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N3yuena xpaeBad 3agada miigd ypaBHeHus [ e TbMToJIBbIIA BHE pa3pesoB Ha
riockocTu. Ilpm 5ToM Ha OOHON CTOPOHE KaXOIOTO pa3pes3a 3aJdaeTcCs yCIio-
Bue [upuxie, a Ha IPyroll — ycCJIOBUE C KOCOU ITPOM3BOIHON, B KOTOPOM
MIpU KacaTeJIbHOW MPOM3BOHON CTOUT UYMCTO MHUMEIN KodddutmeHT. [lo-
Ka3aHa eqUHCTBEHHOCTH pellleHns. Pa3pemnmumMocTs 3a/1aun ToKa3aHa B CITy-
Yae, KOTJa YIIOMAHYTHIA YUCTO MHUMBIN KO3(PPUINEHT M0 MOOYJIIO MeHb-
Iife eMUHUTIEI. B 5ToM cilyyae mosrydeHO MHTErpAJIbHOE TIPECTABIIEHNE IS
pellleHns 3a/ladn B BuUle MoTeHIMaoB. [lnoTHOCTM B TOTeHIMAaIax ompe-
TMEeJITIOTCSA TIPU PENIEHNN CUCTEMBI MHTETPAITBHBIX ypaBHeHU Ppenrospma
BTOPOTO pojia, KOTopas OMHO3HAUHO pa3pemmuMa. PaccmaTpuBaeMas Kpae-
Bas 3a7ada obobrmraeT cMelaHayto 3anavdy lupuxite-Helimana.

P.A. Krutitskii, K.V. Prozorov. The Helmholtz equation with oblique
derivative and the Dirichlet condition on sides of slits. Preprint of the

Keldysh Institute of Applied Mathematics of RAS. Moscow, 2007.

The boundary value problem for the 2-d Helmholtz equation outside
slits is considered. The Dirichlet boundary condition is specified on one
side of each slit and the skew derivative boundary condition is given on
the other side. The tangent derivative is multiplied by the purely imaginary
constant in the skew derivative boundary condition. The uniqueness of the
solution is proved. The solvability of the problem is proved in the case when
the absolute value of the imaginary constant mentioned above is less then
one. The integral representation for a solution of the problem in the form
of potentials is obtained in this case. The densities in potentials are found
by solving of a uniquely solvable system of Fredholm integral equations of
the second kind and index zero. The problem considered generalizes the
mixed Dirichlet—Neumann problem.
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Pasnuunbie KpaeBble 3amaun IJId ypaBHeHUS ['eIbMrosiblia BHE KPUBO-
JINHENHBIX Pa3pe30B Ha INIOCKOCTU PaccMaTpuBajInch B paborax [1]-[5],
[11]. B [2], [3] 6B w3yuenst 3anaun Hupuxsne u Heiimana. B [4], [5] uc-
cJIeOBaHBl CMeIIaHHBIe KpaeBhble 3aadl, Korja Ha OHON COBOKYIHOCTU
paspe3oB 3amaérca yciosue upuxse, a Ha mpyroii — yciioBue Heiima-
Ha. Ciyyail, Korja Ha OIHOII CTOPOHE KaXXIOro paspe3a 3alaHO yCJIOBUE
Iupuxne, a va apyroit — ycioBue Hetimana, usyden B [1]. B [11] nmna Be-
IIIECTBEHHOTO ypaBHEHUs | eJIbMroJiblla, pellleHns KOTOPOro yIOBIETBOPSI-
10T MPUHINAIY MaKCUMYyMa, pacCMOTpeHa CMellIaHHasg 3a1ada, Koraa Ha Ofl-
HOIl CTOpOHE KaXXIOro paspesa 3amaHo ycioBue Hupuxie, a Ha Apyron —
YCJIOBHE C KOCOM IIPOM3BOIHON, B KOTOPOM IIPU KacaTeIbLHON IIPOU3BOIHOMN
CTOUT BeIlleCTBEHHBIN KO PUIINEHT.

B macrosmeit pabore i 6osiee obImero ypasHeHus 1'eIbMrosbiia, 4eM
B [11], usyuaeTcs KpaeBas 3alada BHe Pa3pe30B Ha IUIOCKOCTH C 3aaHUEM
ycious Jlupuxse m ycjaoBUs ¢ KOCOMl IIPOM3BOMHON Ha Pa3HBIX CTOPOHAX
Kaxmoro paspesa. B ormuuwme ot [11], B HacTosImenn paboTe pacCMOTPEHO
ypaBHeHMe ['eJIbMroJiblia, ONUCHIBAIOIIEE PACIPOCTPAHSIIONINECT BOJIHEL, a
KO3 OUIMEHT IIPU KacaTeILHOI IIPON3BOAHON B IPAHUYHOM yCJIOBUH IIPEI-
HoJlIaraeTCsa YnCTO MHUMEIM. [lokazaHa eqMHCTBEHHOCTH petrenus. C momo-
IIIBIO MOTEHINAIIA IIPOCTOrO CJIOL M HEKJIACCUYECKOIrO YIJIOBOrO ITOTEHIINAJIA
[2] 3amaua cBOIUTCS K CHCTEMe CUHTYJIIPHBIX MHTETPAJBHBIX YPABHEHUN C
IOTOJIHUTEILHEIMI YCJIOBUAMHA. B cilydae, Korma yrnmoMsaHy THIIl YMCTO MHHU-
MBI KO3(POUIMEHT [0 MOMLYJIIO MEHbIIe eIMHUIIBI, 5Ta CUCTEMa CUHIYJIIp-
HBEIX YpaBHEHUI CBOOUTCA K CUCTEME NHTErpajbHEIX ypaBHeHu Openross-
Ma BTOPOI'O polia, KOTopas OKa3hbIBaeTCS OMHO3HAYHO paspertumont. Takum
obpa3oM ymaéTcsd HOKa3aTh pas3spelliMOCTh KpaeBol 3alauld B yKa3aHHOM
cilydae M HallTW MHTerpaJibHOE IpeICcTaBJeHe OJId €€ pelIeHu .

2. IlocTaHoBKa 3agadn

Ha miockoctu = = (z1, ) € R?> paccMOTpUM COBOKYMHOCTDH IMTPOCTHIX
PasOMKHYTHIX KpuBHIX I,..., [y, kmacca C?*, A € (0,1], He nmeromux
OOIINX TOYEK, B TOM YKCJe M KOHIIOB.

DTy COBOKYMHOCTH KPUBHIX 6ymeM HaszbiBaTh KOHTypoM I'. IlycTh KoH-
Typ I' mapaMeTpusoBaH 1 B KaueCTBe MMapaMeTpa BHICTYHAaeT IyroBas ad-
cuucca (InHa IyTH) S

I, ={z: x=a(s) = (21(s),z2(s)), s € [an,bs]}, n=1,..., N.

[TapameTpusaiuio BEIGepeM TakK, YTOOHI IS PASTIUNYHBIX 1 OTPE3KU [ay, by



TebHON K KOHTYPY ' B Touke x(s), yKasslBamoIuil HapaBJieHuE BO3Pac-
TaHWs apaMeTpa s, obosHaunMm T, = {cosa(s), sina(s)}, a BeKTOp HOp-
MaJIl, COBMAMAOIINI ¢ BEKTOPOM KacaTeIbHOI IpK MOBOPOTe Ha yros 7 /2
IPOTWUB YaCOBOI CTPeJNIKH, 060o3HaumM N, = {sina(s), —cosa(s)}. Ilpn
BEIOpAHHON IIapaMeTPU3allin

zi(s) = cosa(s), x,(s)=sina(s).

CoBokynHOCTE oTpeskoB ocu (s, oTBedamomux KOHTYpy I', 6ymeM Takxe
obozHavaTh I

Bymem roBoputs, uto ¢pyukums F(s), onpenenénnas Ha ', mpuHame-
xuT 6anaxoy npoctpanctsy CZ(T'), w € (0,1], ¢ €[0,1), ecym

N
Fols) = F(s) 11 [l(s = an)(s = ba)"| € c(I).
Hopma B npoctpanctse C) (') ompemensercs dpopmysoin
I17(5) s ry = I70(s) | gy -

IIpenmomnoxmM, 4To IIIOCKOCTh R’ paspesaHa BAosb KoHTypa . Ue-
pes I'" ob6osmauum Ty cTopoHy KoHTypa I', KoTopad ocTaeTcd cjeBa IpH
BO3pacTaHUU HmapamMeTpa s, a depe3 '~ — MPOTHMBOMOJIOKHYIO CTOPOHY.
Uepez X 0603HaYNM MHOXKECTBO TOYEK INIOCKOCTHU, COCTOSIIee N3 KOHIIOB
KoHTypa I :

X = nL]:\jl(a:(an) Uxz(b,)).

Bymem roBoputs, uyro dpyakmms u(x) = u(x,rs) NPUHAMIEKAT KIACCY
rnagkoctu G, ecim

1. u(z) € C°%(R2\T), T.e. u(z) HempepkIBHa BHe pazpe3oB I, Hempe-
PEIBHO IIPOIOJIKMMAa Ha paspessl I cileBa M clipaBa BO BCEX TOYKaX, a
TaKXKe HellpepHIBHO IIPOIOJIKIMa Ha KOHIIEI pa3pe3oB I

2. ugy,ug, € C'(R2\T\ X), rne X — MHOXeCTBO KOHIIOB KoHTypa I';

3. Ha KoHIax paspe3oB I' pyHKIUM ug,,Up, MOTYT UMETEH UHTETPUPYe-
MEBIe OCOGEHHOCTH, T.€. ipu & — &(d) € X 119 HEKOTOPHIX KOHCTAHT
0> —1, A> 0 cnpaBenjimBo HeEpaBEHCTBO

|u$g(w)| < A|CB - w(d)|5a J=1, 2, (1)

rae d = a, qaubo d=0b,, n=1,...,N.
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CHCTeMBI pa3pe30B Ha MJIOCKOCTH.
3adaua U. Hatitn pyukuuio u(x) us kimacca G, yIOBIIeTBOPSIOUIYIO B
R?\ T B KJlacCM4YeCKOM CMEICIIe ypaBHeHUIo 1'esTbMrosIbiia

Au+k*u=0, k#0, argkec{0,7/2)U(r/2,m)}, (2)

I'paHAYHBIM YCJIOBUAM

U(w)|w(5) crt =770, (3)
ou ou B
(3nx + 587}5) z(s) e~ = /) (4)

u ycioBuaM Ha beckoneuHoctu. BEciu argk = 0, T.e. k= Rek > 0, To Ha
6ecKOHEUHOCTH MOTpebyeM BHITIOTHEHME YCIIOBUN M3IydeHUus 3oMMepdesThb-
ma:

u(z)| = O (L) 0D ) = o (L) , e = Vot + 2% - oo.

] Olz| Vlzl
(5)

Ecim argk € {(0,7/2) U (7/2,7)}, To Ha BeckoHEUHOCTHU MOTPeGYEM BHI-
TIOJTHEHIE CJIEAYIOIMNX Y CIIOBUIL:

1 1
lu(z)| = o (W) , |[Vul=o0 (m) , x| =z} + 23 — . (6)
Cuuraem, uto f1(s), f~(s) — samanubie QyHKUUNU, a 5 — 33aJaHHAL YUCTO
MHUMasg KOHCTaHTa, T.e€.

B=1ic, c=Rec. (7)

Bce ycioBus 3amaum HOJKHEL BBEIIOJHATHECA B KJIACCUYECKOM CMBICIIE,
IPU 5TOM BBINOJIHEHNE TPAHUYHOTO yciioBus (4) Ha KOHIIAX Pa3pe3oB He
Tpebyercs (cM.(1)). B vacTaOoM ciiyuae = 0, 3amaua U mepexonut B 3a-
nauy upuxsne-Heiimana, koTopas usydena B [1]. Ananor sagaun U muis
BEIIIECTBEHHOTO ypaBHeHN |'eJIbMroJiblia, PelleHns KOTOPOro yIOBJIETBO-
PAIOT MPUHIKY MakcuMyMa, usyder B [11]. Ananor zamaun U mis ypas-
Henus Jlammaca uzyden B [6].

b
Hasnee o Jr...ds 6ymeM MOHUMATh ZnNzl lag - .ds. Ucmonb3ys MeTo
SHEpPreTUYeCKNX TOXKIECTB, MOXKHO NNOKa3aTh cllefylolllee yTBepXKIeHNe.
Teopema 1. 3adaua U umeem ne 6oaee 00H020 peutenus.



ui(x) m ug(x) ms xnacca G. Torma ¢pyuxmms ug(z) = ui(x) — uqx(x) npu-
HamIeXuT kiaccy G u ymosierBopser 3amade U ¢ ONHOPONHBIMU I'pa-
HUIHEIME ycroBusmu (3), (4) u ¢ ycioBusmu Ha Geckoreunoctu (5), (6).
Mokaxem, uro ug(x) = 0. IIyctes C, — Kpyr mocTaTodHo GOIBIIOTO pa-
ouyca T C UeHTpoM B Hadajie koopauHaT. OKpyXKuM KaxXObli paspes ',
3aMKHYTHIM KOHTYPOM M 3amnuiieM 1-yio ¢opmyity I'puna B o6nactu, orpa-
HUYEHHON YTUMM KOHTYpaMu u okpyxkHocThio OC, [T]. YcTpemum r — 0o
1 CTIHEM KOHTypa K pa3spe3aM, HUCIOJIb3Yyd [NIAAKOCTh PEILIeHUs 3adadu
U, rapaaTupoBanayio kjiaccoM G. IlepBas dopmymna I'puHa npumeT BUA
CJIEIYIOIIETO SHEPIeTMYECKOrO TOXKIECTBA,

. 2 2 2
Yigg, (HVUOHLz(@ \ 1) ~ Fllwllz, e\ r)) =

. {Oup\ " __{Oug\~ , _ Ouy

_ +

_/1“u0 ((9 x) ds /Fuo ((9 x) ds+ lim /(90ru0(9|a:|dl’
L I

rae yurensr ycioBus (1). IHnekcamMmu + m — 0603HAYAIOTCS MPeNeIbHBIE

spavennd pynknmii Ha I'T m I'" . Yepes @) obo3HauyeHa BeJMYMHA, KOMII-
JIEKCHO COMPSIKEHHAS K U . VI3 0OMHOPOMHOTO IpaHUYIHOTO yciioBus (3) cite-
nyet, uro I; = 0. Ucnonb3ys ogHOpoaHOe TpaHnvHOe yciioBue (4), momy-

5 —

BBenmem ob6osnauenms Rewuwy = U;, Imuy = Uy, Torma uy = U + iUy,

qM

Gy = Uy — iUy u 6ymeT BHIIOJIHATHCA ClleAyIOIlee paBEHCTBO:
AU (OU "
L=-p [Ul (afx) + U (afx) i

oo (2 s (22 )

YuuTsiBast, 4TO Mpu BEIOpaHHON mapaMmerpusauuun 0/9t, = 0/0s B moboi

Touke z(s) € I', Haxonum

o= =5 { £ 07 )P - [0 (el + 105 (0P

et} -6 [or (G2) - (52) |4 @



YuuThIBas OMHOPOIHOE TPAHUYIHOE yCJIoBUE (3), IMeeM

Ui (a(b)) = Uy (a(b)) =0, Uj(a(a) = U; (e(a.) =0,  (9)

J J J

rne n=1,...,N, j=1,2. Honcrasmis (9) B (8), nmpeobpasyem sHepreTH-
YecKoe TOXKIECTBO K BUIY

. ) 2 2 _
tim, (Il \ ) — Bl 1) =

. _ (9U2_ _ (9U1_ . _(9UJ0
_ zﬁ/r [Ul (3%) ~U; (3%) ] ds + 715&/3@ uomdl. (10)
Hyctes k#0 u argk =0, 1.e. k =Rek > 0, Torna noncrasmsisa B (10)
YCIIOBUSL U3JIydeHus 3oMMepdernbaa (5), momydnm

. ) 2 2 _
tim, (Il \ ) — Bl 1) =

AU\~ AU\~ .
:w/P[U;(aT2) —U;(aTl) ]ds—l—ik}ggo/acr lup[2dl.  (11)

Cormacao [9], ipu k = Rek > 0 mo6oe pemtenne ypapaerus (2), yIoBiie-

TBOPSIIOIIlee YCIIOBUSIM u3itydeHus 3oMMepdensaa (5), nMeeT CieayoIee
acCUMIOTOTUYECKOe TIoBelleHNe Ha 6eCKOHEeUHOCTH:

rme ¢ — TOJApHEI yroi, a Y(¢) — nHenpepsiBHas dpyHKims. CorsacHo

5Tol (HOpMyJle CYIIEeCTBYET Mpenell B MPaBoil 4acTu ToxmecTsa (11)
2
0

lim, o lul®dl= [ T(g)[ dg,

CIIe[I0BATEJILHO TIPeliedl B JIEBOI YacTu ToXIecTBa (11) Takke CyIecTByeT.
PaccmaTrpuBas MEIMYIO YacTh paBeHcTBa (11) u yuntsBas (7), mpuxo-
UM K CJIEAYIOIIEMY BBIPaKeHNIO

Jim, foc, feol” it = 0.

Tak kak k = Rek > 0 um uy(z) ymOBIETBOpSET YCIIOBUAM W3ITyU€HIS
Bommepdensaa (5), To u3 semmsr Pesuxa [9] cenyer: wy(x) = 0.
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ToxkaecTBo (10) mpumer Bun

. 2 2 2
Yigg, (HVUOHLz(@ \ 1) ~ Fllwllz, e\ r)) =

=ip [ [U; ((?9(7]5)_ — Uy ((?9(7]:)_] ds, (12)

I/le IPUHSTH BO BHUMaHWe ycyoBus Ha 6eckoHeurocTn (6). B3ss MHIMYTO

yacTh ToxaecTBa (12) u, yunThiBas, 4TO
k* = (Rek)” — (Imk)* + 2iRe k Im k,
HoJIy YaeM
. 2 _ 2 _
RekImk lim HUOHLz(Cr \T) = Re k Imk||u0||L2(R2 \T) = 0.

B paccmarpuBaemom ciayuae Rek # 0 u Imk # 0, nostomy ug(z) = 0.
Tem cambiM, Bo Bcex ciy4asx up(xz) = 0. Teopema mokasana B cuity yin-
HetHOCTU 3amadm U.

3. CBeI[eHI/Ie 3agaduyn K MHTerpaJIbHbBIM YPaBHEHUAM

UTo6H mOKa3aTh Pa3pelmnMocTh 3agaun U , HaJIoXKIM JOIOJIHATEIbLHELE
Tpe6oBaHUS [JIATKOCTU Ha (QYHKIUN U3 TPAHUYHBIX ycioBuit (3), (4):

fr(s) e CPNT), f(s) e C™MT), Xe(0,1]. (13)

Bamerum, uTo KosbhduimenT ['énpmepa A mpu ompeneseHUN IJIaIKOCTH
kouTypa I' u pyukumin f*(s), f~(s) mpeamonaraeTcs omHUM U TeM XKe.
Eciu 5Tu ko3¢ duimeHTH pa3IMiHbL, TO B KAUeCTBe A\ cjledyeT 6paTh Hau-
MeHBIIINN.

BuMecTo rpanuutoro ycioBus (3) 3amnuiineM 5KBUBAJIEHTHOE
d df t
. =), s = L)
87-:,3 w(s) € F+ dS
uw(z(a,)) = ff(an), n=1,...,N. (15)
B ycioBum (14) yureHo, uYTO Tpu BHIOPAHHON MapaMeTpPU3ALUN

9/0t, = 0/0s B moboit Touke x(s) € I.

UYepes H él)(z) obo3HaunM GyHKIINIO XaHKesd I poma HyJieBoro mopsaaka

e C"NT), (14)

[8], KoTOpas ABISETCS CUHTYIIPHBIM peIleHNeM ypaBHeHus (2).
Pemenne 3amaun U MOXHO MOJIyYUTH C TIOMOIIBIO T€OPUU MTOTEHINAIIA
miis ypasrenus (2). Umem pemrenne 3amaun U B Bune

ulp, v](z) = Vipl(z) + Tlv](z), (16)



)= ¢ [ o) HY (klz — y(o)])do
— TOTEHIMAJI IIPOCTOrO CJIOS IJIsl ypaBHeHus (2) u
1

T(v)(x) =, | v(0)U(z,0)do

— YTJIOBOIA OTEHIMAI IJI ypaBHeHUs (2). Y TJIOBOI MOTEHIMAI IJISL YPaB-
Herus [enpmrombia m3ygancs B [2]. IlnotHoctu u(s), v(s) Gymem pa-
3BICKUBaTH B GamaxoBom mpoctpanctBe C¢(I'), w € (0,1], ¢ € [0,1).
dnpo yrmosoro morenimana U(x,0) ompemesieHo Ha KaXIoil myre
Iy (n=1,..., N) dopmynoit

)= [ 5 —Hi (ke = y(€))dE, o € [an,ba),
rmae

y=y(&) = (11(6),92(6)), e —y(©) = V(@1 —y1())* + (2 — 12(€))*

Huxe 6y,[[eM rnoJiaraThb, 4TO INIOTHOCTB YIJIOBOTI'O ITIOTCHIIMAJIA YIOBJIETBO-

pseT MOMOJIHUTENIBHBIM ycioBusaM [2], [3]

bn
/a v(o)de =0, n=1,..., N. (17)
Nurerpupys T[v](x) mo wacTsMm u ucnonbsys (17), BEIpasuM yTJIoBOM MO-
TEeHINAJI Yepe3 IMOTEHIINAJ JBOMHOIO CJIOSL

~—Hy (k|2 — y(o)|)do,

on,

rmae
p(a):/an v(€)dE, o € [an,bu], n=1,..., N.

OueBunno, uto norentmanst 1[v](z) u V[p](z) ymoBmeTBopaoT Kak ypas-
Hermio (2) Bue I', Takx u ycioBusm Ha Geckoneunoctu (5), (6).

CsoiictBa moternnainoB 1[v](x) u V]u|(x) msydensr B [2]. B [2] noxka-
3aHO, YTO ecym TIoTHOCTH K(s), v(s) mpuHammexar C¢(T') ¢ w € (0,1],

€ [0,1) u BeImosnHeH®! ycsoBus (17), To norenmmansr Tv](x), V]ul(x)
npuHamiexat kinaccy G. B uactHocTH, HepaBeHcTBO (1) BBHINONHAETCS C
§ =—q,ecim q € (0,1). Bonee Toro, pyukuns (16) mpuHamIEKUT KIIaccy
G u ymoByeTBoOpgeT BceM ycjoBuaM 3amadn U 3a NCKIIIOYeHNeM TpaHnd-
HBIX ycioBmit (3), (4).
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(14), (4), ucnompsyeM mpeneabHbe GOPMYIIHL IJISL YLIIOBOTO MOTEHIINATIA 3
[2] u nomyuyaem uHTerpasbHBIE ypaBHEHUS I IWIOTHOCTER Lu(s),v(s):

v(s)

s ()LD o 1 L [ o) T n(kla() - (o) +
L 124%% €08 SOO(w(S),y(O-)) g E 124%% 2 L{S),0)ac =
+%A1<>|ﬂ) ot 1 kr(@gUle(s),0)d
= f'"(s), sel, (18)
_M(S) —|_2/8V(5) + %/I‘(M(a) + /BV(G))COTQZO(Z()wES;,(z_()T))da+
+5 o0 h(Elie(s) = y(0)do + T [ (o) - hlkfa(s) — y(o))do-
—g;ﬂmw—amwfﬂﬁﬁfzg?me
Zﬁ/ 3 z(s), 0 M0+4/ (z(s),0)do =
=f"(s), s€ F, (19)
rmae
Ua(s),0) = [ ah(kle = y(©)de, 7€ lonb). n=1...,
A=) = H'(:) ~ 2in %

Yepes ¢o(x,y) 0603HAUEH Yo MEX Y BEKTOPOM :17/ 1 HallpaBJieHnueM HOp-
Majn n, B Touke * € I'. Yrom ¢y(x,y) camraeTcs MoI0KATETBHBIM, €CIIN
OTCUMTHIBaEeTCA OT BeKTOpa N, MPOTUB YaCOBOU CTPEJIKN, U OTpUIlATEIb-
HBIM, €CJII OH OTCUMTHIBAETCI OT N, TI0 YacoBou cTpejike. Kpome Toro,
dyukuus ¢o(z,y) HempephIBHA MO 06eMM MepeMeHHBIM &,y € I') ecim
x # y. 3amerum, uto npu x(s), y € I' u « # y cupaBemumBEL HOPMYITHI

0 cos po(z,y 0 sin pg(z(s),y
Injo -y = - 2UEY) 0 1) -y = Sno0lelohy)
on, |z — y| Js |z(s) — v
[epsorit wren B (18) u nareii uien B (19) — CUHCYJISpHEIE MHTETPAJIEI
Komm [10].

Honcrasmsas pyakmmio (16) B ycsoBusg (15), HOIyYnM MOTOTHITEIBHBIE
ypaBueHust miist v(s), pu(s)

Vg(e(an) + Tv](@(@n)) = fH(a), n=1,...,N.  (20)
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oTHOCHTeNbHO GyHKuui v(s), p(s). U3 npuBeneHHEIX BhIIIE pacCy XK IeHUI
BEITEKAET

Teopema 2. Ecau cucmema ypaswenuti (17) — (20) umeem pewenue
v(s), p(s) mawoe, umo v(s), u(s) € C¥(I'), w € (0,1], q € [0,1), mo
pewenue 3adavu U cywecmeyem u daemed gopmyaoti (16).

Iamee 6ymeM WHcCCIeNOBATh Pa3pelIIMOCTh CHCTEMBI MHTErPaIbHbBIX

ypasuenuit (17) — (20). Beenem obo3nauenns
_ Lcospy(z(s),y(o)) , i 0
vi(s,0) = e (s) — y(0) + 285U0(a:(5),0),

) -
a()a)) — ) 3 aahE() ~ (o))

vy(s, o _ 1 (singo(@(s),y
“”‘w( 2(s) -

y(o)|
o) = (sij ;o((;() 2(s ),(Z()T)) ! 5) + 2 T hkfe(s) - u(o)))+
SR e h(kla(s) = 3(o)]),
_l sin g (z(s),y(0)) . _t 0 z(s),0)—
o) = L (T o)~ 3aa (01
B cospo(x(s),y(o)) 6 I
Tr Jels) —ylo)] 2 os ()

IMockomsky I' € C%*, o u3 [2, memmsr 2, 3] u [3, memmEt 1, 3] cremyeT, aTo
vi(s,0) € CO>P0(F xI') mpu j=1,...,4, rme

B A, ecm 0 < A < 1,
Po=11_ €0, miist moboro gy € (0,1], ecimm A = 1.

(21)

Torma ypasuenus (18), (19) MOXKHO 3aIlCaTh B BUIE

v(s)+ ~ [ lo)

o)vi(s,o) da—l—/ o)ve(s,o)do =

= 2f’+( ), seT, (22)
—u(s) = Br(s) = = [[(v(0) ~ Bul0)) =T+ [ wlo)es(s, )do-
—/ o)va(s,o)do =2f(s), seT. (23)

[IpousBenmem 3aMeHy HEM3BECTHHIX QYHKIIUNA 0 GOpMyJIaM:
5) = <, /32 41— 5) v(s) — u(s) € C¥(I),
s)= (VB +1-8) u(s) +v(s) € C2(I),

(24)
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(s) NCEST (s) Ve
(25)
Ypasuenus (22), (23) B HOBBIX HepeMeHHBIX mIpuMyT Buf (s € I'):

o)Y11(s,0)do+

BEVEET

p1(s) —
+/F p2(0)Y12(s,0)do = 2(/3% + 1f’+(s)—|—f_(s)) = fi(s) € C"NT), (26)

pz(s) + V5 —I;T - B /F p2(0)adjs : (g)Yﬂ(s,a)dG +

+ [ p2(0)Yas(s,0)do = 2(VB + 1= B)(B2 + 1 (s) = f(s)) =
= fo(s) € C"NT), (27)

rre
Yii(s,0) = 2\/512T {,/52 + 1ui(s, o) <ﬁ + \/52 > <\/52 + lua(s, o)+

+ v(5,0) ) — va(s,0)
Yis(s,0) = 2#}127 {(ﬁ + /8% + 1) VB + 1ui(s,0) + /B2 + 1va(s, 0)+
+ v3(s,0) <ﬁ—|—\/ﬁ27>v45 a}
Yai(s,0) = 5 W—{(W — B) VB + Lu(s,0) = VB + Lus(s, 0)+
+v3(s,0) + (VB2 + 1= ) va(s,0) },
Vir(o,) = 5y (VI H 101(5,0) + (VI 41— ) (VBT Tonto, )
— v3(5,0)) + (s, 0)}

N3 raankoctu QyHKUmMA v1(S,0), ..., v4(S,0) BEITEKAET, UTO

Yu(s,0) e COPYT xT),  j,i=1,2
po Gepercs u3z (21). Samuurem ypasaenus (26), (27) B Bume

— (= ) B+ / :—/p1 1(s,0)do—

pi(s) —

—/p2 stada—l—fj()_Fj(s), sel', j=1,2,

(28)
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B Tepmunax pi(s), pa(s) ycmosus (17), (20) mpumyT Bun
bn
L7 (p(s)+ (B4 VB +1) pa(s)) do =0, n=1,...,N,  (29)

V [pa(s) = (B4 VB + 1) pals)] (a(an)+
T [pa(s) + (B + VB2 +1) pa(s)] (2(a)) =
=2/3+1f(a,), n=1,...,N. (30)

Takum o6pa3oM, cucTeMa WHTEIPATIBHBIX YPABHEHU OTHOCUTEIBHO [i($),
v(s) cBemeHa K CHCTeMe ypaBHEHMI oTHOCUTeNbHO p1(s), pa(s). ['maBHoe
IIPENMYIIIECTBO MOCJIEAHEN CUCTEMBI 3aKJII0OUYaeTCAd B TOM, YTO XapaKTepuc-
TUYeCKas JacTh KaXIOro U3 ypaBHeHW (28) cOmepKUT TOJIBKO ONHY He-
nm3BecTHyI0 QyHKUuO (160 p1(s), aubo po(s)). CupaBemsuBa

Jlemma 1. Meowcdy pewenugmu

ps), v(s) € C7(T)  (w€(0,1], ¢ €[0,1))

cucmemvl (17) — (20) u pewenusmu pi(s), pa(s) € CZ(I') cucmemvr
(28) — (30) cywecmeyem 63aumno 0dHO3HAUHOE COOMEEMCMEUE, KOMO-
poe yemanaeausaemca gopmyaany (24), (25).

Teopemsr 1, 2 u nemma 1 cupaBenJIMBEI [JIS JIIOOBIX BEITIECTBEHHBIX C
B ycioBun (7). OmHako maJjibHENIIAs IeJib HACTOSINEN paboTEl — MOKa-
3aTh paspemnMocTh 3amadn U B ciydae ¢ € (—1,1). Ilosromy paspe-
mmmMocTh cucteMbr (28) — (30) B »Toil paGoTe GymeT wCcileqoBaHa IS
c € (—1,1). Pemmum ypasuenus (28) orHocuTensHO p1(s), p2(s), cumras
dyukunu Fi(s), Fy(s) m3BectasiMu. Ucnombsys pesynbprars: [10], MoxHO
IoKa3aTh Clleqyfolliee yTBepKAeHre (cM. 1.5).

JIemma 2. IIyeme ¢ € (—1,1) 6 (7) u Fi(s), Fo(s) — 3adannsie
eéavdeposvie na I' gynrwyuu. Tozda ypasnenus (28) umerom pewenus e
npocmpancmee CZ(I'), w € (0,1], g € [0,1). Omu pewenus daromes
CACOYOUUMU 6L ANCEHUIMU:

VIFFE+(-1)iB (-1)7 /ﬂ@%@

(s) = F _ do—
pi(s) i(s) 21 + 32 2my/1 + BZZj(s) o—3 ’
: Nile " el ) =1,2
Zj(s) =0 N(j—1)4+m$S » S y  J = L,4

ede By,...,Bay_1 — npoussoavnvie xoncmanmsl, /1 + 52 = |[v/1 — 2|,
Z1(s) = Qi(s)Qu(s),  Za(s) = Qa(s)Qu(s),
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,ln‘
41 1+c¢

N
Qi(s) =11 |s— an|1/4|5 — bn|3/4sign(s —a,) € 00’1/4(F),
n=1
N
Q2(s) = I |s — an|*|s — b,|*sign(s — a,) € COV4T).
n=1

Ecm ¢ # 41, to dyukuum Zi(s), Z(s) npuHAmIEKAT KIIACCY
COY4T) cormacro [10, § 6.3] u obparmatoTcs B HysTb Ha KoHrax I .

PackprmBas Beipaxenus Fi(s), Fy(s), momyunm mis pi(s), pa(s) cuc-
TeMy PeryJigfpu30BaHHLIX ypaBHEHUI:

+ le(s) :X;j: Bs™ = 28 seT, (31)
1 1
pa(s) + 7(5) /Fpl(U)Kzl(Saa)dU-l- 7(5) /sz(U)Kzz(Saa)dU—l-
+ 221(5) :Z;: By ims™ = 28 , sel, (32)

rIle BBeIEHHI DYHKINN
1
Ki(s,0) = SN/ [(\/52 +1-— 5) Yi(s,0)Z1(s) +

™

1 Y(&,0)Z1(€
DA,

Ksj(s,0) = Jﬁ l<v52 +1+ 5) Y24(s,0)Z2(s) —

L [ T d£] |

%(s) = 5 [(VBP+ 1+ (-1)'8) £i(9)Z3(o) -
_(—;)J‘ i fj(g)_Zi(ﬁ) dg] |

j=1,2. (33)

Ecnun ¢ # +£1, TO INIOTHOCTU CHHTYJISPHBIX MHTErPAJIOB B BBIPAXKEHUSIX
mis Kii(s,0), ®;(s) ¢l =1,2, j = 1,2 sBngooTcs réabIepoBEIMI Ha
I', npuaem mnorHocTu B Kjj(s,0) rénboepoBsl o o6enM mepeMeHHbIM. A



w = min{\,1/4} (paBHoMmepHO mo ¢ B ciydae Kj;(s,0)) u obpamatorcs
B HyJb, eciin § — koHenl ' (Tak kak ¢pyuxium Z1(€), Z9(§) npuname-
xat knaccy CV4(T') u obpamratorcs B Hys1b Ha Konnmax I'). Orciona u u3
CBOCTB CUHT'YJISIPHBIX mHTerpasio [10, § 18] cienyer

Jlemma 3. [Iycme ¢ # 1, mozda dpynkyuu Kii(s,0) ¢ l,j = 1,2
geagomed 2éavdeposimu Ha ' no obeum nepemenwnwvim. B uacmmoc-
mu, amu Pynryuu 2éabdeposvt Ha I’ no nepemennoii s ¢ mokazameaem
w = min{\,1/4} pasenomepro no o € I'. Ecau, kpome moeo, binoanenst
ycaosusg (18), mo ®1(s), ®a(s) € C*(T).

Huxe 6ynem cumTaTh, yTo w = min{\, 1/4}.

Hyctes ¢ # +1. U3 (31) — (32) u u3 geMMEL 3 cileqyeT, YTO ecin QyHK-
mu p1(s), p2(s) u3 mpocTpaHcTBa ijo(r) c wy € (0,1], ¢ € [0,1) matoT
pellleHre UHTeTPAJIBHBIX ypaBHeHuit (31), (32), To sTu dpyHKIMHU npencTa-
BUMBI B BUJIE

p1(s) = p1(s)/Z1(s), pa(s) = p2:(s)/Z2(s),

rae p1.(s), pa(s) € C*(T'), w = min{\,1/4}. IlosTomMy, HUXe DYHK-
mn pi(s), po(s) Gymem mckaTh B TakoM Buie. VI3 5Toro mpeacrasieHus,
B YaCTHOCTH, ClenyeT, 4Tto pi(s), po(s) € C&”ll(r), roe q1 € (3/4,1),
w1 = min{w, q; — 3/4} = min{\,¢; — 3/4}. YmuaOoXuUM ypapuenue (31) Ha
Z1(s), a ypaBuenue (32) Ha Zs(s). llpumem 3a HOBEIe Hem3BecTHEIE QYHK-
unu pj,(s) = pi(s)Z;(s) € C*“(T'), j =1,2. OueBumuo, YTO COOTHOIIEHNE
Mexnay p;«(s) m p;(s) Bzammuo ommosHaumoe (j = 1,2). Ypasuenus (31),
(32) mpumyT BUA

p1(s) + [ p1u(@)Ki(5,0) 27 (0)do + [ pon(0) Kis(s,0) 2y (0)do+

N-1
+ > Bns" =®4(s), seT, (34)
m=0
p2e(5) + [ 1(0) Kn(5,0) 27 (0)do + [ paelr) (s, 0) 5 (o) dor+
N-1
+ Y Bnims™ = Po(s), seTl. (35)
m=0

Ncnons3y4d seMMy 3, HeTPYOHO IOKa3aTh, YTO CIIPaBeIJINBa,

Jemma 4. Ilyemv ¢ # 1 u gynxyuu pr.(s), p2(s) us C°T)
ydoeaemeopmom ypaenenugm (34) dag B1(s), Po(s) € C™() ¢
w = min{\,1/4}. Toeda p1.(s), pa(s) npuradaercam npocmpancmey

C0e(T).
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TO QyHKIUK p1.(s), p2.(s), yooBreTBopsroue ypaBHeHsM (34), mpuHa-
JIeXKAT MPOCTPAHCTBY c0,ws (T'), ws = min{\, ws, 1/4}.

Hycts ¢ # =£1. Kak cmenyer w3 semmsr 3, ycioBue @q(s),
®,(s) € C"(T") BemosTHEHO, ecyin BEIMOHeHBl ycyobus (13). Tem cambim,
HUXKe OyieM UCKaTh pemieHns p1,(s), p2.(s) ypasmenmuii (34), (35) 8 C(T).
CorsnacHo jilemMe 4, >TU pellleHNs aBTOMaTUYeCKU OymyT MpUHAMJeXaTh
C%(T"). Paspemmnmocts ypasrenuii (34), (35) B C'(T') 6ynmem msyuars
pu Gostee citabbix ycioBusax Ha Pi(s), Po(s), a umenno GymeM mpenrosa-
raTh, uyto >tu pynknuu uz C*(T). Ecou okaxercs, uyto ypasuenus (34),
(35) mmetor pemenue uz CO(T') mna ®1(s), ®o(s) € C*(T") c CU(T), To
o semMe 4: p1,(s), pa.(s) € CU¥(T).

Omnpenenuum onepaTopsl K;; ¢ moMoIsio paBeHCTB

Ky;[v)(s) = [ Kij(s,0)Z; (0)v(o)do, 1,5 =1,2. (36)

JIemMa 5. Ecau ¢ # 1, mo onepamoput Kyj; ¢ 1,5 = 1,2 xomnaxmuu
xax onepamopust, deticmeyrowue uz C*(T) e CO(T).

Ioka3aTeIbCTBO OCHOBAHO Ha TeopeMe Apliesia 1 IIPOBOAUTCI HEITOCPE/I-
CTBEHHON IIPOBEPKOIl, C MCIOJIb30BaHNEM JIEMMEL 3.

[MoncraBus B ycmoBus (29), (30) dysxmmum p,(s) = pj*(s)Zj_l(s),
j = 1,2, tme p1.(s), p2.(s) BeIpaxatorcs uz (34), (35), sanumem ycio-
Bus (29), (30) caenyromum o6pasom:

2 aN—1
Zl/FZj_l(a)Ln,j(a)pj*(a)da + Zo WymBm = Xn, n=1,2,...,2N,
= m=

(37)

re BBeldeHBI 0O603HaAUYEeHUS
o= fo (@) Z(s) + (B4 VF 1) 8o(5)Z51(5)) ds, m=1,2,.., 1V,
Xn = =28+ 1f (an-n)+
V(220025 () = (B4 VB +1) 1) 27 ()] (@(an-n)) +
T |91() 211 () + (B+ VB +1) 9202, ()] ((an-),

n=N+1,N+2,... 2N,
wn,m:/rnsmzl—l(s)ds, m=01,....N—1, n=1,2,...,N,

wn’m:/rnsm_NZz_l(s)ds, m=N,N+1,...,2N -1, n=1,2,...,N,
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+T ()" 27()] (z(an-n)),

m=0,1,...,.N—-1, n=N+1,N+2,...,2N,

Wam =V [()"N 231 ()] (2(an-n))+
+(B+ VB +1) T [()" N 25 ()] (2(an-n)),
m=N,N+1,....2N—-1, n=N+1,N+2,...,2N,
Lo (o) = /Fn (Kij(5,0) 27 (s) + (B+ VB + 1) Kaj(5,0) 25 (s)) ds,
i=1,2, n=1,2,...,N,
Lj(0) = V [~Kyj(0) 27 ) (B 4+ VB +1) + Koy (,0) 257 ()] (2(an-n))+
T (B4 VB + 1) Koj(-,0) 25 () + Kij(,0) 20 ()] (a(an-n)),
j=1,2, n=N,N+1,...,2N.

Touka (-) o3HauaeT MepeMEHHYI WHTEIPUPOBAHWI B MOTEHIMAJIaX. B
cucreme (37) HomMepa n = 1,2,..,N orBeuaoT ycioBuaMm (29), a

n=N+1,N+2,..,2N — ycaosusam (30).

BBenéM BekTOp—CcTOMGEL, COCTABIICHHEI 13 KO3hQUIINEeHTOB
3 T
B = (By,...,Ban-1)" € Eap.

Cucremy ypasuennit (34), (35), (37) MoXHO 3ammcaTh B BHIE OTHOTO BEK-
TOPHOI'0 ypPaBHEHNS OTHOCUTEIHLHO HEM3BECTHOTO BEKTOP—CTOJIONa

—_

p= (pl*(5)7p2*(5)7B)T7
npuHaexariero 6anaxopy npoctpanctBy C(T) x C*(T') x Esy ¢ HopMoii

”ﬁHCO(I‘) x CYT) x Eyy — le*”CO(F) + ||p2*||CO(F) + ||B||E2N§
%
(I+R)F=, (38)

%
raie & = (®1(s), Pa(s), X1, X2, ---» Xon)T € CUT) x CUT) x Eay, dyukuum
®,(s), Py(s) 3amanst B (33); | — enuHWUHEIN OmepaTop, 0TOOPAKATOIITIIL
npoctpanctBo CU(T') x C)(T) x Ea2n B cebs,

Kii Ky P
R=| Ky Kpn Py ;
Li Ly W — Iy
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paTHas Marpuiia pasmepHocTun 2N X 2N, L; = (L1;,L2j,...,Lan;)",
Jj =1,2, dyskunonanst L, ; olpeneiasioTcs BhIpakKeHNIMU:

L, ipjs = /FZJ-_l(a)Ln,j(a)pj*(a)da, j=1,2, n=1,2,...,2N,

omepatopsl K;; ¢ [, = 1,2 ompenenenst B (36), omepaTopsl yM-
HOXeHUs P;, P, olpenensoTcd paBeHCTBaMU Plé = Z%;é B,,s™,
P2§ = Z%;é BN_|_mSm.

JIemMma 6. Fcau ¢ # +1, mo ypaenenue (38) gs6agemea ypaenenuem
Dpedeoavma 2-20 poda 6 npocmpancmee CV(T) x CUT) x Eyy.

Ioka3zaTenbcTBO. PaccMoTpuM onepaTopsl, U3 KOTOPHIX COCTAaBJIEH
omepatop R. Omepatopsr K;;, [,j = 1,2 gBisgioTCS KOMIAKTHEIME I3
CYT) 8 C'T) no nemme 5. Oneparop (W — Iy) meiicTByer uz FEay
B Fsyy. IlocKosbKy BCAKUI JIMHENMHBINA OIEPATOpP, MENCTBYIOIIAN B KOHEY-
HOMEPHOM IPOCTPAHCTBe, KoMmakTeH [12, ¢. 222], to (W — Iyy) — Kom-
nakTHEI onepaTop. Onepatopht Pi, P, meiicrytommue uz Eoy B CO(T),
onepatopsl Ly u Ly, meiicrytommue us C°(I') B FEsy, ABAAIOTCS KOHeu-
HOMEPHBIMHU, a MoTOMYy KoMmakTHeIME [13, c. 65], [12, c. 222]. Urak, Bce
omepaTophl, cocTapigomue R, xkomnakTHbl. [losTomy R sgBigercs xom-
MakTHEIM onepaTopoM, oTobpaxatormum CU(T) x CY(T') x Eoy B cebs. Co-
riacuo [13, c. 67], ypaBuenue Buma (38) ¢ KoMmakTHBIM omepaTopoM R
ynoBjeTBopsaeT ajibTepHaTuBe ®penronbma. Jlemma mokaszana.

JIemma 7. I[Iycmob svinoanenst ycaosug (13), ¢ € (—1,1) 6 (7), u nycmo
ypasrenue (38) umeem pewenue

5= (pra(), pau(), BYT € CU(T) x CV4(T) x By,
ede w =min{\,1/4}. Tozada
1) dynryuu
pi(s) = p(s)Z;'(s) € Cg/ (T), j =12 (39)

datom pewenue cucmemvr (28) — (30), npu smom ¢q € (3/4,1),
w; = min{A, q1 — 3/4};

2) pewenue 3adauu U cywecmseyem u daémcg gopmyaoii (16), 6 xo-



J(s) = B+ VP +1) pa(s) + puls)
B 2V +1 N
BV HT) pau(5) 231 (s) + prals) 21 (s)
- N/ ES]
(5= BV T +pals)
e = 2B+ 1 N
— (B+ VB +1) p1u(s) 21 (5) + pau(5)Z5 ' (s)
2062 +1
Ioka3saTenbcTBo. IlycTs ypaBuenue (38) numeeT perreHne

p= (pl*(s),pz*(s),é)T € C'(T) x CY"(T') x Eopy, obpalmaloriee B TOX-
nectBa ypaBHeHus (34), (35), (37).

€ Cq! (D),
(40)

€ Cq (D).

1) OueBunno, uro Gyukuuu p1(s), pa(s), MOCTpoOeHHEIE IO PopMyIIaM
(39), u koucTautsl By, By, ..., Bay_1, BXOASIIINE B BEKTOP é, obpaIraioT B
ToxX/ecTBa ypasHenud (31), (32). Ha dynxmax w(s) € C7(I') ompenesmm
CJIeMYIOIINe CUHTYJIAPHEIE OlePaTOPHI:

B+ VFET i

Siw = w(s) —

Fa—s
/32
Sow = w(s) — b= B /1“0—5

[oneiicTByem omepaTopoM S; Ha ToxmecTBo (31), a omepaTtopom S, Ha
ToxkIecTBO (32). B cuty siemmebr 2 mostyuum, 9to p1(s), p2(s) ymomerso-
PSIOT CHHTYJSIPHBIM WHTerpajibHbBIM ypaBHeHusM (28). Ilompsysce Tox-
nectBamu (34), (35), (37), KoTopble COCTABIAIOT TOXAECTBO (38), MOXKHO
HOKa3aTh, YTo GyHKUuU p1(s), p2(s) ymoBmersBopsioT ycmosmsaM (29), (30).
Tem cambim Qpyukimu (39) naror peurerne cuctemsl (28) — (30), u mepBoe
yTBepXKAEeHUE JIEMMBI JOKa3aHo.

2) B mpenpiayieM nyHKTe mokasaHo, uTo ¢yHKImM u3 (39) maioT pe-
mrerne cucteMsl (28) — (30). Cormacho memme 1, pyukmum u(s), v(s),
HOCTpOeHHBIe TI0 dpopMmyaMm (25) (wmm, uTo TO XKe camoe, Mo GopMyIaM
(40)) mator perrenme cuctemsr (17) — (20). IlogcraBum pyukmum u(s),
v(s) B pyukuumio (16). Ilo Teopeme 2 ¢pyukius (16) sBiuseTcs peleHueM
sagaun U . Jlemma mokazana.

4. CymiecTBOBaHUE peIlleHU.

IlokaxeM Telepb pa3pelminMocTh ypaBHeHIS (38).
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1) ypaenenue (38) umeem eduHCmeeHHoe peweHue p 6 MPOCMPAHCMEE
CUT)xC*(T) x Eay npu arboti npasoti uacmu <I> € CUT)xCUT) x Eay ;

_>
2) ecau npasag wacmsv P npunadaercum npocmpancmey
C'(I) x C"(T) x Eyy,  w=min{\, 1/4},

MO MO Pewenue f NPUHAdALEHCUM MOMY Hee NPOCTMPAHCMEY.

Jloka3zaTenbcTBO.

1) ITo smemme 6 ypaBuenme (38) sBisercs ypaBHeHueM Ppenross-
ma 2-ro poma B mpoctpanctBe C(T') x CYT) x FEsy. CornacHo aiib-
TepHaTuBe PpenrospMa, WIS NOKAa3aTeIbCTBA I. 1) HOCTATOYHO MOKa-
3aTb, YTO ONHOPOIHOe ypaBHeHuHe (38) mMeeT TOJBKO TPUBUAJIBHOE pe-
IIIeHe B 5TOM IIpocTpaHcTBe. [oKa3aTelbCTBO MPOBENEM OT IIPOTUBHO-
ro. Ilycts omnHOponmHoe ypaBueHme (38) MMeeT HETPUBHMAJIBHOE PeIEHIE
0= (p).(5),P8,(5), By, ..., Bly_1)T € C*T) x C"(T') X Epp. IT0 03HA™AET,
auro dyukmmu pl,(s), pY.(s) u xKoucranTer BY,...,BYy | yIOBIeTBOPSIOT
OIHOPOMHEIM ypaBHeHISIM (34), (35), KoTOpble ABIAIOTCS YaCTHIO BEKTOD-
Horo ypasuenus (38). Ha ocHoBaHum jleMMbI 4 MOXHO yTBepKIATh, UTO

0 e C%(T) x C"(T') x Eaon. Omnopomnoe ypasHenue (38) Bo3HHUKaeT,
eciu ft(s) =0, f~(s) =0, T.e. onHoponHoit 3anade U cooTBeTCTBYET
onuoponHoe ypasHeHue (38). Cormacuo semme 7 1. 2), QyHKIWS

y [FOHTFD A+ AOZN)
W F I 1

[m) o) + B+ VAT A (5) 2 <>](w)
NS

ABJITeTCA pelileHneM omHopomuon 3agaun U . C mpyroit CTOPOHBI, U3 TeO-

u'(z) =

+T

PE€MHEI 1 cjllegyeT, 4ToO OJHOpPpOAHad 3adayda U umeer TOJIBKO TPpHUABUAJILHOE
pPeIeHume

u'(z) = 0. (41)

[IpuHuMas Bo BHUMaHUe TMpenesibHble GOPMYJIIBI IIIT MOTEHIINAIIOB [2]
= u(s),

() -G

(%) () |

z(s)eT



Von) “Uon ) Ll ™"

(G -5 ]

U yauThIBas GopMydsl (24), BUOUM, 9TO CIIPaBeJINBEL CIIEAYIOINe PaBeH-

i =20 (F+1-9) [(57) - (52) ]+
+( ) () )L

=20 ((F751-9) () - (5mr) ]+
(55) - (o) )L

[MosTomy B cumy (41): pg*(s) =0, j = 1,2. N3 onHOPOOHHIX TOXIECTB
(34), (35), KOTOpBIe ABJIAIOTCA COCTABHOW YAaCThIO BEKTOPHOTO yPaBHEHUS
(38), BErTexaer Yo _j BYs™ = 0, YNZ(BY..,s™ = 0 npu s € T. Co-
I'JIACHO OCHOBHOW TeopeMe aJireOphl 5TU TOXKIECTBA BO3MOXKHEI TOJILKO B
clydae paBeHCTBa HYJIO BceX Ko3(pOdUIMEeHTOB MoJuHOMOB, T.e. B) = 0,
m=0,1,....,.2N — 1. Urax 5’ = 0, 4To IpoTUBOPeUYNT HaIlleMy IIpeJIIo-
JIOXKEeHUIO. Y TBepXKIeHNe 1) MOKa3aHo.

2) Hyets 7 = (piu(s),pu(s), B)T € CT) x C'T) x By
— pellleHme HeOOHOPOHOrO ypaBHeHums (38) mus mpaBoit dYacTn
3 e C'(T) x C"(T') x Eyy. W3 mynkra 1) ciemyeT, 4To Takoe pe-
treHne cymectByeT. DyHrimm p1,(s), po.(s) yOOBIETBOPSIOT ypaBHEHISIM
(34), (35), Tak xax (34), (35) — gacTs (38). CnenoBaTesnbHO, IO JeMMe 4,
p € C™"(T) x C"(T') x Eyy. Teopema nokazana.

ycte ¢ € (—1,1). Teopema 3 rapaHTUpyeT OMHOZHAYHYIO Pa3pelIn-

MocTh ypasHenus (38) B mpoctpanctee CU¥(T) x C'(T') x Esy, Kor-

—
ma mpaBad 4acTh ® mpuHAMIIEXUT TOMY XKe TpocTpaHCTBY. Ilo memme 3

BEKTOP 3 6ymeT NMpUHAIJIEXKATh 5TOMY IIPOCTPAHCTBY, €CJIM BHIIIOJIHEHEL
ycaoust (13). CorsacHo slemme 7(m.2) pemrenne 3amaun U CyIiecTByeT
u naércsa popmydoin (16), B KOTOpOl INIOTHOCTH MOTeHINAIOB (i(s), v(s)
BEIPAKAIOTCS Yepe3 KOMIIOHEHTHI PellleHns ypaBHeHNs (38) cooTHolIeHn -

u (40). Ilpu sTom okasbiBaeTcs, uro u(s), v(s) € C&”ll(r), @1 € (3/4,1),
w1 = min{ A, q1 — 3/4}.



Teopema 4. IIyem» T' € C**, fT(s) € CYNT), f(s) € C'NI),
A €(0,1]. Ecau c € (—1,1) 6 (7), mo pewenue 3adauu U cywecmsyem,
eduncmeenno u daémeg gopmyaoti (16), ede naomnocmu p(s), v(s) Ge-
pymes uz (40), a dynxyuu p1.(s), pa(s) € C'¥(T) (w = min{\,1/4})
onpedeadiomed 6 peayabmame peutenud ypasrenud Ppedeoavma II poda
(38), Komopoe odnoznauro paspewumo no meopemue 3.

N3 cBoiicTB moTeHIMANOB [2] BBIT€KAET, UYTO T'PANUEHT PEIIeHUs 3a-
naun U MoxeT GHITH HEOrpaHMYEHHBIM B OKPECTHOCTH KOHIIOB KOHTY-
pa I'. Bosee Toro [2, Teopema 5], HepaBeHCTBO (1) BRIIONHSIETCS C JTIOGHIM
§ € (—1,-3/4).

5. PellleHrle CUHTYJIAPHBIX ypPaBHEHUM

Hokaxem jieMMy 2.

IIycTh 2 — TOYKa KOMIUIEKCHOI INIOCKOCTH C BEIIEeCTBEHHOI ochbio 0s.
Cormacuo [10] xaxmoe m3 OByX ypaBHeHWil (28) mMeeT pellleHHme B IIPO-
crparctse C7 ('), w € (0,1], ¢ € [0,1). Permenns ypasuenmuii (28) marorcs
CJIENYIOIINMY BEIPaKEHNIMI:

B VIF B+ (-1)p (—1)f 1 Zi(0)Fi(o)
pi(s) = Fj(s) W1t R a1+ 32 Z;(s) /F (o0 —s) do=

1 N-1 " '
B Z;j(s) mz—:o Bn(j-1)4ms™, se€l, j=12, (42)
rne By,...,Boy_1 — mpousBosibHEIe KOHCTAHTH; 1/71(s), 1/Z5(s) — c

TOYHOCTBIO JI0 IIOCTOSHHEIX MHOXKMTEJIE ITpelesbHbIe 3HadeHnd Ha ' Ka-
HoHnmYeckux QpyHkmmin Xi(z), Xo(z) (xmacca hy) cOOTBETCTBYIOIINX Kpa-
eBBIX 3a7lad COMpsAXeHWs. MHOXUTEIN MOXHO WTHOPUPOBATH, TAK KaK B
BEIpaXkeHUsX (42) oHu 6O COKPAITATCS, JIN6O0 MEPEXONIT B IPOM3BOJIIb-
Hble KOHCTAHTHI TTOJTMHOMOB.

Kanonnueckme pyHKIMM MMeIOT BUI:

X, (2) = exp(n(2)) I (2 — an)™(z — b)),

n=1

Xa(2) = exp(ya(2)) QV( I L CR A LN O )
rmae

1 InG; .
’Yj(z)_ /L JdO', J :1727

S 2rilio — 2
14 (VBFT14p) . 1—i(vBE+1-p5)
)

G“‘1-M¢@¢T+5Y T+ (VB I-p




S v 7 16 o v aor L o0

YCJIOBUAM, KOTOPEIE OYIyT BHIIUCAHEI HIXKE.
[Ipeo6pasyem y1(z) u 7y2(z), ong sToro nposorapupmupyem G u Gy,
yauTeBas ycioBus (7):

1-|—z(\/527—|-5)‘ - (1+i(m+ﬁ)):
=iV +1+8)| P (VI 1 +5)

14+iv1—-¢c2—c
1—iv1—-c2+4c

InG; =1n

. 1—|—Z\/1—02—C)_

—I_Zarg(l—zx/l—@—l—c
1—c| (Z\/l—c2) 1 ‘1—0
‘+rarg | —— | =
c 1+e¢c
1—i(VBT+1 _5)‘ arg(l_i(\/m_ﬁ))z
(VT <
1—i\/1—c2—c+, 1—iWv/1-¢c2—c

iar —
l+ivVI—C+tec E it ivi—te
_1, 1—-c —iv/1 — 2 _11 ‘1—0
- 1rll—l—c 1+e¢c 1+e¢c

= —1In

2

InGy =1n

=In

1

5 —I—iarg( =3

Beramciisis uHTErpasiel, HaXoAUM BEIpaXkeHus Wit yi(z) m ya(z):

7(z) = Lln( G1) Lé In(b, — z) — é In(a, — z)] —

271

= L InGy)n Jrv[ (== b”)] ,

271 a1 (2 — ap)

Vz(z)=%ln(a2)m_ I Ml

mi n=iv+1 (2 = @n-n)

Okcnorenuupys v1(z) u y2(z), umeem:

(InGh)/(277)

Y

exp(on(2)) = TT [ 2=

z — ay,

< = bn—N

(In Gs)/(277)

(46)

IHHomoxum

o, = Re




ozn:tie[— J:— oz':tie[

1 On J:—— n=\\vTl),...,zaiv.

47
(47)

Bribepewm 1iesibre uncia A, , A Takum ob6pazom, YTOOH GBI BHITOTHEHBI

271 271

clleNyIomine yCJIOBUS:
—1<a,+ A, <0, —-1<ad, +), <0, n=1,...,2N. (48)
N3 >Tux ycsioBuil 1esible ynuciaa A, , A, HaAXOAATCSA OMHOZHAYHO:
An =0, A= -1, n=1,..., N,

A=-1, XN =0, n=(N+1),...,2N. (49)
Honcrasmm (46), (44), (45), (49) B (43) u nomyunmm:
(lnGl)/(Qm) N

Xi(z) = nii [j : ZZ nl;ll(z —ay)’(z = b)) =
= I [ = b 1]z = ) 7] = i
1
)= 0,000

01(2) = T1(z = an) /(= = b)", @al2) = TI (= — an)*(= — b) ",

N

Qo(z) = 11

n=1

p 11
 PE

z — ay,

el c=—10.

Bocmosnb3oBaiucek paboToit [6, §5], HaxomuM mpeesibHbIE 3HAUECHUS STUX

z—b,

dyukuumii Ha ['*:

Qi(s) = eF*Qu(s), Qi(s) = eF/*Qs(s),

1 — c[FL/A
Qi (s) = |—— Qo(s), sel,
1+e¢c
re
N s —a,P
QO(S) B nl;Il s — bn ’

N
Qi(s) =11 |s— an|1/4|5 — bn|3/4sign(s —a,) € 00’1/4(F),
n=1

N
Q2(s) = I |s — an|*|s — b,|*sign(s — a,) € COY4T).
n=1



-\ J

Xz(Z) Ha F+ C TOYHOCTDBIO OO IIOCTOAHHBIX MHOXKUTeJIEl NMEIOT BNMO:

1 1 1 1

Z1(s) - Ql(s)Qo(s)’ Z5(s) = Qz(S)Qo(s)’ sel.

Orcooma Z1(s) = Q1(s)Qo(s), Za(s) = Qa(s)Qu(s), s € I'. Jlemma 2

JOKa3aHa.
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