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General description of the work

Relevance of the topic. Let us denote by L (q,«, ) the following Sturm-

Liouville boundary value problem

—y" +q(@)y=py =Ny, x€(0,7), neC, (0.1)
y(0)cosa+ 1y (0)sina =0, a € (0,7], (0.2)
y(m)cosB+y' (m)sinf =0, B €(0,m), (0.3)

where the potential ¢ is a real-valued, summable function on [0, 7] (we write ¢ €
L, [0, 7).

By L (g, «, ) we also denote the self-adjoint operator generated by the problem
(0.1)-(0.3) in Hilbert space L? [0, 7] (see [1, 2]). It is well-known, that the spectrum
of L (g, «, ) is discrete and consists of real, simple eigenvalues (see [1, 2, 3]), which
we denote by un (¢,a, ), n=0,1,2,..., emphasizing the dependence on ¢, o and
5. We assume that eigenvalues p,, are enumerated in increasing order:

IJ’O(qvavﬂ) < p1 (Q7a35) < - <;U"n(qaavﬁ) <....

Let ¢ (z, u, ) and ¥ (z, u, 8) be the solutions of (0.1), satisfying the initial condi-
tions

0 (0, u, ) = sina, ¢’ (0, u, ) = — cos a, (0.4)

’l/)(TF,,U/,B):SiHB7 ¢/(7Taﬂvﬁ):_cosﬁ' (05)
It is easy to see that the functions p, (x) := p(z, un, @) and ¥, (z) =¥ (x, pn, ) ,

n = 0,1,2,..., are the eigenfunctions corresponding to the eigenvalue p,. The

squares of the L? norms of these eigenfunctions:

sy

Up = Qn (q»oﬁﬂ) = /@EL ({E) dx, by, ="by ((Laaﬁ) = /wi (iL') dz, (06)
0

0

are called norming constants.

The existence, countability and asymptotic formulae for the eigenvalues, asymp-
totic formulae for the norming constants, completeness of the eigenfunctions in
L? [0, 7], convergence of expansion for eigenfunctions for various classes of func-

tions, which are the ingredients of the direct Sturm-Liouville problem, have been



studied since the mid-19th and early 20th century (see [4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17]) and have received a fairly complete form at the end of
20th century thanks to the works of Titchmarsh, Levitan, Marchenko and others
in those case when ¢ € L3 [0,7], sina # 0, sin3 # 0 and o = 7, 8 = 0 (see
18, 19, 2, 20, 21, 22, 23, 3]).

Inverse Sturm-Liouville problems originates from one work of Ambarzumian (dated

1929), where the following uniqueness theorem was proved:

il z) =n2,n>0, then g(x) =0 a.e.

Theorem 1 (/24]) If the eigenvalues puiy, (q, 5

on (0,7).

The first, who pointed out the importance of the result of Ambarzumian, was
Swedish mathematician Goéran Borg. He showed [25] that Ambarzumian’s result is
an exception from the “rule” - one spectrum does not determine a Sturm-Liouville
operator. In the same paper, Borg showed that two spectra of a Sturm-Liouville
operator (for different boundary conditions) determine it uniquely.

In 1950 Marchenko, using transformation operators (for arbitrary Sturm-Liouville
equations constructed by Povzner [26]), proved that the so-called spectral function
determines the operator uniquely (see [27, 22]). In the case of regular operator
(defined on a finite interval for summable potential) the spectral function is defined
by two sequences - eigenvalues and the norming constants.

Other types of uniqueness theorems were studied by Levinson ([28]), Hochstadt
and Lieberman ([29]), Isaacson and Trubowitz ([30]), McLaughlin and Rundell
([31]), McLaughlin ([32]), Harutyunyan ([33]) and others.

In 1951 in their fundamental work [34] Gelfand and Levitan succeeded in giving
an efficient algorithm for constructive solution of inverse Sturm-Liouville problem
through the spectral function for twice differentiable potential. In the case of regular
operator their result provides necessary and sufficient conditions for two sequences
{pn},—y and {an},—,, to be the spectrum and the norming constants of a problem
L(g,a, 8), a, 8 € (0,7), respectively. Afterwards this result was generalized (for
more general classes of potentials and for different types of given spectral data) by
descendants of Gelfand and Levitan and by other mathematicians (see [19, 35, 36,
37] and the references therein).

Another interesting approach for studying inverse Sturm-Liouville problems was
suggested by E. Trubowitz and his colleagues (see [30, 38, 39, 36]). This approach
is connected with the description of all problems of the form (0.1)—(0.3) that have



the same spectrum (also called isospectrality problem). One of the main ingredients
here is the classical Darboux transformation [40, 41], which allows authors in [30, 38]
to reduce the problem of the form (0.1)—(0.3) (sina # 0, sin 8 # 0) to the equation
of the form (0.1) with the Dirichlet boundary conditions (y (0) = 0, y(7) = 0)
(Dirichlet problem). The whole book [36] is devoted to the study of the Dirichlet
problem. Some aspects of this approach were also studied for the case sina = 0,
sinf#0 (a=m, € (0,7)) (see [39, 42, 43]).

In 1997, Jodeit and Levitan (see [44]) suggested to use Gelfand-Levitan equation
(see [34]) and transformation operators (see [26]) to deal with isospectrality problem.
They themselves solved the isospectrality problem (explicit formulas are given for
parameters determining boundary conditions, implicit formula is given for potential)
under assumptions ¢’ € L3 [0, 7] and sina # 0, sin 8 # 0 (o, 8 € (0,7)) , with some
remarks for the other cases at the end of the paper [44].

The recent research, especially in the theory of inverse Sturm-Liouville problems,
shows that, in addition to such classical problems as vibrations of strings (see [45,
46, 47, 48, 49, 50, 51]), Schrodinger equation in quantum mechanics (see [52, 53, 54])
and Korteweg-de Vries equation in the theory of nonlinear waves (see [55, 40, 56]),
Sturm-Liouville problems arise in the theory of plasma dynamics (see [57]), in the
biomedical engineering (see [58]) and in many other branches of applied sciences.

Objectives. Despite the extensive study in the field of the inverse Sturm-
Liouville problems, to our knowledge, so far, the necessary and sufficient condi-
tions for the sequences {y,},—, and {a,},., to be the spectrum and the norming
constants for the problem L (q,, 3) (analogously for L (g, «,0)) with ¢ € L4 [0, 7]
have not been found, which in particularly means that the constructive solution of
the inverse Sturm-Liouville problem in this case is not given. Our primary goal
within the thesis is to find these conditions and provide an efficient algorithm for
the constructive solution of the inverse problem. With this purpose, in the thesis

the following problems, also having separate interest, are studied.

1) Uniform convergence of the expansion of an absolutely continuous function
for eigenfunctions of the Sturm-Liouville problems L (¢, 7, 3), 8 € (0,7) and
L(g,,0), a € (0,7), with summable potential ¢ € L} [0, 7] ;

2) Asymptotic formula for the eigenvalues of the problem L (¢, 7, 3), with ¢ €
L [0,7] and B € (0,7);

3) Asymptotic formulae for the norming constants of the problem L (g, «, ),
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with ¢ € L} [0, 7] and (o, B) € (0, 7] x [0,7);
4) Riesz basicity of the systems {cos /i, }%, and {sin \/fi,x}5, in L?[0,7];

5) Derivation of an analogue of the Gelfand-Levitan equation for our case o = T,
q € Ly [0,7];

6) Existence and uniqueness of the solution of this Gelfand-Levitan equation as
well as reconstruction of the function ¢ (i.e. the reconstruction of differential

equation) and the boundary conditions.

Besides, the dependence of the zeros of eigenfunctions of Sturm-Liouville problem
on the parameters determining the boundary conditions is studied in the thesis.

Research methods. Methods of entire and meromorphic functions, methods
of the theory of series, methods of differential and integral equations, as well as
methods of functional analysis are used to obtain the results of the thesis.

Scientific novelty. All results of the thesis are new.

Theoretical and practical value. The results of the thesis have a theoretical
value and can be applied in some direct and inverse Sturm-Liouville problems.

Approbation of the results. The main results of the thesis have been presented
at the scientific seminars of the chair of “Differential Equations” at the Yerevan
State University, at the scientific seminars of the department of “Differential and
Integral Equations” and Young Scientists Council of the Institute of Mathematics
of National Academy of Sciences of RA, at the international conferences “Harmonic
Analysis and Approximations, V” (Tsaghkadzor, Armenia, 2011), “Mathematics
in Armenia: Advances and Perspectives” (Tsaghkadzor, Armenia, 2013), “The IV
International Conference of the Georgian Mathematical Union” (Thilisi-Batumi,
Georgia, 2013) and at the annual sessions of Armenian Mathematical Union (Yere-
van, Armenia, 2012, 2013, 2015).

Publications. On the topic of the thesis 5 scientific articles and 6 abstracts of
the conferences talks have been published, the list of which is provided at the end
of the synopsis.

Structure and volume of the thesis. The thesis is exposed on 85 pages. It
is comprised of Introduction, 3 Chapters divided into 9 Sections, Conclusion, Ac-
knowledgments, Bibliography, consisting of 94 items, and the author’s publications
on the topic of the thesis (see [Art1-Art5] and [Absl-Abs6]).



The main content of the thesis

In Section 1.1 of Chapter 1 of the thesis we investigate the uniform convergence of
the expansion of an absolutely continuous function for eigenfunctions of the Sturm-

Liouville problems. Namely, we prove the following two theorems:

Theorem 2 Let g € L [0,7], a =7, B € (0,7) and f be an absolutely continuous
function on [0,7]. Then for arbitrary a € (0, )

lim max
N—o00 z€(a,n|

N
f (@) - Z Cnon (2)
n=0

:Qcngi/f@¢n@ﬁ7 (0.7)
0

where o (2) = @ (z, pin (¢, 7, 8) , ) = ¢ (@, pin, T) -

Theorem 3 Let g€ L [0,7], a € (0,7), B=0 and f be an absolutely continuous
function on [0,7]. Then for arbitrary b € (0, )

lim max
N—o00 z€]0,b]

N
f (@) — Z cnpn ()
n=0

:Q%:%/fw%@@ (0.8)

where op, () = ¢ (2, 1y, (¢, @, 0) , ) .

These results are used to obtain new, more precise asymptotic formulae for the
eigenvalues of the problem L (q,,3), with ¢ € L§ [0,7] and 8 € (0,7) and for
the norming constants of the problem L (q,a, 3), with ¢ € L% [0,7] and (a, 8) €
(0, 7] x [0,7) . Section 1.2 and Section 1.3 of Chapter 1 are devoted to the study of
these problems. Before formulation of the results let us recall some concepts and
results that will be used further.

In the paper [59] Harutyunyan, while studying the dependence of the eigenval-
ues on parameters a and § determining the boundary conditions (0.2) and (0.3),

introduced the concept of the function of §, (a, 8), which is defined by the formula

bn (0, 8) = V/jin (0,0,8) =1 = A (0,0, 8) =2 (0.5, 5 ), n 22, (0.9)

and proved that —1 < §,, (o, ) < 1 and it is a solution of the following transcen-

dental equation:

1 COoS (v
0 = — arccos -

T (n+6)?sin? o + cos?

1
— — arccos cos B . (0.10)
™

\/(n +0)*sin® B + cos? 8




In the thesis (see Section 2.4 of Chapter 2) we prove that the equation (0.10) has
a unique solution for each fixed n =ng > 2, a = ag € (0,7, 3 =By € [0,7).
The next theorem, proved by Harutyunyan in [60], gives more precise estimate of

the remainder term in the asymptotic formulae for eigenvalues.

Theorem 4 ([60]) Let g € L [0, 7] and let A2 (q,«, B) = pin (g, v, B) . Then

(a) The asymptotic relation (n — 00)

/\n (Q7a7/8) = TL—F(S” (aaﬂ)+2(71_’_([5(]7}(06/6;))+ln (Q7aa/8)+0 (TL12> ) (011)

U

holds, where [q] = 1/q (t) dt,
T
0

/q )cos2(n+ 0, (o, B)) zdx, a € (0,7),
0

ln(q7aaﬁ): (n+5

and

In(g,m B) = /q cos2 (n+ 6, (m, ) xdz.  (0.12)

Com (n+6

1

The estimate O ( ) of the remainder in (0.11) is uniform in all o, 8 € [0, 7],
n?

and ¢ € BLy [0,7] (here and below BLY [0, 7] stands for bounded subsets of

Lg [0,7]).
(b) For o, B € (0,7) and for the case « = mw, 8 = 0 the function l, defined by the
formula
() = I (g0, B)sin(n + 6, (o, B)) z, (0.13)
n=2

is absolutely continuous on arbitrary segment [a,b] C (0,27), that is | €

AC (0,27) .

The proof of the Theorem 4 does not cover the case « = w, 8 € (0,7) . In Section
1.2 of Chapter 1 using Theorem 2 we handle this case and prove the following

theorem:



Theorem 5 The function [, defined by the formula

= Zln (q,ﬂ',ﬂ)Sin<n+6n(ﬂ-7/B))‘T

is absolutely continuous on arbitrary segment [a,b] C (0,27), i.e. Il € AC(0,27).
In Section 1.3 of Chapter 1 of the thesis the following two theorems are proved.

Theorem 6 Let ¢ € Li [0,7]. For norming constants a, and b, the following
asymptotic formulae hold (when n — 00):

_ I 2511 (Q7a7ﬁ) r sin2a

(@) =3 [1+W[n+5(a,ﬁ)]+ ] !
23n(£]7a75>

2[n + 6, (cv, B))° [ +7T[”+5(0¢75)]

™

+ Fn] cos®a, (0.14)

by (¢,0,8) = = {1 + m —i—pn] sin? B+
7T 25y (%O‘HB) ~ ] 2
e e e T B
where
Sn = 8n (¢, 0, B) = %/ (m—1t)q(t)sin2[n+ d, (o, 8)] tdt, (0.15)
0

1 1
rn =1mn(q,a,8) =0 (n2> and 7, = 7y (g, , 8) = O <n?) (the same estimate is

true for p, and py), when n — oo, uniformly in o, B € [0, 7] and ¢ € BLg [0, 7].

Theorem 7 The function s, defined by the formula

s(z) = n; % cos (n+ 6, (a, B)) = (0.16)

(a) is absolutely continuous on arbitrary segment [a,b] C (0,27), for both o, 8 €
(0,7) and a =m, 8 =0;

(b) is absolutely continuous on [0,2x], for a ==, B € (0,7).

9



In Section 1.4 of Chapter 1 we investigate the Riesz basicity of the systems
{cos A\, (g, @, )2}y and {sin\, (¢, a, B)z}2, in L?[0, 7] and prove the follow-
ing two theorems:

Theorem 8 The system of functions {cos A, (¢,a, )z}~ is a Riesz basis in
L2[0,7] for each triple (q,c, B) € L [0, 7] x (0,7] x [0,7), except one case: when
a =m, B =0, the system {cos\, (¢,7,0)x} .~ is not a basis, but the system
{cos Az} U {cos A, (¢,m,0)z}or, is a Riesz basis in L?[0,7], where A\* # A2 for
everyn =0,1,2,....
Theorem 9 1. Let o, 8 € (0,7). Then the systems
(a) {sin Az}, , if there is no zeros among A, = Ay, (¢, 0, 8), n =10,1,2, ...
(i.e. in this case we “throw away” sin Aoz ),
(b) {sin /\nm}Z":Bl U{sin Az}, 115 if Anp (¢, 8) = 0 (we “throw away”
sin A,z =0)

are Riesz bases in L? [0, ).

2. Leta=m, B € (0,7) ora € (0,7), f=0. Then the systems
(a) {sin Nz}, , if there is no zeros among Ay, = A\, (¢, ), n =10,1,2,...,
(b) {sin Az}t U {} U {sin AnZIopii1s if Ang =0
are Riesz bases in L2 [0, ).
3. Let a =m, B =0. The answer is the same as in case 2.

In Section 2.1 of Chapter 2 of the thesis we derive an analogue of the Gelfand-
Levitan equation for the case ¢ € L% [0,7], o = m, B € (0,7). Transformation

(transmutation) operators play an important role here.

Theorem 10 (/37]) For the function ¢ (x, u, ) the following representation holds

xT
in \ in \ in \t
o (o) = ([+P) 2020 SMAT / Pz, t) 222 g, (0.17)
A A A
0

where P (x,t), 0 <t <z <, is a real continuous function with the same smooth-
x

ness as /q(t)dt, and
0

x

P(z,z) = %/q(t)dt7 P(z,0) =0. (0.18)
0
10



The proof of the Theorem 10 was given for the case ¢ € L% [0, 7] (see [37]), but
it can be easily done for the case ¢ € L}, [0, 7], without any significant changes.

Let us now consider the function

> 1 sin A,z sin A\t
Flet)=) (a \ P
n:0 n n n

1 sin A\, (0,7, 8) x sin A, (0,7, 3)t
Can(0,mB8) A (0,1 B) A (0, f)

> . (0.19)

where {\, },~, and {a,} -, are two sequences satisfying some asymptotic relations
(see Theorem 12 below).

It is proved in the same Section 2.1, that F'(z,t) is a continuous function in

d
{[0, 7] x [0, 7]} \ {(7, )} and %F (z,x) € L (0,7) . Further, the following theorem
is proved:

Theorem 11 For each fized x € (0,7, the kernel P (x,t) of the transformation

operator (see (0.17)) satisfies the following linear integral equation

x

P (xz,t) +F(x,t)+/P(x,s)F(s,t)ds: 0,0<t<ux, (0.20)
0

which is also called Gelfand-Levitan equation.

In Section 2.2 of Chapter 2 the following four lemmas, which provide the solution

of the inverse Sturm-Liouville problem, are proved.

Lemma 1 For each fized x € (0, 7], equation (0.20) has a unique solution P (x,-)
in L2 [0, ).

Let us define

sin Ax sin At d
o (00) = 9 (200) == S04 [P 0) 2t (@)= 24P (a2).

0

Lemma 2 The following relations hold
= (@, 1) + 4 (2) n (@, 1) = ppr (x, 1) , (0.21)

©r (0,1) =0, ¢ (0, 1) = 1. (0.22)

11



Lemma 3 The following relation holds

7 0, n+#k,
/ P (k) o (E, pin) dt = (0.23)
o an, n=E%k.

Lemma 4 For alln,m >0

! /
P (T fin) . (7, ftm) = const. (0.24)

Cr (T, pin) e (T, )
Thus, the following result holds:

Theorem 12 For two real sequences {fi}, - and {a,}, -, to be the spectrum and
the mnorming constants of a problem L (q,m, (), with ¢ € L [0,7] and some 3 €
(0,7), it is necessary and sufficient that the following relations hold:

c

Mzkn:n+5n(ﬂaﬁ)+m+lm /~Ln7é,um (n#m), (025)
T 28,
T 2+ 0, (1 B)) (1 M (w,ﬁ))) » an >0, (0.26)

1
where ¢ is a constant, the remainders l, = o <> (when n — oo) are such that,
n

the function
1(t) = Z lpsin (n+ 8y, (m,B))t (0.27)
n=2
is absolutely continuous on arbitrary segment [a,b] C (0,27) (we will write | €
AC (0,27) ) and the remainders s, = o (1) (whenn — o0) are such that, the function

s(t) = ; #’m cos (n + 6, (1, 8)) ¢ (0.28)

is absolutely continuous on [0,27] (we will write s € AC [0, 2] ).

In Section 3.1 of Chapter 3 we study the dependence of the zeros of eigenfunc-
tions of Sturm-Liouville problem on the parameters that determining the boundary
conditions. As a corollary, we obtain Sturm oscillation theorem (for ¢ € L} [0, 7]).

Theorem 13 Let g € L} [0,7]. Then the eigenfunctions of the problem L (q,c, j3)
corresponding to the n-th eigenvalue p, (¢, o, 8), n = 0,1,2,..., have exactly n
zeros in (0,7). All these zeros are simple. If « = m and 8 = 0, then the n-th
eigenfunction has n + 2 zeros in [0,7], and if either a« = w, B € (0,7) or B =0,

a € (0,7), then the n-th eigenfunction has n+ 1 zeros in [0,7].

12
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WuoenNenry

Wiphbwhununipyud hhdbwlwh wpnymbpbtipp htplyw @ GO

1)

5)

6)

7)

8)

9)

{pnto o u{an},—, huenpnulubnpmbitph hwiwp upugdwd bh wihpudboy
U pudupup wuydwbbbp, npnig nhwpnid dpwbp hwinhuwimd to L (g, 7, 8) ,
q € Ly[0,7] W npuk B € (0,7) hubnph ubthwiwd wpdbiplip b Gnpiuwnpnn
hwuunpniatitip;

Wyugnigqwd £ pugwpdwl waptnhwyp $mahghuyh pup Sypmipd-Lhnwhih
L(qg,mpB), p € (0,m) u L(q,,0), a € (0,7) pulinhpiibph ubithwlwl $nby-
ghwitiph ytpinonipgyubd hwjuwuwpwswth gniquipypnipynip hwbpugndwptih
wnptiighwh ntiypnud;

Uypugqud t L (¢, 7, 8) , ¢ € Ly [0, 7] b § € (0,7) pubnph utithwlwd wpdtipltiph
wybh dognhyp wuhduygnupujut putwals;

Uyugqud b L (g, a, B), ¢ € L [0,7] U (o, B) € (0, 7] x [0,7) fubgph Gnpuiw-
Ynpnn hwupugpniitiph Gnp b wyth dpgphyp wupdupypnupujut pubwabibp;

Stpugnpud t {cos Ay, (¢, @, )2} U {sin A, (¢, &, 8)2}52, hwdwlupglph
pwqhunipyniiip puyp chuh L2 [0, 7] pwpwdnipniind;

Uypugyuwd t Qtppwln-Luhypwih hwjuwuwpndp o = 7, ¢ € L [0, 7] nlwpnud;

Uwugmgyuwd b dhpdwin-Luhpuih hwjwuwpdwd (o =7, g € L [0,7]) ind-
dwh gnynipyniip b dhwimpjmbp;

Ltipuyugqwd b Sypmpd-Lhnwjhih L (g, 7, ), ¢ € Lg [0,7], 8 € (0,7) pubnph
Jbpwuwighiwbd wpymbwybtig wignphpy;

NFunudtwuhpywd £ Sypnipd-Lhnughih tigpughtt juinph utithwut $nbyghwbtinh
qnnitiph JupnrJwodnieynbp tqpuyhtt yuydwbbtpp npnonn yuwpwdtppbphg: Op-
whtu htypliwbp upugdud E Sypnipdh oughjjwghwih phinptdp (¢ € L [0, 7]-h
hwdwp):
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3akJIroueHue

OcHoBHBIMUI pe3ysibraTaMu JuCCepTranuu ABJIAIOTCHA:

1)

2)

6)

7)

8)

IMony4enbr HEOOXOAUMbIE M JOCTATOYHBIE YCJIOBUS HA MOCJIEI0BATEIHLHOCTH
{pn}o—om{an},—y, IDH KOTOPBIX OHH SABJISIOTCS COOCTBEHHBIME 3HATEHUSIME
¥ HOPMHPOBOYHBIME MOCTOSTHHBIMA Kpaesoii 3anaau L (¢, 7, 3), ¢ € L [0, 7]

u Hekoropoii 3 € (0,7);

Jloka3zaHa paBHOMEpHasi CXOIUMOCTH PA3JIOKeHUsi abCOTIOTHO HENpPepPbIBHON
dyukuuu 1o cobersennbiv Gynkuusam 3agaau rypma-Jluysunis L (g, 7, 5) ,
B e (0,m)nL(g,,0),ac (0,7)ccymmnpyempim norennuaiom q € L [0, 7]

IMony4ena Gojee TOUHAA ACHMITOTHYCCKad (pOPMYJIa JJsd COOCTBEHHBIX 3Ha-
wennit 3anaan L (¢,7,8), g € Ly [0,7], u B € (0,7);

[Tonyvenst HOBBIE, OOJIEE TOUHBIE ACHMITOTHYIECKUE (DOPMYJIBL JJisi HOPMUPO-

BOYHBIX NMOCTOSHHBIX 3a1a4u L (¢, o, 8) , ¢ € L [0,7) u (o, B) € (0,7] x [0,7) ;

Nsygena 6asucnocrts no Puccy cucrem dynknmii {cos A, (¢, o, Bz}, u

{sin \,, (¢, @, )2}, B mpocrpanctse L? [0, 7] ;
Homyueno ypasnenue Lenbdana-Jlesurana nua ciyuas o = m, ¢ € L [0, 7]

JlokazaHbI CyIIECTBOBAHNE U €IMHCTBEHHOCTD pellieHns ypapHenus L'enbdamnia-

Jleswrana B caydae o =, q € L [0, 7] ;

IIpencrasien 3¢ddekTUBHBIN aaropuT™M BOCCTaHOBIEHUS 3ada4u Typma-
‘HI/IyBH'H'H;I L (Q77ra 6) yq € L]lR [Oa 7(] ’ /6 € (Ovﬂ-) ;

WN3yuena 3aBucuMoCThb HyJIeil cOOCTBeHHBIX yHKIMIA Kpaesoit 3agauu [lTypma-
JInyBuIg OT mapaMerpoB, ONPEIENSIONMX KpaeBbie yciaoBus. B kadecTse

csieicTBUs 1oy dena reopema octpiianuu Ilrypma (agis ciyyas g € L]%{ [0, 7]).
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