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A method has been proposed to prevent anthropogenic emer-
gencies caused by fire in the premises, based on using the current 
measure of increment recurrence in the vector of the gas envi-
ronment state in order to detect possible dangers of maintenance 
personnel injuries and equipment destruction in the premises. The 
proposed measure makes it possible to monitor the dynamics of the 
gas environment state and to identify dangerous states caused by 
the emergence of fires in the premises at a facility. It has been shown 
that the gas environment in the premises a means for the transition of 
impacts from a source of ignition when danger appears in the form of 
a fire. We verified the proposed method using an example of detect-
ing danger in the form of ignitions of alcohol and paper in a model 
chamber, which simulated a no hermetic location of an object. It has 
been established that the estimation of the probability of recurrence 
of increments in the states of the gas environment tends to increase 
from zero to 0.5 for alcohol and 0.6 for paper before the moment of 
the start of a fire. One should note that a sharp and periodic change 
in the probability estimate is characteristic of the growth trend in 
the estimation of the probability of recurrence of increments in the 
gas environment state. It was revealed that there is a random change 

of phase states corresponding to the mode of the dynamic stability in 
the dynamics of increments before the emergence of a danger caused 
by the ignition of a material. The estimate of the probability of re-
currence of increments becomes close to zero when danger emerges 
in the form of ignition of a material. Such a situation corresponds 
to the loss of dynamic stability of the state of the gas environment. 
After that, there are the individual random recurrence points, which 
belong to the region of the main diagonal of the recurrence plot in 
the dynamics of increments. Further development of the danger 
under consideration leads to the chaotic nature of increments in the 
gas environment state.

It has been shown that monitoring the dynamics of increments 
of the states of the gas environment makes it possible to identify 
the moments of the emergence of a danger caused by the ignition 
of materials in the premises at a facility. The above indicates the 
efficiency of the proposed method to prevent emergencies caused by 
fires at facilities by early detection of ignitions of materials based on 
the identification of moments when the stability of increments of the 
states of the gas environment in the premises is disrupted.

Keywords: emergency, fire in the premises, current measure of 
recurrence, increment of states, gas environment, recurrence plot.
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Description of performance of fire-protective coatings during ope-
ration of a wooden construction structure is a separate and complex 
task that covers both stages of the protection process: both moisture 
protection and further heat transfer that occurs when the coating 
swells. It has been proven that they imply creating a layer at the 
surface of the material, which prevents the penetration of moisture to 
wood when the swelling of a wooden structure and the destruction of 
the coating begins. Due to this, it becomes possible to determine the 
effect of flame retardants and the properties of protective formulations 
on the process of decelerating the rate of moisture absorption of wood. 
When using fire-retardant coatings for wood, as it is indicated by the 
research results, typical processes imply the formation of a protective 
layer under the impact of temperature and a decrease in humidity, 
which slow down the moisture diffusion processes. It seems likely that 
such a mechanism of a fire-retardant coating is a factor in regulating 
the degree of formation of a weather-resistant protective layer and the 
effectiveness of heat and moisture insulation of the material. We have 
modeled the process of moisture transfer by a fire-retardant coating; 
the diffusion coefficient was determined and the estimation depen-
dences were derived, which made it possible to obtain a change in the 
dynamics of moisture when drying a fire-retardant coating. Based on 
the derived dependences, the moisture diffusion coefficient of a fire-re-
tardant coating was calculated, which amounts to 0.163·10–9 m2/s.  
The results from determining the mass loss of the coating sample 
during drying indicate the ambiguous effect of the nature of a protec-
tive agent on the change in humidity. In particular, this implies the 
availability of data sufficient for the qualitative implementation of the 
process of inhibition of moisture diffusion and the identification, on 
its basis, of the point in time that gives rise to a drop in the coating 
efficiency. The features of inhibiting the process of moisture transfer to 
wood, which was treated with a fire-retardant coating, include several 
aspects. Specifically, the use of water-insoluble flame retardants and 
other components, as well as a polymer binder, characterized by the 
formation of a heat-insulated layer at the wood surface.

Keywords: protective means, fire resistance, mass loss, moisture 
diffusion, surface treatment, protection efficiency.

References 

1. Tsapko, Y., Tsapko, А. (2017). Establishment of the mechanism and 
fireproof efficiency of wood treated with an impregnating solution 
and coatings. Eastern-European Journal of Enterprise Techno-
logies, 3 (10 (87)), 50–55. doi: https://doi.org/10.15587/1729-
4061.2017.102393 

2. Tsapko, Y., Tsapko, А., Bondarenko, O. (2019). Effect of a flame-
retardant coating on the burning parameters of wood samples. 
Eastern-European Journal of Enterprise Technologies, 2 (10 (98)), 
49–54. doi: https://doi.org/10.15587/1729-4061.2019.163591 

3. Tsapko, Y., Tsapko, А., Bondarenko, O. (2019). Establishment of 
heat exchange process regularities at inflammation of reed samples. 
Eastern-European Journal of Enterprise Technologies, 1 (10 (97)), 
36–42. doi: https://doi.org/10.15587/1729-4061.2019.156644 

4. Tsapko, Y., Zavialov, D., Bondarenko, O., Pinchevs’ka, O., Mar-
chenco, N., Guzii, S. (2019). Design of fire-resistant heat- and 
soundproofing wood wool panels. Eastern-European Journal of 
Enterprise Technologies, 3 (10 (99)), 24–31. doi: https://doi.org/ 
10.15587/1729-4061.2019.166375 

5. Khalili, P., Tshai, K. Y., Hui, D., Kong, I. (2017). Synergistic of ammo-
nium polyphosphate and alumina trihydrate as fire retardants for natu-
ral fiber reinforced epoxy composite. Composites Part B: Engineering, 
114, 101–110. doi: https://doi.org/10.1016/j.compositesb.2017.01.049 

6. Kr ger, S., Gluth, G. J. G., Watolla, M.-B., Morys, M., H ler, D., Schar-
tel, B. (2016). Neue Wege: Reaktive Brandschutzbeschichtun gen  
f r Extrembedingungen. Bautechnik, 93 (8), 531–542. doi: https:// 
doi.org/10.1002/bate.201600032 

7. Gaff, M., Ka k, F., Ga par k, M., Todaro, L., Jones, D., Corleto, R. 
et. al. (2019). The effect of synthetic and natural fire-retardants 
on burning and chemical characteristics of thermally modified teak 
(Tectona grandis L. f.) wood. Construction and Building Mate-
rials, 200, 551–558. doi: https://doi.org/10.1016/j.conbuildmat. 
2018.12.106 

8. Janetti, M. B., Wagner, P. (2017). Analytical model for the moisture 
absorption in capillary active building materials. Building and En-
vironment, 126, 98–106. doi: https://doi.org/10.1016/j.buildenv. 
2017.09.018 

9. Cirpici, B. K., Wang, Y. C., Rogers, B. (2016). Assessment of the ther-
mal conductivity of intumescent coatings in fire. Fire Safety Journal, 
81, 74–84. doi: https://doi.org/10.1016/j.firesaf.2016.01.011 

10. Carosio, F., Alongi, J. (2016). Ultra-Fast Layer-by-Layer Approach 
for Depositing Flame Retardant Coatings on Flexible PU Foams 
within Seconds. ACS Applied Materials & Interfaces, 8 (10),  
6315–6319. doi: https://doi.org/10.1021/acsami.6b00598 

11. Md Nasir, K., Ramli Sulong, N. H., Johan, M. R., Afifi, A. M. (2018). 
An investigation into waterborne intumescent coating with different 
fillers for steel application. Pigment & Resin Technology, 47 (2), 
142–153. doi: https://doi.org/10.1108/prt-09-2016-0089 

12. Zhao, P., Guo, C., Li, L. (2018). Flame retardancy and thermal deg-
radation properties of polypropylene/wood flour composite modified 
with aluminum hypophosphite/melamine cyanurate. Journal of 
Thermal Analysis and Calorimetry, 135 (6), 3085–3093. doi: https://
doi.org/10.1007/s10973-018-7544-9 

13. Kovalnogov, V. N., Karpukhina, T. V., Korotkov, E. A. (2016). 
Mathematic modeling of the kinetics of heat-and-humidity state of 
capillary-porous bodies under convection drying. AIP Conference 
Proceedings, 1738, 480005. doi: https://doi.org/10.1063/1.4952241 

14. Korniliev, M. G., Kovalnogov, V. N., Zolotov, A. N. (2016). Modeling 
and analysis of the efficiency of the convective drying of capillary-po-
rous bodies with ultrasound. 2016 2nd International Conference on 
Industrial Engineering, Applications and Manufacturing (ICIEAM). 
doi: https://doi.org/10.1109/icieam.2016.7911655 

15. Janna, W. S. (2018). Engineering Heat Transfer. CRC Press, 692.  
doi: https://doi.org/10.1201/9781439883143 

16. Tsapko, Y., Bondarenko, O. P., Tsapko, A. (2019). Research of the 
Efficiency of the Fire Fighting Roof Composition for Cane. Mate-
rials Science Forum, 968, 61–67. doi: https://doi.org/10.4028/www.
scientific.net/msf.968.61 

17. Erdo an, Y. (2016). Production of an insulation material from carpet 
and boron wastes. Bulletin of the Mineral Research and Exploration, 
152, 197–202. doi: https://doi.org/10.19111/bmre.74700 

DOI: 10.15587/1729-4061.2020.196881
IMPROVING THE EFFICIENCY OF WATER FIRE 
EXTINGUISHING SYSTEMS OPERATION BY USING 
GUANIDINE POLYMERS (p. 20–25)

Тatyana Maglyovana
Cherkassy Institute of Fire Safety  

named after Chornobyl Heroes of National University  
of Civil Defense of Ukraine, Cherkassy, Ukraine
ORCID: http://orcid.org/0000-0002-6780-9045 

Taras Nyzhnyk
National Technical University of Ukraine  

«Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, Ukraine
ORCID: http://orcid.org/0000-0001-6499-0670 

Serhiy Stas
Cherkassy Institute of Fire Safety  

named after Chornobyl Heroes of National University  
of Civil Defense of Ukraine, Cherkassy, Ukraine

ORCID: http://orcid.org/0000-0002-6139-6278 

79

Abstract and References. Ecology



Denis Kolesnikov
Cherkassy Institute of Fire Safety  

named after Chornobyl Heroes of National University  
of Civil Defense of Ukraine, Cherkassy, Ukraine

ORCID: http://orcid.org/0000-0002-4068-3454 

Tatyana Strikalenko
Odessa National Academy of Food Technologies, Odessa, Ukraine

ORCID: http://orcid.org/0000-0002-5836-6887 

This study has established the possibility of obtaining water ex-
tinguishing agents, which can reduce hydraulic resistance (polymer 
turbulence drag reduction) by using guanidine derivatives.

A cationic polyhexamethyleneguanidine hydrochloride surfac-
tant with a molecular weight of 10,000–11,000 u was used for ex-
perimental study.

It has been shown that the addition of insignificant concentra-
tions (0.03–0.290 %) of polyhexamethylene guanidine hydrochlo-
ride, which belongs to class IV of toxicity and is an effective inhibitor 
of biocorrosion, increases a flow rate of water fire extinguishing 
agent by 1.20–1.78 times when using the RSK-50 fire barrel.

We have established experimentally an increase in the flow rate 
of a polymer solution from drencher nozzles by 1.86–7.69 % in the 
concentration range (0.3–1.4 %) along the examined pipeline (1 m 
and 13 m). An increase in pressure by 2–6 % has been observed com-
pared with the initial values under such conditions.

The used polymer has properties of a «biologically soft» sur-
factant and meets high environmental requirements of the en-
vironmental protection and rational use of natural resources.  
One can use it to develop formulations for environmentally ac-
ceptable water extinguishing agents and their application in fire-
fighting practice.

The above allows us to argue that the directed use of salts of 
polyhexamethylenguanidine hydrochloride is possible to reduce 
hydraulic losses in water extinguishing systems. One can apply them 
to improve engineering and technical measures for preventing and 
responding to emergencies.

Keywords: polyhexamethyleneguanidine hydrochloride, water 
extinguishing agent, firefighting, hydrodynamic activity, polymer 
turbulence drag reduction.
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The technology has been proposed for manufacturing a textile ma-
terial that contains ferromagnetic nanoparticles for shielding electro-
magnetic fields. It has been shown that the most effective method of 
sticking together between nano-particles and the fibers of the textile 
material is the application of magnetic liquid with nanoparticles on 
the material and its exposure in a heterogeneous permanent magnetic 
field. Under the condition of a magnetic field intensity of 450 A/m 
and the exposure to it for 12 hours, the implantation of the nanopar-
ticles into the linen fabric becomes almost irreversible. The protective 
properties of the developed material have been investigated. When im-
pregnated with a magnetic liquid in the amount of 45–50 g/m2 (a fer-
romagnetic particle content of 9 % by weight), the material’s shielding 
coefficients for 1–3 layers amount to: for the electric field of industrial 
frequency 1.4÷4.8; for a magnetic field, 1.9÷8.1. Following the mag-
netic treatment, these indicators are 2.9÷8.6 and 2.3÷8.9, respectively. 
In order to remove technological components such as vacuum oil and 
oleic acid from the magnetic fluid, it would suffice to apply a synthetic 
detergent, which has been confirmed by experimentally.

We have investigated the efficiency of the obtained result under 
actual industrial conditions. It was established that the decrease 
in the magnetic field intensity of industrial frequency and its in-
ter-harmonics by a single layer of the impregnated material without 
magnetic treatment is 1.4, with a magnetic treatment – 2. In this 
case, there is no significant decrease in the level of the natural geo-
magnetic field. We have modeled the distribution of a magnetic field 
in the human body for the case of manufacturing a protective suit 
from the developed material. Under the conditions of a warranted 
reduction in the magnetic field intensity by 2 times in critical places, 
an increase in the field level is observed in the cervical region due to 
the increase in the magnetic resistance in this region. This should be 
considered when designing the protective suit configuration.

Keywords: electromagnetic field, nanoparticles, textile material, 
shielding coefficient, magnetic treatment.
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Current models of labor safety management at enterprises have 
several drawbacks. The main drawback of such models consists 
in their focus on the analysis of the accidents that have already 
occurred at the enterprise. In addition, the existing models poorly 
take into account the mutual influence of several production factors 
on each other during their combined effect on the employee’s body.

To eliminate these shortcomings, the task of improving the 
mathematical model of change in the employee body state was set. 
The Hammerstein model was considered as the initial model of 
change in the employee’s body state. In the course of this model im-
provement, an individual component of the model that describes the 
employee’s state immediately before the start of the work shift was 
chosen for situations of impossibility or severe limitation of applying 
technologies for monitoring the employee’s body state. To assess the 
mutual impact of various production factors, instead of a vector func-
tion that describes the cumulative effect of factors on the employee’s 
body, a set of multiple regression equations that describe the mutual 
impact of factors on individual employee’s body state parameters was 
introduced into the model.

The improved model was tested at an industrial enterprise using 
the example of a team of welders (5 persons). To assess their body 
state, systolic and diastolic blood pressure, heart rate and reaction 
time to a light stimulus were used. The results presented in the 
article make it possible to draw a general conclusion about the ade-
quacy of the proposed model to the observed results of the impact of 
production factors on employee organisms. It was pointed out that 
the results of modeling slightly exceeded the results of direct mea-
surements in most cases.

Keywords: labor safety, production factor, employee’s body 
condition, Hammerstein model, functional module.
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This study analyzes the change in the calculated reduced 
emissions of pollutants by all major categories of road vehicles of 
European environmental classes from «Euro-0» to «Euro-6». It 
covers cars, light commercial vehicles, trucks, buses, and category L  
vehicles (mopeds and motorcycles). The reduced mass emissions 
of pollutants are defined in a common coordinate system, from 
both traditional internal combustion engines and electric vehicles. 
Emissions in atmospheric air by wearing products of a pneumatic 
tire, road pavement, and brake pad are also taken into account. The 
methodology for calculation of reduced mass operational emissions 
includes 64 types of major pollutants, grouped into eight specific 
groups. Carbon monoxide, carbon dioxide, nitrogen oxides, nitrous 
oxide, ammonia, light hydrocarbons, aldehydes, ketones, aromatic 
hydrocarbons, polycyclic aromatic hydrocarbons, persistent organic 
pollutants, particles, sulfur compounds, metals, are covered. Partic-
ulate matter emissions from engine exhaust, pneumatic tire wear, 
road pavement, and brake pads are taken into account. Particulate 
matter emissions include both elemental carbon and individually ad-
sorbed and absorbed carcinogens in their composition. The average 

operational mass emissions of pollutants were determined using the 
methodology of the European Environment Agency. For each of the 
64 pollutants, a relative toxicity (aggressiveness) factor is proposed. 
It is based on available data on the maximum permissible concen-
trations of substances in ambient air. It is determined as the ratio 
of the maximum permissible concentrations of carbon monoxide to 
a known pollutant. It was found that the reduced emissions by cars 
of level «Euro-5» and «Euro-6» with gasoline engines are only about 
four times higher than the reduced emissions of electric vehicles; 
the reduced emissions of «Euro-6++» cars with diesel engines are 
twice as high as those of «Euro-5» or «Euro-6» cars with gasoline 
engines; the reduced emissions of trucks and city buses of «Euro-6» 
level are on average only about five times greater than the reduced 
emissions of electric transport; the reduced emissions by vehicles of 
category L (mopeds and motorcycles) can significantly exceed the 
emissions of cars and even buses and trucks. The results obtained 
could be the basis for the development of environmental (ecological) 
classification and labeling of road vehicles. It provides opportunities 
for the introduction of fiscal and other mechanisms to encourage 
the use of more environmentally friendly vehicles in line with the 
practice of EU Member States, using the «polluter pays» principle. 
General principles of the introduction of the universal system of road 
vehicles’ environmental hazard labeling are proposed. It is suggested 
to set discrete baseline levels of environmental hazard in increments 
of 1.259 times the reduced emissions, which is equal to an increase by 
100.1 times in the specific energy value, that is, 1 dB.

Keywords: road vehicles, pollutants, reduced emissions, envi-
ronmental hazard labeling.
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Our study, aimed at assessing the impact exerted by the inclusion 
to a low-efficiency cyclone of an additional «bypass» pipe connect-
ing the cyclone’s inlet branch pipe and the exhaust pipe, has been 
established the mechanisms to improve the energy efficiency and the 
process of purifying air from dust. It has been proven that the increase 
in the degree of purification is explained by a decrease in the radial 
flow rate under the exhaust pipe of the cyclone. The decrease in hy-
draulic resistance is due to a decrease in the flow rate along the inlet 
branch pipe when the air is fed separately to the body through the 
inlet branch pipe and the «bypass» pipe. Our experimental study has 
confirmed that when the cyclone design is supplemented with a «by-
pass» pipe in the most dangerous area of the cyclone in terms of dust 
release (under the exhaust pipe), the radial rate of the gas flow that 
negatively affects purification is reduced. This leads to an increase in 
the overall degree of purification from dust. The result of analytical 
calculations and computer simulation by the SolidWorks-2009 soft-
ware were experimentally confirmed when investigating the effec-
tiveness of dust capture from powdered skimmed milk in an industrial 
cyclone (a 630-mm diameter) with a «bypass» pipe. Such a cyclone 
is installed in the system of pneumatical transportation at the spray 
dryer «CT-500» at Ichnya Milk Powder and Butter Plant (Ukraine). 
Specifically, it has been established that the removal of dust is re-
duced almost twice, hydraulic resistance – by 15 %, and the energy 
efficiency of the cyclone with a «bypass» pipe increases by 2.43 times.

Thus, there is a reason to argue about the possibility of significant 
energy efficiency improvement of the cyclone with a «bypass» pipe. 

This makes it possible to assess the energy efficiency of the cy-
clone in the early stages of design.

Keywords: cyclone dust collector, «bypass» pipe, CFD simula-
tion, degree of purification, hydraulic resistance, energy efficiency.
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One of the key indicators of regional development is environ-
mentally safe handling of waste including household waste. Solving 
the problems in this domain requires the creation of an efficient 
household waste management system. A mechanism for solving this 
problem was proposed in this study. In contrast to the existing ones, 
it comprehensively takes into account the formation of environmen-
tal hazards at all stages of the waste handling life cycle and substan-
tiates and identifies priorities of obligatory management measures to 
be taken at local, regional and national levels with their qualitative 
and quantitative expert estimation.

The study of waste hierarchy performed according to the Di-
rective 2008/98/EC by the hierarchy analysis method has made 
it possible to determine not only the priorities of the measures en-
suring environmental safety of SHW handling process but also the 
significance of measures at each stage. According to the calculations, 
contributions to the overall risk amounted to 46.15 % for disposal, 
24.02 % for recycling, 10.95 % for neutralization, 10.95 % for genera-
tion, 5.14 % for collection and 2.79 % for transportation.
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Assessment of the factor characteristics has made it possible to 
find out that the handling conditions whose contribution is 54.95 % 
of all factors require the greatest attention during danger generation.

Effectiveness of implementation of the measures ensuring nor-
mative environmental safety can be ranked as follows: 60.22 % for 
the local level, 22.55 % for the regional level and 17.23 % for the 
national level.

The study has found that the formation of awareness, conscien-
tiousness, and rational consumption is the most effective measure 
of ensuring environmental safety making up 27.55 % among the 
thirteen measures assessed.

Application of the proposed method will ensure making groun-
ded managerial decisions not only for the whole system of household 
waste handling but also for each of its stages: from waste generation 
to its operation.

This method is quite simple to use and can be applied at the 
national, regional or local levels.

Keywords: environmental safety, systems analysis, waste han-
dling, hierarchy analysis method.
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