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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 15 < 4; < 1, < -+- the eigenvalues of the Sturm - Liouville problem

=y +qx)y =2y, (1.1)
y'(0) =0, y'(m) = 0; (1.2)
where q(x) is a real continuous function. If
A, =n*(n=0,1,2,..) 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"+qx)y =2y,
—z" +p(x)z = Az,
have the same spectrum under boundary conditions
{00’(0) + By'(0) =0,
yy(@) + 8y'(m) = 0;
and under boundary conditions
{ ay(0) + py'(0) =0,
y'y(@) + 8"y’ () = 0.
Then q(x) = p(x) almost everywhere on the segment [0, ] if
6-6"=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(m — x) = q(x), then the Sturm-Liouville operator

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

— § —
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(O -1y =0 13

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, x€(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 I. 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(n) = y'(m) + dy(m) — by(0) = 0.

Later similar results were obtained in [9]. In [10], the case when the potential is ¢ — symmetric with
respect to the middle of the interval, that is, ¢(x) = q( — 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 15 < 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 q(m — x) = q(x), then the Sturm — Liouville operator
=y +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 = L?(0, ) we consider the Sturm - Liouville operator:
Ly =—y" +qx)y, x € (0,m); (1)
{ally(o) + ay3y'(0) + ay3y(m) + a4y’ () =0, @)
az1Y(0) + az;y'(0) + az3y(m) + azyy'(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:
_ (a11 a;; %13 a14)
- a;q az», azs A4 )"
Assume that A;3# 0, then the Sturm - Liouville operator (1) — (6) takes the following form:
Ly = =y" +q(x)y, x € (0,m); (1)
A13y(0) — A3,y'(0) — Ay’ () = 0, /
' e — 2)
A1,y'(0) + A3y () + A1y' () = 0,
and its conjugate operator Lt takes the form
Ltz=-2z"+q(x)z, x € (0,m); (DF

(B2 - B’ O) - K ) =0 o
A34Z,(0) + A13Z(7T) + A14Z,(T[) = 0
Let P and Q be projections, defined by the formulas
_ u()+u(mr—x) _ v(x)-v(r—-x)

Pu(x) = —=—F—, Qu(x) =——F—
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) A= —Agy; (5)

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

—_— ]
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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)
HIP+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)
3)P+Q =1; (6)

where P, Q are orthogonal projections, and [ is unit operator, then
a(L) = o(Ly) Ua(Ly),
where L; = PL, L, = LQ, o(L) is a spectrum of the operator L.
Lemma 4.3. If

a) A13;t 0; (7)
b)PL = L*P; 3)
then for the Sturm - Liouville operator (1) — (6') we get
1) A1z + A14= A3 + Azy; (®)
A1p—A33Y\ _ A1p—Azp —— Azq4—Aq4
2) ( Aq3 ) Y Az’
3)q(m—x) =q(x), q(x) = q(x). )
Moreover, operators L and L*take the following forms:
a) Ly =-y" +q(x)y, x € (0,7); (1)
y(0) + 22y (0) + y(m) — 42y (m) = 0,
(10)
812 1(0) + y(m) + 22y () = 0.
13 13
b)Ltz=—-2z"+q(x)z, x € (0,7); (H*
2(0) = H2247/(0) — 2(m) - ME2 7/ () = 0,
A A 13 (10)+
Z(O) 32 I(O) 812 ZI(T[) — 0
Similar lemma holds with the projector Q.
Lemma 4.4. If
a) Ay3# 0; (7
6) LQ = QLY,
then for the Sturm - Liouville operator (1) — (6') we get

1) A1z + A14= B35 + A3y; (®)
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D1p+A14\ _ [D12+D14)\ _ A3p+Az4
2)( Aqz )_( Mgz )_ Az
3) q(m —x) = q(x), §(x) = q(x).
In this case operators L and L* take the following forms:

a)Ly = —y" +q(x)y, x € (0,m);

AVE!

)

(M

{ Y (©0) 4y + 227852 1oy iy = o,

Ay,
A1 (0)+y(ﬂ)+A—13y( m) = 0;

b) Ltz =—2z"+q(x)z, x € (0,m);

2(0) — z(x) — A“”“[ '(0) + 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 = QL™;
then the operators L and L* take the following forms:
Ly =—y" 4+ q(x)y, x € (0,m);

{ y(0) +y(m) + 222y (0) — y' ()] = 0,

A1,y'(0) + A3y (m) + Ay’ () = 0.

Ltz=-z"+qx)z x € (0,m);

{zm) — 2(m) = 2224 [2/(0) + 2/ ()] = 0,

A3,2'(0) + A13Z(7T) + Ag,2' () = 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,
H; = PH, where H = L?(0, ). Assuming
y(x) +y(m —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 — Azx)u’(0) =0,

v()=o

("

= PL maps from the subspace
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Liu=—-u"+q)u, x € (O,g),
A13u(0) + (A12 — A32)u'(0) =0,
(T
w(3) =0
Similarly, assuming that

v(x) _ z(x)—z(n—x)

z' () +z' (m—x)

, we get v'(x) = 2

Then Lemma 4.5 implies that
s
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 + Ay
A3 Az

therefore, the last boundary condition has the form
{A13v(0) — (A2 +414)v'(0) =0,

n
v (E) = 0.
Thus, the operators L, and L, take the following forms

/[
Liu=—-u"+q()u, X € (0,—),
A13u(0) + (AIZ - A32)u,(0) = 0,

v)-o
2

s

Lyy=—-v"+qx)v, xE€ (0, —),

{Elgvm) — Bz + B )v'(0) =0,
T
v(3)=0

Ajp—A A +A
127032 0 d 212

where 1% are real quantities.

13 13

From the condition (10) of the proved Theorem 3.1 it follows that
A1y = Azp= —(A13 + Ag4).
Assuming @ = Aq3, f§ = Ay, — Az,, we rewrite the operators L, and L, as follows:
T
——— —
Liu=—-u"+qx)u, X € (0, 2),
au(0) + pu'(0) =0,
T
(ZY = -
u (2) =0;
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T
L,v=—v" +qx)v, x € (0, E)'
av(0) + pv'(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 g(x) = q(r — x) on the whole segment [0, ]. Theorem 3.1 is proved.

A.ll.Iannan6aes!, I'.U. BeiicenoBa’, A.JK.Beiiceaena’, A.A.lllaxiandaesa’

"Xaneikapansix Silkway yausepcureri, Illsmvkent, Kazakcran;
24 AJIMaKTBIK QIIeyMeTTIK-MHHOBANMSUIBIK YHUBepcuTeTi, [lIpiMkenT, Kazakcran;
3M.0.Aye3sos ateramars OnTycTik Kazakcran memieketTik yausepenteri, Ilsmvkent, Kaszakcran
“XabIKapanblK TyMaHUTAPIIBIK-TEXHAKAIBIK YHUBEpcuTeT, IllsiMkenT, Kazakcran

INOTEHIHUAJIBI CUMMETPUSJIIBI, AJI ITEKAPAJIBIK INAPTTAPBI
AXKBIPAMAWTBIH HITYPM-JINY BULJT ONEPATOPBIHBIH KEPI ECEBI TYPAJIBI

Annoranus. CHEKTPONIiK aHAJIW3MIH Kepi ecenTepi PETiHIE CHI3BIKTHIK OIepaTopibl, OHBIH CICKTPIIIIK
CHIMTIATTAPBl APKBUIBI KANMBIHA KENTIPY ecemnTepi TaHbUIanel. by OareiTta enmeyni Hotuexkere, 1929 Kpuibl
B.A. AMGapirymsiH KoJ skeTKi3zi. On kemneci, TeopeMaHbl ToJIeIeIi.

MeiHa,
—y" +qx)y = Ay, (1.1)
y'(0) =0, y'(m) =0; (1.2)
typm-JlnyBunan — eceOiHiH — MEHIIIKTI  MOHAepiH  Obuiail, g < Ay < A, < -+ Oenriedik, MYHAAFbI
q(x) —nerenimis, HaKTHI opi y3imiccis GpyHKIHS.
Erep

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

AmOapiyMsiHHBIH OyJ1 eHOeriHIH MaHBI3IbUIBIFbIHA ajFalll PeT KOHUI ayJapFaH LIBel MareMaruri bopr eni.
Mrypm-JInyBunnain (1.1) Typingeri eTe MaHbI3bl OAHBIPFBI OMEPATOPBIHBIH Kepi ece0iH CIeKTPi apKbUIbl XKYHeli,
9pi MakcaTThl TYPJE, allFalll pET 3ePTTEreH-JIe OChI aBTOP/IbIH O31.

bopr ©Oip cnekrpain Iltypm-JInyBuin omepaTopblH aHBIKTayFa JKallbl OKarnaiga IKeTHeWTiHiH,an
AMOapIyMsSIHHBIH HOTHEXKECI COTTI Oip Ke3[eHCOKTHIK ekeHin kepcerti.Jlon con enberinae, bopr ltypm-JIuysumn
OIEpaTOphIH €Ki CHEKTp apKbUIbl (SPTYpJll IIeKapajblK LIapTTap OOMbIHIIA) OipMOHII aHBIKTayFa OOJATHIHBIH
KepcerTi. lne-mana, BoprTeiH eHOeriHeH CoH, Kepi ecenTep TEOpUsICHIHBIH MaHbI3IbI ecenTepin JIeBUHCOH 3epTTei,
mbicanbl, erep q(m — x) = q(x) 6osca, onza, IlTypM-JIMyBUILILIH, MbIHA,

-y" +qx)y = 1y, (1.1)

y'(0) — hy(0) =0,
{y’(n) +hy(m) =0 (1.3)

OIEPaTOPBIHBIH, Oip CIIEKTP apKbUIbL, OIPMOH/Ii AHBIKTAJIATBIHBIH KOPCETTI.

By enbex AmOapuymsH MeH JIeBUHCOHHBIH TeOpeMajlapblH JaMBITYFa apHAIIFaH JKoHE 03 OOMbIHIA OJapabIH
TeopeMaJlapblH aJIbII JKaThIp. byl eHOeKkTe moTeHIHaIbl HAKThI Y3IKCi3 opi CUMMETPHSIIBL, AN HIEKapablK MIapTTapbl
oprapanrts! ITypm-JInyBuiu onepaTtopbit, 6ip CEKTp apKbUIbI, OipMoHII aHBIKTayFa OOJIaTBIHEI KepceTini.3epTrey
omici OYpBIHFBI oficTepiH OSpiHEH O3Telle,)KoHe OJI OTepaTOPABIH MHBAPHAHTTHI il KEHICTIKTEPiHIH TyBIHIATKAH
CHUMMETPHSCHIHA HET13/IeIreH.

Tyiiin ce3gep: Urypm-JlmyBmwminig omeparopsl, crektp, Ltypm-JlmyBmmnmin xepi ecebi, Boprreig
TeopeMachl, AMOapLyMsSHHBIH TeopeMachl, JIeBUHCOHHBIH TeopeMachl, OpTapanThl IIEeKapaJlblK MIapTTap,
CUMMETPHSUIBI MMOTEHIMAJ, HWHBAPHAHTTHI IMIKCHICTIKTEPl, Mu(GEepEeHIMaIIIK  omepaTtopiap, Kepi CHCKTPAIIi
ecernrep.
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OBPATHASA 3AJAYA OIIEPATOPA IITYPMA-JINYBUJLJISA
C HEPA3/JIEJIEHHBIMUN KPAEBBIMH YCJIOBUSIMUA
U CUMMETPUYHbBIM TOTEHIIMAJIOM

Annotanusi. [lox oOpaTHBIMM 3aja4aMH  CHEKTPAJbHOTO aHajiM3a MOHMMAIOT 3aJaddl BOCCTAHOBIICHUS
JUHEWHOTO OIepaTopa IO TEM WJIM WHBIM €r0 CHEeKTPAIbHBIM XapaKTepucTHKaM. [1epBbIif CyIeCTBeHHBINH pe3yIbTaT
B 3TOM HaIpaBicHur ObuT noyueH B 1929 rogy B.A. Ambapiymsaom. OH Jtoka3all ClIeAYIOIIYI0 TeOpeMY.

O6o3HaunM gepe3 4 < 4; < A, < -+ coOcTBeHHBIE 3HaUeHUs 3anaun Ltypma-JInysuis

—y" +q(x)y =21y, (1.1)
y'(0) =0, y'(m) =0; (1.2)
rae q(x) — neiictBurenbHas HenpepbiBHas GpyHkuus. Ecin
A, =n?(n=0,1,2,..) 10 q(x) =0.

IlepBpIM W3 MaTEeMaTHKOB, KTO OOpaTHJ BHUMAaHHE Ha BaXKHOCTh JITOTO pe3ynbraTa AmOapiyMmsHa, ObLI
mBenckuii maremMatuk bopr. OH jke BBINOJIHHWI IEPBOE CHCTEMATHYECKOE HCCIEAOBAaHHE OJHOW M3 Ba)KHBIX
0o0paTHBIX 3ajad, a UMEHHO, 0OpaTHOM 3ama4m A Kiaccuyeckoro omepatopa lItypma-JInysmmns suma (1.1) mo
cnekTpaM. bopr mokasai, yTo B 00IIeM cirydae onuH ciekTp omneparopa Ltypm-JlmyBumis ero He onpenenser, Tak
YTO pe3ysbTaT AMOapiyMsiHa ABJISCTCSA HCKIIIOYCHUEM 13 001ero mpaBuia. B Toi sxe paboTe bopr moka3ssiBaet, 4To
JBa cnektpa oneparopa Lltypma-JInyBuwiis (IpH pa3IUUHBIX TPAaHUYHBIX YCIOBHUSIX) OJHO3HAYHO €r0 ONPEAEIISIOT.
Tounee, bopr gokazain ciaeaymoILy0 TEOpeEMYy.

Teopema Bopra.

Ilycts ypaBHEeHMs

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

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

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

6-6'=0, [5]+[8'] > 0.
Bckope mnociie paboTel bopra BakHble HCCICIOBaHHS IO TEOPHH OOPATHBIX 3a1a4 ObUIM BBIOJIHEHBI
JIeBHHCOHOM, B YaCTHOCTH, MM JI0Ka3aHo, 4to eciu q(m — x) = q(x), To oneparop LlItypma-JIuyBusuis
-y +qx)y =2y, (1.1)
{J"(O) —hy(0) =0, (1.3)
y'(m) + hy(m) =0 '
BOCCTAaHABJIMBAETCS 110 OJJHOMY CHEKTpY.

OOpatHble 3amaud sl AUGQEepeHIUATbHBIX OIEPaTOPOB C PpACHaJalOIMMUCI KPACBBIMH  YCIIOBHSIMHU
JIOCTATOYHO TMOJHO u3y4yeHbl. bojee TpyaHble oOparHble 3amauu aast onepatopoB Lltypma-JluyBusis ¢
Hepa3/eICeHHBIMUA KPAaeBbIMH YCJIOBHSIMH TaKXKe HU3Y4ajinch. B YaCcTHOCTH, MNEpHOAMYECKas KpaeBas 3ajada
paccMmatpuBanack B psge pabor. M. B. CraHkeBHY NpeUIOKWI TOCTAHOBKY OOpaTHOW 3amayd M JOKa3all
COOTBETCTBYIOLIYIO TEOPEMY €THHCTBEHHOCTH.

Hactosimas pabota mocBsmeHna oOoOmeHnio TteopeM AmOapiymsHa U JIeBHHCOHa, B YacTHOCTH, HaIlIH
pe3yJbTaThl coJiepKaT B cede pe3ysbTaThl 3THX aBTOPOB. B paboTe 0kazaHa TeopeMa eMHCTBEHHOCTH, 110 OJJHOMY
crnektpy s omneparopa lltypma-JImyBuinss ¢ Hepa3leNE€HHbBIMU KpPaeBbIMH YCIOBUSAMH, BEIIECTBEHHBIM
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HENpPepbIBHBIM U CUMMETPUYHBIM IOTEHIUAIOM. METoJ| MCCIeIOBaHHUs OTIMYAeTCs OT BCEX paHee HM3BECTHBIX
METOJIOB U OCHOBAH Ha BHYTPEHHEW CUMMETPUH OIEePaTopa, MOPOKISHHOIO HHBAPUAHTHBIMH TOAIIPOCTPAHCTBAMH.

OTMeTHM, 4YTO pacCMaTpUBAaEMbIi HAMH OIEPATOP SIBJISCTCS HECAMOCOMPSDKCHHBIM, XOTS MOTCHIIHMAI
BEIIICCTBEHHBIN M CHMMETPHYHBIN, 3TOT MOMEHT UIpaeT CYIICCTBEHHYIO POJIb JUIS HAIIEro METojaa, MO0 MBI Yepe3
orepaTopa M €ro CONPSHKEHHOTO CTPOMM Tmapy omeparopoB bopra.  [Ipyrue aBTOpBI HCHOJB3YIOT METON
otoOpaxkenuii JlenOeH30Ha.

KuaroueBsie caoBa: omnepatop lltypma-Jlnyemmis, cnektp, oOparHas 3amada Lltypma-JInmyBuuis, Teopema
Bopra, Teopema AmOapiymsiHa, Teopema JIeBHHCOHA, HEpa3[CclCHHBIC KpPaeBhIe YCIOBHS, CHUMMETPHYHBIN
MOTEHIUAN, UHBAPUAHTHBIE MOIIPOCTPAHCTBA, AU PepeHIaTbHBIC ONIePaTOPhl, 00PATHBIC CIIEKTPAILHbBIC 33 a4H.
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