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YIK 517.928.1 PACS 02, 03, 05, 06, 07
O.B.YopHenbka

ACUMIITOTUYHUIN AHAJI3 JIHIMHUX CUCTEM JJU®EPEHIIAJIbHUX
PIBHSIHb 3 TIAPAMETPOM TA PEI'YJIAPHOIO OCOBJIMBOIO TOYKOIO

YV oaniti pobomi eueuacmovca numanna npo nodyo0o8y 3azaibHO20 ACUMHMOMUYHO2O
PO36°a3Ky NIHINHOT cucmemu OugepeHyiarbHux pieHAHb 3 MAIUM NAPAMEMPOM Md
peaynapHolo  0cobaugolo moukoro. Jocnioxicyemovca 6UNAO0OK, KOMU 20N08HA MAMPUYs
cucmemMu Mae Kpamue 61acCHe 3HAYEHHs, AKOMY BION08I0ae OOUH eleMeHMAapHUli OiNbHUK
makoi oic camoi Kpamuocmi. Y cmammi 3anponoHo8aHo ancopumm GiOWYKAHHA PO36 A3Ki8
maxkoi 3a0ayi y euensioi noositiHux po3sunens. Poszensanymo 3adayvy npo 30ypeHHs 81ACHO20
3HA4enHs ma 6ION0BIOHO20 61ACHO20 BEeKMOPA 20J108HO20 onepamopa cucmemu. Busedeno
PIBHAHHA  PO32ANYHCEHHA, 00 Koe@iyieHmis AKO20 3ACMOCO8AHO NPOCMOPOBULL AHAN02
oiazpam Hviomona, ma noxaszano, wo wyKaui po3sunenHs ci0 Gecmu 3a OpoOOGUMU
cmeneHAMU napamempa mda GIOHOWIEHHs He3aNedcHol 3MiHHOI | napamempa. J[is
no6y008aHux (hopmanbHuxX po3e s3Kie 3HAOeHO 8I0N0BIOHT ACUMNIMOMUYHI OYIHKU.

KawouoBi cjioBa: acHMITOTHYHI METO/M, CHCTEMH TU(PEPEHIIANBHUX PIBHIHD, MAIAN
nmapaMmerp, peryiaspHa ocoONMBa TOYKa, MOJBIHHI pSAAW, KPaTHHUH CHEKTP TOJOBHOTO
oreparopa.

Beryn
B naniif poOOTi BHBYA€ThCS MHUTAaHHS MPO MOOYIOBY 3arajlbHOIO ACUMIITOTHUYHOTO
PO3B’A3KY JIiHIIHOT cucTeMH JudepeHLialbHUX PIBHAHb BUTIIALY

x%=A(x,g) s (1)

3 PETyISPHOIO 0COOIMBOO TOUKOW x =0; & - Manuii napamerp, 0<&<g,; x - He3aJICKHA
sminHa, 0<x<Xx,; y(x,6) - IIykaHa BeKTop-QyHKIsA, A(x,&) - KBaApaTHA MATPHUIA 7-TO
MOPSIZIKY, SIKA 33a€ThCSl ACHMITTOTUYHIM PO3BUHEHHSIM
A(x,e)~ D> A, e'x" . (2)
s=0 k=0
BuBuaeTbcst BHIIANOK, KOJMM TrojoBHa Marpuis A, cucremu (1) mMae omHe BiacHe
3HAYCHHS A, KPAaTHOCTI 7, SKOMY BIIIOBINA€ OJMH CICMCHTApHUI NUIBHUK TaKOI X camoi

KPaTHOCTI.
HaBeneMo KOpOTKUl iCTOPUYHHMI OTJISIT JAHOTO MTUTAHHSL.
JliniitHi cucteMu nudepeHIiaTbHIX PIBHAHD 3 0COOJMBUMH TOYKAMU TIEPIIOTO POTY

dy
2 _y
X (x)y

BUBUaMKMCh B mpamsx [I — 2]. 3okpema, x =0 - perymspHa ocoOiuBa TOYKa, a MaTpHIA
A(0)= 7, xpim Toro OCTiMKEHO BHUMANOK, KoK criektp A(0) € mpocTiM.

Y pobGorax Pabunosuua 1O. JI. Ta Xanmaea M. M. [3], FOmunoi A. C. [4] HaBeneHO
noOyaoBy ¢yHIaMEHTATbHOI CHCTEMM pO3B’S3KIB JU(epeHIiaIbHUX PIBHAHb JAPYroro
MOPSIZIKY 3 PETYSIPHOIO OCOOIMBOIO TOUKOIO

ey +p(2)y' +qlz)y =0 ,
ne &>0 - Manmii mapameTp, a bynxiii p(z), ¢(z) € neckimuenno mudepenuiioBHIMY.

B po6orax Hlkinsg M.I. Ta 3aBiziona I'.B. [5 — 7] po3risinaeTbcst CuCTEMa CUHTYISIPHO

30ypeHux audepeHiiaibHuX PiBHAHD BUTIISTY
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ghtng(t,g)x, 3)

ne x=0 - peryisipHa ocoO/lnBa TOYKa, & - Malnui mapamerp, O<e<g,, heZ, te[O;L],
A(t,g) - KBaJjpaTHa MaTpULs 7 -TO TOPSAKY, IO 3aJa€TbCi y BUIIIANI PO3BMHEHHS 3a
CTEINEHSAMHU MAJIOTO MapaMeTpa &

Alr, g)zgm,, (c).

VY pobotax [5 — 7] mOCHiIPKEHO MUTaHHA PO MOOYAOBY 3arajlbHOTO ACMMITOTUYHOTO
po3B’sA3Ky cucteMu (3) SK y BUIAJIKy IPOCTOTO CIEKTpa Martpuui A4,(z), te[O;L], TaK 1y
BUIMAJIKY KPAaTHOTO CIIEKTpa TOJOBHOI MarpHii. 30KpeMa, MOKa3aHo, M0 PO3B’SI3KM MOXKHA
3HalTH y BUIJIAJI BEKTOpA

a’(e)
x(t,e)=ult,e) = ex g"’j'i(t,g)dt) ,
0
ne ulz,&) n- Bumipauit Bektop, Alt,¢), ale) - ckanapHi QpyHKILi, SKi MAarOTh BUIIS

u(t,g)zgg’u,(t), l(t,g)zgs"/lr(t), a(g)zgg’a, .

Teopis MOABIHHUX PSAIB JOCUTH BAAJIO Oyia 3aCTOCOBaHA JO MOOYIOBHU 3arajibHOTO
ACUMITOTUYHOTO PO3B’SI3KY CHHTYISPHO 30ypeHHX CHUCTeM JIHIHHUX audepeHIiaTbHIX
PIBHSHB 3 IPPETYISIPHOIO 0COOINBOIO TOUKOIO

&"x* @ _ Alx, &)y, 4)
dx
Jie MaTpHIIS A(x, g) 3aJIA€ThCS Y BUTIISL PO3BUHEHHS
Alx,e)=>>ex"4, .
r=0 s=0

B mochimxennsax [8, 9] BHBUCHO BHWIIQJOK KPAaTHOTO CIEKTpa TOJOBHOI MaTpHIli
cuctemu (4). 30kpeMa MOKa3aHO, IO ACUMOTOTHUYHI PO3B’S3KH TaKOi CHUCTEMH MOXHa
noOynyBaTd y BUIJSAl MOJBIMHUX PO3BMHEHb 32 JPOOOBHMHU CTCICHSAMHU Mapamerpa Ta
BIIHOIIEHHS HE3aJIeKHOT 3MIHHOI Ta ImapameTpa.

Ocob6mmBocTi TOOYJOBH 3arajibHOTO ACHMITOTHYHOTO poO3B’s3Ky cucremu (1) y
BUIIQJIKY NPOCTOrO CIIEKTpa TojoBHOI Marpuuli A4, nociipkeHo B po6oti [10], 30kpema
MOKAa3aHO, 10 PO3B’S3KU CUCTEMH MOKHa MOOyIyBaTH y BUIJISAL MOJBIMHUX PO3BHHEHb 3a
IUTAMH CTEIICHSIMU ITapaMeTpa Ta He3alIe)KHOT 3MIHHOT.

[TutanHs mpo MOOYIOBY ACHMNTOTHKHA Y BHUIIAJKYy KPAaTHOTO CIEKTpa TOJOBHOTO
oriepaTopa € IOCHTh CKIQJHUM, OCKUTBKM HE 3aBXIM MOHA JIETKO MigiOpaTH BUTJIISA
(opMaIbHOTO PO3BMHCHHS IIYKAaHOTO pO3B’s3Ky. [laHa cTarTs mpHCBsiYeHA PO3B’SA3aHHIO
Takoi mpoOIemMu.

1. IToGynoBa acHMNTOTHYHHUX PO3B’A3KIB
3poOMMO MpUIyLIEHHs, IO TrosioBHAa marpuis A, cucremu (1) mMae onHe BiacHe

3HAYCHHS A, KPaTHOCTI 7, SKOMY BIIIOBINA€ OJIMH €IEMEHTapHUI NUIBHUK Takol K camoi
KpPaTHOCTI; BEKTOP ¢ - BIAMOBITHUN BJIACHUH BEKTOP.

PosrnsHemo marpuiio (AOO—/L)E), ska € BupomkeHowo, toxi H = (4, —A,E) —
HaniBoOepHeHa 10 (AOO —lOE). [lpn mpomy H" =O - wynpoBa marpuis. EixemeHT HyIb-
IPOCTOPY MATPHIll CHPSIKEHOI 10 (A00 —/IOE) no3HauynuMo Yy . Toji BIANOBiAHI CKaJspHIi
NO0YTKU
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(Hi‘lgo,l,y)=0,>11<mo i=l,n-1,

(H”‘l(p,(//): 1.
Po3p’s3ku cuctemu (1), 10 BiANOBIAAIOTH 72 -KPaTHOMY €JI€MEHTapHOMY AUIBHUKY
rpann4HOi Matpuui A, , OyaeMo nrykati B BUTIIS
y(x,8)=x"" u(x, ), (3)
ae u(x,g) — n-BUMIpHHHA BEKTOp, /1(5)— CKaJIIpHAa (QYHKIIS, AKI HEOOXIHO BU3HAYMTH.
3HaliIeMo TIOXIAHY
V'(x,8)= (4, + A " -ulx, &)+ x* u'(x,&). (6)
[TincraBmo Bektopu (5) Ta (6) B cucremy (1), BiAMOBITHO OTPUMAEMO

x(x;‘””(‘“ —duSc, g) + (/10 + Alx, 5))xl“”(5)’lu(x, g)] = A(x, g)x“”‘“u(x,g),
X
MICTIs CTIPOIIEHHS] MAEMO PiBHSIHHS

o L) G o ) A =0 9
X
SIKIT0 MO3HAYUTH
A(xa 5) =4, + Z(x’ 8) >
Ie
Alx,e)=> 4 x7¢",

r+s=l1

TOi piBHsIHHS (7) MaTUMe 3aruc

(4 — 2 Elulx, ) = (i(e)E red Z(X,g)ju(x,g), (8)

X
Jne E — oauHMYHA MaTpHIIS.
Omxe, 3amaua BusHauenHs oynkuii A(s) i Bextopa u(x,&) 3semach no 3amaui mpo

30ypeHHsI BIIACHOTO 3HAUCHHS 4, Ta BiANOBIAHOIO BIACHOTO BEKTOpa ¢ omeparopa A, mixa

ni€ero 30ypeHHs (Z (x,6)—x i) .
dx

3a BUKOHAHHS HEOOXiTHOT Ta TOCTATHHOT YMOBHU PO3B’SI3HOCTI PIBHAHHA (§)

&1(5)15 + x% — A(x, g)ju, z//J =0 (9)

MaTHUMEMO

u= (l(g)H +xH di - HZ(x, g)ju +co,
x

abo
(E —Ae)H - xH% + HZ(x,g))u =cop,
Jie C — JIOBiTbHUII MHOKHHK, 3 TOUHICTIO JIO IKOTO BU3HAYAEThCs BekTop u(x,s).
[Toxnagemo ¢ =1 1 po3riastHEMO PIBHAHHS
(E — Me)H —xH % + HA(x, g)ju =p.

Horo po3B’s130K MOKHA MOAATH Y BUIIISLI (hOPMATBHOTO PO3BUHEHHS

u=(p+2(/1(g)H+dei—HZ(x,€)j . (10)
X

k=1
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[TincraBuBiu (10) y (9), oTpuMaeMo piBHSHHS PO3raly>KEHHS

L(A,x,6)= &(A(g)E + x% — A(x, g)jz (/1(5)11 +xH % — HA(x, g))k J(p,w] =0, (11)

k>0

SIKE Ma€ 3aJJ0BOJIbHATH LIyKaHa (PyHKIIis /I(g).

ITogamo onepatopHuUil BUpa3 L(ﬂ,, x,g) y BUTIISA1 (POPMAIIEHOTO PO3BHHEHHS

Lxe)= YL |X e,

k+r+s20
ne k, r, s — BIAMOBIAHO CyMapHi cTeneHi pyHKIIii /1(5), 3MIHHOT x Ta mapamMmerpa & .
Posrnsitnemo Bupasu

q q
(ﬂ(g)H + xH di — HA(x, g)j = (AH ~ > HA &'x" + HxD) ,
X

r+s>1

ne D — oneparop audepeHiroBaHHs M0 3MiHHIA X . Maemo

2
(AH ~ Y HA &'x + HxD) = VHH— A (HHA, + HA_H)x &' +

r+szl1 r+szl1

+ z ( rilHArm HAr—rl,s—sl jx"gs - X ZFHHA"SXV_ISS +

r+s22 \ n+s, =1 r+szl

+ (iH —~ 3 HA x" & + He’lx‘ngHx‘ge”D .

r+s21
k=1,

TaKUX , WO 7 +...+7,=r, §+...+5, =5, BUKOPUCTOBYIOUM CHMBONIKY poGoru [11],

CyMmu BCiX MOXJIMBUX JNOOYTKIB i MHOXHUKIB H Ta j MHOXHMKIB HA

1Sk 2

MTO3HAYNMO R,’;S(H,HA). Kpim Toro, mpu Bin'emHux i ta j; r+s<j ta j=0, r,s#0

Oynemo noknanaru £’ (H,HA)=0. i Bupasu 3a10BOIbHSIOTH CITIBBIIHOIICHHS

P (H, HA = HEY (. HA)s S A, P (1, HA)
r+s =1

TTo3raummMo Takox
rHP," (H,HA)= R (H, HA).

011

Toni

r+sz1 r+sz1

2
(AH— > HA &'x' +HxD) =AHH-1Y P (H,HA)x &' +

011

+ S (Pye (H,HA)+ R (H, HA) & + (AH ~ N HA &'x" + HxDijD :

r+s>2 r+szl

3
(/111— S HA &'x' +HxD) =VH -2 Py (H HAx & +

r+s1 r+sx1

+ A (P (H, HA)+ HR.; (H, HA)+ rHP.* (H, HA))x &* —

r+s>2

- 3 (P Ae S A R A P A 01 A+
1

r+s>3 n+s =

2
+ (/IH ~ S HA &' x" + HxDj HxD .

r+sl
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CumBomom R, (H ,HA) MO3HAYUMO CyMH JIOOYTKIB j+ p MHOXKHHMKIB [ Ta

m— p MHOXHUKIB HAM , k=1lm—-p, r+..+r,_ ,=r, s+...+s, =5, peN, AKi
O0YHCITIOETHCS 32 PEKYPEHTHUMHU (hOpMYyJIaMu:
npu p =1
R, (H.HA)=(-5,)HR", . . (H.HA)+
+ HfHA R (H,HA)+rHP?,,  (H,HA),
mpu p #1 o
o (H HA) = (=6, JHR?, - (HL HA)+
+ erA R (H HA)+rHR™, . (H,HA),

n+s;=1

Toni

3
(/”LH— S HA &'x’ +HxD) =FH =2 Y P (H,HAX &* +

r+s21 r+s21

+ 23 (P;* (H, HA)+ HR’; (H, HA))x &* —

r+s=2

— > (P (H, HA)+ R (H, HA)+ Ry, (H, HA)) & +

r+s>3

(AH— > HA . &'x" +HxDj HxD.

r+s>1
MeTo10M MaTeMaTHYHOT 1HIYKIIii JIETKO MOKa3aTH, 110

1

q q—
(A,H— > HA &'x +HxDj = > (-1) (Pg; (H,HA)+ Y R, p(H,HA)jx"gs +

r+s>1 r+s2q p=1

+3 3 o B e

q=(i+1)

i)

q-1
+(ZH— ZHA,SEer +HxDj HxD .

j=l r+szq—j p=1

r+szl

[Ticns HECKIIAJHUX IIEPETBOPCHDL Ta IICPCIIO3HAYCHH iHI[eKCiB OTpUMAEMO

(ZH— > HA &'x" +HxDj ZZ(— 1) ( “(H,HA)+ gRg;;q_p (H,HA)Jx’gs +

r+szl1 r+szlg=1

q9-

AH + kZZ( 1) 2 ( *(H, HA)+ Rkk+p”(H,HA))xrgs+

p=

gq-1
(ﬂH ~ > HA &'x" + HxD | HxD.

g=1 r+s=1

BBiBIIM CITIBBiAHOMMIEHHS

~,

P (H,HA)= HP,)*(H,HA),

q

P (H,HA)= HP,' (H,HA),
R . (H,HA)=HR; (H,HA),
R7L.,, (H.HA)= HRS;,,, (H.FA).

Ta BpaxyBaBIHW, IO CKaJSIpHI I[06yTKI/I (H Q, l//) =0, gkmo i#n, i (H "“(p,l//) =1,
piBHSHHS posranyxkeHHs (11) 3anumemo B BUTTIsAIL
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2+ L oxe +Y YL Ay =0, (12)

r+s=1 k=1 r+s=1

Ac

r+s

L, =Y (-1) ((130’; (H,HA)+

q=1

K

N(;,;,q_p (H, HA))(D, l//], res>1, (13)

~
I

+S

L, [2]= (—l){(ET:(H,HAH

K

1M

1
1

q

R .’kv+p,q—p(H9HA)J¢9l/jjs r+S21, kZl. (14)

N}“ s
k
BinmoBinHe po3BUHEHHS ISl BEKTOPA u(x,g) MaTHME BUTJIIS

ulv,e)=p+ I, px'e' + 3L [AFox e (15)
r+s=1 k=1 r+s=0
e
~ r+s g-1
L, =Y (-1y [( P (H,HA)+ Y R, (H,HA)j(p, y/j ,r+s>1, (16)
q=1 p=1

=
L a1=SCy (( P (H HA)+ S R (H,HA)](/),WJ cres>1 k=1 (17)
p=1

[{um camuM JTOBEIEHO TaKy TEOpEMY.
Teopema 1. JIns Toro, mo6 BekTop (5) OyB (opmanbHuM po3B’si3koM cuctemu (1),
HEOOX1IHO 1 JOCTaTHBO, MO0 (PyHKIis /1(8) (dhopmManbHO 3a0BOJBHSIIA PIBHSAHHS (12), ne

onepaTopHi pyHkuii L, BU3Ha4aThCA Bupasamu (13), (14).

BinmoBigHa BekTop-QyHKITiS u(x,g) MO)Ke OyTH moJaHa y BHUIJIsAL po3BUHEHHA (15),
Koe(ilieHTH SKOro BU3HA4aThCs 3a hopmynamu (16), (17).

Jlist BU3SHAYeHHST BUTIISIAY PO3BUHEHD (QYHKITIT Z(S) Ta BEKTOpa u(x,g) MIPOaHANIZYEMO
koe(ilieHTH pIBHSAHHSA po3ranyxkeHHs (12) 13 3acToCyBaHHIM MPOCTOPOBOTO aHAJIOTY Jiarpam
HeroToHa, anropuT™M 3acTOCYBaHHS SIKOTO JUISI CHCTEM 3 OCOOJIMBMMH TOYKaMH TOJAHO B
poborTi [9].

[Ipunycrumo, mo

L001 = _(Am(p’ l//) #0, (18)

TOJli IPOCTOPOBI JlarpaMy MaroTh BUIJISL, MoAaHui Ha Puc. 1.

Puc. 1. ITpocToposa giarpama.
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BusHaumBmm Haxunu jgaHok giarpam D, ta D, 3 Bin’emHuM Hampsamom oci Ok,

MPUXOIMMO JI0 BUCHOBKY, IO PO3B’s3KM piBHAHHA (12) HeoOXimHO OyayBaTé y BHIIIAII
PO3BHUHEHHS

Ae) =AWz . (19)
i=1
BusnavanpHe piBHSIHHS
A =(4up.p)=0
Ma€ n PI3HUX PO3B’SA3KIB, TOMYy B JAHOMY BMIIAQJKy MO’KHA MOOyayBaTW n PpO3BHUHEHb
Burisiy (19).
Binnosinuy BexTop-hyHkiito u(x,s) MoxHa nojath y BUrIS

W)=+ Yl ( ]( g) ,v=ln. (20)

i+j=1
Koeoimieatn po3suHeHs (19) ta (20) MokHA BU3HAYUTH O€3MOCEPEAHBO MIICTABUBIITN
BekTop (5) B cucremy (1). IIpupiBHABIIM BiAMOBIAHI KOE(DII[IEHTH NMPH OJHAKOBUX CTEHEHAX

(—j (\/; )/ OoTpuUMaEeMo anredpaiuHi cucreMu piBHAHB. [Ipu i = 0 Oyaemo matu
£

(4y = 2Bl =B v =1.n, 21)
';1
n, zﬂ' z (i‘;)m_AOj¢’ jZl- (22)
s=1 ;
Toni
uy’) = Hb)". (23)

3pOOUBIIN B3aEMHY MiJICTAHOBKY (POpPMYII (23) Ta (22) oTpuMaemMo

Jj—n _—

b ZP”’M]H"(p ZZPO’M]H a,,, —a,,,v=_n,

s=1 r=1 s=1

Ie

i
PUAl= XA A A ag, = DA, 40, v=1n

Jitiatetji=j s=1

3 ymoB (bé;), l//) =0, v=1n, j =0, po3B’si3HOCTI cucteM (21) oTpumyemo

A =3y4,0.v), (24)
SIKE Ma€ PIBHO N 3HAYCHB HAJI IMOJIEM KOMIUICKCHUX YUCEIT,

/1(1‘/) = 1 — |:((12n 2 RO" [/I]Hja&j-m—l—r +a0,j+n—1 j’ ‘//) - ROJJM_I [ﬂ“]j| s (25)

n- ﬁ«;’ ! r=1 s=1

pe P A]= P [Al=nA A7 cymum tux pomaskis  P[A], saxi He wmicrarh

MHOHHUKIB /1j }

Ha nactynmHux kpokax mpu i > 1 MaeMo HaCTynHi anre6pa'1'qu CUCTEMHU
( 00—( —z)E)u U ,V ln i>1,

-1
I=
J=in

Y =S A = S At A e il (26)

s=1 r=1 s=1

OCKibKH MaTpHUIISA (AOO - (ZO —i)E), i > 1, € HEBHPOLKEHOIO, TO
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) — V) : s
u; =Jb",iz1,i+j>1, 27

ne J, =(4, — (A, —i)E)" - o6epnena marpums 1o (4, — (4, —i)E).

O1xe, MaEMO TEOpEMY.

Teopema 2. Sxmo matpuns A, Mae BIacHEe 3HAUCHHA A, KpaTHOCTI n, SKOMY
BIJIIIOBI/Ia€ €IeMEHTApHHUHA IUIPHUK TaKol caMmoi KpaTHOCTI 1 BHKOHYeTbcs ymoBa (18), To
cucrema piBHAHB (1) Mae n 4acTUHHHUX (OPMAJBHUX PO3B’SI3KIB BUTIAAY (5), JIe CKalspHA
byHKIis Z(g) Ta 7 -BUMIPHUH BEKTOP u(x, 5) 3a[al0ThCs BIANOBITHUMHU pO3BUHEHHAMU (19)
Ta (20), KoediieHTH AKUX BU3HAYAIOTHCS hopmynamu (24), (25) ta (22), (23) 1(26), (27).

Y Bumagkax, koium ymoBa (18) He BUKOHyeTbCA, MOTPIOHO 3aCTOCOBYBATH
MIPOCTOPOBHUM aHanor niarpaM HpIOTOHA 1O HACTYNMHUX, BIAMIHHMX Bl HYJIS KOeQIilli€eHTIB
piBHsHHSA (12). BignoBinHo 3HaiiieMO pO3BUHEHHS IS MIYKAHUX CKaISPHUX (YHKIIIH /1(5)
Ta 1 -BUMipHHX BekTOpiB u(x, ).

[ToOynoBani 3rimHO Teopemu 2 po3p’ssku cuctemu (1) 3a ymoBn ReAd, <0 i
o,(e)<xlkd,(e), axmo O,(e) >0 1 0,(6) >0 npu &—>0, € aCUMOTOTHYHUMHU 3
BIATIOBITHIMU OIIHKAMH

m=l oy _
|e3|71 ,v=1n,

[y . 0) -7, (xe)| < | el

p+2 .
S e,

ne y,(x,&) - Touni po3s’s3ku cucremu (1), a yfn;) (x,&) - HaOMMOKEHHSI, SIKI YTBOPIOKOTHCS 3

(dopmabHUX po3B’s3KiB (2) HuIsIXOM 00pHUBaHHS BIANMOBITHUX po3BuHEHB (19), (20) HAa m -My

X
OOJaHKy II0 — Ta p-MYIIO &.
&

Bucnosku

VY naniif poOOTI NOCHKEHO NMUTaHHS HpO MOOYIOBY 3arajbHOTO ACUMITOTHYHOTO
pO3B’A3KYy JIHINHOI cucTteMu aAnepeHLiaTbHUX PIBHSAHb 3 MajluM [AapaMeTpoM Ta
PETYIAPHOIO OCOOJIMBOIO TOYKOIO. BHBeZEeHO pPIBHAHHS pO3ralyKeHHS Ta IOKa3aHO, IO
IIyKaHi PO3BMHEHHS CJiJl BECTH 3a JIPOOOBUMH CTEMEHSMH MapamMeTrpa Ta BiJHONICHHS
He3aJIeKHO1 3MIHHOI 1 mapameTpa.
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Summary. O.V. Chornenka. Asymptotic analysis of linear systems of differential
equations with parameter and regular singular point. In this paper we study the question of
construction a general asymptotic solution of the following linear differential equations

xQ=A(x,£)y (1)
dx
with regular singular point x =0. Here ¢ is small parameter 0<g<g,; x Iis free variable
0<x<x,; ¥(x,&) is unknown vector -function ; Alx,&) is n- th order square matrix, which
is given by the asymptotic expansions
A(x,e)~ Y. > A, e'x (2)
5=0 k=0

We study the case, when the main matrix A,, of the system (1) has one eigenvalue A, of
multiplicity n, which corresponds to one elementary divisor of the same ratio.

In the case of n-th multiple elementary divisor of main matrix A,,, we propose to find
solutions of the system (1) in the form

y(x,8)=x"" -u(x,¢) , (5)
where u(x,&) is n-dimensional vector, A(g) is the scalar unknown function.

In this paper we propose an algorithm for finding solutions of this problem in the form
of double power series. We have solved the problem of perturbation eigenvalue and
corresponding eigenvector main operator of the system.

There have been proved the following results.

Theorem 1. Vector (5) is the formal solution of the system (1) if and only if the function
ﬂ(s) is the formal solution of the equation

A+ L, -xe+> DL, -Axe =0 (12)
rts=1 k=1 r4s=1 ?
where the operator functions L, are determined by coefficients of matrix (2).

Theorem 2. If the matrix A, has a n-th multiple eigenvalue A, elementary divisor

has the same multiplicity and the condition

Lom = _(A01¢a l//) #0 (18)
holds, then the system (1) has formal partial solutions (5), where scalar functions /1(8) and
n -dimensional vectors have corresponding expansions

/1(8)=2/1i(</2)" , (19)
, © N X in i I
u(x,e)=p+ Z”i)(;j (‘/;} ,v=Ln. (20)

it+j=1
The proof of Theorem 2 gives an algorithm for finding the coefficients of expansions
(19) and (20). We have found the recurrence formulae. For the constructed formal solutions
we have found appropriate asymptotic evaluations.
Keywords: asymptotic methods, the system of differential equations, the small
parameter, the regular singular point, double power series, the range of main operator.
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