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From random times to fractional kinetics

Anatoly N. Kochubei1, Yuri Kondratiev2, José Lúıs da Silva3

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 Xt was initiated
by S. Bochner [7] by considering an independent Markov random time ξt. The
resulting process Yt = Xξt 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 ξt. We will describe this framework roughly and leaving the details
and more precise formulations in Subsection 2.2 below. The marginal dis-
tributions µt of a Markov process Xt describe an evolution of states in the
considered systems and deliver an essential information for the study of the

1 Institute of Mathematics of NASU, Kyiv, Ukraine. kochubei@imath.kiev.ua
2 Bielefeld University, Germany and Dragomanov University, Kyiv, Ukraine.

kondrat@math.uni-bielefeld.de
3 CIMA, University of Madeira, Portugal. joses@staff.uma.pt
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dynamics. We call that the statistical dynamics in contrast to the stochastic
dynamics Xt 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)

∂µt
∂t

= L∗µt,

where L∗ is the (dual) generator of the Markov process on states. For an
inverse subordinator ξt and the process Yt = Xξt , denote νt the corresponding
marginal distributions. The key observation is such that the dynamics of νt is
described by the evolution equation

Dξtνt = L∗νt,

where Dξt denotes a generalized (convolutional) fractional derivative in time
canonically associated with ξt. 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(Rd) be the family of all Borel sets in Rd, d ≥ 1 and let Bb(Rd)
denote the system of all bounded sets in B(Rd).

The space of n-point configurations in an arbitrary Y ∈ B(Rd) is defined
by

Γ(n)(Y ) :=
{
η ⊂ Y

∣∣ |η| = n
}
, n ∈ N,

where | · | the cardinality of a finite set. We also set Γ(0)(Y ) := {∅}. As a set,
Γ(n)(Y ) may be identified with the symmetrization of›Y n =

{
(x1, . . . , xn) ∈ Y n

∣∣xk 6= xl if k 6= l
}
.

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

Γ = Γ(Rd) :=
{
γ ⊂ Rd

∣∣ |γ ∩ Λ| <∞, for all Λ ∈ Bb(Rd)
}
. (2.1)

The space Γ is equipped with the vague topology, i.e., the minimal topology
for which all mappings Γ 3 γ 7→

∑
x∈γ f(x) ∈ R are continuous for any con-

tinuous function f on Rd with compact support. Note that the summation in∑
x∈γ f(x) is taken over only finitely many points of γ belonging to the support

of f . It was shown in [35] that with the vague topology Γ may be metrizable
and it becomes a Polish space (i.e., a complete separable metric space). Corre-
sponding to this topology, the Borel σ-algebra B(Γ) is the smallest σ-algebra
for which all mappings

Γ 3 γ 7→ |γΛ| ∈ N0 := N ∪ {0}

are measurable for any Λ ∈ Bb(Rd). Here γΛ := γ ∩ Λ.
It follows that one can introduce the corresponding Borel σ-algebra on

Γ(n)(Y ), which we denote by B(Γ(n)(Y )). The space of finite configurations in
an arbitrary Y ∈ B(Rd) is defined by

Γ0(Y ) :=
⊔
n∈N0

Γ(n)(Y ).

This space is equipped with the topology of disjoint unions. Therefore one can
introduce the corresponding Borel σ-algebra B(Γ0(Y )). In the case of Y = Rd
we will omit Y in the notation, thus Γ0 := Γ0(Rd) and Γ(n) := Γ(n)(Rd).
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The restriction of the Lebesgue product measure (dx)n to
(
Γ(n),B(Γ(n))

)
will be denoted by m(n), and we set m(0) := δ{∅}. The Lebesgue–Poisson
measure λ on Γ0 is defined by

λ :=
∞∑
n=0

1

n!
m(n). (2.2)

For any Λ ∈ Bb(Rd), the restriction of λ to Γ(Λ) := Γ0(Λ) will be also deno-
ted by λ. The space

(
Γ,B(Γ)

)
is the projective limit of the family of spaces{

(Γ(Λ),B(Γ(Λ)))
}

Λ∈Bb(Rd)
. The Poisson measure π on

(
Γ,B(Γ)

)
is given as the

projective limit of the family of measures {πΛ}Λ∈Bb(Rd), where πΛ := e−m(Λ)λ

is the probability measure on
(
Γ(Λ),B(Γ(Λ))

)
. Here m(Λ) is the Lebesgue

measure of Λ ∈ Bb(Rd).
For any measurable function f : Rd → R we define the Lebesgue–Poisson

exponent

eλ(f, η) :=
∏
x∈η

f(x), η ∈ Γ0; eλ(f, ∅) := 1. (2.3)

Then, by (2.2), for f ∈ L1(Rd, dx) we obtain eλ(f) ∈ L1(Γ0, dλ) and∫
Γ0

eλ(f, η) dλ(η) = exp

Å∫
Rd
f(x) dx

ã
. (2.4)

A set M ∈ B(Γ0) is called bounded if there exists Λ ∈ Bb(Rd)) and N ∈ N
such that M ⊂

⊔N
n=0 Γ(n)(Λ). We will make use of the following classes of

functions on Γ0: (i) L0
ls(Γ0) is the set of all measurable functions on Γ0 which

have local support, i.e., H ∈ L0
ls(Γ0), if there exists Λ ∈ Bb(Rd) such that

H �Γ0\Γ(Λ)= 0, while (ii) Bbs(Γ0) is the set of bounded measurable functions
with bounded support, i.e., H �Γ0\B= 0 for some bounded B ∈ B(Γ0).

In fact, any B(Γ0)-measurable function H on Γ0 is a sequence of functions{
H(n)

}
n∈N0

, where H(n) is a B(Γ(n))-measurable function on Γ(n).

On Γ we consider the set of cylinder functions Fcyl(Γ). These functions
are characterized by the relation F (γ) = F �ΓΛ

(γΛ).
The following mapping from L0

ls(Γ0) into Fcyl(Γ) plays a key role in our
further considerations:

KH(γ) :=
∑
ηbγ

H(η), γ ∈ Γ, (2.5)

where H ∈ L0
ls(Γ0). See, for example, [34] and references therein for more de-

tails. The summation in (2.5) is taken over all finite sub-configurations η ∈ Γ0

of the (infinite) configuration γ ∈ Γ; this relationship is represented symboli-
cally by η b γ. The mapping K is linear, positivity preserving, and invertible,
with

K−1F (η) :=
∑
ξ⊂η

(−1)|η\ξ|F (ξ), η ∈ Γ0. (2.6)

Here and in the sequel, inclusions like ξ ⊂ η hold for ξ = ∅ as well as for ξ = η.
We denote the restriction of K onto functions on Γ0 by K0.
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A probability measure µ ∈M1
fm(Γ) is called locally absolutely continuous

with respect to (w.r.t.) a Poisson measure π if for any Λ ∈ Bb(Rd) the pro-
jection of µ onto Γ(Λ) is absolutely continuous w.r.t. the projection of π onto
Γ(Λ). By [34], there exists in this case a correlation functional κµ : Γ0 → R+

such that the following equality holds for any H ∈ Bbs(Γ0):∫
Γ

(KH)(γ) dµ(γ) =

∫
Γ0

H(η)κµ(η) dλ(η). (2.7)

Restrictions κ(n)
µ of this functional on Γ

(n)
0 , n ∈ N0, are called correlation

functions of the measure µ. Note that κ(0)
µ = 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

(LF )(γ) =
∑
x∈γ

(
m+

∑
y∈γ\x

a−(x− y)
)

[F (γ \ x)− F (γ)]

+
∑
x∈γ

∫
Rd
a+(x− y)[F (γ ∪ y)− F (γ)]dy. (2.8)

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 µ0 ∈ M1(Γ) and the corresponding sequence of correlation functions

κ0 = (κ(n)
0 )∞n=0, see e.g. [34]. Then the evolution of the model at time t > 0 is

the measure µt ∈ M1(Γ), and κt = (κ(n)
t )∞n=0 its correlation functions. If the

evolution of states (µt)t≥0 is determined by the heuristic Markov generator L,
then µt is the solution of the forward Kolmogorov equation (or Fokker–Plank
equation FPE), 

∂µt
∂t

= L∗µt

µt|t=0 = µ0,
(2.9)

where L∗ is the adjoint operator of L. In terms of the time-dependent correla-
tion functions (κt)t≥0 corresponding to (µt)t≥0, the FPE may be rewritten as
an infinite system of evolution equations∂κ

(n)
t

∂t
= (L4κt)(n)

κ(n)
t |t=0 = κ(n)

0 , n ≥ 0,

(2.10)
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where L4 is the image of L∗ in a space of vector-functions κt = (κ(n)
t )∞n=0. The

expression for the operator L4 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 L4 to the rescaled Vlasov operator
L4V produces a non-Markovian generator LV since the positivity-preserving
property fails. Therefore instead of (2.9) we consider the following kinetic
FPE, 

∂µt
∂t

= L∗V µt

µt|t=0 = µ0,
(2.11)

and observe that if the initial distribution satisfies µ0 = πρ0
, then the solution

is of the same type, i.e., µt = πρt , t > 0.
In terms of correlation functions, the kinetic FPE (2.11) gives rise to the

following Vlasov-type hierarchical chain (Vlasov hierarchy)∂κ
(n)
t

∂t
= (L4V κt)(n)

κ(n)
t |t=0 = κ(n)

0 , n ≥ 0.

(2.12)

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)

κ0(η) = eλ(ρ0, η) =
∏
x∈η

ρ0(x), η ∈ Γ0

as the initial condition. Such correlation functions correspond to the Poisson
measures πρ0

on Γ with the density ρ0. The scaling L4V should be such that
the dynamics κ0 7→ κt preserves this structure, or more precisely, κt should be
of the same type

κt(η) = eλ(ρt, η) =
∏
x∈η

ρt(x), η ∈ Γ0. (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±,
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the density ρt corresponding to the spatial ecologic model, the equation (2.13)
implies, in general a non-linear differential equation for ρt, x ∈ Rd,

∂ρt(x)

∂t
=
(
a+∗ρt

)
(x)−mρt(x)−ρt(x)

(
a−∗ρt

)
(x), ρt(x)|t=0 = ρ0(x), (2.14)

where the initial condition ρ0 is a bounded function. Equation (2.14) is called
Vlasov-type kinetic equation for ρt, 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 M1(Γ). To have a bigger class of initial measures, we may
consider the cone inside M1(Γ) generated by convex combinations of Poisson
measures, denoted by P(Γ).

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 measuresM1(Γ) on the configuration space Γ. 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 = {Xt, t ≥ 0} be the Markov process with generator L given in
(2.8). Denote by S = {St, t ≥ 0} the subordinator, independent of X, with
Laplace exponent L(p) := pK(p), p ≥ 0, that is

E
(
e−pSt

)
= e−tpK(p), p ≥ 0.

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

Et := inf{s > 0 : Ss > t}, t ≥ 0

and its density we denote by %t(τ), that is

%t(τ)dτ = ∂τP (Et ≤ τ) = ∂τP (Sτ ≥ t) = −∂τP (Sτ < t).

Then the subordination process Yt := XEt , t ≥ 0 is such that the one-
dimensional distribution νt is given by

νt(dγ) =

∫ ∞
0

%t(τ)µτ (dγ) dτ.

The t-Laplace transform of the density %t(τ) is equal to∫ ∞
0

e−ps%s(τ) ds = K(p)e−τpK(p).

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

K(p) =

∫ ∞
0

e−ptk(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(k)
t f)(t) :=

d

dt

∫ t

0

k(t− s)
(
f(s)− f(0)

)
ds, t > 0. (2.15)

In Subsection 2.3 we study in more details the derivative D(k)
t . The natural

question about the subordination process Y is: What type of “differential”
equation does the distribution νt of Yt satisfies? The answer is as follows: The
distribution νt satisfies the following GFD equation

(D(k)
t νt)(t) = Lνt, t > 0.

As a result we shall consider the fractional Fokker–Plank equation with
the GFD (2.15) ®

D(k)
t µt,k = L4V µt,k

µt,k|t=0 = µ0,k.

The corresponding evolutions of the correlation functions for the Vlasov sca-
ling is ®

D(k)
t κt,k = L4V κt,k

κt,k|t=0 = κ0,k

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

κt,k(η) =

∫ ∞
0

%t(τ)κτ (η) dτ, η ∈ Γ0, (2.16)

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

ρkt (x) = κ(1)
t,k (x), x ∈ Rd.

The general subordination principle (2.16) gives

ρkt (x) =

∫ ∞
0

%t(τ)κ(1)
τ (x) dτ =

∫ ∞
0

%t(τ)ρτ (x) dτ, x ∈ Rd. (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:

D(k)
t ρt(x) =

(
a+ ∗ ρt

)
(x)−mρt(x)− ρt(x)

(
a− ∗ ρt

)
(x). (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 ρt(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 α ∈ (0, 1)

(
D(α)
t u

)
(t) =

d

dt

∫ t

0

k(t− τ)u(τ) dτ − k(t)u(0), t > 0, (2.19)

where

k(t) =
t−α

Γ(1− α)
, 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(k)
t u

)
(t) =

d

dt

∫ t

0

k(t− τ)u(τ) dτ − k(t)u(0), t > 0, (2.20)

where k ∈ L1
loc(R+) is a nonnegative kernel. As an example of such operator,

we consider the distributed order derivative D(µ)
t corresponding to

k(t) =

∫ 1

0

t−α

Γ(1− α)
µ(α) dα, t > 0, (2.21)

where µ(α), 0 ≤ α ≤ 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 ∈ L1
loc(R+) such that the operator D(k)

t 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(
D(k)
t uλ

)
(t) = −λuλ(t), t > 0; u(0) = 1, (2.22)

where λ > 0, has a unique solution uλ, infinitely differentiable for t > 0
and completely monotone, uλ ∈ CM, see Appendix A for this and other
classes of functions in what follows.
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(B) The Cauchy problem

(D(k)
t w)(t, x) = ∆w(t, x), t > 0, x ∈ Rd; w(0, x) = w0(x), (2.23)

where w0 is a bounded globally Hölder continuous function, that is |w0(x)−
w0(y)| ≤ C|x − y|θ, 0 < θ ≤ 1, for any x, y ∈ Rd, 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(k)
t under much weaker

assumptions than those in (A) and (B).

2) When D(k)
t is the Caputo–Djrbashian fractional derivative D(α)

t , 0 < α <
1, then uλ(t) = Eα(−λtα) where Eα is the Mittag–Leffler function

Eα(z) =
∞∑
n=0

zn

Γ(αn+ 1)
.

3) The asymptotic properties of Eα for real arguments are given by, see for
example [21].

Eα(z) ∼ 1

α
ez

1/α

, as z →∞

which resembles the classical case α = 1, E1(z) = ez. On the other hand

Eα(z) ∼ − z−1

Γ(1− α)
, as z → −∞, (2.24)

so that uλ(t) ∼ Ct−α, t → −∞. 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 µ(0) 6=
0, we have a logarithmic decay, see [28]

uλ(t) ∼ C(log t)−1, as t→∞.

A more general choice of the weight function µ 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) := (L k)(p) :=

∫ ∞
0

e−ptk(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)→∞, as p→ 0; K(p)→ 0, as p→∞; (2.26)

L(p)→ 0, as p→ 0; L(p)→∞, as p→∞. (2.27)



From random times to fractional kinetics 15

Under the hypotheses (H), L(p) and its analytic continuation admit an integral
representation, cf. (A.6) in Appendix A below (see also [49])

L(p) =

∫
(0,∞)

p

p+ t
dσ(t) (2.28)

where σ is a Borel measure on [0,∞), such that
∫

(0,∞)
(1 + t)−1 dσ(t) <∞.

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 µ ∈ C3([0, 1]) and µ(1) 6= 0, then

k(s) ∼ 1

s

1

(log s)2
µ(1), as s→ 0, (2.29)

k′(s) ∼ − 1

s2

1

(log s)2
µ(1), as s→ 0. (2.30)

Notice that (2.29) implies that k ∈ L1([0, T ]), however k /∈ Lq([0, T ]) for
any q > 1.

We denote the negative real axis by R− := {r ∈ R, r ≤ 0}.

Proposition 2.6 (cf. [28, Prop. 2.2]). 1) Let µ ∈ C2([0, 1]) be given. If p ∈
C\R− with |p| → ∞, then

K(p) =
µ(1)

log p
+O

(
(log |p|)−2

)
. (2.31)

More precisely, if µ ∈ C3([0, 1]), then

K(p) =
µ(1)

log p
− µ′(1)

(log p)2
+O

(
(log |p|)−3

)
.

2) Let µ ∈ C([0, 1]) and µ(0) 6= 0 be given. If p ∈ C \ R−, then

K(p) ∼ 1

p

Å
log

1

p

ã−1

µ(0), as p→ 0. (2.32)

3) Let µ ∈ C([0, 1]) be such that µ(α) ∼ aαλ, a > 0, λ > 0. If p ∈ C \ R−,
then

K(p) ∼ aΓ(1 + λ)
1

p

Å
log

1

p

ã−1−λ
, as p→ 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]

K(p) =

∫
(0,∞)

1

p+ t
dσ(t), p > 0, (2.33)

where σ is a Borel measure on R+ := [0,∞) such that
∫

(0,∞)
(1+t)−1 dσ(t) <∞,

see also Definition A.4. In other words, K is the Stieltjes transform of the Borel
measure σ. In addition we assume that σ ∈ Mabs(R+), that is σ is absolutely
continuous with respect to Lebesgue measure with a continuous density ϕ on
[0,∞) such that (2.33) turns out

K(p) =

∫ ∞
0

ϕ(t)

p+ t
dt, (2.34)

such that

ϕ(t) ∼ Ct−α, as t→∞, 0 < α < 1, (2.35)

ϕ(t) ∼ Ctθ−1, as t→ 0, 0 < θ < 1. (2.36)

Then, if ϕ ∈ L1
loc([0,∞)) it follows from [51, Thm. 1, page 299] (see also [36])

that the asymptotic (2.35) implies the asymptotic for K

K(p) ∼ Cp−α, as p→∞. (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

ϕ(t) = Ctθ−1 + ψ(t), 0 < θ < 1, (2.38)

where |ψ(t)| ≤ Ctθ−1+δ, 0 < t ≤ t0, and |ψ(t)| ≤ Ct−ε, t > t0 . Here
0 < δ < 1− θ and ε > 0. Then

K(p) ∼ Cpθ−1, as p→ 0.

Proof. It follows from (2.34) and (2.38) that K is equal to K(p) = s0(p) + s1(p)
where

s0(p) = C

∫ ∞
0

tθ−1

t+ p
dt, (2.39)

s1(p) = C

∫ t0

0

ψ(t)

t+ p
dt. (2.40)

The integral in (2.39) may be evaluated making the change of variables t = pτ
and we find that s0(p) = Cpθ−1 (with a different constant C independent of
p). On the other hand, s1(p) is estimated by

|s1(p)| ≤ C
∫ t0

0

tθ−1+δ

t+ p
dt+ C

∫ ∞
t0

t−ε

t+ p
dt ≤ Cpθ−1+δ + C,

Putting together, the required asymptotic follows.
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3 Solutions of the Evolution Equations

Let L be a heuristic Markov generator defined on functions u(t, x), t > 0,
x ∈ Rd. 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

∂u1(t, x)

∂t
= (Lu1)(t, x), (3.1)

(D(k)
t u(k))(t, x) = (Lu(k))(t, x), (3.2)

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

u1(0, x) = ξ(x), u(k)(0, x) = ξ(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 %t(s),
s, t > 0, such that

∫∞
0
%t(s) ds = 1 and

u(k)(t, x) =

∫ ∞
0

%t(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 Rn,

• 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 %t(s) does not depend
on L and can be found as follows [29]. Consider the function

g(s, p) := K(p)e−sL(p), s > 0, p > 0. (3.4)

The function p 7→ e−sL(p) 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 µs on R+ such that

e−sL(p) =

∫ ∞
0

e−pτ dµs(τ). (3.5)

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

%t(s) :=

t∫
0

k(t− τ) dµs(τ). (3.6)
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It follows from (2.25) and (3.5) that the t-Laplace transform of %t(s) is equal
to g(s, p):

g(s, p) =

∫ ∞
0

e−pt%t(s) dt. (3.7)

It is easy to see from (3.4) that∫ ∞
0

g(s, p) ds =
1

p

such that (3.7) may be written as∫ ∞
0

e−pt dt

∫ ∞
0

%t(s) ds =
1

p

which implies the equality ∫ ∞
0

%t(s) ds = 1.

Example 3.1 (α-stable subordinator). Let S be a α-stable subordinator, α ∈
(0, 1) with Laplace exponent L(p) = pα and the corresponding Lévy measure

dσ(s) =
α

Γ(1− α)
s−(α+1) ds.

In this case K(p) = pα−1 and the kernel k is given by

k(t) =
t−α

Γ(1− α)
.

The associated general fractional derivative D(k)
t in (2.20) coincides with the

Caputo–Djrbashian fractional derivatives D(α)
t , see (2.19). As for the density

%t(τ), it follows from Corollary 3.1 in [40] that

%t(τ) =
t

α
τ−1−1/αgα(tτ−

1/α),

where gα is the density function of S1, that is its Laplace transform is given by

g̃α(p) = e−p
α

.

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

%̃t(p) = E(e−pEt) =
∞∑
n=0

(−ptα)n

Γ(nα+ 1)
= Eα(−ptα). (3.8)

It follows from the asymptotic of the Mittag–Leffler function Eα in (2.24) that

%̃t(p) ∼
C

tα
, as t→∞.
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4 Subordination of Moving Step Function

Let u0(t, x) 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, x) =

∫ ∞
0

%t(τ)u0(τ, x) dτ. (4.1)

As a simple example we take a traveling step function (this is a toy example
of a traveling wave in fact) u0(t, x) = 1(−∞,0](x − tv), where x ∈ R, t, v ∈ R+

and consider the subordination of the moving step function. In this case

u(t, x) =

∫ ∞
0

%t(τ)u0(τ, x) dτ =

∫ ∞
x/v

%t(τ) dτ.

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

Mt(u) =
1

t

∫ t

0

u(τ, x) dτ, as t→∞. (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 α-stable subordinator, the distributed order derivative and
general fractional derivative with K fulfilling (H).

Remark 4.1. The Cesaro limit of the initial step function u0(·, x), for fixed x,
is given by

Mt(u0) =
1

t

∫ t

0

u0(τ, x) dτ =
1

t

(
t−
(

0 ∨ x
v

))
−→ 1, t→∞.

In addition, for the moving x(t) = ctβ with β < 1 we obtain the same asymp-
totic. Note that the assumption β < 1 is needed to ensure that x(t)/t −→ 0 as
t→∞.

In order to study the Cesaro limit Mt(u) in (4.2), at first we compute the
Laplace transform of u(t, x) in t

ũ(p, x) :=

∫ ∞
0

e−ptu(t, x) dt =

∫ ∞
0

e−pt
∫ ∞
x/v

%t(s) ds dt

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

ũ(p, x) =

∫ ∞
x/v

g(s, p) ds =

∫ ∞
x/v

K(p)e−spK(p) ds =
1

p
e
−
x

v
pK(p)

.

The following three cases are distinguished.

1) α-stable subordinator. It follows from Example 3.1 that K(p) = pα−1

which, for fixed x ∈ R, implies

ũ(p, x) =
1

p
e
−
x

v
pα

=
1

p
L

Å
1

p

ã
, as p→ 0,
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where L(x), x > 0 is a slowly varying function, that is

lim
x→∞

L(λx)

L(x)
= 1, as x→∞,

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

0

u(τ, x) dτ ∼ tL(t), as t→∞

and this implies that the Cesaro limit

Mt(u) =
1

t

∫ t

0

u(τ, x) dτ −→ 1, as t→∞.

The same results holds if ,instead of a fixed x ∈ R we take the moving
x(t) = ctβ with 0 < β < α < 1.

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

ũ(p, x) ∼ 1

p
e
−
x

v

Å
log

1

p

ã−1

=:
1

p
L

Å
1

p

ã
, as p→ 0,

where L(p) = e
−
x

v

Å
log

1

p

ã−1

, p ≥ 0 is a slowly varying function. Then
an application of the Karamata Tauberian theorem (cf. Theorem B.3-(i)
with ρ = 1) yields∫ t

0

u(τ, x) dτ ∼ te
−
x

v
(log t)−1

, as t→∞

which implies the Cesaro limit Mt(u) −→ 1 as t → ∞, for any fixed
x ≥ 0. For the moving x(t) = ctβ , for any β > 0, we obtain

Mtu(·, x(t)) −→ 0, t→∞.

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

3) General fractional derivative. If the measure σ in (2.33) is absolutely con-
tinuous with respect to the Lebesgue measure and the density ϕ satisfies
(2.36), then Lemma 2.7 implies that K(p) ∼ Cpθ−1, as p→ 0 and

ũ(p, x) ∼ 1

p
e
−
x

v
Cpθ

=
1

p
L

Å
1

p

ã
, as p→ 0,

and L(x), x > 0 is a slowly varying function. Once again by Kara-
mata’s Tauberian theorem (cf. Theorem B.3-(i) with ρ = 1) we obtain
the asymptotic for Mt(u), namely

Mt(u) ∼ e
−
x

v
Ct−θ

, as t→∞
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and again we have Mt(u) −→ 1 as t→∞. For the moving x(t) = ctβ for
any β > θ, we obtain

Mtu(·, x(t)) ∼ e−Ct
β−θ
−→ 0, t→∞.

The motion of the point x in time with a positive power β such that
β > θ turns the Cesaro limit to vanish.

5 Traveling Waves

Now we would like to consider a realistic dynamics u0(t, x) 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∞(Rd) ∩ L1(Rd) are probability densities, that is∫
Rd
a±(y) dy = 1.

The mortality 0 < m < 1.

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

A traveling wave u(t, x), t ≥ 0, x ∈ R with velocity v > 0 is defined by a
profile function ψ : R −→ [0, 1], that is a continuous monotonically decreasing
function such that

lim
x→−∞

ψ(x) = 1,

lim
x→∞

ψ(x) = 0,

and u(t, x) = ψ(x − vt), t ≥ 0 for almost all x ∈ R. For each δ > 0 introduce
xδ ∈ R as

∀x > xδ, ψ(x) < δ and ∀x < −xδ, ψ(x) > 1− δ.

For a fixed x ∈ R the traveling wave u0(t, x) = ψ(x − vt) as a function of t is
monotonically increasing and has the following properties:

ψ(x− vt) < δ, ∀t < x− xδ
v

, (5.1)

ψ(x− vt) > 1− δ, ∀t > x+ xδ
v

, (5.2)

ψ(x− vt) ∈ (0, 1), ∀t ∈
]x− xδ

v
,
x+ xδ
v

[
. (5.3)

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

Mt(u0) =
1

t

∫ t

0

u0(τ, x) dτ, as t→∞.
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It follows from (5.1)-5.3 the following upper bound for Mt(u0)

Mt(u0) =
1

t

∫ t

0

ψ(x− vτ) dτ ≤ 1

t

Å
δ
x− xδ
v

+
2xδ
v

+ t− x+ xδ
v

ã
.

On the other hand, a bound from below of Mt(u0) is obtained by

Mt(u0) ≥ 1

t

ï
2xδ
v

+ (1− δ)
(
t− x+ xδ

v

)ò
.

Putting together, we have

1− δ ≤ lim
t→∞

Mt(u) ≤ 1,

due to arbitrary δ > 0, the Cesaro limit

lim
t→∞

Mt(u) = 1.

Remark 5.2. Note that for the moving x(t) = ctβ , 0 < β < 1 the asymptotic
for Mt(u0) will be the same.

Now we will consider the subordinated dynamics

u(t, x) =

∫ ∞
0

%t(τ)u0(τ, x)dτ (5.4)

and study the Cesaro limit

Mt(u) =
1

t

∫ t

0

u(τ, x) dτ, as t→∞. (5.5)

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

ζ− :=
x− xδ
v

, ζ+ :=
x+ xδ
v

we have

u(t, x) =

∫ ζ−

0

%t(τ)u0(τ, x) dτ +

∫ ζ+

ζ−

%t(τ)u0(τ, x) dτ +

∫ ∞
ζ+

%t(τ)u0(τ, x) dτ

=: I1(t, x) + I2(t, x) + I3(t, x). (5.6)

We study each term separately.
I1(t, x): It follows from (5.1) that

0 ≤ I1(t, x) ≤ δ
∫ ζ−

0

%t(τ) dτ = δ

Ç
1−

∫ ∞
ζ−

%t(τ) dτ

å
.

Therefore, we have

0 ≤ 1

t

∫ t

0

I1(s, x) ds ≤ δ − δ

t

∫ t

0

∫ ∞
ζ−

%t(τ) dτ ds.
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The asymptotic for the integral on the rhs follows as in Section 4 (with ζ−

instead of
x

v
) for all three cases of α-stable subordinator (corresponding to

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

lim
t→∞

1

t

∫ t

0

∫ ∞
ζ−

%s(τ) dτ ds = 1

which implies

lim
t→∞

1

t

∫ t

0

I1(s, x) ds = 0.

I2(t, x) : In order to study the behavior in t of

1

t

∫ t

0

I2(s, x) ds ≤ 1

t

∫ t

0

∫ ζ+

ζ−

%s(τ) dτ ds, as t→∞

let us at first define

f(s) :=

∫ ζ+

ζ−

%s(τ) dτ.

The Laplace transform of f is equal to

f̃(p) =

∫ ∞
0

e−psf(s) ds =

∫ ∞
0

e−ps
∫ ζ+

ζ−

%s(τ) dτ ds

=

∫ ζ+

ζ−

g(τ, p) dτ = g1(p)− g2(p),

where

g1(p) =
1

p
e−ζ+pK(p), g2(p) =

1

p
e−ζ−pK(p).

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−ζ+pK(p) → 1 and e−ζ−pK(p) → 1 as p→ 0. An application
of Karamata’s Tauberian theorem, see Theorem B.3, yields

1

t

∫ t

0

f(τ) dτ ∼ exp

Å
−1

t
ζ+K

Å
1

t

ãã
− exp

Å
−1

t
ζ−K

Å
1

t

ãã
, as t→∞.

Therefore, for the term I2(t, x), we have

0 ≤ 1

t

∫ t

0

I2(s, x) ds ≤ 1

t

∫ t

0

f(s) ds −→ 0, as t→∞

which implies

lim
t→∞

1

t

∫ t

0

I2(s, x) ds = 0.

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

1

t

∫ t

0

I3(τ, x) dτ, as t→∞.
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It follows from (5.2) the estimates

(1− δ)1

t

∫ t

0

∫ ∞
ζ+

%τ (s) ds dτ ≤ 1

t

∫ t

0

I3(τ, x) dτ ≤ 1

t

∫ t

0

∫ ∞
ζ+

%τ (s) ds dτ.

The integral ∫ ∞
ζ+

%τ (s) ds

was studied in Section 4 with ζ+ = x/v and its Cesaro limit, for all the three
types of fractional derivatives considered in Subsection 2.3, was shown to be

lim
t→∞

1

t

∫ t

0

∫ ∞
ζ+

%τ (s) ds dτ = 1.

Hence, we have

1− δ ≤ lim
t→∞

1

t

∫ t

0

I3(τ, x) dτ ≤ 1.

From the arbitrary of δ > 0 we obtain

lim
t→∞

1

t

∫ t

0

I3(τ, x) dτ = 1.

Putting all together, the Cesaro limit for the subordinated dynamics by
the density %t(τ) gives

lim
t→∞

Mt(u) = lim
t→∞

1

t

∫ t

0

u(τ, x) dτ = 1.

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,∞) −→ [0,∞) or a measure µ on B([0,∞)) is defined by

f̃(p) := (L f)(p) :=

∫ ∞
0

e−pτf(τ) dτ or (L µ)(p) :=

∫
[0,∞)

e−pτ dµ(τ),

respectively, whenever these integrals converge. It is clear that L u = L µu if
dµu(τ) = u(τ) dτ . Finite measures on [0,∞) are uniquely determined by their
LT.
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Definition A.1. A C∞-function ϕ : [0,∞) −→ R is called completely mono-
tone if

(−1)nϕ(n)(τ) ≥ 0, ∀n ∈ N0 := N ∪ {0}, τ > 0.

The family of all completely monotone functions will be denoted by CM.

The function [0,∞) 3 τ 7→ e−τt, 0 ≤ t < ∞ is a prime example of a
completely monotone function. In fact, any element ϕ ∈ 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,∞). For the proof we refer
to [49, Thm. 1.4].

Theorem A.2 (Bernstein). Let ϕ : (0,∞) −→ R be a completely monotone
function.

1) Then there exists a unique measure µ on [0,∞) such that

ϕ̃(p) =

∫
[0,∞)

e−pτ dµ(τ), p > 0.

2) Conversely, whenever ϕ̃(p) <∞, ∀p > 0, the function [0,∞) 3 p 7→ ϕ̃(p)
is completely monotone, that is ϕ 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 ϕ : (0,∞) −→ [0,∞) is a Stieltjes
function if it can be written in the form

ϕ(τ) =
a

τ
+ b+

∫
(0,∞)

1

τ + t
dσ(t), (A.1)

where a, b ≥ 0 and σ is a Borel measure on (0,∞) such that∫
(0,∞)

(1 + t)−1 dσ(t) <∞. (A.2)

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 σ.

2) Using the elementary identity

(τ + t)−1 =

∫ ∞
0

e−s(τ+t) ds
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and the Fubini theorem we see that the integral appearing in (A.1) is also
a double Laplace transform and ϕ may be written as

ϕ(τ) =
a

τ
+ b+

∫ ∞
0

e−τsh(s) ds,

where

h(s) =

∫
(0,∞)

e−st dσ(t)

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

ϕ(p) = (L a · dt)(p) +
(
L b · δ0(dt)

)
(p) +

(
L (L σ)(t)dt

)
(p).

Example A.1. The following are examples of Stieltjes functions, τ, t > 0

ϕ1(τ) = 1, ϕ2(τ) =
1

τ
, ϕ3(τ) = (τ + t)−1, ϕ4(τ) =

1 + t

τ + t
,

ϕ5(τ) = τα−1, ϕ6(τ) =
1√
τ

arctan
1√
τ
, ϕ7(τ) =

1

τ
log(1 + τ).

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 ϕ : (0,∞) −→ R is called a Bernstein
function if ϕ(τ) ≥ 0 for all τ > 0 and

(−1)n−1ϕ(n)(τ) ≥ 0, ∀n ∈ N, τ > 0.

2) Equivalently, a function ϕ : (0,∞) −→ R is a Bernstein function, if, and
only if, it admits the representation

ϕ(τ) = a+ bτ +

∫
(0,∞)

(1− e−τt)dµ(t), (A.3)

where a, b ≥ 0 and µ is a Borel measure on (0,∞), called the Lévy
measure, satisfying ∫

(0,∞)

(1 ∧ t) dµ(t) <∞. (A.4)

The Lévy triplet (a, b, µ) determines ϕ uniquely and vice versa. In parti-
cular,

a = ϕ(0+), b = lim
τ→∞

ϕ(τ)

τ
.

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 ϕ : (0,∞) −→ R be a positive function. The following
assertions are equivalent.

1) ϕ ∈ BF .

2) f ◦ ϕ ∈ CM, for every f ∈ CM.

3) e−τϕ ∈ CM for every τ > 0.

Example A.2. The following are Bernstein functions

ϕ1(τ) = τα, 0 < α < 1, or ϕ2(τ) =
τ

1 + τ
, or ϕ3(τ) = log(1 + τ)

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

e0(τ) = τ, et(τ) =
1 + t

t
(1− e−τt), 0 < t <∞, and e∞(τ) = 1

by the measures dµ(t) =
α

Γ(1− α)
t−1−α, 0 < α < 1, dµ(t) = e−t and dµ(t) =

t−1e−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 µ in the representation (A.3) has a nice density.

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

ϕ(τ) = a+ bτ +

∫ ∞
0

(1− e−τt)ρ(t) dt, (A.5)

such that by (A.4) we have ∫ ∞
0

(1 ∧ t)ρ(t) dt <∞.

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 ϕ : (0,∞) −→ R be a given non-negative function, then
the following expression are equivalent.

1) ϕ ∈ CBF .

2) The function (0,∞) 3 τ 7→ τ−1ϕ(τ) belongs to S.

3) There exists a Bernstein function ψ such that

ϕ(τ) = τ2(Lψ)(τ), τ > 0.

4) ϕ has an analytic continuation to the upper plane C>0 := {z ∈ C | =z >
0} such that =ϕ(z) ≥ 0 for all z ∈ C>0 and the limit ϕ(0+) = limτ↓0 ϕ(τ)
exists and is real.
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5) ϕ has an analytic continuation to the cut complex plane C\(∞, 0] such
that =z ·=ϕ(z) ≥ 0 for all z ∈ C\(∞, 0] and the limit ϕ(0+) = limτ↓0 ϕ(τ)
exists and is real.

6) ϕ has an analytic continuation to C>0 which is given by

ϕ(z) = a+ bz +

∫
(0,∞)

z

z + t
dσ(t), (A.6)

where a, b ≥ 0 and σ is a Borel measure on (0,∞) 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 ρ appearing in (A.5)
of the function ϕ ∈ CBF and the measure σ corresponding to the Stieltjes
function ψ(τ) = τ−1ϕ(τ) is given by

ρ(τ) =

∫
(0,∞)

e−τtt dσ(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 ◦ S ⊂ S to indicate that the composition of any ϕ ∈ CBF and
f ∈ S is an element of S, etc.

Theorem A.11. 1) ϕ ∈ CBF\{0} if, and only if, ϕ∗(τ) := τ/ϕ(τ) belongs
to CBF . The call (ϕ,ϕ∗) the conjugate pair of complete Bernstein functi-
ons.

2) A function ϕ 6≡ 0 is a complete Bernstein function if, and only if, 1/ϕ is
a non-trivial Stieltjes function.

3) ϕ ∈ CBF if, and only if, (τ + ϕ)−1 ∈ S for every τ > 0.

4) CBF ◦ S ⊂ S.

5) S ◦ CBF ⊂ S.

6) CBF ◦ CBF ⊂ CBF .

7) S ◦ S ⊂ 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

ϕ1(τ) = 1, ϕ2(τ) = τ, and ϕ3(τ) =
τ

τ + t
, 0 < t < ∞.

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

1

π
sin(απ)tα−1dt, 11(0,1)(t)

dt

2
√
t

and
1

t
11(1,∞)(t)dt,

we see that the functions

ϕ4(τ) = τα, 0 < α < 1, ϕ5(τ) =
√
τ arctan

1√
τ
, and ϕ6(τ) = log(1 + τ)

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,∞).

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

Kf (λ) := lim
x→∞

f(λx)

f(x)

exists and is finite for all λ > 0.

2) slowly varying (SV) if

Kf (λ) = 1, ∀λ > 0.

Proposition B.2. Let f ∈ F+(A) be a RV function.

1) Then there is a real number ρ (called index of the function f) such that

Kf (λ) = λρ, λ > 0.

The index ρ = 0 characterizes the SV functions, that is Kf (λ) = λ0 = 1.

2) Any RV function f of index ρ is represented as

f(x) = xρl(x), ∀x ≥ A,

where l is a corresponding SV function.

We say that the functions f and g are asymptotically equivalent at infinity,
and denote f ∼ g as x→∞, meaning that

lim
x→∞

f(x)

g(x)
= 1.

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

w(x) :=

∫ ∞
0

e−xs dU(s) <∞, ∀x > 0.

Then, if ρ ≥ 0 and L is a slowly varying function

(i) w(x) = x−ρL

Å
1

x

ã
as x→ 0+ =⇒ U(x) ∼ xρL(x)/Γ(ρ+ 1) as x→∞;

(ii) w(x) = x−ρL(x) as x→∞ =⇒ U(x) ∼ xρL
Å

1

x

ã
/Γ(ρ+ 1) as x→ 0+.
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fondamentaux. Bull. Soc. Math. France, 61:55–62.

[26] A. A. Kilbas, H. M. Srivastava, and J. J. Trujillo. 2006. Theory and
Applications of Fractional Differential Equations, volume 204 of North-
Holland Mathematics Studies. Elsevier Science B.V., Amsterdam.

[27] A. N. Kochubei. 2008. Distributed-order calculus: An operator-theoretic
interpretation. Ukrainian Math. J., 60(4):551–562.

[28] A. N. Kochubei. 2008. Distributed order calculus and equations of ul-
traslow diffusion. J. Math. Anal. Appl., 340(1):252–281.

[29] A. N. Kochubei. 2011. General fractional calculus, evolution equations,
and renewal processes. Integral Equations Operator Theory, 71(4):583–
600.

[30] A. N. Kochubei and Y. G. Kondratiev. 2017. Fractional kinetic hierarchies
and intermittency. Kinet. Relat. Models 10(3):725–740.

[31] V. N. Kolokoltsov. 2009. Generalized continuous-time random walks, sub-
ordination by hitting times, and fractional dynamics. Theory Probab.
Appl., 53(4), 594–609.

[32] V. N. Kolokoltsov. 2011. Markov Processes, Semigroups and generators,
volume 38. Walter de Gruyter.

[33] T. Kolsrud. 1992. On a class of probabilistic integrodifferential equations.
In: Ideas and Methods in Mathematics and Physics. Vol. 1, Cambridge
University Press, pp. 168–172.



32 Yu.Kondratiev, A.N.Kochubei, J. L. da Silva

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

[35] Y. G. Kondratiev and O. Kutoviy. 2006. On the metrical properties of the
configuration space. Math. Nachr., 279(7):774–783.
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Abstract. We show a possibility to apply certain philosophical concepts
to the analysis of concrete mathematical structures. Such application gives
a clear justification of topological and geometric properties of considered
mathematical objects.
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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

1 Bielefeld University, Germany and Dragomanov University, Kyiv, Ukraine.
kondrat@math.uni-bielefeld.de
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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 Rd 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 Rd. 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 Rd
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(Rd) :=

{
η =

∑
i

siδxi ∈M(Rd)

∣∣∣∣∣si ∈ (0,∞), xi ∈ Rd
}

where by convention, the zero measure 0 ∈ K(Rd) 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]

• “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′(Rd) of generalized functions. By [17,
Thm. 3.3.24], infinitely divisible processes on D′(Rd) are actually concentrated
on the subspace K(Rd). 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(Rd) naturally appear in the study of repre-
sentations for current groups. Namely, when studying so-called commutative

models of representations of (SL(2,R))R
d

. When considering representations

with respect to the unipotent subgroup of (SL(2,R))R
d

, we arrive at spectral
measures which are defined on the space D′(Rd) and supported on K(Rd).
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(Rd) 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(Rd). If we take the class of Gamma-Poisson-measures on the extended
configuration space Γ(R∗+ × Rd), 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 Π(R∗+×Rd) and
the cone K(Rd) [4].

2 Preliminaries

This section will include basic concepts from configuration spaces Γ(R∗+ × Rd),
the cone K(Rd) 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(Rd). Furthermore, the
notion of the support of a measure and relations between elements in K(Rd) 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 (si, xi)i∈I and
(sπ(i), xπ(i))i∈I behave the same, where I is some countable index set and π
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an arbitrary permutation of I. One possibility is to realize our system as sums
of point masses δy, 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(Rd) :=

{
η =

∑
i

siδxi ∈M(Rd)

∣∣∣∣∣si ∈ (0,∞), xi ∈ Rd
}

By convention, the zero measure η = 0 is included in K(Rd).
2) We denote the support of η ∈ K(Rd) by

τ(η) := {x ∈ Rd | 0 < η({x}) =: sx(η)}.

If η is fixed, we write sx := sx(η).

3) For η, ξ ∈ K(Rd) we write ξ ⊂ η if τ(ξ) ⊂ τ(η) and sx(ξ) = sx(η) for all
x ∈ τ(ξ). If additionally |τ(ξ)| <∞, we write ξ b η.

4) For a function f ∈ Cc(Rd), denote the pairing with an element η ∈ K(Rd)
by

〈f, η〉 :=
∑

x∈τ(η)

sxf(x).

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

2.2 Plato’s theory

As stated in the introduction, the cone K(Rd) 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(Rd).
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(Rd) is interpreted as the shadows
projected onto the cave wall. On the other hand, the space Π(R∗+ × Rd) 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(Rd) is taken to be our
reality, we use the space Π(R∗+ × Rd) to define mathematical operations. The
spaces are connected via the bijection R : Π(R∗+ × Rd) → K(Rd) 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 Π(R∗+ × Rd) is a specific
subset of the so-called configuration space Γ(R∗+ × Rd), which will fulfill the
assumptions stated heuristically in Chapter 2.1.

In general, the space of locally finite configurations Γ(Y ) is the space of
all subsets of Y which are finite in any compact set Λ ⊂ 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

Γ(Y ) = {γ ⊂ Y : |γ ∩ Λ| <∞ ∀Λ ⊂ Y 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 γ ∈ Γ(Y ) represents a set of indistin-
guishable agents (e.g. particles, plants) which may interact with each other. In
our considerations, we always consider Y = R∗+ × Rd. More generally, Rd could
be replaced by some more general locally comapct space X. In this chapter,
we recall some properties of Γ(Y ) which will form the basis for the Plato space
Π(R∗+ × Rd).

2.3.1 Topology and Measurable Structure of Γ(Y )

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

Γ(Y ) 3 γ 7→
∑
y∈γ

δy ∈M(Y )

where δy denotes the Dirac measure at point y ∈ Y . We equip Γ(Y ) with
the vague topology induced byM(Y ), i.e. the coarsest topology such that the
following mappings are continuous for all f ∈ Cc(Y ), where Cc(Y ) denotes the
space of continuous functions with compact support:

Γ(Y ) 3 γ 7→ 〈f, γ〉 =
∑
y∈γ

f(y)

In fact, Γ(Y ) equipped with this topology is a Polish space. A more detailed
analysis of the topological properties of Γ(Y ) can be found in [10].
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The construction of a topology enables us to consider the Borel-σ-algebra
B(Γ(Y )). It should be noted that this σ-algebra coincides with the σ-algebra
generated by the following mappings:

NΛ : Γ(Y )→ N0, γ 7→ NΛ(γ) = |γ ∩ Λ|, Λ ∈ Bc(Y )

where Bc(Y ) denotes all pre-compact Borel subsets of Y , see e.g. [9].
We give another construction of the measurable space (Γ(Y ),B(Γ(Y ))

which will be useful for other considerations. For Λ ∈ Bc(Y ), we define the
space of configurations supported in Λ.

Γ(Λ) := {γ ∈ Γ(Y ) : γ ∩ Λ = γ}.

Furthermore, for n ∈ N, consider the set of n-point-configurations supported
in Λ:

Γ(n)(Λ) := {γ ∈ Γ(Λ): |γ| = n},Γ(0)(Λ) := {∅}

Since γ ∈ Γ(Y ) is locally finite, the elements of Γ(Λ) are finite and we have the
disjoint decomposition

Γ(Λ) =
∞⋃
n=0

Γ(n)(Λ). (2.1)

We can represent Γ(n)(Λ) via symmetrization of the underlying space:

Λ̃n/Sn ' Γ(n)(Λ) (2.2)

where
Λ̃n := {(x1, . . . , xn) ∈ Λn | xi 6= xj ∀i 6= j}

the off-diagonals and Sn the symmetric group of n elements. This way, Γ(n)(Λ)
can be equipped with the topology induced via Λn. Furthermore, Γ(Λ) is
equipped with the topology of disjoint unions. Hence, we can define the Borel-
σ-algebra B(Γ(Λ)) given by this topology.

For two sets Λ1,Λ2 ∈ B(Y ),Λ2 ⊂ Λ1, define the projection mapping

pΛ1,Λ2
: Γ(Λ1)→ Γ(Λ2), γ 7→ γ ∩ Λ2

where we set pΛ2 := pY,Λ2 . It was shown in e.g. [16] that (Γ(Y ),B(Γ(Y )) is the
projective limit of the spaces (Γ(Λ),B(Γ(Λ)) for Λ ∈ Bc(Y ). This especially im-
plies that the mappings pΛ are B(Γ(Y ))-B(Γ(Λ))-measurable. The construction
of B(Γ(Y )) via projections will play an important role in the construction of
measures on Γ(Y ).

2.3.2 The Space of Finite Configurations

For mathematical purposes, it is important to also consider the space
Γ0(Y ) of finite configurations, i.e.

Γ0(Y ) := {γ ∈ Γ(Y ) : |γ| <∞}

where | · | denotes the number of elements of a set. While the definition implies
that Γ0(Y ) is a subset of Γ(Y ), the interpretation is a different one: Γ0(Y )
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serves as a mathematical counterpart to the physical space Γ(Y ). Also, the
spaces Γ(Y ) and Γ0(Y ) are topologically different: While Γ(Y ) is seen as a
subspace ofM(Y ) with the inherited topology, we use a different approach for
Γ0(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

Γ
(n)
0 (Λ) := Γ(n)(Λ)

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

Γ0(Y ) =
∞⊔
n=0

Γ
(n)
0 (Y ).

Furthermore, we may consider the symmetrization (2.2) to obtain

Ỹ n/Sn ' Γ(n)(Y ).

For Γ(n)(Y ), we choose the topology induced by the space Y n. For Γ0(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(Rd).

2.4 Relation Between K(Rd) and Γ(R∗
+ × Rd): The Plato

Space Π(R∗
+ × Rd)

In this section, we want to establish the connection between the con-
figuration space Γ(R∗+ × Rd) and the cone K(Rd). Our goal is to define a
certain subspace Π(R∗+ × Rd) ⊂ Γ(R∗+ × Rd) such that there exists a one-to-
one-correspondence between Π(R∗+ × Rd) and K(Rd) in the following form:

R : Π(R∗+ × Rd)→ K(Rd), γ =
∑

(s,x)∈γ

δ(s,x) 7→
∑

(s,x)∈γ

sδx.

In terms of Plato’s theory, this mapping takes ideas γ ∈ Π(R∗+ × Rd) and
projects (or reflects) them to real-world objects η ∈ K(Rd). Obviously, R is
not defined on the whole space Γ(R∗+ × Rd). 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 Γpf(R∗+ × Rd). We explore these two properties in more detail below.

Define the set of pinpointing configurations Γp(R∗+ × Rd) ⊂ Γ(R∗+ × Rd)
as all configurations such that if (s1, x1), (s2, x2) ∈ γ with x1 = x2, then
s1 = s2.

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(Rd), it is
obvious that this would not be possible.
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Let us now take into account the second property of Π(R∗+ × Rd). To this
end, we define the local mass of a configuration.

Definition 2.5. For a configuration γ ∈ Γp(R∗+ × Rd) and Λ ⊂ Rd compact,
set the local mass as

γ(Λ) =

∫
R+×Rd

s1Λ(x)dγ(s, x) =
∑

(s,x)∈γ

s1Λ(x) ∈ [0,∞]

This notion enables us to define the Plato space.

Definition 2.6. The Plato space Π(R∗+ × Rd) ⊂ Γ(R∗+ × Rd) is defined as the
space of all pinpointing configurations with finite local mass, i.e.

Π(R∗+ × Rd) := Γpf(R∗+ × Rd) = {γ ∈ Γp | γ(Λ) <∞ for all Λ ⊂ Rd 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 : Π(R∗+ × Rd)→ K(Rd) bijective.

3) The state space needs to be of the specific form Y = R∗+ × X for the
notion of pinpointing configurations to make sense.

Definition 2.8. Let f ∈ Cc(R∗+ × Rd) and η ∈ K(Rd). Define the following
pairing:

〈〈f, η〉〉 := 〈f,R−1η〉 =
∑

(s,x)∈R−1η

f(s, x)

3 Topology and Measure-Theoretical
Structures

In this chapter, we want to introduce a suitable topology on the cone
K(Rd). To this end, we consider the topology induced on Π(R∗+ × Rd) by the
extended configuration space Γ(R∗+ × Rd). Next, we use the mapping R to
induce a topology on K(Rd).

3.1 Topology on the Cone K(Rd)

The Plato space Π(R∗+ × Rd) naturally inherits the topological structure
of Γ(R∗+ × Rd), i.e. the topology is given by the vague topology induced from
the space of Radon measuresM(R∗+ × Rd). For a detailed description of topo-
logical and metric characterizations, see e.g. [10].

Remark 3.1. The space Π(R∗+ × Rd) is not complete: Take for example some

x0 ∈ Rd and s1 6= s2 ∈ R∗+. Furthermore, consider sequences s
(n)
i , x

(n)
i , i = 1, 2

with s
(n)
1 6= s

(n)
2 , x

(n)
1 6= x

(n)
2 for all n ∈ N and

s
(n)
i → si, x

(n)
i → xi, n→∞, i = 1, 2.
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Set

γ(n) := {(s(n)
1 , x

(n)
1 ), (s

(n)
2 , x

(n)
2 )} ∈ Π(R∗+ × Rd)

γ := {(s1, x0), (s2, x0)} ∈ Γ(R∗+ × Rd) \Π(R∗+ × Rd)

Let f ∈ Cc(R∗+ × Rd). Then

|〈f, γ(n)〉 − 〈f, γ〉| = |f(s
(n)
1 , x

(n)
1 ) + f(s

(n)
2 , x

(n)
2 )− f(s1, x0)− f(s2, x0)|

≤ |f(s
(n)
1 , x

(n)
1 )− f(s1, x0)|+ |f(s

(n)
2 , x

(n)
2 )− f(s2, x0)|

→ 0, n→∞.

Therefore, γ(n) → γ, n→∞ in Γ(R∗+ × Rd) and Π(R∗+ × Rd) is not complete.

From a naive point of view, it seems to make sense to consider the embed-
ding K(Rd) ⊂M(Rd) 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 Π(R∗+ × Rd). In the spirit of Plato’s theory
of ideas, the connection between Π(R∗+ × Rd) and K(Rd) is essential. There-
fore, we consider the final topology on K(Rd) induced by the reflection mapping
R, i.e. the finest topology such that the mapping

R : Π(R∗+ × Rd)→ K(Rd), γ =
∑

(sx,x)∈γ

δ(sx,x) 7→
∑

x∈τ(γ)

sxδx

is continuous. Here, we set for γ ∈ Π(R∗+ × Rd),

τ(γ) := {x ∈ Rd | ∃s ∈ R∗+ : (s, x) ∈ γ}

the support of γ. 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 Π(R∗+ × Rd),
namely, Poisson measures. The construction may be done on the larger space
Γ(R∗+ × Rd). For the class of Poisson measures, we can show that they assign
full mass to the Plato space Π(R∗+ × Rd). To obtain measures on K(Rd), we use
the pushforward of measures on Π(R∗+ × Rd) 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].
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Áiîõiìi÷íi òà ìåäè÷íi äîñëiäæåííÿ
áàêòåðèöèäíî¨ àêòèâíîñòi ãiäðîãåëiâ

ç íàíî÷àñòèíêàìè ñðiáëà

Ïàâëî Âiðè÷1,2, Îêñàíà Íàäòîêà1,3, Ïåòðî Âiðè÷4,
Âiêòîð Ìàðòèíþê1,5, Íàòàëiÿ Êóöåâîë1,6

Àíîòàöiÿ. Ëiêóâàííÿ ðàí ïåðåäáà÷à¹ ñòâîðåííÿ óìîâ äëÿ ðåãåíåðàöi¨ òêàíèí òà çà-
ïîáiãàííÿ áàêòåðiàëüíîãî çàðàæåííÿ. ßê àíòèáàêòåðiàëüíi çàñîáè âèêîðèñòîâóþòü àí-
òèáiîòèêè, áàêòåðiîñòàòè÷íi îðãàíi÷íi ðå÷îâèíè, iîíè ìåòàëiâ òà ¨õ îêñèäè. Ìè âèêîðè-
ñòîâóâàëè ãiäðîãåëi ïîëiàêðèëàìiäó (P) òà êîïîëiìåðó äåêñòðàí-ïîëiàêðèëàìiäó (DP)
ç ðiçíèì âìiñòîì çøèâàþ÷îãî àãåíòà N, N'-ìåòèëåí-áiñ-àêðèëàìiäó � 0.2%, 0.4%, 0.6%.
Ñèíòåç AgNP â ìàòðèöÿõ ïîëiìåðiâ ïðîâîäèëè óëüòðàôiîëåòîâîþ ëàìïîþ ïðè 365 íì.
Ðîçìiðè AgNP âèçíà÷àëè çà ïëàçìîííèì ðåçîíàíñîì íà îïòè÷íèõ ñïåêòðàìè â äiàïàçîíi
300-800 íì.

Àíàëiç îïòè÷íîãî ïîãëèíàííÿ AgNP â ïîëiàêðèëàìiäíèõ òà äåêñàí-ïîëiàêðèëàìiäíèõ
ãiäðîãåëÿõ iç êiëüêiñòþ çøèâàþ÷îãî àãåíòà 0,2%, 0,4%, 0,6% ïîêàçàëè, ùî óìîâè óòâî-
ðåííÿ íàíî÷àñòèíîê ñðiáëà ìàéæå îäíàêîâi, à ¨õ äiàìåòð çíàõîäèòüñÿ â ìåæàõ 20-40 íì.

Äîñëiäæåííÿ àíòèáàêòåðiàëüíî¨ àêòèâíîñòi ïðîâîäèëè äèñêî-äèôóçiéíèì ìåòîäîì
íà àãàði Ìþëëåðà-Õiiíòîíà ç âèêîðèñòàííÿì äèêèõ øòàìiâ Staphylococcus aureus òà
Escherichia coli. Iíôiêóâàííÿ âiäêðèòèõ ðàí ïðîâîäèëè ñóìiøøþ äèêèõ øòàìiâ S. aureus
and E. coli. Ëiêåóâàííÿ ðàí ïðîâîäèëè êëàñè÷íèì ìåòîäîì ñòåðèëüíèõ ìàðëåâèõ ïîâ'ÿ-
çîê, ïîðîæíiìè ãiäðîãåëÿìè òà ç íàíî÷àñòèíêàìè ñðiáëà. Âèÿâëåíî âèñîêó ÷óòëèâiñòü
äèêèõ øòàìiâ S. aureus òà E. coli äî äi¨ ãiäðîãåëþ, ùî ìiñòèòü 20% ðîç÷èí õëîðãåêñèäèíó.
Äiàìåòð çàòðèìêè ðîñòó çíàõîäèòüñÿ â ìåæàõ 15 ìì. Ñåðåä ïåðåëiêó âèêîðèñòàíèõ ìà-
òåðiàëiâ íàéâèùó áàêòåðèöèäíó àêòèâíiñòü âèÿâëÿþòü ãiäðîãåëi 0.4P òà 0.4DP ç AgNP.
�õ åôåêòèâíiñòü âèùà íà 45% äëÿ S. aureus i íà 20% äëÿ E. coli ïîðiâíÿíî ç êëàñè-
÷íèì àíòèñåïòèêîì � õëîðãåêñèäèíîì. Äîñëiäæåííÿ ìàòåðiàëiâ in vivo, ïðîâåäåíèõ íà
âiäêðèòèõ ðàíàõ iç øòó÷íèì áàêòåðiàëüíèì çàðàæåííÿì, ïîêàçàëè ïðèñêîðåííÿ ïðî-
öåñó çàãî¹ííÿ ïðè âèêîðèñòàííi ãiäðîãåëiâ 0.4P òà 0.4DP ç AgNP âiäíîñíî êëàñè÷íîãî
ìåòîäó âèêîðèñòàííÿ ñòåðèëüíèõ ìàðëåâèõ ïîâ'ÿçîê. Çàñòîñóâàííÿ öèõ ãiäðîãåëiâ äëÿ
ëiêóâàííÿ âiäêðèòèõ ðàí, çàðàæåíèõ S. aureus òà E. coli, äîïîìàãà¹ ïðèñêîðèòè ïðîöåñ
çàãî¹ííÿ òà ïiäòðèìó¹ àíòèñåïòè÷íi óìîâè ïðîòÿãîì ïåâíîãî ÷àñó.

Ñåðåä ïåðåëiêó ïåðåâiðåíèõ ãiäðîãåëiâ, íàéáiëüø äîöiëüíî ç ìåòîþ ëiêóâàííÿ âiäêðè-
òèõ ðàí, âèêîðèñòîâóâàòè ïîëiàêðèëàìiä òà êîïîëiìåð äåêñòðàí-20 000 � ïîëiàêðèëàìiä
ç êiëüêiñòþ çøèâàþ÷îãî àãåíòà 0,4% (m/m), ÿêi ìiñòÿòü íàíî÷àñòèíêè ñðiáëà ç ñåðåäíiì
äiàìåòðîì 20-40 íì. Öå ïîâ'ÿçàíî ç ¨õ âèñîêîþ åôåêòèâíiñòþ âiäíîñíî ãðàì-ïîçèòèâíèõ
òà ãðàì-íåãàòèâíèõ ìiêðîîðãàíiçìiâ òà ïiäòðèìöi áàêòåðèöèäíèõ i áàêòåðiîñòàòè÷íèõ
óìîâ, îïòèìàëüíèõ äëÿ çàãî¹ííÿ âiäêðèòèõ ðàí.
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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 di�erent 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-di�usion 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 e�cacy 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 e�ciency 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

Ïðîòÿãîì îñòàííiõ ðîêiâ çíà÷íi çóñèëëÿ ñïðÿìîâàíi íà ðîçðîáêó øòó-
÷íèõ áiîñóìiñíèõ ìàòåðiàëiâ. Îñíîâíèé âåêòîð äîñëiäæåíü ñïðÿìîâàíèé íà
ñòâîðåííÿ ìàòåðiàëiâ, ùî âiäïîâiäàþòü íåîáõiäíèì âèìîãàì äëÿ iìiòàöi¨
óìîâ ðåãåíåðàöi¨ òêàíèí òà çàáåçïå÷åííÿ ñòåðèëüíîñòi. Ïåðåëiê âèìîã çà-
äîâîëüíÿþòü ïîëiìåðíi ìàòåðiàëè � ãiäðîãåëi, ÿêi ñêëàäàþòüñÿ ç ïîïåðå-
÷íî çøèòèõ õiìi÷íèì ÷è ôiçè÷íèì ñïîñîáîì ëàíöþãiâ [1, 2], à äåÿêi ç íèõ
âèÿâëÿþòü âëàñíó áàêòåðèöèäíó àêòèâíiñòü [3]. Çàâäÿêè ôiçèêî-õiìi÷íèì
âëàñòèâîñòÿì, íèçüêié òîêñè÷íîñòi òà çäàòíîñòi óòðèìóâàòè â ñòðóêòóði
ðiçíi ðå÷îâèíè, òàêi ìàòåðiàëè ìîæíà âèêîðèñòîâóâàòè äëÿ ëiêóâàííi âiä-
êðèòèõ ðàí.

Âiäêðèòòÿ òà ïî÷àòîê âèêîðèñòàííÿ àíòèáiîòèêiâ äîçâîëèâ çíèçèòè
ðiâåíü ñìåðòíîñòi âiä áàêòåðiàëüíîãî çàðàæåííÿ ðàí, àëå, ðàçîì ç öèì,
ç'ÿâèëèñÿ ðåçèñòåíòíi äî äi¨ àíòèáiîòèêiâ øòàìè [4], ùî ñïîíóêàëî äî ïî-
øóêó àëüòåðíàòèâíèõ àíòèáàêòåðiàëüíèõ çàñîáiâ. Îäíèìè ç íèõ âèÿâèëèñÿ
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êîìáiíîâàíi ãiäðîãåëi [3]. Âîíè âèêîðèñòîâóþòüñÿ ÿê àëüòåðíàòèâà àíòèáiî-
òèêàì ïðè çîâíiøíüîìó çàñòîñóâàííi òà çäàòíi ôîðìóâàòè àíòèáàêòåðiàëü-
íi ïîêðèòòÿ. Àêòèâíi êîìïîíåíòè ïðåäñòàâëåíi iîíàìè âàæêèõ ìåòàëiâ, ¨õ
îêñèäiâ òà åêñòðàêòàìè ç æèâèõ îðãàíiçìiâ [3]. Äî ïðèíöèïîâèõ íåäîëi-
êiâ òàêèõ ìàòåðiàëiâ âiäíîñèòüñÿ öèòîòîêñè÷íiñòü âiäíîñíî åóêàðiîòè÷íèõ
òêàíèí, ùî îáìåæó¹ ñôåðó ¨õ çàñòîñóâàííÿ.

Çâàæàþ÷è íà øèðîêå ðîçïîâñþäæåííÿ ðåçèñòåíòíèõ äî àíòèáiîòèêiâ
øòàìiâ ìiêðîîðãàíiçìiâ [4, 5, 6, 7], äîöiëüíî çàñòîñîâóâàòè ÿê àíòèìiêðî-
áíèé àãåíò ðå÷îâèíè, äî äi¨ ÿêèõ íå ðîçâèâàþòüñÿ ìåõàíiçìè çàõèñòó. �õ äiÿ
âêëþ÷à¹ äåêiëüêà ìiøåíåé, ÿêi äîñèòü êîíñåðâàòèâíi, ùîá øâèäêî çìiíþ-
âàòè ñòðóêòóðó, ÿê íàïðèêëàä, öå âiäáóâà¹òüñÿ ç áåòà-ëàêòàìàçàìè [8]. Âà-
æëèâà âëàñòèâiñòü òàêèõ ñïîëóê ¨õ ðîç÷èííiñòü ó âîäi. Ïðîòå, áiëüøiñòü
îêñèäiâ ìåòàëiâ, ÿêi ïðèäàòíi äî çàñòîñóâàííÿ íà æèâèõ òêàíèíàõ, íåðîç-
÷èííi ó âîäi, ùî çíèæó¹ ¨õ åôåêòèâíiñòü. Âèñîêó áàêòåðèöèäíó àêòèâíiñòü
ïðîÿâëÿþòü iîíè ìåòàëiâ, ñåðåä ÿêèõ, çîêðåìà, òàêèé áàêòåðèöèäíèé àãåíò,
ÿê iîíè àð åíòóìó. Ìåõàíiçì äi¨ Ag+áàçó¹òüñÿ íà âçà¹ìîäiÿõ iç âiëüíèìè
ãiäðîãåí ñóëüôiäíèìè ãðóïàìè ïðîòå¨íiâ ìåìáðàíè áàêòåðiàëüíèõ êëiòèí
[3]. Àëå ó âiëüíîìó ñòàíi iîíè àð åíòóìó ïðè ðåàêöi¨ ç êèñíåì óòâîðþþòü
îêñèä, ÿêèé íå âèÿâëÿ¹ ïîìiòíî¨ áiîëîãi÷íî¨ àêòèâíîñòi. Ïðîáëåìó âèði-
øóþòü ôîðìóâàííÿì íàíî÷àñòèíîê òà ¨õ ñòàáiëiçàöi¹þ ðiçíèìè àãåíòàìè.
Ó çâ'ÿçêó ç öèì ïðèâåðòà¹ óâàãó òîé ôàêò, ùî ñàìå ñòðóêòóðíà îðãàíiçàöiÿ
ãiäðîãåëþ âèçíà÷à¹ ðîçìiðè íàíî÷àñòèíîê òà åôåêòèâíî ñòàáiëiçó¹ ¨õ [9].

Íàíî÷àñòèíêè ñðiáëà (AgNPs) ïðîÿâëÿþòü âèñîêó áàêòåðèöèäíó àê-
òèâíiñòü. Âiäíîâëåíà ôîðìà ñðiáëà (Ag0) íàíî÷àñòèíêè, íå âèÿâëÿ¹ áiî-
ëîãi÷íî¨ àêòèâíîñòi, àëå çà ïðèñóòíîñòi â ñåðåäîâèùi êèñíþ òà ïðîòîíiâ
âiäáóâà¹òüñÿ íàñòóïíà ðåàêöiÿ:

4Ag + O2 = 2Ag2O

2Ag2O + 2H+ = 4Ag+ + 2H2O

Ñàìå âèâiëüíåíi àð åíòóì-iîíè âèêëèêàþòü öèòîòîêñè÷íi åôåêòè [10]. Ìå-
õàíiçì äi¨ áàçó¹òüñÿ íà âçà¹ìîäi¨ iç ãiäðîãåí ñóëüôiäíèìè ãðóïàìè ïðîòå¨íiâ
áàêòåðiàëüíèõ ìåìáðàí, ùî ïðèçâîäèòü äî ïîðóøåííÿ ¨õ ôóíêöi¨, íåéòðà-
ëiçàöi¨ òðàíñìåìáðàííîãî iîííîãî ãðàäi¹íòó òà íåêðîçó êëiòèíè Âàæëèâî,
ùî ðåçèñòåíòíiñòü äî äi¨ Ag+ ðîçâèâà¹òüñÿ ïîâiëüíî, ïîðiâíÿíî ç àíòèáiî-
òèêàìè [11].

Íàñè÷åííÿ ñòðóêòóðè ãiäðîãåëþ íàíî÷àñòèíêàìè ñðiáëà äîçâîëÿ¹ íà-
äàòè ìàòåðiàëó àíòèáàêòåðiàëüíèõ âëàñòèâîñòåé, à âèñîêèé âìiñò âîäè òà
âiäñóòíi òîêñè÷íi åôåêòè íà îòî÷óþ÷i òêàíèíè ñïðèÿþòü áiëüø øâèäêîìó
çàãî¹ííþ ðàí. Îñíîâó ãiäðîãåëþ ìîæóòü ôîðìóâàòè ïðèðîäíi ïîëiìåðè, ¨õ
ìîäèôiêàöi¨ àáî ñèíòåòè÷íi ïîëiìåðè. Ñåðåä ïðèðîäíèõ, ïîøèðåíi àëüãi-
íàòè òà õiòîçàí, à âêëþ÷åííÿ ó ñòðóêòóðó íàíî÷àñòèíîê ñðiáëà íàäà¹ ¨ì
áàêòåðèöèäíèõ âëàñòèâîñòåé [12, 13]. Äî ïåðåâàã òàêèõ ìàòåðiàëiâ âiäíî-
ñÿòüñÿ çäàòíiñòü äî áiîäåãðàäàöi¨, áiîëîãi÷íà ñóìiñíiñòü òà íèçüêà àëåðãåí-
íiñòü, ðàçîì ç òèì ÷àñ ¨õ çáåðiãàííÿ îáìåæåíèé.

Ñåðåä ãiäðîãåëiâ íà áàçi ñèíòåòè÷íèõ ïîëiìåðiâ íàé÷àñòiøå âèêîðè-
ñòîâóþòü ïîëiàêðèàëìiä, ïîëiàêðèëîâó êèñëîòó, ïîëiåòèëåíãëiêîëü, ïîëi-
âiíiëîâèé ñïèðò, ïîëiâiíiëïiðîëiäîí òà ií. [3]. Äî ïåðåâàã òàêèõ ìàòåðiàëiâ
âiäíîñÿòü ìîæëèâiñòü êîíòðîëþâàòè çàãàëüíó ñòðóêòóðó i ðîçìiðè ïîð, çàâ-
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äÿêè çìiíi êiëüêîñòi ââåäåíîãî çøèâàþ÷îãî àãåíòà òà êîíöåíòàöi¨ ìîíîìåðó
â ïðîöåñi ñèíòåçó. Îñîáëèâî¨ óâàãè çàñëóãîâó¹ ïîëiàêðèëàìiä, ÿêèé iìiòó¹
ïåïòèäíó ñòðóêòóðó i ñïðèÿ¹ ðåãåíåðàöi¨ øêiðè. Íàäàííÿ ãiäðîãåëÿì íà
éîãî îñíîâi áàêòåðèöèäíèõ âëàñòèâîñòåé, ïîïåðåäæà¹ áàêòåðiàëüíîìó çà-
ðàæåííþ ïîøêîäæåíèõ òêàíèí, ùî çíèæó¹ ðèçèê ðîçâèòêó çàïàëåííÿ òà
âèðàçîê.

Ìåòà äîñëiäæåííÿ ïîëÿãàëà ó ïîðiâíÿííi áàêòåðèöèäíî¨ àêòèâíîñòi ãi-
äðîãåëiâ ðiçíî¨ ñòðóêòóðè íà îñíîâi ïîëiàêðèëàìiäó òà êîïîëiìåðó äåêñòðàí�
ïîëiàêðèëàìiä iç íàíî÷àñòèíêàìè ñðiáëà, ÿêi ñèíòåçîâàíî in situ â ãiäðîãå-
ëåâèõ ìàòåðiàëàõ.

Ìàòåðiàëè òà ìåòîäè

Îòðèìàííÿ ãiäðîãåëiâ

Äâà òèïè õiìi÷íî çøèòèõ ãiäðîãåëiâ íà îñíîâi ïîëiàêðèëàìiäó (P) òà
ïðèùåïëåíîãî êîïîëiìåðó äåêñòðàí-ïîëiàêðèëàìiä (DP) îòðèìàíî ìåòîäîì
ðàäèêàëüíî¨ ïîëiìåðèçàöi¨ òà êîïîëiìåðèçàöi¨ ç âèêîðèñòàííÿì àìîíié öå-
ðié íiòðàòó ÿê iíiöiàòîðà òà N,N'-ìåòèëåí-áiñ-àêðèëàìiäó ÿê çøèâàþ÷î-
ãî àãåíòà [14]. Äëÿ ñèíòåçó ãiäðîãåëiâ âèêîðèñòîâóâàëè àêðèëàìiä (Sigma
Aldrich) òà äåêñòðàí iç Mw=20 000 ã/ìîëü (Fluka). Ðîçìiðè ïîð êîíòðîëþ-
âàëè øëÿõîì âèêîðèñòàííÿ ðiçíî¨ êiëüêîñòi çøèâàþ÷îãî àãåíòà â ðåàêöié-
íié ñóìiøi: 0,2%, 0,4%, 0,6%. Ïiñëÿ ñèíòåçó çðàçêè ãiäðîãåëiâ ïðîìèâàëè
â äèñòèëüîâàíié âîäi (48 ãîä) äëÿ âèäàëåííÿ íèçüêîìîëåêóëÿðíèõ ïðîäó-
êòiâ ðåàêöi¨ òà çàëèøêiâ ìîíîìåðó. Âèñóøåíi ïðè êiìíàòíié òåìïåðàòóði
çðàçêè ïîìiùàëè ó 0,1 Ì ðîç÷èí AgNO3íà 7 äiá äëÿ íàñè÷åííÿ òà äî-
ñÿãíåííÿ ðiâíîâàãè ó ãiäðîãåëi. Ó íàñè÷åíèõ éîíàìè àð åíòóìó ãiäðîãåëÿõ
ïðîâîäèëè ôîòîõiìi÷íèé ñèíòåç íàíî÷àñòèíîê ñðiáëà ç âèêîðèñòàííÿì óëü-
òðàôiîëåòîâîãî âèïðîìiíþâàííÿ (ÓÔ ëàìïà, 365 íì, 36 Âò) [15]. Ïåðåëiê
âèêîðèñòàíèõ ïîëiìåðiâ íàâåäåíî ó òàáëèöi 1.

Òàáëèöÿ 1. Âèêîðèñòàíi ó äîñëiäæåííÿõ çðàçêè ïîëiìåðiâ

Ïîëiìåð Êiëüêiñòü çøèâàþ÷îãî àãåíòà
(m/m)
0,2% 0,4% 0,6%

Ïîëiàêðèëàìiä (P) 0,2P 0,4P 0,6P
Äåêñòðàí�ïîëiàêðèëàìiä (DÐ) 0,2DÐ 0,4DP 0,6DP

Íàíî÷àñòèíêè ñðiáëà ìàþòü óíiêàëüíi îïòè÷íi, åëåêòðè÷íi òà òåïëîâi
âëàñòèâîñòi. Âîíè åôåêòèâíî ïîãëèíàþòü òà ðîçñiþþòü ñâiòëî, à ìàêñè-
ìóìè ïîãëèíàííÿ ñèëüíî çàëåæàòü âiä ¨õ ðîçìiðiâ. Öå ïîâ'ÿçàíî ç ñèí-
õðîííèìè êîëèâàííÿìè åëåêòðîíiâ ïðîâiäíîñòi ìåòàëó íà ïîâåðõíi íàíî÷à-
ñòèíêè ïðè ¨õ çáóäæåííi ïåâíèìè äîâæèíàìè õâèëü. ßâèùå íîñèòü íàçâó
ïëàçìîííîãî ðåçîíàíñó. Çàâäÿêè òàêèì âëàñòèâîñòÿì, çà õàðàêòåðèñòèêà-
ìè ñïåêòðó ïîãëèíàííÿ ìîæëèâî îöiíèòè ðîçìiðè AgNPs. Ìàêñèìóì ïëà-
çìîííèõ êîëèâàíü çíàõîäèòüñÿ â ìåæàõ 390-490 íì i õàðàêòåðèçó¹ ðîçìiðè
â äiàïàçîíi 8-100 íì. Çi çáiëüøåííÿì ðîçìiðiâ âiäáóâà¹òüñÿ çñóâ ìàêñèìóìó
ïîãëèíàííÿ ó äîâãîõâèëüîâó îáëàñòü ñïåêòðó [16, 17]. Òîìó, äëÿ îöiíêè ðîç-
ìiðiâ îòðèìàíèõ AgNPs ïðîâîäèëè çàïèñ îïòè÷íîãî ïîãëèíàííÿ îòðèìàíèõ
íàíî÷àñòèíîê ñðiáëà ó ïîëiìåðíèõ ìàòðèöÿõ ó äiàïàçîíi 300-800 íì.
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Äëÿ ïåðåâiðêè ìàòåðiàëó íà çäàòíiñòü iíãiáóâàòè ðiñò áàêòåðiàëüíèõ
êóëüòóð, âèêîðèñòàëè äèêi øòàìè Escherichia coli òà Staphylococcus aureus,
åëåêòèâíî îòðèìàíèõ íà ñåðåäîâèùàõ Åíäî òà æîâòêîâî-ñîëüîâîìó àãàði.

Ñåðåäîâèùå Åíäî äèôåðåíöiþ¹ åíòåðîáàêòåðié ïî çäàòíîñòi ôåðìåí-
òóâàòè ëàêòîçó. Ñêëàä (ã/ë): àãàð � 26,5, âiòàìiííèé ïðåïàðàò ¾ÅÊÄ¿ �
1,22, ëóæíèé ôóêñèí � 0,23, ëàêòîçà � 10,7, äèíàòðiþ ôîñôàò � 0,48,
ñóëüôiò íàòðiþ � 0,83, íàòðié äâîâóãëåêèñëèé � 0,03, ðÍ = 7,3.

Æîâòêîâî-ñîëüîâèé àãàð � òâåðäå ïîæèâíå ñåðåäîâèùå äëÿ äèôåðåí-
öiéîâàíîãî âèðîùóâàííÿ ñòàôiëîêîêiâ ç 10% õëîðèäó íàòðiþ. Ïðèñóòíiñòü
ÿ¹÷íîãî æîâòêà äîçâîëÿ¹ âèÿâèòè ôåðìåíò ëåöèòèíàçó (ëåöèòîâiòåëëà-
çó), ÿêó ïðîäóêóþòü ïiîãåííi ñòàôiëîêîêè. Ñêëàä: ì'ÿñî-ïåïòîííèé àãàð
(ÌÏÀ) � 70-75% (v/v), õëîðèä íàòðiþ � 10% (v/m), æîâòêîâà åìóëüñiÿ
â 0,9% NaCl� 15-20 % (v/v), ðÍ=7,3. Äëÿ ïiäòâåðäæåííÿ êîëîíié S. aureus
âèêîðèñòîâóâàëè ìåòîä Ãiíñà-Áóðði âèÿâëåííÿ êàïñóëè.

Îöiíêó ÷óòëèâîñòi âèáðàíèõ øòàìiâ ìiêðîîðãàíiçìiâ ïðîâîäèëè äèñêî-
äèôóçiéíèì ìåòîäîì íà òâåðäîìó ñåðåäîâèùi çãiäíî íàêàçó �167 ÌÎÇ
âiä 5.04.2007 ìåòîäè÷íi âêàçiâêè ¾Âèçíà÷åííÿ ÷óòëèâîñòi ìiêðîîðãàíiçìiâ
äî àíòèáàêòåðiàëüíèõ ïðåïàðàòiâ¿. Äëÿ äîñëiäæåíü âèêîðèñòîâóâàëè àãàð
Ìþëëåðà-Õiíòîíà �2 íàñòóïíîãî ñêëàäó (ã/ë): ãiäðîëiçàò êàçå¨íó � 17,5,
ãiäðîëiçàò ñåðöÿ � 2, êðîõìàëü âîäîðîç÷èííèé (×ÄÀ) � 1,5, àãàð-àãàð ìi-
êðîáiîëîãi÷íèé � 17, ðÍ=7,3.

Òåñòîâi çðàçêè ãiäðîãåëþ ìàëè îäíàêîâi ðîçìiðè äiàìåòðîì 5 ìì, àíà-
ëîãi÷íî ñòàíäàðòíèì äèñêàì ç àíòèáiîòèêàìè. Çâàæàþ÷è íà øèðîêå ïîøè-
ðåííÿ àíòèáiîòèêîðåçèñòåíòíèõ øòàìiâ ìiêðîîðãàíiçìiâ, ÿê êîíòðîëü âè-
êîðèñòàíî àíòèáiîòèêè øèðîêîãî ñïåêòðó äi¨ � öåôàçîëií òà öåôòðèàêñîí,
à òàêîæ âàðiàíòè ãiäðîãåëþ 0,2P, 0,4P,0,6P íàñè÷åíi 20%-ì ðîç÷èíîì õëîð-
ãåêñèäèíó. Íàñè÷åííÿ ñóõîãî ïîëiìåðó âiäáóâàëîñÿ ïðîòÿãîì 48 ãîä ó 20%
ðîç÷èíi õëîðãåêñèäèíó. Ïiñëÿ öüîãî ïðîâîäèëè òåñòóâàííÿ àíàëîãi÷íî çðàç-
êiâ ç AgNPs.

Âèìiðþâàííÿ çîíè çàòðèìêè ðîñòó çäiéñíþâàëè ÷åðåç äîáó çà äîïî-
ìîãîþ öèôðîâîãî øòàíãåíöèðêóëÿ Miol 15-240.

Ñòàòèñòè÷íó îáðîáêó äàíèõ ïðîâîäèëè çãiäíî çàãàëüíèõ ñòàòèñòè÷íèõ
àëãîðèòìiâ ç âèêîðèñòàííÿì òåñòó ïåðåâiðêè íà íîðìàëüíiñòüØàïiðî-Âiëêà
(p>0,05), îäíîôàêòîðíîãî àíàëiçó ANOVA òåñòóØåôôå (ð<0,05). Ïîâòîð-
íiñòü äîñëiäó ÷îòèðèêðàòíà.

Äîñëiäæåííÿ in vivo

Ó äîñëiäæåííÿ áóëî âèêîðèñòàíî áiëèõ áåçïîðîäíèõ ùóðiâ ÷îëîâi÷î¨
ñòàòi, ùî ïåðåáóâàëè â ñòàíäàðòíèõ óìîâàõ óòðèìàííÿ âiâàðiþ ÄÓ ¾Ií-
ñòèòóò îòîëàðèíãîëîãi¨ iì. ïðîô. Î.Ñ. Êîëîìié÷åíêà ÍÀÌÍ Óêðà¨íè¿. Âñi
ìàíiïóëÿöi¨ ç òâàðèíàìè ïðîâîäèëè çãiäíî ç Ìiæíàðîäíîþ êîíâåíöi¹þ ðî-
áîòè ç òâàðèíàìè òà çàêîíîì Óêðà¨íè ¾Ïðî çàõèñò òâàðèí âiä æîðñòêîãî
ïîâîäæåííÿ¿. Äiëÿíêó øêiðè ìiæ ëîïàòêàìè î÷èùàëè âiä øåðñòi òà õiðóð-
ãi÷íî âèäàëÿëè îáëàñòü øêiðè äiàìåòðîì 7 ìì. Ïîïåðåäíüî òâàðèí ââîäèëè
â íàðêîç åòàìiíàëîì íàòðiþ.

Êîíòàìiíàöiþ ðàíè ïðîâîäèëè âàòíèì òàìïîíîì ñóìiøøþ áàêòåðié
S. aureus òà E. coli ç êîíöåíòðàöi¹þ êëiòèí 105 ó 1 ìë. ×åðåç 10 õâ ïiñëÿ



52 Ï.Âiðè÷, Î.Íàäòîêà, Ï.Âiðè÷, Â.Ìàðòèíþê, Í.Êóöåâîë

çàðàæåííÿ, ðàíó íàêðèâàëè äîñëiäæóâàíèì ìàòåðiàëîì òà çàêðiïëþâàëè
éîãî. Ó ÿêîñòi êîíòðîëþ âèêîðèñòîâóâàëè ñòåðèëüíi ìàðëåâi ïîâ'ÿçêè. Ïî-
â'ÿçêè ïåðåáóâàëè íà òâàðèíi 48 ãîä. Îãëÿä ïðîâîäèëè ÷åðåç 3 òà 5 äiá ïiñëÿ
îïåðàöi¨. Íà ïåðøîìó îãëÿäi (72 ãîä) ïðîâîäèëè áàêòåðiàëüíèé ïîñiâ ç ðàíè
íà åëåêòèâíi ñåðåäîâèùà Åíäî òà æîâòêîâî-ñîëüîâèé àãàð íà ïðèñóòíiñòü
âiäïîâiäíèõ øòàìiâ áàêòåðié. Ïîâòîðíiñòü äîñëiäó òðèêðàòíà.

Ðåçóëüòàòè òà îáãîâîðåííÿ

Çàâäÿêè ôiçèêî-õiìi÷íèì âëàñòèâîñòÿì òà âèñîêîìó âìiñòó âîäè, ùî
íàáëèæà¹òüñÿ äî òàêîãî ó æèâèõ òêàíèíàõ, ãiäðîãåëi ìàþòü âèñîêó áiîñó-
ìiñíiñòü. Êîíòðîëü ïîðèñòîñòi ñòðóêòóðè, ñêëàäó ïîëiìåðíèõ êîìïîíåíòiâ
òà çäàòíiñòü ñîðáóâàòè i óòðèìóâàòè ðiçíi õiìi÷íi ñïîëóêè, ðîçøèðþ¹ ìå-
æó çàñòîñóâàííÿ òàêèõ ìàòåðiàëiâ äëÿ iìiòàöi¨ ðiçíèõ òêàíèí òà ëiêóâàííÿ
ïàòîëîãi÷íèõ ñòàíiâ [18, 19, 20]. Ëiêóâàííÿ ðàí ïåðåäáà÷à¹ âèêîðèñòàííÿ
çàñîáiâ ñïðÿìîâàíèõ íà ïîïåðåäæåííÿ ¨õ áàêòåðiàëüíî¨ êîíòàìiíàöi¨, ñòâî-
ðåííÿ óìîâ ðåãåíåðàöi¨ òêàíèí, ñåðåä ÿêèõ äîñòàòíÿ âîëîãiñòü, äîñòóï êè-
ñíþ òà ïîæèâíèõ ðå÷îâèí [2].

Õàðàêòåðèñòèêà AgNPs

Çãiäíî îòðèìàíèõ ñïåêòðiâ ïîãëèíàííÿ íàíî÷àñòèíîê ñðiáëà ó ïîëi-
ìåðíèõ ìàòðèöÿõ, íàâåäåíèõ ó òàáëèöi 1, íå âèÿâëåíî ñóòò¹âèõ âiäìiííî-
ñòåé ðîçìiðiâ AgNPs (ðèñ. 1). Ïîëîæåííÿ ìàêñèìóìó ïëàçìîííîãî ðåçî-
íàíñó âêàçó¹ íà ðîçïîäië ðîçìiðiâ íàíî÷àñòèíîê ñðiáëà â ìåæàõ 20-40 íì.
Âèõîäÿ÷è ç öüîãî, àíòèáàêòåðiàëüíi åôåêòè âèçíà÷àòèìóòüñÿ â îñíîâíî-
ìó øâèäêiñòþ äèôóçi¨ AgNPs ç ãiäðîãåëþ òà äîñÿãíåííÿ áàêòåðèöèäíèõ
êîíöåíòðàöié Ag+ â îòî÷óþ÷îìó ñåðåäîâèùi. Îòæå, îñíîâíi òåðàïåâòè÷íi
åôåêòè, çóìîâëåíi AgNPs âèçíà÷àòèìóòüñÿ øâèäêiñòþ ¨õ äèôóçi¨ ç ïîëi-
ìåðíî¨ ìàòðèöi òà ãåíåðàöi¹þ Ag+.

Ðèñ. 1. Ñïåêòðè ïîãëèíàííÿ íàíî÷àñòèíîê ñðiáëà, îòðèìàíèõ ó ïîëiìåðíèõ ìàòðèöÿõ
0,2Ð, 0,4Ð, 0,6Ð, 0,2DP, 0,4DP, 0,6DP
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Ïîðiâíÿííÿ ÷óòëèâîñòi êóëüòóð S. aureus òà E. coli äî çàñòîñóâàííÿ
ðiçíèõ ãiäðîãåëiâ ç íàíî÷àñòèíêàìè ñðiáëà ïðîâîäèëè âiäíîñíî êëàñè÷íîãî
àíòèñåïòèêà �õëîðãåêñèäèíó. Â ìåäèöèíi çàñòîñîâóþòü 20% ðîç÷èí õëîð-
ãåêñèäèíó äëÿ çíåçàðàæåííÿ ïîâåðõîíü, ãíiéíèõ ðàí òà ïðîôiëàêòèêè áà-
êòåðiàëüíî¨ êîíòàìiíàöi¨ âiäêðèòèõ ïîøêîäæåíü òêàíèí.

Ó çâ'ÿçêó ç øèðîêèì ïîøèðåííÿì ðåçèñòåíòíèõ äî àíòèáiîòèêiâ øòà-
ìiâ ìiêðîîðãàíiçìiâ, âèêîðèñòàíî ñòàíäàðòíi äèñêè ç öåôòðèàêñîíîì òà
öåôàçîëiíîì. Ðåçóëüòàòè äîñëiäæåíü ÷óòëèâîñòi S. aureus äî äi¨ õëîðãå-
êñèèíó ó ãiäðîãåëi 0,2Ð òà íàíî÷àñòèíîê ñðiáëà ó ìàòåðiàëàõ 0,2P i 0,2DP
íàâåäåíî íà ðèñ. 1.

Âèêîðèñòàíi äèêi øòàìè ìiêðîîðãàíiçìiâ S. aureus òà E. coli íå ðåçè-
ñòåíòíi äî äi¨ öåôàçîëiíó òà öåôòðèàêñîíó. Âèÿâëåíî âèñîêó ÷óòëèâiñòü S.
aureus äî 20% õëîðãåêñèäèíó â 0,2P ç äiàìåòðîì çàòðèìêè ðîñòó â ìåæàõ
15 ìì (ðèñ. 1À). Âiäíîñíî öüîãî ïîêàçíèêà íà 32% âèùó åôåêòèâíiñòü çà-
ðå¹ñòðîâàíî ïðè çàñòîñóâàííi 0,2Ð ç AgNPs òà íà 45% ïðè 0,2DP (ðèñ. 2À).

Ðèñ. 2. Äiàìåòð çàòðèìêè ðîñòó êóëüòóðè S. aureus (À) òà E. coli (Á) ïðè çàñòîñóâàííi
ïîëiàêðèëàìiäó (0,2P+Ag), êîïîëiìåðó äåêñòðàí-ïîëiàêðèëàìiä (0,2DP+Ag), ç êiëüêi-
ñòþ çøèâàþ÷îãî àãåíòà 0,2% (m/m), ùî ìiñòèëè íàíî÷àñòèíêè ñðiáëà. Ïîðiâíÿííÿ âiä-
íîñíî 20% ðîç÷èíó õëîðãåêñèäèíó ó ïîëiàêðèëàìiäíîìó ãiäðîãåëi (0,2P ÕÃ) (*p<0,05).
Öåôòðèàêñîí (ÖÔÀ) i öåôàçîëií (ÖÔÇ) � êîíòðîëü àíòèáiîòèêîðåçèñòåíòíîñòi øòàìó;

(n=4).

Çàñòîñóâàííÿ ãiäðîãåëþ 0,2P, íàñè÷åíîãî 20% ðîç÷èíîì õëîðãåêñèäè-
íó, âiäíîñíî E. coli çàáåçïå÷ó¹ çàòðèìêó ðîñòó äiàìåòðîì 18-20 ìì (ðèñ. 2Á).
Âiäíîñíî öèõ ïîêàçíèêiâ, íå âèÿâëåíî ñòàòèñòè÷íî äîñòîâiðíî¨ ðiçíèöi â åôå-
êòèâíîñòi çàñòîñóâàííÿ 0,2P ç AgNPs, àëå ãiäðîãåëü 0,2DP ñïðèÿ¹ ñòàòèñòè-
÷íî äîñòîâiðíîìó çáiëüøåííþ äiàìåòðó çàòðèìêè ðîñòó íà 10% (ðèñ. 2Á).

Çáiëüøåííÿ êiëüêîñòi çøèâàþ÷îãî àãåíòà äî 0,4% íå âïëèâà¹ íà åôå-
êòèâíiñòü áàêòåðèöèäíî¨ äi¨ õëîðãåêñèäèíó âiäíîñíî S. aureus (ðèñ. 3À).
Âèÿâëåíî çáiëüøåííÿ äiàìåòðó çàòðèìêè ðîñòó íà 47% ïðè çàñòîñóâàí-
íi ãiäðîãåëþ 0,4Ð ç AgNPs i íà 45% � 0,4DÐ. Áàêòåðèöèäíà àêòèâíiñòü
âiäíîñíî S. aureus ãiäðîãåëiâ 0,4P òà 0,4DP ç AgNPs íå âiäðiçíÿ¹òüñÿ. Ïî-
êàçíèê çàòðèìêè ðîñòó êóëüòóðè E. coli ïðè âèêîðèñòàííi ãiäðîãåëþ 0,4P,
íàñè÷åíîãî 20% õëîðãåêñèäèíîì, çíàõîäèòüñÿ â ìåæàõ 18-19 ìì (ðèñ. 2Á).
Âiäíîñíî öüîãî ïîêàçíèêà, ñòàòèñòè÷íî äîñòîâiðíå çáiëüøåííÿ íà 19% òà
21% âèÿâëåíî ïðè âèêîðèñòàííi 0,4P i 0,4DÐ ç AgNPs âiäïîâiäíî. Åôåêòèâ-
íiñòü çàñòîñóâàííÿ öèõ òèïiâ ãiäðîãåëþ âiäíîñíî E. coli íå âiäðiçíÿ¹òüñÿ
(ðèñ. 3Á).
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Ðèñ. 3. Äiàìåòð çàòðèìêè ðîñòó êóëüòóðè S. aureus (À)òà E. coli (Á) ïðè çàñòîñóâàííi ïî-
ëiàêðèëàìiäó (0,4P+Ag), êîïîëiìåðó äåêñòðàí-ïîëiàêðèëàìiä (0,4DP+Ag), ç êiëüêiñòþ
çøèâàþ÷îãî àãåíòà 0,2% (m/m), ùî ìiñòèëè íàíî÷àñòèíêè ñðiáëà. Ïîðiâíÿííÿ âiäíî-
ñíî 20% ðîç÷èíó õëîðãåêñèäèíó ó ïîëiàêðèëàìiäíîìó ãiäðîãåëi (0,4P ÕÃ) (*p<0,05).
Öåôòðèàêñîí (ÖÔÀ) i öåôàçîëií (ÖÔÇ) � êîíòðîëü àíòèáiîòèêîðåçèñòåíòíîñòi øòàìó;

(n=4).

Íå âèÿâëåíî çìiíè ÷óòëèâîñòi S. aureus äî çàñòîñóâàííÿ ãiäðîãåëþ
0,6P ç 20% õëîðãåêñèäèíîì âiäíîñíî àíàëîãi÷íèõ ïîêàçíèêiâ äëÿ ãiäðîãå-
ëiâ 0,2P òà 0,4P (ðèñ. 4A). Ñòàòèñòè÷íî äîñòîâiðíå çðîñòàííÿ ïîêàçíèêà
íà 36% òà 44% âèÿâëåíî ïðè âèêîðèñòàííi 0,6P i 0,6DP ç AgNPs âiäïîâiä-
íî. Îòðèìàíi çíà÷åííÿ íå âiäðiçíÿþòüñÿ âiä àíàëîãi÷íèõ ïîêàçíèêiâ ïðè
âèêîðèñòàííi çðàçêiâ ãiäðîãåëþ ç êiëüêiñòþ çøèâàþ÷îãî àãåíòà 0,4%.

Îòðèìàíi ðåçóëüòàòè áàêòåðèöèäíî¨ àêòèâíîñòi ìàòåðiàëiâ, ÿêi ìiñòè-
ëè íàíî÷àñòèíêè ñðiáëà, âêàçóþòü íà ¨õ åôåêòèâíiñòü âiäíîñíî ãðàì-ïîçè-
òèâíèõ (S. aureus) òà ãðàì-íåãàòèâíèõ (E. coli) ìiêðîîðãàíiçìiâ. Ñåðåä ïå-
ðåëiêó äîñëiäæåíèõ ìàòåðiàëiâ, íàéâèùó åôåêòèâíiñòü âèÿâëåíî äëÿ ãiäðî-
ãåëiâ 0,4P òà 0,4DÐ. Ïðè÷îìó åôåêòèâíiñòü äi¨ íà çîëîòèñòèé ñòàôiëîêîê
çíà÷íî âèùà âiäíîñíî ñòàíäàðòíî¨ ðå÷îâèíè � õëîðãåêñèäèíó, òà íàáëèæà-
¹òüñÿ äî òàêî¨ âèêîðèñòàíèõ àíòèáiîòèêiâ øèðîêîãî ñïåêòðó � öåôòðèàêñî-
íó òà öåôàçîëiíó. Îòðèìàíà ðiçíèöÿ åôåêòèâíîñòi çàñòîñóâàííÿ ìàòåðiàëiâ
iç íàíî÷àñòèíêàìè ñðiáëà âiäíîñíî ãðàìïîçèòèâíèõ òà ãðàìíåãàòèâíèõ ìi-
êðîîðãàíiçìiâ, ìîæëèâî, ïîâ'ÿçàíà ç îñîáëèâîñòÿìè ñòðóêòóðè êëiòèííî¨
ñòiíêè, ÿêà ìiñòèòü äîäàòêîâó ìåìáðàíó òà òîíêèé øàð ïåïòèäîãëiêàíó
(Li, òà ií. 2018). Ìàòåðiàëè ç êiëüêiñòþ çøèâàþ÷îãî àãåíòó 0,2% ìàþòü
íàéíèæ÷ó áàêòåðèöèäíó àêòèâíiñòü âiäíîñíî S. aureus òà E. coli. Ñåðåäíié
ñòóïiíü çøèâêè (0,4%) ñïðèÿ¹ ðîñòó åôåêòèâíîñòi, ùî ìîæëèâî ïîâ'ÿçàíî
çi çìåíøåííÿì ñåðåäíiõ ðîçìiðiâ óòâîðåíèõ íàíî÷àñòèíîê ñðiáëà (Nadtoka,
Kutsevol òà Naumenko, òà ií. 2019). Ïîäàëüøèé ðiñò ùiëüíîñòi ìàòåðiàëó
(0,6%) íå çìiíþ¹ áàêòåðèöèäíî¨ àêòèâíîñòi. Âàðòî âiäìiòèòè çáåðåæåííÿ
áàëàíñó ìiæ ðîçìiðàìè AgNPs òà øâèäêiñòþ ¨õ äèôóçi¨ ç ìàòåðiàëó. Ïðè
çáiëüøåííi ùiëüíîñòi ìàòåðiàëó âiäáóâà¹òüñÿ çíèæåííÿ øâèäêîñòi âèõîäó
íàíî÷àñòèíîê òà Ag+ ç ìàòåðiàëó. Îòæå, ñåðåä ïåðåëiêó äîñëiäæåíèõ ìà-
òåðiàëiâ ç íàíî÷àñòèíêàìè ñðiáëà îïòèìàëüíèìè çà öèìè ïàðàìåòðàìè âè-
ÿâèëèñü ãiäðîãåëi 0,4P òà 0,4DP.

Âèêîðèñòàííÿ ãiäðîãåëþ 0,6P ç 20% õëîðãåêñèäèíîì ñïðèÿ¹ çàòðèìöi
ðîñòó E. coli íà ïëîùi äiàìåòðîì 18-20 ìì (ðèñ. 4Á). Âiäíîñíî öüîãî ïîêà-
çíèêà âèÿâëåíî çáiëüøåííÿ äiàìåòðà íà 15% ïðè çàñòîñóâàííi 0,6P ç AgNPs
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Ðèñ. 4. Äiàìåòð çàòðèìêè ðîñòó êóëüòóðè S. aureus (À)òà E. coli (Á) ïðè çàñòîñóâàííi
ïîëiàêðèëàìiäó (0,6P+Ag), êîïîëiìåðó äåêñòðàí-ïîëiàêðèëàìiä (0,6DP+Ag), ç êiëü-
êiñòþ çøèâàþ÷îãî àãåíòà 0,2% (m/m), ùî ìiñòèëè íàíî÷àñòèíêè ñðiáëà. Ïîðiâíÿí-
íÿ âiäíîñíî 20% ðîç÷èíó õëîðãåêñèäèíó ó ïîëiàêðèëàìiäíîìó ãiäðîãåëi (0,6P ÕÃ)
(*p<0,05).Öåôòðèàêñîí (ÖÔÀ) i öåôàçîëií (ÖÔÇ) � êîíòðîëü àíòèáiîòèêîðåçèñòåíòíî-

ñòi øòàìó; (n=4).

òà íà 23% äëÿ 0,6DÐ. Ñòàòèñòè÷íî äîñòîâiðíî¨ ðiçíèöi ìiæ ïîêàçíèêàìè íå
âèÿâëåíî, õî÷à çáåðiãà¹òüñÿ òåíäåíöiÿ äî ðîñòó áàêòåðèöèäíî¨ àêòèâíîñòi
ïðè çàñòîñóâàííi ãiäðîãåëþ 0,6DÐ ç AgNPs.

Òàêèì ÷èíîì, âàðiàíòè ãiäðîãåëþ 0,4Ð òà 0,4DP ç AgNPs âîëîäiþòü
âèùîþ åôåêòèâíiñòþ âiäíîñíî iíøèõ çðàçêiâ òà êëàñè÷íîãî àíòèñåïòè÷íî-
ãî çàñîáó � õëîðãåêñèäèíó.

Äîñëiäæåííÿ in vivo

Çãiäíî ðåçóëüòàòiâ âïëèâó íà äèêi øòàìè S. aureus òà E. coli, ìè âèêî-
ðèñòàëè ó äîñëiäæåííÿõ in vivo ãiäðîãåëi 0,4P òà 0,4DÐ ç íàíî÷àñòèíêàìè
ñðiáëà. Êîíòðîëåì âèñòóïàëè ñòåðèëüíi ìàëåâi ïîâ'ÿçêè òà ãiäðîãåëi 0,4P,
0,4DÐ áåç AgNPs.

Âðàõîâóþ÷è iäåíòè÷íi ïî÷àòêîâi óìîâè, çà âèíÿòêîì òâàðèí, ðàíè
ÿêèõ íå ïiääàâàëèñÿ áàêòåðiàëüíîìó çàðàæåííþ, ÷åðåç 3 äîáè âèÿâëåíî
âiäìiííîñòi ïðîöåñó çàãî¹ííÿ.

Ó òâàðèí áåç çàðàæåííÿ ç âiäêðèòîþ ðàíîþ, ëiêóâàííÿ ÿêèõ ïåðåäáà-
÷àëî âèêîðèñòàííÿ êëàñè÷íîãî ìàðëåâîãî ìàòåðiàëó, íà 3 äîáó íå âèÿâëåíî
îçíàê çàïàëåííÿ òà êîíòàìiíàöi¨, ðîçìið ðàíè çìåíøèâñÿ íà ÷âåðòü. ×åðåç
5 äiá ïîøêîäæåííÿ çìåíøèëîñÿ âäâi÷i (ðèñ. 5). Áàêòåðiàëüíèé ïîñiâ íà 72
ãîä âèÿâèâ 52 êîëîíi¨ Staphylococcus sp. (íàéáiëüø éìîâiðíî S. epidermisis)
ïðè âiäñóòíîñòi S. aureus òà E.coli.

Ó ùóðiâ ç âiäêðèòèìè ðàíàìè, øòó÷íèì çàðàæåííÿì òà çàñòîñóâàí-
íÿì êëàñè÷íîãî ìåòîäó ëiêóâàííÿ, íà òðåòþ äîáó íå âèÿâëåíî çìiíè ðîçìi-
ðiâ ïîøêîäæåííÿ. Ïîñiâè íà åëåêòèâíi ñåðåäîâèùà íå âèÿâèëè ïðèñóòíîñòi
E.coli, àëå çàðå¹ñòðîâàíî ïîíàä 200 êîëîíié Staphylococcus sp òà S. aureus.
×åðåç 5 äiá ðîçìið ðàíè çìåíøèâñÿ âäâi÷i.

Âèêîðèñòàííÿ 0,4P òà 0,4DÐ áåç ëiêàðñüêèõ çàñîáiâ ïðè ëiêóâàííi âiä-
êðèòî¨, øòó÷íî iíôiêîâàíî¨ ðàíè, ñïðèÿ¹ ïî÷àòêó ¨¨ çàãî¹ííÿ íà 3 äîáó
ç âiäñóòíiìè âiçóàëüíèìè îçíàêàìè çàïàëåííÿ òà çáåðåæåííÿì ïî÷àòêîâèõ
ðîçìiðiâ. Ìiêðîáiîëîãi÷íi äîñëiäæåííÿ âèÿâèëè 80 êîëîíi¨ Staphylococcus
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sp, 3 S. aureus òà 2 ëàêòîçîïîçèòèâíi êîëîíi¨. ×åðåç 5 äiá ðîçìiðè ðàíè
çìåíøèëèñÿ âäâi÷i.

Çàñòîñóâàííÿ 0,4DÐ ç íàíî÷àñòèíêàìè ñðiáëà íà òðåòþ äîáó ñïðèÿ¹
çìåíøåííþ ðîçìiðiâ ðàíè ó 2 ðàçè âiä ïî÷àòêîâîãî áåç îçíàê çàïàëåííÿ.
×åðåç 5 äiá ðîçìiðè ðàíè çìåíøèëèñÿ ó 3 ðàçè (ðèñ. 5). Íà ìiñöi ëîêàëiçàöi¨
ìàòåðiàëó ïðèñóòíi çàëèøêè àð åíòóì îêñèäó ó âèãëÿäi ÷îðíèõ àáî êîðè÷-
íåâèõ ïëÿì. Ìiêðîáiîëîãi÷íi äîñëiäæåííÿ ÷åðåç 72 ãîä âèÿâèëè áëèçüêî 40
êîëîíié Staphylococcus sp. òà âiäñóòíiñòü ëàêòîçîïîçèòèâíèõ áàêòåðié. Ñõî-
æi ðåçóëüòàòè îòðèìàíî ïðè çàñòîñóâàííi 0,4P ç íàíî÷àñòèíêàìè ñðiáëà.

Ðèñ. 5. Ïðîöåñ çàãî¹ííÿ øòó÷íî iíôiêîâàíî¨ ðàíè ó ùóðiâ çà óìîâè ¨¨ ëiêóâàííÿ ìàðëå-
âèì ìàòåðiàëîì (êîíòðîëü), ãiäðîãåëåì (0,4DP) òà ãiäðîãåëåì ç íàíî÷àñòèíêàìè ñðiáëà

(0,4DÐ+AgNPs)

Îòæå, ãiäðîãåëi 0,4P òà 0,4DP ç AgNPs ïåðåøêîäæàþòü ðîçâèòêó ïà-
òîãåííî¨ ìiêðîôëîðè ó âiäêðèòèõ ðàíàõ òà ñïðèÿþòü øâèäêîìó ¨õ çàãî¹í-
íþ. Íàñàìïåðåä öå âèçíà÷à¹òüñÿ âèñîêèì âìiñòîì âîäè ó ìàòåðiàëi, éîãî
ùiëüíiñòþ, ùî íå äîçâîëÿ¹ ïðîíèêàòè ìiêðîîðãàíiçìàì. Äîäàòêîâà áàêòå-
ðèöèäíà àêòèâíiñòü, ÿêà çàáåçïå÷ó¹òüñÿ ïðèñóòíiñòþ íàíî÷àñòèíîê ñðiáëà,
ïiäòðèìó¹ ñòåðèëüíi óìîâè.

Äîñëiäæåííÿ ìàòåðiàëiâ â óìîâàõ in vivo, ïðîâåäåíèõ íà âiäêðèòèõ ðà-
íàõ iç øòó÷íîþ áàêòåðiàëüíîþ êîíòàìiíàöi¹þ, âèÿâèëè ïðèñêîðåííÿ ïðî-
öåñó çàãî¹ííÿ ïðè âèêîðèñòàííi ïîëiàêðèëàìiäíîãî ãiäðîãåëþ ç AgNPs. Õî-
÷à âiäñóòíi îçíàêè çíà÷íîãî áàêòåðiàëüíîãî çàðàæåííÿ ó êîíòðîëüíèõ òâà-
ðèí, ó íèõ âèÿâëåíà ïðèñóòíiñòü ïàòîãåííèõ ïðåäñòàâíèêiâ ìiêðîôëîðè (S.
aureus) íà òðåòþ äîáó, ÿêi âèêëèêàþòü çàïàëåííÿ, ðîçâèòîê ãíiéíèõ âèðà-
çîê òà ñåïñèñ. Ïðèñóòíiñòü iíøèõ âèäiâ ðîäó Staphylococcus, íàéiìîâiðíiøå
S. epidermisis, ïîâ'ÿçàíî ç ¨õ êîíñòèòóòèâíîþ ïðèñóòíiñòþ ÿê íîðìàëüíî¨
ìiêðîôëîðè ïîâåðõíi øêiðè [21]. Çàçâè÷àé âií íå âèêëèêà¹ çàïàëüíèõ ïðî-
öåñiâ òà ñåïñèñó, ùî õàðàêòåðíî S. aureus. Âiäñóòíiñòü àíòèáàêòåðiàëüíèõ
àãåíòiâ íå äîçâîëÿ¹ äîñëiäæåíèì ìàòåðiàëàì 0,4P òà 0,4DÐ ïiäòðèìóâàòè
íèçüêó êiëüêiñòü áàêòåðié ó ðàíi. ×åðåç 72 ãîä âèÿâëåíî çíà÷íó ïðèñó-
òíiñòü ó ðàíi ïðåäñòàâíèêiâ ðîäó Staphylococcus, â òîìó ÷èñëi S. aureus òà
ëàêòîçîïîçèòèâíi êîëîíié ãðóïè åíòåðîáàêòåðié. Äæåðåëîì îñòàííiõ ñëóãó¹
ïiäñòèëêà òâàðèí, ÿêà êîíòàêòóâàëà ç ðàíîþ. Çàñòîñóâàííÿ 0,4P òà 0,4DP
ç AgNPs äîçâîëÿ¹ çíèçèòè íàñëiäêè øòó÷íîãî çàðàæåííÿ ðàíè, íà ùî âêà-
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çó¹ çìåíøåííÿ êiëüêîñòi áàêòåðié íà ïîâåðõíi ðàíè, âiäñóòíiñòü S. aureus
òà åíòåðîáàêòåðié, â òîìó ÷èñëi E. coli. Âðàõîâóþ÷è âèÿâëåíó êiëüêiñòü
êîëîíié ðiçíèõ âèäiâ áàêòåðié ó âiäêðèòèõ ðàíàõ, ïðè ëiêóâàííi ÿêèõ çà-
ñòîñîâóâàëè êëàñè÷íi ìåòîäè i ãiäðîãåëi áåç AgNPs, ìè ïðèïóñêà¹ìî, ùî
ïiäòðèìêà áàêòåðèöèäíèõ òà áàêòåðiîñòàòè÷íèõ óìîâ ó ðàíi çàáåçïå÷ó¹-
òüñÿ çàâäÿêè ïðèñóòíîñòi iîíiâ ñðiáëà, ÿêi äèôóíäóâàëè â ðàíó ç ãiäðîãåëþ
(0,4P, 0,4DP+AgNPs).

Âèñíîâêè

Àíàëiç ñïåêòðiâ ïîãëèíàííÿ AgNPs ó ãiäðîãåëÿõ ïîëiàêðèëàìiä òà
äåêñòàí-ïîëiàêðèëàìiä ç êiëüêiñòþ çøèâàþ÷îãî àãåíòà 0,2, 0,4, 0,6 %, ñâiä-
÷èòü ïðî òå, ùî óìîâè ôîðìóâàííÿ â íèõ íàíî÷àñòèíîê ñðiáëà ìàéæå îäíà-
êîâi i ¨õ äiàìåòð çíàõîäèòüñÿ â ìåæàõ 20-40 íì. Ãiäðîãåëi 0,4P òà 0,4DP
ç AgNPs âèÿâëÿþòü âèùó áàêòåðèöèäíó àêòèâíiñòü âiäíîñíî S. aureus òà
E.coli ïîðiâíÿíî ç iíøèìè çðàçêàìè ãiäðîãåëþ òà êëàñè÷íèì àíòèñåïòè-
êîì � õëîðãåêñèäèíîì. Âèêîðèñòàííÿ öèõ ãiäðîãåëiâ äëÿ ëiêóâàííÿ âiä-
êðèòèõ ðàí, ÿêi çàðàæåíi S. aureus òà E. coli, äîçâîëÿ¹ ïðèñêîðèòè ïðîöåñ
çàãî¹ííÿ òà ïiäòðèìó¹ àíòèñåïòè÷íi óìîâè ïðîòÿãîì ïåâíîãî ÷àñó.

Îòæå, ñåðåä ïåðåëiêó ïåðåâiðåíèõ ãiäðîãåëiâ, íàéáiëüø äîöiëüíî ç ìå-
òîþ ëiêóâàííÿ âiäêðèòèõ ðàí, âèêîðèñòîâóâàòè ïîëiàêðèëàìiä òà êîïîëi-
ìåð äåêñòðàí-ïîëiàêðèëàìiä ç êiëüêiñòþ çøèâàþ÷îãî àãåíòà 0,4% (m/m),
ÿêi ìiñòÿòü íàíî÷àñòèíêè ñðiáëà ç ñåðåäíiì äiàìåòðîì 20-40 íì, ùî ïîâ'ÿçà-
íî ç ¨õ âèñîêîþ åôåêòèâíiñòþ âiäíîñíî ãðàì-ïîçèòèâíèõ òà ãðàì-íåãàòèâíèõ
ìiêðîîðãàíiçìiâ, ïiäòðèìöi áàêòåðèöèäíèõ i áàêòåðiîñòàòè÷íèõ óìîâ, îïòè-
ìàëüíèõ äëÿ çàãî¹ííÿ âiäêðèòèõ ðàí.
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Öèôðîâi òåõíîëîãi¨ ìàðêåòèíãîâèõ êîìóíiêàöié
ó ñòðàòåãiÿõ ìàëîãî ïiäïðè¹ìñòâà

Çîÿ Êà¨ðà1, Îëåêñàíäð Âàùåíêî2,3, Îëüãà Âàùåíêî2,4

Ïåðåäí¹ ñëîâî âiä ðåäàêöi¨. Àíàëiç ñó÷àñíîãî ðèíêó âêàçó¹ íà ¹äè-
íèé êîìïëåêñ âçà¹ìîïîâ'ÿçíèõ àñïåêòiâ, ùî âêëþ÷à¹ â ñåáå ïèòàííÿ
ïñèõîëîãi¨, åêîíîìiêè, ôiíàíñîâî¨ àíàëiòèêè, ñó÷àñíèõ öèôðîâèõ òå-
õíîëîãié òîùî. Ïèòàííÿ ïñèõîëîãi¨ ëåæàòü â îñíîâi äîñëiäæåííÿ ìàð-
êåòèíãó i ðåêëàìè, åêîíîìi÷íi ñòðàòåãi¨ ó êîíêðåòíèõ êðà¨íàõ çàëå-
æàòü âiä ðiâíÿ ðîçâèòêó ðèíêó òà ñòàíó íàöiîíàëüíî¨ åêîíîìiêè, ñïiâ-
âiäíîøåííÿ ñâiòîâèõ âàëþò òà âèêîðèñòàííÿ íîâèõ âàëþò, òàêèõ, íà-
ïðèêëàä, ÿê êðèïòîâàëþòà. Âlockchain-òåõíîëîãi¨ ïðèçâîäÿòü äî çìií
ó ïîëiòèöi ìàðêåòèíãó. Ñòðàòåãi¨ ðîçâèòêó áiçíåñó øèðîêî âèêîðèñòî-
âóþòü ìàòåìàòè÷íi ìîäåëi i ðîçðàõóíêè. Ðîçâèòîê öèôðîâèõ òåõíîëî-
ãié äîçâîëÿ¹ åêîíîìèòè ÷àñ íà êóïiâëþ òîâàðiâ òà ïîñëóã, çíàéîìèòü
ç íîâèìè ìîæëèâîñòÿìè òà äîïîìàãà¹ ó ñòðàòåãiÿõ ìàëèõ ïiäïðè¹ìñòâ
(ÌÏ). Ç iíøîãî áîêó, öèôðîâi òåõíîëîãi¨ ìîæóòü ñïðèÿòè ñòâîðåííþ
¾ñóñïiëüñòâà ñïîæèâàííÿ¿ òà ¾øîïiíãîìàíi¨¿, ùî âæå ¹ ïèòàííÿìè
ñîöiîêóëüòóðè, ôiëîñîôi¨ ðîçâèòêó ñóñïiëüñòâà i, çíîâó æ òàêè, ïñè-
õîëîãi¨.

Ðîçãëÿä ó êîìïëåêñi íàâiòü ÷àñòèíè âèùåïåðåðàõîâàíèõ àñïåêòiâ
ñó÷àñíîãî ðèíêó äîçâîëèòü çíàéòè íîâi ãðàíi ó ðîçóìiííi òàêî¨ øèðî-
êî¨ òåìè ÿê ¾Öèôðîâi òåõíîëîãi¨ ìàðêåòèíãîâèõ êîìóíiêàöié ó ñòðàòå-
ãiÿõ ÌÏ¿.

Àíîòàöiÿ. Âñòàíîâëåíî, ùî êîíêóðåíòîñïðîìîæíiñòü ìàëîãî ïiäïðè-
¹ìñòâà (ÌÏ) çàëåæèòü âiä âèêîðèñòàííÿ åôåêòèâíèõ ìàðêåòèíãîâèõ
êîìóíiêàöiéíèõ ñòðàòåãié. Ïîêàçàíî, ùî óñïiøíèé ðîçâèòîê i àäìiíi-
ñòðóâàííÿ ìàðêåòèíãîâèõ êîìóíiêàöié âèìàãàþòü ñëóøíèõ öèôðîâèõ
íàâè÷îê i çóñèëü äëÿ ðîçðîáêè ñòðàòåãi¨ ÌÏ. Àâòîðè iíòåãðóþòü îñî-
áëèâîñòi ñó÷àñíèõ òåíäåíöié â ñòðàòåãi¨ öèôðîâèõ ìàðêåòèíãîâèõ êî-
ìóíiêàöié ìàëîãî áiçíåñó. Ïîøèðåíî àíàëiç ôiíàíñîâî¨ áåççáèòêîâîñòi
äëÿ ïðîöåñó óïðàâëiííÿ âèòðàòàìè íà ìàðêåòèíãîâi êîìóíiêàöi¨. Òà-
êèé ïiäõiä äîçâîëÿ¹ âäîñêîíàëèòè ñòðàòåãi¨ öèôðîâèõ ìàðêåòèíãîâèõ
êîìóíiêàöié ÌÏ äëÿ óñïiøíî¨ ðîáîòè íà êîíêóðåíòíîìó ðèíêó.

Êëþ÷îâi ñëîâà: öèôðîâi òåõíîëîãi¨, ìàðêåòèíã, ñòðàòåãiÿ, ìàëå ïiäïðè-
¹ìñòâî, âèòðàòè, àíàëiç áåççáèòêîâîñòi, ïðèáóòîê
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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
e�ective marketing communication strategies. It is shown that successful
development and administration of marketing communications requires
appropriate digital skills and e�orts to develop SME strategy. The authors
integrate the features of current trends into SME marketing communicati-
on strategies. The �nancial 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, pro�t

Âñòóï

Öèôðîâèé ìàðêåòèíã ¹ ñó÷àñíèì iíñòðóìåíòîì, ùî çàáåçïå÷ó¹ âàæëè-
âi êîìóíiêàöi¨ ìàëîãî áiçíåñó ç öiëüîâèìè ðèíêàìè. Âåëèêi îáñÿãè ðîáiò,
íåîáõiäíi äëÿ çàáåçïå÷åííÿ öèôðîâèõ òåõíîëîãié ìàðêåòèíãîâèõ êîìóíiêà-
öié, äîðîãi òà òðóäîìiñòêi äëÿ âèêîðèñòàííÿ ïiäïðè¹ìñòâàìè ìàëîãî áiçíå-
ñó. Ïðîòå, êîëè ÌÏ öiëåñïðÿìîâàíî äåëåãóþòü çàâäàííÿ öèôðîâîãî ìàð-
êåòèíãó òà íàéìàþòü ïåðñîíàë äëÿ êîíêðåòíèõ öèôðîâèõ ñëóæáîâèõ îáî-
â'ÿçêiâ, âîíè ñòàþòü ñïðîìîæíèìè ìàêñèìàëüíî âèêîðèñòîâóâàòè íåâåëè-
êèé áþäæåò i âëàñíó êîìàíäó. Ïîïóëÿðíèìè ìåòîäàìè äëÿ çàïî÷àòêóâàí-
íÿ áiçíåñó ¹ âåá-ñàéòè êîìïàíié i ïðèñóòíiñòü ó ñîöiàëüíèõ ìåðåæàõ, ïðîòå,
åëåêòðîííèé ìàðêåòèíã i êîíòåíò-ìàðêåòèíã òàêîæ íàäàþòü íåäîðîãi ìî-
æëèâîñòi äëÿ ñïiëêóâàííÿ çi ñïîæèâà÷àìè.

Öèôðîâèé ìàðêåòèíã ¹ çàñîáîì äëÿ ÌÏ ñòâîðèòè âëàñíèé áðåíä, ïðî-
òå, ìàéáóòíi òåíäåíöi¨ çìiíþâàòèìóòü ñòðàòåãi¨ ìàðêåòèíãîâèõ êîìóíiêà-
öié ùîäî äîñÿãíåííÿ ìàëèì áiçíåñîì öiëüîâèõ ñåãìåíòiâ [1]. Äi¹âiñòü öè-
ôðîâîãî ìàðêåòèíãó çáiëüøó¹òüñÿ ó êîìóíiêàöiÿõ çi ñïîæèâà÷àìè, êîëè
ðåàëüíi iñòîði¨ i òåõíîëîãi¨ âèêîðèñòîâóþòüñÿ ïiäïðè¹ìñòâîì ïî-ðiçíîìó,
ó ïîðiâíÿííi ç êîíêóðåíòàìè. Îñíîâíèìè çàâäàííÿìè, ùî ëåæàòü ó ïiä-
 ðóíòi ìàðêåòèíãîâèõ êîìóíiêàöié, ¹ ðîçðîáêà i ïîøèðåííÿ ìàðêåòèíãîâèõ
ïîâiäîìëåíü, çâ'ÿçêè ç ãðîìàäñüêiñòþ i ðåêëàìà, ïðè öüîìó êiíöåâîþ ìå-
òîþ ïðîãðàìè ìàðêåòèíãîâèõ êîìóíiêàöié ¹ ñòâîðåííÿ ïîçèòèâíîãî âiäãóêó
ñïîæèâà÷iâ, ôîðìóâàííÿ ðèíêó i ïðîäàæ ïðîäóêòó â ìåæàõ âèçíà÷åíîãî
öiíîâîãî äiàïàçîíó.

Ìàðêåòèíãîâi êîìóíiêàöi¨ çàëó÷àþòü øèðîêå êîëî ôàõiâöiâ, ïðè öüî-
ìó çàñîáè êîìóíiêàöié ìîæóòü âêëþ÷àòè ïëàêàòè, áàíåðè òà âåá-ñàéòè,
ðåêëàìíi ùèòè, ïðåñ-ðåëiçè, ãàçåòíi, æóðíàëüíi i òåëåâiçiéíi îãîëîøåííÿ,
áðåíäèíã çîáðàæåíü i ñïîíñîðñòâî ïîäié. Ìàðêåòèíãîâi ñòðàòåãi¨ ìàþòü îð-
ãàíiçóâàòè åôåêòíi âèñòóïè, ïðèâåðíóòè óâàãó ãðîìàäñüêîñòi òà çàñîáiâ
ìàñîâî¨ iíôîðìàöi¨. Ìàðêåòèíãîâi êîìóíiêàöi¨ ôàêòè÷íî ïî÷èíàþòüñÿ íà
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ñòðàòåãi÷íîìó ðiâíi ç ôîðìóëþâàííÿ ìiñi¨ (àíãë. mission) i áà÷åííÿ (àíãë.
vision) ïiäïðè¹ìñòâà, ÿêi âèçíà÷àþòü öiëi, ñòðàòåãi¨ êîìïàíi¨ òà ¨¨ êîìïëå-
êñó ìàðêåòèíãó. ßê âiäçíà÷àëîñÿ, öèôðîâèé ìàðêåòèíã íàäà¹ ÌÏ ìîæëè-
âiñòü äèôåðåíöiþâàòèñÿ â êîíêóðåíöi¨, ïðè öüîìó âàæëèâî âïðîâàäæóâàòè
êîíòðîëü âèòðàò ìàëîãî áiçíåñó íà ìàðêåòèíãîâi êîìóíiêàöi¨.

Ìåòîþ ñòàòòi ¹ àíàëiç ñó÷àñíèõ òåíäåíöié çàñòîñóâàííÿ öèôðîâèõ
òåõíîëîãié ìàðêåòèíãîâèõ êîìóíiêàöié ìàëîãî ïiäïðè¹ìñòâà i ôîðìóâàííÿ
ïðîïîçèöié ùîäî óïðàâëiííÿ ìàðêåòèíãîâèìè âèòðàòàìè ìàëîãî áiçíåñó.

Âèêëàä îñíîâíîãî ìàòåðiàëó

Iííîâàöiéíà ìàðêåòèíãîâà êîìóíiêàöiéíà ñòðàòåãiÿ ìîæå äîïîìîãòè
ìàëîìó áiçíåñó âiäðiçíèòè êîìïàíiþ âiä iíøèõ ó÷àñíèêiâ ðèíêó i çàáåçïå-
÷èòè óíiêàëüíó êîíêóðåíòíó ïåðåâàãó. Âèñîêà çäàòíiñòü ÌÏ iäåíòèôiêóâà-
òèñÿ, ïiäòðèìóâàòè i áóäóâàòè ñòðàòåãi÷íi çâ'ÿçêè ç öiëüîâèìè ñåãìåíòàìè
ðèíêó äëÿ âçà¹ìíî êîðèñíèõ îáìiíiâ ¹ îñíîâîþ óñïiõó ïiäïðè¹ìñòâà â óìî-
âàõ ãëîáàëiçàöi¨ åêîíîìi÷íî¨ äiÿëüíîñòi [2]. Ó äîâãîñòðîêîâié ïåðñïåêòèâi
óñïiõ ÌÏ çàëåæèòü âiä éîãî çäàòíîñòi åôåêòèâíî ñïiëêóâàòèñÿ çi ñïîæèâà-
÷àìè ïðîòÿãîì óñüîãî ïåðiîäó ïåðåáóâàííÿ ó áiçíåñi [3]. Âàæëèâiñòü ñòâî-
ðåííÿ i ïiäòðèìóâàííÿ ñòàëèõ âiäíîñèí ó êîíêóðåíòíèõ óìîâàõ ïîðîäèëà
ôóíäàìåíòàëüíèé çñóâ îðãàíiçàöiéíî¨ ñòðàòåãi¨ i ïàðàäèãìè ìàðêåòèíãó,
ùî äàëè íîâå âèçíà÷åííÿ ïðîöåñó îáìiíó [4].

Âïðîâàäæåííÿ åôåêòèâíî¨ ñòðàòåãi¨ ìàðêåòèíãîâèõ êîìóíiêàöié ïðè-
çíà÷åíå âiäñòåæóâàòè çìiíè ó òîìó, ÿê ñïîæèâà÷i ïðîâîäÿòü âiëüíèé ÷àñ, i
çäiéñíþâàòè âiäïîâiäíi êîðèãóâàííÿ ó ìàðêåòèíãîâèõ ïëàíàõ i ïðîãðàìàõ
ùîäî êîìóíiêàöié çi ñïîæèâà÷àìè [5]. Ñëóøíå óïðàâëiííÿ ìàëèì áiçíåñîì
ïîòðåáó¹ ìàêñèìàëüíèõ êiíöåâèõ ðåçóëüòàòiâ iç ìîæëèâèìè íàéìåíøèìè
âèòðàòàìè, i öå ïðàâèëî íàéáiëüøîþ ìiðîþ âiäïîâiäà¹ ñôåði ìàðêåòèíãó,
îñêiëüêè ÌÏ ìà¹ âiäðiçíÿòèñÿ âiä âëàñíîãî êîíêóðåíòà, íàâiòü çà óìîâ
îáìåæåíîñòi ðåñóðñiâ. Öèôðîâèé ìàðêåòèíã âèÿâëÿ¹ ïåâíi òåíäåíöi¨, i äå-
ÿêi ç íèõ â êiíöåâîìó ïiäñóìêó ñòàþòü äi¹âèìè ÷èííèêàìè âïëèâó [6]. Ïðè-
÷èíà öüîãî ïîëÿãà¹ â òîìó, ùî áiëüøiñòü òåíäåíöié öèôðîâîãî ìàðêåòèíãó
âèíèêàþòü ÿê ðåàêöi¨ íà íîâi òåõíîëîãi¨ àáî íîâó ïîâåäiíêó ñïîæèâà÷iâ,
òîáòî âîíè çàïîâíþþòü ïîòðåáè, ÿêi ïî÷àëè ç'ÿâëÿòèñÿ. Ñüîãîäíi ìîáiëü-
íèé ìàðêåòèíã ñòàâ âàæëèâèì çíàðÿääÿì öèôðîâîãî ìàðêåòîëîãà, òîìó
íåîáõiäíî äîñëiäèòè îñíîâíi òåíäåíöi¨ öèôðîâîãî ìàðêåòèíãó, ÿêi âiäáóâà-
þòüñÿ â ñåðåäîâèùi ìàëîãî áiçíåñó.

Íîâi öèôðîâi ðåñóðñè äëÿ êîìóíiêàöié ìàëîãî ïiäïðè¹ìñòâà

Åëåêòðîííèé ìàðêåòèíã ¹ îäíi¹þ ç êðàùèõ êîìóíiêàöiéíèõ ñòðàòåãié
äëÿ ìàëîãî áiçíåñó. Âèêîðèñòàííÿ ìàëèìè ïiäïðè¹ìñòâàìè âåëèêî¨ êiëüêî-
ñòi íîâèõ òåõíîëîãié ðåàëiçóþòü íîâi ìîæëèâîñòi äëÿ ñòâîðåííÿ i óòðèìàí-
íÿ ïëiäíèõ çâ'ÿçêiâ ç iñíóþ÷èìè i ìàéáóòíiìè ñïîæèâà÷àìè. Ïðîòå, çà ñó-
÷àñíèõ óìîâ öèôðîâiçàöi¨, êëþ÷îâèì ÷èííèêîì óñïiõó ¹ çíàííÿ ïëàòôîðì
i òåõíîëîãié, ÿêi ïðåäñòàâëÿþòü íàéêðàùi ìîæëèâîñòi äëÿ áiçíåñó i öiëüî-
âèõ ñåãìåíòiâ ÌÏ. Îñòàííiìè ðîêàìè âiäçíà÷åíî ðÿä òåíäåíöié, ïîòåíöiéíî
êîðèñíèõ äëÿ ìàëîãî ïiäïðè¹ìñòâà, çîêðåìà, Twitter, YouTube, Google+
òà Email [6]. Òàê, Twitter � öå ñîöiàëüíà ìåðåæà, äå ìîæíà ðîçìiùóâà-
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òè ïðîïîçèöi¨, ðåêëàìíi àêöi¨ òà îãîëîøåííÿ äëÿ iñíóþ÷èõ òà ïîòåíöiéíèõ
ñïîæèâà÷iâ, ïðîòå óñïiøíå âèêîðèñòàííÿ Twitter ïîòðåáó¹ ïî¹äíàííÿ ií-
ôîðìàöi¨ ïðî êîìïàíiþ, öiêàâèõ ïîñèëàíü, îñîáèñòèõ iíòåðåñiâ i ðåêëàì-
íèõ àêöié êîìïàíi¨. Íà êàíàëi YouTube ìîæíà ðîçìiùóâàòè âiäåîðîëèêè,
ÿêi ðîçâàæàþòü, à òàêîæ ïðîñóâàþòü ïîñëóãè ïiäïðè¹ìñòâà, â ðåçóëüòàòi
âiäåî ìîæå ñïðèÿòè çàëó÷åííþ íîâèõ êëi¹íòiâ. Êàíàë Google+ ìîæå ñòâî-
ðèòè êîíêóðåíòíó ïåðåâàãó ùîäî êîìóíiêàöiéíèõ çàõîäiâ ÌÏ. Åëåêòðîííà
ïîøòà Email iñíóþ÷èõ i ïîòåíöiéíèõ êëi¹íòiâ ìîæå áóòè åôåêòèâíèì çíà-
ðÿääÿì, çâàæàþ÷è íà ñïîñiá âèêîðèñòàííÿ åëåêòðîííî¨ ïîøòè. Îñêiëüêè
åëåêòðîííi ëèñòè ìîæíà âiäñòåæóâàòè, åëåêòðîííèé ìàðêåòèíã äîçâîëÿ¹
îöiíèòè åôåêòèâíiñòü ïîâiäîìëåíü, àäàïòóâàòè ¨õ äëÿ ïîòî÷íèõ òà íîâèõ
êëi¹íòiâ.

Ìàðêåòèíã ó ñîöiàëüíèõ ìåðåæàõ

Ñîöiàëüíi ìåäià ¹ íàäçâè÷àéíî âàæëèâèì ìàðêåòèíãîâèì iíñòðóìåí-
òîì äëÿ öèôðîâèõ ìàðêåòîëîãiâ, çâàæàþ÷è íà òå, ùî öiëüîâà àóäèòîðiÿ i
ìàéáóòíi êëi¹íòè ïðîâîäÿòü áàãàòî ÷àñó â öèõ ìåðåæàõ. Ó âñüîìó ñâiòi êî-
ðèñòóâà÷i ñîöiàëüíèõ ìåðåæ ïðîâîäÿòü â ñåðåäíüîìó 135 õâèëèí íà äåíü
â ñîöiàëüíèõ ìåðåæàõ, i êiëüêiñòü ÷àñó çðîñòà¹ ç êîæíèì ðîêîì [6]. Áiëüøå
òîãî, ëþäè âñå áiëüøå âèêîðèñòîâóþòü ñîöiàëüíi ìåðåæi äëÿ âèâ÷åííÿ íî-
âèõ ïðîäóêòiâ i ïîñëóã, âèâ÷åííÿ ïåâíèõ áðåíäiâ, ùî äîïîìàãà¹ ïðèéìàòè
îñòàòî÷íå ðiøåííÿ ùîäî êóïiâëi òîâàðó ÷è ïîñëóãè. ÌÏ ìà¹ âñòàíîâëþ-
âàòè çâ'ÿçîê çi ñâî¹þ àóäèòîði¹þ â ñîöiàëüíèõ ìåðåæàõ i çàáåçïå÷óâàòè
âëàñíó êîíêóðåíòíó ïåðåâàãó. Çîêðåìà, çàñîáè âèêîðèñòàííÿ ìàëèìè ïiä-
ïðè¹ìñòâàìè ìàðêåòèíãó â ñîöiàëüíèõ ìåðåæàõ äëÿ ñòèìóëþâàííÿ iñíóþ-
÷èõ êëi¹íòiâ i çàëó÷åííÿ íîâèõ ñïîæèâà÷iâ ìiñòÿòü îáìií öiêàâèì i àêòó-
àëüíèì êîíòåíòîì; çàëó÷åííÿ àóäèòîði¨ äî ðîçìîâè; âèêîðèñòàííÿ ñîöiàëü-
íèõ ìåðåæ äëÿ îáñëóãîâóâàííÿ êëi¹íòiâ, âêëþ÷àþ÷è âiäïîâiäi íà ïèòàííÿ
i ðîçãëÿä ñêàðã; âèêîðèñòàííÿ ðåêëàìè â ñîöiàëüíèõ ìåðåæàõ äëÿ îõîïëå-
ííÿ íîâèõ àóäèòîðié; çàáåçïå÷åííÿ ëîÿëüíîñòi äî áðåíäó øëÿõîì çàëó÷åí-
íÿ, êîìåíòóâàííÿ òà îáìiíó iíôîðìàöi¹þ; ñïiâïðàöÿ ç âïëèâîâèìè îñîáàìè
äëÿ âèõîäó íà íîâi ðèíêè i ïiäâèùåííÿ äîâiðè; àíàëiç äàíèõ äëÿ êðàùî-
ãî ðîçóìiííÿ ïîòðåá i ïîâåäiíêè iñíóþ÷èõ i ïîòåíöiéíèõ êëi¹íòiâ; çâ'ÿçîê
ç àóäèòîði¹þ íà áiëüø îñîáèñòîìó ðiâíi i ïîáóäîâà âiäíîñèí.

Ñòðàòåãiÿ ãîëîñîâî¨ êîìóíiêàöi¨ ¹ îäíi¹þ ç íàéïðîñòiøèõ i ïî-
øèðåíèõ ôîðì ëþäñüêî¨ âçà¹ìîäi¨, òîìó ÌÏ ìîæå âèêîðèñòîâóâàòè ãîëîñ
ó âçà¹ìîäi¨ ç òåõíîëîãiÿìè ìàðêåòèíãîâèõ êîìóíiêàöié. Íàñïðàâäi, ñòâî-
ðåííÿ ñòðàòåãi¨ ãîëîñîâîãî ïîøóêó ñòà¹ ãîëîâíèì ïðiîðèòåòîì äëÿ ìàëîãî
áiçíåñó.

Êîíòåíò-ìàðêåòèíã � öå äèñöèïëiíà öèôðîâîãî ìàðêåòèíãó, ÿêà âè-
êîðèñòîâó¹ êîíòåíò äëÿ çàëó÷åííÿ, ñòâîðåííÿ çâ'ÿçêiâ i óòðèìàííÿ êëi-
¹íòiâ. Êðàùèé ïiäõiä äî êîíòåíò-ìàðêåòèíãó � öå iíòåãðàöiÿ ëîêàëüíèõ i
çîâíiøíiõ êîíòåíòíèõ ñòðàòåãié ó çàãàëüíó öèôðîâó iíiöiàòèâó ïiäïðè¹ì-
ñòâà. Îäíèì iç íàéâàæëèâiøèõ åëåìåíòiâ êîìïëåêñíî¨ ãîëîñîâî¨ ñòðàòåãi¨
¹ îïòèìiçàöiÿ êîíòåíòó çà äîïîìîãîþ òèïiâ êëþ÷îâèõ ñëiâ, ÿêi çàçâè÷àé
ç'ÿâëÿþòüñÿ â ãîëîñîâîìó ïîøóêó, çîêðåìà, â ôîðìàòàõ êîìàíä i ïèòàíü.
Êëþ÷îâi ñëîâà òàêîæ âiäïîâiäàþòü íà òèïè ïèòàíü êëi¹íòiâ. Íàïðèêëàä,
çðîñòàþ÷à òåíäåíöiÿ � öå iíòåðàêòèâíèé êîíòåíò, ÿêèé äîçâîëÿ¹ ÷ëåíàì
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àóäèòîði¨ àêòèâíî âçà¹ìîäiÿòè ç áðåíäàìè. Ãàðìîíiçàöiÿ öèôðîâèõ òåõíî-
ëîãié ç ôiçè÷íîþ ðåàëüíiñòþ îçíà÷à¹, ùî öèôðîâi òåõíîëîãi¨ ìîæóòü áóòè
çíàðÿääÿì ñüîãîäåííÿ i ìàéáóòíüîãî, àëå ìàðêåòèíãîâi äîñëiäæåííÿ ïî-
âåäiíêè ñïîæèâà÷iâ äîâîäÿòü, ùî ëþäè íå ñõèëüíi ïîâíiñòþ âiäìîâëÿòèñÿ
âiä òðàäèöiéíèõ ïîêóïîê â ìàãàçèíi, òîìó êîìïàíi¨ ïî÷àëè àäàïòóâàòè öè-
ôðîâi òåõíîëîãi¨, ùî äîçâîëÿþòü âçà¹ìîäiÿòè çi ñïîæèâà÷àìè, ÿêi ôiçè÷íî
ïðèñóòíi â ïóíêòàõ ïðîäàæó [7].

Öiêàâî äîñëiäèòè àìåðèêàíñüêèé äîñâiä ùîäî iíâåñòèöié ÌÏ ó öèôðî-
âèé ìàðêåòèíã. Äîñëiäæåííÿ âêàçóþòü, ùî áàãàòî ÌÏ âêëàäàþòü íåâåëèêi
iíâåñòèöi¨ ó öèôðîâèé ìàðêåòèíã, çîêðåìà, íà ñîöiàëüíi ìåðåæi, âåá-ñàéò
i Email ìàðêåòèíã [7]. Ó 2017 ð. ìàéæå ïîëîâèíà àìåðèêàíñüêèõ ÌÏ âè-
òðàòèëè 10 òèñ. äîë. àáî ìåíøå íà öèôðîâèé ìàðêåòèíã [7]. Òiëüêè ÷âåðòü
àìåðèêàíñüêèõ ÌÏ âèòðàòèëè 10,01�100 òèñ. äîë. íà öèôðîâèé ìàðêåòèíã,
à 13% ïiäïðè¹ìñòâ âèòðàòèëè ïîíàä 500 òèñ. äîë. [7]. Éìîâiðíî, öå ïîâ'ÿ-
çàíî ç òèì, ùî áiëüøiñòü ÌÏ äóæå ìàëi, ç êiëüêiñòþ ïðàöþþ÷èõ ìåíøå 10
îñiá. Öi ïiäïðè¹ìñòâà ïðèíîñÿòü íåâåëèêèé äîõiä i òîìó ìàþòü îáìåæåíi
ðåñóðñè íà ìàðêåòèíãîâi âèòðàòè. Ïðîòå, íåçâàæàþ÷è íà íåâåëèêi áþäæå-
òè, áiëüøiñòü ÌÏ (62%) âïðîâàäæóþòü òåõíîëîãi¨ öèôðîâîãî ìàðêåòèíãó
i çäiéñíþþòü ñâî¨ ïðîäàæè ÷åðåç âåá-ñàéòè òà ñîöiàëüíi ìåðåæi [7]. Âè-
çíàíèì êàíàëîì ìàðêåòèíãîâî¨ êîìóíiêàöi¨ ¹ åëåêòðîííèé ìàðêåòèíã, ÿêèé
âèêîðèñòîâóþòü 39% àìåðèêàíñüêèõ ÌÏ. Ïîïóëÿðíiñòü öèõ êàíàëiâ ìàðêå-
òèíãîâî¨ êîìóíiêàöi¨, à òàêîæ îáãîâîðåííÿ êîíòåíò-ìàðêåòèíãó ïîêàçóþòü,
ùî ÌÏ çàöiêàâëåíi ó âèêîðèñòàííi öèôðîâîãî ìàðêåòèíãó. Áàãàòî êîìïàíié
óñâiäîìëþþòü öå, òîìó áiëüøiñòü ÌÏ ïëàíóþòü çáiëüøåííÿ iíâåñòèöié íà
ðîçðîáêó ñâî¨õ âåá-ñàéòiâ i êîìóíiêàöiþ â ñîöiàëüíèõ ìåðåæàõ. Ïðîòå, ÌÏ
íå çàâæäè îïòèìiçóþòü ñâî¨ ðåñóðñè â îïåðàöiÿõ âïðîâàäæåííÿ òåõíîëîãié
öèôðîâîãî ìàðêåòèíãó.

Ñëiä âiäçíà÷èòè, ùî ñüîãîäíi â íàÿâíîñòi ¹ áàãàòî iíñòðóìåíòiâ, íåîá-
õiäíèõ äëÿ ðåàëiçàöi¨ iííîâàöiéíèõ ñòðàòåãié ìàðêåòèíãîâèõ êîìóíiêàöié,
ÿêi íàäàþòüñÿ ïðàêòè÷íî áåçêîøòîâíî [8]. Iíòåðíåò-ìàðêåòèíã íå ïîâèíåí
áóòè äîðîãèì äëÿ ìàëîãî áiçíåñó, ìàëå ïiäïðè¹ìñòâî íå ìà¹ äîñòàòíüîãî
áþäæåòó, ùîá îõîïèòè ñïîæèâà÷iâ ÷åðåç òåëåâiçiéíó ðåêëàìó. Ïðîòå, íå-
îáõiäíiñòü êîíêóðóâàòè â îíëàéí-ñôåði âèìàãà¹ ïðîâåäåííÿ îïèòóâàíü íà
òåìó óïîäîáàíü òà çâè÷îê êëi¹íòiâ ó ñîöiàëüíèõ ìåðåæàõ â îáìií íà öiíîâó
çíèæêó íà ïðîäóêò äëÿ öiëüîâîãî ñåãìåíòó ïiäïðè¹ìñòâà. ÌÏ ìà¹ ñòâîðèòè
ñòîðiíêó êîìïàíi¨ äëÿ ñïiëêóâàííÿ ç êëi¹íòàìè íà Facebook; óêëàñòè óãîäó
íà ðåêëàìó ç îäíèì iç ñàéòiâ ãðóïîâèõ öiíîâèõ çíèæîê íà ïðîäóêòè êîìïà-
íi¨. Çà îöiíêàìè, êîìïàíiÿ Lexus âèòðà÷à¹ íà öèôðîâi i íîâi òåõíîëîãi¨ 50%
ìàðêåòèíãîâîãî áþäæåòó áðåíäó [9]. Äîñëiäæåííÿ Digital Marketing Insti-
tute âêàçóþòü, ùî êîìïàíi¨ âèòðà÷àþòü áëèçüêî 40% ðåêëàìíîãî áþäæåòó
íà ñòâîðåííÿ ç'âÿçêiâ iç íîâèìè êëi¹íòàìè, i 60% � íà óòðèìàííÿ iñíóþ÷èõ
ñïîæèâà÷iâ ÿê ðåòàðãåòiíã, çâàæàþ÷è íà âèñîêó âàðòiñòü çàìîâëåííÿ i çàöi-
êàâëåíiñòü â ðîçâèòêó iñíóþ÷èõ âiäíîñèí ÷åðåç öiííèé êîíòåíò i ñîöiàëüíå
îáñëóãîâóâàííÿ êëi¹íòiâ [9]. Òåõíîëîãi¨¨ AR/VR (äîïîâíåíà i âiðòóàëüíà ðå-
àëüíiñòü) ¹ íàéìåíø ïîøèðåíèìè ôîðìàìè öèôðîâîãî ìàðêåòèíãó ìàëîãî
áiçíåñó, àëå âîíè ìîæóòü áóòè äóæå åôåêòèâíèìè äëÿ äåÿêèõ ÌÏ [10].
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Ðèñ. 1. Òî÷êà áåççáèòêîâîñòi ïiäïðè¹ìñòâà

Êîíòðîëü âèòðàò íà ìàðêåòèíãîâi êîìóíiêàöi¨

Çà îöiíêàìè, ó 2020 ð. âèòðàòè ÑØÀ íà öèôðîâó ðåêëàìó äîñÿãíóòü
113,18 ìëðä. äîë., ùî âäâi÷i áiëüøå, íiæ 2 ðîêè òîìó [11]. ÌÏ ïîâèííî îöi-
íþâàòè åôåêòèâíiñòü âëàñíî¨ ñòðàòåãi¨ ìàðêåòèíãîâî¨ êîìóíiêàöi¨ íà îñíîâi
àíàëiòè÷íèõ ìåòîäiâ äëÿ âèÿâëåííÿ ïðîáëåì êîíòðîëþ âèòðàò íà ðåàëi-
çàöiþ ìàðêåòèíãîâî¨ êàìïàíi¨. Ïiäïðè¹ìñòâî ìàëîãî áiçíåñó ¹ îáìåæåíèì
ó ôiíàíñîâèõ ðåñóðñàõ, òîìó íåîáõiäíèì ¹ ïîñòiéíèé êîíòðîëü âèòðàò íà
ìàðêåòèíãîâi êîìóíiêàöi¨. Äëÿ çäiéñíåííÿ êîíòðîëþ çà âèòðàòàìè (âèçíà-
÷åííÿ åôåêòèâíîñòi çàïëàíîâàíî¨ ðåêëàìíî¨ ìàðêåòèíãîâî¨ êàìïàíi¨) êî-
ðèñíèì ¹ ôiíàíñîâèé àíàëiç áåççáèòêîâîñòi � ðîçðàõóíîê òî÷êè íóëüîâî¨
åôåêòèâíîñòi ðåêëàìíî¨ êàìïàíi¨ (ðèñ. 1) [12].

Ïîñòiéíi âèòðàòè íå çàëåæàòü âiä âåëè÷èíè îáñÿãó âèðîáíèöòâà ÷è
êiëüêîñòi ïðîäàæó i âêëþ÷àþòü òàêi ôàêòîðè, ÿê ñïëàòà âiäñîòêiâ, îïëàòà
îðåíäè, ïîãàøåííÿ ïëàòåæiâ. Âèòðàòè, ñïðÿìîâàíi íà ðåàëiçàöiþ çàïëàíî-
âàíî¨ êàìïàíi¨ ìàðêåòèíãîâèõ êîìóíiêàöié, òàêîæ âiäíîñÿòü äî ïîñòiéíèõ
âèòðàò.

Ìàðêåòèíãîâèé ìåíåäæåð ïîâèíåí âèçíà÷èòè òî÷êó íóëüîâî¨ åôåêòèâ-
íîñòi ðåêëàìè, ùî ïðåäñòàâëÿ¹ òó êiëüêiñòü ïðîäóêòó, ÿêà çàáåçïå÷óâàòèìå
áåççáèòêîâiñòü âèðîáíèöòâà àáî ïðîäàæó ïðîäóêòó, êîëè âàëîâèé äîõiä äî-
ðiâíþ¹ âàëîâèì âèòðàòàì. Òî÷êà áåççáèòêîâîñòi ðîçðàõîâó¹òüñÿ äiëåííÿì
ïîñòiéíèõ âèòðàò (FC) íà âåëè÷èíó ïîêðèòòÿ, ÿêà âèçíà÷à¹òüñÿ ÿê ðiçíèöÿ
ìiæ ïðîäàæíîþ öiíîþ çà îäèíèöþ (SP) i çìiííèìè âèòðàòàìè íà îäèíèöþ
(AVC). Òî÷êó íóëüîâî¨ åôåêòèâíîñòi ðåêëàìè äëÿ êîìïåíñàöi¨ âèòðàò íà
ìàðêåòèíãîâi êîìóíiêàöi¨ ó íàòóðàëüíîìó âèìiðþâàííi ìîæíà âèçíà÷èòè
ìàòåìàòè÷íî çà íàñòóïíîþ ôîðìóëîþ:

BEP =
FC

SP−AVC
, îä., (1)
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äå ÂÅÐ (àíãë. Break-Even Point) � òî÷êà íóëüîâî¨ åôåêòèâíîñòi
ðåêëàìíî¨ êàìïàíi¨ ìàëîãî ïiäïðè¹ìñòâà, îä.;

FC � âèòðàòè íà ìàðêåòèíãîâi êîìóíiêàöi¨, ãðí.;
SP � ïðîäàæíà öiíà îäèíèöi ïðîäóêòó, ãðí./îä.
AVC � çìiííi âèòðàòè íà îäèíèöþ ïðîäóêöi¨, ãðí./îä.

Ó ãðîøîâîìó âèìiðþâàííi îöiíêó òî÷êè íóëüîâî¨ åôåêòèâíîñòi ìàð-
êåòèíãîâî¨ êàìïàíi¨ ìîæíà ðîçðàõóâàòè çà íàñòóïíîþ ôîðìóëîþ:

BEP =
FC

1− AVC

SP

, ãðí. (2)

Òî÷êà íóëüîâî¨ åôåêòèâíîñòi ðåêëàìè âêàçó¹, íà ÿêó âåëè÷èíó ïî-
âèíåí çðîñòè îáñÿã çáóòó òîâàðó (ó íàòóðàëüíèõ àáî ãðîøîâèõ îäèíèöÿõ
âèìiðó) ïðè íåçìiííié öiíi ðåàëiçàöi¨, ùîá ïiäïðè¹ìñòâî áóëî ñïðîìîæíèì
âiäøêîäóâàòè äîäàòêîâi âèòðàòè íà ðåêëàìíó êàìïàíiþ êîìóíiêàöi¨ çi ñïî-
æèâà÷àìè.

Ïiñëÿ êiëüêiñíîãî âèçíà÷åííÿ òî÷êè íóëüîâî¨ åôåêòèâíîñòi ìàðêåòèí-
ãîâî¨ êàìïàíi¨, ÌÏ ïîâèííî ç'ÿñóâàòè, íàñêiëüêè iìîâiðíå çðîñòàííÿ îáñÿãó
ðåàëiçàöi¨ òîâàðó ïðè çáiëüøåííi âèòðàò íà ðåêëàìó, òà âèçíà÷èòè ðåàëüíi
ìîæëèâîñòi âiäøêîäóâàííÿ ôiíàíñîâèõ âèòðàò íà iìïëåìåíòàöiþ çàõîäiâ
çàïëàíîâàíî¨ ñòðàòåãi¨ ìàðêåòèíãîâèõ êîìóíiêàöié.

Âèñíîâêè

Öèôðîâèé ìàðêåòèíã âïëèâà¹ íà ðèíêîâèé óñïiõ ÌÏ i äèíàìi÷íî ðîç-
âèâà¹òüñÿ çàâäÿêè øâèäêèì çìiíàì òåõíîëîãié òà óïîäîáàíü ñïîæèâà÷iâ.
Ìàðêåòèíã ó ñîöiàëüíèõ ìåðåæàõ ¹ îäíèì ç íàéïîòóæíiøèõ ìàðêåòèí-
ãîâèõ iíñòðóìåíòiâ äëÿ ìàëîãî áiçíåñó. Ñòâîðåííÿ ïðîôiëþ â ñîöiàëüíèõ
ìåðåæàõ ¹ âàæëèâèì äëÿ ÌÏ, ïðè öüîìó íåîáõiäíî ïiäòðèìóâàòè ïðèñó-
òíiñòü íà ïëàòôîðìi i âçà¹ìîäiÿòè ç àóäèòîði¹þ. Åëåêòðîííèé ìàðêåòèíã
¹ îäíi¹þ ç êðàùèõ êîìóíiêàöiéíèõ ñòðàòåãié äëÿ ìàëîãî áiçíåñó, âiä âèõî-
âàííÿ äî ëiäåðñòâà â óïðàâëiííi âçà¹ìîâiäíîñèíàìè ç êëi¹íòàìè. Êîíòåíò-
ìàðêåòèíã ìiñòèòü óñþ iíôîðìàöiþ ïðî êëi¹íòà i éîãî ïîòðåáè. Êðàùèé
ïiäõiä äî êîíòåíòíîãî ìàðêåòèíãó íàäà¹ iíòåãðàöiÿ ëîêàëüíèõ i çîâíiøíiõ
êîíòåíòíèõ ñòðàòåãié ó çàãàëüíó öèôðîâó iíiöiàòèâó ÌÏ. Óñïiøíèé êîðïî-
ðàòèâíèé i ïåðñîíàëüíèé áðåíäèíã ñóòò¹âî âïëèâàþòü íà ëîëüíiñòü êëi¹í-
òiâ. Âäàëå çàñâî¹ííÿ òà âèêîðèñòàííÿ ÌÏ òåíäåíöié ðîçâèòêó öèôðîâîãî
ìàðêåòèíãó ¹ êëþ÷îâèì ÷èííèêîì ðèíêîâîãî óñïiõó, ùî çàëåæèòü âiä âïðî-
âàäæåííÿ äîñÿãíåíü ñòðàòåãi÷íî¨ åâîëþöi¨ ñîöiàëüíèõ ìåðåæ, êîíòåíòó i
õàðàêòåðó âçà¹ìîäi¨ áiçíåñó çi ñâî¨ìè êëi¹íòàìè, ÿê ó âiðòóàëüíié ðåàëü-
íîñòi, òàê i â ôiçè÷íîìó ñâiòi. Óñïiøíå óïðàâëiííÿ ïiäïðè¹ìñòâîì âèìàãà¹
âiä ìåíåäæìåíòó ôiíàíñîâîãî àíàëiçó âèòðàò íà ïðîãðàìè ìàðêåòèíãîâî¨
êîìóíiêàöi¨ ÌÏ.
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Meta-theory of modern pedagogical knowledge:
Innovation, professional development

Hanna Tsvetkova1,2, Iryna Voityuk1,3, Victoriia Domina4,5

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 20th—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,
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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. Ferrière, 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 (Italy) — 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. Ihnatovych, 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



Educational innovation studies as a complex system 93

(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, KyivExpoPlaza, October 23, 2013 (Education–
2013, 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 Educational 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,
Z.Z. 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.I. 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-
monstration 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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Âiä ðåäàêöi¨

Ìiæíàðîäíèé æóðíàë ¾Interdisciplinary studies of complex systems¿
âèõîäèòü äðóêîì ïîíàä ñiì ðîêiâ. Çàñíîâíèêàìè æóðíàëó áóëè óêðà¨íñüêi
òà çàðóáiæíi ìàòåìàòèêè, ôiçèêè, ôiëîñîôè.

Iäå¨ íà ÿêèõ ãðóíòóâàâñÿ æóðíàë áóëè ñôîðìóëüîâàíi ùå ïåðøèì ïðå-
çèäåíòîì Óêðà¨íñüêî¨ Àêàäåìi¨ Íàóê Âîëîäèìèðîì Âåðíàäñüêèì, � öå iäå¨
ïðî ïåðåõiä áiîñôåðè ó íîîñôåðó, ïðî çðîñòàííÿ ðîëi ëþäñüêî¨ äóìêè, ïðî
ñèíòåç ÿê ìàãiñòðàëüíèé øëÿõ ðîçâèòêó ñó÷àñíîãî ñóñïiëüñòâà.

Çàâäàííÿì æóðíàëó áóëî ñòâîðèòè ìàéäàí÷èê äëÿ ñòàòåé ç ìiæäè-
ñöèïëiíàðíèõ äîñëiäæåíü ó ãàëóçi ïðèðîäíè÷èõ íàóê, iñòîði¨ íàóêè òà ôi-
ëîñîôi¨.

Ç ÷àñîì êîëî íàóê, ùî ðîçãëÿäàëèñü ìiæäèñöèïëiíàðíèìè äîñëiäæå-
ííÿìè, áóëî ðîçøèðåíî òà îõîïèëî ãóìàíiòàðíi íàóêè, ñîöiîëîãiþ, ïñèõî-
ëîãiþ, ïåäàãîãiêó.

Ñüîãîäíi, êîëè ìè áà÷èìî â Óêðà¨íi áðàê íàóêîâèõ ðåöåíçîâàíèõ ÷àñî-
ïèñiâ ç òåîði¨ ìóçèêè i ìóçè÷íî¨ îñâiòè, à íà àäðåñó íàøîãî æóðíàëó ñòàëè
íàäõîäèòè ðîáîòè ïîâ'ÿçàíi ç ïèòàííÿìè ìóçè÷íîãî ìèñòåöòâà, ðåäêîëåãiÿ
æóðíàëó âèðiøèëà äîëó÷èòè äî êîëà ñòàòåé, ùî ðîçãëÿäàþòüñÿ ðîáîòè ç
ìóçèêè.

Àðòóð Øîïåíãàóåð ñòâåðäæóâàâ, ùî ìóçèêà âèðàæà¹ êâiíòåñåíöiþ
æèòòÿ òà íà âiäìiíó âiä iíøèõ ìèñòåöòâ íå ¹ âiäòèñê iäåé, íå ¹ âiäîáðà-
æåííÿì iäåé, à ¹ ìåòàôiçè÷íå ÿâèùå áåçïîñåðåäíüî¨ iäå¨, i, òîìó ¹ âèùîþ
ôîðìîþ ïiçíàííÿ ñâiòó. ßê i ìàòåìàòèêà. Ñó÷àñíà êëàñè÷íà ìóçèêà ñòà¹
âñå áiëüø ìåíòàëüíîþ, àâòîðè ÷àñòî íåõòóþòü ãàðìîíi¹þ òà ìåëîäi¹þ, âè-
êëþ÷àþòü åìîöiéíó ñêëàäîâó äëÿ áåçïîñåðåäíüîãî äîíåñåííÿ iäå¨ òâîðó. Ó
ñó÷àñíié ìóçèöi âñå áiëüøå ïðîñëiäêîâó¹òüñÿ âçà¹ìîäiÿ ç ïñèõîëîãi¹þ, ëií-
ãâiñòèêîþ, íîâèìè òåõíîëîãiÿìè. . . Ïîëiñòèëiñòèêà â ìóçèöi òà íîâi ôîðìè
âèðàæåííÿ i íîâi ìåòîäè ìóçè÷íî¨ îñâiòè ïîòðåáóþòü ïîäàëüøîãî ôiëîñîô-
ñüêîãî îñìèñëåííÿ.

Ìè ìà¹ìî íàäiþ, ùî âêëþ÷åííÿ äî æóðíàëó ñòàòåé ç ïèòàíü ìóçèêè
ðîçøèðèòü êîëî ìiæäèñöèïëiíàðíèõ äîñëiäæåíü, âiäêðè¹ íîâi ãðàíi ñó÷à-
ñíèõ òåíäåíöié ó ðîçâèòêó íàóêè i ìèñòåöòâà.
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Ìóçûêà êàê ïîñòèæåíèå ñìûñëîâ

Íàòàëèÿ Êîíäðàòüåâà1

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
¾thinking in music¿.

¾Åñëè â îñíîâå âñåëåííîé ëåæàò âèáðàöèè, íå îçíà-
÷àåò ëè ýòî,
÷òî âñåëåííàÿ âåäåò ñåáÿ êàê ìóçûêàëüíûé èíñòðó-
ìåíò?¿

Ñòåôîí Àëåêñàíäð ¾Äæàç Ôèçèêè¿

Åñëè ðàé î÷åðòèòü ãðàíèöåé è çàìêíóòü ýòó ãðàíèöó íà çàìîê, òî ðàé
ìîæåò ïðåâðàòèòüñÿ â àä. Ñåãîäíÿ, êîãäà ìèð íàêðûëà ïàíäåìèÿ íîâîãî âè-
ðóñà îò êîòîðîãî íåò âàêöèíû è ñòðàíû ââåëè æåñòêèé êàðàíòèí äëÿ ñâîèõ
ãðàæäàí, ìíîãèå ïîëó÷èëè òî, ÷òî óñëîâíî ìîãëè íàçûâàòü ðàåì,� ìîæíî
âûñïàòüñÿ, ìîæíî ñêîëüêî õî÷åøü ÷èòàòü êíèãè è ñìîòðåòü ôèëüìû, çàíè-
ìàòüñÿ ëþáèìûìè äåëàìè, à åñëè åñòü ñàä, áàññåéí... Íî ïî÷åìó-òî ÷åðåç
äâå-òðè íåäåëè î÷åíü õî÷åòñÿ âûéòè çà ïðåäåëû ýòîãî ðàÿ è ñî âðåìåíåì îí
ñòàíîâèòñÿ âñå òÿãîñòíåå. Ñîçíàíèå íà÷èíàåò îáðàùàòü âíèìàíèå íà ìûñ-
ëè, êîòîðûå ðàíüøå ïðîõîäèëè ñêâîçü íåãî íå îñòàâëÿÿ ñëåäà. Íà÷èíàåòñÿ
ïîèñê íîâûõ ñìûñëîâ.

Â 2002 ãîäó Àðòåì Âàðãàôòèê ñíÿë ôèëüì ¾Àëüôðåä Øíèòêå è êðà-
ñîòà â ìóçûêå¿. Â ýòîì ôèëüìå îí ïîïûòàëñÿ ðàññìîòðåòü òâîð÷åñòâî êîì-
ïîçèòîðà ñ òî÷êè çðåíèÿ ïîïûòêè âûéòè èç ¾ðàÿ¿ âñåé èçâåñòíîé óæå ìó-
çûêè è ïîñìîòðåòü ÷òî æå íàõîäèòüñÿ çà ýòèìè ãðàíèöàìè. Ýòî áûëè ïî-
èñêè íîâûõ ñìûñëîâ...

Ïðèíÿòî ñ÷èòàòü, ÷òî ñîâðåìåííàÿ íàóêà áåðåò ñâîå íà÷àëî ñ ñýðà
Èñààêà Íüþòîíà, åãî ôóíäàìåíòàëüíîãî òðóäà ¾Ìàòåìàòè÷åñêèå íà÷àëà
íàòóðàëüíîé ôèëîñîôèè¿ (¾Ìàòåìàòè÷åñêèå îñíîâû ôèçèêè¿), òåîðèè òÿ-
ãîòåíèÿ è öåëîãî ðÿäà äðóãèõ çàìå÷àòåëüíûõ åãî îòêðûòèé. Â ñîõðàíèâ-
øèõñÿ òåòðàäÿõ Íüþòîíà åãî êåìáðèäæñêîãî ïåðèîäà âèäíî, ÷òî ó÷åíûé
çàíèìàëñÿ òàê æå òåîðèåé ìóçûêè êàê ÷àñòüþ ìàòåìàòèêè. Â ýòî âðåìÿ
âåëèêèé Èîãàí Ñåáàñòèàí Áàõ, èñïîëüçóÿ ìàòåìàòèêó, îòêðûë íîâûå ãî-
ðèçîíòû ìóçûêàëüíûõ âîçìîæíîñòåé â ïîëèôîíèè è ãàðìîíèè, îáîáùàë
òåìïåðàöèþ.

1nkondr24@gmail.com
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Ïðè äâîðå Ôðèäðèõà II Áàõ âïåðâûå èãðàë íà íîâîì èíñòðóìåíòå,�
ïèàíèíî. È ìîã âñòðåòèòü òàì Ëåîíàðäà Ýéëåðà, êîòîðûé òàê æå ðàññìàò-
ðèâàë ìóçûêó êàê ÷àñòü ìàòåìàòèêè è ââåë â íåå ïîíÿòèå ¾ãðàäóñà êðàñî-
òû¿ (ãàðìîíèè).

Â òî âðåìÿ ðàñïðîñòðàíåíèå íîâûõ çíàíèé è ëþáîé äðóãîé èíôîðìà-
öèè çàâèñåëî, êàê è òûñÿ÷è ëåò íàçàä, îò êîëè÷åñòâà ëîøàäåé â óïðÿæêå è
âåòðà ïîä ïàðóñîì. Íî â ÷åëîâå÷åñêîå ñîçíàíèå âñå øèðå âõîäèëî ïîíÿòèå
ìûñëè è èäåè, íàó÷íàÿ ìûñëü ñïîñîáñòâîâàëà áûñòðîìó ðàçâèòèþ òåõíèêè,
èçîáðåòåíèÿ èçìåíÿëè æèçíü. Ìûñëü ñòàíîâèëàñü ïðîñòðàíñòâîì è ìóçûêà
ñòàíîâèëàñü âñå áîëåå ìåíòàëüíîé.

Øîïåíãàóåð ïèñàë: ¾Ìóçûêà âûðàæàåò êâèíòýññýíöèþ æèçíè è â îò-
ëè÷èå îò äðóãèõ èñêóññòâ íå åñòü îòðàæåíèå èäåé, à åñòü ìåòàôèçè÷åñêîå
ÿâëåíèå íåïîñðåäñòâåííîé èäåè è, ïîýòîìó, åñòü âûñøàÿ ôîðìà ïîçíàíèÿ
ìèðà¿.

Ïîÿâëåíèå ïîåçäîâ, àâòîìîáèëåé, ñàìîëåòîâ, òåëåãðàôà, òåëåôîíà, êîì-
ïüþòåðà èçìåíèëè ìèð. Íà÷èíàëàñü ýïîõà, êîòîðóþ Âåðíàäñêèé íàçâàë
¾Îò áèîñôåðû ê íîîñôåðå¿. È ìóçûêà êàê çåðêàëî âðåìåíè èñêàëà íîâûå
ôîðìû è íîâîå çâó÷àíèå. Â ÕÕ âåêå âåíñêèå êëàññèêè âî ãëàâå ñ Øåíáåð-
ãîì, ìîñêîâñêèå êëàññèêè âòîðîé ïîëîâèíû ÕÕ âåêà Øíèòêå, Ãóáàéäóëè-
íà, Äåíèñîâ, àíãëèéñêèé êîìïîçèòîð Áåíäæàìèí Áðèòòåí, àìåðèêàíåö Ôè-
ëèï Ãëàññ, íåìåöêèå êîìïîçèòîðû Øòîêõàóçåí è Ëàõåíìàíí, ôðàíöóçñêèé
êîìïîçèòîð Êñåíàêèñ è èòàëüÿíñêèé Ëóèäæè Íîíî, óêðàèíñêèé êîìïîçè-
òîð Ñèëüâåñòðîâ è öåëûé ðÿä äðóãèõ êîìïîçèòîðîâ ïðîâåëè ãðàíäèîçíûé
ýêñïåðèìåíò â ìóçûêå. Âñå ÷àùå êîìïîçèòîðû ÷åðåç ìóçûêó ïûòàëèñü âû-
ðàæàòü êîíêðåòíûå ôèëîñîôñêèå èäåè è êîíöåïöèè, âñå ÷àùå îáðàùàëèñü
ê ìàòåìàòèêå è ïûòàëèñü ÷åðåç ¾ìàòåðèàëüíóþ¿ ìóçûêàëüíóþ ôîðìó íàé-
òè îòðàæåíèå íåñëûøèìîé êîñìè÷åñêîé ìóçûêè...

Àëüôðåä Øíèòêå â ñâîèõ èíòåðâüþ ðàññêàçûâàë, ÷òî ñïåðâà îí, êàê è
äðóãèå ñòóäåíòû êîíñåðâàòîðèè, ðàññ÷èòûâàë ìóçûêó ïî ôîðìóëàì è íà-
äåÿëñÿ, ÷òî êîãäà áóäåò íàéäåíà ñàìàÿ ñîâåðøåííàÿ ìàòåìàòè÷åñêàÿ ôîð-
ìóëà, ìîæíî áóäåò ñîçäàòü ñàìîå ñîâåðøåííîå ìóçûêàëüíîå ïðîèçâåäåíèå.
Íî ðàññ÷èòàííàÿ ìóçûêà ïîëó÷àëàñü ñêó÷íîé, è åñëè óäàâàëîñü íàïèñàòü
÷òî-òî èíòåðåñíîå, òî ýòî, êàê ïðàâèëî, áûëî ñëåäñòâèåì îøèáêè â ðàñ-
÷åòàõ. È òîëüêî ïîçæå, â ïåðèîä áîëüøîãî ýìîöèîíàëüíîãî ïåðåæèâàíèÿ
Øíèòêå âïåðâûå ¾óñëûøàë¿ ìóçûêó è çàïèñàë åå. Ïðîèçîøëî òî, ÷òî â íà-
óêå èçâåñòíî êàê îçàðåíèå. Ïîòîì âîçíèêëî îùóùåíèå íàõîæäåíèÿ âñå ìó-
çûêè (ïðîøëîé, íàñòîÿùåé è áóäóùåé) îäíîâðåìåííî ãäå-òî âî âñåëåííîé.
Ýòó ôèëîñîôñêóþ êîíöåïöèÿ îí íàçâàë ïîëèñòèëèñòèêîé è íàïèñàë ïîëè-
ñòèëèñòè÷åñêèå ïðîèçâåäåíèå, òàêèå, êàê íàïðèìåð, Concerto Grosso �1.
Ïîëèñòèëèñòèêà çàêëþ÷àëàñü è â ñèíòåçå ýêñïåðèìåíòà, îçàðåíèé è îáðà-
ùåíèé ê ¾ñòàðîé¿ øêîëå.

Ìóçûêà âñå ÷àùå âîñïðèíèìàëàñü êàê êîñìè÷åñêîå, âñåëåíñêîå ÿâëå-
íèå è íàîáîðîò. Íàðÿäó ñ ýòèì ÷àñòî èñ÷åçàëà ìåëîäèÿ, îíà ïðèíîñèëàñü
â æåðòâó ïðÿìîìó äîñòóïó àâòîðñêîé êîíöåïöèè äî ñëóøàòåëÿ. ×àñòî ìó-
çûêà ïèñàëàñü äëÿ ìóçûêàíòîâ è áûëà ïîíÿòíà òîëüêî èì. Â èòîãå âñåõ
ïîáåä è ïîðàæåíèé ÕÕ âåê ñîçäàë ïîäëèííûå ìóçûêàëüíûå øåäåâðû è,
ïðîäåëàâ áîëüøîé ìóçûêàëüíûé ýêñïåðèìåíò îáîãàòèë ìóçûêàëüíîå èñ-
êóññòâî íîâûì ïîíèìàíèåì ìèðà.



108 Í. Êîíäðàòüåâà

Â 2015 ãîäó âûøëà êíèãà Ôèëèïà Ãëàññà ¾Ñëîâà áåç Ìóçûêè¿ (¾Words
without Music¿). Âûäàþùèéñÿ àìåðèêàíñêèé êîìïîçèòîð íàïèñàë ýòó êíè-
ãó ê ñâîåìó âîñüìèäåñÿòèëåòèþ è â êîììåíòàðèè ê ýòîé êíèãè ìîæíî ïðî-
÷åñòü, ÷òî Ãëàññ, îãëÿäûâàÿñü íà ñâîþ æèçíü âèäèò åå êàê ïðîòÿíóâøååñÿ
âî âðåìåíè è ïðîñòðàíñòâå ¾ìåñòî ìóçûêè¿, êóäà ìîæíî âåðíóòüñÿ êàê
â Áàëòèìîð èëè Èíäèþ, è òàì ¾äóìàòü ìóçûêó¿, òàê êàê ìóçûêà Ôèëèïà
Ãëàññà ýòî è åñòü åãî ìûñëü è ñëîâî.

Êîìïîçèòîðû ïðîøëîãî âåêà ÷àñòî âûíóæäåíû áûëè ïðèáåãàòü ê ñëî-
âàì, ê îáúÿñíåíèþ ñâîåé ìóçûêè, ò. ê. ýòî áûë åäèíûé ïðîöåññ ¾äóìàíèÿ
ìóçûêè¿. Îíè îñòàâèëè íàì áîëüøîé àðõèâ ñâîèõ ðàññóæäåíèé î ìóçû-
êå. Ýòîò àðõèâ, îñòàâëåííûé ìóçûêàíòàìè, áîëüøîé äàð âñåì íàì, îí íå
òîëüêî ïîçâîëÿåò ãëóáæå ïîíÿòü èõ òâîð÷åñòâî, íî è ïîìîãàåò â îñîçíàíèè
ôèëîñîôñêîãî ìûøëåíèÿ â ìóçûêå ÕÕ âåêà. Àëåêñàíäð Ñêðÿáèí, Àðíîëüä
Øåíáåðã, Àíòîí Âåáåðí, Àëüôðåä Øíèòêå, Ñîôèÿ Ãóáàéäóëèíà, Ýäèñîí
Äåíèñîâ, Âàëåíòèí Ñèëüâåñòðîâ,� â ñâîèõ èíòåðâüþ, çàïèñêàõ, ñòàòüÿõ
è äîêëàäàõ îáñóæäàëè îùóùåíèÿ â ìóçûêå òàêèõ ïîíÿòèé êàê ïðîñòðàí-
ñòâî è âðåìÿ, ãîâîðèëè îá îñîáåííîñòè ìóçûêàëüíîãî òâîð÷åñòâà è çíà÷å-
íèè ìóçûêè êàê ñïîñîáà ïîçíàíèÿ íîâûõ ñìûñëîâ è òâîðåíèÿ íîâûõ ôîðì.
Èç ýòèõ ¾ñëîâ áåç ìóçûêè¿ ñåãîäíÿ ìîæíî ñîñòàâèòü ïðåäñòàâëåíèå è òîì,
êàê ¾äóìàëè ìóçûêó¿ â ÕÕ âåêå:

ÀÍÒÎÍ ÂÅÁÅÐÍ: ¾Î÷åâèäíî, ñóùåñòâîâàëà íåêàÿ ïîòðåáíîñòü, íå-
êàÿ íåîáõîäèìîñòü, êîòîðàÿ âûçâàëà ê æèçíè òî, ÷òî ìû íàçûâàåì ìó-
çûêîé. Íåîáõîäèìîñòü âûðàçèòü ìûñëü, êîòîðóþ èíà÷å, ÷åì â çâóêàõ íå
âûðàçèòü¿. [1]

ÝÄÈÑÎÍ ÄÅÍÈÑÎÂ: ¾Ìóçûêà ìîæåò òóäà ïðîíèêíóòü, êóäà ñëîâî
íå ïðîíèêíåò¿. [2]

ÁÅÍÄÆÀÌÈÍ ÁÐÈÒÒÅÍ: ¾Êîãäà ÿ ñîçäàþ ìóçûêó, ÿ íå ìûñëþ
åå â îòðûâå îò èäåè¿. Ìûñëü â ÕÕ âåêå ñûãðàëà äîñåëå íåâèäàííóþ ðîëü.
Îáùàÿ òåîðèÿ îòíîñèòåëüíîñòè Ýéíøòåéíà çàñòàâèëà ïî íîâîìó îñìûñëè-
âàòü îêðóæàþùèé íàñ ìèð. Ïðîñòðàíñòâî ïîëó÷èëî âîçìîæíîñòü èñêðèâ-
ëÿòüñÿ, âðåìÿ ñòàíîâèòüñÿ îòíîñèòåëüíûì.

ÀËÜÔÐÅÄ ØÍÈÒÊÅ: ¾Â äåéñòâèòåëüíîñòè ëèíåéíîñòü âðåìåíè ýòî
íå ëèíèÿ. Ýòî áåñ÷èñëåííîå êîëè÷åñòâî âûõâà÷åííûõ èç ðàçíûõ ïðîñò-
ðàíñòâ òî÷åê. È âîò âîçíèêàåò òàêîå îùóùåíèå áåñêîíå÷íîãî ëåñà âðåìåí,
ãäå êàæäàÿ ëèíèÿ âðåìåíè � äðóãàÿ, êàæäîå äåðåâî ðàñòåò ïî ñâîåìó.
È âñå, ÷òî â ïðîøëîì âîçíèêëî, âîçíèêëî íà äåðåâüÿõ, êîòîðûå æèâóò è
ñåé÷àñ... Ó ìåíÿ åñòü îùóùåíèå ñîñóùåñòâîâàíèÿ âñåõ âðåìåí è âîçìîæíî-
ñòè èõ ïîÿâëåíèÿ íåçàâèñèìî äðóã îò äðóãà àáñîëþòíî âñåãäà¿. [3]

ÑÎÔÜß ÃÓÁÀÉÄÓËÈÍÀ: ¾Õî÷ó äîñòè÷ü ñâîåé ìóçûêîé òîãî, ÷òî
âñå õîòÿò äîñòè÷ü. Òî åñòü, îñóùåñòâèòü íàñòîÿùåå äëÿùååñÿ âðåìÿ, êîòî-
ðîãî â æèçíè íåò. Â æèçíè-òî íåò íàñòîÿùåãî äëÿùåãîñÿ âðåìåíè � ìû
íå èìååì âîîáùå íàñòîÿùåãî âðåìåíè â æèçíè, ìû âñå âðåìÿ ïåðåõîäèì
èç ïðîøëîãî ê áóäóùåìó, à íàñòîÿùåãî ìû íå èìååì íè îäíîãî ìãíîâåíèÿ.
È ýòî ìãíîâåíèå, ïî-ñóùåñòâó, òîëüêî â èñêóññòâå ìîæíî äîñòè÷ü, êîãäà
íàñòîÿùåå äëèòñÿ, è îíî äëèòñÿ ñ ïîìîùüþ ìóçûêàëüíîé ôîðìû¿. [4]

ÀËÜÔÐÅÄ ØÍÈÒÊÅ: ¾Ó ìåíÿ ïîÿâèëîñü ñåé÷àñ òî, ÷åãî ÿ áîëüøå
âñåãî âñåãäà õîòåë: ïîÿâèëàñü áåñêîíå÷íîñòü êàæäîé ñåêóíäû¿. [3]
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ÀËÅÊÑÀÍÄÐ ÑÊÐßÁÈÍ: ¾Âàì íå êàæåòñÿ, ÷òî ìóçûêà çàêîëäîâû-
âàåò âðåìÿ, ìîæåò åãî âîâñå îñòàíîâèòü? ... Ðèòì � çàêëèíàíèå âðåìåíè.
È â ýòîì ñìûñë ðèòìà. Òâîð÷åñêèé äóõ ïîñðåäñòâîì ðèòìîâ âûçûâàåò ñà-
ìîå âðåìÿ è óïðàâëÿåò èì¿. [5]

Â ÕÕ âåêå íàóêà íå òîëüêî èññëåäîâàëà ðàäèîàêòèâíîñòü è ñîçäà-
ëà àòîìíóþ áîìáó, ó÷åíûå îòêðûëè ¾òåìíóþ¿ ýíåðãèþ è ¾òåìíóþ¿ ìàòå-
ðèþ, êîòîðûå â ñóììå çàíèìàþò äî 95% îáúåìà Âñåëåííîé. Îïðåäåëåíèå
¾òåìíûå¿ íå íîñèò íåãàòèâíîãî çíà÷åíèÿ, òåìíûå � çíà÷èò íåèçâåäàí-
íûå, íåäîñòóïíûå íàøåìó ñëóõó è çðåíèþ, ìíèìûå ñ òî÷êè çðåíèÿ íàøåãî
ôèçè÷åñêîãî âîñïðèÿòèÿ.

Èññëåäîâàíèå ýòîé ìíèìîé ñòîðîíû Âñåëåííîé íà÷àëîñü è â ìóçûêå.
Íà÷àëñÿ ïîèñê áåñôîðìåííîé ìóçûêàëüíîé ñóáñòàíöèè, ïîèñê ¾çâó÷àùåé
Òèøèíû¿. (Àëüôðåä Øíèòêå ïîäàðèë Ã. Ðîæäåñòâåíñêîìó ôîðìóëó ¾çâó-
÷àùåé Òèøèíû¿,� ôåðìàòà íàä ïàóçîé, ïîä êîòîðîé òðè ôîðòå,� òàêàÿ
äëÿùàÿñÿ áåç îãðàíè÷åíèÿ âðåìåíè î÷åíü ãðîìêàÿ ïàóçà).

ÀËÅÊÑÀÍÄÐ ÑÊÐßÁÈÍ: ¾Òèøèíà åñòü òîæå çâó÷àíèå... Â òèøèíå
åñòü çâóê. È ïàóçà çâó÷èò âñåãäà... Çíàåòå, ÿ äóìàþ, ÷òî ìîæåò áûòü äàæå
ìóçûêàëüíîå ïðîèçâåäåíèå, ñîñòîÿùåå èç ìîë÷àíèÿ.

Âû íå ïðîáîâàëè ïðîèçâîäèòü òàêîé îïûò. Âî âðåìÿ èãðû ïðåäñòàâèò
ñåáå òàêèå äîïîëíèòåëüíûå, âîîáðàæàåìûå çâóêè, êàê áû ìíèìûå êîíòðà-
ïóíêòû? Îíè î÷åíü ìåíÿþò âñå îòíîøåíèå ê èñïîëíÿåìîìó... Âñå êàê-òî
ïî-èíîìó ðàñöâåòàåò¿. [5]

ÂÀËÅÍÒÈÍ ÑÈËÜÂÅÑÒÐÎÂ: ¾Ìóçûêà äîëæíà ðîæäàòüñÿ èç ìîë-
÷àíèÿ. Ìóçûêà � ýòî íå òî, ÷òî çâó÷èò, îíà â ñòðóêòóðå ìîë÷àíèÿ. Âîò,
íàïðèìåð, Ïÿòàÿ ñèìôîíèÿ Áåòõîâåíà. Åå çà÷èí: òà-ðà-òà-òà... òà-ðà-òà-
òà... � ýòî îáû÷íûå ôèãóðû, êîòîðûå áûòîâàëè òîãäà è áûòóþò ñåé÷àñ. Íî
çà ïðåäåëàìè ýòîé ìóçûêè óæå áûëî íàêîïëåíî íàñòîëüêî ñèëüíîå ýëåêðè-
÷åñòâî ìîë÷àíèÿ, ÷òî îíî ïðîñòî ïðîðâàëî, êàê ìîëíèÿ¿. [11]

Ïîèñê íîâûõ ôîðì, ñêîðåå áåñôîðìåííîñòè (äåìàòåðèàëèçàöèè) ðàç-
ðóøàë êëàññè÷åñêèå ãàðìîíèè, âûÿâëÿâøèåñÿ â ñîçâó÷íûõ ïðîïîðöèÿõ.
Ñâîáîäíàÿ àòîíàëüíîñòü âåëà ê ðàñïàäó ìóçûêàëüíîé ôîðìû. Êóäà-òî óõî-
äèëà êðàñîòà. Èëè íàðîæäàëàñü íîâàÿ?

ÀÐÍÎËÜÄ ØÅÍÁÅÐÃ: ¾Ìóçûêà íå äîëæíà óêðàøàòü, îíà äîëæíà
áûòü èñòèííîé è òîëüêî...¿.

Íî êàê èñòèíó, ò.å. çíàíèå áîëåå âûñîêèõ ïëàíîâ áûòèÿ, âûñêàçàòü
áåç èñêàæåíèÿ ÿçûêàìè áîëåå ãðóáîãî ïëàíà ? ¾Ìûñëü èçðå÷åííàÿ åñòü
ëîæü¿?

ÀËÅÊÑÀÍÄÐ ÑÊÐßÁÈÍ: ¾Òâîðèòü � çíà÷èò ïðåæäå âñåãî ñåáÿ îãðà-
íè÷èâàòü, íèêîãäà òâîð÷åñêàÿ ãðåçà íå ìîæåò áûòü îáëå÷åíà äî êîíöà
â ïëîòü... Òâîð÷åñòâî åñòü îòïå÷àòîê äóõà íà ìàòåðèè, è ýòî äîñòèãàåò-
ñÿ òîëüêî öåíîé èçâåñòíîé æåðòâû, èìåííî æåðòâû îãðàíè÷åíèÿ¿.

ÀËÜÔÐÅÄ ØÍÈÒÊÅ: ¾Îäíèì èç î÷åíü ÿðêèõ âûðàæåíèé ýòîé ïðî-
áëåìû (íåâîçìîæíîñòè âîïëîòèòü çàìûñåë ïîëíîñòüþ) ÿâèëàñü îïåðàØåí-
áåðãà ¾Ìîèñåé è Ààðîí¿. Äâà öåíòðàëüíûõ îáðàçà îïåðû � Ìîèñåé, íàäå-
ëåííûé äàðîì ìûñëè (åìó äàíî ñëûøàòü è ïîñòèãàòü èñòèíó, íî îí íå
ñïîñîáåí åå ðàññêàçûâàòü ëþäÿì), è åãî áðàò Ààðîí, íàäåëåííûé äàðîì
ñëîâà (îí ÿâëÿåòñÿ ¾ïåðåâîä÷èêîì¿ Ìîèñåÿ, èíòåðïðåòàòîðîì è ðàñïðî-
ñòðàíèòåëåì åãî ìûñëåé), âîïëîùàþò ïî ñóòè äâå ñòîðîíû äóøè ñàìîãî
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Øåíáåðãà: åãî ñòðåìëåíèå ê ÷èñòîé ìóçûêàëüíîé ìûñëè, î÷èùåííîé îò
ìàòåðèàëüíûõ, æàíðîâî-ñåìàíòè÷åñêèõ ïðèçíàêîâ, è äîãìàòè÷åñêîå ìèñ-
ñèîíåðñòâî, òðåáóþùåå ¾ìàòåðèàëèçîâàííûõ¿, ïåðåâåäåííûõ íà ÿçûê ëîãè-
êè êîíñòðóêòèâíûõ íîðì. Èìåííî òðàãè÷åñêàÿ íåâîçìîæíîñòü ðåàëèçàöèè
¾÷èñòîé ìûñëè¿,... òîëêíóëà åãî âñëåä çà îñâîáîäèòåëüíûì ïîðûâîì â àòî-
íàëüíîñòü ê ñîçäàíèþ çàêðåïëÿþùèõ íîâóþ èñòèíó çàïîâåäåé � ñèñòåìû
äîäåêàôîíèè.

×òî äîäåêàôîíèÿ ëèøü êîìïðîìèññ, ¾ïåðåìèðèå¿, Øåíáåðã îòëè÷íî
îñîçíàâàë: ïðàêòè÷åñêè îí ñàì è ðàçáèë ñâîè ñêðèæàëè...¿.

Î äîäåêàôîíèè íàïèñàíî î÷åíü ìíîãî. Åñëè î÷åíü êðàòêî,� îêòàâà
ñîñòîèò èç 12 ïîëóòîíîâ. Â òðàäèöèîííîé åâðîïåéñêîé ìóçûêå èñïîëüçóþò-
ñÿ ëàäû èç 7 çâóêîâ, ñ íåðàâíûìè ìåæäó íèìè ðàññòîÿíèÿìè: ãäå-òî òîí,
ãäå-òî ïîëóòîí. Ýòî íåðàâåíñòâî ñîçäàåò èåðàðõèþ, â êîòîðîé îäíè çâó-
êè áîëåå óñòîé÷èâûå, äðóãèå ìåíåå. Ýòà ìóçûêàëüíàÿ ñòðóêòóðà îòâå÷àåò
÷åëîâå÷åñêîìó ìóçûêàëüíîìó âîñïðèÿòèþ, îñíîâàííîìó íà ñòðåìëåíèè ê
îïðåäåëåííûì êîíñîíàíñíûì ñîçâó÷èÿì, îïðåäåëåííûì ÷èñëîâûì ñîîòíî-
øåíèÿì. Åùå ïèôàãîðèéöû çàìåòèëè, ÷òî äâå çâó÷àùèå ñòðóíû îïðåäåëÿ-
þò êîíñîíàíñ, åñëè èõ äëèíû îòíîñÿòñÿ êàê öåëûå ÷èñëà:

1:2 îêòàâà
2:3 êâèíòà
3:4 êâàðòà

Ñåìèñòóïåí÷àòàÿ èåðàðõèÿ îòâå÷àåò íåêîòîðîé çàêîíîìåðíîñòè íàøå-
ãî ìèðà: ñåìü íîò ìóçûêàëüíîé îêòàâû è ñåìü öâåòîâ ðàäóãè (îñíîâíîãî
ñïåêòðà), ñåìü ýòàæåé Âàâèëîíñêîé áàøíè è ñåìü ñâîáîäíûõ íàóê Ïèôà-
ãîðà. ... Äàæå â õèìèè ìû èìååì äåëî ñ ïðàâèëîì îêòàâû: â 1865 ã. àíãëèé-
ñêèé õèìèê è ìóçûêàíò Äæ. Íüþëåíäñ ðàçìåñòèë õèìè÷åñêèå ýëåìåíòû
â ðÿä ïî âîçðàñòàíèþ îòíîñèòåëüíû àòîìíûõ ìàññ è çàìåòèì, ÷òî êàæ-
äûé âîñüìîé ýëåìåíò ïîäîáåí ýëåìåíòó, îò êîòîðîãî ïðîèçâîäèòñÿ îòñ÷åò.
Çàêîíîìåðíîñòü, îáíàðóæåííóþ Íüþëåíäñîì, íàçâàëè ïðàâèëîì îêòàâû:

H Li Be B C N O F Na Mg Al Si P S CL K CA
äî ðå ìè ôà ñîëü ëÿ ñè äî ðå ìè ôà ñîëü ëÿ ñè äî ðå ìè

Íàäî çàìåòèòü, ÷òî ïðè áîëüøèõ îòíîñèòåëüíûõ àòîìíûõ ìàññàõ ïðà-
âèëî íàðóøàåòñÿ. Äà è âñÿ íàøà æèçíü ïî êàëåíäàðþ îñíîâàíà íà íåäå-
ëÿõ � îêòàâàõ. Ïðàâäà, íåäåëè ñîñòàâëÿþò 12 ìåñÿöåâ â ãîäó, ñëåäóÿ êðóãó
çîäèàêà...

À òåïåðü åñëè ïðåäñòàâèòü, ÷òî ëàäîâàÿ èåðàðõèÿ îòìåíÿåòñÿ è âñå
12 ïîëóòîíîâ ðàâíû (êàê 12 ðûöàðåé êðóãëîãî ñòîëà) è ñîçäàòü ïîñëå-
äîâàòåëüíîñòü èç 12 íåïîâòîðÿþùèõñÿ çâóêîâ êàê íåêîòîðóþ ñòðóêòóðó?
dodeka(ãðå÷.) � äâåíàäöàòü. Ðÿä âû÷èñëåíèé ïîçâîëÿåò ïðåäïîëîæèòü, ÷òî
ôîðìà Âñåëåííîé ïðåäñòàâëÿåò äîäåêàýäð, ïðèáëèæåííûé ê ñôåðå, îòñþ-
äà è êîñìè÷åñêèå ðèòìû ìîãóò áûòü ñâÿçàíû ñ ýòîé ñòðóêòóðîé. Ïëàòîí
íàçûâàë äîäåêàýäð ñèìâîëîì ýôèðà, òîãî, ÷òî ñåãîäíÿ ó÷åíûå íàçûâàþò
¾òåìíîé¿ ìàòåðèåé. Äîäåêàôîíèÿ � ÿâëåíèå íå ñëó÷àéíîå, íî åå òàéíû
åùå íå ðàñêðûòû.

Îäíàêî, âåðíåìñÿ ê ïîèñêó èñòèíû.
ÀËÜÔÐÅÄ ØÍÈÒÊÅ: ¾Êàæäûé ïûòàåòñÿ ïðîðâàòüñÿ ê íåïîñðåä-

ñòâåííîìó âûðàæåíèþ íåêîåé ñëûøèìîé èì ïðàìóçûêè, êîòîðàÿ åùå íå
óëîâëåíà. Ýòî òîëêàåò êîìïîçèòîðà íà ïîèñêè íîâîé òåõíèêè, ïîòîìó ÷òî
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îí õî÷åò ñ åå ïîìîùüþ óñëûøàòü òî, ÷òî â íåì çâó÷èò. Âîçíèêàþò áåñêî-
íå÷íûå ïîïûòêè îòáðîñèòü âñå óñëîâíîñòè è ñîçäàòü áåç íèõ íå÷òî íîâîå...
Âîò ýòè ìíîãî÷èñëåííûå ïîïûòêè ïðèáëèçèòüñÿ ê íåïîñðåäñòâåííîìó âû-
ðàæåíèþ ìóçûêè, íåïðåðûâíîå îáðàùåíèå ê îáåðòîíàì, ïîñòèæåíèå íîâûõ
ðàöèîíàëüíûõ ïðèåìîâ è ïðèáëèæåíèå ê èñòèíå îòêðûâàþò âñå íîâûå è
íîâûå ïîëÿ íåäîñòèæèìîñòè. Ýòîò ïðîöåññ ïðîäîëæàåòñÿ áåñêîíå÷íî. Ïî-
ýòîìó âîïëîùåíèå çàìûñëà âñåãäà ÿâëÿåòñÿ è åãî îãðàíè÷åíèåì¿. [6]

Ñî÷èíèòü, ïðèäóìàòü, ðàññ÷èòàòü ìàòåìàòè÷åñêè èëè óñëûøàòü ìó-
çûêó?

ÀËÜÔÐÅÄØÍÈÒÊÅ: (î äâîéíîì êîíöåðòå äëÿ ãîáîÿ, àðôû è ñòðóí-
íîãî îðêåñòðà): ¾×òî êàñàåòñÿ òåõíèêè, òî ýòî íå äîäåêàôîííîå ñî÷èíåíèå.
Âñå îíî îñíîâàíî íà èñïîëüçîâàíèè ïðîãðåññèè. Òàêàÿ ïðîãðåññèÿ èñïîëü-
çóåòñÿ ìíîãèìè � ýòî ðåøåòî Ýðàòîñôåíà � ðÿä ñîâåðøåííûõ ÷èñåë, êî-
òîðûå äåëÿòñÿ òîëüêî íà åäèíèöó è íà ñåáÿ...¿.

ÀËÅÊÑÀÍÄÐ ÑÊÐßÁÈÍ: (î ñåäüìîé ñîíàòå) ¾ß âñåãäà ïðèçíàþ, ÷òî
ìàòåìàòèêà â êîìïîçèöèè äîëæíà èãðàòü áîëüøóþ ðîëü.Ó ìåíÿ áûâàåò
èíîãäà öåëîå âû÷èñëåíèå ïðè ñî÷èíåíèè, âû÷èñëåíèå ôîðìû. È âû÷èñëå-
íèå ìîäóëÿöèîííîãî ïëàíà. Îí íå äîëæåí áûòü ñëó÷àéíûì,� ãåîìåòðè÷å-
ñêèì, èíà÷å íå áóäåò êðèñòàëëè÷åñêîé ôîðìû. Âîò ñõåìû êàê ìîäóëÿöè-
îííî òîíàëüíîñòè äâèæóòñÿ ñíà÷àëà ïî ñåêñòàì, ïîòîì ïî êâèíòàì, ïîòîì
ïî êâàðòàì è òàê äàëåå, âñå ñóæèâàÿ ñâîé ¾øàã¿. ...

Ìíå çäåñü äëÿ ôîðìû íóæíî áûëî äâà òàêòà. Íóæíî, ÷òîáû ôîðìà
ïîëó÷èëàñü êàê øàð, ñîâåðøåííàÿ êàê êðèñòàëë... Øàð � ýòî ãåîìåòðè÷å-
ñêèé îáðàç íàèáîëüøåé çàâåðøåííîñòè. Ýòî ðàöèîíàëüíûé ìîìåíò â òâîð-
÷åñòâå¿. [5]

ÀËÜÔÐÅÄ ØÍÈÒÊÅ:(î ¾Ðåêâèåìå¿): ¾Òóò � òèõèé Sanctus. Äî ñå-
ðåäèíû ýòîé ÷àñòè, âî âñÿêîì ñëó÷àå, âñå ìíå ïðèñíèëîñü, ýòî õîðîøî ïîì-
íþ. Ýòî áûë ïîäàðîê. È äëÿ ìåíÿ ýòî áûëî î÷åíü âàæíûì � ÿ ýòîãî ñàì
â ñåáå íå îñïàðèâàë. Âîîáùå, âî âñåì ¾Ðåêâèåìå¿ áûëî äëÿ ìåíÿ ÷òî-òî
íåîáúÿñíèìîå¿. [7].

Ìûñëü è ÷óâñòâî êàê ýëåêòðè÷åñòâî è ìàãíåòèçì, ýëåêòðè÷åñòâî ïî-
ðîæäàåò ìàãíåòèçì è ìàãíåòèçì ïîðîæäàåò ýëåêòðè÷åñòâî. Òàê ìûñëü ïî-
ðîæäàåò ÷óâñòâî è ÷óâñòâî ïîðîæäàåò ìûñëü. Âñå âî âñåëåííîé äâîéñòâåí-
íî, ýëåêòðîí è ïîçèòðîí, îãîíü è âîäà, ðàäîñòü è ãîðå... È ñàìà Âñåëåííàÿ
äâîéñòâåííà � ïðîÿâëåííàÿ è ìíèìàÿ, êàê ïîðÿäîê è õàîñ, êàê äåíü è íî÷ü.

ÑÎÔÜß ÃÓÁÀÉÄÓËÈÍÀ: ¾Ìåíÿ ïðèâëåêàåò ñåé÷àñ èäåÿ ÷åòâåðòè-
òîíîâ � âûÿâèòü â çâóêîâîé ðåàëüíîñòè, ðàçíèöó ìåæäó îäíîé íàñòðîéêîé
è äðóãîé íàñòðîéêîé èíñòðóìåíòîâ. ß óæå íåñêîëüêî òàêèõ ñî÷èíåíèé ñäå-
ëàëà, ïîòîìó ÷òî ìíå áåçóìíî èíòåðåñíî, ôóíêöèîíèðóåò ýòî èëè íåò � ñ
òåì, ÷òîáû ñäåëàòü îïÿòü æå, îáðåñòè, êàê áû íî÷ü. Äåëî â òîì, ÷òî íàøà
12-òîíîâàÿ íàñòðîéêà, 12-òîíîâàÿ òåìïåðàöèÿ è íàøå ñèñòåìíîå ìûøëåíèå
ñîâïàäàþò. È ïîëó÷àåòñÿ, ÷òî âåñü ìàòåðèàë êàê áû ñâåòëûé � îí âåñü â íà-
øåé ìåíòàëüíîñòè, îí âåñü ñòðóêòóðèðîâàí, âñå 12 òîíîâ ó÷àñòâóþò â çâó-
êîâîé ñèñòåìå. È ýòî âñå äåíü, ýòî âñå ñâåò. Ìû, êàê áû ïîòåðÿëè íî÷ü �
ñ ìîåé òî÷êè çðåíèÿ. È ýòî î÷åíü ïëîõî äëÿ ôîðìû êðóïíîãî ñî÷èíåíèÿ,
ïîòîìó ÷òî íåêóäà èäòè, è íåò ïðè÷èíû èäòè. ... Êîãäà ìû â ìóçûêàëü-
íîé ñèñòåìå äîñòèãëè ïðåäåëà � íàøà ìóçûêàëüíàÿ ñèñòåìà îõâàòûâàåò
âåñü 12-òîíîâûé êðóã, òî � íåêóäà èäòè, è ïîýòîìó, íàïðèìåð, ó Ëóèäæè
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Íîíî åñòü ïðîèçâåäåíèå ïîä íàçâàíèåì ¾Íåêóäà èäòè, íî íàäî èäòè¿ �
âîò, ÷óòêèé õóäîæíèê, êîòîðûé îñîçíàë ïðè÷èíó ñâîåé ìóçûêàëüíîé áîëè.
¾Íåêóäà èäòè, íî íàäî èäòè!¿ Ýòî âïîëíå çàêîíîìåðíî, åñëè ñèñòåìà ñîâ-
ïàäàåò ñî çâóêîâûì ìàòåðèàëîì, òî äåéñòâèòåëüíî íåêóäà èäòè. È âîò, ÿ
äóìàþ î òîì, íåëüçÿ ëè ïîëó÷èòü íî÷ü, òî åñòü, òåìíîå ïðîñòðàíñòâî êóäà
âûéòè è çàòåì ïðèéòè ñ ïîìîùüþ óäâîåíèÿ 12-òîíîâîé ñèñòåìû, òî åñòü
ðàçíîé íàñòðîéêè � íà ÷åòâåðòü òîíà ðàçëè÷àþùåéñÿ. È òîãäà ñóùåñòâóåò
êàê áû ñþæåò, ãäå ïðîèñõîäèò êîððåñïîíäåíöèÿ ìåæäó òåìíûì è ñâåòëûì,
ìåæäó ïëþñîì è ìèíóñîì, òî åñòü âîçâðàùàåòñÿ æèçíü...¿. [4]

ÂÀËÅÍÒÈÍ ÑÈËÜÂÅÑÒÐÎÂ: ¾Íåäàâíî ÿ ðàçãîâàðèâàë ñ Ãóáàéäóë-
ëèíîé. Îíà, Ïÿðò èëè Êíàéôåëü,� âñå îíè îïèðàþòñÿ â ñâîèõ êîìïîçè-
öèÿõ íà ÷èñëî. Ýòî òàêàÿ ïèôàãîðåéñêàÿ ìûñëü, ÷òî â îñíîâå ìèðà ëåæèò
÷èñëî. ß æå ïîíèìàþ òàê: ÷èñëî � ýòî ñâåò. À èñõîäèòü íóæíî íå èç ñâåòà,
à èç ïîëíîé òüìû. Êîãäà òû èñõîäèøü èç òüìû, òû íå çíàåøü íè ñèëüíîé
äîëè, íè ñëàáîé, íè ïðîïîðöèé,� âîîáùå íè÷åãî. Îíî-òî âñå, êîíå÷íî, ñó-
ùåñòâóåò, íî òû î íåì åùå íå çíàåøü. À âîò êîãäà íà÷èíàåøü óçíàâàòü, è
âîçíèêàåò ÷èñëî. Òî åñòü îäíî äåëî, êîãäà òû íà÷èíàåøü ñ ÷èñëà, ñîâñåì
äðóãîå êîãäà òû ê ÷èñëó ïðèõîäèøü. Êîãäà òåêñò íàïèñàí, îí è åñòü ÷èñëî,
ðîäèâøååñÿ èç òüìû¿.

Íàâåðíîå, ìîæíî ñêàçàòü, ÷òî ïðèðîäà Âñåëåííîé ñòîèò íà ¾òðåõ êè-
òàõ¿, êîòîðûå åñòü æèçíü, ñîçíàíèå, ìûñëü. Ìóçûêà � ÷àñòü ïðèðîäû,
åé ïðèñóùà æèçíü, îòêëèê íà êîíêðåòíóþ ñòóïåíü ýâîëþöèè, åå ãàðìî-
íèè è ñâîå ìûøëåíèå. Ìóçûêà åñòü ÿçûê, èìåþùèé ñâîþ ðàçâèâàþùóþñÿ
ñòðóêòóðó, ÿçûê ïðè ïîìîùè êîòîðîãî èäåò äèàëîã ìåæäó ÷åëîâå÷åñòâîì
è Âñåëåííîé, ïðè ýòîì âñåãäà îñòàåòñÿ òàéíà (äëÿ ÷åëîâå÷åñòâà).

ÀÍÒÎÍ ÂÅÁÅÐÍ: ¾Êòî õî÷åò ïðèáëèçèòñÿ ê ïðîèçâåäåíèÿì áîëüøî-
ãî èñêóññòâà, òîò äîëæåí ïîäõîäèòü ê íèì òàê, êàê ñëåäóåò ïîäõîäèòü ê
òâîðåíèÿì ïðèðîäû, òî åñòü ñ äîëæíûì áëàãîãîâåíèåì ïåðåä ëåæàùåé â èõ
îñíîâå òàéíîé... Íî ïîçíàåì ëè ìû òåïåðü ýòó òàéíó èëè íåò, íàì äîëæíî
áûòü ÿñíî îäíî, çäåñü ãîñïîäñòâóåò çàêîíîìåðíîñòü, è ìû äîëæíû îòíî-
ñèòüñÿ ê ýòèì çàêîíàì òàê æå, êàê ê çàêîíàì, êîòîðûå ìû ïðèïèñûâàåì
ïðèðîäå...¿. [8]

ÝÄÈÑÎÍ ÄÅÍÈÑÎÂ: ¾Êðàñîòà ìûøëåíèÿ â ìàòåìàòèêå èìååò òàêîå
æå çíà÷åíèå êàê è êðàñîòà ìûøëåíèÿ â ìóçûêå. Ìóçûêà èç âñåõ èñêóññòâ
åñòü òîò òèï ÷åëîâå÷åñêîãî ìûøëåíèÿ, êîòîðîå êàê ìîæíî ãëóáæå óõîäèò
â ãëóáèíû äóõà. Ìóçûêà â ñâîèõ âûñøèõ ïðîÿâëåíèÿõ êàê è ìàòåìàòèêà
äîõîäèò äî íåêîòîðîé ãðàíèöû � äàëüøå Áîã...¿. [2]

Ôóíäàìåíòàëüíàÿ òðîèöà çâóê-ñâåò(öâåò)-÷èñëî ðàññìàòðèâàëàñü íå
òîëüêî â àñïåêòå çâóê-÷èñëî, íî è â àñïåêòå çâóê � öâåò (çàêðèñòàëëèçî-
âàâøèéñÿ ñâåò).

ÝÄÈÑÎÍ ÄÅÍÈÑÎÂ: ¾Æèâîïèñü è ìóçûêà î÷åíü áëèçêè. Îðãàíè-
çàöèÿ ïðîñòðàíñòâà â æèâîïèñè è ìóçûêå èìåþò ìíîãî îáùåãî â ñâîåé
ëîãèêå. Êðàñêà â ìóçûêå ìîæåò áûòü òàê æå èíôîðìàòèâíà è âàæíà êàê
è äðóãèå êîìïîíåíòû,� ìåëîäèÿ, ãàðìîíèÿ, ðèòì... Êàê â æèâîïèñè íà-
ëîæåííàÿ äðóã íà äðóãà êðàñêà ïîñòåïåííî ïðèîáðåòàåò íîâîå êà÷åñòâî,
òàê â ìóçûêå ïðè ñëîæíûõ ìèêñòóðàõ òåìáð ìåíÿåòñÿ è ïîëó÷àåòñÿ òàêîé
îñîáûé ýôôåêò, ñîâåðøåííî íåâèäèìûé, íåñëûøèìûé... Ðàáîòà ñ êðàñêîé
î÷åíü èíòåðåñíà¿. [2]
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ÀËÅÊÑÀÍÄÐ ÑÊÐßÁÈÍ: ¾Áåìîëüíûå òîíàëüíîñòè èìåþò êàêîé-òî
ìåòàëëè÷åñêèé áëåñê, à äèåçíûå � ÿðêèå, íàñûùåííûå ïî öâåòó è áåç òà-
êîãî ìåòàëëè÷åñêîãî áëåñêà. ß âñåãäà ðàçëè÷àþ èõ èìåííî ïî ýòîìó öâå-
òîâîìó òîíó.

( Î ¾Ïðîìåòåå): Ìíå íóæåí áûë ñâåò â ìóçûêå... ìíå íóæíà áûëà ëó÷å-
çàðíàÿ ãàðìîíèÿ, êîòîðàÿ îòîáðàæàëà áû ÈÄÅÞ ÑÂÅÒÀ. È ÿ åå ïîëó÷èë
âîò ïî êàêîìó ñîîáðàæåíèþ. ß ðàññóäèë, ÷òî ÷åì áîëüøå âåðõíèõ çâóêîâ
ó ãàðìîíèè, òåì îíà âîîáùå ëó÷åçàðíåå, òåì îíà îñòðåå è îñëåïèòåëüíåå.
Íî íàäî áûëî ýòè çâóêè òàê óïîðÿäî÷èòü, ÷òîáû ýòî áûëî åäèíñòâåííî
ëîãè÷íîå. ß âçÿë ðàñïîëîæåííûé ïî òåðöèÿì îáûêíîâåííûé òåðöäåöèìà-
àêêîðä... Íî ìàëî íàêîïèòü ýòè âåðõíèå çâóêè. ×òîáû ýòî áûëî ëó÷åçàðíî,
÷òîáû ýòî îòðàæàëî èäåþ ñâåòà, íàäî ÷òîáû â ýòîì àêêîðäå áûëî íàèáîëü-
øåå ÷èñëî ïîâûøåííûõ çâóêîâ. È âîò ÿ ïîâûøàþ, ñíà÷àëà áåðó òåðöèþ �
íåïðåìåííî áîëüøóþ, ñâåòëóþ è ìàæîðíóþ, ïîòîì êâèíòó òîæå ïîâûøàþ,
ïîòîì ïîâûøàþ è óíäåöèìó � âîò ïîëó÷èëñÿ ó ìåíÿ ìîé àêêîðä � êîòîðûé
âåñü ïîâûøåííûé è îòòîãî äåéñòâèòåëüíî ëó÷åçàðíûé.

Äîëæíî áûòü ñîîòâåòñòâèå ìåæäó ñâåòîì è çâóêîì � îíî íåîáõîäèìî,
èíà÷å áåññìûñëèöà, íåò åäèíñòâà...¿. [5]

Êîìïîçèòîðû èñêàëè â ìóçûêå çâó÷àíèå áåñêîíå÷íîñòè, âå÷íîñòè, âñå-
ëåíñêèõ öèêëîâ ïðîÿâëåíèÿ è ðàñòâîðåíèÿ êîñìè÷åñêîé ìàòåðèè...

ÀËÅÊÑÀÍÄÐ ÑÊÐßÁÈÍ: ¾Â ¾Ïðîìåòåå¿ ó ìåíÿ áóäóò òàêèå ìåä-
ëåííûå òåìïû, êàê íèêîãäà íè ó êîãî íå áûëî, ìåäëåííûå êàê óãîäíî � îíè
äîëæíû äëèòüñÿ êàê âå÷íîñòü, � ïîòîìó, ÷òî âåäü ýòî âå÷íîñòü äîëæíà
ïðîéòè îò ìîìåíòà òîìëåíèÿ äî ïîëíîé ìàòåðèàëèçàöèè... Ó ìåíÿ áóäóò
è òàêèå áûñòðûå òåìïû, êàê íèêîãäà íå áûëè, â ñàìîì êîíöå. Â ýòîò ñà-
ìûé ìîìåíò è áóäåò ñîçåðöàíèå ãàðìîíèè, è íàñòóïèò äåìàòåðèàëèçàöèÿ,
ïîòîìó ÷òî ýòî � îäíî è òîæå¿.

ÀËÜÔÐÅÄ ØÍÈÒÊÅ: ¾Ðàíüøå ìíå âàæíà áûëà êîíå÷íîñòü, ìàòå-
ðèàëüíîñòü, êðèñòàëüíîñòü ôîðìû. Ñåé÷àñ ìåíÿ áîëüøå ïðèâëåêàåò åå áåñ-
êîíå÷íîñòü, ëåòó÷åñòü, íåîïðåäåëåííîñòü¿.

Äèôôåðåíöèàöèÿ â îáëàñòè íàóê è íàïðàâëåíèé â èñêóññòâå â ÕÕ âåêå
äîñòèãëà íåâèäàííîãî ìàñøòàáà, íî ñêâîçü ýòó äèôôåðåíöèàöèþ óæå ïðî-
ñâå÷èâàëîñü íàãèñòðàëüíîå íàïðàâëåíèå ÕXI âåêà- ñèíòåç, ïîèñê Åäèíñòâà.
Î ïîèñêå îáùèõ êîðíåé âñåõ íàóê è èñêóññòâ â íà÷àëå ÕÕ âåêà Âàñèëèé
Êàíäèíñêèé ïèñàë: ¾... ìû ïîëó÷àåì áåçóñëîâíîå ïîäòâåðæäåíèå íàøèõ
ïðåäïîëîæåíèé åäèíîãî êîðíÿ âñåõ ÿâëåíèé, âûõîäÿùèõ íà ïîâåðõíîñòü
ïðåäåëüíî ðàçëè÷íûìè è ñîâåðøåííî îòîðâàííûìè äðóã îò äðóãà. Èìåííî
ñåãîäíÿ íàì ïðåäñòàâëÿåòñÿ íåèçáåæíîé íåîáõîäèìîñòü ïîèñêà îáùèõ êîð-
íåé. Ïîäîáíàÿ íåîáõîäèìîñòü íå ïîÿâëÿåòñÿ íà ñâåò áåç âíóòðåííåãî îñíî-
âàíèÿ è ïîòðåáóåò ñòîëüêî óïîðíûõ ïîïûòîê, ñêîëüêî áóäåò íóæíî. Íåîá-
õîäèìîñòü ýòîãî èíòóèòèâíîãî ñâîéñòâà. Äàëüíåéøåå � ýòî ãàðìîíè÷íàÿ
ñâÿçü èíòóèöèè è ðàñ÷åòà,� íè ïåðâîé, íè âòîðîé ïî îòäåëüíîñòè íåäîñòà-
òî÷íî äëÿ ïðîäîëæåíèÿ ïóòè¿ [10].

ÀËÅÊÑÀÍÄÐ ÑÊÐßÁÈÍ: ¾Èñêóññòâà áûëè êîãäà-òî ðàíåå ñëèòû âî-
åäèíî, âåäü îíè ïîòîì ðàçúåäèíèëèñü. Âîò, åñëè íàðèñîâàòü òî÷êó è èç
íåå íåñêîëüêî ëèíèé. Âîò ýòè ëèíè � îòäåëüíûå èñêóññòâà, âûõîäÿùèå èç
îäíîé òî÷êè, èç òî÷êè ñâîåãî ñëèòíîãî ñîñòîÿíèÿ. Èñêóññòâî çàâèñèò îò
êîñìè÷åñêîãî ïðîöåññà, îíî íå ñàìî ïî ñåáå. Êîñìè÷åñêèé ïðîöåññ (ýîí)
ïðèõîäèò ê êîíöó, âñå âîññîåäèíÿåòñÿ. Åñòü òàêîé æå ïóíêò âîññîåäèíå-
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íèÿ è â èñêóññòâå. Ýòî è åñòü ýòà ñàìàÿ Ìèñòåðèÿ.×òîáû äîñòèãíóòü ýòîãî
ïóíêòà âîññîåäèíåíèÿ, ìíå íå íàäî äâèãàòüñÿ ïî âñåì ëèíèÿì, äîñòàòî÷íî
äâèãàòüñÿ ïî îäíîé èç íèõ, è ÿ âñå ðàâíî ïîïàäó â ýòó òî÷êó.

...ãàðìîíèÿ è ìåëîäèÿ � ýòî äâå ñòîðîíû îäíîãî ïðèíöèïà, îäíîé
ñóùíîñòè, îíè ñíà÷àëà â êëàññè÷åñêîé ìóçûêå âñå ðàçúåäèíèëèñü � ýòî
ïðîöåññ äèôôåðåíöèàöèè, ýòî ïàäåíèå äóõà â ìàòåðèþ, ïîêà íå ñòàëà ìå-
ëîäèÿ è ñîïðîâîæäåíèå, êàê ó Áåòõîâåíà. À òåïåðü ó íàñ íà÷èíàåòñÿ ñèí-
òåç: ãàðìîíèÿ ñòàíîâèòüñÿ ìåëîäèåé è ìåëîäèÿ � ãàðìîíèåé... È ó ìåíÿ
íåò ðàçíèöû ìåæäó ìåëîäèåé è ãàðìîíèåé � ýòî îäíî è òîæå. ...

Ìèñòåðèÿ � ýòî êðèñòàëë ãàðìîíèè... êîãäà â íàñûùåííûé ðàñòâîð
ïîñàäèòü êðèñòàëë, òî âåñü ðàñòâîð áûñòðî êðèñòàëëèçóåòñÿ... Â ìèðå, êî-
òîðûé åñòü ðàñòâîð è ýòîò ðàñòâîð óæå íàñûùåí, îáðàçóåòñÿ â îäíîì ìåñòå
êðèñòàëë, ãäå ãàðìîíèÿ ÂÑÅÃÎ îñóùåñòâëåíà: ýòî è åñòü Ìèñòåðèÿ¿. [5]

Ìóçûêà ÕÕ âåêà, îáðàùàÿñü ê ìûñëÿì î äàëüíèõ ìèðàõ íå ìîãëà íå
îòðàæàòü ïîëîæåíèå äåë ñâîåãî âðåìåíè. Íà âîïðîñ êàêîå ñîáûòèå âûçâàëî
ñàìîå ñèëüíîå ïåðåæèâàíèå, Àëüôðåä Øíèòêå îòâåòèë: ¾Âçðûâû àòîìíûõ
áîìá â ßïîíèè¿.

ÀÍÒÎÍ ÂÅÁÅÐÍ: ¾Ïîëîæåíèå â ìèðå ñòàíîâèòñÿ âñå áîëåå óæàñ-
íûì, îñîáåííî â îáëàñòè èñêóññòâà. À íàøà çàäà÷à ñòàíîâèòñÿ âñå áîëåå
îãðîìíîé¿.

ÀÐÍÎËÜÄ ØÅÍÁÅÐÃ: ¾Èñêóññòâî � âîïëü, êîòîðûé èçäàþò ëþäè,
ïåðåæèâàþùèå íà ñîáñòâåííîé øêóðå ñóäüáó ÷åëîâå÷åñòâà¿.

Ýòîò ïîëíûé áîëè êðèê äóøè Øåíáåðãà, êîíå÷íî, íå ìîæåò áûòü
îïðåäåëåíèåì èñêóññòâà. Òâîðåíèå èñêóññòâà � áîæåñòâåííûé äàð ÷åëî-
âå÷åñòâó, òî, ÷òî îòêðûâàåò ëþäÿì âñå íîâóþ è íîâóþ êðàñîòó è ãàðìîíèþ
ìèðà. Èñêóññòâî � ýòî òâîð÷åñêèé òðóä èëè Ìîëèòâà. È â òîì, ÷òî ÷åëîâå-
÷åñòâî, â öåëîì, âûæèëî â ÕÕ âåêå åñòü çàñëóãà êîëëåêòèâíîãî òâîð÷åñêîãî
òðóäà ìóçûêàíòîâ,� èõ êîëëåêòèâíîé ìîëèòâû è ìûñëÿì î ìèðå è êðàñîòå
â ñàìûå òðóäíûå ïåðèîäû ÷åëîâå÷åñêîé èñòîðèè.

ÑÎÔÜß ÃÓÁÀÉÄÓËÈÍÀ: ¾Ìîÿ áîëü � ýòî ðàçðûâ ìåæäó öèâèëè-
çàöèåé è êóëüòóðîé... Íî ÿ äóìàþ, ÷òî èñêóññòâî � ýòî ñïàñåíèå ÷åëîâå-
÷åñòâà... Èñêóññòâî äëÿ òîãî è ñîçäàíî, ÷òîáû ñîåäèíèòüñÿ ñ Íåáîì¿. [9]

Â ÕÕI âåêå ìóçûêàëüíûé ¾ðàé¿ âêëþ÷èë â ñåáÿ êëàññèêó ÕÕ âåêà è
òåïåðü ó ìóçûêàíòîâ åñòü âðåìÿ çàäóìàòüñÿ î íîâûõ ñìûñëàõ...

24.03.2020

P.S. Ñåãîäíÿ èòàëüÿíñêèé òåíîð Àäðåà Áî÷åëëè ïåë â ïóñòîì Êàôåäðàëü-
íîì Ñîáîðå Ìèëàíà, åãî Êîíöåðò íàçûâàëñÿ ¾Ìusic for Hope¿, åãî ñëóøàëè
îäíîâðåìåííî îíëàéí ïî÷òè 3 ìèëëèîíà ÷åëîâåê.

Ôðàíöóçñêèé òåíîð Ñòåôàí Ñåíåøàëü ïîåò èç îêíà äëÿ æèòåëåé ñâîåé
óëèöû â Ïàðèæå, íà áàëêîíàõ Âåíû èãðàþò ìóçûêàíòû ...

Ïàíäåìèÿ çàãàäî÷íîãî âèðóñà,� ïóñòûå óëèöû Íüþ-Éîðêà, Ëîíäîíà,
Ïàðèæà, Ìèëàíà, Êèåâà... � ìóçûêà êàê ñïàñåíèå...

12.04.2020
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