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METOJ KOJUIOKAIIHA IIPY PEINEHHY HHTETPAJIBHBIX
VPABHEHHH U CHCTEM

B.B. BOPOHUH, B. A. IEIIOXO
Bumucaumensueiii Llenmp CO AH CCCP, Hosocubupcx, CCCP

Cchopmynmpyem HaWl METOJ HA IPUMEPE OJHOTO MHTETPALHONO yPABHEHUA Iep-
BOTO pofia: ’

() Ap={ K(x, p)p()dy = f(x), xel,

Ir
rae I'— riajxas 3aMKHyTas KpHBas HA IUTOCKOCTH, X, — Toukw Ha I
IIycrs smpo K(x,y) mmeer morapumuuecKyr0 OCOGEHHOCTB, TO €CTh IIpem-
crapumo B Bufe In|x—y|+ Ki(x,y), roe K, — rnagkaa ymxmuas. Ilpu stom
oreparop A JeHCTBYET HeNpephIBHO W3 mpocTparcTBa C™* B C"+1:* mua moboro
nesoro r; 0 <a<1. Torma X STOMY YpPaBHEHHIO IIPHMEHMM HE TOJBKO METOJT
PETYISIPUSAUH, HO M CJICAYIOMEA IIPAMOM METOH.
Tlapamerpusyem I x = x(t), tel0,1] u, coxparus ana Qymxmuid npexxuue
obosHaveHns1, nepenmmem ypaseenue (1) B Bupme
1
) Ag = {K(t, ) p(z)dv = f(r), te[0,1).
P4 .
Bce dbyHKIMM cuMTaeM NEPHOFMYECKU IIPOHOIDKEHHBIMH.
Tyets 7, =ixh (i=1,...,1); h=1[n; bj(7) = b(v—7,) — Gasucurie dyn-
KIU¥ MHTEPIOJIINH, TO ecTs b,(7;) = ;5. Pymxanmo b(7) cunraem uérmol. Ilpn-
GIDDKEHHOE pEelUeHHE HILEM B BHIE:

n
67(1) = Z @ by(7).
=
HensBecrarie BeTMUYKMHE] (; OTBICKUBAEM W3 YCIIOBHH KOJUTOKAITMH:
) Ap(e) = f(z)s = 1s .

Teorema. Ilycms yp (1) oo UHO PASPEULUMO, U CYUjECmBYem MaKoe
yenoe p =2, umo 0aa awbot gynkyuu geC?
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i 2 (5
max|[s(m)- Y g(x)bu(®)] 7 [< L=t lg®lc mpu s <p-1,
* i=1

20e Lo < 1/2, L}; <1 (k = 1):?"'1)

Toz0a npu docmamouro 6ossuon 1 cucrmena (3) paspewsuna ommocumessio g;,
U UMEIOM MECTO OYEHKYU

143—Flc < const - [| fllcryr, (1),
@~ gllco.z < const * A —Fllcr= < const - || flleryr, p(B)A™17%,

20e v, p(hy =K', hP*|Inh| s K*+' coomsemcmsenno mpu r < p+1, r=p+2
ur>p+2. ’

DTr pesyibTaThl M3NoXKeHH! B paborax (1], [2].

PaccMOTpHUM 3a7aud, B KOTOPBIX IPHMEHMICA TaKOH METOZ.

1) 3amaua Jupuxie mua ypasHenwus Jlammaca:

Au(x) = 0,
u(x) = f(x),
rae I'— rnapkas saMxHyTas KpHBasS HA IUIOCKOCTH, [ — OrpaHMueHHas exo
BHyTpeHHsst ofmacts. Mimem #(x) B BH/e IOTEHIMANA IPOCTOTO CIIOA: '
u(x) = 9() In(ulx—yDdy.
r

Jns BeeX SHAaueHMHE 4, KPOME OJHOTO, COOTBEICTBYIOINEE MHTEIPAIBHOE ypaBHE-
HHe OJTHOSHAYHO DPaSPEITEMO, H MOMKHO IIOJ30BATHCSI METOJOM KOJUIOKAIMH.

2) UmcieBHBIe SKCIEPAMEHTHEI TOKasamy 3D(EKTEBHOCTE METONa KOJUIIO-
Kali| A PEINeHHM HETErPAbHOro ypasmerws AGesi:

x

xeD,
xel,

D gy = 7).
| @ =7

3) ligymepnas 3amaga gudpaxuuM aKyCTHUECKOR BOJHBI Ha YIPYTOM Tele.
IIycrs samkmyTas riaapkas xpesas. I’ JETHT IUIOCKOCTs Ha OGJIACTE BHEUIHIOI
(D.) u Bayrperrco (D;). D, sanormena »MAKOCTEIO C IUIOTHOCTBIO @ M CKOPO-

CThI0 PACIPOCTPAHEHUA BOMH ¢; D; — ynpyroif cpemoii ¢ mioTHOCTHI0 | B KOH- -

CTaHTaMK Me A, p. Tlone cmememwii B yCTAHOBWBINEHCS BOJHE HMEET BHI
Re {ii(x)e™*}. B D, dymanmo %(x) mmen B suAe H(x) = (%) +Te(x); B D; —
u(x) =7(x); %o(x) — maBecTHAsT (yHIIWA, KOTOpAs COOTBETCIBYET HCXOMEHOM
BomHe. Ecnm mepelftm K 3BYKOBBIM moTeHImamaM, mmeem: W, = grad®, U, =
= grad®,. Oymxamn O(x) gomwxma yHoBneTBopsaTs ypasremuio AP+ w? (2P =

=0 M YCTOBHIO H3IIyYeHHS: (E ——i%@) Yr—0 mpn r—co. Japremme B
3BYKOBOH BONHE paBHO gw’d. '
B obmacrm D, dymamst %(x) = (uy(x), u,(X)) yOBNErBOpseT ypaBHEHUIO
A+ 0%l =0, e A* = ud+ (A+ p) grad div.
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TIpu 5TOM HANPSYKEHWE HA TUIOIIAMKE C HOpMAIBIO 7 = (4, 1;) PABHO

duy duy ]

il + A7 - divEd; + p(r2s _{'11) . [_33; -

"
Bamamum Ha I yCIOBHA COrNACOBAHHSL: a) COBMNAMAIOT HOPMAIBHBIE KOMIIOHEHTBI
cxemennsA; ) JlABIeHEE CHAPY)KH PABHO HOPMATLHON KOMINOHCHTE HADSIKCEHS
MHYTpH; B) TAHTEHIMATbHAST KOMIOHCHT2 HANPFDKCHIA paRHa HyJIO.

Dymxpm % (x) 1 P(x) muem B BrAe TNOTCHIHATOR:

(@) = § )T, 3)+A0) T (6 »ldy,

r

B(x) = § 1) H® (0lx—yl/e)dy,

r

.
™, =

rme I'®(x,y) (i=1,2) — dyHmameHTalEHEE PEIUEHUA MIIA Oreparopa A* (em.
[4]) B HPOCTPAHCTEE, 3aTOJIHENHOM YIPYroH cpemoit; H§Y — dynxumsa XaHKend.
VCIIOBHS COLJIACOBAHMS JAIOT JIJIA ONPEACIICHHS HEUSBECTHBIX 210, (), As(»)
CHCTEMY CHETYJIAPHBIX MHTCTPANBHBIX YPABHEHUH '

2 () 12120+ | 1) g I @lx= ey =

r

= { W) FOG y) )+ 1:00) T, 3) - A0y
r

06? Bo(x)+ 002 | 2, HE (0lx—ylje)dy =
. r
= =20 (1;(x) A (%) +12(x) L2 (%)) +
+ § LOITOTO(x, ) (@) + 2NV TOTD(x, ) Fi()ldy,

r

0 = 2i (2(¥) A4 (x) — 1, (x) Aa(x)) +
+ § ) TOTO(x, ) - 1)+ () TO LA (x, y) - 1(x))dy -

r
3nmecs ?(x) = (t:(x), tz(x)) — BexTop, KacaremsHbld KI5 fp =ny; 1= —1,.
MOIKHO IIOKA3aTh, UTO eclM — w?/c? He ABJIAeTcs COBCTBEHHEIM UHCIIOM I Ole-
paropa Jlanmaca B o6macta D;, TO CHCTeMa OJHOSHAYHO PAa3PENINMA OTHOCHTCIBHO
4(») (G =1,2,3). 3masa 4;(y), naxommm (%) u P(x). ¥ mos oTolt samaTy METOR
KOJUIOKAIM [JaéT XOPOIUHE DPe3yIBTATEL.
~ 4) Panee AHATOTHUHEII MeToZ 6BLT mpefyioxked B pabore [3] mmst mudparuum
9/eKTPOMATHUTHBIX BOJH; ¥ IIPH YHCICHHOM DEINCHHM COOTBETCTBYIOLIEH CHcTe-
MBI HETErPANGHBIX YPABHEHMI TAIOKE HMCIIONB30BATICA METOJ| KOJJIOKAIMH.
TIperMyIIecTBa METOMIA TIOTEHIUANIA DX PEIICHHH 3aad TudPaKIHK COCTOAT
B TOM, UTO BOJHOBOE II0JI€ OJ{HAKOBO IIPOCTO BRTUACIIACTCS BCIOAy BHe I', m OHO
aBTOMATHUYECKH YIOBJIETBOPAET COOTBETCTBYIOMIMM uddepeHIMaNbHEM YPaB-
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HEHWAM; TIOTPEUIHOCTS SABMCHT JIILIL OT TOTO, HACKONBKO TOUHO BBIIOJHSIOTCS
VCIOBHA COIIACOBaHVA HA IpaHme pasgena cpef. K He0CTaTKaM MOYKHO OTHECTH
TO, UTO, BO-IEPBHIX, HYKHO YMETh BEIUMCIAT: (QYHIAMEHTANEHOE DEINCHHE WX
ymapo TprHa, BXOIAIEE B SAPA METETPATHHBIX OIEPATOPOB, BO-BIODHIX,
— gamuue Ha ' YIJIOBBIX TOUEK HECKOJBKO YCIOMKHSET PEIUCHME 3a/jauH.
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GLOBALLY CONVERGENT DIFFERENTIAL PROCEDURES FOR SOLVING
NONLINEAR SYSTEMS OF EQUATIONS

DOMINIC G. B. EDELEN

Center for the Application of Math ics, Lehigh University,
Bethlehem, Pennsylvania 18015, USA

1. Introduction

One of the more intriguing ideas put forth with respect to the problem of solving
nonlinear equations is that of constructing systems of differential equations with
a parameter 7 such that solutions of the differential equations’ will converge to sol-
utions of the nonlinear equations for large £. Although such a procedure is a useful
one in view of the relative ease with which systems of differential equations can be
solved by high speed computers, there are three basic difficulties associated with it.
The first is that of establishing the initial data for which solutions of the differential
equations converge for large ¢; the ideal situation being that of global convergence
(i.e. for all finite initial data). The second is that of determining whether the limit
points of the solutions of the differential equations consist only of solutions of the
original nonlinear system, or whether there are additional spurious limit points.
And the third js that of determining the rate of convergence. Since the analysis given
in this note takes a somewhat different approach to these problems than has been
reported in the literature, it does not seem appropriate to cite specific references to
the extensive and excellent body of work on this subject. The readers familiar with
these problems will have little difficulty in perceiving parallels and implications with
respect to the various methods in current use.

We first give a general procedure for constructing families of globally conver-
gent systems of differential equations with a single point of convergence y=0.
This is achieved by means of Liaponov’s method of determining asymptotic stability.
Application of this procedure to the problem of solving the system y(x) = 0 is shown
to yield a globally convergent method if 4(x) = det(dy;/dx;) # O for all x. If 4(x)
= 0 on some nonempty set of points, then- the same procedure as used in the case
A(x) # 0 implies that the norm of dx(¢)/df can grow without bound. We construct
two different classes of procedures that give global convergence for problems with
A(x) = 0. These procedures converge to all solutions of y(x) = 0, but have ad-
ditional spurious points of convergence that are contained in the set 4(x) = 0. The
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