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ACUMIITOTUNYECKOE PA3JIOKEHUE PEINEHUA 3AJAYU JTUPUXJIE
JJIAA KOJIBIHA C OCOBEHHOCTBIO HA TPAHUIE

Llensio nccnenoBaHus SBISIETCS Pa3BUTHE ACHMIITOTHIECKOTO METOA MOTPaHUd-
HBIX (YHKOWI Ui OMCHHTYJIAPHO BO3MYIIEHHBIX 3agad. [Ipemmoskena momudu-
KaIlisl METoJa MOTPaHUYHBIX (QYHKIMH, Grarogaps KOTOPOH CTalo BO3MOXKHBIM
MOCTPOHUTh ACUMIITOTUKY pelIeHHs 3a1auul Jupuxie Juisi OUCHHTYJISIPHO BO3MY-
LIEHHOT'0 JUIMITUYECKOTO YPaBHEHUS BTOPOIO MOPsKA C IBYMs HE3aBUCHUMBIMH
MEPEMEHHBIMU B Kouiblie. [IOCTpOEGHHBIM aCUMITOTHUYECKUH psAl NPEACTaBISIET
coboit psax Ilioit30. I'maBHBIN 4ieH aCUMITOTHYECKOTO PA3IOKEHHS PELISHUs
HUMEeT OTPHILATENBHYIO APOOHYIO CTENeHb MO MajJoMy MapaMeTpy, 4To CBOMCT-
BEHHO OMCHHIYIJISIPHO BO3MYIIEHHBIM yPAaBHEHUSIM WM yPABHEHUSIM C TOUYKAMH
MOBOPOTA.

KiioueBble ci10Ba: acumnmomuueckoe pasioxcenue pewieHus, OUCUHEYIAPHOe
603MYWeHUe, YPABHEHUe INTUNMUYEeCKo20 muna, sadada [Jupuxie, maivli napa-
Memp, 0000ujeH b MeMOo0 NOZPAHUYHBIX DYHKYULL, NOSPAHUYHbIE DYHKYUU, MO-
Juguyuposannvie pynxkyuu beccens.

IlocTanoBKka 3agaun

Hccnenyem 3amauy Jupuxie st OUCHHTYIISIPHO BO3MYILIEHHOTO An(depeHnaib-
HOTO ypaBHEHUS JUIMITUYECKOrO TUIA B KOJIbIIE, T.€.

eAu(p,9.) — (p—a)"u(p,,€) = f (p,9,€), (p,P)€D; M
”(aa(PsS) = \VI((P,S)a u(b,(p,a) = \VZ((pss)a (2)
? 10 18
rne A=——+——+——— — oneparop Jlammmaca, D = {(p,p)l a<p < b, 0 < ¢ <21},

apz p ap p2 a(pz

0<a<b — const, 0<g<<1 — manbiit mapamerp, neN, vy, ((p,s):Zsk\uj’k (9),
k=0

f(p.p,€)= z skfk (p,9), W,i(®), fip,0) e C(DUT), T — rpanmma o6mactu D.
k=0

Pemenne 3anaun dupuxie (1), (2) cymecTByeT U eanHCTBEHHO, TipH 0 < € — const,
[1]. Hamu uccnenyercs 3afaya MOCTPOEHHsS] paBHOMEPHOTO aCUMIITOTUYECKOTO pasio-
KeHus penienus 3anaqi (1), (2) npu e—>0.

3agaun IS SJUTUNTHYECKUX YPAaBHEHUH ¢ MajbIM ITapaMeTpOM NP CTapIIuX Mpo-
M3BOJHBIX HCCIIEOBATHCH MHOTMMH aBTOpaMH, M OuOmuorpadus mo 3ToMy BONIpOCY
00IIMpHA U TOCTATOYHO M3BecTHA [2—9].

3agaun ¢ ABOWHOW CHHTYJSPHOCTBIO, T.€. CHHTYJISIPHO BO3MYIIEHHBIE ypaBHEHHS
C TOYKaMH MOBOPOTa, 0 TepMmuHoNorun A.M. Unsuna [8], OyaeM Ha3bpIBaTh OMCHHTY-
JSIPHO BO3MYIIEHHBIMU. B OMCHHTYISIpHO BO3MYIIEHHBIX 3aJadax OJHA OCOOCHHOCTD
CBSI3aHA C CHHIYJIIPHOW 3aBHCHMOCTBIO PELICHHUs OT Majoro mapamerpa, a Jpyras —
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C HEeTJIaJKOCThIO YJICHOB aCHUMIITOTHMKH. ABTOopamu [8, 9] MeTomOM cpaliuBaHUS II0-
CTPOEHBI ACUMIITOTHYECKUE Pa3JIOKEHUS] PELICHUs] OMCHHTYJSIPHO BO3MYIIEHHBIX 3J1-
JUNTHYECKUX YpaBHEHHH.

B nanno#i paboTe Aist HIOCTPOSHUSI ACHMITOTUYECKOTO Pa3fIOKEHUs! PEIIeHHs 3a/1a-
un (1), (2) Oyzem npuMeHSTs 0000IIEHHBIH METOA MOrpaH(GyHKINH. DTOT METOJ BIIEp-
BbIe OBII IMPUMEHEH JJIsi OMCHHTYISIPHO BO3MYIICHHBIX OOBIKHOBEHHBIX au(depeHIu-
aNBHBIX ypaBHeHHH mpodeccopoM, wieHoM-koppecrorneHToM HAH KP KenpnGaii
AnsmvkynoseM [10, 11]. C momompto sToro Metona [12—14] mocTpoeHBl acHMIITOTH-
YECKHE PA3IOKCHUS PEHICHUH OMCHHIYIAPHO BO3MYIIEHHBIX JJUIMNTUYECKUX ypaBHeE-
HUH B KpyTe.

VYpasuenue (1) mo tepmunonornn A.M. UnbuHa sBiseTcss OMCHHTYIISIPHO BO3MY-
IIeHHbIM. J[eHCTBUTEIIBHO, NiepBasi CUHTYJISIPHOCTh OYEBHIIHA, MPEACIbHOE ypaBHEHHE
He siBisgeTcs Au(pepeHInaTbHBIM:

—(p—a)"u(p,9.,0) = fo(p,P),

W €ro pelieHre He MOXKET yJIOBJIETBOPSTh IPaHUYHOMY ycioBHIO (2). UToObl moka3arh
BTOPYIO 0COOEHHOCTH (CHHIYJISIDHOCTB), PACCMOTPUM CTPYKTYPY BHEIIHETO pa3ioiKe-
HUA perreHus 3a1aun (1), (2), koTopoe HieM B Buje

Ul(p,p,e)= Zekuk (p, @), mpu e—0. 3)
k=0
Honcraenss (3) B (1) u npupaBHUBas K03()(OUITMCHTHI IPH OAWHAKOBBIX CTETICHSX &,
TIOJTyYHM PEKYPPEHTHYIO CHCTEMY OOBIKHOBEHHBIX AU((epeHINATEHBIX YPaBHSHHUI:
~(p=a)"uo(p,0) = fo(p,0),
~(p-a)"u(p,9) = filP,9) — A1(p.9), keN.

31ech MOXKHO OTIPEACINTD Bee U(P,P):

uo(p,9) = —fo(p.0)/(p—a)",
ud(p,9) = ~(fi(p,®) — Auy1(p,0))/(p—a)’, keN.

Ecmu fi(a,0) #0, 10 u; (p,9) € C (D \{(a,9)}), T.e. B yacT rpanmie! o6nactn
D Bce atu QpyHKIMU 1(p,(p) IMEIOT HapacTarolue 0COOEHHOCTH BHIa

1

— |, k=0, 1, 2,..., mpu p—a.
(p_a)n+(n+2)k

u(p,0) = O
Buewnee penienve uMeeT BUA
k

1 €
Up.9.e)=——| Fy(p.@)+———F F(p.¢)+..+ F,(p,9)+... |,

(p-a)' (p-a)
pu €0, 4
rae F, (p,o)e c™ (5), k=0,1,....

[TosTomy 3amaua (1), (2) sBusieTcss OUCHHTYIISPHON — KO GHUIMEHTH! €e BHEITHETO
pa3ioXEeHUs] UMEIOT HapacTalolie 0COOCHHOCTH B I'paHuIle IpH p = a. Psx (4) tepser
aCHMITOTHYECKHI XapakTep npH |p—a| < g,

€
_ a)l’l+2
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OTMeTI/IM, YTO paHEC pas3jIMYHbIC 3aJaun IJIsd 6I/ICI/IHI‘yJ'I§IpHO BO3MYIICHHBIX 3JUIAII-
THYCCKUX ypaBHeHI/Iﬁ U3y4YaIruChb pas3indHbIMU aBTOPaMU B OCHOBHOM MCTOJOM Cpallln-
BaHUsI. HpeI/IMyIIIeCTBOM METOAa CpalllMBaHUs ABJIACTCA TO, YTO €ro MOKHO MMPUMEHSATH
K IIMPOKOMY KJIACCy CUHIYJISIDHO BO3MYIICHHBIX 3a/la4 € pa3IMYHbIMU OCO6eHHOCT$IMI/I,
a HEJOoCTaTKaMU ABJIAOTCA CIOXHOCTH 000CHOBaHUS (I)OpMEU'H)HOl"O ACUMIITOTHUYCCKOT'O
Pa3JIOKCHUS PCIICHUA U CPAaBHUTCIIbHO I'POMO3IKUEC BBITUCIICHU .

IHocTpoeHue popmMaibHOr0 ACHMITOTHYECKOTO PA3JI0KEHUS

Kak otrmeuanoch Bbliie, sl TOCTPOCHHS (POPMATIBHOTO aCHMIITOTHYECKOTO Pas3io-
xkerns (PAP) pemenus 3amaun (1), (2) npumerseM 0000mEHHBIH (MOIN(PHUIIIPOBAH-
HBI) MeTo orpandyuknuii [10—14].

Pemenwue 3amaqu (1), (2) Oynem uckath B BHIIE

u(p’(P"c‘) = V(p,(P,S) + W(T’(p’“) + Q(n:(pak)a (5)

rae V(p,¢,€) = z v, (p,@) — perymspHOE BHEIITHEE pelcHUe;
k=0

W(t,o,un)= Z u*w, (t,9) — oGobIIeHHas OrpaHHdHas (YHKIHS B OKPECTHOCTH
k=—n

p=a,t=(p-a)y, e=p"%

0
o(n,e,1)= Z A*q, (n,¢)— Knaccudeckas norpanuYHas GYHKIHS B OKPECTHOCTH
k=0
p=b,1=(b-p)h e=r.

Kiraccnueckass morpannyHas (QyHKOHS yIOBJICTBOPSET TPAaHWUYHOMY YCIOBHIO H
SKCIIOHEHIINAJIBHO YOBIBaeT BHE MOTPAHUIHOTO CJOs, a 0000meHHas norpaHpyHKIHS,
YIIOBJIETBOPSIA TPAHUYHOMY YCIIOBHIO, yOBIBAET IO CTEHICHSM.

VY4uThIBas TpaHUYHOE YCIOBHE (2), UMeeM

W(0,0,1) = y1(@.") — V(@,0.u"?), W(t,p,1) = 0, mpu T —> +o0; (6)
0(0,0.2) = ya(@.1)) = V(b,9.1%), O(M.@.h) = 0, mpun — +oo. ©)
Honcrapmnss (5) B (1), momyurm
eAV(p,9.8) — (p—a)"' V(p,0.€) = fp,9,€) — h(p,9.€), (p,P)€D; ®)
2 2
“[(j?+ g (a+ fu)é‘t e (a+ ri)2 o¢ JW(T’(P’H)_TWW(T’@’H) i h(w’wm)’
(v.9)eDy; ©)]
{i—% 0y il JQ(ncp?»)—(b—a—n%)”Q(ncMFO
> (b-mr)on  (b-mir) g’ e e '
(n.9)eDs, (10)
rae D)= {(t,0)] 0 <t <+00,0 <@ <27},

Dy ={M.9)| 0 <n <+, 0 < <2m}.
ITo naee mMeTona, B MpaByIo0 YacTh IMOCIIEIHEr0 PaBEHCTBA NMPHOABMIM M yOaBHIN

o0

omHy u Ty xe GyHKumo h(p,¢,e)= ZSI‘ h (P, @) , KOTOPYIO OLpPEIEINM HUKE, IIPH
k=0

[OCTPOEHUHU PETYISIPHOTO BHEIIHETO PEIICHUS.
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PeryasipHoe BHellIHee pelleHHe

Yuaurssas V (p,¢,€) = Z v, (p, @) , 13 (6) w1 yHKIHE Vi(p, () HMeeM
=0

—(p—a)"vo(p,0) = fo(p,®) — ho(p,®),

—(P—a)"vi(p:®) = filP,®) — hi(p.®) — Avi1(,0), kEN.
Otcrona ompenernsieM vi(p,o):

vo(p,®) = —(fo(p,®) — ho(p,9))/(p—a)",
Vi(p,®) = —(fi(p.¢) — h(p,®) — Avii(p.))/(p—a)”, keN.

Ilycts
2(p,9) =fi(p,@)-Avi1(p,0), k= 0,1,..., v.1(p,0)=0,
Torma v, (p,9) e C™ (D), k=0,1,...,
n—1 X af
g (p,9)
mpu e (p,0)= 2 8k, (@) (=), gy (0) === k=01
j=0 J'op
CrnenoBaresnbHO,
. - '8, (p.0)
1 g (PP
Ve (P 0) == g (0)(p—a) . g, (9) :Wh:a ,k=0,1,....
J=n :

TakuMm 00pa3oM, MbI IOCTPOMIIH PETyJIIPHOE BHEIIHEE PEIICHHE

V(p,p.e)= Z v, (p,0) B oGmacti (DUT).
k=0

Kaaccnveckast norpaHu4Hasi QyHKIAS

U3 ypasuenus (10) u ycnosust (7) npu O(n,¢,A) = Z}»qu (n,9) mrs GysKuMHM
=0

qx(n,@) umeem

i Ak [w_(b ~a)q, (”"P)J _ i [kk+1 g, (M. 9) k2 o’qy (ﬂ,@)}r
il

k=0 =0 m o’

n k ) o o
+2 MY (=) (b-a)" g (n.0)+
k=0  j=0
ks 1 . P i }\'
> Y Cl (=) v/ (b-a)" g, (n,0), (—~xj;
k=n+1 Jj=0 b—nk

q2k(0,(P) = Wz,k(q’)_vk(b’q))a q2k+l(05(P) = 09 (’Ik(na(p)_>09 IPH M—>+0, k= 0’1729' oo
Orcrona

0* ,
1905%—(19—0)%(11,@#0,

40(0,0) = W2,0(0)—vo(b,0), qo(N,®)—0, mpu N—>+o0; (11)
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n— 0 ,
lg, =-nn(b-a) 1‘10(”']#{’)"‘%:
41(0,0) = 0, g1(n,9)—>0, Ipu N—>+0; (12)

K S . o 52
n— k-1 \N, P 42 (N, P
lq, =Z(_1)J nCl(b—a)"’ G (n.¢)+ it )_ ja ), l<k<n:
P 2
Jj=l m 0P

j j j n—j Eq — |31F é q — I9(\D
lq — z ( 1)] n]c] (b a) ]q J(n9(\0) k 1( ) k 2( ),k>l’l,
5” 2
Jj=1 6(|)

>

Yo (@)=, (0,9), npuk =2m
qk(O,(P): 2,7( ) ( )
0, mpu k =2m+1,ne N

¢(M,0)—0, mpu n—>+0, k=2, 3,... . (13)
Tak kak ypaHeHue )"(x)—k’y = F(x), O0<x<co, ¢ kpaeBbiMH ycnosusmu y(0) =)’
y(+00) = 0 UMeeT eAUHCTBEHHOE PEIICHUE
X X +00
y(x)=yle™ +L J. I () ds —J.ek(sfx)F(s)ds + J. eik("”)F(s)ds ,
2k
+90 0 0
To 3amaun (11) — (13) To’ke MMEIOT eANHCTBEHHBIE perIeHus. [Ipu n—>+00 I perneHus
3amad (11) — (13) mmeem

g0 (1.0) = (V2,0 (0) ~vo (.0)) e ™07 |

¢ (n,0) =(n’q, (@) + gy, (@))e‘“m ;

ak
92 (M, @) = (\Vz,k (0)—v; (b,(l)))eﬂ]\/E + e’”mZn’qzk,j (9),
j=1

4k+2
N— i
T (M@) =€ Z njq2k+1,j (¢),
j=1
1€ qx/(¢p) — OTpaHWYEHHBIE TTaKNe HYHKIUH.
CnenoBaresibHO,
0(10) = 3102 (s ()4 (000 o (1005 57 (1) .
k=0 k=0
4k 4k+2
rae Py (n,¢)= anqzk,_/ (), Py (n,9) = Z Tl'/CI2k+1,j (0).
JAl =

O0001eHHas1 MOrpaHNYHAA PYHKIUS

U3 (6) u (9) nns yHKIMM wi(T,() IMeeM

i l’Lk+n (a Wik (T’(p)_,cnwn (T’(p)J:

k=-n aTZ
z A ow (1,0 *w, (T, 2, ieln
__ z Hk+ (“ k;‘c ) + “2 ak (2 ) . Z Z . ((P) ‘E‘]H'H( +2)k ;
k=-n () k=0 j=0



AcumnroTndecroe pasnomenne pewiennd 3aaqn npuxie 44 Kosya ¢ ocobenHoctso 47

Win2)+2+(0,0) = 0, Wi1:2)+1(0,0) = 0, Wi12)(0,0) = W1 1(@)—vi(@,9), wi(T,9)—0,
mpu T—>+o, j =0,1,....,n—1; k=0,1,...
Orcrofa noxy4yaem

?*w_, (1,0
LW_n - a‘cg ) - an—n (T’ (p) = g0,0 ((P) > W*“(O’(P) = 09 an(T:(P)_)Oa
[PH T—>-+00.
ow_ (1,
wan+1 8o.,1 ((P)T _$ P W—n+1(0a(p) =0, w,m](r,(p)—)O,

MIPH T—>+00.
Lw W_ntj = &o,j ((P)T —n+j (T) (P) > W*n+j(09(P) =0, W*n+j(’c’(\0)_>07
npu >+, j =2,3,...,n—1.
LWk(n+2) = _q)k(n+2) (T’ (P) > Wk(n+2)(0,(P) = \Vl,k((P)*Vk(a,(P), Wk(n+2)(Ts(P)—>0,
npu T+, k=0,1,...
ka(n+2)+l = _‘Dk(n+2)+1 (T,(P) s Win:2)11(0,0) = 0, Win12)41(1,0)—0,
npu T+, k=0,1,...
LWk(n+2)+2+j = 8k+1,j (9) v - (Dk(n+2)+2+j (T.9),  Win224(0,9) =0,
Wins2)424i(T,0)—=0, Ipu 1—>+00, j = 0,1,...,n-1; k=0,1,...,
aWs—l (T’ (P) + aZWS—Z (T’ (P) )
ot a(p2

Bce 9T 3amaunm MMEIOT €IMHCTBEHHBIE PEIICHHUS, YAOBIETBOPSIOLINE 3aJaHHBIM
TPaHUYHBIM YCIOBHSAM. J[eWCTBHTENBHO, KaK HaM W3BECTHO, ypaBHeHue z”'—1'z=0

rre @ (t,0)=

MMEeT J(Ba HE3aBUCHMBIX pelieHus: z;(1)= \/—11/2q (—r J, 7, (1) = \/—Kl/zq (—‘E j
q q

rae g = (n+2)/2, I(s), K.(s) — momudunrpoBanHbie pyHKIHN beccens. OTMeTnm Bax-
HBIE cBoiicTBa QyHKIHi /,(s), K,(s), mpu 0 < v < 1. [;(s) — SKCIIOHEHIIMATHHO BO3pacTa-
er, a K,(s) — dKcroHeHnnanbHo yobiBaet mpu s—o. [(0) =0, K(s) = O(s™") npu s—0.
Bponcknan W(I,(s), K,(s)) =—1/s.

Orcrona

W(z1,2) = 21252271 = 72, 21(1) = O(e), 22(T) = O(e ),
npu 1o z1(0) =0, z(t) = O(1) mpu 0.
[TosToMy MOXeM 3anucaTh PelIeHNs BhIICYKa3aHHBIX 3a]a4 B BHIC

w_, (T.0) ==go, ((P)[Zz (T)Izl (s)s™"2ds—z (T)Tzz (S)S_n/zdsjs

W (50) = 22 (5) | ( 00 () Ja )5 -

()] (%—go,l(cp)sjzﬁs)s“ds,
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W_ntj (T,(P) =z, (T)J.<(Dfn+j (S"P)_go,_j ((P)’Ej )Zl (S)S—n/zds _
0
A (T)J.(CD—'HJ‘ (S’(P)_go,j ((P)Tj )Zz (S)S_n/zdS, j=23,..,n-1;

Weniz) (16.0) = 25 (1) [ @y 2) (5,0) 7, (5) 5" 2dls -
0

Yk (0)—v; (a,0)
Z (0)

-z (T)J.(Dk(n+2) (5,9)2 (S)S_n/zds +

W2yt (20) = 23 (1) [ Pz (5:0) 2 (5)s7" 2 -
0

—Z (T)chk(n+2)+1 (5,0)z, (S)S_n/zdS;

Wi(n+2)+2+ ) (t,0)=2, (T)Iq)k(;z+2)+2+j (5,0)z (S)S_"/zds _
0

-z (T)J.(Dk(n+2)+2+j (5,9)z, (s)s ™ ?ds, j=0,1,...,n—1;k=0,1,...
T

Jlemma. Penienue ypaBHeHuUs
V'()x"y(x) =x*, neN, keZ,
npu 0 < x < 400 pa3znaraercs B aCHMOTOTHYECKUH psif

0
y(x)=x"" (xjx_('”z)/, X —> 400,
=0

7, (1), k=0,1..;

(14)

(15)

npu 3ToM psixt (15) MOKHO MHOTOKPATHO NMOWIEHHO AU (epeHINpOBaTh U OH SIBIISETCS

DAP ypaBuenus (14).
Joxazamenvcmeo. Iycts @AP pemenns (14) umeer Bua

y(x)=ZBjx_j, X —> +o0,
=0

r7ie 3;— 1MoKa Heu3BeCcTHbIE KO3 (DUIINEHTHI.

(16)

[Moncrasnss (16) B (14), noxydnm peKyppeHTHYIO anreOpandecKyro cucteMy s 3.

W 31ech 01HO3HAYHO OIpeACIsICM BCC 3HAYCHUA Bi:
Bn—k =-1 5 Bn—k+n+2 = *(n*k)(n*k+1 ),

Bu-ks(nr2y = (n—k+(n+2)(G=1))(n—k+(n+2)(—=1)+ DBy ks mi2)-1)s J =2, 35005

ocTanbHbIe KO3 PHUIINEHTHI 3; paBHBI HYITIO.
OTcroza oxy4nM, 9T0

oo =—1, o =—(n—k)(n—k+1),
o, = (n—k+(m+2)(j-1))(n—k+(m+2)GG-1)+1oy1, j=2, 3,....
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OuenuMm Temepb octaTouHbli uwien psga (15). Ilycts r(x) = y(x) — y.(x), Thoe
m .
Y (X)= P Z ajx_('”z)J )
Jj=0
Tornma mms r(x) IOTyYnM ypaBHEHHE
I”"—x” = O(xk—n—((n+2)m+2))' (17)

VYpaeuenue (17) mmeer nByXmapameTpuueckoe cemelicTBo pemreHuit r(x,C,Cy).

¢ 0

W3 »Tux pemreHnit BblOepeM TO, KOTOpoe ynoBieTBopsier ycioBusM: 7(0)=r,
r(+0©) = 0:

r(x):zz(x):rO(s_N_"/z) L (s)ds — Zl(x)J~ ( V= "/2 22 (s)ds+—— Zz(x)

2()

rae N = n—k+((n+2)m+2),
To ectb 7(x) = O(x ™), mpu x—+00, 0<K — const.
IprMenss 3Ty IeMMY IIPH T—>-+00 MBI UL yHKIHH W;(T,() MOKEM HaIMCaTh

Wigns2y2:/(T,0) = O(T"™), j =0, 1,..., n-1, k=-1,0,...;
Wini2)(T,9) = O(Tf(nﬂ)), k=0,1,..;
Wi(n+2)41(T,Q) = o "), k=0, 1,..,

1.e. Yk, w(T,0)—0 mpu 1>+, k =-1,0,....

ObocunoBanne ®AP pemenus 3axaum (1), (2)

ITycts
R(p (pas) = u(p ®, 8)_us(p:(P78)’
2s+1 (n+2)s+n+1
rae u,(p.9.€) = ZS v (p0)+ 2 Mg (me)+ Y 1w (n.9), R(p.g.€) — ocra-
k=0 k=0 k=-n

TOYHBIN YJIEH.
Toraa mist R(p,@,e) TOTydUM 3a71a4y:

eAR—(p—a)'R = O(e""), (p,p)eD,

R(a,9.8) = O™, R(b,p.e) = O(E™).
W3 mpuHIMna MakcuMyMa cielyeT ClipaBeInBoCTh oleHKH R = O(g
DUIT'.
CrenoBartenbHO, ClIpaBe/iIkBa CIeIyIolIas TeopemMa.
Teopema. Eciu f(a,p,0)#0, To mns pemenus 3agaun (1), (2) cripaBeinBo paBHO-
MepHOE aCHMITOTHYECKOE Pa3JIOKEHNE

u(p.p.€) = ZS v (p, (P)+Zsk/2‘]k( - j Z gy, (f+:/-,¢j npn 0.

s+ 1
), B 0Omactu

3akjouenue

ITocTpoeHO paBHOMEpPHOE ACHMITOTHYECKOE pa3lIOKEHHE 110 MAJIOMY HapaMerpy
pemenns 3amaun Jupuxiie s OMCHHTYISPHO BO3MYIIEHHOTO IU((epeHIHaIbLHOTO
YPaBHEHUS! SIUIMITHYECKOI0 THIIA BTOPOTO HMOPAAKA C IBYMS HE3aBUCHMBIMU IIEPEMEH-
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HBIMHU B KOJIbIIe. B pacCMOTpEHHOM ypaBHEHHHU MPECIbHOE YPaBHEHHE HMEET 0COOCH-
HOCTh. [IJi1 3TOro Cciydvas J0oKa3aHa NMPUMEHUMOCTh METOJA MOTPAHUYHBIX (YHKITUIL.
Meronom cpaiuBaHus TaKkK€ MOXXKHO MOCTPOUTH PA3NOKEHHE PEIIeHUs, HO JaHHBIN
MOJAXOJT 3HAUYUTEIBHO COKpallaeT BhIUUCIEHUA. [lodyuyeHHBIH acUMITOTHYECKUU PN
npencrasiser coboit psanx [Troii30. [MaBHBIN WiICH aCHMITOTHYSCKOTO Pa3lIOKEHUS pe-
IICHUS MMEET OTPUIATEIbHYIO APOOHYIO CTENeHb [0 MajoMy MapaMeTpy, KOTOpoe
CBOWMCTBEHHO OWCHHTYJISIPHO BO3MYIICHHBIM YPaBHEHHSM HIIH YPABHEHHUSAM C TOUKAMH
MOBOPOTA.
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Tursunov D.A., Erkebaev U.Z. ASYMPTOTIC EXPANSION OF THE SOLUTION OF THE
DIRICHLET PROBLEM FOR A RING WITH A SINGULARITY ON THE BOUNDARY

DOI 10.17223/19988621/39/5

Owing to the large number and variety of applications, the Dirichlet problem for elliptic
equations with a small parameter at highest derivatives occupies a unique place in mathematics.
The main problem of flow around in hydrodynamics, the problem of torsion and bending in the
elasticity theory, determination of temperature inside a plate according to its known values on the
contour in physics, the potential of the steady flow of an incompressible fluid, electromagnetic
and magnetic potentials, and the determination of the temperature of the thermal field or electro-
static field potential in a certain region at a given temperature or potential on the boundary can be
reduced to this problem. It is also closely related to main problems of statistical theory of elastic-
ity and others. The explicit solution of these problems can be constructed in the general case only
using different asymptotic and numerical methods. When the corresponding unperturbed equation
has a smooth solution, these problems are called bisingular in A.M. II’in’s terminology. The
method of matching was applied before to construct the asymptotic of bisingularly perturbed
problems but the method of boundary functions was not used directly. The authors propose to
modify the method of boundary functions by use of which it is possible to construct asymptotic
solutions of the Dirichlet problem for a bisingularly perturbed second order elliptic equation with
two independent variables in a ring domain. The aim of the study is to develop the asymptotic
method of boundary functions for bisingularly perturbed problems. The constructed asymptotic
series is a series of Puiseux. The principal term of the asymptotic expansion of the solution has a
negative fractional power in the small parameter, which is inherent to bisingular perturbed equa-
tions or equations with turning points.

Keywords: Asymptotic expansion of a solution, bisingular perturbation, elliptic type equation,
Dirichlet problem, small parameter, generalized method of boundary functions, boundary func-
tions, modification Bessel functions.
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