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FROM RANDOM TIMES TO FRACTIONAL KINETICS

Anatoly N. Kochubei: Yuri Kondratiev? José Luis da Silva®

Abstract. In this paper we study the effect of the subordination by a
general random time-change to the solution of a model on spatial eco-
logy in terms of its evolution density. In particular on traveling waves
for a non-local spatial logistic equation. We study the Cesaro limit of
the subordinated dynamics in a number of particular cases related to the
considered fractional derivative making use of the Karamata Tauberian
theorem.

Keywords: Bernstein functions, general fractional derivative, configuration
space; Karamata’s Tauberian theorem, subordination principle, traveling
waves

1 Introduction

A study of a random time change in a Markov process X; was initiated
by S. Bochner [7] by considering an independent Markov random time &;. The
resulting process Y; = X¢, is again Markov and is called a subordinated pro-
cess. In a pioneering work [33], T. Kolsrud initiated the study of the general
independent random time process. Later the concept of a random time change
became an effective tool in the study of physical phenomena related to relaxa-
tion and diffusion problems in complex systems. We refer here to the section
“Historical notes” in [43]. An additional essential motivation for the random
time change did appear in applications to biological models. The point is such
that there exists a notion of biological time specific for each particular type
of biological system and which is very different compared to the usual time
scale employed in physics. One of the possibilities to incorporate this notion is
related to a random time change. Moreover, this approach gives the chance to
include in the model an effective influence of dynamical random environment
in which our system in located.

An especially interesting situation appears for the case of an inverse sub-
ordinator &. We will describe this framework roughly and leaving the details
and more precise formulations in Subsection 2.2 below. The marginal dis-
tributions p; of a Markov process X; describe an evolution of states in the
considered systems and deliver an essential information for the study of the
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dynamics. We call that the statistical dynamics in contrast to the stochastic
dynamics X; which contains more detailed information about the evolution
of the system. The statistical dynamics may be formulated by means of the
Fokker—Planck—Kolmogorov (FPK) evolution equation (weak sense)

a,ut L*

o Mt

where L* is the (dual) generator of the Markov process on states. For an
inverse subordinator &; and the process Y; = X¢,, denote v, the corresponding
marginal distributions. The key observation is such that the dynamics of v; is
described by the evolution equation

Df”t = L*Vt,

where ]D)f denotes a generalized (convolutional) fractional derivative in time
canonically associated with &. This fractional Fokker—Planck—Kolmogorov
equation (FFPK) gives the main technical instrument for the study of sub-
ordinated statistical dynamics. There is a well known particular case of the
inverse to stable subordinators. In this case, such standard objects appear as
Caputo-Djrbashian fractional derivatives, and all the well developed techniques
of fractional calculus work perfectly. But in the case of general inverse subor-
dinators we should think about proper subclasses, for which certain analytic
properties of the related objects may be established, see e.g. [11].

Note that there exist two possible points of view. We can start from an
inverse subordinator and arrive in FFPK equation [31, 38, 39, 50]. Or, vice
versa, we develop at first a notion of generalized fractional derivative and then
search for a probabilistic interpretation of the solution. The latter was first
realized in [29]. For a detailed discussion of both possibilities see [11].

The aim of this paper is to analyze the effects of random time changes
on Markov dynamics for certain models of interacting particle systems in the
continuum. For the concreteness, we will consider the important Bolker—Pacala
model in the spatial ecology that is a particular case of general birth-and-death
processes in the continuum. The scheme of our study is the following. The
FPK equation for the states of the model may be reformulated in terms of a
hierarchical evolution of correlation functions. In a kinetic scaling limit this
system of equations leads to a kinetic hierarchy for correlation functions and
to a non-linear evolution equation for the density of the system. The latter
is a Vlasov-type non-linear and non-local evolution equation. Considering a
random time change by an inverse subordinator we arrive in the FFPK equation
for correlation functions and to a fractional kinetic hierarchy. For a discussion of
this approach and certain new properties of fractional kinetic hierarchy see [30].

A surprising feature appearing in the kinetic hierarchy is related to the
dynamics of the density of the considered systems. The evolution of the density
in the time changed kinetics is not the solution of a related Vlasov-type equation
with a fractional time derivative as one may expect. In reality, this dynamics
is a subordination of the solution to kinetic equation for the hierarchy in the
initial physical time. A particular problem which does appear in this situation is
related with an effect of the subordination for such special solutions as traveling
waves which are known for the Bolker—Pacala model. In the special case of
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stable subordinators this question was studied in [12]. In the present paper we
are dealing with certain classes of inverse subordinators for which the analysis
of subordinated waves may be carried out.

We summarize our observation as follows: a heuristic consideration of a
kinetic equation for the density with a fractional time derivative has no relation
to the real dynamics in the kinetic limit of the time changed Markov evolution
of the model. The correct behavior is given by a subordination of the solution
to the kinetic equation in physical time.

2 Preliminaries

2.1 General Facts and Notation

Let B(R?) be the family of all Borel sets in R% d > 1 and let B,(R?)
denote the system of all bounded sets in B(R9).
The space of n-point configurations in an arbitrary Y € B(R?) is defined
by
rmy) .= {ncY|nl=n}, neN,

where | - | the cardinality of a finite set. We also set T©(Y) := {()}. As a set,
(™) (Y) may be identified with the symmetrization of

Vo= {(21,...,20) €Yz # 2y if k #1}.

The configuration space over the space R? consists of all locally finite
subsets (configurations) of R?, namely,

I'=T(RY) = {y CRY||yNA| < oo, for all A € By(RY)}. (2.1)

The space I' is equipped with the vague topology, i.e., the minimal topology
for which all mappings I' > v+ Y~ ., f(z) € R are continuous for any con-
tinuous function f on R% with compact support. Note that the summation in
Yower [ (z) is taken over only finitely many points of v belonging to the support
of f. It was shown in [35] that with the vague topology I' may be metrizable
and it becomes a Polish space (i.e., a complete separable metric space). Corre-
sponding to this topology, the Borel o-algebra B(T') is the smallest o-algebra
for which all mappings

I' >y |yl € Ng:=NU{0}

are measurable for any A € B,(R). Here 5 := v NA.

It follows that one can introduce the corresponding Borel o-algebra on
'™ (Y), which we denote by B(I'™(Y')). The space of finite configurations in
an arbitrary Y € B(RY) is defined by

To(Y):= | | T™(¥).
n€Ny

This space is equipped with the topology of disjoint unions. Therefore one can
introduce the corresponding Borel o-algebra B(I'g(Y)). In the case of Y = R?
we will omit Y in the notation, thus T'g := I'g(R?) and T'™ := (") (R9).
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The restriction of the Lebesgue product measure (dz)™ to (I‘("), B(r™))
will be denoted by m(™, and we set m(® := dgpy- The Lebesgue-Poisson
measure A on [’y is defined by

| —

sm (™). (2.2)

3

A= i
n=0

For any A € By(R?), the restriction of A to I'(A) := [y(A) will be also deno-
ted by A. The space (T, B(T)) is the projective limit of the family of spaces
{(T), B(F(A)))}Aesb(Rd)' The Poisson measure 7 on (T, B(I')) is given as the

projective limit of the family of measures {’TFA}Aelgb(Rd), where 7 ;= e~ (M) )\
is the probability measure on (I'(A),B(I'(A))). Here m(A) is the Lebesgue
measure of A € By(R%).

For any measurable function f : R* — R we define the Lebesque—Poisson
exponent

ex(fm) =[] f(x), neTo;  ex(f.0):=1. (2.3)

xren

Then, by (2.2), for f € L*(R%, dx) we obtain e)(f) € L'(Ty,d\) and
[ esttaram =e ([ s@ar). (2.4)
I Rd

A set M € B(Ty) is called bounded if there exists A € B,(R?)) and N € N
such that M C |_]nN:O '™ (A). We will make use of the following classes of
functions on T'g: (i) LY (T) is the set of all measurable functions on I'g which
have local support, i.e., H € LY (Tp), if there exists A € By(R?) such that
H [ro\ray= 0, while (ii) Bys(I'g) is the set of bounded measurable functions
with bounded support, i.e., H [p,\p= 0 for some bounded B € B(I'y).

In fact, any B(T'g)-measurable function H on I'y is a sequence of functions
{H(") }neNg’ where H™ is a B(T'(™)-measurable function on T'(™).

On I" we consider the set of cylinder functions F,;(I"). These functions
are characterized by the relation F(y) = F v, (ya)-

The following mapping from LY, (I'g) into F, (') plays a key role in our
further considerations:

KH(y) =Y H(n), veT, (25)

ney

where H € LY (T'g). See, for example, [34] and references therein for more de-
tails. The summation in (2.5) is taken over all finite sub-configurations n € T'g
of the (infinite) configuration v € I'; this relationship is represented symboli-
cally by n € v. The mapping K is linear, positivity preserving, and invertible,
with
K F(n) ==Y (-DIMIF©), 5 eT,. (2.6)
£Cn

Here and in the sequel, inclusions like £ C 7 hold for £ = @) as well as for £ = 7).
We denote the restriction of K onto functions on I'g by Kj.
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A probability measure p € M}cm(F) is called locally absolutely continuous
with respect to (w.r.t.) a Poisson measure 7 if for any A € B,(R9) the pro-
jection of p onto I'(A) is absolutely continuous w.r.t. the projection of = onto
I'(A). By [34], there exists in this case a correlation functional s, : Ty — Ry
such that the following equality holds for any H € Bys(T'y):

/F (K dn0) = [ H)s (o) dro). (2.7)

Restrictions %Ln) of this functional on F(()n), n € Ny, are called correlation

functions of the measure p. Note that %ﬁo) =1

2.2 Microscopic Spatial Ecological Model

Let us consider the spatial ecological model a.k.a. the Bolker—Pacala mo-
del, for the introduction and detailed study of this model see [9, 16-18, 20].
Below we formulate certain results from these papers concerning the Markov
dynamics and mesoscopic scaling in the Bolker—Pacala model.

The heuristic generator L in this model is defined on a space of functions
over the configuration space

LR =3 (m+ 3 o (=) [F(y\2) - F(3)]

€y yeY\z

=3 [ ot @ =P U - Pl (28)

xEY

Here m > 0 is the mortality rate, a~ and a’ are competition and dispersion
kernels, respectively. See Section 5 for the conditions on these kernels in the
present paper.

We assume that the initial distribution in our model is a probability me-
asure o € MY(T) and the corresponding sequence of correlation functions

ny = (%én))%o:()’ see e.g. [34]. Then the evolution of the model at time ¢ > 0 is

the measure pu; € MY(T'), and »; = (%é"))ffzo its correlation functions. If the

evolution of states (u¢):>0 is determined by the heuristic Markov generator L,

then p; is the solution of the forward Kolmogorov equation (or Fokker—Plank
equation FPE),

Oy

ot

Ptli=0 = Mo,

= Lo (2.9)

where L* is the adjoint operator of L. In terms of the time-dependent correla-
tion functions (5¢);>o corresponding to (i;)i>0, the FPE may be rewritten as
an infinite system of evolution equations

8%tn) A

_ n)
T (L%3)¢ (2.10)
M mo =Y, n >0,
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where L* is the image of L* in a space of vector-functions s; = (%t(n))zozo. The
expression for the operator L* is obtained from the operator L via combinatoric
calculations (cf. [34]).

The evolution equation (2.10) is nothing but a hierarchical system of equa-
tions corresponding to the Markov generator L. This system is the analogue
of the BBGKY-hierarchy of the Hamiltonian dynamics, see [8].

We are interested in the Vlasov-type scaling of stochastic dynamics which
leads to the so-called kinetic description of the considered model. In the lan-
guage of theoretical physics we are dealing with a mean-field type scaling which
is adopted to preserve the spatial structure. In addition, this scaling will lead to
the limiting hierarchy, which possesses a chaos preservation property. In other
words, if the initial distribution is Poisson (non-homogeneous) then the time
evolution of states will maintain this property. We refer to [16] for a general
approach, other examples, and additional references.

There exists a standard procedure for deriving the Vlasov scaling from
the generator in (2.10). The specific type of scaling is dictated by the model
in question. The process leading from L” to the rescaled Vlasov operator
L‘% produces a non-Markovian generator Ly since the positivity-preserving
property fails. Therefore instead of (2.9) we consider the following kinetic
FPE,

s
ot
Helt=o = pio;

= Ly (2.11)

and observe that if the initial distribution satisfies jio = 7,,, then the solution
is of the same type, i.e., uy = 7,,, t > 0.

In terms of correlation functions, the kinetic FPE (2.11) gives rise to the
following Vlasov-type hierarchical chain (Vlasov hierarchy)

(n)
81;% = (Lﬁﬂt)(n) (2.12)
%t(n li=0 = %én), n > 0.

This evolution of correlations functions exists in a scale of Banach spaces,
cf. [17].
Let us consider the Lebesgue-Poisson exponent, defined in (2.3)

#0(n) = ex(po,n) = H po(z), neTl
zeN

as the initial condition. Such correlation functions correspond to the Poisson
measures m,, on I' with the density py. The scaling L‘% should be such that
the dynamics g — s preserves this structure, or more precisely, sz should be
of the same type

(n) = ex(pe,n) = [[ pi(x), n€To. (2.13)

The relation (2.13) is known as the chaos propagation property of the Vlasov
hierarchy. Under certain assumptions on the mortality m and the kernels a*,



From random times to fractional kinetics 11

the density p; corresponding to the spatial ecologic model, the equation (2.13)
implies, in general a non-linear differential equation for p;, x € R%,

8/)5?) = (a‘*‘*ﬂt)(x)—mpt(l‘)—pt(m‘)(a—*pt)(x), pt(2)|t=0 = po(x), (2.14)

where the initial condition pg is a bounded function. Equation (2.14) is called
Viasov-type kinetic equation for pi, see [16], [18] and references therein for
more details and [48] for important applications of this model in various areas
of science.

In general, if one does not start with a Poisson measure, the solution will
leave the space M'(T'). To have a bigger class of initial measures, we may
consider the cone inside M!(T") generated by convex combinations of Poisson
measures, denoted by P(T").

Remark 2.1. Below we discuss the concept of a fractional Fokker—Plank equa-
tion and the related fractional statistical dynamics, which is still an evolution
in the space of probability measures M!(T') on the configuration space I'. The
mesoscopic scaling of this evolutions leads to a fractional kinetic FPE. The sub-
ordination principle provides the representation of the solution to this equation
as a flow of measures that is a transformation of a Poisson flow for the initial
kinetic FPE, see Sections 3 and 4 below.

Let X = {X;, t > 0} be the Markov process with generator L given in
(2.8). Denote by S = {S;, t > 0} the subordinator, independent of X, with
Laplace exponent L(p) := pK(p), p > 0, that is

E(e_pst) _ e—tp/C(p)’ p>0.

The inverse subordinator £ = {E;, ¢t > 0} (also called the first hitting time
process for the subordinator S) is defined by

E,:=inf{s>0:5,>1t}, t>0
and its density we denote by g;(7), that is
ot(T)dT = 0, P(Ey < 1) =0, P(S; >t) =—-0,P(S: <t).

Then the subordination process Y; := Xg,, t > 0 is such that the one-
dimensional distribution 1, is given by

vi(dy) = /OOO ot(T)pr(dy) dr.

The t-Laplace transform of the density o;(7) is equal to

/ e P 0,(1) ds = K(p)e PR @),
0

Let k£ be the kernel defined by K as its Laplace transform

K(p) = /Ooo e PTh(t) dt.
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With the help of the kernel k we define the general fractional derivative (GFD)
developed in [29] which plays a basic role in this paper

d

(]D)gk)f)(t) — dt/o k(t —s) (f(s) — f(())) ds, t > 0. (2.15)

In Subsection 2.3 we study in more details the derivative ]D)Ek). The natural
question about the subordination process Y is: What type of “differential”
equation does the distribution 1, of Y; satisfies? The answer is as follows: The
distribution 1, satisfies the following GFD equation

(DF 1) (t) = Ly, t>0.
As a result we shall consider the fractional Fokker—Plank equation with
the GFD (2.15)
{Dz(sk)ﬂt,k = Lﬁﬂt,k
Mt,k|t=0 = [H0,k-
The corresponding evolutions of the correlation functions for the Vlasov sca-
ling is
{ng)%t,k = L\%%t,k
%t,k|t:0 = 10,k

which is a non-Markov evolution. We would like to study some properties of
the evolution ¢ ;. The general subordination principle gives

s k() = /OOO 0t(7)ser(n)dr, mn €Ty, (2.16)

which is a relation to all orders of the correlation functions. The kernel o,
and its properties are studied in Section 3 below. In particular, the density of
“particles” is given by

i) =} (2), zeR™

The general subordination principle (2.16) gives

kx) = OotT%(l)x T= OOtT (x)dr, =x d, .
(@) /Og<>r<>d /OQ<>p<>d R (2.17)

From this representation we should be able to derive an effect of the fractional
derivative onto the evolution of the density, see Sections 4 and 5.

Remark 2.2. Certain heuristic motivations in physics are leading to the follo-
wing non-linear equation with fractional time derivative:

DM py(2) = (a* * pr) () — mpy() — pul) (a™ # pi) (2)- (2.18)

Note that the subordinated density dynamics has no relation with the solution
to this equation. Both evolutions will coincide only in the case of a linear
operator in the right hand side.

It is reasonable to study the properties of subordinated flows in (2.17)
from a more general point of view, when the evolution of densities p(x) is not
necessarily related to a particular Vlasov-type kinetic equation, this is realized
in Sections 4 and 5 below.
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2.3 General Fractional Derivative
2.3.1 Definitions

Motivated by the preceding considerations, we recall the general concept
of fractional derivative developed in [29] which plays a basic role in this paper.
The basic ingredient of the theory of evolution equations, [14, 26] is to consider,
instead of the first time derivative, the Caputo—Djrbashian fractional derivative
of order « € (0,1)

(Dgo‘)u) (t) = c(lit/o k(t — m)u(t)dr — k(t)u(0), t>0, (2.19)
where
@
k(t) = m, t>0.

Further details on fractional calculus may be found in [26] and references the-
rein.
More generally, it is natural to consider differential-convolution operators

(D) (1) = (Z/t k(t — 7 u(r) dr — k(t)u(0), t > 0, (2.20)

where k € L{ _(R;) is a nonnegative kernel. As an example of such operator,

we consider the distributed order derivative Dg”) corresponding to

1 —
t [e3
k(t) = _—— d t 2.21
0= [ Fmgre)da. >0 (221)
where u(a), 0 < a <1 is a positive weight function on [0, 1], see [1, 13, 23, 24,
27, 28, 38].

Remark 2.3. 1) The Caputo-Djrbashian fractional derivative (2.19) are wi-
dely used in physics, see [37, 41, 42], for modeling slow relaxation and
diffusion processes. In this case the power-like decay of the mean square
displacement of a diffusive particle appears instead of the classical expo-
nential decay.

2) Equations with the distributed order operators (2.20)-(2.21) describe ul-
traslow processes with logarithmic decay, see [29, 38].

Considering the general operator (2.20), it is natural to investigate the

conditions on the kernel k£ € L{ (R;) such that the operator ]D)Ek) possess a

right inverse (a kind of a fractional integral) and produce, a kind of a fractional
derivative, equations of evolution type. In particular, it means that

(A) The Cauchy problem
(DM uy)(t) = =dua(t), ¢>0; wu(0)=1, (2.22)

where A > 0, has a unique solution uy), infinitely differentiable for ¢ > 0
and completely monotone, uy € CM, see Appendix A for this and other
classes of functions in what follows.
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(B) The Cauchy problem
DM w)(t,2) = Aw(t,z), t>0, z€RY w(0,z) =w(z), (2.23)

where wy is a bounded globally Holder continuous function, that is |wo(z)—
wo(y)| < Clz —y|?, 0 < 6 <1, for any 2,y € R?, has a unique boun-
ded solution. In addition, the equation (2.23) possesses a fundamental
solution of the Cauchy problem, a kernel which is a probability density.

Remark 2.4. 1) Gripenberg [22] has established the well-posedness of the

Cauchy problem for equations with the operator ]D)gk) under much weaker
assumptions than those in (A) and (B).

2) When ng) is the Caputo-Djrbashian fractional derivative D,(fa), O<a<
1, then uy(t) = Eo(—\t*) where E, is the Mittag-Leffler function

Eo(2) = 7;) Tlan+1)

3) The asymptotic properties of F, for real arguments are given by, see for
example [21].
1 .1/a

E.(z) ~ aez , asz — 0o

which resembles the classical case o = 1, Ey(z) = e*. On the other hand

Z—l

Eo(2) ~ Ti—a)

as z — —00, (2.24)
so that ux(t) ~ Ct™%, t — —oo. Here and below C denotes a positive
constant which changes from line to line. This slow decay property is
at the origin of a large variety of applications of fractional differential
equations.

4) In the distributed order case, where k is given by (2.20)-(2.21) with (0) #
0, we have a logarithmic decay, see [28]

ur(t) ~ C(logt)™', ast— oo.

A more general choice of the weight function p leads to other type of
decay patterns.

The conditions upon k guaranteeing a solution to (A) and (B) were given
in [29]. The sufficient conditions are as follows.
(H) The Laplace transform

K(p) := (ZLk)(p) := /OOO e Plk(t) dt (2.25)

exists and K belongs to the Stieltjes class S (or equivalently, the function
L(p) := pK(p) belongs to the complete Bernstein function class CBF),
and

K(p) = 00, asp—0; K(p) =0, as p — oo; (2.26)

L(p) =0, asp—0; L(p) = oo, as p — 0. (2.27)
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Under the hypotheses (H), £(p) and its analytic continuation admit an integral
representation, cf. (A.6) in Appendix A below (see also [49])

I
5@*3@mm+td@ (2.28)

where o is a Borel measure on [0, 00), such that f(o o)1+ t)"tdo(t) < cc.

2.3.2 Asymptotic Properties

As the kernel &k and its Laplace transform K are among the objects which
play a major role in what follows, here we collect some of its asymptotic pro-
perties which depends on the kind of fractional derivative considered. Two
cases are studied, the distributed order derivative with k given by (2.21) and
the general fractional derivative (2.20) for which K is a Stieltjes function.

Distributed order derivatives. The following two propositions refers to
the special case of distributed order derivative, we refer to [28] for the details
and proofs.

Proposition 2.5 (cf. [28, Prop. 2.1]). If u € C3([0,1]) and u(1) # 0, then
1 1

k(s) ~ ;Wﬂ(l), as s — 0, (2.29)
, 11
K'(s) ~ fﬁmu(l), as s — 0. (2.30)

Notice that (2.29) implies that k € L1([0,T]), however k ¢ L7([0,T]) for
any g > 1.
We denote the negative real axis by R_ := {r ¢ R, r < 0}.

Proposition 2.6 (cf. [28, Prop. 2.2]). 1) Let u € C?([0,1]) be given. Ifp €
C\R_ with |p| — oo, then

um—ﬁ¥+0m%m>%. (2.31)

More precisely, if p € C3([0,1]), then

Cop) w1
o) = logp  (logp)?

+0 ((logp) %) .
2) Let u € C([0,1]) and u(0) # 0 be given. If p e C\R_, then
1 IR
K(p) ~ = | log — ©(0), asp—0. (2.32)
p p
3) Let p € C([0,1]) be such that pu(a) ~ aa*, a >0, A >0. Ifpe C\R_,

then
1 1\
K(p) NaF(1+/\)]; (1og5> , asp—0.
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Classes of Stieltjes functions. Now we turn our attention to the general
fractional derivative (2.20). Thus, under the assumption (H), the Stieltjes
function K admits the following integral representation [29]

1
K :/ —do(t), p>0, 2.33
R == O (2:33)

where o is a Borel measure on R, := [0, c0) such that f(o OO)(H-t)’1 do(t) < oo,
see also Definition A.4. In other words, K is the Stieltjes transform of the Borel
measure o. In addition we assume that o € Myps(R, ), that is o is absolutely

continuous with respect to Lebesgue measure with a continuous density ¢ on
[0, 00) such that (2.33) turns out

K(p) :/0 ;)p(j)tdt, (2.34)

such that
pt) ~Ct™, ast— o0, 0<a<l, (2.35)
o(t) ~Ct'71 ast—0,0<6<1. (2.36)

Then, if ¢ € Li _([0,00)) it follows from [51, Thm. 1, page 299] (see also [36])
that the asymptotic (2.35) implies the asymptotic for K

K(p) ~Cp™®, asp— oco. (2.37)

For the asymptotic of K at the origin, we have the following lemma, a special
case of a result from [45, page 326] given there without a proof.

Lemma 2.7. Suppose that
o(t) =Ct'7 L (t), 0<6<1, (2.38)

where |[P(t)] < Ct971H9 0 < t < t, and |9(t)| < Ct5, t >ty . Here
0<d<1—6ande>0. Then

K(p)~CpP~t, asp—0.

Proof. Tt follows from (2.34) and (2.38) that K is equal to K(p) = so(p) + s1(p)
where

o] t@—l
so(p =C’/ dt, 2.39
o) = | o (2:39)
to
C’/ (2.40)
t+p

The integral in (2.39) may be evaluated making the change of variables ¢ = pr
and we find that so(p) = Cp?~! (with a different constant C' independent of
p). On the other hand, s;(p) is estimated by

to 0 140
‘81 |<C/ dt+0/

Putting together, the required asymptotic follows. O

60— 1+5+O
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3 Solutions of the Evolution Equations

Let L be a heuristic Markov generator defined on functions u(¢, z), t > 0,
2 € R%. We have in mind the Bolker-Pacala model and the related non-linear
equation, see Subsection 2.2 for details. Consider the evolution equations of
the following type

W = (Luqp)(t, ), (3.1)
(DM uy)(t,z) = (Lugy)(t, ), (3.2)

with the same operator L acting in the spatial variables x with the same initial
conditions

ur(0,2) = &(x), u@)(0,7) =E(x).

The solutions of equations (3.1) and (3.2) typically satisfy the subordination
principle [2], that is there exists a nonnegative density kernel function g;(s),
s,t >0, such that [ g;(s)ds =1 and

uk (t,z) = /000 ot(s)u1(s, x) ds. (3.3)

The appropriate notions of the solutions of (3.1) and (3.2) depend on the
specific setting, they were explained

« in [29] for the case where L is the Laplace operator on R",

« in [2-4] with abstract semigroup generators for special classes of ker-

nels k,

« in [44] for abstract Volterra equations.
There is also a probabilistic interpretation of the subordination identities (see,
for example, [32, 46]). In the models of statistical dynamics we deal with a sub-
ordination of measure flows that will give a weak solution to the corresponding
fractional equation.

In the above relation (3.3), the subordination kernel g;(s) does not depend
on L and can be found as follows [29]. Consider the function

g(s,p) :=K(p)e P s>0, p>0. (3.4)
The function p — e 3£ is the composition of a complete Bernstein and
a completely monotone function, then by Theorem A.7-2 it is a completely

monotone function. By Bernstein’s theorem (cf. Theorem A.2), for each s > 0,
there exists a probability measure ps on Ry such that

e sL®) :/ e PT dus (7). (3.5)
0

The family of measures {us, s > 0} is weakly continuous in s. Define

or(s) = / Kt — 1) djua (). (3.6)
0



18 Yu. Kondratiev, A. N. Kochubesi, J. L. da Silva

It follows from (2.25) and (3.5) that the t-Laplace transform of g.(s) is equal
to g(s, p):

g(s,p) = /000 e Ploy(s)dt. (3.7)

It is easy to see from (3.4) that

o0 1
g(s,p)ds = —
/0 (5.7) P

such that (3.7) may be written as

o0 o0 1
/ e Pt dt/ 0t(s)ds = —
0 0 p

which implies the equality
/ o+(s)ds = 1.
0

Example 3.1 (a-stable subordinator). Let S be a a-stable subordinator, o €
(0,1) with Laplace exponent £(p) = p® and the corresponding Lévy measure

(07

—(a41) 4
1= a)s s.

do(s) =

In this case K(p) = p*~! and the kernel k is given by

tfa

AT

The associated general fractional derivative ]D)gk) in (2.20) coincides with the

Caputo-Djrbashian fractional derivatives Dga), see (2.19). As for the density
04(7), it follows from Corollary 3.1 in [40] that

t i ~
or(r) =~ ega(tr ),

where g, is the density function of S7, that is its Laplace transform is given by
ga(p) =e P

In addition, it was shown in Proposition 1(a) in [5], see also Theorem 4.3 in [10],
that E; has a Mittag—Leffler distribution, that is

o(p) = E(eP"") Z —ot?)

na—|—1

) Bt (3.8)

It follows from the asymptotic of the Mittag—Leffler function F,, in (2.24) that

6(p) ~ = a5t 00,



From random times to fractional kinetics 19

4 Subordination of Moving Step Function

Let ug(t,z) be a solution to the kinetic evolution equation, say for the
Bolker—Pacala model from Subsection 2.2. The subordinated dynamics is gi-
ven by

u(t,z) = /000 ot(T)ug (7, x) dr. (4.1)

As a simple example we take a traveling step function (this is a toy example
of a traveling wave in fact) uo(t,r) = 1(_oo)(z — tv), where z € R, t,v € Ry
and consider the subordination of the moving step function. In this case

oo

u(t,z) = /OOC o1 (T)uo(7, ) dr = /gﬂ/v oi(T) dr.

We are interested in studying this dynamics, one possibility is to study the

Cesaro limit

¢
Mi(u) = 1/0 u(r,z)dr, as t — oo. (4.2)

The Cesaro limit (4.2) may be realized in a number of particular cases related
to the fractional derivative considered. Below we investigate three cases cor-
responding to the a-stable subordinator, the distributed order derivative and
general fractional derivative with /C fulfilling (H).

Remark 4.1. The Cesaro limit of the initial step function ug(-, ), for fixed z,
is given by

Mt(uo)zi/tuo(ﬁx)drzi(t— (0\/%)) — 1, t — 0.
0

In addition, for the moving z(t) = ct” with 8 < 1 we obtain the same asymp-
totic. Note that the assumption 8 < 1 is needed to ensure that z(t)/t — 0 as
t — o0.

In order to study the Cesaro limit M;(u) in (4.2), at first we compute the
Laplace transform of u(t,z) in ¢

u(p, ) ::/ e Plu(t, ) dt:/ efpt/ 0+(s) dsdt
0 0 z/v

using Fubini’s theorem and the equality (3.7) yields

xT
oo oo 1 —Zpk
(p, x) :/ gsp)ds= [ K@e W ds=-c v,
z/v z/v p

The following three cases are distinguished.

a—1

1) a-stable subordinator. It follows from Example 3.1 that K(p) = p
which, for fixed x € R, implies

1 ——»p© 1 1
u(p,z) = —e v’ 2L <7>, asp — 0,
p p p
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where L(z), z > 0 is a slowly varying function, that is

lim L)
T— 00 L(a;)

=1, asx — o0,

see also Definition B.1-2. It follows from Karamata Tauberian theorem
(cf. Theorem B.3-(i) with p = 1) that

t
/ u(r,z)dr ~ tL(t), ast — oo
0

and this implies that the Cesaro limit

1t
Mi(u) == [ u(r,z)dr — 1, ast — oc.
tJo

The same results holds if ,instead of a fixed x € R we take the moving
z(t) =ct? with0< B < a < 1.

The distributed order derivative. It follows from the asymptotic at the
origin in (2.32) that

x(l 1)’1

1 =\ % 1 1

a(p,x) ~ —e Y p =:—-L (7) ,asp — 0,
p p

where L(p) = e , p > 0is a slowly varying function. Then
an application of the Karamata Tauberian theorem (cf. Theorem B.3-(i)
with p = 1) yields

t 77(10gt)_1
u(t,z)dr ~te v , ast — 00
0

which implies the Cesaro limit M;(u) — 1 as t — oo, for any fixed
x > 0. For the moving z(t) = ct?, for any 8 > 0, we obtain

Miu(-,z(t)) — 0, t — 0.

Note that the motion of the point x in time with any positive power turns
the Cesaro limit to vanish.

General fractional derivative. If the measure o in (2.33) is absolutely con-
tinuous with respect to the Lebesgue measure and the density ¢ satisfies
(2.36), then Lemma 2.7 implies that K(p) ~ Cp?~', as p — 0 and

1 ——cp’ 1 1
u(p,z) ~—e v g :,L<,)’ as p — 0,
p p p
and L(z), x > 0 is a slowly varying function. Once again by Kara-
mata’s Tauberian theorem (cf. Theorem B.3-(i) with p = 1) we obtain
the asymptotic for M;(u), namely



From random times to fractional kinetics 21

and again we have M;(u) — 1 as t — co. For the moving z(t) = ct® for
any 3 > 6, we obtain

Miu(-, z(t)) ~ e~ 0, t — oc.

The motion of the point z in time with a positive power (3 such that
B > 6 turns the Cesaro limit to vanish.

5 Traveling Waves

Now we would like to consider a realistic dynamics ug(¢, ) which is pre-
sented by a traveling wave for the non-local spatial logistic equation. This
evolution equation appeared as the kinetic equation in the Bolker—Pacala eco-
logical model, see Subsection 2.2 and [9, 15-18, 20] for more details.

To avoid certain technical details, we will assume the following concrete
relations between the mortality m, competition a~ and dispersion a®™ kernels
on the generator L (2.8), see [19] for more details.

(A) The kernels a® € L>®(R4) N L*(RY) are probability densities, that is

/Rd at(y)dy = 1.

The mortality 0 < m < 1.

Remark 5.1. Under the assumption (A) equation (2.14) has two constants sta-
tionary solutions p; =0 and p; = 1.

A traveling wave u(t,z), t > 0, x € R with velocity v > 0 is defined by a
profile function ¢ : R — [0, 1], that is a continuous monotonically decreasing

function such that
2T ) =1,
5,9 =0,
and u(t,x) = ¢(z —vt), t > 0 for almost all 2 € R. For each § > 0 introduce
zs € R as
Ve > x5, Y(r)<d and Vo< —zs, ¢(z)>1-24.

For a fixed z € R the traveling wave ug(t,z) = (x — vt) as a function of ¢ is
monotonically increasing and has the following properties:
r—X§

Yz —ot) <9d, Vi< p (5.1)

e —vt)>1-6, Vt> Iix‘s, (5.2)

b — vt) € (0,1), we]x_“,m[.

v v

(5.3)

As a characteristic of this dynamics, we again consider the Cesaro limit

1t
Mi(up) = E/ uo (7, x) dr, ast — oo.
0
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It follows from (5.1)-5.3 the following upper bound for M;(u)

— 2
x x5+ﬁ+t_x+$5).
v v v

1 1
M (ug) = f/ Y(x —vr)dr < = ((5
t t
On the other hand, a bound from below of M;(ug) is obtained by

= [ w00 (222

Putting together, we have
1-6< lim My(u) <1,
t— o0

due to arbitrary 6 > 0, the Cesaro limit

lim M;(u) = 1.

t—o0

Remark 5.2. Note that for the moving x(t) = ct®, 0 < B < 1 the asymptotic
for My(ug) will be the same.

Now we will consider the subordinated dynamics

u(t,x) = / ot(T)uo (7, x)dr (5.4)
0
and study the Cesaro limit
1 t
Mi(u) = ;/ u(r,z)dr, as t — oo. (5.5)
0

To this end, at first we rewrite u(t,z) as the sum of three terms. Denoting

T —x§ x4+ s

=120 =

v v

we have

¢— (@ oo
u(t,x) = /0 ot(T)uo (T, x) dr + / ot(T)uo (T, x) dr + /C ot(T)uo (7, x) dr
= I (t,z) + L(t,x) + I5(t, z). (5.6)

We study each term separately.
I (t, x): It follows from (5.1) that

¢— )
OSIl(t,x)gd/o gt(T)dT—(S(l/ Qt(T)dT>.

Therefore, we have

1 t 5 t [e%s)
0< 7/ I1(S,$)d8§5—*/ / o+(7) dr ds.
tJo tJo Jeo
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The asymptotic for the integral on the rhs follows as in Section 4 (with (_
x

instead of —) for all three cases of a-stable subordinator (corresponding to
v

Caputo—Djrbashian fractional derivatives) distributed order derivative, general
fractional derivative, we have

1 t e}
lim f/ / os(T)drds =1
t—oo t 0o Jeo

1 t
lim = [ I(s,x)ds=0.

t—oo t 0

which implies

Ir(t,x) : In order to study the behavior in ¢ of

1 [t 1 [t o
f/ Ig(s,x)dsgf/ / 0s(T)drds, ast — oo
t Jo tJo Je

let us at first define

s = | e

The Laplace transform of f is equal to

f(p) =/OO e P f(s) ds:/oo e Ps /<+ 0s(7) dr ds

0 0 I

C+
— / g(t,p)dr = g1(p) — 92(p),

where
1 1

— — o= C+pK(p) — Ze
9i(p) = Je - 9ap) = e
In all the three cases of fractional derivative we have considered (e.g., for the
general fractional derivative we use our hypothesis (2.27)) we have pK(p) — 0
as p — 0, therefore e~ ¢+PX(®) — 1 and e=¢-PX() 5 1 as p — 0. An application
of Karamata’s Tauberian theorem, see Theorem B.3, yields

1/(: f(r)dr ~exp (f%CJFIC (%)) — exp (—%(JC (%)) , ast — oo.

Therefore, for the term I5(t, ), we have

¢-pK(p)

I I
OSZ/IQ(S,x)dsgg/f(s)ds—>0, ast — 0o
0 0

which implies
1 [t
lim — [ Iy(s,z)ds =0.

t—oo t 0

Is(t,x) : Finally we investigate the Cesaro limit of I3(¢, x), that is

1

t
E/ Is(1,2z)dr, ast — oc.
0
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It follows from (5.2) the estimates

(1-96 // or(s)dsdr < = /IgTIdT< // o-(s)dsdr.
C+ C+

The integral
/ or(s)ds
C+

was studied in Section 4 with ¢4 = #/» and its Cesaro limit, for all the three
types of fractional derivatives considered in Subsection 2.3, was shown to be

lim — / / o-(s)dsdr = 1.
t—oo t e

1 t
1-6< lim = [ I3(r,z)dr <1.

t—oo ¢ 0

Hence, we have

From the arbitrary of § > 0 we obtain

1t
lim — [ I3(r,z)dr = 1.
t—oo t 0
Putting all together, the Cesaro limit for the subordinated dynamics by
the density o;(7) gives

1 [t
lim My(u) = lim — [ w(r,z)dr =1.
t—o00 t—oo ¢ Jg
This result is true for the three type of fractional derivatives considered in
Subsection 2.3.

A Bernstein, Complete Bernstein and Stieltjes
Functions

In this appendix we collect certain notions of functions theory needed
throughout the paper. Namely, the classes of completely monotone, Stieltjes,
Bernstein functions and complete Bernstein functions. They are used in con-
nection with the properties of the Laplace transform (LT). More details on
these classes may be found in [49].

Completely monotone functions. The LT (one-sided) of a function f :
[0,00) — [0, 00) or a measure g on B([0,00)) is defined by

i) = (2H)) = /Oooepr(T)dT or (Zu)(p) = /[ !

respectively, whenever these integrals converge. It is clear that Zu = Zpu,, if
dpy, (1) = u(7) dr. Finite measures on [0, 00) are uniquely determined by their
LT.
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Definition A.1. A C*-function ¢ : [0,00) — R is called completely mono-
tone if

(-)"p™ (1) >0, ¥neNg:=NU{0}, 7>0.
The family of all completely monotone functions will be denoted by CM.

The function [0,00) > 7 = e ™, 0 < t < oo is a prime example of a
completely monotone function. In fact, any element ¢ € CM can be written
as an integral mixture of this family. This is precisely the contents of the
next theorem, due to Bernstein, on the characterization of the class CM in
terms the LT of positive measures supported on [0, 00). For the proof we refer
to [49, Thm. 1.4].

Theorem A.2 (Bernstein). Let ¢ : (0,00) — R be a completely monotone
function.

1) Then there exists a unique measure p on [0,00) such that
fo)= [ ), >0
0,00

2) Conversely, whenever @(p) < oo, Vp > 0, the function [0,00) 3 p — &(p)
is completely monotone, that is ¢ belongs to the class CM.

Remark A.3. The class CM of completely monotone functions is easily seen to
be closed under pointwise addition, multiplication and convergence. However,
the composition of elements of the class CM is, in general, not completely
monotone.

Stieltjes functions. A subclass of the completely monotone functions is the,
so called Stieltjes functions, and they play a central role in the study of complete
Bernstein functions, defined below.

Definition A.4. A non-negative function ¢ : (0,00) — [0,00) is a Stieltjes
function if it can be written in the form

o(r) = % +b +/ do(t), (A1)

(0,00) T+ 1

where a,b > 0 and o is a Borel measure on (0, c0) such that
/ (1+t)"tdo(t) < oco. (A.2)
(0,00)

The family of all Stieltjes functions we denote by S.

Remark A.5. 1) The integral in (A.1) is called the Stieltjes transform of the
measure o.

2) Using the elementary identity

(T+t)71 :/ e 571 gg
0
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and the Fubini theorem we see that the integral appearing in (A.1) is also
a double Laplace transform and ¢ may be written as

o(T) = 4 + b+/ e Th(s) ds,
T 0

where

h(s) = /(o,oo) e % do(t)

is a completely monotone function whose LT B(p) exists for any p > 0.
In particular, we see that S C CM and S consists of all ¢ € CM such
that its representation measure (from Theorem A.2) has a completely
monotone density on (0,00), for ¢ € S is of the form

o(p) = (La-dt)(p) + (Lb-8o(dt)) (p) + (L(Lo)(t)dt) (p).

Example A.1. The following are examples of Stieltjes functions, 7,¢ > 0

1 _ 14t
901(7-) =1, 902(7') = ;, 4,03(7') = (T—‘rt) 1, @4(7) = 7—74—15’
ps(r) =771 sl(r) = _ arctan —— p7(7) = ! log(1+ 7).
VT VT T

Bernstein functions. Now we introduce the class of Bernstein functions
which are closely related to completely monotone function. Bernstein functions
are also known in probabilistic terms as Laplace exponents.

Definition A.6. 1) A C°°-function ¢ : (0,00) — R is called a Bernstein
function if ¢(7) > 0 for all 7 > 0 and

(-1)" o™ (r) >0, VYneN, r>0.

2) Equivalently, a function ¢ : (0,00) — R is a Bernstein function, if, and
only if, it admits the representation

o(t)=a+br+ /(o )(1 — e ™du(t), (A.3)

where a,b > 0 and p is a Borel measure on (0,00), called the Lévy
measure, satisfying

(IAE)du(t) < co. (A.4)
(0,00)
The Lévy triplet (a,b, u) determines ¢ uniquely and vice versa. In parti-
cular,
a = p(04), b= lim M
T—00 T

3) The class of Bernstein function will be denoted by BF.

The following structural characterization theorem of Bernstein functions
is due to Bochner, see [49, Thm 3.7] for the proof.
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Theorem A.7. Let ¢ : (0,00) — R be a positive function. The following
assertions are equivalent.

1) p € BF.
2) fopelCM, for every f € CM.
3) e € CM for every T > 0.

Example A.2. The following are Bernstein functions

T
147

e1(1) =7 0 < a<1, or r) or 3(1r) = log(1+ 7)

which are obtained as an integral mixture of the extremal Bernstein functions

1
eo(r) =7, ei(T) = %t(l —e ™), 0<t<o0, and ex(T)=1
by the measures du(t) = ﬁt‘l_“, 0<a<l,du(t)=e " and du(t) =

t~te~t, respectively.

Complete Bernstein functions. Finally, we introduce the fourth class of
functions, so called complete Bernstein functions, which are Bernstein functions
where the Lévy measure p in the representation (A.3) has a nice density.

Definition A.8. A Bernstein function ¢ is said to be a complete Bernstein
function if its Lévy measure p in (A.3) has a density p with respect to the
Lebesgue measure with p € CM. Thus, (A.3) takes the form

o(t) =a+br+ /000(1 — e ™)p(t) dt, (A.5)

such that by (A.4) we have

/00(1 At)p(t) dt < co.
0

The class of complete Bernstein functions we denote by CBF.

The following theorem gives the characterization of complete Bernstein
functions, cf. [49, Thm 6.2]

Theorem A.9. Let ¢ : (0,00) — R be a given non-negative function, then
the following expression are equivalent.

1) ¢ € CBF.
2) The function (0,00) > 7+ 7 Lp(7) belongs to S.
3) There exists a Bernstein function ¢ such that

(1) = T4(LY) (1), T>0.

4) @ has an analytic continuation to the upper plane Csg := {z € C|Qz >
0} such that Sp(z) > 0 for all z € Csq and the limit p(0+) = lim, o (1)
ezists and is real.
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5) ¢ has an analytic continuation to the cut complex plane C\(0o,0] such
that Iz-Sp(z) > 0 for all z € C\ (o0, 0] and the limit o(0+) = lim, o p(7)
exists and is real.

6) ¢ has an analytic continuation to Csq which is given by

<p(z):a+bz+/

(0,00) z+t

do(t), (A.6)

where a,b > 0 and o is a Borel measure on (0,00) satisfying (A.2).

Remark A.10. The constants a, b appearing in both representations (A.6) and
(A.5) are the same. The relation between the density p appearing in (A.5)
of the function ¢ € CBF and the measure o corresponding to the Stieltjes
function (1) = 771p(7) is given by

p(T) = /(o,oo) e "tdo(t).

The next theorem shows certain nonlinear properties of the class CBF
which gives rise to many applications of this class. Below we use the shorthand
notation CBF oS C S to indicate that the composition of any ¢ € CBF and
f € S is an element of S, etc.

Theorem A.11. 1) ¢ € CBF\{0} if, and only if, *(7) := 7/¢(7) belongs
to CBF. The call (o, *) the conjugate pair of complete Bernstein functi-
ons.

2) A function ¢ Z 0 is a complete Bernstein function if, and only if, 1/¢ is
a non-trivial Stieltjes function.

3) ¢ € CBF if, and only if, (T + )™t € S for every 7 > 0.
J) CBF oS CS.

5) SoCBF CS.

6) CBF o CBF C CBF.

7) SoS C CBF.

We conclude this subsection with some examples of elements in the class

CBF.

Example A.3. The following are typical examples of complete Bernstein
functions

e1(T) = 1,  @o(r) =7, and  @3(1) = TLH 0 <t < oo

Using the representation (A.6) with Stieltjes measures o of the forms

1 . 1 dt 1
—Q « ]1 - —
sin(am)t dt, (0,1)(t) W and : I (1,00) (t)dt,

we see that the functions
1
pa(T) =7 0<a<1, ¢5(1)=+/Tarctan 7, and g(7) = log(1 + 7)
T

are also complete Bernstein functions.
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B The Karamata Tauberian Theorem

Tauberian theorems deals with the deduction of the asymptotic behavior
of functions from a certain class (regular varying in the original of Karamata
[25]) from the asymptotic behavior of their transforms (e.g. their Laplace—
Stieltjes transforms). We refer to [47, Sec. 2.2] and [6] for more details and
proofs.

Let A > 0 be given and denote by F, (A) the class of positive measurable
functions defined on [A, 00).

Definition B.1 (Regular and slowly varying functions). Let f € F,(A) be
given. We say that f is

1) regular varying (RV) at infinity in the sense of Karamata if the limit

exists and is finite for all A > 0.
2) slowly varying (SV) if

Ky(A) =1, YA>0.

Proposition B.2. Let f € F(A) be a RV function.
1) Then there is a real number p (called index of the function f) such that

Kiy(A) =X, A>0.

The index p = 0 characterizes the SV functions, that is K¢(A\) = \° = 1.
2) Any RV function f of index p is represented as

f(z) =2’l(z), Vx> A,
where | is a corresponding SV function.

We say that the functions f and g are asymptotically equivalent at infinity,
and denote f ~ g as  — oo, meaning that

lim /(@)

a0 g(x)

Theorem B.3 (Karamata’s Tauberian Theorem). Let U : [0,00) — R be a
monotone non-decreasing function such that

w(zx) ::/ e " dU(s) < oo, Ya>0.
0

Then, if p > 0 and L is a slowly varying function

(i) w(x) =a~PL (%) asx — 0t = U(x) ~2PL(z)/T(p+1) as x — oo;

(i) w(z) =z PL(z) as v — oo = U(x) ~ 2L (i) /T(p+1) asx — 0F.
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1 Introduction

Interdisciplinary studies represent one of main trends in the modern science.
Several essential problems in the science and its applications need combination
and interaction of methods and ideas from different areas of our knowledge.
But there appear many practical difficulties in the realization of an interdis-
ciplinary approach. The point is that experts in a particular topic may be
not so deep involved in related areas outside their competence For example,
we observe very active development of mathematical modelings in the biology
and ecology. But the use of such models by experts from these disciplines is
essentially restricted by the lack of mathematical techniques. From the other
hand side, mathematical models looks as very simplified and degenerated ones
for experts in life sciences. The only way to overcome these difficulties is to
create the practical and patient collaboration between concrete scientists.

Another traditional and old circle of discussions (and many speculations)
concerns the relation between concrete sciences and the philosophy. In the
time of Newton and Leibniz the concept of the Naturphilosophy was a com-
monly accepted basis for the unification of several scientific disciplines. But
necessary specialization and dissipation of particular sciences produced the di-
vergence of philosophy and concrete sciences and even certain moral prejudices.
No doubts, concrete results in physics, biology etc. are still very stimulating
for philosophical studies. But we would like to show that there exists a fruit-
ful inverse influence. The aim of this work is to illustrate a natural applied
aspects of particular philosophical concepts in the framework of the mathema-
tics. We did choose a concrete mathematical object for this illustration. Due
to the interdisciplinary character of this journal, we restricted ourselves at few
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basic observations about this object. Our explanations with necessity will be
restricted technically to as less advanced level as it is possible to keep an inte-
rest of not only especially mathematical audience. For detailed mathematical
description of related structures we refer to [4], [5].

The myth of Plato’s Cave served as one of the motivations for creating
his concept about the world of ideas and the world of things. In the dialogue
”State” he gives a number of examples illustrating this position. As we know,
Plato considered mathematics as one of the most important sections, used
in the construction of his philosophical system. Mathematical theories can
serve as simple and illustrative tools for the existence of a “world of ideas”
and a “world of things.” In a number of model situations, we are dealing
with objects that appeal from our observations in physics, biology, ecology
etc. But full understanding of the mathematical structures of these models
in many cases requires consideration of more general mathematical theories,
which under some canonical mapping lead to the considered model situations.

As an example, we can cite a number of recent works on the study of spa-
ces of random discrete measures. Such measures arise in many applications, in
particular, in the theory of representations of current groups (Gelfand-Graev-
Vershik), in models of biosphere (motivated by V. Vernadsky), etc. It turned
out that the correct understanding of the topology and geometry of spaces of
discrete measures naturally arises from the suitable configuration spaces on
which these concepts are already well known.These configuration spaces we
called Plato spaces and their elements are interpreted as “mathematical ideas”
for our models of observed phenomena (of things). Maybe a naive illustra-
tion of this approach is related to Manin’s concept of the adelic world as the
space of Ideas [14]. Moreover, the real component of adeles can be regarded
as a “shadow” in the sense of Plato’s theory. Number of similar examples in
mathematical models can be big. Below we will describe a realization of the
mentioned concept in a particular case of random discrete measures.

Configuration spaces form an important and actively developing area in
the infinite dimensional analysis. From one hand side, these spaces repre-
sent reach mathematical structures which combine in a very non-trivial way
continuous and combinatoric aspects of the analysis. From the another side,
configuration spaces give natural mathematical techniques in the applications
to problems of mathematical physics, biology and ecology.

Spaces of discrete Radon measures (DRM) may be considered as genera-
lizations of configuration spaces. Main specific moment in the study of these
spaces is such that the supports of discrete measures are typically not more
configurations. The latter change drastically technical methods in their study.
Note that spaces of DRM have several motivations coming from different areas
of mathematics and applications, see comments below.

When choosing a model, one needs to take into account different features
which are relevant for the behavior and properties of the system. The consi-
dered state space can be chosen as a discrete set or continuous, such as R% or
more generally, a Riemannian manifold X. While discrete models are easier to
analyze (e.g. [13]) and yield more results, a continuous state space models a
physical system more realistically.

Bounded region vs. unbounded region/state space: A bounded region ma-
kes more sense from a modeling point of view. On the other hand, one needs to
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take into account the interaction of particles with the boundary. A way to cir-
cumvent this is by considering an unbounded region and restricting the system
after analyzing the model. The kind of region also determines whether a finite
or an infinite amount of particles should be considered. Another advantage of
an unbounded region with an infinite number of particles is that phase transiti-
ons may be observed since invariant measures may not be uniquely determined.
For examples, see [3] and the references therein.

Different mechanisms yield different behaviors of the system. This choice
of course depends on the desired phenomenon which is to be modeled. There
are some additional options which were already mentioned above. For our
situation, we choose a specific version of a continuous particle system with
unbounded state space R?. Instead of considering a homogeneous configuration
space, the particle system comes from the cone of positive discrete Radon
measures. One specific property of this object is that particles in the space R?
are assigned a positive number, or “mark”, which represents a property of the
particle such as weight. Some general analytic and geometric considerations
for models on the cone of Radon measures have been carried out in [7, 11].

Note that this approach differs from the so-called marked configuration
spaces considered in [1, 12]. On the other hand, there is a direct relation to
the extended configuration space which we describe below. While the analysis
and dynamics on the cone are of special interest and the modeling possibilities
of the cone are useful in applications, one may also give some motivations
for this object without referring to these analytical properties or configuration
spaces in general. Below we explains three motivations from theoretical biology,
probability theory and representation theory.

The mathematical object of interest for us is the cone of positive DRM,
defined by

K(R?) := {n = si0a, € M(RY)

s; € (0,00),2; € Rd}

where by convention, the zero measure 0 € K(R?) is included. This work is
concerned with the analytic properties of the cone. On the other hand, there
are three approaches which justify the use of this object without even conside-
ring its analytical properties. For one, there is the aspect of modeling biological
systems. Second, the cone appears naturally when considering certain genera-
lized stochastic processes. Third, the cone is given as the space where Gamma
measures are localized, which emerge from representation theory for current
groups. These three motivations will be explained below.

There is an external non-mathematical motivation to study particle sys-
tems realized as elements of the cone. Namely, Vladimir Vernadsky wrote the
following:

« “Organisms [...] are always separated from the surrounding inert matter
by a clear and firm boundary.” [19, p. 56]

« “Living matter [...] is spread over the entire surface of the Earth in a
manner analogous to a gas [...].” [19, p. 59]

o “In the course of time, living matter clothes the whole terrestrial globe
with a continuous envelope |[...].” [19, p. 60]
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This can be interpreted in the sense that system of living matter should possess
two properties: For one, the system should have a discrete nature. Further-
more, there is living matter everywhere in the system. In mathematical terms,
this means that the support of this system should be dense in the underlying
position space. Lastly, to be realistic, the system should have finite local mass
due to the physical limitations of our world. The mathematical realization of
these properties is given by the cone.

The second motivation comes from the theory of generalized stochastic
processes, i.e. processes on the space D'(R?) of generalized functions. By [17,
Thm. 3.3.24], infinitely divisible processes on D’(R?) are actually concentrated
on the subspace K(R?). Note that this result holds independently of the topo-
logical and analytical considerations done in later chapters. For a subclass of
measures, the so-called Gamma measures, we will also show a direct proof of
this statement.

Measures supported on K(R?) naturally appear in the study of repre-
sentations for current groups. Namely, when studying so-called commutative
models of representations of (SL(2,R))E". When considering representations
with respect to the unipotent subgroup of (SL(2,R))Rd, we arrive at spectral
measures which are defined on the space D’(RY) and supported on K(R9).
Furthermore, these measures show some invariance properties. These conside-
rations were first done by Gelfand, Graev and Vershik [6]. Later, Tsilevich,
Vershik and Yor [18] used this as a starting point to further analyze so-called
Gamma processes.

As seen here, these measures supported on the cone K(R?) appear natu-
rally without any a priori restriction of the spaces or aspects of modeling.

There is another mathematical explanation why it makes sense to consi-
der K(R9). If we take the class of Gamma-Poisson-measures on the extended
configuration space I'(R% x R?), we see that these measures assign full mass
to the subset of configurations with finite local mass, or Plato configurations.
These configurations can be identified with objects in the cone, i.e. there exists
a one-to-one correspondence between the so-called Plato space II(R?% x R?) and
the cone K(R9) [4].

2 Preliminaries

This section will include basic concepts from configuration spaces I'(R*. x R%),
the cone K(R?) and the connection between these two.

2.1 The Cone of Positive Discrete Radon Measures

We start by the introduction of the cone of positive discrete Radon mea-
sures as the subset of the space of Radon measures M(R?). Furthermore, the
notion of the support of a measure and relations between elements in K(R?) are
defined. Recall that by Vernadsky’s theory of living matter, a system should
be dense everywhere, discrete and have finite local mass.

One more property which we want from our system is that its elements
are indistinguishable in the sense that the system given by (s;,z;)ic; and
(sw(i),xﬂ(i))iel behave the same, where I is some countable index set and
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an arbitrary permutation of I. One possibility is to realize our system as sums
of point masses d,, where y is either the mark and position, or just the posi-
tion of a particle, depending on the setup. This automatically yields a discrete
particle system. To obtain the other two properties, it is useful to let y repre-
sent the position of a particle, while the mark is considered as a weight of the
point mass. These properties become clear when we consider a certain class of
measures, namely, Gamma measures.

Definition 2.1. 1) The cone of nonnegative discrete Radon measures is
defined as follows:

K(R?) := {n = si0s, € M(RY)

s; € (0,00),z; € Rd}

By convention, the zero measure n = 0 is included in K(R?).
2) We denote the support of € K(R?) by

7(n) :=={z € R | 0 < n({z}) =: s.(n)}-

If 7 is fixed, we write s, := $,(n).
3) For n,¢ € K(R?Y) we write &€ C 7 if 7(£) C 7(n) and 5,(&) = s.(n) for all
x € 7(§). If additionally |7(£)| < oo, we write £ € 7.
4) For a function f € C.(R?), denote the pairing with an element 1 € K(R?)
by
(o)=Y saf ().

zeT(n)

While K(R?) can be viewed as a subset of the space of positive Radon
measures M(R9), it is not advisable to consider it as a subset topologically.
This method works for the space T'(Y') introduced below, as will be explained
later. For K(R), it does not yield satisfactory topological results. Instead,
we keep Plato’s theory in mind and see K(R9) as the real-world projection of
another space, called the Plato space II(R% x R9).

2.2 Plato’s theory

As stated in the introduction, the cone K(R?) is a suitable object to
describe particle systems in the real world. On the other hand, the question
arises how to define and interpret mathematical structures on the space K(R?).
As a motivation, we give a short overview of Plato’s theory of forms.

In the theory, Plato stated that observations in the real world are mere
projections of higher forms or ideas. One way to picture this is the so-called
cave allegory, which was recited by Ross (1951) as follows: “A company of men
is imprisoned in an underground cave, with their heads fixed so that they can
look only at the back wall of the cave. Behind them across the cave runs a
wall behind which men pass, carrying all manner of vessels and statues which
overtop the wall. Behind these again is a fire. The prisoners can only see the
shadows [...] of the things carried behind the wall, and must take these to be
the only realities” [15, P. 69].
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Applied to our setting, the space K(R?) is interpreted as the shadows
projected onto the cave wall. On the other hand, the space II(R* x R?) which
will be introduced below is the space of forms or ideas, represented by the
objects carried in front of the fire. While the space K(R?) is taken to be our
reality, we use the space II(RY x R?) to define mathematical operations. The
spaces are connected via the bijection R: II(R%} x R?) — K(R?) introduced
below. In accordance with the cave allegory, R is also called reflection mapping.

2.3 Configuration Spaces

As we will see in the next chapter, the Plato space IT(R*. x R?) is a specific
subset of the so-called configuration space I'(R% x R?), which will fulfill the
assumptions stated heuristically in Chapter 2.1.

In general, the space of locally finite configurations T'(Y") is the space of
all subsets of Y which are finite in any compact set A C Y. The following
definition makes this notion more precise.

Definition 2.2. Let Y be a locally compact Hausdorff space. The space of
locally finite configurations over Y is defined as

IN'Y)={yCY:|yNA| <ooVACY compact}

where | - | denotes the number of elements of a set.

From a physical perspective, Y is considered as phase space of an inte-
racting particle system. A configuration v € I'(Y') represents a set of indistin-
guishable agents (e.g. particles, plants) which may interact with each other. In
our considerations, we always consider ¥ = R*} x R?. More generally, R? could
be replaced by some more general locally comapct space X. In this chapter,
we recall some properties of I'(Y") which will form the basis for the Plato space
II(R* x RY).

2.3.1 Topology and Measurable Structure of I'(Y)

There exists a natural embedding of I'(Y") into the space of Radon mea-
sures M(Y') on Y, namely

T(Y)3 7y~ > 6 € M(Y)

yey

where ¢, denotes the Dirac measure at point y € Y. We equip I'(Y’) with
the vague topology induced by M(Y), i.e. the coarsest topology such that the
following mappings are continuous for all f € C.(Y'), where C.(Y") denotes the
space of continuous functions with compact support:

LY)3ye (f7) =) f)

yeY

In fact, I'(Y) equipped with this topology is a Polish space. A more detailed
analysis of the topological properties of I'(Y") can be found in [10].
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The construction of a topology enables us to consider the Borel-o-algebra
B(T'(Y)). It should be noted that this o-algebra coincides with the o-algebra
generated by the following mappings:

Np:T(Y) = No,v = Na(y) = [yNAl, AeB.(Y)

where B.(Y") denotes all pre-compact Borel subsets of Y, see e.g. [9].

We give another construction of the measurable space (I'(Y),B(I'(Y))
which will be useful for other considerations. For A € B.(Y), we define the
space of configurations supported in A.

FA)={yeT(X):vyNA =~}
Furthermore, for n € N, consider the set of n-point-configurations supported

in A:
DOI(A) 1= 7 € T(A): |yl = nh, TO(A) = (0)
Since v € T'(Y)) is locally finite, the elements of I'(A) are finite and we have the

disjoint decomposition

L(A) = D ™ (A). (2.1)

We can represent I'(") (A) via symmetrization of the underlying space:
A"/S, ~ T (A) (2.2)

where ~
A" = {(x1, .. mn) €A™ |y # 25 ViF# j}

the off-diagonals and S,, the symmetric group of n elements. This way, T(")(A)
can be equipped with the topology induced via A™. Furthermore, I'(A) is
equipped with the topology of disjoint unions. Hence, we can define the Borel-
o-algebra B(I'(A)) given by this topology.

For two sets Ay, Ay € B(Y), As C Ay, define the projection mapping

PALAS F(Al) - F(A2)7’7 =N A2

where we set pa, := py,a,. It was shown in e.g. [16] that (I'(Y"), B(I'(Y)) is the
projective limit of the spaces (I'(A), B(I'(A)) for A € B.(Y'). This especially im-
plies that the mappings pa are B(I'(Y))-B(I'(A))-measurable. The construction
of B(I'(Y)) via projections will play an important role in the construction of
measures on I'(Y).

2.3.2 The Space of Finite Configurations

For mathematical purposes, it is important to also consider the space
['o(Y) of finite configurations, i.e.

Lo(Y) :={yeTl'(Y): |7] < oo}

where | - | denotes the number of elements of a set. While the definition implies
that Tg(Y) is a subset of T'(Y'), the interpretation is a different one: T'o(Y")
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serves as a mathematical counterpart to the physical space I'(Y). Also, the
spaces I'(Y) and T'o(Y) are topologically different: While I'(Y") is seen as a
subspace of M(Y) with the inherited topology, we use a different approach for
['o(Y) which will be explained in this chapter. The approach is similar to the
one used in Chapter 2.3.1, but yields different results. We set

T (A) :=T™(A)

where A is an arbitrary Borel subset of Y. Since we only deal with finite
configurations, we may use decomposition (2.1) for A =Y, i.e.

v)=| |5
n=0

Furthermore, we may consider the symmetrization (2.2) to obtain
Y"/S, ~ T ().

For I'(™(Y"), we choose the topology induced by the space Y. For I'o(Y), we
may use the topology of disjoint unions. For a more detailed description of the
topology used here, we refer to [9].

Remark 2.3. The purpose of the space of finite configurations will become
clearer once we examine specific models. Since the models are introduced on
the cone, we postpone this discussion until after we have introduced the relevant
spaces related to K(R?).

2.4 Relation Between K(R?) and I'(R* x R?Y): The Plato
Space II(R* x RY)

In this section, we want to establish the connection between the con-
figuration space I'(R% x R?) and the cone K(R?). Our goal is to define a
certain subspace II(R%} x R?Y) C I(R% x R?) such that there exists a one-to-
one-correspondence between II(R%. x R?) and K(R?) in the following form:

R:T(R; xRY) = KR,y = > 0oy = > 56,
(s,x)€Y (s,x)€Y

In terms of Plato’s theory, this mapping takes ideas v € II(RY x R?) and
projects (or reflects) them to real-world objects n € K(R?). Obviously, R is
not defined on the whole space I'(R%. x R?). Therefore, we need to construct
a suitable subspace. In other terms, the Plato space constructed below is also
known as the set of pinpointing configurations with finite local mass, denoted
by T'pe(R7 x R?). We explore these two properties in more detail below.

Define the set of pinpointing configurations I', (R x R?) C I'(R% x R?)
as all configurations such that if (s1,21),(s2,22) € ~ with x; = x5, then
S1 = S9.

Remark 2.4. The pinpointing property ensures that there are no two elements
of a system at the same position. Due to the shape of elements in K(R?), it is
obvious that this would not be possible.
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Let us now take into account the second property of II(R* x R%). To this
end, we define the local mass of a configuration.

Definition 2.5. For a configuration v € I';(R%. x R?) and A C R? compact,
set the local mass as

~v(A) :/]R » sla(x)dy(s,z) = Z sla(z) €0, 0]

(s,z)€v
This notion enables us to define the Plato space.

Definition 2.6. The Plato space II(R%. x RY) C T(R%. x R?) is defined as the
space of all pinpointing configurations with finite local mass, i.e.

II(R% x RY) :=Tpe(R} x RY) = {y €T, | 7(A) < oo for all A C R? compact}.

Remark 2.7. 1) The property of finite local mass accounts for the third pro-
perty stated in Chapter 2.1. It ensures that the system only has finite
mass in any bounded volume, which makes it physically viable.

2) The pinpointing property as well as the finiteness of local mass are suffi-
cient to make R: II(R% x RY) — K(R?) bijective.

3) The state space needs to be of the specific form ¥ = R% x X for the
notion of pinpointing configurations to make sense.

Definition 2.8. Let f € C.(R} x R?) and n € K(R?). Define the following
pairing:

{(f))y =R y= > fs,2)

(s,@)eR~1n

3 Topology and Measure-Theoretical
Structures

In this chapter, we want to introduce a suitable topology on the cone
K(R?). To this end, we consider the topology induced on (R x R?) by the
extended configuration space I'(R% x R?). Next, we use the mapping R to
induce a topology on K(R?).

3.1 Topology on the Cone K(R?)

The Plato space II(RY x R?) naturally inherits the topological structure
of I'(R% x R?), i.e. the topology is given by the vague topology induced from
the space of Radon measures M(R* x R?). For a detailed description of topo-
logical and metric characterizations, see e.g. [10].

Remark 3.1. The space II(R7 x R?) is not complete: Take for example some

2o € R? and 51 # 85 € R’ . Furthermore, consider sequences s,§7”),x§”),i =1,2
with s #£ 0 2( £ 2{" for all n € N and

(n) (n) -
S, —8;,%;  — Ti, n—00,0=12.
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Set
A = {5, 2™, (557, 25)} € TI(RY x RY)
7= A{(s1, 370)7 (s2,20)} € T(R: x RY) \ TI(R% x RY)

Let f € C.(R% x R?). Then

1A = (£ = £, 2) 4+ £(s57,28) = fs1,20) — f(s2,20))|
<If(sT, ) = fs1,20)] + £ (55, 28) = f(s2,20))]

— 0, n — oo.

Therefore, 7™ — v, n — oo in T(R% x R?) and II(R% x R?) is not complete.

From a naive point of view, it seems to make sense to consider the embed-
ding K(R?) ¢ M(R?) of the cone into the space of Radon measures, equipped
with the vague topology. Unfortunately, this topology has no relation to the
vague topology introduced above on II(R* x R?). In the spirit of Plato’s theory
of ideas, the connection between II(R% x R?) and K(R?) is essential. There-
fore, we consider the final topology on K(R?) induced by the reflection mapping
R, i.e. the finest topology such that the mapping

R:T(RY xRY) 5 KRY),y= > )= D, Sala

(s52,@)€y zeT(v)

is continuous. Here, we set for v € II(R}. x RY),
7(y) = {z e R | Is € R%: (s,2) € 7}

the support of v. The usage of this topology has the obvious side effect that R
becomes a homeomorphism, which is helpful in and of itself in other regards.

In the further development of the considered theory is important to im-
plement the construction of a class of probability measures on II(R* x RY),
namely, Poisson measures. The construction may be done on the larger space
I'(R% x R?). For the class of Poisson measures, we can show that they assign
full mass to the Plato space II(R% x R?). To obtain measures on K(R?), we use
the pushforward of measures on II(R* x R?) under the mapping R. A certain
subclass of specific interest is the class of Gamma measures. For the detailed
analysis we refer the reader to [4], [5].

References

[1] S. Albeverio, Y. G. Kondratiev, E.-W. Lytvynov, and G. F. Us. 2006. Ana-
lysis and geometry on marked configuration spaces. arXiv Mathematics
e-prints, math/0608344.

[2] S. Albeverio, Yu. G. Kondratiev, and M. Rockner. 1998. Analysis and
geometry on configuration spaces. J. Funct. Anal., 154(2):444-500.

[3] A. Daletskii, Y. G. Kondratiev, and Y. Kozitsky. 2015. Phase transiti-

ons in continuum ferromagnets with unbounded spins. J. Math. Phys.,
56(11):113502, 16.



Applied philosophy in mathematics 43

[4]

[10]
[11]

[12]

D.Finkelshtein, Y.Kondratiev, P.Kuchling, and M.J.Olivera. 2020. Ana-
lysis and geometry on the cone of discrete Radon measures I. Methods
Funct. Anal. Topology (to appear).

D.Finkelshtein, Y.Kondratiev, P.Kuchling, and M.J.Olivera. 2020. Ana-
lysis and geometry on the cone of discrete Radon measures II. Methods
Funct. Anal. Topology. (to appear).

I. M. Gelfand, M. I. Graev, and A. M. Vershik. 1985. Models of repre-
sentations of current groups. In Representations of Lie groups and Lie
algebras (Budapest, 1971), pages 121-179. Akad. Kiad6, Budapest.

D. Hagedorn, Y. G. Kondratiev, E. Lytvynov, and A. Vershik. 2016. Lap-
lace operators in gamma analysis. In Stochastic and infinite dimensional
analysis, Trends Math, pages 119-147. Birkhauser/Springer, [Cham)].

D. Hagedorn, Y. G. Kondratiev, T. Pasurek, and M. Rockner. 2013. Gibbs
states over the cone of discrete measures. J. Funct. Anal., 264(11):2550—
2583.

Y. G. Kondratiev and T. Kuna. 2002. Harmonic analysis on configuration
space. I. General theory. Infin. Dimens. Anal. Quantum Probab. Relat.
Top., 5(2):201-233.

Y. G. Kondratiev and O. Kutoviy. 2006. On the metrical properties of the
configuration space. Math. Nachr., 279(7):774-783.

Y. G. Kondratiev, E. Lytvynov, and A. Vershik. 2015. Laplace operators
on the cone of Radon measures. J. Funct. Anal., 269(9):2947-2976.

Y. G. Kondratiev, E. W. Lytvynov, and G. F. Us. 2006. Analysis and ge-
ometry on R-marked configuration spaces. arXiv Mathematics e-prints,
page math/0608347.

T. M. Liggett. 1985. Interacting particle systems. Grundlehren der Mathe-
matischen Wissenschaften [Fundamental Principles of Mathematical Scien-
ces], vol. 276, Springer-Verlag, New York.

Yu. I. Manin. 1989, Reflections on arithmetic physics. In:  Invariance
and string theory Academic Press, pp. 293-303.

W. D. Ross. Plato’s theory of ideas. Clarendon Pr., Oxford, 1951.

H. Shimomura. Poisson measures on the configuration space and unitary
representations of the group of diffeomorphisms. J. Math. Kyoto Univ.,
34(3):599-614, 1994.

A. Skorohod. Random processes with independent increments, volume 47
of Mathematics and its Applications (Soviet Series). Kluwer Academic
Publishers Group, Dordrecht, 1991. Translated from the second Russian
edition by P. V. Malyshev.

N. Tsilevich, A. Vershik, and M. Yor. An infinite-dimensional analogue of
the Lebesgue measure and distinguished properties of the gamma process.
J. Funct. Anal., 185(1):274-296, 2001.

V. I. Vernadsky. Living Matter in the Biosphere, pages 56—60. Springer
New York, New York, NY, 1998.






Ximist, bionoria Ta MeaAnLNHA

Chemistry, biology and medicine






Interdisciplinary Studies of Complex Systems

No. 16 (2020) 47-59

© II. Bipuu, O.Hagroka, II. Bipuu, B. Maprumiox, H. Kynesox
https://doi.org/10.31392/iscs.2020.16.047

BIOXIMIYHI TA MEJWYHI JOCAIAKEHHS
BAKTEPUIIMIHOT AKTUBHOCTI TIJIPOTEJIIB
3 HAHOUYACTUHKAMU CPIBJTA

ITaeno Bipuub% Oxcana Hadmoxa3 ITempo Bipun
Bixmop Mapmumox'> Hamanis Kyyeeoa® s

Awnorania. JlikyBaHua paH nepenbadae CTBODEHHsI YMOB JJisl pereHepariii TKAHWH Ta 3a-
nobiranusi 6akrepiaJbHOro 3apakenus. fk anTubakTepiaabHi 3acCO0M BUKOPUCTOBYIOTH aH-
TubioTuKH, 6aKTepioCTATUYHI OpraHiyHi peYOBHHK, IOHK METAJIB Ta IX OKCuau. Mu BHKOpU-
cToByBasHu riaporeni moniakpunaminy (P) Ta xomosmimepy mexcrpam-momiaxpunaminy (DP)
3 pisEEM BMicTOM 3mmBaiouoro areata N, N’-merunen-6ic-akpunaminy — 0.2%, 0.4%, 0.6%.
Cunre3s AgNP B marpurgx nogiMepis npoBoanau yiabTpadioneToBo0 JaMIow opu 365 HM.
Po3mipu AgNP Buznawasu 32 NIa3MOHHUM PE30HAHCOM HA OINTHYHHX CIEKTPAMH B gialal3oHi
300-800 mM.

Amnani3 ontranoro nornmaansas AgNP B nomiakpuiaaMignux Ta JEKCAH- IO/ aKPHAIAMIqHIX
rijgporessx i3 kingpkicTio 3musatodoro areara 0,2%, 0,4%, 0,6% nokazasnu, 1m0 yMOBH yTBO-
peHHs HAHOYACTUHOK Cpibsa Maiike OMHAKOBI, & IX AiaMeTp 3HAXOOUThCA B Mexkax 20-40 HM.

Hocaipxkennsi anTuOGaAKTEPiaJBbHOT AKTUBHOCTI MPOBOAWIN AUCKO-IMMDy3iHHIM MeTOI0M
Ha arapi Miomrepa-XiiHTOHA 3 BMKOPHUCTaHHAM AMKUX mTaMmiB Staphylococcus aureus ta
Escherichia coli. IndikyBanusa BiAKpHTHX PAH IPOBOLHUIIHN CYMIMIIIIO AUKKUX IITAMIiB S. aureus
and E. coli. JlikeyBaHHS paH TPOBOAUIN KJIACHYHUM METOJOM CTEPWUJIBHUX MAapJIEBUX IIOB’d-
30K, MOPOXKHIMH TifporessMu Ta 3 HAHOYACTHHKAMHU cpibsa. Busasieno Bucoky wyTiuBicTb
nukux mramis S. aureus ta E. coli qo aii rigporedtto, mo micturh 20% po3YnH XJI0PreKCHANHY.
JiameTp 3aTpUMKM POCTY 3HAXOAUTHCA B Me2kax 15 mMm. Cepes mepesiky BUKOPHCTAHUX Ma-
TepiasiB HaifBuIy OAKTEPHIUAHY AKTUBHICTE BUABIAIOTH rigporesni 0.4P ta 0.4DP 3 AgNP.
ix edexTusnicTs Buma Ha 45% mna S. aureus i Ha 20% mia E. coli mopiBHSAHO 3 Kiach-
YHUM 3HTHCEIITUKOM — XJIOPreKCUIuHOM. Jlocaimpkennsi MaTepiais in vivo, mpoBeeHuX Ha
BIIKpUTHX paHax i3 mMTy4YHUM OaKTepiaJbHUM 3apaKeHHAM, IIOKa3aJIi IPUCKODEHHS IIPO-
mecy 3aroeHHs npu Bukopucransi rigporerxis 0.4P ta 0.4DP 3 AgNP BigmocHO kacuuHOrO
MeTO/Iy BUKODHCTAHHS CTEPHJIBHUX MapJIeBUX IIOB’A30K. 3aCTOCYBAHHS ITUX TiIPOTEJIiB JJIsS
JMKyBaHHS BiAKPUTHX paH, 3apaxkeHux S. aureus ta E. coli, qomomarae npuckoputu nporec
3aro€HHS Ta MATPUMYE AHTHUCEITHYIHI YMOBH IIPOTArOM IIE€BHOTO 4acy.

Cepen iepesiky nepeBipeHux rigporesis, HA#GIIbIT AOMIIHLHO 3 METOIO JIKYBAaHHS BiIKpHU-
TUX paH, BUKOPUCTOBYBATH HOJiakpuaaMia ta xonogimep gexcrpan-20 000 — nmomiakpunamin
3 KinbKicTio 3musaodoro arenrta 0,4% (m/m), Axi MicTsTh HAHOYACTHHKE Cpibia 3 cepeaHiMm
niamerpom 20-40 mm. Ie moB’sa3an0 3 X BHCOKOM e(eKTHBHICTIO BIAHOCHO TPAM-TIO3UTHBHUX
Ta I'paM-HETATUBHUX MIKPOOPTaHi3MiB Ta HiATPUMIN OAKTEPHIUAHUX 1 DAKTEpiOCTATHIHUX
YMOB, ONTUMAJIbHUX [JIsl 3aTOE€HHS BIIKPUTHAX DAH.

Ka10406i cA06a: TOJIIaKPUIaAMif, Tigporesb, HAHOYACTHHKY CPiba, aHTHOAKTepiaibHa AKTUB-
HICTb, JIKyBaHHS paH
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BIOCHEMICAL AND MEDICAL STUDIES OF BACTERICIDAL
ACTIVITY OF HYDROGELS WITH SILVER NANOPARTICLES

Pavlo Virych, Oksana Nadtoka, Petro Virych,
Viktor Martynyuk, Natalia Kutsevol

Abstract. Wound treatment involves creating conditions for tissue regeneration and
prevention of bacterial contamination. As antibacterial agents use antibiotics, bacteriostatic
organic substances, metal ions and their oxides. We used polyacrylamide(P) and copolymer
dextran-polyacrylamide (DP) hydrogels with different contain of cross-linking agent N,N’-
methylen-bis-acrylamide 0.2%, 0.4%, 0.6%. AgNPs synthesis in polymers matrices activated
by UV-lamp at 365 nm. The size of AgNP was evaluated by means of plasmon resonance
light absorption in the range at 300-800 nm.

Analysis of the light absorption of AgNPs in polyacrylamide and dextane-polyacrylamide
hydrogels with the crosslinking agent 0.2%, 0.4%, 0.6% indicated that the conditions of silver
nanoparticles formation are almost the same and their diameter is in the range of 20-40 nm.

‘We investigated the antibacterial activity using a disc-diffusion method in Muller-Hinton
agar on wild strains Staphylococcus aureus and Escherichia coli. The infection of the open
wounds in rats was provoked by mixture of E. coli and S. aureus. The treatment was carried
out by classical method using covering with a sterile bandage, pure hydrogel and hydrogel
with silver nanoparticles. We found a high sensitivity of wild strains of S. aureus and E. coli
to the action of hydrogel containing 20% chlorhexidine solution. The diameter of the growth
retardation was around 15 mm. Among materials, we used the 0.4P and 0.4DP hydrogels
with AgNPs demonstrated the highest antibacterial activity. Their efficacy were higher on
45% for S. aureus and 20% for E. coli compared to the classic antiseptic chlorhexidine.

The test of 0.4P and 0.4DP hydrogels in vivo that was conducted on open wounds upon
experimental bacterial contamination showed an acceleration of healing process in relation
to the classical method with using sterile gauze bandages. The use of these hydrogels for the
treatment of open wounds infected by S. aureus and E. coli are helps to accelerate the healing
process and maintains antiseptic conditions for some time.

The most appropriate for the treatment of open wounds are the polyacrylamide and
the copolymer dextran- polyacrylamide with 0.4% (m/m) of cross-link agent contained silver
nanoparticles with an average diameter 20-40 nm. Due to their high efficiency against gram-
positive and gram-negative microorganisms, these hydrogels are optimal for open wounds
treatment.

Keywords: polyacrylamide, hydrogel, argentum nanoparticles, antibacterial activity,
treatment of wounds

IIporsrom ocramHixX pOKiB 3HAYHI 3yCHIISA CIPIMOBaHI Ha PO3POOKY IIITY-
qHuX Giocymicaux marepianiB. OCHOBHUI BEKTOD JIOCII/IZKEHD CIIPSAMOBAHUN HA
CTBOPEHHsI MaTepiasiB, MO BiAMOBIIA0TH HEOOXiTHHM BHMOTaM s iMiTarfil
YMOB pereHeparrii TKaHwH Ta 3abe3nedenns: crepuiabaocTi. [lepesmik Bumor 3a-
JOBOJILHSIOTH TIOJIIMEpHI MaTepiaju — Tiaporesi, sKi CKIaIal0ThCd 3 Tonepe-
9HO 3MIATHX XIMIYHUM 49u izudHIM crocoboM saHmioris [1, 2], a meski 3 HuX
BUSBJILIOTH BJACHY OakrepuiuaHy akTuBHicTb [3]. 3aBagku (i3uko-ximiunum
BJIACTUBOCTSM, HU3bKIM TOKCHYHOCTI Ta 3/JaTHOCTI yTPUMYBATU B CTPYKTYPi
Pi3HI pedYoBWHM, TaKi MaTepiaan MOKHA BUKOPUCTOBYBATH /IS JIIKYBAHHI Bij-
KPUTHUX PaH.

Bigkpurrs Ta mMOYATOK BUKOPUCTAHHS aHTUOIOTHKIB JO3BOJIMB 3HU3UTHU
piBE€Hb CMEpPTHOCTI BiJ OAKTEpiabHOrO 3aparkeHHsl PaH, aje, pa3oM 3 UM,
3’BUJIUCS PE3UCTEHTHI 10 il aHTMOIOTUKIB mTaMu [4], 10 CHOHYKaIo 10 10~
LIYKY JbTEPHATUBHUX aHTUOaKTepiabHuX 3ac00iB. OHUME 3 HUX BUSIBUJIUCH
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koMbGinoBani rizporesi [3]. Bonu BUKOPUCTOBYIOTHCH K aJIbTEPHATUBA aHTUBIO-
THUKAM IIPY 30BHIIIHBOMY 3aCTOCYBAaHHI Ta 31aTHI GopMyBaTn aHTHOAKTEpPIATIb-
Hi TOKPUTTS. AKTUBHI KOMIIOHEHTH TPEICTABJICHI iI0HAMM BayKKUX METaJIiB, 1X
OKCH/IB Ta eKCTPAKTaMHU 3 JKMBUX opraHiamis [3]. JIo NPHHIMITOBHX HeIOIi-
KiB TaKUX MaTrepiasiB BiIHOCUTHCS ITUTOTOKCUYHICTDH BiJIHOCHO €YKapiOTUYHUX
TKaHWH, 110 00MexKye cdepy iX 3acTOCyBaHHS.

3Bakarouy Ha MIMPOKE PO3MOBCIO/IPKEHHS PE3UCTEHTHUX JI0 aHTUOIOTHKIB
mramiB MikpoopraHuiamie [4, 5, 6, 7], JOIiaBHO 3aCTOCOBYBATH SIK aHTUMIKDPO-
OHMiT ar€HT PEYOBUHM, [I0 il AKUX HE PO3BUBAIOTHCA MEXAHIZMHU 3aXUCTY. Ix nist
BKJIIOYAE JEKiIbKA MileHel, siki JOCHTh KOHCEPBATUBHI, 100 MIBUIKO 3MIHIO-
BaTU CTPYKTYDY, 9K HAIPUKJIAI, 11€ BinOyBaeThcs 3 Gera-nakramaszamu [8]. Ba-
JKJTMBA, BJIACTUBICTH TAKUX CIONYK 1X PO3YMHHICTH y Bozmi. IIpore, GinbiiicTs
OKCHJIiB MeTaJIiB, SIKi MPUIATHI IO 3aCTOCYBAHHS HA *KWUBUX TKAHWHAX, HEPO3-
YWHHI Y BOI, 10 3HUKYE iX eeKTUBHICTh. BUCOKY OaKTepUIIUIHY aKTUBHICTH
MPOSIBJIAIOTH 10HU METAJIiB, CepeJl AKX, 30KPEMA, TAKUil OAKTEPUIUIHII areHT,
ax ionm apremtymy. Mexamism mii AgT6asyernca Ha B3aeMOmigx i3 BilbHEME
rizpores cynbMiTHUMHU TPymaMu MMPOTEIHIiB MeMOpaHu OaKTepialbHUX KJIiTHH
[3]. Auie y BlubHOMY crani iOHM apreHTyMy LPU peakuil 3 KUCHEM yTBOPIOIOTH
OKCHI, IKUI HE BUSABJISE TOMITHOI Oiojoriunol akTuBHOCTI. IIpobiemy Bupi-
myI0Th (POPMYBAHHSAM HAHOYACTUHOK Ta iX CTADILII3AINEI0 PI3HUMU areHTaMHU.
Y 3B’s3Ky 3 I[UM [IPUBEPTAE yBary Toi (hakT, M0 caMe CTPYKTYPHA OpraHi3aris
riporesio BU3HAYAE PO3MIPU HAHOYACTUHOK Ta edbeKTuBHO crabinisye ix [9].

Hanouacrunku cpibina (AgNPs) uposBisiiorb BUCOKY DaKTE€PULM/IHY AK-
TuBHicTh. Bigmosmerma dbopma cpibna (Ag’) mamowacTuHkH, He BUABIAE 6io-
JIOTiYHOI aKTUBHOCTI, aJje 3a MPHUCYTHOCTI B CEpeJIOBUINI KHUCHIO Ta TMPOTOHIB
BiIOYBaETHCST HACTYIIHA PEAKILis:

4Ag + Oy = 2Ag,0
2Ag,0 + 2H" = 4Ag™ + 2H,0

Came BUBLIbHEH] apreHTyM-i0HM BUKJIMKAIOTH HuToToKcH4Hi ederru [10]. Me-
XaHi3M il 6a3yeThes HA B3aEMO/IIl i3 riaporen cyabgifHIME rPyIaMy IPOTEIHIB
GakTepiaJbHUX MEMODAaH, 10 MPU3BOIUTH 0 TOPYIEHHS iX (DyHKIII, HefTpa-
Jizamii TpaHCcMeMOPAHHOTO 1I0HHOTO TPAJIIEHTY Ta HEKPO3y KiaiTuHu BaskinBo,
IO PE3UCTEHTHICTH 10 Aii AgT po3BHBAETLCA HOBLILHO, IIOPIBHAHO 3 aHTHOIO-
rukamu [11].

Hacuyenns crpykrypu rigporesiio HaHod9acTuHKaMu cpibsia 103B0JIsi€ HaA-
JaTu Marepiany aHTHOAKTEpiabHUX BJIACTUBOCTEH, a8 BUCOKHI BMICT BOIM Ta
BifcyTHI TOKCHYHI ebeKTH HA OTOUYIOYI TKAHUHU CIPUSIOTH OLIBIIT TITBUIKOMY
3aroennio pan. OCHOBY rinporesto MoKyTb GOPMYBATH MPUPOIHI MOIIMEPH, X
moudikarii abo cunrernuni momimepu. Cepes TPUPOJHUX, MONIUPEH] AJbTi-
HATH TA XiTO3aH, & BKJAIOYEHHSA y CTPYKTYPY HAHOYACTHHOK Cpibia Hazae iM
Gakrepuipuux Biacrusocreil [12, 13]. Jo uepesar rakux marepianis BiaHo-
CATHCS 3AATHICTE 10 Giomerpaaarii, 6i00rivYHA CyMiCHICTh Ta HU3bKA, aJIepreH-
HICTh, PA30M 3 TUM dYac Ix 30epiraHHs 0OMEKEHU.

Cepen rigporesiB Ha 0a3i CHHTETHYHWX TOJIIMEpIB HANYACTiIIE BUKOPH-
CTOBYIOTH MOJIIAKPUATIMIJ, MOJIaKPUJIOBY KHUCJIOTY, MOJIE€THUJIEHTJIKOIb, MOJIi-
BininoBuil cuupt, noaisininniponigon ta in. [3]. Jo nepesar tTakux marepiasis
BiTHOCATH MOXKJINBICTH KOHTPOJIIOBATH 3arajlbHy CTPYKTYPY i pO3MipH 1op, 3aB-
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JSKH 3MiHI KiJIbKOCTI BBEJEHOI'O 3IIUBAIOYOI0 areHTa Ta KOHIIEHTAIlil MOHOMEDPY
B nporueci cunredy. OcobauBOI yBaru 3acjiyroBye HoJiakpuiamii, skuit imitye
TMIENTUIHY CTPYKTYPY 1 cipusie perenepariii mkipu. Hazanus rizporemsm mHa
#OTr0 OCHOBI DAKTEPUIMIHUX BJIACTUBOCTEN, MOTEPEIKAE DAKTepiaIbHOMY 3a-
PAKEHHIO TOMIKOIKEHNX TKAHWH, IO 3HWKYE PU3UK PO3BUTKY 3aIaJIeHHS Ta
BHPA30K.

Merta goCTiT2KEHHS MOJIATAIa Y MOPiBHAHHI OaKTepHUINIHOI AKTUBHOCTI Ii-
JIPOTEJIiB Pi3HOI CTPYKTYPHU HA OCHOBI IOTIaKpUIAMiTy Ta KOMOTIMEPY JeKCTpaH—
ToJTiaKpHIaMiz, i3 HAHOYACTHHKAMU Cpibjia, siki CHHTE30BAaHO in S$itu B Tiapore-
JIEBUX MaTepiajax.

Marepianu Ta meToan

OTpumMaHHY rigporeiis

Hpa tunu ximMiuHO 3muTux rigporesis Ha ocHosi mosiakpunaminy (P) ra
[IPULIEIIEHOrO Korosimepy aekcrpan-tnosiakpusiamin (DP) orpumano meromom
PaJIMKaJIbHOL HoJiMepu3aliil Ta KomoJiMepu3aliii 3 BUKOPUCTAaHHAM aMOHIH 11e-
piit miTpary sk imimiaropa ta N,N’-mermjeH-OGic-akpuaaminy sk 3MUTHBAIOYO-
ro arenta [14]. [Iis cuHTE3y TiApOresiB BUKOPUCTOBYBAJIHM akpuiamin (Sigma
Aldrich) ra mexcrpan i3 Mw=20 000 r/momas (Fluka). Po3mipu mop KoHTpOITIO-
BaJIU MIJIAXOM BUKOPUCTAHHS PI3HOI KiJTBKOCTI 3IIUBAIOYOr0 areHTa B peakIiiii-
miit cymimi: 0,2%, 0,4%, 0,6%. Ilicas cunTe3y 3pasku Tigporenis mpoMUBAIHA
B JNCTHILOBaHIN BOi (48 TOM) 1/1sT BUTATEHHS HU3BKOMOJIEKYISIPHUX TIPOITY-
KTiB peakIiii Ta 3aJuIKiB MOHOMepYy. Bucyreni mpu KiMHATHIN TemmnepaTypi
3pasku nowmimanan y 0,1 M posumn AgNOgna 7 10 Jjis HAaCUYEHHS Ta [10-
CATHEHHs PIBHOBArW y Tizporesi. Y HACHYEHUX WOHAMH APTEHTYMY TiIPOTesIsix
MpOBOINH (POTOXIMIYHIN CHHTE3 HAHOYACTUHOK CPi0JIa 3 BUKOPUCTAHHAM YiTb-
rpadioserooro BunpominoBanus (Y@ samua, 365 um, 36 Br) [15]. Ilepenix
BUKOPHUCTAHUX TOJIIMEPIB HaBeAeHO y Tabmur 1.

Tabmuma 1. Bukopucrani y TOCTiIzKEHHAX 3pa3KH MOJTIMEpPiB

IToaximep KuIbKICTh 3IIMBAOYOro areHTa
(m/m)
0,2% 0,4% 0,6%
TMoniakpunamiz (P) 0,2P 0,4P 0,6P
Iexcrpan—mnoniakpumamiz, (DP) 0,2DP 0,4DP 0,6DP

HamouacTuuku cpibja MalOTh yHIKAJIBHI OMTUYHI, €JIEKTPUIHI T, TEIIOBI
BaacTuBocTi. Bouu epeKTHBHO MOTIMHAIOTH Ta PO3CIIOIOTH CBITIO, & MaKCH-
MyMH TIOIJIMHAHHS CHJIBHO 3ajerkarTb Bifg ix po3mipis. Ile mos’s3amo 3 cuH-
XPOHHUMH KOJIMBAHHSMU €JIEKTPOHIB IPOBIIHOCTI MeTa/Iy Ha MTOBEPXHI HAHOYA-
CTUHKHW 1P 1X 30y 2KEHH] [IeBHUMU [[OBKUHAMU XBHUJIb. ZIBUIIE HOCUTb HA3BY
MJTA3MOHHOTO PE30HAHCY. 3aBISIKU TAKWM BJIACTHBOCTSM, 33, XapaKTE€PUCTUKA-
MU CIEKTPY MOTJMHAHHS MOXKJIUBO ominuTu posmipu AgNPs. Makcumym mia-
3MOHHUX KOJIUBAHb 3HAXOAUTHCA B MexKax 390-490 HM i xapaKTepusye po3mipu
B miama3oni 8-100 M. 3i 36i1bIIeHHIM PO3MIPIB BiI0YBAETHCSA 3CYB MAKCUMYMY
LOIJIMHAHHS Y JI0OBIOXBUJILOBY 00JsiacTh ciuekTpy [16, 17]. Tomy, nuis oninku pos-
MipiB orpumannx AgNPs npoBoaMIN 3aTTUC ONTUYHOTO MONTUHAHHS OTPUMAHUX
HAHOYACTUHOK cpibja y mosimepHux Marpungax y miamasoni 300-800 uM.
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g mepeBipku Marepiajy Ha 34aTHICTH iHTiOyBaTH picT GaKTEpiaJIbHUX
KyJbTYP, BUKOpUCTATH JuKi mramu Escherichia coli ta Staphylococcus aureus,
€JIEKTUBHO OTPUMAHUX HA CEPEIOBUIAX KHIO Ta )KOBTKOBO-COILOBOMY arapi.

Cepegosutiie Enyio nudepennioe earepobakrepiii mo 3paruocti depmen-
ryBarn nakro3y. Ckmuan (r/mx): arap — 26,5, Biraminamii npenapar «EK Ty —
1,22, gyxuuit dykcurn — 0,23, makrosa — 10,7, aumarpito docdar — 0,48,
cynbdit mHarpito — 0,83, marpiit aBoByrmekucauit — 0,03, pH = 7,3.

ZKoBTKOBO-COJILOBHIT arap — TBEPJE MOKUBHE CEPeIOBUIIe s audepen-
nifiosanoro Bupontysanus cradinokokis 3 10% xmopuay marpito. [IpucyrHicrs
SIEYHOTO YKOBTKA JO3BOJIsIE€ BUSBUTH (DEPMEHT JICMUTUHA3Y (JIEIUTOBITE/1a-
3y), 9Ky OpOAyKyoTh mmiorenHi cradimokoku. Ckiaz: M’sgCO-IeNTOHHUI arap
(MITA) — 70-75% (v/v), xaopuz Harpito — 10% (v/m), >KOBTKOBa eMyJIbCist
B 0,9% NaCl- 15-20 % (v/v), pH=7,3. Hdua ninrsepikenns KoJioHiit S. aureus
BuKOpucroByBasm Meroz 'inca-Byppi BusaBienns kamcyu.

Ouinky 4y rimBOCTi BUDPAHUX ITAMIB MIKPOOPIraHi3MiB IIPOBOIUIIN JIUCKO-
audy3ifiHIM MeTOIOM Ha TBEPIOMY CepemoBuIli 3rigHo wHakaly Nel67 MO3
Bim 5.04.2007 MeTonmuHi BKaziBKU «BuzHaueHHS 9yTIMBOCTI MIKpOOPraHi3MiB
J0 aHTHOAKTEepiaIbHUX mpernaparTisy. Jisa mociiakeHb BHKOPUCTOBYBAIN arap
Miosnepa-Xinrona Ne2 nacrynuoro ckiamy (r/.a): rizpoaisar kazeiny — 17,5,
rizpodizar cepus — 2, kpoxmaJib Bogoposuunnuii (YJA) — 1,5, arap-arap mi-
kpobiosoriunmuii — 17, pH=7,3.

TecToBi 3pa3ku Tiapore/f0 MaJIu OJHAKOBI PO3MipH JiaMeTPOM 5 MM, aHa-
JIOTI9HO CTAHJIAPTHUM JMCKAM 3 aHTHOIOTHKAMU. 3BAarKAI0UN HA IMUPOKE TOIIIN-
peHHsI aHTHOIOTMKOPE3UCTEHTHUX INTAMIB MiKpPOOPraHi3MiB, sIk KOHTPOJb BH-
KOPHUCTAHO AHTUOIOTHKY IUPOKOrO CIEKTPY il — meda3ostin ta medTprakcoH,
a Takox BapianTn rigporemo 0,2P, 0,4P,0,6P nacwueni 20%-M po3uanHOM XJI0p-
rekcuauny. Hacuuenns cyxoro nosimepy BigOysasocsa nporsarom 48 ron 'y 20%
po3unHi XJaoprekcuanHy. 11icss mboro mpoBOIMIN TECTYBAHHS AHAJIOTIIHO 3pas3-
kiB 3 AgNPs.

BuwmipioBannsa 30HM 3aTPUMKH POCTY 3ifiCHIOBAIH depe3 m00y 3a JIOIO-
Moroio mudposoro mranrenupkysis Miol 15-240.

CraructTuyny 00poOKY JAHWX MPOBOIWIIN 3T1THO 3araJIbHUX CTATUCTUIHAX
AJITOPUTMIB 3 BUKOPUCTAHHSIM TECTY MepeBipku Ha HopMaabHicTh [Ilamipo-Binka
(p>0,05), onrodakropuoro ananizy ANOVA recry [edde (p<0,05). ITosrop-
HICTh JIOCJIi/Iy 9OTUPUKPATHA.

HocuaimkeHHs in vivo

VY nocnimkenHst 6y70 BUKOPUCTAHO Oinx OE3MOPOMHUX IIyPiB YOTOBIYOL
crari, mo nepedyBaju B CTAHIAPTHUX ymMoOBax yrpumanns siBapito Y «Iu-
cruryT orojapunrosiorii im. npod. O.C. Konowmiituenka HAMH VYkpainus. Bei
MaHIMyATITl 3 TBAPUHAMHU TTPOBOIWIN 3TiTHO 3 MixKHAPOIHOIO KOHBEHITIEID PO-
0oTu 3 TBapwWHAMU Ta 3aKOHOM Ykpaiuum «IIpo 3axmcT TBapuwH Bif KOPCTKOTO
TMOBOZKeHHsT». JIIIAHKY TKIpH MiK JIOMaTKaMU OYHUINAJIN B MEPCTL Ta Xipyp-
rivHO BUAAJIAIN 001acTh mKipu giamerpom 7 mum. [lonepeaabo TBApWH BBOIMIIN
B HApPKO3 €TaMiHaJIOM HATPIiio.

Konraminamito pany mpoBOIMJIM BATHUM TAMIIOHOM CYMIIII0O OakTepii
S. aureus Ta E. coli 3 xommentpamieto kaitur 10° y 1 M. Yepes 10 xB micas
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3apaKeHHsd, paHy HAKPUBAJIU JIOC/IPKYBAHUM MATEpPiajioM Ta 3aKPillJIIOBAJIM
#ioro. Y SKOCT1 KOHTPOJIIO BUKOPUCTOBYBAJ/IM CTEPUIIbHI MapJesi nos s3ku. 11o-
B’s13km miepeOyBasin Ha TBapuHi 48 rox. Orisia mpoBoauan yepes3 3 ta 5 mib miciist
onepaiiii. Ha nepromy orssizi (72 rox) npoBoauiu 6akrepiaabHuil MocCiB 3 paHu
Ha eJIEKTHUBHI cepemoBuina EHI0 Ta KOBTKOBO-COJBOBUII arap HA MPHUCYTHICTH
BimmoBigamx mramiB 6akrepiit. [loBropHicTh moCimLy TpuKpaTHa.

PezynpTaTnn Ta 06TOBOpEHHH

BaBasgku (BHi3uKO-XiMIYHIM BIACTHBOCTSIM Ta BHCOKOMY BMICTY BOJIH, IO
HAOMMKAETHCA IO TAKOTO Y KUBUX TKAHWHAX, TiIPOTesi MaioTh BHCOKY 6iocy-
MicHicTb. KOHTPOJIb MOPHUCTOCTI CTPYKTYPH, CKIILY MOJIMEPHIX KOMIIOHEHTIB
Ta 37aTHICTH copOyBaTH i yrpuMyBaTH pi3Hi XiMivuHi CMOTYKH, POIINPIOE Me-
2Ky 3aCTOCYBAHHS TaKWX MaTepiasiB Jjis iMiTalii pi3HUX TKAHWH Ta JiKyBaHHSI
naronoriyaux cranis [18, 19, 20]. JlikyBanus pan nepeabadac BUKOPUCTAHHS
3ac00iB CIPAMOBAHUX HA IMOIEPeIKeHHs X OaKTepiaabHOI KOHTaMiHAIll, CTBO-
PEHHs YMOB pereHepairiil TKaHuH, Cepejl, SKUX JIOCTaTHs BOJIOIICTb, JOCTYII KH-
CHIO Ta TIOYKUBHUX PEUYOBHH [2].

Xapakrepuctuka AgNPs

3rifHO OTPUMAHUX CIEKTPIB MOMVIMHAHHS HAHOYACTHUHOK CpibJsa y moJti-
MEpHHUX MATPHISIX, HABEACHNX y TAa0auIi 1, He BUABIEHO CYTTEBHUX BiIMIHHO-
creii po3mipis AgNPs (puc. 1). Ilosoxenns MakCUMyMy IJIA3MOHHOIO DPE30-
HAHCY BKa3y€ HA PO3LO/ij PO3MipiB HAHOYACTUHOK cpibsa B Mexkax 20-40 Hwm.
Buxonsitun 3 1mporo, anTubakTepianbHi e(PeKTH BU3HAYATUMYTHCS B OCHOBHO-
My mBuIKicTio audysii AgNPs 3 rigporesio Ta JOCATHEHHS OAKTEPUIUIHUX
KonmenTpaniit AgT B orouyrouomy cepenopumii. OTKe, OCHOBHI TepameBTHYH]
edektu, 3ymoBieHi AgNPs Bu3HauaTUMyThCsl MBUIAKICTIO TX audy3il 3 mosti-
MepHOI MaTpulli Ta remepamnieio Agt.
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——0,2DP
——0,4DP

301 ——0,6DP
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Puc. 1. CoexkTpu HDOIIMHAHHA HAHOYACTHHOK CPi6/a, OTPUMAHUX y MOIIMEPHHX MATPHISX

0,2P, 0,4P, 0,6P, 0,2DP, 0,4DP, 0,6DP
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IopiBasiEES yTaUBOCTI KyabTyp S. aureus ta E. coli mo 3acrocyBanus
pi3HUX rigporesiB 3 HAHOYACTUHKAMY CPi0JIa TPOBOIVIIN BiTHOCHO KJTACHYIHOTO
AHTHCENTUKA —XJIOPTreKCHauHy. B Memununi 3acTocoByors 20% po3dms XJop-
TeKCHIMHY [IJIsi 3He3apaKeHHs MOBEPXOHb, THIffHUX paH Ta mpodinakruku 6a-
KTepiaJibHOI KOHTaMiHallil BIAKPUTUX IOIIKO/2KEHb TKAHUH.

VY 3B’3Ky 3 MUPOKUM TIOMUPEHHSAM PE3UCTEHTHUX 0 AHTUOIOTUKIB 111Ta-
MiB MIiKpPOOpraHi3MiB, BUKOPUCTAHO CTaHIAAPTHI AUCKU 3 1edTPHAKCOHOM Ta,
nedazoinom. Pesynbpraru mocaimxkens 9yTamBOCTI S. aureus [0 il XJIopre-
kcuuny y rigporeni 0,2P Ta manowacturok cpibna y marepianax 0,2P i 0,2DP
HaBeJIeHO Ha puc. 1.

Bukopucrani guki mramu Mikpooprauiamis S. aureus ta E. coli we pe3u-
crenTHi 70 il miedazominy Ta medrpuakcony. BusiBaeHo BUCOKY UyTIUBICTH S.
aureus 10 20% xnoprekcuauny B 0,2P 3 miameTpom 3aTpEMKH POCTY B MEXKAX
15 mm (puc. 1A). BigsocHo uporo nokasuuka na 32% suily edekTUBHICTDL 3a-
peecrposano npu 3acrocysanui 0,2P 3 AgNPs ta na 45% upu 0,2DP (puc. 2A).
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Puc. 2. Jliamerp 3arpumku pocty Kynabrypu S. aureus (A) ta E. coli (B) npu 3acrocysamsi

nomiakpunamigy (0,2P+Ag), komonimepy nexcrpan-nomiakpuiamin (0,2DP+Ag), 3 kinbki-

cTr0 3mumBaraoro arenta 0,2% (m/m), mo mictunn manogacTuekwm cpibna. IlopiBEanHS Big-

HOCHO 20% pO3YMHYy XJIOPTEKCHIWHY y TmoJiakpuaamigHomy rigporer (0,2P XT') (¥p<0,05).

Iledrpuarcon (IIDA) i nedazonir (IIP3) — KOHTPOIL AHTHGIOTHKOPE3UCTEHTHOCTI MTAMY;
(n=4).

Bacrocysamus rigporemo 0,2P, nacnaenoro 20% po3YMHOM XJIOPTEKCHIN-
Hy, BiguocHo E. coli 3abe3nieuye 3arpumky pocry aiamerpom 18-20 mm (puc. 2B).
BinmocHo 1iux moka3HuUKiB, He BUABIECHO CTATHCTUIHO JOCTOBIPHOI pi3HuIil B ede-
krusHocti 3acrocyBanns 0,2P 3 AgNPs, ase rigporess 0,2DP cupusie crarucru-
YHO JIOCTOBIpHOMY 36i/IbIEeHHIO miamerpy 3arpuMku pocry Ha 10% (puc. 2B).

36ibIIeHHA KiIILKOCTI 3muBaodoro areata 1o 0,4% me smausae Ha ede-
KTUBHICTh GakTepuiuaHol il Xjaoprekcuuny BigaocHo S. aureus (puc.3A).
Busgpneno 30iIbImeHHs miaMeTpy 3aTPEMKK pocTy Ha 47% mpu 3acTocyBaH-
ui rigporento 0,4P 3 AgNPs i na 45% — 0,4DP. Bakrepuuuuna akrusaicrb
BigHocuo S. aureus rimporemnis 0,4P ta 0,4DP 3 AgNPs ue Bigpizuserscsa. ITo-
Ka3HWK 3aTPUMKHU POCTy KyabTypu F. coli mpu Bukopucransi rigporemo 0,4P,
HacuaeHoro 20% XJIOPreKCHANHOM, 3HAXOANThCA B MeXKax 18-19 mm (puc. 2B).
BinHOCHO IBOr0 MOKA3HHUKA, CTATUCTUYIHO JOCTOBIpHE 30inbmmenHsa Ha 19% Ta
21% BusiBneno npu sukopucranni 0,4P 1 0,4DP 3 AgNPs sianosinno. Edexrus-
HICTh 3aCTOCYBaHHS IUX THIIB TiApOresio BimuocHo E. coli we Binpi3HseTHCS
(puc. 3B).
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Puc. 3. liameTp 3aTpuMKHU pocTy Kynbrypu S. aureus (A)ra E. coli (B) npu 3acrocysaHHi 1m0-

niaxpunaminy (0,4P+Ag), xononimepy mexcrpan-nomiakpuiramig (0,4DP+Ag), 3 kinekicTo

smuBatogoro arerra 0,2% (m/m), mo MicTuan HaHOYaCTUHKU cpibna. IlopiBHsaHHA BigHO-

cro 20% posuuny xsoprexcuamHy y nosiakpumamigsomy rigporeai (0,4P XT') (*p<0,05).

IMedbrpuakcon (IIPA) i nedazonin (I1P3) — KOHTPOIL AHTUBIOTUKOPE3UCTEHTHOCTI LITAMY
(n=4).

He Bugsmeno 3Minm 9yTauBOCTI S. aureus M0 3aCTOCYBAHHS TiIpPOTESTIO
0,6P 3 20% XJIOpreKCuauHOM BiTHOCHO aHAJIOTIYHUX MOKA3HUKIB IJId Tigpore-
ais 0,2P rta 0,4P (puc.4A). Crarucrudno AOCTOBIPHE 3POCTAHHS IIOKA3HUKA
na 36% ra 44% sussiaeno npu sukopucranni 0,6P i 0,6DP 3 AgNPs signosiz-
Ho. OTpuMaHi 3HAYEHHS HE BiAPI3HSIOTHCS BiJl aHAJIOTIYHUX TMOKA3HUKIB TIPH
BUKOPHMCTaHHI 3pa3KiB TiAporesio 3 KiIbKICTIO 3mmBaiodoro arenta 0,4%.

Orpumani pe3yabraru GAKTEPUIMIHOI AKTUBHOCTI MarTepiasis, ki MicTu-
JIM HAHOYACTUHKHY CPibsia, BKA3yIOTh HA iX e(peKTUBHICTH BiIHOCHO IpaM-TIO3H-
tuBHuX (S. aureus) ra rpam-gerarusuux (E. coli) mikpooprauizmis. Cepes ne-
PeJIiKy TOCTiIKEeHMX MaTepialiB, HAWBHUINY €pEeKTUBHICTD BUSBJIEHO JIJIS TiIpPO-
reqis 0,4P ta 0,4DP. Ilpuuomy edexTuBHICTH il Ha 30/J0THCTHIT CTa(hIIOKOK
3HAYHO BUIIA BiJIHOCHO CTAHIAPTHOI PEUOBUHU — XJIOPTEKCUINHY, Ta HADIMKA-
€THCS 10 TAKOI BUKOPUCTAHUX AaHTHOIOTHKIB IITUIPOKOTO CIIEKTPY — MePTPHAKCO-
ny ta nedaszoniny. Orpumana pizHuilg epeKTUBHOCTI 3aCTOCYBAHHS MaTepiaiB
i3 HAHOYACTUHKAMY CpibJIa BiJHOCHO MPAMIO3UTHBHUX TA TPAMHETATUBHUX Mi-
KPOOPTaHi3MiB, MOXKJIMBO, MOB’S3aHA 3 OCOOJIMBOCTSAMY CTPYKTYPU KJIITHHHOI
CTIHKM, KA MICTUTH JOJATKOBY MeMOpaHy Ta TOHKHN MIAp MENTUIOTJIIKAHY
(Li, Ta in. 2018). Marepianu 3 kinbkicrio s3mmBatodoro arenry 0,2% marorhb
HaWHUKYIY OaKTEPUIUIHY AKTUBHICTH BisHocHO S. aureus ta E. coli. Cepenniii
cryuinb 3wuBku (0,4%) cupuse pocry ebeKTUBHOCT, 1110 MOXKJIUBO 110B’s3aHO
31 3MEHIEeHHSIM CepeHiX PO3MIpiB yTBOpeHux HanoyacTuHok cpibna (Nadtoka,
Kutsevol ta Naumenko, ra in. 2019). IToganbmuil picT miapHOCTI MaTepiasy
(0,6%) He 3minOe GakrTepuluaHOI akTUBHOCTI. Bapro BiaMituTu 36epexents
banancy mixk posmipamu AgNPs ta mBuzikicrio ix audysii 3 marepiany. [lpu
30i7bIIeHH] TIIIBHOCTI MaTepiasy BiIOyBAa€TbCs 3HUKEHHS IIBUIKOCTI BUXOILY
HaHo"acTHHOK Ta Agt 3 marepiamy. OTxKe, cepes mepesiKy TOCTIIKEHNX Ma-
TepiajiB 3 HAHOYACTUHKAME CPibJia ONTUMAIHHUMH 33, IUMU TTAPAMETPAMU BH-
apuanch rigporeni 0,4P ta 0,4DP.

Bukopucranus rigporeso 0,6P 3 20% X/IOpreKCuamHOM CIPHUSAE 3aTPUMIT
pocry E. coli ua mnomi piamerpom 18-20 mm (puc. 4B). BignocHo 1poro moka-
3HWKA BUABJIEHO 36iabpIenns miamerpa na 15% mpu 3actocysanni 0,6P 3 AgNPs
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Puc. 4. Jiamerp 3arpumku pocry kyabrypu S. aureus (A)ra E. coli (B) upu 3acrocysansni

nomakpunaminy (0,6P+Ag), xononimepy pgexcrpas-mosiakpunamin (0,6DP+Ag), 3 xiab-

KicTio 3muBatodoro arenra 0,2% (m/m), mo MicTuau HaHOYACTHHKH cpibiaa. [TopiBHAH-

ua BigeocEO 20% po3umHY XJIOprexcmauwHy y mosiaxpmaamimaomy rigporesi (0,6P XI')

(*p<0,05).Iedrprakcon (IIPA) i nedazonin (I1P3) — KOHTPOIL AHTHGIOTHKOPE3UCTEHTHO-
cri mramy; (n=4).

ta "Ha 23% a71a 0,6 DP. CTaTHCTHYHO JOCTOBIPHOL PI3HUIN MiXK MOKA3HUKAME HE
BUSIBJIEHO, X043, 30€piraeTbCs TEHIAEHINS A0 POCTY OAKTEPUITHIHOI AKTUBHOCTI
npu 3acrocyBansi rigporesio 0,6DP 3 AgNPs.

Takum gunoMm, Bapiantu rigporemo 0,4P ta 0,4DP 3 AgNPs Bosnozioors
BHUITOI0 ePEKTUBHICTIO BiTHOCHO iHINIKX 3Pa3KiB Ta KJIACHIHOIO AHTUCEITHIHO-
10 3ac00y — XJIOPTEKCHIUHY.

HocaimkeHHs in vivo

3rigHO pe3ynbTaTiB BIIMBY HA AuKi mtamu S. aureus ta F. coli, mu Buxo-
pucTanm y aocimkenasax in vivo rigporeni 0,4P ta 0,4DP 3 manogacTunkamun
cpibmra. Konrposiem BucTynajm crepusibHi MaJjesi moB sa3ku Ta rigporeni 0,4P,
0,4DP 6e3 AgNPs.

BpaxoBytoun ifmeHTHYHI MOYATKOBI yMOBM, 3a BHHITKOM TBAPHUH, PAHHU
AKUX He TAJaBaanucs OaKTepiaJbHOMY 3aparKeHHI0, depe3 3 100U BUSIBIEHO
BiIMIHHOCT1 TpoIieCcy 3aroeHHs.

Y TBapuH 0e3 3apakeHHs 3 BIIKPUTOIO PAHOIO, JTIKYBAHHS SKUX MTE€pPeada-
9aJI0 BUKOPUCTAHHS KJIACHIHOTO MAPJIEBOrO MaTepiaty, Ha 3 100y He BUSBIEHO
O3HAK 3allaJIeHHs Ta KOHTAMiHAIll, PO3Mip paHu 3MEHIINBCA HA 9BEPTh. depe3
5 1i6 nowKo/KeHHs 3MeHuIocs BaBiul (puc. 5). Bakrepianbuuii nocis na 72
rogz BusiBuB 52 Kosiouii Staphylococcus sp. (Haitbinbin iimosipro S. epidermisis)
npu BigcyTHocti S. aureus ta E.coli.

VY mypiB 3 BiAKpUTUMU DAHAMU, MITYIHUM 3aPAKEHHSIM Ta 3aCTOCYBAaH-
HAM KJTACHIHOTO METOMY JIKyBaHH:, HA TPETIO 100y HE BUSABJICHO 3MiHA PO3Mi-
piB morkokeHHst. [lociBu Ha e1eKTHBHI CepeOBUINA HE BUSBUJIN IPUCY THOCTI
E.coli, anme 3apeecrpoBano mouan 200 komowiit Staphylococcus sp ta S. aureus.
Yepes 5 mi6 po3mip paHu 3MEHIITHUBCS BIBiUi.

Buxkopucranus 0,4P ta 0,4DP 6e3 jikapcbkux 3acobiB npu JiKyBaHHI Bif-
KpHUTOl, miTy4dHo iHdikoBaHol paHu, Crpusi€ MOYaTKy il 3aroeHHs HA 3 100y
3 Bi/ICyTHIMHU Bi3yaJbHUMHU O3HAKAMHU 3AIMATEHHS Ta 30€PEKEHHIM MOIATKOBAX
po3mipiB. MikpoGiosoriuni mocmimkenns sussuau 80 kojouii Staphylococcus
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sp, 3 S. aureus ta 2 makrozomno3utuBHi Kosouii. Yepes 5 ai6 posmipu panu
3MEHIINJINCS BIB1Yi.

BacrocyBauus 0,4DP 3 mamouactTuHkamu cpibia Ha TPETIO D00y CrIpusie
3MEHINIEHHIO PO3MIpiB paHu y 2 pa3u Bij MOYATKOBOrO 0€3 O3HAK 3aIaJIeHHS.
Yepes 5 1i6 pos3mipu panu 3menmmamca y 3 pasu (puc. 5). Ha micui sokasizanii
Marepiasy MPUCYTHI 3aJAMIKH APTeHTYM OKCUIY yV BUIJISII YOPHUX ab0 KOPUU-
HeBux miaM. Mikpobiosoriani qoctimKeHHs 1epe3 72 1o BuaBun 0u3bK0 40
KoJIoHiH Staphylococcus sp. Ta BiICyTHICTH JTAKTO30MO3UTHBHIX OakTepiit. Cxo-
Ki pe3ysbTaTu OTpuMaHo mpu 3acrocyBanHi 0,4P 3 mamouacruwakamu cpibia.

KoHTponb

0,4PD

0,4PD AgNPs

dopmyBaHHA paHu Ta 3 pobu 5 ni6
HaK/1aflaHHA NOB'A3KM

Puc. 5. IIpomec 3aroenns urryuno indikoBanol panu y mypis 3a ymosu 11 jikyBaHHS MapJe-
BHM MaTepianoMm (KOHTPOJb), rizporesem (0,4DP) Ta rizporesem 3 HaHOYacTHHKaMH cpibia
(0,4DP+AgNPs)

Orxe, rigporeni 0,4P Ta 0,4DP 3 AgNPs nepermkoakaioTh PO3BUTKY Ma-
TOTeHHOI MIKpOMJIIOpH y BIIKPUTHX paHAX Ta CIPULAIOTH IIBHIKOMY IX 3arO€H-
0. Hacammepesn e BU3HAYA€ThCA BUCOKMM BMICTOM BOJIM y MaTepiasi, #oro
MLTBHICTIO, IO HE JO3BOJISI€ MIPOHUKATH MiKpooprauizmam. lomarkoBa OakTe-
PHITUIHA AKTUBHICTD, KA 3a0€3MeIyEThCs MPUCYTHICTIO HAHOYACTUHOK CpidIa,
TITPUMY€E CTEPUILHI YMORH.

Jocmiakenns MmaTepiaiB B yMOBaX 1 viv0, TPOBEJEHNX HA BIIKPUTUX Pa-
HaX 13 MITyYHOI0 OAKTEPiaJbHOI KOHTAMIHAINIEIO, BUSBUAJINA TPUCKOPEHHS MPO-
[IECY 3arO€HHsI TIPU BUKOPUCTAHHI moJiiakpuiaMinnoro rigporesio 3 AgNPs. Xo-
9a, BiZCyTHI O3HAKW 3HAYHOTO DAKTEPIaIbHOTO 3aparkeHHsl ¥ KOHTPOJbHUX TBa-
PUH, Yy HUX BUABJIEHA UPUCYTHICTH HATOI€HHUX IPEACTABHUKIB MikpodJiopu (S.
aureus) Ha TPETIO 100y, AKI BUKJIUKAIOTDH 3aIa/I€HHsl, PO3BUTOK THITHUX BUpAa-
30K Ta cercuc. IlpucyTHicTs inmux BumiB poay Staphylococcus, HaitimoBipHie
S. epidermisis, MOB’13aHO 3 1X KOHCTUTYTHUBHOI MPUCYTHICTIO sIK HOPMAJTBHOL
mikpodiopu nosepxui mikipu [21]. 3a3Buvail Bin He BUKJIMKAE 3alaIbHUX [IPO-
LECIB Ta Cercucy, mo xapakrepuo S. aureus. Bigcyrsicrs anTubaxTepiaabHux
areHTiB He J03BoJsA€ JocimKkennm Marepianam 0,4P ta 0,4DP minrpumysaTtn
HU3bKY KiTbKicTh OakTepiit y pani. Uepe3 72 rom BUSIBJIEHO 3HAYHY IIPHUCY-
THICTH y paHi mpeacTaBHUKIB poxy Staphylococcus, B Tomy wuciai S. aureus ta
JIAKTO30IO3UTUBHI KOJIOHI# rpynn enTepobakTepiit. /2KepemoM ocTaHHIX CIyTye
iJICTUIIKA, TBAPUH, sIKA KOHTaKTyBasa 3 panowo. 3acrocysanus 0,4P ra 0,4DP
3 AgNPs 103B0JIsI€ 3HU3UTH HACIIKY TITYYHOTO 3aPayKeHHsT PAHU, Ha, [0 BKa-
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3y€ 3MEHIIeHHsT KiJIbKOCTI DakTepiit Ha moBepxHI paHu, BiACYTHICTH S. aureus
Ta eHTepobakTepiit, B Tomy uuciai F. coli. BpaxoByioun BusiBieHy KiJIbKiCTH
KOJIOHIH pi3HUX BUIIB OaKTepiil y BiIKPUTUX paHAX, MIPHU JIIKYBAHHI SKUX 3a-
CTOCOBYBaJIM KjacwuaHi meTomu i rigporeni 6e3 AgNPs, mu mpumyckaemo, Imo
MATPUMKa OAKTEPUIUIHAX Ta OAKTEPIOCTATHYHUX YMOB y paHi 3abe3medye-
ThCsI 3aB/ISIKN MPUCYTHOCTI 10HIB cpibsa, aKi qudyHIYBATH B PAHY 3 TiAPOresio

(0,4P, 0,4DP+AgNPs).

Bucuosknu

Awnaniz cnekrpis mornmuaanus AgNPs y rizporensx momiakpmiamin Ta
JIEKCTaH-TIOJIAaKPAJIAMi 3 KLIbKiCTIO 3mmBaiodoro arenta 0,2, 0,4, 0,6 %, cein-
9UTH PO TE, [0 yMOBHU (POPMYBAHHS B HUX HAHOYACTUHOK CPi0jIa Maiizke OaHa-
KOBi 1 ix miamerp 3uaxomutbed B Mexkax 20-40 mwm. Tigporesni 0,4P Tta 0,4DP
3 AgNPs Buspisarors Bullly GaKTEPUIM/IHY AKTUBHICTD BIIHOCHO S. aureus ta
E.coli mopiBHAHO 3 IHMMMHK 3pa3KaMM TiAPOrei0 Ta KJIACHYHWUM AHTHUCETTH-
KOM — XJIOPTeKCUINHOM. BUKOpUWCTAaHHSA MUX TiApOresiB Ajd JiKyBaHHS Bij-
KPUTHUX paH, siki 3apaxkeni S. aureus ta F. coli, 103B0OJIg€ TPUCKOPUTH POIIEC
3arO€HHS T MiITPUMYE AHTHCEINTHYHI YMOBHU MPOTITOM MEBHOTO Yacy.

Orxke, cepej mepesiKy mepeBipenux riporesiB, HAROLIbIN JOMIJIBHO 3 Me-
TOIO JIIKYBAHHS BIJIKPUTHX PaH, BUKOPUCTOBYBATHU IOJHAKPUIAMiJ Ta KOIOJIi-
Mep JeKCTpaH-ToiakpuiIaMiza 3 Kijgbkicrio 3musarwovoro arenra 0,4% (m/m),
K1 MICTSTh HAHOYACTUHKHY Cpibia 3 cepeqim miamerpom 20-40 HM, 1110 TTOB’ s13a-
HO 3 X BHCOKOIO e(DeKTHBHICTIO Bi/THOCHO IPaM-TIO3UTHBHUX Ta IPaM-HETATHBHUX
MIKPOOPraHi3MiB, mATPUMIT OAKTEPUITUIHAX i OAKTEPIOCTATHIHNX YMOB, OIITH-
MaJIbHUX I 3arO€HHS BIIKPUTHX PaH.
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Buciosmioemo BagunicTh 3aBimyBauy Bimmimy Giodizukum Y «IuctutyT
orosapunrosorii im. mpod. O.C. Komowmittuenka HAMH VYxkpainu» Kapacio
A.®. 3a nonomory y npoBeeHHi TOCTiIKEHD i vivo Ta HaJaHe HeobXimgHe oba-
JIHAHHSL.
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LIM®POBI TEXHOJIOI'T MAPKETUHI'OBUX KOMYHIKALIII
V CTPATETISIX MAJIOTO TIIAIPUEMCTBA

304 Kaipa', Onexcandp Bawenxo®3 Oavea Bawenro®*

Ilepenne caoBo Bing pegakiiii. AHAJI3 Cy9aCHOTO PHHKY BKA3Y€ HA €U~
HUH KOMIJIGKC B33€MOIIOB’SI3HMX ACIEKTIB, [0 BK/IOYAE B cebe NMUTAHHS
MCUXOJIOTIT, eKOHOMIKM, (biHAHCOBOI aHAJITHUKH, CYYaCHUX IUMPOBUX Te-
XHOJIOTi# ToIo. IluTanHs CUxX0JIOril J1e’KaTh B OCHOBI JOC/IiIXKEHHS Map-
KeTHHIY 1 peKJlaMK, €KOHOMi4Hi cTpaTerii y KOHKDETHHX KpalHaxX 3aJle-
>KaTh BiZl piBHA PO3BUTKY PHHKY Ta CTAHY HAIIOHAJILHO! eKOHOMIKH, CIiB-
Bi,[[HOLHeHH?I CBiTOBI/IX BaJIIOT Ta BUKOPUCTAHHA HOBUX BaJIIOT, TAKUX, Ha-
MPUKJIAT, 9K KpurnToBaiora. Blockchain-rexHosorii npu3BoasaTh A0 3MiH
y mostituni mapkerunry. Crparerii po3BuTKy 6i3HeCy IIHPOKO BHKOPHCTO-
BYIOTH MaTeMAaTU4YHI MOZei i po3paxyHKU. PO3BUTOK I POBUX TEXHOJIO-
rif [O3BOJISE€ €KOHOMHUTH YaC HA KYMiBJIO TOBAPIB Ta IOCIYT, 3HAHOMUTH
3 HOBUMH MOYKJIMBOCTSIMH Ta JOIOMAra€ y CTPATErisgX MAaJMX MiAIIPUEMCTB
(MII). 3 immoro 60Ky, nudpoBi TeXHOIOrI] MOXKYTH CIPHATH CTBOPEHHIO
«CYCITIJILCTBA CIOXKWBAHHS» Ta <IIOMHTOMAHITY, 0 BXXe € MUTAHHSIMU
COIIOKYIBbTYpH, (disocodii po3BUTKY CycHinbCTBA i, 3HOBY K TaKH, IICH-
X0J10TiT.

Po3rian y KoMILIekci HaBiTh YaCTHHU BHUINEIEPEPAXOBAHMX aCIEKTIB
CYyYaCHOTO DHHKY [JO3BOJINTH 3HAUTH HOBI rpani y po3yminai Takol mupo-
Kol Temu K «I[ndpoBi TexHOIOTIT MAPKETHHIOBUX KOMYHIKAIIN y cTpaTe-
risgsx MII».

Amnorarnia. BcraHOBIEHO, IO KOHKYPEHTOCITPOMOKHICTE MAJIOTO TiIPU-
emcrBa (MII) 3amexuTs Bix BEKOpHCTaHHS €(DEKTHBHAX MAPKETHHTOBHX
KOMyHIiKaniiaux crpateriii. [lokazano, mo ycoimHuii po3BUTOK i agMiHi-
CTPYBAHHS MaPKETHHIOBAX KOMYHIKAIi#l BEMAraiOTh CAYIIHUX IU(PPOBHUX
HaBUYOK 1 3ycusib i po3pobku crparerii MII. AsTopu inTerpyiors oco-
6uBOCTi CywacHUX TeHZAEHIiH B crpareril udpoBUX MAPKETHHIOBUX KO-
MyHiKali#t maJsoro 6izHecy. Ilomupeno anasiz ¢inancoBoi 6e330UTKOBOCTI
NJIS. IPOIleCy YIPABIIHHS BUTPATAMU Ha MapKeTUHTOBI KomywHikarii. Ta-
KU miaxin jg03BOJISIE BJOCKOHAJIUTH CTPaTeril MudpoBUX MAaPKETUHTOBUX
KoMmyHikanit MII ajsa ycnimuol po6oTu Ha KOHKYPEHTHOMY PHUHKY.

Karowosi caosa: nudposi Texunosorii, MapkeTuHr, cTpareris, MaJje nigupu-
€MCTBO, BUTPATH, aHAJII3 6€336uTKOBOCTI, mpubyToK
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DIGITAL TECHNOLOGIES OF MARKETING
COMMUNICATIONSIN SMALL ENTERPRISE STRATEGIES

Zoia Kaira, Oleksandr Vaschenko, Olga Vaschenko

Abstract. It is established that SME’s competitiveness depends on using
effective marketing communication strategies. It is shown that successful
development and administration of marketing communications requires
appropriate digital skills and efforts to develop SME strategy. The authors
integrate the features of current trends into SME marketing communicati-
on strategies. The financial break-even analysis is extended for the process
of cost managing for marketing communications. This approach allows
improvement using digital marketing communications by small businesses
for successful operation in a competitive market.

Keywords: digital technology, marketing, strategy, small business, costs,
break-even point, profit

Beryn

ITudpoBuit MapKeTHHT € Cy9aCHUM iHCTPYMEHTOM, 110 3a0€311e9y€ BarK/IM-
Bl KOMyHiKaIli Majgoro Gi3Hecy 3 MUIBOBUMY pUHKAMU. Besuki obcsaru pooiT,
HeoOXiTHI 11 3abe3nedenns nudPOBUX TEXHOJIOTI MAPKETHHIOBUX KOMYHIKa-
Ti#f, TOPOTi Ta TPYAOMICTKI /Tt BUKOPUCTAHHS T IPAEMCTBAMA MAJIOr0 Oi3He-
cy. IIpore, konu MII mimectpsaMoBaHO AemeryoTh 3aBAaHHA THMPOBOTO Map-
KEeTHHI'Y Ta HAfIMaIOTh MEPCOHAJ I KOHKPETHUX MUu(POBUX CIyKO0BUX 060-
B’SI3KiB, BOHU CTAlOTh CITPOMOYKHUMHU MAKCUMAJHHO BUKOPUCTOBYBATH HEBEJIH-
Kkuii Oro/keT i BiacHy Komany. [lonynspaumu MeTomamu s 3amM09aTKyBaH-
He Oi3HECY € BeO-caiiT KOMIaHi#l i TPUCYTHICTD y COiaJIbHUX MEPeXKax, MPOTe,
€JIEKTPOHHUI MaPKETWHI 1 KOHTEHT-MapPKETHHI TAKOXK HAJIAI0Th HEIOPOri MO-
2KJIMBOCTI JIJIs CHIJIKYBAHHS 31 CHOXKMBadYaMU.

Indposnit mapkerunr € 3acobom mist MIT ctBopuTn Biacumit 6pen, mpo-
Te, MaiiOyTHI TEHIEHI] 3MIHIOBATUMYTh CTPATErii MAPKETUHIOBUX KOMYHIKA-
Iiif 1100 JOCSATHEHHsST MaJnM Oi3HecoM IiapoBux cermentis [1]. ieBicThb 1ip-
GPoBOro MapKeTHHTY 30LMBIMYETHCS Y KOMYHIKAINSIX 31 CIIOKHUBAYAMHU, KOJIH
peaJibHi icTOpil 1 TeXHOJOrl BUKOPUCTOBYIOTHCH MiAIMPUEMCTBOM IIO-Pi3HOMY,
y nopiBusiaai 3 KoHKypeHTamu. OCHOBHUMU 3aBJAHHAME, IO JE€XKATh Y IiJ-
I'PYHTI MAPKETUHIOBUX KOMYHIKAIIi, € pO3POOKa i MOMHPEHHS MAPKETHHTOBUX
MTOBiTOMJIEHB, 3B’A3KW 3 TPOMAJICHKICTIO i peKJiamMa, MpH I[bOMY KiHIIEBOIO Me-
TOIO TPOTrPAMU MAPKETHHTOBUX KOMYHIKAIIii € CTBOPEHHS MMO3UTUBHOTO BiATYKY
CIOXKUBA4iB, (DOPMYBAHHS PUHKY 1 MPOIAXK MPOAYKTY B MEXKAX BU3HAYEHOTO
[IHOBOI'O JI1AIIa30HY.

MapkeTHHTOBI KOMYHIKAIIT 3aIy9al0Th MUPOKe KOJIO (DAXIBIB, MPH IIHO-
My 3aco0M KOMYHIKAI#i MOXKYTh BKJIIOYATH TJIAKATH, OAHEPHW Ta BeO-CAWTH,
PEKJIaMHi IIATHU, TPEeC-PeIi3u, ra3eTHi, KypPHAJIbHL 1 TeJIeBi3iitHi OrosoneHHs,
OpeHInHT 300paskeHb i CIIOHCOPCTBO Mo/Iii. MapKeTHHIOBi cTparerii MarTh Op-
ramizyBaru e(eKTHi BHCTYIH, IPUBEPHYTH yBary IPOMaJCBKOCTI Ta 3acobiB
MacoBol indopmarrii. MapkeTuHroBi KoMmyHikamii (HhaKTUIHO TMOYNHAIOTHCS HA,
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crpareriunomy pisui 3 dbopmysnoBanus Micii (anrs. mission) i 6ayenus (aurr.
vision) wijupuemcrsa, ski Bu3Ha4al0Th Ui, crparerii komuasil ra i1 KoMiLie-
KCy MapkKeTwHry. Ax Bim3uagasocs, mudposuii mapkeruur Hamae MIT moxiim-
BicTh mr(EepEHIiIOBATUCS B KOHKYPEHIIIT, TPY IIbOMY BaXKJIMBO BIIPOBA/I?KYBaTH
KOHTPOJIb BUTPAT MAJIOro Oi3HECY HA MAPKETHHIOBI KOMYHIKAaIIii.

Meroro crarTi € aHATI3 Cyd9acHHX TEHAEHINH 3aCTOCYBAHHS IH(PPOBUX
TEXHOJIOTi#i MAPKETHHIOBUX KOMYHIKAIi# MaJjoro miampueMcTBa i (popMyBaHHsT
MPOTIO3UIIH OO0 YIPABJIIHHSI MAPKETHHIOBUMHU BUTPATAMH MAJIOTO Oi3HECY.

Buknan ocmoBHOTO MaTepiaity

InnoBariiina MapKeTHHTOBA KOMYHIKAIifHA CTpaTeris MOyKe JOTOMOTTH
MajoMy Oi3Hecy BiApi3HUTH KOMIIAHIIO BiJ IHIIKX yYaCHHUKIB PUHKY 1 3abe3me-
9UTH YHIKAJIbHY KOHKYypeHTHY mepeBary. Bucoka 3garuicrs MII inenTudikysa-
THUCS, TATPUMYBATH i Oy/IyBaTu cTpaTeridhi 3B I3KH 3 IiILOBUMHU CETMEHTAMUI
PUHKY [IJIsT B3A€EMHO KOPUCHUX OOMIHIB € OCHOBOIO YCIiXy MiIMPUEMCTBA B yMO-
Bax ryobasisamnil ekoHOMITHOI AisabHOCTI [2]. Y ZOBrOCTPOKOBIiM mepCHeKTHBi
yemix MII 3ame)kuThb Bi #1010 34aTHOCTI €beKTUBHO CILIKYBATHCS 31 CIIOXKMBA-
YaMu OPOTArOM yCboro mepiofy nepebysants y 6i3ueci [3]. Baxksusicrs crBo-
peHHs 1 miATPUMYBAHHS CTAIMX BiJHOCHH y KOHKYPEHTHHX yMOBAaX IODOJIMIIA
dbyHIaMeHTATbHAN 3CyB OpraHi3aliiifHOl cTparerii 1 mapajurMu MapKeTHHTY,
IO JIaJIM HOBE BU3HAUEHHS mporecy oOMiny [4].

Buposakents edeKTUBHOI cTpaTerii MApKETHHTOBAX KOMYHIKAIIH mpu-
3HAYEHE BiJICTEKYBATH 3MiHU y TOMY, siK CIIOXKHUBa4i MPOBOAATH BiIbHUI Yac, i
3/1ICHIOBATHY BiJIMOBI/IHI KOPUT'YBAHHS Y MApPKETHHIOBUX ILJIAHAX 1 Iporpamax
w010 KoMyHikauiit 3i cuokupadamu [5]. Coyiune yupasiinns majaum 6i3HecoM
mOTpedYE MAKCUMAJIBHUX KIHIIEBUX PE3YIbTATIB i3 MOXKJIMNBAMU HARMEHITUMUA
BUTpATAMU, i 11 MPABUJIO HAUOLIBINIOW Miporo Biamosimae cdepi MapKeTWHry,
ockimbku MII mae BimpisaATHCS Bil BIACHOTO KOHKYDEHTA, HABITH 3a yMOB
obmexkernocti pecypcis. Iludposuit MapKeTHHT BUSBJIAE MMEBHI TEHIEHII, 1 mge-
dKi 3 HUX B KIHIEBOMY LIJICYMKY CTAIOTh AieBumu yuHHukamu sy [6]. [Ipu-
YUHA, [IHOTO MOJISTAE B TOMY, IO OiIBIMTCTD TEHIEHIIH MI(POBOT0 MAPKETHHTY
BUHMKAIOTH $K Deakiiii Ha HOBI Te€XHOJIOTii abo HOBY MOBEIIHKY CIOYKHBAMIB,
TOOTO BOHM 3aITOBHIOIOTH MOTPeOH, AKi modanu 3’ aBaarncsd. Choroami Mobiab-
HUAW MapPKETUHT CTAB BaXKJIMBUM 3HAPSAIAAM u(POBOTO MapPKETOIOTA, TOMY
HEOOXiTHO MOCTiIUTH OCHOBHI TeHIEHIIi] mudpoBOro MapKeTHHTY, AKi BizOyBa-
IOTbCS B CEPEJIOBHUIIL MAJIOro 6i3HeCy.

HosBi mudposi pecypcu ajid KOMYHIKAIi MaJjIoro HiIIpueMcTBa

Enexrponnnit MapKeTHHT € OJHIEIO 3 KPAINX KOMYHIKAIIHHAX CTpaTerii
J71si Mastoro 6i3uecy. BukopucTanusa MaauMu MiIIPHEMCTBAME BETHKOI KiTbKO-
€Tl HOBUX TEXHOJIOT'i#l peasi3yioTb HOBI MOKJIMBOCTI JIJIE CTBOPEHHS 1 yTPpUMAaH-
HS TUTIHUX 3B’s13KiB 3 iCHyOUnME i MaiOyTHiMu cioxkuBadamu. [Ipore, 3a cy-
JacHUX yMOB IudpOBi3allii, KJIOYOBAM YHHHUKOM YCITiXy € 3HAHHS MIaT(OpM
i TeXHOJIOT#, sIKi TPEeACTABIAIOTh HAWKPAIIl MOXKJJIMBOCTI /JIs Di3HECY 1 IiIBO-
Bux cermenTis MII. OcranniMu pokaMu Big3HaYeHO PsiJl, TEHIEHIINH, HOTEHIIHO
KOPUCHHX JIJIsi MaJIOro minpuemcrsa, 3okpema, Twitter, YouTube, Google+
ta Email [6]. Tak, Twitter — 1e corjaspHa Mepexa, Jie MOKHA DPO3MIIILyBa-
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THU MPOIO3HUIIil, PEKJIAMHI aKIIil Ta OrOJIOIMIEHH JIjId ICHYI0YUX Ta HOTEHIIHHUX
CIIOZKMBA4iB, MPOTE YCIIIIHEe BUKOpUCTaHHA Twitter morpebye moeananms in-
dopmarii mpo KOMIIAHiIo, MIKABAX MOCHIAHB, OCODMCTHUX iHTEpeciB i pekJyam-
Hux akiiit kommanii. Ha kamami YouTube moxkua po3swmimngyBaru Bimeoposuku,
AKI pO3BaXKalOTh, & TAKOXK MPOCYBAIOTH MOCTYTH IiIITPUEMCTBA, B PE3yTbTaTi
Bijieo MOXKe crpusdTu 3aiydennio HoBux Kiienris. Kanan Google+ moxke cTBO-
PHUTH KOHKYPEHTHY IIepeBary moao KoMmyHikamitaux 3axoais MII. Exekrponna
morirra Email icayiounx i moreHmifinnx KaieHTiB MOXKe 6yTH eheKTUBHUM 3HaA-
PAAAAM, 3BAXKAOYM HA CHIOCIO BUKOPUCTAHHS eJIeKTPOHHOI momTu. OCKigbKu
€JIEKTPOHHI JINCTH MOYKHA, BiJICTEKYBaTH, €JIeKTPOHHUU MAPKETHHT T03BOJISE
OIIHNTH e(PEeKTUBHICTH MOBIIOM/IEHb, AJANTYBATH iX I MOTOYHUX Ta HOBUX
KJI€HTIB.

MapkeTHHT y coliaJJbHUX MepeXXax

Corjanbui Mefia € HAA3BUYANHO BAXKJIMBUM MAapPKETUHIOBUM iHCTDYMEH-
TOM 11 MPPOBUX MAPKETOJIOTIB, 3BAYKAIOUN HA, T€, IO ILIHOBA AyIUTOPIs i
MaiOyTHI KJIIEHTH MTPOBOASATH OAraTo 4acy B IUX Mepexkax. Y BCbOMY CBIiTi KO-
PHUCTyBadi COMiaJbHUX MepexK MPOBOJATL B cepeaHbOMY 135 XBUJIMH HA JIEHD
B COIIAJIbHUX MEpeXKax, 1 KIIbKICTh Yacy 3pocTae 3 KoxKuuM pokoM [6]. Binbie
TOTO, JIIOAU BCe OLTbIIEe BUKOPUCTOBYIOTH COIIAIbHI MeperKi jisi BUBUEHHS HO-
BUX [POAYKTIB 1 IOC/IyT, BUBYEHHS II€BHUX OPEHJIB, IO JOIOMAara€ npuiiMaru
OCTAaTOYHE PIIeHHsd MO0 KymiBji ToBapy um mocayru. MII mae BcTamoBIO-
BaTH 3B’430K 31 CBOEID AyJUTOPIEI0 B COIMIaJbHUX MEpekax 1 3abe3medyBaTu
BJIACHY KOHKYPEHTHY IMepeBary. 30KpeMma, 3aco0i BUKOPUCTAHHS MAJTAMH TIiJI-
MPUEMCTBAMY MAPKETUHIY B COMIAIbHAX MEPeXkKax [Jisi CTUMYJIIOBAHHS iCHYIO-
9uX KJIEHTIB i 3a/y9eHHs HOBHX CIIOKMBAYIIB MIiCTATH OOMIH IIKaBUM i aKTy-
aJTbHUM KOHTEHTOM; 3aJIYUeHHS ayIUTOPil 10 PO3MOBH; BUKOPUCTAHHS COITiaTh-
HUX MEpPeX I O0CIyrOByBaHHS KJIIE€HTIB, BKJIIOYAIOYHN BiANIOBiAl HA TUTAHHS
1 PO3IJISiZT CKapT; BUKOPUCTAHHS PEKJIAMA B COIAJIBHUX MEPeyKax /s OXOTILJIe-
HH$I HOBHUX ayJIUTOPiil; 3a0e31medenHs JOSIbHOCTI 10 OPeH/ Iy MUISAXOM 3aJTydeH-
Hs, KOMEHTYBaHHs Ta 00MiHY iH(OPMAIIi€io; CIiBIpallsd 3 BILIMBOBUMHE 0COOAMUI
JI BUXOJY Ha, HOBI PMHKW i TABUITIEHHS JOBIpHW; aHai3 JAHUX I8 KPAIIo-
0 po3yMiHHS MOTPed i MOBEIIHKK ICHYIOUNX 1 MOTEHIINHUX KJIEHTIB; 3B’S30K
3 ayauTOpi€ro Ha OiIbIT 0cOOMCTOMY piBHI i MOOYIOBA BiAHOCHH.

Crparerisi roJIocOBOI KOMYHIKAIIIl € ONHI€0 3 HAWNPOCTIIIMX 1 IO-
mupeHnx GopM JTI0ACHKOI B3aemosii, Tomy MII moxke BEKOPHCTOBYBAaTH T'OJIOC
y B3a€MOJil 3 TEXHOJIOTifIMU MAapKeTHMHIOBHX KoMmyHikariit. Hacmpasai, crBo-
PEHHS CTPATETril TOI0COBOTO TOMTYKY CTa€ TOJIOBHUM TTPIOPUTETOM JIJIST MAJIOTO
6izmecy.

Konrenr-MmapkeTunr — 1e AUCIUILTIHA UM POBOTO MAPKETHUHTY, SIKA BH-
KOPHCTOBYE KOHTEHT i 3aJIy9eHHsI, CTBOPEHHs 3B’S3KiB i yTpUMaHHS KJTi-
entiB. Kpamumit miaxin 70 KOHTEHT-MapKETUHTY — 1€ iIHTerpaillis JJOKAJIbHUX 1
30BHINTHIX KOHTEHTHUX CTpaTeriit y 3arambHy udpoBy iHimiatuBy migmpuem-
crBa. OgHUM i3 HANBAaKJIMBIIIUX €JIEMEHTIB KOMILIEKCHOI TOJIOCOBOI CTpaTeril
€ ONTHUMi3allisl KOHTEHTY 3a JOMOMOTOI0 THUINB KJIOYOBUX CJiB, SKi 3a3BHYAil
3’SBJIAIOTHCS B TOJIOCOBOMY TIOIIYKY, 30KpeMa, B (poOpMaTax KOMAH[ i MATAHb.
Kiro4uoBi cioBa TakoK BiAMOBiAAIOTH HA TUMM MATAHL KiaieHTiB. Hampukiran,
3pocTaiova TEHJEHIlisT — IIe iIHTepaKTUBHUN KOHTEHT, AKWH JTO3BOJSE UIeHAM
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ayauTopil aKTUBHO B3aeMOiaTu 3 Opengamu. [apmonizaris mudpoBux TEXHO-
Jioriit 3 (piBUUHOIO PEATBHICTIO O3HAYAE, IO MU(POBI TEXHOJIOrIT MOXKYTH OyTH
BHAPSIISIM ChOTOJEHHS i MAHOyTHROTO, ajleé MAPKETWHTOBI TOCIIiIXKEHHS I0-
BEJIIHKU CIIO>KWBAYIB JIOBOISATH, IO JIIOJN HE CXUJIbHI MOBHICTIO BiJIMOBJISTHUCS
BiJI TPAIUIIMHNX TTOKYIIOK B Mara3wHi, TOMY KOMITIaHIl ITOYau aJanTyBaTH IIU-
¢bPpoBi TEXHOJIOTI, M0 TO3BOJSIOTh B3AEMOIIATH 31 CIOKUBAIAMH, sIKi (piznaHO
LIPUCYTHI B yHKTaX npoaaxy [7].

IikaBo mocmiguTn aMepuKaHChKuil 1ocBix oo inBectuiit MII y mudpo-
Buit Mmapkerunr. JlocitimkeHHd BKAa3y0Th, 1m0 6araro MII BkiamsaoTs HeBeIUKi
imBecturil y nmudpoBuii MapKeTUHT, 30KpeMa, Ha, COIiaJIbHI Mepexi, BeO-cailT
i Email mapkerunr [7]. ¥V 2017 p. maiixke nosioBuna amepukancbkux MIT Bu-
rparuiu 10 Tuc. mos. abo Menie Ha uudposuit mapkerunr [7]. Tinbku useprb
amepmkanchbknx MII surparuan 10,01-100 tic. mos1. Ha 1T POBUT MAPKETHHT,
a 13% mingnpuemcrs Burparwian nouas 500 Tuc. goi. [7]. I7IMOBipHo, 1Ie OB’ 51~
3aHO 3 THUM, 1m0 OisbmmicTs MIT myzke maur, 3 KUIBKICTIO mparfoiounx merrre 10
oci6. ITi migmpueMcTBa TPUHOCATDH HEBETUKWH TOXiT i TOMY MaioTh 0OMEKeHi
pecypcu Ha MapkerwHrosi Burparu. [Ipore, He3Bakaroun Ha HEBeUKi OI0Ke-
tu, 6lubwicrs MIT (62%) BupoBaKyoTh Texuosorii nudpoBOro MapKeTUuHry
i 37ifCHIOITH CBOT MPOJaXKN 4epe3 BebG-caiiTh Ta comjanbhi Mepexi [7]. Bu-
3HAHWM KAHAJIOM MapPKETHHTOBOI KOMYHIKAII] € eJIEKTPOHHWI MAPKETHHT, IKUN
BUKOPHCTOBYIOTH 39% amepukanchkux MIL. ITomymspHicTh IUX KaHATIB MapKe-
THUHTOBOI KOMYHIKAIIil, 8 TAKOXK OOMOBOPEHHST KOHTEHT-MAPKETHHTY MTOKA3yIOTh,
mo MII 3amikasiieni y Bukopucranti mudpoBoro MapkeTuary. bararo kommaniit
YCBiIOMTIOIOTH 11e, TOMy Oinbimricts MII nmianyroTh 30i/IbIIeHHsT IHBECTHIII Ha,
PO3POOKY CBOIX BeO-caiiTiB i KOMyHIKAIO B comiajgpbHux Mepexkax. [Ipore, MIIT
He 3aBXKJIU ONTUMI3yIOTh CBOI PECYPCH B ONEpallisiX BIPOBAIKEHHS TEXHOJIOTIH
g poBOro MapKeTHHTY.

Cuiz Bif3HauuTH, M0 CHOTO/HI B HASIBHOCTI € 6araro iHCTPyMeHTiB, HEeOb-
XIJHUX Jisd peadiizanil iHHOBaUiifHUX cTparerii MapKeTHHIOBUX KOMYHIKaIi,
SKI HAJAIOTHCS TPAKTUIHO GE3KOIMTOBHO [8]. IHTepHET-MapKETHHT HE TIOBUHEH
OyTHu IOpPOruM Jjisd MaJjoro Oi3Hecy, MaJje MiANPUEMCTBO HE MAE JTOCTATHBOTO
O1oKeTy, MO0 OXOMUTH CIOKUBAYIB Wepe3 Tenesisiiiny pexknamy. IIpore, mHe-
OOXiMHICTHL KOHKYPYBATH B OHJIAHH-Cepi BUMArae IMpOBEIEHHS OMUTYBAHb HA
TeMy yIoJ00aHb Ta 3BHYOK KJIEHTIB y COIAIbHAX MEpekKax B OOMIH Ha IIHOBY
3HUKKY Ha TTPOJIYKT JIJIS MLTHOBOTO cerMenTy mianpuemcTna. MII mae ctBopuTn
CTOPIHKY KOMTAaHII /JIst CIiJIKyBaHHS 3 KiaieHTamu Ha Facebook; ykiacTtu yromy
Ha, PEKJIaMy 3 OJHUM i3 CalTiB rPyNOBUX I[IHOBUX 3HUKOK HA MPOJAYKTH KOMIIA-
mil. 3a oninkamu, kommanis Lexus Burpadae uHa nudposi i HoBi Texromoril 50%
mapkerunrosoro Grokery 6penay [9]. Jocaimxkenns Digital Marketing Insti-
tute BKa3yloTh, IO KOMTAHIl BUTpadaioTh 61m3bk0 40% pexsIaMHoro GroaKeTy
Ha CTBODEHH$ 3’BA3KIB i3 HOBUMU KjieHTaMu, i 60% — Ha yTpUMaHHS ICHYIOUUX
CTIOXKWBAYIB K PETAPTETIHT, 3BaKAI0UN HA BUCOKY BAPTICTH 3aMOBJIEHHS 1 3alTi-
KaBJIEHICTb B PO3BUTKY ICHYIOUMX BiJIHOCUH Yepe3 IiHHUH KOHTEHT 1 coIiaabHe
obcayrosysanus kiienris [9]. Texuosoriii AR/VR (nonosuena i sipryanbua pe-
aJbHICTD) € HaliMeHl nowuperumu hopmamu HU(OPOBOr0 MAPKETUHIY MAJIOrO
6i3Hecy, ajle BOHM MOXKYTh OyTn ny»Ke edexkruBHuMu fist geskux MIT [10].
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6€330UTKOBOCTI peanizarii, o.

Puc. 1. Touka 6e336UTKOBOCTI LiAIIPUEMCTBA,

KoHTpoJib BUTpPaT Ha MapKEeTHHIOBI KOMYHIiKaIil

3a ominkamu, y 2020 p. surparu CIITA Ha mudpoBy pekaaMmy ITOCITHYTDH
113,18 muipa. Jout., 1wo Basivi Gliblie, nik 2 poku Tomy [11]. MII noBunHO owuj-
HIOBATH €(PEKTUBHICTH BJIACHOI CTPATEril MAPKETUHTOBOI KOMYHIKAIIT Ha, OCHOBI
AHAJIITUYHUX METOMIB JJjis BUSIBJIEHHsSI MPOOJEM KOHTDOJIIO BUTPAT HA PeaJIi-
3amio MapkeTuHroBoi Kammasii. IliznpuemcTBo Majoro Gi3Hecy € oOMeKeHUM
y inamHCcOBHX pecypcax, TOMY HEOOXiTHHM € MOCTifiHWi KOHTPOJIb BATPAT HA
MapkeruHrosi KomyHikauii. s 3aificHeHHsT KOHTPOJIIO 3a BUTpaTamu (BU3HA-
yeHHsi ePEKTUBHOCTI 3aIJIAHOBAHOI PEKJIAMHOI MAPKETMHIOBOI KaMmnaHil) Ko-
pucanM € dinaHcoBuil anami3z 6e330MTKOBOCTI — PO3paXyHOK TOYKM HYJIHOBOI
ederTHBHOCTI peramMHOl Kammanii (puc. 1) [12].

Tlocriitai BuTpaTru He 3anexkaTh BiJ BEIUIHHU OOCATY BHPOOHHIITBA U
KLTBKOCTI TIPOIAzKy 1 BKIIOYAIOTH TakKi (pakTOpH, sIK CILIATa BiJCOTKIB, OILIATA
OpeH/ M, MOTalleHHs IaTeXKiB. Burparn, cipsiMOBaHi Ha peasi3aliiio 3aIIaHo-
BAHOI KaMITaHil MApKeTHHTOBUX KOMYHIKaIli#l, TAKOXK BiTHOCATH O TOCTIHUX
BUTPAT.

MapkeTuHTrOBuUi MEHEI2KED MOBUHEH BU3HAYUTH TOYKY HY/IbOBOI epekTrB-
HOCTI PEeKJIaMH, IO MIPEICTABISE Ty KiTbKiCTh MIPOAYKTY, sKa 3a0e3medyBaTume
6e3306UTKOBICTH BUPOOHUIITBA, a00 MPOIAXKY IPOAYKTY, KOJTH BATOBUN TOXi 10-
piBHIOE BasioBUM BuTparaMm. Touka 6e330MTKOBOCTI PO3PAXOBYETHCS TiTEHHSIM
nocrifinux purpar (FC) Ha BenuuHy MOKPUTTS, IKA BUSHAYAETHCA AK PIZHUISA
MizK OPOJAYKHOIO IIHOI 3a oxuuuio (SP) i 3MiHHMMEU BUTpaTaMu Ha OJUHUIIO
(AVC). Touky HynboBOi edeKTUBHOCTI PeKJaMu il KOMIIEHCAIIl BUTPAT HA
MapKEeTUHI'OBI KOMYHIKAlil y HATYypPaJbHOMY BUMipIOBaHHI MOXKHA BU3HAYUTHU
MaTEMATUYIHO 33 HACTYIHOIO (hOPMYJIOIO:

FC

BEP = m, Ox., (1)
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zie BEP (anru. Break-Even Point) — rouka nysboBoi edbekruBHOCT
PEKJIAMHOI KaMIIaHil MaJoro HmiJlpueMcTBa, O/.;
FC — BuTpary HA MapKETWHTOBI KOMYHIKAIIil, TPH.;
SP — mponakHa I[iHa OJWHUIY TPOAYKTY, I'PH. /0.
AVC — 3MmiHHI BUTpATH HA ONMHUIIO NPOAYKIIT, TPH. /0.
Y rpoIoBoMy BUMIPIOBaHHI OIIHKY TOYKH HYJIBOBOI eeKTHBHOCTI Map-
KETHHIOBOI KaMIIAHII MOXKHA PO3PaXyBaTH 3a HACTYIIHOIO (POPMYJIIOIO:

BEP = %, I'DH. (2)
1 SP

Touka HybOBOI edeKTUBHOCTI PeKIaMu BKA3y€, HA Ky BEJIWYUHY IO-
BUHEH 3pOCTH 00cAr 30yTy ToBapy (y HATYpaabHUX ab0 TPOIIOBUX OJUHUIIAX
BUMIpY) Tpu He3MiHHIN HiHi peasizarii, mo6 miATPUEMCTBO 0YJIO CIIPOMOKHUM
BIITKO/IyBATH JTOIATKOBI BUTPATH HA PEKJaMHy KaMTIaHiI0 KOMYHIKaIii 31 cro-
JKUBAYAMH.

Ilicasa KinbKicHOrO BU3HAYEHHS TOYKH HY/THOBOI €(DEKTHBHOCTI MAPKETHH-
rosoi kammanii, MII nmoBunno 3’dcyBaTn, HACKIIbKY iMOBIpHE 3pOCTAHHS 00CATY
peasizariii ToBapy mpu 30iJIbIEHHI BUTPAT HA PEKJIAMY, T4 BU3HAUWTHU PEaJIbHi
MOXKJIMBOCTI BifmKOayBaHHSA (DIHAHCOBHX BUTPAT HA IMIJIEMEHTAINIO 3aXO/iB
3aIlJIAHOBAHOI CTpaTerii MAapKeTUHTOBUX KOMYHIKAIIii.

Bucuosku

ITudposuit MmapkeTwHr BIIUBaE Ha puHKoBuii ycmix MII i nuramigno pos-
BUBAETHCS 3aB/AKH IIBUAKUM 3MIHAM TEXHOJOIIN Ta ynoqo0aHb CIOKUBAUIB.
MapKeTuHT y COIiaJbHUX MEpeyKaxX € OJHUM 3 HANUMTOTYXKHITTNX MapKeTHH-
TOBUX IHCTPpYMEHTIB M1 Mayioro Oizuecy. CrBopennsi Tpodiio B COMiaIbHAX
Mepexkax € BaxkamBuM i MII, mpu mpoMmy HeoOXiTHO MiATPUMYBATH IIPHUCY-
THiCTH Ha mIaTdOopMi i B3aeMomiaTu 3 ayauropico. EaekTponnnit MapKeTuHr
€ OJHIEI0 3 KpaIux KOMYHIKAIfiHUX cTpareriii ajs majoro 6i3Hecy, Bij BHXO-
BaHHS JI0 JIJEPCTBA B YIPABJIIHHI B3aEMOBITHOCWHAMY 3 KiieHTaMu. KoHTeHT-
MapKeTWHT MIiCTUTh yCIO iH(OpMAIliio mpo KjieHTta i fioro morpedu. Kparmuit
MiAXiA 70 KOHTEHTHOTO MAapPKEeTUHTY HAJA€ IHTerpalis JOKAJIbHAX i 30BHINTHIX
KOHTEHTHUX CTpareriit y 3aranbuy nudposy ininiarusy MIIL. Yeminrauit kopmo-
paTuBHUM i MEPCOHATBHAM OPEHINHT CyTTEBO BILIMBAIOTH HA JIOJIbHICTD KJTI€H-
TiB. Brase 3acBoennsa ta sukopucranus MII rengenniit po3sutky 1udpoBoro
MapKETHHTY € KJIIOYOBUM TMHHIKOM PUHKOBOTO YCIiXY, IO 3aJIEXKUThH BT BITPO-
BQ/IZKEHHS JOCATHEHb CTPATErivHOl €BOJIIOMNII COIIAJbHUX MepexK, KOHTEHTY i
XapakTepy B3aEMOJil Oi3Hecy 3i cBOIMH KJI€HTaMH, K y BipTyasbHi# peasb-
HOCTi, TaK 1 B ¢izuanomy cBiti. Ycminiae ynpassiiHHs MiIIPUEMCTBOM BUMArae
Bim MeHemKMeHTy (DiHAHCOBOIO aHAJI3Y BHTPAT HA IPOrPAMH MAPKETHHIOBOL
xomymsikarmii MII.
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META-THEORY OF MODERN PEDAGOGICAL KNOWLEDGE:
INNOVATION, PROFESSIONAL DEVELOPMENT
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Abstract. This article deals with some aspects of modern pedagogi-
cal knowledge, in particular with the role of meta-theory in innovati-
ons. The innovation is viewed through the prism of meta-theory as the
ability to a new, reflexive, constantly updated knowledge; openness to
innovative changes on the grounds of critical thinking; development of
creative abilities; ability, readiness and ability to continuous professional
self-development and self-disclosure. The general understanding of “meta-
theory” has been explored as a complex term used to identify such systems,
which in turn is applying to describe or to research other systems. The
innovative development of higher education is in the article one of such sy-
stems, which is based on the professional self-improvement of subjects of
the educational process and disclosed with the help of the reflexive system
of meta-theory of philosophy. The methods of terminological analysis, ab-
straction, idealization, formalization and generalization are used. It was
found out that innovative development of higher education is based on pro-
fessional self-improvement of subjects of educational process and disclosed
with the help of reflexive system of meta-theory of philosophy. It is proved
that innovative processes in high school can not be considered without the
self-improvement of the personality, gaining global significance.

Keywords: meta-theory, meta-theoretical approach, innovation, professio-
nal self-improvement, integrity, subjects of educational process, persona-
lity, self-development

Relevance of research

A characteristic feature of contemporary social processes is awareness of
the importance and significance of the education of creative, innovative per-
sonality, which constantly strives for self-development, self-improvement and
self-realization. This problem gets a new sound concerning a high school that
provides the intellectual potential of the nation, its future.

The fundamental tendencies of modern science are its differentiation and
integration. We are witnessing the expansion of scientific knowledge, the mul-
tifaceted means of obtaining relevant scientific knowledge. Researchers in diffe-
rent countries point out that differentiation takes place in a disciplinary sphere,
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the scientific space is segmented into a multitude of disciplines, sub disciplinary
areas, and branches that receive a certain degree of autonomy in the substan-
tive, methodological and institutional aspects.

It is important to draw attention to the fact that interdisciplinary studies
that have become popular in recent times, resist fragmentation and segmenta-
tion in the scientific space. The positive aspect of these studies is that they are
based on the interaction of disciplines because of convergence of their notions
about subject fields, the formulation of scientific problems. But to ensure the
intensive integration of science (in our case pedagogical) only on the basis of
interdisciplinarity is very difficult.

Consequently, the integration vector in pedagogical science can be reali-
zed through the access to a more abstract “supra-subject”, “supra-disciplinary”
scientific space. And this, in turn, requires a reflexive approach, called meta-
theory, meta-theoretical approach, meta-theoretical knowledge in modern scien-
tific research.

At the beginning of the XXI century, philosophical, psychological pedago-
gical views are diversified, new approaches to the study of complex pedagogical
phenomena appear, the innovation space is constantly expanding. Under such
conditions, in our opinion, the pedagogical understanding of innovative deve-
lopment of higher education on the basis of a meta-theoretical approach that
provides the integrity and multidimensionality of scientific research, reflects the
integration of scientific knowledge and scientific directions, is important.

State-of-the-art

The fundamental provisions of the meta-theory are sufficiently fully re-
presented in the conceptions of the meta-theory of consciousness Merab Ma-
mardashvylli, Oleksandr Piatyhorskyi , the interval concept of Feliks Lazariev,
the theory of macro-systems Ervyn Laslo, version of the multidimensionality
Marharyta Driuk.

The problem of spirituality, which leads to the search for perfection, is pre-
sented in the writings of Volodymyr Barulin, Halyna Bespalova, Serhii Krym-
sky, Yurii Osychniuk.

The ideas of human openness are reflected in the concept of “symphonic
personality” Lev Karsavyn and cosmic presented by Volodymyr Vernadskyi,
Volodymyr Soloviov, Kostiantyn Tsiolkovskyi.

The question of the philosophy of education is discussed by Viktor An-
drushchenko, Oleh Bazuluk, Volodymyr Bekh, Volodymyr Buryak, Borys Hers-
hunskyi, Vasyl Kremen.

The stimula for studing the problems concerning innovative approach and
principles of adult education are grounded in the works of Lidiia Danylenko,
Anatoliy Kuzminskyi, Larysa Lukianova, Tamara Sorochan. Innovation as a
strategy for the development of modern higher education is considered in the
works of Iryna Havrysh, Lidiia Danylenko, Volodymyr Ziahviazinskyi, Ivan
Podlasyi, Vitaliy Slastonin, Hanna Tsvietkova.

The purpose of the article is to reveal the essence of the meta-
theoretical approach as the necessary basis for modern scientific and theoretical
thinking, an effective tool for gaining knowledge of a new type; to characterize
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the meta-theoretical basis of pedagogical understanding of innovative develop-
ment of higher education.

The next methods of research are used to get an adequate conclusions:
analysis and synthesis—in order to reveal the essence of the meta-theoretical
approach; a method of terminological analysis, associated with the definition
of the categorical status of meta theory, innovation development in the system
of pedagogical definitions; abstraction, idealization, formalization and genera-
lization —to systematize and formulate conclusions, determine the directions
of further study of the problem.

Discussion

A characteristic precondition for the development of modern knowledge,
theoretical sciences, and new theoretical generalizations is the synthesis of ap-
proaches and methods on the basis of philosophy. Synthesis involves com-
bining, first of all, demarcated logic-linguistic, analytical, phenomenological,
hermeneutic, existential personalistic methods, concepts and approaches of phi-
losophy, as well as interdisciplinary combination of philosophical, sociological,
psychological, linguistic, and pedagogical research. In this context we would
like to remind that the decisive tendency of the philosophy of the 20t"—21th
centuries is a rethinking of the traditional problems of knowledge, of truth in
the context of communication, interaction of individuals, combining subjective
issues with subjects of intersubjectivity, dialogue, broad discussion of the fun-
damental problems of modern mankind” [9, 47].

To discuss the key issues of the problem one has to be aware that meta-
theory is a complex multi-faced phenomenon. Meta-theory in its modern sense
is a theory of theory. The object of scientific analysis for meta-theory is the
“very” theory.

Taking into account the fact of interdisciplinarity of such a kind of theory
it is important to look at its definitions in different sciences. Thus, in sociology
meta-theory is defined as general philosophical references, which provide rules
for the creation of certain sociological theories and the justification of the use
of specific sociological methods [1].

Another idea lies in the meta-theory as a theory that analyzes the struc-
ture, methods and principles of a certain scientific theory [7].

The meta-theory in the Great Interpretative Dictionary [10] is defined as
all or certain estimates of the second order of general theory etc.

The meta-theory “...define the context in which theoretical concepts are
constructed. . . The primary function of metatheory — including metamethod —
is to provide a rich source of concepts out of which theories and methods emerge.
Metatheory also provides guidelines that help to avoid conceptual confusions
and, consequently, help to avoid what may ultimately be unproductive ideas
and unproductive methods” [18].

The next a very important point of our discussion is: the meta-theoretical
level of scientific knowledge is a set of principles, norms, ideals, which form the
basis of scientific theories and science in general, which ensure the unity and
certainty of scientific activity, affect the nature of theoretical knowledge.
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The meta-theoretical level of scientific knowledge became first the subject
of study in the concepts of post-positivism. In this sense the meta-theoretical
level of scientific knowledge refers to the scientific picture of the world, the
style of scientific thinking. Interpretations of scientific rationality, paradigm,
research program play specific role in this context. Due to the systematic nature
of scientific knowledge meta-theoretical level refers to fundamental scientific
theories [13].

From the philosophical point of view the fulfillment of the requirements
put forward for the development of a particular meta-theory is associated with
great difficulty in the formation of a meta-theory for non-mathematical or for
non-mathematical sciences at this stage, and it is argued that each scientific
theory defines a certain fragment of the real world, and its meta-theory is a
system of concepts and provisions of this theory. The main task of each meta-
theory is to set the boundaries of the sphere of application of the theory under
study, to answer questions that characterize the latter from the standpoint
of objectivity and completeness, to explore the means of introducing its new
concepts and propositions. In our opinion the article of Filipe J. Sousa (pro-
fessor at University of Madeira) presents a good ground for discussions in this
context [17].

Thus, according to a preliminary analysis, the meta-theoretical level of
research is the level of such a scientific study, which is self-reflection of science,
its self-knowledge. The last thesis in its content concerns the reflexivity of
scientific and theoretical knowledge, a peculiar theorizing of science and is a
qualitatively interesting scientific phenomenon which “requires the intercon-
nection of self-reflection into the fabric of scientific research” [11, 47].

The key thesis of our theoretical analysis is the next: the meta-theoretical
approach —not only reorganizes scientific and pedagogical knowledge, but also
becomes the basis on which new knowledge is created, transforming the essence-
semantic structure of the theory. In this case, the meta-theory has more evi-
dence of cognition, using more powerful systems of reasoning. This is proved in
the writings of researchers mentionedabove Merab Mamardashvylli, Oleksandr
Piatyhorskyi, Feliks Lazariev, Ervyn Laslo, Marharyta Driuk.

All the presented theoretical positions lead to the conclusion that the
meta-theoretical approach is a necessary foundation for modern scientific and
theoretical thinking, an efficient tool for acquiring knowledge of a new type —
reflexively oriented, aimed at analyzing the depths of pedagogical theory, en-
suring the reliability of its methodological prerequisites.

The general understanding of “meta-theory” has been described by us as
a complex term deserving to identify such systems, which, in turn, are used to
describe or to research other systems is. In our case, one of these systems the
innovative development of higher education, which is based on the professional
self-improvement of the subjects of the educational process and disclosed with
the help of the reflexive system of meta theory of philosophy.

At that, innovation is considered by us as a capability for a new, reflexive,
constantly renewed knowledge; openness to groundbreaking changes on the
basis of critical thinking; development of creative abilities; ability, readiness
and ability to continuous professional self-development and self-disclosure.

The mega trends Ilona Dichkivska that are characteristic of modern higher
education (the mass character of education, its significance, the orientation to
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the active development of a person’s ways of cognitive activity, the adaptation
of the educational process to the needs and needs of the individual, the orien-
tation of training of a personality, ensuring the possibilities of self-disclosure),
testify that the main function of higher education is the self-improvement of
the individual and the teacher and the student. Consequently, the phenome-
non represented is a characteristic feature, a significant factor in the innovative
development of higher education.

Generally philosophical and educational concepts of the formation and
development of the phenomenon of self-improvement can clarify, expand the
content of this phenomenon. Consequently, the meta-theoretical basis of peda-
gogical understanding of the phenomenon of self-improvement is as follows:

1. Philosophy — a meta-theory, which is the basis of the methodology of
pedagogy. On the basis of historical analysis of philosophical views, methodolo-
gical approaches to the study of self-improvement of teachers of humanities, an
analysis of specifics, peculiarities of self-improvement is carried out; the of mo-
deling of means, ways of creating an effective self-improvement technology are
developed, that is, the conceptual and active solution of the actual pedagogical
problem takes place.

2. Theoretical and methodological substantiation of the phenomenon of
self-improvement from the standpoint of meta-theory in educational practice
significantly expands the latter, integrating the achievements of general phi-
losophy, the results of theoretical analysis and pedagogical practice, socio-
political and pedagogical movements.

Moreover, philosophy is a science that thoroughly explores and attempts
to solve the global problems of mankind, and to satisfy the individual intere-
sts of people, to find harmony between personality and society. It was in the
bosom of philosophy that most of the humanities, including pedagogy, develo-
ped. Therefore, for our study is very relevant and weighty analysis of philoso-
phical concepts and theories, which opens up new opportunities for purposeful
correction of the educational process [14].

Philosophy forms the “image” of a person of the future, meaningfully
fills pedagogy with new knowledge, goals, means of action, which ultimately
turn the internal system of views of each particular generation. The disco-
very of the essence and principles of self-improvement at the present stage of
the development of philosophical thought is associated with two fundamental
principles. The first is connected with the solution of the problem of combi-
ning post-classical approaches to the analysis of the ontological foundations of
human existence and the classical transcendental methodology. The second —
with the need to eliminate the dualism of theoretical and practical philosophy
[8]. Therefore, at the forefront of modern philosophical trends, an appeal to
the transcendental, spiritual, through which the contradictory world of man
acquires the harmony, balance, balance of existence and normative and value
measures, is turned to the fore.

Thus, Valentyn Andryeyev, characterizing the state of public opinion,
states that there was a substitution of the spiritual intellectual. The transfer
of the human psyche from the higher values to the field of utilitarian values is
a sign of our time [2].

It clearly and substantially characterizes the modern cultural-historical
process and marks the final gap between the spiritual and the intellectual at
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the turn of the XX-XXI centuries. Dismissive attitude towards irrational,
intuitive, and emotional generates dangerous deformations of the behavior of
the human community.

The need for a harmonious combination of soul and peace is on the rise.
At the forefront of modern philosophy is the idea of self-improvement, the
result of which is not the change of objects, but the change of subject. It is
about transformation, transformation of the inner world of man. Therefore,
the question is urgent: “How should I be?”.

The founder of philosophical anthropology, Maks Sheler, actualized the
problem of balancing various aspects of human existence, which would lead to
intellectual creation as an ability to rebuild its inner world, its own microcosm.
This makes an individual intellectually independent of being. According to
Maks Sheler, the natural, physical and psychic peculiarities of a person are
subject to equilibrium; spiritual, individual and national differences; the diffe-
rences of mentality, the views on the “me, the world and God” [15].

The specificity of male and female; youth and maturity; scientific know-
ledge and education, physical and mental labor; the extrovert orientation of
the Western person and oriental introvertism with its focus on the “technique
of internal power” of man over himself, etc. Mykola Berdiaiev, Emile Munier,
Helmut Plessner, Paul Ricoeur, Maks Sheler, perceive the essence of man in
the constant harmonization of the mutual influence of natural and social, and
the natural is not reduced directly to the biological, but has infinity of space.

A number of researchers insist on strengthening the spiritual principle in
the life of a modern man [14] as the basis for self-improvement and response to
functionalization, alienation, unilateral professionalization. It is clear that in
these conditions the need for radical transformation of consciousness, human
behavior, harmonious combination of rational intelligence and spiritual and
emotional sphere is growing. In the foreground the spirituality, which leads to
the search for perfection is.

Volodymyr Barulyn, Halyna Bespalova, Serhii Krymskyi, Yurii Osichniuk,
Serhii Frank define spirituality as a complex of processes with the prefix “self”:
self-building, self-awareness, self-identification, self-reflection. Halyna Bespa-
lova so revealed the possibility of self-improvement: “Anyone who feels this
pleasure self-guided self-propelled, is unlikely to ever want to give up an exci-
ting progress forward.

Self-creation — the most significant life problem and the most dangerous
activity. You can forget about it, you can be unprepared for it, but you can
begin to artificially form it, regardless of the internal or external conditions”
[6, 77].

However, realizing himself, spiritually self-identifying, man seems to be
divided. On the one hand, it turns into a subject of certain relations, “I-
subject”, on the other —it its “I” transforms into an object of certain relations
“I-object”. Philosopher Volodymyr Barulin notes that “one of the fundamental
features of human existence and development is that it itself transforms itself
into an object of reflection, a peculiar attitude.

It includes in the mechanism of personal development an analysis of it-
self, self-esteem and positive, and negative, and often very tough, constantly
developing programs of personal transformation. And this transformation into
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an object of personal attitude—a kind of split, distance from itself and a con-
scious transformation of oneself is one of the most important factors in the
progress of man and society” [4, 463].

The philosopher, singling out the fundamental qualities of man (spiritu-
ality, creativity, freedom), highlights the meaning-value self-affirmation, which
consists in a certain assertion of the meaning of his life, his values: “That the
person did not do what would not achieve the goal — building a home, inventing
new ones technological schemes, creating novels, bringing up children, fighting
with aggressors, etc.—everywhere and always she is looking for and asserts
for himself a personal sense, individual and human self-value” [2, 470]. This,
according to the scientist, is the foundation of the existence of every human
being, without which it is impossible to have a full human existence.

The infinite potential of a person and its opposition to society is one of
the fundamental contradictions of modern social development. Society tries to
create a “completed” person, in other words, a person who is optimally suited to
the requirements and social roles of society. But human nature, the immanent
impulses of man and his possibilities are so limitless that man can never be
completed. In this regard, the opinion of Karl Jaspers, who considered: that a
person can not be completed, in order to be, it must change in time, obeying
a new fate [16, 411].

In the twentieth century the idea of human openness is formalized in
the concept of “symphonic personality” Lev Karsavin and cosmism Volodymyr
Vernadskyi, Volodymyr Soloviov, Mykhail Fedorov, Kostiantyn Tsiolkovskyi,
Oleksandr Chyzhevskyi, in which a person is a cosmopolitan social phenome-
non.

Considering the relations between man and society, modern philosophy
states that every person, in a certain sense, is a part of society, its genera-
tion, which is programmed by the society, lives in it, and, therefore, is socially
completed and socially immanent. On the other hand, a person is potentially
omnipotent, equals society, self-programmed, social transcendent: “Person is
potentially infinite, potentially universal. Its uniqueness, uniqueness, embo-
died in the spiritual world, in an irresistible quest for creativity, in the deepest
state of freedom, in life, as a sense-value self-affirmation, and determines this
potential infinity” [4, 475].

Consequently, person is lifelong incomplete, open to endless creation and
self-perfection. What kind of person she can become depends on her, her life
choices, the realization of her freedom, and the constant growth of her spiritual
powers.

Implementation of self-improvement is possible is the case when a person
becomes an integral person. Modern researchers state that in the process of
studying a person, it splits into a thousand parts, projections, disappeared as
a whole. Therefore, in today’s anthropological crisis, the holistic study of man
is very relevant. The modern researcher Iryna Bondarevych defined the an
thropositionogenesis as “the process of mimicking the incompleteness of man,
his self-deployment from the species to the genera, which at the present stage
proceeds on the basis of powerful changes in its spiritual component.

The modern era actualizes the formation of the spiritual integrity of mo-
dern man as a key problem of modern anthroposotsiogenizu” [8, p.38]. Hence,



82 H. Tsvetkova, I. Voityuk, V. Domina

the formation of a holistic person is to overcome the internal conflict, the dis-
harmony of the physical and spiritual-spiritual, the tearing-all that stands on
the path to self-improvement.

Consideration of the problem of self-improvement is complicated by the
fact that attempts to as much as possible holistically know the person only par-
tially approach the integrity, to the embodiment of the ideal of holistic study.
Philosophical, culturological, psychological, pedagogical, and interdisciplinary
approaches, including art and literature, create only partial conceptions of a
person and its perfection. In this aspect, it is appropriate to think that phi-
losophy should carry out human studies not only by scientific methods but also
by their own (transcendental, phenomenological, analytical — all these methods
are partial cases of the method of philosophical reflection) [14].

The life of man and the experience of the twentieth century confirmed
the position of existentialism and psychoanalysis concerning human existence.
Man is a complex, unpredictable, contradictory nonlinear creation of nature.
This was reflected in the new method —synergy, or the theory of the orga-
nization of human-like systems. The principles of this theory reflect all the
complexity of the latter, namely: the principles of fluctuation, nonlinear de-
velopment, unpredictability, nonlinearity, intolerance to external interventions,
self-organization, etc.

The problem of self-improvement, considered in the context of the sys-
temic and synergetic theory, acquires a new sound and is filled with a new
meaning, because it allows one to consider a person as a specific system capa-
ble of self-development, self-development with its life cycle from one state of
bifurcation (the critical moment of uncertainty of future development or point
the branching of possible ways of evolution of the system) to another.

In the context of solving the problem of self-improvement of human being,
the following positions are of great importance regarding the integrity of a
person (the latter is one of the conditions for effective self-development):

- the integrity is characterized by new qualities and properties that are not
inherent to individual parts, but arise as a consequence of their interaction
in a definite system of bonds that prevail over external influence;

- the whole set has the ability to self-development (characterized by stages
of complication and differentiation), which is regulated by the internal
goal.

Integrity can be different in types: structural integrity, functional inte-
grity, organizational integrity through which progress occurs or regress of the
system:

- integrity —is a dynamic whole (not only the structure, but also its

internal connections), experiencing at first the contradiction of formation,

and then the formation of contradiction;

- the causal connections in the integrity have a functional dependence:

the cause is the consequence, the latter —a prerequisite for a new level

[5, 24].

The accented methodological positions of the concept of “integrity” as a
condition for self-improvement allow us to outline the vectors of self-development
of the individual:
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1. Self-improvement of the individual —a moving, dynamic structure,
which in the end leads the person to a new stage of development and creates a
qualitatively new property of the latter.

2. In a person simultaneously the power of mind and heart is combined,
without this harmonious combination impossible internal revolution and spiri-
tual transformation. Man is a set of different synergistic systems, which ideally
must complement each other.

3. The main task of the humanities is to find out what elements of the
system should be in the structure of the individual in order to be able to self-
development, self-deployment, self-reflection. In other words, it must be formed
in a person so that it as a system is capable of self-development, so that the
system synergetics has an evolving orientation. In this sense, the views of
the representatives of the existential anthropology of the Kyiv philosophical
and anthropological school Yevhen Bystrytskyi, Sergiy Krymskyi, Vladimir
Malakhov, Sergiy Prolyeyev, Volodymyr Shynkaruk deserve attention.

Hence, self-improvement of man is the most important global problem
of human civilization. At the turn of the XX-XXI centuries—it is an actual
problem for meta-anthropology, which synthesizes approaches of philosophical
anthropology, existentialism, personalism and defines the most important ten-
dencies of the development of contemporary philosophical anthropology. This
problem is at the center of attention of the representatives of the Ukrainian
philosophical thought: Volodymyr Bekh, Iryna Bondarevych, Vasyl Kremen,
Liliia Nykyforova.

Recently, the development of the subject “Philosophy of Education” is
being updated, in which an attempt is made to synthesize rational and irra-
tional in order to achieve concrete goals in shaping the image of a person of
the future. The question of the philosophy of education is disclosed in the
researches of Victor Andrushchenko, Oleh Bazuluk, Volodymyr Buriak, Borys
Hershunskyi and others. Researchers Oleh Bazuluk, Oleksandr Zapesotskyi
emphasize that considerable interest in the philosophy of education is caused
by the objective and conscious society of the role of education in solving global
problems.

Education is a fundamental condition for the person to exercise his civil,
political, economic and cultural rights, which is the most important factor in the
development, self-development, and strengthening of the intellectual potential
of the nation. Accordingly, people who carry out education must be specialists
and reflect on their personality the highest self-sufficient and self-consciousness
of human significance.

At the same time, in modern philosophical science there is a contradic-
tory view on the philosophy of education. Analyzing modern concepts of the
philosophy of education, one must realize that “the subject of the philosophy of
education is not so much a philosophical awareness of the process of obtaining
knowledge, skills and abilities as a large-scale study of cultural achievements
and values that are designed to meet the needs of the education system. Phi-
losophy introduces in pedagogy the main thing and the fact that it is absent —a
large-scale vision of social transformations, dominant at this historical stage,
ideological concepts” [3, 11].
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Consequently, the philosophy of education, putting forward general, sys-
temic and fundamental tasks, combines a variety of pedagogical concepts and
makes the process of formation coherent and harmonious. Oleh Bazuluk, for ex-
ample, considers the interaction of the philosophy of education and pedagogy
as the interaction of the triad: philosophy — the philosophy of education —
pedagogy. Philosophy of education through philosophy borrows most advanced
studies of cosmology, physics, neurophysiology, psychology. The philosophy in
these areas reflects the achievements in the prism of the most relevant ideo-
logical concepts. Through pedagogy, the philosophy of education attracts the
most advanced methods of education and learning, influencing the inner world
of the younger generation. The formation of the philosophy of education occurs
when changing the philosophical picture of the world, reflected in the content
of educational activities, the professionalism of its representatives, models of
self-improvement and methodological prerequisites.

Conclusion

Innovative development of higher education is based on the professional
self-improvement of subjects of the educational process and disclosed with the
help of the reflexive system of meta theory of philosophy. We are considering
innovation as the ability to new, reflexive, constantly updated knowledge; open-
ness to innovative changes on the grounds of critical thinking; development of
creative abilities; ability, readiness and ability to continuous professional self-
development and self-disclosure.

Thus, the meta-theoretical basis of pedagogical understanding of innova-
tive development of higher education is the professional self-improvement of
the individual and the teacher and the student. Representatives of the phi-
losophy of education substantially complemented the idea of a comprehensive
and harmonious development of personality concept of the planetary-cosmic
type of personality as an image of the future man. The person of the future is
a harmony of mind, soul and body, aimed at realizing internal creative poten-
tials on the scale of the Earth and the Cosmos, capable of self-deployment and
self-improvement.
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Abstract. Educational innovations are defined as a complex, self-
renewing systemic formation, dependent on changing social and educa-
tional priorities. The system of educational innovations has been deve-
loped taking into account the methodological and historical bases of its
formation, defining the object and subject, classifications of innovations
in education, criteria for selection and implementation of innovative expe-
rience, quality of innovative activities. Based on the analysis of scientific
and theoretical approaches, the object of pedagogical innovation studies is
the innovation process, conditions, methods and results of its implemen-
tation, the subject is the relationship between the efficiency of innovation
processes and its determining factors, as well as ways of influencing these
factors in order to increase the effectiveness of changes. The conceptual
and categorical apparatus of educational innovations has been defined.
The paper demonstrates diverse scientific views in the interpretation of its
essence leading to the coexistence of different approaches in typologization
and classification of pedagogical innovations. The scope, innovative poten-
tial, and scale of transformations are considered the main peculiarities of
innovations. The empirical part presents the results of the scientific con-
textual Master’s project “Innovative Experimental Educational Systems”
implemented at the National Pedagogical Dragomanov University (Kyiv,
Ukraine). The “quality of innovation activities” is considered a promising
trend in the further study of educational innovation problems. Pedagogi-
cal universities are defined as the centres of forming students” ability to
analyse, summarize, select innovative pedagogical experience, design and
persistently introduce it into educational practice.

Keywords: educational innovations, system, experimental innovative ex-
perience, classification, selection, design, implementation of innovations,
quality of innovative activities

Relevance of the problem

The globalization of the educational space gives rise to the search for a
new educational paradigm. Innovations oriented generally to holistic, interdis-
ciplinary, complex development and changing of the educational reality have
always been one of the areas clearly reflecting paradigmatic changes. Today
they are considered within a separate field of scientific knowledge — educational
(pedagogical) innovation studies, integrating the ideas of innovation theory,
philosophy, cultural studies, sociology, psychology, acmeology, creatology, for-
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ming the basis for the development of innovative pedagogic and educational
systems and their further implementation in modern education processes. The
range of innovations is quite wide. They cover programs and standards, edu-
cational content, educational technologies, organization, and management of
the educational environment. In this setting, the initiative belongs to a new
type of a researcher —the teacher-experimenter-practitioner (in science) and
the teacher/ educator-researcher (in practice), thus generating innovative edu-
cational experience. Its best models should be the basis for the education of
future teachers who will educate new generations for the united Europe [1].

This places a priority on the task of exploring educational innovations as
a complex, self-renewing systemic formation dependent on changing social and
educational priorities. Therefore, we consider the system of educational inno-
vation taking into account the methodological and historical bases of its forma-
tion, defining the object and subject, classifications of innovation in education,
criteria for selection and implementation of innovative experience, quality of
innovative activities.

State of development of the problem in theory and practice. The general
theory of innovations dates back to the second half of the 19th—beginning
of the 20th centuries and is consistent with the conceptual approaches of
M. Weber, E. Fromm, O.Spengler. The changes related to the emergence of
the theory of innovation and expansion of innovation activities were substanti-
ated by D. Bell, J. Burnham, I. Wallerstein, J. Galbraith, P. Drucker, D. Me-
adows, T. Parsons, A. Peccei, A. Toffler. The first studies focused mainly on
economic problems. The definition of cycles of innovations (J. Schumpeter)
contributed to the activation of production processes in the 1920’s. Since the
1930’s, the terms “innovation policy”, “innovation process”, etc. appeared in
macroeconomics, resulting in the formation of the conceptual and categorical
apparatus of innovation. It generated the science of innovation and further re-
search, with the results reflected in the works of I. Ansoff, M. Barre, W. Brown,
K. Oppenlander, K. Pavitt, E. Rogers.

Initially exploring economic, social patterns of creating and disseminating
scientific and technological innovations, later —innovations in organizations
and enterprises, in the late 1950’s, innovation became an area of the interdisci-
plinary study of innovations. Approximately since that time, the rationale for
educational innovation may be found in the works of K. Angelovski, H. Barnett,
J. Bassett, D. Hamilton, N. Gross, W. Kingston, N. Lagerwey, M. Miles, A. Hu-
berman, R. Havelock. Their papers symbolised the beginning of the interna-
tionalization of innovative educational processes. From our point of view, the
reformist pedagogy of the early twentieth century with its deep interest in the
child’s personality, new solutions to education and upbringing served as a uni-
que impetus for this. Anti-traditionalists (educators who opposed traditional
theory and practice of education) sought ways of forming a personality throug-
hout the whole period of childhood. The main approaches included pedagogy
of positivism (G. Spencer), theory of “free education” (E.Key, F.Gansberg,
L. Gurlitt, H. Scharrelmann, P. Lacombe, M. Montessori), experimental peda-
gogy (E.Meumann, E. Thorndike), pedagogy of action (W.A.Lay), pedagogy
of pragmatism (J.Dewey), pedagogy of culture (W. Dilthey), theory of “la-
bour school” and “civic education” (J. Bédier, H. Gaudig, G. Kerschensteiner,
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K. Woodward), pedology (E. Thorndike, S. Hall, A. Binet), theory of “new edu-
cation” and “new schools” (C.Reddie, E.Demolins, A.Ferriere, P. Geheeb,
H.Lietz) [9, p. 489]. The ideologists of new educational systems and technolo-
gies opened experimental educational institutions. This experience has made
a significant impact on the formation of pedagogical innovations in the na-
tional education of the 20-30’s of the last century, when in response to the
acute needs of improving educational practice, the demand for social education
ideas, our country hosted first experimental schools —educational institutions,
implementing “a new pedagogical system, developed by a particular teacher or
creative pedagogical team” [22, p. 8]. Experimental schools became known by
the names of their creators (scientists or practitioners), with the creation of a
pre-developed original conceptual project as their peculiarity.

The history of foreign and domestic education saw outstanding patterns
of experimental schools. In particular, the Free School Community by H. Lietz,
P. Geheeb (Germany) — boarding schools, acting on the principles of the child’s
free development and cooperation of citizens of a small society. The education
was based on compulsory work and school choice. G.Kerschensteiner’s La-
bour School (Germany), Ecole Des Roches School (France), A.Makarenko’s
colony and commune, S. Shatsky’s school, P. Blonsky’s school, which provided
vocational training for schoolchildren, focused on work as Leipzig, L. Tolstoy’s
Yasnaya Polyana School considered inappropriate to teach a specific subject
or trade. The interest in the student’s development was decisive, so the time
of their communication with the teacher was not limited. The School “for
Life, through Life” (O. Decroly, Belgium) provided education and upbringing
in close connection with nature, with support for the child’s activities and free-
dom (centres of interest), close contact with the pupils” families. The School
of Action (J. Dewey, USA) sought to bring learning closer to the lives and ex-
periences of children, stimulating their natural development. The education
process took into account the basic impulses of the child’s natural growth:
social (desire for communication), constructive (desire for movement in the
game), research (craving for knowledge and understanding), expressive (desire
for self-expression). Communication of children of all ages occurred mainly
in extracurricular activities. It gave rise to “game school” (K.Pratt), based
on the principle of using the game and the method of dramatization in the
learning process; the “children’s school” (M. Naumburg), guided by the motto
“only by living, we learn” and giving preference to individual lessons; “Organic
school” (M. Johnson), which focused on constructive classes in groups. Peculi-
arities of the above American schools included the desire to find new methods
of teaching, attention to the interests of children, the study of individual cha-
racteristics of pupils, the development of their activity, the general tendency to
practical and utilitarian learning and upbringing [3, p. 125-127].

To date, the experience of the following schools is still crucial: Waldorf
School (R. Steiner’s Pedagogical System, Germany), which was based on an an-
thropological understanding of the process of the child’s development as a holis-
tic interaction of physical and spiritual factors, solving the task of comprehen-
sive personality development through intense spiritual activity; M. Montessori
School (Ttaly) — a pedagogical system that envisaged the activity of children in
a specially created environment (processes of self-discovery and exploration of
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the surrounding world took place in different age groups); S. Freinet’s “School
of Technology” (France), which grounded technologies of purposeful stimula-
tion of pupils” intellectual and emotional activity, implemented new methods
of education, development of useful social work at all stages of education and
effective school self-government; educational institutions organized according
to the “project method” (W.Kilpatrick, USA; B. Russell, UK), where the cur-
riculum was structured in a set of interrelated experiments and pupils were
given complete freedom of choice; the Dalton Plan-based schools (E. Parkhurst,
USA), guided by the principles of the child’s freedom, focused on the indivi-
dual rhythm of learning, multi-age communication. This experience shows that
educational innovations provide a link between traditions and design of future
education. We agree with A. Boiko’s opinion that the main thing is not the time
of origin, but how the innovation serves the practice, improving the quality of
education or upbringing, social goals and values. The new often reinterpre-
ted the past and serves the development of the known, traditional, time-tested
achievements of science grounded at a new level, in new social pedagogical
realities and opportunities. Thus, the revival of productive scientific ideas,
development of the latest achievements of science on their basis, enrichment
with practice, as well as verification at a higher level of generalizations are also
innovations requiring considerable creative efforts [2, p. 29]. Thus, innovations
involve not only chronologically new ideas and experience but also those of out-
standing educators of the past. The experience of the experimental schools of
V. Sukhomlinsky (Pavlysh Village, Kirovohrad Region), I. Tkachenko (Bogda-
nivka Village, Kirovohrad Region), O.Zakharenko’s family school (Sakhnivka
Village, Cherkassy Region), etc., is still relevant and develops at new creative
levels. The concepts and practices of such schools are usually different from
the traditional ones and are often based on contrasting the existing system, its
criticism and demonstration of the benefits of new approaches over the known
ones.

Innovative pedagogical experience at the level of an independent scientific
field was summarised in the works of well-known academic educators (Yu. Ba-
banskyi, L. Hordin, V. Zagviazinskyi, V. Lazariev, M. Potashnyk, V. Slastonin,
A.Khutorskoi, N. Yusufbekova, etc.). In particular, A.Khutorskoi [24, p. 21]
called pedagogical innovations a science that studies the nature, patterns of
emergence and development of pedagogical innovations, their connection with
traditions of the past and future in relation to the subjects of education. In
his opinion, pedagogical innovation studies explore the three-level process—
creation, learning and application of innovations. N. Yusufbekova interpre-
ted pedagogical innovation studies as an independent branch of pedagogical
science, studies about creation of pedagogical innovations, their evaluation,
adoption by the pedagogical community and application in practice [25, p. 12].
N. Bordovska and A. Rean considered the progressive beginning in the develop-
ment of educational institutions in comparison with the traditions and mass
practice as the main parameters of pedagogical innovation studies. In their
opinion, innovations in the education system are interrelated with changes in:
the purpose, content, methods and technologies, forms of organization and
management system; in the style of pedagogical activity and organization of
educational and cognitive process; in the system of control and assessment of
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the level of education; in the financing system; in teaching and learning ma-
terials; in the system of educational work; in the curriculum and academic
programmes; in the activity of teachers and students [3, p. 123].

Object and subject of educational (pedagogical) innovation
studies

The development of pedagogical innovation studies as a scientific filed led
to a search in determining its object and subject. For example, in V. Lazarev’s
opinion the object of pedagogical innovation studies is an innovative process,
conditions, methods and results of its implementation, the subject is the rela-
tionship between the efficiency of innovation processes and factors determining
it, as well as ways of influencing these factors in order to increase the effecti-
veness of changes [ 14, p. 16]. A.Khutorskoi expressed the opinion that the
object of pedagogical innovation studies cannot be limited only by the inno-
vation process, as it covers other processes and phenomena characteristic for
innovations [24, p. 33], and therefore, the object of pedagogical innovation stu-
dies is the process of emergence, development and learning of innovations in
the education of pupils, students, contributing to the progressive changes in
the quality of their education, the subject is a set of pedagogical conditions,
tools and laws associated with the development, implementation and adoption
of pedagogical innovations in educational practice. A.Khutorskoi was the first
to introduce in the subject of pedagogical innovations a system of relationships
arising in innovative educational activities aimed at developing a personality
of subjects of education —students, teachers, administrators [24, p. 14-15].

Conceptual categorical apparatus of educational innovation studies. The
phenomenon of educational innovation has been researched and continues to be
developed by the leading Ukrainian scientists, including M. Antonets, A. Boiko,
L. Bondar, I. Dychkivska, N. Ditchek, O. Thnatovych, V. Kurilo, V. Palamar-
chuk, O. Popova, O. Savchenko, O. Sukhomlinskaia and others. The concepts
“innovation” (Latin innovatio—update, change) as “the introduction of the
new, modernized” [18, p. 261], “the deliberate introduction of a particular in-
novation into the existing practice, resulting in positive changes and necessary
effects achieved” [23, p. 255] serve the basis for the scientists to substantiate the
concepts: “innovative”, “innovation”, “teacher-innovator”, “pedagogical inno-
vation”, “innovative pedagogical activity”, “pedagogical technology”, “advan-
ced (model) pedagogical experience”, “introduction of pedagogical experience”
[5, p. 19-26; 6, p. 66-75; 11, p. 94-104].

Thus, analysing the processes of pedagogical innovations, V. Palamarchuk
differentiates the concepts “novation” and “innovation’. A novation is a result
(product) of creative search of a person or team, which opens a fundamentally
new phenomenon in science and practice, an innovation is a result of generation,
formation and implementation of new ideas. Implementation of new ideas is
a sign to distinguish an innovation from a novation itself: if teachers discover
a fundamentally new idea, they are novators, if they transform a scientific
idea into practice—innovators. According to V.Palamarchuk’s approaches,
“pedagogical innovations are the result of creative search for original, non-
standard solutions to different pedagogical problems” [19, p. 59].
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O. Sukhomlynska comments on the concept of “innovative” from two
points of view. First, it is “a process of introducing something new, something
that was absent in the activity of other educational institutions, which may
also concern the content of education, and especially the forms, means and
methods of education and upbringing” [17, p. 7]. She proposes to refer such
innovations to the best pedagogical experience. Second, a novation is “a fun-
damentally new approach to defining the general pedagogical conditions of an
institution based on a new idea, which fundamentally alters the philosophy of
the institution itself or gives birth to a new philosophy of education, shapes a
new type of organization, content, direction and forms of activity, implemented
in system and integrated innovation programs ”[17, p. 7]. In turn, I. Zaichenko
understands “innovations” in pedagogical interpretation as new developments
in the pedagogical system, updating, improvement of the course and result of
the pedagogical process [10, p. 77]. According to N.Dichek, “if we interpret
pedagogical new developments as a process of introducing a novation into edu-
cational practice, then a pedagogical innovation is the process of emergence,
development and, most importantly, widespread introduction of pedagogical
novations and new developments into the educational field.” In her interpreta-
tion, “an innovative teacher” is “an author of new pedagogical systems, develo-
per and implementer of educational novations and new developments” [7, p. 64].
A. Boiko views “innovative pedagogical activity” as a kind of pedagogical acti-
vity aimed at designing, creating, testing, implementing or disseminating the
achievements of pedagogical science, technology, model experience. He notes
that innovation can be of theoretical and practical importance, of educational
and didactic nature. Based on the author’s vision, “pedagogical activity” is a
generic concept in relation to the concept “innovative activity”, which being
specific serves as a means of its improvement and successful implementation
in modern conditions. In this case, “pedagogical innovations”, by A.Boiko’s
definition, are understood in a narrow and broad sense. In the narrow sense,
they are some achievements of pedagogical science, didactic and educational
technologies, progressive experience that meets the needs of practice. In the
broad sense, they may be considered a science of innovations in the field of
pedagogical knowledge. In this sense, innovations are the result of pedagogical
achievements (science or practice), system, process, technology, methodology,
means of training and education, etc. [2, p. 26, 29)].

Classifications of educational innovations

The diversity of scientific views in determining the nature of pedagogi-
cal innovations in their related scientific direction results in the coexistence
of various approaches in typologization and classification of pedagogical inno-
vations, indicating the need for further comprehensive study of this complex
phenomenon and systemic understanding of its development. N. Yusufbekova
proposes to classify innovations according to the following parameters: place
of occurrence (in science or practice); time of occurrence (historical or con-
temporary); the degree of expectation, forecasting and planning (expected and
unexpected, planned and unplanned); possibility of implementation (modern
and old-style, easily and difficult to implement); field of pedagogical knowledge
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(didactic, historical and pedagogical); level of novelty (absolute and relative);
degree of transformation of pedagogical processes (radical or partial changes);
belonging to the pedagogical system (systemic and non-systemic); originality
(original and unoriginal) [25, p. 84-87]. V. Lizinskyi identifies three types of
innovations: random (artificial, brought in from outside, often declared from
above, and usually doomed to failure), useful (relevant educational missions,
unprepared, for an indeterminate purpose, and criteria that do not form one
strong unit with the school system) and systemic (derived from the problem
field with clearly defined goals and objectives, prepared, provided with the
necessary means) [15, p. 80-83]. I. Zaichenko defines low (innovations that
suggest a change in the form of unusual names and phrases); middle (imply a
change of forms without involving the essence) and high (change of the whole
system or its components) levels of the modern process of innovations. In his
opinion, the most important areas of innovations in education include: 1) pe-
dagogical system as a whole; 2) educational institutions; 3) pedagogical theory,
4) teacher; 5) those who study; 6) pedagogical technology; 7) content of edu-
cation; 8) forms, methods, means; 9) management; 10) purpose, objectives,
results [10, p. 80]. I. Dychkivska believes that in accordance with the pecu-
liarities of innovative processes, pedagogical innovations cover the following
theoretical blocks of concepts and principles: creation of something new in the
system of education and pedagogical science; perception of the new by the so-
cial and pedagogical community; use of pedagogical innovations, and a system
of recommendations for theorists and practitioners to learn about and manage
innovative educational processes. The results of pedagogical innovative activity,
in her opinion, are divided into pedagogical discoveries, pedagogical inventions,
pedagogical improvements that can be rationally combined [8, p. 23-25]. The
four main classifications of types of innovations in general and higher education
are proposed by A.Rean. The first classification is based on the correlation of
the new with the pedagogical process of a particular educational institution.
Accordingly, the following types of innovations are distinguished: in the pur-
pose and content of education; in the methods, means, techniques, technologies
of the pedagogical process; in the forms and methods of organizing education
and upbringing; in the activities of the administration, teachers and students.
The second classification of innovations in the education system is based on the
application of the sign of scale. There are the following modifications: local and
single, unrelated; complex, interconnected; systemic covering the entire school
or institution of higher education. The third classification is based on inno-
vation potential. These are modifications of the known and accepted, related
to improvement, rationalization, modification (of the curriculum, educational
programme, structure); combinatorial innovations; radical changes. The fourth
classification of innovations is based on the grouping of signs in relation to their
predecessor. This approach includes innovations that replace or cancel previous
ones, discover something or retro novations [3, p. 129-130].

Today, the fundamental pedagogical science offers complex organized sys-
tematization of pedagogical innovations. For example, A. Khutorskyi systema-
tised them into ten main blocks. Each of them is formed taking into account
certain parameters of pedagogical innovations (in relation to the structure of
science, subjects of education, conditions of implementation, characteristics of
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innovations) and differentiates according to their own set of subtypes: 1) regar-
ding the structural elements of educational systems: innovations in goal setting,
in tasks, in content of education and upbringing, in forms, methods, techniques,
teaching technologies, means of education and training, system of diagnostics,
control, evaluation of results, etc.; 2) in relation to the personal formation of the
subjects of education: in the field of development of certain abilities of students
and teachers, in the sphere of development of their knowledge, skills, methods
of activity, competences, etc.; 3) regarding pedagogical use: in the educational
process, in the educational course, in the educational field, at the level of the
teaching system, the educational system, in the management of education; 4)
by the type of interaction of the participants of the pedagogical process: in
collective education, in group teaching, in tutoring, coaching, family educa-
tion, etc.; 5) in terms of functionality: innovations-conditions (provide updates
to the educational environment, socio-cultural conditions, etc.), innovations-
products (pedagogical tools, projects, technologies, etc.), managerial innova-
tions (new solutions in the structure of educational systems and management
procedures, ensuring their functioning); 6) by means of implementation: plan-
ned, systematic, periodic, accidental, spontaneous, occasional; 7) in accordance
with the scale of distribution: in the activity of one teacher, at school, group
of schools, in the region, at the national, international level, etc.; 8) in terms
of socio-pedagogical importance: in educational institutions of a certain type,
for specific vocational-typological groups of teachers; 9) in terms of innovative
measures: local, mass, global, etc.; 10) by the level of anticipated modificati-
ons: corrective, modifying, modernizing, radical, revolutionary. In general, in
this taxonomy the same innovation can have several characteristics and occupy
a certain place in different blocks [12, p. 27-38]. Based on A. Khutorsky’s clas-
sification, N. Postaliuk proposed the following original division of innovations:
1) depending on the functionality: innovations-conditions that provide for an
effective educational process (new content of education, innovative educational
environments, socio-cultural conditions, etc.); innovations-products (pedagogi-
cal means, technological educational projects); organizational and managerial
innovations (qualitatively new decisions in the structure of educational systems
and management procedures that ensure their functioning); 2) depending on
the field of implementation or introduction: in the content of education; tea-
ching technologies, sphere of educative functions of the educational system; in
the structure of interaction of participants of the pedagogical process, in the
system of pedagogical means; 3) in terms of scale and social and pedagogical
significance: state, regional and subregional or local, intended for educational
institutions of a certain type and for specific vocational-typological groups of
teachers; 4) on the basis of the intensity of the innovation change or level of
innovation. The last criterion allows distinguishing eight ranks or orders of
innovations: zero order (regeneration of primary qualities of system or its ele-
ment); first order (quantitative changes in the system with its constant quality);
second order (regrouping of the system elements and organizational changes);
third order (adaptation changes of the educational system to new conditions
without going beyond the old model of education); fourth order (new solution
or simplest qualitative changes in individual components of the educational sy-
stem); fifth order (creation of “new generation” education systems with changes
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in all or most of the primary qualities of the system); sixth order (creation of
“new kind” educational systems with qualitative changes of functional features
and preservation of the system-forming functional principle of the system); the
seventh order (a fundamental change in educational systems with a change in
the basic functional principle of the system); of the eighth order (emergence of a
“new kind” of educational (pedagogical) systems [21, p. 41-50]. The last three
ranks in educational practice are extremely rare. They are characterized by
truly systemic innovations and can claim the status of innovative educational
systems.

Novelty parameter in the typology of educational innova-
tions

It is natural that novelty is recognized as one of the most important para-
meters in grouping innovations. Thus, V. Polonskyi gives a gradation (level) of
novelty, which shows the qualitative difference of the object from the previous
ones: 1) construction of the known in another form, that is, actual absence of
the new — formal novelty; 2) repetition of the known with insignificant changes;
3) clarification, concretization of what is already known; 4) addition of alre-
ady known essential elements; 5) creation of a brand new object [20, p. 4-12].
According to N. Bordovska, the following factors should be taken into account
in the process of development of the educational system: absolute novelty (no
analogues and prototypes), relative novelty and pseudonovelty or so-called in-
ventive trifles [3, p. 124]. N.Borytko considers innovative projects from the
point of view of the novelty level as well, specifying the following changes: 1)
individual elements, partial refinements, improvements, new details, develop-
ment of new rules for the use of traditional means; 2) at the level of groups
of elements, a combination of known pedagogical means, their combinations,
clarification of the sequence of their application; 3) at the level of the whole
system of pedagogical means, supplementing this system with new means, de-
velopment of rules and technologies of their use, emergence of new functional
capabilities of the system; 4) a radical change of the whole pedagogical system
on a new paradigm basis. According to her justification, according to the no-
velty levels, programs and projects can be divided into labour-saving, inventive,
heuristic and innovative [4, p. 105-111].

The systematic analysis of the above material allows us to rest upon the
following main peculiarities of innovations: scope (content of education, met-
hods, technologies, forms, methods, tools, management of education, etc.);
innovative potential (modification; combinatorial; radical); scale of transfor-
mations (local; modular; systemic) [26, p. 31-37].

Project activities to find and synthesize innovative educa-
tional experience

Today, the leading pedagogical universities in the country are laying the
groundwork for innovative educational experience in the professional training
of future teachers. Thus, the National Pedagogical Dragomanov University
has implemented the scientific contextual project “Innovative experimental
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education systems’. The project included the following main stages: 1) pre-
paratory —the Project implementation was preceded by integrated invariant
and variational training courses of the Master’s Educational and Professional
Program 011 Educational, Pedagogical Sciences (Pedagogy of Higher School):
“History of Educational Systems of Higher Education”, “State Standards and
Quality of Higher Education”, “Pedagogical Technologies in Higher Educa-
tion”, “Educational Subject—Subject Teacher—Student Relations”, “Training
of Professional and Pedagogical Competence”, etc., implemented using the
tutorial technology of the individual support of professional and pedagogical
training of a specialist. The teaching of theoretical courses was carried out
together with on-the-job training programs and scientific pedagogical practice
of undergraduates in the educational institutions of the city of Kyiv, research
units of the National Academy of Pedagogical Sciences of Ukraine —institutes
of pedagogy, higher education, pedagogical education and adult education; 2)
theoretical and conceptual stage — discussion of general scientific approaches
to the organization of the Project “Innovative Experimental Education Sys-
tems” began during the Fifth National Exhibition-Presentation “Innovation
in Modern Education”, Kyiv, KyivExzpoPlaza, October 23, 2013 (Education—
2018, November 6-13— No. 47 (5586). Theoretical substantiation and con-
ceptual design took place at the 3rd Morozi pedagogical readings “Master’s
degree in the Educational Space of the University” (2014) (round table “Edu-
cational Innovation in the World Practice of Master’s Training”, March 14,
2014 // The III All-Ukrainian Moroz Pedagogical Readings. Thematic session
“Master’s Degree in the Educational Space of the University”: Program. —
K., National Pedagogical Dragomanov University, March 14-15, 2014) and
the Fifth International Exhibition “Modern Educational Institutions—2014”
(round table of the Department of Pedagogy and Psychology of the Higher
School of the National Pedagogical Dragomanov University and All-Ukrainian
Public and Political Weekly “Education” “Introducing Pedagogical Innovati-
ons in the Educational Process of Higher Education”, Kyiv, KyivExpoPlaza,
March 20, 2014); 3) empirical stage — creative missions of the undergraduates
were planned and organized, which involved meeting, interviewing, establis-
hing productive interpersonal communication and cooperation with Ukrainian
teachers —authors of innovative educational concepts, technologies, original
methods, organizational and managerial models, their students and followers.
These missions made it possible to study the unique authorial experience of
fifteen educators: Svitlana Vasylivna Bielukha “Technology of Integrated Mul-
tidisciplinary Learning”; Marianna Ivanovna Bosenko “Technology of Change
of “Pedagogical Process Phenomena”; Olha Mykhailivna Hnatiuk “Technology
of Collegial Management”; Mykola Petrovych Huzyk “Combined System of Or-
ganization of Educational Process”; Zoltan Zoltanovych Zhofchak “Technology
of Systematic Deepening of Musical Education”; Oleksandr Antonovych Zakha-
renko “Personally Oriented Educational System in the Family School”; Yanina
Mykolaivna Ovsiienko “Technology of Aestheticization of Education and Up-
bringing”; Mykola Mykolavych Paltyshev “Step-by-step Educational System”;
Liudmyla Ivanivna Paraschenko “System of Management of Development of
the School Integrated Educational Environment”; Nadiia Stepanivna Pushkar
“Project Training Technology”; Hanna Stefanivna Sazonenko “Acmeological
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and Activity Model of Organization of FEducational Space”; Serhii Mykhailo-
vych Sichka “System of Formation of National Consciousness of Pupils”; Ana-
tolii Ivanovych Solohub “Technology of Creative Subject-Oriented Training”;
Mykhailo Ivanovych Chemberzhi “Concept and Model of Comprehensive Mu-
sic Education”; Viktor Fedorovych Shatalov “System of Intensive Training”.
Generalization and systematization of the innovative experience analysed in the
framework of the Project made it possible to deduce its following typology: ex-
perimental schools— M.P. Huzyk, O.A. Zakharenko, L.I. Parashchenko; experi-
mental pedagogical technologies—S.V. Bielukha, M.I. Bosenko, O.M. Hnatiuk,
7.7. Zhofchak, Ya.M. Ovsiienko, M.M. Paltyshev, N.S. Pushkar, V.F. Shatalov;
3) experimental models of educational environment — H.S. Sazonenko, S.M. Si-
chko, A.L. Solohub, M.I. Chemberzhi; 4) design and implementation, to be
discussed further.

Selection criteria for educational innovations

The basic principle in substantiating the working criteria for selecting
achievements of model experience for their further implementation is the ratio
of innovation and pedagogical practice. The criteria include: 1) relevance —
improving the practice of educational work; 2) time relevance — significance for
the present; 3) humanity and focus on the personality — disclosure of the con-
ditions to form humanistic values, to fulfil educational, cultural mission, to pro-
mote creative ability and self-affirmation; 4) the innovation readiness and the
teacher’s methodical preparedness for implementation (programs, textbooks,
plans, methodological sheets, recommendations, guidance materials, articles,
etc.); 5) continuity with the previous experience and consistency with general
trends in the development of the national education system; 6) integrity —a
combination of dialectics of the whole and the part; 7) harmonization — specific
work on implementing innovations in accordance with the professional and per-
sonal qualities of each teacher, improving their competence; 8) efficiency in
modern conditions and perspective of the result — awareness of the essence of
the new in the specific innovation, taken for introduction (in comparison with
existing technologies) [2, p. 160-170].

Scientific findings of A.Boiko, M. Burhin, A.Kopytov, N.Kolominskyi,
V. Kraievskyi, M. Skatkin, V. Chepeliev served as a guide in structuring the
process of introducing pedagogical experience, which allowed distinguishing its
following stages: 1) selection and evaluation of the new; 4) psychological, theo-
retical and practical training; 5) reporting on the study results; 6) development
and provision of methodological materials; 7) clarification of new tasks and de-
mounstration of samples; 8) armed with knowledge and skills; 9) creating model
experience; 10) control over implementation; 11) identification and promotion
of experience; 12) operative, generalizing stage; 13) final, summary stage; 14)
mass introduction [2, p. 179]. These ways to put research into practice (di-
rect, when the findings, methods, recommendations are directly addressed to
the teacher and can be used in appropriate conditions; indirect, according to
which the study results are incorporated into theory in one form or another,
enrich to some extent and even rebuild it and, becoming part of the theory,
both influencing the practice) led to the development of a working scheme for
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the implementation of scientific developments in practice: 1) theoretical work
with educators; 2) practical demonstration of means, methods and techniques
of activity; 3) analysis and generalization of the teacher’s own experience; 4)
propagation it among colleagues [26; 27].

Prospects for the study of educational innovation problems. Interviews
with authors of exemplary pedagogical experience, pedagogical teams of edu-
cational institutions have showed obstacles to the dissemination of innovative
educational activities, including: indifference to the introduction of innovati-
ons, even with the awareness of their usefulness; imitation of innovative activity;
inconsistency of implementation results with expectations; refusal at the stage
of implementation or further use of the introduced innovation, etc. Therefore,
we consider it promising to study the problem of “the quality of innovative
activity” —the relationship between the necessary, potentially possible and
changes that are actually implemented in the educational system of an edu-
cational institution. Focusing on available scientific findings [13, p. 120; 14,
p. 15-16], we distinguish three main parameters of the quality of innovation:
1) sensitivity to the objective needs for a change, i.e. the ability of the edu-
cational institution to identify problems in a timely manner; 2) sensitivity to
development opportunities (implementation potential), which is understood as
the ability to effectively use identified opportunities to improve a particular
educational system; 3) creativity as an educational institution ability to inno-
vate to improve activity. “Evaluation of the quality of innovative activity” as
an integrated concept should include: analysis of the state of the pedagogical
system and identification of its current problems (problematization); finding
opportunities (ways) to solve problems; planning innovations; motivation of
performers; implementation of changes (introduction); control and regulation
of change processes. Accordingly, the stage-categorical scientific apparatus
should be used in solving the problem: 1) “quality of problematization” —a
characteristic of innovative activity of an educational institution, which reflects
its ability to identify objective actual problems of educational activity and to
adequately assess their importance; 2) “quality of search for development op-
portunities” — a characteristic of the ability of an educational institution to
find innovations developed in the science or practice of other educational in-
stitutions, and to adequately assess the usefulness and possibility of their use
in their own activities; 3) “quality of innovation planning” —a characteristic
of the ability of an educational institution to set the goal of its development,
corresponding to objective needs and available opportunities, and to develop a
system of coordinated actions of the pedagogical team that ensure the effective
achievement of this goal; 4) “quality of motivation” —a characteristic of the
conditions available in an educational institution in terms of their ability to
induce members of the teaching staff to engage in active and productive activi-
ties; 5) “quality of implementation (plan implementation)” — a characteristic
of the ability of the staff of educational institutions to agree, coordinate actions
in the process of change implementation, to efficiently overcome the tension of
transformation and to responsibly fulfil the tasks [16, p. 25-32]. From our
point of view, all these components of the “quality of innovation” collectively
determine the ability of an educational institution to develop, motivating the
research interest.
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Based on the studied scientific theoretical papers, revealed and generali-
zed innovative experience of teachers—authors of innovative pedagogical ex-
perience, the teaching staff of the Department of Pedagogy and Psychology of
Higher Education has developed (partly —improved) training courses aimed
at preparing future educators for pedagogical innovations: “Educational sys-
tems” (university-wide), “Pedagogical innovations in higher education”, “Scien-
tific school and personalized experience in the world educational dimension”,
“Partnership communication in education”, “Training of effective interaction in
the educational process”, etc. , which are part of the Master’s educational and
professional programs “Higher Education Pedagogy: and “Andragogy. Adult
Education”, Specialty 011 Educational, Pedagogical Sciences.

Master’s programmes not only form an algorithm, but also understanding
of the conditions for successful implementation of innovations in practice: 1)
social pedagogical (high competence, social orientation of the teacher’s activity,
responsibility and strong awareness of professional functions, education throug-
hout the life); 2) theoretical and practical (combination of conscientious work
with innovative ideas of scientists, cooperation of scientists and practitioners,
development of a system of increasing the theoretical level of participants of
implementation in accordance with the implemented object); 3) scientific and
methodological (provision of subjects of implementation with a set of instructi-
onal and methodological materials, compliance of methodological developments
with the capabilities of a specific staff and individual teacher, systematically
organized assistance to the subjects of implementation by management and
methodological bodies); 4) moral psychological (orientation of practitioners on
the personality, development of a sense of the new, imagination, creativity, mo-
ral support and participation in pedagogical search, reasonable combination of
insistence on high standards with encouragement in the process of implemen-
tation, achievement of “self-movement” and self-formation of the personality)
[2, p. 201-202; 27, p. 22-27].

Conclusions

Therefore, generalizing, constructing and implementing innovative peda-
gogical experience is not a simple and conflict-free process; there is a constant
need to identify and overcome natural contradictions between the new and inap-
propriate modern educational development, to find optimal ways of introducing
new approaches to solving educational problems. Hence, it induces the need to
systematically inform future educators about findings and achievements in all
fields of the organization of the educational process, taking into account local
conditions and needs. It is further supported by the results of the creative and
experimental master’s project of the National Pedagogical Dragomanov Uni-
versity (Kyiv, Ukraine), which analysed the unique experimental experience
of fifteen Ukrainian teachers and allowed: 1) deriving a typology of innova-
tive experience (experimental schools, experimental pedagogical technologies,
experimental models of educational environment); 2) justifying the selection
criteria for educational innovations (relevance, timeliness, humanity and perso-
nality orientation, innovativeness and methodological readiness of the teacher
for implementation, continuity with the previous experience and consistency
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with the general tendencies of development of the educational system, inte-
grity, harmonisation and concretization in accordance with the professional
and personal qualities of each teacher, efficiency in modern conditions and
long-term results); 3) structuring the process of implementation of pedagogi-
cal experience, specifying its stages — from selection and evaluation of the new
to creation of exemplary experience and mass introduction. The project sho-
wed that educational institutions should not only introduce students to the
models of pedagogical innovations, the activity of experimental schools, but
also to form their abilities to analyse, summarize, select innovative pedagogical
experience, prepare for its purposeful introduction into educational practice.
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MVY3UKA TA MY3UYHA OCBITA

Bid pedaxuii

Mixxuapomauit xypHasa «Interdisciplinary studies of complex systemss
BUXOHUTH JPYKOM MOHAJ, CiM POKiB. 3aCHOBHUKAMHY YKYPHAJIY Oyiu yKpaiHCHKi
Ta 3apyOixkHi MaTemaruku, ¢izuku, gimnocodn.

L6l Ha gKuX TPyHTYBaBCHA XKypHAJ Oyiin ¢hOPMYIbOBAHI e IEPITUM IIpe-
3uzeHToM YKpalnchbkol Axkamemil Hayk Bomogumupom Bepraachkum, — 11e imel
mpo mepexiz 6iocdepu y HOOCdhEpy, TPO 3pOCTAHHS POJIi JTIOACHKOI LyMKH, PO
CUHTE3 K MAariCTpabHU MIJIAX PO3BUTKY CYYACHOTO CYCILIHCTBA.

SaBaaHHAM KypHATY OyJ0 CTBOPUTH MalJIaHYUK s cTaTeil 3 MixKiu-
CIUTLTIHAPHUX JAOC/I2KEHDb Y Taly3l NPUPOIHAYNX HAayK, icTopii Hayku Ta (i-
Jtocodii.

3 9acoMm KOJIO HayK, IO PO3IJISIAINUCH MiXKIUCIUTLIIHAPDHUME TOCTiI7Ke-
HHAMH, OyJIO PO3MIUPEHO Ta OXOMWUJIO TyMAHITAPHI HAYKHU, COIIOJIOTIIO, TICHXO-
JIOTif0, TMeIAroriKy.

Coorozai, Kou My 6a9uMO B Y KpaiHi Opak HAyKOBUX PEIEH30BAHUX YaCO-
MUCIB 3 TeOpil My3UKHK 1 My3UHYHOI OCBITH, & HA a/IPECy HAIIOIO KYPHAJLY CTAJIU
HAIXOIUTH POOOTH MOB’sI3aHI 3 TUTAHHSIME MY3WIHOIO MUCTEIITBA, PEIKOJIErist
JKYPHAJLY BUPIIIWIA TOJYYUTH 0 KOJIA CTATEH, 10 PO3MIAAAI0THCA pobOTH 3
MY3UKH.

Apryp Illomenrayep creep/zKyBaB, IO My3WKa BHPAYKAE KBIHTECEHIIO
KHUTTA Ta HA BiAMIHY Bij IHIIMX MHUCTEITB HE € BiATHUCK imeil, He € BimoOpa-
JKEHHSM imeil, a € meradiszuune siBuiie 6e3mocepeHbol i1el, i, TOMy € BHUIIOK
dopmoro miznanaga cpity. Ak i maremarnka. CyuacHa KjacHvHA MY3UKa CTAE
BCe OL/IBINI MEHTAJIHHOIO, ABTOPU 9aCTO HEXTYIOTh TAPMOHIEIO Ta MEJIOII€I0, BU-
KJTIOYAIOTh eMOIITHY CKJIAI0BY s OE3M0CEePeIHBOTO TOHECEHH imel TBopy. Y
cydacHiit My3utii Bce OibIne MPOCTiIKOBYEThCS B3AEMO/Iis 3 IICUXOJIOTIEI0, JTiH-
TBICTHKOIO, HOBUMY TeXHOJOTisAMU. . . [lomicTuicruka B My3utii Ta HOBI hopMu
BUPAXKEHHS i HOBI METOIM MY3UYIHOI OCBITH TOTPEOYIOTH TOJAJIBIIOrO (hislocod-
CBKOT'O OCMUCJIEHHSI.

Mu maemo HaIiO, IO BKIIIOYEHHS J0 YKYyPHAJY CTaTell 3 MUTAHb MY3UKU
PO3LIMPUTH KOJIO MiXKJUCIMILIIHAPHUX JIOC/ILJIZKEeHb, BiJIKpUE HOBI rpaHi cyda-
CHMX TEHJICHIIA Yy PO3BUTKY HAyKH 1 MUCTEITBA.
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MVY3BIKA KAK I[NIOCTUYKEHUE CMBICJ/IOB

Hamanus Kondpamoesat

Abstract. This article is an essay about composers and music of the
twentieth century.

It is about the big experiment to create new musical forms and
«thinking in musics.

«Ecnu B ocHOBe BCEJIeHHOH JiekaT BuOpaluu, He O3HA-
9aeT JIk 3TO,
9TO BCEJICHHAsI BeaeT ce0s KaK My3bIKAJIbHBIH HHCTDY-
MeHT?>

Cmegon Aaexcandp «/locaz Puaurus

Ecu pait ogepruthb rpanureil 1 3aMKHYTb 9Ty IPAHUILy Ha 3aMOK, TO pait
MOXKET TIpeBpaTuThCs B a1. CeroaHs, KOraa Mup HaKPbLIA TAHIEMUsT HOBOTO BU-
pyca OT KOTOPOTO HET BAKIIMHBI U CTPAHBI BBEJIU YKECTKUI KAPAHTHH JJIs CBOUX
rPaXK/1aH, MHOTHE TIOJYYUJIU TO, YTO YCJIOBHO MOTJI HA3bIBATH PAEM, — MOXKHO
BBICIIATHCST, MOXKHO CKOJIBKO XOYeIllb YUTATH KHUTU U CMOTPeTh (DUIbMbI, 3aHU-
MaTbCs JIOOUMBIME J€JIAMHU, & €CJIA €CThb cal, bacceiin... Ho mouemy-To wepe3
JIBE-TPU HEJIe/IN OUE€Hb XOUETCsT BBIATH 33, IPEIE/Tbl TOTO pasi ¥ CO BPEMEHEM OH
cranoButTcs Bce Taroctaee. Co3HaHme HAYMHAET OOpAIIATh BHUMAHWE HA MbBIC-
JIA, KOTOPBIE PAHBINE MPOXOINJIA CKBO3b HETO HE OCTaBJIAsA cjaema. Haununaercs
ITOMCK HOBBIX CMBICJIOB.

B 2002 roxy Aprem Bapradruk cusn dunbm «Anbdpen [Ilaurke u kpa-
coTa B My3bIKe». B 3TOM dbubMe OH MOMBITAJICS PACCMOTPETH TBOPYECTBO KOM-
MTO3UTOPA, C TOUKY 3PEHUS MOMBITKU BBIATH M3 «Pasy BCEH M3BECTHON yXKe My-
3bIKH U TIOCMOTPETH 9TO YK€ HAXOAUTHCS 33 ITUMU TPDAHUIAMA. ITO OBLIN IMO0-
WCKU HOBBIX CMBICJIOB...

IIpunsito cumrarp, YTO COBpPEMEHHAs HAayKa Oeper CBOE HA4YaJo C €3Pa
Ncaaka Heiorona, ero dbynmamentaabHoro tpyna «Maremarndeckue HadIaa
HaTypaabHOl duocoduns («Maremarndeckue OCHOBBI (DUUKU» ), TEOPUU Tsi-
TOTEHUS U [EJIOTO PAAa APYTUX 3aMedaTeIbHbIX ero OTKpbiTuii. B coxpanus-
muxcs terpansax HpioroHa ero kemOpu2KCKOro meprosa BUIHO, 9TO YUeHbIN
3aHUMAJICH TAK K€ Teopueil My3bIKH KaK 4acTbi0O MAaTeMaruku. B 310 Bpems:
Besmmkuit Moran Cebactuan Bax, ucmomb3ysi MATEeMATHKYy, OTKPBII HOBBIE I'0-
PU30HTHI MY3bIKAJbHBIX BO3MOXKHOCTEH B MOIMMOHNN W TapMOHWE, 0000
TEMIIEPAIAIO.

Inkondr24@gmail.com
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IIpu nBope @puapuxa II Bax Bmepsble urpas Ha HOBOM HWHCTPYMEHTE, —
nuanuno. I mor Berperurs tam Jleonapa Ditiepa, KOTOPbBIH TaK XKe PACCMAT-
pUBAJI My3bIKy KaK 9aCTh MATEMATHKN W BBEJI B HEe TIOHSITHE «TPAILYCA KPaco-
ThI» (PAPMOHHN).

B T0 Bpems pacmpocTpamenne HOBBIX 3HAHUM U JTI000i Ipyroi nadopma-
AW 3aBUCEJIO, KAK U THICAYH JIeT HA3aJ, OT KOJIUIECTBA JIOMIA/IeH B yIPIKKE U
Berpa noj napycom. Ho B desoBedeckoe cO3HAHKE BCE MIMPE BXOIAHUIIO IIOHATHE
MBICJIU ¥ UJIEU, HAY IHAST MBICJIb CIIOCODCTBOBAJIA, OBICTPOMY PA3BUTHUIO TEXHUKH,
n300peTeHns M3MEHSIN KU3Hb. MbIC/Ib CTAHOBWJIACH TPOCTPAHCTBOM M MY3bIKa,
CTAaHOBMJIACH Bce DOjiee MEHTAIbHOM.

IMTonenrayep nucasn: «My3bika BbIPayKaeT KBUHTICCIHIUIO KU3HA U B OT-
Jingue OT APYTUX UCKYCCTB HE €CTh OTPAaXKEHUue Wjeil, a ecTb MeTahU3nIeCKoe
SIBJIEHWE HEMOCPEICTBEHHON MIEN U, MO3TOMY, €CTh BBICIIAsT (hOPMA TO3ZHAHUS
MHDAY.

TlostBerue moe3108, aBTOMOOMIIEH, CAMOJIETOB, Teerpada, reaedomna, KoM-
nbioTepa m3MeHw I Mup. Hadmnasnace smoxa, Koropyio Beprajckuit HazBas
«Or 6uocdepsr kK HOOChepey. U My3bIKa Kak 3epKAJIO0 BPEMEHU UCKAJIA HOBBIE
dopwmbl u HOBOe 3Bydanue. B XX Beke BeHnckue Kiraccuku BO riase ¢ [Ilerbep-
TOM, MOCKOBCKME KJIACCUKHU BTOPOii mosioBuabl XX Beka [lluutke, ['ybaiimymu-
Ha, /lenucos, anrauiickuii komno3utop benmxkamun Bpurrten, amepukaner; ®u-
s [mace, memernikue komno3uTopsr LlTokxaysen u Jlaxenmanu, dppaniry3ckuii
rommo3uTop Kcenakuc n nranbsuckuit JIynmxu Homo, ykpannckuii Kommo3u-
Top CUIBBECTPOB U TEJIbII sl IPYTUX KOMIIO3UTOPOB IIPOBEJH M'PAHUO3HBIN
9KCIIEPUMEHT B My3biKe. Bce Jalre KOMIO3UTOPHI Ye€pPe3 MY3BIKY MBITAIUChH BbI-
pakaTb KOHKpeTHbIE (DUTOCOMCKIE UIEH U KOHIIEMINY, BCE Jallle 00paIlaInch
K MaTEeMATHKE U IBITAJINCH 9€PE3 «MATEPUAIBHYIO» MY3bIKAJIBHYIO (DOpMY Hali-
TH OTPaXKEHUEe HECJBIINMONR KOCMUYECKON MY3bIKHU...

Anbdpen HTaurke B CBOUX UHTEPBHIO PACCKA3BIBAJ, 9TO CIIEPBA OH, KAK U
JPYTHE CTYJAEHTHI KOHCEPBATOPUHU, PACCINTHIBAI MY3bIKY MO (GOPMYyIaM U Ha-
JIesiyICs, 9TO KOT/Ia OyIeT HalileHa caMasi COBEPIIEHHAs MAaTeMaTudecKkas Gpop-
MyJia, MOXKHO OyZeT CO3/aTh CaMO€e COBEPITIEHHOE MYy3bIKAJIHHOE TPOU3BEIEHNE.
Ho paccuntannas My3biKa MOIydanach CKydHO, M €CJIM yAaBAJIOCh HAIUCATH
9TO-TO WHTEPECHOE, TO 3TO, KAK MPABWUJIO, ObLIO CJIEJICTBHEM OIIHMOKH B pac-
gerax. U TOJIBKO 11032K€, B 1epuo, OOJIBIIOr0 SMOIMUOHAIBHOIO IIEPEXKUBAHUSA
[ITauTKEe BIEpBBIE «YCABIMIAT> MY3bIKY 1 3amnucaj ee. [Ipon3ornio To, 94To B Ha-
YKe M3BECTHO KakK o3apenue. [loToM BO3HUKIIO OIIyIIIeHNE HAXOXKIEHUS BCE MY-
3bIKM (IIPONLIOH, HACTOsAIEH U Oy IyIeil) OMHOBPEMEHHO I/Ie-TO BO BCEJIEHHOIA.
A1y GuaocodCKy0 KOHIEIIUS OH HA3BAJ MOJUCTUITUCTUKON U HAITUCAT [TOJIH-
CTUJIUCTHYECKHE Tpou3Besienne, Takue, Kak Hampumep, Concerto Grosso Nel.
[MomucTunucTrka 3aKII0YAIACH M B CHHTE3€ SKCIIEPUMEHTa, 03apeHuii u oopa-
IIEHnIT K «CTapoil» IMIKOJIE.

My3biKa BCe dallie BOCIPUHUMAJIACh KAK KOCMUYECKOE, BCEJIEHCKOE SBJIE-
Hue u Haobopot. Hapsamay ¢ sTum gacTo mcuezasa mesno/usi, OHA TPUHOCHIACH
B 2K€PTBY IPAMOMY JIOCTYIIYy ABTOPCKO KOHIIEIINH /10 CJIyInaTesis. JdacTo my-
3bIKA IIMCAJIACh JJId MY3bIKAHTOB U Oblla IIOHATHA TOJbKO uM. B mrore Bcex
moben m mopaxkenuit XX BeK CO3AJ MOJJIMHHBIE MY3bIKAJIbHBIE IEIE€BPHI M,
mpo/iesiaB OOJBINON MY3BIKAJIBHBIN IKCIEPUMEHT OOOTATUI MY3bIKAJIbHOE WC-
KYCCTBO HOBBIM TIOHUMAaHUEM MUPA.
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B 2015 roay Boiuia kaura @ununa Tnacca « Ciosa 6e3 Mysbikuy («Words
without Music» ). Boiuamoiuiicss aMepukancKuii KOMIIO3UTODP HAIUCAJL ITY KHU-
I'y K CBOEMY BOCHMUIECATUIETUIO ¥ B KOMMEHTAPUN K TOW KHUTH MOXKHO MPO-
49ecTh, 4TO [J1acc, orysibIBasich Ha CBOIO YKM3Hb BUJUT €€ KakK MMPOTSHYBIIeecs
BO BPEMEHH W MPOCTPAHCTBE «MECTO MY3BIKH», KyJa MOXKHO BEPHYTHCS KAaK
B Bantumop wiu Unauio, u TaM «ayMaTh My3bIKYy», Tak Kak My3bika @uinmna
[nacca 310 U ecTh €ro MbIC/b U CJIOBO.

KoMmo3uTops! mporioro BeKa, 9aCTO BHIHY XK I€HbBI OBLIN TPUOEraTh K CJI0-
BaM, K OObSICHEHUIO CBOEH MY3BbIKHU, T. K. 9TO OBbLJ €IWHBINA MPOIECC «IyMaHUs
My3bikuy». OHE OCTaBU/IM HaM OOJIBIION APXWB CBOWX PACCYKJEHWI O MY3bI-
Ke. DTOT apXuB, OCTABJIEHHBIN My3bIKAHTAMH, OOJBINON Aap BCEM HAM, OH HE
TOJIBKO MO3BOJIAET IJIy0Ke MOHATH UX TBOPYECTBO, HO U MOMOTAaeT B OCO3HAHUU
dunocodcroro muinuieHnst B My3bike X X Beka. Anexkcanap CkpsouH, ApHOIb
ITlen6epr, Auron Bebepu, Ansdpen [Mluutke, Codusa ybaiimynuna, Daucon
Henuncos, Banenturn CuibBeCTpOB, — B CBOMX MHTEPBbHIO, 3AIUCKAX, CTATHIX
U JIOKJIAIaX OOCY KA OINYIIEeHUusl B My3bIKe TAKUX TOHSATHH KaK MPOCTPaH-
CTBO ¥ BpeMs, TOBOPUJIH 00 OCOBEHHOCTU MY3bIKAJIBHOIO TBOPYECTBA U 3HAUE-
HUU MY3bIKH KaK CII0OCODA MO3HAHUS HOBBIX CMBICJIOB U TBOPEHUs HOBbBIX (DOPM.
N3 5Tux «citoB 6€3 My3bIKH» CETOIHST MOXKHO COCTABUTH MPEICTABIEHNE N TOM,
KaK «JIyMaJd My3bIKys> B XX Beke:

AHTOH BEBEPH: «OueBuato, cyiecTBoBajia HeKas MOTPEOHOCTD, He-
Kasi HeOOXOJMMOCTb, KOTOPasi BbI3BAJA K YKU3HHU TO, YTO Mbl HA3BIBAEM MYy-
36IKOM. HeoOXoAMMOCTh BBIPA3UTh MBICTH, KOTOPYIO WHAUE, YeM B 3BYKaX HE
BBIDA3UTH». [1]

9/IMCOH JEHNCOB: «My3bika MOXKeT Tyma MPOHUKHYTH, KyIa CJI0BO
HE IIPOHUKHET». [2]

BEHIKAMWH BPUTTEH: «Korma s co3zaio My3blKy, si HE MBICIIIO
ee B orpbiBe OT uaen». Mbicib B XX Beke chirpasia Jocejie HEBUIAHHYIO POJTh.
O61m1as1 TeOpUsT OTHOCUTENIBHOCTH DWHIITERHA 3aCTABIUIIA TIO HOBOMY OCMBICJIH-
BaTh OKpyKamomuii Hac Mup. [IpOCTPAHCTBO MOIYIUIO BO3MOKHOCTH UCKPUB-
JIATHCs, BpEMs CTAHOBUTHCS OTHOCUTEIHHBIM.

AJIBOPE/ ITHUTKE: «B neficTBuTeIbHOCTH JTHHEHHOCTD BPEMEHH ITO
HE JIMHUSA. DTO OECYUCTIEHHOE KOJUYECTBO BBIXBAYEHHBIX W3 PA3HBIX MPOCT-
paHCTB TOYeK. VI BOT BO3HMKAET TaKOe OIINyIIeHne GECKOHETHOTO JIeCa BPEMeH,
rJe KaxkJas JIMHUs BPEMEHW — JIpyras, KaykI0oe IE€PeBO pacTeT IO CBOEMY.
1 Bce, 9TO B MPOIJIOM BO3HUKJIO, BO3HHUKJIO HA, JEPEBbAX, KOTOPHIE YKUBYT U
ceifgac... Y MeHs ecTh OINYIIEHNe COCYIIECTBOBAHUS BCEX BPEMEH U BO3MOXKHO-
CTU MX LOBJIEHUsS HE3aBUCUMO JPYI OT Apyra abCcosoTHO Beeraas. [3]

CODbA TYBANMAY/INHA: «Xouy goctuub cBOEH My3BIKOil TOrO, ¥TO
BCE XOTAT JOCTUYh. TO eCTh, OCYIIECTBUThL HACTOSAIIEE JJIAIIEECS BPEMsI, KOTO-
pOro B KW3HU HET. B KU3HU-TO HET HACTOSINErO IJISIIErOCs BPEMEHU — MbI
HE WMeeM BOODIIE HACTOSIIEr0 BPEMEHH B KU3HU, MbI BCE BPEMs EePEXOIUM
U3 MPOIIJIOro K OYAyIeMy, a HACTOSIIEr0 Mbl HE IMEEM HU OJTHONO MTHOBEHWSI.
W s10 MruoBenwme, mo-cymecrBy, TOJIbKO B HCKYCCTBE MOXKHO JOCTHUYb, KOIJA
HACTOSIIEee JIFINTCST, ¥ OHO JJINTCS C TMOMOIIBI0 MY3BIKAIBHON (hopMbIy. [4]

AJIBOPE/I IITHUTKE: «Y MeHs MOABUIOCH Ceffdac TO, 9ero s 6oJIbIne
BCEro BCErjia XOTeJl: MOABUIACh OECKOHEUHOCTh KaxK/0# CeKyHIbI». [3]
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AJTEKCAHIP CKPABUH: «Bam He kaxkercs, 9T0 My3bIKa 3aKOJIIOBbBI-
BAaeT BPEMs, MOXKET €r0 BOBCE OCTAHOBUTH? ... PUTM — 3akJIMHAHUE BPEMEHHU.
1 B 3TOM cmbIca puTMa. TBOpUecKuil 1yX MOCPEICTBOM DUTMOB BBI3BIBAET Ca-
MO€e BpeMsi W yIpaBJsierT uM». [5]

B XX Beke Hayka HE TOJIBKO HCCIEI0BAA PATHOAKTUBHOCTL M CO3Ia-
Jla aTOMHYTIO OGOMOY, yUeHbIe OTKPBLIH «TEMHYIO» SHEPrUi0 U «TEMHYIO» MaTe-
puto, KoTopble B cymme 3anumaior 10 95% obbema Bceenennoit. Oupenenenue
«TeMHBbIE»> HE HOCUT HETaTUBHOTO 3HAYEHWs, TEMHBIE — 3HAYUT HEU3BEIAH-
HBIE, HEJIOCTYIIHBIE HAIIEMY CJIYXYy U 3PEHUI0, MHUMBbIE C TOYKHU 3PEHUS HAIIETO
buU3MIeCKOro BOCIPUATHS.

WccnenoBanme 3T0#t MHUMOM CTOPOHBI BCemeHHOM HAYAIOCH U B MY3bIKE.
Hauanca monck 6echopMeHHOM My3bIKATLHON CyOCTAHIINM, MTOUCK <«3BYdareit
Turmuasts. (Ansdpen [Tantke momapun I'. PoxkgecTerckomy hopMyny «3By-
qameit Tumuubly, — depmara HAJ May30#, TOJ KOTOPOH Tpu (GopTe, — TaKas
JIAIasAcsa 663 OrpaHuYeHUs BDEMEHU OYeHb IPOMKas I1ay3a).

AJTEKCAHJIP CKPABUH: «Tumuna ects TOXKe 3Bydanwue... B Tummme
ecTb 3ByK. Ul naysa 3Bydur BCerja... 3HaeTe, s JyMaio, 9TO MOXKET ObITh JaXKe
MY3bIKAJIBHOE IPOU3BE/ICHIE, COCTOLIIEE U3 MOJIYAHUS.

Bw1 He mpoboBasin MpOU3BOANTH TAKO OMBIT. BO BpeMsi UIPBI TPEICTABUT
cebe Takwme JIOTOJHATE/IBHBIE, BOOOPAKAEMbIE 3BYKH, KaK Obl MHUMBbIE KOHTDA-
nyHKTEI? OHU OYeHb MEHSIOT BCE OTHOIIEHHE K WCIOMHSeMOMY... Bece Kak-To
[O-MHOMY paciBeraers. [5]

BAJIEHTUH CUJIBBECTPOB: «My3bika J0/2KHA POKIATHCA U3 MOJI-
qarus. My3bika — 9TO HE TO, YTO 3BYYHT, OHA B CTPYKType MoOj4aHus. Bor,
wanpumep, [laras cumdonus Berxosena. Ee 3aumn: Ta-pa-ra-ta... Ta-pa-ta-
Ta... — 9TO 0OBIYHBIE (PUTYPHI, KOTOPBIE OBITOBAIN TOTAA U OBITYIOT ceiiuac. Ho
3a mpejieslaMu 3TON My3bIKH y2Ke ObLIO HAKOILIEHO HACTOIBKO CHJIBHOE JJTEKPH-
YEeCTBO MOJIYAHUs, YTO OHO IPOCTO IPOPBAJIO, KAK MOJIHUs». [11]

IMouck HoBBIX bOpM, ckopee GecopmennocTn (emarepuasin3anyum) pas-
pPYyIIaJg KJIACCUIECKNE TApMOHUHU, BBHISBJISBIINECS B CO3BYYHBIX MPOMOPIHX.
CBoboiHast aTOHATIBFHOCTD BeJIA K PACIay My3bIKaabHO# dhopmbr. Kyna-To yxo-
aunia Kpacora. Vnmn Hapoxgaiach HOBas?

APHOJIB/I ITEHBEPT: «My3bika He J0JKHA yKpaIlaTh, OHA JOJKHA
ObITh UCTUHHON M TOJIBKO...».

Ho kak ucrtumy, T.e. 3HaHWe 00Jiee BHICOKUX ILJIAHOB OBITHsI, BBICKA3ATh
0e3 mMCKaykeHus sg3blkaMu Oojiee TpyOoro mirana ! «MbIcab u3pedeHHas €CTh
JIOXKb» 7

AJTEKCAHJIP CKPABUH: «TBopuTh — 3HAYUT MPEKIE BCETO cebsi Orpa-
HUYUBATH, HUKOIVIA TBOPYECKAs Ipe3a HE MOXKET ObITh O0JIeYeHa JI0 KOHIA
B TJIOTh... TBOPYECTBO €CTH OTMEYATOK AyXa HA MATEPUU, U ITO JOCTUTAET-
€SI TOJIBKO IEHON M3BECTHOM >KEPTBhI, UMEHHO YKEPTBbI OTDAHUYECHUS>.

AJIBOPE/ MTHUTKE: «Oauaum u3 0YeHb SpKUX BBIPAYKEHUH 3TOH Mpo-
6J1eMbl (HEBO3MOXKHOCTH BOILJIOTHTH 3aMbICEJI IOJIHOCTBIO) siBriach onepa [llen-
6epra «Mowuceit u Aapon». JIa nenrpaibHbix oOpasa onepbl — Mouceii, Hage-
JIEHHDBIH 1apOM MbIC/U (eMy JIAHO CJIbLIIATH M LOCTUIATh MCTUHY, HO OH He
crocobeH ee paccKasbiBaTh JIIOAAM), W €ro 6paT AapoH, HaJeJIeHHbIH TapoM
cyioBa (OH SIBJISIETCS <IIE€PEBOAYUKOM» Momuces, HHTEPIIPETATOPOM U PaCIpO-
CTPAHUTEJEM €r0 MbICJIEi), BOIJIOMAIOT 0 CYTU JBE CTOPOHBI JYIIU CAMOTO
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IITenGepra: ero crpemyieHre K 9UCTOM MY3BIKAJTHHON MBICTH, OYHUINEHHON OT
MaT€PUAJIbHDIX, 2KAHPOBO-CEMAaHTUYECKUX IIPU3HAKOB, U JIOIMaTUYECKOEe MUC-
CHOHEPCTBO, TPEOYIOIIEE «MATEPUATMIOBAHHBIX Y, IEPEBEIEHHBIX HA A3BIK JIOTH-
KW KOHCTPYKTHBHBIX HOpM. VIMEHHO Tparmdeckass HEBO3MOXKHOCTH pean3aIiun
«9UCTON MBICTINY,... TOJKHYJIA €r0 BCJIET 38 OCBOOOIUTEIHLHBIM TOPHIBOM B aTO-
HaJIbHOCTb K CO3JIaHUIO 3aKPEIJIAI0NUX HOBYIO UCTUHY 3aloBejieit — CUCTeMbl
JOeKA(DOHHH.

Yro momexadOHUsT JTUITH KOMIIPOMUCC, «mepemupues, [1lenbepr oTamaHO
OCO3HABAJI: TIPAKTUIECKN OH CaM U PA3OUJT CBOM CKPUIKAJIU...».

O nonexadonnm HANMKMCAHO OYeHb MHOrO. ECau O4eHb KPaTKO, — OKTAaBa
coctouT u3 12 moyToHOB. B TpauIinoHHOi €BPOMEiiCKOi My3bIKe HCIIOIb3Y0T-
cs 3Bl U3 7 3BYKOB, C HEDABHBIMH MEYK/Iy HAMU PACCTOAHHUSMU: IJE-TO TOH,
TIe-TO TIOJIYTOH. DTO HEPABEHCTBO CO3JAET MEPAPXHUIO, B KOTOPOI OIHU 3BY-
KU 00JIee yCTOWYMBBIE, IPYTHe MEHee. DTa MY3bIKAJIbHAS CTPYKTYPa OTBEYAET
4eJI0BEYECKOMY MY3BbIKAJIbHOMY BOCHPHUATHIO, OCHOBAHHOMY Ha CTPEMJIEHUH K
OIlpese/IeHHBIM KOHCOHAHCHBIM CO3BYUYHMAM, OIpeJe/IeHHbIM YHCIOBBIM COOTHO-
meausM. Eme nudaropuiinst 3amernsiv, 9T0 AB€ 3ByYalline CTPYHbBI OPeesis-
0T KOHCOHAHC, €CJIU UX JJIMHBbI OTHOCATCA KaK 1ieJible 4ucJia;

1:2 okTaBa
2:3 KBUHTA,
3:4 kBapTa

CemucrynenJdarast iepapxXusi OTBEYALT HEKOTOPOI 3aKOHOMEPHOCTH HAIIIe-
IO MHMPA: CEMb HOT MY3bIKAJIbHON OKTaBbl U CEMb IIBETOB PAJAyru (OCHOBHOIO
CIIEKTPA), ceMb 3Taxkel BaBuionckoii 6amuu u cemb cBoOOAHBIX HayK [Tuda-
ropa. ... /Jlaxke B XuUMHUHU MBI UMEEM JEJIO C MTPABUJIOM OKTaBHI: B 1865 T. aHT/IHii-
CKUil XUMHUK u MY3bIKaHT /K. HplosieHaCc pa3zmMecTns XuMudecKrne 3JI€MEHTHI
B P4/l IO BO3PACTAHUIO OTHOCUTEJbHBI aTOMHBIX MacC U 3aMeTHUM, 4YTO KaxK-
JIbIii BOCHMOI 9JIEMEHT TIOZ00€H dJIEMEHTY, OT KOTOPOI'O IIPOU3BOIUTCH OTCUET.
3aKOHOMEPHOCTH, OOHAPYKEHHYIO HbI0JIEHICOM, HA3BAJIA TPABUJIOM OKTABbI:

H L Be B C N O F Na Mg Al Si P S CL K CA
no pe mum da comab JI cu O0 pe MU ¢a Coab J9 CA 0 Pe MHu

Hano 3ameruth, 4TO mpu OOJIBIIMX OTHOCHTEJHHBIX ATOMHBIX MAaCCaxX MpPa-
BUJIO Hapymraercsa. /la u BCs HAIMA KW3HD MO KAJEHIAPI0O OCHOBAHA HA HEe-
X — okTaBax. I[lpaBna, Hemem coCTaBsaioT 12 MeCIeB B TOIY, CAeLysi KPYTy
30/IMaKa...

A Temepp eciin npeAcTaBUTH, YTO JAI0BAS HEPAPXUsS OTMEHSIETCS U BCE
12 wosyronos pashbl (kak 12 pbluapeil Kpyrjoro CroJja) 4 co3Jarlb LOCJe-
JIOBATEILHOCTD U3 12 HEMOBTOPSIONINXCS 3BYKOB KAaK HEKOTODPYIO CTPYKTYPY?
dodeka(rped.) — aBenasuars. P Boraucienuii mo3B0/IS€T MPEIIoI0KUTh, YTO
dopma Bceenennoit mpeacraBiser 1omeKadap, TpUOIMKEHHBIH K cdepe, 0TCio-
13 1 KOCMHYECKHe PUTMbI MOTYT ObITH CBS3aHBI C 3TOW CTPyKTypoii. Ilnaron
Ha3bIBAJI JOJEKAdIP CHMBOJIOM 3(dupa, TOro, 4To0 CEromHsi y4eHble HA3bIBAIOT
«TemHOl» Mmarepueit. JlomekadoHus — siBJIeHWE He CJIydYaiiHoe, HO ee TaNHbI
€eIle HE PACKPBITHI.

OpHaKo, BEPHEMCS K MMOUCKY UCTUHBI.

AJIBOPE/] MIHUTKE: «Kaxnapiii nbitaeTcsi TPOPBAThCA K HEIOCPE/I-
CTBEHHOMY BBIPAYKEHWIO HEKOEH CJIBIIIUMONM UM IPAMy3bIKH, KOTODAs €Ille He
VJIOBJIEHA. DTO TOJIKAET KOMITO3UTOPA HA MOUCKU HOBO TEXHWKW, MTOTOMY UTO



Myswixa xax nocmuscenue cmuicaos 111

OH XOYeT C ee TMOMOIIBIO YCIBIIATH TO, YTO B HEM 3BYy4HT. BO3HUKAIOT HECKO-
HEYHbBIE MONBITKU OTOPOCUTDH BCE YCJIOBHOCTU U CO3/JATh 6€3 HUX HEYTO HOBOE...
Bor 3Ty MHOTOYHC/IEHHBIE TTOMBITKU MPUOIU3UTHCS K HETOCPEICTBEHHOMY BbI-
PaKeHUIO MY3bIKH, HEPEPBIBHOE OOpaIleHre K 00epTOHAM, TIOCTUKEHNUE HOBBIX
PAIMOHATLHBIX MPUEMOB U MPUOJIUKEHNE K MCTHHE OTKPBIBAIOT BCE HOBBIE U
HOBBIE TIOJI HEJOCTHKUMOCTH. DTOT MPOIECC TpopoKaercs beckornedno. ITo-
9TOMY BOILIOLIEHUE 3aMbIC/Ia, BCEI/IA $BJISETCH U €ro OrpaHudeHueM». [6]

COYnHUTE, TPUAYMATH, PACCIUTATH MATEMATUIECKU UJIN YCJIBIIATH MYy-
3BIKY?

AJIbBOPE/I IITHUTKE: (o apoiinom KoHiepTe jjis robosi, apdbl U CTPyH-
HOro OpKecTpa): «UTo Kacaercs TeXHUKH, TO ITO He J0JeKa(DOHHOe COYMHEHUE.
Bce onO ocHOBaHO Ha HCOIB30BaHUU Mporpeccuu. Takas nporpeccust uCrosb-
3yeTCsi MHOTMMHU — 3TO PEIIeTo JparTocdheHa — pPsill COBEPITEHHBIX TUCEJT, KO-
TOPBIE JIEJISITCS TOJBKO HA, €IWHUIY W HA, CEOs...».

AJIEKCAH/IP CKPABUH: (0 cenpMmoii conare) « 4l Beeraa npusHaio, 4ro
MAaTeMATUKA B KOMIIO3UIUU JOJI2KHA UTPATh OOJIBIIYIO POJb.Y MeHs ObIBaeT
WHOIJIA TI€JI0€ BBIYUCJIEHUE [IPU COYMHEHUH, Bhrauciaenue (popmbl. U Beraucie-
HUEe MOJYJIAIMOHHOrO miana. OH He J0KeH ObITh CJIyYaliHbIM, — PeOMEeTpUYe-
CKUM, WHaYe He OyIerT KPUCTALINIecKOi (PopMbl. BOT CXeMbI KaK MOIYJISIHN-
OHHO TOHAJIBHOCTHU JIBUKYTCS CHAYAJIA, 110 CEKCTaM, IOTOM IO KBUHTAM, TIOTOM
0 KBApTaM U TaK Jlajiee, BCe CY’KUBasi CBOM «Imars. ...

Mpue 3mech gy GOpMbI Hy?KHO ObLTO aBa TakTa. HyxkHO, 9T00BI (hopMma
[OJIy YUJIACh KAK IIap, COBEpIIeHHas Kak Kpucraul... [lap — 910 reomerpude-
ckuii 00pa3 HANDOIBIIEH 3aBEPITEHHOCTH. DTO PAIMOHAIHHBIAN MOMEHT B TBOD-
gecTBes. [5]

AJIBOPE/ ITHUTKE: (o «PekBuemes): «Tyr — tuxwmii Sanctus. o ce-
PEeIMHBL HTOM YaCTH, BO BCAKOM CJIydae, BCe MHE MPUCHUIOCH, 3TO XOPOIIIO TOM-
HIO. 9TO 6bL1 m04apoK. W /it MeHsi 3TO ObLIO OYeHb BaXKHBIM — sl 3TOO CaM
B cebe He ocriapuBajl. Boobie, Bo Bcem «PekBueme» ObLIO JJIst MEHsSI 4TO-TO
HeoObsicHMOes. [7].

MBbIC/Ib ¥ 9yBCTBO KaK JIEKTPUYIECTBO M MATHETHU3M, JIEKTPUIECTBO IO~
POXKIAET MATHETU3M U MATHETH3M MMOPOXKIAET AJEKTPUIECTBO. TaK MBICTE MO-
POXKJIAET 9yBCTBO M 9yBCTBO TOPOKIAET MBIC/Ib. Bce BO BCEJIEHHOM TBOMCTBEH-
HO, 9JIEKTPOH ¥ HO3UTPOH, OIOHb U BOJA, paJocThb u rope... U cama Beenennas
JBOWMCTBEHHA — MPOSIBJIEHHAS 1 MHMMAsi, KAK TOPSIIOK ¥ Xa0C, KaK JEHb U HOUb.

CO®bSA I'YBAMIYJ/INHA: «MeHst TpuBJIeKaeT ceiivac uaess IeTBepTH-
TOHOB — BBISBUATH B 3BYKOBOU DEAJHLHOCTH, PA3HUILY MEXKIY OJHON HACTPOUKOH
¥ APYTOil HACTPOUKON MHCTPYMEHTOB. ¢ y2Ke HeCKOTbKO TAKUX COUMHEHHUN CIe-
Jlajia, MOTOMY 9TO MHE O€3yMHO MHTEPECHO, PYyHKIMOHUPYET ITO WU HeT — C
TeM, 9TOOBI CIe/IaTh ONATH ¥Ke, 00PeCTH, KaK Obl HOUYb. /leslo B TOM, UTO HaIa
12-ToHoOBag HacCTpOiiKa, 12-TOHOBasA TeMIlepalid U Hallle CUCTEMHOE MBIIIJIEHUE
coBmaaaroT. U mosryyaercsi, 9To BeCh MaTepuaJl Kak Obl CBET/IbIII — OH BECh B HAa-
1meit MeHTAJTLHOCTH, OH BECh CTPYKTYPUPOBAH, Bce 12 TOHOB y4acTBYIOT B 3BY-
KOBOi1 cucreme. I 310 Bce mewHb, 3TO Bce ¢BeT. Mbl, Kak ObI IOTEPSIH HOIb —
¢ Moeit Touku 3peHust. I 310 o4eHb 110X0 i (POPMbI KPYIHOI'O COYMHEHUs,
MMOTOMY YTO HEKY[Ia WOTH, W HET MPUIWHBI UATH. ... KOrga MbI B My3bIKAJIb-
HOI cmcTeMe JOCTWT/IN TPeesia — HAIla My3bIKaJbHAS CUCTEMA OXBATHIBAET
Bechb 12-TOHOBBII KPyr, TO — HEKYy/Ja UITH, U TOITOMY, HAIpUMED, Vv JIyuKu
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Homno ecrb npowussenenue nox naszpanumem <«Hekyna wiaru, HO HAIO WATH» —
BOT, 9yTKUil XyJOKHUAK, KOTOPbIH OCO3HAJ IPUYINHY CBOEH MYy3bIKaJIbHOM 00N,
«Hekyna waru, HO Hag0 uaruly DTO BIOJIHE 3AKOHOMEDPHO, €CJIM CHCTEMa COB-
MaaeT CO 3BYKOBBIM MATEPHUAJIOM, TO AEHCTBUTEIHLHO HeKyda uaru. U BOT, s
JIYMAI0 O TOM, HEJIb3s1 JIU TOJIYYUTh HOUb, TO €CTh, TEMHOE MTPOCTPAHCTBO Ky/Ia
BBIATU U 3aTeM HPHATH C MOMOIIBIO YJIBOeHUsi 12-TOHOBO# CUCTEMbI, TO €CTb
Pa3HO# HACTPONKN — HA 9€TBEPTh TOHA pazyudatomeiicss. 11 Torga cymecrsyer
KaK OBbI CIOXKET, 1€ MTPONCXOIUT KOPPECTOHIEHIINST MEYK Ty TEMHBIM U CBETIIBIM,
MEXK/Iy TJII0COM M MHHYCOM, TO €CTh BO3BDAIIAETCS *KU3Hb...». [4]

BAJIEHTUH CUJIBBECTPOB: «Henasuo s pasrosapusaj ¢ I'ybaiimpyii-
munoi. Oua, [Tapr win Kuaiidens, — Bce OHE onuparoTcs B CBOUX KOMIIO3H-
IUAX HA 9UCT0. ITO Takas nudaropeiickas MbICJIb, YTO B OCHOBE MUPA JIEKUT
quci1o. 91 JKe IOHMMAI0 TaK: YHCJIO — 3TO CBET. A MCXOAWTH HYKHO HE W3 CBETa,
a u3 moJtHOM ThMbI. KOrma ThI MCXOMUIIE W3 ThMBbI, Thl HE 3HAEINIb HU CUIBLHOMN
JOoJu, HU C/1a00ii, HU TPOITopIuil, — BoooOIre Hudero. OHO-TO BCe, KOHEYHO, Cy-
IECTBYET, HO ThI O HEM eIlle He 3HAellb. A BOT KOrJ[a HAYMHAEIb Y3HABATH, U
BO3HHKAET 9ucya0. To ecTh OIHO /€10, KO Thl HAYUHALIID C YHUCIA, COBCEM
JIpyroe KOrJa Thl K YHCJIy IPUXOAuIib. Korma TeKeT HalucaH, OH U eCTh 9UCIIO,
DPOJIMBIIIEECS U3 ThMbI.

Hagepnoe, MOKHO cka3aTh, YTO MpuUpoaa BceeaeHHoit cTouT Ha «Tpex Ku-
Tax», KOTOPbIE €CTh YKWU3Hb, CO3HAHUE, MBIC/Tb. My3bIKA — 4YacTh TPUPOJIBI,
el mpucCyIa KU3Hb, OTKJIMK HA KOHKPETHYIO CTYIEHb IBOJIONWH, €€ TapMO-
HUU ¥ CBOE Mbiiienne. My3blka eCTh si3bIK, UMEONIUH CBOI0 PA3BUBAIOIILYOCSH
CTPYKTYPY, S3bIK TPU MOMOIINA KOTOPOTO HAET JUAJIOT MEXKJY UeIOBEYeCTBOM
u Bceslennoii, mpu 3TOM BCerga OCTaeTcs TaiiHa (i 9eJ0BeYecTBa).

AHTOH BEBEPH: «Kro x04er npubJu3uTcs K TPOU3BEIeHUIM OOJIBIITO-
IO MCKYCCTBa, TOT OJKEH TOAXOIUTh K HUM TaK, KaK CJIEAYeT MOJXOJUTH K
TBOPEHUSAM HPUPOJIBI, TO €CTH C JOJKHBIM OJIATOTOBEHUEM TIEPE/T, JIEXKAIIEH B UX
ocHose TaitHOil... Ho mo3naem s Mbl Teneps 31y TaiHy WM HET, HAM JIOJI2KHO
OBITH SICHO OJHO, 3/1€Ch TOCIOICTBYET 3aKOHOMEPHOCTH, W MBI JIOJIKHBI OTHO-
CUTHCS K ITUM 3aKOHAM TaK K€, KAK K 3aKOHAM, KOTOPBIE MbI IIPUMHACHIBAEM
apupoe...». [8]

9ANCOH JEHNCOB: «Kpacora MbIILIEHIS B MATEMATHKE HMEET TAKOE
JKe 3HAYEHUE KAaK M KPACOTa MbIILIeHUs B My3bike. My3biKka U3 BCEX UCKYCCTB
€CTh TOT THUI YeJIOBEUYECKOTO MBIIIJIEHIS, KOTOPOE KAK MOXKHO TJIYOKe YXOIUT
B TIyOWHBI gyxa. My3bIKa B CBOMX BBICIIAX MPOSIBJIEHUSX KAK M MATEMATHKA,
JIOXOJIAT JI0 HEKOTOPOH I'paHulbl — jgaJbiie Bor...». [2]

DynjamMenTasbHas TPOUIA 3BYK-CBET(I[BET)-4UCJIO PACCMATPUBAJIACH HE
TOJIKO B aCIIEKTe 3BYK-YHMCJIO, HO M B ACIEKTe 3BYK — LBET (3aKPUCTAJIJIU30-
BaBIIAfiCS CBeT).

9/INCOH JIEHUCOB: «?Kupormuch u My3biKa odenb Oau3ku. Opranu-
3amys MPOCTPAHCTBA B YKUBOMWCH W MY3bIKE MMEIOT MHOTO OOIIEero B CBOEH
noruke. Kpacka B My3bIKe MOXKeT OBITh TaK ke WH(MOPMATHBHA W BAarKHA KaK
U JIPyrEe KOMIIOHEHTbI, — MEJIO/Hsi, TADMOHUs, PUTM... KaK B >KUBOIKCH Ha-
JIO)KEHHAsT Pyl HA JAPyra KPacKa HOCTEIEHHO IPUOOPETAeT HOBOE KAYECTBO,
TaK B MY3bIKE TIPU CJIOXKHBIX MUKCTYPaX TEMOD MEHSIeTCS U TOJIYIAeTCS TAKOH
0CO0OBIi 3 HeKT, COBEPIIEHHO HEBUIANMBIHN, HECBIIINMBI... PaboTa ¢ Kpackoit
OYEHb MHTEPECHa». [2]
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AJTEKCAHJIP CKPABUH: «Bemosbtble TOHATBHOCTH UMEIOT KAKOH-TO
MeTaJLIn9ecKuil OJIeCK, a Jue3Hble — siDKUe, HACHIIIEHHBIE [0 [[BETY U 0e3 Ta-
KOTO MeTaJlIndeckoro byecka. 91 Bcerma pasindaio X MMEHHO 0 3TOMY IIBe-
TOBOMY TOHY.

( O «IIpomeree): Mue HyzkeH GbLI CBET B MY3bIKE... MHE HYKHA ObLiIa JIyde-
3apHasi rapMonus, Koropas orobpazxkana 06t IJIEK) CBETA. U s ee nomy4ni
BOT II0 KaKOMy coobpazkeruio. 2l paccyami, 9To 4em OOJbIlle BEPXHUX 3BYKOB
y TapMOHHH, TEM OHA BOOOINE Jiyde3apHee, TEM OHA OCTpee M OCJeMuTeNbHee.
Ho mamo ObLIO 3TH 3BYKHW TaK YIOPSAI0YUTH, YTOOBI 3TO OBLIO €IUHCTBEHHO
JorudHoe. 91 B3s/T PACIIOIOKEHHBIN M0 TEPIUIM OOBIKHOBEHHBIN TEPIIEIIIMA-
aKKOp/I... Ho Masi0 HAKOIUTH 3TH BepXHHE 3ByKH. ITOOBI 3TO OBLIO JTyIe3apHO,
9TOOBI 3TO OTPAXKAJIO HIAELI0 CBETa, HAJI0 9TOOBI B 9TOM aKKOP/e ObLI0 HanOOIb-
1€ YUCJI0 TIOBBINMEHHBIX 3BYKOB. M BOT s MOBBIIIA0, CHAYAJIA OEPY TEPIUI0 —
HEMPEMEHHO OOJIBIITYI0, CBET/IYIO i MAXKOPHYI0, TIOTOM KBUHTY TOXKE MOBBIIIAI0,
ITOTOM TIOBBIIIAI0 U YHIEIIUMY — BOT MOJIYUHUJICS ¥ MEHS MOl aKKOPI, — KOTOPbIi
BECh IIOBBIIIEHHBIA U OTTOTO AEUCTBUTEJBHO JIy4e3apHbI.

JlomKHO OBITH COOTBETCTBHE MEK/Ty CBETOM U 3BYKOM — OHO HEOOXOINMO,
uHavye GECCMBICIINIA, HET €AUHCTBA...». [3]

Kommo3uTops! uckajm B My3bIKe 3By YaHne OECKOHEYHOCTH, BEUHOCTH, BCE-
JIEHCKUX IIUKJIOB TPOSBJIEHUS] W PACTBOPEHUS KOCMUYIECKON MATEPUH...

AJIEKCAH/IP CKPABUH: «B «IIpomerees y meHst OyayT Takue Me-
JIEHHBIE TEMIIbI, KAK HUKOI/IA HUA y KOIO He ObLIO, MeJJIEHHbIE KAaK YIOIHO — OHU
JIOJIKHBL JJTUTHCA KAK BEYHOCTb, — IMOTOMY, 9YTO BEJlb 3TO BEYHOCTH JIOJIZKHA
MPONTH OT MOMEHTa TOMJIEHWS O MOJJHON MaTepUaIM3aInu... Y MeHs OyIyT
¥ Takue OBICTPBIE TEMITbI, KAK HUKOTIa He ObLIW, B caMOM KOHIE. B 3ToT ca-
MbIif MOMEHT u Oy/IeT CO3epIiaHre TapMOHUHU, U HACTYIUT JIeMaTepPUaIN3aIsd,
MMOTOMY 9YTO 9TO — OJHO U TOXKE».

AJIBOPE/ ITHUTKE: «Panbuie MHe Baxkaa OblIa KOHEYHOCTb, MAaTe-
PUAIBHOCTD, KPUCTAJIBHOCTH (hopmbl. Ceituac Mensi 60JiblIe PUBJIEKAET ee Dec-
KOHEYHOCTbD, JIETYYECTh, HEOPEIEIEHHOCTh ».

Huddepennnarnus B 00;1aCTH HAYK ¥ HAIPABJIEHUI B HCKYCCTBE B X X BEKE
JOCTHUIJIa HEBHUIAHHOTO MAaCIITaba, HO CKBO3b 3TY A HepeHnaImo yKe Ipo-
CBEYMBAJIOCH HATMCTpaJIbHOE HampasiaeHne X X1 Beka- cuaTe3, monck Eauncrsa.
O nowucke obIMX KOpHEH BceX HayK W MCKYCCTB B Hadajse XX Beka Bacuuii
Kanguuckuit nucas: «... MbI MOJy9aeM 0€3yCJIOBHOE TMOATBEpKICHUE HAITUX
MIPE/IMTOIOKEHNH €INHOTO KOPHS BCEX SBJIEHUI, BBIXOAAIINX HA MOBEPXHOCTH
MIPEIEIbHO PA3INIHBIMY U COBEPINEHHO OTOPBAHHBIMU IPYT OT Japyra. VmerHo
CeroJiHs HaM MPEeICTABIAECTCA Hen30eKHOH HEOOXOINMOCTD MIOUCKA OOIIUX KOP-
ueii. [logmobHast HEOOXOIMMOCTD HE TOSIBJISIETCS HA CBET Oe3 BHYTPEHHErO OCHO-
BAHUs ¥ MOTPEOYET CTOJHKO YIMOPHBIX TMOMBITOK, CKOJBKO OyaeT Hy»kHO. Heob-
XOAUMOCTH ITOTO WHTYUTHBHOTO CBO#CTBA. JlasjbHeiiiee — 3TO rapMOHUYIHAS
CBsI3b MHTYUIMH U PACIETA, — HU MEPBOi, HU BTOPOH MO OTIEHHOCTHA HEIOCTA-
TOYHO JUIs IPOJOJIKeHus myTu» [10].

AJTEKCAHIP CKPABUH: «MckyccrBa ObLin KOTrIa-TO paHee CJAUTHI BO-
€/IMHO, BEeJb OHU IIOTOM PAa3beIMHUIUCH. BOT, ecjiu HApUcoBaThb TOYKY U W3
HEe HECKOJIBKO JinHuit. BOT 3T JIWHU — OTIE/IbHBIE UCKYCCTBA, BHIXOIAIINE U3
OJIHON TOUYKM, W3 TOYKH CBOErO CJAUTHOTO COCTOsHWSA. VICKyCCTBO 3aBHUCHUT OT
KOCMHUYECKOro Ipoliecca, oHO He camo o cebe. Kocmuueckuii nporecc (30H)
MPUXOJUT K KOHILY, BCe BOccoeuHseTcs. ECTh Takoil Ke MyHKT BOCCOEIUHEe-
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HUs U B UCKYCCTBE. DTO U €CTh 3ra camas Mucrepus. YTo0bI JOCTUTHYTH 9TOrO
[[YHKTa BOCCOEMHEHNsI, MHE HE HAJIO JIBUIATHCH 110 BCEM JIMHUAM, TOCTATOYHO
JIBUTATHCS TIO OJHOW U3 HUX, U s BCE PABHO MOMAIY B 3Ty TOUKY.

...TADMOHHUSI U MEJIOAUsI — ITO JBE CTOPOHBI OIHOTO TPHUHIUNA, OTHOM
CYIIHOCTH, OHU CHAYAJIA B KJIACCHYECKOW MY3bIKE BCE PA3bEIUMHUINCH — ITO
nporecc auddepeHnuanum, 3TO najeHre 1yxa B MaTePHUIO, IOKA HE CTaJia Me-
JIOJIUSL W COIMPOBOXK/IeHNE, KaK y BerxoBena. A Temepb y HAC HAYMHAETCS CUH-
Te3: TAPMOHWS CTAHOBUTHLCS MEJIOAUEN W Meonusi — rapMmonwueii... I y mens
HET PA3HUIIBI MEXKIY MEJIOANel U rapMOHUEH — 9TO OIHO U TOXKE. ...

Mucrepusi — 9TO KPUCTAJJI TAPMOHWH... KOTJA B HACBIIEHHBIH PACTBOD
TOCAIUTHh KPUCTAJLI, TO BECh PACTBOP OBICTPO KPUCTAILIN3YETCs... B Mupe, Ko-
TOPBIA €CTh PACTBOP U ITOT PACTBOP y2K€ HACHIIIEH, 00pa3yercs B OJIHOM MeCTe
kpucrai, riae rapmonns BCET'O ocymecrsiena: 510 n ects Mucrepusi». [5]

Mysbika XX Beka, 00pamasch K MBICISIM O JAJIHHUX MUPAX HE MOTJIA HE
OTpaxKaTh MOJIOXKEHUE J1eJ1 CBoero Bpemenu. Ha Bompoc kakoe coObITHE BBI3BAIO
camoe cuibHOe nepexkupanue, Anbdpen [IauTke orseTui: « B3pbIBbI AaTOMHBIX
60M6 B dmonmm».

AHTOH BEBEPH: «Ilosoxenune B Mupe cTaHOBATCH BCe OOsiee yKac-
HBIM, 0COOEHHO B 0DJIACTM WCKYCCTBa. A HaIla 3aJada CTAHOBUTCS Bce Oojiee
OT'POMHOI1».

APHOJIB/I INTEHBEPT: «VckyccTBO — BOILIB, KOTOPBIA U3JAI0T JIFO/IH,
MepeKUBAIOIINE HA COOCTBEHHOI ITKype CyAb0y deioBedIecTBay.

Oror nonubii 6osn Kpuk aymmwm lenbepra, KOHEYHO, HE MOXKeT ObITbH
OTIpesieJIeHNeM MCKYCCTBA. TBOpEHME MCKYyCCTBA — OOXKECTBEHHBINH Iap UesIo-
BEYECTBY, TO, YTO OTKPHIBAET JIFO/IAM BCE HOBYIO M HOBYIO KPACOTY W TApMOHUIO
mupa. UckyccTBo — 310 TBOpUeckuil Tpya uau Mogursa. I B ToM, UTO HesioBe-
9€eCTBO, B I[EJI0M, BBKIJIO B X X BEKe eCTh 3aC/Iyra KOJJIEKTUBHOT'O TBOPYECKOTO
TPYJA My3bIKAHTOB, — WX KOJIJIEKTUBHON MOJIMTBBI U MBICJISIM O MUDPE U KPacoTe
B CaMble TPYJHbIE IE€PUO/Ibl Y€JIOBEYECKON UCTOPUHU.

CO®bS I'YBAMJIYJINHA: «Mosi 60515 — 3TO pa3phiB ME¥KIy IWBAIIH-
3amnmeit 1 KyabTypoil... Ho g aymaro, 9To HCKyCCTBO — 3TO CHACEHHWE YeIOBe-
vyecTBa... VckycerBo ajist Toro u co3naso, 4robbl coeaunautbes ¢ HeGom». [9]

B XXI Beke My3bIKAJIbHBIN «paiiy BKIIOYUI B CeOsT KIACCHKY XX BEKa U
Ternepb y My3bIKAHTOB €CTh BPEMs 33/[yMaTbCs O HOBBIX CMbBICJIAX...

24.03.2020

P.S. Ceronus uranbsuckuii Terop Ajpea Bouennu nen B mycrom Kadempaib-
nom Cobope Munana, ero Konnepr nasbiBasics «Music for Hopes, ero ciymanu
OIHOBPEMEHHO OHJIANH TOYTH 3 MUJIINOHA YEJIOBEK.

Opanmny3ckuit rerop Credan Cenenrais MOET U3 OKHA, 115 JKUTEJIEH CBOEH
yiunbt B [Tapuxke, Ha 6ajakoHax BeHbl UTpaioT My3bIKAHTHI ...

[anmeMus 3araJ09HOrO BEpyca, — mycrsie sl Heio-Topka, Jlonmona,
[Tapmxka, Munana, Kuesa... — My3bIKa Kak CIaCeHUE...

12.04.2020
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TEMATUKA TA META >XYPHAJIY

«MixaucrunpaiHapHi JTOCTIIKEeHHST CKIQJHIX CHCTEM» — IIe PereH30BaHuit
KYPHAJT i3 BITBHAM JTOCTYIIOM, IO IyOTIKY€ JOCTITHUTIBKI CTATTI, OTJISA/IH, TOBi-
JOMJIEHHS, TUCKYCiitHi mucTu, icropuyni Ta dhinocodCchKi CTyail B ycix obracTsax
Teopii CKIQIHUX CUCTEM JIJIT BIPOBAYKEHHS B3aEMO/IIl MiK HAYKOBIIAMU 3 pi-
3HUX Tajy3eil maremaruku, dizuku, 6iosoril, ximii, indopmaTuku, COMiOOrii,
ekoHOMiKHM Ta iH. Mu 6GarkaeMo 3ampOIMOHYBATH iCTOTHE IXKEPETO aKTyaabHOL
indopmariii mpo cBiT ckmaganx cucreMm. ZKypHaa Mae CTaTh YaCTHHOIO HAYKO-
BOro popyMmy, BiIKPUTOIO Ta MIKABOI'O SK /I eKCIIEPTiB 3 pi3Hux obacreit, Tak
i 7T TITUPOKOI ayIUTOPil YUTAUiB: BiJl CTYJAEHTIB 0 JOCBiTYEHUX JTOCTITHUKIB.
ZKypran Hajgae MOXKJIWBICTD /I HAYKOBIB 3 PI3HUX Tasy3eil Tpe3eHTyBaTH
HOBI i1€l, rimoTe3u, monepchKi gocaimkenns. OcobIMBO 3aMPOITYIOTHCS 0 TIy-
Guiikalil aBTopu HayKOBUX craTeil Ta (aje He TIIbKK) HAYKOBUX OMVISZIB, IPOTE
crarTi 3 icTopii Ta dimocodil Hayku, indopmarii Tpo HayKoBi mozii, Auckyciitui
TOBIJOMJIEHHST TAKOK BITAIOTHCSI.

[HOOPMALLIS J1JIs1 ABTOPIB

ZKypHuas apyKye opuriHaIbHI CTaTTi, OTJIA M, TIOBIIOMIEHHS YKPAiHCHKOIO, PO-
CificbKOI0, aHIUIIHCHKOIO Ta HiMenbKo MoBamu. Crarti yKpalHChbKOIO Ta POCiii-
ChKOIO MOBAMW MAaIOTh MIiCTUTH TIEPEKJIa aHTJIiCHKOI0 Ha3BU CTATTi, aHOTAIIIT
Ta TIPi3BUII aBTOPIB.

CrarTi mpuitMai0THCst BUKJIIOYHO B €JIEKTPOHHOMY BUTJISI, (aitm MaoTh
6yTu niarorosieni B WTEX gu B Tekcropomy npouecopi (Microsoft Word, Open
Office Writer i 1. 1.). Inmi dpopmaru daitiis MmaoTs Oy Tu HONEPEAHBO Y3rO2Ke-
Hi 3 pemakiiero. Lirocrpariii MaoTh OyTH BUCOKOI IKOCTi, rpadiku Ta Jiarpamu,
110 TI/ITOTOBJIEH] B 1HIITUX TTPOTPaMax, MalOTh MOTABATUCSA OKPEMO, Y BUCXiTHO-
My dopmari. 2KypHaa ApyKyeThCs 9OPHO-OLINM, IpOTE y €JIeKTPOHHIH Bepcii
Marepianu OyayTh BioOpaskeHi y KOJIbOPI.

Crarri, 3anuTanis, NOpaau MaOTh HOJABATUTHUCS J0 PEIAKIi dyepe3 pe-
ecrpauiio Ha caifri xKypuasuy http://iscs-journal.npu.edu.ua



AIMS AND SCOPE

“Interdisciplinary Studies of Complex Systems” is a peer-reviewed open-access
journal, which publishes research articles, reviews, letters, discussions, histori-
cal and philosophical studies in all areas of the complex systems theory in
order to provide the interaction between scientists working in different areas
of Mathematics, Physics, Biology, Chemistry, Computer Science, Sociology,
Economics etc. We would like to promote the significant source of up-to-date
information on complex systems worldwide. The journal shall be a part of the
scientific forum, open and interesting for experts from several areas and for
a broad audience from students to senior researchers. The journal shall gi-
ve a possibility for scientists from different disciplines to present new ideas,
conjectures and pioneering developments. The research papers and (but not
only) reviews are especially encouraged. At the same time, papers in the hi-
story and philosophy of science, information about scientific events, discussion
papers will welcome.

TO AUTHORS

The journal publishes original articles, reviews, information on English, Ukrai-
nian, Russian, and German. Russian and Ukrainian articles should contain
English translations of a title, an abstract and authors’ names.

The submitted articles should be in an electronic form only. Files should
be prepared in BTEX or in a text-processor program like Microsoft Word, Open
Office Writer etc.). Other formats of files might be accepted by the previous
agreements with editors only. Pictures should have the high quality, graphs
and diagrams which are prepared in external programs must be submitted
separately in the original format. The journal is published ‘black-and-white’
however the electronic version will represent the full color of all materials.

Articles, questions, and advice should be submitted to the editorial office
through the registration at the web-site http://iscs-journal.npu.edu.ua
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