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YOK 517.98

CUCTEMU IMOEPEHIIAJIBHUX PIBHAHDb 3 TOYROIO
3BOPOTY I HYJILOBUMMU EJEMEHTAMMU CITERTPA
I'PAHUYHOTI'O OITEPATOPA

bo6ouko B.M.

[TobynoBaHa piBHOMIpHAa aCUMITOTHKA PO3B’A3KY CHCTEMHU CHUHTYISPHO 30ypeHux
nudepeHialbHUX PIBHAHb 3 TOYKOIO 3BOPOTY. Po3risiiaeTbcsi BUNAAOK, KOJHM CIEKTP
IPaHUYHOTO OTIEPaTOpa MICTUTH KpaTHI 1 TOTOKHO PIBHI HYJIIO €JIEMEHTH.

A uniform asymptotics of a solution is constructed for a system of singularly perturbed
differential equationss with a turning point. The paper investigates the case when the
spectrum of a fase operator consists of multiple and zero elements.

IlocranoBka 3agauvi. Y ganiii pobGotri Oyne mnoOynoBaHa piBHOMIpHA
ACHMIITOTHUKYU PO3B’A3KY 3a7a4i
L W (x,e) =&’ W"(x,e)— AW (x,g) = h(x),

AW (m, ¢) (D

EW(m,e)=E [u?a, +W,.], E, = E,[ua, +u”W ]

ko € —>+0, xel=[0;a], m=0,a, uz%/g.
Tyt A—niHiliHul onepaTop, 3aJlaHuil B N — BUMIPHOMY JIIHIHHOMY MpPOCTOPI1
R" s koxHoro ¢ikcosanoro x €/, h(x) — Bimoma BexTop-dyHKiis, W(x,e) —

IIykaHa BeKTOp-QyHKuisg, o, W, m=0,a, — BiIOMI I[OYaTKOBI BEKTOpH,
_ . _ . : : :

EI - ((aik ))i,k:l > E2 - ((bik ))i,k:l B AlarOHaJIbH1 MaTpuul, B AKUX

a. =1, i=1Up+s+1Ln; b,=1, j=2,p+s,aBcl HII JIEMEHTH [UX MATPHIIb

PIBHI HYIIIO.

3agauy (1) OyaemMo BUBYATH MpU BUKOHAHHI TAKUX YMOB.

Vmosa 1°. A(x), h(x) e C*[I], ne A(x) — MaTpuis omepaTopa A B IPoCTopi
R".

Vmosa 2°. T'panHndHmii omepatop A € OINEpaToOpoOM MPOCTOI CTPYKTYPH i
3aJI0BOJIbHSIE YMOBaM

M (X) =20 () SO< Ay () < <Ay (X) = =4, (0),
M pesa1(X)=1=0,(x) =0, X (x)<0, xel.

Bumnanok, xonu omepaTtop A TpoOCTOi CTPYKTYPU 1 HE MICTUTh TOTOKHO
pPIBHHX HYJIIO €JeMEHTIB BUBUeHO B [1-2]. B [3] mochimxkeHo BUMAIOK Clydai,
KOJIM CIIEKTp omeparopa A MICTUTh KpaTHI HeJiaroHaiai30BaHl €JIEMEHTH, MPOTe
BIH HE MICTUTh TOTOXHO PIBHUX HYJIIO €JIEMEHTIB. Bunaaok npocTux cTabuIbHUX 1
HYJIbOBUX €JIEMEHTIB CIIEKTpa TpPAaHUYHOrO omeparopa A BUBYEHO B [4].
CunrynsapHo 30ypeni 3aaa4i (C33) 3 KpaTHUMHU CTa0LIbHUMU €JI€MEHTaMU CIIEKTpa
BUBYEHO B [5].

2)
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Knacuynuii BUMaZOK TOYKM 3BOPOTY BHUMArae 3JIMIAHHS JBOX €JIIEMEHTIB
CIIEKTpa B OJIHIM a00 EKITbKOX TOYKaxX. Y MOCIIKYBAaHOMY BHUIAJKy B TodIli x =0
BIJOYBA€ThCSl 3JIMIIAHHSA HECTAOUIBHOTO €JeMEHTY A (X) 3 TOTOXXHO pPIBHUMHU

HYJIIO €JI€eMEHTaMU CreKkTpa. TakuM 4MHOM, BUBYA€THCA BMIIAJIOK, KOJIM B TOYIII
x =0 37munaiTbcs n— p—S§ EJIEMEHTIB CHEeKTpa pPI3HOiI CTPYKTypH. OCKUIbKU

cuctema (1) npyroro mopsiaky, To B moOyAoBI acUMOTOTUKH po3B’si3ky C33 (1)
O0epyThb yyacThb 2(n — p — S ) €JIEMEHTIB, 5Kl 00epTaloThCs B HYJIb B Touli x =0.

Takoro Tumy 3amadi MarOTh K TEOPETUYHUHN IHTEPEC B TEOPIi CUHTYISPHUX
30ypeHb, Tak 1 mpakTudHui iHTEepec. [Ipuknaaom ckazaHoro Moxe OyTH KJIacU4yHE
piBHsHHS Oppa-3oMmMmepdenbaa, sike BiAITpae BaXIUBY poiib B TiApoAUHAMILI [6-
7]. Ilpote, Teopis aCUMNTOTUYHOI'O IHTETPYBaHHS TaKWX 3a7ay cjlabo pO3BUHYTA.
PesynpraTn, orpuMani B [6-7] Tak 1 He OyJi0 y3araJlbHEHO Ha BUIAJO0K CUCTEM
CUHTYJISIpHO 30ypenux qudepenuiaabaux piBHsaHb (CC3/Y).

[IpoBeneHi 10 UBOToO Yacy JOCIIIKEHHS MOKa3ald HACTyIHE. Y 3arajibHOMY
BUMAJKY, JJIsi MOOYIOBM ACUMNOTOTUKU pO3B’A3KY TaKUX 3ajJad HE 3MOTJHU
3actocyBaTu anapat n1oope BuBueHux ¢yHkuii Eitpi (nus. [10]). Tomy pocminumo
YMOBH 3a sKuX 10 3aaadi (1) moxHa Oyne 3acrocyBaru amapaT QyHkiiid Eifpi 1
MeToj, po3pobienuii B [1-3].

3 ym0B (2) 6aunmo, 1110 BUBYA€THCA 3a/1a4a (1) y BUNaaKy, KoJu:

1) rouka x =0 € To4yKoIO 3BOpOTY s 3a1aui (1);

2) CHeKTp TpaHUYHOro omepaTopa A MICTUTh KpaTHI CTaOUIBHI 1 KpaTHI
TOTOKHO PIBHI HYJIIO €IEMEHTH;

3) BUpOJI’KEHE BEKTOPHE PIBHSAHHSA

—A o(x)=h(x), 3)
y 3arajlbHOMy BUIIAJIKYy, Ma€ pO3pHUB Apyroro poay B Touui x =0.

1. CrpykTypa pO3B’sI3Ky BHMPOJKEHOI0 BeKTOPHOro piBHsiHHA. [lepen
TUM, K TeperTn 10 noOyaoBH acUMNTOTHKU po3B’si3Ky C33 (1), Ham HeoOXiaHO
BHUBYUTU YMOBH ICHYBaHHS PO3B’ 53Ky BEKTOPHOIO PIBHAHHS (3) 1 1Oro CTPYKTYpYy.

OckiTbkM A € OmepaTopoM MPOCTOi CTPYKTYPH, TO HE TUBISIYUCH HA KpaTHI

€JIEMEHTU CIIEKTPa, ICHy€ IIOBHA CUCTEMa BJIACHUX BEKTOPIiB b.(x), 1=1,n, ski
YTBOPIOIOTH OIOPTOHOPMOBaHY CHCTEMY BEKTOpiB 3 BekTopamu b, (x), k=1n.

* P . *
Tyr b,(x), k=1;n — mnoBHa cucTeMa BIACHUX BEKTOpIB omepaTopa A ,

cupsbkeHoro o omneparopa A (auB. [8], crop. 218). [ns 3pydHOCTI KpaTHOMY
eneMeHTy A, (x), k=1Lls BIANOBiTa€ s JIHIAHO HE3AICKHUX BEKTOPIB

(byHnameHTaNBHUX PO3B’A3KIB) b, (X). AHAIOITYHO MOKHA CKa3aTH i IPO BJIACHI
BEKTOPH, K1 BIAMOB1Ial0Th KPATHOMY TOTOXHO PIBHOMY HYJIO €IEMEHTY A, (x).
Ockuibkn A (x)=0, i=p+s+1,n € BlacHUMH 3HAYECHHSIMU ONEPATOPIB
: * . - 1 * * . _—
A1 A,10 KerA=1{b;(x), i=p+s+Ln}, KerA =1{b; (x), i=p+s+1n},
10010 dim KerA =dimKerA" =n—(p +5).
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V  pocmimkyBanomy Bumaaky D(A)=R", m =R(A). Toai 3rigHo
teopemu Xaycmaopda [9], crop. 22, omepatop A HOPMAIBHO pPO3B’SI3HUNA. Y
Hamomy Bunanky iHgekc Y (A)=dimKerA —dimKerA' =0. Omkxe A -
dbpenronbmiBcbkuit onepatop. Ockiibku KerA >0, TO JjIsi BEKTOPHOTO PIBHSHHS
(3) mae Mmicte Tpets GpyHaameHTanbHa Teopema dpearonbma, TOOTO, HEOTHOPITHE
piBastHus (3) Ma€e po3B’A30K TOI i TibKK TOI, KoK < h(x),KerA™ >=0.

JUIss HACTYNMHHUX JOCHIJKEHb HaM HEOOXIAHO JOCIIIUTH CTPYKTYpPY
PO3B’s3KIB HEOAHOPITHOTO PiBHSAHHA (3).

JIJist IbOTO PO3BMHEMO TMPaBY YaCTHUHY BEKTOPHOIO PIBHAHHSA (3) 1 mIyKaHUU
pO3B’sA30K 10 Oasucy b,(x), 1= I,n. OtpumaeMo

() = S (h0x).b (), (1) = 3 (x) B, ().
0(x) = 2 ()5, ()b () =L, (1) (). ©

3 piBHOCTi (4) 1 BIACTUBOCTEH OIOPTOHOPMOBAHOI CHUCTEMU BEKTOPIB
{b;(x),b,(x)}, i,k=1,n Gauumo, MO YMOBH OPTOrOHAJIBHOCTI IPABOi YaCTUHU
piBHsHHA (3) 1m0 siApa CHPsDKEHOro orneparopa OyAyTh MaTH MICIe TOMAl, KOJIH
h(x)=0, i=p+s+1,n. Ockinbku A, (0)=0, To Ans TOroO, MOOK IpaBa YaCTHHA
piBHsHHS (3) Hajexkana MHOXKHMHI 3HAa4eHb omepaTopa A, HEOOXiTHO e, 1100
BHKOHYyBaJach ToukoBa ymosa £, (0) =< /(0),b, (0)>=0.

[lincTaBuMoO npyry piBHICTH (4) y BeKTOpHE piBHSHHS (3) 1 MPUPIBHAEMO
Koe(ilieHTH OUIs OJHAKOBUX Oa3MCHUX BEKTOpaX. B mpoiieci BUKOHAHHSA LUX
NEepPeTBOPEHb Oy/1€e OTPUMAHO PO3B’ 30K BEKTOPHOTO PIBHSIHHSA (3) BUTIIALY

n p+s
o(x)= . o;(x0)b;(x)+ Y A7 () (x)b(x), (5)
i=p+s+l i=1

ae o,(x) - AOBUIbHI, JOCUTH INIaAK1 QpyHKIII Kosn x € / .

Teopema 1. Hexaii: 1) suxonyromoca Ymoeu 1° i 2°; 2) npasa wacmuna
pisuauns  (3) opmoconanvha 00 A0pa  cnpadceHo2o  onepamopd A’
3) h(0)=(h(0),5,(0))=0.

Tooi na scvomy 6iopizky [0, a] icuye docums enadkuti Po3B’ 130K 8eKMOPHO20
pisHannA (3), 306padicenuti popmynoro (5), oe ®.(x) - 008inbHI, documb 21AO0KI
@ynxyii koau x € 1 .

2. Posmupennsi 30ypeHoi 3anaui. [[ns BuUIUIEHHS 1CTOTHO OCOOJMBHUX
¢byukui (I0®), sxi BuHHMKaOTh y po3B’si3ky C33 (1), mopsia 3 HE3alIeKHOIO
3MiHHOIO xel, BBEJIEMO B PO3TIISIA HOBY BEKTOP-3MIHHY

t={t, t,}, j=2,p+1, k=12, xOMIOHEHTH SIKOi BASHAYMMO 3TiJHO HOPMYJI

e =0 ()= (=1 j S (X)dx = @ i (x,8),

(k-1)a
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. %
h=ty = (x) = uz[% [+~ x1<x)de =y (x,8).

Toni, 3rigHO po3pobneHoro wMetoay (auB. [1-3]), 1 BU3HAUYCHHS
posiuperoi Bektop-byHKLil I (x,1,€) OTPHMAEMO HACTYIIHY PO3IIMPEHY 3a1ady:
LV (x,0,8) = h(x), M,, =(m,t(m)),

7 6
dW(Mm’S) = EZ [H_4am + H_3Vﬁm]- ( )

EIW(Mmag) = El [M_zam + Vﬁ]) EZ

Tyt
2 p+l 2 2
, 0 0 , 0
= Z [[(ij(x)]z—2+u3djk a—]+H2[(P1(x)]2—2+
k=1 j=2 Oty 1; o
2 ™
+ultd i+M6a ~A+Y]
1 81 ax €

pi(~;
d; =2¢), (x) ™ +0" (x), d, = Z@I(x) +<p1(x),

L o . .
a Y8 — OIICPATOP-aHYJIATOP. SIBHUMI BUIJ LOBOTO OIICpaTopa IpH HCO6X1IIHOCT1

JIETKO BUMHCATH.
3. IlpocTopu 0e3pezonancuux po3p’sa3kiB (IIBP). Onumemo nignpoctopu
BCKTOp -QyHKIIH, B AKX OyneMo posB’ﬁsyBaTH po3mupeny 3anady. Maemo

Y =0 (x) o (Dexpt i}, j=2,p+1 Yy =b,(0) [V (DU (1) + Qi (DU (1)1},

Vi = b () [ (D)(0) + g (DY (@]}, Xy = {bi(x) ()}, i =Tin, k=12. (8)
TYT rz]k ()C) rik ()C), Qrik ()C), fri ()C), 8. (x)D(Dri ()C) eC” [1]9 Uk (t] ) » K=192 -
¢byukuii Eitpi, BmactuBocTi sxkux omucano B [11], w(t;)) — icToTHO ocobnuBa
GyHKILIS, SBHUN BUTIIA 1 BIACTUBOCTI SIKO1 onucaHo B [1-4].
I3 mianpocropis (8) ckiIagemMo HOBUM MPOCTIP
n n 2 p+l1

=0Y,=90| ® @7V,;,®V,0X,| )
i=1 i=1lk=1j=1

Enement ObOTO IIPOCTOPY MaA€ BUTIIAA

Wr(xnt)EZbi(x)Wri(xat)EzWri(xat)ﬂ (10)
i=l1 i=l
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pi(~;
2 ptl

WxH=) Zan,k(x)exp,wZ[ #UE) + QU )+

k=l j=2
T fri(x)LP(tn) + gri(x)LP,(tn) + O, (X) .

4. Peryasipu3auisi CHHIYJISIpHO 30ypeHoi 3aaaui. ¥ 1ipomy naparpadi Ham
HeoOXiTHO BUBYMTH [0 po3mupeHoro oneparopa L na exementn mpocropy (9).

Metoauka Takux AochijkeHb omucana B [1-3]. Tomy 3amuimiemMo KiHIEBUH
pe3ynbTat aii posmupeHoro omneparopa (7) Ha enement IIBP (9). Jdocnimxenus
nokaszanu, 1o fis omneparopa (7) Ha enementd IIBP (9), moxna 3amucatu y
BUTJISITII TOTOKHOCTI
LSWr(xat) = [RO + M2R2 + M3R3 + M4R4 + M6R6]Wr(x9t) g (1 1)
ne onepatopu Ry, 3anucani B ix 1ii Ha enemenTu [IBP (9), MaroTh HacTynmHUM

BUTJIAL:
p+1

2
Ry, (x,1) = Zb <x){Z 5(0) = A ()] 0ty (X)Xt e + [y (x) -

i=l k=1
Y] [z[ LU0+ 0OV (1) . (0]~ (s (0 = (12)
=S R, (5,0 = Y B ORI (5),
i=1 i=1

R, (x,6)= D b0 {0} ()T f,:(x) — Dyl g, () () +

P

5 5 (13)
k(U ()] Z T [ O (VU (1) 4, () W11},
k=1 v=1,v#i k=1
p+l 2
Ry, (x,0) = Zb (D> Dy (x) + Z ik O (X)]expt i}, (14)
j=2k=1 v=1,v#i

2
RV, (x,1)= Z bi(x){ Z Tt Vi VU0 + [ ) (1) +
=1

v=1,v#i

O°W,(x,t)
2

+ 8 (0)]+ Dy Z ik OUL ) + [, ()Y (1) + g,,(X)], RV.(x,0) = - (19)

Tyt OHepaTOpI/I Dy, Dyy, T,,;; MaroTh BUTIIS
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Dy = 2<P'jk(X)[§ + (b(x),b; (N + @ (%), Dy =@ (x)Dyy + [ (0T,
T

ik = 2075 (X)(By (00,57 (x)), Ty =201 (x)(B, (x),b; (x)). (16)

2

PesynpraT aii omepatopa R, = Ha enemeHT IIBP (9) Oyne BimirpaBatu

2
X
ApYTropsiAHy poiib y moOyaoBi acuMnToTuku po3B’sizky C33 (1). Tomy mu He
OyZeMo 3anucyBaTd SBHUM BUIIISA 11 I[bOTO OMEpaTropa Ha €JIeMEHT MPOCTOpY

0€e3pe30HaHCHUX PO3B’S3KIB.
BucHoBkwu.
1. Ilpoctopu  Ge3pe3oHaHCHUX pPO3B’sA3KiB (9) 1HBapiaHTHI BiIIHOCHO

onepatopiB Ry, £=0,2,3,4,6, a omxe i BigHOCHO po3sumpenoro oneparopa L,

300paxeHoro ToToxHicTio (11).

~

2. Oneparop Ry € ronoBHHM omeparopoM posmrupeHoro omeparopa L B

pocTopi 0e3pe30HaHCHUX PO3B’A3KiB (9).

3. Po3mupena 3agaya (6) peryiisipHo 30ypeHa BiIHOCHO Majoro napamerpa L
> 0 y IIBP (9), To6T0, MU NIpOBENU pezyrapu3zauito CUH2YIAPHO 30ypeHol 3a0aui
(D).

5. ®opmanizM 1modya0BM PO3B’SI3KY PO3MIMPEHOI 3aJadvi. ACUMIOTOTHKY
PO3B’S3KY pO3MIKpeHoi 3a1a4i (6) OynyeMo y BUTIISIAL pALy

W(x,0,8)= Y WW,.(x,0), W, (x,0)e?, . (17)
=2

[linctaBumo QopmansHo psia (17) y posmupeny 3amauy (6). Tomi s
BU3HAYCHHS KOE(IIli€HTIB BOTO Py OTPUMAEMO HACTYIHY PEKYPEHTHY CHCTEMY
3ajau:

ROW—2(x9t) = 09 ElW—2(Mm) = Elam,p

2 p+l 13

GW_(M,))=Ey Y. > [y (m)]? 8W_82(Mm) _o, (18)

k=1 j=2 Lk
0

RW_(x,0)=0, EW_(M,)=0, GW_(M,)=E,[o, —¢|(m) W-giMm)],

1

(19)
RoW,(x,t) = h(x) =R, W ,(x,t), EWy(M,)=EJE,,
owW_(M,,) (20)

GWO(Mm) = E2[Wm - (Pi(m) ot ]9
1

R, (x,8) = =Ry W, 5 =R W, 3 =R W, 4 —RW, g,
ow,_\(M,,)) oW,_5(M,,) (21)
oty o

ElWr(Mm) = 09 GWr(Mm) = —Ez[(Pi(m)
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6. Teopema npo icHyBaHHA PO3B’fA3KY iTepaliiHUX BEKTOPHUX PiBHAHb B
IIBP. Ham HeoOXigHO BUBYMTH YyMOBHM IcHyBaHHS po3B’si3ky y IIBP (9)
1TEepalifHOr0 BEKTOPHOT'O PIBHAHHS

RW.(x,t)=H ,(x,t). (22)

3anuieMo CTPYKTYypy szapa omeparopa Ry. BuxopucroByrouum TOTOXKHICTH
(12), maemo

KerR, = {bj(x)arjjk(x) CXpt j= E) bj (x)arjjk(x) CXP(p11yko

J=p+Lp+s, )V (0OU () + 0 (U ()], k=12,
(LS, (v (1) +ga ()" (1)), bi(¥)o,;(x), i=p+s+I,n;.  (23)
Ockutbku IIBP (9) imBapiaHTHI BIJHOCHO TOJIOBHOrO omepatopa Ry, 1
po3B’si3ku piBHsAHHA (22) mykaemo y IIBP (9), To nmpaBa vactuHa itepauiifHOro
piBHsIHHS (22) MOBUHHA 3 HEOOXIAHICTIO TEX HAJIEXKATH I[bOMY MPOCTOPY.
Takum umnoMm, Hexall H,(x,t)€Y,. 3anumeMo SIBHUNA BUIJISAA LI€i BEKTOP-

¢bynkuii. Hexai

—_—

n pt

2
H,(x,0)= Y b;(x)-{ D, D [Bu(x)expty +

i=1 k=1 j=2

2
+ D [44(DU (1) + B g (U 1))+ m ()W(5) + L, ()¥'(1) + S,:(x)} . (24)
k=1

~

3 TotoxkHocTl (12) Oaummo, mo omeparop R, 3BigHMI HaJ HOPOCTOPOM

n
Y= @Y,

i=1
(nuB. [11], cTop. 36), ToOTO, B ILOMY MIPOCTOP1 MA€E MICII€ PO3BUHEHHS
n
Ry= @ Ry, (25)
i=1

ne omneparopu Rgi: Y. — Y, onHO3HayHO BHM3HA4Y€H1 1 IpU HEOOXIIHOCTI,
BUKOpUCTOBYIOUM (12), Jerko BuUmMcaTh pe3yiabTaT Ali LUUX OINepaTropiB Ha
enementu W _(x,t) ey, izl,_n.

Otxe, 3a aHajori€l0 3 pe3yibTaTaMH, ONMUCAaHMMHU B [l], AOCHiTKEHHS
BEKTOPHOT'O pIBHSIHHS (22) B mpocTopl Y. MOXHa 3aMIHMTH Ha JOCIIIPKEHHS 7
CKaJIIpHUX PIBHSHb

ROiWri(xa 1) = Hri(xa n, i=Ln, (26)

KO’KHE 13 SIKUX 33[]aHO BIATIOBIAHO B MiAIPOCTOPi Y, .

Bucnoeok 4. KpaTHi eieMeHTH He BIUIMHYJIHM Ha 300paxeHHs (25) 1 (26).
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Oco0IMBOCTI KPAaTHHX HYJbOBOI0 I HEHYJIbOBOIO €JIEMEHTIB CIEKTpa
rPAHUYHOI0 ONEPATOPAa NMOYHYTh BHHHUKATH NPH NMOOYIOBI i JOCTIIKeHHI
PO3B’A3KIB CKAJISIPHUX PIBHAHB (26).

B TIIBP (9) omepatop R, € miaronansHum. Otxe omnepatop R,

k

camocnpsbkeHuii, To0to KerR,=KerR, . Omnepatop R, € onepatopom
®penroabMa, IPUUOMY SIAPO CHPSHKEHOTO ONEpaTopa HE MycTa MHOKKUHA. ToMy 110
piBHsSHHSA (22) MOXHaA 3acTOCyBaTH TpeTio (yHIAMEHTAJbHY TEOopeMy
@pexarosbma.

Ockuibku onepatop R, camocnpsikeHui, TO yMOBa OpTOrOHaIbHOCTI IIPaBOi

. * .

YacTUHM pIiBHAHHA (22) 10 szapa chpsbkeHoro omeparopa R,  exBiBalleHTHa

TBEP)KCHHIO, IO TMpaBa YacTUHA BEKTOPHOTO pIBHAHHS (22) HE MICTUTh
€JIEMEHTIB sAapa omepatopa R,. Mu He MaeMo y SIBHOMY BUIVISAI CHPSKEHOIO

omeparopa RO*. ToMmy yMOBY OpTOrOHaJIBHOCTI 3aMIHUMO YMOBOIO BiJICYTHOCTI B
npaBiil 4acTHHI piBHAHHA (22) eneMeHTIB sapa omeparopa R, (auB. (23)). La
yMOBa B JOCHIIKYBaHIM 3a7adl € JOCUTh HAOYHOIO 1 ii JIETKO 3aCTOCYBAaTHU IpHU
Mo0y/10B1 ACUMIITOTUKH PO3B’ 3Ky PO3IIUPEHOT 3a1aui (6).

[Ipu pocnmikKeHH! CKalApHUX piBHAHB (26) HeoOXigHO Oyae OKpeMo
PO3IJIAIaTH HACTYMHI YOTUPU BUIAIKH.

Bunaoox 1. Hexaihi i=1, T0O0TO, pO3IISHEMO CKaJsIpHE PIBHSHHS
Ry W, (x,t)=H, (x,t). 3piBHsABIIN Koe(imieHTH Ot oaHakoBux [OD,
OJIHO3HAYHO BHU3HAUMMO Bci KoediuieHTH (yHKuii W, (x,7), okpiM Koedili€eHTIB
Ve (), Oqp (%), f1(x), g4(x), k=12, axi OyayTe BIACYTHI B JIIBii 4YacTUHI

JOCIIII)KYBAHOTO PIBHSHHSA, OCKUIBKH [A(x) — A; (x)]‘i= ,=0.

JUis OTpUMaHHsS TJAJKOIO PO3B 3Ky ,(X)= Ml(x)Srl(x) HEOOXIHO
BuMarary, mob6 S,;(0)=0.

Takum umnOM, sikmo S,,(0)=0, To 3 piBHAHHA (26) Konu i=1 OQHO3HAYHO
BU3HAYMMO BC1 JOCUTbH IMaakl koedinieHTH QyHKuii W, (x,t), OKpiM €JIE€MEHTIB

anapa oneparopa Ry.
106 He MOBTOPATHUCH, ABHI (OPMYIH JJIi BU3HAYECHHS LMUX KOE(DIIIEHTIB
OyJe BUIMCAHO IMi3HINIE, OCKUIbKM BOHHM OYIyTh NpPHUJATHI A BCIX I1HAEKCIB

i=1n.

Bunadox 2. Hexail. i=2,p, npudomy iHmekc i (ikcoBaHHH. Y IBOMY
BUIIAJIKy MpaBa YacTHHA PIBHAHHS (20) 3riIHO NMPUNYILIEHHS, HE TIOBUHHA MICTUTHU
ABOX eneMeHTIB P, (x)expt,, k=12 sanpa onepatopa Ry. Toxl omHo3HauHO
BU3HAUUMO BCl KoediuieHTn QyHkuii W, (x,t), i= Z,_p, OKpIM KOe(QIli€HTIB
o, (x)expty, k=12.

Bunaoox 3. Posrnsinemo piBHsiHHA (26) npu i = p+ 1, p+ 5. TyT Mu noBuHH1
NPUIMYCTUTH, IO TIpaBa 4YacTUHA pPIBHAHHA (26) HE MICTUTH €JIEMEHTIB
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Bri(p+1yk (X)XPLpinyi, K =12. YV npomy Bumanky Hamu He OyayTh BH3HAYCHI
DYHKIIT ;4135 (X) XPL(po1y5, K=12.

Bunaoox 4. Hexait i=p+ s+ 1,n. B niBiii yactuni piBHAHHS (26) BiACYTHI1
nogaHkun —A;(x)o,;(x). ToMy mpaBa 4YacTMHa TeX HE IOBUHHA MICTUTH
BIANOBIAHI eneMeHTH S,;(x)=0, i=p+s+1,n. AHanoriuHo, 3 TOro, IO IpaBa
YacTUHA ITepalifHOro piBHAHHA (22) HalleXUThb 00JacTi 3Ha4eHb omnepatopa R,
(muB. (12)) 1 BpaxyBaBmm ymoBu A, (0)—2A.(0)=0, i=p+1,p+s, MU IOBUHHI
BHUMAaraTy, 11100 IpaBa yacTuHa piBHAHHS (22) 3a/10BOJIbHSIA YMOBaM

bi (O)Arik (O) = bi (O)Brik (O) = bi (O)mri (O) = bi (O)lrik (O) = 09 i = p+s+ lan
(%)

Teopema 2. Hexaii: 1) suxonyiomvcs ymosu 1° i 2°: 2) npasa uwacmuna
pisuannsa (22) ne micmumo enemenmie saopa onepamopa Ry ; 3) §.,(0)=0; 4
maroms micye ymosu (*).

Tooi 6 IIBP (9) icnye po3B’sI30K pieHsanHs (22), sueniaody

W.(x,t)=Z.(x,t)+ y,(x,t). (27)

Tym

2
Z,(x,t) = by (x){ Z V1 (OU () 40,11 (U (1)) + [ () (1) + g, () (1)} +

pts
+Z{Zb (LI + 3 Bt (VP + D (D),
k=1 j=2 i=p+l1 i=p+s+l1

(28)

oe koeghiyiecnmu 60ina I0D i ®,;(x) € dosinbHUMU, DoCUMb 2NA0KUMU DYHKYIAMU

Koau x€l.
Dynxyis y,(x,t) susHauena 32i0H0 hopmynu

n 2
@)= B W (U () +,i (VUR ()] + £ ()W (1)) + 8,1 ()P (1)) +

i=2 k=1
2 p+tl n p+s
2.0 2 hi@a (x)expty +Zb (), (x), (29)

k=1j=2i=1i#j
Koeiyicnmu Kol 00OHO3HAYHO BU3HAYAIOMBCS 3 POPMYIT

O () =[h =4 T B (x), i=Ln, j=2,p+1, i=#j, k=12,

V@)=, AT 4,0, 0 ()=[A, AT B, (x), i=2n, k=12,

S () =X, _7‘1]_] m,(x), g.(x)=[\, _7‘1]_] n,(x), i=2%n,
®,(X)=X'(x)-S,(x), i=Lp+s..

19



Bunyck 57 Cepin: MaTtemaTuyHi Hayku HAYKOBI SATINCKN

7. I1o0ynoBa roJIOBHOIO 4J€HA ACHMNTOTHKHM PO3B’S3KY PO3LIMPEHOI
3aga4vi. CkopucTtaBmuCh TeopeMamu 1 1 2, mokakemo, IO cepis ITepanidiHuX
3anay (18)-(21) acuMNTOTUYHO KOpPEKTHA B MPOCTOP1 O€3pe30HAaHCHUX PO3B’SI3KIB

9.
3rigHO 3 TEOPEMOIO 2, pO3B’A3KaMH OJHOPITHUX iTepaliiHuX piBHAHB (18) 1
(19) B IIBP (9) 6ynyte Bekrop-¢pynkuii W.(x,t)=Z (x,t), r =-2;—1, ne BekTop-
¢byHkLii Z (x,f) BU3HAUYAIOTBCA 3TiIHO Qopmynn (28), xoedilieHTH SKUX, 10
MEBHOT'0 Yacy, OyyTh JOBUIBHUMH JOCUTH TTIAIKUMU (PYHKIIISIMU KOIH X € [ .
O6uncnuMo 1 IociiauMo mpaBy yacTuHy piBHsAHHS (19). CxopucTaBIIKCh
TOoTOXHICTIO (13), OTprMaeMo

Hy(x,0) = h(x) =Ry 5 (x,1) = Y By ()b (x) = by () {07 () f gy () +
i=1

2
+Dj, [ZQ(—z)lk (DU () + gy ()Y ()]} +
k=1

n 2
+ Zbi(x)% ()T [ZQ(—z)lk (WU () + &2y ()F ()]
i=2 k=1

YMoBu 3) TeopeMH 2 MU 3MOXKEMO 3aJ0OBOJIbHUTH 32 PaxyHOK JIOBUIBHOCTI
(yHKuii f(_5);(x), T00TO 331aMO [IOYATKOBY YMOBY

20 =91 (0] - (h(0),5; (0)) = 15 (30)
Bubepemo GyHKIIT Oy (X), &g2)1(x), k =L2 sk po3s’si3ku 3a1a4

511Q(—2)1k (x)=0, |02k (0)‘ < 00, 5118(—2)1 (x)=0, g(—z)lk(o)‘ <o (31)
Po3p’si3kamu 1ux 3agau B IIBP (9) Oyayte toTokHi Hymi. [IpaBa wactuHa
piBHsAHHSA (21) HaOyne BUTISAY

Ho(x,t) = Y hi(x)b;(x) = by (X)pF () £y (%) (32)
=1

Y  mpaBii  yactmHi i€l  PIBHOCTI BCce 1€ €  €JIEMEHTHU
b.(x)h(x), i=p+s+1n anpa oneparopa Ry. 3a paxyHOK NOBUIBHOCTI ACAKHX
GyHKLIA MU B)XK€ HE 3MOXXEMO 3HUIIUTH €JIEMEHTH sjpa omepatopa Ry, ski mie
3aJIMIIWIINCH Y TIpaBiid yacTuHi piBHSHHSA (20). Take sBUIE B TEOP1l CUHTYJISPHUX
30ypeHb BUHHUKAE BIEPILIE 1 MOSCHIOETHCS 1€ HASBHICTIO TOTOXXKHO PIBHUX HYIIO
€JIEMEHTIB CIIEKTpa I'PaHUYHOTO orepaTopa A.

Tomy nns Toro, mo0 BHUKOHYBAJMCh YMOBH 2) T€OpeMH 2 MU MOBHHHI
MPUITYCTUTH, III0 BUKOHYIOTHCSI YMOBH

hi(x) = (h(x),b; (x)) =0, i=p+s+Ln, (33)
TOOTO, MpaBa yaCcTMHA BUPOKEHOTO pIBHAHHA (3) OpTOroHajbHa 10 sApa
CHpsDKEHOro oneparopa A (AuB. yMOBHU 2) Teopemu 1).
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BucnoBok 5. TakuMm 4YuHOM, [JIsi MOOYJOBM PIBHOMIPDHO NPUIATHOI Ha
BcboMy BiIpi3KY [0;a] acumnrotuku po3B’sizky C33 (1) HeoOxigHO, 1100
BUKOHYBaJuch yMoBH (33), ToOTO, 111006 Manu miciie yMoBU 3) Teopemu 1.

baunmo, mo npasa yactuHa piBHsSHHA (20) 3a10BOJIBHSIE YMOBY 4) Teopemu 2.

Otxe, Akimo BUKOHYIOTbCA yMoBH (30) 1 (33), To 3rinHo Teopemu 2, y IIBP Y,
ICHY€ po3B’s130K piBHAHHSA (20), 300paxenuit y Burisiai popmyn (27)-(29), ne

pt+s

Yo(X,1) = 0p(x) = Y @, (x)b;(x).
i=1

[lepeitnemo 10 po3B’si3aHHS HACTYMHOTO iTepaiiiiHoro piBHsHHS (21) B [IBP
Y;. Cxema nocnikKeHHs aHaJIor4Ha onepeaHiil, To0To:

a) HEOOX1/THO OOYUCIIUTH NMPABY YACTHHY L[bOTO PIBHAHHS;

0) HeoOX1THO BUMAraTH, 100 3a paXyHOK JOBUIBHOCTI AESIKUX (YHKLIN, K1
MICTSITbCA y MIpaBii YaCTUHI AOCTIIKYBAHOTO PIBHSHHSA, BUKOHYBAJIUCh YMOBU 2)-
3) Teopemu 2;

B) OTPiOHO, 11100 BUKOHYBAJIUCh YMOBU 4) TeOpeMH 2;

I') CKOPUCTaBLUIUCh TEOPEMOIO 2, TpeOa 3amucaTh po3B’si30K piBHAHHS (21) y
npocTopi Y.

3aysaoicenns 2. YMoByY 4) TeopeMHu 2 MU HE 3MOKEMO 33JI0BOJILHUTH HISTKUMU
CTeNeHs MU CBOOOIM MOMEPEHIX PO3B’A3KIB, SIK 11e 0yI0 3p00IeHO 3 yMOoBaMu 2) 1
3) Teopemu 2. Taka CKIaAHICTh MPOAMKTOBAHA MPUCYTHICTIO TOTOXXHO PIBHHUX
HYJIIO €JIEMEHTIB CIeKTpa TpPaHUYHOro oreparopa. ToMmy JUisi 3acTOCYyBaHHS
TeopeM 2 110 MOOYyIOBH ACHUMIITOTUKUA PO3B’SA3KY pPIBHSHHS (25) MU TNOBUHHI
MOCTYJIIOBATH BUKOHAHHS YMOB 4) TeopeMu 2.

Y 1pOMy UMKy MM BH3HAQYMIIM MOYATKOBY YMOBY f(_1y(0)=0, byHKuii
Oy (x) =g (x)=0 1 orpumanun 2(p—1) ckamipHux aupepeHuianbHuX
piBHSIHB (¥ =—-2)

D 0, (x)=0, j=2,p, k=12, (34)
3 SAKMX BU3HAYMMO (QYHKUIL o, ,; (x)=Cl, ;G , ; (X) 3 TOYHICTIO IO JOBUIBHUX
CTaJINX MHO>KHHKIB C(O_z) k-

BpaxyBaBmu ToTOXHICTh (14), 1 BU3HAaYeHHS HUX (QYHKIIH OTPUMAEMO
HACTYIMHY CUCTEMY NU(PEPEHIIATBHUX PIBHAHD (7 = —2):

20 1)k ()0 pr1yk (X) +[M + @ 1y ()]0, payi (X) =0, (35)
e
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T s pypenk  Tprs)(pe)(p+Dk
M = : : : ’
T prs)prk * Tpas)(prs)(p+Dk
ar(p+1)(p+l)k(x)
O p+hk =

O prs)(prik (X)
BucnoBok 6. KparHicTb CTaOUIBHOrO eNEeMEHTY A, (X) BHECIa HACTYMHY

OCOONHUBICTB: KOCQIMIEHTH O, 1)k (X), I=p+Lp+s, sKi 3HaAXOAATHCS OUIs
10D bi(x)expt(,i1yk, i=p+Lp+s, TOPOWKCHI KpaTHUM  EICMEHTOM,

BHU3HAYAIOTHCS BXKE K PO3B’A3KU CUCTEMU JU(PEpEHIIaNbHUX PiBHIHB (35). SKio
s=1, To cucrema nudepeHUiaTbHUX PIBHAHB (35) NMEPETBOPIOETHCS B CKaIspHE
nudepeHiianbHe piBHAHHSA (34).

[IponoBxkyrouM MOCTYNOBO PO3B’SA3yBaTH ITepaliiiHi piBHSIHHSA (21) komu
r= 1,_6 , HaMu OyJie BU3HaUYeHa yHKIIis

0
WO(xataS) = ZMFWF(X,Z‘), (36)
r==2

y sKili koxHué enemednt W,.(x,f) MiCTHTh MOBUIBHI cTalli, OTPHMaHi MPH
IHTErpyBaHH1 JAudepeHiiaibHuX piBHAHb (34), cuctemu nudepeHuiaTbHuX
piBHsAHB (35) Ta AudepeHIiaIbHUX PIBHSIHD

Koxuuii nonmanoxk BekTtop-QyHkiii (36) MICTUTH 1€ JOBUIbHI CTall
C.u, i=p+s+Ln (nus. piBmicte (28)). Omxe, xoxHa 3 Qynkuid W, (x,7)
MICTUTh 271 AOBUIBHUX cTanuX. [ToXOMKEHHS LUX CTAJIUX HE € OYEBHJIHUM 1 B

MoNepeaHIX JOCHIDKEHHSIX TaKe SBHUIIE HE CIocTepiraioch. ToMy € CeHC aaTu
OUIBIII IeTaJIbHE MOSICHEHHS 1X MOXOJIXKCHHS.

[Ipu oOuucneHHi nmpaBoi YacTUHU piBHSAHHS (21) npu 7 = R BIlepIIe Opas

2
yudacTh omepatop Rg =0 A 5> . IlpoBiBImIM HEOOXiIHI OOYMCIEHHS, OTPUMAEMO
X

TOTOXHICTH
2 n n
Rg0,(0 =07/ 1 3 5,30, (1) = Y5, (10Do,(x),
i=1 i=1
e

Do, (x) = o) (x) + Z [0 (x), b, (), (x) +2(5] (x), b; (x))], (2)].

Ockuibku QyHKUii ®,;(x), i=p+s+1,n B po3ssskax Z,.(x,t), r=-2,0
Oynu noBuUlbHUMHU (nuB. (28)), TO miusg TOro, mo0 3aJ0BOJBHSINCH YMOBHU
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2) reopemu 2, 1i (GyHKIIT BU3HAYMMO SIK PO3B'SI3KM CUCTEMHU JHU(epeHiaTbHuX
PIBHSIHB JIPYTOr0 MOPSJIKY

Do, (x)=0, (38)
ne ®,(x)=colon(®,(,si1)(X)y0,,(x)) — HEBIIOMUI BEKTOP-CTOBMEIb.

BucnoBok 7. Kpatauii, TOTO’KHO piBHUIN HYJIO €JIEMEHT CIIEKTPa IPAHUYHOT O
ormeparopa A BHOCUTH B MOOYTOBY acuMnTOTUKU po3B'sa3ky C33 (1) HacTymHI
0COOJIMBOCTI:

1) BinmoBinHI JOBUIBHI (yHKUIL ©,;(x), i=p+s+1,n BU3HAUAIOTBCA 3
cucteMu (n—p—s) audepeHIlaNbHUX PIBHAHb, II0 € XapaKTEPHOI PHUCOI0
KpPaTHOCTI CIIEKTPAJILHOTO €JIEMEHTY;

2) TOTOKHO KpaTHUIl HYJIIO e€JleMeHT A,(X) YyTBOPIOE BXKE CUCTEMY
nudepeHIiabHUX PIBHAHB (38) Ipyroro mopsaxy.

3aysaocicennss 3. BnactuBicte 1) € 3arampHoto mist C33 3 cTabuIhbHUM,
3HAKO3MIHHUM CHEKTPOM 1 JUIsl 3a/1ad 3 TOYKaMHU 3BOPOTY 3 KpPaTHUMH, aje He
PIBHUMHU TOTOXKHO HYJIIO €JIeMEHTaMHU crieKkTpa. BrnactuBicTs 2) Boepiie 3’ iBUIach
IpU JTOCHIJKEHHI PiBHAHHS (1) 3 TOTOXKHO PIBHUM HYJIO €JIEMEHTOM CIEKTpa
IPaHUYHOTO OTIEePaTOPA.

[IponoBxyroun aai MOCTYNOBO PO3B'I3yBaTH ITepalliiiHi piBHIHHS (21) Konu
r > 6, METOIOM MaTeMaTUYHOT THAYKI(Ii MOXHA MOKa3aTu HacTynHe. s KOKHO1
npaBoi yactuHu H,.(x,t) irepaliiiHuX piBHAHb (21), 3a paxyHOK JOBUIBHHUX
GyHKLINA, K1 MICTATBCS Y MOMEPEAHIX PO3B'SI3KaX, 3aBXKIU MOXHA 3a/10BOJILHUTH
yMmoBH 2) 1 3) Teopemu 2. A 1e O3HAYae€, M0 KOXHE iTepaliiiHe piBHAHHS (21),
3rigHo Teopemu 2, mae po3B'si30k B IIBP (9), ToOTO cepis itepaliiHuX pIBHSHB
(18)-(21) acumnrotnuno kopektHa B [1BP (9).

8. OgHo3HayHa poO3B'A3HICTH, PpO3B'A3KIB  iTepamiiiHux 3aga4. Y
MONePeTHbOMY IMYHKT1 CKa3aHO, L0 KOXXHUN PO3B'SI30K ITEPAIITHOTO PIBHSIHHS
(18)-(21) mictutrs 2n noBuUTbHUX cTanux. llokaxemo, 110, BUKOPUCTOBYIOUYHU
KpaiioBi ymoBH (18)-(21), 1i cTani Oyne BU3HAYEHO OAHO3HAYHO.

3anumeMo  CTPYKTYpy 3arajllbHOrO  PO3B'A3KY  OJHOPIIHOI  CUCTEMU
nudepeHIiabHUX piBHAHB (35). OcKUTbKH BC1 KOS(IIEHTH 11€1 CUCTEMU € JOCUTh
rIagkuMu  QYHKUISIMH, TO 3T1IHO KIAcU4YHOI Teopii iCHye (yHIaMeHTajIbHa
cuctema po3B'sa3kiB (PCP) miei cucremu Burnsny (k=1,2)

Oy 1) pr1yel (X5 =25 O sy p1ks (X)
.................................... (39)
O sy pr 1kl (s L sy ks ()
AKa 3a10BOJIBHSE€ HaCTyHHI/IM YMOBaM:
Appenypanul(k=Dal=1, k=12, [= Ls. (40)

[Hmn gysxuii, sxi mictatbest B @CP (39), o6epratoThest B HyJIb B Toukax x=0
1x=a.
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BpaxysaBmu ctpykrypy otpumanoi @CP, 3aranbHuil po3B'ss30K OJHOPIIHOI
cucTeMu AudepeHIialbHUX PiBHAHD (35) 3anumemo y BUrisiai (j=p +1,p+s)

S
ik (X) = ZCr(pH)karj(pH)kl(x)- (41)
I=1
3 BpaxyBaHHSM MMOYaTKOBUX YMOB (40) 0oTpuMaeMo OYATKOB1 3HAUECHHSI
Ay pank (k= Dal=Cyi s j=p+Lp+s, (42)

AK1 mi3Hime OyAe MNPaKTHYHO BUKOPUCTOBYBATH MpPH BU3HAYEHHI JOBUIBHHX
CTaJINX, SIKI MICTATBCS B PO3B'A3Kax 1TepaniitHux piBHAHb (18)-(21).

3a aHaNori€ro 3 OTPUMAHUM, HaM HEOOXI1JTHO 3alKMCaTH CTPYKTYPY 3arajbHOrO
PO3B'A3KY OJHOPIIHOI cucTeMHU nudepeHnianbHux piBHAHB (38). 3 BpaxyBaHHSIM
Toro, 1o cuctema (38) € cuctemoro qudepeHiabHUX PIBHAHB APYTOro MOpPsKy,
OTPUMAEMO HACTYIIHI aHanoru popmyn (41) 1 (42):

2 n
0, (0)=Y, D Couy®y(x), j=p+s+Ln, (43)
k=1 I=p+s+1

ne o, (x) —enementu qox ®CP npu k =1,2, npuyomy
i1 [(k - l)a] = 19 O)rjkl [(k - l)a] = 09 [ # ] .
B Hamomy Bumajaxky mMmaeMo
©,;,(0)=C,; +Cp;0,5,;(0), ©,(a)=Cyy; +C,p 0, (a).
Beenemo noznauenns C, = (Cr1 ,Cr2 ), ne
1
Cr = (Crl 1> Cr2l > Crl(p+s+l) LR Crln > Cr2(p+s+l) R Cr2n )9
2

Cr = (Crl2 LI Crl(p+s) 3"ty Cr22 3"ty Cr2(p+s))'

ITincraBumo otpumanuii po3s'a3ok W (x,t)=Z_,(x,t) y kpaiioBi ymoBu (18).

B pe3yabTaTi Takoi MiZICTAHOBKM MAa€EMO TaKy CHCTEMY 27 anreOpaidHuX piBHSIHb
(r=-2):

A(e)C, =T,. (44)
Tyr I' =(T l,l“rz ) — BILAOMHI BEKTOp SBHUH BUTIJIAJ SKOro Oyje 3amucaHo
mizaime, C =(C!,C’) — uIyKaHWii BEKTOP, KOMIIOHCHTH SKOTO MOTPiOHO
BU3HAYUTHU.

KpaiioBi ymoBu (18) Taki, mo cuctema (44) Moxe OyTH 3amucaHa y BUTIISIL
JIBOX CUCTEM

1l 2 2
A(E)CL =T}, Ay (e)C2=TZ, (45)
B SIKHX Ff — BIJIOMUN BEKTOp, a Fr‘— TEX BIIOMHI BEKTOp, aje BXKE MICTHTh B
KOMIIOHEHTH BEKTOPA Ff. OTxe, CIIOYATKy MOYHA PO3B'sI3aTU IPYTy cuctemy (45),

a micis — nepiry cucremy (45), o Hamu 1 0yae 3po0JieHo.
Martpuiro A, (€) MOXHA 3anMcaTH y BUIJIAII HACTYITHOI OJ0YHOI MaTpHILi:
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Ari1(0) Ay (0
Az(8)=( 211(0) 212( )j’ (46)
Ayi(@) Ayipn(a)
ne ipu k =0,1 maemo
bzz(ak)[(P§(1+k)(X)]2 : b(p+s)2 (ak)[(PEp+s)(1+k)(x)]2
A2(1+k)(1+k)(x) = : :

' 2 ' 2
b2(p+s)(ak)[(P2(l+k)(x)] : b(p+s)(p+s)(ak)[(P(p+s)(l+k)(x)]
Koxxauii wieH aBOX OJOYHUX MAaTPHIlb Azij, i#j MICTUTh Yy BUIJISII

MHOHUKa €KCTIOHEHTY, sIKa MPSIMYE 10 HYJIIO MPH NPSIMYyBaHHI Majioro napaMmerpa
710 Hy/TI0. 3 BpaxXyBaHHSIM CKa3aHOT'O0 BU3HAYHHMK MaTpuili (46) MokHa 3amucaT y
BUTJIAI1

2 2
detAy(e) = [ [det A,y +O(e) = [ [|B, (k= Da)[@'x (k= D)a)T* +O(e),
k=1

k=1
ae
by, (x) I b(p+s)2(x)
Ez (x)= : S : ,
baipesy(X) = bpasypas) ()
Ockinbkn @'y (K —1a) #0 nus Beix j :m, k=12, To cnpaBennuBa
aema.

Jdema 1. Hexaii detB,((k—1)a)#0, k=12. Todi ona Oocumv manux

3Hauenb napamempa € >0 susnaunuk mampuyi (46) ne oopiemnioc nyuo.
[Ipu BuKOHaHHI yMoOB jemu 1, 13 apyroi cuctemu (45) O0AHO3HAYHO

2 . o 2
BH3HAYUMO BCKTOP C_2 . HIJICTaBI/IMO KOMITOHCHTHU 3HAWIACHOT'O BCKTOpA C_2 y

nepiry cucremy (45) 1 mepeiinemMo 10 i gochipkeHHs. BuU3HauHMK OTpUMaHOi
CHUCTEMH Ma€ BUTIISI

bl 1(0) 0 b(p+s+1)1 (O) ’ bnl (O)(Drnn2 (O)
b(@By b(@By  bprsint(@Ouprsinyprse (@) b,i(a)
bl(p+s+1) (O) 0 b(p+s+1)(p+s+1) (O) ’ bn(p+s+1)(0)0)rnn2 (O)
A, = . . . . . ’
bln (O) 0 b(p+s+1)n (O) ’ bnn (O)(Drnn2 (O)
bln(a)Bl bln (a)B2 bln (a)B2 ’ bnn(a)
e
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-1 -

B =[0§4 (@] 2V, (4 (@), 0,5 (). j=prs+Ln, k=12 — fymai, s
BXOJ/SITh Y 3arajibHUil PO3B'I30K OAHOPIMHOI cucTeMH JU(EPCHIIATbHUX PIBHIHD
(38) (cm.(43)).

Hexaii detA;#0. Tomi 3 HeomHOpimHOiI cuctemMu 2(n—p-—s+1)

. . 1 1 . o
aJII‘C6paILIHI/IX P1BHAHDb AlC_l :F—l OJHO3HAYHO BU3HAYUMO HCBIIJOMHH BCKTOP

1
C_,, a omke, HaMu OyJe OJHO3HA4YHO BH3HaueHO BekTop C_;.Takum uuHOM,
CIIpaBeJIMBa HACTYITHA JIEMa.

Jdema 2. unexaii detB,((k—1)a)#0, k=12. i detA, #0. Todi ons docums
manux 3Havenv napamempa €>0 cucmema 2n aneebpaiunux pieuausv (44) mae
€OUHUL PO3B'SI30K.

Bupunmo Oulbll AeTalbHO po3B'si30K cucteMu (44) xonu r =—2. OCKUIbKU
apyri kpaioBi ymoBu (19) onHopimHi, TO F_22 =0, T00TO sz =0,. Ilepma
cucteMa (45) xonmu r=-2. HEOJHOpIAHA 3a PaXyHOK MPUCYTHOCTI JTOJAHKY

by (%) fan () (1))

Otxe, p03B'$I30K nepiioi iTepariinoi 3aaadi (19) mae Bursig

W_,(x,t) = b (x)[ ZV( ok U () + foo ()P ()] + Zb ()02 (x) . (47)

i=p+s+1

ITpu mincranoBul po3B'si3ky W (x,t) y kpaiioBi ymoBH (20) 11l BUBHAUECHHS
HeBiJIoMoro Bekropa C.; MU 3HOBY OTpUMAaJIA CUCTEMY 21 anreOpaiuHuX piBHIHb
(44) mpu r =—1. 3a omucaHOw CXeMOl0, OyJe OJHO3HAYHO BH3HAUYECHO BEKTOP-
byskuis W (x,t).

[Ipomosxxytoun nani BuszHadyatu Bektopu C,., r>—1 MOXHa IOKa3aTH, IO
Ko)KHa iTteparfiina 3amada (18)-(21) y IIBP (9) mae enunmii po3B'sa3ok. A 1ie
o3Hauvae, 110 cepis irepamiitnux 3amad (19)-(22) acumnrorunyno kopektHa B [1BP
9).

[ToOynoBanuit hopmalibHUI psAll PO3B'A3KY poO3MIKMpeHOl 3a1adi (6) MICTUTH
JOJIaHKHM 3 BIA’€MHUMH CTENEeHsIMU Maioro napamerpy. Ockinbku QyHkuii Efipi
Up(t))=0() 1 tam Outbmie ® ;) (x)*O(1), To nobynoBaHuii po3B'sI30K
HEOOMEXKEHO 3pacTae MpHu MPSMyBaHHI MaJIOTo TapaMmeTpa 0 HyJsl.

[To awmamorii 3 momepenHiMu mpaisMu (auB.[1-3]) mokaxemo, 10 3a TIpHU
CIELIaJIbBHOMY BHOOp1 IOYAaTKOBUX BEKTOpiB o, , m=0,a TONOBHUI 4JEH
acumMnToTuku po3s'si3ky C33 (1), a BIANOBIAHO, 1 BCSI aCUMIITOTUKA PO3B'A3KY L€l
3a/1ayl, MOKe OyTH OTpUMaHa B OUIBILI MPOCTIIIOMY BUTIJISAJL, IPUUYOMY OTpUMaHa
TaKMM YHHOM aCUMITOTHUKA PO3B'A3KY Oy/ie BkKE PIBHOMIPHO MPUJIATHA 1 BITHOCHO
MaJioro napametpa € > 0.

2 1
Hamu Bxe Oyno nmokaszano, mo I', =0. bysemo Bumararu, mo6 I'2, =0,
TOOTO 337aMO YaCTHHY KOMIIOHEHT BEKTOpiB o, m =0,a y BUTIAA1
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Oy = by (M) f( 0y (M)Y (1, (m)) + ibiv (M)® (_y);(m), v= IUp+s+1,n. (48)

i=p+s+1
[Tpu BukoHaHHI yMOB (48) HaMII:I OyJzie oTprMaHa OJIHOPiJHA CHUCTeMa PIBHSIHb
AlClz =0, To0TO Clz =0. YV upomy Bumanky po3B'sa3ok (47) HaOyne
HAUTIPOCTIIIOrO BUIIIALY, TOOTO W_, (X,1) = by(X) f(_2y (X)'¥(#)) .
Hocniaumo npaBy yacTuHy cuctemu (44) npu r = —1. Skmio B3sSTH
a,, =b, (m)e (m)f_,, (m)¥'({t(m), m=0,a, v=1Up+s+1Ln, (49)

TO OTPUMAEMO OHOPIIHY cucrtemy A,C 31 =0, To0t0, C 31 =0.

[lepma cucrema (45) npu r = —1 Tex Oyae OAHOPITHOIO.
Takum uyuHOM, TIpu BUKOHaHHI yMOB (49) posB'szkom 3amaui (23) Oyne
W (x,t)=0.

BucnoBok 8. SIKi0 KOMIIOHEHTH BEKTOpiB o.,,, m=0,a BUOpaTH y BUTJIAII

m?>

dbopmyn (48) 1 (49), To po3B'a3koM po3mKpeHoi 3aaadi (6) Oyne psn

+00
W (x,1,8) = 2By (%) f_ay ()W (8) + D W' W, (x,0). (50)
r=0
8. OuiHka 32JMIIKOBOr0 4JI€HAa ACHMNTOTHKHM PO3B'SI3KY. 3amuiliemMo
dbopmansuuii psag (50) y BUTIISIAT TOTOKHOCTI

W(xatag) = VVsq(xata lvl) + E_’q+1(x9t98)9
ne W, (x,t,)) —4acTkoBa g - cyma pany (50), a TR §,.1(x,1,€) — 3ammmikoBwuit
yjieH 1poro pany. Ilposenemo 3ByxeHHs B TOTOXHOCTI (50) xonu t=®D(x,g).

OTpuMaeMo TOTOXKHICTh
W(X, t) 8)‘1:(1)()5’8) = W(X, (D(X, 8)9 8) = Vng (X, (D(X, 8)9 8) + E.’q+1 (X, (D(X, 8)9 8) . (5 1)

CkopucTaBIIUCh BiIoMOI0 MeToaukoio (AuB.[1-3]), oTpumMaeMo HacTyNHY
OI[IHKY 3QJIMIIIKOBOTO WIeHa aCUMNTOTUKHU po3B'sa3ky C33 (1):

g+
HE.’q+l(x9cD(x98)98)H < l"l AKq+l b q>09 (52)
fie moctiiiHa K, He 3aexuTh Big x € [ 1 Masnoro nmapamerpy €>0.

V vactuHHOMY BUNAIKy, konu g =0 3a paxyHok Toro, mo (O, (x)=0, Ha

JOBUIBHOMY KOMIIAKTI1 BiApi3ka [ , AKUi He MICTUTH TOYOK X =0 1 x =a Mae Mmicue
OILlIHKa

H<:1 ()C,CD(X, 8),8)” < I"LKl : (53)

CxopucTtaBiuch orinkaMu (52) 1 (53), MokHa MOKa3aTH, 110 Ha JOBUILHOMY
KOMIIAKTI1 Bipi3ka [ , AKUH HE MICTUTh TOYOK X =0 1 x =g cnpaBeasivBa OIIHKa

lim W(x,e)=w(x), (54)
e—>+0
e ®(x) — po3B'I30K BUPOHKEHOI'0 BEKTOPHOTO PiBHAHHS (3).
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CdopmynoemMo y BUTIIAIL 3arajibHOT TEOPEMU OTPUMAaHI1 pe3yiIbTaTH.
Teopema 3. Hexaii: 1) ona C33 (1) suxonyiomocs Ymoeu 1°i 2°;
2) ninitHui onepamop A exgisaieHmHull KaHoHIYHIiU mampuyi (4).
3) detB,((k—1a)#0, k=12 1idetA, #0.
Tooi 015 0ocumeb manux 3Havenv napamempa & > 0:
1) onucanum suwe memooom 0Jist po38's3xy posuwupernoi 3adaui (8) ¢ [IBP (12)
Modice Oymu nobyoosanuti eOunull gopmanvhuil pso (18);
2) 38yacenns ¢popmanvroco psaody (17) npu t=D(x,&) € acumnmomuyHum
paoom pozs'azky C33 (1),
3) 3anuwkosuil ynen acumnmomuxu po3s'sazxy C33 (1) mae oyinku, 300pasxceni
cniggioHowensamu (52) i (53);
4) na OoginbHomy xomnaxkmi 6iopizka I, axuii He micmums moyok x =0 i
X =a cnpasednusa epanuyHa pigHicmo (54).

BIBJIIOT PA®IA

1. bobouko B.H. Acumnroruueckoe MHTEIPUPOBAHME  CHUCTEMbl AUQPQPepeHInaTbHbIX
ypaBHeHUH ¢ Toukoi moBopota // duddepeni. yp.-us. -1991.- 27, Ne 9.-C.1505-1515.

2. bobouko B.M. Touka 3BOpoTy B cucTeMi AudepeHIiaIbHUX PIBHAHb 3 AHAIITUYHUM
oneparopoM // Ykp.Mar.xypH.-1996.- 48, Ne 2.-C.147-160.

3. bo6ouko B.H. Cucrema auddepeHuuanbHbIX YpaBHEHHM C TOYKOMl MOBOpOTa B ciydae
HeMaroHAIM3UPYEMOTO TpeesbHoro onepatopa // duddepent. yp.-us. -1998.- 34, Ne 10.-
C.1304-1312.

4. JlomoB C. A. Beeznenue B 00IIyl0 TEOPUIO CUHTYISIPHBIX Bo3MyileHuid.— M.: Hayka. 1981.-
400 c.

5. Wkune H. U., Crapyn U.U., Sxosen B. II. AcumnroTrnueckoe UHTErpUPOBAHUE JTUHEHHBIX
cUCTeM OOBIKHOBEHHBIX AU depeHnanbubIX ypaBHeHui.- K.: Bpima mkona, 1987.- 288 c.

6. Langer R. On the asymptotic forms of the solutions of ordinary linear differential equations
of the third order in a region containing a turning point //Trans. Amer. Math. Soc. - 1955.-
80.- P. 93-123.

7. Wasow W. A studi of the solutions of the differential equations ¥ + A*(xy" + y) =0 for

large values of A.// Ann. Math.- 1950.-2.-P. 350-361.

8. T'antmaxep ®@.P. Teopus marpuu. -M.: U3a-Bo TexHUKO-TE€OD. IUT.,-1953. -492 c.

9. Tpenorun B. A. ®yuknunonaneHeli ananus.- M.: Hayka, 1980.- 496 c.

10. HopoauuipbiH A.A. ACUMOTOTUYECKUE 3aKOHBI pacrpezieseHuss COOCTBEHHBIX 3HAUCHUN IS
HEKOTOPBIX 0COOBIX BUJOB AU PepeHInanbHbIX ypaBHEHU BTOporo nopsaaka / YMH.- 1952
- T.27, BbIm.6(52).- ¢. 3-96.

11. Katro T. Teopusi Bo3MyIIeHHI JUHEHHBIX OmnepaTopoB.- M.: Mup, 1972. - 740 c.

Kiposoepaocwvkuii oeparcasnuii nedazoziynuti
yHigepcumem iMm. B.Bunnuuenka Haoitiwno 22 eepecns 2004p.

28



