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Summary. Investigation of real signals is one of the most important applied areas of mathematics.
According to their properties, signals are quite diverse, and methods of their research are different as well. Among
this diversity, periodic signals with variable period make up a significant proportion. Till present, no attention
was paid to the theory of such signals. In this paper, we define periodic functions with variable period, which are
the model of these signals. Some properties of the variable period are considered. Examples of the analytical
formulation of functions with variable period in the form of trigonometric functions with variable period are given
and their variable periods are recorded. It is pointed out that these functions can be used as basic ones for
constructing orthogonal system of trigonometric functions with variable period and its use for constructing
Fourier series of functions with variable period.
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Statement of the problem. One of the most important applied areas of mathematics
is the investigation of real signals. By their nature, the properties of signals are quite
diverse, accordingly, the methods of their research are also different. Among this diversity,
periodic signals, the period of which is considered to be constant, make up a significant
proportion. The model of periodic signals is the periodic functions for which their theory,
known as the theory of Fourier series, is constructed and used to investigate real periodic
signals.

However, in addition to signals with a constant period, signals that are somewhat similar
to periodic ones are encountered in applied research. The signal values are repeated, but the
period of repetition is no longer constant, but changes in a certain way. We will call such signals
periodic signals with variable period. A vivid example of such signals are the well-known
electrocardiograms obtained during or after the patient's body is exposed to physical activity
(or other «resting» stimulus). Ambulance sirens and air alarm sirens also have variable period.

How to investigate the variable period signals? The review of the literature sources
shows that, no attention was paid to the issues of their theory.

It is shown by practice that in order to obtain satisfactory results in this area, it is
reasonable to use time-tested approach, the essence of which is reduced to the «model-
algorithm-program» triad. According to this approach, at the first stage of the triad, the signal
model is substantiated (in our case, the model of periodic signals with variable period), at the
second stage, analytical methods and algorithms for its investigation (analysis) are developed,
and at the third stage, the corresponding software is created.

Analysis of the available results. The first significant steps in the investigation of
signals with variable periods have been made. Thus, in paper [1] for the first time, the class of
periodic functions with variable period, which can be used as the model of corresponding
signals was introduced. Examples of trigonometric functions with variable period are given in
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paper [2], and orthogonal system of trigonometric functions witha variable period is written on
this basis of [3, 4]. Later, a number of other results of the theory of periodic functions with
variable period and their application to the solution of applied problems were obtained.

The objective of the paper is to review the main results of the theory of periodic
functions with variable period and to outline the ways of further research.

Presentation of the material. The fundamental step in the investigation of periodic
signals with variable period is the substantiation of their model. Such model was introduced in
paper [1] in the form of periodic functions with variable period.

Definition 1. Function f(X), Xe |l c R, is called periodic function with variable
period, if there is differentiable function T(X)>0 such that for all X e | such that
X+T(X)e | , the equality is

f(x)=f(x+T(x)). 1)

Function T(X) is called variable period.

It follows from (1) that at T(X) =T =const function f is periodic with period T in
the usual sense.
Example of variable period T(X) graph is shown in Figure 1. At point X, , the period

of function f (X) is T (Xl), so the values of the function at points X; and X; +T(X1) are equal
to f(Xl): f(xl +T(X1)). At point X,, the period is the number T(Xz). The figure shows

that the periods at points X; and X, are different. For comparison, the constant period
T =const is also shown in Figure.

1 7(x) R=T(x,)
R=T(x,) h

N

4\\T = consst
e T(x,)| \ \

T'(x,) \\ |

| | T
0 xl x1 + T(x1) xz x-.’ + T(xl)

X
>

Figure 1. Variable period T (X) its values at points X; and X, and the corresponding points X; + T (Xl) and

Xy + T (X2 ) where the function values are repeated. For comparison, the constant period T = cONnst

Variable period T_(x). Let is note that for periodic function g(X) with period T,
the equality is

g(x)=g(x+T)=g(x-T).

ISSN 2522-4433. Bicuux THTY, Ne 1 (113), 2024 https://doi.org/10.33108/visnyk_tntu2024.01 ..............ceeereeeeeeereeereeeerenee 47



Periodic functions with variable period — basic concepts and certain investigation results

For function f(x) with  variable period T(X), the same equality

f(x)= f(x+T(x))= f(x—T(x)) does not hold in general. Therefore, in order to find the
point located one period to the left of X, where the value of the function is repeated, it is

necessary to introduce another variable period T_(x), such that we must introduce another
variable period, such as

f(x)= f(x=T (x)).
You can make sure that the ratio is fulfiled for variable periods T (X) and T~ (x):

T(x)=T (x+T(x)),

T-(x)=T(x=T"(x)).

Properties of the variable period T (X) Function T (X) as variable period of function
f (X) should satisfy certain conditions. As mentioned in the definition, it must be continuous.
It is also easy to show that its derivative must be greater than —1: T '(X) > —1. Indeed, since
X+ AX > X, then for the corresponding points X +T(X) and X+ AX+T (X +AX), taken
through  the  period, the inequality = X+AX+T (X + AX) >X+T (X) or
T (X + AX) =T (x)>—AX should also be fulfilled. It follows from the last inequality that
T(x+Ax)-T(x)

AX
derivative the inequality or must also hold for the corresponding points and, taken at intervals.
The last inequality implies that. At the limit transition, we obtain that for a variable period its
derivative

> —1. At the limit transition, we get that for variable period T(X) Is its

T'(x)>-1 xel. @)

It can be seen from (2) that when period T(X) decreases at certain intervals, this
decrease should be slower than the decrease of function y(x):—x. In some cases, the

properties of the variable period T (X) can be specified.

Analytical definition of periodic functions with variable period. The simplest periodic
functions with variable period that can be defined analytically are trigonometric functions

sin x%, cos X%, tgx*, ctgx®, x e I =[0,0), @ > 0.

At o =1 we get the usual trigonometric functions. The restriction on argument X is
caused by the fact that at X <0, depending on whether parameter ¢, is even or odd, the

domain of the definition / is specified. For even « , the domainis [ = [O,OO), forodd « , the

domain is / = (— 00, OO). In order not to discuss this every time, we assume that the domain is

12[0,00).
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3
Example 1: Function fl(x)zsin XA (thick line) and for comparison function
fz(x): sin X (thin line). Are shown in Figure 2.

gy |
Figure 2. Function T,(X)=sin x4 (thick line), f,(X)=Ssin X (thin line)

3
Analyzing the graphs, it can be seen that function f (X) =sin XA «stretchesy as the
argument increases, that is, its period increases. Two periodic oscillations fit into the interval
[0,30] for this function, and more than four oscillations fit into the same interval for function

sin X.
4
Example 2: For the case when « > 1, Figure 3 shows function f,(x) = sin X3 (thick
line) and function fz(x) =Sin X (thin line). It is evident from the figure that as the argument

increases, the function «compressesy, that is, the period decreases. If sinusoid fz(X) =sin X

4
on interval [0,15] makes more than two periodic oscillations, then fl(x) =sin XA includes
more than five and a half oscillations.

4y .
Figure 3. Graphs of function: fl(X) =sin x/3 (thick line); f2 (X) =SIN X (thin line)

Variable periods of sinusoidal functions. Considering examples of periodic functions
3 4
with variable period f,(x)= sin XA and f,(x)=sin XA , visual analysis of the patterns of
changes in their periods was carried out. Let us consider the problem of what are the analytical
expressions of the periods of this kind of functions. Let us show what happens
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Periodic functions with variable period — basic concepts and certain investigation results

Lemma. Variable periods of functions sin x* and €0S X%, X>0,a >0, are
defined by the following formulas:

T(X)=—X+(Xa+272'>%‘,xe[0,00), (3a)

T‘(x):x—(x“ —2;;)%, XE[T(O),OO):[(Zﬂ-)%z,oo)_ (3b)

Proof. To prove (3a), we write down the condition for the periodicity of function
sin x“, x > 0, taking into account that the period of sinusoidal functions is 2 :

sin (x +T(x))* =sin (x“ + 27r).

Equating the arguments of this equality, we get

(x+T(x))" =x* +2x.
If the right and left sides of this equality are raised to power % , we have

X+T(x)= (x“ + Zﬁ)%‘ . Hence, we obtain expression (3a):
T(x)=—x+(x“+27r)%‘,XE[0,oo). Ba)

Let us note that at point X = O the period is

T(0)=(27)"%. (4)

Similarly, we obtain formula (3b) of variable period T ~ (X) To do this, let's write down
the condition for the periodicity of function sin x“ for the case when its argument decreases:

sin (x —T_(x))a = sin (x“ —~ 272').

The arguments for this equality should coincide, i.e.
(x —T‘(x))a =x%-2rx.

Raising the right and left parts of this expression to power %[, we get

X—T ’(x) = (x"‘ — ZE)%‘ . From the last equality, we have that the period is

T_(x):x—(x"‘ —Zﬂ)%‘, Xe[T(O),oo)z[(Zﬂ)%f,oo). (3b)
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About the interval of determination of the period T ~(x). Let us consider why,
unlike interval | =[0,00) where functions sin x*, cos x* and period T (x) are defined, for

period T ~(x) its determination domain is interval | = [T (0),o0)= [(Zﬁ)%t,oo).
If we consider the condition of periodicity for function sin x“, cos x*, x > 0, as the
argument decreases, i.e., move along axis OX from right to left in steps equal to period T ‘(x),

then we can get to the left boundary point of the interval | = [O, oo), i.e., to point X =0, from

point x =T(0) = (27[)%!. Indeed, taking into account (4b) and equality (4), at point X = T(O)
period is

T-(1(0))=T(0)- (T (0)" —27[)%" ~T(0)- (27 - 27)« =T(0).

If we move with the same length steps T_(x) from all other points of interval
[O,T(O)), we will go outside interval | = [O,OO), that is, we will leave the area of definition

of functionssin x“, cos x“ . From the above mentioned considerations, it turns out that for period
T(x), its area of definition is interval | = [T (0),0), which is reflected in formula (4 b).

Verification of lemma statements. The statement that for functions Sin X and
cos X% their periods are expressed by formulas (4a) and (4b) is easily verified. For example,
p p y y p

for function sin X we have
sin (x + T (x))" = sin ((x e (x 2%))%)“ _
=sin ((x“ ¥ 27[)%‘)a = sin (x* + 27)=sin x“.
The same function Sin X“ is repeated after period T ~(x):
s (k=T (0] ~sin (x-x+ (e - 22 ] -
=sin ((x“ - 277)%)& = sin (x* — 27 )=sin x*.

Similar equalities are checked for function €0S X“ .
For functions tgx“, ctgx®, variable periods are expressed by formulas:

T(X):—X-F(Xa—l—ﬁ)%’,XE[0,00), CEY
T_(X):X—(Xa—ﬂ)%‘,Xe[T(O),oo):[n'%‘,ooj. (5 b)
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Periodic functions with variable period — basic concepts and certain investigation results

Examples of variable periods of sinusoidal functions.
Example 3. Let's write the variable periods for the functions given in examples 1 and

3
2. Based on (3a) for function sin XA , their variable period is

4

3 %
T, (x)= —x+(xA + Zﬂj , X €[0,).
%
Taking into account (3b) and value T(0) = (27:)% ~11.594 , the variable period is

Ty, (x)= X—(x% - 2”)%’ x > (27)% ~11.504 .

Graphs of these periods are shown in Figure 4. For comparison, period T =27z of

function sin X is also given. It can be seen from the figure that period T (X) increases with the

increase of the argument, which confirms the previously expressed considerations while
analyzing the graphs in Figure 2. The calculation of the period values for specific points also

shows its growth. So at point X = 0 of the period value T(O) ~11.594 for x = 30 the period
is much larger T(30) ~ 21.062 . Period T ~(x) decreases with the argument decreases

Tr)

10 1

{ 11 20 A0

3
Figure 4. Variable periods for function sin XA: T% (x), x>0 (graph 1); T;(x), x> (27[)% ~11.594
4

(graph 2). For comparison period T = 2 for function SN X (graph 3)

4
Example 4. For function f(x)= sin XA, X > 0, its variable periods are determined
by formulas

T%(x)= X—(X% —Zﬂj%, X ZTy(O):(Z/[)% ~3.968.

3
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The graphs of the periods are shown in Figure 5. Unlike the previous case, here period
T% (X) decreases with the argument growth. If, for example, for X =0 period is

Ty(O)z 3.968 , then at point X =15 period is T7 (15)=1.873. On the contrary, period
3 3

T& (x), x> (27[)% ~ 3.968 increases as the argument decreases.
3

()

10 15

1

/(X) X = 0 (graph 1);

0

o

Figure 5. Period variables for function sin X

T, (x) x= (27)%4 ~3.968 (graph 2)

3

Correlation between trigonometric functions with constant and variable periods.

From formulas (3a) and (3b), which are the variable periods of functions Sin X“ and cos x*
in the partial case when a=1, we have T(X)=-x+(x+27)= 27,

T (x)=x—(x-27)= 27, that is, we obtain the periods of the functions sin x and cos x
. Similarly, from formulas (5a) and (5b), we obtain that for ¢ =1 the values of periods
T (X) =—-X+ (X + 72') =7, T (Xx)=x—(x—7)=7, which are the periods of functions
tgx and czgx. From these results, it can be seen that the periods of trigonometric functions

sin x, COS X, tgx, ctgx, are partial case of variable periods for functions sin x“, cos x*,
tgx“, ctgx® at a = 1. Thus, functions SIN x, COS X, tgx, ctgx are partial case of functions
sin x“, cos x“, tgx“, ctgx“

It should be noted that in the notation of variable periods, sometimes we will add index
o, ie. instead of T(X) and T~ (x) we will use notation T,,(x) and T (x), indicating that

the period depends on the power index < .

Historical reference about the lack of scientific researches concerning the theory of
periodic signals with variable period.

1. The above references were made only to single papers, which usually raises certain
reservations, which can be summarized in the words: «Have the issues of the theory of signals
and functions with variable period been considered anywhere else?».

The author of this paper has been and is almost always asked similar questions and
doubts at conferences and scientific seminars. These questions could be followed by the
opponents, own views, among which, for some reason, the question and answer often sounded:
«Aren't almost periodic functions one of the types of periodic functions with variable period?»
In private discussions, one could also hear: «What is a variable period?», «Can period be
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variable?», Didn't we even have the terms variable period, periodic functions with variable
period? There were also other statements, all of which I cannot recall.

2. The string oscillation dispute. To answer the above mentioned questions, we
analyzed the literature, going back to the time of the famous problem known as the «string
oscillation disput». The best mathematicians of Europe at the time (the middle of the eighteenth
century, when the theory of mechanical vibrations was emerging) took part in the dispute. These
were |. Bernoulli (1667-1748), Taylor (1685-1731), D. Bernoulli (1700-1782), and
D'Alembert (1717-1783), Euler (1707-1783), Lagrange (1736-1813), and others. The dispute
was about the concept of the function, the arbitrary function. The mathematicians, especially
D'Alembert and Euler, differed on these terms. The essence of this disagreement, as presented
by Luzin [6, p. 38] or, for example, Fichtenholz [8, pp. 430-432], is as follows.

In order for a string with length |, to vibrate and thus generate a certain sound, first it
must be deflected from its equilibrium position and be given certain shape in the form of

«arbitrary function» UO(X). What is arbitrary function? For D’Alembert, “arbitrary

function» Uo(x) was «arbitrary analytical expression» written on the interval [O,l] with

only one formula. For Euler, the function could be even «arbitrarily drawn curvey, i.e., it
could be defined graphically. At the same time, Euler did not require that the curve could be

defined over the entire interval [0,|] by single analytical expression. Which is broader or

narrower? This question has led to the longstanding debate.

The discussion did not end there [9, p. 440, 441]. D. Bernoulli (1753) came up with a new
solution to the problem. Based on physical considerations and proceeding from the fact that the
sound of the string is formed by main tone and infinite number of overtones (an overtone
[from German ober — high and Latin tonus — sound] is a component tone of the main sound that
has higher frequency of oscillation than the main sound), he concluded that the vibrations of
the string consisted of infinite number of different vibrations. Therefore, the shape of the string
is formed by superimposing sinusoids (corresponding to different overtones), the periods of
which decrease inversely with the natural numbers. In this case, the image of «arbitrary

function UO(X)» is represented by the equation
. X . 2X . NX
uo(x):alsm I—+a23|n I—+...+anS|n |—+ 6

In this way, Bernoulli came to the fundamental discovery, arguing [5, p. 178; 6, pp. 41—
43] that any function can be expanded into trigonometric series, later called the Fourier series.

But both D’ Alembert and Euler rejected Bernoulli’s proposal. The main objection against
Bernoulli was the lack of the rule for calculating the coefficients of trigonometric series (6).

The question of whether the analytical expression or curve is broader or narrower
remained unresolved until the publication of J. Fourie’s (1768-1830) papper on the theory of
thermal conductivity (1822). He providedthea formula for determining the coefficients in
Bernoulli series:

|
a, = 1 [ug(x)sin nxdx, n=1,2,...,
7l

which was immediately called «Fourier coefficientsy.
In general, as noted in [9, p. 452], Fourier showed that functions of a fairly wide class,
including those determined in different parts by different analytical expressions, i.e.,
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«discontinuous» according to Euler, can be represented on any finite interval by trigonometric
series, i.e., analytically.
Fourier series are periodic functions. Following the modern representation, the

Fourier series of function f(x), X € [0,T], can be written in the following form

a > ) a > i
%+ > a, cos kay X + b, sin koyx =-2+ > a, cos w X +b, sin v, X, 7
k=1 2

2r _ 27 9" . :
where @, =? is main frequency, ko, = k7=a)k are multiples of frequencies that

: T . . . .
correspond to periods 7', = E . It can be seen that since for each term of series (7), in addition

to the main period E the period is also number 7', the Fourier series is the periodic function

with period T'. We have not found any works that deal with Fourier series with variable
period.

Thus, as can be seen from the history of the famous «string oscillation dispute», when
two extremely important issues were initiated and partially resolved — the formation of the
concept of the function and the expansion (representation) of the function in the form of Fourier
series, as well as from all subsequent works, for example, [11-14], where various issues of
Fourier series are considered, the existence of periodic functions with a variable period is
not even mentioned.

3. Almost periodic functions. A separate branch of the Fourier series is almost
periodic functions [11], i.e., functions that have the form of Fourier series, but among the
sinusoidal terms of the series there are at least two terms whose “frequency arguments” are in
irrational ratio. We are not talking about periodicity with variable period here either.

4. Exceptional examples of functions with variable period. In the literature, there are
cases when, considering certain questions of the theory, functions with variable period «occur.

.1
Such, for example, are functionsin —, Chebyshov polynomials of the first kind
X

T (x)=cos (narccos x), xe[-11], n>3. and function sin 1 is considered as an
X

example of discontinuous function at point x = 0. Chebyshev polynomials are one of the

systems of classical orthogonal polynomials. There is no information about the variable period

of these functions in the literature. Note that in the following papers, we plan to consider some

of the properties of these functions from the point of view of periodic functions with variable

period.

Based on the search for investigations on the topic under consideration, it is clear that
neither the famous «dispute» over the concept of function nor the theory of Fourier series, which
are periodic functions, contains any mention of periodic functions with variable period. This is
the reason to assert that the issues of the theory of periodic functions with variable period
were first introduced in the works of the author of this article.

Conclusions. It is emphasized in tthis paper that in addition to periodic signals, the
period of which is considered constant without any reservations, in practice there are signals
for which periodicity is observed, but the period after which their values are repeated is no
longer constant, but changes in a certain way. In-depth analysis of the literature has shown that
no theory or analytical methods for studying such signals have existed until recently. It is
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pointed out that the first studies of signals with variable period were initiated in the works of
the author of this paper. Some of the main results of these studies are presented, in particular:

a) The class of periodic functions with variable period T(X) is defined, some properties of

variable period are considered, and variable period T _(x) Is introduced for the case when the
function argument is decreasing; b) Examples of the analytical formulation of such functions

in the form of trigonometric functions with variable period sin x“, cos x*, tgx“, ctgx®
a>1, o #1, are given, and their variable periods are written. It is shown that the periods of
trigonometric functions sin x, COS X, tgx, ctgx, are partial case of variable periods for
functions sin x“, cos x“, tgx“, ctgx”, at a =1, and hence functions Sin x, COS X,
tgx, ctgx are partial case of functions sin x“, cos x*, tgx“, ctzgx®. The existence of

functions sin x“, cos x* raises the question of their use as basic functions to obtain

trigonometric system of functions with variable period and, in the case of its orthogonality, to
consider the construction of Fourier series of functions with variable period. It is planned to
consider these issues in the following publications.
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YAK 517.51

NEPIOJUYHI ®YHKIIII 31 3SMIHHUM IEPIOAOM - OCHOBHI
HOHATTA TA AEAKI PE3YJbBTATH IX JOCJIKEHHA

MuxkoJia Ilpuiimax

Tepnoninbcokuu HayionanrbHuu mexHivHuu ynigepcumem imeni leana Ilynios,
Tepnonins, Ykpaina

Pezrome. OOHUM 13 8AHCTUBUX NPUKTIAOHUX HANPIMKIE MAMEMAMUKU € OOCTIONCEHHS. PeaIbHUX CUCHANIG. 3a
CBOIMU BTIACMUBOCAMU CUSHATU OYBAIOMb OOCUMb DISHOMAHIMHUMU, BIONOBIOHO PI3HUMU € I MEMOOU IX O0CTIOHCEHHSL.
Ceped yvoco pisHomanimms 3HauHy 00MO CKAA0A0OMb NEPIOOUYHI CUCHANU, alle NPU YboMYy Nepiood, uepe3 AKuil ix
SHAYEHHS NOBMOPIOIOMbCSL, 8HCE HE € NOCMIIHUM, A NeGHUM YUHOM 3MIHIOEMbCA. SICKpasuM NPUKIA0OM MAKUX CUSHATIB
€ eneKmpoxapoiocpam, OMpUMaHi nid yac uu nicis Oii Ha OPeaHizm TTOOUHU NE6HO20 30YOHUKA CNOKOI0, HANPUKIAO,
@izuunoeo Hasammadcenns. Ha inmepeanax uacy, npomsicoM SKUX RYJIbC HPUXOOUMb Yy «HOPMY», Nepiod
enexkmpoxapoioepamu  3minoemocs.  11odionoo 0o  enexkmpoxapoiocpamu 6y0e NoeediHKa CHIpozpamu, medxnc
ompumanoi nicis Oii HABAHMAICEHHS YU THUL020 30)OHUKA NCUXOPi3uyHo2o cmany atoounu. Tlpuknaou ananoziunux
CUCHATIB MOJICHA MAKOIC Hagecmu 13 6a2amvox mexHiyHux cucmem. Ananiz rimepamypHux 0dxcepeil NoKasye, wo s
mMakoeo pooy cueHanie 6yob Kol meopii ma aHAIMUYHUX Memooi8 X 00CIIONCeHHs: 00 HEOABHIX NIp He ICHY8ao.
Brazyemwcsa, wo nepuii 0ocniodcenns cuenanie 3i 3MiHHUM NePIOO0OM 3an0YamMKO8AHI 8 POOOMax asmopa yiei cmammi.
Haeeoeno Oesiki 3 ochognux pezyromamie yux docniodcens. Hatinepwie, susnaueno xnac nepioouynux @yHxyitl 3i

SMIHHUM NepioooM T(X) Posenanymo oesxi eracmusocmi 3MinHO20 Nepiody, a MaKo’c 66€0eHO 3MIHHUL nepioo
T _(X) 0ns 6unaoky, Koau apeymenm @Qyukyii cnadae. Hagseoeno npuxiadu aHamimuuHozo 3a0a6aHHS MAKUX
Qynkyiti y euensoi mpuconomempuunx Qynkyiti 3i swinnum nepiodom SN X%, cos x*, '[gXa, ctgx “
a> 1, = 1, ma sanucano ix 3miHHI nepioou. I[lokasano, wo nepioou MpUCOHOMEMPUUHUX QYHKYIT
Sin X, COS X, th, CIgX € uacmumHum 6UnaokoM 3MIHHUX nepiodie Ons @yHKyiil sin x*, cos X,
tha, ctgx “ npu O = 1, a, omonce, i Qynryii sin X, COS X, th, CIZX € wacmunHum 6unaokom Qyuyii

sin X%, cos x“, tha ) Ctgxa. Hasenicmo hymryiti SiN Xa, cos x“ HAWIMOBXY€E HA NUMAHHA w000 ix

BUKOPUCMAHHSL SIK OA308UX YHKYIL 0151 OMPUMAHHSL MPUSOHOMEMPULHOT cucmemu (PYHKYIU 31 3MIHHUM Nepiodom, iy
BUNAOKY i OPMOCOHATLHOCI PO3TAHYMU NUMAaHH nobyoosu psodie Dyp’c @yukyin 30 aminnum nepiodom. J{o
HOCMABNIEHO20 3A80AHHS 3ANTAHOBAHO20 36EPHYMUCS 8 HACHYNHUX NYONIKAYISIX.

Knrouoei cnosa: nepioouuni @ynxyii' 3i aminHuMm nepio0om, 3MiHHUL NEPioo, MPULOHOMemMPUYHT QYHKYIL 31
BMIHHUM nepiodom, psaou Pyp’e hynryiu 3i 3MIHHUM NEPIOOOM.
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