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The article presents a methodology for improving the fire safety of pyrotechnic products
based on metallized mixtures with fluoroplastics. The main emphasis is placed on the influence of
external thermal factors on key parameters, such as ignition temperature, induction time and
probability of ignition source, as well as on the technical characteristics of the charges. The
proposed method is aimed at optimizing the technological parameters of the mixtures, including the
dispersion of the metal fuel, the excess oxidant coefficient, the compaction of the mixtures and the
geometric features of the charges.

The results of the research demonstrate that regulating the composition of pyrotechnic
mixtures allows to significantly increase their resistance to ignition under the influence of external
heat. Reducing the risk of fire and explosion-hazardous destruction is achieved through the use of
finely dispersed metal powders, as well as replacing magnesium fuel with aluminum, which
significantly improves the fire safety of the products.

The application of the methodology allowed to increase the level of fire safety of pyrotechnic
products both at the stage of their production and during transportation and storage. The results of
the study create the basis for improving the regulatory framework and raising safety standards at
Ukrainian enterprises.

Keywords: fire safety, pyrotechnic mixtures based on metal fuels and fluoroplastics, ignition
and combustion development processes.

Problem setting. Every year, pyrotechnic products designed to create special effects, such as
thermal, sound, reactive, etc., are increasingly used in the economic sphere and military industry of
Ukraine. This includes incendiary devices, solid rocket fuels, rocket and space technology devices,
and others. The main components of such products are compacted mixtures of powders of metal
combustible materials, such as magnesium, aluminum, titanium, zirconium, as well as fluoroplastics
(F-3, F-4) and technological additives of organic and inorganic origin.

During transportation, storage or use of pyrotechnic products, they may be exposed to
external thermal factors. In particular, these may be significant heating during fires in warehouses,
thermal shocks during the launch or flight of products, as well as thermal effects during
transportation. Such factors cause premature activation of charge mixtures, which accelerates their
combustion and can lead to dangerous fire-explosive regimes.
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Negative consequences are manifested in the destruction of product casings, which are
accompanied by various fire factors: the release of flame, jets of high-temperature combustion
products, casing fragments, incandescent particles of mixtures, sparks, etc. This can cause
significant destruction of surrounding objects, loss of life and significant material losses.

The development of effective methods for preventing fire-hazardous destruction of products
under the influence of external thermal factors is of significant practical importance. Such methods
should be based on scientifically sound approaches that allow determining the critical parameters of
external thermal influences on products, as well as technological characteristics of mixture
compositions, the excess of which leads to premature destruction.

To create such methods, it is necessary to have the results of theoretical and experimental
studies of the processes of thermal influence on the compositions of mixtures under various
conditions (different heat flows, duration of their action, etc.), as well as ignition and combustion
depending on external factors, such as elevated temperatures or pressures.

Today, the influence of technological parameters of charge mixtures, such as the ratio of
components, dispersion, compaction coefficient, charge diameter, shell material and oxidizer
humidity, as well as external conditions, including heating temperatures, pressures, humidity and
composition of the environment, on the burning rate and explosive modes of their development is
studied in scientific articles, monographs and research works.

However, systematic research and analysis of these results from the point of view of
practical application at Ukrainian enterprises remain insufficiently developed. In particular, there is
a lack of recommendations for improving the organization of fire protection systems at facilities
where pyrotechnic products are used, especially in conditions of external thermal influences.

Analysis of recent research and publications. The relevance of the study is due to the need
to prevent premature ignition of metallized pyrotechnic mixtures under the influence of external
thermal load. Information on the temporal characteristics of the combustion of metal particles —
such as magnesium, aluminum and zirconium — in gaseous environments is scattered and
fragmentary, which complicates the creation of a manageable database for predicting fire-hazardous
scenarios.

In [1], the fundamental mechanisms of thermal decomposition and combustion of metallized
systems are considered, which allows us to assess the influence of magnesium and aluminum on the
duration of combustion and the formation of high-temperature products. The study [2] focuses on
the fire hazard of pyrotechnic products under external thermal influence, in particular based on
fluoroplastic mixtures, and offers methods for predicting the duration of particle burning. In [3], the
influence of mechanical characteristics of charges on their flammability is analyzed, which is
important for assessing the parameters of thermal decomposition. In [4], detailed data on the
combustion of aluminum powder are provided, and in [5], thermodynamic calculations of the
temperature of combustion products are provided, which allows us to model the reaction rate. In [6],
the conditions that cause premature ignition are considered, and in [7], a model of the development
of the combustion process of mixtures with metal fuels and oxides is proposed, which provides
accurate prediction of the time characteristics.

Based on the analysis of these sources, a method that combines mathematical modeling,
experimental research results and applied software - three application program packages (APP1-
PPP3) that implement modern numerical methods [1; 2] was formed. These programs allow in real
time and dialogue to form a data array containing critical parameters of external thermal effects
(intensity of heat flows, duration of their action) on pyrotechnic products created on the basis of the
studied mixtures. In addition, they provide analysis of the main parameters of the combustion
process of charge mixtures - the temperature of combustion products, the content of high-
temperature condensate and the burning rate.

The method also takes into account the technological characteristics of the mixtures: the
ratio of components, their dispersion, compaction coefficients and geometric dimensions of the
charges. Exceeding the critical values of these parameters can lead to premature ignition, transition
to explosive combustion and subsequent fire-hazardous destruction of products.



Thus, the solution to the problem is to create a scientifically based analysis and forecasting
system that integrates the physicochemical, thermodynamic and structural parameters of
pyrotechnic mixtures and allows you to effectively prevent premature ignition under conditions of
external thermal load.

The purpose of this work is to establish quantitative relationships between key
technological parameters (fuel dispersion, oxidant excess coefficient) of metallized pyrotechnic
mixtures and their fire safety indicators (ignition temperature, induction time, probability of
activation) for scientific justification of measures to reduce risks during their operation.Problem
statement and solution.

To achieve this purpose, the following tasks must be solved:

—to analyze the influence of technological parameters — the oxidant excess coefficient (o)
and the average particle size of the metal fuel (dy,) — on the ignition temperature (7;) and induction
time (z;) for mixtures of Mg + ®-3 ta Al + ®-3.

—to adapt the methodology (based on DSTU 8828:2019) for quantitative assessment of the
probability of occurrence of an ignition source (Qys) in pyrotechnic products under the influence of
external heat.

—-to establish the quantitative dependence of the probability (Qs) on the studied
technological parameters («, d,,) and the type of metal fuel (Mg vs Al).

The tasks are solved by modeling thermal effects, analyzing phase transitions in combustion
products, and assessing the stability limits of the combustible environment, taking into account the
design features of the facility. The results obtained allow for the formation of scientifically
substantiated recommendations for increasing the efficiency of the fire and technogenic safety
system.

Presentation of the main research material. The complex of created mathematical models
in combination with the experimental data base constitutes the main component of the conducted
research. The developed models and the formed base provide the possibility of obtaining and
systematizing data arrays by critical parameters. It is these parameters that became the basis for
developing a method aimed at preventing premature ignition and preventing the dangerous
development of combustion processes.

In the center of the scheme is a generalizing block - "Mathematical models and experimental
data base"”, which is the basis of the integrated analysis system. This block combines the results of
theoretical calculations and experimental studies, which allows obtaining reliable information about
the regularities of the process flow and more accurately determining the critical parameters of their
development.

The first direction of the complex's work includes the development of mathematical models
for calculating the processes of surface and volumetric transformation of matter. Thanks to these
models, the modeling of physicochemical reactions that occur during heating or combustion of
materials is carried out. This makes it possible to determine the main parameters - ignition
temperatures, reaction rates, process stability limits and critical conditions under which the system
may transition to a dangerous state.

The second direction involves the use of an experimental data base, which serves to check,
refine and verify the obtained calculation results. The base contains the results of numerous
experiments, which allows statistical analysis, comparison of theoretical dependencies with real
measurements and correction of model parameters. Such interaction between theory and practice
ensures high reliability and accuracy of predicting the behavior of the studied systems.

The third direction has applied significance and is focused on the practical use of modeling
results. In the interactive mode, the user can form critical data sets, analyze and predict the
development of processes, and assess the possibility of dangerous situations. This creates conditions
for prompt decision-making aimed at improving safety, optimizing technological parameters, and
preventing accidents.

Summarizing, it can be noted that the complex of mathematical models and the experimental
data base form an effective system that combines analytical and practical approaches to the study of



combustion processes. Its use provides a deep understanding of the mechanisms of thermal and
chemical transformations, allows for accurate determination of critical limits, and contributes to the
development of scientifically sound methods for preventing dangerous situations.

A specialized software package (SPC) was used to increase the performance of calculations
based on the described models. This package includes standard application packages (SAP1-
SAP3), which provide the implementation of basic numerical methods for solving complex
problems (see Fig. 2).

The software package includes three specialized application packages (SAP), which contain
60 modules created on the basis of modern numerical methods [1, 13]. Its effectiveness was
confirmed by conducting large-scale numerical experiments: 200 engineering and technological
problems related to the combustion processes of pyrotechnic mixtures were solved in an interactive
mode.

The complex operates in DOS and Windows operating systems. To start the package, it is
necessary to activate the corresponding executable file (for example, PAPl.exe, PAP2.exe, etc.),
and exit is carried out by pressing the F10 key (in some cases, ESC or EXIT). The assignment of
function keys is displayed in the bottom line of the screen, which simplifies management.

All numerical methods implemented in the packages are written in the Turbo Basic
algorithmic language. They have been tested on a large number of examples (10-15 tests for each
method), which cover typical engineering and technological tasks related to the combustion of
pyrotechnic mixtures. As experiments have shown, the calculation times for test examples vary
from several seconds to several minutes.

The application program packages (PAP1, PAP2 and PAP3) are presented in the format of
bootable modules. The PAP1 package implements numerical regression and interpolation methods,
PAP2 specializes in methods of numerical integration of functions, and PAP3 provides solutions of
differential equations using numerical methods.

Algorithm for practical use of the method

At the first stage of the algorithm, basic initial information is generated. It includes:

— parameters of external thermal influence: heat flux density gn, duration of its action t,
heating temperature T, as well as pressure P, at which the combustion process of mixtures begins.

— echnological parameters of charge mixtures: type of oxidizer and metal fuel, oxidizer
excess coefficient a, average particle size of metal fuel d.» and oxidizer particles d,.

— mechanical and thermophysical characteristics of mixtures: geometric shape and
dimensions, density, heat capacity and thermal conductivity coefficient.

All this information is integrated with a set of mathematical models, an experimental
database and specialized application packages (PAP1-PAP3) that are part of the SPC. This ensures
the execution of calculations in interactive and real-time mode on personal computers..

At the second stage of the algorithm, the values of T, (the surface temperature of the mixture
charge) and T; (the ignition temperature of the metal fuel in the products of oxidizer decomposition)
are entered. If the temperature 75 mepeBumiye 7;, which corresponds to critical external thermal
effects (qn > q:, t > t), this leads to accelerated self-heating of the mixtures, their premature
ignition, explosive development of combustion, and, as a result, the destruction of pyrotechnic
products. At the next step, a model of external thermal effects on the mixture charge is selected,
after which calculations of the parameter values Ts are performed using specialized PAPs. These
calculations are compared with the limit values for determining the critical indicators q: and t,
exceeding which causes destruction of products. In addition, surface temperature 75 measurements
and heat flux g, at individual points of the charge are carried out. The obtained experimental data
are compared with the calculated results to assess the errors of the methods for calculating the
critical parameters q: and t in real operating conditions. In the case of significant discrepancies

between the experimental and calculated data (more than 10 — 12%), the models are corrected to
ensure their accuracy.



At the third stage, the values of key parameters are entered, such as 7. (temperature of
combustion products), g. (relative content of high-temperature condensate) and u (burning rate of

mixtures), as well as their critical limit values: z, 7., g’, u(, (burning rate of mixtures at the
upper concentration limit, exceeding which causes unstable, explosive combustion) and ufa)

(burning rate of mixtures at the lower concentration limit, exceeding which leads to a sharp
extinction of combustion). These parameters determine the possibility of ignition, extinguishing of
mixtures, the level of fire hazard for surrounding objects in the process of developed combustion, as
well as areas of instability that cause either rapid extinguishing or explosive combustion modes.
After that, the appropriate mathematical model is selected, and with the help of specialized PAPs,
the parameters T¢, gc and u are calculated at given values of the controlled parameters («, dm, o, To,
P). The obtained calculated parameters are compared with their limit values, checking the

fulfillment of the conditions: 7, < 7., gc < g:, u< uz‘a) , u> ufa) . If the specified conditions are

HMI"

not met, the values of the controlled parameters are adjusted and the critical ranges of their changes
are determined. This includes: a < (a)uct, & > (@)iat, Ay < d,, (60 d,, > d.,), Ao < dsy (a60 o> d,.), To
> T, (a60 To< Ty), P> P" (abo P < P°). Then, selective measurements of the parameters 7, g. and
u, are carried out, which are compared with the calculated values. Based on this, the errors of the
calculation methods are determined to assess the critical ranges of changes in the controlled
parameters. In the case of significant discrepancies (more than 10 — 12%) between the calculated
and experimental data, the models are refined to increase their accuracy.

It is worth noting that the proposed scientifically based method allows in the process of
developing pyrotechnic products made on the basis of mixtures of metal fuel powders and
fluoroplastics, to create an array of data in an automated mode. This array contains critical
parameters of external thermal effects and key characteristics of the combustion process of
mixtures, the excess of which causes premature ignition of charges and unstable development of
combustion. Such processes can lead to explosive destruction of products and the appearance of
various fire hazard factors.

To reduce the risk of ignition and explosive destruction of pyrotechnic products during
storage or transportation under conditions of external thermal influence, it is important to prevent
the formation of centers of exothermic oxidation of metal particles in the combustible environment,
which are formed during the decomposition of fluoroplastics. This can be achieved by using charge
mixtures with a reduced level of flammability, which is ensured by optimizing their technological
parameters.

Such parameters include the ratio of components, dispersion of components, compaction
coefficient, as well as geometric characteristics of the charges, including their diameter, height and
shape. Correct adjustment of these parameters allows minimizing the risk of dangerous self-heating
and ignition of charge mixtures even under conditions of elevated temperatures or prolonged
thermal exposure, which significantly increases the safety of storage and transportation of products.

To quantitatively assess the level of fire safety of products under conditions of external
thermal exposure, a method based on the provisions of DSTU 8828:2019 is used. The document
describes the general requirements for ensuring fire safety (paragraph 7) and the methodology for
determining the probability of a fire occurring at a facility (paragraph B. Method for determining
the probability of a fire occurring, paragraph B.3.4. Calculation of the probability of an ignition
source).

This method allows to calculate the probability Q;s of occurrence of an ignition source in one
pyrotechnic product, which can initiate the process of premature combustion of mixtures of product
charges. It takes into account the impossibility of predicting in advance the specific conditions
under which external influence on the surface of products can occur during their transportation or
storage. In such situations, ignition sources can arise in the composition of mixtures due to foci of
exothermic oxidation of metal particles in decomposition products of other components.

These processes often cause ignition of mixtures, which, in turn, leads to fire-hazardous
destruction of products. The method of calculating the probability Qs is a key tool for risk analysis



and prevention of critical situations. According to DSTU 8828:2019 (paragraph B.3.4, formula
(B.30)), the following mathematical expression is used to determine the probability Qjs of the
occurrence of an ignition source

Qi = 1- e™Tis#(1)

This expression for Qjs is calculated taking into account the storage or transportation time of
the pyrotechnic product during the analyzed period of time, denoted as . The average time to the

occurrence of an ignition source 7, is determined by the formula: ;= 3,03-104~E(1)’2, where Ey — is
the minimum energy required to ignite a compacted mixture of components, J. The value Ej
describes the minimum energy required to heat the reaction zone of the c-phase of the mixture from
the initial temperature 7Ty, K to ignition temperature 7;, under the influence of external thermal
factors:
Ey=p,cc AV(Tr-To)#(2)
where p , c. — respectively, the charge density of the mixture (kg/m®) and its specific heat

capacity (J/kg'K); 4V, — volume of the reaction zone of the k-phase of the mixture (m?), within
which complete thermal decomposition of the oxidant and exothermic oxidation of metal particles
occur, leading to ignition of the mixture.

Given that the charge has a diameter D, and the thickness of the reaction zone of the k-
phase is equal to ¢, in the first approximation the volume of the reaction zone AV, can be defined
as:

77:'D2'51
AV, = #(3)

Substituting expression (3) into expression (2), we obtain an updated formula for further

calculations.

wD?6,- p,Ce
Ey= ———— (T, T)#(4)

According to the established combustion mechanism of the pyrotechnic mixtures under
consideration [1, 2], the value ¢,, in the first approximation, is defined as a parameter characterizing
the thickness of the reaction zone of the k-phase of the mixture, within which the key process of
thermal decomposition of the oxidant and exothermic oxidation of metal particles occurs.

o= 2R )

where R — gas constant, J/mol-K; T, — surface temperature of the burning mixture, K; a3 —
thermal conductivity coefficient of the mixture, m*/c; u — combustion rate of the mixture, m/s; E; —
€Heprist aKTUBAIIil MPoIleCy MOBHOTO TepMidHOTO po3kianaHas @ — 3mpu 7 = T, SK OCHOBHOTO
sources of active gaseous products (£, >>RT), kJ/mol. According to the obtained experimental data
[1, 2] (for = 0,5...0,6 and Ky = 0,96...0,97): T, = 1050...1200 K; E, = 127,5 kJ/mol; a3 = 3,7-10°
®...11,8:10° m%s, valued, = 60...340 pm, that is, in order of magnitude, corresponds to the average
particle size of the powders used Mg (d,, = 54...305 um) ta Al (d,, = 56...310 um).

To determine the ignition temperature (7;) and the induction (delay) time (z;) experimental
studies of the ignition processes of Mg + F — 3 and Al + F — 3 mixture charges were conducted.
These studies were performed under conditions of external thermal influences under various
technological parameters, such as the oxidant excess coefficient «, average particle size of metal
fuel d,, and oxidant dy, the mixture compaction coefficient Ky and the charge diameter D, which is
shown in Figures 1 and 2.

According to the data presented in Figures 1 and 2, the values of the ignition temperature 7,
and the induction time z; significantly depend on the concentration of the oxidant in the mixture and
the dispersion of the metallic fuel. When the oxidant excess coefficient («) from 1,5 to 0,5, as well
as the particle size of the metallic fuel (d,) from 305 um to 56 um (for magnesium) and from 310
um to 54 um (for aluminum), the value of T, increases by 1.4-1.9 times, and z; — by 2.7-3.2 times.
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Figure 1. Dependences of the ignition temperature (a) and induction time (b) of cylindrical charges
of mixtures based on Mg + F — 3 from the average particle size of the metal fuel for the values of
the oxidant excess coefficient « = 0,5 (1); 1,0 (2); 1,5 (3) (dox =100 um; Ky =0,96...0,97; D =
2...3:107%m; To = 293 K; P = 10° Pa): o, A, 0 — experimental data.

As we can see from the dependences of Figure 1, to increase the fire safety of products

during storage and transportation, where there is a risk of external heating, it is technologically
advisable to use finely dispersed metal fuel powders and oxidizer-depleted (fuel-rich) formulations.

T, K T,
\ 4
A
D\

66

— 55

a4 \ \
33
1200 22 ~~ =
T 11 \\$
1100 0 \T
50 100 150 200 250 300 d,, MkM 50 100 150 200 250 300 dy, MEM
a) b)
Figure 2. Dependences of the ignition temperature (graph a) and induction time (graph b) of
cylindrical charges of mixtures based on Al + F — 3 from the average particle size of the metal fuel

for different values of the oxidant excess coefficient = 0,5 (1); 1,0 (2); 1,5 (3) (dox =100 pum; Ky =
0,96...0,97; D=2...3-10%m; Tp = 293 K; P = 10° Pa): o, A, o — experimental data.
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The data in Figure 2, especially when compared to Figure 1, provide a compelling scientific
rationale for replacing magnesium fuel with aluminum fuel to improve fire safety. The choice of
aluminum as a metal fuel is an effective fire prevention measure because it makes the pyrotechnic
product significantly more resistant to external thermal influences.

Therefore, the use of finely dispersed metal powders at the stage of manufacturing
pyrotechnic charges created on the basis of metallized mixtures with fluoroplastics and with an
excess of metal fuel contributes to an increase in the time until their premature activation under the
influence of external thermal influences. This, in turn, ensures an increase in the level of fire safety
of pyrotechnic products manufactured using this technology.



To quantitatively assess the probability Qjs of initiating an ignition source under thermal
action, which leads to fire-hazardous destruction of pyrotechnic products, calculations are used
according to formulas (1)—(5). Using the example of two serial pyrotechnic products with different
mixtures (Table 1), taking into account the obtained experimental data (see Fig. 1, 2) and the known
physicochemical characteristics of the studied mixtures, the following was established: for product
1, the probability of Qjs with a decrease in a and d,, decreases by 2,1 — 2,7 times; ms for product 2,
the similar decrease in probability is 1,5 — 1,9 times.
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Figure 3. Relative probability dependence of O(is) (O(is)= 5523), where Q°(is) is the probability

value for the minimum particle size of the metal fuel used in practical ranges of changes [1, 2]) of
fire-hazardous destruction of pyrotechnic products under external thermal influence. The
probability depends on the dispersion of metal fuel powders and their content in mixtures used in
pyrotechnic product charges. The first product with a charge based on Mg + F — 3; 2 is indicated by
graph 1, he second product with a charge based on Al + F — 3 is indicated by graph 2 (see table 1); —
——— — mixtures with « =0,5; — — —— — mixtures with « = 1,4 represent the dependences for the
corresponding coefficients of excess oxidant.

Table 1 — List of pyrotechnic products for general industrial purposes, on the example of which the
probability calculation methodology was tested Qs

. Recipe for the Relative mass
Composition of the .
Ne L main components | content of the
Purpose pyrotechnic mixture . .
of the pyrotechnic mixture
charge .
mixture charge components, %
Mixture based on M F—3 65
1 Solid pyrotechnic fuels for FE_ 34 g Mg 31
ramjets technological additives Technpl_oglcal 4
additives
. . Mixture based on Al + F-3 69
Pyrotechnic incendiary . Al 28
2 roducts F =3+ technological Technological
P additives 009 3
additives

Thus, modification of the composition of pyrotechnic mixtures, in particular, changing the
content of powdered metal fuels and their dispersion, allows to significantly increase the fire safety
of products under the influence of external thermal factors — more than 1,4 — 2,3 times. In addition,
replacing one metal fuel with another also contributes to increasing safety. For example, using
aluminum powder instead of magnesium powder provides an increase in the fire safety of the
product by 1,7 times.




Conclusions

As a result of the research and development of a scientifically based method, it was possible
to significantly improve the fire safety of pyrotechnic products at all stages of their life cycle - from
production to storage and transportation. The results of the work have important practical and
theoretical significance, which is reflected in the following key conclusions:

- the analysis established that by adjusting technological parameters (oxidant excess
coefficient o and fuel dispersion dp), the ignition temperature (T;) of the mixture charges was in-
creased by 1,4-2,5 times and the induction time (T;) was increased by 2,3-3,4 times, significantly
enhancing fire safety.

- a methodology for the quantitative assessment of the probability of an ignition source
(Qos) occurring under external heat was successfully adapted based on DSTU 8828:2019. This ad-
aptation made it possible to calculate and compare the integral fire safety indicators for different
product compositions.

- the guantitative dependence was established: optimizing the composition (using fine-
ly dispersed metal powders and lower o) reduces the probability (Q,,) of fire-hazardous destruction
by 1,5-2,7 times. Critically, it was proven that replacing magnesium (Mg) fuel with aluminum (Al)
fuel provides a significant improvement, increasing the fire safety of the products by 1,7 times.

The developed method and database can be used as a basis for improving regulatory
documents, implementing new safety standards and optimizing technological processes in the
production, storage and transportation of pyrotechnic products in Ukraine. In the future, these
results can be applied to the development of safe mixtures in other industries where ensuring the
stability of chemical processes and minimizing the risks of ignition are important.
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Hayionanvnuii ynisepcumem yuginbHo2o 3axucmy Yxpainu

IIABUIIEHHS MOXKEXHOI BE3NEKA METAJII3OBAHUX IIPOTEXHIYHUX
CYMIIIEA IJIAXOM OINITUMIZALII IX TEXHOJOI'TYHUX TAPAMETPIB

Y cmammi npedcmasneno memooonozito nio8uueHHs NOANCEeNCHOT be3neKku NipomexHiuHux
8Up00OI8, CMBOPEHUX HA OCHOBI Memanizo8anux cymiweu i3 ¢pmoponnacmamu. OCHOBHUL aKyeHm
3p0o0OIeHO Ha 6NAUE 308HIWHIX MENIO8UX YUHHUKIE HA KAI0YO08I napamempu, maxi aK memnepamypa
3QUMAHHA, Yac IHOYKYIi ma tUMOBIPHICIb BUHUKHEHHs 0Jicepend 3aUMAHHs, d MAaKoNC HA MeXHIUHI
Xapaxkmepucmuku 3aps0is. 3anpononoeanuil Memoo CNpAMOBAHUL HA ONMUMI3AYII0 MEXHOI02TYHUX
napamempis cymiwiell, 8KIOUAOYU OUCNEPCHICMb Memanedo2o NajibH020, KOe@iyieHm HAOIULUKY
OKUCHIO8AYA, YWIIbHEHHsL CyMiutell ma 2eoMempudti 0cooIUu8oCcmi 3apsois.

Pezynomamu  O0ocnidoicenv  demoncmpyioms, w0 pe2yio8anHs CKIA0Y NIPOMEXHIUHUX
cymiwell 00380J19€ CYMMEBO NIOGUWUMU X CMIUKICMb 00 3AUMAHHA NI0 8NAUBOM 308HIUHBLOSO
menia. 3MeHWeHHs PUBUKY HONCEeHCOBUOYXOHeDe3NeUHUX pYUHY8AHb O00CA2AEMbC  3A80AKU
BUKOPUCMAHHIO OPIOHOOUCNEPCHUX Memalesux NOPOWIKI8, a MAKOMC 3aMIHI MACHIEB020 NANbHO20
Ha antoMiHiege, W0 3HAYHO NOKPAULYE NOAHCENCHY Oe3NneKy UpoDis.

3acmocysannus  memooonocii  00360AUNO  NIOBUWUMU  DIBEHb  NONCEHCHOI  be3nexu
nipOMexHiuHUX 6upobie AK Ha cmaodii ix eupoOHUYMEa, max i Npu MPAHCNOPMYBAHHI Ma
30epieanni. Pe3ynomamu 00CiONHCEHH CMBOPIOIOMb OCHO8Y Ol 800CKOHANIEHHS HOPMAMUBHOL
basu ma niosuwenHs cmanoapmis 6esnexku Ha nionpuemcmeax Ykpainu.

Knrwouosi cnosa: noosicesxcna be3nexa, nipomexniui cymiuli HaA OCHOBI Memanieeux NaabHUxX
ma ¢pmoponnacmis, npoyecu 3aUMaHHA Ma PO3GUMKY 20PIHHSL.
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