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N3y4denne cnekTpajJbHBIX CBOHCTB BO3MYILICHHBIX JH(depeHInaNbHBIX
OIIepPATOPOB SIBJISIETCS OAHOM M3 BAXKHBIX 3324 CHeKTpajabHOi Teopum. [List pe-
LIeHUs 3TOi 3aa4u HY’KHO ONMpeJeIMTh ACUMNTOTHKY cnexkTpa. Ho mpu uzyde-
HUM ACMMITOTHKHU YJIy4llleHHe OCTATOYHOI0 YIeHAa 3a4acTyI0 OKa3bIBAeTCsl He-
BO3MOKHBIM, 00Jiee TOro, HeBO3MOKHO /1a:Ke BbljeJIeHHe U3 Hero BTOPOro 4jieHa
acumnToTuku. Kak ciencrsue Bo3HHKaeT He00XOAMMOCTb IepeiiTH K HMcciieno-
BaHHIO 0oJiee ITy0OKOH CTPYKTYpbl cnekTpa. CTaHAAPTHBIM CPEACTBOM HccJIe-
JAOBaHHs CTAJO MoJy4YeHHe (popMyJ1 perysipu30BaHHBIX cjiefioB. B padote ¢ mo-
MOIIbIO TEOPUH PeryJisipU30BAHHBIX PSIAOB OCYLIECTBJIsSIeTCS BbIYHCICHUE YeThI-
pex MonpaBoK TeOPHH BO3MYILIEHHIi ¢ MOCJEAYIOIIHMM BbIX0I0M Ha COOCTBEHHBIE
YyHuCaa UIMNTHYeCKUX JH(depeHInaIbHBIX 0NepaTopoB ¢ MOTEHIHMAJOM Ha
NMPOEKTUBHOM MI10CKOCTH. [IpoeKTHBHASA MJIOCKOCThL IPH 3TOM OTOXKIECTBISCTCS
co cdepoii 3a cyeT COMOCTABJIEHHSI MPOTHBOMOJIOKHBIX TOYEK U BBIKAJIBIBAHUS
M0JIIOCOB.

Kniouesvie cnosa: ougppepenyuanvhvie onepamopsi; cneKmpanbhas meopus,; pe-
2VIAPUZ0EAHHBIE CIe0bl; MEOPUsL BOIMYUEHUIl, CODCMEEHHbLe YUCTdA.

PaccMOTpuM Ha MPOEKTHUBHOM MITOCKOCTH F MU depeHIHaTbHBINA onepaTop
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sin@ 06 06 sin” 6 d¢

nercTByIonmit B TiibOepToBoM mpoctpancTBe H. CoOcTBeHHBIC Uncia onepatopa Jlamraca—bensTpamu
obpazyrot CUCTEMY OPTOHOPMHUPOBAHHBIX cheprudyecKux (hyHKIHA. 0603HaYNM

T=-A=-

A, =n(n+1) (n = O,oo) — coOCTBeHHBIE YKCha, V, =2n+1 — KpaTHOCTh COOCTBEHHOTO uucna A, ore-

paropa T; v, ; (i = O,Zn) — co6erBennsle Gyukuny, [, ={A| A=A, +n+1+ip, —eo< p <+oo} — mpsi-

MbI€ Ha KOMILJICKCHON IIOCKOCTH, l, ; — COOCTBEHHBIE YHCIIa oreparopa T+P

My —n(n +1)‘ <const .

Onpenenum coOCTBeHHBIE Yncia AU PEPEHITHATEHOTO ONepaTopa ¢ MOMOIIBI0 TEOPHH PETYIISpH-
30BaHHBIX PAJIOB. PACCMOTpUM YeThIpEX MOMPABKU TEOPUU BO3MYILICHU.
[TepBas mompaska Teopuu BO3MYIIeHHMI [ 1]
2n

S (Pv,, ) = 2’Z+1jjp(a,(p)sinad¢de=o.
i=1 T

2n
Bropast nonpaska Teopuu Bo3MmyLeHui o, ( p) K CyMMe Z U, ; npencrasnsercs popmynon [3]:
i=0
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BrerunciuM BTOpYIO MOIMpPaBKy TEOpUM BO3MYILEHUM. J[Jis 3TOro BBelleM Tak Ha3biBaemMoe A Tpe-
obpasosanne [ (o) dysxumu p(6,9) [2]. O6osnaunm T(or) — mepeceueHue KoHyca co cdepoid,

$(0,6",a) — sxobuan nepexona 8,¢,6’,¢" x koopuunaram 6,9,6’,c .

0.6/.0) =+ sino
2 @)= \/ cosa+cos(0 (9))(0050{ c0s((9+(9))

[Ipu 5TOM 3HAK «ILTIOCY» Gepercs, ecii ¢ < @, 3HaK «MUHYC», eciii @ > @ . Torma [4]
0(0,0",a)d&’

f(a)= ﬂ p(6,9)sin6d6dy [[ p(6',¢)sine’ o

()
(2k+1)(2n+1) T

. =ij ZL (Py (coser )ZL (P, (cosa))sinada.
i=1 i=1

OueBunHo, uTo (DyHKIMS [ (&) HeueTHas, TO ectb f(&)=—f(r—), 0<a<m. Jlokaxem, 4TO
f(0)= f(x)=0. Ins sToro BBeaeM QYHKITHIO [6]

(sina)_z, 0<a£§

()=

Ecou f(0)= f(7)#0, 10 If(a)g(a)sin ado = oo, C apyroii cToponsl [5]
0

T
I sm ado| <
0
6.0) p(

sin ‘

dOdo’dpd ¢ 649 dOde’dod
<constIHJ—smjj 7 s cons [ [ A1

- cons d9d9 d¢d0! < oo,
= t_U.U\/ COSO!+COS(9 9))((;050[ COS(9+9))

B pesynbrate, f(0)= f(7)=0. JJlokaxem, uro pyHkuus f (&) I0YTH BCIOLY MBaXKIbI AU(QepeH-
uupyema u f(e)e L;[0,7]. 3anniem pasenctso [8]

]Ef(a)G(a)dOFiﬂﬂp(@,mp(9',¢)’)g(a)sin9sin9’x

X ! dOdpdbdao.

\/(—cosa+cos(9—6'))(cosa—cos(9+6'))

Janee umeem [7]

0

If(a)g’(a)dmi”ﬂ (6,0) p(6,¢)& (@) sin Osin ' x
]

X dOdpdd'do =
\/(—cosa+cos(€ 9'))(cosa cos(6+6))

/
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X ! dOdpdbd'do =

\/(—cosa+cos(9—6’))(cosa—cos(9+0’))
:””p(e,(/’)]?;f (¢',¢")s(a)sinBsin @’ x

X ! dOdopd&'do+

\/(—cosa+ cos(é?—6’))(cosa—cos(8+0'))

s ([ p(6.0)0'(0.0)

P (—coso:+cos(49—t9'))3/2 (cosar—cos(6+6))

< 1[r(.0)p(.0)

sinag (@) 1

7 sin@sin @'dOdpd @'d o £

sinag (o) 1
(—cosa +cos(6 - 49'))1/2 (cosar—cos(60+6))
IlpousBenem 3ameHbl: B nepBoM wuHTerpane 6 -6 =achg, 6+6 =achy, a Bo BTOpPOM
0-0 =achg, 0+6 =ashgchg’, B Tperbem unterpane 6—6 =oachp, 6+6 =ashgchg’. B pe-

synbrare o popmyne Oyounn nonyunm ()€ L, [0,7], rae nponssoauas B3sra B cmbicae C. JI. Co-

7 sin@sin 8'dO0d pd 6'd o

Oomesa [9].
Hanee
T
[/ (@)¢"(@)da =] ]| p(6.90) Py (6'.¢)
0 FF
sin , ) o ,

X Osin@dOdopdl'do+
(—cosa+cos(H—Q'))(cosa—cos(9+6’))g(a)g(a)sm st ¢ o
+L([[[p(6.0) p(6.9) sinog()< (@) - : 5 SinBsin 6'd0dpde der

2% (—cosa+cos(9—0')) (cosa—cos(9+6'))
1 ., sinac’ (o) ¢ (o 1 e, ,
i‘””l’w,(ﬂ)l’(é’a(ﬂ) (@) ), 7 —55 8infsin@'d0dedd da.
255 (—cosa+cos(6—6)) (cosa—cos(6+6?))

Io ananornu B popmyie ast f”(e¢) nomyunm
cosa sin® o
A2 132 INVE ,
(—cosa+ cos(6—6 )) (cosa— cos(0+6 )) (—cosa+ cos(6—6 )) (cosa— cos(6+86 ))
Cnenaem samenst O+6 =oachp, 0—6 =a'shgchd, —60+6 =20chg, 6-60 =o’sh® pchg’.

Bocnonb3osasumch Teopemoit ®yGunn, noxyunm, uro f(er)e L,[0,7] u cymectByer nourn Berogy

[11].

Brryucnum [10]

52"
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m=0
d* 3 42 )
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d
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a 0 i=1 i=1
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cos{(2k +1/2) o — m/4} [(2/;;)1/2 , oM ]+
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(sinar)”” 26 (sinar)? 2692
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BriOupas B kadecTBe € = R HaugeM
n
a,(p)= ! ”J_‘gf( a)ctg(m— a)da+0(lnnj.
Ar’n " n3/2

V4auteiBas, 4To J. f(a)ctg(r—a)da =0, nonyanm

£
Inn
a,(p)= O(—)
(r)=0| -5,
BpruncinumM TpeThio MONpaBKy TEOPHUU BOIMYIIIEHUN

2n+1 2k+1)(21+1)

:6_7”51{] [ }[ (T-AE) }dﬁz%ﬂ_l_Spb‘ [ Z ﬂ)(ﬁl_ﬁ)dﬂbx

.

n—1

(o) 1 10.000.00 0672 s s

FFF
xsin@sin@'sin@"dpd ¢’d¢’dd'de’, cosa =cosfcosd +sinfsin & cos(p—¢),
cos f=cos@ cos@” +sinf’sinf"cos(¢ — ¢”), cosy=cosfcosf”+sinGsin&” cos(@p—¢”).
Eci B IECTMKPATHOM MHTErpajie ciesarth 3aMeHy @ — T+@, 0 — 1 —0, To
P, (cos(z-a))=F, (~cos@)=(-1)" B, (cos), B (cos(7— 7)) =B (~cos7) =(~1)' B (cos 7).

B pesynbraTe

B,(p)=0.

JI71s1 o1leHKM YeTBEPTOM MONpPaBKU JOKaKEM TEOPEMY.
Teopema 1. /[na onepamopa Jlannaca—bBervmpamu ¢ 08axcovl HenpepuvleHo Ougppepenyupyemvim

nomenyuanom Ha |, =\ A| A=A +n+1+ip, —oo< p<oo} cnpaseoruso pageHcmeo
14 n n p p p p

2
H(T—/lE)_IH <00
27 |e|+n
20e Ael, u e=Im(A)
JokazarenscTBO. UMeeM
2 o n—1
H(T_,lE)“H =y Vi _ Ve P/ S

/c=o(/1k—/1n—n—1)2+e2 /é)(/’tk—/’tn—n—l)2+e2 (n+1)2+e2
£S5 Tk

k=t (A = A, —n—1)"+e
OL[CHI/IM KaXXII0€ U3 Clilara€MbIX B OTACIBbHOCTH
n—1 v
— k —
4= Z 2. 2

=0 (A4 —A,—-n-1)"+e

el 2k +1)dk
=const I ( il ) 3
(k(k+1) (n+l)—n—1) +e
nel 2k +1)dk
= const I ( hl ) 5 =
0 ((n+1)2—k(k+1)) +e
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D dm R

=const ; 3 2_|e|+n'
0 ((n+1) —m) +e

Onenum
4 = 7 _ 2n+1 < O(Hn _ o)
L1+ (n+1) +é (n+]e)’ jef+n

2 2
3,[[60]: ObLIa HCIOJIB30BaHA DKBUBAIEHTHOCTh HOpM |a| + |b| n |a| + |b| .

Hanee

oo

d 2k +1
45 = Z % 2 =_Z:

k=t (A=A, —n=1)"+e” & [(n+l) —k(k+l)T+e2

OuenuBas A; aHAOTMYHO A, TOIyYHM

Teopema ookazana.
Y4uThIBas pe3yabTaThl TEOPEMBI 1, pACCMOTPHUM YETBEPTYIO MOIMPABKY TEOPUH BO3MYILIECHHUI.

——sp| [~ ] (P(T—/lE)“)4d/1 <

n  ‘n-1

n

<0(1)jHT AE) H HT AE) H dﬂ<0(1)jm—0(i2).

Teopema 2. [lycmv p — nomenyuan, yoosremsopsiowuii ycroguro Jlunwuya, mozoa oas coocm-
BEHHBIX YUCEN onepamopa T+ P sepna oueHKa

Z,un, (n+1)(2n+1)+

Inn
a)ctga(r—a)da= 0(’13/2 j .

UnTtepec HOI[06HOFO pola 3amavyaM Bce BpeMs BO3PAcTaeT B CBSI3M C IIMPOKOH 00JIACTHIO UX MPH-
MeHeHus [12—-14].
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CALCULATION OF EIGENVALUES OF ELLIPTIC DIFFERENTIAL
OPERATORS USING THE THEORY OF REGULARIZED SERIES
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Magnitogorsk State Technical University of G.l. Nosova, Magnitogorsk, Russian Federation
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The study of the spectral properties of perturbed differential operators is one of the significant prob-
lems of the spectral theory. In order to solve this problem it is necessary to determine the asymptotic
behavior of the spectrum. But when investigating the asymptotic behavior, the improvement of remaind-
er term is often impossible. Moreover, even the separation of the second term of the asymptotics from
the remainder term is impossible. As a consequence it is necessary to come over to the study of deeper
spectrum structure. A standard research tool is the derivation of formulas for regularized traces. The au-
thor makes a calculation of four amendments of the perturbation theory with the help of the theory of
regularized series, followed by the access to the eigenvalues of elliptic differential operators with poten-
tial on a projective plane. In this case the projective plane is identified with the sphere by comparing
opposite points and poles puncturing.

Keywords: differential operators, spectral theory, regularized traces, perturbation theory, eigenva-
lues.
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