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We proposed a new technique for the disposal of solid plant 
waste in the food industry, specifically solid shell of Prunus arme-
niaca seeds, by oxidative treatment with a hydrogen peroxide solu-
tion in an acetic acid medium, which makes it possible to obtain 
effective sorbent materials. We investigated the effect of oxidant 
concentration and time of the process on structural and sorption 
properties of plant sorbents. The experimental-statistical models of 
the process were obtained by employing a method of mathematical 
planning based on the mathematical processing of acquired ex-
perimental data. The optimal conditions for conducting the process 
using the generalized Harrington desirability function were deter-
mined. It was established that the optimal parameters that make it 
possible to obtain effective sorbents with the yield, the content of 
cellulose, lignin, and the efficiency of extracting methylene-blue 
from an aqueous solution of 50.3 %, 58.2 %, 12.7 % and 91.4 %, re-
spectively, are the concentration of peroxide hydrogen of 9 % and a 
process time of 120 min. The application of the proposed technolo-
gy enables efficient disposal of solid plant wastes, and obtaining the 
sorbents with high sorption characteristics. Such materials could 
be used in environmental science to solve the problems related to 
the contamination of water bodies by organic compounds, as well 
as enterosorbents in medicine and veterinary medicine.

Keywords: shell of Prunus armeniaca seeds, oxidative treat-
ment, sorbent, full factorial experiment, optimization.
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This study addresses the post-purification of reverse water 
by the electromagnetic focusing of charged particles in con-
taminants of polychlorinated biphenyls at mining enterprises. 
We established functional dependences of the Larmor radius 
of focusing of contaminant ions on operating parameters of the 
electromagnetic post-purification system (current strength of 
the focusing coil, length of the focusing coil), which allowed us 
to justify the required current of 0.025 A in the focusing coil for 
the post-purification of a liquid from polychlorinated biphenyls. 
The developed model of the electromagnetic system for water 
post-purification from the ions in contaminants made it possible 
to select the required Larmor radius for focusing the polychlori-
nated biphenyls in order to remove them effectively from a flow 
of liquid. As a result of post-purification, the contaminants are 
focused along the axis of the main flow that enables their removal 
through an additional branch pipe. Under the effect of the orbital 
moment that occurs due to magnetic induction, the motion vector 
of contaminants changed, and they are focused in the center of the 
fluid flow. We established the logarithmic dependence of height of 
the focusing paraboloid, which decreases from 0.057 m to 0.032 m  
with an increase in current of the focusing coil from 0.01 A to  
0.1 A. This is due to an increase in the kinetic energy, transmit-
ted by the charged particles, and an increase in the centripetal 
force. Determining the height of the focusing paraboloid makes 
it possible to effectively place the equipment for the removal of 
contaminations from the flow, and purify it.

Keywords: electromagnetic post-purification of liquid, Larmor 
radius, charged particles, focusing of contaminant impurities.
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tant task for specialists in design and operation of internal combus-
tion engines.

The result of theoretical research is the mathematical model that 
we constructed in order to calculate emissions of nitrogen oxides in 
the exhaust gases of diesel engines and the engines, converted to gas 
fuel. Based on experimental research, we have established depen-
dences of emissions of nitrogen oxides in exhaust gases of the diesel 
engines, re-equipped for gas, on loading and the crankshaft rotation 
frequency. Studies have shown that diesel engines, which are con-
verted to alternative gas fuel, reduce emissions of nitrogen oxides 
in the exhaust gases in a range from 13.9 % to 47.1 % depending 
on engine rotation and load. The results obtained make it possible 
to reduce the emissions of harmful substances in exhaust gases of 
automobile engines and optimize design of the systems for exhaust 
gases recirculation.

Keywords: alternative fuels, diesel engine, nitrogen oxides, en-
gine re-equipped for gas fuel.
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We conducted theoretical and experimental research into emis-
sions of nitrogen oxides in exhaust gases of the diesel engines, re-
equipped for gas. 

The research is important because the emissions of nitrogen 
oxides in the exhaust gases are one of the biggest environmental 
problems at the present stage of development of designs for internal 
combustion engines. Therefore, reducing the emissions of nitrogen 
oxides in diesel engines by re-equipping them to gas fuel is an impor-
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achieve almost a 2-fold reduction of COD and more than a 3-fold 
decrease in concentration of ammonium ions.

Dynamic mode studies have established that the optimal time 
of leachate staying in the reactor was 10 days. Change of the rela-
tive concentration of ammonium nitrogen in the leachate largely 
depends on the process temperature, so in real conditions, it is 
necessary to adjust the modes of realization of the individual stages 
depending on the ambient temperature. It has been established that 
for treatment of leachate at municipal WWTP in a static mode at 
the value of the ratio of leachate dilution with municipal sewage of 
1:1000, the maximum effect of treatment of both from ammonium 
ions and COD was achieved. The study of leachate treatment at 
municipal WWTP in a dynamic mode has confirmed stability of 
maintaining the treatment indicators in time. By implementation 
of the two-stage technology of leachate treatment, it will be pos-
sible to minimize environmental hazard from surface and ground 
water contamination in the zone of influence of MSW dumps and 
landfills.

Keywords: leachate of municipal solid waste dumps, aerated 
lagoon, biological treatment, immobilization of biocenosis.
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The two-stage technology of treatment of the leachates of the 
municipal solid waste (MSW) dumps in aerated lagoons and at mu-
nicipal wastewater treatment plants (WWTP) has been studied. The 
study objective was to develop a technology that can be implement-
ed at existing MSW dumps and landfills. Static and dynamic modes 
of implementation of both stages of the technology were investigated 
on the model units. Static 16-day mode was experimentally studied 
in the aerated lagoon conditions. As a result, we have managed to 
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dangerous temperature by the protected layer, for the barriers 
made of river sand with a thickness of 300 mm, and for those made 
of bentonite clay with a thickness of 180 mm, is not less than 1 
day. Given this, we have proven the effectiveness of the proposed 
barriers.

By using mathematical modeling of the processes of fire develop-
ment, a parabolic dependence was built of the thickness of fire pro-
tection barrier b, mm, on time τ, hours, required to protect an object. 
We established parameters for regression dependences of thickness of 
a barrier on the time required to protect a peat layer. 

The result of present research is the proposed technique for de-
signing fire protection barriers made of river sand and bentonite clay, 
based on the obtained patterns and regression dependences.

Research results could be used in the process of designing fire 
protection barriers for actual peatlands. 

Keywords: temperature of peat layer, mineral fire barrier, fire 
safety of peat.
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In order to reduce the scale of peat fires, we suggest using fire 
barriers made of mineralized materials. The incombustible materi-
als are proposed, specifically sand and bentonite clay, to be used for 
filling up artificial slits cut in a peat layer. Construction of anti-fire 
barriers requires a one-time expenditure, in contrast to the existing 
techniques for fire prevention that require continuous pumping of 
water in order to increase moisture content in peat. 

Mathematical modeling of thermal processes in the system 
peat layer–fire barrier was performed. The time of reaching the 
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The mathematical model of filtering with regard to colmatation 
and suffusion in the system bioplato-filter 2. This saturated porous 
medium is considered in terms of a complex heterogeneous system 
“fill”-”concentration of pollutants in porous liquid-concentration of 
colmatating particles. Mutual influences of system parameters are 
taken into account through:

1) the dynamic change of the porosity of the backfill in the pro-
cess of filtering;

2) nonlinear dependence coefficient filter porosity of backfill;
3) dependence of velocity of filtration coefficient of filtering and 

gradient heads, and hence – and porosity.
Taking into account the following interplays allowed to in-

crease the adequacy of mathematical models for the study of physi-
cal processes, however, led to the necessity of the study of nonlinear 
boundary value problems for systems of differential equations in 
partial derivatives. Nonlinearity of the boundary value problem 
does not allow to speak about her analytical solutions. Numerical 
solutions of the problems found by the method of finite elements 
with a software implementation of the relevant algorithms in 
FreeFem ++.

Computer modeling showed that when taking into account non-
linear dependence coefficient of filtration from the concentration of 
colmatating particles and dynamic changes of porosity in the process 
of filtering, predictive performance bioplato for six months reduced 
by 25 % . Therefore, it is necessary to develop engineering solutions 
for reducing the influence of the colmatation-suffusion processes on 
the processes of filtering. The forecasting work bioplato relevant 
conduct on the design stage in order to implement predictive calcu-
lations. It is done by means of mathematical and computer modeling.
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The study has revealed the regularities of the effect produced 
by increasing the content of scale of steel 12Cr18Ni10Ti in the 
charge from 5 to 75 mass % on the contents of the products of carbon 
thermal reduction of oxide waste of corrosion-resistant steels. The 
concentration of Ni is increased from 0.8 to 7.0 mass % when the Cr 
content ranges from 15.9 to 17.1 mass %. The concentration of Cr 
in the extraction products within the range of 16.1–17.1 mass% is 
provided with the content of scale of 95Cr18 steel in the charge in 
the range from 5 to 55 mass %. It has been found that metallization 
products mainly consist of a solid solution of alloying elements in 
α-Fe. Fe3O4, Fe3C, and Fe2C were also identified. The microstruc-
ture of the extraction products is spongy and disordered. The par-
ticles are sintered, with varying Cr and Ni contents in the ranges of 
7.47 to 18.03 mass % and 2.97–10.40 mass %, respectively. The study 
has helped achieve environmentally safe conditions for solid-phase 
extraction of chrome and nickel containing industrial wastes from 
the production of corrosion-resistant steels with the return of the 
alloyed product to the welding industry.

Keywords: waste processing, corrosion-resistant steel, carbon 
thermal reduction, phase analysis, microstructure, resource effi-
ciency.
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bustible materials in the chamber, simulating pressurized premises, 
are presented. The authors considered a non-traditional approach 
to research into dynamics of hazardous factors, based on current 
window estimation of the Pearson lag correlations for fluctuations of 
the main parameters of gaseous medium as non-stationary processes. 
In contrast to the known approaches, a given approach makes it pos-
sible to perform reliable localization in time of an early ignition of 
materials in premises.

 It was established that early ignition of materials has a signifi-
cant effect on correlations of temperature fluctuations, concentra-
tions of carbon monoxide and smoke in gaseous medium. It was 
shown that correlations of fluctuations of carbon monoxide and 
smoke concentrations are most informative for localization of early 
ignitions. Temperature fluctuations are more informative at localiza-
tion of early ignition of alcohol and paper. The results of current 
window evaluation of the Pearson lag correlations show that in the 
absence of ignitions, fluctuations can be considered uncorrelated. In 
this case, existence of ignition leads to occurrence of non-stationary 
fluctuations of correlations. 

It is indicated that fluctuations of parameters of gaseous medium 
in the general case are described by autoregression processes of high-
er order, depending both on the type of combustible material and the 
stage of ignition development. A sustainable sign of early ignition of 
combustible materials in the simulation chamber is a significant in-
crease in the correlation interval of non-stationary temperature fluc-
tuations, as well as concentrations of carbon monoxide and smoke in 
gaseous medium. In equilibrium of gas medium, fluctuations of its 
parameters have a much smaller correlation interval, characteristic 
for uncorrelated processes. 

Keywords: fire, early ignition, gaseous medium, simulation 
chamber, correlations of fluctuations, window estimation.
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The most promising methods of eluates recycling are electrolysis 
and electrodialysis. It is possible to obtain metals and purified regen-
eration solutions for repeated regeneration in case of application of 
electrochemical methods. The processes of electrolysis of solutions of 
cadmium and zinc sulfates and chlorides in electrolysers of different 
types were explored, the influence of conditions of electrolysis on ef-
fectiveness of extraction and separation of metals, obtaining inorgan-
ic acids for repeated usage in regeneration processes was determined. 

Single- and double-chamber electrolysers, in which cathode was 
made of stainless steel and titanium anode was covered with ruthe-
nium oxide, were used. Cathodic and anodic areas in double-chamber 
electrolysers were separated by the anion exchange membrane MA-41.

Solution of cadmium sulfate or of zinc sulfate was found in the 
cathodic chamber in double-chamber electrolysers. Solution of sul-
furic acid with concentration of 50 mg-equiv./dm3 was in the anodic 
chamber. 

It is recommended to carry out electrolysis for two hours when 
using a single-chamber electrolyser at a voltage of 5 V with the 
purpose of removing cadmium from sulfuric acid solution and reus-
ing regeneration solution of sulfuric acid. Almost complete removal 
of cadmium ions and concentration of sulfuric acid in anolyte is 
achieved in case of using a double-chamber electrolyser. However, 
in terms of power saving, release of cadmium should be performed in 
single-chamber electrolysers. 

However, it is recommended to perform zinc removal from 
eluates in double-chamber electrolysers. In this case, zinc ions are 
almost completely removed within four hours at voltage of 25 V. The 
maximum current efficiency is 42‒80 %. 

Conditions of separation of zinc and cadmium in the eluate are 
associated with acidity of the solutions. A stage-by-stage removal of 
metals – cadmium followed by zinc, is observed during electrolysis 
of the mixture of cadmium and zinc chlorides in a single-chamber 
electrolyser. Current efficiency of metals is 30–68 %. In the case of 
electrolysis of a mixture of zinc and cadmium sulfates, only cadmium 
(В=100 %) is removed from the solution, while zinc ions completely 
remain in solution. Zinc is released only at the transfer of the electro-
lyte to a double-chamber electrolyser.

Keywords: ion exchange, electrochemical methods of water 
treatment, wastewater, used regeneration solution.
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Such a solution makes it possible to shift part of the load to the shells 
of drainage elements, reduce colmatation and head losses in a granu-
lar filter layer, as well as to more evenly distribute contaminants 
along its height. This increases the duration of operation of the filter 
under filtering mode and brings down the cost of regeneration of a 
filter layer. A filtration equation was derived to describe parallel fil-
tration of a low-concentrated suspension through a granular medium 
and a fibrous medium. The mathematical model also includes equa-
tions of mass transfer, mass exchange and dependences to account 
for the impact of colmatation and parameters of filtering media. For 
a granular filter layer, we considered filtering with a gradual block-
ing of pores; for a porous shell ‒ the formation of a sediment layer at 
its surface. Using a mathematical model, we conducted numerical 
experiments. The following significant parameters for the filter with 
improved design were determined: equivalent diameter of particles 
in a filter layer, working height of the vertical drainage element, 
duration of washing a porous fibrous shell. We give examples of cal-
culations for determining the values of basic parameters at which the 
effectiveness of application of vertical drainage elements is maximal. 

Keywords: rapid filter, vertical drainage element, porous fi-
brous shell.

References

1.	 Zhurba, M. G., Sokolov, L. I., Govorova, G. M. (2010). Water supply. 
Designing systems and structures. Vol. 2. Purification and condition-
ing of natural waters. Moscow: Publishing house of the Association 
of Construction Universities, 552.

2.	 Huck, P. M., Sozanski, M. M. (2012). Designing and Optimizing 
Drinking Water Treatment Processes – A Guide to Conducting 
Investigations. IWA Publishing, 200.

3.	 Grabovsky, P. A., Larkina, G. M., Progulny, V. I. (2012). Washing of 
water purification filters. Odessa: Optimum, 240.

4.	 Kulikov, N. I., Naimanov, A. Y., Omelchenko, N. P., Chernyshev, V. N. 
(2009). Theoretical basis of water purification. Donetsk: Publishing 
house Nouvelage (Donetsk branch), 298.

5.	 Gurinchik, N. A. (2014). Investigation of the influence of the com-
position of а media of a contact clarifier using a mathematical model. 
Municipal economy of cities, 114, 105–108.

6.	 Adelman, M., Liu, M., Cordero, A., Ayala, J. (2010). Stacked Rapid 
Sand Filtration. Cornell University. Available at: https://confluence.
cornell.edu/display/AGUACLARA/Stacked+Rapid+Sand+Filtrati
on+Summer+2010+Reflection+Report+1

7.	 Karahiaur, A. S., Volkov, V. N. (2017). Mathematical modeling of the 
operation rapid filter with the bypass of part of the flow to the lower 
layers. Scientific Bulletin of Civil Engineering, 90 (4), 180–187.

8.	 Schevchuk, O. O. (2006). Mathematical description of multistage 
filtration. Filtration and Separation: the 2nd European Conf. Comp-
iegne, 259–265.

9.	 Pabolkov, V. V. (2015). Improvement of the work of rapid filters 
of water treatment facilities during preparation of drinking water. 
Kharkiv: KhNUСA, 20.

10.	 Sabiri, N.-E., Monnier, E., Raimbault, V., Massé, A., Séchet, V., 
Jaouen, P. (2016). Effect of filtration rate on coal-sand dual-media fil-
ter performances for microalgae removal. Environmental Technology,  

38 (3), 345–352. doi: 10.1080/09593330.2016.1193224 
11.	 Zhang, G., Kang, X., Zhang, P., Zeng, G. (2011). Pilot study of low-

temperature low-turbidity reservoir water treatment using dual-me-
dia filtration with micro-flocculation. 2011 International Conference 
on Multimedia Technology. doi: 10.1109/icmt.2011.6002915 

12.	 Odira, P. M. A., Ndiba, P. K. (2007). Performance of Crushed Coco-
nut Shell Dual Media Filter. Journal of Civil Engineering Research 
and Practice, 4 (2). doi: 10.4314/jcerp.v4i2.29176 

13.	 Jusoh, A., Rajiah, M. N. A., Nora’aini, A., Azizah, E. (2011). De-
termination of head loss progress in dual-media BOPS-sand filter 

lutions. Journal of Industrial and Engineering Chemistry, 18 (1), 
198–204. doi: 10.1016/j.jiec.2011.11.013 

7.	 Misdan, N., Lau, W. J., Ong, C. S., Ismail, A. F., Matsuura, T. (2015). 
Study on the thin film composite poly(piperazine-amide) nanofil-
tration membranes made of different polymeric substrates: Effect 
of operating conditions. Korean Journal of Chemical Engineering,  
32 (4), 753–760. doi: 10.1007/s11814-014-0261-6 

8.	 Malin, V. P., Homelia, M. D., Halimova, V. M. (2016). Efektyvnist 
zastosuvannia kationitu KU-2-8 pry vyluchenni ioniv midi z vody v 
prysutnosti ioniv zhorstkosti. Problemy vodopostachannia, vodovid-
vedennia ta hidravliky, 26, 45–55.

9.	 Barloková, D., Ilavský, J. (2010). Removal of iron and manganese 
from water using filtration by natural materials. Polish Journal of 
Environmental Study, 19 (6), 1117–1122.

10.	 Melnyk, L., Bessarab, O., Matko, S., Malovanyy, M. (2015). Ad-
sorption of Heavy Metals Ions from Liquid Media by Palygorskite. 
Chemistry & Chemical Technology, 9 (4), 467–470. doi: 10.23939/
chcht09.04.467 

11.	 Sadreeva, D. R., Ling Maung Maung, Farnosova, E. N. (2015). Och-
istka stochnyh vod ot tyazhelyh metallov metodom nanofil’tracii. 
Uspekhi v himii i himicheskoy tekhnologii, 29 (2), 116–118.

12.	 Fu, F., Wang, Q. (2011). Removal of heavy metal ions from waste-
waters: A review. Journal of Environmental Management, 92 (3), 
407–418. doi: 10.1016/j.jenvman.2010.11.011 

13.	 Barakat, M. A. (2011). New trends in removing heavy metals from 
industrial wastewater. Arabian Journal of Chemistry, 4 (4), 361–377. 
doi: 10.1016/j.arabjc.2010.07.019 

14.	 Makarenko, I. M. (2014). Electrochemical desalination of solu-
tions, containing hardness ions. Eastern-European Journal of 
Enterprise Technologies, 4 (6 (70)), 48–53. doi: 10.15587/1729-
4061.2014.26243 

15.	 Gomelya, N. D., Glushko, E. V., Trohimenko, A. G., Butchenko, L. I. 
(2017). Elektroliticheskoe izvlechenie ionov tyazhelyh metallov iz 
solyanokislyh rastvorov. Energotekhnologii i resursosberezhenie, 1, 
60–67.

16.	 Pikkering, U. F. (1977). Sovremennaya analiticheskaya himiya. Mos-
cow: Himiya, 560.

DOI: 10.15587/1729-4061.2018.123559
RESEARCH INTO THE INFLUENCE OF VERTICAL 
DRAINAGE ELEMENTS ON THE OPERATIONAL 
EFFICIENCY OF RAPID FILTERS (p. 62-69)

Stepan Epoyan
Kharkiv National University of Civil Engineering and  

Architecture, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0003-4551-1309

Andrey Karahiaur
Kharkiv National University of Civil Engineering and  

Architecture, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0002-8868-3189

Vladlen Volkov
Kharkiv National University of Civil Engineering and  

Architecture, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0001-8419-9878

Svetlana Babenko
Kharkiv National University of Civil Engineering and  

Architecture, Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0001-7918-1737

To improve the efficiency of removal of suspended solids at rapid 
filters, we designed improved structure of the device. The improve-
ment is based on the application, simultaneously with a granular 
filter layer, of vertical drainage elements with porous fibrous shells. 



80

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 1/10 ( 91 ) 2018

20.	 Polyakov, V. L. (2009). Filtration of a suspension with variable 
content of suspended particles through a uniform filter medium at a 
nonlinear mass-exchange kinetics. Reports of the National Academy 
of Sciences of Ukraine, 12, 61–68.

21.	 Noskov, M. D., Zaytseva, M. S., Istomin, A. D., Lukashevich, O. D. 
(2008). Mathematical modeling of the operation of rapid filters. 
Vestnik of TSUAB, 2, 126–138.

22.	 Shilin, B. I., Ulianov, A. A. (2016). Development of porous structure 
model of fibrous materials of filters of volumetric type for clearing of 
surface water. Biospheric compatibility: human, region, technologies, 
4 (16), 71–78.

23.	 Nabovati, A., Llewellin, E. W., Sousa, A. C. M. (2009). A general 
model for the permeability of fibrous porous media based on fluid 
flow simulations using the lattice Boltzmann method. Composites 
Part A: Applied Science and Manufacturing, 40 (6-7), 860–869.  
doi: 10.1016/j.compositesa.2009.04.009 

24.	 Volkov, V. M., Epoyan, S. M., Karahiaur, A. S., Babenko, S. P. (2017). 
Using polymeric shells of the drainage systems of rapid filters for 
tertiary treatment. Municipal economy of cities, 139, 135–142.

25.	 Oleynik, A. Ya., Tugay, A. M. (2001). Modeling of the processes of 
colmatage and suffosion in the filter zone of wells. Reports of the 
National Academy of Sciences of Ukraine, 9, 190–194.

using numerical modeling incorporated with matrix approach. De-
salination and Water Treatment, 32 (1-3), 33–41. doi: 10.5004/
dwt.2011.2675 

14.	 Sanyaolu, B. O. (2010). Comparative performance of a charcoal dual 
media filter and a conventional rapid sand filter. Journal of Natural 
Sciences Engineering and Technology, 9 (1), 137–146.

15.	 Soyer, E. (2016). Performance comparison of granular media filter 
beds. Desalination and Water Treatment, 57 (52), 24867–24881.  
doi: 10.1080/19443994.2016.1150206 

16.	 Schöntag, J. M., Sens, M. L. (2015). Effective production of rapid 
filters with polystyrene granules as a media filter. Water Science 
and Technology: Water Supply, 15 (5), 1088–1098. doi: 10.2166/
ws.2015.072 

17.	 Gawade, S., Misal, S. (2016). Analysis of PVC rapid sand filter. Impe-
rial Journal of Interdisciplinary Research, 2 (9), 1370–1373.

18.	 Bugay, N. G., Krivonog, A. I., Krivonog, V. V. (2007). Contact re-
agent purification of water by filters of fibrous-porous polyethylene. 
Applied hydromechanics, 9 (1), 8–22.

19.	 Epoyan, S., Karahiaur, A., Volkov, V., Yarkin, V. (2016). Improving 
the efficiency of filter structures using drainage systems made of 
porous polymer materials. MOTROL. Commission of motorization 
and energetics in agriculture, 18 (6), 102–109.


