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Abstract. Formation, description and intellectual analysis of a complex data set, which is an example of a problem-
oriented library-museum-archival-information dataset on nobelistics, is carried out under conditions of uncertainty
due to the ambiguity of attribution of each element to this dataset. The possibility of modeling decision making in
these conditions is shown, the best of which is the optimal formation, description and intellectual analysis of a
complex set of problem-oriented data. A typical information situation is used for modeling, when the decision-
making body has knowledge of the a priori probability distribution on the state elements of the dataset. For each of
the seven variants of information situations a set of criteria for making optimal decisions is selected; each criterion
is mathematically described. The developed information model of data formation on user's request in the field of
nobelistics is presented and described, which reflects really functioning subject-oriented library-museum-archival-
information dataset on nobelistics of the International Nobel Information Center, consisting of: Nobel Research
Library, Museum of the Nobel Family and Nobel Prize Laureates, Archive of the Nobel Family and Nobel Prize
Laureates, electronic databases on nobelistics. The data is generated in such a way that the user receives search
results in the form of factographics, factologics, and documents in various formats. The database management
system controls the results of each act of information search according to six quality elements: relevance, pertinence,
accuracy, completeness, clarity, consistency.

Key words: formation, description and intellectual analysis of data, library-museum-archival-information dataset
on nobelistics, uncertainty conditions, decision-making, models

I. INTRODUCTION to build normative procedures that help the
The peculiarity of decision-making processes decision-making body to formalize its
is to take into account the presence of a person, a preferences, and decision making is reduced to a
collective of persons, and a decision-making body comparison of those properties of the solutions
that seeks to achieve some goal on the basis of that are the basis for evaluation [1-3].
their preferences about values and with the help of The quality of the decision-making process is
automated decision support systems (ADSS). In in direct dependence on the completeness of
the theory of decision making, the most preferable taking into account all the factors that are essential
solution is considered to be the one that is to the consequences of the decisions made. Often
consistent with the structure of preferences of the these factors are subjective in nature, inherent in
decision-making body, as well as with the both the decision maker (DM) and any decision-
information it has about the decision-making making process. Hence the conditions of
problem. In this case, the theory makes it possible uncertainty in decision-making: the decision-

YCTOWYMBO PASBUTUE * YCTOMYMBOE PA3BUTUE * SUSTAINABLE DEVELOPMENT
5



fognHa XV bBpoit 2/2025  *

Year XV Volume 2/2025

* Tog XV Homep 2/2025

making body has less information than is
necessary for the expedient organization of its
actions in the decision-making process. Directly
with the conditions of uncertainty we face when it
iS necessary to carry out the formation, description
and intellectual analysis of data, which is a
complex  problem-oriented  library-museum-
archival-information set (LMAIS) on nobelistics
of the International Nobel Information Center
(INIC), functioning in real time [4-12].
Uncertainty arises due to the ambiguity of
attributing each element of nobelistics to this
dataset.

Our experience allows us to propose the
following classification of uncertainties:

1) essence uncertainty (lies in the essence of
the studied objects and/or processes);

2) uncertainty generated by the total number of
objects (elements, processes) included in the
situation under study;

3) uncertainty caused by the lack of
information and data on its reliability due to
technical, social or other reasons;

4) uncertainty caused by too high or
inaccessible payment for certainty;

5) uncertainty generated by the decision-
making body due to its lack of experience and
knowledge of factors affecting decision-making;

6) uncertainty related to limitations in the
decision-making situation (limitations on time and
space elements of parameters characterizing
decision-making factors);

7) uncertainty caused by the behavior of the
environment influencing the decision-making
process.

Thus, in decision-making processes there are a
number of situations that have a certain degree of
uncertainty and require for their description such a
mathematical apparatus, which would a priori
include the possibility of formalizing uncertainties
and would allow performing the actions necessary
to achieve the goal [7-10].

Historically, the first was the apparatus of
probability theory, according to which the
uncertainty of a situation is described by some
normalized measure characterizing the possibility
of occurrence of predetermined random outcomes
(elements or subsets of some set).

A natural extension of probabilistic methods
for describing uncertain situations was game
theory [13-15], in which uncertainty was
generated by conflict and opposing interests of
players bound by the rules of the game, and
statistical decision theory [16], in which a passive
environment or “nature” was chosen as one of the
players, whose behavior was characterized by
given laws of probability distribution. These
theories are extreme cases of different degrees of
uncertainty gradation or information situations.

Another class of uncertain situations is based
on the concept of vague (fuzzy) set introduced by
L. Zadeh [17]. This apparatus is adequate for
describing such situations that do not have strictly
defined boundaries, so it is used for the work of
artificial intelligence. Schemes for constructing a
general mathematical apparatus describing a wide
class of uncertain situations are given in [18-20].
A widely known and widespread is the static
model of decision making based on the game-
theoretic concept [21], applicable in many real
situations of ad hoc selection of options, plans,
tuples, actions, alternatives, strategies, etc.,
associated with the uncertain influence of the
environment on the situation of their selection by
the decision-making body.

The idea of combining information resources of
libraries, museums, archives and electronic
repositories into a single LMAIS with the help of
modern information technologies emerged long
ago [22, 23]. It is based on the analysis of the
requirements of scientific information users
(scientists and specialists) who need to get a
complete and accurate answer to their request
regardless of the massive where the sources they
are looking for are located and in what format
they function: in the form of library or archival
documents, museum exhibits or electronically in
the global network. This idea is partially realized
in the Internet, but due to many known reasons
problem-oriented search in scientific documents is
still extremely inaccurate and incomplete [24-30].

I1. MAIN TEXT
1. Materials and methods

A convenient example for modeling and testing
the performance of information retrieval
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models is the LMAIS, in which all four problem-
oriented arrays function simultaneously and
interconnected: Nobel Research Library (NRL),
Museum of Nobel Family and Nobel Prize
Laureates (MINF&NPL). Archive of Nobel Family
and Nobel Prize Laureates (ANF&NPL), and
many electronic databases (DB) on nobelistics
[31, 32]. INIC has many years of experience in
providing scientists and specialists with the help
of problem-oriented massive on nobelistics in the
local execution of retrieval technology.

The purpose of this study is to develop a data
model to implement networked
retrieval in LMATS on nobelistics. Based on this
model, it is planned to develop an information

information

refrieval system on nobelistics, which in any
retrieval uses all information resources available
in INIC.

2. Initial modeling conditions

When studyving static models of decision
making under uncertainty, we proceed from the
scheme assuming the presence of: 1) a set of

mutually exclusive decisions = {(pl e (Pm}
of the control body U, one of which it needs to
make; 2) a set of mutually exclusive states

©= {91 ""’e”} of the environment C, but in
what particularstate the environment C is (or will
be) the control body U does not know; 3) the
control body U is evaluated by a functional

F= ;‘k} ¢ ed

. characterizing its “gain”

c P

or “loss™ when choosing a decision P L if
the environment C will be (or is) in the state

BJ.EG)

. In our case, the environment C is a
complex dataset of LMAIS, and we consider the
optimal formation, description and intelligent
analysis of data as a gain.

Under this scheme, the quantitative side of the
theory of decision making in conditions where the
environment “behaves” in an antagonistic way
with respect to the choice of decisions by the
control body U (state of uncertainty) is usually
called game theory [21]. In the case of “passive”
environment (“passive nature™), about which the
control body U knows the probability distribution

p:{pl:---:pn} on @:{913'"59?7;}: it is

accepted to call games with nature or static
decisions. These cases of environmental behavior
can be called extreme cases. In the general case,
there is a significant gradation of situations that
determine the
environment C.

behavior strategy of the

The definition and classification of these
situations form the basis of the theory of decision-
making under uncertainty, since they partially
allow us to solve the well-known problem of
choosing a decision-making criterion by
developing for each situation a set of such criteria.

QOur approach to the decision-making process

of the U governing body is as follows:
1) formation ofa set of decisions D anda set

of states of the environment © :

2) determination and setting of the main
efficiency and utility indicators included in the
calculation of the functional

F= )Lf..'"k }:
3) determination by the control body U of the
situation characterizing the behavior strategy of

the environment C;
4) selection of a decision-making criterion

evaluation

from the set of criteria characterizing the situation
defined by the control body U;

5) making an optimal decision according to the
selected criterion or its correction (if the optimal
decision is not the only one or in case of refusal of
the optimal decision by the control body U).

The formal component of the decision-making
process under conditions of uncertainty consists in
the production of calculations of performance

indicators included in the definition of the

evaluation functional F :ifﬁ‘ }, and in the
production of calculations to find the optimal

o
solution ¢ € @ (or a set of such solutions

De (D) according to a given decision-making
criterion. Algorithms of calculation of efficiency
indicators and decision-making criteria with the
use of modern computer systems constitute the
mathematical support of the static process of
decision-making under conditions of uncertainty.
Algorithms of formation on the basis of
application of information means and modern
computer systems of the information picturein the

control body U, characterizing the strategy of
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behavior of the environment C and providing the
definition of the situation constitute the
information support of the static process of
decision-making in conditions of uncertainty.

Let us define the main elements of static
models of decision-making processes.

Under the situation of decision making we

{CD,G),F}:

understand where

CD:{(P“'"’(P?H} is set of decisions of the

controlbody U; ©= {91 ""’e”} is set of states
of the environment C, which can be in one of the

0,0 F={f4

states is evaluation

functional (matrix of evaluation functional)

1
defined on © x @ and taking values from R \
at that S e :f(es"’r‘pk)
the situation of decision making is characterized

by a matrix, the elements ‘fﬂf of which are
quantitative evaluations of the taken decision

¢, €@

. In the extended form,

condition that the
0,0 :

under the

environment C is in the state

Qe Pk e O
O S o Sik e fim
g e S e Sm

aaas aaas aas aas aaas aas

en fnl == fn}( == fnm

Such concepts as efficiency, ufility, losses,
risk, etc. are closely related to the category of
estimated functional. The choice of the form of
expression of the evaluative functional depends on
the purpose and objectives of management of the
object O, the availability of methods for obtaining
and calculating the effectiveness of tasks solved
by the management object O and the management
body U, the time of the process of preparation and
decision-making, etc. More often two forms of

expression of the evaluative functional used F \
defining utility, value, etc. or losses, damages,

risk, etc. The evaluative functional F has a
positive ingredient if the decision-making body U

proceeds from the condition of achieving

max ﬂch

P ed . e
K . In this case, for the positive

o | F=F{f;)
ingredient we will use the nofation S,
For a negative ingredient F, the governing body U

S

case

" . . D
assumes the condition of achieving “*

when making the decision. In this

F=F {3}

The identification of positive and negafive
ingredients is characteristic of actively directed
systems. These are the systems that provide the
solution of the problems of attributing each
element of nobelistics to LMAIS. One can note a
number of interesting situations in which, for
example, the ingredient of a passively directed
system can be determined from the condition of

Ami jk}+(1 —K)ma ﬂc}

reaching Pxe® Pee®
(0 <A< 1)_. and we have F = F " with A = 0:

and we have ¥ = F ™ with =1 i
The definition of the evaluative functional in

+
the form of £ , is usually used to express the
categories of utility, gain, efficiency. probabilities
of achieving target events, efc., in contrast it is

F used to express loss, regret, damage, risk,
etc. Note that when forming the evaluation
functional, the expression of the ingredient is
determined by the management and decision-
making purpose of the U body. It is clear that the
positive form of expression of the ingredient of
the evaluation functional is more often used.
However, in some cases a negative value is
necessary.

The regret function is a linear transformation
of a positive or negative value of an ingredient of
the evaluation functional to relative units of
measurement. Such transformation sets the
starting point of the evaluation functional “zero™

for each state of the environment J 1) for
F 7 the case of a fixed state of the environment
_ +
[, =max [

BJ.- = @ (‘P»'-{E@

the value is found and

the regret function is defined in the form
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. =[.— f
?j({Pk) !f fJ' ; 2) for F ™ the case

. 6.0
of a fixed state of the environment "/ the
| L;=min fp
value is found Pr and the regret

function is defined in the form

rj((pk):fj;( _le

The regret function has a negative form of the

- . =0
evaluation functional F | 'J ((pk ) , and
r.=10
J for at least one solution Pk at
‘-vf BJ.- c®

Let us introduce decision-making situations,
which are formalized by the model in the form of

a tuple {(D’ G)’F}: which makes it possible to
define various information situations. By an

information situation I we understand a certain

degree of uncertainty in the choice of the

environment C of its states from a given set e :
which is available to the control body U at the
time of decision making. Let us define a classifier
of information situations characterizing the
“behavior” of the environment C in the decision-

making process

GJ.E@l

when choosing ifts states

Let us introduce 7 information situations:

Tt s the
characterized by a given distribution of a priori

first information situation

probabilities on the elements of the set © :

I, is the second information situation
characterized by a given probability distribution

with unknown parameters;

Is s the third
characterized by the given systems of linear order
relations on the components of the a priori
distribution of the states of the environment C;

Iy

information situation

is the fourth information situation

characterized by an unknown probability

distribution on the elements of the set © 3

Is i the fifth

characterized by antagonistic interests of the

information situation
environment C in the decision-making process;

I

is the sixth information situation

characterized by “intermediate™ between I and

1. . . :
5 cases of environment's choice of its states;

15 is the seventh information situation
characterized by a fuzzy set of states of the
environment C.

These situations are generalized characteristics
of the levels of uncertainty of the states of the
Different gradations of
uncertainty in each information situation are used

environment C.

in the study of decision-making criteria.

Under the decision criterion LE K we will
understand an algorithm that determines for each

{©.0.F} .4

decision-making situation

information situation £ the only optimal solution

s -
¢ @ or a set of such solutions @ C (D:
which we will call equivalent according to the
given decision criterion. The decision-making
criterion can be regarded as a preference operation
on the set of solutions P , taking into account

the element of uncertainty of possible states

{—}je@

of the environment C, ordering the set

of solutions @ into a transitive sequence in the
order of preference.

Thus, any information situation is 7
characterized by a set of decision -criteria
K, ={.} i=

ki HS’} (= L., 7 ). For example, for the

first information situation the composite criteria
likelihood, modal,
minimum variance, etc. (Table 1).

are Bayesian, maximum
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Table 1
Correspondence of decision-making criteria to information situations

Characterization of

No information situation Decision-making criteria

1. Bayes criterion

The distribution of a 2. Maximum likelihood criterion

1 priori probabilities on the | 3. Modal criterion

elements of the set ® is | 4. Minimum variance criterion

specified 5. Criterion of minimum entropy of mathematical expectation
6. Modified criterion
1. Parametric Bayes criterion

- 2. Parametric criterion of maximum likelihood of the estimated
The probability .
distribution with functional (EF)
2 . 3. Parametric criterion of minimum variance of the EF
unknown parameters is . -
specified 4. Parametric modal criterion
P 5. Parametric criterion of maximum entropy of the mathematical

expectation of the EF

The system of linear order

relations on the Determines the type of order relationship, is set by the decision-making

3 | components of the a priori | body U based on the information at its disposal, its experience, the

distribution of the state of | situation and the conditions of the decision-making environment

the medium is specified
1. Criterion for maximal measures of Bayesian sets

The probability 2. Maximum of the integral Bayesian value of the EF

A distribution on the 3. largest integral potential

elements of the set ® is | 4. Bernoulli-Laplace criterion

unknown 5. Khomenyuk criterion
6. Gibbs-Janes criterion

Antagonistic interests of | 1. Wald criterion

5 | environment C in the 2. Savage's criterion
decision-making process | 3. Uncertainty function
. 1. Hurwitz criterion
Intermediate cases of I
. , . 2. Hodges-Lehman criterion
6 | environment C's choice of o

. 3. Menges criterion

its states . Y
4. Schneeweiss criterion
1. Bringing the subjective probability distribution of the values of the

Fuzzv set of environment components of the belonging function components

7 Y 2. Criterion of the type of probability distribution type of the EF values

states

3. Criterion of type of dispersion of EF values
4. Modal type criterion
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In a given situation {(D .0.F }: the decision
making problem is that the decision authority U
must choose one decision that is optimal
according to the chosen criterion. The axiomatic

decision making problem is characterized mainly

{I:KIDA}_

by three factors: where 1 is an

information situation; I ig a set of decision

criteria corresponding to the information situation

I : 4 isa system of axioms for analyzing
decision criteria. The axiomatic approach in the
analysis of decision-making criteria is understood
as a method of selecting the most acceptable
axioms (postulates), which allow the management
body U to investigate the problems of decision-
making in the uncertainty of finding a suitable
decision-making criterion. Decision making in

this situation {{D’ ©.F } is largely facilitated by
the possibility of determining the information

situation £ , as well as the establishment of a

system of axioms for selecting the criterion

Kf.— :{x:{'} (I = ].,..., 7 )

To date, axiom systems do not exist for all
information situations, and the choice of criterion
in given information situation based on the
existing axiom system can be ambiguous. The
ambiguity of criterion selection is determined by
the incompleteness of the axiom system. Despite
the presence of these features that hinder the
resolution of the decision-making problem, we
note that each of the information situations under
consideration is characterized by a “potential”
criterion that reflects the main tendencies of
decision-making in this or that information
situation.

The main tendency of the research of the
decision-making problem consists in detailing and
classifying information situations, on the omne
hand, and in developing criteria for these
information situations with some elements of
research of their positive and negative sides in the
of efficiency of functioning of the
management object O and the management body
U.

issues

3. Let us consider the first information
sitnation.
This information situation I characterizes

the case when the decision-making body U has
knowledge of the a priori probability distribution

n ». _,
p:(pp---,pn) pJ-' :P{e :e_,"}: J.Z=1 J

€0 of the states of the

environment C. This sitnation is the most common

0.
on the elements

information situation identifying the “behavior” of
the environment C in most practical decision-
making tasks under “risk™ conditions. Its
introduction into the decision-making processes
allowed to effectively use constructive methods of
probability theoryin the development of statistical
decision theory.

In practical problems, the calculation of a

priori distribution P of medium states C is

carried out either by processing extensive
statistical material or by analytical methods based
on the formulation of hypotheses of medium
behavior with the subsequent use of basic axioms,
theorems and methods of probability theory. Both
ways are approximate, because in practice, due to
a number of limitations (in terms of cost,
expenses, time and space) there are difficulties in
obtaining and processing statistical material, the
formulated system of hypotheses of the behavior
of the medium is inherently incomplete, and when
using “working” hypotheses it is necessary to
make appropriate assumptions (for example, about
the independence of events) to the detriment of

the physics of the process in order to carry out the
calculation Z . Among the various concepts of

probability, such an a priori distribution P i
commonly referred to as an objective prabability.
However, in a number of statistical decision-
making processes, due to the complexity of the
“behavior” of the environment C, the lack of
collection and processing of statistical material,
the use of analytical methods, etc., the decision-
making body U, relying on its experience or on
the opinion of a group of experts, prefers to use

the concept of probability p , developed on the
basis of the idea of the degree of certainty about a
given factor, feature, svmptom, characterizing the
properties of the “behavior” of the environment.
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This definition of a prior distribution, which
made the concept of probability a matter of
opinion, was called subjective probability. This is
what happens everv time a staff member
introduces a new element into one of the TMAIS
structures.

Taking into account possible emrors and
inaccuracies, as well as the ambiguity of opinions
of the group of experts when calculating the a
priori  distrbution, we svnthesize optimal
decisions on the a prion

p:(pl""’p”)= taking wvalues from the flat set
A,=1p:0<p,<1> p, =1
Jj=1

Let us consider the basic criteria for decision

. . . . e I
making in an information situation 1

characterized by the probability distribution

2. P; =1

P :P{BZGJ}: j=1

o

B

of the states

m

J of the environment C. Let a decision
situation {@‘-‘G-‘F} be given in which the
evaluation functional F= U}k; belongs to the
class of £ either F~ from gg;cwq) . and ©
are given in the form of (I}:{(pl""’ (-Pm}

®=1{,.,..6,}

1. Baves criterion. The essence of this criterion
is to maximize the mathematical expectation of
the estimated functional, transforming the

formulas of a priori probabilities into a posterion
(pka € (I}

such optimal solutions) are those solutions for

ones. Optimal solutions {or a set of
which the mathematical expectation of the
estimated functional reaches the largest possible
value:

n n
BT p.o;)=max B7(p.o;: )= mev{z p,—-}f,—i} =2 Pifi
gD =) =

-l

If the maximum is achieved on several

solutions g£“¢} . the set of which we denote by

@ . then such solutions will be called eguivalent.

distribution

B (p.9x)=2p, /5
The wvalue =1 is called

the value of the Baves estimator for the solution

€@

R

. The great popularitv of this criterion

in the information situation ~ ! is explained by
the fact that the Baves criterion is closelv related
to the axioms of utility theorv {(axiom of Neumann
and Morgenstemn), in which the total utility is
defined as the mathematical expectation of private

utilities. If the evaluation functional is given in the

form of & . then min is used instead of the
operation max of the mathematical expectation. If
the wvaluation functional is given in regret or risk,

the corresponding walue B (p’ (P};) is usually
called the Bayesian risk for the solution

¢, €D

2. Criterion for maximizing the probability of
distribution of the estimated functional. We fix the

value of a .

satisfving the inequalities

e
o, = rlnrr}:cmf}.k

o) <0< .  where "
o, =maxmax [,
© ok kY

7 = Loon k= 1 m
0, €D

For each solution we determine the

Plfiza
probability (fv"}‘ J that the wvalue of the

estimated functional is not less a for the state of

the environment JT and the solution

P, €D

. The essence of this criterion is to find

a solution Pke = (or a set of such solutions

P T?u]zmaxP .->Dt]

n.lr'.l{ - Jr'.l{ -
pred

@ ) for which .
When using this criterion, the control body U

proceeds from a specific value of G'= and

(P}roE(I}

considers as optimal those solutions

for which this condition is met.
For fixed & and Pk k. the inequality

frza

4 defines the set of states of the
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environment © ok . Then the probability
P(fiza)
P(riza)=Plco,.)= T ple=9,)
E'J.-E'EI':I:_{

In this criterion, the magnitude & is given by
the control body U. Therefore, the set @

dependsgﬂt;ﬂa .i.e. ® = a(a). For two values
of &  apd @& h . such that ! <o’ -:_:G‘?,
! <o =0 and o <o . we have
(D(Ot**)g 5( ) Furthermore

P(frza’)=P(frza")
f the evaluation functional is given in the form

of F = F  _thenfor each decision Pr €D the

o=
probability of P(ji”'{ - B) is defined and the

application of the criterion consists in selecting

@),

decisions Pk or for which
P ﬁ<m mﬂPkﬂ<m

. where the
value of p such that %1 = p=oy; is given by

the decision authority U.

3. The criterion of minimum variance of the

¢ €D

estimated functional. For each solution

we define the mean wvalue B_(p’(pk) of the

estimated functional and the variance G k inthe
B*(p.9.)=>p,fr
form of Jj=1 . namely

o, =0"(p.0,) =Z 1B (o) p,

~

-

Dispersion ~ & characterizes the dispersion

of the randomvalue of the value of the estimated
functional for the solution P % with respect to

_(p’(pk]. The essence of this

the mean value B

criterion is to find a solution P %o (or a set of

D ) for which
=mino’(p.¢,)
o.=P )

solutions
Gz (p= (pko)

The main disadvantage of this criterion is that

Qi €D

the variance at the solution may be

P €D

smaller than at the solution

while B (2:04)<B™(1.012)

This suggests that the criterion of minimum

. l.e.

2 2
Cu1 S0

variance of the estimated functional is, on the one
hand, in some sense of the word an auxiliary
criterion, and on the other hand, if it is accepted, it

is necessary to further define this criterion by
2

-

slightly modifying the form gﬁMGk . for

example, in one of the following ways:

5

S Z{f;; max B Oﬂps]

i=1

-—> B'(p.o

12z L .
?”1:1 s)j| pﬂr‘

If the evaluation functional is given in the form
F=F"

of the evaluation functional is found from the

0-2 (ps (-pka.) = IIliIl GE (ps (-pk)
o ed

condition

n
GEP:'P_{} - Z |:f;;

=

. thenthe solution P ko tothe minimum

, where

2
C (p’(pkﬂ) is determined in one of the

following ways:

the value

n

o’ (p.0x)= Y |75 - B (p0e) 2,

j=1

YCTOWYMBO PASBUTUE * YCTOMYMBOE PA3BUTUE * SUSTAINABLE DEVELOPMENT

13



fognHa XV bBpoi1 2/2025 * Year XV Volume 2/2025 * Toa XV Homep 2/2025

2 —
Gl(p o, ): i[f— — min B_(p o) )] D, theform F | the operation max is replaced by
i i I B 5 ¥
AL s es=® ’ min.
. n 1™ E 5. Criterion of minimum entropv of the
G- (P: cpk)= Z{fﬂ _EZB (P:(Pg)} p; mathematical expectation of the estimated
_'r'=1 s5=1

+
funetional. Suppose that f»"‘-‘ =0 forall j and k.
Let us define the entropy of the mathematical
expectation of the estimated functional for the

4. Modal criterion. The essence of this
criterion is that the controlbody U proceeds from

solution Pk € @ as follows:

the most probable state of the environment.

Suppose that there is a single wvalue of ) )
- _maxP0=0. 2| opifa p;fi
pﬂ 6,20 [ J_) H(P:q}_{-)z _Z U T I e

n n
. i=1 + | + |
J Fr > v fi |
Using this criterion, the control body U r-=1p3fﬁ‘jj f=1p“rfﬁ‘/j

assumes that the environment is in the state
0. €0 =
J1 and the optimal P ko or D is
P The essence of this criterion is to find a

determined from the condition
"f:% =max f:k solution ?P ko (QLM(I)) from the condition
=] : .
O£ P(ﬁ _, e]f) it turns out t]:la.t t]:lf,‘ H(pﬂ(Pj(g) :szlel:g'H(p:(Pk)
maximum ~ /7 is achieved at a priori ' - In case of non-
+
probabilities Pi:Pj=+ P then the optimal fulfillment of the condition T >0 for all j and
+
solution P ko (or D ) is determined from the k, a transition from the values ffk of the
1.¢ 1.5 evaluation functional to the risk (regret, loss) of
—Zf“.{ = max —Zf:rx the form
. 5 el Syt quEq} 5 rt dy
condition ~ 7= r= :
f:’ =max
The main drawback of this criterion is the 6 co
=
possibility that if we take two solutions P x1 and e
+ + .
P2 , for which ffl’rfl > fﬁk! . thenaccording to Jo— T

this criterion the solution @ &1 . i.e. Pr1 & P2 .
is preferred. However, it may turn out that

B_(Ps(Pm){B_(P:(PH)

At that the solution ¢ ko iz found from the

. . condition of entropy minimum Pre@ of the
The main advantages of this criterion are:

mathematical expectation of the estimated
1) sufficiency of identifying only the most P

probable states of the environment, and it is not functional of the form H(P, (Pko) at f} =0 :

necessary to know the quantitative values of the

probabilities of realization of these states: \ \
2) determination (calculation) of the estimated i ~_ | ~_

functional only for the most probable states of the H(p.o:)=-% np-ffﬁ {1n "pff-f'*

environment, which increases the speed of =1 o F-

decision making many times. It should I:IJJc noted JZ=‘1 Pils ,JI J‘Z=1 Pils ,J

thatwhen setting the evaluation functional F in
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6. Modified criterion. We fix the value of A \

satisfying the condition O0=A=1 Foreach of

0D

we  define  the wvalue of

X(P:Qk):(l_?*)[BJr(P:(Pk)JE _}'Gz(psq’;:)
B+(P:Cp;{)= gprfr:

where denotes
n

> (p.0x)= Y15 - B (po)f 2,

=1

The essence of the modified criterionis to find

a solution P %o (or a set of solutions @) from

A P-9,) = maxy(p. o, )
Pr=P .

the condition
Note that in two particular cases ~=0 and

A =1 this criterion coincides with the Bayes
criterion and with the criterion of minimum
variance of the evaluation functional.

Let's introduce two values

X(P:CPK):U_}{ZM‘ prfr:} _}Z|: r: _an!ﬁ:] pP;=
Jj=1 I=1

2

{Z:P,;f;} |:ZH: prf:';:|

% Jj=l

&
A =max
piEd

4 =mm

e il

=i

L]

Z=1Pj U,;_‘ }2

* B

Obviously, the wvalues and are

Ll

P NS

I 2

such thatthe inequalities 0
satisfied.

Lemma 1. If a quantity A satisfies the
condition 0= A =1 then 3".(p=(Pko):—}0 for

any Prc@ :
The proof of this statement follows from the
fact that

2
M

Jr=1

- {Z p;ﬂc] 23 p,(f7) =0
J=1 J=1

2
M 1 2
}£|:Zprfr:} pr(—ﬁ:]‘
because = i

- or

9@ o ke o]

any solution
As a corollary to the lemma. we obtain that

(1-2)B" (.0 =2.6*(p.0,) B

he o]

criterion is more sensitive to the Bayesian
criterion of maximizing the average pavoff

. i.e., at these values A the modified

.9, )=01- ?{Z p,fi }

2

_}*Z{fﬂﬁ —Z”:P;f;;} p;=

B (_P,(P;‘—): thanto the criterion of minimizing

(p.9)
the variance © ‘P> Pk,

Lemma 2. If a quantity A satisfies the
condition & <A =1 then :'r-(p’(pkﬁ‘) =0 for
any ¢ €@ :

The proof of this statement follows from the
fact that

2

i=1 =

o

j=1 j=1
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2
lg{ijﬂ;} >p, i)
j=1 j=l

solution P& @ at Ae 10,7\. J

As a corollary to this lemma, we obtain that
s
(-5 o) <ropo)

L€ l}‘ =1J: ie, at these values ~ the
modified criterion
criterion of minimizing

since for any

is more sensitive to the
the wvariance of

)
G~ . o

(p,(P;(): than the Bayesian criterion of
maximizing the average payoif.

If the value of = |.}" 3}“’1__ the wvalues

X(P; (Pkﬂ) are sign-variable at PP .l.e., we

cannot talk about the priority of the Bayesian
maximization criterion B (p - Pk ) or the

2
minimization criterion © (P P )

The following point estimates canbe proposed
1 s lO, 2 I :

for selection ~ in the interva

3 H % *
M(p){—] Ap®(p)
n—1 Here & isan

arbitrary non-negative number; P (p ) is the

distance from ¥ :(pl""’p?’?) to the midpoint
1 1

[ n n ] of the flat set

p(p)ZLZ:[pJ %T]% :[;-Z:p“’ _%J%

The point estimates l& (p ) satisfy the following
() 0)
two axioms: 1) l&(p )_0 at P (p )_ 0 ,ie.,

in the case of  uniform  distribution

suasy

0 [1 1]
n n ., the modified criterion
with  the

coincides Bayes criterion; 2)
?l‘ot (P .): A at
* n-—1 A
o(p )=maxp(p)=[ ]
el n , l.e., in the case

*

of degenerate distribution F  (one of the
components of which is equal to one, the rest are

2 _
zero), the variance G (p’(Pk )_0 for any
0@

Thus, if decision authority U believes that the
value * in the modified criterion X(P,(ij)

*
satisfies the inequalities O0<Ai<h , then using
ok

the point estimate ~ @ | a decision is made from

the maximum x(p’(Pkﬂ') over condifion
(p}.' S I:I) for l:l&,(p)

-

. S A
Partial cases of point estimates (p) at

o
a=0.,1.2 are the values of 7\.0(}9): l;n
i (p)= |l
o n 2 * |

?“?(P): p_(P)?‘*

- n-—1

ne |na]

estimates of

ro(p)=1 —[ﬂ%} p*(p1-2")

For selection . we used point

the form

I with

- o (P) G
non-negative Ol | The values "“ satisfy

R O )_
the following two axioms: 1) cr.(p =1 at

0y
p(p )_0: ie, in the case of uniform

o (1 1
_p = T —
. N)  the modified

criterion coincides with the minimum wvariance

distribution
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ok # Ao 2 * o
criterion; 2) ?“a(P _)_ . at a© (p ’(Pk)_ for any ¢re® ., and the
n—1 }/2 decision is made by the Bayes criterion.
p(p ) max p ) ( ] Thus, if decision authority U believes that the
n i.e., in the case

*

of degenerate distribution p

c’ (p* - Pre ) ~Y for any and the

optimal decision is made by Bayes' criterion.
Thus, if decision authority U believes that the

. the wvariance

PrcD

value A in the modified criterion %A (P,(P;( )

AT <<l

satisfies the inequalities then

"**
using the point estimate (p ) a decision is
made from the maximum X(p,@k) over

condition P& € P for A= lﬂf(p).

"\**
Particular cases of point estimates (p ) at

a=012 alpt)=n"

A (p)=1- Fp(p)(: )
)

The following point estimates can be proposed
e .

A (p)=2"+ [%l%p“@)( .

. where @ = 0 , where .,

for selection

and the point estimates

satisfy the following two axioms: 1)
- o) 4% -~

la(p )_?L at p(p )_ 0_. ie. in the case of
uniform distribution 1 1/ the Bayes

criterion is given greater preference in the

modified criterion; 2) ?“&(p )_?" at
¥
* n—1412
plp )=mwp@)=[—]
= n ., ie. in the
the criterion of minimum

modified criterion,

. o’ ( |
variance P-Pr) is given greater preference,

value of = l:“' e J: then according to the
modified criterion a decision is made from the

maximum condition X(p’q)k) at A= ?1'0’- (p)

()

Particular cases of point estimates

a =012, hl(p)=

M(p)=2"+ Jﬁp(p)(ﬂ“ ')

Wb )

iz (P): A+ %p

The derivation of the above point estimates is
based on the wuse of the estimate

B+ TPQ(P)(SD +8;, +3,A )
coefficients are chosen in such a way that the
above axioms are satisfied for each of the three

whose

cases of location.

7. Condifional decisions. Let us compare the
K I

set of previously considered decision-

1
I :{XID:’XP} 1o the

information situation I :
decision criteria, the control body U selects one
criterion, which is conditionally called the main
criferion, and restrictions areimposed on the other
decision criteria. Therefore, the decision made by
the control body U on the main criterion under
given restrictions on the other criteria from the set
K,

optimization problems and for decision making, it
is typical to set constraints either in the form of

[ R
q =y =C

1, or in the form of

making criteria

From the set of

. let us call a conditional decision. Both for

inequalities

equalities L1=6

It should be noted that since the search for an
optimal solution is reduced to a finite number of
options, setting a constraint in the form of an
exact equality is in most cases not quite correct
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and leads to the absence of a conditional solution.
In contrast, constraints in the form of inequalities
are more natural and allow the decision-making
body to conduct a kind of analysis to establish

“reasonable” limits of values 1 C1
lower and upper limits of values of the criterion

and from

L1 For example, a book can be included in the
LMAIS only if it mentions at least one Nobel
Prize winner or member of the Nobel family
(lower criterion).
5
Thus, if X1 € KI is the main criterion, the
conditional solutions are found from the following

L1 ((Pko)_ opt %, ((Pk)

problem: PxEP

! i !
q =y =G

s (I =1l...r ] * S). A special
case of the formulated problem of finding
conditional solutions is the case considering of a

KCK

I instead a set KI .
Example. KI :{xi’xf }_-
;{i :B_(ps(pic): 112 zﬁz(p’(pk): and the

set a subset

Let where

vector of a priori distribution p :(pl""’p?’?) is
1

given, and X1 is the main criterion. The

P ko is found from the
B (p(P;m) maKB (.pq)ko)

bounded solution

condition

a <6 (P.0)SC e 1. C1 e
given positive constants. Note that it is possible to
define a class of conditional solutions without
identifying the main decision criterion directly as
a solution of the system of inequalities

c <yl(o )< ] =1y

The obvious statement is that, according to the
constructed Table 1, decision making in each
static information situation leads to the necessity
to develop targeted methods depending on the
considered criteria. This does not apply to the
issues of decision making in dvnamics.

4. Structural model of data formation

On the basis of intellectual analysis of
mathematical models of information situations we
have developed a structural model of data
formation.

Data in the local LMAIS on nobelistics in the
INIC are presented in the following amount: about
10 thousand books and brochures in the NRE.
more than 6 thousand exhibits in the MNF &ILNP,
more than 100 thousand sheets of documents in
the ANF&LNP, 20 databases of electronic
documents on nobelistics with the volume of 2
Tbytes. It is more than enough for formation of
information problem-oriented system with high
level of accuracy and completeness of search in
all directions of nobelistics.

For formation of accurate queries on
special thesaurus is initially
developed, terms of which are easily transformed
into key words, entered in the search query. Other
keywords are not perceived by the system. In the
description of each element of the system (book,
brochure, museum exhibit, archival document,

nobelistics a

etc.) a specially developed classification
technology is used, the main parameter of which
is the surname (and names) of each of the
It is by this
parameter that any new element is placed in the
LMAIS, it must necessarily be associated with at
least one surname of a Nobel laureate.

Let us present an information data structural

thousand Nobel Prize winners.

model with information flows (Fig.1) in the
process of providing information search on
nobelistics. Information objects (entities) here are
elements of the subject area - documents, which
are either search objects themselves, or represent
secondary data about the search objects, which is
carried out with the help of database management
system (DBMS).
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Figure 1. Structural model of data formation in the LMAIS of INIC
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In this model, the data are shaped and placed
so that the search results for any query in the field
of nobelistics can be:

1) factographics or factologics data obtained
from the INIC database;

2) documents (books, archival documents,
museum exhibits), which the user studies and
completes the search for the sought information
independently.

Nobelistics data obtained from the Internet
undergo a thorough expert check for reliability
and correction or screening if they represent
misinformation (according to our observations,
more than 70% of cases are unreliable).

For each result, LMAIS calculates the search
cost using a pre-entered algorithm. Each search
operation is evaluated by a set of six main
elements of search quality: relevance, pertinence,
accuracy, completeness, clarity, consistency. The
first four elements are calculated as indicators
based on the entered parameters, the last two are
selected based on a fuzzy scale. If the user is not
satisfied with the value of any quality element, the
information retrieval system changes the query
and repeats the search. Only after sufficient values
of all six quality elements of the search, the data
or documents are transferred to the user and the
service cycle is completed.

I1l. CONCLUSION

The proposed model of data formation and
information retrieval based on the problem-
oriented array on nobelistics allowed to bring the
relevance, pertinence, accuracy and completeness
of the search to 0.9-1.0, and clarity and
consistency to the value “very high”. Such results
are unlikely to be achieved if the search array is
not problem-oriented and if the data are generated
in such a way that the total number of documents
in the array is unknown.
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TECHNICAL AND ECONOMIC CHARACTERISTICS OF THE
ORGANIZATIONAL FORMS OF THE PRODUCTION PROCESS
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Abstract The form of organization of the production activity determines the characteristics of planning of
the production process in time and space. The forms of organization exist in direct and interconnected
relation to the type of production. The type of process predetermines the manner of interconnection of the
production factors in the special units of different rank (workplace, section, department, workshop, etc.).
This paper examines a comparative technical and economical characterization of the forms of organization
of the technological production that are applicable in practice.

Key words: Production process, Forms of organization, Type of production

I. INTRODUCTION
The form of organization of production

determines the characteristics of planning of the
production process in time and space. In the
individual company, each form of organization of
production has “right to life” and suitable field of
application, i.e. this is matter of free choice on the
part of the production management. The forms of
organization exist in direct and interconnected
relation with the type of production. The type of
process  predetermines the  manner  of
interconnection of the production factors in the
special units of different rank (workplace, section,
department, workshop, etc.). The organization of
the production process in space is determined by
the placement and layout of the equipment, as
well as by the specialized sections and workshops
for production and depends on the type of
production,  quantity and  manufacturing
technology. Based on the above in practice there
are four main forms of organization of production:
individual, grouped, subject and assembly.

The information taken into account for making
the decision which form of organization and type
of production to be chosen, is as follows:

= Type of manufactured production
produced presently or planned for production

= in the future and the technology of its
production;

= Raw materials supply for the production,
including assortment and quality of the raw
materials, potential suppliers, etc.;

= Applied technology of production and its
main exploitation parameters in quantitative and
qualitative aspect;

= Nomenclature of manufactured products
and basic requirements for its quality and cost
competitiveness;

= Suitable type of production in the
enterprise.
Il. MAIN TEXT
SELECTING THE FORM OF

ORGANIZATION OF PRODUCTION

lL.iIndividual form of organization of
production
The individual form of organization is

applicable in case of a custom manufacturing
method  with  specific  customers,  with
requirements regarding the quality of the product
in specified small quantities. The knowledge,
skills and production experience of the worker
play key role in determining the production costs.
Because of the use of non-expensive universal
machines in such form of organization of
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production there is great flexibility and
opportunity to adapt to the changes in the market.
The individual organization allows all or almost
all operations related to the manufacturing of the
product to be performed by one worker.

Disadvantages of the individual organization
of production:
=  Long duration of the technological cycle;
=  Low labor productivity;
=  Irrational use of available equipment and
production areas, etc.

The advantages of the individual form include
comparatively small investment, high quality of
the product, as well as the feeling of fulfillment of
the worker. The application of the individual form
of organization in modern conditions is limited
mostly to production of test samples, specialized
tools, spare parts, fashion clothes, accessories, i.e.
individual production.

2.Grouped form of organization of production

The grouped form of organization is usually
applied in individual and small-scale type of
production. In terms of layout, it is characterized
by the construction of production units from
technologically uniform machines — grouped
sections, for example turning sections, milling
sections, etc. The operations of the technological
process are performed in different technologically
specialized units.

When applying the grouped form of
organization, the operations are sequentially
combined in time with advancement of the semi-
finished products individually or in batches.

The production cycle has a long duration,
because there is no parallel work on the products
from the batch and moreover there are longer
transportation times and waiting time for the
machines in the technologically specialized units
to be available for processing of the batches.

This determines the highly interrupted nature
of the production process. Figure 1 shows an
image of technologically separated sections in
grouped form of organization [1].

Characteristics of the grouped form of
organization of production:

= The machinery and
universal;

= The workers are highly qualified,

= Low level of specialization of the
workspaces;

=  The production process is interrupted;

=  The production cycle of the products is of
relatively longer duration.

equipment are

Advantage of the form  of
organization:
= High level of flexibility, because the
universality of the equipment and
qualification of the workers allows for
seamless transition from the production of
one type of product to the production of
another type;
=  The duration of the production cycle of
the product is shorter compared to the one
of the individual form of organization of
production;
= There is no psychological overload of the
workers, because the work in the
workshop is varied.

grouped

Disadvantages form of
organization:

= The performance of technological
operations is related to transportation of
the processed products (blanks) from one
section to another section with protracted,
often crisscrossing and  reverse
movements, which prolong duration of
the production cycle, complicate and
increase the cost of the in-house transport;

= The advancement of the products in
batches delays the timely supply of the
consecutive sections and workplaces and
cause interruptions of the technological
process;

= The frequent change of the type of the
manufactured production causes low
labour specialization, respectively — low
performance;

= Irrational use of the production space.

= Details are accumulated and semi-finished
products at the individual workplaces, as
well as in the intermediate warehouses,
which leads to increase of the warehouse
costs.

of the grouped
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Fig. 1. Grouped form of organization of production

In spite of the listed disadvantages, the grouped
form is applied in practice in almost all branches
of industry.

3. Subject form of organization of production
The subject form of organization is applied
mostly in the medium-sized type of production.
The work space is characterized by the
construction  of  production  units  with
technologically diverse machines. The machines
are arranged in accordance with the order of
operations of one technological process for a
group of constructively and technologically
similar batches of semi-finished products. The
aim is to provide maximum level of completion of
the processing of the products in one
technological unit. In time in the case of subject
form of organization a parallel-sequential
combination of technological or transportation
operations is applied individually or in batches of
the semi-finished products [7].
Characteristics of the
organization of production:
=  The machines are located in the section by
subject;
=  The equipment is mostly universal, which
requires high level of qualification of the
workers;
= The advancement of the material
resources is individual or in batches;
=  The products and technological operations
are repeated periodically;
= The production process is interrupted,
because the duration of the individual
technological operations is different.

subject form of

Advantages of the subject form of organization
of production:

=  The time for production of the product is
relatively short, due to the shortening the
product movement route and smaller time
expenditure for reconfiguration of the
technological equipment;

= Comparatively small volume of the un-
finished production;

= The throughput of the equipment is
relatively high.

Disadvantages of the form of

organization of production:

= Necessity of investment of large capitals
for purchasing of specialized machinery;

= It is sensitive to changes of the
construction of the products, because this
necessitates the regrouping of the
equipment;

= Lower flexibility is case changes in
technology are needed;

= Insufficient load on some technologically
specialized machines.

subject

The subject form of organization takes an
intermediate place between the grouped and
assembly line form of organization (see figure 2).
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Figure 2. Subject-limited section in subject form of organization of production

A. Subject-limited section

In the subject-limited section a set humber of
identic or heterogenous machines are located at a
specific place in accordance with the requirements
of the technology, for

the purpose of being able to produce
continuously one and the same details, assemblies
and products. As a result, there is fuller utilization
of the capacities and the work time of the workers.

The sections can be performing processing or
assembly activities. An example of subject-limited
section is represented in figure 2 [1].

B. Subject-limited line

In subject-limited lines, in contrast with
subject-limited sections, the nomenclature is
highly limited. Because the sequence of the
technological operations is one and the same (or
almost identical) for each product, the machines
and workplaces are lined up, in accordance with
the course of the technological process.

The subject-limited lines do not cover the
entire production process of a given product.
Usually the subject-limited lines include
operations of one phase of the production or
assembly. For example, a subject-limited line is
laid out for assembly (of TVs, telephones, radio
receivers, etc.).

The subject lines are similar to the assembly
lines, because they follow the principle of linear
placement of machines and workplaces, but there
is lack synchronization of the technological
operations and no uniform rhythm of production.

4. Distinction of assembly form of organization
of production

Assembly form of organization is applied in
large-scale and mass type of production. In space
it is characterize with subject-linear layout of
technologically different machines — assembly
lines. Due to the small nomenclature and large
volumes over long periods of time, specialized
machinery and equipment with high degree of
automation is used. In time a parallel combination
of the operations is applied with advancement of
the semi-finished products individually or in
batches. The production process is highly
differentiated into small and simple to perform
operations, which are synchronized with the
rhythm of the assembly line. Because of this the
production process is uninterrupted and is the
shortest compared to the grouped and subject
forms of organization [7].
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I11. CONCLUSIONS

In closing we can summarize that planning and
management of a production process requires
preliminary determining of the type and form of
organization of production. After that, having this
basis, one can plan and implement a
corresponding system of production management,
which would provide rhythmic and uninterrupted
flow of the production process for completion of
the contracts for volume, nomenclature, quality

and terms concluded with users [7].
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CALISTHENICS AND STREET FITNESS: THEIR ROLE FOR ADOLESCENTS
AND OPPORTUNITIES FOR DEVELOPMENT IN BULGARIA

KAJIUCTEHUKA U CTPUUT ®UTHEC: POJIATA UM 3A NOJAPACTBAIIUTE
N Bb3MOXHOCTHU 3A PABBUTHUE B BBJII'APUSA
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Pesztome. Hacmoswama cmamusa uma 3a yen oa pasaneda 6 0030pen acnekm Habupawume NONYIAPHOCH
CbBpeMeHHU opMuU HA coyuaru3ayus, Gu3UYecKama aKmueHoCm U CHOpm, KAmo KAIUCMeHUKa u cmpuim
@umnec. Bzaumooeucmeuemo medxncoy mesu opmu Ha mpeHuposKka ¢ vpobaw Chopmc (2paocku cnopmose)
0a8a 8b3MOACHOCM 34 NO-000paA COYUANU3AYUS, paA3GUmMUe HA MOMUBAYUs U Pu3UYecKka aKkmusHOCm cpeo
maadume xopa 6 byreapus u Espona. B mosa omuowenue mosu mun akmugHocm Ou mozaia 0a 6voe
A0eK8amHo peuieHue b8 8Pb3KA C HAKOU OM OCHOSHUME NPOOIeMU - HAMANEHAMA O8U2AmMeNHa CROCOOHOCH,
JUNCAMA HA HABUYU, KYAMYPA U NOZHAHUS 34 3AHUMAHUS ¢ QUIULECKU YAPAXCHEHUS U CHOPM, U38EXHCOaUU
HeobXoo0uMocmma Om nO-CHeYUaIHo GHUMAHUE U 2PUdCU 3a 30PABOCNIO6HUS HAYUH HA JHCUBOM,  Upe3
CUCMeMHU 3aHUMANUS CbC CNOPM, PUIUYECKU YNPAXCHEHUS U 08Uamenna akmusHocm 6 epaocka cpeoa. 1o
CBOSIMA COUWHOCH KATUCMEHUKAMA U CIPULm (oumuecsm - Cmpuiim yopkaymvm (ViudeH gumuec), ucpasm
sadicna poasi 8 cueoma Ha noopacmeawjume. Te — Hacvpuasam aKmu@eH HAYUH HA HCUBOM U
NPOMUBOOCUCMEAm HA Hedceranume NOCICOUYU OM 3ACEOHANUS HAYUH HA JCUBOM U U32PAAXCOAM
camouyscmaue u camoycb8bpuleHcmeane.

Kniouoeu oymu: wpoan cpummec, cmpuiim yYopk-aym, KAIUCMEHUKA, YNPAXCHeHUs 3a yKpeneame Ha
MycKyaume, aepooua usuuecka akmugHOCm, H08 NOOX00 KoM hummueca

Abstract. This article aims to provide an overview of contemporary forms of socialisation, physical activity
and sport, such as calisthenics and street fitness, which are gaining popularity. The interplay between these
forms of exercise with urban sports (urban activities) allows for better socialization, motivation development
and physical activity among young people in Bulgaria and Europe. In this respect, this type of activity could
be an adequate solution in regard to some of the main problems - reduced mobility, lack of habits, culture
and knowledge of exercise and sport, highlighting the need for special attention and care for a healthy
lifestyle, through systematic sports, exercise and physical activity in urban environments. Calisthenics and
street fitness - street workout (street fitness) - play an important role in the lives of adolescents. They
promote active lifestyles and counteract the undesirable effects of sedentary lifestyles and build self-esteem
and self-improvement.

Key words: urban fitness, street workout, calisthenics, muscle-strengthening activities, aerobic physical
activity, new approach to fitness

I. BbBEJIEHUE couuanu3anusa © 3abaBieHue, (Qu3MUYecKara
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OT HaW-TIOMyJSIpHATE W JOCTHIHH (GOpMH Ha
TPEHUPOBKM Ca KAJIMCTEHWKA W CTPUHUT (UTHEC,
KOHUTO CTaBaT HE CaMO METOIH 3a MOJAbPKAHE Ha
nmobpa ¢uszmuecka Gopma, HO ¥ HAYMH Ha JKHUBOT.
CpuetanueTo Ha Te3u (OPMH Ha TPEHUPOBKA C
(rpancku JlaBa

mo-mobpa  colMaIn3aIus,
pa3BUTHE Ha MOTUBAaIMS U (PuU3nYecKa aKTUBHOCT

BpbaH  cropTc CIIOPTOBE)

BB3MOKHOCT 3a

cpen Mmimaaute xopa. KakBo e KanucTeHnka?
Kanucrenunka, mnum kapucreHuka, € ¢opma Ha
TPEHUPOBKA, KOSITO H3ION3Ba TEXKECTTa Ha
COOCTBEHOTO TSUIO 3a HW3TpaKJaHe Ha CHIIa,
I'bBKaBOCT U H3APBIKIUBOCT. anamHeHHﬂ KaTo
JHLEBH ONOpH, HAOMpaHWs, KISKaHUS, IUIAHK U
apyrn 0a30BU IBIDKCHUS C€ W3MBJIHSABAT C IET
yKpelBaHe Ha MYCKYJIHUT€ U pa3BUBaHE Ha
¢usnueckara popma. Kanmcrenukara e He camo
e(eKTHBEH METO]I 3a TPEHHPOBKA, HO U JIOCTBIICH,
TB Karo HE HM3HMCKBA CKBIIO OOOpyIBaHE WIN
3aina.

9IEHCTBO B (uTHEC ToBa s mpaBu

MpUBJEKaTeIHa 32  IIUPOK  KPBL  XO0pa,

BKJIFOYMTEIHO ITOJPACTBAIIUTE, KOWUTO THPCAT
HauWH Ja ce pazBuBaT (usnyecku, Oe3 ja Umar

OOCTBIT 10 ClICHUATIU3UPaH CbOPBIKCHUA.

I1. OCHOBEH TEKCT
1. PamkoBa opueHTanmus Ha QuU3NYecKa
AKTHBHOCT W Ppa3BHTHE HA OBJTrapcKoTo
Haceqenue[l, 2, 3]

Katro ©0a30B pamMKOB JOKyMEHT JaBall
opHeHTanus (pU3NIecKa akTUBHOCT U pa3BUTHE Ha
OBJITApCKOTO HACENICHHE MOXE J1a C €BB3IpHEME
Hanmonanna nporpama BYJIOAP 2021 — 2024.

Criopel HacCOKMTE OYEpTaHW B JIOKyMEHTa B
nepuoga 2021 — 2024 r., TpsbBa cnopThT 3a
BCUYKH J]a HapJe3e IO-IIHPOKO B KUBOTA HA
ObirapuHa, ABMXEHHETO Aa c€ MOMyJIsIpU3hpa B
mslaTa CTpaHa, KakTO M Ja Cc€ IOCTUTHE
KOOpJIMHAIIMS W IIBJIIHOLEHHO CHTPYIHUYECTBO
MEXIy BCHYKH 3BEHa B CHCTeMara Ha CIIOpTa,
OOIIMHUTE W JPYTUTe WHCTUTYIMH B CTpaHaTa,
KOUTO HMaT OTHOILICHHWE KbM 3JIPaBOCIIOBHHS
HAauWH Ha J>KMBOT HAa BCHYKM TpakaaHu, Oe3
pas3nyKa BbB BB3pACT, IIOJI, 3APABEH U COLMAJICH
cTaryc.

Ot0ensa3Ba ce, ye 0coOeH IMpoOJieM B CBETOBEH
Mamab € HapacTBaHETO Ha  @u3uueckama
HeaKxmueHoCm, KOETO € OCHOBEH (akTop 3a
penuna 3a0onsgBaHMA M paHHA CMBPTHOCT B

HUHAYCTPUAIUIUPAHUTC CTPAaHU U OTPOMHU 3ary61/1
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HAa YOBEIIKH IMOTEHIIMAT U PECYpCH, Taka MHOTO
CTCIUAUCTH JIa TPEOLICHIBAT POJISITA HA CHOPTa
U THPCAT OaTaHC MEXKAY HEBEPOSATHOTO PA3BUTHE
HA  BHCOKOTO  CIOPTHO  MAaiCTOPCTBO U
CIIOPTYBaHETO 3a 31paBe, 3a nodpa Qopma, 3a
peKpearus, 3a MPOIBbIHKUTEIHA JIEECIIOCOOHOCT U
IBITONIETHE — CIOPT HE caMo 3a MJagd |
TAJAHTIUBH XOpa, HO 3a BCHYKH — Jella, X0opa B
aKTUBHA BB3PACT, XOpa B HEPABHOCTONHO
MOJIOXKEHHE M XOPpa OT TpeTaTa Bh3PacT.

Hskoit oT 0cHOBHUTE TPOOJIEMH B CTpaHaTa HHU,
KOUTO ONPEENAT HEOOXOMMOCTTA OT CHEIUATHO
BHUMAHWEC U I'PUKHU 3a 3ApPaBOCIOBHUA HAYMH Ha
JKHUBOT Ype3 CHUCTEMHHU 3aHHMaHHs ChC CIIOPT,
(u3NYeCKU YIpaKHEHHS U JIBUTATETHA aKTHBHOCT

ca KarTo:

- MBKkI0unTeTHO BUCOKHUST IIPOLICHT Ha
3a00IIIBaHUS U CMBPTHOCT OT OOJIECTH, 3a
KOHMTO PHCKOB WJIM OJIaronpusATCTBAIl 3a
pa3BuTHETO MM (aKTOp MpHU HaMajieHaTa
JIBUTATE€THA  CIIOCOOHOCT  /CHPIEYHO-

CBHJIOBH 3a00JISIBAHMUS, HATHOPMEHO TETJIO,

SHIOKPUHHN W oOMeHHH OoyiecTH,

OoJyiecTH Ha ONOPHO-JBUTATEIHUS arapar,

CTpec, TICHX03U U JPYyTH/.

= JluncaTta Ha HaBUILIM, KYJITYpa U [TO3HAHUSA
Y HACEJIEHUETO OT BCUYKH Bb3PacCTU KaKTO
32  OpraHuM3MpaHd, Taka M  3a
CaMOCTOSITE]THA 3aHUMaHHS ¢ (PU3HMUECKH

YIPa>KHEHUS U CIIOPT.

*»  HeoOXxoauMoCTTa OT HOBaTa OPraHU3aLUs

Ha paboTa ¥ Ha JXHUBOT, W3UCKBaIla
JIeeCIoCcOOHOCTH
no0pa

IIOCTUTHE

HU3KITIOYUTCIIHA
IIOCTOSAHHO

(opma,
CAUHCTBCHO '—IpCS CUCTCMHHMU 3aHUMAaHUIA

MoIIbpKaHe  Ha
MOXE Ja ce

CbhC CIIOPT.

ChIII0 B Ta3W HAacOKa 3aKOHBT 3a (PU3NYECKOTO
BB3MUTAHUE M CIIOPTAa M PEAMIA IOJ3aKOHOBU
HOPMATUBHHU JIOKYMEHTH, ONpeAeinxa SICHO H
TOYHO CIIOPTa 32 BCHYKH KaTO MPHOPHUTET, KAKTO
W 33JIa4HMTEe HA OTJ/ICITHUTE 3BCHA M WHCTUTYIIMH B
Tasu cdepa.

He3aBucuMo OT momaraHute yCWIHMsl [0
MOMEHTA, 110 HACTOsIIeM B cepaTta Ha cropra 3a
CTOAT MHOTO HEpEIICHU

BCHYKH, BBIIPOCH.
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HHTepechT KbM cropTa 3a BCHYKH Ha Cpe/icTBaTa

3a MacoBa UWHpOpManus — TIpeca, pajmHo,
TEJICBU3US, € HE3HAUUTEIICH, KOETO € ChIIECTBEHA
npeyka 3a [HPOKOTO TOMyJISpH3MpaHe Ha
CUCTEMHHUTE 3aHHMaHUSl ChC CIOPT 3a 37paBe H
nobpa dopma.
2. KamucreHukara - OCHOBA 3a MHOIO OT
cbBpeMeHHHTE ""Bpoan cnopmc''
Kanmncrennkata e ocHoBaTa 3a MHOTO OT
ChBPEMCHHUTE BHpOaH  CIOPTC, KOWTO C€
MPAaKTUKYBAaT HA OTKPUTO B MapKOBE, YJIHMIU WIN
Ha CHCIMATU3UPaHU (UTHEC YPEIH, Pa3oIoKEHU

B Tpaacku ycioBusa. KakBo e cTpuidt ¢utHec?

CrpuwiiT  ¢uUTHECHPT €  pa3HOBHUIHOCT  Ha
KalucTeHnkata. B TO3M KOHTEKCT TCPMUHBT
"crpuiit  ¢uTHec"  OoOMKHOBeHO  oOXBaima

ISUTOCTHUSL HA0Op OT ynpakKHEHUsI, 0a3upaHu Ha
TEJIECHO TETJIO, KOUTO MOTAT Jja C€ M3IIBJIHIBAT Ha
ypemu Karo JIOCTOBE, XOPWU3OHTAJIHU TPBHTH,
CTEHJIOBE 3a HaOMpaHHS U JPYTH, Pa3MONIOKEHH B
rpajackara cpera. ToBa e TUOHMYEH HpuMep 3a
BpOaH CIOPT, KOMTO MMa 3a Lel Ja H3I0JI3Ba
rpajckata cpefa M HMHQpacTpyKTypa, 3a Ja ce
W3BBPLIBAT TPEHUPOBKU. CTPUHUT (PUTHECHT, KaTO
4acT OT bpOaH CHOPTOBETE, HAChpUYaBa XopaTa Ja
TpEeHHpaT Ha u3IsA3aT  OT

OTKpUTO W a4

TpaAULIMOHHUTE ¢buTHEC 3aiu.

[IpuBnekarenHocTTa My 3a IMOAPACTBAIIUTE € B
Herosara

conuaiHa KOMIIOHCHTA —

TPEHUPOBKUTE CE€ IIPOBEXKIAT YECTO B IPYyNU U

chb3JaBaT ycelaHe 3a 0O0IIHOCT "
npuHauIexKHOCT. OCBeH (DU3WUYECKUTE TON3H,
Te3W TPEHHUPOBKHM MOTaT Ja TMOAOOpIT W

COIIMAJIHUTEC YMCHUA HaA MJIAJUTE XOpa, KaTo

CBLIEBPEMEHHO pa3BuBar JTUIEPCKU u
OpPraHHU3aTOPCKH KauecTBa. Ponsita Ha
KaJHUCTeHWKaTa W  CTpUHT  ¢QuTHEeca  3a

nojpactBamure  KanucreHukara u

(l)I/ITHCC’BT urpaiaTr BaXHa PpoOJJIsI B JKHUBOTA Ha

CTPUUT

MTOAPACTBAITUTE, KATO TMPEIOCTABST PEINIIA TTOT3H
328 TAXHOTO (DU3WYECKO M  ICHUXOJIOIMYECKO
pasButue. [IbpBO, Te HachpUaBaT aKTUBEH HAYUH
Ha >KMBOT W TIPOTHUBOJCHCTBAT Ha HEKCIAHUTE
MOCTEIUIIN OT 3aceqHANIMS HAYMH Ha KUBOT, KaTO
HalpuMep  3aTIBCTSIBAHETO W  HaMalleHaTa
(m3udecka aKTUBHOCT, KOWTO CTaBaT BCE IIO-
YECTH CpeJl MIIAUTE XOpa B ChBPEMEHHUS CBAT.
Te3nm TPEHHUPOBKH  CHIIO U3TpakIaT

CaMOYyYBCTBHUC U CaAMOYCHBBPIICHCTBAHC. Qpe3

TaKa
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TIOCTUTAHETO Ha HOBH (hUTHEC Ienu (Hampumep

W3IIBJIHEHHE HAa  HOBO  YINPaKHEHHE  WIN
yBeJINYaBaHe Ha Opost ITOBTOPEHHUSA)
MOIpacTBAIIUTE  IIOJyyaBaT  YyBCTBO  Ha

MNOCTHIKCHUE U YBCPCHOCT B COOCTBEHHTE CH

CHOCOOHOCTH. Crpuiit ¢utHECHT u
KaJIMCTEHWKAaTa Pa3BUBAT W COIMATHU YMEHHUS,
ThI KaTo TPEHUPOBKHUTE YECTO CE€ M3BBHPILIBAT B
TPYIH, KOETO BOJIU IO Ch3/IaBaHE Ha MPHUATEICTBA
u  obmuoctu. Ilpumepm 3a  TO3UTHBHU
nHULMaTuBYU B bbarapus B brarapus Bce noseue
MJIad XOpa C€ YBJIEKAT IO KaJIWCTeHWKara |
CTPUUT (UTHECa, a C TOMOIINTAa Ha OOIIMHUTE W
WHUIMATHBH OT MECTHU CIOPTHH KIyOOBE U
OpTraHM3allNY, Te3U CIIOPTOBE CE IMOMYJISPU3UPAT
U cpel monpacTBauuTe. B pasnuuHu rpagose Ha
benrapus wMma wW3rpageHH  CrieNUANH3UPaHU
IUIOIIA/IKA 32 yIW4eH (UTHeC, Ha KOUTO BCEKH
MOJKe Ja TpeHupa 0e3 Ja Iuramia 3a 4ICHCTBO BHB
(utHec 3ama. Te3n TUIOMIATKK CHIBPXKAT YpEemH,
KOUTO TIO3BOJISIBAT Ja C€ H3IIBJIHABAT OCHOBHHU
VOpaXXHEHUS KaTO HaOWpaHUs, JHIEBU OIOPH,
KOpeMHHU Tpecu u Apyru. llpumep 3a ycmenieHn
OBJATapCKH MPOEKT B Ta3W MIOCOKA € HHUIIHATHBATA
"Street Workout Bulgaria", kosito opranusupa
CHCTE3aHUA, TPEHUPOBKU U CHOUTHUS 32 MIIAIEKH,
3aHMMaBalll ce cbhC CcTpuiiT ¢utHec. ToBa He
camo MPEeI0CTaBS BB3MOKHOCT Ha
MOJIpacTBAIIUTE Ja C€ BKJIIOYAT B AaKTUBHO
(m3nuecko  HaTOBapBaHe, HO MW  Ch37aBa
BB3MOXKHOCTH 3a COLMaNM3allus M ydacTue B
HallMOHAJTHA W MEXIYHApOJHU CHCTE3aHMUs.
OcgeH TOBa, penuia Miagu Xxopa B bbearapus Beue
ca TIOCTUTHAJIM BIIEUYATJIABAIIM YCIIEXH B 00JaCTTa
Ha BpOaH CIIOPTOBETE, KaTO PEIOBHO y4yacTBaT B
CHhCTE3aHMA W TEYEeNST Harpagu. Te He caMmo 4e
JI0Ka3BaT, 4e TE€3W CHOPTOBE MoraT Ja BOJAT IO
MOCTM)KEHUsI HA BHCOKO HHUBO, HO M C€ SBSIBAT
BJIbXHOBEHHE 32 HOBOTO TIOKOJIEHHE. 3aKITIOUEeHUE
Kanucrenukara u CTpUiT (QUTHECHT ca HE caMo
edexTrBHU (HopMHU Ha QHU3HYECKa aKTUBHOCT, HO
W Wrpast BaKHa pONSI B Pa3BUTHETO Ha
nonpactBamure B bbarapus u mo csera. Te
MPEOCTaBsAT  BB3MOXHOCT 32  (hpusmuecko
HATOBapBaHE, COLMANM3AIMA W H3TpaXKAaHe Ha
YBEPEHOCT, KaTo CBIIEBPEMEHHO MOJIKPEMST
3IpaBOCIIOBHUSA HAa4YMH Ha KUBOT. braromapenue
Ha HapacTBaLIOTO NPUCHCTBHE HA TE3H CIIOPTOBE
B IpajiCKaTa Cpe/ia U MOJOKUTEITHUTE PUMEpPH Ha

ycnex B B’bﬂFapI/IH, noApacTBaliuTe MMAT Ha
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PasnoIOKEHUE  OOCTBIIHM W BABXHOBSABAIU
Ha4YUHH Ja ce pa3BuBar

McUxojioruyeck. [4, 5, 6, 7]

bu3udeckn U

3. CTpHUiT yopKayThT

CrpuiiT yopkayTsT (ynuueH ¢urHec) HaOupa
MOMYJISIPHOCT CpeJl MIIAIUTE X0pa KaTo AOCThITHA,
e(heKTUBHA W COIMAJTHO aHTaXupama ¢opma Ha
¢usnuecka axkTHBHOCT. ChIIeCTBYBAaT peAHLa
HayYHH W3CIEIBAaHUSA U ITyOJIMKaIuy,
JOKa3BaT IMON3UTE OT TO3M BHUJA CIOPT 3a
3apaBe  Ha

KOHTO
(U3NUECKOTO W MCUXUYECKOTO
MOJPaCTBALIHTE.

Cropes; peIOBHO aKTyadU3upaHus yeOcalT Ha
CIIOPTHHTE IIEHTPOBE 32 KAIHUCTEHHKA [5, 7] TO3M
HOB MOJEPEH YJIMYEH CHOPT MOHACTOSILEM C€
MpakTUKyBa Ha 1287 mecTta 3a MpakTHKyBaHE Ha
SW BbB @panmus (ot 1017 npe3 2020 r.) n Ha 15
699 mecta B cBera (ot 13 193 mpes 2020 r.).
Crnopen TpenupoBkuTe Ha mikoiata SBL [5],
¢penckara mkoxa o SW cbe cenanumie B Hura,
SW,
OUCLUIUIMHA 110 cpeJaTa MEeXIy T'MMHAcTUKaTa U

HU3BCCTCH OII€ KaTo KaJIMCTCHHUKaA, €

OonuOwianHra, CchbyeraBalla CHJIA, TI'bBKAaBOCT,
OalmaHC M JIOBKOCT B HOB CTWJ, OCHOBaH Ha
BB3MyImHUS (ppuiictaiin. [1o-KOHKpETHO, TA 4ecTo
ce MpaKkTHKyBa Ha OTKPUTO (OTKBAETO HIBA U
umero Street Workout) u 6e3 akcecoapu. TpyaHo
€ Jla ce OIlpeJiein IIPOU3XOAbT Ha Ta3U TEXHUKA 3a
U3rpaXxJaHe Ha MyCKyqu, Oa3upaHa Ha TEJIECHOTO
TErJo, Thi KaTo TS c€ € pa3BWJIa IO LENUs CBAT 32
MHOTO KpaTKO Bpeme

Crnopen HIKOM HAyYHW U3CJIEIBAaHUS "CTPUUT

yopKayThT'  3aHMMaHUSATA WMaT  CICIHHUTE
MO3WTHBHM acrekrtw:. [5, 6, 7,8, 9]

1. Ilooobpsasane na usuueckama ¢opma W
cuna. M3scnenmane, myomukyBaHo B ProQuest,
nposeaeHo ¢ 48 neua Ha Bb3pacT 10—11 roaunu,

MokKaspa, Y€ UYCTUpUCCIMHUYHA MporpamMa IO

yopKayT
noJo0peHue B CHlaTa Ha TOpHATa YacT Ha TsUIOTO,

CTPUUIT BOIH o 3HAUYUTEITHO
U3APHKIMBOCTTA U I'bBKABOCTTA. Y YACTHHUIIMTE Cca

33.4%
JIuueBuTe onopu u 24.6% npu 3aabpikaHe Ha BUC.

MOKa3aJIM CPEAHO VYBEIMYCHHUE OT npu

2. [osuwasane na gusuieckama akmueHoCm u
31paBOCIOBHM HaBulu M3ciensane oT YkpaiiHa,
myoIMKyBaHo B criucanueTo "Society. Integration.
Education", ycranoBsBa, ue BKIIOYBAHETO Ha
CTPUHT YyOpKayT B YYWIHIIHH MPOTPAMHU
yBenuyaBa Opost Ha YICHHIIUTE, KOUTO PEIOBHO CE
3aHUMaBaT ¢ (Qu3nuecka axkTuBHOCT, ¢ 20.2%.
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Cpmo Taka ce HaOmomaBa TOJOOpECHHE B

KayecTBOTO Ha CBHI W YyBeJMYaBaHE Ha
NPOABJDKUTEIIHOCTTA My A0 7-7.5 waca mpu
MOBEYETO YUCHHUIIH.

3. Jocmvnnocm u coyuannHa aHeadCupaHocm
Cropen mnyOnukamus B DoveMed, crpuiit
YOPKayThT € HHUCKOOIOKETEH W JIOCTBIICH 32
BCEKM, Thil KaTO HE W3UCKBA CICIHATH3UPAHO
obopynBane. Toil HachpyaBa  COIMAIHOTO
B3aMMOJICHCTBUEC M MOXE Jla C€ NPaKTUKyBa B
rpyna, KOETO JONpHHACA 33 MOTHBAIUATA U
MOCTOSTHCTBOTO.

Ctpuiit yopkayThT ¢ (yHKIMOHAIHA (hopMa Ha
(¢u3nvecka AaKTHBHOCT, KOSTO pa3BUBA KaKTO
(usnveckure, Taka u KOTHUTHBHUTE
CIIOCOOHOCTH.

Uscnensanus 3a koopAwHAIMS W (pu3Hyecka
aKTUBHOCT mpu Miuanexu. [4, 7, 9] Ilpu 10-
CeIMUYHA

mporpamMa 3a TogoOpsiBaHE Ha

thopma
(m3cnensane, myoaukyBaHo B PubMed) oreHsiBa
edexkta  OT BBPXY
KOOPAMHAIIMOHHUTE CIIOCOOHOCTH U (hu3nueckara

KOOPJIMHAIIHAATA u (uznyeckara

0asupaHa Ha  WIPH,

Cruen
IIOKa3BaT

dopma Ha  12-TOAMINHM  YYEHUIIH.

HHTEPBCHIUATA, YYACTHUIIUTE
3HAYHUTENIHU MOJOOPEHUs] B TECTOBETE 3a OanaHc
(tect Ha ¢namunro), mepraBuHa (T-Tect 3a
JIOBKOCT), CTIpuHT Ha 20 MeTpa U cujia Ha 3axBata.
ToBa moguepraBa e()EKTUBHOCTTA HA UIPOBHUTE
(Gusuveckn JeHHOCTH 3a MOAOOpsiBaHE HA
KOOpAMHALMATA ¥ (PU3MYECKaTa aKTUBHOCT MPHU
MOJIPACTBAIIUTE.

B apyro uscnenBane, myonukyBano B Frontiers
in  Psychology e

u3cie/BaH  eeKra  OT

BB3JIEHCTBUETO Ha KOOpIHWHALIMOHHATA
JIBUTATEIHA TIporpamMa BBpPXYy Oamanca mpu 5-
roauiuHu gena. Cnen 10-ceaMUYHA UHTEPBEHIIUS,
BKJIIOYBAIA TAapKyp, UIPU U TMOCIEAOBATEIHU
CTaHIIMH, JellaTa B EKCIEepHMEHTaTHaTa Tpyma
ITOKa3BaT 3HAYUTEITHH MMO00PEHMS B TUHAMHYHUS
Oamanc, u3sMmepeH 4pe3 Y Balance Test. Tosa
rmoJdepTaBa BaXHOCTTa Ha KOOPAWHAIIMOHHUTE
YOPaKHEHUS B paHHA BB3PACT 32 Pa3BUTUETO Ha
JIBUTATEITHUTE YMEHHUSL.

Cmpuiim yopkaym u RnOBUUWIAGAHEMO HA
duzuueckama akmusnocm.

Hscnenpane,
Society.
BB3JICHCTBHETO Ha

myOJMKYBaHO B
Integration. Education.,

CITHCAaHHUETO
aHaJM3upa
BBPXY
Cnen

CTpUUT  yOpKayT
(u3nueckaTa aKTUBHOCT Ha YYCHUIIH.
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BKIIIOYBAHE HAa CTPUHAT YOpKayT TNporpama, ce
HalOmoaBa;

=  ygemuuenue c 20.2%

KOUTO PEJOBHO TOCEelaBar
KiyOoBe;

HA YYCHHIIUTE,
CIIOPTHH

=  ygemuuenue c 12.8%
KOWTO 3alo4BaT Ja Cce€ 3aHUMaBaT C
¢u3nUecKka aKTUBHOCT Y I0Ma;

=  ygemuuenue ¢ 13.5% Ha yueHuLUTE,
KOUTO 3alo4BaT Ja IMpaBAT CyTpelIHa

Ha YUYCHHUIUTC,

TMMHACTHKa.

Bce mak TpsiOBa ma ce uma npenun, dakra ye

TO3HU BU CIIopTHa IpaKTHUKa HN3HCKBa

cnenuuIHU  CIOPTHO-QU3WYECKH  KadecTBa.
Hanpumep xorato BCekH OT MPaKTHKYBaIUTE OT
nazneHa OOLIHOCT WM Tpyla MOXE Jia Ce CIIPaBU
CBHC COOCTBEHOTO CH Terio, Street-Workout moxke
Jla M3IVIeXAa AOCThIEH. BbhIpexu ToBa mpocToTo
U3IbPIBaHE HA COOCTBEHOTO TETJIO MOXeE J1a Obae
CIIO)KHO JIOPH 3a OTAaJeHHTE Ha CIopTa Xopa.
ToBa e M3KIIIOYNTENIHO B3UCKATEIHA JUCLIUILINHA,
YHISATO OCHOBHA II€N € Jla pa3BHue cuia, OaiaHc,
KOOpJMHAIIUA U TBBKAaBOCT, & HE H3JIPBAKIUBOCT
WINM EKCIUIO3UBHOCT. ToBa s MpeBpblla B HUIIOB
CHOpPT, MNPAaKTUKyBaH HaW-4ecTo OT MIagu |
MHOTI'O CIIOPTHHU X0Opa, MPEAUMHO MbXKe. [4]
OONKHOBEHO ce cMATa, 4Ye Ta3u IPaKTHUKa
Mpenna3Ba MIAIUTE XOpa OT KBapTAIUTE WIIH
"rerata" OT monajgaHe B NPecThIIHA CPEaa, MOPaaU
KOETO TIOHSKOra ce€ Hapuya '"TpEeHHPOBKAa B
rerara". BebmHOCT B WHTEpBIO 3a yeOcaiita
étudiants.ch [4] Allan Muller, moktopant MmO

TemMata 3a SW, 00sCHsBa, 4Ye IO BpeMe Ha

W3CIEBaHMATA CH YeCcTo ce CcOJIbCKkBa ¢
HONYJISIPHU JIUCKYpCH, KOHUTO CBBp3BaT
IIpaKkTUKaTa ¢ IpajCcku  KOHTEKCT  Ha

HENPUBUIIETUPOBAHU TIpynH, '"mopaad KOETo
CTPUMT yOpKayThT C€ Hapu4a ‘“‘TPEHUPOBKA B
reroto". Ta3u HeraTwBHa WACHTU(UKALUSI Ce
3amUTaBa OT MNHOHepH Karo XaHubOanm @Dop
Kunr[7], ukoHa Ha TpakTHKara criopes yeOcaiita
litobox [9]. Toit e myOiMYHA JIMYHOCT, KOSATO €
CIIOMOTHaja 3a JEMOKPAaTU3WPAHETO Ha CTPHMUT
YOpPKayThT upe3 MHOTOOpOWHUTE cHu
BUJCOKIIUIIOBE €  e(eKTHH  HM3MBIHEHUS,
nyoaukyBanu B Instagram, Facebook u mpyrm
coupanaun wMpexu. [lyOnmukyBanm ot  2008r.
HacaMm, T€ ca JIOBEJU 0 CTPEMHUTETHO HapacTBaHe

Ha ODOMMYJIAPHOCTTA Ha CIIOPTA.
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JHec SW
TpaHchopMaIus, KOSITO Ce CiIy4Ba Jaied oT
TPYJAHHUTE KBApTAJIM M BKJIIOYBA TPCHHPAINU OT

NpETHPIISIBa cepro3Ha

BCHYKHM COLIMANHU ciioeBe. Te3n HOBH Xxopa ce
oOppiaT kbM SW 3a T.Hap. « fun » KynTypusbm,
KBJETO MOTaT J]a ChUYeTasiT ECTETUUECKUTE LIENH C
YIIOBOJICTBHETO, HO CBIIO Taka W Haii-Bedye 3a
YOpaKHEHHUsST Ha OTKPUTO, KOUTO KM JaBat
HW3BECTHA CBOOOMA 1a OBIAT YacT OT TPaJCKUs
neizax. BeopocskT € 10 kakBa creneH SW e yacT
OT TPaJICKUs CIIOPTEH Au3aiiH. Bwkaame, ue tazu
MIPAaKTUKa M3MCKBA MaJKO PECYpCH M 4e KaTo ce
pasmnojara Ha CTpaTeTHYECKH MECTa - MecTa 3a
IpeMuHaBaHe U OJM30 IO Ipupojata - mpemiara
aKTHBHA

IIOCTaHOBKa Ha TAJIOTO Ha

NpakTUKyBamure moja ¢opmara Ha ePeKTHU

burypu,
nyOonuka u

TUMHAaCTHUYCCKH KOUTO  IIpUBINYAT

IIMpOKaTa OpraHusupaT HOBU
B3aMIMOJCHCTBHA, OJArOMPHUATCTBAIN €IUH HOB

CTHJI Ha KUBOT. [4, 6]

4. CTpuiiT yopkayT u TeHaenuuu B EBpona [5,

6,7, 9]
Huoepranous: CrpuiiT  yopkayThT HaOHpa
3HAYMTENIHA TOMYJSAPHOCT TMpPe3  MOCIESTHOTO

JleceTuieTre. Xopa OT pPa3jiu4HU Bb3PaCTOBU
TpyN¥ TPEeHUpaAT Ha OTKPUTO, KaTO B CTpaHAaTa ce
HaOJIl0J]aBa  BHMCOKO HHUBO Ha  (pu3Muecka
aKTHBHOCT cpell HaceneHueTto. lIpoyuBane Ha
Eurobarometer mokassa, 4e 56% OT XOJIaHALMTE
ce 3aHuMMaBar ¢ (U3MYECKAa AaKTHUBHOCT KaTo
KOJIO€3JIeHe, XOJIeHe, TPaJANHAPCTBO WM TUTyBaHEe
CEIMUYHO, KOETO € IO-BUCOKO OT CPEAHOTO 3a
Espoma (denfit.nl). [7, 9]

Tepmanusn: Ot 2011 r. Hacam ce HaOmOnIaBa
HapacTBalll HWHTEPEC KBbM CTPUUT YOpPKayT, C
W3TpaXkJIaHe Ha CHCUUAIU3UPAHU MapKOBE B
rpanoBere. bposT Ha Te3u mapKkoBe ce € YBEeIUUMI

ot 785 mpe3 2018 r. mo 1419 mpe3 2021 r. Ilpe3

2013 1. B Odenbypr ce mnpoBeae IHPBOTO
cecresanme  "Street  Workout  World  Cup
Germany" (de.wikipedia.org).

Ucnanus: Crpuiit YOpPKayThT ce

pasmnpocTpansasa oT okoyio 2010 r., 6iarogapeHue
Ha MJAJNEXKKH TPYymd U KONEKTWBH. Te
OpraHU3HWpaT CHLOUTHS, PAbOTAT ¢ OOIIMHHUTE U
MpoBEXKJIAT OOy4YeHUs B YUYMIUINA W MIIaJIEKKH
OpraHM3aIliy, KOETO JOMPHHACSA 3a COIMaiHaTa
uHTErpaIms upes cropra (es.wikipedia.org).
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Tlo-HucKa € momyJISIPHOCTTAa HA CTPUUT yOopKayT
B lOrom3rouna Espomna: B cTpann kato benrapus,
Pymphust, Ilomma n Kunep ce nabOmromaBa mo-
HHCKa YeCTOTa Ha YIpaKHEHUS 3a YKpelBaHe Ha
BKJIFOUUTENTHO CTPUUT  yOpKayT.
[IpoyuBane mokasBa, ue camo 0.7% no 7.4% ot

MYCKYJIHUTE,

BB3PACTHHUTE B TE€3W CTPAHU MPAKTHUKYBAT TaKHBA
VOPaKHECHUSA JIBa WM MOBEYE IbTU CEIMUYHO
(pubmed.ncbi.nim.nih.gov)

Obwu menoenyuu ¢ Egpona

Cxanounascxume cmpanu: Ucnanans, LBenus
1 JlaHus nmoka3BaT Hal-BUCOKU HUBA HA y4acTHUE B
yIOpa)XHEHHs 3a YKpenBaHe Ha MYCKYJIHUTE, C
4ecToTa MEXITy 34.1% 51 51.6%
(pubmed.nchi.nilm.nih.gov).

Hsmouna Eepona: B crtpanm karto Ilommia,
VYkpaitHa n EcToHHS MMa yCTaHOBEHHW OOIIHOCTH,
yOpKayT,

OCTaHaMH  OT

IPaKTUKYBAIlU CTPUUT 4ecTo

U3MOJ3BAIM  CHOPBHKEHHS,
cpBeTcKaTa epa. [Ipe3 mocnemHuTe TOAWHH Ce
M3rpaKIaT MOJCPHHU MApKOBE 3a KaJIMCTCHHKA,
KOETO JONpHHAcS 3a HapacTBAIl HHTEPEC KbM

To3u B TpeHHpoBKH (calisthenics-parks.com).

I11. 3BAKJIIOYEHHME

Crpuift yopkayTsT (bpOaH cropTc (CIIOpTOBE B
cpena))
MIOMYJISIPHOCT 3a XopaTa JKMBEEIIH B TpajcKaTa

rpajcka HabWpa Bce  TMO-ToJsIMa
cpena. ToBa e cocoOeHHO 3HaYUM BHJ (PU3UUECKA
AKTUBHOCT, KbM KOSTO BCE TIOBEYE MIIAIN XOpa ce
npuchkeaunspar. [lo To3M HauuMH ce ch3gadar
HAaBUIU Ha JIBUTATEIHA KyITypa, COMUAIA3ANNS H
JUCUUIUIMHA U B JPYTW aClEKTH HA XUBOTA Ha, a
Y He caMo, MJIaJIuTe X0pa.

Ot npyra ctpaHa TpsOBa Ja ce uMa Mpenus,
q)aKTa Y€ TO3W BUJA CIIOPTHA IpaKTUKa H3HCKBa
cHenu(UUHU  CIOPTHO-(QU3WYECKH  KadecTBa.
Kowuto TpsiOBa na ce moompsBar B pa3BUTHETO CH
B JIBATOCpOYeH TuiaH. ToBa Moxke mOa Obae
3aHUMaHUE, KAKTO C HWHAMBHUAYaJCH XapakTep,
Taka W TpymoBo. l[IpuBrekaremHocTra Ha Ta3u
CIIOpTHA TIpaKTUKa € B HEWHara OcoOeHHa
collMallHa KOMIIOHEHTa — TPEHUPOBKUTE CE€
MPOBEX AT YECTO B IPYIH M CH3/IaBaT yCEIIaHe 3a
OOIIHOCT U TpUHAIIISKHOCT. OCBEH (PU3NICCKUTE
MOJI3H, TE€3W TPEHUPOBKH MOTAT Ja TOJOOpAT |
COLIMAJTHUTE YMEHHs, KaTo ChIIEBPEMEHHO
pa3BUBAT JIUJEPCKU U OPraHU3aTOPCKHU KauecTBa.

Bb3moxkHOCTHTE 32 Pa3BUTHUETO  CTPUMT

YOpPKayThTa B B’BJ’II‘apI/IH ca C I[O6’bp IOTCHIIMAI.
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Crpanara ce HaMupa B IIOSIC C YETHUPU CE30HA,
KOETO IIO3BJsIBA INPAKTUKYBAaHETO HAa CIIOPTOBE
OTKpUTO Mpe3 IMOo-rojsMara 4acT OT TrOJWHATA.
3aeqHO C TOBa IO peAnLa IPOTPaMy 3a pa3BUTHE
Ha TpajJcKa cpela B IpafoBETe c€ U3PaxaaT Bce
[I0OB€YE€ CHBPEMEHHU  CIOPTHH  IUIOILAJKH,
CHOPBHKEHUsSI U KOMIUIEKCHM Ha OTKPHUTO, KOUTO
roArnoMaraT pPaBUTHETO Ha TO3MBHJ CIOpPTHA
gerHocT. Ilo TO3M HauumH CTPUHT yOpKayThTa
MOXXE€ Ja 3aeMeé €IWH HE MalbK [l TpHU
Pa3BUTHETO W TOAIBP)KAHETO Ha (U3MYEcCKa W
IOBUraTeJHa AaxKTHBHOCT, CIOPTHUS HA4YMH Ha
JKUBOT U TOJIOXKUTEITHOTO MOTHBHpAIa COIlMaIHa

cpena.

References:

1. MuHHCTEpCTBO H MIIaJIeKTa U criopTa. benrapcka
(denepanus cropT 3a Bcwukd "HanmonanHa mporpama
3a ()U3MYEeCcKa aKTHBHOCT M Pa3BUTHE HA OBJITAPCKOTO
HacesieHne BYJIOAP2021-2024".

2. BenukotrbpHoBcku yHuBepcutet "CB. c¢B. Kupun u
Meroamii". "TIpobnemu U  TEepCHeKTHBH  Ha
(U3MYECKOTO BB3MUTAHUE M CIOPTA B YCJIOBUsATA Ha

rinobanusanus. Tom 2", ISBN 978-619-208-387-8.

3.Codwmiicku  ymmBepcurer  ,,CB. Kmument
Oxpuacku® [enaprameHt no cnopt. "JIBaHazecera
MEXIyHapoaHa Hay4Ha KOH(]EepeHIHs.
CBbBPEMEHHU TEHJAEHLIN HA

OUSNYECKOTO BB3IIMTAHUE W CIIOPTA".
Coopuuk matepuanu. Codwus, 2020. ISSN 1314-2275

4.Marc SMITH, Thomas RIFFAUD. "Le street
workout: une pratique sportive de musculation au
potentiel touristique urbain". Revue NUMERO 2 -
2021, SPORTS URBAINS, Territoires URBAINS.
https://managementsport.edu.umontpellier.fr/2021/09/0
7/le-street-workout-une-pratique-sportive-de-
musculation-au-potentiel-touristique-urbain/

5.Fitness Magazine. (2020). "Urban Fitness: The
Rise of Street Workout". Retrieved from Fitness
Magazine

6. Gongalves, R., et al. (2019). "Physical Activity and
Mental Health in Adolescents: A Cross-Sectional
Study." International Journal of Environmental
Research and Public Health. Retrieved from MDPI

7.World Health Organization (WHO). (2020).
"Physical Activity and Health." Retrieved from WHO

8. Sportal.bg. (2022). "Mnaau aTIETH ¥ TEXHHUTE
ycniexu B cTpuidT dutheca." Retrieved from Sportal

9."Le phénoméne mondial du Street Workout: entre
performance et accessibilité".
https://www.ludoparc.com/le-phenomene-mondial-du-
street-workout-entre-performance-et-accessibilite/

YCTOWYMBO PASBUTUE * YCTOMYMBOE PA3SBUTUE * SUSTAINABLE DEVELOPMENT

32



fognHa XV bBpoi1 2/2025 * Year XV Volume 2/2025 * Toa XV Homep 2/2025

POLYMINERAL MICROPUZZOLAN ADDITIVE FOR COMPOSITE LOW
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Abstract: The article discusses the problem of increasing the water resistance and strength of a composite
gypsum binder for concrete. The effect of complex modification of a composite gypsum binder with a micro-
reinforcing, polymineral micropuzzolanic additive filler and superplasticizer from Sika was investigated. The
use of filler additives in optimal ratios made it possible to obtain a composite gypsum binder with a softening
coefficient of 0.9.

Key words: concrete, increasing the water resistance and strength of concrete, gypsum binder for concrete,
additives for concrete

Pesome: Cmamusma pasenedxcoa npobrema 3a noguwiagane Ha 6000YCMOUYUBOCMMA U AKOCMMA HA
KOMNO3UMHO 2UNCOB0 C8bP36AU0 Gewecmeo 3a bemoH. H3zcrneosan e egekmvm om KoMHIEKCHamMA
MoouQukayus Ha KOMNOZUMHO 2UNCOB0 CEbP3BAWO 6eUeCm8o ¢ MUKPOApMUpawy, nOIUMUHEPAeH
MUKPONYYOAAH08 000a8vbueH nuanumen u cynepniacmuguxkamop om Sika. Hsnonzeanemo ma dobasku 3a
NbIHEeHe 8 ONMUMATHU CHLOMHOWIEHUS. NO3601U NONYHABAHEMO HA KOMNO3UMHO 2UNCOBO CEbP3BAUO
seujecmeo ¢ koegpuyuenm na omexgane 0,9.

Knrouoeu oymu: 6emon, nosuwiasane Ha 6000yCMOUYUBOCIMA U AKOCMMA HA OEMOHA, 2UNCOB0 C8bP3BAUL0
seuecmao 3a bemou, 000a6xu 3a 6emon

. INTRODUCTION durable, sound, high-quality building materials.
Energy efficiency, resource saving, lower An important requirement is the environmental
operating costs and increased housing comfort is a friendliness of building products, which can be
priority in construction practice. Development achieved through the use of appropriate materials
trends of the modern construction industry are and compliance  with  the closed-cycle
focused on increasing ~ competitiveness, technological mode [1].
developing and introducing new technological The materials of this type relates gypsum
solutions that provide resource and energy saving, concrete - concrete based composite gypsum
high technical, economic and consumer indicators binder [2-4]. Gypsum materials and products are
of product quality. The optimization of product advanced building materials due to the simplicity
quality indicators is ensured through the use of and low energy consumption of production. For
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the production of 1 ton of gypsum binder, 4.5 and
4.9 times less fuel and electricity are used than for
the production of 1 ton of Portland cement. The
hardening time of a gypsum binder is 20-25 times
less than that of Portland cement; a set of design
strength for products based on gypsum binder is
30-40 times faster than that based on Portland
cement. In addition, materials containing gypsum
are high-tech, because already 15-20 minutes after
the product is formed, it can be removal of
formwork, because of this the mould reusability
increases in 8-10 times, and manufacturing
techniques are less energy-consuming in contrast
to the use of other types binders, including
Portland cement.

Ukraine has sufficient reserves of natural
gypsum raw materials and a huge amount of
gypsum-containing  waste. One of the
disadvantages of gypsum binders is the low water
resistance. One of the modern effective ways to
increase water resistance can be a modification of
the structure of the binder with polymineral
microdispersed filler additives [5-7].

The use of new types of volumetric
hydrophobizators ~ will provide a further
improvement in quality. The compositions of
hydrophobizators are available in the form of
concentrates or ready-to-use solutions in aqueous
or organic solvents. They create a water-repellent
effect, while the vapor permeability of such
composites is practically not reduced. The
introduction of water repellents does not change
the color of the product, hydrophobization
significantly increases the frost resistance of any
material. These properties allow the use of water
repellents for composite gypsum binder.

1. MAIN TEXT
1. Objective

To development of a complex of highly dispersed
polymineral additives, a micro-reinforcing filler
additive and a superplasticizer for a composite
gypsum binder with improved properties.

2. Research Objectives

-selection and justification of the components of a
complex polymineral micropuzzolanic additive and
micro-reinforcing filler additives for composite
gypsum binder;
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- selection of the ratio of the finely divided
components of the complex  polymineral
micropuzzolanic additive and the micro-reinforcing
filler additive for the composite gypsum binder using
experimental statistical modeling methods based on
the mathematical theory of experimental design;

- evaluation of the interdependent on water
resistance and compressive strength of the composite
gypsum binder complex of a polyfunctional modifier,
and a volume hydrophobization.

3. Materials and research methods

The following components were used as binder
components: building gypsum G5 produced by PJSC
Gypsum, cement pozzolanic non-additive produced
by OJSC Euro Cement Ukraine PC-1-500D0
according to DSTU B B.2.7-46: 2010.

To obtain a composite gypsum binder, highly
active metakaolin TU U 14.2-36363275-001: 2009
manufactured by LLC Meta-D, silica fume produced
by Elkem AS EN 13263 — 1 as active pozzolanic
additives were used.

Wollastonite TU 5777-006-40705684-2003 of
different dispersion produced by Geocom CJSC was
used as a micro-reinforcing additive.

Sika ViscoCrete 225 superplasticizer proshka VP
SIA 162 (1989) and prEN 934-2, manufactured by
Sika trademark, was used as an additive of retarder.

Composite gypsum binders’ samples were tested
for strength at the age of 28 days according to DSTU
B B.2.7-187: 2009, followed by drying to constant
weight. The determination of the softening coefficient
was carried out according to TU 21-0284757-90.

4. Planning a Six-Factor Experiment

The choice of the experimental plan for solving
specific materials science problems is dictated by the
specific conditions of these problems and the
requirements for the results of their solution. For the
purpose of work, a 24-point plan in the form of
"triangles on a cube™" was applied. The use of MTQ
plans is subject to the following provisions. Used to
obtain modified composite gypsum binders, additives
modifiers and fillers are mixtures with q various
substances of different microdispersion.

The composition of such mixtures can be specified
by the concentrations of the components in the form
of mass, volume or molar fractions (percent) vi.
Systems whose properties are determined by the
group of dependent mixed factors v = (v; ... v)" and
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the group of independent technological factors x = (x;
. xx)', are called systems "composition, mixture -
properties” or “composition - technology - properties™
and are designated by the abbreviation MTQ. To
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describe MTQ systems, an experimental statistical
(EU) model is used, which has a general view:

2
ApvitAgviv, D14v1X4+D1sviXs+DigviXe D4sX4s"+D45XaX5
Y= AovotAgzvivs + Doavaxa+DasvoXs+DogvoXs | + | DssXs +bueXaXs (1)
2
AgvstAgsvyvs D34vax4+Dasvaxs+DagvaXe DeeXs +Ds6X5Xg
(@) (b) (c)

Experimental-statistical (ES)  models  are
calculated according to the results of experiments
using a standard wversion of COMPEX, which
implements a sequential regression analysis with a
generating experimental error. ES models can be used
for decision-making only after the algebraic
calculation of coefficient estimates is supplemented
by statistical analysis of both individual coefficients
and the model as a whole. Statistical control makes it
possible with a given degree of probability to evaluate
the significance of the experimental results and the
adequacy of the resulting model to the real process.

Experimental-statistical (ES)  models  are
graphically interpreted as triangles (vi, v, vz —
variable specific surface or fractional composition) on
a cube of three prescription factors, applied to obtain
new scientific information about the structure-
forming role of mineral fillers and organic additives.
The formation and development of space-time
structures in open disperse systems is determined by
the irreversibility of processes and associated with
phase transitions of components when the system
reaches some critical parameters [8,9].

The task of analyzing the structure is quite
complex, characterized by a set of various structural
parameters. This complexity is due to the diversity
and inconsistency of the development of elementary

physical and chemical processes. The interactions of
these processes in the future determine the level of
properties of composite materials [10,11]

Open disperse systems, which are characterized by
a nonlinear synthesis of hydrate formation, are
characterized by the effects of synergistic interactions
[12,13]. Experimental-statistical (ES) modeling
allows us to assess the degree of interaction between
different types of additives used in research.

5. Analysis of experimental results on
experimental statistical models

At this stage, the change in water resistance and
compressive strength of the composite gypsum binder
is described and analyzed.

ES models of the influence on the properties of
composite gypsum binder additives of various types
and purposes, taking into account the interactions
between them, are calculated in the PC COMPEX
program [14,15]. The program implements a
sequential regression analysis with an experimental
error of not more than S{R}= 0,04 at & = 0,02.

Compressive strength. The full ES model (2),
which describes the effect of the studied factors on
compressive strength, has the following form:

+13.44v,+3.43v,v, +0v1%4-0.71v1%5-0.93v1Xg +0X,°+0X X5
Y (fom) = +11.96v,+0vv5 + | -0.79v,x4-0.61vXs+0.70wXs | + | -0.68%:2-0.62X,Xs 2
+13.07v3+0vyv3 -1.45v3x4-0.62v3x5-0.87v3Xg -1.09x°+0XsXg
(a) (b) (©
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The graphical interpretation of the model (2) is
presented in Figure 1 in the form of mixed triangles in
coordinates (v, Vo, Vv3) on a quadratic diagram in
coordinates (Xs, Xs). The content of additive-

XSA

Microsilica, %

5‘ lb 15 X4
Highly active metakaolin, %

a)
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superplasticizer by Sika (Xs) was fixed at 0.1%; 0.6%;
1.1% levels.

5 10 5 x4
Highly active metakaolin, %

6)

Figure 1. The effect of polymineral micropuzzolanic additives, micro-reinforcing filler additives (wollastonite) on
the compressive strength of a composite gypsum binder.

The effect of the three fractions of wollastonite is
illustrated on graphical images of ES models in the
form of triangular diagrams. The needle-shaped form
of wollastonite grain determines the main direction of
its use as a micro-reinforcing filler. The physico -
chemical affinity of wollastonite with composite
building materials containing cement promotes active
selective adsorption of binder hydration products, has
a significant effect on rheological parameters,
structure formation, strength and deformation
properties of hardened composites.

Triangular diagrams show the effect on the
properties of three dependent factors (vy, Va, V). These
are dependent factors that are interconnected. The
total content of all three components (Woll 1,
Woll 2, Woll 3) remains constant, i.e
(v1 + Vv, + V3 =1). Triangular diagrams located on the
square of the analyzed property, in this case R, allow
you to choose the best fractional composition of
wollastonite, the content, the ratio of two or three
fractions to each other.

The effect on the properties of micropuzzolanic
filler additives is graphically interpreted as isolines on
the square of two factors x, — (highly active
metakaolin), Xs — (microsilica). The content of
highly active metakaolin as well as microsilica varied
experimentally in the range of (10 + 5) %.

Micropuzzolanic filler additives are highly
pozzolanic. Microsilica has pozzolanic activity of
350 —450 mg of bound lime per 1 g of microsilica.
Highly active metakaolin, due to the content of active
alumina, is able to bind a significantly larger amount
of lime than silica fume. Its activity reaches more than
1000 mg of bound lime per 1 g of highly active
metakaolin. The introduction of these additives into
the composition of the composite gypsum binder
should provide early and prolonged strength.

The high-quality superplasticizer on
polycarboxylate base by Sika Visco Creit, which
consists of specially synthesized chemically pure
substances, was introduced to improve workability,
reduce water demand and slow down the setting time
of the composite gypsum binder.

As follows from the diagram in Figure 1, the
maximum value of compressive strength is equal to
R=14.5+15.0 MPa. The obtained strength value is
two to three times higher than the applied gypsum
binder grade G-5. Portland cement PC-500-D0, non-
additive in the amount of 21% from ) (G+PC), was
used as the second component of the composite
gypsum binder.

max

The obtained maximum values of ¢ are
achieved when the content of Sika plasticizer in the
amount of 0.1-0.6% (from b.m.), the minimum
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content of highly active metakaolin = 5% and the
content of microsilica in the amount of 5 — 10% (from
b.m.). Woll 3 wollastonite has a positive effect on Rg.
The appending of wollastonite in the mixture
increases Ry from 13 —-13.5 to 145-15.0 MPa, i.e.

by 10— 12.5%. Moreover, an increase in the content
max
of Sika additive more than 1% reduces Fom by ~

12%to 12 — 13 MPa.

Water resistance. At the next stage, an analysis of
the change in water resistance by the value of the

softening coefficient K, under the influence of
micropuzzolanic additives, micro-reinforcing
modifier additives and Sika superplasticizer was
carried out. The range of variation of all additives is
limited by the experimental plan.

The change in water resistance of composite
gypsum binder under the influence of the above
additives is described by the model (3):

+0.676v,+0.209v,v,
Y(K) = | +0.711v,+0.432vyv; | +
+0.690v3-0.437v,v5

i'OV1X4-0.033V1X5+0.069V1X6
+0.071vp,-0.037vyxetOvsXs | +| -0.033x:40xxs | (3)
+0.027v3x4-0.071v3x5-0.071v3Xg

+0X42-0.057X X5

+0.056X52i0X5X6

(a)

A graphical interpretation of the model in the form
of two diagrams (triangles on a square) with a fixed

XSA

15+

(b) (c)

content of additives Sika in the amount of 0.6 and
1.1% is presented in Figure 2.

Microsilica, %

Fe
—088
"R =<
.0 ~,

N

—
15 X4

Highly active metakaolin, %

Figure 2. The effect of polymineral micropuzzolanic additives, micro-reinforcing
filler additives (wollastonite) on the water resistance of a composite gypsum binder.

YCTOWYMBO PASBUTUE * YCTOMYMBOE PA3SBUTUE * SUSTAINABLE DEVELOPMENT



fognHa XV bBpoi1 2/2025 * Year XV Volume 2/2025 * Toa XV Homep 2/2025

The softening coefficient varies in the range from
0.6 to 0.92. Most of the compositions of 24 series of
samples are waterproof, because their softening
coefficient is 0.8—0.92. The required conditions for
research problems softening coefficient value
obtained at the maximum K;>0.85 content
metakaolin high activity in an amount from 10 — 15%
m. c¢. microsilica content 5 — 10% of m.v. and subject
to the content in the mixture of wollastonite a certain
fraction. The fractional composition of wollastonite
for different mixtures is different for different
contents of Sika superplasticizer. The compositions,
which in the framework of the experiment have the
maximum values of water resistance K, = 0.9 —-0.92,
were obtained when 15% of highly active metakaolin
and 5% of microsilica were added to the composition
of composite gypsum binder. The content of Sika is
0.1 or 1.1% by weight. The choice of the fractional
composition of wollastonite remains the task of the
technologist and is assigned taking into account the
levels of other properties and the conditions of the
multicriteria optimization problem [16].

As follows from the analysis of the diagrams (Fig.
1-2), compositions that have a maximum compressive
strength of 14.5— 15.0 MPa are characterized by low
water resistance K,=0.7-0.75. Compounds that
have a maximum water resistance of K, =0.85—0.92
have Ry =95-125 MPa.
In accordance with the purpose of the study, for
further analysis of the properties, samples with
K, > 0.85 were selected. The strength of samples with
such values of the softening coefficient is equal to
Ry =9.5; 10.5; 10 -12.5 MPa with the content of

v

Sika superplasticizer in the amount of 0.1%, 0.6% and
1.1%, respectively.

The values of the softening coefficient K,>0.9
have compositions that contain superplasticizer
Sika=1.1%, highly active metakaolin = 15%,
microsilica = 5%. That is, the specific surface area of
the microreinforcing additive of wollastonite (Woll),
acting as a structure modifier, is an effective factor
that allows you to adjust the properties of composite
mixtures in a wide range and should be assigned
taking into account the content of microfillers.

The choice of the wollastonite fraction remains the
task of the technologist. It is possible to use
monofraction wollastonite (Woll 2=1), bifraction
wollastonite (Woll 1 +Woll3=1) or
(Woll 1 +Woll 2=1), or polyfraction wollastonite
(Woll 1 +Woll 2+Woll3=1). The choice of the
fraction of wollastonite may be due either to the
technological capabilities of the preparation of
mixtures, or to indicators of the quality of other
properties.

6. Analysis of the effect of water repellents on the
water resistance of a composite gypsum binder.

At the next stage of the study, the possibility of a
further increase in water resistance due to volume and
surface water repellents was analyzed.

b)
Figure 3. The shape of the droplets lying on a flat hydrophobic surface:
a) — “heavy” drop; b) — "small" drop;
0 — limiting contact angle, t — tangent to the meridian section of a drop at the point of separation of the
three phases.
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To evaluate the effect of water-repellent primers
on the surface properties of samples from a gypsum
binder, we measured the wetting angle by the method
of a lying drop (sitting drop method). The shape of a
drop resting on a horizontal flat surface in a
gravitational field (Fig.3a) is axisymmetric and is
described by the Young — Laplace equation (Young—
Laplace) [17]:

pay+o-(K()-KM)=0

where p is the density of the liquid, g is the
acceleration of gravity, o is the surface tension of the
liquid (specific free energy of the liquid-gas

1 1
K(y) = +
interface), Ri(Y) Ru(y) . Ri0) m
Ra(v) — principal radii of curvature of the surface of
the drop at the ordinate point y,

K(h)=K
(h) (y)‘y=h,i.e. on top of a drop.

Equation (4) has no analytical solution; therefore,
numerical methods are used to calculate the droplet
shape with high accuracy and to find the contact
angle.

Small droplets under the action of capillary
pressure are able to maintain a spherical shape (see
Figure 3b). In this case, the contact angle can be
easily found from elementary geometry 6. A drop can
be considered small if its weight is much less than
capillary pressure; the radius of a small spherical
droplet r must satisfy the dependence

20
r << /—
gp

(here the gas density is considered negligible
compared to the density of the liquid). Estimates
show that this approximation is applicable to water
droplets (6=0.072 N/m) with a radius of about 0.4
mm or less.

For larger droplets of radius

< [
9p

(up to 3.5 mm) their meridian section can be
approximately considered as a segment of a conical
section - an ellipse [18]. In this case, measuring the
sizes of the semiaxes of the ellipse a and b (see Fig.
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3a), it is easy to determine the positions of its
characteristic point F; and F,, then find the equations
of the focal radii p and q connecting the foci of the
ellipse with the point of separation of the three phases.
The bisector of the external angle formed by the
intersection of these focal radii will be the tangent t to
the meridian section of the drop at the interface
between the three phases. The angle of its inclination,
which is easy to calculate, knowing the equations for
p and g, is complementary to the desired angle 6.

In the experiment, the size of the liquid droplets is
determined by the inner diameter of the dropper
channel. In our case, it was 0.53 mm (with an outer
diameter of the needle 0.8 mm). The masses of
droplets of distilled water produced by the dropper
were measured on an analytical balance. The needle
used formed droplets with an average weight of 15.6
mg. The radius of the corresponding spherical drop is
approximately equal to 1.55 mm, which, obviously,
exceeds the criterion of smallness of the drop. To
analyze the shape of such a drop, we decided to use
the conical section method.

For photoregistration of the droplet shape on the
test surface the CANYON CNR WCAMB820 web
camera with a resolution of 1600 x 1200 pixels was
used. The standard camera lens was replaced with an
optical system composed on the principle of a
microscope. The field of view of the frame was about
9 mm, the image scale was determined using an
object micrometer and was 5.75 um / pixel. Two
LED illuminators with brightness controls made it
possible to combine oblique reflected and transmitted
lighting to establish the optimal image contrast at the
phase boundaries. During working with water-
absorbing samples, the camera switched to video
mode with a resolution of 800 x 600 pixels and with a
frame interval of 100 ms.

The image obtained by the camera was saved on a
computer and analyzed using a graphical editor. In the
graphical editor an ellipse that satisfactorily coincided
with the contour of the drop was selected. After that,
the sizes of its semiaxes, the coordinates of the center
and the coordinates of the points of separation of the
three phases was read, then the contact angle was
calculated by the method described above.

Figure 4 shows a drop of distilled water on the
surface of a sample that has not been primed. The
surface of the sample is hydrophilic, as evidenced by
a contact angle of less than 90 °. Water spreads and is
absorbed by a gypsum binder: the drop on the figure
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shows at various time intervals that have passed since
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the moment of contact.

a)

b)

c)

Figure 4. A drop of water on the surface of the untreated sample after the onset of contact:
a)—0.4c¢(0=83°);b)-2.0c (0=72°;c)-5.0c(0=62°

Water-absorbing surfaces can be characterized, in
addition to the contact angle, by the rate of absorption
through a single contact surface. The absorption rate
can be estimated by the decrease in droplet volume
over time, if the evaporation rate can be neglected,
which is acceptable at a high absorption rate.

The calculation of the droplet volume was carried
out under the assumption that the droplet is a
truncated ellipsoid of rotation. It is easy to show that
in this case the volume V is determined by the height
of the droplet h and the dimensions of the semiaxes of
its meridian section:

(b—hy’
3b°

Z.h_9+
3

).

The experiments showed that the droplet
absorption rate into the samples can be considered
high, because during the time of complete absorption,
the volume of the control drop on the metal surface
remained unchanged within the measurement error.

On untreated samples, the contact angle decreases
during the first two seconds of contact from 86° to
72°, but the drop volume remains unchanged within
the measurement error, therefore, only the drop
spreads. The start of absorption is recorded by us
from the 3rd second. The maximum absorption rate is
5-6th second and amounts to 0.017 g-cmZs™. The
total absorption time of the droplet varied in the range
of 12-30 s with an average contact area of 0.15 cm?.

Figure 5. A drop of water on a sample surface treated
with a hydrophobic prime

Figure 5 are shown drop of distilled water on the
sample surface treated with a hydrophobic primer.
The surface of the sample acquired hydrophobic
properties: the contact angle for water exceeds 90°.
On these surfaces was not observed the spreading and
absorption of a drop.

The average contact angle for gypsum surfaces
treated with PGK-12S and PGK-24 primers is,
respectively 129+7° and 130+5° Taking into
account the specified error, these contact angles of
wetting can be considered the same, thus, primers
PGK-12S and PGK-24 demonstrate the same
efficiency in relation to hydrophobization of the
gypsum binder surface. A slightly worse result is
given by the WHITE primer, for which the average
contact angle was 121 + 4 °.

The hydrophobizing primer introduction into the
volume of a gypsum binder at the mixing stage
without subsequent sample surface treatment leads to
a different result. Fig. 6 shows the evolution of a
distilled water drop on the surface of such a sample.
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a)
Figure 6. A drop of water on the surface of the sample with WHITE primer added to the volume of the
binder after the onset of contact: a) — 1.0 ¢ (6 = 122°); b) —3.9¢ (0=90°);¢c) - 7.0c (6 =81°)

Immediately after the drop hits the surface and
stabilizes its shape, the contact angles of wetting take
on values exceeding 90°, which is typical for
hydrophobic surfaces. The drop does not spread on
the surface, and the area of the contact spot does not
increase. However, the drop is absorbed into the
sample volume. As the droplet volume decreases
while maintaining the area of the contact spot, the
contact angle decreases, and after a short time takes
on the values characteristic of hydrophilic surfaces.

0)

B)

111. CONCLUSION

An analysis of the results of the study allows us to
conclude that the proposed composition of the
multifunctional modifier allows to obtain a
waterproof modified composite gypsum binder with a
softening coefficient Kp>0.9 on gypsum grade G-5,
rather than gypsum grade G-10 used for concrete
concrete.

It was shown that the complex modification of
a composite gypsum binder on gypsum of the G-5
grade and Portland cement PC500-D0 with micro-
micropozzolanic and micro-reinforcing filler additives
and Sika superplasticizer in optimal proportions allow
to obtain a composite gypsum binder with a softening
coefficient of 0.9. That is, the specific surface area of
the micro-reinforcing wollastonite additive, acting as
a structure modifier, is an effective factor that allows
you to adjust the properties of composite mixtures
over a wide range and should be assigned taking into
account the content of micro-fillers.

Volumetric  hydrophobization  provides an
additional increase in compressive strength and water
resistance. Further studies are aimed at obtaining and
optimizing multifunctional modifiers with a wide
spectrum of action.
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