyHKIWMs 2(2) ecThb
pemenne 3a7aqn Komm ¢ mpesiesibHbIM yCJIOBHEM Ha OECKOHEIHOCTH:

Sz(z) =e2' () — Mz(z) = H(u(z)), lim z(z) =0, (40)

Tr—00

rae M = a—ey—cF’ (u). Ilpu 10CTATOIHO MATIBIX 3HAYEHISIX £ MaTpra M 6msKa K
JaronasbHoii u yesosus (20) 6ymyT Boinosnens upu 1) = 0.5. Tenepb yTBepzKienue
JIEMMBI cJiefiyer u3 orneHku (21).

Ecan zagars

§=10=—a"'G(B), F(u)=Fy(u)=—a"[g(u) — G(B)(u— B)],
TO pejylupoBaHHas 3aa4a (32) IpUHUMAET BUJL
—et” +at' +g(a) =0, a(0)=A, au'(Lo)+ g(a(Ly))=0.

Torma S(v) = a 'G(v), ¢ yuerom (3) yemosust (33) Gy/IyT BBIIOIHEHBI H COMIACHO
JemMe 8 1 TeopeMe 1 TIpw BceX

lui(x) — @ (x)] < Ce? exp{m(2e)~ (x — Lo)}.
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