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INVERSE PROBLEM OF THE STORM-LIUVILLE OPERATOR
WITH NON-SEPARATED BOUNDARY VALUE CONDITIONS
AND SYMMETRIC POTENTIAL

Abstract. Under the inverse tasks of spectral analysis understand tasks reconstruction of a linear operator from
one or another of its spectral characteristics. The first significant result in this direction was obtained in 1929 by
V.A. Ambartsumian. He proved the following theorem.

We denote by 1, < 4; < 1, < --- the eigenvalues of the Sturm - Liouville problem

=y +qx)y =2y, (1.1)
y'(0) =0, y'(m) = 0; (1.2)
where g(x) is a real continuous function. If
A, =1’ (n=0,1,2,..) T0q(x) =0.

The first mathematician who drew attention to the importance of this result of Ambartsumian was the Swedish
mathematician Borg. He performed the first systematic study of one of the important inverse problems, namely, the
inverse problem for the classical Sturm - Liouville operator of the form (1.1) with respect to spectra. Borg showed
that in the general case one spectrum of the Sturm - Liouville operator does not determine it, so the result of
Ambartsumian is an exception to the general rule. In the same work, Borg shows that two spectra of the Sturm -
Liouville operator (under various boundary conditions) uniquely determine it. More precisely, Borg proved the
following theorem.

Borg's theorem.
Let the equations

-y +q)y =2y,
—z" +p(x)z = Az,
have the same spectrum under boundary conditions
{00’(0) + By'(0) =0,
yy(m) + 6y’ (m) = 0;
and under boundary conditions
{ ay(0) + py'(0) =0,
y'y(m) +6"y'(m) = 0.
Then q(x) = p(x) almost everywhere on the segment [0, ] if
§-8"=0, [8] + 16| > 0.
Soon after Borg's work, important studies on the theory of inverse problems were carried out by Levinson, in
particular, he proved that if g(r — x) = q(x), then the Sturm-Liouville operator

=y +qx)y =2y, (1.2)

— § ——



mailto:shaldanbaev51@mail.ru
mailto:gulia-74-74@mail.ru
mailto:akbope_a@mail.ru
mailto:altima_a@mail.ru

News of the National Academy of sciences of the Republic of Kazakhstan

{Y'(O) —hy(0) =0, (1.3)

y'(m) + hy(m) =0
is restored by one spectrum.

The inverse problems for differential operators with decaying boundary conditions are fairly well understood.
More difficult inverse problems for Sturm - Liouville operators with unseparated boundary conditions have also been
studied. In particular, the periodic boundary-value problem was considered in a number of papers. 1.V. Stankevich
proposed the formulation of the inverse problem and proved the corresponding uniqueness theorem.

The present work is devoted to a generalization of the theorems of Ambartsumian and Levinson, in particular,
our results contain the results of these authors. In the paper, a uniqueness theorem is proved, for one spectrum, for
the Sturm-Liouville operator with unseparated boundary conditions, a real continuous and symmetric potential. The
research method differs from all previously known methods, and is based on the internal symmetry of the operator
generated by invariant subspaces.

Note that the operator we are considering is non-self-adjoint, although the potential is real and symmetric, this
moment plays an essential role for our method, because we construct a pair of Borg operators through the operator
and its adjoint one. Other authors use the Leibenzon mapping method.

Keywords: Sturm-Liouville operator, spectrum, inverse Sturm-Liouville problem, Borg theorem,
Hambardzumyan theorem, Levinson theorem, non-separated boundary value conditions, symmetric potential,
invariant subspaces, differential operators, inverse spectral problems.

1. Introduction
We study the inverse spectral problem for the Sturm — Liouville operator:

Ly:=y" + q(x)y, xe(0,1),
on the finite interval (0,1) with non-separated boundary value conditions. Inverse problems consist in
restoring the coefficients of differential operators by their spectral characteristics. Such problems often
arise in mathematics and its applications.

Inverse problems for differential operators with decaying boundary value conditions have been
thoroughly studied (see monographs [1-5] and references). More difficult inverse problems for Sturm —
Liouville operators with non-separated boundary value conditions were studied in [6-9] and other works.
In particular, periodic boundary-value problem was considered in [6, 7]. I. V. Stankevich [6] proposed
formulation of the inverse problem and proved the corresponding uniqueness theorem. V. A. Marchenko
and 1. V. Ostrovsky [7] gave a characteristic of the spectrum of a periodic boundary-value problem in
terms of special conformal mapping. The conditions proposed in [7] are difficult to verify. Another
method used in [8] made it possible to obtain necessary and sufficient conditions for solvability of the
inverse problem in the periodic case that are more convenient for verification. Similar results were
obtained in [8] for another type of boundary conditions, namely

y'(0) — ay(0) + by(m) = y'(m) + dy(n) — by(0) = 0.

Later similar results were obtained in [9]. In [10], the case when the potential is g — symmetric with
respect to the middle of the interval, that is, g(x) = q(w — x) a.e. on (0, ), was investigated, and for this
case, solution of the inverse spectral problem was constructed and the spectrum was characterized. The
symmetric case requires nontrivial changes in the method and allows us to specify less spectral
information than in the general case. Some results for the symmetric case were obtained in [11] - [13].

By inverse problems of spectral analysis, we understand the problems of reconstructing a linear
operator by one or another of its spectral characteristics. The first significant result in this direction was
obtained in 1929 by V.A. Hambardzumyan [14]. He proved the following theorem.

By 1, < 4; < 4, < --- we denote eigenvalues of the Sturm - Liouville problem

—=y" +q(x)y = 2y, (1.1)
y'(0) =0, y'(m) = 0; (1.2)
where q(x) is a real continuous function. If
A, =n?(n=0,12,..) thenq(x) = 0.
The first mathematician who drew attention to the importance of this Hambardzumyan result was the

Swedish mathematician Borg. He performed the first systematic study of one of the important inverse
problems, namely, the inverse problem for the classical Sturm — Liouville operator of the form (1.1) by the
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spectra [15]. Borg showed that in the general case one spectrum of the Sturm - Liouville operator does not
determine it, so the Hambartsumyan result is an exception to the general rule. In the same paper [15], Borg
showed that two spectra of the Sturm — Liouville operator (under various boundary conditions) uniquely
determine it. More precisely, Borg proved the following theorem.
Soon after the Borg work, important studies on the theory of inverse problems were carried out by
Levinson [18], in particular, he proved that if g(m — x) = q(x), then the Sturm — Liouville operator
=" +q(x)y = 2y,
{y’(O) — hy(0) =0,
y'(m) + hy(m) =0
is reconstructed by one spectrum.
A number of works by B.M. Levitan [19] are devoted to the reconstruction the Sturm — Liouville
operator by one and two spectra.
This work is devoted to a generalization of the theorems of Hambartsumian [14] and Levinson [16],
in particular, our results contain the results of these authors. The research method of this work appeared
under influence of [18] - [20], and differs from all previously known methods.

2. Research Methods.

Idea of this work is very simple. Having studied in detail contents of [14, 16], we realized that both of
these operators have invariant subspaces. Generalization of this property of the Sturm - Liouville operator
led us to the results presented below.

3. Research Results.
In the Hilbert space H = L2(0, ) we consider the Sturm - Liouville operator:

Ly = =y" +q(x)y, x € (0,m); 1)
{ally(o) + a;2y'(0) + ag3y(m) + a4y’ () = 0, @)
az1y(0) + az;y’(0) + az3y(m) + az,y'(m) =0

where q(x) is a continuous complex function, a;; (i =1,2; j=1,2,3,4) are arbitrary complex
coefficients, and by A;; (i = 1,2; j = 1,2,3,4) we denote minors of the boundary matrix:
_ (al1 ayp; A3 a14)
dyq Qpy @23 Q24)°
Assume that A;;+ 0, then the Sturm - Liouville operator (1) — (6) takes the following form:
Ly =—y" +q(x)y, x € (0,7); (1)
{A13y(0) — A3,y"(0) — A3y’ (1) =0, @)
A2y (0) + Ay3y(m) + Ay’ () = 0,
and its conjugate operator L* takes the form
L*z=-2z"+q(x)z, x € (0,m); D

{A_Bz(O) = A522'(0) = Ap2'(m) =0, @)
D342'(0) + Dy32(m) + Ayy2' () = 0.
Let P and Q be projections, defined by the formulas
_ u()+u(mr—x) _ v(x)-v(r—x)

Pu(x) = —=——, Qu(x) =———
The main result of this work is the following theorem.
Theorem 3.1. If A;3# 0, then
1) PL = L*P; 3)
2) LQ = QL*; (4)
3) A12= _A34; (5)

and the Sturm - Liouville operator (1) — (2) is reconstructed by one spectrum.

— 7 —
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4. Discussion.

In this section we prove Theorem 3.1, and discuss the obtained results. The following Lemmas 3.1
and 3.2 have and independent meaning.

Lemma 4.1. If for a linear discrete operator L we have

1) PL = L*P; (3)
2) LQ = QL*; 4)
YP+Q =1 (6)

where P, Q are orthogonal projections, and I is unit operator, then all its eigenvalues are real.

The following lemma shows that the spectrum o (L) of the operator L consists of two parts, so the
operator L, apparently, splits into two parts. In the future, we will see that this is exactly what happens,
and moreover, under certain conditions, these parts form a Borg pair.

Lemma 4.2. If L is a linear discrete operator satisfying the conditions:

1) PL = L*P; (3)
2) LQ = QL™*; 4)
IIP+Q =1 (6)

where P, Q are orthogonal projections, and I is unit operator, then
o(L) = a(Ly) Va(ly),
where L; = PL, L, = LQ, o(L) is a spectrum of the operator L.

Lemma4.3. If
a) A% 0; )
b)PL = L*P; (3)
then for the Sturm - Liouville operator (1) — (6) we get
1) Ayp + Aga= A3y + Agy; (8)
A1p—A33\ _ A1p—Azp —— Azq—Aqy
2) ( Aq3 ) Y Az’
3) q(m —x) = q(x), g(x) = q(x). ©)
Moreover, operators L and L*take the following forms:
a)Ly = =y" + q(x)y, x € (0,m); )
y(0) + 22222 y1(0) + y(m) — M2y (m) = 0,
s (10)
212 y1(0) + y(n) + an LY (m) = 0.
A3
b) L*z = —z" + q(x)z, x € (0,7); °*
2(0) — 212214 71(0) — () — 22844 4/ () = o,
Ay +
w i (10)
Z(O) =32 ’(0) 2 Z’(n) =0.
Similar lemma holds with the projector Q.
Lemma4.4.If
a) Ay3# 0; (7)
6) LQ = QL™,
then for the Sturm - Liouville operator (1) - (6) we get
1) Ay + Aga= A3y + Agy; (8)
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D1o+A14\ _ [D12+D14)\ _ A3p+Az4
2) S S :

A13 A13 A13
3) q(m —x) = q(x), g(x) = q(x). 9)
In this case operators L and L* take the following forms:
a)Ly = —y" +q(x)y, x € (0,7); A A @)
{ y(0) +y(m) + 2= [y'(0) - y'(m)] =
13
Ay
y'(0) +y(m) + —y'(m) = 0;
5,7 O Y@+ 50y
b) Ltz =—-2z"+q(x)z, x € (0,7); Q)"

2(0) — z() — A“”“[ '(o> +2'(m)] = 0,

Z(O) _ A32 I(O) 12 I( ) — O

Lemma 4.5. If A;3# 0, and
a) PL =L*P,
b) LQ = QLY;

then the operators L and L* take the following forms:
Ly =—y" +qx)y, x € (0,7);
{ y(0) +y(m) + L2 [y'(0) ~y' (m] = 0,
A12y'(0) + Agzy(m) + Ay’ () = 0.

Ltz=-z"+qx)z x € (0,m);
{zm) — 2(m) - 2224 [2/(0) + 2/ (m)] = 0,
As,z'(0) + A13z(n) +A,z' () = 0;

where
1) q(r —x) = q(x);
2) q(x) = q(x),
3) (A12_A32) — A12_A32 — A34_A14 .

Ag3 A3 Az’
4) (A12+A14) — (A12+A14) — Azz+Azy
Ag3 Ag3 A3

Further, from the formula PL = L*P we note that the operator L, = PL maps from the subspace
H, = PH, where H = L?(0, ). Assuming
y(x) +y(r —x)
u(x) = Py(x) =

2 )

we have

ul(x) — y’(X) - :)27,(7-[ - X).

Then from Lemma 4.5 it follows that
A13u(0) + (A1 — A3x)u’(0) =0,

v(Q)=o
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Liu=—-u"+q)u, x € (0,%),
A13u(0) + (Agz — A32)u’(0) =0,
, [
w(3)=0
Similarly, assuming that

U(.X') — Z(x)_Z(TE_x)

z'(xX)+z' (m—x)

, weget v'(x) = 2

Then Lemma 4.5 implies that
T
L,y =—v" + q(x)v, X € (O, —),

{Elgv(o) — (B1z + 81)v'(0) =0,
A
v (E) = 0.

Due to the lemmas,

(A12 + A14) _ Ay + A,
A3 Az

therefore, the last boundary condition has the form
A13v(0) — (A1 + A14)v"(0) =0,
v (E) = 0.
2
Thus, the operators L; and L, take the following forms

Liu=—-u"+qx)u, x € (O,E),

{A13u(0) + (A2 — A3x)u’(0) =0,
(T
w(3)=0

L,y =—-v" + q(x)v, X € (O, z),

{Elgv(O) — Bz + B )v'(0) =0,
T
v(3)=0

A12—A3y Agp+A1g

and

13 13

From the condition (10) of the proved Theorem 3.1 it follows that
Az — 3= —(A12 + A14).
Assuming « = A3, f = Ay, — Az,, we rewrite the operators L, and L, as follows:

where are real quantities.

124 n
Liu=—-u"+q)u, x € (O'E)'
au(0) + pu'(0) =0,

v()-o
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s
L,v=—-v" +qx)v, x € (0, E)'
av(0) + Bv'(0) =0,

v(g) =0.

If a spectrum of the operator L is known, then by Lemma 2 spectra of the operators L, and L, are
known. It is obvious that they form Borg pair in the interval [O, g] By the Borg theorem spectra of these

two operators uniquely determine the Sturm - Liouville operator on the segment [0%] and due to the
formula q(x) = q(r — x) on the whole segment [0, 7z]. Theorem 3.1 is proved.

A.lL.Iannan6aes’, I'.U. Beiicenosa?, A.JK.Beiice6aena’, A.A.lllangandaesa*

Xanwixapansix Silkway yausepcureri, LlpmvkenT, Kasakcran;
24 AJiMaKTBIK QJIeyMETTiK-MHHOBAIMSIIBIK yHUBepcuTeTi, IlIbiMKkenT, Kazakcran;
3M.O.Ayes0B atbingarsl OHTYCTiK Kazakcran MemiekeTTik yausepeuteTi, IllbvkenT, Kazakcran
4XanbIKapanblk ryMaHHUTAPIIbIK-TEXHUKAIBIK YHUBEpCHTET, LlbiMkenT, Kasakcran

IHOTEHIUAJIBI CUMMETPUSIIBI, AJI ITEKAPAJIBIK INAPTTAPBI
AXKBIPAMAWTBIH HITYPM-JINYBAJLJT ONEPATOPBIHBIH KEPI ECEBI TYPAJIBI

AnHotanus. CHEKTPOJIiK aHAJIW3IIH Kepi €CEeNnTepi PETiHIC CHI3BIKTHIK OIEepaToOpibl, OHBIH CICKTPIIIIK
CHIMMIATTAPBl APKBUIBI KAJMBIHA KENTIPY ecenTepi TaHbUIamel. by OareiTra enmeyni Hotuekere, 1929 Kpuibl
B.A. AMGaprrymsiH Kou skeTKi3zi. On Keneci, TeopeMaHbl TJIeIIe/Ii.

Mpina,
—y" +q(x)y = 1y, (1.2)
y'(0) =0, y'(m) = 0; (1.2)
Mtypm-JlnyBuian — eceOiHIH ~ MEHIIIKTI  MOHAEpiH  Obuiail, g < Ay < A, < -+ Oenrijiedik, MYHAAFbI
q(x) —nerenimis, HaKThI opi y3iticci3 QyHKIwMs.
Erep

A, =n%(n=0,1,2,..) 6om1ca, onga q(x) = 0.

AMOapiyMsHHBIH Oyl eHOeriHIH MaHBI3bUIBIFbIHA aJIFAlll PeT KOHIUI ayJapFaH IBeJ MaTeMaTuri bopr emi.
Mrypm-JInyBumnain (1.1) Typingeri eTe MaHbI3abl OaWBIPFBI ONIEPATOPBIHBIH Kepi eceOiH CIeKTpi apKbUIbl KYieri,
9pi MakcaTThl TYpJE, aJiFalll pEeT 3epPTTEreH-/1e OChl aBTOP/IbIH 031.

bopr ©Oip cnekrpain IlItypm-JInyBuin omepaTOpblH —aHBIKTayFa Kbl OKarnaiga IKeTHeWTiHIH,al
AMOapIyMsSIHHBIH HOTHEXKECI COTTI Oip Ke3/eHCOKTHIK ekeHiH kepcerTi.Jlan con enberinzae, bopr ltypm-JInysusmn
OTIEpaTOPbIH €Ki CHEKTp apKbUIbl (SPTYpJll IIeKapaiblK HIapTTap OOMbIHIIA) OIpMOHII aHBIKTayFa OOJATHIHBIH
KepcerTi. [ie-mana, BoprTeiH eHOeriHeH CoH, Kepi ecenTep TEOPUsCHIHBIH MaHBI3IbI ecenTepin JIeBUHCOH 3epTTesi,
mbicanbl, erep q(m — x) = q(x) 6osca, onaa, IITypM-JIMyBULILIH, MbIHA,

=y +qx)y =2y, (1.1)

{Y'(O) — hy(0) =0,
y'(m) + hy(m) =0

OTIEPaTOPBIHBIH, Oip CIIEKTP apKbUIbL, OIpPMOH/II aHBIKTAJIATBIHBIH KOPCETTI.

By enbex AmOapuymsiH MeH JIeBUHCOHHBIH TeopeMajlapblH JaMBITYFa apHAJIFaH XKoHE 03 OOMbIHIA OJapabIH
TeopeMaJlapblH aJbII JKaThIp. byl eHOeKkTe MoTeHIHaIbl HAKTHI Y3IKCi3 opi CUMMETPHSUIBL, AN HIeKapalblK MIapTTapbl
oprapants! lITypm-JInyBuit onepaTtopblH, Oip CEKTp apKbUIbl, OipMoH/II aHBIKTayFa 00JIaThIHBI KepceTinai.3epTTey
omici OYpBIHFBI oicTepiH OopiHEH O3Telle,)KoHEe OJI OTepaTOPABIH MHBAPHAHTTHI il KEHICTIKTEPiHIH TyBIHAATKAH
CHMMETPHSICBIHA HETi3/IeIreH.

Tyiiin ce3gep: Urypm-JImyBmminiy omeparopsl, crektp, Ltypm-JlnyBminmin kepi ecebi, Boprreig
TeopeMachl, AMOapLIyMSIHHBIH TeopeMachl, JIeBUHCOHHBIH TeOopeMachl, OpTapanThl IIeKapalblK MIapTTap,
CHUMMETPHSIIBI MOTEHINAJ, MHBAPHAHTTHI IMIKCHICTIKTEpi, AUPQPEpeHIHNIIK omepaTopiap, Kepi CHEeKTpanmi
ecenrep.

(1.3)
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A. K. BeiicebaeBa®, A.A.lllanxanbaepa’

"Mesxnynapoansiit yausepcuter Silkway, IlIsivkent, Kasaxcran;
24PernoHanbHbI COLMAILHO-HHHOBAMOHHEIN yHUBepcuteT, IlbMkent, KazaxcTan;
3l0xmno0-Kaszaxcranckuit [ocyapcTBenHbIi yauBepeuter uM.M.AyesoBa, llIsivkent, Kasaxcran;
“Mesk 1y HapoIHBIH I'yMaHUTApHO — TEXHUYECKUH yHUuBepcHTeT, [lIbMkenT, Kaszaxcran

OBPATHAS 3AJJAYA OIIEPATOPA IITYPMA-JINYBUJLJISA
C HEPA3/JIEJIEHHBIMUN KPAEBBIMH YCJIOBUSIMHA
N CUMMETPUYHBIM TOTEHIIMAJIOM

AnHoranms. [log oOpaTHBIMH 3agadaMH CIIEKTPaJbHOTO aHAIHW3a IOHMMAlOT 3aJayd BOCCTaHOBJICHHS
JMHEWHOTo orepaTopa MO TeM HIN HHBIM €ro CIIEKTPAIbHBIM XapakTepucTHKaM. [1epBblii CyIecTBEHHBIH pe3yIbTaT
B 9TOM HaIpaBjcHUU ObLT otydeH B 1929 roxy B.A. AmOapiymsHoMm. OH J1oka3all ClIeAYIOIIy0 TeOpeMy.

O603HaunM uepe3 4, < A; < A, < --- coOcTBeHHbIE 3HaueHus 3agaun Lltypma-Jlnysuis

=y +q(x)y =1y, (11)
y'(0) =0, y'(m) = 0; (1.2)
rae q(x) — neiictBurenbHas HenpepbiBHas GpyHKuust. Ecin
A, =n?(n=0,1,2,..) 10 q(x) = 0.

[lepBbIM W3 MaTeMaTHKOB, KTO OOpaTWJ BHHMaHHE Ha Ba)XHOCTh 3TOTO pe3ysbTaTa AmOapuymsHa, ObUI
mBeACKMH MareMaTHK bopr. OH jke BBINOJHWI IIEPBOE CHUCTEMaTHYECKOE HCCICIOBAHHE ONHOM M3 BayKHBIX
0o0paTHBIX 3ajad, a UIMEHHO, 0OpaTHOM 3ama4m Ais Kiaccudeckoro omepatopa lItypma-JInysumns suma (1.1) mo
criekTpaM. bopr mokasai, 4yTo B 00IIeM cilydae oIuH criekTp oneparopa llItypM-JInyBuiuis ero He onpenenser, Tak
4TO pe3ysibTaT AMOapiyMsiHa sIBJISETCS UCKIIOUEHHEM M3 o01ero npasuia. B Toii ke pabore bopr noka3ssiBaer, uTo
nBa crekTpa oneparopa Ltypma-JInyBuinis (IpH pa3IUUHBIX TPAaHUYHBIX YCIOBHUIX) OJHO3HAYHO €r0 OMNPEAEIISIOT.
Tounee, bopr gokazain ciaeayrlly TeOpemy.

Teopema Bopra.

Ilycts ypaBHEHMS

-y +q(x)y = 2y,
—z" +p(x)z = Az,
UMEIOT OJIMHAKOBBIM CIIEKTP IPH KPAEBBIX YCIOBHAX

{00’(0) +py'(0) =0,
yy(m) + 6y’ () = 0;
nu HpI/I KpaeBBIX yCHOBI/IﬂX

{ ay(0) + By'(0) =0,
y'y(m +6'y'(m) = 0.
Toraa q(x) = p(x) nmouru Bcroay Ha otpeske [0, 7], eciu

§-8" =0, [8] +[6'] > 0.
Bcekope mocne pabotel Bopra BakHBIE HCCIENOBaHMS MO TEOPHH OOPATHBIX 3aa4 ObUIM BBITOJIHEHBI
JIeBMHCOHOM, B YaCTHOCTH, MM JI0Ka3aHo, 4to eciu q (1 — x) = q(x), To oneparop LlIrypma-JIuyBusis

-y +qx)y =2y, (1.1)

{y’(O) —hy(0) =0,

Y/ () + hy(m) = 0 (1.3)

BOCCTaHABJIMBAETCS 110 OZJTHOMY CHEKTDY.

OOparHble 3amaun i TUQQepeHIMaNbHBIX  OMEpaToOpoB €  PAaCNaJAIOIIUMUCST KPACBBIMH  YCIOBHSIMHU
JOCTATOYHO TIOJIHO H3y4eHbl. bBosee TpynmHble oOpaTHele 3amaud st omeparopos llrtypma-JlnyBwmis c
HepasJeJeHHBIMI KpacBbIMH YCIOBHSMH TAaKKe H3y4aluch. B 4YacTHOCTH, IepHOAMYEcKas KpaeBas 3axada
paccMmatpuBaiack B psge pabor. 1. B. CrankeBHY NpeUIOKWI TOCTAHOBKY OOpaTHOW 3ajadd M JOKa3al
COOTBETCTBYIOIIYIO TEOPEMY €ANHCTBEHHOCTH.

Hactosmas pabota mocBsmena oOoOmeHmio TeopeM AmOapiymsHa U JIeBHHCOHa, B YacTHOCTH, HaIlIH
pe3yIbTaThl COAEpXKAT B cede pe3ynbTaThl 3THX aBTOpoB. B paboTte qoka3aHa TeopemMa eIMHCTBEHHOCTH, ITO OJHOMY
crekTpy s omneparopa lltypma-JImyBuins ¢ Hepa3leNeHHbBIMH KpPaeBbIMH YCIOBUSMH, BEIIECTBEHHBIM
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HENpPEepbIBHBIM U CUMMETPUYHBIM IOTEHIMAIOM. MeToJ| MCCleOBaHHs OTIMYaeTCs OT BCEX paHee HM3BECTHBIX
METOJIOB U OCHOBAH Ha BHYTPEHHEW CUMMETPUH OIEepPaTopa, MOPOKISHHOTO HHBAPUAHTHBIMH TIOAIIPOCTPAHCTBAMH.

OTMeTHM, YTO pacCMaTpUBacMbli HAMH OIEPATOP SIBJISICTCS HECAMOCONPSDKCHHBIM, XOTS TMOTCHIIHAI
BEIICCTBECHHBIN ¥ CHMMETPUYHBINA, 3TOT MOMEHT UTPacT CYNICCTBEHHYIO POJIb JUIs HAIIEr0 METOZa, W00 MBI 4Yepe3
orepaTopa M €ro CONPSHKEHHOTO CTPOMM TMapy omeparopoB bopra.  JIpyrue aBTOpBI HCHOJB3YIOT METON
otobOpaxxenuit JleOeH30Ha.

KiaroueBsie caoBa: omnepatop Iltypma-JInyemiuis, crekTp, oOparHas 3amada [ltypma-JInmyBmmis, Teopema
Bopra, Teopema AmOapiymsiHa, Teopema JICBHHCOHA, HepasJelCHHBIC KpPaeBhIe YCIOBHS, CUMMETPHYHBIN
MOTEHIUAT, UHBAPHAHTHBIE MOIPOCTPAHCTRA, Au(PepeHIaTbHBIE ONIePaTOPhl, 00pATHBIE CIIEKTPAILHBIC 3aa4H.
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