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O BBIPO2K/IEHHBIX KPAEBBIX 3AJTAYAX INITYPMA-JINYBUJIJIA HA
IFrEOMETPUYECKUX I'PA®AX

Annoranus. [loHsiTre BBIPOXKIEHHBIX U HEBBIPOXKJIEHHBIX KpPaeBbIX 3ajiad Beesl B.A. Mapuen-
k0. HeBBIpOKIeHHBIE KPAeBble 3a/1a4l COIVIACHO Kjaccudukanuu Bupkroda mneisarcst Ha peryJsip-
HbIE U HEPETYJISIPHbIE TPAHUIHbBIE YCJIOBUsA. B anHOil paboTe MpPUBEIEHBI ITPUMEPHI BBIPOXKIEHHBIX
U HEBBIPOXKJEHHBIX KpaeBbix 3azad [lrypma-JIuysmuisa ¢ meperymsipabimu o Kupxrody rpa-
HUYHBIMU YCJIOBUSIMU Ha rpade-3Be3jie. YKa3aHHbIe IPUMEPhl 0000IaoT pe3yaprarsl pabor B.A.
CaJloBHUYErO U €ro coaBTOPOB, a TakxKe paborbl B.E. Kanryxkuna ¢ coasropamu. st omnepa-
topa [lIrypma-JInyBuiuist ¢ cuMmMeTpudHbIMU KoM DUITMEHTAMI Ha OTPe3Ke IMOI00HBIH 3¢ dekT
BBIpOXKieHusi orMedeH B paborax M. Croyna. B ciydae nuddepeHmalibHbIX OMEPATOPOB BbBIC-
MIAX TOPAJIKOB C CAMMETPUIHBIMU KO3(MPUIMEeHTaMI Ha OTpe3Ke 3P (MEKT BBHIPOKICHUS yKA3AH
B pabore B.A. Canosuuvero u B.E. Kanryxuna. 9ddekr, korga ofHa u Ta »Ke KpaeBas 3a/a-
4ga [ltypma-JInyBussis, B 3aBUCHMOCTH OT CBOHCTB IOTEHIIMAJIA MOYXKET MMETh JUCKPETHBIN WMiIn
HEIIPEPBIBHBIN crieKTp ObL1 panee orMmeueH B MoHorpaduu b.E.Kanryxuna u M.A.Cagpibekosa.
Tawm ke uzydenb! 6a3UCHBIE CBOMCTBA CUCTEMBI COOCTBEHHBIX M IIPUCOEINHEHHBIX (DYHKIUI B IIPO-
CTPaHCTBE KBaJIPATUIHO-CYMMUPYEMBIX (DYHKITHI HEperysspHbIX 110 BupKrody KpaeBbix 3a/ad
Irypwma-JInyBriuts Ha KOHEIHOM OTPE3KE.

KurroueBbie ciioBa: BIPOXK/IEHHBIE KPAEBbIe 33/1a4l, HEBBIPOXK I€HHbIE KPAEBbIE 3312491, PETYJIsdp-
HblE U HEPEryJIsSipHbIe TPAHUYHBIE YCJIOBUs, KpaeBas 3agada [lltypma-Jlnysuis, rpad-3sesa.
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Teomerpusinbik rpadTapaarsl IITypm-JInyBuiiap e3reiie MeTTiK ecenrepi Typasibl

Angarna. Osrele XKoHe ©3rellle eMec MeTTiK ecenTepis Tycinirin B.A. Mapuenko enrizai. O3re-
I1Ie eMec IIeTTIK ecenTep Bupkrod KiraccudukanuschblHa COKeC PETryIIAPIIbl XKOHE PEryJIADIIBI €MeC
IeKapaJiblK, Iaprrapra OeJiinei. Byt xymbicta rpad-Kyasi3iarbl BUPKTrod mekapaJibIk, map-
TTapbl OOMBIHIA PEryJIIpJIbl eMec e3rere xKoue o3remte emec [ITypm-JluyBusie mertik ecenrepi-
HUH, MbIcajaapsl Kearipiaren. Kepceriaren mbicamaap B.A. CajgoBununii xoHe OHBIH, OGipJiecKeH
aBTOPJIAPBIHBIH, coHbIMeH Kartap B.E. Kanryxumnnin OipjeckeH aBTOpJIapbIMEH *KYMBICTAPBIHBIH,
HOTHKeJIEPiH Kasnbliaiiasl. CumMerpusiibl Ko dduruentrepi 6ap [ typm-JluyBusis oneparopsr
VIIIUH KeCiHJIi/le e3relle/IeHy iH OChIHail Topizai ocepi M.CTOyHHBIH »KYMBICTAPBIHIA aTall OTiI-
red. Cummerpusiibl KoadgduimerTTepi 6ap M)Korapbl perTi auddepeHIualIbIK, OIepaTopJIap Kar-
Jmaiibiaga Kecingimeri esremesneny ocepi B.A. Canosununii skone B.E. KaurykunHig >KyMbICHIH-
na kepceriired. [lorennmanasiy kacuerrepine daittansicTsl 6ipaeit Typm-JlnyBuiib mekapasibIk,
€CeITepiHiH AUCKPeTTI HeMece y3imiccis crekTpre me 6oaThiHALIFE Typasabl b.E. Kanryxunn xome
M.A.CanapibexkoB monorpadwusiceiaia 6ypsia atan etken. Cout xkepje Kecingi 6oitbramars [ TypM-
JluyBusaiy, Bupkrod OGoiibIHINIA PeryJisipjibl eMec IeKapaJiblK, eCelTepiHiH MEHIIKTI YKoHe KO-
CAJIKBl (DYHKITUSIAPBIHBIH, KBAIPATTHIK, KOCHIHILI (DyHKIUsIap Kyiteciniy 6a3ucTik Kacmerrepi
3€PTTEJITeH.

Tyiiin ce3aep: e3rere MeETTIK ecenrep, O3remre eMecC IEeTTIK eCeNTeDP, PEryIspIIbl 2KOHE PEryJIsap-
JIBI eMec TekapaJsblk mapTtrap, Lrypm-JIunyBuiis meTTik ecebi, rpad-2KyIabI36I.

Becrauk KasHY. Cepus maremaruka, Mexanuka, nuadopmaruka, N.1(105), 2020


https://orcid.org/0000-0001-5504-6362
https://orcid.org/0000-0002-1321-058X

2 Kanrysxun B.E., Cenrosa A.A.

IB.E. Kanguzhin, 2A.A. Seitova
IProfessor, E-mail: kanbalta@mail.ru
2PhD student, E-mail: functionaliya@gmail.com
Al-Farabi Kazakh National University, Almaty, Kazakhstan
On degenerate Sturm-Liouville boundary value problems on geometric graphs

Abstract. The concept of degenerate and non-degenerate boundary value problems was introduced
by V.A. Marchenko. Non-degenerate boundary value problems according to the classification of
Birkhoff are divided into regular and irregular boundary conditions. This paper gives examples of
degenerate and non-degenerate Sturm-Liouville boundary value problems with Birkhoff irregular
boundary conditions on a star graph. These examples summarize the results of V.A. Sadovnichy
and his co-authors, as well as the work of B.E. Kanguzhin with co-authors. For the Sturm-Liouville
operator with symmetrical coefficients on an interval similar effect was observed degeneration in
the works of M. Stoun. In the case of higher-order differential operators with symmetric coeflicients
on the interval, the degeneracy effect is indicated in V.A. Sadovnichy and B.E. Kanguzhin. The
effect when the same Sturm-Liouville boundary value problem, depending on the properties of
the potential, can have a discrete or continuous spectrum was previously noted in the monograph
by B.E. Kanguzhin and M.A. Sadybekov. The basic properties of the system of eigenfunctions
and associated functions in the space of quadratically summable functions of Birkhoff irregular
boundary value Sturm-Liouville boundary value problems on a finite interval were also studied
there.

Key words: degenerate boundary value problems, non-degenerate boundary value problems,
regular and irregular boundary conditions, Sturm-Liouville boundary value problem, star graph.

1 Bsenenue

Cnenytomas cucrema JuddepeHalibHbIX YPaBHEHUN ¢ IVIaJIKUMI KOI(hDUITUEHTAME

- 1;/—1-1 (@p11) + @1 (Tpr1)Ups1 (@pr1) = AUps1(@pr1), 0 < @pia < lpya,
- U;(xp) + Gp(@p)Up(w) = AUp(p), 0 <) <1y,

— {/(Il) + ql({L’l)Ul(Il) = /\Ul(xl), O<x < ll.

C YCJIOBHAME BH/A (2)

Upi1(1) = U1 (0) = ... = U,(0), @
b1 (1) =Ui(0) + ... + U,(0)

u ycsosugmu Buna (b)

2
Ws(Ula ) Up-‘rl) = Z [asle(J_l)(l) + as(2+j)U2(]_1)(1) +.o.+ a5(2p—2—j)UI$j_1)(1) (3)
=1

J
+ U9 D0 =0, s=1 +1
As(2p+5)Yp+1 =Y s=1LL..,p
MO2KeT ObITh MHTEPIPETHPOBaHa KaK 3a/a4da Ha COOCTBeHHbIe 3HadeHus orearopa IlITypma-
JImyBunng ma reomerpmdeckoMm Tpade . Ilpmuem, B KadecTBe TeomeTrpmdeckoro rpacda

& = {V, E} Boicrynaer rpad-3se3ga. MHokecTBO V' IIpejicTaBiisieT MHOXKECTBO BEPIIIHH, 3a-
HyMepoBaHHBIX 0T 0 710 p + 1. Bepmmna (p + 1) HasbiBaercs BHyTpeHHel BepIuHOil rpada.
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O BBIPOXKIEHHBIX KpaeBbix 3agadax lITypma-JInyBuiiis Ha reomerpudeckux rpadax 3

Yeaosust Busia (a) 03HAYAIOT, YTO BO BHYTPEHHE( BEPIIIHE BBIIOJHAIOTCS 3aKoHBl Kupxroda
[1]. Bepmunet 0, 1, ..., p Ha3BIBAIOTCS IPAHUYHBIME BepImHaMu. YcaoBus Buaa (b) nHTEpIpe-
TUPYIOTCSI KaK IPaHUYIHBIE YCJIOBUs. /IS TIOJIHOTHI U3/I02KEHUsT TIPUBEJIEM MATPHILY CMEXKHO-
cru |2] rpada-seesnpr S = {V, E'}. Pasmepnocts mMarpuibl cmexxkuocti (p + 2) X (p+ 2) u
OHA MMeeT BU/I

0O 0 0 .. 0 0 1
0O 0 0 .. 0 0 —1
0 0 0 0 0 -1
-1 1 1 1 1 0

MuoxkecTtBo E 03Ha4aeT MHOXKECTBO OPHEHTHDOBAHHBIX AYT €1, ...,€p+1 I'Pada . Ilpn
i =1,...,p ayra e; HampaBJeHa oT BepiuHbl (p+ 1) K BepimHe 7. B To »Ke BpeMst HarpaBjieHne
JYTH €,41 BbIOpano ot Bepumusl 0 K Bepruume (p + 1). anma gyru e; cantaercs paBHOil ;.

[Ipu p = 1 zamaga (1), (2), (3) coBuamaer c 3amadeit Hlrypma-JInyBmiis na KoHedHOM
orpeske. Ilogobubre 3agatu moxpodbno usydens! B Monorpadusax [3], [1]. Cormactno pesyiin-
TaTaM yKasaHHBIX B MoHorpadusx [3], [1] B ciayuae mocrarodno riaagkux KodMDhUIIEHTOB
muddepenimanbabix ypasaeruii (1) mpu p = 1 BO3MOKHBI TOJIBKO CJIELYTOIINE JIBE BO3MOK-
HOCTH:

1) smbo cymecrByer He 6oJiee CIETHOTO YUC/IAa COOCTBEHHBIX 3HAYEHUIT, HE UMEIONUX KO-
HEUYHBIX TPEJIETbHBIX TOUYEK;

2) b0 KayK10€ KOMILIEKCHOE UHCJIO SIBJISETCs COOCTBEHHBIM 3HAYECHIEM.

BoubIiie Toro, nepeblil cirydaii pasbuBaeTcst Ha JiBa ajbTePHATUBHBIX CJIyUast:

— cobCTBEeHHbIE 3HAUEHUsT BOOOIE OTCYTCTBYIOT (K mpuMepy, 3a1ada Kormrm);

— COOCTBEHHBIX 3HAYEHUIT CYETHOE YUCJIO C €JMHCTBEHHON Mpeje/IbHON TOYKOi Ha HGecKo-
HeuHOCTH (K IpuMepy, 3aja4a upuxiie).

[Tokazano, uro npu p = 1 HET TaKKUX 3aJa9 HA COOCTBEHHBIE 3HAUEHUSI, Y KOTOPBHIX €CTh
COOCTBEHHBIE 3HAYEHNUS, HO UX TOJIBKO KOHEUHOE YHCIIO.

Cayuaii p > 1 majo usyuen. B pabore |5| mpu p = 2 BbliesieHbI Tak HA3bIBAEMbIE HEBBI-
POKJIEHHBIE KpaeBble 3aj1a4i Ha COOCTBEHHBbIE 3HaueHus. B pabore [0] mpu p = 2 usydens
BO3MOXKHBIE CJIydan, KOTJIa MOSBJISIIOTCS BBIPOXKICHHBIE KpaeBble ycyioBus. B qacTHOCTH, 110-
Ka3aHO, YTO BBIPOXKJIEHHBIE KPAEBbIE 3a/1a9i HEBO3MOXKHbI, KOTJIA HET OJINHAKOBBIX 110 JIJITHE
ayr [6]. IIpu p = 1 BBIpOXKIEHHBIE KpaeBble 3aja4du Jist TuddepeHInaibHbIX yPaBHEHH
HOPsIJIKa BBIIIE JIBa MCCJIeI0BAINCh B paborax |7, 8, 9, 10, 11, 12, 13]. Borpocsl cxoammo-
CTH CIIEKTPAJbHBIX PA3/I0KEeHUIT BHIPOXKIEHHBIX KpaeBbix 3aja4 [Irypma-/IunyBusis MoxKHO
Hafitu B Monorpaduu |14].

B nannoii crarbe ucciepyercs 3ajga4a (1), (2), (3) upu p > 1 Ha npejMer CyIecTBOBAHUS
BBIPOZKJIEHHBIX 3aJ1a4. [IpUBOJISTCS KOHKPETHBIE [TPUMEPDI, UIJTFOCTPUPYIOIIAE T€ WJIN UHBIE
BO3MOYKHBIE pacipe/ieieHrsi COOCTBEHHBIX 3HaUYeHnil KpaeBbix 3a1ad (1), (2), (3).

2 IIpumep, Korga crekTp Kpaesoii 3agauu (1), (2), (3) npu npousBosibHOM p > 1
3aIl0JIHsIeT BCIO KOMILJIEKCHYIO ILJIOCKOCTh

IIyctns p — duxcuposannoe HaTypajbHOE YHCI0, He paBHoe ejunuie. Ilycrs dynkmum g; €

Ly[0,0;] mpm j = 1,2, ...,p+ 1, tae [; - nymna nyru e; € E. [Ipennosnoxkum, 910 cymecTByer
myra es € F/, 1 < s < p rakasd, 4T0
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4 Kanrysxun B.E., Cenrosa A.A.

1) ls = lerl;
2) qs(ls = x) = qp1(x) B L2(0, lp11)-
B Takom ciyuae cupaBejinBO yTBEPKJCHUE.

Teopema 1 [Ipednosooicum, wmo ycaosus (3) 3amenenvl Ha CALOYIOUUE 2PAHUYHDLE YCAOBUSA

(

Up1(0) + Us(1) = ; (a;Us(1) + BiU{(1))
1) = UL = Y (1) + & UAL))
N7 @
S (ayUs(1) + byUl(1) =0, j=1,..p—1
72

NpU NPOUIBOALNBIT “WUCAAT O, Biy Vi, €iy Qij, bij. T020a MpoussoavHoe KOMNAEKCHOE HUCAO A
asasemca cobemeentvim 3navenuem sadavu (1), (2), (4).

HokazareabcTBo. PukcupyeMm Mpou3BoJIbHOE KOMILIEKcHOE ducyo A. [Tokazkem, aTo o
HoposHast 3aja4a (1), (2), (4) umeer HerpuBuasbHOE pemnieHre. HeTpuBrajibHBIM pellleHreM
YKa3aHHON 3341 ABJISIEeTCA CIeLyomuil Habop yHKIuii.

IIycts nHa Beex ayrax e; € E, KpoMe eg U e,41, Gyukunit U;(x, \) = 0. Teneps Bobepem
Us(z,A) 1 Upy1(x, \) Ha Iyrax es n €,41 COOTBETCTBeHHO. 13 cucremst (1) BBITEKAET, ITO

{_U;l/?/—%l<x7 A)+ qp+1(x)Up+l(x7 A) = >‘Up+1(x7 A), O0<az< lp+1, (5)

—U(x,\) + qs(2)Us (2, \) = NUs(z, N), 0<x<ly.

31eck ydTeHo, uTo Iy = l1 .
B 10 ke Bpems ycioBus (2) mpuUMyT BH

Upet(1,A) =0, U,(0,\) =0,
(LX) = U0, ).

Brejsiem dynkImo-morenmnual mo hopmyie

J(x) = | (@) om0 <7 <y,
Gs(x = lps1) mpu lpyr < @ < 21

1 paceMoTpuM JuddepeHnnaibLHoe ypaBHeHHe Ha MHTEPBAJIe

V" (z,\) + q(x)V(z,\) = AV (z,N), 0<z<2lp. (7)
K ypasuenuio (7) mobasum yciaosus Komm B Toure & = [, .

Vi ) =0, Vi(lpy1, ) = 1 8

[Morenmnman ¢(zr) gBIAeTCS CHMMETPHIHON (YHKIMEH OTHOCHTENBLHO TOUKH & = l,iq. [leii-
crBuresbro, npu 0 < x < l,4; BepHo pasencrso ¢(z) = ¢p+1(x), a upu ¢, — x) =
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O BBIPOXKIEHHBIX KpaeBbix 3agadax lITypma-JInyBuiiis Ha reomerpudeckux rpadax 5)

¢s(lp+1 — x). o ycnosuio Teopemsr 1 Boirekaer q(x) = q(2l,41 — ) B L2(0,2l,41). Ecom
¢(T) CHMMETPUYHO OTHOCHTEJBHO T = [,41, TO perenue 3agadu (7)-(8) aHTHCHMMETPUTHO
OTHOCHUTEIBHO ' = lyy1, TO €CTH

V(z,A\) ==V (21 —x,N), 0<x<2l4,. 9)
fAcno, aro V(x, \) e moxer ObITh TpuBHaIbHON Ha [0, 20,41] dyuxmeit. Tlomoxmm
Ups1(z,A) =V (x,A), mpu 0 <z <y,

Us(x,\) = =V (211 — 2, A), mpu lp < < 2l,4.

Taxum o6pasom, oupezerentbie byukuun Uy, q(x, A) u Us(x, A) IpeicTaBiIsgior HeTpUBUalb-
uble pemtenns 3aja4u (5), (6). C apyroif cTOpOHBI, BBIIOTHEHNE IPAHIUYHBIX yCIOBUii (4) HE
BBI3BIBACT COMHEHUil, B cuiIy cBojicTBa cummerpun dyuxmuu V(z, A) na [0,20,11]. Takum
o6paszom, TeopeMa 1 MOJTHOCTBIO JIOKA3aHA.

Bameuanue 1 Teopema 1 ocmaemces 6 cune, €CAU CYUECTNEYEM HECKOALKO QY2 €5 CO C8OT-
cmeamu 1) u 2).

B caedyrowem nynkme yrazan npumep kpaesot 3adavu (1), (2), (4), xoeda napywenue
na dyee es ycaosue 2) npusodum K JUCKPEmHOCMU CneKmpa.

3 IIpumep HEBBIPOXK/IEHHOI1 ¢ HeperyJsipHbIMU 110 Bupkrody KpaeBbiMu ycjioBu-
amu 3amaun (1), (2), (3)

HamomuunMm, 910 peryisipHocTh 110 Bupkrody rpaHuIHBIX YCJIOBHI OOBIYHO HE 3aBUCUT OT KO-
sddunmentos puddepennuasboil cucremsr (1). To ecth, ecin Habop ycsoBuii (3) peryssipen
1o Bupkrody mnpu orOM Habope Ko dumenToB cucreMsr (1), To OH ocTaeTCs perysgpHbIM
U IpHU BcexX JIpyrux kosdgdunmentax. B HacTosmeM MyHKTe TOKaXKeM, UTO IPUMep, [IpuBe-
JIEHHBIN B IPEJBILYINEM IIYHKTE, COOTBETCTBYET HEBBIPOXKJIEHHOM KpaeBoii 3ajade. To ecThb
IpU HEKOTOPOM BbIGOpe Koadbdunnentos cucrembr ¢;(x;),7 = 1,2,...,p + 1 cruexrp 3a7a4n
(1), (2), (4) auckperen. Orcrofa ciaeyer, 9TO ClIEKTPAJIbHbIE CBOHCTBA KpaeBoii 3a1aau (1),
(2), (4) cuabHO MEHAIOTCS UPHU Hepexojie OT oJHuX KodbddurmenTos cucreMsl (1) K ApyruM.
Kak m3BecTHO, KpaeBble 3a/la4i ¢ PEryJIspHbIMEU 110 BUpKrody rpaHUIHBIMU YCJIOBUSIMU 00-
JIaJIat0T YCTOMYUBBIMU ClieKTpasbHbIME cBolicTBaMu. CiiejioBaTe/ibHO, KpaeBas 3aada (1),
(2), (4) npencraBiisierT MpUMep HEBBIPOXKIECHHON (MCKPETHOCTH CIIEKTPA) ¢ HEPETy/IAPHBIMI
o Bupkrody rpaHUYIHBIME YCJIOBUAME 33Ja49U Ha cOOCTBeHHbIE 3HadeHud. [IycTh p - buk-
cHpoBaHHOEe HaTypasbHoe 1nucio. [Ipennomaraem, ato q; € Lo[0,l;] mpu j = 1,2,...,p+1, ie
l; - nuna nyru e; € E. Ilpeamnosnoxum, 4To cymecTByer ayra es € £ takas, 4ro
D ls=1lpy1, s<p;
2) ¢p+1(z) =0, ¢5(z) = a maa Beex © € Ly(0,1,41).

Baeck u gasee a — dbukcupoBantoe uncio. [Ipeanooxkum, aro yeaoBus (3) 3aMeHEeHbI HA
CJIeJIyIOIIe TPAHUIHbBIE YCJIOBUST:

Up+1 (0> + US(ZS) =0, z/)+1 (0) - Ué(ZS) =0,

) . (10)
Uj(l;) =0, j#s, 1<j<p.
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6 Kanryxun B.E., CentoBa A.A.

Teopema 2 Kpaesas sadaua (1), (2), (10) umeem duckpemmnwi cnexmp npu q; = 0,5 # s.

HokasarenabcTBo. BeinumieM XxapakTepucTuIecKuil onpeeanTelib Kpaesoii 3agaun (1),
(2), (10). Ilpu j # s u j # p + 1 pemenus U;(x, \) umem B Buje
ASiH \/X(l] — Z’j) '
sin v/l

Uj(lL‘, )\) =

Eciu j = s, To pemenue Ug(x, \) umem B Bujie

sin vV A — axg

Us(z,\) = Acos V) — azxs + By A

Ecmm j = p+ 1, 1o pemenne Uy (z, \) umem B BujIe

sin \/X<lp+1 — Tpi1)
ey :

Ups1(z, A) = Acos \/X(lpﬁ-l — Tp1) — Bpa

[Tpuaem

Bp+1 = Bs — A\/X Z Ctg \/Xl]

1#£s
1<i<p

Teneps u3 nepsbix jByX ycsosuii (10) mosydauM cucremy JIByX ypaBHeHUil oTHOCHTEbHO A
u B,.

(cos VA1 +tg VAL Z ctg \/le) A tg \/\/XXZPH B+
i#s

sinvA—aly
VA—a B

A (\/X sin(VAlpy1) — VAcos(VALy1) Z Ctg(\/le)> + B, cos(V A1 )+
J7s
+AVA —asin(V — als) — Bscos(VA —als) = 0.

Takum 0b6pazoM, xapakrepuctudeckuii onpeeantesnb A(\) nveer Buj

+AcosV A —aly + B, 0,

@11 a2
Q21 A22

A(N) =

3/1€Ch

a1 = cos(VMpy1) + cos(v/A — aly) + sin(v A1) 3 ctg(VAL),

JFs
- sin(vVA —als) sin(v/Alpi1)
12 — /—>\ —a \/X )
as1 = VAsin(VALy1) + VA — asin VA — aly, — VA cos(VALy1) Z ctg(VAL),

J#s

agy = cos(V Mpy1) — cos(v/X — aly).
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Otciona criefyer yTBepKIeHne TeopeMbl. 3amernM, 9To KpaeBas 3agada (1), (2), (10)

JacTHLIN ciaydait 3agaqau (1), (2), (4). CremoBarensno, npu @ = 0 u [y = [,41 crexTp 9T0i 3a-
JIAH 3aI0/THAET BCIO KOMILIEKCHYIO IIJIOCKOCTE. TeM caMbIM IOJIydaeM, 9TO KpaeBas 3aatda
(1), (2), (10) e sBiIsIETCA KpaeBoii 3a1ateii ¢ peryIsapHbIME 110 Bupkrody rpannaabIME yciTo-
BusIME. [Ipyrie IpuMepsl BBIPOXKIECHHBIX, HEBLIPOZKICHHBIX KPAEBBIX 3a/ad MOKHO HANTH B
pabote [].
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	Введение
	Пример, когда спектр краевой задачи (1), (2), (3) при произвольном p>1 заполняет всю комплексную плоскость
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