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atmospheric pollution allows identifying current states of no pol-
lution dispersion in the atmosphere. These states turn out to be 
especially dangerous, since they lead to the accumulation of pol-
lution and an increase in their concentration in the atmosphere. 
Verification of the possibility of using the uncertainty function 
to identify hazardous states of the atmospheric pollution vec-
tor was carried out using experimental data. At the same time, 
formaldehyde, ammonia and carbon monoxide were considered 
as hazardous components of the state vector of atmospheric pol-
lution. The verification results generally indicate the possibility 
of using the uncertainty function to identify hazardous states of 
the atmospheric pollution vector. The use of uncertainty func-
tion is found to be invariant with respect to the irregularity 
of recording of atmospheric pollution at stationary monitoring 
posts. It is shown that the use of uncertainty function enables 
the identification of hazardous states characterized not only by 
exceeding the maximum permissible concentrations, but also by 
the zero radial velocity relative to the monitoring point. It is 
experimentally found that in order to identify hazardous states 
of atmospheric pollution, the window length should be from 4 
to 8 readings

Keywords: atmospheric pollution, pollution concentration, 
uncertainty function, radial velocity, state vector
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The use of estimation of the values of the uncertainty func-
tion to identify hazardous states of an arbitrary atmospheric 
pollution vector is considered. At the same time, it is proposed to 
estimate the uncertainty function in a fixed-width window mov-
ing along the trajectory of the state vector. This allows not only 
identifying the occurrence of hazardous states of atmospheric 
pollution, but also determining their radial velocity relative to 
the monitoring post. Zero radial velocity of hazardous states of 



55

Abstract and References. Ecology

22.	 Pospelov, B., Andronov, V., Rybka, E., Skliarov, S. (2017). Research 

into dynamics of setting the threshold and a probability of ignition 

detection by selfadjusting fire detectors. Eastern-European Jour-

nal of Enterprise Technologies, 5 (9 (89)), 43–48. doi: https:// 

doi.org/10.15587/1729-4061.2017.110092 

23.	 Pospelov, B., Andronov, V., Rybka, E., Meleshchenko, R., Gornos-

tal, S. (2018). Analysis of correlation dimensionality of the state 

of a gas medium at early ignition of materials. Eastern-European 

Journal of Enterprise Technologies, 5 (10 (95)), 25–30. doi: https:// 

doi.org/10.15587/1729-4061.2018.142995 

24.	 Pospelov, B., Rybka, E., Meleshchenko, R., Gornostal, S., 

Shcherbak, S. (2017). Results of experimental research into 

correlations between hazardous factors of ignition of materials 

in premises. Eastern-European Journal of Enterprise Technolo-

gies, 6 (10 (90)), 50–56. doi: https://doi.org/10.15587/1729-

4061.2017.117789 

25.	 Bendat, J. S., Piersol, A. G. (2010). Random data: analysis and 

measurement procedures. John Wiley & Sons, 640. 

26.	 Shafi, I., Ahmad, J., Shah, S. I., Kashif, F. M. (2009). Tech-

niques to Obtain Good Resolution and Concentrated Time-

Frequency Distributions: A Review. EURASIP Journal on 

Advances in Signal Processing, 2009 (1). doi: https://doi.

org/10.1155/2009/673539 

27.	 Pospelov, B., Rybka, E., Meleshchenko, R., Borodych, P., 

Gornostal, S. (2019). Development of the method for rapid 

detection of hazardous atmospheric pollution of cities with 

the help of recurrence measures. Eastern-European Journal 

of Enterprise Technologies, 1 (10 (97)), 29–35. doi: https:// 

doi.org/10.15587/1729-4061.2019.155027 

28.	 Pospelov, B., Rybka, E., Togobytska, V., Meleshchenko, R., 

Danchenko, Y., Butenko, T. et. al. (2019). Construction of the 

method for semi-adaptive threshold scaling transformation 

when computing recurrent plots. Eastern-European Journal 

of Enterprise Technologies, 4 (10 (100)), 22–29. doi: https:// 

doi.org/10.15587/1729-4061.2019.176579 

29.	 Singh, P. (2016). Time-frequency analysis via the fourier repre-

sentation. HAL. Available at: https://hal.archives-ouvertes.fr/ 

hal-01303330/document

30.	 Pospelov, B., Andronov, V., Rybka, E., Popov, V., Romin, A. (2018). 

Experimental study of the fluctuations of gas medium parame-

ters as early signs of fire. Eastern-European Journal of Enterprise 

Technologies, 1 (10 (91)), 50–55. doi: https://doi.org/10.15587/ 

1729-4061.2018.122419 

31.	 Stankovic, L., Dakovic, M., Thayaparan, T. (2014). Time-

frequency signal analysis. Kindle edition, Amazon, 655.

32.	 Avargel, Y., Cohen, I. (2010). Modeling and Identification of Non-

linear Systems in the Short-Time Fourier Transform Domain. IEEE 

Transactions on Signal Processing, 58 (1), 291–304. doi: https:// 

doi.org/10.1109/tsp.2009.2028978 

33.	 Giv, H. H. (2013). Directional short-time Fourier transform. Jour-

nal of Mathematical Analysis and Applications, 399 (1), 100–107.  

doi: https://doi.org/10.1016/j.jmaa.2012.09.053 

34.	 Pospelov, B., Andronov, V., Rybka, E., Popov, V., Semkiv, O. 

(2018). Development of the method of frequencytemporal 

representation of fluctuations of gaseous medium parameters 

at fire. Eastern-European Journal of Enterprise Technolo-

gies, 2 (10 (92)), 44–49. doi: https://doi.org/10.15587/1729-

4061.2018.125926 

ogy, 81 (10), 2767–2780. doi: https://doi.org/10.1890/0012-

9658(2000)081[2767:leptef]2.0.co;2 

8.	 Parrott, L. (2004). Analysis of simulated long-term ecosystem 

dynamics using visual recurrence analysis. Ecological Com-

plexity, 1 (2), 111–125. doi: https://doi.org/10.1016/j.eco-

com.2004.01.002 

9.	 Proulx, R. (2007). Ecological complexity for unifying ecological 

theory across scales: A field ecologist’s perspective. Ecologi-

cal Complexity, 4 (3), 85–92. doi: https://doi.org/10.1016/ 

j.ecocom.2007.03.003 

10.	 Marwan, N., Kurths, J. (2002). Nonlinear analysis of bivariate 

data with cross recurrence plots. Physics Letters A, 302 (5-6), 

299–307. doi: https://doi.org/10.1016/s0375-9601(02)01170-2 

11.	 Kantz, H., Schreiber, T. (2003). Nonlinear Time Series Analy-

sis. Cambridge University Press. doi: https://doi.org/10.1017/

cbo9780511755798 

12.	 Eckmann, J.-P., Kamphorst, S. O., Ruelle, D. (1987). Re-

currence Plots of Dynamical Systems. Europhysics Letters 

(EPL), 4 (9), 973–977. doi: https://doi.org/10.1209/0295-

5075/4/9/004 

13.	 Webber, C. L., Zbilut, J. P.; Riley, M. A., Van Orden, G. (Eds.) 

(2004). Chapter 2. Recurrence quantification analysis of non-

linear dynamical systems. Tutorials in Contemporary Nonlinear 

Methods for the Behavioral Sciences. Available at: https:// 

www.nsf.gov/pubs/2005/nsf05057/nmbs/nmbs.pdf

14.	 Webber, C. L., Zbilut, J. P. (1994). Dynamical assessment of 

physiological systems and states using recurrence plot strategies. 

Journal of Applied Physiology, 76 (2), 965–973. doi: https:// 

doi.org/10.1152/jappl.1994.76.2.965 

15.	 Marwan, N., Trauth, M. H., Vuille, M., Kurths, J. (2003). Com-

paring modern and Pleistocene ENSO-like influences in NW 

Argentina using nonlinear time series analysis methods. Climate 

Dynamics, 21 (3-4), 317–326. doi: https://doi.org/10.1007/

s00382-003-0335-3 

16.	 Pospelov, B., Andronov, V., Rybka, E., Meleshchenko, R., Boro-

dych, P. (2018). Studying the recurrent diagrams of carbon monox-

ide concentration at early ignitions in premises. Eastern-European 

Journal of Enterprise Technologies, 3 (9 (93)), 34–40. doi: https:// 

doi.org/10.15587/1729-4061.2018.133127 

17.	 Turcotte, D. L. (1997). Fractals and chaos in geology and 

geophysics. Cambridge University Press. doi: https://doi.org/ 

10.1017/CBO9781139174695

18.	 Poulsen, A., Jomaas, G. (2011). Experimental Study on the 

Burning Behavior of Pool Fires in Rooms with Different Wall 

Linings. Fire Technology, 48 (2), 419–439. doi: https://doi.org/ 

10.1007/s10694-011-0230-0 

19.	 Zhang, D., Xue, W. (2010). Effect of heat radiation on combustion 

heat release rate of larch. Journal of West China Forestry Science,  

39, 148.

20.	 Andronov, V., Pospelov, B., Rybka, E. (2017). Development of 

a method to improve the performance speed of maximal fire 

detectors. Eastern-European Journal of Enterprise Technolo-

gies, 2 (9 (86)), 32–37. doi: https://doi.org/10.15587/1729-

4061.2017.96694 

21.	 Pospelov, B., Andronov, V., Rybka, E., Skliarov, S. (2017). Design 

of fire detectors capable of self-adjusting by ignition. Eastern-

European Journal of Enterprise Technologies, 4 (9 (88)), 53–59. 

doi: https://doi.org/10.15587/1729-4061.2017.108448 



56

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774	 2/10 ( 104 ) 2020

Keywords: protective means, fire resistance, weight loss, 
surface treatment, wood burnout, fire-retardant fabric

References 

1.	 Tsapko, Y., Tsapko, А. (2017). Establishment of the mecha-

nism and fireproof efficiency of wood treated with an im-

pregnating solution and coatings. Eastern-European Journal 

of Enterprise Technologies, 3 (10 (87)), 50–55. doi: https:// 

doi.org/10.15587/1729-4061.2017.102393 

2.	 Tsapko, Y., Tsapko, А. (2018). Establishment of fire protective 

effectiveness of reed treated with an impregnating solution and 

coatings. Eastern-European Journal of Enterprise Technolo-

gies, 4 (10 (94)), 62–68. doi: https://doi.org/10.15587/1729-

4061.2018.141030 

3.	 Tsapko, Y., Tsapko, А., Bondarenko, O. (2019). Establishment 

of heatexchange process regularities at inflammation of reed 

samples. Eastern-European Journal of Enterprise Technolo-

gies, 1 (10 (97)), 36–42. doi: https://doi.org/10.15587/1729-

4061.2019.156644 

4.	 Tsapko, J., Tsapko, А. (2017). Simulation of the phase transfor-

mation front advancement during the swelling of fire retardant 

coatings. Eastern-European Journal of Enterprise Technolo-

gies, 2 (11 (86)), 50–55. doi: https://doi.org/10.15587/1729-

4061.2017.73542 

5.	 Krüger, S., Gluth, G. J. G., Watolla, M.-B., Morys, M., Häßler, D., 

Schartel, B. (2016). Neue Wege: Reaktive Brandschutzbeschich-

tungen für Extrembedingungen. Bautechnik, 93 (8), 531–542. 

doi: https://doi.org/10.1002/bate.201600032 

6.	 Xiao, N., Zheng, X., Song, S., Pu, J. (2014). Effects of Com-

plex Flame Retardant on the Thermal Decomposition of 

Natural Fiber. BioResources, 9 (3), 4924–4933. doi: https:// 

doi.org/10.15376/biores.9.3.4924-4933 

7.	 Gaff, M., Kačík, F., Gašparík, 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 

Materials, 200, 551–558. doi: https://doi.org/10.1016/j.conbuild-

mat.2018.12.106 

8.	 Zhao, P., Guo, C., Li, L. (2018). Flame retardancy and thermal 

degradation 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 

9.	 Cirpici, B. K., Wang, Y. C., Rogers, B. (2016). Assessment of 

the thermal conductivity of intumescent coatings in fire. Fire 

Safety Journal, 81, 74–84. doi: https://doi.org/10.1016/j.fire-

saf.2016.01.011 

10.	 Nine, M. J., Tran, D. N. H., Tung, T. T., Kabiri, S., Losic, D. (2017). 

Graphene-Borate as an Efficient Fire Retardant for Cellulosic Ma-

terials with Multiple and Synergetic Modes of Action. ACS Ap-

plied Materials & Interfaces, 9 (11), 10160–10168. doi: https:// 

doi.org/10.1021/acsami.7b00572 

11.	 Carosio, F., Alongi, J. (2016). Ultra-Fast Layer-by-Layer Ap-

proach 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 

12.	 Md Nasir, K., Ramli Sulong, N. H., Johan, M. R., Afifi, A. M. 

(2018). An investigation into waterborne intumescent coating 

35.	 Akhtimankina, A. V. (2015). Lecturer Investigation of dynamics 

of concentration of harmful substances in atmosphere of shele-

khov city. Izvestiya Irkutskogo gosudarstvennogo universiteta. 

Seriya «Nauki o Zemle», 13, 42–57.

DOI: 10.15587/1729-4061.2020.200467
DETERMINATION OF THE LAWS OF THERMAL 
RESISTANCE OF WOOD IN APPLICATION OF FIRE-
RETARDANT FABRIC COATINGS (p. 13-18)

Yuriy Tsapko 
National University of Life and Environmental Sciences of Ukraine, 

Kyiv, Ukraine 
ORCID: http://orcid.org/0000-0003-0625-0783 

Оleksii Tsapko 
National University of Life and Environmental Sciences of Ukraine, 

Kyiv, Ukraine
ORCID: http://orcid.org/0000-0003-2298-068X 

Olga Bondarenko 
Kyiv National University of Construction and Architecture,  

Kyiv, Ukraine
ORCID: http://orcid.org/0000-0002-8164-6473

 

The creation of environmentally safe fire-retardant materi-
als for wooden building structures will allow influencing the 
processes of heat resistance and physicochemical properties of 
the protective coating during its service life. Therefore, there is 
a need to study the conditions for forming a barrier to thermal 
conductivity and determine a mechanism of inhibiting heat 
transfer to the material. In this regard, a mathematical model 
of the thermal conductivity process when using fire-retardant 
fabric as a coating is developed, the solution of which allows 
obtaining changes in the thermal conductivity of the mate-
rial. According to experimental data, it is calculated that the 
thermal conductivity coefficient during fire protection in the 
temperature range from 0 to 110 °C increases due to water 
evaporation and then gradually decreases to 0.25 W/(m∙°С), 
which corresponds to the value of coked foam. It is proved that 
the process of temperature inhibition consists in the formation 
of soot-like products that insulate the wooden structure. This 
made it possible to determine the conditions of fire protection of 
wood, formation of a barrier to thermal conductivity using fire-
retardant fabric. Experimental studies confirmed that the wood 
sample with fire-retardant fabric withstood the temperature 
effect, namely, under the influence of the heat flux, the coating 
swelled, heat insulation continued for 900 s. Estimation of the 
maximum possible temperature penetration through the coating 
is carried out. It is found that when creating the sample surface 
temperature, which significantly exceeded the ignition tempera-
ture of wood, the temperature under the fabric did not reach the 
ignition temperature, and on the unheated surface it did not 
exceed 100 °C.

Thus, there are reasons to argue about the possibility of 
directed control of the processes of wood fire protection using 
fire-retardant coatings capable of forming a protective layer 
on the material surface, which reduces the burnout rate of 
wood
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extraction, by sedimentation, filtration and centrifugation, is 
investigated. It is found that at a temperature of about 80 °C  
there is an effective and rapid separation of the aqueous and or-
ganic phases as a result of sedimentation. Based on the obtained 
experimental results of the extraction study, a functional scheme 
for the extraction of an iron-containing catalyst is proposed, as 
well as ways to solve technological and environmental problems 
that arise during the combustion of organochlorine wastes from 
vinyl chloride production. The scheme provides for the use of 
the heat of hot organochlorine wastes for the extraction of iron 
compounds with industrial water. In addition, the use of the heat 
of the gases generated during the combustion of organochlorine 
wastes is provided for heating air, which low-boiling components 
from these wastes are blown off. In the future, this air is used to 
burn organochlorine wastes purified from iron compounds

Keywords: organochlorine wastes, vinyl chloride, burning 
of organic waste, burning sludge, extraction of iron-containing 
catalyst, extraction
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The technologies for extracting an iron-contain-
ing catalyst from process streams of direct chlorina-
tion of ethylene, as well as methods for the disposal of or-
ganochlorine wastes from vinyl chloride production, are 
considered. Problems arising from thermal waste disposal ne-
cessitate studies on the extraction of iron compounds from 
organochlorine by-products of the ethylene chlorination pro-
cess. X-ray fluorescence analysis found that the composition 
of the burning sludge, as the main elements, includes iron –  
33.25 % and chlorine – 32.69 %. The extraction of iron com-
pounds with aqueous and aqueous acidic media under me-
chanical stirring is studied. It is shown that the addition of 
hydrochloric acid to the solution does not contribute to an 
increase in the degree of extraction of iron compounds. It is 
found that an increase in the duration of extraction and the 
temperature of this process provides a degree of extraction 
of iron compounds of more than 80 %. The process of separa-
tion of an aqueous-organic emulsion, which is formed during 
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such as an industrial enterprise, a residential building, and a city 
hospital. The obtained results demonstrated an acceptable level 
of conformity, which testifies to their reliability.

The devised methodological approach is useful for making 
managerial decisions on the choice of technology for the phy-
toremediation at treatment plants in order to substantiate their 
improvement or to build new plants.

Keywords: environmental safety, phytoremediation and its 
technologies, higher aquatic plants.
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A methodological approach has been devised for determin-
ing the priority phytoremediation technology for the treatment 
of wastewater from settlements, based on the hierarchy analysis 
method (MAI). The proposed approach makes it possible to 
involve experts from municipal authorities of a settlement to 
substantiate decisions on managing the environmental safety 
of surface water bodies adjacent to the selected settlements.

The criteria (groups of factors) have been proposed, which 
reflected the input and output parameters of a treatment system, 
conditions at a construction site of treatment plants, and the re-
quirements for phytoremediation technologies. Experts in various 
professional aspects gave their judgments regarding the priority 
of advantages of the mentioned criteria. The multidisciplinary 
experts’ judgments, which reflected the specific features of phy-
toremediation and the conditions for a would-be location of treat-
ment plants, processed according to the scientifically based MAI 
procedure, formed the basis for decision-making on the choice of 
a priority phytoremediation technology under specific conditions.

The advantages of the proposed methodological approach 
include a possibility to link the entire array of the necessary 
information to a single algorithm for substantiating a solution. 
The information differs both in its content (environmental, 
biological, urban planning, social and economic) and in the 
form of its representation (the data on direct measurements, 
statistical and forecast estimates).

The proposed methodological approach has been tested 
based on an example of choosing the phytoremediation tech-
nologies for treatment plants at three different types of facilities 
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the example of an existing logistic warehouse on which fire 
protection systems are mounted. Simulation results show 
that at the facility it is necessary to increase the number 
of fire detectors up to 70 pieces, smoke control devices –  
up to 3 pieces, vertical curtains – up to 4, equip aeration lamps 
in the amount of 4 pieces, and increase the number of evacua-
tion exits - up to 10.

Keywords: fire protection system, fire damage, fire protec-
tion costs, probability of system failure.
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A mathematical model and methodology has been developed 
to determine the optimal amount of means of a fire-prevention 
system for protecting warehouses in enclosed spaces, on the 
basis of which it is possible to determine measures to improve 
this system, taking into account the value of the probability 
of its failure acceptable for the warehouse. The essence of the 
developed methodology is to determine the required number 
of fire protection equipment in accordance with the standards, 
to determine the probability of failure of fire protection and to 
determine the optimal number of fire protection equipment to 
ensure the value of the probability of failure within acceptable 
limits. The optimization criteria selected direct losses from the 
fire and the costs of fire and rescue units to extinguish it. The 
function of the goal of this model is to reduce the probability of 
failure of the fire system of the object to a value less than or equal 
to the permissible. The input data when using the mathematical 
model is the estimated number of fire protection equipment in 
accordance with the norms and standards.

The developed methodology allows predicting the prob-
ability of failure of the fire system to implement the fire safety 
of the objects of protection and its consequences for people 
and material values, which is very important to ensure the 
possibility of quick response in case of fire. Also, the result 
of applying the technique is the optimal amount of firefight-
ing equipment at the facility, providing an acceptable value 
for the probability of failures. This technique is applied on 
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effect were conducted. As a result, we obtained the data on 
the temperature in the center of the fire of materials based on 
magnesium alloy chips and outside during their suppressing by 
the fire-extinguishing powder with a combined effect. In this 
case, the temperature of the non-heated side of the fire-extin-
guishing powder layer does not exceed 170 °C at the average 
temperature of the fire center of 740 °C, which indicates high 
insulation capacity of the powder and, consequently, its high 
fire-fighting efficiency in extinguishing the fires of materials 
based on magnesium alloy chips. The obtained temperature da-
ta were used to determine the thermophysical parameters of the 
layer of the fire-fighting powder using the created mathemati-
cal model of the heat transfer process in the powder layer at 
the heat insulation of the fire center. To create a mathematical 
model of the heat transfer process, the main provisions during 
consecutive consideration of several experimental situations 
were stated. The first experimental situation meets the condi-
tions of the stationary thermal process, and other experimental 
situations meet the conditions of the non-stationary thermal 
process. These experimental situations were created with the 
help of changing the thickness of the fire-fighting powder layer 
at different parameters of its feeding to the fire center. The 
mathematical model of the process is based on the use of the 
differential equation of heat transfer at its approximation by 
the method of finite differences. At the same time, it is believed 
that the heat transfer conditions at the boundary between the 
non-heated side of the insulating layer of the fire-extinguishing 
powder and the environment in each experimental situation 
are the same.

Using the created model, the coefficient of heat trans-
fer between the non-heated side of the insulating layer of the  
fire-extinguishing powder and the environment was determined. 
It amounted to 395.7 W(m2⋅°С). The dependence of the effec- 
tive thermal conductivity coefficient on the thickness of the insulat-
ing layer was explored. It was shown that this dependence can be 
approximated by linear dependence λ(δ)=–0.016+93.907⋅δ (δ is the 
thickness of the layer of the fire-extinguishing powder in meters). 

After conducting the necessary calculations, we obtained the 
value of the required thickness of the layer of fire-extinguishing 
powder δ=45.2 mm.

Keywords: fire-extinguishing powder, metal combustion, 
magnesium alloys, insulating layer, intensity of extinguishing.
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