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AHHOTaNsA

Pabora mocssiena TeopeMe paBHOCXOIUMOCTH PA3JIOXKEHUI B TPUTOHO-
Merpudeckne psiabl Pypbe U 10 COOCTBEHHBIM M IIPHUCOEIMHEHHBIM (DYHK-
LUsIM OJIHOI'O MHTErpaJjibHOro orneparopa A, siapo KOTOPOro TEepPIUT CKAYKU
Ha CTOPOHAX KBaJlpaTa, BIMCAHHOIO B €IMHUYHBIA KBaJparT. Paccmarpusa-
eTcsl 9KBUBAJIEHTHBII €My WHTErPAJIBHBII OIEPATOP B IIPOCTPAHCTBE BEKTOP-
dyHKIMit pazMepHOCTH 4. DTOT OIEPATOP 3aMedaTe/IeH TeM, YTO KOMIIOHEH-
TBI €r0 Spa TEPHST Pas3pbIBLI JHUIIL Ha junnn t = x. Haxomgdarcs meobxo-
JMMble U JOCTATOYHBIE YCJIOBUS JJIst oOpalneHus omneparopa A. 9to ycjioBue
€CTh OTJINYUE OT HYJIsI OJIHOTO OIIPEEe/IMTE sl YeTBEPTOro opsiaka. V3ydaer-
cs pesosbeerTa @penrosibMma oneparopa A. Haiijiena dpopmyiia st pe3osib-
BeHTHI. Fle HaxoXKIeHne CBOJAUTCI K PEIIeHNIO KPaeBoii 3aga4un 1jist audde-
PEHIUAIBHONM CUCTEMBI TIEPBOTO TMOPSIIKA B IPOCTPAHCTBE BEKTOP-(DyHKIHI
pasmepHOCTH derhipe. [IpoBomuTcst npeobpasoBaHme 3TON KpaeBoii 3a1a4u,
KOTOpO€ IIOMOTaeT CIPABUTHCA C TPYAHOCTIMU, BOSHUKAIOIIMMU IIPU €€ Pe-
mennu. [TosrydeHbl Tak»Ke yCJIOBUsI, aHAJOIUYHbIE YCJIOBUSM PEryJIAPHOCTU
1o bupkrody. OHu CBsI3aHBI C OTJIUYUEM OT HYJISI HEKOTOPBIX JIETKO CUNTAE-
MBIX OIpeJIeIuTe/ el 9eTBEPTOro Mopsijka. [Ipy BBITOJTHEHNY 9THX YCJIOBU
“MeeT MEeCTO HEKOTOpAasi OIEHKA JIJIs OIPEIEIUTE Isl, HyJu KOTOPOTO siBJIs-
IOTCs COOCTBEHHBIMH 3HAYECHUSIMU PACCMaTpPUBaeMoil KpaeBoii 3amaun. I1pu-
BOIUTCS TeOpeMa PaBHOCXOAMMOCTH Ijist oreparopa A. OcHOBHOI MeTo,
[IpUMEHsIEMBIl IIPH JI0Ka3aTe/IbcTBe TeopeMbl, — MeToj Komu—Ilyankape nH-
TErpupOBaHMS PE30JIbBEHTHI M3yYAEMOI'O OIEPATOPA 10 PACIIUPSIFOIIIMCSI
KOHTYpaM B KOMILJIEKCHOI IJIOCKOCTH CIIEKTPaJIbHOrO Iapamerpa. B pabore
TaK>Ke [IPUBEJIEH IIPUMED HHTEIPAJIBFHOTO OIEPATOPa € KYCOTHO-ITOCTOSTHHBIM
SIPOM, KOTOPOE YIOBIETBOPSIET BCEM TPEOOBAHUSIM, IOy YCHHBIM B XOI€E Pa-
OOTBI.

KurouyeBbie ciioBa: pe3oJibBeHTa, COOCTBEHHBIE U IIPUCOEIUHEHHBIE (DYHK-
I, TeoOpeMa PABHOCXOJIMMOCTH.
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TeopeMa PaBHOCXOOHUMOCTH JJIsI HHTEIr'PaJIbHOI'O orepaTropa C KyCOYHO-IIOCTOSAHHBIM A/IPOM

Iounyuenue: 26 nosbps 2017 r. / Ucupasaenue: 12 despans 2018 r. /
Ipunsarue: 12 mapra 2018 r. / [ly6uukanus onsaiin: 29 mapra 2018 r.

1. ITocTanoBKa 3a7a491 U BCIIOMOraTe/bHbI€ Pe3yJIbTaThl. Briepsbie Teo-
PeMbl PABHOCXOAMMOCTH ObLN 1101y YeHbl B paborax B. A. Crekiosa [1], E. T'o6co-
Ha [2], A. Xaapa [3] qst nudbdepenmanbroro oneparopa Itypma—/JInyBusist.
Barem 4. 1. Tamapkunsim [4], M. Croynom [5| 6b1m pacupocrpanensl Ha aud-
bepennmaIbHbIL OIEpaTOp MPOU3BOJLHOIO HOPSIIKA

n—2
Myl = y™ + ) pelx)y™,  pr(z) € Cl0,1], (1)
k=0
C HpOI/ISBO.HI)HbHVII/I KpaeBbIlVII/I yC.HOBI/ISIMI/I
n—1
Ui(y) = > _[ajry™(0) + bjry®(1)] =0, j=1,2,....n, (2)
k=0

KOTODBIE YJIOBJIETBOPSIIOT yCJIOBUSIM peryisipHoctu Bupkroda [6, c. 66-67]. Omue-
patop (1), (2) mus npoussosabroro n B 1908 ncciemosan Ixx. Bupkrod [7,8].

Teopema paBHOCXOAMMOCTH JIJIsi MHTEIPAJILHOIO OlepaTopa OblLla IOJIydYeHa
A. TI. Xpomoebim [9]. On pacemorpen ciydaii, Korja HEKOTOPbIE TPOU3BOJHbBIE
sA7pa UMEOT pas3pbiB 1-ro poja Ha JUHUKM ¢ = x. 3aTeM OH MCCJIEJOBAJ HOBBIM
KJIACC MHTErPAJIbHBIX OIIEPATOPOB, KOTA 3TO CBONCTBO dAep HaOII0IaeTCs Ha, -
muax t = x ut =1 — x. OQHUM U3 TaAKUX OLEPATOPOB SIBJISETCS OIEPATOP

1—x

Af(z) = Aﬂ—xJﬁ@ﬂ#+a[fA@Jﬁ@ﬁm

0

rie x € [0,1], a sapo A(z,t) n pas mHenpepbiBHO quddepeHupyeMo o & U OjuH
pmotunpu 0 <t<e<ln

o5ty .
&EsatjA(:E, t)‘ =0p-1; 5,7=0,n,

t=x

0;,; — cumBoa Kponekepa, o — IIpOM3BOJIbHOE KOMILIEKCHOE HHUC/IO, oa® £ 1.

B Hacrosimieit pabore ucciieayeTcss paBHOCXOIUMOCTD PA3JI0XKEHUH B TPUTO-
HomeTpuueckue paapl Pypbe U 10 COOCTBEHHBIM M IIPUCOEIMHEHHBIM (DY HKIISIM
HHTErpajabHOIO OLEepPaTopa

1
) = A1) = [ Alwt) St (3)

C AJIpOM
o,  0<t<j-z,  0<z<3;
as,  t+a<t<l,  0<z<i;
Aty = O 03<t<—%+x, %S:cél;
Qay, §—$<t<1, §<x<1;
as, 3-—r<t<itz, 0<z<Y;
as, —3+r<t<j—z, 3<r<l,
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KOTOpO€ TEPIINT CKAYKNM Ha CTOpOHAX KBajpara, !
BIIMCAHHOIO B €JIMHUYHBII KBAJAPAT (CM. PUCYHOK).
3uech aq, ag, ..., 5 — IPOU3BOJILHBIE KOMILIEKC-
Hble Yncia. B npocrpancTBe BeKTOP-QyHKIMiT pas-
MEPHOCTH 4 PAacCMOTPHUM 3KBUBAJEHTHBIA €My WH-
TerpaJIbHBINA OllepaTop:

ol

z(x) = Byg(z) = / B(z,t)g(t)dt, 0 < z < %, (4)

0
rie 0 1z
2(x) = (21(2), 22(2), 23(2), 24 (7)) T, g(@) = (91(2), g2(@), g3(2), 9a ()T, (5)
0 Az, L —1) Az, 5 +1) 0
AG ==t 0 0 AL — 2,1 —t)
B =1 41 0 0 ALt 1—1)
0 Al—z,3-t) AQ—=,5+1) 0

s paccmarpuBaeMbix ornepatopoB A u B, onpenessiembrx dopmynamu (3),
(4), cupaseuBa

TEOPEMA 1. Feau y(x) = Af(z), mo z(x) = Bg(x), npuuem
2(2) = (y(@).y(s — o) y(3 + o).y - ),
Loa) fGra) fa-a)'.

Ecau z(z) = Byg(), 20e z(z), g(x) onpedeaenn xax (5) u g1(z) = g2(3 —2), a
93(z) = g4(3 — ), mo z1(z) = 22(3 — 2), 23(2) = 24(5 — 2) wy(x) = Af(z), 2de
o) — g1(x), z € [0, 3]; o) — z1(z), z €0, 3];

@) = { g3(—3+x), z€[3,1]; y(@) = { z3(—3 +z), z€ 3,1

Jloxaszameancmeo. llpencraBum oneparop (3) B BUjE CyMMBbI:

1 1
y(m):/o Az, t)f(t) dt+[ Az, t)f(t) dt. (6)

Ilycre x € [0,%

BTOpOM ¢ = & + % BareM mepeobo3HaInM £ = t U MOy IUM

]. B nepsom unrerpate us (6) caenaem sameny t = & — &, Bo

1 1
3 3
y(x):/ A(x,é—t)f(%—t)dt—i—/ A(w,%-&—t)f(%—f—t)dt. (7)
0 0
31ech spa B 060UX HHTErpagax UMEOT pa3pbiB Ha juann x = t. [lomoxum B (7)

% — o BMECTO T W B 000MX HHTErpaJiaX BBIIOJHUM 3aMEHbI t = % — &, 3areM
repeobosHadnM £ = t, YTOOBI ONSTh PA3PBIBLI SAep ObLIN Ha JIUHUUA & = t:

y(;_x):/OQA(;—x,t)f(t)dt+/02A(;—a:,1—t)f(1—t)dt. (3)
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Iycrs Teneps z € [5,1]. Torna nonoxum B (6) 3 + x, Byecro z (. e. onaTs

nosyvaeM, uro x € [0, %]) U BO BTOPOM HHTerpaJie ¢ieyaem 3ameny t = 1—§, € = t,
TO €CTb JI0ObEMCsI, ITO PA3PBIBLI AeP B HHTErPAJIax ONUATh Oy/IyT HA JIMHUK T = t:

v+ = [ AGrans@a+ [ AGaa-ora-na )

Hakower, B (6) mosioxkum x = % —nut= % — & zaremn=1x, =1t

y(l—x):/OQA(l—x,;—t)f(§—t)dt+/02A(1—x,§+t)f(§+t)dt. (10)

Bamuceiast (7)—(10) B MarpuanoM Bujie, yoe:KaaeMcsi B CIIPABEIJINBOCTH TEO-
pembr. [

3aMEUYAHUE. [Ipescrasienne (4) MOKeT ObITH IOJIyYE€HO HEOMHO3HAYHO. Ho
B HAIIIEM CJIydae 3JIEMEHThl MaTpullbl B(x,1) TeprsT pa3pbiBbl JHIIbL HA JIMHUK
t==x.

Cirejyommast TeopeMa JIaeT YCIOBHUE CyHIeCTBOBAHMS 06PaTHOro oneparopa B 1.

TEOPEMA 2. Onepamop B obpamum mozda u moavko moz2oa, k0200 6binoAH-
EMmesA YCAo6Ue

det Q = ad — cb # 0, (11)
2de
0 a b O
a 0 0 —-b
Q= —c 0 0 —d])’
0 ¢ d O
a=a5—0a, b=as—a, c=as5—a3 d=a5—ay, (12)

a, b, ¢, d —nocmosanmovie.

Jloxaszamenncmeo. Pacemorpum ojHopojHoe ypasHenue Bg(x) = 0, rue

9(x) = (f(2), f(3 —2), fF(3 +2), F(1— $))T BorsicHuM, Ipu Kakux yCIOBHSAX OHO
HMeeT TOJILKO HyJICBOE pellleHne. 3alluileM ypaBHEHUe

/5 Bz, )g(t) dt = 0

B BHUE

D=

x
/ B(z,t)g(t) dt+/ B(z,t)g(t)dt = 0.
0 T
U3 oupenenenust A(x,t) u B(x,t) nmeem
0 as a5 O 0 ar az O

“a 0 0 « Q 0 0 «
1 2 5 5 _
/0 woo 0 eemars [T 00 o ewa—o.
0 a5 Q5 0 v 0 a3 Oy 0

D=
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IIpomuddepennupyem 310 paBeHCTBO 110 T:

0 a5 Q5 0 f(l‘) 0 a1 Q9 0 f(x)
ar 00 ap| |[fG=2)| [as 0 0 a5 |fG-2)| _,
as 0 0 oy f(% +$) as 0 0 as f(% —|—a:) -
0 a5 A5 0 f(l o l‘) 0 a3 04 0 f(1 _ x)
TO €CTb
0 a5 — 1 O5 — Q9 0 f(x)
a1 — Qg 0 0 Q9 — Qg f(%_x) -0
a3 — Q5 0 0 Q4 — Q5 f(%-i—l’) e
0 a5 — Q3 Q5 — 04 0 f(l—:L‘)

[Mepexomst kK obozuadenusm (12), nogygaeM, 9To jjisi 06PATUMOCTHU OIIEPATOPA
B HeobxonuMo 1 JIOCTATOYIHO, YTOOBI MaTpuiia () Oblia HEBBIPOXKIEHA!

det Q = ad — cb # 0. O

Yeqosue (11) st cymecrBoBaHusi 06PATHOTO ONEPATOPA JIEMKO POBEPSIET-
csl, B omimume oT ycjoBuii, koropbie nosydensl B [10,12]. Ono cpady maer Bui
obpaTHoro oneparopa B

B7l2(z) = Q7Y (2) (13)

Paccmorpum pesonbeenty Ry = (E — AA) ™A oneparopa A.

TEOPEMA 3. Fcau Ry cywecmsyem, mo

Ry f(z) = v(z) (14)
U B8BIMOAHAEMCA YCAOBUE
10y — o3 75 0. (15)
30ecw
Zl(x)a T € [07 l]a
v(z) = 1 1 2 .
23(‘7; - 5)7 T e [57 1]7

z1(x), z3(x) — nepsas u mpemova Komnonermos 6exmopa z(x), ydosaemeoparouiezo
xpaesoti 3adaye

2 (x) = QAz(2) + Qg(), (16)
Sz(0) +Tz(3) =0, (17)

2de

188



TeopeMa PaBHOCXOOHUMOCTH JJIsI HHTEIr'PaJIbHOI'O orepaTropa C KyCOYHO-IIOCTOSAHHBIM A/IPOM

-8 0 0 O 1 0 -8 0
0o 1 0 —p o = 0 0
S=109 —10 o] T={1 o o ol
0 0 1 0 0o 0 0 -1
ﬁl _ 504 — 0450437 52 _ 501 — 045012. (18)
a0y — pQy a0y — ipQey

Jdoxasameavcmeo. Ecmn y(z) = Ry\(Af(z)) = (E — M) TAf(z), T
y(z) = A(My(z)+ f(z)). Torza no Teopeme 1 mveem Z(:l?) B(Az(z)+g(z)), T e
é(w) = (E-A\B)~'Bg(z). 3uaunt, (E—-\B)z(z) = Bg(z), z(x)—ABz(x) = Bg(z).

JIeJIOBATEJIBHO,

z(x) = ABz(x) + Bg(z). (19)
[Iycrs 2 € [0, %] [Tpomuddepentmpyem pasencTso (19):
2 (z) = M\Qz(z) + Qg(x).

Taxum obpasom, npu z € [0, 1] nomyunnu Ry f(z) = v(z) = z1(z), tae z1(z) —
nepBasi KOMIIOHEHTa BEKTOPa

2(x) = (21(2), 22(2), 23(2), za(2)) | = (y(@),y(d —2),y(} +2),y(1 - 2))

Iyers z € [3,1]. Us (20) z3(z) = y(5 +2). Cnenaem sameny z = £ — 5. Torma

¢ € [5,1]. TlepeoGoznamuy & = x. Tlonyuaem z3(z — 3) = y(x). Takum obpazowm,

BbIIIOJIHEHNe ypaBHenust (16) rokazaHo.
[Tokazkem, 4ro BbimosHsiercs: yeaosue (17). Wcenosnb3ys upejcrasienne (4),
HOJTy 9UM

% 1 % !

0):a1/0 f(t)dt+oz2/1 (b dt, y(;—()):%/o f(t)dt+a5[ F(b) dt
! 1 ; !

§+®=%mA ﬂwﬁ+agéf@Ma MU:a;A.ﬂﬂﬁ+agéf@Mt

9T paBeHCTBa B 0003HAYECHUAX

i 1
Mz%f@% M:[fmw

MOXKHO IepenucaTrb CJAeayIONInM o6pa30M:

T (20)

y(O) = a1 N1 + asNo; (21)
y(3) = y(5 —0) = y(5 +0) = asN1 + a5 No; (22)
y(l) = 043N1 + g No. (23)
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Pemmwv (21), (23) kak cucreMy JMHEHHBIX ypaBHEHHH M MOJCTABHM HaiileHHOE
perrenre B (22):

a504 — 53 a50] — 509

y(1)

1
1) =y(0 .
y(z) y( )OqOé4 — g3 104 — 203

[Torpebyem, uTobbl ajay — ceas # 0. B obosnauenusix (18) kpaesble ycsioBusi
BBITJIAIAT CJACIYIONIUM 0Opa30M:

y(3-0) =y +0), y(3)=PB1y(0)+ Bay(l).

3anuireM ux B MaTPpUYIHOM BHIE:

-6 0 0 0 y(0) 1 0 —f2 0 y(0)
0 1 0 G| {¥G-0 [0 B 0 0]|vG-0]_,
0 —10 0 ||yl+o) L0 0 0 flyd+o)|
0 0 1 0 o) 0o 0 0 -1 o(1)

Takum 06paszom, ycsiosue (17) BBIIOJHEHO U TeopeMa joKazaHa. [

TEOPEMA 4. Ecau A makoso, wmo odrnopodnas kpaesas 3adaua das (16), (17)
uMeem moavko Hyaeeoe pewenue, mo Ry cywecmeyem u onpedeasemes no gop-
myae (14).

Joxasamenncmeo. Ilo ycrosuio, ogropoamas 3amada qst (16), (17) mve-
er ToJbKO TpuBHasibHOe pemenne. To ecth ypasuenue 2/'(x) = QAz(z) nmeer
TOJILKO TpuBHAJIbHOE perenue. [1o dopmyse (13) umeem, 4ro TpUBHAILHOE pe-
nienre umeer ypashenue z(x) = ABz(z). 3uaunt, no reopeme Ppenrosbma cy-
[IECTBYET U IPUTOM €JMHCTBEHHOE perierne ypasuenus z(x) = ABz(x) + Bg(x).
CrenoBarebHO, cymiecTByeT Ry B, a sHauut, cymecrsyer Ry A mo teopeme 1. To
ectb 21(z) = Ry(Af(z)) upu z € [0,3]. Tax xak 23(x) = 21(3 + z), 3amensiem
x=¢— % e yxe £ € [3,1], 23(6 — 3) = 21(€) = Ra(Af(€)) mpu £ € [3,1].
[Tepeoboznaaum £ = x. Teopema mokasama. [

MuHuMaIBLHBI MHOTOYIEH MaTpUIbl () COBINAJIAET C XapaKTePUCTUIECKAM

MHOT'OYJICHOM:
M = N2(d? + 2bc 4 a?) + (ad — be)?.

3HAYUT, UMEET MECTO
JIEMMA 1. Ilpu ycaosusax:

d+a#0, (a—d)*+4bc#0, (24)

mampuya Q nodobra duazonarvrott D = diag(wi, wa, ws,wy), npuiem ws = —ws,
Wy = —wi, wi # wy # 0.
I[ycts marpuna I Takass, aro I tQT = D. Bumommanm & (16), (17) sameny
z =T'h. Torma
h'(x) = ADh(z) + m1(z), (25)
U(h) = STh(0) + TTh(3) = 0, (26)
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rae my(z) = D=1 Dm(x).
IIpoBenem HeoOxonmMOe HCCIeOBaHne KpaeBoil 3amadn (25), (26). 3a cuer
BBIOOpA W{ W Wy MOXKEM CUNTATh, ITO

Re )\wl > Re )\WQ > 0.

Cormnacho [10], umeer mecto

JIEMMA 2. Pewenue 3adavu (25), (26) umeem npedcmasaenue 6 sude

o=

Bz, ) = ~Y (2, )AL (V) /0 Us (gl t. \)ma (8) dt + gyma(z), (27)

2de Y (z,\) = diag(e™1®, ..., e M%) A(X) = U(Y(z,\)); Uy osnauaem, wmo U
npumensemes no x; g(x,t,\) = diag(91 (2, t, A), ..., ga(, t, )\)),

—e(t, x)eM =t Redw; >0, 1, t<u,
i, €, A) = (p— 1) =
gi(x ) { a(az,t)ek“’l(z Y Relw; <0, e(=,1) 0, t>ux;

N

g,\ml(x)—/o gz, t, \)mq(t) dt.

Paccmorpum nogpo6ao A(A):

B8, 0 0 0 1000
0 1 0 —B 0100
AN=L 0o 10 oo 010"
o 0 1 0 000 1

1 0 =B 0 et 000

0 =8, 0 0 0 e 0 0

11 0 o offf o o e o [

0o 0 0 -1 0 0 0 e

_ A
e p=5.
OGo3HaunM 9j1eMeHTBl MATPHUILL ' depes ;; 1 BBIIUIIEM 3JIeMEHThl MATPHUILbI
A(X) mocrpotuHo:

Ay = =pimj + (115 — Bays;)er™,
Agj = 25 — Baryaj — Biyo;eH7,
A3zj = =25 + 1M,
A4]' =73; — 74]'6[“‘}]') j = 1) 2) 37 4.
Hcronp3yst CBOMCTBO & INTUBHOCTH onpeesnTes, Berancanm det A(N). 3a-

dukcupyem arg A. KosdpdunmenTs! ipu crapireir u Myiaineil cTernensax 9KCIoHeH-
ThI 0b0o3HaYNM depe3 P, u Py:

m1 = B2yzr 2 — B2y —Bimi3 —B1714
Py = det —B1721 —P1ve2 Y23 — Bovaz Y2a — Bavaa ’
Y41 Y42 —723 —Y24
—711 —712 33 V34
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—B171 —B1viz M3 — B2y33 14 — B2ysa
Py=det | 72~ Boyar 22 — Poyvaz  —Pives —B1724
—Y21 —Y22 V43 Va4
VY31 V32 —713 —Y14

ITorpebyem, ITOOLI BBIIOIHSIIOCH CJIEJLYIONIee yCIoBUe (YCJIOBHE DPEryJispHO-
cTH):

PPy +# 0. (28)

YeqoBue (28) a1t JAHHOTO KJIACCA OMEPATOPOB SIBJISIETCS JIETKO TPOBEPSIEMBIM,
B ormune ot ycsosust B [12|. Hymu det A(\) siBiistiorest coGCTBEHHBIMU 3HAYEHU -
M KpaeBoii 3aa4au (25), (26) 1 npu 6oIbImX || HAXOAATCS B IOJI0CAX, TPAHHILBL
KOTODPBIX TapaJsLIeJIbHbI HEKOTOPBIM JIydaM, UCXOAAIUM u3 Toukun A = 0, npu-
YeM B KaKJIOH 1oJ10ce B JIIOOOM IIPSIMOYTOJIbLHUKE €IMHUTHON JTMHBI UCJIO HyJIeh
det A(\) orpaHmueHo YUCIOM, HE 3aBHUCAIIEM OT IPSIMOYTOJIbHUKA. Toraa n3sect-
HO [11, rur. 3, § 1, siemma 1], 9o ecim ynaauTh Bce COOCTBEHHbIE 3HAUEHUST BMECTE
C KPYTOBBIMI OKPECTHOCTSIME OJTHOTO M TOTO K€ JIOCTATOYTHO MAJIOTO Pauyca 0,
TO B IIOJIYUUBITEHCS 007aCTH S CIIPABEJTNBA OIEHKA

| det A(N)] > cer@rte2)]|, (29)

rie Koucranra ¢ > 0 ¥ 3aBUCHT TOJIBLKO OT 0.
OueBuHa CIeAyIONMAA JIEMMA.

JIEMMA 3. B obaacmu Ss npu 6oavwuxr A daa pewenus h(z, N) sadawu (25),
(26), sadasaemozo gopmynroti (27), umerom mecmo caedyrousue oueHKy:

lgxmi (@)oo = O(I1£111),  llgax(@)lloo = O(5) (30)
2de Komnonenmu, sexkmop-Pyrruuy X (T) ABAAOMCA TAPAKMEPUCTNUNECKUMU HYHK-
yuamu ompesxkos u3 [0, %}, Il lloos || - [[1 — HOpmwL 6 npocmparcmese sexmop-gyrx-

yuti Loo[0, 3], L]0, 3.

Paccmorpum KpaeByio 3agady

v/ (z) = ADu(z) + my(z),
Up(u) = u(0) — u(%) =0.

Hnst ee pemennst u(x, ) ucnoassyem dbopmyay (27), rae A, U 3ameHsroTCst
Ha Ag, Uy, u onenku (29). Yiaanum u3 Sy BMecTe ¢ KDYTOBBIMU OKPECTHOCTSIMU O
Hymu det Ag(A). Hoayuum HOBYIO 06/1aCTh, KOTOPYIO ONSITH 0003HAYUM 3a Sj.
Torma B Ss BBITIOIHAETCSA

JIEMMA 4. Jlas a060h gynkyuu f(x) € L0, 1] umeem mecmo coommowerue

lim '
T—00

=0,

[57%75}

/ [h(z, X) — u(z, \)] dX
[A|=r

2de || ll.,1_q — mopma 6 Cle, 1oe,ec(od).

DT0 yTBEpXKICHNE yCTAHABINBACTCS C HOMOIIBIO oneHoK (29), (30).
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2. OcHoBHOii pe3yabraT. ChHOopMyIUpyeM OCHOBHO# pe3yJsibTarT paboThl —
TEOPEMY PaBHOCXOIUMOCTH.

TEOPEMA 5. ITycmov evnoanaromes yeaosus (11), (15), (24), (28). Tozda daa
w060t f(x) € L]0, 1] umerom mecmo caedyioujue coommuowenus:

TILIEO Z71jar|wj| 90]7 )H[ %_8} =0,
5503 w0

ede Sy (f,x) —wacmuunas cymma pada Pypve no cobemeeHHbM U NPUCOEIUHEH-
HoLM GYHKUUAM onepamopa A 0as MeT Tapaxmepucmudeckur YUces N, 0Ad Ko-
mopuix | A\g| < r; op(f, ) —wacmuunan cymma mpuzoromempuueckozo pada Dy-
pve na ompesxe [0, %] no cucmeme {641“7”5”} das mex k, das xomopwx |4km| < T,

Yij (8if) — wommonernmu, mampue T (D71);
(@) = i1 f(x) + 6j2f (5 — @) + 83 f (5 + @) + 6juf(1 —x), e€(0,7)
loxasamenwvcmeo. Umeem

1
— Ry(A)fdX,  on(foz) = —— Roxf dA,
27 s AA)fdX, o (f,x) 2mi Jnies oxf

Sr(f,fb) ==

rae Royf — pellenne KpaeBoil 3amadun
v =Xy =1f y(0)=y(3)
[Iycrs z € [e, % — ¢]. Torma, B cuity Teopembl 4

1 1
= - T
2 Joer z1(x)dA 277 I (Ch(x)), dA,

Sr(f,l') = -

rze (- )1 — mepBasi KOMIIOHEHTa BEKTOPA, MOMENIEHHOTO B CKOOKH.
Torma o semme 4

Si(foa) = —5 /A er S =
2mi /)\| 7hz:%J“J ))dA +o(1) =
24: ( i /|)\:ruj(x)>d)\+0(1)’

rie o(1) — 0 upu 7 — 00 paBHOMEpHO 10 @ € [¢, 1 — £]. 3naunT, nepsast HacTo

TeOpeMbI JOKa3aHa.
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AHaJIoru4HO JI0Ka3bIBaeTCs ClIydail, Korja & € [% +e,1—¢. 0

3. IlpuMmep MHTErpajbHOI'O OMEPaTOpa C KYCOYHO-IIOCTOSIHHBIM $1/I-
powm. IIpuBesem npumep omeparopa ¢ KyCOYHO-IOCTOSIHHBIM siipoM (3), Jijist KO-
TOporo BhINONHAIOTC yeaosus (11), (15), (24), (28).

I[Iyctb ay = 1+4, a0 =1, a3 =4—1, ag = 4, as = 2. B aTom ciryqae a = 1 —1,
b=1¢c=—-241,d= —2, a maTpura ) uMeeT BU

0 1—1 1 0
1—1 0 0 -1
@=1l2-i o 0 2
0 247 =2 0

YeqoBue (11) Boinosasiercsi, Tak kak ad — cb = —8 4+ 67 # 0. Ycsosue (15)

TaK»Ke BBITOJIHSIETCS: (rjay — oy = i % 0.
Yeaosust (24) Jyist uaroHaJIN3aIMn MATPUIBL () BBITOJIHSAIOTCS:

dta=-1-i#0, (a—d)?+4bc—8+6i#0.

Marpurma D, nojgobHast marpuie (), uMeeT BUJ

10 0 0
0 i 0 0
D=1¢o 0 =i ol
00 0 -1

a MaTpuia momodbus I, KoTopast OCyIecTBISIeT Ipeodpa3oBaHue MOI00MsI, TMeeT
BIJT

-1 -2—-4 —-2—4 -1

- 2i—1 1-2i 1

i —5i 5% —1

1 5 5 1

B sTom ciryuae yeinosue (28) TakaKe BBIIOJIHSAETCS, Tak Kak Pp = 12.48+10.644,
Py = —6.72 — 14.96i u P, Py # 0.

4. BeiBoabl. Takum ob6pa3om, B paboTe pacCMOTPEH KJIACC MHTErPAJIbHBIX
OIIEPATOPOB C KYCOUYHO-TIOCTOSTHHBIMU SIAPAMU, JJIsi KOTOPBIX ITOMUMO 33/Ia9H 110~
JIVIEHHSI T€OPEMbl PABHOCXOJIMMOCTHU TOJIYYEHBI JOCTATOYHO MPOCTLIE I IIPO-
BEPKH yCJIOBUS ODPAIIEHUS U yCJIOBUS PETYISAPHOCTU, B OTJIMYHE OT OIEPATOPOB,
pacemorpentbix B [10,12]. IIpu nosyueHun 9TuX ycIoBUii MMEIOTCsI OIpe/IesIeH-
Hble TPYAHOCTH, HO OHU IIPEOIOJIUMBI. V3 mpuBeIeHHOrO mpuMepa MOXKHO Clie-
JIaTh BBIBOJ, YTO CYIIIECTBYIOT OIIEPATOPLI, SApa KOTOPBIX YJIOBJIETBOPSIOT BCEM
[IEPEYNCIECHHBIM BBIIIE YCAOBUSIM.

Konkypupytonine nHTepechl. KOHKYpUPYIOINX NHTEPECOB HE UMEIO.

ABTOpCKUT BKJIA 1 OTBETCTBEHHOCTh. ¢ HECY IIOJIHYIO OTBETCTBEHHOCTD 33, IIPEJI0-
CTaBJIEHUE OKOHYATE/IFHON BEPCUU PYKOIUCH B rteuaTh. OKOHYaTEIbHAS BEPCUs PYKOIUCH
MHOIO 0700peHa.

®unaHcupoBaHue. lccienosanne BBITOIHAIOCH 63 DUHAHCUPOBAHUS.
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The equiconvergence theorem for an integral operator with
piecewise constant kernel

0. A. Koroleva

N. G. Chernyshevsky Saratov State University (National Research University),
83, Astrakhanskaya st., Saratov, 410012, Russian Federation.

Abstract

The paper is devoted to the equiconvergence of the trigonometric Fourier
series and the expansions in the eigen and associated functions of the inte-
gral operator A, the kernel of which has jumps on the sides of the square
inscribed in the unit square. An equivalent integral operator in the space of
4-dimension vector-functions is introduced. This operator is remarkable for
the fact that the components of its kernel have discontinuities only on the
line diagonal. Necessary and sufficient conditions of the invertibility of the
operator A are obtained in the form that a certain 4*" order determinant
is not zero. The Fredholm resolvent of the operator A is studied and its
formula is found. The constructing of this formula is reduced to the solving
of the boundary value problem for the first order differential system in the
4-dimension vector-functions space. To overcome the difficulties of this solv-
ing the transformation of the boundary value problem is carried out. Con-
ditions analogous to Birkhoff regularity conditions are also obtained. These
conditions mean that some 4*" order determinants are not zero and can be
easily verified. Under these conditions the determinant, which zeros are the
eigenvalue of the boundary value problem, can be estimated. The equicon-
vergence theorem for the operator A is formulated. The basic method used
in the proof of this theorem is Cauchy—Poincare method of integrating the
resolvent of the operator A over expanding contours in the complex plane
of the spectral parameter. An example is also given of the integral operator
with piecewise constant kernel, which satisfies all the requirements obtained
in the paper.

Keywords: resolvent, eigenfunctions and associated functions, equiconver-
gence theorem.
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