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DETERMINATION OF THE CENTER OF GRAVITY OF MULTI-FUNCTIONAL
FIRE-FIGHTING AND RESCUE MOTORCYCLES USED IN VIETNAM

Le Quang Bon

Purpose. To determine a reasonable place for installing the equipment unit for the fire-
rescue motorcycle, which allows maintaining the stability of the motorcycle when driving at
a speed of v < 70 km/h.

Methods. To calculate the motorcycle motion model Matlab was used.

Findings. The methods have been developed for determining the coordinates of the cen-
ter of gravity of a multifunctional fire and rescue motorcycle equipped with an equipment
unit. The effect of motorcycle speed on its stability when turning around was researched.

Application field of research. The results of the work can be used in recommendations
for motorcycles exploitation in case of moving to the fire place.

Keywords: motorcycle, center of gravity, driving control.

(The date of submitting: May 11, 2023)

1. General layout of multi-functional fire-fighting and rescue vehicles

The multi-functional fire-fighting and rescue motorcycle (Fig. 1) is a scientific and techno-
logical product of the University of Fire Prevention and Fighting chaired by Lieutenant General
Associate Professor Le Quang Bon. The vehicle is designed for fire-fighting and rescue at places
where roads are narrow and alleys are difficult for large fire-fighting vehicles to access.

Figure 1. — Multi-function fire-fighting and rescue motorcycle products participating
in the Vietnam International Defense Exhibition in 2022

The vehicle is designed on the basis of Japanese Honda CB150 Verza motorcycle with
a single cylinder engine, SOHC, 150 cc air-cooled, electronic fuel injection system PGM-FI com-
bined with 5-speed gearbox. This engine produces 13.04 horsepower at 8,500 rpm and maximum
torque of 12.73 Nm at 6,000 rpm. The measured fuel consumption is 43.5 km/liter with the emis-
sion standard EURO 3. The vehicle is integrated with a fire-fighting system and equipment for
rescue, patrolling, security, order and safety society (Fig. 2).
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1 — priority whistle; 2 — priority flash; 3 — base motorcycle (Honda CB150 Verza); 4 — container for fire-fighting tools;
5 — electric kickstands keep the vehicle balanced during fire-fighting activities; 6 — generator; 7 — containers with
fire-fighting hoses; 8 — Honda GX160 T2 engine fire pump; 9 — priority mast lights; 10 — fire extinguisher powder;
11 — portable intermediate water tank; 12 — roll water suction hose reel; 13 — rack frame; 14 — box containing
multi-purpose demolition tools, drills, lights, gas masks
Figure 2. — General layout diagram of multi-functional fire-fighting and rescue vehicle

2. Method of determining the coordinates of the center of gravity of fire-fighting and
rescue motorcycles

Determining the coordinates of the vehicle's center of gravity is very important because
the center of gravity of the vehicle greatly affects the stability when moving [1-3]. The vehicle's
center of gravity is characterized by the following three parameters:

— distance from the projection of the center of gravity on the road surface to the contact
point of the front wheel, symbol Iy;

— distance from the projection of the center of gravity on the road surface to the contact
point of the rear wheel, symbol I2;

— height of center of gravity, i.e., the distance from the vehicle's center of gravity to the
road surface, symbol h.

According to [4], [5] the coordinates of the center of gravity of a multi-purpose fire-
fighting and rescue vehicle are determined through experimental methods as follows.

a) The method of determining the coordinates of the center of gravity of the fire engine
in the longitudinal direction

To determine the center of gravity of the vehicle vertically we put the car on a horizontal
plane with the front and rear wheels on the scale as shown in Figure 3. Let's denote the total
weight of the vehicle with the symbol M (M = mg), and the weight acting on the front and rear
wheels — Mr and M, respectively.

Figure 3. — Diagram of determining the horizontal longitudinal coordinates of the vehicle's center of gravity
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The horizontal longitudinal coordinates of the vehicle's center of gravity are determined as
follows:

M M
| =—rL and |, =—FL, 1
= = @

where M — weight of vehicle, N;

Mt and M, — vehicle weight distributed to the front and rear wheels, N;

L — wheelbase length of the vehicle, m.

b) The method of determining the coordinates of the center of gravity of the fire engine
according to the height

To determine the height of the center of gravity of the fire engine we raise the front axle to
a height of hy, the vehicle deviates from the road by an angle a (o = 9°). The measurement of the
weight transferred to the rear wheel My is done by using a balance arranged as shown in Figure 4.
The weight of the vehicle transferred to the front wheel will be M:

M, =M -M,. )]
The calculations do not include the weight of the motorcycle driver, because his share is about

10 % of the weight of the motorcycle with equipment and tools for fire extinguishing.
Before raising the front wheel of the vehicle, the vehicle is standing on a horizontal plane.

L
[

Weight M,
A
we@ht M, ! &

Z1 and Z, — the surface reactions at the points where the wheels touch the road, the wheels are on a horizontal surface
Figure 4. — Diagram to determine the coordinates of the vehicle's center of gravity by height

Setting up the equation for the equilibrium of moments relative to point A (the center of
the rear wheel of the motorcycle) of gravity and the reaction force of the support acting on the
front wheel, we get:

—mg -1, cosa+mg-h,sina+Z, - Lcosa =0, (3)

where m — mass of the motorcycle, kg;

g — free fall acceleration, m/s?;

h, — distance from the center of gravity to the line connecting the centers of the wheels of
the motorcycle, m;

Z1 — the surface reaction at the point where the front wheel touch the road, N.
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From (3) inferred:

_ (=Z,L+mgl,)cosa

h, : (4)
mgsina
On the other hand, we have:
h—-h,=r, (5)
where r is the radius of the motorcycle wheel.
So we have:
h:h2+r=r+(_zlL+mg|2)Cosa. ©6)

mgsina

¢) The method of determining the lateral horizontal coordinates of the center of gravity of the
fire engine

To determine the lateral horizontal coordinates of the vehicle's center gravity we also weigh the
vehicle as shown in Figure 5.

weight weight

N'i(, T< b_x > TMph
b1 and b, — distance from the center of gravity of the vehicle to the left and right stand;

bz — distance of 2 supports; My and Mph — vehicle weight distributed to the left and right
Figure 5. — Diagram of determining the lateral horizontal of the vehicle's center of gravity

The lateral horizontal coordinates of the vehicle's center of gravity are determined by the
following formula:

_Mtr
bl_M

where bz and bz — distance from the center of gravity of the vehicle to the left and right stand, m;
bz — distance of 2 supports, m;
M and Mph — vehicle weight distributed to the left and right, N.

b, and b :Mp“b (7)
3 2 M 3"

3. Research results on the influence of the coordinates of the center of gravity on the
angle of inclination of the fire-fighting and rescue motorcycle

The equation of motion of the center of mass of the motorcycle [2; 5-7] was done with the
Matlab software considering (1), (6) and (7).

General form of equations:

mX =RZ; mY =R?; mZ=R:.
where RS, , —the projections of the forces on the corresponding axes.

258 BecmHuk YHueepcumema epaxdaHckou 3auwumsl MYC benapycu, T. 7, Ne 3, 2023
https://journals.ucp.by/index.php/jcp



lNoxxapHas u npombiwneHHas 6e3onacHoCMb (MexHUYecKue Hayku)

Initial conditions:
X,=0; Y,=0; Y,=0 if t,=0.

The start tilt angle is determined experimentally and depends on the speed of motion of the
motorcycle.

In order to evaluate the stability of a fire-fighting motorcycle in motion we choose the
output function as the vehicle's inclination angle as an indicator of stability when turning around
and turning into a corner. The changed parameters are the coordinates (Xm, Ym, Zm) of the center of
gravity of the fire-fighting equipment block installed on the vehicle and the speed of the motorcy-
cle (changing from 8 to 14 km/h). The results of the survey are shown on the graph in Figure 6.

25 30

——V=8km/h = = =V=10km/h ———V=12km/h ss+sss V=1dkm/h —— V=Bkm/h VAGkm/h | ——V=12kmh  --eeer V=14km/h

—_ 5
72}
o]
L
en
L
Z
L
on
=
<
= s
2

0 0

0 2 4 6 8 10 12 " 16 0 2 a § 8 10 12 14 16
X-coordinates of the center of gravity Y-coordinates of the center of gravity
of the equipment block mounted on the vehicle, cm of the equipment block mounted on the vehicle, cm

30

v=8km/h v=10km/h =——V=12km/h ====-Vy=14km/h

10

Tilt angle (degrees)

0
70 2 ] /6 78 80 a2 &4

Z-coordinates of the center of gravity of the equipment
block mounted on the vehicle, cm
Figure 6. — The influence of the coordinates of the center of gravity of the equipment mounted
on the vehicle on the tilt angle of the vehicle

According to the publications [5-7] the moving of the motorcycle will be stable if the tilt
angle does not be more than 25-30°.

4. Conclusion

Firefighting and rescue motorcycles are designed on the basis of Honda CB150 Verza mo-
torcycles when installing a block of fire-fighting and rescue equipment. Applying the planar dy-
namics model for two-wheeled vehicles, the system of differential equations of motion is estab-
lished. Surveying the system of equations performed on Matlab gives the following results.

— The influence of the coordinates of the center of mass of the device mounted on the fire
engine is significant on the vehicle's tilt angle (angle ¢) in the dynamic model.

— The influence of the coordinates of the center of gravity on the tilt angle of the vehicle is
different whereby the Y-coordinate of the center of gravity of the vehicle has the greatest influ-
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ence, the Z-coordinate of the center of gravity has the smallest influence. The obtained survey re-
sults show that when designing and installing fire-fighting equipment on vehicles, the coordinates
in the center of the Y axis must be reduced to increase the stability of the vehicle when turning
around and turning into narrow alleys.

— When turning around, the greater the speed of moving, the greater the angle of inclina-

tion of the vehicle, so when turning around and turning into a corner it is necessary to determine
a reasonable speed (max 14 km/h) to ensure the safety of the vehicle's approaching the fire as
quickly as possible.
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OINNPEJAEJIEHUME HEHTPA TSAXKECTH MHOI'O®YHKIMOHAJIBHBIX ITOXKAPHO-
CITACATEJIBHBIX MOTOIUKJIOB, UCITIOJIB3YEMbIX BO BBETHAME

Jle Kyanr bon

Lens. Onpenenuts AN MOXKAPHO-CIACATEIFHOTO MOTOIMKJIA 00OCHOBAHHOE MECTO YCTa-
HOBKH 0JI0Ka 000pyIOBaHHMS, TTO3BOJISIONICE COXPAHITh YCTOHYUBOCTh MOTOIIMKIIA TIPU JBHXKCHUH
CO CKOPOCTHIO V < 70 KM/4.

Memoowt. Jlns pacdera MOJEH JBUKCHUST MOTOITUKIIA UCTIOIb30Bajics Matlab.

Pe3zynomamei. Pa3zpaboraHa MeToAMKa OIpeNeNeHUs] KOOPAMHAT LEHTpa TSKECTH MHO-
ro()yHKIIMOHAJILHOTO T0KAPHO-CIIACcaTeIbHOTO MOTOIMKIIA, OCHAIICHHOTO OJIOKOM 000pYyI0Ba-
Hus. MccieqoBaHo BAMSIHAE CKOPOCTH MOTOIMKIIA HA €0 YCTOWYMBOCTH MPH Pa3BOPOTE.

Obaacmb npumenenus uccieoosanuii. Peynbratel paboThl MOTYT MCHOJIB30BAaTHCS B PEKO-
MCHAAIUAX 110 SKCINTyaTallui MOTOLIMKIIOB IIPHU BBIC3AC K MECTY ITOXKapa.
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CALCULATION OF THE THERMODYNAMIC PARAMETERS
OF THE REACTION BETWEEN ACRYLOYL CHLORIDE AND WATER
BY DENSITY FUNCTIONAL THEORY

Nguyen Huu Hieu, Phan Anh, Le Anh Tuan, Nguyen Thi Ngoc Anh

Purpose. Study of thermodynamic properties of acryloyl chloride to predict the danger
if the acryloyl chloride is extinguished by water.

Methods. Thermodynamic properties (including enthalpy, free energy, entropy and heat
capacity at constant pressure) of acryloyl chloride at vapor phase at 1.0 atm pressure and tem-
perature range from 298.15 to 1000.00 K in steps of 100.00 K are determined by DFT calcula-
tions using PBEPBE functional. As the basis set 6-311G++(d,p) is used.

Findings. Free energy, and heat of reaction between acryloyl chloride and water in the
fire (at the same temperature range and pressure) have been calculated. In temperature range
from 298.15 to 1000.00 K, the reaction between acryloyl chloride and water is exothermic.
So, if firefighters use water to fight the fire of acryloyl chloride, a large amount of heat will be
released. This heat makes the fire is more dangerous and difficult to fight.

Application field of research. The results of research can be used in prediction the haz-
ard of burning of acryloyl chloride and ways of extinguishing it.

Keywords: burning of acryloyl chloride, reaction with water, thermodynamic proper-
ties, DFT, acryloyl chloride, extinguishing by water.

(The date of submitting: May 11, 2023)

1. Introduction

The history of density functional theory (DFT) began in 1926 with the creation of Thomas
and Fermi theory. At first, this theory was very primitive, the application of this method often
gave bad results [1]. Then, with the contributions of Slater, Hohenberg and Kohn with the Kohn -
Sham equation, DFT has experienced a flourishing development stage and gained some certain
achievement. Over the past thirty years, DFT has become a much used widely tool in computation
guantum sciences such as physic and chemistry [1; 2] in which DFT is a computational quantum
mechanical modelling method used to investigate the electronic structure of many-body systems,
in particular atoms, molecules, and the condensed phases. The properties of a many-electron sys-
tem can be determined by using DFT with functionals, i.e., functions of another function [2]. In
computation chemistry, the electronic structure of a system is computed by DFT with an exchange
correlation functional and a basis set. The choice of the exchange correlation functional and the
basis set depends on the system to be calculated. From the electron structure, some properties of
the system are determined such as: electronegativity and the electronic chemical potential, global
hardness and softness, thermodynamic properties. etc. Based on these properties, the chemical
properties of the system can be accurately predicted [2; 3]. Therefore, studies based on DFT can
be applied in many other sciences closely related to chemistry, such as material science and fire
science.

The development of fire science had been started since ancient times. Until the mid-20"
century, the fire science had really evolved along with the development of other sciences, espe-
cially the basic sciences such as Mathematics, Physics, and Chemistry [4]. Fire science is an inte-
grated field of many sciences of which chemistry is the core. Based on chemistry, specifically the
patterns of the combustion reaction, the properties of the combustible are determined to give ef-
fective methods of extinguishing fires. One of the most widely recognized effective fire-fighting
methods since ancient times is the use of water. Water is one of common fire extinguishing agents
because it is very popular, safe, and cheap. The fire extinguishing mechanism of water is mainly
to take away the heat released from combustion of fuel [5]. In the heat absorption process, water
vaporizes to steam which reduces concentrations of oxygen and fuel at vapor phase. With these
advantages, water is called “gold key” for extinguishing all type of fire. However, some materials
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and some chemical compounds react actively with water such as calcium carbide, alkaline metal,
some organic compound. These reactions are usually exothermic reactions and produce flamma-
ble products. So, water is not a suitable extinguishing agent for all types of fires, especially chem-
ical fires when agents can react with water, such as acryloyl chloride.

Acryloyl chloride, has also known as 2-propenoyl chloride or prop-2-enoyl chloride or
acrylic acid chloride, is the organic compound with the formula CH,=CHCO(CI) and CAS num-
ber 814 — 68 — 6. With 298.15 K temperature and 1.0 atm pressure of air, it is a colorless or pale-
yellow liquid [6-8]. Acryloyl chloride is the toxic compound, highly flammable and can react
with water to give hydrogen chloride and acrylic acid [6-9]. Acryloyl chloride is mainly used as
a monomer and an intermediate in the synthesis of acrylate compounds. It is used in the manufac-
ture of plastics, absorbents, anti-fog agents, coating materials, extended drug release capsules and
paints [9; 10]. On other hand, the boiling point of acryloyl chloride is 167 °F at 760 mm Hg pres-
sure of air (about 75 °C at 1.0 atm pressure of air) [6]. So, in the fire where is normally over
500 °C temperature [11], acryloyl chloride exists in the vapor state. With the above characteris-
tics, acryloyl chloride is a common chemical widely used in the organic synthesis industry and the
leakage of this compound will face many dangers to humans and the environment, especially
when leakage occurs in a fire. In a fire, acryloyl chloride reacts with oxygen and releases very
much heat which can cause rollover or flashover [7; 12]. To prevent these negative phenomena,
the implementation of fire-fighting measures is imperative. However, acryloyl can react with wa-
ter, so using water to extinguish the fire of this compound can aggravate the fire, so this work
should be considered carefully from a scientific perspective. One of the methods to assess the
danger of reaction between acryloyl chloride and water is using its thermodynamic properties in
the temperature range of a fire. Thermodynamic characteristics of reaction between acryloyl chlo-
ride with water are determined by thermodynamic properties of reactants and product including
acryloyl chloride, water, hydrogen chloride and acrylic acid. The thermodynamic properties of
acryloyl chloride have been determined at 298.15 K temperature or lower temperatures in some
previous studies [13], and some thermodynamic properties at other higher temperatures have been
determined by semi — experimentation [14]. However, this data is not enough to determine the
thermodynamic properties of reaction between acryloyl chloride with water in a fire. Therefore,
determining the thermodynamic properties of acryloyl chloride and its reaction with water at
higher temperatures is very important to predict the possibility of using water to extinguish a fire
of acryloyl chloride and this work has become easier by using quantum chemistry with DFT cal-
culations. This article focuses on clarifying this issue by using DFT calculations.

2. Calculation method

There are two planar geometric isomers of acryloyl chloride including cis - acryloyl chlo-
ride and trans - acryloyl chloride (Fig. 1) and other nonplanar isomers [14; 15]. In some early
studies with gas-phase electron diffraction (GED), microwave (MW), and some spectra such as IR
and Raman, planar trans structure of acryloyl chloride was confirmed which is more stable than
cis structure and other nonplanar structures [14,15]. So, in this study, planar trans — acryloyl chlo-
ride structure is used to calculate thermodynamic properties. Since the mechanism of reaction be-
tween acryloyl chloride with water chloride is the substitution of the chlorine atom by the OH
group, structure of acrylic acid is used to calculate which is trans structure (Figure 2). Since the
temperature of the fire is normally over 500 °C, acryloyl chloride (boiling point is 75 °C [8]), wa-
ter (boiling point is 100 °C), hydrogen chloride (boiling point is -85.05 °C) and acrylic acid (boil-
ing point is 141 °C [8]) exist in vapor phase at 1.0 atm pressure of air, so their thermodynamic
properties are calculated at vapor phase and 1.0 atm pressure.
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Cis Trans
Figure 1. — Two geometric isomers of acryloyl chloride

The initial structures of each compound are designed by using GaussView 03 program
package and all calculations in this study are performed by using Gaussian 03 program package
[16]. Optimization process and frequency calculation has been carried out for each of reactant
molecules (including acryloyl chloride and water) and product molecules (including hydrogen
chloride and acrylic acid) of reaction between acryloyl chloride and water. Determining a reason-
able calculation method is a mandatory requirement in any study. In this study, the method DFT is
used. Although DFT method is a reliable method commonly used to calculate and determine the
molecular structure and other properties of acryloyl chloride and other acrylate in some recent
studies, [13,14,17] the re-validation of this method is extremely important to have a more objec-
tive view of the suitability of the calculation method. In this study, the total energy of acryloyl
chloride molecular is calculated by DFT and other methods such as Hartree-Fork (HF), The sec-
ond order of Mgller-Plesset (MP2) with using the same basis set. The basis set is used which is
6-311G++(d,p). The total energy results are compared to confirm the reliability of the DFT meth-
od. Because of the similarity of structures between acryloyl chloride and acrylic acid, in the cho-
sen method a determined structure is used and thermodynamic properties of acryloyl chloride are
calculated which is used for acrylic acid calculating. On the other hand, structure of water and hy-
drogen chloride are calculated by DFT method which are good results [18-22].

Then, all structures of trans — acryloyl chloride, water, hydrogen chloride and acrylic acid
were optimized, which are used to calculate and determine frequency values of vibrations. Based
on these, frequency values of vibrations of each molecule was calculated, thermodynamic proper-
ties at 1.0 atm pressure and temperature range from 298.15 to 1000.00 K in steps of 100.00 K are
determined. All thermodynamic properties of each compound are used to calculate thermodynam-
ic peculiarities of this reaction by using the following equations [19]:

Product Reactant
AGReaction,T = Z(Etot + GCO"T)i roduct Z(Etot + GCOI’,T)jeaC an (1)
i>1 =1
Prod R
ASReaction,T — Z Si,'ll:o uct Z Sj;actant (2)
i>1 jZl
Product Reactant
AH Reaction,T — Z(Emt + Hcor,T)i e _Z(Etot + Hcor,T)jeac " (3)
i>1 =1

with E,, is total electronic energy at 0 K of each molecule, AGg.cion 1+ ASgeactiont @aNd AHpeagion T

are variations of free energy, entropy and enthalpy of reaction, enthalpy of reaction at temperature T;
Gt and H,; are free energy correction and enthalpy correction at temperature T, in which

G, r and H,  including zero point vibration energy (ZPVE).
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Enthalpy of reaction has also called as heat of reaction. Values of heat of reaction are used
to assess the heat property of a chemical reaction. Endothermic reaction is reaction in which heat
is absorbed and exothermic reaction is reaction in which heat is produced. Free energy of reaction
is used to assess the possibility of a chemical reaction according to thermodynamic conditions.

(a) The first planar structure (b) The second planar structure
Figure 2. — Two planar structure of trans — acrylic acid

3. Results and discussion

3.1. Validation of DFT method

Total energy values which are determined from DFT method with different functionals
(such as B3LYP, B3PW91, HCTH, PBEPBE, PBE1PBE, LSDA) have been compared with the
total energies which are determined by other method. They are shown in Table 1. The results are
calculated by using DFT method that shows the more accuracy (exception DFT method with us-
ing LSDA functional). The result is determined by DFT method with HCTH functional
(DFT/HCTH method) which is the most accuracy with E,, is -651.6318658 Hartree, that is the

lowest energy. As we know that, with the same basis set, better calculation method is the method
which gives geometric structure containing minimum energy [14; 21], DFT/HCTH method is
likely to produce more accurate geometry structure.

Table 1. — Comparison of total energy of optimized structure of acryloyl chloride with other study

Method Total energy of trans - Relative error (%) from DFT/HCTH
acryloyl chloride (Hartree) method (%)

DFT/HCTH/6-311G++(d,p) -651.6318658

DFT/B3LYP/6-311G++(d,p) -651.6129335 0.003
DFT/LSDA/6-311G++(d,p) -649.4281394 0.338
DFT/PBEPBE/6-311G++(d,p) -651.1840191 0.069
DFT/PBE1PBE/6-311G++(d,p) -651.2197143 0.063
DFT/B3PW91/6-311G++(d,p) -651.4781636 0.024
HF/6-311G++(d,p) -649.7521641 0.288
MP2/6-311G++(d,p) -649.7490645 0.289

Comparing with DFT/HCTH method, 0.338 % is the highest relative error which has been
calculated by the DFT/LSDA method and the lowest relative error is 0.003 %, it has been calcu-
lated by DFT/B3LYP method. MP2 and HF method are non DFT method, they show results with
relative errors which are larger relative errors of other DFT method. However, these relative er-
rors are the small values, so several other parameters need to be calculated to determine the suita-
ble method. Suitable method is method that shows the most approximate results comparing with
semi - experimental results. Specifically, in this study, thermodynamic parameters including en-
tropy and heat capacity at constant pressure in 298.15 K temperature which are calculated. These
results are shown at Table 2 and they are compared with semi - experimental result. Entropy and
heat capacity at constant pressure in 298.15 K temperature of acryloyl chloride was determined by
Compton et al. by using semi-experimental method in 1981 [14].
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Table 2. — Comparison of entropy and heat capacity at constant pressure in 298.15 K temperature of acryloyl chloride
with empirical results

i 0,
Relative error (%) ReI?tlve error (%)
. rom semi-
Method S Ce from_ Semi- experimental result
(I'molt-K?1) | (I:molt-K?) experimental ;
of heat capacity
result of entropy
at constant pressure
DFT/HCTH/6-311G++(d,p) 311.69 80.87 1.707 2.805
DFT/B3LYP/6-311G++(d,p) 310.29 80.02 2.148 3.822
DFT/LSDA/6-311G++(d,p) 310.00 80.94 2.239 2.716
DFT/PBEPBE 311.85 81.62 1.656 1.899
DFT/PBE1PBE 309.26 79.29 2.472 4.700
DFT/B3PW91/6-311G++(d,p) 309.87 79.72 2.280 4.183
HF/6-311G++(d,p) 306.12 75.43 3.463 9.339
MP2/6-311G++(d,p) 313.23 80.46 1.220 3.293
Semi - experimental method [14] 317.10 83.20 N/A N/A

The relative errors from semi - experimental result of calculated entropy values which in-
crease in the direction: MP2 < DFT/PBEPBE < DFT/HCTH < DFT/B3LYP < DFT/LSDA <
DFT/B3PW91 < DFT/PBE1PBE < HF, on the other hand, the relative error from semi - experi-
mental result of calculated heat capacity at constant pressure values which increase in the direc-
tion: DFT/PBEPBE < DFT/LSDA < DFT/HCTH < MP2 < DFT/B3LYP < DFT/B3PW91 <
DFT/PBE1PBE < HF. MP2 method is the best method to calculate entropy with the relative error
from semi - experimental result is 1.22 % but it is not the best method for calculating heat capaci-
ty at constant pressure with the relative error from semi - experimental result is 3.293 %. This rel-
ative error is more than relative error of entropy of DFT/PBEPBE, DFT/LSDA and DFT/HCTH
method with relative errors are 1.899, 2.716 and 2.805 % respectively. The best method to calcu-
late heat capacity at constant pressure that is DFT/PBEPBE with the relative error from semi - ex-
perimental result is 1.899 %. Although DFT/HCTH shows the most minimum total electronic en-
ergy, it is not the best method for calculating thermodynamic properties of acryloyl chloride.
From the results above, DFT/PBEPBE method is the best DFT method for calculating for calcu-
lating thermodynamic properties acryloyl chloride. So, in this study, thermodynamic properties
acryloyl chloride in temperature range from 298.15 to 1000.00 K in steps of 25.00 K at 1.0 atm
pressure are calculated by DFT/PBEPBE method.

3.2. Optimized geometry parameters of acryloyl chloride

Values of bond lengths and bond angles of trans — acryloyl chloride planar structure was
calculated by DFT/PBEPBE method with 6-311G(d,p) basis set level which are shown in Table 3
and Figure 3.

Table 3. — Bond length and bond angle parameters of trans — acryloyl chloride planar structure

Bond | Values (Angstrom, A) | Angle | Values (degrees)
Ci1—-Cy 1.341 07C¢Clg 119.40
Cs—Cs 1.475 C4CsClg 115.21
Cs— 07 1.198 C4Cs07 125.40
Cs—Clg 1.834 C4CiH, 121.72
Cl-—Hs 1.092 H.CiHs 117.81
Cl-H; 1.091 HsC:Cs 120.47
Cs—Hs 1.094 C1C4Cs 126.21

CsCsHs 112.29
C1C4Hs 121.49
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Figure 3. — Trans — acryloyl chloride planar structures are determined by DFT/PBEPBE
using 6-311G++(d,p) basis set

The distance between centers of the two covalently bonded atoms is the bond length. The
value of the bond length between two atoms is usually less than the sum of the radius of the two
atoms. The values of carbon and hydrogen bond lengths in acryloyl chloride are 1.092 A (C1—Ha),
1.091 A (C1 - Hy) and 1.094 A (C4— Hs). These values are almost identical. Bond length of
C4 —H5 is larger than bond lengths of C1 — Hz and C1 — Hs, that is likely to be caused by the in-
fluence of the remaining substituent of C4 atom. This substituent is C(=O)CI group of atoms.
Bond length value of Cs—Cg is 1.475 A which is larger than bond length value of Ci—Cs
(1,341 A). The type of bond (single and double bond) is the main reason of having a difference in
this bond length value. C1 — C4 bond is the double bond and C4 — Ce bond is the single bond. This
difference is caused by generally bond length decreases in the order: single bond > double bond >
triple bond [15]. In this C(=0)CI group of atoms, Cs — O7 bond length value is 1.198 A which is
smaller than 1.834 A value of Cs — Cls bond length, that is caused by the difference of their bond
order (double bond of Cs — O7 and single bond of C¢ — Clg) and the difference between radius of
oxygen atom and radius of chlorine atom.

Other important parameter for the optimized structure is bond angle because it has the ef-
fect on the molecule and even rise the bond angle in result of reducing micro tensile bond strength
[21; 23]. It is the main factor to define the shape of the molecule. Sum of values of three bond an-
gles around C1 atom is 360 degrees, which confirms that the atoms including C1, C4, Hz, Hz atom
are coplanar. In which, the value of C4C1H>, H2C1H3, and H3C1C4 bond angle is 121.72, 117.81
and 120.47 degree respectively. The difference of bond angles around C1 atom is caused by the
radius of the hydrogen atom, which is smaller than the radius of the carbon atom. Sum of values
of three bond angle around C4 atom and sum of values of three bond angles around C6 atom are
also similar sum of values of three bond angle around Cs atom. They also have sum of bond angle
values which is 360 degrees. It confirms that all the atoms in the acryloyl chloride molecule are
coplanar. This result is completely consistent with the results of previous structural studies of ac-
ryloyl chloride by other methods [13; 15].

3.3. Calculation results of thermodynamic properties of acryloyl chloride

Entropy (S), heat capacity at constant pressure (Cp), sum of electronic and thermal en-
thalpies (Etot + Hcor, including zero point energy), sum of electronic and thermal free energies
(Etot + Geor, including zero point energy) of trans-acryloyl chloride in temperature range from
298.15 to 1000.00 K in steps of 100.00 K are determined by DFT/PBEPBE, which are shown in
Table 4. These results are compared with semi-experimental result which was determined by
Compton et al. [14].
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Table 4. — S, Cp, (Etot + Heor), (Etot + Geor) Of trans - acryloyl chloride with temperature range from 298.15 to
1000.00 K in steps of 100.00K are determined by DFT/PBEPBE and compared with semi-experimental result

Semi-experimental Relative error (%) from
DFT/PBEPBE/6-311G++(d,p) P semi-experimental
result [14]
T (K) result
S CP Etot + Hcor Etot + Gcor S CP S Cp
(Jmol'K™?) (Jmol™K?Y)|  (Hartree) (Hartree)  |(I'mol*KY)|(I'molKY)| (%) (%)
298.15  311.85 81.62 -651.126649  -651.162047 317.1 83.2 1.656 1.899
300.00  312.36 81.94 -651.126591  -651.162267 317.6 83.5 1.650 1.868
400.00 338.12 97.43 -651.123168 -651.174659 343.7 98.1 1.624 0.683
500.00  361.27 110.05 -651.119210 -651.187980 367.0 110.4 1.561 0.317
600.00  382.26 120.19 -651.114820 -651.202140 388.0 120.4 1.479 0.174
700.00  401.43 128.43 -651.110082 -651.217063 407.2 128.6 1.417 0.132
800.00  419.04 135.26 -651.105058  -651.232686 424.8 1355 1.356 0.177
900.00  435.31 141.00 -651.099796  -651.248953 441.1 141.3 1.313 0.212
1000.0  450.43 145.87 -651.094333 -651.265817 456.3 146.2 1.286 0.226
460 e
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Figure 4. — The dependence of calculated reaction entropy
on the temperature in comparison with experiment

There are relatively small differences between entropy values which are calculated by us-
ing DFT/ PBEPBE with the semi-experimental entropy values. The highest relative error of entro-
py is 1.656 % at 298.15 K temperature and the lowest relative error is 1.28 6%. These relative
errors tend to decrease with increasing temperature. From the results of entropy shown at Table 4
and Figure 4 the entropy of Acryloyl chloride increases with increasing temperature. Therefore,
increasing temperature increases the diffusion of Acryloyl chloride, because the diffusion of a gas
increases with increasing entropy [24—26]. So, in a fire, with a rapid increase in temperature, acry-
loyl chloride will diffuse more strongly, which can cause dangerous phenomena such as flashover
or explosion [12]. However, in the temperature range from 298.15 to 1000 K, the entropy values
increase slowly, about 50 %. This slow increasing is explained by structure of acryloyl chloride,
in which there are only 7 valent bonds. So, the diffusion of acryloyl chloride increases slowly. For
this reason, the probability of rollover and flashover are very low without convection [12].

With heat capacity at constant pressure values, their relative errors are compared with
semi - experimental results which are relatively small (about under 2 %). The highest relative er-
ror of heat capacity at constant pressure is 1.899 % at 298.15 K temperature. Same as entropy,
these relative errors tend to decrease with increasing temperature. From the results of heat capaci-
ty at constant pressure shown at Table 4 and Figure 5, the entropy of acryloyl chloride increases
with increasing temperature.
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Figure 5. — The dependence of calculated heat capacity at constant pressure
on the temperature in comparison with experiment

3.4. Result of optimized geometries of acrylic acid, water and hydrogen chloride

Since acrylic acid structure is similar to structure of acryloyl chloride, the method is used
to determine optimized geometry of molecule and calculate thermodynamic properties which is
DFT/PBEPBE. Same as acryloyl chloride structure, acrylic acid structure is trans structure and
this structure is relatively planar. The flatness of the trans acrylic acid structure depends on the
rotation of the Og — Hg bond around the Cs — Og bond axis. This rotation is represented by the val-
ue of the O7C¢OgHo dihedral angle (Fig. 6). In this study, energy of trans acrylic acid structures
with other values of the O7C¢OgHy dihedral angle are calculated by DFT/PBEPBE/6-311G++(d,p)
method to determine the best structure of trans acrylic acid. The best structure is the structure
which contains minimum energy [21]. The results of total electronic energy with other values of
the O7C¢OsgHy dihedral angle are shown in Table 5. Value of the O7;CsOgHg dihedral angle is in
value range from -180 to 180 degree in 30 degrees steps.

Rotation direction of the O8 - H9
bond around the C6 - O8 bond axis

Z

Figure 6. The scheme of rotation of the Os — He bond around the Cs — Os bond axis

From calculation results of total electronic energy shown in Table 5 and Figure 7, there are
obtained two planar structures of trans acrylic acid including the first planar structure and the sec-
ond planar structure which are shown in Figure 2. In which, -266.9444380 Hartree is value of to-
tal electronic energy of the second planar structure which is smaller than of total electronic energy
of the first planar structure (-266.9311143 Hartree). Moreover, this second planar structure also
has a smaller energy than energy of other nonplanar structures. So that, it is chosen structure to
optimize geometry structure of acrylic acid.
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Table 5. — Total electronic energy of trans acrylic acid structures with other values of the O7CsOsHo dihedral angle

Value of the O7CsOsHy dihedral angle Total electronic energy Structure
(Degree) (Hartree)
180 -266.9311143 The first planar structure
150 -266.9297593 Nonplanar structure
120 -266.9249334 Nonplanar structure
90 -266.9230360 Nonplanar structure
60 -266.9299278 Nonplanar structure
30 -266.9398731 Nonplanar structure
0 -266.9444380 The second planar structure
-30 -266.9398338 Nonplanar structure
-60 -266.9299033 Nonplanar structure
-90 -266.9230280 Nonplanar structure
-120 -266.9249410 Nonplanar structure
-150 -266.9297690 Nonplanar structure
-180 -266.9311143 The first planar structure

Note. The negative sign of the dihedral angle value is the rotation of the Og — Hg bond around the C¢ — Ogbond axis in
the opposite direction to the conventional direction which is shown in Figure 6.
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Figure 7. — Diagram of total electronic energy of trans acrylic acid structures
with other values of the O7CsOsHs dihedral angle

Optimized geometry structure of trans acrylic acid is determined by DFT/PBEPBE/
6-311G++(d,p). Values of bond lengths and bond angles of trans acrylic acid are shown at Table 6

and Figure 8.

Table 6. — Bond length and bond angle parameters of trans acrylic acid planar structure and comparison with
structure of acryloyl chloride

Relative error (%) from Relative error (%) from the value
Acrylic acid the length of the same type Acrylic acid .
: of bond angle of acryloyl chloride
of bond of acryloyl chloride
The same type of Relative The same type .
Bond Values bond Iengthy\f)alues error Angle Values of bond anglei//glues Relative
A) . (degrees) . error (%)
of acryloyl chloride (%) of acryloyl chloride
Ci-Cy 1.341 1.341 0.00 07C0g 122.43 N/A N/A
Cs—Cs 1.480 1.475 0.34 C4Cs0Os 113.52 N/A N/A
Cs — Oy 1.220 1.198 1.84 C4Cs07 124.04 125.40 1.08
Ce—0Os 1.369 N/A N/A C4CiH> 121.31 121.72 0.34
Ci1—Hs; 1.092 1.092 0.00 H,C1H3 117.69 117.81 0.10
Ci—H; 1.092 1.091 0.09 H3C1Cs4 120.99 120.47 0.43
Cs—Hs 1.092 1.094 0.18 C1C4Cs 124.57 126.21 1.30
Og — Hy 0.978 N/A N/A CsCsHs 113.54 112.29 1.11
Ci1C4Hs 121.89 121.49 0.33
CeOsgHo 105.59 N/A N/A
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Figure 8. — The second planar structures of trans acrylic acid are determined
by DFT/PBEPBE method with using 6-311G++(d,p) basis set

Comparing with optimized structure of acryloyl chloride, bond length and bond angle pa-
rameters of acrylic acid are similar to bond length and bond angle parameters of acryloyl chloride
in group atoms (including Ci, Cs, Cs, Hz, Hs, Hs, O7). In which, minimum relative error of bond
length is 0,00 % (C1— C4 bond and Cy — Hz bond) and maximum relative error of bond length is
1,84 % (Ce — O7 bond). That is caused by the location of these bond relative to OH substituent in
acrylic acid molecule. C; — C4 bond and Cy — Hz bond are farther from OH substituent than
Cs — O7 bond. So, OH substituent affects Ce — O7 bond more than other bond in acrylic acid mole-
cule. This influence is due to many reasons, and they will be explored in another study. With the
same reasons, 0.10 % is the minimum relative error of H2C1H3 bond angle and the maximum rel-
ative error is 1.30 % (C1C4C).

With water and hydrogen chloride, in early studies, DFT/B3LYP method is confirmed to
be a suitable method for determining optimized geometry at vapor phase [18-22]. Chosen basis
set in all cases is 6-311G++(d,p). So, in this study, DFT/B3LYP/6-311G++(d,p) method is chosen
for optimized geometry calculations of water and hydrogen chloride structure at vapor phase. Op-
timized geometry parameters of water structure and hydrogen chloride structure are also shown in
Figure 9 and Table 7.

Table 7. — Optimized geometry parameters of water and hydrogen chloride structure

Relative Angle Exp Relative
Compound | Bond (A) DFT/B3LYP | Exp | = %) | (dogress) | DFT/BILYP ertor (%)
Water  |Q1=Hz 0.962 0.958*° | 042% | H301H2 105.05 |104.48%°| 0,55%
O: - Hs 0.962 0958 | 0.42% } - } -
Hydrogen | o |, 1.287 1.275¢ | 0.94% N/A
chloride

Note. 2 Experimental results from Cook et al. [27] and the references therein.
b Experimental results from Hoy et al. [28] and the references therein.
¢ Experimental results from Hehre et al. [29] and the references therein.

(a) H,O structure (b) HCI structure
Figure 9. Structures of water and hydrogen chloride

Optimized geometry parameters of water and hydrogen chloride structure is calculated by
DFT/B3LYP/6-311G++(d,p) method which are very small relative errors with comparing to
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experimental, about under 1 %. With these relative errors, DFT/B3LYP/6-311G++(d,p) method is
reliable enough to be used to calculate the thermodynamic parameters of water and hydrogen
chloride.

chloride

3.5. Calculation results of thermodynamic properties water, acetic acid and hydrogen

Thermodynamic properties of water, hydrogen chloride, and acrylic acid at vapor phase in

temperature range from 298.15 to 1000.00 K in steps of 100.00 K are determined by
DFT/B3LYP/6-311G++(d,p) which are shown in Table 8, 9, and thermodynamic properties val-
ues acrylic acid are determined by DFT/PBEPBE/6-311G++(d,p) which are shown at Table 10.
Thermodynamic properties are determined as entropy (S), heat capacity at constant pressure (Cp),
sum of electronic and thermal enthalpies (Etwt + Hcor), Sum of electronic and thermal free energies
(Etot + Geor). Calculated entropy values and heat capacity at constant pressure values are compared
with experimental values.

Table 8. Thermodynamic properties of water at vapor phase

DFT/B3LYP/6-311G++(d,p) Experimentation [30; 31] | Relative error (%)
T (K) S Ce Etot + Heor Etot + Geor S Ce S C
(Jmol'*K™) | (J-mol*-K1) (Hartree) (Hartree)  |(J'mol*K™)|(J-mol K1) P
298.15| 188.73 33.49 -76.433469 -76.454891 188.84 33.60 - -
300.00{ 188.93 33.50 -76.433445 -76.455024 - - - -
400.00{ 198.65 34.14 -76.432159 -76.462410 - - - -
500.00] 206.37 35.09 -76.430841 -76.470125 - 35.22 - -
600.00] 212.86 36.15 -76.429485 -76.478109 - 36.31 - -
700.00] 218.52 37.25 -76.428088 -76.486323 - 37.48 - -
800.00] 223.56 38.38 -76.426648 -76.494740 - 38.74 - -
900.00{ 228.15 39.53 -76.425165 -76.503340 - 39.99 - -
1000.0] 232.38 40.70 -76.423637 -76.512107 - 41.32 - -
Table 9. Thermodynamic properties of hydrogen chloride at vapor phase
DFT/B3LYP/6-311G++(d,p) Experimentation [30; 31] | Relative error (%)
T (K) S CP Etot + Hcor Etot + Gcor S CP S C
(Jmol'tK?) |(Imol™K?1)| (Hartree) (Hartree) (Jmol'-K™Y) | (J-mol - K1) P
298.15| 186.71 29.11 -460.824042 | -460.845235 186.90 29.14 0.1 0.1
300.00| 186.89 29.11 -460.824022 | -460.845367 - — — -
400.00| 195.26 29.13 -460.822913 | -460.852649 - — — -
500.00| 201.78 29.24 -460.821802 | -460.860212 - - - -
600.00| 207.13 29.48 -460.820685 | -460.867998 - — — -
700.00| 211.70 29.85 -460.819556 | -460.875973 - — - —
800.00| 215.71 30.31 -460.818411 | -460.884110 - — — -
900.00| 219.31 30.83 -460.817247 | -460.892393 - — — -
1000.0| 222.59 31.36 -460.816063 | -460.900805 - — — -
Table 10. Thermodynamic properties of acrylic acid at vapor phase
DFT/PBEPBE/6-311G++(d,p) Experimentation [32] | Relative error (%)
T (K) S CP Etot + Hcor Etot + Gcor S CP S C
(Imol™K?) | J'mol'K™) | (Hartree) (Hartree) | (J-mol' K™ | (J'mol-K™Y) P
298.15| 301.76 81.72 -266.873162 | -266.907414 - 81.8 - 0.10
300.00| 302.26 82.09 -266.873104 | -266.907627 - 82.18 - 0.10
400.00| 328.52 100.85 -266.869612 | -266.919641 - 101.24 - 0.39
500.00| 352.75 116.33 -266.865467 | -266.932616 - 116.65 - 0.27
600.00| 375.10 128.76 -266.860793 | -266.946477 - 128.73 - 0.02
700.00| 395.73 138.83 -266.855692 | -266.961156 - 138.32 - 0.37
800.00| 414.83 147.15 -266.850244 | -266.976590 - 146.12 - 0.70
900.00| 432.58 154.16 -266.844504 | -266.992725 - 152.60 - 1.02
1000.0| 449.14 160.12 -266.838519 | -267.009513 - 158.08 - 1.29
Fire and industrial safety (technical sciences) 273



Journal of Civil Protection, Vol. 7, No. 3, 2023

3.6. Calculation results of thermodynamic characteristics of reaction between acryloyl
chloride and water

In a fire, reaction between acryloyl chloride and water occurs at vapor phase with mole ra-
tio: CsH3OCI + HoO — C3H402 + HCI [8]. Heat of reaction and free energy of reaction are calcu-

lated by using (3) and (1). (E +H, 1) and (E +G,, 1), previously received values of acryloyl

chloride, water, hydrogen chloride and acrylic acid are used to calculate heat of reaction and free
energy of reaction in temperature range from 298.15 to 1000.00 K in steps of 100.00 K at 1.0 atm
pressure. They are shown in Table 9.

Table 11. Heat of reaction and free energy of reaction between acryloyl chloride and water

T (K) Heat of reaction, (kJ-mol™?) Free energy of reaction, (kJ:mol?)
298.15 -359.919 -356.309
300.00 -359.930 -356.288
400.00 -360.213 -355.023
500.00 -360.266 -353.715
600.00 -360.148 -352.410
700.00 -359.898 -351.142
800.00 -359.560 -349.911
900.00 -359.142 -348.732
1000.0 -358.675 -347.600
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Figure 10. — The dependence of heat and free energy of reaction
between acryloyl chloride and water on the temperature

The results are presented in Table 11 and Figure 10. Some comments about the reaction of
acryloyl chloride with water are given below.

With heat of reaction between acryloyl chloride and water, all received values are less than
0 kJ.mol%. So, this reaction is the exothermic reaction in a fire [33]. This amount of heat is rela-
tively large because minimum value of the heat released of the reaction is 358.675 kJ.mol* which
is not much smaller than heat released of fire reaction (about 418 kJ per mole of oxygen) [34].
Heat reaction values decrease with increasing temperature in temperature range from 298.15 to
500 K and they increase with increasing temperature in temperature range from 500 to 1000 K.
This variation of heat of reaction is not linear. The maximum released heat of reaction is
360.266 kJ.mol* at 500 K. This temperature point may be the point at which the reaction between
acryloyl chloride and water begins to occur at a rate large enough to overcome the potential ener-
gy barrier. However, that is likely be confirmed in another study of the kinetics of this reaction.

With free energy of reaction between acryloyl chloride and water, all received values are
less than 0 kJ.mol™. So, on the thermodynamic conditions reaction between acryloyl chloride and
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water is likely to occur at any temperature in the fire [33]. The free energy values of this reaction
have a linear variation in the temperature range from 298.15 to 1000 K, in which they increase
with increasing temperature.

3.7. Recommendation in fighting of the acryloyl chloride fire

In a fire which is caused by a combustion reaction of acryloyl chloride or a fire with a leak
of this compound, fire-fighting has become extremely complicated because of selection of fire
extinguishing agents. Water is the most common fire extinguishing agent, however, using water in
this case carries many risks because of the strong reaction between acryloyl chloride and water
that is reflected in the very negative free energy value of this reaction. Other hand, the heat re-
leased by this reaction can increase the danger of a fire. Therefore, water should be limited for
fighting the fires of acryloyl chloride, especially water in fog form or small water jet. In small
fires of acryloyl chloride, carbon dioxide, dry chemical such as sodium bicarbonate or ammonium
hydrogen phosphate are extinguishing agents which are recommended for firefighting [35]. How-
ever, in large acryloyl chloride fires water can still be used in overflow form to increase efficiency
in extinguishing fires if water is not in direct contact with acryloyl chloride.

4. Conclusion

With acryloyl chloride, calculating geometry optimizations of molecules and thermody-
namic properties by applying DFT method shoed the good results (comparing with empirical re-
sults). The conclusions of this quantum chemical study about reaction between acryloyl chloride
and water are as follows.

In a fire, reaction between acryloyl chloride and water occur in vapor phase because the
boiling point of reactants and productions are less than the temperature of the fire.

Thermodynamic properties of acryloyl chloride, acrylic acid, water, and hydrogen chloride
are calculated by DFT method. These calculations are based on their optimized structure.

The free energy calculation of this present study clearly indicates that according to ther-
modynamic conditions, reaction between acryloyl chloride and water is likely to occur at any
temperature in the fire. This result is one of the scientific bases to confirm the strongly reactivity
of acryloyl with water in a fire.

This reaction is the exothermic reaction in a fire. So, if firefighters use water to suppress
the burning of acryloyl chloride, a large amount of heat will be released. This heat makes the fire
more dangerous and difficult to fight.
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Calculation of the thermodynamic parameters of the reaction between acryloyl chloride
and water by density functional theory
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PACYET TEPMOJUHAMUYECKHX HAPAMETPOB PEAKIIUH
AKPUWIONJIXJIOPUIA C BOAOU METOJAOM TEOPUHU ®YHKIIMOHAJIA
INIOTHOCTH

Hryen Xyy Xuey, ®an Anb, Jle Aub Tyan, Hryen Txu Hrok Anb

Lenv. VccnenoBanne TEPMOJMHAMHYECKHMX CBOWCTB AKPWIOWIXJIOPHIAA JUIS HMPOTHO3UPOBAHMS
OTMACHOCTH NPH TYILICHUU aKPUJIOWIXJIOPUIA BOJIOM.

Memooul. TepMonuHaMHYECKHE CBOWCTBA (BKJIIOYAS SHTANBIHIO, CBOOOTHYIO SHEPTHUIO, SHTPOIINIO
Y TETIOEMKOCTh TP TTOCTOSHHOM JaBJICHHH) aKpHJIOWIXJIOpHAA B MapoBoil ¢ase mpu masiennn 1,0 atm
u quanaszoHe temmepatyp oT 298,15 mo 1000,00 K ¢ marom 100,00 K ompenensuiucs pacueramu DFT
¢ ucnionp3oBanueM ¢ynkironana PBEPBE. B kauectse 6a3ucHoro Habopa ucnonbs3oBad 6-311G++(d,p).

Pesynomamur. Paccauranpl cBOOOIHAs SHEPTUS M TEIUIOTA PEAKIMU MEXIy aKpHIOMIXJIOPUIOM
Y BOJIOH B OTHE (B TOM JK€ AMAIa30HEe TeMIlepaTyp U naBieHws). B amamazone temmepatyp ot 298,15 mo
1000,00 K peakrust Mexay aKpUIOWIXJIOPHUIOM U BOJOW SIBISETCS SK30TepMHUYECKOW. Takum oOpasom,
€CIIH TIO’KapHbIe MCHONB3YIOT BOMY JUIS TYLICHHUsS BO3TOPAHMS aKpPHIOWIXJIOpPHIA, TO OyoeT BBIIENSATHCS
0OJIBITIOE KOJTUYECTBO TEILIA. DTO TEIUIO JeIaeT OTOHb 00JIee OMACHBIM U TPYIHBIM sl O00PHOEI.

Obnacmv npumenenus uccie0oganuii. Pe3ynbpraTel UCCIETOBaHUN MOTYT OBITH UCIIONB30BAHBI PH
MPOTHO3MPOBAHHHU OMIACHOCTH BO3TOPAHUS aKPHIOHIXJIOPHIA U CIOCOOOB €ro TYIICHHS.

Knroueswie cnosa: ropeHne akpwIOWIXJIOPUAA, PeakUys C BOIOW, TEPMOAMHAMUYECKHE CBOMCTBA,
DFT, akpunownxyiopu, TylIEHUE BOAOK.

(IMocrynuna B penakuuto 11 mast 2023 r.)
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OCOBEHHOCTHU MEXAHU3MOB JIECTBUSI UHT UBUPYIOIINX
N OJIEIrMATU3UPYIOIIIUX O'HETYIHAIIIUX COCTABOB

Kypos M.M.

L]enw. [IpoaHaTM3UPOBATh TCOPETHYCCKUE ACTICKTHI MEXaHU3MOB JICHCTBUS UHTUOUPY-
FOINX ¥ JIETMATH3UPYIONIMX OTHETYIIAIINX COCTABOB.

MemoOwbi. AHaMTHYECKUN, CPAaBHUTEIIbHAS OICHKA MEXaHW3MOB JCHCTBUS UHTUOUPY-
IOIUX U (JIETMAaTH3UPYIOIINX COCTABOB.

Peszynomamer. ComocTaBUTENbHBIA aHATTN3 TEOPETHIECKAX aCTIEKTOB MEXaHH3MOB JIEH-
CTBUSI MHTHOMPYIOMHX U (prerMaTu3npyronmx coctaBoB. [lokazana sHepreTryeckas B3anMo-
CBSI3b XMMUYECCKOU PEaKIIUi TOPCHUS C TEIIOBON TeopHel noryxanus. O000IIeHbI 3HaUeHUS
SHEPTHM pa3phiBa CBSA3EH IJIs1 HEKOTOPHIX TOPIOYHMX MOJICKYJ U UX paaukaaoB. COMOCTaBICHBI
CTaH[IApPTHBIE SHEPTHUHU Pa3phiBa XUMUYECKHUX CBS3EH TaIOTEHIPON3BOMHBIX MPEIEIbHBIX yT-
JICBOJIOPOJIOB U MX OTHETyIamas 3PQEKTUBHOCTh, YTO CBHJICTEIILCTBYET O B3aUMOCBS3H MX
HPUPOJBI C OTHETYIAIUM JACUCTBUEM.

Obnacms npumenenus ucciredosanuii. CoBpeMeHHbIE TIOJIXOABI K pa3padoTKe OTrHe-
TYIIAIAX COCTABOB IIEJIEBOTO Ha3Ha4eHHS. Pa3paboTka WHHOBAaIlMOHHBIX MAaTEpHUaliOB
¥ TEXHOJIOTHH.

Kntouegvle croga: vHTHOMpYIONIHE W (IErMAaTH3UPYIOIINE COCTAaBBI, TYIICHHE ITOXKa-
POB, MEXaHHU3MBI IEUCTBHUSI, PAJAUKAIBI, PaIUKATLHO-IICITHOM MEXaHU3M, SHEPTUSI XUMUYIECKOM
CBSI3U.

(IMocTynuna B pegakuuto 5 ampesst 2023 r.)

BBenenue

B Hacrosiiiee Bpemst U3BECTHBI JIBE TEOPUU MPOLIECCOB MOPEHUS: paaukaibHas [1] u Ten-
noBast [2]. IIpoTekanue peakuy ropeHusl UMEET CI0XKHBIA MEXaHU3M. JTOT paJluKaJIbHO-LIETTHON
MEXaHHU3M TOpPEHHS] B KUCIOPOJe ObLI OTKPHIT U omnucaH coBeTckuM ydueHbiM H.H. CemeHOBBIM
[3], KOTOPBIN MOBTOPUII U MOATBEPAMI dKCIIEPUMEHT coBeTckoro yueHoro O0.b. Xapurona. mu
000CHOBAHO pa3BUTHE LIETIHBIX PEaKLUN TOPEHHS OCPEICTBOM 00pa30BaHMs aKTUBHBIX YaCTHIL —
panukanoB. Ho He maetrcs 060CHOBaHUS B3aMMOCBSI3U 00pa30BaHUs PaJMKaJOB C JeMCTBUEM HH-
rUOUpYIOMKX U (DIErMaTU3UPYIOMIMX OTHETYIIANIMX COCTABOB, KOTOPHIE C TOUKH 3PEHUSI IHEpre-
THYECKUX TPOLIECCOB HANPSAMYIO OIpPENEN0T KaK CKOPOCTH OOpa30BaHMs pajMKalloB, Tak
U IpOTeKaHue mpolecca ropeHus. ['opeHue ra3oB, J€rKOBOCIIAMEHSIOIINXCS KUJIKOCTEN U TBEp-
JIBIX TOPIOYMX MAaTEpPHAJIOB Ha MOXkapax ¢ yUeTOM arperarHoro COCTOSHHUSI KOMIIOHEHTOB FOproYeit
CMECU MOJKET OBbITh TOMOT'€HHBIM HJIM IeTepOreHHbIM. JIJisl MpeKpalieHusi FTOMOTeHHOTO (TJIaMeH-
HOT'0) TOPEHMsI Ta30B, JETKOBOCIUIAMEHSIOIINXCS KUAKOCTEH M TBEPABIX T'OPIOYMX MaTepHalIOB
0CcO0EHHO Ba)KHO CO3/1aTh YCJIOBHS JJIS IPEKpaIleHus mporecca oopazoBaHus paaukanoB. O6pa-
30BaHUE PaJMKaIOB, B CBOIO OUEpellb, SIBISIETCS BHICOKOPHEPTreTHUYECKHM IPOLIECCOM, KOTOPBIN
CBSI3aH C DHEPruel pa3pblBa XUMUYECKUX CBsA3eH Moiekyil. IloaTomy 11s mpekpalieHns TopeHus
TaK)X€ BaXKHO MMOHMMATh YCJIOBUS U CyTh IpoOIecca pa3pblBa XUMHUUECKHUX CBSI3€H B YCIOBHSIX IO-
xKapa.

OcHoBHast YacThb

OHeprus akTUBALMK PEaKIMM TOPEHHs] HE BIMSIET Ha €€ TeruioBOM 3¢ (deKT, KOTOphIi
OTIpeJIeNIAETCs TOJIBKO HayaIbHBIM M KOHEYHBIM COCTOSHHMEM cUCTeMbl. TerioBoit s ekt Xxumu-
geckoi peaknuu Q He 3aBHCHT OT BEMYMHBI DHEPTUU aKTUBANHMU E, T.€. OT TOTO, MO KaKOMY
MEXaHU3MYy IIPOUCXOAUT PEAKIUsl, a 3aBUCUT TOJBKO OT HAYaJbHOIO U KOHEYHOI'O COCTOSIHUS
cucteMbl. TeroBast TeOpHs MOTYXaHHUS TAK)KE OCHOBBIBACTCS HA SHEPTEeTUYECKHX 3aKOHaX (puc. 1),
CBSI3b KOTOPBIX IPECTABISIET 0COOBII HHTEpeC.
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DHeprua

WHrubupyowme u
dnermaTusmpyiolme
COCTaBbl

Hallpa“,’lﬁ}"(c XHMHHYECKOIt ],'!eﬁ!(llllﬂ

‘ 1
T Tw T, T

E — sHeprus aktuBannu; Q — teruroBoit 3¢ dext peaknnu; E’ — koHEUHOE SHEPTETHIECKOE COCTOSIHAE CHCTEMEI,
Q" — KOJMYECTBO BBHIICISIIOLIETOCS TEIIa; (  — KOJIMYECTBO OTBOAUMOTO TEIUIa; To — HauaabHasl TeMIIEparypa;
T, — Tremnepatypa ropenust (1. 1); Tyor — TEMIIEpATypa TIOTYyXaHUS (T. 2)

Pucynok 1. — BiiusiHue orHeTylialux cOCTAaBOB HA MPOLECCHI TelJI0OBbIAeIeHHs
U TeIJIOOTBO/Ia B 30HE PeaKIHU FOpeHus

Nurubupyroume 1 GaerMaTu3upyroliyue OrHeTymaliue CoOCTaBbl B COOTBETCTBUHU € TEILIO-
BOH Teopuel notyxaHus (puc. 1) HOHMXKAIOT TeMIlepaTypy B 30HE IUIAMEHHOT'O FOPEHUs /10 TEM-
nepaTypsbl MOTyXaHus, IPU 3TOM Ba)KHO IIOHUMATh MX BJIMSHHE HA UCXOJHBIC PEareHTbl XUMUYe-
CKoOii peakiuu. VX BBeJlcHHWE B 30HY TOPEHHs MPUBOJUT K YMEHBIICHUIO TEIUIOBBLICICHUS ("
U YBJICUEHHIO TEIJIO0TBOJA (, YTO MO3BOJISICT CHU3UThH TEMIIEPATypy B 30HE FOpEHHs OT 3Haue-
Huil T. 1 (Temmeparypa ropeHmus) 10 3Ha4eHHUH T. 2 (TemImeparypa nmoTyxanus). B mpouecce
(U3NKO-XMMHUYECKONW PEeaKLMU TOPEHUsl MPOMCXOJUT pa3pbiB OJHUX U 00pa30BaHUE APYIMX XH-
Mu4eckux cBsizell. [103ToMy sHeprusi XuMHUUECKON CBA3M aTOMOB B MOJIEKYJIaX FOPIOYUX BELIECTB
SBJISICTCS BAYKHBIM KPUTEPHUEM IPU pa3pabOTKe CPEACTB Ul TYLIEHHs M0XKapoB, T.K. €€ Pa3phiB
00yCIIOBIMBAET JajbHeIIee MPOTeKaHne peakluy TOPeHHs 1, KaK ClIeJICTBUE, 00pa3oBaHME MPO-
IYKTOB peaklMu ropeHus. B Teopermueckom acmekTe (U3MUecKas SHEPrHs XUMUYECKOH CBS3U
B MOJIEKYJIE€ ONpEAEsAeTCs KOJINYECTBOM SHEPIUU, KOTOPYIO HEOOXO0AUMO 3aTpaTUTh, YTOOBI pa3-
JIeTUTh €€ Ha JBE YacTH U yIAIUTh UX APYT OT Jipyra Ha 6eckoHeuHoe paccTosHue. CTaHIapTHON
SHEprueil pa3pbiBa XUMUYECKOW CBS3M HA3bIBAIOT U3MEHEHHE SHTAJIBIINU NPU XUMUYECKON peak-
LMY, B KOTOPOM MPOUCXOJUT pa3pblB JAHHOM CBSI3U B OJHOM MOJIE BEILIECTBA. JHEPIHH pa3pblBa
CBsI3€H B HEKOTOPBIX TOPIOYMX MOJIEKYJIaX U UX paJHuKanax MpecTaBlieHbl B Tabnuie 1.

Tabauna 1. — DHepruu pa3pbiBa XUMHYECKUX CBfI3eil TOPIOYMX MOJIEKYJ H UX PaguKaJIoB [4]

CoennHeHns KKaJI/MOJIb K JI>K/MOJIB
H-H 104 436
C 145,8 610
c-C 78 410
C=C 140 585
C=C 193 808
C—C (rpadwur, raz) 171 715
C-H 98 410
HC-H 101 424
H.C—H 110 462
H:C—H 105 438
H-nC3H; 101 423
H-iC3Hy 98 409
H-CCH 132 556
HsC—CHs 90 376
HsCo—H 101 423
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N3 tabmunpl 1 BUIHO, YTO 3HEprus xumuyeckor cBsizu C—H B Mosekynax u paaukamax
B 3aBUCHMOCTH OT X CTPOCHHUS U3MeHseTcs B nuarna3one oT 410 go 556 k/x/Monb.
Taxke B 3aBUCUMOCTH OT MIPUPOJBI COSTUHEHUS 3HAYCHHUE YHEPTHH XUMHUYeCKOr cBs3u C—H u3-
MeHsiercss B auanasone ot 290 o 420 xJIx/mous [5, c. 269]. TTosToMy aist mpeKpalneHus Iuia-
MEHHOT'O TOPEHUS SHEPTUI0 B 30HE TOPEHUSI HEOOXOAUMO MOHU3UTH 10 3HaueHui 290 kJ{x/Moib
JUIS TIPEIOTBPALCHHs BOCIUIAMEHEHHUSI aTOMOB YIJIepo/ia, BXOSALINX B COCTaB TOPIOYUX Mapoo0-
Pa3HbIX MOJIEKYII.

Jl1s comocTaBiieHusl 3HAUEHUN SHEPTUU pa3phiBa CBSA3EH B FOPIOYMX MOJIEKYJIaX PaccMOT-
PUM PHEPIUM pa3phliBa CBsI3e B CIEAYIOLUIMX MOJIEKYJIaX U paJilKallaX, y4acTBYIOLIUX B Mpoliecce
TymeHus mwiamenHoro roperusi: Oz, H,O, H-0O-, H—CIl, H-Br, H-I (nmpexacrapiens! B Tabmnwiie 2).

Ta0auna 2. — JHeprus pa3pbiBa XUMHYECKHX CBsI3ell HETOPIOYNX MOJIEKYJ H KHcaopoaa [4]

CoenuneHus KKaJI/MOJIb kJI>K/MOB
0-0 119 498
HO-H 118 495
H-O- 104 435
H-F 136 570
H-CI 103,0 432
H-Br 87,5 340
H-1 71 298
H;C—F 113 472
HsC—Cl 88 370
Hs;C—-Br 70 292
HsC—1 50 209
H—-CH,F 101 423
H—-CH,CI 100 419
H—-CH,Br 102 425
H—-CHjsl 103 431
F-F 38 158,8
Cl-ClI 58 242.,6
Br—Br 46 192,8
I-1 36 151,1

ConocraBnenue JaHHBIX TaOuuIl 1 ¥ 2 MOKa3bIBAeT, YTO 3HAUEHUS SHEPTUM pa3pbIBa CBsI-
3ell B paCCMOTPEHHBIX I'aJIOTEHIPOU3BOIHBIX MPEEIbHBIX YITIEBOJIOPOJaX MEHbIIE, YeM 3Hade-
HUS SHEPTHUH pa3pbiBa CBSI3eH B TOPIOYUX MOJIEKYJaX. JTo coryiacyercs ¢ 3(p()EeKTUBHOCTHIO OTHE-
TyIIANEero AeHCTBUS raJlor€HIPOU3BOIHBIX, T.K. IPH X BBEJACHUH B 30HY T'OPEHUS CKOPOCTh
00pa3oBaHMs PAIUKAIOB, OOPBIBAIOIINX paJUKalIbHBIC IIETHbIE PEAKIMH OKUCICHUs, OyaeT
Oosbliie, YeM CKOPOCTh 00pa3oBaHMs PaJAMKaJOB, MOAICPKUBAIONIINX 3apOXKIAECHUE U MPOJIOIIKE-
HUE [EMHBIX PEAaKINi OKHUCICHUS. 3HAUYCHUS SHEPTUil CBSI3H Ecp TalloreHNmpon3BOIHBIX MPEIeIThb-
HBIX YTJIEBOJOPOJIOB YMEHBIIAIOTCS B CIEAYIOIIEH MOCIeJ0BATEIbHOCTH:

Ecs(F) > Ecs(Cl) > Ecs(Br) > Ecs(l).

[TosToMy 11 3HEKTUBHOTO TYIICHHUS MOXKAPOB BAXKHO TAK)KE YUUTHIBATh KaK MPHUPOLY,
TaK U MEXaHU3MBbI JEHCTBHS OTHETYIIAIUX BEIECTB.

[TpumeHeHre MHTHOUTOPOB U (JIETMATU3ATOPOB ISl TYUICHUS MOXAPOB TEM WM WHBIM
CrocoOOM BIIMSET HA MPOLECCHl TEIJIOBBIJACIECHUS M TEIUIOOTBOJA U MPUBOAUT K YMEHBUICHHUIO
CKOPOCTH I'OpPEHMS BIUIOTH JIO IIOJHOTO €ro MpeKpalleHus. B kaxaoM ciydae TylleHHe JoCTUra-
€TCsl 3a CUET CHIDKEHUS TeMIIepaTyphl B CUCTEME HIKE TeMIlepaTypbl notyxanus. Jlanee ¢ nenbio
MCKJIIOUYEHHUS] MOBTOPHOTO BOCIUIAMEHEHMsSI HEOOXOIUMO TMOHH3UTh TEMIIEpaTypy TOpPIOYHMX Be-
IIECTB ¥ MAaTEPUAJIOB JI0 TEMIIEPaTypbl BOCIUIAMEHEHHUS.
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[Tox TemriepaTypoii caMOBOCIVIAMEHEHHSI IOHUMAETCS MUHUMAJIbHASI TEMIIEpaTypa Tropro-
4yeill cMecH, IPU KOTOPOW HAUMHAETCS PE3KOE YCKOPEHUE XUMUYECKON PEaKIMU OKUCIICHHUS, TIPH-
BOJIAIIEE K TUIAMEHHOMY TOpPEHHI0. B yClOBUSX MMOXKapa BOCIUIAMEHEHHUE IMOCTYIAIOUIMX B 30HY
TOpPEHNUs MMAPOB U T'a30B NPOUCXOIUT OT IUIAMEHHU U TOPEHUE MOKET HAUMHATHCS IIPU TEMIIEPATYpE
Bociiamenenusd. [log TemrepaTypoll BOCIJIaMEHEHHUsI TTOHMMAeTcsl caMas HHU3Kas (B yCJIOBHSIX
CHelHaIbHBIX MCIBITAHWI) TeMIlepaTypa TOpPIOYero BeUlecTBa, MpU KOTOPOH OHO BBLAETSET Io-
proure Maphl WIK ra3bl ¢ TAKOM CKOPOCTHIO, UTO MOCJI€ BOCINIAMEHEHHS UX OT UCTOYHHMKA 3a)KHUTra-
HUS BO3HUKaeT ycroiumBoe nupdy3noHHOE ropeHue. 3HAYCHHS TeMIIepaTyp BOCILJIAMEHEHHUS
Y CaMOBOCIUTAMEHEHUSI HEKOTOPHIX BEIIECTB U MAaTEPHUAJIOB MIPEACTABIICHBI B TA0OIHIIE 3.

Ta6auna 3. — TemmepaTypbl BoCIJIaMeHEHHs] M CAMOBOCILLIAMEHEHHU Sl BEIeCTB U MaTepuaios [6; 7]

Temneparypa BocIuiaMeHeH s /
Bermmectso / marepuan o ATperaTHoe COCTOSHHUE
camoBocIuiameHenus, °C
Bogopon —/510 ras
Oxcun yriepona (11) —/610 ras
Oran — 1472 ras
[pomnan —/ 466 ras
byran — 1405 ras
DTHieH — /540 ras
AueTniex —/335 ras
AlETOH -20 /535 KHJIKOCTD
OTHIOBBIM CIUPT 15/400 KUIKOCTh
['munepun 203 /400 JKUIKOCTh
Hedtp 2717310 KUIKOCTh
Bensun -27 /380 KUIKOCTh
Jln3enbHOE TOIIMBO 55 /300 KUIKOCTh
Bymara 233 /450 TBEPJIBIN
Boiinok 287 /370 TBEPJIBIN
JpeBecrHa cocHOBas 255/ 370 TBEpABII
I[IBX 391 /454 TBEP/IbIH

HpuMeanue. 3HauYeHUA TEMIICPATyp HEKOTOPBIX CIOKHBIX BCIICCTB U MATCPHUATIOB MOT'YT OTJIMYATLCA OT 3Ha‘I€HPIﬁ,
MPUBCACHHBIX B APYTUX JIMTCPATYPHBIX UCTOYHUKAX, YTO O6YCJ'IOBJ'ICHO pa3InirueM X XUMHYCCKUX COCTABOB.

AHanu3 3HaYEHHUI TemIepaTyp BOCIJIAaMEHEHHsI M CAMOBOCIIIAMEHEHUS MTOKA3bIBAET, YTO
MIPU OTCYTCTBHH MCTOYHUKA 3)KUTAHUS JUTsl YCIICITHOTO TYIICHUS U MPEAOTBPAIIECHHUS TOBTOPHO-
ro BOCIUIAMEHEHHUs HEeOOXOJUMO MOHU3UTH TEMIEepaTypy B 30HE pEaklUd HUXKE TeMIepaTypbl
CaMOBOCIUTAMEHEHUS, KOTOpast JiJisi OOJILITMHCTBA T'a30BO3IYIIHBIX CMECE HAXOJIUTCS B JHAara-
3oHe 300-600 °C.

TerutoBast TeOpHsl TOPEHUS PacCMATPUBAECT MEXAHH3M CaMOIPOU3BOJIBHOIO PACIPOCTpa-
HEHHUS TOPEHHS U KOJUYECTBEHHO OIpEAeNsieT B3aUMOCBSI3b MEXIYy HOPMAaJIbHOH CKOPOCTBHIO
TOPCHUS W TaKUMU I[TapaMeTpaMH, KaKk TeMmIiepaTypa TOPeHHs, CKOPOCTh XUMHUYECKOW pPeaKIIHH,
CKOPOCTh TEIIOOOMEHa MEXAy MPOAYKTaAMH PEaKIMU M MCXOJIHOU roproueil cmecbo. [Ipu aTom
KOJIMYECTBO BEIIEIAIOMIErOCs TEIIa IPH FOPEHUH (7 MPONOPLUOHATBHO CKOPOCTH XMMHUUECKOM
pEaKIMK U 3aBUCHUT OT TEMIIEPATYPhI IO SIKCIIOHEHIMATLHOMY 3aKoHY [8, ¢. 54]:

E
q°= QW = Q-k,C"Clre R,

rae Q — reroBoi AP PEeKT XUMHUECKOU peakunu, J[x/Moib;
W — ckopocTh XUMHYECKOH peaKIlui, MOJIb/C;
Ko — TIpeIPKCIOHeHIMATbHBIH MHOKHTEb, M%/(MOMB2-C);

n n
C," u C,° — KOHLEHTpALMHU TOPIOYETO U OKHUCIUTENS C YUETOM MOPSAKOB PEAKIIUU 10 KOM-

HIOHEHTaM, MOJIb/M>;
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E — sHeprus akTMBaMy XUMHYECKOHN peakiuu, J»/MoIb;
R — yHuBepcanbHas razoBas noctosiHaast, J[x/(moinb-K);
T — remnieparypa, K.
VYpaBHEHHE MOKa3bIBAET MATEMAaTUYECKYIO U (PU3MYECKYI0 B3aWMOCBS3b KOJIMYECTBA BbI-
JETSIOIerocs TeIIa OT TeMiepaTtypsl. [Ipu 3ToM ¢ Bo3pacTaHHeM Ha4albHOW TeMIEepaTyphl yBe-
JMYMBACTCS TEMIIEpaTypa TOPSHUsI CMECH, O Ye€M CBUIETEIILCTBYET ypaBHeHHE [8, . 24]:

ToT s

0 n - !
Zcpi N“Fi
i=1

rae To— HadanbHas Temmeparypa, K;
Qu — HU3MmAas TemnorTa cropanwus, [Ix;

C, — CpelHsisl MOJIPHAs TEIIOEMKOCTB IIPH [IOCTOSHHOM AaBienuu, [/ (monb K);

N - — KOJIMYCCTBO IMPOAYKTOB I'OpCHUSA, MOJIb.

l'Il"I

CrnenoBarenbHO, IpU YBEIMYEHUH HAYaJIbHOM TeMIIEpaTypbl TOpeHus: To CKOPOCTb XUMHU-
4eckoil peakiuu okucieHus W IKCIIOHCHIMAIBHO YBEIMYMBACTCS, a 3HAYMT, YBEINYUBACTCS
U ckopocTh ropenust Uy (puc. 2).

Uy, M/c 4

To, K

»
>

Pucynok 2. — Bausinue HayanbHOIl TeMnepaTypbl Ha CKOPOCTh PACPOCTPAHEHMS INIAMEHH

TeruioBast TeOpHs MOTYyXaHUSI OCHOBBIBAECTCSA HA DHEPIETUUYECKUX 3aKOHAX, HA OCHOBAHUHU
KOTOPBIX Ul MPEKpallleHus: FTOpeHUs] HE0OXOAUMO CHU3UTh TEMIIEPATYPY B 30HE XMMHUECKOM pe-
aKuuy 10 TeMreparypsl noryxanus, pasHod 1000 °C. CornmacHO TEIUIOBOM Te€OpUU NOTYyXaHUs
mnamenu, paspadorannoit f.b. 3enpnoBuuem [8], [.A. @pank-Kamenckum [2], JI.A. Bymucom
[9], B.1. baunoBbM [10] M ApyTMMH COBETCKUMHU YYEHBIMH, CHHIKEHUE TEMIIEPATYPHI B IIJIAMEHU
710 TeMIepaTypbl NOTYXaHUsI JOCTUTAETCS 3a CUeT HApYILIEHUs TEIJIOBOro OajaHca B 30HE XUMHU-
YECKOM peaKLUy MyTeM:

— CHMDKEHUS MHTEHCUBHOCTH TEIJIOBBIIENIEHUS /10 NMPEAEIBbHOr0 3HaU€HUs, HUKE KOTOpO-
IO HEBO3MOKHO MPOJOJKEHUE PEAKIINH;

— TIOBBIIIEHUSI HTHTEHCUBHOCTHU TEIIOOTBO/A;

— OJTHOBPEMEHHOI'0 CHWXEHMSI MHTEHCHUBHOCTU TEIUIOBBIACIEHUS U TOBBIIIEHUS WHTEH-
CHUBHOCTHU TEIUIOOTBOJA.

B ycnoBun nokapa Haiu4ue B 30He ropeHHst (prermMaTu3aTopoB 1 MHTHOUTOPOB MPUBOAUT
OJTHOBPEMEHHO K CHUXEHHI0 MHTEHCHUBHOCTH TEIJIOBBIJICIICHUS U TOBBIIIEHNUI0O UHTEHCUBHOCTH
TEII00TBOa. BBeneHue ¢rermMaru3aropoB U MHTHOUTOPOB CHIDXKAET KOHIEHTPALMIO KUCIOPOAa
U aKTUBHBIX PaJIMKaJIOB B 30HE FOPEHUs, UX BBEJIEHUE B TOPIOUYIO CMECh IMPUBOJUT K YBEIUYE-
HUIO €€ TEMIIEpPATypbl CaMOBOCINIAMEHEHUS. Takoi MOAXO0/A MO3BOJIAET MPEATOI0KUTh, YTO TEM-
neparypa NoTyXaHus IO CBOEH CYyTH U (PU3MUECKOMY CMBICITY — 3TO U €CTh TemIiepaTypa, 3Haue-
HHUE KOTOPOH CTPEMHTCS K TeMIepaType CaMOBOCIIAaMEHEHHUsI B MPUCYTCTBUU (hIIErMAaTU3aTOPOB
1 uHrUOuTOpOoB. C y4yeToM 3TOro JOCTHKEHUE 3HAUEHUHN TeMIlepaTypbl IOTyXaHUs JJi KaXI0ro
KOHKPETHOTO TOPIOYETo BEIIECTBA 3aBUCUT OT MPHPOJIBI U MApaMEeTPOB UX BBeJeHUA. Takum 00-
pa3oM, MpoLEecC B3aUMHOIO BIUSHHUS MEXaHU3MOB JI€HCTBHS MHTMOUTOPOB M (IIErMaTH3aTopoB
B IIpoIlecce TYIICHUS MPEACTaBIAET BeCbMa OONBIION KaK HAy4YHBIH, TaK M MPAKTHUYECKUI HHTe-
pec.
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Tymenne noxapoB ¢ IOMOIIbI0 HHTHOUPYIOMUX U (DIerMaTU3UPYIOIIUX COCTAaBOB JIOCTH-
raercs 3a cyeT TaKUX CHOCOOOB, Kak: pa30aBlieHUE pearupyrollyux BEIIECTB, OXJIAXKJECHHE 30HBI
TOPEHUS WM TOPSILIEro MaTepuana; TOPMOKEHUE XUMHYECKON peaklUy FOpeHus IyTeM I1OBbI-
meHus Eaxr.

[IpuMeHeHre MHTHOUPYIOIUX COCTABOB MPUBOIUT K CHUYKEHHUIO SHEPTHH B 30HE TOPEHUS
HIDKE DHEPreTHYecKoro 0apbepa akTUBALMM IOPHOYUX BELIECTB, YTO JOCTUIAETCS MPEKIE BCEro
3a CueT B3aMMOJICHCTBHS C aKTUBHBIMU YacTHLIaMU (paJuKaiaMu) B ra3oBoi ¢aze. duermaTusu-
PYIOILIME COCTAaBbl CHI)KAIOT KOHLEHTPALMIO KUCIOpOoJa A0 3HAYeHUH, IPU KOTOPBIX T'OpEHUE
CTaHOBHUTCA HEBO3MOXHBIM. [loaTOMy (prermMaTu3aTopbl JOJKHBI BBOJUTHCS HETOCPEACTBEHHO
yepe3 30Hy MOCTYIUIEHUS KUCJIOPO/1a, @ UHIMOUTOPHI — Yepe3 30HY MOCTYIUIEHUS TOPIOYEro Belle-
CTBa. B yCIIOBUSIX peasbHBIX MMOKAPOB Il STOr0 HEOOXOIUMO MPABHIBLHO COYETATh IPUEMBI BBE-
JeHUs, 4YTOOBl MAKCUMAJIbHO CHU3UTh UX PACXOJ U MOBBICUTH 3(P(HEKTUBHOCTD TYIIECHUS.

B Hay4HBIX HCCIETOBaHUAX 3apyOCKHBIX U OTEUECTBEHHBIX YUEHBIX PACKPBIBAIOTCS OC-
HOBHBIE CBOMCTBA MU MEXaHHU3Mbl JEHCTBHSI MHTHOMPYIOLMX U (IIErMaTU3UPYIOLIMX OTHETYIIa-
IIUX COCTaBOB. [IpHHIMIIUANTBHOE OTIIMYNE MEXaHU3MOB JICHCTBHSI MHTUOUPYIOUINX U (IierMaTH-
3UPYIOLIMX OrHETYLIAIUX COCTABOB 3aKJIIOYAETCS B TOM, YTO IPUMEHEHUE UHTMOUTOPOB MPUBO-
JMT K OOpPBIBY LEMHBIX PEAKIM TOPEHHUS B PE3yIbTaTe UX B3aMMOACHUCTBUS B 30HE TOPCHHUS C aK-
TUBHBIMU paJiuKajgaMHu. MexaHu3M JelcTBUs (JIerMaTH3UPYIOIIUX COCTAaBOB CBOJUTCS K CHIDKE-
HUIO COZIEpKaHMsI KUCIOPOa U FOPIOYUX MApOB U I'a30B B 30HE FOPEHUS U K YBEIUYEHHUIO TEIUIO-
OTBO/1a, COIPOBOXKIAIOLIMMCS HOHWKEHUEM TeMIEPaTyphl.

@diermMaTU3aTOPHI B MPOLIECCE OTBOJIA TEIUIOTHI U3 30HBI PEAKIIUN OKHCIIEHUS MOTYT TaKXKe
ee MOrJoulaTh U Ha 3HJ0TEPMUYECKHE ITpeBpallieHus. B nepBoM ciyyae npu CHUKEHUU TeMIlepa-
Typbl B CUCTEME 0 3HAYEHUM HUXKE TEeMIEpaTypbl MOTYyXaHUS FOPEHHUE MPEKpAIAeTCs, U 3TOT
IIPOLIECC COIIPOBOKAAETCS YBEIMYEHHUEM 3amaca (GU3N4ecKoro teruia guiermaruzaropos. Bo Bro-
POM cilydyae MOHMKEHUE TeMIepaTypbl TOPEHHs MPOUCXOTUT €lIe U 3a CYET IHIOTEPMUUYECKUX
IIPEBPALIEHN, TPOTEKAIOIINX B 30HE IIAMEHH.

N3 knacca Takux TETUIOBBIX QuierMatu3aTopoB vaiie Bcero npumensitorces CO2, H20O, No.
Wx BBeneHUE B 30HY FOPEHMS MO3BOJISIET CHMXKATh KOHIIEHTPALMIO KMCIOPOAA U FOPIOYMX NapoB
U ra3oB, YTO MPUBOJIUT K CHUKEHUIO CKOPOCTU ropeHus. drerMaru3aTopsl XapakTepU3yOTCs Or-
HeTyIIalel KOHUEHTpalueid — MUHUMAIbHOM KOHLEHTpaluen (iaermatusaropa B CMECH C BO3-
IyXoM, oOecrieunBaroIlel MpakTH4eCK MIHOBEHHOE TyIIeHHE AUPPY3UOHHOTO MIIaMEHH TOpIO-
4ero BEIECTBa.

OU3NKO-XUMHUYECKUH aHaJIN3 OTHETYLIAIlMX KOHUEHTPalUi OCHOBHBIX (pJIerMaTu3aTopoB
MoKa3aJl, YTO CIOXKHbBIE COCAMHEHUS, PAcHaalolIiecs B IUIaMeHH, CIIOCOOHBI (piierMaTu3upoBaTh
rOpeHHe YK€ B 3HAYMTEIILHO MEHBIINX KOHICHTPAIMsIX, YeM HHepTHBIe no0aBku [12, c. 88]. Ha
pHUCYHKe 3 MpeanokeHa cxeMa 0000IIEHHOI0 YHEPreTHUECKOro MeXaHu3Ma JIeHCTBHS TEIIOBBIX
(bermaTH3aTOpOB.

3HaveHus TerioBbIX 3 dexToB Q1—Q7 3aBUCAT OT NPUPOABI U CBOUCTB (hIIerMaTH3aTOPOB,
BBOJMMBIX B IJIAMEHHYIO 30HY TOPEHHUS.

Mexanusm QuierMaTiu3any mno Bapuanty | (puc. 3) NpUBOAUT K YMEHBIIEHUIO TEIJIOBbI-
JeTICHHsI 13 30HBI TOPEHUsI ¢ BeMMUnHBI Q1 10 3HaueHW Q2 3a CUET CHIDKEHHS KOHIICHTPAITUH
KHCJIOpO/ia B 30HE peakuuu. [Ipu 3ToM NMpoHcXoauT YMEHBUIEHUE TEIUIOBBIIEICHHS U3 30HBI I'O-
pEHUS B OCHOBHOM 3a CUET YMEHBIIEHUS CKOPOCTH XUMHYECKHX peakuuid. dnermaruzanus mno
BapUaHTy 2 MPHUBOJUT K YMEHBIICHHIO TETUIOBBIIEICHUS M3 30HBI TOPEHHs C BEIMYMHBI Q1 110
3Ha4eHnH Q4 Kak 3a CUeT YMEHBIIEHUS CKOPOCTH XMMHUYECKHX PEaKIWii, Tak M 3a CUYET OTBOJA
TeIJIa U3 30HbI TOPEHMS MOCPEJICTBOM HarpeBa camoro ¢uiermaruzaropa. Takoil MexaHu3M Jei-
CTBUSl XapaKTepeH JUIsl TPEXaTOMHBIX COEAMHEHMH, KOTOpbIE M0 CPAaBHEHHUIO C JBYXaTOMHBIMHU
Jyd4Ille OTBOJAT TEIUIO, T.K. X TEIUIOCOAEp)KaHUe MpH (HUKCUPOBAHHON TeMmepaType OoJjblie.
ITosToMy Ui ABYXaTOMHBIX COEIMHEHHMH Oosiee XapaKTepeH MEeXaHW3M (hIerMaTu3aluu 1o nep-
BOMY BapHaHTy, Il TPEXAaTOMHBIX — II0 BTOpoMy. BapuaHT 3 npuBOAUT K yMEHBIIEHUIO TEILIO-
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BBIJICTICHUS U3 30HBI TOPEHHS ¢ BenuuuHbl Q1 10 3HaueHUi Q7 eime u 3a cYeT dHI0TEPMUICCKIX
peaKkIuil pacrajia MCXOIHBIX BEIIECTB Ha JIpyrue (pirerMaTU3HpyIoye BeecTBa.
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Q;
Q1—Q4, Qs, Q7 — TernoBsIe 3P PekTh peakiym; Qs — SHAOTEpMUUCCKUil TerToBoi 3dhdekt; O— Kucmopo;
@ — ¢pnermaruzatop; ®; — dermarnzaTopsl, 00pasyroIIKecs B pe3yibTaTe SHA0TEPMHUUECKHUX MTPEBpaIleHHH
Pucynok 3. — Cxema (KOHIEHTPALIHOHHO-IHEPreTH4ecKas) 00001eHHOT 0
IHEPreTHYECKOro MeXaHn3Ma JAeiicTBHS TeNJIOBBIX (piierMaTn3aTopon

JleiicTBre Toprounx (haermMaTtu3aTtopoB UMeeT OoJiee ciIokHyo npupoay. Kak u naepraoie
N00aBKH, OHU HE OKa3bIBAIOT CHEIM(PHUECKOT0 XUMHUECKOTO BIIMSHUS HAa PEAKLHUIO B IJIAMEHU
Y TOJIBKO TIOHWIKAIOT TeMIiepaTypy ropenus [12, c. 88], Ho cunbHee, yeM Heroprouue QermaTu-
3aTOPbI, CHMKAIOT KOHIIEHTPALMIO TOPIOYMX [IapOB U ra30B B 30HE MPOAYKTOB ropeHus. Ha ocHo-
BaHHUU 00OOIEHHOTO SHEPreTHUECKOro MeXaHu3Ma JeHCTBUS (IerMaTu3aTopoB (pUC. 3) MOXKHO
MPENOI0KHUTh, YTO FIPPEKTUBHOCTh UX JCHCTBUS MPHU BBEJAECHUH B 30HY IJIAMEHU MOKET 3HAYM-
TEJIbHO CHM)KATbCS BBHJIy BJIMSHUS BO3HUKAIOIIMX KOHBEKTHUBHBIX MOTOKOB. [lo3TOMYy mpuemsl
BBEJICHUS (JIerMaTHU3aTOPOB JIOJKHBI 00ecreurBaTh MakCUMalbHOE MPOSBIEHUE UX OTHETYIIa-
X cBoicTB. Hanpumep, TyneHue ¢ mOMOIIBI0 TOHKOPACIIBUIEHHOW BOJIbI, KOTJIa 32 CYET OTBOJA
TEIJIa U3 30HbI TOPEHUs (YUCIEHHO paBHOro Qs) MPOMCXOAUT 3a cUeT rerepodasHoro nepexonaa
BOJIbI B IMapO0Opa3HOE COCTOSIHUE, SIBIISIETCS IPUMEPOM MEXaHHU3Ma JeHCTBUS, OMMCAHHOTO B Ba-
puante 2 (puc. 3). IIpu 3ToM B 00;1aCTH, KOTOpast HAXOAUTCS BBIIIE 00JACTH MapooOpa3oBaHus,
TaK)Xe MPOUCXOJUT YMEHBIIEHHE CKOPOCTH Ipollecca FOpeHus 3a cueT pa3daBiieHHs Toproyeit
CMECH U CHWIKEHUS KOHILIEHTpaluM Kuciaopoaa. Kpome Toro, MoXXHO IpeanoNoKUTh, YTO A0 MO-
MEHTa Iepexo/ia B MapooOpa3HOe COCTOSIHUE PaclbUICHHAs BOJIa MOXKET YMEHbIIATh KOJINYECTBO
aKTUBHBIX PaJIMKaJOB B 30HE IJIAMEHHU 3a CYET IreTeporeHHoro nHrubuposanus. [Tostomy st mo-
JaBJICHUS TUIAMEHHOTO FOPEHUS U MOBBIMIEHUS 3PPEKTUBHOCTH (hrierMaTH3aluy FOPIOYMX NapoB
Y Ta30B BOJSHBIM MAapoM IapaMeTphl €€ MOJa4yM JOJKHBI CIOCOOCTBOBATH MapooOpa3oBaHUIO
HEMOCPEACTBEHHO BOJIM3U MOBEPXHOCTU TOPEHUS U B HMKHEH YacTH 30HBI IJIAMEHH, a Jucrepc-
HOCTb PAacIbJICHHON BOJIBI JIOJDKHA OBITH Takoi, 4TOOBl BeChb 00BEM MOJaBaeMOI BOJIbI MaKCH-
MaJIbHO EPEXOIUI B Map.

JleiicTBue MHTUOMPYIOLUIMX COCTaBOB [0 CPABHEHHIO C (PIErMAaTHU3UPYIOIIMMHU MO3BOJISET
s¢(deKkTrBHEE YMEHbIIATh KOJIMYECTBO aKTUBHBIX IIEHTPOB IIEMMHOIO MpoIiecca TOPEHUsl U TEM ca-
MBIM CHIKaTh TEMIIEpATypy B 30HE PEaKIMH, YTO TaKXKe CIOCOOCTBYET MOABICHUIO TOPEHHS
BIUIOTh IO €r0 MOJHOro npekpaenus. [Ipu 3Tom nHru6upoBanue ObIBaeT rOMOT€HHBIM (XJ1a10-
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Hbl) M TETEPOTreHHBbIM (Heopranuyeckue conu). [IposiBieHHE TOMOT€HHOro WHIMOHWPOBAHUS
HabIto1aeTcs rIaBHBIM 00pa3oM B mapora3oBoi ¢aze. CyliecTByeT HECKOJIBKO TOYEK 3pEHHS Ha
nporecc WHrHOMpOBaHMA IJIAMEHHU. | alleHue MiIaMeHd 3a CYeT TOMOTEHHOTO WHTHOMpPOBAHHUS
MIPOUCXOUT MPHU B3aUMOACHCTBUM MHTUOUTOPA C aKTUBHBIMU YaCTHIIAMH, TIOCTYMAIOIIUMHU B 30-
Hy tiamenu [13]. TamieHne miaMeHu 3a CYeT TeTEpPOreHHOTO MHTHOMPOBAHMS 3aKITFOYACTCS BO
B3aUMOJICHCTBUHU PAIUKAIOB M aTOMOB C TBEPJIOH MOBEPXHOCTHIO MHTHOUTOPOB [14; 15]. Hanbo-
JIe€ TI0JIHO MPOLIECCH] B PEAJIbHBIX CUCTEMAaX OTPa)KaeT TOUYKA 3pEHUsl, KOTopas JOIyCKaeT KakK ro-
MOTEHHOE, TaK U reTeporeHHoe nHrudupoBanue miameHu. [Ipoucxoaut nubo pekoMOUHAIMS aK-
THUBHBIX YaCTHIl HAa TBEPJOW MOBEPXHOCTH AKTHBHBIX KOMIIOHEHTOB, JIUOO TOMOTEHHOE B3aUMO-
JeHCTBHE Ta3000pa3HbIX MPOAYKTOB BO3TOHKH IMOPOIIKOB C aKTHBHBIMHU IieHTpamu [ 16, c. 16].

WNHrubuTopsl KOHKYPHUPYIOT C OKUCIUTENIEM BO B3aUMOJICHCTBUM C AKTUBHBIMU IIEHTPAMHU
LenHoi peakuuu. B pesynpraTe 0osiee BHICOKOTO, YeM Y KHCIOpO/ia BO3IyXa, XUMUYECKOTO CPOJI-
CTBAa K aKTHBHBIM IPOMEXYTOUYHBIM IPOAYKTaM PEAKLUU OKUCIEHMSI, MOJIEKYJIbl MHTUOUTOpA
SHEPTUYHO PEArupyroT C aKTHUBHBIMU LIEHTPaMH, MpeBpalias UX B yCTOWYMBBIC COEAUHEHUS
U IIpEPBIBAsl pa3BUTHE LIEMHOW peakuuu ropeHus. [IpepsiBaHue LEnmHOW peakuuu, B CBOIO O4Ye-
penb, yMEHbBINIAET TEIUIOBBICICHNE U3 30HBI TOPEHUSI.

Haubonee > pekTHBHBIMU TeTepOreHHBIMA MHTHOMTOPAMH TOPEHHS SBISIOTCS OKCalaT
KaJiusl U XJIOPUBI IEJIOYHBIX MEeTaUI0B. B 1ienoM unrubupyromas 3pGheKTUBHOCTh COJIEH MOBBI-
1IaeTcs ¢ yBEJIMYEHUEM aTOMHOM Macchl KaTUOHA. AHUOH COJIM TAaK)K€ YCUJIMBAET JACUCTBUE Be-
miectBa myteM BoiaeneHus CO2, PHs, P2Osu T.m. Uewm sierde nmpotekaet mpoliecc pa3ioKeHus co-
JIM, TEM, KaK MPaBHJIO, BBIIIE e orHeTymamas 3(ppekTuBHOCTS.

XVUMUYECKU aKTUBHBIE IOOABKH Y€ B KOHIIEHTpaIusaX okoio 1 % MoryT oka3biBaTh Cy-
LIECTBEHHOE BO3JICHCTBUE U CYXKaTh IPEAEbl BOCIIAMEHEHMs] TOPIOYUX IapoB M Ta3oB. JTO
Ha0I10/1a710Ch, HAMpUMep, MpHU J00ABICHUH K BO3IYIIHBIM CMECSM YTJIEBOJIOPOAOB, BOJIOPOAA,
OKHCH yriiepoa, rajouacoaepkamux npoaykros: CH2CIBr, CH3Br, a Taxoke CCls u Clo.

B kauectBe 5((eKTUBHBIX 3aMeUIUTeNIell TOpeHHs TaKKe NPUMEHSIOTCS a30T-
dbochopconepxkamue coenunenns. HaGmromaeTcss ycroiumBas KOppemsiusi MEeXIy COAepKaHuEM
P20s 1 orserymamumu CBOMCTBAMM OTHETYLIAIIUX MOPOIIKOBBIX cocTaBoB. Cozaepxkanue P20s
(B mepecuere) B pa3iMUHbIX OTHETYyHIAIIMX MOPOIIKOBBIX cocTaBax kojebnercs oT 12 mo 49 %
[17]. Tepemenmuue B ra3oBy0 a3y MOJCKYIbl OTHETYIIAIIEr0 MOPOLIKa (B Clydae UCTIapeHHs)
WM UX «OCKOJIKW» (B CiIydae pa3jlo’KEeHHs), BCTYIas B MPsIMbIE PEaKLMU ¢ aKTUBHBIMU LIEHTPaMU
nnamenn (H, O, OH, NH; u 1p.) nunn yuacTBys B HEX B KauecTBe «TPEThei» YaCTHIIBI, MOTYT 3a-
MEJIATh MPOIIECC PacIpOCTPAHEHUSI TOPEHMsI B ra30Boi cMecu. JleTydre coequHeHHsI a30Ta B Ta-
30BOM (haze BHOCAT OoJjiee CyIIeCTBEHHBIN BKJIaJ B MHTHOMPOBAHUE PaMKAIbHBIX IPOLIECCOB 10
CpaBHEHHIO C JIETy4nMH coequHeHusMu (ocdopa [18]. DPPeKkTHBHOCTh yKa3aHHBIX MHTHOUTO-
POB TOPEHUS OMPENEIIAETCS UX KOJTMYECTBOM M CKOPOCTBIO MOCTYIICHHS B Ta30BYIO (asy.

Cxema 0000IIIEHHOTO PHEPIeTUYECKOr0 MEXaHW3Ma JAEUCTBUS MHTUOUTOPOB MPU TOMO-
TE€HHOM M TeTePOre€HHOM WHTMOMPOBAHUU, ONMMCHIBAIONIAS B3aUMOICHCTBUE aKTUBHBIX LIEHTPOB
IJIaMEHU ¢ UHTUOUTOpaMH, Mpe/ICTaBlIeHa Ha PUCYHKeE 4.

[IpencraBieHHas cxema MeXaHH3Ma JIEUCTBUS MHTHMOUMTOPOB MOKa3bIBAET, YTO AP (HEeKTUB-
HOCTh OTHETYIIAIUX BELIECTB 3aBUCUT OT KOJUYECTBA AJIEMEHTAPHBIX AKTOB B3aWMOJEHCTBHUSA
MHTUOUTOPOB C aKTHBHBIMHU paJMKaTIaMU, KOJIWYECTBO KOTOPBIX HAIPSIMYIO CBSI3aHO C KOJUYe-
CTBOM T'OPIOYEro BellecTBa. B mpoliecce B3auMoecTBUS HHTHOUTOpA € pauKaiaMu o0pas3yroT-
Csl MaJIOAKTUBHBIE aTOMbl M COEAMHEHMUSI, a paJuKaibl Hcue3aloT. MexaHu3M UHTHOUpOBaHUs 1O
BapuaHTy | (puc. 4) NIpUBOIUT K JI€3aKTHBAIMH PaJMKaIOB B TOMOT€HHOW CHCTEME, IO BapHaH-
Ty 2 — K THOENU paJuKaloB B F€TEPOT€HHOI cucTeMe, KOTOpasi COMPOBOXKIAETCS OTBOAOM Terjia
U3 30HBI TOPEHUS BCIEACTBUE MPOTEKAHUS YHIOTEPMHUECKUX PEAKIMIA C MOCIEIYIOIIUM HHIUOH-
poBaHMeM M0 BapuaHTy 1. MexaHu3m MHrHOMpPOBaHUS 110 BapHaHTy 3 MPUBOIUT K J1€3aKTHBAIMH
panuKaiIoB TOJBKO 3a CUET IreTeporeHHoN pekomOuHarumu. C y4eToM MpeICTaBICHHOW CXEMBI
0000IIEHHOTO YHEPTETHUECKOT0 MEXaHW3Ma JICUCTBUSI MHTHOUTOPOB MPHUEMBI BBEJCHUS MHTHOM-
PYIOILIMX COCTaBOB B 30HY T'OPEHUS IJIaBHBIM 00Pa3oM JOJKHBI 00ECIIeYnBaTh UX MOJady B 30HY
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00pa3oBaHMs aKTUBHBIX IIEHTPOB. [Ipy 3TOM MOXHO NPEAINONOXKUTh, 4TO Hauboiee 3¢ddexTus-
HBIM JUISl TYIICHHS IIOJABIISIONIETO OOJNBIIMHCTBA PEaJbHBIX MOXAPOB, COMPOBOXKIAFOIIMXCS
IUTAMEHHBIM TYpOyJIeHTHBIM 11 (y3UOHHBIM rOpeHneM, Oy1eT IPUMEHEHNE HHTMOUPYIOLINX CO-
CTaBOB, CIIOCOOHBIX OKa3bIBaTh KOMILJIEKCHOE T€TePOreHHO-TOMOTCHHOE HHTMOMpPOBAHUE.

+ : dnermMaTusaLma

VIHTVionT 0p ~N 0: l 02 g T \_i__oil_lflr «
M) |+ o °: N R A I (M R S8 NN
7070, N\ 7o Th N t : 770, T N\
WHrnbwnTop
(W:) l
T Qs
Q4

Q1—Q3, Qs — TemnoBsie AP dexTh peakium; Qs — F3HAOTEpMHUUCCKUIT TeroBoH 3ddekT; O2 — KuCI0PO;
W, — uHrHOUTOp B TBEPJIOM arperaTHOM COCTOSIHUH; M — HHTHOUTOP B Ta3000pa3HOM arperaTHOM COCTOSHUH
Pucynok 4. — Cxema (paaMkajbHO-3HepreTuyeckas) 00001eHHOT 0
IHEPreTHYEeCKOro MexaHu3Ma JeiicTBHsI HHTHOMTOPOB

MexaHu3Mbl AEMCTBUSI HHTHOUPYIOMIUX U (HIETMaTU3UPYIOIIUX COCTABOB MMEIOT CIIOXK-
HYHI0 NPUPOJY M OKAa3bIBAlOT HENOCPEACTBEHHEE BIMSHUE HAa KUHETHKY IPEPHIBAHUS LIEMHBIX
IIPOLIECCOB ropeHusi. B cBOIO ouepenb, UMEHHO C MPEPHIBAHUEM IIEMHBIX pEaKlUi CBA3aHO Ipe-
KpallleHHe TOpeHMs, a ClIeJ0BaTeIbHO, U 3(PPEKTUBHOCTh TYLIEHHs IMOKapoB. PaccMoTpeHHbIe
00001IIEHHbIE IHEPreTUUECKNE MEXAHU3Mbl ACHCTBUS MHTMOMPYIOIIMX U (IIerMaTU3UpPYIOLIUX
cocTaBoB (puc. 3 1 4) UMEIOT OOIIYIO CTAAMIO (CTaUIO (IIerMaTH3allii) HECMOTPS Ha pa3InyHble
COCTaBJISIOUINE AIEeMEHThI. [103TOMy MHTHOMTOPHI Ha3bIBAIOT AKTUBHBIMH (DIIErMaTHU3aTOPAMHU.
D¢ hekTuBHOCTE HHTHOUTOPOB U (HIIErMATU3aTOPOB 3aBUCUT OT UX CBOMCTB M KOJUYECTBA, a TaK-
e OT BPEMEHHU U ITapaMeTpOB BBEJICHUS B PEaKIIMOHHYIO CpEy.

3akio4enue

[TpoBeneHHBIN aHAIN3 MEXaHU3MOB JEHCTBHS ()JIErMAaTU3aTOPOB M MHTMOMTOPOB IMO3BO-
JISIET TPEIOI0KHTE, YTO TPU WX OJHOBPEMEHHOM BBEJICHHH B 30HY TOPEHHUS BAXKHO yUUTHIBATH
BO3HUKaloOIMe (pa3oBble MEPEXobl U OCOOCHHOCTH MEXaHU3MOB UX JeicTBusA. DddekTuBHOCTH
(bermMaTu3alu U UHTUOMPOBAHUS 3aBUCHUT KaK OT MPUPOJBI U CBOMCTB MHTHOMTOPOB U (hierma-
THU3aTOPOB, a TaK U OT BPEMEHU U MapaMeTpOB UX BBEJCHMS B 30HY ropenus. IIpu ogHOBpeMeH-
HOM TOo/1aye YKa3aHHBIX OTHETYIIANNX COCTaBOB A(()EKTUBHOCTh TYIICHHUS MOXKET KaK CHYKATh-
Csl, TaK W TOBBIIIATHCA 32 CUET CHHEpruueckoro 3¢dexra. OcobeHHOCTH MEXaHU3MOB JACUCTBUS
WHTHOMPYIOMUX U (IIErMaTH3UPYIONIMX OTHETYIIAIINX COCTaBOB MPH UX OJHOBPEMEHHOM BBE-
JICHUN TaKXe HEe0OXOAMMO paccMaTpUBaTh B COBOKYIMHOCTH C H3MEHSIOIIMMHUCS TETIOBBIMU
Y BO3HUKAIOIUMHM KOHBEKTUBHBIMU OTOKaMH, BKJIIOYAIOIUMH KaK MPOAYKThl pEaKI[M1 TOPEHHUS,
TaK ¥ orHeTymame Bemecta. [Ipu sToM Hanbomibmas 3¢pekTuBHOCTD TyIIeHus: OyneT 10CTH-
raTbCsl MPU T€TEPO- U TOMOI€HHOM J€MCTBUU M UX BBEJIEHHM HENOCPEICTBEHHO B HUXKHIOK 00-
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JacTh 30HBI TOpeHus. TakuMm 00pazoM, MPaBUIBLHOE COUYETAHHE OTHETYIIALIMX COCTaBOB I'€TEpPO-
(ba3Horo NecTBUs C y4eTOM UX XMMHMUYECKHX CBOMCTB M (pa30BBIX IPEBpAILEHHUM ABISETCA Iep-
CIIEKTUBHBIM U IIPEJCTABISIET KaK HAY4YHBIW, TaK M MpakTudeckuil uurepec. C yueToM MMeEoIle-
rocsi ypOBHS 3HAaHUH aKTyaJIbHON OcTaeTcs BbIPaOOTKAa PEKOMEHAALUH 110 COCTaBy OrHETYIIAIUX
CpPEACTB, COJIEpKAIIUX B OMPEACICHHOM COOTHOIICHHH MHTHOMpYIOmMe U (prerMaTH3upyromme
KOMIOHEeHThI. IloaToMy ms monydeHuss MHIMOMPYIOIIMX U (IIErMaTU3UPYIOIIUX COCTaBOB
C YJIYYIIEHHbIMH CBOWCTBaMU HEOOXOJUMO IPOBOJUTH JIOMOJHUTEIbHBIE HCCIEIOBAHUS s
OIIpEeEICHUS UX B3aMMHOI'O BIIMSHHS HA ITPOLIECC TYLICHMS INIAMEHHOTO FOPEHMUSL.
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FEATURES OF THE MECHANISMS OF ACTION OF INHIBITING
AND PHLEGMATIZING FIRE EXTINGUISHING COMPOSITIONS

Zhurov M.M.

Purpose. To analyze the theoretical aspects of the mechanisms of action of inhibitory and phlegma-
tizing fire extinguishing compositions.

Methods. Analytical, comparative evaluation of the mechanisms of action of inhibitory and phleg-
matizing compounds.

Findings. Comparative analysis of theoretical aspects of the mechanisms of action of inhibitory and
phlegmatizing compounds. The energy relationship between the chemical reaction of combustion and the
thermal theory of extinction is shown. The values of bond breaking energies for some combustible mole-
cules and their radicals are generalized. The standard breaking energies of chemical bonds of halogen de-
rivatives of saturated hydrocarbons and their fire-extinguishing efficiency are compared, which indicates
the relationship of their nature with the fire-extinguishing effect.

Application field of research. Modern approaches to the development of fire-extinguishing composi-
tions for the intended purpose. Development of innovative materials and technologies.

Keywords: inhibitory and phlegmatizing compositions, fire extinguishing, mechanisms of action,
radicals, radical chain mechanism, chemical bond energy.
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B3ANMOCBS13b ITPOBJIEMHOI'O HCITIOJIb30BAHUA COHUAJBHBIX CETEH
BEJOPYCAMMU C BUKTUMMU3ALMUEN, HESAIIUINEHHOCTDBIO
OT KUBEPBYJIUVIMHTI'A U MAHUITYJINPOBAHUSA

Ileiinos B.I1., KapnueBuu B.A., Canero E.HN.

L]ens. BpIsIBUTH B G€IOPYCCKOM COLIMYME BO3MOJKHBIE CBSI3U MEXAY NMPOOJIEMHBIM HC-
[10JIb30BAaHUEM COLIMAIBHBIX CETeH M BUKTMMU3ALMEH, HE3aIUIIIEHHOCTIO OT KHOepOyIInHra
1 MaHUIYJIAPOBAHHS.

Memoowi. [11151 o1ieHKH poOIEeMHOTO UCTIONB30BAHUS COIIMABHBIX CETel UCTIOIb30BaJICS
OIIPOCHUK «3aBUCUMOCTh OT COLMAIBHBIX CETEil», 3aBUCUMOCTH OT cMapTdoOHa — KOPOTKHI
onpocHuk CAC-16, TecT Ha BUKTUMH3AIHIO, TAKKE MPUMEHSUTUCH ONPOCHUKH HE3AIUIIIECH-
HOCTH OT MaHWIYJIUPOBaHUs W KuOepOyuuara. s oOpaboTKHM AaHHBIX HCTOJB30BAIUCH KO-
JINYECTBEHHBIA U KAUECTBEHHBIA METOBL.

Pesynomamur. CounanbHble CETH NOTYYMIM HIMPOKOE PACIPOCTPAHEHHUE B COBPEMEH-
HOM JIeHCTBUTEIBHOCTH. Upe3aMepHOe YBIICUCHUE UMH HEPEIKO MPUBOIUT K (HOPMUPOBAHUIO
3aBHCHUMOCTH OT COLIMAIBHBIX CETEH, CBSI3aHHOM C PSIIOM MPOSIBICHUH MICUXOJIOIHIECKOT0 He-
6narononyunsi. COBOKYITHOCTb B3aMMHO CBSI3aHHBIX SIBIEHHH — 3aBUCMMOCTU OT COLIUAJIBHBIX
ceTedl U HeONMArompHTHBIX €€ MPOSIBICHUN — MOJI0KEHAa B OCHOBY KOHCTPYKTa «IIPOOJIEMHOE
WCTIONBb30BaHUE COLUMANBHBIX ceTel». OCHOBON IMIMPUUECKOTO UCCIEIOBAHUS MOCITYKUIU
Pe3yIbTaThl TECTUPOBAHUS 557 PyCCKOrOBOPAIINX OEOPYCCKUX PECIIOHICHTOB.

[Tokazano, 4Tro mNpoOJIEMHOE HCIOIB30BAHUE COLMANBHBIX CETeH W MYKYMHAMH,
Y JKEHIIMHAMH TIOJIOKUTETBHO KOPPEIUPYET C 3aBUCUMOCTBIO OT CMapT(oHa W HE3alIHIICH-
HOCTBIO OT KHOepOyJUIMHra U OTPHLATEIBHO CBSI3aHO C BO3PACTOM M HE3AIUIIEHHOCTHIO OT
MaHMITYJTUPOBAHUS, @ y KEHIIMH — €Ile M MOJOXUTEIBHO CBA3aHO C BUKTHMH3aLMEH. Y CTa-
HOBJICHHBIE KOPPEJSIHA MEXY MPOOJIeMHBIM UCIIOJIL30BAHUEM COIMATIBLHBIX CeTed M He3a-
LIMIIEHHOCTBI0 OT KHOepOyJUIMHIa MOJATBEPKIAIOT IMOJyYCHHbIE 3a PyOeKOM pe3ysbTaThl.
OOHapy>xeHHass oOpaTHasi CBA3b MEXIY NMPOOJEMHBIM HCIIOIb30BAHUEM COLMAIBHBIX CeTei
Y HE3alIUIIEHHOCTHI0 0T MaHMITYJUPOBAHUS SIBIISIETCSI HOBBIM PE3YJIbTATOM. JTa CBSI3b OCY-
IIECTBIISIETCS BCJICACTBUE AHAJOTMYHBIX CBs3ed MEXIy (akropamu, (GOpMUPYIOIIUMH 3TH
KOHCTPYKTHI. IlonoxxuTensHas Koppensuus npoOJeMHOr0 HCIIOIb30BAHMS COLIMANIBHBIX CeTel
C BUKTUMM3ALUEH TOJIBKO y JKEHIIWH OTIMYAETCs OT TOrOo, YTO MOJ00HAs CBA3b YCTaHOBIICHA
B 3apyOeKHBIX MCCIEOBAHUAX KaK JJIsl JKEHIIWH, TaK W Uit My»4uH. [TogoOHas cBsi3b ocy-
LIECTBIISETCSl AHAJIOTUYHBIMU CBS3SMH OOJBIIMHCTBA (YOPMHUPYIOLIMX 3TU CIIOKHBIE KOH-
CTPYKTHI (akTopoB. [losoxkuTenpHas KOPpesusa MEXy POOIEMHBIM HCIIOIb30BAHUEM CO-
MUATBHBIX CETeH M HE3alIMIIEHHOCThI0 OT KHOEepOyJUIMHra M €ro OTpHIaTeNbHasi CBSI3b
C HE3alIMIIEHHOCTHIO OT MaHUIYJIMPOBAHUS CBHJCTENBLCTBYET O TOM, YTO MPH MPOOIEMHOM
WCTOJIb30BaHUH COLMATIbHBIX CETEH MPOMCXOAMUT 3aMEHA HE3aLIMIIEHHOCTH OT MaHUITYJIHPO-
BaHWI Ha HE3AIHUIIIEHHOCTh OT KHOepOysUInHTA.

Obnacmy npumenenusa ucciredosanuti. 1IpakTHIECKUM TNPHIOKEHUEM MPOBEIEHHOTO
HCCIIEIOBAHUS MOXKET CTAaTh UCIOJIB30BAHUE €T0 PE3yJbTaTOB B Pa3biACHUTEIBHON paboTe 1o
MPOoHUIAKTHKE MONAJIaHUS B 3aBUCIMOCTD OT COI[MATIBHBIX CETEH.

Knioueswie cnosa: COIMMAJIBHBIC CCTH, HpO6HeMHOC HCIIOJIB30BAHUE, HE3AIMUIIICHHOCTDb OT
KI/I6ep6y.HHI/IHI‘a, BUKTUMM3ALMA, HE3AIUIIIECHHOCTb OT MAaHUITYJIMPOBAHN.

(IToctynmna B penakuuto 10 uronst 2023 r.)

BBenenune

CouuanbHble CETU MOJIYYHJIA IIHPOKOE PAaCIPOCTPAHEHUE B COBPEMEHHOM JEHCTBUTEIb-
Hoctu. K coxaneHuto, 4pe3sMepHOEe yBJICYEHUE UMM NMPUBOAUT K 3aBUCHUMOCTH OT COIMAIBbHBIX
CETeii, a OHa CBSI3aHA C PSIIOM MPOSBICHUH MICUXOJIOTHYeCcKOro Hebnaromnomyuus [ 1].

COBOKYITHOCTh B3aMMHO CBSI3aHHBIX SIBIICHUI — 3aBUCUMOCTH OT COIIMAJIbHBIX CETEH U He-
ONaronpusATHBIX €€ MPOSBICHUN — MOJI0KEHA B OCHOBY KOHCTPYKTA «IIPOOJIEMHOE MCIIOIb30BAHIE
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COILIMATILHBIX CETeW», MOCKOJIbKY MPUBOAUT K YXYAIMICHUIO (HYHKIIMOHUPOBAHHS YEIOBEKA B pa3-
JTUYHBIX cdepax Ku3Hu [2; 3].

[TpenoxkeHo U COOTBETCTBYIOIIEE OMpEelieHne MPOOIEMHOTO UCTIONB30BAHUS COIUATb-
HBIX CETeH: «IPOOJEMHOE HUCIIOIb30BAHHUE COIIMAIBHBIX CETEH MOXKET OBITh KOHIICTITyJIM3UPOBa-
HO KaK PacCTPONCTBO, HE CBSI3aHHOE C YMOTPEOJICHHEM MCHXOAKTHUBHBIX BEUICCTB, MPUBOJSIINCE
K 03200YEHHOCTH ¥ MPUHYKJICHUIO YPE3MEPHO YYacTBOBATh B IIAT(HOpMaxX COLMAIBHBIX CETEH,
HECMOTpsI Ha HETaTUBHBIE MOCIENCTBUS» [2, €. 2; 5, ¢. 2].

[IpoGaeMHOE HCITOIB30BaHUE COIMAIBHBIX CeTe OOYCIIOBIEHO HEYIOBJIETBOPEHHOH I10-
TpeOHOCTBIO B OOIICHHH, JKEJTAHHEM YJIOBJICTBOPHUTH €€ B COLMATBHBIX CETSIX M HEOIArOmpHsT-
HBIMHU TIOCJICICTBUSIMH UYPE3MEPHOM yBJICUCHHOCThIO UMHU. [Ipu sTomM dopmupyercs u 3aBUCH-
MOCTh OT cMapT(HOHA, TOCKOJIBKY BBIXOJUTH B COIMATBHBIC CETH YAOOHEE BCETO Yyepe3 CMapTQOH.

3apyOe)KHBIMH HCCIICIOBAaHUSMHU BBISBIICHA IMOJIOKUTEIbHAS CBSI3b MEXIY MPOOJIEMHBIM
WCTIOJIb30BAHMUEM COIMANIBHBIX ceTell n KubepOysmuHrom [4—15]. KubepOyumMHT — 3TO OTKpBITAst
(X0Ts yaille Bcero aHOHUMHasl) arpeccust B onnaiiae. [lo cyTu, 3To «BUA Hacuusi, OCYLIECTBIIsAC-
MBI TTOCPEICTBOM H3/I€BATEILCTB, OCKOPOJICHUM, TPABIHU, YHI)KCHHUS, 3alyTUBAHUS C TIPUMEHE-
HUEM HHTEpHETa, MOOMIIbHBIX TeJIe()HOHOB M APYTHX IEKTPOHHBIX yCTpoicTB» [16, c. 65].

[Ipu >TOM HUMEIOT MECTO M MaHUMYJISINH, XapaKTEPU3YIOUIMECS CKPBITHIM XapaKTepoM
arpeccud. [lon Manumynanuen aBTOpbl MOHUMAIOT CKPBITOE YIIpaBJIEHUE, TP KOTOPOM €TI0 UHU-
[IAATOP TIOCTUTAET CBOUX ATOMCTUYECKUX IIEJIeH, HAHOCS yIIepO MaHUITYJIUPYEMOMY.

BBuay omnacHocTeil, HCXOQAMIMX OT KHOEPOYJUIMHTa M MAHUITYTUPOBAHUS, U HAJTUYUS CBSI-
3eil UX ¢ MPOOJIEMHBIM HCIOJIB30BAHUEM COIMATIBHBIX CETEH MPEACTABISCTCS aKTyaJlbHBIM H3Y-
YUTh COOTBETCTBYIONIHE IPOOIEMBI 75l OETOPYCCKUX MOJIb30BATENeH COIMABHBIX CETEH.

Taxke B 3apyOCIKHBIX HCCIEIOBAaHUSAX ObLIa YCTaHOBJICHA CBS3h MEXKIY MPOOJIEMHBIM
HCIIOJIb30BAHUEM COLMAJBHBIX ceTel W BUKTHMH3aiuer [17-23]. I[loag BUKTUMHU3ALKEH aBTOPBI
MMOHUMAIOT TPOIECC U KOHEUYHBIM Pe3yibTaT MPEBpAIICHUS B JKEPTBY 3JIOHAMEPEHHOI'O TMOCsTa-
TENbCTBA JIULA WM TPYIIbI JIHL.

[lens HacTOSIIETO MCCIEAOBAHUS — BBISIBIIEHHE B OEIIOPYCCKOM COLIMYME BO3MOKHBIX CBSI-
3eil MeXIy MpoOJEeMHBIM HCIOJIB30BAHUEM COIMANIBHBIX CeTel W BUKTHMM3AIMEH, He3allUIIeH-
HOCTBIO OT KHOEpOYJUIMHTa U MAHUITYJIUPOBAHHUS.

OcHoBHast YacThb

Metoauka. OCHOBOM AMIUPUYECKOTO HMCCIEIOBAHUS TOCTYKUIH PE3YNbTAThl TECTHPO-
BaHMS 557 pyCCKOTOBOPAIIUX OEIOPYCCKUX PECIOHIEHTOB, B UX uucie 364 xeHmuHbl u 191
MY>KUHHA, TIPU 3TOM JIBOE HCIIBITYEMbIX HE YKa3aJId CBOIO MOJIOBYIO MPUHATIE)KHOCTD.

IIpobnemnoe ucnonvzosanue coyuanrbHulX cemeti TUATHOCTUPOBAIOCH onpocHukoM 3CC-15
[23], suxmumuzayus — coOTBETCTBYIOIIEH METOAMKOW ISl B3pOCHbIX [24], 3asucumocmv om
cmapmagpona — kKopoTkuM onpocHUKOM CAC-16 [25], ucOnb30BAIMCHh OMPOCHUKH He3AUULeH-
Hocmu om manunyauposanusi [26] u nezawuwennocmu om kubepoyiiunea [27].

OCHOBY XapaKTepUCTUK HCIOIb30BAaHHBIX METOJIMK COCTABJISAIOT (PAKTOPHBIE MOJENHU BXO-
JSIIMX B HUX OMIPOCHHUKOB:

1) daxrtoper «Tpya u gena», «CoBer u momolb», «3amper», «llocaymHocTh» — KOH-
CTPYKTa «HE3aIUIIEHHOCTh OT MaHUIyJIUpoBaHus» [26, c. 70];

2) MHTETpaTUBHOE 3HAYECHUE BUKTHMHU3AIMU M COCTaBJSIONINE €T0 CKIOHHOCTH K IISTH
BUKTUMM3UPYIOLIUM CTUIISIMU TIOBeJieHus [24, c. 69];

3) dakTopbl MPOOIEMHOr0 HCIOIB30BaHUs coriceTeil — «IICHXOMOruueckoe COCTOSHHEY,
«Kommynuxkarmsi» u «adopmarms» [23, c. 145].

Pe3yabTaThl m ux odcyxnenue. [IpoBepka MCXOMHBIX AAHHBIX MOCPEICTBOM KPHUTEPHUS
KonmoropoBa-CMmupHOBa yCTaHOBHIIA, UYTO paclpeelieHus] BCEX aHATM3UPYEMBIX BBIOOPOK CY-
IIECTBEHHO OTJIMYAIOTCS OT HOpMaJIbHOTO. [103TOMY BO3MOKHBIE CBSI3U Oy/1eM UCKaTh, BBIYUCIISS
koppemsun Kenmamna. B rabnunax 1-5 npeacraBneHsl HalieHHBIE KOAPDUITUEHTHI KOPPETSIHH
Kenpanna (t-xoaddumnuentsr). Beraucnenune t-kodrddunmentor Kennamna u ypoBHel WX 3HAYU-
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MOCTH P JUIS HYJIEBOH THIIOTE3bI 00 OTCYTCTBHU CBS3M MEXIy BEITUYMHAMHU OCYIIECTBIISLIOCH
C TIOMOIIBIO MporpaMMHOTo makera SPSS-22.

Taoauua 1. — Koppeasiuuu Kenganna mexay npo6jaeMHbIM HCHOJIb30BAHMEM COLICETEH U JIUYHOCTHBIMH
MoKa3aTeJisiMu NoJjib30BaTeeii (00bem BoiGopku N = 557)

Koppemstust 3aBHCUMOCTE He3zamnumeHHoCTb BUKTHMH3AIHS HezamuiieHHocts Bospacr
Kenpamna oT cMapTdoHa | oT KubepOyJuimHra 0T MaHMITYJUPOBAHUS
T-K09(QQHUIHEHT 0,613" 0,435" 0,127" -0,186" -0,379"
Yposenk 0,000 0,000 0,000 0,000 0,000
3HAYMMOCTH ]

Ipumeuanue.” p < 0,01

Tabmuma 1 cBHAETENBCTBYET O MOJIOKUTEIBHON CBS3HM MEXITy MPOOIEMHBIM HCIIOJIB30Ba-
HUEM COLIMATBHBIX CETEeH M BUKTUMH3AIMEH, HE3AIUIICHHOCThIO OT KHOepOyIUTMHTa, 3aBHCUMO-
CTBIO OT cMapT¢oHa U 00 0OPATHOM CBSA3M C HE3AIUICHHOCTHIO OT MAaHHITYJISIIIUK 1 BO3PACTOM.

ITomoxxutenpHas Koppeiiaoua MEKAY HpO6JIeMHI)IM HCIIOJB30BaHUECM COITMAJIbBHBIX cereit
Y HE3aIIUIIEHHOCTHIO OT KHOepOyJUIMHTa M ero OTpUIaTeNbHas KOppeIsalus ¢ He3alMIIeHHO-
CTBIO OT MaHI/IHy.IIﬂIII/Iﬁ CBUACTCIIBCTBYIOT O TOM, YTO 3TU ABAa KOHCTPYKTAa B IIPUHIUIIC PA3JIMYHBI.
Benp MaHMITyIISIIMS — 3TO CKPBITOE YIPaBJIEHUE NPYTMMH, YaCTO MAacCKHUpPyeMoe MOKa3HBIM JIpY-
KEIMoOneM, B TO BpeMs Kak KHOepOyJUIMHT — OTKPBITOE MPOSBICHHE HET0OPOKEIaTeIbHOTO OT-
HOUICHUS K aJpecaTaM BO3JICHCTBUS.

Cpsi31, 0OHapyKEHHBIC HA OOBETUHEHHOW BHIOOPKE MY)KYMH M JKEHIIWH, MOTYT HE I1OJ-
TBEPAMTHCS Ha BBIOOPKE MYKYMH M BBIOOpKE KEHIIWH. B cBs3M ¢ 3TUM HEOOXOAMMO NPOBEPHUTH
HX HAJIMYUC 110 OTACIBbHOCTH Y MYKYMUH U KCHIIWH.

Taoauua 2. — Koppeasiuun Kenganna mexay npo0JjieMHbIM HCIHOJb30BAHHEM cOLCeTed M JIMYHOCTHBIMM
MoKa3aTeJisiMu noJib3oBaTeeii (kenmunbl, N = 364)

Koppensuus 3aBHUCUMOCTD HesamuieHHocTs HesamumeHHocTs OT
Buxrumuzanus Bospact
Kennmamia oT cMapTdoHa | OT KHOepOyIUIHHTa MaHHITYTUPOBAHUS
T-KO3 P PHUIIHEHT 0,586~ 0,380" 0,156" -0,098" -0,322"
Ypoerh 0,000 0,000 0,000 0,008 0,000
3HAYMMOCTH P

Tpumeuanue. ™ p < 0,01,

[To Tabnuiie 2 BUAHO, YTO MPOOIEMHOE HCIIOJIb30BAHNE COIMAIBHBIX CETeH >KeHIUHAMU
HMMEET Te K€ CBSI3H, YTO U B OOIINX BHIOOPKAX.

Taoauua 3. — Koppeasiuun Kenganna mexay npo0JjieMHbIM HCIOJb30BAHHEM cOLCeTed M JIMYHOCTHBIMM
MoKa3aTeJisiMu noJib3oBateseii (myxuunbi, N = 191)

Koppensiuus 3aBHCUMOCTD He3zamumeHHOCTE BuKTHMH3ALIS He3amumieHHOCTE OT Bospact
Kennamna oT cMapTdhoHa | OT KubepOyJuIMHTa MaHHUITYJIMPOBaHUS
T-K03 () PUIHEHT 0,612" 0,459" 0,060 -0,204" -0,374"
YpoeHh 0,000 0,000 0,237 0,000 0,000
3HAYHMOCTH ]

Ipumeuanue.” p <0,01.

W3 Tabnuisl 3 ciaenyeT, 4To Ha MY>KCKUX BBIOOpKAX MEXIy MPOOJIEMHBIM UCTIOJIb30BaHU-
€M COIICeTeH U HE3aIIUIICHHOCTHI0 0T KHOEpOYyJUTMHTa U 3aBUCUMOCTBIO OT cMapThOHA UMEETCS
IIOJIOKUTCIIbHASA Koppensnms{, HO OTpI/IHaTeJ'IBHaZ —C B03paCTOM 1 HE3AIMUIIICHHOCTHKO OT MAaHU-
MyJIUPOBAHUS.

ComnocTaBieHue MOJYUYEHHBIX Pe3yidbTaTOB MPUBOAUT K BBIBOJY, YTO MPOOJIEMHOE
HCIOJIb30BAaHUE COIICETEN Y HKEHIIUH U MY>XYUH MOJOKUTEIbHO CBA3aHO C 3aBUCUMOCTHIO OT
cMapTdoHa U HE3AIMIIEHHOCTHIO OT KHOEpOYIUIMHTA U OTPHUIIATEIIBHO — C HE3AITUIIICHHOCTBIO OT
MaHI/IHYJII/IPOBaHI/ISI n B03paCTOM. y JKCHIIIUH, KpOMe 3TOro, €€ MU IMOJOXHUTCIIbHAas KOppeJISILII/IH
C BUKTUMM3AIUEN.
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BrisiBIIeHHBIE HAMHU KOPPEIAIUU MEXIY NpOoOJeMHBIM HCIOJb30BAHHEM COILICETEH
U HE3aUIMILEHHOCThIO OT KMOepOyJIMHIra HOAJEp>KUBAIOT IOJIY4YEHHBbIE paHee 3apyOeKHbIe
PE3YJIbTATHI, OKA3ABIINE €TO CBS3b ¢ KNOepOymHroM [4—15]. YcTraHOBICHHAs B HAIIEM HCCIIe-
JOBAHUU CBA3b MPOOJIEMHOI0 MCIOJIb30BAHMS COLICETEH JKEHIMHAMM C UX BUKTHUMHU3AIUEH
YCTAQHOBJICHA B 3apyOeXHBIX MCCICIOBAHUAX M IS MyX 4uH [16-22]. DTO cBUIETEIBCTBYET 00
OTJIMYUM AJIs1 OEJIOPYCOB MOJIyY€HHOT'O B JAHHOM MCCJIEIOBAHUU pe3yJibTaTa OT 3apyO0exXHbIX pe-
3ynbTaToB. OOHApYKEHHbIE MPSAMBIEC CBSI3H MPOOJIEMHOTO MOJIB30BAHUS COLIMATIBLHBIMHU CETSAMHU CO
cMapTHOH-aITUKITUEH COOTBETCTBYIOT pe3yJjIbTaTaM, MoJydeHHbIM paHee [1, c. 607].

C nomomurpio uMeronieicss y Hac (pakTOpHOM MOJIENIM MOXKHO 0oJjiee TIIyOOKO HCCIIe0BaTh
YCTaHOBJICHHBIE BBILIE CBA3M (UTO MBI M OCyllecTBUM). HauHeM ¢ BUKTMMU3HPYIOLIETO MOBeJe-
HUS JKEHIIYH.

Tabnuua 4 cBUAETENBCTBYET, YTO MOJOKHUTEIbHAS KOPPEIALUSI MEXIY MPOOIEMHBIM HC-
10JIb30BAHHUEM COLICETEN U BUKTUMM3ALUEH OCYIIECTBIISIETCS U HA YPOBHE COOTBETCTBYIOIIMX I10-
JIOKUTEIBHBIX CBSA3EH MEXAYy GOPMHUPYIOLIUMH UX (haKTOpaMH.

Haubonee BbIpakeHO 3TO MOCPEACTBOM KOppENsALUi (B MOPAIKE BO3PACTAHUS) CO CKIIOH-
HOCTBIO K arpeCCUBHOMY, 3aBHCHMOMY U HEKPUTHUYHOMY MOBEACHYECKHM CTHUJISM. UTO BIOJHE
OOBSICHIMO, BE/Ib TAaKUE CTHJIM TIOBEACHUS JCHCTBUTEIBHO CIIOCOOCTBYIOT BUKTUMHU3AIIUHN WHIN-
BUJIOB.

Tabauua 4. — Koppejsiuun (pakTopoB NMpodJIeMHOT0 UCTIOJIb30BAHUSI COLCeTel €O CTUISIMU BUKTUMHM3HUPYIOIIET0
noBeaenus (keHmuHbl, N = 364)

CTHIM BUKTHMH3HPYIOILEro NOBeAeHUs OGwast BHK-

arpeccus | caMopaspylleHHE |3aBUCUMOCTb | HEKPUTHYHOCTD | PUCKOBAHHOCTh | TUMH3ALIUS
Hemxonoruueckoe | oq- 0,072 0,124 0,216 0,098™ 0,181
COCTOSHHE
KommyHuKaIms 0,013 0,037 0,053 0,126" 0,026 0,064
Wudopmanus 0,058 0,058 0,094™ 0,158" 0,042 0,110"
IIpoGaemHuoe
HCIO0JIb30BAHNE 0,083 0,054 0,115" 0,196" 0,079 0,156"
COIMAJIbLHBIX ceTell

Ipumeuanue. ™ YpoBeHb 3HaunMocTH T-Kod(pduruenta p < 0,01.
™ VpoBenb 3HaUMMOCTH T-Kod(punuenta p < 0,05.

He3amumeHHOCTs OT MaHUNYJISIUN U OT KHMOepOyJIIMHIa UMEET MECTO U JJIsi MY)KUUH,
U JI7Is1 JKEHILMH, T03TOMY BOCHOJIb3yEeMCS KOPPESLMIMHU B UX 00ILEl BBIOOPKE.

Taéanna 5. — Koppeasinuu Kenpanna npo01eMHOro MCHOJIb30BaHHS COLCeTel ¢ HE3AIMIICHHOCTBLIO OT
MaHunyaupoBanusi u ux ¢paxropamu (N = 557)

CoBeTbl Tpyxn Mocavimocts | 3anpers: Hesammmennocts | He3alMImenHoCTH

M IIOMOIIb | M JIeJIa Y P OT MaHHITy/IUpOBaHus | OT KHOEpOyILTHHTa
Hemxonoriieckoe | 15 | 0171° | -0,181" | -0,167" 0,195" 0,436"
COCTOSIHHE
KommyHuKanus -0,026 -0,124" -0,088" -0,093" -0,129" 0,381"
Nudopmanms 0,012 -0,132" -0,139" -0,159" -0,083™ 0,366"
IIpo6aemuoe
HCIOJIb30BAHHE -0,008 -0,168" -0,161" -0,163" -0,186" 0,435"
COLMAJILHBIX ceTel

Ipumeuanue. ™ YpoBeHb 3HAUMMOCTH T-Kod(unuenta p < 0,01.
*k
Yposenb 3HauNMOCTH T-Ko3hprmmenta p < 0,05.

HaHHBIe B Ta6J'II/IHe 5 YKa3bIBAlOT HAa TO, YTO HEraTUBHAA CBA3b MCKIY HpO6J’IGMHBIM nuc-
MOJIb30BaHUEM CMapT(HOHA M HE3AUIUIIEHHOCTHIO OT MAaHUITYIMPOBAHUS OCYIIIECTBIISETCS 32 CUET
AHAJIOTHYHBIX CBSI3€H Mexay BceMu (hakropamu, GOPMHUPYIOIMIMMHU TPOOJIEMHOE WCIOIh30BAHUE
cMapTQoHa U TpeMs U3 YeTbIpeX (PaKTOPOB HE3AIIUIICHHOCTH OT MAHUIYJIMPOBAHUS. 3HAUUTEIIb-
HEe BCEro ATO peanusyercs Hanbosee BbIpakeHHOU cBs3bio (1 =-0,181) mexny «Ilcuxomoruue-
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CKUM COCTOSTHUEM» TpH MPOOJIEMHOM HCIIONBh30BaHUH coriceTeld U (akTtopom «llocaymrHOCTEY»
HE3aILUIIEHHOCTH OT MAHUITYJIUPOBAHUSI.

OTpHUnaTeIbHYI0 KOPPEISIIHI0 MEXKIY MPOOJIEMHBIM HCIOIB30BAHUEM COLICETeH U He3a-
IIUIIEHHOCTHIO OT MAHUITYJIMPOBAHHS MOKHO OOBSICHUTH TEM, YTO YPE3MEPHOE YBJICUECHUE COLIU-
QIBHBIMH CETSIMU OTHHUMAeT MHOTO BPEMEHH, TaK YTO €ro OCTAeTCs MEHbIIE Ha HEMOCPE/ICTBEH-
HOe O0IIeHHEe BKMBYIO; @ HMEHHO B IPOIIECCE TAKOr0 OOIIEHUS OCYLIECTBIIIETCS MAHUITYJIUPOBa-
HUE.

[TonoxkurenpHass KOppenanus MeXIy MpoOJEeMHBIM HCIIOJIb30BAHUEM COIICETe M He3a-
IIUIIEHHOCTHIO OT KNOepOyJUIHHTa, TOKa3aHHas TadiumaMu 1-3 u 5, CBUACTETBCTBYET O TOM, YTO
MIPOMCXOUT 3aMEHa HE3alUIIEHHOCTH OT MaHUMYJIUPOBAaHUS HA HE3alUIIEHHOCTh OT KuOep-
OyJuTMHrA.

Cpennuii KEHCKHH TOKa3aTelb MPOOJEMHOIO IOJIb30BaHMS COILICETSIMH, paBHBIA 33,1,
3HaunTesnbHO (P <0,01) mpeBbilaeT aHATOTHYHBIM MYXCKOW TokazaTtenb (27,1). DTo moarsep-
KJIaeT YCTaHOBIEHHOE paHee Mmoao0Hoe cooTHoleHue [1, c. 607]. KeHIuHbI B 11eI0M MeHee 3a-
HIMIICHBI OT KHOepOyIUIMHTa (CpeaHui mokaszarens 19,7), Hexenu myxuunsl — 17,2 (p < 0,01).

BriBoabI

[TpoGiieMHOE UCTIONIE30BaHUE COLUANBHBIX CETe U MY>KUMHAMH, U KEHIIUHAMU TOJO0KH-
TEIHHO KOPPEIUPYET C 3aBHCHMOCTBIO OT cMapT(oHA M HE3aNUIIEHHOCThIO OT KHOepOyUIMHTa
Y OTPULIATENIFHO CBSI3aHO C BO3PACTOM U HE3AIIUIIEHHOCTHIO OT MaHUIYJIMPOBAHUS, & Y JKEHIIUH —
€IIle U TIOJIOKUTEIIBHO CBSI3aHO C BUKTHMH3AIUCH.

YcTaHOBIIEHHBIE KOPPETSAIUN MEXy MPOOJIEMHBIM HCIOIb30BAHUEM COLIMANBHBIX CETEH
Y HE3AIUIICHHOCTHIO OT KMOEepOyIUTMHTA TIOICPKUBAIOT ITOJTYICHHBIE 32 pyOeKOM Pe3yJIbTaThl,
MOKAa3aBILIUE €T0 CBS3b C KHOEPOYIITMHTOM.

OO0HapyxeHHas: 0OpaTHas CBS3b MEXKIY NMPOOJIEMHBIM HCIIOIH30BAHHUEM COIMAIBHBIX Ce-
Tel ¥ HE3aIUIIEHHOCTHI0 OT MaHUIYJIMPOBAHNUS SBIISETCS HOBBIM Pe3yJIbTaTOM. JTa CBI3b OCY-
IIIECTBIISIETCS BCIICJACTBUE AaHAIOTHMUYHBIX CBsI3ed Mexay (aktopamu, GOPMHPYIOIIUMH 3TH KOH-
CTPYKTHI.

[TomosxkutenpHasT KOPPEISAIUS POOJIEMHOTO UCIIOB30BAHUS COIMATBHBIX CETEH C BHKTH-
MU3alHeN TONBKO Yy JKEHIINH OTIUYAeTCs OT TOTO, YTO MOJ00HAas CBSA3bh YCTAaHOBJIEHA B 3apyOex-
HBIX WCCIICJIOBAHUSAX KakK JJIS JKCHIIUH, TaK W JJIs MyX4uH. [lo00Has CBS3b OCYIICCTBIISICTCS
AQHAJIOTUYHBIMU CBSI3SIMH OOJBIIMHCTBA (POPMUPYIONINX 3THU CIOKHBIE KOHCTPYKTHI (HDaKTOpPOB.
Haubonee BbIpakeHO 3TO B HambOOJee CUIBHBIX CBA3SX (B MOPSIKE BO3pPACTaHHUA): CO CKIOHHO-
CTBIO K PUCKOBAaHHOMY, arpeCCUBHOMY, 3aBUCUMOMY U HEKPUTHUYHOMY CTHJISIM TTOBEICHUSI.

[TomosxkuTenpHAs KOPPEISIHS MEXKTy MPOOJIEMHBIM HCIIOIH30BAHUEM COIMATBHBIX CETCH
Y HE3AIMIICHHOCThIO OT KUOepOyJITMHTa M €ro OTpUIaTeNbHAs CBSI3b C HE3aIMIIEHHOCTHIO OT
MaHUITYJIMPOBAHUS CBUICTEILCTBYET O TOM, YTO MIPH MPOOJIEMHOM UCIIOIH30BAHUH COIUATBHBIX
CeTeil MPOUCXOANT 3aMeHa HE3aIIUIIEHHOCTH OT MaHUITyJIMPOBAHUS Ha HE3AIUIIEHHOCTh OT KU-
O0epOyIuTnHTa.

BonpmMHCTBO YyCTAHOBICHHBIX B HUCCIEIOBAHUU CBSI3EH SBISIOTCS YMEPEHHBIMU HIIM CTia-
ObIMH. DTO OOBSACHSAETCS TEM, YTO HA WU3y9daeMbIe CIIOKHBIE KOHCTPYKTHI BO3JCHCTBYET MHOMKE-
CTBO (haKTOPOB, MOITOMY BKJIAJ] KAXKIOTO M3 HUX B OOIIYIO TUCHIEPCUIO HE MOKET OBITH OOJIBIIUM.

[TpakTHYeCKHM MPUIIOKCSHHEM ITPOBEICHHOTO MCCIICTOBAHUS MOXKET CTaTh HCIIOIh30BAHKE
€ro pe3yibTaTOB B Pa3bsCHUTENBHON paboTe Mo MpoUIaKTHKE MOMaJaHus B 3aBUCHUMOCThH OT
COIIMAILHBIX CETEN.
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INTERRELATIONSHIPS OF THE PROBLEM USE OF SOCIAL NETWORKS
BY BELARUSIANS WITH VICTIMIZATION, EXPOSURE TO CYBERBULLYING
AND MANIPULATION

Sheinov V.P., Karpievich V.A., Sapego E.I.

Purpose. To identify possible links between problematic use of social networks and victimization,
exposure to cyberbullying and manipulation in the Belarusian society.

Methods. To assess the problematic use of social networks, the questionnaire «Dependence on social
networks» was used, addiction to a smartphone — a short questionnaire CAC-16, a test for victimization,
guestionnaires on exposure to manipulation and cyberbullying were also used. Quantitative and qualitative
methods were used for data processing.

Findings. Social networks have become widespread in modern reality. Excessive interest often leads
to the formation of dependence on social networks associated with a number of manifestations of psycho-
logical distress. A set of mutually related phenomena — dependence on social networks and its adverse
manifestations — is the basis of the construct «problematic use of social networks». The basis of the empir-
ical study were the test results of 557 Russian-speaking Belarusian respondents.

The article shows that the problematic use of social networks by both men and women is positively
correlated with smartphone addiction and exposure to cyberbullying and negatively associated with age
and exposure to manipulation, and in women it is also positively associated with victimization. The estab-
lished correlations between the problematic use of social networks and exposure to cyberbullying confirm
the results obtained abroad. The revealed inverse relationship between problematic social media use and
exposure to manipulation is a new result. This relationship is due to similar relationships between the fac-
tors composing these constructs. The positive correlation of problematic use of social networks with vic-
timization only in women differs from the fact that such a relationship has been established in foreign stud-
ies for both women and men. Such a connection is carried out by similar connections of most of the factors
composing these complex constructs. The positive correlation between problematic social media use and
exposure to cyberbullying and its negative association with exposure to manipulation suggests that expo-
sure to manipulation is replaced by exposure to cyberbullying in problematic social media use.

Application field of research. The practical application of the study can be used in explanatory work
on the prevention of addiction to social networks.

Keywords: social networks, problematic use, exposure to cyberbullying, victimization, exposure to
manipulation.

(The date of submitting: July 10, 2023)
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BUPTYAJIbHBIY NHTEPAKTUBHBIN TPEHAJKEP «ITPOBEPKU ITPOTUBOI A3A»
ByskeBuu JI.U., Knezosuu C.U., [lakynos A.A., Kport A.A.

L]env. PazpaboTka BUPTyaIbHOTO WHTEPAKTUBHOTO TpeHaxkepa «IIpoBepku mpoTuBo-
razay.

Memoowi. O0mas MeTofoa0rus paboThl MpeaycMaTprBajia U3ydeHHe TOCTYMHBIX CIO-
cOOOB CO37aHUsI BUPTYalbHBIX MHTEPAKTUBHBIX TPEHAXEPOB (AHAIU3, CHHTE3, CPAaBHEHHE)
U pa3paboOTKy BHPTYaJbHOTO MHTEPAaKTUBHOTO TpeHaxepa «[IpoBepkm mpoTmBorasza» c mo-
MOIIIBIO ITpOrpaMMHOro obecnieueHus iSpring Page.

Pesynsmamui. PaccMOTpeHBl OCHOBHbBIE IPUHLUIBI YCTPOICTBA U HKCIUIyaTalluy UHHU-
BHyalTbHBIX MPOTUBOTa30B. Pa3paboTaH BUPTyaNbHbI WHTEPAaKTUBHBINA TpeHaxep «lIpoBep-
Ku mpotuBoraza» B popmate HTMLS ans ucronbp3oBaHMsT HA KOMIBIOTEpE, IUIAHIIETE,
cMapT(OHE WIK APYTOM 3JIEKTPOHHOM YCTPOHCTBE C YCTaHOBIICHHBIM Opay3epoM.

Obnacmov npumernenus ucciedoganuii. BUpTyanpHbIN HHTEpaKTUBHBINA TpeHaxep «lIpo-
BEPKH MPOTHUBOTa3a» MpeaHa3HaYeH IUIsl TOMy4eHHUs] 3HAaHUKA U OLCHKH CPOPMUPOBAHHOCTH
[IOJIYYEHHBIX YMEHUH IPAaBWIBHOCTH HCIIONb30BAaHUS TpaxkJaHckoro nporusorasa I'TI-7 pa-
OOTHMKaMHU OpraHM3aluii, B 0053aHHOCTH KOTOPBIX BXOAUT HMCIOJIb30BAaHUE CPEICTBA MHIU-
BUAYQJIbHON 3aIIUTHI OPraHOB JIbIXaHUS.

Kntouegvle cnosa: MHTEPaKTUBHEIN TpeHAXKED, PEJAKTOP KypCOB, TPOTHUBOTA3.
(IToctynuna B pegakiuto 10 uromns 2023 r.)

Beenenue

[Tponiecc pa3BUTHS 4eIOBEYECKOIO OOLIECTBA OJHOBPEMEHHO C IPEIOCTaBICHUEM Mate-
pHAIBHBIX OJar mpeaornpeneiau MOCTOSHHYI0 00pb0y C pa3MYHBIMU KPU3UCHBIMHU SIBJICHUSIMU,
CBOMCTBEHHBIMHM KAaK BOCHHBIM KOH(IMKTaM, TaK M aBapHsIM TEXHOTE€HHOTO XapakTepa, UMEo-
IIMM B CBOEHM OCHOBE Mopakarolue (GakTopbl paAHallMOHHOT0, XUMUYECKOT0 U OHOJIOrHYECKOTro
xapakrepa. B HacTos1ee BpeMsl, HECMOTPsl Ha IPUHUMAEMbIE Ha BCEX YPOBHSIX FOCYAapCTBEHHOU
BJIACTH YCUJIUS, IO MHEHHIO CIIEUAIMCTOB, YPOBEHb PaIMAllMOHHOMN, XUMUYECKON 1 Onosornye-
CKOH 3aIMTBl HACEJIEHMSI HE JOCTUTAET COCTOSIHMS, IIPU KOTOPOM OTCYTCTBYIOT HEIOIyCTHMBbIE
PUCKU MPUYMHEHUS Bpela B pe3ysbTaTe BO3JIEHCTBUS BPEAHBIX U ONACHBIX (PaKTOPOB paauaIu-
OHHOTO, XUMUYECKOro U Ouosnornueckoro xapakrepa [1]. IIpu 3ToM onHOM M3 BakHeHIIMX
COCTABJISIFOIITUX OOECTICUCHHS PaTUallMOHHON, XUMUYECKON M OMOJIOTHYECKOM 3anuThl (Oe3omac-
HOCTH) HaceleHHs, 0€3yCJIOBHO, SIBJISETCS MCIOJIb30BAaHUE BCETO KOMILIEKCA CHELHaIbHBIX
3alUTHBIX CPEJICTB, BKIIIOUYAIOLIUX KOJIJIEKTUBHBIC, HHIUBUAYaIbHbIE U MEIUIMHCKUE CPEICTBA
3aIUTHI.

[IpoTuBoras sBIs€TCS MHAWBHUyalbHBIM CpPEICTBOM 3alllUThl OPraHOB [bIXaHUS, IJa3
U KOXKM JIMIA OT Pa3JIMYHbIX OTPABIAIOLIMX BELIECTB, IONAJAIONIINX B BO3AYyX B PE3YJIbTATE TEX-
HOTEHHBIX aBapHil U KaTacTpod, BOCHHBIX U IPYIHX Ype3BbIYAHBIX cUTyaluil. YTOOBI HCIIONIB30-
BaHHUE NPOTUBOTa3a B Upe3BBIYANHON CUTyaIH ObLIO 3(PPEKTUBHBIM, HEOOXOIUMO 3HATh U YMETh
oOpalaTeCsi C 3TUM CPEJICTBOM 3allUThl. Ba)kKHO HE TOJBKO MPaBHIBLHO MOA00paTh pazMep Mpo-
THUBOTa3a, HO U BJaJIeTh TEXHUKOH ero ObICTpOro HajeBaHUs. TOJIBKO NMPaBHIBHO HAAETHIA MpO-
THBOTa3 CMOXET 3allUTUTh OpraHbl JbIXaHWS YeNOBEKa, a 3HAYUT, COXPAHUTh €My 3J0pPOBbE
U ku3Hb. [IpoBepka MpoTHUBOra3oB sBISETCS 0053aTeNbHON MPOLEAYPOH HE TOJIBKO Hepes Hero-
CPEICTBEHHBIM UX HCIIOJIb30BAHHWEM, HO U BO BpeMs uX XpaHeHus. [l oOecriedeHust HaJexKHON
3alIUThl HEOOXOUMO TMOJIEPKUBATh HaJJIEXKallee COCTOSHUE MPOTHBOrazoB. [lpu mymrensHoM
XpaHEHUU POTHUBOTa30B Ha CKJIaJaX OHU MOABEPTaroOTCs PEryIspHbIM MpoBepkaM. [Ipu BHenHeM
OCMOTpE TPOBEPSIETCSI OTCYTCTBUE MEXAHMYECKHMX IOBPEXKIECHUN BCEX COCTABISAIOLINX, LIEIOCT-
HOCTh PE3UHOBOM IIJIEM-MACKH, OTCYTCTBHE KOPPO3HMH HA METAJUIMYECKHUX NETalsX, MPOYHOCTD
COeMHEHUs Bcex jaeraneit u 1.7. Ecin oOHapykeHbl MelKHe HEIOCTaTKU, TO OHU YCTPAHSIOTCS
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lModzomoeka crieyuanucmos 8 obriacmu npedynpexdeHus u nukeudayuu HC

Ha Mmecte. [IpoTuBorassl, nmoayiexkane peMOHTY, COPTUPYIOTCS OTAEIBHO, & C HEIOMyCTUMBIMU
MOBPEXKICHUSIMH CIHCbIBatoTCA. [IpoTHBOrassl, B KOTOPHIX He OOHAPYKEH HU OJUH U3 1e(DEeKTOB,
YKIIa/{BIBAIOTCS OOPATHO B SIHK, ¥ UM IIPOUIEBAIOT CPOK TOJHOCTHL.

B cootBercTBUM ¢ 1. 49 nmoctaHoBiIeHUsT MUHHCTEPCTBA TPyJa U COLMAIBHOW 3allUThI
Pecniy6nuku Benapycp ot 30 nexadpst 2008 1. Ne 209 «O06 yrBepxkaeanu UHCTPYKIMH O TIOPsiAKE
oOecrnieueHrs pabOTHUKOB CPEICTBAMHU MHAMBHUIYabHOMN 3alIMTHD) (B pel. MOCTaHOBJIEHUS Mu-
HUCTEPCTBA TPY/JIa U collanbHOU 3auuThl Pecriyonuku benapycs ot 27 utons 2019 r. Ne 30) mpu
BbIJIaY€ CPEJCTB MHAMBHUIYAIbHOMN 3alIUThI, IPUMEHEHHE KOTOPBIX TpeOyeT 0T pabOTHUKOB IPaK-
TUYECKUX HABBIKOB (PECIUPATOPHI, IPOTUBOTa3bl, CAMOCIACATENH, CTPAXOBOYHBIE MPUBSI3H, Kac-
KM U T.J.), HAaHUMAaTedb OOECHeurBaeT MPOBEICHUE HHCTPYKTaka pabOTHUKOB IO IMpaBUIIaM
MOJIb30BAHUS W TPOCTEHIMM CHoco0aM MPOBEPKH PabOTOCIIOCOOHOCTH M HMCIPABHOCTH ATHX
CPeACTB MHIMBHUAYATbHON 3alUTHI, PH HEOOXOIUMOCTH OPraHU30BBIBACT TPEHUPOBKY PaOOTHH-
KOB 110 UX NMpUMeHeHHI0. OHAKO YacTO B OPraHU3alUAX K TOMY BOMPOCY MOJIXOAT MOBEPXHOCT-
HO, OTPaHUYEHHOCTh BPEMEHU NPU MPOBEICHUH UHCTPYKTaXel pabOTHUKOB HE JIaeT KaUYeCTBEHHO
chopMHUpPOBATh 3HAHMSI, yMEHHSI U HABBIKW UCTIOJIB30BAHUS CPEJCTB MHAUBHIYAJIbHOM 3aIUTHI.

B pabote [2] npuBeneHbl 00CTOSATEIbHAS XapaKTEPUCTHKA TPEHAKEpa Kak cpeicTBa 00y-
YEHUSs1, YCIIOBUSI M TPEUMYIIIECTBA €ro puMeHeHus: « TpeHaxep, B IIMPOKOM 3HAYEHUH, ITO KOM-
IJIEKC, CUCTEMa MOJICTTUPOBAHUS M CUMYJISILIUU, KOMIIBIOTEpHBIC U (PU3HUECKHUE MOJIENH, CIelHa-
JU3UPOBAHHBIE METOJIUKH, (POPMUPYEMBIE I TOTO, YTOOBI TOATOTOBUTH JIUYHOCTh K MPUHATHIO
BBICOKOKQUECTBEHHBIX U CTPEMHUTENBHBIX pelieHui. TpeHaxepbl HYy>KHO IPUMEHATh, TaK KaKk OHU
JAIOT BO3MOXKHOCTH CHOPMHUPOBATH y OOY4YAOIIErocs HaBBIKM JICHCTBUH  MOTOPHO-
pedIeKTOPHOrO0 U KOTHUTUBHOTO THIIA B TPYIHBIX CUTYAIUsIX, MOHATH CYITHOCTb MPOTEKAOIINX
MPOIIECCOB M UX 3aBUCUMOCTH JIPYT OT JpyTa.

OnBIT UCIIONIB30BaHUS TPEHAKEPOB B YYEOHOM IPOLIECCE JaeT BO3ZMOXXHOCTH OTMETUTH
CJIEIYIOIINE TTOJIOKUTEIHHBIE MOMEHTHI: YUUTHIBAETCS MEPCOHAIBHBIA TEMIT pabOThI 00ydaroIie-
rocsi, KOTOPBII CaMOCTOSITENILHO YHPAaBIsSeT y4eOHBIM MPOIIECCOM; YMEHBIIIAETCs MEePUOJ BbIpa-
00TKH TpeOyeMbIX YMEHHIl; BO3pacTaeT 00beM TPEHHPOBOUHBIX 3aJaHHI; OBICTPO JOCTUTAETCS
ypoBHeBas AuddepeHnuanus; Bo3pacraeT MOTUBALINUS Y4eOHOH paboThlI.

DddexTuBHOE HCMOIB30BAHNE TPEHAXKEPOB B YUEOHOM MPOIIECCE TAeT BO3MOXKHOCTH
CYIIECTBEHHO COKPATUTh KOJMYECTBO OIIHUOOK, MOBBICUTH CKOPOCTh MAHHUMYJISIUU U MPUHSATHS
pElIeHn, YMEHBIIUTH MEPHoJ] 00ydeHHsI, HanboJyiee MPaBWILHO JaBaTh OIEHKY YPOBHIO TIPHOOpe-
TEHHBIX 3HAHUU W MOJYYCHHBIX HaBBIKOB IO JIEHCTBUSAM OOYyUaIOIIErocs, HHANBUYaTU3UPOBATh
oOydeHue.»

BupTyanbHblii HHTEPaKTUBHBIA TPEHAXKEP — 3TO KOMIIBIOTEPHAs ITporpaMmma, KoTopasi Mo-
KET OBITh UCTIOIB30BAHA VISl CAMOCTOATEILHOTO OCBOCHUS M KOHTPOJISI 3HAHUH T10 OMpeIeIeHHOM
TeMe. Vcronb30BaHNe HHTEPAKTUBHBIX YYEOHBIX TPEHAKEPOB MPUBOIUT K TOJIOKUTEIBHOMY (-
(hexTy BOCIIPUATHS 00pa30BaATEIIBHOTO KOHTEHTA U MO3BOJISIET MOBBICHTh MOTHUBAIIMIO y 00yUaro-
IIeTOoCs] K OBJIAJICHUIO HOBBIMU 3HAHUSIMU, YCHIIMBAET YCBOCHHE WH(OpPMAIIWH, TMOBBIMIAET CKO-
POCTh €€ mpuemMa u rnepepaboTKH, a TAKKe KOHTPOJIS MOTYyUYEeHHBIX 3HAaHUH.

OcHoBHAafl YacTh

AHanu3 peIHKa pa3paOOTaHHBIX TPEHAXKEPOB MO TEME MCCIIEOBAHUS BBISIBUI JBA UCTIOIb-
3yeMBIX TOBapa.

Crena-mnanmer cBeroguHamuueckuil «IIpoBepku mpotuBorasza» (puc. 1) mpenHazHaueH
JUTST M3YYCHUS] TIPUHIIMIA JEUCTBUS M COCTABHBIX AJIEMEHTOB NMPOTHUBOTAa30B, YCBOCHUS IPaBUI

106 yreepknennn VHCTPYKIMH MO XPaHEHHIO CPEJCTB TPAKAAHCKONH 0OOPOHBI HA CKIIaJax OpraHM3alliii: MocTa-
HOBJIEHHMEe MUHHCTEpCTBa MO Ype3BbIYaliHbIM cuTyanmsM PecryGmuku benapycs, 26 mas 2004 r., Ne 161cn (pen. ot
30.06.2010) [OnexTpoHHBINH pecypc]: orpaHHYUTENBHBIN Tpud «/ls ciry’keOHOTO MOJIb30BAaHMS) CHAT B COOTBET-
CTBHMHU C NPHKa30M MHHHCTEPCTBa 1O 4pe3BbIYaiiHbIM cutTyauusm PecrnyOmuku benapyce ot 20 ¢espans 2017 r.
Ne 65 // NndopmanmonHo-npaBoBas cuctema «JtanoH-Online» — Pexxum moctyma: https://etalonline.by/document/
?2regnum=W20411146. — Jlata goctyma: 01.07.2023.
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HPOBEPKH pabOTOCHOCOOHOCTH MpoTHBOrasa. CTEHA-IUIAHIIET NPEACTaBIsAeT cOO00H KapKacHYIO
KOHCTPYKIMIO, Ha JIUIICBOW MaHEIH KOTOPOH HaHECEHO M300pa)KeHUE MPOTHBOTra3a U CIIOCOOO0B
ero npoBepKu>.

NPOTHBOTAS MPANGAHCKAR SHARTPIOULM M7
(00 €3 APt ¢ Gt (DOt S R DS A O (I o Ty M+ D e Bt . (8 YOGt S S
M— s o " 0 Py LA $ Y o Y 3 2 G e 0 P 0

PﬂcyHOK 1.—- CTeHII-II.]IaHIIIeT CBeTO}II/IHaMI/l‘leCKl/Iﬁ «Hponeplm nmpoTuBoOra3a»

OnextpudunmpoBanusiii creny «[IpoBepku mpoTHBOrasa» MpPOU3BOJICTBEHHOTO OOBEIN-
HeHMsl «3apHULay (pUc. 2) IpeAcTaBisieT co00 MOJTHOLBETHYIO CBETOJUHAMUYECKYIO [TaHelb, Ha
KOTOpO# oToOpaskeHa MHGpOpManus 00 dTanax MPOBEPKH MPOTHBOra3a. B KOHCTpyKIHi0 y4eOHO-
ro 00opy/10BaHMUs MHTEIPUPOBAHBI BHICOKOUYBCTBUTEIIbHBIE CEHCOPHI Ul YIPABJICHUS CTEHIIOM
C IIOMOIIBIO MHTEPAKTUBHOTO BO3JEHCTBHS INPUEMO-IIEPENAOIMMX yCTPOHCTB. IIpexycMoTpeno
1iBa pexxuma paboTsl co creHaoM: «O0yuenue» u « KoOHTpoaby.

B pexume «OOyuyeHne» Ha MaHeNn YIpPaBICHHS, PACIIONIOKEHHOW B HIDKHEH 4acTH CTEH-
714, ¢ TIOMOIIBIO 3JIEMEHTa YNpaBJIeHUs] BEIOUPAETCS OMH U3 MOJPA3/IeNIOB, CBETOBAS MHAMKALIUS
[IOJICBEYMBAET JIaHHYIO MO3MIIMIO, a pOorpaMMHOE oOecrieueHue «BupTyanpHBI ydyuTenby mo-
BECTBYET O XapaKTePHBIX OCOOCHHOCTAX M MpaBuiiax dKcIutyartanuu. B pexxume « KonTpossy mpo-
IPAMMHBIA KOJl YNIPABJICHHS T€HEPUPYET CIydalHBbIM BapuaHT Bompoca. [Ipu nmpaBuiapHOM win
HEMpaBUIBHOM BBIOOpE OTBETa 3aropaeTcs COOTBETCTBYIOIIAS MPUHATHIM CTaHAapTaM CBETOJU-
OJHAS MHIUKAIUS .

T 0 o B0 cowom ¢ O xowtrom

Pucynok 2 — dnexrpudpunuposannslii cren «IIpoBepku npoTuBorasa»

Taxkum 006pazom, cyliecTBYyOIUe TpeHaxepsl Mo Teme «IIpoBepku mpoTuBoraza» BocTpe-
OOBaHbI U MPEACTABISAIOT CO0O0M CcTalMOHApHBIE AIEKTPU(UIIMPOBAHHbBIE CTEH bl B BUJE KapKac-
HOM KOHCTPYKLMH, YTO OIPENENSAET BBICOKYIO LIEHY TpeHaxepa. [IpenMyIecTBo BUPTYalbHBIX
MHTEPAKTUBHBIX YUEOHBIX TPEHAKEPOB MEpe]l MEXaHUUECKUMH MHTEPAKTUBHBIMHU CTEH/IaMHU SIBHO
npocnexuBaercs. [Ipy ncrnonb30BaHUM BUPTYaJIbHBIX HHTEPAKTUBHBIX TPEHAXKEPOB JIETKO OOHOBUTH

2 Crenp-wiaHimeT cBeToauHaMudeckuii «IIpoBepku IpoTHBorasa» [DIEKTpOHHEIA pecypc]. — Pexum gocTyma:
https://profistend.info/catalog/stend-planshet-svetodinamicheskiy-proverki-protivogaza-stend-planshet-svetodinamicheskiy-
proverki-pr.html#images — data noctyna: 01.10.2022.

3 UurepakTuHblii onekTpuuuuposannbiii crens «IIpoBepky MpoTHBOra3a» [DNEKTpoHHBIH pecypc]. — Pexum no-
cryma: https://rstdy.ru/shop/interaktivnyj-elektrificzirovannyj-stend-proverki-protivogaza/. — Jlara moctyma: 01.06.2023.
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1 100aBUTH y4eOHBbIC MaTEpUaJbl C YIETOM H3MEHEHUS HOPMATUBHBIX MPABOBBIX aKTOB. MOXKHO
OTMETUTh YHUBEPCAIBHOCTb, 3(h(PEKTUBHOCTh U HEBBICOKYIO CTOMMOCTH Pa3pabOTKH BUPTYyallb-
HBIX MHTEPAKTHUBHBIX TpeHaxepoB. [ pa3paboTKu BHPTYaTbHOTO MHTEPAKTUBHOTO TPEHAXKEpPa
TpeOyeTcsl MOKYIKa JIMIEH3UH PeJaKkTopa 3JIEKTPOHHBIX KYpCOB, a JUIsl €ro HCIOJIb30BaHUS —
TOJILKO KOMITBIOTEP, YTO 3HAYUTEIHHO JIEIIEBJIe MPUOOPETEHHS CTAlMOHAPHOTO AIEKTpUPUIIIpPO-
BAHHOT'O CTEH/JIA.

PenakTops! 251eKTpOHHBIX KypcoB (course authoring software) — 3To mporpamMmsl U CepBH-
Cbl, KOTOpBIE MO3BOJISIIOT CO3/1aBaTh AJIEKTPOHHbIC Y4eOHbIEe MaTepHalbl: KypChl, TECThI, aHKETHI,

OIIPOCHHUKH, JUAJIOTOBBIC TPCHAXKCPHI, BUACOJICKIIUHU, 06y‘-IaIOH_II/Ie HI'PBI U T.I[.4
MBbI u3y4niin HanboJiee MOMyJIsIPHbIC Y OTEUYECTBEHHBIX Pa3pabOTUUKOB PEIAKTOPBI HJICK-
TPOHHBIX KypcoB: iSpring Page, iSpring Suite, Articulate 360, Adobe Captivate, CourseLab.
CpaBHWIN HX O CICAYIOIIMM KPUTCPUIM:
— IOCTYITHOCTb CaMOCTOSITEJIBHOTO OCBOCHHSI HHCTPYMEHTApHUs IPOrpaMMbl O€3 JIOTOJIHH-
TeNbHOro 00yueHus. IHTYUTHBHAS IOHATHOCTH HHTEpdeiica mporpaMmbl;
— BO3MOJKHOCTH JM3aliHa IIPU CO3AaHUU KypPCOB;
— BO3MOYKHOCTB CO3JIaHUSI HHTEPAKTUBHBIX 3JIEMEHTOB KYPCOB;
— BO3MOXHOCTBb CO3JaHHsA TECTOBBIX 3aZIaHI/II71 AJI1 IPOBCPKU W KOHTPOJIA MOJTYYCHHBIX

3HAHUM;

— CTOUMOCTb Pa3pabOTKU U CONPOBOXKICHUS CO3J[AHHOTO Kypca,;
— (opMaThl XpaHEHUsI U YHUBEPCAIbHOCTh MCIOJIb30BAaHUS pa3pabOTaHHOIO Kypca, B TOM
qrcie BO3SMOXXHOCTh IPOCMATPHUBATH pa3paboTaHHBIE KYPChl HA Pa3IMYHBIX MOOMIIBHBIX YCTpPOii-

CTBax;

— BO3MOXXHOCTb HCIIOJIb30BaHMSI pa3pabOTaHHOTO Kypca B CHCTEME AMCTAaHIIMOHHOTO 00Y-
yenus (ganee — CJ10).
Pe3ynbTaThl CpaBHEHUS PEIaKTOPOB ICKTPOHHBIX KYPCOB MPeICTaBICHBI B Tabmuie 1.

Taoauua 1. — CpaBHeHHe pa0oUuX NApaMeTPOB PeIAKTOPOB JIEeKTPOHHBIX KYPCOB

Kpurephii - - I_’ez[aKTopLI DJIEKTPOHHBIX KYPCOB _
iSpring Page iSpring Suite Articulate 360 Adobe Captivate CourseLab
®opma Paboraer Hancrpoiika CmemaHHast HezaBucumas HezaBucumas
peammzanuu | B Opaysepe B PowerPoint (BeO-cepauc, mporpamMmma mporpamma
TIPUIIOKCHHE,
HaJCTpoiiKa
B PowerPoint)
Pycckuit s3p1k| [la Ha Her Her Ha
unHrepdeiica
HocrynHocts | Ilpocroii uatep- | UnTepdeiic mon- | Muctpymenrtapuii | MaTepdeiic mpo- | Hempocroii nn-
CaMoCTOs- ¢etic. CTpaHuIla | HOCTBIO QHAJIOTH- | JUIA 3JIEKTPOHHO- | CTOM, HO pa3o- tepdeiic. Camo-
TEJIBHOTO CO3/IaHMs Kypca | YeH IIPUBBIYHOMY | IO OOy4eHHS, OpaTbcd B eTa- CTOSATENBHO U3Y-
OCBOCHHSA HAIIOMHHAET uHTEpdeicy COCTOSIIITHH 13 JSIX HE TaK MPO- | YUTH BeCh (PyHK-
Word PowerPoint. 4 nporpamm, CTO, PUJIETCS LOHAJ TIPO-
[Mporpammy nerko | 4 Bed-cepBrCOB JIONIOJTHUTENBHO | TpaMMBbI OyaeT
CaMOCTOSITENILHO | U OJHOTO MO- H3y4aTh JOKY- CJI0KHO
OCBOUTH OWIIBHOTO TIpH- MEHTALUI0 UIIU
noxenus. Heo6- | mocMmoTpers
XOAMMO JIOTIONI- o0yyatorue Bu-
HUTENBHO U3Y- JEOPOIHUKH
4aTh JOKyMEHTa-
IIHIO ITPOTPAMMBI
Ju3zaiin OrpaHudeHHbIC [IpemocTaBisAOT IMHUPOKHE BOZMOXKHOCTH 10 0(OPMIICHHIO KypCOB (Ha Claiiipl
KypCOB BO3MOXHOCTH MOJKHO JOOABIATH TEKCT, (GUTYPHI, MEANAOOBEKTHI 1 HHTEPAKTUBHOCTH).
obopMIICHHS

* Ton-5 pesakTOPOB 3JIEKTPOHHBIX KypcoB [DiekTponHbii pecype] // LMSlist — myTeBoguTens B Mupe JMCTaHITMOH-
Horo o0yuenus. — Pesxxum nocryma: https://Imslist.ru/redaktori-elektronnyh-kursov/. — lata mocryma: 01.06.2023.

Training of specialists in the field of prevention and elimination of emergencies

309




Journal of Civil Protection, Vol. 7, No. 3, 2023

IIpoxoskenune Tadauubl 1

K N PenakTophl 3JI€KTPOHHBIX KYPCOB
pHTepHi iSpring Page iSpring Suite Articulate 360 Adobe Captivate CourseLab
WuTepax- MosxHo 3a1aTh 13 BapuanTOB 20 mrabmoHOB Habop Bctpoen- | Kaxnprit o0bexT
THUBHBIC JIOTHKY IIPOXOK- | MHTEPAKTUBHBIX | MHTCPAKTHBHBIX | HBIX MHTEPAKTHB- | Ha CIIaiIe MOXHO
SJIEMEHTHI JICHHS Kypca 9JIEMEHTOB, €CTh | JIEMEHTOB HBIX 3JIEMEHTOB cenaTh MHTEp-
BCTPOEHHBIH pe- (30 Tumos roto- AKTHBHBIM
JIAKTOP IHAaJIOroB BBIX BUJIKETOB)
Bapuarus- 3 Tuna npose- 11 Tumnos ome- 11 TunoB onenu- | 9 TUNOB BOIpO- 7 TUIIOB TIPOBE-
HOCTh POYHBIX BOIIPO- HOYHBIX U 12 BaeMBIX BOIIPO- coB. EcTb BO3- POUHBIX BOIIPO-
co3faBaeMbIX | coB. TecThl He TUIIOB aHKETHBIX | COB, 9 TUIIOB MOXKHOCTh COB
TECTOB OLIEHUBAIOTCS U BOIIPOCOB, MOXK- | AaHKETHBIX BO- Ha3Ha4aTh OasuIbl
HE NepearoT HO HacTpauBaTh MIPOCOB, 6 THMOB | 3a OIpEJeNIeH-
HUKaKOH cTaTu- JIU3aiH BOIPOCOB | BOIPOCOB IPOU3- | HbIE AeHCTBUA
CTHKH BOJIGHOW ()OPMBI | C HHTEPAKTHBHEI-
MH DJICMEHTAMH
MoobunsHoe | a Ha Ha Ha. Ectb Ha, Ho HET
oOyueHme BO3MOKHOCTB MO LI PIKKH
HACTpawWBaTh aIalITHBHOTO
yIpaBICHUE In3aitHa
XKecTaMH,
HOJIeP’KUBACT
Te0JIOKaIHI0
Ucnonb3oBa- | [a Ha Ha Ha Ha
nue B C10
JIunensus IInatao [Inatao. Ckuku Juis Y4eOHBIX 3aBeCHUM IInatHO
[Ipeumyme- | IIpocroii KoH- ITo3Bonser Nmeer 6onpioe | HesaBucumas HesaBucumas
CTBa. CTPYKTOD Kyp- ObICTpPO co3/1a- KOJINYECTBO nporpaMma ajs porpaMma ajs
TpebOoBanus | coB. Y10OHBIH BAaTh 3JIEKTPOH- HHCTPYMEHTOB, pa3paboTku pa3paboTku
K pa3paboT- | IKcmpecc- HBIE KypCHI Ha HY)KHBIX JJaJleko | mpodeccruoHans- | mpoQecCHoHaNb-
YUKY penakTop s OCHOBE IIPE3CH- HE BCEM pa3pa- HBIX KYPCOB. HBIX KYPCOB.
CO3JaHUs DJIEK- TallUN U ClIan- 0oTYMKaM Kyp- TTo3Bomser Copnepxut
TPOHHBIX KypcoB | 10B. JIF0O0#, kTo | coB. [IporpamMMa | co3maBath ClOXK- | OOJNBIIOI HAOOP
B (hopmare yMeeT JIeaTh Oyzer moJe3Ha HBIC UHTEPAK- 2JIEMEHTOB
WHTEPAKTHBHEIX | MPE3CHTAINH TEM, KTO 3aHUMa- | THBHBIC KypCHI ¥ KOMaH]I,
crareit. Uuctpy- | PowerPoint, eTcs pa3paboT- U alaliTUpOBaTh C IIOMOIIBIO
MEHT MOJIXOAUT MOJKET JIETKO KOW M MOJJIepK- | MX ISt MOOMITb- KOTOPBIX MOXHO
JUI1 KOMaHIHBIX | CO31aTh Kypc KOM CIIO>KHBIX HBIX YCTPOMNCTB. CO3/1aBaTh CIIOX-
MPOEKTOB HaJ ¢ iSpring Suite UHTepakTUBHBIX | COmep)KHUT UH- Hble IpodeccHo-
KypcoM KypCcOB JUIs CTPYMEHT IS HaJIbHBIE KyPCHI
KpPYIHBIX KOMMa- | OBICTPOTO C HEJIMHEHHBIM
HUHI CO3JaHUsA CIOXKETOM U Tei-
CHUMYJIATOPOB MUpUKAITHCH.
NIPOrpaMMHOTO Mo1uHsbli KOH-
obecrieueHusl. CTPYKTOp ISt
He nonoiiner anst | npoABUHYTHIX
HOBHYKOB pa3paboTINKOB

[Tpoananu3upoBaB pelakTOPbl MO YKa3aHHBIM MapaMeTpaM, Mbl OCTAHOBUIIU CBOW BHIOOD
Ha penakTope iSpring Suite uisi pa3pabOTKM MHTEPAKTUBHOIO TpeHaxepa. [Iporpammy nerko
OCBOUTH W MPOCTO HCIONIb30BaTh. HCTpyMeHTapus, peiaraeMoro peaakropom iSpring Suite,
0oJree YeM JOCTATOYHO IS JOCTHKEHHUSI TTOCTAaBIICHHBIX Ieaarorudeckux menei [3]. K aegocrar-
KaM HWCIONIb30BaHUS pelakTopa iSpring Suite MOKHO OTHECTH, YTO TOJHBIM TMaKeT SBISETCS
maaTHeIM. Vconp30BaHue BCEX BO3MOXKHOCTEH pEeIaKTOpa TpeOYyeT MOKYIKH JIMIICH3UU Ha TIPOo-
rpamMmmHOe obecnieueHue. OHaKO MpUOOpeTeHHe JUIeH3MH 1SPring Suite okakeTcsi 3HAYUTEIBHO
JCIIICBJIC HOKYHKI/I CTCHAA-IIJIAHIIIETAa CBETOAMHAMHUYCCKOI0 UJIN BJ'IGKTpI/I(i)I/IHI/IpOBaHHOFO CTCHOa
«IIpoBepku npotuBoraza». Kpome Toro, ykazaHHblii HEJOCTATOK UMEETCS Y BCEX PACCMOTPEHHBIX
PEIaKTOPOB JIEKTPOHHBIX KYPCOB.
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PesyabTarsl

C nmnomompl  peaakTopa
AJIEKTPOHHBIX KypcoB iSpring Suit
pa3paboTaH BUPTyaJlbHBI HWHTEpPaK-
TUBHBIA TpeHaxep «IIpoBepku mpo-
tuBoraza» B (popmare HTMLS nns
UCIIOJIb30BaHUS HAa KOMIIBIOTEPE,

OBYYEHUE

1. Obuime ceepeHus o npoTueorase mapku [M1-7

2. Moaudukauuu npotusorasa -7

3. CocraeHble 3n1eMeHTbl npoTueorasa [T1-7

IUTaHIIeTe, cMapTHOHE WM JIPYroM 2 Mogbop ek npovEomen

JJIEKTPOHHOM  yCTPOMCTBE,  IIe

YCTaHOBJICH 6pay3ep. 5. [opAAOK NOATOTOBKM M UCNONb30BaHUA [T1-7
Tpenaxep «IIpoBepku mpo-

THUBOTa3a» COCTOMT M3 ABYX MOIY- 6. TexHuueckoe obcyxusanue npotveorasa -7

neit: «OOyuenue» u «KoHTpoib

3HaHui». IIpemycMoTpeH uHTEpak- KOHTPO/1b 3HAHUM

THBHBIM IE€pEX0] MEXAYy dTanaMu

Pucynok 3. — Conep:xanne Tpenakepa «IIpoBepku npoTuBorasa
(puc. 3).
Monyne «OOy4eHHE» COACPKHUT TEOPETUYCCKHE 3HAHHUS O TPAKIAHCKOM IPOTHUBOTA3EC

I'TI-7 u ero momudukanusx. [Ipu 0Oy4eHUN aKTUBHO HUCHOJB3YHOTCS Pa3iiudHbie (POPMBI HHTEP-
AKTUBHBIX JIEMEHTOB (puc. 4).

[Oeticteue 4

Y3en knanava BAOXa

@ Caenatb BAOX OTKPbITb FN1a3a v
B0306HOBUTL AbiXakHiue

PﬂcyHOK 4. — I/I]—[TepaKTﬂBHble 3JIEMEHTbI MOAYJIsA «Oﬁyqelme»

Monynb «KOHTpOb 3HaHUID CITy’KUT ISl OLIEHKH, JUArHOCTUPOBAHUS U KOPPEKTUPOBKH
MIOJIyYE€HHBIX 3HaHUN 00 yCTpPOMCTBE, COCTABHBIX 3JIEMEHTAaX, MOPSIKE UCIONb30BAHUS U TEXHH-
YeCKOM 00CITy>KUBAaHUM IpaxiaHckoro nmpotusorasza ['TI-7. 3aganus cocTosT U3 pa3aIuuHbIX GopM
TECTUPOBAHUS: BBIOOP OJHOTO, HECKOJIIBKUX OTBETOB, NEPETACKUBAHUSI CIIOB U OOBEKTOB, a TAKXKe
B (popMe nuanora, coiepiKallero HECKOJIbKO CIOKETHBIX BETOK. McxoJis M3 OTBETOB Ha MOCTaB-
JIEHHBIE BOIIPOCHI, 00YYAIOLIUIICS NEPEXOIUT C OAHON BETKH Ha JAPYTYIO BETKY CIOKETHOM JTMHHUU
(puc. 5, 6).

© Bunyme npotwsoras

-
FJ-—-L—“ - —
l K coxanexuio, 310 nocnewHoe pelieHme.

Monpobyiite ewe paa!

' © Busym npoTmeoras

X1, NOABOPOTH! NAMOK
4TO OGTIOPATOP NNOTHO

PucyHnok 5. — UnTepakTuBHBIE 3JIeMeHThI MoayJis1 «K KoHTpoJb 3HaHMID) (IMaJI0T)
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JAMIEBAA YACTD

OMKOBOM Y3E1

DILLTPYIOULE HOETOMAIOMIAS KOPOEKA

OMKOBOM YIE1

DHILTPYIOUE HOFTOMAIOIIAR KOPOBKA HEPETOBOPHOE YCTPONCTBO NEPENOBOPHOE YCTPORCTRO

YIET KTAIAHOB BBLIOXA YIET KTALAHA BIOXA JIIEBAA YMACTH YIET KIATAHOR BELIOXA YIET KIATAHA BIOXA

Pucynok 6. — IaTepakTUBHbBIE 3J1eMeHThI MOAY.1 « KOHTpoJIbL 3HAHMIDY
(Haxo:K/IeHHe COOTBETCTBHII MEKIY CJ10BAMU M 00bEKTAMM )

TakuM o0pazoMm, pa3pabOTaHHBIM BUPTyaJIbHbII MHTEPAaKTUBHBIN TpeHaxep «IIpoBepku
IIPOTHBOIa3a» BBITJISAUT HArJsIHO, MHTEPAKTUBHO, NMPO(ECCHOHAIBHO M IO3BOJMT CaMOCTOS-
TEJIbHO MPUOOPECTH YMEHHUS IPABUIIBHOIO UCIIOJB30BaHUs Ipaxaanckoro nporusorasza ['TI-7 nnmn
MOJKET OBbITh HUCIIOJIb30BaH B MPENOJaBaHUU JUCIMIIIMH, KaCAIOLIMXCs COOTBETCTBYIOIIUX pa3jie-
70B o0ecrieyeHnst Oe30MacCHOCTH B YPE3BBIUANHBIX CUTYAIHSX.

3aki0ueHue

B pabote npu ucnonb3oBaHUM peAaKTOpa IEKTPOHHBIX KypcoB iSpring Suite pazpaboTaH
BUPTYaJbHBbIA MHTEPAKTUBHBIA TpeHaxkep «IIpoBepku mpoTtuBorasza». PazpaboTaHHbBIN TpeHaxep
MOJKET OBbITh MCIIOJIb30BaH /ISl MOJIY4YEHUs 3HAHUN U OLIEHKU C(HOPMUPOBAHHOCTHU IOJIyUYEHHBIX
yYMEHUH NpaBUIbHON AKCIUTyaTallMM rpakaaHckoro nporusorasa ['TI-7:

— pabOTHMKaMM OpraHu3alMii, B 003aHHOCTH KOTOPBIX BXOJHT HCIIOJIb30BaHUE CPEJICTBA
VHJIMBH1yaJIbHOM 31U THI OPTaHOB JbIXaHUS;

— o0yyJaronumucsa U pabOTHUKaMM OPraHOB M MOJpPAa3JIeIeHUH 10 Ype3BbIYaliHbIM CUTYya-
uusM PecniyOnuku benapycs;

— pabOTHMKaMM XMMHUYECKH U PaJUallMOHHO OIACHBIX OOBEKTOB, APYTHMX OpraHU3aluil,
HaXOJSAIIUXCS B BO3MOKHBIX 30HaX PaJIUOAKTUBHOTO 3arpsA3HEHMs U (MJIM) XMMHUYECKOTO 3apaxe-
HUS, ONpPEJENICHHBIX B COOTBETCTBUM C HOPMATUBHBIMU MPABOBBIMU aKTaMH B OOJIACTH 3allUThI
HAaCEJIEHUs U TEPPUTOPHUM OT YPE3BBIYANHBIX CUTYallMH MPUPOTHOTO U TEXHOINEHHOTO XapaKTepa;

— HaceJICHUEeM, NMPOKHUBAIOIIUM (HAXOSAIIMUMCS) B BO3MOXKHBIX 30HaX PaJlMOaKTUBHOIO 3a-
IpA3HEHMS U (WIIM) XUMHUYECKOTO 3apaKeHUS;

— MIEPCOHAJIOM OPTraHOB YIPABICHHS M CHJI TPaXJTaHCKOW OOOPOHBI, MPHUBIEKAEMBIM IS
IIPOBEJICHUS aBapUITHO-CIacaTeIbHBIX U APYTUX HEOTIOKHBIX pabOT B BO3MOKHBIX 30HAX 3arpss-
HEHMS (3apaKeHUs).

JIUTEPATYPA

1. Cocynos, WU.B. PagmaunonHnas, xuMudeckas W OHOJOTMYECKas 3alliTa HaceJICeHUs: Lelb, 3aJauu
W HaIlpaBJIeHUs] coBeplIeHCTBOBaHUs Ha riepuon 1o 2020 roxa / M.B. Cocynos [u ap.] / TexHonoruun
rpaxnanckoit 6ezonacuoctu. — 2014. — T. 11, Ne 4 (42). — C. 22-28. — EDN: TAKIBL.

2. Ocynos, A.X. UHTepakTHBHBIE TPEHAXKEPHI U X posb B yueOHOM npouecce / A.X. FOcynos // lHHO-
BanoHHas Hayka. — 2019. — Ne 1. — C. 60-61. — EDN: YVLDHF.

3. llakyHoB, A.A. Vcronb30oBaHue MHTEPAKTUBHBIX TEXHOJIOTUH M COBPEMEHHBIX TEXHUYECKUX CPEICTB
B o6pa3oBarensHOM mporiecce / A.A. Ilakynos, N.I1. Kopxos, JI.U. Byskesuu // J[lononauTenpHOE 00-
pa3oBaHue B3POCIBIX: MPOOJIEMBI U MEPCIEKTUBBI pa3BUTUs: c0. MatepuanoB | X MexayHap. 3a04HON
Hay4.-TIpakT. KoH., . MuHck, 31 maprta 2023 r. — Munck: VI3, 2023. — C. 76-79.
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BupryajabHblii HHTepaKTHBHBbIH TpeHaxkep «IIpoBepku npoTuBorasa»
Virtual interactive training simulator «Gas mask checks»

byakeeuu JIroomuna Heanosna
KaHIUAAT (PU3UKO-MaTeMaTHIYCCKUX HAYK,
JIOLIEHT

Ounmnan «MHCTUTYT podhecCHOHATEHOTO
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VIRTUAL INTERACTIVE TRAINING SIMULATOR «GAS MASK CHECKS»
Buyakevich L.I., Klezovich S.1., Tsakunov A.A., Krot A.A.

Purpose. Development of a virtual interactive training simulator «Gas mask checks».

Methods. The general methodology of the work included the study of available ways to create virtual
interactive simulators (analysis, synthesis, comparison) and the development of a virtual interactive train-
ing simulator «Gas mask checks» using the iSpring Page software.

Findings. The basic principles of the device and operation of individual gas masks are considered.
A virtual interactive training simulator «Gas mask checks» was developed in HTMLS5 format for use on
a computer, tablet, smartphone or other electronic device with an installed web browser.

Application field of research. The virtual interactive training simulator «Gas mask checks» is de-
signed to gain knowledge and assess the formation of the acquired skills in correct use of the civilian gas
mask GP-7 by employees of organizations whose duties include the use of personal respiratory protection
equipment.

Keywords: interactive simulator, course editor, gas mask.
(The date of submitting: July 10, 2023)
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JTOCTUKEHUSI YHUBEPCUTETA I'PAXKIAHCKOM 3AIIUTBI
B PECITYBJIMKAHCKOM MOJIOAEX KXKHOM ITPOEKTE «100 UIEH J1JIA BEJIAPY CH»

Honesoxa U.M., Kamurok A.H., I1acosen B.H., KpusaJs /I.B.

Llenv. Ananu3 yyactusi paOOTHHUKOB U 00y4aromuxcsi Y HUBEPCUTETA TPAXKAAHCKOH 3a-
LIUTHI B PECITYOJIMKAaHCKOM MOJIoJe:KHOM npoekTe « 100 uneit mis benapycmy.

Memoovl. TeopeTHueCKUit aHATIH3.

Peszynomamer. llpeacraBneH 0030p IPOEKTOB, C KOTOPHIMHU pAaOOTHUKHU M 00YyUarOIInecs
VYHHBepcHTETa TPaKIAHCKOH 3allIUThl CTAld NOOCTUTEISIMUA B PECITyOIMKAaHCKOM MOJIOJEK-
HoMm mpoekte «l100 wmmerr mns bemapycw». IlogpoOHO paccMOTpeH KaKABIH IPOEKT-
nobenutens. Takke B cTaThe MpeacTaBicHa HHPOPMAIUS O MOPSJIKEe OPraHU3alWU U MPOBe-
JIEHUS PeCIyOIMKAaHCKOT0 MOJIOASKHOTO MpoekTa «100 uaeit mist bemapycuy.

Obnacmv npumenenus ucciedoganuti. IlpencraBieHHast B ctaTbe HHPOPMAIHST MOKET
OBITh TOJIE3HA JUIS JaNTbHEHIIIEro Pa3BUTHS HAYKH M TEXHUKH, a TaKXKe JJIS MOMyJIIpU3aiuu
HAYYHBIX 3HAHUW CPelTd 00YYaIOINXCS.

Knioueswie crosa: IIPOCKT, MOJIOZACKDb, MHHOBALIMA, HAYYHO-TCXHUYCCKAA pa3pa60TKa.
(IToctynuna B penakuuto 20 uronst 2023 1.)

Beenenue

B nacrosmee Bpems B Pecniy6nuke benapych 3HauMTeIbHOE BHUMaHUE YAEISACTCSA Pa3BU-
THUIO U TOJAJIEPKKE DPA3JIMYHBIX MOJIOAEKHBIX MHHULKMATUB. Ha ypoBHe rocynapcrsa MOJYYUIH
HOJIEPIKKY MOJIOZIEKHOE N300pEeTaTeNbCTBO, PALMOHAIN3ATOPCTBO, BHEAPEHUE B PEANIbHBIN CeK-
TOp PKOHOMHKH MHHOBAIIMOHHBIX NMPOEKTOB M HAYYHO-TEXHUYECKHX Pa3pabOTOK, MPEICTABISIO-
IIMX MPAKTUUECKUH MHTEpeC s COLMaTIbHO-I)KOHOMHMUYECKOTO pa3BUTUA cTpaHbl. Hanbonee sip-
KUM TIPIMEPOM TIOJIMTHUKHU TOCYapCTBa B IaHHOM HAIpaBIICHUH sBisieTcsl Hayapmmiics B 2011 r.
pecryOarKaHCKHi MostofiexkHbI npoekT «100 uneit ans benapycu», peanusyemsblit 001ecCTBEH-
HbIM o0bennHeHneM «benopycckuil pecrrybnukanckuii coro3 Monoaexu» (OO «bBPCMy), Munu-
crepcTBoM oOpa3oBanusi Pecniy6nuku benapycs, 'ocyaapcTBeHHBIM KOMUTETOM IO HayKe M TeX-
nosorusim PecniyOnmuku benapycs (IKHT), Hatnonansnoit akanemueii Hayk benapycu (HAH be-
napycu). Llenpro peanusanuy NpoOeKTa ABISAETCS aKTUBU3ALMSA WHHOBAIMOHHOTO MBIIUICHUS
MOJIO/IE’KH, IPUBJICUCHHUE €€ K PEIICHUIO 3ajjad COIMabHO-3KOHOMHYECKOIro pa3BuTusa Pecmy6-
muku benapyce, a Takke CTUMYJIMpPOBaHUE I'Pa)IaHCKMX MHHULMATUB K pealu3allid MHHOBALU-
OHHBIX [TPOEKTOB U HAYYHO-TEXHUYECKUX pa3pabOTOK.

[TpoexT mpoBoauTCs B yeThipe 3Tana. Ha mepBoM stame ocyuiecTBisiercs HHGOPMUPOBa-
HUE MOTEHIMAJIBHBIX YYaCTHUKOB M MPHUEM 3asBOK IOCPEACTBOM 3alojHEHHs! (OopMbl Ha caiite
100ideas.by. Ha Bropom 3Tamne — oTOOp 3asiBOK OT yupexaeHui o0pa3oBaHus U MPOBEJECHHE paii-
OHHBIX TypoB TeppuTopHanbHbIMU KomuTeTamu OO «bPCM». Ha Tpetbem sTane opraHusyercs
paboTta 00JaCTHBIX BBICTABOK MOJIOJIEKHBIX IPOEKTOB M HAYyYHO-TEXHHYECKUX pa3palboToK,
a TaKKe 3acefjaHre OOJACTHBIX IKCIEPTHHIX COBETOB. Ha ueTBepTOM 3Tamne npoBoasTcs (pUHAIb-
HBIA Typ M 3aceaHHe PecIyOJIMKaHCKOTO 3KCIIEPTHOTO COBETA, a TaKXKe €KerojHas BBICTAaBKa-
Mpe3eHTAalMs] MHHOBAIIMOHHBIX [TPOEKTOB U OINpeeIeHIE 00eIUTENeH.

[Tpu 3TOM K y4acTHio B peciryOiaMKaHCKOM MoJofexkHoM npoekte «100 uaeit ais benapy-
CH» JIOTIYCKAaIOTCS MOJIOZBIE JIFO/IM, B TOM YHCJIE B COCTaBE KOJUIEKTHBA aBTOPOB, B BO3pacTe oT 14
7o 31 roma U MoONOAbIE yYEHBIE, OCYLIECTBIISIONINE TPYIOBYIO ACSITEIBHOCTb B YUPEKICHHIX
BBICILIEr0 00pa3oBaHus U opranusanusx, nonunHeHHbIx HAH benapycu, 3aHsiThie B BBIIOTHEHUN
HAy4YHBIX MCCIIEI0BAaHUM, O TOCTHKEHUS MU CIIEAYIOLIEro BOo3pacTa: JOKTOp Hayk — 10 40 ier,
KaHJIUJaT HayK, paOOTHUK Oe3 CTeleHu, MONTYYUBIIMNA BbICIiee 00Opa3oBaHME, acCMPAHT, Maru-
CTpaHT — 710 35 net. Bece yuacTHUKM AENATCS Ha 1BE TPYIIIbI:

1-s rpymma — yqamuecs: YUpeKICHHH 00IIero cpeHero, mpogecCuoHaIbHO-TEXHUYECKOTO
U CPE/IHEro CIEeUaIbHOT0 00pa30BaHus;
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2-51 TPy — CTYJICHTHI, KYPCAHTHI, CIYIIATETN YUPEKJACHUN BBICIIErO 00pa3oBaHMsl, pa-
OoTaroIIast MOJIO/ICKb, MOJIOJIbIC YUCHBIE.

ABTOpCKHE TPOEKTHI, MPEJACTaBICHHbIE B BUJAC IMpPE3CHTAIi, BUIACOPOJIUKOB, MAKETOB
1 00pa3IoB M3AeNni, 00eCIIeYeHHBIC Pa3JaTOUYHBIM MaTepUaIOM, OIEHUBAIOTCS SKCIEPTaMH Ha
OCHOBE KpPUTEPHUEB AKTYaJIbHOCTU 3aABJIICHHOW TE€MbI, MPAKTUUYECKOW 3HAYUMOCTH BBIITOJIHEHHOU
paboThI, BO3SMOKHOCTH peajbHOM peann3aluy IpoeKTa, HOBU3HBI HJICH TIPEICTABIIEMOT0 IIPOCK-
Ta, COBPEMEHHOCTH ¥ HTHHOBAIIMOHHOCTHU MOJX0/I0B B PEIICHUH 3aBICHHON MMPOOJIEMBI, YeTKOCTU
1 JIOTUYECKOW 0OOCHOBAHHOCTH B TIOCTAHOBKE II€JICH M 3a7a4 WMHHOBAIIMOHHOTO MPOEKTa, OPUTH-
HAJIBbHOCTH aBTOPCKUX KOHUENUHMH M MPAKTHYECKUX peKomeHaauuil. Ha OCHOBaHMHU OIIEHKH
MMPOCKTOB KOHKYPCHOW KOMMCCHEH OIpEACNSIOTC MOOEIUTENN B CICAYIOINX HOMHHAIMIX:
JHEPreTHKa, B TOM YHCIIE aTOMHAs SHEPreTUKa, U dHEProdEeKTUBHOCTH; arpOMPOMBIIIICHHBIC
TEXHOJIOTHU U (HepMEpPCTBO; MPOMBIIIUICHHBIE W CTPOUTEIbHBIE TEXHOJOTHUH;, 3PABOOXPAHCHHUE
(MEIUIIMHCKHAE TEXHOJIOTHUH, (apMaivs, OWo- W HAHOWHIYCTPHS), XUMHUYCCKHAE TEXHOJIOTHH,
Herexumus; MHPOPMAIMOHHO-KOMMYHHUKAIIMOHHBIE TEXHOJIOTMH; JKOJOTHUS (pallMOHAIBLHOE
MIPUPOJIOTIONB30BAaHUE U TIIyOOKasi IepepadoTKa MPUPOAHBIX PECYPCOB); HallMOHAIBHAs Oe3omac-
HOCTh M 3alllUTa OT YPE3BBIYAMHBIX CUTYAIIHMi; OOIIECTBO U coluanbHas cdepa; ydmias OusHec-

nues.

OcHoBHAA YaCTh

C 2014 r. nmoGemurenssMu B Pa3IMYHBIX HOMHMHAIUAX, a TAKXKE IBAXIbl 00JaJaTelIsIMH
I'pan-nipu KOHKYpca CTAHOBUJIUCH MPEJCTABUTENN YHUBEpCUTETA (TalII.).

Tadauua. — [Mob6enurenu pecnyoIUKAHCKOT0 M0J10/1e:KHOr0 npoekTa «100 uneii njasa beaapycuy»
OT YHMBEpPCUTETA IPAKAAHCKON 3aLUTHI

Ton ®.1.0. yuyacTHHKa HasBanue npoekra Homunarmus
2014 | Maxcumos IlaBen I'eneparop orueTymamero a’po30is [IpoMbINIIEHHBIE TEXHOJIOTHH
Bragumuposuu OIEPATUBHOIO IPUMEHEHUS C OXJIaJUTe- U TIPOU3BOJICTBO
JIEM NIOKApOTYyIIAIIEH cCMecU
2015 | Kamrox AHpapeit KaBuTanoHHb1il BOAONEHHBIA HAacCa10K I'pan-nipu KOHKYypca ¢ BpydeHHEM
Hukonaesuu, Yan JIbik MO’KapHOTO CTBOJA CIELHAIBHOIO FPaHTa
Xoan, I'pauynun ot xommanun «Koxa-Komna
Anekcannp BraguMuposud bespuxus benopyccusi»
2016 | Mopo3zoB Aprem CTBOJ MOXKApHBII PyYHOH YHUBEpCAab- I'pan-mipu KOHKYpCa ¢ Bpy4YeHHEM
AnexcaHapoBHY HBIH KOMOMHUPOBAaHHBIN « BUKHHI CIIELMAIILHOTO IPAHTAa
ot xommanun «Koxa-Komna
bespuxus benopyccusi»
JIykbsiHOB Anekcanp HanokoMNo3UIIMOHHBIE MaTepHUAaIIbI XUMHYECKUE TEXHOJIOTHUH,
Cepreesuu, Kpusans Ha OCHOBE IoJaM3(HUpa 1 MoJIMaMua, HedTeXuMHus
Henuc Bukroposuu, oOagarorue mepMaHeHTHOM
Hazaposuu Annpeit OTHECTOMKOCTBIO
Hukonaesuu
2017 | Kypos Mapk KoMmrmo3uimoHHsIi aJIcopOeHT Ha OCHOBE | DHepreTuka 1 3HeprodppeKkTus-
Muxaiinosuu Mo (pUKAIIMOHHONH OCHTOHUTOBOH INIMHBI | HOCTh, aTOMHAsI SHEPreTHKa
JUIsl TUKBUJALIMY aBapUIHBIX Pa3IMBOB
He(TH U He(TEIPOTyKTOB
Bopmak Cepreit Tpenaxep s TAKTUUECKOM MOJTOTOBKHU HanmonansHas 6€30MacHOCTb
CepreeBuu YJICHOB KOMHUCCHH I10 Ype3BbIYaliHbIM 1 000POHOCTIOCOOHOCTS, 3aIUTa
CUTyalusIM OT YPE3BbIUANHBIX CUTYyalil
2018 | JIuxomaHOB Anekcei ITenHsie opocuTeny U3 MOMWIAKTHAA Ayt | HarmoHansHas 6€30macHOCTh
OmneroBuy ABTOMAaTHYECKHUX YCTAaHOBOK MTOXKapOTY- 1 060pOHOCIIOCOOHOCTH, 3aIIUTa
IIEHUs OT YPE3BbIUANHBIX CUTYyalil
Hpo3n Kupun JlesiTeIbHOCTh IO BOCCTAHOBJICHUIO OO011eCTBO, 9KOHOMHKA
MuxaiinoBuy HUCTOPUYECKOMN NaMsATU B KOHTEKCTE U conuanbHas cdepa
MaTPUOTUUECKOT0 BOCIIMTAHUS MOJIOIEKU
2019 | [TuBoBapoB Anexcanap Hcnonbs3oBanue TexHonoruu Juist padorsl | HaumonansHas 6e3omacHoCcTh
Bnagumuposuu ¢ GEH30pEe30M IIPH BCKPHITHH ABEpEH 1 000pOHOCIIOCOOHOCTD, 3aIUTa
B HEMPUTOAHOM JJIs IbIXaHUS Cpeae OT Ype3BbIYAMHBIX CUTyaLuil
316 BecmHuk YHueepcumema epaxdaHckou 3auwumsl MYC benapycu, T. 7, Ne 3, 2023

https://journals.ucp.by/index.php/jcp




PasHoe (0630pbi)

IIpoxosxenune TadJauIbI

Ton ®.1.0. ygacTHuKa HaszBanne npoekra Homwunanms
2020 | PeoxxoB Muxami Orrerymmurens Full Up HammonansHast 6€301acHOCTB
Bopucosnu 1 000POHOCIIOCOOHOCT, 3aINTa
OT Ype3BBIYAWHBIX CUTYalUN
2021 | T'ycapos Hropb Tpenaxkep TSl MOATOTOBKH CITacaTelIe- HanmonansHas 6€301MacHOCTb
CepreeBuu MO’KapHBIX ¢ UMUTAIUei 3pdexTon 1 000POHOCITIOCOOHOCTB, 3aINTa
(U3MYECKUX BO3JEHCTBHI B YCIOBUIX OT Ype3BbIYaHBIX CUTYaIHH
BHUpTyasbHOHU peanbHOocTH VERS
2022 | KoxaunoBckuii Erop PI'T-800 (pacmbunTens rerepodazHoro HaunonansHas 6e30macHOCTh
Wnbnu TYLIEHHS) 1 000pOHOCIIOCOOHOCTD, 3aIIUTa
OT Ype3BbIYaHBIX CUTYyaluil

[lepBbIM MoOGeaUTENEM pECcCyOIMKaHCKOTO MosonexkHoro npoekra «100 uaei mis bena-
pycu» u3 yrcia paboTHUKOB yHuBepcuteta B 2014 r. cran I1.B. MakcuMoB, KOTOpBIH ¢ IPOEKTOM
«I'eHepaTop OrHETYyIIALIEro a’po30Jisl ONEPATUBHOIO NMPUMEHEHUS C OXJIAaJUTEIEM MOXKapoTy-
miamei cmecn» ojiepxkail 1nodexy B HOMMHALUM «IIpoMBIlIUIEHHBIE TEXHOJIOIMH M IPOU3BOJ-
ctBo». IlpencraBneHHas pa3paboTka OTHOCUTCS K TEXHHYECKUM YCTpPOMCTBAM I'€HEPUPOBAHUS
OTHETYILAIIEro a’3po30Ji U MpeAHa3HAuYeHa JUId TYIIEHUs IOXKapoB B 3aKpPbITHIX 0ObeMax IMpo-
CTPaHCTBA, B KOTOPBIX HCKIFOUEHO HaXOXKCHHUE Jroeit [1].

Ha pucynke la npezicraBieH ONBITHBIA oOpa3zel] reHepaTopa OTHETYILAIIEro a’po30Jisi
C OXJIAJUTENIEM IIOKapOTyIIAIled cMecH, Ha pUCyHKe 16 — BUJI yKa3aHHOTO reHepaTopa B pa3pese.
I'eHepaTop OrHeTyIIAIIEro a3po30Js ¢ OXJIaIUTeNeM M0KapoTyLIaleil CMeCH COACPKUT BEPXHHM
crakaH 1, HIOKHMIA cTakaH 2 C OTBEPCTUEM JUIsl TIPUCOSAMHEHUS 3anana 3, MpUYeM BEpXHUH CTa-
kaH 1 Gonbliero auamerpa, yeM HUKHMHA CTakaH 2. BHYTpb HM)KHEro cTakaHa 2 IOMeIaeTcs
TBEpAbIN a’p030s1e00pa3yrouuii coctaB 4, IpUYeM MEXy HUMH YCTaHABIMBAETCS TEIJIOU30JIs-
LUOHHBIN cioit 5. TToBepx TBepOro a’po3osieo0pasyroiero cocrapa 4 B HUXKHHUM cTakaH 2 ycra-
HABJIMBAIOTCS (PPAKIIMOHHBIA QHIBTP 6 M TETUIOM3OJSIIMOHHBIA cioi 5. HmwkHuii crakan 2 3a-
KPBIBAETCSI COOCHO BEPXHHUM CTakaHOM 1 Takum 0Opa3oM, YTO BEpXHUH Kpail HU)KHEro CTakaHa 2
HE COIpHKacaeTcs C JHOM BEpXHEro crakaHa 1 m obecrieumBaeTcs 3a30p MEXAY MX CTEHKaMH,
IIpUYEM B JaHHBIM 3a30p Ha HApYKHYIO TOBEPXHOCTh HIKHETO CTakaHa 2 yCTaHABJIMBAETCS IPO-
(dbunupyroas BcTaBka 7, KOTopasi o0pa3yeT 3a30p B ¢hopmMe KoJiblieBoro coria Jlapas.

S
;T
~—
— |
|
a — OTIBITHBIH 00paser] 6 — B COOKY B paspese

Pucynok 1. — I'enepaTop orserymaniero ajpo3oJisi ¢ OXJIaquTeJeM MOKapoTyIIamieil cMecH

Miscellaneous (reviews) 317




Journal of Civil Protection, Vol. 7, No. 3, 2023

TexHuuecKuil pe3yabTaT JOCTUTAETCS OCPEICTBOM TOTO, YTO C IOMOIIBIO 3amana 3 Mmoj-
YKUTAETCsl TBEPbld a’po30sie00pa3yroninii cocras 4, MPOIyKThl TOPEHHUsS] KOTOPOTo (OTHETYyIa-
M a3p030Jib) Yepe3 PpaKIMOHHbIN GUIBTp 6 U nanee yepes 3a30p MEXAy CTCHKaMH BEPXHETO
cTakaHa 1 ¥ HWXKHEro cTakaHa 2 ¢ MpoUIMpYIONIel BCTaBKOW 7, 0Opa3yrolieil 3a30p B hopme
KOJIbIIEBOrO corula JlaBaiis, BBIXOAAT B OKpY’Karoulyro cpeay. Ilpu mpoxoxaeHnu KpuTH4ECKOro
ceueHus 3a3opa (caMoil y3KOi ero 4acTu) OrHeTyIIAluil a3po30ib NpUoOpETaeT CKOPOCTh, paB-
HYI0 CKOPOCTH 3BYKa, a IIPU IPOXOXKAECHUH Jajiee 10 3a30py OrHETYIIAIUI a3p030JIb PacIIupsIeT-
Csl U YCKOPSIETCS 10 CBEPX3BYKOBBIX 3HAUEHUU CKOpOCTei. [Ipu 3TOM MIOTHOCTh OrHETYIIAIIETO
a’p0o30Ji1 PE3KO YMEHBIIAETCS, BCIEACTBUE YETO0 PE3KO YMEHBbLIAETCS U €ro TemrmepaTrypa. JTo
MO3BOJISIET CHU3UTh TEMIIEpaTypy CTPYH OTHETYIIAIIETO a’dpo30Jis 10 3HaueHuit menee 100 °C.

Temnon30/ALUOHHBIN CIOH O HM30JUPYET HO BEPXHETO CTakaHa 1 M BHYTPEHHIOKO IO-
BEPXHOCTh HIKHETO CTakaHa 2 OT BO3JEWUCTBUSA Ha HUX PACKaJCHHBIX MPOIYKTOB FOPEHUS TBEp-
JI0TO a3po30jieodpasyromero cocrapa 4. OpakMOHHBI QMIBTP 6 MpeaHa3HAYeH IS MCKITIOYe-
HUS BO3MOXHOCTH BBIOpOCa UCKp U IJIAMEHH MpU paboTe reHepaTropa OrHETYIIAIIEro a’po30Jisd
C OXJIaJUTENIEM MoKapoTyaniei cmecu. TakuM 00pazoM, IPeIoKEHHOE YCTPOMCTBO MTO3BOJISIET
MCIIOJIb30BaTh T€HEPATOP OTHETYIIAIIETO a’p0o30Jisi C OXJIAJUTeNIeM MOKapoTyIlanle cMecu Aiis
TYILIEHUS [105KapOB, UCKIII0Yasi BO3MOYXKHOCTh UX IIOBTOPHOTO BOSHUKHOBEHHS.

[ToGequtenem pecnyOIMKAaHCKOTO MosoAekHoro mpoekta «100 wunmeit mns bemapycu»
B 2015 r. npu3HaH aBTOpckuil KoyiekTuB B coctaBe A.H. Kamitoka, Yan J{pik XoaHa (Ha MOMEHT
MpOBeJIeHUSI KOHKypca oOydascs B abIOHKType yHuBepcurtera), A.B. I'pauynuna ¢ mpoekTom
«KaBUTAIIMOHHBIN BOJIOTICHHBIA HACAJIOK MOXAPHOTO CTBOJIA». Pa3paboTka OTHOCUTCS K MPOTH-
BOIOKapPHON TEXHUKE, UCIIOJIb3YyEeMOM I MOXKAPOTYIICHUS U JTUKBHUJIAIUU APYTUX YPE3BbIUALi-
HBIX CUTYalluil, 1 MOXET OBITh UCIIONBb30BaHa U PACHIBIICHHUS OTHETYIIAIINX CPENCTB C IEINBI0
CO3JIaHMS MEJIKOUCIIEPCHOM CTPYH MJIH [IEHBI HU3KOM KpaTHOCTH [2; 3].

Ha pucynke 2a npencraBieH ONBITHBIN 00pa3el] KaBUTAI[MOHHOTO BOJIOIIEHHOI'O Hacajka
MOKapHOTO CTBOJIa, HA PUCYHKax 26 — BUJ YKa3aHHOTO Hacajaka B paspe3e. KaBuTannoHHBIH
BOJIONIEHHBIM HACaJOK MOXKapHOTO CTBOJIA COJEPKUT LIMIUHAPUYECKHUI Kopryc 1, B 0JHOM TOpIIe
KOTOPOTO BCTaBJIEH HA0OP CETOK 2, 3aMKCHUPOBAHHBIN KOIBIIOM 3 U 3a)KaThlil BTYIKOH 4, a B Ipy-
rOM TOpIE BBIMOJIHEHBI I[EHTPAIbHOE U adpallMOHHbIE OTBEPCTHUS [/, MPUYEM B LIEHTPAIBbHOE
OTBEpCTHE BCTABIEHO cOILIo 5. Co CTOPOHBI ATOTO ke Topla Kopnyc 1 coequHeH ¢ OCHOBaHUEM 6,
KOTOpOE€ MMeeT pe3p0y 8 Ui MpUCOSIMHEHHUS K TIOKAapHOMY CTBOJY. Bce BbIlIenepedncieHHbIe
AJIEMEHTHI PACIIONOKEHBI IO OTHOIICHUIO APYT K APYTy COOCHO, IPUYEM BHYTPEHHHE CEUEHHUS
kopmyca 1, coma 5 1 ocHoBaHUsl 6 00pa3yrOT MPOTOYHBIM KaBUTUPYIOLIUI TPAKT, BHIITOJIHEHHBINA
B BU/I€ TIOCJIEIOBATEILHO PACIONIOKEHHBIX YUACTKOB Pa3IMYHON KOH(MUTYPAIIHH.

4 J 2z 17 5 6 4
n =

a — OTIBITHEIH 00paser] 6 — B COOKY B paspese
Pucynok 2. — KaBuTAllMOHHBIH BOJONIEHHBI HACAJOK I0KAPHOI0 CTBOJIA

TexHuueckuil pe3ynbraT pa3paboTKH JOCTUTaeTcsl MOCPEIACTBOM TOTO, YTO KaBUTAIMOH-
HBI BOJIOTICHHBIN HAacaJlOK MO>KapHOTO CTBOJA MPHU MOMOIIH pe3bObl 8 KpemuTcs K MOKapHOMY
ctBoity. M3 moapHOTO CTBOJIa pacTBOP BOJBI M MEHOOOpa30BaTeNs MOCTYIAET BO BHYTPEHHEE
CeueHHEe OCHOBaHUsS 6 M MpHU MOCIEA0BATEIHLHOM MPOXOKICHUH Yepe3 BHYTPEHHUE CEUEHUs OC-
HOBaHUs 6, coruta 5 u kopryca 1 (MpOTOYHBIN KaBUTHPYIOIMIUA TPAKT) 0OECTICUNBACTCS KaBUTa-
IIMOHHBIA PEXHMM TEUSHHs PacTBOpa BOJBI U MeHOOOpa3oBareis. Uepes a’pariioHHbIE OTBEPCTHS {
Koprryca 1 ocymiecTBisieTcsl OJICOC BO3MyXa M3 OKPY)KAIOIMIEH Cpelbl B MOTOK PacTBOPa BOJBI
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U ieHooOpazoBarens. JlanpHeliee MpoxoxkIeHHe HACKIIIIEHHOTO BO3AyXOM MOTOKAa PacTBOpa BO-
Ibl 1 TIeHOOOpazoBaress yepe3 Habop ceTok 2 obecreyrBaeT reHepUpPOBaHUE OAHOPOIHONW Med-
KOJMCIEPCHOM MEHbl HU3KOM KpaTHOCTH, KOTOPas MOXKET ObITh MCIOJIb30BaHa JUIsl TYLIEHHUS I10-
xapa. Konbiio 3 u BTyska 4 ciryxkaT I KperuieHus: Habopa ceTok 2 B Topiie kopmyca 1. Takum
00pa3om, MpeIoKEHHOE YCTPOHCTBO MO3BOJISET UCIOIB30BATh MOXKAPHBIA CTBOJI, KOHCTPYKLIUS
KOTOPOTO HE MO3BOJISIET FEHEPUPOBATH MEHY HU3KOW KPATHOCTH.

I'pan-nipu pecmyOimkanckoro MonoaexkHoro npoekra «100 uneit mis bemapycu» B 2016 1.
nonyunn A.A. Mopo3oB ¢ npoektoM «CTBOJ MOXKapHBIA PYYHON YHHUBEPCATbHBIH KOMOMHHPO-
BaHHBIN "Bukunr'y. Pa3paboTka OTHOCHTCS K MPOTHBOIIOKAPHON TEXHUKE, MUCIIOIb3YEeMOU JUIs
MOKAapPOTYIICHUS U JIMKBUJIALIUU JPYTUX YPE3BBIYANHBIX CUTYallUi, 1 MOKET OBITh UCII0JIb30BaHA
i (opMHUPOBaHUS CIUIOIIHONW WJIM PacHbUIEHHON CTpyHW BoIbl ¢ pacxomom ot 0,5 mo 5 in/c,
a TarKke MEeHHOM cTpyH (MPH yCTAaHOBKE MEHHOTO HAacajKa) pa3iudHo# kpatHocTH [4; 5].

Ha pucynke 3a npenacraBieH onbITHBIN 00pasell, Ha pUCyHKE 36 — B pyYHOTO KOMOWHU-
POBAHHOTO MOXAPHOTO CTBOJIa B pa3zpe3e. BXxoa py4HOro cTBoja UMEET COETUHUTENBHYIO TOJIOB-
ky ['TI-50 1, koropas mpucoeauHEeHA K BpamaroneMycs: nepexoanuky 2 (puc. 30). Ilepexomnuk
MOJICOEIMHEH K KOPIYCYy 3 ¢ MOMOIIBIO MPOTOUYEK, B KOTOPbIE BIOKEHBI CTAIbHbIE IAPUKH
U B LIEJISIX TEPMETUYHOCTH YCTaHOBJIEHA pe3uHoBas npokiajka. [lepekpbiBHOE ycTpoiicTBo 4
C MOMOIIBIO0 PYKOSITKU 5 MO3BOJSET MEPEKPHIBATh U MJIABHO PETYIUPOBATH KOJIMYECTBO MOCTYyIa-
roleit Boabl. JlaHHBIN y3en npenHa3HaueH Jjs 00JIerYeHus: MaHEBPUPOBAHMSI CTBOJIOM MU JIMK-
BUJIAIIUH YPE3BBIYANHBIX CUTyaluil U moxkapoB. C Apyroi CTOPOHBI IEPEKPHIBHOTO yCTpoiicTBa 4
C TIOMOUIBIO PE3b0OBOT0 COEAMHEHUS MPUCOEAUHEHO YCTPOHCTBO IUIABHOTO PETYIMPOBAHUS TI0-
CTyMarolei BOAbI B CTBOJI 6, KOTOpPOE MO3BOJISIET 0O0ECIeYynBaTh PACX0/] OTHETYIIAIET0 pacTBOpa
¢ (hMKCHPOBaHHBIMHU 3HAYCHUSMHU C TIOMOIIBIO mepexmouarens 7. K xopnycy 3 mpucoenuHeHna
pyKkosiTKa 8, mpeaHa3HauYeHHas sl yIep>KUBaHUS CTBOJIA BO Bpems paboThl. K ycTpoiicTBy miaB-
HOTO PEryJMpOBaHUs MOCTYMAIONIeH BOJBI B CTBOJ 6 NMpPUCOEAMHEH Hacalok 9, mpu BpalleHUH
KOTOpPOT'O OCYILIECTBIIAETCS TUIABHOE NEPEKIOYECHNUE CTBOJIA ISl ITO1aYl KOMITAKTHOM paclblICH-
HOW CTpYyM WJIM BOJTHOH 3aBechl. BHyTpu Hacaaka 9 ycranosien aediextop 10, mpu m3meHeHNH
MIOJIOKEHHUsI KOTOPOro BHYTPU Hacajka M obOeclieunBaeTcs Mojaya KOMITAKTHOM pacHbLICHHON
CTPYH WM BOJHOM 3aBeChl. | epMETUUHOCTh COEIMHEHUHN 00ECIeUnBAIOT PE3NHOBBIE TPOKIIAIKH.

a — OTIBITHBIN 00pazery 6 — BU1 COOKY B paspese
Pucynok 3. — CTB0J nokapHbIi py4HOil YHUBEPCAJIbHbIIT KOMOMHUPOBAHHBIN «BUKHHI»

JInst MCMOIb30BaHUS CTBOJIA HEOOXOIUMO C IOMOIIBI0 coeauHUTENbHONU rojoBku I'11-50
MIPUCOETUHUTD CTBOJ K MOXkKapHOMY pykaBy. Ilogate Boxy. @opma ctpym, pacxon pabouero pac-
TBOpa YCTaHaBJ'II/IBaIOTCSI B 3aBUCHUMOCTHU OT KJ1acca no>1<apa nu HpI/IHHTI)IX TAKTUYCCKUX HpI/IeMOB
tymenus. [InaBHoe u3mMeHeHre GopMbl M pacxoja CTpPyH BO3MOKHO IPOU3BOAUTH BO BpeMs pabo-
Thl. PyKosiTKa EpEKPBHIBHOTO YCTPOMCTBA MO3BOJISIET OTKPBIBATH M MOJHOCTHIO MIPEKpaIlaTh Noaqy
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OTHETYILAIIEr0 PacTBOpa. Y CTPOMCTBO ILUIABHOIO PErYJIMPOBAHMS IOCTYHAIOLIEH BOJbI B CTBOJI
[103BOJISIET 00ECIIeUNBaTh PAacX0/] OTHETYIIAIEr0 pacTBOPa ¢ PUKCUPOBAHHBIMU 3HAYEHUSMH.
Taxxe B 2016 1. B npoekre «100 nneit st benapycu» B HoMMHauuu «XUMHUYECKUE TEX-
HOJIOTUH, HedTexumus» onepskan nodeny aBTopckuil komiektus B coctaBe A.C. JIykbsHOBa,
J.B. Kpusans, A.H. Hazapouua ¢ npoektoM «HaHOKOMITO3ULIMOHHBIE MaTepHalIbl HA OCHOBE
noiauddupa ¥ noiavaMuaa, odaasaroIue NepMaHEeHTHOH OrHECTOMKOCTBhIO». ABTOpaMM MPOEKTa
ObuIM pa3paboTaHbl OTHE3ALIUTHBIE MaTepHajbl Ha OCHOBE monmddupa (puc. 4a) U monuaMuaa
(puc. 40), npeHa3HAYEHHbIE U1 UCIOJIB30BAHUS B KQUeCTBE HAOMBKU Ul MeOEN, MIATKUX UIpy-
IIEK M MaTepHaa Jyis OJICKIbI CIIacaTelieii, a TAKKE BOJIOKHUCTHIX U KOBPOBBIX Marepuaios [6-8].

a — Ha OCHOBE Tonm3pupa 0 — Ha OCHOBE ITOJIaMUJa
Pucynok 4. — HaHoKOMIIO3MLIMOHHBbIE MATEPUAJILI HA OCHOBE MOJINI(UPa U MOJIUAMUIA

B 2017 r. nob6eaurenem npoekra «100 uanei mis benapycu» B HOMuHanuu «DHEpreTuka
1 3Hepro3(HeKTUBHOCTh, aTOMHAs 3HepreTruka npusHan M.M. XKypos ¢ npoekrom «Komnozuiu-
OHHBIN aJCOPOEHT Ha OCHOBE MOJU(UKAIIMOHHOW OCHTOHUTOBOM TJIMHBI JUIsl JTUKBUJAIIMM aBa-
PHUIHBIX pa3nuBOB HeDTH U HeTEenpoayKTOBY [9].

AKTyalbHOCTh pa3pabOTKHU CBA3aHa C TEM, YTO KPYNMHOTOHHAXHBIH TPaHCHOPT HEPTH
u HepTenmpoayKTOB 1o Tepputopuu PecryOnuku benapych ocyiiecTsisiercs: nepeBo3kaMu 1o xKe-
JIE3HOI JJopore U MepeKkaykoil 1o TpyOoonpoBoam, YTO CONPSKEHO C PUCKOM 3arpsi3HEHUs. OKpy-
JKaroIIeH cpesibl B ClIydyae BOSHUKHOBEHUS aBapUWHON CUTYyalUH.

Pa3paboranHblil MOJMMEpHBIN BOJOKHUCTBIA MaTepHall MOJy4YeH IO TEXHOJOTMH melt-
blown u Monu¢uIMpoBaH MyTeM BBEACHUS B MaTepHall BOJIOKHA MOJSPU30BAHHBIX B IOJIE KO-
POHHOTO pa3psija YaCTHUIl MUHEPAJIHLHOTO HAIIOJHUTENS, BCIECACTBUE YEr0 MaTeprall BOJOKHA I10-
nspusyertcs, npuobperas 3apsn anekrpera [10]. [Tonspusanus BoJIOKOH MaTepualia CllocoOCTBYET
TydIeMy 3aJiep>KaHuio TpaHCc(hOpMaTOPHOTO Maciia B closix matepuana [11], kotopoe sBisieTcst
MIPOU3BOIHBIM MPOIYKTOM NapaduHOBBIX YIieBoaopoJoB. HedTs sBiseTCS CIOXHONW CMEChIO
YIJIEBOIOPOAOB M HEKOTOPHIX JIPYTMX OPraHMYeCKUX COEIMHEHHUH, a ee MPOU3BOJIHbIE — HedTe-
MPOAYKTHI (Macia, JU3elbHbIe TOIUIMBA, Ma3yT U Jp.). Takum oOpa3om, yaydiaroTcs 6e3 Toro
XOpOoIIue COpOIIMOHHBIE CBOWCTBA MOJIMMEPHOTO BOJIOKHUCTOTO MaTepuaia OTHOCUTEIbLHO HEPTH
u HedTenpoaykToB [12]. Kpome Toro, Ha MOBEpXHOCTH BOJIOKOH MaTepHaia aare3uoHHO 3aKper-
JIEHBI TBEP/bIE YACTHUI[bl MUHEPAILHOTO COPOEHTa, B KaUeCTBE KOTOPBIX MCIOJIB3YyEeTCSI MOAUGU-
[IMpOBaHHass OeHTOHUTOBAs rnHA [13].

Texnomorust melt-blown mo3BosieT mosy4arh BOJOKHUCTBIA MaTepHas ¢ 3aJaHHBIMH Xa-
pakTEpUCTUKAMM INIOTHOCTH, C 3a/laHHBIM INaMETPOM BOJIOKHA U C HAIIOJIHUTENEM, C aAT€3UOHHO
3aKpEMJICHHBIMA Ha IMOBEPXHOCTU BOJIOKOH TBEPIAbIMH YacTUIIAMU MHUHEPAJIbHOTO COpOEHTa,
¢dbopmoii 1 pazmepamMu B 3aBUCUMOCTH OT (OPMBI U pa3MepoB (HhopMooOpa3yroIeit MoaIokKKy.

Takum o0pa3oMm, ¢ HCIOJB30BAHMEM CBOICTBAa aJJUTHUBHOCTU MONydYeH 3((EKTHBHBII
KOMOWHUPOBaHHBII COPOEHT, CyMMHUPYIOLIMHA COPOLIMOHHBIE CIIOCOOHOCTH MOIU(PHUIIMPOBAHHOTO
MOJIMMEPHOI0 BOJJOKHUCTOrO MaTepuala 1 aire3MOHHO 3aKPEIJICHHBIX Ha IOBEPXHOCTAX BOJIOKOH
TBEPJIBIX YaCTHI] OCHTOHUTOBBIX TTHH. [IpennoskeHHbIH COPOSHT Halesl IPUMEHEHHE TPH JINKBU-
JAllMN aBapUIHBIX PA3JIMBOB HE(PTU U HEPTETIPOTYKTOB.
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Taxoke B 2017 r. C.C. Bopnak onepxain nobeny B MoJoJie)XHOM nipoekte «100 uneit s
benapycu» B Homunanumn «HamuonanbHast 6€30MacHOCT U OOOPOHOCTIOCOOHOCTH, 3allUTa OT
YPE3BBIYANHBIX CUTYaLM» € MPOEKTOM «TpeHaxep Uil TAKTUYECKON MOJArOTOBKU YJIEHOB KO-
MHUCCHH T10 YPE3BbIYANHBIM CUTyauusaM». es mpoekTa 3aKiIYaeTcsl B UCIOIb30BAHUY UHTEPAK-
TUBHOW BUPTYaJIbHOW 00ydYaromieil cpepl Ui MOATOTOBKY YWIEHOB KOMHCCHI 1O Ype3BhIYaHBIM
cutyauusM. Pa3paboranHblii TpeHaxkep MpeaHasHaueH sl GOPMUPOBAHUS Y YICHOB KOMHCCUU
HABBIKOB NPHUHSITHS MPABHIBHBIX YNPABICHYECKUX PEUICHUH B AMHAMUYECKH MEHSIOMIENcs 00-
CTAHOBKE YPE3BBIYANHON CUTyalMH. TpeHaxxep MO3BOISET MOAECINPOBATh BOSHUKHOBEHUE U pa3-
BUTHE YPE3BbIUANHON CHUTyallu MaKCUMAaJbHO MPUOIIMKEHHO K PEAIbHBIM YCIOBHUSM, a TaKkKe
MOJEJIMPOBATh JEATEIbHOCTh KOMUCCHUH 110 YPE3BBIYATHBIM CUTYAlLIUSIM B COOTBETCTBUU C KOMIIE-
TEHITUSMHU JTIOJKHOCTHBIX JIUII, BXOJISIIHNX B €€ cocTaB [14].

B 2018 r. A.O. JIluxomaHoB ¢ TpoekToM «lIeHHbIe OpOCUTENN W3 MOJUIAKTHAA [ aBTO-
MaTUYECKUX YCTAHOBOK IOKapOTYLIECHUS» MpU3HaAH nolOenutenemM B HomMuHanuu «HamuoHnane-
Hasi 0e30macHOCTh U 000POHOCIIOCOOHOCTD, 3alllUTa OT YPE3BhIUANHBIX cUTyanui». PazpaboTka
OTHOCHTCSI K NMPOTHUBOIOKAPHON TEXHUKE, a UIMEHHO K YCTpOICTBaM, IpeIHa3HAYEHHbIM JJIs Te-
HEPHUPOBAHUS BO3YIIHO-MEXaHUYECKON MEeHbl HU3KOM KPaTHOCTH M3 BOJHOTO PacTBOpa MEHO00-
pazoBaTelisd U ee pa30pbI3rUBaHuUs B 3alllUIIAEMOMN 30HE, U IPUMEHSETCS C LIEJIbIO TYIICHUS, JIOKa-
TU3alMi WK OJIOKMPOBAHUA MOXKapa B COCTaBe aBTOMATHYECKUX CTAllMOHAPHBIX YCTaHOBOK
MOYKAPOTYIICHHUS B IIOMEIICHHSIX JKAJIOTO M MPOU3BOJICTBEHHOI0 Ha3HaueHui [15; 16].

a — OTIBITHBIN 00pazer] 6 — BUJ cOOKY B paspese
PucyHok 5. — IlenHsblii opocurtennb

Ha pucynke 5a n3o6paxeH oOLIMii BUJI IEHHOTO OPOCUTENS, Ha 50 — BUJ IEHHOTO OPOCH-
Tens B pa3pese. [leHHbIN TpeHUYepHbIil OpOCUTENH COJIEPKUT KopIyc 1 B BU€ LITyIIepa CO CKBO3-
HBIM OCECHMMETPUYHBIM KOPIYCy KaHAJIOM 2 M MPUCOEAMHUTENIbHONW pe3pboit 3, nepkatens 4,
coJiepKallvii 0 MEHbIIEH Mepe JIBE HOXKKU O, U pa3OpbI3ruBareib 6, BHIIOJHEHHBIH B (hopme
JIMCKa C JICTIECTKaMH 7, pacloIOKeHHBIMU JIPYT OTHOCUTENIBHO JIpyra ¢ 3a3opamu. [Ipu 3Tom Ko-
¢ dunmeHt padodell moBepxXHOCTH pazoOpeiruBatens 6 cocrarisier 80-85 %, BHyTpeHHMIA IUa-
MeTp pa3Opbi3ruBarens 6 coctaBiseT 50-55 MM, BHEIHUM AuaMeTp pazOpbI3ruBarens 6 cocras-
nser 60—65 mm, amHa HOXek 5 nmepxarenst 4 cocrasisier 110-120 mm. TexHHueckuit pe3ynbTaT
JOCTUTaeTcs MOCPEACTBOM TOTO, YTO IMEHHBIH JAPEHUYEPHBIH OPOCHUTENb C MOMOUIbIO pe3bObl 3
Koprryca 1 kpemurest K TpyOOIpoBOIy aBTOMAaTHYECKON YCTaHOBKH TIOXKAPOTYIIECHHSI, H3 KOTOPOM
BOJIHBI PacTBOp MEHOOOpa3oBaTeisl MOCTyNaeT B KaHal 2, XapaKTepU3YIOIIUNACS HU3KHUM TH]I-
paBIMYECKUM COpOTHBIIeHHEeM. Ha BbIXo/ie n3 kaHana 2 popMHUpYETCsl CIUIONIHASL CTPYS BOJAHOTO
pacTBopa NeHooOpa3oBaTesi, KOTOpasi HalpaBIIseTcs BIOJIb HOXKEK 5 nepxarens 4 Ha pa3OpbI3ru-
BaTenb 6, IpW MOMaJaHUK Ha KOTOPBIA MPOUCXOMUT JE3MHTErpaIis MOTOKa BOIHOTO PacTBOpa
neHooOpa3oBarelis, IpUYeM CKOPOCTh MOTOKA M I€OMETPUYECKHE MapaMeTphl JIETIECTKOB 7 pas-
OpbI3ruBarens 6 odbecrednBaloT TeHepUpOBaHUE MTEHbI CO 3HaYeHneM kpatHoctu 11 u 6oree.

Taxxe B 2018 r. aBTOp mpoekTa «/lesATenbHOCTh 0 BOCCTAHOBIEHUIO UCTOPUYECKOM Ma-
MSATH B KOHTEKCTE MaTpuoTHyeckoro Bocnuranus mosoaexu» K.E. Jlpo3n npusHan nobeaurenem
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npoekta «100 uneit st benapycn» B HomuHamu «OO011ecTBO, 5KOHOMUKA U COLMANIbHAS Cde-
pa». JlaHHBII IPOEKT MpeacTaBisieT co00M KOMILJIEKCHOE UCCIIEJOBaHHE B 00JIACTH MOMCKA U 00-
paboTku JaHHBIX 00 ydacTHUKax Benwkoit OTeuyecTBEHHONW BOWHBI U HAIICJICH HA OPraHU3AIUIO
Ipa)xAaHCKO-ATPUOTHUYECKOI0 BOCIIUTAHUS MOIPACTAIOUIETO MOKOJIEHHSI, KOTOPOE, HECOMHEHHO,
SIBJIIETCS CTPATErMUECKUM PECYPCOM PA3BUTHUS TOCYIapCTBA.

A.B. ITuBoBapoB ¢ npoektoMm «VIcrnonap3oBaHUE TEXHOJOTUHU ISl paboOThl ¢ OEH30pe30M
IpU BCKPBITHH JBEpPEH B HEMPHUTOTHOW JUIS JBIXaHUS cpeney» npusHaH nobeaurtenem B 2019 r.
B HoMHHanmu «HarmonanpHas 6€30MacHOCTh U 0OOPOHOCTIOCOOHOCTH, 3aIUTa OT YpPEe3BBIYANHBIX
cutyanuii». Pabora mocssmieHa pa3paboTke KOHCTPYKIHMU OEH30pe3a, MO3BOJISIONIEH HUCIOIb30-
BaTh €ro JJSi BCKPBITHS KOHCTPYKIUN B HENPUTOAHOW JUIs AblxaHus cpere (puc. 6). Ilpu stom
OCHOBHAS HJIesl TPOEKTA 3aKJII0YACTCs B MOJaU€ CBEKETO BO3AyXa B OCH30pe3 OT KOMILIEKTa IS
CIacaeMoro, YTo IMO3BOJIIET ONEPAaTHUBHO BCKPBIBATh IBEPH JUIS MPOBEACHUS NalbHEHINEH pa3-
BEJIKU B 3aII0JIHEHHOM MPOyKTaMU TOPEHUS TOMELLIEHUH.

M.B. PosokkoB ¢ npoektoM «OrHerymurtens Full Up» cranm nmobeaurenem «100 maeit s
benapycu» 2020 r. PazpaboTka OTHOCHUTCS K 00JIACTH MPOTHUBOMOKAPHON TEXHHKH, a UMEHHO
K MIEPEHOCHBIM OTHETYIIUTENSIM, U TIO3BOJISIET MOBBICUTH 3(PPEKTUBHOCTD TYIICHUSI 0YaroB MoKapa
IIyTEM U3MEHEHHUs [TapaMEeTPOB MOJauu OTHETYIIAIIEro BeulecTBa (IIOPOIIOK, KUAKOCTh) [17].

N

|

PucyHnok 6. — BckpbiTHe MeTaJIMUeCKOH KOHCTPYK- Pucynok 7. — Oraerymurens Full Up
UM 0eH30Pe30M B HENPHUIOAHOM 1151 AbIXaHHS Cpefie

3amaua MpoeKTa COCTOsIa B CO3JJaHHH OTHETYIIUTENS, KOHCTPYKIIMS KOTOPOTO 00eCIeqn-
BaeT d(pPeKTUBHOE HUCMOIH30BAHUE BCETO OTHETYyIIAmero 3apsjaa. KoOHCTpyKIHs NEepeHOCHOTO
OTHETYILIUTeJNs IMpeacTaBieHa Ha puUcyHKe /. OTHeTymuTeldb COCTOUT M3 Kopmyca 1, cheMHOM
MOJICTaBKH 3 ¥ 3aTIOPHO-ITyCKOBOTO YCTPOMCTBA 2 C MAHOMETPOM, COIUIOM, PYYKOW U TIOJIBUIKHBIM
pBpIUaroM, ONMUpPAIOIIMMCS Ha TOJKaTelIb YCTPOMCTBA M (PUKCUPYEMBIM YEKOH OT BO3MOXKHOTO
MOCTYMHAIOIIETO TepeMerieHus Tonkarens. OTBepcTre Ui BBIXOJa BCETO 3araca OTHETYIIAIIEro
BEIIECTBA M3 OTHETYIIMTEISI PACIOJIOKEHO B HMKHEN 4acTu Kopnyca. B gexypHOM pexume
Kopryce 1 HaxoIUTCsl OTHETYINAIINIA 3aps]] ¥ Ta3 MOJ AaBleHueM. J{J1s mpruBeIeHUs] OTHETYIIUTE-
JIsd B HeﬁCTBHe HeO6XO)II/IMO BBIZICPHYTH YCKY U NCPEMCCTUTH pblYar IO HAIIPAaBJICHHUIO K PYUYKE.
[Tox neiicTBMEM JIBMXKYIIEH CHIIBI CXKATOTO raza OTHETYIIANUN MOPOIIOK Yepe3 3alopHO-
MIyCKOBOE YCTPOHCTBO 2 M COIUIO TMOCTYHAeT HEMOCPEICTBEHHO B 30HY TymieHUs. [Ipu 3Tom
BBIXO/] OTHCTYHIAICTO BCHICCTBA OCYILICCTBIIACTCSA YCPE3 OTBCPCTHUC, PACITIOJIOKCHHOC B HUKHEN
yacTH Kopiryca 1.
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Pa3paboTanHas KOHCTPYKLHUS IEPEHOCHOTO OTHETYIIUTENS TIO3BOJISIET CHU3UTh IPOU3BO/I-
CTBEHHbBIE 3aTpaThl MYyTEM YMEHBIICHUS KOJIMYECTBA KOHCTPYKTUBHBIX 3JIEMEHTOB IEPEHOCHOTO
OTHETYIIUTEIS IPU OJHOBPEMEHHOM MOBBIIICHUH 3()(HEKTUBHOCTH PaOOTHI 32 CYET MaKCUMAllb-
HOT'O UCIOJIB30BaHUSI BCEI'O OIHETYIIAIIETO 3apsaa U UCKIIOYCHHs IOTePh AaBJICHUS B CU(QOHHOM
TpyOKe, YBEIMYUB TEM CaMbIM MaKCHUMAaJIbHYIO IO b TYIICHHUS TOCPEICTBOM YBEIUUYCHUS UH-
TEHCUBHOCTH U JAJIbHOCTb [10/1aYU OTHETYIIAIErO BEIIeCTBRA.

N.C. T'ycapoB ¢ npoektoM «TpeHaxkep st MOATOTOBKU CHacaTesIe-moKapHbIX ¢ UMUTa-
nuen 3QphekToB PpU3NYECKUX BO3ACHCTBUN B YCIOBHSIX BUPTyalbHOH peanbHOCTH VERSY» mpu-
3HaH nooeautenem 2021 r. B HomuHanuu «HamuonansHas 6e30macHOCTs B 000POHOCTIOCOOHOCTD,
3alldTa OT YPE3BbIYAWHBIX CUTyalmi». Mcmonp3oBaHue pa3paboTaHHOTO TpeHaxkepa (puc. 8)
MO3BOJISIET MAaKCUMAIIBHO NMPHOIM3UTH 00pa30BaTENbHBINA MPOIIECC YHUBEPCUTETA K MPAKTHIECKOM
JeSITeNIbHOCTH BBIITYCKHUKOB. VIcCronb30BaHue TEXHOJIOTHI BUPTYalbHOM PEalbHOCTH MO3BOJISIET
00y4aromuMcsi B KOPOTKHE CPOKHU TOIYYHUTH OIBIT U MPAKTUYECKHE HABBIKA MOBEJCHHS B UpPE3-
BbIYAKHBIX cuTyanusx. OOydaromuecs He TOJbKO HAaXOASTCS B BUPTYaIbHOW Cpelie, HO U Iepe-
JIBUTAIOTCSI, B3aUMOJIEUCTBYIOT C BUPTYaJIbHOM CpeioH, MoJiydas OOpaTHYIO TaKTUIbHYIO CBS3b,
IpU 5TOM HE MOJABEPTaroTCs OMACHOCTH IMOPaXEHUs OMACHBIMH (haKTOpaMHu 4pe3BbIYAWHBIX
cutyarui [18].

Tpenaxep BKIIOYaeT pa3pabOTaHHOE MPOrpaMMHOE obecriedeHue (MOAYJIb MHCTPYKTOpa
Y MOJLyJIb I10JIb30BATENs, YCTAHOBJIEHHBIE HAa FOJIOBHON MEPCOHANBHBIN KOMIBIOTED), TAPHUTYPY
BUPTYaJIbHOU peanbHOCTU (IIJIEM U PYYHBIE KOHTPOJLJIEPHI), anmnapaTypy CONpPSLKEHUS U KOCTIOM
0o0paTHOU TaKTHIBHOU CBsi3u (Wi VR-kocTioMm), oOecnieunBaromuii nepenady GU3NIeCKUX BO3-
NeCcTBHI Ha 00y4YaroIIerocs.

e %

KOCTIOM OBPATHO# TAKTU/IbHOM CBA3N
(VR-KOCTIOM)

Pucynoxk 8. — Tpenaxkep 115 IOATOTOBKH cHacaTeseii-mokapHbIX ¢ HMUTAnuel 3 dexkToB Gpuznyeckux
BO3/eliCTBHII B yC/IOBHAX BUPTYalIbHOH peajibHocTH VERS

B xoz1e npoxoxxaeHus: CUMYJISIIUN 00yUaroLUiiCs HCTIBITHIBAET OMPE/IEIIEHHbIE ClIEHapHEeM
¢usnyeckrue BO3ACUCTBUS, reHepupyeMble VR-KOCTIOMOM, Takue KaKk MMHUTALUS yJIapOB B3pbIB-
HOM BOJIHOM, MOpa)K€HUS AIEKTPUYECKUM TOKOM, TEIJIOBOIO BO3AECUCTBUSA IMPU HAXOXKACHUU
B 30He ropeHus u Jp. OOpaTHas TaKTUJIbHAs CBSI3b MO3BOJISIET YEJIOBEKY (PU3MUECKH MOYyBCTBO-
BaTh PEaKLMIO HA CBOM JICHCTBUS B BUPTYyaJIbHOM peabHOCTH. VR-KOCTIOM cO37aeT psJl omlylie-
HUN uepe3 KOXy 3a CUeT CTUMYJIALMU DJIEKTPUYECKMMHM HMIYJbCAMU HEPBHBIX OKOHYAHUMI
U MBIIIEYHBIX CTPYKTYp, BBI3bIBas MX COKpAIEHUs. DJIEKTPObl CHELHANbHON (GOpMBbI mapamu
PAacIioyio’KeHbl B aHATOMUYECKH MOIXOISAIINX 00nacTsaX: 34 3JeKTpoa pacloIokKeHbl Ha KypTKe
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u 26 Ha mraHax. buomerpuueckas cuctemMa 1mo3BOJII€T OTCIEKHBATH OMOJIOTHYECKUE TapaMeTphbl,
CBA3aHHBIE C AJIEKTPUUECKONW AKTUBHOCTBIO KOXXM M CEpAlla, HapUMEp KOHTPOJIb YaCTOTHI
CEPJECYHBIX COKpAIICHUM.

B 2022 r. E.. KoxaHoBckuii ¢ pa3paboTanHbIM UM ycTpoiicTBoM «PI'T-800 (pacmpuim-
TeNb rerepodasHoro TYIICHHUS)» MPU3HAH MOOEAUTENIeM PecnyOINKaHCKOTO MOJIOAEKHOTO Mpo-
exta «100 uuxeit nsa benapycu» B HomuHanmu «HarmonanbHasi 6€301MacHOCTh U 000POHOCIIOCO0-
HOCTB, 3alllUTa OT YPE3BbIUANHBIX CUTyaluit». [IpoekT mocBsiieH pa3paboTKe yCTpOWCTBa LIS
TYLIEHHsI T0XKAPOB, KOTOPOE MO3BOJISET MOAABATh HA TYLIEHHE PACIBUICHHYIO BOAY, 3MYJIbCUH,
MEHY HU3KOW KPaTHOCTH, IMOPOIIKOBBIE OIHETYIIAIIME COCTaBbl M T'a3000pa3HbIC OTHETYIIAIINE
BEIIECTBA — MHEPTHBIE ra3bl.

Pa3paboTanHoe yCTpoiCTBO MO3BOJISIET TUKBUIMPOBATH ONACHOCTh aBAPHIHBIX PO3JIMBOB,
obecreynBaeT CHIKEHHE I10’KapHOH ONAcHOCTH pPO3JIMBOB TOprOYEd >KUJIKOCTH, CIIOCOOHO
HEHTpaM30BaTh arpecCUBHBIC BEIIECTBA A0 OE30MAaCHBIX 3HAUYEHHH, IPH 3TOM 3aTpavynBas MUHU-
MaJIbHOE KOJMYECTBO BpeMeHHU. Bricokas 3¢(eKTUBHOCTh U MPOU3BOAUTEIBHOCTD, HU3KHUE IKC-
IUTyaTallMOHHBIE 3aTPaThl M MPOCTOTA YCTPOWCTBA 0OECHEUMBAIOT MPOCTOTY €r0 AKCIUTyaTaI[|H
U JI0JIrOBEYHOCTH NpH HU3KO0M cebecronmocth. [Ipumenenne PI'T-800 mpencraieHo Ha pucyHke 9.

N— ~- s

— o - ad
P g

B g > W

Pucynok 9. — Ucnosn3oBanue PI‘T-80‘0&npn aBapUIHBIX pasmmx H(l)TeIlpyKTOB

3akJiloueHue

B cratee mpezacTaBieH MOPSAOK OpraHHU3allMd U MPOBEIACHHS PecrmyOIMKAaHCKOTO MOJO-
nesxHoro npoekta «100 uneit ayis benapycu». Beimonnen 0030p nepeaoBbix pa3paboToK, ¢ KOTO-
pBIMU paOOTHUKH M OOydaroluecss YHUBEPCUTETa TPAXKIAHCKON 3alIUThl ofepkKalu psa mobdes
B YKa3aHHOM TIPOCKTE.

[Toka3ano, uro B nepuog ¢ 2014 nmo 2022 r. npeacTaBUTENIMU Y HUBEPCUTETA T'paXKI1aH-
CKOM1 3aIIuThl oiepkaHo 12 moben B pa3iMYHBIX HOMUHAIMAX MPOEKTa, B TOM YHUCIE C MPUCYK-
neHreM AByX ['pan-mipu koHkypca. [Ipu 3ToM 6 mpeacraBuTeneii yHUBEpcUTETa OfepKaiu mode-
ny B HomuHanmu «HamronansHas 6€30macHOCTh B 000POHOCTIOCOOHOCTH, 3alIUTa OT YPE3BhIYAi-
HBIX CUTYalluii», a OCTaJbHbIe — B HOMUHAIUSAX «[IpOMBIIIIIIEHHBIE TEXHOIOTUU U TIPOU3BOACTBOY,
«XUMUYECKUE TEXHOJIOTHH, HEPTEXUMUS», «IHEpreTuka W SHEeprodPpQGeKTUBHOCTh, aTOMHAs
sHepreTukay, «OOIecTBO, PKOHOMHUKA M coluanbHas cdepa». OueBUIHO, YTO HAKOIUICHHBIH
OTIBIT MO YYaCTHIO B IPOEKTE MO3BOJIUT B JAIbHEUIIEM pEeau30BbIBaTh 00Jiee KPYIHbIE U 3HAUU-
MBbI€ MTPOEKTHI.

[IpencraBnennast B ctaTbe MHGOpPMAIUS MOXKET OBITH MOJIE3HA JJISl JaJbHEHIIEero pa3Bu-
THS HAYKU ¥ TEXHHUKH, a TAKXKe JJIsl TOMYJISIpU3allii HAyYHbIX 3HAHUHN Cpel 00yYarouXcs.
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ACHIEVEMENTS OF THE UNIVERSITY OF CIVIL PROTECTION
IN THE REPUBLICAN YOUTH PROJECT «100 IDEAS FOR BELARUS»

Palevoda I.1., Kamlyuk A.N., Pasovets V.N., Kryval D.V.

Purpose. Analysis of the participation of employees and students of the University of civil protec-
tion in the republican youth project «100 ideas for Belarusy.

Methods. Theoretical analysis.

Findings. An overview of projects with made the employees and students of the University of Civil
Protection winners in the republican youth project «100 Ideas for Belarusy is presented. Each winning pro-
ject is considered in detail. The article also provides information on the procedure for organizing and con-
ducting the republican youth project «100 Ideas for Belarusy.

Application field of research. The information presented in the article is useful for the further devel-
opment of science and technology, as well as for the popularization of scientific knowledge among stu-
dents.
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IMPROVING THE EFFICIENCY OF THE VIETNAMESE POLICE FORCE
OF FIRE PROTECTION AND RESCUE AT VARIOUS TYPES OF INCIDENTS
AND NATURAL DISASTERS

Pham Viet Tien

Purpose. Research of statistics of natural disasters in Vietnam and ways how to mini-
mize human losses by improvement the effectiveness of rescue activities.

Methods. Statistical.

Findings. Proposals are presented to improve the effectiveness of rescue activities to
minimize human losses in incidents and natural disasters.

Application field of research. Rescue activities for various types of incidents and natu-
ral disasters of the Vietnamese police force of fire protection and rescue.

Keywords: rescue operations preparation, natural disasters, Vietnam.

(The date of submitting: May 11, 2023)

Vietnam is a country with a coastline of about 3,260 km which stretches from North to
South, with a narrow horizontal terrain and located in an area affected by many natural disasters
of meteorological origin. Many natural disasters occur every year causing heavy damage to people
and property. Under the impact of climate change in Vietnam, the natural disaster situation is be-
coming more and more complicated and showing signs of increasing, especially frequent storms,
floods and fierce droughts. In recent years, extreme weather phenomenon has begun to increase
and occur irregularly. Typhoons, landslides are some of the most dangerous natural disasters for
many areas in Vietnam.

According to statistics in Vietnam in 2022, natural disasters occurred abnormally, ex-
tremely, and irregularly from the first months of the year and across the country, there were 1,057
natural disasters. Prolonged heavy rains in the North have caused landslides, flash floods in moun-
tainous areas, urban flooding, industrial zones (March 4-6). Son La, Hoa Binh and Tuyen Quang
reservoirs have had to operate flood discharge and maintain it for a long time. In the central re-
gion, 3 consecutive typhoons made landfall, and post-storm floods caused serious damage to peo-
ple and property. Typhoon No. 4 (Noru) reached the strongest intensity, level 14-15, gust lev-
el 17, near super typhoon level in the South China Sea, rapidly weakened and made landfall in
Da Nang, Quang Nam on September 28th caused heavy rain in the southern provinces of the
Northern Plains and from Thanh Hoa to Quang Ngai. In particular, in Nghe An, the rain was very
heavy 300-500 mm. At the same time, heavy rains after Typhoon No. 5 caused 3rd alarm floods
on rivers from Quang Binh — Thua Thien Hue. Flooding was particularly severe, up to 1.5-2 min
Da Nang. High tide, combined with strong winds causing large waves of 1.5-2 m in the West Sea
area caused overflow and landslides of the West Sea dyke, Ca Mau province. A lot of earthquakes
occurred in a row in Kon Plong district, Kon Tum province. As of 28/12/2022, natural disasters
have caused 175 deaths and losses; economic losses are estimated at VND 19,453 billion,
1.6 times higher than human losses and 3.4 times economic losses compared to the same period in
2021 [1].

According to the above statistics, the negative impacts of climate change in Vietnam have
made all kinds of natural disasters more and more severe. This has set new requirements and du-
ties for rescue forces, including the Fire & Rescue Police force. According to the provisions of
Clause 1, Article 5, Decree No. 30/2017/ND-CP dated March 21, 2017 of the Government, stipu-
lating that the Police force of fire prevention, fighting and rescue are specialized forces of the
Ministry of Public Security for search and rescue [2]. On the other hand, in the Government's De-
cree 83/2017/ND-CP dated July 18, 2017, it is determined that the Fire & Rescue Police force is
a permanent rescue force [3].
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Facing the complicated developments of natural disasters, the Fire & Rescue Police force
with its role and responsibility has actively and proactively implemented activities to respond
to natural disaster situations. According to the statistics of the Ministry of Public Security of
Vietnam, on average, every year, the Fire and Rescue Police forces of all local police have over
12,000 units of specialized vehicles and nearly 89,000 of cadres and soldiers directly organizing
firefighting and rescue in 4000/6000 fires, incidents, accidents. The Fire and Rescue Police forces
organize the guidance and save thousands of people, finding hundreds of bodies [4]. It has been
shown that the organization of timely rescue activities in emergency situations of natural disasters
and incidents has made an important contribution to protecting people's lives and minimizing
damage to people and property. However, in the process of performing their duties, the Fire
& Rescue Police force also encountered some difficulties and limitations, specifically as follows [5].

— Vehicles, equipment for rescue work of the Fire & Rescue Police force is still not syn-
chronous, lacking in quantity that does not meet the requirements of rescue work when discharg-
ing incidents and disasters. The Fire & Rescue Police force has the shortage of number of officers
and soldiers directly doing firefighting, rescue, does not meet practical requirements and experi-
ence in responding to incidents and natural disasters is limited.

— Deploying rescue in some situations of incidents, natural disasters (landslides, floods,
collapses) still revealed many limitations and shortcomings. The coordination between the Fire
& Rescue Police force and other units in rescue activities is limited when incidents or natural dis-
asters occurred.

— In addition, the issue of climate change in Vietnam is and will be increasingly compli-
cated, causing great damage to people and property. According to the forecast of the Ministry of
Natural Resources and Environment of Vietnam, in the coming time, climate change in Vietnam
will be more complicated. The average annual degree nationwide in the middle of the century has
an increase of 1.3-1.7 °C. Storms are very strong and tend to increase. Rain during the period of
monsoon activity has up trend. The number of hot days (the highest temperature days in
Tx > 35 °C) grows over most of the country. The average sea level rise in Vietnam's coast is like-
ly to be higher than the global average. The average sea level rise for the entire coastal strip of
Vietnam by 2050 is 22 cm (14-32 cm) [6].

Thus, it can be seen that the extreme impact of climate change in Vietham becomes in-
creasingly complicated, leading to a sharp rise in the number of natural disasters formations (such
as landslides, collapses of houses, buildings, floods, large fires) causing serious damage to people
and property. This showed significant challenges for the Fire & Rescue Police force in responding
and dealing with incidents and natural disasters that may occur in Vietnam.

In order to improve the effectiveness of rescue for various types of incidents and
natural disasters, the Fire & Rescue Police force needs to focus on the following 5 issues [7].

Firstly, to focus on building up a regular, elite and modern force of fire prevention and
rescue; strengthening the organization and apparatus of the fire protection and fire protection
forces, ensuring the number of troops and professional qualifications of rescue force to meet the
practical requirements set out in the rescue progress for all types of incidents, natural disasters. In
addition, by the support of the Ministry of Public Security, the Government and the National As-
sembly it is promulgated and completed the legal basis for response to criminal incidents and nat-
ural disasters of the Fire Protection Police force, it is ensured that the regime and policies are suit-
able to the specific work of the Fire & Rescue Police force in rescue activities.

Secondly, to ensure the permanent regime of rescue 24/24 h, receive and process infor-
mation in a timely and accurate manner; ensure the number of troops, vehicles and equipment of
rescue for permanent participation; to strengthen the training of rescue operations, especially
thoroughly, rescue tactics in situations of incidents and natural disasters that often occur in Vi-
etnam such as floods, landslides, collapse of works, etc. At the same time, to focus on developing
response and handling plans for various types of incidents and natural disasters that often occur in
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localities. Annually organize rehearsal plans to respond to and handle all types of incidents and
natural disasters, thereby helping the Fire and Rescue Police force to be proactive in responding to
all kinds of incidents and natural disasters in Vietnam.

Thirdly, to organize effective rescue activities at the scene. The fire protection police
force needs to quickly dispatch rescue forces and vehicles to the scene. For major incidents and
natural disasters, it is necessary to establish a command board and staff to command and adminis-
ter rescue activities with high efficiency. To organize reconnaissance activities to prompt capture
information about the situation at the scene on the basis of which appropriate methods of rescue
are chosen. To organize field zoning to ensure that rescue activities are convenient and achieve
the highest efficiency. To deploy quickly appropriate rescue measures, techniques and tactics,
combined with the use of modern specialized rescue devices and equipment to ensure efficiency
in rescue activities for incidents and natural disasters. To establish a first aid area to conduct inju-
ry assessments and deal with injuries suffered by victims. To organize timely transfer of injuries,
quickly take the victim to the nearest medical facility. At the same time the fire protection police
force needs to closely coordinate with local authorities and other forces in the rescue, such as:
military forces, mobile police forces, traffic police in search and rescue activities. To coordinate
with medical forces in saving people using medical measures, organizing first aid for injured people.

Fourth, to focus on good political and ideological work, encourage morale for cadres and
soldiers on rescue duty. At the same time, to ensure highly effective logistics for rescue activities.
To arrange backup forces ready to perform tasks, provide food and water for officers and soldiers,
temporary accommodation for rescue officers and soldiers. To ensure adequate preparation of
backup rescue vehicles to replace vehicles operating with high intensity in the field. To provide
enough fuel for specialized rescue vehicles and equipment (such as rescue vehicles, crane, motor-
cycles, excavators, hydraulic equipment, concrete cutters, etc.). To ensures current communica-
tions. In case rescue activities take place at night, where there is a lack of light, it is necessary to
deploy appropriate lighting equipment for rescue activities at the moment;

Fifth, the Fire & Rescue Police force needs to carry out intensive research, transfer tech-
nology and apply scientific and technological achievements to active producing search and rescue
vehicles and equipment suitable to Vietnam's conditions. To strengthen international cooperation
in order to enlist and take advantage of financial support, equipment, technology, capacity, rescue
experience, thereby effectively deploying rescue activities for incidents and natural disasters. To
invest in building material and technical facilities, building models for technical training, rescue
tactics in situations of incidents and natural disasters. To equip cadres and soldiers doing rescue
work with personal protective equipment; to procure modern rescue vehicles and equipment such
as rescue vehicles, ladder vehicles, amphibious vehicles, chemical and radioactive rescue vehi-
cles, and specialized rescue equipment. To apply modern technology in rescue operations for in-
cidents and natural disasters.
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IOBBINEHUE 3®PEKTUBHOCTH AEATEJIbHOCTH BLETHAMCKOM
HOJIMIUAN ITOKAPHOU 3AINUTHI U CIHTACEHUS ITPA PA3JIMYHBIX
THITAX THIUMAEHTOB U CTUXUUHBIX BEACTBUU

@dam Brer Tuen

L]env. VccnenoBaHue CTaTUCTUKM CTUXUHHBIX OeICTBUI BO BheTHame M myTH MUHHUMM3A-
IIUH YEJIOBEUECKUX MOTEPh 33 CUET MOBBIIICHUS Y(PPEKTUBHOCTH CIIACATENbHBIX PadoOT.

Memoowvi. CTaTHCTHYECKUH.

Pezynomamer. TlpencraBieHbl MPEAIOKEHUS MO MOBHIMICHUI0 3()PEKTUBHOCTH aBapHITHO-
criacaTtesbHBIX padoT AJI1 MUHUMU3ALKUN YEeJIOBEUECKUX MOTEPh MPHU aBapusix M CTUXHUIHBIX Oef-
CTBUSX.

Obnacms npumenenus ucciedoganuil. CrnacatenbHble padOThI MPU Pa3IMYHBIX TUIAX MPO-
WCIIECTBUN U CTUXUNHBIX OeACTBUI BheTHAMCKON MOJIUIIMK TTOKAPHOM 3aIUTHI U CIIACEHUS.

Knrouesvle cnosa: monroroBka cracaTebHBIX ONEpaldii, CTUXHIHBIC OeACTBHs, BbeTHaAM.
(IMocrynuna B pegakuuto 11 mast 2023 r.)
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IMPABOBBIE OCHOBBI CUCTEMBI AYJIUTA ITIOKAPHOM
BE30OITACHOCTH B PECITYBJIMKE BEJIAPYCbH

I'opomko E.JO., Koctiokesnu C.B.

L]env. ®opMupoBaHUE NPABOBBIX NPEAJIOKEHUIN MO OCYIIECTBICHUIO AyAUTOPCKON Jes-
TEBHOCTH B 00IacTH TIoXKapHoU Oe3zomacHocTH B Pecriybmnmke benapycs.

Memoovi. Vcnionp3oBanuch OOIIEHAYYHBIE METOJBI: aHAIHM3a, CHHTE3a, 0000IIeHHS,
WHAYKOUH W MOJEIMPOBAHUS, & TaKKEe YaCTHhIE METOABI HMCCIEJOBaHUS: CPaBHUTEIHHO-
IIPaBOBOM U IIPABOBOI'O MPOrHO3UPOBAHUS.

Pe3zynomamui. B pesynpraTe aHanu3a TEOPETUYECKUX IOJIOKEHHH, HAIMOHAIBHOTO
U MEXIYHAPOIHOTO OMBITA 10 OCYIIECTBICHUIO ayIUTa MOKapHOW 0e30MacHOCTH ChOPMHPO-
BaHbl MPABOBbIE NPEATIOKEHHUS MO OCYLIECTBICHUIO ayIUTOPCKOM AEATEIFHOCTH B 00JacTH
nmokapHoi Oe3omnacHocTy B PecnyOnmke bemapych, a IMEHHO: ONpeeNieHbl CTpaTerHaecKre
HaTpaBJICHUs ayANuTa; IPEAJIOKEH alrOPUTM MIPOBEICHHS ayIUTOPCKON MPOBEPKH 1O MOXKap-
HOW 0€30IacHOCTH, ONpeeeHbl TPeOOBaHHS K OpraHU3alusIM, UMEIOLINM IPaBO OCYILIECTB-
JSITh Ay TUTOPCKYIO OESITENbHOCTh B 00JACTH MOXKAapHOW 0€30IacHOCTH, KBaTH(PHUKAIMOHHBIE
XapaKTePUCTUKH KCIIEpTa-ay IUTOpa, CTPYKTYpa U COJIEpKAHUE ayTUTOPCKOTO 3aKIIOYCHUSI.

Obnacmv npumenenus ucciedoganuii. CHOpMUPOBAHHBIC TPEIIOKEHUS 110 OCYIIECTB-
JICHUIO ayTUTOPCKOM JIEATENLHOCTH B 00JIaCTH MoXKapHOU Oe3omacHocTr B Pecrybmke bena-
PYChb MOI'yT OBITh HCIIOJIH30BAaHEI Ipr IOATOTOBKE HOPMATHUBHBIX aKTOB B JAHHOM CCIMCHTC
ACATCIIBHOCTH, HAYUYHBIX HCCIICAOBAHUAX. BHC[IpCHI/IC C(bOpMI/IpOBaHHLIX IMPaBOBLIX IPEAJIO-
YKEHUH TI03BOJIUT PallMOHAIBHO U 3(PEKTUBHO MOCTPOUTH cUcTeMy ayaurta B PecryOmnuke be-
Japych, NPHUBICYb CYOBEKTOB XO3SIICTBOBAHUS HApsiLy C OpraHaMu roCyIapCTBEHHOTO MO-
YKapHOTO HAJ[30pa K MPOBEACHUIO OIIEHKU COCTOSIHUS TI0KapHOH 0e301acHOCTH, TIOATOTOBHTH
JIOTIOJIHUTEIIbHBIE PECYPCHI B 00€CIIEUeHUH MOXKapHOH 0€3011acHOCTH TOCYAapCTBa.

Kniouesvie cnoea: moxapHas 0€30MacHOCTb, ayAMTOPCKasl IESTEIBHOCTb, CHCTEMa
ayJuTa I0XapHOH Oe30MacHOCTH, ayIAUTOPCKOE 3aKIIOUeHHe, 3KCIepT-ayAuTop, rocynap-
CTBEHHBII MOKapHBIA HAA30pP.

(ITocrynuna B pepakuuto 29 anpens 2023 r.)

BBenenue

MuHHCTEpCTBO MO Ype3BbIYaHBIM cuTyanusM Pecryonuku bemapych yaenser Oonbinoe
BHUMAaHHE Pa3BUTHUIO HAI30pPHOH JeATeNbHOCTH. OIHMM M3 NPUOPUTETHBIX €€ HallpaBJICHUN
ABJIAETCA MojepHU3auus GOpM U METOJOB OCYIIECTBICHHS C 1IEJbI0  IOBBIIICHUS
3¢ deKTUBHOCTH, OOecmeyeHre NpOo3payHOCTH M OTKPHITOCTH HPOLEAYp MPOBEICHUS
MEPONPHUITHI IO KOHTPOJIIO.

B nacrosimee Bpems B Pecnybnuke benapyck paspaboTaHa HalnMoOHajdbHas CTpaTerus
[0 CHIKEHHMIO pHCKa BO3HMKHOBEHHUS upe3BbluaiiHbIX cutTyauuid Ha 2019-2030 roasr [1].
B cootBerctBMM ¢ m. 4 mjaHa MEpPONPUATHN, HANPABIEHHBIX HA COBEPLICHCTBOBAHME
TOCYJJapCTBEHHOTO YTMpaBlIeHUsI (PEryaupoBaHusi) B OOJACTAX TOXKAPHOM M MPOMBIILIICHHOMN
6e3onacHoctu ot 15 gexalpst 2020 r. Ne 33/213-459/545, tpebyercst n3y4nTh HEOOXOAMMOCTD
BHezIpeHnus B Pecriy6nmke Bemapych cucTeMBbl ayuTa MoKapHO# Ge3omacHocTH!. B momonnenne
pa3BUTHE MeXaHu3Ma ayauTa B oOsiacTH obecneueHHst 0e30macHoCTH mpeaycMmoTpeHo Ilmanom
JNEHCTBUIM MO pealu3alvyd HAalMOHAJIBHOM CTpaTeruu MO CHIKEHUIO PHCKAa BO3HUKHOBEHUS
ype3BblYaiiHbIX cuTyanuii Ha nepuog 2019-2030 ronos [2].

! Tlnan meponpusTHii, HANpPaBJIEHHBIH Ha COBEPHIEHCTBOBAHME TOCY/APCTBEHHOTO YIIPaBJeHUs (PETYJIMpPOBAHM)
B O0JIaCTSIX IOXKapHOM M IPOMBIIUICHHOW 0€30I1acHOCTH, YTBEpXKICHHBIH Munropucnonkomom 15.12.2020
Ne 33/213-459/545.
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Kpome toro, B coorBercTtBuu ¢ 1. 9 Ykaza Ilpesunenra PecnyOnuxku benapycs ot
16 oxTsa6ps 2010 1. Ne 510 «O coBeplIeHCTBOBAHMHM KOHTPOJIBHOM (HAA30PHON) AESITCIBHOCTH
B PecnyOnuke benapyce» mnpu Ha3HaueHHMHM BBIOOPOYHOW MPOBEPKH KOHTPOIUPYIOLIHM
(HaI30pHBIM) OPTraHOM JIOJIKHO YUHTHIBATHCS ayAUTOPCKOE 3aKitoueHue (Mpu ero Haiauuuu) [3].
Heo0xomuMocTh ydera KOHTPOJMPYIOUIMM (HAI30PHBIM) OPraHOM ayJUTOPCKOTO 3aKIIOUCHHS
pu or6ope CyOBEKTOB C BBICOKOW CTENEHBIO PUCKA ISl BHIOOPOYHON MPOBEPKU OMNpeeseHa
taoke 1. 10 mocranosinenust CoBera MunuctpoB PecriyOmuku benapych ot 22 staBapst 2018 1. Ne 43
«O meroauke GOpMUPOBAHUS CUCTEMBI OLIEHKU cTeneHH pucka» [4]. OnHako B HacTosIIee BpeMs
CHCTEeMBl ayJuTa TMoXKapHOW Oe3omacHocT B bemapycu Her, ciieoBaTenbHO, PaBOBBIC
MEXaHU3MBI, 3aJI0’KEHHbIE B KOHTEKCTE JEATEIbHOCTHU M0 00ECIeUEHHUIO0 M0KapHOil 6€30MacHOCTH
B YaCTU ayJUTOPCKOW NEeATENbHOCTH, HE paboTaroT. Ha OCHOBaHHMM BBIIIEHU3IIOKEHHOTO ObLIA
MIOCTABJICHA LIEJIb HACTOSILEH cTaThbi — COPMUPOBATH MPABOBBIE MPEVIOKEHHUS [0 OCYIIECTBICHHIO
ayJMUTOPCKOH NIeSTENFHOCTH B 00J1acTH MOkapHO# Oe3omacHocTy B PecrrybOnmke benapyck.

OcHoBHast YacTh

B nacrosiee BpeMs cucTeMa HOPMAaTUBHOIO PETYJIMPOBAHMS ay IMTOPCKOM AESITEIbHOCTH
B PecnyOnuke benapych HaxoauTcs B cTajguu cTaHoBieHUs. [Ipoucxoaut npouecc onpeneseHus
IpaB U 003aHHOCTEN OPraHOB, PETYIUPYIOIIUX ayJUTOPCKYIO JAESITEIbHOCTb, ONPEAEICHUE POIH
1 GyHKIUI rOCyJapCTBEHHBIX U OOIIECTBEHHBIX ay IMTOPCKUX OPraHU3aLUM.

PerynupoBanue ayauropckoil nesrenbHocTH B PecnyOnuke benapych ocyluecTBisercs
TOJIBKO 9KOJIOTUYECKOH, OyXrantepckoi u (W) GUHAHCOBOM OTYETHOCTHIO COTIIACHO:

1. 3akony Pecny6muku benapycs ot 12 utonsg 2013 r. Ne 56-3 «O6 ayauropckoil nestens-
HOCTHY [5].

2. 3axkony Pecny6nuku benapyck ot 26 HOs0ps 1992 r. Ne 1982-XII «O6 oxpaHe Okpy-
xKarolen cpeash» [6].

OueBUIHO, YTO MPH pa3paboTKe OeNOpyCcCKOil CUCTEMBI ayJUTa MOXKapHOH 0€30MacHOCTH
HEOOXOIMMO YUYHUTHIBAaTh OIBIT €r0 OCYILECTBICHHS B JIPYruX c(epax AEATeIbHOCTH CTPaHBbI,
MEXIYHApOAHYIO MPAaKTUKY ayauTa MOKapHOH 0e30MacHOCTH, MHHOBALIMOHHBIE MOJXOABI yUe-
HBIX B JAHHOM CETMEHTE JI€ATEIbHOCTH.

TeopeTHkH yTBEp)KIAIOT: ayJUT MOKapHOW 0E30MacCHOCTH — 3TO HE3aBUCHMas OLEHKa
COCTOSIHMSI MOXKapHOM O€3011acCHOCTH OOBEKTOB U TEPPUTOPUHU ayAUPYEMOIO CyOBEKTa XO035i-
CTBOBaHHS Ha NpeaMeT cOoOMIofieHHus TpeOoBaHUI MO 00ecreueHHIo MOKapHOH Oe30MacHOCTH,
COJIEp’KaIMXCs B HOPMATHUBHBIX MPABOBBIX aKTaX (MX CTPYKTYPHBIX 3JIEMEHTaxX), B TOM 4YHCIIE
00s13aTeNBHBIX Ul COOIOZCHNS TEXHUUECKUX HOPMAaTHBHBIX MPABOBBIX aKTaX (MX CTPYKTYPHBIX
AJIEMEHTaX), U MEXAYHapOIHBIX aKTax (MX CTPYKTYPHBIX JIEMEHTaX), O0O0pa3yIolIUX CUCTEMY
IIPOTUBOIOKAPHOIO HOPMHUPOBaHUS M cTaHgapTu3anuu. [lokapHbl ayIuT TNOHUMAETCs Kak
OLIEHKa COOTBETCTBHSI B 00JIaCTH MOKAPHOU 0€30MacHOCTH, MPOBOIUTCS HA OCHOBAaHUH JI0T0OBOPA,
KOTOPBIH 3aKJII0YaETCs MEXKTy CYOBEKTOM XO3sIiCTBOBaHMS U HKCIIEPTHON KOMHUCCHEH OT crierua-
JU3MPOBAHHON OpraHu3allii, OCYLIECTBIISIIOIIEH AESITeNbHOCTh B C(Eepe OLEHKH I0KAPHOTO
aynuta. Ilo MHeHUIO MccnenoBarene, ayJuT MOXapHOH O€30MacHOCTH JOJDKEH MPOBOIUTHCS
N0OPOBOJIBHO, U BJaJIeNel] caM JOJIKEH BhIOpATh: BOCIIOJIB30BAThCS €My yCIyraMu rocyiapcTBa —
nHcnekropa ['TIH nnu npurnacuts ayJuTOPCKYr0 KOMIIaHUIO. [[71s1 cO3AaHNs CUCTEMBI HE3aBUCH-
MOT0 ayJuTa M ayJUTOPCKUX OpraHu3aluil HeoOXOIUMBbI HE3aBUCHUMbIE HKCIIEPTHI CO CIIEHUaNb-
HBIM 0OpazoBaHueMm [7].

MesxTyHapOIHBII ONBIT CBUETENBCTBYET 00 aKTUBHOM MCIIOJIb30BAHUM CHUCTEMBI ayaUTa
npu obecrieueHNH MoXxapHOH Oe3omacHOCTH 3a npeaenamu PecnyOnuku benapycs. OH pacnpo-
cTpaneH B BenukoOpurtanun, @panuuu, ['epmanun, Kanane u 1pyrux s5KOHOMHUYECKH Pa3BUTHIX
cTpaHax mupa. OgHaKo Kaxzaas M3 CTpPAaH MMEET CBOM CTAaHJApThl OLIEHKHM MOXAapHBIX PHUCKOB
Y pa3HbIC TIOHATHA O MOKApHOM ayauTe. PasnuuHblli NOAXOM K MPOBEACHUIO MTOXKAPHOTO ayAHUTa
MPOAUKTOBAH OCOOEHHOCTHIO HAIIMOHAJIBHBIX SKOHOMUK M CHCTEM aJIMUHUCTPATUBHOTO YIIpaBIie-
Husd [8]. OnBIT IpUMEHEHHUS ayIuTa MOKapHOH 0€30MMaCHOCTH MTUPOKO MPUMEHSIETCS U B CTpaHaX
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IMOCTCOBETCKOr0 MPOCTPAHCTBA. B KauecTBe nmpumepa MOxkHO npuBectd Poccuiickyro denepannto
u Pecny6nuky Kaszaxcran. B Poccuiickoit deneparuu, Hanmpumep, ayauT MOXapHOU 0e301acHo-
CTH, HapsAAy ¢ (ellepatbHbIM roCyIapCTBEHHBIM MOXKAPHBIM HAJI30pOM, SIBIsieTCs (POPMOI OLIEHKU
COOTBETCTBHUSI OOBEKTOB 3aIUTHI TpeOOBaHUAM MOKapHOU OezomacHocTu. HezaBucumas oreHka
[I0’KapHOT0 PUCKA IPOBOAMUTCS aTTECTOBAHHBIM 3KCIIEPTOM Ha OCHOBAHMM JIOTOBOpPA, 3aKJOYae-
MOT'0 MEXJy COOCTBEHHUKOM OOBEKTa 3allUTHl M IOPUAUYECKUM JIUIIOM, OCYIIECTBISIOMIUM
JeSTeIbHOCTh B OOJIACTH OLEHKH MOXAPHOTO pHUCKA. BBIBOJI O BBHINOIHEHWHU (HEBBIOJIHEHUH)
YCIIOBUH COOTBETCTBUSI OOBEKTA 3aIUTHI TPEOOBAHUSIM MOKApHOW 0€30MaCHOCTU COJCPIKUTCS
B 3aKJIFOYEHUU HE3aBUCUMON OLIEHKH I0KapHOT'O PUCKA, YUUTHIBACTCS KaK AMHAMUYECKUHN IOKa-
3aTeib OTHECeHHUs OOBEKTa 3aIIUTHI K OMPEJCIICHHON KaTeropuu pUCKa U MO3BOJIAET CYyOBEKTY
XO341CTBOBAHHUS MEPEUTH B KaTeropuio Oosiee HU3KOHM (BBICOKOHN) omacHOCTH. JlaHHOE yciioBHe
CIIy’)KMUT MOTHBAIlMEHl 171 CyObeKkTa XO3iHWCTBOBAaHUS COKPATUTh MEPUOJAMYHOCTH IPOBEICHUS
IUIaHOBOI TIPOBEpKH B ero otHoureHuw [9; 10].

B PecnyOnuke Kazaxcran MHCTUTYT ayauTa MOXKapHO 0€30macHOCTH BBEEH ¢ 1 ssHBaps
2015 r. kak 10OpOBOJIBHAS ABTEPHATHBA TOCYIAPCTBEHHBIM MPOBEPKaM B cepe mokapHoii 6e3-
OTACHOCTH U SIBIISIETCS OJHOU U3 (DOPM OIIEHKH COOTBETCTBHSI 0OBEKTa TPEOOBAHUAM MOXKAPHOM
6e3omacHocTH. [ ocymiecTBIeHHs ASATEIBHOCTH TI0 ayAUTy TOXKapHOW 0€30MacHOCTH FOPUIH-
yeckoe nuio oodpamaercs B MUC u mpu yciaoBHHM COOTBETCTBHS KBaTU(UKAIIMOHHBIM TpeOoBa-
HUSM [OJy4aeT aTTecTaT akKpeauTallMd Ha oKa3zaHue NaHHbIX ycnyr. [IpenocraBisemsblil nepe-
YeHb JIOKYMEHTOB Ha COOTBETCTBHE KBATM(DHKAIIMOHHBIM TPEOOBAaHUSM BKIIIOUAET HAMYHE HE
MEHeE TpeX CHELUAINCTOB AaKKPEIUTYEMON KOMIAHUM, KOMHM YJOCTOBEPEHHUH JMYHOCTHU, TU-
IJIOMOB 00 00pa30BaHMM, TPYIOBBIX KHIDKEK, MOATBEPKAAIOIINX CTaX pabOTHI B OTPACIU HE Me-
Hee TpeX JIeT, TPYAOBBIX JIOTOBOPOB U JIOTOBOPA apEHIbl WIIM PETUCTPAIMU MTPaBa COOCTBEHHOCTH
Ha nomenieHue oduca. [Ipu momydyeHUn MONOKUTEIHLHOTO 3aKIIOYEHUSI 00BEKT OCBOOOXKIACTCS
OT MPOBEPOK (32 MCKJIIOUEHNUEM BHEIJIAHOBBIX) Ha MEPHUOJ JCHCTBUS 3aKJIFOUEHUS WM Ha OJIUH
roa. Konuu 3akioyeHnit mpeaoCcTaBisoTCs B TEPPUTOPUAIbHBIE JeapTaMeHThl 10 Ype3Bblyaii-
HBIM CUTyalusiM. YCIIyraMy ayAuTa B o0jacTu moxapHoil Oe3zomacHocTd B PecmyOnuke Kazax-
CTaH IOJIb3YIOTCSI OOBEKTHI TOPIOBIIM C MAacCOBBIM MPEOBIBAHUEM JIFOJICH, yUpeKaeHus: oOpa3oBa-
HUS U 3[paBOOXPAHEHHUs, IPOU3BOJCTBEHHbIE U MPOMBIIIIEHHbIE OOBEKTHI U Ap. 32 HAPYIICHHUS,
JOMYIIEHHbIE ayJAUTOPCKUMHU OpPraHU3alUsAMH, NPelyCMOTpeHa aJMUHUCTPATUBHAS OTBETCTBEH-
HOCTh [11].

Takum o00pa3oMm, aHalIW3 MEXAYHApOJHOTO W HAalMOHAIBHOTO OIBITa I03BOJSET
chopMUpOBaTh OCHOBHBIE CTpaTerM4yecKUe HANpaBICHUs ayauTa MOXKapHOW Oe30macHOCTU
B Pecny6niuke benapycs.

1.B Pecnybnuke benapyce HeoOXO0OuMO HOPMATHBHO 3aKpENUTh BO3MOXKHOCTh
MIPOBE/ICHUS ayAUTa MOXKApHON O€30MaCHOCTH.

2. DTO JOJKHA OBITh He3agucumas ONEHKA COCTOSHUS TTOYKApHOW 0€301MacHOCTH 00BEKTOB
U TEPPUTOPHUH ayAUPYEMOTo CyObeKTa X035iCTBOBaHHS Ha PEAMET COOIII0IeHHs TpeOOBaHUN 1O
00ecIeueHnIo MoKapHO 0€30MMacHOCTH.

3. AyIuT noxapHoi 0€30MacHOCTH JIOJKEH OCYIIECTBIATHCS He3a6UCUMbIMU KOMITaHUS-
MU, HE 3aMHTEPECOBAHHBIMH B pe3yJIbTaTe ay/IuTa.

4. Aynut moxapHoW 0e30MacHOCTH JIOJDKEH IMPOBOAUTHCS ayoumopamu. K skcnepram,
OCYIIECTBIISIOLIUM ayJIUT, HEOOXOUMO MPEAbSIBIATH BICOKHME KBAIU(UKAIIMOHHbBIE TPeOOBaHMUS.
B Pecny6nuke benapych He00X0AMMO €O3/1aTh YCIOBUS [l 0OOyYeHHs U MOBBIIICHUS KBaTH(U-
KalluM TaKUX ayJUTOPOB.

5. Pe3ynbTaTroM HE3aBUCHUMOHN OLIEHKH TMOXAPHOM O€30IacHOCTU SIBISIETCS 3aKlioueHue
0 COOTBETCTBUHU (HECOOTBETCTBUH) OOBEKTa YCTAHOBJICHHBIM 3aKOHOJATENbHBIMU M JPYTHMMHU
HOPMAaTHBHBIMU IPAaBOBBIMH aKTaMHU TpeOOBaHUSAM B cdepe obecredeHus noxapHoi 0e30macHo-
cTH. B citydae HECOOTBETCTBHUSA TOJIKHBI OBITH JaHBI PEKOMEHIALUN O IPUHATUU MEp U (UJIH) BBI-
MOJTHEHUHU YKa3aHHBIX TPEOOBaHMA.
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IlepBoHavyabHO B paMKax HOPMaTUBHOTO 3aKPEIUIEHUS PABOBBIX OCHOB ISl IPOBEIACHMS
ayJuTa MoKapHOH 0€30MacHOCTH CUUTaeM He0OXOIMMBbIM BHECTH U3MeHEeHUs B 3akoH PecnyOuu-
ku benapych «O mokapHOH 0€301acHOCTH», B KOTOPOM HEOOXOJIMMO 3aKpENUTh LEJIb U CYTh
ayuTa MmoXkapHou 6e30MmacHOCTH, a Takke kommnereHuo Copera MunuctpoB Pecnybnuku bena-
pPych B YacTH OpraHHW3alluu ayauTa mokapHoi Oe3zomacHocTH. [loctanoBnennem CoBera MuHu-
CTPOB 11€1€CO00Pa3HO YTBEPAUTDH MOPSIOK MPOBEICHUS ay/InuTa MOKapHOW 0€30MacHOCTH, aTTe-
CTallMU W TIOBBIIICHUS KBaJTU(pHUKAIMKU ayauTopoB. [loctanoBiaeHneM MUHUCTEPCTBA MO YPE3BbI-
yaifupIM cuTyauusiM PecnyOnuku benapyce, mosnaraem, HEOOXOAUMO YTBEPIUTH MOJOKEHHUE MO
HKCHEPTHO-KBATH(PUKAIMOHHON KOMHUCCUH, TIOPSIOK (HOpMUpPOBaHHS M (YHKIMOHUPOBAHUS pe-
ecTpa ayJIMTOPOB U ayIUTOPCKUX KOMIIAHUH, MOPSI0K MPOBEACHUS KBATU(PUKAIIMOHHOTO SK3aMe-
Ha, a TaKke 0(hOPMIICHHE ayAUTOPCKOTO 3aKIIFOUYCHUS.

OTHOCUTEIBHO ayAUTOPCKUX KOMIIAHUH 11€JIeCO00pa3HO YCTAHOBUTH CJEIYIOIINE KBaIH-
¢buKanoHHbIe TPEOOBAHUS:

— IOPUIUYECKOE JIUIIO, CO3/IaHHOE B COOTBETCTBUHU C 3aKOHOJaTeNbcTBOM Pecnybnuku be-
J1apycCh;

— HaJIMYMe B LITaTe HE MEHee 3 CIeUUaIiCcTOB (ayJUTOPOB) C HEOOXOAMMON KBamu(pUKa-
[MeH, mpomeammx o0ydeHue (MOBBINICHNE KBATH(DHUKAINK), 00JIaJaroIiX CIEIUATBHBIMU 3HA-
HUSMHU, HEOOXOJUMBIMH I TIPOBEACHHS ayauTa MOXKapHOM 0e30MacHOCTH, aTTECTOBAHHBIX Ha
IIpaBO MPOBEACHMS YKA3aHHBIX padOT B YCTAHOBJIEHHOM 3aKOHOM IOPSIJIKE, 1151 KOTOPhIX paboTa
y JaHHOTO HAaHWMATEJIS ABIISETCS OCHOBHBIM MECTOM pabOTHI;

— HaJINYME CUCTEMbI KOHTPOJIS 32 KAYECTBOM OCYILIECTBJICHUS JIEATEIBHOCTH U O00YUYEHUS
(ToBbIIIEHUS KBAU(DUKAINK) Ay TUTOPOB;

— IPOXOXK/IEHNE TIepruoaAndYecKoi (He pexe 1 paza B 5 1eT) NpoBepKU 3HAHUN, HEOOXOAU-
MBIX JJI TPOBEJCHUS ayuTa MM0KapHOi 6€30MacHOCTH.

Taxxke mpeniaraeTcsi HOPMaTUBHO 3aKPENUTh, YTO ayJUTOPOM MOKapHOH 0G€30MacHOCTH
JOMKeH OBITh CHEIHATUCT C BBICIIMM CIEHUaIbHBIM 0Opa3oBaHWEM, UMEIOIINI CTak pabOThI
(cityx0b1) B OpraHax rocyaIapCTBEHHOIO MMOXAPHOTO Ha/130pa MO0 HAyYHON WJTH TIeAaroruaecKoim
JesITeIbHOCTH B 00J1aCTH oOecrieueH sl MoKapHOi 0e30MacHOCTH, MOJyUUBIINN KBAJINU(UKAITMOH-
HBIN aTTeCTaT ayJuTOpa MOXKapHOW O€30MacHOCTH, 3apEeTUCTPUPOBAHHBIA B COOTBETCTBYIOIIEM
peectpe.

Uro kacaeTcsi ayAUTOPCKOTO 3aKJIHOYEHHUs, MOJIaraéM, OHO JIOJDKHO COJAEpXkaTh CIEeAyIo-
11yt UH(pOpMaIHIo:

— HAaMEHOBAHUE U aJjpec OpraHu3alluy, OCYIIECTBISIONIEH YCIyry 0 MPOBEACHUIO ayI1-
Ta MoXapHOi 06e30acHOCTH;

— J1aTy ¥ HOMEp JO0roBOpa, B COOTBETCTBHM C KOTOPBIM IPOBEJEH ayJIUT MOKapHOU 0e3-
OMAacHOCTH;

— onucaHue 00bEeKTa, B OTHOLIEHHUH KOTOPOTO MPOBE/IEH ayIUT MOXKapHOI 0€30MacHOCTH;

— daMuIHI0, UM ¥ OTYECTBO (NP HAIMYHMH) ayAUTOpa(-OB) OpPraHU3alUU, OCYIIECTBIIS-
IOIIEH YCIYTH IO MPOBEACHHUIO ayAuTa MOKapHOW 0€30MacHOCTH, PEKBU3UTHI PEIICHHS (B 3aBU-
CUMOCTH OT NPHUHATOTO Pa3pelIUTEILHOIO MEXaHW3Ma — HOMEp JIMIEH3UH, aTTecTara rocyap-
CTBEHHOW aKKpEIUTAIMH U T.J.), BBIJAHHOTO OpraHU3aIuH;

— pe3yJbTaThl MPOBEJEHHUsS ayAuTa MOXKapHOW Oe30MacHOCTH, B TOM YHUCIIE PE3yIbTaThl
BBITIOJTHEHUS pa0OT MO aHAU3Y JOKYMEHTOB, XapaKTepU3YIOUINX MOKapHYIO0 OMACHOCTh 00BEKTa;
o0cie1oBaHNIO 00BEKTA JUISl MOTy4YeHUs! 00BEKTUBHON MHPOPMALIMU O COCTOSHUM €T0 MOXKapHOH
0€30MacHOCTH U COOIOJICHNH TpeOOBaHNN HOPMATHBHBIX MPABOBBIX aKTOB, B TOM YMCIE 00s13a-
TENBHBIX I COONIOJCHUS TEXHUYECKUX HOPMATHUBHBIX MPABOBBIX AKTOB CHUCTEMBI MPOTHUBOIIO-
KApPHOTO HOPMHUPOBAHUS U CTaHIAAPTU3ALINN;

— BBIBOJI O BBIMOJIHEHUH TpeOOBaHUN MOXapHOW 0€30IacHOCTH, a B CIy4ae MX HEBBIIOJ-
HEHUS — PEKOMEH/Ialluu O IPUHITUU Mep U (WJIK) BBIITOJIHEHUU YKa3aHHBIX TPEOOBAHUH.

Jliis mpoBeieHus ayAuTa MOoKapHOH 0e30MacHOCTH ayJUpyeMOMY JIMIy HEOOXOAUMO 00-
paTUTHCS B ayAUTOPCKYIO OPTaHU3alHI0, OPOPMHUTH COOTBETCTBYIOIINE JOTOBOPHBIE OTHOLLIECHUSI.
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[IpencraBnsiercs, copepkaTeNbHBIA KOMIIOHEHT ayJIUTOPCKON IEATETLHOCTH B O0JACTH MOXKap-
HOM 0€30MacHOCTH JOJKEH BKJIKOYATh aHAIN3 IOKYMEHTOB, XapaKTepU3YIOILUX MMOKAPHYIO OIac-
HOCTh 00BEKTa; 00CIe10oBaHNe 00BEKTA IS TTOTY4YeHUsI O0BEKTHBHON MH(POPMAIIUN O COCTOSIHUN
€ro MoXapHoi 0e30MacHOCTH U COOJII0IEeHMH TpeOOBaHUN HOPMATUBHBIX IIPABOBBIX aKTOB, B TOM
qrciae 00s3aTeNbHBIX JUIS COONIO/ICHHS] TEXHUYECKUX HOPMATHUBHBIX MPABOBBIX aKTOB CHCTEMBI
IIPOTUBOIIOKAPHOIO0 HOPMUPOBAHUS U CTAHJAPTU3ALMHN; TOATOTOBKY 3aKJIIOUECHUS.

3akJiiroueHune

B pesynbTare aHanm3a TEOPETHUYECKHUX IMOJIOKCHUN, HAITMOHATLHOTO M MEKIYHAPOTHOTO
ONbITAa MO OCYIIECTBICHHUIO ayAWTa MOXApHOH OE30MacHOCTH OINpeAeseHbl CTpaTernyecKue
HaINpaBIICHUsS ayJIUTa; MPEAJIOKEH AITOPUTM TPOBEACHUS ayAUTOPCKONW MPOBEPKHU IO MOKAPHOU
0€30MacHOCTH, OmpeiesieHbl TpeOOBaHUS K OpraHU3alusM, HMEIOIIUM MpPaBO OCYIIECTBISATH
ayJTMTOPCKYIO JICITEILHOCTh B 00JIACTH TIOXKAPHOH 0€30MacHOCTH, KBATH(DUKAIIMOHHBIC XapaKTe-
PUCTHKH dKCIEpTa-ayJUTOPa, CTPYKTYpa U COJEp>KaHUE ayJUTOPCKOTO 3aKIFOYCHHUS.

Brenpenue cuctemsl ayauTa MoKapHOW 0€30MaCHOCTH TIO3BOJIUT PAIMOHAIBLHO U P deK-
THUBHO MOCTPOUTH CUCTEMY HaJ30pa 3a 00BEKTaMH, MIPUBJIEYb K MPOBEACHUIO OIICHKU COCTOSIHUS
Mo’KapHOU 0e30macHOCTH CyOBEKTOB XO3SMCTBOBAHHUS, HAPSAY C OpraHaMH TOCYIapCTBECHHOTO
MOKapHOTO HA/30pa, NOMOJHUTENbHbBIE pecypchl (KBaTU(UIIMPOBAHHBIX KCIEPTOB-ayAUTOPOB),
3TO B IIEJIOM MOKET TIOBBICUTH YPOBEHb MOKAPHOU OE30TTaCHOCTH 0OBEKTOB.
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LEGAL BASIS OF THE FIRE SAFETY AUDIT SYSTEM
IN THE REPUBLIC OF BELARUS

Goroshko E.Yu., Kostyukevich S.V.

Purpose. Formation of legal proposals on the implementation of auditing activities in the field of fire
safety in the Republic of Belarus.

Methods. General scientific methods were used: analysis, synthesis, generalization, induction and
modeling, as well as private research methods: comparative legal and legal forecasting.

Findings. Legal proposals on the implementation of auditing activities in the field of fire safety in
the Republic of Belarus have been formed as a result of the analysis of theoretical provisions, national and
international experience in the implementation of the fire safety audit, namely: strategic audit directions
have been determined; an audit algorithm for fire safety is proposed, requirements for organizations that
have the right to carry out audit activities in the field of fire safety, qualification characteristics of the ex-
pert auditor, structure and content of the audit report are determined.

Application field of research. The prepared proposals on the implementation of auditing activities in
the field of fire safety in the Republic of Belarus can be used in the preparation of regulations in this seg-
ment of activity, and in scientific research. The introduction of the formed legal proposals will make it pos-
sible to rationally and effectively build an audit system in the Republic of Belarus, involve business entities
along with state fire supervision authorities in assessing the state of fire safety, and prepare additional re-
sources in ensuring fire safety of the state.

Keywords: fire safety, audit activity, fire safety audit system, audit report, expert-auditor, state fire
supervision.
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K 60-1eTuio npogeccopa, 10KTOpa TEXHUYECKUX HAYK
Baguma Anartoabesuda KoBryHa

Honesona U.U., Kamumiok A.H., [1acosen B.H., Koporkesnu C.I'.

To the 60th anniversary of Professor, grand PhD in technical sciences
Vadim Anatolyevich Kovtun

Palevoda I.1., Kamlyuk A.N., Pasovets V.N., Korotkevich S.G.

19 cents16ps 2023 1. ucnonusiercs 60 et co AHA PoXK-
JIEHUs. W3BECTHOIO YYEHOrO-MaTepUaNIOBENa, CIELUaIucTa
B 00J1aCTH TIOKapHOW aBapHUIHO-CITACATEIbHOW TEXHUKHU, HC-
CJIe/1I0BATENSA-HOBATOPA, OpraHMu3aTopa HayKu, JTOKTOpa TEXHU-
YeCKUX HayK, nmpodeccopa Baguma AnaronseBnua KoBTyHa.

Pomgmincss Bagum AmnaronneBud B I. ['oMmene B ceMbe
ciyxarmero. [locne okordanus cpearert mkossl B 1980 r. mo-
CTYIUJI Ha MEXaHUYeCKHil (akynbTeT benopycckoro MHCTUTY-
Ta WHXXEHEPOB >Keye3HoaopokHoro Tpancnopra (BUWXKT).
HuTepec k HayKe Yy HEro MpOsIBUJICS €Ille BO BpeMsi 00yueHus
B MHCTUTYTe. TamM OH MyOJNUKyeT TNepBbIe HAYYHBIE PabOTHI,
MPUHUMAET YYacTHE B CTYIACHUECKUX KOH(EPEeHIUAX U DKCIIe-
PUMEHTHPYET B HAYYHOH CTYACHUECKOH J1aOOpaTopHH.

ITo oxonuanun BUMXXTa Bagum AnaTonbeBuu pado-
TaJl MacTepoM Ha ['OMEIBCKOM BarOHOPEMOHTHOM 3aBOJIE

uM. M.1. Kanununa, ¢ 1986 r. — B BUMKTe. C 1989 r. npogomkuil cBOKO0 TPYJIOBYIO JEATEIb-
HOCTh B MHCTUTYTE MEXaHUKM MeTajuonoiauMepHbix cucteM uM. B.A. benoro HAH benapycu,
r7le, OKOHYMB acHHMpaHTypy Oe3 OTpbiBa OT NMPOU3BOJCTBA, 3alIUTHI B 1992 r. KaHIUAATCKYIO
muccepranuio. B 2010 r. B ['ocyiapcTBEHHOM Hay4HO-TIPOU3BOICTBEHHOM OOBEAMHEHUH MOPOLI-
koBol Metairypruv HAH benapycu 3auTil JOKTOPCKYHO JUCCEPTALUIO, TOCBALICHHYIO pa3pa-
00TKE HOBBIX MOKPBITUN TPUOOTEXHUUYECKOTO Ha3HAUEHUSI M HOBBIX TEXHOJOTUN MX (HOpMUPOBA-
Hus. B 2012 r. eMmy npucBoeHo yueHoe 3BaHHe Ipodeccopa. ATTecTaT npodeccopa eMmy BpydnI
nuyHo [Ipesuaent PecnyOnuku benapycs A.I'. JlykamieHko.

Bpyuenue aTrecrata npodgeccopa
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C tex nop cdepa HaydIHBIX HHTEPECOB U JocTxkeHni B.A. KoBTyHa 3HAUNTENBHO paciiu-
puiace. [lox pykoBoactBoMm Baguma AHaTosnbeBHua pa3paOoTaHbl HOBbIE KOHCTPYKLIMHU IOXap-
HOM aBapUHHO-CIACATEeJIbHOW TEXHUKH, 110 KPUTEPHUSAM IIPOYHOCTU U HAJNEKHOCTH YCOBEPILCH-
CTBOBAHBI CYILECTBYIOLINE KOHCTPYKLMH MOKapHBIX aBTOLMCTEPH. PelieH psaj 3anad, cBA3aHHBIX
¢ obecrieueHueM MTPOMBILIICHHON U MOKapHOM O€30MaCHOCTH.

ITon pykoBoacTBoM Bannma AHaTosbeBHYA BBINOIHEH PsJl MIPOEKTOB I'0CyIapCTBEHHBIX
HAYYHO-TEXHHUYECKUX M (PyHIAMEHTAIBHBIX IIPOrPaMM, JOTOBOPOB M KOHTPAKTOB. MM MOITy4eHBI
NPUHLIUINAIBHO HOBbIC HAYYHBIE PE3YyJIbTaThl B 00JIACTH MCCIIEIOBAHUS B3aUMOJIEHCTBUS KOMIIO-
HEHTOB MEXaHOAKTMBHPOBAHHBIX JUCIIEPCHO-HAIIOJHEHHBIX MATEpUaIoB Ha OCHOBE METajinye-
CKOM MaTpHULbI IIPA BO3ACHCTBUN BBICOKOTEMIIEPATYPHBIX IIOJIEH IIyTEM MHTErPaibHOTO JIEKTPO-
CHJIOBOTO BO3/JEHCTBHS, U3YUYEHBI IIPOLECCHl CTPYKTYPUPOBAHUS MAaTPUUHBIX MaTE€pUalOB HAHO-
YacTUI[AMU YIJIEpOAa, pa3paboTaHbl HOBbIE METOJOJIOIMH pacyeTa MPOYHOCTHBIX XapaKTEPUCTUK
MO’KapHBIX AaBTOLIMCTEPH, a TAK)KE YCTAHOBJIEHbl 3aKOHOMEPHOCTH, CBSI3bIBAIOIIME YPOBEHD
HaNpsHKeHUH ¢ peXUMaMu JBMXKEHUS TOXKapHbIX aBToMoouieil. [lonydeHHble pe3ynbTaThl uccie-
JIOBaHUI ¥ HOBBIE Pa3pabOTKM MMEIOT HE TOJBKO HAYYHOE, HO M CYIIECTBEHHOE MPAKTHYECKOE
3HadyeHue. [lo pe3ynbTatam MccieJOBaHUN CO3JaHbl U MOJHOMACIITA0HO BHEAPEHBI HOBBIE KOM-
MTO3ULMOHHBIE MMOPOLIKOBBIE MaTEpUabl, TEXHOJOTUU U OPUTMHAJIbHBIE TEXHUYECKHE PEILCHUs
JUIS TIOJTyYeHHs] UMIIOPTO3aMEILA0IINX U3/IeTUil TPUOOTEXHUUECKOTr0 Ha3HAUCHMsI Ha psie Ipe-
npuatuii PecyOonuku benapych co 3HaUMTENBHBIM TEXHUKO-D)KOHOMHYECKHM M COITHAIBHBIM 3 (-
¢dexramu. He ocranaBimBasch Ha JOCTUTHYTOM, OH ITOCTOSIHHO HaXOJUTCSI B TBOPUYECKOM IIOUCKE
U OCYULIECTBJIIET HAyYHO-NPAKTUYECKYIO IESITEbHOCTb, HAIIPaBICHHYIO Ha pa3pabOTKy HOBBIX
00pa3LoB MOXKapHOH TEXHUKH, a TAKXKE HA CO3JaHHE METOJUK OCMOTpPa TPaHCIIOpTa MPH MOJHKO-
rax, Cpe/icTB, IPUEMOB U METOJI0B OOHAPYKEHUSI U U3BATUS cieloB. PazpaboTaHHble pacueTHbIE
METOAMKHN HCIOJb3YIOTCS MPHU MPOEKTUPOBAHUHM HOBBIX LIUCTEPH IOXKAaPHBIX aBTOMOOWIIEH Ha
maccu MA3.

B HacTosiiee Bpemsi, paboTas B JAOJDKHOCTH Tpodeccopa YHHBEpCHTETa TI'PakIaHCKON
3amuThl, B.A. KOBTYH akTHBHO 3aHMMAaeTCsi Hay4HO-TIEIarOrH4ecKoi JesATeNbHOCThIO U MOATO-
TOBKOW BBICOKOKBaTM(DUIIMPOBAHHBIX HAayuYHBIX KaapoB. [lox ero HayyHbIM PyKOBOJCTBOM MOJI-
roTOBJIeHbI | JOKTOpCKas, 3 KaHIUJATCKHUX, a TaKXKe 7 Maructepckux nuccepranuit. [1o pesysb-
TaTaM PEUTHHIOBOM OLEHKU TPYIOBOW JEATENBHOCTH B YHMBEPCUTETE I'PAXKIAHCKON 3alllUTBhI
MUC benapycu oH HEOJHOKPATHO MTPU3HABAJICS JTYUITUM MTPOPECCOPOM.

Banum AHaronbeBUY SBISETCS 3aMECTUTENEM IpPEICEAATeNs TUCCEPTALlMOHHOTO COBETA
npu YHuBepcutere rpaxkaanckor 3ammtel MUC PecniyOnuku benapych, 4ieHOM 3KCIEPTHOTO
coBeta MuHucTepcTBa oOpazoBanus PecnyOnuku benapych mo HaydHOMy HampaBieHuto «Ma-
HIIMHOCTPOEHUE, METAJTYpPIHsl, MaTepUaibl U TEXHOJIOTUNY, a TAK)KE YJICHOM 3KCIEPTHON KOMUC-
cuu ['oMenbeckoro 06JIaCTHOrO MCIOJHUTENBHOIO KOMHUTETA 10 MPUCYKACHUIO €XKErOIHbIX IMpe-
MUH TaJaHTIUBBIM MOJIOJIBIM yU€HBIM U crieruanucraM. OH HEOJHOKPAaTHO y4acTBOBaJl B padoTe
Komuccuit HarmoHanbHOro areHTcTBa 1o 00ecreyeHnio KadyecTBa 00pa3oBaHus NP MPOBEIECHUH
Y TIOATBEPKICHUH FOCYAapCTBEHHONW aKKpeIUTAallUU yupekaeHuil oopasosanusa PecnyOnuku be-
Japych.

Banum AHaronbeBHY TBOpUECKas JIMYHOCTh: OH sBisgeTcs aBTOpoM Ooisiee 500 HaydHBIX
nyOnukanui, B ToM yncie 11 KHuKHbIX u3ganuit (5 MoHorpaduii, 4 yueOHbIX ocodus, 2 pyccKo-
Oeopycckux cioBapsi), a Takoke 6omnee 50 marenToB Pecnyonmku bemapyces n Poccuniickoit dene-
pauuu. Ha npoTsykeHun MHOTHX JIET aKTUBHO 3aHUMAETCS PEJaKLIMOHHO-N3/1aTENbCKON JEATENb-
HOCTBIO: SIBJSUICA TJIABHBIM PENAKTOPOM MEXAYHApOAHOIO HAyYHO-TIPAKTUYECKOTO >KypHaia
«Upe3BbluaiiHble CUTyalluu: 0Opa3oBaHHE W HayKa»; B HACTOSIEe BpeMs SIBJISETCS YJICHOM pe-
JAKIMOHHBIX KOJUIETHH MSATH HAay4HBIX PELIEH3UPYEMBIX JKYpHAJIOB (2 OTE€YECTBEHHBIX U 3 3apy-
0eXHBIX), B TOM YHUCIIe HAy4YHOT0 XXKypHalia «BecTHUK YHuBepcuTera rpaxxaaHckoi 3amutsl MUC
benapycu».

Bagum AHatosibeBUY MPOBOJUT aKTHBHYIO paboTy IO Pa3BUTHIO MEXIYyHApPOJAHOTO Hayd-
HO-TEXHUYECKOT0 COTPYAHUYECTBA C HayYHBIMU LieHTpamu Poccun, cTpan OIM>KHEro U JalbHEro
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3apy0ebs, MOCTOSTHHO MOAJCPKUBAECT TBOPUECKUE CBA3M CO crnenuanucrtamu bemapycu, Poccun
U IpYTUX CTpaH. SIBiIAETCS MOCTOSHHBIM WIEHOM IIPOIPAMMHBIX U OPTaHU3aLMOHHBIX KOMUTETOB
MEXYHApPOAHBIX HAYYHO-TEXHHUYECKUX KOH(EPEHUUI M KOHIPECCOB, MOYETHHIM YJICHOM psja
Hay4YHO-TEXHHUYECKUX COOOLIECTB.

Kak 061 HU OB 3arpy’keH MOBCEAHEBHON HayYHO-OpraHU3allMoHHOM padoToii B.A. KoTyH,
OH HHMKOTJa HE TEepsET CBA3b CO cBoMMU yueHukamu. Ha nnesax Baguma AnarosbeBuya U 1OJ €ro
PYKOBOJICTBOM B YHHUBEPCHUTETE TPAKIAHCKOHN 3aIIUThl C(HOPMUPOBAHA U YCIIEIIHO Pa3BUBAETCS
Hay4Has 1IKoJa B 001aCTH NPOTUBOABAPUITHON YCTOMYUBOCTH OOBEKTOB U MOXKAPHOIN TEXHUKH.

3a MHOTOJICTHUH TUIOZOTBOPHBIN TPy, BBICOKHN MPO(ECCHOHANTN3M, 3HAUNTEIbHbIA JTNY-
HBIH BKJIaJ] B HAyYHO-METOAMUYECKOE 00ecrieueHHe AEATENbHOCTU 110 NPEIYIPEXKIACHUIO U JINKBU-
AUy 4Ype3BblYalHBIX cUTyauuid BaguM AHaTONbeBUY HArpakJIe€H MeNallblo «3a TPYJOBBIE
3aciyru» U [louetHoit rpamoroit CoBera MunuctpoB Pecriyonmku benapyce. 3a ycnexu B Hayd-
HO-TIEJArOTMYECKON JIeATEIbHOCTH HarpaxaeH IloueTHpiMu rpamoramu ['OMenbCKOro ropoJacko-
ro Cosera nenyraTtoB, HanuonansHoi akagemun Hayk benapycu, benopycckoro peciyOnukaH-
ckoro (onma (pyHIAMEHTANBHBIX UCCIEIOBaHUNA, TpaMOTaMi MUHHCTEPCTBA TI0 YpE3BbIYAHBIM
curyauusMm Pecny6nuku benapycs n YHuBepcurera rpaxaanckoil 3amutel MYUYC benapycu.
B 2017 r. B 1. 'omene ymocroeHn moueTHoro 3Banus «YemnoBek tpyna — 2016» B HOMHMHAINH
«Hayxka».

Bpyuenue Ilouyetnoii rpamorsl CoBeta MunuctpoB Pecny0.iuxu besapych
MunucTpoM 1o ype3BblyaitHbIiM cutyanusm Pecny0iuku Beaapycs B.U. CunsaBeckum

BanuMa AHaTonbeBHYA OTIUYAIOT MPEKpPACHbIC TMYHBIE KAYeCTBa, OH JEIUKATeH U OOIIU-
TeJeH, UMeeT OOJIbIION KPYT Apy3€el U 3HAKOMBIX, B TOM UUCJIE CPEAN PYKOBOJIUTENEH MpeaAnpus-
TUW U OpraHu3anwii r. ['omens, ueMy B 3HaYUTEIHHON CTENEHU CIIOCOOCTBOBAIA €0 MHOTOJICTHSS
s dexTrBHAsT oOMIECTBEHHAsE pab0oTa B Ka4eCTBE MCIOJHUTEIBHOTO TupekTopa ["'oMenbekoro ro-
pozckoro kiry6a nupektopoB. Kpome obmiero Bagum AHaTOnbeBUY MOTYUYUIT U MY3BIKAIbHOE 00-
pa3oBaHue: OH BEJIMKOJIEITHO UTpaeT Ha (JOPTENHAHO U TUTApe, XOPOLIO MOET KIACCUKY U 3CTPaLy.

Baaum KoBTyH HaxoauTcsi B paciiBeTe TBOPUECKUX M JKU3HEHHBIX CHUJI, MOTEHIUAT KOTO-
PBIX 3HAYUTCIICH, U €TI0 HEN30EKHO JKAYT HOBBIC YCIIEXHU U NOCTHXXCHUA B H&y‘IHOfI, negarorunyde-
CKOM M OOILECTBEHHOM JeATeNbHOCTH.

Konneru u npy3ss cepiiedno no3apasisitoT Baguma AHaTonbeBuYa ¢ ro0uiieeM, KenarT
€My KpETKOTO 370pOBbs, HOBbIX HAyUYHBIX JOCTHXKEHHI U JalIbHEHIled HEeUCcCIKaeMoul TBOpUe-
CKOM DHEPIHUN.
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IMPABHJIA TIPEJOCTABJIEHUSA
crareil 1Jisl My0/IMKaUMU B HAYYHOM KypHaJe
«BecTHHK YHUBepcuTeTa rpaxaanckoii 3amursel MUC Benapycn»

1. HanpaBnsemple B BectHuk YHuBepcurera rpaxiganckod 3zamutel MUC bBenmapycu craTbu  JOJDKHBI
MIPEACTABIATh PE3YNbTAaThl HAYYHBIX KMCCIEAOBAaHUN M MCIBITAHWH, OINMWCAaHUS TEXHHUYECKHX YCTPOHCTB
1 IPOTPaMMHO-HH(POPMAaMOHHBIX TPOAYKTOB, MNPOOIEeMHBIE 0030pHI, KpaTKue coOOmeHNs, KOMMEHTAapUU
K HOPMaTHUBHBIM TEXHHYECKUM JOKyMEHTaM, CIIPABOYHBIC MAaTEPHAIIBI U T.II.

2. O0peM Hay9YHOH CTaThbH, YYUTHIBAEMOH B Ka4eCTBE ITyOIHMKALINH IO TeME AUCCEPTAIHH, JOJDKEH COCTaBIATh
He menee 0,35 aBropckoro nucra (14 000 meyaTHBIX 3HAKOB, BKITIOYAs IPOOEIBI MEXKLY CIIOBaMH, 3HAKH MTPEMHHAHMS,
uudpst 1 ap.). B aToT 00beM BXoaAT Tabnumpl, hoTorpaduu, rpadKu, pUCYHKH U CIIMCOK JINTEPATYPHI.

3. Cratbs mpenocTaBisieTcsl B ABYX SK3eMIULsIpax. BTopoll sk3eMIsp craTbu JOJDKEH OBITh MOCTPAHHYHO
MIPOHYMEPOBaH W IIOAIIMCAH BCEMH aBTOpaMu. K pyKONHCH CTaThM MpUIArarTcsa: a) peKoMeHaunus Kadeaps,
HAY4YHOH JTa00paTOPHH Wi YUPEXKICHUS 00pa3oBaHus; 0) SKCIEpTHOE 3aKIFOYEHHE O BO3MOXKHOCTH OIYOIMKOBAHHUS
CTaThH B OTKPBITOM II€4aTH; B) MOIHMCAHHBIA JMICH3WOHHBII JOTOBOP HAa MpPaBO OIYOJHKOBaHMSA CTAaThH
(3aKITI0YaeTCsl € KaKIbIM aBTOPOM OTAEJIBHO M TedaTaeTcsi ¢ ABYX CTOPOH Ha oxHOM jwmcte). dopma norosopa
pa3MerieHa Ha caiite xypHana: https://journals.ucp.by.

4. DneKTpOHHAs BEpCHsI CTaThH, MOATOTOBIICHHAS B TEKCTOBOM pefakTope Microsoft Word, npenocrasisercs Ha
CTaHOAPTHBIX HOCHUTENSX JHOO MO JJIEKTPOHHOM moure Ha agnpec: vestnik@ucp.by. Pucynkm mnpunararorcs
JOTIOJTHUTENFHO KaK OT/eNbHbIC (aiiibl rpadgudaeckoro popmara.

5. Matepual cTaTbu M371araeTcst B CJIEIYIONIEM TTOPSIIKE:

1) undopmanus 06 aBropax (Ha OTACIBHOM JHCTE): GaMUIKS, UMSI, OTIECTBO — MOTHOCTHIO, YUCHAsl CTCIICHb,
yueHOE 3BaHHE, MECTO PadOTHI (IIOJIHOE Ha3BaHHWE, aJpec C YKa3aHHEM WHJIEKCa M CTPaHbl), JOJDKHOCTh, Pabouuii
tenedon, email (06s3aTenbHO), UMEIOIIHECS TEPCOHANBHBIC HACHTU(PHUKAIIMOHHBIE HOMEpa B HAyKOMETPHUICCKHX
6azax (mpu 3ToM 00s3aTenbHBIM sBisieTcs ykazanue SPIN-koga PUHIL, nnentuduraropa ORCID). Eciu aBTOpOB
HECKOJIBKO, YKa3bIBACTCsl KOPPECIIOHACHT II0 BOIIPOCAM COJICPIKaHMUs CTaThy;

2) uomep YJIK (yHuBepcanbHas AecaTHYHAs KiacCH(UKaIms);

3) Ha3BaHUE CTAThH;

4) aunnorarus (He Menee 200 u He Gosee 300 CIOB) ABIAECTCA OCHOBHBIM HCTOYHMKOM HH(OPMAIIUK O CTaThe,
MOXET IyOJIMKOBAThCSl CaMOCTOATENLHO B pedepaTHBHBIX KypHaJIax M MH(OPMALMOHHBIX CHCTEMax B OTPHIBE OT
OCHOBHOT'O TEKCTa W, CJICZI0BATENILHO, IOJDKHA OBITH MOHATHOH Oe3 oOpamieHns K caMoil myOiuKanuy. AHHOTAIUS
JOJDKHA PAaCKpPBIBATh: ye/ib (OIpeNensieTcs: Kpyr paccMaTPHBAEMBIX BOIIPOCOB, 0003HAYAIOTCS LIENb U 3aJadi paboTHl,
00BEKT M TpEeAMET HCCIEIOBaHMA); Memoosbl (M37araroTcsl ITOIXOMAbI, METOABl W TEXHOJOIWH HCCIIEIOBAHNA);
pesyiomamyl  (IPUBOASTCS HauOoJiee 3HAYMMBIE TEOPETUYECKUE IOJ0XKEHHs, OKCIEpUMEHTAIbHbIE JIaHHBIE,
MTOTYEPKUBACTCSA UX aKTYaIBHOCTh U HOBM3HA); 001ACMb npumeHeHus ucciedosanuti (ONMICHIBAIOTCS BO3MOXKHOCTH
HCIIOJIb30BAHUS TIOJIyYSHHBIX PE3YJIbTATOB, OTMEYAETCSl MX HAY4YHO-MIPAKTHYECKasi 3HAYMMOCTb);

5) kiIroYeBBIE CIIOBA M CIIOBOCOYETAHUS CTaThH (He 6ojee 12 CiioB);

6) marta HOCTYIUICHHUS CTaThu (MECSI U TO);

7) BBeAcHHE; OCHOBHAS YacCTh CTaThH; 3aKJIFOYCHHUE, 3aBepIIaeMoe YeTKO c(HOPMYITUPOBAHHBIMH BBIBOJIAMHY;

8) ykasaHme Ha HCTOYHWK (DUHAHCHPOBAHWS (ECIHM CTaThs MOATOTOBICHA B paMKax BBIMOJHEHHS TPaHTa
HaY4HBIX UCCIIEZIOBaHUI);

9) CHMCOK HUTHUPOBAHHOM JUTEpaTyphbl. JIIsi KaXKI0ro HCTOYHMKA yKaspiBaercs (mpu Hamwywuu) ero DOIL.
OKCHepThl MEXIYHAPOAHBIX HAYKOMETPHUYECKMX 0a3 JaHHBIX HETaTHBHO BOCIPHHUMAIOT BKJIIOYEHHE B CIHCOK
LIUTUPOBAHHON JIMTEPaTypbl HCTOYHHMKOB JIOKAIBHOTO XapakTepa (IIOCTAHOBJICHWH, 3aKOHOB, WHCTPYKIWH,
HEOIyOJIMKOBaHHBIX OTYETOB, JHCCEPTAallUi, aBTOpedeparoB W T.II.), MIEKTPOHHBIX MAaTEPHAJIOB M PECYpPCOB CETH
WurepHer. [ToaTOMy CCHUIKM Ha Takhe UCTOYHUKH PEKOMEHIyeM O(OpMISITh B BHAE MOCTPaHUYHBIX CHOCOK CO
CKBO3HOU HyMepauuei.

Ha ornenbHOM cTpaHMIe HAa aHTJIMICKOM SI3bIKE PUBOASATCS CIIEIYyIOLINE CBeIeHHs: HHpOpMalus 00 aBTopax;
HAa3BaHWE CTAThH; AHHOTAIMs, O00sA3aTEJIbHO BKIIIOYAIOIIAs CIIEAYIONIHe MyHKTH: purpose, methods, findings,
application field of research; wiroueBbie ci0Ba U CIOBOCOYETAHHS; TPAHCIUTEPALMs Ha JIATHHUIIE W TIEPEBOA Ha
AHTJIMHCKUI S3bIK CIIMCKA IIMTUPOBAHHOM JINTEPATYPHI.

Jnst pyCCKOSI3BIYHBIX MCTOYHHMKOB B TPAHCIMUTEPALMH Ha JIATHHUIE TPUBOAATCS (aMMIMs, UM, OTYECTBO
aBTOPOB, HAa3BaHUs CTareil, >KypHaJIOB (eciM HeT AaHIIOA3bIYHOTO Ha3BaHMs), MaTepualoB KOH(EpeHIHMH,
M3/IaTeNIbCTB M HAa aHTJIMHCKOM sI3bIKE — HA3BaHMs MyOIMKAIM M BBIXOJHBIE CBEICHHS (TOPO, TOM U HOMEp M3/IaHHs,
cTpaHunpl). st TpaHCIUTEpay Ha JIATHHMIYY CIIEAYET NMPUMEHSTh cucrteMy Tpanciutepauun BGN, npu stom
MOKHO HCIIONIb30BaTh HHTEPHET-PeCypcChl, Hanpumep cait: http://translit.net.

OcHoBHbIe TpeOOBaHMs K 0OPMIICHHIO CTAaTEH, IPEJOCTABISIEMBIX B HAYUHBIH JKypHAII, ¥ IpUMeEp 0(OpMIICHUS
CTaTh¥ pa3MeIleHbl Ha caiite u3aanus: https://journals.ucp.by.

6. ComepkaHue pas3jielioB CTaThd, TaONWIbBI, PHUCYHKH, IMTHPOBAHHAS JIUTEpaTypa MHOJDKHBI OTBEYaTh
TpeboBaHnsAM MexrocynapctBeHHoro craupapra [OCT 7.1-2003 u  MHcTpykumu o mopsake  opOopMICHHS
KBaTM(UKAIMOHHON Hay4YHOH palboOTHI (IMCCEepTalM) HAa COUCKAHNE yUYEHBIX CTENeHeH KaHAWAaTa W JIOKTOpa Hayk,
aBropedepara M MyONMKALMA IO TEeMEe JAUCCEpTalldH, YTBEpXIeHHOW mnocraHoBieHneM BAK bBenapycu or
28 despamns 2014 1. Ne 3.

7. Pegaxkuust octaBiseT 3a co0O# MpaBo HA M3MEHEHNUS, HE HCKaXKaIOINE OCHOBHOTO COJEPKaHUs CTaTbU. Pyko-
IIFCH OTKJIOHECHHBIX CTaTEH aBTOpaM HE BO3BPAILAOTCS.
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FOCYOAPCTBEHHOE YYPEXEHVE OBPA30OBAHUSA «YHUBEPCUTET FPAXXOAHCKOW 3ALUMTBI
MWUHUCTEPCTBA MO YPE3BbIYAUHBLIM CUTYALIUAM PECINYBINKU BENAPYCb»

®dakynbTeT 3a04HOro 0byyeHun

Mposodum:

MoaroToBKy No cneunanbHOCTAM:
1-94 01 01 «[peagynpexaeHne U NUKBUAALUA Ype3BbIYaUHbIX CUTYaLMM» C NPUCBOEHWUEM KBanudukauun «Hxe-
Hep Mo NPeAyNPEXAEHNIO U IMKBMOALMN Ype3BblYaiHbIX cuTyauuiny. dopma obyueHms — 3aouHas. MonHbIi cpok obyye-
HWS — 5 neT, CoKpalLeHHbIN — 3 roga.

Mo okoH4aHMKM 06Yy4eHNs BblLAeTCs AUNIOM O BbiCLLEM 06pa30BaHUM roCyaapCTBEHHOMO obpasua.

¢0a|<yaneT 0e30NacHOCTY XuU3HeAeATENbHOCTH

Mpoeodum:

MepenoaroToBKy NuL ¢ BbICILMM 06pa3oBaHMEM NO CNeLManbHOCTAM:
9-09-1033-02 «MHXMHMPUHT Ge30MacHOCTM 0OBHLEKTOB CTPOUTENLCTBA» C NMPUCBOEHNEM KBaNMMKaLmm
«MHxeHep». Cpok 0byyeHns — 18 mecsaues. dopma 0byyeHns — 3a04Has (Tpu ceccum).
9-09-1033-03 «MpombliwneHHas 6e30nacHOCTbY C NPUCBOEHMEM KBanudukaummn «MHxeHep». Cpok 0by-
yeHns — 18 mecsaues. Popma 0byyeHns — 3a04Has (Tpu ceccum).

Mo OKOHYaHMM 0by4YeHus BblgaeTcs AWNMIOM rocydapCTBeHHOro obpasuya O nepenofroToBKe Ha
YPOBHE BbICLLIEr0 06pa3oBaHus.

MoBblweHne KBanudukauum Ons pyKoBOAAWMUX PAOOTHMKOB M CRELMAnUCTOB, UMEHLUX
BbICLUEE UMK CpeaHee cneuuanbHoe obpa3oBaHue, No obpasoBaTenbHbIM NporpaMmmam:
— «JKcnepTHas AeaTenbHOCTbY (B NOXapHO 6e30nacHoCTy);
— «[lMoxapHas 6esonacHocTb. MNpeaynpexaeHne YpesBblyanHbIX CUTYaLMi. VIHKEHEPHO-TEXHNYECKNE MEPO-
NPUATUS rPaXaaHCKON 0BOPOHbIY;
— «MoHTax, Harnagka 1 TexHuyeckoe 06CyXMBaHWUE CUCTEM NOXaPHON aBTOMATUKMY;
— «TexHnyeckoe 0BCMyXMBaHNE CUCTEM MOXAPHON aBTOMATUKIY;
— «[poeKTMpOBaHWe CUCTEM NOXAPHOW aBTOMATUKMY;
— «JMua, ocyLecTBSOLME KanuTanbHbI PEMOHT (NepesapsiaKky) OrHEeTYLUMTENEN, TOProBMl CpeacTBaMu
NPOTUBONOXAPHO 3aLYUTHIY;
— «BbInonHeHne paboT ¢ NpUMEHEHNEM OrHe3aLYMUTHbIX COCTABOB (MHXEHEPHO-TEXHMYECKNE PaBOTHUKM)Y;
— «ObecneyeHve noxapHoit 6e3onacHocTn Ha obbekTax Pecnybnuku bBenapycby;
- «ObecneyeHne noxapHoit 6e30nacHOCTM Ha 06beKTax C MaCcCOBbIM NPebbIBAHNEM IOAENY;
— «[lpombiwneHHas 6e30nacHOCTbY;
- «OpraHnusaums n obecneyeHre NpoMbILLIEHHON 6€30MacHOCTU NPEeaNPUATUIA XUMUYECKON NMPOMbILLMEHHO-
CTH, XpaHEHNS 1 nepepaboTki 3epHa, aMMUAYHbIX U XOPATOPHbIX YCTAHOBOKY;
— «OpraHusauyms n obecneyeHne nPOMbIWLNEHHON Be30nacHOCT npu obpalleHnn NUPOTEXHUYECKMX
n3oenuiny;
— «besonacHocTb ropHbIx paboTy;
— «OKCnepTHas AesTeNbHOCTb B MPOMBbILLNEHHON BE30MacHOCTNY;
— «PagvaumoHHas 6e30nacHOCTbY (Mpy MCMOMNb30BaHWM UCTOYHUKOB MOHWU3WPYIOLLETO M3MYYeHUs B Meau-
LMHCKWX Liensix);
- «PagnaumoHHas 6e30nacHOCTb» (MpU UCMONb30BAHUM UCTOYHUKOB MOHU3WPYIOLLETO U3MyYeHus), B Liensx
OTIIMYHbIX OT MEANLIMHCKMX);
— «OcHoBbI 0becneyeHns SaepHON 1 paanalnoHHon Ge3onacHoCTUY (4N NuL, y4acTByOLWMX B obecneye-
HUM SOEPHON M pagunaLMoHHON 6e30nacHOCTM Npu aKcnnyaTaumm 06beKTOB WCMONb30BaHUS aTOMHOM
SHeprum);
- «JKkcnepTn3a Be3onacHoCTK B 06nacTi MCMOMb30BaHUS aTOMHOWN 3Heprun (ans paboTHUKOB, OKa3blBalo-
LMX YCNYr1 MO NPOBeAEHMI0 3kenepTn3bl 6e30nacHOCTM B 06N1acTi NCNONb30BaHNS aTOMHOM 3HEpritn)»;
- «[1poeKT1pOBaHME MyHKTOB XpaHEHUs PaaMOaKTUBHbIX OTXO40BY A1 pabOTHUKOB, OKa3bIBAIOLMX YCIyryt
B chepe NPOEeKTUPOBaHMS;
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- «KaTteropupoBaH1e NoMeLLEHNI, 3AaHNA 1 HAPYXHbIX YCTAHOBOK MO B3PbIBOMOXAPHOM M MOXapHOW onac-
HOCTWY;
— «OxpaHa Tpyaav;
— «[1poTnBOAENCTBIE KOPPYNLMNY;
— «3aLuTa OT Ype3BblYaNHbIX CUTYaLIUIY.

OOyuarowme Kypcbl Ans nuu, UMeLWMUX npodeccuoHanbHO-TEXHMYECKOe U oblee cpegHee
obpa3oBaHue, No obpa3zoBaTeNibHbIM Nporpammam:
— «MoHTax, Hanagka u TexHu4eckoe obecnyxuBaHne CMCTEM MOXAPHOW aBTOMATUKW W NPOTUBOALIMHOM 3a-
LWNTbIY;
— «TexHuyeckoe obcnyxmBaHne CUCTEM NOXAPHON aBTOMATUKNY;
— «BbInonHeHne paboT ¢ NPUMEHEHNEM OrHE3ALUMTHBIX COCTABOB (MCNOMHUTENM PaboT)y;
— «3aLuTa OT Ype3sBblHanHbIX CUTYaLuIty;
- «ObecneyeHne noxapHoit 6e3onacHOCTM Ha 06beKTax C MacCoBbIM NPebbIBaHNEM MHOAEMNY.

CemuHapbl no obpa3oBaTeNbHbLIM NpoOrpamMmMam:
— «Oka3saHve nepsoin NomoLLmM noctpagasLumm B HCyx;
— «Pacyet npegena OrHeCToMKOCTM (Kene300eTOHHbIX, MeTanInYecknx, AepeBsiHHbIX, KAMEHHbIX CTPOM-
TeNbHbIX KOHCTPYKLMIAY;
— «PacyeT BpeMeHu 3BakyaLum nogen npu noxapey;
— «Pacyet TemnepaTypHOro pexuma noxapa B NOMELLEHUNY;
— «PacyeT BennuMHbI NPOTUBOMOXAPHbIX Pa3pbIBOB MEXAY 34aHUSMU, COOPYXEHUSMU U HAPYXHbIMK yCTa-
HOBKaMW»;
— «PacuyeT nnowaam nerkocbpacbiBaeMbIX KOHCTPYKLMAY;
— «KaTteropupoBaHue noMeLLeHNI, 30aHNIA 1 HAPYXHbIX YCTAHOBOK MO B3PbIBOMOXAPHOM W NOXapHOi onac-
HOCTWY;
— «[lopsagoK NPoeKTUPOBaHUS NAaCCUBHOW NPOTUBONOXAPHO 3aLLMTbI 30aHUN PA3NNYHOMO Ha3HAYEHNA;
— «OnTumMmM3aLms 3atpat Ha obecneveHne TpeboBaHUi NOXapHON GE30MacHOCTU Ha OCHOBAHWW PACYETHbIX
METOZ0BY;
— «OxpaHa Tpyaa B opraH13aLmsx HeMPoU3BOACTBEHHOM CAhEpDI».

MoaroToBKy NUL, K NOCTYNNEHUIO B yuYpexaeHns obpasosanua Pecnyonukn benapychb no y4e6-
HbIM NpegMeTaMm: MatemaTtvka, quavka, pyCcKUin A3biK, PYCCKUIA A3bIK Kak MHOCTPaHHbIN, Benopycckui
A3blK, AHTIMACKMA 3blK, HEMELKWA A3blK, paHLYy3CKUA S3bIK, UCTOpKSI, 0BLLEeCTBOBEAEHME, Xumust (0u-
Has/ancTaHuMoHHas dopma 0byyeHus).

O6yuyeHune npoBoauT Npodheccopcko-npenoaaBaTeNnbCKUA COCTaB YHMBEPCUTETA U Beaylmue cneuuanm-
cTbl Pecny6nuku Benapycb B 06n1acTv noxapHon 1 NpombILLIIeHHOW 6€30MacHOCTY.
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