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introduction of additional cavitation treatment will make it possible 

to reduce monthly energy consumption for a water treatment opera-

tion by about 1,200‒1,500 kW.

We have considered the legal aspects for implementing the pro-

posed solutions in terms of the production implementation of the 

electrolysis-cavitation water treatment process and improving the 

safety of users of water procedures and services.

Keywords: cavitation water treatment, electrolysis water treat-

ment, biological pollution, organic impurities, chemically active 

radicals.
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We developed an innovative technology of electrolysis-cavita-

tion water purification and water treatment in pools. This method 

belongs to the group of physical water purification methods and its 

advantage is the absence of the need for costly chemical disinfectants 

and a degree of water purification from biological and organic pollut-

ants of up to 97–98 %. A typical electrolytic water treatment process, 

based on electrolysis disengagement of sodium chloride with the 

formation of reactive sodium hypochlorite, is complemented by the 

operation of water cavitation disinfection from organic and biologi-

cal pollutants. Prior to the electrolysis, the cavitation treatment of 

water in pools reduces by 75‒80 % the degree of its contamination, 

reduces approximately by two times the need in disinfectant pro-

duced by electrolysis installations. This proportionally reduces by 

45–50 % the duration of energy-consuming electrolysis equipment 

operation and reduces by one-third the costs of electricity for water 

treatment operations.

For cavitation disinfection of water in pools, we have devised 

a new design of an industrial variant of the vibrocavitator with 

a resonance effect, studied the conditions for disturbing the 

cavitation processes within it, and developed a procedure for the 

design and calculation of its main components and parts. The 

block of vibrocavitators that precedes electrolysis water treat-

ment ensures the oxidation of organic impurities in polluted 

water, including urea, to 75–77 %. The degree of biological wa-

ter disinfection in this case reaches 80–82 % with a capacity of  

3–3.5 m3/hour.

The power of electromagnets in a vibrocavitator drive is 1–1.5 

kW, which is an order of magnitude less compared to the power of 

electrolysis installations. Given this, the proposed phased cavitation 

and electrolysis water treatment reduces the total energy consump-

tion for a water treatment operation. For standard pools with a 

water volume of 3,000 m3 with electrolysis water treatment, the 
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Multifunction partitions and their influence on noise levels were 

explored. It was emphasized that the existing systems of classifica-

tion of building partitions explore them based on the convenience of 

their use, material, design, etc. At the same time, not enough atten-

tion was paid to their impact on the indicators of a decrease in noise 

levels in office premises.

Partitions are made of different materials, having different prop-

erties; they are different in shape and enclosure of premises or work-

space at different distances from the floor. In such cases, there arises 

a complicated problem of selecting certain types of partitions, which, 

as shown in the research, make it possible to solve the problem of op-

timizing working conditions and reduce the negative effect of noise 

on the health of employees. The performed research showed that the 

set problem of noise reduction through the use of partitions can be 

solved. The factors that should be especially taken into consider-

ation include the height of a partition (degree of enclosure of the 

height of premises by a partition), material of partitions, existence 

of technological openings and the geometry of their location. It was 

revealed that double-layer walls, made of heavy materials (density  

≈2,500 kg/m3) and 100 % premises enclosure by height, can reduce 

the noise level by 2–3 times (from 90 dBA to 30–45 dBA). Glass 

partitions (glass pipes) of moderate heaviness (≈1,200 kg/m3) reduce 

noise by 1.5–1.6 times. If enclosure of premises is not complete or 

there are openings, ventilation shafts, etc., the effect of influence of 

partitions decreases considerably, reducing it almost to zero. Sig-

nificant influence of partitions takes place in the frequency range of 

200–3,000 Hz at noise level of 40–60 dBA.

Noise was explored in the premises of the “Open space” type, 

where various options of partitions were applied (glass pipes in 

metal casings, ceramic panels, foam plastic panels). The research 

found that partitions can have a significant impact on noise indica-

tors, but only on condition of complete enclosure of premises by 

height, closed doors and construction channels in walls. It was 

established that the material of partitions does not affect noise 

indicators if the degree of premises enclosure is not complete (less 

than 100 %).

The studies proved the relevance of scientific substantiation of 

partitions’ application and of determining the relations of premises 

enclosure with the factors that affect employees with a view to im-

proving their working conditions. Improvement of working condi-

tions, in turn, will make it possible to decrease professional diseases, 

minimize turnover, and increase work efficiency.
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will not only solve the environmental problems related to disposing 

of hazardous products from water treatment, but would also make it 

possible to obtain building materials for general purposes with high 

operational properties.

Keywords: industrial waste water, ferritization technology, al-

kaline cements, ferritic precipitations, leaching of heavy metal ions.
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The study reported in this paper reveals the effective way of 

recycling water treatment products by using them as a component 

of alkaline cements and concretes based on them. Large-scale utiliza-

tion of products from waste water purification in the composition of 

building materials has traditionally been limited given that heavy 

metal compounds are included in the composition of waste. Materi-

als that are created using such a waste are traditionally considered 

to be dangerous for human health and the environment. Application 

of alkaline cements as matrices for binding these wastes and related 

products makes it possible to solve the task on reliable binding of 

heavy metals. It was experimentally determined that the main crys-

talline phases are calcite, quartz, hematite, coesite, and diopside. Also 

defined is the presence of gelatinous neo formations that are capable 

of subsequent recrystallization into zeolite-like structures. Such a 

composition of neo formations provides the involvement of heavy 

metal ions into the structure of the received material. Compressive 

strength of alkaline-activated systems that employ water treatment 

products (industrial wastes of galvanic production) reaches 40 MPa 

in standard mortars. Application of the developed cements in con-

cretes makes it possible to achieve the strength of 45 MPa without 

changing the technological process of concrete preparation. The 

leaching of heavy metals from the matrix of alkaline cements was 

studied following the aging of up to 28 days by using atomic absorp-

tion spectroscopy. The study performed has shown that the alkaline 

cement matrix is characterized by high immobilizing properties 

relative to the heavy metal compounds (the level of immobilization 

of heavy metals ions is up to 99 %) and allows the use of industrial 

waste water purification products in the composition of alkaline ce-

ments and concretes based on them. Application of such an approach 
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Test methods given in EN 13381-4:2013 and EN 13381-8:2013 

standards serve to assess the fire-protective capacity of materials for 

steel structures. The results of the tests determine data on minimum 

thickness of fire-protective materials used further in design of steel 

structures. The tests are very time consuming. They require sig-

nificant costs for creation of standardized samples and conduction 

of tests. At the same time, there are methods, which propose to use 

samples of reduced sizes and of other shapes than sizes and shapes of 

standardized samples. There is an actual question about possibility of 

application of methods with samples of reduced sizes as an alterna-

tive to EN 13381-4:2013 and EN 13381-8:2013 methods.

The study investigated the convergence of results of assess-

ment of the fire-protective capacity of two types of fire-protective 

materials for steel structures obtained in tests on standardized 

samples and tests on samples of reduced sizes. We established that 

values of the minimum thickness for reactive fire-protective mate-

rial obtained from the test data on samples of reduced sizes are 
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This paper reports the method developed for predicting the re-

currence of states related to air pollution at industrial cities based on 

the modified window measure. The new scientific result implies that 

dangerous states of the urban air pollution should be identified and 

predicted based not on the prediction of the concentration of pollu-

tion as it is, but based on forecasting the recurrence of states of the 

concentration of atmospheric air pollutions. The proposed prediction 

method makes it possible to operatively forecast not only the clear 

but also hidden dangerous states of air pollution at industrial cities. 

predominantly larger than values for standardized samples. Values 

of the minimum thickness for passive fire-protective material ob-

tained using standardized samples are mainly large. The difference 

between the minimum thickness of reactive fire-protective mate-

rial obtained on samples of reduced size and standardized samples 

reaches 79.0 %, and it is 62.5 % for a passive fire-protective mate-

rial. Such difference of values indicates that it is impossible to use 

samples of reduced sizes for assessment of the fire-protective capac-

ity of materials for steel structures for all ranges of reduced thick-

ness of a steel profile, critical steel temperature and the normalized 

threshold of fire resistance of structures listed in EN 13381-4: 2013 

and EN 13381-8: 201.

Keywords: fire-protective capacity, fire-protective material, 

critical temperature, threshold of fire resistance, steel structure.

References

1.	 EN 13381-4:2013. Test methods for determining the contribution 

to the fire resistance of structural members – Part 4: Applied pas-

sive protection to steel members (2013). European Committee for 

Standardization. Management Centre: Avenue Marnix 17, B-1000. 

Brussels, 83.

2.	 EN 13381-8:2013. Test methods for determining the contribution 

to the fire resistance of structural members – Part 8: Applied reac-

tive protection to steel members (2013). European Committee for 

Standardization. Management Centre: Avenue Marnix 17, B-1000. 

Brussels, 80.

3.	 DSTU B V.1.1-17:2007. Vohnezakhysni pokryttia dlia budivelnykh 

nesuchykh metalevykh konstruktsiy. Metod vyznachennia vohne-

zakhysnoi zdatnosti (ENV 13381-4:2002, NEQ) (2007). Kyiv: Min-

rehionbud Ukrainy, 66.

4.	 DSTU-N-P B V.1.1-29:2010. Zakhyst vid pozhezhi. Vohnezakhysne 

obrobliannia budivelnykh konstruktsiy. Zahalni vymohy ta metody 

kontroliuvannia (2011). Kyiv: Minrehionbud Ukrainy, 9.

5.	 Novak, S. (2016). Parameters reasoning of samples for experimental 

determination of the temperature of the steel plates that are fire-

retardant coating in conditions of fire exposure under standard 

temperature fire regime. Scientific bulletin: Сivil protection and fire 

safety, 2 (2), 18–24.

6.	 Novak, S., Dobrostan, O., Dolishnii, Y., Ratushnyi, O. (2017). Evalu-

ation of convergence the results of experimental determination of 

duration of fire influence to achieve the critical temperature of steel. 

Scientific bulletin: Сivil protection and fire safety, 2, 67–72.

7.	 ETAG No. 018-2:2013. Guide for the European technical approval of 

fire protective products – Part 2: Reactive coatings for fire protec-

tion of steel elements. 

8.	 ETAG No. 018-3:2013. Guide for the European technical approval 

of fire protective products – Part 3: Renderings and rendering kits 

intended for fire resisting applications. Available at: http://www.itb.

pl/g/f/NDY1

9.	 Łukomski, M., Turkowski, P., Roszkowski, P., Papis, B. (2017). Fire 

Resistance of Unprotected Steel Beams – Comparison between Fire 

Tests and Calculation Models. Procedia Engineering, 172, 665–672. 

doi: https://doi.org/10.1016/j.proeng.2017.02.078 

10.	 De Silva, D., Bilotta, A., Nigro, E. (2019). Experimental investiga-

tion on steel elements protected with intumescent coating. Con-

struction and Building Materials, 205, 232–244. doi: https://doi.

org/10.1016/j.conbuildmat.2019.01.223 



67

Abstract and References. Ecology

in Physics. Vol. 180. Springer. doi: https://doi.org/10.1007/978-3-

319-29922-8 

9.	 Snizhko, S. I., Shevchenko, O. H. (2011). Urbometeorolohichni aspe-

kty zabrudnennia atmosfernoho povitria velykoho mista. Kyiv, 297.

10.	 Berlyand, M. E. (2001). Sovremennye issledovaniya Glavnoy Geo-

fizicheskoy Observatorii. Sankt-Peterburg, 344.

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

Experimental study of the fluctuations of gas medium parameters 

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

nologies, 1 (10 (91)), 50–55. doi: https://doi.org/10.15587/1729-

4061.2018.122419 

12.	 Pospelov, B., Rybka, E., Meleshchenko, R., Gornostal, S., Shcher- 

bak, S. (2017). Results of experimental research into correlations be-

tween hazardous factors of ignition of materials in premises. Eastern-

European Journal of Enterprise Technologies, 6 (10 (90)), 50–56. 

doi: https://doi.org/10.15587/1729-4061.2017.117789 

13.	 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 

14.	 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 Journal 

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

10.15587/1729-4061.2017.110092 

15. 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 Technologies, 2 (10 (92)), 44–49. doi: https://

doi.org/10.15587/1729-4061.2018.125926 

16.	 Fedotov, V. H., Kol’cov, N. I. (2015). Modeli haoticheskoy dinamiki. 

Chast’ 8. Entropiynye invarianty. Vestnik Kazanskogo tekhno-

logicheskogo universiteta, 18 (2).

17.	 Marwan, N. (2011). How to avoid potential pitfalls in recur-

rence plot based data analysis. International Journal of Bifurcation 

and Chaos, 21 (04), 1003–1017. doi: https://doi.org/10.1142/

s0218127411029008 

18.	 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 

19.	 Abaimov, S. G., Turcotte, D. L., Shcherbakov, R., Rundle, J. B., 

Yakovlev, G., Goltz, C., Newman, W. I. (2008). Earthquakes: Recur-

rence and Interoccurrence Times. Earthquakes: Simulations, Sources 

and Tsunamis, 777–795. doi: https://doi.org/10.1007/978-3-7643-

8757-0_20 

20.	 Pospelov, B., Andronov, V., Rybka, E., Meleshchenko, R., Gorno- 

stal, 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 

21.	 Marwan, N., Kurths, J., Saparin, P. (2007). Generalised recurrence 

plot analysis for spatial data. Physics Letters A, 360 (4-5), 545–551. 

doi: https://doi.org/10.1016/j.physleta.2006.08.058 

22.	 Chen, C.-B., Yang, H., Kumara, S. (2018). Recurrence network 

modeling and analysis of spatial data. Chaos: An Interdisciplin-

This provides for an overall improvement in the effectiveness of in-

terventions to prevent hazardous contamination of the atmosphere 

and the environment. The results of experimental testing indicate 

the feasibility of the proposed method. It was established that in the 

test interval of monitoring (between counts 12‒36) there were sharp 

characteristic changes in the predicted measure for the recurrence 

of state. It is noted that such changes are the predictors of hidden 

events involving hazardous air pollution at industrial cities. It was 
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the forecast horizon d=1 (6 hours). It is shown that in the consid-

ered case, in order to ensure the reliability of forecasting laminar 

states in the contaminated atmosphere, the smoothing parameter to 

be selected should not be less than 0.8. It is noted that in order to 

predict dangerous states of the atmosphere pollution based on the 

dynamics in the prediction of a state recurrence measure, there is 

no need in the information about meteorological conditions at the 

time of forecasting and in the future. This is the main distinguishing 

feature and advantage of the proposed prediction method. A given 

method for RS forecasting proves to be invariant to urban configura-

tion, the types of stationary and mobile pollution sources, as well as 
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tion of organic-mineral coatings under thermal action has resulted 

in formation of a layer of foamed coke, inhibition of heat transfer 

from high-temperature flame and reduction of burnout rate to  

3 g/(m2∙s). This has made it possible to determine conditions of 

change and inhibition of the combustion parameters for fire protec-

tion of wood by creation of a barrier for thermal conductivity. The 

results of comparison of experimental data on the wood burning 

rate with the derived analytical equations have shown conformity 

between them. Thus, there are grounds to assert about the possibility 

of directed regulation of processes of wood fire protection by using 

flame retardant coatings capable of forming a protective layer on the 

material surface that reduces the wood burnout rate.

Keywords: protective means, fire resistance, weight loss, surface 

treatment, wood burnout rate, efficiency of protection.
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The studies of influence of wood fire protection on ignition 

have established parameters of flame propagation and combustion 

suppression which makes it possible to influence this process. It 

was proved that fire protection consists in creation of a layer on the 

material surface which prevents the material from warming up to its 

critical temperature. Experimental studies confirmed that the un-

treated wood specimen ignited under thermal action resulting in its 

combustion with a burnout rate of 18 g/(m2∙s). With an increase in 

intensity of combustion of the ignition gas mixture by 25 % and 50 %, 

rate of the specimen weight loss increased by 1.4 times and 1.8 times, 

respectively. In the case of wood impregnation, the rate of weight 

loss was reduced to 4.8 g/(m2∙s) due to decomposition of flame 

retardants under thermal action with release of non-combustible 

gases which inhibited material oxidation and formed a coke layer. 

When treating wood with an inorganic coating, a heat-resistant 

ceramic film is formed on the wood surface which reduces the burn-

out rate 3.8 times. But with an increase in intensity of combustion 

of the igniting gas mixture by 50 %, the wood specimen has ignited 

which was reflected by increase in the weight loss rate. Applica-
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rioration in water absorption (up to 2.9 % when filled with waste 

up to 30 %).

It is found that the optimum content of drilling waste in recycled 

high-density polyethylene polymer composites is 20 wt %. At the 

same time, the maximum values of impact strength and ultimate 

bending are achieved for the composite with bentonite clay WMS up 

to 63.3 kJ/m2 and 200.1 MPa, and for the composite with salt WMS 

up to 38.1 kJ/m2 and 207.4 MPa, respectively. The resulting polymer 

composites outperform the known similar polymers with the use of 

such fillers as talc and kaolin. This allows recommending joint recy-

cling of drilling and polymer waste.

Keywords: polymer composite, filler, waste mud, structural 

modification, impact strength, breaking stress.
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The possibility of increasing recycling volumes of drilling 

waste using as a filler for producing polymer composites is con-

sidered. As a result of the research, modification of recycled high-

density polyethylene with waste mud in the form of fine filler 

particles is carried out.

Recycled high-density polyethylene polymer composites, filled 

with drilling waste with a content up to 30 % are obtained. As a re-

sult of the study, regularities of changes in impact strength, ultimate 

bending and water absorption, depending on the waste mud solids 

(WMS) content in the recycled polymer are found.
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